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- Enantioselective Acceleration in Kinetic Resolution of Amino Alcohol

Derivatives with a Chiral Pyrrolidinopyridine

‘An important goal of current research in organic chemistry is to design an artificial
| low-molecular-weight catalyst with enzymatic functions.' - Chiral pyrrolidinopyridine 1 was
developed to mimic the properties of an enzyme such as lipase to enantioselectively acylate
alcohols.” A unique feature of 1 i’s that there are no chiral elements near the cataly,tically‘
active pyridine nitrogen. The high catalytic activity of 1 is expected to be due to the low
steric interaction, where 1 readily forms an acylpyridinium reactive intermediate with acid
;‘aﬁhydride.? On the other hand, 1 shows;highke’nantioselectivityt (selectivity factor,” s=10-54)
in the kinetic resolution of racemic amino alcohols ‘with a p-dimethylaminobenzoyl protective
group.’ . We describe here the scope and mechanistic aspects of the kinetic resolution of
racemic alcohols promoted by 1, enz-1, and the énalogues. - Kinetic studies of »:a«;ylati(m
in‘dic‘ate that ent-1 is as active as 4-pyrrolidinopyridine (PPY) and the selectivity in the kinetic
resolution with en#-1 is due to enantioselective acceleration.  We also address the structural
~ thermodynamic paranietg:rs of the reactive intermediates and the possible origin of the

‘enantioselective acceleration:
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Kinetic R‘esoylution‘ of Racemic Alcohols‘Withstafal‘yét‘“sifl“idﬁ‘c;léEétk L

Since the pioneering work by Vedejs,® several chifétlsﬂ'{;:i‘;lﬁcle6phi‘1ic catalysts for
enantioselective aéylation have been developed.” Sbme of k thése: catalysts show high
‘enantioselectivity for the kinetic resolution of racemic ‘arylalkylcyarbi‘nols;?::: While' others are
‘suitable for the enantioselective acylation of diol- and amino alcohol déri'vatives.’9 Catalyst 1

is a typical example in the latter category. For example, the acylative kinetic resolution of

‘racemic mono-functional alcohols 2-4 with isobutyric anhydride in the presence 5 mol% of 1

proceeds without noticeable enantiésele‘ctiVity (s < 1.1), while kinetic resolution of racemic
‘diol monoesters with 1 proceeds with moderate to high selectivity depending on the ester
moiety (Table 1). Kinetic resolution of racemic cyclohexane—LZ—diol mono-isobutyrate (5)
‘proceeds With s=4.3 upon treatment with 5 mol % of 1 and 70 mol % of isobutyric anhydride
in toluene at 20 °C. fﬂThevenantioselectivitjf increased to s=8.3 with pivaloate 6. When
‘benzoate and substituted benzoates 7-10 were used as substrates, a clear tendency was
observed: the enantioselectivity of acylation increased with an increase in the electron
- donating ability of the aromatic ring (entries 3-6, s=2.4~12.3). An enantiomerically pure
(>99% ee) alcohol was recovered from the kinetic resolution of racemic p-
dimethylaminobenzoate 10 with 5 mol % of 1 at 72% conversion (entry 6). The kinetic
resolutions of several racemic mono(p-dimethylaminobenzoate) of diols were examined with

5 mol % of 1. For both cyclic diol-monoesters 11-13 and the acyclic variant 14,
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enantioselective acylation proceeded to give the recovered ralcoholsf‘in 92 ~ 97% ee-at 70 ~
77% conversion (entries 7-10, s=4.7-8.3).2

Next, the kinetic resolution of racemic B-amino alcohol derivatives was investigated,
since a P-amino alcohol functionality is present in numerous biologically active compounds
and, is therefore an important pharmacophore.'® cis-2-Aminocyclohexanol was chosen as

the standard substrate for optimizing the conditions for kinetic resolution, and the effects of

the protective group of the amino group on kinetic resolution were examined (Table 2).
’Racemic-ls with typical carbgmate-protective grouprsk:s'uCh aé‘Boc and Cbz was resolved with
moderate enantiosélectivity (s=4.6~4.5)' via ‘ac;yl‘a‘tio'n’:‘w:ithj ent-1 (entﬁeé 1 ’ankd 2), while 15
with amide-protective groups showed better sele,ctiVity , (s;8.7~>13,~ “entries  3-5).

Enantiomers of a substrate with a p;(dimethylamino)benzoyl group, 15e, were most

effectively diffetel}tiated‘ by ent-1 (s > 13, entry 5). The effects 'oft acylating agents were
then investigated, and are shown m Table 3.  Among co:hmercial acid anhydrides, isobutyric
anhydrlde gave the highest selectivity (s=6.2~17, entries 1-4). Although trhe‘ corresponding
pentaﬂuorophenyl ester resulted in selectwlty comparable to that Wlth 1sobutyr1c anhydride,
i dH,,  entd (5 mol%) (I-PrCO)QO (70 mol% ~ \\OCOI-Pr
qNH’C’OR : " colhdlne (100 mol%) 20 °C qNHCOR : O"'NHCOF!

racemic15

Table 2. Effects of protective group on the kinetic resolution of racemic-15 with ent-1

wentry - gubstrate R+ solvent - reaction time conversion® . eeof - eeof 16 §0
(h) (%) recovered 15 (%) (%)
1 152  OfBu  CHCl; 24 69 7d a3 g
2 15p OCHPh  CH)Clp 5 68° 76 - 4.5
S3EqEes . CHy L UCHEly o200 Tt 69k i ggdite s g 8T
4 15d Ph CHyCl» 20 70 98 42 9.4
5 15¢ :ca}{a.p-NMeZ.CHCh. 20 68 >994 - 47 >13

a Converswn was determined by the followmg equation; conversion (%) = ee (recovered 15) / ee (recovered 15)
+ee (16). 2 See footnote d of Table 1. ¢Conversion was determined from the ratio of 16b to recovered 15b. ¢
Absolute configuration is (1R, 25). -




the kinetic resolution was much less effective due to the low reactivity (s=17, 15¢ in 29% ee
and 16e in 86% ee at 25% conversion after 2 days, entry 5). The presence of an ortho-
substituent in the benzoic anhydride derivatives increased the efficiency of the kinetic

resolution (entries 7 vs. 4 and 6). While 2,4,6-trifluorobenzoic anhydride gave the highest

selectivity (s=19, entry 8), isobutyric anhydride was used in further investigations because it .

is readily available.

ent-1 (5 mol%)
RCOX (60 mol%)
racemic-15e > (1R28)-15e + (15,2R)-16e
collidine (100 mol%)
CHCk, 20 °C

Table 3. Effects of acylating agent on the kinetic resolution of racemic-15e with eni-1

entry RCOX reaction time conversion® ee of recovered ce of (15,2R)-16e  5°
(h) (%) (1R.285)-15¢, (%) (%)

1 (CH;CO%0 9 60 93 60 12
2 (-PrC0O),0 9 61 97 61 17
3 (-BuC0),0 96 17 14 69 6.2
4 (PhCO)0 9 60 75 51 6.6
5 i-PrCO-OCgFs 48 25 29 86 17
6  (4-MeO-CgH,COR0 96 644 82 - 6.5
7 (2-MeO-CgH,CO,0 72 57 88 66 14
8  (2/4,6-F3-CgH,CO)R0 24 49¢ 76 79 19

2 See footnote a of Table 2. ? See footnote din Table 1. € Conversion was determined from the ratio
of 16e to recovered 15¢ observed in 'H NMR. 470 mol% of an anhydride was used. ¢50 mol% of
an anhydride was used. »

Table 4 shows the kinetic resolution of several cyclic amino alcohol derivatives 15¢
and 17— 20. Treatment of racemic-15e with 60 mol% of isobutyric anhydride in chloroform
in the presence of 5 mol% of ent-1 at 20 °C led to the recovery of (1R,25)-15e in 93% ee at
58% conversion (s=17, entry 1). Increasing the amount of acid anhydride to 65 mol%

resulted in the recovery of enantiopure 15e with minimal loss of chemical yield (entry 2).
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Even with 0.5 mol% of the catalyst (catalyst/substrate=0.9 mg/131 mg), the acid anhydride
was completely consumed within 24 h and enantiopure 15e was recovered (entry 3). The
enantioseiectivi:tyfof~ ;che, kinotic resolution of:: 15¢ nzith enﬂi reached S=54 when kth’e kofkeaction
- was 'performed fat«—4kOi°C (entry 4). However, nre'beliéno thatﬁ the kl";:inet’iclro:s‘olution at 20°C
with s=17 is;‘better fronlk a practical Viewpoinktl because :enantiopnre: maiérials ;eklkre: readily
obtainedby the reaction at 20 °C and the reaction conditions are more convonient. ; fWhile the
addition ofa stoichiometfic amount of collidine does not affect tho efﬁciency of ’tne kinetic
resolution rwikth 5 mol% of ent-1 (entries~ 2 vs. 5), it does affect the eﬁicienoy with’:’O.S mol%
of ent-1 (entries 3 vs. 6).} Nearly enantiopure amino alcohol dériyativoé 17 —20 were
recovered ak't, ’6’4&73%‘ convers1onby a yskin‘iijlaf“trootrnent’, of thé racemates(s:10~21, ‘él:itrieS, 7-
11). Ineach case, an alcohol wlth S conﬁgnration profeféntially Underwént ocylation. The
amide—protoctivo ‘group of~:(1‘;.kS",2R’){—'19 can be reﬁoyédupon tkretér‘nentwith 6 M ‘I:I‘Cl“ﬂto; give
(1S,2R)-l—aminoindan-‘2’—ol (68%‘yield), a key component of the orally active HIV protease

inhibitor, indinavir.' 2




Table 4. Kinetic resolution of racemic amino alcohol derivatives 15e and 17-20 with eni-19

~entry substrate ent-1  (i-PrCO)0 reaction time conversion” ee ofrecovered eeofacylated 5
(mol%) (mol%) (h) (%) substrate ¢, (%) product, (%)

R e 2
65 44 63 59
;70 ; e 24$' L 66 e ~f~ff ~‘u/;ﬁ_‘52,
50 19 30 40 95 54
S0 O e G e 500 B s
70 24 60 89 59 11
70 9 60 309 L 44 s
enehil Gy mme Bl i 51
70 24 68 9% =46
0 L e 00 s g
75 9 73 , 99 3T 10
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YA 0.17 M solution of substrate (0.5 mmol) in CHCl; was treated with isobutyric anhydnde at 20 °C in'the
presence of catalytic amount of ent-1 and 100 mol% of collidine, unless otherwise stated See footnote a of
- Table 2. ¢ Absolute configuratuion of 15e, 17, 18, and 20 is (1R,25) in each case and that of 19 is (15,2R). d
~ Run in 0.05 M solution of substrate. “Run at ~40 °C./ Run in the absence of colhdme g Run in O 03 M
: solutlon of substrate A Run in CHZClz
; - R= Cqu_-p'NMez o

5 O Tl -
NHCOR ) NHCOR & 22 NHCOR X o

:kThe prdtocol for kkkinetic resolution was applied to acyclic amiho achﬁoI kderi’ilétivkes.
Acylation of an anﬁ-amino kalkco,hol derivative, racemic-21, under standard conditions (Table 4,
footnote a) led to the recovery of 21 in 93% ee at 70% conversion (s—'7 1), while the
correspondmg’syn—denvatlve 22 showed neghglble selectwlty (s=1. O) Kinetic resolutlon of
23 with a primary hydroxyl group progressed with a selectivity factor of 6.8. Another syn-
amino alcohol derivative 24 (’taxol side;chkakin)k13 was poorly resolVed with ent;l (28% ee at 71
convérsion, s=1.6). Distinct differénces in enaﬁtioseléétivity were observed between the
kinéticy resolution of 15e and that of its trdns-isomef 25. While apyiatioﬁ bf fdéemfc—lSe
with isbbﬁtyric anhydﬁde in the presence of ent-1 proceeds with s= 17 (Tablé 4, entry 1),kthat‘

of 25 proceeds with s=1.5. Thus, the relative configuration of the p-amino alcohols critically




affects the enantioselectivity of the kinetic resolution promoted by ent-1.

- Since the theoreticglf maximum yield of kinetic resolution is 50%, kinetic reéolution
~is useful only when it.can produce materials with high enantiomeric purity that would
otherwise be unattainable by asymmetric synthesis. Toward thisapu‘rpo’se‘, it is important to
control the % conversion of kinetic resolution because the ee of the recovered substrate
directly correlates with the conversion of the reaction. In the acylation with ent-1, the %
conversion is readily controlled by the amount of acid anhydride, so that enantiopure
compounds are readily obtained without the need to carefully monitor the progress of the
‘reaction (Table 4), which is in contrast to enzymatic acylative kinetic resolution where excess
acylating agent is used.l'4 Even in the case of nonenzymatic acylative kinetic resolution,
acyléting agents are not always completely ‘consumed within a reasonable reaction time.®’
In the acylation of 15 and 17-20 at 20 °C, acid anhydrides were complete consumed under

conditions of 0.03-0.17 M substrate and 0.9-8.5 mM ent-1 (Tables 2 and 4) These results

indicate that ent-1 has high catalytlc act1v1ty

HHCOR MHHCOR o .NHCOR Et02 NHCOR w0
OgEt Ot ﬂOgEt ( NHCOR

R= 06H4-pNMe2 -

Relative Rates fog‘j\Ackylat'iOn; with Eht¥1 and PPY

The catalytic activity of emt-1 for the acylation of alcohols was investigated.

Benzhydrol (26)‘ waschosenas a standard achiral secondary alcéhoi for the kinetic study.
The reaction rate for the acylation of 26 was monitored by 400 MHz "H-NMR with a solution

of 25 mM 26, 0.25 mM catalyst, 500 mM isobutyric anhydride, 25 mM collidine, and 25 mM




methyl decanoate (internal standard) in CDCl; at 22+2 °C (Figure 1). Pseudo-first-order
kinetics were observed under theses conditions and ent-1 showed an acylation rate for 26
‘cémparable to that of PPY {k;éz(’eﬁt—‘l/PPY)~‘= 0.88}. Thus, ent-1 was foundio*bef as active
“as PPY, the most 'pbwerflﬂ;;"catalym; knc‘)wn“'forlthé ‘acylation of alcohols.” ,Rate‘sf for the
“acylation of chiral alcohol 15e were then investigated. The lew-reacting“ena’ﬁtiome’r~ih the

acylation with ent-1, (1R,25)-15e, underwent acylation at a rate comparable to that using PPY

{kvu(ent-1/PPY) =0.76}. On the other hand, ent-1 promoted acylation of the fast—réacting

enantiomer, (1S,2R)-15¢, 12 times faster than that with PPY. Thus, the origin of selectivity
in the acylative kinetic resolution of 15e by ent-1 was due to enantioselective acceleration

rather than enantioselective deceleration.'®!”

26+ ent-1

racemic-15e + PPY

In %alcohol remainihg

(15,2R)-15€ + ent-1

26

T ST ERP R (R 1
100 150 200 250 300

. time (min)

Figure 1. Kinetic plots for acylation of 26 and 15e with isobutyric anhydride
promoted by PPY and ent-1. See Suppotring Information for details: = @ .




Similar kinetic phenomena were observed in the acylation of 15a and 15¢ with ent-1.

