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Proof of Inversion of Configuration on Stannylation of 
a Configurationally Stable, Tertiary Benzyllithium Compound 
from a Single-Crystal X-Ray Structure Analysis** 

Friedrich Hammerschmidt," Achim Hanninger and Horst Vollenkle 

Abstract: Configurationally stable, dipole-stabilised benzyllithium compounds (R)-  and 
(S)-1 b, prepared by deprotonation of the corresponding esters with sBuLi in toluene/di- 
ethyl ether ( 5 :  1 j ,  reacted with (-)-menthyldimethyltin bromide to afford the stannanes 
(-)-3 and (+)-4, respectively. A single-crystal X-ray structure analysis of compound 
(-)-3 proved that stannylation occurred with inversion of the configuration at  the 
benzylic centre, assuming retention for the deprotonation step. Lithio-destannylation 
and deuteration with MeOD follow a retentive course. 
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Introduction 

A variety of carbanions with different metals as counterions 
react with trialkyltin halides to give stannanes (stannylation). 
These stannanes can be transmetallated with alkyl lithium com- 
pounds, preferably nBuLi, to regenerate the starting carbanion 
(lithio-destannylation). This sequence is of preparative value for 
the generation of certain salt-free organolithium compounds.['1 
As long as only racemic carbanions were available, the question 
of stereochemistry of these reactions could not be addressed. 
Still's discovery of configurationally stable a-alkoxy anions['] in 
1980 was the starting point for the chemistry of other configura- 
tionally stable heteroatom-substituted carbanions having an 
oxygen,[31 a 51 or a sulfurc6] substituent. The most 
prominent among these are the enantiomerically enriched x -  
lithiated O-alkylcarbamates[31 and N,N-dialkyl~arbamates[~] 
prepared by enantioselective deprotonation with BuLi/( - )- 
sparteine. This base can deprotonate N-B~c-N-alkyl-[~]  and N- 
Boc-N-( p-inethoxyphenyl j benzylamine[81 so that they can react 
with electrophiles enantioselectively. The latter substrate was 
stannylated with inversion of configuration and transmetallated 
with retention, based on an X-ray structure analysis (anomalous 
dispersion) of the intcrmediate stannane.[91 The stereochemistry 
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(retention or inversion) of reactions of heteroatom-substituted 
carbanions with electrophiles, their configurational stability 
and mechanism of racemisation"'] became focal points. Hoff- 
mann et al. developed a protocol for the investigation of the 
microscopic and macroscopic configurational stability of a chi- 
ral organolithium compound.["' It is classified as microscopi- 
cally configurationally stable if its rate of racemisation is small 
relative to the rate of addition to a n  electrophile. Hoffmann et 
al. introduced N,N-dibenzyl-phenylalaninal as a standard elec- 
trophile. Macroscopic configurational stability implies that a 
c h i d  organonietallic species retains its configuration for min- 
utes. 

Short-lived, chiral, benzyl anions have been generated by in- 
situ deprotonation/reprotonation of phenylalkanes["' and as 
intermediates" 31 in the Haller-Bauer cleavage. Chiral 2-oxy- 
benzyl anions have been inferred in the Brook['41 and the phos- 
phate-phosphonate rearrangement"51 as well as in the reverse 
processes. 

Until recently, it was assumed that stannylation and lithio- 
destannylation occur with retention of configuration. At that 
time Hoppe et al. were studying the tertiary carbamoyloxy-sub- 
stituted organolithium compound I all6] (Scheme I ) .  This com- 
pound is configurationally stable and the stereochemistry of its 
reactions depends on the electrophile used. Inversion of config- 
uration is observed for alkyl 
methyl chloroformate, carbon dioxide, 
carbon disulfide, acetyl nitrile, acyl chlo- 
rides and isopropyl isocyanate, while re- 
tention is observed for methanol and 
acetic acid,["] dimethyl carbonate and 
pyrocarbonate, carboxylic acid esters and 
mixed anhydrides.[161 The configurations 
were determined by chemical correlation. 

1 

Scheme 1. Lithium- 
complexed dipolc- 
stahilised carbanion\. 
l a :  R =iPr,N: I b .  
R = 2,4.6-iPr,K,C6. 
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The reaction with triproduced a stannane with inversion of con- 
figuration, based on the assumption that deprotonation and 
lithio-destannylation follow a retentive course. The absolute 
configuration of the stannane was assigned by applying Brew- 
ster's rule, but was not rigorously secured (see ref. [22]['""]. 

