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Palladium(0) Catalysed Reactions
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Abstract: Methyi 4-acetoxycyclopeni-2-enyimethyicarboxylate (2) and the corresponding carbonate 3

1,2,4-triazole-3-carboxylate with a catalyst formed from bis(dibenzylideneacetone)palladium(0) and
triisopropyl phosphite to give the corresponding carbanucleosides in good to excellent yields. This
method was also applied for a synthesis of carbovir (31).
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INTRODUCTION

Carbocyclic nucleoside analogues exhibit a wide range of biological properties to take them into consideration
as agrochemicals and pharmaceuticals.'? An extensive methodology for their syntheses has been developed.’
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adenine for the synthesis of aristeromycin. A key intermediate of this allylic alkylation was the formation of a

n-allylpalladium complex.” Nucleophilic addition of the salt of a heteroaromatic basc, with formation of a

regiochemistry is mainly controlled by steric hindrance duc to the side chain of the cyclopentene moiety,*’

thus nucleophilic attack takes place at the least hindered terminus of the nt-allyl system.

effect of ligands was studied.® However, if palladium bears bulky phosphine ligands, such as PPh;, the energy
necessary for the formation of the transition state increases due to the steric congestion. We decided to use
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prepared in situ from bis(dibenzylideneacetone)palladium(0),” a non air sensitive compiex, with four

equivalents of (i-C,H,0),P in THF.
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In this paper we want to present the application of this palladium catalyst in combination with aluminum

The known'" starting material 2 for the palladium catalysed reaction was obtained from alcohol 1, which
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chloroformate in the presence of Et;N.
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Scheme 1. Reagents and conditions: Ac,O/Pyr or ethyl chloroformate/Et;N, respectively. All
compounds are racemic, only one enantiomer is drawn.

The allylic acetate 2 and carbonate 3 were used as central intermediates in the synthesis of (&)-cis-[4-

(methoxycarbonylmethyl)-2-cylcopenten-1-yl]-nucleosides.

eteroaromatic
bases as nucleophiles is the generation of the corresponding salts. For this purpose NaH, LiH, BuLi, or

Cs,CO, were mainly described in the literature.” A general problem is their low solubility and as a result long

Et,Al was described as auxiliary base for the opening of epoxides with secondary amines.'? We have

applied this method to purines and pyrimidines for the synthesis of xylo-nucleoside analogues in good yields,"
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palladium catalysis.

The amides of various heterocycles were generated with Et;Al in THF (Method A). This reaction

allylic starting material the reaction mixture was stirred at 60 °C, depending on the amount of catalyst, for
F

approximately 1 hour for 10% and 3-4 hours for 5% of catalyst. For comparison of yields also the sodium
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the isolated product was lower in each case.
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The nature of the leaving group had some consequences on reaction tim

e
used, the reaction time was about 10 times longer, but the yield was always better (see

seems to be a different mechanism depending on the leaving group. Ethyl carbonate is known' to loose CO,
during the reaction and the resulting ethoxy anion, a much better nucleophile than acetate, can react with the
n-allylpalladium complex to unintended by-products.

Especially the yields of the cyclopentenyl nucleosides carbathymidine (4), -uridine (5) and N-
benzoylcarbacytidine (7) synthesised by the aluminum amide method were excellent (see Table 1). The

difference in the isolated yields regarding cytosine derivatives 6 and 7 did not rcsult from the formatio

1 of by-
J

products, but from the polarity of compound 6 and its difficult isolation besides aluminum hydroxide, formed

during the hydrolysis of excess alkylaluminum cytosine (see Table 1). Optimisation of the workup procedure

would increase the yield.
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MeO /u\ﬁ w Method Aor B MeO )J\'N ucleobase
R e )
N——/ Pd[(i-C.H,0),Pl. \—/
THF, 60 °C
2 R'=Ac 418
3 R'= COOEt -

Scheme 2. Reagents and conditions: Method A: Et;Al/THI/Nucleobase; Method B:
NaH/DMF/Nucleobase. All compounds are racemic, only one enantiomer is drawn.

Methyl 1H-1,2,4-triazole-3-carboxylate, the heteroaromatic base of ribavirin,” reacted in 39% yield
when the aluminum amide was used. The reaction course of purines (adenine, N°-benzoyladenine, 6-
chloropurine and N*-acetylg
better yields as compared to carbonate 3. N-protection of the purines proved to be beneficial. The preparation
of the aluminum amide was the method of choice, especially for 6-chloropurine (see Table 2).

m the homo-cyclopentenylcarbanucleosides 4 - 16 to target structures 29 - 31, the side chain

was shortened by one carbon atom applying the Curtius degradation. Carboxylic acid 17 was obtained by
treatment of ester 1 with KOH in refluxing 1,4-dioxane, followed by addition of benzyl bromide (o the

reaction mixture. Curtius degradation of crude 17 afforded isocyanate 18, which was treated with an aqueous

solution of KOH at 0 °C in a THi'/water system affording amine 19 and traces of the corresponding urea 19a

with two cyclopentenylmethyl moieties. For the replacement of an amino group by an oxygen functionality or

a halide, which could be trcated further on with suitable nucleophiles, several methods are known in the
1r. N 6 vv .1 . RS e ek I g v el T 4lan Al el nnian A ~F
lierature, niortunately, one ol e most blmple. and promising meinods, neé unplat.cmc:m i ing

corresponding di-tosylate of amine 19 with certain nucleophiles,'” did not work satisfactory due to the sterical

hindrance of the cyclopentene ring.
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Table 1. Reaction of allylic acetate 2 (R' = Ac) and allylic carbonate 3 (R' = COOE) with pyrimidines and
methyl 1H-1,2,4-triazole-3-carboxylate
Nucleobase R' R Method  Yield (%) Product
. Ac CH, A 95 4
o )J\ _R2 Ac CH, B 76 4
j\ /iT COOEt  CH, A 91 4
o- N Ac H A 82 5
| Ac H B 40 5
NHR? Ac H A 69 6
NZ COOEt H A 61 6
04'\ " J Ac Bz A 98 7
| COOEt Bz A 86 7
N _g COOMe " B . N .
;»Iq g Ac — B 21 8
|
Table 2. Reaction of allylic acetate 2 (R' = Ac) and allylic carbonate 3 (R' = COOEL) with purines
Nucleobase Entry R! R’ r Position  Method Yieid (%) Product
Ac NH, H N’ A 45 9
1 Ac NH, H x A 20 10
Ac NHAc H N’ A 5 11
2 Ac NH, H N’ B 36
R? COOEt  NH, H N’ A 34
<,N7 N COOEt  NH, H " A 30 10
N® N)\ R3 4 Ac Cl H N’ A 67 12
5 Ac Cl H N’ B 9 12
Ac  NHBz  H N’ A 81 13
¥ Ac NHBz H N’ A 7 14
Ac OH NHAc N’ A 61 15
7 Ac OH NHAc N’ A 17 16

