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Chapter 1

1-1. Historical Background of Organofluorine

Material Chemistry

Remarkable biological activities I and material characteristics2 of partially

fluorinated compounds3-5 have attracted great attention in the fields of phannaceuticals,

agrochemicals, and material science. Recent theoretical and experimental studies have

revealed that those characteristic features are attributed to the physicochemical properties

such as the effect of fluorine isosteric to oxygen, block effect of metabolism,6 hydrogen

bonding ability,7 large C-F bond energy, and large dipole moment ofa C-F bond.s

In contrast to those features of partially fluorinated compounds, highly fluorinated

compounds show different properties: biological inertness, weak intermolecular interaction,

high stability against most of chemicals, immiscibility with both water and organic

solvents, and partial solubility of gaseous solutes like molecular oxygen. 5,9 Advantages

of these properties have been taken intensively for the development of novel functional

materials. The clue is brought by the discoveries of dichlorodifluoromethane in 1928, a

non-toxic and incombustible refrigerant called CFC-12,10 and poly(tetrafluoroethylene) in

1938, a highly heat- and chemicals-resisting polymer called Teflon®.l1 Recently, novel

heat- and weather-resisting materials, artificial blood,12 and media for organic synthesis 13

have been introduced.

Such extended use of organofluorine compounds has required needs for novel

fluorination methods. Accordingly, development of mild and efficient synthetic methods

for both partially and highly fluorinated compounds is an urgent problem in synthetic

organofluorine chemistry. 14

Historically speaking, three fluorination methods are important: i) nucleophilic

halogen substitution reaction of alkyl halides with antimony(III) fluoride (Swarts, 1892),15

ii) aromatic substitution reaction of arenediazonium salts with anhydrous hydrogen

fluoride (AHF) for the synthesis of arylfluorides (Balz-Schemann, 1927),16 and iii)

electrochemical fluorination of alkanes to give perfluoroalkanes in AHF (Simons, 1948).17

Remarkable progress in synthetic organofluorine chemistry was made in United

States during the World War II, because uranium(VI) fluoride was utilized to collect and

condense radioactive uranium for production of an atomic bomb. For this purpose, novel

equipment, tools, and materials were invented that tolerate fluorine gas and AHF generated

during the whole process. 18 The fluorine-technologies allowed use of fluorine gas and

AHF as the most basic electrophilic and nucleophilic reagents for fluorination,

respectively.

Use of these reagents was quite limited because of extremely high toxicity and
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Chapter 1

explosive reactivity that hampered the isolation of fluorine until 1886 (Moissan).19

Synthetic methods of organofluorine compounds are briefly classified into two

depending on the timing of fluorine introduction. The one involves C-e bond formation

using readily available partially fluorinated small molecules and is called a building block

method. The other consists of C-F bond formation with an electrophilic or a nucleophilic

reagent and is called electrophilic fluorination or nucleophilic fluorination, respectively.

Synthesis of organofluorine compounds by way of the building block approach has been

developed mostly by synthetic organic chemists,20 because highly toxic and explosive

fluorination reagents and special equipments are not required.

A goal in synthetic organofluorine chemistry is the development of mild, selective,

low-cost, and effective fluorination methods that can be carried out without special care,

techniques, and conditions. Although many fluorination reactions and reagents are

available for non-functionahzed molecules, fluorination reactions applicable to highly

functionalized molecules have remained unexplored.

In the next section, the Author briefly reviews synthetic methods of organofluorine

compounds, especially focusing on nucleophilic fluorination.

1-2. Syntheses of Organofluorine Compounds

1-2-1. Electrophilic Fluorination
The simplest reagent for electrophilic fluorination is fluorine gas.21 However, its

high reactivity and toxicity have hampered everyday-use in conventional laboratories for

organic synthesis. To overcome the difficulties, electrophilic fluorinating agents are

exploited that are endowed with mild reactivity.14,22-26

1-2-2. Nucleophilic Fluorination
Nucleophilic fluorination using a fluoride IOn is the most familiar tool for the

preparation of organofluorine compounds, because a variety of fluoride reagents is

commercially available. A classical and inexpensive nucleophilic fluorinating agent are

AHF.14 However, its volatility (bp 19.5 0c) and toxicity make its handling very difficult

and dangerous, especially for laboratory use. Furthermore, fluorination reaction with

AHF is sometimes accompanied by undesired side reactions owing t? high acidity and low

nucleophilicity. To overcome these problems, various types of HF equivalents and

fluoride reagents with high nuc1eophilicity as well as low basicity and volatility have been

developed and utilized for the synthesis of organofluorine compounds.

In the following, the Author briefly summarizes properties of representative HF

3



Chapter 1

equivalents for nucleophilic fluorination and their synthetic applications. Details of

fluoride reagents such as metal fluorides,27 sulfur tetrafluoride (SF4),28 di(alkylamino)­

sulfur trifluoride (DAST),29 and fluoroalkylamine reagents30 were reviewed in literatures.

To reduce high acidity and volatility and low nucleophilicity of AHF, various types

of HFlbase complexes such as HFITHF,32 HF/pyridine (HF/py),33 HF/melamine

(HF/mel),34 HF/triethylamine (HF/Et3N),35 and HF/diisopropylamine (HFliPf2NH)36 have

been developed. By complexation, the drawback of AHF is much improved. In

particular, 70% HF/py and its polymer supported version, poly(vinylpyridinium)

poly(hydrogen fluoride) (PVPHF)37 were studied by Olah et a/. 33 and found many

applications.

Further enhancement of nuc1eophilicity of AHF is realized by use of

tetrabutylammonium fluoride (TBAF), tetrabutylammonium hydrogendifluoride

(TBAHF2), or tetrabutylammonium dihydrogentrifluoride (TBAH2F3). All of these are

now commercially available. These salts are soluble in aprotic solvents and form a loose

ion pair in which fluoride (F-), hydrogendifluoride (HF2-), or dihydrogentrifluoride

(H2F3-) anion is considered to be naked and thus responsible for high reactivity. These

anions display varying sensitivity to specific hydration, decreasing in the order: F- »

HF2- > H2F3-.38

TBAH2F3 is readily prepared from TBAF and 48% hydrofluoric acid (ag. HF).39

This reagent allows hydrofluorination of 0iefins40 and oxiran ring-opening reaction in a

glass vessel without special care.

1-2-3. Combination of an Electrophile and a Fluoride
Reagent: Oxidative Fluorination

Because a fluoride ion is a weak nucleophile, a substrate needs to be electrophilic

enough or to be mildly oxidized to generate an electrophilic species. To this end, a

combination of an oxidant and a fluoride ion reagent is effective. Depending on the

substrate, both the oxidant and the fluoride ion reagent can be optimized for high yields of

products.

Using a reagent system consisting of an electropositive heteroatom oxidant and a

nucleophilic fluoride source (eq. 1), halo-,42 thio-,43 seleno-,44 or nitro-fluorination45 has

been readily achieved under mild conditions with Markovnikov selectivity.

(I)

X::: Br. I, S. Se, N
F::: HF/amine complexes, TBAFo3Hp. TBAH2F.3. SiF4

4



Chapter 1

Since organosulfur compounds are easily oxidized chemically or electrochemically46

and afford electrophilic species, oxidative desulfurization-fluorination is achieved by a

combined reagent system of an oxidant and a fluoride ion with high nucleophilicity

(Scheme I).

Scheme 1. Oxidative desulfurizalion-fluorination of organosulfur compounds

\ X+ \ ,X
_/C-S-y ---- _C-~+

/ y
- \

_p-F + X-S-y

X+: positive halogen oxidant

F: a fluoride reagent such as from TBAH2F3, EtjN/3HF, 50-70% HF/py, or 80% HF/melamine

According to this method, fluorine substitution47-50 and fluoro-Pummerer reactionSl

of phenyl sulfides are readily achieved. Similarly, oxidative desulfurization-fluorination

of dithioacetals gives gem-difluoromethylenes.52-57 In particular, a reagent system

consisting of TBAH2F3 and an N-halo imide tolerates the substrates with an acid-labile

functional group. This reaction, as applied to aromatic orthothioestersS8 and

dithioesters,59 affords trifluoromethyl-substituted aromatics. When the reaction is applied

to orthothioestes of alkanoic acids60 and dithioalkanoates,61 I, I-difluoro-I­

(alkylthio)alkanes result as sole products. Furthermore, thione esters and thione

carbonates are readily fluorinated to give a,a-difluoro ethers and difluoromethylenedioxy

compounds.62,63 Although this transformation can be perfoffiled with BrF3, this reagent

must be handled with great care.63

1-3. Syntheses ofTrifluoromethylamines and
Trifluoromethyl Ethers

At the outset of the present study, trifluoromethylamines were only accessible by the

reaction using highly toxic and explosive reagents under special conditions,64-72 and a

limited number of compounds were available. Therefore, physicochemical properties of

trifluoromethylamines remained unexplored.

Likewise, limited availability and expensiveness of trifluoromethyl ether building

blocks were serious problems in view of development of advanced materials and

pharmaceuticals. These disadvantages were attributed to the synthetic difficulties of these

compounds.73-78
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1-4. Brief History of LC Compounds

The first thermotropic LC compound was discovered in 1888 by the Austrian

chemist and botanist F. Reinitzer.79 In determining molecular fonnula of cholesterol, he

found unusual melting property of cholesteryl benzoate on heating. He also observed

unusual color behavior of the compound upon cooling: the phase is now known as chiral

nematic (N*) or cholesteric (Ch) phase. The concept ofLCs was first defined in 1889 by

German crystallographer O. Lehmann as compounds having combined properties of

fluidity of liquids and optical anisotropy of crystals. He initially called "FI iel3ende

Krystalle".80

Until the early 20th century, it became clear that mesogenic compounds consisted in

common of rod-like (calamitic) and fairly rigid molecules. In 1922, LC phases of these

compounds were classified by G. Friedel into nematic, smectic, and cholesteric phases

depending on the structure of unidirectional order, layer, or helix, respectively. Nematic

and smectic phases are coined according to optical textures corresponding to Greek

nematos (thread-) and smectos (soap-), respectively. The cholesteric phase was named

after the first materials exhibiting this phase.

Studies on chemistry and physics of LCs later diminished, because no practical

applications were anticipated. Since the utility of these compounds in flat panel displays

was suggested by G. H. Heilmeir in the late 60s,81 LC research rapidly grew active

acquiring interest in material science, synthetic organic chemistry, electrical engineering,

and physics.

Today, super twisted nematic (STN)82 and thin film transistor83 (TFT, active matrix

LC) mode displays are evolving rapidly and becoming the major technology for flat panel

displays that make it possible to commercialize colored large size displays. At present,

most of economical display modes are based on the principle of twisted nematic (TN) cell

invented by M. Schadt in 1971.84 For TN cell, various types of LCs with positive

dielectric anisotropy are employed. The first and representative LCs are 4-cyano-4'­

pentylbiphenyl and its analogs as introduced by G. W. Gray. The cyano-substituted LCs,

however, cannot be used for TFT-mode displays because of low voltage holding ratio.

Among recent LC displays, those of STN-TFT-modes, in-plane switching (IPS)

TFT-modes,85 and vertical alignment (VA) TFT-modes86 especially have created large

demand for new LC materials that exhibit high voltage holding ratio as well as positive or

negative dielectric anisotropy.8?

Recently, ferroelectric and antiferroelectric LCs based on chiral smectic C and anti­

smectic C phases, respectively, have been shown to respond much faster than nematic LCs.

The properties of large dipole moment and low viscosity of fluorine-substituted LCs are

6
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quite appropriate to the displays.

Accordingly, exploration of novel fluorine-containing LC materials is growing

indispensable in the fields of material science and synthetic organofluorine chemistry.

1-5. Fluorine Containing lCs

Recent remarkable progress of synthetic methods has enabled us to design and

synthesize novel types of LC materials. However, syntheses of fluorine-containing LCs

are strongly limited by the inaccessibility of fluorinated starting materials. Furthermore,

abnormal reactivities of organofluorine compounds often prevent their use of conventional

synthetic derivatization.88 Fluorination methods are hardly employed because of

explosiveness and/or toxicity of fluorination reagents.

In this section, the Author briefly summarizes the synthesis and properties of

fluorine-containing nematic LCs that are classified into two depending on LlE.

1-5-1. lCs with Positive Dielectric Anisotropy
Fluorine-substituted LCs with positive ~E have attracted great attention as the

materials for TFT-mode LC displays. The most important material properties for the

displays are high voltage holding ratio (specific resistance) and high photochemical and

thermal stability. Voltage holding ratio of cyano-substituted materials for TN displays

tends to decrease upon prolonged UV irradiation or to solvate ubiquitous ionic

impurities.89 Therefore, cyano-substituted compounds are not suitable for TFT displays.

Fluorine-substituted LCs overcome such disadvantages due to high voltage holding ratio,

low viscosity, appropriate LlE, high chemical and thermal stability, and high nematic liquid­

crystallinity. Thus, fluorine-substituted Les are now commonly used as major

components of materials for TFT-displays. Representative Les are summarized below.

LCs with a 3,4-difluorophenyl subunit are the most widely used materials for TFT­

displays (Figure I),87a Effect of fluorine on a mesogen unit is recognized obviously by

comparison with the corresponding 4-fluorobenzene and 3,4,5-trifluorobenzene

derivatives.90 For example, nematic to isotropic transition temperature (TN!) is decreased

by fluorine introduction with increase of LlE. This type of compounds are prepared by a

palladium catalyzed cross-coupling reaction of bromofluorobenzenes and bis[4-(trans-4­

propylcyclohexyl)cyclohexyl]zinc.91

7



Chapter 1

F

Pr

Cr44 N 118150, M = +5.3

F

Cr 88 N 159 Iso, 6£ =+4.8

F

Figure 1. LCs containing Ouorine-substitutents

Because CF30- (2.36 debye) and CHF2D- (2.46 debye) groups are more polar than

F- (1.47 debye), LCs with a CF30- or CHF20- group exhibit large positive bE without

decrease of liquid-crystallinity and thus are widely used for TFT displays. Representative

examples are shown in Figure 2.92 Although LCs with a CF3- (2.56 debye) group have

already been shown to exhibit large M:, inferior nematic liquid-crystallinity and high

viscosity of these compounds are not suitable.93

Pr

Cr 39 SB 68 N 149 Iso
M =+5.2, &1 = 0.09S

OCF3 Pr

Cr 51 Sx 69 N 172 Iso
6E = +5.0, &) = 0.095

Figure 2. CF30- or CHF20-substituted LCs with positive dielectric anisotropy

Quite recently, LCs with a pentafluorosulfuranyl group (FsS-, 3.44 debye) as a

polar substituent were invented.94 This functional group is more stable than a

trifluoromethyl group against hydrolysis and heat (Figure 3). Upon comparison with

representative LCs, pentafiuorosulfuranyl-substituted LCs were revealed to exhibit the

largest ~E among the materials for TFf displays.

Pr

Cr 109 N (88) Iso, 6E = +14.3

SFs

Figure 3. An LC with a pentaOuorosulfuranyl group

1-5-2. LCs with Negative Dielectric Anisotropy95

Recently developed LC displays based on vertical alignment TFT (VA-TFT) mode

offer precise picture quality with a wide view angle (160 0), high contrast, and video­

compatible switching times « 20 illS). The properties required for the display are high

negative AE, low An (- 0.08), and high voltage holding ratio. Materials containing no

heteroatoms other than fluorine are found to display the best voltage holding ratio values.

Nowadays, laterally difluorinated LCs are utilized as mixtures for VA-TIT mode displays

because of the high negative bE values.96,97 A representative example is shown in Figure

4. Although LCs with a 2,3-difluorobenzene subunit show high nematic liquid-

8
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crystallinity, slow switching resulted owing to relatively high rotational viscosity.

CH3

Cr 67 N 145 Iso, ~E = -2.7

Figure 4. Laterally fluorinated-LC with negative dielectric anisotropy

Introduction of an aromatic mesogen induces the increase of An, a feature unsuitable

for the VA-TFT mode. To overcome this problem, LCs with axially fluorinated

cyclohexane units are designed and synthesized (Figure 5).98 Such fluorine is introduced

by hydrofluorination of olefins with 70% HF/py.33 Although this type ofLCs have high

negative AE and low t!n, low synthetic efficiency, less liquid-crystallinity, and low thermal

stability are serious problems.

R

F
R = Cjf 7. Cr 78 58 104 Iso, ~E = -4.6; R = CsH t" Cr 6858 120 Iso, ~E =-4.2

Figure 5. LCs with axially fluorinated cyclohexane units

1-6. Summary of This Thesis

In this Thesis, the Author describes details of synthetic studies on novel fluorine­

containing liquid-crystalline materials.

In Chapter II, he discusses the synthesis of trifluoromethylamines through oxidative

desulfurization-fluorination of dithiocarbamates using TBAH2F3 and an N-halo imide (eq.

2).

R·..... NtsMe
I

R

..

The procedure has following advantages:

i) Methyl dithiocarbamates, synthetic precursors of trifluoromethylamines, are readily

prepared from the corresponding amines.

ii) Experimental operation is easily performed by using TBAH2F3 that allows the use of

conventional glassware under mild conditions.

iii) Regioselective aromatic bromination accompanying the fluorination can be achieved in

9
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excellent yields at higher reaction temperatures.

The Author has applied this procedure to the synthesis of novel LC materials having

a trif1uoromethylamino~substituent as a polar group (Figure 6). Details are summarized

in Chapter III. He particularly focused on 4-bromo(lTit1uoromethylamino)heteroarenes

that are readily prepared according to the procedure described in Chapter II. LCs with

heterobiaryls or (4-cyclohexylcyclohexyl)arenes exhibit a smectic phase in a temperature

range wider than the corresponding methylamines. Efficiency of the LCs as a dopant for

ferroelectric LCs is also demonstrated.

~x CF3

RI~!>-~
N CH3

Figure 6. Trifluoromethylamino-substituted LCs

Chapter IV describes the oxidative desulfurization-fluorination reaction of

dithiocarbonates derived from phenols and primary alcohols, which are ultimately

transfonned to trit1uoromethyl or difluoro(methylthio)methyl ethers (Scheme 2).

Scheme 2. Synthesis of trifJuoromethyl ethers or difJuoro(methylthio)methyl ethers

70% HF/py, DBH
RO-CF3 _..-------

S

ROASMe

R =Ar, 1°-alkyl

On the other hand, dithiocarbonates derived from secondary alcohols are converted

into fluorination products or trifluoromethyl ethers, selectively depending on the reaction

conditions (Scheme 3).99 The results sharply contrast to the reaction using iodotoluene

difluoride that solely affords fluorination products. I00

Scheme 3. Fluorination of dithiocarbonates derived from secondary alcohols

P~
F

70% HF/py, NIS.. 50% HF/py, NBS
•

The conditions for the preparation of trifluoromethyl ethers are applied to the

synthesis of novel LC materials in Chapter V and VI.

Initially, a trifluoromethoxy group introduced into a lateral position of mesogenic

core ofLes was considered to lower ~£ and viscosity. Therefore, l-cyc1ohexyl-4-fluoro­

3-trifluoromethoxybenzenes were designed and synthesized (eq. 3).

10



Chapter 1

Pr

x

F

i) 80% HF/mcl
DBH

_--=-..:::...::..::.._-..- Pr
ii) BuLi
iii) H20

(3)

Although all of those compounds did not exhibit any mesophase, they were shown to

lower threshold voltage, ~E, and ~J1 as compared with the corresponding 4­

trifluoromethoxyl-substituted LCs, features favorable to TFT-LCOs. The experimental

details and electro-optical properties are summarized in Chapter V.

In Chapter VI, are discussed the synthesis and electro-optical properties ofLCs with

a trifluoromethoxycyclohexane mesogen that was expected to improve the physical and

electro-optical properties of trifluoromethoxybenzene derivatives. Thus, the LCs with a

cyclohexyl trifluoromethyl ether moiety as shown in eq. 4 were synthesized and shown to

exhibit physical and electro-optical properties favorable to materials for not only TN-LCOs

but TFT-LCOs.

Pr OCS
2

Me 50% HF/py_ Pr

NBS
OCF3 (4)

The Author further synthesized LCs containing a trifluoromethoxy group connected

to an alkyl tail. These LCs show characteristic properties independent of the mesogenic

structure (Figure 7).

F CsH11~)n
OCF3

F N phase SB phase

Figure 7. Structures of Ol-trifluoromethoxyalkylcyclohexane-LCs

The final Chapter deals with a facile transformation of terminal olefins to vic­

difluoro olefins and the synthesis of Les with a vic-difluoro olefinic moiety. The

synthetic route is shown in Scheme 4.

Scheme 4. Synthesis of vic-difluoro olefins from olefins

a R~I b F

R--P' -r= F J-R'('SPh d, e • Ry\>",0
c F F Ph

F

f R'f'F R,J
- F + "I

F
cis- trans-

a: TBAH2F), NIS. b: PhSH, NaH. c: 70% HF/py. N-PhS-phthalimide. d: TBAH2F). DBH. e: mCPBA. f: lJ.

11
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According to this procedure, both cis- and trans-vic-difluoro olefinic LCs are readily

prepared. The starting olefinic LCs are utilized as the materials for current LCDs. The

Author disclosed that the properties changed extensively by a (CH2)nCF=CHF group

depending on the olefinic configuration and the value of n.

In conclusion, the Author succeeded in syntheses of trifluoromethylamines,

trifluoromethyl ethers, and vic-difluoro olefins through oxidative fluorination as the key

transfonnation. The synthetic efficiency has enabled him to develop fluorine-containing

novel LCs especially of aliphatic trifluoromethyl ethers that are quite useful as materials

for TFT-LCDs.

Thus, the Author has disclosed that the development of mild and effective

transfonnations are closely linked to invention of novel class ofLC materials.
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Abbreviations

AHF anhydrous hydrogen fluoride

Ar aryl

Ac acetyl

aq. aqueous

Bn benzyl

bp boiling point

brs broad singlet (in NMR)

BuLi butyllithium

°C degree Celsius

calcd calculated

d doublet (in NMR)

DBH 1,3-dibrolllo-5,5-

dimethylhydantoin

DMAP 4-(J./, N-dimethylannino)-

pyridine

DMF N, N-dilllethylfomnannide

b scale (in NMR)

8£ dielectric anisotropy

/i.n birefringence

eq. equation

EtzO diethyI ether

E dielectric constant

HF hydrogen fluoride

HF/py hydrogen fluoride-pyridine

Hz hertz (s-1, in NMR)

IR infrared (spectrum)

J coupling constant (in NMR)

LC liquid crystal or

liquid-crystalline

m lllultiplet (in NMR)

M molar concentration

(l M = 1 mol dm-3)

Me lllethyl

rnL 1 cm3

17

Abbreviation

NBS N-brolllosuccinimide

NIS N-iodosuccinimide

NMR nuclear lllagnetic resonance

nun0 I lllillimol

mp melting point

Ph phenyl

Pr propyl

q quartet (in NMR)

Rf relative mobility

rt room temperature

s singlet (in NMR)

t triplet (in NMR)

"t response tillle

TBAH2F3 tetrabutylamnnonium

dihydrogentrifluoride

THF tetrahydrofuran

1LC thin layer chrolllatography

Vth threshold voltage



Chapter /I

Chapter II

A Facile Synthesis of Trifluoromethylamines

by Oxidative Desulfurization-Fluorination of

Dithiocarbamates

Abstract: Trifluoromethylamines are easily synthesized from
dithiocarbamates by a reagent system consisting of TBAH2F3 and

an N-halo imide under mild conditions. When this reaction was

applied to dithiocarbamates (ArN(R)CS2Me) at higher

temperatures, the trifluoromethylation was accompanied by

halogen substitution at a p-position of the AI group. Synthesis of

trifluoromethyl-substituted adenosine also is described.
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Chapter II

11-1. Introduction

Because fluorine is the most electronegative element and the van der Waals radius is

close to hydrogen, introduction of fluorine often improves the properties of the parent

compounds and/or induces novel activities. l Recently, many new fluorinated materials,

drugs, and agrochemicals have been designed2 and synthesized3 taking advantages of the

properties as described in Chapter 1.

In view of the strongly electron-withdrawing nature of a trifluoromethyl group,

trifluoromethylamines are apparently much less basic and less nucleophilic than the

corresponding methylamines,4 and thus the physical, chemical, and/or biological properties

of trifluoromethylamines should be remarkably modified as compared with those of the

corresponding methylamines. For example, aryl(trifluoromethyl)amines resist oxidation

compared with the corresponding metbylamines and can be applied to liquid-crystalline

materials.5 Thanks to these properties, trifluoromethylamino-substituted agrochemicals6

and artificial bloods7 containing a trifluoromethylamines or perfluoroalkylamine moiety

have been developed, and reagents substituted by a trifluoromethylamino group are

utilized in organic synthesis as oxidants8-IO or fluorination reagents. lI

Preparative methods of trifluoromethylamines are classified into: i) fluorination ofN­

fonnylamines with SF4 and KF,12 ii) fluorine substitution of trichloromethylamines with

SbF3,13 iii) fluorination of thiuram sulfides with SF414 or R2NSF3,15 iv) reaction of

secondary amines with CBr2F2 and tetrakis(dimethylarnino)ethylene, 16 v) fluorination of

isocyanates with AHF, 17 vi) electrochemical fluorination of alkylamines,18 and vii)

electrophilic trifluoromethylation of ammes by treatment with 0­

(trifluorometbyl)dibenzofuranium salts.1 9 Most of these methods use such highly toxic

and/or corrosive reagents as SF4' SbF3, F2 and/or anhydrous hydrogen fluoride under harsh

conditions, and the yield of the desired products are not always high enough. These

technical problems have hampered the systematic study on trifluoromethylamines.

The oxidative desulfilrization-fluorination reaction using an N-halo imide and a

fluoride source has been recently demonstrated to be a convenient entry to the synthesis of

organofluorine compounds.20 This reaction allows to replace a C-S bond with a C-F

bond under extremely mild conditions. The Author has applied this reaction to methyl

dithiocarbamates RIR2NC(S)SMe to find that trifluoromethylamines RIR2NCF3 are

readily prepared in good yields.5a, 21
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11-2. Results and Discussion

11-2-1. Synthesis of Trifluoromethylamines by the Oxidative

Desulfurization-Fluorination of Dithiocarbamates

Secondary amines 1 were treated successively with n-BuLi, CS2 and then with Mel

to give corresponding dithiocarbamates 2 in high yields. 22 Oxidative desulfurization­

fluorination of dithiocarbamates 2 was carried out using TBAH1F3 as a fluorinating

reagent and an N-halo imide (Scheme 1). As summarized in Table 1,

trifluoromethylamines 3 were obtained in yields of synthetic meaning.

Scheme 1. Synthesis of trifluoromethylamines by oxidative desulfurization-fluorination

i) n-BuLi, CS2, ii) Mel
TBAH2F3 (5 mol)

N-halo imide (4 mol) ..

Initially, the Author studied the optlmIzation of the conditions using

diphenyldithiocarbamate (2a) as a model substrate. For a halonium ion agent, he used

NBS, DBH, N-chlorosuccinimide (NCS), NIS, or N-bromoacetamide (NBA). Compound

2a was treated with TBAH1F3 (5 mol) and one of the N-halo imide (4 mol) in

dichloromethane at room temperature for 1 h (Table 1, entries I to 5). All of these

oxidants were found to promote the reaction to give diphenyl(trifluoromethyl)amine (3a).

When DBH was used (entry 2), trifluoromethylation proceeded quantitatively, bromination

of the phenyl ring being accompanied. Amoung the oxidants, NBS (entry I) was

concluded to be the most effective for the synthesis of3a.

He next examined the amount of TBAH2F3 (entries 6, 8 and 9) using 2b for the

substrate. When the amount of TBAH1F3 was reduced to 1.2 mol, 3b was obtained in a

70% yield (entry 9). This means that all of the fluorine atoms of TBAH2F3 can be used

for the fluorination. When the same reaction was carried out with TBAF' 3H20 (5 mol)

and NBS (4 mol), however, a complex mixture of products resulted. Accordingly, H2F3­

ion is definitely superior to F-. The trifluoromethylamine syn~esis was applied to

various kinds of cyclic and acyclic dithiocarbamates, and the corresponding

trifluoromethylamines 3 could be readily isolated in good-to-excellent yields (entries 10 to

12, 16 and 18).
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Table 1. Synthesis of trifluoromethylamines 3 or 4 from dithiocarbamates 2 according to Scheme I.

Entry R 1 R2 2 N-halo imide (mol) Temp. Yield of 3 or 4 (%)3

Ph Ph 2a NBS (4) rt 3a 78

2 DBH (4) ---b

3 NCS (4) 23

4 NIS (4) 60

5 NBA (4) 36

6 4-MeO-C6H4 PhCH2 2b NBS (4) 3b 99

7 NBS (1.5) 38c

Sd NBS (4) 84

ge 70

10 4-CI-CJ-I4 PhCH2 2c 3c 88

II 4-F-CJI4 PhCH2 2d 3d 84

12 4-NC-C6Ht PhCH2 2e 3e 78

13 DBH (4) 99

14f NBS (4) 97

I5g 99

16 4-MeO-C6H4 Me 2f 3f 90

17 4-02N-C6H4 Me 2g DBH (4) (NBS) 3g 96 (6S)

18 CD 2h NBS (4) 3h 76

19 3-Me-C6H4 3-Me-Q;H4 2i NIS (4) (NBS~ 3i 74 (48)

20 4-Br-2-F-4HJ Me 2j DBH (5) 3j 87

21 Et 2k 3k 82

22 n-C~13 21 31 87

23 Ph Me 2m NBS (4) 3m 66

24 DBH (5) reflux 4m 96

25 Et 2n NBS (4) rt 3n 65

26 DBH (5) reflux 4n 83

27 Pr 20 NBS (4) rt 30 78

28 DBH (5) reflux 40 68

29 n-C6H13 2p NBS (4) It 3p 68

30 DBH (5) reflux (0 DC) 4p 71 (86)

31 n-CgH 17 2q NBS (4) rt 3q 79

32 DBH (5) 00 C 4q 79

33h NBS (5) 60

34i PhCH2 PhCHz 2r NBS (4) rt 3r 86

35i Pr 25 3s 84

a Isolated yields. b Accompanied by aromatic bromination. C 2b was recovered in 54% yield. d TBAH2F3 (2
mol) was used. e TBAH2FJ (1.2 mol) was used. f (HF)g'py (1 mL/mmol, 80 mol of F) was used. g (HFhINEtJ
(0.2 mUmmol, 30 mol of F) was used. h(HF)9/Py (0.5 mL/mmol) was used. iTBAH2F3 (3 mol) was used.
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When DBH or excess NBS was used as an oxidant, bromination of aromatic ring also

took place (entries 2 and 19). For these substrates, NBS (4.0 mol) or NIS was proved to

be a reagent of choice (compare entry 1 with 4; see also entry 19).

For the substrates bearing an electron-withdrawing group, a combination of

TBAH2F3/DBH or an HF-amine complexINBS was effective to afford the desired

trifluoromethylamine quantitatively (entries 12 to 15). Upon use of an HF-amine

complex, however, the reaction should be carried out in an effective hood to avoid the

contact with hydrogen fluoride; also it is recommended to use a Teflon® bottle as a

reaction vessel. Therefore, a combination ofTBAH2F3/DBH is the best for the synthesis

of 3 having an electron-withdrawing group (entries 17 and 20 to 22).

When alkyl(phenyl)dithiocarbarnates 2 were treated with TBAH2F3 (5 mol) and

NBS (4 mol) in dichloromethane at room temperature, trifluoromethylation only proceeded

to afford compounds 3 in high yields. On the contrary, the reaction using TBAH2F3 (5

mol) and DBH (5 mol) in refluxing dichloromethane (eq. I) gave alkyl(4­

bromophenyl)(trifluoromethyl)amines 4 as sale products (entries 24, 26, 28 and 30). The

fonnation of trifluorination-bromination products 4 was observed in some cases even at

oDC (cf. entries 30 and 32).

4

TBAH2F3 (5 mol)

DBH (5 mol)
(I)

This fluorination reaction IS also applicable to the synthesis of

dialkyl(trifluoromethyl)amines (entries 34 and 35) that are readily hydrolyzed upon

exposure to moisture. To isolate dialkyl(trifluoromethyl)amines 3r and 3s, filtration of

insoluble materials generated during the reaction followed by concentration and distillation

was suitable.

11-2-2. Synthesis ofTrifluoromethylamino-substituted
Pyridines and Pyrimidines

The fluorination reaction was applied to the synthesis of 2-

(trifluoromethylamino)pyridines and -pyrimidines (eq. 2). The results, summarized in

Table 2, clearly show that trifluoromethylation products 7 (and 11) or·trifluoromethylation­

bromination products 8 (and 12) were obtained in good-to-excellent yields from the

corresponding dithiocarbamates 6 (and 10) by use of TBAH2F3 (5 mol) and DBH (4-5

mol) in dichloromethane at 0 °C or at the refluxing temperature, respectively.
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ex S Y"Lx
~ Jl )l a or b

~NJlN ... CF3N N SMa
.. (2)

I I

R R
6X==CH 7 X== CH, Y == H 11 X == N, Y == H

lOX == N 8 X == CH, Y == Br 12 X == N, Y == Br

a: TBAH 2F3 (5 mol), DBH (4 mol), CH2C!:<, a°C

b: TBAH2F3 (5 mol), DBH (5 mol), CH2Cl2, reflux

Table 2. Synthesis of trifluoromethylamino-substituted pyridines 7 (or 8) and pyrimidines 11 (or 12)
according to equation 2.a

Entry R X Carbamales DBH (mol) Temp. Product(s) (% yield) b

1 Me CH 6a 4 DoC 7a 72

2 5 reflux 8a 78

3 Et 6b 4 DoC 7b 75

4 5 reflux 8b 82

5 T1-C6H 13 6e 4 DoC 7e 67

6 5 reflux 8e 89

7 T1-CgH17 6d 4 -20°C 7d 76

8 5 reflux 8d 89

9 n- C12H25 6e 4 -20°C 7e 86

10 5 reflux. Se 90

11 PhCH2 6f 4 aoc 7f 80

12 5 reflux 8f 78

13 4--Et-C~4CH2 6g 5 reflux 8g 41 Sg' 38

14 Me N lOa 4 aoc 11a 38

15 5 reflux l2a 84

16 Pr lOb 4 DoC llb 50

17 5 reflux l2b 81

18 T1-Cc;H t3 lOe 4 O°C He 58

19 5 reflux l2c 61

20 n-CgH17 IOd 4 aoc 11d 80 lld 62

21 5 reflux 12d 24

22 n- C12H25 lOe 4 O°C lle 63

23 5 reflux 12e 15 He 65

a All the reactions were carried out with TBAH2F3 (5 mol), DBH (4-5 mol), in CH2Cl2 at a°c or at its

refluxing temperature. b Isolated yields.

rO-<- ~ !J
Br-Q-N, F

N CF3
Sg'
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For the trifluorination of alkyl(2-pyridyl)dithiocarbamates 6, the reaction conditions

using TBAH1F3 (5 mol) and DBH (4 mol) at a °C in dichloromethane were effective, and

trifluoromethylamines 7 were obtained in high yields. However, substrates 6d and 6e

having a long alkyl chain were found to be sensitive to bromination even at adc. Thus,

earring out the reaction at -20°C prevented the bromination (entries 7 and 9), and desired

products 7d and 7e could be isolated in high yields. When the reaction was performed in

refluxing dichloromethane, 2-[alkyl(trifluoromethyl)amino]-5~bromopyridines8a-8g were

obtained in high yields as sole products (entries 2, 4, 6, 8, 10, 12, and 13); none of the

regio isomers or dibrominated compounds were produced. Under the similar conditions,

alkyl(2-pyrirnidinyl)dithiocarbamates 10 were also converted into 2-[alkyl(trifluoro­

rnethyl)amino]pyrimidines 11 or 2-[alkyl(trifluoromethyl)amino]-4-brornopyrimidines 12,

depending on the amount of DBH and the reaction temperature. However, the

trifluorination-bromination of 10d and 10e having a long alkyl chain (entries 21 and 23)

were sluggish: The aromatic brornination was not completed even at the reflux

temperature of dichloromethane.

It is noteworthy that some of 6g was converted into 8g' under the forcing conditions

(entry 13), probably via benzylic bromination and substitution by fluorine.

An isomer of 7f, 3-[benzyl(trifluoromethyl)amino]pyridine (7h), was prepared in

refluxing dichloromethane in a high yield from 6h without bromination (eq. 3).

N TBAHZF3 (5 mol) N(}S DBH (5 mol) ()
..lj N)lSMe

.. ..lj N ....CF3 (3)

I CHzClz. reflux, I h I

CH2Ph 82% CH2Ph

6h 7h

11-2-3. Reaction Mechanism

A plausible reaction mechanism of the oxidative desulfurization-fluorination of

dithiocarbarnates is shown in Scheme 2. The reaction is assumed to be initiated by an

electrophilic attack of a halogen(I) cation towards the sulfur atom of a thiocarbonyl group,

followed by a nucleophilic attack of a fluoride ion to the thiocarbonyl carbon to form a

C-F bond. The thus formed 14 would undergo the similar electrophilic attack of X+ at

sulfur and substitution by a fluoride ion to give 15. The difluorinated products of type 15

are isolable in the oxidative desulfurization-fluorination of dithiocarbonates.23) Finally,

the remaining MeS group could be substituted in a similar manner to give

trifluoromethylated product 3. The reaction of 2b with less than 1.5 mol of NBS gave a
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mixture of trifluoromethylamine 3b and 2b in 38 and 54% yields, respectively; none of

mono-fluorinated product 14 or difluorinated product 15 could be detected (Table 1 entry

7). Based on this observation, the transformations of 2 to 14, of 14 to 15, and of 15 to 3

appear to be extremely fast in contrast to the trifluoromethyl ether synthesis?3

Scheme 2. A proposed reaction mechanism of trifluoromethylation.

X+
C.s. )

R1... N.Jl: sMe-
I

R2

2 15 3

2SX2 I
When this reaction was performed at higher temperatures, the trifluorination was

accompanied by regioselective ring bromination at the p-position (Table 1 entry 24 to 32

and Table 2). Since the regioselective bromination of the heteroaromatic ring, in

particular, is noteworthy. Thus, the Author studied the bromination of 7f in more detail

(eq.4).

(1 reagents BrU.. I Nh W,CF3 (4)
Nh N,CF3 CH2C1Z, reflux

lph lph
7f 8f

When the bromination of 7f was performed using DBH (1.2 mol) in refluxing

dichloromethane for 6 h, compound Sf was obtained in only 49% yield. The reaction

using Brz (1.1-2.2 mol) or a reagent system consisting ofTBAHzF3 (2 mol) and DBH (1.2

mol) in refluxing dichloromethane were also ineffective, the bromination of 7f was found

to proceed slowly. However, a reaction using a combination of TBAHzF3 (2 mol) and

Brz (2.2 mol) in refluxing dichloromethane for 1.5 h was quite effective to give 8f in 84%

yield. Therefore, the bromination under the oxidative desulfurization-fluorination

conditions should be due to Br2, probably in situ generated by heterolysis of SBrz (as

shown in Scheme 2) and also to TBAH2F3 acting as a weak base.24
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11-2-4. Derivatization of Bromoaryl(trifluoromethyl)amines

Lithium-bromine exchange of bromoaryl(trifluoromethyl)amines 4m, 8a, and 12a

was readily effected by means of n-BuLi at -78°C, and the resulting aryllithiums were

allowed to react with 4-bromobenzaldehyde to give the corresponding adducts 16, 17, and

18, respectively, (Scheme 3, route a). Methyl esters 19, 20, and 21 also were obtained

from the bromoaryl(trifluoromethyl)amines by treatment with n-BuLi at -78°C, followed

by carboxylation and esterification (Scheme 3, route b). During these transformations,

both the trifluoromethylamino group and the aromatic ring remained intact. Thus,

transformations of trifluoromethylamines are readily achieved by the use of an additonally

introduced bromine functionality.s

OH

~Y
BrV l~N.-CF3

I

Me

16 X =Y =CH 69%

17 X =CH, Y =N 78%

18 X=Y= N 82%

..a

4m X=Y=CH

8a X =CH, Y =N
12a X =Y =N

b Br~y

_...-- ~~N.-CF3
I

Me

19 X =Y =CH 98%

20 X = CH, Y = N 43%

21 X =Y = N 78%

Scheme 3. Reaction of bromoaryl(trifluoromethyl)amines.

o

MeO~Y
lXA N.-CF3

I

Me

a: i)n-BuLi(1.1 mol),THF,-78oe,0.5h; ii)p-Br-CtiH4CHO(L2mo!),-78°Ctort,12h

b: i) n-BuLi (1.1 mol), THF, -78 °e, 0.5 h; ii) C02 (excess), -78 °e 10 rt; iii) TMSeHN2 (2.0 mol), rt

11-2-5. Oxidation Potential of Trifluoromethylamines

The oxidation potential of trifluoromethylamines was measured by cyclic

voltammetry. As shown in Table 3, diphenyl(trifluoromethyl)amine (3a) showed 1.90 V

vs. SCE, 0.94 V higher than methyldiphenylamine (0.96 V), and comparable to diphenyl

ether (1.87 V). Similarly, oxidation potential of 5-bromo-2-[methyl(trifluoromethyl)­

amino]pyrimidine (12a) was 2.32 V vs SeE, 0.97 V higher than that of corresponding

methylamine 25. Therefore, trifluoromethylamines are highly tolerant of oxidation, as

compared with ordinary methylamines, because of delocalization of the lone pair electrons

on nitrogen by a strongly electron-withdrawing trifluoromethyl group.
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Table 3. Oxidation potential of trifluoromethylamines 3a and 12a (V$. SCE).

Br
LN

BrlC:N

I N~N~CF3 I NAN,Me
Ph...

N
~CF3 Ph...

N
.Me Ph... 0

I I I
I 1 Ph Ph Ph

Me 12a Me 3a

2.32 Y 1.45 V 1.90V 0.96 V 1.87V

11-2-6. Synthesis of Trifluoromethylamino-substituted

Adenosine

The present reaction was applied to the synthesis oftrifluoromethylamino-substituted

adenosine derivative 26. Dithiocarbamate 25 was prepared as shown in Scheme 4,

starting with 6-chloropurine (22), and was treated with TBAH2F3 (5 mol) and DBH (4

mol) in dichloromethane at 0 °C for 1 h to give desired trifluoromethylamine 26 in 25%

yield,

Scheme 4. Synthesis of trifluoromethylamino-substituted adenosine 26.
S

CI CI Me...N,H Me...NJlSEt
Me.... N~CF3

prj a f£J b

1
N£J c f£J d f£J- - - -

r'l N N N N N N N N N
H / I / /

22 CH2Ph 23 CH2Ph 24 CH2Ph 25 CH2Ph 26

a: i) NaH (1.1 mol), DMF, a DC to rt, 30 min, ii) BnBr (2.0 mol), a DC to rt, 3 h, 69 %.

b: CHjlli2"HCI (5.0 mol), Et~ (3.0 mol), CH2C1Z, rt, 12 d, 93%.

c: i) n-BuLi (1.1 mol), -78 to aDC, THF, 1 h. ii) CICSzEt (2.0 mol), THF, rt, 2 h, 37%

d: TBAH2F3 (5.0 mol), DBH (4.0 mol), CH:zC12. a DC. I h,25%

11-3. Conclusion

The oxidative desulfurization-fluorination of readily accessible dithiocarbamates is

shown to allow the synthesis of aryl-, heteroaryl-, and alkyl(trifluoromethyl)amines under

extremely mild conditions, When the reaction is carried out at higher temperatures,

bromination of the heteroaryl group at p-position sometimes takes place regioselectively.
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It is also demonstrated that trifluoromethylamines resist oxidation, as compared with

the corresponding methylamines. This novel synthetic reaction should find wide

applications, particularly in the synthetic design of new drugs, agrochemicals, and opto­

electrical materials.

11-4. Experimental

General.

Following general techniques apply to all of the experimental parts of this Thesis.

All temperatures are uncorrected. Unless otherwise noted, reagents and solvents were

purchased from Aldrich Chemical Co., Kanto Chemicals, Tokyo Kasei, or Wako

Chemicals, Inc. and were used as received. All of the reactions were carried out under an

argon atmosphere in a dry, freshly distilled solvent, unless otherwise noted. THF and

Et20 were distilled from sodiumlbenzophenone. DMF was distilled 2 times from

calcium hydride under reduced pressure. CH2Cl2 was pre-dried with P205 and distilled

from calcium hydride. Pyridine was distilled from KOH and kept over solid KOH at

room temperature. NBS and NIS were purified by recrystallization from hot water and

dioxane/CC4, respectively. TBAH2F3 was prepared according to the Iiterature25

procedure and dried in vacuo at room temperature overnight right before use. Unless

otherwise stated, yields refer to materials purified by column chromatography or

distillation under reduced pressure. The purchased reagents of the highest commercial

quality and used without further purification unless otherwise noted. Reactions were

monitored by thin-layer chromatography using 0.25 mm E. Merck silica-gel plates (Silica

Gel F254) with a visualizing device ofUV light and/or by dipping the plates in an ethanolic

phosphomolybdic acid orp-anisaldehyde solution by heating the plates. Silica gel from E.

Merck (KieseIgel 60, 230-400 mesh) or Nacalai Tesque (silica gel 60, 150-325 mesh) were

used for flash-column chromatography. Silica gel purchased from E. Merck (Kieselgel

60, 70-230 mesh) or Wako (Wakogel C-200) was used for column chromatography under

an atmospheric or slightly positive pressure. Unless otherwise noted, NMR spectra were

measured in a CDCl3 solution. IH NMR, l3C NMR, and 19F NMR spectra were

recorded on a JEOL FX-IOO spectrometer at 100 (IH) and 94 (19p) MHz, on a Bruker AC­

200 spectrometer at 200 (lH), 50.3 (13C), and 188 (19F) MHz, or on a'Varian Mercury-300

spectrometer at 300 (lH), 75.5 (13C), and 282 (19F) MHz, respectively. Chemical shifts

of IH NMR, l3C NMR, and 19F NMR signals are quoted relative to internal standard

MC4Si (0 = 0.00), CDCl3 (0 =77.00), or CFC13 (0 = 0.00), respectively, and expressed by
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chemical shift in ppm (0), multiplicity, coupling constant (Hz), and relative intensity. IR

spectra were recorded on a Shimadzu FTIR-8l OOA spectrometer in neat unless othenvise

noted. Mass spectra were recorded on a Shimadzu GCIMS QP-5000 spectrometer or on a

Hitachi H~80 double-focusing tandem gas chromatography mass spectrometer (70 eV).

Measurement of melting points and phase transition temperatures and determination of

liquid crystalline phases were carried out with an Olympus BH-2 optical polarizing

microscope equipped with a Mettler FP-900 hot-stage. The thermal characterization was

conducted with an SII DSC-200C (scanning rate 1 DC min-I) differential scanning

calorimeter (DSC) system. Recycling preparative HPLC was carried out using a Japan

Analytical Industry LC-908 chromatograph.

Elemental analyses were carried out by Elemental Analysis Center, Tokyo Institute

of Technology, using Yanako MT2 CHN Corder. High-resolution mass spectra were

obtained on a lEOL Mstation spectrometer.

General Procedures for the Preparation of Secondary Amines: Method A.26

Sodium borohydride (2.2 g, 59 mmol) was slowly added portionwise to a stirred

suspension of a primary aromatic amine (10 mmol), an aldehyde (11 mmol), acetic acid

(8.7 mL), anhydrous sodium acetate (2.7 g, 33 mmol), and sodium sulfate (1.56 g, 11

mmol) in ethanol (20 mL) at 0 DC. The reaction mixture was allowed to wann to room

temperature and stirred until all of the amine was consumed. Ethanol and acetic acid

were then removed under reduced pressure. The residue was treated with aq. sodium

hydroxide (1 M, 30 mL) and diethyl ether (100 mL). The organic phase was separated,

and the aq. phase was extracted with diethyl ether three times. The combined organic

layer was washed with sat. aq. NaCl, dried over Na2S04, filtered, and concentrated under

reduced pressure. The residue was purified by flash column chromatography or bulb-to­

bulb distillation to give the desired secondary amine.

Method B. A hexane solution of n-BuLi (11 mmol) was slowly added to a stirred

solution of a primary aromatic amine (10 mmol) in THF (20 mL) at -78 DC. After the

solution was allowed to warm to 0 DC over 1 h, an alkyl iodide (20 mmol) was added

dropwise to the reaction mixture at 0 DC. The resulting mixture was stirred at room

temperature until all of the substrate was consumed and was then treated with ag. NaHC03

solution. The organic phase was separated and the aq. phase was extracted with diethyl

ether three times. Workup and purification described in Method A gave the desired

secondary amine.

Method C.27 A suspension of sodium methoxide (2.7 g, 50 mmol),

parafonnaldehyde (420 mg, 14 mmol) and a primary aromatic amine (10 mmol) in

methanol (25 mL) was stirred for 15 h at 40 DC before sodium borohydride (0.38 g, 10
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mmol) was added at room temperature. The resulting mixture was heated at 50°C for 4 h,

and the methanol was removed under reduced pressure. The crude white solid was

dissolved in sat. NaHC03 ag. solution and diethyl ether, and the organic phase was

separated. The ag. phase was extracted with diethyl ether three times. Workup and

purification described as above gave the desired secondary amine.

Method D. To a stirred solution of a substituted 2-chloropyrimidine (4.0 g, 35

mmol) in THF (50 mL) was added a 40% solution of an alkylamine in methanol (175

mmol) at 0 dc. The reaction mixture was stirred at 50°C until all of the substrate was

then consumed and was poured into sat. NaHC03 ag. solution. Workup and purification

by column chromatography gave the desired 2-(alkylamino)pyrimidine.

Method, isolated yield and spectroscopic properties of products are shown below.

Benzyl(4-methoxyphenyl)amine (Ib). Method A, 85%. Colorless crystals, mp

40.5-41.5 DC; Rr 0.44 (hexane: Et20 = 2: 1). IR (KBr) 3380, 2998, 2950, 2903, 2832,

1642, 1514, 1462, 1441, 1406, 1296, 1238, 1036,828,768,704 cm- I ; IH NMR (100

MHz)o=3.77 (5,3 H), 3.78 (brs, I H), 4.31 (s,2 H), 6.63 (d,J=9Hz,2 H), 6.81 (d,J=

9 Hz, 2 H), 7.4-7.3 (m, 5 H); l3C NMR (75.5 MHz) <5 = 49.2 (5), 55.8 (s), 114.1 (5),

114.8 (s), 127.1 (5), 127.5 (s), 128.5 (s), 139.6 (s), 142.4 (s), 152.1 (5); MS mlz (reI

intensity) 214 (M++l, 10),213 (M+, 59), 212 (11), 211 (25), 196 (28), 122 (88), 107 (6),

106 (7), 105 (7), 95 (14), 91 (100),77 (13), 65 (27). Found: mlz 213.1166. Calcd for

C 14H 1SNO: M, 213.1154.

Benzyl(4-ehloropheny1)amine (Ie). Method A, 86%. A pale yellow oil; Rf =

0.39 (hexane: EtOAc = 10 : 1). IR 3428, 3063, 2853, 1601, 1505, 1453, 1321, 1296,

1266, 1246, 1179, 1123, 1028,816, 773, 698 cm-I; IH NMR (100 MHz) <5 = 4.07 (br s, 1

H), 4.31 (5,2 H), 6.55 (d, J= 9 Hz, 2 H), 7.12 (d, J= 9 Hz, 2 H), 7.3-7.4 (m, 5 H); l3C

NMR (50.3 MHz) 0 = 48.3 (5), 113.8 (5), 122.0 (5), 127.3 (5), 127.4 (s), 128.6 (s), 129.0 (5),

138.9 (s), 146.6 (s); MS mlz (rei intensity) 219 (M++2, 10),218 (M++l, 6), 217 (M+, 32),

216 (M+-I, 6), 140 (5), III (6),91 (100), 77 (7), 75 (6),65 (20). Found: mlz 217.0662.

Calcd for C 13H 123SCIN: M, 217.0658.

Benzyl(4-fluorophenyl)amine (ld). Method A, 85%. A colorless oil, bp 185­

190 DC/2 mmHg; Rf =0.52 (hexane: EtOAc = 5 : I). IR 3410,3030, 1618, 1521, 1494,

1450, 1325, 1296, 1275, 1215, 1118, 1075, 1028, 812, 724, 690, 500 cm- I; IH NMR

(laO MHz) 0 = 3.94 (br S, 1 H), 4.31 (5,2 H), 6.58 (dd, J = 4,9 Hz, 2 H), 6.91 (dd, J = 9, 9

Hz, 2 H), 7.3-7.4 (m, 5 H); I9F NMR (94 MHz) 0 = -128.4 (septet, J = 4 Hz); l3C

NMR (75.5 MHz) 0 = 48.8 (5), 113.6 (d, J = 8 Hz), 115.6 (d, J = 22Hz), 127.2 (5), 127.4

(5), 128.6 (5), 139.2 (s), 144.4 (d, J = 2 Hz), 155.8 (d, IJC_F =235 Hz); MS m/z (rei

intensity) 202 (M++l, 5),201 (M+' 34),200 (M+-l, 64), 91 (100). Found: m/z 201.0955.

Calcd for C 13H 12FN: M, 201.0954.
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Benzyl(4-cyanophenyl)amine (Ie). Method A, 72%. A pale orange powder,

rnp 64.4-64.8 DC; RJ = 0.66 (hexane: Et20 = I : I). IR 3372,3349,2215, 1609, 1576,

1534,1455,1343, 1296,1273,1134,1028,830,814 em-I; IH NMR (200 MHz) (5 = 4.37

(d , J = 6 Hz, 2H), 4.65 (m, 1 H), 6.59 (d, J = 9 Hz, 2 H), 7.3-7.4 (m, 5 H), 7.42 (d, J = 9

Hz, 2 H); I3C NMR (50.3 MHz) (5 = 47.4 (s), 99.0 (5), 112.4 (5), 120.4 (5), 127.3 (5),

127.6 (5),128.8 (5),133.7 (5),137.8 (5),151.1 (s); MS m/z (reI intensity) 209 (M++l, 4),

208 (M+, 10),207 (M+-l, 2), 91 (100). Found: m/z 208.0991. Calcd for C 13HI2N2: M,

208.1000.

(4-Bromo-2-fluorophenyl)methylamine (lj). Method C, 84%. Colorless

needles, mp 41.7-42.3 DC; RJ = 0.65 (hexane: Et20 = 5 : 1). IR (KEr) 3338, 3007,

2878,2818,1617,1584,1518,1449,1410,1325,1270,1196, 1159,1105,1046,873,860,

803 em-I; IH NMR (loa Iv1Hz) (5 = 2.86 (d,J= 5 Hz, 3 H), 3.93 (br, 1 1-1),6.53 (dd, J= 9,

9 Hz, 1 H), 7.04-7.17 (m, 2 H); 19F NMR (188 MHz) (5 = -135.0 (dd, J= 7, 9 Hz); 13C

NMR (50.3 MHz) (5 = 29.9 (s), 106.5 (d, J = 9 Hz), 112.2 (d, J = 4 Hz), 117.1 (d, J = 22

Hz), 127.3 (d, J= 4 Hz), 136.9 (d, J= 12 Hz), 151.1 (d, lJC.F = 243 Hz); MS m/z (rei

intensity) 206 (M++3, 9), 205 (M++2, 96), 204 (M++1, 89), 203 (M+, 100),202 (96), 163

(13),161 (13),157 (14),155 (15),123 (17), 122 (11),103 (20),94 (18), 82 (10),81 (14),

77 (14), 76 (14), 75 (19), 74 (12),63 (13),62 (13), 61 (16). Found: C, 41.38; H, 3.22; N,

6.85%. Calcd for C7H7BrFN: C, 41.21; H, 3.46; N, 6.89%.

(4-Bromo-2-fluorophenyl)ethylamine (lk). Method B, 84%. A colorless oil,

bp 120 °C/0.55 mmHg; RJ= 0.46 (hexane: EtOAc= 10: 1),0.18 (hexane: CH2C12 = 4:

1). IR 3428,2973,2874, 1617, 1514, 1483, 1337, 1266, 1194, 1156,868, 797 em-I; IH

NMR (200 MHz) (5 = 1.27 (t, J = 7 Hz, 3 H), 3.15 (qm, J= 7 Hz, 2 H), 3.79 (br 5, 1 H),

6.53 (dd, J= 9, 9 Hz, 1 H), 7.06-7.13 (m, 2 H); 19F NMR (188 MHz) 6 = -134.7 (t, J=

10 Hz); l3C NMR (50.3 MHz) (5 = 14.56 (5), 38.00 (5),106.6 (d,J= 9 Hz), 112.7 (d,J=

4 Hz), 117.1 (d, J = 22 Hz), 127.4 (d, J = 4 Hz), 136.1 (d, J = 12 Hz), 151.0 (d, lJC_F =

243 Hz); MS m/z(rel intensity) 220 (M++3, 5), 219 (M++2, 58), 218 (M++l, 9), 217 (M+,

59), 205 (14), 204 (96), 202 (100), 157 (20), 155 (18), 123 (32), 109 (16), 103 (18), 102

(15),94 (27), 83 (16), 82 (16), 81 (17),76 (21), 75 (23), 68 (15),63 (21). Found: C,

44.31; H, 4.34; N, 6.45%. Calcd for CgH9BrFN: C, 44.06; H, 4.16; N, 6.42%.

(4-Bromo-2-fluorophenyl)bexylamine (11). Method B, 100%; A colorless oil,

bp 167 °C/0.5 mmHg; Rf= 0.56 (hexane: EtOAc = 10: 1). IR 3434,2930,2859, 1617,

1514,1412,1337, 1267, 1194, 1156,868,797 em-I; IH NMR (200 MHz) 6 = 0.97 (t, J=

8 Hz, 3 H), 1.14-1.49 (m, 6 H), 1.49-1.71 (m, 2 H), 3.06 (q, J= 6 Hz, 2 H), 3.82 (br s, 1 H),

6.53 (dd, J= 9, 9 Hz, 1 H), 7.06-7.12 (m, 2 H); 19F NMR (188 MHz) 6 = -134.8 (m);

l3C NMR (50.3 MHz) 6 = 14.0 (s), 22.6 (5), 26.7 (s), 29.3 (5),31.6 (s), 40.3 (s), 106.4 (d, J

= 9 Hz), 112.7 (d,J= 4 Hz), 117.7 (d,J= 22 Hz), 127.4 (d,J= 4 Hz), 136.2 (d,J= 12 Hz),
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151.1 (d, lJC_F = 243 Hz); MS m/z (reI intensity) 276 (M++3, 8), 275 (M++2, 57),274

(M++l, 8), 273 (M+, 61), 204 (99), 202 (100),191 (23), 189 (25),157 (30),155 (32), 130

(35),94 (39),76 (50). Found: m/z 273.0527. Calcd for C12H1779BrFN: M, 273.0529.

Benzyl(propyl)amine (Is). Method B (prepared from benzylamine), 50%; A

colorless oil; ~ = 0.36 (hexane: EtOAc : Et3N = 10 : 10 : 1). IR 3310, 2960, 2932,

2874,2815, 1605, 1495, 1455, 1379, 1123, 1028, 733, 698 cm- I; IH NMR (300 MHz) 0

= 0.92 (t, J = 8 Hz, 3 H), 1.38 (br 5, 1 H), 1.53 (sextet, J = 8 Hz, 2 H), 2.60 (t, J = 8 Hz, 2

H), 3.79 (5,2 H), 7.20-7.38 (m, 5 H); 13C NMR (50.3 MHz) 0 = 11.8 (5), 23.2 (5),51.3

(5), 54.0 (5), 126.8 (5), 128.0 (5), 128.3 (5), 140.5 (5); MS m/z (reI intensity) 149 (M+, 7),

120 (43), 92 (7), 91 (100), 65 (14). Found: m/z 149.1207. Calcd for ClOH1SN: M,

149.1204.

Ethyl(2-pyridyl)amine (Sb). Method B, 55%; A colorless oil, bp 105 Dcn
mmHg; Rf = 0.67 (hexane: EtOAc = 1: 3). IR 3420,3264,2971,2361, 1603, 1512,

1447, 1329, 1287, 1154, 1090,984, 772, 735 em-I; IH NMR (200 MHz) 0 = 1.25 (t, J =

7 Hz, 3 H), 3.29 (dq, J = 6, 7 Hz, 2 H), 4.50 (br 5, 1 H), 6.36 (ddm, J = 1,8 Hz, 1 H),6.54

(ddd, J = 1, 5, 7 Hz, 1 H), 7.40 (ddm, J = 2, 7 Hz, 1 H), 8.07 (dm, J = 5 Hz, 1 H); l3C

NMR (50.3 MHz) 0 = 12.9 (5),42.3 (s), 105.4 (5), 110.7 (5),136.9 (5),148.1 (5), 157.5 (s);

MS m/z (reI intensity) 123 (M++1, 9), 122 (M+, 54), 121 (31), 107 (63),94 (47),80 (41),

79 (100), 67 (42), 66 (29); Found: C, 68.49; H, 8.13; N, 22.95%. Calcd forC 7H lON2: C,

68.82; H, 8.25; N, 22.93%. Found: m/z 122.0844. Calcd for C7H ION2: M, 122.0844.

Hexyl(2-pyridyl)amine (Sc). Method B, 63%; A pale red oil; Rf = 0.75

(Et20: EtOAe = 1: 1). IR 3292, 2957,2929,2859,1703,1682,1611,1518,1445,1366,

1282,1155,770,734 em-I; IH NMR (200 MHz) 0 = 0.88 (t, J= 7 Hz, 3 H), 1.30-1.65

(m, 8 H), 3.18 (t, J = 7 Hz, 2 H), 4.40 (br 5, 1 H), 6.42-6.60 (m, 2 H), 7.51 (ddd, J = 2, 7, 9

Hz, I H), 7.88 (dm, J = 5 Hz, 1 H); 13C NMR (50.3 MHz) 0 = 13.9 (s), 22.5 (s), 26.6 (5),

29.0 (5), 31.4 (s), 42.3 (s), 106.5 (5), 111.6 (5), 139.1 (5), 144.7 (s), 157.9 (s); MS m/z (reI

intensity) 179 (M++l, 7),178 (M+, 48), 163 (4),141 (I2), 135 (10), 121 (64), 107 (100),

94 (85), 78 (61). Found: m/z 178.1472. Caled forCIIHISN2: M, 178.1470.

Octyl(2-pyridyl)amine (5d). Method B, 51%; Colorless needles, mp 40.8­

41.1 DC; Rf= 0.30 (hexane: Et20 = 1 : 1). IR (KBr) 3257, 2955, 2924, 2854, 1605,

1574, 1531, 1441, 1292, 1156, 768 em-I; 1H NMR (200 MHz) 0 = 0.88 (t, J= 7 Hz, 3 H),

1.27-1.64 (m, 12 H), 3.23 (td, J = 6, 7 Hz, 2 H), 4.44 (br, I H), 6.35 (d, J = 8 Hz, I H),

6.54 (ddd, J = 2, 5, 7 Hz, I H), 7.40 (ddd, J = 2, 7, 8 Hz, 1 H), 8.06 (dm, J = 5 Hz, 1 H);

l3e NMR (50.3 MHz) 0 = 14.0 (5), 22.6 (5), 27.1 (s), 29.2 (s), 29.3 (5), 29.5 (s), 31.8 (5),

42.3 (5), 106.2 (s), 112.5 (s), 137.3 (s), 148.2 (5), 159.0 (5); MS m/z (rei intensity) 207

(M++l, 4), 206 (M+, 26),190 (7),177 (6),163 (8),149 (IO), 121 (44), 107 (100), 94 (74),

78 (40). Found: m/z 206.1768. Calcd for C13H22N2: M, 206.1783.
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Dodecyl(2-pyridyl)amine (Se). Method B, 45%; Colorless needles, mp 58.9­

59.7 DC; Rf = 0.40 (hexane: Et20 = 1 : 1). IR (KEr) 3257,2955,2919,2877, 1606,

1574, 1531, 1470, 1454, 1441, 1332, 1293, 1156, 1136, 1079,984,767,735,720 em-I;

IH NMR(200 MHz) 0 = 0.88 (t, J= 7 Hz, 3 H), 1.26-1.65 (m, 20 H), 3.23 (td, J= 6, 7 Hz,

2 H), 4.42 (br 5, 1 H), 6.35 (ddd, J = 1,2,9 Hz, 1 H), 6.53 (ddd, J = 1, 5, 7 Hz, 1 H),7.39

(ddd, J = 2, 7, 9 Hz, 1 H), 8.44 (ddd, J = 1,2,5 Hz, 1 H); 13C NMR (50.3 MHz) 0 = 14.1

(s), 22.6 (5), 27.1 (5), 29.4 (s), 31.9 (5),42.3 (s), 106.2 (s), 112.5 (s), 137.3 (5), 148.2 (s),

159.0 (s); MS m/z (reI intensity) 262 (M+, 11),246 (5), 177 (4), 163 (4), 146 (7), 135 (4),

122 (4), 121 (27), 108 (34), 107 (100), 94 (56), 78 (18). Found: m/z 262.2408. Calcd

for C17H30N2: M, 262.2409.

Ethylbenzyl(2-pyridyl)amine (5g). Method B, 23%. Colorless needles, mp

80.8-81.2 DC; Rf = 0.56 (hexane: Et20 = 1 : 3). IR (KEr) 3241, 3094, 2965, 2928,

2870,1929,1601,1574,1532, 1455,1442,1422, 1335,1293, 1156, 1125, 1080,982,818,

768 em-I; 1H NMR (200 MHz) 0 = 1.23 (t, J = 8 Hz, 3 H), 2.64 (t, J = 8 Hz, 2 H), 4.46

(d,J= 6 Hz, 2 H), 4.80 (br 5,1 H), 6.37 (ddd,J= 1,1,8 Hz, 1 H), 6.58 (ddd, J= 1,5,7 Hz,

1 H), 7.17 (d, J= 9 Hz, 2 H), 7.28 (d, J= 9 Hz, 1 H), 7.40 (ddd,J= 2,7,8 Hz, 1 H), 8.11

(ddd, J= 1,2,5 Hz, 1 H); l3C NMR (50.3 MHz) 6 = 15.6 (5), 28.5 (5),46.1 (s), 106.7 (5),

120.0 (s), 127.4 (s), 128.1 (5), 136.3 (s), 137.3 (5), 143.2 (s), 148.2 (5), 158.7 (s); MS m/z

(rei intensity) 213 (M++l, 8),212 (M+, 49), 211 (23), 183 (23),134 (100),119 (45),117

(14), 105 (15), 104 (13),91 (52), 79 (61), 78 (65), 77 (25), 62 (11). Found: m/z 212.1320.

Calcd for CI4HI6N2: M, 212.1313.

Benzyl(3-pyridyl)amine (5h). Method A, 78%. Colorless needle5, mp 88.3­

89.4 DC; Rf = 0.59 (EtzO : methanol = 10 ; 1). IR (KEr) 3263, 3098, 3029, 1591, 1578,

1528, 1485, 1450, 1327, 1317, 1303, 1244, 1120, 1069, 1029, 1008, 903, 798, 713, 702

em-I; IH NMR (200 MHz) 0 = 4.05-4.32 (br 5, 1 H), 4.33 (d, J= 5 Hz, 2 H), 6.85 (ddd, J

= 1,3,8 Hz, 1 H), 7.05 (ddd, J = 1,5,8 Hz, 1 H), 7.27-7.36 (m, 5 H), 7.95 (dd, J = 1,5 Hz,

1 H), 8.06 (dd, J = 1,3 Hz, 1 H); l3C NMR (50.3 MHz) 0 = 47.7 (5), 118.5 (5), 123.8 (s),

127.4 (s), 127.4 (s), 128.8 (s), 136.2 (5), 138.6 (5), 138.8 (s), 144.3 (5); MS m/z (rei

intensity) 185 (M++I, 4),184 (M+, 33),107 (5),91 (100),78 (I 8). Found: m/z 184.1002.

Calcd for C 1ZH 12N2: M, 184.1000.

2-(Methylamino)pyrimidine (9a). Method D, 91 %. Colorless needles, mp

63.1-63.9 DC; Rf = 0.16 (hexane : EtzO = 5 : I). IR (KEr) 2964, 2934, 2876, 1606,

1534, 1510, 1409, 1328, 1284, 1253,1242,1178, 1069,971,838,827 em-I; IH NMR

(200 MHz) 0 = 3.00 (d, J= 5 Hz, 3 H), 4.65-5.30 (br, 1 H), 6.52 (t, J= 5 Hz, 1 H), 8.29 (d,

J = 5 Hz, 2 H); l3C NMR (50.3 MHz) 0 = 28.0 (s), 109.7 (5), 157.7 (s), 162.9 (s); MS

m/z (rei intensity) 110 (M++I, 13), 109 (M+, 100), 108 (66), 81 (73),80 (76). Found: m/z

109.0641. Calcd for CSH7N3: M, 109.0640.
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2-(Propylamino)pyrimidine (9b). Method D, 82%. A colorless oil; Rf ""

0.64 (Et20). IR 3278,3110,2963,2934,2874, 1593, 1566, 1538,1456, 1418, 1367,

1294, 1242, 1150, 1075,803, 779 em-I; IH NMR (300 MHz) 0 = 0.98 (t, J= 7 Hz, 3 H),

1.64 (sextet, J= 7 Hz, 2 H), 3.37 (q, J= 7 Hz, 2 H), 5.98 (br s, 1 H), 6.48 (t, J= 5 Hz, 1 H),

8.26 (d, J = 5 Hz, 2 H); l3C NMR (75.5 MHz) 0 = 11.3 (s), 22.6 (s), 43.1 (s), 109.9 (s),

157.8 (s), 162.4 (s); MS m/z (reI intensity) 138 (M++l, 4),137 (M+, 29),136 (M+-l, 3),

122 (9),109 (13),107 (100), 95 (26), 81 (23),80 (7), 79 (20), 71 (14),70 (12), 69 (18), 67

(11). Found: m/z 137.0954. Caled for C7H I1N3: M, 137.0953.

2-(Hexylamino)pyrimidine (9c). Method D, 95%. A pale yellow oil; Rf =

0.45 (Et20 : CH2Cl2 = 1 : 5). IR 3275,2956,2930,2869,2858, 1590, 1538, 1456, 1416,

1369, 1261, 802, 779, 732, 641 em-I; IH NMR (200 MHz) 0 = 0.88 (t, J = 6 Hz, 3 H),

1.13-1.78 (m, 8 H), 3.29-3.51 (m, 2 H), 5.17-5.23 (br, 1 H), 6.50 (t,J= 5 Hz, 1 H), 8.26 (d,

J = 5 Hz, 2 H); 13C NMR (50.3 MHz) 0 = 14.0 (s), 22.5 (s), 26.6 (s), 29.5 (5), 31.5 (s),

41.5 (s), 110.1 (5),157.9 (s), 162.4 (s); MS m/z (rel intensity) 179 (M+, 20), 136 (4),122

(12), 109 (22), 108 (100), 96 (4), 95 (18), 79 (20). Found: mlz 179.1417. Calcd for

C lOH 17Nf M, 179.1422.

2-(Octy1amino)pyrimidine (9d). Method D, 88%. A pale yellow oil; Rf =

0.56 (Et20 : CH2CI2 = I : 2). IR 3283,2956,2856,2827, 1596, 1538, 1457, 1416, 1370,

802 em-I; IH NMR (200 MHz) 0 = 0.75-1.05 (m, 3 H), 1.20-1.72 (m, 12 H), 3.29-3.48

(m, 2 H), 4.95-5.25 (br, 1 H), 6.54 (t, J = 5 Hz, 1 H), 8.26 (d, J = 5 Hz, 2 H); 13C NMR

(50.3 MHz) 0 = 22.5 (s), 26.9 (s), 29.2 (s), 29.3 (s), 29.5 (5), 31.7 (s), 41.4 (s), 110.0 (s),

157.8 (s), 162.5 (s); MS m/z (rei intensity) 208 (M++l, 4), 207 (M+, 29), 122 (20), 109

(39), 108 (100),96 (9), 95 (27), 79 (12). Found: m/z 207.1745. Calcd for C 12H2IN3: M,

207.1735.

2-(Dodecylamino)pyrimidine (ge). Method D, 84%; Colorless needles, mp

51.3-51.9°C; Rf = 0.34 (hexane: EtOAe = 3 : 1). IR (KEr) 3258, 3022,2966,2915,

2851, 1599, 1580, 1538, 1533, 1471, 1459, 1419, 1370, 800, 780, 716, 643 em-I; IH

NMR (200 MHz) 0 = 0.87 (t, J= 5 Hz, 3 H), 1.02-1.78 (m, 20 H), 3,38 (q, J= 6 Hz, 2 H),

5.05-5.14 (br, 1 H), 6.48 (t, J = 5 Hz, 1 H), 8.25 (d, J = 5 Hz, 2 H); l3C NMR (50.3

MHz) 6 = 14.0 (s), 22.6 (s), 26.9 (s), 29.3 (s), 29.6 (s), 31.8 (s), 41.4 (s), 110.0 (5), 157.9

(s), 162.5 (s); MS m/z (reI intensity) 263 (M+, 13), 150 (6), 136 (5), 122 (12), 108 (100),

96 (9), 95 (17). Found: m/z 263.2362. Calcd for C16H29N3: M, 263.2361.

A General Procedure for the Preparation of Dithiocarbamates: Butyllithium

(1.6 M in hexane, 0.75 mL, 12 mmo) was slowly added dropwise to a stirred solution of

secondary amine 1, 5,9, or 13 (10 mmol) in THF (20 mL) at -10 °C. After the solution

was allowed to warm to 0 °C over 1 h, CS2 (1.2 mL, 20 mmol) was added dropwise to this

mixture at 0 0c. The mixture was stirred for 12 h at room temperature, and Mel (1.3 mL,
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20 mmol) was added dropwise to the reaction mixture at 0 0c. The mixture was stirred at

room temperature for 3-5 h and was then treated with sat. aq. NaHC03. The organic

phase was separated, and the aq. phase was extracted with diethyl ether for three times.

The combined organic phase was washed with sat. aq. NaCl, dried over Na2S04, filtered,

and concentrated under reduced pressure. The residue was purified by column

chromatography or recrystallization to give the desired dithiocarbamates. Yields and

spectra of products are as follows.

Methyl N,N-Diphenyldithiocarbamate (2a). Yield: 83%. A pale yellow powder,

mp 128.3-128.7 °C; Rf = 0.40 (hexane: EtOAc = 10 : 1). IR (KBr) 3080, 3050, 3028,

3000,2908, 1582, 1484, 1448, 1418, 1354, 1312, 1264, 1161, 1148, 1070, 1048, 1020,

1000,956,910,889,759,743,700,690 em-I; IH NMR (90 MHz) 6 = 2.56 (s, 3 H), 7.39

(m, 10 H). 13C NMR (75.5 MHz) 6 = 20.9 (s), 127.9 (5), 128.3 (5), 129.6 (s), 145.2 (m),

202.0 (s); MS mlz (reI intensity) 260 (M++1, 2),259 (M+, 10),212 (19), 167 (13),151

(11), 150 (100), 135 (8), 109 (30),91 (45), 77 (45), 65 (9). Found: mlz 259.0492. Ca1cd

for CI4H 13NS2: M, 259.0489.

Methyl N-Benzyl-N-(4-methoxyphenyl)dithiocarbamate (2b). Yield: 97%. A

brown oil; Rf = 0.46 (hexane: Et20 = 2 : 1). IR 3052, 3028, 3000,2951, 2910, 2832,

1720, 1602, 1580, 1503, 1429, 1391, 1350, 1296, 1248, 1205, 1180, 1168, 1100, 1078,

1028,980,958,908, 832, 758, 724,699,648, 621 em-I; IH NMR (90 MHz) 6 = 2.57 (5,

3 H), 3.80 (s, 3 H), 5.58 (s, 2 H), 6.84 (d, J = 9 Hz, 2 H), 6.93 (d, J = 9 Hz, 2 H), 7.2-7.3

(m, 5 H); MS mlz (reI intensity) 303 (M+, 4), 165 (4), 164 (7),92 (11), 91 (100),65 (12).

Found: mlz 303.0754. Ca1cd for C16H170NS2: M, 303.0752.

Methyl N-Benzyl-N-(4-chlorophenyl)dithiocarbamate (2c). Yield: 86%. A

pale brown oil; Rf= 0.54 (hexane: EtzO = 3 : 1). IR 2917, 1603, 1487, 1455, 1387,

1350, 1242, 1206, 1102, 1088, 1015, 957, 833, 700 em-I; IH NMR (300 MHz) b = 2.56

(5,3 H), 5.56 (s, 2 H), 6.95 (d, J =9 Hz, 2 H), 7.27 (5, 5 H), 7.32 (d, J =9 Hz, 2 H); 13C

NMR (75.5 MHz) b = 20.9 (s), 60.4 (5), 127.8 (s), 128.4 (s), 128.7 (s), 129.5 (s), 129.6 (8),

135.0 (8), 135.5 (5), 141.1(rn), 201.9 (s); MS mlz (rei intensity) 310 (M++3, 0.4), 309

(M++2, 2), 308 (M++l, 1), 307 (M+, 6), 164 (12), 91 (100). Found: mlz 307.0265.

Calcd for ClsHI4ClNS2: M, 307.0256.

Methyl N-Benzyl-N-(4-fluorophenyl)dithiocarbamate (2d). Yield: 90%. A

brown oil; Rf =0.33 (hexane: EtOAc = 10 : 1). IR 3054,3024,2910, 1600, 1500, 1432,

1388, 1348, 1238, 1203, 1152, 1100, 1078, 953, 838, 764, 720, 699 em-I; IH NMR (90

MHz) b = 2.58 (5,3 H), 5.58 (5, 2 H), 7.0-7.1 (m, 4 H), 7.28 (8,5 H); 19F NMR (188

MHz) b =-111.62 (m); l3C NMR (75.5 MHz) 6 = 21.0 (5), 60.6 (s), 116.4 (d, J = 23 Hz),

127.9 (s), 128.5 (8), 128.8 (8), 130.1 (d, J = 9 Hz), 135.6 (8), 138.6 (m), 162.4 (d, lJC_F =

245 Hz), 202.2 (5); MS mlz (rei intensity) 293 (M++2, 1),292 (M++l, 1),291 (M+, 6), 91
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(l00). Found: m/z 291.0571. Ca1cd for CIsHI4FNS2: M, 291.0552.

Methyl N-Benzyl-N-(4-cyanophenyl)dithiocarbamate (2e). Yield: 88%. Brown

needles, mp 65.7-67.2 DC; RJ = 0.24 (hexane: EtOAc = 10 : 1). IR (KBr) 3080, 3052,

3025, 2950, 2352, 2225, 1596, 1496, 1452, 1380, 1346, 1222, 1204, 1092, 964, 952, 852,

838,758,737,700 em-I; IH NMR (90 MHz) 0 = 2.58 (5, 3 H), 5.58 (5, 2 H), 7.0-7.1 (m,

4 H), 7.28 (5, 5 H); I3C NMR (75.5 MHz) 0 = 20.9 (s), 60.1 (s), 112.8 (s), 117.7 (5),

128.0 (5), 128.5 (s), 129.3 (s), 133.3 (5), 135.0(5), 146.6 (s), 201.4 (s); MS m/z (rei

intensity) 300 (M++2, 1),299 (M++l, 2),298 (M+, 9), 91 (100). Found: m/z 298.0603.

Calcd for CI6HI4NzSz: M, 298.0598.

Methyl N-(4-Methoxyphenyl)-N-methyldithiocarbamate (21). Yield: 68%.

Colorless needls, mp 93.7-94.6 DC; RJ= 0.42 (hexane: benzene = 1 : 1). IR (KBr) 3050,

3000, 2950, 2920, 2832, 1600, 1504, 1479, 1440, 1420, 1362, 1298, 1243, 1186, 1169,

1096, 1030,948,840,752, 720 em-I; IH NMR (90 MHz) 0 = 2.53 (5, 3 H), 3.76 (s, 3 H),

3.85 (s, 3 H), 7.00 (d, J= 8 Hz, 2 H), 7.18 (d,J= 8 Hz, 2 H); \3C NMR (75.5 MHz) 0 =
20.8 (5),46.2 (s), 55.4 (s), 114.7 (s), 127.9 (s), 137.4 (m), 159.6 (s), 200.8 (s); MS m/z (reI

intensity) 228 (M++1, 3),227 (M+, 12), 186 (9), 180 (10), 165 (28), 139 (9), 136 (10), 122

(7),91 (17),88 (100), 77 (9),64 (12). Found: m/z 227.0459. Caled for ClQH\3NOS2:

M,227.0439.

