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Abstract - The hydrogenation of the enone moiety in 3-dimethoxymethyl-2-me- 
thoxycarbonylmethyl-2-cyclopentene-l-one, 4-hydroxy-3-dimethoxymethyl-2-me- 
thoxycarbonylmethyl-2-cyclopentene-l-one and its tert-butyldimethylsilyl 
derivative over palladium catalyst afforded all possible stereoisomers of 
the corresponding cyclopentanones. Effects of the steric arrangement of sub- 
stituents on the reactivity of the resulting cyclopentanone aldehyde acetals 
(g-13) were examined in the course of subsequent reduction of the carbonyl 
grouTwith L-Selectride. Condensation of free aldehydes (17-a) with the so- 
dium salt of dimethyl-2-oxoheptyl phosphonate was also si%i%I. 

Despite a variety of routesla;ailable for the total synthesis of prostaglandins from polyfunctional 

cyclopentanone derivatives, cases when the latter have been prepared by catalytic reduction of 

the enone moiety of 2,3-disubstituted 2-cyclopentene-l-ones are very scarce. They include the hyd- 

rogenation of the conjugated double bond C=C over platinum oxide5 and Raney nickel6 and the reduc- 

tion of prostaglandin B1 derivatives over rhodium-coated alumina to give 13,14-dihydro-ll-deoxypros- 

taglandins Els7 The reaction mainly occurs on the side of the substrate accessible to the catalyst 

leading initially to 2.3-cis-substituted cyclopentanones as the main product. 

The present study was undertaken to examine in detail the catalytic hydrogenation (1.8% Pd on char- 

coal used as catalyst) of 3-hydroxy-3-dimethoxymethyl-2-methoxycarbonylmethyl-4-cyclopentene-l-one 

(1) and 4-hydroxy-3-dimethoxymethyl-2-methoxycarbonylmethyl-2-cyclopentene-l-one (2) synthesized 
8 

- 
earlier in our laboratory. Reactivities of the resulting products of hydrogenation as a function 

of the steric arrangement of substituents relative to the cyclopentanone ring were also assessed. 

The hydrogenation of 1 gives predominantly 3-hydroxy-3-dimethoxymethyl-2-methoxycarbonylmethylcyclo- 

pentane-l-one (z), which loses readily water when treated with a methanolic solution of dry hydro- 

gen chloride leading to 3-dimethoxymethyl-2-methoxycarbonylmethyl-2-cyclopentene-l-one (A). Com- 

pound 4 can be also obtained in small amounts directly upon hydrogenation of i or during isolation 

of the product of hydrogenation 3 (Scheme 1). 

Subsequent hydrogenation of the enone 4 gives a mixture (6:l) of trans- and cis-stereoisomers of 3- 

dimethoxymethyl-2-methoxycarbonylmethylcyclopentane-l-one (& and 2). the overall yield being 62% 

(calculated with respect to 1). Since catalytic hydrogenation of unsaturated compounds generally 

leads to cis-isomers, the formation of a thermodynamically more stable tram-isomer z can be at- 

tributable to base-catalysed isomerization of the ofs-isomer 5b via an enolate form. Indeed, the - 
methanolic solution of the hydrogenation products is slightly basic because of partial dissolution 

of the salts applied to promote the catalyst. 

A mixture of acetals k and 5b was converted by acid hydrolysis to aldehyde 5. which has not been - 
isolated in an analytically pure state. The presence of an aldehyde group was judged by the cha- 

racteristic aldehyde proton signal at 6 = 9.7 ppm in 'H NMR spectra and the purity of the product 
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was confirmed by TLC. Condensation of 2 with sodium dimethyl-2-oxoheptylphosphonate' afforded (2) 

38-~'-oxo-(I'E)-octenyl]-2a-methoxycarbonylmethylcyclopentane-l-one (1) as the only reaction pro- 

duct. 

The steric structure of acetal 2 and that of compound 1 was determined by 'H NMR spectroscopy (see 

Tables 3 and 4, respectively). 

0 n n Scheme 1 
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The reduction of 2 is more complicated due to an additional substituent in the cyclopentenone ring, 

thereby the number of the isomers being formed is doubled. The steric structure of the hydrogena- 

tion products in this case is primarily determined by the orientation of the 4-C substituent in the 

coordination complex of the substrate relative to the catalyst surface. It is well documented 
10-13 

that in heterogeneous catalytic hydrogenation the functional groups with unshared electron pairs 

(particularly the amino and hydrbxyl groups) assume a spatial arrangement opposite to that predic- 

ted on the basis of purely steric effects. Although still imperfectly understood in detail, this 

phenomenon is thought to be due to bond formation betw;? the electron-donor atoms and the empty 

or half-filled surface orbitals on the metal catalyst. According to the scheme depicted in Fig.1. 

orientation of the 4-OR3 group in the enone molecule toward the catalyst surface leads to isomers 

A and 6, whereas its opposite orientation gives structures C and D. 

RI= -CH2COOCH3 R2= -CH(OCH3)2 

Fig. 1. A scheme proposed for the hydrogenation of cyclo- 
pentenone derivatives over the Pd/C catalyst as 
a function of OR3 group orientation. 

In order to obtain maximum yields of 

the cyclopentanone derivative with 

the trans, trans-disposition of sub- 

stituents (structure B) characteris- 

tic of the natural prostaglandins 

we studied the hydrogenation of com- 

pound 1 (unsubstituted OH group) and 

its tert-butyldimethylsilyl deriva- 

tive 9. The products of hydrogena- 

tion of 2 were analysed and isolated 

as tert-butyldimethylsilyl derivati- 

ves (see Scheme 2). The hydrogena- 

tion of 2 and 2 gives the four pos- 

sible isomers (lo, 2, 12, E), their 

ratio depending on the reaction con- 

ditions and on whether the 4-OH 

group is protected or not prior to 

reduction. 
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a - H2/Pd(C ,); b - +'S>Cl, imidazole, dimethylformamide 

