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Catalytic hydrogenation of ethyl cyclopentane-2,3-dione-l,4-dicarboxylate (III) followed by 
reaction with 2,2-dimethoxypropane afforded ethyl 2,3-0-isopropylidene-2/,3/-dihydroxycyclo-
pentane-lr,4c-dicarboxylate (IV) and its lr,4/-isomer V. By the action of lithium aluminium 
hydride, compound IV was converted into l,2-0-isopropylidene-3/,5/-bis(hydroxymethyl)cyclo-
pentane-lr,2odiol (VII) which with benzoyl cyanide yielded a mixture of (±)-l,2-O-isopropyli-
idene-3/-hydroxymethyl-5f-benzoyloxymethylcyclopentane-lr,2c-diol (X) and the dibenzoyl 
derivative VIII. The sodium periodate oxidation of compound A'in the presence of R u 4 + afforded 
( ± ) -2,3-O-isopropylidene -5c-benzoyloxymethyl-2/,3r-dihydroxycyclopentane -lr-carboxylic acid 
(XI) which was converted to the corresponding azide by the successive treatment with ethyl 
chloroformate and lithium azide or by reaction with diphenylphosphoryl azide. Thermal rearran-
gement of the compound XI azide in the presence of 2,2,2-trichloroethanoI afforded (±)- l ,2-0-
-isopropylidene-5?-benzoyloxymethyl-3/-(2,2,2-trichloroethoxycarbonyl)amino-lr,2c-cyclopentane-
diol (XII). On treatment with zinc in methanol, compound XII was converted into the free amino 
derivative XIII from which the N-acetyl derivative XIV was prepared. Compound V was analogously 
converted to the Jc,5Msomer of compound VII and then to the 3',5'-di-0-benzoyl derivative XVI. 
Partial debenzoylation of compound XVI afforded the monobenzoyl derivatives XVII and XVIII 
which were converted to the N-acetyl derivatives XXIII and XXVI, isomeric with compound XIV. 

In the g roup of nucleoside analogues with a modif ied sugar moiety, a t tent ion has 
been part icularly pa id to derivatives with potent ia l virostatic and cancerostat ic effects 
such as arabinosides of cytosine and adenine as well as their derivatives. Of interest 
are also compounds , the sugar a ldofuranos ide moiety of which is replaced by the 
corresponding isosteric cyclopentane derivative. In this connect ion it is wor thy of 
mention the isolat ion of a carbocyclic (c / . 4 ) adenosine ( I I ) analogue, namely, aristero-
mycin ( / ) as an ant ibiot ic p roduced by the strain Streptomyces citricolor2 a n d active 
on some fungi . T h e structure a n d absolute configurat ion of the antibiot ic I as deter-

* Part CLXXXI in the series Nucleic Acid Components and their Analogues; Part CLXXX: 
This Journal 41, 412 (1976). 
** Presented in part on the Illth Symposion on the Chemistry of Nucleic Acid Components, 
Liblice Castle, Czechoslovakia, October 8—12th, 1975 (ref.1). 
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mined by X-ray analysis3 indicated a close relationship to the naturally occurring 
adenosine (II). 

Synthetic investigations in this field concentrate on the preparation of a suitably 
substituted cyclopentane derivative containing hydroxylic functions at positions cor-
responding to positions 2' and 3' of the original ribofuranoside moiety of the nucleo-
side, a hydroxymethyl group at the appropriate position 4', and such a substituent 
at position 1' which would make possible introduction or formation of a heterocyclic 
base. The mutual orientation of these groups must be identical with the stereoche-
mistry of the sugar moiety of ribonucleosides. 

The first approach to the synthesis of such a cyclopentane derivative consisted in 
a multistep route starting from norbornadiene and including successive hydroxylation 
and partial degradation of the ring with the formation of two isomeric derivatives of 
2,3-dihydroxycyclopentane-l,4-dicarboxylic acid, one of which was converted in 
additional several steps to the corresponding partially protected cyclopentylamine 
derivative4 as the key intermediate of further syntheses4~7 . The practical applica-
bility of this procedure in the synthesis of compounds of the type I is somewhat 
limited by a great number of synthetic steps, low yield of the final product (8 —10%), 
and difficult accessibility of the starting material. In the present paper, we wish to 
report an alternative route for the synthesis of the cyclopentylamine type intermediate 
as a valuable key substance in the preparation of racemic carbocyclic ribonucleoside 
analogues. 

As the starting material there was used diethyl 2,3-cyclopentanedione-l,4-dicarbo-
xylate (III), readily accessible by the Dieckmann condensation of diethyl oxalate 

N HI 

N N 

HO OH 
/ H3C CH3 
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and diethyl glutarate8 '9. Catalytic hydrogenation of compound III in ethanol or dioxa-
ne over platinum catalyst or in the presence of Raney nickel10 affords a mixture of 
stereoisomeric diethyl 2,3-dihydroxycyclopentane-l,4-dicarboxylates. The isomers 
containing the 2,3-c/s-diol system are separated by treating this crude mixture with 
2.2-dimethoxypropane in the presence of acidic catalysts; the resulting 2,3-O-iso-
propylidene derivatives can be distilled under diminished pressure and form the pre-
dominating portion of products obtained from the hydrogenation mixture. Diethyl 
2.3-0-isopropylidene-2?,3f-dihydroxycyclopentane-lr,4c-dicarboxylate (IV) is ob-
tained in a high yield by crystallisation from light petroleum while the noncrystalline 
liquid lr,4f-isomer V remains in the mother liquor14. Elemental analyses and mass 
spectra of compounds/Fand Fare in accord with expectations. The 1 H-NMR spectra 
exhibit proton signals of typical functions present in the molecule (isopropylidene, 
ethoxycarbonyl) as well as the corresponding overall number of the cyclopentane 
ring protons; the assignment of signals failed even with the use of shift reagents. 
Nevertheless, the character of the spectrum confirms the symmetrical structure of the 
solid isomer IVand the only possible asymmetrical structure Ffor the liquid isomer. 
The alternative symmetrical all-c/s structure VI in the case of the solid isomer may be 
excluded on the basis of evidence given below. 

