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Summary: Certain Syt reactive alkyl halides undergo C-C bond formation in Lewis
acid induced a-alkylations of carbonyl compounds with formal retention of configu-

ration.

The alkylation of carbanions such as enolates using alkyl halides usually proceeds
via an SNZ mechanism and therefore yields products with inversion of configuration.
We wish to report that SN1 reactive alkyl halides known to solvolyze stereoselec-

1)

tively due to anchimeric assistance and/or other factors can be induced to un-

dergo C-C bond formation with complete retention of configuration. To achieve this
end, the strongly basic classical enolates must be replaced by weakly basic carbon
nucleophiles in Lewis acidic medium. 2)
As a first example, we have found that exo-2-norbornylhalides la-b react with various

silyl enol ethers 2 in the presence of TiCl4 to afford the a-alkylated ketones 3

having the carbonyl function solely in the exo position 3) (Table 1).
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a) R'=H, X= Br
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Table 1. Norbornylation of Ketones a)

Alkylating Product 3 vield P
agent of 3 (%)
1a R' = r* = #; R? = cmyony; RO = comg 40 (74)

1a r' = &> = »* = m; 8% = c(eny), 73
1a r' = &* = r? = m; % = cmcleny), 48 (70)
1a R' = u; &% = cuicny),; ®2 = ®Y = cn, 61
1b r' = &% =cu,; &% = cm,cny; RY = 90
1b R' = cHy; R® = c(cHy)4: R% = Y = W 66
1b r' = cuy; B%,RD = -(cHy .- 5 RY = H 65
1b r' = cuy; 8%,RY = -(cmy - 5 R = m 78

a) In case of la : equivalent amounts of TiCl4 for 3-5 h at -30° C according to

4)

the procedure described in ref. ; in case of 1b similar procedure at -78° C

for 3 h.

b) The numbers refer to isolated products (distillation or chromatography) in

analytically pure form; the numbers in brackets refer to conversion as de-

termined by 1H—NMR.

We have also studied anti-7-chloronorbonene (4), a system which is known to dis-

play unusually high solvolysis rates as well as stereoselectivity.5

TiCl4 or ZnI, promoted C-C bond formation affords high yields of products 6 havi
or 6)

)

In our case

the norbornene skeleton with the carbonyl function solely in the anti position,

i.e., with complete retention of configuration (Table 2).

C

Rl 0SiT
+ >=< —
R2 R3
2

R1

lon

R2

R3

ng



1103

Table 2. WNorbornenylation of Ketones and Esters

Lewis acid a) Temp./ Product 6 Conversion
Time (%)
. o 1 _ .2 _ 3
TlCl4 -30° ¢/ 5 h R = R” = H; R™ = C(CH3)3 85
ZnCl2 22° ¢/ 24 h as above 45
o b)
ZnI2 22° ¢/ 6 h as above 95
o 1 _ L. n2 L oe3 b)
ZnI2 22° Cc/ 8 h R = H; R = CH3, R™ = CH2CH3 95
znl, 22° ¢/ 14 h R' = u; ®R? = cuy; R® = oca, 95 D)
Znl, 22° ¢/ 14 h r' = B® = cuy; B> = ocH, 95 )

a} Equivalent amounts of Lewis acid in CH.,Cl,.

2772

b) Following aqueous workup and treatment with charcoal the products are 95 %
pure as checked by VPC; for analytical purposes small portions were chroma-
tographed using silica gel and pet. ether (40-6C° C)/ether.

Several features in the above system deserve mention. Firstly, the reactions are
considerably faster using ZnI, than ZnC12. This may be due to rapid Cl/I ex-
change at C7, rendering the system more reactive during alkylation. Secondly, no
tricyclic products are formed under the (presumably) irreversible conditions of
C-C bond formation. In solvolyses, buffered solutions afford mostly norbornene
products with the anti-7-configuration, while those having high methoxide ion con-

centrations yield 1:1 mixtures of norbornene and tricyclo [4,1,0,03’7

5)

] heptane de-

rivates. Thus, our conditions appear to be more comparable to the former case.

Finally, the above stereoselective reactions are of potential synthetic value. For
example, oxidative cleavage of the C-C double bond in compounds 6 should yield
tri-substituted cyclopentane derivatives with complete control of relative stereo-
chemistry.

We believe that other SN1 reactive alkyl halides which are known to solvolyze ste-

reoselectively are also likely to be useful alkylating agents.
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