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gave rough cell dimensions. The diffraction symmetry was sup- 
ported by examination of the axial photographs. Least squares 
refinement using 15 reflections yielded the cell dimensions given 
in Table I. 

Data were collected in one quadrant of reciprocal space 
(+h,+k,+l) using measurement parameters listed in Table I. 
Systematic absences for hkl (h + k + 1 # 2n) and h01 (h, 1 # 2n) 
were consistant with space groups I2/a and la. The average values 
of the normalized structure factors suggested the centric choice 
I2/0, which was confirmed by successful refinement of the pro- 
posed model.% The measured intensities were reduced to 
structure factor amplitudes and their estimated standard devi- 
ations by correction for background, scan speed, and Lorentz and 
polarization effecta. Crystal decay corrections were applied with 
no significant change. Absorption corrections were not applied. 
Seven questionable reflections were deleted; five flooded the 
counter, and two were poorly centered. Systematically absent 
reflections were deleted, and symmetry equivalent reflections were 
averaged to yield the set of unique data. Only those data with 
Z > 2.58u(O were used in the least squares refinement. 

The structure was solved using direct methods (SHELXS-86) 
and unweighted difference Fourier methods. The positions of 
the oxygen, lithium, and 18 of the carbon atoms were deduced 
from an E map. Subsequent difference Fourier calculations 
revealed the positions of the disordered ethyl carbon atoms. The 
relative site occupancy factor for the disordered ethyl carbon atoms 
was 0.588 (6) for the 'A" sites. The quantity minimized by the 

(36) The convintionaI reduced cell vectors for this I-centered unit c e ~  
are (I = 11.723 A, b = 11.732 A, c = 12.967 A, a = 114.36', @ = 114.34", 
y = 95.M0. Axial X-ray diffraction photographs of the data crystal 
confiied these reduced cell dimensions. This cell can be transformed 
into the F-centered pwudoorthorhombic cell a = 16.837 A, b = 17.301 A, 
c = 20.538 A; however, axial photographs of t h e  mea showed no mirror 
symmetry for a or b. 

least-squares program was Cw(F,I - FJ)*, where w = Z.&/(u(F~* + (pFd9. The analytical approximations to the scattering factore 
were used, and all structure factors were corrected for both the 
real and imaginary components of anomaloua diapersion. In the 
final cycle of least squares, a group isotropic thermal parameter 
was varied for the disordered carbon atoms, while all other 
non-hydrogen atoms were independently refhed with anisotropic 
thermal coefficients. A group isotropic thermal parameter was 
varied for the hydrogen atoms which were fixed in "idealized" 
positions with C-H = 0.95 A. Successful convergence was in- 
dicated by the maximum shiftlerror of 0.035 in the last cycle. 
Final refinement parameters are given in Table I. The final 
difference Fourier map had no significant features. There were 
no apparent systematic errors among the final observed and 
calculated structure factors. 
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Summy: The stereochemical study of the thermal de- 
composition of (2-(acyloxy)alkyi)triorganostannanes re- 
vealed an anti @-elimination of (acyioxy)triorgano- 
stannanes. The process is highly stereospecific and not 
pwtubd by the presence of a possible internal chelation 
favoring syn elimination. I t  corresponds to an open 
transition state. Kinetics of &elimination In cyclohexyl 
and norbornyi systems showed that the reaction is much 
more rapid with a 180' d M a i  angle between the metal 
and the ester group than with a 60' angle between the 
two. Stabilization of the partial posttlve charge developed 
during the transition state occurs mainly through hyper- 
conjugation effect. 

0216-1333/92/2311-3910$03.00/0 

The &elimination reaction,' which is often an undesir- 
able process because of the induced instability of hetero- 
substituted organometallic compounds, has been applied 
to the stereospecific preparation of functional olefine from 
@-hydroxylated triphenylstannanes.2 When treated by 
acids, these alcohols undergo an anti elimination, whereas 
their thermal decomposition leads to a syn elimination. 
Similar processes, based on acid- or base-induced elimi- 
nations, occur in organosilicon chemistry where their very 

~~~ ~~ 

(1) Davidson, P. J.; Lappert, M. F.; Pearce, R. Chem. Rev. 1976, 76, 
219. Kochi, J. Organometallic Mechanism and Catalysis; Academic 
Press: New York, 1978; p 249. 

(2) Kauffmann, T.; Kriegeamann, R.; Hamsen, A. Chem. Ber. 1982, 
115,1818. Kauffmann, T. Angew. Chem., Int. Ed. Engl. 1982,21,410. 
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high selectivity makes the Peterson reaction so useful in 
preparing either an (E)  or (2) isomer from the same pre- 

The thermal decomposition of bis(2-(acyloxy)alkyl)di- 
alkylstannanes has recently been shown to give dialkyltin 
dicarboxylata.4 These organotin compounds can thus be 
used as latent catalysts for silicon curing and polyurethane 
preparation. When heated, they liberate the active species 
in situ, and the mixtures where they have been incorpo- 
rated are rapidly cured or polymerized. 