Compound IV is thus formed from the diketone III as the main reaction product 
possessing a structure suitable for subsequent synthetic steps. The lithium aluminium 
hydride reduction of compound IV yielded a symmetrical tetrol derivative, namely, 
l,2-0-isopropylidene-3f,5f-bis(hydroxymethyl)cyclopentane-lr,2c-diol {VII). The 1H-
-NMR spectrum of compound VII again corresponded to a symmetrical molecule 
but the analysis of coupling constants was not possible. Not even the 3',5'-di-0-ben-
zoyl derivative VIII (obtained from compound VII on treatment with benzoyl chlo-
ride in pyridine or, better, by the action of benzoyl cyanide in acetonitrile11) is not 
useful for confirmation of the structure by 1 H-NMR spectra. The IR spectrum 
of compound VII indicates the presence of two hydroxylic functions, one of which 
is attached to the other one (remaining free) by an intramolecular hydrogen bonding. 
This type of hydrogen bonding differs from bondings between a primary hydroxylic 
function and oxygen atom of a dioxolane ring; such bondings were measured with 
numerous compounds of an unequivocal cis-configuration between the hydroxymethyl 
group and the dioxolane ring, belonging to the isomer F series (vide infra, compounds 
XVII and XVIII; Table I). Consequently, the configuration between the hydroxy-
methyl group and the cis-diol system of compound IV is trans and the structure VI 
is out of the question. 

In a further step of the synthesis, one of the hydroxymethyl groups of compound 
VII had to be converted to an amine function which would make possible formation 
of the required heterocyclic base. It was therefore necessary to protect the other 
hydroxymethyl group of compound VII at position 2 (or 5). Thus, tritylation afforded 
a mixture of monotrityl and ditrityl derivatives of compound VII which was easy 
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to separate but the resulting products IXa and IXb did not possess suitable properties. 
On the other hand, the monobenzoyl derivative X proved more advantageous. Com-
pound X was prepared by a partial benzoylation of compound VII with benzoyl 
cyanide in acetonitrile. Alcohols react with this agent in the presence of a basic 
catalyst very rapidly11; addition of a solution containing one equivalent of the agent 
to a dilute solution of compound VII containing the catalyst results in a preferential 
formation of the monobenzoyl derivative X accompanied by a minor subsequent 
reaction affording a lesser amount of the dibenzoate VIII (identical with the per-
benzoylation of compound VII). The products VIII and X may be readily separated 
by fractional crystallisation12. An alternative route to the preparation of the mono-
benzoyl derivative X and, simultaneously, utilisation of the by-product VIII consists 
in partial debenzoylation of the dibenzoate VIII with an equimolecular amount 
of sodium hydroxide in aqueous ethanol or dioxane. However, this alternative route 
is not as advantageous as the direct benzoylation of compound VII with benzoyl 
cyanide (Scheme l). 

The thus-obtained ( + ) -1,2 - O - isopropylidene - 3f-benzoyloxymethyl - 5f-hydroxy-
methylcyclopentane-lr,2c-diol (X) was oxidised with sodium periodate in aqueous 
acetone and in the presence of ruthenium catalyst to afford (+)-2,3-0-isopropyl-
idene-4c-benzoyloxymethyl-2f,3f-dihydroxycyclopentane-lr-carboxylic acid (XI) in 
a high yield. The acid XI (characterised by elemental analysis, IR spectrum, and 
^ - N M R spectrum) was obtained in sufficient purity and did not require to be 
isolated for further purposes13 (Scheme 1). 

The use of the Hofmann degradation for conversion of the carboxylic function 
into the amino group (as reported in the paper mentioned above4) did not prove 
suitable in the present instance. Two modern modifications of the Curtius acyl azide 
rearrangement have been therefore applied, namely, a direct treatment of the carbo-
xylic acid XI either with diphenylphosphoryl azide14, or, better, with ethyl chloro-
formate and an inorganic azide15. Both methods afford a quantitative yield of the 
corresponding azide which might be isolated in crystalline state; owing to the insta-
bility of the azide (spontaneous rearrangement even at room temperature) it is ad-
visable to perform the rearrangement in situ by heating in an inert solvent (evolution 
of nitrogen at 70°C) to obtain the corresponding isocyanate which reacts with 2,2,2-
-trichloroethanol with the formation of the required compound XII (c/.13; Scheme 1). 

The resulting (+)-l,2-0-isopropylidene-5f-benzoyloxymethyl-3f-(2,2,2-trichloro-
ethoxycarbonyl)aminocyclopentane-lr,2c-diol (XII) may serve in the role of the 
starting cyclopentylamine derivative for the synthesis of carbocyclic analogues of 
ribonucleosides. Thus, compound XII contains properly situated and orientated 
groups (two secondary hydroxylic functions and one hydroxymethyl function) pro-
tected by two types (acidolabile and alkalilabile type) of blocking groups which may 
be selectively removed in further synthetic steps. Furthermore, compound XII con-
tains a properly orientated amino group protected with a trichloroethoxycarbonyl 
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residue which may be selectively removed by the action of zinc in methanol without 
affecting the protecting groups of the hydroxylic functions. Compound XII is stable 
when stored. It represents a versatile key intermediate for further synthetic purposes; 
the corresponding derivative XIII is easily generated from compound XII and may be 
used in situ (cf.16). 

The structure of compound XII follows from analysis, mass spectrum, IR spectrum, 
and conversion to the amino derivative XIII which was characterised in the form of 
the N-acetyl derivative XIV exhibiting the expected analytical values as well as 
^ - N M R , IR, and mass spectral data. As shown by the spectral evidence, conversion 
of the carboxylic acid XI to the urethan XII via the Curtius reaction was not accom-
panied by any configurational change on the C ( 1 ) carbon atom. The substituent 
configuration at positions 1 — 4 of the cyclopentane ring in the amino derivative XIII 
and the N-acetyl derivative XIV is identical with that of the starting material IV. 

