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Reaction of silylated 5-substituted uracil derivatives 6 with methyl
2,3,5-tri-0-benzoyl-a-D-arabinofuranoside (3) in the presence of
trimethylsilyl trifluoromethanesulfonate afforded a mixture of the
corresponding S-substituted 1-(2,3,5-tri-O-benzoyl-x-p-arabinofu-
ranosyluracils 7 and the acyclo 2,3,5-tri-O-benzoyl-1-O-meth-
yl-1-(uracil-1-yl)-p-arabinitols 9 with the methoxy group intact at
C-1. Compound 7 was deprotected with methanolic ammonia to
give 8. Compound 7 was also reacted with Lawesson’s Reagent to
generate the corresponding 4-thio-a-D-arabinofuranoside nucleosi-
de 14 which was deprotected by treatment with methanolic ammonia
to give the nucleosides 15. Deprotected acyclo nucleosides 10 were
likewise obtained from compounds 9. The mechanism for formation
of the nucleosides 7 is discussed and the acyclo nucleosides 9 are
believed to be intermediates.

Although a few a-nucleosides and nucleotides have been
found to occur naturally,' all nucleotides found in nucleic
acids and all essential nucleosides and nucleotides occur-
ring elsewhere are in the f-configuration. For this reason
a-anomers have been assumed by most investigators to be
biologically inert, and few have been examined for
biological activity. The latter concept, however, may
require reconsideration since several a-nucleosides are
now known to exhibit significant antimetabolic proper-
ties,? (antitumor and antiviral properties). Among the
D-arabinofuranosyl nucleosides, the f-anomers of which
are potent and clinically employed therapeutic agents, the
a-anomer of 9-pD-arabinofuranosyladenine has been
shown to exhibit appreciable antiviral activity.’

Since little synthetic work on a-arabinonucleosides of
pyrimidine has been reported,*~# it led us to undertake
the synthesis of additional a-D-arabinofuranosyl nucleo-
sides from S-substituted uracils.

The conversion of D-(—)-arabinose (1) to methyl 2,3,5-
tri-O-benzoyl-a-p-arabinofuranoside (3) has been de-
scribed in the literature.® Following a glycosidation with
hydrochloric acid in methanol with concomitant ring
contraction to the pentofuranoside 2, the hydroxy groups
were protected upon treatment with benzoyl chloride in
dry pyridine to afford 3 and 4. Pure 3 was obtained as a
white solid by crystallization from ethanol in 50 % yield
based on 1. The 5-substituted uracils 5 were prepared as
previously described!® and silylated in order to obtain 6
according to standard procedures by refluxing the nucleo-
base in 1,1,1,3,3,3-hexamethyldisilazane (HMDS) in the
presence of catalytic amounts of ammonijum sulfate.!!-12
Condensation of the methyl 2,3,5-tri-O-benzoyl-a-D-ara-
binofuranoside (3) and the silylated nucleobase 6 was
carried out according to the Friedel-Crafts catalyzed!?
silyl Hilbert-Johnson reaction modified by Vorbriiggen et
al.'? The reaction was performed in dry acetonitrile in the
presence of trimethylsilyl trifftuoromethanesulfonate pro-
ducing 7 in 6-81% yield, in accordance with the trans
rule of Baker,'* exclusively as a-nucleosides. The pro-
tected nucleosides 7 were deblocked by treatment with

methanolic ammonia and separated by silica column
chromatography to give 8 in 77-92 % yield. Besides 7 we
obtained nucleoside analogues 9 in 3-48 % yield having
an acyclic sugar chain with the methoxy group intact.
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This is the first known example of a coupling directly with
a protected pentofuranoside and a silylated nucleobase to
generate an acyclo nucleoside of type 9. Treatment of the
protected nucleoside 9 with methanolic ammonia at room
temperature gave 56—-86 % yield of pure acyclic nucleo-
side 10 (Scheme 1).

The compounds 7e—~f were isolated in low yields contami-
nated with the corresponding acyclic nucleosides 9e~f.
Since complete purification was not possible, 8e—f could
not be isolated in the subsequent deprotection reaction.
For 7g and 9g it was only possible to obtain pure samples
in small amounts because of very complex reaction
mixtures.

The a-configurations of 7 and 8 were supported by their
NMR data (see Experimental). The chemical shifts and
coupling constants of anomeric protons (1-H) in 7 and 8
were in accordance with the reported values for a-arabi-
nosides.> Smaller coupling constants of the anomeric
protons in protected arabinosides, in general, were found
than those for the corresponding deblocked arabinosides,
in conformity with the literature observations.® Accord-
ing to the 2D 'H NMR spectra the following order was
established. The 2'-OH group of 8 appears at lower field
than the 3'-OH. Furthermore, the chemical shift differ-
ence between the signals for the 2-OH and 3-OH is in the
range of 0.21-0.27 ppm in conformity with the literature
observations of the a-anomer.!3

In the first synthesis of acyclic sugar nucleosides related to
compounds 10b—f, Wolfrom and co-workers!® started
with D-galactose and obtained, by way of the acetylated
diethyl dithioacetal, two different crystalline products
from coupling with adenine. These products were consi-
dered to be C-1 epimers, one was dextrorotatory and the
other levorotatory, but the configuration at C-1” was not
determined. The NMR spectra of the ring opened prod-
ucts 9 showed only one set of signals for 9b,d, whereas for
9¢,e,f two acyclic nucleosides were obtained, a major and
a very minor product, with nearly uniform 3C NMR
spectra indicating that they are C-1’ epimers. Compounds
9 were deprotected with ammonia in methanol to give the
corresponding debenzoylated compounds 10, as their
corresponding pure epimers.

The identities of the products 9 and 10 were fully
established by NMR spectroscopy.

The benzoylated acyclic sugar nucleosides 9 generally
show weak M + H™ peaks in their FAB mass spectra
together with more intensive peaks for the ions resulting
from splitting off methanol from the parent ions.

Formation of the acyclic nucleoside 9 is easily explained
by a mechanism in which the ring oxygen of the sugar is
silylated making ring opening possible with formation of
the acyclic carbonium ion 11 which, in turn, can condense
with the silylated nucleobase to give 13; an intermediate
that produces the acyclic nucleoside 9 by hydrolysis.
More intrigning, the same intermediate may represent an
important route for formation of the nucleosides 7. This is
in contrast with the generally accepted idea that such
nucleosides should be formed from the cyclic carbonium
ion 12 generated via exocyclic silylation of the glycoside 3.

SYNTHESIS
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Anisolated yield around 50 % of the acyclic nucleoside 9f
shows formation of the acyclic carbonium ion 11 to be
strongly favored and this should be the case for all the
reactions in the present investigation since it is hard to
believe that the S-substituent of the nucleobase should
determine which carbonium ion 11 or 12 that is preferen-
tially formed. This is particularly the case for reactions
with 6b (5-methyl) and 6c¢ (5-hexyl) even though they
result in completely different product distributions with a
high yield of the a-nucleoside 7b by reaction of the former
and with the acyclic nucleoside 9¢ was the major product
by reaction of the latter. Another indication about 13 as
an intermediate in the formation of the a-nucleosides 7
came from TLC analysis during the reaction. For reac-
tions with preferential formation of the a-nucleoside 7,
close inspection of the TLC plates in the beginning of the
reactions revealed that 7 and the acyclic nucleoside 9 were
formed in equal amounts. As expected for an intermedia-
te, the spot of compound 9 did not increase in intensity
during the reaction whereas that of the a-nucleoside 7 was
strongly intensified. In one case extra TMS triflate was
added and disappearance of the acyclic nucleoside 9 was
observed. In summary, from the above observations we
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conclude that a substantial amount or maybe all the
a-nucleoside 7 is formed via the acyclic nucleoside 9.