Methyl N-Methyl-N-(4-nitrophenyl)dithiocarbamate (2g). Yield: 79%. A

brown powder, mp 128.5-129.4 DC; RJ= 0.40 (hexane: EtOAe = 5 : 1). IR (KBr) 3098,

3062,2910,1606,1590,1523,1486,1462,1430,1340, 1308,1290,1260,1094,1010,957,

860,800,694 em-I; IH NMR (90 MHz) 0 = 2.57 (s, 3 H), 3.77 (5,3 H), 7.47 (d, J= 9 Hz,

2 H), 8.32 (d, J = 9 Hz, 2 H); l3C NMR (75.5 MHz) 0 = 20.1 (s), 45.2 (s), 125.1 (5),

128.3 (s), 147.3 (5), 150.3 (5), 200.5 (s); MS m/z (reI intensity) 243 (M++ 1, 7), 242 (M+,

58),196 (16),195 (100),150 (15),149 (40),134 (18), 93 (12),92 (5), 91 (92),88 (69), 77

(21), 75 (16), 74 (19), 64 (14), 63 (24). Found: m/z 242.0171. Calcd for C9HlQNZ0 2S2:

M,242.0184.

Methyl 2,3-Dihydro-l-indolyldithiocarbamate (2h). Yield: 92%. A white

powder, mp 86.8-87.4 DC; RJ = 0.45 (hexane: EtOAe = 10: 1). IR (KBr) 3108, 3043,

2940, 2928, 2910, 1477, 1458, 1396, 1350, 1318, 1296, 1252, 1218, 1165, 1100, 1060,

1021,970,948,783,760,702 em-I; IH NMR (90 MHz) b = 2.71 (s,3 H), 3.20 (t, J= 8

Hz, 2 H), 4.51 (t, J = 8 Hz, 2 H), 7.1-7.3 (m, 3 H), 9.0-9.2 (br s, 1 H); l3C NMR (75.5

MHz) b = 19.5 (s), 27.3 (s), 54.5 (m), 118.4 (s), 125.1 (s), 125.2 (5), 126.7 (s), 134.4 (s),

144.0 (m), 193.4 (s); MS m/z (rei intensity) 211 (M++2, 6), 210 (M++l, 7), 209 (M+, 66),

163 (10), 162 (88), 129 (13), 128 (100), 118 (29), 91 (70), 89 (15), 77 (37), 74 (32), 69

(13),65 (15),63 (13). Found: m/z 209.0347. Calcd for ClQHI1NSz: M, 209.0333.

Methyl N,N_Di(m_tolyl)dithiocarbamate (2i). Yield: 82%. Orange crystals, mp
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103.1-104.2°C; Rf = 0.44 (hexane: EtOAc = 10: 1). IR (KEr) 2919,1603,1584,1356,

1287, 1184, 1055, 1003,949,772, 745 em-I; IH NMR (90 MHz) 0 = 2.30 (s, 6 H), 2.53

(s,3 H), 7.0-7.3 (m, 8 H); l3C NMR (75.5 MHz) 0 = 20.8 (s), 21.3 (s), 124.8 (s), 128.3

(s), 129.0 (s), 129.2 (s), 140.0 (s), 145.1 (m), 202.7 (s); MS m/z (reI intensity) 289 (M++2,

3),288 (M++l, 18),287 (M+, 12),286 (M+-l, 19),240 (16), 222 (23), 207 (33),180 (13),

179 (14),178 (23),164 (l00), 149 (26), 145 (19),143 (47),123 (17), 109 (19),108 (31),

97 (32), 91 (46), 83 (36), 71 (33), 69 (36), 65 (35). Found: m/z 287.0804. Calcd for

CI6H 17NS2: M, 287.0802.

Methyl N-(4-Bromo-2-fluorophenyl)-N-methyldithiocarbamate (2j). Yield:

90%. A colorless solid, mp 74.5-74.7 °C (EtOH); Rf= 0.65 (hexane: EtzO = 10 : 1).

IR (KEr) 3031, 2924, 1595, 1576, 1489, 1404, 1364, 1312, 1211, 1098, 1063,954,874,

822,779, 727 em-I; IH NMR (200 MHz) 0 = 2.57 (5, 3 H), 3.70 (s, 3 H), 7.14-7.26 (m, 1

H), 7.35-7.43 (m, 2 H); I9F NMR (188 MHz) 0 = -117.47 (m); l3C NMR (50.3 MHz)

0= 20.6 (s), 44.7 (s), 120.8 (d, J= 23 Hz), 123.4 (m), 130.4 (br), 130.8 (m), 157.0 (d, lJc_
F = 257 Hz), 201.5 (s); MS m/z (reI intensity) 297 (M++2, 28), 295 (M+, 25), 248 (40),

246 (41),233 (39),231 (38), 214 (17),167 (19),152 (14),108 (22), 94 (26),91 (56),88

(100), 74 (12). Found: C, 36.94; H, 3.00; N, 4.82%. Calcd for C9H9BrFNSz: C, 36.74;

H, 3.08; N, 4.76%.

Methyl N-(4-Bromo-2-fluorophenyl)-N-ethyldithiocarbamate (2k). Yield: 87%.

A pale brown oil, bp 210 °C/0.8 mmHg; Rf = 0.50 (hexane: Et20 = 10 : 1). IR 2977,

1891, 1528, 1491, 1271, 1136,912, 866, 808 em-I; IH NMR (200 MHz) 0 = 1.24 (t, J =

7 Hz, 3 H), 2.55 (s, 3 H), 3.95-4.27 (m, 1 H), 4.27-4.60 (m, 1 H), 7.08-7.16 (m, 1 H), 7.36­

7.44 (m, 2 H); I9F NMR (188 MHz) 0 = -116.41 (m); 13C NMR (50.3 MHz) 0 = 11.6

(s), 20.2 (s), 51.4 (s), 120.6 (d, J = 23 Hz), 123.4 (m), 129.0 (m), 131.2 (br s), 157.2 (d,

lJC_F = 257 Hz), 200.7 (s); MS m/z (reI intensity) 310 (M++3, 4), 309 (M++2, 37), 308

(M++l, 3), 307 (M+, 33), 290 (6),288 (6), 262 (20), 260 (20), 234 (71),233 (23), 232 (70),

231 (17),216 (26), 153 (60),152 (21),137 (22),133 (21),108 (40),102 (100),94 (54),91

(71). Found: C, 38.82; H, 3.60; N, 4.49%. Calcd for C IOH 11BrFNS2: C, 38.97; H, 3.60;

N,4.54%.

Methyl N-(4-Bromo-2-fluorophenyl)-N-hexyldithiocarbamate (2I). Yield: 74%.

A dark brown oil, bp 245 °CI0.45 mmHg; Rf = 0.24 (hexane). IR 2955, 2929, 1597,

1574,1491,1391,1263,1123,1100,1065,878,858,818,729, 610 em-I; IH NMR (200

MHz) 0 = 0.87 (t, J = 7 Hz, 3 H), 1.16-1.42 (m, 6 H), 1.48-1.81 (m, 2 H), 2.55 (5, 3 H),

4.05 (m, 1 H), 4.35 (br s, 1 H), 7.07-7.16 (m, 1 H), 7.35-7.43 (m, 2 H); I9F NMR (188

MHz) 0 = -116.42 (dm, J= 5 Hz); l3C NMR (50.3 MHz) 0 = 13.8 (s), 20.3 (s), 22.4 (s),

26.1 (s), 26.4 (br), 31.3 (s), 56.6 (s), 120.7 (d, J = 23 Hz), 123.4 (m), 128.2 (d, J = 4 Hz),

129.5 (m), 157.3 (d, IJC_F = 257 Hz), 201.1 (s); MS m/z (reI intensity) 366 (M++2, 12),

38



Chapter II

364 (M+, 10),248 (16),246 (15), 233 (25),231 (24),202 (13),200 (1 1),158 (39),91 (63),

74 (32), 43 (100). Found: C, 45.82; H, 5.12; N, 3.73%. Calcd for CI4HI9BrFNS2: C,

46.15; H, 5.26; N, 3.84%. Found: mlz 363.0130. Calcd for CI4HI979BrFNS2: M,

363.0126.

Methyl N-Methyl-N-phenyldithiocarbamate (2m). Yield: 96%. Pale yellow

crystals, mp 82.8-83.4 DC (EtOH); RJ = 0.54 (hexane: EtOAc = 10: 1). IR (KBr) 2920,

1968,1892,1761,1591,1491,1428,1360,1254,1100,955, 772,696,631 em-I; IH

NMR (90 MHz) 0 = 2.51 (5,3 H), 3.78 (s, 3 H), 7.26 (m, 3 H), 7.42 (m, 2 H); 13C NMR

(50.3 MHz) 0 = 20.7 (s), 45.9 (s), 126.8 (s), 128.8 (5), 129.6 (s), 144.8 (5),200.3 (s); MS

mlz (rei intensity) 197 (M+, 62), 151 (15), 150 (100), 135 (58), 109 (54),91 (39),88 (41).

Found: C, 54.59; H, 5.44; N, 7.01%. Calcd for C9H llNS2: C, 54.79; H, 5.62; N, 7.10%.

Methyl N-Ethyl-N-phenyldithiocarbamate (2n). Yield: 86%. Pale yellow

crystals, mp 47.1-47.9 DC (EtOH); RJ =0.44 (hexane: Et20 = 10 : 1). IR (KBr) 2980,

2910, 1595, 1489, 1454, 1397, 1345, 1279, 1238, 1103, 1076,987,901, 762, 696, 629 cm­

I; IH NMR (200 MHz) 0 = 1.26 (t, J= 7 Hz, 3 H), 2.52 (5,3 H), 4.25 (q, J= 7 Hz, 2 H),

7.19-7.23 (m, 2 H), 7.42-7.50 (m, 3 H); l3C NMR (50.3 MHz) 0 "" 11.9 (s), 20.5 (5), 52.4

(s), 128.0 (s), 129.0 (s), 129.6 (5),143.1 (5), 199.9 (s); MS mlz (reI intensity) 213 (M++2,

3),212 (M++l, 4), 211 (M+, 34),164 (21),136 (95),120 (42),109 (19),104 (17),102 (43),

91 (35),78 (19), 77 (100), 74 (10), 64 (10). Found: C, 56.83; H, 6.24; N, 6.68%. Calcd

for C IOH l3NS2; C, 56.56; H, 6.20; N, 6.63%.

Methyl N-Phenyl-N-propyldithiocarbamate (20). Yield: 96%. Pale yellow

crystals, mp 60.7-61.5 °C (EtOH); RJ= 0.25 (hexane: CH2Cl2 = 3 : 1). IR (KEr) 2963,

2934, 2874, 1593, 1495, 1487, 1402, 1366, 1229, 1100, 953, 772, 700, 631 em-I; IH

NMR (90 MHz) b = 0.92 (t, J = 7 Hz, 3 H), 1.74 (m, 2 H), 2.52 (5, 3 H), 4.24 (t, J = 8 Hz,

2 H), 7.10-7.23 (m, 2 H), 7.42-7.67 (m, 3 H); I3C NMR (50.3 MHz) 0 "" 11.0 (5), 20.0 (5),

20.6 (5), 59.1 (s), 127.9 (s), 128.9 (s), 129.6 (s), 143.4 (5), 200.4 (s); MS m1z (rei

intensity) 226 (M++l, 5),225 (M+, 33),178 (15),150 (23),136 (100),116 (24), 91 (33),

77 (72), 51 (32),43 (42). Found: C, 59.05; H, 6.81; N, 6.32%. Calcd forC llHISNS2: C,

58.65; H, 6.71; N, 6.22%. Found: mlz 225.0646. Calcd for C,IH 1SNS2: M, 225.0646.

Methyl N-Hexyl-N-phenyldithiocarbamate (2p). Yield: 100%. A dark brown

oil, bp 220 °C/0.5 mmHg; Rf =0.38 (hexane: EtOAe = 10 : 1). IR 2955, 2928, 2857,

1593,1491,1441,1395,1368, 1251, 1103,957,696 em-I; 'H NMR (200 MHz) b = 0.86

(t, J= 7 Hz, 3 H), 1.11-1.42 (m, 6 H), 1.49-1.95 (m, 2 H), 2.52 (5, 3 H~, 4.27 (t, J= 8 Hz, 2

H), 7.15-7.26 (m, 2 H), 7.41-7.50 (m, 3 H); l3C NMR (50.3 MHz) 0 "" 13.8 (5),20.3 (5),

22.7 (5), 26.0 (5), 26.4 (5), 31.2 (5), 57.4 (5), 127.7 (5), 128.7 (5), 129.4 (5), 143.2 (5), 199.8

(s); MS mlz (reI intensity) 269 (M++2, 3), 267 (M+, 23), 158 (21), 150 (29), 136 (99),

135 (51), 106 (48), 104 (23), 91 (94),85 (38),77 (100). Found: C, 62.78; H, 7.90; N,
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5.19%. Calcd for CI4H2INS2: C, 62.90; H, 7.92; N, 5.24%.

Methyl N-Octyl-N-phenyldithiocarbamate (2q). Yield: 92%. A dark brown oil,

bp 235 °C/0.6 mmHg; RJ= 0.29 (hexane: CH2CI2 = 4: 1). IR 2926,2855,1593,1491,

1395, 1368,1248,1103,1073,951,770,696 em-I; IH NMR (200 MHz) (') = 0.86 (t, J=

6 Hz, 3 H), 1.08-1.43 (m, 10 H), 1.43-1.98 (m, 2 H), 2.52 (5, 3 H), 4.27 (t, J= 8 Hz, 2 H),

7.17-7.42 (m, 2 H), 7.42-7.82 (m, 3 H); l3C NMR (50.3 MHz) () = 13.8 (s), 20.32 (s),

20.33 (5), 26.36 (5), 26.39 (5), 28.9 (s), 29.0 (s), 31.5 (5), 57.4 (s), 127.8 (5), 128.7 (s),

129.3 (5), 143.2 (5), 199.8 (s); MS 111/Z (reI inten5ity) 296 (M++l, 6), 295 (M+, 28),186

(17),183 (21),150 (50),136 (100), 91 (55),77 (60). Found: C, 64.96; H, 8.59; N, 4.63%.

Calcd for CI6H25NS2: C, 65.03; H, 8.53; N, 4.74%.

Methyl N,N-Dibenzyldithiocarbamate (2r). Yield: 99%. A pale red oil; RJ =

0.40 (hexane: EtOAe = 10 : 1). IR 3060, 3015, 2910, 1605, 1493, 1465, 1450, 1408,

1355, 1215, 1152, 1078, 1025, 970, 730, 690 em-I; IH NMR (300 MHz) (') = 2.73 (s, 3

H), 4.93 (s, 2 H), 5.37 (5, 2 H), 7.18-7.38 (m, 10 H); l3C NMR (75.5 MHz) () = 20.8 (5),

53.9 (s), 56.3 (5),127.1 (s), 127.8 (s), 128.8 (s), 134.7 (m), 135.6 (m), 200.8 (5); MS m/z

(reI intensity) 288 (M++l, 3), 287 (M+, 16), 196 (22), 148 (11), 137 (34), 123 (18), 92 (11),

91 (100),65 (30). Found: m/z 287.0806. CaIcd for C I6H 17NS2: M, 287.0802.

Methyl N-Benzyl-N-propyldithiocarbamate (2s). Yield: 96%. A pale red oil;

RJ= 0.49 (hexane: EtOAe = 10 : 1). IR 2965,2930,2917,2874, 1605, 1495, 1476, 1455,

1435, 1410, 1381, 1302, 1231, 1188, 1121, 1078, 1030, 1001,958,731,698 em-I; IH

NMR (300 MHz) (') = 0.90 (t, J= 8 Hz, 3 H), 1.65-1.80 (m, 2 H), 2.60-2.75 (m, 3 H), 3.45­

3.65 (m, 1 H), 3.85-4.00 (m, 1 H), 4.97 (br s, 1 H), 5.37 (br 5, 1 H), 7.20-7.70 (m, 5 H);

l3C NMR (75.5 MHz) () = 11.1 (5),20.1 (s), 20.2 (s), 53.0 (s), 57.1 (s), 126.7 (5), 127.4 (s),

128.5 (5),135.8 (m), 199.4 (s); MS m/z (reI inten5ity) 240 (M++I, 1),239 (M+, 11), 149

(5), 148 (8),91 (100), 74 (6), 65 (12). Found: mlz 239.0802. Calcd for C I2H 17NS2: M,

239.0824.

Methyl N-Methyl-N-(2-pyridyl)dithiocarbamate (6a). Yield: 96%. Colorless

crystals, rnp 47.5-47.7 °C; RJ = 0.18 (hexane: Et20 = 2 : 1). IR (KEr) 3052, 3003,

2916,1586,1570,1463,1425,1352,1315,1295,1274,1137, 1102,995,961,791,745,

656,637,621 em-I; IH NMR (200 MHz) () = 2.59 (s, 3 H), 3.79 (s, 3 H), 7.32 (ddd, J= 1,

5,8 Hz, 1 H), 7.40 (ddd, J= 1, 1,8 Hz, 1 H), 7.80 (ddd, J= 2, 8,8 Hz, 1 H), 8.59 (ddd, J=

1,2, 5 Hz, 1 H); l3C NMR (50.3 MHz) () = 20.5 (5), 43.5 (s), 122.4 (5), 123.6 (5), 138.4

(s), 149.7 (s), 156.6 (s), 200.4 (5); MS m/z (reI intensity) 199 (M++l, 5), 198 (M+, 46),

183 (30), 151 (40), 137 (5), 107 (19),91 (15), 78 (100). Found: m/z 198.0274. Caled

for CgH ION2S2: M, 198.0285.

Methyl N-Ethyl-N-(2-pyridyl)dithiocarbamate (6b). Yield: 83%. A pale

yellow oil; RJ = 0.53 (hexane: CH2C12 : EtOAc = 4: 2 : 1). IR 3052,2975, 1586, 1466,
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1433,1389,1348,1273,1111,1013,961,911,785,745,652 em-I; IH NMR (200 MHz)

0= 1.29 (t, J = 7 Hz, 3 H), 2.50 (s, 3 H), 4.41 (q, J = 7 Hz, 2 H), 7.30-7.38 (m, 2 H), 7.82

(ddd, J = 2, 8, 8 Hz, 1 H), 8.62 (dd, J = 2, 5 Hz, 1 H); l3C NMR (50.3 MHz) 0 := 12.3

(s), 20.3 (s), 50.8 (s), 123.6 (s), 123.9 (s), 138.4 (s), 150.0 (s), 155.5 (s), 199.8 (s); MS

m/z (reI intensity) 214 (M++2, 6), 213 (M++l, 8), 212 (M+, 53), 197 (22), 165 (22), 137

(94),121 (100),91 (35),79 (41), 78 (96). Found: C, 50.84; H, 5.48; N, 13.01%. Calcd

for C9H 12N2S2: C, 50.91; H, 5.70; N, 13.19%.

Methyl N-Hexyl-N-(2-pyridyl)dithiocarbamate (6c). Yield: 88%. A dark red

oil; Rf = 0.69 (hexane: Et20 = 4 : 1). IR 2956, 2928, 2857, 1587, 1465, 1432, 1391,

1366,1264,1111,995,745 em-I; IH NMR (200 MHz) 6 = 0.85 (t, J= 7 Hz, 3 H), 1.13­

1.41 (m, 6 H), 1.60-1.81 (m, 2 H), 2.57 (5, 3 H), 4.25-4.40 (m, 2 H), 7.28-7.41 (rn, 2 H),

7.80 (ddd, J = 2, 8, 8 Hz, 1 H), 8.60 (dd, J = 2, 5 Hz, 1 H); l3C NMR (50.3 MHz) 0 =

13.9 (5), 20.2 (5), 22.5 (5),26.3 (s), 26.9 (s), 31.4 (5), 55.8 (s), 123.5 (5),123.7 (5),138.2 (s),

149.9 (s), 155.8 (s), 200.0 (s); MS m/z (reI intensity) 269 (M++l, 6),268 (M+, 35),253

(14), 183 (4), 177 (78), 137 (100), 107 (11), 91 (26), 78 (50). Found: mlz 268.1066.

Calcd for Cl3H20N2S2: M, 268.1068.

Methyl N-Octyl-N-(2-pyridyl)dithiocarbamate (6d). Yield: 93%. A pale

yellow oil; Rf= 0.27 (hexane: Et2a = 5 : 1). IR 3055,2954,2917,2868,2847,1583,

1465, 1453, 1432, 1397, 1368, 1300, 1273, 1263, 1226, 1146, 1110, 1093, 994, 747, 634

ern-I; IH NMR(200 MHz) 6 = 0.85 (t,J= 7 Hz, 3 H), 1.16-1.25 (m, 10 H), 1.67-1.71 (m,

2 H), 2.57 (5, 3 H), 4.29-4.37 (m, 2 H), 7.28-7.45 (m, 2 H), 7.80 (ddd, J = 2,2,8 Hz, 1 H),

8.60 (dd, J = 2, 5 Hz, 1 H); l3C NMR (50.3 MHz) 0 = 14.0 (5), 20.2 (s), 22.6 (s), 26.7 (s),

26.9 (s), 29.1 (s), 29.2 (s), 31.7 (s), 55.8 (s), 123.5 (5),123.7 (s), 138.2 (s), 149.9 (5), 155.9

(s), 200.0 (s); MS mlz (rei intensity) 297 (M++1, 5), 296 (M+, 30), 281 (16), 249 (10),

205 (84), 137 (100), 91 (25), 78 (45). Found: m/z 296.1376. Calcd for CIsH24N2S2: M,

296.1381.

Methyl N-Dodecyl-N-(2-pyridyl)dithiocarbamate (6e). Yield: 93%. A yellow

powder, mp 54.8-55.3 °C; Rf = 0.40 (hexane: Et2a = 5 : 2). IR (KBr) 2955, 2919,

2848, 1583, 1467, 1452, 1432, 1396, 1368, 1304, 1292, 1146, 1110, 953, 745 em-I; IH

NMR (200 MHz) 6 = 0.85 (t,J= 7 Hz, 3 H), 1.16-1.75 (m, 20 H), 2.57 (5,3 H), 4.29-4.37

(m,2 H), 7.29-7.35 (m, 2 H), 7.80 (ddd, J = 2, 8, 8 Hz, 1 H), 8.60 (dd, J = 2, 5 Hz, I H);

l3C NMR (50.3 MHz) 0 = 14.1 (s), 20.3 (5),22.6 (5), 26.7 (5), 27.0 (5),29.5 (s), 31.9 (s),

55.8 (s), 123.5 (5), 123.6 (5), 138.2 (s), 149.9 (5), 155.9 (5), 200.1 (5); MS m/z (rei

intensity) 353 (M++I, 5), 352 (M+, 23), 337 (16), 262 (16), 261 (84), 137 (100), 107 (10),

78 (35). Found: m/z 352.2003. Calcd for C19H32N2S2: M, 352.2007.

Methyl N_Benzyl_N_(2_pyridyl)dithiocarbamate (6f). Yield: 88%. Colorless

crystals, mp 86.8-87.3 °C; Rf= 0.18 (hexane: Et2a = 2 : 1). IR (KEr) 3059, 3030,
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2917,1584,1570,1495,1465,1455,1432,1384,1349, 1263, 1211, 1200, 1115,996,958,

744,699 em-I; IH NMR (200 MHz) b = 2.61 (5,3 H), 5.68 (5,2 H), 7.09 (ddd, J = 1, 1,8

Hz, 1 H), 7.20-7.30 (m, 6 H), 7.65 (ddd, J = 2, 8,8 Hz, 1 H), 8.59 (ddd, J = 1, 2, 5 Hz, 1

H); 13C NMR (50.3 MHz) b = 20.7 (5),58.8 (5), 123.8 (5), 124.2 (5), 127.6 (5), 128.4 (s),

128.5 (s), 135.9 (5), 138.0, (s) 149.9 (5),155.3 (5),201.4 (5); MS m/z (reI intensity) 274

(M+, 18),184 (13),183 (l00), 148 (4),137 (14),91 (82),78 (33). Found: m/z 274.0588.

Calcd for C14H14N2S2: M, 274.0598.

Methyl N-(4-Ethylbenzyl)-N-(2-pyridyl)dithiocarbamate (6g). Yield: 96%. A

dark red oil; Rf =0.74 (hexane: Et20 = 3 : 1). IR 2963, 1584, 1464, 1387, 1202, 1113,

997,969,743 em-I; IH NMR (200 MHz) is = 1.19 (t, J= 8 Hz, 3 H), 2.59 (q, J= 8 Hz, 2

H), 2.60 (5, 3 H), 5.64 (5, 2 H), 7.04-7.13 (m, 1 H), 7.06 (d, J = 8 Hz, 2 H), 7.19 (d, J= 8

Hz, 2 H), 7.22-7.31 (m, 1 H), 7.66 (ddd, J = 2, 8, 8 Hz, 1 H), 8.59 (ddd, J = 1, 1, 5 Hz, 1

H); l3C NMR (50.3 MHz) is = 15.3 (5), 20.4 (5), 28.4 (5), 58.4 (5), 123.5 (5), 124.0 (5),

127.7 (5), 128.2 (5), 132.9 (5), 137.8 (5), 143.4 (5), 149.7 (5), 155.2 (5), 201.0 (5); MS m/z

(reI inten5ity) 302 (M+, 6), 211 (71), 183 (8), 137 (24), 136 (21), 121 (73), 105 (39), 91

(72), 79 (22), 78 (100), 77 (31). Found: m/z 302.0905. Caicd for C16H18N2S2: M,

302.0911.

Methyl N-Benzyl-N-(3-pyridyl)dithiocarbamate (6h). Yield: 93%. Colorless

crystals, mp 113.9-114.4 DC; Rf = 0.55 (hexane: Et20 = 1 : 4). IR (KBr) 3062, 2911,

1494, 1475, 1430, 1419, 1388, 1351, 1266, 1220, 1191, 1112,985,963,957,734, 708, 699

em-I; IH NMR (200 MHz) is = 2.58 (s, 3 H), 5.59 (s, 2 H), 7.25-7.32 (m, 7 H), 8.32 (dd,

J = 1,2 Hz, 1 H), 8.58 (dd, J = 2,5 Hz, 1 H); l3C NMR (50.3 MHz) is = 21.1 (5), 60.4 (s),

123.9 (s), 128.1 (5), 128.7 (s), 128.8 (s), 135.3 (s), 136.0 (5), 139.5, (s) 149.5 (s), 149.9 (5),

202.4 (5); MS m/z (reI intensity) 274 (M+, 20), 227 (7),183 (7),151 (5), 137 (5),136 (5),

109 (21), 108 (78), 91 (100), 78 (11). Found: m/z 274.0590. Calcd for C14H14N2S2: M,

274.0598.

Methyl N-Methyl-N-(2-pyrimidyl)dithiocarbamate (lOa). Yield: 76%. An

orange powder, mp 61.5-62.1 DC; Rf = 0.40 (hexane: Et20 = 1 : 2). IR (KEr) 1567,

1445, 1425, 1397, 1341, 1315, 1252, 1155, 1108, 810 em-I; IH NMR (200 MHz) is =
2.62 (s, 3 H), 3.97 (5, 3 H), 7.22 (t, J = 5 Hz, 1 H), 8.78 (d, J = 5 Hz, 2 H); l3C NMR

(50.3 MHz) is = 21.4 (s), 42.9, (s) 118.6 (s), 158.2 (s), 161.4 (s), 202.4 (5); MSm/z (reI

inten5ity) 201 (M++2, 6),200 (M++l, 7),199 (M+, 69),184 (16),152 (l00), 108 (22), 91

(19), 79 (81). Found: m/z 199.0232. Caled for C7HgN3S2: M, 199.0238.

Methyl N-Propyl-N-(2-pyrimidyl)dithiocarbamate (lOb). Yield: 82%. A pale

red oil; RJ= 0.41 (hexane: Et20 = 1 : 2). IR 2965,2932,2874, 1566, 1462, 1406, 1366,

1294, 1283, 1148, 1119, 1073,959,814 em-I; IH NMR (300 MHz) is = 0.92 (t, J = 8 Hz,

3 H), 1.78 (sextet, J = 8 Hz, 2 H), 4.51 (tm, J = 8 Hz, 2 H), 7.27 (t, J = 5 Hz, 1 H), 8.80 (d,
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J = 5 Hz, 2 H); l3C NMR (75.5 MHz) 6 = 11.0 (s), 20.5 (s), 20.8 (s), 56.4 (s), 119.0 (s),

]58.4 (s), 161.2 (s), 201.5 (s); MS m/z (re] intensity) 229 (M++2, 3), 228 (M++l, 3),227

(M+, 28),212 (7), 180 (10), ]38 (100), 136 (33), 91 (23), 79 (56). Found: m/z 227.0552.

Calcd for CgH l3N3S2: M, 227.0551.

Methyl N-Hexyl.N·(2-pyrimidyl)dithiocarbamate (lOe). Yield: 77%. A pale

yellow oil; Rf = 0.38 (hexane: EtOAc = 3 : 1). IR 2955,2928,2857, 1564, 1408, 1381,

1294, 1249, 1191, 1145, 1120, ]073,994,955, 808, 671 em-I; IH NMR (200 MHz) 6 =

0.85 (t, J = 7 Hz, 3 H), 1.20-1.38 (m, 6 H), 1.72-1.80 (m, 2 H), 2.61 (s, 3 H), 4.53 (t, J = 8

Hz, 2 H), 7.24 (t, J= 5 Hz, 1 H), 8.79 (d,J= 5 HZ,2 H); l3C NMR (50.3 MHz) 6 = 14.0

(s), 20.9 (s), 22.5 (s), 26.3 (s), 27.2 (s), 31.3 (s), 55.0 (s), 119.1 (s), 158.4 (s), 161.4 (s),

201.5 (s); MS m/z (reI intensity) 270 (M++ 1, 5), 269 (M+, 35), 254 (8), 222 (14), 178

(31), 138 (100), 108 (16),79 (30). Found: m/z 269.1023. Calcd for C12HlgN3S2: M,

269.1020.

Methyl N-Octyl-N-(2-pyrimidyl)dithiocarbamate (IOd). Yield: 75%. A pale

yellow oil; Rf = 0.26 (hexane: EtOAc = 3 : 1). IR 2955,2925,2855, 1564, 1407, 1381,

1367, 1295, 1272, 1230, 1176, 1143, 1120, 1090, 1072, 954, 808, 671, 640 em-I; IH

NMR (200 MHz) 6 = 0.86 (t, J = 6 Hz, 3 H), 1.17-1.26 (m, 10 H), 1.69-1.80 (m, 2 H), 2.61

(s,3 H), 4.49-4.57 (m, 2 H), 7.23 (t, J= 5 Hz, 1 H), 8.79 (d, J= 5 Hz, 2 H); l3C NMR

(50.3 MHz) 6 = 14.0 (s), 20.9 (s), 22.5 (s), 26.6 (s), 27.2 (s), 29.1 (s), 29.1 (s), 31.7 (s),

55.0 (s), 119.1 (s), 158.4 (s), 161.4 (s), 201.4 (s); MS m/z (rei intensity) 298 (M++l, 6),

297 (M+, 31),282 (11), 250 (17), 206 (33),138 (100),108 (17), 91 (26),79 (27). Found:

m/z 297.1343. Calcd for CI4H23N3S2: M, 297.1333.

Methyl N-Dodecyl-N-(2-pyrimidyl)dithiocarbamate (lOe). Yield: 57%. A pale

yellow oil; Rf = 0.32 (hexane: Et20 = 3 : 1). IR 2957,2920,2849, 1577, 1564, 1406,

1376, 1366, 1296, 1226, 1153, 1112,953,804 em-I; IH NMR (200 MHz) 6 = 0.87 (t, J=

6 Hz, 3 H), 1.24-1.40 (m, 18 H), 1.65-1.88 (m, 2 H), 2.61 (s, 3 H), 4.49-4.57 (m, 2 H), 7.22

(t, J = 5 Hz, I H), 8.78 (d, J = 5 Hz, 1 H); l3C NMR (75.5 MHz) 6 = 14.0 (s), 20.8 (s),

22.6 (s), 26.6 (s), 27.1 (s), 29.1 (s), 29.2 (s), 29.37 (s), 29.42 (s), 29.5 (s), 31.8 (s), 54.9 (s),

119.0 (s), 158.3 (s), 161.2 (s), 201.3 (5); MSm/z (reI intensity) 354 (M++l, 5), 353 (M+,

24), 338 (10), 306 (18), 262 (30), 138 (100), 108 (14), 91 (23), 79 (20). Found: m/z

353.1958. Calcd for ClsH3IN3S2: M, 353.1959.

A General Procedure for the Preparation of Triflnoromethylamines: To a

stirred solution of TBAH2F3 (3.0 g, 10 mmol) and a dithiocarbamate (2.0 mmol) in

CH2CI2 (4.0 mL) was added an N-halo imide (see Table 1, 8.0 mmol) in one portion at

room temperature. The resulting mixture was stirred for 1 h at room temperature, then

poured into an aq. solution of NaHC03, NaOH, and NaHS03 and extracted with diethyl
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ether three times. The combined organic phase was washed with sat. aq. NaCI, dried over

Na2S04, filtered through a Celite/silica gel (Wako Gel C-IOO) pad, and concentrated.

The residue was purified by column chromatography or bulb-to-bulb distillation to give the

desired trifluoromethylamine. Yields (N-halo imide) and spectroscopic properties of

products are shown below.

Diphenyl(trifluoromethyl)amine (3a). Yield: 78% (NBS). A colorless oil; Rf
= 0.74 (hexane: benzene = 4 : 1). IR 3068, 3045, 2960, 2925, 1950, 1872, 1800, 1720,

1591,1494,1452, 1382, 1318, 1299, 1270, 1201,1096, 1074,1032,1001,950,921,904,

771, 754, 740, 696 cm- I; IH NMR (200 MHz) 0 = 7.2-7.3 (m, 6 H), 7.3-7.4 (m, 4 H);

19F NMR (188 MHz) 0 = -54.77 (s); l3C NMR (75.5 MHz) 0 = 121.8 (g, IJC_F = 256

Hz), 126.0 (g, J= 2 Hz), 126.4 (5),129.2 (5),141.5 (s); MS m/z (reI intensity) 239 (M++2,

1),238 (M++l, 14),237 (M+, 100),236 (39), 235 (3),218 (7), 216 (7),169 (4),168 (34),

167 (65), 166 (11). Found: m/z 237.0769. Calcd for Cl3H IOF3N: M, 237.0765.

Benzyl(4-methoxyphenyl)(trifluoromethyl)amine (3b). Yield: 99% (NBS). A

pale yellow oil: Rf = 0.74 (hexane: Et20 = 10 : 1). IR 3090, 3062, 3000, 2928, 1720,

1608,1581, 1511,1454,1440,1380,1291,1248,1223,1180,1167,1100, 1078, 1052,

1034,990,908,836,734,698 em-I; IH NMR (200 MHz) 0 = 3.77 (s, 3 H), 4.47 (5, 2 H),

6.79 (d, J= 9 Hz, 2 H), 7.13 (d, J= 9 Hz, 2 H), 7.2-7.3 (m, 5 H); I9F NMR (188 MHz) b

= -58.74 (s); l3C NMR (75.5 MHz) 6 = 53.5 (g, J= 1 Hz), 55.2 (5), 114.1 (5), 123.7 (q,

IJC_F = 255 Hz), 127.4 (s), 128.3 (5), 128.8 (s), 129.2 (m), 133.5 (5), 136.9 (s), 158.4 (s);

MS m/z (reI intensity) 282 (M++l, 6), 281 (M+, 34), 204 (3), 190 (8), 126 (2), 92 (8), 91

(100). Found: m/z 281.1024. Calcd for CIsHI4F30N: M, 281.1027.

Benzyl(4-chlorophenyl)(trifluoromethyl)amine (3c). Yield: 88% (NBS). A

colorless oil; Rf = 0.74 (hexane: Et20 = 10 : I). IR 3092, 3071, 3038, 2927, 1977,

1952, 1897, 1721, 1652, 1600, 1496, 1454, 1374, 1310, 1258, 1229, 1189, 1098, 1054,

1017, 996,908,837, 724, 698 em-I; IH NMR (200 MHz) 0 = 4.52 (s, 2 H), 7.09 (d, J = 9

Hz, 2 H), 7.23 (d, J = 9 Hz, 2 H), 7.3-7.4 (m, 5 H); 19F NMR (188 MHz) 0 =-58.20 (5);

13c NMR (50.3 MHz) 0 = 53.2 (g, J = 1 Hz), 123.2 (g, IJC_F = 256 Hz), 127.3 (g, J = 2

Hz), 127.6 (s), 127.9 (5),128.5 (s), 129.2 (5),132.1 (s), 136.4 (5), 139.5 (5); MS m/z (reI

intensity) 288 (M++3, 0.3), 287 (M++2, 3), 286 (M++l, 1),285 (M+, 9),92 (8), 91 (100).

Found: m/z 285.0534. Caled for CI4HII3SCIF3N: M, 285.0532.

Benzyl(4-fluorophenyl)(trifluoromethyl)amine (3d). Yield: 84% (NBS). A

colorless oil; Rf = 0.70 (hexane : Et20 = 10 : 1). IR 3090, 3070, 3035, 2925, 2878,

1900, 1892, 1769, 1721, 1608, 1510, 1452, 1378, 1310, 1260, 1220, 1182, 1157, 1100,

1078, 1054, 991, 840, 820, 758, 728, 699 em-I; IH NMR (200 MHz) 0 = 4.50 (5, 2 H),

6.96 (dd, J = 9, 9 Hz, 2 H), 7.16 (dd, J = 5,9 Hz, 2 H), 7.2-7.4 (m, 5 H); 19F NMR (188

MHz) 6 = -58.68 (5,3 F), -115.26 (dd,J= 5,9 Hz, 1 F); l3C NMR (50.3 MHz) 0 = 53.5
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(g, J = 1 Hz), 115.9 (g, J = 23 Hz), 123.4 (g, IJC_F = 256 Hz), 127.6 (s), 128.2 (s), 128.4

(s), 128.9 (dd, J::::: 2, 9 Hz), 136.5 (s), 136.7 (d, J:::: 3 Hz), 161.3 (d, IJ
C

_F ::::: 247 Hz); MS

m/z (reI intensity) 270 (M++ 1, 1), 269 (M+, 7), 92 (8), 91 (100). Found: m/z 269.0831.

Calcd for CI4HI1F4N: M, 269.0828.

Benzyl(4-cyanophenyl)(trifluoromethyl)amine (3e). Yield: 78% (NBS), 99%

(DBH). A pale yellow oil; Rf = 0.72 (hexane: Et20 = 2 : 1). IR 3092, 3064, 3032,

2928, 2224, 1720, 1608, 1515, 1452, 1378, 1332, 1296, 1260, 1224, 1194, 1108, 1080,

1060, 1000, 834, 736, 697 em-I; IH NMR (200 MHz) 6 = 4.71 (s, 2 H), 7.19 (d, J = 9 Hz,

2 H), 7.2-7.4 (m, 5 H), 7.55 (d, J = 9 Hz, 2 H); I9F NMR (188 MHz) 6 = -56.90 (s);

l3C NMR (75.5 MHz) 6 = 52.1 (s), 107.7 (s), 118.4 (s), 121.9 (s), 122.5 (g, IJC_F = 258.1

Hz), 126.7 (s), 127.7 (s), 128.9 (s), 133.1 (s), 136.0 (s), 145.1 (s); MS m/z (reI intensity)

277 (M++l, 1), 276 (M+, 3), 92 (8), 91 (100). Found: m/z 276.0879. Calcd for

CIsHlOF3N2: M, 276.0874.

This compound was prepared alternatively in 97% or 99% yield by treatment with

70% HF/py or (HF)3/Et3N (2.0 rnL) and NBS (1.42 g, 8.0 mmol) at 0 °C for 1 h,

respectively.

4-Methoxyphenyl(methyl)(trifluoromethyl)amine (31). Yield: 90% (NBS). A

colorless oil; Rf = 0.64 (hexane: Et20 = 10 : 1). IR 2960,2940,2910,2842, 1516,

1474, 1437, 1339, 1271, 1250, 1196, 1146, 1055, 835 cm- I; IH NMR (200 MHz) 6 =

2.98 (g, J = 1 Hz, 3 H), 3.81 (s, 3 H), 6.88 (d, J= 9 Hz, 2 H), 7.23 (d, J= 9 Hz, 2 H); I9F

NMR (188 MHz) 6 = ---61.98 (s); l3C NMR (75.5 MHz) 6 = 36.8 (g, J = 2 Hz), 55.4 (s),

114.3 (s), 123.7 (q, IJC_F = 255 Hz), 127.4 (s), 135.6 (s), 158.2 (s); MS m/z (rei

intensity) 206 (M++1, 9), 205 (M+, 80), 191 (9), 190 (100), 186 (8), 162 (33), 92 (10), 83

(16), 77 (13), 69 (18), 65 (34). Found: m/z 205.0716. Calcd for C9H ul 30N: M,

205.0714.

Methyl(4-nitrophenyl)(triflnoromethyl)amine (3g). Yield: 68% (NBS), 96%

(DBH). A pale yellow oil; Rf = 0.46 (hexane: Et20 = 5 : 1). IR 3120, 3085, 2928,

2850,1720,1601,1518,1478,1441, 1380,1334,1263,1201,1141, 1l00, 1062,901,849,

751,731,692 em-I; IH NMR (200 MHz) 6 = 3.19 (g, J= 1 Hz, 3 H), 7.26 (d,J= 9 Hz, 2

H), 8.21 (d, J = 9 Hz, 2 H); 19F NMR (188 MHz) 6 = -58.88 (s); l3C NMR (75.5

MHz) 6 = 35.1 (q, J = 2 Hz), 120.8 (g, J = 2 Hz), 122.3 (q, lJC_F = 258 Hz), 124.8 (s),

143.6 (s), 147.9 (s); MS m/z (rei intensity) 221 (M++l, 10),220 (M+, 100),201 (13),190

(41), 162 (17), 159 (23). Found: m/z 220.0456. Calcd for C8H7F3~2N2: M, 220.0460.

1-Trifluoromethyl-2,3-dihydroindole (3h). Yield: 76% (NBS). A colorless oil;

R
f

= 0.72 (hexane: Et20:= 10 : 1). IR 3074, 3050, 3035, 2992, 2954, 2918,2885,2851,

1794, 1720, 1602, 1483, 1440, 1374, 1339, 1318,1301, 1270, 1242, 1200, ll80, 1169,

1120,1090,1058,951,874,809,750,720,682 em-I; IH NMR (200 MHz) 6 = 3.ll (t, J

45



Chapter II

= 8 Hz, 2 H), 3.73 (t, J= 8 Hz, 2 H), 6.9-7.2 (m, 2 H), 7.2-7.4 (m, 2 H); 19F NMR (188

MHz) 6 = -61.74 (s); l3C NMR (75.5 MHz) 6 = 28.5 (s), 47.9 (q, J= 2 Hz), 112.2 (q, J=

3 Hz), 122.4 (s), 122.9 (q, /JC-F = 257 Hz), 125.0 (s), 127.6 (s), 130.4 (s), 143.2 (s); MS

m/z (rei intensity) 187 (M+, 23), 186 (M+-I, 41), 185 (37), 117 (45), 155 (11), 97 (11), 95

(12),92 (11), 90 (17), 89 (31), 81 (16), 71 (30),69 (100), 63 (43). Found: m/z 187.0602.

Calcd for CgHgF3N: M, 187.0609.

Bis(3-methylphenyl)(trifluoromethyl)amine (3i). Yield: 48% (NBS), 74% (NIS).

A colorless oil; Rf = 0.70 (hexane: Et20 = 10 : 1). IR 3038, 2952, 2924, 2858, 1720,

1603, 1583, 1491, 1450, 1380, 1310, 1299, 1269, 1247, 1209, 1153, 1082,961,904,853,

840, 787, 695 em-I; IH NMR (200 MHz) 6 = 2.36 (s, 6 H), 7.0-7.1 (m, 6 H), 7.2-7.3 (m,

2 H); 19FNMR(188 MHz) 6 =-54.51 (5); 13C NMR(75.5 MHz) 6 = 21.4 (s), 121.9 (q,

/JC-F = 257 Hz), 123.1 (s), 126.7 (s), 126.9 (s), 128.9 (s), 139.2 (5), 141.5 (s); MS m/z

(rei intensity) 266 (M++l, 17),265 (M+, 100),264 (M+-l, 12),251 (2),250 (15),133 (19),

132 (12). Found: m/z 265.1073. Calcd for CIsHI4F3N: M, 265.1078.

N-Methyl-N-trifluoromethyl-4-bromo-2-fluoroaniline (3j). Yield: 87% (DBH).

A colorless oil, bp 118 DC/I0 mmHg; Rf= 0.57 (hexane). IR 2960, 1578, 1499, 1347,

1296, 1225, 1150, 1090, 1076,1057,907,858,820 em-I; IH NMR (200 MHz) 6 = 3.00

(q, J = 1 Hz, 3 H), 7.16-7.33 (m, 3 H); I9F NMR (188 MHz) 6 = -61.55 (5, 3 F), -117.62

(m, 1 F); l3C NMR (50.3 MHz) 6 = 35.9 (s), 119.6 (s), 120.5 (d, J = 24 Hz), 121.0 (d, J

= 9 Hz), 122.9 (q, lJC_F = 256 Hz), 127.8 (d,J= 1 Hz), 129.6 (m), 158.8 (dm, /JC_F = 256

Hz); MS m/z (rei intensity) 274 (M++3, 9), 273 (M++2, 100), 271 (M+, 94), 270 (48),

252 (11),204 (17), 203 (17),202 (29),201 (19), 177 (42),157 (15),155 (13),123 (24),

122 (17),108 (19),103 (15), 95 (15), 94 (33),81 (16),75 (21), 69 (39). Found: C, 37.82;

H, 2.57; N, 5.22%. Calcd for CgH7BrF3N: C, 37.82; H, 2.78; N, 5.51 %.

N-Ethyl-N-trifluoromethyl-4-bromo-2-fluoroaniline (3k). Yield: 82% (DBH).

A colorless oil, bp 85 DC/I0 mmHg; Rf= 0.56 (hexane). IR 2988, 1578, 1499, 1408,

1352,1271, 1242, 1223, 1146, 1074,920,860,820 em-I; lH NMR (200 MHz) 6 = 1.07

(t,J= 7 Hz, 3 H), 3.38 (q, J= 7 Hz, 3 H), 7.15-7.34 (m, 3 H); I9F NMR (188 MHz) 6 =
-58.60 (s, 3 F), -117.04 (m, 1 F); l3C NMR (50.3 MHz) 6 = 13.4 (s), 43.2 (q, J = I Hz),

120.4 (d, J =24 Hz), 121.5 (d, J = 27 Hz), 123.0 (q, lJC_F = 265 Hz), 126.9 (d, J = 12 Hz),

127.8 (d, J= 4 Hz), 131.5 (qrn, J= 1 Hz), 159.7 (dd, J= 1 Hz, lJC_F:= 256 Hz); MS m/z

(rei intensity) 288 (M++3, 6), 287 (M++2, 37), 286 (M++l, 7), 285 (M+, 42),273 (11), 272

(89),271 (13),270 (100), 257 (9),240 (9),239 (20), 237 (20), 203 (18),201 (19), 177 (15),

108 (10), 94 (15), 69 (19). Found: C, 37.48; H, 2.76; N, 4.91%. Calcd for CgHgBrF3N:

C, 37.79; H, 2.82; N, 4.90%.

N-Hexyl-N-trifluoromethyl-4-bromo-2-fluoroaniline (31). Yield: 87% (DBH).

A colorless oil, bp 110 DC/O.7 mmHg; Rf = 0.77 (hexane). IR 2959, 2934, 1578, 1497,
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1458, 1408, 1287, 1242, 1207, 1196, 1102, 1076, 926, 860, 820, 735 em-I; 1H NMR

(200 MHz) 6 = 0.86 (t, J= 6 Hz, 3 H), 1.16-1.48 (m, 8 H), 3.29 (t, J= 7 Hz, 3 H), 7.19­

7.34 (m, 3 H); 19F NMR (188 MHz) 6 = -58.90 (s, 3 F), -116.76 (dm, J = 12 Hz, 1 F);

l3C NMR (50.3 MHz) 6 = 13.9 (s), 22.5 (s), 26.1 (s), 28.0 (s), 31.4 (s), 48.5 (q, J = 1 Hz),

120.3 (d, J= 7 Hz), 121.6 (d, J= 9 Hz), 122.9 (q, IJC_F = 255 Hz), 127.2 (d, J= 12 Hz),

127.9 (d, J = 4 Hz), 131.6 (dd, J = 1, 1 Hz), 159.8 (dm, IJC_F = 256 Hz); MS mlz (reI

intensity) 343 (M++3, 12),342 (M++2, 100),341 (M++l, 12),340 (M+, 100),259 (37),

257 (38), 203 (29), 201 (30),191 (31), 177 (19),94 (37),69 (30). Found: C, 45.98; H,

4.72; N, 4.05%. Calcd for Cl3H 16BrF3N: C, 45.63; H, 4.71; N, 4.09%.

N-Methyl-N-trifluoromethylaniline (3m). Yield: 66%. A colorless oil; Rf =

0.47 (hexane). IR 3067, 2984, 2923, 1601, 1497,1476, 1437,1333, 1269, 1196, 1148,

1090, 1059,889,770,698 em-I; IH NMR (300 MHz) 6 = 3.17 (t, J= 1 Hz, 3 H), 7.33­

7.52 (m, 5 H); 19F NMR (282 MHz) 6 =-60.96 (s); l3C NMR (75.5 MHz) 6 = 36.3 (s),

123.4 (q, IJC~F = 256 Hz), 124.9 (s), 126.1 (s), 129.1 (s), 142.8 (s); MS mlz (reI

intensity) 176 (M++l, 9),175 (M+, 84),174 (51),156 (31),106 (37),105 (13),104 (22),

79 (27), 78 (76), 77 (l00), 74 (10),69 (44). Found: mlz 175.0609. Calcd forCgHgF3N:

M, 175.0609.

N-Ethyl-N-trifluoromethylaniline (3n). Yield: 65%. A colorless oil; Rf = 0.48

(hexane). IR 2984, 2942, 1599, 1497, 1381, 1350, 1269, 1190, 1144, 1100, 1055, 909,

772,698 em-I; IH NMR (300 MHz) 6 = 1.08 (t, J= 7 Hz, 3 H), 3.42 (qq, J= 1,7 Hz, 2

H), 7.23-7.39 (m, 5 H); 19F NMR (282 MHz) 0 = -58.12 (s); l3C NMR (75.5 MHz) 0

= 13.7 (s), 43.8 (s), 123.5 (q, IJC_F = 256 Hz), 126.6 (s), 126.8 (q, J = 2 Hz), 129.1 (s),

140.7 (s); MS m/z (reI intensity) 189 (M+, 46),174 (100),141 (35), 105 (24),91 (23),78

(38), 77 (93), 69 (39), 66 (7), 65 (27). Found: mlz 189.0766. Calcd for CgH lOF3N: M,

189.0765.

N-Propyl-N-trifluoromethylaniline (30). Yield: 78%. A colorless oil; ~ =

0.52 (hexane). IR 2973, 2938, 2880, 1601, 1497, 1378, 1341, 1291, 1262, 1240, 1190,

1146, 1066,932,698 em-I; IH NMR (300 MHz) 6 = 1.02 (t, J= 8 Hz, 3 H), 1.60 (sextet,

J = 8 Hz, 2 H), 3.41 (t, J = 8 Hz, 2 H), 7.36-7.52 (m, 5 H); 19F NMR (188 MHz) [) =
-58.29 (5); l3c NMR (75.5 MHz) 6 = 11.1 (5),21.4 (5), 50.8 (s), 123.5 (q, IJC_F = 255

Hz), 126.7 (5),127.0 (q, J= 2 Hz), 129.1 (s), 141.0 (5); MS mlz (reI intensity) 204 (M++l,

3),203 (M+, 25), 175 (9), 174 (l00), 161 (3), 105 (12), 78 (24), 77 (59), 69 (10). Found:

m/z 203.0922. Calcd for C lOH12F3N: M,203.0922. .

N-Hexyl-N-trifluoromethylaniline (3p). Yield: 68%. A colorless oil; ~ =

0.67 (hexane). IR 2959, 2934, 2361, 1599, 1497, 1377, 1343, 1262, 1190, 1144, 1103,

1061,924,698 em-I; IH NMR (300 MHz) [) =0.86 (t, J= 7 Hz, 3 H), 1.15-1.50 (m, 8 H),

3.32 (qt, J = 1, 7 Hz, 2 H), 7.20-7.42 (m, 5 H); I9F NMR (188 MHz) 6 "" -58.31 (s);
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13C NMR (75.5 MHz) () = 14.0 (s), 22.5 (s), 26.2 (s), 28.1 (s), 31.3 (s), 49.0 (s), 123.5 (q,

lJC_F = 255 Hz), 126.7 (s), 127.0 (q, J = 1.2 Hz), 129.1 (s), 141.0 (s); MS mlz (reI

intensity) 246 (M++ I, 2), 245 (M+, 11), 175 (11), 174 (l00), 161 (12), 83 (11), 78 (11), 77

(26),71 (17),69 (18). Found: 111lz 245.1388. Calcd forC 13HIS F3N: M,245.1391.

N-Octyl-N-trifluoromethylaniline (3q). Yield: 79%. A colorless oil; Rf = 0.53

(hexane). IR 2980,2957,2859, 1601, 1495, 1468, 1377, 1347, 1266, 1190, 1138, 1105,

1059,907,768,698 em-I; IH NMR (300 MHz) () = 0.87 (t, J= 7 Hz, 3 H), 1.15-1.35 (m,

10 H), 1.36-1.50 (m, 2 H), 3.32 (t, J= 7 Hz, 2 H), 7.22-7.38 (m, 5 H); 19F NMR (188

MHz) 0 = -58.29 (s); l3C NMR (75.5 MHz) 0 = 14.1 (s), 22.6 (s), 26.6 (s), 28.2 (s), 29.1

(s), 29.2 (s), 31.8 (5), 49.0 (s), 123.5 (q, lJC_F = 255 Hz), 126.7 (s), 127.0 (s), 129.1 (s),

141.0 (s); MS mlz (rei intensity) 274 (M++l, 8),273 (M+, 15), 175 (13),174 (100),161

(20), 78 (10), 77 (17). Found: m/z 273.1699. Calcd for CISH22F3N: M, 273.1704.

Dibenzyl(trifluoromethyl)amine (3r). To a stirred solution of TBAH2F3 (0.95 g,

3.2 romol) and 2r (0.31 g, 1.1 rumol) in dichloromethane (1.0 mL) was added NBS (0.77 g,

4.3 mmo\) in one portion at room temperature. The resulting mixture was stirred for 30

min at room temperature, and diluted with a mixture of pentane and diethyl ether (5 : 1).

The resulting insoluble material was filtered through a short silica gel (Wako gel C-100)

column. The filtrate was concentrated under reduced pressure. The residue was purified

by bulb-to-bulb distillation to give 3r in 86% yield as colorless oil, bp 195-205 °CIO.8

mmHg. The compound was kept in a hood since it easily liberated hydrogen fluoride

upon exposure to moisture. IR 3067, 3034, 2926, 2876, 1497, 1456, 1399, 1266, 1225,

1096, 1075, 1022,750,698 em-I; lH NMR (100 MHz) 0 = 4.04 (s, 4 H), 7.2-7.4 (m, 10

H); 19F NMR (94 MHz) 0 = -59.71 (s); l3C NMR (75.5 MHz) 0 = 49.5 (q, J = 2 Hz),

125.1 (d, IJC_F = 256 Hz), 127.5 (s), 128.4 (5), 128.6 (5), 136.5 (s); MS mlz (rei

intensity) 265 (M+, 2), 174 (18), 152 (6), 149 (6), 93 (7), 92 (59), 91 (100),77 (11), 69

(13),65 (22). Found: m/z 265.1066; Calcd for CISHI4F3N: M, 265.1078.

Benzyl(propyl)(tritluoromethyl)amine (3s). This compound was similarly

prepared in 84% yield as a colorless oil, bp 95-100 °CIO.8 mmHg. IR 3034, 2973, 2938,

2880,1497,1456,1401,1231,1156, 1071, 1007,735,698 em-I; IH NMR (100 MHz) 0

= 0.79 (t, J = 6 Hz, 3 H), 1.46 (sextet, J= 6 Hz, 2 H), 2.80 (qt, J = 1,6 Hz, 2 H), 4.05 (5, 2

H), 7.3-7.4 (m, 5 H); I9F NMR (94 MHz) 0 = --60.90 (s); I3C NMR (75.5 MHz) 0 =
11.2 (s), 20.8 (5), 48.6 (5), 50.5 (q, J = 2 Hz), 125.3 (q, lJC_F = 254 Hz), 127.4 (s), 128.0

(s), 128.4 (s), 137.5 (5); MS m/z (reI intensity) 217 (M+, 2),188 (5),155 (2),126 (8),96

(4),92 (10), 91 (100),69 (17), 65 (29). Found: m/z 217.1080. Calcd for CIlH)4F3N: M,

217.1078.

A General Procedure for the Preparation of Bromoaryl(trifluoromethyl)amines:
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To a stirred suspension of TBAH2F3 (3.0 g, 10 mmo1) and DBH (2.8 g, 10 mmol) in

dichloromethane (4.0 mL) was added dropwise a solution of a dithiocarbamate (2.0 mmal)

in dichloromethane (1.0 mL) at room temperature, and the reaction mixture was heated to

reflux until all the substrate was consumed. The resulting mixture was treated with ag.

NaHS03fNaHC03fNaOH (pH 10) solution at 0 0c. The pH value of the mixture was

adjusted at 10 with NaOH, and the organic phase was separated. The aq. phase was

extracted with diethy1 ether three times. The combined organic phase was washed with

sat. ag. NaC1, dried over Na2S04, filtered through a pad ofCelite/silica gel (Wako Gel C­

100), and concentrated. The residue was purified by column chromatography or bulb-to­

bulb distillation to give the desired trifluoromethylamines. Yields and spectra of products

are as follows.

N-Methyl-N-trifluoromethyl-4-bromoaniline (4m). Yield: 96%. A colorless oil,

bp 120 °CIlO mmHg; Rf = 0.70 (hexane: Et20 = 10 : 1). IR 2984, 2920, 1495, 1437,

1281, 1262, 1198, 1148, 1090, 1059, 1013,831 em-I; IH NMR (200 MHz) 6 = 3.01 (q, J

= 1 Hz,3 H), 7.10-7.25 (m, 2 H), 7.43-7.49 (m, 2 H); 19F NMR (188 MHz) 6 = -61.12

(s); l3C NMR (50.3 MHz) 6 = 36.1 (g, J= 2 Hz), 119.6 (s), 123.2 (q, lJC_F = 256 Hz),

126.4 (q, J = 2 Hz), 132.2 (s), 141.8 (s); MS m/z (rei intensity) 256 (M++3; 6), 255

(M++2, 63), 254 (M++l, 23), 253 (M+, 65),236 (8),234 (8), 186 (10), 185 (10), 184 (17),

183 (8), 182 (6),174 (9), 173 (15), 159 (37), 157 (17), 155 (19), 105 (48), 104 (30),90

(28), 77 (67), 78 (33), 76 (44), 69 (100), 63 (50). Found: C, 37.82; H, 2.57; N, 5.22%.

Calcd for CgH7BrF3N: C, 37.82; H, 2.78; N, 5.51%.

N-Ethyl-N-trifluoromethyl-4-bromoaniline (40). Yield: 83%. A colorless oil,

bp 116 °C/0.6 mmHg; Rf = 0.65 (hexane). IR 2984, 2941, 1493, 1472, 1337, 1269,

1194, 1144, 1100, 1012,908,831 em-I; IH NMR (200 MHz) 6 = 1.08 (dt, J= 1, 7 Hz, 3

H), 3.40 (dg,J= 1,7 Hz, 3 H), 7.12 (d,J= 9 Hz, 2 H), 7.48 (d, J= 9 Hz, 2 H); I9F NMR

(188 MHz) 6 = -58.39 (s); l3C NMR (50.3 MHz) () = 13.6 (s), 43.8 (q, J = 2 Hz), 120.2

(s), 123.2 (q, lJC_F = 256 Hz), 128.2 (g, J = 2 Hz), 132.3 (s), 139.8 (s); MS m/z (reI

intensity) 288 (M++3, 9), 287 (M++2, 71), 286 (M++I, 12), 285 (M+, 68), 273 (18), 272

(58),271 (21),270 (100), 259 (15), 257 (17),240 (14),239 (38),238 (16), 237 (35), 203

(42),202 (23), 201 (44),200 (20), 192 (28),177 (24), 158 (17), 113 (23), 108 (26), 94 (44),

81 (18), 75 (17), 69 (47). Found: C, 40.42; H, 3.32; N, 5.19%. Calcd for C9H9BrF3N:

C, 40.32; H, 3.38; N, 5.22%.
N_Propyl_N_trifluoromethyl-4-bromoaniline (4o). Yield: 68~. A colorless oil,

bp 110 °C/1.5 mmHg; Rf = 0.62 (hexane). IR 2973, 2938, 2880, 1493, 1458, 1339,

1240, 1194, 1146, 1063, 1013,930,833, 795, 723 em-I; IH NMR (90 MHz) b = 0.88 (t,

J = 7 Hz, 3 H), 1.13-1.91 (m, 2 H), 3.27 (t, J = 7 Hz, 2 H), 7.12 (d, J= 9 Hz, 2 H), 7.47 (d,

J = 9 Hz, 2 H); 19F NMR (188 MHz) b '" -58.57 (s); l3C NMR (50.3 MHz) b = 10.9
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(s), 21.3 (s), 50.7 (g, J = 1 Hz), 120.3 (s), 123.2 (q, lJC_F = 255Hz), 128.5 (g, J = 2 Hz).

132.3 (s), 140.1 (s); MS m/z (rei intensity) 284 (M++3, 8), 283 (M++2, 63), 282 (M++l,

9),281 (M+, 64),255 (21),254 (97),253 (24),252 (100),239 (11), 221 (15),220 (15), 219

(13),185 (34),184 (19),183 (31),182 (17),173 (74), 159 (19),157 (39),155 (36),95 (19),

90 (14), 78 (48), 76 (58), 75 (54), 69 (40). Found: C, 42.49; H, 3.83; N, 4.89%. Calcd

for C IOH II BrF3N: C, 42.58; H, 3.93; N, 4.97%.

N-Hexyl-N-trifluoromethyl-4-bromoaniline (4p). Yield: 71% (in boiling

CH2CI2), 86% (0 QC). A colorless oil, bp 132 °CI0.68 mmHg; Rf =0.73 (hexane). IR

2959,2932,2861, 1493,1375, 1258, 1194, 1100, 1071, 1061, 1013,920,831 em-I; IH

NMR (200 11Hz) 6 = 0.86 (t, J = 7 Hz, 3 H), 1.02-1.57 (m, 8 H), 3.27 (t, J = 7 Hz, 3 H),

7.11 (d, J= 9 Hz, 2 H), 7.52 (d, J= 9 Hz, 2 H); 19F NMR (18811Hz) 6"" -58.57 (s);

l3C NMR (50.3 MHz) 6 = 13.9 (s), 22.5 (s), 26.2 (5),28.0 (s), 31.3 (5),49.0 (q, J = 1 Hz),

120.3 (5), 123.2 (g, lJC_F = 255 Hz), 128.5 (q, J = 2 Hz), 132.3 (s), 140.1 (s); MS m/z

(reI intensity) 326 (M++3, 8),325 (M++2, 47),324 (M++l, 8), 323 (M+, 50), 301 (13),255

(26), 254 (100), 252 (97), 241 (48), 240 (49), 232 (18), 230 (20), 219 (19), 217 (13), 186

(15),185 (27),184 (24),183 (27),182 (14),174 (13),173 (54),159 (24),157 (26),155

(29), 95 (II), 90 (11), 78 (25), 77 (17), 76 (39), 75 (29), 69 (23). Found; C, 48.44; H,

5.15; N, 4.46%. Calcd for Cl3H17BrF3N: C, 48.16; H, 5.29; N, 4.32%.

N-Octyl-N-trifluoromethyl-4-bromoaniline (4q). Yield: 79% (0 °C). An

alternative procedure follows. A polypropylene round-bottom tube was charged with

NBS (0.45 g, 2.5 mmol), 70 wt% HF/py (0.26 rnL), and CH2Ch (1.0 rnL). To this

suspension was added a solution of2s (0.16 g, 0.50 nunol) in dichloromethane (1.0 mL) at

o °C, and the whole mixture was stirred for 30 min at 0 °C before quenching with an aq.

NaHS03/NaHC03/NaOH (pH 10) solution at 0 °C. The organic phase was separated; the

aq. phase was extracted with diethyl ether three times. The combined organic phase was

washed with sat. ag. NaCI, dried over Na2S04, filtrated (Wako Gel C-I00), and

concentrated. The residue was purified by column chromatography (pentane) to give 4q

(0.10 g, 0.30 mmol) in 60% yield along with starting material 2q (0.05 g, 0.16 mmol,

33%).

4q: A colorless oil, bp 183 QC10.58 mmHg; R.r= 0.71 (hexane). IR 2957, 2930,

2860, 1493, 1375, 1273, 1260, 1192, 1073, 1051, 1013,908,831 ern-I; IH NMR (200

MHz) () = 0.87 (t, J= 6 Hz, 3 H), 0.91-1.37 (m, 12 H), 3.29 (t, J= 6 Hz, 2 H), 7.12 (d, J=

9Hz, 2 H), 7.48 (d, J = 9 Hz, 2 H); 19F NMR (I88 MHz) 6 = -58.59 (s); l3C NMR

(50.3 11Hz) () = 14.0 (5), 22.6 (5), 26.6 (5), 28.1 (s), 29.1 (s), 29.2 (s), 31.8 (s), 49.0 (q, J =

1 Hz), 120.3 (s), 123.3 (q, lJC_F = 255 Hz), 128.5 (q, J= 2 Hz), 132.3 (s), 140.1 (5); MS

m/z (reI intensity) 354 (M++3, II), 353 (M++2, 55), 352 (M++l, II), 351 (M+, 56), 255

(27),254 (l00), 253 (31), 252 (99), 241 (55),239 (60),186 (11), 185 (22),184 (11),183
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(19), 174 (16), 173 (55), 159 (14), 157 (22), 155 (20), 78 (19), 77 (12), 76 (22), 75 (18), 71

(33),69 (31). Found: m/z 351.0803. Calcd for C 1SH21 79BrF3N: M, 351.0809.

A General Procedure for the Preparation of (Trifluoromethylamino)pyridines

(7) and -pyrimidines (11). To a stirred suspension of TBAH2F3 (7.5 g, 25 mmol) and

DBH (5.7 g, 20 mmol) in dichloromethane (10 mL) was added dropwise a solution of a

dithiocarbamate (5.0 mmol) in dichloromethane (5.0 mL) at 0 dc. The reaction mixture

was stirred at 0 °C until all the substrate was consumed and was poured into an ag. buffer

solution of NaHC03/NaOHINaHS03 (pH = 10). The resultant was extracted with diethyl

ether three times. The combined organic layer was washed with sat. aq. NaCI, dried over

Na2S04, filtered, and concentrated under reduced pressure. The residue was purified by

column chromatography or bulb-to-bulb distillation to give the corresponding

trifluoromethylamines. The yields and spectroscopic properties of the products are given

below.

Methyl(2-pyridyl)(trifluoromethyl)amine (7a). Yield: 72%. A colorless oil;

Rf = 0.68 (hexane: Et20 = 10 : 1). IR 3018,2958,2928, 1595, 1577, 1482, 1426, 1351,

1339, 1276, 1200, 1141, 1100, 1074, 778, 741, 663 ern-I; IH NMR (200 MHz) 0 = 3.26

(q,J= 2 Hz, 3 H), 6.97 (ddd,J= 1,4,6 Hz, I H), 7.06-7.13 (dm,J= 8 Hz, 1 H), 7.61 (ddd,

J = 2, 7, 9 Hz, 1 H), 8.35 (ddd, J = 1,2,5 Hz, 1 H); I9F NMR (188 MHz) 0 = -57.9 (dq,

J = 2 Hz); l3C NMR (50.3 MHz) 0 = 32.1 (s), 113.6 (s), 118.3 (s), 122.9 (g, lJC_F = 256

Hz), 137.5 (s), 147.9 (s), 153.8 (s); MS mlz (reI intensity) 176 (M+, 28), 157 (7), 107 (56),

84 (100), 80 (IS), 79 (69), 78 (55). Found: m/z 176.0587. Calcd for C7H7F3N2: M,

176.0561.

Ethyl(2-pyridyl)(trifluoromethyl)amine (7b). Yield: 75%. A colorless oil; Rf

= 0.50 (hexane: Et20 = 10 : 1). IR 2980,2940, 1595, 1482, 1437, 1331, 1260, 1196,

1140, 1102,941, 776 em-I; IH NMR (300 MHz) b = 1.34 (t, J= 7 Hz, 3 H), 4.00 (qq, J

= 2, 7 Hz, 2 H), 7.07 (ddd, J= 1,5,7 Hz, 1 H), 7.17 (ddd,J= 1, I, 10 Hz, 1 H), 7.72 (ddd,

J = 2, 7, 10 Hz, 1 H), 8.50 (ddd, J = 1,2,5 Hz, 1 H); I9F NMR (188 MHz) b = -55.9 (5);

l3C NMR (75.5 MHz) b = 14.2 (s), 40.4 (s), 113.5 (q, J = 4 Hz), 118.0 (s), 123.0 (q, lJC_F

= 258 Hz), 137.6 (5), 148.0 (s), 152.9 (s); MS m/z (reI intensity) 191 (M++l, 2), 190 (M+,

13), 176 (3)~ 175 (36), 155 (11), 142 (24), 121 (34),80 (8), 79 (85), 78 (100), 69 (21).

Found: m/z 190.0716. Calcd for CgH9F3N2: M, 190.0718.

Hexyl(2_pyridyl)(trifluoromethyl)amine (7c). Yield: 67%. .(\ colorless oil; Rf
= 0.68 (hexane: Et20 = 5 : 1). IR 2959, 2933~ 2861, 1593, 1481~ 1437, 1388~ 1334, 1257,

1194,1 ]45,1099, 776 ern,l; lH NMR (200 MHZ) b = 0.87 (t, J= 6 Hz, 3 H), 1.26-1.43

(m,6 H), 1.53-1.63 (m, 2 H), 3.72-3.83 (m, 21-1),6.94 (ddd, J= 1,5, 7 Hz, 1 H), 7.05 (dm,

J == 9 Hz, 1 H), 7.59 (ddd, J = 2, 7, 9 Hz~ 1 H), 8.34 (ddd, J = ],2,5 Hz, 1 H); I9F NMR
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(188 MHz) 6 = -55.9 (dt, J = 2, 2 Hz); l3C NMR (50.3 MHz) 6 = 13.8 (s), 22.5 (s), 26.3

(s), 28.7 (5), 31.4 (s), 45.3 (s), 113.6 (s), 118.0 (s), 123.0 (g, lJC_F = 256 Hz), 137.4 (s),

147.9 (s), 153.1 (s); MS mlz (reI intensity) 246 (M+, 12),206 (6), 189 (17), 177 (24), 175

(72), 169 (31), 162 (74), 156 (5), 142 (100), 107 (24),78 (97). Found: mlz 246.1354.

Calcd for CI2H17F3N2: M, 246.1344.

Octyl(2-pyridyl)(trifluoromethyl)amine (7d). Yield: 76% as perfoffi1ed at

-20°C. A colorless oil; RJ = 0.77 (hexane: Et20 = 5 : 1). IR 2958, 2932, 1730, 1607,

1573,1497,1436,1393, 1357,1330,1297,1276,1199, 1126, 1072,1020,782,617 em-I;

IH NMR(200 MHz) 6 = 0.87 (t,J= 6 Hz, 3 H), 1.17-1.43 (m, 10 H), 1.53-1.66 (m, 2 H),

3.72-3.83 (m, 2 H), 6.94 (ddd, J= 1,5,7 Hz, 1 H), 7.05 (dm, J= 9 Hz, 1 H), 7.59 (ddd, J=

2,7,9 Hz, 1 H), 8.34 (ddd, J= 1,2,5 Hz, 1 H); 19F NMR (188 MHz) {) = -55.8 (dt, J=

2,2 Hz); l3C NMR (50.3 MHz) {) = 14.0 (s), 22.6 (s), 26.7 (s), 28.8 (s), 29.2 (s), 31.8 (s),

45.3 (5), 113.7 (s), 118.0 (s), 123.0 (g, lJC_F = 257 Hz), 137.5 (s), 148.0 (5), 153.1 (s);

MS mlz (reI intensity) 274 (M+, 10),205 (12),189 (13),175 (53),162 (93),143 (22),142

(80), 107 (18), 106 (16), 79 (41), 78 (100). Found: mlz 274.1663. Calcd for

C14H21F3N2: M, 274.1657.

Dodecyl(2-pyridyl)(trifluoromethyl)amine (7e). Yield: 86% (prepared at -20 DC).

A colorless oil; RJ = 0.66 (hexane: Et20 = 10 : 1). IR 2927,2856,1594,1575,1481,

1468, 1437, 1387, 1334, 1264, 1194, 1163, 1138, 1100, 1078,755,738 em-I; IH NMR

(200 rv1Hz) {) = 0.87 (t,J= 6 Hz, 3 H), 1.15-1.37 (m, 18 H), 1.53-1.67 (m, 2 H), 3.72-3.82

(m,2 H), 6.94 (ddd, J= 1,5, 7 Hz, 1 H), 7.05 (dm, J= 9 Hz, 1 H), 7.59 (ddd, J= 2, 7, 9 Hz,

1 H), 8.34 (ddd, J = 1,2, 5 Hz, 1 H); 19F NMR (188 MHz) {) = -55.8 (dt, J = 2,2 Hz);

l3C NMR (50.3 MHz) 6 = 14.0 (s), 22.7 (s), 26.7 (s), 28.8 (s), 29.3 (s), 29.5 (s), 29.6 (5),

31.9 (s), 45.3 (s), 113.7 (s), 118.0 (s), 122.9 (g, lJC_F = 257 Hz), 137.4 (s), 148.0 (s) 153.1

(s); MS mlz (reI intensity) 330 (M+, 5), 261 (8), 232 (11), 204 (7), 189 (16), 176 (12),

175 (52), 169 (22), 163 (10), 162 (100), 142 (76), 106 (21), 78 (83). Found: m/z

330.2285. Calcd for C18H29F3N2: M, 330.2283.

Benzyl(2-pyridyl)(trifluoromethyl)amine (7t). Yield: 80%. A colorless oil; Rf
= 0.42 (hexane: Et20 = 10 : 1). IR 3067,3034, 1591, 1479, 1436, 1382, 1332, 1270,

1232, 11 05, 775, 698 cm-1; I H NMR (200 MHz) {) = 5.05 (g, J = 2 Hz, 2 H), 6.95 (ddd, J

= 1,5, 7 Hz, 1 H), 7.07 (dm, J= 8 Hz, 1 H), 7.21-7.33 (rn, 5 H), 7.59 (ddd, J= 2,7,9 Hz,

1 H), 8.33 (ddd, J = 1,2,5 Hz, 1 H); 19F NMR (188 MHz) {) = -55.6 (dg, J = 2,2 Hz);

l3C NMR (50.3 MHz) {) = 48.5 (s), 113.35 (s), 113.43 (5), 118.4 (5), 123.0 (g, lJC_F = 258

Hz), 127.2 (5), 128.5 (s), 137.8 (5), 138.2 (5), 148.1 (s), 153.0 (s); MS m/z (reI intensity)

253 (M++l, 10),252 (M+, 71),184 (11),174 (9),91 (100),79 (52), 78 (35). Found: m/z

252.0867. Calcd for Cl3HIIF3N2: M, 252.0874.

Methyl(2-pyrimidinyl)(trifluoromethyl)amine (11a). Yield: 38%. A colorless
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oil; Rf = 0.57 (hexane: Et20 = I : I). IR 2970, 2950, 1588, 1568, 1470, 1409, 1372,

1326, 1266, 121O, 1135, 1071,989,926,806,679,618 em-I; IH NMR (200 MHz) 6 =

3.36 (q, J= 2 Hz, 3 H), 6.89 (t, J= 5 Hz, I H), 8.52 (d, J= 5 Hz, 2 H); 19F NMR (188

MHz) 0 = -57.1 (q, J = 2 Hz); I3C NMR (50.3 MHz) 6 = 31.5 (s), 114.6 (5), 122.0 (q,

IJC_F = 258 Hz), 157.6 (5),159.3 (s); MS m/z (reI intensity) 177 (M+, 45),158 (11),108

(54),84 (75), 80 (100), 79 (34), 78 (6). Found: 111/Z 177.0509. Caled for C6H6F3N3: M,

177.0514.

Propyl(2-pyrimidinyl)(trifluoromethyl)amine (llb). Yield: 50%. A colorless

oil; Rf =0.22 (hexane: Et20 = 10 : 1). IR 2971,2882, 1588, 1564, 1470, 1429, 1389,

1331, 1304, 1267, 1235, 1140, 1107, 1073,955,806 em-I; IH NMR (300 MHz) 0 = 1.05

(t, J = 8 Hz, 3 H), 1.81 (sextet, J = 8 Hz, 2 H), 3.95 (qt, J = 2, 8 Hz, 2 H), 6.99 (t, J = 5 Hz,

1 H), 8.63 (d, J = 5 Hz, 2 H); 19F NMR (188 MHz) 0 = -57.9 (t, J= 2 Hz); 13C NMR

(75.5 MHz) 0 = 11.0 (s), 22.0 (s), 46.6 (5), 114.4 (8), 122.1 (q, IJC_F = 259 Hz), 157.6 (s),

158.9 (5); MS m/z (reI intensity) 206 (M++1, 4), 205 (M+, 32), 176 (44),163 (16), 144

(15), 143 (33), 80 (45), 79 (100), 78 (44), 69 (14). Found: m/z 205.0823. Calcd for

CgH IOF3N3: M,205.0827.

Hexyl(2-pyrimidinyl)(trifluoromethyl)amine (llc). Yield: 58%. A colorless

oil; Rf = 0.51 (hexane: Et20 = 5 : 1). IR 2960, 2933,2861, 1588, 1565, 1470, 1429,

1391, 1333, 1250, 1194, 1143, 1104, 1072,805,637 em-I; IH NMR (200 MHz) 0 = 0.88

(t, J= 7 Hz, 3 H), 1.30-1.36 (m, 6 H), 1.58-1.69 (m, 2 H), 3.80-3.91 (m,2 H), 6.87 (t, J= 5

Hz, 1 H), 8.51 (d, J = 5 Hz, 2 H); 19F NMR (188 MHz) 0 = -55.8 (t, J = 2 Hz); l3C

NMR (50.3 MHz) 0 = 13.9 (s), 22.5 (s), 26.2 (s), 28.7 (5), 31.4, (s) 45.1 (s), 114.4 (s),

122.1 (q, IJC_F = 259 Hz), 157.6 (5), 159.0 (s); MS m/z (rei intensity) 248 (M++l, 7), 247

(M+, 55),205 (17), 190 (11), 177 (16), 176 (100), 163 (28), 144 (57), 143 (45), 80 (39), 79

(77). Found: m/z 247.1284. Calcd for CIIH16F3N3: M, 247.1296.