In Part 1 of this series,[''] we reported the configurational 
stability of the a-methylbenzyllithium 1 b with a 2,4,6-triiso- 
propylbenzoyloxy substituent in toluene/diethyl ether (5 : 1) in 
the absence of TMEDA (N,N,N',N'-tetramethylethylenedi- 
amine), and its reactions with MeOD, AcOD, dimethyl carbon- 
ate and methyl chloroformate, which occur with retention. 
Stannylation with trimethyltin chloride afforded a stannane, 
which, on transmetallation with BuLi and deuteration with 
AcOD, furnished an ester of opposite stereochemistry to the one 
used for the generation of 1 b. Up to now no case of protonation 
(dcuteration) of an alkyllithium compound with inversion of 
configuration has been reported. Therefore, the net retention of 
all known deprotonation/reprotonation and deprotonation/ 
deuteration sequences is commonly accepted as a proof of reten- 
tion of configuration in the deprotonation reaction. Conse- 
quently, either stannylation or lithio-destannylation had to 
cause inversion. To solve this problem, we decided to use a 
hoinochiral trialkyltin halide for stannylation. This would facil- 
itate the determination of the configurational stability of 1 b by 
use of a diasteomeric excess and of the absolute configuration 
by X-ray structure analysis-if at least one of the diastereomers 
is crystalline. The organolithium compounds 1 a and 1 b were 
also silylated with trimethylsilyl chloride, but the stereochemis- 
try of the reaction products is still open. 

Results and Discussion 

Triisopropylbenzoate"71 (R)-( +)-2 ( e r 2  97%) was deprotonat- 
ed with sBuLi in hexane in the presence of TMEDA at - 78 "C 
for 2 min and then reacted with (-)-menthyldimethyltin bro- 
mide['gl (Scheme 2). This reagent can be easily prepared from 
homochiral (-)-menthol. It might also prove useful for the 
preparation of diasteromeric, separable stannanes which give 
chiral, non-racemic organolithium compounds on transmetalla- 
tion. Flash chromatography of the crude product furnished a 
viscous oil, which was homogenous by TLC and was a mixture 
of the two inseparable diastereomers (-)-3 and (+)-4 (structure 
given in Scheme 3) in a ratio of 93 : 7 (de = 86 YO) as indicated by 
'H NMR spectroscopy. The signals of the diastereotopic methyl 
groups bound to the tin centre can be used for an easy determi- 
nation of the two isomers. The 'HNMR spectra (400 MHz) 
show singlets at 6 = ~ 0.04 and -0.01 for stannane (-)-3 and 
at -0.08 and 0.07 for (+)-4. Each of the four signals is flanked 
by 1171119Sn isotope-induced satellite doublets ( 2 J  = 42.8- 
45.3 Hz). If the reaction is carried out in a solvent mixture of 
toluene/diethyl ether ( 5 :  1) in the absence of TMEDA, the yield 
of the viscous oil is 60% with de297% and [a];' = - 60.53 
(c = 7.94 in acetone) (Scheme 2). 

The 'HNMR spectrum shows the signals for the methyl 
groups bound to tin at 6 = - 0.04 and - 0.01. The intermediate 
organolithium compound (R)-1 b is only configurationally 
stable in toluene/diethyI ether ( 5 :  1) at - 78 "C, but not in hex- 
ane/TMEDA.["l Therefore, the diastereomeric excess in hex- 
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Scheme 2. Deprotonation of 2,4,6-triisopropylbenzoatc (R)-( +) -2 ,  stannylation 
with (-)-mcnthyldimethyltin bromide and lithio-destannylation of stannane (-)-3 
followed by treatment with MeOD. 

ane/TMEDA is diminished relative to that in toluene/diethyl 
ether. Stannane (-)-3 could be crystallised from ethanol and its 
specific rotation did not increase on recrystallisation. 

An X-ray structure analysis of a single crystal of (-)-3 re- 
vealed the structure given in Figure 1 .[201 The crystal structure 
data are given in Table 1. 

Figure 1. X-ray structure of stannane (-)-3 
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All substituents on the cyclohexane ring are equatorial, a s  
expected, and the benzylic carbon has a (R)-configuration. Since 
the starting ester also had (R)-configuration, stannylation 
caused inversion of configuration (the descriptor does not 
change on going from the ester to  the stannane ( - ) - 3  because 
thc priorities are reversed). 

