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Racemic dimethyl 4-methoxya{ and12), diallyl 4-allyloxy- (13 and14) and dimethyl 4-(ethylsudfnyl)-
2-hydroxycyclopentane-1,1-dicarboxylateks (@and 16) were prepared by base-catalyzed addition
methanol, allyl alcohol and ethylsulfane, respectively, to dimethyl (4-oxobut-2-en-1-yl)mal&hate
Deallylation of 13 and 14 afforded 4-hydroxycyclopentan&¥ and 28. Reduction 0f11-16 with Ii-
thium aluminium hydride gave the corresponding 4-substituted 2,2-bis(hydroxymethyl)cyclop
nols. Dimethyl (&3S4R)-, (2R 3S4R)-3-benzyloxy-4-formyloxy-2-hydroxycyclopentane-1,1-dicarboxylat
(35, 3§ and dimethyl (83S4R)-, (2R 3S4R)-3-benzyloxy-2-benzoyloxy-4-methoxycyclopentane-1,1-dic:
boxylates 89, 40 were synthesized starting frasrglucose. Reduction of dimethyl cyclopentane-1,1-dic:
boxylates39 and 40 with lithium aluminium hydride, benzoylation of the formed hydroxy derivativ
hydrogenolysis of benzyl groups, conversion of the liberated hydroxy groups into dithiocarbonat
their reduction with tributylstannane afforded, after removal of the protecting gro!
(2R,4R)-1,1-bis(hydroxymethyl)-4-methoxycyclopentan-2-ol R@R)-17) and (R4R)-1,1-bis(hydroxy-
methyl)-4-methoxycyclopentan-3-&1). Reduction of a mixture of este85 and36 gave (R 3R)-2-benzyl-
oxy-5-(hydroxymethyl)hexane-1,3,6-tricb3) as the major product and R3S4R)-3-benzyloxy-
1,1-bis(hydroxymethyl)cyclopentane-2,4-di&3 as the minor product. The latter was converted ir
(3R,4R)-1,1-bis(hydroxymethyl)cyclopentane-3,4-di@8f. 3-Deoxycarba analoguéd and 58 arose
by migration of benzoyl group in the preparation of the dithiocarbonates.

Key words: Carbasugars; Pseudosugars; Carbocyclic pentofuranoses; Substituted 1,1-bis(hy
methyl)cyclopentanes; Carbohydrates; Carbocyclic nucleosides; Cyclopentanes.

Polyhydroxycyclopentanes and cyclohexanes can be regarded as carbocyclic
analogues. The approach to five-membered carbocycles opens an alternative sy
way to carbocyclic nucleoside analogues which have recently attracted much ir
because of their significant antivitafld cancerostati€ and purinergitl activity.

This study is a part of our program aimed at the synthesis-adédky-4-C-sub-
stituted nucleosides and at structure—antiviral activity relationship stuales deals
with the synthesis of carba analogues of deoxg-dydroxymethyl)pentofuranoses.

For the synthesis of the target carba analogues, we have chosen two synthe
proaches. The first, leading only to racemic products, startsdiwbut-2-ene-1,4-diol.
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Carbocyclic Pentofuranoses 2045

In the other approach, the starting compound 3-18enzyl-1,2:5,6-di©-isopropyli-
denep-glucofuranose.

Partial benzoylation of diol (Scheme 1) afforded the monobenzoatehich on
reaction with thionyl chloride in hexamethylphosphoramide gave chloro deriaiive
the yield of 88%. Although the literatireeports an elegant preparation of 1-benzo
oxy-4-bromobut-2-ene using polymer-supported trityl chloride, the above-menti
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1 2 3
l(iii)
OHC CH2CH(COOCHS3)2 W) ROCH2 CH2CH(COOCH3)2
N/ - N/
HC=CH 6 HC=CH
i . 4,R=Bz
(vii) (iv) o
l(w) \ 5’ o
NHzCONHN=HC\ /CHZCH(COOCHg)z OHC CH2CH(COOCHS3)2
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8, R = OCH3
9, R = OCH2CH=CHp
10, R = SCH2CH3

(i) BzCl/pyridine

4. .
(ii) SOCIo/HMPTA, 88% ROC ROC

(iii) CH2(COOCH3)2/NaH/THF, 79% R’ + >©,R'

(iv) MeONa/MeOH, 92% ROC ROC |

(v) PCC-Al20O3/toluene, 57% HO HO

(vi) NH2CONHNH2.HCI/TEA/MeOH

(vii) MeONa/MeOH, 83% 11, R=R’=0OCH3 12, R =R’=0OCH3

or CHp=CHCH20ONa/CH»=CHCH20H, 58% 13, R = R'= OCH2CH=CH» 14, R = R’'= OCH2CH=CH2

or EtSH/DBU/ether, 91% 15, R = OCH3; R'= SCH2CH3 16, R = OCH3; R'= SCH2CH3
ScHemE 1

synthesis is more suitable for large-scale preparations. Alkylation of diethyl mal
with the chloro derivative led to compoundt (79% yield) which was debenzoylate
with methanolic sodium methoxide. The obtained hydroxy derivdiveas oxidized
with pyridinium chlorochromate on alumihto give aldehydé (57% yield) which was
characterized as semicarbazahdn the next step, we made use of the facile nucl
philic addition of alcohols and mercaptansot@-unsaturated aldehydesReaction of
aldehyde6 with 0.05M methanolic sodium methoxide gave a mixture ofdise (11)

andtrans (12) substituted cyclopentane derivatives (83% vyield) in the ratio 1 : 2.
reaction proceedgia the intermediate aldehydwhich immediately undergoes cycli
zation to a mixture of cyclopentane derivativelsand 12. Similarly, the reaction of
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2046 Hrebabecky, Masojidkova, Holy:

aldehyde6 with 0.05Mm sodium allylalcoholate in allyl alcohol furnished a mixture
allyl derivatives13 and14 (58% vyield), again in a 1 : 2 ratio. The dimethyl esters w
transesterificated with allylalcohol in course of this reaction. The isofriesnd 12,
and13 and 14 were separated by chromatography on silica gel. The separated is
were unstable: in methanolic solution, both tieisomerll and thetransisomer12
undergo interconversion and after 10 days at room temperature a 1 : 2 equili
mixture of both isomers was obtained. Apparently, the cyclization reaction of alde
8 to the cyclopentane derivativdd and 12 is reversible. The cyclopentane ring
opened in a neutral methanolic solution at room temperature, the equilibration
significantly accelerated on addition of a base. The aldeBiyelacted with ethylsulfane ir
the presence of 1,8-diazabicyclo[5.4.0]lundec-7-ene, affording a mixture of 4-ethylsu
derivativesl5 and16 in the yield of 98%. In this case, the isomer ratio in the reac
mixture was 5 : 8. Because of the identical chromatographic mobilities, compbbin
and16 could not be separated.

Reduction of the diesters to the corresponding bis(hydroxymethyl) derivatives
carried out with lithium aluminium hydride in boiling tetrahydrofuran. Because of
stability of the individual isomers, we reduced mixtures ofdise andtransisomers.

ROC HOCH> HOCH>»
R’ ) R + R
ROC [0) HOCH» HOCH»
HO HO HO
11 + 12, R = R'= OCH3 17, R = OCH3 18, R = OCH3
13 + 14, R = R'= OCH2CH=CH> 21, R = OCH2CH=CH> 22, R = OCH2CH=CH
15+ 16, R= OCH3; R'=SCH2CH3z 23, R = SCH2CH3 24, R = SCH2CH3

AcOCH>

° C /
17 + 18 U + :
O ™OCHg3 0] o
AcOCH3 )(

OCH3

19

(iii) l(iii)

17 18
ROCH> ROCH>
_ OH . OH
21 M, RocH, 22 _M™_  RocH,
RO RO
25,R = Ac 26,R = Ac
y :
(),:»27,R:H (V)’:>28,R:H

(i) LIAIH4/THF, 29.5-37%; (ii) 1. 2,2-dimethoxypropane/acetone/DMF/H 2S04, 2. Ac2O/DMAP/acetonitrile;

(iii) 1. MeONa/MeOH, 2. Dowex 50 (H*)/aqueous MeOH; (iv) 1. Ac 20/DMAP/acetonitrile, 2. tris(triphenyl-
phosphine)rhodium(l) chloride, 3. HCOOH, 60-66%; (v) MeONa/MeOH

ScHEME 2
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Carbocyclic Pentofuranoses 2047

Reduction of a mixture of dimethyl 2-hydroxy-4-methoxycyclopentane-1,1-dicarb
lates11 and 12 (Scheme 2) afforded a mixture of bis(hydroxymethyl) derivatil/és
and 18 in 37% yield. Ketalization and acetylation of this mixture gave isopropylid
derivatives19 and 20, which were separated by chromatography on silica gel. A
removal of the protecting groups we obtaineddisaderivativel7 and thetransisomer
18. The 4-allyloxy derivative21 and22 and the 4-ethylsulfanyl derivativ@8 and24
(obtained in 30 and 29.5% yield) were separated by chromatography on silica gel
tylation of the allyloxy derivative21 and22 and removal of the allyl groupafforded
the tri-O-acetyl derivative®5 and 26 which were methanolyzed with methanolic s
dium methoxide to give free tetrahydroxy compoufdsand?28.

Carba analogues of deoxg{hydroxymethyl)p-pentofuranoses were also syi
thesized stereospecifically starting framglucose. Using a describegrocedure, the
aldehyde29 was converted into cyclopentane derivati@&sand36 (Scheme 3). How-
ever, some of the described reaction steps had to be modified to be suitable for &
scale synthesis. The described preparation of comp82ihg reaction of aldehyda9
with dimethyl malonate in a mixture of pyridine and acetic anhydride led to a mi
that could be separated only with difficulties. Our modification of this reaction

CH300C CH300C COOCH3

OHC & 0 OH COOCH3
S O, cHzo0c 5 CH300C o
\l/_? o OBn + OBn
O% 0 0
30 N SEENEN

O

CH300C

CH300C

OBn
0]

33 OFBT
S

CH300C

(iii) CH300C~ ™

-~ (0]

OBn
(0]

32 o—%

CH300C
CH300C o CH300C OCHO CH300C OCHO
\"
OBn OH L» +
CH300C CH300C
34 OH OBn OH OBn
35 36

(i) CH2(COOCHS3)2/TEA, -10 °C, 69%; (ii) MsCl/pyridine, 99% or Ac 2O/pyridine, 80% or Ac 2O/DMAP/acetonitrile,
98%; (iii) NaBH4/MeOH; (iv) Dowex 50 (H*)/dioxane-water; (v) NalO 4/dioxane-water, 64% based on reacted 33

ScHEME 3
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consisted in the reaction of aldehyd® with dimethyl malonate in the presence |
triethylamine at —10C without any solvent. This procedure afforded crystalline |
droxy compound0 in the yield of 69%. The configuration at the C-5 carbon atom \
not studied. From the reaction mixture, we also isolated a small amount of the pi
of double addition of dimethyl malonat®]l, whose amount increased with increasil

CH300C OH CH300C OCH3
s+36 O, @
CH300C CH300C
R’ OBn R’ OBn
37,R=0Bz;R'=H 39, R=0Bz;R'=H
38, R=H; R'=0Bz 40, R = H; R'= OBz
l(iii)
BzO OCH3 BzO OCH3 HO OCH3
) (iv)
BzO BzO HO
R' OH R’ OBn R’ OBn
45,R=0Bz; R'=H 43,R=0Bz;R'=H 41,R=OH;R'=H
46, R = H; R'= OBz 44,R = H; R'= OBz 42,R=H;R=0OH

