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(VII, 500 mg, 1.77 mmoles) was dissolved in 4 nil of 149) aqueous 
NHj. Benzyl chloride (230 mg, 1.8 mmoles) in 2.0 ml of dioxane 
was added to the basic solution and the mixture was stirred at 
room temperature for 3 hr. The mixture was diluted with 6 ml 
of water and then extracted five times with 7.5-ml portions of 
ethyl acetate. The ethyl acetate solution, after drying (MgS04), 
was evaporated in vacuo to yield an oil which solidified when 
triturated with ligroin (bp 90-120°). The crude solid was 
recrystallized from an acetone-ligroin mixture to yield 500 mg 
'70' , ) of analytically pure product, mp 143-144°, [a]22D —66.3° 
ir 1, ethanol). 

Annl. Calcd for CisIImNsO^: C, 57.0; H, 5.13: N, 11.3. 
Fo.mil: C, 58.1; H, 5.03; X, 11.1. 

4-Methylthio-7-()3-D-ribofuranosyl)pyrrolo[2,3-(l]pyrimidine 
(IXa).—To a solution of 0.55 g of NaOCH3 in 30 ml of methanol 
was added 2.8 g of 7-(/3-D-ribofuranosyl)pyrrolo[2,3-(/]pyrimi-
diue-4-thiol (VII). After VII had dissolved, 0.6 ml of methyl 
iodide in 5 ml of methanol was added and the solution was 
stirred at room temperature for 2 hr. The pH was then adjusted 
to 6 and the solution (some solid present) evaporated to dryness 
in vacuo at room temperature. The resulting yellow oil was 
triturated with acetone. The white solid was collected by filtra
tion, dried, and recrystallized from methanol to yield 2 g (659c) 
of analytically pure compound, mp 193-194°. 

Anal. Calcd for Ci2H15>304S: C, 48.4: II, 5.05; N, 14.14. 
Found: C, 48.53; II, 5.20; N, 14.27. 
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The reaction of 2,2'-anhydro-l-(5-o-trityl-/3-D-arabinofuranosyl)uracil (Ila) with II2S in alkaline medium 
followed by detritylation produced l-(/3-D-arabinofuranosyl)-2-thiouracil (IX). Thiation of the triacetate of IV 
yielded the corresponding 2,4-dithiouracil nucleoside VI. Reaction of VI with XH3 yielded the 2-thiocytosine 
arabinoside VII, cytosine arabinoside VIII, or the 2,2'-anhydrocytosine nucleoside IX depending on the condi
tions used. Reaction of IV or M I with bromine water resulted in the formation of 2,2'-anhydronucleosides l i b 
and IX, respectively. Iodination of IV gave a similar result. 1-(/3-D-Arabinofuranosyl)-2-thiocytosine (VII) 
showed antiviral activity against vaccinia in tissue culture. The other thiopyrimidme nucleosides were inactive 
as antiviral agents. 

Interest in thiopyrimidme nucleosides was heightened 
recently by the isolation of 4-thiouridylic acid1 and a 2-
thiopyrimidine nucleotide2,3 from E. coli t-RXA as 
"odd" nucleotides and by the demonstration of an 
enzymatic thiolation of t-RXA.4 It has been suggested 
that2 the facile formation and cleavage of a disulfide 
bond in t-RX*A may provide a chemical mechanism to 
the "adapter modification hypothesis,"5 although no 
difference in the maximum tyrosine-accepting ability 
was detectable between the native and disulfide forms 
of E. coli tyrosine t-RXA.6 More recently, evidence 
was presented for reversible conformational changes 
and ribosome binding efficiency upon iodine oxidation 
of lysyl t-RXA from B. subtilis.1 A model involving 
sulfhydryl-disulfide interconversion of thiopyrimidines 
was again postulated. In our study of nucleoside 
antimetabolites, it was noted that the free base, 2-
thiouracil, has been reported to suppress the production 
of infective turnip yellow mosaic viral nucleoprotein,8 