Octyl(2-pyrimidinyl)(trifluoromethyl)amine (11 d). Yield: 80%. A colorless

oil; Rf = 0.44 (hexane: Et20 = 5 : 1). IR 2958, 2929, 2858, 1588, 1564, 1470, 1429,

1391, 1383, 1333, 1255, 1235, 1206, 1177, 1141, 1104, 1072, 805, 637 cm· l ; IH NMR

(200 MHz) 0 = 0.87 (t, J= 7 Hz, 3 H), 1.26-1.30 (m, 10 H), 1.57-1.66 (m, 2 H), 3.80-3.91

(m,2 H), 6.87 (t, J= 5 Hz, 1 H), 8.51 (d, J= 5 Hz, 2 H); 19F NMR (188 MHz) 0 = -55.8

(t, J= 2 Hz); l3C NMR (50.3 MHz) 0 = 14.0 (5), 22.6 (s), 26.6 (s), 28.7 (5), 29.2 (s), 31.7

(5), 45.0 (s), 114.4 (s), 122.1 (q, IJC_F = 259 Hz), 157.6 (s), 159.0 (s); MS m/z (rei

intensity) 276 (M++I, 10),275 (M+,62), 205 (22),191 (14), 190 (12), ,177 (20),176 (l00),

163 (31), 144 (73), 143 (50), 108 (13), 80 (44),79 (86). Found: m/z 275.1615. Calcd

for C l3H20F3Nf M, 275.1609.
Dodecyl(2_pyrimidinyl)(trifluoromethyl)amine (He). Yield: 63%. A colorless

oil; Rf= 0.38 (hexane: Et20 = 5 : 1). IR 2930, 2917,2850, 1586, 1571, 1470, 1430,
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1392,1382, 1340, 1253,1151, 1130,1102,854,638 em-I; IH NMR (200 MHz) 6 = 0.87

(t, J= 6 Hz, 3 H), 1.26-1.31 (m, 18 H), 1.57-1.69 (m, 2 H), 3.80-3.91 (m,2 H), 6.86 (t, J =

5 Hz, 1 H), 8.50 (d, J = 5 Hz, 2 H); 19F NMR (188 MHz) 6 = -55.8 (t, J = 2 Hz); I3C

NMR (50.3 MHz) 6 = 14.0 (5), 22.6 (5), 26.6 (s), 28.7 (5), 29.2 (5), 29.3 (s), 29.6 (s), 31.9

(s), 45.0 (s), 114.4 (s), 122.2 (g, lJC_F = 259 Hz), 157.6 (s), 159.0 (5); MS 112/Z (reI

intensity) 332 (M++l, 20), 331 (M+, 100),205 (18),191 (11), 190 (10),176 (79),164 (20),

144 (63), 143 (30), 78 (49). Found: m/z 331.2248. Calcd for C17H2SF3N3: M,

331.2235.

Preparation of 5-bromo-2-(trifluoromethylamino)pyridines 8 and -pyrimidines 12

was carried out in a procedure similar to that for 4. Yields and spectroscopic properties

are as follows.

5-Bromo-2-[methyl(trifluoromethyl)amino)pyridine (8a). Yield: 78%. A

colorless oil; Rf = 0.56 (hexane: Et20 = 5 : 1). IR 2992,2956,2935,2899, 1583, 1563,

1526,1478,1434,1384, 1355, 1324,1273, 1244, 1199,1121,1108,1071, 1002,916,821,

616 em-I; IH NMR (200 MHz) 0 = 3.24 (g, J= 2 Hz, 3 H), 7.00 (dd, J= 2,8 Hz, 1 H),

7.70 (dd, J = 2, 8 Hz, I H), 8.38 (d, J = 2 Hz, 1 H); 19F NMR (188 MHz) 6 = -57.9 (dg,

J = 2, 2 Hz); l3C NMR (50.3 MHz) 6 = 32.0 (s), 113.7 (s), 114.7 (s), 122.6 (g, IJC_F =

257 Hz), 139.9 (s), 148.6 (s), 152.3 (s); MS m/z (rei intensity) 257 (M++3, 5), 256 (M++2,

28),255 (M++l, 9), 254 (M+, 35),187 (68),185 (70), 160 (52),159 (51),158 (100),157

(63), 156 (40), 106 (12), 78 (92). Found: m/z 253.9678. Calcd for C7H679BrF3N2: M,

253.9667.

5-Bromo-2-[ethyl(trifluoromethyl)amino]pyridine (8b). Yield: 82%. A

colorless oil, bp 80 °C/2 mmHg; Rf = 0.48 (hexane: Et20 = 20 : 1). IR 2986, 2940,

2860, 1584, 1559, 1480, 1381, 1320, 1260, 1244, 1194, 1132, 1105, 1067,943, 819 em-I;

IH NMR (200 MHz) 6 = 1.21 (dt, J= 0.4, 7 Hz, 3 H), 3.86 (gg, J = 2, 7 Hz, 2 H), 6.96

(dgd, J = 1, 2, 9 Hz, 1 H), 7.68 (dd, J = 3, 9 Hz, 1 H), 8.38 (dd, J = 1, 3 Hz, 1 H); 19F

NMR (188 MHz) 0 = ~56.10 (dm, J= 2 Hz); 13C NMR (50.3 MHz) 0 = 14.0 (5), 40.4 (s),

113.3 (s), 114.4 (m), 122.7 (g, J= 258 Hz), 140.0 (5), 148.8 (s), 151.5 (s); MS m/z (rei

intensity) 271 (M++3, 4),270 (M++2, 38), 269 (M++l, 6), 268 (M+, 40), 256 (11), 255

(97), 254 (12), 253 (l00), 235 (42), 233 (42), 223 (15), 222 (60), 220 (67), 201 (77), 199

(76), 159 (94), 158 (92), 157 (98), 156 (98), 119 (39), 92 (28), 78 (86), 77(63), 76 (84), 69

(90). Found: C, 35.89; H, 3.09; N, 10.52%. Calcd for CsHsBrF3N2: C, 35.71; H, 3.00;

N,10.41%.

5-Bromo-2-[hexyl(trifluoromethyl)amino]pyridine (8e). Yield: 89%. A

colorless oil; Rf = 0.75 (hexane: Et20 = 20 : I). IR 2959, 2933, 2860, 1583, 1560,

1477, 1381, 1300, 1255, 1192, 1142, 1105, 1070, 1001, 819 em~l; IH NMR (200 MHz)
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o= 0.87 (t, J = 7 Hz, 3 H), 1.22-1.34 (m, 6 H), 1.43-1.62 (m, 2 H), 3.70-3.80 (m, 2 H),

6.94 (dm, J = 9 Hz, 1 H), 7.67 (dd, J = 3, 9 Hz, 1 H), 8.36 (dd, J = 1, 3 Hz, 1 H); 19F

NMR (188 MHz) 0 = -56.0 (dt, J= 2, 2 Hz); 13C NMR (50.3 MHz) 0 = 13.9 (5), 22.5 (5),

26.3 (5),28.6 (5), 31.4 (5), 45.4 (5), 113.3 (5), 114.5 (5), 122.7 (q, IJC_F = 257 Hz), 139.9

(5), 148.7 (s), 151.7 (5); MS mlz (rel intensity) 326 (M++2, 15),324 (M+, 15),255 (87),

253 (75),242 (56), 240 (59), 222 (100),220 (92), 187 (10), 186 (14), 185 (15), 184 (12),

158 (47), 156 (42), 77 (7). Found: mlz 324.0451. Calcd for C12HI679BrF3N2: M,

324.0449.

5-Bromo-2-[octyl(trifluoromethyl)amino] pyridine (8d). Yield: 89%. A

colorless oil; RJ = 0.68 (hexane: Et20 = 20 : 1). IR 2958,2929,2857, 1583, 1560,

1477,1379,1320,1302,1266,1244,1192,1141,1106,819 em-I; lH NMR (200 MHz)

o= 0.87 (t, J = 7 Hz, 3 H), 1.18-1.26 (m, 10 H), 1.53-1.62 (m, 2 H), 3.73-3.80 (m, 2 H),

6.95 (dm, J = 9 Hz, 1 H), 7.67 (dd, J = 3, 9 Hz, 1 H), 8.36 (dd, J = 1, 3 Hz, 1 H); 19F

NMR (188 MHz) 0 = -56.1 (dt, J = 2,2 Hz); l3C NMR (50.3 MHz) 0 = 14.0 (5), 22.6 (5),

26.6 (5), 28.6 (5),29.1 (5),31.8 (5), 45.3 (5), 113.3 (5), 114.6 (5), 122.7 (q, IJC_F = 257 Hz),

140.0 (5), 148.7 (s), 151.7 (s); MS mlz (rel intensity) 354 (M++2, 5), 352 (M+, 5), 291 (7),

289 (6),255 (60),253 (57),242 (63), 240 (62),222 (96),220 (100), 158 (81), 156 (68), 77

(23). Found: mlz 352.0754. Calcd for C14H2079BrF3N2: M, 352.0762.

5-Bromo-2-[dodecyl(trifluoromethyl)amino]pyridine (8e). Yield: 90%. A

colorless oil; RJ = 0.81 (hexane: Et20 = 20 : 1). IR 2956, 2926, 2855, 1583, 1477,

1380,1320,1305,1264,1244,1193,1157,1138,1107,1071,1000, 819 em-I; lH NMR

(200 MHz) 6 = 0.87 (t, J = 7 Hz, 3 H), 1.17-1.34 (m, 18 H), 1.53-1.62 (m, 2 H), 3.70-3.80

(m,2 H), 6.95 (dm, J = 9 Hz, 1 H), 7.67 (dd, J = 3, 9 Hz, 1 H), 8.36 (dd, J = 1,3 Hz, 1 H);

19F NMR (188 MHz) 6 = -56.1 (dt, J = 2, 2 Hz); BC NMR (50.3 MHz) 6 = 14.1 (s),

22.7 (s), 26.6 (5), 28.6 (s), 29.2 (s), 29.3 (s), 29.5 (s), 29.6 (s), 31.9 (s), 45.4 (5), 113.3 (s),

114.5 (5), 122.7 (q, IJC_F = 257 Hz), 139.9 (5), 148.7 (s), 151.7 (s); MS mlz (reI

intensity) 410 (M++2, 5),408 (M+, 5), 341 (4),339 (4), 312 (12), 310 (13), 298 (6),296

(7), 284 (7), 282 (7), 242 (90), 240 (95), 222 (100), 220 (93), 200 (7), 198 (9), 186 (29),

184 (30), 158 (75), 156 (61), 77 (23). Found: m1z 408.1386. Calcd for

CI8H2879BrF3N2: M, 408.1388.
S_Bromo_2_[benzyl(trifluoromethyl)amino]pyridine (8f). Yield: 78%. A

colorless oil; R
J

= 0.78 (hexane: Et20 :::: 10 : 1). IR 3067,3034,2961, 1582, 1563,

1512, 1496, 1476, 1455, 1437, 1379, 1320, 1270, 1244, 1232, 1192~ 1110, 1065, 1010,

1002, 820, 699 em-I; lH NMR (200 MHz) 0 :::: 5.01 (q, J = 2 Hz, 2 H), 6.97 (dm, J = 8

Hz, I H), 7.25-7.31 (m,5 H), 7.68 (dd,J= 3,9 Hz, 1 H), 8.35 (dd,J= 1,3 Hz, 1 H); 19F

NMR (188 MHz) 6 = -55.8 (dt, J = 2, 2 Hz); I3C NMR (50.3 MHz) 0 = 48.4 (s), 113.8

(5),114.4 (5),122.7 (q, IJC_F =258 Hz), 127.1 (s), 127.3 (5),128.5 (s), 137.5 (5),140.2 (5),
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148.8 (s), 151.5 (s); MS m/z (reI intensity) 333 (M++3, 6), 332 (M++2, 42), 331 (M++l,

12),330 (M+, 43),263 (37), 261 (38), 174 (37), 158 (I4), 156 (12),91 (100),78 (16).

Found: 111/Z 329.9971. Calcd for C 13H1079BrF3N2: M, 329.9980.

5-Bromo-2-[4-ethylbenzy1(trifluoromethyl)amino]pyridine (8g). Yield: 41 %.

A colorless oil, bp 210 aCIO.7 mmHg; Rf = 0.76 (hexane: £t20 = 10 : 1). IR 2967,

1584,1559,1479,1377,1319,1269,1190,1109, 1101,819cm- l ; IHNMR(200MHz)()

= 1.21 (t, J= 8 Hz, 3 H), 2.61 (q, J= 8 Hz, 2 H), 4.98 (q,J= 1 Hz, 2 H), 6.97 (dd,J= 1, 9

Hz, 1 H), 7.09-7.22 (m, 4 H), 7.68 (dd, J = 3,9 Hz, 1 H), 8.36 (dd, J = 1, 3 Hz, 1 H); 19F

NMR (I88 MHz) () = -55.77 (m); I3C NMR (50.3 MHz) () = 15.4 (s), 28.4 (s), 48.2 (q, J

= 2 Hz), 112.7 (q, lJC_F = 258 Hz), 113.7 (s), 114.6 (s), 127.1 (5), 127.9 (5), 134.7 (br),

140.1 (s), 143.3 (s), 148.7 (s), 151.5 (s); MS m/z (reI intensity) 359 (M++l, 15),358 (M+,

88),357 (M+-1, 19),356 (M+-2, 89), 289 (42),287 (43), 277 (5), 200 (73), 159 (28), 157

(27),158 (39),156 (37),130 (IS), 118 (79),117 (IOO), 116 (42),115 (99),102 (21), 91

(98), 78 (50), 77 (35), 69 (54). Found: C, 50.11; H, 4.11; N, 7.83%. Calcd for

ClsH14BrF3N2: C, 50.16; H, 3.93; N, 7.80%.

5-Bromo-2-{[4-(l-fluoroethyl)benzyl](trifluoromethyl)amino}pyridine (8g').

Yield: 38%. A colorless oil, bp 220 aCIO.7 mmHg; Rf = 0.63 (hexane: £t20 = 10 : 1).

IR 2984,2934,2361,1912, 1582,1563,1474,1379,1321,1271,1244,1192,1109,1069,

1010,1000,820 cm- I ; IH NMR (200 MHz) () = 1.61 (dd, J= 6, 24 Hz, 3 H), 5.01 (br, 2

H), 5.69 (dq, J = 6,48 Hz, 1 H), 7.01 (dd, J = 1,9 Hz, 1 H), 7.09-7.22 (m, 4 H), 7.69 (dd, J

= 3, 9 Hz, 1 H), 8.36 (dd, J = 1, 3 Hz, 1 H); 19F NMR (I88 MHz) () = -55.83 (br, 3 F),

-167.12 (dd, J = 24, 48 Hz, 1 F); 13C NMR (50.3 MHz) () = 22.8 (d, J= 25 Hz), 48.5 (g,

J = 2 Hz), 90.7 (d, IJC_F = 168 Hz), 113.8 (5), 114.3 (g, J = 4.2 Hz), 122.6 (g, lJC_F = 258

Hz), 125.4 (d, J = 8 Hz), 127.2 (s), 137.6 (m), 140.1 (s), 140.2 (s), 140.7 (s), 148.8 (s),

151.4 (s); MS m/z (reI intensity) 378 (M++2, 9), 377 (M++l, 2),376 (M+, 9), 375 (M+-l,

1), 338 (3), 336 (3), 309 (13), 307 (10), 289 (5), 287 (5), 220 (18), 200 (II), 185 (6), 159

(10), 158 (20), 137 (86), 122 (24), 117 (100), 115 (62), 91 (40), 89 (12), 78 (36), 77 (18),

76 (26), 69 (28) ,65 (22), 64 (14). Found: C, 47.56; H, 3.45; N, 7.67%. Calcd for

CISH13BrF4N2: C, 47.77; H, 3.47; N, 7.43%.

5-Bromo-2-lmethyl(trifluoromethyl)amino]pyrimidine (l2a). Yield: 84%.

Colorless needles, mp 60.8-61.5 ac; Rf = 0.52 (hexane : EtOAc = 10 : 1). IR (KEr)

1579,1544,1486,1467,1414,1373,1319,1253,1177,1138, 1118, 1089,942,922,789,

779, 616 em-I; IH NMR (200 MHz) () = 3.34 (g, J = 2 Hz, 3 H), 8.54 (s, 2 H); 19F

NMR (188 MHz) 0 = -57.4 (s); 13C NMR (50.3 MHz) () = 31.8 (s), 111.9 (s), 121.7 (g, J

= 259 Hz), 157.6 (s), 158.0 (s); MS m/z (reI intensity) 257 (M++2, 69), 255 (M+, 71),188

(55), 186 (56), 160 (98), 158 (100), 133 (12), 131 (13), 106 (15), 104 (13), 79 (28).

Found: m/z 254.9647. Calcd for C6HS79BrF3N3: M, 254.9619.
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5-Bromo-2-(propyl(trifluoromethyl)amino)pyrimidine (12b). Yield: 81 %. A

colorless oil; Rf = 0.70 (hexane: EtOAc = 10 : 1). IR (KBr) 3060, 2969, 1572, 1543,

1474,1464,1433,1393,1377,1333,1310,1235,1206,1146, 1180, 1088,959,791 em-I;

1H NMR (300 MHz) 0 =0.93 (t, J = 8 Hz, 3 H), 1.68 (sextet, J = 8 Hz, 2 H), 3.80 (qt, J =

2,8 Hz, 2 H) 8.53 (s, 2 H); 19F NMR (188 MHz) 0 = -56.33 (s); l3C NMR (75.5 MHz)

b = 10.9 (s), 21.8 (s), 46.9 (s), 111.6 (s), 121.8 (g, J= 260 Hz), 157.3 (s), 158.1 (s); MS

m/z (reI intensity) 285 (M++2, 62), 283 (M+, 53), 256 (86), 254 (100), 243 (27), 241 (29),

224 (22), 223 (75),222 (21), 221 (84),216 (15),214 (12),205 (14),204 (11), 186 (12),

174 (13), 172 (14), 160 (29), 159 (62), 158 (27), 157 (57), 120 (14), 119 (13), 106 (16),

105 (20), 91 (18), 83 (21), 78 (76), 69 (80). Found: m/z 282.9923. Calcd for

CgH979BrF3N3: M, 282.9932.

5-Bromo-2-[hexyl(trifluoromethyl)amino]pyrimidine (12e). Yield: 61%. A

colorless oil; ~r= 0.54 (hexane: Et20 = 20 : 1). IR 2960, 2933, 2873, 2861, 1575,

1543,1472,1433, 1395, 1381,1325,1298,1245,1225,1206, 1194, 1175, 1143, 1089,792,

637 cm- 1; IH NMR (200 MHz) 0 = 0.89 (t, J= 7 Hz, 3 H), 1.31-1.43 (m, 6 H), 1.61-1.67

(m,2 H), 3.77-3.88 (rn, 2 H), 8.53 (s, 2 H); 19F NMR (188 MHz) 0 = -56.2 (t, J= 2 Hz);

13C NMR (50.3 MHz) 0 = 13.9 (s), 22.5 (s), 26.2 (s), 28.5 (s), 31.4 (s), 45.4 (s), 111.6 (s),

121.8 (q, lJC_F= 259 Hz), 157.2 (s), 158.1 (s); MS m/z (rei intensity) 327 (M++2, 7), 326

(M++l, 53), 325 (M+, 8), 324 (M+-l, 54), 285 (19), 283 (19),270 (11), 268 (11),255 (100),

253 (99),243 (20),241 (20),223 (59),221 (56), 187 (13),185 (12),159 (51),157 (46), 78

(33). Found: mlz 325.0382. Calcd for C 11 H 1579SrF3N3: M, 325.0402.

5-Bromo-2-[oetyl(trifluoromethyl)amino]pyrimidine (l2d). Yield: 24% along

with ltd (62 % yield). A colorless oil; RJ= 0.91 (hexane: Et20 = 10 : 1). IR 2929,

2858, 1575, 1543, 1472, 1432, 1395, 1380, 1325, 1300, 1250, 1233, 1208, 1183, 1144,

1089, 935, 806, 792, 637 cm- 1; lH NMR (200 MHz) 0 = 0.88 (t, J = 7 Hz, 3 H), 1.27­

1.43 (m, 10 H), 1.58-1.63 (m, 2 H), 3.76-3.87 (m, 2 H), 8.52 (s, 2 H); 19F NMR (188

MHz) 0 = -56.2 (t, J = 2 Hz); l3C NMR (50.3 MHz) 0 = 14.0 (5), 22.6 (s), 26.5 (5), 28.5

(5),29.1 (s), 31.8 (s), 45.5 (s), 111.6 (5),121.8 (g, lJC_F = 260 Hz), 157.2 (s), 158.1 (s);

MS m/z (rei intensity) 355 (M++2, 10),354 (M++1,64); 353 (M+, 11),352 (M+-l, 66), 325

(5),323 (5),285 (23),283 (23),255 (100),253 (99), 243 (21),241 (20),223 (59),221 (57),

159 (51), 157 (45); 78 (32). Found: m/z 353.0716. Ca1cd for C13HI979BrF3N3: M,

353.0715.

5_Bromo_2_(dodecyl(trifluoromethyl)amino]pyrimidine (12e). Yield: 15%

along with He (65 % yield). A colorless oil; RJ= 0.71 (hexane: Et20 = 10 : 1). IR

(KBr) 2981, 2956, 2916, 2874, 2849, 1575, 1547, 1467, 1427, 1381, 1331, 1245, 1227,

1141,791,639 em-I; IH NMR (200 MHz) 0 = 0.88 (t, J= 7 Hz, 3 H), 1.17-1.30 (m, 18

H), 1.56-1.67 (m, 2 H), 3.76-3.87 (m, 2 H), 8.52 (5, 2 H); 19F NMR (188 MHz) 0 =-56.2
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(t, J = 2 Hz); l3C NMR (50.3 MHz) 0 = 14.1 (s), 22.7 (s), 26.5 (s), 28.5 (s), 29.2 (s), 29.3

(s), 29.6 (s), 31.9 (s), 45.5 (s), 111.6 (s), 121.8 (g, lJC_F = 260 Hz), 157.3 (s), 158.1 (s);

MS m/z (reI intensity) 412 (M++3, 20), 411 (M++2, 99),410 (M++l, 22),409 (M+, 100),

325 (5), 323 (5),285 (22),283 (23),255 (89),254 (88), 224 (46), 223 (52), 222 (48), 221

(48), 187 (9), 185 (8), 160 (16), 159 (42), 158 (17), 157 (35). Found: m/z 409.1335.

Calcd for C 17Hn 79BrF3N3: M, 409.1341.

Synthesis of 3-[Benzyl(trifluoromethyl)amino}pyridine (7h). This compound

was produced from 6h in 82% yield as a colorless oil through a similar procedure for the

preparation of4. R.r= 0.45 (hexane: EtzO = 1: 1). IR 3066, 3036,2931,1733,1590,

1575,1482,1455,1424,1376,1266,1230,1195,1104,1080, 1064, 1037,994,911,813,

739, 713, 700,650 cm- 1; IH NMR (200 MHz) 0 = 4.57 (5, 2 H), 7.17-7.33 (m, 7 H), 7.47

(dm, J = 8 Hz, 1 H), 8.40-8.44 (m, 1 H); 19F NMR (188 MHz) 0 = -58.00 (5); 13c
NMR (50.3 MHz) 0 = 53.0 (s), 123.0 (g, lJC_F = 256 Hz), 123.6 (5), 127.8 (5), 128.0 (s),

128.6 (s), 133.0 (5), 135.9 (s), 137.4 (s), 147.5 (s), 147.6 (s); MS 111/Z (reI intensity) 252

(M+, 19), 92 (14), 91 (l00), 78 (4). Found: m/z 252.0857. Calcd for Cl3H1IF3Nz: M,

252.0874

Bromination of 2-(Benzyl(trifluoromethyl)amino]pyridine (7t). A solution of

bromine (0.176 g, 1.1 mmol) in dichloromethane (1.2 mL) was added dropwised to a

stirred solution of TBAHzF3 (0.30 g, 1.0 mmol) and 7f (0.126 g, 0.50 mmol) in

dichloromethane (1.0 mL) at room temperature. The reaction mixture was heated to

reflux for 1.5 h, and the whole mixture was treated with ag. NaHS03JNaHC03''NaOH (pH

I0) solution. The organic phase was separated, and the ag. phase was extracted with

diethyl ether three times. The combined organic phase was washed with sat. ag. NaCl,

dried over Na2S04, filtrated through a Celite/silica gel (Waleo Gel C-I00) pad, and

concentrated under reduced pressure. The residue was purified by column

chromatography to give 7f (16 mg) and 8f (0.139 g) in 14% and 84% yield, respectively.

Reaction of 4m, 8a, or 12a with p-Bromobenzaldehyde. A solution of n-BuLi in

hexane (1.6 M, 0.38 mL, 0.60 mmol) was added dropwise to a stirred solution of

bromoaryl(trifluoromethyl)arnine 4m, 8a, or 12a (0.50 mmol) in THF (2.0 mL) at -78 0c.
The resulting mixture was stirred for 30 min at -78 °C before treatment with a solution of

4-bromobenzaldehyde (130 mg, 0.70 rnmol) in THF (1.0 mL). The reaction mixture was

warmed slowly up to room temperature, stirred for 12 h, poured into sat. NaHC03 aq.

solution, and extracted with diethyl ether three times. The combined organic layer was

washed with sat. ag. NaCI, dried over Na2S04, filtered, and concentrated under reduced

pressure. Purification by column chromatography gave the desired adduct 21, 22, or 23,
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respectively. Yields and spectra of products are summarized below.

(4-Bromophenyl){4-(methyl(trifluoromethyl)amino] phenyl}methanol (16).

Yield: 69%. A colorless oil; Rj= 0.23 (hexane: EtOAc = 5 : 1). IR 3280, 2977, 2872,

1790,1700,1651,1514,1374,1276,1113,1071,1011,857, 731 em-I; IH NMR (300

MHz) b = 2.74 (br 5, 1 H), 3.14 (q, J = 1 HZ,3 H), 5.87 (5, 1 H), 7.33 (d, J = 8 Hz, 2 H),

7.36 (d, J = 8 Hz, 2 H), 7.43 (d, J = 8 Hz, 2 H), 7.58 (d, J = 8 Hz, 2 H); 19F NMR (282

MHz) b = -60.9 (s); l3C NMR (75.5 MHz) b = 36.1 (q, J = 2 Hz), 75.1 (5), 121.5 (s),

123.3 (q, lJC_F = 256 Hz), 124.7 (q, J = 2 Hz), 127.2 (s), 128.1 (s), 131.6 (s), 141.0 (s),

142.2 (5), 142.4 (s); MS m/z (reI intensity) 361 (M++2, 11), 359 (M+, 8), 254 (10), 204

(22),203 (18), 202 (76), 185 (50), 183 (37), 176 (62), 165 (43), 156 (65), 105 (30), 77

(l00), 69 (40). Found: m/z 359.0133. Calcd for CISH l379BrF3NO: M, 359.0133.

(4-Bromophenyl){6-[methyl(trifluoromethyl)amino]-3-pyridyl}methanol (17).

This compound was obtained in 78% as a colorless oiL Rf = 0.37 (hexane: Et20 = 1 : 1).

IR 3373, 2358,2341, 1607, 1574, 1490, 1398, 1353, 1257, 1199, 1125, 1072, 1011, 824,

735 em-I; IH NMR (200 MHz) b = 2.27 (d, J= 4 Hz, I H), 3.25 (q, J= 2 Hz, 3 H), 5.80

(d, J= 4 Hz, I H), 7.02-7.09 em, I H), 7.21-7.28 (m, 2 H), 7.14-7.58 (m, 3 H), 8.32 (d, J =

2 Hz, 1 H); 19F NMR (188 MHz) b = -57.8 (dq, J= 2, 2 Hz); l3c NMR (50.3 MHz) 0

32.3 (5), 72.9 (5), 113.5 (s), 121.7 (s), 122.7 (q, IJC_F = 257 Hz), 128.0 (s), 131.7 (s), 133.6

(s), 136.3 (5),142.0 (5),146.1 (s), 153.2 (s); MS m/z (rei intensity) 362 (M++2, 38), 360

(M+, 41),345 (5), 343 (10),293 (33), 291 (34),266 (10), 265 (17), 264 (13), 263 (17), 205

(37),203 (100), 185 (36), 183 (30), 157 (72), 106 (17), 92 (12), 77 (59). Found: m/z

360.0073. Calcd for C14H1279BrF3N20: M, 360.0086.

(4-Bromophenyl){2-[methyl(trifluoromethyl)amino]-5-pyrimidyl}methanol (18).

Yield: 82%. A colorless powder, mp 67.8-69.4 °C; Rr= 0.41 (hexane: Et20 = 1 : 2).

IR (KEr) 3374,2960,2931,2894,2873,1602,1560,1485,1415, 1377,1324,1260, 1I80,

1130,1092,1072,1049,1011,805,735,618 em-I; IH NMR (200 MHz) 0 = 2.38 (br 5, I

H), 3.35 (q, J= 2 Hz, 3 H), 5.79 (5, 1 H), 7.22-7.27 (m, 2 H), 7.49-7.53 (m, 2 H), 8.47 (d, J

= 1 Hz, 2 H); 19F NMR (188 MHz) 0 = -57.2 (q, J= 2 Hz); I3C NMR (50.3 MHz) 0 =

31.6 (5), 71.2 (s), 122.0 (s), 121.9 (q,J= 259 Hz), 128.0 (5),129.7 (s), 131.9 (s), 141.4 (s),

156.3 (5), 158.4 (s); MS m/z (reI intensity) 363 (M++2, 34), 361 (M+, 41), 346 (9), 344

(10),294 (17), 292 (16), 266 (19),264 (21), 206 (39), 204 (100), 185 (21),183 (16),158

(48), 77 (46). Found: m/z 361.0042. Calcd for C13HI179BrF3N30: M, 361.0038.

Carboxylation of Bromoaryl(methyl)(trifluoromethyl)amines. A hexane

solution of n-BuLi (1.6 M, 0.37 mL, 0.59 rnmol) was slowly added to a stirred solution of

4m, 8a, or 12a (0.47 mmol) in THF (1.0 mL) at -78 DC. The resulting mixture was

stirred for 30 min at -78 °C, and carbon dioxide was bubbled into the mixture. The
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reaction mixture was warmed to room temperature over 30 min during CO2 bubbling, then

treated with water (ca. 0.04 mL) and MeOH (0.4 mL), and again stirred for 10 min at room

temperature before treatment with a 10 % hexane solution of trimethylsilyldiazomethane

(0.94 mmol). The resulting mixture was stirred for 30 min at room temperature, poured

into sat. aq. NaHC03, and extracted with diethyl ether three times. The combined

organic layer was washed with sat. aq. NaCI, dried over Na2S04, filtered, and concentrated

under reduced pressure. Purification by flash column chromatography gave 19,20, or 21.

Yields and spectroscopic properties of products are shown below.

Methyl 4-[Methyl(trifluoromethyl)amino]benzoate (19). Yield: 98%. A

colorless oil; R.r= 0.45 (hexane: Et20 = 10 : I). IR 2998, 2955, 2847, 1728, 1613,

1518, 1437, 1345, 1287, 1200, 1148, 1117, 1063, 1019, 774, 706 em-I; IH NMR (300

:MHz) b = 3.12 (q, J = 1 Hz, 3 H), 3.91 (s, 3 H), 7.23 (d, J = 9 Hz, 2 H), 8.01 (d, J = 9 Hz,

2 H); 19F NMR (282 MHz) b = -59.44 (s); l3C NMR (75.5 MHz) b = 35.4 (q, J = 2

Hz), 52.1 (s), 121.8 (q, J = 2 Hz), 122.8 (q, J = 257 Hz), 126.3 (s), 130.6 (s), 1146.6 (s),

166.4 (s); MS m/z (reI intensity) 234 (M++ 1, 5), 233 (M+, 41), 214 (13), 203 (11), 202

(l00), 154 (11), 132 (12), 105 (19), 104 (19),90 (12), 77 (32), 69 (26), 63 (21). Found:

m/z 233.0664. Calcd for C lOH IOF3N02: M, 233.0664.

Methyl 2-[MethyI(trifluoromethyl)amino]pyridine-5-carboxylate (20). This

ester was prepared in 45% yield from 8a as a colorless oil by a procedure similar to that of

19 expect for treatment of solid CO2 and an ethereal solution of diazomethane (excess).

RJ = 0.44 (hexane: Et20 = 5 : I). IR 2958, 1730, 1607, 1573, 1497, 1436, 1393, 1357,

1330, 1297, 1276, 1199, 1126, 1072, 1020,782 em-I; IH NMR (200 MHz) b = 3.35 (q, J

= 2 Hz, 3 H), 3.92 (s, 3 H), 7.09 (dm, J = 9 Hz, 1 H), 8.17 (dd, J = 9,3 Hz, 1 H), 8.94 (dd,

J= 3, 1 Hz, 1 H); 19F NMR (188 MHz) b = -57.1 (dq, J = 2, 2 Hz); l3C NMR (50.3

MHz) b = 31.8 (s), 52.1 (s), 111.2 (s), 120.0 (s), 122.3 (q, J= 258 Hz), 138.6 (5), 150.0 (s),

156.2 (s), 165.6 (s); MS m/z (reI intensity) 235 (M++l, 4), 234 (M+, 41), 215 (10),214

(18),203 (33), 165 (100), 148 (27), 137 (82), 106 (27), 78 (25). Found: m/z 234.0661.

Calcd for C9H9F3N202: M, 234.0662.

Methyl 2- [Methyl(trifluoromethyl)amino] pyrimidine-5-carboxylate (21).

Yield: 78%. A colorless solid, mp 11 0.5-111.8 °C; Rf = 0.32 (hexane: Et20 = 5 : 1).

IR 3056, 2965, 1719, 1607, 1553, 1497, 1418, 1399, 1320, 1254, 1196, 1136, 1092, 951,

808 cm- I ; IH NMR (300 MHz) b = 3.44 (q, J = 2 Hz, 3 H), 3.95 (s, 3 H), 9.06 (s, 2 H);

19F NMR (282 MHz) b = -57.07 (q, J= 2 Hz); 13C NMR (75.5 MHz) b = 31.7 (q, J= 2

Hz), 52.2 (s), 117.4(5), 121.4 (q,J=261 Hz), 159.3 (s), 160.8(5), 164.2(5); MSm/z(rel

intensity) 236 (M++l, 6), 235 (M+, 47),216 (16), 204 (48), 166 (78), 149 (14), 139 (17),

138 (100), 107 (12), 80 (28), 79 (18), 69 (52). Found: m/z 235.0571. Calcd for

CgHgF3N302: M, 235.0569.
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Synthesis of 6-Chloro~9-benzyl-9H-purine(23). A solution of 6-chloropurine (22,

0.31 g, 2.0 mmol) in DMF (2.0 mL) was added dropwise to a stirred suspension of NaH

(60% dispersion in mineral oil, 53 mg, 2.2 mmol) in DMF (1.0 mL) at 0 0c. The reaction

mixture was stirred at room temperature for 1 h and then cooled to 0 0c. Benzyl bromide

(0.48 mL, 4.0 mmol) was added dropwise at 0 °C, and the whole mixture was stirred at

room temperature for 3 h before quenching with sat. aq. NaHC03 and extraction with

diethyl ether three times. The combined organic phase was washed with sat. ag. NaCI,

dried over Na2S04, filtered through a Celite/silica gel (Wako Gel C-lOO) pad, and

concentrated. The residue was purified by flash column chromatography (CH2Cl2 :

MeOH = 25: 1) to give 23 (0.34 g) and 6-chloro-7-benzylpurine (23" 0.130 g) in 69% and

27% yield, respectively.

6-Chloro-9-benzyl-9H-purine (23). A white powder, mp 80.5-81.9 °C; Rf =

0.41 (CH2CI2 : MeOH = 10 : 1). IR 3102,3063,3006, 1919,1821, ]597, 1559, 1497,

1447, 1453, 1397, 1385, 1345, 1244, 1211, 1179, 1146, 1121, 953, 938, 858, 725 em-I;

IH NMR (200 MHz) 6 = 5.69 (5, 2 H), 7.15-7.22 (m, 2 H), 7.36-7.45 (m, 3 H), 8.22 (s, 1

H), 8.90 (s, 1 H); l3C NMR (75.5 MHz) 6 :: 47.5 (5), 127 6 (5), 128.4 (s), 128.8 (5),

131.1 (5), 134.3 (s), 144.9 (5), 150.5 (5), 151.5 (s), 151.7 (s); MS m/z (reI intensity) 246

(M++2, 11),245 (M++l, 20), 244 (M+, 34), 243 (M+-l, 48),182 (9), 92 (9), 91 (100),65

(36). Found: m/z 244.0517. Calcd for C12H935CIN4: M, 244.0516.

6-Chloro-7-benzylpurine (23'). A white powder, mp 141.9-143.3 °C; RJ =0.38

(CH2CI2 : MeOH = 10 : 1). IR 3030, 1603, 1537, 1483, 1456, 1395, 1367, 1335, 1287,

1169, 1075,968,743 cm- I ; IH NMR (300 MHz) 6 = 5.71 (s, 2 H), 7.15-7.23 (m, 2 H),

7.36-7.45 (m, 3 H), 8.26 (5,1 H), 8.90 (s, 1 H); 13C NMR(75.5 MHz) {) = 50.7 (5),122.5

(5), 127.0 (5), 128.9 (5), 129.3 (s), 134.5 (s), 143.2 (s), 149.1 (5), 152.6 (5), 161.9 (s); MS

m/z (reI intensity) 247 (M++3, 1),246 (M++2, 8), 245 (M++l, 6),244 (M+, 24), 243 (M+~I,

9), 92 (8), 91 (l00), 65 (22). Found: m/z 244.0515. Calcd for C 12H935CIN4: M,

244.0516.

Synthesis of 6-Methylamino-9-benzyl-9H-purine (24). Triethylamine (1.8 mL,

12.8 mmol) was added dropwise to a stirred solution of 23 (1.05 g 4.3 mmol) and

methylamine hydrochloride (1.49 g, 22.0 mmol) in dichloromethane (5.0 mL) at room

temperature. The reaction mixture was stirred at room temperature for 12 d. Quenching

with sat. NaHC03 aq. solution, extraction with diethyl ether three. times, followed by

purification by flash column chromatography (CH2Clz : MeOH =20 : 1), gave 24 (0.95 g,

93% yield) as a colorless oil. R.r = 0.33 (CHzC12 : MeOH = 20 : 1). IR 3249, 3067,

1624, 1588, 1514, 1451, 1418, 1298; 1254, 1190,729 em-I; lH NMR (300 MHz) 0 =

3.20 (br 5,3 H), 5.37 (5, 2 H); 6.30 (br S, I H), 7.25-7.38 (m, 5 1-1), 7.72 (s, 1 H), 8.46 (5, 1
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H); l3C NMR (75.5 MHz) 0 = 27.5 (m), 47.0 (5),50.7 (5), 119.7 (5), 127.6 (5), 128.3 (5),

128.9 (s), 135.6 (s), 139.4 (5), 152.1 (s), 153.3 (5), 155.5 (5); MS m/z (reI intensity) 240

(M++ I, I 1),239 (M+, 67), 238 (M+-I, 66),209 (10), 148 (59), 119 (II), 92 (II), 91 (I 00),

65 (40). Found: m/z 239.1162. Calcd for C 13H 13NS: M, 239.1171.

Ethyl N-(9-Benzyl-9H-purine-6-yl)-N-methyldithiocarbamate (25). A hexane

solution of n-BuLi (1.6 M, 0.20 mL, 0.33 mmol) was added dropwise to a solution of 24

(72 mg, 0.30 mmol) in THF (2.0 mL) at -78°C. The reaction mixture was slowly

wanned up to 0 °C over I h and then slowly treated with a solution of ethyl

chlorodithiofonnate (81 mg, 0.60 mmol) in THF (I.5 mL) at 0 0c. The resulting mixture

was stirred at room temperature for 2 h, poured into sat. aq. NaHC03. The aq. phase was

extracted with diethyl ether three times; the combined organic phase was washed with sat.

aq. NaCl, dried over Na2S04, filtered, and concentrated. The residue was purified by

flash column chromatography (hexane: Et20 ; EtOAc = 1 : 1 ; 1) to give 25 (39 mg, 37%

yield) as a brown oil. Rf = 0.43 (hexane: Et20 : EtOAc = 1 : I ; I). IR 3067, 2969,

2929, 2870, 1595, 1499, 1456, 1406, 1244, 1154, 1096, 1038, 1003, 725, 698 em-I; IH

NMR (300 MHz) () = 1.30 (t, J = 8 Hz, 3 H), 3.27 (q, J = 8 Hz, 2 H), 3.95 (s, 3 H), 5.48 (5,

2 H), 7.28-7.40 (m, 5 H), 8.11 (5, 1 H), 8.94 (5, 1 H); 13C NMR (75.5 MHz) 0 = 13.0 (5),

32.0 (5), 43.0 (5), 47.7 (s), 127.0 (5), 127.2 (5), 128.0 (5), 128.8 (5), 129.2 (5), 134.6 (s),

144.7 (5), 152.3 (s), 153.9 (5), 200.9 (5); MS m/z (reI intensity) 345 (M++2, 0.7), 344

(M++I, 1), 343 (M+, 7), 314 (16), 268 (6), 209 (7), 148 (5), 91 (100), 65 (I 8). Found:

m/z 343.0926. Calcd for CI6H17NSS2: M, 343.0925.

6-[Methyl(trifluoromethyl)amino]-9-benzyl-9H-purine (26). To a stirred

solution ofTBAH2F3 (0.24 g, 0.79 mmol) and dithiocarbamate 25 (54 mg, 0.157 mmol) in

CH2Cl2 (0.5 mL) was added DBH (0.180 g, 0.63 mmol) in one portion at 0 °C. The

resulting mixture was stirred for 1 h at 0 °C, then poured into aq.

NaHS03INaHC03INaOH solution (pH 10), and extracted with diethyl ether three times.

The combined organic phase was washed with sat. aq. NaCl, dried over Na2S04, filtered

through a Celite/silica gel (Wako Gel C-I00) pad, and concentrated. The residue was

purified by eolumn chromatography (hexane: diethyl ether = 1 : 1) to give 26 (12 mg, 25%

yield) as colorless needles; mp 89.6-90.9 °C; Rf =0.67 (Et20). IR 2926,2853, 1730,

1590,1582,1476,1458,1433,1364,1296,1237,1211,1154, 1121, 1075,731,718 em-I;

IH NMR (300 MHz) 0 = 3.73 (q, J= 2 Hz, 3 H), 5.43 (5, 2 H), 7.23-7.40 (m, 5 H), 7.94 (5,

1 H), 8.68 (5, 1 H); 19F NMR (188 MHz) 0 = -57.7 (q, J = 2 Hz); 13C NMR (75.5

MHz) () = 33.6 (q, J = 2 Hz), 47.3 (5), 121.6 (q, J = 261 Hz), 125.1 (s), 127.8 (s), 128.1 (s),

128.6 (5), 129.1 (s), 135.1 (5), 141.5 (5),151.6 (s), 152.4 (5); MS m/z (reI intensity) 308

(M++l, 3), 307 (M+, 19),306 (M+-l, 7), 210 (9),119 (9), 92 (9),91 (100),69 (7), 65 (27).

Found: m/z 307.1049. Calcd for C14H12F3Ns: M, 307.1045.
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Chapter III

Syntheses and Properties of Novel Liquid Crystals

Containing a Trifluoromethylamino Group

Abstract: LCs containing a trifluoromethylamino group are

prepared by the cross-coupling reaction of p-bromo-substituted­

(hetero)aryl(trifluoromethyl)amines that are derived from the

corresponding dithiocarbamates through oxidative desulfurization­

fluorination. The novel LCs are shown to exhibit mainly a smectic

phase over a wide range of temperatures. Their electro-optical

properties as a component of nematic LCs are compared with those

of the corresponding methylamines.
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111-1. Introduction

LCs having a fluorine-functional group show high polarity, high thennal and

chemical stability, and low viscosity because of the most electronegative fluorine atom and

the strong C-F bond. I Accordingly, various types of fluorinated LCs have been

synthesized,2 and their phase transition behaviors and electro-optical properties as an

additive for LC materials have been shown to be superior to those of the corresponding

cyano-substituted ones that are employed widely for twisted nematic displays at present.3

Such fluorinated compounds are synthesized, in general, using highly toxic reagents such

as hydrogen fluoride, metal fluorides, and/or elemental fluorine gas under harsh

conditions.4 Because of the operational difficulties in the syntheses, exploitation of novel

fluorinated LCs has been hampered. To assist the development of LC materials, mild,

efficient, and selective methods have been needed for the fluorination of organic

substrates.

Recently, the oxidative desulfurization-fluorination reaction using an N-halo imide

and a fluoride reagent is demonstrated to be a convenient fluorination method.5 This

reaction allows the replacement of C~S bonds with C-F bonds under extremely mild

conditions. For example, when the reaction is applied to methyl dithiocarbamates

RIR2NC(S)SMe, trifluoromethylamines RIR2NCF3 are readily prepared in high yields.6

The Oxidative Desulfurization-Fluorination of Dithiocarbamates

(I)

All of the preparative methods for trifluoromethylamines reported7 so far involve the

use of highly toxic and corrosive reagents under harsh conditions, and desired products are

isolated usually in low yields. The inaccessibility has hampered the systematic studies on

trifluoromethylamines, in spite of their unique properties such as resistance against

oxidation,6e weak basicity and poor nucleophilicity8 as compared with the corresponding

methylamines. Thus, trifluoromethylamines are expected to show low viscosity and high

thermal and chemical stabilities, properties essential for LC materials. Herein described

are the syntheses, phase transition behaviors, and electro-optical properties of novel LCs

containing a trifluoromethylamino group.6d
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111-2. Results and Discussion

111-2-1. Synthesis of Trifluoromethylamino-substituted LCs
with a Heterobiaryl Core

The oxidative desulfurization-fluorination of methyl N-methyl-N-2-pyridinyl­

dithiocarbamate easily gives 5-bromo-2-[methyl(trifluoromethyl)amino]pyridine (1).6c

The Author first treated 1 with n-BuLi and then with zmc chloride

·tetramethylethylenediamine complex (ZnCh·TMEDA) to give a zinc reagent, which was

reacted with I-halo-4-methoxybenzene in the presence of a [Pd(PPh3)4] catalyst.

Contrary to his expectation, the desired cross-coupled heterobiaryl 5 was not obtained in

high yield, due probably to the instability ofthe zinc reagent (see Experimental).

i) n-BuLi (1.1 mol), -78 DC, THF

ii) ZnCI2 (1.1 mol), -78 DC - rt ..
iii) p-MeO-C6H4-Y (1.1 mol)

cat. [Pd(PPh3)4], reflux

~_CFS
MeO~~{/~

N CHs

5
Y =I, 20%; Br, 9%

(2)

The Author next examined the reaction of 1 with a 4-alkyl(oxy)-substituted arylzinc

reagent prepared in the manner described above from l-alkoxy-4-bromobenzene. Yields

and phase transition temperatures of the resulting heterobiaryls are summarized in Table 1.

As one readily sees, 5-(4-alkyloxyphenyl)-2-[methyl(trifluoromethyl)amino]pyridines 5

and -pyrimidines 6 were obtained in moderate yields. In a similar way, corresponding 2­

dimethylamino derivatives 7 and 8 were also prepared, but in lower yields (entries 5,6, 12,

and 13). When a Grignard reagent was used in lieu of the zinc reagent, only a trace

amount of the desired heterobiaryl was obtained. Furthermore, a zinc reagent generated

from ZnC12·TMEDA was more effective than that from ZnC12"Et20 (compare entry 2 with

4). The coupling reaction was not applicable to the synthesis of 4­

[alkyl(trifluoromethyl)amino]-4'-alkyloxybiphenyls, because these were easily hydrolyzed

upon exposure to moisture.

--0- -(X R

R' ~-!J ZnCI + Sr ~ r~
N CHs

(1.0 mol) 1-4 (1.2 mol)

THF,reflux
R'-{ >();-N:

R
. N C~

5-8

(3)

1,5; X= CH, R = CF3

2,6; X = N, R = CF3
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Table l. Synthesis of tritluoromethylamino-substituled heterobiaryls accordinmg to equation 3.;J·b

Entry R' X R Heterobiaryl YieldJ%C Phase transition temperature/oCd

CHj) CH CFJ Sa 20 Cr 69 Iso (Iso 53 Cr)

2 n-CJHp CH CFJ 5b 58 (29)C Cr 66 SA 93 Iso (Iso 92 SA 62 Cr)

3 n-C6H 13O CH CF3 5c 67 Cr 53 SA 70 Iso (Iso 69 SA 42 Cr)

4 n-CSH170 CH CFJ 5d 20 c
Cr 51 SA 62 Iso (Iso 60 SA 36 Cr)

5 n-C3Hp CH CHJ 7b 39 Cr 128 Iso (Iso 116 Cr)

6 II-C6H I30 CH CH3 7c 35 Cr 104 Iso (Iso 96 Cr)

7 Il-C3H7 CH CF3 5e 62 Cr 54 SA 65 Isof

8 CHj) N CF3 6a 71 Cr 10 I Iso (Iso 52 Cr)

9 Il-C3HP N CF3 6b 45 Cr 94 Iso (Iso 83 Cr)

10 Il-C6H 130 N CF3 6c 38 Cr 84 Iso (Iso 60 Cr)

II ll-CgH170 N CFJ 6d 88 Cr 84 Iso (Iso 62 Cr)

12 n-C3Hp N CH3 8b 48 Cr 106 Iso (Iso 95 Cr)

13 11-C6H 130 N CH3 8c 37 Cr 96 Iso (Iso 93 Cr)

;JAil the reaction performed with an organozinc reagent (1.0 mol) and an amine (1.2 mol) in the presence of

[Pd(PPh3)4] (1.8 mol%) in THF at a reflux temperature. ~espective organozinc reagent was prepared

from l-alkyloxy-4-halobenzene by lithiation with l1-BuLi and transmetallation with ZnClz.TMEDA. CIsolated

yields are given. dMeasured by a DSC on second heating. Values in parentheses were measured by DSC on

first cooling. Cr: Crystal. Iso: Isotropic liquid. SA: Smectic A phase. 'ZnClz·EtzO was used. fDetermined by
optical polarization microscopy.

Phase transition temperatures and textures of trifluoromethylamines 5 and 6 as well

as the corresponding methylamines 7 and 8 are listed m Table 1.

Methyl(trifluoromethyl)amino-substituted pyridines 5 exhibited smectic A (SA) phase,

whereas 2-(dimethylamino)pyridines 7 lost the LC phase. Thus, a trifluoromethylamino

group appears to promote liquid crystallinity. This is the first example ofLC compounds

containing a trifluoromethylamino moiety.6c,6d The corresponding pyrimidines 6 and 8

showed melting points only. In addition, melting points of pyridines 5 and pyrimidines 6

turned out to be lower than those of 7 and 8, respectively (compare entries 3 with 6; 10

with 13).

The cross-coupling reaction of dichloro(ethyl)(4-methoxyphenyl)silane9 with 3 using

a Pd(OAch catalyst, tri(o-tolyl)phosphine, and KF in excess gave rise to heterobiaryl 6a in

66% yield (eq. 4). This procedure was also effective for the preparation of

trifluoromethylamino-substituted LCs.
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~ =N ,GFs
MeO--~ SiEtCI2 + Br, ,1-N.

N CHS
(1.7 mol)

a

66%

~N CFs
MeO---~)r~

N CHS
6a

(4)

a: i) KF (9 mol), DMF, 60 °C, 3 h,
ii) Pd(OAch (8 mol%), P(o-ToIh (8 mol%), DMF, 12D °C, 18 h

111-2-2. Trifluoromethylamino-substituted Heterobiaryls as a
Dopant for Ferroelectric LCs

Ferroelectric LCs having an (S)-2-octylamino group show chiral smectic C (Sc*)

phase in a range oftemperatures wider than those with an (S)-2-octyloxy group.ID Chiral

N-alkyl-N-methylamino-substituted LCs are reported to possess relatively low viscosity

values and an Sc* phase over a wide temperature range. I I Although these properties are

favorable as a switching element for surface stabilizing ferroelectric LC displays, the

basicity and low oxidation potential of an amino group hampered their applications. In

contrast, the low basicity and high oxidation potential of trifluoromethylamines apparently

allow such applications. The Author thus prepared a host LC mixture containing

trifluoromethylamine component 5d (phase transition temperature of this mixture: see

Figure 1) and then mixed in 2 wt% chiral dopant 9. 12 The resulting mixture showed a

phase transition of rt Sc* 48 SA 67 N 69 Iso. Response time ('to-90) of the mixture in a

LC cell (2 ~m thin) was 78 !-'-S at 25°C, whereas 'to-90 of a mixture lacking 5d was 83 !-,-s,

indicating that 5d improved both the range of the Sc* phase and the response speed.

~CF3

n-CeH170~~r-~
N CH3

5d5.0 wt%

n-CmH:m+1-() { }-o-n-C"H2n+1
m=7,n=9:28.5wt%; m=8,n=IO:28.5wt%
m=8.n=8: 19.0wt%; m=9,n=9: 19.0wl%

host mixture: Sc 44 SA 68.5 N 69.5 Iso

Figure 1. A host LC mixture containing Sd.

o

n-e"H1.p-o-COO~
9 n-CsH 13
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To estimate the thermal and chemical stability of trifluoromethylamino-substituted

LC Sc, the Author prepared an LC mixture consisting of Sc (5 wt%) and 8 other LC

compounds. The phase transition temperatures and color of the mixture did not change at

all after heating at 100°C for 50 h. Thus, the trifluoromethylamino-substituted LC

compounds are demonstrated to be thermally stable. When the mixture shown in Figure 2

was kept at -20°C for a week, no crystallization nor phase separation was detected. Thus,

the miscibility oftrifluoromethylamino-substituted LCs seems satisfactory.

n-c",H2m+'--{J <}-o- n-G"H",., n-CmH2~'--O-COO-< }-o- n-COH2n<-'

m = 7, n = 9: 2.9 wt%; m = 8. n = 9: 25.6 wt% m = 8, n = 8: 9.5 wt%; m = 9, n = 6: 9.5 wt%
m = 8, n = 6: 5.7 wt%; m = 8, n = 10: 22.8 wt% m = 8. n = 10: 9.5 wt%; m = 10, n = 8: 9.5 wt%

~CF3

n-CsH1.p~r,f-~
N CH3

Sc: 5.0 wt%

LC mixture: Sc 46 SA 61 N 69.5 Iso

Figure 2. An LC mixture containing Sc for stability test.

111-2-3. Trifluoromethylamino-substituted LCs with a 4-
Cyclohexylcyclohexenylarene Core

The Author next planned the synthesis of l-trifluoromethylamino-4-[4-(trans-4­

substituted cyclohexyl)cyclohexen-I-yl]arenes, starting with 4-bromo-N­

trifluoromethylaniline 10, 11, or 1. Lithiation of 10, 11, or 1 with n-BuLi, followed by

treatment with 4-(trans-4-propylcyclohexyl)cyclohexanone, gave a tertiary cyclohexanol,

which was converted into cyclohexene derivative 12, 13, or 14 in hot benzene in the

presence of an acid catalyst. Total yields and phase transition temperatures are

summarized in Table 2. The yields turned out to be relatively low, probably because

hydrolysis of a trifluoromethylamino group took place under the dehydration conditions.

Indeed, a product tentatively assigned as fluoroformamide 15 was detected in the synthesis

of 12a (Table 2 entry 1, see Experimental). Compounds 12, 13, and 14 exhibited a

smectic phase. In particular, cydohexenylbenzene derivative 12 and its fiuoro derivative

13 exhibited a smectic B (SB), and cyclohexenylpyridine 14 showed an SA phase over a

wide range of temperatures. As readily seen in Table 2, either the fluorine atom on a

phenyl ring or an ethyl group on nitrogen tends to make the temperature range of a smectic

phase narrower and to lower the transition temperature from a smectic phase to an

isotropic phase.
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~ R i)n-BuLi(1.2moI),THF,-78~00C

Br~.j· N: ------------p Pr
X CF3 ~

10: X =CH ii) Pr "---I-~O (1.1 mol)
11: X =CF

1: X =N iii) W cat. benzene, reflux

12: X = CH
13: X =CF
14: X = N

,R
N,

CF3

(5)

Table 2. The yields and phase transition temperatures of compounds 12,13, or 14 according to equation 5.

Entry X R H+
Phase transition temperature/oC

Product Yield/%
DSC (heating) DSC (cooling)

CH Me PPTS 12a IO Cr 24 SB 158 Iso Cr -23 SB 155 Iso

2 CH Et MS4A 12b 15 Cr 25 SB 110 Iso Cr 47 5B 110 Iso

3 CF Me p-TsOH 13a 28 < 23 SB 70 Isoa

4 CF Et p-TsOHIMS 4A 13b 9 < 23 SB 37 Isoa

5 N Me p-TsOH 14a 49 Cr 82 SA 139 Iso Cr 64 SA 138 Iso

6 N Et p-TsOHIMS 4A 14b 25 Cr 78 SA 98150 Cr 61 SA 98 Iso

aExamined by optical polarization microscopy. SB: Smectic B phase

,CH3
Pr N

\

COF
15

111-2-4. Trifluoromethylamino-substituted LCs with a 4­
Cyclohexylcyclohexylarene Core

Hydrogenation of trifluoromethylamino-substituted cyclohexyl(cyclohexenyl)­

benzenes 12, 13, or -pyridines 14 using a Raney Ni (W2) catalyst gave quantitatively I : I

to 1 : 2 mixtures of cis- : trans-isomers of 16, 17, or 18, respectively. The trans-isomers

were separated by preparative HPLC. Alternatively, isomerization of the cis-isomers of

16, 17, or 18 to the trans-isomers was effected by treatment with excess t-BuOK in hot

DMF.

Pr

i) H2' rt, I h. Raney Ni
.R solvent, quantitative yield

NCF ii) t-BuOK, DMF, heat
3 or HPLC separation

12-14

Pr
,R

N,
CFa

(6)

16-18

12,16; X =CH 13, 17; X =CF 14, 18; X =N
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In order to facilitate the synthesis of 16 in large amounts, a sequence of reactions

were carried out as shown in Scheme 1. Nitration of commercially available I-phenyl­

trans-4-(4-propyl)cyclohexylcyclohexane (19) and catalytic reduction of resulting

nitrobenzene derivative 20 gave aniline derivative 21. N-Alkylation of 21 by treatment

with n-BuLi and an alkyl iodide gave 22. To avoid dialkylation, 22a was better prepared

by the reaction of 21 with formaldehyde and NaBH4 in the presence of sodium

methoxide. 13 Treatment of 22 with n-BuLi, CS2, and Mel gave dithiocarbamate 23 in

high yields. Trifluoromethylation of 23 was quantitatively perfonned using TBAH2F3

and DBH.6d

Scheme 1. Synthesis of trifluoromemylamino-substituted LCs

a b
Pr • Pr N02

19 20

c ,R d
Pr NH2

,. Pr f\{
H

21 22

,R ,Re
Pr N .. Pr f'\\

23
CS2Me

16
CFs

R=Me: 22a, 28%; 23a, 71%; 16a, quant.
R=Et: 22b, 79%; 23b, 94%; 16b, quant.
R =n-C3H7: 22c, 80%; 23c, 81%; 16c, 94%.

a: H§04iHN03, CH2C12. 0 °C to Lt., 2 h, 81% yield; b: Pd/C, H2, EtOH, Lt., 3.5 h, 90% yield;
c: i) n-BuLi (1.0 mol), -78 to 0 °C, ii) RI (1.0 mol); d: n-BuLi (1.0 mol), CS2 (2.0 mol), Mel (2.0
mol); e: TBAHih (5.0 mol), DBH (4.0 mo]), CH~12. 0 °C. I h.

Phase transition behaviors of 16-18 and 24 are summarized in Table 3. All of

trifluoromethylamino-substituted compounds 16, 17, and 18 exhibited an SB phase14 over

a wide range of temperatures. In addition, compound 18a consisting of a

(trifluoromethylamino)pyridine mesogen exhibited a nematic phase.

Worthy of note is that, with the carbon number ofR increasing from I to 3 (or 2), the

temperature ranges of LC phase of 16, 17, and 18 became narrower, and the phase

transition took place at lower temperatures. Therefore, a long alkyl side-chain of R

appears to destabilize the mesophase (see also Table 2). In contrast, the corresponding

methylamine derivatives 24b and 24c15 did not show any LC phase; these exhibited high

melting points only. Therefore, the trifluoromethylamino substituent tends to induce

liquid crystallinity.
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I
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Chapter III

Table 3. Phase transition temperatures of compounds 16, 17, 18, and the
corresponding N-methyl coumterpart 24.

Entry X Y R Compound Phase transition temp.rCa

CH F Me 16a < 20 SB 173 Isob

2 CH F Et 16b Cr 35 SB 141 Iso

(Iso 141 SB -50)

3 CH F Pr 16c Cr 57 SB 109 Iso

(Iso 108 SB -18 Cr)

4 CF F Me 17a Cr 62 SB 10 I Isob

5 CF F Et 17b Cr 38 SB 73 Isob

6 N F Me 18a Cr 62 Sx 73 SB 120 N 121 Iso

(Iso 121 N 119 SB 70 Sx 37 Cr)

7 N F Et 18b Cr 50 SB 100 Iso

(Iso 98 SB 48 Cr)

8 CH H Me 24a Cr 59 SB 189 Isob

9 CH H Et 24b Cr 181 Isob

10 CH H Pr 24c Cr 168 Isob

aMeasured by DSC on 2nd healing. Values in parentheses were measured by DSC
on 1st cooling. b:Examined by a polarizing microscope. Sx: higher order smectic.

111-2-5. Electro-optical Properties of Trifluoromethylamino­
substituted LCs with a 4-Cyclohexylcyclohexylarene Core

Trifluoromethylamine 16a, 16b, or 24b was added (20 wt%) to the host nematic LC

mixture 16 listed in Table 4. The physical and electro-optical properties of the resulting

mixtures were measured and summarized in Table 4.
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Table 4. Physical and electro-optical properties of mixturesa of nematic LC.

TN/1°C V1hNb M 11£'c I1nd 11200 dcpc
1100dcpe 't/msb Applied VoltageN

host 55 1.60 6.7 0.092 21.0 62.0 39.2 3.2

16a 59 1.62 5.92 2.8 0.091 46.4 3.6

16b 49 1.46 5.38 0.10 0.104 28.6 90.2 65.3 3.2

24b 68 1.84 6.59 6.1 0.100 53.9 4.0

26 73 1.91 6.31 4.75 0.096

aA mixture containing 80% of a host mixturel6) and 20% of 16a, 16b, 24b, or 26. bA 61lm thick cell was

used. CExtrapolated from 11E. dAnisotropy of refractive index. eviscosity at O°C and 20°C, respectively.

Pr

26

F

When one compares 16a with 16b, a substituent effect is obvious. For example, the

nematic-isotropic phase transition temperature (TNl) of a 16a-host mixture was higher than

that of the host, whereas TNl of a 16b-host mixture became lower. Thus, 16a apparently

stabilizes the nematic phase of the host.

The ~c value of the 16b-host mixture was extrapolated to 100% purity to estimate

~c' of 16b to be 0.10, much smaller than ~£' of 16a or 24b. When one compares ~c' of

16a with that of 26, it is obvious that a -N(CF3)Me group induces ~£ in a degree

comparable with a fluoro-substituent.

Upon addition of 16a to the host LC mixture, TNl of the resulting mixture became

slightly higher than that of the host without any change of threshold voltage (Vth) (compare

host and 16a in Vth). Since the phase transition temperatures remained unchanged after

50 h at 100°C, trifluoromethylamines 16 can be used as a thermally stable nematic LC

component. In particular, because the 16-host mixture did not cause precipitation or

phase separation when kept at -20°C for 7 days, trifluoromethylamines 16a-16c have

excellent solubility in nematic LCs.

111-3. Conclusion

The Author has described the syntheses, phase transition behaviors, and electro­

optical properties of CF3N-substituted LCs. These compounds are easily accessible by
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the reaction ofp-bromo-substituted (hetero)aryl(trifluoromethyl)amines or by the oxidative

desulfurization-fluorination of the dithiocarbamates with all the carbon frameworks fully

set up. They show mostly a smectic phase over a wide range of temperatures. The

liquid crystallinity and electro-optical properties of these compounds are better than those

of the corresponding methylamines, and thus the CF3N-substituted LCs should find wide

applications as a stable component of a chiral smectic C or nematic LCs mixture.

111-4. Experimental

Measurements.

Following measurements of physical and electro-optical propelties for LCs apply to

all of the experimental parts of this Thesis. A sample for measurements of M:, I'J.n, VIII'

and T was prepared by mixing a compound with a standard LC material. The LC mixture

was sealed in a polyimide rubbed cell of about 6 !,un thickness. A rectangular electric

field of 1 kHz was applied to the cell, and the intensity change of linearly polarized light

transmitted through a pair of crossed polarizers was observed with a photodiode. Values

of tlc were recorded on a YHP 4192A impedance analyzer by measuring electrical

response. Values of 6.11 were obtained by an ATAGO 4T Abbe's refractometer. Vth was

expressed as the voltage for 90% of maximum transmittance. Rising switching time (tr )

and decay switching time (Td) were obtained respectively as electro-optical response from

100% to 10% and from 0% to 90%. Values T were estimated when Lr became equal to Ld

at a properly applied voltage.

General Procedure for the Preparation of Heterobiaryl-type LCs.

Method A: A hexane solution of n-BuLi (1.60 M, 0.69 mL, 1.1 mmol) was slowly

added dropwise to a stirred solution of 5-bromo~2-[methyl(trifluoromethyl­

amino)]pyridine6e (la, 1.00 mmol) in THF (or DME) (2.0 mL) at -78 °e. The resulting

mixture was stirred for 10 min at -78°C before addition of ZnClrTMEDA complex (l.1O

mmol). The reaction mixture was wanned slowly up to room temperature and stirred for

1 h at room temperature before a solution of l~alkyloxy-4-halobenzene(1.10 mmol) and

[Pd(PPh3)4J (22 mg, 0.019 mmol, 1.9 mol%) in THF (or DME) (1.0 mL) was added. The

resulting mixture was heated to reflux until all the substrate was consumed and then

poured into sat. NaHC03 aq. solution. The organic layer was separated; the aq. layer was

made alkaline (pH 10) with KoH and extracted three times with Et20. The combined

organic layer was washed widl sat. aq. NaCl, dried over Na2S04, filtered, and concentrated
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ill vaCl/o. The residue was purified by flash column chromatography followed by HPLC

to give the desired heterobiaryL

Method B: A 1.6 M solution of Il-BuLi in hexane (0.75 mL, 1.2 mmol) was slowly

added dropwise to a stirred solution of l-alkyloxy-4-bromobenzene (1.00 mmo!) in THF

(2.0 mL) at -78°C. The resulting mixture was stirred for 30 min at -78 °C before

addition of a solution of ZnClrTMEDA (1.00 M, 1.20 mL, 1.20 mmol). The reaction

mixture was wanl1ed slowly up to room temperature, stirred for I h at the same

temperature, and then treated with a solution of la (1.20 mmol) and [Pd(PPh3)4] (21 mg,

0.018 mmol, 1.8 mol%) in THF (4.0 mL). The resulting reaction mixture was heated to

reflux, stirred until all the substrate was consumed, and poured into sat. NaHC03 ag.

solution. Workup and purification by column chromatography followed by HPLC, gave

the desired heterobiaryl.

5-(4-Methoxyphenyl)-2-[methyl(trifluoromethyl)amino] pyridine (Sa). Yield:

20% (Method A, from l-iodo-4-methoxybenzene, in THF), 9% (Method A, from I-bromo­

4-methoxybenzene, in THF), 25% (Method A, from 4-methoxy-I-iodobenzene, in DME),

12% (Method A, from I-bromoA-metboxybenzene, in DME). Colorless needles, mp

69°C (DSC on heating); Rf= 0.42 (CHzClz). IR (KEr) 2967, 2944, 2917, 2843, 1608,

1559, 1521, 1459, 1429, 1438, 1423, 1362, 1344, 1255, 1243, 1188, 1125, 1068, 1043,

1027,916,822,702,619 em-I; IH NMR(200 MHz) b = 3.29 (g, J= 2 Hz, 3 H), 3.85 (s,

3 H), 6.95-7.03 (m, 3 H), 7.43-7.52 (m, 2 H), 7.78 (dd, J = 3,9 Hz, I H), 8.55 (d, J = 3 Hz,

1 H); 19F NMR (188 MHz) b = -57.9 (s); l3C NMR (50.3 MHz) 0 = 32.3 (s), 55.3 (s),

113.6 (s), 114.5 (s), 122.9 (g, J = 256 Hz), 127.8 (s), 129.8 (s), 131.3 (s), 135.8 (s), 145.7

(s), 152.4 (s), 159.5 (s); MS m/z (reI intensity) 283 (M++l, 16),282 (M+, 100),213 (55),

198 (10),186 (68),185 (28), 170 (16),143 (11),142 (6),141 (9), 140 (11). Found: m/z

282.0971. CaIcd for C14H13F3NZO: M, 282.0980.

2-[Methyl(trifluoromethyl)amino]-S-(4-propoxyphenyl)pyridine (5b). Yield:

16% (Method A, from l-iodo-4-propoxybenzene, in DME), 58% (Method B), 29%

(Method B, ZnCh-EtzO was used). Colorless needles, phase transition temp.l°C: Cr 66

SA 93 Iso (on heating), Iso 92 SA 62 Cr (on cooling); Rf = 0.50 (CHzClz). IR (KEr)

2975,2945, 1607, 1558, 1491, 1362, 1340,1285, 1243, 1125,1069,976,822 em-I; IH

NMR (200 MHz) b = 1.05 (t, J = 7 Hz, 3 H), 1.60-2.00 (m, 2 H), 3.29 (g, J = 2 Hz, 3 H),

3.96 (t, J = 6 Hz, 2 H), 6.94-7.19 (m, 3 H), 7.39-7.53 (m, 2 H), 7.78 (dd, J = 3,9 Hz, 1 H),

8.54 (d, J = 3 Hz, 1 H); 19F NMR (188 MHz) b = -57.9 (dg, J = 2, 2 Hz); l3C NMR

(50.3 MHz) b = 10.5 (s), 22.6 (5), 32.3 (5),69.8 (s), 113.7 (s), 115.1 (5), 122.9 (g, J = 257

Hz), 127.8 (5),129.6 (5), 131.4 (s), 135.7 (s), 145.7 (5),152.4 (s), 159.1 (5); MS mlz (rei

intensity) 311 (M++l, 14),310 (M+, 73), 268 (12), 267 (14), 248 (10),199 (56),172 (100),
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170 (22), 143 (13), 141 (6). Found: m/z 310.1292. Calcd for CI6H17F3N20 : M,
310.1293.

5-(4-HexyloxyphenyI)-2-[methyl(trifluoromethyl)amino)pyridine (Sc). Yield:

II % (Method A, from 1-hexyloxy-4-iodobenzene, in DME), 67% (Method B). Colorless

needles, phase transition temp./°C: Cr 53 SA 70 Iso (on heating), Iso 69 SA 42 Cr (on

cooling); Rf = 0.65 (CH2Cb). IR (KBr) 2965, 2941, 2868, 1605, 1492, 1438, 1421,

1359, 1286, 1252, 1246, 1189, 1096, 1076, 1026, 822 em-I; IH NMR (200 MHz) 6 =

0.91 (t, J= 6 Hz, 3 H), 1.25-1.87 (m, 8 H), 3.29 (q, J= 2 Hz, 3 H), 4.00 (t, J= 6 Hz, 2 H),

6.93-7.17 (m, 3 H), 7.39-7.51 (m,2 H), 7.78 (dd, J= 2,9 Hz, 1 H), 8.54 (d, J= 2 Hz, 1 H);

19F NMR (188 MHz) b = -57.9 (s); l3C NMR (50.3 MHz) 6 = 14.0 (5), 22.6 (5), 25.7 (5),

29.2 (5), 31.6 (5), 32.3 (5), 68.1 (s), 113.6 (5), 115.1 (5), 122.9 (q, J = 256 Hz), 127.8 (5),

129.6 (5), 131.4 (5), 135.7 (5),145.6 (s), 152.4 (s), 159.1 (5); MS m/z (reI intensity) 353

(M++1, 14),352 (M+, 58), 268 (30),248 (12), 199 (51), 172 (100), 171 (42), 170 (19), 115

(II). Found: m/z 352.1761. Calcd forCI9H23F3N20: M, 352.1762.

2-[Methyl(trifluoromethyl)amino]-5-(4-octyloxyphenyl)pyridine (5d). Yield:

15% (Method A, from 1-iodo-4-octyloxybenzene, in DME), 20% (Method B, ZnCb·Et20

was used). Colorless needles, phase transition temp./°C: Cr 51 SA 62 Iso (on heating),

Iso 60 SA 36 Cr (on cooling); Rf= 0.67 (CHzClz). IR (KBr) 2961, 2935, 2919, 2853,

1607, 1559, 1522, 1493, 1474, 1437, 1423, 1385, 1363, 1341, 1290, 1250, 1185, 1131,

1099, 1021, 918, 844, 825, 711 em-I; IH NMR (200 MHz) 6 = 0.89 (t, J = 6 Hz, 3 H),

1.29-1.88 (m, 12 H), 3.29 (q, J:= 2 Hz, 3 H), 3.99 (t, J= 6 Hz, 2 H), 6.93-7.19 (m, 3 H),

7.42-7.51 (m, 2 H), 7.77 (dd,J= 3, 9 Hz, 1 H), 8.54 (d,J= 3 Hz, 1 H); 19FNMR(188

MHz) 6 = -57.9 (dq, J = 2, 2 Hz); I3C NMR (50.3 MHz) b = 14.1 (s), 22.6 (5), 26.1 (5),

29.3 (s), 29.4 (s), 31.8 (5), 32.3 (s), 68.1 (5), 113.6 (s), 115.1 (s), 122.9 (g, J = 256 Hz),

127.8 (5), 129.6 (5), 131.4 (5), 135.7 (5), 145.6 (s), 152.4 (5), 159.1 (5); MS m/z (reI

intensity) 381 (M++1,24),380 (M+, 100), 268 (35),248 (11), 199 (36), 172 (75), 171 (29),

170 (14), 143 (8). Found: m/z 380.2065. Calcd for CZIH27F3N20 : M, 380.2075.

5_(4_Methoxyphenyl)-1-[methyl(trifluoromethyl)amino]pyrimidine (6a). Yield:

9% (Method A, from l-iodo-4-methoxybenzene, in THF), 71 % (Method B). Colorless

needles, mp 101°C (DSC on heating); Rf= 0.57 (CH1Cb). IR (KEr) 2966,2943,2919,

2845, 1604, 1548, 1470, 1416, 1318, 1289, 1251, 1207, 1182, 1132, 1113, 1089, 1030,926,

835,823, 797, 713,619 em-I; IH NMR (200 MHz) 6 = 3.40 (g, J= 2 Hz, 3 H), 3.86 (s, 3

H), 6.97-7.05 (m, 2 H), 7.40-7,49 (m, 2 H), 8.70 (s, 2 H); I9F NMR (188 MHz) 6 = -57.0

(q, J = 2 Hz); l3C NMR (50.3 MHz) 6 = 31.7 (s), 55.4 (5), 114.8 (5), 122.0 (g, J = 258

Hz), 126.8 (s), 127.6 (5), 155.3 (5), 158.0 (s), 159.9 (5); MS m/z (reI intensity) 284 (M++l,

15),283 (M+, 100),214 (54), 187 (69),185 (23), 171 (24), 160 (23), 155 (I5), 89 (42).

Found: m/z 283.0941. Calcd forC13HI2F3N30: M, 283.0932.
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2-fMethyl(trifluoromethyl)amino] -5-(4-propoxyphenyl)pyrimidine (6b). Yield:

24% (Method A, from l-iodo-4-propoxybenzene, in THF), 45% (Method B). Colorless

needles, mp 94°C (DSC on heating); R.r= 0.65 (CH2Ch). IR (KBr) 2968, 2945, 2914,

2884, 1602, 1544, 1489, 1472, 1420, 1386, 1335, 1289, 1252, 1209, 1181, 1133, 1120,

1092,1021,1011,926,839,822,799,718,629,614 em-I; IH NMR (200 MHz) 0 = 1.05

(t, J = 7 Hz, 3 H), 1.70-2.00 (m, 2 H), 3.40 (q, J = 2 Hz, 3 H), 3.96 (t, J= 7 Hz, 2 H), 6.95­

7.07 (m, 2 H), 7.36-7.47 (m, 2 H), 8.70 (s, 2 H); 19F NMR (188 MHz) 0 = -57.0 (q, J= 2

Hz); l3e NMR (50.3 MHz) 0 = 10.4 (s), 22.5 (s), 31.7 (s), 69.7 (s), 115.4 (s), 122.1 (q, J

= 258 Hz), 126.5 (s), 127.6 (s), 155.2 (s), 158.0 (s), 159.5 (s); MS m/z (rei intensity) 312

(M++l, 14),311 (M+, 81), 269 (29), 268 (12), 200 (57),173 (100),172 (33),171 (3), 146

(18). Found: m/z 311.1238. Calcd for ClsH16F3N30: M, 311.1245.

S-(4-Hexyloxyphenyl)-2-(methyl(trifluoromethyl)amino] pyrimidine (6c).

Yield: 9% (Method A, from I-hexyloxy-4-iodobenzene, in THF), 38% (Method B).

Colorless needles, mp 84°C (DSC on heating); Rf = 0.74 (CH2Cb). IR (KEr) 2963,

2937, 2920, 2877,2856, 1602, 1545, 1485, 1469, 1419, 1382, 1333, 1285, 1208, 1183,

1126,1086,1028,842,822,632,614 em-I; IH NMR (200 MHz) 0 = 0.91 (t, J= 6 Hz, 3

H), 1.10-2.00 (m, 8 H), 3.40 (q, J = 2 Hz, 3 H), 4.00 (t, J = 6 Hz, 2 H), 6.99 (d, J = 9 Hz, 2

H), 7.43 (d, J = 9 Hz, 2 H), 8.69 (s, 2 H); 19F NMR (I88 MHz) 0 = -57.0 (q, J = 2 Hz);

BC NMR (50.3 MHz) 0 = 14.0 (5), 22.6 (s), 25.7 (s), 29.2 (s), 31.5 (s), 31.8 (s), 68.2 (s),

115.4 (5), 122.1 (q, J = 258 Hz), 126.5 (s), 127.7 (s), 155.3 (5), 158.0 (s), 159.5 (5); MS

mlz (reI intensity) 354 (M++I, 13),353 (M+, 64),269 (57), 200 (48),173 (I 00), 146 (12).

Found: m/z 353.1709. Calcd for C18H22F3N30: M, 353.1715.

2-(Methyl(trifluoromethyl)amino]-S-(4-octyloxyphenyl)pyrimidine (6d). Yield:

10% (Method A, from l-iodo-4-oetyloxybenzene, in THF), 88% (Method B). Colorless

needles, mp 84°C (DSC on heating); Rf= 0.76 (CH2CI2). IR (KEr) 2964,2937,2922,

2876, 2855, 1603, 1544, 1491, 1470, 1421, 1390, 1334, 1287, 1250, 1210, 1183, 1134,

1089, 1029,993,842,829,799,721,614 em-I; IH NMR (200 MHz) 0 = 0.89 (t, J= 6

Hz, 3 H), 1.22-1.53 (m, 10 H), 1.73-1.87 (m, 2 H), 3.40 (q,J= 2 Hz, 3 H), 3.99 (t,J= 7 Hz,

2 H), 6.99 (d, J= 9 Hz, 2 H), 7.42 (d, J= 9 Hz, 2 H), 8.69 (5, 2 H); 19F NMR (I88 MHz)

0= -57.0 (g, J = 2 Hz); Be NMR (50.3 MHz) 6 = 14.0 (5), 22.6 (5), 26.0 (5), 29.2 (s),

29.3 (5),31.8 (5), 68.2 (s), 115.4 (5), 122.1 (g, J = 258 Hz), 126.5 (5), 127.6 (s), 155.2 (5),

158.0 (s), 159.5 (5); MS m/z (rei intensity) 382 (M++ 1, 14), 381 (M+, 61),269 (77), 268

(17),249 (10), 200 (49),173 (l00), 172 (30),171 (24). Found: mlz 381.2035. Calcd for

C20H26F3N30: M, 381.2028.

