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205° dee,2'1 [«123D +150° (c 0.5, 11,0). Anal. fCoHV/NuOj) 
C, H, X. 

4-Acetylamino-l-/°-D-arabinofuranosyl-2(lH)-pyrimidinone 
(4a, R = COCH3).25—The HCl salt of l-f3-D-arabinofuranosyl-
cytosine (4a, R " = IT, 1.1 g) was dissolved in I f20 and added to a 
Dowex 1 (Oil—) column. After clution with - '2.5 !. of H,0, 
the dilate was concentrated to dryness in vacuo. The (inc crys
talline, free nucleoside (8S0 nig) was dissolved in 100 nil of 
MeOII and refluxed with 0.9 ml of Ac20 for 5 hr. Aildilioual 
0.9-ml portions of Ac20 were added during the reflux period at 
hourly intervals. The reaction mixture was separated from a 
small amount, of insoluble material, and the filtrate was con
centrated in vacuo to 10 ml and treated with E t 2 0 . A crystalline 
product was obtained; 0.95 g (92%), mp ~170° . Recrystalliza-
tion from hot EtOH gave pure product., mp 194-195°. Uv-
absorption properties (see Table I) were generally similar to 
those for N J-acetylcytidine.n Anal. (CuII,3N306) C, H, X. 

5,6-Dihydro-4,6-dihydroxylamino-l-/3-D-ribofuranosyI-2(lH)-
pyrimidinone (6).—To a solution of 1.18 g (0.0045 mole) of 4-
thiouridiiie8-26 in 40 ml of MeOII containing 1 ml of 11,0 was 
added 1.5 g (0.045 mole) of anhydrous XIT.OIT.27 The mixture 
was left for 1 hr at room temperature. An immediate evolution 
of H2S occurred. After 1 hr, the tiv absorption maximum of the 
thione peak at 328 niju had disappeared with a corresponding rise 
of a new maximum at 226 mji. The reaction mixture was evapo
rated in vacuo to a thin syrup which was treated with a large 
volume of E t 2 0 . A flocculent precipitate thus obtained was 
decanted through a filter and washed with E t 2 0 . The solid, crys
tallized from hot EtOH, afforded 110 rug, mp 170-171°. a 

This compound had a single, selective, uv, absorption maximum 
at 223 nip. On treatment with 1 X MCI, the short-wavelength 
maximum rapidly disappeared with the concurrent appearance 
of a new maximum at 280 m,u. This behavior is essentially identi
cal with that of the "bis' ' hvdroxvlamino compound reported pre
viously.12 Anal. ( C H u N W C / H : X: calcd, 19.17; found, 18.73. 

After removal of the "bis' ' compound, the mother liquor was 
treated with HCl and, after subsequent neutralization, afforded 
a product which resembled in all respects the known X~l-hydroxy-
cytidine.8 

4-Hydroxylamino-l-/3-D-ribofuranosyl-2(lH)-pyrimidinone 
(5a, R", R'" = OH).—To 1.06 g (0.004 mole) of 4-thiouridine8,26 

in 50 ml of MeOH was added XH.OH2 2 (0.04 mole) in MeOII 
(200 ml). The mixture was held at room temperature for 80 
min after which time the uv absorption at 328 rtiju had completely 
disappeared, and a new absorption maximum at 272 m/i had 
appeared. The MeOH was removed in vacuo and EtOH was 
added and removed in vacuo three times. The residue was taken 
up in 75 ml of cold EtOH, the insoluble material was removed, 
and the filtrate was taken to dryness in vacuo. HCl (36 ml, 1 A") 
was added, and the mixture was heated on a steam bath for 6 
min.29 The acid was removed in vacuo, and the residue was 
taken to dryness in vacuo six times, three times with 25 ml of 
CsHej and three times with 25-ml portions of EtOH. The result
ing residue was dissolved in 50 ml of cold EtOH, and the product 
was precipitated by the addition of 200 ml of Et 2 0. The solution 
(in EtOH) and reprecipitation were repeated to obtain a pale, 
straw-colored powder, 661 nig (55'"c), mp 182-1S30 dec, with 
darkening at 181°. The HCl salt thus obtained has spectral data 
which are essentially identical with those previously reported.12 

l-(2-Deoxy-/3-D-ribofuranosyl)-5-fluoro-4-methylthio-2(lH)-
pyrimidinone.30—To a solution of 1.6 g (0.006 mole) of 2'-deoxy-

(21) A melting point of 257-260° for ttie crude, free base was reported by 
.1. 11. Hunter, U. S. Patent 3,118,282 (Dec 31. 1903). 