The 4-OH group in 2 during 

hydrogenation is oriented 

pred~iMn~y toward the Ca- 

talyst surface, this orien- 

tation being contributory 

to the formation of 0. On 

the other hand, the bulky 

tert-butyldimethylsilyloxy 

group in 2 during its reduc- 

tion has an orientation op- 

posite to the incoming hyd- 

rogen molecule on the cata- 

lyst surface, thus yielding 

compound 12 (see Table 1, 

exper.1 and 3; Fig. 1. A and 

C). The products of hydroge- 

r,ation g and 12 are themio- 

dynamically unstable and in 

presence of weak bases readily undergo isomerization to more stable structures 11 and 13, respecti- 

vely (see also Fig. 1, B,O). This is observed in the course of isolation of hydrogenation products 

as well as under silylation conditions (Table 1, exper. l-3; Table 2). thermal isomerization, al- 

though taking place, is less effective in this case (Table 2, exper.5). As follows from Table 1, 

exper. 1 and 2, dioxane slows down #is isomerization as compared with methanol, moreover in dio- 

xane the orientation effect of the hydroxyl group on hydrogenation stereochemistry is greater than 

in methanol. This is in agreement with the literature data 
13 that the ability of a functional group 

to bond with the catalyst surface approximately correlates with dielectric permeability of the sol- 

vent. Apart from compounds 10-13, small amounts of Wo 4-tert-butyldime~ylsilyloxy-3-methox~ethyl- -- 
Z-methoxycarbonyl me~ylcyclopentane-l-one isomers (1Q and 15) were isolated from the reaction mix- 

ture (see Table 1). The latter result from the hydrogenolysis of one acetal bond CH-0CH3 on the ca- 

talyst surface, this process being accelerated by protonation of the acetal oxygen. Addition of ca- 

talytic amounts of dry hydrogen chloride to the reaction mixture during the hydrogenation of enone 

2 gives a 3.6-fold increase in the yield of products 14 and E (Table 1, exper. 4): 

Scheme 3 

The hydrogenation of pure 12 gives only traces of 14 and 15 suggesting that partial hydrogenolysis 

of the acetal group mainly precedes the saturation of the double bond in 2 (Table 2, exper. 4). 

During isolation of products of hydrogenation of 2 and 2, small amounts of (+)3&dimethoxymethyl- 

2D-methoxycarbonylmethyl-4-cyclopentene-l-one (167 resulting from water or tert-butyldimethyl- 

*T&a cis-disposftion of Fubstituents at the cyc~open~~ne ring is suggested by the low SW value 
f J2 3= 5.5 Hz) in the H NMR spectra. . 
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Table 1. The ratio of reaction products lo-15 depending on the preparation method -- 

No Exper. Reaction conditions Product composition (X) Ratio Overall 
10+11/12+13 yield of 

10 11 12 13 14 15 
---- 

10-13(%) - - ---- -- 

1 a) 

b) 

2 a) 

b) 

3 
; I 

4 a) 
b) 

Hydrogenation of 2 51.2 28.2 10.7 1.0 4.0 0.4 6.8:1 71.0 
(dioxane, 50°C) 
Silylation (3 h) 

Hydrogenation of 1 13.5 60.5 8.0 4.0 3.6 1.2 6.2:1 61.0 
(methanol, 5oOC 
Silylation (6 h 1 
Silylation of 1 4.1 3.5 46.0 31.8 7.3 7.3 1:10.2 63.1 
Hydrogenation 
(methanol, 64'C) 

Silylation of 2 6.0 4.9 13.6 8.4 37.7 14.6 1:2 22.7 
Hydrogenation 
(methanol, HCl, 64'C) 

silanol cleavage from the molecules were also detected. This compound is apparently formed via the 

2,3-cis-derivatives lo, 12 or their 4-hydroxy analogues. The steric structure of products lo-15 

was determined by 'H NMR<pectroscopy (Table 3). 
-- 

Further we studied how the spatial arrangement of substituents in isomers lo-13 affects their reac- -- 
tivity. Individual isomers resolved by column chromatography were used in these experiments. 

Table 2. Isomerization of compounds U_J, 12 and 14 to thermodynamically more stable 2,3-trans- 
isomers 11, 13 and 15 - 

No Exper. Starting compounds Isomerization conditions Product composition 

1 U(90%) 

G 
1_2( 100%) 
14( 100%) 

4 E( 100%) 

5 1_2( 100%) 

Silylation (2O“C, 90 h) 

Hydrogenation (66?, 3 h) and 
, I5(85% 
, u(25% 

product isolation 
130°C, 12 h 12(87%), 1_2(13i) 

Acetal protection of the aldehyde group in lo-13 was selectively removed with titanium tetrachlori- 

de in ether.14 
-- 

According to TLC data, the corresponding isomeric 4-tert-butyldimethylsilyloxy-3- 

formyl-2-methoxycarbonylmethylcyc1opentane-l-ones (17-X)) are comparativelylstable in solution and -- 
undergo partial decomposition without solvent. The relative intensities of H NMR signals from the 

aldehyde proton to the protons of the methyl groups at the tert-butyldimethylsilyloxy silicon were 

used as stability criterion for compounds 17-20. The stability was found to decrease in the follow- -- 
ing sequence (the percentage of aldehyde is given in brackets): IJ(2O%)>I7(70%)>2u(47P)>L9(34%). 

For this reason we did not isolate the individual aldehydes, but treated them with sodium dimethyl- 

2-oxoheptylphosphonate irmnediately after their concentration (Scheme 4). 

As expected, aldehyde E gave the highest yield of the corresponding prostanoid. the (*)4a-tert- 

butyldimethylsilyloxy-3~-[3'-oxo(l'E)-octenyl]-2~-methoxycarbonylmethylcyclopentane-l-one (22) 

being formed in 59% yield (calculated relative to acetal 11). Aldehydes 17 and 20 showed decreased - - - 
reactivity and the appropriate prostanoids 21 and &3 were gained in low yield but retaining the 

initial spacing of substituents**. The decreased reactivities of 17 and 20 may be due to the screen- - - 
ing effect of an adjacent cis-substituent (the methoxycarbonylmethyl and tert-butyldimethylsilyl- 

oxy group, respectively), as the &s-orientation of bulky substituents is known not only to dec- 

rease the reactivity of the aldehyde group but also destabilize the molecule. 15 In the molecule of 

'*Compound 21 undergoes readily isomerization to 22. This process can be minimized only by short- 
ening thereaction time and by maintaining medium neutrality. 
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Scheme 4 

a - TiC14/Et20; b - [(CH30)2PCHCOC5HII]Nat 

aldehyde 19 the steric and destabilizing effects of the two cis-substituents sum up and small - 
amounts of prostanoids 22 (3.1%) and 23 (6.2%) can be isolated only by increasing the temperature - - 
and duration of the reaction. Obviously, aldehyde 19 can undergo condensation with phosphonate only 

in the case of isomerization of the 2-methoxycarbonylmethyl or aldehyde group, owing to which a II!+ 

re favourable stereochemical environment is created within the molecule. We failed to detect the 

corresponding prostanoid with the cis, cis-disposition of the substituents in the reaction mixture. 

The steric structure of 2l_, 22 and 23 was determined by 'H NMR spectroscopy (Table 4). 

We have also found how the spatial arrangement of substituents in acetals 2 and IO-13 affects the -- 
stereochemical outcome of reduction of the keto group in the cyclopentanone ring by L-Selectride. 

The bulky reducing agent is prevented from approaching compounds lo-13 mainly due to the steric -- 
hindrance exerted by any of the two identically oriented substituents at the cyclopentanone ring; 

thus the orientation of the C-O bond being formed always coincides with that of the above two groups. 

