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Abstract 

Chiral tin(W) derivatives with two or three chiral centers adjacent to the metal ( - )-Ment, SnMe, , ( - )-Ment, SnPh,, ( - )-Ment,SnCl, 
( - I-Ment ,SnW; ( - )-Ment ( lR,2S,5R)m 1 -chloro-5-methyl-2-isopropylcyclohexane, R 2Sn[CH(MeXn-Wex)], (R = Bu or Ph) have been 
prepared either by the coupling of menthylmagnesium chloride w?h tin halides or by the reaction of lithium stannates with optically 
active (2.octyl)tosylate. The stereospecificity of both processes was remarkab!y high, leading to new optically pure organotin reagents 
which have been fully chnmcterized. 

Kqwords: Tin; (3ptically active organotin compounds; Heterogeneous bimetallic catalysis; Lithium stannate 

tin compounds are valuable and versatile 
maditkittiatIs of 

bon bond formations 

-C,H9)4 on metallic Rh. These 
new catalytic materials, in which a metallic surface is 
partially covered by an organotin fragment, exhibit much 
higher activities and selectivities than conventionally 
prepared rhodium catalysts [3]. For example, a rhodium 
surface modified by organotin fragments becomes fully 
selective for the reduction of the carbonyl function of 
a&unsaturated aldehydes [3]. In principle, by chang- 
ing the steric and electronic properties of the grafted 
organometallic fragments, it may be possible to influ- 
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ence and control the chemo-, and stcresselcctiv- 
ity of any catalytic reaction cat ed by metallic sur- 
faces. 

In order to achieve the objective of enuntioselective 
ous catalysis, it is neces to develop uc- 
cnerul family of chiral or tin compounds, 

Several routes are available to synthesi 
compounds in which one chiral carbon is di 
to the metal or remote from it. Hydras 
menthylcrotonate followed by uction steps affords 
optically active (Zbutenyl)trio otin compounds [4]. 
Resolution of prochiral ethers asymmetric reduction 
of acyltriorganotins followed by etherificatiou leads to 
optically active cw-metallated ethers able to undergo 
stereospecific transmetallations or condensations with 
very high enantiomeric excess [S-8]. The couplin 
an alkali metal triorganostannate with optically active 
2-octyl or 2-butyl tosylate, bromide or chloride affo 
2-octyl or 2-butyltriorganotin compounds with vary 
degrees of optical purity [9]. The use of an optically 
stable Grignard reagent, menthylmagnesium chloride 
[lo], may lead to organotin compounds with several 
chiral groups linked to the tin [I I]. This publication 
reports this synthetic access to ( - )-Ment&&+ with 
R = CH,, C&I, and (-)-Ment,SnX with X = cl, !=I. 
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However, m get chiral centers as close as possible to the 
metal, this method is limited to menthyl-type sub- 
sfituents [12]. To solve this problem, we also present 
here the results of an alternative method leading to the 
introduction of two secondary chiral groups on the tin 
[13]. 

2. Results 

In the remainder of this paper we shall designate as 
R" the chiral group (-)-menthyl .  The corresponding 
Grignard reagent R" MgCi reacts stereospecifically with 
SnCl2Me 2 and SnCl2Ph 2 to give di(-)-menthyldi- 
methyltin 1 and di(-)-menthyldiphenyltin 2 respec- 
tively, which can be isolated as a colorless liquid in 
good yield (Eq. (I)). No di( +)-neomenthyldimethyltin 
or di( + )-neomenthyldiphenyltin are formed during this 
synthesis, which indicates that no inversion at the asym- 
metric menthyl C I atom takes place during the elemen- 
tary step of C-Sn bond formation. 

SnCI2R 2 + R" MgCI ~ R2SnR 2 ( I )  

R" ~ ( - )-menthylchloride, R "- Me 1, Ph 2 
The addition of (-)-menthyimagnesium chloride in 

THF to a solution of tin tetrachloride in benzene, fol- 
lowed by acidic (HCl) hydrolysis, gave t r i ( - ) -  
menthyltin chloride 3. This compound crystallizes in 
excellent yield from the ethanol solution as white crys- 
tals, 

= M~CI~ 
R" MgCI + $nCI4 ~ - - ~ -  R~SnCI + MgCI~ (2) 

3 

Toe corresponding tri(-)-menthyltin hydride 4 is 
obtained by reduction with lithium aluminium hydride. 