Finally, stannane ( - ) - 3  was lithio-destannylated and treated 
with MeOD to give deutero-(S)-( -)-2 (Scheme 2). Transmetal- 
lation was effected with a large excess of nBuLi/TMEDA in 
hexane at -78°C and the reaction ratc was slower than 
with the trimethyltin derivative.[18] Lithio-destannylation with 
sBuLi in toluene/diethyl ether ( 5 :  1) was not successful. The 
reaction was stopped by the addition of MeOD after 30 min 
before lithio-destannylation was complete. Unreacted starting 
material (37 %) was recovered. The enantiomeric cxccss of 
deutero-(S)-( - )-2 was 82 YO, determined by comparison with 
the specific optical rotation of the starting ester ( R ) - ( + ) - 2 .  
This protocol ensured only a small amount of racemisation 
of the intermediate benzyllithium compound. The deuterated 
ester, formed by deprotonation and treatment with MeOD, 
had the same configuration as the starting ester reported in 
Part 1 .  

Similarly, ester (S)-(  --)-2 was transformed into stannane 
( + )-4% a viscous oil, in 68 YO yield with [a]:' = +- 9.0 (i' = 1.1 in 
acetone) and do? 97 %, (Scheme 3). 

O H  
II I 

Ar 

(S)-(-)-2 (297% ee) 

sBuLi, 5:1 
Toluene/Et20, 
-78OC, I 0  rnin 

1 

Me Ph Ar 

(S)-1 b (5)-(+)-4 (297% de) 

85% MeOD (Lit.18) i 
nBuLi/TMEDA, 

34% Hexane, -78% 
30 min; MeOD I 

Ar 0 Ph 

Deutero-(S)-(-)-2 (95% ee) Deutero-(ff)-(+)-2 (73% ee) 
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Schcmc 3. Dcprotonation of 2,4,h-tri1sopropylhen~oate (Sj-(  ~ j-2, stannylation 
wit11 (~)- inei i thyldimethyl t in  bromide and Iirhio-destannyl:rtion of stannane (+)-4 
rollowed by trcalmcnt with MeOD. 

This stannane was lithio-destannylated and deuterated 
analogously to ( - ) - 3 .  The ester deutero-(R)-( +)-2 was ob- 
tained in 34 'A yield (ee = 73 %) and some stannane (40 %) was 
recovered. Since these deuterations should occur with retention 
of configuration (see above), the Li-Sn exchanges in stannanes 
( --)-3 and ( + )-4 must also proceed with retention of configura- 
tion. 

Conclusions 

Some possible reasons for the inversion of configuration of ben- 
zylic organolithium compounds are given. On the basis of calcu- 
lations for the stabilisation of penta-coordinated carbonium 
ions that might serve as  models for intermediates of the bimolec- 
ular aliphatic-electrophilic substitution (S,2), Schleyer et al. 
found that retention and inversion of configuration are pos- 
sible.[211 The metal ion and steric effects are major factors. Ter- 
tiary a-oxybenzyllithium compounds are configurationally less 
stable than secondary a-oxyalkyllithium compounds reacting 
with retention of configuration. No secondary, configurational- 
ly stable, benzylic carbanions with an r-oxygen are known 
which are macroscopically stable, only examples with r-nitro- 
gen.['. '1 The reduced configurational stability is also supported 
by X-ray structure analyses of benzylic lithium compounds. 
Resonance stabilisation in benzylic carbanions induccs a flat- 
tening of the tetrahedral arrangement a t  the carbanionic centre 
and the activation barrier for an inversion of configuration i s  
minimal.r221 Benzylic carbanions, generated as intermediates of 
the Haller~-Bauer cleavage, are microscopically stable to some 
extent. The differing behaviour of r-oxyalkyl- and r-oxybenzyl 
carbanions as intermediates of the Brook and retro-Brook rear- 
rangement is noteworthy.[23] Retention is observed for the for- 
mer and inversion of configuration for the latter. Dialkylphos- 
phoryloxy-substituted benzyllithium compounds rearrange 
with retention to isomeric phosphonates.[' These examples 
demonstrate that the stereochemistry for the reaction of ben- 
zylic carbanions with electrophiles is sensitively influenced by 
various factors and has to be determined independently for each 
individual case. 