Since the introduction of a sulfur-containing group into
an organic compound increases its lipophilicity as well as
its ability to cross the blood-brain barrier (a prerequisite
for an efficient anti-HIV drug) different 4-substituted
sulfur-containing nucleosides were also synthesized.

Thiation of S-substituted 1-(2,3,5-tri-O-benzoyl-a-D-ara-
binofuranosyl)uracils 7a,b,d was carried out with the
Lawesson’s Reagent [2,4-bis(4-methoxyphenyl)-1,3-di-
thia-2,4-diphosphetane 2,4-disulfide]'”-'® to give 14a,b,
d in 43-84 % yield. The compounds 14a,b,d were then
deprotected in a saturated solution of ammonia in
methanol and separated by column chromatography on
silica gel to give 15a,b,d in 67-85% yield. 13C NMR
spectrum showed a characteristic downfield shift of C-4
from 6 = 164 to 190 upon introduction of the sulfur
atom. In contrast to the 4-thiopyrimidine nucleosides
readily available from the corresponding 4-oxopyrimidi-
ne nucleosides by thiation with phosphorus pentasulfi-
de'? or Lawesson’s Reagent,”"'8 no formation of 2,4-di-
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thio or 2-thio derivatives was observed. Ueda and co-
workers?? have reported the preparation of 2,4-dithiouri-
dine by direct thiation with phosphorus pentasulfide of
2',3',5'-tri-O-benzoyi-4-thiouridine under forcing condi-
tions.

Pure 14a was treated with Lawesson’s Reagent under the
same condition as for the formation of 14a to obtain
1-(2,3,5-tri-0O-benzoyl-a-D-arabinofuranosyl)-5-chloro-
2,4-dithiouracil (16) in 29 % yield and 17 in 14 % yield.
Compounds 16 and 17 were deprotected and the product
separated by silica gel column chromatography to give 18
in 57 % yield (Scheme 3).

The thiation reaction of 14a was followed by thin-layer
chromatography and showed two main spots during
24 hours. The slower eluting component 16 afforded
1-(a-p-arabinofuranosyl)-5-chloro-2,4-dithiouracil (18)
on debenzoylation. The compound eluting ahead of 16,
also gave 18 on deblocking, indicating that the difference
between 16 and 17 exists in the blocking group, i.e.
thiation of one benzoyl group of 16. 13C NMR showed
that C-5' for 17 resonates at lower field than for 16
corresponding to thiation of carbonyl in benzoyl group at
C-5'. The identities of the products 15 and 18 were also
established by NMR spectroscopy.

The compounds 8a—d, 10b,c and 15a,b did not show any
significant activity at 100 uM against Herpes Simplex
Virus type 1 (HSV-1), strain Mclntyre, when propagated
in a continuous cell line from rabbit cornea (SIRC) which
was maintained in Eagle’s MEM containing 1 % fetal calf
serum and test compounds. The same compounds were
also devoid of activity at 100 uM against HIV-1 (strain
HTLV-IIIB) in MT-4 cells, when MT-4 cells were incu-
bated with virus, washed and added in a proportion of
1:10 to uninfected MT-4 cells which had been preincuba-
ted in test compound containing growth medium for 2

hours. The MT-4 cells were maintained with the culture

medium likewise containing the test compound and
expression of HIV in culture medium was quantitated by
HIV antigene detection ELISA. The compounds 9b, 9¢
and 9d were toxic against MT-4 cells at 100, 10 and
10 uM, respectively, but at 10 fold lower concentrations
no activity against HIV-1 was observed. The same
compounds showed no activity against HSV-1 at
non-cytotoxic concentrations at 10, 10 and 100 uM,
respectively.

NMR spectra were recorded on a Bruker 250 FT NMR spectrome-
ter, TMS as internal standard. Mass spectra were recorded on a
Varian Mat 311A spectrometer. FAB mass spectra were recorded on
a Kratos MS-50 spectrometer. The silica gel (0.040—0.063 mm) used
for column chromatography was purchased from Merck.

5-Substituted 1-(2,3,5-Tri-0-benzoyl-a-D-arabinofuranosyluracils
T7a—g and 5'-Substituted 2,3,5-Tri-O-benzoyl-1-O-methyl-1-(ura-
cil-1-yl)-p-arabinitol 9b-g; General Procedure:

A mixture of S-substituted uracil 5a-g (15 mmol), (NH,),SO,
(50 mg) and HMDS (40 mL) was refluxed (140°C) overnight. The
solvent was removed under reduced pressure. The resulting oily
residue of 6a—~g was dissolved in dry MeCN (50 mL), cooled to 0°C
and a solution of methyl 2,3, 5-tri-O-benzoyl-a-p-arabinofuranoside
(3; 58, 10.5 mmol) in dry MeCN (30 mL) was added at 0°C. A
solution of CF,S0,SiMe, (2.85mL, 15.75 mmol) in dry MeCN
(20 mL) was added dropwise and the mixture was stirred at r.t. for
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5 d. The mixture was diluted with CH,Cl, (200 mL), washed with a
cold sat. aq NaHCO, (150 mL), cold H,O (3 x 150 mL) and dried
(Na,S0,). The solvent was removed in vacuo and the residue was
chromatographed on silica gel (100 g) with CHCI, to obtain the
compounds 7a—g and 9b-g.

1-(2,3,5-Tri-O-benzoyl-a--arabinofuranosyl)-5-chlorouracil (7a):
Yield: 5.12 g (80.5 %); mp 102-104°C. :
C30H,3CIN,04-1.5H,0 cale. C 5831 H424 N 4.53
(618.0) found 58.05 3.89 4.40

'H NMR (DMSO-d¢/TMS): 6 = 4.68 2H, d, J = 4.8 Hz, 5'-H),
519 (1H, m, 4-H), 591 (1H, t, J =43 Hz, 3-H), 6.12 (1H, t,
J=4.0Hz, 2-H), 6.30 (1 H, d, J = 3.9 Hz, 1"-H), 7.45-8.05 (15H,
m, H, ), 8.37 (1 H, s, 6-H), 11.89 (1 H, s, NH).

1*C NMR (DMSO-dg/TMS): 6 = 63.88 (C-5'), 76.24 (C-3), 79.38
(C-2), 81.48 (C-4), 90.19 (C-1'), 107.52 (C-5), 128.45, 128.50,
128.61,129.06, 129.11, 129.37, 133.30, 133.60, 133.70(C,,,,.), 138.80
(C-6), 149.48 (C-2), 158 .87 (C-4), 164.60, 164.70, 165.24 (3 x C=O0).
FAB MS (3-nitrobenzyl alcohol): m/z (%) =591 (M + H*, 8).

1-(2,3,5-Tri-O-benzoyl-a-D-arabinofuranosyl )-5-methyluracil (7b):
Yield: 3.75 g (63 %); mp 94-96°C.

'H NMR (DMSO-d,/TMS): § = 1.84 (3H, s, CH,), 470 (2H, d,
J=48Hz 5-H),516(1H, m,4-H),5.92(1 H,t,J = 4.5 Hz, 3-H),
6.08 (1H, t, J=4.0Hz, 2-H), 6.33 (1H, d, J=4.0Hz, 1"-H),
745-8.05(15H, m, H,,..), 7.83 (1 H, s, 6-H), 11.48 (1 H, s, NH).
13C NMR (DMSO0-d,/TMS): 6 = 11.90 (CH,), 64.02 (C-5'), 76.46
(C-3), 79.35 (C-2), 81.23 (C-4'), 89.45 (C-1"), 109.54 (C-5), 128.44,
128.55, 128.65, 129.12, 129.38, 129.41, 133.35, 135.68, 133.76
(Crom)s 137.07 (C-6), 150.39 (C-2), 163.68 (C-4), 164.63, 164.78,
165.30 3 x C=0).

