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the three compounds on apomorphine-induced emesis
in dogs was not observed with doses up to 10 mg/kg
(sc), while ehlorpromazine was able to block the emesis
completely with 1.5 mg/kg.

In summary, among the ten compounds tested, 2
with favorable pharmacological properties seems to be
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a promising antitussive agent in that it shows approxi-
mately equal antitussive effect to codeine with slightly
less toxicity. Here also the role of piperidino group
in manifestation of antitussive activity was illustrated.
This substance is now undergoing clinical trials as an
antitussive agent.
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Reaction of 5-acetylmercapto-2,4-bis(trimethylsiloxy )pyrimidine (I) with (anomerice) 2,3,3-tri-O-benzoyl-n-

ribofuranosy! chloride led to an anomeric mixture of the blocked nncleoside.

Reaction of I with 2,3,5-tri-O-p-

anisoyl-p-ribofuranosyl chloride resulted, instead of coupling with the blocked ribosyl group, in p-anisoylation

of the N, position of the pyrimidine.

Stereoselective synthesis of 3-mercaptouridine (MUR) was achieved by

fusion in vacuo of I with 2,3,5-tri-O-p-chlorobenzoyl-a-p-ribofuranosy! bromide (prepared from the anomerically

pure B-l-p-nitrobenzoate), followed by removal of the blocking groups.
preliminary testing in bacterial and tissue culture assays.

Among a number of 5-substituted uridine derivatives
which showed growth inhibition in bacterial and viral
(tissue culture) assay systems, 5-hydroxyuridine was
found to be the most effective antimetabolite* and to
possess significant in vive activity as an antitumor
agent.® This compound undergoes most of the bio-
chemical reactions of uridine including conversion into
the mono-, di-, and triphosphates and minor incorpora-
tion into RNA.* Its 5’-monophosphate, 5-hydroxy-
uridylic acid, is a strong inhibitor of orotidylic acid
decarboxylase,® and its triphosphate, 5-hydroxy-UTP,
acts as a competitive inhibitor of UTP in the RNA
polymerase reaction.” Roy-Burman, ef al., demon-
strated that the inhibitory effect of 5-hydroxy-UTP is
lowest at pH 7.0 and increases with increasing pH
values to a maximum at pH 9.0, while the ability of this
analog to replace UTP as a substrate for RNA poly-
merase (f.e., to incorporate into RNA) showed the
apposite pH dependence.” Thus, the inhibitory effect
of the analog is predominant when its 5-hydroxyl group
(pK, 7.2) is in the ionized form, in contrast to its
utilization as a substrate which appears to be suppressed
by ionization.”

In view of the much lower pK, value (pK, 5.0)® of
the previously synthesized 5-mercapto-2’-deoxyuridine
(MUdR)® which, in its essentially ionized form (pH 7.4),
was shown to undergo phosphorylation by thymidine
kinase!® and, subsequently, to aet as a potent competi-
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MUR showed inhibitory activity on

tive inhibitor of dUMP in thymidylate synthetase,' it
appeared of interest to prepare the corresponding
uridine analog, 5-mereaptouridine (MUR; XIV). Tor
the synthesis of this compound, the silyl modification of
the Hilbert-Johnson reaction'? appeared to be the
method of choice.

Reaction of 5-acetylmercapto-2,4-bis(trimethylsil-
oxy)pyrimidine® (I) with 2,3,5-tri-O-benzoyl-p-ribo-
furanosyl chloride (II)'? yielded, after hydrolysis of the
4-0-silyl group, an anomeric mixture of the blocked
nucleoside III (Scheme I). The nmr spectrum of this
product showed two close but separate peaks for the
CHj; of the S-acetyl group, at § 2.30 and 2.36 ppm.
Examination of the nmr spectra of the previously
synthesized pure « and B anomers of S-acetyl-N;-
[37,57-di-O-p-chlorobenzoyl-2’-deoxy- p - ribofuranosyl -
S-mereaptouracil® similarly revealed a difference (of 2
Hz) between the chemical shifts for the S-acetyl protons
of the two anomers, the corresponding resonance peaks
being located at § 2.38 ppm for the «, and 2.35 ppm for
the 8 anomer. By analogy, in the spectrum of ITI the
resonance peak at the higher field (2.30 ppm) would
correspond to the 8 anomer; integration indicated that
the ratio of @ and g anomers was approximately 1:2.
Separation of the two anomers of IIT proved to be quite
difficult, and therefore, a more stereoselective method
for the preparation of the 8 anomer was desired.