* unseparable mixture of two nucleoside analogues, N’ and N'?
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i[Z 17 Ri=cCOOH 22 Ri=Bz, R®=Bn
[} ’
L[ 18 R'=NCO Vile 23 RZ=H, R3=H
Wie 49 R!=NH, Ville 24 R2=Ac R3=Ac
Ve 20 R!=NHBz

Vie 21 R'=N(NO)Bz

Scheme 3. Reagents and conditions: i KOH/benzyl bromide/1,4-dioxane/reflux; ii a) ethyl
chloroformate/Et,N/acetone, b) NaN,/H,O, c¢) toluene/reflux; iii KOH/H,O/THF/0°C; iv
BzCI/ELN/CH,CLy: v a) N,O/CCL,, b) NaOAc; vi petrol ether/80 °C; vii NH, ,/Na; viii
Ac,0/Pyr/CH,Cl,. All compounds are racemic, only one enantiomer is drawn.

and the thermal rearrangement of N-nitrosamides was studied by White'” and Huisgen.™® Therefore, amine 19

was treated with benzoyl chloride in the presence of Et;N to yield benzoate 20 in 75% overall yield. The

£ 20 wri
1 avu
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P
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transformed further on by refluxing in petrol ether (bp 80 °C) overnight to yield 86% of the side chain

shortened benzoate 22. The benzoate as well as the benzyl ether were cleaved with Na/NH,, but the

compound 24, the starting material for the syntheses of carbanucleoside analogues 25 - 28.

Diacetate 24 was submitted to palladium(0) catalysed reactions with the aluminum amides of thymine,

elongated compound 2 yields were lower. In particular for the pyrimidines investigated a dramatic decrease in

1solated product has to be mentioned (see Table 3). Better yields are to be expected by protecting the hydroxy

thexyldimethylsilyl,” but we wanted to show the applicability of aluminum amides of heteroaromates using

palladium(0) catalysis even with non optimised substrates.

=

ion of the acetate moiety is assumed. Fo
the synthesis of diacetate 24 via the Prins reaction between cyclopentadiene and an acetylmethyleneoxonium

species the allylic cation 24a and the intramolecularly cyclised cation 24b were assumed to be intermediates.’

complex and poor nucleophiles, e.g. a salt of thymine, would react only slowly and be inclined to the

formation of by-products.
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24 24a 24b

Starting material 24 was treated in the same manner as described for ester 2. For comparison of yields

the aluminum amide and the sodium salt of thymine were treated with Pd[(i-C,H,0),P], in THF. The

alelan amw#- acain gave hetter vields The reaction of the aliiminum amide of uracil affarded nnelancida

FRA22IL Bl GRVY UVl Favals A4 LIV AVWUMVLIVILL ULl ULV GAMBILLLIVELL GQiilidw V] UL AV AdAITVIUCU HTUVICUDIUL
- PN . ) 3 . 112 A < < < P
20 and the reaction with N“-acetylguanine gave N-,O-acetylated carbovir 27

AcO — ~ A AcO - HO
ﬁ OAc \| Nucleobase ﬁ Nucleobase
A~ | Mathad A ~c D e ; A~
wiciiuu vl o f
24 25-28 29-31

29 Nucleobase = thymine
30 Nucleobase = uracil
31 Nucleobase = guanine

Scheme 5. Reagents and conditions: Method A: EtAl/THF/Nucleobase; Method B:

H; j;,/NaNH,All compounds are

1 1 : AAXNT A A\, T

ATIINT b L A Lo owT2 a1t
Vil'/Nucleobase; 1 MeONa/MeOH; for N°-acetylguanine: 1
racemic, only one enantiomer is drawn.

Table 3. Reaction of allylic acetate 24 with nucleobases
Nucleobase Entry Position =~ Method Yield (%) Product
. 1 —_— A 40 2
Thymine S
2 — B 32 25
Uracil 3 — A 37 26
N2 At e ] N’ A 61 27
N--Acetylguanine 4 .
N A 9 28

Deprotection of nucleoside analogues 25 and 26 was performed with MeONa/MeOH at room

temperature to afford known™ carbathymidine (29), and the unprotected carbauridine (30), respectively.
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EXPERIMENTAL

Melting points were obtained on a Biichi-Tottoli apparatus and are uncorrected. Column

chromatography was performed on silica gel 60, 230-400 mesh (Merck, Darmstadt), and TLC on aluminium

sheets coated with silica gel 60 F,s; (Merck, Darmstadt) 'H

34

Darmstadt). 'H and “C NMR spectra wer n a Bruk
MSL 300 instrument (TMS as internal standard, &-values in ppm, CDCl, as solvent unless otherwise
indicated). IR spectra were determined as film on KBr on a Bomem Michelson 100 I'T-spectrophotometer.
MS spectra were rec meter. Solvents were dried prior to use

conditions. THF was freshly distilled from potassium. The elemental analyses were performed at the Institute

of Organic Chemistry, University of Graz.

(£)-cis-Ethyl (4-methoxycarbonylmethylcyclopent-2-enyl)carbonate (3)

30.0 g (190 mmol) of alcohol 1 and 53.9 ml (380 mmot) of Et,N in 500 ml of CH,Cl, were cooled to
-30 °C and under stirring 22.0 ml (230 mmol) of ethyl chloroformate was added dropwise within 1 h. The
reaction was warmed to room temperature and after complete conversion water was added. The organic layer
was separated, washed with 1 N aqueous HCI and saturated aqueous NaHCO,, dried (Na,SO,), and evaporated

in vacuo. Bulb-to-bulb distillation yielded 40.0 g (91.3%) of compound 3 as a colourless oil.

