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Summary: Acetalization of a-monosubstituted cyclopen- 
tanones with chiral hydroxy thiols under equilibrating 
conditions afforded a mixture of acetais in a highly 
diastereoselective manner, and deacetalization of the 
product affords optically active a-monosubstituted cy- 
clopentanones. 

Acetal formation of a-monosubstituted cyclopentanonea 
proceeds with racemization under the standard acidic 
conditions.' If a chiral reagent is employed for the 
acetalization, a mixture of acetal diastereomers would be 
obtained and the diastereoselectivity should be governed 
by relative thermodynamic stabilities of the diastereomers. 
Therefore, a two-step procedure such as asymmetric 
acetalization using a chiral reagent followed by deacetal- 
ization without racemization might be a convenient method 
for the preparation of chiral a-substituted cyclopentanonea 
(Scheme I). Here, we report that hydroxy thiols 2a and 
36 are such reagents for asymmetric acetalization. 
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Table I. Diastereoselective Acetal Formation Using Chiral 
Hydroxy Thiols 

run (1) thiol condne4 (h) (%) diaetratio 
1 la 2a A 6.3 90 Sa:6a = 9 1  
2 lb 2a A 6.3 90 Sb6b = 9:l 
3 la 2b B 96 90 Sa:6a - 2:l 

6 lb 3 A  2.6 100 llb12b=7:1 
6 lb 4 A  3 70 1&16=6.81 

a Conditions: (A) a benzene solution of 1 and hydroxy thiol wae 
refluxed with a dtalytic amount of p-toluenesulfonic acid; (B) a 
dichloromethane solution of lb and 2b was stirred at room tem- 
perature with a catalytic amount of trimethyleilyl Wuoromethane- 
sulfonate. 

substrate hydroxy time yield 

4 la 3 A  2.6 &I iia:12a = 7:i 

toluenesulfonic acid, benzene, reflux) afforded a separable 
mixture of two acetals among the four possible diaster- 
eomers Sa-8a (Table I). Spectroscopic analysis showed 
the products to be Sa and 6a in a ratio of 91.6 Ester 
hydrolysis of the products afforded a mixture of carboxylic 
acids which could be purified by recrystallization. The 
major diastereomer, 17, was thus isolated in an optically 
pure form, and the structure was confirmed by X-ray 
analysis (Figure 11.' 

Kinetic acetalization of la  using 2b in the presence of 
trimethylsilyl trifluoromethanesulfonatee at room tem- 
perature afforded Sa and 6a in a ratio of 2:l. Acid- 
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Figure 1. 

Table 11. 

Molecular Structures of 17 and 18. 

Effect of Sidechain Structure on the Ratio of 6 
and 6 

H R 

IC-f 60-f IC-f 60-f 

R 66 
C CHs 61 
d CHzOCHzPh 81 
e CH&Os(iPr) 91 
f CH&OZ(cHex) 11:l 

catalyzed equilibration of this mixture (0.2 equiv of 
trifluoromethanesulfonic acid, CH&L, room temperature , 
100% recovery) altered the diastereomeric ratio to 9:l in 
favor of Sa. The reaction of ethyl (2-oxocyc1opentyl)- 
acetate, lb, also showed similar selectivity. 

The reaction between hydroxy thiol 3 and la afforded 
a mixture of Ila and 12a in a ratio of 7:l. The mixture, 
when treated with aqueous base, affords the acid 18 which 
is purified by recrystallization and characterized by 
spectroscopic and X-ray analysis (Figure 11.' The newly 
created asymmetric tertiary carbon center on the cyclo- 
pentane ring of 1 la was opposite to that of Sa. Even the 
simpler chiral hydroxy thiol 49 was nearly as effective as 
that for 3. However, no asymmetric induction was 
observed using several chiral diols such as (2RJ3R)-2,3- 
butanediol, (R)-1,3-butanediol, and (2RJ4R)-2,4-pen- 
tanediol. 

(9) Prepared from (R)-2-methyl-2,4-pentanediol: (1) trifluoroacetic 
acid, benzylmercaptan! (2) NaBW, (3) Na, liquid NHa. Eliel, E. L.; 
Koekimies, J. K.; Lohn, B. J. Am. Chem. SOC. 1978,100, 1615. 