R.~SnCI ~ R ~SnH (3) 
4 

Optically active dibutyl- and diphenyldi(2-c, ctyl)tin 
were obtained via the one pot stepwise metallation-al- 
kylation process between dibutyl- and diphenyltin hy- 
chides, two equivalents of lithium diisop~pylamide and 
two equivalents of 2-oetyl tosylate. The reaction pro- 
¢eeded first through the formation of a hydrodiorganos- 
tarmyllithium which was alkylated with one equivalent 
of tosylate. The resulting (2-oetyl)diorganotin hydride 
was then lithiated with the second equivalent of lithium 
diisopropylamide and alkylated with the remaining 
equivalent of tosylate, With ( - ) - (R)-2-octy l  tosylate 
(ee ,~ 96%) and dibutyltindihydride, ( + )-(S,S)-di(2-oc- 
tylklibutyltin (ee ~ 96%) was recovered in 47% yield, 

R:SnH~ 2'PrN~LL--~ R,Sn[CH(Me)(n-Hex)] ~ 
2MeCH(OTs~He~t" " 

(4) 

R = Bu, yield 47%, [ a ] ~  17.1 °, ee > 96%R = Ph, yield 
47%, [ a ]~s _ 30.2 o, ee > 96% 

3. Discussion 

The spectroscopic data, including ~3C, ~H, ~gsn 
NMR and infrared, of compounds 1-4 are summarized 
in Tables 1, 2 and 3. 

The assignment of the 10 resonances of the menthyl 
ligand(s) is based on the analysis of multiplicity by 
means of DEPT experiments and by comparison with 
the chemical shifts of (-)menthyltrimethyltin already 
fully characterized by Schuman and coworkers [1 !]. 
The analysis of the 13C{IH} NMR spectra of these 
compounds reveals in fact a retention of the configura- 
tion of tile C, atom of the (-)menthylmagnesium 
chloride during the alkylation process, As already re- 
ported [I !], there is a strong stereospecificity of the 
Grignard reaction during the formation of the bond 
between the menthyl ligand and the tin. 

Table I 
* ~ C { t H } ,  IH and 119Sn NMR data of compounds 1-4 

Ce IC~ % 
"C b 

,iCh 
C I ~C, 
I~C I 2 3 4 4 6 
"(Js.~c} (Meo)2SIIMe~ (Men)~SnPh2 (Men)~SnCI (Men)~SnH 

a 41,7 42.65 43.7 34,4 
i j  {371.2/355] (355) (329) (339) 
b 47.0 46.9 46.7 47.7 
2j (!.~.8) (13.6) (I I) (16) 
c 26.7 26.87 27.4 27.2 
• ~./ {57. ;} (30.0) (67) (53) 
d 33.9 35.2 35.3 36.0 
e 35.3 35 6 35.6 37.8 

(65) (60.5) 
f 35.9 37.6 40.9 43.8 
2j (17.6) (17.6) (16.8) 
g 22.9 22.4 22.8 23 
h 33.5 34 35.3 33.8 

(18.3) (18) 
i 22.3 21.7 22.3 22 
j 16.1 15.7 17 16.3 
Me - i i.5 i 28.2; 137.5 
ij 267.5/255.5 

a 6s n - 16.2 93.6 - 102.9 
6sn - u 5.23 

8. chemical shifts in ppm; 
b Js,-c. I'~C- l lT/aZ9Sn coupling constants in Hz. 
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Geometrical information can be obtained from the 
~J(t3C-tl't/tl9Sn) and 3j(13C-lt 't/ |tgSn) values. The 
coupling constants 3J(~3C-t~7/llgSn) of the menthyl 
carbon in 3' position to tin C c, C h, C~ have the same 
magnitude as those reported by Schuman and coworkers 
[11]. From the Karplus-type relationship existing be- 
tween 3J(t3C-Sn) and the dihedral angle of the cou- 
pling nuclei [14], it could be deduced that the Me2Sn 
group is in equatorial position, as shown in Fig. 1. 