_ BzO OCH3 ) RO OCH3
45— —
BzO S RO

/

o-C
| 48, R=Bz
a7 SCH3 (vii) ; (2RAR)-17,R=H
BzO OCH3 RO OCH3
(vi) (vii)
6 — —
BzO RO
O OBz OR
s=© 50,R =B
N ,R=Bz
49 SCH3 (viii) 51 R=H

(i) 1. BzCl/pyridine, 2. KHCO 3/aqueous MeOH, 85%; (ii) CH 2N2/BF3.Et20, 82%; (iii) LIAIH4/THF;

(iv) BzCl/pyridine; (v) H2/Pd-C, 25% of 45, 12% of 46 (both based on the mixture of 39 and 40);

(vi) 1. NaH/DMF, 2. CSp, 3. Mel, 92% of 47; (vii) BuzgSnH/AIBN, 92% of 48, 63% of 50 (based on 46);
(viii) MeONa/MeOH, 89% of (2R,4R)-17, 93% of 51

ScHEME 4
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reaction temperature. The hydroxy compoB@dwas converted into the unsaturate
derivative 32 by treatment with methanesulfonyl chloride in pyridine (99% yield)
with acetic anhydride in pyridine (90% yield) or with acetic anhydride in acetonitril
the presence of 4-(dimethylamino)pyridine (80% yield). Compdhdas then con-
verted into diesteB3 using a describédprocedure. Deketalization of compouBa
which, in contrast to the described procedure, was performed on Dowex) 50(+
aqueous dioxane, afforded di®d. This reaction is accompanied by partial hydroly:
of the methyl esters and therefore it was interrupted when TLC revealed their h
lysis. Because of great difference in the chromatographic mobilities, the comB8un
and 34 were easily separated by chromatography on silica gel. Reaction of dihyt
derivative 34 with sodium periodate in aqueous 1,4-dioxane gave a 4 : 1 mixtut
cyclopentane derivative35 and 36 in the overall yield of 64% based on the react
ketal 33. This mixture was used in the next step without separation and the isc
were separated in subsequent stages where it was easier.

Benzoylation of the mixture o085 and 36 (Scheme 4) by treatment with benzo
chloride in pyridine and subsequent deformylation with potassium hydrogencarb
in aqueous metharfoafforded a mixture of benzoat&¥ and 38. As determined by
NMR spectroscopy, the ratio of both isomers was 3 : 2. Thus, also in this case is
zation takes place, similarly to the diestéis14. The mixture of benzoat&¥ and38
was methylated with diazomethane under catalysis with boron trifluoride efhamelte
the obtained methoxy derivativ@® and40 were reduced with lithium aluminium hy
dride in boiling tetrahydrofuran to give bis(hydroxymethyl) derivatiddsand 42.
Their benzoylation with benzoyl chloride in pyridine afforded tribenzoBznd44.
Hydrogenolysis of the benzyl groups furnished compoutiland 46 with free 3-hy-
droxy group (25% and 12% yields based on the e8&&ahnd40) which were separatec
by chromatography on silica gel. The hydroxy derivatiavas converted into dithio-
carbonate47 using a describél procedure and the dithiocarbonate was treated v
tributylstannane under catalysis with 2aZobis(2-methylpropionitrile) to give the
deoxy derivatived8. Both reactions were facile and gave high yields. Methanolysi
the benzoyl groups with methanolic sodium methoxide afforded the free carba ane
(2R4R)-17.

Dithiocarbonatet9 was prepared from the hydroxy derivatd&in the same mannel
as the dithiocarbonat47. The first step in the preparation of dithiocarbonates is
conversion of the free hydroxy group into alkoxide by treatment with sodium hyc
in dimethylformamide. In this case, the benzoyl group migrates and @xeedzoyl
derivative is apparently more stable. Reduction of the dithiocarbd®avath tribu-
tylstannane gave the deoxy derivati¥@ and, after debenzoylation, the free car
analoguebl. The reduction of the mixture of dimethyl est@8&and 36 with lithium
aluminium hydride (Scheme 5) was accompanied by cleavage of the cyclopentar
and the reaction gave as the major product the acyclic comauiithus, this reaction
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outcome confirms indirectly the mechanism of the isomerization of 1,1-bis(hydr
methyl)cyclopentan-2-ols. In this case, the reduction of the aldehyde is faster th:
reverse cyclization to the cyclopentane derivative. In addition to compbdnde
obtained the compoursB which was characterized as the benzoyl derivéii&e the
yield of 8% based on the mixture of isom8&and36. The isomer with (8)-configu-
ration could not be isolated. Hydrogenolysis afforded derivative with free 3-hyd
group 65) which, similarly to the 4-methoxy derivativéb, was converted into the
dithiocarbonaté&6. Also in this case, the benzoyl group migrated during its prepara
Reduction of dithiocarbonatg6 with tributylstannane and subsequent methanolysi:
the obtained benzoat¥ afforded the free carba analb8.

The structure of the studied cyclopentane derivatives was verifiéd BMR spec-
tral analysis (decoupling experiments). The pairsief and transisomers were as-
signed on the basis of the expected differences in chemical shifts of H-3a and
protons due to shielding effects of groups in the position 2.

Racemic pseudo-2-deoxy@-(hydroxymethyl)p,L-pentofuranoses2{ and 28),
their glycosides7, 18, 21 and22) and ethyl thioglycoside®8 and24) were prepared
by a cheap non-stereoselective synthesis which was realized in a few easy ste|
more complicated alternative approach, starting foegiucose, led to pseudo-3-deoxy
4-C-(hydroxymethyl)B-D-ribofuranose %8), methyl pseudo-2-deoxy-@-(hydroxy-
methyl){3-D-xylofuranoside ((R,4R)-17) and methyl pseudo-3-deoxy&@Hhydroxy-
methyl){3-D-ribofuranoside §8). Within the scope of this project, some derivatives
the carba analogues of 2-deoxyz4hydroxymethyl)pentofuranoses will be synthesized
intermediates in nucleoside syntheses.

OBn RO OR
10) OH
35+3 _V _ HO ‘ +
OH RO
HO RO OBn
52, 44% . 53, R = OH, 9%
(i) [, 54,R = Bz
RO OR BzO OBz l(iii)
|
iv BzO OBz
RO BzO #
OR O OBz
N 57,R=Bz =C 56 Bz0 55
) S—
W[, g R "SCH3 BzO OH

(i) LIAIH4/THF, 44% of 52, 9% of 53; (ii) BzCl/pyridine; (iii) H2/Pd-C, 91%; (iv) 1. NaH/DMF,
2. CSy, 3. Mel, 83%; (v) BuzSnH/AIBN, 75% (based on 55); (vi) MeONa/MeOH, 90%

ScHEME 5
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EXPERIMENTAL

The melting points were determined on a Kofler block and are uncorrected. Optical rotations
obtained at 20C with a Perkin—Elmer 241 polarimetéH NMR spectra § ppm;J, Hz) were re-

corded with Varian UNITY 200 and Varian UNITY 500 instruments in hexadeuteriodimethyl sul
ide with tetramethylsilane as internal standard. Column chromatography was performed opr30-
silica gel (Service Laboratories of the Institute) and thin-layer chromatography (TLC) on Silufo
254 foils (Kavalier, Votice). Solvents were evaporated at 2 kPa and bath temperature GOH&®

compounds prepared were dried over phosphorus pentoxide at 13 Pa. Lithium aluminium hydri
used as a U solution in tetrahydrofuran, supplied by Aldrich.

cis-1-Benzoyloxy-4-chlorobut-2-en&)

Benzoyl chloride (47 ml, 0.4 mol) was added dropwise during 4 h to a solutics-lofit-2-ene-1,4-
diol (1) (49 ml, 0.6 mol) in a mixture of pyridine (200 ml) and dichloromethane (600 ml), coole
0 °C. The solvent was evaporated and the residue dissolved in ethyl acetate (1 I). The soluti
washed with water (200 ml), 5% hydrochloric acid to acid reaction of the washings, again with
(200 ml), 10% aqueous sodium hydrogencarbonate, dried over sodium sulfate, and the solve
evaporated. The residue was dissolved in toluene (100 ml) and the solution was shaken witl
drous calcium chloride (400 g) for 30 min. The mixture was filtemad the solid on the filter
washed with toluene (1.5 I). The solid complex of the product with calcium chloride was diss
in water (600 ml) and the solution extracted with ethyl acetate 480 ml). The combined extract:
were washed with 10% aqueous sodium hydrogencarbonate (200 ml), dried and taken down. Yie
(61%, based on benzoyl chloride) ois-4-benzoyloxybut-2-en-1-0l2f. To a solution of2 in

HMPTA (195 ml) thionyl chloride (19.5 ml) was added at@ the solution was set aside at roo
temperature overnight and then added dropwise to a stirred 10% solution of sodium hydroger
nate (700 ml). The mixture was extracted with ethyl acetate5@0 ml), the combined extracts wer
washed with water (% 300 ml), dried over sodium sulfate and the solvent was evaporated.
standing for 4 h at 8C, the chloro derivativ8 (45.41 g; 88%) crystallized, m.p. 33.5-3@. For

C;1H1,CIO, (210.7) calculated: 62.72% C, 5.26% H, 16.83% ClI; found: 62.94% C, 5.24% H, 16.75
1H NMR spectrum (CDG): 4.22 d, 2 HJ(CH,,CH) = 6.6 (CHCI); 4.93 d, 2 H,J(CH,,CH) = 5.8

(CH,0Bz); 5.80-5.98 m, 2 H (CH=CH); 7.39-7.61 m, 3 H and 8.02-8.06 m, 2 H (H-arom.).

Dimethyl cis{4-Benzoyloxybut-2-en-1-yl)malonatd)(

A suspension of sodium hydride in oil (60%; 9.6 g, 0.24 mol) was slowly added under argol
solution of chloro derivativ® (42.1 g, 0.2 mol) and dimethyl malonate (29 ml, 0.25 mol) in tetra
drofuran (400 ml), cooled to OC. After stirring at room temperature overnight, the mixture w
neutralized with acetic acid, diluted with ethyl acetate, washed with waterl(3), dried over so-
dium sulfate and the solvent was evaporated. Chromatography of the residue on a column c
gel (3 kg) in toluene—ethyl acetate (9 : 1) afforded 48.2 g (79%) of oily preduedr CgH50¢
(306.3) calculated: 62.74% C, 5.92% H; found: 62.58% C, 5.81%{HNMR spectrum: 2.66 t, 2 H,
J(1,CH) =J(1,2) = 7.2 (2x H-1); 3.65 s, 6 H (% OCH,); 3.67 t, 1 H (CH); 4.85 d, 2 HI(4,3) =
6.1 (2x H-4); 5.54-5.80 m, 2 H (H-2, H-3), 7.48-8.00 m, 5 H (H-arom.).

Dimethyl cis-(4-Hydroxybut-2-en-1-yl)malonaté)

A solution of benzoatd (30.63 g, 20 mmol) in 0.1 methanolic sodium methoxide (350 ml) wa
allowed to stand at room temperature for 5 h and then neutralized with Dowex")60Tfid ion
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exchanger was filtered off, washed with methanol and the combined filtrates were taken dow
residue was chromatographed on a column of silica gel (1 kg). Elution with ethyl acetate—toluene
gave methyl benzoate and subsequent elution with ethyl acetate—toluene (3 : 1) afforded 18.6 ¢
of oily product5. For GH,05 (202.2) calculated: 53.46% C, 6.98% H; found: 53.24% C, 7.11%
IH NMR spectrum: 2.47-2.55 m, 2 H ¥2H-1); 3.58 t, 1 HJ(CH,1) = 7.3 (CH); 3.65 s, 6 H (2OCHy);
3.93-4.01m, 2 H (X H-4); 4.60 t, 1 HJ(OH,4) = 5.2 (4-OH); 5.22-5.37 m, 1 H (H-3); 5.48-5.62 1
1 H (H-2).