An analogous reaction sequence as that one leading to the amino derivative XII 
from the isomer IV has been also applied to the isomer V (Scheme 2). The lithium 
aluminium hydride reduction of the diester Fafforded the tetrol XF(not characterised) 
which was directly converted by benzoylation into the dibenzoyl derivative XVI, 
isomeric with compound VIII. The structure XVI was confirmed by elemental ana-
lysis as well as IR and XH-NMR spectra which are in accord with expectations but 
at variance with those of the symmetrical isomer VIII (Table I and II). The partial 
debenzoylation of compound XVI afforded a mixture of the isomeric monobenzoates 
XVII and XVIII as expected (the isomer XVIII predominated). The isomers XVII 
and XVIII are also formed (along with some dibenzoate XVI) on benzoylation of the 
tetrol XV with one equivalent of benzoyl cyanide in acetonitrile (in this case, com-
pound XVII predominated). These findings are in accordance with the easier steric 
accessibility of the hydroxylic function when trans with respect to the dioxolane 
in the compound XV towards the benzoylating agent (in the case of benzoylation) or 
the greater stability of the ester function in cis-configuration with respect to the dioxo-
lane system of compound XVI (in the case of the partial hydrolysis). The structure 
of the stereoisomer XVIII was unequivocally inferred from the 1 H-NMR spectrum 
by analysis of the particular proton signals and H1>5 or H2 > 4 coupling constant 
magnitudes. Signals of methylene groups at positions 3 and 5 were differentiated 
by comparison of the spectra before and after the conversion of the free hydroxylic 
function attached to one of these groups into the corresponding trichloroacetate. 
The structure of the other isomer XVII was confirmed as the only possible. Also the 
IR spectra of compounds XVII and XVIII are in accordance with the structures 
proposed. Thus, compound XVII exhibits an intramolecular hydrogen bonding be-
tween the primary hydroxylic function at position 3' and the oxygen atom of the dio-
xolane ring at position 2 while the formation of such a bonding is not possible in 
compound XVIII, the 5'-hydroxylic function of which is therefore exclusively free. • 

The sodium periodate oxidation of the two isomeric monobenzoates XVII and 
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TABLE II 
1 H-NMR-Spectra (in deuteriochloroform; S values in p.p.m., / in Hz) 

Compound 
(type) 

R Ht H 2 H 3 

VII a 1-90 4-64 m 
(A) ( / ^ 1 0 , / = 4-0) 
VIII CH 2 OCOC 6 H 5 2-20 m 4-68 m 
(A) 

X CH2OH 1-45-2-40 M 4-63 m 
(A) 
XI COOH 2-70 m 4-87 t 4-67 t 
(A) J 1,2 = ^2,3 = 5.5 J 2 3 = 5.5 

h.4, = 5 0 

XII NHCOOCH2CC!3 ' ' 3-90 br 4-55 - 4 - 7 0 m 
(A) 
XVI CH 2OCOC6H 5 2-55 m 4-74 t 4-67 
(B) Jx 2 = 5-0 

^ 3 = 5-5 
/ 2 3 = 5-5 
'3A ^ 1 

XVII CH2OH 2-25 m 4-70 m 4-55 m 
(B) 

XX COOH 2-50-3-10 M 4-05 — 4-90 m 
(B) 
XXIV N H C O O C H ^ C ^ 6 3-90 br 4-55 - 4 - 7 0 m 
CB) 
XVIII CH 2 OH 2-27 brd 4-54 d 4-46 t 
(c) Jl,2 - I"© 

Jy 5 ^ 2 0 
H , 3 = 5"5 

/ 1 > 2 ^ 1-0 
A ~ ^3,2 

= 5-5 

XIX COOHe 3-01 brd 4-93 d 4-72 brt 
(C) J \ .2 ^ 1 - 0 

Jx '5 ~ 2-0 
Jv 2 ^ 1-0 
•<2 = 5"5 

h A = 5 0 

•^2,3 = 5-5 

XXI NHCOOCH 2 CCl 3
b 3-89 m 4-53 d 4-72 t 

( c ) / 2 3 = 5-5 
h,2 ^ 1 0 

JZA = 5 ' 2 

•̂ 3,2 = 5-5 

a Cf. Scheme 1; b CH2CC13: 4-72 (s, 2 H); c 4-40 after addition of trichloroacetyl isocyanate; 
d 4-16 after addition of trichloroacetyl isocyanate; e COOH: 10-65 (brs, 1 M). 
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TABLE I I 

H , C ( C H 3 ) 2 2 H ; O H N H 

1-90 M 

2-20 M 

3-74 M 
(J = 6-0) 

4 -46 (2 X DD) 

'A-A" 
/ -- 1 1 GEM 1 1 

7-5; 

1 - 4 5 — 2 - 4 0 M 3-75 BID 

2-17 IN 

4 -40 BRD 

4-43 (2 X DD) 

J. 4,4' 

2-20 BR 

2-55 M 4 -46 (2 DD) 
J I . R - 7-5 

6-5 
= 11-0 

2-55 M 

"GEM 
3 - 8 0 ( 2 DD) 