A systematic study has been carried out by varying the 

substituents R and R’ and measuring the parameters of 
the thermal decomposition: 

Bu&3n(CH2CHROCOR’)2 - 
Bu2Sn(OCOR’)2 + 2H2C=CHR 

From these data the rate of the reaction was deduced to 
be a function of the easiness of cleavage of the &carbon- 
oxygen bond. AB is generally admitted for esters6 or B- 
silylated esterst the occurrence of a cyclic six-membered 
transition state was suggested for the thermolysis of (2- 
(acy1oxy)alkyl)trialkylatannanes. A stereochemical study 
of the thermal decomposition of (2-(acyloxy)alkyl)tri- 
organostannanes ie here reported. The stereochemistry 
of the reaction was first determined and then the rate of 
decomposition studied as a function of the Sn-C-C-0 
dihedral angle. 

Requisite threo- and erythro-(2-(acyloxy)alkyl)tri- 
organostannanes 3a-c and 4a-c were prepared by ester- 
ification of the corresponding alcohols la-c and 2a-c, 
obtained from the reaction of (triorganostanny1)lithiums 
with the corresponding oxirane~.’*~ The very high diast- 

A 

(3) Colvin, E. Silicon in Organic Synthesis; Butterworthe: London; 
1 W ,  p 142. Baeaindale, A. R.; Taylor, P. G. In The Chemistry of Organic 
Silicon Compounds; Patai, S., Rappoport, Z., Eds.; John Wiley: London, 
1989; p 893. For a recent review, me: Barrett, A. G. M.; Mill, J. M.; 
Wallace, E. M.; Flygore, J. A. Synlett 1991,764. 

(4) Jouseeaume, B.; Gouron, V.; Maillard, B.; Pereyre, M.; Franc&, 
J.-M. Organometalkcs 1990,9, 1330. Jouseeaume, B.; Gouron, V.; Per- 
eyre, M.; f iande ,  J.-M. Appl. Organomet. Chem. 1991,5,135. Franc&, 
J.-M.; Gown, V.; Joueeeaume, B.; Pereyre, M. Eur. Pat. 338947,343086, 
and 421895. 

(5) DePuy, C. H.; King, R. W. Chem. Rev. 1960,60,431. Taylor, R.; 
Smith, G. G.; Wetzel, W. H. J.  Am. Chem. SOC. 1962,84,4817. Smith, 
G. G.; Jones, D. k K.; Brown, D. F. J. Org. Chem. 1963,28,403. See also 
for an alternate mechanism: We&, D. H.; Allinger, N. L. J. Org. Chem. 
1977. 42. 698. -_. . , _-, - - -. 

(6) Eat”, C.; Mahmoud, F. M. S.; Taylor, R. J. Chem. SOC., Perkin 

(7) Mordini, A.; Taddei, M.; Seconi, G. Can. Chim. Ztal. 1986, 116, 
Tram. 2 1982,1313. 

239. 

Table I. Configuration of 2-Butenen Obtained in the 
Themolyd8 Of (2-(Acylory)but-3-yl)triorl.nort.nllPner 

~ 

compd R’ R* 2-butene 
threo-3a Bu Bu z 
erythro-4a B U  BU E 
threo-ib Me Me z 
erythro-4b Me Me E 
threo-30 Bu Ph z 
erythro-40 Bu Ph E 
threo-3d Bu I z 
erythro-4d Bu I E 

Scheme I1 

R:R%n 

Me ‘.h; 
thteo-3s-d 

Me 
erythro-4a-d 

ereoseledivity of the addition reaction led to alcohols la-c 
and 2a-c more than 97% pure (Scheme I). They were 
found to be stable enough to be distilled, whereas puri- 
fication by column chromatography on silica proved to be 
unsatisfactory with immediate decomposition. Id and 2d 
were respectively prepared by electrophilic cleavage of the 
phenyl group in IC and 2c by iodine (Table I). All alcohols 
were then esterified by acyl chlorides in the presence of 
pyridine. 

The stability of acetates 3a-d and 4a-d was too low at 
30 OC to carry out a full spectroscopic identification. AB 
the stability of (2-(acyloxy)ethyl)tributylstannanes is de- 
pendant4 on the nature of the substituent R’ (the longer 
and the more branched R’ is, the more stable the stan- 
nylated ester is), pivalates Sa-d and 6a-d were prepared. 
They were found stable enough at room temperature to 
be easily handled for short periods of time, and charac- 
terized. Then, acetates 3a-d and 4a4, pure or in solution 
in carbon tetrachloride, were subjected to thermal decom- 
position at 50 OC for a few hours, until complete disap- 
pearance of the starting material (Scheme II). Reactions 
were univocal, giving a quantitative yield of 2-butenes and 
triorganotin acetates (a mixture of diacetoxydibutyl- 
stannane, diiododibutylstannane and iodoacetoxydi- 
butylstannane with 3d and 4d). The same stereochemistry 
was recorded with the corresponding pivalates Sa and 6s. 
Results of the thermolysis are given in Table I. 