The above result is in agreement with previous
reports' indieating that the frans rule is not applicable

(10) T. J. Bardos, J. L. Amlrds, IX. Baransk!, T, I, Kalmall, abd (.
Ambrus, Proc. Amer. Ass. Carcer Res. 8, 4 {1967).

(11) (a) T. I. Kalman and T. J. Bardos, Fed. Proc., 87, 650 (1068);
(b) K. Baranski, T. J. Bardos, A. Bloch, and T. I. Kalman, Biochem. Phar-
macol., 18, 347 (1969).

(12) (a) T, Nishioulra, 13, Shiledzd, abd I, 1wal, Chem. Pharm. Bull.,
11, 1470 (1963): tb) 1. Nishimura and I. Iwal, <bid., 13, 357 (1964);
T. Nishimura, B, Shimuzu, and I. Iwal, ibid., 12, 1471 (1964): (d) E. Witten-
burg, Z. Chem., 4, 303 (1964); and more recent publications.

(13) H. M. Kissmah, C. Pldacks, and B. R. Baker, J. Amer. Chem. Soc..
17, 18 (1955).

(14) (a) J. D. Stevens, R. K. Ness, and H. B. Fletcher, Jr., J. Org. Chem.,
83, 1806 (1968): (1) J. Farkas, .. Kaplan, and J. J. Fox, tbid., 29, 146y
(1964); () M. Dyrstas alel 1. Sorm, Collect. Czech. Chem. Commun., 81,
1035 (1066).



5aM ERCAPTOURIDINE
Scueme 1
OSi(CH ),
NZ S—COCH,
| +

W
(CH» 8107 N
I

ROCH. O
1 _A_,_ H.0
OR OR
II
0
H)\'\JE—SCOCHJ
07 N
ROCH. O
OR OR
II

R=QCO

to the Hilbert—-Johnson reaction, or to its silyl modifica~
tion. Our results in the synthesis of deoxyribosides by
the silyl method® indicated that these reactions proceed
by SN2 mechanisms, with inversion o; configuration at
C-1. We thought that it might be possible to make the
reaction follow the {rans rule if we could induce carbo-
nium ion formation with inereased neighboring group
participation’ by the use of an acyl group having an
electron-releasing substituent for the blocking of
the C-2 hydroxyl of the halogenose. In this
case, the ester carbonyl group at -2 could anchi-
merically promote the formation of a carbonium ion in
the C-1 position (which may be stabilized as an ortho
ester ion),' and, by allowing the approach of the
pyrimidine only from the 8 side, it could make the
coupling reaction stereospecifiec. IFor this reason,
2,3,5-tri-O-p-anisoyl-n-ribofurancsyl chloride (IV) was
prepared, and this was reacted with the silyl pyrimidine
L

Surprisingly, instead of the expected blocked nueleo-
side, Ni-p-anisoyl-S-acetyl-5-mercaptouracil (V) was
isolated from the reaction mixture (after hydrolysis of
the 4-0O-silyl group) in nearly quantitative yield based
on the reacted silyl pyrimidine (Scheme II). That this
product did not arise by simple N-acylation of the
pyrimidine with p-anisoyl chloride which conceivably
might have been formed via degradation of the blocked
halogenose IV involving cleavage of an anisoyl ester
group, was demonstrated by a control experiment
showing the absence of p-anisoyl chloride formation from
IV under the reaction conditions (see Experimental
Section). Thus, it appears that the desired ortho
ester carbonium ion (IV+) was indeed formed from the
p-anisoyl-blocked halogenose, but the subsequent

(15) L. J. Haynes, N. A, Hughes, G. W. Kenner, and A. Todd, J. Chem.
Soe., 3727 (1957).

