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265° dec,?! [a]n 4+150° (¢ 0.5, H,0).
C, H, N.
4-Acetylamino-1-3-p-arabinofuranosyl-2(1H)-pyrimidinone
(4a, R = COCHj;).2—The HCI salt of 1-g-p-arabinofuraunosyl-
eytosine (4a, R = 11, 1.1 g) was dissalved in 11,0 and addeld th o
Dawex 1 (OII7) columm.  After elution with ~2.0 L of 11O,
the elnate was concentrated {o deyvuess e o, Fhe fine ervs-
talline, free muncleoside (880 mg) was issolved e 100wl of
MeOH and refluxed with 0.9 ml of Ac for 5 hr.  Addditional
0.9-ml portions of Acy0 were added during the retlux perunl at
honrly intervals.  The reaction mixture was separated fron a
small amount of insoluble material, and the filtrite was von-
centrated n vacuo to 10 ml and treated with Tity(). A crystalline
produet was obtained; 0.95 g (926¢), mp ~170°. Reeryatalliza-
fion from hot EtOH gave pure product, mp 194-104°. Uy-
absorption properties (see Table I) were generally similar to
thoxe for Ni-acetyleytidine.!!  Anal. (C,11,:N306) C, H, N.
5,6-Dihydro-4,6-dihydroxylamino-1-3-p-ribofuranosy!-2(1H)-
pyrimidinone (6)—Tu a sohition of 1.18 g (0.0045 mole) of 4-
thionridine® 2 in 40 il of MeOIl comtaining 1 ml of 11,O was
added 1.5 g (0.04) mole) of anhydrons NTT,OI.%  The mixture
was left for 1 hr at reoni temperature,  Au mimediate evoliution
of TS ocenrred.  After 1 hr, the nv absorption maxinnun of the
thiane peak at 328 mu had disappeared with a corresponding rise
of & new maximnnt at 226 mu.  The reaction mixtnure was evapo-
rateld 7n vacuo to a thin syrnp which was treated with a large
vohune of Et:0. A flocenlent precipitate thus obtained was
decanted thronugh a filter and washed with 15,0, The solid, cry=-
tallized from hot E(OH, afforded 110 mg, mp 170-171°.%
This compound had a single, sclective, nv, absorption maxinnun
al 223 mw. On treatment with 1 N HCL, the short-wavelength
maximnm rapidly disappeared with the conenrrent appearance
of 4 new maximnm at 280 mu.  This belavior is essentially identi-
cal with that of the "'bis’ hydroxylamino componnd reported pre-
vionsly.t2 Anal. (Cul1,6N07) C, I Nt ealed, 19.17; fonnd, 18.73.
After remmoval of the "bis” compound, the mother lHgnor was
{reated with HCl and, after subseqnent nentralization, afforded
u praduet which resembled i all respects the known N+-hyvdroxy-
cytidine.s
4-Hydroxylamino-1-3-n-ribofuranosyl-2(1H)-pyrimidinone
(5a, R, R = OH).—To 1.06 g (0.004 mole) of 4-thimridines.2s
i 50 ml of MeOH was added NHs0I122 (0.04 mole) in MeOIL
(200 ml). The mixture was held at room temperatnre for 80
min after which time the v absorption at 328 mu had completely
disappeared, and a new absorption maximnm at 272 nmw had
appeared. The MeOH was removed in vacuwo and EtOH was
added and removed in vacuo three thimes. The residue was taken
up i 75 mt of cold EtOH, the insvluble matertal was rentoved,
and the filtrate was taken to dryness in vacuo. TICH (36 ml, 1 \)
was added, and the mixtnre was heated an a steam bath for 6
min.2? The acid was removed 7n racuo, uud the residue was
faken to dryness in vacuo six times, three times with 25 ml of
CsHs, and three times with 25-ml portions of EtOH. The resnlt-
ing residue was dissolved i 50 ml of cold BLOH, and the prodnet
was precipitated by the addition of 200 ml of Et.0. The svulittion
(in EtOH) and reprecipitation were repeated tv obtain a pale,
straw-colored powder, 661 mg (55¢), mp 182-183° dee, with
darkening at 181°. The HCI salt thns obtained has spectral data
which are essentially identical with those previonsly reported.!?
1-(2-Deoxy-g-n-ribofuranosy!)-5-fluoro-4-methylthio-2(1H)-
pyrimidinone.3-—To a solution of 1.6 g (0.006 mole) nf 2'-deoxy-

Anal. (CpllisNLO5)

(29 A melting point of 257-260° for tle vrude, free base was renorted by
J. 11. Hunter, U. 8. Patent 3,116,282 (Dec 31, 1963).