In the case of acetal 5a the 4-C atom carries no substituent, and the direction of keto group re- - 
duction is governed by the neighbouring methoxycarbonylmethyl group (Scheme 5). 

When the methoxycarbonylmethyl group and the reduced keto group in the cyclopentane ring are in the 

cis-position, y-lactones (24-27) are only formed; these findings are consistent with our data re- -- 
ported earlier for other similar systems. 

16 It should be pointed out that during the reduction of 

acetal 2, further reduction of lactone 25 was also observed to give comparable amounts of two lac- - 
to1 isomers (29a and 29b) in the ratio 1.8:1. - - 
The steric structure of the reduction products 24-29 was determined by 

1 
H NMR spectroscopy (Table -- 

5). 

CONCLUSIONS 

The experimental evidence obtained allowed to clarify some stereochemical aspects underlying con- 

versions of the E-cyclopentene-l-one system to the corresponding cyclopentanones as well as reac- 

tions of the latter varying as to the bonds affected. 

The catalytic hydrogenation of enones 4. 2 and 2 belongs to reactions of multiple bond saturation 

where both incoming species, e.g. hydrogen nuclei, approach the substrate surface on the same side 

and the two C-H bonds formed emerge simultaneously or nearly simultaneously. Under these conditions 

reaction stereochemistry is kinetically controlled by the 4-C substituent. Hence, the assumed pre- 

orientation of the OH group toward the catalyst surface to form a considerably stable associative 
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Scheme 5 

a &- 

a 
_o- 

+jiO* 

+!+id' 

a - I.-Selectride/TWF 

a x-.--W 

+jio 

+iiOfiC"(OCH3)2 
1 

28 

Chemical shift, 6, ppm 
~o~ound 

H2u H2 Hh "5" "4 "3 "3' "Si- "si+ 

("4aj 

"COOCH3 "OCH3 

5a (2.71 2.42 2.28 2.42 (::$) 2.32 4.28 3.66 3.35 - 2.78 

l_ (2.35 3.15 2.17 2.55 4.59 2.68 4.18 3.73 

y; - 

2.84 
3142 

0‘09 0.11 0.90 

A.I (2.72 
2.79 

2.53 2.29 2.67 4.32 2.41 4.40 3.67 3.37 0.06 
3.45 0.08 

0.86 

12 2.77 2.77 2.45 2.30 4.52 2.71 4.66 3.70 3.32 3.33 0.11 0.08 0.90 

13 G:G 2.53 2.52 2.32 4.50 2.49 4.58 3.64 3.35 3.29 0.05 0.03 0.86 

L!! (2.45 

2.85 

2.77 2.47 2.35 4.52 2.55 3.43 3.65 3.71 3.25 0.07 0.90 

15 j2.75 2.67 2.45 2.51 2.34 4.52 2.46 3.43 3.62 3.65 3.33 
x*:: 
0107 0.86 

SSCC, Hz 

1 2 3 4 5 6 7 8 9 10 

5a 17.3 10.8 8.9 6.1 2.1 

lo 17.2 9.0 1.0 5.9 1.0 

11 16.2 18.1 6*2 9 0 6 5 6.6 5.9 3.3 &J ~1.0 
12 ++ 17.8 3%' 814 618 6.1 6.1 4.2 "3~~~1.0 
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Table 3. (Continued) 

1 2 3 4 5 6 7 8 9 10 

13 17.6 17.8 11.7 4.3 0 3.5 7.9 'J -1.0 "19 

14 16.4 18.0 ;'; 7.8 7.1 7.3 5.9 i-2 2J,.,)~ = 9.5 ‘Jww0.5 

15 17.6 18.1 ;*; 11.8 4.6 0 3.4 ;*; ‘J,, 3 = 
, 

8.8 “Jvp -0.5 

++ - undeterminable 

Table 4. lH NMR Parameters for Compounds l bnd 21-23 (CDC13. 360 MHz) -- 

Compound 
Chemical shift,8, ppm 

H 2M H, H, HSF Hr "I H*6 
H 

2’ 
H,,, H5, H6, ,, Ho, 

9 

(H,,) 

HCOOCHJ HSi- HSi+ 

.I 2*58 + + + 2.63 1+81 2.83 6.58 5.98 2.57 1.62 1.33 0.91 3.64 - - 

21 2.25 
2.74 

3.30 2.39 2.56 4.34 3.26 6.34 6.22 2.51 1.62 1.32 0.91 3.68 ;*;; . 0.91 

22 2.57 
2.63 

2.46 2.38 2.72 4.18 2.75 6.70 6.22 2.52 1.62 1.30 0.91 3.65 ;*;: 0.86 

23 2.50 
2.75 

2.70 2.60 2.41 4.49 2.90 6.90 6.13 2.56 1.62 1.30 0.90 3.63 0.04 0.88 

SSCC, Hz 

1 17.2 ++ :‘; 11.4 ++ t+ 5.9 15.7 8.7 ‘Jy, = 0.65 sJ = 11.4 
*M 

2L 17.3 18.9 ;I; 8.1 1.5 5.1 1.6 15.6 9.7 “5 = 1.6 ‘5 = 1.6 
4= 

?z 16.5 18.6 :*; 12.1 9.1 7.3 9.1 15.7 8.8 ‘Jy, = 0.7 “3 N 
29 

1.0 

23 16.5 17.8 35.42 11.8 4.5 0 3.5 16.0 8.9 

+ - multiplet 2.20-2.55 ppm 

++ - undeterminable 

bond or a similar preorientation of the tert-butyldimethylsilyloxy group sterically remote from 

the catalyst surface is the only suitable explanation of the phenomenon. 

On the other hand, the reduction of cyclopentanone aldehyde acetals lo-13 with L-Selectride would -- 

involve consecutive addition of a hydride-like hydrogen atom to the carbonyl carbon followed by 

protonation of the oxygen atom with solvent or reactant molecules. Under these conditions kinetic 

control must be exercised by steric repulsion involving all the groups present on the substrate 

molecule and on the hydrogenating agent. According to our experiments, steric repulsion between 

the reagent molecule and either of the two mutually cfs-oriented groups exceeds that between the 

reagent and the remaining third group in the initial 2.3,4-tri-substituted cyclopentane-l-one 

molecule. Consequently, the hydrogenating agent approaches the substrate molecule from the oppo- 

site side of the ring and the product automatically contains a new C-O bond whose orientation co- 

incides with that of the two cis-functions mentioned above. If the molecule carries no substituent 
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Table 5. 'H NMR Parameters for Compounds 24-29 (CDCl,, 360 MHz) -- 