TT RTR A 011/

'H NMR (CDCl,) 8 1.16 (t, J=7.1 Hz, 3H), 1.43 (dt, /= 14.5, 42 Hz, 1 8.1 Hz

AL F 10 -
.20 {d4a, J = 15.Y, 8.1 NZ,

1H), 2.36 (dd, J=15.9, 6.9 Hz, 1H), 2.48 (dt, J=14.5, 7.9 Hz. 1H), 2.93 (m, 1H), 3.54 (s, 3H), 4.04 (dd.
J=14.5, 7.1 Hz, 2H). 5.42 (m, 1H), 5.85 (dt, J=5.6, 2.1 Hz, 1H), 6.02 (ddd, J=5.6. 2.3, 1.0z, 1H);
C NMR and DEPT (CDCLy) 8 14.24 (q), 36.28 (1), 40.23 (), 40.52 (d). 51.43 (q), 63.66 (1), 82.77 (d), 129.68

(d), 140.16 (d), 154.81 (s), 172.44 (s); IR (KBr) v 2966, 1739, 1438, 1369, 1259, 1165, 1061, 1003, 858, 793
cm’’; Anal. Caled for C,,H,,0, (228.25): C, 57.89; I1, 7.07. Found: C, 58.13; H, 6.93.

General procedures for the Pd-catalysed introduction of the heteroaromatic bases

Method A

A a ko DU FRURGUURY Ot DN PNy I Y R o R R in hhaoa wirac olignan And 1.2 1NN 1 ~AF
Under an atmosphere of dry nitrogen 10 mimol of ine neteroaromatic vase was suspenaea in 10U mi ol

THF and 10 ml of Et;Al (1 N solution in hexane) was added at once. The reaction mixture was heated to 60 °C

to obtain a clear solution, stirred for another 10-20 min and allowed to cool to room temperature. For the

-~ 1. ey

preparatior

s antaloot N & S I,
1 O1 LHE Cdlalyst V.o VL O

and 2 mmol of triisopropyl phosphite was added and stirred until the dark purple colour changed into yellow.
To the aluminum amide of the heteroaromatic base were added 5 mmol of the starting materials 2, 3 or
24 and the fresh red Pd-catalyst. The reaction mixture was heated to 60 °C until complete conversion

(about 1-2 h) was achieved. The reaction mixture was cooled to 0 °C and 10 ml of 1 N aqueous HCI was

added slowly, followed by 15 ml of water and 100 ml of CH,Cl,. The organic layer was separated and the
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aqueous layer reextracted twice with 30 ml of CH,Cl,. The combined organic extracts were washed with
saturated aqueous NaHCO,, dried (Na,S0O,), and concentrated in vacuo. Flash chromatography (CHCI, to

remove unpolar impurities, then CHCL/MeOH 19/1 v/v) and recrystallisation from 2-propanol/diisopropyl

ether afforded the pure carbocyclic nucleoside analogues.

Method B

Under dry nitrogen 10 mmol of the heteroaromatic base was suspended in 10 ml of DMF and 10 mmol
of NaH was added. The reaction mixture was heated to 60 °C and allowed to cool to room temperature. To the
suspension of the sodium salt of the heteroaromatic base were added 5 mmol of the starting materials 2 or 24
and the freshly preparcd Pd-catalyst (see method A). The reaction mixture was heated to 40 °C until complete
conversion was reached.

Workup (DMF was first removed by bulb-to-bulb distillation at 80 °C and 0.1 mbar) and purification

was done as described above.

(£)-cis-1-[4-(Methoxycarbonylmethyl)-2-cyclopenten-1-yljthymine (4)

mp: 138-9°C; 'THNMR (CDCl,) & 1.27 (dt, J=13.7, 7.1 Hz, 1H), 1.92 (s, 3H), 2.45 (dd, J=15.7,
7.5 Hz, 1H), 2.54 (dd, J= 15.7, 6.8 Hz, 1H), 2.84 (dt,./J=13.7, 8.2 Hz, 1H), 3.14 (m, 1H), 3.69 (s, 3H), 5.65-
5.73 (m, 2H), 6.11 (dt, J= 5.7, 2.1 Hz, 1H), 7.03 (s, 1H), 9.70 (bs, 1H); “C NMR and DEPT (CDCl,) § 12.73
(q), 37.60 (t), 39.63 (t), 41.05 (d), 51.88 (q), 61.38 (d), 111.39 (s), 129.76 (d), 136.69 (d), 140.31 (d), 151.34
(s), 164.08 (s), 172.38 (s); MS m/z (% rel int) 246 (M7, 12), 233 (3), 191 (4), 148 (4), 139 (64), 127 (9), 107
766

3173,3042, 1732, 1685, 1456, 1365, 125
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mp: 125-6 °C: '"H NMR (CDCL,) 5 1.24 (dt, J=13.8, 7.1 Hz, 1H), 2.39 (dd, /= 15.7, 7.5 Hz, 1H), 2.48
8, 8.2 Hz, 1H), 3.10 (m, 1H), 3.64 (s, 3H), 5.61-5.68 (m, 2H), 5.71
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C,57.89: H,4.74; N, 10.87.
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()-cis-1-[4-(Methoxycarbonyimethyl)-2-cyclopenten-1-yljcytosine (6)
mp: 178-9 °C; '"H NMR (CDCl,) § 1.21 (dt, J=13.5, 6.8 Hz,

J=-1583 75§ 1HhY 2 41
e A a L4 Aweda 1o/ } FoT 0 i

4
11&., 1X1),

(dd, /=153, 6.8 Hz, 1H), 2.79 (di, J=13.5, 6.1 Hz, i1H), 3.04 (m, 1H), 3.61 (s, 3H), 5.60 (m, IH) 5.66 (m,
1H), 5.93 (d. /= 7.3 Hz, 1H), 6.01 (m, 1H), 7.18 (d, /= 7.3 Hz, 1H), 6.7-7.1 (1H). 7.7-8.1 (1H); *C NMR and
DEPT (CDCL,) 6 38.24 (t), 39.77 (1), 40.92 (d), 51.65 (q), 62.03 (d), 95.61 (d), 130.21 (d), 139.64 (d), 142.11

FV\ AN A /‘ Py

2.42 (s); MS m/z (% rel int) 249 (M™, 19), 218 (4), 191 (7), 176 (100), 139 (11),
122 (38), 79 (91), 67 (34), 52 (29), 41 (38); IR (KBr) v 3148, 1729, 1633, 1604, 1485, 1397, 1362,

3338,
1272. 1186, 788, 598 cm'; Anal. Caled for C,H;N,0, (249.27): C,57.82; H,6.07; N, 16.86. Found:

H (
51.67 (q)., 63.15 (d), 97.25 (d), 127.78 (d), 128.91 (d), 129.11 (d), 133.
8 (s), 172.17 (s); MS m/z (% rel int) 353 (M ", 3), 3

