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Summary: Kinetic deprotonation of the monoacetals (4) of bicycloE3.3.0loctan-3,7-dione by 

chiral lithium amides (5) in the presence of excess trimethylsilyl chloride afforded the 

corresponding silyl enol ethers (6), useful synthons for the synthesis of optically 

active carbacyclins, in up to 94% ee. 

Since the discovery of prostacyclin (l),T) a potent inhibitor of platelet aggrega- 

tion and a potent vasodilator, a great variety of structurally modified analogs have been 

synthesized to obtain chemically stable mimics having similar biological activities. 2) 

Carbacyclin (Z), a carbocyclic analog of 1, and its derivatives have attracted much 

attention in this respect, and have been targets of many synthetic efforts. For the 

synthesis of optically active 2, several kinds of optically active starting materials, 

such as a resolved cyclobutanone derivative, 3a) Corey la&one and its derivative, 3b,c) 

and a resolved monoacetal (3) of 

employed. 

bicycloC3.3.0loctan-3,7-dione derivative,3d) have- been 

CO,H 

L 0 
H H 

OH 6H 

1 

CO,H 

H L H 

OH 
AH 

c-in 0 

H 6 H 

CC&Et 
0 

2 (Is,5R)-3 

We have previously reported that kinetic deprotonation of prochiral 4-substituted 

cyclohexanones by chiral lithium amides occurs enantioselectively in the presence of 

excess trimethylsilyl chloride (TMSCl) to give the corresponding trimethylsilyl enol 

ethers in reasonably high ee. 4) Recognizing the presence of a plane of symmetry in 

monoacetals (4) of bicycloC3.3.0loctan-3,7-dione as in 4-substituted cyclohexanones, it 

seems possible to deprotonate 4 enantioselectively by the same strategy using chiral 

lithium amides (5) to give the corresponding silyl enol ethers (6), which should be 

easily converted to optically active 3. 
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The results are summarized in Table 1. A typical experimental procedure (run 15) is 

as follows. A solution of chiral lithium amide (59) was prepared under argon atmosphere 

by adding a solution of n-butyllithium (1.0 mmol) in hexane (1.58 M solution) to a solu- 

tion of the corresponding amine (1.1 mmol) in THF (10 ml) under stirring at -78°C for 30 

min. Hexamethylphosphoric triamide (HMPA) (1.1 mmol) was added, 4) and the resulting 

solution was warmed to room temperature for 5 min, and then re-cooled to -78'C. To this 

solution were added TMSCl (5 mmol) quickly, and then a solution of monoacetal (4b) (115 

mg, 0.50 mmol) in THF (5 ml) dropwise during 8 min, and the whole was stirred at -78°C 

for 20 min. After addition of triethylamine (2 ml) and saturated aqueous sodium bicar- 

bonate (4 ml), the reaction mixture was allowed to warm to room temperature. Usual work- 

up by using pentane as an extracting solvent gave a crude product, which was purified by 

column chromatography (silica gel, pentane-ether (2O:l)) followed by bulb-to-bulb distil- 

lation (23O"C/2 mmHg) to give 6b (142 mg, 93%) as a colorless liquid (a colorless solid 

in a freezer) of C~13~5 25 +27.0"(2.10, benzene). 

Absolute configurations and maximum rotations of 6a and 6b were determined by chemi- 

cal correlation to 33d) as shown below.5) 

Me, ,Me Me. Me 

(lS,sR)-6a (lS#?)-3 8 7 (lS,SR)- 6b 

a) MeLI, b) NC-CO,Et, c) AcOH In aqueous THF, d) 
’ b 

pTsOH In a mixture of HO~OH and ox 
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Table 1. Enantioselective Deprotonation of 4 a) 

Monoacetal Base PMSCl HMPA Silyl enol ether 

Run 4 5 equiv.b) Solvent equivab) equiv.') 6 Yield(%) ee(%) "ionfign. 

1 4a 5a 

2 4a 5a 

3 4a Sa 

4 4a 5a 

5 4a 5a 

6 4a 5a 

7 4a 5b 

8 4a 5c 

9 4a 5d 

10 4a 5e 

11 4a 5f 

12e) 4a 5g 

13e) 4a 5g 

14 4b 5b 

15 4b 59 

1.2 

1.2 

1.2 

1.2 

2.0 

1.2 

2.0 

2.0 

2.0 

1.2 

2.0 

1.9 

2.0 

2.0 

2.0 

toluene 

Et20 

DME 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

THF 

5.0 0 6a 20 2 lS,5R 

5.0 0 6a 17 21 lS,5R 

5.0 0 6a 75 59 15,5R 

5.0 0 6a 68 70 lS,5R 

5.0 0 6a 87 71 lS,5R 

5.0 3.0 6a 54 40 1S,5R 

5.0 0 6a 95 83 lS,5R 

5.0 0 6a 90 4 lS,5R 

5.0 0 6a 84 30 lS,5R 

5.0 1.0 6a 66 11 lR,5S 

5.0 1.0 6a 21 51 lR,5S 

4.8 0 6a 91 71 lR,5S 

5.0 1.0 6a 91 87 lR,5S 

5.0 0 6b 93 84 lS,5R 

10.0 1.0 6b 93 94 lR,5S 

a) All reactions were carried out by Corey's internal quench method. 6) For procedure, 

see text. b) Relative to 4. c) Relative to 5. d) Maximum rotations were calculated to 