Experimental Section 

General: For thin layer chromatography (TLC), pre-coated plates (0 25 mni, 
silica gel 60, F,,,, Merck) were used. Spots were visualised by UV and or 
spraying with a 2 %  solution of Ce'"SO,.4H2O in IN H2S0, and heating on 
ii hot plate. Flash chromatography was performed on Merck silica gel60 
(0.040 - 0.063 mm) and mixtures ofpetroleum ether (boiling range 60--95 C) 
and diethyl ether as  eluents. infrared spectra were recordcd with a Perkiii- 
Elmer FT1600 IR Spcctrometer. A solution of the sample in Uvasol chloro- 
form was applied to a silicon and the solvent was allowed to evapo- 
rate before the apectrum was recorded. 'H and I3C (J-modulated) NMR 
spectra were measured on a Bruker AC250F or AM400WB spectrometer. 
Chemical shifts (6) are expressed downficld relative to TMS as an internal 
Etandard. Optical rotation was determined with 21 Perkin Elmer polarimeter 
141 (1 dm cell). The mclting point was measured with a Reichert Thermovar 
instrutncnt and was uncorrected. Reactions were carried out in dry solvents 
under an atmosphere ofargon. Hexane was dried over molecular sieves (4 A).  
Diethyl cther was distilled from LiAIH, and toluene from sodium. 

Preparation of stannanes (-)-3 and (+)-4: Organolithium compound (R)-1 b 
was prepared by deprotonation (10 min) of cstcr (R)-( +)-2 (1.058 g, 3 mmol, 
c e 2 9 7 % )  in a mixture of dry tolucnc (15 mL)/dry diethyl ether (3 mL) with 
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sBuLi (12% solution in cyclohcxane/hexane 92:8, 4.5 mL, 6 mtnol) at 
-78 C according to the procedure given in the l i teratur~."~ '  (-)-Men- 
thyldimethyltin bromide (2.58 g. 7 mmol) dissolved in dry diethyl cthcr 
(2 mL) was added dropwise. When the colour had disappeared (15 min),  the 
cooling bath was removed and the mixture allowed to waim to room temper- 
ature. Volatile components were removed on a rotary evaporator. The residue 
was taken up in CH,CI,. The solution was washed with 2~ hydrochloric acid. 
a saturated aqueous solution of NaHCO,, then water, dried (MgSO,) and 
conccntrated in v ~ c u o .  The crude product was purified by flash chromatogra- 
phy (petroleum ether/diethyI ether 20: 1)  to furnish stannane ( - ) - 3  (1.148 g, 
60%)) as >I viscous oil. 
In an analogous fashion, ester (S)-(-)-2 (0.705 g, 2 mmol, ee297'X) was 
transformed into stannanc (+)-4 (0.873 g, 68%). obtained as a viscous oil. 

Stannane ( - ) -3:  R ,  = 0.57 (petroleum ethcrjdicthyl cthcr 20: 1); [a]k = 

- 60.53 ( c  =7.94 i n  acetone); crystallisation (twice) from ethanol gave a 
product with m.p. 74 C ;  [a]:" = - 60.50 (c = 2.82 in acetone), & 2 9 7 %  
( 'HNMR) ;  IR (Si): 3 =1698cm-' (C=O);  ' H N M R  (400MHz, CDCI,): 
15 = - 0.04 (s, 3H,  Sn(CH,),; 2J("7~"'Sn,H) = 43.3 Hz, 45.3 Hz), 
-0.01 (s. 3 H ,  Sn(CH,),; zJ("7!"'Sn,H) = 43.5 Hz, 45.6 Hz), 0.77 (d. 
'J(H,H) = 5.9 HL. 6 H ,  mcnthyl-CH(CH,j,), 0.85 (m, 2H, mcnthyl-H), 0.92 
(d, 'J(H>H) = 6.9 Hz, 3H,  menthyl-CII,), 0.97 (dq, ,J(H,H) = 2.5 Hz, 
12.8 Hz. 1 H, menthyl-H), 2.23 (m, 3H,  menthyl-H), 1.25, 1.28, and 1.33 
(3 xd, 'J(H,H) = 6.9 Hz, 18H, CH(CH,),). 1.64 (m, 4H, menthyl-I<), 1.87 
(m, 1 H,  menthyl-II), 2.00 (s, 3H,  OCCH,; 3J(117i11qSn.H) = 45.8 H r ) ,  2.90 
(sept, 'J(H,H) = 6.9 Hz, 1 H, CH(CH,),), 3.07 (sept, J = 6.9 Hz. 2H,  
CI'I(CH,),). 7.04 (s, 2 H, H 3 and H 5 of ArCO), 7.04 (in, 2 H, Ha, 
2H.  7.29 (m, 1 H, H,,,,,,); "C NMR (100.6 MHz: CDCI,): 
6 = - 8.44 (Sn(CH,),; 'J(117'L1"Sn,C) = 274.2 Hz, 288.4 HI), -7.04 
(Sn(CH,),; 1J(1171"ySn,C) = 265.5 Hz. 279.0 Hz), 15.80 (CH,). 22.04 
(CH,). 22.47 (CH,), 23.93 (CH(CH,),), 23.95 (CH(CH,),), 24.08 ( 2 C ,  
CH(CH,),), 24.68 ( 2 C ,  CH(CH,),), 21.93 (OCCH,; zJ(117"19Sn,C) = 