(25) Tthe syntlesis of tlis compound was performed Iy Dr. Naataka
Yamaoka of these laboratories.

(26) Tlis compound has been reported as a crystaltine sotid hy N, K.
Koeletkov, . I. Budowsky, V. N. Shibaev, G, I, Yeliseeva, M. A, Gracley,
and V., IY. Demushkin, Tetrnhelron, 19, 1207 (1463),

(27) C. D. Hurd, I'norg. Syn., 1, 87 (1939),

(28) Tle melting point ol tlie unrecryataltized ermponnd is reported in
ref 12 as 130—~135°.

(2¢1) No attempt was made to isvlate tle “tix"” rompound. However,
ttee filtrate from the acid treatment dJid exhiliit a nonultraviolet-absorling
component an a thin layer chromatogram {(n-BuOH~H:0 86:14) which was
visualized by spraying with a Fe(ly solution, Tle resulting pink spoi has
Lieen reported as characteristic of (he "his" hydrexytaming derivatives.®
Thoe manalydrosylaming derivative exlibits a bhiee spot wlen treated witle
1{e same reagent,!?

(30) Tlis compound was previonsly reportedst as g erinde intermediale
wldelc was not characterized.

(1) T Teda and J. J. Fox, J. Med. Chem., 6, 697 (1963).
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S-tluorp-4-thionridine? in MeOH was mldeil excess CI.N. in
Et.0. The reaction mixture was allowed ta staud 1 hr and taken
to dryness in vacwo. The erystalline produet was reerystallized
from MeOIT mul afforded an essentially gnantitative vielld of
patde vellow needles, mp 141.5-143°, <hown to he o stngle rotipo-
teent ll)' tle  (n-BuOlt PO, Sttt Aol (CTEINL,O S
), TN,

1-{2-Deoxy-@-n-ribofuranoesyl)-5-fluoro-4-hydroxylamino-2-
{1H)-pyrimidinone (5, R’ = F; R" = OH; R’ = H).-A
=ultittan of 3.6 g (0.013 mole) of the S-methylated preenrsor in
200 mil of MeOH was treated with MeOH-NTLOII22 (.13 wmole),
aud the mixture was left at room temperatuve fur 18 hr. The
comrse of reaction wax monitored by the disappearaunce of the
nv absorption at 315 mu.  The solntion was taken to dryness
(novaco, EtOH was added ta the residne in three ronsecntive
AdO-ml partions, evaporating the solution to dryness each time.
The residue was taken np in cold EtOI (100 ml), and the in-
sultthles were retoved by filtration.  The filtrate was concen-
trated to ca. 10 ml and EtOAce was added followed by petrolenm
ether,  The wmorphons, white preeipitate whiclt resulted was
puritied by repeating the solution aml rveprecipitation slep.
Attempts tn obtain a crystalline eomponnd were nnsnecessful.
The praduet (1.2 g) was hygroscopie and had no definite melting
potut. Uv-absorption properties of the comnponud are in 6 V HCL,
ntaxitn at 210 and 200 mp (e 7660, 10,500), minimmn at 248
mp (e 2040): at ptL 7, maxima at 234 and 267 mu (e Y780, 7740)),
mmiman at 2535 mp e 60200 Cbnal. (CGHFNLOL-0.51H0]
¢, 11, N,