Dimethyl cis-(4-Oxobut-2-en-1-yl)malonates)

Pyridinium chlorochromate on alumth56 g) was added portionwise to a stirred and cooled |
bath) solution of hydroxy derivativé (4.04 g, 20 mmol) in toluene (70 ml). After stirring at©
for 1 h and at room temperature for 2 h, the alumina was removed by filtration and washe
toluene (150 ml). The combined filrates were taken down to give 2.3 g (57%) of oily p@®dict
analytical sample was obtained by chromatography on a column of silica gel in ethyl acetate—t
(2 : 3). For GH,405 (200.2) calculated: 53.99% C, 6.04% H; found: 53.71% C, 6.27%IFHNMR
spectrum: 2.80 ddd, 2 H(1,CH) = 7.1,J(1,2) = 6.7,3(1,3) = 1.5 (2x H-1); 3.65 s, 6 H (Z CHy);
3.87 t, 1 H (CH); 6.11 ddt, 1 Hi(3,2) = 15.6,3(3,4) = 7.8 (H-3); 6.93 dt, 1 H (H-2); 9.45 d, 1 t
(H-4).

Dimethyl cis-(4-Oxobut-2-en-1-yl)malonate Semicarbazone (

Semicarbazide hydrochloride (339 mg) and triethylamine (0.3 ml) were added to a solution of
hyde 6 (400 mg, 2 mmol) in methanol (8 ml). The mixture was stirred at room temperature fo
and the solvent was evaporated. The residue was partitioned between ethyl acetate (10 ml) ar
(5 ml). The aqueous layer was washed with ethyl acetate (10 ml) and both combined organic
were dried over magnesium sulfate. Evaporation of the solvent and crystallization from wat
forded 334 mg (65%) of semicarbazorem.p. 125-126°C. For GyH;5N305 (257.3) calculated:
46.69% C, 5.88% H, 16.34% N; found: 46.91% C, 5.94% H, 16.47%NNMR spectrum: 2.63 dd,
2 H, J1,CH) = 7.3,J(1,2) = 7.0 (2x H-1); 3.65 s, 6 H (% CHy); 3.71 t, 1 H (CH); 5.82-5.97 m,
1 H (H-3); 6.06-6.18 m, 1 H (H-2); 6.23 bs, 1 H (H-4); 7.42 s, 1 H and 7.47 s, 1 );(BlE9 s,

1 H (NH).

Dimethyl @&)-cis- (11) and )-trans-2-Hydroxy-4-methoxycyclopentane-1,1-dicarboxylat&) (

A solution of aldehydé& (2.0 g, 10 mmol) in 0.0% methanolic sodium methoxide (100 ml) was s
aside at room temperature for 2.5 h. After neutralization with Dowex 50 dhtl evaporation, the
residue was chromatographed on a silca gel column (200 g) in toluene—ethyl acetate (3 : 2)
1.92 g (83%) of oily mixture ofll and12. Repeated flash chromatography of a small amount of
mixture separated both the racemates. The composition of fractions was monitored by TLC.
plates used (Silufol) both the racemates were distinctly separated. Spots were detected by
heating of the plate over a flame and then by UV light. The ratio of the fast-eluting fraction (
mate 11) to the slow-eluting one (racemat@) was 1 : 2.

Racematell: For CgH60¢ (232.2) calculated: 51.72% C, 6.94% H; found: 51.51% C, 7.07%
1H NMR spectrum: 1.60 ddd, 1 H(3a,2) = 3.7,J(3a,4) = 5.6,J(3a,3b) = 13.9 (H-3a); 2.29 dd, 1 H
J(5a,4) = 6.8])(5a,5b) = 13.4 (H-5a); 2.30 ddd, 1 §3b,2) = 6.0J(3b,4) = 7.4 (H-3b); 2.37 dd, 1 H,
J(5b,4) = 8.1 (H-5b); 3.17 s, 3 H (OGK3.62 s, 3 H and 3.64 s, 3 H ¥2COOCH,); 4.46 btd, 1 H,
J(2,0H) = 5.6 (H-2); 5.19 d, 1 H (2-OH).
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Racematel2: For CyH,405 (232.2) calculated: 51.72% C, 6.94% H; found: 51.40% C, 7.12%
1H NMR spectrum: 1.88 ddd(3a,2) = 3.7,)(3a,4) = 6.2,)(3a,3b) = 14.0 (H-3a); 1.96 dddd(3b,2) =
5.8, J(3b,4) = 3.8,J(3b,5a) = 1.3 (H-3b); 2.08 ddt, 1 H(5a,2) =J(5a,3b) = 1.2J(5a,4) = 2.3,
J(5a,5b) = 14.3 (H-5a); 2.58 dd, 1 B5b,4) = 6.2 (H-5b); 3.08 s, 3 H (OGK 3.61 s, 6 H (2
COOCH,).

Isomerization of Dimethyl)-cis- (11) and ¢)-trans-2-Hydroxy-4-methoxycyclopentane-
1,1-dicarboxylatesl)

A. Methanolic 0.5v solutions of compound$l and12 (1 ml) were set aside at room temperatu
for 10 days. The course of the isomerization was followed by TLC. The solutions were evap
and the'H NMR spectra of both residues were measured. The racemate tatio12 in both
samples was 1 : 2.

B. To 0.5m methanolic solutions of compound4 and12 (1 ml) was added one drop of triethyl
amine. After 5 min, TLC of both solutions showed that an equilibrium was established. After e
ration of the solvent, the ratibl : 12 in both samples was 1 : 2 (bl NMR).

Diallyl (+)-cis- (13) and &)-trans-4-Allyloxy-2-hydroxycyclopentane-1,1-dicarboxylate4)

A solution of aldehydeé6 (2.0 g, 10 mmol) in 0.0 solution of sodium allyl alcoholate in allyl
alcohol (100 ml) was set aside under argon at room temperature for 4 h, then neutralized with
acid and the solvent was evaporated. The residue was dissolved in ethyl acetate (100 ml), tt
tion was washed with water (20 ml), 10% solution of sodium hydrogencarbonate (20 ml) anc
water, dried over magnesium sulfate, and the solvent was evaporated. Column chromatogre
silica gel (200 g) in toluene—ethyl acetate (3 : 1) afforded 1.8 g (58%) of a mixture of rac&fa
and 14. Similarly to the methoxy derivatives, both isomers were separated by flash chromatog
of a small amount of the mixture. The ratio of the fast-eluting fraction (racel8at® the slow-
eluting one (racemat#4) was 1 : 2.

Racematel3: For CgH,,05 (310.3) calculated: 61.92% C, 7.15% H; found: 61.69% C, 7.07%
1H NMR spectrum: 1.63 ddd, 1 H(3a,2) = 3.7,J(3a,3b) = 13.9)(3a,4) = 6.1 (H-3a); 2.33 dd, 1 H
J(5a,4) = 6.8,J(5a,5b) = 13.2; 2.34 ddd, 1 H(3b,2) = 5.9,J(3b,4) = 8.0 (H-3b); 2.43 dd, 1 H,
J(5b,4) = 8.3 (H-5b); 3.83 m, 1 H (H-4); 3.85 m, 2 H (QEH.49 m, 1 H (H-2); 4.60 m, 4 H 2CH,);
5.05-5.32 m, 6 H (% CH,=); 5.28 d, 1 HJ(OH,2) = 5.6 (2-OH); 5.80 m, 1 H (CH=); 5.85 m, 2 |
(2 x CH=).

Racematel4: For CgH,,04 (310.3) calculated: 61.92% C, 7.15% H; found: 61.98% C, 7.40%
1H NMR spectrum: 1.92 ddd, 1 H(3a,2) = 3.4J(3a,3b) = 14.2)(3a,4) = 6.4 (H-3a); 2.00 ddd, 1 H
J(3b,2) = 5.9,3(3b,4) = 3.9 (H-3b); 2.13 brdd, 1 H(5a,4) = 2.2J(5a,5b) = 14.2 (H-5a); 2.63 dd, 1 H
J(5b,4) = 6.1 (H-5b); 3.80 m, 2 H (OGH 4.06 brtdd, 1 H (H-4); 4.50-4.66 m, 4 H {20CH,);
4.73 td, 1 HJ(2,0H) = 5.9 (H-2); 5.05-5.35 m, 6 H (8CH,=); 5.31 d, 1 H (2-OH); 5.80 m, 1 H
(CH=); 5.85 m, 2 H (2 CH=).

Dimethyl &)-cis- (15) and @)-trans-4-Ethylsulfanyl-2-hydroxycyclopentane-1,1-dicarboxylaté)(

Ethylsulfane (1.5 ml) and 1,8-diazabicyclo[5.4.0Jundec-7-ene (0.1 ml) were added to a solut
aldehyde6 (2.50 g, 12.5 mmol) in ether (10 ml). After standing overnight at room temperature
mixture was neutralized with acetic acid (0.1 ml) and the solvent was evaporated. The resid
dissolved in ethyl acetate (50 ml) and the solution was washed with wated %2ml), dried over
magnesium sulfate and taken down. Chromatography on a column of silica gel (300 g) in tol
ethyl acetate (3 : 2) afforded 2.99 g (91%) of oily mixture of racenteeend 16. For C ;H;505S
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(262.3) calculated: 50.36% C, 6.92% H, 12.22% S; found: 50.05% C, 7.05% H, 11.98/\SIR
spectrum, racemates: 1.15 t, 3 HJ(CH;,CH,) = 7.3 (CH); 1.53 ddd, 1 HJ(3a,2) = 4.4)(3a,3b) = 13.7,
J(3a,4) = 8.8 (H-3a); 2.32 dd, 1 H(5a,4) = 7.8J(5a,5b) = 13.2 (H-5a); 2.36 dd, 1 B{5b,4) = 9.0
(H-5b); 2.47 dddJ(3b,2) = 6.1,J(3b,4) = 8.8 (H-3b); 2.53 g, 2 H (SG} 2.92 brpent, 1 H (H-4);
3.61s, 1 H (OCH); 3.64 s, 1 H (OCh); 4.55 ddd, 1 HJ(2,0H) = 5.3 (H-2); 5.40 d, 1 H (2-OH);
racematel6: 1.16 t, 3 H,J(CH3,CH,) = 7.3 (CH); 1.75 ddd, 1 HJ)(3a,2) = 5.0,](3a,3b) = 13.4,
J(3a,4) = 9.0 (H-3a); 1.81 dd, 1 H(5a,4) = 6.4,J(5a,5b) = 14.2 (H-5a); 2.05 ddd(3b,2) = 2.2,
J(3b,4) = 7.1 (H-3b); 2.50 q, 2 H (SGH 2.94 dd, 1 HJ(5b,4) = 8.6 (H-5b); 3.42 btt, 1 H (H-4);
3.61s, 3 H (OCH); 3.62 s, 3 H (OCH); 4.63 ddd, 1 HJ(2,0H) = 5.4 (H-2); 5.37 d, 1 H (2-OH).