Table 5 summarizes the kinetic proﬁles ‘for the ‘acylat‘ion of 1‘5a‘and 15¢ as well as thpse of 26
and 15e pfbmoted by PPY or ent-1. Rafes for the acjflatidn Qf aléoﬁols are 'sho’Wi:]rré’létive to
that for 26 using PPY. 'A'cylatio‘n‘of racemic-15a with PPYproCeeds slowly compared to
that of 26 with PPY, whose relative rate for acylation is 0.16 (krel-PPY¥O.‘16)" (entry 2). The
acylation of the SIOWQreacting enantiomer with en#-1, (1R,28)—1154#, proceeds‘ at a rate
comparable tb that with PPY (krel-erni-lk=0.18; accordiﬁgly, fhe ratio of krel-en’ty-lhto ‘kreI-PPYI
{krel(eﬁt-i/PPY)}=0.18/0.16=l.1,f entry 2). On the other hand, the fﬁét—feécting enantiomer,
( 1S,2R)-‘15a, undérwenf acylatio‘n‘ With em“-‘liy 53 timesk as fésf as that Wlth PPY (krel(ént-
1/PPY) = 5.3, entry ). Similarly, the k(ent-1/PPY) values for the fast-reacting (15,2R)-
150 and the slow—reactlng (IR,ZS)-ISC are 7.7:: and kl.(k), krespectivekly (entry3) - Ent-1
promotekd!th‘é‘ écYIatioﬁ of the slf)W?reacfing enantiokm‘e‘fat: rates simﬂar ‘to" thfoyske, with k’PPY fér
155, 15¢ and 15e; \kvhﬂie ééyiation kof k'th'e fést;féacting enanﬁorher w1thent—1 kprocze‘édied 5.3,
7.7, and 12 times faster, respectively (which are comparable to the respective s values of
. kiriétic resohitioﬁ: 40, 87, and 17), than w1th PPYk‘(entfies 2‘-4‘)."‘ All of‘ thesé? results are
consistent With the aCcelerativekdiks‘crihlinka‘tion of an enantkiomer}aé the origiﬁ of the kinetic

resolution..
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Table 5. Correlation between relative rates for aéylé’cidh‘ and s value of the kinetic resolution?

~, entry substfafé k krei-PPYb"

(1S,2R)-15a 0.85 5.3

2 ; 0.16 4.8 4.0
e ARISISA e s 08 1l
BSIRYEISe b sl g
3 e 53 77 8.7
(lR 25)-15¢ : 53 1.0
4 _(152R) ¢ . 5o 31 12 L i
; (1R2S)15¢ T e

~a) Rates are shown as relative rates to a rate for acylation of 26 with PPY. Kinetic
measurements of acylation were done by 400 MHz 'H NMR at 2242 °C in CDCl; and the

- kinetic resolution was performed in CHCl; at 20 £2 °C. See Supporting Information for details.
b) Rate for acylation of a substrate promoted by PPY relative to that of 26 by PPY. Racemic
15a, 15¢, and 15e were used for the kinetic study with PPY. c) Rate for acylation of a substrate

- with isobutyric anhydride promoted by enz-1relative to that 0f26 by PPY. d) Ratio of k-ent-1
to k;orPPY. €) Ratio of k;ep-ent-1 for (15,2R)-isomer to k-ent-1 for (1R,2S5)-isomer. f) S-value

experlmentally determined by the kinetic resolution of the racemate. o

" ‘Acggie;ative behayior was ’also‘ f)bséfved m th¢ competitive! acylation of different
substratqg; : Apylgﬁyoyr;‘of a 1{:1 rnixturé of (5 ~e§@iv. of each krelatikvye tp isobutyric anhydride)
of cis- and trans-amino alcohol derivatives 15e (s=17 with ent-1) and 25 (s=1.5 Wﬁ,h ent-1)
with isobutyric anhydride in the presence of ent-1 gave 16e (86% ée) and 25a in ak90:10 ‘ratio
(Scheme 1). On the other hand, a similar treatment of the mixture with PPY gave 16e and
ZSa in a 54:46 ratio. Since the ratio obtained in thé latter reaction proiﬁotéd by PPY seems
to reflect the intrinsic reactivity of the substrates toward acylation, the ratio obtained in the
former reaction appears to be the result of a substrate-specific accelerative acylation caused

by catalyst ent-1.
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(IOH i "OH (iPrC0O) -0, collidine OCOi-Pr “"OCOIPr

’ ; CHCh, 20 °C : R
racemic-15e racemic-25 . 16e  25a
Ar=CeHypNMep  catalystent1 :16e (90%, 86% ee), 25a (10%)
PPY :16e (54%), 25a (46%)
‘Scheme 1

Ther‘m’odynamicj Nature of Acylpyridinium Ions

The Qbseryed accelérativé acylatién of 1 53, 15c? and 15e (Table 5) ‘in;tfhe p%es‘encé‘(‘)f
entfl cogld be due to either ?r&erential kfck)r:mation kkof the acylpyridinium ion 27 ffofh ent;l
over the acylpyridinium ion 28 from PP\C :a'nd/or a higheri reac;tki\’/ity of ~2‘7 ktokward the
acylation of (15,2R)-15 thaxi 28. To clarlfy this issue and to :inv‘kestigakte thé nature éf 27 and
28_, the equilibriufn befwe@ the ;:atalysfs and théir acylpyridinium ions Was’inves‘.ti,‘g‘at’éd. In
this paper, the structure of the acylpyridini’Umkkion is drawn as 28 and not ag 28" becaﬁse of kthe

reported X-ray structure of several N—acyl-4-dia]kylaminopyridinifn ions.'®

r

o0, 00,

28 28'

The process t‘h‘ey,k formation of the acylpyridinium ion from en#-1 with acetic

anhydride, instead“‘ofgigsktﬂ)kb: tync nhYdr;ide, was investigated because of simplicity of the

analysis."” The fo@ilatioﬂ of acy] yr1d1n1um ion 29 from ent-1 and acetic anhydride was

~ monitored by variab‘lyé-"gern‘ rat HNMR of a CD,Cl solution of 0.1 M ent-1 and 0.15 M
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acetic anhydride (Scheme 2, Table 6). Slgnals of 29 appeared separately below —20 °C due

to their slow interconversion The posmon of the equrhbnum was dlrectly determlned from

the ratio of 29 to ent-l in the temperature range of —65 p~’ —20 °C (Table 6) The
| thermodynalrnc ;pararneters for‘}the equilihriurn between ent-1 and 29 were determined from
the data to be AH = -9.1 keal/mol and AS = 35 eu. Similarly, those for the equilibrium
between PPY and k‘30 were determined to be AH = —5.4 kcal/mol andi AS = 422 eu. The
' more-negative enthalpy and entropy for the formatlonof the acylpyr1d1n1um1on29 than for
:30 suggests that of the contrlbutlon ef the naphthalene r1ng of ent—I may contrlbute to
formatron ef the aetttpyrld1ntum 1en; Although it was not pos51b1e to drrectly determme of
kthe posrtren of the equrhbrrum’between ent—l and k29 at ’20 °C due to rapld 1nterconver51on
the equtllbrrurn eunsta;nt (K) at 20 O‘C was estlmated to be O 13 based on the thermodynamlc
kuparameters Stmllarly, the estlmated equlhbrlurn constant (K) for the formatlon of 30 at
k 20 °C was 0 15 Thus, under these condltlens for kmetlc\ resolutlon at 20 °C, the amount of
the reactive acylpyrldlmum mtermedlate k fernred frorn ent—l ‘seemed’t’o‘heeemparahle to that
from PPY. k ThlS suggests‘ that the faster acylation: oif (1S,‘2R)—15 ebservéd in the Pfegen(‘:é of
ent-1 ’contlpared tO thatln the presence of PPY i:,s’not due tothe favorable forrnatiqn of the
reactitre mtermedrate 27 Iotter 28,k but rather tothe higher reaetiyity of 27 ouer : 28 teward

(15,2R)-15.
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Table 6. Position of the equlibrium for the formation of acylpyrldlmum ion 29 and
30 from ent-1 and PPY, respectively

entry temp(°C) formaton ~ AG  formation  AG
0f29 (%)  (kcal/mol) of 30 (%)  (kcal/mol)

20 17 022

1
2 =25 22 -0.39
3 -30 28 -0.56
4 -35 36 -0.75
5 L=40 43 -090 19 - =027
6 -45 51 -1.07 23 -0.39
7 -50 57 -1.18 26 -0.46
8 ~-55 68 -1.41 29 -0.53
9 . -60 77 -1.62 36 ~ -0.68
1004 -85 85 -1.85 42 =079
11 .+ =70 50 =092
12 -75 ; i 56 - -1.03
13 80 T 64 116

| a) The ratio of the acylpyridiniuni was determined by variable temperature "H NMR of
a CD,Cl; solution of 0.1 M catalyst and 0.15 M acetlc anhydnde See Supporting
Information for details - e

‘AH =~ 9.1 kecal/mol -
- AS=-35eu

AG 2g3z= 1.2 kcal/mol

K(20°C)=0.13

ent-1‘ + ACS0 =

AH =~ 5.4 kcal/mol

- =\,  AS=-22eu
PPY + AcO = O\I=Q‘® : AG 993= 1.1 kcal/mol
30

K (20 °C) = 015

" Scheme 2

Functlonahty and Propertles of Catalysts

To elucidate the effects of the hydroxyl group and the naphthalene ring in ent-l on its

catalytic function, the corresponding methoxy derivative 31 and butyl derivative 32 were

prepared and their catalytic properties were investigated. Kinetic resolution of racemic-15e
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with isobutyric anhydride promoted by 5 mol % of 31 proceeded with s=1.1 (Table 7, entry 2).

Surprisingly, the kinetic resolution of racemi@l'Se'wk 32 oceeded with high selectivity

(s=16), ~cohi£)établé té‘ that; Wlthent-l (égtﬁes 1 and 3) T ol cléquy indicate that |
the hydroxy group tﬁ'ent—i zs ‘essentz'fatfotylyf:‘é}ﬁanl‘iose{‘lwe tive catalysis in thé kinetic resolution
of 1‘5e,‘f while the naphthalene ring ;‘}is"not. This;frobsefv‘ati ‘ontradiéts a previously
proposed mechanism involving -7t tttteraction caﬁsed, by the,z‘, aphthaletie ring and the
pyridinium ring” | |

~ cat (5mol%), (iPrCO)0

racemic-15e - > 15e +l1f6ye
cwmmuwmwmzmc :

Table 7 Effects of functlonahty in chlral pyrrohdmopyndmes ent1 31 and 32 on the
- enantioselectivity of kinetic resolution of racemic-15e . . :

entry cat time (h) (i-PrCO)s conversmn ee of recovered ee of 16e s

. mol%) (R 15e(®%) (%)
Ioaenttiseaiia T T oTeg L s g

3.8 1 70 D 0 T 16

To clarify the origin of the enantioselective catalysis of en#-1 and its derivatives, the

structures of the catalysts and the acylpyridinium intermediates were further inVéstigatéd.

Structural Analys1s of Nucleophlhc Catalysts and Thelr Acylpyrldmlum Ions

Flgure 2 (a) shows the X-ray crystallographlc structure of 1 The naphthaleﬁe ring
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and the pyri‘d;ine‘iring *:are.lecatedf far from each other, indicating that there is no interaction
between:thern!;‘,"-* ‘A-NE study of 1 in CDCl; at 20 °C indicated a solution-structure (Figure 2,
(b)) similar to a;‘{he crystal structure.  The optimized geometry obtained by ab initio MO
calculation with B3LYP/6-31*//HF/3-21* was consistent with the crystal structure (Figure 2,

(©)-

(a) Tl _f,(b)pf

Figure 2. Structural analysis of 1: (a) crystal structure, (b) solution structure in CDCl; at
20 °C: . Arrows denote the selected NOEs observed, (c) Ab initio geometry with.
- B3LYP/6-31G*//HF/3-21G*

The the structure of the acyipyri’diniumﬁ ion 27 generated from ent-1 Wésfthén

22 Upon formation of the acylpyridinium ion, protons H* and H® shift

investigate (Figure 3)
toa h1gher ﬁeld by 0. 56 0. 68 ppm Whereas H° and Hd shift toa lower ﬁeld by 0 50- 0.72 ppm
(Fi igure 3, ent—l and 27) Assumlng that Aé O 85 1 08 ppm (A6 Value on the formatlon of 28
from PPY, see Figure 4) is the standard deviatiOn in the chemical shifts forathe forming the
acylpyridinium ion, the observed AS for formation of the acylpyridinium ion 27 from en#-1
‘I;nkdicates"k that pretons H® and H® are stréhgiy shielded while HC and H are slightly shielded.
Aeebrdingly; we pr'e{ribﬁsiy'pmpos‘e‘d structure A, where the naphthalene ring is located in an

offset face-to-face orientation with the cationic pyridine ring via m-n interaction.”* However,
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alternative structure B is also possible based on ‘the;,}HféNMRi:da'ta;fWhere the naphthalene ring
is located perpendicular to the cationic pyridine‘:ri‘ngiv‘iafé‘ edge-to-face m-m interaction.”” It
is not“pé"s‘siblefto discriminate between ‘ithesec%two confonnétions' solely on the basis of the 'H
NMR. The ab initio optimized geometry of the acylpyridinium ion at the B3LYP/6-
| 3 IG*‘//HF-/S -21G* level indicated an edge-to-face structure as ‘ShQan"in‘~fC (side view) and D

(top view). Based on the NMR study and ab initio MO geometry; B is the more reliable

structure of the acy1 fyridiniUm ion 27.

e
(3.73)H HY C

ctural analyses of ent-1 and its acylpyridinium ion 27 : A: a previously -

ture deduced“by H NMR. Naphthalene and pyridinium rings are located in an offset
face-to-face orientation via n— interaction, see reference 2, B: proposed structure deduced by 'H

- NMR. Naphthalene and pyridinium rings are located in an ‘edge-to-face orientation via w-m
interaction, C: side view of the calculated structure at B3LYP/6-31G*//HF/3-21G* level. Protones
~ are omitted and the naphthalen ring is colored green for clanty D: top view of the calculated
- structure at BSLYP/6 31G*//HF/3 21G* level. ~ e

k ' To understand the unexpected behavior in the enantioselective catalysis df 31 an’d 32,
~ we investigated the structurures of the acylpyridinium ions by H NMR and the ab initio MO

‘method (Scheme 2). The acylpyridinigm idns‘ were prepared by mlxmgcatalysts (PPY, 31,
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and 32) and one equlvalent of 1sobutyry1 chloride in CDCls in an NMR tube.  Protons H*-H¢

of acylpyrldlmum ion 33 ‘gx nerated from 31 appeared 1ndependently at 7.40, 5.27, 9.40, and
7.35 ppm, respectlvely, due to the fixed rotation of the N* *C bond n an NMR tlme-scale.
Protons were unambiguously ia’Ls‘sigrkled*based on COSY cross—peaks; bétwe‘en SH‘Gl and H®, and
° and H? as well as a NOESY cross-peakkbetween H® and H®. As observed in 27, protons
H® and H" of 33 are su‘oﬁgly shielded and Hc and H? are ~slightly shielded, whichﬂindicates that
the 33 and 27 have 'siﬁdilar structures On the other hand protons H - Hd of 32 are all
shifted to a lower ﬁeld by 0. 28 0. 79 ppm upon formatlon of its acypyndlmum ion 34.
Protons H® and H® of 34 ‘shkowed chemical shifts similar to those of Hck,andkH, because of the
absence of a:nisbtro;‘)ykof ’theknaph‘ichlalenie rmg _:Thke' ab 1n1t10ge0metry 0f33agaln indicates
structures E (Sidé View) ond F (top‘\’fiow’) (Figﬁfe 5),, whof,e,:thé; n"aﬁl‘l‘tholo’lxle:ring_is inan edge-
to-face orientation with the pyridine‘fing, which is similar to the arrangement in 27. The
ab initio geometry of 34 is also‘shown in G (side view) and H (top view) in Figure 5. These
ab initio geometries E-H of 33 and 34 are compatible with observed 'H NMR chemical shifts

of acylpyridinfum ions 33 and 34 shown in Figure 4.




