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General lntroduction



 Chapteri. Generalinmoderetien

 1.1 Breaking ef "Classical Double-bond Rule"

     It has beefi well-knewn that the second-row elements of the Periodic Table, such as boron,

 carbon, nitrogen, and oxygen are able to form multiple px-px bonds. Owing to such feature, a

 wide variety of organic chemistry has been developed for a long time.

     In contrast to the seeend:row e}ements, their heavier congeners had been thought for many

years to be incapab}e ef forming stable molecules having px-pm bondings.i In ether words, it

was believed that elements having a principal quantum number greater than 2 cannot form pK-pan

bonds with themselves or with other e}ements. Such a view is referred to as the "classical

double-bond rule". This interpresation was rationalized by the long bond-distances between

heavier elements, whiÅëh clo not allew the sufficient overlapping of p-orbita}s.

    The breakthrough in this field vvas the isolation of the first stable distannene (Sn=Sn, 1)2 in

1973, phosphaaikene (PÅ}=C, Z)3in l978, and silene (Si=C, 3),4 diphosphene (P=P, 4),5 and

disilene (Si=Si, 5)6in i981. In all cases, introduction of bulky Iigands on the central atoms

prevented them from otigomerization to make such reactive species isolable as stable compounds.

These sensational works evidenced that the double-bond compounds of heavier main group

elements could be isolated as stable speeies without oligomerization (or side-reaction) when they

were well "kinetically stabiiized" with bulky substituents.

                   Dis Di$ Mes Ph                     l;n=sA 'p.c' R
                     ts s                   Dis Dis Ph N                                                                  I.p

                                                              RR
             12        Lappert Åqt 973) Bickelhaupt 0978)

Mes'N Me3Sl ,OSiMe3 Mes, .Mes
    P=PNMe.t Me,sfSi=CNAd Mes'Si=StMes

Yoshifuji Åq1 981) Breok (1981) West (1 981År

  Mes: R = Me
 Mes': R = t-Bu

Ad = t-adamantyl
Dis = CH(SiMe3)2
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    After this breakthrough, significant and exciting progress has been made in the chemistry of

unsaturated compounds of heavier main group elements, especially in the field of group 14

elements by taking advantages of steric protection. Until now, a variety stable compounds

having double bonds between group 14group 14, group l4-group 15, group 14group 16

e}ements have been successfully synthesized and characterized. In addition to these double-bond

species, the double-bond compounds between group IZFgroup l3 elements, silaborene7 and 1 ,3-

disila-2-gallata- and indataallenic anions have been synthesized very recently.8

                                '

1.2 Multiply Bonded Systems Containing Tin Atom(s)

    In Figure 1-1 are shown the radii of atomic orbitals (maximal electron-density), which are

calculated for group 14 elements.9 It may be expected that the sizes of the ns and np orbitaIs

increase monotonously going down the periodic table from C to Pb, since the principal quantum

number (n) increases. Unexpectedly, however, one can see that the sizes of orbitals change

irregularly. The irregularity in Si-ÅrGe and Sn.Pb are most likely interpreted in terms of so-

called "d-block contraction" and "relativistic effect".iO Anyway, one can see obviously two

boundary Iines drawn between carbon and silicon, and between gerrnanium and tin. Taking into

consideration of the second boundary line, that is, the large difference of the orbital sizes

between Ge and Sn, it should be expected that the propenies of silicon and/or germanium

compounds may differ from those of tin andlor lead compounds.

    In fact, the compounds doubly bonded to tin are less stable than the corresponding silicon or

germanium compounds, and the investigations about them are still insufficient due to the

difficulty in the synthesis of such unstable species.

3
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                  i6

               ...'-` .X re.o,r,bEgl
                  i '1               --ÅqÅ~

                ,.E.ki-e .... /.......

                              '
                  e.s

                  O.6 . .
                         C Si Ge Sn Pb

                                  Figure 1-1.

12.1 ÅrSn=EÅq, ÅrSn=E=EÅq, and -Sn=-E- (E = Group 14 Elements)

1.2.1.1 EthyleneAna}ogues

    Distannenes (ÅrSn--SnÅq). As mentioned previously, the chemistry of distannenes ÅrSn=SnÅq,

the ethylene anaiogues of tin atoms, has the longest history among all heavy a}kene analogues of

the type ÅrE=E'Åq (E, E' are group 14 elements).ii The first stable compound with an Sn=Sn

dollble bond, 1 was reported by Lappert nearly 30 years ago.2 Since then, distannenes 6-11 were

synthesized ar}d eharacterized.i2 However, almost ef all distannenes (R,Sn=SnR2) known to date

undergo ready dissociation into two molecules of the corresponding stannylenes (R,Sn:) in

solutioR. Tetrasilyl-substituted distannene 11 reported by Sekiguchi certainly forms the stable

double bond in the solid state and in solution.

   Furthermore, 1 and 7-10 possess trans-bent structures with substantial out-of-plane angles

                                                      '                                 eand Sn-Sn distances E2.768(1)-2.910(l) A] approximately equal to or greater than those of the

correspending Sn-Sn sing}e bond. However, the Sn=Sn bond length in 11 is very short,

         e2.6683(1O) A, being the shortest one among all acyclic distannenes ever reported. Moreover, the

sp2 Sn atoms have planar geometry (the sum of the bond angles around them is 359.98e) along

with the very small bend angle of only l 22(5)O.

4



    Due to the distannene-stannylenes equilibrium in solution, the ii9Sn NMR signals of these

distannenes except 11 were observed at low temperature or not observed (only signal assignable

to stanny}ne was reported). The signals assignable to the central tin atom of the distannenes were

observed at 740 (1), 427 (6),and 630.7 (11) ppm.

        Tip, ITip R; ,R' (Me3Si}3Si, /Si(SiMe3)3
                                  Sn=Sn Sn=Sn           Sn=Sn
                                 R, R, (VUIe3Si)3Si                                                                 si(sivvle3)3                Tip        Tip

       Masamune (1 985) Weidenburuch (1 992) K}inkhammer (t995)

             R': ,Si(SiMe3)3 R ,Si{SiMe3}3 (t-Bu)2MeSi, ,SiMe(t-Bu)2

              Sn=Sn Sn=Sn Sn=Sn
      (Me3SiÅr3Si R" (Me3Si)3Si R' (t-Bu)2MeSi SiMe(t-Bu)2

         Ktinkhammer (1 998) Weidenburuch (1 999) Sekiguchi (2004)

                     R t-Bu
  Tip: R = SPr
R   R,, : R = CF3 Rt . Nl

R

    Germastannenes (ÅrSn--GeÅq). The first report of germastannene 12 appeared in 1996 by

Escudi6.'3 However, 12 was stable only below -20 OC, and it underwent ready dissociation into

Tip,Sn: 13 and Mes2Ge: 14 at room temperature to afford germadistannirane 15 as the final

isolable product. GermastanneRes 16-19 stable at ambient temperature were reported in 2003 by

                                                                   '
Weidenbruch and Sekiguchi.i` The most striking feature of 17 was its ready isomerization to the

symmetrically substituted germastannene 18 by heating at 50 OC in C6D6 solution.

    The experimental results showed that the behavior of germastannenes (double bond vs.

divalent species) is totally controlled by their substituents: germastannenes 12 and 16 having

only aryI groups undergo dissociation in solution at ambient temperature, whereas all of three

germastannenes 17-19 bearing silyl substituents form the stable double bonds in both the solid

5



Chapter 1. GeneralIntroduction

state and even in the solution. The 119Sn NMR spectra of aU germastannenes showed a signal at

268-525 ppm, which is characteristic region for doubly bonded tin derivatives.

Tip~n=GeMes2 ----l..~

12 >-20·C

Tip~n: 13
+

:GeMes2 14

Mes2
Ge

/ \
Tip2Sn-SnTip2

15

solution
(gradually)

Tip~n=GeTiP2 -----1..~
16

stable
(crystalline form)

TiP2Sn:
+

: GeTip2

TiP2
---1.~ /S~ + Tip2Ge=GeTip2

TiP2Sn-SnTiP2

Tip SiMe(l-Buh
\ I
Sn=Ge

Tip SiMe(I-BUh

17

(I-BuhMeSi Tip
\ I
Sn=Ge
I \

Tip SiMe(l-Buh

18

(I-BuhMeSi, /SiMe(I-Buh
Ge=Sn

I I
CI,··~Si-St·'SiMe(I-BUh

(I-BuhMeSi CI
19

Silastannenes (>Sn=Si<). The first stable silastannene 20 was reported by Sekiguchi in

2002.15 The 119Sn NMR spectrum of 20 showed a downfield-shifted resonance of the doubly

bonded Sn atom at +516.7 ppm, which was characteristic of Sp2 Sn atoms. The Sp2 Si atom in 20

resonated at an unusually high field, +27.4 ppm, in a sharp contrast to the vast majority of other

doubly bonded Si atoms. Such a phenomenon should be definitely ascribed to the inverted

polarity Si+=Sn- due to the electronic environments around the double bond, that is, the electron-

donating silyl substituents on the s~ Si atom and the electron-withdrawing aryl groups on the Sp2

Snatom.

The length of the Si=Sn double bond 20 was determined as 2.4188(14) A, which was just

between the typical values of Si=Si (2.138-2.289 A) and Sn=Sn (2.590-3.087 A) double-bond

lengths. The shortening of the Si=Sn double bond compared with the Si-5n single bond (average

value 2.60 A) was ca. 7%.

6



   The Si=Sn double bond of 20 was

silylene and a stannylene.

rather strong and did not dissociate in solution into a

Tip, ,SiMe(t-Bu}2
  sn=si
  ts      SiMe(t-BuÅr2Tip

      20

    Stannenes (ÅrSn=CÅq). The chemistry of stannenes has been less developed than that of

silenes and germenes. The structural analyses of the Sn=C double-bond compounds ever

reported are limited to only two types, both of which are thermodynamically stabilized by

heteroatoms such as B andlor N. While Berndt reported a series of dibory1-substituted stannenes

21-24 having an extremely short Sn=C bond [21 (2.025 A), 23 (2.036 A) and 24 (2.032 A)],i6 the

formal Sn=C compounds such as 25,i7 26, 27,i8 and 28i9, the Sn-C bond lengths of which (25:

2.314 A, 26: 2.290 A, 27: 2.379 A, 28: 2.303 A) are markedly longer than the typical Sn-C

single-bond lengths (av. 2.14 A),20have also been synthesized and characterized. Although 6-

stannapentafulvene 29 bearing only carbon substituents on the Sn=C moiety was synthesized by

Escudie et al.,2' 29 was not structurally characterized due to its ready dimerization at room

temperaSure.

       t-Bu t-Bu t-Bu t-Bu t-Bu :IS.)sn=c(/i)c{siMe3)2 Me2si:*'sn=c(:)c(siMe3}2 :I)sn=c(Be)c(siMe3)2 (Me,s,),sRi)sn=c(Bi)c(siMe3)2

                                                                  t-Bu       t-Bu t-Bu t-Bu t-Bu

                                         FPr
      Rs"st.-c,,,N-M.. CiNCsÅqn:Pc'()N,( T'PTN'Ps'n:pc'S( (M(.M,se3,}9N){Ng.-c(g(:[':[li

                          -Pr

7



Chapterl. Generallntrodttction

                                         .cR.2

                  29
            stable beeew -2o "c

1.2.12 AlleneAnalogues

    Tristannaallene The dark blue, air- and moisture-sensitive, thermolabile tristannaa}lene 30

was prepared by reaction of SnEO(t-Bu)l, or SntN(SiMe,),l, with (t-Bu),SiNa in pefitane/benzene

at -25 eC?2 Compound 3e isomerized to give 31 at roorr} temperature (Tii2 = 9.8 h). According

to the result of X-ray structural analyses, the framework of 30 was bent (l560) and the terminal

                                                          eSn atoms had the pyramidal geometries. The Sn=Sn bonds in 30 (2.68 A) were approximately

equal to the shortest Sn=Sn bond length in 11 [2.6683(10) A]. In the ii9Sn NMR spectrum, two

signals at low field (5 503, 2233, intensity ratio 2:1) were observed in the to}uene-ds solution. In

particular, the latter chemical shift, whieh was adapted to the central tin atom, was characteristic

                                                                   '
of those of stanny}enes, indicating the bonding situation in 30 could be described by the

resonance forrnulae shown below.

          ('",)ilj,N,!.;snr,?,-,i;'`,'.B,,"'3-z:,!e-z-g:g-b-seg-:gl./ .2gsh(2sc),,-i:'[i,r".'r.Sl'IX.,s.R,!.Sl`ll',7,rg3.,,

                    30 31
                     -- --                     Sn Sn         [(t-BuÅr,sil,sn// NKSn[Si(FBu)3]2 e ({FBu)3Sil2Sn/ Å~Xsnlsi(t-Bu)3]2

    1-Stannaallene Generation of 1-stannaallene 32 was postulated as an intermediate in the

synthesis of the first stable distannirane 33 by Escudi6 in 20Cva.23 Because of the probable lability

of the tin--carbon double bond, 32 could behave as a stannylene-vinylidene carbene complex as

8



observed in the related stannaketenimine 25 that behaves as stannylene and isocyanid

reactions with trapping agents). Therefore, the generation of the final product of this

(33) should be ll}ost likely interpreted in terrr}s of the E2 + ll cycloaddition of 32

stannylene 34, which should be generated in an equilibrium amount.

                                      7 hg
                 7 N"" t-BuLi Nh ix
                           -c                  c"          Tip2S:/ 'C(1i Tip2sntEiNsnTip2

                                        33 (33el.År

                                    -

                           Tip, , Tip

                           Tip' Tip
                                    N
                                32 34

12.13 Acetylene Analogues

    Many experimental and theoretical studies have been devoted to the

bonded compounds of heavier group 14 elements.2` Among them, silaisocyanide,25

silaacetylene,27 and germaisocyanide28have been evidenced as short-}ived species

spectroscopic and trapping experiments.

of heavier group 14 elements, 35-38, have been isolated as stable compounds.29

e (in the

     -lreactlon

with the

                             chemistry of triple-

                                    silanitrile,26

                                    by yarious

Recently, a series of homonuclear acetylene analogues

9
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TS,ii))iiii,l/liriz([:s::ÅrPnp

      ss
   Power (2eeO)

`(lil)(l12.i,P. Dip

Dip
 Dipil:igcl}i

       ss
   Power {2eCt2År

f{ii)ll;!P. Tip

Tip
 Tiplilli!(I[ S

      39
   Power (2C)03}

(ili))llle?-:e Dip

Dip
 D,pS!i(II iÅr

      37
   Power (2002)

Dip = qk

FPrN P'iS

th's'Si.

     si=si
         'si-Dis
        Dist N-pr

      38
 Sekiguchi {2005)

    Distanaynes (LSnijSn-). Distannynes 36 and 39, tin-analogues of acetylene, were

synthesized by Power and characterized by X-ray crystallographic analysis. The structure of 35

was not linear but bent, and the Sn-Sn bond length,2.6675(4) A,is similar to the shortest Sn-Sn

distance in the distannene E2.6683(IO) A in 11]. Unfortunately, the electronic state of the tin

atom in 36 and 39 cannot be elueidated in detail, since the ii9Sn NMR signals of them have not

been detected.

    Stannyne (LSnsC-). The generation of stannyne 41 by the photolysis of diazomethyl-

substituted stannylene 40 was reported by Kira in 2004.'e The formation of 42 is explained

straightforwardly by the intefmediacy ef stannyne 41 followed by the intramolecular insertion of

the carbene moiety of 41 to the proximate methyl C-H bond of the isopropyl group. This result

            'afforded the evidence not only for the generation of 41 but also for its high carbene-like

                      '
reactlvlty.

IO



ArK ,,N2 ttv
 .9n-c, -      Si(ibPr)3

     40

Ar'N .  sn--c'
 ..N      Si(i-Pr)3
      41i
      1

Ar'-SnEC-SiÅqi-Pr)3

       41

FPr

 .'fi' TipN(ÅriTiR

 tu     .iPr ,si(-pr}3 Ar'

     'sn-c
,,f7

 l

N            Me
PPr " hfi

         -pr 42:70e/o

1.22 ÅrSn =Pn- (Pn = Group 15 Elements)

    Azastannene (ÅrSn=N-). Tin-analogues of imines contaming a tin-nitrogen double bond

are extremely reactive and have been trapped in a variety of reactions. Until now, only two

stable azastannenes have been synthesized and characterized by X-ray crystallographic analysis.3i

                                                            eThe structural analysis of 43 shows the short Sn=N bond length of 1.921 A (Sn-N single bond

}ength: av. 2.05 A), the planar geometry at tin, and an interligand angle at nitrogen of 120.6(2)O.

Although the bond-shortening in 43 implies that this Sn-N bond has a considerable double-bond

character, its "9Sn NMR appeared at an extremely high field (-3.4 ppm). It probably results

from the inductive effects of the electropositive two nitrogen atoms having two trimethylsilyl

groups to the central tin atom. Compound 43 is stable at -30 "C in the crystalline state, but it

rearranges within 2 weeks in hexane to give 44 by intramolecular addition of the C-H bond of

the isopropyl groups across the Sn=N bond. The Sn-N distance in 45 has the shorter value of

1 .905(3) A.32

   [lll:iil)År;l};.=Nv) -..3oc (Me3S/)2M.N.NsNn(ii,,,,kMHe3)2 :l:,sn::/s,ks,B.

11



Chopteri. GeneraJIntreduetion

    Phesphastannene (ÅrSn=P-). The first stable phosphastannene 47 was synthesized by

dehydrofiuortnaeion of the eorresponding (fiuorostannyl)phosphine 46.33 The structure of 47 was

unambiguousEy determined by the NMR spectra. The ii9Sn NMR observed at a very low field

(658 ppm) is characteristic ef a triceordinated p-za hybridized tin. It is noted that the coupling

                                '
constants between the phospborus aRd tm atoms EiJ(P-ii7Sn) = 2191 Hz, 7(P-'i9Sn) = 2295 Hz]

are mueh larger than those of stannylphosphines Efor example, iJ(P-ii7Sn) = l l5e and iJ(p-ii9sn)

= 1203 Hz for tshe staning (fiuorostaRnyDphosphine 46], indicating the presence of a av-bond

between the tin and phosphorus in 47. The larger coupling constants than those of the single

bond have also been observed in the eoupling constants of 'J(P-29Si) in the silaphosphene3e and

V(P-P) in the diphesphenes.3S Another stannaphosphene 48 having two Tip groeps on the tin

atom was synthesized in a similar rnanner,36 and it displayed a low-field chemical shift of 500

ppm in the i}9Sn NMR spectyum.

           Disys?-?-tules' -BuEj DiSNsn.p rPNsn.p
               FH DisI NMes. Tipl XMes'

                46 47 48
1.23 ÅrSn=Ch (Ch = Group 16 Elements)

    Chemistry of heavier e}ement congeners of ketones (heavy ketones) has been developed

only recently.37 As for the tin anaiogues, the kinetically stabilized stannanethiones (Sn=S),

stannaneselones (Sn=Se), and stannanetellones (Sn=Te) have been synthesized and characterized,

though no stannone (Sn=O) analogue has been isolated as a stable compound so far.

    Stannanethiones (4938and 5pt5, stannaneselone 51,38 and stannaneteliones40 (52 and 53)

stable at ambient temperature were successfully synthesized for the first time using the

combination of Tbt (or BbO and meta-terphenyl substituents (Ditp or Titp) by Tokitoh and

Okazaki. X-Ray crystallographic analyses of 50, 51, and 53 were achieved to reveal the

12



planarity around the tin atoms and the shortening of the Sn :Ch bond lengths in comparison with

the corresponding Sn--Ch single-bond lengths. The ii9Sn NMR spectrum of 49-53 showed a

signal at 282-532 ppm, which is characteristic of the doubly bonded tin derivatives.

                                 RN RN RN
                                  Sn=s Sn=Se Sn=Te                                  /1/                                 R, R' Rt
             R=Tbt, R' =Ditp 49: 6sn =531 51: asn =440 52: 6sn=3t2

             R=Bbt, R' =TitP 50: 5sn=532 - 53: 6sn=282

        Me3Si SiMe3
                                         R2      Me3si )lii SiMe3 TBbb:1.RR`,=.HsiMe3 lli[E

          MbySi RtSiMe3

1.3 The Purpose of the Present Study

   As described above, the chemistry of multiple-bond

has the longest history among those of the multiple

However, it developed rapidly in the last decade and '

elucidation of the multiply bonded systems containing (

   Especially, all stable stannenes (Sn=C, Section

perturbation of the adjacent heteroatom and the nature

discussed in detail despite they are considered as "bri

olefi ns.

wishes to describe the synthesis and properties of the

only carbon substituents in Chapter 2. In ChapteT

stannaaromatic compounds, which have the fomial

e7 I
tu

O' l
tu

R2
Ditp: R2 = H

Titp; R2 = -Pr

                                                compounds containing (a) tin atom(s)

                                            bonds to the heavier main group elements.

                                               is still insufficient to make systematic

                                             a) tin atom(s).

                                             1.2.1.1) are influenced by the electronic

                                               of the Sn=C double bond could not be

                                            dge" compounds between olefins and heavy

       In order to study the chemical behaviour of tin-Åq arbon double bond in detail, the author

                                               kinetically stabilized stannenes bearing

                                                 3, the synthesis and properties of

                                            Sn=C fragments incorporated in aromatic

rings, 9-stannaphenantherene and 2-stannanaphthalene, will be reported.

                                                                              13
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Chapter 2. Sjyntheses and Properties ef TinL-carbon DeMble-Bond Compounds

2.1 Introduetion

2.1.1 Dimetallene and Metallene Chemistry

                                 '
    ln the past few decades, much attention has been focused on tke ehemistry of heavier

congeners of alkenes, i.e., "metallenes and dimetallenes" (ÅrE=CÅq and ÅrE=EÅq: E = Si, Ge, Sn,

Pb), and a niEmber of repoms have appeared on their syntheses, structures, and propenies. A

number of stabie dimetallenes have been synthesized and eharacterized so far. The experimental

and theoretical stndies revealed structures aRd propenies apparently different from olefins

(ÅrC=CÅq). The dominant difference is their trans-bent structures in eontrast to the planar D2h

structures of elefins. Theoretical calculations of several model compounds support such

structural features as fol}owsl When the double-bond systems, R,E=ER2, are homo}ytically

cleaved, the resuking two R,E: units may exist in a triplet or a sing}et state. In contrast to the

carbon system, the heavier group l4 atoms have low ability to form hybrid orbitals, therefore,

                                    '
they prefer ngenp2 valence electronic configuration in their divalent species. Since two electrons

remain to be as a singlet pair in the ns orbital, the ground state of R,E: is singlet, uR}ike the case

of R2C:, the ground state of which is triplet.2 As a result, severe repulsion between the closed-

shell orbitals of two R,E: units prevents the dimerization between themselves, which lead to the

formation of R2E=ER, in the planar form as shown in Figure 2-1. However, the two R,E: units

can form unique double bonds not oniy elongated to avoid the repulsion but also in trans-bent

configuration,3 where each of R,E: units donates a lone pair of electrons to an empty p orbital of

its bonding partner to form double donor-accepter bonds as shown in Figure 2-1 .
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repulsion

                                                 ""s

                                                            v

                                   Figllre 2-1.

    By contrast, in cases of metallenes, their bonding situations are censidered to be different

from those of dimeta}lenes because metallenes are formed by the combination of a carbon, which

prefers sp2 hybridization, with a heavier group 14 element, which prefers ns2np2 valence

electronic configuration. One can hit upon a natural qllestion what types of the geometry

metallenes have, e.g., trans-bent, or the other form.

2.12 Stable Silenes (ÅrSi=CÅq)

    Silenes have been extensively investigated, although oniy a few stable examples 1-64 have

been isolated and characterized. Although the X-ray diffraction data of 3 and 4 have not been

reported, the silenes 1, 2, 5, and 6 have been reported to show their almost planar geometry

                                                                       oaround the Si=C bonds and shorter the Si=C bond lengths [1 .702(5) (2)-1.764(3) (1) A] than the

typical Si--C single-bond lengths (ca. 1.87-1.93 A). Although the 29Si NMR signals of 1-5 were

observed in the lower field t41.8 (1)-144.2 (2) ppm] characteristic for the doubly bonded Si atom

as compared with those of sp3 Si atoms, that of 6 was observed in -77.9 ppm, indicating the

reversed bond polarity (Si6'=Cb').
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           Me3Si. ,OSiSV"e3 Me, ,SiVVIe3 Me$,
                si=c si :c si=c               ,N IN t                               Me SiMe(t-Bu}2 Mes           Me3Si                   Ad

                  12              Brook 0981År Wiberg (1 985) Ceuret (t 994År

                  {FBu},imes7)s'=c([(lllÅr [tl:."År):::sSl)si=c(E(1:i

                       4: R = SiMe3
                    5:R=SiMe2-Bu}2 6
                      Apatetg (19S}6År Kira (2002)

    Allenic compounds involviltg a Si=C double bond, i.e. 1-siiaallenes

been synthesized and eharacterized by West.

                 e

those reported for an Si=C double bond to date. The 29

relatively up-field region El3.1 (8)-55.1 (9 and 10) ppm],

of the Si=C double bond in l-silaallenes compared to the silenes.

silaallene 11 (ÅrSi =C=P-) was also synthesized,

             MeO
                    PPr
          -Pr -                                             R3                                   R2h..si.c=c'
    Ad,,..

      v   Mest

,H

L-t-Bu

3

                                                          (Si=C=C, 7-10)5, have

                                     The lengths of the Si=C double bonds in 7 and 8

El .704 and l .693(3) A, respectively} are quite short and that of 8 is the shortest distance among

                                           Si NMR signals of 7-10 were observed in

                                             indicating the strongly reduced polarity

                                                         Although 1-phospha-3-

                                     it underwent ready dimerization above -30 eC.6

si =c =c

  "Pr Cttts.

     MeO
       7
   West (1 993)

iPr

         RIV NR4

  s: Ri = R2 =Tip, R3 = Ph, R4 = "Bu
g: Ri = Mes', R2 = t-Bu, R3 = Ph, R4 = t-Bu

 10: Ri = Mes', R2 = t-Bu, R3 = R4 = ph

           West (1997)

Tip,,..

phfSi=C=PN
Mest

      tl
stabte betow -3o ec

 Escudie (1999)

2.13 Stable Germenes (ÅrGe=CÅq)

    Since the synthesis of the stable germenes 12, 17, and 18 were in 1987,' many examples

bearing a variety of substitllents have been reported.8 X-Ray crystallographic analyses of 12, 17,

20-23 have been achieved, showing their almost planar geometries around the Ge=C bonds and
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                                            othe shorter Ge=C bond fl.771(16) (20)-1.858(3) (23) A] in comparison with the typical Ge-C

                         osingle-bond lengths fl.95-2.00 A] except 21. In case of 21, the Ge=C bond Iength was 2.085(3)

A, which was longer than the normal Ge-C single bond, and apparent pyramidalization of the Ge

atom was observed. These results indicate that 21 actually exhibited the properties of the ylide

structure (Ge-ny) rather than the double bond between the Ge and C atoms due to the 2x-

aromatic stabilization.

:l.;e=ci:.t`n iil,R'Ril//B;H.11B/MifiR,/2.tbt,-.Bu:Ill:,2,Slii,")Ge=clr:,`)"c(siMe,),Me,sl'iBlile=clr',B,')"c(siMe,},

      ,,,. A              16: Ri=R2=Dis t-Bu t-Bu t-Bu
                                           17 18           Escudie (1987-) Bernt (1987) Bernt (1987)

                                                N(-Pr)2
Mes H  st  Ge=CMes' 'V-t-Bu

     19
Escudie (1 992)

      ;::)....(g).Åq':, [.M:iglll:Åre-c(i(,,,-,,,,

            20 21        Tekitoh (1 995) Schumann (1 997)

   (t-Bu}2MeSi
            X ISiMe(t-Bu}2 f7 N
        P.hG)/)s.;illi/itt'Oph cR,=ci) R}.

(t-Bu)2MeSi            SiMe(t-Bu)2 "ts, L
           23
      Sekiguchi (2002)

nBuN ttGeR'2
    c-c=-:c-c   //NR'2Ge             nBu

       22
 Weidenbruch (2000)

t-Bu

eN
 -

    In addition, allenic compounds involving an Ge=C double bond, 1-phospha-3-germaallene

(ÅrGe=C=P-) 24,9 1-germaallenes (Ge=C=C, 25 and 26)'O, have been synthesized and

                                                       ocharacterized. The length of the Ge=C double bonds irr 25 [1 .783(2) A] is similar to the shortest

                      oGe-C distance Il.771(16) A in 20]. Compound 25 show a bent structure at the central carbon

atom with the Ge=C=C bond angle (159.20) along with the pyramidalized Ge atom.
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Mes4.
    6e=C =PNMe$f Mes'

     24
 Eseuctieosms}6)

           PhTiPb.•Ge =c= C'

Tipt N t-Bu

      25
  West (t998)

Tbt ,..