(¥)-cis- (19) and &)-trans-6-Acetoxymethyl-8-methoxy-3,3-dimethyl-2,4-dioxabicyclo-
[4.3.0]nonane Z0)

A solution of the mixture of estetkl and12 (1.39 g, 6 mmol) in tetrahydrofuran (4 ml) was addk
dropwise at 60°C (reflux condenser) under argon to a stirreéh folution of lithium aluminium
hydride in tetrahydrofuran (10.5 ml). The mixture was then refluxed for 2 h. After cooling, e
acetate (1.5 ml) was added, followed after 15 min by water (6 ml). The mixture was takeimmndc
vacuoand the dry residue was extracted with warm ethyl acetatel® ml). The solid residue was
air-dried and mixed with warm 90% aqueous methanol. The insoluble portion was filtered of
washed with methanol. Direct extraction of the reaction mixture with methanol led to a mixtur
could be filtered only with great difficulties. The combined extracts and filtrates were taken
and the residue was chromatographed on a column of silica (140 g) in ethyl acetate—acetone—
water (36 : 6 : 5 : 3). Yield 392 mg (37%) of a mixture of trihydroxy derivativéend18. To a
stirred solution of the mixture of trihydroxy derivatives in dimethylformamide (1.3 ml), acetone (1.
and 2,2-dimethoxypropane (1.3 ml), sulfuric acid (3 drops) was added. The solution was allo\
stand at room temperature for 5 h and then neutralized with solid sodium hydrogencarbonat
solid was filtered off, washed with acetone and the combined filtrates were evaporated. The 1
was codistilled with xylene and dissolved in acetonitrile (3 ml). To this solution were added ¢
anhydride (0.4 ml) and 4-dimethylaminopyridine (200 mg) and the mixture was set aside at
temperature for 3 h. Then methanol (1 ml) was added and the solvent was evaporated. A sol
the residue in ethyl acetate (15 ml) was washed with water§2nl), 5% aqueous solution of so
dium hydrogencarbonate, dried over magnesium sulfate and taken down. Chromatography on a
of silica gel (80 g) in ethyl acetate—toluene (1 : 3) afforded 260 mg (17% based on the startin
ture of 11 and12) of the isopropylidene derivativ&0 as a thick oil. For GH,,05 (258.3) calculated:
60.45% C, 8.58% H; found: 60.19% C, 8.75% 'H. NMR spectrum: 1.22 s, 3 H and 1.31 s, 3
(C(CHy),); 1.46 hdd, 1 HJ(7a,8) = 4.4J(7a,7b) = 13.7 (H-7a); 1.79 ddd, 1 B(9a,1) = 5.4,
J(9a,9b) = 14.2)(9a,8) = 6.8 (H-9a); 1.97 dd, 1 B7b,8) = 7.1 (H-7b); 1.98 dd, 1 H(9b,8) = 6.8
(H-9b); 2.03 s, 3 H (CECO); 3.16 s, 3 H (OC}); 3.41 d, 1 H and 3.67 d, 1 H(gem) = 11.5
(CH,0); 3.85 d, 1 H and 4.05 d, 1 H(gem) = 11.0 (CKO); 3.98 qd, 1 H (H-8); 4.02 brd, 1 F
(H-1). Evaporation of the second fraction gave 142 mg (9%) of isopropylidene derit8tias a
thick oil. For G3H,,05 (258.3) calculated: 60.45% C, 8.58% H; found: 60.14% C, 8.69%1HNMR
spectrum: 1.23 s, 3 H and 1.32 s, 3 H (C{EH 1.61 ddd, 1 HJ(9a,1) = 1.2,3(9a,9b) = 14.9,
J(9a,8) = 3.7 (H-9a); 1.77 dd, 1 H(7a,8) = 6.6J(7a,7b) = 13.2 (H-7a); 1.80 dd, 1 B{(7b,8) = 6.6
(H-7b); 2.03 s, 3 H (CEKCO); 2.21 ddd, 1 HJ(9b,1) = 6.1,J(9b,8) = 7.8 (H-9b); 3.49 d, 1 H anc
3.66 d, 1 H,J(gem) = 11.5 (CKD); 3.81 d, 1 H and 3.87 d, 1 B(gem) = 11.2 (CKD); 3.89 m, 1 H
(H-8); 3.91 dd, 1 H (H-1).
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()-cis-2,2-Bis(hydroxymethyl)-4-methoxycyclopentan-1-l7)

A solution of isopropylidene derivatived (129 mg, 0.5 mmol) in 0. methanolic sodium methoxide
(1.5 ml) was set aside at room temperature for 3 h and then neutralized with Dowe®.5Dh@Hion
exchanger was filtered off, washed with methanol and the combined filtrates were taken dow
residue was dissolved in 80% aqueous methanol, Dowex 50wk added and the mixture wa
stirred under reflux for 30 min. The Dowex was filtered off, washed with methanol and the com
filtrates were evaporated. Chromatography of the residue on silica gel column (10 g) in ethyl ac
acetone—ethanol-water (36 : 6 : 5 : 3) afforded 74 mg (84%) of trihydroxy derivatias a thick
oil. For GH,¢0, (176.2) calculated: 54.53% C, 9.15% H; found: 54.92% C, 9.41%HHNMR
spectrum: 1.46 dd, 1 H(3a,4) = 6.1,)(3a,3b) = 13.4 (H-3a); 1.52 dt, 1 H(5a,1) =J(5a,4) = 7.3,
J(5a,5b) = 12.9 (H-5a); 1.74 dd, 1 B(3b,4) = 7.6 (H-3b); 2.19 dt, 1 HI(5b,1) =J(5b,4) = 6.8
(H-5b); 3.14 s, 3 H (OCY; 3.21 dd, 1 H,J(CH,OH) = 5.4 and 3.29 dd, 1 H(CH,OH) = 5.1,
J(gem) = 10.5 (CKD); 3.40 dd, 1 HJ(CH,OH) = 6.1 and 3.49 dd, 1 B(CH,OH) = 4.9J(gem) = 10.7
(CH,0); 3.83 ddd, 1 HJ(1,0H) = 5.1 (H-1); 4.14 t, 1 H)(CH,,0OH) = 5.5 (CHOH); 4.46 t, 1 H,
J(CH,,0OH) = 5.2 (CHOH); 4.52 d, 1 H (1-OH).

(¥)-trans-2,2-Bis(hydroxymethyl)-4-methoxycyclopentan-1-&BJ

Using the same procedure as in the preparation of the cyclopentane deriviatisepropylidene
derivative 20 (258 mg, 1 mmol) was converted into trihnydroxy derivathd(151 mg; 85%) which
was obtained as a thick oil. Fogk;s0, (176.2) calculated: 54.53% C, 9.15% H; found: 54.21%
9.31% H.'H NMR spectrum: 1.36 dd, 1 H)(3a,4) = 4.5,](3a,3b) = 13.8 (H-3a); 1.78 dd, 1 H
J(3b,4) = 7.2 (H-3b); 1.80 m, 2 H (H-5a, H-5b); 3.13 s, 3 H (QCH.26 dd, 1 HJ(CH,OH) = 5.5
and 3.34 dd, 1 HJ(CH,OH) = 5.2,J(gem) = 10.5 (CKD); 3.39 dd, 1 HJ(CH,OH) = 5.8 and 3.43 dd,
1 H, J(CH,0H) = 5.2,J(gem) = 10.7 (CHD); 3.81 m, 1 H (H-4); 3.95 td)(1,5a) =J(1,5b) = 6.1,
J(1,0H) = 4.8 (H-1); 4.16 bt, 1 H)(OH,CH,) = 5.5 (CHOH); 4.44 brt, 1 H,J(OH,CH,) = 5.3
(CH,OH); 4.52 d, 1 H (1-OH).

(3)-cis- (21) and ¢)-trans-4-Allyloxy-2,2-bis(hydroxymethyl)cyclopentan-1-c22)

A mixture of estersl3 and 14 (3.72 g, 12 mmol) dissolved in tetrahydrofuran (12 ml) was slov
added dropwise to a stirred and boilingt Bolution of lithium aluminium hydride in tetrahydrofura
(21 ml) in an argon atmosphere. After reflux for 2 h, the mixture was cooled and ethyl acetate |
followed after 15 min with water, was added. The mixture was taken dowacuoand the residue
was extracted with warm ethyl acetatex30 ml). The solid residue was air-dried and mixed wi
90% aqueous methanol. The insoluble portion was filtered off and washed with methanol. The
bined extracts and filtrates were taken down and the residue was chromatographed on a si
column (300 g) in ethyl acetate—acetone—ethanol-water (80 : 10 : 5 : 5) to give 725 mg (30¥%
mixture of 21 and 22. Repeated column chromatography on silica gel (400 g) in the same sc
system afforded 435 mg of racem&®2and 120 mg of racemafl.

Racemate2l: For C¢H.g0, (202.2) calculated: 59.39% C, 8.97% H; found: 59.69% C, 9.11%
1H NMR spectrum: 1.38 dd, 1 H(3a,4) = 4.9,)(3a,3b) = 13.7 (H-3a); 1.79 dd, 1 B(3b,4) = 6.1
(H-3b); 1.81 m, 2 H (H-5a, H-5b); 3.27 dd, 1 {CH,OH) = 5.4 and 3.35 dd, 1 H(CH,OH) = 5.3,
J(gem) = 10.5 (CHO); 3.38 dd, 1 HJ(CH,OH) = 5.6 and 3.43 dd, 1 H(CH,OH) = 5.4,J(gem) =
10.7 (CHO); 3.84 dg, 2 H, J = 1.5 and 5.4 (OgH3.96 ddd, 1 HJ(1,5a) = 2.2,J(1,5b) = 6.1,
J(1,0H) = 5.0 (H-1); 3.97 qd, 1 H(4,5) = 6.1 (H-4); 4.15 t, 1 HI(OH,CH,) = 5.5 (CHOH); 4.45 t,
1 H, J(OH,CH,) = 5.4 (CHOH); 4.52 d, 1 H (1-OH); 5.09 dg, 1 H,= 1.5, 1.5, 2.2 and 10.5 an
5.20dg, 1 HJ = 1.7, 1.7, 2.2 and 17.3 (GH); 5.85 ddt, 1 HJ = 5.4, 5.4, 10.5 and 17.3 (CH=).
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Racemate22: For CjH,50, (202.2) calculated: 59.39% C, 8.97% H; found: 59.70% C, 9.15%
IH NMR spectrum: 1.48 dd, 1 Hi(3a,4) = 6.6,J(3a,3b) = 13.2 (H-3a); 1.54 di(5a,1) = 7.6,
J(5a,5b) = 12.7)(5a,4) = 7.3 (H-5a); 1.75 dd, 1 H(3b,4) = 7.3 (H-3b); 2.19 dfj(5b,1) =J(5b,4) =
6.6 (H-5b); 3.20 dd, 1 HJ(CH,OH) = 5.4 and 3.28 dd, 1 H(CH,OH) = 4.9,J(gem) = 10.5
(CH,0); 3.41 dd, 1 HJ(CH,OH) = 5.8 and 3.50 dd, 1 H(CH,OH) = 4.9,J(gem) = 10.7 (CHO);
3.77 pent, 1 H (H-4); 3.82 ddd, 1 H(1,0H) = 4.9 (H-1); 3.85 dg, 2 Hl = 1.5, 1.5, 1.5 and 5.4
(OCH,); 4.14 t, 1 HJ(OH,CH,) = 5.5 (CHOH); 4.47 t, 1 H,J(OH,CH,) = 5.4 (CHOH); 4.54d, 1 H
(1-OH); 5.09 dqg, 1 HJ = 1.7, 1.7, 1.7 and 10.5 and 5.21 dqg, 1JK; 1.7, 1.7, 1.7 and 17.3 (GH);
5.86 ddt, 1 HJ = 5.4, 5.4, 10.5 and 17.3 (CH=).