2-[Methyl(trifluoromethyl)amino]-S-(4-propylphenyl)pyridine (Se). Yield:

62% (Method B). Colorless needles, phase transition temp.fOC: Cr 54 SA 65 Iso; Rf=

0.78 (CH2Ch). IR (KEr) 2965,2935, 1606, 1558, 1490, 1362, 1342, 1280, 1245, 1127,
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1071,810,677 em-I; IH NMR (200 MHz) & = 0.97 (t, J= 7 Hz, 3 H), 1.68 (qt, J= 7,7

Hz, 2 H), 2.63 (t, J= 7 Hz, 2 H), 3.29 (q, J= 2 Hz, 3 H), 7.15 (dm, J= 9 Hz, 1 H), 7.23­

7.29 (m, 2 H), 7.46 (td, J = 2,8 Hz, 2 H), 7.80 (dd, J= 3, 9 Hz, 1 H), 8.57 (dd, J = 1,3 Hz,

1 H); 19F NMR (188 MHz) 0 = -57.9 (g, J = 2 Hz); I3C NMR (50.3 MHz) &= 13.8 (s),

24.5 (s), 32.3 (s), 37.7 (s), 113.6 (s), 122.9 (g, J= 257 Hz), 126.6 (s), 129.2 (s), 131.5 (s),

134.7 (s), 136.0 (s), 142.4 (s), 145.9 (s), 152.7 (s); MS 111/Z (reI intensity) 295 (M++l, 18),

294 (M+, 100), 265 (95), 225 (48), 198 (58), 197 (23), 169 (37), 168 (13). Found: m/z

294.1340. Calcd for CI6H17F3N2: M, 294.1344.

Synthesis of Dimethylamino-substituted Heterobiaryls.

5-Bromo-2-(dimethylamino)pyridine (3). 2-Dimethylammopyridine (0.25 mL,

2.0 mmol) was added dropwise to a stirred suspension of DBH (0.69 g, 2.4 mmol) in

diehloromethane (4.0 mL) at -78°C. The reaction mixture was stirred for 50 min at

-78 °C and poured into sat. ag. NaHC03. Workup and silica-gel column chromatography

(hexane: Et20 = 5 : 1, Rf= 0.35) gave 3 (0.22 g, 54% yield) as colorless needles (mp 40.5­

42.0°C). IR (KBr) 2925, 2855,1597,1509,1392, 1319, 1214, 1154,983,807,764,632

em-I; IH NMR (200 MHz) 0 = 3.05 (s, 6 H), 6.38 (d, J = 9 Hz, 1 H), 7.47 (dd, J = 3, 9

Hz, 1 H), 8.15 (d, J= 3 Hz, 1 H); I3C NMR (50.3 MHz) & = 38.1 (s), 105.9 (s), 107.2 (s),

139.3 (s), 148.3 (s), 157.8 (s); MS m/z (reI intensity) 203 (M++3, 4), 202 (M++2, 46),

201 (M++I, 10),200 (M+, 48), 187 (54), 185 (56), 173 (71), 171 (71), 158 (34), 156 (26),

78 (50),44 (100). Found: m/z 199.9957. Calcd for C7H979BrN2: M, 199.9950.

5-Bromo-2-(dimethylamino)pyrimidine (4). Produced in 86% yield (1.74 g, 8.6

mmol) as colorless needles (mp 79.7-80.4 °C) from 2-dimethylaminopyrimidine (1.23 g,

10.0 mmol) by a procedure similar to that for the preparation of 3. Rf= 0.58 (hexane:

Et20 = 1 : 1). IR (KBr) 3025,3012,2934,2862,2780, 1588, 1525, 1410, 1401,1378,

1310, 1296, 1200, 1168, 1118, 1052,968,939,785, 774, 643 em-I; IH NMR (200 MHz)

& = 3.15 (s, 6 H), 8.28 (s, 2 H); l3C NMR (50.3 MHz) 0 = 37.2 (s), 105.1 (s), 157.6 (s),

160.4 (s); MS m/z (reI intensity) 204 (M++3, 7), 203 (M++2, 99), 202 (M++l, 30), 201

(M+, 100), 188 (69), 186 (72), 174 (79), 172 (77), 160 (18), 158 (18). Found: m/z

200.9889. Calcd for C6Hg79BrN3: M, 200.9902.

2-(Dimethylamino)-5-(4-propoxyphenyl)pyridine (7b). Yield: 39% (Method B).

Colorless needles, mp 128 °C (DSC on heating); Rf = 0.24 (hexane: Et20 = 3 : 1). IR

(KBr) 2965, 2928, 1605, 1557, 1507, 1421, 1387, 1338, 1274, 1248, 1189, 1068,988,973,

960,834,822,806,668 em-I; IH NMR (200 MHz) 0 = 1.04 (t, J= 6 Hz, 3 H), 1.72-1.92

(m,2 H), 3.12 (s, 6 H), 3.94 (t, J = 6 Hz, 3 H), 6.57 (dd, J = 1, 9 Hz, 1 H), 6.94 (d, J = 9

Hz, 2 H), 7.42 (d, J = 9 Hz, 2 H), 7.64 (dd, J =3,9 Hz, 1 H), 8.38 (dd, J = 1,3 Hz, 1 H);

l3C NMR (50.3 MHz) 0 = 10.5 (5), 22.6 (s), 38.2 (s), 69.6 (5), 105.7 (s), 115.7 (5), 124.4
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(s), 127.1 (s), 131.1 (s), 135.5 (s), 145.7 (s), 158.2 (s), 158.3 (s); MS m/z (reI intensity)

257 (M++l, 18),256 (M+, 100),241 (21),227 (48),213 (44),199 (15),185 (31),184 (14),

171 (18),170 (17),115 (12). Found: m/z 256.1579. Calcd for C16H20N20: M,

256.1576.

2-(Dimethylamino)-5-(4-hexyloxyphenyl)pyridine (7c). Yield: 35% (Method B).

Colorless needles, mp 104 DC (DSC on heating); RI = 0.24 (hexane; Et20 = 3 : 1). IR

(KEr) 2954,2934,2870,2864,1612,1557,1508,1389, 1338, 1282,1251,1219,1191,

1026,961,838, 806, 690, 669 em-I; IH NMR (200 MHz) 0 = 0.90 (t, J = 6 Hz, 3 H),

1.25-1.83 (m, 8 H), 3.11 (5,6 H), 3.98 (t, J= 6 Hz, 3 H), 6.56 (dd, J= 1,9 Hz, 1 H), 6.94

(d, J= 9 Hz, 2 H), 7.42 (d, J= 9 Hz, 2 H), 7.64 (dd, J= 3, 9 Hz, I H), 8.38 (dd, J= 1,3 Hz,

1 H); 13C NMR (50.3 rvIHz) 0 = 14.0 (s), 22.6 (s), 25.7 (s), 29.3 (s), 31.6 (5), 38.2 (s),

68.1 (s), 105.7 (s), 115.0 (s), 124.4 (5),127.1 (5), 131.1 (s), 135.5 (s), 145.6 (5),158.2 (s),

158.3 (s); MS m/z (rei intensity) 300 (M++2, 4), 299 (M++l, 41), 298 (M+, 100),283

(17),269 (48), 213 (59), 199 (34), 185 (78), 184 (17), 171 (27), 170 (21), 115 (12).

Found: m/z 298.2044. Calcd for C19H26N20: M, 298.2045.

2-(Dimethylamino)-5-(4-propoxyphenyl)pyrimidine (8b). Yield: 48% (Method

B). Colorless needles, mp 106 DC (DSC on heating); Rf= 0.38 (hexane: Et20 = I : 1).

IR (KEr) 2964, 2934,2876,2859,1606,1534,1510,1409,1394,1328,1284, 1277, 1253,

1242,1178,1117,1069,993,971,838,827,795 em-I; IH NMR (200 rvIHz) 0 = 1.04 (t,

J = 6 Hz, 3 H), 1.60-2.00 (m, 2 H), 3.22 (5, 6 H), 3.95 (t, J = 6 Hz, 2 H), 6.96 (d, J = 9 Hz,

1 H), 7.38 (d, J = 9 Hz, 2 H), 8.51 (s, 2 H); 13C NMR (50.3 rvIHz) 0 = 10.5 (s), 22.6 (s),

37.2 (s), 69.6 (5), 115.2 (s), 121.9 (s), 126.9 (s), 128.2 (5), 155.4 (s), 158.6 (s), 161.3 (s);

MS m/z (reI intensity) 258 (M++l, 17),257 (M+, 100),228 (16), 214 (6),186 (60),185 (7),

171 (16). Found: m/z 257.1525. Calcd for CIsHI9N30: M, 257.1528.

2-(Dimethylamino)-5-(4-hexyloxyphenyl)pyrimidine (Sc). Yield: 37% (Method

B). Colorless needles, mp 96 DC (DSC on heating); Rf= 0.22 (hexane: Et20 = 3 : 1).

IR (KEr) 2950, 2940, 2869, 2785, 1604, 1534, 1511, 1467, 1409, 1374, 1324,1307, 1282,

1251, 1203, 1177, 1115, 1058, 1028, 972, 837, 822, 657 em-I; IH NMR (200 rvIHz) 0 =

0.91 (t, J = 6 Hz, 3 H), 1.20-1.90 (m, 8 H), 3.23 (s, 6 H), 3.98 (t, J = 6 Hz, 2 H), 6.96 (d, J

= 9 Hz, 2 H), 7.38 (d, J = 9 Hz, 2 H), 8.51 (s, 2 H); l3C NMR (50.3 MHz) 45 = 14.0 (s),

22.6 (s), 25.7 (s), 29.2 (s), 31.6 (s), 37.2 (s), 68.1 (s), 115.2 (s), 121.9 (s), 126.8 (s), 128.1

(s), 155.4 (s), 158.1 (s), 161.3 (s); MS m/z (rel intensity) 300 (M++l, 20), 299 (M+, 100),

215 (49), 214 (49), 200 (33), 186 (89), 171 (16). Found: mlz 299.2003. Calcd for

CIsH2SN30: M, 299.1998.

Reaction of Dichloro(ethyl)-4-methoxyphenylsilane with 5-Bromo-2-

[methyl(trifluoromethyl)amino)]pyrimidine (2a). To a suspension of potassium
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fluoride (174 mg, 3.0 mmol) in DMF (1.0 mL) were added dichloro(ethyl)-4~

methoxyphenylsilane (138 mg, 0.58 mmol) and 2a (89 mg, 0.34 mmol); the resulting

mixture was stirred for 3 h at 60°C. The reaction mixture was allowed to cool to room

temperature; a solution of palladium(II) acetate (Pd(OAc)l, 6.0 mg, 0.026 mmol) and tri(o­

tolyl)phosphine (8.0 mg, 0.026 mmol) in DMF (1.0 mL) was added dropwise to the

mixture. The whole mixture was stirred at 120°C for 18 h, then cooled to room

temperature, poured into sat. ag. NaCl, and extracted three times with ethyl acetate. The

combined organic extracts were then dried over MgS04 and filtered. Removal of the

solvent under reduced pressure afforded a crude material, which was purified by thin-layer

silica-gel chromatography (CH2CI2) to give 6a (64 mg, 66%) as colorless needles.

1-{4-IMethyl(trifluoromethyl)amino]phenyl}-(trans-4­

propylcyclohexyl)cyclohexene (12a). A hexane solution of n-BuLi (1.6 M, 1.35 mL, 2.2

mmol) was added dropwise to a stirred solution of 4-bromo-N-methyl-N­

trifluoromethylaniline (lOa, 0.50 g, 1.97 mmot) in THF (2.0 mL) at -78°C under an argon

atmosphere. The solution was allowed to warm to -30 °C over 1 h before a THF (2.0

mL) solution of4-(trans-4-propylcyclohexyl)cyclohexanone (0.50 g, 2.2 mmol) was added

dropwise at the same temperature. After being stirred for 3 h at room temperature, the

resulting mixture was treated with ag. NaHC03 solution, the ag. phase was extracted three

times with Et20. The combined organic phase was washed with sat. ag. NaCI, dried over

Na2S04, filtered, and concentrated. A stirred solution of the residual oil in benzene (15

mL) and pyridinium p-toluenesulfonate (PPTS, 20 mg) was heated to reflux for 20 min.

The reaction mixture was poured into a NaHC03 solution; the ag. phase was extracted

with Et20 three times. The combined organic phase was dried over anhydrous sodium

sulfate, filtered, and concentrated. The residue was purified by column chromatography

(hexane) to give 12a (73 mg, 10% yield) as colorless needles and carbamic acid fluoride

derivative 15 (0.48 g, 68% yield).

Compound 12a showed phase transition temperature/oC: Cr 24 SB 158 Iso (on

heating), Iso 155 SB -23 Cr (on cooling) (recryst. from EtOH); Rf= 0.79 (hexane: £t20

= 10: I). IR (KEr) 2915, 2849,1613,1518,1445,1345,1283,1260,1208,1148,1094,

1061, 924, 803 em-I; 1H NMR (200 MHz) 0 = 0.88 (t, J = 7 Hz, 3 H), 0.76-1.54 (m, 12

H), 1.64-2.05 (m, 6 H), 2.15-2.54 (m, 3 H), 3.02 (g, J = I Hz, 3 H), 6.06-6.16 (m, 1 H),

7.17 (d, J = 9 Hz, 2 H), 7.35 (d, J = 9 Hz, 2 H); 19F NMR (188 MHz) a= -61.04 (s);

MS m/z (reI intensity) 380 (M++I, 19), 379 (M+, 75), 357 (21), 254 (25), 240 (36), 227

(100),215 (65),205 (22),201 (47), 188 (50), 129 (68), 109 (26), 83 (42), 81 (34),69 (97).

Found: m/z 379.2485. Calcd for C23H32F3N: M,379.2487.

N_Methyl_N_I4_(trans-4-propylcyclohexyl)cyclohexen-l-ylphenyl]carbamic

81



Chapter III

Fluoride (15) showed phase transition temperatureJOC: Cr 85 Sx 107 Sc 117 N 137 Iso;

Rr= 0.54 (hexane: Et20 = 10 : 1). 1H NMR (200 MHz) ;) = 0.88 (t, J = 7 Hz, 3 H), 0.84­

1.45 (rn, 12 H), 1.72-2.06 (rn, 6 H), 2.19-2.50 (m, 3 H), 3.34 (s, 3 H), 6.02-6.13 (m, 1 H),

7.14 (d, J = 9 Hz, 2 H), 7.39 (d, J = 9 Hz, 2 H); 19F NMR (188 MHz) 6 = -16.6 (s);

MS m/z (reI intensity) 359 (M++2, 4),358 (M++1, 24), 357 (M+, 100),233 (23),232 (37),

218 (66),205 (91),193 (42), 180 (14),179 (84),166 (37),164 (20),157 (15),129 (26),

123 (13),115 (16),109 (35), 83 (26), 81 (22),69 (57).

1-{4-1Ethyl(trifluoromethyl)amino]phenyl} -trans-4-(trans-4­

propylcyclohexyl)cyclohexene (l2b). In a manner similar to the synthesis of 12a,

compound 12b (48 mg, 15% yield) was prepared from lOb (0.22 g, 0.81 mmol) as

colorless needles using PPTS (3 mg) and MS 4A. Phase transition temperature/oC: Cr 25

SB 110 Iso (on heating), Iso 110 SB -47 Cr (on cooling) (recryst. from EtOH); RJ= 0.82

(hexane: EtOAc = 20 : 1). IR (KEr) 2915, 2849, 1800, 1518, 1449, 1379, 1269, 1191,

1146, 1098, 1057,912,804 cm- I; lH NMR (200 MHz) b = 0.88 (t, J= 7 Hz, 3 H), 1.07

(t, J = 7 Hz, 3 H), 0.78-1.43 (m, 11 H), 1.72-2.03 (m, 7 H), 2.20-2.51 (m,3 H), 3.35-3.45

(m, 2 H), 6.08-6.14 (m, 1 H), 7.17 (d, J= 9 Hz, 2 H), 7.36 (d, J= 9 Hz, 2 H); I9F NMR

(188 MHz) 6 = -58.18 (5); MS m/z (reI intensity) 394 (M++l, 18),393 (M+, 72), 371

(38), 268 (21), 254 (30), 241 (78),232 (22),229 (54), 215 (33),202 (28), 193 (31), 129

(58), 128 (41), 109 (29), 83 (40), 69 (100). Found: m/z 393.2635. Calcd for

C2~34F3N: M, 393.2643.

1-{3-Fluoro-4-Imethyl(trifluoromethyl)amino]phenyl}-4-(trans-4­

propylcyclohexyl)cyclohexene (13a). Cyclohexene derivative 13a (49 mg, 28% yield)

was prepared from 11a (117 mg, 0.43 mmol) using p-tolueneslufonic acid monohydrate

(11 mg) as a catalyst. Colorless needles, phase transition temperaturefOC: Cr 62 SB 101

Iso (recryst. from EtOH); RJ= 0.46 (hexane). IR (KEr) 2921, 2851,1570,1516,1437,

1345, 1296, 1210, 1152, 1084, 1067,814, 741 cm- l ; IH NMR (200 MHz) 6 = 0.88 (t, J =

7 Hz, 3 H), 0.78-1.49 (m 12 H), 1.68-2.08 (rn, 6 H), 2.18-2.43 (m, 3H), 3.00 (g, J = 1 Hz, 3

H), 6.11-6.14 (m, 1 H), 7.05-7.21 (m, 3 H); 19F NMR (188 MHz) b = -61.46 (d, J= 5 Hz,

3 F), -121.52 - -121.71 (m, 1 F); MS m/z (reI intensity) 398 (M++I, 7), 397 (M+, 28),

273 (8),272 (12), 271 (8),258 (23),233 (21),219 (30), 206 (29),164 (17),148 (17),147

(100), 146 (18), 127 (17), 123 (19), 109 (19), 83 (32), 69 (88), 67 (41). Found: m/z

397.2391. CaIcd for C23H32F3N: M, 397.2392.

1-{4-1EtbyI(triflnoromethyI)amino]-3-flnoropbenyl}-4-(trans-4­

propylcyclohexyl)cyclohexene (13b). Similarly, this compound 13b (73 mg, 9% yield)

was prepared from 12b (0.52 g, 2.0 mmol) as colorless needles. Phase transition

temperature/°C; Cr 38 SB 73 Iso (recryst. from EtOH); RJ= 0.55 (hexane). IR (KEr)
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2957,2917,2849,1619,1570,1516,1387,1356,1275, 1244, 1202, 1146, 1100, 1065,957,

916 em-I; IH NMR (200 MHz) 6 = 0.88 (t, J = 7 Hz, 3 H), 1.06 (t, J = 7 Hz, 3 H), 0.78­

1.46 (m, 12 H), 1.48-2.08 (m, 6 H), 2.15-2.52 (m, 3 H), 3.30-3.46 (m, 2 H), 6.12-6.22 (m,

1 H), 7.06-7.22 (m, 3 H); 19F NMR (188 MHz) 6 = -58.16 (d, J = 5 Hz, 3 F), -121.11 ­

-121.18 (m, 1 F); MS m/z (reI intensity) 412 (M++l, 7), 411 (M+, 23), 392 (6), 260 (12),

259 (11),250 (11), 244 (13),233 (30), 192 (18),161 (14), 147 (44), 146 (14),134 (14),

109 (14), 83 (29), 81(10), 79 (11), 77 (10), 69 (100), 67 (71). Found: m/z 411.2545.

Calcd for C24H33F4N: M, 411.2549.

1-{2-(Methyl(trifluoromethyl)amino] pyridin-S-yl} )-4-(tralls-4-propyl­

cyclohexyl)cyclohexene (14a). Similarly, trifluoromethylamine 14a (0.19 g, 49% yield)

was obtained from la (0.26 g, 1.00 rnmol) as colorless needles. Phase transition

temperature/DC: Cr 82 SA 139 Iso (on heating), Iso 139 SA 64 Cr (on cooling) (recryst.

from EtOH); RJ= 0.64 (hexane: Et20 = 3 : 1). IR (KBr) 2959, 2851,1601,1559, 1435,

1352, 1339, 1281, 1117, 1073, 1022,916,820,803 cm- I ; IH NMR (200 IvlHz) 0 = 0.88

(t, J = 7 Hz, 3 H), 0.92-1.51 (m, 11 H), 1.62-2.10 (m, 7 H), 2.14-2.53 (m, 3 H), 3.24 (q, J =
2 Hz, 3 H), 6.07-6.10 (m, 1 H), 7.02 (ddd,J= 1,2,9 Hz, 1 H), 7.59 (dd, J= 3, 9 Hz, 1 H),

8.37 (dd, J = 1, 3 Hz, 1 H); 19F NMR (188 MHz) 0 = -58.09 (m); l3C NMR (50.3

MHz) 0 = 14.4 (5), 20.0 (s), 26.4 (s), 27.8 (s), 29.8 (5), 30.0 (s), 30.2 (5),32.3 (q, J= 2 Hz),

33.5 (s), 37.7 (s), 38.8 (s), 39.8 (s), 42.5 (s), 113.4 (q, J = 4 Hz), 123.0 (q, J = 257 Hz),

125.2 (s), 132.7 (5), 133.0 (s), 134.0 (5), 144.3 (s), 152.2 (5); MS m/z (rel intensity) 381

(M++l, 23), 380 (M+, 58), 255 (23),241 (29),228 (30), 227 (12),207 (31),197 (21),189

(38), 159 (54), 154 (20), 132 (70), 131 (37), 130 (36), 117 (25), 116 (26), 83 (22), 79 (37),

77 (34), 69 (100), 67 (76), 65 (33). Found: m/z 380.2432. Calcd for C22H31 F3N2: M,

380.2439.

1-{2-(Ethyl(trifluoromethyl)amino]pyridin-S-yl}-4-(trans-4-propyl­

cyclohexyl)cyclohexene (14b). This compound (154 mg, 20% yield) was prepared

from Ib (0.54 g, 2.0 mmol) in a manner similar to the procedure for 11a. Colorless

needles, phase transition temperaturefOC: Cr 78 SA 98 Iso (on heating), Iso 98 SA 61 Cr

(on cooling) (recry5t. from EtOH); R.r-= 0.72 (hexane: Et20 -= 5 : 1). IR (KBr) 2924,

1800, 1603, 1559, 1499, 1389, 1260, 1220, 1022,943,811, 802 em-I; IH NMR (200

MHz) 0 = 0.88 (t, J= 7 Hz, 3 H), 1.21 (t,J= 7 Hz, 3 H), 0.75-1.43 (m, 11 H), 1.62-2.10 (m,

7 H), 2.43-2.20 (m, 3 H), 3.78-3.96 (m, 2 H), 6.05-6.15 (m, 1 H), 6.97-7.02 (m, 1 H), 7.60

(dd, J= 3, 9 Hz, 1 H), 8.37 (dd, J= 1,3 HZ; 1 H); I9F NMR (188 MHz) 0 = -55.95 (m);

DC NMR (50.3 MHz) 0 :;:: 13.8 (s); 14.4 (s), 20.0 (s), 26.4 (s), 27.7 (5), 29.8 (s), 30.0 (s),

30.2 (s), 33.5 (8),37.6 (5), 38.8 (s), 39.8 (s); 40,5 (m), 42,5 (s), 113.3 (q, J = 4 Hz), 123.1

(q, J =: 261 Hz); 125,2 (5), 132.4 (s), 133.1 (s), 134.0 (s), 144.5 (s). 151.3 (5); MS m/z (reI

intensity) 394 (M\ 10); 379 (16),227 (19),207 (29),173 (8). 156 (10),155 (22), 147 (14),
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121 (14),117 (15),105 (27), 97 (14), 95 (17), 91 (21),85 (26), 83 (31), 71 (30),69 (100),

67 (39). Found: 111/Z 394.2602. Calcd for C23H33F3N2: M, 394.2596.

I-Nitro-4-(tralts-4-(tralls-4-p ropylcyclohexyl)cyclohexyl] benzene (20). To a

stirred mixture of trans-4-(trans-4-propylcyclohexyl)cyclohexylbenzene (19, 22.8 g, 0.080

mol), cone. sulfuric acid (26 mL), and dichloromethane (15 mL) was added dropwise nitric

acid (61 wt%, 28 mL) at 0 °C over 1 h. The resulting mixture was allowed to wann to

room temperature in I h under vigorous stilTing and then poured to ice. The resulting

pale yellow precipitates were filtered by suction. The filtrate was neutralized with NaOH

and extracted three times with Et20. The combined organic phase was dried over

Na2S04, filtered, and concentrated under reduced pressure. The residue and the

precipitates were combined and purified by recrystallization from EtOH to give 20 (18.4 g,

81 % yield) as a yellow powder. Phase transition temperature/oC: Cr 101 N 207 Iso

(hexane-EtOH); RJ = 0.30 (hexane). IR (KBr) 2930, 2851, 1598, 1514, 1450, 1345,

1110, 980, 849, 860, 750 em-I; IH NMR (200 MHz) a = 0.88 (t, J = 7 Hz, 3 H), 0.78­

1.55 (m 15 H), 1.63-2.00 (m, 8 H), 2.56 (rt, J = 3, 12 Hz, 1 H), 7.34 (d, J = 9 Hz, 2 H),

8.13 (d, J= 9 Hz, 2 H); 13C NMR (50.3 MHz) a= 14.3 (s), 20.0 (s), 30.0 (s), 30.0 (s),

33.5 (s), 34.2 (s), 37.6 (s), 39.8 (5), 42.7 (s), 43.3 (s), 44.7 (s), 123.5 (s), 127.6 (s), 146.2 (5),

155.2 (s); MS 111/Z (reI intensity) 329 (M+, 7), 312 (3),299 (19),133 (12), 132 (86),126

(12),119 (61),109 (11), 107 (20), 106 (37), 95 (12),93 (14), 83 (42), 81 (35),69 (100),67

(37),65 (15). Found: C, 76.33; H, 9.62; N, 4.33%. Calcd for C21H31N02: C, 76.55; H,

9.48; N, 4.25%.

4-ltrans-4-(trans-4-Propy1cyclohexyl)cyclohexyl]aniline (21). A mixture of 20

(17.6 g, 53 mmol) and palladium on activated carbon (10 wt%, 0.59 g) in EtOH (50 mL)

was vigorously stirred for 3.5 h at room temperature under a hydrogen atmosphere with a

slightly positive pressure. The mixture was filtered through a pad of Cellite, which was

washed with Et20; the combined filtrates were concentrated under reduced pressure. The

residue was purified by recrystallization from EtOH to give 21 (14.4 g, 90% yield) as a

colorless powder (mp 174°C). RJ= 0.12 (hexane: Et20 = 5 : 1). IR (KBr) 3393,3308,

3210,2953,2849, 1615, 1518, 1441, 1267, 1183,826,776,708, 642 em-I; IH NMR

(200 MHz) a= 0.87 (t, J= 7 Hz, 3 H), 0.78-1.48 (m 15 H), 1.64-1.96 (m, 8 H), 2.33 (tt, J=

3, 12 Hz, 1 H), 3.51 (br, 2 H), 6.62 (d, J= 8 Hz, 2 H), 6.99 (d, J= 8 Hz, 2 H); BC NMR

(50.3 MHz) 0 = 14.4 (s), 20.0 (s), 30.1 (s), 30.4 (s), 33.6 (s), 34.8 (s), 37.6 (s), 39.8 (s),

42.9 (s), 43.4 (s), 43.7 (s), 115.1 (s), 127.4 (s), 138.1 (s), 144.1 (s); MS m/z (rei intensity)

300 (M++I, 5), 299 (M+, 31), 212 (2), 191 (2), 158 (5), 135 (7), 133 (22), 132 (100), 121

(5), 120 (5), 119 (51), 106 (30), 81 (12), 65 (9). Found: m/z 299.2614. Calcd for

C21H33N: M, 299.2613.

N-Methy-4-ftrans-4-(trans-4-propylcyclohexyl)cyclohexyl]aniline (22a):
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Method A.I 3 A suspension of sodium methoxide (1.54 g, 29 mmol), parafonnaldehyde

(0.26 g, 7.7 mmol) and 21 (1.53 g, 5.1 mmol) in methanol (80 mL) was stirred for 17 h at

40 DC before sodium borohydride (0.44 g, 12 mmol) was added at room temperature. The

resulting mixture was heated at 50 DC for 9 h; the methanol was removed under reduced

pressure. The solid residure was partitioned between ag. NaHC03 solution and diethyl

ether; the organic phase was separated; the ag. phase was extracted three times with diethyl

ether. The combined organic phase was dried over anhydrous sodium sulfate, filtered,

and concentrated under reduced pressure. The residue was purified by column

chromatography (CH2C!2) to give 22a (0.95 g, 59% yield) as a colorless powder.

Method B. A hexane solution of n-BuLi (1.6 M, 6.6 mL, 10.5 mmol) was slowly

added to a stirred solution of21 (3.0 g, 10.0 mmol) in THF (50 mL) at -78 DC. After the

solution was allowed to warm to 0 DC over 1 h, methyl iodide (1.25 mL, 20 mmol) was

added dropwise to the mixture at 0 DC. The resulting mixture was stirred at room

temperature for 3 h and then treated with ag. NaHC03 solution. The organic phase was

separated; the ag. phase was extracted with diethyl ether three times. The combined

organic phase was washed with sat. ag. NaCI, dried over Na2S04, filtered, and

concentrated. The residue was purified by column chromatography (hexane: Et20 = 10 :

I) to give 22a (0.88 g, 28% yield) and lV,N-dimethyl derivative 24a (0.23 g, 7% yield).

22a: A colorless powder, phase transition temperature/DC: Cr 62 SB 132 Iso; Rf = 0.41

(hexane: Et20 = 10 : I). IR (KEr) 3297, 2955, 2936, 2849, 1615, 1520, 1443, 1265,

1186,1148,1057,974,816 em-I; IH NMR (200 MHz) 6 = 0.87 (t, J= 7 Hz, 3 H), 0.80­

1.52 (m, 15 H), 1.71-1.96 (m, 8 H), 2.34 (tt,J= 3,12 Hz, 1 H), 2.81 (s,3 H), 3.57 (br, 1 H),

6.56 (d,J= 9 Hz, 2 H), 7.04 (d,J=9 Hz, 2 H); l3C NMR(50.3 MHz) 6 = 14.4 (s), 20.0

(5),30.1 (s), 30.5 (s), 30.9 (s), 33.6 (5), 34.9 (s), 37.6 (s), 39.8 (5), 43.0 (5),43.4 (5), 43.7

(s), 112.4 (s), 127.4 (s), 136.6 (s), 147.4 (s); MS m/z (reI intensity) 315 (M++2, 1),314

(M++l, 10),313 (M+, 45),147 (14),146 (100),133 (36),132 (14),120 (41),107 (7),106

(5), 81 (6),69 (10). Found: m/z 313.2765. Calcd for C22H35N: M, 313.2769.

N,N-Dimethyl-4-[trans-4-(trans-4-propylcyc1ohexyl)cyc1ohexyl]aniline (24a). A

colorless powder, phase transition temperature/DC: Cr 59 SB 189 Iso; Rf= 0.63 (hexane:

Et20 = 10: I). IR (KBr) 2951, 2849,1617,1524,1447,1350,1229,1165,1063,949,

808 em-I; IH NMR (200 MHz) 6 = 0.87 (t, J= 7 Hz, 3 H), 0.76-1.51 (m, 16 H), 1.67­

1.98 (m, 7 H), 2.34 (tt, J = 3, 12 Hz, 1 H), 2.92 (s, 6 H), 6.66 (d, J= 9 Hz, 2 H), 7.06 (d, J

= 9 Hz, 2 H); l3C NMR (50.3 MHz) [, = 14.4 (s), 20.1 (5),30.1 (5),30.5 (5), 33.7 (s),

34.9 (s), 37.7 (5), 39.9 (5), 43.0 (5), 43.5 (5),43.6 (5), 112.9 (5), 127.3 (5), 136.3 (s), 149.0

(s); MS m/z (rei intensity) 329 (M++2, 1),328 (M++l, 17),327 (M+, 65), 161 (15), 160

(100), 147 (33),146 (22),134 (55),121 (7),81 (8),69 (8). Found: C, 83.95; H, 11.38; N,

4.26%. Calcd for C23H37N: C, 84.34; H, 11.39; N, 4.28%. Found: m/z 327.2930.
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Calcd for C23H37N: M, 327.2926.

N-Ethyl-4-(tralls-4-(tralls-4-propylcyclohexyl)cyclohexyl]anHine (22b). Aniline

derivative 22b (1.43 g, 79% yield) was obtained from 21 (1.65 g, 5.5 mmol) in a manner

similar to the procedure of 22a (Method B) except for the purification by recrystallization

from EtOH-hexane and column chromatography (hexane: Et20 = 5 : 1). A colorless

powder, phase transition temperature/°C: Cr 94 N 225 Iso, Rf= 0.65 (hexane: Et20 = 5 :

1). IR (KEr) 3450, 2920, 2840,1869,1616,1522,1446,1350,1229,1165,949,803 cm­

I; IH NMR (200 MHz) is = 0.87 (t, J= 7 Hz, 3 H), 1.23 (t, J= 7 Hz, 3 H), 0.80-1.50 (m,

15 H), 1.71-1.96 (m, 8 H), 2.34 (tt, J= 3,12 Hz, 1 H), 3.13 (g, J= 7 Hz, 2 H), 3.40 (br, 1

H), 6.55 (d, J= 8 Hz, 2 H), 7.01 (d, J= 8 Hz, 2 H); I3C NMR (50.3 MHz) is = 14.4 (s),

15.0 (s), 20.0 (s), 30.1 (s), 30.5 (s), 33.7 (s), 34.9 (s), 37.7 (s), 38.7 (s), 39.9 (s), 43.0 (s),

43.5 (s), 43.7 (s), 112.8 (s), 127.4 (s), 136.9 (s), 148.5 (s); MS m/z (reI intensity) 328

(M++l, 8), 327 (M+, 44), 312 (11),254 (8),207 (16), 161 (16), 160 (100), 148 (26), 134

(37),132 (50),128 (11),121 (20), 118 (18),117 (14),115 (12), 91 (14),83 (26), 81 (25),

71 (20), 69 (40). Found: C, 84.75; H, 11.70; N, 4.37%. Calcd for C23H37N: C, 84.34;

H, 11.39; N, 4.28%. Found: m/z 327.2919. Calcd for C23H37N: M, 327.2926.

N-Propyl-4-(trans-4-(trans-4-propylcyclohexyl)cyclohexyl]aniline (22c). In a

manner similar to the procedure for 22a, this compound (0.27 g, 0.80 mmol) was prepared

from 21 (0.30 g, 80% yield) as a colorless powder. Phase transition temperature/oC: Cr

99 Sx 107 N 201 Iso; Rf= 0.52 (hexane: Et20 = 5 : 1). IR (KBr) 3399, 2917, 2849,

1619,1522,1478,1449,1412,1316,1254,1183,978,814 cm- I ; IH NMR (200 MHz) is

= 0.87 (t, J = 7 Hz, 3 H), 0.98 (t, J = 7 Hz, 3 H), 0.79-1.20 (m, 15 H), 1.47-1.95 (m, 10 H),

2.32 (11, J= 3,12 Hz, 1 H), 3.06 (t, J= 7 Hz, 2 H), 3.51 (br, 1 H), 6.54 (d, J= 9 Hz, 2 H),

7.01 (d, J = 9 Hz, 2 H); BC NMR (50.3 MHz) is = 11.7 (s), 14.5 (s), 20.1 (s), 22.9 (s),

30.2 (s), 30.6 (s), 33.7 (s), 35.0 (s), 37.8 (s), 38.9 (s), 43.1 (s), 43.6 (s), 43.8 (s), 46.2 (s),

112.8 (s), 127.5 (s), 136.8 (s), 146.7 (s); MS m/z (reI intensity) 342 (M++I, 22), 341 (M+,

85),313 (18),312 (100),175 (15),174 (99),161 (25), 148 (24),146 (13),144 (12),132

(50), 130 (10), 121 (10), 120 (12), 119 (12), 118 (11), 106 (17), 83 (14), 81 (19), 69 (35),

67 (22). Calcd for C24!I39N: C, 84.39; H, 11.51; N, 4.10%. Found: C, 84.19; H, 11.31;

N,4.05%.

N-Etbyl-N-metbyl-N-{4-(trans-4-(trans-4-propylcyclohexyl)cyclohexyl]phenyl}­

amine (24b). In a manner similar to the procedure for 22a, compound 24b was prepared

from 22b (90 mg, 0.27 mmol) in 91 % yield as a colorless powder, mp 181°C; Rf= 0.65

(hexane: Et20 = 5 : 1). IR (KBr) 2930,2850, 1867, 1614, 1530, 1466, 1370, 1269, 1211,

1157, 1082,978,812 em-I. IH NMR (200 MHz) is = 0.87 (t, J = 7 Hz, 3 H), 1.10 (t, J = 7

Hz, 3 H), 0.76-1.51 (m, 16 H), 1.67-1.98 (m, 7 H), 2.34 (tt, J = 3, 12 Hz, 1 H), 2.87 (s, 3

H), 3.35 (g, J = 7 Hz, 2 H), 6.66 (d, J = 9 Hz, 2 H), 7.06 (d, J = 9 Hz, 2 H); l3C NMR
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(50.3 MHz) b = 11.3 (s), 14.1 (s), 20.1 (s), 22.7 (s), 30.2 (s), 30.5 (s), 33.7 (s), 34.9 (s),

37.5 (s), 37.7 (s), 39.9 (s), 43.0 (s), 43.5 (s), 47.0 (s), 112.6 (s), 127.3 (s), 135.6 (s), 147.4

(s); MS m/z (reI intensity) 343 (M++2, 4), 342 (M++I, 25), 341 (M+, 100),327 (26), 326

(95),175 (13),174 (91),161 (16), 160 (1 1),148 (46),146 (48),131 (10), 120 (12),81 (16),

69 (25), 67 (17). Found: m/z 341.3080. Calcd for C24H39N: M, 341.3082.

N-Methyl-N-propyl-N-{4-[tralls-4-(trmls-4-propylcyclohexyI)cyclohexyl]phenyl}­

amine (24c). This compound 24c (0.33 g, 93% yield) was prepared from 22c (0.34 g,

1.00 mmol) as a colorless powder, mp 168°C. Rf= 0.50 (hexane: EtOAc = 10 : 1). IR

(KBr) 2851, 1617, 1520, 1447, 1372, 1294, 1244, 1209, 1156, 1082,968,810 em-I; IH

NMR (200 MHz) b = 0.87 (t, J = 8 Hz, 3 H), 0.91 (t, J = 8 Hz, 3 H), 0.76-1.51 (m, 16 H),

1.58 (q, J = 8 Hz, 2 H), 1.63-1.98 (m, 7 H), 2.34 (tt, J = 3, 12 Hz, 1 H), 2.88 (s, 3 H), 3.21

(t, J = 7 Hz, 2 H), 6.66 (d, J = 9 Hz, 2 H), 7.06 (d, J = 9 Hz, 2 H); l3C NMR (50.3 MHz)

b = 11.5 (s), 14.4 (s), 20.1 (s), 30.1 (s), 30.5 (s), 33.6 (s), 34.6 (s), 37.7 (s), 38.3 (s), 39.9

(s), 43.0 (s), 43.5 (s), 54.8 (s), 112.1 (s), 127.2 (s), 135.3 (s), 147.7 (s); MS m/z (reI

intensity) 356 (M++l, 7),355 (M+, 29), 327 (25), 326 (100), 200 (3), 188 (7), 146 (22),

131 (6), 120 (7), 93 (6), 81 (13),69 (17). Found: m/z 355.3240. Calcd for C2s14IN: M,

355.3239.

A General Procedure for the Preparation of Methyl Dithiocarbamates (23).

A hexane solution (1.6 M) of n-BuLi (7.5 mL, 12 mmol) was slowly added dropwise

to a stirred solution of secondary amine 22 (10.0 mmol) in THF (20 mL) at -10 0c. The

solution was allowed to warm to 0 °e over 1 h; CS2 (1.2 mL, 20 mmol) was added

dropwise to this mixture at 0 °C; the mixture was stirred for 12 h at room temperature; Mel

(1.3 mL, 20 mmol) was added dropwise to the reaction mixture at 0 °e. The whole

mixture was stirred at room temperature for 3-5 h and was poured to sat. aq. NaHC03.

The organic phase was separated; the aq. phase was extracted three times with diethyl ether.

The combined organic phase was washed with sat. aq. NaCl, dried over Na2S04, filtered,

and concentrated under reduced pressure. The residue was purified by column

chromatography or by recrystallization to give 23. Yield and spectral properties of

products were as follows.

Methyl N-Methyl-N-{4-[trans-4-(trans-4-propylcyclohexyl)cyclohexyl]phenyl}­

dithiocarbamate (23a). Yield: 71%, pale yellow needles, mp 167.4-169.2 °C (EtOH).

RJ= 0.57 (hexane: Et20 = 10: I). IR (KBr) 2951,2849, 1507, 1447, 1368, 1266, 1100,

1021,955,839 em-I; IH NMR (200 MHz) &= 0.88 (t, J= 7 Hz, 3 m, 0.75-1.55 (m, 15

H), 1.64-2.01 (m, 8 H), 2.41-2.54 (m, 1 H), 2.53 (s, 3 H), 3.76 (5, 3 H), 7.14 (d,J= 8 Hz, 2

H), 7.28 (d,J= 8 Hz, 2 H); l3e NMR(50.3 MHz) &= 14.4 (5), 20.0 (s), 20.8 (s), 30.1 (s),

30.2 (s), 33.6 (s), 34.5 (5), 37.6 (s), 39.8 (5),42.8 (s), 43.4 (5), 44.3 (5), 46.8 (5), 126.5 (5),

128.0 (s), 142.5 (s), 148.9 (s), 200.5 (5); MS m/z (rei intensity) 404 (M++l, 1),403 (M+,
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4), 357 (2), 356 (6), 161 (2), 148 (2), 115 (1),91 (5), 90 (5), 89 (5), 88 (100), 69 (5).

Calcd for C24H37NS2: C, 71.41; H, 9.24; N, 3.47%. Found: C, 71.29; H, 9.41; N, 3.39%.

Methyl N-Ethyl-N-{4-(tralls-4-(tralls-4-propylcyclohexyl)cyclohexyI]phenyl}-

dithiocarbamate (23b). Yield: 95%, pale yellow needles, mp 152.1-153.0 °C (EtOH).

Rf= 0.53 (hexane: £120 = 10 : 1). IR (KEr) 2924, 2851, 1503, 1456, 1450, 1406, 1273,

1235,1103,1073,994,961,899,812 em-I; IH NMR (200 MHz) [) = 0.88 (t, J= 7 Hz, 3

H), 1.26 (t, J = 7 Hz, 3 H), 0.79-1.57 (m, 15 H), 1.68-2.06 (m, 8 H), 2.42-2.55 (m, I H),

2.51 (s,3 H), 4.33 (q,J= 7 Hz, 2 H), 7.10 (d,J= 9 Hz, 2 H), 7.28 (d,J= 9 Hz, 2 H); l3C

NMR (50.3 MHz) [) = 11.9 (s), 14.4 (s), 20.0 (s), 20.5 (s), 30.1 (s), 30.2 (s), 33.5 (s), 34.5

(s), 37.6 (5), 39.8 (s), 42.8 (5), 43.3 (5), 44.3 (5), 52.5 (s), 127.5 (5), 127.9 (s), 140.7 (s),

148.9 (5),199.9 (s); MS m/z (reI intensity) 417 (M+, 5), 415 (2),413 (1),289 (1),287 (1),

280 (1), 276 (2), 234 (2), 228 (1), 208 (2), 182 (2), 148 (4), 121 (6), 118 (7), 115 (3), 112

(5), 110 (4), 103 (11), 102 (100), 91 (7), 85 (8), 83 (10), 81 (10), 74 (12), 69 (20). Calcd

for C2SH39NS2: C, 71.89; H, 9.41; N, 3.35%. Found: C, 71.51; H, 9.61; N, 3.16%.

Found: m/z 417.2523. Calcd for C2SH39NS2: M, 417.2524.

Methyl N-PropyI-N-{4-( trans-4-(trans-4-p ropyIcyclohexyl)cyclohexyI] phenyl}­

dithiocarbamate (23c). Yield: 81 %, pale yellow needles, mp 122.2-123.1 °C (EtOH­

hexane). Rf= 0.66 (hexane: Et20 = 10 : 1). IR (KEr) 2921, 2830, 1505, 1441, 1397,

1362, 1296, 1258, 1231, 1136, 1103,955, 835, 828 em-I; IH NMR (200 MHz) [) = 0.88

(t, J = 7 Hz, 3 H), 0.91 (t, J = 7 Hz, 3 H), 0.72-1.58 (m, 15 H), 1.60-2.07 (m, 10 H), 2.41­

2.62 (m, 1 H), 2.51 (5,3 H), 4.18-4.25 (m, 2 H), 7.09 (d, J= 8 Hz, 2 H), 7.27 (d, J= 8 Hz,

2 H); l3C NMR (50.3 MHz) b = 11.0 (s), 14.4 (s), 20.0 (s), 20.6 (s), 30.1 (s), 30.3 (5),

33.6 (s), 34.5 (5), 37.6 (s), 39.8 (s), 42.9 (5), 43.4 (s), 44.3 (s), 59.2 (s), 127.5 (s), 127.9 (s),

141.0 (s), 149.0 (s), 200.5 (s). Calcd for C26H4INS2: C, 72.33; H, 9.57; N, 3.24%.

Found: C, 72.18; H, 9.54, N, 3.07%.

A General Procedure for the Preparation of Trifluoromethylamino-substituted LCs

with a Cyclohexylarene Core.

Method A: To a stirred suspension ofTBAH2F3 (7.5 g, 25 mmol)17 and DBH (5.7

g, 20 mmol) in dichloromethane (10 mL) was added dropwi5e a solution of

dithiocarbamate 23 (5.0 mmol) in CH2Cb (5.0 mL) at 0 °C. The reaction mixture was

stirred at 0 °C until all the substrate was consumed and was then poured into an aq. buffer

solution ofNaHC03/NaOHINaHS03 (pH = 10). The resultant was extracted three times

with Et20. The combined organic layer was washed with sat. aq. NaCI, dried over

Na2S04, filtered, and concentrated under reduced pressure. The residue was purified by

column chromatography to give the corresponding trifluoromethylamines 16.

Method B: A suspension of cyclohexene derivative 12, 13, or 14 (0.12 mmol) and
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Raney Ni (W 2, 100 mg) in EtOAc (8 mL) was vigorously stirred for 1 h at room

temperature under a hydrogen atmosphere with a slightly positive pressure. The mixture

was filtered, and the filtrate was concentrated. The residue was purified by silica-gel

column chromatography (hexane) to give 16, 17, or 18 and its cis-isomer. Separation of

the stereoisomers was carried out with recycling preparative HPLC (CHCI3 eluent).

1-{4-(Methyl(trifluoromethyl)amino1phenyl}-trans-4-(trans-4-propylcyclohexyl)­

cyclohexane (16a). This compound was prepared by Method A in a quantitative yield as

colorless needles. Recrystallization from EtOH gave an analytical sample, which showed

phase transition temperature/DC: 20 SB 173 Iso. Rf = 0.79 (hexane: Et20 = 5 : 1). IR

(KEr) 2957,2919,2849, 1617, 1518, 1447, 1345, 1267, 1204, 1150, 1092, 1059,897,833

em-I; IH NMR (200 MHz) b = 0.88 (t, J= 7 Hz, 3 H), 0.78-1.55 (m, 15 H), 1.68-2.00 (m,

8 H), 2.43 (tt, J= 3,12 Hz, I H), 3.00 (q, J= I HZ,3 H), 7.17 (s, 4 H); I9F NMR (188

MHz) [} = -61.23 (5); 13C NMR (50.3 MHz) b = 14.4 (s), 20.0 (5), 30.1 (5),30.3 (5), 33.6

(s), 34.6 (5), 36.4 (q, J = 2 Hz), 37.7 (s), 39.8 (s), 42.9 (s), 43.4 (s), 44.1 (s), 123.6 (q, J =

257 Hz), 125.1 (s), 127.4 (s), 140.4 (s), 146.1 (s); MS m/z (rei intensity) 383 (M++2, I),

382 (M++l, 17),381 (M+, 66), 359 (13), 215 (13),214 (48), 202 (13),201 (91),188 (62),

179 (18),166 (10),144 (5),132 (7),115 (10), III (10), 109(15),97 (17),95 (11),91 (17),

83 (57),81(19),77 (12), 69 (100), 67 (40). Calcd for C23H3~3N: C, 72.41; H, 8.98; N,

3.67%. Found: C, 72.42; H, 8.91; N, 3.74%.

1-[4-{Ethyl(trifluoromethyl)amino}phenyl]-trans-4-(trans-4-propylcyclohexyl)­

cyclohexane (16b). Method A, quantitative yield, colorless needles. Phase transition

temperature/DC: Cr 35 SB 141 Iso (EtOH); Rf= 0.79 (hexane: Et20 = 10: 1). IR (KEr)

2919,2849, 1516, 1449, 1381, 1271, 1196, 1144, 1098, 1055,912,813 em-I; IH NMR

(200 MHz) b = 0.87 (t, J = 7 Hz, 3 H), 1.07 (t, J = 7 Hz, 3 H), 0.80-1.56 (m 15 H), 1.68­

2.01 (m, 8 H), 2.44 (rt, J= 3,11 Hz, 1 H), 3.37 (q, J= 7 Hz, 2 H), 7.16 (s, 4 H); I9F

NMR (188 MHz) [} = -58.22 (5); I3C NMR (50.3 MHz) [} = 13.8 (5), 14.4 (s), 20.1 (s),

30.2 (s), 30.4 (s), 33.7 (s), 34.6 (s), 37.7 (5), 39.8 (s), 43.0 (s), 43.5 (5), 43.9 (q, J= 1.3 Hz),

44.2 (s), 123.7 (q, J= 255 Hz), 126.9 (q, J= I Hz), 127.4 (s), 138.3 (s), 146.1 (s); MS

m/z (reI intensity) 396 (M++l, 8), 395 (M+, 33), 373 (21),228 (23),215 (33), 202 (20), 193

(25),180 (15),158 (7),132 (8),115 (9),109 (12), 97 (12), 91 (8),83 (38),81 (33),79 (14),

69 (l00), 67 (33). Calcd for C24H36F3N: C, 72.88; H, 9.17; N, 3.54%. Found: C,

73.11; H, 9.51; N, 3.46%. Found: mlz 395.2792. Calcd for C24H36F3N: M, 395.2800.

1-(trans-4-Propylcyc1ohexyl)-trans-4-[4-{propyl(trifluoromethyl)amino}­

phenyl]cyclohexane (16c). Method A, 94% yield. Colorless needles; phase transition

temperaturefOC: Cr 57 SB 109 Iso (on heating), Iso 108 Sa -18 Cr (on cooling) (recryst.

from EtOH); Rf= 0.62 (hexane). IR (KBr) 2923, 2851,1514,1451,1381,1358,1293,

1258,1240,1190,1148,1057,928,837 cnr l ; IH NMR (200 MHz) [} = 0.88 (t,J= 7 Hz,
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6 H), 0.77-1.55 (m, 18 H), 1.64-2.00 (m, 7 H), 2.42 (tt, J = 3, 12 Hz, 1 H), 3.25 (dt, J = 1, 7

HZ,2 H), 7.16 (s, 4 H); 19F NMR (188 MHz) b = -58.39 (s); l3C NMR (50.3 MHz) b

= 11.0 (5),13.8 (5),20.1 (5),21.5 (s), 30.2 (s), 30.4 (s), 33.7 (5), 34.6 (s), 37.7 (s), 39.9 (5),

43.0 (5), 43.5 (s), 44.2 (s), 50.9 (s), 123.7 (q, J = 254 Hz), 127.1 (q, J = 1 Hz), 127.4 (s),

138.6 (5), 146.6 (s); MS m/z (reI intensity) 410 (M++l, 16),409 (M+, 58),380 (13), 348

(8),314 (7), 304 (9), 242 (29), 229 (23), 208 (15), 200 (29),156 (12),127 (13),118 (16),

103 (18),83 (23), 81 (36),79 (20), 70 (28), 69 (100) 67 (58). Calcd for C25H3SF3N: C,

73.31; H, 9.35; N, 3.42%. Found: C, 72.77; H, 9.25; N, 3.33%. Found: m/z 409.2965.

Calcd for C25H3SF3N: M, 409.2956.

1-[3-Flnoro-4-{methyl(tritluoromethyl)amino}phenyl]-trans-4-(tralls-4­

propylcyclohexyl)cyclohexane (17a). A 2 : 1 mixture of l7a and cis-isomer (48 mg,

quantitative) was obtained by Method B from l3a (47 mg, 0.118 mmol). Separation of

17a and its cis-isomer was carried out by recycling preparative HPLC (CHCb eluent) to

give 17a as colorless needles, phase transition temperature/DC: Cr 62 SB 101 Iso (EtOH).

Rf= 0.89 (hexane: EtOAc = 10 : 1). IR (KEr) 2924,2851,1580,1518,1449,1409,1348,

1296, 1196, 1148, 1084, 1061,956,941,889,826 cm- I; 1H NMR (200 MHz) b = 0.88 (t,

J= 7 Hz, 3 H), 0.60-1.52 (m, 15 H), 1.60-1.98 (m, 8 H), 2.43 (rt, J= 3,12 Hz, 1 H),2.99

(q, J = 1 Hz, 3 H), 6.98-7.02 (m, 2 H), 7.16-7.35 (m, 1 H); 19F NMR (188 MHz) b =

-61.47 (dm, J = 5 Hz), ~120.75-121.63 (m); MS m/z (reI intensity) 399 (M+, 22), 377

(8), 232 (4), 220 (3), 219 (24), 206 (26), 197 (11), 136 (8), 83 (42), 81 (25), 69 (100), 66

(35). Calcd for C23H33F4N: C, 69.15; H, 8.33; N, 3.51 %. Found: C, 68.99; H, 8.38; N,

3.55%.

1-{4-{Ethyl(tritlnoromethyl)amino}-3-tluorophenyl]-trans-4-(tralls-4-propyl­

cyclohexyl)cyclohexane (17b). A 2.7 : 1 mixture of compound 17b and its cis-isomer

was prepared (15 mg, 20% yield) from 13b (73 mg, 0.177 mmol) by Method B.

Purification of 17b was carried out by recycling preparative HPLC (CHCI3 eluent) as

colorless needles, phase transition temperature/DC: Cr 38 SB 73 Iso (EtOH). Rf = 0.55

(hexane). IR (KEr) 2924, 2851, 1578, 1541, 1449, 1387, 1271, 1284,1196, 1146, 1096,

1061,954,826 cm- I; IH NMR (200 MHz) &= 0.88 (t, J= 7 Hz, 3 H), 1.06 (t, J= 7 Hz, 3

H), 0.80-1.58 (m, 15 H), 1.65-1.96 (m, 8 H), 2.44 (tt, J = 3, 12 Hz, 1 H), 3.37 (q, J = 7 Hz,

2 H), 6.92-6.98 (m, 2 H), 7.16-7.20 (m, 1 H); 19F NMR (188 MHz) &= -58.48 (dm, J=

5 Hz), -121.11-121.24 (m); MS m/z (reI intensity) 414 (M+, 9), 413 (M+, 51), 391 (19),

233 (20),220 (18), 218 (14), 211 (10), 192 (12),109 (8), 97 (8), 95 (11),83 (44),81 (25),

79 (15), 69 (100). Found: m/z 413.2697. Calcd for C24H35F4N: M, 413.2705.

1-[2-{MetbyI(tritluoromethyl)amino}pyridin-5-yl]-trans-4-(trans-4-propy1­

cyclobexyl)cyclohexane (18a). AI: 1 mixture of 18a and its cis-isomer (92 mg,

quantitative) was obtained by Method Busing EtOH as a hydrogenation solvent from l4a
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(92 mg, 0.24 mmol). Trans-isomer 18a was separated by recycling preparative HPLC

(CHCb eluent) as colorless needles, phase transition temperature/DC: Cr 62 Sx 73 Sa 120

N 121 Iso (on heating), Iso 121 N 119 SB 70 Sx 37 Cr (on coolong) (recryst. from EtOH).

RJ= 0.67 (hexane: Et20 = 5 : 1). IR (KEr) 2923, 2851,1605,1572,1499,1447, 1437,

1404, 1352, 1337, 1277, 1200, 1123, 1103, 1075, 1024,830 em-I; IH NMR (200 MHz) &

= 0.87 (t, J = 7 Hz, 3 H), 0.75-1.53 (m, 15 H), 1.63-1.97 (m, 8 H), 2.43 (tt, J= 3, 12 Hz, 1

H), 3.22 (q, J= 2 Hz, 3 H), 7.03 (ddd, J= 1,2,9 Hz, 1 H), 7.45 (dd, J= 3, 9 Hz, 1 H), 8.20

(dd, J = 1, 3 Hz, 1 H); I9F NMR (188 MHz) & = -58.36 (dq, J = 2, 2 H); l3C NMR

(50.3 MHz) & = 14.4 (s), 20.0 (s), 30.1 (5), 30.2 (s), 32.5 (s), 33.6 (s), 34.4 (s), 37.6 (s),

39.8 (s), 41.3 (s), 42.8 (s), 43.4 (s), 114.1 (q, J = 4 Hz), 123.1 (q, J = 256 Hz), 136.1 (s),

137.9 (s), 146.5 (s), 152.0 (s); MS mlz (reI intensity) 383 (M++l, 10),382 (M+, 38), 381

(5),362 (11), 313 (36),286 (20), 215 (10),189 (22),183 (10), 157 (9),133 (25),120 (11),

116 (14), 106 (28), 105 (14), 104 (14),93 (14),83 (25),81 (16), 79 (27), 78 (18), 77 (15),

69 (100), 67 (43). Calcd for C22H33F3N2: C, 69.08; H, 8.70; N, 7.32%. Found: C,

69.17; H, 9.24; N, 7.36%. Found: mlz 382.2590. Calcd for C22H33F3N2: M, 382.2596.

1-(2-{Ethyl(trifluoromethyl)amino}pyridin-5-yl}-trans-4-(trans-4-propyl­

cyclohexyl)cyclohexane (ISb). AI: 1 mixture of ISb and its cis-isomer (122 mg, 79%

yield) was obtained from 14b (155 mg, 0.39 mmol) by Method B. Separation of ISb was

carried out by recycling preparative HPLC (CHCb eluent). Colorless needles; phase

transition temperature/DC: Cr 50 SB 100 Iso (on heating), Iso 98 SB 48 Cr (on cooling)

(recryst. from EtOH); RJ = 0.68 (hexane : Et20 = 5 : I). IR (KEr) 2917, 2851, 2361,

1610,1568,1495, 1449,1387,1329,1281, 1260, 1183, 1132, 1096, 1069, 1024,945,926,

822,785,758 em-I; IH NMR (200 MHz) &= 0.88 (t, J= 7 Hz, 3 H), 1.20 (t, J= 7 Hz, 3

H), 0.76-1.55 (m, IS H), 1.63-1.96 (m, 8 H), 2.43 (tt, J = 3., 12 Hz, 1 H), 3.75-3.89 (m, 2

H), 6.99 (dm, J = 9 Hz, 1 H), 7.44 (dd, J = 2, 9 Hz, 1 H), 8.20 (dm, J = 2 Hz, 1 H); 19F

NMR (188 MHz) 0 = -56.07 (dm, J = 2 Hz); 13C NMR (50.3 MHz) &= 14.2 (s), 14.4 (s),

20.4 (s), 30.1 (s), 30.2 (s), 33.6 (s), 34.4 (5), 37.6 (s), 39.8 (5), 40.6 (br), 41.3 (s), 42.8 (s),

43.4 (5), 114.0 (q, J = 4 Hz), 123.1 (q, J= 256 Hz), 136.0 (5), 137.5 (s), 146.6 (5),151.1

(5); MS mlz (rei intensity) 396 (M+, 5),382 (30), 381 (100),361 (30),327 (36), 203 (13),

181 (12), 160 (11),155 (28),147 (11),131 (10),120 (9),116 (9),105 (13), 83 (15),81

(19), 79 (13), 70 (17), 69 (72), 67 (34). Calcd for C23H35F3N2: C, 69.67; H, 8.90; N,

7.06%. Found: C, 69.33; H, 8.98; N, 6.90%. Found: m/z 396.2745. Calcd for

C23H35F3N2: M, 396.2752.
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Chapter IV

A Convenient Synthesis ofTrifluoromethyl Ethers

by Oxidative Desulfurization-Fluorination of

Dithiocarbonates

Abstract: Trifluoromethyl ethers R-DCF3 are easily synthesized

from the corresponding dithiocarbonates R-DCS2Me (R = aryl or

primary alkyl) by a reagent system consisting of 70% HF/pyridine

and an N-halo imide. When the reaction is applied to R-OCS2Me

wherein R = secondary alkyl, tertiary alkyl, or benzylic group,

fluorination leading to the corresponding alkyl fluorides R-F is

achieved, whereas a combination of 50% HF/pyridine and NBS

affords the corresponding trifluoromethyl ethers R-GCF3 (R =

secondary alkyl).
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IV-l. Introduction

Introduction of a fluorine functional group to phannaceuticals or agrochemicals often

brings enhancement of activity.l,2 Accordingly, organofluorine compounds have

attracted much attention in the phannaceutical and material science fields. For the

synthesis of fluorineMcontaining target molecules, introduction of fluorine atom(s) at the

desired position of a molecule is preferably carried out at a late stage of synthesis),4

Therefore, exploration of mild, efficient, and selective fluorination reactions with common

reagents has been one of research topics in synthetic organofluorine chemistry.3

The oxidative desulJurization-jluorination reaction recently disclosed transfoIT11s

organosulfur compounds to the corresponding organofluorine compounds through

replacement of C-S bond(s) with C-F bond(s).5 The reaction using an N-halo imide and

a fluoride source provides with organofluorine compounds under extremely mild

conditions with many functional groups being intact (Figure 1). According to the present

method, trifluoromethyl-substituted aromatics6 and trifluoromethylamines7 are readily

accessible. Due to high chemical stability, high lipophilicity, high oxygen solubility, and

low toxicity, trifluoromethyl ethers8 have found many applications in liquid-crystalline

materials,9 biologically active compounds,la-b and artificial blood substitutes.l o

- + X-S-y

X+; halonium ion from an N-halo imide

F: from TBAH2F3, Et3N/3HF, 50-70% HF/py, or 80% HF/melamine

Figure 1. Schematic illustration of oxidative desulJurization-jluorination

Aryl trifluoromethyl ethers have been prepared by i) fluorination of aryl

trichloromethyl ethers with SbF3/SbClsII or HF,12 ii) trifluoromethylation of phenols with

CCI4/HF,13 or iii) fluorination of aryl fluorofonnate or -thiofonnate with SF4 14 or MoF6, IS

respectively. Alkyl trifluoromethyl ethers, though relatively ineffectively, have also been

synthesized by i) the reaction of alkenes with CF30F, 16 ii) electrophilic

trifluoromethylation of alcohols by treatment with O-(trifluoromethyl)dibenzofuranium

salts,17 or iii) fluorination of alkyl fluorofonnates with SF4. 18 All of these methods

employ toxic and/or explosive reagents such as hydrogen fluoride, SF4, and/or CF30F

under specially cared conditions. The methods thus suffer from problems including

difficult accessibility of starting materials and low chemoselectivity. These drawbacks
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have hampered the flexibility in design of trifluoromethoxy-substituted agents and

materials.

In contrast, the oxidative desulfurization-fluorination of dithiocarbonates using N­

halo imides and 70% HF/pyridine (HF/py)I9 or 80% HF/melamine complexes20 is a

convenient entry to trifluoromethyl ethers. Transformation can be performed by a readily

available reagent system consisting of HF/py and an N-halo imide. According to the

method, primary- and secondary-aliphatic and aryl trifluoromethyl ethers can be readily

prepared with many functional groups being intact.8,9b In this Chapter, the Author

describes the trifluoromethyl ether synthesis.

IV-2. Results and Discussion

IV-2-1. Oxidative Desulfurization-Fluorination of
Dithiocarbonates Derived from Aromatic and Primary Alkyl
Alcohols: Synthesis of Trifluoromethyl Ethers and
Difluoro(methylthio)methyl Ethers

Dithiocarbonates, the substrates of the oxidative desulfurization-fluorination, were

easily obtained in high yields by treatment of the corresponding phenols or alcohols 1 with

sodium hydride (NaH), CS2, and then with MeL2I Oxidative desulfurization-fluorination

of dithiocarbonates 2 was carried out using 70% HF/py I9 or TBAH2F322 with an N-halo

imide as shown in Scheme 1. When the reaction was performed with 70% HF/py as a

fluoride source, the fluorination proceeded effectively to give trifluoromethyl ethers 3,

whereas use of TBAH2F3 afforded difluoro(methylthio)methyl ethers 4 as a sole product.

Fluorinated ethers 4 have no precedents. The results are summarized in Table 1.

b
R....

OCF3

R....oJsMe

3

R....
OH

a
•

1 2 c
R....oXsMe

4

a: i) NaH (12 mol), ii) CS2 (5.0 mo)), iii) Mel (2.0 mol)

b: 70% HF/py, N-halo imide, CH2CI2, -78; 0 "C, 1 h

c: TBAH2F3, N-halo imide, CH2C12, rt, I h

Scheme 1. Synthesis of trifluoromethyl ethers 3 and difluoro(methylthio)methyl ethers 4.
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The Author first studied the optimization of the fluorination conditions using S­

methyl 0-4-propylphenyl dithiocarbonate (2a) as a substrate. For an N-halo imide, first

tested were D BH and NBS that were already shown to be effective oxidants for the

transfonnation.7 Substrate 2a was treated with NBS (3 mol) and 70% HF/py (80 mol) in

dichloromethane to give 3a in 16% yield (entry I). Use of DBH improved the yield to

58%. The reaction with DBH (5 mol) achieved the trifluoromethylation, but was

accompanied by mono- and dibromination of the phenyl ring in 3a; these products could

not be separated (entry 3). The reaction carried out with HF/py (40 mol) was not

accompanied by bromination and gave 3a in 81 % yield as a sole product. Use of HF/py

(20 mol) also promoted the reaction without ring bromination, though less efficiently.

The conditions in entry 2 for the trifluoromethyl ether synthesis were applied to

various kinds of dithiocarbonates derived from phenols, and the corresponding aryl

trifluoromethyl ethers 3 were readily obtained in moderate-to-high yields (entries 10, 14,

17, 19, 21, 24, and 25). For this transfonnation, exactly theoretical amounts of DBH (3

mol) should be used to avoid aromatic bromination by excess of the reagent particularly

with a substrate lacking an electron-withdrawing group on an aromatic ring.23 Indeed,

this side reaction occurred readily with substrates containing an alkoxy group. For

example, 0-4-benzyloxyphenyl S-methyl dithiocarbonate (2e) was converted into 1­

benzyloxy-2-bromo-4-trifluoromethoxybenzene (3e') with 70% HF/py (80 mol) and DBH

(4 mol) (entry 14), whereas a complex mixture resulted with DBH (3 mol). Compound

2d having a methoxy group gave similar results (entry 12).

For the synthesis of alkyl trifluoromethyl ethers, the Author again optimized the

conditions using 0-2-(4-bromophenyl)ethyl S-methyl dithiocarbonate (21) as the substrate.

The reaction performed with 70% HF/py (60-80 mol) induced the trifluoromethylation

effectively along with aromatic bromination (entries 27 and 28). When the reaction was

performed with HF/py (40 mol), the trifluoromethylation proceeded with little ring

bromination « 2%) to give desired product 31 in 81 % yield (entry 29). Use ofHF/py (20

mol) gave 31 in only 20% yield (entry 30). The trifluoromethylation-bromination is

applicable to 2m, and I-bromo-4-[3-(trifluoromethoxy)propyl]benzene (3m') was obtained

in 75% as a sole product (entry 32). Substrates without an aromatic ring effectively

underwent the reaction with HF/py (80 mol) (entries 34 and 35). In summary, alkyl

trifluoromethyl ethers of primary alcohols could be obtained in excellent yields by the

oxidative desulfurization-fluorination procedure.24
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Table 1. Synthesis of trifluoromethyl ethers 3 or difIuoro(methylthio)methyl ethers 4 from 2.

Entry R Yields of 2 (%) Fluoride source (mol)a) N-Halo imide (mol) Yields of 3 or 4 (%)b)

I 4-Il-Pr-C6H4- 2a 80 70% HF/py (80) NBS (3) 3a l6c)

2 (80) DBH (3) 58

3 (80) (5)
__d)

4 (40) (3) 81c)

5 (20) (3) 60c)

6 TBAH2F) (5) NBS (4) 4a 58

7 (4) (3) 30

8 (6) (5) 35

9 4-Me-C6~- 2b 82 (5) (4) 4b 64

10 4-n-Hex-CJI4"" 2c 82 70% HF/py (80) DBH (3) 3c 50

II TBAH2F) (5) NBS (4) 4c 36

12 4-MeO-C6H4- 2d 56 70% HF/py (80) DBH (3) 3d

13 TBAH2F) (5) NBS (4) 4d 33

14 4-PhCH20-C6H4~ 2e 85 70% HF/py (80) DBH (4) 3e'c) 56

15 (3)

16 TBAH2F) (5) NBS (4) 4e 43

17 4-Br-C6~- 2f 67 70% HF/py (80) DBH (3) 3f 62

18 TBAH2F) (5) NBS (4) 4f 43

19 4-n-PrOC(O)-CJl4"" 2g 33 70% HF/py (80) DBH (3) 3g 30

20 TBAH2F) (5) NBS (4) 4g 42

21 3-MeOC(O)-Ctfl4"" 2h 77 70% HF/py (80) DBH (3) 3h 76

22 TBAH2F) (5) NBS (4) 4b 32

23 4-Ph-C6!-Ll- 2i 84 4i 23

24 4-(4-AcO-C~4)-C6~- 2j 34f) 70% HF/py (80) DBH (3) 3j 80

25 4-(4-Br-CJ-I4)-C@-l4- 2k 74 3k 52 (78)g)

26 TBAH2F) (5) NBS (4) 4k 28

27 4-Br-C6H4-CH2CH2- 21 99 70% HF/py (80) DBH (3) 31d)

28 (60) 43 (47)h)

29 (40) 81

30 (20) 20

31 TBAH2F3 (5) NBS (4) 41 19

32 Ph-CH~H2CH2- 2m 95 70% HF/py (80) DBH (3) 3m,i) 75

33 TBAHzF3 (5) NBS (4) 4m IS

34 n-ClQHZI- 20 66 70% HF/py (80) DBH (3) 30 80

35 n-C1tfl)3- 20 88 30 95

36 PhI(OCOCF3)2(3) 67

37 TBAH2F3 (5) NBS (4) 40 9

a) Mol amounts ofF and Hj:'3- are indicated in parentheses for 70% HF/py and TBAH;f3. respectively. b)

Isolated yields. c) Yields estimated by 19p NMR using I,3-(CF3hC6~ as internal standard. d) Accompanied by

aromatic bromination. e) The product was 2-Br-4-CF30-4H3-0CH~6H5(3e'). f) Yields for 2 steps. See

experimental. g) HF/py (40 mol) was used for the reaction. h) Brominated product 2.4-Brz-C6H3"CH~H2·0CF3

(31') is produced. i) The product was 4-Br-CJl4""CH2CH~H2-OCF3(3m').
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In the meantime, Motherwell and his co-workers reported that the dithiocarbonates

derived from primary and secondary alkanols were converted into the corresponding

fluorides by means of 4-(difluoroiodo)toluene (TolIF2).25 For example, O-hexadecyl S­

methyl dithiocarbonate (20) was reportedly converted into the corresponding 1­

fluorohexadecane in 48% yield by ToIIF2. In contrast, under the oxidative

desulfurization reaction conditions, compound 20 was converted into trifluoromethyl ether

30 in 95% yield (entry 35) as a sole product, no trace of other products being detected.

To compare the two reagents, the Author used [bis(trifluoroacetoxy)iodo]benzene (3 mol)

in place of DBH and found that only trifluoromethyl ether 30 was obtained again in 67%

yield (entry 36). Thus, the reagent system consisting of 70% HF/py and an oxidant

exhibited unique reactivity in sharp contrast to TolIF2. The formation of different

products may be attributed to different reaction pathways (vide infra).

The Author next studied the fluorination using TBAH2F3 as a fluorination reagent to

find that novel products difluoro(methylthio)methyl ethers 4 were produced. In particular,

the use ofTBAH2F3 (5 mol) and NBS (4 mol) was the most effective for the difluorination

(entry 6). Under these reaction conditions, no traces of trifluoromethyl ethers were

produced. The difluorination reaction was applied to various kinds of dithiocarbonates,

and a variety of aryl difluoro(methylthio)methyl ethers were obtained in fair yields from

the corresponding O-aryl dithiocarbonates (entries 9, 11, 13, 16, 18, 20, 22, 23, and 26),

whereas the alkyl difluoro(methylthio)methyl ethers were isolated in relatively low yields

(entries 31, 33, and 37). In contrast to the trifluorination, aromatic rings having an alkoxy

group remained intact under the difluorination conditions (entries 13 and 16).

IV-2-2. Conversion to Trifluoromethyl Ethers of
Difluoro(methylthio)methyl Ethers

To examine the reactivity of difluoro(methylthio)methyl ethers 4, these were treated

with HF/py (80 mol) and DBH (1.0 mol) at 0 °C to room temperature (eq. 1). The results

summarized in Table 2 clearly show that 4a, 4h, and 4m smoothly gave trifluoromethyl

ethers 3a, 3h, and 3m, respectively, without ring bromination. However, substrate 4e

having a benzyloxyphenyl moiety was brominated to give 3e'. Thus, DBH (2 mol) was

necessary for the effective transformation. The results shown in Table 2 demonstrate that

difluoro(methylthio)methyl ethers 4 are precursors oftrifluoromethyl ethers 3.
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Fi F

R....oX.SMe
70% HF/py (80 mol), DBH (I mol)

R....
OCFs

.. (I)
CH2C12,0 °C; rt, 1 h

4 3

Table 2. Conversion of R-OCF2SMe into R~OCF3a)

Entry R DBH (mol) Yields of3 (%)b)

4-11-Pr-C6~~ 4a 3a 42

2 4-PhCH20-Q,H4- 4e 2 3e'c) 62

3 3-MeOC(O)-CctI 4'" 4h 3h 51

4 Ph-CH:zCH2CHr 4m 3m 41

a) All the reaction were performed with 70% HF/py (80 mol of F) and DBH.

b) Isolated yields. c) The product was 2-Br-4-CF30-C6H3-0CH2C6Hs(3e').

IV-2-3. Oxidative Desulfurization-Fluorination of
Dithiocarbonates Derived from Secondary, Tertiary, or
Benzylic Alcohols

To compare the reactivity of dithiocarbonates towards TolIF225 with that towards

70% HF/py and an N-halo imide in more detail, the Author next examined the oxidative

desulfurization-fluorination of dithiocarbonates derived from secondary, tertiary, or

benzylic alcohols. In contrast to the dithiocarbonates of primary alcohols, these

dithiocarbonates were converted into the corresponding fluorides 5 (eq. 2).

70% HF/py, N-halo imide

R'o~SMe
2

(R =secondary alkyl)
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The Author first optimized the reaction conditions using 0-I-benzylbutyl S-methyl

dithiocarbonate (2p) as a substrate. Initially, he applied the standard reaction conditions

for primal)' dithiocarbonates using HF/py (80 mol) and DBH (3.0 mol). 19F NMR and

GC-MS of the crude inseparable mixture of products revealed the formation of Sp in

addition to its monobromo, dibromo, and tribromo derivatives. The results are

summarized in entry 1 of Table 3. Use of NIS as an oxidant prevented the aromatic

halogenation (entries 2-5). Upon use of HF/py (40 mol) and NIS (3 mol) (entl)' 2), the

fluorination gave Sp with a small amount of its iodination product. Use of HF/py (20

mol) was highly effective to produce Sp in 70% yield without any ring halogenation (entl)'

3). Reduction of the amount of either HF/py (entl)' 4) or NIS (entry 5) decreased the

yield of fluorination product Sp. He next examined the influence of a substituent on

sulfur using S-isopropyl or S-phenyl dithiocarbonates (2q or 2r). Both of these were

fluorinated to give Sp; no trace of trifluoromethyl ether 3 was detected. The optimized

fluorination conditions was applied to dithiocarbonates derived from various secondary,

tertiary, and benzylic alcohols. The conditions and yields of products are summarized in

Table 3.

As readily seen, both secondary (entries 8-10) and tertiary (entry 11) alkyl fluorides

are readily available in high yields. Dithiocarbonate 2t derived from menthol afforded St

as a single isolable product (entl)' 9). Although the reaction appears to have proceeded

with retention of configuration, it is considered that 5t was produced through a

carbocationic intermediate. Similar stereochemical results are reported with other

fluorination reagents.25,26 Primary benzylic dithiocarbonate 2w and secondary ones 2x

and 2y gave the corresponding benzylic fluorides 5w, 5x, and 5y, respectively. For 2w

and 2x, DBH was the most effective oxidant (see, entry 13); bromination of aromatic ring

was not observed. Substrate 2y having a formyl functionality caused difluorination of the

CHO group when DBH (3 mol) was used as an oxidant (entry 15). For this substrate, NIS

was the best oxidant to produce fluorination product 5y in 91 % yield.
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Table 3. Synthesis of alkyl fluorides 5 by oxidative desulfurization-fluorinationa}

Entry Oi thiocarbonates 2 70% HF/py (mol) N-Halo imide (mol) Products 5 Yields of 5 (%)

Ph~ 2p 80 OBH (3) Ph~ 5p __b, c)

OCS2Me F

2 2p 40 NIS (3) 5p 48

3 2p 20 NIS (3) 5p 70

4 2p 5 NIS (3) 5p no reaction

5 2p 40 NIS (1) 5p 45

6 Ph~ 2q 40 NIS (3) 5p 78
OCS21Pr

7 Ph~ 2r 40 NIS (3) 5p 42
OC~Ph

8
Ph~

2s 40 NIS (3)
Ph~

5s 65
OCS2Me F

-c)CS
2
M

<
F

9 ...,,( 2t 40 NIS (3) -0...< 5t 48d)

10 y OCS
2
M

< 2u 40 NIS (3) yF 5u 82c)

11 U OCS2M<
2v 40 NIS (3) MF 5v 78c)

I2B~ 2w 40 DBH (3) B~ 5w 43c)

OCS2Me F

13 Ph~ 2x 40 DBH (3) Ph~ 5x 94c) (76)C, e)

OCS2Me F

4-CHO-y;H~C4H9 4-CHO-CtiH1 C4H9
91 c)14 2y 40 NIS (3) 5y

OCS2Me F

15 2y 40 DBH (3) Sy 60 (23)C, f)

a) Unless otherwise noted. all the reaction was performed in CH2Cl2 at -42 ac for 1 h. b) Accompanied by

aromatic bromination. c) The reaction was carried out at -78 DC then 0 DC for 1 h. d) The reaction was

carried out at -78 DC then 0 DC for 0.5 h. e) NIS (3.0 mol) was used. t) Yield of4-F2CH-C~·l.rCHF-C4H9

(6) is given in parentheses.

103



Chapter IV

IV-2-4. Reaction Mechanism

A plausible reaction mechanism for the fluorination of dithiocarbonates is

summarized in Scheme 2. As demonstrated above, the reagent system consisting of 70%

HF/py and an N-halo imide converts R-OCS2R' 2 into trifluOTomethyl ethers R-oCF3 3 (R

= primary and aryl) or alkyl fluorides R-F 5 (R = secondary, tertiary, and benzylic),

depending on the cation stabilizing nature of R. In particular, the dithiocarbonates

derived from primary alcohols gave trifluoromethyl ethers in striking contrast to the

reaction with TolIF2.25) The reactivity difference may be attributed to an involvement of

an S,vi pathway with TolIF2 as shown in Scheme 2. The oxidative desulfurization­

fluorination appears to be initiated by an electrophilic reaction of a positive halogen (X+)

with a thiocarbonyl group of R-GC(S)SMe to generate a cationic species

R-GC+(SX)SMe; a subsequent nucleophilic attack by a fluoride ion at the electrophilic

carbon forms a C-F bond. The resulting R-GCF(SX)SMe is again oxidized by X+ and

then fluorinated to yield difluorination product 4 as an isolable product. Further

oxidation-fluorination affords trifluorination product R-OCF3. The reagent combination

clearly demonstrates that the fluorination proceeds via an intermolecular nucleophilic

reaction three times to finally give trifluoromethyl ether 3. Therefore, the fluorination of

secondary, tertiary alkyl, and benzylic dithiocarbonates leading to fluoride 5 may be

attributed to elimination of a -oCS2Me, -oCF(SX)SMe, or -OCF2SMe group to generate

carbocationic species "R+11 under the weakly acidic conditions, followed by a fluoride

attack.