(25) The synthesis of this compound was performed by Dr. Naotaka 
Yamaoka of these laboratories. 

(20) This compound has been reported as a crystalline solid by N. K. 
Kochetkov, K. I. Budowsky, V. N. Shibaev, G. I. \eliseeva, M. A. Grachev, 
and V. P. Demushkin, Tetrahedron, 19, 1207 (1903). 

(27) C. D. Hurd, Inorg. Syn., 1, 87 (1939). 
(28) The melting point of the unrecrystallized compound is reported in 

ref12 as 130-135°. 
(29) No attempt was made to isolate the "bis" compound. However, 

the Hltrate from the acid treatment did exhibit a nonultraviolet-absorbing 
component on a thin layer ehromatogram (/i-BuOH-H*0 86:14) which was 
visualized by spraying with a FeCla solution. The resulting pink spot has 
been reported as characteristic of the "bis" hydroxylamino derivatives.vl 

The monohydroxylamino derivative exhibits a blue spot when treated with 
t he same reagent.'-

(30) This compound was previously reported31 as a crude intermediate 
which was not characterized. 

(31) T. Ueda and ,). J. Fox, ./. Med. Chem., 6, 697 (1963). 

5-fluoro-4-thiouridine3 in MeOH was added excess (TI2X2 in 
E t 2 0 . The reaction mixture was allowed to stand 1 hr and taken 
to dryness in vacuo. The crystalline product was reerystallized 
from MeOH and afforded an essentially quantitative yield of 
pale yellow needles, nip 141.5 143°, shown to boa single compo
n e n t ' b v lie (i/-BuOIl IM>, S0:M). Anal. (CnHisFX.t >,S) 
(', II, \ . 

l-(2-Deoxy-^-i)-ribofuranosyl)-5-fluoro-4-hydroxylamino-2-
(IH)-pyrimidinone (5, R' = F ; R" = OH; R'" = H). A 
solution of 3.0 g (0.013 mole) of the S-methylated precursor in 
200 nil of MeOH was treated with MeOH-XILOII 2 2 (0.13 mole), 
and the mixture was left at room temperature for 18 hr. The 
course of reaction was monitored by the disappearance of the 
uv absorption at 315 m/i. The solution was taken to dryness 
in vacuo. EtOH was added to the residue in three consecutive 
50-ml portions, evaporating the .solution to dryness each time. 
The residue was taken up in cold EtOH (100 ml), and the in-
solubles were removed by filtration. The filtrate was concen
trated to ca. 10 ml and EtOAc was added followed by petroleum 
ether. The amorphous, white precipitate which resulted was 
purified by repeating the solution and reprecipitation step. 
.Attempts to obtain a crystalline compound were unsuccessful. 
The product (1.2 g) was hygroscopic and had no definite melting 
point. Uv-absorption properties of the compound are in 6 X HCl, 
maxima at 219 and 290 m/i (« 7660, 10,590), minimum at 248 
nift (t 2040); at pll 7, maxima at 234 and 267 niju ft 9780, 7740), 
minimum at 255 mn it 6920). Anal. (C.JIr>FX;iO:,.0.5H,Oi 
C, H, X. 

l-(2-Deoxy-fJ-i)-ribofuranosyl-4-hydroxyIamino-5-methyl-2-
(lH)-pyrimidinone(5, R' = CH3; R" = NHOH; R'" = H). 
A solution of I!.4 g (0.013 mole) of 4-thiothymidine8 and XII201I22 

(0.13 mole) in MeOH (200 ml) was heated at 38° for 5 hr. The 
completion of the reaction was determined by the absence of 
uv absorption in the 334-m,u region and cessation of II2(s evolu
tion. The mixture was evaporated to dryness in vacuo and 50 
ml of EtOH was added and evaporated in vacuo. The addition 
and evaporation were repeated three times. The resulting white 
residue was taken up in cold EtOH (100 ml), and the insoluble 
material was removed. To the filtrate was added 5 ml of a 
solution of HCl in EtOH (saturated at 0°) and 50 ml of Ef2(). 
Crystallization occurred slowly. The compound was reerystal
lized from E tOI I -E t , 0 . The'yield was 3.4 g (SS'.'c), mp' 166° 
dec. The uv-absorption properties are essentially identical with 
those previously reported for the free nucleoside.8 
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Iii the course of biochemical and biological (studies2"'' 
on analogs of 1-3-D-arabinofuranosylcytosine (ara-G), 
it became necessary to synthesize 5'-deoxy-ara-C (9, 
see Scheme I) as a possible substrate and /or inhibitor 
of deoxycytidine deaminase present in human liver or 
mouse kidney homogenates. This paper describes the 
synthesis of o'-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 National 
Cancer Institute (Grant No. CA 08748). 