H- HB&-~oCH3,2 ;;;g;oCH3,2 +;;)&-cH3 ?o@;,0CH3]2 a 

I I CH(OCH3)2 I 
24 25-27 - 28 -- - ?9a,b 

Com- 
oound 

Chemical shift,a, ppm 

Hia “SJ3 H2 H1 HSrL Hsp Hb “3 H3l "Si- H 
Sit HOCH 

Others 
3 

24 2.48 2.81 2.72 4.95 multiplet 1.55-2.14 4.16 a 2.54 2.88 3.13 4.96 1.83 2.22 4.31 2.31 4.39 0.08 0.08 0.90 :*:: :*:: 
8 2.56 2.81 2.89 4.94 1.99 2.14 4.21 2.18 4.10 0.05 0.05 0.86 3134 3:37 
a 2.59 2.79 3.07 5.08 2.17 1.86 4.32 2.15 4.68 0.08 0.09 0.89 3.34 3.39 
28 2.33 2.81 2.38 3.97 1.81 1.93 4.29 1.86 4.53 0.10 0.11 0.91 3.31 3.37 COOCH 

OH3 

3.69 
_.. 3.12 _ .-- 

23 1.92 1.98 3.03 4.66 1.70 2.09 4.15 2.24 4.42 0.05 0.05 0.90 3.34 3.36 OH 2.66; H" 5.51 
2jl~ 2.12d2.30 2.82 4.50 1.59-2.30 4.48-2.30 4.53 0.05 0.05 0.90 3.44 3.50 OH 4.72; H; 5.34 

SSCC, Hz 

Others 

24 17.7 ++ :;1"6 94 
3:8 

6.1 5.8 2.5 6.1 tt ++ 65 
25 18.3 14.1 7.1 9.5 6.2 1.8 8.4 6.2 +;.9 512 
26 17.5 14.7 2.6 10.7 6.9 4.0 1.9 

7"*: 20" 
5 1 
3'2 

3.5 5.4 
22 18.5 15.6 11.6 5.3 7.4 9.1 NO 3.2 9.1 
28 14.9 14.2 9.1 2.8 2.7 9.4 1.1 6:6 1.1 3:6 3.5 8.1YJ =0.9;'J1,, =l.l;- 

22 11.5 12.1 7.9 7.9 6.4 7.2 6.0 0 8.4 
“JE =8.8 

5.9 8.4 6.03J1. iy. =3.6;3J,n,zb‘) =O; 
=7.3 

29b 12.5 13.0 8.6 1.5 5.6 8.5 4.3 0 8.4 5.4 8.4 - 4.43Jp;2~*=4.8;3J,~,2~ 3J1&, =0 

+ - band bp orientation was not determined 
++ - not measured 

in position 4, the methoxycarbonylmethyl group serves as the principal orientant causing the hydro- 

genating agent to approach the reaction site from the opposite side of the cyclopentanone ring and 

hence is responsible for the same configuration of the nascent bond C-O as that of the orientant 

group. Thus, in our case, due to the bulky anion part of L-Selectride the results gained are oppo- 

site to those obtained by the reduction of similar systems with sodium boron hydride. 16 It should 

be recalled that in the latter case the methoxycarbonylmethyl group was responsible for the for- 

mation of a new C-O bond predominantly in the opposite direction. 

The rate of reaction involving the aldehyde group of tert-butyldimethylsilyl ethers 17-20 and so- -- 
dium dimethyl-2-oxoheptylphosphonate and hence the reaction yield is antibatic to the extent of 

overall screening of the aldehyde group. As expected, the reaction slows down in the following se- 

quence 18>17>20>19. i.e. the steric load of the formyl group increases in the following order: ---_ 
2,4-trans,trans-, 2-cis-4-trans, 2-trans-4-cis-, 2,4-cls,cis-substitution. 

In some cases the final epimer ratio can differ from that expected under kinetic control. For 

instance, epimers s, 10 and 12 initially formed during the catalytichydrogenation of 4, 2 and 9 - - - - 
in certain circumstances yield thermodynamically more stable epimers LJ, 11 and 13. Another exam- - 
ple is provided by aldehyde 19 reacting with sodium dimethyl-2-oxoheptylphosphonate only to the 

extent to which epimerization of the 3-formyl or 2-methoxycprbonylmethyl group with respect to the 

adjacent substituents occurs under given reaction conditions. In this case no prostanoid with the 

cis,cis-orientated 2,3,4_substituents could be detected. 
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EXPERIMENTAL 
1 
H NflR spectra were recorded at room temperature with WH-9OIDS and WM-360 spectrometers in deutero- 
chlorofo~, using TMS as internal standard. Mass spectra were recorded either on a MS-50 (AEI) mass 
spectrometer operating at ionizing potentials 70 eV using a direct probe insertion technique with 
source temperature 150°C or on a MS-25 (Kratos) chromatomass spectrometer (Sil-5 Chromopack capil- 
lary column with helium as carrier gas) with source temperature ZOO'C at ionizing potential 70 eV. 
IR spectra were recorded on films with a Perkin-Elmer 580 B spectrophotometer. Melting points were 
measured on a "Bostius" micro melting point apparatus and are uncorrected. HPLC analyses were con- 
ducted on a Ou Pont Model 8800 ch~mato~raph. A differential refractometer in series with a spec- 
tropho~me~r were used as detectors. A 250x4.6 am column packed with Zorbax Sil (6nm) was used. 
The same mobile phases were used for micropreparative and analytical HPLC runs: 

Compound 

Isopropanol 

Mobile phase composition (Z) 

