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ON THE 1,3-ISOMERIZATION OF NONRACEMIC o-(ALKOXY)ALLYLSTANNANES

James A. Marshall* and Wei Yi Gung
Department of Chemistry, University of South Carolina
Columbia, South Carolina 29208

Summary: BF3-OFEt promoted 1,3-isomerization of a-(alkoxy)allylstannanes to y-(alkoxy)allylstannanes
has been shown to proceed by an intermolecular anti SE' process. A pathway involving pentacoordinated stannate
intermediates is proposed.

In recent years allylstannanes have assumed an important role as reagents for organic synthesis.!] We recently
described a facile and stereospecific isomerization of nonracemic o-(alkoxy)allylstannanes to y-(alkoxy)allyl-
stannanes (eq. 1).2 The ready availability of these nonracemic allylstannanes opens up new avenues of synthetic
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applications allowing, for example, the possibility of reagent as well as substrate controlled addition reactions in
stereodirected synthesis.3 Although in the case of eq. (1) it was not possible to directly assign absolute
configuration 1o the rearranged stannanes ITI and V, their subsequent reactions with aldehydes under Lewis acid and
thermal conditions were consistent with those depicted.24 Accordingly, we surmized that the 1,3-stannyl
migration must take place by an anfi pathway in these systerns. We now report additional observations which
directly bear on this conclusion.

The reaction pathway for BF3-OEt) promoted isomerization of allylstannanes has proved to be an enigma.
Low temperature 13C NMR data are “"consistent with a rapid 1,3-shift by a process which labilizes the allyls for
bimolecular exchange."S Because an intramolecular anti 1,3-migration (antarafacial process) is highly disfavored
on steric grounds we felt that the aforementioned 1,3-shift process was most likely intermolecular.® Support for
this conclusion was obtained from the experiments summarized in Table I. These studies also showed the reaction
to be catalytic in BF3-OEr (entries 6 and 7).
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Table I. Concentration Effects on the 1,3-Isomerization of a-(Alkoxy)allylstannanes

B nB B
"\/\[—'S o BF3-Et;0 u\'/ﬁ
OR 78 1% CH;Cl, Bu;Sn OR
min
1 R = PhCH,0CH, 3 R = PhCH,0CH,
2 R = MeOCH; 4 R = McOCH,
ncentration
entry stannane stannane BF3+0Ety % reaction

1 1 0.1 0.1 100
2 1 0.01 0.01 25
3 2 0.02 0.02 99
4 2 0.002 0.002 34
5 2 0.002 0.001 13
6 2 0.1 0.05 992
7 2 0.1 0.0 9ob

a, 20 min; b, 100 min

Further and more compelling evidence came from crossover experiments involving the a-(atkoxy)allyl-
stannanes 6 and 7 prepared as shown in eq. 2.2
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A 1:1 mixture of o-(alkoxy)allylstannanes 6 and 7 was converted within 10 min at -78° C in the presence of
BF3-0OEr2 to a nearly equal mixture of 8, 9, 10 and 11 (eq. 3). Ratios were determined from the vinylic y-proton
signals which were clearly resolved in the IH NMR spectrum of the mixture. The individual y-(alkoxy)allyl-
stannanes could also be isolated by preparative TLC on silica gel.
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In contrast to the above result, a 1:1 mixture of the y-(alkoxy)allylstannanes 8 and 10 was recovered
unchanged with BF3+QOF17 at -78¢ C. The 1,3-isomerization thus appears to be irreversible in these systems.

Interestingly, when we repeated the crossover experiment using an equimolar mixture of nonracemic (-)-6 and
racemic 7 the product (+)-11, derived from Bu3Sn transfer to racemic 7, showed small but definite optical rotation.
THis finding implies thar the BuiSn stannylating agent is chiral. A possible pathway consistent with these results
can be formulated with the novel pentacoordinated stannane A serving as a catalytic transfer intermediate (eq. 4).1!
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Intermediate A could arise through BFj3 assisted destannylation of the a-(alkoxy)allylstannane (eq. 5).
Because of its catalytic role, only trace amounts of A would be required.
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In principle either of the two allyl-Sn bonds of A could cleave. However, the failure of y-(alkoxy)-
allylstannanes 8 and 10 to equilibrate indicates that the depicted one is the more labile. Of the several catalysts
examined to date only BF3+-OEt) has proven effective in the o-(alkoxy)allyl system. No reaction was observed
upon treatment of stannane 1 with CF3CO2H, BusaNF or Me3SnCl at -780 C. Anhydrous HCI gave only
protonolysis whereas TiClg and Et2AICI caused decomposition.

It should be noted that the process depicted in eq. 4 should be applicable to other allylstannane exchanges, as
well. Studies on applications of these findings are in progress.
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The & and J values are as follows: 8; 6.02 ppm 6.2 Hz: 9; 6.06 ppm, 6.2 Hz: 10; 5.96 ppm, 6.2 Hz: 11; 5.93
ppm, 6.3 Hz.

An ee of 36% was calculated for the sample of (-)-6 employed in this experiment. An authentic sample of
(-)-11 prepared by 1,3-isomerization of (+)-2 of 50% ee showed a rotation of -69¢ (¢ 1.36, CH»Cls). Thus
the asymmetric transfer leading to (+)-11 is 39/0.36 + 699/0.50=6%.

For experimental evidence in support of such stannate complexes, see Reich, H. J.; Phillips, N. H. J. Am.
Chem. Soc. 1986, 108, 2102.
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