(2) M. R. Dollinger, J. H. Burchenal, \V. Kreis, and J. J. Fox, Biachem 
I'harmacol., 16, 689 (1907). 

(3) I. Wempen, N. Miller, K. A. Falco, and J. .1. fox. ./. Me,I. Chem., in 
press. 
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SCHEME I 

Reaction of 5'-deoxyuridine4 (1) with 1 equiv of 
thiocarbonyldiimidazole according to procedures previ
ously described6 gave directly 2,2'-anhydro-l-(5-deoxy-
/8-D-arabinosyl)uracil (2). Treatment of anhydro nu
cleoside 2 with alkali in dilute ethanol gave a fair 
yield of l-(5-deoxy-/3-D-arabinosyl)uracil (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-d6 showed T 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 r 7.90. Cush-
ley, et al.,6 have demonstrated with acetylated furano-
sylpyrimidine nucleosides bearing a cis relationship 
between the Ci'-C2 ' substituents that the C2' 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 irans-Gi'-Cz' 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 cis relationship between 
the aglycon and the C-2' substituent. 

(4) I. Wempen, 1. L. Doerr, L. Kaplan, and J. .1. Fox, / . Am. Cltem. Soc, 
82, 1824 (1960). 

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

(6) R. J. Cushley, K. A. Watanabe, and J. J. Fox, J. Am. Chem. Soc, 89, 
304 (1067). 

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.7 Thiation of 7 according to proce
dures previously employed7 gave the 4-thio nucleoside 8 
which was isolated as a crude syrup and converted to 
5'-deoxy-ara-C (9) with alcoholic ammonia. 5'-De-
oxy-ora-C consumed 1 mole of metaperiodate per mole 
slowly (~40 hr) consistent with an a-t7-ans-glyco\ 
system in 9. The ultraviolet absorption spectrum and 
the pKa (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 is used. Reaction of 1 with 1.5 moles of this 
reagent gave ca. 50% yield of 3 whose elemental analysis 
was consistent with a dinucleoside thionocarbonate.8 

The same dinucleoside thionocarbonate was obtained 
in near quantitative yield by reaction of 2 with 0.5 
equiv of thiocarbonyldiimidazole. Dinucleoside 3 is 
converted to 2 when refluxed in 50% 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, ibid., 81, 178 (1959). 

(8) It should be noted that the ultraviolet absorption spectrum of 3 is 
qualitatively similar to those for 2,3'-anhydro nucleosides.9 However, this 
"similarity" is due to the contribution made by the thiono group to the spec
trum. Horton and Turner10 have observed selective uv absorption at 238 
and 274 m/x for 1,2-0-isopropylidene-a-D-glucofuranose 5,6-thionocarbonate. 

(9) J. F. Codington, I. L. Doerr, and J. J. Fox, J. Org. Chem., 30, 476 
(1965), 

(10) D, llorton and W. N. Turner, Tetrahedron Letters, 2531 (1904). 
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establish 3 as bis[2,2'-anhydro-l-(.5-deoxy-/3-i_)-arabiiio-
syl) uracil] 3'-thionocarbonate. As an extension of 
this observation, we treated 2',3'-0-is<>propylideiie-
uridine with thiocarbonyldiimidazole and obtained a 
nearly quantitative yield of the 2',3'-acetonide of 
diuridylyl f/-*5'-thionocarbonate (compound A).11 

An alternate and simpler method to o'-deoxy-a/'a-0 
was achieved from 2. Bcnzoylatioii of 2 with benzoyl 
chloride in pyridine gave the monobenzoate 10, mp 
l()7°.i2-i"> The conversion of the 2,2'-anhydro nucleo
side 10 to 9 utilized the previously described process 
for thiation of anhydro nucleosides.1'1 Thiation of 10 
produced the 4-thione (11) which was converted to 
.V-dcoxy-af-a-4-thiouracil (12). Treatment of 12 with 
alcoholic ammonia at 100° afforded a high yield of •">'-
deoxv-rt/'m-C. 

