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This unexpected observation perhaps could be attrib- 
uted to the arising of a severe A(ls3) allylic strain'l if 13 is 
forced to adopt the conformation with the C-H bond of 
the methine hydrogen parallel to the C-C a bonds. Such 
a conformation would be required in the transition states 
of the initiation and the propagation steps leading to the 
corresponding benzylic radical in order for them to benefit 
from aromaticity. It is likely that the benzylic radical 
center in the transition states would be pushed away from 
the parallel position with the C-C a bonds of the benzene 
ring, resulting in the loss of the resonance energy and the 
increase of the energy barrier. Consequently, 13 is much 
more stable than 12 toward air. On the other hand, 12 is 
free from severe allylic strain, and therefore is prone to 
autoxidation. 

In summary, the reaction sequence outlined in Schemes 
I and I1 could be easily adopted for the synthesis of a 
variety of o-isotoluenes and diene-allenes by using dif- 
ferent combinations of readily avalable y(trimethy1- 
sily1)allylboranes and conjugated allenic aldehydes. With 
the development of such a facile route to o-isotoluenes, the 
chemical properties of these compounds can now be in- 
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vestigated and the large amount of energy (ca. 24 kcal/ 
mol)4b to be gained from aromatization is ready to be ex- 
ploited. The conjugated diene-allenes are synthetically 
useful for the preparation of polyenes through facile sig- 
matropic hydrogen shifts'2 and can also find applications 
in the Diels-Alder reaction utilizing the allene moiety as 
a part of the diene c ~ m p o n e n t . ~ ~ J ~  
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Summary: Olefins bearing silicon and/or tin substituents 
undergo highly diastereoselective cyclopropanation in the 
presence of Sm/CH212. The stereochemistry of the tin 
moiety has a dramatic effect on the rate of a subsequent 
transmetalation with MeLi. 

Hydroxyl-directed reactions have found widespread use 
in organic synthesis. The directed epoxidation, osmylation, 
and hydrogenation reactions are a few of the now standard 
methods for the construction of multiple adjacent stereo- 
centersS2" Directed cyclopropanation reactions are also 
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well-known and are of current in te re~t .~  Molander has 
recently reported highly diastereoselective cyclo- 
propanation of allylic alcohols using Sm/CH212, eq 1.6 The 

OH 6 H  

resulta of these studies may be summarized as follows: 2 
olefins undergo diastereoselective cyclopropanation with 
de's >100:1; E olefins also undergo cyclopropanation with 
selectivities which increase as the steric sizes of R and R" 
increase. When R is small, the facial selectivity is reversed 
and modest selectivities are obtained (approximately 
1:4-6). 

In light of the demonstrated utility of silylated' and 
stannylated8 cyclopropanes, and our interest in the prep- 
aration of 1,l-dimetalated olefines bearing tin and/or 
silicon? we undertook a study to evaluate the reactivity 
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and diastereoselectivity of metalated substrates under the 
Molander cyclopropanation reaction conditions.1° We 
report that these metalated olefins react with high diast- 
ereoselectivity providing highly functionalized cyclo- 
propanes. Furthermore, we show that the stannylated 
cyclopropanes can be transmetalated and the resulting 
lithium anion reacted with electrophiles, thereby providing 
access to diastereomers unavailable by the direct cyclo- 
propanation. 

The E-stannylated and 1,l-dimetalated substrates 7a,b 
and lla-c were prepared using our modification of the 
Sato reaction,311 which involves treatment of a propargylic 
alcohol with Cp,TiCl,/i-BuMgCl followed by trapping the 
resulting vinylmagnesium species with tributyltin chloride. 
Vinylsilanes la-c and 4a,b and (2)-stannylallylic alcohol 
9 were prepared by literature methods.12 