R....~SMe
2

~r

Fjk~) S'
R....~A MY SMe
F"

R =primary. secondary5J
-------" R,

alkyl F
5

R =secondary, tertiary alkyl, .. Q~
or benzylic LJ

FZ. f R = :;,~aryalkYl'a

- R...OAS " R,
_ SX

2
Me X+, F OCF3

4 3

Scheme 2. A proposed mechanism for the fluorination of dithiocarbonates.
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IV-2-5. Synthesis of Secondary Alkyl Trifluoromethyl Ethers
through the Oxidative Desulfurization-Fluorination

To the best of knowledge, no synthetic method has been available for the synthesis

of trifluoromethyl ethers from secondary aliphatic alcohols.27 An already reported

alternative approach involves addition of CF30F to alkenes to give vic­

fluoro(trifluoromethoxy)alkanes. 16 As CF30F is highly explosive and toxic, special

equipments and techniques should be employed with great care. Furthermore, the

reaction is often accompanied by the formation of regio-isomers and formal F2 adducts,

and thus the desired trifluoromethyl ethers are produced generally in low yields.

Based on the mechanism suggested in Scheme 2, it is essential to prevent the

elimination of a -oCS2Me, -oCF(SX)SMe, or -OCF2SMe group for the synthesis of

trifluoromethyl ethers derived from secondary alcohols. The Author thus envisaged that,

if the acidity of the reaction conditions might be controlled by a proper choice of the

reagent system, it would be possible to switch the reaction pathway to the trifluoromethyl

ether formation. To this end, he initially used HF/py complex with HF content lower than

the Olah reagent. The results using 2z as a model substrate are summarized in Table 4.

F

F

2z

conditions ..

3z

OCF3 (3)

Table 4. Synthesis of substituted cyclohexyl trifluoromethy1 ether 3z

Entry Conditions (mol) Temp (0C) Isolated yield of 3z (%)

55% HF/py (40), NBS (5) 0 37

2 50% HF/py (40), NBS (5) 0 42

3 50% HF/py (80), NBS (5) 0 38

4 50% HF/py (40), NBS (5) -42 29

5 45% HF/py (40), NBS (5) 0 trace

6 70% HF/py (40), NBS (5), KHF2 (40) -42 trace

7 70% HF/py (40), NBS (5), KHF2 (20) -42 30

8 70% HF/py (40), DBH (5), KHF2 (15) -42 31

9 70% HF/py (40), DBH (5), KHF2 (10) -78 27
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Dilution of 70% HF/py with appropriate amounts of dry pyridine gave reagents 45­

55% HF/py (40-80 mol of F-). When a reaction was performed using 50% HF/py (40

mol) and NBS (5 mol) in dichloromethane at 0 DC, compound 2z was converted into the

corresponding cyclohexyl trifluoromethyl ether derivative 3z in 42% yield without any

fluorination product being detected (entry 2). DBH (5 mol) was not effective for this

transformation. Use of 55% HF/py (40 mol) (run 1) or 50% HF/py (80 mol) (run 3) at

-42 DC also gave 3z but in lower yields. When 45% HF/py (40 mol) was employed for

the reaction, the fluorination did not complete, and the formation of a

difluoro(methylthio)methyl ether (R-QCF2SMe) was detected by 19F NMR (entry 5). A

combined use of 70% HF/py and KHF2 was also effective for this transformation; when

the reaction was performed with 70% HF/py and KHF2 (20, 15, or 10 mol), 3z was

obtained in 30, 31, or 27% yield, respectively. Potassium hydrogendifluoride is known to

enhance the fluoride nucleophilicity and reduce the acidity of70% HF/py.28

The trifluoromethyl ether synthesis was applied to the dithiocarbonates derived from

several secondary aliphatic alcohols. The products and isolated yields are shown in

Figure 2. As one can readily see, the corresponding secondary aliphatic trifluoromethyl

ethers were prepared under the oxidative desulfurization-fluorination conditions, though

the yields are not striking. It is worthy to emphasize that either alkyl fluorides Sp and 5s

or trifluoromethyl ethers 3p and 3s are available from dithiocarbonates 2p and 2s,

respectively, only by tuning the HF content of the Olah reagent.

50% HF/py (40 mol)

NBS (5 mol)

~
OCF3

35: 16% (-42 °e. I h)

R-OCF3..

3p: 21 % (-78 to 0 °e, 0.5 h)

3a: 24% (0 °e, I h)

Figure 2. Synthesis of secondary aliphatic trifluoromethyl ethers.
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IV-3. Conclusion

It is demonstrated that synthesis of trifluoromethyl ethers is conveniently achieved

by the oxidative desulfurization-fluorination of dithiocarbonates that are readily accessible

from the corresponding alcohols or phenols. When the reaction is carried out using a

reagent system consisting of 70% HF/py and an N-halo imide, R-OCS2Me (R = aryl or

primary alkyl) is transformed selectively to trifluoromethyl ethers R-OCF3. When the

similar conditions are applied to R-GCS2Me (R = secondary and tertiary alkyl or benzylic),

fluorination leading to alkyl fluorides R-F proceeds without any formation of R-GCF3.

Furthermore, a combination of 50% HF/py and NBS converts R-OCS2Me (R = secondary

alkyl) to afford trifluoromethyl ethers R-GCF3. Thus, the reaction pathway towards

secondary alkyl fluorides or trifluoromethyl ethers can be controlled simply by an

appropriate choice of the fluorination reagent starting with the same substrate.

The convenient transfoffilations disclosed herein should find further applications

particularly in LC materials, pharmaceuticals, and agrochemicals. Applications to LCs

will be discussed in the following Chapters.

IV-4. Experimental

General Procedure for the Preparation of Dithiocarbonates 2.

To a stirred solution of alcohol 1 (80 mmol) in THF (or DMF) (160 mL), sodium

hydride (NaH, 60% in oil, 3.8 g, 96 mmol) was slowly added portionwise at O°C. After

the resulting mixture was stirred for 1 h at room temperature, carbon disulfide (9.6 mL,

0.16 mol) was added dropwise at 0 0c. The resulting mixture was stirred for 10 h at room

temperature before Mel (6.0 mL, 96 mmol) was added dropwise to the reaction mixture at

o0c. The resulting mixture was stirred for 1 h at room temperature, treated with aqueous

Nl4Cl solution, and extracted with Et20. The organic phase was separated; the aqueous

phase was extracted with Et20 three times. The combined organic phase was washed

with sat. NaCI solution containing small portions of sodium hydroge~sulfite, dried over

anhydrous Na2S04, filtered, and concentrated under reduced pressure. The residue was

purified by flash column chromatography or recrystallization from EtOH to give

dithiocarbonates 2. Yields and spectral properties of 2 are as follows.
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S-Methyl 0-4-Propylphenyl Dithiocarbonate (2a). Prepared in 80% yield upon

use of DMF in lieu of THF. A pale yellow oil; Rf= 0.83 (hexane: Et20 = 2 : 1). IR

2960, 2930, 2870, 1500, 1175, 1040, 965, 819 em-I; I H NMR (300 MHz) 0 = 0.94 (t, J =

8 Hz, 3 H), 1.05-1.64 (m, 2 H), 2.59 (t, J= 8 Hz, 2 H), 2.65 (s), 6.99 (d, J= 9 Hz, 2 H),

7.20 (d, J = 9 Hz, 2 H); I3C NMR (75.5 MHz) 0 = 13.8 (5), 19.9 (5), 24.4 (s), 37.4 (5),

12l.5 (s), 129.3 (s), 141.0 (5), 152.6 (5),215.9 (5); MS 11//z (reI intensity) 226 (M+, 6),

200 (2), 198 (20), 121 (5),93 (9),91 (l00), 65 (5). Found: 111lz 226.0485. Calcd for

CIIHI40S2: M, 226.0486.

S-Methyl 0-4-Methylphenyl Dithiocarbonate (2b). Yield, 82% with DMF as a

reaction solvent. A pale yellow oil; Rf= 0.57 (hexane: EtOAc = 10 : 1). IR 3042,

2924, 1884,1720, 1597,1503, 1420, 1413, 1382,1213,1192, 1180, 1103, 1041, 1020,962,

821 em-I; IH NMR (200 MHz) 0 = 2.36 (s, 3 H), 2.70 (5,3 H), 7.02 (d, J= 9 Hz, 2 H),

7.24 (d, J = 9 Hz, 2 H); I3C NMR (75.5 MHz) 0 = 19.9 (5), 20.9 (s), 121.6 (s), 130.0 (s),

136.2 (5),152.4 (5), 216.0 (s); MS mlz (reI intensity) 199 (M++l, 0.5),198 (M+, 3), 170

(28), 138 (2), 107 (5), 91 (100), 77 (13), 65 (10). Found: mlz 198.0177. Calcd for

C9HIOOS2: M, 198.0173.

0-4-Hexylphenyl S-Methyl Dithiocarbonate (2c). Yield, 82% with DMF as a

reaction solvent. A pale yellow oil; Rf= 0.50 (hexane). IR 2926, 2857, 1505, 1460,

1415, 1383, 1179, 1042,965,831 em-I; IH NMR (100 MHz) 0 = 0.89 (t, J = 6 Hz, 3 H),

1.15-1.80 (m, 8 H), 2.65 (t, J= 7 Hz, 2 H), 2.67 (s, 3 H), 7.03 (d, J= 6 Hz, 2 H), 7.25 (d, J

= 6 Hz, 2 H); l3C NMR (75.5 MHz) 0 = 14.1 (s), 19.9 (s), 22.6 (s), 29.0 (5),31.3 (s),

31.7 (s), 35.4 (5), 121.6 (s), 129.3 (5), 141.3 (5), 152.6 (5), 216.0 (s); MS mlz (reI

intensity) 270 (M++2, 1),269 (M++l, 2), 268 (M+, 13),240 (47), 169 (18), 121 (14), 107

(11), 93 (26), 91 (100), 75 (14), 65 (10). Found: 111lz 268.0961. Calcd for CI4H200S2:

M,268.0956.

0-4-Methoxyphenyl S-Methyl Dithiocarbonate (2d). Yield, 56% with DMF as a

reaction solvent. A pale yellow oil; Rf= 0.44 (hexane: EtOAc = 10 : 1). IR 3000,

2875,2820, 1500, 1250, 1185, 1170, 1040,830 em-I; IH NMR (100 MHz) 0 = 2.64 (s, 3

H), 3.80 (s, 3 H), 6.87 (d, J= 7 Hz, 2 H), 7.05 (d, J= 7 Hz, 2 H); l3C NMR (75.5 MHz)

o= 19.9 (5), 55.5 (s), 114.4 (s), 122.7 (5), 148.2 (s), 157.7 (5), 216.4 (s); MS mlz (reI

intensity) 214 (M+, 7), 186 (23), 149 (20), 123 (22), III (12), 109 (II), 105 (18),97 (26),

95 (34), 91 (100),83 (38),71 (52). Found: mlz 214.0119. Calcd for C9HIO02S2: M,

214.0122.

0-4-Benzyloxyphenyl S-Methyl Dithiocarbonate (2e). Yield, 85% with DMF as

a reaction medium. A pale yellow oil; Rf = 0.66 (hexane: Et20 = 2 : 1). IR 3010,

2860, 1500, 1383, 1242, 1185, 1150, 1055, 1019,838,742,695 em-I; IH NMR (100

MHz) 0 = 2.67 (s, 3 H), 5.08 (s, 2 H), 7.03 (s,4 H), 7.30-7.60 (m, 5 H); l3C NMR (75.5
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MHz) 6 = 19.9 (5), 70.4 (5), 115.4 (5), 122.8 (5), 127.5 (5), 128.1 (5), 128.6 (5), 136.7 (5),

148.4 (s), 157.0 (5), 216.3 (5); MS m/z (reI inten5ity) 292 (M++2, 1),291 (M++I, 2),290

(M+, 9), 262 (11),151 (2),93 (10),92 (198), 91 (100),65 (35). Found: m/z 290.0435.

Calcd for CIsH1402S2: M, 290.0435.

0-4-Bromophenyl S-Methyl Dithiocarbonate (2f). Yield, 67% with DMF a5 a

reaction medium. A pale yellow oil; RJ= 0.43 (hexane). IR 3120, 2950, 1883, 1724,

1582, 1482, 1420, 1400, 1190, 1172, 1100, 1037, 1015, 965, 832, 806, 715 em-I; IH

NMR (200 MHz) 6 = 2.66 (5, 3 H), 7.01 (d, J= 9 Hz, 2 H), 7.55 (d, J= 9 Hz, 2 H); l3C

NMR (75.5 MHz) 6 = 20.1 (5), 119.8 (s), 123.9 (s), 132.6 (5), 153.5 (5), 215.5 (5); MS

m/z (rei intensity) 264 (M++2, 2),262 (M+, 1),236 (10), 234 (8), 145 (4), 143 (3), 119 (4),

93 (10), 91 (100),75 (16),64 (9). Found: m/z 261.9115. Calcd for CgH779BrOS2: M,

261.9122.

S-Methyl 0-4-(PropoxycarbonyI)phenyl Dithiocarbonate (2g). Obtained in

33% yield by the reaction in DMF. A pale yellow oil; RJ= 0.53 (hexane: Et20 = 5 : 1).

IR 2969, 2922,1721,1601,1501,1412,1275,1194,1159,1113,1040, 1015,776,702 em­

I; IH NMR (100 MHz) b = 1.05 (t, J= 6 Hz, 3 H), 1.79 (tg, J= 6,6 Hz, 2 H), 2.66 (s, 3

H), 4.30 (t, J= 6 Hz, 2 H), 7.18 (d, J= 9 Hz, 2 H), 8.12 (d, J= 9 Hz, 2 H); l3C NMR

(75.5 MHz) 6 = 10.5 (s), 20.0 (s), 22.1 (s), 66.7 (s), 122.2 (s), 128.7 (s), 131.1 (s), 157.8 (s),

165.6 (s), 215.0 (s); MS m/z (rei intensity) 271 (M++l, 1),270 (M+, 1),242 (12), 194 (9),

152 (52),135 (88),107 (10), 93 (10),82 (19), 91 (100),77 (21), 75 (25),64 (14). Found:

m/z 270.0380. Calcd for C12H1403S2: M, 270.0384.

0-3-(MethoxycarbonyI)phenyl S-Methyl Dithiocarbonate (2h). Isolated in 77%

yield by the reaction carried out in DMF. A pale yellow oil; Rf= 0.46 (hexane: Et20 =
5 : 1). IR 2950, 1725, 1580, 1440, 1295, 1265, 1175, 1100, 1040, 1000, 760, 695 em-I;

IH NMR (100 MHz) b = 2.69 (5, 3 H), 3.93 (s, 3 H), 7.22-7.64 (m, 2 H), 7.72-8.04 (m, 2

H); l3C NMR (75.5 MHz) b = 20.0 (s), 52.4 (s), 123.4 (5), 126.8 (s), 127.7 (s), 129.5 (s),

131.8 (s), 154.4 (5), 165.9 (s), 215.5 (s); MS m/z (rei intensity) 242 (M+, 1),214 (26),

135 (4),121 (2), 119 (3),105 (4),97 (3), 93 (10),91 (100),75 (9). Found: m/z 242.0071.

Calcd for ClOHlO03S2: M, 242.0071.

0-4-Biphenyl S-Methyl Dithiocarbonate (2i). Yield, 84% (DMF as a reaction

solvent). Pale yellow crystals, mp 80.2-80.9 °C; Rf= 0.23 (hexane). IR (KEr) 3057,

2924,1888,1510,1481,1184,1036, 1005,839, 766, 725 em-I; IH NMR (100 MHz) b =
2.70 (s, 3 H), 7.21 (d, J= 6 Hz, 2 H), 7.35-7.81 (m, 7 H); l3C NMR (75.5 MHz) b = 20.0

(s), 122.3 (5),127.1 (s), 127.4 (s), 128.2 (s), 128.7 (s), 139.6 (5) 140.0 (5), 154.0 (5),215.7

(s); MS m/z (rei intensity) 262 (M++2, 1),261 (M++I, 2), 260 (M+, 12),232 (36), 185

(9), 152 (13), 141 (11), 115 (23), 93 (16), 91 (lOO), 76 (15), 75 (16). Found: mlz

260.0331. Calcd for C14H120S2: M, 260.0330.

109



Chapter IV

0-4'-Bromo-4-biphenyl S-Methyl Dithiocarbonate (2k). Yield, 74% (in DMF).

Pale yellow crystals, mp 109.8-110.6 °C; Rf= 0.26 (hexane). IR (KBr) 3040, 2925,

1584,1478,1387,1182,1051,1001,961,822 em-I; IH NMR (200 MHz) 0 = 2.71 (s,3

H), 7.19 (d, J= 9 Hz, 2 H), 7.46 (d, J= 9 Hz, 2 H), 7.42-7.67 (m, 4 H); 13C NMR (75.5

MHz) 0 = 20.0 (s), 121.8 (s), 122.5 (s), 128.0 (s), 128.7 (s), 131.9 (s), 138.3 (s), 139.0 (s),

154.2 (s), 215.7 (s); MS m/z (rei intensity) 340 (M++2, 5), 338 (M+, 4),312 (11), 310

(10), 152 (7), 139 (10), 91 (100), 75 (8). Found: m/z 337.9435. Calcd for

CI4HlI79BrOS2: M, 337.9435.

0-2-(4-Bromophenyl)ethyl S-Methyl Dithiocarbonate (21). Obtained in 99%

yield, a pale yellow oil; Rf= 0.26 (hexane). IR 2941, 2921, 1489, 1406, 1219, 1175,

1071, 1049, 1013,812 em-I; IH NMR (300 MHz) 0 = 2.52 (s, 3 H), 3.05 (t, J= 7 Hz, 2

H), 4.76 (t, J= 7 Hz, 2 H), 7.11 (d, J= 9 Hz, 2 H), 7.58 (d, J= 9 Hz, 2 H); l3C NMR

(75.5 MHz) 6 = 18.9 (s), 34.0 (s), 73.4 (s), 120.6 (s), 130.6 (s), 131.6 (5), 136.2 (s), 215.6

(5); MS m/z (rei intensity) 292 (M++2, 0.01), 290 (M+, 0.01), 185 (20), 184 (96), 183

(21), 182 (100), 104 (98), 103 (41), 102 (11),91 (18),89 (12), 78 (26), 77 (41), 76 (14), 75

(14),63 (13). Found: mlz 289.9434. Calcd for CIOHI1 79BrOS2: M, 289.9435.

S-Methyl 0-3-Phenylpropyl Dithiocarbonate (2m). Yield, 95%. A pale yellow

oil; Rf= 0.19 (hexane). IR 3025, 2950,2920, 1718, 1495, 1455, 1380,1220, 1175,

1060, 740, 700 em-I; IH NMR (200 MHz) 0 = 1.90-2.38 (m, 2 H), 2.55 (5, 3 H), 2.76 (t,

J = 7 Hz, 2 H), 4.61 (t, J = 7 Hz, 2 H), 7.10-7.48 (m, 5 H); l3C NMR (75.5 MHz) 6 =

18.9 (5), 29.8 (s), 32.0 (5), 73.1 (s), 126.0 (s), 128.3 (5), 128.4 (5), 140.8 (5), 215.7 (s);

MS m/z (rel intensity) 226 (M+, 11), 205 (21), 153 (12), 123 (12), 119 (25), 118 (86), 92

(13),91 (100), 71 (24). Found: m/z 226.0487. Calcd for CIIHI40S2: M, 226.0486.

O-Decyl S-Methyl Dithiocarbonate (2n). Yield, 66%. A pale yellow oil; Rf=

0.50 (hexane). IR 2924, 2855,1725,1464,1383,1223,1063,966,725 em-I; lH NMR

(100 MHz) 6 = 0.88 (t, J= 6 Hz, 3 H), 1.04-1.62 (m, 14 H), 1.68-2.05 (m, 2 H), 2.56 (5,3

H), 4.62 (t, J= 6 Hz, 2 H); l3C NMR (75.5 MHz) 6 = 14.1 (s), 18.9 (5), 22.7 (s), 25.9 (5),

28.2 (5), 29.2 (5), 29.3 (5), 29.46 (5), 29.48 (s), 31.9 (5),74.3 (5),215.9 (5); MS mlz (rei

intensity) 248 (M+, 3), 215 (11), 141 (11), 140 (75), 109 (27), 91 (23), 75 (61), 71 (100),

69 (92). Found: m/z 248.1235. Calcd for C12H240S2: M, 248.1269.

O-Hexadecyl S-Methyl Dithiocarbonate (20). Yield, 88%. A pale yellow oil;

Rf= 0.79 (hexane: EtOAe = 10 : 1). IR 2924, 2853, 1466, 1223, 1063, 967 em-I; IH

NMR (200 MHz) 0 = 0.88 (t, J= 7 Hz, 3 H), 1.20-1.50 (m, 26 H), 1.72-1.87 (m, 2 H), 2.56

(s,3 H), 4.59 (t, J= 7 Hz, 2 H); l3C NMR (75.5 MHz) 6 = 14.1 (s), 18.9 (5), 22.7 (5),

25.9 (5), 28.2 (s), 29.2 (s), 29.4 (5), 29.47 (5), 29.54 (5), 29.62 (s), 29.65 (5), 29.68 (br),

31.9 (5), 74.2 (5), 215.9 (s); MS m/z (rei intensity) 333 (M++ I, 0.2), 332 (M+, 0.4), 299

(7),285 (5),224 (24), 125 (11), III (35), 109 (77), 108 (13),98 (12), 97 (53), 91 (29), 85
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(39), 83 (57), 71 (100), 69 (89). Found: m/z 332.2209. Calcd for ClsH360S2: M,

332.2208.

O-l-Benzylbutyl S-Methyl Dithiocarbonate (2p). Yield, 90%. A pale yellow

oil; RJ= 0.63 (hexane: EtOAe = 10: I). IR 3029, 2959, 2872,1456,1219,1129,1051,

964,741,700 em-I; IH NMR (200 MHz) 6 = 0.88 (t, J= 7 Hz, 3 H), 1.24-1.84 (m, 4 H),

2.52 (s, 3 H), 2.91 (dd, J = 7, 14 Hz, I H), 3.12 (dd, J= 6, 14 Hz, 1 H), 5.82-5.96 (m, 1 H),

7.20-7.30 (m, 5 H); l3C NMR (75.5 MHz) 6 ::: 13.8 (s), 18.5 (s), 18.7 (s), 34.8 (s), 39.6

(s), 84.4 (5), 126.5 (s), 128.3 (s), 129.4 (s), 136.8 (s), 215.4 (5); MS m/z (reI intensity)

254 (M+, 0.13), 147 (12), 146 (84), 117 (47), 115 (II), 105 (13), 104 (24),92 (17), 91

(100), 77 (8), 69 (4), 65 (21). Found: m/z 254.0797. Calcd for CI3HISOS2: M,

254.0799.

O-l-Benzylbutyl S-l-Methylethyl Dithiocarbonate (2q). Prepared by treatment

with 2-iodopropane in lieu of Mel and isolated in 84% yield as a pale yellow oil; Rf =

0.61 (hexane: EtOAe = 10 : I). IR 2961,2930,2872, 1497, 1455, 1246, 1217, 1069,

1038, 787, 700 em-I; IH NMR (300 MHz) 6 = 0.84 (t, J = 6 Hz, 3 H), 1.25-1.80 (m, 10

H), 2.90 (dd, J = 7, 14 Hz, 1 H), 3.12 (dd, J = 6, 14 Hz, 1 H), 3.78 (heptet, J = 7 Hz, 1 H),

5.86-5.95 (m, 1 H), 7.19-7.32 (m, 5 H); 13C NMR (75.5 MHz) 0 = 13.9 (s), 18.6 (s), 22.2

(s), 22.4 (s), 34.8 (s), 39.7 (s), 40.5 (s), 83.9 (s), 126.5 (s), 128.4 (s), 129.5 (s), 136.9 (s),

214.1 (5); MS m/z (reI intensity) 282 (M+, 0.2),147 (6),146 (33),117 (16),105 (8), 104

(8),92 (9),91 (100),65 (7). Found: m/z 282.1111. Calcd for CIsH220S2: M, 282.1112.

O-(l-Ethyl-2-phenylethyl) S-Methyl Dithiocarbonate (2s). Isolated in 80% yield

as a pale yellow oil, Rf= 0.69 (hexane: EtOAc = 10 : 1). IR 3027, 2969, 1456, 1223,

1132, 1048, 965, 747, 698 em-I; IH NMR (200 MHz) 0 = 0.94 (t, J = 7 Hz, 3 H), 1.78

(dq, J = 7, 7 Hz, 2 H), 1.90-2.20 (m, 2 H), 2.54 (s, 3 H), 2.58-2.76 (m, 2 H), 5.64-5.76 (m,

1 H), 7.13-7.35 (m, 5 H); l3C NMR (75.5 MHz) b = 9.2 (s), 18.7 (5), 26.4 (s), 31.4 (5),

34.8 (5), 84.9 (5), 125.8 (5), 128.1 (5), 128.2 (5), 141.2 (s), 215.6 (5); MS m/z (rei

intensity) 254 (M+, 0.2), 221 (0.6),146 (27),131 (5), 116 (15),104 (10), 92 (10), 91 (l00),

65 (5). Found: m/z 254.0790. Calcd for Cl3HISOS2: M, 254.0799.

O-(-)-Mentbyl S-Methyl Dithiocarbonate (2t). Yield, 97%. A pale yellow oil;

Rj= 0.72 (hexane: Et20 = 10 : 1). IR 2957, 2924,2870, 1456, 1370, 1246, 1219, 1148,

1051,943,901 em-I; IH NMR (200 MHz) 0 = 0.80 (d, J= 7 Hz, 3 H), 0.88-1.19 (m, 9

H), 1.42-1.78 (m, 4 H), 1.84-1.94 (m, 1 H), 2.18-2.26 (m, 1 H), 2.55 (5, 3 H), 5.52 (ddd, J

= 5, 11, 11 Hz, 1 H); 13C NMR (75.5 MHz) 0 = 17.0 (5), 18.8 (5),20:6 (5), 22.0 (5), 23.8

(5), 26.6 (5), 31.3 (5), 34.1 (5), 39.6 (5), 47.2 (5), 84.4 (5), 215.4 (5); MS m/z (rei intensity)

246 (M+, 0.6), 171 (2), 140 (3), 139 (9), 138 (42), 97 (17), 95 (29), 91 (21), 83 (100), 81

(32), 71 (19), 69 (52), 67 (30). Found: m/z 246.1105. Calcd for C12H220S2: M,

246.1112.
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0-2-Adamantyl S-Methyl Dithiocarbonate (2u). Yield, 91%. Pale yellow

needles, mp 106.4-107.6 °C; Rf = 0.70 (hexane: EtOAe = 10 : 1). IR (KEr)

2905,2855,1703,1451,1426,1406,1356,1340,1225, 1211, 1177, 1049,963,914 ern-I;

11-1 NMR (200 MHz) (j = 1.60-1.68 (rn, 2 H), 1.72-1.96 (rn, 8 H), 1.98-2.08 (m, 2 H), 2.20­

2.28 (m, 2 H), 2.56 (s, 3 H), 5.62-5.78 (m, 2 H); MS 111lz (rei intensity) 244 (M++2, 2),

243 (M++l, 3),242 (M+, 17),182 (34),136 (37),135 (l00), 107 (34),93 (62),91 (54),81

(42), 79 (59), 77 (38), 67 (34). Found: 1111z 242.0804. Caled for C12H1S0S2: M,

242.0799.

O-l-Adamantyl S-Methyl Dithiocarbonate (2v). Yield, 78%. Pale yellow

needles, mp 110.6-111.2 °C; Rf= 0.76 (hexane: EtOAe = 10 : 1). IR (KEr) 2912, 2849,

1456, 1354, 1186, 1105,1048, 1024,954,860,714 em-I; IH NMR (200 MHz) (j = 1.69

(s, 6 H), 2.24 (brs, 3 H), 2.43 (s, 3 H), 2.45 (s, 6 H); l3C NMR (75.5 MHz) (j = 19.1 (s),

31.4 (s), 36.0 (s), 41.1 (s), 91.2 (s), 212.5 (s); MS mlz (rei intensity) 242 (M+, 0.8),167

(1), 149 (2), 107 (9), 93 (19), 91 (13), 79 (25), 67 (8). Found: mlz 242.0793. Calcd for

C12H1SOS2: M, 242.0799.

0-4-Bromophenylmethyl S-Methyl Dithiocarbonate (2w). Obtained in 99%

yield as a pale yellow oil; Rf= 0.62 (hexane: EtOAc = 10 : 1). IR 2921, 1900, 1595,

1489, 1406, 1368, 1223, 1197, 1177, 1071, 1013, 967, 851,803,731 em-1; IH NMR

(200 MHz) (j = 2.56 (s, 3 H), 5.57 (s, 2 H), 7.26 (d, J= 8 Hz, 2 H), 7.50 (d, J= 8 Hz, 2 H);

13C NMR (75.5 MHz) (j = 19.1 (s), 73.8 (s), 122.5 (s), 129.9 (s), 131.5 (s), 133.5 (s), 215.2

(s); MS mlz (reI intensity) 278 (M++2, 3), 276 (M+, 2),218 (3),216 (3),171 (81),169

(l00), 90 (33), 89 (28), 63 (20). Found: mlz 275.9280. Calcd for C9H979BrOS2: M,

275.9279.

S-Methyl O-l-Phenyl-l-pentyl Dithiocarbonate (2x). Yield, 95%. A pale

yellow oil; Rf= 0.61 (hexane: EtOAc = 10: 1). IR 3033, 2957, 2930, 1456, 1244, 1211,

1055,964,758,698 em-1; lH NMR(200 MHz) (j = 0.88 (t, J= 7 Hz, 3 H), 1.23-1.45 (m,

4 H), 1.80-2.01 (m, 1 H), 2.04-2.34 (m, 1 H), 2.53 (s, 3 H), 6.51 (dd, J = 6, 8 Hz, 1 H)

7.23-7.36 (m, 5 H); i3C NMR (75.5 MHz) (j = 13.9 (s), 18.9 (s), 22.5 (s), 27.5 (s), 35.9

(s), 85.3 (s), 125.8 (s), 126.8 (s), 128.0 (s), 128.4 (s), 215.0 (s); MS mlz (reI intensity)

254 (M+, 3), 147 (71), 146 (15), 137 (8), 117 (44), 115 (23), 105 (32), 104 (27), 92 (26), 91

(100), 78 (11), 77 (18), 75 (11), 65 (16). Found: mlz 254.0792. Calcd for C13H1SOS2:

M,254.0799.

O-l-(4-Formylphenyl)pentyl S-Methyl Dithiocarbonate (2y). Yield, 25%. A

pale yellow oil; Rf= 0.48 (hexane: EtOAc = 10 : 1). IR 2957,2924,2870, 1713, 1456,

1370,1246,1219,1159,1051,1005,943,901 em-1; lHNMR(200MHz)o=0.89(t,J=

7 Hz, 3 H), 1.22-1.50 (m, 4 H), 1.85-2.25 (m, 2 H), 2.56 (s, 3 H), 6.52 (dd, J= 6, 8 Hz, 1

H), 7.49 (d, J= 8 Hz, 2 H), 7.87 (d, J= 8 Hz, 2 H), 10.00 (s, 1 H); i3C NMR (75.5 MHz)
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6 = 13.9 (s), 19.1 (s), 22.4 (s), 27.4 (s), 36.0 (s), 84.3 (s), 127.2 (s), 129.9 (s), 135.9 (s),

146.5 (s), 191.7 (s), 215.1 (s); MS m/z (reI intensity) 283 (M++l, 1),282 (M+, 13),207

(12),197 (17),178 (22),149 (24),147 (40),135 (40),121 (21), 117 (24), III (29),105

(35),97 (100), 83 (61). Found: m/z 282.0740. Calcd for CI4HIS02S2: M, 282.0748.

O-{trans-4-(trans-4-(3,4-Difluorophenyl)cyclohexyl]cyclohexyl} S-Methyl

Dithiocarbonate (2z). Yield, 86%. Pale yellow needles, phase transition

temperature/oC: Cr 95 N 148 Iso; Rf= 0.71 (hexane: EtOAc = 10 : 1) IR (KBr) 2961,

2921,2857,1605,1516,1497,1449,1429,1356,1285, 1271, 1190, 1161, 1051, 1021,968,

870, 824, 777, 749 cm- I; IH NMR (200 MHz) () = 1.00-1.30 (m, 6 H), 1.31-1.61 (m,4

H), 1.76-1.98 (m, 6 H), 2.14-2.30 (m, 2 H), 2.41 (tt, J= 3,12 Hz, 1 H), 2.55 (s, 3 H), 5.45

(tt, J= 4,11 Hz, 1 H), 6.84-7.07 (m, 3 H); 19F NMR (188 MHz) b = -139.1 (ddd, J = 8,

12,21 Hz, 1 F), -143.0 (dddd, J = 5, 8, 10,21 Hz, 1 F); l3C NMR (75.5 MHz) 0 = 18.6

(s), 27.7 (s), 30.1 (s), 31.0 (s), 34.3 (s), 41.82 (s), 41.84 (s), 43.5 (d, J = 1 Hz), 115.2 (d, J =
17 Hz), 116.6 (d, J = 16 Hz), 122.4 (dd, J= 3, 6 Hz), 144.5 (dd, J = 4, 5 Hz), 148.4 (dd, J

= 13,245 Hz), 150.0 (dd, J = 13,247 Hz), 215.0 (s); MS m/z (rei intensity) 384 (M+,

0.17),277 (15),276 (47),195 (17),179 (19),153 (22),140 (37),127 (100),109 (18), 95

(20), 83 (50), 81 (58), 79 (31), 67 (51). Found: C, 62.27; H, 6.92%. Calcd for

C20H26FzOS2: C, 62.47; H, 6.82%.

0-3~-Cholestanyl S-Methyl Dithiocarbonate (2a). Yield, 93%. A colorless

powder, mp 98.8-100.0 °C; Rf= 0.66 (hexane). IR (KEr) 2868, 2851, 1468, 1447, 1383,

1367, 1331, 1258, 1246, 1221, 1194, 1154, 1129, 1059, 1030,995,963, 922 em-I; IH

NMR (200 MHz) () = 0.60-2.15 (m, 47 H), 2.53 (8, 3 H), 5.38-5.60 (m, 1 H); l3C NMR

(50.3 MHz) 0 = 12.1 (s), 12.2 (5), 18.7 (s), 18.8 (s), 21.2 (s), 22.5 (s), 22.8 (s), 23.8 (s),

24.2 (s), 26.8 (8), 28.0 (8), 28.2 (5), 28.6 (8), 32.0 (s), 33.3 (s), 35.5 (5), 35.8 (s), 36.2 (5),

36.7 (s), 39.5 (5),40.0 (8), 42.6 (5), 44.6 (5), 54.2 (5), 56.3 (5), 56.4 (5), 83.6 (5), 215.2 (s);

MS m/z (rei intensity) 478 (M+, 0.2), 371 (29),370 (40), 355 (13),316 (13), 215 (34),163

(16), 161 (21), III (20), 109 (43), 107 (43), 95 (79), 91 (53), 83 (44), 81 (100), 67 (73).

Found: m/z 478.3264 (M+). Calcd for C29HSOOS2: M, 478.3303 Found: C, 72.28; H,

10.46%. Calcd for C29HSOOS2: C, 72.74; H, 10.53%.

Synthesis of 0-4-(4'-Acetoxy)biphenyl S-Methyl Dithiocarbonate (2j)

According to the general procedure for the preparation of dithiocarbonate5 described

above, 0-41-hydroxy-4-biphenyl S-methyl dithiocarbonate was prepared in 42% yield with

DMF as the reaction medium. A mixture of the dithiocarbonate (1.5 mmol), pyridine (2.5

mL), and DMAP (10 mg) was treated with AC20 (1.8 mL, 0.17 mmol) overnight.

Workup and purification gave 2j in 82% as a pale yellow powder, mp 112.8-113.4 °C; Rf

=: 0.23 (hexane: EtOAc = 10 : 1). IR (KEr) 3059, 2924,1905,1751, 1599,1491,1431,
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1367,1317,1213,1062,1003,914,839,800,721 em-I; lH NMR (200 MHz) 0 = 2.32 (s,

3 H), 2.70 (s, 3 H), 7.06-7.20 (m 4 H), 7.52-7.71 (m, 4 H); l3C NMR (75.5 MHz) () =

20.0 (s), 21.1 (s), 115.7 (s), 121.9 (s), 122.4 (s), 128.2 (s), 137.9 (s), 138.8 (s), 150.3 (s),

154.1 (s), 169.4 (s), 215.7 (s); MS m/z (reI intensity) 319 (M++l, 1),318 (M+, 4), 312

(11),310 (10), 152 (7), 139 (10), 91 (100),75 (8). Found: m/z 318.0377. Calcd for

C16H1403S2: M, 318.0384.

O-l-Benzylbutyl S-Phenyl Dithiocarbonate (2r). This substrate was prepared

from I-phenyl-2-pentanol (0.53 g, 3.2 mmol) by treatment with phenyl

chlorodithioformate (0.55 mL, 3.9 mmol), pyridine (0.5 mL, 9.4 mmol), and DMAP (61

mg, 0.50 mmol) in diehloromethane (2.0 mL) at room temperature for 1 h. Workup and

purification afforded 2r (0.31 g, 30% yield) as a pale yellow oil; Rf = 0.50 (hexane :

EtOAc = 10 : 1). IR 3061,3028,2959,2872,1497, 1473, 1456,1233, 1129, 1078, 1040,

1021,999, 746, 700 em-I; lH NMR (300 MHz) () = 0.83 (t, J= 7 Hz, 3 H), 1.14-1.39 (m,

2 H), 1.43-1.60 (m, 2 H), 2.83 (dd, J = 7, 14 Hz, 1 H), 2.99 (dd, J = 6, 14 Hz, I H), 5.75­

5.84 (m, I H), 7.02-7.10 (m, 2 H), 7.16-7.28 (m, 3 H), 7.38-7.49 (m, 5 H); l3C NMR

(75.5 MHz) () = 13.8 (s), 18.3 (s), 34.6 (s), 39.4 (s), 84.9 (s), 126.5 (s), 128.3 (s), 129.1 (s),

129.4 (s), 129.8 (s), 129.9 (s), 135.1 (s), 136.7 (s), 212.3 (s); MS m/z (rei intensity) 316

(M+, 1),268 (2),240 (8), 167 (4), 146 (8), 91 (100), 77 (10). Found: m/z 316.0956.

Calcd for ClsH200S2: M, 316.0956.

A General Procedure for the Preparation of Trifluoromethyl Ethers of Primary

Alcohols and Phenols.

An oven-dried polypropylene round bottom tube equipped with a rubber septum, a

Teflon®-coated magnetic stirring bar, and an argon inlet, was flushed with argon and

charged with DBH (0.86 g, 3.0 mmol) and dry CH2CI2 (3.0 mL). The suspension was

cooled to -78°C using an external acetone-dry ice bath and stirred at -78 °C for 10 min.

To the mixture was slowly added 70% HF/py (2.0 mL, 40 mmol of HF/mL) over 5 min

using a polypropylene/polyethylene syringe under an argon atmosphere. The resulting

suspension was stirred vigorously. To this mixture was added dropwise a solution of 2

(1.0 mmol) in CH2Cb (3.0 mL) at -78°C via a cannula by positive argon pressure. After

the addition was completed, the acetone-dry ice bath was replaced by an ice-cold NaCI

solution bath. The resulting red-brown reaction mixture was stirred at the same

temperature for 30 min, diluted with diethyl ether at 0 °C, carefully (caution!! during this

operation. vigorous evaporation of hydrogen fluoride often occurs), and quenched by

careful addition of an ice-cold aqueous NaHS03/NaHC03/NaOH (pH 10) solution until a

red-brownish color of the mixture disappeared at 0 0c. The pH value was readjusted to

10 at 0 °C by slow addition of ice-cooled 30% NaOH aq. solution and diluted with diethyl
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ether. The contents were transferred to a separatory funnel; the organic phase was

separated. The aqueous phase was extracted four times with portions of diethyl ether; the

combined organic phase was washed with brine, dried over MgS04, filtered, and

concentrated under reduced pressure. The pyridine in the residue was removed by double

toluene azeotrope under reduced pressure. The residue was purified by flash column

chromatography or bulb-to-bulb distillation to give trifluoromethyl ethers 3. Yields and

spectral properties of products are as follows.

4-Propyl-l-trifluoromethoxybenzene (3a). Isolated in 58% yield as a colorless

oil; Rf = 0.68 (hexane). IR 2962, 2934, 2874, 1728, 1599, 1508, 1487, 1464, 1387,

1262, 1221, 1169, 1073,846, 743 em-I; IH NMR (200 MHz) b = 0.95 (t, J = 7 Hz, 3 H),

1.64 (tq J= 7, 7 Hz, 2 H), 2.59 (t, J= 7 Hz, 2 H), 7.12 (d, J= 9 Hz, 2 H), 7.19 (d, J= 9 Hz,

2 H); 19F NMR (188 MHz) b = -58.46 (s); MS m/z (rei intensity) 205 (M++I, 4),204

(M+, 6),189 (11),187 (13),175 (38),117 (12),115 (18), 107 (16),105 (15),91 (15),89

(19), 88 (14), 84 (l00), 77 (44), 74 (20), 69 (85). Found: m/z 204.0755. Calcd for

CIOHIIF30: M, 204.0762.

4-Hexyl-l-trifluoromethoxybenzene (3c). Yield, 50%. A colorless oil; Rf =

0.70 (hexane). IR 2932, 2861,1510,1262,1223, 1165, 1020,842,808 em-I; IH NMR

(100 MHz) b = 0.90 (t, J= 6 Hz, 3 H), 1.10-1.87 (m, 8 H), 2.63 (t, J= 7 Hz, 2 H), 7.03 (d,

J = 6 Hz, 2 H), 7.22 (d, J = 6 Hz, 2 H); 19F NMR (188 MHz) b = -58.50 (s); MS m/z

(reI intensity) 247 (M++l, 3), 246 (M+, 22),176 (22),175 (100),109 (5), 78 (3). Found:

C, 63.72; H, 6.97%. Calcd for Cl3HI7F30: C, 63.40; H, 6.96%.

2-Benzyloxy-l-bromo-3-trifluoromethoxybenzene (3e'). Yield, 56%. A

colorless oil; Rf= 0.41 (hexane). IR 2928, 1595, 1582, 1491, 1252, 1219, 1169, 1073,

1049,1011,808,719 em-I; IH NMR (200 MHz) b = 5.15 (s, 2 H), 6.91 (d, J= 9 Hz, 2

H), 7.14 (dd, J= 3, 9 Hz, 1 H), 7.4-7.6 (m, 6 H); 19F NMR (188 MHz) b = -58.94 (s);

MS m/z (reI intensity) 348 (M++2, 1),346 (M+, 1),257 (2),171 (58), 170 (9),169 (100),

149 (6), 90 (18), 89 (12), 79 (3), 69 (11), 63 (9), 58 (8). Found: m/z 345.9810. Calcd

for C14H1079BrF302: M, 345.9816.

4-Bromo-l-trifluoromethoxybenzene (31),29 Obtained in 62% yield. IH NMR

(200 MHz) b = 7.06 (d, J = 8 Hz, 2 H), 7.51 (d, J = 8 Hz, 2 H); 19F NMR (188 MHz) b =
-58.63 (s).

Propyl 4-Trifluoromethoxybenzoate (3g). Yield, 30%. A colorless oil; Rf =

0.46 (hexane: Et20 = 10: 1). IR2973,2884, 1725, 1609, 1507, 1416~ 1307, 1260, 1221,

1169, 1103, 1019, 770, 710 em-I; IH NMR (300 MHz) [) = 1.03 (t, J = 7 Hz, 3 H), 1.80

(tq, J= 7, 7 Hz, 2 H), 4.29 (t, J= 7 Hz, 2 H), 7.27 (d, J= 7 Hz, 2 H), 8.10 (t, J= 7 Hz, 2

H); 19F NMR (188 MHz) b = -58.14 (s); l3C NMR (75.5 MHz) b = 10.5 (s), 22.1 (s),

66.8 (s), 120.2 (s), 120.3 (q, J = 259 Hz), 128.9 (s), 131.5 (s), 152.5 (s), 165.4 (s); MS
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111/Z (rei intensity) 249 (M++l, 0.1),248 (M+, 0.7), 207 (20),206 (58),190 (10),189 (l00),

161 (12),95 (37), 75 (8),69 (8),64 (13). Found: m/z 248.0663. Calcd for CIIHIIF303:

M, 248.0660._

Methyl 3-Trifluoromethoxybenzoate (3h). Yield, 76%. A colorless oil; RJ =

0.24 (hexane) IR 2959, 1732, 1592, 1449, 1302, 1256, 1171, 1102, 1078, 997, 760, 708

em-I; IH NMR (200 MHz) [) = 3.94 (s, 3 H), 7.42 (d, J= 8 Hz, 1 H), 7.48 (dd, J= 8, 8

Hz, 1 H), 7.90 (s, I H), 7.98 (d, J= 8 Hz, I H); 19F NMR (188 MHz) 6 = -58.45 (s);

13C NMR (75.5 MHz) a = 52.4 (s), 120.4 (g, J = 258 Hz), 122.0 (s), 125.3 (s), 127.9 (s),

129.9 (s), 132.2 (s), 149.2 (g, J = 2 Hz), 165.7 (s); MS m/z (rei intensity) 222 (M++2, 1),

221 (M++I, 4), 220 (M+, 33),190 (10),189 (100) 161 (31), 135 (9), III (3),95 (43),92

(11), 75 (12), 69 (19), 63 (21). Found: 111/Z 220.0348. Calcd for C9H7F303: M,

220.0347.

4-Acetoxy-4'-trifluoromethoxybiphenyl (3j). Isolated in 80% yield as colorless

crystals, mp 126°C; RJ = 0.68 (hexane: CH2CI2 = 1 : 1). IR (KEr) 3072, 2930, 1911,

1761, 1604, 1496, 1373, 1292, 1215, 1167, 1006, 914, 842, 798 cm- I; IH NMR (200

MHz) 6 = 2.33 (5,3 H), 7.21 (d, J= 9 Hz, 2 H), 7.34 (d, J = 9 Hz, 2 H), 7.55 (d, J = 9 Hz, 2

H), 7.57 (d, J = 9 Hz, 2 H); I9F NMR (188 MHz) a = -58.34 (s); l3C NMR (75.5

MHz) 0= 21.1 (s), 120.5 (g, J = 258 Hz), 121.2 (s), 122.0 (s), 128.1 (s), 128.4 (s), 137.5

(s), 139.1 (s), 148.7 (s), 150.4 (s), 169.4 (s); MS mlz (reI intensity) 297 (M++l, 2), 296

(M+, 10), 255 (14), 254 (100), 185 (13), 157 (7), 128 (6), 69 (3). Found: C, 60.69; H,

3.86%. Calcd for CIsHIIF303: C, 60.82; H, 3.74%.

4-Bromo-4'-trifluoromethoxybiphenyl (3k). Obtained in 52% yield with HF/py

(80 molar amounts) or in 78% yield with HF/py (40 molar amounts) as colorless needles,

mp 59.9-61.2 DC; RJ= 0.70 (hexane). IR (KBr) 3060,3030, 1906, 1589, 1514, 1481,

1389, 1260 1163, 1003,834,808 em-I; IH NMR (200 MHz) a= 7.29 (d, J= 9 Hz, 2 H),

7.42 (d, J = 9 Hz, 2 H), 7.54 (t, J = 8 Hz, 2 H), 7.58 (d, J = 8 Hz, 2 H); 19F NMR (188

MHz) 6 =-58.33 (5); MS m/z (reI intensity) 320 (M++4, 1),319 (M++3, 13),318 (M++2,

96),317 (M++l, 14),316 (M+, 100),249 (27), 247 (27), 221 (25),219 (26),152 (18),140

(26), 139 (49), 69 (25). Found: C, 48.96; H, 2.47%. Calcd for Cl3HgBrF30: C, 49.24;

H,2.54%.

I-Bromo4-(2-trifluoromethoxyethyl)benzene (31). Yield, 81%. A colorless oil,

bp 120 °C/6 mmHg; Rf= 0.47 (hexane). IR 2975,2915, 1595, 1491, 1404, 1267, 1144,

1075, 1013, 826, 804 em-I; IH NMR (300 MHz) a= 2.95 (t, J = 7 Hz, 2 H), 4.13 (t, J = 7

Hz, 2 H), 7.10 (d, J= 8 Hz, 2 H), 7.44 (d, J= 8 Hz, 2 H); I9F NMR (282 MHz) a =

-61.23 (s); l3C NMR (75.5 MHz) a= 34.6 (5), 67.3 (g, J = 4 Hz), 120.8 (5), 121.5 (g, J=

255 Hz), 130.6 (s), 131.7 (s), 135.6 (5); MS m/z (rei intensity) 271 (M++3, 3), 270 (M++2,

24),269 (M++l, 3),268 (M+, 24), 251 (10),249 (22), 247 (11), 171 (80), 170 (12), 169
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(100), 90 (36), 89 (36), 86 (37), 84 (61), 77 (23), 75 (15), 74 (24), 69 (54), 63 (54).

Found: mlz 267.9714. Calcd for C9H879BrF30: M, 267.9711.

I-Bromo-4-[3-(trifluoromethoxy)propyllbenzene (3m'). Yield, 75%. A

colorless oil, Rf= 0.33 (hexane). IR 2973, 1489,1408,1271, 1140,1073, 1013,855,

835, 797 cm- l ; IH NMR (300 MHz) b = 1.97 (rt, J= 6, 8 Hz, 2 H), 2.68 (t, J= 8 Hz, 2 H),

3.94 (t, J = 6 Hz, 2 H), 7.05 (d, J = 8 Hz, 2 H), 7.41 (d, J = 8 Hz, 2 H); I9F NMR (282

MHz) b = -61.17 (5); l3c NMR (75.5 MHz) b = 30.1 (s), 31.0 (5), 66.2 (q, J = 3 Hz),

120.0 (s), 121.7 (q, J= 254 Hz), 130.2 (s), 131.6 (5),139.5 (s); MS mlz (reI intensity) 285

(M++3, 2),284 (M++2, 23), 283 (M++l, 2), 282 (M+, 19), 172 (15),171 (55), 169 (100),

117 (14), 115 (13), 104 (11), 91 (41),90 (33), 89 (29), 77 (25), 69 (47), 65 (13). Found:

mlz 281.9866. Calcd for ClOH1079BrF30: M, 281.9868.

1-Trifluoromethoxydecane (3n). Yield, 80%. A colorless oil; Rf = 0.75

(hexane). IR 2928,2857, 1728, 1466, 1408, 1383, 1273, 1142, 1044,725 ern-I; IH

NMR (200 MHz) b = 0.88 (t, J = 6 Hz, 3 H), 1.15-1.48 (m, 14 H), 1.60-1.79 (m, 2 H), 3.94

(J = 6 Hz, 2 H); 19F NMR (188 MHz) b = -61.14 (s); MS mlz (rei intensity) 227

(M++ 1, 0.7),226 (M+, 57), 141 (1), 112 (5), 97 (13), 83 (14), 69 (26), 57 (57), 43 (100).

Found: mlz 226.1540. Calcd for CIIH2IF30: M, 226.1544.

I-Trifluoromethoxyhexadecane (30). Isolated in 95% yield with DBH or in 67%

yield using [bis(trifluoroacetoxy)iodo]benzene as an oxidant, respectively. A colorless

oil; Rf= 0.78 (hexane). IR 2926, 2855, 1468, 1408, 1273, 1223, 1142, 860, 722 ern-I;

IH NMR (200 MHz) IS = 0.88 (t, J= 6 Hz, 3 H), 1.18-1.48 (rn, 26 H), 1.60-1.79 (m, 2 H),

3.94 (J= 7 Hz, 2 H); 19F NMR (188 MHz) b = -61.18 (s); l3C NMR (75.5 MHz) b =

14.1 (s), 22.7 (s), 25.4 (s), 28.7 (s), 29.1 (s), 29.37 (s), 29.45 (s), 29.54 (s), 29.63 (s), 29.67

(5), 29.69 (5), 29.71 (5), 31.9 (5), 67.5 (q, J = 3 Hz), 121.7 (q, J = 254 Hz); MS mlz (rel

intensity) 312 (M++2, 0.2),311 (M++l, 0.9), 310 (M+, 5), 224 (3), 211 (4), 169 (7), 155

(8), 141 (5), 140 (4), 126 (13), III (33),99 (36), 98 (68), 97 (68), 96 (12),85 (94),84 (39),

83 (72), 75 (15), 71 (100), 70 (74), 69 (93). FoUDd: mlz 310.2484. Calcd for

C17H33F30: M, 310.2483.

Oxidative Desulfurization-Fluorination of Difluoro(methylthio)methyl Methyl Ethers.

Difluoro(rnethylthio)methyl methyl ethers 4 were fluorinated under the conditions

for the fluorination of dithiocarbonates 2. Yields (amounts and reagent) and spectral

properties of products are as follows:

Compound 3a: 42% yield, (70%, HF/py 80 mol; DBH, 1 mol).

Compound 3e': 62% yield, (70%, HF/py 80 mol; DBH, 2 mol).

Compound 3h: 51 % yield, (70%, HF/py 80 mol; DBH, 1 mol).
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3-(Trifluoromethoxy)propylbenzene (3m): Obtained in 41 % yield as a colorless

oil using 70% HF/py (80 mol) and DBH (1 mol); R.r= 0.32 (hexane). IR 2928,2862,

1456,1408,1270,1141,1033,852 cm- I; IH NMR(200 MHz) &= 2.00 (tq, J= 7, 7 Hz,

2 H), 2.71 (t, J = 7 Hz, 2 H), 3.96 (t, J = 7 Hz, 2 H), 7.0-7.4 (m, 5 H); 19F NMR (188

MHz) 6 = -61.09 (s); MS mlz (rei intensity) 205 (M++1,3),204 (M+, 6), 167 (2), 150 (8),

149 (100), 1117 (3), 107 (6),92 (10), 91 (33), 85 (12), 83 (10), 71 (26),69 (27). Found:

1111z 204. 758. Calcd for ClOHI1F30: M, 204.0762.

A General Procedure for the Difluorination of Dithiocarbonate.

Method A. To a stirred solution of TBAH2F3 (1.51 g, 5.0 mmol) and

dithiocarbonate 2 (1.0 mrnol) in CH2Cb (2.0 rnL) was added NBS (0.71 g, 4.0 mmol) in

one portion at room temperature. The resulting mixture was stirred for 1 h at room

temperature, then poured into an aq. solution of NaHC03, NaOH, and NaHS03, and

extracted three times with dichloromethane. The combined organic phase was washed

with sat. aq. NaCI, dried over Na2S04, filtered through a pad of Celite/silica gel (Wako

Gel C-IOO), and concentrated. The residue was purified by flash column or preparative

thin layer chromatography to give difluoro(methylthio)methyl ether 4.

Method B. The reaction was carried out by a procedure similar to that described in

Method A. Work-up was effected as follows. The reaction mixture was diluted with a

mixture of pentane and diethyl ether (5 : I). The resulting insoluble material was filtered

through a short silica gel (Wako gel C-I 00) column. The filtrate was concentrated under

reduced pressure. The residue was purified by flash column or preparative thin layer

chromatography to give 4.

Method, yield, and spectroscopic properties of products follow:

I-Difluoro(methylthio)methoxy-4-propylbenzene (4a). Method A, 58% yield.

A colorless oil; Rf= 0.35 (hexane: CH2Cb = 40 : 1). IR 2955,2930, 1720, 1502, 1205,

1198, 1138, 1108, 1050, 1028,963, 838, 796 cm- I; 1H NMR (200 MHz) & = 0.93 (t, J =

7 Hz, 3 H), 1.60 (qt, J = 7, 8 Hz, 2 H), 2.36 (5, 3 H), 2.60 (t, J = 8 Hz, 2 H), 7.10 (d, J = 7

Hz, 2 H), 7.16 (d, J = 7 Hz, 2 H); 19F NMR (188 MHz) 6 = -46.55 (5); MS mlz (rei

intensity) 276 (M++2, 1),275 (M++1,4),274 (M+, 22), 203 (9), 161 (9),97 (100),91 (11).

Found: C, 56.79; H, 6.05%. Calcd for CI1HI4F'20S: C, 56.88; H, 6.08%.

4-[Difluoro(methylthio)methoxy]toluene (4b). Method A, 64% yield. A

colorless oil; Rf= 0.69 (hexane: Et20 = 5 : 1). IR 3048,2942, 1724, 1508, 1440, 1382,

1218,1200,1171,1142,1113,1053,1034,973,872,721 em-I; IHNMR(200MHz)6=

2.35 (s, 3 H), 2.37 (5,3 H), 7.10 (d, J = 9 Hz, 2 H), 7.16 (d, J = 9 Hz, 2 H); 19F NMR

(188 MHz) & = -46.49 (5); 13C NMR (75.5 MHz) & = 12.4 (t, J = 3 Hz), 20.8 (5), 121.3

(s), 129.8 (t, J = 292 Hz), 129.9 (5), 135.8 (s), 148.4 (s); MS mlz (reI intensity) 205
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(M++l, 6),204 (M+, 33),154 (13), 107 (8), 97 (100), 95 (11),91 (32),71 (18). Found:

mlz 204.0425. Calcd for C9HlOF20S2: M, 204.0420.

I-Difluoro(methylthio)methoxy-4-hexylbenzene (4c). Method A, 36% yield. A

colorless oil; Rf= 0.33 (hexane: CH2Cb = 40 : I). IR 2930,2859,1726,1507,1466,

1383,1200,1144,1055,972 em-I; IH NMR(200 MHz) 6 = 0.89 (t,J= 7 Hz, 3 H), 1.05­

1.85 (m, 8 H), 2.36 (5, 3 H), 2.61 (t, J= 7 Hz, 2 H), 6.81-7.49 (m, 4 H); 19F NMR (188

MHz) 6 = -46.40 (5); MS mlz (reI intensity) 276 (M++2, 1),275 (M++ 1,4),274 (M+, 22),

203 (9), 161 (9),97 (100),91 (11). Found: C, 61.26; H, 7.17%. Calcd for

C14H20F20S: C, 61.29; H, 7.35%.

I-Difluoro(methylthio)methoxy-4-methoxybenzene (4d). Method A, 33% yield.

Rf= 0.56 (hexane: Et20 = 5: 1). IR 2946,2840,1720,1600,1500,1250,1190,1140,

1110, 1030,830 em-I; IH NMR (200 MHz) 0 = 2.36 (s, 3 H), 3.80 (s, 3 H), 6.83 (d, J= 8

Hz, 2 H), 7.21 (d, J = 8 Hz, 2 H); 19F NMR (188 MHz) 6 = -46.84 (5); MS mlz (reI

intensity) 222 (M++2, 2),221 (M++I, 3), 220 (M+, 31), 123 (26), 107 (13), 97 (100),92

(10), 77 (13). Found: C, 49.25; H, 4.63%. Calcd for C9HlOF202S: C, 49.08; H, 4.58%.

I-Benzyloxy-4-difluoro(methylthio)methoxybenzene (4e). Method A, 43% yield.

A colorless oil; Rf= 0.64 (hexane: Et20 = 5 : I). IR 3030, 2940, 1500, 1455, 1245,

1196,1140,1110,1025,830,740,690 em-I; IH NMR (200 MHz) 6 = 2.39 (5, 3 H), 5.06

(5,2 H), 6.94 (d, J = 8 Hz, 2 H), 7.16 (d, J = 8 Hz, 2 H), 7.28-60 (m, 5 H); 19F NMR

(188 MHz) 0 = -46.82 (5); MS mlz (reI intensity) 298 (M++2, 0.5), 297 (M++l, 1),296

(M+, 8), 97 (13), 92 (10), 91 (100), 65 (II). Found: C, 60.78; H, 4.68%. Calcd for

ClsH14F202S: C, 60.80; H, 4.76%.

I-Bromo-4-[difluoro(methylthio)methoxy]benene (41). Method A, 43% yield.

A colorless oil; Rf = 0.68 (hexane : Et20 = 5 : I). IR 3125, 2950, 2880, 1890, 1730,

1584, 1489, 1440, 1383, 1201, 1168, 1140, 1100, 1068, lOll, 973,863,830,780 em-I;

IH NMR (200 MHz) 6 = 2.38 (s, 3 H), 7.11 (d, J= 10 Hz, 2 H), 7.49 (d, J= 10 Hz, 2 H);

19F NMR (188 MHz) 6 ;; -46.96 (5); l3c NMR (75.5 MHz) 6;; 12.3 (t, J= 3 Hz), 123.2

(5), 129.7 (t, J = 294 Hz), 132.5 (5), 132.6 (5), 149.6 (5); MS m/z (reI intensity) 271

(M++3, 0.7), 270 (M++2, 7),269 (M++l, 0.7), 268 (M+, 7), 223 (0.6),221 (0.6), 157 (6),

155 (6), 145 (2),143 (2), 119 (1),117 (I), 97 (100). Found: mlz 267.9371. Calcd for

CsH779BrF20S2: M, 267.9369.

Propyl 4-[Difluoro(methylthio)methoxy]benzoate (4g). Method A, 25% yield.

A colorle5s oil; Rf= 0.46 (hexane: Et20 = 5 : I). IR 2961,2930; 1728,1601,1466,

1273, 1123, 1073, 1042, 743 cm-]; IH NMR (200 MHz) 0 =1.03 (t, J = 6 Hz, 3 H), 1.80

(tq, J= 6, 6 Hz, 2 H), 2.44 (5, 3 H), 4.30 (t, J= 6 Hz, 2 H), 7.25 (d, J= 9 Hz, 2 H), 8.10 (d,

J= 9 Hz, 2 H); 19F NMR (188 MHz) 6;; -46.87 (s); l3C NMR (75.5 MHz) 0 = 10.5

(5), 12.4 (t, J = 3 Hz), 22.1 (5),66.7 (5), 120.6 (5), 122.2 (5), 129.7 (t, J= 294 Hz), 131.2 (s),
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154.0 (s), 165.7 (s); MS m/z (reI intensity) 276 (M+, 9),167 (36),149 (100),104 (6),83

(8),71 (29),70 (25). Found: m/z 276.0630. Calcd for C12HI4F203S: M, 276.0632.

Methyl 3-[Ditluoro(methylthio)methoxy]benzoate (4h). Method A, 32% yield.

A colorless oil; Rf= 0.38 (hexane: Et20 = 5 : 1). IR 2950, 1727, 1585, 1442, 1382,

1296,1285,1272,1203,1130,1103,1058,748 em-I; lH NMR (l00 MHz) b = 2.32 (s, 3

H), 3.86 (s, 3 H), 7.27-7.49 (rn, 2 H), 7.72-7.95 (m, 2 H); 19F NMR (188 MHz) b =

-46.98 (s); MS m/z (reI intensity) 249 (M++l, 2), 248 (M+, 13),217 (6),135 (12),97

(100), 76 (6),63 (5). Found: C, 48.56; H, 4.13%. Calcd for CloHIOF203S: C, 48.38; H,

4.06%.

4-[Difluoro(methylthio)methoxy]biphenyl (4i). Method A, 23% yield. A

colorless oil; Rf= 0.58 (hexane: EtOAc = 10 : 1). IR 3034, 2934, 1726, 1605, 1514,

1485,1207,1142,1057,1008,972,841,760,698 em-I; lH NMR (200 MHz) b = 2.59 (s,

3 H), 7.29-7.61 (rn,9 H); I9F NMR(l88 MHz) b =-47.91 (s); l3C NMR(75.5 MHz) b

= 12.4 (s), 121.7 (s), 127.0 (s), 127.1 (s), 127.4 (s), 128.1 (s), 128.8 (s), 129.6 (t, J= 290

Hz), 139.1 (s), 140.1 (s); MS m/z (reI intensity) 268 (M++2, 2), 267 (M++1, 7), 266 (M+,

41), 169 (6), 153 (17), 152 (15), 141 (8), 115 (11),97 (100). Found: C, 62.99; H, 4.38%.

Calcd for CI~12F20S: C, 63.14; H, 4.54%.

4-Bromo-4'-[difluoro(methyIthio)methoxy]biphenyl (4k). Method A, 28% yield.

Colorless crystals, mp 37.5-38.3 °C; Rf = 0.60 (hexane: EtOAc = 10 : 1). IR (KEr)

3042,2942, 1902, 1586,1512, 1480, 1387, 1213, 1090, 1028,818,785,720 em-I; IH

NMR (200 MHz) b =2.40 (5,3 H), 7.27 (d, J= 9 Hz, 2 H), 7.42 (d, J= 9 Hz, 2 H), 7.52 (d,

J = 8 Hz, 2 H), 7.56 (d, J = 8 Hz, 2 H); 19F NMR (188 MHz) 0 = -46.64 (s); MS m/z

(reI intensity) 347 (M++3, 2), 346 (M++2, 14),345 (M++ 1, 2), 344 (M+, 14), 152 (15), 139

(8), 97 (100). Found: C, 48.57; H, 3.19%. Calcd for CI4HIIBrF20S: C, 48.71; H,

3.21%.

I-Bromo-4-{2-[difluoro(methylthio)methoxy]ethyl}benzene (41). Method B,

19% yield. A colorless oil; Rf= 0.69 (hexane: Et20 = 5 : 1). IR 2934, 1709, 1489,

1406, 1266, 1152, 1073, 1048, 1013,972,814,723 em-I; IH NMR (300 MHz) b = 2.21

(s,3 H), 2.92 (t, J= 7 Hz, 2 H), 4.09 (t, J= 7 Hz, 2 H), 7.10 (d, J= 8 Hz, 2 H), 7.42 (d, J=

8 Hz, 2 H); 19F NMR (188 MHz) b = -50.70 (s); I3C NMR (75.5 MHz) b = 12.1 (t, J =

3 Hz), 34.9 (s), 66.3 (t, J = 4 Hz), 120.5 (s), 130.2 (t, J = 290 Hz), 130.6 (s), 131.6 (s),

136.3 (s); MS m/z (rei intensity) 298 (M++2, 3),296 (M+, 3), 204 (2), 202 (2), 185 (39),

184 (100), 183 (42), 182 (99), 171 (16), 169 (15), 104 (77), 103 (26), 97 (18), 90 (13), 89

(13), 77 (30). Found: m/z 295.9717. Calcd for CloH1179BrF20S: M, 232.0733.

{3-[Difluoro(methylthio)methoxy]propyl}benzene (4m). Method B, 15% yield.

A colorless oil; Rf= 0.60 (hexane: Et20 = 5 : I). IR 3028, 2932, 2855, 1712, 1454,

1313, 1147, 1030, 746, 700 em-I; IH NMR (300 MHz) b = 1.98 (tt, J = 7, 8 Hz, 2 H),
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2.31 (5, 3 H), 2.72 (t, J = 8 liz, 2 H), 3.93 (t, J = 7 Hz, 2 H), 7.17-7.32 (m, 5 H); 19F

NMR (188 MHz) (5 = -50.51 (s); l3C NMR (75.5 MHz) (5 = 12.2 (t, J= 3 Hz), 30.6 (5),

31.8 (5), 65.4 (t, J = 5 Hz), 126.0 (s), 128.38 (s), 128.43 (s), 130.2 (t, J = 290 Hz), 141.0

(s); MS m/z (reI intensity) 232 (M+, 0.4), 207 (2),186 (2),161 (40), 159 (100),131 (12),

113 (14), III (41), 76 (10), 75 (55), 73 (12). Found: m/z 232.0734. Calcd for

CIIHI4F20S: M, 232.0733.

l-[Difluoro(methylthio)methoxYlhexadecane (40). Method B, 9% yield. A

colorless oil; Rf= 0.78 (hexane: EtOAc = 10 : 1). IR 2924, 2855, 1715,1468,1352,

1150,740 em-I; IH NMR (200 MHz) (5 = 0.88 (t, J = 7 Hz, 3 H), 1.20-1.40 (m, 28 H),

1.62-1.71 (m,2 H), 2.33 (s, 3 H), 4.21 (t, J = 7 Hz, 2 H); 19F NMR (282 MHz) (5 =
~50.96 (s); l3C NMR (75.5 MHz) (5 = 13.4 (s), 14.1 (s), 22.7 (s), 25.8 (s), 28.7 (s), 29.0

(s), 29.2 (s), 29.4 (s), 29.5 (s), 29.55 (s), 29.62 (s), 29.66 (s), 29.7 (s), 31.9 (s), 67.7 (s),

128.7 (t, J = 290 Hz); MS m/z (rei intensity) 338 (M+, 3), 270 (6), 229 (4), 167 (10), 149

(6), 99 (14), 97 (16), 85 (45), 75 (16), 71 (100),69 (32). Found: mlz 338.2452. Calcd

for CIsH36F20S: M, 338.2455.

A General Procedure for the Fluorination of Dithiocarbonates Derived from

Secondary, Tertiary Aliphatic, and Benzylic Alcohols.

To a suspension ofNTS (0.34 g, 1.5 mmol) in dichloromethane (2.0 mL) in an oven­

dried polypropylene round-bottom tube was added dropwise 70% HF/py (0.5 mL, 20 mmol

of HF) at -42 DC (CC14-dry ice bath) under stirring with a Teflon®-coated magnetic bar

under an argon atmosphere. A dichloromethane solution (0.5 mL) of dithiocarbonate 2p

to 2y (0.5 mmol) was added dropwise to the mixture at -42 °C via a cannula by an argon

positive pressure. The resulting mixture was stirred at -42 DC for 1 h, poured into an ice­

cold pH = 10 buffer solution (NaHC03, NaHS03, and NaOH) carefully, and extracted

with diethyl ether three times. The combined ethereal layer was washed with sat. aq.

NaCl, dried over MgS04, filtered, and concentrated under reduced pressure. The residue

was purified by flash column chromatography on silica gel to give fluorinated products S.

Yields and spectral properties of5 follow.

(2-Fluoropentyl)benzene (5p). Isolated in 70% yield as a colorless oil; Rf =
0.79 (hexane: EtOAc = 10 : I). IR 3065, 2961, 2936, 1605, 1417, 1466, 1381, 1192,

1129, 1082, 1009,961,829, 747, 739, 700 em-I; IH NMR (200 MHz) 6 = 0.92 (4 J= 7

Hz, 3 H), 1.25-1.70 (m, 4 H), 2.70-3.05 (m, 2 H), 4.70 (dm, J= 51 Hz, 1 H), 7.15~7.40 (m,

5 H); 19p NMR (188 MHZ) b = -179.32 (dIn, J= 51 Hz); Be NMR (755 lvfHz) 0 =
13.9 (s), 18.4 (d, J= 5 HZ), 36.8 (d, J= 21 Hz), 41.7 (d, J= 22 Hz), 94.3 (d,J= 171 Hz),

126.5 (s), 128.4 (5), 129.3 (5), 137.4 (s); MS mlz (rel intensity) 167 (M++l, 2), 166 (M.\

15), 151 (2), 11 7 (2), 109 (1), 105 (2), 104 (2), 103 (2), 92 (22), 91 (l00), 65 (11).
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Found: m/z 166.1165. Calcd for CIIHISF: M, 166.1158.

(3-Fluoropentyl)benzene (5s). Yield,65%. A colorless oil; Rf= 0.30 (hexane).

lR 2969, 2941,1605,1497,1455,1385,1362,1115, 1059,945,745,700 em-I; IH NMR

(300 MHz) 0 = 0.96 (t, J = 8 Hz, 3 H), 1.51-2.04 (m, 4 H), 2.62-2.86 (m, 2 H), 4.41 (dm, J

= 49 Hz, 1 H), 7.16-7.31 (m, 5 H); 19F NMR (282 MHz) 0 = -183.21-183.72 (m); l3C

NMR (75.5 MHz) 0 = 9.3 (d, J = 6 Hz), 28.1 (d, J = 21 Hz), 31.4 (d, J = 5 Hz), 36.5 (d, J=

21 Hz), 94.6 (d, J = 168 Hz), 125.9 (s), 128.40 (s), 128.43 (s), 141.6 (s); MS m/z (reI

intensity) 167 (M++l, 8), 166 (M+, 45),117 (27), 115 (17), 109 (14), 104 (13), 103 (13),

92 (l00), 78 (22),77 (25), 65 (37). Found: m/z 166.1156. Calcd for CllHISF: M,

166.1158.

(-)-Menthyl Fluoride (5t).25 Yield, 48%; A colorless oil. IR 2957, 2930, 2872,

1458, 1385, 1371, 1183, 1013, 992, 976, 845 em-I; IH NMR (200 MHz) 0 = 0.80-0.98

(m, 9 H), 0.99-1.50 (m, 5 H), 1.54-1.74 (m, 2 H), 1.98-2.18 (m, 2 H), 4.31 (ddt, J= 5,11,

50 Hz); 19F NMR (188 MHz) 0 = -175.40 (dm, J = 50 Hz); l3C NMR (75.5 MHz) 0

=17.0 (s), 20.4 (s), 22.0 (s), 23.6 (d, J= 9 Hz), 26.5 (d, J= 2 Hz), 31.2 (d, J= 11 Hz), 34.1

(d, J= 2 Hz), 41.5 (d, J= 17 Hz), 48.3 (d, J= 17 Hz), 93.2 (d, J= 173 Hz); MS m/z (reI

intensity) 158 (M+, 17), 138 (25),123 (35),99 (11), 97 (29), 96 (69), 95 (90), 81 (l00), 73

(38),72 (20), 67 (69), 59 (47), 55 (80), 53 (59),41 (93). Found: m/z 158.1467. Calcd for

ClOH19F: M, 158.1471.

2-Fluoroadamantane (5u).2s Yield, 82%. Colorless crystals, mp 84.2-84.7 0c.
IR (KEr) 2909,2857, 1453, 1383, 1363, 1102, 1048, 1007,934,816 em-I; IH NMR (300

MHz) 0 = 1.50-1.95 (m, 10 H), 2.04-2.20 (m, 4 H), 4.68 (dm, J= 50 Hz, 1 H); 19F NMR

(188 MHz) 0 = -174.42 (dm, J= 50 Hz); l3C NMR(75.5 MHz) 0 = 14.9 (5), 26.8 (d, J=

2 Hz), 27.2 (s), 27.6 (d, J= 14 Hz), 31.4 (s), 31.9 (s), 32.5 (s), 32.6 (s), 32.9 (5), 35.6 (s),

35.7 (s), 37.2 (s), 37.8 (s), 38.7 (5),94.6 (d, J = 178 Hz); MS m/z (reI intensity) 155

(M++l, 5), 154 (M+, 32), 111 (16), 109 (12), 99 (11), 98 (42), 97 (100), 93 (43), 71 (42),

69 (49),67 (40). Found: m/z 154.1155. Calcd for ClOHlSF: M, 154.1158.

I-Fluoroadamantane (5v). Yield, 78%. Colorless crystals, mp 108 °C

(sublimation). IR(KBr) 2915,2853, 1456, 1352, 1318, 1300,1111,1103,1088,968,918,

812 em-I; IH NMR (200 MHz) 0 = 1.55-1.76 (m, 6 H), 1.80-1.90 (m, 6 H), 2.15-2.35 (m,

3 H); 19F NMR (188 MHz) 0 = -128.95-129.01 (m); l3C NMR (75.5 MHz) 0 = 31.5

(d, J = 10 Hz), 35.9 (d, J = 2 Hz), 42.7 (d, J = 17 Hz), 92.5 (d, J = 184 Hz); MS m/z (rei

intensity) 155 (M++l, 2), 154 (M+, 17), 136 (13), 135 (100), 111 (6), 107 (8), 97 (4), 93

(25),92 (12),91 (20),79 (64), 77 (26),67 (69), 34 (64). Found: mlz 154.1160. Calcd

for ClOHlSF: M, 154.1158.

4-Bromobenzyl Fluoride (5w). Yield, 43%. A colorless oil; Rf = 0.42

(hexane). IR 2961, 2897, 1902, 1595, 1489, 1468, 1408, 1373, 1213, 1071, 1013,988,
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837,799 em-I; IH NMR (200 MHz) 6 = 5.33 (d,J= 48 Hz, 2 H), 7.26 (d, J= 8 Hz, 2 H),

7.52 (d, J = 8 Hz, 2 H); 19F NMR (188 MHz) 0 = -208.71 (t, J = 48 Hz); I3C NMR

(75.5 MHz) 0 = 83.7 (d, J= 167 Hz), 122.7 (d, J= 4 Hz), 129.0 (d, J= 6 Hz), 131.7 (s),

135.1 (d, J= 17 Hz); MS m/z (reI intensity) 191 (M++3, 3),190 (M++2, 3),189 (M++I,

10), 188 (M+, 24), 187 (7), 110 (8), 109 (100), 108 (11), 107 (12), 83 (24), 63 (18).

Found: m/z 187.9641. Calcd for C7H6BrF: M, 187.9637.

(l-Fluoropentyl)benzene (5x). Yield, 94% (DBH). A colorless oil; Rf = 0.48

(hexane). IR 2959,2934,1489, 1458,1073, 1013,822,718 em-I; IH NMR (200 MHz)

6 = 0.90 (t, J= 7 Hz, 3 H), 1.25-1.55 (m, 4 H), 1.60-2.10 (m, 2 H), 5.41 (ddd, J= 5, 8, 48

Hz, 1 H), 7.20-7.50 (m, 5 H); 19F NMR (188 MHz) 6 = -174.69 (ddd, J= 17,27,48 Hz);

l3C NMR(75.5 MHz) 6 = 13.9 (s), 22.5 (s), 27.2 (d,J= 4 Hz), 36.9 (d,J= 24 Hz), 94.7 (d,

J = 171 Hz), 125.5 (d, J = 7 Hz), 128.1 (d, J = 2 Hz), 128.3 (s), 140.6 (d, J =20 Hz); MS

m/z (reI intensity) 167 (M++1,2), 166 (M+, IS), 146 (32), 118 (10), 117 (74), 115 (42), 110

(21), 109 (100), 104 (29), 91 (32), 77 (10), 65 (II). Found: m/z 166.1164. Caled for

CIIHIsF: M, 166.1158.

4-(1-Fluoropentyl)benzaldehyde (Sy). Yield, 91 % (NIS), 60% (DBH). A

colorless oil; Rf= 0.50 (hexane: Et20 = 5 : 1). IR 2959,2934,2735, 1705, 1611, 1306,

1210,1169,1048,831 em-I; IH NMR (200 MHz) 0 = 0.91 (t, J= 7 Hz, 3 H), 1.14-1.55

(m,4 H), 1.63-2.05 (m, 2 H), 5.50 (ddd, J= 5, 8, 48 Hz, 1 H), 7.48 (d, J= 8 Hz, 2 H), 7.90

(d, J = 8 Hz, 2 H), 10.02 (s, 1 H); 19F NMR (188 MHz) 6 = -179.69 (dddJ= 20,27,48

Hz); l3C NMR (75.5 MHz) 0 = 13.9 (s), 22.4 (s), 28.5 (d, J= 4 Hz), 37.0 (d, J= 23 Hz),

93.8 (d, J = 173 Hz), 125.8 (d, J = 8 Hz), 129.9 (s), 136.0 (s), 147.4 (d, J = 20 Hz), 191.8

(s); MS m/z (reI intensity) 195 (M++I, 7),194 (M+, 39),193 (6),165 (19),151 (7), 147

(11), 138 (62),137 (100),133 (13), 132 (15),131 (12),110 (24), 109 (96),108 (15),107

(11),105 (15), 91 (60),77 (21). Found: m/z 194.1110. Calcd for C12HlSFO: M,

194.1107.

I-Difluoromethyl-4-(l-fIuoropentyl)benzene (6). Yield, 23% (DBH). A

colorless oil; Rf = 0.38 (hexane). IR 2961, 1773, 1684, 1559, 1541, 1375, 1221,1075,

1032 em-I; IH NMR (200 MHz) 0 = 0.91 (t, J= 7 Hz, 3 H), 1.20-1.45 (m, 4 H), 1.70­

2.10 (m, 2 H), 5.46 (ddd, J= 5,8,48 Hz, I H), 6.65 (t, J= 56 Hz, I H), 7.40 (d, J= 8 Hz, 2

H), 7.52 (d, J = 8 Hz, 2 H); 19F NMR (188 MHz) 0 = -111.19 (d, J = 56 Hz, 2 F),

-177.50 (dddJ= 18,28,52 Hz, 1 F); MS m/z (rei intensity) 216 (M+, 12), 198 (3),197

(20), 160 (14), 159 (80), ISS (30), 154 (12), 141 (100), 140 (9), 109 (15), 63 (6). Found:

m/z 216.1123. Calcd for CI2HISF3: M, 216.1126.
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A General Procedure for the Preparation Trifluoromethyl Ethers of Secondary

Alcohols.

