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S«Marcaptouracil (I), an antimetabolite of thymine in L. leichmannii
(1), potentiates the inhibitory effects of S5-fluorouracil and folic-
antagonists against several transplanted tumors in rodents (2,3). The
p=2'~deoxyribonucleoside of its disulfide was recently obtained by
enzymatic method and was found to be a potent inhibitor in microbiological
assay systems (4).

OQur efforts directed at the chemical synthesis of 5-mercapto-2'-deoxy-
uridine (VI) via the chloromercuri-procedure (5) were unsuccessful, A
new mathod for the synthesis of nucleosides was recently described by
Nishimura, et.al, (6), These authors reported that bis-O-trimethylsilyl-
derivatives of uracil, thymine and cytosine, on fusion with various acyl-
halogeno sugars gave the corresponding Ny-glycosides with simultaneous
removal of the trimethylsilyl group from the 2-O-position. We applied
this method (which appears to be analogous to the Hilbert-Johnson syn-
thesis (7) of nucleosides from 2-O-alkylepyrimidines), in various modifi-
cations to the synthesis of VI,

Compound I was refluxed with acetic anhydride in dry pyridine, to give
II (71.5%). Recrystallization from methanol gave white needles; m,p.

* This investigation was supported by grant CA-06695 from the National
Cancer Institute, U.S, Public Health Service, Bethesda, Md.



1760 No.16

254~255,5°, Disappearance of the sharp infrared peak of I at 2550 cm~l
(S-H) indicated acetylation on the thiol, (Ultraviolet A.E,:gu 271 mu
(e 5,950), Anal, Caled,: C, 38,70; H, 3.25; N, 15,05; S, 17.22, Found:

C, 39.,01; H, 3,38; N, 14,80; S, 17,02). Treatment of this compound with
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VI R=H; R'" = H
trimethylchlorosilane under refluxing in benzene, in the presence of
triethylamine (6), gave, after separation of the triethylamine hydro-
chloride and concentration of the filtrate, a viscous oil which was
purified by vacuum distillation (be.p. 110-111°/0,35 mm,). This solidi-
fied on prolonged standing at -5°, to give white, crystalline S-acetyl-
mercapto=2,4~0-bis (trimethylsilyl)uracil (III, 75,5%), m.p. 53-5°, Infra-
red vELI® 1715 (C=0), 1530-1570 (C~C and C=N of fully aromatic pyrimidine
ring), 1250 (Si(CH3)3). - (Anal, Calcd,: C, 43.,60; H, 6.66, Found:
C, 42,89; H, 6.,38), This was reacted, under various conditions (see

below), with equimolar amounts of the halogenose IV, The latter was
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:prepared according to Fox, et.al, (5) but further purified by recryltnll:l.f

zation from CCl,; m.p. 131° (reported: 118-120°). The reaction mixtures
were subsequently treated with water, at room temperature, to remove the
4=0= (and any unreacted 2=0-) trimethylsilyl groups (6). The blocked
nucleoside V was extracted with boiling toluene and the recovered pyrim-
idine II (from unreacted III) was separated by filtration, Yields of V,
after recrystallization from toluene, were based (a) on moles of starting
material (III and IV), and (b) on moles of converted (i,e,, unrecovered)
pyrimidine (Table I),

We found that the steric course of the coupling reaction was controlled
in a decisive manner by the temperature at which it was conducted, When
I1I and IV were mixed in boiling benzene and refluxed for 1-1/2 hrs,
(Method A), or, when the two reactants were fused at 100~110° for 15-20
nin, (Method B), only the p-anomer of V (m.p. 169-170% [a)3> -53.9°
[ 1.0, cuc1,]; ultraviolet AEECH 272 and 241 mu [e 10,820 and 36,610];
Apal, Caled.: C, 51.72; H, 3,49; C1, 12,22; N, 4.82; 8, 5,50, Found:

Cc, 52,15; H, 3.,45; C1, 12.54; N, 4.86; S, 5.72) could be isolated from the
reaction mixture after hydrolysis, In contrast, when the »ruction was
conducted in benz:ne solution at 37°, for 90 hrs. or longer (Method C),
only the g-anomer of V (m.p. 168-168.5% [a]23 +53.3* [¢ 1.1, cuc1y);
ultraviolet spectrum: same as p-V; Anal, Found: C, 52,09; H, 3.67;