(16) B. R. Baker, Chem. Biol. Purines, Ciba Found. Symp., 1956, 120
(1957),
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nucleophilic attack by the silyl pyrimidine occurred
directly on the ester-carbon of the p-anisoyl group on
which the positive charge was localized rather than on
the C-1 carbon of the ribose. This interpretation is
supported by the observation of Haga and Ness that in
2,3,5-tri-O-p-anisoyl-p-ribofuranosyl bromide, when dis-
solved in aq acetone, the p-anisoyl group at C-2 under-
goes ready migration to the C-1 pos tion, with displace-
ment of the bromide, to give 1,3,5-tri-O-p-anisoyl-a-p-
ribofuranose.”” The latter reaction must involve the
same ortho ester ion intermediate IV* which sub-
sequently hydrolyzes at the C-2 ester bond vea attack of
OH~— on the positively changed anisoyl carbon. In our
case, the silyl pyrimidine was the attacking nucleophile
with resultant acylation of its N, position.
Consequently, taking the opposite approach, we
sought to avoid carbonium ion formation and aimed to
increase the stereoselectivity of the coupling reaction by
attempting to prepare a crystallizable, pure a-anomeric
blocked halogenose which, in the course of an Sn2
displacement (involving a single Walden inversion)
would favor the formation of the g-nucleoside (Scheme
III). Alethyl 2,3,5-tri-(0-p-chlorobenzoyl-3-p-ribofur-
anoside (VII) was readily prepared, but the displace-
ment of OMe with Br requires an excess amount of 309,
HBr in glacial HOAc which would be expected to yield
an anomeric mixture of the halogenose. Therefore, VII
was converted by standard methods!® into 2,3,5-tri-O-p-
chlorobenzoyl-1-O-p-nitrobenzoyl-p-ribofuranose from
which the 8 anomer X could be crystallized in pure
form. The p-nitrobenzoate group in the C-1 position
is readily displaced by an equivalent amount of HBr in
CH,CL, and the reaction can be followed by the change
of optical rotation and by weighing the amount of
p-nitrobenzoic acid precipitated from the solution.'®
This reaction should proceed with a single Walden
inversion yielding the a-halogenose XI; in the absence
of excess halide, only minimal amount of anomerization
would be expected. The halogenose obtained could be
isolated in crystalline form, and its nmr spectrum

(17) M. Haga and R. K. Ness, J, Org. Chem., 80, 158 (1965).
(18) H, G. Fletcher, Jr., Trans, N, Y. Acad. Sct., 30, 649 (1968).
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showed only the doublet for the e-anomeric proton at §
6.70; the resonance for the C-1 proton of the g-halo-
genose (usually a singlet at higher field)'4'? was absent.
Reaction of this halogenose with the silyl pyrimidine I,
under fusion conditions in vacuo,® gave the g-anomeric
blocked nuecleoside XII in 75-809; yield (based on the
reacted pyrimidine). The single, sharp resonance line
for the CH; of the S-Ace of XII (at § 2.37 ppm) indicated
the anomeric purity of this product. It is interesting to
note that a sample of the erude reaction produet, before
ervstalization, showed in its nmr speetrum the <ame

14) J. D. Stevens and H. G. Fleteleer, Jr., J. Org. Chem., 33, 1794 {1968).

singlet for the CH; and the same pattern for the ano-
meric proton as the purified produet ; thus, this reaction
appears to be entirely stereospecific, yielding only the 8
anomer.