FAB MS (glycerol): m/z (%) =571 (M + H™, 1.5).

1-(2,3,5-Tri-O-benzoyl-o-D-arabinofuranosyl )-5-hexyluracil (7¢):
Yield: 0.43 g (6.4 %).

'H NMR (CDCl,/TMS): 6 = 0.85 (3H, t, J = 6.4Hz, CH,),
1.23-1.46 (8H, m, CH,), 2.25-2.33 (2H, m, CH,), 4.72 (2H, m,
5'-H),4.99 (1 H,m, 4-H), 5.76 (1 H, t,J = 3.2 Hz, 3"-H), 5.96 (1 H, t,
J=29Hz, 2’-H), 6.23 (1H, J = 3.1 Hz, 1'-H), 7.20-8.04 (16 H, m,
6-H, H,...,), 9.30 (1 H, s, NH).

13C NMR (CDCl,/TMS): § = 13.90 (CHj,), 22.40, 26.85, 28.23,
28.78, 31.34 (CH,), 63.66 (C-5), 77.41 (C-3'), 80.42 (C-2'), 83.36
(C-4), 91.25 (C-1"), 115.65 (C-5), 128.26, 128.32, 128.39, 128.49,
128.51, 128.80, 129.71, 129.88, 133.16, 133.48, 133.72, 133.78
(C,rom)> 135.56 (C-6), 150.04 (C-2), 163.32 (C-4), 165.08, 165.23,
165.98 3 x C=0).

FAB MS (glycerol): m/z (%) = 641 (M + H*, 1.5).

1-(2,3,5-Tri-O-benzoyl-a-p-arabinofuranosyl )-5- (4-benzylpiperazi-
no)uracil (7d): Yield: 5.21 g (68 %); mp 109-111°C.

'H NMR (DMSO-d,/TMS): § = 2.41 (4H, m, CH,), 2.87 (4H, m,
CH,), 343 (1H, d, J = 9.3 Hz, CH,Ph), 3.50 (1 H, d, J = 9.3 Hz,
CH,Ph), 3.67 2H, d, J = 4.6 Hz, 5-H), 5.10 (1 H, m, 4-H), 5.87
(1H,t,J = 3.8 Hz, 3-H),6.09 (1 H,t,J = 3.6 Hz, 2"-H), 6.30 (1 H, d,
J=3.7Hz, 1"-H), 7.07 (1 H, s, 6-H), 7.27-8.03 20H, m, H_,..),
11.48 (1 H, s, NH).

13C NMR (DMSO-dg/TMS): 6 = 49.34 (CH,), 52.10 (CH,), 61.78
(NCH,Ph), 63.58 (C-5), 77.15 (C-3'), 79.90 (C-2), 81.27 (C4),
90.20 (C-1"), 125.05 (C-5), 126.67, 127.34, 127.90, 128.42, 128.44,
128.57,128.60, 129.02, 129.10, 129.27,129.31, 133.25,133.51, 133.64
(Cprom)s 137.95 (C-6), 149.15 (C-2), 160.24 (C-4), 164.62, 164.88,
165.23 3 x C=0).

FAB MS (glycerol): m/z (%) =731 (M + H", 72).

1-(2,3,5-Tri-O-benzoyl-a-D-arabinofuranosyl )-5- (4-methylpiperazi-
nomethyljuracil (7e¢): Yield: 6% (from 'H NMR of 7e + 9e).

'H NMR (CDCly/TMS): § = 2.21 (3H, 5, CH;),2.36-2.47 8 H, m,
CH,), 3.30 (2H, d, J = 2.0 Hz, CH,), 4.71-4.74 (2H, m, 5'-H),
4.97-4.99 (1 H, m,4-H),5.78 A1 H, t,J = 3.8 Hz, 3'-H), 5.99 (1 H, t,
J=32Hz2-H),6.18(1H,d,J = 3.4Hz,1'H),7.26-8.10 (16 H, m,
6'H’ Harom)‘
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13C NMR (CDCl,/TMS): § = 45.61 (CH3;), 52.59 (2 x CH,), 52.92
(CH,), 54.79 (2 x CH,), 63.88 (C-5), 77.41 (C-3'), 80.48 (C-2"), 83.31
(C-4), 91.75 (C-1'), 111.11 (C-5), 128.35, 128.54, 129.36, 129.61,
129.70, 129.78, 129.90, 133.17, 133.41, 133.79 (C,,..), 138.51 (C-6),
149.96 (C-2), 163.07 (C-4), 165.25, 165.37, 165.97 (3 x C=0).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 669 (M + H*, 16).

1-(2,3,5-Tri-O-benzoyl-a-D-arabinofuranosyl )-5-[4- (2-hydroxy-
ethyl) piperazinomethylluracil (71): Yield: 0.8% (from 'H NMR of
71 + 9f).

'H NMR (CDCI,/TMS): § = 2.28-2.48 (10 H, m, CH,),3.25(2H,
br s, CHy), 3.57 (2H, t, J = 5.7 Hz, CH,OH), 4.71-4.75 (2H, m,
5-H), 4.95-5.0 (1H, m, 4-H), 5.78 (1 H, t, J = 4.1 Hz, 3-H), 5.98
(1H,t,J =3.2Hz 2-H),6.18 (1 H, d, J = 3.2 Hz, 1"-H), 7.26-8.10
(16H, m, 6-H, H,, ).

13C NMR (CDCl,/TMS): § = 52.43 (4 < CH,), 52.60 (CH,N),
57.24, 59.06 (CH,CH,0OH), 63.84 (C-5"), 77.42 (C-3'), 80.48 (C-2)),
83.29 (C-4), 91.81 (C-1), 110.77 (C-5), 128.28, 128.49, 128.84,
129.61,129.69, 129.75, 129.89, 132.99, 133.19, 133.44 (C,,,..), 136.78
(C-6),149.89 (C-2), 163.04 (C-4), 165.08, 165.37,166.22 (3 x C=0).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 699 (M + H", 3).

1-(2,3,5-Tri-O-benzoyl-a-D-arabinofuranosyl)-5-(4-benzylpiperazi-
nomethyl)uracil (1g): Yield: 33 mg (0.4%).

'H NMR (CDCl,/TMS): § = 2.38-2.51 (8 H, m, CH,,), 3.20-3.35
(2H, m, CH,N), 3.42 (2H, s, NCH,Ph), 4.70-4.73 (2H, m, 5-H),
4.96-5.01 (1H, m,4-H),5.78 (1 H, t,J = 3.8 Hz, 3-H), 6.00 (1 H, t,
J=34Hz 2-H), 6.16 (1H, d, J = 3.3 Hz, 1"-H), 7.22-8.11 21H,
m, 6-H, H, ).

13C NMR (CDCl,/TMS): § = 52.66, 52.81 (CH,), 62.71
(NCH,Ph), 63.86 (C-5), 77.11 (C-3'), 80.51 (C-2), 83.33 (C-4),
91.89 (C-1), 111.00 (C-5), 126.88, 128.04, 128.34, 128.51, 129.00,
129.36,129.69, 129.78, 129.89, 133.15, 133.75, 137.89 (C, ), 138.63
(C-6),149.93 (C-2),163.15(C-4), 165.23,165.37,165.97(3 x C=Q).
FAB MS (3-Nitrobenzyl alcohol): m/z (%) = 745 (M + H™, 48).

2,3,5-Tri-O-benzoyl-1-O-methyl-1-( 5-methyluracil- 1-yl )-D-arabini-
tol (9b): Yield: 0.42 g (3.3%); mp 97°C.