From this data, as the isomeric purity of the 2-alkenes 
was very high (>97% with l-butene < 1%) an SEI 
mechanism which would lead to a mixture of butenes was 
ruled out. threo- and erythro-(2-acetoxybut-3-y1) tri- 
organostannanes gave respectively (2)- and Q-2-butenes, 
therefore the thermolysis was an anti elimination, occur- 
ring through an open transition state, and not a syn elim- 
ination with a cyclic six-membered transition state. The 
nature of the residues linked to the tin atom i.e. methyl, 
butyl, or mixed butyl and phenyl, did not play a part in 
the elimination as identical isomeric purities were observed 
in all cases. 

In the thermal decomposition of bis(2-(acyloxy)alkyl)- 
diorganostannanes, the first step permitted neither isola- 
tion nor detection of (acyloxy) (2- (acyloxy) alkyl) dialkyl- 
stannane intermediates: which would have shown an in- 

(8) Davis, D. D.; Gray, C. F. J. Org. Chem. 1970, 35, 1303. 
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Table TI. l%-*leSn Coupling Constants 
comDd ' JF ,~ ,  (Hz) compd 'JP-P, (Hd 

Notes 

319 Bu3sn&P 319 

%c OH %c OcOtBu 
threo-la lhreo-Sa 

401 449 

Bu21Sn, 0 
thrco-ld 

lhreo-Sd 7ostBU 

tramolecular chelation of the tin by the oxygen of the 
carbonyl, giving a six-membered ring. Although such an 
internal complexation has never been firmly demonstrated 
by a crystal structure in a triorganostannane" with a 
carbonyl as ligand in 6 position, the presence of a carbonyl 
in 6 position has a strong effect on the reactivity of the 
corresponding stannane.12 Internal coordination has also 
been recently demonstrated in cases where a five-mem- 
bered ring can be formed intramolecularly with an ester 
as ligand.13 Evidence for such an intramolecular coor- 
dination in 3d and M comea from "gSn and '3c NMR data 
(ref 14 and 15, respectively). In llsSn NMR, for (2-acet- 
oxyethy1)dibutylacetxystannane or (2-acetoxyethy1)di- 
butylchlorostannane an upfield shift of -60 ppm was 
measured from tributylacetoxystannane or tributyl- 
chlorostannane values. An upfield shift of - 100 ppm has 
already been recorded in the case of an established coor- 
dination.13 Unfortunately, the high instability of 5d and 
6d prevented the recording of their "%n NMR spectrum. 
The 1J(13C-11sSn) value is a function of the tin coordina- 
tion. For a tetracoordinated tin atom it is lower than 390 
Hz, whereas for a pentacoordinated tin it is higher than 
450 Hz.lS For Sa and 6a, recorded values were the same 
as for la and 2a, 319 Hz, indicating no more coordination 
in an ester than in an alcohol. In the corresponding iodo 
compounds, this value is 401 Hz for Id and 2d and 449 Hz 
for 5d and 6d, indicating a higher coordination in the iodo 
ester (see Table 11). 

This probable internal chelation could have decreased 
or even reversed the selectivity observed for (2-(acyl- 
oxy)alkyl)triorganostannanes. In fact, when 3d was 
thermally decomposed, it gave (2))-2-butene, whereas 4d 
gave (E)-2-butene. Indeed an anti elimination was ob- 
served here, the stereochemical behavior of the reaction 
being the same as when a chelating group is not present 
in the molecule. 

Results of these eliminations are quite analogous to 
those reported for the solvolysis of 8-stannylated8 or 8- 
silylated or for the abstraction of a @-hydrogen 
by trityl cation in tetraorganostannanes.ls For these re- 
actions stereochemical studies demonstrate an antiperi- 
planar geometry of the metal and of the leaving group, in 

her instability of 3d and M with respect to 3a and 4a can 
be L!r&e%y the higher stabilizing'O effect of a positive charge on the 
tin by a heteroatom than by a butyl group. 

(10) March, J. Advanced Organic Chemistry; John Wiley Ed.: New 
York, 1986; p 146, and references cited therein. 

(11) Omae, 1. J. Organometal. Chem. Lib. 1986,18, 189. 
(12) Kuivila, H. G.; *on, J. E.; W i e l d ,  P. L.; Scarpa, N. M.; Topka, 

T. M.; Td, K. H.; Wursthorn, K. R. J. Organometal. Chem. 1975,86, 
89. 

(13) Jousseaume, B.; Villeneuve, P. J. Chem. SOC., Chem. Commun. 
1987,517. Jousseaume, B.; Villeneuve, P.; Draeger, M.; Chezeau, J. M. 
J. Organometal. Chem. 1988,349, C1. Kolb, U.; Draeger, M.; Jouseeaume, 
B. Organometallics 1991,10, 2737. 

(14) Wrackmeyer, B. Annu. Rept. NMR Spectrosc. 1986, 16,73. 
(15) Mitchell, T. N. J. Organometal. Chem. 1973,59,189. 
(16) Hanstein, W.; Berwin, H. J.; Traylor, T. G. J. Am. Chem. SOC. 