    Ge=C=CMesf

      as
  Tokiteh (t998}

2.1.4 Stable Stannenes

    As described in Seetion l 2.l .l, stable stannenes bearing a short tin-carboR bond are limited

to the diboryl-substituted ones 27-29 reported by Berndt. However, their X-ray crystallographic

analysis showed that the environments around the Sn=C bond and the ti9Sn NMR signals

substantially differ from each other. Although 27 and 29 show the bending structures in the

geometry of the sBbstituents (except the Sn atom in 27), the tin and carbon atoms in 28 have

planar environments (Figure 2-2). The i'9Sn NMR signals of them are observed at 835 (27) and

374 (28) ppm.

    These compeunds are stabilized by not only the steric protection afforded by bulky

substituents but also the electronic perturbation. In fact, the shortening of Cl-B bond lengths in

comparison with typical C-B single bond lengths were observed, indicating the contribution of

canonical structures 30 and 30' (Scheme 2-1).

        t-Bu FBu t-Bu DDIsS/Nsn=c(S)c(siMe3)2 RR,/,sn=c(S)cÅqsiMe3)2 (M.,s,),sRi)sn=c(/1)c(siMe3)2 R,.t'B"

        t-Bu "Bu t-Bu

24



                 Cci Bc                                                          9e B

                4oe 36o C               B 820B BB                                                 33e
                                                si                  Sn                           cc                      27 28 29
              Figure 2-2. Stereo Projections along Cl=Sn Bond of 27-29.

Scheme 2-1.

             Årsn=ci'.liX e eÅrsn-ci".*iiilÅq o e/Xsn'ci'ililK

                                     3e 30i

2.2 The Purpose in Chapter 2

   The only stable systems, Berndt's stannenes, are inadequate to e}ucidate the nature of an

Sn=C double bond due to the severe electronic perturbation to the central Sn=C moiety. In order

                                                      'to study the chemical behaviour of tin-carbon double bond in detail, the author examined the

syntheses of stannenes kinetically stabilized by only carbon substituents, which have less

electronic effect than heteroatom substituents.

    Although the stannene 31 bearing only carbon substituent was reported by Escudie in 1992,

it was known to undergo ready dimerization at, room temperature in spite of bearing two Tip

groups on the tin atom and 31 was not structurally characterized (Scheme 2-2).

Scheme 2-2.

                                                              '
                                                           Nh ix 7

           .,, t--BuLi S Å~2 IC                                                          Tip2Sn                                                                  SnTip2                     - Tip2Sn=C -                       Et20, -78 eC + 7 rt     Tip2Sn-C

                                        31
                                   stable below -2o Oc
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The author believed that the synthesis of stannenes stable at ambient temperature would be

accessible by using a Tbt group, which is bulkier than a Tip group and a more effective

substituent as a sterie protection group. Therefore, the synthesis, structures, and reactivities of

stannenes 32 and 33 were investigated in the Chapter 2 in this doctor thesis.

Tbt.
Sn=C

MeS

32

Tbt, S)
Sn=C.... ()

33

Me3Si SiMe3

TbtGroup

2.3 Syntheses of the Precursors for 32 and 33

In the light of the reported synthetic method for stannene 31, the author planned the

synthetic strategies for 32 and 33 as shown in Scheme 2-3, i.e. the elimination of HX (X =

leaving group) from the corresponding halostannanes 34 and 35, respectively, using an

appropriate base.

Scheme 2-3.

Tbt.
Sn=C
I

Mes ~
~

~ Tbt d

Mes-Sn-C f "I ,

X H -
34

Tbt Ph
, I

Sn=C
I "Mes Ph

33

Tbt Ph
, I====> Mes·Sn-C-Ph
I ,

X H
35

X = leaving group

The combination of Tbt and Mes groups was selected as steric protection groups, since the

synthesis of Tbt- and Mes-substituted dichlorostannane 36 has already been established as a high-

yield process. 11

Starting from 36, suitable precursors for 32, such as chlorostannane 37, stannanyl triflate 38,

and fluorostannane 39, were prepared according to Scheme 2-4.
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Scheme 2-4.

Li

Tbts

  /snC12
Mes

  36

4"
s

7N
 "t:

THF, -78 "C .b rt

    75a/.

        N
       .ts :
 Tbt
Me$-Sn-C
    CI H
       37

                   ss

   AgOTt .-
  CH2C}2, rt           Mes-SnbC
   96e/. OTfH
                  38

AgBF4

LtF

l THF, rt, quant

                                          CH2Cl2, rt
                                                        Mes-Sn-C
                                            900/e FH
                                                               39

    In a similar manner, chlorostannane 42 and fiuorostannane 43, whieh were expected to be

suitable precursors for 33, were prepared according to Scheme 2-5. Diphenylmethyllithium-THF

complex 41 was isolated as orange solid and stable under inert atmosphere.

Scheme 2-5.

                       n-BuLi         Ph2CH2 - Ph2CHLi•2THF                  THF, -78Åé.OÅé •
                       7201o

         Tbt, 41 Tbt, ,Ph AgBF, Tbt, ,Ph
         M.stSnCi2Tfit;:m:7{;:6-:-rrF,-7secm.rt MeS-cSin-9H-Ph:siti;6i;:-R,cl,,rt Mes-FS,n"9H-"Ph

            36 76ofo 42 goo/. 43

2A Synthesis of Stannene 32

2.4.1. Attempted Synthesis of 32 Using Chlorostannane 37 as a Precursor

    Initially, synthesis of 32 using chlorostannane 37 as a precursor was attempted. The

reaction of 37 with n-butyllithium in hexane resulted in the nucleophilic substitution reaction on

the tin atom (Scheme 2-6).

                                                                           27
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Scheme 2-6.

37
nBulj (i.1 eqviv.}

hexane, rt, 3 h

        "`"""

       •-` :
 Tbt
Mes-Sn-'c 4

 nBu H
    44 06ol.År

+ 37 (62"/e}

    The reaction ef 37 with t-butyi}ithiptm in diethy}ether at oo eC, whiÅëh was examined in

order to prevent such nueleophilic substitution reaÅëtion, afforded compound X as an orange solid

           '
(Scheme 2-7). When the C6D6 solutien of compeund X was exposed to the air and moisture, no

hydroxystannane 47, which sho"ld be expected to be obtained by the hydrolysis of the stannene

32, was observed but quantitative formation ef hydrostannane 45 occurred. This result suggested

that compound X should not be the expected stannene 32 but hydrostannylbenzyllithium 49

(Scheme 2-8). Indeed, the trapping reaction of compound X using Mel resulted in the formation

of the methylfiuorenylstannane 46 (l99e) together with 45 (389o). The molecular structures of 45

and 46 were determined by X-ray crystallographic analysis (Figures 2-3, 2-4).

Scheme 2-7.

                                                .efi hf
37

eet"L'ii,oeCi"'"År ogc/:2eidlktrnt M.T.b.ts.-.-cef'ss M,lllnts.-c ij7'""

    --40 Åé, 30 min then rt, 3h H H
                                               45

                                             N

                                            "                                      Tbt +45 (3801o)
                                     Mes-Sn-c 4

                                         H Me
                                            46 (190/o)

28



eq- ee

r

Figure 2-3. X-Ray structure of 45 (ORTEP drawing with 309o probability ievel).

atoms except for those on the centrai Sn and C atoms were omitted for clarity.

knjsas,

       tw

C2

Figure 2-4. X-Ray structure of 46 (ORTEP drawing with 309o probability level).

atoms except for that on the central Sn atom were omitted for clarity.

   The plausible mechanism for the formation of 45 and 46 is shown in Scheme 2-8.

single electron transfer reaction should proceed to afford stannyl radical 48, and

abstraction of a hydrogen atom from the solvent or the resulting compound, which

Hydrogen

Hydrogen

Initially,

then the

might be

     29
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 derived from t--butyl radical, should proceed to give 45. The consequent reaction ef 45 with t-

 butyllithium eccurred to afford 49.

 Scheme 2-8. Mechanism for the reaction of 37 with t-BuLi

                     sN $obeent 'gk"" (H/ior)
   37WFIIIIIiltvtellkbls..c""'se'N"'tC 45Nt"L'M.T,b.ts.-c'`" 'M.t 45

                    48 49

    On the other hand, attempted dehydroch}oimation reactions shown in Scheme 2-9 were

performed under the conditions, resulted in "no-reaction" with the complete recovery of the

starting material .

Scheme 2-9.

                                       base, conditons
               37 sutSe NoReaction 1)t-BuLi,hexane,rt,3h
                   conditions 2År LDA, hexane,O"C then rt,6h
                                       3År NaH, THF, rt, 3 days

2.4.2. Attempted Synthesis of 32 Using Stannyl Triflate 38 as a Precursor

    In the case of the synthesis of 9-si}aanthracene 53, the transformation of a leaving group

from a halogen atom (Cl, Br) to a trifluoromethane sulfonyl (-OTfi group was quite effective: the

treatment of silyl triflate 52 vvith LDA afforded 53 iA a high yield in contrast to the low

conversion in the case of the reactions of chlorosilane 50 or bromosilane 51 with LDA.'2
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Scheme Z-10.

                      Tbt X
                         st                                   various bases No Reaction                         si                   4 E l N"' - iowconveOrrsionto s3

                   X-
                      50]X=Cl
                      51:X=Br

                      Tbt OTf Tbt                         St I ..                   ,ij7 Sj -",-tA ifi ss
                       i l benzene, rt                   N .,,, ,,,,,. ,,..l.ij,
                                     820/e                         52 ss
                                               AX .t
    These previous knowledge on the high leaving ability of OTf group naturally prompted the

author to examine the reaction of stannyl trifiate 38 with a base in the hope of obtaining stannene

32.
                                           '

    However, the reactions of 38 with lithium amides (LDA and LTMP) resulted in a

complicated mixture (Scheme 2-11). Compounds 54, 55, and 56 were isolated as the final

products in the reaction using LDA. The molecular structure of 54 was determined by X-ray

crystallographic analysis (Figure 2-5). It can be concluded that those reactions should not be

proper methods for 32, though the generation of the 55 and 56 might be interpreted in terms of

the intemiediacy of the stannene 32 (Scheme 2-12, path a).

Scheme 2-11.

                                                  Tbt                                 Tbt l                                                               Tbt    3s =fit;ill!IIF,D-t4gl.g:hqeUXVrt),lh Mes-sFl:u-nu + ( l Sn""lllU + Mes-t!nH-Fnu

                                                   H
                              54 (180/o) ss (7e/.) 56 (7e/e)

                                                                        e' N
      LTMP (1 .0 equiv.)

    THF, -40 "C tinen rt, 1 h

Complieated Mixture
containing 55 (ca. 10"1.) LTMP =Li-N Flu =

 s

7
x L
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                                     M,

                                            C14

                                        Snl

                                         Cl                                                 'x:.

                                 ev o

Figure 2-5. X-Ray str•ucture of 54 (ORTEP drawing with 509e probability level). Hydrogen

atoms except for that on the Cl, Cl4 atoms and a benzene molecule were omitted for clarity.

                                         '

Sche}ne 2-12. P}ausible mechanism for the generation of 55 and 56

                                         Tbt,
                            Tbt Sn=CR2                 patha i                                                    H20
                        Mes-Sn-en2 - e 56                            ee Nv

       38                                                                  e7 V

                                     Tbt s                 Pathb gHNeÅqsFp-cHR2 .ss CR2=C",.7A

                                 H

    AIthough the mechanism for the formation of 54, which has two fiuorenyl substituents, is

not clear at present, the same compound was obtained in the reaction of 38 with n-butyllithium

(Scheme 2-13). Probably, the fiuorenyl substituent works as a leaving group due to the high

stabi}ity of the fluorenyl anion,judged by the generation of dibutylstannane 57. The reaction of

38 with t-butyllithium resulted in the formation of 58 by the nucleophilic substitution.
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Scheme 2- 13.

                                        Tbt Tbt                 n-Bulj OO equiv.) t i          38 - MesbSnjn-Bu + Mes-Sn--Flu + 54000/o)
                   hexane, rt,3h l                                                       1                                        n•Bu n-Bu
                                      57 (1 2e/o) 44 (51 0/e)

                                        Tbt                 t-BuLi (1 .0 equiv.) }          sa -                                    Mes-Sn'Flu
                   hexane, rt,3h S                                        t-Bu

                                      58 (8901e)

2.4.3. Synthesis of 32 Using Fluerostannane 39 as a Precursor

    Finally, stannene 32 was successfully synthesized by the dehydrofluorination of 39 using t-

butyllithium as a base in EojO at 40 eC (Scheme 2-14). Initially, the colour of the reaction

mixture turned yellow solution, indicating the formation of the lithiated compound 59, and then it

turned deep violet at room temperature. Removal of LiF and the solvents afforded violet crystals

of 32, the iH and i3C NMR spectra of which indicated no coordination of ESO in contrast with

the case of 31. Compound 32 was found to be thermally stable under inert atmosphere either in

the solid state (mp 167-171 eC, dec.) or in solution (benzene-d6, at 80 OC in a sealed tube) and

highly moisture- and air-sensitive.

Scheme 2-14.

                                                  L

39
t-BuLi (1 .6 equiv.)

   Et20
-4o oc, 3o min

 Tbt,
Mes-S,n-C
    F

IN
  '

 Li
 59

4 ss

 .

     - LiF
--•------••

    rt,th
  quantitative

Tbi
   s  sn =c
  tMes

     32

n
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25 X-Ray Crystallographie Analysis of Stannene 32

    The moEecular geemetry of 32 was determined by X-yay crystallographic analysis (Figures

2-6, 2-7). The structural pararr)eters of 32 are summarized in Table 2-i together with the

calculated vaiues for the model compeBnds 6e-62 and the real moiecule 32. The bond length of

                      qthe Sn-Ci bcmd E2.el6(5År Al is the shortiest among those of tin-carbon bonds ever reported. In

addition, it is ca. 6% sborter than the typical Sn-C single bond iength (ca. 2.}4 A)i3 and close to

the observed values for 27-29. The strt}ctural amalysis reveaied the completely trigonal p}anar

geometry around the Snl (359.90) and C} (359.90) atoms. The large twisted ang}e between the

Cl4Snl-C41 plane and the fiuorenylidene moiety (2850) is probabiy due to khe steric reason,

siBce such tvvisted stmctures have already been observed in bifiuorenylidenei` (430) and

Mes,Ge=C(ffuorenylideme) (5.9eÅr.'a Although the ealculated parameters for 60-62 and 32 are

almost simiiar to those observed for 32, the twisted ang}e around the Sn=C unit of 6e-62 (7.0-

l350 ) is smaller than that of 32 probably due to the less bulkiness of the substituents on the tin

atom .
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C4

Cl1

,C7

C8

C5

 C6

.C9

CIO

Figure 2-6. X-Ray structure of 32 (ORTEP drawing with 509o probability Ievel).

atoms were omitted for clarity.

eewatwSfl(`ptw

Hydrogen

Figure 2-7. 0RTEP drawing (509o probability Ievel) of 32 along the Snl-Cl Bond.

atoms and the substituents on the Tbt and Mes groups were ornitted for clarity.

Hydrogen
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                                 Chart 2-1.

            Rk .R2
              Sn
     H4-,i;.e,"•,P'r.s:}.rgCik.g,,egcj"i//ti-Hti}li/lii/ii`,E-tlli2kl",iM.:,eili}

      H5 S S HIe '            }-ms H9

                           oTable 2-1. Selected bond lengths (A) and angies (deg) of stannenes

Bbs: R = eKSiH3}2
Dmp: R = Me

32 (obsd) 60 (calect)" 61 (ca}cd)a 62 (calcct)a 32 (calcd)"

Sn-CI

Cl--C2

Cl-C13

C2rC7

C8tl3
C7t8
Riip.-Sn-R2.

Cl-Sn-R'.
        IPSo
Cl-Sn-R2.
        tpso
C2-C1-( l3

C2tl-Sn
Cl3-Cl-Sn
twisted angle

Ipse

b

2.0l6(5)

l .452(6)

i .456(6)

l .41O(6)

1 .425(6)

1 .446(6)

l18.27(17)

127.92(19)

113.67(19)

106.3(4)

128.3(4)

l25.3(3)

285

l.eq8

l.465

l.465

1.426

l .426

1.457

}le.l5

l24.92

l24.92

l06.I9

l2693

126.93

l3.l

1.997

l.464

1.464

l.427

1.427

l.458

114.18

l22.9I

12291

1e6.1O

l26.95

126.95

7.0

2.ool

l .463

l.466

1 .427

1.427

1.458

1l4.99

124.31

12059

l06.04

127.60

126.35

13.5

2.012

l.459

1 .469

l.428

1.429

l.454

115 .34

130.73

1l3.79

l e5 .80

l29.l5

125 .04

24.I

" calculated at the B3LYPf6-3IG(d) (TZV on Sn) level.

R2i,,.-Cl and Sn-Cl-C2-Cl3 planes.

b Twisted angles between the Sn-Riip,.-

2.6 Raman Spectra of Stannene 32

    In-plane vibration modes for the 6-stannapentafulvene skeleton of 32 were observed by the

Raman spectra. A part of the Raman spectrum of 32 was shown in Figure 2-8. The signals at

287 and 674 cm-' were assigned to the skeletal vibrations on the 6-stannapentafulvene plane

based on the theoretical calculations. The experimentally observed spectrum showed close
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resemb}ance with the simulated spectrum for 60 as shown in Figure 2-8, indicating

calculated structure for 60 reproduces the characters of 32 adequately.

v

that the

h-=
co
=ov=-oÅr

•=
es

ptopt

tooo goo soo 7oo 6oo soo 4eo 3oo 2oo
                              Raman Shift (cm'i)

Figure 2-8. Raman spectra of 6-stannapentafulvenes. Solid line: FI'-Ran}an spectrum of 32

measured with the excitation by He-Ne laser (833 nm). Dashed line: Spectrum of 60 simulated

by the theoretical calculation at the B3LYP16-3IG(d) [TZ(2d) on Sn] level.

2.7 NMR Spectra of Stannene 32

    The ii9Sn NMR spectrum of 32 in C,D6 showed a signal at 270 ppm, which is characteristic

of doubly bonded tin derivatives. This value is slightly upfield-shifted in comparison to that of

31 (288 ppm). The assignments of the 'H, i3C, and ii9Sn NMR signals are Iisted in Tabie 2-2

along with the calculated values for 60-62 and the real molecule 32. The observed values are in

good agreement with the calculated ones except for the case of ii9Sn NMR at B3LYP level. At

MPWIPW91 level, which was evidenced to be effective for the GIAO calculations for Tip,Sn','5

the calculated values for 60 (b) and 32 are consistent with the observed ones for 32. The i3C

NMR signal of the Sn=C (144.9 ppm) reasonably appeared in the sp2 region. It is noteworthy

that all the signals of the fluorenylidene unit were observed nonequivalent probably due to the

restricted rotation of the Sn-C bond, indicating that doubly bonded structure 32 rather than 32'

(Scheme 2-15) might be dominant in solution.
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Table 2-2. 0bserved and calculated iH, '3C, and 'i9Sn NMR chemicai shifts (ppm) for stannenes

32 (obsd)a 60 (calcd) 61 (calcd) 62 (Åëalcd) 32 (calcdY
ab bc ab bd ad be

Sn 270 l85 259 150 l93 l67 l6e 238

H3 7.61             822 7.97
Hl2 7.78

756 7.73 7.75

7.65

V-1"s'""'i"-H'""-""""H---"'s .2g

7.73 751
H4
Hll

7.29

7.os
7.Il

Hs 72s fi'  -"-H""- iirms

HIO 7.l5

7.ee 6.99 7.24
"'' 7.36----••--•-

7.i3

7.44

723

7.49

7.03

7.07 7.e9 7.3l 7.35 7.45
727 7.37

7.48

725
H6
H9

7v9l

7.89
7.94 7.70 7.98 8.oo 8.03

8.02

8.14

8.l3

830
8.08

Cl IZE4.9; l41.l6 l3723 146.88 150.60 154.76 l50A5 142 .42

C2 145.04            l47.li 138.76 l47.64
C13 i46.39

l51 .70 l51.02 149.35 148.l9

151.14 149.45 151.48

C3

Cl2

ll9.78       120.l8 ll527
120.I8

            126.20120.79 125.18
            124.20

l25 .71 127 .32

123.80 124.62

C4 124.l3            120.49 l2e.(Ki l25.49
Cll 120.59

      131.33129.77
      130.07

l30.87

129.71

128.61

l29.75

C5 125 .23            125.44
CIO 126.64

119.06 124:O 127.89 128.97

128.73

128.43

12820

l26.`N5

126.60

C6 122.84            l25.13 ll4.90 12034
C9 122.99

l23 .93 124.38 l2431 12456
l2455 124.45 123.33

C7

C8

134.24

l 34.4(])

136.87 I28.88 l37.31       IZK]).65 l39.31l41 .07

      IZK}.52 139.11

139.08

138.68

" Measured in benzene-d,. b Calculated at the GIAO-B3LYP16-311+G(2d,p) (TZV on

Sn)1/B3LYP/6-31G(d) (LANL2DZ on Sn) level. C Calculated at the GIAO-MPWIPW9116-

31G(d) (TZV on Sn)//B3LYP/6-31G(d) (LANL2DZ on Sn) Ievel. d Ca}culated at the GIAO-

B3LYPf6-311++G(2d,p) (TZV on Sn)//B3LYP/6-3IG(d) (LANL2DZ on Sn) level. e Calculated

at the GIAO-MPWIPW91/6-311++G(d) (TZV on Sn)/IB3LYP/6-31G(d) (LANL2DZ on Sn)

level. f Calculated at the GIAO-MPWIPW9116-311+G(d) (TZV on Sn)11B3LYP/6-31G(d)

(LANL2DZ on Sn) level.
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Seheme 2-15.
                                                     -V

                    Tbt Tbt                       ,s'n=c e e9'n Åq)
                    Mes IVIes                       32 32, Nh

2.8 UV/vis Spectra of Stannene 32

    In Figure 2-9 are shown the UV/vis spectrum of stannene 32 in hexane at room temperature.

The spectrum showed absorption maximum at 552 nm (E, 1 Å~ 10`), which is s}ightly red-shifted

compared to diethylether-coordinated stannene 31 (542 nm).

                                                        OA

                                                        O.3

                                                           ))•
                                                           g
                                                           o                                                        o.2 e
                                                           pe                                                           g
                                                           o

                                                        o-i

                                                        o
                350 450 550 650 750
                             Wavelength (nm)

                  Figure 2-9. UVIvis spectrum of 32 (in hexane, rt).

2.9 Reactivity of Stannene 32

2.9.1 Reaction with Water

    The reaction of 32 with water in THF at room temperature afforded the corresponding

adduct, hydroxystannane 56, in 76% yield (Scheme 2-16).
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Scheme 2-l6.

Tbt
  s  sn=c
  tMes

     32

  H20 (excess)

    THF, rt

        N

       .6; Tbt
Mes-Sn-C
    eH H
       56

2.92 Reaction with 2,3-Dimethyl-l,3-butadiene

    StanRene 32 reacts with 2,3-dimethyl-l,3-butadiene at room temperature to afford the [2 +

4] cycloadduct 63 in 5i9e yield (Scheme 2-l7), suggesting that 32 has an Sn=C double-bond

character vather than an ionic character (32', Scheme 2-l6) from the viewpoints of the chemical

reactivity. The moleeular structure of 63 was determined by X-ray crystallographic analysis

(Figure 2-1e).

Scheme 2-17.

                      32 63

oo



a
`iiSf

   pa

NNiiEiii}

Figure 2-10. X-Ray srmcture of 63 (ORTEP dtawing with 509o probability }evel). Hydrogen

atoms and a benzene molecule were omitted for clarity.

2.93 Reaction with Elemental Sulfur

   Tbt-substituted sila- and gemiaaromatics, which have a formal E=C double-bond (E = Si,

Ge, respective}y), and l-germaallene 26 were known to react with elemental sulfur giving various

cyclic polysulfides. A series of examples containing a Ge atom are shown in S' cheme 2-18.

Scheme 2-18.

                  ,q .Tbt S-SNs
                      I -r
                  sk                                          N

 Tbt
 Gie

 66

Tbt ,..

Mesf

 NGe Ss (excess)

 tfsf 5501o
64

              s--s
vat(excess)Tb dy's

            67 (330/o)

Ge:C=C

26

 Ss (excess)

    2201o

+

      '    Ge.i .fs,       Tbt

65

    1S"-SN
Tbt .fi ,S

(År-S

 68 (t7e/.)

   SN    l.C=C
Tbt-Ge
    Mes

      69
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     Hovvever, the reactiok of 32 vvith eEemental suifur afforded only a complicated mixture

 containing tetrathiastannolane 7ei6 (229o , Scheme 2-19).

Scheme 2-19.

                         Sn=C - Sn }
                                         22`//o

                           32 7e

2S.4 Reaetion with t-BvLi

    The reaction of the stable germene 12 with t-butyllithium follewed by quenching with

methanol was reported to give the hydrogermane 73. This reaction is explained by a single-

electron transier mechanism via the intermediacy of 71 and 72 (Scheme 2-20).

Scheme 2-20.

             Ge:C                          -Mes -           Mes' s" - b5-c 4 N"
                  NA Mes' Li-
                12 71
                                    NN
                              Mes `P vatOH Mes `fi
                            Mes'Ge-c 4 S"" Mes-Ge-c 47 N"

                                HLi HH
                                   72 73

    The reaction of stannene 32 with t-butyllithium proceeded in a similar way

methylfluorenylstannane 46 by quenching with iodomethane in ca. 809o conversion

2I). Compound 46 gradually decomposed during the purification process.

42
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Scheme 2-21.

Tbt
  '  sn=c
  'Mes

     32

-V
 ,-

 7
N. h

  FBuLi Mel
 Et20, rt

         NC""tt

        .te:   Tbt
 Mes-Sn--C

     H Me
        46
8001e (iudged by 'H NMR}

  390/o (isolated yie}d)

2.95 Reaction with Isonitrile

    The synthesis of heavier element analogues of cyclopropanes 74-76 has been a great

challenge for the last few years. Silicon and germanium heterocycles 74(ab), 75(ab), and 76(ab)

have been reported.i7 Going down the periodic table, the three-membered heterocycles become

more and more unstable due to the large differences between the energies of np and ns orbitals.

Thus, in the case of tin, all efforts to prepare 74ci8 have been unsuccessful so far, while the tin-

version of 75c'9 and 76c20 have already been synthesized.

                   N- N! N-                     EE                                          E                  -p"R- -fLNR-' N"FLR- E'i.gGle`ZB'g

                    74 75 76
    Disilene 77 is known to react with isonitrile 78, which can work as a carbene, to give

disiliranes 79 (Scheme 2-22).2i A stannene is also considerable to be a synton of stannirane 74c

in the reaction with isonitrile.

Scheme 2-22.

                              RR                              ll                             +R,O l", R.
                    R, ,R -C 78 .c. :
                    R,S't=Sk ' R-sfC-NsrR
                                            Ah

                      77 79 R=Dmp
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    The reaetion of 32 with mesityHsocyanide was performed to afford 80 and 81

compounds ÅëofitEkilting a Tbt group were ebtained as a complicated mixture (Scheme 2-23).

molecular skrt)etwre of 80 was confTirm• ed by X-ray crystallographic analysis (Figure 2-1 I).

Scheme 2-23.

                                          Mes

         32
                                          80 C290/e) 81 (31efe)

tw

, and

 The

Figure 2-11. X-Ray structure of 80 (ORTEP dravving with 509e probability level). Hydrogen

atoms were omitted for clarity.

    The generation of 80 and 81 should be most likely interpreted in terms of the intermediacy

of stannirane 82 (Scheme 2-24). Due to the highly stained skeleton of 82, the bond cleavage

should occur to generate stannylene 83 and ketenimine 81. Stannylene 83 should decompose to

give a complicated mixture and 81 reacted with misityl isocyanide once again with the f4+1]

cycloaddition fashion to afford the final product 80.

"



Scheme 2-24.

   MesNC
32 ---p-År

 Me$.
     N
    sC
Tbt•s 1`.Nc

 Mes

      82

                decomp.      Tbt /

        s
--- r Sn: +81      Messi3

  E4.t]cyc;oaEVdtedsrtN,.riR

  Mes
     pt
c! c
CN
  N=C

80

2.9.6 Reaction with 2,4,6-Tri(t-butyl)benzoninile Oxide

    2,4,6-Tri(t--butyl)benzonitrile oxide reacted with 32 as a 1,3-dipolar reagent at room

temperature to giye the [2 + 3] cycloadduct 84 in 249e yield (Scheme 2-25). However, adduct 84

underwent gradual decomposition under air to afford 85. The molecular structure of 85 was

determined by X-ray crystallographic analysis (Figure 2-l2).

Scheme 2-25.

Tbt
  s  sn=c
  IMes

     32

-V
 s
 7.•
N. A

  Mes"CNO
  (2.2 equiv.)

   Et20, rt

    2401o

     -•" :

      7

Tbt-sn-c
   ON N'tC N Mes'

      84

   graduaily
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  Mes
    tTbt-sn
    '   o
    s

7

HN-C

 N
 't fi

eC

Mes'

85

4N
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(a)

@

(b)

rm

Figure 2-12. X-Ray structure of 85 (ORTEP drawing with 50% probability level). (a) Hydrogen

atoms and a chloroform molecule were omitted for clarity. (b) Hydrogefi atoms, a chloroform

molecule, and the s"bstituents on Tbt, Mes, and Mes* groups were omitted for clarity.