1-(2-Deoxy-3-v-ribofuranosyl-4-hydroxylamino-5-methyl-2-
(1H)-pyrimidinone (5, R’ = CH;; R’ = NHOH; R’ = H).- -
A solution of 3.4 g (0.013 mole) of 4-thiothymidines and NIT,O1122
{0.13 mole) in MeOH (200 ml) was heated at 38° fur 3 hr. The
comtpletion of the reaction wag determined by the absenre of
v absorption in the 334-mp region and cessation of H,8 evolu-
tin. The mixture was evaporated to dryness #n vacuo and 51
ml of IStOH was added and evaporated +n rvacwo. The addition
atcd evaporation were repeated three times. The resnlting white
restdiie was taken np in gold EtOH (100 ml), and the insoluble
mafertal was removed.  To the filtrate was added 5 ml of a
=olttion of TICH in EtOH (satnrated at 0°) and 50 mi of Et.0.
Cry=tallization veenrred slowly.  The conponnd was recrystal-
lized from ItOH-E{,). The yvield was 3.4 g (880(¢), mp 1613°
dee. The nv-ab=nrption properties are essentially ulentical witl
thase previonsty reparted for the free nncleoside.d

XLVIIL

1-(5-Deoxy-3-n-arabinosyl)cytosine and

Nucleosides, Synthesis of

Related Compounds!

. A. Fanco axp J. J. Fox

Division of Biological Chemisivy, Sloan-Kettering Instilule for
Cancer Research, Sloan-Kettering Division of Cornell Univevsity
Medical College, New York 21, New York

Recedved August 28, 1967

In the eourse of biochemical and biological studies™*
on analogs of 1-8-p-arabinofuranosyleytosine (ara-C),
it became necessary to synthesize 5’-deoxy-ara-C (9,
see Scheme I) as a possible substrate and/or inhibitor
of deoxveytidine deaminase present in human liver or
mouse kidney homogenates. This paper describes the
synthesis of 5’-deoxy-ara-C by two routes from 5'-
deoxyuridine by use of anhydro nucleoside inter-
mediates.

(1) This investigation was supported in part by funds from the Nationunt
("ancer Institute (Grant No. CA 08748).

(2) M. R. Dollinger, J. 1{. Burchenal, W, Kreis, and J. J. Fox, Biockem
Phormacol., 16, 689 (1967).

(3) I. Wempen, N. Miller, IX. A. Falco, and J, I. ax, J. Med, Chem., in
Liress,
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Reaction of 5'-deoxyuridinet (1) with 1 equiv of
thiocarbonyldiimidazole according to procedures previ-
ously described® gave directly 2,2’-anhydro-1-(5-deoxy-
B-p-arabinosylyuracil (2). Treatment of anhydro nu-
cleoside 2 with alkali in dilute ethanol gave a fair
vield of 1-(5-deoxy-g8-p-arabinosyljuracil (4)., Proof
of the arabinosyl configuration of 4 was obtained as
follows. Acetylation of 4 gave the 2’,3’-diacetate (5)
which, upon hydrogenation over 5% rhodium on alu-
mina, afforded the 5,6-dihydro 2’,3’-diacetate (6).
The nmr spectrum of 5 in DMSO-ds showed r values
for the 3’- and 2’-acetoxy resonances at 7.88 and 8.01,
respectively, In the dihydro nucleoside (6), the cor-
responding resonances were centered at 7 7.90. Cush-
ley, et al.® have demonstrated with acetylated furano-
sylpyrimidine nucleosides bearing a e¢is relationship
between the C;—Cy substituents that the C, acetoxy
resonance is shifted to lower field when the anisotropic
effect of the 5,6 double bond is removed. They showed,
further, that in the corresponding frans-Cy—C, nucleo-
sides, an upfield shift for the C-2’ acetoxy signal occurs
upon removal of the 5,6 double bond. The nmr sig-
nals for the acetoxy resonances of nucleosides 5 and 6
are consistent only with a ¢is relationship between
the aglycon and the C-2’ substituent.

(4) I. Wempen, I. L. Doerr, I.. Kaplan, and J. J. Fox, J. Am. Chem. Soc.,
82, 1624 (1960).

(3) J. J. Fox, N. Miller, and I. Wempen, J. Med. Chem., 9, 101 (1966);
J. J. Fox and 1. Wempen, Tetrahedron Letters, 643 (1965).

(6) R.J. Cushley, K. A. Watanabe, and J. J. Fox, J. Am. Chem. Soc., 89,
304 (1967).