1970,92,829. Hannon, 5. J.; Traylor, T. G. J. Org. Chem. 1981,46,3645. 
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the transition state. However, our thermolyses were con- 
ducted in a neutral medium when more polar conditions 
were used for the solvolysis of B-metalated a l c o h ~ l s ~ . ~  or 
for the abstraction of a Thus, in our ex- 
periments, even if development of charge is reasonably 
postulated as being lower than in polar media, the stabi- 
lizing effect and its geometrical requirement are still very 
high. This remarkable stereochemistry has been explained 
by the very strong metal-stabilizing effect of a positive 
charge developed on a 8-carbon, at a maximum for an 
antiperiplanar geometry and at a minimum for an or- 
thogonal conf~rmation.~~ To get a deeper insight into the 
mechanism of charge stabilization, a kinetic study of 
thermolysis of esters with rigid frameworks was under- 
taken. 

cis- and trans-2-(tributylstannyl)cyclohexanols (7 and 
9, respectively) were prepared using procedures described 
for trimethyletannyl derivatives18 and esterified (Scheme 
111). 

Ring opening of exo-2,3-epoxynorbornane by (tri- 
butylstanny1)lithium gave endo-3-(tributylstannyl)-ex0-2- 
norbomeol (11) in good yield (Scheme IV). Its stereo- 
chemistry was confirmed by (1) the small V(HZ-H3) (4 Hz), 
indicating a trans  latio ti one hip,'^ (2) the large 3J(11%n-19c7) 
(51.1 Hz) characteristic of an endo position for the tin (not 
detected for an exo-tin), (3) the small 3J(11sSn-13C5) in 
endo-2-(tributylstannyl)norbomane (31.1-32.2 Hz) and in 

(17) For a comprehensive discussion on @-effect in organmilicon 
chemistry see: Lambert, J. B. Tetrahedron 1990,46, 2677. 

(18) Lambert, J. B.; Wang, G.-t. Tetrahedron Lett. 1988, 29, 2551. 
Lambert, J. B.; Wang, G.-t.; Teramura, D. H. J. Org. Chem. 1988,53, 
5422. 

(19) Marchand, A. P. Stereochemical Applicationu of NMR Studies 
in Rigid Bicyclic Systems; Verlag Chemie Int: Dearfleld Beech, FL, 1982; 
p 112. 
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t i ~ n . ~ ~  Involvement of a bridging intermediate seems 
possible. It has been deduced from calculations that in 
silicon or tin models a bridged transition state cannot be 
ruled out, as ita energy stabilization is equivalent to or 
greater than the energy of an opened transition state de- 
pending on the substituanta.26 

An experiment was thus carried out to detect such an 
intermediate. Analysis of recovered starting material in 
the thermolysis of (2-(acetoxy)ethyl)tributylstannane-2-d 
(15) after 80% decomposition did not reveal the presence 
of (2-(aceto~)ethyl)tributylstannane-l-d (16). This com- 
pound should be formed if the reaction involves a sym- 
metrical intermediate27 (Scheme VII). However, a nega- 
tive result is not conclusive as a low reversibility factor in 
the thermolysis can simply explain this result. 

In conclusion, thermal decomposition of (2-(acyloxy)- 
alky1)triorganostannanes was clearly shown to proceed via 
an anti elimination with open-chain alkyls, in contrast to 
what has been postulated for equivalent silicon derivatives 
or esters where a syn elimination is usually proposed. In 
cyclohexanyl models, when an angle of 1 8 0 O  can be formed 
between the carbon-tin bond and the carbon-oxygen bond, 
elimination was very fast. With an angle of 60°, the de- 
composition is considerably slower. 

In norbomenyl models, the elimination was faster with 
a dihedral angle of 120° than with Oo. Thus, in this case, 
either hyperconjugation is not the only mechanism of 
stabilization of an adjacent positive charge by a tin atom 
and a bridged intermediate contributes to the stabilization 
or hyperconjugative stabilization for a dihedral angle of 
Oo is overweight.% The possible assistance to the leaving 
group in 12 by a nonclassical carbocation delocalizationa 
could also falsify the results. 

Scheme VI 

H,C=CH, ,.ocoR)+ # + 
Bu,Sn 

Bu,SnOCOR 
+ 4 -  

OCOR 

exo-2-(tributylstannyl)norbornane (61.8 Hz),20 and (4) the 
very small 3J(11sSn-H4) (not detected) in endo-2-(tri- 
butylstanny1)norborane (2.4 Hz) and in exo-2-(tributyl- 
stanny1)norbomane (31.5 Hz). 

Addition of tributyltin hydride to 2-((trimethylsilyl)- 
oxy)-2-norbomene gave an adduct, easily hydrolyzed into 
the corresponding alcohol (Scheme V). Unexpectedly 
endo-3-(tributylstannyl)-endo-2-norborneol (13) was ob- 
tained, whereas exo-3-(tributylstannyl)-exo-2-((tri- 
methylsily1)oxy)d-norbonene has been isolated from 2- 
((trimethylsilyl)oxy)-2,5-n0rbomadiene,2~ and exo-a-(tri- 
methylstanny1)norbornane has been produced from nor- 
bornene.22 Configuration assignment was based on the 
large 3J(H2-H3) (10.3 Hz), indicating a cis relation~hip,'~ 
the large 3J(11gSn-13c7) (62.7 Hz), the small 3J(11sSn-13C6) 
(28.7 Hz)," and the very small 3J(11sSn-H4) (not detected). 