GEM 
4-41 M 

4 - 2 ! D 

J =- 7 -5 

4 1 9 D 

-- 6-5 
= 8 -0 
= 110 

1-25 S 

1 -39 S 

1-30 S 

1-44 S 

1-21 S 

1-36 S 

! -30 S 

1-42 S 

1-33 S 

1-48 S 

1-31 S 

1 -48 S 

I -30 S 

1 -50 M 2-72 S 

1 - 4 5 - 2 - 0 5 M 

1 - 4 5 - 2 - 4 0 M 2-36 S 

1 - 7 0 - 2 -20 M 

1-45 — 2 - 1 0 M 

1 - 6 0 - 2 - 2 0 M 

1 - 4 5 - 2 - 1 5 M 2-42 S 

5 -85 BRD 

NH,HI 8-0 

/ , V = 5-0 J = 7 -5 1 -47 S 

6-0 
7 M = 1 1 0 GEM 

2 - 0 - 2 - 4 0 M 4 - 0 5 - 4 - 9 0 M 1-23 S 1 - 5 0 - 2 - 0 M 
1-34 S 

2-10 BR 4 - 4 0 M 1 -32 S 1 - 4 5 - 2 - 1 0 M - 6-08 D 
1 -49 S (^NH,HX

 = 1 

2-45 M 3 -50 DD 4-42 (2 DD) 1 -30 S 1 - 5 0 - 2 0 5 M 2-55 S -

(J = 7-5) / 4 , 4 ' = 7-5 1 -45 S J4,5 = 7 - 0 = JU5. 
4" = 6'5 's.5' ^ 2 0 

Jgcm = 11-0 • / 4 ,5" = 12-5 
•/GEM = ^2-5 

2-50 M 4-43 (2 DD) 1-31 S 1 - 7 5 - 2 - 2 5 M 

/ 4 . 4 ' = 7-5 1 -45 S •^4,5 = 6 - 5 
J 4 4 " = 6-5 ,5 ~ 2-0 
•/GEM = 11-0 A . 5 ' = 12-5 

JU5.=- 7 -0 
A „ M = 12-5 GEM 

2-70 M 4-40 (2 DD) 1 -87 M J4 5 - 10 

J4A. = 8 -0 ,5 = 4 - 0 
J4 4 " = 7-5 

•/GEM - H O 

8) 
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XVIII in the presence of ru thenium afforded the corresponding carboxylic acids XIX 
and XX which were treated with ethyl ch loroformate and sodium azide and the re-
sulting intermediary azides subjected to thermal rearrangement in the presence of 
2,2,2-tr ichloroethanol with the format ion of the corresponding 2,2,2-trichloroethoxy-
carbonyl derivatives of (±)- l ,2-0- isopropyl idene-3c-benzoyloxymethyl-5f-amino-
cyclopentane-lr ,2c-diol {XXI) and ( + )- l ,2-0-isopropylidene-3?-benzoyloxymethyl-
-5c-aminocyclopentane-lr ,2c-diol (XXIV). By the act ion of zinc in methanol , com-
pounds XXI and XXIV were converted to the corresponding amines XXII and XXV 
f r o m which the N-acetyl derivatives XXIII and XXVI were directly prepared on treat-
ment with acetic anhydride. 

The following conclusions may be drawn f rom comparison of the ^ - N M R spectra 
shown by the thus-prepared triads of isomeric asymmetrically substi tuted derivatives 
of type A — C (Table I). Character and configurat ion of substi tuents at positions 1 
and 4 of the cyclopentane ring does not markedly affect the chemical shift magnitude 
of the C H 2 g roup at position 5 or of the geminal methyl groups of the dioxolane ring. 
Also the chemical shift difference of these methyl g roup signals (A = 0 1 2 — 017) 
could be hardly used in order to determine the orientat ion of substi tuents at positions 
1 and 4 in contrast to the nucleoside derivatives1 7 . Signals of H ! and H 4 protons 
mainly fo rm multiplets which are difficult to analyse. On the other hand, in some type 
B and C compounds , the H 2 and H 3 p ro ton signals may be analysed and used for 
configurat ional predict ions since coupling constants of trans orientated protons 
equal 1 whereas with c/s-orientated pro tons this value varies f r o m 5-0 to 5-5 Hz.The 
sole analysable derivative of type A, the carboxylic acid XI does not obey this rule; 
unfor tunate ly , there is no informat ion on the effect of a carboxyl g roup on conforma-
t ion of the cyclopentane ring (ring-puckering). 

The I R spectra of the above prepared compounds exhibit some c o m m o n features 
characterist ic of the typical s tructure of all the three types of compounds , such as 
v ( C = 0 ) at 1 723 — 1 725 c m - 1 (at 1716 c m " 1 with carboxylic acids XI, X I X , and 
XX), the ester v(C—O) at 1 2 7 0 - 1 280 c m - 1 , < S C ( C H 3 ) 2 AT 1 3 7 3 - 1 376 c m - 1 and 
1381 — 1 383 c m - 1 and fur ther bands in the fingerprint region. All the three carbo-
xylic acids XI, X I X , and XX display an intensive band in the 3000 c m - 1 region and 
v ( C = 0 ) bands at 1749 c m - 1 (monomers) and 1710 —1716 c m - 1 (dimers). The 
urethans XII, X X I , and XXIV show the presence of v ( C = 0 ) carbonate at 1740 to 
1750 c m " 1 , v ( N = H ) free at about 3445 c m - 1 , and <5NH at about 1 505 c m " 1 . 

Only the steric a r rangement of compound XXI (type C) makes possible the for-
mat ion of intermolecular associates characterised by v (N—H) bound at 3355 c m " 1 . 
The fo rma t ion of intramolecular hydrogen bondings in the case of derivatives with 
a pr imary alcoholic g roup as indication of their configurat ion has been discussed 
above. The most characteristic band in the 1050 — 1053 c m " 1 region (or at 1058 to 
1060 c m - 1 with carboxylic acids) is present in all compounds with trans-orientated 
substi tuents at posit ions 1 and 4 (i.e. in all compounds of type B and C) and absent 
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in compounds of type A. Moreover, compounds of the general structure C exhibit 
an additional band at 1040 c m - 1 . Both these fingerprint region bands are obviously 
attributable to the stretching vibration of the C—O bond and possess a different 
intensity when compared with the benzoate value 1027 c m - 1 as internal standard. 

The substituted cyclopentylamine derivatives shown in the present paper serve 
as suitable starting compounds in the synthesis of purine and pyrimidine carbocyclic 
ribonucleoside analogues. Isosters of p-ribonucleosides are obtained from compound 
XIII, isosters of a-ribonucleosides from compound XXV, and analogues of a-lyxo-
furanosides from compound XXII. 

EXPERIMENTAL 

Melting points were taken on a heated microscope stage (Kofler block) and are uncorrected. 
Unless stated otherwise, solutions were taken down at 35°C/15 Torr on a rotatory evaporator. 
Substances and analytical samples were dried over phosphorus pentoxide at 25°C/0T Torr. 
Thin-layer chromatography was performed on ready-for-use Silufol U V 2 3 5 (Kavalier Glass-
works, Votice, Czechoslovakia) silica gel sheets in chloroform; preparative runs were carried out 
on 45 x 16 X 0-3 cm loose layers of fluorescent indicator containing macroporous silica gel (pro-
duced by Service Laboratories of this Institute). Column chromatography was performed on the 
Pitra macrop oroussilica gel (product of Service Laboratories; particle size, 30— 60 micron); fraction 
volume, 30 ml. The 1 H - N M R spectra were measured on a Varian 100 apparatus in deuterio-
chloroform (hexamethyldisiloxane as internal standard; chemical shift values 6, in p.p.m.; coupling 
constant values, in Hz). The IR spectra were recorded on a double-beam UR-10 spectrophoto-
meter in chloroform or tetrachloromethane. 