C;,H;30N,0,,:0.5H,0 cale. C62.84 HS5.11 N4.58
(611.6) found 62.90 5.26 4.34

'H NMR (DMSO-d,/TMS): 6 = 1.78 (1H, s, CH,), 3.34 3H, s,
OCH,), 3.08—-4.13 (1 H, m, 4-H), 427 (1H, dd, J = 11.7, 5.2 Hz,
5-H),4.40(1 H,dd,J = 11.5,3.5 Hz, 5'-H), 5.69-5.91 (4H, m, 1"-H,
2-H, 3'-H, 4-0H), 7.45-8.1 (16 H, m, 6-H, H 11.17 (1H, s,
NH).

13C NMR (CDCl,/TMS): § = 12.30 (q, CH,), 57.1 (g, OCH,),
65.53 (1, C-5"), 68.18, 70.79, 71.10 (3 x d, C-2', C-3', C-4), 83.65 (d,
C-1),111.76 (s, C-5), 128.08, 128.21, 128.59, 128.61, 128.77, 129.49,
129.65, 129.84, 129.94, 133.02, 133.92, 134.41 (C,,,.), 133.61 (ddq,
C-6), 151.08 (s, C-2), 163.23 (s, C-4), 165.34, 165.89, 166.60
(3xC=0).

FAB MS (glycerol): m/z (%) = 603 (M + H",1)

amm)’

2,3,5-Tri-O-benzoyl-( 5-hexyluracil-1-yl )- 1-O-methyl-D-arabinitol
(9¢): The more polar compound; yield: 0.193g (2.7%); mp
123-124°C.

Cy,H,oN,0,, cale. C 6606 H599 N 4.16
(672.7) found 6592 599  4.17

'H NMR (CDCL,/TMS): & = 0.81 (3H, t, J=6.8Hz, CH,),
1.03-1.24 8H, m, CH,), 1.95-2.00 2H, m, CH,), 3.29 3H, s,
OCH,), 3.97 (1 H, d, J = 5.5 Hz, 4-OH), 4.27 (1 H, m, 4-H), 4.37
(1H, dd, J = 11.7, 5.4 Hz, 5-H), 4.60 (1 H, dd, J = 11.6, 2.7 Hz,
5-H), 5.81 (1 H, dd, J = 8.8, 4 Hz, 3-H), 5.94 (1H, t, J = 3.9 H,
2-H), 6.10 (1 H, d, J = 3.2 Hz, 1"-H), 7.08 (1 H, 5, 6-H), 7.33-8.04
(15H, m, H,,,), 9.28 (1 H, s, NH).

13C NMR (CDCL,/TMS): 8 = 13.89 (CH,), 22.32, 26.45, 27.84,
28.68, 31.24 (CH,), 57.25 (OCH,), 65.62 (C-5"), 68.53, 70.51, 71.76
(C-2, C-3, C-4'), 85.65 (C-1'), 115.74 (C-5), 128.21, 128.31, 128.46,
129.26,129.45, 129.66, 129.83, 132.99, 133.20, 133.63 (C, o), 133.93
(C-6), 150.75 (C-2), 163.12 (C-4), 165.38, 165.63, 166.56 (3 x C=0).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 673 (M + H™, 11).
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The less polar compound, yield: 2.34 g (33 %); mp 140-142°C.

C, H,N,0,, cale. C66.06 HS599 N 416
(672.7) found 6610 579  4.14

'H NMR (CDCl,/TMS): § = 0.88 (3H, t, J = 6.3 Hz, CH;),
1.26-1.45 [8 H, m, (CH,),], 2.21-2.28 2H, m, CH,), 3.33 3H. s,
OCH,), 3.58 (1 H, s, 4-OH), 4.37 (1 H, dd, J = 11.9, 5.6 Hz, 5-H),
455(1H,dd,J = 11.9,2.9 Hz, 5-H), 5.78-5.94 3H, m, 1"-H, 2"-H,
3-H), 718 (1 H, s, 6-H), 7.36-8.11 (15H, m, H,,,,.), 8.50 (1 H, s,
NH).

13C NMR (CDCl,/TMS): & = 13.96 (CH,), 22.45, 26.68, 28.10,
28.65, 31.44 (CH,), 57.08(OCH,), 65.48 (C-5"), 68.13, 70.72, 71.00
(C-2, C-3', C-4'), 83.52 (C-1"), 116.23 (C-5), 128.0, 128.23, 128.60,
128.62,128.73,129.46, 129.65, 129.86, 129.94, 133.05, 133.64, 133.98
(Cron)s 134.14 (C-6), 150.98 (C-2), 162.78 (C-4), 165.36, 166.91,
166.62 (3 x C=0).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 673 (M +H™*, 7).

arom

2,3,5-Tri-O-benzoyi-1-[5-(4-benzylpiperazino Juracil-1-yl}-1-O-meth-
yl-D-arabinitol (9d): Yield: 0.19 g (2.4 %); mp 103-107°C.
C,,H N, O - 0.5H,0 cale. C6536 HS5.62 N7.26
(771.8) found 65.49 5.61 6.99

'H NMR (CDCl,/TMS): § = 2.56 (4 H,s,CH,),2.84-3.00 (4 H, m,
CH,), 3.30 (3H, s, OCH,), 3.53 3 H, 5, 4-OH, CH,Ph),4.12 (1 H,
m, 4-H), 435 (1H, dd, J=11.9, 5.6 Hz, 5-H), 4.54 (1 H, dd,
J=11.9, 3.0 Hz, 5-H), 5.77-5.94 (3H, m, 1-H, 2'-H, 3'-H), 7.25
(1H, s, 6-H), 7.24-8.07 (20H, m, H,,,), 8.10 (1 H, s, NH).

13C NMR (CDCl,/TMS): § = 49.81 (CH,), 52.33 (CH,), 57.00
(OCH,), 62.62 (NCH,Ph), 65.45 (C-5"), 68.05, 70.66, 70.80 (C-2/,
C-3',C-4'), 83.66 (C-1"), 122.09 (C-5), 126.98, 128.01, 128.08, 128.18,
128.55, 128.71, 128.74, 129.08, 129.43, 129.60, 129.82, 129.91,
132.97, 133.55, 133.85 (C,,om)» 137.54 (C-5), 149.98 (C-2), 160.02
(C-4), 165.33, 165.75, 166.55 3 x C=0).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 763 (M + H™*, 48).

2,3,5-Tri-O-benzoyl-1-O-methyl-1-[5-(4-methylpiperazinomethyl )-
uracil-1-ylj-D-arabinitol (9e): The more polar compound; yield:
3.4% (from 'H NMR of 7e + 9e).

'"HNMR (CDCl;/TMS): § = 2.19(3H, s, CH,),2.38-2.48 (§ H, m,
CH,),3.33(3H,s,0CH,),4.31-4.37(2H, m, 5-H), 4.51-4.56 (1 H,
m, 4-H), 5.74-6.01 (3H, m, 1"-H, 2'-H, 3'-H), 7.31 (1 H, s, 6-H),
7.35-8.11 (16H, m, H,_ ).

13C NMR (CDCl3/TMS): § = 45.60 (CH,), 52.33 (2 x CH,), 52.82
(CH,), 54.46 (2 x CH,), 57.12 (OCH,), 65.34 (C-5), 69.80, 70.85,
71.46 (C-2', C-3', C-4'), 85.66 (C-1"), 110.88 (C-5), 128.28, 128.36,
128.54,129.36,129.47,129.71,129.91, 132.99, 133.44 (C,_,.), 136.72
(C-6),150.37(C-2), 162.78 (C-4), 165.09, 165.98, 166.23 (3 x C=0).

The less polar compound; yield: 2.7 g (37%); mp 110-112.5°C.