As already observed for the trifluoroacetate or the ace- 

tate,'s pivalate of truns-2-(tributylatannyl)cyclohexanol(9) 
could not be isolated even below 0 OC. The trans rela- 
tionship between tin and the acyloxyl group (possibility 
of 180° dihedral angle) provides a too efficient stabilization 
of the positive charge developed during the decomposition. 
cis-2-(Tributylstannyl)cyclohexyl pivalate (71, where the 
dihedral angle is about 60°, was found much more stable. 
Kinetic of the decomposition of 7 has been followed by 
NMR and gave a rate constant of 5.3 X 

Decomposition of endo-3-(tributylstannyl)-endo-2-nor- 
bornyl pivalate and endo-3-(tributylstannyl)-exo-2-nor- 
bomyl pivalate (12 and 14, respectively) were also followed 
by NMR. Rate constants were found to be 4.6 X lo4 8-l 
for the endo-endo isomer (dihedral angle, Oo) and 8.6 X 

8-l for the endo-exo isomer (dihedral angle, 120O). 
Surprisingly these values do not fit what could be expected 
for the stabilization of a carbocation center by hypercon- 
jugation. One could expect a rate constant being higher 
for the endo-endo isomer than for the endo-exo isomer, 
as the stabilization effect by an hyperconjugative model 
depends on the cosine squared of the dihedral angle of the 
Sn-C-C-OCOtBu fragment. A similar effect has been 
encountered for acid-catalyzed elimination in endo-3- 
(trimethylsilyl) endo-2-norbomeol and exo-3-(trimethyl- 
silyl)-endo-2-norborneol where the exo.endo isomer is more 
reactive than the endo-endo isomer.23 

To explain the @-effect of tin in the studied thermolysis, 
another stabilizing mechanism might thus be taken in 
account (Scheme VI). Calculations have shown that the 
inductive effect is not significant in systems" where the 
carbocation and the stabilizing group are located on sec- 
ondary carbons, and experimental results have indicated 
ita low participation for the stabilization of a 8-carboca- 

8-l. 

(20) Doddrell, D.; Burfitt, I.; Kitching, W.; Bullpitt, M.; Lee, C. H.; 
Mynott, R. J.; Coneidhe, J. L.; Kuivila, H. G.; h a ,  R. H. J. Am. Chem. 
Soc. 1974,96,1640. Kitching, W .  Org. Magn. Reson. 1982,20,123. Rahm, 
A; Grimeau, J.; PBtxaud, M.; Barbe, B. J. Organometal. Chem. 1985,286, 
297. 

(21) McGarvey, G. J.; Bajwa, J. S. J. Org. Chem. 1984,49,4091. We 
are indebted to Prof. McGarvey for the communication of the detailed 
experimental procedure for the preparation of exo-3-(tributylstannyl)- 
exo-24 (trimethyleiiyl)oxy)-5-norbomene. 

(22) Kennedy, J. D.; Kuivila, H. G.; Peczar, F. L.; Tien, R. Y.; Con- 
sidine, J. L.; J. Organometal. Chem. 1973,61, 167. 

(23) Lambert, J. B.; Cheliue, E. C. J. Am. Chem. SOC. 1990,112,8120. 
(24) Wiemhke, S. G.; Chandrasekhar, J.; Jorgensen, W. L. J. Am. 

Chem. SOC. 1986,107, 1496. Ibrahim, M. R.; Jorgensen, W. L. J. Am. 
Chem. SOC. 1989,111,819. 

Experimental Section 
All reactions were carried out under a nitrogen atmosphere. 

THF and diethyl ether were distilled from sodium benzophenone 
ketyl prior use. CHC1, was passed through a short basic alumina 
column before use. cis- and trans-epoxy-2,3-butane, l,2-epoxy- 
cyclohexane, and exo-2,3-epoxynorbomane were used as received. 
2-((Trimethylsilyl)osy)-2-n0rbornene,~ l-bromocy~lohexene,~~ 
trimethyltin tributyltin hydride, and dibutylphenyltin 
hydride3, were prepared following standard procedures. Diiso- 
propylamine was distilled on KOH before use. Acetyl chloride 
and pivaloyl chloride were distilled before use. lH NMR spectra 
were recorded on a Perkin-Elmer-Hitachi R 24A or a Bruker 
AC-250 spectrometer (solvent CDC13, internal reference Me4Si), 
13C NMR spectra were taken on a Bruker AC-250 spectrometer 
(solvent CDCl,, internal reference Me4%), I1%n NMR spectra were 
recorded on a Bruker AC-200 spectrometer (solvent CJ&, internal 
reference Me4Sn). 