In order to prove conclusively the anomerie configura-
tion of XII, a sample of this compound was desulfurized
with Raney Ni, to vield N-(2’,3’,5-tri-O-p-chloro-
benzoyl-g-n-ribofuranosylyuracil, XIII. This com-
pound wus syvnthesized by p-chlorobenzoylation of
uridine and found to be identical with the desulfuriza-
tion product.

Removal of the blocking groups of XIT with NaO>Me
in MeOH gave 839, vield of the nuecleoside, 5-mer-
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captouridine (XIV) which, however, contained approxi-
mately 59 of the oxidized form, bis-(5-uridinyl)
disulfide (XV). On recrystallization, the disulfide
content increased, due to air oxidation. The uv spec-
trum of XIV at neutral or alkaline pH shows the charac-
teristic absorption peak of the 5-thiolate ion at Apgax 335
mu which disappears on oxidation to the disulfide, but
reappears upon the addition of dithiothreitol (DTT),
due to reduction to the thiol.® Thus, the relative
amount of the disulfide XV in the sample can be esti-
mated on the basis of the absorbancy at 335 mu in the
presence and absence of DTT,

In the preliminary biological testing, 5-mercaptouri-
dine showed significant inhibitory activity in the Strep-
lococcus faecalis assay system?® (I, 2 X 10—¢ M) but
was less active against leukemia 11210 cells in culture
(Iso 4 X 10—¢ M).2' Further studies, relating to the
activity spectrum and the mode of action of this analog
are in progress.

Experimental Section

All melting points were taken on a Mel-Temp apparatus and
are uncorrected. Ir spectra (KBr) were recorded on a Perkin-
Elmer Infracord or Beckman IR8. Nmr spectra were recorded
on a Varian Model A-60 spectrophotometer in CDCl;, unless
otherwise indicated, with TMS or {-BuOH as an internal standard.
Uv spectra were obtained on a Beckman DB recording spectro-
photometer. Optical rotations were measured in a dm tube using
a Perkin-Elmer Model 141 automatic polarimeter at 589 mu.
Elemental analyses?? were performed by Galbraith Laboratories,
Knoxville, Tenn.

Anomeric S-Acetyl-¥;-(2,3,5-tri-O-benzoyl-p-ribofuranosyl)-5-
mercaptouracils.—To 2,3,5-tri-O-benzoyl-p-ribofuranosy! chlo-
ride (syrup) prepared from 7.56 g (15 mmol) of 2,3,5-tri-O-
benzoyl-1-O-acetyl-g-p-ribofuranose according to Kissman, et al.,1?
was added 5-acetylmercapto-2,4-bis(trimethylsiloxy)pyrimidine?
(I, 5.17 g, 15.7 mmol), and the mixture was mechanically stirred
invacuo at 155° (oil bath) for 40 min. The resulting homogeneous
melt was dissolved in C¢Hg (300 ml), and 3 m! of H,O was added.
After standing for 1 hr, the solution containing some ppt was
evaporated in vacuo and the residue was dried by azeotropic evap-
oration with C¢Hs (2 X 150 ml).

The residue was then dissolved in hot CCl; and some insol
material was removed by filtration. This was shown to be S-
acetyl-3-mercaptouracil® by mp (251-252°), ir spectrum, and
mixture melting point with an authentic sample. The amount of
recovered pyrimidine varied between 25 and 359, based on the
silyl pyrimidine I used. From the CCl, solution, after standing
in the cold for 24 hr, the anomeric blocked nucleoside ITI deposited
in the form of somewhat sticky crystals (3.2 g, 50-609, based on
reacted silyl pyrimidine). Melting range 80-130°, which did not
change on repeated attempts of recrystallization from various
solvents, nor did the ratio (2:1) of the two nmr peaks at 3 2.30
and 2.36 ppm (SCOCH;) change appreciably on recrystallization.
However, the ratio of these two nmr peaks varied somewhat
from run to run. The substance gave a single uv-absorbing spot
on tle (silica gel HF) with several eluent systems.