possibly via a preferential inhibition of viral-RXA-
dependent RXA synthesis.9 It was also incorporated 
into RXA of tobacco leaves and tobacco mosaic virus. 
The physicochemical difference between 2-thiouracil 
and uracil was indicated by recent nmr studies which 
concluded that 2-thiouracil exists essentially in the 
thiol form.10 The ultraviolet absorption spectrum of 
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(5) N*. Sueoka and T. Kano-Sueoka, ibid., 52. 15:-!5 (1964). 
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(7) IS. Goebler and R. H. Doi, ibid., 56, 1047 (1966). 
(8) R. I. IS. Francki and R. E. F. Matthews, Virology, 17, 367 (1962). 
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2-thiouridine suggests that it may act as an analog of 
cytidine as well as of uridine in RXA synthesis.9 

Following our previous investigations of pyrimidine 
nucleosides as potential antiviral agents the synthesis 
of 2-thiopyrimidine 0-D-arabinosides was considered of 
some interest. 

In contrast to the 4-thiopyrimidine nucleosides which 
are readily available from the corresponding 4-oxo-
pyrimidine nucleosides by thiation with l-^Ss,11,12 the 2-
thiopyrimidine nucleosides have been prepared by more 
circuitous routes.13 Methods involving the use of 
glycosyl amines14'15 and glycosylthioureas16 as starting 
points for building the 2-thiouracil ring system have 
been reported. 

The formation of 2-thiouridine by the reaction of 
H2S with 2,5'-anhydrouridine under mildly alkaline 
conditions has been described by Todd17 and by 
others.18,19 The bacterial synthesis of thiouridylic 
acid has been demonstrated.20 

Taking advantage of our recent experience with 2,2'-

(11) J. J. Fox, D. V. Praag, I. Weinpen, I. L. Doerr, L. Cheong, J. E. 
Knoll, M. L. Eidinoff, A. Bendich, and G. 13. Drown, ibid., 81, 178 (1959). 

(12) I. Wempen, R. Duschinsky, L. Kaplan, and J. J. Fox, ibid., 83, 4755 
(1961). 

(13) Very recently, T. Ueda, Y. Iida, K. Ikeda, and Y. Mizuno, Chem. 
Vharm. Bull. (Tokyo), 14, 666 (1966), have reported the preparation of 2,4-
dithiouridine by the thiation of 2',3',5'-tri-0-benzoyl-4-thiouridine under 
forcing conditions. Conversion of 2,4-dithiouridine to 2-thiocytidine was 
accomplished by ammonolysis in a manner similar to the one reported here 
for the arabinonucleoside. 
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19, 1207 (1963). 
(20) H. Amos, E. Vollmayer, and M. Korn, Arch. Biochem. Biophys., 77, 

236 (1958). 
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anhydronucleosides. a feasible synthetic ])alluvay for 
the preparation of 2-thiopyrimidine /j-n-arabinosid.es 
appeared to be by way of the anhydro ring cleavage of 
2,2'-anhydronueleosides with H>S in a manner analo
gous to the reaction of 2,.V-anhydronueleosides.17 i:' 
Initially, when 2.2'-anhydro-(f>-trityl-l-d-i>-arabino-
ftU'anosyI)uracil (IIu) was treated with IPS at room 
temperature1 7 only the starting material was recovered. 
Nonetheless, when the temperature was raised to 100-
110°, the desired reaction took place, and .V-trityl-1-
/j-D-arabinofuranosyl-2-thiouracil (III) was obtained 
in good yield (Chart I) . By-products corresponding 
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to t h e o ' - t h io or ."/(S-epithio s t r u c t u r e s 1 8 ' 1 9 o b t a i n e d in 
t h e reac t ion of 2 , o ' - a n h y d r o u r i d i n e w i t h H-.S were a p 
p a r e n t l y n o t fo rmed in a p p r e c i a b l e a m o u n t s . D e t r i -
t y l a t i o n of I I I furn ished l - /3-D-arabinofuranosyl-2-
th iou rac i l ( IV) . T h e u l t r a v i o l e t s p e c t r a of IV in ac id 
a n d base were v e r y s imi la r to those r e p o r t e d for 2-
thiouridine.1- ' ' H y d r o l y s i s of I V w i t h a q u e o u s ch lo ro -
aee t ic acid1 3 y ie lded a m i x t u r e which c o n t a i n e d , as a 
m a j o r c o m p o n e n t , a s u b s t a n c e r u n n i n g a t t h e s a m e r a t e 
as 1-0-D-arabinofuranosylurae i l ( spongou r id ine ) in t h i n 
layer c h r o m a t o g r a p h y . A c e t y l a t i o n a n d t h i a t i o n of 
IV y ie lded 2 / .3 / . . " ) ' - t r i - ( ) -ace ty l - l -^- i ) -arabinofura i i ( j sy l -
2 ,4 -d i th iourac i l ( V I ) . 