Figure 5. Optimized structures of acylpyridinium ions 33 and 34 with
- B3LYP/6-31G*//HF/3-21G*. Protons are omitted for clarity E: side view of the
opumzed structure of 33. The naphthalene ring is colored green for clarity, F: top7 ‘
view of the optimized structure of 33, G: sxde view of the optlmlzed structure of 34 :
H: top view of the optimized structure of 34. DR e 5 -

i Structures C - H provide a possible explanation for the observed accelerative

acylation in the kinetic resolution of 15 and th,e“differénces n enaritioselectif\{e' catalysis

beﬁveen ent-1, 31, and 32. Figure 6 depicts a possible transitionétafe assembly of 15e and
thek acylpﬁidinium ion 27‘; . :Thefast—reacting enantiomer‘ with ent-1, k(lS,2R)-15e,«, would
: apprd‘aéh ‘k,ﬁ*omﬁthe ,sterically m‘orekdekmand'ing concave face of 27 via transition state hydrogen
bonding ;Eeyytwee‘n C(8)-OH and the amide carbonyl of 15e;(Figure 6,1 and kJ),26 - etiich may

explain both the critical importance of the hydroxyl group in the catalyst for high

enantioselectivity (Table 7, entries 1 vs. 2) and accelerative acylation (Figure 1 and Table 5,
“entry 4). Saturation behavior for the em#-1-catalyzed acylation of 15e was investigated.

Figure 7 (a) shows.a plot of velocity constants for the acylation of (1S,2R)-15¢ with ent-1
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~versus its concentration, indicating saturation behavior and that the acylation follows the
Michaelis-Menten equation with Vmax=0.8 x 10° M/sec and Km = 16 mM.  This suggests
the formation of complex 35 (Scheme 3) between (15,2R)-15e and 27 ,"probably via hydrogen-
bonding, prior to:‘,thef acylaﬁon. On the other hand, hydrogen bondingl is not beneficial for
the;transition'lstate.f'ofthe acylation of slow-reacting enantiomer, (lR,ZS-:ISe,::With 27, due to
the severe steric interactions between the protective group of amine and the naﬁhfhalene ring
(Figure 6, K, L). Thus, it would alternatively react with least steric interaction from the
convex face of the acylpyridinium ion without hydrogen bonding between the substrate and
the catalyst, as shown ink M Consi‘s‘fent:with this hypothesis, k(iR,ZS)—lSej,,did‘knot show
saturation behavior for tﬁe acylation with en#-1 under the molar range within \‘Nﬁicﬂk(lSﬂR)-
15e did (Figure 7 (b)). The putative transition state structﬁre, M, may be similar to that with
- PPY, N, which might account for the observation that the acylatipn of the slow-reacting
enantiomer by ent-1, (1R;2S)—15, has‘ a rate cqmpa;ali)‘le’ %co, that by PPY (Figure 1 and and

Table 4, entry 4).

N ; i L S
0.02 0.04 0.06 0.08 0.1

concentration of (1R,2S)-15e ..

~_Figure 7. Plot of velosity constant (V) for the ent-1 catalyzed acylation versus concentration
of (a) (1S,2R)-15e and (b) (1R s e : :




Figure 6. Possible transition state assymbly betweem substrate 15e and acylpyridinium reactive

‘intermediate 27. I: assembly between fast-reacting (1S,2R)-15e and 27, J: top view of I, K: unfavorable

assembly between slow-reacting (1R,25)-15e and 27, L: top view of K, M: favorable assembly between
~ slow-reacting (1R,25)-15¢ and 27, N: assembly between slow-reacting (1R,2S)-15¢ and 28a

A speéﬁlative overall feature o"f the enantiéselective acy1ation of ( 1S,2R)-15e ‘
prorhotéd by ent-1is shown in Scheme 3. Cataiyst ent-1 exisfs ina conformaﬁon where fhe
naphthaléﬁe ring is located | far from ‘the i)yridmé ‘ring." Upon ‘formation of the
acylpyridinium ibn, 27 adoPts an edge—to-face n-nt geometry due to the catibnic natﬁre of the

pyridine ring. This conformational change disposes the hydroxyl group at C(8) to substrate-
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binding, resulting in the formatioh of a compiex formation between (1‘5,2R)‘-15e* and 27 via
the hydrogen—bondiﬁg interaction, as shqwn in 35. Immediately after the facile acylation
takes place through'trégsﬁiéﬁ éfate t,‘rthe, naphtﬁaléne rlng ké‘f 36 ‘should‘ «chénge fits:geométrtho
the orikginalk oné of ént-l; since the pyridine ring is no longer cationic. This change 1n thé
éonfonnation of the naphthalene moiety would expel the acylated product ,(1S,2R)—16e "from
36, which may avoid ‘product-inhibition of the catalytic-oyele U THA mechanism is highly
speculativé and is not based on conérete evidence,k ,H‘owevér, we believe that this mukstkbe
closer to the nature of fenantioséklective ca'tal‘y‘s“i‘sj' prdfn(jtéd by ent-1 ’th‘anf our 'p’reviously

proposed mechanism.?

I 5%‘?‘3%& _HO
“(iP sildgs ek
(I‘ rC0)0 Mw o
(AT ‘5,g:z:f . %ﬁ&mi &

g
i

+(1S2R)15e —=——
S

i o7
NMeo

Scheme 3
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1 Introductlon

Nonenzymatlc methods for stereoselectwe acyltransfer reactlons are hlghly mterestlng tools for
orgamc synthe31s Stereoselective acylatlon in this context is apphed for kinetic resolution of
racemlc alcohols and fonnatlon of quaternary carbon centres”. Recently the desymmetnsatlon of
meso- dlols by stereoselectlv acylatlon was reported with prormsmg results As nucleophlhc

3c,d 4 1a;3e

catalysts metal complexes , tertlary phosphines'®”, tertiary amines and pyridine

derlvatlves are used

OH chiral catalyst 0,CR

(1 L o

AN

Y

meso-compount chiral compount

Scheme 1: Desymme‘msai;n‘@a@a@g By eartial acylafion (g 1"2-cykc'1yohéxanédiai); e

: Smce 4-pyrrohd1nopyr1d1ne (PPY) was dlscovered to be the most acceleratlng acylatmg catalyst
a number of ch1ral PPY denvatlves has been synthes1sed6 A challenge for the development of
ch1ral PPY denvauves 1s to keep catalyt1c act1V1ty whlle 1ntroducmg chlrallty Because

1ntroduct1on of chiral centres nearby pyrldlne mtrogen strongly decreases catalytlc reactwlty

a) Priem, G.; Pelotier, B.; Macdonald, S.J.F.; Anson, M.S.; Campbell, I.B. J. Org. Chem. 2003, 68, 3844; b)
Spivey, A.C.; Maddaford, A.; Fekner, T.; Redgrave, A.J.; Frampton, C.S: J. Chem. Soc., Perkin Trans. 1 2000,
3460; c) Naraku, G.; Shimomoto, N.; Nanamoto, T.; Inanaga, J. Enantiomer 2000, 5, 135; d) Sano, T.; Imai, K.;
Ohashl K.; Oriyama, T. Chemistry Letters 1999, 265 e) Somfai P. Angew. Chem. 1997, 109, 2849; l) Vedejs,
; Chen, X. J. Am. Chem. Soc. 1996, 118, 1809; g) Vedejs, E.; Daugulis, O.; Diver, S.T. J. Org. Chem. 1996, 61,
430 h) Oriyama, T.; Hori, Y.; Imai, K.; Sasaki, R. Tetrahedron Lett. 1996, 37, 854; i) Evans, D.A,; Anderson,
1.C.; Tayler, M.K. Tetrahedron Lett. 1993 34, 5563; _}) France S Guerm DJ Mlller SJ Lectka T. Chem.
Rev.2003; 103,2985.
a) Fu, G.C.; Hills, LD. Angew. Chem. Int Ed. 2003, 42, 3921 b) Fu, GC Mermerian, AH J. Am. Soc 2003,
125, 4050; c) Shaw, S.A.; Aleman, P.; Vedejs, E. J. Am. Chem. Soc. 2003, 125, 13368. :
a) Vedejs, E.; Daugulis, O.; Tuttle,N. J. Org. Chem. 2004, 69, 1389; b) Mizuta, S.; Sadamori, M.; Fujimoto, T.;
Yamamoto, I. Angew. Chem. Int. Ed. 2003, 42, 3383; ¢) Matsumura, Y.; Maki, T.; Murakam1 S.; Onomura, O. J.
-~ Am. Chem. Soc. 2003, 125, 2052; d) Trost, B.M.; Mino, T. J. Am. Chem. Soc. 2003, 125, 2410; e) Oriyama, T
Imai, K.; Hosoya, T.; Sano, T. Tetrahedron Lett. 1998, 39, 397.
~ Vedejs, E.; Daugulis, O. J. Am. Chem. Soc. 2003, 125, 4166. - -
a) H fle, G.; Steglich, W.; Vorbr ggen, H. Angew. Chem. Int. Ed. 1978, 17, 569; b) Hassner, A.; Krepski, L.R.;
Alexanian, V. Tetrahedron 1978, 34, 2069; ¢) Murugan, R.; Scriven, E.F.V. Aldrichimica Acta 2003, 36,21. ‘
a) Spivey, A.C.; Fekner, T.; Spey, S.E. J. Org. Chem. 2000, 65, 3154; b) Spivey, A.C.; Fekner, T.; Spey, S.E.;
Adams, H. J. Org. Chem. 1999, 64, 9438; c) Spivey, A.C.; Fekner, T.; Adams, H Tez‘rahedron Lett 1998, 39,
8919; see 1a, b, f; 2¢; 11.
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In our current project we gained wide ranged experience with introduction of chiral centers

attached to the pyrrolidine moiety of PPY’1-3.

PPY previous generations of PPY analogues new G, symmetric PPY
Scheme 2: PPY derivatives with chiral center on the pyrrolidine part.

A unique feature of this catalyst-design is that chiral elements are not present in the catalytical
active pyridine ring. Because of no steric congestion around the nucleophilic nitrogen, very high
catalytic activity is achieved (5-0.5 mol% catalyst). Additional advantage is that the PPY

catalysis did not require any presence of metals to promote the reaction.

Scheme 3: Previously synthesized examples of C,-symmetric PPY derivatives.

In the development of asymmetric synthesis the advantage of chiral auxiliaries having a C,-axis
of symmetry has been demonstrated by numerous examplesg. Because of the Cz-symmetry the

molecule get two equal sites’, the number of competing diastereomeric transition states is

a) Kawabata, T.; Stragies, R.; Fukaya, T.; Nagaoka, Y.; Schedel, H.; Fuji, K. Tetrahedron Lett. 2003, 44, 1545;
b) Kawabata, T.; Stragies, R.; Fukaya; T.; Fuji; K. Chirality 2003, 15, 71; ¢) Kawabata, T.; Yamamoto, K.;
Momose, Y.; Yoshida, H:; Nagaoka, Y.; Fu_]l K. Chem. Com. 2001, 2700 d) Kawabata, T.; Nagato, M.; Takasu,
K.; Fuji, K. J. Am. Chem. Soc. 1997, 119, 3169.

a) ApSimon, J.W.; Seguin, R.P. Tefrahedron 1979, 35, 2797; b) Mukaiyama T. Tetrahedron 1981, 37,4111 ¢)
Evans; D.A. Aldrichimica Acta 1982, 15, 23; d) Knowles, W.S. Acc. Chem. Res. 1983, 16, 106.

Whitesell; J. K. Chem. Rev. 1989, 89, 1581




reduced and atoms on the C; axis are chirotropic but not stereogenic centres'”, therefore the

synthetic access usually should be easier.

First examples of C,-symmetric PPY analogues were descnbed recently (Seheme 3)!". However
‘m this cases for the kmetlc resolutlon of secondary alcohols generally low selectivity was
observed Therefore for thlS type of catalyst stereoselecthty maybe can not achieved only by

1ntroduct1on of sterical demandmg groups to the pyrrolidine nng

Takmg the above remarks carefully in ‘account it was planned to develop a new 2,5-substituted

PPY derivative 4 with C,-symmetry.

Mlslow K S1egel J. J. Am. Chem. Soc. 1984, 106, 3319

B Naraku, G.; Shimemoto, N.; Nanamoto, T.; Inanaga,J Enantiomer 2000, 5 135 see lb,ﬁ};
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2 ‘Result‘s and Discussion

2.1 Synthesis of trans-N—(4+Pyﬁdih0)—pyrrolidin—2,5-dicarboxylic acid

211 Synthetlc Strategles

The first part of the project enclosed the synthe51s of trans-N (4-pyr1d1no)-pyrrohdm—2 5-
d1carboxyhc acid as key step for further approach to the desired Cy-symmetric nucleophlhc
catalysts To obtain the key molecule we planed two strategles (Scheme 4). The first was C-N
bond formation (1) between pyndme in 4-posmon and a correspondmg 2,5- dlsubstltuted
pyrrolidine. The second way was assembling of the pyrrohdme system around a mtrogen on

pyridine in 4 position by simultaneous or successive formation of bonds 2 and 2«

Scheme 4: Strategic bond formation for synthesis of trans-N-(4-pyridino)-pyrrolidin-2,5-dicarboxylic acid.

2.1.2 Coupling Experiments of 2,5-Disubstituted Pyrrolidines

To accomplish C-N bond formation between pyridine 8 and" 2, 5-disubstimted pyrrolidine
derivatives' (Scheme 5) several reactmn COlldlthIlS using a variety of pyrrohdme derlvatwes
were investigated, hovvever not any of them are able to provides the desured compound ina

useful amount (Table 1). :

R! \;R3
i \ Rs coupling. ..~ o \ 4
R\Q conditions R MR
20 ONT T RA g —>
sRe l‘\l o RY ~ N
H I
: )
. ; : N
7 8 9

Scheme 5: Coupling of 2,5-substituted pyrrolidines with 4-substituted pyridines

% For synthesis of trans-z,5«—Pyrfolidinedicarboxylic acid dimethyl ester see 16b. |



It is assumed that mainly the high sterical dem dm 1r umstances of 2,5- dlsubstltuted

pyrrolidine nitrogen are causally connected to this type of dlfﬁcultles

entry 7.9 s G e 8
R' RZ ‘Fié?l?Rz: iiipsaatinn e ge e

' a) PA(OAC), BINAP CsCOs

couplmgcondlt;ons‘ b die yield

1 "~ H COMe H COMe Br H ; -
Toluene, 95 1C 24h

2 H COMe H COMe Br ‘H“"b)DMSO,(Pr)ZNEt,;1~20—1501C <
3 H COMe H COMe OPh ~ H c)neat, 180;C,20h -
4 H COMe H COMe NCHsHCI H d)neat 170C,1h :
6 H  CH,OMe H CHOMe Br | Hlog e e s ety e
7 H CHOMe H CHOMe Br H THFBuLit. 3%

8 H CHOMe H CHOMe Br 'H  THF,BuLi,Cul At b

9 H CH,OMe H CH,OMe H Br THF, BuLi, rt. -

10 H CH.,OMe " H CHZOMeVV-B‘r‘ H  THF, NaH, reflux, 20 h -

1 CN H H CO,Me Br H a 17 % cis-, 4 % trans-

12 H CN._ H CO,Me Br H a traces

13 H CN H COMe Br H b -

14 H CN  H COMe OPh H -

15 H CN H CN Br H a -

16 H CN HetENoto F Bran "H b~ -

17  H CN  H CN  OPh HoC i TR

8 H CN  H CN  Br "H  THF, NaH, ‘reﬂux,zohk .

19 H CN  H ON  Br 'H  DMF,NaH,80iC,20h -

200 H CN H CN Br H Ko.COs Nal, DMF, 85{C,20h -

Table 1: Reactants and reaction conditions for coupling of 2,5-substituted pyrrohdmes

It was ‘tried to oveféome this problem by succ,e:ssive: introduction of sterical less demanding

cyano groups'>'* (Table 1). Because of this, really the desired 'pyridine derivative could be:

obtained, but also under drastic reaction conditions C-N coupling did not occurs in preparative

3 a) For synthesis of 2-Cyanopyrrolidine-5-carboxylic acid methyl ester see Xia, Q.; Ganem, B. Tefrahedron Lett.
2002, 43, 1597; see also 19; for synthesis of 2,5-dicyanopyrrolidine see Mclntosh, J M. J Org. Chem. 1988, 53,
447; Royer; J.; Husson, H.P. Tetrahedron Lett. 1987, 49, 6175; Takahashi, K.; Saitoh, H.; Ogura, K.; lida, H.
Heterocycles 1986, 24, 2905. .
For a example of successful palladlum med1ated coupling of 4- bromopyndme w1th a 2 5 alkine substituted
pyrrolidine see 11. stk -
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usefull yields. This kind of difficulties for coupling of 2,2"°- and 2,5'°-disubstituted pyrrolidines

and 4-substituted pyridines was also recently. independently described.