(3)-cis- (23) and @)-trans-4-Ethylsulfanyl-2,2-bis(hydroxymethyl)cyclopentan-1-aY

A solution of esters15 and16 (2.62 g, 10 mmol) in tetrahydrofuran (8 ml) was slowly added dr
wise under argon to a boilingM solution of lithium aluminium hydride in tetrahydrofuran (16 ml
The mixture was then refluxed for 3 h. After cooling, ethyl acetate (10 ml) was added followed,
20 min, by water (10 ml). The solvent was evaporated and the residue extracted with hot eth
tate (6x 40 ml) and then with 90% aqueous methanok (20 ml). The solid material was washe
with methanol and the combined extracts and filtrates were evaporated. Column chromatogre
the residue on silica gel (300 g) in ethyl acetate—acetone—ethanol-water (105 : 15 : 3 : 2) a
365 mg (18%) of racemat23 and 610 mg (29.5%) of racemad.

Racemate23: For GH;405S (206.3) calculated: 52.40% C, 8.79% H, 15.54% S; found: 52.099
8.87% H, 15.29% S'H NMR spectrum: 1.17 t, 3 HI(CH,;,CH,) = 7.3 (CH); 1.44 dd, 1 HJ(3a,4) =
10.0,J(3a,3b) = 13.2 (H-3a); 1.46 ddd, 1 B(5a,1) = 8.2,J(5a,5b) = 12.3,)(5a,4) = 10.5 (H-5a);
1.88 dd, 1 HJ(3b,4) = 7.8 (H-3b); 2.26 ddd, 1 H(5b,1) = 6.5,J(5b,4) = 7.0 (H-5b); 2.50 q, 2 H
(SCH,); 2.94 tt, 1 H (H-4); 3.22 dd, 1 H(CH,OH) = 5.4 and 3.32 dd, 1 B(CH,OH) = 5.3,J(gem) =
10.5 (CHO); 3.38 dd, 1 HJ(CH,0OH) = 5.9 and 3.44 dd, 1 H(CH,OH) = 5.0,J(gem) = 10.8
(CH,0); 3.87 ddd,J(1,0H) = 5.0 (1-OH); 4.15 t, 1 H)(OH,CH,) = 5.3 (CHOH); 4.51 t, 1 H,
J(OH,CH,) = 5.5 (CHOH); 4.66 d, 1 H (1-OH).

Racemate?4: For GH;405S (206.3) calculated: 52.40% C, 8.79% H, 15.54% S; found: 52.119
8.90% H, 15.23% S*H NMR spectrum: 1.17 t, 3 HI(CH,;,CH,) = 7.3 (CH); 1.24 dd, 1 HJ(3a,4) =
8.4,J(3a,3b) = 13.7 (H-3a); 1.69 ddd, 1 §{5a,1) = 6.0,)(5a,5b) = 13.2)(5a,4) = 8.9 (H-5a); 1.93 dd,
1 H, J(3b,4) = 7.9 (H-3b); 1.94 ddd, 1 H(5b,1) = 4.5,J(5b,4) = 7.5 (H-5b); 2.49 q, 2 H (SGH
3.29 pent, 1 H (H-4); 3.26 dd, 1 H(CH,0OH) = 5.3 and 3.30 dd, 1 H(CH,OH) = 5.3,J(gem) =
10.6 (CHO); 3.41 dd, 1 HJ(CH,0OH) = 5.6 and 3.45 dd, 1 H(CH,OH) = 5.4,J(gem) = 10.8
(CH,0); 3.98 dt, 1 HJ(1,0H) = 4.5 (H-1); 4.18 t, 1 HJ(OH,CH,) = 5.5 (CHOH); 4.51 t, 1 H,
J(OH,CH,) = 5.3 (CHOH); 4.56 d, 1 H (1-OH).

()-cis-4-Acetoxy-3,3-bis(acetoxymethyl)cyclopentan-1-26)

4-Dimethylaminopyridine (16 mg) was added to a mixture of allyloxy derivaivg144 mg, 0.5

mmol), acetonitrile (1 ml) and acetic anhydride (0.3 ml). The mixture was stirred until the ste
hydroxy derivative dissolved and then was set aside at room temperature for 1 h. The solve
evaporated and the residue chromatographed on a column of silica gel (10 g) in toluene—ethyl
(2 : 1). The obtained triacetate (151 mg) was dissolved in a mixture of ethanol (7 ml), toluene
and water (1 ml). Tris(triphenylphosphine)rhodium(l) chloride (50 mg) was added to the sol
under stirring and the mixture was refluxed for 10 h. Formic acid (0.6 ml) was added and aft
other hour of reflux, the mixture was taken down. The residue was column-chromatographed o
gel (20 g) in ethyl acetate—toluene (2 : 1); yield 95 mg (66%) of triacetyl deri2fias a thick oil.

For Ci3H,00; (288.3) calculated: 54.16% C, 6.99% H; found: 53.83% C, 7.18%HHNMR spec-
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trum: 1.56 dd, 1 HJ(2a,1) = 6.0J(2a,2b) = 13.7; 1.60 dt, 1 H(5a,4) =J(5a,1) = 7.3,J(5a,5b) =

13.7 (H-5a); 1.81 dd, 1 H)(2b,1) = 6.8 (H-2b); 1.98 s, 3 H, 1.99 s, 3 H and 2.00 s, 3 K (
COCH,); 2.33 dt, 1 H,J(5b,4) =J(5b,1) = 6.8 (H-5b); 3.90 d, 1 H and 3.97 d, 1Xgem) = 11.0

(CH,0); 4.08 d, 1 H and 4.14 d, 1 B(gem) = 11.0 (CKO); 4.11 pent, 1 HJ(1,0H) = 4.2 (H-1);

4.83d, 1 H (1-OH); 4.94t, 1 H (H-4).

(¥)-trans-4-Acetoxy-3,3-bis(acetoxymethyl)cyclopentan-1-26)(

Using the same procedure as described for the preparation of the tri2éetaligloxy derivative22
(309 mg, 1.5 mmol) was converted into triaceta€(261 mg; 60%). For GH,,O; (288.3) calcu-
lated: 54.16% C, 6.99% H; found: 53.90% C, 7.16%'#.NMR spectrum: 1.49 dd, 1 H(2a,1) =
3.4,J(2a,2b) = 13.9 (H-2a); 1.86 ddd, 1 §{5a,4) = 7.3,)(5a,5b) = 13.9)(5a,1) = 6.6 (H-5a); 1.90 dd,
1 H, J(2b,1) = 6.1 (H-2b); 1.98 ddd, 1 H(5b,4) = 6.8,J(5b,1) = 3.5 (H-5b); 1.98 s, 3 H, 1.99 s, 3
and 2.00 s, 3 H (% COCH;); 3.98 d, 1 H and 4.01 d, 1 H{gem) = 11.0 (CKD); 3.94 d, 1 H and
4.15 d, 1 HJ(gem) = 11.0 (CHD); 4.21 m, 1 H (H-1); 4.82 d, 1 H(OH,1) = 3.7 (1-OH); 5.17 dd,
1 H (H-4).

(¥)-cis-4,4-Bis(hydroxymethyl)cyclopentane-1,3-di@7j

A solution of triacetate25 (72 mg, 0.25 mmol) in 0.1 methanolic sodium methoxide (1 ml) wa
allowed to stand for 2 h at room temperature. Neutralization with Dowex H0a(ttl evaporation
afforded 38 mg (94%) of alcoh@7 as a thick oil. For @4,,0, (162.2) calculated: 51.84% C, 8.70% +
found: 51.51% C, 8.89% HH NMR spectrum: 1.37 dd, 1 H(5a,1) = 6.3]J(5a,5b) = 13.2 (H-5a);
150 dt, 1 HJ(2a,3) =J(2a,1) = 7.6)(2a,2b) = 12.7 (H-2a); 1.68 dd, 1 B(5b,1) = 7.3 (H-5b); 2.07 dt,
1 H, J(2b,3) =J(2b,1) = 6.3 (H-2b); 3.79 ddd, 1 H(3,0H) = 3.5 (H-3); 3.93 ttd, 1 H](1,0H) =
3.5 (H-1); 4.13 t, 1 HJ(OH,CH,) = 3.5 (CHOH); 4.43 t, 1 H,J(OH,CH,) = 4.5 (OH); 450 d, 1 H
(OH); 4.51 d, 1 H (OH).

(¥)-trans4,4-Bis(hydroxymethyl)cyclopentane-1,3-di@g

Triacetate26 (144 mg, 0.5 mmol) was methanolyzed in the same manner as described in the
ing experiment to give 75 mg (93%) of alcol28. For GH,,0, (162.2) calculated: 51.84% C
8.70% H; found: 51.57% C, 8.83% FH NMR spectrum: 1.26 dd, 1 Hi(5a,1) = 4.4,J(5a,5b) =

13.7 (H-5a); 1.72 dd, 2 HI(2,3) = 6.4,3(2,1) = 5.6 (2x H-2); 1.76 dd, 1 HJ(5b,1) = 6.8 (H-5b);

3.30 dd, 1 HJ(CH,OH) = 4.6 and 3.38 dd, 1 H(CH,OH) = 4.6,J(gem) = 10.5 (CHO); 3.37 dd,

1 H, J(CH,OH) = 4.4 and 3.42 dd, 1 H(CH,OH) = 4.4,J(gem) = 10.7 (CKO); 4.01 td, 1 H,

J(3,0H) = 4.4 (H-3); 413 t, 1 H (CJOH); 4.14 m, 1 H (H-1); 4.43 d, 1 H (3-OH); 4.47 d, 1 |
J(OH,1) = 4.9 (1-OH); 4.50 t, 1 H (GIOH).

Methyl 3-O-Benzyl-6-deoxy-1,Z>-isopropylidene-82-(methoxycarbonylx-p-glucaor B-L-ido)-
hepto-1,4-furanuronateQ)

Triethylamine (67 ml) was added dropwise to a stirred and cooled°@E)18olution of 1,5-dialdo-
furanose29 (139 g, 0.5 mol) in dimethyl malonate (86 ml, 0.75 mol). The mixture was set asit
-5 °C overnight. The crystalline product was filtered off, washed with 60% aqueous methanc
dried. Yield 141 g (69%) of produ®0, m.p. 102—-103C. For G¢H»Oq (410.4) calculated: 58.53% C
6.39% H; found: 58.62% C, 6.52% Hi]p —15.7 € 0.56, methanol)*H NMR spectrum: 1.24 s, 3 H
and 1.39 s, 3 H (C(Ch); 3.60 d, 1 HJ(6,5) = 5.8 (H-6); 3.62 s, 3 H (GB); 3.94d, 1 H)(3,4) = 2.8

(H-3); 4.10 dd, 1 HJ(4,5) = 9.4 (H-4); 4.41 ddd, 1 H(5,0H) = 7.3 (H-5); 4.58 d, 1 H and 4.66
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1 H,J(gem) = 11.6 (CHPh); 4.68 d, 1 HJ(2,1) = 3.7 (H-2); 5.53 d, 1 H (5-OH); 5.78 d, 1 H (H-1
7.36 s, 5 H (H-arom.).