Dioxane Ethyl acetate Hexane 

3-6, 8, 
V-T5 - 16, 

'24 2.6 
- 

7,-21-23 
25-z - 5.0 -- 

10.7 

G.5 
1E 
1o:o 

83.4 
90.0 
87.5 
85.0 

The solvent systems for TLC on Silufol UV Zfr plates were (A) hexane-ethyl acetate (2:3) and (B) he- 
xane-~trahydro~uran (3:l). The spots were visualized with a solution of vanilin (39) and 1 ml of 
cont. H,SO, in ethanol (100 ml), 10% ethanolic solution of phosp~omolybdic acid or with saturated 
2,4_dinitrophenylhydrazine solution in 2 N hydrochloric acid with subsequent heating at 1'20°C. Sila- 
sorb 600 (20 urn) (Czechoslovakia) was employed for column chromatography. Sodium hydride in white 
oil and tert-butyldimethylsilyl chlori were purchased from Ffuka AG, 1.0 M solution of lithium 
tri-set-butylborohydride (L-Selectride 8. ) in tetrahydrofuran from the Aldrich Chemical Company. 
The catalyst used for hydrogenation contained 1.88b: of Pd and 1,52% of Cs on charcoal. Hydrogen 
consumption was 7 mllmin. The organic extracts were dried over anhydrous sodium sulphate. To iso- 
late reaction products the solvents were removed by evaporation using a vacuum rotary evaporator, 
the water bath temoerature not exceedino 40°C. 
The General Procedure for the Hydrogena~jon of Enones 1,_1,4 and 9 over FdfC Catalyst. Hydrogen was 
DaSSed at room temoerature throuah the catalvst in metfianoTfor aioxanel for I h uoon stirrino. 
Then the enone was'added, and the mixture was treated with hydrogen for'3-9 h with'vigorous slir- 
ring at a given temperature. The catalyst was filtered off and washed with the solvent. The fil- 
trate was evaoorated. 
3-Hydroxy-3-d~methoxymethyl-2-methoxycarbonylmethylcyclopentane-I-one (3). A solution of 3.36 g 
m.99 mmolet of I rn methanol 130 ml) was hvdroaenated over I.86 o of Be catalvst at 54OC (bath 
temperaturef'for v.5 h. The filtrate was evaporaied to give 3.64 g-(83,8%) of 3 ionbining 852; of 
the main substance (the isomer ratio 2:f), 4% of 4 (yield 4.3X) and 9X of 5 (yield 9.5%). The crude 
product was used for further syntheses. An analytically pure mixture of 3 isomers was afforded by 
column chromatography with benzene-ethyl acetate (2:3) as eluent. Rf 0.26 (System A); 'H NMR (6): 
a) the prevailing isomer - 4.16 (lH, s, CH:), 3.71 (3H, s, COOCH,), 3.49 (3H. s, OCH,), 3.44 (3H, 
s, OCH,), b) the second isomer - 4.25 (lH, s, CK), 3.68 
(3H, s, OCH,); MS m/z (%) 2$8 (O-3) 

3H, s, COOCH,), 3.57 (3H, s, OCH ), 3.52 

181 (6.5) [M-H 0-HO&H,-CH,] 
[M-H,Of+*, 

165 (8) [M-H 0-HOCH -0CH 
I+, 197 (4.7t [M-H~o-oc~J+, 

3-Oimethoxymet~yl-2-methoxyc~rbonylmethyl-~-cyclo~ente~e-l-one (4). 5 
CH(OCH,12 
.64 

the main subs-tance, 4% of 4 and 9 
g of 3 containing 85% of 

%O f 5 were dissolved in 70 ml 7if 0.13 N hvdrzaen chloride in me- 
thanol and allowed to stana at room teliiperature. Following 17 h the mixture-was-neutralized with 
saturated sodiumyarbonate (30 ml) and methanol was removed. The residue was diluted with water 
(50 ml), extracted with benzene (3x100 ml), washed with saturated sodium chloride and dried. The 
solvent was removed to give 3.34 g (80.4%) of 4 containing 69X of the main substance and 10% of 5. 
Further synthetic procedures were carried out with the crude product. Analytically pure acetal 4'- 

through alumina of II degree of activity (10 g) followed by elution with ethyl acetate (100 ml). 
The solvent was removed to give 3.07 g (62.3%. calculated with respect to 1) of the mixture con- 
taining 70% of the main substance (isomers 5a and 5b in the ratio 6:lf and-8% of 8 (isomers 8a and 
O$ in the ratio 3:l). Further synthetic proGduresY?ere carried out with the cru& product. Kia?y- 
focally pure isomers 5a, 5b and Oa, 8b were obtained by preparative HPLC. Sa, R 0.55 (System A); 
H NMR 16): see Table X MS-m/z (q: ZTO (0.7) Mt., 199 (2.8) [M-OCHJ+, 17072.4f [M-HCOOCH,]+., 

CH:), 3.70 (3Hj s, COO6 s), 3.38 (3H, s, OCfi,f, 3.33 (3H. s, 0CH3), 2.70-2.85 (3H, m, CH, and Hz), 
167 (9.4) [M-OCH,-H~CH j+, 75 (loo) [CH(OCH ) I+. 5b, Rf 0.54 (System A); *H NMR (6): 4.20 (IH, d, 

2.45 (1H. m, H ), 2.30 (lH, m, H'), 2.18 (1H. m, H'), 2.12 (lH, m, H4), 1.95 (IH, m, H'); MS m/z 
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hydrochloric acid and stirred at room temperature for 50 min. The mixture was neutralized with 20 
ml of saturated sodium bicarbonate, saturated with crystalline sodium chloride, extracted with ethyl 
acetate (3x75 ml) and dried. The solvent was removed to give 0.4 g of the crude product 6. R 0.36 
(System A); 'H NMR (6): 9.70 (1H. d, EHO); GC-MS m/z ('6): 184 (0.41 Mt.. 156 (11) [M-CO]*', 153 
(16) [M-OCH,]+, 124 (27) 
Dimethyl-E-oxoheptyl 

[M-CO-HOCH,] 83 (loo) [M-CO-CH,C00CH,] . 
was preiared by the procedure described elsewhere', b.p. 113-115OC/ 

‘ImnH (ltdta' 1.1 
(+)30- 3'-Oxo-(l'E)-octenyl -2cr-methoxycarbonylmethylcyclopentane-l-one (7). To a 70; suspension of 
sodium hydride in oil (0.055 1.60 mnole) was added t etrahydrofuran (8 iiil) and a solution of 961 
dimethyl-2-oxoheptyl phosphoni& (0.36 g, 1.56 mmole) in tetrahydrofuran (3 ml). The mixture was 
stirred at room temperature under argon atmosphere for 1 h. Then a solution of crude 6 (0.30 g) in 
tetrahydrofuran (2 ml) was added and the mixture was stirred for 45 min. The resulting mixture was 
treated with 4g monosodium phosphate (22 ml), extracted with ether (3x40 ml), washed with saturated 
sodium chloride (25 ml) and dried. The solvent was evaporated and the product (0.47 g) was chroma- 
tographed on Silasorb with hexane-ethyl acetate (3:l) as eluent to give 0.21 g of pure 1 (66/, cal- 
culated with respect to the mixture of acetals 5a and 5b). R 0.75 (System A); IR: 1743 (OC=O), 

!675 (=C-C=O), 1631 cm;: (C=C); 
220 (8) [M-HCDDCH ] 

'H NMR (6)Tee fable 4; MS m/z (%): 260 16) Mt.. 249 
209 (3) [M-c,H 1] 149 (100) [M-HCOOCH,-c,H,,] 

d~methylsilyloxy-3-dlfmet~oxymethyl-2-met~oxy~arbonylmethyl-2-cyclopentene-~-one (9). 
in dimethylformamide (12 1) dd d imidazole p.T5 g 
chloride (1.27 g, 8.43 eole;erFhz mfxture was stirred a; 

room temperature for 2.5 h, poured into 50 ml of water and extracted with hexane (3x75 ml). The ex- 
tract was washed with saturated sodium chloride (50 ml) and dried. The solvent was removed and the 
residue (2.9 g) was chromatographed on Silasorb (100 g) with hexane-ethyl acetate (7:3) as eluent 
to give 2.18 g (90%) of pure 9. Rf 0.49 (System 8); m.p. 53-54OC (from heptane, at -60°C); IR: 1743 
(OC=O), 1717 (C=O) , 1671 cm-'-(C=C); 'H NMR (6): 5.30 (lH, s, CH:), 4.87 (1H. m, H"). 3.64 (3H, s. 