213 Assembhng of the Pyrrohdme ng System

The first experiment according. to this strategy starts from oL, 0 -dlbromo ad1p1c a01d ester closed
- to a standard approach to 2,5-disubstituted pyrrohdmes (Scheme 6). We found that because of
- the intrinsic properties of the 4- ammopyndme structure the nucleophlhc character of the ammo
group is strongly decreased which prevents ring closing reaction under mild cond;tlons. yUsmg of

the more reactive disodium amide'® leads to decomposition of the o-bromoester.

NHy - o S
0 o) s a) (Pr);EtN, THF, reflux
/ + Xy,  b)NaH, THF,reflux
o} BrBr e} >
N/ no ring closing

Scheme 6: Disubstitution of 4-aminopyridine.

2.1.4 Preparative Approach from L-Glutamic Acid

1BuO,C ~ 4,CO,Bu BuO,C.. CO,Bu
‘ Br\/\( . ’ 2 v\( ;

ENHo T e i HING 5 ) oo
|
o oN-
N -
- HSs4
R1 . i
* CO.Me
S8, HS113] ————>
"HS1131(R'=CN,R2=H) . o HsuT

HS1131 (R'=H, R®=CN)

a) Pd(OAc)z, BlNAP CSZCO3,toluene 95 {C,20 h;>95 %.b)i:conc; aq. HCl, t., 2 h i SOCIQ, TFA,
rt, 20 h; i methanol, reflux, 2-3 h; 69 % over three steps. c) i: DIBAH, BF3xEt20 THF,-73 {C, 40 min.;
ii: TMS-CN, TMS-OTf, CHyCly, rt, 20 min; iii: CHCI3, HOAC, reflux, 6 h, 35 % over three steps,

cis [ trans ration = 2/1. d) i conc. aq. HCI, 85 |C, 5 h; ii; EtOH, propene oxide, 78 %.

Scheme 7: Synthesis of trans—N—(4~pyridino)-pyrrolidinez,S-dicarboxylic acid (HSIlk7).

12 Pr1em G.; Anson, M.S;; Macdonald SJF; Pelotler B Campbell L.B. Tetrahedron Lett 2002 43 6001

a) Koh, K.; Ben, R.N.; Durst, T. Tetrahedron Lett. 1994 35, 375; b) Yamamoto, Y.; Hoshmo ¥ Fuﬁmoto Y,
Ohmoto, J.; Sawada, S. Synthesis 1993, 298.




A successful approach was developed starting from (S)-glutamic acid after its transformation to

the di-rert-butyl ester'’. (S)- Glutamic acid is a easily available starting material from chiral pool.
The C-N bond formation with 4 bromopyndlne us1ng mild palladium mediated cross coupling

18 occurs in excellent yield. After cleavage of . the tert—butyl ester HIS84 with

conditions
 concentrated hydrochlorrc acid the resultmg d1carboxyhc ac1d was cyclised with thionyl chlorid
in quantltatrve y1e1d The acid chlonde Was refluxed with methanol to obtain the methyl ester

- HS87. These condrtlons must be controlled carefully because also slowly rlng opening occurs by

a01dlc methanolysrs r

4[9\(30 Me , b NQCO Me
o b2 DIBAH, THF, 75;C,15h  HO 2

+ 'up to 30 % side product

“ g S

HS87 ; ~cisftransratio2:1 .

Scheme 8: DIBAH reduction of HS87.

The reductlon of the amrde carbonyl from N—pyrrdyl substltuted pyroglutam1c acid HS87 forms a

large amount of a side product by co-reduction of the ester moiety (Scheme 8). Experlments to

optimize the select1v1ty by adjustment of DIBAH / substrate ration, time and temperature showed

only very hrnlted influence. Also a variety of alternative reducing reagents (Selectrlde, Super-

Hydride, sodium borhydride) were checked regarding here selectivity of reduction without any

promrsmg result.

N—Benzyloxycarbonyl (Z-) protected pyroglutamic acid methyl ester is highly selective reduced

by DIBAH only on the amide moiety 9. If instead of Z-group a pyridyl moiety is located (HS87),

as we found the selectivity of DIBAH reduction is dramatlcally reduced. This shows that the

Select1v1ty of reduetlon 18 strongly influenced by differentiation between the two carbonyl groups

because of it different electronic properties. Enhanced discrimination can be aceornphshed by

Anderson G.W.; Callahan, F.M. J. Am. Chem. Soc. 1960, 82, 3359.
® Wagaw, S.; Buchwald, S. L. J. Org. Chem. 1996, 61, 7240,
19

a) Katoh, T.; Nagata, Y.; Kobayashi, Y.; Arai, K.; Minami, J.; Terashima, S. Tetrahedron 1994 50 6221; b)
Langlois,; N; Rojas- Rousseau ALy Decavallas; O. Tetrahedron Asymmetry 1996, 7, 1095; ¢) Corey, E.J.; Yuen,
P.; Hannon, FJ Wierda, D.A. J. Org. Chem. 1990, 55, 784. i .




kchangmg the alcohol part of the ester to more electron pushmg remdues or by making the

pyndme moiety stronger electron w1thdraw1ng

0L 1.S0Cl, TFA
2. THF, H,0

1.SOCl, TFA
2. EtOH; reflux

\ 4

isobutene, HZSO4,
dloxane

Scheme 9: Preparatlon of the ethyl and tert—butyl ester.

At first it was tried to increase the selectivity by changing the alcohol part of the ester The ethyl
ester HS177 gives under the described condition practical the same product mixture like methyl
ester HS87. '

TS
2 DIBAH, THF, -75 {C, 2 h
! AN
/

HS177 i ) cis / trans ratio 2 : 1 ‘

COzEt

+side prOd uct
(30-40 %)

\y,

Scheme 10: DIBAH 'réduction of HS117.

The correspondmg tert-butylester HS276 is selectively reduced only on the ‘amide moiety.
However further transformatlon to the aminonitril showed that the z‘ert—butyl group did not has
any influence on the ratlonof eplmer,formatlon (1 :2, trans is mmor). Taking in account that the
additional steps for preparation of the terz-butylester HS276 lowers the overall yield, it seem that

this rout is not much more applicable.
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: ¢& m. DIBAH, THF, Q . TMSCN, TMSOTf, Q Y
fe} N QOQBU -75|C,1Sh ‘ HO N COZBU CH2Cl21 rt 15 mm : NC - k ‘COZBU

A/

e k " Pz =
HS"276 L L o el o - cis/transratio2:1°

Scheme 11: DIBAH reduction of HS276 and aminonitrile formation,
Accordmg to earlier results kit was found that PPY derivéﬁves forms a very stable complex with
boron ~ friﬂuoride which should strongly increase the electron withdrawing properties of the
pyridine moiety. If HS87 1s treated ‘before DIBAH reduction with one equivalent boron
trifluoride diethyl ether COrnplex_the‘following'rednction occurs significant faster and with high
selectivity. If the substrate was treated before reduction with a alter‘native lewis acid like
~aluminium chloride the reaction proceeds unaffected in terms of conversion and selectivity.

After aqueous work up around 60 % of the product still appears as boron complex which can be
easﬂy assagned by proton NMR (broad signals of pyrldme protons). Complete cleavage can be
: ‘accomphshed under basic (CHC13, NEt;, reflux) or acuhc conditions (HOAc, CHCl;, reflux).
o The'obtained hemiaminal can be easily transformed to the aminonitrile by reaction with TMS-
CN under TMS-triflate catalysis™. .
For large 'qu‘anti‘t‘y"7 the obtained crude material after DIBAH reduction was directly further
transformed to the amino n1tr11e followed by cleavage of the boron complex by refluxing with |

acetic acrd 1n chloroform

1. BF3XEt,0, DIBAH, THF,-78 {C, 40 min
. 2. TMS-CN, TMS-OTf, CH,Cls, rt, 30 min
3. CHClI3, AcOH, reflux, 10 h, NaHCO,
~4.conc. ag. HC, 85 {C, 5h
5. EtOH, propylene oxide

A\

| Ny 16 %

HSS7(1269) : AT TR, “"'HS'117(2'.‘2"g):‘

Scheme 12 Optlmlzed synthetxc sequence of for synthesrs of HSII7 from HSS7

DeGoey, D.A.; Chen, H.; Flosi, W.J; Grampovmk D.J:; Yeung, CM.; Klein, L.L.; Kempf DJ. J Org Chem.
2002, 67, 5445
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The obtained mlxture of eprmers HS1 131, HS1131I could be separate by flash chromatography
After saponlﬁcatlon of the nitril m01ety to the dicarboxylic acid the separation of the amino acid
hydrochlorlde from the formed ammonium chloride is not simple. It was found that the ammo
acid hydrochloride is much more soluble in ethanol than ammonium chloride. After a first
separatron from morgamc salt by different solubility, the obtained solutlon Was treated with
propylene oxrde to precrpltate the free amino acid HS1 17 1n pure form. |
After this optimisation the remammg 11m1t1ng factor for overall yield is the stereochemlcal yield
(30 %) of trans-amino nitril HS113I because of epimer formation.

Every transformations keep the stereochemical integrity of C-2 1n1t1a11y prov1ded from (S)-
glutamic acid and furnished the dicarboxylic acid with 98 %ee. The described synthetic route
was scaled up to a preparative scope and the,keyintermediate HS117 could be obtained in gram

quantity.

2.2 Synthesis of Catalysts
For preparation of catalysts the carboxyhc acid HS117 was condensed with the correspondrng

amine or alcohol after its activation with 1- (3- dlmethylammopropyl) -3-ethylcarbodiimide

hydrochloride (EDCI) and addition of 1-hydroxy benzotriazol (HOBT).

o " Trp-OMe x HCI; WSC x HCI,
HO.C N CO,H-  HOBT, N-methylmorpholin,

DMF, rt, 20 h
AN P>
| ; 44 %
s
N

HS177 5 HS179
Scheme 13: Example for synthesis of a Cy-symmetric catalyst.

As solvent usually dlchloromethane was used. In some cases DMF was necessary to proceed
successful coupling reactlon After aqueous work up the obtalned crude materlal was analysed
by proton NMR. In any case no remarkable indication for racemization could be found Than the
crude products were purlﬁed accordmg to appearance by ﬂash chromatography, prcparatlvc TLC
(chloroform / methanol) or recrystalhzatmn In some cases (HS356 HS187) the products are

extremely insoluble in organic solvents and they could be isolated just by filtration and washing.

SN DS



Table 2: Synthesized chiral PPY based catalysts.




23 Des‘yrhmetri’sation‘ of méso-Diols k

2.3.1 Influence of Side Chain and Substrate
- To prove the hypothesis that the achieved stereoselectivity depeﬁds from a facial shieldiﬁg effect
of the side chain, a number of different side chains were introduced. Especially it was assumed
that aromatic side chains and the acylpyridinium intermediate are interacting, because of ,m-
interactions, which leads to a special shaped geometry of the catalyst. For the introduced side
chains in particular the fotlowing characteﬁstics can be diStinguiShed: .

e aromatic side chain (HS201) '

e aromatic side chain with chiral carbon (HS179 HS187, HS197, HSZ()Z)

e alkyl side chain (HS213)

® alkyl side chain with chiral carbon (HSZZO HSZGS)

o n- -alkyl side chain (HS308)
For desymmetrrsatlon experlments the correspondmg meso- drol were acylated under standard
conditions (Scheme 14) and the ratio of products and the enantiomeric excess of the

monoacylated product were deterrnmed

0.5 mol% catalyst
‘1.3 eq Isobutyric anhydride,
1.4 eq 2,4,6-collidine,

(IOH . CHCI3,20iC 4h OzC'Bu (Iozciau (QH
OH 0,CiBu ' “NoH

Scheme 14: Stereoselective desymmetrisation of meso-1,2-cyclohexanediol.

The results of desymmetrisation experrments (Table 3, Table 4) revealed that the side chain in
: general has a minor 1nﬂuence on the observed stereoselectrwty. ‘For mesofl,Z-cyclohexanedrol
(entry 2-10) nearly any catalysts shows a selectivity betWeen 70;80 %ee. Aromatic (entry 2 3,4,
5, 6) as well as. alkyl side chains (entry 7, 8, 9) leads to comparable results Even more a
additional chiral carbon in the side cham did not have a remarkable effect on stereoselect1v1ty

Surprlsmgly a n—hex ‘1 ‘yk‘,51de charn shows also for different substrates one of the best

stereoselectlv1ty (entry 10 20, 26). This makes clear, that in case of aromatic s1de chams T, T~

interactions if existing they are not essential for stereoselectivity and that they having no direct

influence on stereoselectr




Catalyst Entry meso-1,2-Cyclohexanediol Entry :h""ieso—T,‘S-Cyolot’iexanediot
PPY 1 0,3,75,22 sovniine i e 0,405, 39
~ HS179 2 73,0,8515 12 37,662,322
HS197 3 54127018 13 0,8,50,33
HS201 4 72107416 14 3810,69, 21
HS187 = 5 74, 5,70, 25 .15 21,9, 48 43
HS22 6 83,977,14 16 20,21,49,30
HS220 7 81,5, 75, 20 17 19,6,62,33
HS265 L8 54,6,76,18 St e |
HS213 9 71,9,72,19 19  26,28,60,12
HS308 10 87,3,7523 . 20 31,7,69,24

Table 3: Desymmetrisation of meso-1,2- cyclohexaned101 and meso-1,3- cyclohexaned101 as. functton of different side
chams (data are reported as %ee of monoacy]ated compound %startmg matertal %monoaeylated %diacylated,
20 .c CHCI;) ‘ ‘

Catalyst Entry meso-2,3-Butanediol - Entry , meso-Hydrobenzom

PPY 21 0,5, 75, 20 27 0, 14, 54, 32
HS179 22 53, 11, 78, 11 28  40,11,64,25
HS197 . L 29 23,1563,22
HS202 23 61.22,72.6 30 19,21,54,25
HS220 24 57.9.73.18
HS213 25 62,7,77,16
HS308 26 “66,‘9,78,13

Table 4: Desymmetrisation of meso-2,3-butanediol and mkeso-hydrobenzoin as function of different side chains (data

"'are reported as %ee of monoacylated compound, %starting material, %monoacylated, '%diacylated,‘ZO;; C, CHCI;).

" However different meso- dlols shows very different stereoselectivity. The obtamed results are in

between excellent and poor stereoselect1v1ty It can be assumed that thls is éan‘fstrong evidence

' that the substrate plays also an 1mportant role in the mechamsm of stereoselec’uon

232 Inﬂuence offthe~Linking Moiety
Typically side chains were linked via amide bond obtained from couplin y amines.

As alternative structures it was tried to introduce side chains by ester ormed with
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secondary amines (Table 5). In every cases catalysts with dramatic decreased stereoselectivity
were obtained.

Linking moiety

o

Scheme 15: Linking moiety and side chain of catalyst HS308.

Entry Catalyst .  meso-1,2-Cyclohexanediol

H H
31 steng Sl o ' 87,3,75,23
HS308 NE
32 . o J_o 13, 6, 79, 15,
|
HS322 N
SN 7[% O~
33 o l N 13,11, 65, 24,
e p =
. ~ O\Tr\\“‘% ol ; .
34 ° N | 10,9, 67, 24,

 Hs188 | N

Table 5: Influence of the h'hking‘ moiety on stereoselectivity of meso-diol desymmetrisation (data are reported
as %'eeoffmoﬁb‘aéyléted’cémpomd, Y%starting material, %monoacylated, %diacylated, 20 {C, CHCL;).

This"typéff'offi*“stfang n uence also was also recently described for another PPY anal‘o‘gueszly’]a.