T h e cour se of t h e r eac t i on of V I w i t h a m m o n i a w a s 
q u i t e d e p e n d e n t u p o n t h e c o n d i t i o n s used . B y h e a t i n g 
V I wi th a q u e o u s X H , ( ) H at 100° for 3 hr, a n i m a t i o n 
was a c c o m p a n i e d by c o m p l e t e de su l fu r i za t i on ; l-rf-o-
a r a b i n o f u r a n o s y l c y t o s i n e ( V I I I ) was fo rmed as t h e 

ma jo r p roduc t anil i so la ted as t h e h y d r o c h l o r i d e in 
7A'"( yield. W h e n VI was h e a t e d in a n h y d r o u s m e t h -
anolic a m m o n i a at 100° for 3 hi', t he desired l-.d-D-
ai ' ab inofuranosyl -2- t h iocy tos ine i V H ) iv;i- o b l a i n e d 
in 30 'y yield. H o w e v e r , when VI was hea t ed in an 
h y d r o u s met hanol ic XH : ; at t h e s a m e t e m p e r a t u r e for 
1-0 hr. a complex react ion m i x t u r e was o b t a i n e d ins tead 
and from which only 2 . 2 ' - a n h y d r o - l - i j - n - a r a b i n o -
fu rauosy lcy tos iue could be isola ted as t he h y d r o c h l o r i d e 
( [Xa )-' in very low yield. 

An a q u e o u s so lu t ion of IV d i s c h a r g e d t h e color of 
b r o m i n e w a i e r very r ap id ly . S o m e w h a t u n e x p e c t e d l y 
t he p r o d u c t of the b r o m i n a t ion was found to be the 
h y d r o b r o m i d e of 2 . 2 ' - a n h y d r o - l - ( i i - i ) - a r a b i n o f u r a n o -
sy l lu rac i l (Tlb i . S imi la r ly , t h e b r o m i n a l i o n of V I I 
yie lded 2 .2 ' -anhydro- l - ( i :{ - i>-arab inofuranosyI )cy tos inc 
h y d r o b r o m i d e (I X b ) . - -

In the course of ou r l imi ted inves t iga t ion of t he reac
t ions of 2-t h iouucleos jdes an a t t e m p t was m a d e to 
p r e p a r e t h e disulfide of V I I by reac t ion wi th iodine. 
As ind ica ted a b o v e , fo rma t ion of disulf ides of th i s t y p e 
has been sugges ted to h a v e s o m e biological s ignif icance. 
T h e revers ib le inact iva t ion of s -PX.Y by iodine is 
bel ieved to involve such c h a n g e s . - C o m p o u n d IV. 
when t r e a t e d wi th O.s equ iv of iodine in n e a r n e u t r a l 
so lu t ion (cond i t ions which result in t h e convers ion of 
P t h i o u r i d i n e to t - t h iou r id ine disulfide1 1) y ie lded only 
u n c h a n g e d IV a n d the 2 . 2 ' - a n i i y d r o n u c l e o s i d e l i b in 
t h e ra t io of about 2 : 1 . It is p r e s u m e d tha t t h e 
m e c h a n i s m of t he fo rmat ion of l i b in t ins case is s imi la r 
to tha t invo lved in t he b r o m i n a t i o n reac t ion . C o m 
pound V I I c o n s u m e s iodine ve ry r a p i d l y u n d e r t h e 
s a m e c o n d i t i o n s but u n f o r t u n a t e l y no recognizab le 
c o m p o u n d s could be isola ted from the r eac t ion m i x t u r e . 
C h a m b e r s a n d co-workers 1^ were also unsuccessful in 
a t t e m p t s to p r e p a r e the disulfide of a ce t o ne 2- th io-
i ir idine. 