2H, m, CH, ring), 
M-OCH,]+, 301 (10) 

dimethylformamide (9 ml), treated with imidazole (0.7 g, 10.28 mmole) and tert-butyldimethylsilyl 
chloride (0.77 g. 5.11 mnole) and stirred at room temperature for 3 h. The reaction mixture was 
poured into 50 ml of water and extracted with hexane (3x100 ml). The extract was washed with satu- 
rated sodium chloride (50 ml) and dried. The solvent was removed and the residue was chromatograph- 
ed on Silasorb (100 g) with hexane-tetrahydrofuran (17:3) as eluent to give a mixture (1.15 g) of 
the following products: 

Product 10 11 
Composition (a) 5r2 2812 #7 1; ?D F4 
Yield (%) 39.9 22.0 8:3 0:8 3:4 0:3 

The mixture was chromatographed 3 times to give a product containing 93i of 10 (the column has been 
repeatedly used). Eluate composition was controlled by TLC. Analytically pure10 was obtained by 
preparative HPLC. Rf 0.45 (System 8); m.p. 40-41°C (from heptane, at -60°C); 'mMR+(G): see Table 
3; MS m/z (%): 329 (0.2) [M-OCH,]+, 313 (0.2) p-CH,-HOCH,]+, 303 (0.9) [M-c(cH,),] , 143 (100) 
TCH,OOC-CH,-CH=CH-CHOCH,I 
'~)-4~-Tert-butyldimethyls~lyloxy-30-dimethoxymethyl-2a-methoxycarbonylmethylcyclopentane-l-one 
1 A lt- f 2 (1 00 4 09 mnole in methanol (13 1 was hydrogenated over catalyst 

(Ok g)s~tu5C?~ YbaB tempekture) for 4!5 h. After evaportt!on of the filtrate, the rejidue (1.0 
g) was dissolved in dimethylformamide (8 ml). Following addition of imidazole (0.70 g, 10.28 mnole) 
and tert-butyldimethylsilyl chloride (0.77 g. 5.11 rmnole) the mixture was stirred at room tempera- 
ture for 6 h, poured into 50 ml of water and extracted with hexane (3x100 ml). The extract was wash 
ed with saturated sodium chloride (50 ml) and dried. The solvent was removed and the residue 
(1.7 g) was chromatographed on Silasorb (100 g) with hexane-tetrahydrofuran (17:3) as eluent to 
give a mixture (1.047 g) of the following products: 

Product 10 12 13 14 15 
Composition (%) lr5 6;5 R-0 4-O 3-6 l-2 
Yield (%) 9.6 42:9 5:7 2:8 2:8 0:9 

The mixture was rechromatographed to afford isomer 11 of 96% purity. Analytically puge 11 was ob- 
tained by preparative HPLC. Rf 0.48 (System B);+m.p. -26-26.5OC (from+heptane, at -70 C);'H NM! 

303 (7.2) [M-C(CH )I+, 75 (100) [CH(OCH ) ] and [(CH ) SiO ] 
(6): see Table 3; MS m/z (X): 345 (0.1) [M-W,] , 329 (0.1) /$OCH,] , 313 (0.1) [M-CH,-HOCH,] , 

(~)40-Tert-butyldl)m~thylsilyloxy-3B-dime~h~xymethyl-20~m~thoxyc~rbonylmethylcyclopentane-l-one (12) 
and (~)40-tert-butyld~methyls~lyloxy-30-d~methoxymethyl-2a-methoxycarbonylmethylcyclopentane-~-o~ 
m) Compound 9 (1 54 g. 4.30 mmole) in methanol (20 _* -. ml) was hydrogenated over the catalyst 
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(1.52 g) at 66OC (bath temperature) for 3 h. Following evaporation of the filtrate, the residue was 
chromatographed on Silasorb (120 g) with hexane-~trahydrofuran (l7:3) as etuent to give a mixture 
(1.27 g) of the following products: 

Product 
Composition (%) 4-X 
Yield (%) 

nied by 5.03 (3%) g of 5aynd 0.10 i (10.2;;) of 16. Compound 16, Rf 0.20 (System B); IR: 3075 
(H-C=), 1740 (OC=O), 1775 (C=O), 1591 cm-' (C=C) ;'H NMR (6):7.59 (1H. q, H“), 6.27 ,lH, q, Hf), 
4.35 (1H. d, CK), 3.67 (3H, S, COOCH,), 3.44 (3H, s, OCH ). 3.42 (3H, s, OCH,), 3+05 (lH, m, H3), 
;M?;c62yJ ,- 3 9 qv 75 CH (100) ). 2.45 rCH(OCH.),l+. (1H, m, HZ); MS m/z (3): 228 (O.oi) Mt., 213 (0.1) [M-CH,] , 197 (0.9) 

fiydrog&ation of 4~t~rt~but~~~methylsilyloxy-3-dimethoxymethy1-2-methoxycarbonylmethyl-2-cyclopen- 
term-l-one (9) over the Pd/C catalyst In the presence of HCl The hydrogenation of Q (0.113 g, 
b 31 nanole) over the catalyst (0 1 g) in methanol (4 1) with the addition of hydrogen chloride 
(6.025 aanole) was carried out as-in the case of isomek 12 and 13 except for the concentration 
step, when pyridine (5 J1) was added to the solution afte filtE&on. The residue was chromato- 
graphed on Silasorb (5 g) with hexane-ethyl acetate (?:3) as eluent to give a mixture (0.087 g) 
of the following products: 

Product 
Composition (%) lg6 
Yield (%) 12:2 

Isomerization of 12 during hydrogenation over the Pd/C catalyst. The hydrogenation of 12 (0.111 g, 
D 30 mnole) over Tiie catal t (0 1 ) th 1 (4 1) was conducted similarly to theprepara- 
tion of 12 and 13. The res:&e was ~hr~~a~gr~$ed onmSilasorb (5 g) with hexane-ethyl acetate 
(?:3) asTluentfo give a mixture (0.0931 g) of the following products: 12 (74%). 13 (2591.14 
(0.2%). 15 (0.8%) and 0.008 a (11.4%) of 16. 