Accordmg o thi ing ffectlt can be assumed that the linking moiety, which is directly

2! Jarvo, E.R.; Copelan aioannou, N.; Bonitatebus, P.J.; Miller, S.J. J. Am. Chem. Soc. 1999, 121, 11638,
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attached" to the pyrrolidine ring of the PPY core, plays a essential role for stereoselectivity 1
(Scheme 15). k | ‘ ‘ ‘

2.3.3 Catalysts with Alternative Structures

- 'meso-1,2-

_ Catalyst cyclohexanediol

| .
[%ij L 3,8, 72, 20

HS362 N

(k

D

k HS379 N

~ meso-1,3-cyclohexanediol

23. 6, 68, 26 12,16, 42, 42

very slow reaction
4h,7%conc. 7 %ee
17 h, 14 % conv,,
30 %ee

89 h, 35 % conv.,
27 %ee

. e 38, 8, 60, 32 21,9, 43,48
| N

=

HS387 N

39,56, 39,5

0,4,70,26  0,9,44,47

Table 6: Desymmetrisation experiments using PPY based catalysts with alternative structur (data are reported
- as %ee of monoacylated compound, %starting material, %monoacylated, %diacylated 20 i€, CHCl;, 5 mol%

catalyst).




18

Thotderto experiments which shows the importance of the amide moiety for stereoselectivity it
~ was tried to get more informations about this process. For this purpose several examples of PPY
‘ analogues with modified structures were Synthesized; Because of convenient synthetic approach
“only non Cz;symmetric example were choosed. It was already provedtthat:Cz-symmetry is not
-~ essential for stereoselectivity. Mainly it was attempted to change the position and properties of
nitrogen and carbonyl group.
Unfortunately the obtained catalysts didn t show in any case mcreased stereoselect1v1ty
| “Interestmgly catalyst HS387 proved that a hydroxy group also is able to accomphsh considerable
stereoselectnoty However 1t is essentral that thlS hydroxy group can “not be acylated ‘under
k desymmetrlsatlon cond1t10ns “This shows ones more that H- bondmg between catalyst and
substrate is crucial for stereoselectlve desymmetnsatlon with this type of PPY catalysts In case
of catalyst HS356 it is noteworthy that this catalyst is extremely insoluble in any solvent except
in water and DMSO after forrnat1on of its hydrochlorrde ‘This may be i is rnalnly responsible for
the observed low stereoselect1v1ty. The ortgmal idea for synthems of HS356 was to moderate the

electronic properties of the amide nitrogen.

2.3.4 Influence of Solvent

Usually desymmetrisation experiments were done in chloroform as solvent After the reaction
were conducted in alternatrve solvents it was founcl that the nature of solvent also has a strong

influence on stereoselectrvrty

catalyst  CHCh CCli  CeHsCHs THF T CHCN

‘meso-1 2- Cyclohexanedlol

- Hs202 ‘, 83,9,77,14 93, 5 75,20 91,6,75,19 51,15,57,28 34,8,69, 23
HS220  81,5,75,20 88 5, 72 23 76,7,70,23
HS308  87,3,7523 86,7,70,23 84,10,73,17

meso-1,3- Cyclohexanedml

| H8308 6, 9, 46, 45

Table 7: Inﬂilencei selectmty of desymmetnsatlon (data are reported as %ee of monoacylated

no cylated %dlacylated at 20 i0).

compound, %starting ma
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As general trend it was found that desymmetrisation in less polar solvents proceeds with

significant higher stereoselectivity, while polar solVentsa.stronglycauses decreasing of

"‘stereo'selectivity; Some catalysts and some diols shows in less polar solvents low solubility.

Because of this esults it can be supposed that H-bonding plays an important role. There fore

‘solvents with strengthening of intermolecular H-bonding enhances stereoselectivity.

2. 3 S Inﬂuence of Temperature

In order to improve the stereoselect1v1ty of meso—dlol desymmetlatlon further experlments
. were conducted at lower temperature In many cases desymmetnsatlon at low temperature occurs
- with strong enhanced stereo- and chemlcal select1v1ty However, espec1ally reactlons whlch;
- occurs at 20%C already w1th high select1v1ty shows less mﬂuence of lower temperature on“

: _stereoselect1v1ty This conditions are l1m1ted by solub111ty problems of substrate and catalyst at

low temperature Also in some cases the conversmn rate decreased dramatlcally The solublhty‘

~ problems of the catalyst can be ~overcome by 1ntroduct10n of a n—hexyl 31de cham (catalystf

HS308) which enables sufficient solublhty.

catalyst  Diol 20 {C Hpe - peEvsgdyC

HS220 8157520 87,9856

HS308 o ‘ b 37’r,3,75,‘23r ‘334925
HS188 Sl 10, 9, 67, 24 30, 39 556

~ meso-1,2-Cyclohexanediol

: -meso-2,3-butanediol et ; ’
HS220 | . 57,9,73,18  85,14,82,4 92,39, 61, <f
HS308  66,9,7813 o 81,21,72,7

meso-Hydrobenzoin

HS179 ~ 40,11,64,25 61,39;55,6,

‘ Table 3: Inﬂuence of temperature on desymmetnsatlon reaction (data are reported as %ee of monoacylate

k compound %startmg material, %monoacylated %dlacylated CHC]}, 5 mol% catalyst)



- 2.3.6 Influence of Stoechiometric Factors |

For characterisation of the general catalytical properties the desymmetrisation reaction was also
investigated as function of the amount of catalyst. Usually experiments were run with the
average concentration for catalysts in organic synﬂiesis of 5 mol%. The concentration of the
catalyst was than successive reduced. It was found that also at a ten times lower concentration
(0.5 mol%) thécatalyst reaéhéd full Steréoéélecfiirity;::At’one,’ hundred times lower concentration
(0.05 mol%) the cafalyst is still highly active, but the reaction time becomes noticeable slowly

and the monoacylated compound were obtained in 15 % lower enantiomeric excess.

time (h) | amount of catalyét

o C5mal%  05mol%  0.05mol%
4 - 87,3,75,23 | | ‘ S
i el s | b T
24 | 90, 4, 79, 17 90, 3,:76 , 20 74,24, 66, 10
48 | i 77,16, 75,9
06 AT i | ‘ 75,9,77,14

Table 9: Desymmetrisation of meso-1,2-cyclohexanediol with different amount of catalyst, CHCls, 20 ;C, 1.3 eq
isobutyric - anhydride, 1.4 eq. 2,4,6-collidine, . catalyst HS308 :(data are reported as Y%ee of monoacylated

product, Ystarting material, %omonoacylated, %diacylated).

During desymmetrisation reaction also further diacylation of already formed mono acylated

product takes place.’ Diacylation of cis-1,2-cyclohexanediol isobutyrate Iﬁrbceeds with a
selectivity factor of S = 8.

‘ i 0.7 eq Isobutyric anhydrid, ,
OZC,-BU ; 1.0 eq 2,4 6-collidin,CHCl3 ; 0,CBu

: ‘ .
catalyst HS202 0.CBu

o » . +
OH - ; OH 0,CBu

racemic k ; ; - ; conversion 53 % (23 h)
S recovered substrate 67 % ee (S =-8)

Scheme 16: Kinetic resolution of rac-cis-1,2-cyclohexanediol isobutyrate.




Because of this, simultaneously increasing of enantiopurity of monoacylated product occurs
through chiral resolution. The conversion rate of diacylation (18 % after 2 h, 53 % after 23 h) is
‘much more lower than -monoacylation. Diacylation can be forced by addition of excess

- anhydride combined with prolonged reaction time. Under this conditions the starting material

can be fully consumed and the monoacylated product can be obtained in exCellentenanﬁopurity.

~ equivalents of isobutyr/ic‘anhydride'f' -

Table 10: Des; 'et‘ris’a}ktion of meso-1,24;cyclohexanediolka‘s‘ function of thé‘émount of is‘(')bufyric“aﬁhydride, 17eq
2,4,6-collidine, 5Smol% catalyst HS308, CHCI;, 24 h, 20 iC (data“ are reported as Yee :of monoacylated

product, %startmgm 7‘5’1}ial,,%monoacylated, Y%diacylated).

2.3.7 Influence of C,-Symmetry

- Co-symmetric Sl non C;-symmetric

Hsds @ o HS309
187,3,75,23 | 76, 4, 70, 26

= %n‘u CO,Me
N ~ S
; @0 Ay
: N

o oo Bk

 56,1,78,21

Q]/N COMe

~ | S

HS202 ; HS340 :

83‘1 91771 14 S ; G 41,5, 61,34 .

/

\

Table 11: Comparison of the catalytical fpr‘opérties of C,-symmetric and non C,-symmetric Catalysts (data are
reported as Y%ee of monoacylated product, %starting material, %monoacylated, %diacylatedf,ff 20 1 C, CHCL, 4 h).
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On three examples each of Cz-symmetnc and non C,-symmetric catalysts the 1nﬂuence of C,-
symmetry was studied. According to thls results it is doubtless that C, symmetry leads to clearly
mcreased stereoselect1v1ty for the here examined desymmetnsatlon of meso-1 2-cyclohexaned101
As it is expected the 1nteract1on of side chain (hnkmg‘mmety) and substrate is a crucial pomt In
: case of the Cz symmetrlc catalyst both sides of the molecule became equal and can partlclpate in

the same manner.

2.3.8 Stability of Monoacylation Products

After stereoselective acylation of meso-2,3-butanediol, the enantiomeric purity of the
monoacylation product was determined directly from the reaction mixture. Than the
“monoacylation product was isolated by preparative TLC and the enantiomeric purity was
determined again. The isolated product was leaved as chloroform ksoluticn_ at ambient
temperature and the enantiomeric purity was observed over a period of time. The results shows
' clearly a slowly decreasing of enantiomeric purity, probably because of a intramolecular acyl
‘ traHSfef‘process;‘ |

In case of cis-1,2-cyclohexanediol isobutyrate the enantiomeric purity did not change after

storing the neat substance for one month at ambient temperature.

time  4h(reaction mixture) 24 h (after PTLC) 48h ~  96h  168h

%es . 88 Uga e g R R B Rl

Table 12: Stability of cis-2,3 butanediol isobutyrate in Chloroform at ambient temperature.




‘3 Summary

A new class of Cz symmetnc PPY type catalysts based on z‘rans-N—(4-pyr1d1no)-pyrrohd1n—2 5-
dicarboxylic acid (HS117) has been developed For the PPY core HS117 a preparatlve synthetlc
: approach startmg from L—glutamlc ac1d was estabhshed Frorn HS117 a number of catalysts were
obtained by attachmg of various side chalns For extensive characterlsatlon of the catalytlc
properties, the catalysts were used for desymmetrlsatlon of different meso-dlols
According to the obtained results it is supposed that the stereoselective acylat1on occur through a
‘new principle, based on complex formation between catalyst and substrate because of H-bonding.
In opposite to stereoselective catalysis jbased on ,:,ster‘ical,repulsicn,, an acceleration of the
- preferred acylation takes place. As result the new type of catalyst :shows,unchanged, high

 catalytic activity even at low concentration up to 0.5mol%.

As cond1t1ons for high stereoselectivity the catalyst requires a amide m(nety closed to the

pyrrolidine ring of PPY. Alternatively also a hydroxy group which can not be acylated because
of sterical shielding achieves good stereoselectivity. Since the substrate also is directly involved
-in the process of stereoselection, it needs closed to the acylated hydroxy group another moiety
which is able to interact by QH—bendi‘ng. So fare with simple secondary alcchol’s. stereoselective
acylation can not be achieved. Further the solvent plays an important role. In general in less
polar solveﬁtsykli’ke tetfaChIOfcmethan,;‘chlorcfo‘rm, to’klue‘ue ‘high stérecsetectivity is achieved,

whereas in polar,solvents like acetonitrile or tetrahydrofurane lack of stereoselectivity was

- observed.

As shown the Cz-syrnme’cry of the catalyst is not essential for stereoselect1v1ty but leads to a
strong mcreasmg of stereoselect1v1ty
For some examples of meso-diols the described catalytlc prm01ple achieves acylative

desymmetnsatlon in high up to excellent stereoselectivity.

Diol ' %ee % yield -
meso-1,2-Cyclohexanediol 98 59 . TR
meso-1,3-Cyclohexanediol 38 69 '; , ,‘: Table 3

mes&2,34Butanedicl 92 61
55

meso—Hydrobe’nzoink : | 61




| 4 Experlmental Sectlon

General. Meltmg pomts (uncorrected) were obtarned on a Yanaglmoto mrcro-pornt apparatus
- Analytical thin. layer chromatography (TLC) ‘was performed usrng cornmercral glass plates
k bearlng O 25 mm layer of Merck Klesel Gel 60 F254 For preparatrve TLC plates with 0 5 mm
layer were used. Flash column chromatography was camed out wrth Slhca Gel 6ON (40- 100 ttm)
from Kanto Chemlcal Co., Inc. If not mentroned others NMR spectra Were obtarned with a
Varian ¢ Gennm 200 ("H 199. 977 MHz, 13c 50.289 MHz). In some cases also a JEOL LNM-AL
300 and a JEOL JMN-GX 400 spectrometer were used. 1H data are reported as: chemlcal shlft
(ppm) downfield from tetramethylsrlane mult1pl1c1ty (s = smglet d= doublet t= trrplet q=
quartet, m = multrplet) couplmg constant (Hz) 1ntegrat10n C chemlcal shlfts are reported

downﬁeld from tetramethylsﬂane Spec1ﬁc rotatlon ‘were measured Wrth a Horrba SEPA 200

automatlc drgltal polarrmeter MS spectra were recorded wrth a JEOL JMS DX30() mass

spectrometer Infrared spectra were obtarned on a JASCO FT / IR-300 GC was performed on a
’y—DEX 225 capprllary column (30 m X 0. 25 mm >< 0. 25 ptm) HPLC was performed on a
Chlralcel OJ column (4.6 mm x 25 cm) with hexane and 5 % 1sopropanol at 0. 5 ml x min.”! ﬂow
~ rate. As dry solvents guaranteed solvents (<50 ppm water content) were used. |
‘e (S)—N—Pyrldyl glutamlc acid dl—tert-butyl ester (HSS4) Preparatron of free 4—bromopyrrd1ne
To a solut1on of NaHCOs (8.0 g) in water (150 mL) 4- bromopyndme hydrochlonde (18 0 g) was
added portlon wrse wrth stlrrmg After complete d1ssolv1ng 4—bromopyr1dne was separated as
lower phase. After dry1ng over NaZSO4 ﬁ'ee 4-bromopyr1drne was obtalned as colourless llquld
(at room temperature rapld decomposrtlon to yellow and ﬁnaly red sol1d) This predrred materlal
(10.0 g) was diluted with toluene (50 rnL) and stirred again with NaZSO4 After ﬁltratlon thrs
’ ksolutlon was used for palladlum couplmg Couphng react1on Pd(OAc)z (650 mg, 2.9 mmol) rac-
‘k 2 2‘-brs(dlphenylphosphmo) l 1 -brnaphtalene (BINAP) (3 6 g, 5.8 mmol) and CSzCO3 (21 0 g
63 6 mmol) were suspended 1n toluene (300 mL) and a mixture of 4-bromopyr1d1ne ( 10 0g, 63. 6
, mmol in 50 mL toluene’)and L glutamrc acid d1 tert—butylester (15 0 g, 57 8 mmol) were added.
 After bubbling with argon.
tort EtOAc (7 00 mL)
| each) Dryrng over kMgSO'

’ mn)‘the mrxture was stirred at 90- 100 C for 20 h. After cooling
de followed by washmg with NaHC03 solutlon and brme (150 mL
T 't1on furmshed HSS4 as st1cky red brown o1l (24 0 g) For

the further described trans rmatlo ::‘thrs crude product was used. Pure HIS84 was obtained by

it



further chromatographlc purification (EtOAc/MeOH/ l/ 1) as colourless st1cky oil in 92 % yield:
"H NMR (CDC13) 0141 (s 9H), 1.43 (s 9H), 2.01-2. 10 (m 2H) 230-2.38 (m, 2H) 4.08 (m, H),
‘ “5 13 (d, 8.0, H) 643 (dd 5.0, 1 6, 2H) 3. 16(dd 5.0, 1. 6, 2H) 13crnvra(cucls)527 52,28.12,
: : 28 20 31 47 55 2:’ 0. 93 82 57 108, 08 149, 97, 152 52 171. 66 172.15; IR (ﬁlm) 1715 1605,
k | 1522 cm [oc] -20 (c 1, CHCl;) EI—MS m/z (%) 336 (13 M ), 280 (16) 263 (9) 224 (39), 207
| (61) 179 (100) 161 (82), 133 (36) 105 (13) 78 (9) HRMS calculated for C18H23N204 336. 2049,
| :’found 3362034,