0 X 0 
^ A HN 

*0' H2C-0-C-0CH, 0 

CH3
XCH3 

Compound A 

Preliminary studies17 showed that 9 was completely 
deaminated by both human liver and mouse kidney 
homogenates indicating, in agreement with previous 
studies,-MS that conversion to the nucleotide is not a 
prerequisite for enzymatic deamination. o'-Deoxy-
ara-C is a weak deaminase inhibitor. Xo activity was 
observed for o'-deoxy-ara-C against L1210 leukemia 
or against Burkitt's cell cultures in agreement with the 
proposed mechanism for the action1" of ara-G as a phos-
phorylated derivative. 

I l l ) C i m p o u n d A (and 3) m a y be viewed as analogs of dinucleoside 
phospha te s . 

(12) M o n o b e n z o a t e 10 had been repor ted from this labora tory 1 ' ' with trip 
204-20t i ° . T h e m e t h o d of syn thes i s used involved the t r e a t m e n t of 2 ,2 ' -
anhydro-l - (o-deoxy-3-(9-mesyl-)3- i ) -arabinusyl)uraei l (11) wi th sod ium benzo-
a te in D M F a t reflux t e m p e r a t u r e for 4 lir. S u b s e q u e n t s tudies 1 4 have 
shown t h a t such reac t ions p roduce 2 ' . 3 ' -o r thoes t e r ions which can lead 
s u b s e q u e n t l y to both 2 , 2 ' - a n h y d r o - 3 ' - 0 - b e n z o y l a n d 2,:->'-anhydro-2'-0-
benzoyl de r iva t i ve s . T h e m e c h a n i s m would involve first the a t t a c k by ben-
zoate on C-2' of B followed by a t t a c k of t he 2-earbonyl on 3 ' to form the 
2 ,3 ' - anhydro -2 ' -0 -benzoy l de r iva t i ve C. It lias also since been d e m o n 
s t r a t ed t h a t 2 ,3 ' - anhydronuc leos ides of type ( ' will r ea r range to the 2 ,2 ' -
a n h y d r o - l ' - l l - b e n z o y l isomer with heat . l r ' Therefore it was deemed possible 
tha t the m o n o b e n z o a t e previous ly r epo r t ed 1 1 m a y h a v e been a mix tu re of 
isomers . A re inves t iga t ion by Dr. J . F. Cod ing ton in our l a b o r a t o r y showed 
t h a t , indeed, t he reac t ion of 11 with sodium benzoa te in D M F p roduced two 
isomeric p r o d u c t s with mp 1117—198 a n d 231-2.1)1°. respect ive ly . T h e higher 
mel t ing p roduc t was conver ted to t he lower mel t ing isomer by hea t ing a t 
^ -212° for 20 min . A mix tu re inci t ing point of 10 with t he lower mel t ing 
isomer was undepressed a n d thei r ir spec t ra were ident ica l . These d a t a 
es tabl ish the lower mel t ing isomer as 10 and the higher mel t ing isomer ( 2 3 1 -
233°) as the 2 ,3 ' -anhydro- l - (5-deoxy-2-0-benzoyl- /3-D-arabinO8y])uraci l iso
mer . 

(13) ,1. F . Cod ing ton , H. Fecher , and ,1. J . Fox. ./. Am. Chem. Soc, 82, 2794 
(191)0), 

(14) .1. .1. Fox ami X. (,'. Yung, .1. Or,j. Chem.. 28 , 930 (1963). 
( lo) X. C. Yung a n d J . .1. Fox, J. An,. Chem. Soc, 83 , 3060 (1901). 
(10) X . ( ' . Yung and J . ,J. Fox, ./. Org. Chem.. 27, 1477 (1962), 
(17) AI. Doll inger, personal c o m m u n i c a t i o n . 
(15) <!. \Y. Camiener , Biochcm. Ph<:rm<it'ol.. in press. 
i 19) M. V. Chu ami (1, A. Fischer, ihhl., 11, 123 (1902); 14, 333 (19IW;. 