T h e a t t e m p t e d de -u l fu r i za t ion of IV wi th l i a u e y 
nickel was also a b o r t i v e : only an i n t r a c t a b l e g u m was 
o b t a i n e d . 

P r e l i m i n a r y e v a l u a t i o n of these nucleos ides indi
ca ted tha t l - J - n - a r a b i n o f u r a n o s y l - 2 - t h i o c y t o s i n e ( V I I ) 
possessed se lect ive a n t i v i r a l a c t i v i t i e s in t he t i ssue 
c u l t u r e assay- 1 agains t vacc in i a at t).2o /ig• ml wi th a 
t h e r a p e u t i c index of g r e a t e r t h a n M (see T a b l e I ) . 
It was s l ight ly ac t i ve aga ins t he rpes a n d a d e n o 2 
v i ruses . It was not a c t i v e aga ins t t h e h u m a n a d e n o 
c a r c i n o m a ( I I A d ) X o . 1 g rown in t he e m b r y o u a t e d egg : 
a dose of 2 im?: egsr was not toxic to t h e chick embryo.- - ' 

_»1 !•:. It. \\ :,l«i.-K. W. K. I e . h e n s and ( '. A. i>okl,er. /'•"< . ( ' ; , , ;„. s „ , , 

81 • Ill-ill i. 
,22i Tin- tonmi! u,n of 2.2 -anhyiron;i ,-ieo.-i , ios :,,>„, nai-ieo-idos oi H.I-

,-,.--,iM,,„ eonii".lli'atioh a n r r a r - ;,, he rare . !. I.. Doerr, .1. V. ( 'odd dial on, ami 
.1. .1. Ko\ . .7. Or,,. <•).,,„. 30, 107 ,'HMio,-, repcrt I lie format ion of l l h a s a sec
ondary p l o d u t t from the hydrolysis of ., ' - 0 - me-vl- l-pl-D-Hrnlii nof uranus,-, h 

eould he in liie formation of 2-bromosulfony or 2-bromo in! erinediut c-
whieh eould then undcrnt , d isplacement hy l he 2 ' - l , \ t n i \ > I c roup . In tiiis 
connect ion it N of interest thai Hoblin a n d Ciapp-'4 found that lite chlorina-
tioti of e e u a i n 2-t li iopyr-im itiines yielded t he eor respondinc 2-clilotoswlfon\ !-
pyr imid ines . and the la t te r decomposed readily at tile 2-c ldoropyr imidihes 
n i t h l o s s of S O . . 

:2:St It. P, K o h l i n a n d .1. W. Clupp. ./. J . » , Chi-m. .So,-., 72. 4S1HI , MtoO). 
CM) We are indehled a. l i r . .M. M. No mi's of liiese labora tor ies for the.se 

results . Mel hods psed are aivon \<\ M, M. Xemes and M. ] ! . I l i i leman, /',-,„-. 
s'„, /-:,,-,,//, />',„/. . 1 / , , / , . 119, 51.-) ,l'MSo). 

2o 'I e i - expei iment v, a- carried n'.H 'o\ 1 a , ( aa tie- Oil I ei ma II of 1 lu-.i 
aho ia : Jit-:- to l-oiin,: l i e on,cod ire pahhsho , ! previo- Isly: ( \ O. C.ittor-

man, K. !.. DIIIMICN I-:. A. l v : - i k a I), l l end . in and II 11. W"oodrull", ,7,,,;,, 
109, SA2 !lir,2 . 
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TABLE I 

ANTIVIRAL ACTIVITY OF 

1-/3-D-AKABINOFURANOSYL-2-THIOCYTOSINE 

Antiviral Therap 
Virus concn, /xg/ml index0 

Vaccinia 6.25 >64 
Herpes 200 >2 
Adeno 2 200 >2 

" Cytotoxic concentration for GMK cells was greater than 400 
Mg/ml. 