138 (19), 103 (28), 94 (11), 79 (100); Anal. Caled for C,;H,N,0, (353.38): C, 64.58; I1,5.42;: N, 11.89

Found: C, 64.48; H, 5.52; N, 12.07

()-cis-Methyl 1-{4-(methoxycarbonylmethyl)-2-cyclopenten-1-yij-1H-1,2,4-triazole-3-carboxylate (8)
'HNMR (CDCl,) & 1.74 (dt, J = 14.0, 6.0 Hz, 1H), 2.46 (dd, J=16.0, 8.1 Hz, 1H), 2.56 (dd. J=16.0,

6.8 Hz, 1H), 2.96 (dt, J = 14.0, 8.4 Hz, 1H), 3.24 (m, 1H), 3.68 (s, 3H), 4.00 (s, 3H), 5.55 (m, 1H), 5.91 (dt,

J=5.5,1.9Hz, 1H), 6.22 (m, 1H), 8.19 (s, 1H); "C NMR and DEPT (CDCl,) § 38.23 (1), 39.62 (1), 41.40 (d),

51.88 (g), 52.88 (q), 66.63 (d), 128.06 (d), 141.36 (d), 143.00 (d), 155.20 (s), 169.44 (s), 172.41 (s); Anal

Caled for C,H;N,0, (265.27): C, 54.33; H. 5.70; N, 15.84. Found: C, 54.53; H, 5.64; N, 15.59.
(i)-cis-9-[4-(Meth0xycarbonylmethyl)-2-cyclopenten-l—yl]adenine )

(dd, J=158.6
111). 5.93 (dt, J=5.5. 2.2 Hz, 1H),
DEPT (CDCL,) & 38.53 (1), 3

(r‘ 140 6
Uy, 157.9

L)
’\
\-/
—
¥4
3%}
£}
(¥}
_—~
\:

(12), 173 (5), 135 (100), 119 (3), 108 (21), 97 (6), 79 (48), 66 (7); IR (KBr) v 3150, 1728, 1656, 1617. 1448.
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1411, 1169, 1020, 775, 654 cm’; Anal. Caled for C,,H N0, (273.29): C. 57.13; H, 5.53; N. 25.63. Found:
C.57.20; H, 5.72; N, 24.60.

Uy ARy

(1)-cis-N°-Acetyl-9-[4-(methoxycarbonylmethyl)-2-cyclopenten-1-yljadenine (1 1)

'H NMR (CDCL) & 1.64 (dt, J=13.8, 6.4 H.

VAN \MioNody o

6.7 Hz. 1H), 2.62 (s, 3H), 3.01 (dt. J = 13.8, , .
J=5.6,22Hz 1H), 623 (dd. J=5.6, 2.2 Hz, 1H), 8.12 (s, 1H), 8.69 (s, 1H), 9.39 (s, 1H): “C NMR and

DEPT(CDCINYA 2584 (a). 3861 (). 3968 (). 4146 (Y ST &85 (AN 60 16 (a) 122 40 (<)Y 172 Q7 ¢dY 140 4%
Pwasioayy O L2285 (Y, 2001 vy, 2700 (v VM) JE00 (W), UVLIU ), 125U (0], 1£0.75 (), 19U.50
(d). 141.56 (d), 149.53 (s), 151.55 (s), 152.34 (d), 171.09 (s), 172.39 (s); MS m/z (% rel int) 315 (M", 41), 284

(13), 273 (10), 256 (4), 242 (9), 214 (4), 200 (11), 178 (54), 135 (100), 107 (35), 79 (47); Anal. Calcd for
C.H,-N,0, (3153

. : 3): C
R EER VA K] Je s

y7.14; H, 5.43; N, 22.21. Found: C, 57.31; H, 5.41; N, 22.15.

f

(+)-cis-6-Chloro-9-[4-(methoxycarbonylmethyl)-2-cyclopenten-1-yl]-9H-purine (12)

'HNMR (CDCl,) 8 1.66 (dt, J=13.9, 6.6 Hz, 1H), 2.49 (dd, J=16.0, 7.8 Hz, 1H), 2.62 (dd, J = 16.0.
6.6 Hz, 1H), 3.05 (dt, J=13.9, 8.4 Hz, 1H), 3.30 (m, 1T1), 3.69 (s, 3H), 5.81 (tt, /= 6.5, 2.1 Hz, 1H), 5.93 (dt,
J=5.4,2.1Hz, IH), 6.26 (dt, /= 5.8, 2.1 Hz, 1H), 8.18 (s, 1H), 8.77 (s, 1H); "C NMR and DEPT (CDCl,) &
38.55 (1), 39.55 (1), 41.52 (d), 51.91 (q), 60.67 (d), 128.54 (d), 132.45 (s), 140.97 (d), 143.62 (d), 151.45 (s),

-~ r T o~

(2 x C, s and d), 172.13 (s); Anal. Calcd for C;H CIN,O, (295.75): C, 52.80;

9 H, 5.45; C1,11.99;
N. 18.94. Found: C, 52.24; H, 5.42; Cl, 11.88; N, 19.23.

(3)-cis-N°-Benzoyi-9-j4-(methoxycarbonyimethyi)-2-cyciopenten-i-yijadenine (i3)
mp: 162-3 °C; '"H NMR (CDCl,)  1.67 (dt, J=13.7, 6.5 Hz, 1H), 2.50 (dd, J=16.2, 7.7 Hz, 1H), 2.61
(dd, J=16.2, 6.7 Hz, 1H), 3.05 (dt, J = 13.7, 8.4 Hz, 1H), 3.30 (m, 1H), 3.69 (s, 3H), 5.81 (m, 1H), 5.95 (m,

1 DT
1

iH). 6.25 (m. 1H), 7.50-7.61 (m, 3H), 8.00 (m, 3H), 8.81 (s, 1H), 9.01 (s, 1H); "C NMR and DEPT (CDCl,) 8
38.65 (1), 39.79 (1), 41.49 (d), 51.91 (d), 60.22 (q), 123.68 (s), 128.16 (d). 128.93 (d), 129.06 (d), 132.91 (d),