To a suspension of NBS (0.89 g, 5.0 mmol) and dichloromethane (2.5 mL) placed in

an oven-dried polypropylene round-bottom tube equipped with a rubber septum and

Teflon®-coated magnetic stirring bar were added dropwise distilled pyridine (0.46 mL)

and subsequently 70% HF/py (1.0 mL, 40 mmol of HF) at --42 °C (cooled by a CCLt/dry

ice bath) under an argon atmosphere. The resulting mixture was stirred at room

temperature for 5 min and then cooled to 0 °c using an ice-water bath. A

dichloromethane (1.5 mL) solution of dithiocarbonate 2p, 2s, 20., or 2z (1.0 mmol) was

added dropwise to the suspension at 0 0c. The dark-red reaction mixture was stirred at

o °C for I h, diluted carefully with Et20 (5 mL), and poured into an ice-cold buffer

solution (pH = 10, NaHC03, NaHS03, and NaOH). The pH of the mixture was adjusted

to 10 by careful addition of ice-cold 10% NaOH aqueous solution. The whole was

diluted with Et20, and the organic phase was separated. The aqueous phase was

extracted with diethyl ether three times. The combined organic phase was washed with

sat aq. NaCl, dried over MgS04, filtered, and concentrated under reduced pressure. Flash

column chromatography (cyclohexane) afforded the corresponding trifluoromethyl ether.

trans-I-[trans-4-(3,4-Difluorophenyl)cyclohexyl]-4-trifluoromethoxycyclohexane

(3z). Yield,42%. A colorless powder, mp 43°C; Rf= 0.41 (hexane). IR (KBf) 2928,

2861, 1607, 1520, 1455, 1270, 1208, 1129, 1032,860, 773 em-I; IH NMR (200 MHz) b

= 0.96-1.26 (m, 6 H), 1.30-62 (m, 4 H), 2.06-2.20 (m, 2 H), 2.41 (tt, J = 3, 12 Hz, 1 H),

4.09 (rt, J = 5, 11 Hz, 1 H), 6.82-7.18 (m, 3 H); I9F NMR (188 MHz) b = -58.1 (s, 3 F),

~139.1 (dddd, J = 1, 8, 12,21 Hz, 1 F), -142.9 (dddd, J = 3, 7, 12,21 Hz, 1 F); l3C NMR

(75.5 MHz) b = 27.8 (s), 30.2 (s), 32.6 (s), 34.4 (s), 41.6 (s), 41.9 (5),43.7 (s), 78.4 (q, J =

2 Hz), 115.3 (d,J= 17 Hz), 116.7 (d,J= 17 Hz), 121.7 (q,J= 254 Hz), 122.5 (dd,J= 3, 6

Hz), 144.5 (dd,J=4, 5 Hz), 148.5 (dd,J= 13, 245 Hz), 150.1 (dd,J= 12,247 Hz); MS

mlz (rei intensity) 363 (M++I, 6), 362 (M+, 30),153 (23),140 (93),128 (10),127 (100),97

(21), 95 (20), 85 (18), 83 (27), 81 (87), 79 (27), 67 (47). Found: mlz 362.1668 (M+).

Ca1cd for C19H23FSO: M, 362.1669.

I-Phenyl-2-trifluoromethoxypentane (3p). Yield, 21 %. A colorless oil. Rf =

0.45 (hexane). IR 3032,2963,2876,1456,1284,1217,1136,1009,747, 700 em-I; IH

NMR (200 MHz) b = 0.88 (t, J= 7 Hz, 3 H), 1.25-1.66 (m, 4 H), 2.82-3.10 (m, 2 H), 4.30­

4.50 (m, I H), 7.13-7.38 (m, 5 H); I9F NMR (188 MHz) 0 = -58.14 (5); MS m/z (rei

intensity) 232 (M+, 12), 123 (2), 117 (3), 115 (3), 104 (2), 103 (4), 92 (36),91 (lOO), 89

(2), 77 (9), 75 (26), 69 (10), 65 (24). Found: m/z 232.1077. Calcd for C12HISF30: M,

232.1075.

(3-Trifluoromethoxypentyl)benzene (35). Yield, 16%. A colorless oil. Rf =
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0,48 (hexane). IR 2957,2925,2855, 1464, 1378, 1366, 1261, 1123,771,721 em-I; IH

NMR (200 MHz) 6 = 0.95 (t, J = 7 Hz, 3 H), 1.64-1.80 (m, 2 H), 1.82-1.98 (m, 2 H), 2.56­

2.84 (m, 2 H), 4.12-4.25 (m, 1 H), 7.15-7.35 (m, 5 H); 19F NMR (188 MHz) 6 = -57.74

(s); MS m/z (rei intensity) 232 (M+, 23),146 (8),118 (9),117 (56),115 (6),105 (19),

104 (35), 92 (37), 91 (100), 78 (13), 77 (11), 69 (35), 65 (24), 61 (12). Found: m/z

232.1073. Calcd for C12HISF30: M, 232.1075.

3~-Tritluoromethoxycholestane (30). Yield, 24%. Colorless needles, mp 92­

94 DC (EtOH); Rf= 0.79 (hexane). IR (KBr) 2930, 2870,1468, 1447, 1385, 1283, 1219,

1134,1021,853 em-I; IH NMR (200 MHz) 6 = 0.60-2.15 (m, 46 H), 4.05-4.20 (m, 1 H);

19F NMR (188 MHz) 6 = -58.02 (s); l3C NMR (50.3 MHz) 0 = 12.1 (s), 12.2 (5),18.7

(s), 21.2 (5), 22.6 (s), 22.8 (s), 23.8 (5), 24.2 (5), 28.0 (s), 28.2 (s), 28,4 (s), 28.5 (s), 31.9 (s),

34.8 (5), 35.2 (s), 35.4 (s), 35.8 (5), 36.2 (s), 36.6 (s), 39.5 (5), 39.9 (s), 42.6 (s), 44.6 (s),

54.2 (s), 56.2 (5), 56,4 (s), 78.6 (q, J:;::: 2.2 Hz), 121.6 (q, J = 254.1 Hz); MS m/z (reI

intensity) 457 (M++l, 7),456 (M+, 23),302 (54), 301 (100),287 (28),233 (23), 149 (11),

147 (11), 135 (13), 123 (27), 121 (25), 109 (33), 108 (37), 107 (47),95 (60), 93 (45), 81

(67), 67 (78). Found: C, 73.59; H, 10.52%. Calcd for C28lLnF30: C, 73.64; H,

10.37%.
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Chapter V

Synthesis and Electro-optical Properties of

3-Substituted Phenyl Trifluoromethyl Ethers

Abstract: A convenient synthetic method is described of 3­

substituted aromatic trifluoromethyl ethers through an

oxidative desulfurization-fluorination reaction. Upon

addition to LC materials, these ethers lower I!n of the host

liquid crystals.
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V-l w

Introduction

Fluorine-containing LCs are widely used as a switching element of LC displays

(LCDs) as described in Chapter 1. 1-3 Recently, capabilities of such fluorine-containing

Les as 1-(4'-substituted cyclohexyl)-4-fluorobenzenes, trifluoromethoxy-benzenes, and N­

alkyl-N-tritluoromethylanilines4 as a component for Les have attracted much attention

because of low threshold voltage for low LiE.

As discussed before, oxidative desulfurization-fluorination reaction5,6 transforms

the dithiocarbonates derived from phenols, primary alcohols,7 and secondary alcohols& to

the corresponding tritluoromethyl ethers under mild condItions. For this transformation,

a readily available reagent system is extremely effective consisting of an N-halo imide

such as DBH and a fluClide reagent such as 70% HF/py9 or 80% hydrogen fluoride-20%

melamine (80% HF!mel).lO

As introduction ofa trifluoromethoxy group into C-3 of the LC molecules of type 1­

cyclohexyl-4-fluorobenzcne reduces the symmetry of molecule, the Author envisaged that

such LC molecules would be an effective additive for lowering ~E, viscosity, and An, as

compared with the corresponding 4-CF30 substituted LCs.

In this Chapter are discussed a convenient synthesis of LCs containing a 1­

cyclohexyl~3~trifluoroIIlethoxybenzenes unit through the oxidative desulfurization­

fluorination reaction and the properties of the resulting trifluoromethyl ethers as a

component of the LC compounds.

V-2. Results and Discussion

V~2-1 .. Synthesis

For the synthesis of 3w substitute.d phenyl trifluOIomethyl ethers through the

oxidative desulfi..uization-fluorinatlon reaction, phenols 1~ obtained as a mixnrre with 4­

isomers 2 expect fur Ie by the procedure described before, It \vere cunverted into S~thyl

dithiocarbonates .3 by the reaction with ethyl chlorodithioformatc (cq. 1).
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x x X

R-{ tOCS2EtR-{~F R-{ tOH i) NaH (l.8 mol) R-Q-F+ .. + (I)
ii) CICS2Et

OH F (1.5 mol) OCS2Et F

1 2 THF 3 4

For this transfonnation, sodium hydride was a highly effective base to complete the

reaction in a short period and gave 3 in high yields. The results are summarized in Table

1. The regioisomeric ratios in substrates and products were estimated by 19p NMR. In

entries 1 and 2, 4-substituted carbonates produced from the corresponding phenol were

used also obtained as inseparatable minor products. Thus, the mixtures were used for the

next fluorination reaction.

Table 1. Synthesis of S-ethyldithiocarbonates of 3 (and 4)

R substrates X yield of 3 (and 4)/% isomers ratio

pr-o(CH2k~ la:2a= 12: 1 F 96 3a: 4a = 15: I

(O)n

pr-D-0- Ib : 2b = 12: 1 F 88 3b : 4b = 14: I

(O)n

pr-O-O- Ie only H 87 3eonly

n =1-3

The dithiocarbonates 3 (and 4) were subjected to the oxidative desulfurization­

fluorination reaction using 80% HF/meI (70 mol) and DBH (5.0 mol);

bromotrifluoromethyl phenyl ethers 5 (and 6) were isolated as shown in Scheme I.
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Scheme 1. Synthesis of 3-subsliluted phenyl trifluoromethyl ethers

x X

R-QF R-{ tOCS2El HF/mel (70 mol), DBH (5.0 mol)
+ ..

CH2Cl2,0 °C, 30 min.

OCS2Et F
3 4

X X i) Il-BuLi (2.0 mol), THF

R~F R-{ tOCF3 -78 °C, 10 min.
+ ..

ii) Hi)
Br Br

OCF3 F
5 6

X X

R-QF + R-{ tOCF3
OCF3 F

7 8

Table 2. Yields and isomers ratio of 7 (and 8) prepared according to Scheme I.

R X 7:8 yield of 7 (and 8)/% products ratio

pr-o(CH~2-0- F 15 : 1 60 7a: 8a = 6: 1

(O)n

pr--Q-0-- F 14: 1 62 7b : 8b = 28: 1

(D)n

pr-Q-O- H 1 :0 35 7e: 8e = I : 0

n =1-3

Under the reaction conditions, trifluoromethylation as well as bromination of the

phenyl ring took place. Debromination was performed by the treatment of 5 (and 6) with

n-BuLi (2.0 mol) at -78 DC for 10 min followed by quenching with H20 at -78 DC to give

7 (and 8) in moderate yields as a colorless oil. Results of the trifluorination are

summarized in Table 2. Again, the separation of8a and 8b from 7a and 7b, respectively,

could not be performed by flash-silica gel column chromatography, preparative thin-layer

chromatography, or HPLC (polystyrene-gel, CHCl3 eluent). Use of 70% HF/py7 was not

effective for the fluorination reaction.
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V-2-2. Electro-optical Properties of3-Substituted Phenyl
Trifluoromethyl Ethers

To examine the electro-optical properties of oily 3-substituted phenyl trifluoromethyl

ethers 7a-c, each was mixed in a host mixture (7/host = 15/85 w/w). The host mixture

used was a 1 : 1 mixture of trans-l-(3,4-difluorophenyl)-4-[tralls-4-(3-butenyl)­

cyclohexyl]cydohexane and trans-l-(3,4-difluorophenyl)-4-(trans-4-vinylcyclohexyl)­

cyclohexane, typical materials for nematic LCDs. The following properties are

summarized in Table 3: nematic-isotropic transition temperature (TN!) on heating, liE, Vth,

Lin, and"t with the applied voltages.

To estimate dielectric anisotropy (Ae') of a pure sample of 7, liE was extrapolated to

100%. The results also are listed in Table 3. The Author compared the properties of 7

with those of trifluoromethyl ethers 11, currently employed LC materials for TFT displays.

All the 3-substituted phenyl trifluoromethyl ethers exhibited AE' lower than that of the 4­

isomer 11. In spite of the lower values of Lie', 7 showed Vtll values similar to or lower

than 11. Furthermore, all 3-substituted trifluoromethyl ethers had especially low An'.

Short response times (-r) of the 7/host mixtures indicated that 3-trifluoromethoxy ether 7

switched faster than 4-isomer 11. Thus, 3-trifluoromethoxy ether 7 should be a useful

additive to lower AE, Vth , and Lin of LC materials and thus to achieve fast response.

Although it exhibited properties similar to methyl ether 10, 7b had a voltage holding

ratio much higher than 10. Therefore, the LCs of type 3-CF30 substituted phenyl

cyclohexanes synthesized here are suitable additives for TFT displays.

Table 3. Physical and electro-optical properties of 7, 10, and 1101
)

compound ~E ~E,e) VrljVO tJ.n tJ.n ,g) 'tImsf, h)
applied

TNJ/oC voltagelV

host (9) 116.7 4.8 2.14 0.090 25.3 5.1_____________________________ ._v __________________________________________

7ab) 97.0 5.2 7.7 1.76 0.082 0.037 43.0 4.1

7bc) 96.5 5.4 9.1 1.83 0.082 0.037 36.0 4.3

7c 98.5 4.9 5.6 1.94 0.083 0.043 33.0 4.4

10 102.4 5.7 11.1 1.85 0.084 0.050 42.0 4.4

lld) lIO.5 5.9 11.9 1.90 0.087 0.070 73.5 4.0

a) Measured in host (9) (15/85 w/w at 20°C); b) A 6 : I mixture of 7a and 8a; c) A 28 : I
mixture of 7b and 8b; d) Interpolated from 0 to 30 wt%; e) Extrapolated from ~£; f)
Corrected value for 6.0 ~lm cell; g) Extrapolated from tJ.n; h) Responce time ('tr= .cU.
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r(CH2)n F

host (9); (n =0) : (n =2) =] : ] mixture F

F F

Pr F Pr OCFs

10 OCHs 11 F

V-3. Conclusion

New LC compounds 7 were prepared through the oxidative desulfurization­

fluorination reaction. Although 7 did not exhibit any mesophase, they were shown to

induce lower threshold voltage, dielectric anisotropy, and birefringence than the 4­

substituted isomers LC materials used now for TFT displays.

V-4. Experimental

The ratio of the regioisomers were estimated by the integration of 1H NMR or 19F

NMR experiment.

A Typical Procedure for the Synthesis of S-Ethyl Dithiocarbonates.

S-Ethyl O-(2,3-Difluoro-5-{3,3,5,5-(D)n-trans-4-[2-(trans-4-propylcyclohexyl)-

ethyl]cyclohexyl}phenyl) Dithiocarbonate (3a) and S-Ethyl O-(2,6-Difluoro-4-{3,3,5,5­

(D)n-trans-4-[2-(trans-4-propylcyclohexyl)ethyl]cyclohexyl}phenyl) Dithiocarbonate

(4a). To a stirred suspension of sodium hydride (NaH, 60% in oil, 0.29 g, 7.2 mmol) in

THF (2.0 mL) was slowly added dropwise a solution of a 12 ; 1 mixture of 1,2-difluoro-3­

hydroxy-5- {3,3,5,5-(D)n-trans-4-[2-(trans-4-propylcyclohexyl)ethyl]cyclohexyl}benzene

(la) and its regioisomer 2a (1.46 g, 4.0 mmol) in THF (4.0 mL) at 0 DC under an argon

atmosphere. The mixture was stirred for 30 min at 0 DC, chloro ethyldithioformate (0.86

g, 6.0 rnmol) in THF (2.0 mL) solution was added dropwise. The resulting mixture was

stirred for 1.5 h at 0 DC, treated with ag. NaHC03 and the ag. phase was extracted with

Et20 three times. The combined organic phase was dried over Na2S04, filtered, and

concentrated. The residue was purified by flash-silica gel column chromatography

(hexane: Et20 = 30: 1) to give a 15 : 1 mixture of3a and 4a (1.79 g, 3.8 mmol) in a yield
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of96%.

These Isomers could not be separated even by recycling preparative HPLC

(polystyrene gel, CHCI3 eluent) or recrystallization (from EtOH-hexane).

The mixture of3a and 4a was pale yellow crystals, mp 56.7-58.4 °C; Rf= 0.57 (hexane).

IR (KEr) 2921, 2849, 1520, 1454, 1439, 1331, 1167, 1065, 1055, 1040 em-I; IH NMR

(200 MHz) 0 = 0.87 (t,)= 7 Hz, 3 H), 0.78-0.95 (m, 4 H), 1.10-1.37 (m, 13 H), 1.43 (t,J=

8 Hz, 3 H), 1.65-1.78 (m, 3 H), 1.79-1.91 (m, 3 H), 2.42 (tt,) = 3, 12 Hz, 1 H), 3.24 (g,) =

8 Hz, 2H), 6.75 (ddd, J = 2,2,6 Hz, 1 H), 6.95 (ddd,) = 2, 7, 11 Hz, 1 H); MS m/z, as

D3 isomer (rei intensity) 472 (M+, 0.8), 471 (1),469 (1), 448 (1), 445 (5), 444 (11), 157

(9), 156 (11), 149 (19), 135 (16), 125 (15), 124 (6), 123 (15), 113 (9), 112 (7), 111 (20),

110 (13),109 (16),107 (13),105 (100),97 (38),95 (26), 89 (38), 83 (50),71 (52),70 (22),

69 (59) Found: m/z 469.2390, Calcd for C26H37DF20S2: M 469.2395. Found: m/z

470.2473, Calcd for C26H36D2F20S2: M 470.2458. Found: m/z 471.2513, Ca1cd for

C26H3SD3F20S2: M 471.2520.

3a: 19F NMR (188 MHz) b = -136.7 (ddd,) = 2, 11,21 Hz), -154.1 (ddd, J= 6, 7,21 Hz).

4a: 19F NMR (188 MHz) b = -126.4 (d, J = 9 Hz).

S-EthyI 0-(2,3-Difluoro-5-{[3,3,5,5-(D)n-trans-4-(trans-4-p ropylcyclohexyl)]-

cyclohexyl}phenyl) Dithiocarbonate (3b) and S-Ethyl O-(2,6-Difluoro-4-{[3,3,5,5­

(D)n-trans-4-(trans-4-propylcyclohexyl)]cyclohexyl}phenyl) Dithiocarbonate (4b). A

mixture of 3b and 4b was obtained in a similar manner in 88% yield (3.0 g, 9.0 mmol) as a

14 : I mixture from a 12 : 1 mixture of 2,3-difluoro-l-hydroxy-5-{[3,3,5,5-(D)n-trans-4­

(tralls-4-propylcyclohexyl)]cyclohexyl}benzene (lb) and its regioisomer 2b (3.5 g, 7.9

mmol).

A mixture of3b and 4b: Pale yellow crystals, mp 59.8-62.2 °C (recryst. from EtOH­

hexane); Rf= 0.57 (hexane). IR (KBr) 2940, 2845,2190, 1609, 1520, 1431, 1333, 1275,

1236, 1171, 1060, 984, 860, 793, 700, 679 em-I; IH NMR (200 MHz) [) = 0.87 (t, J = 7

Hz, 3 H), 0.75-1.38 (m, 17 H), 1.43 (t,) = 7 Hz, 3 H), 1.60-1.95 (m, 6 H), 2.39 (m, 1 H),

3.24 (g, J = 7 Hz, 4 H), 6.75 (ddd, J = 1, 2,6 Hz, 1 H), 6.94 (ddd, J = 2, 7, 12 Hz, I H);

l3C NMR (50.3 MHz) 6 = 13.0 (s), 14.4 (s), 20.0 (s), 29.9 (s), 30.1 (s), 31.7 (s), 33.6 (s),

34.1 (dm,)= 20 Hz), 37.6 (s), 39.8 (s), 42.7 (s), 43.3 (s), 113.4 (d, J= 17 Hz), 117.2 (d,J

= 3 Hz), 140.9 (dd, J = 15, 250 Hz), 142.7 (dd, J = 3, 10 Hz), 144.0 (dd, J = 4, 6 Hz),

150.9 (dd, J = 11, 248 Hz), 213.0 (s); MS m/z as D3 isomer (reI intensity) 444 (M+, I),

443 (1),419 (1),416 (2), 415 (5),207 (5),187 (2),167 (3),157 (6),121 (6), 107 (13),105

(100), 89 (40), 83 (15), 81 (16), 78 (t 5), 76 (62), 69 (45); Found: m/z 441.2050, Calcd

for C24H33DF20S2: M 441.2082. Found: m/z 442.2152, Calcd for C24H32D2F20S2: M

442.2145. Found: mk 443.2208, Calcd for C24H31 D3F20S2: M 443.2207.
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3b: 19FNMR(188MHz)6=-136.7(ddd,J=2, 12,21 Hz),-154.1 (ddd,J=6, 7,21 Hz).

4b: 19F NMR (188 MHz) 6 =-126.9 (ddd, J= 9 Hz).

S-Ethyl O-{2-Fluoro-5-[truns-4-(trulIs-4-propylcyclohexyl)]cyclohexyl}phenyl

Dithiocarbonate (3c). Compound 3c was prepared similarly in 87% yield (0.62 g, 1.46

mmol) from 2-fluoro-l-hydroxy-5- {[trans-4-(trans-4-propylcyclohexyl)]cyclohexyl}­

benzene (0.54 g, 1.68 mmol) as colorless needles, mp 65.0-66.4 DC (recryst. from EtOH­

hexane), Rf= 0.28 (hexane). IR (KEr) 2923, 2849,1601,1510,1447,1418,1408,1374,

1266,1254,1175,1113,1046,1038,984,970,822,679 em-I; IH NMR (200 MHz) b =

0.87 (t, J = 7 Hz, 3 H), 0.70-1.45 (m, 16 H), 1.42 (t, J = 7 Hz, 3 H), 1.62-1.98 (m, 7 H),

2.44 (tt, J= 3, 12 Hz, 1 H), 3.23 (q, J= 7 Hz, 2 H), 6.96 (dOl, J= 8 Hz, 1 H), 7.04-7.09 (m,

1 H); 19F NMR (188 MHz) b = -132.1 (dd, J= 7,15 Hz); l3C NMR (50.3 MHz) b =

13.1 (s), 14.4 (s), 20.0 (5), 30.1 (s), 30.2 (5), 31.5 (s), 33.6 (5), 34.6 (5), 37.6 (s), 39.8 (s),

42.8 (5),43.3 (s), 43.8 (5), 116.3 (d, J = 18 Hz), 122.2 (s), 125.8 (d, J = 7 Hz), 141.1 (d, J =

3 Hz), 144.6 (d, J = 4 Hz), 151.8 (d, J = 248 Hz), 213.5 (s); MS m/z (reI intensity) 422

(M+, 1),407 (1), 394 (2), 391 (2),343 (3), 342 (14), 173 (29), 158 (18), 157 (100), 145

(28), 144 (48), 142 (21),141 (10), 130 (16), 129 (37), 128 (29),127 (11), 115 (24), 91 (25),

81 (17), 77 (25). Found: m/z 422.2097. Calcd for C24H350FS2: M, 422.2113.

Oxidative Desulfurization-Fluorination of 3a (and 4a).

A polypropylene round bottom tube was charged with DBH (0.71 g, 2.50 mmol),

HF/mel (80 wt% of HF, 1.0 mL, 35 mmol) and CH2Cl2 (5.0 mL) under an argon

atmosphere. To the suspension was added a solution of the 15 : 1 mixture of 3a and 4a

(0.24 g, 0.52 mmol) in CH2C12 (2.0 mL) at 0 DC; the mixture wa5 stirred at 0 DC for 30

min and then poured into an aq. NaHS03INaHC03l'NaOH (pH 10) solution at 0 DC. The

pH value ofthe whole mixture was adjusted to 10 with NaOH; precipitated white materials

were filtered off; the aq. phase was extracted with Et20 three times. The combined

organic phase was dried over Na2S04 and concentrated under reduced pressure. The

residue was purified by flash-silica gel column chromatography (hexane) to give a mixture

of bromo-2,3 -Difluoro-5- {3,3,5,5-(D)n-trans-4- [2-(trans-4-propylcyclohexy1)ethy1]­

cyclohexyl}-l-trifluoromethoxybenzene (Sa) and the regioisomer 6a (0.19 g, 0.37 mmol).

All of this was dissolved in THF (2.0 mL) and treated with n-BuLi (1.6 M in hexane, 0.50

mL, 0.81 mmol) at -78 DC for 10 min. Then the resulting mixture was treated with H20

at -78 DC; and the ag. phase was extracted with Et20 three times. The combined organic

phase was dried over NaZS04, filtered, and concentrated. The residue was purified by

flash silica gel column chromatography (hexane eluent) to give 2,3-difluoro-5-{3,3,5,5­

(D)n-trans-4-[2-(trans-4-propylcyclohexyl)ethyl]-cyc lohexyI} -1-trifluoromethoxybenzene
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(7a) and 2,6-difluoro-5- {3,3 ,5,5-(D)n-trans-4-[2-(trans-4-propylcyclohexyl)ethyl]­

cyclohexyl}-I-trifluoromethoxybenzene (8a) as an inseparatable 6 : 1 mixture of the

regioisomers (0.14 g, 0.31 mmol) in total 60% yield.

A mixture of7a and 8a: Colorless oil, Rf= 0.78 (hexane). IR 2957, 2919, 2851,1613,

1526, 1455, 1445, 1337, 1267, 1210, 1181, 1057,864 em-I; IH NMR (200 MHz) b =
0.87 (t, J = 7 Hz, 3 H), 0.70-0.94 (m, 4 H), 0.94-2.45 (m, 13 H), 1.60-1.79 (m, 4 H), 1.79­

1.89 (m, 2 H), 2.43 (tt, J= 3, 12 Hz, 3 H), 6.85-7.20 (m, 2 H); MS mlz as D3 isomer (reI

intensity) 438 (M++2, 10),437 (M++l, 25), 436 (M+, 35), 435 (25),434 (14), 239 (7), 238

(7), 225 (16), 224 (19), (100). Found: m/z 433.2533, Calcd for C24H32DOF5: M,

433.2513. Found: m/z 434.2556, Calcd for C24H31D20F5: M, 434.2575. Found m/z

435.2618, Calcd for C24H30D30F5: M, 435.2637.

7a: 19F NMR (188 MHz) 0 -59.3 (s), -135.5 (ddd, J= 1, 11,21 Hz), -156.3 (m).

8a: 19F NMR (188 MHz) 0 -59.3 (s), -135.7 (d, J= 20 Hz).

2,3-Difluoro-S-{3,3,S,S-(D)n-tralls-4-(trans-4-propylcyclohexyl)cyclohexyl}-l­

trifluoromethoxybenzene (7b) and 2,6-Difluoro-4-{3,3,5,5-(D)n-tralls-4-(trans-4­

propylcyclohexyl)cyc1ohexyl}-l-trifluoromethoxybenzene (8b). These were obtained

in a way described above in 62% yield (0.45 g, 1.2 mmol) as a 28 : 1 mixture from a

mixture of 3b and 4b (0.89 g, 2.0 mmol, 14 : 1 regioisomers mixture), a colorless oil, bp

190 °CIO.6 mmHg; Rf= 0.77 (hexane). IR 2960,2920,2850, 1612, 1525, 1438, 1338,

1275, 1210, 1185, 1060, 860 cm- I ; IH NMR (200 MHz) 0 = 0.87 (t, J = 7 Hz, 3 H),

0.70-1.38 (m, 18 H), 1.60-1.95 (m, 6 H), 2.16-2.43 (m, 1 H), 6.83-7.05 (m, 2 H); MS m/z

as D3 isomer (rei intensity) 408 (M+, 9),407 (29),406 (12), 226 (14), 225 (16),213 (5),

212 (17), 69 (100); Found: m/z 404.2133, Calcd for C22H290F5: M, 404.2138. Found:

m/z 405.2188, Calcd for C22H28DOF5: M,405.2200. Found: m/z 406.2255, Calcd for

C22H27D20F5: M, 406.2262. Found: m/z 407.2309, Calcd for C22H26D30F5: M,

407.2324.

7b: 19F NMR (188 MHz) 0 = -59.3 (d, J = 7 Hz), -135.5 (ddd, J = 2, 10, 21 Hz), -156.4

(m).

8b: 19F NMR (188 MHz) 0 =-60.4 (d,J= 7 Hz), -135.8 (d, J= 20 Hz).

2-Fluoro-S-{trans-4-(trans-4-p ropylcyclohexyl)cyclohexyl}-l-trifluoromethoxy­

benzene (7c). Similarly, 7c was obtained in 35% yield (0.17 g, 0.44 mmol) from 3c

(0.53 g, 1.3 mmol) as a colorless oil; Rf= 0.67 (hexane). IR 2920,2860, 1518, 1445,

1278, 1265, 1228, 1205, 1178, 1120,820; IH NMR (200 MHz) 0 = 0.88 (t, J= 7 Hz, 3

H), 0.75-1.48 (m, 15 H), 1.58-1.95 (m, 8 H), 2.43 (tt, J= 3, 12 Hz, 1 H), 7.06-7.14 (m, 3

H); 19F NMR (188 MHz) 0 ::::: -59.2 (d J::::: 5 Hz), -134.03 (m); MS m/z (reI intensity)
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388 (M++2, 5), 387 (M++l, 31), 386 (M+, 82), 262 (21), 226 (14), 219 (31), 207 (35),206

(100),193 (93),133 (40), 125 (62),123 (43), 109 (53),83 (83), 81 (72),69 (87), 67 (91);

Found: l/I/z 386.2250. Calcd for C22H300F4: M, 386.2233.

V-5.
1)

2)

3)

4)

5)

6)

7)
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10)

11)

12)
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Chapter VI

A Facile Synthesis and Electro-optical Properties of

Novel Liquid Crystalline Materials

Having a Trifluoromethoxy Group

Abstract: Novel LCs contammg a trifluoromethoxy group

connected to a cyclohexane mesogen or to an alkyl tail were

prepared through an oxidative desulfurization-fluorination reaction

of the corresponding dithiocarbonates and compared with LCs

containing a methoxy group with respect to phase transition

behaviors and physical and electro-optical properties.
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VI-l. Introduction

Remarkable properties of organofluorine compounds have attracted much attention

in the development of new functional materials.! For example, LCs with a fluorinated

aromatic mesogen are favorable to the materials for thin film transistor (TFT)-addressed

twisted nematic (TN) LCDs.2-4 In particular, LCs with a trifluoromethoxy-substihlted

aromatic mesogen show low viscosity and high voltage holding ratio.5,6 However,

trifluoromethoxy-benzene derivatives as the starting substrates are expensive and thus

hardly available. Furthem10re, introduction of a trifluoromethoxy moiety into an

aromatic ring must be performed using highly toxic and/or explosive reagents under

special conditions.7-I1

According to the oxidative desulfurization-fluorination reaction, 12 both aromatic and

aliphatic trifluoromethyl ethers (R-OCF3) are readily prepared by the reaction of the

corresponding dithiocarbonates (R-OCS2R') as described in Chapter IV. I3 This reaction

is an exclusive method l4 for the preparation of trifluoromethyl ethers from secondary

aliphatic alcohols.l 5 Accordingly, the reaction, leading to various types of trifluoromethyl

ethers with many functional groups being intact, is a powerful tool for the synthesis of

novel class of fluorinated functional materials.6a,16

Because LCs with a cyclohexane mesogen show lower viscosity and smaller !1n than

those with a benzene mesogen,17 the Author envisaged that LCs with a

trifluoromethoxycyclohexane mesogen would exhibit physical and electro-optical

properties better than LCs with a trifluoromethoxybenzene mesogen. In addition, because

LCs containing an w-methoxyalkyl moiety show high !1E, broad nematic mesophase, and

low viscosity as well as high voltage holding ratio favorable for TFT-addressed TN­

LCDs, 18 he envisaged that the use of a trifluoromethoxy group in lieu of a methoxy group

would increase chemical stability and voltage holding ratio and decrease the viscosity of

parent LCs.5,17b

Herein described IS the synthesis of novel LCs contammg i) a

trifluoromethoxycyclohexane mesogen or ii) an w-trifluoromethoxyalkyl tail through the

oxidative desulfurization-fluorination. Such Les are compared in respect to phase

transition behaviors and electro-optical properties with the corresponding Les containing a

trifluoromethoxybenzene mesogen or an w-methoxyalkyl tail.
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VI-2. Results and Discussion

VI-2-1. Synthesis ofTrifluoromethoxycyclohexane-type LCs

Synthesis of LCs 9a,13a lOa, lla, and 12a, all containing a

trifluoromethoxycyclohexane mesogen, was carried out through the route shown In

Scheme 1. Reduction of 4-substituted cyclohexanone with LiAlH4 followed by

separation by flash silica gel column chromatography and/or recrystallization gave trans­

cyclohexanols la, 2a, 3a, and 4a, which were converted, respectively, into the

corresponding dithiocarbonates 5a,13a 6a, 7a, and 8a in high yields by treatment

successively with NaH, CS2> and Mel. For the synthesis of 7a, NaH was replaced by n­

BuLi to solubilize the alkoxide generated from 3a. Treatment of Sa, 6a, 7a, and 8a with

50% HF/py (40 mol, prepared by neutralization of 70% HF/py19 with pyridine) and NBS

(5.0 mol) in CH2Cl2 at 0 °C afforded cyclohexyl trifluoromethyl ethers 9a, lOa, 11a, and

12a in moderate yields. 13a

4,8,12:R= P.-o-o-

~6Me
13-16

3,7,II:R= Pr-O-Q-

d

a

a: n =0 d: n =3
b: n = I e: n =4
C:n=2 f:n=5

1,5,9: R~ F-p---o­

F

2,6,10: R =CmH2m+,--Q-

a: m =3, b-f: m =5

a: i) NaH [or n-BuLi] (1.2 mo!), ii) CSz (5.0 mol), iii) Mel (2.0 mol), THF. b: 50% HF/py (40 mol), NBS (5.0

mol), CHzClz, 0 DC, 1 h. c: i) 70% HF/py (40 or 60 mol), DBH (3.0 mo!), CHzCI2. -78; 0 °C, I h, ii) In-BuLi

(1.2 mol), THF, -78 DC, 10 min, then H20.]. d: i) NaH [or n-BuLi] (1.2 mol), ii) Mel (2.0 mol), THF.

R~)n
"----f'\OH

1-4

Scheme 1. Synthesis of LCs 9-12 with a trifluoromethoxycyclohexane core.

b (n = 0) or
_~ c(n=I-5)
R~)n •

OCS2Me
5-8
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VI-2-2. Phase Transition Behavior of
Trifluoromethoxycyclohexane-type LCs

Phase transition temperatures and LC phases of trifluoromethoxycyclohexanes 9a,

lOa, 11a, and 12a, methoxycyclohexanes 13a, 14a, 15a, and 16a, and

trifluoromethoxybenzenes 17, 18, and 1917 are summarized in Table 1. Although 9a and

lOa showed only a melting point, trifluoromethyl ethers 11a and 12a exhibited nematic

phase and smectic A phase, respectively, in a wide range of temperatures. DSC

measurement of 11a showed four endothermic peaks at 44, 112, 147, and 189°C with

enthalpy changes of7.3, 2.7, 5.8, and 0.8 kllmol, respectively, on second heating. These

peaks correspond to the phase transitions of Cr-to-Sx, SX-to-SB' SB-to-N, and N-to-Iso,

respectively.

Table 1. Phase transition temperatures of CFj)-LCs and CHj)-LCs

F

Pr

Compound

x

x

(9a)

(13a)

(10a)

(14a)

(l1a)

(15a)

Phase transition tempJoCa

Cr 43 Iso b

Cr 68 Isob

Cr 30 Iso

Cr 9 N 14 Iso

Cr44Sx 112SB 147N 189150

Cr 207 SB 211 Iso

Pr
(12a) Cr90SB I04S A 129150

X
(16a) Cr 45 SB 88 N 128 Iso

9a, lOa, lla, 12a: X = OCFs; 13a, 14a, 15a, 16a: X = OCHS

Pr

Pr

(17)

OCF3 (18)

OCF3 (19)

Cr 14 Iso

Cr 38 SB 69 N 153 Iso

Cr 90 SB 129 N 151 Iso

Cr: crystal, Sx: higher order smectic, SB: smectic B, SA: smectic A,
N: nematic, Iso: isotropic liquid.

aMeasured by DSC on 2nd heating. tobserved with a polarizing microscope.
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Trifluoromethyl ether lla exhibited nematic liquid crystallinity much higher than

the corresponding methyl ether 15a, but such a CFr effect was not observed with lOa and

12a. Trifluoromethoxycyclohexane-type LCs lOa, lla, and 12a were compared in

respect to phase transition behaviors with trifluoromethoxybenzene-type LCs 17, 18, and

19, and the effect of a mesogenic core was studied. Clearing temperature of lOa was

found to be much higher than that of the counter part 17. Trifluoromethoxycyclohexane­

LC lla showed a higher nematic-to-isotropic transition temperature (TNJ) as compared

with trifluoromethoxybenzene-LCs 18 and 19. These results indicate that a cydohexane

mesogen more stabilizes nematic phase.

VI-2-3. Electro-optical Properties of
Trifluoromethoxycyclohexane-type LCs

Physical and electro-optical properties of trifluoromethoxycyclohexane-type LCs 9a,

lOa, lla, and 12a were next studied as an additive for nematic LCs and compared with

those of 13a, 14a, 15a, and 16a, respectively, all having a methoxycyclohexane mesogen,

and with 18 containing a trifluoromethoxybenzene mesogen. Each of these was added by

20 wt% to host (a 1 : 1 mixture of20c and 20e), and TNb At, VIII' An, and 1: of the resulting

mixture were measured in a TN cell. The data are summarized in Table 2. The TNJ

temperatures of the resulting LC mixtures reflected the clearing temperatures of the

additive. For example, TNJ of the mixture of lla was much higher than that of 18.

Extrapolation of A£ to 100% allowed estimation of A£'. As A£'s of the mixtures

containing trifluoromethoxycycIohexane-type LCs lOa, lla, and 12 are positive, these LC

mixtures are proved to be p-type, whereas methoxycyclohexanes 14a, 15a, and 16a are n­

type (A£' < 0). In contrast, the opposite was observed between 9a and 13a that have a

3,4-difluorobenzene mesogen. Negative A£' of a 9a/host mixture is apparently brought

by compensation of dipole moment caused by F and CF30 groups directing oppositely

along the long axis of the molecule. In accord with the sign of AE',

trifluoromethoxycyclohexane-type LCs lOa, lla, and 12a reduced V,h of host, whereas

14a, 15a, and 16a raised V,II of host. Thus, a trifluoromethoxy group connected to a

cyclohexane mesogen contributes to the reduction of V,II of host. Each pair of 9a113a,

10al14a, 1Ia115a, and 12a116a showed similar and low An's, as estimated by extrapolation

of An. Thus, An is governed by a mesogenic structure rather than a polar functional

group. It is worth noting that lOa, 11a, and 12a induced low An for relatively large At:'.

Furthermore, VIIl and An of Ita were lower than those of 18 in spite of small A£ of Ita.

Thus, 11a are better than 18 in reducing driving voltage and also in controlling cell
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thickness20 of TFT-addressed TN-LCOs. Trifluoromethoxycyclohexane-type LCs 9a,

lOa, Ita, and 12a are apparently thermally stable, since TNf of a mixture of lOa and host

did not change at all after heating at 80°C for 10 h.

Table 2. Physical and electro-optical propertiesaof trif] uoromethoxy-

cyclohexanes 9a-12a and the corresponding methyl ethers 13a-16a

as added by 20 wt% to host.

Compound TNIloC M tlE,b Vt//Yc ton todd Tlmsc,c(V)f

host 116.7 4.8 2.14 0.090 25.3(5.1)
--~------------------~--------------~-----------------~------

9a 90.9 3.2 -3.2 2.18 0.085 0.082 35.1 (5.0)

lOa 90.1 5.2 6.7 1.86 0.078 0.030 34.3 (4.3)

lla 130.2 4.7 4.3 2.10 0.084 0.060 37.0 (4.6)

12a 106.2 5.9 10.3 2.11 0.109 0.185 37.6 (4.8)

13a 107.4 4.0 0.8 2.12 0.087 0.Q75 33.8 (4.8)

14a 93.5 3.6 -1.2 2.20 0.077 0.025 36.3 (4.9)

15a 137.3 3.4 -2.2 2.43 0.084 0.060 44.1 (5.1)

16a 112.7 3.4 -2.2 2.45 0.105 0.165 31.2 (5.4)

18 122.4 5.1 6.5 2.19 0.089 0.087

aMeasured at 20 DC. !Extrapolated from toE. cCorrected for 6.0 J.!rn cell.

dExtrapolated from!::.n. eResponce time (rr =Cd)' fApplied vohageN.

F (CH2ln~

F
20e: n =0; 20e: n =2; 20r: n =3

host (20e : 20e =I : I mixture)

21f

VI-2-4. Synthesis of w-Trifluoromethoxyalkyl-substituted LCs

To examine the effect of tail length of LCs containing an w-trifluoromethoxyalkyl

group, the Author synthesized 9b-9f and lOb-lOr having, respectively, trans-4-[trans-4­

(3 ,4-difluorophenyl)cyclohexyl]cyclohexane and trans-4-(trans-4-pentylcyclohexyl)­

cyclohexane mesogens. The corresponding methyl ethers 13b-13f and 14b-14f were also

prepared to evaluate the fluorine substituent effect. The route is summarized in Scheme 1.

Primary alcohols 1b-lf and 2b-2f were transformed to dithiocarbonates 5b-5f and 6b-6f in

high yields by treatment with NaH (or n-BuLi), CSz, and Mel. Trifluoromethoxylation of
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the dithiocarbonates was performed with 70% HF/py and DBH. For the substrates Sb-Sf,

having a difluorobenzene mesogen, trifluoromethoxylation leading to 9b-9f was

accompanied by bromination of the phenyl ring. The bromine functionality was removed

by lithiation with n-BuLi followed by protonation with H20 to give the desired

trifluoromethyl ethers in high yields. Trifluorornethyl ethers IOb-IOf were obtained

directly from 6b-6f. Methyl ethers 13b-13f and 14b-14f were prepared respectively from

Ib-lf and 2b-2f as usual. To examine the effect of fluorine attached to a benzene

mesogen, trifluoromethyl ether 23 and methyl ether 24 were additionally prepared and

compared.

F.

F
X

F
23: X =OCF3; 24: X =OCH3

Furthermore, in order to examine CF30 and CF30CH2CH2 groups, 25 also was

prepared and compared with 19 (eq. I).

Pr ~B(OH)2 + Br----U-
~ ~OCF3

----------p- Pr
EtOHlto]uene/H:p

~% ~

145
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VI-2-S. Phase Transition Behaviors of OJ­

Trifluoromethoxyalkylcyclohexane-type LCs

Phase transition temperatures and LC phases of 9b-9f, IOb-IOf, 13b-l3f, 14b-14f,

and 23-25 as well as trifluoromethoxycyclohexane-type LCs 9a, lOa, 13a, and 14a are

listed in Table 3, LCs 9 and 13 with a trans-4-[trans-4-(3,4-difluorophenyl)cyclohexyl]­

cyclohexane mesogen, 10 and 14 with a trans-4-(trans-4-pentylcyclohexyl)cyclohexane

mesogen, and 25 with a tralls-4-(trans-4-pentylcyclohexyl)biphenyl mesogen showed

nematic, smectic B, and smectic A phases in a wide range of temperatures, respectively,

Thus, the mesophase textures of trifluoromethoxy-substituted LCs are dependent mainly

on the structure of a mesogen. The phase transition behaviors of LCs 9 and 13 are shown

in Figure I. Although LCs 9a and 13a with a trans-4-[trans-4-(3,4-difluoro­

phenyl)cyclohexyl]cyclohexane mesogen exhibited only a melting point, LCs 9c-9f and

13b-13f having a methylene spacer between an ethereal oxygen and a mesogen exhibited

nematic phase. A trifluoromethoxy group appears to lower clearing temperatures in

comparison of 9 with 13, With a longer alkyl chain (Figure 1), trifluoromethyl ethers 9

tend to have higher TN1 temperatures and more stabilize nematic phase. In contrast,

methyl ethers 13 have variable TN1 depending on the odd-even number of methylene units,

and 13b, 13d, and 13f exhibit a nematic temperature range much wider than l3e or 13e.

The odd-even effect in crystal-to-nematic (or smectic) transition temperatures (TCN or

(Tcs)) was only observed with 9. Figure 2 illustrates temperature behaviors of 10 and 14

having a tralls-4-(trans-4-pentylcyclohexyl)cyclohexyl mesogen. These LCs mainly

exhibited smectic B phase in a wide range of temperatures, and their smectic-to-isotropic

transition temperatures (TS1) and TCS are influenced by the odd-even effect. A CF30

group is shown to lower TS1 as compared with a CH30 group.

146



147

Chapter VI



Chapter VI
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Figure 1. Phase transition behaviors of 9 and 13.
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Figure 2. Phase transition behaviors of 10 and 14,
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VI-2-6. Physical and Electro-optical Properties of
w-Trifl uoromethoxyalkylcyclohexane-type lCs:
Tail length Effect

The Author mixed by 20 wt% each ofLCs 9b-9f, IOb-10f, 13b-13f, 14b-14f, 23, and

25 with host (80 wt%) and measured the physical and electro-optical properties of the

resulting mixtures. The data as well as those of 9a, lOa, 13a, and 14a are listed in Table

4. Among LCs with a trans-4-[trans-4-(3,4-difluorophenyl)cyclohexyl]cyclohexane

mesogen, trifluoromethyl ethers 9b-9f showed ~£s lower than the corresponding methyl

ethers 13b-13f, owing probably to the effect discussed for 9a and 13a. LCs with the

same mesogen exhibited almost uniform values in ~£, VIII' ~11, and "t, respectively,

irrespective of the terminal structure of a tail. These values were found to be more

dependent on the type of a mesogen. In general, Vth of an LC mixture increases when 8£

of the LC mixture is reduced as was observed with 14. In contrast, for small ~£, Vtll of

the mixture of 9 or 10 was not large. Therefore, the trifluoromethyl ethers are apparently

suitable for the purpose of reducing driving voltage of LCDs. The fact that 8£ of

trifluoromethyl ether lOb, 10e, 10d, 10e, or IOf with a trans-4-(trans-4­

pentylcycIohexyl)cyclohexylalkyl mesogen was only slightly higher than that of the

corresponding methyl ether 14c, 14d, 14e, or 14f, respectively, suggests that dipole

moment induced by the trifluoromethoxy group in a tail ofLCs is not striking. However,

it is noteworthy that a trifluoromethoxy group connected directly to a cyclohexane

mesogen raises 8£' as seen in lOa, acting as a controlling polar functional group.

Accordingly, introduction of a trifluoromethoxy group into a cyclohexane mesogen of LCs

is highly effective for induction of 8£. In view that 13b and 14b having a methoxymethyl

substituent did not form TN orientation in an LC cell, trifluoromethyl ethers 9b and lOb

are favorable materials for TN-LCDs. Bulk viscosity (1120) at 20°C of host ('1120 = 19.8)

increased only slightly by a trifluoromethyl ether additive. For example, a mixture of 9b

and host (1 : 4 w/w) had 1120 = 22.8; a mixture consisting of23 and host (1 : 4 w/w), '1120 =

23.2.
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Table 4. Physical and electro-optical properties3 of 9, 10 and 13, 14 as
added by 20 wt% to host.

Compound TN/IcC !I.E !l.E'b VI/IY
C !l.1l !l.n'd Tfmsc, c (Vl

host 116.7 4.8 2.14 0.090 25.3 (5.1)
------------~-----------------~---------------------------------

93 90.9 3.2 -3.2 2.18 0.082 0.050 45.3 (4.8)

9b 103.4 3.2 -3.2 2.26 0.085 0.065 35.1 (5.0)

9c 101.0 32 -3.2 2.16 0.084 0.060 36.6 (4.9)

9d 107.5 3.2 -3.2 2.18 0.086 0.070 44.1 (4.7)

ge 105.5 3.3 -2.7 2.10 0.083 0.055 39.7 (4.9)

9f 109.0 3.2 -3.2 2.19 0.083 0.055 43.4 (4.8)

133 107.4 4.0 0.8 2.12 0.087 0.Q75 33.8 (4.8)

13b

l3e 110.9 4.3 2.3 2.03 0.086 0.070 33.8 (4.3)

l3d 120.7 4.8 4.8 2.12 0.091 0.095 33.4 (4.9)

13e 114.6 4.3 2.2 1.98 0.087 0.075 41.1 (4.3)

I3f 118.3 4.6 3.6 2.08 0.088 0.080 38.5 (4.6)

lOa 90.1 5.2 6.7 1.86 0.078 0.030 34.3 (4.3)

lOb 94.7 3.6 -1.2 2.16 0.079 0.035 31.8 (4.2)

IOe 94.1 3.6 -1.2 1.97 0.078 0.030 34.8 (4.2)

IOd 99.9 3.4 -2.0 2.18 0.079 0.035 36.8 (4.4)

IOe 99.4 35 -1.8 2.02 0.079 0.035 39.4 (4.7)

lOf 101.9 3.3 -2.7 2.10 0.078 0.030 37.9 (45)

14a 93.5 3.6 -12 2.20 0.077 0.025 36.3 (4.9)

14b

l4c 100.2 3.1 -3.7 2.22 0.077 0.025 31.0 (4.5)

14<1 110.1 3.2 -32 2.31 0.081 0.045 32.3 (4.9)

l4e 105.2 3.1 -3.7 2.21 0.079 0.035 40.3 (4.6)

l4f 109.4 3.2 -3.2 2.33 0.079 0.035 35.8 (5.0)

23 98.9 3.5 -1.8 2.10 0.084 0.060 36.4 (4.6)

25 117.1 4.0 0.8 2.15 0.101 0.145 36.5 (4.7)

aMeasured at 20 cC. lExtrapolated from !I.E. CCorrected for 6.0 Ilm cell.

dExtrapolated from!!.n. eResponce time (1: r =1:d)' fApplied voltageN.
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VI-2-7. Trifluoromethoxy-substituted LCs as Chiral Dopants
for TN- and TFT-addressed TN-LCDs

The Author next examined the possibility of LCs with a trifluoromethoxy group on a

mesogen as a chiral dopant for TN-LCDs. As the chiral dopant for super-TN-LCDs,

cholesteryl nonanoate (26) has been extensively utilized. He prepared 3~­

trifluoromethoxycholestane (27)13a and 3~-methoxycholestane (28), mixed each by 1 wt%

with TN-host consisting of 6-homologs (equal weight) of 4-alkoxyphenyl 4­

alkylcyclohexane carboxylates, and measured helical pitch of each mixture at 25°C. All

of the mixtures exhibited chiral nematic phase below 72°C with slight lowering of the

clearing temperature of TN-host. Helical pitch of the mixture of 26, 27, or 28 was 15.9,

15.9, or 39.2 flm, respectively. The value for 27 was much smaller than that for 28.

Therefore, a trifluoromethoxy group in a chiral dopant is a polar functionality apparently

better than a methoxy group. Furthermore, compound 27 induced helix of chiral nematic

LCs to a degree comparable to 26 that is currently used for TN-LCDs. This means 27

may find applications as a chiral dopant for TFT-addressed TN-LC mixtures. Because

LCs containing a cyano or alkoxycarbonyl group bring striking decrease in voltage holding

ratio, compound 26 is not suitable for TFT-addressed TN-LCDs. Thus, he next examined

voltage holding ratio ofa mixture of27 (2wt%) and host (98%) at 80°C and was delighted

to observe it was 97.4%; that of host was 97.5%. A mixture of 28 and host (2 : 98 w/w)

showed 97.0% of voltage holding ratio at 80°C. Helical pitch of the mixture of 27/host

or 26/host was 8.0 flm at 25°C. Therefore, compound 27 is concluded to be an excellent

chiral dopant for not only TN-LCOs but also TFT-addressed TN-LCOs.

CmH2rnt-1-oC0aV-0CnH2n+1

TN-host: a mixture of equal amounts of homologs
(m, n):::; (3, 2), (3.4), (3, 5), (4, 2), (5,1), (5, 2)

TN/= 73.8 °c

27: X=OCF3

28: X=OCH3

VI-2-8. Trifluoromethoxycyclohexane-type LCs as Materials
for 1FT-addressed TN-LCDs

The Author further investigated the possibility of 11 as an additive for TFT­

addressed TN-LCDs and prepared an LC mixture containing 11 (20 wt%) in a TFT-host
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mixture that exhibited TN! = 82.5 DC, ~e = 3.6, Vt!l = 1.71 V, ~n = 0.072, T ::::: 48.6 ms.

The resulting mixture showed TNJ = 102.5 DC, ~e ::::: 4.15, VIII = 1.88 V, ~n = 0.074, and T:::::

44.1 ms. Thus, use of 11 as an additive resulted in expansion of nematic phase range and

improvement of response time of the TFT-host mixture without decrease of voltage

holding ratio. Furthennore, TNJ of the I1/TFT-host mixture did not lower at all upon

heating at 80 DC for 10 h or under UV irradiation. Accordingly, LCs having a

trifluoromethoxycyclohexane mesogen are very stable against heat and UV light.

VI-3. Conclusion

Novel LCs with a trifluoromethoxycyclohexane mesogen were prepared for the first

time by the oxidative desulfurization-fluorination of dithiocarbonates derived from the

corresponding cyclohexanols. LCs with an w-trifluoromethoxyalkyl tail were also

prepared in a similar way, starting with the corresponding primary alcohols. Most of the

CF3O-substituted LCs exhibited in a wide range of temperatures LC phases depending on

the type of a mesogenic structure. LCs with a trifluoromethoxycyclohexane mesogen

were shown to be thermally more stable than LCs with a trifluoromethoxybenzene

mesogen. LCs having a trifluoromethoxyalkyl tail, e.g. 11, show physical and electro­

optical properties favorable to materials for not only TN-LCDs but TFT-addressed TN­

LCDs. Furthennore, 27 was shown to be a potential chiral dopant for TFT-addressed

TN-LCDs.

VI-4. Experimental

Materials. Followings were kindly donated by Dainippon Ink & Chemicals, Inc: 4­

[trans-4-(3 ,4-difluorophenyI)cyclohexyI]cyc lohexanone, 4-(trans-4-propyIcyclohexy1)­

cyclohexanone, 4-[trans-4-(trans-4-pentylcyc1ohexyl)cyc1ohexyl]cyclohexanone, 4-(4'­

propyIbipheny1-4-yI)cyclohexanone, 4-[trans-4-(trans-4-pentylcyclohexyI)cyclohexy1]­

phenoI, {trans-4- [trans-4-(3,4-difluoropheny1)cyclohexyI] }cyclohexanecarbaldehyde,

trans-4-[trans-4-(3,4,5-trifluorophenyl)cyclohexyl]cyclohexanemethanol, trans-l-pentyl­

4- [trans-4-vinylcyclohexyI]-cyclohexane (21 e), trans-l-[trans-4-(3,4-difluorophenyl)­

cyclohexyl]-4-vinylcyclohexane (20e), and trans-1-[trans-4-(3-butenyl)cyclohexyl]-4-(3 ,4­

difluorophenyl)cyclohexane (20e).
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Measurements. A sample for the measurement of electro-optical properties was

prepared by mixing a compound (20 wt%) with host (80%, Cr 11 N 117 Iso) consisting of

equal amounts of 20c and 20e.

General Procedure for the Synthesis of Alcohols.

Method A: Reduction of Cyclohexanones. To a stirred suspension of lithium

aluminum hydride (1.71 g, 45 mmol) in THF (60 mL) was added a solution of a 4­

substituted cyclohexanone (30 mmol) in THF (40 mL) at 0 °C over a period of 5 min.

The mixture was stirred at 0 °C for 10 min, quenched by slow addition of H20 (1.7 mL) at

o °C, and treated with 30% aq. NaOH. The resulting mixture was stirred at room

temperature for 30 min before mixing with Celite, MgS04, and EtzO (100 mL) under

vigorous stirring at room temperature for 1 h. The insoluble material was filtered off

through a Celite pad by suction funnel and washed with EtzO (300 mL) and CHzClz (50

mL). The filtrate was concentrated under reduced pressure, and the residue was

recrystallized from hexanelEtOAc to give trans-4-substituted cyclohexanol. In some

cases, the mother liquor was concentrated, and eis-4-substituted cyclohexanol was isolated

by flash column chromatography.

Method B: Reduction of Phenols. A suspension of a 4-substituted phenol (14 mmol)

and 10% Pd/C (1.9 g) in EtOAc (100 mL) was stirred vigorously under an Hz atmosphere

(20 atm) at 70°C for 1 day. The insoluble material was filtered through a Celite pad by

vacuum filtration and washed with a 100 mL portion of CH2Clz (totally 1 L). The filtrate

was concentrated under reduced pressure; the residue was chromatographed to give trans­

and cis-4-cyc1ohexanol.

Method C: Hydroboration-Oxidation of Terminal Olefins. In a two-necked flask

were placed THF (200 mL) and a terminal olefin (91 mmol). To this solution was added

dropwise a solution of borane in THF (BH3, 1.0 M, 46 mL, 46 mmol) at 0 0c. The

reaction mixture was stirred for 12 h at room temperature before slow addition of H20 (1.0

mL), 3 M NaOH (22 mL) and then 30% aq. HzOz (23 mL) at 0 0c. The resultant was

stirred for 6 h at room temperature, and the excess peroxide was quenched with aq.

NaHS03. The organic phase was separated; the aq. phase was extracted with £t20 four

times. The combined organic extracts were washed with sat. aq. NaCl, dried over

Na2S04, filtered, and concentrated under reduced pressure. 'The residue was

recrystallized from hexane. The mother liquor was concentrated in vacuo and purified by

flash column chromatography to give the desired alcohol.

Method D: Oxidative Cleavage of Terminal Olefins. To a mixture of [onnic acid

(29 mL, 0.77 mol), 30% HzOz (5.0 mL), and CHzClz (2.0 mL), a terminal olefin (50
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romol) was added portionwise at 0 0c. The resulting mixture was stirred for IS h at room

temperature before quenching with 5% NaOH and aq. Na2S203' The whole was diluted

with CH2CI1 (100 mL); the combined organic phase was separated; the aq. phase was

extracted with CH1CI1 eight times (totally 500 mL). The combined organic extracts were

washed with sat. ag. NaCI, dried over Na1S04, filtered, and concentrated in vacuo to give

a 1,2-dioL To the dial dissolved in Et20 (200 mL) was added an ag. solution of NaI04
(17.0 g) in H20 (50 mL) at room temperature. The resulting mixture was stirred for 6 h;

the organic phase was separated; the ag. phase was extracted with Et20 four times (totally

500 mL). The organic extracts were washed with sat. ag. NaCl, dried over MgS04,

filtered, and concentrated under reduced pressure to afford a crude aldehyde, which was

reduced to the corresponding alcohol by the procedure for the preparation of compound 1b

as described above.

Methods, yields, and spectral properties of alcohols are as follow.

trans-4-[trans-4-(3,4-Difluorophenyl)cyclohexyl]cyclohexanol (la). Method A,

86% yield. Colorless needles, mp 146.2-147.0 °C; Rf := 0.28 (hexane: EtOAc := 5 : 1).

IR (KEr) 3438,2980,2851,1605,1520,1454,1282,1212,1116,1060, 938,822,781,627

cm· l ; lH NMR (200 MHz) &= 0.98-1.49 (m, 11 H), 1.66-2.11 (m,8 H), 2.41 (tt, J = 3,

12 Hz, 1 H), 3.54 (tt, J = 4, 10Hz, I H), 6.82-7.11 (m, 3 H); 19F NMR (188 MHz) & :=

-139.2 (ddd, J:= 8, 12, 21 Hz, 1 F), -143.0 (dddd, J:= 5, 8, 10, 21 Hz, 1 F); 13C NMR

(75.5 MHz) 13 = 28.1 (5),30.2 (s), 34.4 (5), 35.8 (5), 43.7 (d, J = 1 Hz), 71.1 (s), 115.3 (d, J

= 17 Hz), 116.7 (d, J= 17 Hz), 122.4 (dd, J= 4,6 Hz), 144.7 (dd, J= 4,5 Hz), 148.5 (dd,

J = 13,245 Hz), 150.1 (dd, J = 13,247 Hz); MS m/z (reI intensity) 294 (M+, 7), 276 (23),

194 (11),193 (23), 179 (35),140 (57),127 (84),121 (24),82 (15), 81 (100),79 (31), 67

(38). Found: C, 73.14; H, 8.19%. Calcd for ClsH24F20: C, 73.44; H, 8.22%.

trans-4-(trans-4-Propylcyclohexyl)cyclohexanol (2a) and cis-4-(trans-4-

Propylcyclohexyl)cyclohexanol (2a'). Alcohols 2a and 2a' were prepared in 63 and

16% yields, respectively, by Method A.

2a: Colorless needles, mp 125.3-126.7 °C; Rf = 0.24 (hexane: EtOAc = 5 : I). IR

(KEr) 3414, 3355, 2959, 2855, 1464, 1454, 1356, 1345, 1059, 943, 891 em-I; IH NMR

(200 MHz) b =0.79-1.38 (m, 18 H), 1.61-1.84 (m, 7 H), 1.91-2.08 (rn, 2 H), 3.51 (rt, J =5,

10Hz, 1 H); l3C NMR (75.5 MHz) &= 14.4 (5), 20.0 (5), 28.1 (5), 30.2 (s), 33.5 (5), 35.9

(5), 37.5 (s), 39.8 (5), 42.3 (5), 42.8 (5), 71.2 (5); MS m/z (rei intensity) 224 (M+, 0.2),

123 (0.4), 206 (83), 177 (12), 164 (13), 163 (46), 135 (11), 124 (36), 123 (56), 122 (36),

109 (53), 95 (53), 83 (89), 82 (91), 81 (100), 69 (87), 67 (87). Found: C, 80.09; H,

12.38%. Calcd for C1sH280: C, 80.29; H, 12.58%.

2a': Colorless needles, mp 100.2-101.0 °C; Rf = 0.39 (hexane: EtOAc = 5 : I). IR
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(KEr) 3347, 2935, 2848, 1444, 1264, 1150, 1040, 977, 957, 763 cm- l; IH NMR (200

MHz);) = 0.79-1.21 (m, 12 H), 1.24-1.58 (m, 9 H), 1.68-1.80 (m, 6 H), 3.95-4.01 (m, 1 H);

I3C NMR (75.5 MHz) ;) = 14.4 (s), 20.0 (s), 23.9 (s), 30.1 (s), 32.8 (s), 33.5 (s), 37.5 (s),

39.8 (s), 42.26 (s), 42.30 (s), 66.9 (s); MS m/z (rei intensity) 224 (M+, 0.08), 206 (20),

163 (17),123 (14), ~09 (11), 96 (7), 95 (14),83 (55), 82 (76), 81 (93),79 (31), 69 (100),

67 (97). Found: m/z 224.2144. Calcd for C1sH2SO: M, 224.2140.

tralls-4-rtrans-4-(trans-4-Propylcyclohexyl)cyclohexyl]cyclohexanol (3a) and cis­

4- [tralls-4-(trans-4-Propylcyclohexyl)cyclohexyl]cyclohexanol (3a'). Alcohols 3a and

3a' were obtained in 36 and 11% yields, respectively, by Method A. According to

Method B, 3a and 3a' were prepared in 32 and 56% yields, respectively.

3a: Colorless needles. Phase transition temperature/DC: Cr 152 Ss 225 Iso; Rf =0.20

(hexane: EtOAe = 5 : 1). IR 3341, 2953, 2849, 1444, 1432, 1372, 1057, 1051,967,903

em-I; IHNMR(200MHz);)=0.79-1.41 (m,23 H),0.86(t,J=7.1 Hz, 3 H), 1.57-1.85

(m, 9 H), 1.87-2.05 (m, 2 H), 3.46-3.54 (m, 1 H); l3C NMR (75.5 MHz);) = 14.4 (s),

20.0 (s), 28.1 (s), 30.1 (s), 30.3 (5), 30.5 (s), 33.6 (s), 35.90 (s), 35.91 (s), 37.6 (5), 39.8 (s),

42.3 (s), 42.9 (s), 43.4 (s), 71.3 (s); MS m/z (rei intensity) 307 (M++1,0.2),288 (30),205

(10), 164 (13), 163 (16), 149 (11), 135 (8), 123 (15), 109 (20), 97 (10), 95 (30), 83 (41),82

(39),81 (100), 79 (27), 69 (71), 67 (72). Found: m/z 306.2920. Calcd for CzI H3SO: M,

306.2923

3a': A colorless powder. Phase transition temperature/DC: Cr 137 Ss 222 Iso; Rf =

0.30 (hexane: EtOAc = 5 : I). IR (KBr) 3344, 2980,2850, 1444, 1363, 1264, 1040,980,

960, 898, 763 cm- l; I H NMR (200 MHz) ;) = 0.79-1.85 (rn, 34 H), 0.87 (t, J = 7.2 Hz, 3

H), 3.98 (brs, I H); I3C NMR (75.5 MHz) 6 = 14.4 (s), 20.0 (s), 23.9 (s), 30.1 (s),30.3

(s), 30.4 (5), 32.8 (s), 33.6 (s), 37.6 (s), 39.8 (s), 42.3 (br s), 43.4 (s), 67.0 (s); MS m/z (rei

intensity) 307 (M++l, 1.5),288 (29),164 (11), 163 (18), 123 (13), 121 (14), 109 (18), 95

(27),92 (15), 83 (48), 82 (37),81 (l00), 79 (38), 69 (67), 67 (85). Found: C, 82.06; H,

12.30%. Calcd for CZ1 H3SO: C, 82.29; H, 12.50%.

trans-4-(4'-Propylbiphenyl-4-yl)cyclohexanol (4a). Method A, 65% yield.

Colorless needles, mp 175.3-176.6 DC; R;-= 0.50 (CHzClz : MeOH = 10 : 1). IR 3420,

2930,2855, 1497,1453, 1356, 1061, 1005, 804 cm~l; IH NMR (200 MHz) 0 = 0.97 (t, J

= 7 Hz, 3 H), 1.33-1.78 (rn, 7 H), 1.88-2.19 (m, 4 H), 2.42-2.70 (m, 3 H), 3.58-3.79 (m, 1

H), 7.20-7.27 (m, 4 H), 7.43-7.53 (m, 4 H); 13C NMR (75.5 MHz) 0 = 13.9 (5), 24.5 (5),

32.4 (s), 35.8 (s), 37.6 (5), 43.0 (s), 70.5 (s), 126.7 (5),126.8 (s), 127.1 (s), 128.8 (s), 138.3

(s), 138.9 (5),141.5 (s), 145.2 (5); MS m/z (rel intensity) 295 (M++l, 15),294 (M+, 69),

276 (l00), 261 (22),147 (49),222 (52),205 (20),193 (96), 178 (33), 165 (31),91 (18).

Found: C, 85.63; H, 9.21 %. Calcd for CZ1 H3SO: C, 85.67; H, 8.90%.

trans-4-[trans-4-(3,4-Difluorophenyl)cyclohexyll cyclohexanemethanol (1b).
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Sodium borohydride (0.98 g, 26 mmol) was added p011ionwise to a solution of trans-4­

[trans-4-(3,4-difluorophenyl)cyclohexyl] cyclohexanecarbaldehyde (7.3 g, 24 mmol) in

methanol (20 mL) and THF (20 mL) at room temperature under stirring. The resulting

mixture was stirred at room temperature for 4 h, and the methanol solvent was removed

under reduced pressure. The white solid residue was partitioned in sat. ag. NaHC03 and

Et20 (200 mL), and the organic phase was separated. The ag. phase was extracted with

Et7 0 three times (totally 500 mL). The combined organic extracts were dried over

Na2S04, filtered, and concentrated in vacuo. The residue was purified by

recrystallization to give Ib (5.2 g) in 71% yield as colorless needles. Mp 97.7-99.1 °c;
Rf = 0.15 (hexane: EtOAc = 5 : 1). IR (KEr) 3320, 2923, 2851,1607,1518,1449,1429,

1277, 1204, 1038,812, 770 em-I; IH NMR (200 MHz) 0 = 0.80-1.58 (m, 11 H), 1.68­

2.00 (m, 9 H), 2.28-2.68 (rn, 1 H), 2.39 (tm, J = 12 Hz, 1 H), 3.42 (d, J = 6 Hz, 2 H), 6.86­

7.04 (m, 3 H); I9F NMR (282 MHz) 0 = -139.09 (dd, J = 8, 12,21 Hz, 1 F), -142.98

(dddd, J = 8, 11, 14, 21 Hz, 1 F); l3C NMR (75.5 MHz) 0 = 29.3 (s), 29.6 (5), 29.9 (s),

34.3 (5),40.4 (s), 42.5 (5),43.0 (5), 43.6 (5), 68.1 (5), 115.0 (d, J = 17 Hz), 116.5 (d, J = 17

Hz), 122.2 (dd, J= 3,6 Hz), 144.6 (dd, J= 4, 4 Hz), 148.4 (dd, J= 13,245 Hz), 150.0 (dd,

J= 13,247 Hz); MS m/z (rei intensity) 309 (M++l, 8),308 (M+, 100),275 (9), 269 (4),

208 (19),207 (13), 196 (14),194 (40), 193 (49), 192 (28), 191 (19), 190 (15), 180 (18),

179 (93),165 (23),132 (4). Found: m/z 308.1949. Calcd for C19H26F20: M, 308.1952.

trans-4-[tralls-4-(3,4-DifluorophenyI)cyclohexy1] cyclohexaneethanol (1 c).

Method C, 76% yield. A colorless powder. Phase transition temperature/oC: Cr 101 N

129 Iso; Rf = 0.29 (hexane: EtOAc = 5 : 1). IR (KEr) 3434, 2944, 2921, 2888, 2849,

1605, 1518, 1453, 1429, 1358, 1279, 1213, 1115, 1051, 1019, 862, 822, 781 em-I; IH

NMR (300 MHz) 0 = 0.75-1.40 (rn, 8 H), 1.45-1.55 (m, 6 H), 1.70-1.95 (rn, 8 H), 2.40 (rt,

J= 3,12 Hz, I H), 3.69 (t, J= 7 Hz, 2 H), 6.84-7.09 (m, 3 H); 19F NMR (282 MHz) 0 =

-139.0-139.2 (m, I F), -142.9-143.1 (m, 1 F); l3C NMR (75.5 MHz) 0 = 29.9 (s), 30.1

(s), 33.5 (s), 34.4 (s), 34.5 (s), 40.3 (s), 42.7 (s), 43.1 (s), 43.8 (s), 60.9 (s), 115.3 (d, J = 17

Hz), 116.1 (d, J = 17 Hz), 122.4 (d, J = 3, 6 Hz), 144.8 (d, J = 5, 5 Hz), 148.4 (d, J = 13,

245 Hz), 150.1 (d, J= 13,247 Hz); MS m/z (reI intensity) 324 (M++2, 1),323 (M++l, 9),

322 (M+, 41), 275 (10), 194 (13),193 (18),179 (39),166 (11),153 (22),140 (72),127

(100), 109 (93), 95 (27),81 (63),67 (86). Found: m/z 322.2114. Calcd for C2oH28F20:

M, 322.2108.

trans-4-[tralls-4-(3,4-Difluorophenyl)cyclohexyl]cyclohexanepropano) (1d).

Method D, 37% yield. Colorless needles. Phase transition temperature/oC: Cr 89 N 159

Iso; RJ = 0.19 (hexane: EtOAe = 5 : 1). IR (KBr) 3320, 2924, 2851, 1607, 1516, 1449,

1429,1279,1211,1117,1053,1009,943,862,818,770 em-I; IH NMR (300 MHz) 0 =

0.80-1.44 (m, 12 H), 1.46-1.68 (m, 3 H), 1.70-1.95 (m, 9 H), 2.40 (tt, J= 3,12 Hz, 1 H),
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3.62 (t, J= 7 Hz, 2 H), 6.86-7.05 (m, 3 H); 19F NMR (282 MHz) 6 = -139.0-139.2 (m,

1 F), -142.8-143.1 (m, 1 F); l3C NMR (75.5 MHz) 6 = 30.0 (s), 30.1 (s), 30.2 (s), 33.3

(s), 33.5 (s), 34.5 (s), 37.7 (s), 42.7 (s), 43.2 (s), 43.8 (s), 63.4 (s), 115.3 (d, J = 17 Hz),

116.7 (d, J = 17 Hz), 122.4 (dd, J = 3, 6 Hz), 144.8 (dd, J = 5, 5 Hz), 148.4 (dd, J = 13,

245 Hz), 150.1 (dd, J= 13,247 Hz); MS m/z (reI intensity) 338 (M++2, 0.9), 337 (M++ 1,

6),336 (M+, 27),179 (24), 153 (15), 140 (49), 127 (71), 123 (26),95 (33), 81 (100),67

(87). Found: m/z 336.2263. Calcd for CZIH30F20: M, 336.2265.

tralls-4-[tralls-4-(3,4-DifluorophenyI)cyclohexyl] cyclohexanebutanol (Ie).

Method C, 88% yield. Colorless needles. Phase transition temperature/oC: Cr 97 N 152

Iso; RJ = 0.18 (hexane: EtOAc = 5: I). IR (KBr) 3434, 2919, 2849,1609,1518,1495,

1451,1435,1289,1211, IllS, 1045, 1021,947,817, 770cm- l ; IHNMR(200MHz)6=

0.80-1.46 (m, 15 H), 1.48-1.62 (m, 2 H), 1.68-1.96 (m, 8 H), 2.06 (brs, 1 H), 2.40 (11, J= 3,

12 Hz, 1 H), 3.65 (t, J = 7 Hz, 2 H), 6.86-7.06 (m, 3 H); 19F NMR (282 MHz) 6 = -139.1

(ddd, J = 8, 12, 21 Hz, I F), -143.0 (dddd, J = 8, II, 14, 21 Hz, I F); l3C NMR (75.5

MHz) 6 = 23.1 (s), 30.0 (s), 30.1 (s), 33.0 (s), 33.5 (s), 34.5 (s), 37.2 (s), 37.8 (5),42.7 (s),

43.2 (s), 43.8 (5), 63.1 (5), 115.3 (d, J = 17 Hz), 116.7 (d, J = 17 Hz), 122.4 (dd, J = 3, 6

Hz), 144.6 (dd,J=4,4 Hz), 148.4 (dd, J= 13,245 Hz), 150.2 (dd,J= 13, 247 Hz); MS

111/Z (reI intensity) 351 (M++I, 2), 350 (M+, 6),279 (12),194 (12),192 (14),178 (14),167

(31),149 (100),137 (50),128 (11),119 (13),105 (18). Found: m/z 350.2421. Calcd for

C22H32F20: M, 350.2421.

trans-4- [trans-4-(3,4-Diflu orophenyl)cyclohexyl]cyclohexanepentanol (1 f).

Method C, 86% yield. Colorless needles. Phase transition temperature/oC: Cr 93 N 158

Iso; RJ= 0.31 (hexane: EtOAc: CH1Clz = 4: I : I). IR (KBr) 3310, 2924, 2849, 1607,

1518,1429,1275,1210,1115,1057,951,939,862,816,772 em-I; IH NMR (300 MHz)

6 = 0.80-1.64 (m, 19 H), 1.68-1.94 (m, 9 H), 2.40 (11, J= 3, 12 Hz, I H), 3.64 (t, J= 7 Hz,

2 H), 6.87-7.06 (m, 3 H); 19F NMR (282 MHz) 6 = -139.1-139.2 (m, I F), -142.9­

-143.1 (m, 1 F); l3C NMR (75.5 MHz) 6 = 26.1 (5), 26.8 (s), 30.0 (s), 30.2 (5),32.8 (s),

33.6 (s), 34.6 (s), 37.4 (5), 37.8 (s), 42.8 (s), 43.3 (s), 43.8 (5), 63.1 (5), 115.3 (d, J = 17 Hz),

116.7 (d, J = 17 Hz), 122.4 (dd, J = 3, 6 Hz), 144.6 (dd, J = 5, 5 Hz), 148.5 (dd, J = 13,

245 Hz), 150.1 (dd, J= 13,247 Hz); MS m/z (reI intensity) 366 (M++2, 0.4),365 (M++I,

4),364 (M+, 15), 193 (12),179 (28),153 (16),151 (20), 140 (47),127 (75),109 (30), 95

(77),81 (71),67 (100). Found: m/z 364.2563. Calcd for C23H34F20: M, 364.2578.

trans-4-(trans-4-Pentylcyclohexyl)cyclohexanernethanol (2b).

Method D, 80% yield. A colorless solid, mp 129.3-131.0 0c. Rf = 0.20 (hexane:

EtOAe = 10 : 1). IR (KBf) 3250, 2944, 2909, 1453, 1379, 1339, 1289, 1044, 895 em-I;

lH NMR (300 MHz) [) = 0.75-1.48 (m, 21 H), 0.88 (t, J= 7 Hz, 3 H), 1.64~1.86 (m, 8 H),

3.40-3.44 (m, 2 H); 13C NMR (75.5 MHz) 6 = 14.1 (8), 22.7 (8), 26.7 (s), 29.4 (s), 29.8
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(s), 30.1 (s), 32.2 (s), 33.6 (s), 37.5 (s), 37.9 (s), 40.7 (5), 43.4 (s), 68.8 (s); MS 111lz (rei

intensity) 266 (M+, 0.3), 248 (32),219 (28),177 (13),151 (13), 137 (14),123 (12),113

(22), 109 (22),97 (79),95 (100), 83 (73), 81 (80),79 (61), 69 (70), 67 (81). Found: mlz

266.2615. Calcd for C 1SH340: M, 266.2610.

tralls-4-(trans-4-Pentylcyclohexyl)cyclohexaneethanol (2c).

Method C, 85% yield. Colorless needles. Mp 152.0-152.9 °C; Rf = 0.27 (hexane:

EtOAc = 5 : 1). IR (KEr) 3428,2953,2919,2851, 1468,1453, 1360,1051,1022,963,

893 em-I; IH NMR (200 MHz) {) = 0.82-1.34 (m, 24 H), 1.46 (dt,J= 7,7 Hz, 2 H), 1.62­

1.77 (m, 8 H), 3.68 (t, J= 7 Hz, 2 H); l3C NMR (75.5 MHz) {) = 14.1 (s), 22.7 (s), 26.7

(s), 29.9 (s), 30.1 (s), 32.2 (s), 33.60 (s), 33.64 (s), 34.5 (s), 37.5 (5), 37.9 (s), 40.4 (s), 43.3

(5),43.4 (s), 60.9 (s); MS mlz (rei intensity) 280 (M+, 0.7), 263 (7), 262 (32), 233 (12),

191 (13), 151 (14), 137 (11), 124 (6), 109 (100), 97 (66), 96 (46),95 (45),83 (67), 81 (76),

79 (52), 69 (57), 67 (81). Found: C, 81.19; H, 13.04%. Calcd for C19H360: C, 81.36; H,

12.94%.

trans-4-(trans-4-Pentylcyclohexyl)cyclohexanepropanol (2d).

Method C, 84% yield. A colorless solid. Mp 155.3-156.9 °C; Rf = 0.36 (hexane:

EtOAe: CH2CI2 = 5 : 1 : 1). IR (KEr) 3340, 2923, 2849, 1509, 1468, 1443, 1378, 1339,

1217, 1057,959, 899, 723 em-I; IH NMR (300 MHz) b = 0.75-1.45 (m, 23 H), 0.88 (t, J

= 7 Hz, 3 H), 1.48-2.00 (m, 10 H), 3.60 (t, J = 7 Hz, 2 H); l3C NMR (75.5 MHz) {) =
14.1 (5),22.7 (s), 26.7 (s), 30.0 (s), 30.1 (s), 30.2 (s), 32.2 (s), 33.4 (s), 33.6 (s), 33.7 (s),

37.5 (s), 37.7 (s), 37.9 (s), 43.4 (s), 43.5 (s), 63.4 (s); MS mlz (rei intensity) 295 (M++l,

3),276 (21), 248 (17), 124 (16), 123 (41), 122 (19), 11 (15), 109 (13), 97 (61), 96 (48), 83

(54),80 (100), 67 (63). Found: mlz 294.2928. Calcd for C20H3SO; M, 294.2923.

trans-4-(trans-4-Pentylcyclohexyl)cyclohexanebutanol (2e).