The optimum conditions for cyclopropanation were es- 
tablished using (E)-vinylsilane la. Under the conditions 
described by Molander (4 equiv of Sm, 4 equiv of CH212), 
low yields of the desired cyclopropane 2a were obtained. 
By increasing to 10 equiv of the samarium reagent and 
running the reaction at higher concentration (0.13 M), the 
yield improved to 81% and the diastereoselectivity was 
excellent (46:1, Table I, entry 1). Oxidation of the cyclo- 
propyl alcohol to a ketone (PCC, NaOAc) followed by 
nonselective reduction (LiA1H4) generated authentic 
mixtures of diastereomers. Purification of the two alcohols 
(which were usually well-separated by TLC) and com- 
parison of their NMR spectra and GC retention times 
allowed us to determine the level of diastereoselection in 
the directed cyclopropanation. We found that decreasing 
the steric bulk of the R group from cyclohexyl to n-propyl 
to methyl affected the sense and level of diastereoselection. 
The diastereoselectivity decreases and reversed in this 
series. 

Substrates with a Z substituent react to give the cyclo- 
propanes in much higher selectivity than those with only 
an E substituent, and the selectivity is not dependent on 
the size of the R group. Thus, vinylsflanes 4a,b gave 5a,b 
with selectivities of >100:1 (entries 4 and 5).  Molander 
has proposed transition-state structures based on the Houk 
model to provide an explanation for the observed diast- 
ereoselectivity for the Z isomer.6J3 Minimization of steric 
interactions between the R group and the cis substituent, 
coupled with complexation between the hydroxyl group 
and the incoming carbenoid, differentiates the two possible 
transition structures. 

Trisubstituted olefins bearing a tin or alkyl group cis 
to the hydroxyalkyl chain react with the cyclopropanating 
agent to yield a single diastereomer in good yield (entries 
6-11). Comparison of the selectivity in entries 3 and 11 
demonstrates that replacement of a hydrogen by a tin 
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Table I. Directed Cyclopropanation of 
yHydroxyvinylsilanes and -stannanesa 

product' 
entry substrate diastereoselectivity2 yield3s4 

M e 3 s ~ ~  - M e 3 : 5 R  Me3SI Hq 
OH OH OH 

2 3 
1 la R=Cydohexyl 46 1 8 1 % ' ~ ~  

1.3 84%' 
10 76% 

2 b Pr 1 
3 c  Me 1 

1 67% 
1 67%' 

4 4a R=Pr >lo0 
5 b  Me >lo0 

6 7a R=Cyclohexyl 
7 b Me 

OH 

8 0 R=Cyclohexyl 

MgSl 

B y  S n v  
OH 

9 lla R = Cyclohexyl 
10 b Pr 
11 c Me 

Bu3Sn Bu* 
6H 

10 

Bu3Sn M4Si* 
6H 

12 

75%e(92%) 'ne 

80% 

800/8 
6P/'$82%) 
65% 

Key: (1) Typical reaction conditions involve treatment of the 
allylic alcohol with 8-10 eqiv of Sm(HgC12) in THF,  followed by 
dropwise addition of CH212 a t  -78 OC. The reaction mixture was 
allowed to warm to r t  over 2 h followed by another 2-20 h of stir- 
ring. See supplementary material. (2) Diastereoselectivities de- 
termined by CGC, using a Carbowax HP-20M column, unless not- 
ed otherwise. (3) Isolated yield of pure product following flash 
chromatography. (4) Yields in parenthesis are based on unreacted 
starting material. (5) Yields marked with an  asterisk (*) were ob- 
tained from reactions performed with samarium from Rhone Pou- 
lenc (Phoenix, AZ). In all other cases, samarium from Aldrich was 
used. (6) The assignment of the major and minor isomers may be 
reversed. ( 7 )  Diastereoselectivity determined by CGC, using a 
Silicone HP-5 column. (8) Only one diastereoisomer was observed. 
(9) 58% yield of the destannylated material was also isolated (as a 
single diastereomer). (10) See ref 19. 

moiety completely reverses the sense of diastereoselection, 
indicating the importance of the cis substituent in con- 
trolling the favored reactive ~0nformer.l~ 

Transmetalation of tin-containing cyclopropanes was 
in~est igated.~J~J~ Following conversion of 12a to its 

(14) Oxidation of 8, 10, or 12 (Le., those substrates with a tin sub- 
stituent) with PCC was complicated by side reactions. For example, 
oxidation of 8a gave the desired cyclopropyl ketone and cyclohexyl 2- 
methylenylhexyl ketone. Attempted oxidation of 12a gave a complicated 
mixture of products. The presence of a substituent appears to be re- 
sponsible for these side reactions, see: Piers, E.; Jean, M.; Marrs, P. s. 
Tetrahedron Lett. 1987, 28, 5075. 