- - 

isomerizZi& of‘l0, 12 and i4 
dimethvlformamide lO.TmTi-cijii 

. 5 mg of 10, 12 or 14 were dissolved in 
Iv1 chloriz IKO75 i;iiiole) and imidazole 

(0.15 -mole) and the mixture was alliwed to stand at room temperature for 90 h. Then the lnixture 
was added to 1 ml of water and extracted with hexane (5 ml). The extract was washed with saturated 
sodium chloride and dried. The solvent was removed and the residue was subjected to HPLC (Table 2. 
exper. l-3). 
Thermal isomerization of 12. 10 mg of 12 were allowed to stand under argon atmosphere at 13O'C for 
12 h and subsequently filEred through-U.2 g of Silasorb with hexane-ethyl acetate (1:l) as eluent. 
After concentration the sample contained 87% of 12 and 13% of 13 (HPLC data), 
The General Procedure for the Preparation of 4-Tert-butyldimet~silyloxy-3-formyl-2-methoxy-carbo- 
nylmethylcyclopentane-1-onesT-20). Dry ether (10 1) was treated with 0 066 1 (0 114 0 6 
mmole) of titanium tetrachlori= rj;ider argon atmosphke at -10°C. To the yellowmsolution ke'add- 
ed 10, 11, 12 or 13 LO.18 g, 0.5 mnole) in ether (2 ml) at the same temperature and the mixture was 
stirred at70 to-5 C until the initial compound disappeared (l-2 h). The reaction mixture was 
neutralized with saturated sodium bicarbonate (10 ml) and extracted with ether (3x20 ml). The ex- 
tract was washed with saturated sodium chloride (10 ml) and dried at -18'C. The solvent was removed 
(in the case of 10 and 11) or concentrated approximately to 1 ml (in the case of 12 and 13). The 
aldehydes obtaina were-immediately used for further synthesis. Prior to 'H NMR spectrosEpy in 
deuterochloroform the samples of 17-20 were dried in WNO for 15 min. The stability of the synthe- 
sized aldehydes was assessed by tEzlative intensities of resonance signals from the aldehyde 
proton to the protons of the methyl groups directly linked with the art-butyldimethylsilyloxy si- 
licon. Aldehyde 17, Rf 0.29 (System B); 
rity. Aldehyde 18; Rf 0.36 (System B); 

H NMR (6): 9.80 (1H. d, J = 2 Hz, CHO), 17 was of 70X pu- 

rity. Aldehyde m. Rf 0.29 (System B); 
'H NMR (6): 9.83 (lH, d, J = 2 Hz, CHO), 1Bwas of 80% pu- 

rity. Aldehyde z, Rf 0.30 (System B); 
'H NMR (6): 9.78 (lH, d, J = 2 Hz, CHO), n was of 34% pu- 
'H NMR (a): 9.75 (lH, s, CHO), 20 was of Z?kpurity. 

Condensation of sodium dimethyl-2-oxoheptyl phosphonate with 
tyl phosphonate was prepared from 0.019 (0 55 

aldehyde n. Sodium dimethyl-2-oxohep- 
1 ) f 70% sodium h$ride suspension in oil and 

0.137 g (0.55 mnolef of 90% dimethyl-2-o~oheptyl~~o~ph&ate in tetrahydrofuran (10 ml) similarly 
to 7. A solution of aldehyde 17 prepared from 0.2 g (0.52 mnole) of 94% acetal 10 containing 2% of 
ace&l 11 in tetrahydrofuran v ml) was added to the reaction mixture. The resuning mixture was 
stirredTnder argon atmosphere for 20 min, supplemented with 4% monosodium phosphate (10 ml) and 
extracted with ether (3x20 ml). The extract was washed with saturated sodium chloride (10 ml) and 
dried. The solvent was removed and the residue was chroma~graphed on Silasorb (30 g) with benze- 
ne-ethyl acetate (12:l) as eluent to give 0.037 g (17.3%. calculated with respect to 10) of 21 
and 0.054 g of crude 22. The latter was rechromatographed on Silasorb (6 g) with hexaii&ethyrace- 
tate (1?:3) as eluent3o afford 0.041 g (18.7%. calculated with respect to 10) of-pure 22. torn- 
pound 2, Rf 0.58 (System B); IR: 1745 (OC=O), 1701 (C=O), 1679 (=C-C=O), 1633 cm (C=n; H NMR 
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see Ta$le 4; MS m/z (%): 410 8.9) Mt., 395 (0.3) [M-W,]+, 379 (1.7) [M-OCH,j+, 353 (27) 
75 (100) [(CH,),SiOH 1 . 

of sodium dimethyl-Z-oxoheptyl phosphonate with 
lyl phosphonate was prepared from 0.028 (0 82 

aldehyde 18. Sodium dimethyl-Z-oxohep- 
1 ) f 70% sodium hjGiride suspension in oil and 

0.25 g (1.01 mnole) of 90% dimethy,-2-ox~hep~y, ~~s~ho~at~ in ~trahydrofuran (8 ml) similarly to 
7. The mixture was treated with a solution of aldehyde 18 prepared from 0.286 g (0.76 mnole) of 
96% acetal 11 in tetrahydrofuran (1 ml) and stirred undc argon atmosphere for 45 min. Further 
treatmentwz the same as in the case of 17. Chromatography on Silasorb (25 g) with hexane-ethyl 
acetate (17:3) as eluent yielded 0.183 9759%. calculated with respect to 11) of 22, Rf 0.44 
(System 8); fR: 1750 (O$;O), 1699 (C=O), 167f (=C-C=O), 1633 cm-', (C=C); 'HNMR (q: se? Table 4; 
MS&; p,lf’o (0.4) M , 395 (0.q [M-CH,] , 379 (1.6) [M-OCH,] , 353 (26) [M-c(cH,),] , 75 (100) 

Condensation of sodium dimethyl-Z-oxoheptyl phosphona~ with aldehyde 19. Sodium dimethyl-Z-oxohep- 
lyi phosphonate was prepared from 0.019 (0 55 I ) f 70% sodium haride suspension in oil and 
0.137 g (0.55 mnole) of dimethyl-2-oxohe~tyl*pho~~o~a~ in tetrahydrofuran (8 ml) similarly to 7. 
The mixture was supplemented with a solution of aldehyde 19 prepared from 0.2 g (0.54 mnole) of 47% 
acetal 12 in ether (1 ml) and stirred at 50°C for 6 h. ThG the residue was chromatographed twice 
on Silazrb (25 g) with hexane-benzene-tetrahydrofuran (9:6:1) and hexane-ethyl acetate (17:3 