The values of the coupling constants ~J(~3C 117/ii9Sn) 
have been related to the C - S n - C  bond angle by Eq. (5) 
established for the dimethyltin(IV) compounds [15]: 

tJ(13C-Sn) = 10.50-- 810 (5) 

The calculated angles, using Eq. (5), for an Me 2 SnR 2 
series are listed in Table 2 and seem reasonable: cyclo- 
hexyl and ( - )menthy l  groups have a similar steric 
requirement and give the same values for 0. 

The physical properties of the organotin hydride 4 
are listed in Tables 1-3. The Sn-H bond shows a 
strong and sharp infrared absorption corresponding to a 
v(Sn-H) vibration at 1786 cm -I .  

As shown in Table 3, the substitution of a methyl 
group on the tin atom by a bulkier alkyi group [~Pr, e Bu, 
( - ) -Men t ]  leads to a shift to lower frequency of the 
Sn-H vibration [I I]. The value of the frequency of the 
Sn-H vibration is sensitive to the steric hindrance in the 
coordination sphere of the tin atom. These remarks lead 
to the conclusion that cyciohexyl and ( - )menthy l  
groups have a similar steric requirement. 

In a previous work we showed that treatment of 
diorganotin dihydrides by lithium diisopropylamide and 

alkylating agents such as primary halides, aldehydes or 
epoxides gave the expected dialkylated diorganotins via 
stepwise metallation-alkylations [13]. To extend this 
method to enantioselective synthesis of tetraorganotins 
with two chiral carbons linked to the metal, the reaction 
of d~utr~,x,odn hydrides, lithium diisopropylamide and 
chiral secondary halides was studied. Despite good re- 
suits when lithium trimethyl- or tfiphenylstannate was 
opposed to secondary organic chlorides or bromides [9], 
extensive decomposition of lithium dibutylstannate was 
only observed with 2-chloro- and 2-bromo-octane. It led 
to tetrabutyltin, cyclo(polydibutyltins) and only very 
little of the expected product. However, when 2-octyl 
tosylate was used, the expected product, di(2-octyl)di- 
butyltin, was satisfactorily recovered in a 47% yield, 
which showed that dialkylation was possible with tosy- 
lates. Futhermore, with (-)-(R)-2-octyl tosylate [17], 
prepared from (-)-(R)-2-octanol (ee 96%) [18], di(2- 
octyl)dibutyltin 5 showed an optical rotation of + 17.1 °. 
The configuration and optical purity of 5 were estab- 
lished by ngsn NMR spectroscopy. This sensitive tech- 
nique allowed the identification of the three diastere- 
omers of tetra(2-butyl)tin [19] and showed that the 
spectrum of a mixture of di(2-octyl)dibutylstapnanes, 
prepared from racemic chloro(2-octyl)magnesium and 
dichlorodibutylstannane, consisted of two peaks of equal 
intensity at - 18 .0  and - 1 8 . 4  p~m attributed to the 
expected diastereomers [20]. The ' ~Sn NMR spectrum 
of (+)-di(2-octyi)dibutyltin showed only one signal at 
18.2 ppm (Table 4), indicating that only one diastere- 
omer was formed during the reaction. As the product 

Table 3 

Values of v(Sn-H) vibrations of related tin-hytL :te derivatives 

(-)oMentSnMe214 v(Sn-H)- 1798 Rcf. [I I] 
( ~ ).MentS#PrMeH u(Sn-H) - 1786 Rd'. [I I] 
(-)oMentSntBuMeH v(Sn-H)- 1722 Ref. [l I] 
( - )-Ment3Sntl v(Sn=H) - 1786 This work 
Chex ~SnH v(Sn-H)- 1782 Ref. [16] Fig. !. Di(-)menthyldimethyltin i. 