Benzoylation of 4 with an excess of benzoyl chloride
in pyridine yielded the tribenzoate 7. That an excess
of this reagent will benzoylate the aglycon as well as
the sugar moiety had been noted previously with thymi-
dine and uridine.” Thiation of 7 according to proce-
dures previously employed’ gave the 4-thio nucleoside 8
which was isolated as a crude syrup and converted to
5’-deoxy-ara-C (9) with alecoholic ammonia. 5’-De-
oxy-ara-C consumed 1 mole of metaperiodate per mole
slowly (~40 hr) consistent with an a-trans-glycol
system in 9. The ultraviolet absorption spectrum and
the pK, (4.2) of 9 were similar to those for ara-C.

An interesting aspect of the reaction of 1 with thio-
carbonyldiimidazole is noted when an excess of this
reagent 1s used. Reaction of 1 with 1.5 moles of this
reagent gave ca. 509 yield of 3 whose elemental analysis
was consistent with a dinucleoside thionocarbonate.?
The same dinucleoside thionocarbonate was obtained
in near quantitative vield by reaction of 2 with 0.5
equiv of thiocarbonyldiimidazole, Dinucleoside 3 is
converted to 2 when refluxed in 509, methanol. In
0.5 N NaOH 3 is rapidly converted to 4. These data

(7) J. J. Fox, D. Van Praag, I. Wempen, I. L. Doerr, L. Cheong, J. E.
Knoll, M. L, Eidinoff, A. Bendich, and G. B. Brown, bid., 81, 178 (1959).

(8) It should be noted that the ultraviolet absorption spectrum of 8 is
qualitatively similar to those for 2.3’-anhydro nucleosides.? However, this
*‘similarity’’ is due to the contribution made by the thiono group to the spec-
truin. Horton and Tarner!® have olbserved selective uv alisorption at 238
and 274 my for 1,2-0-isopropylidene-a-p-glucofuranose 5,6-thionocarbonate.

(9) J. F. Codington, I. L. Doerr, and J. J. Fox, J. Org. Chem., 80, 476
(1965).

(10) D. lNorton and W, N. Turner, Tetruhedron Letters, 2531 (1964).
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establish 3 us bis[2,2-anhvdro-1-(5-dcoxy-g-p-arabino-
syDuraeil] 3’-thionocarbonate. As an extension of
this obscrvation, we treated 2/,3'-O-isopropylidenc-
uridine with thiocarbonyldiimidazole and obtained n
nearly  quantitative vield of the 2'3’-ucetonide of
diuridylyl 5’—3’-thionocarbonate (compound A).!!

An alternate and simpler method ta 5’'-deoxy-ara-C
was nchieved from 2. Benzoylation of 2 with beuzoyvl
chloride in pyridine gave the monobenzoate 10, mp
197°.121% The conversion of the 2,2-anhydro nucleo-
side 10 to 9 utilized the previously deseribed proeess
for thiation of anhydro nueleosides. ™  Thiation of 10
produced the 4-thione (11) which was converted to
S'-deoxy-ara-i-thiouracil (12). Treatment of 12 with
aleoliolic nnnonin at 100° afforded a high vield of 5=
denxy -ara-C

H3Cyu CHz
070 o~
0 i O)\N
HpC-0-C-OCH, o

0.0
X
CHZ ~CHy
Compound A

Prelininary studies'™ showed that 9 was conipletely
deaminated by both human liver and mouse kidney
homogenates indieating, in agreement with previous
studies,>'® that conversion to the mueleotide 1g not a
prerequisite  for enzyvmatic deamination. a’-Deoxy-
ara-C 1s u weak deaminase inhibitor.  No activity was
observed for H'-deoxv-ara-C against 1,1210 leukeniin
or against Burkitt’s cell cultures in agreement. with the
proposed mechanisim for the action® of ara-C as a phos-
phorvinted derivative.