1 
as 

eluent to give 0.025 g of a product containing compound 22 (3.1%) and 23 (8.2%) in the ratio :2.6. 
Condensation of sodium dimethyl-Z-oxoheptyl phosphonate ath atdehyde 'ZEi. Sodium dimethyl-2-oxohep- 
lyl phosphona~ was prepared from 0 019 (0 55 1 ) f 70% sodium h%ride suspension in oil and 
0.137 g (0.55 mmole) of 90% dimethyi-2-o~obe~tyl~~s~ho~a~ in tetrahydrofuran (8 ml) similarly to 
7, The reaction mixture was suppl~ented with a solution of aldehyde 20 prepared from 0.2 g (0.47 
?molef of 84% acetal 13 containing 10.6% (0.06 mnole) of isomer 11 inether (1 ml) and stirred at 
room temperature for 3-h. Further treatment was the same as in the case of 17. Then the residue was 
chromatographed on Silasorb (21 g) with hexane-benzene-tethydrofuran (9:6:lTas eluent to give 
0.0048 g of 22 (20%, calculated relative to 11) and 0.0165 g of 23 (8.62, calculated relative to 
13). Compoun?!-3, R 0.38 (System B); IR: 1721v (OC=O), 1702 (C=Oz 1679 (=C-C=O), 1635 cm-' (C=C); 
?R NMR (6): see Tabfe 4; MS m/z (%): 410 (0.7) M+', 395 (0.4) [M-Cl+,]+, 379 (2.4) [M-OCH,]+, 353 
(10) [M-C(CH ) I+, 75 (100) [(CH ) SiOH]+. 
The General Bricedure for 5a and'lh-13 Reduction with L-Selectride. To a solution of 5a, 10, 11, 
T7 13 (0 5 

-I_ 
mole) in tzr;iTiLdrofuran (7 5 1) 1 d -76@?-- were added 0.75 ml ~.75?nn?jTe) 

3 ?i FSelectride in tetrahydrofuran under*arion gozph,"Fe for 5 min The mixture was stirred 
at -77 to -75°C for 45 min, added to saturated monosubstituted sodium phosphate (5 ml) and ex- 
tracted with ether (3x20 ml). The extract was washed with saturated sodium chloride {lo ml) and 
dried. The solvent was removed. 
(+)~-Hydroxy-2R-dimethoxymethylcyclopentyl-la-acetic acidlactone (24). 0.08175 g (0.25 inmole) of 
acetal 5a contalmng 60% of the main substance were reduced with L-?ZIectride and after subsequent 
treatme% (as outlined above) the resulting residue was chromatographed on Silasorb (10 g) with 
hexane-ethyl acetate (2:3) as eluent to afford 0.01715 g (40%) of lactone 24, R 0.42 (S stem A); 
IR: 1776 cm-' iOC=O); 'H NMR (6): see Table 5; MS m/z (%): 199 (0.3) 

[M-OCH ] , 75 (100) [CH(OCH ) 1”. 
[M-H] 

(4.7) 
7 185 (0.1) $CH,]+,16g 

~-Hydrox~-2~-dimethoxymethyl-~a~tert-butyldimethylsilyloxycyclopentyl-~~-acetic acid lactone 
0 10 (0 25 1 ) f tal 10 containing 84% f the main substance were reduced with L-Se- 

ride ani after ~s~qu~nta~~ea~t (as outlined ibove) the resulting residue was chromato- 
graphed on Silasorb (14 g) with hexane-~trahydrofuran (11:4) as eluent to yield 0.02745 g (34X) of 
lactone 25 and 0.0183 g (22%) of two lactol isomers 29a and 29b in the ratio 1.8:1. Lactone 25, 
m.p. ZQ-3D.5"C (from hexane, at -70°C); Rf 0.31 (System B); T 1779 cm-' 'H NMR (Sf 
see Table 5. MS m/z (%): 329 (0.07) 
TM-C(CH 1 l*_ lh7 fu-in~ rM-ncH -toi F 

M-H] 315 (0.1) [M-CH ] 
(OC=O); 

_CfCHII.SiOHT 
299 (0.9) 

+. A mixtire'of isomers 
M-OCH ]+, 273 (0.3) 
9a ana 29b. R, 0.25 

I --. \---I 

iyit&%~~ IR: 3415 cm -f'(OH)i iH ~~-(~)?';ee-T$ble 5; MS m/z 
ocH,]+, 243 (19) [M-HOCH -C(CH ) ]+, 75 {loo) [CH(OCH f ]+ and 

: 332 (m$ MtT301'(0.9) 

5a-Hydroxy-28-dimethox~~thyl-4o~tert-butyldimethylsi~y~ 
(CH,),SiOH] . 
opentyi-la-acetic acid TaCtOne 

6) 0 131 (0 38 mmole) of acetal 11 containing 98% f th e main substance were reduced with L- 
S$Tectride atd after subsequent treaGnt (as outlined ibove) the resulting residue was chromato- 
graphed on Silasorb (13 g) with benzene-ethyl acetate (7:3) as eluent to give 0.08459 (67%) of 

.5-30"3 C (from heptane-ether 2:1, at -6O"C);+IR: 1775 cm-' 
[M-CH,]+, 299 (0.7) [M-OCH,] . 273 (0.4) 

ylsilyloxycyclopentyl-la-acetic acid lactone 
containing 97" f the main substance were reduced with L- 
nt (as outlinid'above) the resulting residue (0.25 g) was 

~~roma~g~aphed on Silasord (15 g) with benzene-ethyl acetate (7:3) as eluent to yield 0.125-g 
(88%) of lactone 27, Rf 0.19 (System 8); m.p. 96-96.7OC (fromtether, at -6OOC); IR: 1763 cm 

'H NMR (a)lsee Table 5; MS m/r f%): 315 41.7) [M-CH,] , 299 (2.6) [M-OCH,]+, 273 (1.1) 
f 3’ 167 (100) [M-(CH~),C(CH~)~SiOH-OCH~j'. 

~~)5B-H~dr?ox~-2R-dimethoxymethyl-38-tert-butyldimethylsilyloxycyclopentyl-la-acetic acid, methyl 
ester 1281. 0.137 (I 10.32 mnole) of acetal 13 contalmnq 84% of the maln substance were reduced 
U..".. _ __.____ .__ _.._ _. __ 
chromatographed on Silasor 
of the hydroxy ester 28, R 0.3a-isvc+em n\* 1 
3438 (O-H), 1744 cm-'TOC=$\: 't 
@-cli,]+, 305 

ZX i :e!ic+rirfe ;&After s&equent treatment (as outlined above) the resulting residue was 
b (13 q) with hexane-ethyl acetate (3:l) as eluent to give 0.076 g (66%) 

384OaC (from heptane-ether l:l, at -7OOC); IR: 
i k~‘.~~~:-:;e'ni!kle 5; MS m/z (%): 361 (0 02) [M-H]+, 

(0-i-j pi:CicHf j,]+, 181 (100) AM-H~O-(CH~)~C(CH~)~SiOH-OCH~j+. 
347 (0.05) 
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