The mother liquors were taken down and the residue was codistilled with ethanol and tolus
part (0.9 g) of the residue (total amount 91 g) was dissolved in acetonitrile (12 ml). Acetic anh
(0.5 ml), followed by 4-dimethyl-aminopyridine, was added. After standing at room temperatur
2 h, methanol (1 ml) was added and after another 10 min, the solvent was evaporated and the
dissolved in ethyl acetate. This solution was washed with water (10 ml), 5% hydrochloric ac
ml), water (10 ml), 10% aqueous sodium hydrogencarbonatel@ml), dried over magnesium sulfat
and the solvent was evaporated. Column chromatography on silica gel (130 g) in toluene—eth
tate (3 : 1) afforded 48 mg of compouB@ and 220 mg of ¥-benzyl-5C-[bis(methoxycarbonyl)-
methyl]-5,6-dideoxy-1,23-isopropylidene-62-(methoxycarbonyly-p-xylo-hepto-1,4-furanuronate3().
For GsH3,045 (524.5) calculated: 57.25% C, 6.15% H; found: 57.42% C, 6.21%]5-#47.0 € 0.91,
chloroform). 'H NMR spectrum: 1.30 s, 3 H and 1.49 s, 3 H (C{g13.56 m, 1 H,3J = 17.3
(H-5); 3.56s,3H,370s,3H,371ls,3Hand 3.72 s, 3 ¥ DOCH,); 3.76 d, 1 H,J(6,5) =
3.7 (H-6); 3.97 d, 1 H)(3,4) = 3.1 (H-3); 4.17 d, 1 H|(6',5) = 4.3 (H-6); 4.48 d, 1 H and 4.66 d,
1 H, J(gem) = 11.9 (CHPh); 4.59 d, 1 HJ(2,1) = 4.0 (H-2); 4.66 dd, 1 H(4,5) = 9.2 (H-4); 5.86 d,
1 H (H-1); 7.33 s, 5 H (H-arom.).

Methyl 3-O-Benzyl-5,6-dideoxy-1,23-isopropylidene-82-(methoxycarbonyl)-b-xylo-hept-5-eno-
1,4-furanuronate32)

A. Methanesulfonyl chloride (35 ml) was added to a stirred and cooled (ice bath) solution of
30(82.1 g, 0.2 mmol) in pyridine (600 ml). The mixture was stirred & @or 1 h and then at roomr
temperature for 3 h. After cooling in an ice bath, water (40 ml) was added and after 15 mi
solvent was evaporated. The residue was partitioned between ethyl acetate (1.5 I) and water (!
The organic layer was separated and washed with water (500 ml), 5% hydrochloric acid (50
water (500 ml), and 10% aqueous sodium hydrogencarbonate (300 ml), dried over sodium ¢
and the solvent was evaporated. Yield 78.2 g (99%) of chromatographically pure [B®dvatch
was used in the next reaction step without purification. An analytical sample was obtained by
matography on a column of silica gel in toluene—ethyl acetate (3 : 1). f6,Og (392.4) calcu-
lated: 61.22% C, 6.16% H; found: 61.13% C, 6.21%HINMR spectrum was identical with that o
the compound prepared according toref.

B. Acetic anhydride (0.2 ml) and 4-dimethylaminopyridine (100 mg) were added to a solutit
hydroxy derivative30 (410 mg, 1 mmol) in acetonitrile (4 ml) and the mixture was set aside at r
temperature for 1 h. Methanol (1 ml) was added and, after standing for 10 min, the mixtur
taken down. The residue was dissolved in ethyl acetate (10 ml) and the solution washed witt
(2 x 5 ml), 5% aqueous sodium hydrogencarbonate & ml), dried over sodium sulfate and th
solvent was evaporated. Yield 385 mg (98%) of chromatographically pure compaund

C. Acetic anhydride (0.4 ml) was added to a solution of &3¢410 mg, 1 mmol) in pyridine (4 ml)
and the mixture was allowed to stand for 2 days at room temperature. Methanol (1 ml) was
and after standing for 15 min, the solvent was evaporated. The residue was dissolved in ethyl
(10 ml) and the solution washed with water (5 ml), 5% hydrochloric acid (5 ml), water (5 ml)
aqueous sodium hydrogencarbonate (5 ml), dried over magnesium sulfate, and the solvent we
orated. Column chromatography on silica gel (40 g) in toluene—ethyl acetate (3 : 1) afforded 3
(80%) of 32.
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Dimethyl (25,3S4R)- (35) and (R,3S4R)-3-Benzyloxy-4-formyloxy-2-hydroxycyclopentane-1,1-di-
carboxylate 36)

Dowex 50 (H, 103 ml) was added to a solution of ke8&l (ref.”; 78.9 g, 0.2 mol) in a mixture of
dioxane (470 ml) and water (280 ml) and the reaction mixture was stirred °at 8 6 h. After

cooling, the ion exchanger was filtered off, washed with dioxane and the combined filtrates
taken down. Column chromatography of the residue on silica gel (800 g) in toluene—ethyl acetate
afforded 28.2 g (36%) of the starting ke&8 and 29.3 g (41%) of anomeric mixture of di@4.

This mixture was dissolveih 1,4-dioxane (1.2 ) and a solution of sodium periodate (26 g) in w;
(160 ml) was added with stirring. After stirring at room temperature for 1 h, another portion c
dium periodate (17.6 g) in water (95 ml) was added. The mixture was stirred at room temperat
another hour, the insoluble material was filtered off and washed with dioxane. Evaporation
combined filtrates afforded 27.8 g of a crude mixture of prod8btand 36 which, in some cases
could be used in the following step without purification. Column chromatography of a part (2.
of the crude mixture on silica gel (30 g) in toluene—ethyl acetate (2 : 1) gave 2.11 g of chrc
graphically pure mixture of isomef5 and 36. The crude product before the chromatography tt
contained 76% of a mixture of pure isom8fsand36. The overall yield of the mixture based on tt
reacted ketaB3 was 64%. For GH,Og (340.3) calculated: 56.47% C, 5.92% H; found: 56.31%
6.01% H. 'H NMR spectrum, isome®5: 2.31 dd, 1 H,J(5a,4) = 8.2,](5a,5b) = 14.0 (H-5a); 2.61 dd
1 H, J(5b,4) = 8.2 (H-5b); 3.65 s, 3 H and 3.66 s, 3 HX(ZOCH,); 3.92 dd, 1 H,J(3,2) = 6.1,

J(3,4) = 5.8 (H-3); 4.56 d, 1 H and 4.66 d, 1Xgem) = 11.9 (CkPh); 4.55 m, 1 H (H-2); 4.91 ddd
1 H (H-4); 6.03 d, 1 HJ(OH,2) = 6.1 (2-OH); 7.31 m, 5 H (H-arom. benzyl); 8.22 s, 1 H (CH=(
isomer36; 1.76 dd, 1 HJ(5a,4) = 5.2,J(5a,5b) = 14.9 (H-5a); 3.11 dd, 1 B(5b,4) = 9.2 (H-5b);
3.64s,3Hand 3.65s, 3 HKCOCH,); 3.96 dd, 1 HJ(3,2) = 5.0 (H-3); 4.48 d, 1 H and 4.57 ¢
1 H, J(gem) = 11.9 (CkPh); 456 m, 1 H (H-2); 5.12 ddd, 1 B(4,3) = 7.9 (H-4); 5.68 d, 1 H,
J(OH,2) = 5.8 (2-OH); 7.35 m, 5 H (H-arom. benzyl); 8.21 s, 1 H (CH=0). The3atid6was 4 : 1.

Dimethyl (25,3S4R)- (37) and (R,3S4R)-2-Benzoyloxy-3-benzyloxy-4-hydroxycyclopentane-1,1-
dicarboxylate 88)

Benzoyl chloride (3 ml) was added to a stirred and cooled (ice bath) solution of 2-hydroxy d
tives 35 and 36 (7.05 g, 20 mmol) in pyridine (70 ml). After standing at room temperature for :
the mixture was cooled to @. Methanol (5 ml) was added and after 10 min, the solvent was ev
rated. The residue was dissolved in ethyl acetate (200 ml), the solution was washed with wat
50 ml), dried over sodium sulfate and the solvent was evaporated. The residue was disso
methanol (100 ml) and to this solution, 10% aqueous solution of potassium hydrogencarbona
added under stirring until it became turbieR(Q ml). The mixture was stirred for 1 h at room ter
perature, the insoluble portion was removed by filtration and washed with methanol, and the
bined filtrates were neutralized with acetic acid and taken down. Column chromatography
residue on silica gel (700 g) in toluene—ethyl acetate (3 : 1) afforded 7.29 g (85%) of befZoe
and38. For G3H,,0q (428.4) calculated: 64.48% C, 5.65% H; found: 64.35% C, 5.71%HNMR
spectrum, isome87: 2.44-2.52 m, 2 H (& H-5); 3.48 s, 3 H and 3.68 s, 3 H{2Z2OCH,); 3.83-3.92 m,
2 H (H-3, H-4); 4.64 s, 2 H (CjPh); 5.47 d, 1 HJ(OH,4) = 5.2 (4-OH); 6.03 d, 1 HI(2,3) = 4.6
(H-2); 7.26 s, 5 H (H-arom. benzyl); 7.51-7.74 m, 3 H and 7.86-7.91 m, 2 H (H-benzoyl); is
38 1.84 dd, 1 HJ(5a,4) = 6.7,J(5a,5b) = 14.0 (H-5a); 3.02 dd, 1 B(5b,4) = 8.2 (H-5b); 3.50 s,
3 Hand 371 s, 3H (2 COCHy); 3.95-4.05 m, 1 H (H-3); 421 m, 1 H (H-4); 454 d, 1 H and 4.6C
1 H, J(gem) = 11.6 (CHPh); 5.40 d, 1 HJ(OH,4) = 5.2 (4-OH); 6.10 d, 1 H|(2,3) = 4.6 (H-2);
7.22 s, 5 H (H-arom. benzyl); 7.51-7.74 m, 3 H and 7.86-7.91 m, 2 H (H-benzoyl). Thg7ra®
was 3 : 2.
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Dimethyl (25,3S4R)- (39) and (R,3S4R)-2-Benzoyloxy-3-benzyloxy)-4-methoxycyclopentane-1,1
dicarboxylate 40)

Boron trifluoride etherate (50 ml) was added dropwise through a capillary’@tt6 a stirred solu-
tion of alcohols37 and38 (4.28 g, 10 mmol) in M ethereal solution of diazomethane. After the ev
ution of nitrogen ceased and the solution decolorized, the formed solid was removed by filtratic
washed with ether (% 20 ml). The combined filtrates were washed with 5% aqueous sodium
drogencarbonate (50 ml), dried over sodium sulfate, and the solvent was evaporated. The resi
chromatographed on a column of silica gel (400 g) in toluene containing 6% ethyl acetate, aff
3.62 g (82%) of methoxy derivativ®® and40. For G,H,¢Og (442.5) calculated: 65.15% C, 5.92% F
found: 64.91% C, 5.90% HH NMR spectrum, isome39: 2.44 dd, 1 HJ)(5a,4) = 7.9,)(5a,5b) = 13.7
(H-5a); 2.71 dd, 1 H)(5b,4) = 7.3 (H-5b); 3.27 s, 3 H (OGk3.52 s, 3 H and 3.68 s, 3 HX2COCH,);
3.78 ddd, 1 HJ(4,3) = 4.9 (H-4); 4.00 m, 1 H ( H-3); 4.60 d, 1 H and 4.65 d, I(gem) = 11.9
(CH,Ph); 6.02 d, 1 HJ(2.3) = 4.0 (H-2); 7.28 m, 5 H (H-arom. benzyl); 7.51-7.75 m, 3 H &
7.87-7.92 m, 2 H (H-benzoyl); isomé®: 2.00 dd, 1 HJ(5a,4) = 5.2](5a,5b) = 14.6 (H-5a); 3.11 dd
1 H,J(5b,4) = 7.9 (H-5b); 3.27 s, 3 H (OGH3.52 s, 3 H and 3.72 s, 3 H £2COCH); 3.96-4.08 m,
2 H (H-3, H-4); 453 d, 1 H and 4.58 d, 1 Hgem) = 11.6 (CHPh); 6.08 d, 1 HJ(2.3) = 4.3 (H-2);
7.23 m, 5 H (H-arom. benzyl); 7.51-7.75 m, 3 H and 7.87-7.92 m, 2 H (H-benzoyl).3Ratig8
was 3 : 2.