(2-(Acyloxy)alkyl)triorganiorganostannanes. To a cooled solution 

(0 "C) of (triorganostannyl)lithium,34 prepared from the corre- 
sponding triorganostannane (20 mmol), diisopropylamine (22 
mmol, 2.2 g), and butyllithium (22 mmol) in THF (30 mL), was 
added a solution of epoxide (25 mmol) in 10 mL of THF. After 

(25) Lambert, J. B.; Wang, G.-t.; Finzal, R. B.; Teramura, D. H. J. Am. 

(26) Nguyen, K. A.; Gordon, M. S.; Wang, G.4.; Lambert, J. B. Or- 

(27) Cooke, M. A.; Eabom, C.; Walton, D. R. M. J. Organomet. Chem. 

Chem. SOC. 1987,109, 7838. 

ganometallws 1991, 10, 2798. 

1970,24, 301. 
(28) Inaki, S.; Iwase, K.; Mori, Y. Chem. Lett. 1986,417. 
(29) Winstein, S.; Morse, B. K.; Grunwald, E.; Jones, H. W.; Come, J.; 

Trifan, D.; Marshall, H. J.  Am. Chem. SOC. 1952,74,1127. For a recent 
review, see: Grob, C. Angew. Chem., Znt. Ed.  Engl. 1982,21,87. 

(30) Brownbridge, P. Synthesis 1983, 1. 
(31) Stevens, C. L.; Valicenti, J. A. J. Am. Chem. SOC. 1965,87,838. 
(32) Neumann, W. P.; Pedain, J. Tetrahedron Lett. 1964, 2461. 
(33) Hayashi, K.; Iycda, J.; S h i i a ,  J. J.  Organomet. Chem. 1967,10, 

(34) Still, W. C. J. Am. Chem. SOC. 1978,100, 1481. 
81. 



3914 Organometallics, Vol. 11, No. 11, 1992 Notes 

Scheme VI1 e BujSnOAc + HzC=CHD + BujSnCHDCH2OAc + BujSnCH2CHWAc 

BgSnCH2CHWAc 16 15 
\ Bu3SnOAc + HzC=CHD + BujSnCH2CHWAc 15 

15 

3 h at mom temperature, petroleum ether (50 mL) was added and 
the mixture washed three times with a saturated solution of 
NH4Cl. After drying and evaporation of solvents, the alcohol was 
isolated by distillation in a Kugelrohr apparatus and stored in 
a freezer. Centesimal analysis accuracy for alcohole: C f 0.50, 
H f 0.30. No satisfactory analysis could be obtained for pivalatm. 
Compound, bath temperature, yield la, 130 "C (lo-' mm), 50% 
['H NMR 6 0.8-1.9 (m, 35 H), 3.20 (be, 1 HI, 3.85 (qt, 1 H, 'JH-H 
= 6 Hz); l%n NMR 6 -15.91; 2a, 130 "C (lo-'"), 71% ['H NMR 
6 0.8-1.9 (m, 35 H), 3.0 (bs, 1 H), 3.87 (qt, 1 H, ' 5 H - H  = 6 Hz); 
W n  NMR 6 -15.21; lb, 55 O C  (0.4 mm), 52% ['H NMR 6 0.0 (8, 
9 H), 0.6 (m, 1 H), 1.05 (d, 3 H, 2 J ~ - ~  4 Hz), 1.15 (d, 3 H, 'JH-H 
= 5 Hz), 2.25 (be, 1 H), 3.8 (m, 1 H); '19Sn NMR 6 -1.61; 2b, 65 
"C (0.4 mm), 67% ['H NMR 6 0.0 (8, 9 H), 0.6 (m, 1 H), 1.05 (m, 
6 HI, 3.1 (bs, 1 HI, 3.82 (qt, 1 H, 2JH-~ = 6 Hz); "%n NMR 6 -0.41; 
IC, 150 "C (lW3 mm), 45% ['H NMR S 0.6-1.9 (m, 25 H), 2.7 (bs, 
1 H), 3.7 (qt, 1 H, 2 J ~ - ~  = 6 Hz), 7.2 (m, 5 H); %n NMR 6 -47.51; 
243, 150 'C (10-3 mm), 71% ['H NMR 6 0.6-1.9 (m, 25 H), 3.25 
(bs, 1 H), 3.8 (qt, 1 H, 2J~-H = 6 Hz), 7.2 (m, 5 H); ll9Sn NMR 
d -46.71; tram-9,140 OC (lo4 mm), 45% ['H NMR 6 0.9-2.1 (m, 
37 H), 4.0 (m, 1 H); "%n NMR 6 -21.21; 11, 165 "C (6 X lp mm), 

6 H3h ),1.49 (m, 6 Hz J, 0.94 (m, 1 Hg, 'JH-H = 11.5 Hz), 0.96 
(m, 1 &, 2 J ~ - ~  = 11.9 3 , 1 . 0 8  (m, 1 H3, 'JH-H = 4.0 Hz, 'JSn-H 
= 49.5 Hz), 1.21 (m, 1 H7s, 'JH-H = 9.50 Hz, 'Js,,-H = 7.90 Hz), 
1.43 (m, 1 H6, *JH-H = 12.5 Hz), 1.49 (m, 1 He, 2J~-H = 11.9 Hz), 

62% ['H NMR 6 0.85 (m, 6 H1butyl), 0.89 (t, 9 &butyl), 1-31 (m, 