    The isomerization from 84 to 85 was explained as described in Scheme 2-26. Probably,

protonation on the nitrogen atom was the initial step.

                                                                        `
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Scheme 2-26.

 s4g' .M,,ei,///j/..s..År•'b'M-e8i,",92,...S4-N

                86 87

Mes He N

Tbt-Sn e-
   oc   HN-c'-

       Mest
       '88

   e
-H

2.10 Attempted Synthesis ofStannene 33

    The successful results in the 6-stannapentafulvene systems 32 naturally prompted the author

to extend this chemistry to diphenyl-substituted stannene. 33.

    However, the reactions of chlorostannane 42 or fluorostannane 43 with t-butyllithium did

not afford the expected stannene 33 (Scheme 2-27). In the case of using fluorostannane 43 as a

precursor, stannabutabenzene 89 and hydrostannane 90 were obtained in low yields. The

molecular structure of 89 was determined by X-ray crystal}ographic analysis (Figure 2-13).

Scheme 2-27.

      Tbt Ph        ,i t-BuLi    Mes-Sn-C-Ph -- No Reaction       cl 'H hexane,-400C rt,2h
        42

Tbt
  '

  ' F

Ph
'

s

H

t-BuLi

Me$-Sn-C-Ph -
43

Et2o, "o oc, 3o min
   then rt, 1 h

s,7
l

sk

Tbt
 t
Sn-CHPh2

    H
'89 (160/e)

H

   Tbt Ph
      lt+ Mes-Sn-C-Ph + 43 (73el.)
      IS     HH
    90 (11"/eÅr
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    -tw
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Figure 2-13. X-Ray structure of 89 (ORTEP drawing with 309o probability level). Hydrogen

atoms were omitted for eiarity.

    Althollgh compounds 89 and 9e might be formed via stannene 33 (Scheme 2-28, path a), the

reaction mechanism should be ambiguous at present, since a similar reaction of 96 with t-

butyllithium was reported by Weidenbruch, suggesting benzyllithium intermediate 97.22

Scheme 2-28.

              patha 'I'Pt `' Tbt. .Ph ttBuLi TIVt
                    Mes-Sn-CPh2 -----År                         "e }•2 Mes,Sn=Csph 'M--'År Mes-sp-gph2

                                                  p' 93                        91 33

43
t-BuLi path b IN

    H
     H

   Tbt
    lMes-Sn-CHPh2
    .
    95

 TPt
ptF,nÅr-CHPh,

9,

l
.--.- ).. 89 "'

path c solvent

soivent l
   TPt
Mes-Sn-CPh2
    g,e

  H20i

90
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Scheme 2-29.

  Mest/ln-R=E'!EÅr""' 4#N/ln,-R---.

                         H

2.11 Conclusion

    In summary, the author succeeded in the

stannene 32 stable at ambient temperature for the

molecular structure, and reactivities, 32 has a su

results demonstrate a possibility of the forming x-b

kinetically well stabilized.

IN
  -

R
 '
Sn-R

   H
 H

    Me

R= HHI
Me

98

    t-BuN
•!tfs

t-Bu

synthesis and X-ray crystallographic analysis of

   first time. Judgifig from the NMR spectra,

  fficient Sn=C double-bond character. These

   ond between tin and carbon atoms, when it is
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Table 2-3.

S]ntheses and Properties ef Tin-earbon DoMble-Bond Cempounds

(]rystal data fer ÅëompouRds 45, 46, 3nd E54'C6R61.

45 os f54•C,H,i

 Empirical forme}a

 Formula weight

 Temperatufe (K)

 Crystal colof

 Crystal dimensions

 Crystal system

SpaÅëe group

Lattice parameters

  a (A)

  h (A)

  c (A)

  a (o)

  fi (p)

  7 (o)

V (A3)

z
Dcalc (g'cmh3)

pt (Mmhl)

e range (O)

Independent refiections

Rint

Completeness to e(%)

Restraints

No. of parameters

Goodness of fit

Final Rindices [IÅr2o(Dl

Rindices (all data)

Largest diff. peak (e•A3)

Largest diff. hole (e•A3)

C4gHseSi6Sn

956.36

I03(2)

eolorless '

e.le x o.lo x obs

menoclinic

]P2,/a (#l4)

22.797aj5)

9.3195(2)

26.I l 96(7)

ee

1e5.20l4(17)

co

53552(2)

4

l.l86

O.641

221 to 25.oo

85YT

O.I060

912
o

537

l .oo2

R, =OD540

wR,= O.0938
R, = O.0540

wR, = O.0938
O.757

-l .047

 CsoHszSi6Sn

 970.39

 203(2)

 color}ess

 O.20 x 020 Å~ O.IO

 triclinic

Pl (#2)

 l3 .0528(1O)

 14.1037(lO)

 l7.l682(l5)

68.190(4)

73.21aj3)

75 58q4)

2773.aj4)

2

1.162

O.620

2.35 to 25.00

7eqO

O.0543

81.6

o

540

l.O19

R, = O.0707

wR,=O.1517
R, = O.1537

wR, = O.196l
1.453

D.650 '

 C62HssSi6Sn•C6H6

 ll98.66

 103(2)

 eolorless

 020 Å~ O.IO Å~ O.IO

 mofioc}inic

P2,/n (#l4)

 12325(5)

228l8(5)

23.880(5)

90

1e3 .29l(5)

oo

6536(3)

4

1218

0539
1 .97 to 25 .00

11501

O.0262

99.9

o

737

1.077

R, = O.0284 ,

vvR, = O.0622

R, =O.0338

wR, = O.0655
O.595

-O.222
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Table 2-4. Crystal data for compounds 32, [63•05C,H,l , and 80.

32 [63•O.5C,H,]

Empirical formula

Formula weight

Ternperature (K)

Crystal color

Crysta1 dimensions

Crystal system

Space group

Lattice parameters

  a (A)

  b (A)

  c (A)

  a (e)

  5(o)

  7(o)

V (A3)

Z
Dcai. (g'cm-3)

pt (MmHi)

e range (e)

Independent reflections

Rint

Completeness to e(9o)

Restraints

No. of parameters

Goodness of fit

Final Rindices [IÅr2o(I)]

Rindices (all data)

Largest diff. peak (e•A3)

Largest diff. hole (e•A3)

C4gH7sSi6Sn

953.34

103(2)

purple

020 Å~ O.20 Å~ O.20

monoclinic

C21c (#15)

21 .0447(6)

135070(5)

38.1717(13)

90

96.1949(12)

90

10787.0(6)

8

1.175

O.636

3.02 to 25.oo

9441

O.0843

99.6

o

526

l.OO1

R, = O0488

wR, = O .0927

R, =O.1027

},vR, = O.1065

O.726

O.644

CssHggSi6Sn'O.5C,H,

1075.54

103(2)

colorless

O.20 Å~ O.20 Å~ O.10

triclinic

Pl (#2)

12.347(2)

13.0052(18)

20.418(4)

71 .537(7)

8 1 .570(7)

74.856(7)

2994.7(8)

2

1.193

O.581

2.29 to 25 .00

10339

O.0250

97.8

18

667

l.068

R, =O.0350

iivR,=O.07l3

R, = O.0431

wR,= O.0750
O549

n.384

se

C33H3oN2

45459
l03(2)

red

O.20 Å~ O.20 Å~ O.05

monoclinic

P2,fn (#14)

10.274(3)

11.261(3)

21.652(6)

90

102.608(4)

90

6536(3)

4

1.235

O.072

2.43 to 25.00

4290

O.0586

99.7

o

322

1.106

R, = O.0622

wR, = O.1223

R, =O.0917

wR2 = O.1378
O.264

n.246
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Chapter 2.

Table 2-5.

SLpntheses and Properties ef Tin-carbon Double-Bond Compounds

Crystal data fer compounds [85•CHCI,l and 89.

E85-CHCI,] 89

 Empirical formula

 Formula weight

 Temperatere (K)

 Crystal coler

Crystai dimensiens

Crystal sysgem

Space group

Lattice parameters

  a (A)

  b (A)

  c (A)

  a (o)

  fi (e)

  r (o)

Y (A3)

z
Dcnic (g'cm-3)

ps (mm-1)

e range (O)

Independent reftections

Rint

Completeness to e(9e)

Restraints

No. of parameters

Goodness of fit

Final Rindices [IÅr2o(b]

Rindices (all data)

Largest diff. peak (e-A3)

Largest diff. hole (e•A3)

 C,,,H,.NOSi,SR•CHCI,

 l361.l4

 I03(2)

yellow

o.2o Å~ o.2o Å~ e.lo

triclinic

Pl (#2)

 13A32l(9)

l6.0559(l6)

18.7404(l6)

69.697(4)

78.716(3)

833l6(3)

3712.l(5)

2

l218

0588
229 to 25 .oo

lO(]rz4

O.0880

76.6

1l4

797

1.136

R, = O.C)939

wR, = O.1986

R, = O.l938

wR, = O.2521
O.960

-1.l85

 C4gHseSi6Sn

 95636

 I03(2)

 eolorless

 e.3o Å~ o.2e x oos

 triclinic

Pl (#2)

 iO.7365(15)

 ll2638(li)

23.474(3)

92252(4)

90.717(5)

l07.l55(l1)

2709.q6)

2

1.172

O.634

2.86 to 25 .oo

7212

O.0786

75 .4

o

525

i.O02

R, = O.0797

wR, = O.1672

R,= O.1669 -
wR, = O.2046
3.079

D.955
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Experimental Seetion

General procedure. All experiments were performed under an argon atmosphere unless

otherwise noted. Solvents used for the reactions were purified by The Ultimate Solvent System

(GlassContour Company).as iH NMR (3oo MHz), i3C NMR (76 MHz), and ii9Sn NMR (111

MHz) spectra were measured in CDCI3 or C6D6 with a JEOL JNM-AL3oo spectrometer. In iH

NMR, signals due to CHCI, (7.25 ppm) and C6DsH (7.15 ppm) were used as references, and

those due to CDCI, (77 ppm) and C,D, (128 ppm) were used in '3C NMR. ii9Sn NMR was

measured with NNE technique using SnMe4 as an external standard. Multiplicity of signals in

i3 C NMR spectra was determined by DEPT technique. High-resolution mass spectral data were

obtained on a JEOL JMS-SXI02GC/MS spectrometer. WCC (wet column chromatography) was

performed on Wakogel C-2oo. PTLC (preparative thin-layer chromatography) was performed

with Merck Kieselgel 60 PF254 (Art. No. 7747). GPLC (gel permeation liquid chromatography)

was performed on an LC-908 (Japan Analytical Industry Co., Ltd.) equipped with JAIGEL IH

and 2H columns (eluent: chloroform or toluene). All melting points were determined on a

Yanaco micro melting point apparatus and were uncorrected. Elemental analyses were carried

out at the Microanalytical Laboratory of the Institute for Chemical Research, Kyoto University.

All theoretical caiculations were carried out using the Gaussian 98 or 03 programs.2425

Preparation of 37. To a THF (4 mL) solution of fluorene (102 mg, O.614 mmol) was added n-

butyllithium (1.5 M in hexane, O.340 mL, O.510 mmol) at -78 OC. After stirring at the same

temperature for 1 h, THF (4 mL) solution of Tbt(Mes)SnCl, 36 (353 mg, O.410 mmol) was added

to the rriixture. After stirring for 3 h at -78 eC, the reaction mixture was warmed to room

temperature and stirred for 12 h at the same temperature. After removal of the solvent, hexane
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Chapter 2. Syntheses and Properties of7}n-carbon Doblble-Bond Componnds

was added to the vesidue. The resulting suspension was filtered through Celite@, and the solvent

was removed. The residue was separated by GPLC (CHCI,) te afford 37 (3ee mg, O.307 mmol,

759e). 37: colorless crystals, mp 223-224 eC (dec.); iH NMR (3oo MHz, C,D,, 25 eC): 5 O.ee (s,

9H), O.l7 (s, l8H), O.21 (s, 9H), e24 (s, 18H),156 (s, IH), 1.86 (s, 3HÅr, 2.oo (s, 6H), 2.48 (s,

IH), 2.91 (s, IH), 521 (s, IH), 6.46 (s, 2H), 6.69 (br s, IH), 6.84 (br s, IH), 7.03-7 22 (m, 5H),

7.66-7.70 (m, 2H), 8.64 (d, 3J = 7.8 Hz, IHÅr; i3C NMR (75 MHz, CDCI,, 25 OC): 5 O.90 (q), 1.l5

(q),1.76 (qÅr,2.l6 (q),20.86 (q),26.l8 (q), 2952 (dÅr, 3050 (d), 30.73 (d), 48.l8 (d),l19.36 (d),

119.45 (d), l23.74 (d), l25.I8 (dÅr, l258e (d), l26.e2 (d), l2622 (d), l2632 (d), l2658 (d),

l2856 (d), l28.65 (d), 137.21 (s), l39.82 (s), IZro.89 (s), 141.l6 (s), l42.43 (s), 142.76 (s),

l43.09 (s), l44.SX) (s), l4559 (s), l5224 (s), 152.64 (s); ti9Sn NMR (lll MHz, CDCI,, 25 eC): 6

-35.2; Anal. Ca}cd for C,,H,,CISi,Sn: C, 59.40; H, 8.04. Found: C, 59.16; H, 8.06.

Preparation of 38. A CH,Cl, (3 mL) solution of 37 (109 mg, O.1 10 mmol) and AgOTf (40.4 mg,

O.157 mmo}) was stirred for 3 h at rcom temperature. After removal of the solvent, the reaction

mixture was taken into a glovebox filled with argon. Hexane was added to the residue and the

resulting suspension was filtered through Celite@. The solvent was removed to afford 38 (1l5

mg, O.I04 mmol, 959o). 38: co}orless crystals, 'H NMR (3oo MHz, C,D,, 70 eC): 5 O.03 (s, 18H),

O.16 (s, 18H), 023 (s, l8H), l.60 (s, IH), l.86 (s, 3H), 2.04 (br s, 6H), 2.25 (br s, 2H), 5.36 (s,

IH), 6.56 (s, 2H), 6.71 (d, 3J = 75 Hz, IH), 6.79 (br s, 2H),7.10-7.32 (m, 4H), 7.65-7.67 (m, 2H),

8.58 (d,3J=75 Hz, IH); i3C NMR (75 MHz, C,D,, 25 OC): 5 1.19 (q), 1.23 (q), 1.48 (q), 1.94 (q),

2.06 (q),20.84 (q), 26.26 (d),29.67 (d),3l .44 (q),3173 (d),5120 (d),119.82 (q, iJ,,= 321 Hz),

119.83 (d), 120.47 (d), 124.87 (d), 126.55 (d), 126.79 (d), 127.08 (d), l27.11(d), l27.28 (d),

l27.83 (d), 12926 (d), 129.96 (d), l39.25 (s), 140.69 (s), l41.75 (sx2), 142.l4 (s), 143.36 (s),
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l4355 (s), 144.60 (s), 147.14 (s), 152.59 (s), 152.92 (s)

74.9.

; i9F NMR (283 MHz, C,D,, 25 OC): 6 -

Preparation of 39 from 37. A CH,Cl2 (18 mL) solution of 37 (203 mg, O.204 mmol) and AgBF,

(ca. I50 mg, O.77 mmol) was stirred for 1 h at room temperature. After removal of the solvent,

hexane was added to the residue. The resulting suspension was filtered through Celite@, and the

solvent was removed. The residue was separated by WCC (CHCI,) to afford 39 (183 mg, O.l88

mmol, 929o). 39: colorless crystals, mp 264-266 eC (dec.); iH NMR (3eO MHz, CDCI,, 25 OC): 6

-OD2 (s, 18H), -OOI (s, 9H), O.03 (s, 9H), O.09 (s, 18H), 1.39 (s, IH), 1.73 (s, 6H), 1.88 (br s,

IH), 1.97 (br s, IH), 2.08 (s, 3H),' 4.90 (s, IH), 6.45 (br s, IH), 6.49 (s, 2H), 6.57 (br s, IH), 7.13

(dd, 3J=75 Hz, 3J=7.5 Hz IH), 7.22-7.32 (m, 3H),7.49 (d, 3J=7.5 Hz, IH),7.71-7.73 (m, 2H),

794 (d, 3J=6.9 Hz, IH); '3C NMR (75 MHz, CDCI,, 25 OC): 6 O.76 (q),O.84 (q), 1.02 (q), 1.13

(q),151 (q), 20.85 (q), 25.23 (q), 25 .29 (q), 30.65 (d), 31.11 (d), 31.49 (d), 49.74 (d, 2J,,= 9.3

Hz),119.42 (d), 119.72 (d), 122.62 (d), 124.95 (d), 125 .60 (d), 125 .74 (d), 125.85 (d), 125 .95 (d),

126.37 (d), 127.48 (dj, 128.10 (d), 138.93 (s, 2J,. = 54 Hz), 13921 (s), 139.95 (s), 140.72 (s),

143.32 (s), 143.47 (s, 2J,,= 33 Hz), 143 .64 (s), 144.27 (s), 145.68 (s), 151.49 (s), 152.02 (s); '2F

NMR (283 MHz, CDCI,, 25 OC): 6 -177.1 ['J,.. = 2340 Hz (i"Sn), 2450 Hz (i'9Sn)]; i'9Sn NMR

(11i MHz, CDCI,, 25 OC): 5 -505 ('1,., = 2450 Hz); Anai. Calcd for C4gH7gFSi6Sn: C, 60.`ro; H,

8.17. Found: C, 60.51; H,8.17.

Preparation of 39 from 38. In a glovebox filled vvith argon, a THF (2 mL) solution of 38 (179

mg, O:160 mmol) and LiF (36.3 mg, 1.40 mmol) was stirred for 12 h at room temperature. After

removal of the solvent, hexane was added to the residue. The resulting suspension was filtered
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through CeEte@, aftd Ehe solvent was removed. The residue was separaged by WCC (CHCI3) to

afford 39 (l25 mg,O.128 mmo}, 8e%).

Pteperation ef diphenylmethyllithium--THF eomp}ex 41. To a THF (8 mLÅr solution of

diphenylmethane 4e (863 mg, 5.i3 mmol) was added n-butyllithium (l5 M in hexane, 3.3 mL,

5.0 mmo}) at -78 eC. After stirring at O eC for 3 h, the se}vent was removed in vacuo. The

reaction mixture was taken into a glovebox filled with argon, and washed with hexane to afford

41 as yellow powder (l.l7 g, 3.67 mmol, 72%). 41: yel}ow powder, 'H NMR (3co MHz, C6D6,

25 OC): 5 1.20-125 (m, 8H, thfÅr,3.l2-3.I6 (m, 8H, thf), 4.45 (s, IH, bzl--H),6.46-652 (m, 2H),

7.l5-7.18 (m, 8H).

Preparation of 42. To a TBF (8 mL) solution of 41 (237 mg, O.745 mm)ol) was added THF (18

mL) solution of 36 (543 mg, O.621 mmol) was added to the mixture at -78 eC. After stirring for

1.5 h at the same temperature, tbe reactien mixture was warmed to room temperature and stirred

for 10 h at the same temperature. After removal of the solvent, hexane was added to the residue.

The resulting suspension was fi}tered through Celite@, and the solvent was removed. The residue

was separated by GPLC (CHCi,) go afford 42 (468 mg, O.471 mmol, 769o). 42: colorless crystals,

mp 181-183 OC (dec.); iH NMR (3oo MHz, CDCI,, 25 eC): b -O.19 (s, 9H), -O.14 (s, 9H), O.03 (s,

9H), O.04 (s, 9H), O.05 (s, 9H), O.06 (s, 9H), 1.33 (s, IH), 1.63 (s, IH), 1 .68 (s, IH), 2.l7 (s, 6H),

2.22 (s, 3H), 451 (s, IH), 6.35 (br s, IH), 6.46 (br s, IH), 6.67 (s, 2H), 6.946.98 (fn, 3H), 7.09-

7.l6 (m, 3H), 7.22-724 (m, 2H), 752-755 (m, 2H); i3C NMR (75 MHz, CDCI,, 25 OC): 6 O.68

(q), O.81 (q), O.93 (q), 1.01 (q), 1.88 (q), 20.97 (q), 26.19 (q), 30.44 (d), 31.67 (d), 31.99 (d),

55.56 (d), 122.51 (d), 125.70 (d), 126.l6 (d), l27.60 (d), 127.96 (d), l28.29 (d), 128.80 (d),

128.98 (d), 130.17 (d), 139.l5 (s), l3952 (s), l41.22 (s), 14224 (s), 142.76 (s), 144.23 (s),
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l44.76 (s), l50.15 (s), 15e.90 (s); i'9Sn NMR (11l MHz, CDCI,, 25 eC): 5 -53.2; Anal.

C4gHsiCISi6Sn: C, 5928; H,8.22. Found: C, 59.03; H, 8.l 1.

Calcd for

Preparation of 43. A CH,Cl, (3 mL) solution of 42 (64.0 mg, O.0645 mmol) and AgBF, (ca. 50

mg, 026 mmol) was stirred for 1 h at room t•emperature. After removal of the solvent, hexane

was added to the residue. The resulting suspension was filtered through Celite@, and the solvent

was removed. The residue was separated by WCC (CHCI3) to afford 43 (56.6 mg, O.0580 mmol,

909o). 43: colorless crystals, iH NMR (3oo MHz, CDCI,, 25 OC): 5 -O.19 (s, 9H), --O.l5 (s, 9H),

O.oo (s, 9H),O.02 (s, 9H),O.03 (s, 9H),O.05 (s, 9H),1.33 (s,IH),154 (br s, IH), 1.61 (br s, IH),

2.08 (s, 6H), 221 (s, 3H),4.52 (d, 3J., = 4.2 Hz, IH), 6.35 (br s, IH), 6.47 (br s, IH),6.66 (s, 2H),

6.95-7.03 (m, 3H), 7.11-7.16 (m, 3H), 7.22-7.27 (m, 2H), 7.48-7.50 (m, 2H); i9F NMR (283 MHz,

CDCI3, 25 OC): 6-187.0 [iJs.F = 2420 Hz ('i'Sn), 2540 Hz (`i9Sn)j.

Reaction of 37 with n-butyllithium. To a hexane (4 mL) solution of 37 (625 mg, O.0631

mmol) was added n-butyllithium (O.43 M in hexane, O.160 rnl., O.0690 mmol) at room

temperature. The reaction mixture was stirred for 3 h at the same temperature, and then MeOH

(1.0 mL) was added. After removal of the solvents, hexane was added to the residue and the

mixture was filtered with Celite@. After removal of the solvent, the residue was separated by

IYI'LC (EbjO/hexane = lf9) to afford 44 (100 mg, O.O0988 mmol, 169o) and 37 (39.0 mg, O.0394,

629o). 44: colorless crystals, iH NMR (300 MHz, C,D,, 25 eC): 6 O.e2 (s, 9H), O.12 (s, 9H), O.16

(s, 9H), O.22 (s, 9H), O.26 (s, 9H), O.28 (s, 9H), O.84 (t, 3J = 7.1 Hz, terminal-IYL, of Bu), 1.10-

l.37 (m, 4H, -C!l,- of Bu), 158 (s, IH), 1.59-1.83 (m, 2H, -CH,- of Bu), 201 (s, 3H), 2.11 (s,

6H+IH), 2.34 (br s, IH), 4.95 (s, IH),6.65 (s, 2H), 6.68 (br s, IH),6.80 (br s, IH), 6.85-6L87 (m,

IH), 7.17-729 (m, 4H),7.747.81 (m, 3H).
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Reaction of 37 vvith t-butyRlithium (exposure to the air). }n a g}ovebox fi}led vvith argon, t-

butyllithium (2.3 M iB pentane, O.O070 mL, OOI6 mmob was added to a diethylether (i mL)

solution of 37 (139 mg, O.Ol`tro mmol) at -40 eC. The reaetion mixture was stirred for O.5 h at

the same temperag}}re, and then for 3 h at room temperature. After remeval of the so}vents, C6D6

solution of the residue was p}aced in a 5 mm ip NMR tube. The tube was evacuated and sealed

and iH NMR speekvam was measured. The iH NMR speckrum showed signals probably

assignable to 45 ar}cl 49 (ca l:2). After exposure to the air of this solution, iH NMR spectrum

was measured. The NMR signals were assignable on}y to 45. 45: co}orless crystals, 'H NMR

(3oo MHz, C,D,, 25 eC): 5 O.1l (s, 9H), O.13 (s, 9H), O.20 (s, 18H), O.32 (s, l8H), 1.51 (s, IH),

l.86 (s, 3H), 198 (s, 6H), 2.l2 (br s, IH), 2.20 (br s, IH), 5.l5 (s, IH), 6.42 (s, 2H), 6.69 (br s,

IH), 6.78 (br s, IHÅr,7.02-728 (m, 4H), 7.35 (s, IH, Sn-g), 7.48-750 (m, IH),7.61-7.65 (m, IH),

7.91-7.98 (m, IH).

X-Ray crystallographic analysis of 45. Crystal data for 45 are shown in Table 2-3. Colorless

and needle-like single crystals of 45 were grown by the slow evaporation of its hexane solution.

The intensity data were eolleoted on a Rigaku/MSC Mercury CCD diffractometer with graphite

                                       emonochromated MoKct radiation (X= O.71069 A) to 2e,., = 500 at 103 K. The structure was

solved by Patterson methoc}s (DIRDIF-99.226) and refined by full-matrix least-squares procedures

on F2 for all reflections (SHELXL-Slr727). Two trimethylsilyl groups of the CH(SiMe3)2 groups at

para-position of the Tbt group were disordered. The occupancies of the disordered parts were

refined (O.75:O.25). All hydrogen atoms except Sn-H were placed using AII(X instructions,

whiie al1 the other atoms were refined anisotrepically except for six carbon atoms, which were in

the minor part of the disordered trimethylsilyl groups and refined isotropically.
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Reaetion of 37 with t-butyllithium (trapping experiment by Mel). In a glovebox filled with

argon, t-butyllithium (2.3 M in pentane, O.036 mL, O.083 mmol) was added to a diethylether (6

mL) solution of 37 (74.8 mg, O.0755 mmol) at mo PC. The reaction mixture was stirred for O.5 h

at the same temperature, and then for 3.h at room temperature. After removal of the solvents,

iodomethar}e (O.5 mL) was added to the benzene solution of the residue. After removal of the

solvent, the residue was separated by PTLC (hexane) to afford 46 (13.9 mg, O.O143 mmol, 199o)

and 45 (27.6 mg, O.0288 mmol, 389e). 46: colorless crystals, mp loo108 "C (dec.); iH NMR

(3oo MHz, C,D,, 60 eC): 6 O.Ol (s, 18H), O.14 (s, 9H), O.16 (s, 9H), O.25 (s, 18H), 1.45 (s, IH),

1.75 (br s, IH), 1.83 (br s, IH), 1.99 (s, 6H), 2.05 (s, 3H), 2.10 (s, 3H), 6.55 (s, 2H), 6.64 (br s,

2H), 7.11-7.18 (m, 4H), 7.46 (s, IH, Sn-H), 7.49-7.60 (m•, 3H), 7.78 (d, 3J = 7.7 Hz, IH); 'i9Sn

NMR (lll MHz, C,D,, 25 0C):5-151.9. .

X-Ray crystallographic analysis of 46. Crystal data for 46 are shown in Table 2-3. Colorless

and prismatic single crystals of 46 were grown by the slow evaporation of its hexane solution.

The intensity data were collected on a RigakulMSC Mercury CCD diffractometer with graphite

                                       crmonochromated MoKct radiation (X = O.71069 A) to 2e.. = 500 at 203 K. The structure was

solved by Patterson methods (DIRDIF-99.226) and refined by fulI-matrix }east-squares procedures

on F2 for a}I reflections (SHELXL-9727). A}l hydrogen atoms except Sn-U were placed using

AFIX instructions, while all the other atoms were refined anisotropically.

Reaction of 37 with t-butyllithium in hexane. To a hexane (4 mL) solution of 37 (60.5 mg,

O.061i mmol) was added t-butyllithium (O.47 M in hexane, O.140 mL, O.0660 mm61) at room

temperature. The reaction mixture was stirred for 3 h at the same temperature, and then MeOH

(1.0 mL) was added. After removal of the solvents, hexane was added to the residue and the
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mixture was fikered Mfith Celite@. The so}vent was removed to afford only 37judging from the

'H NMR spectmm.

Reaction of 37 with LDA. To a hexane (4 mL) solution of 37 (40.6 mg, O.04iO mmol) was

added lithium diisepropylamide (2S M in heptane/THF/ethylbenzene, e.020 mL, O.040 mmol) at

O eC. The reaÅëtiefi mixture was stirred for 6 h at the same temperature, and then MeOH (1.0 mL)

was added. After removal of the solvents, hexane was added to the residue and the mixture was

filtered with Celite@. The solvent was removed to afford only 37 (399 mg, O.Cva)3 mmo}, 98%).

Reactien of 37 with NaH. In a glovebox filled with argon, THF (3 mL) solution of 37 (59.8 mg,

O.0604 mmol) and sedium hydride (4.2 mg, O.18 mmol) was stirred for 3 days at room

temperature. The reaction mixture was quenched by MeOD (1D mL), and the solyents were

removed. Hexane was added to the residue and the mixture was filtered with Celite@. The

solvent was removed to afford oniy 37 (55.5 mg, O0561 mmol, 939o; D content: 09e).