Table 2 
Calculated dimeth),ltin angle O = C-Sn-C deduced from Eq. (4) and using the values of t'~C NMR chemical shift and coupling constants in 
Me 2 SnR 2 and ( - )-menthyISn derivatives 

Compound 8 I j  ll,~Sn - ttTsn-Me ~ i j  k~s, ° I "s , -c ,  Calc.@ ' 

Me4Sn 9.1 340/321 - - 109 ° 
Me 2 SnBu 2 - I 1.5 300/287 10.2 350/330 106 ° 
Me 2 SnNp2 - 6.6 297/284 32.0 346/331 105 ° 
Me 2 SnChex 2 - 14.0 272/262 25.5 37 i/354 ! 03 ° 
Me 2 Sn t Be z - ! 4.4 250/239 24.8 388/377 101 ° 
Me2 Sn( - )-Ment 2 - I I. ! 267/255 30.3 371/355 103 ° 
Me3Sn( - )-Ment - 10.5 301/287 31.6 412/394 106 ° 
Me 2 HSn( - )-Ment - 12.6 300/314 32.2 424 107 ° 

- 12.8 300/314 
Me2t BuSn(- )-Ment - ! '.7 248/301 33.6 345/361 105 ° 

- ! 2.2 288/301 
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Table 4 
i~C{IH} and 'ZOSn NMR data of compounds $ and 6 

I~C{IH} and 'lgsn NMR 

a, t j  

b. zj 
C. 2j 
d. 3j 
¢ 

a'. Ij 

b'. 2j 
C'. 3j 
a 8S" 

a 8, chemical shifts in ppm; 
t, (Jsno¢}; ~C-~tOSn coupling constants in '-~..:. 

b 

$ 

5 

8 ~, {2s.-c} ~' 
20.2 {322} 
18.9 {15} 
36.4 {13} 
29.7 {38} 
14.1 
22.7 
29.4 
31.9 

7.9 {290} 
29.4 
27.7 {52} 
13.6 

- 18.2 

b 

d ' ~ S n "  ~ v v 

6 

8 ~. Us.-c} b 
22.5 {382} 
19.1 {17} 
36.2 {17} 
30,1 {38} 
14,2 
22.8 
29.8 
31.9 

137.5 {29} 
128,3 {41} 
140,4 

- 77.8 

had a high optical activity, unlikely to be due to an 
impurity, it could not be the inactive (R,S)-di- 
astereomer. Thus, as lithium stann~,tes are known to 
react with tosylates with inversion of the configuration 
at carbon, the (S,S) configuration was attributed to the 
isolated stereomer. The s~;ereoselectivity of the coupling 
was very high, better th~n 96%. 

As phenyl groups con be cleaved and replaced by 
other functionalities, it was of interest to demonstrate 
the validity of our me~hod with diphenyl compounds. 
Indeed, it worked quite well as, with (+)°(S)o2oOCtyl 
tosylate (ee 80%), diphenyltin dihydride gave a dialky° 
lation product in 57% yield with an optical rotation of 
~.30,2". The enantiomeric excess was determined as 
above by JlgSn NMR where two peaks at -77 .8  and 
~-78.1 ppm in ~ 86/14 ratio were respectively at- 
tributed to (-)-(R,R)- and ( +).(S,S)-di(2-octyl)diphen- 
yltin 6 and to (R,S)-di(2-octyl)diphenyltin (Table 4). As 
for a total stereoselectivity with a tosylate of ee ~ 80%, 
the expected value for the ratio of optically active 
versus optically inactive isomers was 82/18; the reac- 
tion occurred with a very high selectivity, The slightly 
better experimental ratio (86/14) than the theoretical 
one might indicate some asymmetric induction in the 
second alkylating step, as the intermediate tin hydride 
was linked to a chiral 2-octyl gtx~up, However, the 
theoretical value being within experimental error (4%) 
this hypothesis seems unlikely, 

Pure nucleophilic substitution (SN~), metal-halogen 
exchange, f ~  radical and electron-transfer mechanisms 
can be involved in the coupling of the alkali metal 

organostannates with halides or tosylates, depending on 
the reaction conditions (solvent, temperature, order of 
addition of reagents) and the nature of the reagents 
(leaving group, substituents of the metal, counterion, 
presence of additives) [9]. However, only pule nucle- 
ophilic substitution leads to enantiomerically pure prod- 
ucts. In the present study it has [men shown that two 
stepwise deprotonations of diorganotin dihydrides with 
LDA was compatible with very high enantioselectivity, 
which is indicative of a pure SN~ reaction. Furthermore, 
the presence of butyl groups on the tin, favoring racem, 
izing electron-transfer or metal-halogen exchange 
mechanisms [21], proved not to be unfavorable to an 
inversion mechanism, despite earlier findings showing 
that sodium triphenylstannate is more selective than 
sodium trimethyistannate [9]. 