At 1 mil/ concentration it showed no effect on the in
corporation of hypoxanthine or orotic acid into RXA 
in intact Ehrlich ascites cells.26 No antiviral activity 
was found with l-/3-D-arabinoiuranosyl-2-thiouracil 
(IV). 

Experimental Section27 2S 

2,2'-Anhydro-l-(5-0-trityl-/3-D-arabinofuranosyl)uracil (Ila).29 

—To a solution of 9.8 g (0.144 mole) of imidazole in 83 ml of 
CH2C12 was added, dropwise, a solution of 4.12 g (0.036 mole) of 
thiophosgene in 34 ml of benzene. The mixture became warm 
spontaneously and was stirred without cooling for 2 hr. The 
precipitated imidazole hydrochloride was filtered, and the solid 
was washed with 35 ml of CH2C12 and 160 ml of toluene. The 
filtrate was filtered again to remove a slight turbidity. 5 '-0-
Trityluridine (I) (15.9 g, 0.033 mole) was added to the filtrate, 
and the mixture was heated to distil the CH2C12 and benzene. 
When the temperature of the distillate reached 107° (in approxi
mately 0.75 hr) precipitation of the product appeared complete. 
The mixture was cooled and filtered, and the product was washed 
with cold ethanol. The yield was 14.3 g (94%), mp 200-205°. 
This material is sufficiently pure for most synthetic purposes, 
but may be recrystallized from ethanol to give pure material, 
mp 215-219°, with very good recovery. 

l-(5-0-Trityl-/3-D-arabinofuranosyl)-2-thiouracil (III).—A 
stream of H2S was passed into a solution of 8.0 g (17 mmoles) of 
2,2'-anhydro-l-(5-0-trityl-/3-D-arabinofuranosyl)uracil in 75 ml 
of dry dimethylformamide (D1IF) and 5.6 ml of triethylamine 
while the mixture was heated to 95° during 1.5 hr. Heating w_as 
continuous while the temperature was raised to 115° during 
4.5 hr. After keeping at room temperature overnight, the reac
tion mixture was poured into 300 ml of water. The product 
was extracted twice with 100-ml portions of ethyl acetate. The 
addition of saturated NaCl solution was helpful in breaking the 
emulsion that formed. The ethyl acetate solution was washed 
with water, dried (MgSOj), and concentrated to 9.0 g of a glassy 
foam in vacuo. Chromatography on 450 g of silica gel yielded 
7.8 g (90%) of amorphous pale yellow solid in one peak, eluted 
with 4 % methanol in CH2C12. The product showed a single 
spot on thin laver chromatography (silica gel, methanol-CH2Cl2, 
1:9). 

l-(/3-D-Arabinofuranosyl)-2-thiouracil (IV).—A mixture of 7.8 
g (15.5 mmoles) of l-(5-0-trityl-/3-D-arabinofuranosyl)-2-
thiouracil and 80 ml of 80% acetic acid was heated on the steam 
bath for 20 min. The mixture was concentrated to dryness 
in vacuo and the residue was partitioned between water and ether. 
Concentration of the aqueous phase yielded 4.0 g of a crystalline 
solid. Trituration with ethanol gave 3.2 g (80%) of product, 
mp 199-204°. liecrystallization from ethanol furnished an 
analytical sample, mp 203-205°, M25

559 +110° (H20, c 1.0), 

(26) This experiment was carried out by Dr. II. T. Shigeura of these 
laboratories following the procedure published previously: H. T. Shigeura 
and C. N. Gordon, J. Biol. Chem., 237, 1932 (1962). 

(27) All melting points were determined on a Kofler hot stage equipped 
with a calibrated thermometer. 