(2S3S4R)- (45) and (R,354R)-2-Benzoyloxy-1,1-bis(benzoyloxymethyl)-4-methoxycyclo-
pentan-3-ol 46)

A solution of a mixture of este?9 and40 (4.42 g, 10 mmol) in tetrahydrofuran (10 ml) was slow
added dropwise under argon to a stirred boiling golution of lithium aluminium hydride in tetra-
hydrofuran (23 ml). After reflux for further 3 h, the mixture was cooled and ethyl acetate (5 ml
slowly added, followed by water (10 ml). The mixture was taken down and the residue was ex
first with hot ethyl acetate (8 50 ml) and then with 90% aqueous methanok (20 ml). The com-
bined extracts were neutralized with Dowex 50)(Hhe ion exchanger was removed by filtratio
washed with methanol and the combined fitrates were evaporated. Column chromatography o
gel in ethyl acetate—acetone—ethanol-water (40 : 5 : 3 : 1) afforded 1.63 g of a mixture of al
41 and 42 which was dried by codistillation with pyridine €20 ml). The residue was dissolved i
pyridine (15 ml) and to this solution, benzoyl chloride (2.5 ml) was slowly added dropwise
stirring. After standing for 5 h at room temperature, water (2 ml) was added and after further 1
the mixture was taken down. The residue was partitioned between ethyl acetate (60 ml) and w:
ml). The organic layer was separated and washed with water (30 ml), 5% hydrochloric acid (3
water (30 ml), 10% aqueous sodium hydrogencarbonate soluti®r2(@8ml), dried over sodium sul-
fate, and the solvent was evaporated. The residue was dissolved in a mixture of methanol (20
dimethylformamide (2 ml) and hydrogenated over Pd/C (10%, 300 mg) at room temperature for
The catalyst was removed by filtration through Celite, washed with methanol and the combin
trates were taken down. Column chromatography of the residue on silica gel (350 g) in toluene
acetate (3 : 1) afforded 614 mg (12%) of th&® 85 4R)-isomer46 and 1.28 g (25%) of the
(2S3S4R)-isomer45.

Isomer 45: For GgH,g0g (504.5) calculated: 69.04% C, 5.59% H; found: 69.27% C, 5.77%
[a]lp —51.9 € 0.876, chloroform)!H NMR spectrum: 1.82 dd, 1 Hj(5a,4) = 7.3,J(5a,5b) = 14.0
(H-5a); 2.29 dd, 1 HJ(5b,4) = 7.8 (H-5b); 3.35 s, 3 H (OGH3.74 q, 1 H (H-4); 4.24 ddd(3,2) =
7.6,J(3,4) = 6.6,J(3,0H) = 5.7 (H-3); 4.43 d, 1 H and 4.47 d, 1 Xgem) = 11.2 (CHO); 4.45 d,
1 H and 4.51 d, 1 Hj(gem) = 11.2 (CKO); 5.38 d, 1 H (H-2); 5.63 d, 1 H (3-OH); 7.40 m, 6 |
760 m,3H,780d,2Hand 7.87 d, 4 H (H-arom.).
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Isomer 46: For GgH,50g (504.5) calculated: 69.04% C, 5.59% H; found: 69.05% C, 5.73%
[a]lp +51.8 € 0.678, chloroform)!H NMR spectrum: 1.79 dd, 1 H(5a,4) = 3.5J(5a,5b) = 14.5
(H-5a); 2.28 dd, 1 HJ(5b,4) = 6.6 (H-5b); 3.33 s, 3 H (OGH 3.81 dt, 1 H,J(4,3) = 3.5 (H-4);
4.31td, 1 H (H-3); 4.42 d, 1 H and 4.50 d, 1Xgem) = 11.2 (CKD); 459 d, 1 Hand 4.62d, 1 H
J(gem) = 11.2 (CKO); 5.42 d, 1 HJ(2,3) = 4.6 (H-2); 5.53 d, 1 HJ(OH,3) = 4.8 (3-OH); 7.35 t,
2H,743t 2H,745¢t 2H,760m,3H, 786 m, 4Hand 7.96 d, 2 H (H-arom.).

(253S,4R)-2-Benzoyloxy-1,1-bis[(benzoyloxy)methyl]-4-methoxy-3-{[(methylsulfanyl)-
thiocarbonyl]oxy}cyclopentane{)

Carbon disulfide (0.76 ml) was added to a solution of alcdbdll.01 g, 2 mmol) in dimethylforma-
mide (6 ml) and, after cooling to T, sodium hydride (60% dispersion in mineral oil, 265 mg) w
added. After stirring for 30 min at 8C, methyl iodide (1.51 ml) was added and the mixture v
stirred for 30 min at 0C and then warmed up to room temperature during another 30 min. V
(70 ml) was added and the mixture was extracted with ethyl acetate (80 ml). The organic lay
washed with water (¥ 80 ml), dried and the solvent was evaporated. Column chromatograph
silica gel (120 g) in toluene with 8% of ethyl acetate afforded 1.09 g (92%) of dithiocarkidhat
For C3;H300gS, (594.7) calculated: 62.61% C, 5.08% H, 10.78% S; found: 62.85% C, 4.99¢
10.72% S. di]p +8.6 € 0.640, chloroform)!H NMR spectrum: 2.09 dd, 1 H(5a,4) = 6.8,]J(5a,5b) =
14.4 (H-5a); 2.44 d, 1 HJ(5b,4) = 8.3 (H-5b); 2.53 s, 3 H (SGK 3.30 s, 3 H (OCk); 4.27 ddd,
1H,J4,3) =6.3 (H-4); 449 d, 1 H and 4.56 d, 1)gem) = 11.2 (CKHO); 4.56 d, 1 H and 4.60 d
1 H,J(gem) = 11.2 (CKO); 5.83 d, 1 HJ(2,3) = 7.6 (H-2); 6.58 dd, 1 H (H-3); 7.32't, 2 H, 7.42
2H,746¢t 2H,760m,3H,7.82d,4H and 7.98 d, 2 H (H-arom.).

(2S4R)-2-Benzoyloxy-1,1-bis(benzoyloxymethyl)-4-methoxycyclopentad® (

A 1 w tributylstannane (2.8 ml) solution in toluene and azobis(2-propionitrile) (100 mg) were a
to a boiling solution of dithiocarbona#® (892 mg, 1.5 mmol) in toluene (7 ml). After reflux for 3
min, the mixture was taken down and the residue chromatographed on a column of silica gel
in toluene—ethyl acetate (22 : 3) to give 672 mg (92%) of deoxy derivé8ivEor G,gH,50; (488.5)
calculated: 71.30% C, 5.78% H; found: 71.41% C, 5.91%afl}, £61.2 ¢ 0.85, chloroform)!H NMR
spectrum: 1.98 ddd](3a,2) = 5.9,J(3a,3b) = 14.2)(3a,4) = 4.6 (H-3a); 2.04 dd, 1 H(5a,4) = 4.4,
J(5a,5b) = 14.2 (H-5a); 2.13 dd, 1 H(5b,4) = 6.6 (H-5b); 2.63 dt, 1 HI(3b,2) =J(3b,4) = 6.0
(H-3b); 3.23 s, 3 H (OC¥J; 3.99 tt, 1 H (H-4); 4.42d, 1 H and 4.45 d, 1Xgem) = 11.2 (CHO);
457 d, 1 H and 4.67 d, 1 H(gem) = 11.2 (CHO); 5.51 dd, 1 H (H-2); 7.39t, 2 H, 743 t, 2 F
744t 2H,760t 3H,785d,2H,7.89d,2Hand7.90d, 2H (H-arom.).

(2S4R)-1,1-Bis(hydroxymethyl)-4-methoxycyclopentan-2-ol R(2R)-17)

Tribenzoate48 (489 mg, 1 mmol) was dissolved under stirring im Inethanolic sodium methoxide
(5 ml) and the solution was set aside at room temperature overnight. Then it was neutralize
Dowex 50 (H), the ion exchanger was removed by filtration, washed with methanol and the
bined filtrates were evaporated. Column chromatography on silica gel (20 g) in ethyl ace
acetone—ethanol-water (36 : 6 : 5 : 3) afforded 157 mg (89%) of trihydroxy derivaRARJ2L7.
For GH;40, (176.2) calculated: 54.53% C, 9.15% H; found: 54.18% C, 9.13%1d.-{33.1 € 0.64,
methanol).!H NMR spectrum was identical with that of the racentste

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



2062 Hrebabecky, Masojidkova, Holy:

(3R4R)-3-Benzoyloxy-1,1-bis(benzoyloxymethyl)-4-methoxycyclopentds@ (

The alcohol46 (505 mg, 1 mmol) was converted into the dithiocarbod&€491 mg) in the same
manner as described for the dithiocarbondife To a boiling solution of49 in toluene (5 ml) was
added 1m solution of tributylstannane (1.6 ml) in toluene, followed by azobis(2-propionitrile) (60 r
The solution was refluxed for 30 min and then the solvent was evaporated. Column chromato
of the residue on silica gel (50 g) in toluene—ethyl acetate (9 : 1) afforded 306 mg (63%, ba
46) of deoxy derivatives0. For GgH,gO; (488.5) calculated: 71.30% C, 5.78% H; found: 71.03%
6.00% H. ft]p +11.6 € 0.50, chloroform)!H NMR spectrum: 1.88 dd, 1 H(5a,4) = 4.4]J(5a,5b) =
14.4 (H-5a); 1.93 dd, 1 H(2a,2b) = 14.7)(2a,3) = 3.6 (H-2a); 2.18 dd, 1 H(5b,4) = 6.4 (H-5b);
2.32 dd, 1 HJ(2b,3) = 6.6 H-2b); 3.35 s, 3 H (OGH 4.06 ddd, 1 HJ)(4,3) = 3.6 (H-4); 437 s,2H
(CH,0); 4.39d, 1 H and 4.43 d, 1 B(gem) = 11.0 (CKO); 5.36 dt, 1 H (H-3); 7.48 m, 6 H, 7.52 r
3 Hand 7.97 m, 6 H (H-arom.).