C3,HyoN,O,0-0.5H,0 cale. C62.61 H582 N7.89
(709.8) found 6248 569  7.40

'H NMR (CDCl,/TMS): § = 225 (3 H, s, CH,), 2.47 8 H, s, CH,),
3.17-3.28 (6H, m, 4-OH, OCH,, CH,), 4.24-4.46 3H, m, 4-H,
5-H), 5.80-5.86 (3 H,m, I"-H, 2-H, 3-H), 7.37-8.13 (16 H, m, 6-H,
Harom)'

13C NMR (CDCI,/TMS): § = 45.46 (CH.,), 52.55 (2 x CH,), 53.06
(CH,), 54.71 (2 x CH,), 56.99 (OCH,), 65.58 (C-5"), 69.12, 69.90,
71.27 (C-2/, C-3, C-4), 83.73 (C-1"), 111.50 (C-5), 127.03, 128.21,
128.51, 128.55, 128.99, 129.56, 129.73, 129.83, 132.91, 133.49
(Cyrom)» 136.98 (C-6), 150.96 (C-2), 163.01 (C-4), 164.68, 165.37,
166.10 (3 x C=0).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 701 (M +H™, 100).

2,3,5-Tri-O-benzoyl-1-( 5-[4-( 2-hydroxyethyl) piperazinomethyllura-
cil-1-yl)- 1-O-methyl-p-arabinitol (9f): The more polar compound;
yield: 0.7% (from 'H NMR of 7e + 9f).

'H NMR (CDCl,/TMS): 6 = 2.28-2.48 (10H, m, CH,), 3.30-3.37
(6H, m, 4-OH, CH,, OCH,), 3.52-3.59 (3H, m, CH,0H),
4.31-4.57(3H,m, 4'-H, 5-H), 5.77-5.79 (1 H, m, 3-H), 6.02 (1 H, t,
J=3.5Hz,2-H), 6.18 (1H, d, J = 3.4 Hz, 1-H), 7.31-8.10 (16 H,
m, 6-H, H

arom/*
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13C NMR (CDCL,/TMS): § = 52.60 (4 x CH,), 52.90 (CH,N),
57.56, 57.62, 58.99 (CH,CH,OH, OCH,), 65.32(C-5), 69.79, 70.88,
71.46 (C-2, C-3, C-4), 85.72 (C-1'), 110.92 (C-5), 128.35, 128.54,
128.84, 129.43, 129.69, 129.75, 129.89, 132.99, 133.14, 133.8 (C,;om)>
136.78 (C-6), 150.32 (C-2), 162.75 (C-4), 165.10, 165.37, 166.21
(3xC=0).

FAB MS (3-nitrobenzyl alcohol): mjz (%) =731 (M + H*, 1.3).
The less polar compound; yield: 3.7 g (48 %); mp 127-129°C.
CysH,,N,O,, - 0.25H,0 cale. C62.07 HS576 N 7.62

"(735.3) found 62.55 591 7.08

'H NMR (CDCl,/TMS): § = 2.04-2.56 (10 H, m, CH,), 3.20-3.33
(6H, m, 4-OH, CH,, OCH,), 3.61 (3H, t, J = 5.2 Hz, CH,OH),
4.09-4.15(1 H, m,4-H),4.36 (1 H, dd, J = 11.7, 5.7 Hz, 5'-H), 4.54
(1H, dd, J = 11.8, 2.8 Hz, 5-H), 5.80-5.94 (3H, m, 1"-H, 2"-H,
3'-H), 7.33-8.12 (16 H, m, 6-H, H,,,.).

13C NMR (CDCl,/TMS): 6 = 52.43 (4 x CH,), 52.75 (CH;N),
57.14,57.56, 58.98 (CH,CH,OH, OCH3,), 65.48 (C-5), 67.85, 70.77,
70.90 (C-2, C-3', C-4'), 83.55 (C-1"), 111.51 (C-5), 127.89, 128.21,
128.60,128.67,129.39, 129.61, 129.84, 129.88, 133.18, 133.66, 134.03
(C,rom)> 137.04 (C-6), 150.85 (C-2), 162.73 (C-4), 165.34, 165.84,
166.57 (3 x C=0).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 731 (M + H™, 68).
2,3,5-Tri-O-benzoyl-1-[5-(4-benzylpiperazinyl) methyluracil-1-yl}- 1-
O-methyl-D-arabinitol (9g): Yield: 27 mg (0.3 %).

'H NMR (CDCl,/TMS): 6 = 2.47(8 H,s,CH,),3.22-3.51 8 H, m,
4-0OH, NCH,, OCH,, CH,Ph),4.10-4.15(1 H, m, 4-H),4.37 (1 H,
dd, J =119, 5.7Hz, 5-H), 5.54 (1H, dd, J = 11.9, 2.9 Hz, 5-H),
5.79-5.94 (3H, m, 1'-H, 2'-H, 3-H), 7.25-8.11 21 H, 6-H, H,,..).
13C NMR (CDCl,/TMS): § = 52.58 (NCH,), 52.80 (CH,N), 57.14
(OCH,), 62.72 (NCH,Ph), 65.51 (C-5'), 68.06, 70.84, 71.04 (C-2',
C-3,C-4),83.68 (C-1), 111.75 (C-5), 126.90, 127.97, 128.07, 128.22,
128.60, 128.64, 128.78, 129.00, 129.50, 129.65, 129.86, 130.73,
133.03, 133.18, 133.98, 137.01 (C,,,.), 137.98 (C-6), 150.87 (C-2),
162.62 (C-4), 165.37, 165.89, 166.58 (3 x C=0).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 777 (M + H™, 100).

1-(x-D-Arabinofuranosyl)-5-chlorouracil (8 a); Typical Procedure for
Deprotection of 7a—d:

Compound 7a (4 g, 6.78 mmol) was dissolved in a sat. solution of
NH; in MeOH (100 mL) and stirred at r.t. for 24 h. The solvent was
removed in vacuo and the residue was chromatographed on silica gel
with CH,Cl,/MeOH (95:5, v/v) to obtain compound 8a as a
hygroscopic foam,; yield: 1.73 g (92 %).

CoH,,CIN,O¢ - 0.5H,0 calc. C37.58 H4.20 N9.20
(287.7) found 37.81 4.45 9.70

'H NMR (DMSO-d,/TMS): § = 3.47-3.59 (2H, m, 5-H), 3.95
(1H,s,3-H),4.12-4.22(2H, m, 2"-H, 4-H), 494 (1 H, br s, 5-OH),
545 (1H, br s, 3-OH), 572 (2H, 2xd, J=4.8, 1.9Hz, 1'-H,
2'-OH), 8.03 (1 H, s, 6-H), 11.85 (1 H, s, NH).

13C NMR (DMSO-d,/TMS): § = 61.12 (C-5), 74.98 (C-3), 79.52
(C-2), 87.55 (C-4), 91.18 (C-1"), 106.63 (C-5), 138.53 (C-6), 149.51
(C-2), 158.93 (C-4).

EI MS: m/z (%) = 278 (M*, 2.5).

I-(a-D-Arabinofuranosyl)-5-methyluracil (8b). Compound 7b
(5.34 g, 9.37 mmol) yielded compound 8b as a hygroscopic foam;
yield: 1.86 g (77 %).

'H NMR (CD,0D/TMS) data were identical with those previously
reported.®-2!

13C NMR (DMSO-d,/TMS): 6 = 11.99 (CH,), 61.13 (C-5), 74.72
(C-3), 79.15 (C-2'), 85.77 (C-4"), 89.31 (C-1"), 109.00 (C-5), 136.92
(C-6), 150.59 (C-2), 163.75 (C-4).

El MS: m/z (%) = 258 (M*, 10.5).

I-(o-D-Arabinofuranosyl )-5-hexyluracil (8c): Compound 7¢ (0.33 g,
0.516 mmol) afforded 8c¢; yield: 0.130 g (77 %).