134.09 (s), 140.58 (d), 141.30 (d), 142.00 (s), 149.78 (s), 152.73 (d), 164.94 (s), 172.41 (s); IR (KBr) v 3060,
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()-cis-6-Benzamido-7-{4-(methoxycarbonyimethyl)-2-cyclopenten-1-yl]-7H-purine (14)

mp: 148-9 °C; '"H NMR (CDCl,) & 1.61 (dt, J=13.8, 5.8 Hz, 1H), 2.41 (dd, J=15.8. 7.6 Hz, 1H), 2.52
(dd, /=158, 6.8 Hz, 1H), 3.18 (dt, J=13.8, 8.5 Hz, 1H), 3.33 (m, 1H), 3.65 (s, 3H), 6.05 (m, 1H), 6.34 (m,
TTIY £ 41 7o 1TITY T AA T 88 e A1TY Q@ 17.Q 21 fny ALY O &S0 /e 11N BOCNIMMD anA NEDT (TY 1Y R 20 QQ
1r1), 0.01 (111, 1r11), /.99-/.00 (ili, >r1), 6.1 /-0.051 (I, 411), 7.0U \US, 1I1), L INIVIIN alill JEr 1 (LiJely ) 0 57.60
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(s). 141.11 (d), 143.75 (d), 151.09 (s), 159.14 (s), 172.38 (s), 177.91 (s); Anal. Caled for C,I1,,N,0, (377.40):
C, 63.65; H, 5.07: N, 18.56. Found: C, 63.20; H, 5.13; N,7 18.47.

LY v, 1%

(_t)-cis-NZ-Acetyl-‘)-[4-(methoxycarbonylmethyl)-2-cyclopenten-l-yl]guanine (15)

'"HNMR (CDCL,) § 1.48 (dt, J=13.8, 6.6 Hz, 1H), 2.36 (s, 3H), 2.39 (dd, J = 15.8,

(dd, J=15.8, 8.0 Hz, iH), 2.79 (dt,./=13.8, 8.3 Hz, 1i1), 3.16 (m, 1H), 3.61 (s, 3H), 5.39 1H), 5.59 (m,

(m
8 24.57 (q), 38.52

VC

(+)-cis-2-Acetamido-1,7-dihydro-7-|4-(methoxycarbonylmethyl)-2-cyclopenten-1-yl]-6 H-purin-6-one
(16)

63.08 (q), 112.17 (s), 128.61 (d), 140.76 (2 x C: C-2°, Jo = 174.7 Hz, and C-8, Jo, = 212.7 Hz), 148.25 (5)
153.52 (s). 157.08 (s), 172.38 (s), 173.70 (s); Anal. Caled for C,,H,;N,O, (331.33): C.54.38; H.5.17:
N.21.14. Found: C. 54.31: I1, 5.22; N, 21.28

(£)-cis-(4-Benzyloxycyclopent-2-enyl)acetic acid (17)
A mixture of 37.1 g (238 mmol) of alcohol 1 and 80 g (1.4 mol) of powdered KOII in 500 ml of 1,4-

in four portions refluxing was continucd overnight. Water was added and the reaction mixture was cxtracted
with diethyl ether (5 x 100 ml) to remove benzyl alcohol and dibenzyl ether. The aqueous layer was acidified
LS S Y 4L s I 4o e P L s [ M i s
WILIL COIIC, IC ] W pﬂ < dllld CALLACICU Wil Uiginlyl CUIcr (U putuo
extracts were dried (Na,SO,), and concentrated in vacuo to yield 52.4 g (95%) of crude 17 as dark red oil. An

analytical sample was purified by flash chromatography (ethyl acetate/toluene 1/2 v/v to remove traces of by-

'H NMR (CDCLy) 8 1.54 (dt, = 13.6, 5.0 Hz, 1H), 2.55 (m, 3H), 2.56 (d, 2H), 2.61 (m. 1H), 3.02 (m,
9 7.34 (m, 5H), 8.50 (bs, 1H); “C NMR (CDCl,) & 36.77, 40.14, 40.42, 70.80, 83.71, 127.48,
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(+)-cis-(4-Benzyloxycyclopent-2-enyl)methyl isocyanate (18)

52.0 g (224 mmol) of carboxylic acid 17 was dissolved in 700 ml! of acetone and cooled to -30 °C. 53 ml
(380 mmol) of Et;N was added and 32 ml (330 mmol) of ethyl chloroformate was dropped in slowly within
10 min. After complete conversion the corresponding mixed anhydride was treated with 31 g (480 mmol) of
NaN., dissolved in 50 ml of water, and the reaction was warmed to room temperature and stirred for about
30 min (until the carboxylic azide was formed quantitatively). 300 ml of water and 300 ml of toluene were
added, the reaction mixture filtered over a pad of Celite® and the aqueous layer was reextracted three times
with 200 ml of toluene. The combined organic extracts were dried (MgSO,), concentratcd in vacuo to a
volume of about 600 ml and dropped into a flask with boiling toluene (200 ml). After the liberation of
nitrogen had ceased refluxing was continued for 15 min and then the solution was evaporated j» vacuo. Bulb-
to-bulb distillation yielded 44.1 g (86%) of isocyanatc 18 as a colourless oil.

'H NMR (CDCl,) 8 1.59 (dt, J = 13.7, 4.7 Hg, 1H), 2.43 (dt, J=13.7. 7.7 Hz, 1H), 2.88 (m, 1H), 3.28-
3.40 (ABX, J,; =129 Hz, J« = 6.4 Hz, 2H), 4.54-4.63 (AB, J=11.8 Hz, 2H), 4.64 (m, 1H), 5.94 (m, 1H),
6.06 (dt, J=5.7, 1.9 11z, 1H), 7.27-7.39 (m, 5H); "C NMR and DEPT (CDCl,) & 34.21 (t), 45.76 (d). 47.43
(V. 70.98 (1), 83.40 (d), 122.21 (s), 127.53 (d), 127.88 (d), 128.36 (d), 133.97 (d), 134.81 (d), 138.62 (s); MS
m/z (% rel int) 229 (M, 0.6), 211 (0.3), 172 (0.8), 138 (10), 123 (60), 107 (83), 91 (100), 79 (65), 65 (43). 56
(39). 51 (31), 39 (38); IR (KBr) v 3046, 2896, 2275, 1720, 1496, 1454, 1360, 1079, 869, 738, 699, 592 cm™;
Anal. Caled for C,,H,\NO, (229.28): C, 73.34; H. 6.59; N, 6.11. Found: C, 73.27; H, 6.69; N, 6.10.