Method C, 67% yield. A colorless solid. Mp 160.4-161.2 °C; Rf = 0.24 (hexane:

EtOAc = 5 : I). IR (KEr) 3428, 3374, 2953, 2917, 2851, 1462, 1453, 1377, 1356, 1049,

1019, 992, 961, 893 em-I; IH NMR (300 MHz) {) = 0.75-1.42 (m, 24 H), 0.88 (t, J = 7

Hz,3 H), 1.53 (g, J= 7 Hz, 2 H), 1.62-1.82 (m, 9 H), 3.63 (t, J= 7 Hz, 2 H); l3C NMR

(75.5 MHz) {) = 14.1 (s), 22.7 (s), 23.1 (s), 26.7 (s), 30.06 (s), 30.10 (s), 32.2 (s), 33.1 (s),

33.6 (s), 33.7 (s), 37.2 (s), 37.5 (s), 37.88 (s), 37.94 (s), 43.48 (s), 43.49 (s), 63.1 (s); MS

mlz (reI intensity) 309 (M++l, 8), 275 (18),221 (12), 195 (15), 193 (29), 180 (17), 166

(45), 153 (26), 140 (56), 135 (36), 127 (l00), 109 (45), 66 (32). Found: mlz 308.3070.

Calcd fOf C21 H400: M,308.3079.

trans-4-(trans-4-Pentylcyclohexyl)cyclohexanepentanol (2f).

Method C, 55% yield. A colorless solid. Mp 158.9-160.4 °C; Rf = 0.17 (hexane :

EtOAe = 5 : 1). IR (KEf) 3350, 2920, 2849, 1466, 1443, 1375, 1339, 1051, 988, 897,

725 em-I; IH NMR (300 MHz) 0 = 0.75-1.45 (m, 28 H), 0.88 (t, J = 7 Hz, 3 H), 1.50-
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1.80 (m, 8 H), 3.05 (brs, 1 H), 3.65 (t, J = 7 Hz, 2 H); l3C NMR (75.5 MHz) 0 = 14.1 (s),

22.7 (s), 26.0 (s), 26.7 (s), 26.8 (s), 30.06 (s), 30.09 (s), 32.3 (s), 32.6 (s), 33.6 (s), 33.7 (s),

37.4 (s), 37.5 (s), 37.85 (5), 37.93 (5),43.5 (s), 63.1 (s); MS m/z (rei intensity) 322 (M+,

3),305 (18),304 (78),233 (24),194 (16),152 (49), ISO (43),137 (40),123 (30),121 (34),

109 (100). Found: m/z 322.3237. Calcd for C22H420: M, 322.3236.

trans-l-[tralls-4-(4-Penten-l-yl)cyclohexyl]-4-pentyIcyclohexane (21t). A flask

was charged with THF (150 mL), copper(I) iodide (4.8 g, 25 mmol), and 1-[trans-4-(2­

iodoethyl)cyclohexyl]-trans-4-pentylcyclohexane4e (7.8 g, 20 mmol) and cooled at -78°C.

Allylmagnesium chloride (25 mL of 2.0 M THF solution, 50 mmol) was added dropwise to

the mixture at -78°C. After the addition was completed, the reaction mixture was

allowed to warm to 0 °C over 4 h and stirred at room temperature for 2 h before quenching

with aq. HCI (1.0 M). The organic phase was separated; the aq. phase was extracted with

Et20 three times (totally 300 mL). The combined organic extracts were washed with sat.

aq. NaCI, dried over MgS04, filtered, and concentrated under reduced pressure. The

residue was purified by flash colunm chromatography (hexane) to give 2lf (5.7 g) in 94%

yield as a colorless mesomorphic oil. Phase transition temperature/oC: Cr -17 Sx 11 SB

103 Iso (DSC 2nd heating); RJ = 0.88 (hexane). IR 2917,2849, 1823, 1642, 1447, 1416,

1379, 1341, 1291, 1217,989,911,895, 725 em-I; IH NMR (200 MHz) 6 = 0.75-1.04 (m,

101-1),0.88 (t, J= 7 Hz, 3 H), 1.06-1.42 (m, 14 H), 1.64-1.80 (m, 8 H), 2.01 (q,J= 7 Hz, 2

H), 4.90-5.02 (m, 2 H), 5.74-5.88 (m, 1 H); l3C NMR (75.5 MHz) 6 = 14.1 (s), 22.7 (s),

26.4 (s), 26.7 (s), 30.10 (s), 30.13 (s), 32.3 (s), 33.65 (s), 33.70 (s), 34.2 (s), 37.0 (s), 37.5

(s), 37.9 (s), 38.0 (s), 43.50 (s), 43.53 (s), 114.1 (s), 139.3 (s); MS m/z (reI intensity) 304

(M+, 12), 166 (9),149 (17),140 (22),127 (27),125 (11),122 (16),111 (19),99 (12), 95

(59),83 (49),81 (87),67 (100). Found: m/z 304.3142. Calcd for C22H40: M, 304.3130.

trans-4-[trans-4-(3,4-Difluorophenyl)cyclohexyl]cyclohexanebutanal.

Pyridinium chlorochromate (5.8 g, 27 mmol) was added in one portion to a solution of Ie

(6.3 g, 18 mmol) in CH2C12 (200 mL) at room temperature. The reaction mixture was

stirred for 3 h at room temperature before addition of Celite. The insoluble material was

filtered off; the filtrate was concentrated in vacuo; the residue was purified by flash

column chromatography (hexane: EtOAc = 20 : I) to give the title aldehyde (5.4 g) in

86% yield as a colorless solid. Phase transition temperature/oC: Sx 82 N 139 Iso; RJ =

0.57 (hexane: EtOAc = 5 : 1). IR (KEr) 2919, 2847, 1724, 1717, 1601, 1518, 1449, 1285,

1210, 1198, IllS, 945, 862, 816 em-I; IH NMR (300 MHz) 6 = 0.80-1.46 (m, 13 H),

1.58-1.94 (m, 10 H), 2.34-2.48 (m, 3 H), 6.83-7.08 (m, 3 H), 9.74-9.77 (m, 1 H); I9F

NMR (282 MHz) ~ = -139.0-139.2 (m, 1 F), -142.9-143.1 (m, I F); l3C NMR (75.5

MHz) 6 = 19.5 (5), 29.9 (5), 30.1 (s), 33.3 (s), 34.5 (s), 36.8 (s), 37.6 (5),42.7 (5), 43.2 (s),
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43.8 (s), 44.2 (s), 115.3 (d, J = 17 Hz), 116.7 (d, J = 17 Hz), 122.4 (dd, J = 3, 6 Hz), 144.8

(dd, J = 5, 5 Hz), 148.4 (dd, J = 13, 245 Hz), 150.1 (dd, J = 12, 246 Hz), 203.0 (s); MS

m/z (reI intensity) 349 (M++ I, 8), 348 (M+, 17), 179 (26), 153 (26), 140 (50), 135 (75), 133

(17),127 (100),121 (18), 109 (25),107 (21),95 (34), 93 (37),81 (59),69 (32),67 (98).

Found: m/z 348.2251. Calcd for C22H30F20: M, 348.2265.

tralls-1-(3,4-Difluorophenyl)-4- [tralls-4-(4-penten-l-yl)cyclohexyI] cyclohexane

(20t). To triphenyl(methyl)phosphonium bromide (5.7 g, 16 mmol) suspended in Et?O

(lao mL) was added dropwise n-BuLi in hexane (1.6 M, 10 mL) at room temperature, and

the mixture was stirred for 4 h at room temperature. To this ylide solution was added

dropwise a solution of trans-4-[trans-4-(3,4-difluorophenyl)cyc1ohexyl]cyclohexane­

butanal (14.1 g, 4.9 mmol) in Et20 (loa mL) at room temperature; the resulting mixture

was stirred for 10 h at room temperature before quenching with aq. NH4Cl. The organic

phase was separated; the aq. phase was extracted with Et20 three times (300 mL). The

combined organic extracts were washed with sat. aq. NaCl, dried over MgS04, filtered,

and concentrated under reduced pressure. The residue was purified by flash column

chromatography (hexane) to give 20r (3.8 g) in 78% yield as a mesomorphic oil. Phase

transition temperature/°C: Cr 17 N 88 Iso (DSC 2nd heating); Rf = 0.54 (hexane). IR

2923,2851, 1607, 1518, 1449, 1431, 1279, 1211, 1117,990,911, 816 cm- 1; lH NMR

(300 MHz) 0 = 0.78-1.48 (m, 15 H), 1.70-1.94 (m, 8 H), 2.02 (q, J = 7 Hz, 2 H), 2.40 (tt, J

= 3, 12 Hz, 1 H), 4.90-5.02 (m, 2 H), 5.74-5.88 (m, 1 H), 6.86-7.08 (m, 3 H); 19F NMR

(282 MHz) 0 = -139.0-139.2 (m, 1 F), -142.9-143.1 (m, 1 F); l3C NMR (75.5

MHz) 0 = 26.3 (s), 30.1 (s), 30.2 (s), 33.6 (5), 34.1 (s), 34.6 (5), 37.0 (s), 37.8 (s), 42.8 (s),

43.3 (5),43.9 (s), 114.1 (s), 115.3 (d,J= 17Hz), 116.7(d,J= 17Hz), 122.4(dd,J=3,6

Hz), 139.2 (s), 144.8 (dd, J = 5, 5 Hz), 148.5 (dd, J = 13, 245 Hz), 150.1 (dd, J = 13,247

Hz); MS m/z (rei intensity) 348 (M++2, 1), 347 (M++l, 4), 346 (M+, 21), 194 (11), 193

(17),179 (37),153 (15), 140 (37),127 (69),109 (27),95 (49),81 (67),67 (l00). Found:

m/z 346.2472. Calcd for C23H32F2: M, 346.2472.

Preparation of Dithiocarbonates: General Procedure.

Method A: An oven-dried, l-L, three-necked, round-bottomed flask, equipped with an

argon inlet and a Teflon®-coated magnetic stirring bar, and fitted with a rubber septum,

was flushed with argon, charged with alcohol 1-4 (50 mmol) and THF (200 mL), and was

cooled at 0 °C using an ice-water bath. To the solution was added portionwise NaH (2.4

g, 60 mmol, 60% dispersion in mineral oil) over 5 min at 0 °C under purging with argon

via the inlet. The ice-water bath was removed, the resulting white suspension was

allowed to wann to room temperature and stirred for 1 h. The mixture was recooled at

o °C, and carbon disulfide (0.25 mol, 15 mL) was added dropwise to the mixture via a
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syringe over 10 min. The resulting pale yellow suspension was allowed to warm to room

temperature and stirred until all the substrate was consumed. The resulting yellow

solution was recooled to 0 °C, and methyl iodide (6.2 mL, 0.10 mol) was added dropwise

via a syringe over 10 min. The pale yellow creamy mixture was allowed to warm to

room temperature, stirred for several hours, quenched by careful addition of 50% ag.

NH4Cl (l00 mL) at 0 0c. The organic phase was separated; the ag. phase was extracted

three times with portions of EtzO (totally 500 mL). The combined organic phase was

washed with sat. ag. NaCI (100 mL) containing I g of NaHS03, dried over MgS04,

filtered, and concentrated under reduced pressure. A yellow residue was flash column

chromatographed orland recrystallized to give dithiocarbonate 5-8.

Method B: In the procedure for Method A, NaH (60 mmol) was replaced by BuLi (75

mmol).

S-Methyl 0-[tralls-4-(trans~4-Propylcyclohexyl)cyclohexyl]Dithiocarbonate (6a).

Method A, 79% yield. Pale yellow needles. Phase transition temperature/oC: Cr 61 N

75 Iso; Rf = 0.68 (hexane: EtOAc = 10 : I). IR (KBr) 2950, 2907, 2856, 1702,1464,

1442, 1237, 1215, 1050, 1018, 982, 918, 902, 733 em-I; IH NMR (200 MHz) is = 0.73­

1.55 (m, 16 H), 1.62-1.93 (m, 8 H), 2.20-2.35 (m, 2 H), 2.53 (s, 3 H), 5.43 (tt, J = 5, 11 Hz,

1 H); l3C NMR (50.3 MHz) 0 = 14.4 (s), 18.7 (s), 20.0 (s), 27.8 (5), 30.1 (s), 31.2 (s),

33.4 (s), 37.5 (s), 39.7 (s), 42.1 (s), 42.6 (s), 83.5 (s), 215.1 (5); MS m/z (rei intensity)

314 (M+, 0.4), 206 (37),125 (12),123 (16), III (22), 109 (29),97 (126), 95 (29),91 (17),

83 (63), 82 (25), 81 (62), 79 (24), 69 (100), 67 (68). Found: C, 64.65; H, 9.77%. Calcd

for C 17H300SZ: C, 64.92; H, 9.61 %.

S-Methyl 0-{tralls-4-Itrans-4-(trans-4-P ropylcyclohexyl)cyclohexyl]cyclohexyl}

Dithiocarbonate (7a). Method B, 68% yield. Pale yellow needles. Phase transition

temperature/oC: Cr 85 SB 177 N 222 Iso; Rf = 0.29 (hexane). IR (KBr) 2951, 2934,

2888,1464,1443,1234,1208,1092,1049,984 em-I; IH NMR(200 MHz) is = 0.72-1.58

(m, 23 H), 0.86 (t, J = 7 Hz, 3 H), 1.60-1.88 (m, 8 H), 2.05-2.25 (m, 2 H), 2.53 (s, 3 H),

5.43 (tt, J = 5, 11 Hz, 1 H); l3C NMR (50.3 MHz) is = 14.4 (s), 20.0 (s), 27.8 (s), 27.9 (5),

30.1 (s), 30.2 (s), 30.4 (s), 31.2 (s), 31.9 (s), 33.6 (s), 37.6 (s), 39.8 (s), 42.0 (s), 42.7 (s),

43.4 (5),83.6 (s), 215.1 (s); MS m/z (reI intensity) 396 (M+, 2), 287 (3), 286 (20), 203 (2),

202 (4),160 (13),146 (16),135 (11),121 (26), 108 (31),94 (42),83 (67),81 (98),69 (94),

67 (l00). Found: m/z 396.2532. Calcd for C23H400SZ: M, 396.2520.

S-Methyl O~[trQns-4-(4'-Propylbiphenyl-4-yl)cyclohexyl] Dithiocarbonate (8a).

Method A, 95% yield. Colorless needles. Phase transition temperature/oC: Cr 115 N

153 Iso; R
f

=0.45 (hexane: EtOAe = 10 : 1). lR (KBr) 3024, 2947,2931,2866, 1898,

1495, 1495, 1448, 1220, 1210, 1050, 997, 957, 803, 778, 518 em-I; IH NMR (200

MHz) 0 = 0.96 (t, J = 7 Hz, 3 H), 1.59-1.80 (ro, 6 H), 1.86-2.12 (m, 2 H), 2.24-2.42 (m, 2
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H), 2.53 (5,3 H), 2.50-2.64 (m, 2 H), 5.52-5.67 (m, 1 H), 7.19-7.24 (m, 4 H), 7.45-7.51 (m,

4 H); l3C NMR (75.5 MHz) 6 = 13.8 (5), 18.8 (5), 24.4 (5), 31.3 (5), 32.0 (5), 37.6 (5),

42.8 (s), 82.6 (5), 126.7 (s), 126.9 (s), 127.0 (5), 128.8 (s), 138.2 (s), 139.1 (5), 141.5 (s),

144.6 (s), 215.2 (s); MS 111/Z (reI intensity) 385 (M++l, 1),384 (M+, 5),277 (22), 276

(76), 223 (18), 222 (58), 193 (100), 180 (16), 165 (19), 91 (II), 81 (27). Found: m/z

384.1577. Ca1cd for C23H2S0S2: M, 384.1582.

0-trans-4~[tralJs-4-(3,4-Dit1uorophenyl)cyclohexyl]cyclohexylmethyl S-Methyl

Dithiocarbonate (5b). Method A, 92% yield. Pale yellow needles, mp 101.3-101.9 °C;

RJ= 0.50 (hexane: EtOAc = 10 : 1). IR (KBr) 2920, 2892,1605,1516,1449,1426,1291,

1227,1216,1073,1059,953,938,826,774 em-I; IH NMR (300 MHz) 6 = 0.95-1.25 (m,

8 H), 1.25-1.50 (m, 2 H), 1.70-1.95 (m, 9 H), 2.42 (tt, J = 3, 12 Hz, 1 H), 2.56 (5, 3 H),

4.41 (d, J = 6 Hz, 2 H), 6.85-7.08 (m, 3 H); 19F NMR (282 MHz) 6 = -138.9-139.1 (m,

1 F), -142.8-143.0 (m, 1 F); l3C NMR (75.5 MHz) 6 = 18.8 (s), 29.2 (s), 29.7 (s), 30.0

(5), 34.4 (5), 37.2 (5), 42.5 (5),42.9 (s), 79.0 (5), 115.3 (d, J = 17 Hz), 116.7 (d, J = 17 Hz),

122.4 (dd, J= 3, 6 Hz), 144.7 (dd, J= 5,5 Hz), 148.4 (dd, J= 13,245 Hz), 150.0 (dd, J=

13,247 Hz), 215.8 (5); MS m/z (reI intensity) 399 (M++l, 0.3), 398 (M+, 0.3), 291 (9),

290 (40), 193 (14), 179 (24), 153 (20), 140 (37), 136 (10), 127 (100), 109 (10), 107 (8).

Found: m/z 398.1558. Calcd for C21H28F20S2: M, 398.1550.

0-2-{trons-4-[trans-4-(3 ,4-Difluorophenyl)cyclohexyI] cyclohexyl}ethy1 S-Methyl

Dithiocarbonate (Sc). Method A, 95% yield. A pale yellow powder, mp 73.4-74.6 °C;

Rf = 0.75 (hexane: EtOAe = 10 : 1). IR (KBr) 2923,2855, 1717, 1647, 1605, 1514, 1448,

1426, 1269, 1210, 1115, 1059,968,822,777, 750 cm~l; IH NMR (300 MHz) 6 = 0.80­

1.45 (m, 11 H), 1.65-1.90 (m, 10 H), 2.41 (rt, J = 3, 12 Hz, 1 H), 2.56 (5, 3 H), 4.64 (d, J =

6 Hz, 2 H), 6.85-7.07 (m, 3 H); 19F NMR (282 MHz) 6 = -139.0-139.2 (m, 1 F),

-142.9-143.1 (m, 1 F); l3C NMR (75.5 MHz) 6 = 18.9 (s), 29.8 (5), 30.1 (s), 33.3 (s),

34.5 (5), 34.8 (5), 35.5 (s), 42.6 (5),43.0 (s), 43.8 (5), 72.6 (s), 115.3 (d, J = 17 Hz), 116.7

(d, J= 17 Hz), 122.4 (dd, J= 3, 6 Hz), 144.7 (dd, J= 5, 5 Hz), 148.4 (dd, J= 13,245 Hz),

150.1 (dd, J = 13,247 Hz), 215.9 (5); MS m/z (reI intensity) 412 (M+, 0.1), 379 (8),305

(13), 304 (56), 193 (20), 179 (46), 166 (14), 153 (25), 141 (14), 140 (35), 127 (100), 111

(22), 109 (59), 97 (17),95 (44), 81 (68),69 (66), 67 (88). Found: m/z 412.1711. Calcd

for C22H30F20S2: M, 412.1706.

0-3-{trans-4-[trons-4-(3,4-Difluorophenyl)cyclohexyI] cyclohexyI}p ropy1 S-

Methyl Dithiocarbonate (5d). Method A, 83% yield. Pale yellow needles, mp 76.6­

78.0°C; Rf = 0.64 (hexane: EtOAc = 10 : 1). IR (KEr) 2946,2915,2845,1869, 1610,

1518, 1489, 1447, 1289, 1273, 1219, 1207, 1065, 1052, 963, 939, 816, 772 em-I; IH

NMR (300 MHz) () = 0.82-1.45 (m, 13 H), 1.68-1.98 (m, 10 H), 2.41 (tt, J = 3, 12 Hz, 1 H),

2.56 (5, 3 H), 4.58 (t, J = 7 Hz, 2 H), 6.80-7.09 (rn, 3 H); 19F NMR (282 MHz) [) =
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-139.0-139.2 (m, 1 F), -142.9-143.1 (m, I F); 13C NMR (75.5 MHz) 6 = 18.9 (s), 25.7

(s), 29.9 (s), 30.1 (5),33.4 (s), 33.4 (5),34.5 (5),37.5 (s), 42.7 (s), 43.2 (s), 43.8 (s), 74.6

(5), 115.3 (d, J = 17 Hz), 116.7 (d, J = 17 Hz), 122.4 (dd, J = 3,6 Hz), 144.8 (dd, J = 4, 4

Hz), 148.5 (dd, J = 13, 245 Hz), 150.1 (dd, J = 13, 247 Hz), 215.9 (s); MS m/z (reI

intensity) 426 (M+, 0.3), 393 (19), 319 (15),318 (72),276 (21), 195 (21), 193 (17), 179

(46),140 (45), 127 (100),123 (60), 109 (50), 95 (57), 81 (62),69 (64), 67 (63). Found:

m/z 426.1859. Calcd for C23H32F20S2: M, 426.1863.

0-4-{trans-4-[trans-4-(3,4-Difluorophenyl)cyclohexyl]cyclohexyl}butyl S-Methyl

Dithiocarbonate (Se). Method A, 92% yield. A pale yellow powder. Phase transition

temperature/DC: Cr 55 SB 63 N 88 Iso; RJ=0.41 (hexane). IR (KBr) 2924, 2851, 1869,

1522,1509,1459,1217,1090,1051,939,806, 770 em-I; IHNMR(300MHz)6=0.80­

1.48 (m, 15 H), 1.68-1.94 (m, 10 H), 2.40 (tt, J= 3,12 Hz, 1 H), 2.56 (5, 3 H), 4.59 (t, J=

7 Hz, 2 H), 6.80-7.09 (m, 3 H); 19F NMR (188 MHz) 6 = -139.0-139.2 (m, 1 F),

-142.9-143.1 (m, 1 F); DC NMR (75.5 MHz) () = 18.9 (s), 23.3 (s), 28.5 (s), 30.0 (s),

30.1 (5),33.4 (s), 34.5 (s), 36.9 (5), 37.7 (s), 42.7 (s), 43.2 (5), 43.8 (s), 74.3 (s), 115.4 (d, J

= 17 Hz), 116.7 (d, J = 17 Hz), 122.4 (dd, J = 3, 6 Hz), 144.8 (dd, J = 5, 5 Hz), 148.4 (dd,

J= 13,245 Hz), 150.1 (dd, J= 13,247 Hz), 215.9 (5); MS m/z (reI intensity) 441 (M++l,

0.3),440 (M+, 0.3), 407 (3),333 (19),332 (74),193 (19),179 (45),153 (27),139 (41),127

(100), 109 (29), 95 (71), 81 (78), 69 (56). Found: m/z 440.2014. Calcd for

C24H34F20S2: M, 440.2019.

O-S-{trans-4-[ trans-4-(3,4-Difluorophenyl)cyclohexyl] cyclohexyI} pentyl S­

Methyl Dithiocarbonate (Sf). Method A, 86% yield. Pale yellow needles. Phase

transition temperature/DC: Cr 71 SB 77 N 81 Iso; RJ = 0.60 (hexane: EtOAe = 10 : 1).

IR (KBr) 2944, 2917,1869,1522,1221,1208,1069,1053,938,868,816,772 em-I; IH

NMR (300 MHz) 6 = 0.79-1.45 (m, 17 H), 1.65-1.95 (m, 10 H), 2.40 (rt, J= 3, 12 Hz, 1 H),

2.56 (5, 3 H), 4.59 (t, J = 7 Hz, 2 H), 6.80-7.09 (m, 3 H); 19F NMR (282 MHz) 0 =

-139.1-139.2 (m, 1 F), -143.0-143.1 (m, 1 F); l3C NMR (75.5 MHz) b = 18.9 (5), 26.2

(s), 26.6 (s), 28.3 (s), 30.0 (s), 30.2 (5), 33.6 (s), 34.6 (s), 37.3 (s), 37.8 (s), 42.8 (s), 43.3

(s), 43.9 (5), 74.3 (5), 115.4 (d, J = 17 Hz), 116.7 (d, J = 17 Hz), 122.4 (dd, J = 3, 6 Hz),

144.8 (dd, J= 5, 5 Hz), 148.4 (dd, J= 13,245 Hz), 150.1 (dd, J= 13, 247 Hz), 216.0 (s);

MS m/z (reI intensity) 455 (M++l, 0.3), 454 (M+, 0.6), 347 (14),346 (52), 275 (8),206 (4),

194 (8),193 (17),179 (8),153 (23),151 (23), 140 (30),137 (13),127 (100),109 (39), 95

(57),81 (71),67 (80). Found: m/z 454.2173. Calcd for C2sH36F20S2: M, 454.2176.

S-Methyl O-[trans-4-(trans-4-Pentylcyciohexyl)cyclohexyIJrnethyl

Dithiocarbonate (6b). Method B, 96% yield. A pale yellow powder; mp 64.8­

65.5 DC; RJ= 0.44 (hexane: EtOAe = 5 : 1). lR (KBr) 2919, 2851, 1456, 1238, 1165,

1061, 963,895 em-I; IH NMR (300 MHz) b = 0.75-1.35 (m, 18 H), 0.88 (t, J= 7 Hz, 3
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H), 1.63-1.80 (m, 10 H), 2.55 (s, 3 H), 4.39 (d, j= 6 Hz, 2 H); l3C NMR (75.5 MHz) b =

14.1 (s), 18.8 (s), 22.7 (s), 26.6 (s), 29.2 (s), 29.8 (s), 30.0 (s), 32.2 (s), 33.6 (s), 37.2 (s),

37.4 (s), 37.9 (s), 43.1 (s), 43.3 (s), 79.2 (s), 215.9 (s); MS m/z (reI intensity) 356 (M+, 2),

249 (11), 248 (29),152 (13),151 (21),149 (19), 137 (30), III (31), 109 (21),95 (80), 83

(83),79 (39), 71 (38),69 (85), 67 (l00). Found: 1II/z 356.2212. Calcd for C2oH360S2:

M,356.2208.

S-Methyl 0-2-[tralls-4-(tralts-4-PentyIcydohexyl)cydohexyl]ethyl

Dithiocarbonate (6c). Method B, 95% yield. A pale yellow powder; phase transition

temperature/DC: Cr 30 N 41 Iso; Rf= 0.71 (hexane: EtOAe = 10 : 1). IR (KEr) 2920,

1559, 1509, 1466, 1443, 1375, 1225, 1086, 1055, 967, 897 em-I; IH NMR (300

MHz) b = 0.75-1.40 (m, 20 H), 0.87 (t, j = 7 Hz, 3 H), 1.60-1.90 (m, 10 H), 2.53 (s, 3 H),

4.60 (t, J = 7 Hz, 2 H); 13C NMR (75.5 MHz) b = 14.1 (s), 18.9 (s), 22.9 (s), 26.7 (s),

29.8 (s), 30.0 (s), 32.2 (s), 33.4 (s), 33.6 (s), 34.9 (s), 35.5 (s), 37.4 (s), 37.9 (s), 43.2 (s),

43.4 (s), 72 6 (s), 215.8 (s); MS m/z (reI intensity) 371 (M+, 3),308 (20),307 (100),193

(24), 189 (10), 179 (13), 178 (14), 167 (26), 149 (43), 139 (14), 133 (15), 127 (12), 123

(16), 113 (24), 105 (22). Found: 111/Z 370.2366. Calcd for C21H380S2: M, 370.2364.

S-Methyl 0-3-[trans-4-(trans-4-Pentylcydohexyl)cydohexyl]propyl

Dithiocarbonate (6d). Method B, 96% yield. A pale yellow powder; mp 67.5­

68.3 DC; Rf= 0.78 (hexane: EtOAe = 10 : I). IR (KEf) 2951, 2923,2849, 1717, 1445,

1420,1217,1061,1052,968,899 em-I; IH NMR (300 MHz) b= 0.75-1.05 (m, 10 H),

0.88 (t, J = 7 Hz, 3 H), 1.10-1.32 (m, 12 H), 1.65-1.85 (m, 10 H), 2.55 (s, 3 H), 4.57 (t, j =
7 Hz, 2 H); l3C NMR (75.5 MHz) b = 14.1 (s), 18.9 (s), 22.7 (s), 25.7 (s), 26.7 (s), 29.9

(s), 30.1 (5), 32.2 (s), 33.4 (5), 33.5 (s), 33.7 (s), 37.48 (s), 37.52 (s), 37.9 (s), 43.39 (s),

43.43 (s), 74.6 (s), 215.9 (5); MS m/z (rei intensity) 385 (M++ 1,3), 384 (M+, 3), 276 (13),

207 (15), 153 (20), 140 (23), 137 (21), 135 (18), 127 (36), 123 (29), 109 (51), 97 (59), 81

(56),69 (63), 67 (100). Found: m/z 384.2526. Calcd for C22H400S2: M, 384.2521.

S-Methy10-4-[trans-4-(trans-4-Pentylcydohexyl)cydohexyl]butyl

Dithiocarbonate (6e). Method B, 95% yield. A pale yellow powder; phase transition

temperaturefOC: Cr 59 N 65 Iso; Rf= 0.80 (hexane: EtOAc = 10 : 1). IR (KEr) 2847,

1709, 1655, 1446, 1450, 1220, 1152, 1086, 1055, 967, 899 em-I; lH NMR (300

MHz) b = 0.75-1.04 (m, 10 H), 0.88 (t, J = 7 Hz, 3 H), 1.06-1.50 (m, 14 H), 1.64-1.82 (m,

10 H), 2.56 (5,3 H), 4.58 (t, j = 7 Hz, 2 H); l3C NMR (75.5 MHz) b = 14.1 (s), 18.9 (5),

22.7 (s), 23.3 (s), 26.7 (s), 28.5 (s), 30.0 (s), 30.1 (s), 32.2 (s), 33.5 (s), 33.7 (s), 37.5 (s),

37.7 (s), 37.9 (s), 43.4 (s), 43.5 (s), 74.3 (5),215.9 (s); MS m/z (rei intensity) 400 (M++2,

0.9), 399 (M++l, 0.9), 398 (M+, 2), 336 (16), 335 (85), 262 (15), 136 (22), 82 (lOa), 75

(26), 71 (25). Found: mlz 398.2666. Calcd for C23H420S2: M, 398.2677.

S-Methyl 0-5-[trans-4-(trans-4-Pentylcydohexyl)cydohexyl] penty1
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Dithiocarbonate (61). Method B, 91 % yield. A pale yellow powder; mp 76.9­

78.3 °C; Rf = 0.38 (hexane: EtOAc = 10 : 1). IR (KBr) 2924, 2849, 1734, 1717, 1684,

1559, 1541, 1509, 1458, 1223, 1090, 1053 em-I; IH NMR (300 MHz) 0 = 0.75-1.04 (m,

10 H), 0.88 (t, J= 7 Hz, 3 H), 1.06-1.45 (m, 16 H), 1.64-1.84 (m, 10 H), 2.55 (s, 3 H), 4.58

(t, J = 7 Hz, 2 H); I3C NMR (75.5 MHz) b = 14.1 (s), 18.9 (s), 22.7 (s), 26.2 (s), 26.6 (s),

26.7 (s), 28.2 (s), 30.0 (s), 30.1 (s), 32.2 (s), 33.59 (5), 33.63 (s), 37.3 (s), 37.5 (s), 37.8 (s),

37.9 (s), 43.4 (s), 74.2 (s), 215.8 (s); MS m/z (reI intensity) 413 (M++l, 0.3), 412 (M+,

0.1),379 (12), 365 (6), 305 (20),304 (83), 233 (26),178 (12),152 (27),151 (59), 137 (17),

123 (20), 109 (100). Found: m/z 412.2829. Calcd for C24H440S2: M, 412.2834.

s-Methyl O-trans-4-1trans-4-(3,4,5-Trifluorophenyl)cyclohexyl] cyclohexyl-

methyl Dithiocarbonate (22). This compound was prepared by Method A in 83% yield

as a pale yellow powder from trans-4-[trans-4-(3,4,5-trifluorophenyl)cyclohexyl]­

cyclohexanemethanol. Mp 96.8-98.2 °C; Rf = 0.43 (hexane: EtOAc = 10 : I). IR

(KEr) 2930, 2855,1707, 1611, 1530,1443, 1345,1231,1211,1059,1034,959,845,777

em-I; IH NMR (200 MHz) b = 0.95-1.53 (m, 10 H), 1.65-2.04 (m, 9 H), 2.39 (tm, J= 12

Hz, 1 H), 2.55 (s, 3 H), 4.41 (d, J = 6 Hz, 2 H), 6.79 (dd, J = 7, 9 Hz, 2 H); 19F NMR

(188 MHz) 0 = -135.9 (dd, J = 9, 21 HZ,2 F), -164.7 (tl, J = 7, 21 Hz, 1 F); 13C NMR

(50.3 MHz) 0 = 18.8 (s), 29.2 (s), 29.7 (s), 29.9 (s), 34.2 (s), 37.2 (s), 42.5 (8), 42.8 (s),

43.8 (s), 79.0 (s), 110.4 (dd, J= 7,13 Hz), 137.7 (td, J = 16,248 Hz), 143.9 (dt, J= 7, 7

Hz), 150.9 (ddd, J = 4, 10,248 Hz), 215.8 (s); MS m/z (rei intensity) 416 (M+, 0.1),309

(21),308 (94), 211 (22), 197 (54),183 (10),171 (22), 158 (38), 145 (100),121 (17), 109

(29), 97 (73), 95 (99), 83 (68), 81 (88), 67 (88). Found: m/z 416.1458. Calcd for

C21H27F30S2: M, 416.1455.

Preparation of Trifluoromethoxycyclohexane-LC: General Procedure. To a

suspension of NBS (0.89 g, 5.0 mmol) and CH2Cl2 (2.5 mL), placed in an oven-dried

polypropylene round-bottom tube that was equipped with a rubber septum and a Teflon®­

coated magnetic stirring bar, were added dropwise pyridine (0.46 mL) and subsequently

70% HF/py (1.0 mL, 40 romol of HF) at -42 °C (cooled by a CC14/dry ice bath) under an

argon atmosphere. The resulting mixture was stirred at room temperature for 5 min and

then cooled at 0 °C. A solution of dithiocarbonate Sa, 6a, 7a, or 8a (1.0 mmol) in

CH2Cl2 (1.5 roL) was added dropwise to the suspension at 0 °C to give a dark-red mixture,

which was stirred at 0 °C for 1 h, diluted carefully with £t20 (5.0 mL); and quenched with

an ice-cold buffer solution (pH = 10, NaHC03, NaHS03, and NaOH). The pH of the

mixture was adjusted to 10 by careful addition of ice-cold 10% NaOH aq. solution. The

whole was extracted with Et20; the aq. phase was extracted with Et20 three times. The

combined organic phase was washed with sat. aq. NaCl, dried over MgS04, filtered, and
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concentrated under reduced pressure. Flash column chromatography (cyc1ohexane)

afforded trifluoromethyl ether 9a, lOa, 11a, or 12a. Yields and spectral properties of

products are as follows.

tralts-l-(trans-4-Propylcyclohexyl)-4-trifluoromethoxycyclohexane (lOa).

Obtained in 40% yield as colorless crystals, mp 30.8-31.1 DC; bp 160 DC/O.4 mmHg; RJ
= 0.91 (hexane). IR 2980, 2850, 1452, 1442, 1366, 1305, 1130, 1024, 859, 673 em-I;

1H NMR (200 MHz) 6 = 0.75-1.92 (m, 19 H), 0.87 (t, J = 7 Hz, 3 H), 2.00-2.28 (m, 4 H),

4.07 (tt, J = 5, 11 Hz, 1 H); 19F NMR (188 MHz) 6 = -58.0 (s, 3 F); MS m/z (rel

intensity) 292 (M+, 15),263 (12),220 (19),194 (21), 182 (18),164 (28),149 (l00), 135

(27), 121 (30), 104 (39). Found: m/z 292.2007. Calcd for C I6H270F3: M, 292.2014.

tralts-1-[tralts-4-(tralts-4-Propylcyclohexyl)cyclohexyl]-4-trilluoromethoxy­

cyc10hexane (l1a). Prepared in 34% yield as a colorless powder; phase transition

temperature/DC: Cr 44 Sx 112 SB 147 N 189 Iso (DSC on 2nd heating); RJ = 0.77

(hexane). IR (KEr) 2952, 2908, 2854, 1445, 1366, 1265, 1253, 1156, 1023, 857 em-I;

IH NMR (200 MHz) 6 = 0.77-1.58 (m, 23 H), 0.87 (t, J = 7 Hz, 3 H), 1.65-1.90 (m, 8 H),

2.05-2.18 (m, 2 H), 4.07 (tt, J = 5, 11 Hz, 1 H); 19F NMR (188 MHz) 6 = -58.0 (s, 3 F);

13C NMR (75.5 MHz) 6 = 14.4 (5), 20.0 (s), 28.0 (5), 30.1 (s), 30.2 (s), 30.4 (s), 32.7 (5),

33.6 (s), 37.6 (5), 39.8 (s), 41.8 (s), 42.6 (s), 43.38 (s), 43.40 (5), 78.6 (q, J = 2 Hz), 121.7

(g, J = 254 Hz); MS m/z (reI intensity) 374 (M+, 10),288 (26),245 (20), 183 (7), 123

(18),95 (36), 83 (53), 82 (66),81 (88),79 (29), 69 (100), 67 (58). Found: m/z 374.2795.

Calcd for C22H370F3: M, 374.2796.

trans-l-(4'-Propylbiphenyl-4-yl)-4-trifluoromethoxycyclohexane (12a).

Isolated in 25% yield as a colorless powder; phase transition temperature/DC: Cr 90 Sx

104 SA 129 Iso; RJ= 0.21 (hexane). IR (KEr) 2957, 1499, 1455, 1333, 1283, 1256,

1211, 1132, 1040, 982, 860, 806, 785 em-I; 1H NMR (200 MHz) 6 = 0.97 (t, J = 7 Hz, 3

H), 1.42-1.80 (m, 6 H), 1.94-2.12 (m, 2 H), 2.18-2.32 (m, 2 H), 2.43-2.68 (m, 3 H), 4.24 (rt,

J = 5, 11 Hz, 1 H), 7.22-7.25 (m, 4 H), 7.46-7.53 (m, 4 H); BC NMR (75.5 MHz) 6 =

13.9 (s), 24.6 (s), 32.0 (5),32.8 (s), 37.7 (5), 42.4 (s), 77.7 (g, J= 2 Hz), 121.7 (q, J= 255

Hz), 126.8 (s), 127.00 (s), 127.02 (5), 128.8 (s), 138.2 (s), 139.2 (s), 141.7 (s), 144.4 (s);

MS m/z (rei intensitY) 363 (M++ 1, 24), 362 (M+, 100), 333 (78), 235 (13). 194 (13), 193

(76), 178 (23), 165 (19), 69 (10). Found: m/z 362.1857. Calcd for C22H2S0F3: M,

362.1857.

(r)-Trifluoromethoxyalkyl-LCs 1Ob-1Of. An oven-dried Teflon®-vessel equipped with a

rubber septum, a Teflon®-coated magnetic stirring bar, and an argon inlet, was flushed
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with argon and charged with DBH (5.2 g, 18.0 mmol) and CH2Cl2 (6.0 mL). The

resulting suspension was stirred for 10 min at -78°C. To the mixture was slowly added

over 5 min under vigorous stirring 70% HF/py (40 mmol of HF/mL, 9.0 mL, 0.36 mol)

using a polypropylene/polyethylene syringe under an argon atmosphere. To this mixture

was added dropwise a solution of 6b-6f (6.0 mmol) in CH2Cl2 (6.0 mL) at -78°C via a

cannula by applying positive argon pressure. The resulting red-brown mixture was stirred

at 0 °C for 1 h, diluted with Et20 (20 mL) carefully (caution! during this operation,

hydrogen fluoride is often freed vigorously), and quenched by careful addition of an ice­

cold ag. NaHS03/NaHC03/NaOH (pH 10) solution at 0 °C until the red-brownish color of

the mixture disappeared. The pH value was readjusted to 10 by slow addition of ice­

cooled 30% NaOH ag. solution at 0 °C and diluted with Et20 (200 mL). The organic

phase was separated; the ag. phase was extracted four times with Et20; the combined

organic phase was washed with sat. aq. NaCI, dried over MgS04, filtered, and

concentrated under reduced pressure. Pyridine of the residue was removed by double

toluene azeotrope under reduced pressure. The residue was purified by flash column

chromatography (hexane) to give trifluoromethyl ethers I Ob-l Of.

co-Trifluoromethoxyalkyl-LCs 9b-9f. Fluorination of dithiocarbonate Sb-Sf (5.0

mmol) using 70% HF/py (5.0 mL, 0.20 mol) and DBH (4.3 g, 15.0 mmol) was carried out

according to the procedure for IOb-IOf. Purification of the resulting crude mixture

afforded a mixture of 9b-9f and a bromination product, trans-I-[trans-4-(bromo-3,4­

difluorophenyl)cyclohexy1]-4-(trifluoromethoxy-alky1)cyclohexane. The mixture

dissolved in THF (10 mL) was treated with n-BuLi (1.6 M in hexane, 3.8 mL, 6.0 nuno)) at

-78°C for 10 min before quenching with H20 at -78 °C and extraction with Et20 (three

times, totally 200 mL). The combined organic extracts were washed with sat. aq. NaCI,

dried over MgS04 filtered, and concentrated. Purification by flash column,
chromatography (hexane) gave 9b-9f. Yields and spectral properties of products are as

follows.

trans-l-[trans-4-(3,4-Ditluorophenyl)cyclohexylJ-4-(trifluoromethoxymethyl)­

cyclohexane (9b). Yield 82%. A colorless powder. Mp 45.5-46.4 °C; ~r = 0.40

(hexane). IR 2924,2855,1609,1518,1451,1277,1213,1140,1038,951, 866,818,772

em-I; IH NMR (200 MHz) «5 = 0.82-1.50 (m, 10 H), 1.53-2.02 (m, 9 H), 2.41 (tm, J= 12

Hz, 1 H), 3.75 (d, J = 6 Hz, 2 H), 6.86-7.10 (m, 3 H); 19F NMR (282 MHz) b = -61.2 (s,

3 F), -139.2 (ddd, J = 8, 12, 21 Hz, 1 F), -143.0 (dddd, J = 4,8, 11,' 21 Hz, 1 F); l3C

NMR (75.5 MHz) «5 = 29.1 (5),29.4 (5),30.1 (s), 34.5 (5), 37.3 (5), 42.6 (5), 43.0 (5), 43.81

(5),43.83 (5), 72.4 (q, J= 3 Hz), 115.4 (d, J= 17 Hz), 116.8 (d, J= 17 Hz), 121.8 (g, J=

258 Hz), 122.5 (dd, J= 3, 6 Hz), 144.8 (dd, J= 4, 5 Hz), 148.7 (dd, J= 13,245 Hz), 150.3

(dd, J= 13,247 Hz); MS m/z (rei intensity) 377 (M++I, 13),376 (M+' 46), 207 (12), 205
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(10),195 (14),153 (24), 149 (20),140 (100),127 (90),121 (14), 109 (19), 95 (85),91 (22),

83 (43), 81 (68), 71 (22),69 (71). Found: m/z 376.1836. Calcd for C2oH2SFsO: M,

376.1826.

trans-l-[tralls-4-(3,4-DifluorophenyI)cyclohexyl}-4-(2-trifluoromethoxyethy1)­

cyclohexane (9c). Yield 88%. A colorless oil. Phase transition temperature/oC: Cr-5

N 18 Iso (DSC on 2nd heating); ~r= 0.56 (hexane). IR 2923,2853, 1609, 1518,1449,

1431, 1410, 1297, 1138, 1028, 939, 866, 818, 772 em-I; IH NMR (300 MHz) /:) = 0.88­

1.20 (m, 8 H), 1.25-1.45 (m, 3 H), 1.50-1.63 (m, 2 H), 1.70-1.95 (m, 8 H), 2.40 (tt, J= 3,

12 Hz, 1 H), 4.00 (t, J= 6 Hz, 2 H), 6.88-7.08 (m, 3 H); 19F NMR (282 MHz) 0 = -61.15

(5,3 F), -139.1 (ddd, J = 8, 12,21 Hz, 1 F), -143.0 (dddd, J = 4, 8, 11,21 Hz, 1 F); l3C

NMR (75.5 MHz) 15 = 29.8 (s), 30.1 (s), 33.2 (s), 34.2 (s), 34.5 (s), 36.0 (s), 42.7 (s), 43.0

(s), 43.8 (s), 65.6 (s), 115.4 (d, J = 16 Hz), 116.8 (d, J = 16 Hz), 121.7 (g, J = 254 Hz),

122.4 (dd, J = 3, 3 Hz), 144.8 (m), 148.5 (dd, J = 13,245 Hz), 150.2 (dd, J = 13,247 Hz);

MS m/z (reI intensity) 392 (M++2, 2), 391 (M++l, 11),390 (M+, 42), 195 (11), 140 (100),

128 (13),127 (98),109 (61), 95 (23), 91 (10),83 (23), 81 (46),79 (18), 67 (82). Found:

m/z 390.1984. Calcd for C21 H27FsO: M, 390.1982.

trans-l- [trans-4-(3,4-DifluorophenyI)cyclohexyl]-4-(3-trifluoromethoxypropyI)­

cyclohexane (9d). Yield 89%. A mesomorphic oil. Phase transition temperature/oC:

Cr 21 N 52 Iso (DSC on 2nd heating); Rf= 0.42 (hexane). IR 2923,2853, 1607, 1518,

1451, 1431, 1408, 1275, 1225, 1140, 1057, 939, 864, 818, 772 em-I; IH NMR (300

MHz) 15 = 0.75-1.45 (m, 13 H), 1.52-1.95 (m, 10 H), 2.40 (tt, J = 3, 12 Hz, 1 H), 3.92 (t, J

= 6 Hz, 2 H), 6.86-7.05 (m, 3 H); 19F NMR (282 MHz) 15 = -61.1 (s, 3 F), ~139.1 (ddd, J

= 8, 12,21 Hz, 1 F), -143.0 (dddd, J = 4, 8, 11, 21 Hz, 1 F); l3C NMR (75.5 MHz) 15 =

26.2 (s), 29.9 (s), 30.2 (s), 33.0 (s), 33.4 (s), 34.6 (s), 37.5 (s), 42.7 (s), 43.2 (s), 43.9 (s),

67.9 (s), 115.3 (d,J= 16Hz), 116.7 (d,J= 16Hz), 121.7 (q,J= 254 Hz), 122.4 (dd,J= 3,

3 Hz), 144.8 (m), 148.5 (dd, J = 13, 245 Hz), 150.2 (dd, J = 13, 247 Hz); MS mlz (rei

intensity) 405 (M++l, 4), 404 (M+, 16),206 (10),196 (13),192 (15), 177 (10), 167 (24),

161 (10), 153 (14), 149 (100), 140 (39), 133 (14), 127 (48), 123 (35), 111 (29), 109 (31),

104 (12). Found: m/z 404.2139. Calcd for C22H29FsO: M, 404.2139.

trans-l-[trans-4-(3,4-Difluorophenyl)cydohexyl]-4-(4-trifluoromethoxybutyl)­

cyclohexane (ge). Yield 88%. A mesomorphic oil. Phase transition temperature/°C:

Cr 14 Sx 17 N 55 Isp (DSC on 2nd heating); Rf = 0.40 (hexane). IR 2923, 2853, 1609,

1518, 1449, 1410, 1275, 1215, 1140, 1038, 939, 864, 816, 772 em-I; lH NMR (300

MHz) /:) = 0.80-1.49 (m, 15 H), 1.60-1.95 (m, 10 H), 2.40 (rt, J = 3, 12 Hz, 1 H), 3.94 (t, J

= 6 Hz, 2 H), 6.86-7.02 (m, 3 H); 19F NMR (282 MHz) 0 = -61.1 (s, 3 F), -139.1 (ddd, J

= 8, 12,21 Hz, 1 F), -143.0 (dddd, J = 4, 8, 11,21 Hz, 1 F); l3C NMR (75.5 MHz) 15 =
26.2 (s), 29.0 (5), 30.0 (s), 30.2 (5), 33.5 (5), 34.6 (5), 36.8 (5), 37.7 (s), 42.8 (s), 43.3 (5),
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43.9 (s), 67.5 (g, J = 3 Hz), 115.3 (d, J = 16 Hz), 116.7 (d, J = 16 Hz), 121.7 (q, J = 254

Hz), 122.4 (dd, J = 3, 3 Hz), 144.9 (dd, J= 4, 4 Hz), 148.5 (dd, J = 13,245 Hz), 149.3 (dd,

J = 13, 247 Hz); MS m/z (rei intensity) 420 (M++2, 2), 419 (M++ 1, 14), 418 (M+, 51),

195 (10), 167 (12), 153 (24), 140 (96), 137 (17), 127 (100), 109 (12), 97 (12), 96 (13), 95

(37), 83 (26), 81 (54), 79 (18), 69 (90), 67 (62). Found: m/z 418.2300. Calcd for

C23H3IFSO: M, 418.2295.

trans-I-[ trans-4-(3,4-Difluorophenyl)cyclohexyl] -4-(5-trifluoromethoxypentyl)­

cyclohexane (9f). Yield 92%. A mesomorphic oil. Phase transition temperature/DC:

Cr 32 N 74 Iso (DSC on 2nd heating); Rf = 0.58 (hexane). IR 2923,2853,1609, 1518,

1449,1408,1277, 1217,1140,939,864,817,772 em-I; IH NMR (200 MHz) b = 0.80­

1.45 (m, 17 H), 1.52-1.85 (m, 10 H), 2.39 (tt, J = 3, 12 Hz, 1 H), 3.93 (t, J = 7 Hz, 2 H),

6.80-7.15 (m, 3 H); 19F NMR (282 MHz) 6= --61.1 (s, 3 F), -138.9-139.1 (m, 1 F),

-142.8-143.0 (m, 1 F); l3C NMR (75.5 MHz) 6 = 25.8 (s), 26.5 (s), 28.8 (s), 30.0 (s),

30.2 (s), 33.6 (s), 34.6 (s), 37.3 (s), 37.8 (s), 42.8 (s), 43.3 (s), 43.9 (s), 67.5 (g, J = 3 Hz),

115.3 (d, J= 17 Hz), 116.7 (d,J= 17 Hz), 121.7 (g,J= 253 Hz), 122.5 (dd,J= 3, 6 Hz),

144.9 (dd, J = 5, 5 Hz), 148.5 (dd, J = 13,245 Hz), 150.2 (dd, J = 12, 247 Hz); MS m/z

(rei intensity) 434 (M++2, 2), 433 (M++l, 18),432 (M+, 66), 196 (15), 195 (11), 181 (15),

153 (23), 149 (10), 141 (17), 140 (92), 127 (100), 109 (22). Found: m/z 432.2460.

Calcd for C24H33FsO: M, 432.2452.

trans-l-(trans-4-PentylcycIohexyl)-4-trifluoromethoxymethylcyclohexane (lOb).

Yield 89%. A mesomorphic oil. Phase transition temperature/DC: Cr 18 Sx 26 SB 52

Iso (DSC on 2nd heating); Rf = 0.76 (hexane). IR 2917, 2851,1470,1447,1410,1379,

1260, 1140, 1078, 1038, 1022,963,895,866,725 em-I; IH NMR (300 MHz) b = 0.75­

1.36 (m, 18 H), 0.88 (t, J = 7 Hz, 3 H), 1.54-1.86 (m, 10 H), 3.73 (d, J = 6 Hz, 2 H); 19F

NMR (282 MHz) b = ---61.2 (s); l3C NMR (75.5 MHz) 0 = 14.1 (s), 22.7 (s), 26.7 (s),

29.1 (s), 29.4 (s), 30.1 (s), 32.3 (s), 33.6 (s), 37.3 (s), 37.5 (s), 37.9 (s), 43.1 (s), 43.3 (s),

72.5 (q, J= 3 Hz), 121.7 (g, J= 253 Hz); MS m/z (rei intensity) 335 (M++l, 1),334 (M+,

11), 180 (22), 153 (15), 152 (17), III (19), 109 (12), 97 (100),95 (50), 83 (89), 81 (56),69

(72). Found: m/z 334.2491. Calcd for C19H33F30: M, 334.2483.

trans-l-(trans-4-Pentylcyclohexyl)-4-(2-trifluoromethoxyethyl)cycIohexane (1Oc).

Yield 100%. A mesomorphic oil. Phase transition temperature/DC: Cr 4 SB 53 Iso

(DSC on 2nd heating); Rf = 0.85 (hexane: EtOAc = 5 : 1). IR 2917,2849, 1480, 1447,

1410, 1379, 1264, 1140, 1051, 1015,895,879,855,725 em-I; IH NMR (300 MHz) b =
0.75-1.35 (m, 20 H), 0.87 (t, J = 7 Hz, 3 H), 1.50-1.57 (m, 2 H), 1.62-1.78 (m, 8 H), 3.96 (t,

J= 7 Hz, 2 H); 19F NMR (188 MHz) b = --61.2 (8); l3c NMR (75.5 MHz) 0 == 14.1 (5),

22.8 (s), 26.7 (s), 29.8 (s), 30.1 (s), 32.3 (s), 33.3 (8), 33.7 (8), 34.2 (5), 36.0 (s), 37.5 (5),

38.0 (s), 43.3 (5), 43.4 (s), 65.5 (g, J = 3 Hz), 121.7 (q, J == 254 Hz); MS m/z (reI
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intensity) 348 (M+, 8), 221 (6),194 (20),181 (11), 167 (26),163 (13),152 (14),150 (15),

149 (100),139 (10),129 (15),127 (26),121 (12),119 (12),113 (22), 109 (14). Found:

m/z 348.2628. Calcd for C2oH3SF30: M, 348.2640.

trans-I-(trans-4-Pentylcyclohexyl)-4-(3-trifluoromethoxypropyl)cyclohexane

(IOd). Yield 100%. A colorless oil. Phase transition temperature/DC: Cr 30 S8 96 Iso

(DSC on 2nd heating); Rf = 0.89 (hexane). IR (KBr) 2924, 2907, 2849, 1412, 1269,

1227, 1144, 1057,862 em-I; IH NMR (300 MHz) 0 = 0.75-1.38 (m, 22 H), 0.88 (t, J= 7

Hz,3 H), 1.62-1.80 (m, 10 H), 3.92 (t, J= 7 Hz, 2 H); 19F NMR (282 MHz) 6 = -61.2

(s); I3C NMR (75.5 MHz) 0 = 14.1 (s), 22.8 (s), 26.3 (s), 26.8 (s), 30.0 (s), 30.1 (s), 32.3

(s), 33.1 (s), 33.5 (s), 33.7 (5), 37.5 (s), 37.6 (s), 38.0 (s), 43.4 (s), 43.5 (s), 67.8 (q, J = 3

Hz), 121.7 (q,J= 254 Hz); MS m/z (reI intensity) 363 (M++l, 11),362 (M+, 49),235 (9),

209 (16), 208 (89), 153 (55), 152 (100), 137 (11), 125 (15), 124 (28), 123 (81), 111 (78),

109 (62). Found: mlz 362.2803. Calcd for C21 H37F30: M, 362.2796.

trans-l-(trans-4-Pentylcyc10hexy1)-4-(4-trifluoromethoxybutyl)cyclohexane

(10e). Yield 94%. A mesomorphic oil. Phase transition temperature/DC: Cr 4 SB 90

Iso (DSC on 2nd heating); R.r= 0.84 (hexane). IR 2915,2849, 1509, 1449, 1267, 1140,

895 em-I; IH NMR (300 MHz) 0 = 0.75-1.04 (m, 10 H), 0.88 (t, J = 7 Hz, 3 H), 1.06­

1.43 (m, 14 H), 1.62-1.78 (m, 10 H), 3.93 (t, J = 7 Hz, 2 H); 19F NMR (282 MHz) 0 =

-61.2 (s); l3C NMR (75.5 MHz) 0 = 14.1 (s), 22.8 (5), 22.9 (s), 26.8 (s), 29.1 (s), 30.1 (s),

30.2 (s), 32.3 (s), 33.6 (s), 33.8 (s), 36.9 (5), 37.6 (s), 37.8 (s), 38.0 (s), 43.50 (s), 43.53 (5),

67.5 (q, J = 3 Hz), 121.7 (q, J = 253 Hz); MS m/z (rei intensity) 377 (M++1,2),376 (M+,

7),290 (5), 222 (16), 152 (24), 149 (16), 137 (24), 123 (12), III (18), 109 (18),97 (90), 96

(80), 95 (57), 83 (99), 81 (95), 69 (100). Found: m/z 376.2959. Calcd for Cn H39F30:

M, 376.2953.

trans-1-(trans-4-Pentylcyclohexyl)-4-(5-trifluoromethoxypentyl)cyclohexane

(1Of). Yield 81 %. A mesomorphic oil. Phase transition temperature/DC: Cr 22 SB 109

Iso (DSC on 2nd heating); Rf = 0.84 (hexane). IR 2917, 2849, 1445, 1266, 1140, 669

em-I; IH NMR (200 MHz) 0 = 0.75-1.04 (m, 8 H), 0.88 (t, J= 7 Hz, 3 H), 1.06-1.40 (m,

16 H), 1.62-1.78 (m, 12 H), 3.93 (t, J = 7 Hz, 2 H); I9F NMR (282 MHz) b = -61.2 (s);

l3C NMR (75.5 MHz) b = 14.1 (s), 22.8 (s), 25.9 (s), 26.5 (s), 26.8 (s), 28.6 (S), 28.8 (s),

30.1 (s), 30.2 (s), 32.4 (s), 33.69 (s), 33.75 (s), 37.4 (s), 37.6 (5),37.9 (s), 38.1 (5),43.6 (s),

67.5 (q,J= 3 Hz), 121.7 (q, J= 253 Hz); MS m/z (reI intensity) 391 (M++I, 2), 390 (M+,

9),236 (22), 153 (9), 152 (26), 111 (15),97 (80), 96 (100),83 (71), 81 (57). Found: mlz

390.3110. Calcd for C22H39F30: M, 390.3109.

trans-I-Trifluoromethoxymethyl-4-1trans-4-(3,4,5-trifluorophenyl)cyclohexyl]­

cyclohexane (23). Synthesis of this compound was performed by a procedure similar to

the one for 10 in 89% yield as a colorless powder. Mp 42.6-43.6 DC; Rf = 0.43 (hexane).

170



Chapter VI

IR (KBr) 2923,2855,1717,1684,1617,1534,1509,1264,1237, 1215, 1154, 1036,959,

847 em-I; IH NMR (200 MHz) () = 0.88-1.50 (m, 10 H), 1.53-2.08 (m, 9 H), 2.38 (tm, J

= 12 Hz, 1 H), 3.75 (t, J = 7 Hz, 2 H), 6.78 (dd, J = 7, 9 Hz, 2 H); 19F NMR (188

MHz) () = -61.2 (s, 3 F), -135.9 (dd, J = 9, 21 HZ,2 F), -165.4 (tt, J = 6, 21 Hz, 1 F);

l3C NMR (50.3 MHz) () = 29.1 (s), 29.4 (s), 30.0 (s), 34.3 (s), 37.3 (s), 42.6 (s), 42.9 (s),

72.4 (g, J= 3 Hz), 110.5 (dd, J= 7, 13 Hz), 121.8 (g, J= 253 Hz), 137.8 (td, J= 15,248

Hz), 144.0 (dt, J = 7, 7 Hz), 150.1 (ddd, J = 4, 10, 248 Hz); MS m/z (rei intensity) 395

(M++l, 13),394 (M+, 33),259 (11), 213 (13),171 (22), 158 (75),151 (12), 145 (86), 99

(11),95 (100), 81 (61),69 (42),67 (77). Found: m/z 394.1738. Calcd for C20H24F60:

M,394.1731.

4-(tralls-4-Pentylcyclohexyl)-4'-(2-trifluoromethoxyethyl)biphenyl (25). A

solution of 4-(trans-4-propyicyclohexyl)phenylboronic acid (2.2 g, 8.9 mmol) in EtOH (15

mL) was added to a stirred mixture of I-bromo-4-(2-trifluoromethoxyethyl)benzene I3a

(1.61 g, 6.0 mmol), [Pd(PPh3)4] (70 mmol, 0.060 mmol) in toluene (30 mL) and ag.

K2C03 (2.3 M, 30 mL) at room temperature under an argon atmosphere. The resulting

mixture was heated under reflux for 18 h before quenching by addition of H20 (100 mL)

and toluene (l 00 mL). The organic phase was separated; the ag. phase was extracted with

toluene three times (300 mL). The combined organic extracts were washed with sat. aq.

NaCl, dried over MgS04, filtered, and concentrated in vacuo. The residue was purified

by flash column chromatography (hexane) and subsequent recrystallization from EtOH

(four times) to give 25 in 47% yield as a colorless mesomorphic solid. Phase transition

temperature/DC: S8 132 SA 159 Iso (OSC 2nd heating); Rf = 0.20 (hexane). IR (KEr)

2959, 2924, 2851, 1909, 1498, 1404, 1278, 1142, 1034, 811, 527 cm- I ; IH NMR (300

MHz) () = 0.91 (t, J= 7 Hz, 3 H), 0.96-1.14 (m, 2 H), 1.16-1.56 (m, 5 H), 1.82-1.96 (m, 4

H), 2.50 (tt, J= 3, 12 Hz), 3.01 (t, J= 7 Hz, 2 H), 4.16 (t, J = 7 Hz, 2 H), 7.25 (d, J = 8 Hz,

2 H), 7.26 (d, J = 8 Hz, 2 H), 7.49 (d, J = 8 Hz, 2 H), 7.52 (d, J = 8 Hz, 2 H); 19F NMR

(282 MHz) () = -61.1 (s); l3C NMR (75.5 MHz) b = 14.4 (s), 20.0 (s), 35.6 (s), 34.3 (s),

34.9 (s), 37.0 (s), 39.7 (s), 44.3 (s), 67.7 (q, J = 3 Hz), 121.6 (q, J = 255 Hz), 126.9 (s),

127.2 (s), 129.2 (s), 135.1 (s), 138.2 (s), 138.7 (s), 139.9 (s), 147.0 (5); MS m/z (reI

intensity) 392 (M++2, 5), 391 (M++l, 21), 390 (M+, 67), 305 (23),292 (33), 279 (22), 219

(37),193 (56), 191 (27), 165 (20),149 (l00), 133 (15),123 (14),104 (14), 96 (20),91 (24),

77 (28). Found: mlz 390.2168. Calcd for C24H29F30: M, 390.2170.

Preparation of Methyl Ethers: General Procedure.

Method A: To a stirred solution of an alcohol 1-4 (6.6 mmol) in THF (6.0 mL), sodium

hydride (NaH, 60% in oil, 0.30 g, 7.4 mmol) was slowly added potionwise at 0 dc. After

the mixture was stirred for 12 h at room temperature, Mel (0.60 mL, 9.6 mmo1) was added
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dropwise to the reaction mixture at room temperature. The resulting mixture was stirred

for 10 h at room temperature before quenching with aq. NH4Cl. The mixture was diluted

with Et20 (50 mL); the organic phase was separated; the ag. phase was extracted with

Et")O three times (200 mL). The combined organic phase was washed with sat. ag. NaCl,

dried over Na2S04, filtered, and concentrated in vacuo. The residue was purified by flash

column chromatography or recrystallization (EtOH) to give methyl ether 13-16, 23, or 24.

Method B: Sodium hydride in Method A was replaced by n-BuLi (1.6 M, 9.3 mmol).

trans-l-[trans-4-(3,4-Difluorophenyl)cyclohexyl]-4-methoxycyclohexane (13a).

Method A, 100% yield. Colorless needles, mp 68.7-69.2 0c. Rf = 0.50 (hexane: EtOAc

= 5 : 1). IR (KEr) 3042, 2941,2928,2861, 1604, 1516, 1442, 1096, 940, 926, 777, 753

em-I; IH NMR (200 MHz) b = 0.98-1.49 (m, 10 H), 1.65-1.95 (m, 6 H), 2.00-2.18 (m, 2

H), 2.34 (tt, J= 3,12 Hz, 1 H), 3.05 (tt, J= 4,10 Hz, 1 H), 3.33 (5,3 H), 6.82-7.13 (m, 3

H); I9F NMR (188 MHz) 0 = -138.8-139.2 (m, 1 F), -142.6-143.0 (m, 1 F); 13C

NMR (75.5 MHz) b = 27.9 (5), 30.1 (s), 31.9 (5), 34.3 (5),42.1 (s), 42.3 (5), 43.6 (d, J = 1

Hz), 79.6 (s), 115.2 (d, J = 17 Hz), 116.6 (d, J = 17 Hz), 122.3 (dd, J= 3,6 Hz), 144.6 (dd,

J = 4, 5 Hz), 148.4 (dd, J = 13, 245 Hz), 150.0 (dd, J = 13, 247 Hz); MS m/z (reI

intensity) 308 (M+, 10),247 (17), 193 (31), 179 (36), 153 (32), 149 (24), 136 (19), 126

(27), 95 (21), 81 (72), 71 (100). Found: C, 74.03; H, 8.57%. Calcd for CI9H26F20; C,

73.99; H, 8.50%.

trans-l-Methoxy-4-(trans-4-propylcyclohexyl)cyclohexane (14a). Method B,

99% yield. Colorless oil, bp 145 °CI0.34 mmHg. Rf= 0.44 (hexane: EtOAc = 10 : 1).

IR 2980,2850,2820, 1465, 1450, 1192, 1105,929 em-I; IH NMR (200 MHz) b = 0.75­

1.35 (m, 13 H), 0.87 (t, J = 7 Hz, 3 H), 1.62-1.83 (m, 6 H), 2.00-2.13 (m, 4 H), 3.04 (tt, J=

4, 10 Hz, 1 H), 3.33 (5, 3 H); l3C NMR (50.3 MHz) b = 14.3 (s), 20.0 (s), 28.1 (5),30.2

(s), 32.1 (s), 33.5 (s), 37.5 (5), 39.8 (s), 42.6 (5), 42.9 (s), 55.5 (s), 79.8 (5); MS m/z (reI

intensity) 239 (M++l, 0.2),238 (M+, 0.3),206 (48), 176 (12), 163 (20), 124 (15), 123 (24),

109 (22), 93 (10), 83 (44), 82 (55), 81 (100), 79 (30), 71 (68),67 (67). Found: C, 80.47;

H,12.75%. Calcd for C16H300: C, 80.61; H, 12.68%.

trans-l-Methoxy-4-[trans-4-(trans-4-propylcyclohexyI)cyclohexyI]cyclohexane

(15a). Method B, 42% yield. A colorless powder. Phase transition temperature/oC:

Cr 207 SB 211 Iso (DSC on 2nd heating); Rf = 0.53 (hexane: EtOAc = 10 : 1); IR

(KBr) 2930, 2855, 1495, 1451, 1372, 1098, 1005, 803 cm- I; IH NMR (200 MHz) b =

0.75-1.40 (m, 21 H), 0.79 (t, J= 7 Hz, 3 H), 1.55-1.74 (m, 8 H), 1.94-2.14 (m, 4 H), 2.92­

3.03 (m, 1 H), 3.27 (5, 3 H); l3C NMR (75.5 MHz) 0 = 14.4 (s), 20.0 (s), 28.1 (5), 30.1

(s), 30.3 (s), 30.5 (s), 32.1 (5),33.60 (s), 33.65 (s), 37.6 (s), 39.8 (s), 42.6 (s), 43.0 (s), 43.5

(5), 55.5 (5), 79.9 (5); MS m/z (reI intensity) 322 (M++2, 4), 321 (M++1, 22), 374 (M+,
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25),289 (14), 288 (32), 207 (21), 205 (13), 193 (9),165 (11), 149 (35), 127 (7), 125 (25),

124 (20), 123 (22), 109 (39), 97 (38), 83 (91), 71 (78), 69 (100), 60 (41). Found: m/z

320.3083. Calcd for Cn H4oO: M, 320.3079.

trans-l-Methoxy-4-(4'-propylbiphenyl-4-yl)cyclohexane (16a). Method A, 90%

yield. A colorless powder. Phase transition temperatureJOC: Cr 45 SB 88 N 128 Iso

(DSC on 2nd heating); Rf = 0.44 (hexane: EtOAc = 5 : 1). IR (KBr) 2930,2855, 1495,

1451,1372,1098,1005,803 em-I; lH NMR(200 MHz) 6 = 0.95 (t, J= 7 Hz, 3 H), 1.22­

1.61 (m, 4 H), 1.66 (sextet, J = 7 Hz, 2 H), 1.97 (dm, J= 12 Hz, 2 H), 2.19 (dm, J = 11 Hz,

2 H), 2.53 (rt, J = 3, 12 Hz, I H), 2.61 (t, J = 7 Hz, 2 H), 3.20 (tt, J = 4, 11 Hz, 1 H), 3.37

(s,3 H), 7.19-7.25 (m, 4 H), 7.46-7.51 (m, 4 H); l3C NMR (75.5 MHz) 6 = 13.8 (s), 24.5

(s), 32.2 (s), 32.4 (s), 37.6 (s), 43.3 (s), 55.6 (s), 79.1 (s), 126.7 (s), 126.8 (s), 127.0 (s),

128.8 (s), 138.3 (s), 138.9 (s), 141.5 (s), 145.4 (s); MS mlz (reI intensity) 309 (M++1, 10),

308 (M+, 33), 277 (24), 276 (100), 261 (21), 247 (46), 233 (10), 219 (12), 205 (21), 193

(46), 191 (17), 178 (23), 165 (21), 91 (11), 73 (14), 71 (16). Found: mlz 308.2139.

Calcd for C22H280: M, 308.2140.

trans-l-[trans-(3 ,4-Difluorophenyl)cyclohexyl)-4-(methoxymethyl)cyclohexane

(13b). Yield 96% (Method A). A colorless powder. Phase transition temperature/DC:

Cr 59 SB 112 Iso (DSC on 2nd heating); RJ = 0.41 (hexane: EtOAc = 10 : 1). IR (KBr)

2920, 2851, 1869, 1605, 1516, 1458, 1298, 1211, 1107, 828 em-I; lH NMR (300

MHz) 6 = 0.85-1.20 (m, 8 H), 1.24-1.44 (m, 2 H), 1.45-1.60 (m, I H), 1.72-1.96 (m, 8 H),

2.40 (tt,J= 3,12 Hz, 1 H), 3.18 (d, J= 6 Hz, 2 H), 3.32 (s, 3 H), 6.86-7.08 (m, 3 H); I9F

NMR (282 MHz) 6 = -139.0-139.3 (m, 1 F), -142.9-143.2 (m, I F); l3C NMR (75.5

MHz) 6 = 29.5 (s), 30.1 (s), 30.2 (s), 34.5 (s), 38.2 (s), 42.7 (s), 43.2 (s), 43.8 (s), 58.8 (5),

78.8 (5),115.3 (d, J= 17 Hz), 116.7 (d, J= 17 Hz), 122.4 (dd, J= 3, 6 Hz), 144.8 (dd, J=

5, 5 Hz), 148.4 (dd, J = 13, 245 Hz), 150.1 (dd, J = 12, 247 Hz); MS m/z (reI intensity)

323 (M++l, 1),322 (M+, 8),290 (10), 261 (21), 179 (17),153 (11), 140 (26),127 (58),

121 (14), 95 (l00), 81 (33), 67 (41). Found: mlz 322.2092. Calcd for C2oH28F20: M,

322.2108.

trans-l-[trans-(3,4-Difluorophenyl)eyc1ohexyl]-4-(2-methoxyethyl)cyclohexane

(13e). Yield 98% (Method A). A colorless powder. Phase transition temperature/DC:

Cr 48 N 80 Iso; RJ= 0.38 (hexane: EtOAc = 10: 1). IR (KEr) 2920, 2845, 1717, 1684,

1609, 1522, 1429, 1389, 1289, 1271, 1208, 1125, 1105, 1162, 936, 868, 822, 772 em-I;

1H NMR (300 MHz) b := 0.80-1.20 (m, 8 H), 1.24-1.46 (m, 5 H), 1.64.:.1.94 (m, 8 H), 2.40

(tt, J = 3, 12 Hz, 1 H), 3.32 (s, 3 H), 3.40 (t, J = 7 Hz, 2 H), 6.86-7.07 (m, 3 H); 19F

NMR (282 MHz) b = ~139.0-139.3 (m, 1 F), -142.9-143.2 (m, 1 F); l3C NMR (75.5

MHz) b:= 29.9 (s), 30.1 (5),33.5 (5), 34.5 (s), 34.7 (5), 37.0 (s), 42.7 (s), 43.1 (5),43.8 (s),

58.5 (8), 70.8 (5), 115.3 (d, J= 17 Hz), 116.7 (d, J = 17 Hz), 122.4 (dd, J = 3, 6 Hz), 144.8
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(dd, J = 5, 5 Hz), 148.4 (dd, J = 13, 245 Hz), 150.1 (dd, J = 12, 247 Hz); MS m/z (reI

intensity) 336 (M+, 9), 304 (14), 244 (II), 238 (18), 233 (20),207 (18),194 (23),180 (20),

152 (22), 149 (100), 140 (29), 127 (32), 122 (20), 109 (38), 105 (38). Found: 11//z

336.2273. Ca1cd for C21 1-130F20: M, 336.2265.

trans-l-Itrans-(3,4-Difluorophenyl)cyc1ohexyl]-4-(3-methoxypropyl)cyclohexane

(13d). Yield 89% (Method A). A colorless oil. Phase transition temperature/DC: Cr

45 N 131 Iso; RJ = 0.43 (hexane: EtOAc = 10 : 1). IR (KBr) 2924,2851,1520,1509,

1456, 1115,939, 823 em-I; IH NMR (200 MHz) IS = 0.80-1.22 (m, 11 H), 1.24-1.46 (m,

2 H), 1.52-1.64 (m, 2 H), 1.66-1.94 (m, 8 H), 2.40 (rt, J = 3, 12 Hz, 1 H), 3.33 (s, 3 H),

3.37 (t, J = 7 Hz, 2 H), 6.86-7.08 (m, 3 H); 19F NMR (282 MHz) IS = -139.1-139.3 (m,

1 F), -142.9-143.1 (m, 1 F); I3C NMR (75.51v1Hz) IS = 27.1 (s), 30.0 (s), 30.2 (s), 33.5

(s), 33.7 (s), 34.6 (s), 37.8 (s), 42.8 (s), 43.2 (s), 43.8 (s), 58.5 (s), 73.3 (s), 115.3 (d, J = 17

Hz), 116.7 (d,J= 17 Hz), 122.4 (dd,J= 3, 6 Hz), 144.8 (dd,J= 5, 5 Hz), 148.4 (dd, J=

13,245 Hz), 150.1 (dd, J= 12,247 Hz); MS m/z (reI intensity) 351 (M++l, 3), 350 (M+,

9),318 (21),193 (14),179 (26),140 (36),127 (56),123 (24),121 (15),95 (34), 81 (l00),

79 (20), 67 (77). Found: m/z 350.2420. Calcd for C22H32F20: M, 350.2421.

trans-l-[trans-(3,4-Difluorophenyl)cycIohexyl]-4-(4-methoxybutyl)cyclohexane

(13e). Yield 97% (Method A). A colorless powder. Phase transition temperature/DC:

Cr 57 N 102 Iso; RJ = 0.55 (hexane: EtOAc = 5 : 1). IR (KBr) 2930, 2847, 1607, 1522,

1509, 1458, 1289, 1210, 1192, 1117,870, 820, 772 em-I; IH NMR (300 MHz) IS = 0.78­

1.44 (m, 15 H), 1.48-1.60 (m, 2 H), 1.65-1.93 (m, 8 H), 2.39 (tt, J = 3, 12 Hz, 1 H), 3.32 (s,

3 1-1), 3.35 (t, J = 6 Hz, 2 H), 6.82-7.06 (m, 3 1-1); 19F NMR (282 MHz) IS = -138.9­

-139.1 (m, I F), -142.8-143.0 (m, 1 F); l3C NMR (75.5 MHz) IS = 23.5 (s), 30.0 (s),

30.1 (s), 33.5 (5), 34.5 (s), 37.3 (s), 37.8 (5), 42.7 (s), 43.2 (5), 43.8 (s), 58.4 (s), 72.9 (s),

115.2 (d, J = 17 Hz), 116.6 (d, J = 17 Hz), 122.3 (dd, J = 3, 6 Hz), 144.7 (dd, J = 4, 4 Hz),

148.4 (dd, J = 13,245 Hz), 150.0 (dd, J = 12,247 Hz); MS m/z (reI intensity) 365 (M++1,

2),364 (M+, 6),332 (28), 194 (II), 193 (17), 179 (32), 153 (12), 140 (36), 137 (23), 135

(16), 127 (75), 123 (18), 121 (13), 109 (20), 97 (11), 95 (52), 93 (13), 81 (100), 67 (82).

Found: m/z 364.2585. Calcd for C23H34F20: M, 364.2578.

trans-l-[trans-(3,4-Difluorophenyl)cyclohexyl]-4-(5-methoxypentyl)cyclohexane

(13f). Yield 93% (Method A). A colorless powder. Phase transition temperature/oC:

Cr 60 N 122 Iso; RJ= 0.73 (hexane: EtOAc = 5 : 1). IR (KBr) 2919, 2851, 1522, 1509,

1489, 1289, 1213, 1117, 945, 837 em-I; 11-1 NMR (300 MHz) IS = 0.80-1.45 (m, 17 H),

1.50-1.62 (m, 2 H), 1.65-1.93 (m, 8 H), 2.39 (tt, J= 3, 12 Hz, 1 H), 3.32 (5, 3 H), 3.36 (t, J

= 7 Hz, 2 H), 6.85-7.07 (m, 3 H); 19F NMR (282 MHz) b = -138.9-139.1 (m, 1 F),

-142.8-143.0 (m, 1 F); 13e NMR (75.5 MHz) IS = 26.5 (5), 26.8 (s), 29.7 (5), 30.0 (s),

30.1 (s), 33.5 (s), 34.5 (5), 37.4 (s), 37.8 (s), 42.7 (s), 43.3 (5), 43.8 (5), 58.4 (s), 72.9 (s),
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115.3 (d, J= 17 Hz), 116.6 (d, J= 17 Hz), 122.4 (dd, J= 3, 6 Hz), 144.8 (dd, J= 5, 5 Hz),

148.4 (dd, J = 13,245 Hz), 150.1 (dd, J = 13,247 Hz); MS m/z (reI intensity) 379 (M++ 1,

3),378 (M+, 10),346 (28),194 (11),193 (15),179 (24),153 (15),140 (51),127 (84),121

(11), 109 (39), 95 (98), 81 (89), 67 (100). Found: m/z 378.2741. Calcd for

C24H36F20: M, 378.2734.

trans-l-(Methoxymethyl)-4-(trans-4-pentylcyclohexyl)cyclohexane (14b). Yield

100% (Method B). A mesomorphic oil. Phase transition temperature/oC: Cr 20 SB 73

Iso (DSC on 2nd heating); RJ = 0.62 (hexane: EtOAc = 10 : 1). IR 2917,2849,2737,

2681, 1447, 1379, 1369, 1219, 1140,1103,955,895,725 cm- I; IH NMR (300 MHz) 6 =

0.80-1.36 (m, 19 H), 0.88 (t, J = 7 Hz, 3 H), 1.42-1.58 (m, I H), 1.64-1.84 (m, 8 H), 3.16

(d, J = 6 Hz, 2 H), 3.31 (s, 3 H); 13C NMR (75.5 MHz) 6 = 14.1 (s), 22.7 (s), 26.7 (s),

29.5 (s), 30.1 (s), 30.3 (s), 32.2 (s), 33.6 (s), 37.5 (s), 37.9 (s), 38.3 (s), 43.4 (s), 43.5 (s),

58.8 (s), 78.9 (s); MS 111/Z (reI intensity) 280 (M+, 0.5), 248 (28), 219 (18),123 (10),19

(11),97 (30), 96 (27), 95 (100), 83 (34), 82 (17), 81 (49). Found: m/z 280.2776. Calcd

for C19H360: M, 280.2766.

trans-l-(2-MethoxyethyI)-4-(trans-4-pentylcyciohexyI)cyclohexane (14c). Yield

95% (Method B). A mesomorphic oil; Phase transition temperature/oC: Cr -12 SB 72

Iso (DSC on 2nd heating); RJ = 0.48 (hexane: EtOAc = 10 : I). IR 2925, 2734, 2681,

1482, 1447, 1387, 1379, 1291, 1273, 1219, 1192, 1117, 992, 970, 895, 725 em-I; IH

NMR (300 MHz) 6= 0.75-1.08 (m, 12 H), 1.10-1.38 (m, 10 H), 1.45 (q, J= 7 Hz, 2 H),

1.60-1.82 (m, 9 H), 3.32 (s, 3 H), 3.40 (t, J = 7 Hz, 2 H); 13C NMR (75.5 MHz) 6 = 14.1

(s), 22.7 (s), 26.7 (s), 29.9 (s), 30.1 (s), 32.2 (s), 33.60 (s), 33.64 (s), 34.8 (s), 37.1 (s), 37.5

(s), 37.9 (s), 43.3 (5), 43.4 (s), 58.5 (s), 70.9 (s); MS m/z (rei intensity) 294 (M+, 0.3),

262 (38), 233 (5), 151 (13), III (I 8), 110 (26), 109 (77), 108 (19), 97 (36),83 (36), 81

(40),69 (43), 67 (IOO). Found: m/z 294.2930. Calcd for C2oH3SO: M, 294.2923.

trans-l-(3-Methoxypropy1)-4-(trans-4-pentylcyclohexyl)cyclohexane (14d).