CysHp4N,Oq - 1.5H,0 cale. C50.70 H 6.81 N 7.88

(355.4) found 50.48 7.03 7.65

'H NMR (DMSO-d,/TMS): § = 0.86 (3H, t, J = 6.3 Hz, CH,),
1.26-1.41 (8H, m, CH,), 2.20 2 H, t, J = 6.9 Hz, CH,), 3.44-3.58
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(2H, m, §-H), 3.92 (1H, s, 3-H), 4.07-4.12 2H, m, 2-H, 4-H),
492 (1H, s, 5-OH), 5.45 (1 H, s, 3-OH), 5.66 (1 H, d, J = 4.9 Hz,
2-OH),5.73(1H,d,J = 4.5Hz,1-H), 7.53 (1 H, 5, 6-H), 11.18 (1 H,
s, NH).

13C NMR (DMSO-d,/TMS): 5 = 13.86 (CH,), 21.96, 26.15, 28.09,
28.15, 30.96 (CH,), 61.21 (C-5), 75.02 (C-3), 79.37 (C-2'), 86.31
(C-4'), 89.80 (C-1), 113.27 (C-5), 137.04 (C-6), 150.47 (C-2), 163.40
(C-4).

EI MS: m/z (%) = 328 (M", 8).

I-{0-D-Arabinofuranosyl )-5-(4-benzylpiperazino Juracil (8#): Com-
pound 7d (2.26 g, 3.09 mmol) afforded the title compound 8d as a
white solid; yield: 1.08 g (83 %), mp 94.3-96.6°C.

CyoHp6N,Og - 2H,0 cale. C 52.86 H 6.65 N 12.33

(454.5) found 53.27 6.30 12.47

'H NMR (DMSO-dg/TMS): § = 2.46 (4H, s, CH,), 2.85 (4H, s,
CH,), 3.50 (4H, s, 5'-H, CH,Ph), 4.10 (1 H, s, 3"-H), 4.12 (2H, m,
2'H, 4-H), 497 (1H, s, 5-OH), 5.53 (1 H, s, 3-OH), 5.75 (1 H, d,
J=45Hz, 2-OH), 5.80 (1H, d, J=43Hz 1-H), 711 (1H, s,
6-H), 7.25-7.33 (5H, m, H,,,.), 11.34 (1H, s, NH).

13C NMR (DMSO-d/TMS): § = 49.62 (CH ), 52.32 (CH,), 61.29,
61.94 (C-5', CH,Ph), 75.59 (C-3), 79.77 (C-2'), 87.10 (C-4'), 90.58
(C-1'), 125.42 (C-5), 125.42, 126.93, 128.15, 128.80, 138.1 (C-6,
Carom)s 149.41 (C-2), 160.44 (C-4).

EI MS: m/z (%) = 418 (M*, 12).

1-0-Methyl-1-(5-methyluracil-1-yl)-D-arabinitol (10b); Typical Pro-
cedure for Preparation of 10b—f:

Compound 9b (0.15 g, 0.25 mmol) was dissolved in a sat. solution of
NH; in MeOH (10 mL) and stirred at r.t. for 24 h. The solvent was
removed in vacuo and the residue was chromatographed on silica gel
with CH,Cl,/MeOH (95:5, v/v) to obtain the pure compound 10b;
yield: 60 mg (82 %).

'H NMR (DMSO0-d,/TMS): § = 1.79(3H, s, CH,),3.16-3.57(7TH,
m, 3-H, 4-H, 5-H, OCH,), 3.81-3.86 (1H, m, 2"-H), 4.27-4.35
(2H, m, 3-OH, 5-OH), 4.51 (1 H, d, J = 5.4 Hz, 4-OH),4.92 (1 H,
d, J=69Hz 2-OH), 547 (1H,d, J=6.2Hz, 1"-H), 735 (1 H, s,
6-H), 11.30 (1 H, s, NH).

13C NMR (DMSO-dg/TMS): 6 = 12.20(CH,), 56.18 (OCH ), 63.17
(C-5),69.94,70.43,70.98 (C-2', C-3', C-4), 86.5 (C-1"), 109.18 (C-5),
135.57 (C-6), 151.12 (C-2), 163.84 (C-4).

EI MS: m/z (%) = 290 (M*, 0.8).

HRMS: m/z, CoH,;N, O, calc.: 290.1114; found: 290.1107.

1-(5-Hexyluracil-1-yl)-1-O-methyl-D-arabinitol (10¢c): 9¢ (the less
polar compound) (2 g, 2.98 mmol) afforded 10¢ as a white solid;
yield: 0.92 g (86 %); mp 108-110°C.

C,6H,3N,0, cale. C53.32 H783 N7.77

(360.4) found 53.33 7.80 7.40

'H NMR (DMSO0-d,/TMS): 6 = 0.86 (3H, t, J = 6.3 Hz, CH,),
1.25-1.41 (8H, m, CH,), 2.17-2.23 (2H, m, CH,), 3.18-3.55(7H,
m, ¥-H, 4-H, 5-H, OCH,), 3.82-3.87 (1H, m, 2'-H), 4.23-4.30
(2H,m, 3-0OH, 5-0H), 4.45(1 H, d, J = 5.4 Hz, 4-OH), 4.87 (1 H,
d,J=70Hz 2-OH), 548 (1H,d, J=6.0Hz, 1"-H), 7.25 (1 H, s,
6-H), 11.23 (1 H, s, NH).

13C NMR (DMSO-d,/TMS): 6 = 13.78 (CH,), 21.89, 26.09, 27.82,
27.96, 30.89 (CH,), 56.03 (OCH,), 63.16 (C-5'), 70.06, 70.47, 71.00
(C-2, C-3, C-4), 86.44 (C-1"), 113.17 (C-5), 136.44 (C-6), 150.88
(C-2), 163.23 (C-4).

EI MS: m/z (%) = 360 (M*, 0.7).

I-[5-(4-Benzylpiperazino )uracil-1-yl ]-1-O-methyl-D-arabinitol
(104): Yield: 20 mg (56 %).

'H NMR (CD,OD/TMS): § = 2.71 (4H, brs, CH,), 3.08 (4 H, brs,
CH,),3.39-3.41 (1 H,m, 3-H), 3.45(3H,5,0CH,), 3.68-3.91 (5 H,

m, 4-H, 5'-H, CH,Ph), 4.10 (1 H, d, J = 8.5Hz, 2"-H), 5.76 (1 H, d, |

J = 8.5Hz, 1-H), 7.03 (1 H, s, 6-H), 7.35-7.40 (SH, m, H,,op)-
13C NMR (CD,0D/TMS): § = 51.19 (CH,), 54.05 (CH,), 57.38
(OCH,), 64.14 (CH,Ph), 65.01 (C-5'), 71.30, 71.51, 72.93 (C-2, C-3',
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C-4), 88.03 (C-1'), 125.86 (C-5), 128.79, 129.64, 130.03, 131.01
(Coron), 138.43 (C-6), 153.66 (C-2), 163.5 (C-4).
El MS: m/z (%) = 450 (M*, 0.3).

1-O-Methyl-1-[5-(4-methylpiperazinomethyl Juracil-1-yl)-D-arabini-
tol (10e): 9e (the less polar compound) (2 g, 2.85 mmol) afforded
10e; yield: 0.87 g (79 %).

'H NMR (CD,OD/TMS): é = 2.33 (3H, s, CH;), 2.60 (8H, br s,
CH,), 3.37-3.45 (6 H, m, 3-H, CH,, OCH,), 3.71-3.90 (3H, m,
4-H, 5-H),4.08 (1H,d,J=8.3Hz 2-H),580 (1 H,d,J = 8.3 Hz,
1'-H), 7.65 (1 H, s, 6-H).