Results concerning applications of these compounds 
in heterogenous enantioselective catalysis will be re- 
ported in due course [22]. 

4, Experimental 

All reactions were carried out under a nitrogen atmo- 
sphere. THF was distilled from benzophenoneketyl prior 
use, Diisopropylamine was distilled on KOH. Dibutyl- 
stannane, diphenylstannane [23], (-)-(R)-,  (+)-(S)-2- 
octanols [18], (-)-(R)-,  ( +)-(S)-2-octyi tosylates [17] 
were prepared according to known procedures. Optical 
rotations of ( - )-(R)-, ( +)-(S)-2-octanols were [ ~x lies 
-9,5" and [ cr ]~s + 7.9 ° respectively. IH NMR and 13C 
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NMR spectra were recorded on a Brucker AC-250 
spectrometer (solvent CDCI 3, internal reference Me4Si) 
and l lgsn NMR spectra were recorded on a Brucker 
AC-200 spectrometer (solvent C6D 6, internal reference 
Me4Sn). Optical rotations were measured on a Perkin- 
Elmer 241 polarimeter using a 1 dm cell. 

4.1. D i ( -  )menthyldbnethyitin 1 

A solution of 3.14 =,, (14 mmol) of dimethyltin 
dichloride m 16 ml of dried THF was added dropwise 
over a period of 1 h at 0 °C to a vigorously stirred 
solution of a Grignard reagent prepared from 10 =o (57 
mmol) of (-)menthylchloride and 1.52 g (62 mmoi) of 
magnesium in 25 ml of THF. After stirring for 48 h at 
room temperature under argon, the solution was treated 
dropwise with 10 ml of water at 0 °C., stirred for ,a 
further 30 min at room temperature and dried over 
anhydrous magnesium sulfate. Removal of the solvents 
in vacuo and fractionated distillation (90 °C/40 mbar) 
yielded 1 (2.95 ~,,o 48.2%) as a colorless liquid. Anal. 
Found: C, 61.6; H, 10.2; Sn, 27.8. Calc.: C, 61.9: H, 
10.3; Sn, 27.8%. [ot]o ' ° =  -33.11 °, benzene. MS (70 
eV, 250 °C) re~z: 427(M) + ", 412(M-CH a) +, 288(M- 
CioHig) +. 274(M-CtIHz,) +, 150(C?H~,-Sn) +, 

)~ 55(C4H ) + 139(CioHl,~) +. 83(C6HII . 7 . 

4.2. Di( - )-menthyMiphenyltin 2 

In analogy to the synthesis of 1, diphenyltin dichlo- 
ride (7.79 g, 23 mmol) was reacted with menthyiMgCI 
( 1 !.3 g, 57 mmol) in 20 ml of THF. After stirring for 48 
h at room temperature under argon, the solution was 
treated dropwise with 50 ml of water at 0 °C, and stirred 
for a further 30 rain at room temperature. After addition 
of ether (130 ml). the organic layer wa,~ decanted, 
washed with water, then dried with anhydrous MgSO~. 
Removal of the solvents in vacuo and distillation in a 
Buchi GKR 51 micro-oven at 150- ! 80 °C under 1 0  2 
mmioig yielded 2 as a colorless oil; yield 3.20 g, 49%. 
Anal. Found: C, 66.6; H, 8.4; Sn, 21.78. Calc.: C, 69.2; 
H, 9.4; Sn, 21.4%. [a]D z°-- -30.45 °, benzene. 

solid (T= 131.2-131,6 °C). Anal. Found: C, 63.5; H, 
10.5; Sn, 21.78. Calc.: C, 62.9; H, 9.97; Sn, 20.8%. MS 
(70 ev, 250 °C) re~z: 571(M) +, 539(M-C!) +. 434(M- 
CioHig) +, 276(S,CIoHI9C1) +, 260(SnCIoHIg) +, 
139(CIoHI9) +, 138(CIoHl~) +, 135(CHaSn) +, 
120(Sn) +, 97(C7HI3) ~, 95(C7Hll) ÷. 83(C6Hll) +, 
81(C6H9) +. 69(C5H9 )+, 67(C5H7) +, 57(C4H9 )+, 
55(C4H7 )4-, 41(C3H5) ÷. [O~]D 20= -80.9 ° ( c =  1.25 
in C6H6).  