Reaction of 38 with LDA. In a glovebox filled with argon, lithium diisopropylamide (2.0 M in

heptane/THF/ethylbenzene, OD35 mL, O.070 mmol) was added to a THF (2 mL) solution of 38

(77.5 mg, O.0692 mmol) at oo eC. The reaction mixture was stirred for 1 h at room temperature.

After removal of the solvent, hexane was added to the residue. The resulting suspension was

fi}tered through Celite@, and the solvent was removed. A C6D, solution of the residue was placed

                                                 '
in a 5 mm Åë NMR tube, and the tube was evacuated .and sealed. After the measurement of iH

NMR spectrum (complicated mixture), the sealed tube was opened in a glovebox, MesCNO (28.3

                                                                       '
mg, O.177 mmol) was added to the solution at room temperature. The reaction mixture was

stirred for 3 h at the same temperature, and the solvent was removed. The residue was separated
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by GPLC (to}uene) and PTLC (CHCI,fhexane = IOII) to afford 54 (13.9 mg, O.O124 mmol, 189o),

55 (43 mg, e.O045 mmol, 79o) and 56 (4.4 mg, O.O045 mmol, 79o). 54: colorless crystals, iH

NMR (300 MHz, C,D,, 25 eC): 5 O.09 (s, 18H), O.20 (s, 18H), O.28 (s, 18H), 1.64 (s, IH), 2.17 (s,

3H), 2.51 (s, IH),253 (s, IH),2.73 (s, 6H),4.90 (s, 2H), 6.74 (s, IH),6.77 (s, 2H),6.81 (s, IH),

6.88-7.34 (m, 16H). 55: colorless crystals, iH NMR (3oo MHz, C,D,, 25 eC): 6 O.04 (s, 9H),

O.l6 (s, 9H), O.19 (s, 9H), O.21 (s, 9H),O.32 (s, 9H), O.34 (s, 9H), 1.48 (s, 3H), 1.52 (s, IH), 1.85

(s, 3H), 2.e9 (br s, IH), 2.17 (br s, IH), 2.89 (d, 2J = 14.4 Hz, IH), 2.99 (d, 2J = l4.4 Hz, IH),

5.15 (s, IH),6.37 (s, IH),6.52 (s, IH),6.69 (s, IH),6.79 (s, IH),7Dl-7.34 (m, 4H),7.52 (d, 3J=

7.7 Hz, IH), 7.71 (d, 3J= 7.3 Hz, IH), 7.85-7.88 (m, 2H). 56: colorless crystals, mp 246-248 eC

(dec.); 'H NMR (3oo MHz, CDCI,, 25 eC): 6 -O.09 (s, 9H), -O.06 (s, 9H), O.07 (s, 18H), O.09 (s,

18H), 059 (s, IH, OH), 1.39 (s, IH), l.67 (s, 6H), 2.06 (s, 3H+2H),4.90 (s, IH), 6.39 (s, 2H),

6.43 (br s, IH), 655 (br s, IH),7.06 (dd, 3J= 72 Hz, 3J =7.2 Hz, IH), 7.13 (dd, 3J=7.2 Hz, 3J=

7.2 Hz, IH), 7.27-7.32 (m, 2H),7.48 (d, 3J=75 Hz, IH),7.57 (d, 3J= 75 Hz, IH),7.73 (dd, 3J=

4.4 Hz, 3J= 4.4 Hz, IH), 7.85 (dd, 3J= 42 Hz, 3J= 4.2 Hz, IH); '3C NMR (75 MHz, CDCI,,

25 OC): 6 O.78 (q), O.86 (q), O.90 (q), 1.11 (q), 1.52 (q), 1.81 (q), 20.83 (q), 25 .73 (q), 30.48 (d),

31.37 (d),31.66 (d),50.13 (d),11954 (d), 120.01 (d), 122.57 (d), 124.01 (d), l24.78 (d), 125.06

(d), 125.30 (d), 125 .52 (d), 125.97 (d), l27.40 (d), 127.74 (d), 13825 (s), l38.48 (s), l39.79 (s),

liK).04 (s), 140.34 (s), 143 .72 (s), 144.39 (s), 144.72 (s), 144.75 (s), 150.69 (s), 151.18 (s); ii9Sn

NMR (111 MHz, CDCI,, 25 eC): 6 -87.5; High resolution FAB-MS mlz calcd for

C,,H,,OSi,'20Sn: 972.3847, found: 972.3842. Anal. Calcd for C,,H.OSi,Sn'1.5H,O: C, 58.89; H,

8.37. Found: C,5895; H,829.

X-Ray crystallographic analysis of [54•C6Hkl. Crystal data for [54'C6H6] are shown in Table 2-

3. Colorless and prismatic single crystals of [54'C6H6] were grown by the slow evaporation of its
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benzene solution. The intensity data were collected en•a RigakulMSC Mercury CCD

diffractometer with graphite monochromated MoKct radiatien (X = O.71069 A) to 2e.., = 500 at

I03 K. The strueture was solved by Patterson methods (DIRDIF-99.226) and refified by full-

matrix least-squares procedures on F2 for all refiections (SHELXL-972'). A}l hydrogen atoms

were placed using AptX instructions, while all the other atoms were refined anisotropically.

Reaction of 38 with LTMP. In a glovebox filled with argon, lithium tetramethylpiperidide

[freshly prepared by tetramethylpiperidine (12.0 mg, OD850 mmol) and n-butyllithium (l .5 M in

hexane, OD51 mL, O.077 mmol) in THF (O.5 mL)] was added te a THF (2 mL) so}ution of 38

(77.3 mg, O.06co mmol) at oo "C. The reaction mixture was stirred for l h at room temperature.

After removal of the solvent, hexane was added to the residue. The resulting suspension was

filtered through Celite@, and the solvent was removed. A C,D, solution of the residue was placed

in a 5 mm ip NMR tube, and the tube was evacuated and sealed. After the measurement of iH

NMR spectrum (comp}icated mixtllre), the sealed tube was opened in a glovebox, MesCNO (28.0

mg, O.174 mmol) was added to the solution at room temperature. The reaction mixture was

stirred for 3h at the same temperature, and the selvent was removed to afford complicated

mixture. The residue was separated by GPLC (toluene) to give the fraction containing 55 mainly

(9.7 mg, O.OIO mmol, 15%, if pure). The other products could not be isolated and identified.

Reaction of 38 with n-butyllithium. In a glovebox filled with argon, n-butyllithium (1.5 M in

hexane, O.050 mL, O.075 mmol) was added to a hexane (6 mL) solution of 38 (86.4 mg, O.0771

mmol) at room temperature. The reaction mixture was stirred for 3 h at room temperature. After

removal of the soivent, hexane was added to the residue. The resulting suspension was filtered

through Celite@, and the solvent was removed. A C,D6 solution of the residue was placed in a 5
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mm Åë NMR tube. The tube was evacuated and sealed. After the measuremeRt of iH NMR

spectrum (suggesting the generation of n-Bu adducts), the sealed tube was opened. After

removal of the solvent, the residue was separated by GPLC (CHCI,) and PI'LC (hexane) to afford

44 (39.7 mg, O.0392 mmol, 519o), 54 (9.0 mg, Oeo80 mmol, 109o), and 57 (8.7 mg, O.O096 mmol ,

129o). 57: colorless crystals, iH NMR (3oo MHz, C,D,, 25 eC): 5 e.l8 (s, 18H), O.19 (s, 18H),

e.23 (s, l8H), O.94 (t, 3J=7.3 Hz, 6H, terminal-!!StL, of Bu), 1.37-1 .70 (m, l2H,-CH,- of Bu), 1.47

(s, IH), l .95 (br s, IH), 2.06 (br s, IH), 2.14 (s, 3H), 259 (s, 6H), 656 (br s, IH), 6.68 (br s, IH),

6.81 (s, 2H).

Reaction of 38 with t-butyllithium. In a glovebox filled with argon, t-butyllithium (2.6 M in

hexane, O.025 mL, O.065 mmol) was added to a hexane (6 mL) solution of 38 (73.2 mg, O.0653

mmol) at room temperature. The reaction mixture was stined for 3 h at room temperature. After

removal of the solvent, hexane was added to the residue. The resulting suspension was filtered

                                                            'ttirough Celite@, and the so}vent was removed. A C6D6 solution of the residue was placed in a 5

                                                                  '
mm ip NMR tube. The tube was evacuated and sealed. After the measurement of iH NMR

spectrum (suggesting the generation of 58), the sealed tube was opened. After removal of the

solvent, the residue was separated by PTLC (hexane) to afford 58 (58.7 mg, O.0580 mmol, 899o).

58: colorless crystals, mp 133-136 OC (dec.); iH NMR (3oo MHz, C,D,, 25 OC): 6 O.25 (s, 18H),

O.34 (s, 9H), O.38 (s, 9H), OA3 (s, 9H), O.44 (s, 9H), 128 (s, t-Bu), 1.71 (s, IH), 1.96 (s, II-I),

2.29 (s, IH),2.40 (br s, 6H),2.48 (s, 3H),5.15 (s, IH), 6.86 (br s, 2H), 699 (s, 2H),7.10-7.15 (m,

IH), 7.34-757 (m, 3H), 7.72-7.96 (m, 2H), 8.00-8.06 (m, 2H).

Synthesis of 32. To a solution of 39 (36.0 mg, O.0369 mmol) in dry Et,O (6 mL) placed in a

glovebox filled with argon was added t-butyllithium (1.0 M hexane solution, O.060 mL, O.060

63



 Chapter 2. Syntheses and Preperttes ofTin--carbon Dozable-Bend Compemods

 mmol) at co eC. Tbe reaction mixture vvas stirred for O.5 h at the same Eemperature and for l h

 while being warmed up to room temperature. After removal ef the solvents, dry hexane was

 added to the restdue and the mixture was filtered with Celite@. The filtrate was evaporated to

 afford 32 in a pure forTn as purple crystalline solids (352 mg, e.e369 mmol, quant.). 32: purple

 crystalline soiid• s; mp l67-l71 OC (dec.År; iH NMR (3oo MHz, C,D,, 25 eC): 5 -O.ee (s, 9H), OD2

 (s, 9H), O.i2 (s, l8HÅr, O.i8 (s, 9HÅr, e.26 (s, 9H), l56 (s, IH), l.91 (s, IH), 2.(KS (s, IH), 2.IO (s,

 3H), 259 (br s, 3H), 2.66 (s, 3H), 6.73 (br s, IH), 6.84 (br s, lH + 2H), 7.e6 (edd, 3J = 8 Hz, 3J =

8 Hz, `J =2 Hz, iHÅr, 7.}5 (dd, 3J = 8 Hz, 3J = 8 Hz, lH), 7.25 (ddci, 3J = 7 Hz, 3J = 6 Hz, `J = 2

Hz, lH),7.29 (dafd, 3J =7 Hz, 3J =7 Hz, `J =2 Hz, }H), 7.6l (dd, 3J = 7 Hz, `J =2 Hz, 1H), 7.78

(d, 3J = 8 Hz, IH), 7.89 (dd, 3J = 8 Hz, `J = 2 Hz, IH), 7.91 (dd, 3J = 6 Hz, `J = 2 Hz, IH); i3C

                                                                            'NMR (75 MHz, C,D,,25 OC): 6 l.Cr7 (q), 120 (q), 1.45 (q), 1.65 (q),21.l3 (q), 27.62 (q), 28.63

(q), 3125 (d), 35.96 (d), 3759 (d), ll9.78 (d), l20.18 (d), 120.59 (d), 122.84 (d), 122.99 (d),

123.20 (d), l24.l3 (d), I2523 (d), 125.64 (d), l28.29 (d), l29.i2 (d), 129.40 (d), l34.24 (s),

l34.zro (s), 140.61 (s), 142.75 (s), 14335 (s), 143.62 (s), 144.91 (s), l45.04 (s), l45.87 (s),

146.39 (s), 150.73 (s), l5133 (s); 'i9Sn NMR (l11 MHz, C,D,, 25 OC): 6 270; UV/vis (hexane,

rt) 552 nm (e 1Å~10`); High resolBtion FAB-MS mlz calcd for C,,H,,Si,i20Sn [(M+H)']: 955.3827,

found: 955.3851.

X-Ray crystallographic ana]ysis of 32. Crystal data for 32 are shown in Table 2-4. Purple and

prismatic single crystals of 32 were grown by the slow evaporation of its hexane solution in a

glovebox filled with argon. The inteRsity data were collected on a RigakulMSC Mercury CCD

diffractometer with graphite monochromated MoKct radiation (X = O.71069 A) to 2eih.. = 500 at

103 K. The structure was solved by Patterson methods (DIRDIF99.226) and refined by full-
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matrix least-squares procedures on F2 for al} refiections (SHELXL-9727). All hydrogen

were placed using AFIX instructions, whi}e all the other atoms were refined anisotropically.

atoms

Measurement of UV/vis spectrum of 32. In a glovebox filled with argon, 32 (O.3 mg, 3 Å~ 10'

mol) was dissolved in hexane (1 mL, dried over K mirror and distilled by trap-to-trap distillation).

This solution (3 Å~ IC" M) was put into UV cell (pathlength 1 mm), and UHV/vis spectrum was

measured with JASCO Ubest-50 UVIvis spectrometer at room temperature.

Measurement of Raman spectrum of 32. In a glovebox filled with argon, 32 was powdered

and put into a glass capillary. The capillary was evacuated and sealed. FI"-Raman spectrum was

measured with the excitation by He-Ne laser (833 nm) at room temperature in the solid state with

Spex 1877 Triplemate and EG&G PARC 1421 intensified photodiode array detector by Prof.

Furukawa at Waseda University.

Reaction of 32 with water. To a THF (1 mL) solution of 32 (16.6 mg, O.e174 mmol) was added

H,O (O.3 mL) at roorn temperature. After addition of an aqueous solution (sat.) of NH,Cl, the

mixture was extracted with ESO. After removal of the solvent, the residue was separated by

                                                   '
I'I'LC (CHCI,/hexane = 1/5) to afford 56 (l2.9 mg, O.Ol33 mmo}, 769o).

Reaction of 32 vvith 2,3-dimethyl-1,3-butadiene. To a THF (2 mL) solution of 32 (75.4 mg,

O.0790 mmol) was added 2,3-dimethyl-1,3-butadiene (O.4 mL) at room temperature. After

removal of the solvent, hexane was added to the residue. The resulting suspension was filtered

through Celite@, and the solvent was removed. The residue was separated by I'I"LC (hexane) to

afford 63 (41.9 mg, O.0404 mmol,51qo). 63: colorless crystals, mp 180-183 OC (dec.); iH NMR
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(3co MHz, e,l ,, 5e eC): b -O.(År6 (s, l8H), O.12 (s, l8H),O.l5 (s, 9H), e21 (s, 9H), l.36 (s, 3H),

1 .41 (s, }R), l.77 (s, 3H),2.oo {(s, 3H+IH) + (d, IH, ZJ = l8.3 Hz)], 2.l5 (s, 3H+IH), 254 (d,

IH, 2J = i7.6 Hz),2.71 E(s, 3H) + (d, IH, 2J = l7.6 Hz)], 3.l6 (d, IH, 2J = 183 Hz),652 (br s,

IH), 6.63 (br s, IHÅr, 6.71 (br s, IH), 6.90 (br s, IH), 6.83-728 (m, 5HÅr, 7.74-7.81 (m, 2H), 7.90

(m, IH), '3C NMR (75 MHz, C,D,, 50 OCÅr: 5 1.06 (q), l.27 (q), l58 (q), l 92 (q), 237 (q),256

(q), 20.99 (q), 235E (q), 24.88 (q), 2723 (q), 2855 (t), 29.49 (d), 30.67 (q), 32.33 (d), 33.24 (d),

46.45 (t), 5353 (s),l20.64 (d), l20.95 (d), 123.17 (d),I24.64 (d), l25.65 (d),l26.25 (d), 126.47

(d), l26.92 (d), 12858 (d), 128.75 (d), l28.84 (d), l29.14 (sx2), 12955 (d), 130.ll (s), 138.91

(s), l39.44 (s), l4057 (s), 140.89 (s), 141 .85 (s), 143.l9 (s), l45.61 (s), l46.99 (s), 151.28 (sx2),

l52.14 (s); ir'Sn NMR (lll MHz, C,D,, 50 OC): 6 -1l3.1; High resolution FAB-MS m/z calcd

for C,,H,,Si,`20Sn EM']: I036.4524, found: 1036.4559. Anal. Calcd for CssHssSi6Sn'O.5C6H6: C,

64.77; H, 8.53. Found: C, 64.47; H, 852.

X-Ray crystallographic analysis of {63•O.5(C,H,)]. Crystai data for E63•05(C6H6)] are shown

in Table 2-4. Colorless and prismatic single crystals of [63•O.5(C6H6)] were grown by the slow

evaporation of its benzene solution. The intensity data were col}ected on a RigakulMSC Mercury

CCD diffractometer with graphite monochromated MoKa radiation (X = e.71069 A) to 2e.. =

500 at 103 K. The structure was solved by Patterson methods (DIRDIF-99.226) and refined by

fu11-matrix least--squares procedures on F2 for all reflections (SHELXL-97"). Two trimethylsilyl

groups of the CH(SiMc},), groups at para-position of the Tbt group were disordered. The

occupancies of the disordered parts were refined (O.77:O.23). The Uij values of the disordered

trimethylsilyl groups were resrained using SIMU instructions. All hydrogen atoms were placed

using AFIX instructions, while all the other atoms were refined anisotropically.
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Reaction of 32 with elemental sulfur. In a g}ovebox filled with argon, elemental sulfur (S,,

35.8 mg, 1 .l2 mmol as S) was added to a benzene (2 mL) solution of 32 [prepared from 34 (52.2

mg, O0536 mmol) and t-butyllithium (2.3 M in pentane, O.0255 mi., O.0589 mmol)] at room

temperature. The reaction mixture was stirred for 12 h at the same temperature. After removal of

the solvent, the residue was separated by GPLC (toluene) and I'I'LC (CHCI,/hexane = l/5) to

afford 7ei6 (1O.9 mg, ODI19 mmol, 229e from 34).

Reaction of 32 with t-butyllithium. In a glovebox filled with argon, t-butyllithium (2.3 M in

pentane, O.e145 mL, O.0334 mniol) was added to a diethylether (2 mL) solution of 32 [prepared

from 34 (29.7 mg, O.0305 mmol) and t-butyllithium (2.3 M in pentane, O.O145 mL, O.0334

mmol)] at zro OC. The raection was quenched by iodomethane (O.5 mL) at room temperature.

After removal of the solvent, the residue was separated by l'I'LC (hexane) to afford 46 (11.4 mg,

O.Ol17 mmol, 399e from 34).

Reaction of 32 with mesityl isocyanide. In a glovebox fMed with argon, mesitYl isocyanide

(7.5 mg, O.052 mmol) was added to a diethylether (2 mL) solution of 32 [prepared from 34 (39.3

mg, O.04e3 mmol) and t-butyllithium (O.95 M in hexane, O.043 mL, O.041 mmol)] at room

temperature. The reaction mixture was stirred for 15 h at room temperature. After removal of

the solvent, the residue was separated by GPLC (CHCI,) to afford 80 (5.2 mg, O.Ol 17 mmol, 299o

from 34) and 81 (3.7 mg, O.O124 mmol, 319o from 34). 80:'red crystals, mp 138-141 eC (dec.);

iH NMR (300 MHz, CDCI,, 25 OC): 5 1.21 (s, 3H), 1.67 (s, 3H), 1.91 (s, 3H), 2.23 (s, 3H),2.28

        )
(s, 3H), 2.34 (s, 3H), 522 (s, IH), 6.25 (s, IH), 6.88 (s, IH), 6.96 (s, IH), 7.13-7.19 (m, IH),

729-7.36 (m, 3H),7.68-7.70 (m, 2H), 9.06-9.08 (m, IH), 9.47 (d, 3J = 8.0 Hz, IH). 81: yeilow
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powder, iH NMR (3co MHz, CDC},, 25 crC): S 232 (s, 3H), 2.46 (s, 6H), 6.97 (s, 2H), 727-7.37

(m, 4H),759-7.62 (m, 2R), 7.91-794 (m, 2H), LRMS (EI): m!z 3Ctz9 (M'), 294 E(M-Me)'] .

X-Ray crystallographic analysis ef 80. Crystal data for 80 are shown in Tab}e 2-4. Red and

prismatic single crystals of 80 were grown by the slow evaporation of its benzene solution. The

intensity data were cellecked on a Rigaku/MSC Mercury CCD diffractometer with graphite

                                       omonochromated MoKex yadiation (X= e.71070 A) to 2e.. = 50a at I03 K. The structure was

solved by a direct method (SHELXS-97") and refined by full-matrix least-squares procedures on

F2 for all reflections (SHELXL-97"). AII hydrogen atoms were placed using AFIX instructions,

while all the other atoms were refined anisotropically.

Reaction ef 32 with 2,4,6-tri(t-•butyl)benzonitri}e oxide. Ifi a glovebox filled with argon, 2,4,6-

tri(t-buty1)benzonitrile oxide (29.e mg, O.IOI mmol) was added to a diethylether (8 mL) solution

of 32 [prepared from 34 (553 mg, O.0568 mmol) and t-butyl}ithium (2.3 M in pentane, O.027 mL,

O.062 mmol)] at room temperature. The reaction mixture was stirred for 12 h at room

temperature. After removal of the solvent, the residue was separated by GPLC (toluene) to

afford 84 (17.1 mg, O.Ol38 mmol, 249o from 34). Compound 84 underwent s}ow decomposition

afford to 85. 84: colorless powder, 'H NMR (3oo MHz, C,D,, 25 OC): 6 -O.1l (s, 9H), -O.07 (s,

9H), O.19 (s, 18H), O.35 (s, 9H), O.37 (s, 9H), O.89 (s, 9H), 1.30 (s, 9H), l .41 (s, IH), 1.71 (s, 9H),

2.06 (s, 3H+IH), 2.16 (s, IH), 2.44 (s, 3H), 251 (s, 3H), 6.34 (d, 3J = 8.3 Hz, IH), 6.90-7.93

(13H, not assignable). 85: yellow crystals, 6 -O.14 (s, 9H), O.19 (s, 9H), 020 (s, 9H), O.23 (s,

9H),O.41 (s, 18H), 1.13 (s, 9H), 1.33 (s, 9H+IH),'1 .41 (s, 9H),157 (s, IH), 1.91 (s, IH), 2.05 (s,

3H), 2.22 (s, 3H), 257 (s, 3H), 5.66 (s, IH, NH), 6.19 (d, 3J = 8.1 Hz, IH), 659 (s, IH, Tbt-

arom.), 6.69 (s, IH, Tbt-arom.), 6.7ZL7.88 (10H, not assignable).
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X-Ray crystallographic analysis of E85•CHCI,l. Crystal data for E85'CHCI,] are shovvn in

Table 2-5. Yellow and prismatic single crystals of [85•CHCI,] were grown by the slow

evaporation of its CHCI,/CH3CN solution. The intensity data were collected on a Rigaku/MSC

                                                                         oMercury CCD diffractometer with graphite monochromated MoKct radiation (X = O.71069 A) to

2e.. = 500 at 103 K. The structure was solved by Patterson methods (DIRDIF-99.226) and

refined by full-matrix }east-squares procedures on F2 for all reflections (SHELXL-9727). The

chloroform molecule was disordered, and the occupancies of the disordered parts were refined

(O.78:O.22). The U,j values of the disordered chloroform molecules were restrained using SIMU

instructions. The six C-Cl bonds of the chloroform molecuies (major and minor) were restrained

                                oto have the typical C--Cl distance (1.7 A) using DFIX instructions. All hydrogen atoms were

placed using AFIX instructions, while all the other atoms were refined anisotropically.

Reaction of 42 with t-blltyllithium. In a glovebox filled with argon, t-butyllithium (O.95 M in

hexane, e.051 mi., O.048 mmol) was added to a hexane (4 mL) solution of 42 (47.7 mg, O.0480

mmol) at -40 OC. The reaction mixture was stirred for 2 h at the same temperature. After

removal of the solvents, hexane was added to the residue and the mixture was filtered with

Celite@. The solvent was removed to afford only 42 judging from the iH NMR spectram.

Reaction of 43 with t-butyllithium. In a glovebox filled with argon, t-butyllithium (O.95 M in

hexane, e.063 mL, O060 mmol) was added'to a diethylether (4 mL) solution of 43 (58.3 mg,

O.0597 mmol) at -40 OC. The reaction mixture was stirred for O.5 h at the same temperature and

for 1 h while being warmed up to room temperature. After removal of the solvent, hexane and

benzene were added to the residue. The resulting suspension was filtered through Celite@, and

the solvents was removed. A C6D, solution of the residue was placed in a 5 mm Åë NMR tube.
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The tube was evacu-ated and seaied. After measurement of iH NMR spectrum, the seaied tube

was openedi. Afke" vemQval of the so}vent, the residue was separated by }'I'LC (CHCI,lhexane =

l/4) to affoifd 89 (9.l mg, O.O095 mmol. I69e), 90 (62 mg, O.065 mmol, li9e), aRd 43 (42.5 mg,

O.0435 mmol, 739o). 89: colorless crystals, mp 181-l84 OC (dec.); iH NMR (3oo MHz, CDCI,,

25 OC): 6 -e.ll (s, 9HÅr, --O.02 (s, l8H),e.oo (s, 9H), e.04 (s, 9H), O.05 (s, 9H), 1.33 (s, IH), 1.68

(s, IH), l.69 (s, iH• ), l.72 (s, 3H),2.l1 (d,3J = 145 Hz, IH),222 (s, 3H),2.38 (d, 3J = 14.5 Hz,

IH), 4.69 (s, IH), 6, .37 (s, IH), 650 (s, 2H), 680 (s, IH), 7.en723 (m, IOH). 90: colorless

crystals, mp 172-176 aC (dec.); 'H NMR (3oo MHz, CDCI,, 25 OC): 5 S.20 (s, 9H), -.16 (s,

9H), O.14 (s, 9H), O.22 (s, 9H), e.34 (s, 9H), 05I (s, 9H), 1.30 (s, IH),l.62 (s, IH), l.67 (s, IH),

2.13 (s, 6H), 221 (s, 3H), 4.49 (s, IH), 6.34 (s, IH), 6.44 (s, IH), 6.66 (s, 2H), 6.93-6.96 (m, 3H),

7.ov-725 (m, 5H),736 (s, lH, Sn-H), 75e-753 (m, 2H).

X-Ray erystallographie analysis of 89. Crystal data for 89 are shown in Table 2-5. Colorless

and prismatic single crystals of 89 were grown by the slow evaporation of its CHCI3 solution.

The intensity data were collected on a RigakulMSC Mercury CCD diffractometer with graphite

monochromated MoKa radiation (X = e.71069 A) to 2e.. = 500 at I03 K. The structure was

solved by Patterson methods (DIRDIF--99.226) and refined by full-matrix least-squares procedures

on F2 for all refiections (SHELXL-97ev). All hydrogen atoms were placed using AFIX

instructions, while all the other atoms were refined anisotropically.
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Chapter 3. Syntheses and Preperties efStannaarbmatic CempoMnds

3.1 Intreductien

3.1.1 Aromatie Compounds

   AromatiÅë ceffy)pounds, i.e., E4n+2]sc electron ring systems, are widely studied from the

viewpoints (tf iK}t enly tlte fundamental chemistry but also the applieation towards organic

synthesis and materia} scieltee.i The history of aromatic compounds began with the isolation of

benzene by Famday in l825.2 ,
                         o-o @

                                      benzerte

      Cyclic conjugatiofi of sc-bonds causes the special features of aromatic compounds as

follows:

   1. Chemical behewior

        Aromatic compounds undergo electrophilic substitution reactions more easily than

   addition reactions due to the effect of the resonance stabilization.

   2. Structuralfeatnres

        Aromatic rtng is p}anar and bond }engths in the aromatic ring become intermediate

   between those of CL-C double and single bonds due to the delocalization of the x-electrons.

   3. EnergeticfeatEtres

        Stability of the aromatic ring is much enhanced than that without aromaticity.

   4. Magneticfeatures

        Aromatic compounds have large ring current effect and unique magnetic features such

    as anomalous chemical shifts, large magnetic anisotropy, and diamagnetic susceptibility

    exaltation.
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   These features are called one simple word, aromaticity. However, aromaticity has many

criteria due to its variety of features, an.d evaluation of aromaticity is still a conventional

problem.3 Thus, al} (chemical, structural, energetic, and magnetic) criteria must be used to

estimate the aromaticity.

3.12 Heteraromatic Compounds

   In the chemistry of aromatic compounds, heteraaromatic compounds such as pyridine, in

which one carbon atom of benzene is replaced with a nitrogen atom, has been well known for a

long time and their structure and properties have been extensiyely investigated.