(15) For related transmetalations of a-stannylsilanes, see: Barrett, A. 
G. M.; Hill, J. M. Tetrahedron Lett. 1991, 32, 3285. Barrett, A. G. M.; 
Hill, J. M.; Wallace, E. M.; Flygare, J. A. Synlett 1991, 764. 
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Scheme I 

Communications 

ment of the 2 isomer 16 with methyllithium in THF at 0 
"C was complete in 3 h.lS The lithium anion was trapped 
with electrophiles (HzO and Bu3SnC1) providing 17 and 
16' in 92 and 72% yields, respectively, as shown in Scheme 
I. Comparison of the 13C and 'l4Sn NMR of 16' with both 
15 and 16 clearly showed that 16 and 16' were identical, 
and thus the transmetalation and restannylation occurred 
with overall retention of confiiation. This observation 
allowed us to establish that the major diastereomer re- 
sulting from of cyclopropanation of IC was reversed com- 
pared to la. Treatment of 12c with excess methyllithium, 
followed by trapping the dianion with water, yielded 2c 
rather than 3c as demonstrated by comparison of the 'H 
NMR spectra and CGC retention times. 

This transmetalation-protonation sequence is important 
since, as noted in the introduction, the diastereoselectivi@ 
of the directed cyclopropanation is moderate and reversed 
for simple E olefins when R or R" is small (i.e., B is formed 
preferentially). Access to A the diastereomer which is not 
available from a direct cyclopropanation, is feasible by 
removal of the tin moiety following cyclopropanation for 
R" = akyl or TMS (Scheme II). Thus, the tin moiety acta 
as a removable group which controls the diastereoselec- 
tivity. Further research using these dimetalated cyclo- 
propanes in synthesis is in progress. 
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, methyl ether 13 (MeI, KH, THF), rapid lithium exchange 
occurred (MeLi, THF, 0 "C) providing 14 in 88% yield, 
eq 2.16 The solvent plays a critical role in the trans- 

13 ow 
metalation since reaction in hexanes or ether was inef- 
fective. The relative stereochemistries of the tin- and 
alkoxy-bearing side chains were also found to  have a sig- 
nificant effect on the rate of transmetalation, indicating 
that chelation plays a role in the exchange process." 
Reaction of the E isomer 15 with methyllithium gave 
<lo% conversion even after 24 h at rt. However, treat- 

(16) Trapping of the anion with methyl iodide successfully led to the 
methyl-substituted cyclopropane. 
(17) Carpenter has observed a similar correlation of hydroxyl stereo- 

chemistry with the rate of tin-lithium exchange in a conformationally 
fixed ring system. A further rate increase for transmetalation 13 could 
be due to the a-stabilizing effect of the silicon group. (a) Newman-Evans, 
R. H.; Carpenter, B. K. Tetrahedron Lett. 1985,26,1141. For an example 
of a directed halogen-metal exchange, see: (b) Hiyama, T.; Kanakura, 
A.; Yamamoto, H.; Nozaki, H. Tetrahedron Lett. 1978, 3047. 

(18) Treatment of 16 with 10 equivs of n-BuLi in THF for 10 h did 
lead to complete transmetalation. A full discussion of the effect of or- 
ganolithium reagent, solvent, and substrate geometry will be presented 
in the full paper. 
(19) Decreasing the steric bulk from cyclohexyl to methyl led to a 

considerably higher vield in the cvcloDroDanation of these (fl-stannvl 
alkenes, and no-deshmylated prdduci w& observed. A diecukion h 
be presented in the full paper. 