4.4. Tri( - )menthyltin hydride 4 

A similar experimental procedure to the preparation 
of ( - )menthyldimethylstannane [ 11] was used with 1.94 
g (3.39 mmol) 3 in ether and 341 g (3.41 mmol) 
LiAIH 4 reacting to form 4. Distillation in a Buchi GKR 
5 ! micro-oven at ! 50-180 °C under 10--' mmitg en- 
abled 4 to be isolated as a colorless liquid: yield 1.17 g 
(64%). Anal. Found: C, 67.8; H, 9.67. Calc.: C, 67: H, 
10.8; Sn, 22.2%. [a]D ' ° =  -95.5(C.!.05 in C6D6 )°. 
MS (70 eV, 250 °C) m / z :  538(M) +, 399(M-C,oH,9) +, 
259(SnCIoHig)+ ,  138(CIoHi8) +, 120(Sn) ÷, 
95(CTHtl) +. 81(C6H9), 67(C5H7 )+, 55(C4H7) +, 
43(C3H7 )+. 

4.5. ( + )-(S,S)-di(2-octyl)dibutyltin 5 

4.7 g (20 p, mol) of dibutylstannane was slowly 
added to a THF (10 ml)/hexane (16 ml) solution of 
lithium diisopropylamide (42 mmol) at - 5 0  °C. After 
30 min at this temperature, the solution was golden 
yellow. Then, 11.9 g (42 mmol) of ( -  )-(R)-2ooctyl 
tosylate, prepared fl'om (-)-(R)-2-octanol (ee 96%), 
was added, and the mixture was allowed to reach 0 °C. 
After hydrolysis and the usual work-up, the tetraorgan- 
otin was recovered in 47% yield a~ an oil after chroo 
matography on silica gel (eluant petroleum ether). Anao 
lyrically pure samples were obtained by reversed phase 
HPLC (Cl~, 20m, eluant MeOH/iPtQH 80/20). [a]D TM 

17.1 °, benzene. High resolution MS re~z: 403.2371 
(M-But, calc.: 403.239. 

4.6. (-.)-(R,R).di(2.octyl)diphenyltin 6 

4.3. Tr i ( -  )menthyltin chloride 3 

A similar experimental procedure to that for the 
preparation of hexa(- )menthylditin [! I] was followed 
with 1.74 g (6.7 mmol) of SnCI4 and menthylmagne- 
sium chloride from 10 g (57 mmoi)  of 
( - )menthylchloride and 1.66 g (68.7 mmol) of Mg. But 
a large excess of HCi was added (ca. 1.4 mi of a 30% 
solution). After addition of ether the organic layer was 
decanted, washed with water, then dried with anhydrous 
magnesium sulfate. The solvent was removed and the 
crude product recrystallized fi'om ethanol, yielding 2 g 
of tri(-)menthyltin chloride 3 as a white crystalline 

5.5 g (20 /.tmol) of diphenylstannane was slowly 
added to a THF (10 ml)/hexane (20 ml) solution of 
lithium diisopropylamide (42 mrnol) at - 5 0  °C. After 
30 rain at this temperature, the solution was golden 
yellow. Then, 12.5 g (44 rnmol) of (+)-(S)-2-octyl 
tosylate was added, and the mixture was allowed to 
reach 0 °C. After hydrolysis and the usual work-up, the 
tetraorganotin was recovered in 57% yield as an oil 
after chromatography on silica gel (eluant petroleum 
ether). Analytically pure samples of a mixture of ( - )- 
(R,R)-di(2-octyi)diphenyltin 6 (86%) and (R,S)-di(2-oc- 
tyl)diphenyltin (14%) were obtained by reversed phase 
HPLC (C Is, 20m, eluant MeOH/~ PiOtt 80/20). [ a ]O '~ 
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-30 .2  °, benzene. ~H NMR 8:8.85 (6H, t), 1.10-1.85 
(28H, m), 7.15 (61-I, m), 7.25 (4H, m). High resolution 
MS re~z: 423.2068 (M-Ph), calc.: 423.208. 
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