                           Ob

                          pyridine phosphabenzene

   Since phosphabenzene, phosphorus analogue of pyridine, has been synthesized in 1966,`

much attention has been focused on aromatic systems containing a heavy atom. Structural

analyses of phosphabenzenes revealed that the P-C bond lengths in the ring are in the middle

between those of P-C double and single bonds, and the C-C bond lengths of the ring are similar

to that of parent benzene, indicating the delocalization of the x electrons on the phosphabenzene

rings.

   Aromatic systems containing a heavier group 15 element, i.e., arsenic, antimony, and

bisrr}uth, have also been studied.5 Although these compounds were synthesized as stable species

and turned out to have aromatic character, they were found to be less stable on going from As to

Bi.

                      '
                                                          Bi                                       Sb                    As

                arsabenzene stibabenzene bismabenzene
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   Furthermore, boratabenzenes, isee}ectronic species of benzene and pyridiRe, have also been

extensively investigated for 30 years.6 Arematic characters ef boratabenzenes, which are an

anionic aromatie rtng with 6ffgÅí}eetrens, have been e}ucidated by sgruetural analyses and

complexations with transitien metaisl Gallatabenzene and its cemp}ex were reported in l995,8

and it was revealed to have aromatieity similarly.

B   R
 G'a

                       beratabenzenes gal;atabenzenes

                         '
                                                                            /3.13 Stable Sila- or Germaaromatie Cornpounds

   The chemistry of metallaaromatic eompounds of heavier group 14 e}ements, i.e., heavier

congeners of the cyclic conjugated systems with [4n+2]x electrons, showed a marked

development only in the past decade. However, the examples for the isolation of stable systems

are limited to those contaiRing Si or Ge atom."•iO

3.13.1 Ionie Species

   Cyclepentadienide Analogues. It is well known that cyclopentadienide ion is an aromatic

species with a five-membered 6x e}ectron ring system. The compounds in which one carbon

atom of cyclopentadienide ion is replaced by a silicon or a germanium atom are have been well

investigated. Metallole dianions (1), monoanions (2), 1-metallaindenide dianions (3), 1-

germaindenide anions (4), and 9-silafluorenide anion (5), were successfully synthesized and

Characterized.ii•i2•i3
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                                                                ;t /                                                                    E.

                                                                   R
       n5-n5 interaction ni-n5 interaction                                                             loca"zed anion

                dianion species monoanion species

                                   Chart 3-1.

   Quite recently, 1 ,2-disila-3-germacyclopentadienides (6, 7), which contain two silicon atoms

and one germanium atom in one cyclopentadienide ring, were reported.'` The X-ray analysis of 7

reveaied a delocalized aromatic cyclopentadienide-type structure with the diagnostic 5-

coordination of the Li+ cation to the five-membered ring.

                                  SiMe(t-Bu)2
                                  }                     (t-Bu)2MeSiNGfttsrSiMe(tM'B.U}2 9i.M;'5i

                                     H                              Ph

     R'I]illl.EliillilE.M R RRRCE)MRR N7LIi.E."LiRR N"'R(,.G.."LiEtEt "e":ts7MI..si.L".,"2`:

                                                                 E= Si, Ge
                                                                 M= Li, Na, K

   These species are thermally stable and some of them are structurally characterized by X-ray

crystallographic analyses. Although the dianion species (1, 3) have n5-775 or n'-nyS interaction

mode (Chart 3-1), the endocyclic C-C bond lengths are almost same in the all cases, indicating

their K-delocalized structures. On the other hand, all of the monoanion species, which are

structurally determined by X-ray crystallographic analysis, feature the localized anion rather than

delocalized structure (Chart 3-1).

       R ly!R R ty!R R ly,!R R RQK,
 let R

QKE'•.

    R

     QK,--.

        R
delocalized structure
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   Some examples ef Eransition metal cemplexes 8-13, incorperating metallole units as Iigands,

have also been reported to have an aromatic character.i5'i6

        Xts...,,{,,,,,,,le Me3st•-Elitilillll"i'Ccl(Me3S'}3il';illi'eotOFie,,(-..-.,(,,..,},

          glE:gL '::,iiE:,gti,M.i..Z.V, i3

   Cyelopropenylium Cation AnalogNes The cyclopropenium cation possessing a HUckel-

type 2x-e}ectron system is the smallest aromatic compound. The germanium analogue 15 was

reported in 1997" and silicen ar}alogues 14a-c were done in 2oo5'8 by Sekiguchi.

                      9ilYle{"Bu}2 ?i(-Bu)3
                                                 Ge Ph4B-                      Si Ar4B-                                                leN                     /eN
                                               Ge-Ge.                    si-si.                          SiMe(t-Bu)2 (t-BuÅr3Si'                                                     Si(t-Bu}3           (t-Bu)2MeSi'

                      14 t5
                       EF EF EF

Ar =

e-ii]l;ii[ii

eN F a ys

                      FF FF FF
                        ab
   According to the X-ray crystal}ographic analyses of 14c and 15,

form an equilateral triangle similar to the carbon analogues, i.e., cyclopropemum cation.

bond lengths of the SiSi in 14c and the GeGe in 15 are intermediate between the corresponding

double-bond and single-bond lengths.

SiMe2(t-Bu}

c

    their three-membered rings

           ' ' The

3.13.2 Cyclic Diaminosily}enes and Germylenes

   Metallylenes are one of the most important intermediates in the chemistry of group 14

elements. Although metallylenes have been known as highly reactive, unstable species, cyclic
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diaminosilylene and germylene 16, 17 were successfully isolated.'9'20 These compounds are

extremely stable, and the unsaturated metallylenes 16 were more stable than the saturated ones 17.

For example, silylene 16a can be distilled at 94 "C without decomposition in contrast to the fact

that silylene 17a slowly decomposes at room temperature in the solid state.

                   FBu "Bu                   tt                ll(:)E: (:)E: gi.E':.S.'i.

                   SN                   t-Bu "Bu
                  t6 17
    These facts indicated the existence of 6x-aromatic stabilization effect in unsaturated

metalIylenes 16, confTirmed by further experimental and theoretical investigations. Although the

stabilization of metally}enes 16 was dominantly achieved by electron donation from lone pairs of

nitrogen atoms to the empty p orbitaI of silicon, additional stabilization by cyclic delocalization

of 6sc electrons (two lone pairs on the nitrogen atoms and C=C x electrons) exists in the five-

membered ring of unsaturated diaminometallylenes 16 (Figure 3-1). Metallylenes 16 can be

regarded as aromatic systems, but they are special cases of aromaticity and very different from

common aromatic compounds.

                                 Å~9 9/

                               z8%xO,/oo6a

                                     o

                                 Figure 3-1.

3.1.3.3 Neutral Sila- and Germaaromatic Compounds

   Although no synthesis and isolation of neutral sila- and germaaromatic compounds had been

reported until very recently due to their extremely high reactivity, sila- and germaaromatic
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                             '

compounds, to whieh wiy one substituent ean be introduced on its reactive siiicon center, were

also syfithesized as stable Åërystalline compounds by taking advantage ef this Tbt group.

                                                               Tbt         Tlrt TPt TPt N,---        O :([i ÅrE"b' :K.ESII';'e ::l![ EE.',, ]i]; ass 4N

   Thus, the syntheses of neutral sila- and gemiaaromatic compounds 18-26 were achieved, and

such stable examples of metallaarematics enabled us to make the systematic elucidations for their

aromaticity.2!

   Their aromatieity was evaluated en the basis of NMR, UVIvis and Raman spectroscopic

analyses. The molecular structures of them (except 22) were finally detemiined by X-ray

crystallographic amalyses, which revealed the planar geomenies of the rings eontaining an Si or a

Ge atom. The lengths of the endocyclic E-C bonds were intermediate between the corresponding

double-bond aEd single-bond }engths, and those for the two endocyclic Er-C bonds in the benzene

analogues 18 or 19 were found to be essentia}ly equal to each other, indicating their delocalized

sc--electrons. These reselts suggested that sila- and germaarorr}atic compounds 18-26 feature high

aromaticity comparable to the parent aromatic compounds.

3.1.4 StannaaromaticCompoends

   As described above, sila- and germaaromatic compounds are widely investigated. However,

the syntheses of stannaaromatic compounds were limited to some stannole anions 27-30 by Saito

et al.22

            Ph Ph Ph Ph
    a"
         PhPh     Sn
    ZN  Li Li
     27

Ph  inx
     LiR

   R= Me (28)
      t-Bu (29)
Ph Ph (30)

e(T=)e
    sp
stannylene form
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    The X-ray crystallographic analysis of 27 revealed its op5-nyS interaction mode (Chart 3-1) and

the planarky of the stannole ring. The lengths of C-C bonds iR the stannole ring vvere almost

equal to each other, and the negative charges are considerably delocalized on the ring. The ii9Sn

NMR signal for 27 appeared at a relatively low field (6 =163.3), refiecting the strong contribution

of a resonance structure along with stannylene character.

    Although these results indicate that 27 forms 6x-electron system, they should be classified

as special stannaaromatic compounds with negative charges.

3.2 The Purpose in Chapter 3

    In view of the recent progress in the chemistry of sila- and germaaromatic compounds, the

synthesis of stannaaromatic compounds is of great interest from the standpoint of systematic

elucidation of the properties of metallaaromatic systems of heavier group 14 elements. Although

some stannole anions and dianions, i.e., ionic stannaaromatic compounds,have been synthesized

as stable compounds and fully characterized (Section 3.l .4), neutral stannaaromatic compounds

are still elusive and their properties have not been disclosed yet so far. The main reason for the

lack of neutral stannaaromatic compounds is probably due to the difficulty in their synthesis and

isolation responsible for the extremely high reactivity of Sn-C double bonds.

    The successfu1 results in the tetraarylstannene (Chapter 2) and neutral sila- and

germaaromatic compound (3.1.3.3) using a Tbt group naturally prompted the author to extend

this chemistry to stannaaromatic compounds. As one of the main project in this doctor thesis, the

synthesis, structures, and reactivities of 9-stannaphenantherene 31 and 2-stannanaphthalene 32

were investigated in the Chapter 3.
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                       -Tnt

                                         N hP                                                   vau

                           3i 32

3.3 Generatieft of9-Stanmaphemanthrekes

33.1 SynthesesofthePrecursors

    9,lgEÅrihydro-9-staanaphemanthyencs 33 beariag a }eaving greup on she gin utom were

comsideTed te be suitabSe precetfsers ef 3S .

            ]' Tbt Tbt. es X= teaving group
            , Sn-                                             Sn
            ll eff, ,ss 1 sss "' = pt s"" 6e'

              -.h ts- "I S.                   3} 33
    lftitially, the foma3gcm of a 9,l(}-dihydrb-9-stallRaphenaRthrene skeleton vvas examined by

the ceupliRg reaction ef M with TbtSnCl, (3S) using Mg metal followed by the reduction with

LiAIH4 (Scheme 3-l). Altho"gh Tbt-substituted 9,10-dihydro-9--stannaphenanthrene 36 could be

isolated, this reaction sgfYers from the low-yield process and low rep'roducibi}ity.

Scheme 31.

                                                         H                Br                           TbtSnCI3 (35) Tbt.
                           Mg (2.0 equiv.) LAN Sn

T}-lpe, reflux, 12 h ";'HF, rt, 1 h

                34 36 (up to 17"/e)
    Next, the stepwise synthesis of 9,}O-dihydro-9-stannaphenanthrene skeleton was examined

and bromostannnane 42 and chiorostannane 43 were prepared according to Scheme 3-2. Since a

considerable amount of the bromostannane was formed in the first stannylation step due to the

ready halogen-exchange reactions with MgBrCl, the initially gefierated ha}ostannanes 38 were
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subjected to the LiAIH, reduction followed by the re-chlorination with CCI, with the intension of

transforming into the corresponding dichlorostannanes 40 in a pure form.

Scheme 3-2.

                                     Tbt ' Tbt            Br                        1) n-BuLi SnX2 SnH2
        6fit 'ss ef7 'ss #/TbiiF"Ci3 6et ss 47 N -Hlll eef 'ss 4 'ss

              mo                                         Me Me
             37 38 39 (730/o irom 37År
                   Tbt Tbt
           cci4 SnCi2 NBs SnC}2 Mg (excess)
         .IN                         1N -.                                        4N                                                IN.
                                 CCI4           quant                                                           THF
                                 s6e/. sse/.
                        Me Br
                       40 41

           Tbt sn LAH Tbt sn cci4 Tbi sin
                        - ------                         THF quant
                         quant

42 36 ca

33.2 Generation of 9-Stannaphenanthrene 31

    Sypthesis of 31 was attempted by the dehydrochlorination of 43 with various kinds of bases

[lithium hexamethyldisilazide (LHMDS), 1,8-diazabicyclo[5.40]undec-7-ene (DBU), and tert-

butyl lithium]. Although these reactions did not proceed (Scheme 3-3), the reaction of 43 with

lithium diisopropylamide (LDA) resulted in the formation of aminostannane 44 as judged by the

'H NMR spectrum (Scheme 3-4). Compound 44 could not be isolated and fully characterized,

and exposure of the C6D6 solution of 44 to the air afforded hydroxystannane 45 almost

quantitatively. Although co!npound 45 was also unstable species probably due to the
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oligomerization by the dehydifation reaction in solutioR, the structure was determined by X-ray

crystallognphic analysis (Figure 3-2).

Scheme 3-3.

        vbt.9E
                    wrt(spMe3År2,DBU,tBULI NoReanion oaU=aNÅrN

            as

                                N{"PrÅr2 OM                            Tbt.                                F Tbt.                    LDA Sn air                                                     Sn

                 THF,rt,ih 4 'N " 'ny" ij7 Ass 4 ss

                                 44 45

 Ol

C9

Figure 3-2. X-Ray structure of 45 (ORTEP drawing with 509o probability level). Hydrogen

atoms except for those on the Ol and C9 atoms and the other molecule of the crystallographically

non-identical molecules were omitted for clarity.

   To inhibit such nucleophilic substitution reaction, the reaction with lithium 22,6,6-

tetramethylpiperidide (LTMP) as a base was performed. The reaction of 43 with LTMP at room
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temperature resulted in the stereoselective formation of cis-[2+2j dimer 46 (469e) of 9-

stannaphenanthrene 31 (Scheme 3-5). The molecular structure of 46 was unambiguously

determined by X-ray crystallographic analysis (Figure 3-3).

Scheme 3-5.

               ,'b'ÅqsCl,,i'[!\:E:xfiE!;f)c2M:il,/t.,flfi#'v) (ils./Ln':iili411

                    43 46
                                                q

                                         eas xptR
                                             YM
                                    tsQC2 ue
                                     x .e?be

                                              tw

Figure 3-3. X-Ray structure of 46 (ORTEP drawing with 509o probability level). Hydrogen

atoms a benzene mo}ecule were omitted for clarity.

333 Trapping Experiments of 9-Stannaphenanthrene 31

 ' Since the formation of 46 suggested the generation of 31 as a transient species, the trapping

experiments at low temperature were examined. To the reaction mixture of 43 and LTMP were

added MeOD, Mes*CNe [Mes" = 2,4,6-tri(tert-butyl)phenyl], and 2,3-dimethyl-1 ,3-butadiene as

trapping reagents at -78 OC to give the correspondi' ng adducts 47-d (aimost quantitative as

estimated by iH NMR), 48 (439o isolated yield), and 49 (679o isolated yield), respectively

(Scheme 3--6). Compound 47-d was moisture-sensitive and could not be isolated as a pure
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                        'compound bec)ause of the difficulty in the separation from 2,2,6,6-tetramethylpiperidine, which is

the inevitab)e bypreduct of this reaction. The molecular structure of 47-d was determined by the

comparison with that of pure 47, whiÅëh vvas prepared by the reaction ef 43 with LiOMe in THF.

The molecular structures of 48 and 49 were confirmed with the tH, i3C, and ii9Sn NMR and mass

                                                                        '                                   '
spectral data, and were finally established by X-ray crystallographic analysis (Figures 3--4, 3-5).

Since 23-dimethyl-l,3-butadiene is inert to anionic species such as 9-chloro-IO-}ithio-9-Tbt-

9,10-dihyclrcF9-stannaphenanthrene 50, which is an alternative intermediate in the reactions of 43

with LTMP giving 46, 47-d, and 48, tbe formation of a [2+4] cycloadduct 49 from 43 indicates

that the reaction of 43 with LTMP afferds not an anionic inteimediate b"t a neutral

staRnaphenanthrene 31 .

    These results strengly indicate that 31 exists as a monomer in a THF solution at -78 eC.

The thermal instability crf 31 is in sharp contrast to the high stability of Tbt-substituted 9-sila- and

germaphenanthrene (25, 26), which are stable at 1oo eC in C,D6.

Scheme 3-6.

             Cl Tbt          Tbi.I             Sn LTrMp Sn-
                       .          " IN THF fN4ss Meo H           -- m7i8-C Tbt-sn
                                   red solution

                                                              47                                       -7s"c

                                             x              MeOD Mes'CNO
                                                             CI Li
         Meo, D g...tNN,}Lr-....Mest tlF=Åqi.g.. ITbt,"s"n4,""

                             ' H Tbt . Sn ' H       Tbt-Sn Tbt).•Sn

IN IN
  47d, quant.
Gudged by 'H NMR)

"N IN
   48, 43el.

4N 4N
   49, 670/o

50
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                                        Fr'Q)

                               gii!gt

                                         ol Nl
                                    Sn1
                                        Cl C2
                                                 ss

Figure 3-4. X-Ray structure of 48 (ORTEP drawing with 509e probability level). Hydrogen

atoms were omitted for clarity.

                                      ld-

mpa lliige)

G

Figure 3-5. X-Ray structure of 49 (ORTEP drawing with 309o probability level). Hydrogen

atoms were omitted for clarity.

33.4 Attempted Synthesis of 9-Tbt-10-Ph-9-stannaphenanthrene 51

    If an additional substituent can be introduced in 10-position, dimerization of 9-

stannaphenanthrene may be prevented (Figure 3-6) due to the steric repulsion. Therefore,

synthesis of 51 bearing phenyl group on 10-position was attempced.

                                                                           89
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it

EÅr

iikSii

-srv-

N

   "er.eecVgx"in

fN

   Synthetic strategy for 51 was similar to that for 31

61 were prepared according to Scheme 3-7.

the X-ray crystallographic analysis (Figure 3-7).

Tbt

  Sn-
Ph

51

Fignre 3-6.

          ,and the suitable precursors 59, 60, and

 Molecu}ar structure of 59 was finally determined by
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Scheme 3-7.

 Br

 37Br

1) n-BuLi (1.0 equiv.)

2) PhCHO

 Br

N
THF, -78 eC
  90e/.

52
Ph

  PBr3

  rt
 quant

 Br

N

53
Ph

   LAH
 Et20, reflux
   73el.

 Br

N
1) n-BuLi (1.0 equiv.)
2) TbtSnCl3 (1.0 equiv.)

Tbt
  'snX2

 NN
X = Cl, Br

54
Ph

THF, -78 OC

55
Ph

  LAH

 THF, rt

Tbt

  SnH2

 NN
       Ph
56 (260fo from 54)

'-'M-"-in-- i)F

 CCI4, rt
 quant.

Tbt

  snCl2

 NN

57
Ph

 NBS (1.1 equiv.)
 AIBN Åq40 molO/o)

  benzene, reflux

Tbt x=cl, Br
  SnX2

 N NI
 Br
     Ph
   58

   Mg
 THF, reflux

59 (81 Ola from 57)

  AgOTf
 CH2Cl2, rt
   970/e

60

  LiF

 THF, rt
  quant

61
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i[2ip

K

kAsi

Figure 3-7. X-Ray structure of 59 (ORTEP drawing with 509o probability level). Hydrogen

atoms and a chiereform molecele were omitted for c}arky.

    The reaction of bromostannane 59 with LDA did not proceed (Scheme 3-8) probably due to

the steric reason of the Br atom. However, the reaction of fluorostannane 61 with LPA was

performed to afford aminostannane 62 (Scheme 3-9) .

Scheme 3-8.

                       Br pb                    Tbt.                       Sn LDA                                  - No Reaction
                   es7 'qlets dip' 'qlit) THF,rt

                        59

Scheme 3-9.

                                           -Pr APr                    Tbt. Ph NN ph
                       Sn -tA Tbt-sln
                    I N" THF, rt                                  quant. 4 ss 4N                           N"

    Similarly, the reaction of 61 with t-butyllithium gave t-butylstannane 63 (Scheme 3-10),

indicating the steric hindrance around the proton in the IO-position.
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 Scheme 3-10.

                    Tbt"sF'n Ph t.Buu Tbt-t"sBlnU Ph

                                 .                    se' 'ss sf N Et,o,-4ooc 4Z ss ij7 '"ts
                                      goel.

                         61 63
    In the case of the generation of 31, LTMP was effective for the inhibition of nuculeophilic

substitution reaction. However, the reaction of 61 with LTMP resulted in the formation of a

complicated mixture (Scheme 3-1 1).

Scheme 3-11.

                        F Ph
                    Tbt-s'n LTMP
                                  - Complicated Mixture
                    lr N"tl 1 N THF, rt

                         61

    As a result, steric congestion around the proton in 10-position inhibited smooth reaction,

suggesting that additionai substituents should be introduced to not the 10-position but the 1-8

posMon.

33.5 Conclusion ofSection 33

    In summary, the author has succeeded in the generation of 9-stannaphenanthrene 31 for the

first time and revealed its high reactivities. With the hope of isolating 31 as a stable compound,

further investigation on the introduction of additional substituent(s) to the stanRaphenanthrene

                                                                            '
skeleton (except the 10-position) and the cooperative stabilization method (the contribution of

kinetic and thermodynamic stabilization) a!e .currently in progre.ss.
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3.4 Synthesisef2-Stannanaphthalene32

3A.1 SynthesisefthePreeurser

    12-Dihydre-2-sgannanaphthalene 67 was prepared by taking advantage crf (E)-o-(2'-

lithiovinyl)benzyElithium 65, vvhich can be readily generated from isotellurochremene 64

according te the method reported by Sashida"(Scheme 3-l2). The reasofi why the synthetic

method simitar Ee those used for the Tbt-sthbstituted l ,2-dihydro-2-sila- and 2-gemianaphthalenes

70 (Scheme 3-l3År should be prevented is that the cleavage reaction of weak tin-carbon bond may

proceed in the double-bond forrnation using excess NBS.

    The follewing bremination of 67 with NBS afferded bromostannalte 68, a suitable precursor

of 2-stannanaphtha}ene 32 (Scheme 3-l2).

Scheme 3-12.

                                ,f. Li TbtSnX3 Tbt
  ,ef,l.I.,,,"E'e"Btua/HLk!2-07seScUiV) NI.Li\teqUtVHaiXCI) [Kl.ijs,i...x

                                         "Bu -78Åéthenrt                                                                        t-Bu

                               Tbt Tbt          metF,:gc (llliMSt"-tH.B. EEtlll;klilil!iil)2Silglli/;.e.Ci,"rt'V) :::t.ijs,in-iB.:g.

                       67 (390/o irom 64) 68

Scheme 3-13. SyRtheses of the Tbt-substituted l2-Dihydro-2-sila- and 2-germanaphthalenes

                                                       Tbt lllllll SiH2 ib34t.AL.i 1}NBs `"I E""'H
                                   Tbt (excess)                                               qtts. .f: Tbt                           efi'l E'-.H-2L)!E!!LA -H + Tbt suB"L' 4E E'--H

:::I Br 81[!XgziT tb.l.GeC}3 };g,E.si,Ge l:[I ME"H ts si,7307'ij.'/.

                                                    Br (3 steps)

eq



3.42 Synthesisof2-Stannanaphthalene32

    2-Stannanaphtha}ene 32 was synthesized as pale yellow crystals by the dehydrobromination

of bromostannane 68 with LDA in hexane at ZK) eC (Scheme 3-14). 2-Stannanaphthalene 32 is

thermally stable under an inert atmosphere either in the solid state (decomposed at 144 OC) or in

solution (C6D6, at 80 OC for 1 h in a sealed tube).

Scheme 3-14.

                        Tbt               ,S','[t ' ue'",h(tt.2.,,,e..q,"'i) c`,"].l])S"'I.b.t.

                                   6301e
                                                    32

    t-Bu

68

3.43 Crystal Structure of 2-Stannanaphthalene 32

    The molecular structure of 32 was determined by X-ray crystallographic analysis (Figures 3-

8, 3-9), which revealed the planarity of the 2-stannanaphthalene moiety and the completely

                                                               '
trigonal planar geometry around the tin atom. In addition, the benzene ring of the Tbt group was

found to be almost perpendicular to the 2-stannanaphthalene plane, and hence it is considered that

there is very little conjugative interaction between the two aromatic units. The lengths of the two

                                       eendocyclic Sn-C bonds [2.029(6) and 2.081(6) A] are shorter than those of typical single bonds

        e(av. 2.14 A). In particular, the former Sn-C bond length is close to the Sn-C double bond length

of the stable stannene synthesized in this work (see, Chapter 2), Tbt(Mes)Sn=CR2 [CR, =

                    ofluorenylidene; 2.016(5) A], which is stabilized by the conjugation of the Sn-C double bond with

the fluorenylidene moiety. The C-C bond lengths of the 2-stannanaphthalene ring of 32

                o[1.356(9)-1.443(9) A] are also roughly intermediate between those of C-C double and single

bonds. These results suggest that the 7r-electrons are delocalized in the 2-starmanaphthalene

skeleton of 32. Furthermore, theoretical calculations for the model molecules 71-73 supported
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the experimeBtal resules, indicating the effective n-coajugatien in the Sn-containing aromatic ring

systems (TabEe 3-l).

C6

C5

SeÅrs(

ip

@N@/fi

Sn'l

  C2

 CIO ts

x.pai

   -.7

Åq; ge

Figure 3-8. X-Ray srmcture of 32 (ORTEP drawing with 509o probabl}ity level).

atoms were omitted for clarity.

                                      pa
                                fibe:N

                                      ll{l)

             Åëicdw){y& ge
                          ZllÅrsn1

                                     dy

                            t                                Åqst År

Figure 3-9. 0RTEP drawing of 32 (509o probability level) along the Cl.C2 atoms.

atoms were omitted for clarity.
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Table 3-1.

                        Chart 3-2.

           H6 Hl            ll      :,5jc9s6[(i,i)ec'(liiig`:(.7,,19i'i-:"',i'M..e"b',Dm"".mob.

Observed and calculated bond lengths (A) for 2-stannanaphthalenes"

bond 32 (obsd) 71 (calcd) 72 (calcd) 73 (calcd)

C1-C8
Cl-Sn
Sn-C2

C2C3
C3-C9
C4C9
C4-C5
C5C6
C5-C7
C7C8
C8-C9
C2-C1O

1 .394(8)

2 D29(6)

2.081(6)

1 .372(9)

1 .443(9)

1 A17(9)

1 .356(9)

1415(10)
1 .361(9)

1 .419(9)

1 .436(9)

1 522(9)

1.423

1.985

2.067

1.374

1.445

1.423

1378
1.411

1.375

1.431

1.447

1.535

1.424

l.988

2.073

1.374

l.445

1.423

1.378

1.411

1.375

1.431

1.447

1535

 1.422

 l .993

2.066

 1.380

1.440

 1.425

•1.377

 1 .413

 1.375

 1.432

 1.449

 1.541

" calculated at the B3LYP16-3lG(d) (LANL2DZ on Sn) level.

3.4.4 NMRSpectraof2-Stannanaphthalene32

   The ii9Sn NMR spectrum of 32 in C6D6 showed a signal at 264 ppm, which is characteristic

of the low-coordinated tin atom. All of the iH NMR signals of the protons of the 2-

stannanaphthalene ring of 32 (7.05-9.28 ppm) were observed in the aromatic region, and the '3C

NMR signals of the stannanaphthalene ring carbons (120.0-174.0 ppm) were located in the sp2

region. Thus, these results clearly indicate the delocalized z-electronic system of 32 even in

solution. The assignments of the iH, i3C, and 'i9Sn NMR signals are listed in Table 3-2 along
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with the ealeulated values for 71-73. The observed values are in good agreement with the

caiculateaf ones.

Table 3-2. 0bserved and caleulated ii"Sn, 'H, and i3C NMR chemical shifts (ppm) for 2-

stannanaphthalenes

atom 32(ebsd)" 71(calcd)b 72(calcd)h 73(ealed)C

 Sn
Hl
H2
H3
H4
H5
H6
Cl

C2
C3
C4
C5
C6
or
C8
C9
CIO

264
928
8.75

7.65

7.05

721
7.68

l47 .4

i74.e

l422
l35 .4

120.0

1253
128D
l473
i259
39.7

 l23
9.25

8.79

7.88

738
7.3l

7.64

l47.9

175 .4

l43 .4

137.e

1219
125.3

129.I

149.9

129.2

42 .5

 273
 8.58

857
7.71

7.01

7.25

759
139.4

173 .8

143.2

1369
120.4

126.0

128.7

148.8

127.1

41 .2

 l5e
8A2

 8.9l

7.80

7.l7

735
7.66

136.5

169.9

l49.6

l36.6

119.4

125 .4

128.8

l5l.O

126.9

41.8

" rneasured in benzene-d,. b caluculated at the GIAO-B3LYP/6-311G+(2d,p) (TZV on

Sn)//B3LYP/6-31G(d) (LANL2DZ on Sn) level. C caluculated at the GIAO-B3LYPf6-

3l 1G+(2d,p) (TZV on Sn)/fB3LYPI6-31G(d) [TZ(2d) on Sn] level.