Experimental Section2" 

2,2'-Anhydro-l-(o-deoxy-fj-i>-arabinosyl)uracil (2). -To 25o 
ml of dry toluene was added 2.74 g (0.012 mole) of 5'-deoxy-
uridine'1 (1). The suspension was stirred and brought lo S0°, 
whereupon a, soiution of 2.1! g (0.013 mole) of thiocarbonyldi
imidazole in dry loluene (40 ml) was added in one portion. The 
reaction mixture was then healed under reflux for about I lir 
whereupon the yellow color was completely discharged and a 
precipitate formed. The reaction mixture was cooled, the toluene 
was decanted, and the residue was washed with ihree 50-ml por
tions of KtvO. The crude product crystallized from hot lit OH 
in colorless microneedles and was chromatographicallv pure 
die, OH( "VMeOH, 4: 1 )• The yield was 2.1 g (kV, ). A'further 
crystallization from MeOIl-IttOAc gave a crystalline product, 
melting at 207-20N0; \ 'Jg 22.'! and 24S mM ( e' 7500 and 7100): 
X,„-„, 21 1 and 2114 mp (e 5600 and 001)0). 

Anal, ('tiled for ('..,If,„X2()i: C. 'AAA: II, -i.76; X, 13.33. 
Found: (', 51.44: II, 4.7(i; X, 13.22. 

Bis|2,2'-anhydro-l-(5-deoxy-fJ-n-arabinosyl)uracilj 3 -Thiono-
earbonate (3). (a) From 5'-Deoxyuridine.—-To a stirred suspen
sion of 2.2S g (0.01(1 mole) of 1 in 250 ml of dry toluene, pre
viously heated to ,S0°, was added all at once a solution of thio
carbonyldiimidazole (2.7!) g, 0.016 mole) in about (it) ml of 
warm toluene. The reaction mixture which was heated at reilux 
temperature lost color slowly over a period of 1 hr. The mixture 
was cooled, the toluene was decanted from the pale tan precipi
tate, and the solid was washed twice with EuO. The residue was 
warmed with .10 ml of FtOH and the insoluble precipitate was 
collected and washed wilh several portions of cold KiOII. 
Thin layer chromatography showed only one component with 
MeOIl-'CIICl., (4 :1 : . The yield of 3 was 1.2 g (52 r , i. The 
filtrate contained several components including a small proport ion 
of 2. Heerystallization of the crude precipitate from a large 
volume of 98 ' , KtOlI gave a compound which decomposed tit 
243-246°; \"f" 22.5 inju u 25,400); \m j u 20S mM U 14,100), 
shoulder 237-255 m,u, inflection at 24S mp. 

A,ml. Calcd for ( 'nlli.XjO.S: C, 40.35: II, 3.00: X, 12.12: 
S. 0.03. Found: (', 4!)..">(i: II, 4.11: X. 11.04: S, 6.S3. 

(b) From 2. To 210 mg (0.001 mole) of 1 in 50 ml of dry 
toluene stirred ai S0° was added 04 mg (0.0005 mole) of thio
carbonyldiimidazole. The mixture was heated at reilux tem
perature until the yellow color was discharged (S hr). The re
action mixture was worked up as in a and the resulting compound 
t'230-mg crude yield) was found to be identical with the com
pound described above (mixture melting point showed no de
pression ). 

Alkaline Hydrolysis of 3 to 4. -.Several milligrams of 3 was 
placed in 0.5 A" NaOH for a few minutes, neutralized with AcOH, 
and examined spectrophotoinetrically. The uv peak of starting 
material at 225 mp had disappeared and a new peak was noted 
at 262 mp. The migration of this hydrolysis product was com
pared with the hydrolysis product of 2 (I.e., 4) and 1 (paper 
electrophoresis, borate buffer, pi t 7.0, 3.5 hr, GOO v). The 
alkaline hydrolysis products of both 2 and 3 have the same 
mobility. They migrate toward the cathode (1 cm), while 5'-
deoxyitridine migrat.es (3.5 cm) toward the anode in this buffer. 

Hydrolysis of 3 to 2. -To 30 ml of 50','. AleOIl was added 150 
mg of 3 and the solution was heated to reflux for 24 hr. When the 
evolution of a sulfur-containing gas, detected with lead acetate 
paper, ceased, the ultraviolet spectrum of the mixture was 
measured and found to be identical with that obtained from 2. 
Thin layer chromatography also showed the product to be the 
same as 2. 

