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Functionalized allylic electrophilic reagents such as chiral 2-iodo-1-cyclohexenyl and -cyclopentenyl phosphates undergo highly stereoselective
anti-Sy2'-allylic substitution reactions with a wide range of organozinc reagents (R,Zn and RZnl) leading to chiral products with a transfer of
the chiral information >95%. The use of functionalized organozinc iodides allows preparation of the bicyclic enones 8 and 9 in >=93% ee.

Functionalized allylic electrophiles are useful multicoupling
reagents for the expeditive formation of carbertarbon

bonds in a selective way. A variety of organometallic
compounds undergo nucleophilic substitutions on allylic

systems. Especially interesting are organocopper compdunds

which are known to underga@' substitutions with various
allylic electrophiles with highanti-selectivity>* Although
catalytic allylic substitutions have also been repoftéide
transfer of chirality with use of chiral allylic precursors has

allylic alcohols are readily available by a range of asymmetric
synthese&’ In the allylation reactions zinc-based organo-
coppers show high\&' selectivities®>® Herein, we wish to
report a highly anti-§2' substitution of chiral 2-iodo-
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cycloallylic alcohol derivatives of typ& or 2 (n = 1, 2)
with various functionalized zinc reagents (FG:R) or FG-
RZnI)!°in the presence of CUCREILICI'! leading to products
of type3 which can be converted to chiral bicyclic products
of type 4 with >93% ee, if the functional group FG is an
ester or nitrile (Scheme 1).
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First, we have studied the substitution reaction using
various unfunctionalized diorganozinc reagentsZ{R.
Chiral (R)-2-iodocyclopentenol (5, 94% ee) anR)-{-
iodocyclohexenol (6, 94% ee) were converted into the
corresponding phosphat&$76%) and?a (87%), which give
Sv2' products when reacting with organocopp®&rsihe
alcohol 6 was also converted into the pentafluorobenzoate
2b in 93% vyield (Scheme 2).
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Both the allylic phosphates and pentafluorobenzodtes (
2) reacted with diorganozincs in the presence of CtZLICI
(1.1 equiv) in a 3:1 mixture of THRN-methylpyrrolidinone
(NMP)* at —30 to—10 °C in 14 h furnishing thenti-S2'
products3a—e. Primary as well as secondary diorganozincs
undergo the substitution reaction in good yields-{80%,
Table 1).

(7) (a) Asymmetric Catalysis in Organic Synthesis; Noyori, R., Ed,;
Wiley: New York, 1994. (b) Gao, Y.; Klunder, J. M.; Hanson, R. M.;
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Table 1. Products3a—eObtained by the Reaction of
Diorganozincs (Zn) with the Chiral Allylic Derivativesl and
2a,b

entry  starting reagent  RoZn product of yield ee
1 or 2a-b R®) type 3 %2 ()P
o
C ‘s
1 1 Me Me 75 94
3a
1
2 2a Pent @j};em 90 94
3b
3 2b Pent 3b N 93
|
4 2b Et @j& 85 93
3¢
|
5 2b c-Hex ©j/c-Hex 90 N
6 2b 70 93

3d
|
Pr ©/
“ripr
3e

aYield of analytically pure product The enantiomeric excess was
determined by capillary GC analysis on produgtsr derivatives of them
(see Supporting Information).The reaction was performed in THF-a60
°C for 16 h.

The enantiomeric excess (% ee) determined by capillary
GC (see Supporting Information) was-994% ee, showing
a high transfer of the stereochemical informatibithe anti-
selectivity was determined by converting vinylic iodida
into ketone7 of known configuration (Scheme 2.

Thus, the reaction d3a with t-BulLi (2 equiv, THF,—78
°C, 20 min) followed by reaction with CuCIQLIiCl (1.0
equiv, THF, 0°C, 10 min) and CHCOCI (2 equiv, O°C, 30
min) furnishes keton& in 95% vyield and 94% eeCom-
parison with the optical rotation of and the literature
indicates that amanti-Sy2' substitution has taken place. The
complete transfer of the stereochemical information ftbm

(9) For previous §2' selective allylic substitutions with organozinc
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Oxford University Press: Oxford, UK, 1999.
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to 3a shows also that neithersyn-$2' substitution nor an

can be converted into bicyclic keton@$ and9'8 respectively

S\2 substitution had occurred since these reaction pathwaysin 75 and 52% yield and 9395% ee by reaction with-BulLi

would lower the enantiomeric purity &a. Remarkably, a
range of functionalized zinc reagents undergo the'S
substitution with comparable selectivities and yields (Table
2).

Table 2. Products3f—m Obtained by Reaction of
Functionalized Organozinc Halides with the Chiral Phosphates
and?2a

entry rsgélti;t RZnl product of yield ee ]
a
1o0r2a ) type 3 (%) (%)
I
Q/ COLEI
M ///
1 1 (CHz)3COEt 3f:n=1 81 93(96)°
2 2a (CHy)sCO,Et 3g:n=2 68 94 (947
[
®/ OAC
{ n "’/,J
1 (CHp)30Ac 3h:n=1 91 94(96)°
2a {CHz)30Ac 3itn=2 g4 97 (98"
[
HQC/\(O O\)
5 1 OJ 3j:n= 77 94 (94)°
Q d
Hzc/\r 3k:n=2 62 97(98)
6 2a OJ
®/|
{ n "’f,/\
CN
1 (CH2),CN 3l:n=1 90  91(96)°
2a (CH,),CN 3m:n=2 84 95(98)¢

aYield of analytically pure product The enantiomeric excess was
determined by capillary GC analysis @n(see Supporting Information).
¢ Enantiomeric excess df. ¢ Enantiomeric excess &fa.

Only zinc—copper reagents made from equimolecular

amounts of zinc reagents and copper salts have beenL

examined-®

Thus, the reaction of 3-carboethoxypropylzinc iodide (2
equiv) with 1 (or 2a) in the presence of CuCRLICl (2
equiv) proceeds in THF:NMP (3:1) at30 to 25°C within
12 h affording the functionalized substituted prodwgftand
3g respectively in 81% and 68% yield and -984% ee
(entries 1 and 2 of Table 2). Similarly the reaction of allylic
phosphatesl and 2a with 3-acetoxypropylzinc iodide
provides the product8h and 3i respectively in 91% (94%
ee) and 84% (97.8% ee) (entries 3 and 4). Organozincs
bearing an acetal function (entries 5 and 6) or a nitrile (entries
7 and 8) react with higlanti-Sy2' selectivity affording the
products3j—m in 91—-97% ee and 6290% yield (entries
5—8). The functionalized cyclohexenyl iodid8g and3m

(16) For use of RLi/ZnGJCuCN see: Yamamoto, Y.; Chounan, Y.;
Tanaka, M.; Ibuka, TJ. Org. Chem1992,57, 1024.
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(1.2 equiv) and TMSCI (1.5 equiv) in THF at70 °C for 2
h (Scheme 3).

Scheme 3
0
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3Im: 95 % ee 9:52 %;
95 % ee

In summary, we have described highly enantioselective
anti-Sy2'-allylic substitutions of cyclic 2-iodoallylic alcohols
with a wide range of zinc—copper reagents and have shown
their utility for preparing chiral bicyclic ketones such 8s
and9in =93% ee. Applications to the preparation of natural
products are currently underwéy.
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(19) Typical Procedure: Preparation of 3j. A flame-dried 25-mL flask
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mmol, 1.0 equiv) was added dropwise as a solution in NMP (sufficient to
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colorless oil.
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