1.49 (m, 1 H7,, 'JH-H = 9.5 Hz, ' J s p ~  = 7.9 Hz), 2.17 (m, 1 Hi), 
2.33 (m, 1 H4), 3.35 (bs, 1 H), 3.76 (m, 1 H3, 3 J ~ - ~  = 4.0 %, 3 J b ~  
= 45.6); l3C NMR 6 9.19 (Clbutyl), 13.70 (C4bu@q), 27.55 (c3bu I), 
29.33 (c,butyl), 24.72 (ce), 29.53 (cb, 'Jsn4 = 28.7 Hz), 36.14 (&, 
'Jsn* 51 Hz), 39.90 (C4, 2Jsn_c = 7.7 Hz), 41.24 (C3, 'Jsn4 = 
325 Hz), 44.67 (C1, 3Jsn_c = 25.7 Hz), 79.21 (C3, ' J s d  = 8.5 Hz); 
ll9Sn NMR 6 - 16.01. To a solution of alcohol (10 mmol) and 
pyridine (10 mmol, 1.6 g) in 10 mL of diethyl ether at 0 "C was 
added a solution of acid chloride (acetyl chloride or pivaloyl 
chloride) (10 "01) in 10 mL of diethyl ether. After 1 h at 0 "C, 
the mixture was filtered and the organics were washed with 2 X 
20 mL of a cooled saturated CuS04 solution (1 N) and 2 x 20 mL 
of cooled NaHC03 (1 N). Esters were isolated after drying and 
evaporation of the solvent below room temperature. They were 
used as Boon as prepared. Compound, yield, 'H NMR, 6: 5a, 72%, 
1.24 (s,9 H), 0.8-1.8 (m, 34 H), 3.80 (qt, 1 H, 2 J ~ - ~  = 6 Hz); 6a, 
83%, 1.23 (8,  9 HI, 0.8-1.80 (m, 34 HI, 3.70 (qt, 1 H, 'JH-H = 6 
Hz); Sb, 85%, 0.0 (s,9 HI, 0.6 (m, 1 HI, 1.05 (d, 3 H, 2 J ~ - ~  = 4 

= 6 Hz); 6b, 77%, 0.0 (s,9 H), 0.6 (m, 1 H), 1.05 (m, 6 H), 1.24 

(m, 34 H), 3.80 (qt, 1 H, 2JH-H = 6 Hz); 6c, 60%, 1.22 (s,9 H), 
0.4-1.7 (m, 26 H), 3.90 (qt, 1 H, 2JH-H = 6 Hz); 12,79%, 0.8-1.8 
(m, 34 H), 2.20 (m, 2 H), 3.80 (m, 1 H). 

threo - and erythro - (2- (Pivaloyloxy ) but-3-y1)iododi- 
butylstannane (5d, 6d). To a solution of IC (or 2c) (1 mmol, 
0.38 g) in 5 mL of CC14 at 0 "C was added a solution of iodine 
(1 mmol, 0.26 g) in 20 mL of CC4. Iodobenzene was removed 
by evaporation under high vacuum. Compound, yield, NMR: Id, 
8570, 'H NMR 6 0.8-2.2 (m, 25 H), 3.85 (m, 1 H); 'l9Sn NMR 6 
67.3; 2d 92%, 'H NMR 6 0.8-2.2 (m, 25 H), 3.80 (m, 1 H), l19Sn 
NMR 6 71.9. Id and 2d were esterified as described for other 
alcohols. Compound, yield, NMR 5d, 85%, 'H NMR 6 1.20 (8, 
9 HI, 0.7-2.0 (m, 25 HI, 3.80 (qd, 1 H, 'JH-H = 6 Hz); 6d, 89%, 
lH NMR 6 1.22 (8,  9 H), 0.7-2.0 (m, 25 H), 3.80 (qd, 1 H, 2JH-H 
= 6 Hz). 
cis-2-(Tributylstannyl)cyclohexanol (7). Tributyltin 

chloride (40 mmol, 13 g) was added at room temperature to a 
solution of 1-cyclohexenylmagnesium bromide, prepared from 
l-bromocyclohexene (55 mmol,4.45 g) magnesium (60 mmo1,l.a 
g) in 20 mL of THF. The mixture was refluxed for 2 h, cooled 
at 0 "C, and 20 mL of petroleum ether was added, followed by 
50 mL of saturated NH4Cl solution. After separation and drying, 

Hz), 1.15 (d, 3 H, 2JH-H = 6 Hz), 1.25 ( ~ , 9  H), 3.85 (qt, 1 H, 2JH-H 

( ~ , 9  H), 3.75 (qt, 1 H, 'JH-H 6 Hz); 6c, 58%, 1.25 ( ~ , 9  H), 0.8-1.8 

the solvents were removed and the product distilld yield 71%; 
bp 150 "C (lo4 mm); 'H NMR 6 0.8-2.3 (m, 35 H), 5.58 (m, 1 
HI. A solution of l-(tributylstanny1)cyclohexene (28 mmol,10.5 
g) in 50 mL of CHC13 was added dropwise to a solution of m- 
chloroperbenzoic acid (28 mmol, 5.9 g) in 200 mL of CHC13 at 
0 "C. The mixture was stirred for 14 h and the solids filtered. 