13.7 Hz), 26.56 (CH,CSn; 2J(117"'9Sn,C) =74.0 Hr), 31.33 ( 2 C ,  M e , ( ' H ) ,  
33.42 (CH; J("""Sn,C) =19.1 Hz). 34.41 (Me,CH-Ar), 35.08 (CHCSn; 
2J(117'119Sn,C) =70.2 Hr). 35.27 (CH,; J(1'7!'19Sn,C) =7.0 Hz), 
37.53 (SnCH: IJ(i17'1''Sn,C) = 422.2 Hz, 444.0 Hz), 40.96 (CH,; 

. / ( I 1 '  "'Sn,C) = 22.9 Hz), 45.85 (CH; J("7'11'Sn,C) =14.5 Hz), 81.88 
(OCMe), 120.99 (2C, HC,,,,,,,. 124.01 ( 2 C ,  HC,,,,,), 125.21 (HCar,,,J. 127.84 
(2C .  HCdro,), 130.14 (C,,,,,), 145.06 ( 2 C ,  C,,,,,). 146.66 (C,,,,,), 150.18 
(Car,,,). 171.98 (C=O; 3J(i'7'""Sn,C) = 16.0 Hz); C,,H,,O,Sii (639.53): 
calcd C 67.70 H 8.83; found C 67.54, H 9.23. The crystal structure data for 
( - ) - 3  arc collcctcd in Table 1.  

Stannane (+)-4: R,  = 0.57 (petroleum cthcrldiethyl cthcr 20: I); 
[a];" = + 9.0 (C = I . ~ o  in acetone), d(>297% ( ' H N M R ) ;  I R  (Si). 
i ~ 1 6 9 8  em- '  (C=O);  ' H N M R  (400 MHz, CDC1,): 6 = -- 0.08 (s, 3H.  

Table 1 .  Crystal sti-ucture data for (-)-3 

formula C, ,H, ,Wn 
.vr 639.53 
T [  Cl 20(2) 
crystal si7e [mm] 
crystal system inonoclinic 
space group p2 I 
0 [Al 13.161 ( 2 )  

0.60 x 0.53 x 0.45 

h [A1 X.874( I )  
L' LA1 15.504(3) 
If I 1 91 44(1) 
v [A3] lSl0.2(5) 
Z 2 
Q ? , ! , ~ ~ ,  [gcm-3] 1.173 

i [A] 0.7106Y 
scan mode m-scan 

reflections collected 3161 
independent reflections 
refinement method 
data, reFtrdintsiparameters 3037;l '355 
R 0.034 
n.R2 0.069 
residual electron density [eA '1 

radiation M o b  

OJ (max) [.'I 24 

3040 [R,,,,, = 0.0146l 
full-matrix least-squares o n  fiz 

0.3551 - 0.289 

Sn(CM,),; ZJ(117r11ySn,H) = 42.8 Hz, 44.8 H7). 0.07 (s. 3H.  Sn(CH,)>: 
2J(117'L'9Sn,H) = 43.8 Hz. 45.8 Hz), 0.67 (d. ".I(H,H) = 6 4 H/. 3H. nien- 
thyl-CfI,), 0.74 (d, 'J(H,H) = 6.9 Hz, 3H.  nienthyl-CII,,). 0.83 (d. 
'J(H,H) = 5.9 Hz. 3H, menthyl-CH,), 0.93 (m. 3 H ,  menthyl-H). 1.16 (in. 