(it Compotord A gl 3) may be viewed as anators of dineeleoside
bplusphates,

(12) Monobenzoate 10 lad teen reportesd from this laboratory O with mp
204~206°. The metlwod of synthesis used involved the treatinent of 2,2'-
anlyydro-1-(3-ideuxy-3-0-mesyl-3-v-arabinasylhiracil (13) with soditm henzo-
de in 1DMF at rethix temperatnre for 4 lo.  Subsequent studies!® lave
wliown tlat suele reactions produce 2/,37-ortlwester ions whicli ean lead
snhisequently tao Lol 2,2/-anliydro-37-O-lbenzoyl amd 2,.37-anliyvdro-2/-0-
lienzoyvl derivatives. The meelhanism wonld involve first tle attack iy ben-
zoate un (327 of BB fullowed by attack of the 2-carhonyl on 3* ta form tle
2,37-anlivdro-2/-0-benzuyt derivative (I, 1t lus atso since tieen demor-
strated i 2,37 -anliyvdronucelessides of type (0 witl rearrunge co ihe 2,2'-
anleydyo-31-0-benzayl isomer with hea(. & Ttecefare it was deemed passitle
it e gunabenzoate previausly reported® may lave been g mixture of
Worgees. A reinvestigation by Dr. J. P Cadington in our laboratory shiowed
Lhit, indeed, the reaction of 1B with sadium benzoate in DM produced two
isotaecie proaduces witlomnp 197-108 and 231-233°, respectively. The higler
nelting prodicet was converted to tle lowee metting isomer by lieating at
~212° far 20 min. A mixture melting point of 10 witly the lower melting
wsomer was andepressed and tleir ir spectra were identical. These data
estabtislc tle lower melting isomer as 10 and the higher melting isomer (231~
233°) as the 2,3/-anlyvdro-1-(3-deoxy-2-0O-henzoyl-g-p-arabinosyl)uracil iso-
ner.

(13r J. I Codingtan, R. Feclier, aral . J. Fox, J. Am. Chem, Soc., 82, 2701
L1GO Y,

(-0 Jo 0 Fox ardd N Yung, J. Org, (Chem,, 28, 436 (1963,

(13 N. C.Yang and J. J. FFox, J. Am. Chem. Sorx., 83, 3060 (19G1].

(Up N.CoYungand J.oJ. Fox, J. Org. Chem., 87, 1477 (1U62),

(17, AL Daoltinger, personal commmuniention.

(18 (L W. Ciuniener, Biochem. e, iy press,

ctes MY Clacared G0 AL Piseteer, 1hi, 11, 425 (L6l 14, 285 (Landy.
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Experimental Section

2,2"-Anhydro-1-{5-deoxy-3-v-arabinosyljuracil (2t.--1'v 2in
ml of drey tohtene was added 2.74 g (L0112 mled of Valeoxy-
nridinet (1), The snspension was =tirreill and bronght 1o S92,
wherenpon a solution of 2.3 g (0,014 mole) of thioearbouyhdi-
tnidazole tedey tolnene (40 ml) was added i one portion. The
reaction mixture wis then heated nuder veflux for abone + he
wherenpon the vellow color was completely dischurged ad o
precipitate furmed.  The renction mixtnre wax conled, the tolnene
wits decanted, and the restdne was washed with three J0-ml por-
tiwms of 1,0, The criude pradnet vrystallized from hot EtO1
e colarless nricroneedles and was chromatographically pure
(tle, CHCL-NMeOH, 4:1). The yvield was 2.1 g (839, 1 A Inrtdur
vryvstatiization frome MeOH-FtOAr gave a cryvsialline produet
melting af 207-208%: AEE 023 and 248 mg (e 700 and THOD;
A 211 amnd 234 g (e 3600 and GO,

Jdaals Caled for CAHLLNLOG G0 ategd 11 4560 N, B
Fouud: C, ap-44: 476, N, D22,

Bis{2,2'-anhydro-1-(5-deoxy-3-1,-arabinosyl uracil] 3'-Thione-
carbonate (3). ta) From 5'-Deoxyuridine —Tu u stirred suspen-
stan of 2228 g (010 meole) of 1 i 230 b of deyv wolinene, pre-
viotsly heatod to 80°, was added all at once a sohttime of thio-
rarhonyviditmulazole 12,59 g, (LOHG mole) i abant 10 ml of
warnt Tolere. The reaction mistnre which wis heated at rveflnx
tetperatre lost eolor slowly over a period of T hee The rxinee
wits cooled, the rohmne wis deranted from the pale tan precipi-
tate, atud the <olid was washol twice with FtaO), The vesidne wis
witrttted withe 1wl of O ol the tnsolnble precipiiatie was
ralected and washed with <evernl portions of ceold  FEtOFL
Thin Erver chromuography showed only one component with
MeOTH-CHCE 41 The vield of 3 was 1.2 g (3291 The
fittrate cottained several compoment s inelnding asmall proportion
af 2. Recrvstallizatton of the crnde precipitate from a large
volttme of 9800 FtOI gave 1 componnd which decomposed at
TS24 AR 225 mp (e 2540000 Ay, 208 i Ce 14,100,
~houbier 237235 mw, intlection at 248 mg.