Reaction of the Silylpyrimidine I with 2,3,5-Tri-0-p-anisoyl-p-
ribofuranosy! Chloride (IV),—Methy! 2,3,5-tri-O-p-anisoyl-g-p-
ribofuranoside, prepared according to the method of Haga and
Ness, (16.98 g, 30 mmol) was dissolved in ice-cold anhydrous
Et,O (320 ml) which had been saturated with dry HCI at (°*
and the solution was kept at —10° for 1 week. The Et,0 was
evaporated in vacuo, two 100-m! portions of dry Et,O were added
and again evaporated, to give a syrupy residue of the blocked
halogenose IV. To this was added the silyl pyrimidine I (9.90 g, 30
mmol), and the mixture was stirred vigorously and heated in vacuo

(20) A. Bloch, M. H. Fleysher, R. Thedford, R. F. Maile, and R. H.
Hall, J. Med. Chem., 9, B86 (1966).

(21) A. Bloch, personal communication.

122) Where analyses are Indicated only by symbols of the elements,
analytlcal results obtained for those elements were within £0.49% of the
theoretical values.
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at 110°. A homogeneous melt was obtained within a few min
which then gradually solidified. After 30 min the resulting solid
was dissolved in C¢H (600 ml) and H,O (10 m!) was added. After
1 hr, the C¢Hs solution containing some ppt was con-
centrated to dryness in wacuo, and the residue was dried by
repeated addition of C¢Hs (2 X 150 ml) followed by evaporation.

The residual solid was treated with boiling C¢Hs (2 1.) and some
insoluble substance was removed by filtration. This was identical
with an authentic sample of S-acetyl-5-mercaptouracil by mp
(251-252°), mixture melting point, and ir spectrum. Recovery
of unreacted pyrimidine varied between 30-509; based on the
starting material, silyl pyrimidine I. The C¢Hs filtrate was
concentrated and, after 24 hr, a crystallized product V was
collected; mp 186-189°; yield 3.8-5.3 g (809, based on the
amount of reacted silyl pyrimidine). Two recrystallizations from
Ce¢H¢ yielded an analytically pure sample, mp 192-194°. The
nmr spectrum (DMSO-ds) contained only 3 singlets, at § 2.4
(3 H, COCH,), 3.9 (3 H, OCHjs), and 8.2 ppm (1 H, C-6), in addi-
tion to aromatic protons showing a typical para splitting pattern
at 8 7.0-8.0 ppm (4 H). All resonance peaks attributable to the
protons of the ribose moiety were totally absent. Anal. for Ny-p-
anisoyl-S-acetyl-3-mercaptouracil (V) (C..H1N.S0;): C, H, N, S.

In a control experiment, the syrupy 2,3,5-tri-O-p-anisoyl-p-
ribofuranosy! chloride (IV) was prepared as described above and
transferred into a microdistillation apparatus. On attempted
vacuum distillation, no distillable material was obtained. Added
authentic p-anisoy! chloride could be fully recovered by distilling
it out from the mixture at 108° (1.5 mm).

Methy! 2,3,5-Tri-O-p-chlorobenzoyl-8-p-ribofuranoside (VII).
—To a solution of p-ribose (15.0 g, 0.1 mol) in dry MeOH( 250
ml) was added 1 ml coned H:80;, and the mixture was stirred at
5°for15hr. Dry CsH;N (50 ml) was then added, and the solution
was concentrated in vacuo to yield a syrup (anomeric methyl
riboside, VI).28 Addition of dry C;:H;N (2 X 40 ml) and evapora-
tion was repeated two more times. The residue was then dis-
solved in 70 m! of dry C;H;N, and the solution was cooled in an
ice bath, while p-CIC:H,COCI! (70 g, 0.5 mol) was added gradually.
After standing overnight, H.O (200 ml) and CH,Cl, (250 ml) were
added to the partially solidified reaction mixture, and after com-
plete dissolution, two layers were separated. The CH,Cl, layer
was washed (H,0, ice-cold 3.0 N H,80,, H,O saturated NaHCO;),
dried (MgS0O,), and evaporated in wvacuo. The residual white
solid was crystallized from EtOH to give VII (22.96 g, 409,),
mp 102-104°. A small sample for analysis was twice recrystal-
lized from EtOH to give needles, mp 106-108°; [a}?p +89.3°
(¢ 5.23, CHCL).2¢ Anal. (C»HaCliOs) C, H, Cl.