2,2-Anhydro-1 -(3-f V-benzoyl-5-deoxy-pf-it-arabinosyl juracil 
(10) . -Compound 2 (4.3 g, 0.021 mole) in 50 ml dry pyridine 
and 3.54 g (0.025 mole) of benzoyl chloride were allowed to stand 
for 72 hr at room temperature. Pyridine was removed under 
vacuum lo half volume and the resulting syrup was poured over 
ice (100 g) while stirring. The crude precipitate was filtered 
and washed with H20. The product (5.2 g, 78%) was recryslal
l i e d from ElOAc and melted at 197°.12 

2,2'-Anhydro-l-(3-0-benzoyI-5-deoxy-fJ-D-arabinosyl)-4-thio-
uracil (11). -To a clear, refluxing solut ion of 65 ml of dry pyridine 

(211) i ' lnr spectra were taken on a Varum A-til) spec t rome te r using 
il.MSO-,/,, as solvent and 1A1S LIS in ternal reference. Values are given hi -. 
M icroanalyses were performed b.\ the Spang Mi r roana ly tical L a b o r a t o r i e s . 
Knoxville, d'enti. Melt ing points were de te rmined on a T h o m a s - H o o v e r 
capbhuw ine'aing point a p p a r a t u s 

file:///OTKs
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containing 5 g (0.022 mole) of P2S5 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 2 0. The yellow precipitate crys
tallized from EtOH in yellow needles (2.55 g, 81%): mp 233° 
dec; x";° 233, 327 mM; Xmi„ 212, 258 mM. 

Anal. Calcd for Ci6H I4X204S: C, 58.18: H, 4.24; X, 8.48; 
S, 9.70. Found: C, 58.02; H, 4.56; X, 8.41; S, 9.66. 

l-(5-Deoxy-<3-D-arabinosyl)-4-thiouracil (12).—To 2 g of 11 
(0.006 mole) in 300 ml of 50% MeOH was added 30 ml of 1 N 
NaOH and the mixture was stirred at 60° for 5 min. The re
action mixture was cooled and passed through an Amberlite 
IR-120 (H+) column. The eluate was extracted with CHC13, 
and the CHCI3 was discarded. The aqueous layer was concen
trated under vacuum to about 15 ml, whereupon there separated 
1.16 g (78%) of a pale yellow solid. A portion crystallized from 
EtOAc yielded pale yellow needles which melted at 202-202.5°. 
Thin layer chromatography, BuOH-H 2 0 (86:14) indicated only 
one component; X"*° 243, 332 imi; Amm 276 m(i. 

Anal. Calcd for C<,H,2X204S: C, 44.26; H, 4.92; N, 11.48. 
Found: C, 44.34; H, 4.95; N, 11.45. 

l-(5-Deoxy-3-D-arabinosyl)uracil (4).—Compound 2 (1.5 g, 
0.007 mole) was added to a stirred solution of 100 ml of 50%, 
EtOH and 11 ml of 1 X NaOH. The solution was stirred for 2 
hr at room temperature, neutralized with 1 A' HC1, and evapo
rated under vacuum. The residue was taken up in three 100-ml 
portions of hot Me2CO, the Me2CO was concentrated to dryness, 
and the residue was dissolved in hot EtOH-EtOAc. After treat
ment with charcoal and filtration there precipitated microcrystals 
(600 mg, 37%), mp 155-158°, X„° 262 m/i, X"!° 231 mM (only one 
component bv tic, MeOH-CHCL 4:1). 

Anal. Calcd for C0H12X2O5: C, 47.37; H, 5.26; X, 12.30. 
Found: C, 47.26; H, 5.16; N, 12.22. 

l-(5-Deoxy-2,3-di-0-acetyl-/3-D-arabinosyl)uracil (5).—To 250 
mg of 4 was added 1 ml of dry pyridine and 3 ml of Ac20. 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 2 0 afforded 140 mg of flat, shiny 
plates (mp 208-209°). A single component was noted by means 
of thin laver chromatographv. 

Anal. "Calcd for Ci3Hi6N207: C, 50.16; H, 4.82; X, 9.00. 
Found: C, 49.97; H, 5.15; X, 8.88. 

l-(5-Deoxy-2,3-di-0-acetyI-/3-D-arabinosyl)-5,6-dihydrouracil 
(6).—The acetyl compound 5 (130 mg) was dissolved in 50 ml 
of EtOH, and about 50 mg of 5% rhodium-on-alumina catalyst 
and one drop of HC1 were added. The hydrogenation was carried 
out at 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 
compound formed white needles, mp 182-183° (43 mg). The 
compound was homogenous by thin layer chromatography 
(BuOH-H 2 0, 86:14) (visualized by means of M n 0 4

- spray). 
Anal. Calcd for Ci3H17X207: C, 49.84; H, 5.43; X, 8.95. 