dnal. Caled tor ColBONGONS 40035 T a0 N, 1202
X, 600 Found: 49560 PP N, TEO4 D S, 1S,

{b) From 2.- Tty 2100 mg (.00 malel of 1 m 5t b of (dey
{olitenie stirveld e St1° was added 94 mg (0.0005 mole) of thin-
carbonyldituifazole.  The mixtnre wus heated at rvetinx fem-
perainre nntil the vellow colir was discharged (8 hr). The re-
action mixtire was worked tip ss inoamed the resulting compound
(230-mg ernde yieldl was found to be tdentieal with the com-
pound described above (mixtive melting point showed o de-
pression).

Alkaline Hydrolysis ol 3 to 4. —-Several milligrmus of 3 was
plrced in 0.5 N NaOH for a few mitntes, neutralized with ArOlt,
aud examined =pectrophotometrically. The nv peak of starting
material at 225 mp had disappeared and a new peak wis noted
at 262 . The wigration of thisx hydralysis prodiet was eom-
pared with the hydrolysis prodnet of 2 (ie, 4) and 1 (paper
clectrrupharesis, horate bufter, pIl 70, 3.5 hr, 600 vi. The
alkaline hydrolysi= prodnet= of borth 2 and 3 have the same
wobtlity.  They migrate toward the cathode (F am), while 3/
deoxyuridine migrates (3.5 em] toward the anode tu this hutler,

Hydrolysis of 3 to 2.---"1u 130 mil of 500 MeOH was added 1At
mg of 3 and the solntion was heated to reflux for 24 hr. When the
evulition of a sulfur-cantaining gas. detected with lead acetate
paper, ceased, the nltraviolet specrrum of the mixture was
measnred and fomuel 1o be tdentical with that obtained from 2.
Thin Erver chinmettography also showed the product to he the
e s 2,

2,2'-Anhydro-1-(3-()-benzoyl-5-deoxy-s-v-arabinosyluracil
(10),~Componnd 2 14,3 g, 0.021 mole) in 50 ml dry pyridine
and 204 g (0025 kel of benzovl chloride were allowed to stauld
for 72 hre at roon temperature.  Pyridine was removed nnder
saetn to half vohme aod the vesulting syrup wis poured nver
tce (100 g) while stirring.  The crnde precipitate was tiltered
and washed with Hy(). The produet (3.2 g, 787%) was recrystal-
lized trom E1OAc¢ and melted at 197°.12
2,2'-Anhydro-1-(3-O-benzoyl-5-deoxy-3-n-arabinosyl)-4-thio-
uracil (11 6~"To a vlear, retnxitg salintion of 65 mbof dey pyridine