13C NMR (CD,0D/TMS): § = 46.23 (CH,); 53.27 (CH,), 54.15
(CH,N), 55.87 (CH,), 57.29 (OCH,), 65.26 (C-5), 71.43, 71.61,
72.69 (C-2', C-3', C-4), 87.85 (C-1'), 111.25 (C-5), 141.58 (C-6),
154.80 (C-2), 166.91 (C-4).

El MS: m/z (%) = 388 (M*, 0.4).

HRMS: m/z, C,¢H,4N,O,, calc.: 388.1958; found: 388.1963.

1-(5-[4-(2-Hydroxyethyl ) piperazinomethyljuracil-1-yl )-1-O-meth-
yl-D-arabinitol (10f): 91 (the less polar compound) (2 g, 2.74 mmol)
afforded 10f; yield: 0.95 g (83 %).

'H NMR (CD,OD/TMS): § = 2.60-2.69 (10H, m, CH,,
CH,CH,0H), 3.39~3.46 (6 H, m, 3-H, NCH,, OCH,), 3.72-3.93
(5H, m, 4-H, 5-H, CH,0H), 3.95 (1 H, d, J = 8.3 Hz, 2"-H), 5.70
(1H, d, J=8.4Hz, 1-H), 7.67 (1 H, s, 6-H).

13C NMR (CD,0D/TMS): § = 53.45 (CH,), 54.15 (NCH,), 54.51
(CH,), 57.29 (OCH,), 60.10, 61.52 (CH,), 65.33 (C-5"), 71.45, 71.67,
72.77 (C-2, C-3, C-4'), 87.87 (C-1"), 111.23 (C-5), 141.79 (C-6).
154.08 (C-2), 166.08 (C-4).

5-Substituted a-D-Arabinofuranosyl-4-thiouracils 14a,b,d; General
Procedure:

A mixture of 7a,b,d (0.88 mmol) in dry toluene (30 mL) was treated
with Lawesson’s Reagent (0.18 g, 0.45 mmol) and the resulting
solution was heated at 80°C with stirring for 4-15 h under N,. The
solvent was removed in vacuo and the residue purified by chroma-
tography on silica gel with CHCI; to give the pure compounds
144, b, d as yellow solids.

1-(2,3,5-Tri-O-benzoyl-a-D-arabinofuranosyl )-5-chloro-4-thiouracil
(14a): Yield: 0.38 (74 %); mp 113—-115°C.

C3oH,3CIN,04S calc. C59.36 H3.82 N 4.61

(607.0) found 59.33 3.97 4.45

'H NMR (CDCl,/TMS): 6 = 4.65 (1 H,dd, J = 11.9, 5.0 Hz, 5'-H),
479 (1H,dd, J = 11.9, 6.3 Hz, 5-H), 4.99-5.05 (1 H, m, 4-H), 5.76
(1H,t,J = 2.5 Hz, 3-H), 5.89 (1 H, t,J = 2.3 Hz,2"-H), 6.23 (1 H, d,
J=25Hz, 1-H), 7.26 (1H, s, 6-H), 7.37-8.11 (16H, m, 6-H,
H,,.0)s 975 (1 H, s, NH).

13C NMR (CDCI,/TMS): § = 63.50 (C-5'), 77.03 (C-3'), 80.54
(C-2), 84.70 (C-4), 91.94 (C-1), 118.99 (C-5), 128.19, 128.25,
128.54, 128.77, 128.88, 129.34, 129.86, 130.17, 132.54, 133.44,
134.11, 134.15 (C-6, C,,), 146.49 (C-6), 165.02, 165.20, 166.09
(3 x C=0), 184.60 (C-4).

IR (KBr): v = 1178 cm ™! (C=5).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 607 (M + H™, 17).

1-(2,3,5-Tri-O-benzoyl-a-D-arabinofuranosyl )-5-methyl-4-thiouracil
(14b): Yield: 0.43 g (84 %); mp 103-105°C.

'H NMR (CDCI,/TMS): § = 2.07 (3H, s, CH,;), 4.67 (1H, dd,
J=11.9, 49Hz, 5-H), 477 (1H, dd, J =119, 6.0Hz, 5-H),
4.98-5.04(1H, m,4-H),5.76 (1 H,t,J = 2.8 Hz, 3"-H), 5.95 (1 H, t,
J=26Hz2-H),622(1H,d,J=2.7Hz 1-H),7.39 (1H,s, 6-H),
7.41-8.11 (15H, m, H,, ), 9.91 (1 H, s, NH).

13C NMR (CDCl,/TMS): 6 = 17.12 (CH,), 63.58 (C-5), 77.14
(C-3"), 80.33 (C-2)), 83.97 (C-4), 91.59 (C-1), 119.36 (C-5), 128.21,
128.21, 128.35, 128.55, 128.60, 129.28, 129.70, 129.93, 131.79,
133.21, 133.86 (C-6, C,,,m), 147.44 (C-2), 165.00, 165.07, 165.97
(B3 x C=0), 190.44 (C-4).

IR (KBr): v = 1179cm™~* (C=8).

EI MS: m/z (%) = 586 (M, 0.3).

Downloaded by: National University of Singapore. Copyrighted material.



December 1992

1-(2,3,5-Tri-O-benzoyl-a-D-arabinofuranosyl )-5- (4-benzylpiperazi-
10 )-4-thiouracil (14d): Yield: 0.22 g (43%); mp 105-108 °C.
"HNMR (CDCl;/TMS): § = 2.52(4H, brs, CH,), 2.88-2.97 (4H,
m,CH,),3.40(1H,d,J = 7.8 Hz, CH,Ph),3.51 (1H,d,J = 7.8 Hz,
CH,Ph), 4.66 (1H, dd, J=11.9, 48 Hz, 5-H), 475 (1H, dd,
J=119, 5.7Hz, 5-H), 4.95-498 (1H, m, 4-H), 5.72 (1H, t,
J=29He, 3-H), 591 (1H, t, J=2.6Hz, 2-H), 6.20 (1H, d,
J=29Hz, 1'-H), 6.90 (1 H, s, 6-H), 7.28-8.09 20H, m, H,_.).
'>C NMR (CDCI,/TMS): § = 50.86 (CH,), 52.66 (CH,), 62.72
(NCH,Ph), 63.49 (C-5), 77.52 (C-3'), 80.54 (C-2), 83.78 (C-4),
91.79 (C-1"), 123.76 (C-5), 127.00, 128.11, 128.18, 128.29, 128.35,
128.52, 128.58, 129.17, 129.22, 129.70, 129.91, 133.121, 133.78,
133.82, 165.96 (C,,,.,), 137.81 (C-6), 146.28 (C-2), 165.05, 165.30,
165.96 (3 x C=0), 186.51 (C=8).

IR (KBr): v = 1178 cm ™! (C=8).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 747 (M + H*, 20).

1-(a-D-Arabinofuranosyl)-5-chloro-4-thiouracil (15a); Typical Proce-
dure:

The compound 14a (0.18 g, 0.305 mmol) was dissolved in sat.
solution of NH, in MeOH (10 mL) and stirred at r. t. for 24 h. The
solvent was removed in vacuo and the residue chromatographed on
silica gel with CH,Cl,/MeOH (95: 5, v/v) to give the title compound
15a as a yellow solid; yield: 0.06 g (67 %); mp 122—124°C.
CoH,,CIN,0,S-1H,0 calc. C 3457 H4.19 N 8.96
(312.73) found 34.41 3.73 8.50

'"H NMR (DMSO-d,/TMS): § = 3.54 (2H, s, 5-H), 395 (1H, s,
3-H), 4.16, 4.27 (2H, 2 x5, 2"-H, 4-H), 5.03 (1 H, s, 5-OH), 5.47
(1H,s,3-OH), 5.67 (1 H, s, 2-OH), 5.80 (1 H, 5, 1'-H), 8.05 (1H,s,
6-H), 13.10 (1 H, s, NH).