Anomeric 2,3,5-Tri-O-p-chlorobenzoy!-p-ribofuranese (VIII)
and the Corresponding Ethyl 8-Glycoside (IX).—To a solution of
VII (2.90 g, 0.005 mol) in CH.Cl, (20 ml) was added a solution of
309, HBr in glacial AcOH (16 ml), and the mixture was stirred
for 1 hr. More AcOH (10 ml) was then added, and the soln was
kept below 10° while H;O (10 m!) was gradually added. The
two-phase mixture was stirred for an additional 40 min and then
poured into ice-water (100 ml) and CH.Cl, (100 ml). The
layers were separated, and the CH,Cl, layer was washed several
times with NaHCO; solution, then dried (MgS0,). Evaporation
of the CH,Cl, in vacuo yielded a syrup which was crystallized
from cyclohexane, then recrystallized from petroleum ether, to
give the anomeric mixture, VIII, (0.25 g, 8.5%); mp 73-82°.
The ir spectrum showed absorption for free (C-1) OH of the
ribofuranose at 3500 cm !, and C=0 for the acyl blocking groups
at 1735 em~. Anal. (Cst]gClaOg) C, H, Cl

An attempt to crystallize the originally obtained syrup (crude
VIII) from EtOH resulted in the isolation of the corresponding
ethyl g-glvcoside (IX) in 559 yield. This was purified by re-
peated recrystallization from EtOH and finally from n-hexane;
mp 104-107°; [«]?D +83.5° (¢ 1.9; CHCl3). The nmr spectrum
showed a doublet for the anomeric proton at § 5.88 ppm (J1.: =
5.0 Hz).2* Anal. (CysH,3ClOs) C, H, CL

2,3,5-Tri-O-p-chlorobenzoyl-1-3-0O-p-nitrobenzoyl-p-ribo-
furanose (X).—The crude, syrupy anomeric 2,3,5-p-chlorobenz-
oyl-p-ribofuranose (VIII) obtained above was redissolved in dry
CH,Cl; (15 ml). To this was added a solution of p-nitrobenzoyl
chloride (1.86 g, 0.01 mol) in a mixture of dry CH:Cl: (20 ml)
and dry C:H;N (15 ml) while the reaction flask was kept in
ice-water bath. After 4-5 hr stirring, chips of ice were added

(23) R. Barker and H. G. Fletcher, Jr., J. Org. Chem., 26, 4605 (1961).
(24) Asstgnment of anomeric configuration tentative, based on analogtes
of preparation and comparative optical rotation of stmilar glycosides.13.17
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and s(rring was continued for additional 30 min. The solution
was then transferred into a separatory funnel and washed sncces-
stvely with ice-cald 1.0 N H,804 H;0, ice-cold satnrated Na-
HCO;, and ice-cold saturated Na,CO; solution, then dried (Mg-
S0,) and evaporated in vacvo. The solid residue was crystallized
from EtOH (Norite), to give ernde X; 0.962 g {26%;); mp 140~
145°. A sample for analysiz was several times recrystallized from
EtOH; mp 151-153°; [a]®p +51.7° (¢ 2.0, CHCL). The nmr
spectrum  of the recrystallized sample showed an apparent
singlet for the C-1 proton, at 8 6.65 ppm, indicating ftrans C\-H ‘-
Cs-H (i.c., 8) eonfignration (the nmr of ernde sample showed, in
additian to this singlet, also a small donblet at 8 7.05 ppm
(/1.5 = 4.0 Hz) for the anomeric¢ proton of the « xomer). . inal.
(CyuHeeCLNOY) C, H, Cl, N.
2,3,5-Tri-0O-p-chlorobenzoyl-a-n-ribofuranosy! Bromide (XI),