CA Poce spectra wee labe oo Vi NG spestrameter qriog
DINRO-rFy so0 sotvent sar]l TARN s leraat cofrcence. Vataes are given in 7.
Microatutdyses were pedfocweed Gy (e Spargs Miecoanatytceal Labocatories,
Kunxvitie, Terae. Mettioe pomes were slececiomed on g Thimnas-1lToover
CHp Uy ToeTH e Doto U e s
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containing 5 g (0.022 nwole) of PyS; was added 3 g (0.0095 mole)
of 10. The solution was heated at reflux temperature for 0.5
hr, the pyridine was removed under vacuum, and the residue was
treated with about 250 ml of H,O. The yellow precipitate crys-
tallized from EtOH in yellow needles (2.55 g, 819): mp 233°
dec; AE22 233, 327 mu; Amia 212, 238 mu.
Anal. Caled for CisHiuN,0.8: C, 58.18; H, 4.24; N, 8.48;
8, 0.70. Fonud: C, 58.02; H, 4.56; N, 8.41; S, 9.66.
1-(5-Deoxy-3-p-arabinosyl)-4-thiouracil (12).—To 2 g of 11
(0.006 mole) in 300 ml of 309; MeOH was added 30 ml of 1 .V
NaOH and the mixture was stirred at 60° for 5 miu. The re-
action mixture was cooled and passed through an Amberlite
IR-120 (H*) column. The elnate was extracted with CHCls,
and the CHCl; was discarded. The aqueous layer was concen-
trated nnder vacunm to abonut 15 ml, wherenpon there separated
1.16 g (789,) of a pale yellow solid. A portion crystallized from
EtOAc yielded pale vellow needles which melted at 202-202.5°.
Thin layer chromatography, BuOH-H,O (86:14) indicated only
one component; Ao 243 332 mu; Amin 276 mp.
Anal. Caled for CaHRpN,O,S: C, 44.26; H, 4.92; N, 11.48.
Found: C, 44.34; H, 4.95; N, 11.45.
1-(5-Deoxy-3-p-arabinosyluracil (4).—Compound 2 (1.5 g,
0.007 mole) was added to a stirred solution of 100 ml of 3047
IGtOIT and 11 ml of 1 .V NaOH. The solution was stirred for 2
hr at room temperature, neutralized with 1 N HCI, and evapo-
rated under vacuum. The residue was taken up in three 100-ml
portious of hot Me,CO, the Me,CO was coucerntrated to dryness,
and the residne was dissolved in hot EtOH-EtOAc. After treat-
ment with chareoal aud filtration there precipitated microcrystals
(600 mg, 37G;), mp 155-138°, A5 262 my, M 231 mu (only one
component by tle, MeOH-CHCl; 4:1).
Anal. Caled for CyHN1O;s: C, 47.37; H, 5.26; N, 12.30.
Found: C, 47.26; H, 5.16; N, 12.22.
1-(5-Deoxy-2,3-di -O-acetyl-3-p-arabinosyl)uracil (5)—To 250
mg of 4 was added 1 ml of dry pyridine and 3 ml of AcyO. The
mixture was allowed to stand at room temperature for 72 hr and
the flask contents was evaporated under vacuum. MeOH was
added twice and removed under vacuum each time. A recrystal-
lization of the residue from H,O afforded 140 mg of flat, shiny
plates (mp 208-209°). A single component was noted by means
of thin layer chromatography.
Anal. Caled for CyHi:N:0:: C, 50.16; H, 4.82; N, 9.00.
Found: C, 49.97; H, 5.13; X, 8.88.
1-(5-Deoxy-2,3-di-O-acetyl-3-p-arabinosyl)-5,6-dthydrouracil
(6).—The acetyl compound 5 (130 mg) was dissolved in 50 ml
of EtOH, and about 50 mg of 59 rhodium-on-alumina catalyst
and one drop of HC! were added. The hydrogenation was carried
out ut atmospheric pressure for 12 hr. The catalyst was removed,
the filtrate was concentrated to 5 ml under vacuum, and the
resulting precipitate was recrystallized from hot EtOH. The
componnd formed white needles, mp 182-183° (43 mg). The
compotind was homogenous by thin layer chromatography
(BnOH-H,0, 86:14) (visnalized by means of MnQ,~ spray).
Anal. Caled for CHi:N:0;: C, 49.84; H, 5.43; N, 8.95.
Found: C, 49.55; H, 5.67; N, 8.81.
5’-Deoxytribenzoyl-1-3-p-arabinesyluracil (7)—To 4.3 g
(0.02 mole) of 4 in 150 ml of dry pyridine was added benzoyl
chloride (11.2 g, 0.08 mole), and the mixture was allowed to stand
for 24 hr at 70°. Half of the pyridine was removed under vacuum
atnd the residual syrup was poured over a shlurry of ice-H,O.
The granular precipitate was removed and washed with Et,0.
The crude compound thus obtained (6 g, 559%) gave a single spot
(tle) (MeOH-CHCI; 4:1). A portion recrystallized from EtOH
melted at 223-224°,
Anal. Caled for CppHaN:0s: C, 66.66; H, 4.44; N, 5.19.
Found: C, 66.58; H, 4.45; N, 5.13.
1-(5-Deoxy-3-p-arabinosyl)eytosine (9). (a) From 12.—
Compound 12 (1.1 g, 0.0045 mole) was placed in a sealed tube
with 200 ml of EtOH saturated with NHj at 0°. The vessel was
heated for 17 hr at 100° and cooled, and the tube conteints was
concentrated under vacuum. The resulting residue was taken up
in hot EtOH, decolorized with carbon, and filtered. A further
recrystallization from H.O yielded 920 mg (90%) of material in
white needles which melted at 166-168° dec. Paper electro-
phoresis (pH 7.0 borate buffer, 6 hr, 600 v) indicates one spot
which migrates toward the cathode. Infrared, nmr, and tle
indicated that the material is identical with the material described
in preparation b below; spectral data: A’ 280 mu (e
12,800), Aoin 241 mp (e 1700); NET 272 mp (e 8900), Apin ab
248 mu (e 570D), inflection at 229 mpy.
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Anal. Calcd fOl’CgH13N304'H201 C, 44:08, II, 612, N, 17.14.
Found: C, 44.27; H, 6.20; N, 17.42.