>C NMR (DMSOQ-d,/TMS): § = 61.18 (C-5), 75.04 (C-3"), 79.51
(C-2), 88.78 (C-4), 92.27 (C-1'), 116.37 (C-5), 135.45 (C-6), 147.03
(C-2), 185.30 (C=S).

IR (KBr): v = 1200 cm ™! (C=S8).

EI MS: m/z (%) = 294 (M*, 0.9).

I-(a-D-Arabinofuranosyl )-5-methyl-4-thiouracil (15b). The com-
pound 14b (0.25 g, 0.427 mmol) was treated with NH; in MeOH
(15 mL) as described for 15a to afford the title compound 15b as a
yellow gum; yield: 0.10 g (85%).

C1oH,4N,058 - 0.5H,0 calc. C4240 H 534 N 9.89
(383.3) found 42.77 5.40 9.98
'HNMR (DMSO0-dg/TMS): 6 = 1.99(3H, s, CH,), 3.44-3.60(2H,
m, 5-H), 3.92-3.97 (1 H, m, 3-H), 4.05-4.22 (2H, m, 2'-H, 4-H),
492 (1H,t, J=54Hz, 5-OH), 5.40 (1H, d, J = 4.0 Hz, 3'-OH),
5.69 (2H, m, 1"-H, 2"-OH), 7.7 (1 H, s, 6-H), 12.65 (1 H, s, NH).
">C NMR (DMSO-dy/TMS): § = 16.63 (CH,), 61.12 (C-5'), 74.76
(C-3), 79.35 (C-2)), 86.93 (C-4), 90.61 (C-1), 117.21 (C-5), 134.11
(C-6), 147.84 (C-2), 190.64 (C=S).

IR (KBr): v = 1205em ™! (C=S).

EI MS: m/z (%) = 274 (M*, 1.4).

1-(a-D-Arabinofuranosyl )-5-( 4-benzylpiperazino )-4-thiouracil (15d):
In the same manner as described for the preparation of compound
15a. The compound 14d (0.10 g, 0.134 mmol) was treated with NH,
in MeOH (15 mL) to afford the title compound 15d as a yellow solid;
yield: 43 mg (74 %}); mp 118-120°C.

CyoH,6N,0O5S cale. C 5528 H6.03 N 12.89

(434.5) found  55.02 6.11 12.63

"HNMR (CD;0D/TMS): § = 2.80-2.99 (8H,m,CH,), 3.81-3.83

(4H, m, 5-H, CH,Ph), 417 (1H,t,J =28 Hz, 3-H), 4.26 (1 H, t,

J=22Hz, 2-H or 4-H), 4.42-4.47 (1H, m, 2-H or 4-H), 5.94

g]?’ d, J = 2.1 Hz, 1-H), 7.39-7.50 (5H, m, H,__), 7.70 (1 H, s,
-H).

13C NMR {CD;OD/TMS): § = 52.64 (CH,), 54.30 (CH,), 63.53

(C-§', CH,Ph), 78.15 (C-3'), 82.79 (C-2'), 90.80 (C-4"), 95.5 (C-1'),
129.28, 129.83, 131.34, 134.49 (C,,_).

IR (KBr): v = 1269 cm™! (C=8).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 435 (M +H", 5).
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1-(2,3,5-Tri-O-benzoyl-a-D-arabinofuranosyl)-5-chloro-2,4-dithioura-
cil (16) and 1-(2,3-Di-O-benzoyl-5-O-thiobenzoyl-x-D-arsbinofurano-
syl)-5-chloro-2,4-dithiouracil (17):

To a mixture of 142 (0.20 g, 0.339 mmol) in dry toluene (30 mL) was
added Lawesson’s Reagent (0.18 g, 0.45 mmol),and the solution was
heated with stirring under N, at 80°C for 24 h. The solvent was
removed in vacuo and the residue purified by chromatography on
silica gel with CHCl, to give 16 and 17.

16 (the less polar compound): Yield: 60 mg (29 %) as a yellow solid;
mp 118-119°C.

'HNMR (CDCl,/TMS): 6 = 4.59 (1 H, dd, J = 11.7, 5.5 Hz, 5'-H),
487(1H,dd,J =11.7,7.2 Hz, 5-H), 5.07-5.12 (1 H, m, 4-H), 5.64
(1H,s, 3-H), 5.95 (1 H, br s, 2"-H), 6.89 (1 H, d, J = 1.4 Hz, 1"-H),
7.39-8.11 (16 H, m, 6-H, H,_ ).

13CNMR (CDCl/TMS): 6 = 63.25 (C-5), 76.51 (C-3'), 80.11
(C-2), 86.39 (C-4), 95.12 (C-1"), 123.61 (C-5), 127.93, 128.21,
128.41, 128.67, 128.83, 129.13, 129.65, 129.79, 130.00, 130.81,
133.36, 133.93, 13412 (C-6, C,,.), 16427, 164.59, 165.96
(3xC=0), 170.00 (C-2), 180.79 (C-4).

IR (KBr): v = 1178 cm ™! (C=9).

FAB MS (3-nitrobenzy! alcohol): m/z (%) = 623 (M +H*, 0.6).
17 (the more polar compound): Yield: 30 mg (14 %) as a yellow solid;
mp 122-123°C.

"HNMR (CDCI,/TMS): 8 = 4.96 (1 H, dd, J = 10.9, 4.4 Hz, 5'-H),
517-5.29(2H, m, 4-H, 5-H), 5.66 (1 H,s, 3-H), 6.00 (1 H, 5, 2-H),
6.90 (1H, s, 1-H), 7.38 (1 H, s, 6-H), 7.41-8.27 (15H, m, H
11.01 (1 H, s, NH).

3C NMR (CDCI,/TMS): 6 = 70.03 (C-5), 76.48 (C-3), 79.78
(C-2), 86.12 (C-4), 9511 (C-1), 123.59 (C-5), 128.02, 128.15,
128.49, 128.65, 128.86, 128.95, 129.79, 130.03, 130.84, 133.18,
133.99, 134.18 (C,,,,), 137.54 (C-6), 164.12, 164.58 (2x C=0),
169.93 (C-2), 180.80 (C-4), 210.53 (C=S).

IR (KBr): v = 1179cm ™! (C=9).

FAB MS (3-nitrobenzyl alcohol): m/z (%) = 640 (M + H*, 0.4).

1-(a-D-Arabinofuranosyl)-5-chloro-2,4-dithiouracil (18):

A mixture of 16 (60 mg, 0.081 mmol) and 17 (30 mg, 0.039 mmol)
was dissolved in sat. solution of NH, in MeOH(10 mL) and stirred
at r.t. for 24 h. The solvent was removed in vacuo and the residue
was chromatographed on silica gel with CH ,Cl,/MeOH (95: 5, v/v)
to give the title compound 18 as a yellow gum; yield: 21 mg 57 %).
'"HNMR (DMSO-d,/TMS): 6 = 3.54-3.59 (2H, m, 5-H),
3.95-3.99(1H,m,3"-H),4.21 (1 H,m, 2"-H or 4-H), 4.42-4.47 (1H,
m, 2"-H or 4-H), 5.12-5.15 (1H, m, 5-OH), 5.44~545 (1 H, d,
J =49 Hz, 3-OH), 5.89 (1H, d, J = 5.2 Hz, 2-OH), 6.21 (1 H, s,
1-H), 7.92 (1 H, s, 6-H), 14.25 (1 H, s, NH).

*C NMR (DMSO-d,/TMS): § = 61.31 (C-5), 75.42 (C-3'), 81.00
(8-2’), 91.31 (C-4), 97.44 (C-1), 121.93 (C-5), 134.07 (C-6), 170.00
(C-2).

FAB MS (3-nitrobenzyl alcohol): m/z (%) =311 M +HY, 2).
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