(3R4R)-1,1-Bis(benzoyloxymethyl)-4-methoxycyclopentan-3-&l)(

Tribenzoate50 (244 mg, 0.5 mmol) was methanolyzed in the same manner as the bet ate
gave 82 mg (93%) of trinydroxy derivatiéd. For GH,¢0, (176.2) calculated: 54.53% C, 9.15% F
found: 54.17% C, 9.27% Ha]p—43.0 € 0.93, methanol)H NMR spectrum: 1.24 dd, 1 H(2a,2b) =
13.4,J(2a,3) = 6.3 (H-2a); 1.25 dd, 1 H(5a,4) = 6.3J(5a,5b) = 13.7 (H-5a); 1.63 dd, 1 B{2b,3) =
6.8 (H-2b); 1.71 dd, 1 HJ(5b,4) = 6.8 (H-5b); 3.19 d, 2 H(CH,,0OH) = 5.1 (CHO); 3.20 s, 3 H
(OCHjy); 3.24 d, 2 HJ(CH,,0OH) = 5.0 (CHO); 3.42 ddd, 1 HJ(4,3) = 4.9 (H-4); 3.83 tt, 1 H (H-3);
4.47 t, 1 H,J(OH,CH,) = 5.1 (CHOH); 4.60 t, 1 H,J(OH,CH,) = 5.0 (CHOH); 4.73 d, 1 H,
J(OH,3) = 5.1 (3-OH).

Reduction of Mixture of Isomer35 and36 with Lithium Aluminium Hydride

A solution of esters85 and 36 (3.52 g, 10 mmol) in tetrahydrofuran (15 ml) was added dropw
under argon during 10 min to a boilingMlsolution of lithium aluminium hydride (30 ml) in tetra
hydrofuran and the mixture was refluxed for 2 h. After cooling, the mixture was decompost
slow addition of ethyl acetate (5 ml) and water (10 ml). The solvent was evaporated to dryne
the residue was extracted with hot ethyl acetate58 ml) and then with 90% aqueous methane! & ml).
The combined extracts were neutralized with Dowex 50),(lthe ion exchanger was filtered off
washed with methanol, and the combined filtrates were taken down. Chromatography of the 1
on a column of silica gel (150 g) in ethyl acetate—acetone—ethanol-water (80 : 12 : 5 : 3) gav
(44%) of acyclic derivativés2 and250 mg (9%) of the cyclopentane derivatb@

(2R,3R)-2-Benzyloxy-5-(hydroxymethyl)hexane-1,3,6-trid2j: For C4H,,0O5 (270.3) calculated:
62.20% C, 8.20% H; found: 61.91% C, 8.37% H][+9.7 € 1.15, methanol)H NMR spectrum:
1.30 ddd,J(4a,3) = 10.0,)(4a,4b) = 13.9)(4a,5) = 5.6 (H-4a); 1.43 ddd(4b,3) = 3.4,J(4b,5) = 7.6
(H-4b); 1.68 m, 1 H (H-5); 3.28 ddd, 1 B(2,1a) = 6.1,)(2,1b) = 4.6,3(2,3) = 3.9 (H-2); 3.32-3.44 m,
4 H (2x H-6, CHO); 3.49 ddd, 1 HJ(1a,1b) = 11.2)(1a,2) = 6.1,)(1a,0H) = 5.3 (H-1a); 3.62 dt,
1 H, J(1b,2) =J(1b,OH) = 4.9 (H-1b); 3.70 ddt, 1 H(3,0H) = 5.9 (H-3); 4.32 t, 1 HJ(CH,,OH) =
4.9 (CHOH); 4.41 t, 1 HJ(CH,,OH) = 5.1 (CHOH); 4.44 d, 1 H (3-OH); 4.53 t, 1 H(CH,,0OH) =
5.3 (CH,0H).

Benzoyl chloride (0.5 ml) was added dropwise to a solutiof3dh pyridine (3 ml). After stand-
ing for 4 h at room temperature, the mixture was taken down and the residue was partitioned k
ethyl acetate (25 ml) and water (10 ml). The organic layer was separated and washed with water
5% hydrochloric acid (10 ml), water (10 ml), 10% aqueous sodium hydrogencarbonate solution (
dried over sodium sulfate, and the solvent was evaporated. Column chromatography on silica
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toluene containing 6% of ethyl acetate gave 530 mg (8%, based on the mixture of 3D aredS6)
of benzoyl derivatives4. For G,H3c0q (684.7) calculated: 73.67% C, 5.30% H; found: 73.95%
5.42% H. ft]p +7.6 € 0.632, chloroform)!H NMR spectrum: 1.96 dd, 1 H(5a,4) = 5.6J(5a,5b) =
14.7 (H-5a); 2.66 dd, 1 Hi(5b,4) = 8.3 (H-5b); 4.57 dd, 1 H(3,2) = 4.9,](3,4) = 5.6 (H-3); 4.58 s,
2 H (CHPh); 461 d, 1 H and 4.66 d, 1 Bgem) = 12.4 (CHO); 462 d, 1 H and 4.65 d, 1 H
J(gem) = 11.4 (CKD); 5.52 dt, 1 H (H-4); 5.85d, 1 H (H-2); 7.19 m, 3 H, 723 m, 2 H, 7.37 t, 2
745t 2H,7481t, 2H,754t, 2H,761t,2H,765t 1H,7.69t 1H,7.89m,4H,7.95d
and 7.99 d, 2 H (H-arom.).

(2R,354R)-2,4-Bis(benzoyloxy)-1,1-bis(benzoyloxymethyl)cyclopentan-35&) (

Benzoyl derivative54 (200 mg, 0.29 mmol) was hydrogenated in a mixture of methanol (2 ml)
dimethylformamide (0.4 ml) over Pd/C (10%, 25 mg) at atmospheric pressure for 25 h. The ¢
was removed by filtration through Celite, washed with methanol and the combined filtrates
taken down. The residue was dissolved in ethyl acetate (10 ml) and the solution was washe
water (5 ml), 5% aqueous sodium hydrogencarbonate solution (5 ml), dried, and the solve
evaporated. Yield 157 mg (91%) of alcott® For GsH3iOqg (594.6) calculated: 70.70% C, 5.09% F
found: 70.97% C, 5.22% Ha]p +30.0 € 0.751, chloroform)!H NMR spectrum: 1.96 dd, 1 H,
J(5a,4) = 4.4)(5a,5b) = 14.9 (H-5a); 2.61 dd, 1 B{5b,4) = 7.3 (H-5b); 457 d, 1 H and 4.59 d, 1 |
J(gem) = 11.4 (CKD); 4.58 q, 1 H (H-3); 4.66 s, 2 H (GB); 5.35 dt, 1 HJ(4,3) = 4.4 (H-4); 5.60 d,
1 H,J2,3) = 4.8 (H-2); 5.85 d, 1 H(OH,3) = 5.1 (3-OH); 7.32t,2 H, 7.44 m, 4 H, 7.56 m, 3
762t 1H,763t 1H,769t 1H,7.88d,2H,7.90d,2H,7.99d,2Hand8.20d, 2H (H-a

(3R4R)-3,4-Bis(benzoyloxy)-1,1-bis(benzoyloxymethyl)cyclopentasi (

Alcohol 55 (130 mg, 0.22 mmol) was treated similarly as described for dithiocarbéra@hroma-
tography on a column of silica gel (15 g) in toluene containing 8% of ethyl acetate afforded 1:
(83%) of dithiocarbonat&6. Compounds6 was converted into deoxy derivatis@ as described for
the deoxy derivativel8. Yield of 57 was 96 mg (75% based &%), m.p. 126.5-127.5C (ethanol).
For GsH3¢Og (578.6) calculated: 72.65% C, 5.23% H; found: 72.41% C, 5.22%]g-27.7 € 0.575,
chloroform).'H NMR spectrum: 2.08 m, 2 H (H-2a, H-5a); 2.53 dd, 2Jib,3) =J(5b,4) = 6.6,
J(2b,2a) =J(5b,5a) = 14.5 (H-2b, H-5b); 4.46 d, 2 H and 4.49 d, 2(gem) = 11.0 (2x CH,0);
5.63 m, 2 H (H-3, H-4); 751 m, 8 H, 7.66 m, 4 H and 7.99 m, 8 H (H-arom.).

(3R4R)-1,1-Bis(hydroxymethyl)cyclopentane-3,4-di&ig}

Methanolysis of benzoat&7 (63 mg, 0.11 mmol) was performed as described for the ben48at
and gave 16 mg (90%) of tetrahydroxy derivatd& m.p. 180-182.5C. For GH,,0, (162.2) cal-
culated: 51.84% C, 8.70% H; found: 51.71% C, 8.75%d}p [31.1 € 0.193, methanol)'H NMR
spectrum: 1.21 dd, 2 H(2a,3) =J(5a,4) = 6.1J(2a,2b) =J(5a,5b) = 13.4 (H-2a, H-5a); 1.67 dd, 2 }
J(2b,3) =J(5b,4) = 5.9 (H-2b, H-5b); 3.23 d, 4 H(CH,,0H) = 5.1 (2x CH,0); 3.67 m, 2 H (H-3,
H-4); 4.56 d, 2 HJ(OH,3) =J(OH,4) = 4.4 (3-OH, 4-OH); 4.58 t, 2 H (2 CH,0OH).

The authors are indebted to Ms A. Sterecova and Ms J. Sklenarova for an excellent technical
ance, to Ms Krelinova for optical rotation measurements and to the staff of the Analytical Laborat
this Institute (Dr V. Pechanec, Head) for the elemental analyses. This study was financially suppo
the Grant Agency of the Czech Republic (grant No. 203/97/0375).

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



2064 Hrebabecky, Masojidkova, Holy:

REFERENCES

1. a) Patil D., Schneller S. V., Hosoga M., Snoeck R., Andrei G., Balzarini J., De ClettgMed.
Chem.1992 35, 3372; b) Marquez V. E., Lim MMed. Res. Re\1986 6, 1; c) Borthwick A. D.,
Biggadike K.:Tetrahedron1992 48, 571; d) Agrofoglio L., Suhas E., Farese A., Condom |
Challand S. R., Earl R. A., Gued] Rietrahedron1994 50, 10611; e) MacCoss M., Robins M. .
in: The Chemistry of Antitumour Ager{. E. V. Wilman, Ed.), pp. 261, 299. Blackie and So
1990; f) Chen J., Grim M., Rock C., Chan Retrahedron Lett1989 30, 5543.

2. a) Hrebabecky H., Holy HCollect. Czech. Chem. Commui®93 58, 409; b) Hrebabecky H.,
Holy H.: Collect. Czech. Chem. Commui®93 58, 1668; c) Hrebabecky H., Holy HCollect.
Czech. Chem. Commut994 59, 1654; d) Hrebabecky H., Budesinsky M., Masojidkova N
Havlas Z., Holy H.:Collect. Czech. Chem. Commu®97, 62, 957; e) Hrebabecky H., Balzarini J.
Holy H.: Collect. Czech. Chem. Commud97, 62, 1114; f) Hrebabecky H., Holy HCollect.
Czech. Chem. Commuh997, 62, 1128.

. Frechet J. M. J., Nuyens L. £an. J. Chem1976 54, 926.

. Cheng Y.-S,, Liu W.-L., Chen S.-HSynthesisl98Q 223.

. Nesmeyanov A. N., Rybinskaya M. I., Rybin L. Russ. Chem. Re®967, 36, 453.

. Corey J. E., Suggs J. W.: Org. Chem1973 38, 3224.

. Tadano K., Hakuba K., Kimura H., Ogawa &.:0rg. Chem1989 54, 276.

. Reber F., Lardon A., Reichstein Helv. Chim. Actal954 37, 45.

. Newman M. S., Beal Illl P. FX. Am. Chem. S0d95(Q 72, 5161.

. Wysocki R. J., Jr., Siddiqui M. A., Barchi J. J., Jr., Driscoll J. S., Marquez Bykthesis 991,
1005.

O OWoo~NO UL~ W

=

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