Ccl, 12,40; N, 4,90; S, 5,63) was isolated., In each case, crystallization
from the same solvent (toluene) yielded either the o or the g anomer, On
mixing the two, sharp-melting anomers, the m.p. was depressed 15-20°, The
relatively high yield of the pure anomer, based on the total amount of
pyrimidine which took part in the coupling reaction (Table I (b)), indi-
cated that the other anomer could have been formed only as a minor product

(particularly, in Methods B and C).
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TABLE T
Method Yield Anomer
@ 6
A 29,5 54,0  p
B 37.5 87.4 B
c 1.8 703, «a

(a) Yield of purified product (V) based on starting material; .
(b) same, calculated on the basis of the amount of pyrimidine reacted,

Assignment of the anomeric configurations was based (a) on the n.m,r,
spectra of the blocked nucleosides, q~V and p-V, in DMSO, which, in the
nucleosidic proton (Hi) region, clearly showed the characteristic 4~ and
3=peak patterns, respectively, of benzoylated o~ and p-deoxyribonucleosides
(8) (these spectral bands were, in fact, identical in spacing, relative
size and shape with those of the corresponding anomers of 3',5'-di-O-p-~
chlorobenzoylthymidine, see below), and (b) on the biological activities
of their respective deacylation products (x-VI and p-VI),

v Deacylation of g~V with 1,5 equivalents of NaOCH; in methanol at room
temperature, gave the biologically active p-anomer of VI (82.7%; m.p.

170°%; [@]$® +26.4° [c 2.0, H0); Anal, Caled,: C, 41.53; R, 4.61; N, 10.76;
S, 12,32, Pound: C, 42.10; H, 4.66; N, 10,44; S, 11,74), vhile similar
treatment of g-V gave the q-VI anocmer (m.p. 183-5°; [a]és +7.85° [c 2.0,
Hy0]; Anal, Found: C, 41,70; H, 4.80; N, 10,58; S, 12.11). The two anomers
have the same ultraviolet spectra: xﬂxz 284 my (g 6400); xﬂxs 334 and
253.5 mp (¢ 5000 and 9400). A detailed study (9) of these and related
compounds showed that this large bathochromic shift is due to ionigation
of the SH-group, When the latter was oxidized by allowing the solutions
to stand in air, the spectra became identical with those of t.h. snzymati-
cally prepared p-Vl disulfide (4) which showed no bathochromic shift in -

alkali, in agreement with other Nj-substituted uracil derivatives (10).
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Bioclogical activity was determined in the L. leichmannii assay (11) in
which p=-VI showed half-maximal inhibition at a concentration of 0,02
pg/ml,, while ~VI was inactive at « 1,0 ug/ml,

The observed temperature-controlled stereoselectivity of the coupling
reaction is not limited to the above case of nucleoside synthesis, When
bis(trimethylsilyl)thymine (6) was reacted with IV according to "Method
B", 2642% yield (based on the starting materials) of 3',S'=di«O-p-chloro-
benzoylthymidine (12) was obtained, together with 8,0% yield of the
corresponding a-lnﬁur, i,e,, an a/p ratio of 0.3, When "Method C" was
applied to the same reactants, the anomer-ratio obtained was a/p = 5.5.
This is & such larger range of sterecselectivity than that achieved by
form and coworkers (12) in the analogous Hilbert-Johnson synthesis (at
room temperaturse) of the same pair of anomers by varying the solvent
(@/p = 1.9 - 3,6). Also in the reaction of bis(trimethylsilyl)-5-fluoro~
uracil with IV, "Method B" yielded substantially the g, and "Method C
the g anomer of 3',5'-di-O=p=chlorobenzoyl-2'-deoxy-5-fluorouridine
(details will be reported),.

We found that the halogenose IV on standing at room temperature in
benzene solution gradually undergoes a change in its optical rotation,
from @]gs +102° to +70.1° (c 1,12) within 6 hrs, Since our sharp-melting,
crystalline preparation cf IV is probably the pure q-anomer (13), we
believe that the coupling reaction, in the case of Methods A and B,
proceeds by Sy2 mechanism, with inversion of configuration. The mecha-

nism of the reaction in the case of "Method C" is under investigation,
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