(28) We are indebted to Mr. R. N. Boos and his associates for microanalyt-
ical data, and to Mr. E. A. MacMulIan and his associates for the ultraviolet 
spectral data. 

(29) This preparation of Ha is reported here as a more convenient pro
cedure than those previously reported;*0-*1 isolation of bisimidazole thione is 
avoided. 

(30) J. J. Fox, N. Miller, and I. Wempen, J. Med. Chem., 9, 101 (1966). 
(31) W. V. Ruyle, T. Y. Shen, and A. A. Patchett, J. Org. Chem., 30, 4355 

(1965). 

X"£ 276 mM (e 14,700), x"°° 245 mM (« 4500), X^;,,N"0H 270 mM 

(e 14,000) and 241 mM (e 21,700), A°„ifNa0H 262 mM U 13,600). 
Anal, Calcd for C9H12X2O5S: C, 41.54; H, 4.65; X, 10.77; 

S, 12.2. Found: C, 41.65: H, 4.64; X, 10.37; S, 12.3. 
l-(2,3,5-0-Triacetyl-/3-D-arabinofuranosyl)-2-thiouracil (V).— 

A solution of 2.5 g (9.6 mmoles) of l-(/3-D-arabinofuranosyl)-2-
thiouracil in 4 ml of pyridine and 20 ml of acetic anhydride was 
heated on the steam bath for 1 hr. The mixture was concen
trated in vacuo to an oil, and the concentration was repeated 
twice after the successive addition of 20-ml portions of ethanol 
and toluene. Recrystallization from ethanol yielded 3.31 g 
(89%) of crystals, mp 140.5-141.5°. 

Anal. Calcd for G5H l sX2O sS: C, 46.63; II, 4.70; X, 7.25; 
S, 8.3. Found: C, 46.48; H, 4.63; N, 7.27; S, 8.4. 

l-(2,3,5-0-TriacetyI-/3-D-arabinofuranosyl)-2,4-dithiouracil 
(VI).—A mixture of 3.2 g of l-(2,3,5-()-triacetyl-(3-D-arabinosyl)-
2-thiouracil, 55 ml of dry pyridine, and 7.4 g of P2S5 was heated 
at reflux for 3.5 hr. The cooled mixture was poured into 300 ml 
of water, and after 20 min of stirring, the solid product was filtered 
and washed well with water. The moist product was taken up 
in 25 ml of pyridine and warmed on the steam bath until the 
evolution of H2S was complete. The product was again pre
cipitated by the gradual addition of 200 ml of cold water. After 
filtering, washing, and drying at 110° in vacuo the crude product 
weighed 3.26 g (98%), mp 145-147°. After recrystallization 
from toluene-hexane, 3.01 g (91%) of bright yellow crystals was 
obtained: mp 146-147°; x".;° 281 rm* (« 20,400), inflections at 
360, 340, 300, and 198 rmt. 

Anal. Calcd for C13Hi,N207S: C, 44.78; H, 4.51; S, 15.9. 
Found: C, 44.68; H, 4.32: S, 15.9. 

l-(/3-D-ArabinofuranosyI)-2-thiocytosine (VII).—A solution of 
2.0 g of l-(2,3,5-0-triacetyl-|3-D-arabinofuranosyl)-2,4-dithiouracil 
in 100 ml of methanol was saturated with anhydrous XH 3 at 0°. 
The mixture, in a glass liner, was heated in a pressure bomb at 
100° for 3 hr. The reaction mixture was concentrated to a 
gum in vacuo, and most, of the by-product acetamide was removed 
by sublimation at 60° (0.1 mm). The residue was chromato-
graphed on 100 g of silica gel. Elution of the column with 
CH2Ci2-methanol mixtures with methanol concentrations of 
2-25%: gave fractions containing acetamide and a series of brown 
gums. The desired product was eluted with 30% methanol-
CH2C12; a total of 0.386 g (30%.), mp 175-180° dec, was obtained, 
liecrystallization from methanol-2-propanol furnished an an
alytical sample, mp 180-182° dec, X^J 278 mM (t 17,800) and 
230 mn (e 16,800). X0

mf 2,52 mM (e 7900), X^13 252,5 rm» U 
22,900), pKtl = 3.20 (from uv data). 