-36.9"(3.11, benzene) for (lS,5R)-6a, and [~I$655 -28.7"(2.00, benzene) for 

e) Reaction was carried out at -100°C. 

It is shown that enantioselective deprotonation 

ly active 6 is realized. In all cases examined, 

deprotonation reaction was found to be the same as 

4-substituted cyclohexanones as substrates. 4) Thus, 

of prochiral 4 by 5 to give optical- 

the stereochemical course of this 

that observed for the reaction using 

by using chiral bases (5a-d) having 

no internal ligation site for lithium, (lS,SR)-enantiomers of 6 were obtained in excess. 

The -degree of asymmetric induction is highly dependent on the solvent used, presumably 

due to aggregation of these bases in solution, and is highest in THF in the absence of 

HMPA. By using chiral bases (5e-g) having N-methylpiperazino group, (lR,SS)-enantiomers 

of 6 were obtained in excess. These bases are expected to exist in chelated forms, and 

the degree of asymmetric induction in THF is highest in the presence of HMPA, which is 

assumed to work as an external "ligand for lithium to destroy aggregation. 497) Among 

chiral bases examined, 5g was found to be the best, giving 6a and 6b in high ee. It is 

shown that the substituent on amide nitrogen in 5 exhibits strong influence on the degree 

of asymmetric induction. Mechanistic details are under investigation. 
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As both enantiomeric forms of 5 are available in optically pure states, 8) the method 

outlined above represents a new and efficient approach to enantioselective asymmetric 

synthesis of 6, which are useful as synthons for the synthesis of optically active carba- 

cyclins. 

Acknowledgements The authors are grateful to Prof. Dr. H. Vorbriiggen (Schering AG, West 

Germany) for his kind gift of 4b, and to the Ministry of Education, Science, and Culture, 

Japan, for financial support (Grant-in-aid for Scientific Research on Priority Areas, No. 

01607002). 

References and notes 

1) 
2) 

3) 

4) 

5) 

6) 

7) 

8) 

S. Moncada, R. Gryglewski, S. Bunting, and J. R. Vane, Nature, 263, 663(1976). 

For a review, see: R. C. Nicholson, M. T. Town, and H. VorbrLggen, Medicinal Research 

Reviews, 5, l(1985). 

a) D. R. Morton, Jr. and F. C. Brokaw, J. - Chem., 44, 2880(1979). b) Y. Konishi, - 
M. Kawamura, Y. Iguchi, Y. Arai, and M. Hayashi, Tetrahedron, 37, 4391(1981). c) P. 

A. Aristoff, L % Chem., 46, 1954(1981). d) K. Mori and M. Tsuji, Tetrahedron, 42, 

435(1986). 

a) R. Shirai, M. Tanaka, and K. Koga, J. Am. Chem. &, 108, 543(1986). b) K. Koga, 

in "Organic Synthesis: Modern Trends," ed. by 0. Chizhov, Blackwell Scientific Publ., 

London, 1987, pp.285 

a) Optically pure (lS,5R)-3 is reported to show [crl, 

Treatment of (lS,5R)-6a(Ca1~~5 

** +25.2"(1.67, CHC13).3d) b) 

-25.3"(2.82, benzene)) with methyllithium in THF at 

O"C, followed by quenching with TMSCl in the presence of diisopropylamine at -78°C 

gave (lS,5R)-6a(Ca1$:5 -25.4'(2.58, benzene)). c) (1S,5R)-6a(Ca1~~5 -26.2*(3.11, 

benzene)) was converted to (lS,5R)-3(C~l~~ +17.8“(1.90, CHC13)), corresponding to be 

71% ee. c) (1S,5R)-6b(Ea1;;5 -19.3"(2.00, benzene)) was converted via 7 and 8 to 

(lS,5R)-3(Cal;* +16.9'(1.67, CHC13)), corresponding to be 67% ee. 

E. J. Corey and A. W. Gross, J. Am, Chem. g, 106, 5754(1984). --- 
K. Tomioka, K. Ando, Y. Takemasa, and K. Koga, Tetrahedron &, 25, 5677(1984). 

Chiral bases (5) were prepared from optically pure phenethylamine or phenylglycine. 

(Received in Japan 6 September 1989) 