3.45 Raman Speetrum of 2-Stannanaphthalene 32

   The Raman spectrum of 32 (Figure 3-IO) showed planar skeletal vibration as the most

intense Raman signal at l331 cmfi', which corresponds to those of 1382, 1368, and 136e cm-i for

naphthalene, 2-silanaphthalene, and 2-germanaphthalene respectively. The calculated vibration
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modes of 71 considerably resemble those of naphthalene, suggesting

between 2-stannanaphthalene 32 and naphthalene (Figure 3-1 1).

the skeletal similarity

(Al

1600  l400
Raman shift (cm-i)

12eo

..
-ÅrJ'

:
$
.s

e.z
te

Ty

1ooO

(hX

b.ut

=e
.E

o't
ts

su

                     1600 ltK}O l200 1ooO                                  Rarn(rm shift (crn-i)

Figure 3-10. Raman spectra of 2-stannanaphthalenes. (a) FI'-Rarnan spectrum of 32 measured

with the excitation by He-Ne Iaser (532 nm). (b) Spectrum of 71 simulated by the theoretical

calculation at the B3LYP/6-3IG(d) (LANL2DZ on Sn) level.
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         *kl,asstukkii(i,)/1Åí,iif`),tgt

                              ss ut
Figure 3-•ll. Calculated vibration liyiedes of 71 (l378 cmm!, left) and 2-tert-butylnaphthalene

(1424 cm-', right).

3.4.6 UVfvis Spectrum of2-Stannanaphthalene 32

    In Figure 3-l2 are shewn the UVIvis spectrum of 2-stannanaphthalene 32 measured in

hexane at room temperatnre. Four absorption maxima [230 (s 5.2 Å~ 10`), 250 (sh, Åí 3.4 Å~ 10`),

295 (E l.4 Å~ ICf'), and 393 (g 1.4 Å~ I04) nm] were observed. The latter two maxima are most

likely assignable to the 6 and p bands, respectively, and the weak a band may overlap to p band.

These values apparently shift to lenger wavelength than those fer naphthalene, 2-silanaphthalene

20, and 2-germanaphthalene 21 (Tab}e 3-3).

8
g

Åí
g
AÅq

;

  250

Figure 3-12.

x
23e nm {s 5.2 x lo4)
25e nm Åqs 3.4 Å~ lo4)

295 fim (E 1.4 Å~ lo4)

393 nm (e 1.4 x 10`)

   350 450 550    Wavelength (nm)

UV/vis spectrum of 32 (in hexane, rt).

1oo



Table 3-3. Absorption maxima (nm)

silanaaphthalene 20, and naphthaiene.

of 2-stannanaphthalene 32, 2-germanaphthalene 21, 2-

32 21 20 naphthalene band
295 (e 1.4 Å~ lo`) 269 (E 2 Å~ l04) 267 (E 2 Å~ 1o4) 221 (E 1.3 Å~ IOS) fi

393 (s 1.4 Å~ lo`) 335 (E 1 Å~ le4) 327 (e7Å~ lo3) 286 (E 9.3 Å~ 103) p
386 (E2 . 163) 369 (E l x lo3)

387 (e 2 Å~ 1of)

312 (s 29 . 102) a

3.4.7 CyelicVoltammogramof32

    A parent naphthalene is known to react with alkali metals (Li, Na, K...) to give the

corresponding radical anions (metal naphthalenides) as shown in Scheme 3-15. As described

above (Section 3.4.3-3.4.6), 2-stannanaphthalene 32 was found to have sufficient aromaticity

comparable to parent naphthalene,judging from their structure and spectroscopic data. One can

hit upon a natural question whether 2-stannanaphthalene can be reduced as in the case of a parent

naphthalcne or not. ,
Scheme 3-15.

                   41
                   N

.,,-TeL!1!Ee!l..!!g!g!!!!-kallMetalM

        were furnished by cyclic voltammetry, measurement of

 with n-Bu.NBF4 as an electrolyte at room temperature. For

                                               under

                                        ed in Table 3-

    The electrochemical properties of 32

which was carried out in THF

comparison, the measurement of cyclic voltammetry for parent naphthalene was performed

similar conditions. The voltammograms were shown in Figure 3-13 and summariz

4.
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I2 paA

 -3.0 -Z5 --2A ..l.5. -35 -3.0 -2.5 -2.0 -I.5
         Peten.nd rv' vs. Cp2Fe;'Cp,Fe'] Potential [iV vs. Cp,Fe!Cp,Fe+l

       Figure 3-l3. Cyc}ic voltammegram of 32 (left) and naphthalene (right) in THF.

               Table 3-4. Redox potelttials in THF EV vs. Cp2Fe/Cp2Fe'l

                                    Epa Epc Ein
                          32 -2.48 -1.74 -2.11
                      Raphthalene -328 -294 -3.11

   As in the case of parent naphthalene, pseudo-reversible oRe-electren reduction wave of 32

was observed at Ein = -2.} 1 V versus Cp,Fe/Cp,Fe', the reduction potential of vvhich was Iower

than that of naphtha}ene (E., = -3.l1). These well-defined reversible redox waves indicate that

the corresponding 2-stannanaphthalene radical anion can be generated with chemical stabi}ity

under such conditiofis.

3.4.8 Complexatien of 2-Stannanaphthalene 32

   Tbt-substituted sila- and germabenzenes 18, 19 are known to behave as a 6x arene system

toward the complexation with transition metal carbonyl complexes leading to the formations of

74, 75, respectively (Scheme 3-l6).2`
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                ",s tij' tBu : ocsv;Cr
                                                     oc
                                                  " um
                     32 76
    The X-ray crystallographic analysis of 76 (Figure 3--i4) reveaied that 76 still keeps the

planarity for the 2-stanrianaphthalene moiety [sum of the interior bond angles in the ring A (Chart

3-3): 718.7e] and the trigonal planar geometry around the tin atom (sum of the bond angles:

                                                                        o359.00 ). The }engths of the two endocyclic Sn-C bonds of 76 [2.035(5) and 2.093(4) A] are

slightly Ionger than those of 32 [2.029(6) and 2.081(6) A]. Although theoretical calculations for

the Dmp-substituted model molecule 78 and the real molecule 76 supported the experimental

results, the optimized structure of Me-substituted model molecule 77 showed the pyramidarized

geometry at the tin atom, indicating the almost 715-coordination of the Cs moiety in the ring A

(Chart 3-3, Table 3-5, Figure 3--15). This result suggests that the ny6-fashion in the coordination

of the 2-stannanaphthalene ring toward the chromium observed in 76 depends on the steric

requlrements.
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Scheme 3-16.

                  (llll) sty!sf2uggy)gsf2g}g!.(cH3cN)3(co)3] ococÅq,ii:l:Ii},viei.[l[iTbt

                18 (E=Si) 74:E=Si, M=Cr, Mo
                19 (E=Ge) 75:E=Ge, M=Cr, Mo,W

   Similarly, the ligand exchange reaction of 32 with [Cr(CH3CN),(CO)31 at room temperature

in THF resulted in the regioselective formation of the first stable n6-2-stannanaphthalene

chromium complex 76 as brown crystals in 89% yield (Scheme 3-l7).

SCheme 3-17.

                                                                 A               s,z1 se 'Tbt#cr(cH,HcFny)ft(co),] elEii.nB-.Tbti'"

                                     8901. CO
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                               Sni

                          Crl

                                Ol
               03
                            'e2

Figure 3-14. X-Ray structure of 76 (eRTEP drawing with 309o probability leve}).

atoms were omitted for clarity.

                               Chart 3-3.

                                 H6 Hl             "Dsn-R i i 76:R=Tbt
                                                 n:R=Me              ocw;tCrc"oBU                                                 78: R = Dmp
               oc

H5se6t.e7Ncs.C lss n- R

   lBtlAI  .C5" .C9. t.C2 z
             NCtOm     C4         C3
     }l, ,i, IN

Hydrogen
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Table 3-5. 0bserved and calculated bond lengths (A) for n6-2-stannanaphthalene chromium

complexes."

bond 76(obsd) 77(calcd)" 78(calcd)" 76(calcd)" 32(obsd)

Clt8
 Cl-Sn
Sn-C2
C2-C3
C3t9
C4-C9
C4-C5
C5t6
C5-C7
C7t8
C8-C9
C2-C1O
Sn-Cr
C1-Cr

C2tr
C3-Cr
C8-Cr
C9--Cr

 1 .425(6)

 2.036(5)

 2.093(4)

 1.381(6)

 1.441(6)

 1 A39(6)

 1 .354(6)

 1 .408(7)

 1 .363(6)

 1 .448(6)

 1 .427(6)

 1 .533(6)

2.7536(8)

 2.306(5)

 2.417(5)

 2.244(4)

 2.317(4)

• 2.284(5)

1.441

2.067

2.119

l.395

l.457

1 .428

1.374

1.415

1.373

1.431

1.445

1.546

2858
2.201

2.372

2.262

2.389

2.406

1.432

2.026

2.090

1.392

1.455

1.431

l.372

1.417

1 .371

1.435

1.445

1.546

2.767

2.338

2.481

2305
2.4l8

2.378

IA27 111 l.39ZK[8)

2.036 2.029(6)
2.103 i2081(6)
1.391 l 1.372(9)

       :1.453 Il l.443(9)

1.432 ii l.417(9)

1.371 l. I.356(9)

1.419 l1.415(10)
1.370 l1.361(9)
1.438 l 1.419(9)

       l•1.445 l• 1.436(9)

SIg27, i.s2-2(,)

2.3s7 i

2528 -
2.326 l, -
2.405 i': -
2.374 i' -

" calculated at the B3LYP/6--31G(d) [TZ(2d) on Sn] level.

                Sft sn Dmp Tbt
                                                                    ptNV                     Me
                  si pt                                                                   si

                                  "N XN
        77 (calcd) 78 (calcd) 76 (obsd)
Figure 3-15. Side views of n6-2-stannanaphthalene chromium complexes. Hydrogen atoms and

the substituents on the tin atoms [except Me (77) and ipso carbons (76, 78)] were omitted for

clarity.
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    In iH, i3C, and 'i9Sn NMR spectra of 76, the signals correspond to the atoms in the ring A

(6s.: I06, 5rn: 5.le, "m: 6.43, 6c: 88.4-l3l3) were shifted to upfie}d region relative to those for

the free 32 (&s.: 264, 5m: 928, 5m: 8.75, 5.: 1200-l74.0). The assignments of the 'H, '3C, and

"9 Sn NMR signals are iisted in Table 3-6 along with the calculated values for 77, 78, and 76.

The observed values ar•e in gcod agreement with the calculated ones for 78 and 76.

Table 3-6. 0bserved and calculated "9Sn, 'H, and i3C NMR chemical shifts (ppm) for n6-2-

                    'stannanaphthaiene chromiBm complexes.

atom 76(obscl)a 77(ealcd)b 78(calcd)C 78(calcd)d 76(calcd)C -i'i' 32(obsd)"

 Sn
 Hl

H2
H3
H4
H5
H6

 Cl

C2
C3
C4
C5
C6
C7
C8
C9
CIO

co

 l(}6

 5.le

 6.43

 733
.v 6.ge

r- 6.9e

rv 7Oe
 88.4

1313
I02.8

134.6

l252
128.7

132.9

ll68
%.4
38.4

233.8

 -150
 7.73

 6.68

 7.66

 7.43

 753
 7.51

148.9

i85 .8

l 05 .7

136.4

l29.6

131O
1322
l2l.6

l062
45 .2

244.5

246.7

255.1

  79
 5.42

 6.50

 7.56

 7.26

 7.36

 7.30

 88.0

131.7

102.3

129.6

119.2

122.9

l25 .7

114.9

94.7

402
224.0

224.8

234.0

  70
 5.38

 654
 7.73

 7.41

 752
 7.44

 85 .0

1295
101.9

131.1

120.9

124.8

127.2

114.6

94.2

39.4

228.3

228.9

237.6

 l28 i'l 264
 4.36 ll 9.28

 651 li 8.75
 7.69 i, 7.65
 7.29 l, 7.05
 7.35 i 7.21
 7.27 l• 7.68
 785 l, l47.4
l21.1 Il' 174.0

I055 l l422
1295 l l35.4
l18.8 1, 120.0
122.6 l• 125.3
126.2 l, 128.0
116.2 l 147.3
93.7 i 125.9
39.1 l'i 39.7

22s.o l
       l• -2255 l
234.8 l.

a measured in benzene-d,. b caluculated at the GIAO-B3LYPf6-311G+(2d,p) (TZV on

Sn)//B3LYP/6-31G(d) ETZ(2d) on Sn] level. C caluculated at the GIAO-B3LYP16-31G(d) (TZV

on Sn)11B3LYP/6-31G(d) [l]Z(2d) on Sn] level. d caiuculated at the GIAO-MPWIPW91/6-

31G(d) (TZV on Sn)//B3LYP/6-31G(d) fTZ(2d)] on Sn level. e These signals are observed in the

range between 6.85-7.oo but cannot be exactly assigned due to the overlap of the signals.
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    The IR spectrum (KBr) of 76 showed the presence of three intense iÅqCO) bands at 1941,

1862, and l851 cm-i, which were observed in the region similar to those of [n6-

(naphthalene)Cr(CO)3] [1941 and 1864 cm-i (KBr)251. The result suggests that 32 has

coordination ability as an arene Iigand almost the same as that of naphthalene.

              3200 2800 2300 1800 1300 700
                              Wavenumber (cmnti)

                     Figure 3-16. IR Spectrum of 76 (thin layer) .

    In Figure 3-17 are shown the UV/vis spectrum of 76, which showed two absorption maxima

observed at 228 (6 6.1 Å~ 1O`) and 304 (e1.4 Å~ 10`) and several absorptions (shoulder) in the range

below N6oo nm. Although the assignments of these absorption were not achieved, weak

absorptions in the long wavelength area (400N6oo nm) might be able to be assigned meta1-to-

ligand charge transfer (MLCT) bands.

                       Å~5

             8
             g
            Åí
             $
            D            Åq

200

Figure 3-17.

   Wavelength (nm)

UVIvis Spectrum of 76 (in hexane, rt).
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3.5 Theoretical Calculations for Stannaaromatic Compounds

    As mentiofied above, the thermal stability is quite different betvveen 9-stannaphenaRthrene

31 ar}d 2-stanmanaphthaleRe 32. The main reason for the difference is the existence of the

additional protection group, t-butyl on 32. In order to elucidate the reasons for the difference,

theoret•ieal ealcuifttioRs for various stannaaromatic compounds were performed.

35.1 Optimized Structures ef Stannaaromatic Compounds

   The geometry eptimizations for stannabenzenes 79, 1-stannanaphthaienes 80, 2-

stannanaphthal•enes 81, and 9-stannephenanthrenes 82 bearing H, Me, and Dip substituents,

respectively, were canied out at B3LYPI631G(d) (LANL2DZ on Sn) level. Although the

optimized structures for staiu}abenzenes 79 and stannanaphthalenes 80 and 81 have planar

geometries for the aromatic rings, those of 82 have a distorted 9-stannaphenanthrene ring and the

trans-bent structure around the Sn=C unit in all cases of 82a-c (Figure 3-18).

    Sn                 Sn                                 .R a: R=H           ,ti,"[ I..", f,,',.I IlilSn .b.:'.R-:-.M.,e, Dip- fys
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,KXtsSst

'i"'

               /
         tse Sn

År".X,iÅrKctii2;N

     K ptX

K

Figure 3-18. Top view (left) and side view (right) along the Cll-

C12 bond.

   The distorted structures of 9-stannaphenanthrenes 82 are probably due to the severe repulsion

between the close H4 and H5 atoms accompanied with the elongation of the Sn=C9 bonds

(Figure 3-19).

                                   RN N--•,..
                                    sn.li-.•cg

                                   Nl

                                  .C5 C4-
                                     S}IE!•t'

                                   --

                                 Figure 3-19.

   The theoretical calculations suggest the smaller contribution of aromatic stabilization in the 9-

stannaphenanthrene systems due to their non-planar structures in contrast to those of the

stannabenzene and the stannanaphthalene systems. Next, the estimatation of the aromaticity for

these optimized structures were performed.
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352 Nucbe"s-Independent Chemieal Shifts (NICS)

    An efficient computatienal probe for diatropic and paratropic ring currents, associated with

aromaticity and antiaromaticity, respectively, may be the ealeulatioRs for nucleus-independent

chemical shifts (NICS) values, which are computed as the absolute magnetic shielding at ring

cefiters.26 Generaily, the NICS (O) and NICS(l) vaiues are computed at the ring center and l A

above t•he ring eenters, respective• ly, refteeting the ring current effeet of the sc-electrons.27 The

NICS(O) and NICS(l) values for stannaaromatic compounds 79a-82a are shown in Figure 3-20

and Figure 3-21 together vvith those of the parent aromatic hydrocarbons and Si- and Ge-

                '
analogues.

                                                        H
S'n

f7-t

.6.7l

""}i9a

4,1., l

N
           H
           i          si
         q
         -7.2
         sk

          H
           l
          Ge
         7
         -7.1
        x

Figure 3-20.
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  -
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      H Nsi'
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 .•c5'

      H sR Ge'
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     N
     Sn.
      -1.5L,.,N

      82a

      -5.0

    HN

     si-
      4.5L,.,N

    HN

     Ge.
      -4.6L,.,N

lwN

4-s.oN

L,.,N

lm,.,N

           Caluculated NICS(O) (ppm) values for stannaaromatics and related aromatic rings

at the GIAO-B3LYP/6-311+G(2d,p) (TZV on Sn)1/B3LYPf6-3IG(d) (LANL2DZ on Sn) level. '
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           Caluculated NICS(1) (ppm) values for stannaaromatics and related aromatic rings

at the GIAO-B3LYP/6-31 1+G(2d,p) (TZV on Sn)/IB3LYP/6-31G(d) (LANL2DZ on Sn) level.

    The NICS values for the CsSn-rings of stannabenzene 79a, 1-stannanaphthalene 80a, and 2-

stannanaphthalene 81a showed the large negative values, which were comparable to those for

benzene and naphthaleRe. By contrast, those for the CsSn-ring of 9-stannaphenanthrene showed

smal1 negative values, indicating lower the ring current effect than that for not only Phenanthrene

but also other stannaaromatic systems.
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353 Reactien Heats for the Addition ef Hydrogen Molecule

    The reactien heas in tke addition reaction of hydrogen molecule sheuld be good indicators

to estimate the relative bonding energy of the x-bonds in aroinatic rings. In Figure 3-22 are

shown the reaction heats of stannaaromatic compounds together with those of the parent aromatic

hydrocarbons.

    6 =i7t71III:ii;i-=:;6-t t!IY!H e. s:/n. N .H2 er H'sn'H sss.

.e"

,t'

.'
.,-

ik.."-,',.,::z,"b.",,,,"",N
.g.-"""'T'.-,`'5".I,H:.Hi,'e'

                                                 .                           H H. ijf ,ss 4t N                                                   AH=-46.6 " N f N
Nti7 t Lsn'Htst.Il'66.o ,4"..t.,S,,'n'H ' - - ---

                                                                HH                       HH    Ok..".',.,ifH ,t'."I1.","l,.ss,,,th.:i,.,i(IIl.N":

                                                                HH
                                                                 HH                           HH                               H "-- HH4    l 'q"",

Figt}re 3-22.

and related aromatic rings ESCE

    As a result, the addition reactions of hydrogen molecule to stannaaromatic compounds are

calculated to be more exothermic than those of the corresponding parent aromatic compounds by

N30 kcallmol.

112

     + H2                                           + H2rr.-s.7 .I ., " ij7 -N ij7 .ss es.--t6.3 fer N 6f N""

Reaction heats (kcal/mol) for the addition of hydrogen moleeule to stannaaromatics

             , B3LYP16-3IG(d) (LANL2DZ on Sn) levelj.

 The AH vallle in the hydrogenation of the parent 9-stannaphenanthrene is the



largest negative value (Zl6.6 kcallmel), suggesting the lower "resonance

stannaphenanthrene as compared with other staRnaaromatic systems.

stability" of the 9-

3.5.4 Summary ofSection 3.5

    Theoretical calculations suggest that 9-stannaphenanthrenes have lower aromaticity than 2-

stannanaphthaienes probably due to the non-planarity of the 9-stannaphenanthrene ring. On the

other hand, 2-stannanaphthalenes are considered to have sniificient aromaticity comparable to the

parent naphtha}ene, as judged by the pianarity of the 2-stannanaphthalene ring and the large

negative values of its NICS.

3.6 Conclusion

    In summary, the author succeeded in the generation of 9-stannaphenanthrene 31 and

revealed its high reactivity. The synthesis and isolation of 2-stannanaphthalene 32 were also

achieved and the structure of 32 was determined by the X-ray crystallographic analysis. Judging

from the NMR and Raman spectra, the molecular structure, and reactivities, 32 has a sulificient

aromatic character, which was reasonably supported by the theoretical calculations.
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Table 3-7.
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erystal Data for Compounds 45, [46•C,H6]7 and 48.

45 E46-C,H,]

 Empirical formula

 Formnia weight

 Temperattrrc (K)

 Crystal eofew

 Crystal dimemsions

 Crystal system

Spaee group

Lattice parameters

  a (A)

  b (A)

  c (A)

  a (e)

  fi (o)

  7 (o)

V (A3)

z
Dcai. (g'cm-3)

pa (Mm-i)

e range (O)

Independent reflections

Rint

CompleteRess to e(%)

Restraints

No. of parameters

Goodness of fit

Final Rindices EIÅr2o(b)

Rindices (all data)

Largest diff. peak (e•A3)

Largest diff. hole (e•A3)

 c.H.osi,sn
 854.I9

 I03(2)

 colorless

o.2o x o.2e x o.2e

 triciiniÅë

Pl (#2År

 ll.147(2År

 l8.611(3År

24932(5)

77.480(6)

78.823(5)

68.159(5)

4650.I(l5)

4

l220
O.732

1 57 to 25 .oo

l5418

O.O177

94.0

e

903

1 .ool

R, = O.0448

wR, = O.I052

R, = O.0499

wR, = O.1082
1.I86

-1 21l

 CsoHr36Sii2SR2'C6H6

 97039

 I03(2)

 eolorless

 e.25 Å~ O.l5 x O.IO

 triclinic

Pl (#2)

 l2.8898(2)

 l7.9414(3)

22.3902(5)

81.l212(8)

82.9007(9)

72.8807(16)

4872.49(16)

2

l.193

O.699

O.92 to 25.oo

l6892

O.0519

98.1

o

937

1.020

R, = O.045 1

wR, = O.0907

R,= O.0849

wR,=O.IO15
1.671

e.646

114

48

 CsgHg7NOSi,Sn

 ll23r64

 I 03(2)

 eolerless

 e25 x e.25 Å~ O.l5

 Ericlinic

Pl (#2)

9.8361(9)

l55831(l1)

21.8919(17)

 I07.957(3)

96.281(3)

88936(7)

3l725(4)

2

1.176

0552
1 .37 to 25 .00

10703

o.o3el

95 .7

24

716

1D14
R, = O.0309

wR, = O.0629

R, = O.0555

wR, = O.0907
O.643

-e.612



Table 3-8. Crystal Data for Compounds 49, f59-CHCI,], and 32.

49 [59-CHCI,] 32
 Empincal formula

 Formula weight

 Temperature (K)

 Crystal color

 Crystal dimensions

 Crystal system

 Space group

 Lattice parameters

   a (A)

   b (A)

   c (A)

   a (e)

  6(o)
   7 (e)

 V (A3)

z
Dcal. (g'cm-3)

pa (Mm-i)

e range (O)

Independent refiections

Rint

Completeness to e(%)

Restraints

No. of parameters

Goodness of fit

Final Rindices [IÅr2o(I)]

Rindices (all data)

Largest diff. peak (e•A3)

Largest diff. hole (e•A3)

 C46H7sSi6Sn

 918.31

 103(2)

 colorless

 o.2e Å~ o.os Å~ o.es

 hexagonal

 P6,/m (#176)

 23 .0936(5)

 23.0936(5)

 16.6637(5)

 90

 90

 120

 7696.4(3)

6

 1.189

O.666

2.04 to 25.00

4691

O.I565

999
120

340

1.026

R, = O.0604

wR,= O.1177
R, = O.1406

wR, = O.1542

0512
-e.987

 C46HnBrSi6Sn•CHCI,

 l11255

 103(2)

 color}ess

 O.20 x O.05 Å~ O.05

 triclinic .
 Pl (#2)

 10235(3) .

 12.405(4)

 22.690(8)

 104.703(5)

 90.260(4)

 94.170(5)

2778A(15)

2

 1.330

 1.482

2.52 to 25.oo

9605

O.0869

98 .0

12

578

1.088

R, = e.0832

wR,= O.1367
R, = O.1454

wR, = O.i7l2
1.323

D.897

 CcoH74Si6Sn

 842.22

 103(2)

 yellow

 O.20 Å~ O.10 Å~ O.10

 triclinic

 Pl (#2)

 12.4261(3)

 13.0149(3)

 17.3641(6)

 73.49341O)

 74.3341(12)

 63.548(2)

2376.89(11)

2

 1.177

O.713

3.15 to 25.oo

8358

O.0694

99.7

o

"5
1.066

R, = O0655

wR,=O.1351
R, = O.0997

wR, = O.1534

4519
e.832
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Table 3-9. erystal Data for Compaunds 72.

72

 Empirical formula

 Formula weight

Temperature (K)

 Crystal coler

Crystal dimensions

Crystal system

Space group

Lattice parameters

  .(A)
  b (A)

  e (A)

  a (e)

  JB(e)

  y(O)

V (A3)

z
Dul. (g•cm-3)

pt (Mm-1)

e range (e)

Independent reflections

Rint

Completeness to e(9e)

Restraints

No. of parameters

Goodness of fit

Final R indices [IÅr2o(Dl

Rindices (all data)

Largest diff. peak (e•A3)

Largest difif. hole (e•A3)

C43H74Cr03Si6Sn

97825

l73(2)

brown

o.le Å~ e.le Å~ o.ol

triclinic

Pi (#2)

95}78(4År

 l3.I28(]b(7)

22.I764(8)

79.6768(18)

82 5522( l5)

82 2722( l 8)

2685 5(2)

2

l.21O

O.833

l .71 to 25.oo

9402

O.0586

99.3

o

650

l.I07

R, = O.0493

wR, = O.0890

R, = e.0880

wR, = O. I 052

O.388

-0388

H6



Experimental Section

Preparation of 36 from 34. To a THF (1.0 mL) suspension of magnesium (156 mg, 6.40 mmol)

was added a THF solution (11 mL) of 34 (676 mg, 2.07 mmol) and TbtSnCl,28 35 (1.61 g, 2.07

mmol) at room temperature, and the reaction mixture was heated under refiux for 12 h. To the

reaction mixture was added lithium aluminum hydride (200 mg, 5.27 mmol) at O eC. After

stirring for 1 h at room temperature, ethyl acetate was added to the reaction mixture at O eC.

After removal of the solvent, hexane was added to the residue. The resulting suspension was

filtered through Celite@, and the solvent was removed under reduced pressure. The residue was

                                  '
separated by WCC (hexane) to afford 36 (291 mg, O.347 mmol, 179o). 36: colorless crystals; mp

103-107 eC (dec.); iH NMR (300 MHz, rt, C,D,) 6 O.02 (s, 9H), O.12 (s, 9H), O.13 (s, 36H), 1 .41

(s, IH), 194 (br s, 2H), 2.61 (d, 2J = 12.3 Hz, IH),2.86 (d,2J = 12.3 Hz, IH), 6.23 (s, IH, Sn-H),

6.49 (br s, IH), 6.61 (br s, IH), 6.96-7.43 (m, 6H),7.50-7.55 (m, IH), 7.79-7.87 (m, IH); '3C

NMR (75 MHz, rt, C,D,) 6 O.43 (q), O.82 (q), O.85 (q), 1.17 (q), 20.22 (t), 30.61 (d), 33.23 (d),

33.81 (d), 121.65 (d), 126.47 (d), 127.05 (d), 127.90 (d), 128.71 (s), 12895 (d), 130.43 (d),

l30.85 (d), 131.26 (d), 133.62 (d), 138.02 (s), 138.16 (d), l39.36 (s), 142.02 (s), 144.67 (s),

147.37 (s), 152.16 (sx2); ii9Sn NMR (l1l MHz, rt, C,D,) S -250.4. High resolution FAB-MS mlz

calcd for C.H,,Si,i'8Sn: 836.3109 [M'l, found: 836.31 12 [M'].

Preparation of 39 via 38. To a THF solution (2 mL) of 2-bromo-2'-methylbiphenyl (253 mg,

1.00 mmol) was added n-butyllithium (I.49 M in hexane, O.630 mL, O.939 mmol) at -78 PC.