Ta asolntion of X (1.43 g, 2 mmal) in dry CH;Cl (15 ml) was
added & saturated solution of HBr gas (2 mmol) in CH,Cl, (5 ml).
After 1 hr, the crystallized p-O;NCoH,CO:H was =eparated by fil-
tration (9096 ¢ of theoretical), and the filtrate was evaporated in
wacuo. The residual syrnp =olidified to a erystalline mass on stand-
ing for 2 hr; nmr (C-1 proton): adonblet at37.70 ppm (J1.» = 2.7
Hz). This prodnct was nsed in the snbsequent step without further
purification. A small sample was twice recrystallized (CCL):
[a] 201 +:3(3.()° (C 11_), CIIC]O Anal. (CgsH]gBI‘ClgO:) C, H.

S-Acetyl-N1-{2,3,5-tri-O-p-chlorobenzoy!)-3-n-ribofuranosyl] -
5-mercaptouracil (XII).—Ta a solntion aof 2,3,5-tri-O-p-chloro
benzayl-p-ribafnranosyl bromide (XT), freshly prepared fram
1.43 g (2 mmol) of X (see above), in dry CH;Cl; (10 ml), wax
added a solutiun of 3-acetylmercapto-2,4-bis(trimethylsiloxy -
pyrintidine (I, 0.66 g. 2 mmol) in dry CH,CL (5 ml). The solvent
was slowly evapurated fnvacuo while stirring.  The flask contain-
ing the residnal foam was submerged in an oil bath preheated ta
110°, and stirring {n »acuo was continned for 50 min. Dnring
this period, evolution of gaseons Me;SiBr was observed, and a
homogenons melt was obtained. The melt was dissolved in 5
! af hot CsH,, and 1 ml of H:O was added. After standing for
1 hr, the CeHs solution was concen(rated tn racuo, and the residue
was dried by repeated addition of fresh CsHg (2 X 20 ml) followed
Liy evaporation. The thick residue was treated with Ce¢Hs (30
ml), and some insolnble substance was removed by filtration,
The latter was identified as S-acetyl-i-mercaptouracil® by mp
(251-252°), mixture melting point with an anthentic sample, and
ir spectrum.  Recovery of nunreacted pyrimidine varied between
20 and 25¢7 (based on I).

The filtrate was heated ta boiling and hot cycdohexane was
added until the soluiion became turbid. After standing for
several hours uat room temperature, the separated crystalline
material was collected.  Concentration of the mother liguar
vielded mare crystalline material, to give a total of 1.10-1.17 g of
XITI (75-809 based on the ribofuranosyl halide XI and almost
10077 based on the reacted amonut of silyl pyrimidine I).  After
several crystallizations from CgHe-cyclohexane, an analytical
sample was obtained; mp 125-128°; [«]®n 426.0° (¢ 5.23,
CHClL:). The nmr spectriim showed a singlet for the SCOCH;
pratons at & 2.37 ppm, and a doublet for the C’-1 proton at
6.67 (J = 5.0 Hz). Anal. (CuxHyuCLN.0,0S) C, H, Cl, N, S.