(10) Equilibrating conditione: a mixture of 6 and 6 waa treated with 
0.2 equiv of Wluoromethanesulfonic acid in CH&h at room temperature 
for 20 min, and the ratio WBB determined by 'H-NMR. Mixtures of Sc,e,f 
and b,eJ were prepared by the acetalization of the corresponding 
cyclopentanonea with 2, and the mixtum were subjected to equilibration, 
respectively (kc,&. 78%; k,6e: 57%; 5f,6f: 77%). A mixture of Sd and 
6d waa prepared from a mixture of Sa and 6a (LAH reduction followed 
by benzylation, 90% 1, and the mixture was equilibriated (100 % recovery). 

Table 111. Computed Heat of Formation of Acetal 
Diastereomers 

structure Mt (kcaVmo1) AM$ 
5b -148.0026 O* 
6b -147.6794 0.322 
7b -145.9112 2.09 
8b -145.4484 2.55 

9b -144.9678 4.55 
10b -144.1562 5.36 
l lb -149.5174 O* 
12b -149.0957 0.421 
13 
14 
15 
16 

-144.0769 2.51 
-143.6759 2.91 
-146.5888 O* 
-146.1428 0.45* 

* indicated observed diastereomer. 

Equilibration experiments between Sc-f and 6c-f 
revealed that the bulkiness of the side chain on the 
cyclopentane ring affects the ratio of the diastereomeric 
mixture (Table I1).lo 

The observed tendency of the thermodynamic stabilities 
in a series of diastereomers was qualitatively simulated 
by comparison of their heats of formation calculated using 
the MNDO method'l (Table 111). 

While the hydrolysis of dithianes or oxathianes may 
sometimes be difficult, in our hands, the best results were 
obtained using NCS and AgNOB in the presence of a large 
excess of 2,4,6-collidine in aqueous acetone at -20 OC.12 
Hydrolysis Of 5a and lla afforded (+)-@)-la (55%)  and 
(-)-(5')-1a (75% 1, respectively, in an optically pure form.13 

This procedure was successfully applied to the synthesis 
of optically active (R)-5-hexadecanolide, (R)-19, which has 
been reported to be a pheromone of the oriental hor- 
net,Vespa orientalis14 (Scheme 11). When racemic 2-un- 
decylcyclopentanone , racemic-20,16 was treated with 3 (cat. 

~ ~ ~ ~~~~ 

(11) Cooling, M. B.; Stewart, J. J. P. MOPAC version 6.0, QCPE 46. 
Neither the PM3 nor the AM1 method simulated the readta correctly. 

(12) Corey, E. J.; Erickeon, B. W. J. Org. Chem. 1971,3s, 3563. 
(13) Determmed by'H-NMRanalysieinthepreeenceofEu(hfc)s [trie- 

[3-(heptafluoropropylhydro.ymethylene)-(+)-c~phoratoleuropi~- 
(111) derivative]. Less than 2% of racemization was observed. 
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Scheme I1 
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"20 

TsOH, toluene reflux), an easily separable mixture of two 
diastereomers was obtained in 88% yield (21:22 = 3.81). 
The major isomer, 21, was converted to (R )-2018 which 
was oxidized by m-CPBA to (R)-19, [all%= +38.0° (c 
0.79, THF) [lit.1M [arl21.S~= + 4 0 . 2 O  (c 1.76, THF)]." 

In conclusion, the asymmetric acetalization-deacet- 

ization method using chiral hydroxy thiols is a convenient 
method for the preparation of chiral a-monosubstituted 
cyclopentanones from racemic ketones.18 Further studies 
on the origin of the diastereoselectivity and on applications 
toward other natural products synthesis are underway. 
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(14) Previous synthesis of this pheromone: (a) Bund, J.; Gab, H.-J.; 
Erdelmeier, I. J.  Am. Chem. Soc. 1991,113,1442. (b) Mori,K. Tetrahedron 
1989,45,3233. (c) Mori, A.; Ya"oto, H. J. Org. Chem. 1985, SO, 6444. 
(d) Mori, K.; Otauka, T. Tetrahedron 1986,41,547. 
(15) The synthetic procedure employed for (R)-19, except for the 

asymmetric acetalization step, was identical to the procedure in ref 14c. 
(16) The reaction was carried out at 0 OC in aqueous acetonitrile. 
(17) (S)-19 wasalsopreparedinthreestape (40% overaU);acetah.stion 

using 2a (diastereomer ratio 4.8:1), deacetalization, and m-CPBA od- 
dation, [all$ = -40 .2O (c 0.76, THF). 

(18) Much lower selectivity was observed when a-monoeubstitutad 
cyclohexanones were subjected to these acetalization conditione. The 
results wi l l  be published in a full description of this work. 