Diethyl Cyclopentane-2,3-dione-l,4-dicarboxylate8 (III) 

Ethanolic sodium ethoxide (prepared from 260 g i.e. 11-3 gramatom of sodium and 2400 ml of 
99% ethanol) is diluted with benzene (1000 ml), treated dropwise under stirring over 2 h with 
a mixture of diethyl glutarate (988 g; 5-24 mol), diethyl oxalate (768 g), and benzene (200 ml) 
and distilled to afford 2000—2500 ml of a distillate, b.p. 68 —78°C. The residue is diluted with 
benzene (800 ml) and the whole refluxed under stirring for 3 h. The mixture is cooled down and 
diluted with 4000 ml of ether. The thus-obtained salt is collected with suction, washed with 
ether (2000 ml), and added into a stirred mixture of ice-cold water (4000 ml) and conc. sulfuric 
acid (320 ml). The whole mixture is stirred in an ice-bath for 30 min, the solid collected with 
suction, washed with water until neutral, and crystallised from ethanol (1500 ml) to afford 
900-920 g (71-72-5%) of the ester III, m.p. 115°C (reported8, m.p. 115°C). Mass spectrum: 
(m/e): 242 (M + ), 227 ( M - 1 5 ) , 212 ( M - 3 0 ) . 

Ethyl 2,3-0-Isopropylidene-2/,3f-dihydroxycyclopentane-lr,4c-dicarboxylate (IV) and -\r,4t-
-dicarboxylate (V) 

A) A solution of compound III (48-4 g; 0-2 mol) in dioxane (800 ml) is hydrogenated over 
platinum dioxide (3 g) at room temperature and ordinary pressure up to the hydrogen uptake 
of 9000 ml (for 2 days). The suspension is filtered through Celite and the filtrate evaporated 
under diminished pressure. The residue is stirred with a mixture of acetone (100 ml), 2,2-dimetho-
xypropane (50 g; 0-5 mol), and conc. sulfuric acid until a solution is obtained. The solution is 
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kept at room temperature overnight, neutralised with triethylamine, and evaporated under 
diminished pressure. The residue is taken up into ether (200 ml), the solution washed with three 
50 ml portions of water, dried over anhydrous magnesium sulfate, and evaporated. Distillation 
of the residue yielded 21 g (37%) of a fraction, b.p. 130-131°C/0-3 Torr, which was diluted 
with light petroleum (200 ml) and kept at 0°C overnight to deposit 10 g (18%) of the isomer IV, 
m.p. 61 - 62°C. For C 1 4 H 2 2 0 6 (286-3) calculated: 58-73% C, 7-75% H; found: 57-75% C, 7-80% H. 
Mass spectrum (m/e): 286 (M + ), 285 ( M - l ) , 271 ( M - C H 3 ) , 241 (M— CH3-acetone). 

The mother liquor remaining after isolation of compound IV was evaporated under diminished 
pressure and the residue rectified to afford 10 g (18%) of the isomer V, b.p. 130°C/0-3 Torr, 
containing less than 2% of the isomer IV. For C 1 4 H 2 2 O e (286-3) calculated: 58-73% C, 7-75% H; 
found: 58-62% C, 7-72% H. Mass spectrum (m/e): 286 (M + ), 285 ( M - l ) , 271 ( M - C H 3 ) , 241 
(M-CH3-acetone). 

B) A mixture of compound III (250 g; 1-06 mol), dioxane (3 000 ml), and Raney nickel W 8 
(50 g) was stirred in an autoclave at 60°C and hydrogen pressure of 80 atm for 2 days, filtered 
through Celite, and the filtrate evaporated under diminished pressure. To the residue there was 
added acetone (200 ml), 2,2-dimethoxypropane (200 ml), and 6 M hydrogen chloride in dimethyl-
formamide to an acidic reaction on a moistened pH-paper (15 ml). The whole mixture was kept 
at room temperature overnight, neutralised with triethylamine, evaporated under diminished 
pressure, and the residue taken up into ether (500 ml). The ethereal solution was washed with 
two 50 ml portions of water, dried over anhydrous magnesium sulfate, filtered, the filtrate evapo-
rated, and the residue distilled to afford 158-5 g (52-5%) of a fraction, b.p. 165— 170°C/0-5 Torr. 
Crystallisation from light petroleum (300 ml) yielded 106 g (37-3%) of compound IV, m.p. 
61 —62°C. Rectification of the mother liquor afforded 49 g (16%) of compound V. As shown by 
gas chromatography, the isomers IV and V were identical with the corresponding specimens 
obtained by procedure A. 

l,2-0-Isopropylidene-3*,5/-bis(hydroxymethyl)cyclopentane-lr,2c-diol ( V I I ) 

To a stirred suspension of lithium aluminium hydride (29 g; 0-76 mol) in ether (600 ml) there 
was added dropwise under ice-cooling over 30 min a solution of compound IV (143 g; 0-5 mol) 
in ether (400 ml) and the mixture stirred at 40°C for 2 h. Ethyl acetate (200 ml), water (90 ml), 
and 4M sodium hydroxide (90 ml) were then successively dropped over 30 min into the mixture. 
The resulting suspension was filtered and the solid on the filter washed with ether (200 ml) and 
chloroform (two 400 ml portions). The filtrate and washings were combined, dried over anhydrous 
magnesium sulfate for 30 min, and evaporated under diminished pressure. The residue was 
triturated with light petroleum (800 ml) to deposit a solid which was collected with suction, washed 
with light petroleum (200 ml), and dried under diminished pressure. Yield, 90— 94 g (89 — 93%) 
of the diol VII, m.p. 82 -83°C . For C 1 0 H 1 8 O 4 (202-2) calculated: 59-39% C, 8-97% H; found: 
59-51% C, 8-99% H. 

l,2-0-Isopropylidene-3/,5/-bis(benzoyloxymethyl)cyclopentane-lr,2c-diol (VIII) 

To a solution of compound VII (34 g; 0-17 mol) in pyridine (150 ml) there was added dropwise 
under stirring and ice-cooling over 10 min benzoyl chloride (57 g; 0-4 mol), the mixture kept 
at 0°C overnight, diluted with ethanol (20 ml), poured onto ice (500 g), and extracted with three 
200 ml portions of chloroform. The extracts were combined, dried over anhydrous magnesium 
sulfate, and evaporated under diminished pressure. The residue was crystallised from ethanol 
(200 ml), collected with suction, washed on the filter with ethanol (100 ml), and dried under 
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diminished pressure. Yield, 65 g (93%) of compound VIII, m.p. 126—127°C. For C 2 4 H 2 6 0 6 

(410-4) calculated: 70-21% C, 6-38% H; found: 70-30% C, 6-42% H. R F value: 0-82. 