;(S)-N-(4-Pyrldyl)—Z-methoxycarbonyl-5—0x0 pyrrolldme (HSS7) Crude HS84 (24 0 g) was
o dlssolved in ooncd aq HCl (100 mL) and kept at t for 2 h After d11ut1on with water (100 mL)

o Vlng of pr ' 1p1tated BINAP by ﬁltratlon and evaporatlon a st1cky clear red brown oil (15.8
: g) remams After dlssolvmg in trlﬂuoro acet1c ac1d (lO mL) SOClz (40 mL) was carefully added.
k | After stlrrmg for 20h at rt excessrve thlonyl chlorlde was removed in Vacuum and the obtained
| i solld residue was dlssolved in MeOH (500 mL) and heated to refluxed for 23 h ("H-NMR
: k_yreactron control in DzO) Evaporatlon furnished a dark o1l (18 0 g) which was dlssolved in water

: (250 mL) Sohd materials were removed by filtration over celite and than NaHC03 (20 0 g) were

 added. Extractlon w1th EtOAc (5><100 mL) drymg over Na,SO; and evaporation gave a green oil
(ll 3 g) Purrﬁcatlon by ﬂash chromatography (EtOAc/MeOH/S/ 1) gave HSS7 as shghtly
browmsh slowly crystalllsmg 011 (8 8 g, 69 %) '"H NMR (CDC13) §2.11-2. 25 (m H) 2.39:3.72

: ‘(m 3H),373(s 3H) 472(dd 90 24 H) 745 (dd, 4.9, 16 2H), 8.47 (dd 4.9, 1.6, 2H); Be
k’ NMR (CDCl;;) 5 23 04 31 26 53. 12 60. 02 113, 14, 145.17, 150. 68 171 61 174. 86 IR (film)
| ‘3000 1722 1712 1590 150 : l380 om’” [ ] -48 (c L CHC13) mp 60-65 ;C; EI-MS m/z (%)

‘These product was ¢ 1ssolved in CHZClz (400 ml) and TMS CN (18 ml,



OTf (16.4 ml, 91 mmol) were added successive under cooling with ice water. After removing of
the cooling bath the mixture was stirred for 30 min at rt and than poured into NaHCOj; solution
and stirred for 30 min (Caution high concentration of hydrogen cyanide!). After separation,
extraction with EtOAc (4x100 ml) and drying over Na,SO, followed by evaporation, the
remaining residue was dissolved in CHCl; (250 ml) and after addition of AcOH (25 ml) refluxed
- for 12 h. The reaction mixture was carefully poured into NaHCOs3 solution (50 g in 300 ml
~ water). - After separation, extraction with EtOAc (4x100 ml), drying over Na;SOs and
evaporation the crude material (9.6 g) was obtained. The epimer mixture was separatédabyf ﬂash
k chromatography (ether/methanol/6/1) after addition of 2-mercaptopyridine (2.0 g) and furnished
the trans-epimer HS113I (2.9 g, 22 %) and cis-epimer HS113II (4.6 g, 35 %) as yellowish oily
- liquids: HSll3If(25,5S).1H‘ NMR (CDCl3) & 2.25-2.62 (m, 4H), 3.76 (s, 3H), 4.45 (m, H), 4.68
(m, H), 6.50 (dd, 4.8, 1.7, 2H), 8.37 (dd, 4.8, 1.7, 2H); 13C NMR (CDCls) & 29.53, 29.65, 48.77,
52.91, 59.93, 108.19, 117.96, 148.90, 150.43, 172.15; IR (film) 1740, 1595, 1510, 1380 cm';
[a]” -235 (c 1, CHCL); EL-MS m/z (%) 231 (35, M), 172 (100), 145 (61), 105 (10); HRMS
calculated for C2H3N30, 231.10077, found 231.1006. HS113II (2S,5R) 'H NMR (CDCl;) &
2.30-2.60 (m, 4H), 3.73 (s, 3H), 4.37 (m, H), 4.55 (m, H), 6.47 (dd, 4.9, 1.8, 2H), 8.30 (dd, 4.9,
1.:6,“2H); 13C NMR (CDCly) § 29.15, 30.00, 48.54, 52.66, 60.43, 107.70, 117.40, 148.87, 150.14,
171.81; IR (film) 1740, 1600, 1510, 1380 cm™; [a]° +79 (¢ 1, CHCls); EL-MS m/z (%) 231 (20,
M), 172 (100), 145 (25); HRMS calculated for C1,H N30, 231.10077, found 231.1010.
(28, 55)-N-(4-Pyridino)pyrrolidin-2,5-dicarboxylic acid (HS117): HS113I (2.9 g, 12.5 mmol)
was dissolved in concd aq. HCI (18 ml) and after heating to 85 {C for 12 h evaporated. The
remaining residue was treated with hot ethanol (20 ml) and after cooling and filtration from
ammonium chloride treated with propene oxide (0.5 ml). Within 8 h the amino acid precipitates
slowly. After collecting of the product and repetition of the procedure the pﬁre product (2.2 g,
75 %) was obtained as crystalline white powder: 'H NMR (D,0) & 2.12-2.28 (m, 4H), 4.50 (d,
7.2, 2H), 6.56 (d, 7.4, 2H), 7.95 (d, 7.4, 2H); 13C NMR (D,O/DCI) & 28.09, 61.15, 108.46,
139.07, 155.20, 173.97; IR (KBr) 1730, 1645, 1580, 1540, 1400 cm™; [0 -202 (c 1, H,0); mp
from 260 ;C decomposition; HRMS (HCl salt) caled for C;Hi3N,04 237.0875, found 237.0877;
EA caled for C1iHiN204x_H,O (found) C 54.87 (54.87), H 5.23 (5.25), N 11.63 (11.64).
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(cis)-N-(4-Pyridino)pyrrolidin-2,5-dicarboxylic acid hydrochloride (HS115): HS113b (3.19

' g; 131;855'min01)‘weré dissolved in cdncd aq HCI (15 mL) and heated to 85 {C for 5 h. After

~ cooling to rt the product precipitates. Collection by filtration and washing with acetone gave

- HS115 (2.6 g, 70 %) as coloutless needles. 'H NMR (D,0) & 2.15-2.50 (m, 4H), 4.65 (m,
~ partially overlapping with water signal), 6.74 (d, 6.5, 2H), 8.03 (d, 6.5, 2H); °C NMR (D0) &
g 48, 62.01, 108.44, 138.90, 155.62, 174.08; IR (KBr) 1740, 1640, 1595, 1540 cm’'; mp 225-
1235 1C; FAB-MS m/z 237 (M‘L) EA caled for CyH{pN>O4 (found) C 48.45 (48 28), H 4.81

(492).N 10.27(10.33).

 HS177: From 0.6 g of starting material 71 mg ester was obtained after preparatwe TLC (ethyl

: ”“acetate/methanol/S/ 1) as colourless oil; '"H NMR (CHCL;) & 1.25 (t,J 7.4 Hz, 3H), 2.22-2.82 (m,

o 4H), 424 (q,J = 7.0 Hz, 2H), 474(dd J79.0,2.6 Hz, 1H), 7.52 (dd, J 5.0, 1.6 Hz, 2H), 8.54 (dd,
150,18 Hz, 2H). ’ e |
- HS188: HS117 (30 mg, 0.11 mmol) ‘was dissolved in MeOH (3.0 mL) and SOC12 (©. 5 mL) was

- added drop wise at 30 {C. After refluxing for 1 h and evaporation the residue was dissolved in

- MeOH (1.0 mL) and NEt; (0.25 mL) was added. This mixture was evaporated and the residue

extracted with Et;0. Evaporation of the ether solution followed by preparative  TLC
(CHCIy/MeOH/10/1) gave HS188 (20 mg, 69 %) as colourless crystals: 'H NMR (CDCl;) 8 2.16
(m, 2H), 2.52 (m, ‘ZH), 3.75 (s, 6H), 4.51 (d, 8.0, 2H), 6.31 (dd, 4.8, 1.6, 2H), 8.25 k(’dd,l 4.8, 1.8,

2H); C NMR (CDCL) § 29.05, 52.65, 60.63, 107.75, 150.05, 150.28, 173.08; mp 128-130 ;C;
- IR (KBr) 1740, 1600, 1515, 1395 [em™']; [a]” -143 (c 1, CHCl3); HRMS calcd for C13H15N204

~ 264.111, found 264.1107; 98 % ee (HPLC, ‘Chiralgeyu, oD, k ‘,héxane/z-
' propanol/dlethylamm/S0/20/0 1): ; : : s

~ HS239: yield 50 %, 'H NMR (CDCls, 200 MHz) 3 1.46 (s 9H), 2.00 (m, H) 2 30 (m H) 3.20

. (mH 3.21 (m, 2H) 360(m H) 440 (m, H), 5.03 (m, H), 6.39 (dd, 5.2, 1.6, 2H) 816(dd 5.2,




suspension followed by stirring at rt for 48 h. For workup the reaction mixture was poured into

NaHCO; solution (30 ml). Extraction with ethyl acetate (4x10 ml), drying over Na;SO4 and

evaporation followed by preparative TLC (ethyl acetate/methanol/5/1) gave 126 mg (41 %) of
~ the pure compound as white crystalline solid; mp 110-115 ;C; [er]” ~39.9 (c 1, CHCL;); 'H NMR
(CHCL) & 1.42 (s, 9 H), 2.18-2.89 (m, 4H), 4.62 (dd, T 8.8, 2.8 Hz, 1H), 7.52 (dd, 7 4.8, 1.8 Hz,
- 2m), 8"54‘ (dd, 34"8? 1. 6?H’z* “2H)'- 13C NMR (CHCls) & 22.94, 27.94, 31.35, 61.04, 83.29, 113.28,
; 145 39 150 67 170. 20 174 90 R (KBr) 3437 2979, 1736 1702 cm’! , ~
HS356: 'H NMR (D,0/DCI, 300 MHZ) § 2.34 (m, 2H), 2.52 (m, M), 3.15 (s 12H) 495 (d, 7.8,
2H) 6.79 (d, 7.8, 2H), 7.53 (m, 8H), 8.08 (d, 7.5, 2H). Bt ey
" HS362: 'H NMR (CDCls, 200 MHz) 8 0.90 (¢, 6.8, 3H), 1.29-1.38 (m, 8H), 1.90-2.50 (m, ~~11H),
3 16(m H), 3.40 (m, H), 3.86 (m, H), 642(dd 5.1, 1.6, 2H), 818(dd 5.1, 14, 2H)

HRMS calculated for C7H,N; 275, 236148 found 275.2369. : ‘ ;
HS379' 'H NMR (CDCl;, 200 MHz) & 0.89 (t, 7.2, 3H), 1.23-1.34 (m, 4H), 1.57-1.68 (m, 2H),
| 196—206(m 4H),219(t 8.4, 2H), 2.95-3.20 (m, 2H), 3.40-3.60 (m, 2H), 3.98 (m, H), 6.48 (m,
H), 6.63 (d 6.0, 2H) 8.19 (d, 5.6, 2H) HRMS calculated for CiaHN:O 275.199763, found
275.1989. T
| HS387: ‘Obtainedakaftér palladium coupling with (S)-dimethyl prolidin-2-yl methanol?; mp 165-
i 167‘-(‘:-‘ 'H NMR (CDCls, 200 MHZ) 8 1.21 (s, 3H), 1.28 (s, 3H), 1.80-2.20 (m, 4H), 3.30 (m, H),
355 (m H) 3.91 (m, H), 6.68 (d 5.2, 2H) 8.16 (d 6.0, 2H) HRMS calculated for C;,H;gN>O
©206.141913, found 206.1423.

~ HS393: PPY Core obtained after palladium coupling with 4-bromo-2-picoline®; mp 52-54 ;C;
0 NMR(CDC};,", 200 MHz) § 0.85 (m, 3H), 1.2 (m, 6H), 1.40 (m, 2H), 2.04 (m, 2H), 2.26 (m,
2H), 2.43 (s, 3H), 3.16-3.30 (m, 3H), 3.62 (m, H), 4.07 (m, H), 631 (m, 3H), 814(d 5.0, H);
‘ HRMS calculaﬁ - dfifor C17H27N3O 289.215413, found 289.215.
| al | or preparation of catalysts: To the corresponding amino compound or
nd S:I‘17;{(130 mg, 0.55 mmol) dissolved in DMF or suspended in CH,Cl, |
holine (148 pl, 1.6 mmol) was added followed by 1l-ethyl-3-(3-

2 }n’Chem Soc. 2003, 125, 9306.
htaki, Y.; Fukaya, C.; Watanabe, M.; Yokoyama K. Chem. Pharm. Bull.

Sibi, M.P.; Zhan
23 Ashimori, A O
1990, 38, 2446.




- dimethylaminopropyl)carbodiimid hydrochlorid (EDCI) (312 mg, 1.6 mmol) and 1-
~ hydroxybenzotriazol (HOBT) (222 mg, 1,6 mmol ). After stirring for 24 h the mixture was
evaporated and after dissolving in:;EtOAo (200 mL) washed with NaHCO; solution and brine (10
ml). Drymg over Na,SO4 and evaporation followed by chromatographic purification or re
 recrystallization gave the pure compound.
- HS179. From (S)-tryptophane methyl ester hydrochlorlde in DMF as crystalhne powder yleld
| 48 %(from methanol); I;H NMR (DMSO) 6 1.73 (m, 2H), 2.2‘O(m,o2H),,3~.,05: (dd,; 14.6, 10.6, H),
3.24(dd, 14.6,4.2, H), 4.22 (d, 7.8, H), 4.53 (m, H), 5.78 (d, 6.0, H), 696713(m ZH) 721 (s,
H), 7.38 (d, 8.0, H), 7.55 (d, 7.2, H), 7.74 (4, 5.0, H), 8.68 (d, 8.4, H) 13CNMR (DMSO) S

- 24.34, 26.62, 49.60, 50.36, 58.63, 104.93, 107.26, 108.99, 115. 55 11599 11854 121 27,

124.53, 133.67, 146.23, 147.45, 169 39, 169.74; IR (KBr) 3255 1755 1735 1655, 1600 cm’!
[OL] -25.5 (¢ 0.5, DMSO); mp 223 225 C HRMS calcd for C11H13N204 237 0875 found

~ 237.0877; EA caled for Cy1H13N>04 (found) C 66.03 (65.91), H 5.70 (5.79) ,N 13.20 (13.00),
- HS187. From (S)-Naphtylalamne methyl ester hydrochlorlde in DMF as whlte powder yield
41 % (from isopropanole); 'H NMR (DMSO) 8 1.55 (m, 2H), 2.09 (m 2H) 3.05 (dd, 13.0, 13.0,

2H), 3.34 (dd, 13.0, 4.0, 2H), 3,62 (s, 6H), 4.10 (d, 7.2, 2H), 4.60 (m, 2H), 5.53 (d, 6.2, 2H), 7.10

(d, 5.8, 2H), 7.41-7.55 (m, 6H), 7.76-7.94 (m, 8H), 8.66 (d, 8.4, 2H); °C NMR (DMSO) 3 29.64,
37.14, 52.85, 53.69, 61.90, 107.99, 126.36, 126.83, 128.09, 128.27, 128.41 o(ty{ror‘carbon atoms
 are overlapped), 132.60, 133.59, 135.88, 149.17, 150.36, 172.41, 172.52; IR (KBr) v 3255 1750,
1650, 1600 em™’; [o]” 39 (c 0.25, MeOH); mp 225-228 ;C; HRMS caled forkC39H3‘9(k)6N4
659.28696, found 659.2859. |