NZEKLERES AND B aRbos

N'1-[(2,3,5-Tri-0-p-chlorobenzoyl)-3-n-ribofuranosyljuraci!
(XIID).--T'o a =alution of uridine (1.220 g, 5 mmol) in dry CsH;N
(80 ml) was gradnally added p-clilorobenzoyl chloride (3.500 g,
20 mmol) in dry C;HsN (20 ml),  After 4 hr refluxing, the C3HN
solntian wax ponred on ice (150 g) and CH,CL (20 ml) was added.
After vigorons shaking in a separatory funnel, the CH.Cls Inver
was separated and washed with ice-cold 3 .V .80, H.O, mal
saturated NaHCOy, then dried (MgSOy1 and the C11.Cl evapo-
rated in racue. The residne was eryvstallized from boiling KO0
(400 mD); vield 2.2 ¢ (72¢7): mp 231-234°, Several ervstalliza-
tions from XtOH vielded an analytical sample, mp 237230
Lo —38.0° [ 0.85, CHCL). Anal. (CxHaCLNL.OW C, H, C1 N

Desulfurization of S-Acetyl-:V,-]1(2,3,5~-tri-O-p-chlorobenzoy! i-
@-peribofuranosyl] -5-mercaptouraci! {XII),~To a solntion of X11
(0.367 g) in CeHe (25 ml) was added Raney Ni (W2 2.2 g5 and
the mixture was refinxed for 24 hr. The catalyst was then care-
fully removed by filtration and centrifugation, and the Cglls was
evaporated in vacuo. The solid residie was ervstallized from hia
FtOH to yvield a erystalline suhstance (0.170 g), which was shown
to be identical with XTIT by melting point, mixture melting poini,
optical rotation, ir spectrum, and tle {«ilica gel HE, with litol]
as the elnent.

5-Mercaptouridine {XIV).—To a su=pension of N11 (0.754 g,
1 mniol) in dry MeOH (23 ml) wax added a solntion of NaOC1,
freshly prepared by dissalving Na mefal (46 mg, 2 mg-atomsrin
MeOH (10 ml). The mixture was =tirred under N for 2 In.
Dowex H0W-X§ ton-exchange resin (11 form, approximately 0
mequiv) was then added and the resnlting suspension stirred for
10 min. The ton-exchange resin was removed by filtration and
washed with MeOH (10 ml). The comhined filtrate and wash
was concentrated in vacuo to yield a sytup. To thiz was added
AleQOH (1.5 ml), then IO (40 ml).  After 24 I standing, the
separated white crystalline material X1V was collected by filtra-
tiom; 0.207 g.  Concentration of the mother liquar vielded addi-
tianal 0.025 g, raising the vield of NIV ta 0.252 g (847 This
product contained ahout 567 of the disulfide XV, based on it< nv
absorhaney at A 335 mp in the presence and absence of DT
Twa erystallizations from MeOH-1t.0 raised the disulfide
content to 307 nmr (1.0 6.19 {1, J = 2.6 Nz, C-1H% and
778 pumn (s, U=l

Optieal rotation was taken in EDTA buffer (pll 7.6;  the
presence of Z-mercaploethmiol {the blank containing the 2-
mereaptoethanol showed zera optical rotation) [o]"n £21.5° (¢
2,183 nv (pH 7.6, in the presence of DTT) May 3375 g (e 34004

Anal, (CdliNa80) Caled: 7, 50137 M, 4550 N, 1014,
S, 1161, Found: C, 38.63; H, 4.14; N, 975 =, 1124

Bis|.V:«(3-n-ribofuranosyl)-5-mercaptouracily!] Disulfide {XV «
—The pH of a solution of S-mercaptonridine (0.100 g) in 50 ml
of Hs) was adjusted to 9.0 by dropwise addition of NH,0T1.
The solntion was allowed 1o <tir for 24 hir exposed toair. The
H,() was then evaporated 1n vacuo and, repeatedly, 11O wax
added and evaporated, fo remove last traces of IO, The solid
residite was crysallized from hat 15t0OH; 0.060 g; mp 236-257°,
nv (pH 7.6) Apox 281 mpu: after addition of DT, N 335 ma
(e 11,200); optical rotation of XV, [a]*p ~212.0° (¢ 0.75,
MeOH). Anal (’(':51{12‘.\';&:()1:) , 1{ X, S,