(±)-l,2-0-Isopropylidene-3/-benzoyloxymethyl-5/-hydroxymethylcyclopentane-lr,2c-diol (X) 

A) To a solution containing compound F//(181-8 g; 0-9 mol), triethylamine (25 ml), and aceto-
nitrile (1 500 ml) there was added dropwise under stirring over 90 min a solution of benzoyl 
cyanide (131 g; 1-0 mol) in acetonitrile (500 ml) and the whole mixture was stirred 1 h without 
cooling to deposit a crystalline solid which was collected with suction, washed with ethanol 
(100 ml), the filtrate and washings combined and evaporated under diminished pressure. The 
residue was crystallised from ethanol (500 ml), collected with suction, washed with ethanol 
(100 ml), and dried under diminished pressure. The two crops were combined to afford 136 g 
(37%) of compound VIII, m.p. 126— 127°C, undepressed on admixture with an authentic specimen. 

The mother liquor remaining after the crystallisation of compound VIII was concentrated 
under diminished pressure almost to dryness, the concentrate triturated with light petroleum 
(1000 ml), and the whole kept at — 5°C to — 10°C for 24 h to deposit a solid which was collected 
with suction, washed with ice-cold light petroleum (200 ml), and dried under diminished pressure. 
Yield, 132 g (48%) of compound X, m.p. 116°C; RF 0-35. For C 1 7 H 2 2 0 5 (306-4) calculated: 
66-63% C, 7-23% H; found: 66-17% C, 7-07% H. 

B) To a solution of compound VIII (41 g; 0-1 mol) in 90% aqueous dioxane (500 ml) there 
was added a solution of sodium hydroxide (4 g; 0-1 mol) in water' (20 ml) and the resulting 
mixture stirred without cooling, the pH value being occasionally checked with the use of a mois-
tened pH-paper. At pH 7-5 — 8-0, the mixture was evaporated under diminished pressure and the 
residue distributed between chloroform (500 ml) and water (100 ml). The chloroform layer was 
washed with two 100 ml portions of water, dried over anhydrous magnesium sulfate, filtered, 
and the filtrate evaporated under diminished pressure. The residue was dissolved in ethanol 
(50 ml), the solution diluted with light petroleum (300 ml), and the mixture kept at — 5°C overnight 
to deposit a solid which was collected with suction, washed with light petroleum (100 ml), and 
dried under diminished pressure. Yield, 18-0 g (59%) of the chromatographically homogeneous 
compound X, m.p. 116°C, identical with the specimen obtained by procedure A. 

C) Compound VIII (27 g; 0-066 mol) in 1000 ml of 70% aqueous ethanol preheated to 50°C 
was treated with a solution of sodium hydroxide (2-7 g; 0-066 mol) in water (100 ml), the mixture 
stirred until neutral (moistened pH-paper), and processed according to procedure B. Yield, 
8-5 g (42%) of chromatographically homogeneous compound X, m.p. 116°C. 

(±)-2,3-0-Isopropylidene-4c-benzoyloxymethyl-2?,3/-dihydroxycyclopentane-lr-carboxylic 
Acid (XI) 

To a solution containing (±)-l,2-0-isopropylidene -3/-benzoyloxymethyl-5/-hydroxymethylcyclo-
pentane-lr,2c-diol (X; 61-2 g; 0-2 mol), crystalline sodium periodate (65 g), and 70% aqueous 
acetone (1000 ml), there was added an aqueous solution of ruthenium hydroxytrichloride (content, 
20 mg of ruthenium), the whole mixture stirred without cooling for 2-5 h, filtered with suction, 
and the material on the filter washed with acetone (500 ml). The filtrate and washings were 
combined, evaporated almost to dryness, the residue diluted with chloroform (2000 ml), and the 
aqueous layer separated. The chloroform layer was dried over anhydrous magnesium sulfate, 

.filtered, and the filtrate evaporated under diminished pressure. The crystalline residue may be 
directly used in the preparation of compound XII or recrystallised from ethanol (400 ml) by the 
addition of light petroleum (1000 ml). The product was collected and washed with light petroleum 
(200 ml). Yield (after drying under diminished pressure), 59 g (92%) of compound XI, m.p. 
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190— 192°C. For C 1 7 H 2 0 O 6 (320-3) calculated 63-74% C, 6-29% H; found: 63-87% H, 6-41% H. 
Rf value: 0-60. 

(±)-l,2-0-Isopropylidene-3/-benzoyloxymethyl-5f-(2,2,2-trichloroethoxycarbonyl)amino-
cyclopentane-J /-,2c-diol (XII) 

A) To an ice-cooled suspension of compound XI (64 g; 0-2 mol) in acetone (800 ml) there 
was added under stirring triethylamine (300 ml) and then ethyl chloroformate (28 ml). The 
mixture was stirred at 0°C for 30 min, treated with saturated aqueous lithium azide (16-5 g) or 
sodium azide (22 g), stirred at 0°C for additional 2 h, and concentrated at 30°C/15 Torr to the 
volume of about 200 ml. The concentrate was taken up into chloroform (1000 ml), the chloroform 
solution washed with two 200 ml portions of water, dried over anhydrous magnesium sulfate, 
and evaporated at 30°C/15 Torr almost to dryness. Toluene (300 ml) was added to the residue and 
the mixture gradually heated under reflux condenser under exclusion of atmospheric moisture 
(calcium chloride tube). The spontaneous evolution of nitrogen began at about 70°C and ceased 
after about 20 min at 90°C. The mixture was then maintained at 90°C for 30 min, treated with 
2,2,2-trichloroethanol (50 ml), and the heating at 90°C was continued for 2 h. The mixture was 
kept at room temperature overnight and evaporated first at 40°C/15Torr and then at 40°C/ 
/0-1 Torr. Recrystallisation of the residue from ethanol (400 ml) afforded 72 g (80%) of compound 
XII, m.p. 156— 157°C. For C 1 9 H 2 0 C l 3 N O 5 <448-7) calculated: 50-85% C, 4-49% H, 23-70% CI, 
3-12% N; found: 50-67% C, 5-18% H, 23-53% CI, 2-97% N. RF value: 0-70. 