~ HS197. From (R)-tryptophane methyl ester hydrochlonde in DMF after ﬂash chromatography

- (ethyl acetate/methanol/5/1) as crystalline powder: yield 34 %; 'H NMR (CD3OD)5 1.53 (m,
2H), 2.03 (m, 2H), 3.12 (dd, 14.9, 9.4, 2H), 3.31 (dd, 14.9, 44, 2H, overlappingwith\,s’,olﬁfent)
371 (s, 6H), 4.29 (d, 7.8, 2H), 4.75 (dd, 9.2, 4.8, 2H), 6.28 (d, 6.8, 2H), 6.90-7.13 (m, 8H), 7.3
© (d,8.0,2H), 7.45 (d, 7.4, 2H), 7.93 (d, 6.8, 2H); '*C NMR (CD50D) § 26.21, 28.43, 50.99, 52.50,
~ 61.61, 107.91, 108.69, 110.46, 117.23, 117.96, 120.62, 122.42, ~126.58~,;15356306,,-,144'.-,93,yz.ylik5k1~.68,
171.73, 172.00; IR (KBr) v 3380, 3260, 1740, 1665, 1600 cm™'; [0]” —58.2 ( 0.5, DMSO); mp
176-178 {C; HRMS caled for CssHs6O4Ns 636.26963, found 637.2748.
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HS201. From tryptamin hydrochloride in DMF after flash column (ethyl acetate/methanol/5/1)
 as crystalline powder: yield 40 %; "H NMR (CDsOD) & 1.81 (m, 2H), 2.22 (m, 2H), 2.91 (dd, 7.6,
7.6, 4H), 3.49 (dd, 7.0, 7.0, 4H), 4.31 (d, 7.6, 2H), 6.16 (d, 6.6, 2H), 6.94-7.12 (m, 6H), 7.32 (m,
2H), 7.52 (m, 2H), 7.85 (d, 6.6, 2H); >°C NMR (CD;0D) § 24.14, 28.67, 39.23, 61.75, 107.62,
110.41, 110.95, 117.36, 117.76, 120.48, 121.66, 126.87, 136.17, 147.30, 150.66, 171.41; IR
:(KBr) v, 3240, 1640, 1600, 1518 cm™; [o]® =36.1 (¢ 0.5, MeOH), mp 140- 145 ;C; HRMS calcd
for C3;H3,0,N¢ 520.258675, found 521.2657. ‘ i H o
'HS202. From (R)-naphtylalanine methyl ester hydrochloride in DMF after flash. chromatography
(ethyl acetate/methanol/4/:1)~ as amorphous powder: yield 53 %; "H NMR (CD;0D) & 1.36 (m, 2
H), 1.87 (m, 2 H), 3.05 (dd, 13.9, 10.8, 2 H), 3.41 dd, 13.9, 4.4, 2H), 3.74 (s, 6H), 4.26 (d, 7.6,
2H), 4.83 (dd, 10.8, '4.6,~2H), 6.18 (d, 6.6, 2H), 7.25 (dd, 8.4, 1.6, 2H), 7.43-7.54 (m, 6H), 7.68-
7.83 (m, 8H); C NMR (CD;0D) § 28.38, 36.21, 51.12, 52.58, 61.37, 107.71, 124.88, 125.34,
126.23, 126.63, 126.72, 126.79, 127.21, 131.89, 132.82, 133.79, 146.70, 150.74, 171.26, 172.41;
IR (KBr) v 3240, 1740, 1657, 1600 cm’; [a]° -89.6 (¢ 0.5, MeOH); mp 191-193 ;C; HRMS
caled for CsoH3s06Ny 658.279135, found 659.2859. : |
HS213. From glycin methyl ester hydrochloride in DMF after preparative TLC
(ethylacetate/methanol/2/1) as crystalline white powder: yield 16 %; 'H NMR (CD;OD) § 2.18
(m, 2H), 2.55 (m, 2H), 3.73 (s, 6H), 3.96 (d, 6.2, 4H), 4.59 (d, 8.2, 2H), 6.56 (d, 6.4, 2H), 8.14 (d,
6.4, 2H); °C NMR (CD;OD) § 28.65, 39.93, 50.74, 61.71, 108.15, 147.22, 150.83, 169.49,
173.37; IR (KBr) 3245, 1742, 1642, 1600, 1542, 1519 cm’; [o]> -75.7 (¢ 0.25, MeOH); mp 222-
‘ 225 ‘C HRMS caled for C17H,304N, 379.161760, found 379 1598
HS220. From (S)-leucine methyl ester hydrochloride in CH,Cl, after preparative TLC
(ethylacetate/methanol/5/ 1) as white crystalline powder: yield 71 %; 'H NMR (CD;OD) & 0.93
(d, 5.8, 6H), 1.02 (d, 6.2, 6H), 1.70 (m, SH), 2.16 (m, 2H), 2.50 (m, 2H),f3.70 (s, 6H), 4.50 (m,
2H), 4.58 (d, 7.6, 2H), 6.46 (d, 5.5, 2H), 8.10 (d, 5.5, 2H); °C NMR (CD;0D) § 19.64, 21.55,
24.37, 28'61 39.10, 50.23, 50.83, 61.39, 107.69, 147.10, 151.03, 172.24, 172.93; IR (KBr) 2880,
1745, 1660, 1600, 1545 1518 em’'; [o]® —432.7 (¢ 0.5, MeOH); mp 187-189 ;C; HRMS calcd
for C25H380.5N4 490 27914 found 490.2796. : p ,
HS265. From (S)-Vahne methyl ester hydrochlonde in CH,Cl, after preparative TLC (ethyl
' acetate/methanol/3/1) as Whlte:scrystallme;powder: yield 29 %; '"H NMR (CDsOD) § 0.99 (d, 3.2,




6H), 1.03 (d, 3.2, 6H), 2.12-2.28 (m, 4H), 2.53 (m, 2H), 3.73 (s, 6H), 437 (d, 5.6, 2H), 4.66 (d,
| 7.6, 2H), 6.47 (d, 6.4, 2H), 8.09 (d, 6.4, 2H); "°C NMR (CD;0D) 8 16.67, 17.82, 2874, 29.71,
5065, 57.42, 61.15, 107.55, 147.28, 150.96, 171.28, 173.08; IR (KBr) 3255, 2880, 1740, 1655,
1600 em™; [0]° —L16.6 (¢ 0.5, MeOH) mp 203-205 {C; HRMS caled for Co3HsO6N, 462.24784,

- found 462.2490. ‘ e ‘ i
- HS308. From n—hexylamme in CH,Cl, without addition of N—methylmorpholme after preparatlve

TLC (CHCIl3/MeOH/5/1) and recrystallisation from EtOAc as white :crkystallme;pgwder. yield
54 %; '"H NMR (CDCls) § 0.85 (t, 6.8, 6H), 1.22 (m, 12H), 1.41 (m, 4H), 2.18 (m, 2H), 2.44 (m,
~ 2H), 320 (m4H) 4.42 (d, 7.6, 2H), 6.37 (dd, 5.0, 1.6, 2H), 6.46 (m, 2H),;8.’113{(<id, 5.0, 1.4,
~ 2H); °C NMR (CDCls) 8 14.12, 22.69, 26.72, 29.62, 30.05, 31.56, 39.70, 62.41, 108.31, 148.99,
- 150.52, 172.26; IR (KBr) 3288, 2928, 1651, 1596, 1552, 1510 cm™'; [a]” ~86 (c 0.5, CHCl3); mp
023073, iC; HRMS calcd for C23H3302N4 402.29948, found 402.2974. L k
HS318. From n-hexanol in CH2C12 whithout addition of N-methylmorphohne after preparatlve ‘

 TLC (Et;O/MeOH/10/1) as colourless oil: yield 38 %; 'H NMR (CDCL) 5 0.88 (t, 6.6, 6H), 1.27

(m, 12 H), 1.60 (m, 4H), 2.17 (m, 2H), 2.52 (m, 2H), 4.13 (m, 4H), 4.48 (d, 8.2, 2H), 6.33 (dd,
4.8, 1.6, 2H), 8.24 (dd,f4‘.~8~; 1.4, 2H); °C NMR (CDCl3) 6 14.10, 22.62, 25.61, 28.65, 29.11,
'7313 42, 60.88, 65.71, 107.77, 150.03, 150.36, 172.74; IR (film) 2956, 2858, 1743, 1595, 1510 o

[ot] ——77(0 0:25, CHClLy); HRMS caled for Cp3H3604N, 404, 26751 found 404. 2673. ,
'HS322. From ‘N-methyl hexylamine in CH,Cl, without addition of N—methylmorphohne after
preparative TLC (CHCl:/MeOH/5/1) as colourless soft solid: yield 42 %; '"H NMR (400 MHz,
CHCl;, mixture of isomers) & 0.87 (t, 6.8), 0.93 (t, 7.0), 1.28 (m), 1.37 (m), 1.56 (m), 1.73 (m),
'1.95 (m, 2H), 2.58 (m, 2H), 2.98 (s), 3.15 (s), 3.31 (m), 3.49 (m), 4.83 (m, 2H), 6.09 (m, 2H),
~ 8.16 (m, 2H); '"H NMR (DMSO, 400 MHz, 150 ; C) 6 0.90 (t, 6.8, 6H), 133 (m, 12H), 1.58 (m,
4H), 1.90 (m, 2H), 2.42 (m, 2H), 3.04 (m, 6H), 3.38 (t, 6.8, 4H),34.81 (d, 7.3,2H), 6.12 (d, 6.2,
2H), 8.02 (d, 6.2, 2H); IR (KBr) 2931, 1650, 1603, 1513 cm’’; [a]D —28 (¢ 0.5, CHCl;); HRMS

~ caled for CpsHaO5N, 430.33077, found 430.3311. iy G ;
-~ HS339. To n—hexylamme (87 ul, 0.66 mmol) and N-(4-pyridyl)- L—prohne hydrochloride (100 mg
0.44 mmol) dissolved in CH,Cl, (10 mL) N-methylmorpholine (48 pl, 0.44 mmol) was added
followed by EDCI (125 mg, 0.66 mmol) and HOBT (89 mg, 0.66 mmol ). After stirring for 24 h
the mixture was evaporated and after dissolving in EtOAc (200 mL) washed with NaHCO;




.

32

Solution~‘,and~briné‘ (10 ml each). Drying over Na,SO4 and evaporation followed by preparative
" TLC (CHCly/MeOH/5/1) gave HS339 as colourless needles: yield 34 % (41 mg); 'H NMR
(CDCl3) & 0.85 (t, 6.4; 3H), 1.23 (m, 6H), 1.42 (t, 6.6, 2H), 2.06 (m, 2H), 2.28 (m, 2H), 3.17-
3.37 (m, 3H), 3.64 (m, H), 4.10 (dd, 5.4, 5.4, H), 6.24 (m, H), 6.46 (d, 5.9, 2H), 8.27 (d, 5.9, 2H);
- BCNMR (CDC13) 0 14.10, 22.64, 24.01, 26.56, 29.65, 31.42, 31.47, 39.52, 48.86, 63.48, 108.17,
150. 03 152.05, 171. 97 IR (KBr) 3299, 2928, 1650, 16021551 1518 cm’’! [06] 110 (c 0.5,
CHC13) mp 45 {C; HRMS calcd for C16H250N3 275.19976, found 275.1999. ;
 HS340. (R)-Naphtylalanm methyl ester hydrochlonde (212 mg, 0.8 mmol) and N-(4-pyr1dyl) L-
- proline hydrochloride (122 mg, 0.53 mmol) were dissolved in CH,Cl, (12 mL) and N-
methylnibrpholine (146 pl, 1.6 mmol) was added followed by EDCI (150 mg, 0.8 mmol) and
HOBT (109 mg, 0.8 mmol ). After stirring for 24 h the mixture was evaporated and after
dissolving in EtOAc (200 mL) washed with NaHCO; solution and brine (10 ml each). Drying
over Na,SOy and evaporation followed by prepéra‘ti!ve' TLC k(MeOH) gave HSS40 és,amorphous
solid: yield 83 % (197 mg); "H NMR (CDCls) § 1.98 (m, 2H), 2.22 (m, 2H), 318 (1’11,,‘3H),, 3.44
(m, H), 3.75 (s, 3H), 4.03 (dd, 7.8, 3.4, H), 5.02 (m, H), 6.28 (dd, 6.4, 1.4, 2H), 6.59 (d, 8.8, H),
16.98 (dd, 8.2, 1.6, H), 7.27 (s, H), 7.43-7.50 (m, 4H), 7.77 (m, H), 8.14 (d, 6.4, 2H); °C NMR
(100 MHz) & 23.52, 31.28, 37.73, 48.51, 52.19, 52.41, 63.03, 107.94, 125.85, 126.21, 126.77,
127.56, 127.58, 127.79, 128.37, 132.37, 132.64, 133.20, 149.96, 151.74, 171.68, 172.07; IR
(KBr) 2950, 1743, 1670, 1599, 1517 cm’; [a]” 121 (c 0.5, CHCls); mp 68-70 {C; HRMS calcd
for CaqH»505N3 403.18959, found 403.1903. s :
Procedure for desymmetrisation. The corresponding diol (0.1 mmol) and the catalyst (0.005
mmol) was su'spénded-in CHCI; (0.5 ml) or an alternative solvent and 2,4,6-collidine (0.14 mmol,
18.5 ul)qullo‘v'ved by isobutyric anhydride (0.13 mmol, 21.5 ul) was successive added. After
shaking for 4 h at 20 i C the mixtufé was poured inid EtOAc (70 ml) and Wasfied successive with
1'M aq HCI (4 ml) NaHCOs solution (4 ml) and brine (4 ml). After drying over Na;SO, and
evaporation the obtained ‘tésidua was dissolved in C¢Ds (0.7 ml) and the product ration was
determined by NMR‘;(IH, 300 MHz). The ratio of enantiomers was determined directly by GC or




’(czs)-z 3-Butanedlol dnsobutyrate 1H NMR (CDC13) 5 1 11 1 16 (m 12H), 1.18 (d, 5.4, 6H),
2 50 (m, 2H), 4.95 (m, 2H) IR (film) 2890, 2870, 2840, 1730 cm HRMS caled for CioH204
23015181 found 230.1521. s .. _ : |
(cis)-Hydrobenzoin lsobutyrate H NMR (CDCI3) 0 1.03 (t 1.2, ¢ H), 14 (dé=;3'-'6=ﬁH)= 2.48 ‘ ¢
(sept, 7.0, H)»’4«~96(dd'*6‘f6~ 3.6, H), 5.89 (d, 6.4, H), 7.30-7.35 (m, 10} | R (KBr) 3470, 2885,
' 2870 2835, 1715 cm’'; mp 98 {C; HRMS calcd for C18H2003 284.14125, und284 1407; [o]”

—6.9 (¢ 0.5, CHCl3) 59 %ee (HPLC). L ; . ,
- (cis)-Hydrobenzoine diisobutyrate. 1H NMR (CDC13) 0 1.04 (t 6.8, 12H) 2. 49 (sept 6.8, 2H) ‘j‘;
1 6.07 (s‘~*2H) 7.24-7.31 (m, 10H); IR (KBr) 2885, 2865, 2840, 1725 cm’'; mp 110 ;C; HRMS

- caled for C22H2604 354.18311, found 354.1820.

“ ‘(as) 1 2—Cyclohexanedlol isobutyrate. [o]° 43 (¢ 0.5, CHC13) 92 %ee (GC)
(c:s)-lVZ—Cyclohexanedlolkdusobutyratei *H NMR (CDCl3) 6 1.29 (dd, 7.0, 1.4, 12H), 1.44

© 1.85 (m, 8H), 2.53 (sept, 6.8, 2H), 5.02 (d, 8.4, 2H); IR (film) 2885, 2875, 2840, 1735 cm’’
~ HRMS calcd for C1sHx404 256.16746, found 256.1665.