After stirring at the same temperature for 1 h, THF solution (8 mL) of 35 (664 mg, O.854 mmol)

was added to the mixture. After stirring for 1 h at -78 "C, the reaction mixture was warmed to

room temperature and stirred for 2h at the same temperature. After removal of the so}vent,

117



Chapter 3. Syzztheses and Preperttes efStannaaromatic Componnds

hexane was adafed ko tbe residue. The resuking suspension was filtered through Celite@, and the

solvent was yemeved. TVie residue was separated by GPLC (CHCI,) to afford 38 (582 mg, X,:

CI21BrC} = ;llÅr. Tev a TKF solution (IO mL) of 38 was added }ithium aluminum hydride (53D

mg, I.40 mme}) at O"C. Aftar stining for 1 h at rcom temperature, ethyl acetate was added to the

reuction mixture at O gC. After removal of the so}vent, hexane was added to the residue. The

resMltifig suspensien wa$ fikered through CÅëlite@, and ihe so}vent was rcmovcd io afford 9 Åq522

mg, e.621 nmel, 73%, frem 37). 39: co}orless crysials; mp }g7-lil OC (dec.); iH NMR (3eO

MHz, rt, CP,År " e.}4 (s. 36HÅr, e.l7 {s, }gH), l.47 (s, lHÅr,2.e3 Åqs, 2H),2.2g (s, 3H),5.7e (d,J ;

                                                             'l9.8 Hz, IHÅr, 5.89 (d,J= l98 Hz, IH), 658 (br s, IHÅr, 6.69 Åqbf s, IHÅr, 7.l3-7.l9 (m, 6H), 729--

732 (m, IH), 7.80-7.83 (m, IH); iSC NMR (75 MH2, rt, CP,) 6 --O.41 (q), O.92 (q), l.26 (q),

20.67 (q), 3059 (d), 33.21 (d),33.60 (d),126.03 (d), l26.54 (d), l2690 (d), l28.18 (d), 128.8e

(d), 12929 (d), l29.31 (d), l29.81 (d), 130.34 (d), 133 .79 (s), l35.75 (s), 138.21 (s), 138.86 (d),

l44.45 (s), 144.68 (s), l50.43 (s), 15250 (sx2); `i"Sn NMR (111 MHz, rt, C6D,) 6 -302.0. High

resolution FAB-MS mk calcd for Copli.Si6'2ijSn: 840.3272 [M'j, found: 8iro.33oo iM"j. Anal.

Calcd for C,toH72Si6Sn: C, S7.18; H, 8.649o. Found: C, 5727; H, 8.67%.

Preparatien of 4e. A CCI. (l5 mL) selgtien gf 39 (142 mg, O.l69 mmel) was sttwed for 2 h at

room tempeyaturÅë "nder the aiy, a!}d the solvent was removed to afford 40 (154 mg, O.169 mmeol,

quantitative). 40: colorless crystals; mp l90-193 "C; iH NMR (300 MHz, rt, C6D6) 5 O.16 (s,

36H), O.18 (s, 18H), 1.50 (s, IH),2.08 (s, 3H), 2.39 (br s, IH),2.47 (br s, IH), 6.58 (br s, IH),

                     '6.71 (br s, IH),7.04--7.l5 (m, 6H), 730-7.32 (m, IH), 8.12-821 (m, IH); '3C NMR (75 MHz, rt,

C,D,) 6 O.90 (q),i.09 (q),127 (q),i.37 (q),2055 (q),3l22 (d),3l.67 (d),32.l3 (d),i23,2i (d),

127.27 (d), i27.39 (d), 128.{)4 (d), l28.21 (d), i28.74 (d), 13e.2e (d), l31.5e (d), l3}.83 (d),

136.51 (d), l37.02 (s), }37.62 (s), 14358 (s), l46.81 (s), l47.3} (s), l4759 (s), l52.27 (s),
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l5255 (s); i'9Sn NMR (111 MHz, rt, C,D,) 5 -69.8. High resolution FAB-MS m!z calcd for

c.H,,35Cl,Si,i20Sn: 908.2492 {M"], found: 9082505 [M']. Anal. Calcd for C.H,,C12Si,Sn: C,

52.85; H, 7.769o. Found: C, 52.82; H,7.759o.

Preparation of 41. To a CC14 solution (25 mL) of 40 (966 mg, 1.06 mmol) was added N-

bromosuccinimide (190 mg, 1.07 mmol) and a catalytic amount of benzoyl peroxide at room

temperature. The reaction mixture was heated under reflux for 24 h. After removai of the

solvent, hexane was added to the residue. The resulting suspension was filtered through Celite@,

and the solvent was removed. The residue was separated by GPLC (CHCI,) to afford 41 (585 mg,

0592 mmol, 569o). 41: colorless crystals; mp 184187 OC; 'H NMR (300 MHz, rt, C,D,) 6 O.15

(s, 36H), O.18 (s, 18H), 1 A8 (s, IH), 2.30 (br s, IH), 2.37 (br s, IH), 3.92 (d, 2J = 10.5 Hz, IH),

4.12 (d, 2J = 105 Hz, IH), 655 (br s, IH),6.68 (br s, IH),7D3-726 (m, 6H),7.68-7.71 (m, IH),

8.15-8.18 (m, IH); i3C NMR (75 MHz, rt, CDCI,) S O.73 (q), 089 (q), 099 (q), 1.06 (q), 30.87

(d), 31.41 (d), 31.85 (d), 32.23 (t), 122.76 (d), 12756 (d), 127.73 (d), 128.67 (d), 129.06 (d),

l29.67 (d), 130.25 (d), 130.82 (d), 132.00 (d), 13559 (s), 136.00 (d), 137.02 (s), 142.61 (s),

144.93 (s), 146.38 (s), 14759 (s), 15159 (s), l51.80 (s); "9Sn NMR (lll MHz, rt, CDCI,) 6

-70.3. High resolution FAB-MS m!z calcd for C,6H,,8'Bf5C13'CISi,'i8Sn: 988.1541 IM'], found:

988.1544 [M'].

Preparation of 42. To a mixture of magnesium (115 mg, 4.73 mmol) and a catalytic amount of

1 ,2-dibromoethane was added a THF solution (24 mL) of 41 (585 mg, O.592 mmol) at 77 OC, and

the reaction mixture was heated under reflux for O.5 h. After removal of the s' olvent, hexane was

added to the residue. The resulting suspension was filtered through Celite@, and the solvent was

removed to afford 42 (463 mg, O.505 mmol, 859o). 42: colorless crystals; mp 238-241 OC (dec.);
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iH NMR (3ee Mffz, rt, C,D,) b -O.CM (s, 9H), O.e6 (s, 9H), O.IO (s, l8H), O.l7 (s, 9H), O.22 (s,

9H), 1 .42 (s, IH), 2.l6 (br s, 2H), 2.96 (d, 2J = 120 Hz, IH), 3.33 (d, 2J = 12.0 Hz, IH), 652 (br

s, IH), 6.65 (br s, iH), 6.89-7.22 (m, 4H), 7.31-7Al (m, 3H), 8.l9-821 (m, IH); `3C NMR (75

MHz, rt, C,D,) 5 O.49 (q), O.77 (q), O.85 (q), O.95 (q), 1.37 (q), 29.44 (t), 31.oo (d), 33.37 (d),

34.18 (d), l22.()6 (d), l26.81 (d), l2730 (d), 12808 (d), 128.26 (d), l28.96 (d), l31.03 (d),

131.12 (d), l31.34 (d), l35.16 (s), 135.`ro (s), 137.34 (d), 138.63 (s), 145.47 (s), l46.23 (s),

146.68 (s), l5220 (sÅr, 152.41 (s); "9Sn NMR (lll MHz, rt, C,D,) 5 -115.9. High resolution

FAB-MS m/z ealcd for C6,}l,,8iBrSi,ii8Sn: 916.2220 EM'], follnd: 9162197 fM'}. Anal. Calcd for

CooH6gBrSi6Sn: C, 5238; H, 7.589e. Found: C, 52.l6; H, 7549e.

Preparatien of 36 from 42. To a THF solution (IO mL) of 42 (463 mg, 0505 mmol) was added

lithium aluminum hydride (54.l mg, l.42 mmol) at O eC. After stining for l6 h at room

temperature, ethyl acetate was added to the reaction mixture at O OC. After removal of the solvent,

hexane was added to the residue. The resulting suspension was filtered through Celite@, and the

solvent was removed to afford 36 (423 mg, 0505 mmol, quantitative).

Preparation of 43. A CCI, (15 mL) solution of 36 (53.8 mg,O.0641 mmol) was stirred for 12 h

at room temperature under the air, and the solvent was removed to afford 43 (55.9 mg, O.0641

mmol, quantitative). 43: colorless crystals; mp 215--218 eC (dec.); iH NMR (3oo MHz, rt,

CDCI,) 6 -O.25 (s, 9H), -O.17 (s, 9H), O.OO (s, 27H), O.07 (s, 9H), 1.30 (s, IH), 180 (br s, IH),

182 (br s, IH), 2.84 (d, 2J = 12.6 Hz, IH), 320 (d, 2J= 12.6 Hz, IH), 630 (br s, IH),6.43 (br s,

IH), 7.09-7.21 (m, 3H), 7.35-7.39 (m, 2H), 7.46-755 (m, 2H), 7.86-7.88 (m, IH); '3C NMR (75

                                                       'MHz, rt, CDCI,) 5 -O.41 (q), O.oo (q), e.18 (q), O.25 (q), O.56 (q), 28.63 (t), 30.29 (d), 32.80 (d),

33.54 (d), 121.11 (d), 125.89 (d), 126.58 (d), 127.39 (d), 127.42 (d), 128.27 (d), 130.29 (d),
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130A2 (d), l30.46 (d), l34.29 (s), 135.50 (d), 137.78 (s), 141.44 (s), 144.91 (s), 145.66 (s),

146.l1 (s), 15057 (s), 151.35 (s); ii9Sn NMR (111 MHz, rt, C,D,) 6 -89.6. High resolution FAB-

MS mlz calcd for CcoH6g35CISi,i20Sn: 872.2725 [M'], found: 872.2722 [M']. Anal. Calcd for

CooH6gCISi6Sn' H20: C, 53.94; H, 8.039o . Found: C, 53.96; H, 8.039o'.

Reaction of 43 with lithium hexadisilazide at room temperature. In a glovebox filled with

argon, lithium hexadisilazide (17.0 mg, O.I02 mmol) was added to a benzene solution (2 mL) of

43 (80.3 fng, O.0920 mmol) at room temperature. The reaction mixture was stirred at the same

temperature for 12 h. After removal of the solvent, hexane was added to the residue. The

resulting suspension was filtered through Celite@, and the solvent was removed. A C6D6 solution

of the residue was placed in a 5 mm Åë NMR tube. The tube was evacuated and sealed. The

observed iH NMR signals were assignable to the starting material 43 and lithium hexadisilazide.

Reaction of 43 with DBU at room temperature. In a glovebox filled with argon, DBU (1,8-

diazabicyclo[5.4.0]undec-7-ene, O.O095 mL, O.064 mmol) was added to a benzene solution (2

mL) of 43 (552 mg, O.0633 mmol) at room temperature. The reaction mixture was stirred at the

same temperature for 4 days. After removal of the solvent, hexane was added to the residue. The

resulting sllspension was filtered through CeliteO, and the solvent was removed. A C6D6 solution

of the residue was placed in a 5 mm ip NMR tube. The tube was evacuated and sealed. The

observed 'H NMR signals were assignable to the staning material 43 and DBU.

Reaction of 43 with t-butyl lithium at room temperature. In a glovebox filled with argon, t-

butyllithium (2.2 M in pentane, O.045 mL, O.099 mmol) was added to a benzene solution (2 mL)

of 43 (78.1 mg, O.0895 mmol) at room temperature. The reaction mixture was stirred at the same
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temperature few l h. After ffemoval ef• the solvent, hexane was added te the vesidue. The

resulting sBspellsion was fitered through Celite@, and the solveRt was removed. A C6D6 solution

of the residue was placed in a 5 mm ip NMR tube. The tube was evacuated and sealed. The

observed iH NMR signals were assignable to the starting material 43.

 Reaction of 43 with LDA at room temperature. In a glovebox fiiled with argon, LDA (2 M in

heptanelTHFIethylbenzeme, e.029 mL, O.058 fnmol) was added to a benzene solution (2 mL) of

43 (50.1 mg, e.0574 mmol) at room temperature. The reaction inixture was stirred at the same

temperature for l5 min. After removal of the solvent, hexane was added to the residue. The

resulting suspension was fiItered through Celite@, and the solvent was removed. A C6D6 solution

of the residue was placed in a5 mm ÅëNMR tube. The tube was evacuated and sealed. After

measurement of iH NMR spectrum Esuggesting the generation of 44, judged by the signals

assignable to (CH,)2CH-], the sealed tube was opened. The NMR signals were assignable only to

45. However, compound 45 gradually decemposed in solution. 45: colorless crystals; 'H NMR

(300 MHz, rt, C,D,) 5 -O.03 (s, 9H), O.07 (s, 9H), O.IO (s, 18H), O.12 (s, 18H), 1 .46 (s, IH), 1.99

(s, IH),2.06 (s, IH),2.68 (d, 2J = 12.2 Hz, IH), 2.84 (d, 2J = 12.2 Hz, IH), 653 (br s, IH),6.65

                                        '
(br s, IH), 6.94756 (m, 7H), 7.81-7.87 (m, IH); i3C NMR (75 MHz, rt, C,D,) 5 O.35 (q), O.81

(q),O.85 (q), 1.15 (q), 26 .94 (O,30.83 (d), 33.40 (d), 33 94 (d), 121.82 (d), 126.47 (d), l26.72 (d),

12752 (d), 12854 (d), l28.99 (d), 130.78 (d), 131.20 (d), 131.30 (d), 135.62 (d), 136.58 (s),

138.72 (s), 143.14 (s), l45.82 (s), l46.26 (s), 147.42 (s), 152.15 (sx2); 'i9Sn NMR (111 MHz, rt,

C,D,) 6 -112.o.

X-Ray crystallographic analysis of 45. Crystal data for 45 are shown in Table 3--7. Colorless

and prismatic single crystals of 45 vvere grown by the slow evaporatioR of its hexane solution.
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The intensity data were collected on a Rigaku/MSC Mercury CCD diffractometer with graphite

                                     omonochromated MoKa radiation (X= O.71069 A) to 2e.. = 500 at 103 K. The structure was

solved by Patterson methods (DIRDIF-99.229) and refined by full-matrix least-squares procedures

on F2 for all reflections (SHELXL-9730). AII hydrogen atoms were placed using AFIX

instructions, while all the other atoms were refined anisotropically.

Reaction of 43 with LMP at room temperature. To a THF solution (2 mL) of 43 (60.4 mg,

O.0692 rr}mol) was added a THF solution (O.5 mL) of LTMP (O.0719 mmol) at room temperature.

The reaction mixture was stirred at the same temperature for 1 h. After removal of the solvent,

hexane was added to the residue. The resulting suspension was fi}tered through Celite@, and the

solvent was removed. The residue was separated by PTLC (CHCI,/hexane = 1:9) to afford 46

(265 mg, O.O158 mmol, 469o). 46: colorless crystals; mp 178 OC (dec.); 'H NMR (300 MHz, rt,

C,D,) 6 O.Ol (s, 18H), O.07 (s, 18H), O.14 (s, 18H), O.15 (s, 36H), O.19 (s, 18H), 1.47 (s, 2H),

1.92 (s, 2H), 2.IO (s, 2H), 4.64 (s, 2H),656-6.61 (m, 2H),6.63 (br s, 2H),6.69 (br s, 2H),6.86-

6.92 (m, 4H), 7.02-7.05 (m, 2H), 7.15-7.18 (m, 4H), 757-7.60 (m, 4H); i3C NMR (75 MHz, rt,

                                ttC,D,) 6 O.97 (q),1.12 (q),1.19 (q), 1.26 (q),1.35 (q), 30.70 (d),31.89 (d),32.38 (d), 4427 (d),

122.94 (d), l25.04 (d), 125.46 (d), 126.90 (d), 128.29 (d), 12929 (d), 129.97 (d), 131.57 (d),

132.02 (d), 137.12 (s), 137.17 (d), i38.27 (s), 138.33 (s), 140.66 (s), 144.29 (s), 146.72 (s),

15152 (s), 152.01 (s); i'9Sn NMR (1l1 MHz, rt, C,D,) 6 -160.2. High resolution FAB-MS mlz

calcd for C,,Hi36Sii2`20Sn,: 16725917 [M'], found: 1672.5924 [M']. Anal. Calcd for

CsoHi36Sii2Sn2: C, 57-45; H, 8.209o. Found: C, 57.16; H, 8.359o.

X-Ray crystallographic analysis of [46•C6H6]. Crystal data for [46'C6H6] are shown in Table 3-

7. Colorless and prismatic single crystals of [46'C6H6J were grown by the slow evaporation of its
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benzene $eluti"n. Tbe intensity data were collected on a RigakiketMSC Mercury CCD

diffractometer with gyapltite mevnochromated MoKct radiation (X = O.7Iewe A) te 2e.. = 50e at

I03 K. The structaTe was soived by Patterson methods (DIRDIF-99.225 and refined by full-

matrix least-equares procedures on F2 f-r all refiections (SHELXL--{;73g). All hydrogen atoms

were p}acect "sifig AKX imstructiens, whi}e al} the ethcr aiogits were refined anisotropica}}y.

Reaction ef 31 with MeOD at -78 OC. To a THF selgsiee (2 raL) gf 43 (62.l mg, OA7l2 mmol)

was added LTMP (e30 M in THF, 029 mL, OP87 mmol) at -78 aC. Aftef stiwipg at the same

temperaturÅë for l h, MeOD (O.5 mL) was added. After removal of the solvent, hexane was added

to the residue. The restt}ting suspensien was filtered through Celite@, and the solvent was

removed. iH NMR specaum of this residue showed the signals of only 47-d (cis-adductitrans-

adduct pt- 1/l ; D content; IO09o) and 22,6,6-tetramethylpiperidine.

Synthesis ef 47. Te a TXF solutieR (l mb ef 43 (28.3 mg, e.e324 mmol) was added }ithium

methoxide (g2 mg, g.22 mmel) at rcem temperatufe. Tke yeactigx mixtw;e was sgrred at tkc

same teraperature foA h. After rem"val of the solveRt, hexane was added te the residue. The

re$ulting smspension was filtered through Celite@, and the solvept was removed to afford 47 (28.1

mg, O.0324 mmol, quantimtive). 47: celorless crystals, iH NMR (3oo MHz, rt, C6D6) & -OD3 (s,

9H), O.08 (s, 9H), O.115 (s, 9H), O.120 (s, 9}I), O.14 (s, 9H),O.20 (s, 9H), 1.43 (s, IH), 199 (br s,

IH), 2.07 (br s, IH), 2.52 (d, 2J = l2.6 Hz, IH), 3.19 (d, 2J = i2,6 Hz, IH), 3.66 (s, 3H, --OM,),

6.53 (br s, iH), 6.66 (br s, IH), 6.9`l--7.ee (m, IH), 7.02-7.07 (m, IH), 7.B-7.l8 (m, iH), 7.l4--

7.l9 (m, M), 7.22-7 27 (m, IH), 7.37 (dd, 3J = 8 ffz, `J = 2 Hz, IH), 7.5l (dd, 3J == g Hz, 4J = l

Hz, M), 7.89 (dd, 3J = 8 Hz, `J = 2 Hz, IH); i:C NMR (75 MHz, rt, C,D,) & g23 (q), 9.62 (q),

g.8g (q), g.83 (q), l.14 (q), 22 .79 (t), 3081 (d), 3334 (d), 33.95 (d), 55.88 (q, --OM.År, l21 .79 (d),
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126.5e (d), l26.75 (d), l27.20 (d), l28.09 (d), 129.39 (d), 13087 (d), 131.35 (d), 131.56 (d),

132.2I (s), l35.84 (d), 136.42 (s), 13859 (s), 143.02 (s), 14590 (s), i48.03 (s), 152.13 (s),

152.32 (s); ii"Sn NMR (111 MHz, rt, C,D,) 6 -95.85. High resolution FAB-MS mlz calcd for

C,,H,,OSi,i20Sn: 8532991 ([M-Me]'), found: 853.2996 ([M-MeJ"). Elemental analysis of 47 was

unsuccessful in spite of several trials, because of its high hygroscopicity and the ready hydrolysis

in the open air.

Reaetion of 31 with Mes*CNO at -78 OC. To a THF solution (2 mL) of 43 (68.8 mg, O,0788

mmol) was added LTMP (O.35 M in THF, 027 mL, O.095 mmol) at -78 "C. After stirring at the

same temperature for 1 h, Mes*CNO (3e.3mg, O.105 mmol) was added. The reaction mixture

was stirred for 12 h at the same temperature and warmed to room temperature. After removal of

the solvent, hexane was added to the residue. The resulting suspension was filtered through

Celite@, and the solvent was removed. The residue was separated by GPLC (toluene) to afford 48

(38.3 mg, O.0341 mmol, 439o). 48: colorless crystals; mp 208-211 OC (dec.); 'H NMR (300 MHz,

rt, CDCI,) 6 -O.14 (s, 18H), -O.02 (s, 18H), O.040 (s, 9H), O.044 (s, 9H), O.64 (s, 9H), 1.28 (s,

9H), 1.36 (s, IH), 1.43 (s, 9H), 1.62 (br s, 2H), 3.69 (s, IH), 6.12-6.15 (m, IH), 6.39 (br s, IH),

6.50 (br s, IH), 6.75-6.79 (m, IH), 7D6-7.07 (m, IH), 7.13-7.18 (m, IH), 7.40-7.46 (m, IH),

7.418 (s, IH),7.424 (s, IH), 7.51-753 (m, IH),7.60-7.63 (m, IH),7.72-7.74 (m, IH); i3C NMR

(75 MHz, rt, CDCI,) 6 O.20 (q), O.48 (q), O.62 (q), O.82 (q), 30.67 (d), 31.30 (q+d), 33.80 (q),

33.81(d), 34.41 (q), 34.56 (s), 38.33 (s), 38.37 (s), 45.4 (d), 122D5 (d), 123.00 (d), l23.70 (d),

126.70 (dx2), 126.96 (d), 127.08 (d), 127.28 (d), 128.26 (s), 130.68 (d), 131.27 (d), 132.73 (s),

133.25 (s), l35.58 (d), l36.31 (d), 139.40 (si'140.94 (s), 146.31 (s), 146.91 (s), 147.10 (s),

147.83 (s), 148 .92 (s), 151.18 (s), 151 .36 (s), 157.72 (s); '`9Sn NMR (1 11 MHz, rt, C,D,) 6 -17.1.

High resolution FAB-MS m/z caled for C,,H,,NOSi,i20Sn: 1124.5281 (fM+H]'), found:
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l l 245309 (EM+Hl")

C, 62 .35; H, 8rz3; N,

. Amal. Caicd for CsuHg7

I v41%•

Nosi,sn•H,o :C,62.07 ; H, 8.74;N, l.239e. Found:

X-Ray erystallagraphic amalysis ef 48. Crystal data for 48 are shown in Table 3--7. Colorless

imd gerismatic siitgle erysta}s ef 48 were grown by ihe slow evaporation of its hexane solution.

Thc inieBsity clata wvegÅë cel}ected eft a RigakujfMSC Mercury CCD diffractometÅër witk graphite

                                     omQRochr"mated McKee ra{liatien (X= ".71e70 A) te 2e.. = 59" at lg3 K. The structgre was

solved by Pattersen mettseds (DIRDIF99.22") aRd refl#ed by fui}-raanix least-sgwayes precedgres

on RZ for all refiections (SHELXL-Wso). Two trimethylsilyl greup$ of the CH(SiMe3)2 groups at

para-position of the Tbt group were disordered. The ocgupancies of the disordered parts were

refined (O.88:O.12). The Uij vaittes of the disordered trimethylsilyl groups were restrained using

SIMU instructioRs. A}l hyctrogen atoms were piaced using AF{X instructions, while aMhe other

atoms were refifted ar}isotropical}y.

ReactieR ef 31 with 2,3-dimethyM,3-butadiene at --•78 "C. To a THF sclutieA (2 mL) of 43

(59D mg, O.0676 ramol) was added LTMP (O.30 M in THF, e.37 mL, O.lll mmgl) aS -78 PC.

After stirring at the same temperature for l h, 2,3-dimethyl-1,3--butadiene (O.5 rr}L, excess) was

added. After removal of the solvent, hexane was added to the residue. The resulting suspension

was filtered through Celite@, and the solvent was removed. The residue was separated by WCC

(eluent: hexane) to afford [2+4j adduct 49 (41.5 mg, O.e452 mmol, 679o), In addition, the residue

does not contain dimer 46, indicating tha{ 31 readily reacted with 2,3--dimethyl-i,3-butadiene.

49; celcfless crystals; mp }7e-}73 "C Åqdec.); iH NMR Åq3ee MHz, rt, C,D,) S gB2 (s, }8ff), e.l25

(s, 9H), O.l32 (s, 9H), e.l7 (s, 9H),e20 (s, 9H), l.43 (s, IH), 1.68 (s, 3H), l.72 (s, 3H), 193- (br

s, IH),2D3 (br s, lg),2.IO (d, 2J = l3.6 Hz, IH),2.l4 (d, 2J = l3.6 Hz, IH),239 (dd, ZJ : l3.6
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Hz, 3J = 4.4 Hz, IH), 2.59 (dd, 2J = 13.6 Hz, 3J = l1.2, IH), 2.78 (dd, 3J = 4.4 Hz, 3J = 11.2 Hz,

IH), 653 (br s, IH), 6.65 (br s, IH), 705-7.32 (m, 5H), 7.46-7.48 (m, IH), 7.56-759 (m, IH),

7.80-7.83 (m, IH); '3C NMR (75 MHz, rt, C,D,) S O.43 (q), O.62 (q), O.85 (q), O.92 (q), 1.20 (q),

21.83 (q), 22.28 (t), 23.48 (q), 30.61 (d), 33.33 (d), 33.90 (d), 34.34 (d), 4058 (t), 121.92 (d),

126.68 (d), 127.01 (d), 127.28 (d), 127.79 (d), 128.oo (d), 129.oo (s), 12951 (d), 131.62 (d),

132.31 (d), 135.81 (s), 138.76 (d), 1`ro.38 (s), l42.88 (s), l44.06 (s), 144.38 (s), 147.78 (s),

l51.75 (s), l5198 (s). The signal of an olefin carbon might be overlapped on the signals of

C,D,.; i'9Sn NMR (111 MHz, rt, C,D6) 5 -179.63. High resolution FAB-MS mlz calcd for

C46H7gSi6i20Sn: 919.3814 ([M+H]'), found: 919.3837 ([M+H]').

X-Ray crystallographic analysis of 49. Crystal data for 49 are shown in Table 3-8. Colorless

and prismatic single crystals of 49 were grown by the slow evaporation of its hexane solution.

The intensity data were collected on a RigakulMSC Mercury CCD diffractometer with graphite

monochromated MoKct radiation (X = O.71070 A) to 2emx = 50e at 103 Kl. The structure was

solved by Patterson methods (DIRDIF-99.229) and refined by full-matrix least-squares procedures

on ,F2 for all refiections (SHELXL-9730). There was a pseudo mirror plane on the molecule due

                                                                '
to the 1:1 disorder of the molecule. The Uij values of the carbon atoms of the disordered central

moiety were restrained using SIMU instructions. AII hydrogen atoms were placed using AII(X

instructions, while all the other atoms were refined anisotropically.

Preperations of 52 and 53. The syntheses of 52 and 53 have been already reported.3' In the

reported method, bromination of 52 was performed by using HBr gas. The author used PBr,

instead of HBr gas in the step as shown below. To alcohol 52 (1.91 g, 5.64 mmol) was added

PBr, (ca. O.6 mL, 6.4 mmol) at O eC. After stining for 2 days at room temperature, the reaction
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was queftehed by water at e aC. To the mixture added diethylether and the erganic layer was

washed with water. The organic layer was dried over MgS04, and solvent was evaporated to

afford almost pure 53 (227 g, .5.64 mmol , quanthative).

Preperatien ef 54. To a ctiethylether solution (30 mL) of 53 (4.78 g, 11.9 mmol) was added

lithium alum• inum hydride (l.4 g, 37 mmo}) at O eC. The reaction mixture was heated under

refiux for 10 h. The reaction was quenched by ethyl acetate at O OC. After removal of the soivent,

hexane was added to the residue. The resulting suspension was filtered through Celite@, and the

solvent was removed. The residue was separated by WCC (eluent: hexane) to afford 54 (2.81 g,

8.69 mmol,739e). 54: colerless crystals; mp 57-59 eC; 'H NMR (3oo MHz, rt, CDCI,): 5 3.8l (d,

2J = 15.6 Hz, IH), 395 (d, 2J = 156 Hz, IH),7.03-7.08 (m, 2H),7.17--7.44 (m, 10H), 7.71-7.74

(m, IH); i3C NMR (75 MHz, rt, CDCI,): 6 39.30 (t), l23.93 (s), 12581 (d), 125.99 (d), l27.00

(d), 128.07 (d), l28.l5 (d), l28.78 (d), 129.05 (d), 129.69 (d), 129.75 (d), 131.31(d), 132.47 (d),

l39.03 (s), lzro.64 (s), l41 .e3 (s), 142.l1 (s); LRMS (EI): mlz 322 (M'), 243 f(M-Br)'].