(£)-cis-(4-Benzyloxycyclopent-2-enyl)methylamine (19)

44.0 g of isocyanate 16 was dissolved in 300 ml of THF and 150 ml of water and cooled to 0 °C. To the
vigorously stirred solution was added a cooled (0 °C) solution of 6.8 g (170 mmol) of KOH in 50 mi of water
within 2 min and vigorous stirring was continued until complete conversion was achieved. The reaction
mixture was evaporated in vacuo 1o remove THF, acidified to pH 9-10, extracted with CH,Cl,, dried (Na,SO,),
and concentrated in vacuo. Purification by bulb-to-bulb distillation yielded 37.4 g (95%) of amine 19 as a
colourless oil. Flash chromatography (petrol ether/ethyl acetate 3/1 v/v) of the residue yielded 1.4 g (3%) of
the corresponding urea 19a.

'H NMR (CDCly) 8 1.51 (dt, J=13.6, 4.1 Hz, 1H), 2.37 (dt, J = 13.6, 7.4 Hz, 1H), 2.61 (bs, ZH, -NH,),
2.74 (m, 3H), 4.50-4.59 (AB, J=11.8 Hz, 2H and m, 1H), 5.91 (d, J= 5.7 Hz, 1H), 5.96 (d, J= 5.7 Hz, 1H),
7.25-7.35 (m. 5H); "C NMR and DEPT (CDCl,) 8 34.30 (t), 46.07 (t), 46.71 (d), 70.86 (t). 83.62 (d), 127.47
(d), 127.69 (d). 128.31 (d), 132.41 (d), 136.47 (d), 138.59 (s): MS m/z (% rel int) 203 (M, 0.2).
138 (5), 107 (7), 95 (56), 91 (77), 77 (26), 66 (100), 51 (28), 39 (66), 31 (7); IR (KBr) v 3043, 2880, 1573,
1473, 1369, 1321, 1075, 1028, 740, 698, 611 cm™; Anal. Caled for C;H,;NO (203.28): C, 76.81; 11, 8.43;
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(+)-cis-N,N'’-Bis|(4-benzyloxycyciopent-2-enyl)methyljurea (19a)

mp: 114-5 °C; '"HNMR (CDCl,) 8 1.50 (dt, J=13.9, 3.2 Hz, 2H), 2.26 (dt, J=13.9, 7.7 Hz, 2H), 2.78
(m, 2H), 3.14 (m, 4I1), 4.47-4.56 (m, 6H), 4.83 (m, 2H), 5.82 (m, 2H), 5.92 (m, 2H), 7.27-7.35 (m, 10H);
“C NMR and DEPT (CDCly) & 34.38 (t), 44.08 (1), 44.50 (d). 70.99 (1), 83.63 (d), 127.79 (d), 127.90 (d).
128.58 (d), 132.26 (d), 137.35 (d), 138.74 (s), 159.02 (s); MS m/z (% rel int) 433 (MH', 0.1), 367 (0.4), 324
(0.7), 259 (8), 151 (23), 106 (37), 91 (100), 77 (65), 66 (61), 51 (68), 39 (65); IR (KBr) v 3332, 2861, 1631,
1571, 1453, 1364, 1258, 1094, 1063, 738, 697 cm'; Anal. Caled for C,;H;,N,0, (432.56): C, 74.97; H, 7.46;
N, 6.48. Found: C, 75.38; H, 7.33; N, 6.59.

(x)-cis-N-(4-Benzyloxycyclopent-2-enyl)methyl benzamide (20)

To 37.0 g of amine 19 (182 mmol) was added 40 ml (290 mmol) of Et,N, dissolved in 300 ml of
CH,Cl,, and cooled to 0 °C. 29 ml (250 mmol) of benzoyl chloride dissolved in 50 ml of CH,Cl, was added
and the reaction was stirred overnight. 30 ml of methanol was added and stirred for 30 min to react excess
benzoyl chloride. The reaction mixture was washed with 1 N aqueous HCI and saturated aqueous NaHCO;,
dried (Na,S0,), evaporated in vacuo and purified by flash chromatography (ethyl acetate/petrol ether 1/4 v/v)
to yield 54.6 g (98%) of compound 20, which crystallised on standing, the overall yicld, calculated from
starting material 1, was 75%.

P -~ T 1 R 2 NN

iH), 3.46 (di, J=13.5, 4.1 Hz, 1H), 3.67 (di, J=13.5, 5.3 Hz, 1), 4.55 (m, 3H), 5.96 (m, 1H), 6.04 (m, 1H),
6.99 (bs, 1T, -NH), 7.15 (m, 2H). 7.29 (m, 6H), 7.72 (m, 2H); "*C NMR and DEPT (CDCL,) § 34.40 (1), 42.87
(1), 43.40 (d), 71.60 (1), 83.57 (d), 127.12 (d) 127.89 (d), 128.03 (d), 128.41 (d), 128.65 (d), 131.19 (d),

,_, SAAT AN F11Y ANt

I\/ 7N\ AW al 2 07 1 N ’\ ~
06 (s); MS m/z (% rel nt) 307 (M, 0.3), 242 (i1), 201

132.62 (d), 134.81 (s), 137.71 (d), 138.40 (s), 16
(15), 134 (61), 105 (100), 91 (51). 77 (39), 66 (57), 51 (15), 39 (6); IR (KBr) v 3322, 2889, 1643, 1539, 1489,
1367, 1305, 1092, 1068, 1027, 738, 699 cm’! ; Anal. Caled for C, H,NO, (307.39): C, 78.15: H, 6.89; N, 4.56.

204221

FaYa T

Found: C, 77.91; H, 6.90; N, 4.65.

(1)-cis-N-[(4-Benzyloxycyclopent-2-enyl)methyl]-N-nitrosobenzamide (21)
his reaction has to be carried
clothing has te be worn!

Preparation of N,O,

d 50 ml of conc.

g

cautiously 100 g of NaNO, in small portions via a Normag® powdcr addition funnel

sulphuric acid within about 1 h. The produced mixture of NO, and NO was removed by a N,-stream, washed
il ~laninl anatin amid dwiad tn a ~rnnlad 1020 Arnnsl fillad with Racehio rinac and candencad 1n a fonr-neck
Willt g1alidi aCCliC daCid, UliCd 11 4 COUILU (U U ) TUIHICT HIHCU WIUE AU0L7Ig THIES Alid VUIIUGIISWU 111 8 1VUI TV L



1452 H. Kapeller et al. / Tetrahedron 54 (1998) 14391456

flask cooled with liquid N,. The amount of N,O,, produced by this method is sufficient for the reaction of
about 130 mmol of amides, in this case of benzamide 20,

To the produced N,O, dissolved in 100 ml of carbon tetrachloride was added slowly (the solution was
dark green; the cooling bath with liquid N, was removed and an ice bath was used instead) 40 g (130 mmol) of
benzamide 20 dissolved in 80 ml carbon tetrachloride. After 5 min 100 g of NaOAc was added via a Normag®
powder addition funnel. Through the bright yellow solution was bubbled N, for 30 min, and the mixture was
then poured into 200 ml of ice-water. Extraction with CH,Cl, (3 x 100 ml), washing the organic layer with
saturated aqueous NaHCQ,, drying over Na,SQO,, and evaporation in vacuo yielded the thermally unstable N-
nitrosobenzamide as a yellow oil, which has to be reacted immediately to the corresponding benzoate 22.