B) A mixture of compound A7(4-48 g; 14 mmol), diphenylphosphoryl azide1 4 (4-2 g), benzene 
(40 ml), and triethylamine (1-5 g; 2-1 ml; 15 mmol) was stirred at room temperature for 30 min 
and then refluxed for 30 min under exclusion of atmospheric moisture. 2,2,2-Trichloroethanol 
(2-6 g; 1-7 ml; 17-4 mmol) was added and the reflux continued for 3 h. The benzene was evapo-
rated under diminished pressure, the residue taken up into ethyl acetate (100 ml), the organic 
solution washed with two 50 ml portions of water, dried over anhydrous magnesium sulfate, 
evaporated under diminished pressure, and the residue crystallised f rom ethanol. Yield, 2-8 g 
(44-5%) of compound XII, m.p. 156—157°C, undepressed on admixture with the specimen 
prepared by procedure A. 

l,2-0-Isopropylidene-3/,5c-bis(benzoyloxymethyl)cyclopentane-lr,2c-diol (XVI) 

To a stirred suspension of lithium aluminium hydride (20-5 g) in ether (500 ml) there was added 
dropwise under ice-cooling over 30 min a solution of compound V (49 g; 0-17 mol) in ether 
(200 ml). The mixture was refluxed with stirring for 2 h under exclusion of atmospheric moisture, 
cooled down with ice, and treated dropwise with ethyl acetate (90 ml), then water (45 ml), and 
finally 4M sodium hydroxide (45 ml). The suspension was filtered through Celite and the material 
on the filter washed with ether (200 ml) and hot chloroform (200 ml). The filtrate and washings 
were combined, dried over anhydrous magnesium sulfate, filtered with suction, and the filtrate 
evaporated under diminished pressure. The residual crude XV (34 g; 98%) was dissolved in 
pyridine (150 ml) and the solution treated dropwise under stirring and ice-cooling with benzoyl 
chloride (56-2 g; 46-5 ml; 0-4 mol). The mixture was kept at room temperature overnight, treated 
with ethanol (20 ml), kept for 1 h, poured onto ice (500 g), and extracted with three 200 ml 
portions of chloroform. The extract was washed with three 100 ml portions of water, dried over 
anhydrous magnesium sulfate, and evaporated under diminished pressure. Crystallisation of the 
residue f rom ethanol (200 ml) afforded 50 0 g (72%) of compound XVI, m.p. 130-131°C; RF 

0-82. For C 2 4 H 2 6 0 6 (410-4) calculated: 70-21% C, 6-38% H; found: 70-49% C, 6-38% H. 
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(±)-l,2-0-Isopropylidene-3/-benzoyloxymethyl-5c-hydroxymethylcyclopentane-l/%2c-diol 
{XVII) and(±)-l ,2-0-Isopropylidene-3c-benzoyloxymethyl-5/-hydroxymethylcyclopentane-
-lr,2c-diol (XVIII) 

A) On partial hydrolysis of compound XVI. To a stirred suspension of compound XVI (74 g; 
0-18 mol) in methanol (500 ml) there was added successively at 60°C a solution of sodium hydro-
xide (7-2 g; 0-18 mol) in water (250 ml) and then dioxane (250 ml). The mixture was stirred at 
60°C until the starting compound disappeared (as shown by thin-layer chromatography; 2 h), 
the neutral solution concentrated under diminished pressure to the volume of about 200 ml, the 
concentrate diluted with water (200 ml), and extracted with three 200 ml portions of chloroform. 
The extract was washed with two 100 ml portions of water, dried over anhydrous magnesium 
sulfate, and evaporated under diminished pressure. The residue was chromatographed on silica 
gel (150 g) in chloroform under standard conditions. The fractions containing compound XVII 
(RF 0-4) and XVIII (RF 0-27) were taken down under diminished pressure and the residues crystal-
lised from appropriate solvents. Yield, 5-65 g (10%) of compound XVII, m.p. 96—97°C (ethanol-
-light petroleum). For C 1 7 H 2 2 0 5 (306-4) calculated: 66-63% C, 7-23% H; found: 66-96% C, 
7-27% H. The other residue yielded 11-5 g (21%) of compound XVIII, m.p. 88°C (cyclohexane); 
RF 0-27. For C 1 7 H 2 2 O s (306-4) calculated: 66-63% C, 7-23% H; found: 66-77% C, 7-09% H. 

B) On partial benzoylation of compound XV. The crude residue of compound XV (see the 
preparation of compound XVI) was dissolved (70-8 g; 0-35 mol) in acetonitrile (1 000 ml) and 
triethylamine (10 ml) and the whole treated dropwise under stirring over 2 h with a solution of 
benzoyl cyanide (65-5 g; 0-5 mol) in acetonitrile (250 ml). The stirring was continued for 30 min, 
the mixture cooled down, filtered with suction, and the material on the filter washed with aceto-
nitrile. The filtrate and washings were combined, evaporated under diminished pressure, and the 
residue was crystallised from ethanol (200 ml) to deposit an additional crop of the dibenzoate 
XVI which was combined with the first crop and dried under diminished pressure. Overall yield, 
74 g (51-5%) of the pure dibenzoate XVI, m.p. 130-131°C. 

The ethanolic mother liquor remaining after the crystallisation of compound XVI was taken 
down under diminished pressure and the residue chromatographed on a column of silica gel 
(200 g) in chloroform-tetrachloromethane (1:1) under standard conditions. Work-up of the 
fraction containing compound XVII and crystallisation of the residue from a mixture of ethanol 
and light petroleum yielded 18 g (16%) of compound XVII, m.p. 95 —97°C, undepressed on 
admixture with the specimen obtained by procedure A\ RF value, 0-40. 

Elution with chloroform, evaporation of the eluate, and crystallisation of the residue from 
cyclohexane yielded 1-5 g (1-4%) of compound XVIII, m.p. 88°C; RF 0-27. 

