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Abstract: Conjugate addition of organocuprate reagents to a,B-unsaturated esters of chiral trans-

cyclohexanediol proceeded diastereoselectively, and the intramolecular trapping of the generated enolate also
afforded asymmetric cyclization products.

Conjugate addition of organocuprate reagents to o, B-unsaturated ketones or esters is a convenient procedure
in the carbon-carbon bond formation.! For this conjugate addition to be applied widely in the solution of
stereochemical problems in the synthesis of natural products, it should desirably proceed in a stereoselective
manner.2

We now wish to describe the diastereoselective conjugate addition of organocuprates t0 mono-a.,~
unsaturated esters of (1R, 2R)-1, 2-cyclohexanediol3 (1) (scheme 1), and the asymmetric cyclization via the
intramolecular trapping of the resulting enolate (scheme 2)

Substrates (2) were prepared by monoesterification of 1 with o,B-unsaturated acid chlorides. Results of 1,4-
addition are summarized in Table 1. Better results in the diastereoselectivity were obtained in the case of
diorganocuprate as shown in entry 1-7,4 and the best was 94 : 6 (entry 1, 2). 1,4-Addition using BuCuBF3
(entry 8) or BuMgBr (entry 9) resulted in low diastereoselectivity and poor yield. It is noteworthy that 1,4-
addition of BuLi (entry 10) or PhLi (entry 12) afforded the other diastereomer, suggesting that 1,4-addition of
organolithium proceeds in a clearly different manner from that of organocuprate. In the case of the tosylate
(entry 11), diastercoselectivity was not observed. Absolute stereochemistry of 1,4-addition products was
determined by comparison with the known compounds.
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The above findings suggest that the intramolecular alcohol plays an important role for the formation of certain
complex between substrate and diorganocuprate.
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Table 1. Diastereoselective 1,4-addition to 2

Entry Substrates (2) Reagents Reac. Cond.

X Y
1 H Me
2 H Me
3 H Me
4 H Ph

5 H Et
6 H Me
7 H Ph
8 H Ph
9 H Ph
10 H Ph
11 Ts Me

12 H Et

*1) Starting material was recovered in 43% yield. *2) Absolute configuration of the major diastereomer.

PhaCuLi
PhCuli
PhaCuLi
MerCuli
PhpCulLi
BupCuli
BupCuLi
BuCuBF3
BuMgBr
BuLi
Ph2CulLi
PhLi

°C

0.5
0.5
0.5
0.5
0.5
0.5
0.5
1.0
1.0
1.0
0.5
1.0
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61 R
66 R
63 R
7 S
63 R
91 §*3
79 S
33 S
15*1 S
20 R
50 -
31 S
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*3) This inversion of configuration is only due to the CIP selection rules and not to the steric course of
the reaction.*4) Diastereomer ratio was measured by 270 MHz 1H-NMR of MTPA ester [(R)-(+)-

o-methoxy-a-(trifluoromethyl)phenylacetic acid ester] of the 1,4-adducts except for 6 (entry 6) and 8
(entry 11). *5) Values in parentheses were obtained by analysis of 13C-NMR spectroscopy of the 1,4-

adducts.*6) This value was calculated on the basis of specific rotation of reduction product.5

*7) Diastereomer ratio was determined by the IH-NMR.

Next we undertook the asymmetric cyclization by intramolecular trapping 6 of thc enolate generated by the
remote chiral alcohol-induced 1,4-addition. Reaction of 6-chloro-2-hexenoate (9)7 with PhoCuLi at -30°C

afforded only 1,4-addition products, and no cyclized product was detected. However, reaction at 0°C afforded
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the cyclized products 11a and 11b% in 44% and 6% yields, respectively. Similar reactions proceeded with high
diastereoselectivity to give five- and six-membered rings as shown in Scheme 2 and Table 2.
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Table 2 Construction of chiral 1, 2-disubstituted cyclic compounds

Entry  Substrates n R Cyclized Products (yield, %)*1) Diast. Ratio (a:b)
1 9 1 Ph 11a (44) 11b (6) 88:12
2 10 2 Ph 12a (54) 12b (7) 89:11
3 9 1 Bu 13a (46) 13b (5) 90:10
4 10 2 Bu 14a (15) *2)
5 9 1 Me 15a (50) 15b (7) 88:12

*1) Yields isolated by flash column chromatography. *2) Not isolated

Two substituents of cyclized products were determined to be trans-configuration by analysis of the nuclear
Overhauser effect difference spectra (NOEDS) between C2-H and C1-CH20H of reduction products 16a,b
and 17a, in addition to coupling constant (J=11Hz) of C1-H and C2-H of 17a,b. Absolute stereochemistry8
of the cyclized products was determined by comparison with the known compounds. This one-pot
asymmetric cyclization seems to be a practical procedure because each cyclized diastereomer could be easily
separated by column chromatography on silica gel,
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The stereochemical course of these conjugate additions and subsequent cyclizations by organocuprate may be
rationalized via the transition states illustrated in Scheme 3. Assumptidns of s-cis configuration for substrate and
the square-planar dimeric structurel2 for the cuprate allow us to consider that a sequence of these reactions starts
from chelation of lithium ion with ester carbonyl and alcohol; this is followed by spontaneous formation of the
copper(l)-alkene x-complex, and then a shift of R-substituent to the double bond from re-face in a stereo-
controlled manner (A). Subsequently, the cyclized product may be obtained diastereoselectively via the
intramolecular alkylation from re-face of the resulting enolate (B).
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