Preparation of 56 via 55. To a THF solution (6 mL) of 54 (849 mg, 2.63 mmol) was added n-

butyllithium (153 M in hexane, 1.72 mL, 2.63 mmo}) at -78 eC. After stining at the same

temperature for 1 h, THF solution (14 mL) of 35 (2.05 g, 2.63 mmol) was added to the mixture.

After stirring for 6 h at -78 aC, the reaction mixture was warmed to room temperature and stirred

for 12 h at the same temperature. After removal of the solvent, hexane and chloroform were

added to the residue. The resu}ting suspension was filtered through Celite@, and the solvents

vvere removed. The residue was separated by GPLC (CHCI,) to afford 55 (726 mg). To a THF

solution (20 mL) of 55 was added lithium aluminum hydride (252 mg, 6.64 mmol) at O OC. After

stirring for 12 h at room temperature, ethyl acetate was added to the reaction mixture at O OC.
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After removal of the solvent, hexane was added to the residue. The resulting suspension was

filtered through Celite@, and the solvent was removed to afford 56 (636 mg, O.694 mmol, 269o,

from 54). 56: colorless crystals; 'H NMR (3oo MHz, rt, C,D,) 5 O.14 (s, 18H), O.17 (s, 36H),

1.47 (s, IH),2.04 (s, 2H),3.95 (s,2H),5.81 (s, 2H,Sn-H), 6.58 (br s, IH), 6.67 (br s, IH),6.95-

7.20 (m, lIH),7.33-736 (m, IH),7.77--7.80 (m, IH); '3C NMR (75 MHz, rt, C,D,) 5 1.03 (q),

1.29 (q),30.63 (d),33.28 (d), 33.64 (d), 3999 (t), 122.oo (d), 12621 (d), 126.45 (d), 126.60 (d),

127.oo (d), 128.54 (d), 128.56 (d), 129.11 (d), 129.47 (d), l29.81 (d), 13025 (d), 130.43 (d),

133.84 (s), 138.61 (s), 138.77 (d), 139.11 (s), 141.27 (s), 144.47 (s), 144.67 (s), 149.86 (s),

152.47 (sx2).

Preparation of 57. A CCI, (15 mL) solution of 56 (636 mg, O.694 mmol) was stirred for 3 h at

room temperature under the air, and the solvent was removed to afford 57 (685 mg, O.694 mmol,

quantitative). 57: colorless crystals; 'H NMR (3oo MHz, rt, CDCI,) 6 O.02 (s, 9H), O.06 (s, 27H),

O.11 (s, 18H),1.40 (s,IH), 2.06 (br s, IH), 2.13 (br s, IH),3.90 (s, 2H),6.38 (br s, IH), 651 (br

s, IH),6.95-7.35 (m, 10H),7.40-7.46 (m, IH), 750-7.60 (m, IH),7.90-8.20 (m, IH); i3C NMR

(75 MHz, rt, CDCI,) 5 e.75 (q), O.81 (q), O.93 (q), l.04 (q), 1.14 (q), 30.88 (d), 31.31 (d), 31.76

(d), 39.33 (t), 122.78 (d), 125.93 (d), 127.13 (d), 127.42 (d), 127.61 (d), 128.21 (d), 128.35 (d),

128.47 (d), 129.41 (d), 129.89 (d), l31.06 (d), 131.35 (d), 136.01 (s), 136.04 (d), 14C}.02 (s),

lz"Z).89 (s), 143.00 (s), 146.21 (s), 146.58 (s), 147.41 (s), 151.67 (s), 151.89 (s); 'i9Sn NMR (111

MHz, rt, C,D,) 6 -72.7.

Preparation of 59 via 58. A benzene solution (25 mL)'of' 57 (483 mg, O.490 mmol), NL

bromosuccinimide (95.8 mg, O.537 mmol) and AIBN [2,2'-azobis(isobutyronitrile), 305 mg,

O.186 mmol] was heated under reflux for 2 h. After removal of the solvent, hexane was added to
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the residue. The resuEting sstspensien was filtered threugh Celite@, and the solvellt was removed.

The residme vvas separated by GPLC (CHCI,) to afford 58 (459 mg, X, = Br,. Br(]l, or, and their

dt/meso isomers). To a mixture of magnesium (83.9 mg, 3.45 mmol) and a cataiytic amount of

12-dibromoethane was added a THF solution (30 mL) of 58 (459 mg) at 77 OC, and the reaction

mixture was heated trnder refiux for l k. After removal of the so}vent, hexaRe and benzene were

added to the residue. The resulting suspension was filtered through Celite@, and the solvents

were removed to afford 59 almost diastereoselectively (395 mg, O.397 mmol, 819e from 57). 59:

co}orless crystals; mp 252-256 eC; iH NMR (3oo MHz, rt, CDCI,) 6 -O.l9 (s, 9H), -O.15 (s, 9H),

O.03 (s, 18H), e.ew (s, 9H), e.l2 (s, 9H), l33 (s, IH),1.98 (br s, IH), 2.01 (br s, IH), 4.56 (s, IH),

6.34 (br s, IH), 6.46 (br s, IH), 6.90-723 (m, 7H), 7.32--7.74 (m, 6H); i3C NMR (75 MHz, rt,

CDCI,) 6 O.33 (q), O.62 (q), O.76 (q), O.81 (q), 1 24 (q), 30.67 (d), 33.15 (d), 33.94 (d), 45.40 (d),

121.65 (d), l24.88 (d), l26.42 (d), 127.33 (d), l27.75 (d), l28.15 (d), 12824 (d), l28.42 (d),

l2854 (d), l3e.99 (d), l3138 (d), 13336 (d), 135.48 (s), 135.98 (s), 137.72 (d), 139.73 (s),

IZKI).56 (s), 1`ro.81 (s), 146.30 (s), 14635 (s), 151.63 (s), 151.74 (s); ii9Sn NMR (111 MHz, rt,

CDCI3) 6 -90.8. Low reso}ution FAB-MS: mlz 993 l(M+H)"] .

X-Ray crystallographie aRa}ysis of [59•CHCI,]. Crystal data for (59•CHCI,] are shown in

Table 3-8. Colorless and prismatic sing}e crystals of [59-CHCI,] were grown by the slow

evaporation of its chloroform and aeetonitrile solution. The intensity data were collected on a

Rigaku!MSC Mercury CCD diffractometer with graphite monochromated MoKa radiation (X =

       oO.71070 A) to 2e.,. = 50e at 103 K. The structure was solved by Patterson methods (DIRDIF-

99.229) and refined by full-matrix'}east-squares proce'dures on F2 for all reflections (SHELXL-

973e). Chloroform molecule was disordered. The occupancies of the disordered parts were

refined (O.58:O.42). The U,j values of two carbon atoms (in the majority and minority of
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disordered chloroform molecules) were restrained not to be non-positive values using ISOR

instructions. All hydrogen atoms were placed using AFIX instructions, while all the other atoms

were refined anisotropica}ly.

Preparation of 60. A CH,C}, (15 mL) solution of 59 (216 mg, O.217 mmol) and AgOTf (87.3

mg, O.320 mmol) was stirred for 12 h at room temperature. After removal of the solvent, the

reaction mixture was taken into a glovebox filied with argon. Hexane was added to the residue

and the resulting suspension was filtered through Celite@. The solvent was removed to afford 60

(228 mg, 0211 rnmol, 979o). 6e: colorless crystals; 'H NMR (300 MHz, rt, C,D,) 6 -O.15 (s,

9H), O.31 (s, 9H), O.09 (s, 18H), O.23 (s, 9H), 028 (s, 9H),1.44 (s, IH),225 (br s, IH), 226 (br s,

IH), 4.83 (s, IH), 6.58 (br s, IH), 6.70 (br s, IH),6.87-7.43 (m, 12H), 8.38 (d, 3J = 7.2 Hz, IH);

i3 C NMR (75 MHz, rt, C,D,) 6052 (q),O.8l (q),O.86 (q), 1.11 (q), l.51 (q), 31.52 (d), 33.69 (d),

34.36 (d), 49.23 (d),11933 (q, 'J,, = 320 Hz, -Åq-]F,), 122.37 (d), 12638 (d), 127.16 (d), 127.70

(d), 128.30 (d), 128.90 (d), 129.06 (d), 129.26 (d), 129.28 (d), 132.30 (d), 132.61 (d), 133.85 (d),

134.27 (s), 136.08 (s), 138.18 (d), 138.40 (s), 139.07 (s), 140.43 (s), 14751 (s), 148.63, (s),

15328 (s), 153.39 (s); '9F NMR (283 MHz, rt, CDCI,): 6 -75.5; ii9Sn NMR (111 MHz, rt, C,D,)

6 -44.6.

Preparation of 61. In a glovebox filled with argon, a THF (3 mL) solution of 6e (228 mg, O.21 1

mmol) and LiF (102 mg, 3.92 mmol) was stirred for 18 h at room temperature. After removal of

the solvent, hexane was added to the residue. The resulting suspension was filtered through

Celite@, and the solvent was removed to afford 61 (202 mg, O.217 mmol, quantitative). 61:

colorless crystals; mp 198-201 OC (dec.); iH NMR (300 MHz, rt, C6D6) 6 -O.21 (s, 9H), -O.13 (s,

9H), -O .Ol (s, 9H),O.02 (s, 9H), O.03 (s, 9H), O.04 (s, 9H), 1.34 (s, IH), 1.65 (br s, IH), 1.73 (br s,
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IH),4.47 (s. iH), 6.35 (br s, IH),6.48 (br s, IH),6.92-7.63 (m, l3H); ii9Sn NMR (l11 MHz, rt,

C6D6) 5 -il3.8 (Vs.F = 2530 Hz). Anal. Calcd for C,,H.FSi,Sn: C, 59.26; H, 7.899e. Found: C,

5933; H, 8.e09e .

ReaetioB of 59 with LDA. in a glovebox filled with argon, LDA (2 M in

heptane/THFIethylbeRzene, O.eee mL, e.(Årro mmol) was added to a THF solution (2 mL) of 59

(zto.6 mg,O.(År409 mmol) at -40 eC. The reactien mixture was stirred at room temperature for l h.

After removal of the solvent, hexaRe vvas added to the residue. The resuking suspension was

filtered threugh Celite@, and the solvent was removed. A C,D6 solution of the resldue was placed

in a 5 mm Åë NMR tube, and the tube was seaied. The 'H NMR signals were assignable to the

starting material 59. The tube was opened, and the solvent was evaporated. The residue was

purified by WCC (hexane) to afford 59 (37.2 mg, O.0375 mmol, 929o).

Reaetion of 61 with LDA. In a glovebox filled with argon, LDA (2 M in

heptaneiTHF/ethylbenzene, O.021 mL, O.ca2 mmol) was added to a THF solution (2 rnL) of 61

(38.3 mg, O.0411 mmol) at room temperature. The reaction mixture was stirred at the same

temperature for 1 h. After removal of the solvent, hexane was added to the residue. The

resulting suspension was filtered through Celitee, and the solvent was removed. A C6D6 solution

of the residue was placed in a 5 mm ip NMR tube, and the tube was evacuated and sealed. The

observed iH NMR signals were assignable to one diasteroisomer of aminostannane 62. 62: 'H

NMR (3oo MHz, rt, C,D,) 5 e.l3 (s, 9H), O.14 (s, 36H), O.18 (s, 9H), O.90 (d, 3J = 6.6 Hz, 3H),

128 (d, 3J = 6.6 Hz, 3H), 1.44 (s, IH), 2A3 (br s, IH)', 2:51 (br s, IH), 3.35 (sept, 3J = 6.6 Hz,

1H), 4.50 (s, IH), 6.48 (br s, IH), 6.63 (br s, IH), 6.76-7.66 (m, 12H), 824-8.26 (m, IH).
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Reaction of 61 with t-butyllithium. In a glovebox filled with argon, t-butyllithium (O.95 M in

hexane, O.051 mL, O.048 mmol) was added to a diethylether solution (2 mL) of 61 (44.2 mg,

O.0474 mmol) at mo OC. After stirring for 05 h at the same temperature, the reaction mixture

was stirred at room temperature for 1 h. After removal of the solvent, hexane was added to the

residue. The resulting suspension was filtered through Celite@, and the solvent was removed. A

C6D6 solution of the residue was placed in a 5 mm ip NMR tube, and the tube was evacuated and

sealed. The observed 'H NMR signals were assignable to two isomers of 63. The tube was

opened, and the solvent was evaporated. The residue was purified by WCC

(hexane.chloroform) to afford 63 (dl/meso = 1/1, 41.3 mg, O.0426 mmol, 909o). 63: a mixture

of isomers; colorless crystals; mp 221-224 OC (dec.); iH NMR (3oo MHz, rt, CDCI,, *: one

isomer) 6 -O.62 (s, 45H*), -O.63 (s, 45H*), -O.03 (s, 4.5H"), O.oo (s, 45H*), O.Ol (s, 4.5H*),

O.03 (s, 4.5H*), O.05 (s, 4.5H*), O.07 (s, 4.5H*), O.l2 (4.5H*), O.15 (s, 45H*), O.25 (s, 4.5H*),

O.26 (s,45H*),O.88 (s, 9H, t-Bu),1.53 (s, IH),1.85 (br s, IH),2.46 (br s, IH),4.38 (s,05H"),

4.40 (s, 05H"), 6.22 (br s, 05H"), 634 (br s, e5H*+05H"), 6.46 (br s, O.5H*), 6.89-7.34 (m,

9H), 7.47-753 (m, 2H), 7.74-7.86 (m, 2H); 'i9Sn NMR (111 MHz, rt, CDCI,): 6 -182.6, -183.0.

Reaction of 61 with LTMP. In a glovebox fiIled with argon, LTMP [O.054 mmol, prepared

from 2,2,6,6--tetramethylpiperidine (10.l mg, O.0715 mmol) and n--butyllithium (1.5 M in hexane,

O.036 mL, O.054 mmol) in THF (05 mL)] was added to a THF solution (2 mL) of 61 (45.8 mg,

O.0491 mmol) at room temperature. The reaction mixture was stirred at the same temperature for

1 h. After removal of the solvent, hexane was added to the residue. The resulting suspension

was filtered through Celite@, and the golvent'was iemoved. A C6D6 solUtion of the residue wasi

placed in a 5 mm ip NMR tube, and the tube was sealed. After the measurement of iH NMR
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spectrum (complieated rr}ixture), tR}e tEibe was epened, and the solvent was evaporated. The

fesidtte was purified by MPLC (toluene)•, but any isolable prodctcts were g}et ebtained.

Syi}thesis ef 67 via 65. To a THF selutioR (l6 fnL) gf 64 (493 mg, }.64 mm"l) \vas added n--

buryllithium (i5 M in hexane, 2.2 mL, 3.3 mmol) at -78 eC. Aftef stirring at the same

temperature for ie min, MF solmion (33 mL) ofTbtSnX, (X = Ci er Br, ea. 759e purity; l .63 g,

Åëa l.6 mmei as X = ClÅr was added to she mixture. After s{irriitg 'for 3 h ag -78 eC, the reaction

rnixture was warmed to room tempevatgge. After femoval of the solveRt, hexage was added te the

residue. The resulting suspension was filtered through Celite@, and the solvent was removed.

The residue was separated by ePLC (CHCI3) to afford 3-t-Bee-2-TbV2-X-1,2-dihydro-2-

staRnaRapkthalenc 66 (567 mg, X: utBf = 7/3). To a THF so}utien (le crtlL) cf 66 was added

lithium aluminum hydride (885 mg, 2.33 mmol) at O OC. After stirriRg fer l h at the same

temperature, ethyl acetate was added ko the reaction mixture at O "C. After removal of the solvent,

hexafie was added to the residue. '  The resulting suspension was filtered threugh Celite@, and the

so}veftt was yemoved. This Åëfede pgeduct vvas scparated by WCC (hexai}e) to afferd 67 (5(}9 xx}g,

O.603 mmol, 379e, from 64). 67: colorless crystals; mp 179-181 eC (dec.); 'H NMR (300 MHz, rt,

C,D,): 6 O.05 (s, 9H), O.10 (s, 9H), O.l37 (s, 9H), O.lag (s, 9H), O.16 (s, 9H), O.21 (s, 9H), 1.39 (s,

9H), 1.44 (s, IK),l.65 (br s, IHÅr, 2.34 (br s, lM), 258 (d, 2J = i5D Hz, iH), 2.78 Åqdd, 2J = 15.e

Hz, 3J =O.9 Hz, IH),5.95 (d, 3J = O.9 Hz, IH),652 (br s, IH), 6.67 (br s, IH), 6.9}-7.le (ra,

SH); i3C NMR (75 MHz, rt, C,D,): 6 O.96 (q), 1.00 (q), 1.18 (q), 17.21 (t), 30.63 (d), 32.12 (d),

3224 Åqq), 32.88 (d), 37.81 (s), 12229 (d), l25 .98 (d), i27.12 (d), 127.35 (d), 132.95 (d), l33.50

(d), B5.91 (s), l35.95 (s), 139.61 (d), l43.92 (s),-l51.79 (sx2), i58.66 (s); 'i"Sft NMR Gl1 MHz,

rt, C6D6): 6 -293.3; High rcselution FAB-MS mlz calcd fer C,.H,,Si,'acSn: 844.3585 ({M]'),

found: 844.3589 ([Ml"). Anal. Calcd for C.H,,Si6Sn: C, 5691;.H, 9.07. Found: C, S6.93; H, 9.23.
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Synthesis of 68. A beBzene (50 mL) solutien of 67 (509 mg, O.603 mmol) and N-

bromosuccinimide (1 18 mg, O.663 mmol) was stirred for l h at room temperature. After removal

of the solvent, hexane was added to the residue. The resulting suspension was filtered through

Celite@, and the solvent was removed to afford 68 (509 mg, 0552 mmol, 919o). 68: colorless

crystals; mp l62-165 eC (dec.); iH NMR (300 MHz, rt, C,D,): 5 -O.13 (s, 9H), -O03 (s, 9H), -

O.Ol (s, 9H),O.04 (s,18H), O.l1 (s, 9H), l.25 (s, IH), 1.39 (s, 9H),159 (br s, IH), 2.42 (s, IH),

3.02 (d,J= 15.0 Hz, IH),324 (d,J= 15.0 Hz, IH), 6.29 (br s, IH),6.44 (br s, IH),7.01-7.l1 (m,

5H); i3C NMR (75 MHz, rt, C,D,): 6O.96 (q), O.98 (q), l.21 (q), 30.44 (t), 3083 (d),31.24 (d),

31.75 (d), 33.09 (q),3851 (s), 123.46 (d), 126.41 (d), 127.48 (d), l28.oo (d), 13255 (d), 133.65

(d), 134.02 (s), 135.81 (s), 136.10 (s), 142.01 (d), 145.42 (s), 151.13 (s), 152.35 (s), 160.65 (s);

ii9 Sn NMR (111 MHz, rt, C,D,): 6 -93.0; High resolution FAB-MS mlz calcd for

C,,H,,79BrSi,'20Sn: 922.2690 ([Ml'), found: 922.2695 ([M]+). Anal. Calcd for C.H,,BrSi,Sn: C,

52.04; H, 8.19. Found: C,52.31; H,8.44.

Synthesis of 32. In a glovebox filled with argon, 68' (46.2 mg, O.05oo mmol) was dissolved in

hexane (2 mL, dried over K mirror and distilled by trap-to-trap method), and LDA (2.0 M in

heptane/THF/ethylbenzene, O.0300 mL, O.0600 mmol) was added to the solution at Zro eC. After

stirring for 1 h at room temperature, the solvents were removed under reduced pressure and

hexane was added to the residue. The resulting suspension was filtered through Celite@, and the

solvent was removed. The residue was recrystallized from hexane to give 32 (26.7 mg, O.0317

mmol, 639o). 32: yellow crystals; mp 144-147 OC (dec.); iH NMR (300 MHz, rt, C,D,): 6 O.18

(br s, 54H), 1.06 (s, IH), 1.53 (s, 9H), 2.04 (br s, IHi 2.08 (s, IH), 6.68 (br s, IH), 6.81 (br s,

IH), 7.05 (dd, 3J = 9 Hz, 31 = 7 Hz, IH), 721 (dd, 3J = 9 Hz, 3J = 7 Hz, IH), 7.65 (d, 3J = 9 Hz,

IH), 7.68 (d, 3J = 9 Hz, IH), 8.75 (s, IH), 9.28 (s, IH); '3C NMR (75 MHz, rt, C,D,): 5 O.91 (q),
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l.55 (q), 30.84 (dÅr, 3493 (oj, 3936 (di, 39.72 (s), 39.90 (qÅr, li9.97 (d), l22.l2 (d), 125.30 (d),

l25.SIZ (s). }26M6 (ctÅr, !2793 (dÅr, l3539 (d), l4158 (s),,l42.22 (dÅr, l46.ee (sÅr, l4726 (s),

l47.38 (ct), i50.92 (sx2), l74D3 (s); }t9Sn NMR (1ll MHz, rt, C,D,): 6 264; High resolution

FAB-MS mlz calcd foy Ch,}l,,Si,iooSA: 8433S06 ({M+H]'), fouad; g433531 ({M+Hl').

X-Ray erystalloge'aphic urialysis of 32. Cry$tal data for 32 are shewn in Table 3--8. Yellow a!}d

prismaiic singie cry$Sats ef 32 were gr"wfi by tbe slew evaperadefi of its hexane sointion in a

glovebox firSed with argon. The intensity data were collected on a RigakulMSC Saturn CCD

diffractometey vvith grapkite motrechyemated MoKgt radiatieA (X = e.71{Xi9 A) to 2e.. = 5e" at

le3 K. The structure was solved by Patterson methods (DIRDIF-99.22") and refined by ful]-

matrix least--squares precedures an paZ for all refieetions (SHELXL-9730År. All hy{lrogen atoms

were p}aced usiRg AKX imspacsions, while all the other atoms vvere refined anisotropicaily. A

residual peak may be cterived from the ghost peak near the tin atom and the inevitable disorder of

2-stannaftapkthalcme ske}eteR, similarly to the cases of Tb{--sg5stituted 2-silaRaphthalefte32 axd 2-

germanaphthaiene.2ig Although the rabo of the minor disorder in la was too low to find all atoms

of the diserdered minor pan, only the stroAg peak correspending to the tiR atoma of the miRor part

was fo}md as the residfial peak.

MeasureixeRt ef UV!vis spectwu} ef 32. IR a glcvebox filled with argefi, 3Z Åql.e mg, l.2 Å~ l(}6

moi) was dissolved in hexane (3 mL, dried over K mirror and distilled by trap-to-trap distillation).

This solution (4.0 Å~ 10` M) was put inte UV cell (pathlength 1 mm), ai}d UV!vis spectrum was

measured with JASCO Ubest-50 UVfvis spectrometer at room temperature. ' ' ' ' ' ' '
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Measurement of Raman spectrum of 32. In a glovebox filled with argon, 32 was powdered

and put into a glass capillary. The capillary was evacuated and sealed. FI"-Raman spectrum was

measured with the excitation by He-Ne Iaser (532 nm) at room temperature in the solid state with

Spex 1877 Triplemate and EG&G PARC 1421 intensified photodiode array detector by Prof.

Furukawa at Waseda University.

Synthesis of 74. In a glovebox filled with argon, 32 (34.2 mg, O.0406 mmol) and

[Cr(CH,CN),(CO),]33 (14.6 mg, O.0563 mmol) were dissolved in THF (1 mL, dried over K mirror

and distilled by trap-to-trap method) at room temperature. After stirring for 4 h, the solvents were

removed under reduced pressure and hexane was added to the residue. The resulting suspension

was filtered through Celite@, and the solvent was removed to give almost pure 74 (35.5 mg,

O.0363 mmol, 899o). 74: brown crystals; mp 154 OC (dec.); iH NMR (300 MHz, C,D,, 70 OC) 6

O.15 (s, 18H), O.18 (s, 18H), O.27 (s, 18H), 1.36 (s, 9H), 1.52 (s, IH), 2.24 (s, 2H), 5.10 (s, IH),

6.43 (s, 1H), 6.81 (br s, 2H), 6.85-6.95 (m, 3H), 7.33 (d, 3J = 8 Hz, IH); i3C NMR (75 MHz, C,D,,

50 OC) 6 O.86 (q),O.95 (q), 1.34 (q),31.42 (d),3431 (q),38.40 (s), 39.79 (d), 40.27 (d), 88.37 (d),

96.41 (s), 102.75 (d), 116.84 (s), 122.70 (d), 125.19 (d), 125.70 (d), 128.68 (d), 131.31 (s),

132.89 (d), 134.59 (d), 134.91 (s), 147.69 (s), 151.87 (sx2), 233.77 (s, CO); ii9Sn NMR (111

MHz, 50 OC, C,D,) 6 106. High resolution FAB-MS m/z calcd for C,,H,,O,CrSi,i20Sn (fM]'):

978.2681, found: 978.2675.

X-Ray crystallographic ana]ysis of 72. Crystal data for 72 are shown in Table 3-9. Brown and

prismatic single crystals of 72 were grown by the slow evaporation of its benzene solution in a

glovebox filled with argon. The intensity data were collected on a RIGAKU Saturn70 CCD

                                                     osystem with VariMax Mo Optic MoKct radiation (X = O.71069 A) to 2e.. = 500 at 173 K. The
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structure was solved by Patterson methods (DIRDIF-99.229) and refined by full-matrix least-

squares procedures on I72 for all reflections (SHELXL-9730). Four trimethylsilyl groups of'the

CH(SiMe3)2 groups at para-position and one of the ortho-positions of the Tbt group were

disordered. The occupancies of the disordered parts were refined (p-: O.60:O.40, o-: O.66:O.34).

The Uij values of the disordered trimethylsilyl groups were restrained using SIMU instructions.

AII hydrogen atoms were p]aced using AFIX instructions, while all the other atoms were refined

anisotropically.

Measurement of UV/vis spectrum of 74. In a glovebox filled with argon, 74 (1.5 mg, 1.5 Å~ 106

mol) was dissolved in hexane (2 mL, dried over K mirror and distilled by trap-to--trap distillation).

This solution (7.7 Å~ 10` M) was put into UV cell (pathlength 1 mm), and UVIvis spectrum was

measured with JASCO Ubest-50 UVIvis spectrometer at room temperature.
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Chapter 4

Conclusion and 0utlook



The chemistry of multiple-bond compounds containing (a) tin atom(s) has the longest

history among those of the multiple bonds to the heavier main group elements. However, it has

developed rapidly in the last decade and is still insufficient to make systematic elucidation of the

multiply bonded systems containing (a) tin atom(s). In order to study the chemical behaviour of

tin-earbon double bond in detail, the author described in Chapter 2 the synthesis and properties

of the kinetically stabilized stannenes bearing only carbon substituents. In Chapter 3, the

synthesis and properties of 9-stannaphenanthrene and 2-stannanaphthalene, stannaaromatic

compounds having a formal Sn=C fragment in their aromatic rings, have been reported.

In Chapter 2, the author succeeded in the synthesis of the first donor-free tetraarylstannene 1

stable at ambient temperature by taking advantages of an efficient steric protection group, 2,4,6-

tris[bis(trimethylsilyl)methyl]phenyl (Tbt).

Tbt
\

Sn=C
Me~

1

The X-ray crystallographic analysis showed the shortest the tin-carbon bond length (2.016

A) among those previously reported and the completely trigonal planar geometries around the

central tin (359.9°) and carbon (359.9°) atoms, indicating the formation of a n-bond between tin

and carbon atoms. Their NMR, UV/vis, and Raman spectra and reactivity supported the double-

bond characters of 1.

The fact that the synthesis and isolation of tin-carbon double-bond compound was achieved

by suitable protecting groups, prompted the author to expand this chemistry to stannaaromatic

compounds.

In Chapter 3, the author succeeded in the generation of 9-stannaphenanthrene 2 and the

synthesis and isolation of 2-stannanaphthalene 3 by taking advantages of a Tbt group.
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    9-Stannaphenanthrene 2 was thermally unstable and underwent ready dimerization at room

temperature in sharp contrast to the high stability of the Tbt-substituted 9-sila- and

               '
germaphenanthrenes, which are known to be stable at 100 eC in C6D6. By contrast, 2-

stannanaphthalene 3 was thermally stable. The X-ray crystallographic analysis of 3 showed the

planar geometry of 2-stannanaphthalene ring and the bond-alternation, which are eventually the

same features as those of a parent naphthalene. Judging from their structure, NMR, UVIvis, and

Raman spectra, and reactivity, 2-stannanaphthalene 3 has sufficient aromatic characters.

    The main reason for the difference of the stability between 2 and 3 may be the introduction

of an additional substituent (t-Bu) on 3. However, theoretical calculations for stannaaromatic

compounds implied the general conclusion that 9-stannaphenaathrene had lower aromaticity than

2-stannanaphthalene and that 2-stannanaphthalene had sufficient aromaticity comparable to the

parent naphthalene.

    In summary, the author disclosed in this Doctor Thesis that a tin atom, one of the fifth row

elements, can forms a sufficient x-bohd with a carbon atom as not only silicon and germanium

atoms but also a carbon atom can do. In the light of these results, he hopes the synthesis of the

unprecedented species containing (a) tin--carbon multiple bond(s), 1,3-distannaallene,

polystannaaromatic compounds, stannaacetylene, and so on in the near future.
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