(±)-2,3-0-Isopropylidene-5?-benzoyloxymethyl-2/',3/-dihydroxycyclopentane-lr-carboxylic 
Acid (XIX) 

To a solution containing compound XVIII (3-06 g; lOmmol), crystalline sodium periodate 
(6-5 g), and 70% aqueous acetone (120 ml) there was added an aqueous solution of ruthenium 
hydroxytrichloride (containing 1 mg of ruthenium), the whole mixture stirred at room temperature 
for 2 h, filtered with suction, and the material on the filter washed with acetone (50 ml). The 
filtrate and washings were combined, evaporated under diminished pressure, the residue taken 
up into chloroform (200 ml), the solution washed with two 50 ml portions of water, dried over 
anhydrous magnesium sulfate, filtered, the filtrate evaporated under diminished pressure, and 
the residue crystallised from a mixture of ethyl acetate (20 ml) and light petroleum (100 ml) 
overnight at -10°C. Yield, 3-0 g (93-7%) of compound XIX, m.p. 118-119°C; RF 0-65. For 
C 1 7 H 2 0 ° 6 (320-3) calculated: 63-74% C, 6-29% H; found: 64-01% C, 6-64% H. 
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( ± )-2,3-0-Isopropylidene-5f-benzoyloxymethyl-2c, 3 c-dihydroxycyclopentane-1 r-carboxylic 
Acid (XX) 

The acid XX was prepared analogously to the acid XIX. From compound XVII (10 mmol) there 
was obtained after crystallisation from ethanol (20 ml) and light petroleum (200 ml) at — 10°C 
overnight 2-1 g (87%) of compound XX, m.p. 170-171°C; RF 0-62. For C 1 7 H 2 0 O 6 (320-3) 
calculated: 63-74% C, 6-29% H; found: 63-61% C, 6-06% H. 

(±)-l,2-0-Isopropylidene-3/-benzoyloxymethyl-5c-(2,2,2-trichloroethoxycarbonyl)amino-
cyclopentane-lr,2c-diol (XXIV) 

To a stirred solution of compound -0^(1-8 g; 5-6 mmol) in acetone (25 ml) there was succesively 
added at 0°C triethylamine (1-15 ml), ethyl chloroformate (0-9 ml), and (after 30 min) a solution 
of lithium azide (0-7 g) in water (2 ml). The stirring at 0°C was continued for 2 h, the mixture 
taken down under diminished pressure at 30°C, the residue taken up into chloroform (100 ml), 
the solution washed with two 25 ml portions of water, dried over anhydrous magnesium sulfate, 
filtered, and the filtrate evaporated under diminished pressure at 30°C. The residue was heated 
with toluene (30 ml) at 95°C for 30 min and then 2,2,2-trichloroethanol (2 ml) was added. The 
whole mixture was heated at 95°C for 2 h, kept at room temperature overnight, and evaporated 
at 40°C/0-l Torr. The residue was chromatographed on a layer of loose silica gel in chloroform. 
The band corresponding to the product was eluted with methanol, the eluate evaporated, and 
the residue crystallised from a mixture of ethyl acetate and light petroleum at — 10°C to afford 
1-22 g (48-5%) of compound XXIV, m.p. 132-134°C; Rf 0-70. For C 1 9 H 2 0 Cl 3 NO 5 (448-7) cal-
culated: 50-85% C, 4-49% H, 23-70% CI, 3-12% N; found: 49-97% C, 4-90% H, 23-84% CI, 2-83% N. 

(=b)-l,2-0-Isopropylidene-3c-benzoyloxymethyl-5/-(2,2,2-trichloroethoxycarbonyl)amino-
cyclopentane-lr,2c-diol (XXI) 

The title XXI was prepared analogously to compound XXIV. Compound XIX(1-8 mmol) yielded 
2-25 g (64%) of the diol XXI, m.p. 121-122°C; RF 0-68. For C 1 9 H 2 0 Cl 3 NO 5 (448-7) calculated: 
50-85% C, 4-49% H, 23-70% CI, 3-12% N; found: 50-73% C, 4-89% H, 23-75% CI, 3-14% N. 

(±)-l,2-0-Isopropylidene-3/-benzoyloxymethyl-5r-acetylaminocyclopentane-l/-,2c-diol (XIV) 

A mixture of compound XII (0-45 g; 1 mmol), zinc powder (1 g), and ammonium chloride (1 g) 
in methanol (10 ml) was refluxed with stirring for 30 min, filtered while hot, and the material on 
the filter washed with methanol (50 ml). The filtrate and washings were combined, evaporated 
under diminished pressure, the residue extracted with two 25 ml portions of hot chloroform, the 
extracts filtered, the filtrate evaporated under diminished pressure, and the residue dried at 01 Torr 
for 1 h. The dry residue was then kept with chloroform (10 ml) and acetic anhydride (0-5 ml) 
overnight at room temperature, the mixture diluted with chloroform (50 ml), washed with saturated 
aqueous sodium hydrogen carbonate (25 ml) and water (25 ml), dried over anhydrous magnesium 
sulfate, filtered, and the filtrate evaporated under diminished pressure. The residue was dissolved 
in a minimum volume of hot ethanol, the solution treated with light petroleum until turbid, and 
then kept at 0°C overnight to deposit a solid which was collected with suction, washed with light 
petroleum, and dried under diminished pressure. Yield, 0-30 g (90%) of compound XIV, m.p. 
154—156°C; RF 0-15. For C 1 8 H 2 3 N 0 5 (333-4) calculated: 64-85% C, 6-95% H, 4-20% N; found: 
64-18% C, 6-99% H, 4-47% N. Mass spectrum (m/e): 333, 318 ( M - 15), 211 ( M - 122), 105 (C6H5 . 
. C0 2H), 43 (acetyl). 
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(±)-l,2-0-Isopropylidene-3c-benzoyloxymethyl-5^acetylaminocyclopentane-lr,2c-diol(XX///) 

The title XXIII was prepared analogously to compound XIV. Thus, 1 mmol of compound XXI 
yielded 0-27 g (81%) of compound XXIII, m.p. 139-141°C (ethanol-light petroleum); RF 0-10. 
For C 1 8 H 2 3 N 0 5 (333-4) calculated: 64-85% C, 6-95% H, 4-20% N; found: 64-60% C, 7-17% H, 
4-08% N. 

(d=)-l,2-0-Isopropylidene-3/-benzoyloxymethyl-5c-acetylaminocyclopentane-lr,2c-diol (XXVI) 

The title XXVI was prepared analogously to compound XIV. Thus, 1 mmol of compound XXIV 
yielded 0-29 g (87%) compound XXVI, m.p. 136-138°C (ethanol-light petroleum); RF 015. 
For C 1 8 H 2 3 N 0 5 (333-4) calculated: 64-85% C, 6-95% H, 4-20% N; found: 64-92% C, 6-87% H, 
4-27% N. 

The author wishes to thank Dr M. Masojidkova for measurement and interpretation of1H-NMR 
spectra, Dr P. Fiedler for interpretation of IR spectra, and Dr A. Trka for measurement of mass 
spectra. Thanks are also due to Dr M. Tichy and Dr L. Kalvoda for valuable discussions and Mrs 
B. Kopecka for excellent technical assistance. 
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