The filtrate was washed with a 10% NaHC03 solution and dried. 
After evaporation of the solvent and distillation, the desired 
epoxide was recovemk yield 45%; bp 160 OC ( 1 p  mm); 'H NMR 
6 0.8-1.8 (m, 29 H), 1.8-2.1 (m, 6 H), 2.82 (m, 1 H); 'l9Sn NMR, 
6 -30.1 ppm. The stannylated epoxide (3.9 g, 10 "01) in 10 mL 
of diethyl ether was added to a slurry of LiAlH4 (1.6 g, 42 "01) 
in diethyl ether (50 mL) at 0 "C. After two days of stirring at 
room temperature, the mixture was carefully hydrolyzed with 10 
mL of saturated NH4Cl, the solids filtered, and the filtrate dried 
and evaporated. The alcohol was recovered by distillation: yield 
45%; bp 140 "C (l(r mm); 'H NMR 6 0.9-2.1 (m, 37 H), 2.90 (bs, 
1 H), 3.80 (m, 1 H); '% NMR 6 8.88 (C,&, 13.88 ( C 4 ~ J ,  27.78 

38.52 (C6, 3JsA = 43 Hz), 74.58 (Cl, zJsA = 23 Hz); "%n NMR 
6 -21.2. It was eaterifki as described for other alcohols. 8 yield 
85%; 'H NMR, 6 0.9-1.9 (m, 37 H), 1.20 (8, 9 H), 3.88 (m, 1 H). 

endo -3-(Tributylstanny1)-endo -2-norborneol (13). A 
mixture of tributyltin hydride (3.5 g, 12 mmol), 2-((trimethyl- 
silyl)oxy)-2-norbornene (1.8 g, 10 mmol) and AIBN (10 mg) was 
heated at 110 OC for 48 h. The adduct was purified by column 
chromatography (florisil, petroleum ether/ether acetate 95/5), 
yield 38%. The ether (2.18 g, 3.8 mmol) was hydrolyzed by 
treatment with Bu4NF (5 mL of a 1 N solution in THF, room 
temperature, 2 h) and distill& yield 79%; bp 140 "C (1P mm); 

'JH-H = 12.2 Hz), 1.43 (m, 2 H7), 1.56 (m, 1 H5, 'JH-H = 11.3 Hz), 
1.84 (m, 1 He, 'JH-H = 12.2 Hz), 1.96 (m, 1 H3, 2 J ~ , ~  53.5 Hz), 
2.17 (m, 1 HJ, 2.27 (m, 1 H4), 4.46 (m, 1 Hz, 3 J ~ , - ~  = 27.7 Hz); 

Hz), 41.78 C1, 3Jsll-c - 13.3 Hz), 43.49 (C4, ' J w  = 6.3 Hz); ll%n 
NMR 6 -30.0. It was esterified as described for other alcohols. 
1 4  yield 81% 'H NMR 6 0.9-1.9 (m, 34 H) 1.22 (e, 9 H) 2.20 (m, 
2 H), 3.88 (m, 1 H). 
(2-Acetosyethyl)tributyletannane-2-d (15). A solution of 

tributylstannane-d (20 mmol,5.80 g) and vinyl acetate (60 "01, 
5.16 g) in 30 mL of dry deaerated cyclohexane under nitmgen was 
irradiated (Pyrex flask, Philips HPK 125 W lamp) for 6 h at 30 
OC. After evaporation of solvent and excess vinyl acetate, the 
product was recovered 'H NMR, 6 0.91 (m, 15 H), 1.34 (m, 6 
H), 1.51 (m, 6 H), 1.91 (m, 2 H), 2.04 (8, 3 H), 4.28 (m, 1 H); 13C 

"%n 6 -16.0. After 1 h at 110 "C, the product was analyzed 
by '3c NMR. A spectrum identical to that of the starting material 
was recorded. 

Thermolysis Experiments. A sample of pure acetate (for 
linear compounds) or pivalate (for cyclic compounds) was placed 
in a flask and heated at 50 "C. #en 3a-d and 4a-d were used, 
butenes were recovered in a gas burette. They were analyzed by 
gas chromatography and identified by simultaneous injection of 
the pyrolysis products and a sample of authentic butenes. 

Kinetics. A sample of pure pivalate was placed in the probe 
of an NMR spectrometer at 32 OC. After a 15-min equilibration 
period, spectra were recorded every 10 min. Both decrease of the 
signal of CHO and increase of the olefinic signal were followed. 
Rates are the average of at least four runs. 
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