TINMR (CDCLy) 8 1.60 (dt, J = 13.8, 4.5 Hz, 1H), 2.32 (dt, J=13.8, 7.9 Hz, 1H), 2.93 (m, 1H). 4.06-
4.20 (ABX, Jy = =12 Hz, J, = 5.6 Hz, 2H), 4.54 (n, 1H), 4.55-4.65 (A3, J=11.8 Hz, 2H). 5.82 (m, 1H).
5.93 (m, 1H), 7.30-7.56 (m, 7H), 7.77 (m, 1H), 8.13 (m, 2H); "C NMR and DEPT (CDCl,) & 34.48 (t). 43.50
(d), 68.05 (t), 71.06 (t), 83.44 (d), 127.83 (d), 128.06 (d), 130.17 (d), 130.71 (d), 132.27 (d), 132.85 (d),
133.46 (d), 135.40 (d), 138.71 (s), 173.67 (s).

(¥)-cis-(4-Benzyloxycyclopent-2-enyl)methyl benzoate (22)
The crude N-nitrosobenzamide 21 was dissolved in 6 1 of petrol ether (boiling point 80 °C) and refluxed
overnight. Evaporation under reduced pressure and flash chromatography (ethyl acetate/pctrol ether 1/9 v/v)

yielded 34.3 g (86%) of benzoate 22 as a colouriess oil.

"HNMR (CDCL,) & 1.78 (dt, J= 13.6, 4.9 Hz, 111), 2.49 (dt. J = 13.6, 7.9 Hz, 1H), 3.09 (m, 1H), 4.32-
440 (ABX, J., = 10.5Hz, Jix =63 Hz, 2H), 4.56-4.65 (AB, J=11.8 Hz, 2H), 470 (m. 1H), 6.04 (d,

J = 6.0 Hz, 1H), 6.08 (d, /= 6.0 Hz, 1H), 7.26-7.47 (m, 7H), 7.57 (m, 1H), 8.14 (d, J = 7.9 Hz, 2H); "C NMR
and DEPT (CDCl,) & 33.86 (1), 43.92 (d), 68.08 (1), 71.02 (1), 83.81 (d), 127.54 (d), 127.74 (d). 128.38 (d).
129.71 (d). 130.49 (s), 132.88 (d), 133.36 (d), 135.01 6 (s), 166.52 (s); MS m/z (% rel int) 308 (M~

............ A

nnnnnn Yy TrTY

0.1), 256 (1), 202 (6), 186 (2), 123 (13), 105 (99), 91 (100), 77 (64), 66 (20), 51 (29), 39 (i6); IR (KBr) v
2870, 1717, 1453, 1273, 1107, 1067, 1026, 712 cm™; Anal. Caled for C,,H,,0, (308.38): C, 77.90; H, 6.54.
ound: C, 78.04; H, 6.58.

sl

(+)-cis-1-Acetoxy-4-(acetoxymethyl)cyclopent-2-ene (24)

Into a flask equipped with a mechanical stirrer about 700 ml of ammonia was condensed and cooled to

about -70 °C. 6.7 g (290 mmol) of sodium was added in small portions and stirred for 5 min. 20 g (64.9 mmol)
of benzyl ether 22, diluted in 50 ml of 1,4-dioxane was dropped slowly into the dark blue solution and stirred
for an additional 10 min. Saturated NH,Cl solution was added until the blue colour disappeared and ammonia

was evaporated. The residue was coeve
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This residue was treated with 30 m! (370 mmol) of pyridine and 300 ml of CH,Cl,, cooled to 0 °C and
25 ml (265 mmol) of acetic anhydride was added slowly. After complete conversion 10 ml of methanol was
added. The reaction was stirred for further 30 min and evaporated in vacuo. 1 N aqueous HCI was added until
pH 1 was reached, the layers werc separated, the organic phase was washed with water and aqueous NaHCO,
solution, dried (Na,SO,), and evaporated in vacuo. Flash chromatography (ethyl acetate/hexane 1/3 v/v)
vielded 9.0 g (70%) of acetate 24 as a colourless oil.

'H NMR (CDCl,) 8 1.52 (dt, J = 14.4, 4.1 Hz, 1H), 1.99 (s, 3H), 2.02 (s, 3H), 2.44 (dt, J = 14.4, 8.0 Hz,
1H), 2.88 (m, 1H), 3.99 (d, J = 6.7 Hz, 2H), 5.59 (m, 1H), 5.86 (m, 1H), 5.95 (m, 1H); "C NMR and DEPT
(CDCL) 8 20.91 (q), 21.25 (q), 33.57 (1), 43.91 (d), 67.44 (1), 79.27 (d), 131.56 (d), 137.04 (d), 170.80 (s),
170.97 (s): IR (KBr) v 3417, 2952, 1734, 1438, 1370, 1242, 1032, 764 cm™; Anal. Caled for C,H,,0,
(198.22): C, 60.59; H, 7.12. Found: C, 60.15; H, 7.09.

(£)-cis-1-[4-(Acetoxymethyl)-2-cyclopenten-1-yl|thymine (25)
'HNMR (CDCl;) 6 1.34 (dt, J=14.0, 6.7 Hz, 1H), 1.89 (s, 3H), 2.05 (s, 3H), 2.74 (dt, J=14.0 Hz,

(
(dd. J=10.9, 5.5 Hz, 1H), 4.14 (dd, J= 10.9, 5.7 Hz, 1H), 5.67-5.74 (m, 2H)

. VU L7y odadd

6 Hz 1HO Qﬂ( 1HH
W orL 1

SO S V.OUN U Y PR VS ,1::/,

R

0

LA

~

06 (dt, J= 5.6, 2.2 Hz, 1H), 7.03 (s, 1H), 9.81 (bs, 11T); *C NMR and DEPT (CDCl,) & 12.71 (q), 20.98 (q).
4.15 (1), 44.24 (d), 61.06 (d), 66.59 (1), 111.27 (s), 130.84 (d). 136.51 (d), 138.17

4
aled for CH,\N,0, (264.28): C,59.08; H, 6.10; N, 10.60. Found: C,5881; H

aled for C H!