4H,  mcnthyl-H), 1.26, 1.28 and 1.34 (3 x d ,  ,./(H.H) = 6.9 Hz, IXH. 
CH(CH,),), 1.60 (in, 2H,  menthyl-H), 1.71 (m. 1 H. inenthyl-H), 2.01 (s, 3 H. 

( Sn,H) = 43.3 Hz). 2.90 (sept. 'J(H.H) = 6.9 Hz, 1 H. 
CH(CH,),),3.08(sept,J= 6.9Hz,2H,CH(CH3),).7.04(s.2H,H3and H 5  
o f A r C O ) , 7 . 1 2 ( m , 2 H , H ~ , ~ ~ , ) . 7 . 2 0 ( m , 2 H . H ~ , ~ ~ , ) . 7 . 2 9 ( m . l H , H , ~ ~ , ~ ~ ~ ) : ' ~ C  
NMR (100.6 MH7, CDCI,): 6 = - 8.03 (Sn(CH,),: 1 J ( " 7  ""Sn.C) = 

286.8 Hz, 300.6 Hz), -7.45 (Sn(CH,)2; 'J(" '  ""Sn.C) = 261.0 Hz. 
273.1 H/),  15.94 (CH,), 21 3 7  (CH,). 22.60 (CH,3). 23.92 (CH(CH,,),), 23 94 
(CWCH,),), 24.05 (2C, CH(CH,),). 24.69 (2C .  CH(CII,),). 24.97 
(OCCH,; 2J(L17'119Sn.C) =10.7 Hz). 26.69 (C'H,CSn: ' J ( ' "  ""Sn,C) = 

74.0 Hz), 31.38 (2C.  Me,CHAr), 33.06 (CH: J ( ' "  "'Sn.C') = 17.5 k). 
34.40 (Me,CH-Ar), 35 16 (CHCSn, 2J(1i7,1i'Sn.C) =71.7 Hz), 35.32 
(CH,; J(117'11qSn.C) =7.0 H7). 37.17 (SnCH: ' J (""" 'Sn.C) = 405.0 Hz. 
428.0 Hz), 41.11 (CH,; J('"''Sn.C) = 22.1 H7), 45.48 (CtI; 
J("7'"9Sn,C) =15.3 Hz). 81.92 (MeCO). 120.99 (2C,  HC,%,,,,), 123 96 (2C.  
HC,,,,; J('" '"Sn,C) = 14.5 Hz), 125.19 (HCArc,m: J(ll':llySt~,C) = 

9.9 Hz), 127.80 (2C ,  HC,,,,;J(1'7''''Sn.C) =7.6 Hz). 130.12 (C,sct,m). 145.01 
(2C .  C,,,,,). 146.43 (C,,,,,). 150.18 (C,,r ,,," ), 172.04 (C=O: 3J(1"'1"Sn,C') = 

16.8 Hz). 

OCCH,; 3 J  1 1 7 ' 1 1 Y  

Lithio-destannylation of (-)-3 and (+)-4 fnllnwcd hy addition of MeOl): 
A solution of nBuLi in hcxanc ( 1 . 6 ~ .  3.75 mL, 6 niinol) w x  ;rdded dropwisc 
t o  a solution of(-)-3 (0.242 g, 0.38 mmol), arid TMEDA (0.9 inL.  0 mmoi) 
in dry hexane ( 5  mL) at -78 'C under argon. After 30 min MeOD (0.5 m L )  
was added. The reaction mixture was conccntratcd 111 vacuo and CHLC12 and 
2~ HCI were added to the residue. The organic layer w 
aqueous layer was extracted with CH2CI,. The combined organic phascs 
were washed with a saturated solution of NaHCO,. then dricd (MgSO,) and 
concentrated on a rotary evaporator. Flash chromatography of the residue 
(petroleum etherldiethyl ether 20: 1 )  afforded the starting stann;une ( - )-3 
(0.09 g, 37%; R ,  = 0.67) and deutero-(S)-( -)-2 10.14g (26%);  <'c> = X ? % ;  
R ,  = 0.38; b]:" = -15.9 (c =1.72 in acetone)!. 
Similarly. stannane ( + )-4 (0.256 g, 0.40 mmol) wiis mdnsl'oi-mcd t o  dcutcro- 
( R ) - ( + ) - 2  i0.141 g (34%): ce = 7 3 % ;  [a]? = + 14.4 (c = 2.41 in acetone);. 
Some stannane (+)-4 (0.102 g. 40%) was I-ecovei-ed. 
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