Spectrophotometrically caleulated pK. = 4.20 (+£0.03).
Rotation shows [a]®*p 4114°, and metaperiodate consumption
is complete over 40 hr cousistent with an a-irans-glycol system,

(b) From 7—To a stirred mixture of 3.0 g (0.0093 mole) of
7 i pyridine (150 ml) was added 9.2 g (0.041 mole) of P,S; and
0.2 ml of HyO. The mixture was heated at reflux temperature
for 3 hr and the pyridine was reduced to half volume under
vacuum. The residual syrup was poured into ice H,O, stirred
for 1 hr, and extracted into CHCl,. The CHCl; was washed with
H:O and dried (Na,S0,). All attempts to crystallize the syrup
obtained on the evaporation of the dried CHCl; solution failed.
The crunde syrup (8) was therefore used for the preparation of 9.
The crude syrip (3.5 g) was heated in a sealed tube at 100° for
12 hr with 150 m! of EtOH saturated at 0° with NH;. The
tube contents was bronught to dryness nnder vacium, taken up
in H,0, and shaken with CHCl;.  The aqueotts layer was cotcen-
trated to 10 ml and on cooling there was obtained 240 mg of
white crystals. Further concentration of the aqueons laver
vielded an additional 200 mg of erystals. These two fractions are
identical in all respects with the componnd obtaited by method
a (vide supra) ir, nmr, tle. However the former precipitate melts
at 189-192° while the recrystallized sample of the latter melts
at 166-168°.

Di(2,3-O-isopropylideneuridylyl) 5'—5’-Thionocarbonate (4).
—To 980 mg of 2',3'-O-isopropylideneuridine (0.003 mole)
in 50 ml of dry toluene heated to 80° was added a solutiou of
thiocarbonyldiimidazole (640 mg, 0.003 mole) it 20 ml of tolueve.
The reaction was stirred at reflux temperature for 4 hr. The
vellow color faded aud the reaction mixture was then cooled.
The toluene was decanted and the insoluble residue was washed
twice with Et,0. The residue was then recrystallized twice from
EtOH to give white needles which decomposed slowly np to
140°, A2 260 mig (e 12,900), Amin 237 mu (e 11,400).

Anal. Caled for CysHpNOnWS: C, 49.18; H, 4.92; XN, 0.18;
S, 5.24. Found: C, 48.68; H, 4.91; N, 9.71; S, 5.67.
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In general, there are two types of branched-chain
carbohydrates—those where the branching involves
one of the ring atoms and those having a branched side
chain. Asexamples of nucleosides containing branched-
chain sugars of the first type, we recently described!
the synthesis and some biological effects of both 2/-C-
methyladenosine (I) and 3’-C-methyladensoine (II),
Earlier, as a consequence of work on the naturally
oceurring branched-chain sugar noviose, we synthesized?
methyl 2,3-O-isopropylidene-5,5-di-C-methyl--p-ribo-
furanoside (III), a sugar which is examplary of branch-
ing of the second type. In view of the interesting
biological properties of 2/~ and 3’-C-methyladensosine,
it seemed worthwhile to convert III into the related
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