(cis)-1,3- Cyclohexanedlol lsobutyrate 'H NMR (CDCl5) 6 1.16 (d, 7 2, 6H) 1.24-1.50 (m, 4H)

© 1.81-1.87 (m, 3H), 2~18-224v(m H) 2.52 (sept, 6.8, H), 3.72 (m, H), 4.76 (m, H); IR (film) 3400

2880, 2875, 2835, 1718, 1730 cm’'; HRMS caled for CioHi505 186.12559, found 186.1248.
is)-1 yclohexanedml diisobutyrate. '"H NMR (CDCl;) & 1.15 (d, 7.2, 12H), 1.17-1.54 (m
1), 1.81-1.96 (m, 3H), 2.50 (sept, 6.8, 2H), 2.17-2.28 (m, H), 4.75 (m, 2H); IR (film) 2885
© 2875,2840, 1725 om’'; HRMS calcd for C14H,404 256.16746, found 256.1677.




1. Kawabata, T.; Kawakami, S.; Fuji, K.
Enantloselectlve oz-AIlylatlon of a Phenylalanme Derlvatlve under the Control of
Aggregatmn of a Chlral Nonracemlc Enolate Tetrahedron Lett 43 1465 1467 (2002)

2. Kawabata, T.; Fuji, K ~ |
Memory of Chirality: Asymmetric C-C Bond Formation via Enolate Intermediates
with Dynarmic Chlrahty,.] Syn Org. Chem. Jpn 58, 66-67 (2002) e
3. Bagul, T. D.; Lakshmaiah, G.; Kawabata, T.; Fuji, K.
Total Synthesw of Sporotryprostatm B V1a Asymmetrlc N1trooleﬁnat10n Org Lett. 4,
249-251 (2002) e ~

4. T. Kawabata S Kawakam1 K. Fu_]l - :
Enantioselective « —Allylatlon ofa Phenylalamne Derlvatlve under the Control of
Aggregation of a Chiral Nonracemic Enolate, Tetrahedron Lett. 2002, 43, 1465—1467.

5. T. Kawabata, O. Ozturk, H. Suzuki, K, Fuji
A Facile Synthesis of Tetrahydrmsoqumohne and Tryptohne Derlvatlves w1th a
Quaternary carbon Center at C(3) Syntheszs 2003 505-508.

6. T. Kawabata, R. Stragies, T. Fukaya, K. Fu]l , ~
‘Remote Chlrahty Transfer i in Nucleophﬂlc Cataly51s ‘with N-(4 Pyndlnyl)L- Prohne
Derivatives, C’hzralzty 2003 15, 761 76 ‘

7. Kawabata, R. Stragies, T. Fukaya, Y. Nagaoka H. Schedel, KFUJ 1
Prepa;ratlon and Propertles of Chlral 4-Pyrr0hd1nopyr1d1ne (PPY) Analogues with
Dual Functlonal Slde Chams Tetrahedon Lett 2003 44 1545 1548 '

8. T. Kawabata, O. Ozturk, J. chen, K R
Chirality Transfer during Alkyiation of Chiral Amides, Chem Comm., 2003, 162-163.

7.T. Kawabata S. Kawakaml S. Majumdar
Asymmetric Cyclization via Memory of Ch1rahty A Conmse Access to Cychc
Amino Acids with a Quaternary Stereocenter, J. Am. Chem. Soc. 2003, 125, 13012 -
13013.

8. T. Kawabata, S. Kawakami, K. S. Shimada, K. Fuji




Control of the Enantioselectivity of Alkylation of Phenylalanine Derivatives by
Regulation of the Aggregate Structure of Chiral Enolate Intermediates, Tefrahedron
2003, 59, 965-974. o

9 T. Kawabata K. Fup

' Memory of Chlrahty Asymmetrlc Inductlon Based on Dynamle Chlrahty of
~ Enolates, Topzcs in Stereochemzstry, S. E. Denmark Ed John Wﬂey & Sons, New
* York, Vol 23, 2003, 175 205.

10 T Rawabata |
Asymmetric Construc‘uon of Quatemary Stereocenters Farumashza 2003 39 672-
673.

11. Tsubakl K Mlura M Morlkawa H Tanaka H Kawabata T; Furuta T Tanaka
. K.; Fuji, K.
‘Synthesis of Optlcally Active Ohgonaphthalenes via Second Order Asymmetrlc
Transformatlon J Am. Chem Soc 125 16200 16201 (2003)

12, Klnoshlta N.; Marx K H Tanaka K. Tsubak1 K; Kawabata T; YOShlkal N
Nakamura, E.; Fuji, K.
Enantloselectlve Allyhe Subst1tut1on of Cmnamyl Esters Cataiyzed by Indmm—
Chiral Aryl Phosphlte Complex Consplcuous Change in the Mechamstle Spectrum
by a Countercation and Solvent, J. Org Chem. 69, 7960-7964 (2004)

1_3.;T Kawabata, J. Chen, H. Suzuki, K. FuJ1 , ,
Stereochemical Study on a-A]kylatlon of B—Blanched a-Ammo Acid Derlvatlves !
via Memory of Chlrahty, Syntheszs 2005, 1368 1377.

14. T. Kawabata, S. Majumdar K. Tsubak1 D Monguchl k
‘ Memory of Ch1rahty in Intramolecular Conjugate Addmon of Enolates: A Novel

Access to Nitrogen Heterocycles with Contlguous Quaternary and Tertiary
Stereocenters, Org. Biomol. Chem., 2005, 3, 1609-‘1611.

15. N Kinoshita, T. Kawabata K. Tsﬁ*baki M. Bando, K. Fuji |
Use of Zinc Enolate, Free from Other Metals in Enantloseleetlve Palladlum-
catalyzed Allylic Alkylauon Tetrahedron, 2006, 62, 1756- 1763




HERFER

1.M%ﬁ%xmﬁve$@@%r% %o<¢%$% EKW %81%
TSR 2002430260 ;
2. Takeo Kawabata Nucleophlllc Catalysis in Kinetic Resolution of Racemic
 Alcohols Internatlonal Symposmm on Biotechnology * Metal Complexes and

Catalysis (BMC) - Haikou, China * November 26, 2002

3. JN¥mfEk - SRR X 5 RISHIE - AT S F— Fﬁif%z/\bi@w:r
—hFLUF2003)-KkfK-2003FE2H148 ‘

4. JI|#¥E£ . Roland Stragies. x/éa\%z Hartmut Schedel. EHEEI B, E
‘i%*zdwﬁﬁgwﬁéﬁomwmfﬁiﬁﬁﬁ@ﬁ% 123IEK%‘

Rl -200343H288 e

5. T Kawabata S. Kawakami, S Majumdar, O. Ozturk ° Memory‘Of Chirality'in
Intramolecular Alkylatlon of Amino Acid Derivatives: A Facile Synthesm of Chiral
Nltrogen-Contalnmg Heterocycles 15 Intematlonal Symposmm on Chlrahty
(ISCD-15) - Shizuoka * 22 October, 2003 ‘

6. JI| LB, Swapan Majumdar, J|#fEk - = L— %@@Q’JT%%%U%TZ)’
ﬁﬁ?%ﬁm& %SBEHK%iéﬁﬁi%%éf 2003%11
1B ’ . :

7. Swapan Majumdar, JI|3 Zm?% T%‘EF‘ i \?*V*J A ATI0 5 ?ﬁ ﬁ%ﬁ
REDOERL - %5 3@]51—‘%?4—? E%&%iﬁﬁ‘ﬁi—f - K&£:200 3%1 1A1

o ‘

8. Hartmut Schedel. H%%%<&ﬁﬁﬂW@T%*F%ﬁ®Aﬁkﬁmf

5 IEAAKELRSTHMRS - K2 - 2003F11A1H

9. JIMiER, MK, THEE. F—H, 18 RS-HIMA) Iv—I2k

A A . %53@EK£¢ E%ﬁ%ﬁ% kx zoosﬁllﬂ
1 i

10. T. Kawabata - Chiral Cationic and Anionic Reactive Intermediates for
Asymmetric Synthesis * Bayer Research Center - Kyoto 7. November, 2003

11. S. Kawakami, ?«S;I“Majumdaf and T. Kawabata « A New Protocol for Asymmetric
Cyclizatidn of Amino Acid Derivatives - The Ninth International Kyoto

" Conference on New Aspects of Orgamc Chemlstry (IKCOC 9) - Kyoto, 12
November, 2003 . ~ L -

12. JIs%ESR. H. Schedel R Stragles %ﬁ%zz ' %féﬁlz‘*aé‘%% E¥ - PPY
MT%*#@ﬁ@Am&ﬁm& %84@%%A&V/TVWA ﬁau
200341 1 A18 El

13. T. Kawabata - Asymmetrlc Induotlon based on Dynamic Ch1ra11ty of
Enolates =+ The 2nd Takeda ‘Science Foundation Symposmm “on
PharmaSciences Kyoto 2 December, 2003 ‘

14, JI¥mdfR '*‘T%pﬁ{ﬁffvlz' ‘/p%/vﬂﬁ ﬁﬂ?%ﬁ%&@\ LS ~D R - 78




KREALFFZERTES 1 0 3EHIEHES - 200341 2A5H

15. JIS#ES « JI| FEFE - Orhan Ozturk - FI3E3%E - BRE - ISEGT - B4 -

)= bOT T R Z A LT S /@%%W@T%Tw%w~
b - B8 SEIHMER VRV UL, 2004%F6H9H

16. JImfE>k% - Orhan Ozturk - JI| BB - IRH& T - ELE - = /L — D7
70 7 — M E S RET vF 44 %54@E$£$ ISR
K&, 2004 10A23H

17. JIwfak - B - ﬁpﬂt‘%i’% ~ :f:% I/’ L— I~0)7’£7 ) /? F%Uﬁﬂ%
BRI LET X BHEKRORET LFE ML - %54@E$£ %ﬁ%u
 ERE 2004$1OH23B

18;?}”ﬁ%1m35‘ir]%§ - HEER - OpHate Ohrbunls q:dﬁ§§ $§-Qi~fDL—ﬁ”
FV I RT LB A F U - ES 4@57&;}5?% ﬁﬁ%i’iﬁﬁ ,Jé:\\ E=N

2004%10H23H ,

19. Swapan Majundar « F§ A KM - % ﬁ }lliﬂ‘”ﬂmi% T %“B I“*"ﬁ”/ > F R
HM%ﬁwégﬁﬁAﬁff@Aﬁ5%54@B$£$%ﬁ&§%%£ E=R
2004%10H23H ‘ e

20. KAWABATA, T ° Asymmetric Synthesis of Cycllc Amino A01ds via Memory of
 Chirality < IUPAC International Conference on Biodiversity and Natural
Products: Chemistry and Medicinal Appllcatlons (ICOB-4 & ISCNP-24) -
31 January, 2004. : ~ . : ; ‘

21. KAWABATA, T - Asymmetric Synthesm of Cycllc Amino Acids via Enolates
with Dynamic Chirality, 7th International Symposium on Carbanion
Chemistry, 11 July, 2004. L L pmeesl

- 22. KAWABATA, T, MAJUMDAR, 'S, KAWAKAMI, S - Asymmetric Synthesis of
Nitrogen—Containing Heterocycles via Memory of Chirality ¢ The 14th
International Symposium on Fine Chemistry and Functional Polymei‘ - 18
August,  2004. ;

23. Takeo Kawabata « Asymmetric Synthesis of Cyclic Amino Acids via Memory
of  Chirality « IUPAC International Conference on Biodiversity and
Natural Products: - Chemistry and Medical Appllcatlons + Nnew Delhi,
India « 28 January, 2004 ‘

24. Takeo Kawabata -+ Asymmetric Synthesis of Nitrogen—Containing
Heterocycles via Memory of Chirality « The 14™ International Symposium
of Fine Chemistry and Functional Polymers « Hohhot, China - August 17,
2004 o . e

25. Daiki Monguchi, Swapan Majumdar, Shimpei Kawakami, Takeo Kawabata -
Asymmetric Cyclization Based on Memory of Chiralily = The 4th
International Symposium of the Kyoto COE Project “Elements Science” «
January 6-7, 2005 |

26. Takeo Kawabata * Stereochemical reversal in asymmetric cyclization via




memory of  chirality - Pacifichem 2005 - Hawaii, ,USA 200 541 2
A16H |

27. F9HKHE, Swapan Majumdar, JIIER « =/ L— hOBRRFEZFA
BARFBILKG - AAKSA% 1 25448 20054E3A29H

28. Jflﬁ?ﬁim?% JII B, F9RKHE, Swapan Majumdar - T%uﬂ[ﬁﬂ}iﬂ‘}: 3

MR - BAEYL% 12564 2005E3H290 -

29. F%Dj(ﬁ\ Swapan Majumdar, JI| EEE, JI[EEER - =/ L— FOBHYR
FEHATAIAREBRLRIG - 85 3 Bk 24 5 BEZEL VR Y U L - 2
0054542 1H

30. Jl#wdEFK, Hartmut Schedel, %iﬁéej%? ﬁ‘%.u EHEEMN. B - E

° B, B - PPYRURASREMEIC & 5 R A 5 R ORS00
%%_owf~yyﬁVﬁA‘%v%;§~-%§u?4wmm-2005
F£6HT7H ; s ; .

3L JIlsER, HEE ﬁ SEEEET. Orhan Ozturk, H—1 - DL-%5 U7 ¢
—EZFAT2EEBEORE . XTF FUT T OERRE - #55HAA
K ﬁ&i%@% & PHE . 2005%10%295

32. ﬁ%&%\ il s T%EFW7WFHW&K®%% %55@8K£
%ﬁLﬁi%ﬁé- £&-MF-2005410H29H ; ‘

33. LEHE Eﬁﬁ\mmmwmdemmﬁkcnﬁﬁﬂwﬂrﬁﬁﬁ%%
»mé%ﬁmﬁm;%55l5$%$ TR EHRE - R&-MPF-2005
£10H29H

34. FWFEE, JIEEE, JIEESR - KOH/DMSO;ﬁ%&%b%Tﬁ/ME &
55 HARZELFTHTHMRE - K& -#7-2005410H29H

35. AAFENE. JI| ETE, PR, JIEESR - Tﬁpar’*m#‘ﬂﬁ%ﬂﬁﬁ“éx
EOBROEHK - %55@E$£ ﬁ%i%%é kA_%F 2005$

 10H29H " " |

36. F%Djt)iﬁ B, Iy Zmﬁ% §E7ﬂf {E$fﬁf%fxéﬂe7w:‘u/ L— M)
A%W%&Hm %55@5$£ LIRS - RS - M- 2005
F10A29R0 - e
}llﬁ%im%y:‘#fﬁ?']j(ﬁg\ Orhan Ozturk. Ei‘% 7 /JEEN-t 7°I*5F‘°/j371/
ﬁ:wﬁ“\f~rw7 FUBIAREEN RGOS - 5 5[ EK%%U

EWIHMS - K2 - #WF - 2005410H29H ~

38. Takeo Kawabata SOME ASPECTS OF ASYMMETRIC SYNTHESIS UNDER
. ENVIQON VIENT. “ ffBENIGN CONDITIONS * IUPAC Second International
~ Sympb&ium‘,(t)h: G ee ‘Lgs;famable Chemistry - Delhi, India * January 12, 2006




TEFTEHED HEE - BUSHRn

1\% %@7 /@ﬁﬁﬁkio%wi & ﬁ%2002w186597

9. Y @@7 } % %&U%®%$ %%2002—238391

3y%%E%€%§%%m€%&@%®%ﬁ@f%@2QO3f205443

4. NEEMEE %ﬁ ﬁmA%&U%@% ﬁ& %ﬁi2003~
'319633

5, E)//ktﬂ)*)‘/?ﬁ/kﬂ?‘/ﬁ?%i(ﬁ?” KHE {ZK %JEEZOOB-3

Q%f%i@% KA%&U%@% ﬁ& %ﬁ/%2004—
197621

% Eﬁ? /%tkm%y:xTw% @&U%wi ﬁ%«%%&%
2004f075609 -

8¥EP?%V ﬁﬂ?%ﬁ@?%ﬁ&%zgo4¥238292

9 t)"w7u)/$ % %4”%2004~107297