(CDCl;) 8 1.32 (m, 1H), 2.04 (s, 3H), 2.76 (dt, J = 14.3, 8.9 Hz, 1H), 3.06 (m, 1H), 4.03 (dd,
, 5.7Hz, 1H), 5.70 (m, 2H and d, J= 8.2 Hz, 1H), 6.08 (dt, J=5.7,
.J=82Hz, 1H), 10.2 (bs, 1H); "C NMR (CDCl;) 8 21.82 (q), 34.25 (1), 44.30 (d), 61.39

8 Hz, 1H), 7.27 ( iz, 1H
(d), 66.51 (1), 102.70 (d), 130.36 (d), 138.86 (d), 140.90 (d), 151.38 (s), 163.98 (s), 170.95 (s): Anal. Calcd for
C,,I1,N,0, (250.25): C, 57.59; H, 5.64; N, 11.19. Found: C, 57.74; H, 5.69; N, 11.13

(£)-cis-N" -Acetyl-‘) [4-(acetoxymethyl)- 2-cyciopenten-i-yijguanine 2
'HNMR (CDCl,) & 1.83 (dt, J=13.9, 3.4 Hz, 1H), 2.10 (s, 3H), 2.34 (s, 3H), 2.78 (dt,.J= 13.9, 9.1 Hz,
H), 3.19 (m, 1H), 4.19 (dd, J=10.2, 6.5 Hz, 1H), 4.48 (dd, J=10.2, 6.5 Hz, 1H), 5.10 (bs, 1H), 5.48 (m,

1 1 \TTI\. 13

T ~ s T re 7 11Ty —vrn/ g "o o D ~-A MDD
4 U (U5, I11, <INI1), ‘o INIVIIN allu LU

1 -] - 11T NS L T r 1 1{\
1H), 5.82 (m, 1H), 6.06 (m, 1H), 7

—
l\.J

- 1H), 1
24.17 (q). 33.51 (1), 44.50 (d), 60.82 (d), 66.15 (1), 121.79 (s), 130.16 (d), 136.96 (d), 137.96 (d), 147.27 (s),
148.11 (s). 15590 (s). 171.61 (s), 172.49 (s); Anal. Caled for C;H,N;O, (331.33): C.54.38; H,5

MO, N
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(ir)—cis-Z-AcetamidoJ-[4-(acetoxymethyl)—Z—cyclopentcn-l-yl]—l,7-dihydro-6H-purin-6-one (28)

'HNMR (CDCly) § 1.65 (dt, J=14.0, 5.6 Hz, 1H), 2.03 (s, 3H), 2.43 (s, 3H), 2.97 (dt, J = 14.0, 8.7 Hz,
1H), 3.16 (m, 1H), 4.03-4.16 (ABX, J,3 = 9.3 Hz, J,x = 5.5 Hz, 2H), 6.00 (m, 2H), 6.18 (m, 1H), 7.84 (s, 111),
1.5 (bs, 1H), 12.4 (bs, 1H); “C NMR and DEPT (CDCl,) & 21.03 (q), 24.91 (q), 36.69 (1), 44.86 (d), 62.95
(d), 66.61 (1), 112.28 (s), 129.72 (d), 138.76 (d), 140.79 (d), 148.24 (s), 153.67 (s), 157.25 (s), 171.0;
173.54 (s); Anal. Calced for C;H;N,O, (331.33): C, 54.38; H,5.17; N, 21.14. Found: C, 54.33; H, 5.27;

N, 21.01.

-
S

!
-

(£)-cis-1-[4-(Hydroxymethyl)-2-cyclopenten-1-yljthymine (29)
0.4g (1.51 mmol) of 25 was treated with 0.05g of sodium in 10 ml of dry methanol at room
temperature until complete conversion was achieved. CO, was bubbled through the solution and the solvent
was removed in vacuo. Flash chromatography (CHCL,/MeOH 9/1 v/v) yielded 0.32 g (97%) of thymine 29 as
viscous oil.
'H NMR (DMSO-d) § 1.39 (dt, J=13.9, 5.9 Hz, 1H), 1.79 (s, 3H), 2.52 (dt, J= 13.9, 8.7 Hz, 1H), 2.83
H {(1H), 5.55 (m, 1H), 5.72 (m,

1H), 6.12 (d, J=4.2 Hz, 1H), 9.60 (s, 1H) "C NMR and DEPT (DMSO-ds) & 12.37 (q), 33.20 (t), 47.53 (d),
0 8 8 (

60.52 (d). 63.82 (1). 109.18 (d), 130.05 (d), 137.62 (d). 139.40 (s), 151.20 (s), 164.14 (s): Anal. Calcd for
C,,1,,N,0; (222.24): C, 59.45; 11, 6.35; N, 12.60. Found: C, 59.24; 1, 6.33; N, 12.66

.0 Hz, 1H), 2.54 (dt, J=13.9, 9.0 Hz, 1H), 2.82 (m, 1H), 3
(m THY 477 (t J=4 z THY 555 (m. 2 572 (m. 1THDN. 561 (4. J=79Hz 1H). 613 (dt. J= 513
\Eila I1XLjJ, SFu/7 1 \Ly o T A4, 1KL)y, Jed0 \Ridy &Lidjy Joi& (A1, 111j, JUL My & P77 Kldy 1dkjy UilD (ML v [

8.1 Hz, 1H), 11.30 (bs, 1H); *C NMR and DEPT (CDCI,) § 33.26 (t), 47.52 (d).
51. 53 (s); Anal. Calcd for
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()-cis-9-[4-(Hydroxymethyl)-2-cyclopenten-1-yljguanine (31)

mmonia was a

ded 0.3 g (0.91 m

A TY Y e

stirred for 5 min. 0.5 mi of saturated aqueous NH,CI solution was added and the ammonia allowed to
evaporate. The residue was evaporated in vacuo. Flash chromatography (CHCL;/MeOH 3/1 v/v) yielded 0.2 g

(90%) of carbovir (31).
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Analytical data in accordance with those published by Vince;' Anal. Caled for C,,H,;N,0, (247.26):

C,53.43; H, 5.30; N, 28.32. Found: C, 53.15; H, 5.16; N, 27.88.
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