Found: C, 49.55; H, 5.67; N, 8.81. 
5'-Deoxytribenzoyl-l-i3-D-arabinosyluracil (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 
and the residual syrup was poured over a slurry of ice-H20. 
The granular precipitate was removed and washed with E t 2 0 . 
The crude compound thus obtained (6 g, 55%) gave a single spot 
(tic) (AIeOH-CHCl3 4:1). A portion recrystallized from EtOH 
melted at 223-224°. 

Anal. Calcd for C3„H24N208: C, 66.66; H, 4.44; X, 5.19. 
Found: C, 66.58; H, 4.45; X, 5.15. 

l-(5-Deoxy-(3-D-arabinosyl)cytosine (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 XH 3 at 0°. The vessel was 
heated for 17 hr at 100° and cooled, and the tube contents was 
concentrated under vacuum. The resulting residue was taken up 
in hot EtOH, decolorized with carbon, and filtered. A further 
recrystallization from H 2 0 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 tic 
indicated that the material is identical with the material described 
in preparation b below; spectral data: X ^ " 0 1 280 im* (e 
12,800), X„,in 241 mM (<= 1700); X ^ 7 272 mM (s 8900), Xmi„ at 
248 rati (e 5700), inflection at 229 m,u. 

Anal. Calcd for C9Hi3N304-H20: C, 44.08; 11,6.12; X, 17.14. 
Found: C, 44.27; H, 6.20; X, 17.42. 

Spectrophotometrically calculated pKa = 4.20 (±0.05) . 
Rotation shows [a]23D +114° , and metaperiodate consumption 
is complete over 40 hr consistent with an a-lrans-glycol system. 

(b) From 7.—To a stirred mixture of 5.0 g (0.0093 mole) of 
7 in pyridine (150 ml) was added 9.2 g (0.041 mole) of P2S5 and 
0.2 ml of H 2 0. 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 H20, stirred 
for 1 hr, and extracted into CHC13. The CHC13 was washed with 
H 2 0 and dried (Na2S04). All at tempts to crystallize the syrup 
obtained on the evaporation of the dried CHC13 solution failed. 
The crude syrup (8) was therefore used for the preparation of 9. 
The crude syrup (3.5 g) was heated in a sealed tube at 100° for 
12 hr with 150 ml of EtOH saturated at 0° with XH3. The 
tube contents was brought to dryness under vacuum, taken up 
in H20, and shaken with CHC13. The aqueous layer was concen
trated to 10 ml and on cooling there was obtained 240 mg of 
white crystals. Further concentration of the aqueous layer 
yielded an additional 200 mg of crystals. These two fractions are 
identical in all respects with the compound obtained by method 
a (vide supra) ir, nmr, tic. However the former precipitate melts 
at 189-192° while the recrystallized sample of the latter melts 
at 166-168°. 

Di(2,3-0-isopropylideneuridylyl) 5'-*5'-Thionocarbonate (A). 
—To 980 mg of 2',3'-0-isopropylideneuridine (0.003 mole) 
in 50 ml of dry toluene heated to 80° was added a solution of 
thiocarbonyldiimidazole (640 mg, 0.003 mole) in 20 ml of toluene. 
The reaction was stirred at reflux temperature for 4 hr. The 
yellow color faded and the reaction mixture was then cooled. 
The toluene was decanted and the insoluble residue was washed 
twice with E t 2 0 . The residue was then recrystallized twice from 
EtOH to give white needles which decomposed slowly up to 
140°, \2° 260 mM (e 12,900), Xmin 237 mM (e 11,400). 

Anal Calcd for C2oH30X4Oi2S: C, 49.18: H, 4.92; X, 9.18; 
S, 5.24. Found: C, 48.68; H, 4.91; X, 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. As examples of nucleosides containing branched-
chain sugars of the first type, we recently described1 

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 
occurring branched-chain sugar noviose, we synthesized2 

methyl 2,3-0-isopropylidene-5,5-di-C-methyl-/3-D-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 I I I into the related 

(1) E. Walton, S. R. Jenkins, R. F. Nutt, M. Zimmerman, and F. W. 
Holly, / . Am. Chem. Soc, 88, 4524 (1966). 
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