Yield 89% (Method B). A colorless oil. Phase transition temperature/oC: Cr 30 SB 96

Iso (DSC on 2nd heating); RJ = 0.61 (hexane: EtOAe = 5 : 1). IR 2923,2851,1717,

1559, 1509, 1458, 1397, 1341, 1123 em-I; [H NMR (300 MHz) 6 = 0.75-1.36 (m, 22 H),

0.87 (t, J = 7 Hz, 3 H), 1.52-1.62 (m, 2 H), 1.64-1.80 (m, 8 H), 3.33 (5, 3 H), 3.34 (t, J = 7

HZ,2 H); 13C NMR (75.5 MHz) 6 = 14.1 (s), 22.7 (s), 26.7 (s), 27.1 (s), 30.0 (5), 30.1 (5),

32.2 (s), 33.6 (s), 33.7 (s), 33.8 (s), 37.5 (s), 37.8 (s), 37.9 (5), 43.4 (s), 43.5 (5), 58.5 (5),

73.3 (5); MS m/z (rel intensity) 308 (M+, 1), 277 (6), 276 (28), 248 (16), 152 (15), 149

(14),137 (12),123 (30),122 (28),110 (13),109 (19), 97 (49), 95 (42), 83 (41),82 (38),81

(100),71 (31),67 (90). Found: mlz 308.3078. Calcd for C21H400: M, 308.3079.

trans-l-{4-Methoxybutyl)-4-(trans-4-pentylcyclohexyl)cyclohexane (14e). Yield

82% (Method B). A mesomorphic oil. Phase transition temperature/DC: Cr 7 Sx 9 SB
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97 Iso (DSC on 2nd heating); Rf =0.61 (hexane: EtOAc = 5 : 1). IR 2925,2734, 1732,

1480,1447,1387,1379,1219,1119,959,895,725 em-I; IH NMR (200 MHz) 0:::: 0.77­

lAO (m, 24 H), 0.89 (t, J = 7 Hz, 3 H), 1.48-1.59 (m, 2 H), 1.64-1.78 (m, 8 H), 3.33 (s, 3

H), 3.34 (t, J = 7 Hz, 2 H); l3C NMR (75.5 MHz) 0 = 14.1 (5),22.7 (5), 23.5 (5), 26.7 (5),

29.9 (s), 30.1 (s), 32.2 (s), 33.6 (s), 33.7 (5), 37.3 (s), 37.5 (s), 37.88 (s), 37.93 (s), 43.5 (s),

58.5 (s), 73.0 (s); MS m/z (rei intensity) 322 (M+, 0.8), 290 (34),178 (10),137 (24),136

(15),123 (17),121 (14), III (20), 109 (19), 97 (55),96 (42), 95 (80), 83 (64), 81 (100),69

(68). Found: 111/Z 322.3231. Calcd for C22H420: M, 322.3236.

tralls-l-(5-Methoxypentyl)-4-(tralls-4-pentylcyclohexyl)cyclohexane (14f).

Yield 71 % (Method B). A mesomorphic oil. Phase transition temperaturefOC: Cr 60 SB

114 Iso (DSC on 2nd heating); Rf = 0.56 (hexane: EtOAe = 10 : I). IR (KEr) 2925,

2735, 1464, 1447, 1393, 1379, 1217, 1192, 1123, 961, 949, 895, 727 ern-I; IH NMR

(300 MHz) 0 = 0.80-1.45 (m, 29 H), 1.55-1.80 (m, 10 H), 3.32 (5, 3 H), 3.35 (t, J = 7 Hz, 2

H); l3C NMR (75.5 MHz) 0 = 14.1 (s), 22.7 (s), 26.5 (5),26.7 (5), 26.9 (s), 29.7 (5),

30.07 (5), 30.09 (5), 32.3 (5), 33.6 (s), 33.7 (s), 37.4 (5), 37.5 (s), 37.8 (s), 37.9 (s), 43.5 (s),

58.5 (5), 72.9 (s); MS m/z (rei intensity) 337 (M+, 0.2), 305 (22), 304 (97), 234 (22),233

(22),194 (19), 178 (11), 151 (78), 150 (68),137 (39),123 (27), 121 (26), 109 (100),108

(26). Found: m/z 336.3398. Calcd for C23H440: M, 336.3392.

trans-4-[trans-4-(3,4,5-trifluorophenyl)cyclohexyl]cyclohexanemethanol (24).

This compound was prepared by Method A from trans-4-[trans-4-(3,4,5­

trifluorophenyl)cyclohexyl]cyclohexylmethanol in 93% yield as colorless needles. Phase

transition temperature/DC: Cr 74 N 79 Iso (DSC on 2nd heating); Rf = 0.15 (hexane).

IR(KBr) 2917, 2851,1617,1534,1509,1456,1445,1348,1235,1105,1038, 850 cm-I;

IH NMR (300 MHz) 0 = 0.86-1.68 (m, 11 H), 1.72-1.96 (m, 8 H), 2.38 (tt, J = 3, 12 Hz, 1

H), 3.18 (d, J = 6 Hz, 2 H), 3.30 (5,3 H), 6.78 (dd, J= 7, 9 Hz, 2 H); 19F NMR (282

MHz) 0 = -136.0 (dd, J = 9, 20 Hz, 2 F), -165.4 (dd, J = 7, 20 Hz, 1 F); l3C NMR (50.3

MHz) 0 = 29.5 (5), 30.0 (s), 30.2 (s), 34.3 (s), 38.2 (s), 42.6 (s), 43.2 (s), 43.9 (5), 58.8 (s),

72.4 (g, J = 3 Hz), 110.5 (dd, J = 7, 13 Hz), 137.7 (td, J = 16, 248 Hz), 144.0 (dt, J = 7, 7

Hz), 150.9 (ddd, J= 4,10,248 Hz); MS m/z (rei intensity) 341 (M++l, 1),340 (M+, 6),

308 (30), 280 (13), 279 (45),151 (14), 149 (12), 145 (56), 137 (31),135 (24), 125 (13),

123 (13),197 (31),158 (21),121 (23), 109 (25), 83 (67), 81 (100),67 (94). Found: m/z

340.2007. Calcd for C2oH27F30: M, 340.2014.

3B-Methoxycholestane (28). Yield 75% (Method A). A colorless solid, mp

86.0-87.3 dc. Rf = 0.43 (hexane: EtOAc :::: 5 : 1). IR (KBr) 2930, 2850, 1472, 1374,

1173, 1106,944,929, 770 cm- I; IH NMR (300 MHz) 0 = 0.62-1.99 (m, 46 H), 3.07-3.17

(m, I H), 3.34 (s, 3 H); l3C NMR (75.5 MHz) 0 = 12.1 (5), 12.2 (5), 18.7 (5), 21.2 (5),

22.5 (5), 22.8 (s), 23.9 (s), 24.2 (5), 27.9 (s), 28.0 (s), 28.3 (s), 28.9 (s), 32.1 (s), 34.4 (s),
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35.5 (s), 35.8 (s), 36.2 (s), 37.0 (s), 39.5 (s), 40.1 (s), 42.6 (s), 44.8 (s), 54.4 (s), 55.4 (s),

55.5 (s), 56.3 (s), 56.5 (s), 79.9 (s); MS m/z (reI intensity) 404 (M++2, 2), 403 (M++ 1,

10),402 (M+, 35), 387 (16),355 (16), 262 (19), 248 (53),216 (41),215 (100),201 (14),

179 (31),161 (16),149 (23),147 (32),138 (17),135 (27),121 (46), 107 (70). Found: C,

83.24; H, 12.58%. Calcd for C28HsOO: C, 83.51; H, 12.51%.
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Chapter VII

A Facile Transformation ofTerminal Olefins

to vic-Difluoro Olefins:

Electro-optical Properties of Liquid Crystalline

Materials Having a vic-Difluoro Olefinic Moiety

Abstract: A facile synthetic method of vic-difluoro olefins from

the corresponding olefins is established and applied to the

synthesis of LCs having a terminal vic-difluoro olefmic moiety.

The physical and electro-optical properties of these LCs are

compared with those of the corresponding parent olefinic LCs.
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VII-l. Introduction

Because fluorine-containing LCs show properties I,2 appropriate to the materials for

the current LC display,3 design and synthesis of novel LC materials having a fluorine

substituent is an urgent synthetic problem in organofluorine chemistry and materiaL

science.4 For the development of fluorinated functional materials, fluorine effect needs to

be well understood in comparison with non-fluorinated materials. To evaLuate the

fluorine effect precisely, properties of fluorinated materials should be compared with those

of parent non-fluorinated ones. Accordingly, a method for the introduction of fluorine(s)

into non-fluorinated materials is highly desirable.

Because LCs containing an w-alkenyl side chain induce lower viscosity and Vth and

higher voltage holding ratio than those with an alkyl side chain, the olefinic LCs are being

utilized for the materiaLs for current LC displays.5 On the other hand, LCs having a vic­

difluoro olefinic functionality in a mesogenic core were demonstrated to exhibit low

viscosity and high polarity.6 With these precedents, the Author envisaged that LCs

having an w-vic-difluoroalkenyl group would exhibit favorable properties and thus studied

novel strategies for the fluorination of terminal 0Iefins.7,8

Synthetic methods of vic-difluoro olefins are briefly classified into two categories,

depending on the timing of fluorine introduction. The one involves C-C bond formation,

using readily available partially fluorinated small molecules called fluorinated building

block approach; the other consists of C-F bond formation with an electrophilic or

nucleophilic fluorination reagent. Construction of vic-difluoro olefinic functionality

using a fluorinated building block has been attained by: i) alkylation or arylation of

(trifluorovinyl)silanes,9 ii) palladium catalyzed cross-coupling reaction of 1,2­

difluoroalkenyl(or alkenyl)zinc reagent with alkenyl(or l,2-difluoroalkenyl)iodide,1O iii)

reaction of 1,2-difluoroalkenyUithium with carbonyl compounds or epoxides, 11 or iv)

reaction of enolates with 1,2-difluoroacetylene generated from 1,1 ,2-trifluoroethylene and

t-BuLi.J 2 To control the configuration of the vic-difluoro olefins, cis- and trans-l,2­

difluoro olefinic precursors must be stereoselectively prepared. l3, 14 Fluorination

methods for vic-difluoro 0lefrns 15 involve i) fluorination of ~-keto esters with

diethylaminosulfur trifluoride (DAST) to give 2,3-difluoro-2-alkenoate 16 or ii)

dehydrofluorination of 1,2,2-trifluoroalkanes.17 Furthermore, simultaneous use of the

fluorinated building block method and the fluorination method leads to stereoselective

preparation of cis- and trans-vic-difluoro 0lefins.1 8 From the synthetic viewpoint of

future functional materials, however, it is favorable to transform an olefinic moiety of

prevailing materials to the corresponding vic-difluoro olefInic ones with other functional
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groups being intact.

Herein described is a facile method for the synthesis of LC materials having a vic­

difluoro terminal olefinic moiety from the corresponding parent olefins.7 Also disclosed

are the phase transition behaviors and electro-optical properties of the difluoro olefinic

LCs.

VII-2. Results and Discussion

VII-2-1. Transformation of Terminal Olefins to vic-Difluoro
Olefins

In order to achieve the transfonnation of terminal olefins 1 to the corresponding vic­

difluoro olefins 6, following sequence of reactions were performed: i) thio-fluorination of

1 to give B-fluoroalkyl phenyl sulfides 3,19 ii) fluoro-Pummerer rearrangement of 3 to give

a,B-difluoroalkyl phenyl sulfides 4,20 iii) oxidation of 4 to sulfoxides 5, and iv)

thermolysis of 5. 15,21 ,22 The route is shown in Scheme I.

Scheme 1. Synthesis of vic-difluoro olefins 6

F

aRY---l b

-C F 2 J- R'('SPh
R~ __..:.c____ F 3

---!.-. R0fi"O ---L Rf'F + R)
F Ph F

5 cis-6 trans-6

a: TBAH2~ (3 mol), NIS (I mol), CH~12, rt. b: PhSH (1.2 mol), NaH (1.1 mol), THF, 0 °C to
rt. c: 70% HF/py (10 mol). N-PhS-phthalimide (I mol), CH2CI2, rt. d: TBAH~3 (3 mol). DBH
(I mol), CH:zC12. rt, 30 min. e: mCPBA (1.1 mol), CH:zC12, -30°C, 3 h. f" a-xylene, 170°C

R= F (CH2k R= n-CsH,,.-(J--O- (CH2k

c: n=O; d:n'= I; e:n=2
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The Author chose Les having an w-alkenyl side chain for substrates that were used

for current LC displays. Initially, parent olefins 1 were converted into 3 by thio­

fluorination l9 or alternatively by iodo-fluorination using TBAH2F3 and NIS23 followed by

substitution of resulting iodo-fluorination products 2 with a phenythio nucleophile.

Although the thio-fluorination reaction was straightforward, this was not applicable to

vinylcyclohexanes 13 and Ie. Thus, an the alternative route was applied to these olefins.

The fluoro-Pummerer rearrangement of 3 using TBAH2F3 and DBH20a gave 4 in high

yields as 1 : 1 diastereomeric mixtures. The product ratios were assayed by 19F NMR.

As unstable in neat liquid, these 4 were immediately oxidized without isolation to give

sulfoxides 5 by treatment with mCPBA Finally, thermolysis of 5 at 170°C in a-xylene

(sealed tube) afforded a mixture of clS- and trans-difluoro oleflllS 6. Each isomer was

readily separated by flash column chromatography on silica gel. Isolation yields of

intermediates 2, 3, 5, and final products 6, combined yields of 6, and total yields of 6 from

1 are summarized in Table 1.

Table 1. Yields of 2,3,5, and 6 in Scheme I.

Isolated yield/%
Compound n

2 3 Sa) cis-6 trans-6 cis-6 + lrans-6 total yields of 6b)

Ia 0 82 (2a) 91 (3a) 95 (5a) 46 (cis-6a) 16 (trans-6a) 62 44

Ib 2 77 (3b) 94 (5b) 33 (cis-6b) 22 (trans-6b) 55 40

Ie 0 68 (2e) 95 (3e) 88 (Sc) 55 (cis-6e) 18 (trans-6c) 73 41

Id I 81 (3d) 93 (Sd) 45 (cis-6d) 29 (trans-6d) 74 56

Ie 2 78 (3e) 87 (5e) 39 (cis-6e) 25 (trans-6e) 64 43

a) Yields for 2 steps from 3 are shown. b) Total yield from 1.

11-2-2. Isomerization of vic-Difluoro Olefins

In general, thermal elimination of phenyl sulfoxides proceeds in a syn­

stereochemical course. Therefore, the ratio of cis-6 and trans-6 should reflect the

diastereomeric ratio of fluoro-Pummerer products 4.24 However, cis-6 was favored over

trans-6 as compared with the diastereomeric ratios in 4. Details are summarized in Table

2.
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Table 2. Diastereoseleclivily of fluoro-Pummerer reaction of 3.

compound

4a

4b

4c

4d

4e

diastereomeric ratio of 4a )

1.3 : I

I .4 : 1

1.2: I

1.0: I

1.3 : I

cis-6 : rrans-6b)

2.9: I

1.5 : 1

3.1 : I

1.6: 1

1.6: 1

a) According to eq. 1. Determined by integration ratios of 19p NMR.

b) Ratios of isolated yields of cis-6 and trans-6 according to Table 1.

Under the thermolytic conditions of 5 to give 6, phenyl sulfenic acid is eliminated

which is readily converted into diphenyl disulfide by dehydration and disproportionation.25

Actually, the formation of diphenyl disulfide was detected by GC and TLC analyses.

This suggests that the isomerization of the trans-I,2-difluoro olefms to the corresponding

cis-isomers may be assisted by diphenyl disulfide, because trans-I,2­

difluoro(triethyl)silylethane is known to isomerize to the corresponding cis-isomer in the

presence of a catalytic amount of diphenyl disulfide under UV irradiation of 254 nm. 13

Indeed, pure trans-6c isomerized to a 70 : 13 mixture of cis-6c and trans-6c in the presence

of 20 mol% of diphenyl disulfide as shown in eq. I. In the absence of diphenyl disulfide,

the isomerization did not occur at all, and trans-6c was recovered quantitatively. A

plausible pathway is suggested in Scheme 2.

nCsH11

trans-6c

F

o-xylene, 170°C, 24 h

PhS-SPh (20 mol%)

~F
nCsH1~F +

cis-6c (70%)

185

trans-6c (13%) (1)
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Scheme 2. Isomerization of vic-difluoro olefins

TBAH2F3

~\l
!1

RF. H
DBB R~SPh

IIICPBA
R " ..... S"'Ph

syn-elimination
FAyH

- PhS-OHF H F H

-112HP L
F

F. H syn-4 syn-S cis-6

~SPh 1/4 PhS-SPh
R - 1/4 PhS02SPh

3 F. H
~\?

A

~SPh - S
FAyFR ..... .. R ~ "'Ph •

H F H F H
anti-4 anti-S trans-6

VI 1-2-3. Phase Transition Behavior of vic-Difluoro Olefinic lCs

Phase transition temperatures and enthalpies of cis-6, trans-6, and 1 as well as LC

phases are summarized in Table 3. Although trans-6a and trans-6b showed a nematic

phase in temperature ranges narrower than those of parent olefms la and Ib, cis-6a and

cis-6b exhibited a nematic phase in similar ranges but at lower temperatures (Figure I).

The LCs having a trans-4-pentylcyclohexylcyc1ohexane mesogen are summarized in

Figure 2. LC cis-6e exhibited a nematic temperature range much wider than Ie or trans­

6c, whereas those with a longer alkyl group diminished or lost the nematic phase. Among

trans-difluoro olefms, trans-6c showed little liquid crystallinity; trans-6d and trans-6e

exhibited an SB phase in parallel with Id and Ie. Thus, the fluorine effect was most

striking in 6c.
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la

cis-6a

Ib

cis-6b

::::::::::"N:::::::::...................... Iso

tTans-6b !==+=~~~:::::~:::::::;:::;:::+:::::::::::~:;:::~::;:::::::~f=:=::::::::+:;::::;::;::l

-20 o 20 40 60 80 100 120 140/oC

Figure L Phase transition behaviors of 6a and 6b on 2nd heating.

-40 -20 o 20 40 60 80 100re
Figure 2. Phase transition behaviors of 6c, 6d. and 6e on 2nd heating
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VI 1-2-4. Electro-Optical Properties of vic-Difluoro Olefins

To examine the electro-optical properties of difluoro olefinic LCs, each of cis- and

trans-isomers of 6a-6e and parent olefinic LCs Ie-Ie were mixed by 20 wt% with host, a

I : I mixture of la and lb, and A£, Vth, An, and 1: of the resulting mixtures were measured.

The data are summarized in Table 4. The values of A£ and /1n were extrapolated to 100%

to examine the dielectric anisotropy (/1£') and birefringence (/1/2 ') of pure samples of 6.

These values also are listed in Table 4.

Table 4. Physical and electro-optical propertiesa) of Ie-Ie and

cis- and trans-6a-6e as mixed by 20 wt% in host.

compound TN/IDe ~E ~E,b) VthNC
) 11/1 11/1,d) -r/msc, e) (v/)

host 116.7 4.8 2.14 0.090 25.3 (5.1)
-~----------------------------------------------------------

cis-6a 116.0 32 -32 235 0.089 0.085 362 (5.5)
trans-6a 109.5 4.0 -0.8 2.01 0.090 0.090 33.2 (5.1)

cis-6b 117.4 3.6 -12 2.34 0.078 0.030 34.7 (5.2)

lrans-6b 111.9 42 1.8 2.30 33.5 (5.0)

Ie 102.8 3.6 -12 229 0.081 0.045 22.4 (5.3)
cis-6c 105.1 42 1.8 1.99 0.081 0.045 33.3 (4.3)

lrans-6c 97.7 33 -2.7 2.16 0.081 0.045 31.2 (4.7)

Id 94.4 3.1 -3.7 2.08 0.077 0.025 32.6 (4.4)

cis-6d 87.4 3.0 42 2.00 0.076 0.020 44.1 (42)

tra/ls-6d 86.8 3.1 -3.7 2.04 0.075 0.025 43.1 (4.2)

Ie 108.3 33 -2.7 2.29 0.082 0.050 26,9 (5.0)

cis-6e 108.6 4.0 0.8 2.15 0.083 0.D55 29.4 (4.7)

trans-6e 101.6 32 -32 222 0.081 0.045 34.3 (4.7)

a) Measured at 20 DC. b) Extrapolated from It.E. c) Corrected for 6.0 j..tm cell.

d) Extrapolated from !In. e) Responce time ('tr ='td). f) Applied voltageN.

In the case of 6a and 6b with a 3,4-difluorophenyl moiety in a mesogenic core, AES

of the resulting mixtures were lower as compared with host. The effect of cis-isomers
was more striking than that of trans-ones owing probably to the cancelled dipole moment

of C-F bonds in difluorophenyl and cis-difluoro olefinic moieties. Negative AE' ofcis-6a

also suggests the reduced dipole moment along the molecular long axis of 6a. To

examine the effect of the vic-difluoro olefinic moiety more precisely, properties of LCs 6c­

e were next measured. All trans-6e-e exhibited .6.ES to the extent similar to parent olefins

le-e, probably because the dipole moments of the two C-F bonds compensate each other,

whereas cis-6c-e showed varying ~ES depending on the kind of a side chain; cis-6c and cis-
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6e were much larger in ~E than Ie and Ie, respectively; cis-6d had smaller D.E than Id.

Since cis-6d has negative D.E', this is an n~type LC: both cis-6c and cis-6e shows positive

~E' and thus are p-type. All the vic-difluoro olefins lowered Vth of host LCs upon mixing

by 20 wt% as compared with the parent olefins. In particular, the effect of cis-6c-e was

remarkable in comparison with trans-6c-e. All the difluoro olefins had equally low ~n's

as estimated by extrapolation, and thus mixing one of them in host results in lowering D.n

of host. Accordingly, the difluoro olefins are a useful additive for reducing ~n of LC

materials. Both cis- and trans-difluoro olefins are thermally stable, since no

decomposition was observed by heating their xylene solutions at 170°C for 24 h.

VII-3. Conclusion

The Author has demonstrated that LCs having a vic-difluoro olefinic moiety are

readily prepared from the corresponding parent olefinic LCs. Studies on the phase

transition behavior of the newly prepared LCs reveal that the fluorine introduction effect is

most striking with 6c. The electro-optical properties of the LCs having a (CH2)nCF=CHF

group change extensively depending on the configuration and the value of n. The

difluoro olefinic LCs generally reduce Vth and D.n of host LCs upon mixing by 20 wt%

more effectively than the corresponding parent olefins.

VII-4. Experimental

Measurements

A sample for the measurement of ~E, ~n, Vth, and 't was prepared by mixing a

compound (20 wt%) with host (80%, Cr 11 N 117 Iso) made of equal amounts of la and

lb.

LCs Having w-Alkenyl Side Chain.

Compounds la-c were commercially available from Dainippon Ink & Chemicals, Inc.

Compounds ld and Ie were prepared from Ie as follows.

1-(trans-4-(2-Hydroxyethyl)cyclohexyl]-trans-4-pentylcyclohexane (7). In a
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two-necked flask were placed THF (200 mL) and 1-[trans-4-(ethenyl)cyclohexyl]-trans-4­

pentylcyclohexane Ie (24 g, 91 mmol). The flask was immersed in an ice-water bath. A

borane THF solution (1.00 M, 46 mL) was added dropwise to the solution. The reaction

mixture was stirred for 12 h at room temperature before quenching with H20 (1 mL) at

o0c. The mixture was treated with 3 M NaOH (22 mL) and 30% H202 (23 mL), and the

resulting suspension was stirred for 6 h at room temperature before quenching with aq.

NaHS03. The organic phase was separated; the aqueous phase was extracted with Et20

four times (400 mL). The combined organic extracts were dried over Na2S04, filtered,

and concentrated under reduced pressure. The product was recrystallized from hexane

and purified by flash column chromatography (hexane: EtOAc = 5 : 1) to give 7 (22 g,

85% yield) as colorless needles, mp 152.0-152.9 °e, Rf= 0.27 (hexane: EtOAc = 5 : 1).

IR (KBr) 3428, 2953, 2919, 2851, 1468, 1453, 1360, 1051, 1022,963, 893 em-I; IH

NMR (200 MHz) b = 0.82-1.34 (m, 24 H), 1.46 (dt, J = 7, 7 Hz, 2 H), 1.62-1.77 (m, 8 H),

3.68 (t, J = 7 Hz, 2 H); I3C NMR (75.5 MHz) b = 14.1 (s), 22.7 (s), 26.7 (s), 29.9 (s),

30.1 (s), 32.2 (s), 33.60 (s), 33.64 (s), 34.5 (s), 37.5 (s), 37.9 (s), 40.4 (5),43.3 (s), 43.4 (s),

60.9 (5); MS m/z (rei intensity) 280 (M+, 0.7),263 (7),262 (32),233 (12), 191 (13), 151

(14), 137 (11), 124 (6), 109 (100), 97 (66), 96 (46), 95 (45), 83 (67), 81 (76), 79 (52), 69

(57),67 (81). Found: C, 81.19; H, 13.04%. Calcd for C19H360: C, 81.36; H, 12.94%.

l-[trans-4-(Formylmethyl)cycIohexyl]-trans-4-pentylcycIohexane (8). To a

solution of 7 (8.5 g, 30 mmol) in CH2CI2 (200 mL) was added pyridinium chlorochromate

(PCC, 9.7 g, 45 mmol) in one portion at room temperature. The reaction mixture was

stirred for 3 h at the same temperature followed by the addition of Celite. The mixture

was filtered through a Celite pad; the filtrate was concentrated in vacuo, and the residue

was purified by flash column chromatography (hexane: EtOAc = 5 : 1) to give 8 (7.2 g,

85% yield) as colorless solids. Phase transition temperature/oC: Sx 93 Iso; Rf = 0.61

(hexane: EtOAc = 5 : 1). IR 2915, 2849, 2716, 2361, 1723, 1468, 1447, 1408, 1379,

1352, 1291, 1217, 1024,895 em-I; IH NMR (300 MHz) b = 0.80-1.35 (m, 20 H), 0.88 (t,

J = 7 Hz, 3 H), 1.64-1.84 (m, 8 H), 2.27 (dd, J = 2, 7 Hz, 2 H), 9.75 (t, J = 2 Hz, 1 H);

I3C NMR (75.5 MHz) b = 14.1 (s), 22.7 (s), 26.7 (s), 29.7 (s), 30.0 (s), 32.2 (s), 33.0 (s),

33.5 (s), 33.6 (5), 37.5 (s), 37.9 (s), 42.9 (s), 43.3 (s), 51.4 (s), 203.1 (8); MS m/z (rei

intensity) 280 (M++2, 5), 278 (M+, 14), 234 (37), 149 (27), 137 (19), 135 (14), 125 (22),

115 (20), 108 (25), 97 (58), 95 (67), 81 (92),69 (l00). Found: m/z 278.2623. CaIed for

C19H340: M, 278.2610.

1-[trans-4-(2-Propenyl)cyclohexyl]-trans-4-pentylcyc1ohexane (ld). A solution

of n-BuLi in hexane (1.60 M, 9.5 mL, 15.2 mmol) was added to

methyltriphenylphosphonium bromide (5.7 g, 16 mmol) suspended in EtzO (60 mL) at

room temperature, and the resulting mixture was stirred for 4 h at room temperature.
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Then an ethereal solution (18 mL) of 8 (4.1 g, 15 mmol) was added dropwise at room

temperamre. The resulting mixture was stirred for 4 h at the same temperature before

quenching with aq. NH4Cl. The organic phase was separated; the ag. phase was extracted

with Et20 three times (300 mL). The combined extracts were dried over MgS04, filtered,

and concentrated under reduced pressure. The residue was purified by flash column

chromatography (hexane) to give Id (2.9 g, 72% yield). Phase transition temp.l°C: Cr

-25 SXl -18 SX2 -14 Sa 77 Iso (DSC on 2nd heating); Rr= 0.89 (hexane). IR 3077,

2915, 2849, 1642, 1447, 1215, 994, 911, 895 em-I; IH NMR (200 MHz) 0 = 0.77-1.34

(m, 23 H), 1.64-1.80 (m, 8 H), 1.93 (t, J = 7 Hz, 2 H), 3.68 (t, J = 7 Hz, 2 H), 4.90-4.93 (m,

1 H), 4.95-5.30 (m, 1 H), 5.65-5.90 (m, 1 H); l3C NMR (75.5 MHz) 0 = 14.1 (s), 22.7 (5),

26.7 (5), 30.0 (5),30.1 (s), 32.3 (5), 33.3 (s), 33.7 (s), 37.5 (s), 37.95 (5), 37.97 (s), 41.9 (5),

43.4 (s), 43.5 (s), 115.1 (s), 137.8 (5); MS m/z (rel intensity) 277 (M++l, 1),276 (M+, 5),

234 (11), 219 (14), 206 (3), 192 (3), 179 (4), 165 (5), 151 (10), 137 (18), 123 (40), 109

(36), 97 (76), 95 (47), 83 (100), 81 (85), 69 (79), 67 (78). Found: m/z 276.2823. Calcd

for C2oH36: M, 276.2817.

1-[trans-4-(2-Iodoethyl)cyclohexyll-trans-4-pentylcyclohexane (9). To a THF

solution ofborane (1.00 M, 80 mL) cooled at 0 °C was added dropwise 2-methyl-2-butene

(12.8 roL, 120 mmol) over 10 min, and the resulting mixture was stirred for 3 h at 0 0c.
To the reagent solution, a solution of Ie (11.5 g, 44 mmol) in THF (20 mL) was added

dropwi5e at 0 °C. The reaction mixture was warmed to room temperature and stirred for

11 h before quenching with methanol (1 mL) and iodine (34 g, 132 mmol). Then a

methanol (40 rnL) solution of sodium hydroxide (5.3 g) was added dropwise to the mixture.

The whole mixture was stirred for 5 h at room temperature before treatment with aq.

NaOH (3 M, 20 mL) and 30% HZ02 solution (l0 mL). The resulting mixture was stirred

for an additional period of 8 h at room temperature. The excess hydrogen peroxide was

decomposed by careful portionwise addition of NaHS03, and the aqueous phase was

extracted with EtzO three times (500 mL). The combined organic extracts were washed

by sat. aq. NaCI solution, dried over MgS04, filtered, and concentrated under reduced

pressure. Purification of the residue by flash column chromatography (hexane) afforded

9 (12.9 g, 75% yield) as a colorless powder, mp 132.3-134.4 °C, Rf= 0.81 (hexane). IR

(KBr) 2923, 2851, 1468, 1441, 1289, 1219, 1184, 1159, 953, 897, 723 cm- I; IH NMR

(200 MHz) 0 = 0.84-1.34 (m, 23 H), 1.67-1.78 (m, 10 H), 3.21 (t, J = 7 Hz, 2 H); l3C

NMR (75.5 MHz) 0 = 5.2 (s), 14.1 (5),22.7 (s), 26.7 (s), 29.7 (s), 30.1 (5),32.2 (5), 32.7 (s),

33.6 (s), 37.5 (s), 37.9 (5), 38.8 (s), 41.2 (5),43.3 (s), 43.4 (5); MS m/z (reI intensity) 391

(M++l, 0.1), 390 (M+, 0.5), 263 (19),207 (3), 181 (9), 179 (8), 167 (13), 165 (12), 139

(19),137 (19),125 (26),123 (24), III (64), 109 (53), 97 (100),95 (48), 83 (94), 81 (73),

69 (85), 67 (86). Found: C, 58.50; H, 8.82%. Calcd for CI9H3SI: C, 58.46; H, 9.04%.
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1-[trans-4-(3-Butenyl)cyclohexyl]-trans-4-pentylcyclohexane (Ie).

Vinylmagnesium bromide (1.0 M THF solution, 75 mL, 75 mmol) was added dropwise to

a mixture of copper(l) iodide (7.1 g, 38 mmol) and 9 (12.1 g, 31 mmol) suspended in THF

(150 mL) at -30°C. The reaction mixture was then allowed to warm to 0 °C and stirred

at 0 °C for 3 h before quenching with aq. 1.0 M HCI. The organic phase was separated;

the aqueous phase was extracted with Et20 three times (300 mL). The combined organic

extracts were washed with sat. aq. NaCI solution, dried over MgS04, filtered, and

concentrated under reduced pressure. The residue was purified by flash column

chromatography (hexane) to give Ie (8.2 g, 90% yield) as a colorless mesomorphic oil.

Phase transition temperature/DC: Cr 3 SB 90 Iso (DSC on 2nd heating); Rf = 0.81

(hexane). IR 2927, 2849, 1642, 1468, 1447, 1379, 1219,994,909 em·1; IH NMR (300

MHz) () = 0.75-1.36 (m, 22 H), 0.88 (t, J = 7 Hz, 3 H), 1.64-1.80 (m, 8 H), 2.00-2.10 (m, 2

H), 4.88-5.40 (m, 2 H), 5.74-5.88 (m, 1 H); l3C NMR (75.5 MHz) 6 = 14.1 (s), 22.7 (5),

26.7 (s), 30.0 (s), 30.1 (s), 31.3 (s), 32.3 (s), 33.5 (5), 33.7 (s), 36.7 (s), 37.4 (s), 37.5 (s),

37.9 (s), 43.46 (s), 43.49 (s), 113.9 (s), 139.5 (s); MS m/z (rei intensity) 291 (M++1, 3),

290 (M+, 12),248 (3),233 (4), 219 (7), 192 (3), 151 (11), 137 (33), 123 (14), 109 (17), 97

(54), 83 (61), 81 (100), 69 (59), 67 (83). Found: m/z 290.2967. Calcd for CZIH3S: M,

290.2974.

1-{trans-4-[3-Fluoro-4-(phenylthio)butyl]cyclohexyl}-trans-4-(3,4-ditluoro­

phenyl)cyclohexane (3a). A 100 mL, dried, Teflon® bottle was charged with a solution

of 1-[trans-4-(3-butenyl)cyclohexyl]-trans-4-(3,4-difluorophenyl)cyclohexane (la) (3.3 g,

10.0 mmol), N-(phenylthio)phthalimide (2.7 g, 10.5 romol) in CH2CIZ (40 mL). To the

reaction mixture stirred vigorously at room temperature, HF/py (70 wt% HF, 2.5 roL, 100

mmol) was added dropwise through a disposal polypropylene/polyethylene syringe. The

mixture was stirred for 53 h at room temperature before quenching with aq.

NaHS03INaHC03INaOH (pH 10). The organic phase was separated; the aqueous phase

was extracted with EtzO three times (150 mL). The combined organic extraets were

dried over Na2S04, filtered, and concentrated under reduced pressure. The residue was

purified by flash column chromatography (hexane: benzene = 6 : I) to give 38 (3.6 g, 77%

yield) as a colorless powder, mp 69.3-69.8 DC, Rf= 0.41 (hexane: benzene:=; 5 : 1). IR

(KEr) 2917, 2847, 1607, 1582, 1522, 1482, 1441, 1273, 1204, 1109, 1090,945,872,820,

772, 741, 702, 691,619, 581 em-I; IH NMR (200 MHz) () = 0.84-1:45 (m, 13 H), 1.61­

1.92 (m, 10 H), 2.40 (tm, J = 12 Hz, 1 H), 2.96-3.29 (m, 2 H), 4.58 (dm, J = 48 Hz, 1 H),

6.85-7.41 (m, 8 H); 19F NMR (I88 MHz) b = -139.23 (ddd, J = 9, 12, 22 Hz, 1 F),

-142.12 (dddd, J = 5, 8, 10, 22 Hz, 1 F), -176.73-177.43 (m, I F); l3C NMR (75.5

WIz) b = 29.9 (d, J = 1 Hz), 30.1 (s), 31.7 (d, J = 21 Hz), 32.3 (d, J = 4 Hz), 33.3 (d, J=
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13 Hz), 34.5 (s), 37.6 (s), 38.5 (d, J = 24 Hz), 42.7 (s), 43.2 (s), 43.8 (s), 92.3 (d, J = 173

Hz), 115.4 (d, J = 17 Hz), 116.7 (d, J = 17 Hz), 122.5 (dd, J = 4, 6 Hz), 126.5 (s), 129.0 (s),

129.8 (s). 135.7 (5), 144.8 (dd, J = 4, 5 Hz), 148.5 (dd, J = 13,245 Hz), 150.1 (dd, J = 12,

147 Hz); MS 112/Z (reI intensity) 461 (M++l, 5),440 (9), 330 (12),179 (10),153 (18),135

(45),127 (71),123 (38),110 (100), 95 (27), 81 (55),67 (55). Found: C, 72.97; H, 7.80%.

Calcd for C28H3SF3S: C, 73.01; H, 7.66%.

1-{tralls-4-(2-Fluoro-3-(pheny1thio)propyl]cyclohexy1}-tralls-4-pentyl­

cydohexane (3d). In a similar manner as described for 3a, 3d (2.9 g, 81% yield) was

prepared as a colorless powder from Id (2.4 g, 8.8 mmol). Mp 85.1-85.4 °C; Rf= 0.47

(hexane: benzene = 5 : 1). IR (KEr) 2953, 2923, 2907, 2890, 2847, 1586, 1482, 1439,

1094, 1069, 1051, 986,961,843,820,733, 702,689 em-I; IH NMR (200 MHz) 0 =

0.83-1.43 (m, 23 H), 1.59-1.83 (m, 10 H), 2.92-3.28 (m, 2 H), 4.70 (dm, J = 49 Hz, 1 H),

7.15-7.41 (m,5 H); 19F NMR (188 MHz) 0 = -176.04-176.78 (m); l3C NMR (50.3

MHz) () = 14.1 (s), 22.7 (5), 26.7 (s), 29.8 (d, J = 12 Hz), 30.1 (5), 32.2 (s), 33.0 (5), 33.6

(s), 34.1 (s), 34.3 (d, J = 3 Hz), 37.5 (s), 37.9 (s), 39.1 (d, J = 24 Hz), 41.9 (d, J = 20 Hz),

43.3 (d, J = 13 Hz), 90.8 (d, J = 172 Hz), 126.5 (s), 129.0 (5), 129.9 (s), 135.8 (5); MS

mlz (rei intensity) 406 (M++2, 7),405 (M++l, 25), 404 (M+, 88), 384 (12), 275 (9), 274

(34), 149 (14), 135 (17), 123 (81), 110 (90), 109 (56),97 (43), 83 (57), 81 (86), 79 (59),69

(65),67 (100). Found: C, 77.01; H, 10.02%. Calcd for C16141FS; C, 77.17; H, 10.21 %.

1-{trans-4-[3-Fluoro-4-(phenylthio)butyl)cyclohexyl}-trans-4-pentylcyclohexane

(3e). This compound (6.6 g, 78% yield) was prepared as a colorless powder from Ie (5.8

g, 20 mmol). Phase transition temperature/oC: SB 63 Iso; Rf= 0.38 (hexane: benzene =

5 : 1). IR (KEr) 3060, 2924, 2851, 2361, 1586, 1482, 1468, 1379, 1217, 1090, 1069,

1024,895,737,691 em-I. IH NMR (200 MHz) 6 = 0.79-1.43 (m, 25 H), 1.60-1.84 (m,

10 H), 2.93-3.27 (m, 2 H), 4.56 (ttd, J= 6, 6, 48 Hz, 1 H), 7.14-7.40 (m, 5 H); 19F NMR

(188 MHz) () = -176.69-177.40 (m); l3C NMR (75.5 MHz) 0 = 14.1 (5),22.7 (s), 26.7

(s), 29.9 (s), 30.1 (5), 31.7 (d, J = 21 Hz), 32.2 (s), 32.3 (d, J = 3 Hz), 33.4 (d, J = 13 Hz),

33.6 (s), 37.5 (s), 37.6 (5), 37.9 (s), 38.5 (d, J = 24 Hz), 43.3 (s), 43.4 (s), 92.8 (d, J = 173

Hz), 126.4 (s), 129.0 (s), 129.8 (5), 135.7 (s); MS m/z (reI intensity) 420 (M++2, 5),419

(M++l, 18),418 (M+, 61),288 (15),183 (11),136 (14),135 (55),123 (49), 111 (17), 110

(100), 109 (28),97 (30), 95 (35), 83 (42),81 (49), 79 (23),69 (45),67 (54). Found: mlz

418.3076. Calcd for C27lLnFS: M,418.3070.

1-[trans-4-(1-Fluoro-2-iodoethyl)cyclohexyl)-trans-4-(3,4-difluorophenyl)­

cyclohexane (2b). A solution of olefin Ib (0.91 g, 3.0 mmol) in CH2Ch (4.0 mL) was

added dropwise over 30 min to a mixture ofTBAH1F3 (138 g, 4.6 mmol), NIS (3.4 g, 15

mmol), and CH2Clz (6.0 mL) placed in a 50 mL two-necked flask at 0 0c. The resulting
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mixture was allowed to wam1 to room temperature and stirred for 23 h before quenching

with aq. NaHC03 and solid NaHS03. The organic phase was separated; the ag. phase

was extracted with hexane four times (200 mL). The combined organic phase was dried

over MgS04, filtered, and concentrated under reduced pressure. The residue was purified

by flash column chromatography (hexane) to give 2b (1.10 g, 82% yield) as colorless

needles. Phase transition temperature/DC: Cr 81 Sx 85 N 104 Iso; Rf= 0.25 (hexane).

IR(KBr) 2923,2853, 1605, 1516, 1451,1269,1211,1186,1117,955,939,826,772,625,

581 em-I; IH NMR (200 MHz) 0 = 1.00-1.46 (m, 10 H), 1.59-2.45 (m, 9 H), 2.41 (tt, J =

4,12 Hz, 1 H), 3.30 (ddd, J = 6, 11,22 Hz, 1 H), 3.40 (ddd, J = 4, 11,23 Hz, L H), 4.16

(dddd, J=4, 6, 6, 47 Hz, I H), 6.85-7.11 (m, 3 H); I9F NMR (188 MHz) 6 = -L39.17

(ddd, J = 9, 12,21 Hz, 1 F), -143.03 (dddd, J = 4, 8, 10, 21 Hz, 1 F), -178.10 (dddd, J =

15,22,23,47 Hz, 1 F); l3C NMR (75.5 MHz) 0 = 5.9 (d, J= 25 Hz), 27.3 (d, J= 5 Hz),

28.5 (d, J = 5 Hz), 29.1 (d, J = 18 Hz), 30.1 (s), 34.5 (s), 42.1 (d, J = 19 Hz), 42.6 (d, J =

15 Hz), 43.8 (s), 95.7 (d,J= 177 Hz), 115.4 (d,J= 17 Hz), 116.7 (d,J= 17 Hz), 122.4 (dd,

J = 2, 6 Hz), 144.7 (dd, J = 4, 4 Hz), 148.5 (dd, J = 13, 245 Hz), 150.9 (dd, J = 13, 247

Hz); MS m/z (reI intensity) 450 (M+, 19), 323 (7), 320 (6), 303 (7), 302 (7), 241 (10),

215 (6), 195 (14), 165 (10), 153 (21), 140 (44), 127 (100), 95 (24), 91 (40), 67 (38).

Found: C, 53.35; H, 6.04%. Calcd for C20H26F3I: C, 53.34; H, 5.82%.

1-[trans-4-(1-Fluoro-2-iodoethyl)cyclohexyl]-trans-4-pentylcyciohexane (2c).

In a similar manner, 2c (0.55 g, 68% yield) was prepared as a colorless powder from Ie

(0.53 g, 2.0 mmol). Phase transition temperature/DC: Cr 67 N 71 Iso; Rf = 0.40

(hexane). IR (KEr) 2923, 2849, 1445, 1414, 1190, 965, 920, 899, 801, 590 em-I; IH

NMR (300 MHz) b = 0.77-1.35 (m, 22 H), 1.59-1.97 (m, 9 H), 3.29 (ddd, J= 7, 11,22 Hz,

1 H), 3.39 (ddd, J = 4, 11, 23 Hz, 1 H), 4.13 (dddd, J = 4, 6, 7, 47 Hz, I H); I9F NMR

(188 MHz) b = -178.06 (dddd, J= 16,22,23,47 Hz); l3C NMR (75.5 MHz) 0 = 6.0 (d,

J = 25 Hz), 14.1 (s), 22.7 (s), 26.7 (s), 27.4 (d, J= 5 Hz), 28.5 (d, J= 5 Hz), 29.1 (d, J= 18

Hz), 30.0 (s), 32.2 (s), 33.6 (s), 37.4 (s), 37.9 (s), 42.1 (d, J= 19 Hz), 43.1 (d, J= 25 Hz),

95.8 (d, J= 177 Hz); MS m/z (rei intensity) 409 (M++l, 0.96),408 (M+, 5), 317 (0.97),

281 (2),261 (15),235 (32),221 (5),205 (2), 179 (5), 165 (8), 153 (14), 139 (19), 123 (14),

109 (30), 97 (98), 83 (100), 67 (79). Found: m/z 408.1695. Calcd for CI9H34FI: M,

408.1689.

1-{trans-4-(1-Fluoro-2-(phenylthio)ethyl]eyciohexyl}-trans-4-(3,4-difluoro­

phenyl)eyclohexane (3b) A flame dried, two-necked, 30 mL flask was charged with

sodium hydride (132 mg, 5.5 mmol) and THF (5.0 mL). To the suspension cooled at

oDC, thiophenol (0.62 mL, 6.0 IDOlol) was added dropwise. The mixture was stirred for

30 min at room temperature to generate sodium thiophenoxide, which was added via
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cannula to a solution of 2b (2.3 g, 5.0 mmol) in THF (5.0 mL) placed in a two-necked 50

mL flask and cooled at 0 0c. The thiophenoxide flask was washed with THF (10 mL).

The THF also was added to the 2b solution. The resulting mixture was allowed to warm

to room temperature and stirred for 5 h before quenching with ag. Nr4Cl. The organic

phase was separated; the ag. phase was extracted with Et20 three times (50 rnL). The

combined organic phase was washed with sat. ag. NaCl, dried over MgS04, filtered, and

concentrated under reduced pressure. The residue was purified by flash column

chromatography (hexane: benzene = 5 : 1) to give 3b (1.98 g, 91 % yield) as needles, mp

95.6-95.9 °C, RJ = 0.32 (hexane: benzene = 5 : 1). IR (KBr) 2923, 2853, 1607, 1582,

1516, 1480, 1273, 1211, 1117, 1090, 1053, 1024, 939, 741, 691 em-I; lH NMR (200

MHz) 6 = 0.95-1.45 (m, 10 H), 1.65-1.98 (m, 9 H), 2.41 (tt, J = 3,9 Hz, 1 H), 3.10-3.23 (m,

2 H), 4.39 (ddt, J = 6, 48, 6 Hz, 1 H), 6.84-7.41 (m, 8 H); 19F NMR (188 MHz) 0 =

-139.19 (ddd, J = 8, 12,21 Hz, 1 F), -143.06 (dddd, J = 5, 8, 10,21 Hz, 1 F), -184.54 (ddt,

J= 20, 48,22 Hz, 1 F); l3C NMR (75.5 MHz) 0 = 27.1 (d, J= 5 Hz), 28.8 (d, J= 5 Hz),

29.3 (d,J= 18 Hz), 30.1 (s), 34.5 (s), 36.4 (d, J= 24 Hz), 41.2 (d,J= 20 Hz), 42.6 (d, J=

20 Hz), 43.8 (5), 95.8 (d, J= 175 Hz), 115.3 (d, J= 17 Hz), 116.7 (d, J= 17 Hz), 122.4 (dd,

J = 4,6 Hz), 126.4 (5), 128.9 (5), 129.7 (5), 135.9 (5), 144.7 (dd, J = 4,5 Hz), 148.5 (dd, J

= 13,246 Hz), 150.1 (dd, J= 12,247 Hz); MS mlz (reI intensity) 433 (M++l, 7), 432

(M+, 25),412 (18),303 (13), 302 (33),221 (5), 193 (10), 179 (16), 165 (8), 153 (24), 140

(18),127 (94),123 (94), 110 (100),109 (61), 95 (38),79 (62), 67 (68). Found: C, 72.13;

H,7.44%. Calcd forC26H31F3S: C, 72.19; H, 7.22%.

1-{trans-4-[1-Fluoro-2-(phenylthio)ethylIcyclohexyl}-trans-4-pentylcyclohexane

(3c). In a similar way, 3c (2.0 g, 95% yield) was obtained from 2c (2.3 g, 5.5 mmol) as

colorless needles, mp 59.8-60.7 °C, Rf= 0.50 (hexane: benzene = 5 : 1). IR (KBr) 3058,

2923, 2845, 1586, 1482, 1439, 1422, 1090, 1024, 968, 903, 830, 735, 702, 687 crn- I; 1H

NMR (200 MHz) 0 = 0.84-1.34 (rn, 22 H), 1.66-1.92 (m, 9 H), 3.08-3.22 (m, 2 H), 4.37

(dtd, J= 6, 6, 48 Hz, 1 H), 7.15-7.40 (rn, 5 H); I9F NMR (188 MHz) 0 = -184.47 (dtd, J

= 19,22,48 Hz); l3C NMR (75.5 MHz) 0 = 14.1 (s), 22.7 (5),26.7 (s), 27.2 (d, J= 5 Hz),

28.9 (d, J= 5 Hz), 29.3 (d, J= 18 Hz), 30.0 (5), 32.2 (s), 33.6 (s), 36.5 (d, J= 24 Hz), 37.4

(s), 37.9 (5), 41.3 (d, J = 19 Hz), 43.1 (d, J = 21 Hz), 95.9 (d, J = 175 Hz), 126.3 (5), 128.9

(5), 129.7 (5), 136.0 (s); MS mlz (rel intensity) 391 (M++l, 6), 390 (M+, 26), 370 (11),

261 (6),260 (19), 189 (11),165 (6),163 (6), 135 (17), 123 (78), 110 (100), 109 (52), 95

(48), 81 (53), 79 (58), 69 (58), 67 (70). Calcd for C2sH39FS: C, 76.87; H, 10.06%.

Found: C, 76.88; H, 10.16%.

trans-l-(3,4-Difluorophenyl)-4-[trans-4-(3,4-difluoro-4-phenylsulfinylbutyl)­

cyclohexyl]cyclohexane (Sa). A mixture ofTBAH2F3 (2.7 g, 9.0 mmol), 3a (1.38 g, 3.0
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mmol), CH2Cb (10 mL), and DBH (0.87 g, 3.0 mmol) placed in a flame dried, two-necked,

30 mL flask was stirred for 30 min at room temperature before quenching with ag.

NaHC03 and solid NaHS03 under vigorous agitation. The organic phase was separated;

the aq. phase was extracted with Et20 three times (200 mL). The combined organic

extracts were dried over MgS04, filtered, and concentrated under reduced pressure. The

residue was transferred to a 100 mL round-bottomed flask dissolved in CH2Cl2 (10 mL)

and cooled at -30°C. To the mixture was added mCPBA (0.57 g, 3.3 mmol) in one

portion; the whole was stirred for 3 h at -30°C before quenching with solid NaHS03.

The mixture was treated with water and then with 10% ag. NaOH. The organic phase

was separated; the ag. phase was extracted with Et20 three times (totally 200 mL). The

combined organic extracts were dried over MgS04, filtered, and concentrated under

reduced pressure. The residue was purified by flash column chromatography (hexane :

EtOAc = 5 : I) to give Sa (1.39 g, 94% yield) as colorless solids. Phase transition

temperature/oC: Sx 45 SB 93 Iso; Rf= 0.21, 0.35 (hexane: EtOAc = 5 : 1, diastereomeric

mixtures). IR (KEr) 2920,2848, 1605,1518, 1446,1428,1272, 1214,1118, 1091,1048,

1023,938,817, 749, 686 em-I; I H NMR (200 MHz) &= 0.85-1.98 (m, 23 H), 2.40 (tm, J

= 10 Hz, 1 H), 4.47-5.46 (m, 2 H), 6.85-7.10 (m, 3 H), 7.55-7.78 (m, 5 H); I9F NMR

(188 MHz) as diastereomeric mixtures; b = ~139.12-139.33 (m), -143.06-143.17 (m),

-189.49-189.84 (m), -192.06-192.56 (m), -192.79-192.90 (m), -193.73-194.02 (m),

-196.58-196.65 (m), -197.82-198.23 (m), -198.43-198.50 (m), -201.22-201.88 (m);

MS mlz (reI intensity) 495 (M++ I, 0.7),494 (M+, 2), 479 (I), 478 (5),477 (12),459 (I),

458 (3),195 (4),179 (5),167 (4),153 (14),140 (11),127 (64),126 (100),125 (22),109

(11), 95 (12), 81 (26),79 (II), 78 (12), 77 (10), 69 (12), 67 (28). Found: m/z 494.2268.

Calcd for C28H34F40S: M, 494.2266.

trans-I-(3,4-Difluorophenyl)-4-[trans-4-(l ,2-Difluoro-2-phenylsulfinylethyl)­

cyclohexyl]cyclohexane (5b). This compound (1.31 g, 95% yield) was obtained from 3b

(1.30 g, 3.0 mmol) as a viscous oil by a procedure similar to the one for Sa. Rf= 0.15 and

0.24 (hexane: EtOAc = 5 : 1, diastereomeric mixtures). IR (KEr) 2923, 2855, 1607,

1518, 1446, 1430, 1275, 1208, 1116, 1086, 1050, 999, 955, 863, 748, 689 em-I; IH

NMR (200 MHz) b = 0.98-1.45 (m, II H), 1.63-2.04 (m, 8 H), 2.32·2.46 (m, I H), 4.41­

5.36 (m, 2 H), 6.85-7.11 (m, 3 H), 7.55-7.78 (m, 5 H); I9F NMR (188 MHz) as

diastereomeric mixtures; & = -139.17-139.22 (m), -143.03-143.20 (m), -188.44­

-188.76 (m), -196.22-196.70 (m), -197.51-197.92 (m), -198.29-198.68 (m), -201.89-

-202.04 (m), -203.60-203.87 (m); MS mlz (rei intensity) 467 (M++I, 2),466 (M+, 4).

452 (l), 450 (4), 449 (8), 431 (4),430 (9), 321 (3), 195 (11), 181 (6), 179 (9), 167 (4)t 153

(16), 141 (13), 140 (15), 128 (10), 127 (88), 126 (100), 125 (16), 110 (16), 109 (14), 97

(12),95 (11),83 (27), 81 (30),79 (15). 77 (12)t 67 (29). Found: m/z 466.1949. Calcd
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for C26H30F40S: M. 466.1953.

1-[tralls-4-(l,2-Difluoro-2-phenylsulfinylethyl)cyclohexyl]-trans-4-pentyl­

cyclohexane (Sc). Similarly, compound 5c (1.13 g, 88% yield) was prepared from 3c

(1.18 g, 3.0 rnrno I) as a colorless powder. Phase transition temperature/°C: S8 107 Iso;

Rf= 0.27 and 0.39 (hexane: EtOAc = 5 : 1, diastereomeric mixtures). IR (KBr) 2922,

2850,1445,1378,1341,1084,1044, 1000,964,748,688 em-I; IH NMR (200 MHz) b =

0.85-1.41 (m, 22 H), 1.59-1.99 (m, 9 H), 4.66-5.32 (rn, 2 H), 7.56~7.76 (m, 5 H); I9F

NMR (188 MHz) 6 = -185.23-185.79 (rn), -188.46-188.87 (rn), -196.31-196.72 (rn),

-197.57-198.02 (rn), -198.32-198.67 (rn), -201.34-202.14 (m), -203.36-203.78 (m);

MS m/z (rel intensity) 425 (M++l, 1),424 (M+, 3), 409 (2), 408 (7),407 (I 0), 388 (7),259

(4),177 (2),165 (4),153 (6),151 (7),139 (8),137 (11),127 (I2), 126 (100),125 (21),123

(17),111 (19), 110 (26),109 (29), 97 (66), 95 (28), 93 (14),83 (83), 81 (46),79 (22), 77

(17), 71 (IS), 69 (55), 67 (46). Found: m/z 424.2566. Calcd for C2SH3SF20S: M,

424.2611.

1-[trans-4-(2,3-Difluoro-3-pbenylsulfinylpropyl)cyclohexyl]-trans-4-pentyl­

cyclohexane (5d). Compound 5d (1.63 g) was isolated in 93% yield from 3d (1.62 g, 4.0

mmol) as a colorless powder by a procedure similar to that for the preparation of Sa.

Phase transition temperature/oC: Cr 93 SB 142 Iso; Rf= 0.22 and 0.28 (hexane: EtOAc =

5 : 1, diastereomeric mixtures). IR (KEr) 2918, 2849, 1445, 1377, 1305, 1084, 1044,999,

968, 744, 689 em-I; IH NMR (200 MHz) 6 = 0.84-1.53 (m, 23 H), 1.60-1.97 (m, 10 H),

4.43-5.47 (m, 2 H), 7.54-7.77 (m, 5 H); 19F NMR (188 MHz) as diastereomeric

mixtures; b = -189.39-189.84 (m), -190.87-191.08 (m), -193.54-194.22 (m), -196.40­

-196.86 (m), -197.40-197.84 (m), -198.70-199.44 (m), -200.52-200.90 (m); MS m/z

(rei intensity) 439 (M++1, 2), 438 (M+, 4), 422 (16), 421 (42), 141 (12), 127 (23), 126

(100), 125 (79), III (33), 110 (IS), 109 (45), 97 (79), 83 (69), 81 (58), 69 (63), 67 (65);

Found: m/z 438.2775. Calcd for C26H4oF20S: M, 438.2768.

1-[trans-4-(3,4-Difluor0-4-phenylsulfmylbutyl)cyclohexyl]-trans-4-pentyl­

cyclohexane (5e). In a similar manner as above, compound 5e (1.20 g) was prepared in

87% yield from 3e (1.25 g, 3.0 mmol) as a colorless powder. Phase transition

temperature/oC: 5B 98 Iso; Rf= 0.24 and 0.36 (hexane: EtOAc = 5 : 1, diastereomeric

mixtures). IR (KEr) 2920, 2850, 1445, 1378, 1320, 1090, 1050,962,897, 747, 688 em-I;

IH NMR (200 MHz) b = 0.84-1.50 (m, 25 H), 1.58-2.01 (m, 10 H), 4.47-5.39 (m, 2 H),

7.54-7.76 (m, 5 H); I9F NMR (188 MHz) as diastereomeric mixtures; 0 = -189.52­

-189.97 (m), -191.71-192.33 (m), -192.56-193.25 (m), -193.43-194.13 (m), -196.45-

-196.92 (m), -197.71-198.76 (m), -200.92-201.33 (m); MS m/z (rei intensity) 453

(M++l, 0.5),452 (M+, 0.8),435 (14), 127 (10), 126 (100), 125 (33), 111 (11), 109 (18), 97

(39), 95 (19), 83 (34), 81 (30), 77 (15), 69 (44), 67 (47); Found: m/z 452.2933. Ca1cd
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for CnlLnF20S: M, 452.2924.

1-{trans-4-[(Z)-3,4-Difluoro-3-butenyl]cyclohexyl}-trans-4-(3,4-ditluorophenyl)­

cyclohexane (cis-6a) and 1-{trans-4-f (E)-3,4-Difluoro-3-butenyl] cyclohexyl}-trans-4­

(3,4-ditluorophenyl)cyclohexane (!rans-6a). A solution of compound Sa (1.39 g, 2.8

mmol) in o-xylene (15 mL) was placed in a thick-walled Pyrex pressure tube, and heated at

170°C for 16 h under an argon atmosphere. The reaction mixture was cooled and

concentrated in vacuo. The residue was dissolved in CH2Cb (10 mL) and treated with

mCPBA (0.53 g, 3.1 mmol) in one portion at -30°C. The whole was stirred for 6 h at

-30°C before quenching the excess peroxide with solid NaHS03 at -30°C. The mixture

was diluted with water and made alkaline with 10% aq. NaOH. The organic phase was

separated; the ag. phase was extracted with Et20 three times (200 mL). The combined

organic extracts were dried over MgS04, filtered, and concentrated under reduced pressure.

The residue was purified by flash column chromatography (hexane) to give cis-6a (0.34 g,

33% yield) and trans-6a (0.23 g, 22% yield) both as mesomorphic oils.

cis-6a: phase transition temperature/DC: Cr 35 N 116 Iso (DSC on 2nd heating); Rf =

0.38 (hexane). IR (KBr) 2928, 2855, 1727, 1607,1516, 1453, 1271, 1202, 1140, 1088,

884, 866, 822, 779, 750, 631 em-I; IH NMR (200 MHz) 6 = 0.81-1.44 (m, 13 H), 1.74­

1.92 (m, 8 H), 2.00-2.20 (m, 2 H), 2.41 (tt, J= 3, 12 Hz, 1 H), 6.23 (tdd, J= 1, 18, 74 Hz, 1

H), 6.86-7.11 (m, 3 H); 19F NMR (188 MHz) 6 = ~135.80 (ddt, J= 11, 18, 19 Hz, 1 F),

-139.21 (ddd,J=8, 12,21 Hz, 1 F),-143.1O(dddd,J=4, 8, 10,21 Hz, 1 F),~167.70(tdd,

J = 5, 11, 74 Hz, 1 F); l3C NMR (75.5 MHz) 6 = 24.8 (d, J = 22 Hz), 29.8 (s), 30.1 (s),

33.0 (d, J = 3 Hz), 33.2 (s), 34.5 (s), 37.0 (s), 42.7 (5),43.1 (s), 43.8 (s), 115.4 (d, J = 17

Hz), 116.7(d,J= 17Hz), 122.4 (dd,J= 3, 6 Hz), 132.4 (dd,J= 14,250 Hz), 144.8 (dd,J

= 4, 5 Hz), 148.5 (dd, J = 13, 245 Hz), 149.8 (dd, J = 6,253 Hz), 150.1 (dd, J = 12,247

Hz); MS m/z (reI intensity) 369 (M++l, 5), 368 (M+, 21), 290 (18), 193 (14),179 (27),

166 (8), 153 (27), 141 (13), 140 (79), 127 (100), III (11),95 (36), 81 (42), 79(24), 67 (54).

Calcd for C22H2SF4: C, 71.72; H, 7.66%. Found: C, 71.63; H, 7.68%.

trans-6a: phase transition temperature/DC: Cr 16 Sx 25 SB 35 N 92 Iso (DSC on 2nd

heating); Rf = 0.56 (hexane). IR (KBr) 2923, 2853, 1609, 1518, 1497, 1451, 1433,

1285, 1208, 1138, 1119, 1094, 939, 870, 818, 770, 627 em-I; IH NMR (200 MHz) 0 =

0.88-1.51 (m, 13 H), 1.73-1.93 (m, 8 H), 2.28-2.49 (m, 3 H), 6.85-7.26 (m, 4 H); 19F

NMR (188 MHz) 0 = -139.23 (ddd, J = 8, 12,21 Hz, 1 F), -143.12 (dddd, J= 5, 8, 10,21

Hz, 1 F), ~160.63 (tdd, J= 3, 23,127 Hz, 1 F), -184.20 (tdd, J= 5, 77,127 Hz, 1 F); l3C

NMR (75.5 MHz) 0 = 23.6 (d, J = 24 Hz), 29.9 (s), 30.2 (5), 32.8 (d, J = 2 Hz), 33.2 (s),

34.6 (s), 37.2 (s), 42.8 (5), 43.2 (s), 43.9 (5), 115.4 (d, J = 17 Hz), 116.7 (d, J = 17 Hz),

122.4 (dd, J= 3,6 Hz), 139.2 (dd, J= 68, 237 Hz), 144.8 (dd, J = 4, 5 Hz), 148.5 (dd, J=
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13, 245 Hz), 150.2 (dd, J = 12, 247 Hz), 156.4 (dd, J = 40, 239 Hz); MS mlz (rei

intensity) 369 (M++l, 6), 368 (M+, 26), 290 (7),193 (11),179 (24),173 (8),153 (35),140

(82), 127 (100), 111 (14), 95 (37), 81 (42), 79 (28), 69 (22), 67 (62). Calcd for

C22H28F4: C, 71.72; H, 7.66%. Found: C, 71.61; H, 7.83%.

1-{trans-4-[(Z)-1,2-Difluoroethenyl]cyclohexyl}-trans-4-(3,4-difluorophenyl)­

cyclohexane (cis-6b) and l-{trans-4-[ (E)-1,2-Difluoroethenyl]cyclohexyl}-trans-4-(3,4­

difluorophenyl)cyclohexane (trans-6b). In a similar manner as for 6a, cis-6b (0.44 g,

40% yield) and trans-6b (ISS mg, 16% yield) were prepared both as mesomorphic oils

from 5b (1.31 g, 2.8 mmol).

cis-6b: phase transition temperature/oC: Cr 30 SB 38 N 92 Iso (DSC on 2nd heating); RJ

=0.41 (hexane). IR(KBr) 2923, 1715, 1605,1514,1451,1429,1275,1215,1179,1161,

1138, 1115,997,965,864,752,722,583 em-I; IH NMR (200 MHz) 0 = 0.88-1.53 (m,

10 H), 1.75-2.10 (m, 9 H), 2.41 (tt, J= 3,12 Hz, 1 H), 6.23 (dd, J= 18, 74 Hz, 1 H),6.84­

7.11 (m, 3 H); 19F NMR (188 MHz) 0 = -139.15 (ddd, J = 8, 12, 21 Hz, 1 F), -140.38

(ddd,J= 11, 17, 18Hz, 1 F),-143.00(dddd,J=5, 8, 10,21 Hz, 1 F),-171.32(ddd,J=4,

11, 74 Hz, 1 F); l3C NMR (75.5 MHz) 0 = 29.2 (s), 29.7 (s), 30.0 (5),34.4 (s), 37.1 (d, J

= 21 Hz), 42.48 (s), 42.51 (s), 43.8 (s), 115.3 (d, J = 17 Hz), 116.7 (d, J = 17 Hz), 122.4

(dd, J = 3, 6 Hz), 132.1 (dd, J = 14, 249 Hz), 144.7 (dd, J = 4, 5 Hz), 148.5 (dd, J = 13,

245 Hz), 150.1 (dd, J= 13,247 Hz), 153.4 (dd, J= 6, 245 Hz); MS m/z (rei intensity)

341 (M++l, 2), 340 (M+, 11),320 (8), 193 (18), 179 (34), 166 (I8), 153 (25), 140 (66),

127 (l00), 111 (8), 97 (11), 81 (25), 79 (23), 77 (16), 67 (30). Calcd for C2oH2~4: C,

70.57; H, 7.11%. Found: C, 70.55; H, 7.32%.

trans-6b: phase transition temperature/oC: Cr 77 N 83 Iso (DSC on 2nd heating); Rf =

0.59 (hexane). IR (KBr) 2917,2857, 1607, 1516, 1491, 1451, 1433, 1345, 1283, 1215,

1111, 943, 864,833,816, 801, 779, 750, 631 em-I; IH NMR (200 MHz) 0 = 1.05-1.66

(m, 10 H), 1.75-1.94 (m, 8 H), 2.34-2.69 (m, 2 H), 6.98 (dd, J = 4, 78 Hz, 1 H), 6.84-7.11

(m,3 H); 19F NMR (188 MHz) 0 = -139.16 (ddd, J = 9, 12,21 Hz, 1 F), -143.02 (dddd,

J = 5, 8, 10, 21 Hz, 1 F), -169.43 (ddd, J = 4, 29, 127 Hz, 1 F), -184.97 (ddd, J = 5, 78,

127 Hz, 1 F); l3C NMR (75.5 MHz) 0 = 28.7 (d, J = 3 Hz), 29.4 (s), 30.1 (s), 34.5 (s),

35.8 (dd,J= 2,22 Hz), 42.3 (s), 42.7 (s), 43.8 (d,J= 1 Hz), 115.4 (d,J= 17 Hz), 116.7 (d,

J = 17 Hz), 122.4 (dd, J = 3, 6 Hz), 138.3 (dd, J = 69, 237 Hz), 144.7 (dd, J = 4, 5 Hz),

148.5 (dd, J= 13,245 Hz), 150.1 (dd, J= 12,247 Hz), 159.2 (dd, J= 39,241 Hz); MS

m/z (reI intensity) 340 (M+, 8),320 (6),193 (15), 179 (31), 166 (16),153 (24),140 (69),

127 (100), 111 (7), 97 (12), 81 (25), 80 (8), 79 (23), 77 (17), 67 (31 ). Found: m/z

340.1811. Calcd for C20H24F4: M, 340.1814.

l-{trans-l-[(Z)-l ,2-Difluoroethenyl)]cyclohexyl}-trans-4-pentylcyclohexane (cis­

6c) and 1-{trans-l-[(E)-1,2-D ifluoroethenyl»)cyclohexyl}-trans-4-pentylcyclohexane
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(trans-6c). A solution of compound Sc (1.13 g, 2.7 mmol) in o-xylene (15 mL) was

heated at 170 DC for 16 h. Concentration in vacuo followed by flash column

chromatography (hexane) gave cis-6c (0.44 g, 55% yield) and trans-6c (143 mg, 18%

yield).

cis-6c: phase transition temperature/DC: Cr 20 SB 22 N 70 Iso (DSC on 2nd heating); RJ

=0.32 (hexane). IR3131, 2924, 2853,2361, 1719, 1451,1377,1329,1310,1242,1190,

1138, 1123, 1103, 980,772, 733 em-I; IH NMR (200 MHz) (j = 0.84-1.34 (m, 22 H),

1.66-2.04 (m, 9 H), 6.22 (ddd, J = I, 17, 74 Hz, 1 H); 19p NMR (188 MHz) (j = -140.26

(ddd, J= 11, 17, 17 Hz, 1 F), -171.52 (ddd, J = 4, 11, 74 Hz, 1 F); 13C NMR (75.5 MHz)

6 = 14.1 (5),22.7 (5),26.7 (5),29.3 (5), 29.4 (5),30.0 (5),32.2 (5),33.6 (5),37.2 (d, J= 21

Hz), 37.4 (5),37.9 (5), 42.7 (5), 43.3 (5), 132.2 (dd, J= 14,249 Hz), 153.5 (dd, J= 6, 255

Hz); MS m/z (reI intensity) 299 (M++1, 3), 298 (M+, 13),269 (2),242 (2),227 (11),207

(3), 186 (8),172 (8), 151 (18),137 (14), 121 (7), 109 (21), 97 (79), 95 (46), 83 (91),81

(87),69 (81), 67 (100). Found: C, 76.18; H, 10.68%. Calcd for CI9H32F2: C, 76.46; H,

10.81%.

trans-6c: phase transition temperature/DC: Cr 34 SB 38 N 41 Iso (DSC on 2nd heating);

RJ= 0.60 (hexane). IR (KBr) 2924, 2851, 1447, 1379, 1339, 1258, 1210, 1123, 795, 600

em-I; IH NMR (200 MHz) (j = 0.84-1.50 (m, 22 H), 1.67-1.81 (m, 8 H), 2.38-2.67 (m, 1

H), 6.97 (dd, J= 4,78 Hz, I H); 19F NMR (188 MHz) (j = -169.37 (ddd, J= 4, 29,127

Hz, 1 F), -185.12 (ddd, J= 4,78,127 Hz, I F); l3C NMR(75.5 MHz) 6 = 14.1 (5),22.7

(s), 26.7 (s), 28.8 (d, J= 2 Hz), 29.5 (5), 30.0 (s), 32.3 (s), 33.6 (s), 35.8 (d, J= 22 Hz),

37.5 (5), 38.0 (5), 42.5 (5),43.4 (5), 138.2 (dd, J= 69,237 Hz), 159.3 (dd, J= 38, 241 Hz);

MS m/z (rei intensity) 298 (M+, 14),242 (5),207 (8), 191 (5), 173 (5), 151 (18), 149 (22),

137 (15), 121 (15), 109 (35), 97 (88), 95 (51), 83 (92),81 (80),71 (55),69 (l00), 67 (95).

Found: m/z 298.2475. Calcd for CI9H32F2: M, 298.2472.

l-{trans-l-[(Z)-2,3-Difluoro-2-propenyl)]cyclohexyl}-trans-4-pentylcyclobexane

(cis-6d) and l-{trans-l-[(E)-2,3-Difluoro-2-propenyl)]cyclobexyl}-trans-4­

pentylcyc10bexane (trans-6d). Compounds cis-6d (0.36 g, 45% yield) and trans-6d

(0.23 g, 29% yield) were isolated from 5d (1.14 g, 2.60 mmol) and showed following

properties.

cis-6d: pha5e transition temperature/DC: Cr 57 SB 80150 (DSC on 2nd heating); Rf= 0.71

(hexane). IR (KBr) 2951, 2907, 2847,1727,1441,1325,1223,1200,1148] 1113,876,

797,689,586 em-I; IH NMR (200 MHz) [) = 0.80-1.52 (m, 23 H), L66-2.00 (m, 10 H),

6.18 (dd, J= 17, 74 Hz] I H); 19F NMR (188 MHz) [} = -134.80 (ddt, J= 10] 17,23 Hz,

1 F), -166.17 (tdd] J= 4] 10] 74 Hz, 1 F); l3e NMR (75.5 MHz) [} = 14.1 (5),22.7 (s),

26.7 (s), 29.7 (5), 30.1 (5)] 32.3 (s)] 33.0 (s), 33.6 (s), 34.6 (s), 34.9 (s), 37.5 (5), 37.9 (s),

43.1 (s), 43.3 (s), 132.9 (dd, J = 14, 251 Hz), 148.4 (dd, J = 6, 253 Hz); MS m/z (reI
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intensity) 313 (M++I, 0.2), 312 (M+, 2), 241 (1),160 (1), 153 (4») 151 (4), 139 (6), L23

(11), 111 (15), 109 (15), 97 (66), 95 (25), 83 (l00), 81 (48),79 (18), 71 (17),69 (71),67

(56). Found: m/z 312.2632. Calcd for C20H34F2: M, 312.2629.

trans-6d: phase transition temperature/DC: Cr 2 S8 80 Iso (DSC on 2nd heating); Rf =
0.83 (hexane). IR 2921, 2851, L730, 1447, 1262, 1229, 1146, 1115, 895, 793 cm- I; I H

NMR (200 MHz) 0 = 0.84-1.51 (m, 23 H), 1.66-1.81 (m, 8 H») 2.23 (ddd, J = 6, 6, 25 Hz) 2

H), 7.08 (dd, J= 4,78 Hz, 1 H); 19F NMR (188 MHz) 0 = -157.75 (dtd, J= 4,25, 128

Hz, 1 F), -183.51 (tdd, J= 6,78,128 Hz, 1 F); l3C NMR (75.5 MHz) 0 = 14.1 (s), 22.8

(s») 26.7 (s), 29.8 (s») 30.1 (5») 32.3 (s), 33.1 (s), 33.7 (5), 33.73 (dd, J= 2, 22 Hz») 34.9 (dd,

J = 2, 2 Hz), 37.5 (s), 38.0 (s), 43.1 (s), 43.4 (s), 139.9 (dd, J = 67, 237 Hz), 155.2 (dd, J =

40,240 Hz); MS m/z (rei intensity) 313 (M++I, 3), 312 (M+, 14),235 (6),179 (4),165

(6), 151 (15), 139 (27), 123 (22), 109 (30), 97 (94),95 (40), 83 (100), 81 (66),69 (67), 67

(64). Found: m/z 312.2620. Calcd for C20H34F"2: M, 312.2629.

1-{trans-l-[(Z)-3,4-Difluoro-3-butenyl)]cycJohexyl}-trans-4-pentylcyclohexane

(cis-6e) and 1-{trans-l-[(E}-3,4-Difluoro-3-butenyl)]cyclohexyl}-trans-4-pentyl­

cyclohexane (trans-6e). Compounds cis-6e (0.34 g, 39% yield) and trans-6e (0.22 g,

25% yield) were obtained from Se (1.2 g, 2.7 mmol) by a procedure similar to that for 6c.

cis-6e: phase transition temperature/DC: Cr 20 S8 84 N 89 Iso (DSC on 2nd heating); Rf

= 0.69 (hexane). IR 2923) 2853, 1727, 1468) 1449, 1335, 1271, 1202, 1138, 1121, 885,

774 cm-I; IH NMR (200 MHz) 0 = 0.72-1.45 (m, 25 H), 1.57-1.85 (m, 8 H), 2.05-2.20

(m,2 H), 6.20 (dd, J = 17, 74 Hz, 1 H); I9F NMR (188 MHz) 0 = -135.71 (ddt, J = 11,

17, 19 Hz, 1 F), -167.74 (tdd, J = 5, 11, 74 Hz, 1 F); I3C NMR (75.5 MHz) 0 = 14.1 (s),

22.7 (s), 24.8 (d, J = 22 Hz), 26.7 (s), 29.9 (s), 30.1 (s), 32.3 (s), 33.1 (d, J = 3 Hz), 33.2 (s),

33.6 (5), 37.1 (s), 37.5 (s), 37.9 (s), 43.3 (s») 43.4 (s), 132.3 (dd) J= 14,250 Hz») 149.8 (dd,

J = 6, 253 Hz); MS m/z (rei intensity) 327 (M++1, 5), 326 (M\ 11), 255 (7») 247 (16),

239 (13),205 (II), 178 (15), 154 (21), 148 (13), 144 (17), 142 (13), 107 (39), 106 (35), 97

(100), 89 (19») 80 (22), 67 (50). Found: m/z 326.2783. Calcd for C21H36F2: M,

326.2785.

trans-6e: phase transition temperature/oC: Cr 3 SB 83 Iso (DSC on 2nd heating); RJ =

0.80 (hexane). IR 2925, 2851, 1719,1672, 1655, 1468, 1449, 1379, 1339) 1298, 1215,

1208, 1137, 1122, 895, 791 em-I; IH NMR (200 WIz) 6 = 0.75-1.47 (m, 25 H») 1.63­

1.85 (m, 8 H), 2.26-2.48 (m, 2 H), 7.03 (dd, J = 4, 78 Hz, 1 H); 19F NMR (188 MHz) 6 =

~160.58 (dtd) J = 4, 23, 128 Hz, 1 F), -184.22 (tdd, J = 6, 78, 128 Hz, 1 F); l3C NMR

(75.5 MHz) [) = 14.1 (s), 22.8 (s), 23.6 (d, J= 22 Hz), 26.7 (s), 29.9 (s), 30.1 (s), 32.3 (s),

32.8 (d, J = 1 Hz), 33.2 (s), 33.7 (s), 37.2 (s), 37.4 (s), 37.5 (s), 38.0 (s), 43.37 (s), 43.45 (s),

139.1 (dd, J = 68, 237 Hz), 156.4 (dd, J= 40,239 Hz); MS m/z (reI intensity) 327 (M++ 1,

2),326 (M+, 7), 306 (3), 248 (14),233 (3), 192 (2), 172 (6), 152 (13), 137 (9), 123 (7), III
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(24), 97 (100), 83 (88), 81 (58), 69 (59), 67 (65). Found: m/z 326.2794. Calcd for

C21H36F2: M, 326.2785.
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