Anal. Calcd for C9Hi3N304S: C, 41.70: H, 5.06: X, 16,21: 
S, 12.3. Found: C, 41.76; H, 4.98; X, 16.49; S, 12.7. 

Prolonged Reaction of VI with Methanolic NH3. 2,2'-An-
hydro-l-(|3-D-arabinofuranosyl)cytosine Hydrochloride (IXa).—A 
solution of 250 mg of VI in 10 ml of methanol saturated with 
XH3 at 0° was heated in a bomb at 100° for 45 hr. The dark 
brown solution was filtered to remove a small amount of black 
solid. The filtrate was concentrated in vacuo and the acetamide 
was sublimed at 60° (0.5 mm). The residue was taken up in 
ethanol (8 ml) and treated with charcoal, and the filtrate was 
diluted with 10 ml of ether. Thin layer chromatography showed 
a multiplicity of components. Upon treatment with excess 
ethereal HC1 and nearly complete evaporation, a crystalline 
solid was deposited. After recrystallization from methanol-
2-propanol, 4.4 mg of material was collected which showed the 
properties of 2,2'-anhydro-l-(/3-D-arabinofuranosvl)cvtoshie hy
drochloride,21 mp 250-260° dec, x"=? 231 m^ (e'8900) and 263 
mM (e 9900). 

Anal. Calcd for C9H12C1X304: C, 41.47; H, 4.64: X, 16.12. 
Found: C, 41.48; H, 4.49; X, 16.62. 

Reaction of VI with Aqueous NH3. l-/3-D-Arabinofuranosyl-
cytosine (VIII).—A solution of 200 mg of VI in 15 ml of concen
trated XH4OH was heated in a bomb for 3 hr at 100°. After 
removal of the solvent in vacuo and the acetamide by sublimation 
at 60° (0.1 mm), the crude amorohous product showed an uv 
spectrum typical of a cytosine nucleoside. After the addition of 
a slight excess of ethanolic HC1, and recrystallization from 
ethanol, 110 mg (75%) of l-(3-r>-arabinofuranosylcytosine hydro
chloride was obtained: mp 18S-]90°, not depressed on admix
ture with an authentic sample. The infrared spectrum in Xujol 
w-as identical with that of an authentic spectrum. 

Bromination of IV. 2,2'-Anhydro-l-(/3-D-arabinofuranosyl)-
uracil (lib).—To a solution of 520 mg (2 mmoles) of IV in 12 ml 
of water was added dropwise 3 ml of 1 M Br2 solution in CCU. 
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Al th i s point (he color of ihe b r o m i n e pers is ted for '1 -',\ niin after 
each add i t i on . T h e u n r e a c t e d b romine was blown off wi th a 
s t r e a m of n i t rogen, a n d t h e reac t ion mix tu re was c o n c e n t r a t e d to 
a s y r u p in vacuo, b a t h t e m p e r a t u r e less than 50° . T h e residue 
was e v a p o r a t e d th ree l imes with 10-inl por t ions of e t l ianol . 
whereupon it c rys ta l l ized . T h e product was t r i t u r a t e d wi th cold 
e thano l and wi th e t h e r to ob ta in (>4() nig of a c rys ta l l ine hyd ro -
b romide salt , m p 135- lo<S°. I iecrys ta l l i za t ion from me thano l 
e t h e r gave an ana ly t i ca l sample , m p l:->(>- i:>S°. Anal. Calcd 
for OoIInBrXoOi,: Br, 26.0. F o u n d : Br. 2o .71. C o n c e n t r a t i o n 
of the original m o t h e r l iquors yielded 17(1 nig of the s tar l ing: 
ma te r i a l , 2 - lh io i i rac i la rab inos ide . T r e a t m e n t of a concent ruled 
e thano l i e solut ion of the h y d r o b r o m i d e wi th a slight excess of 
e thano l ic X I I 3 y ielded 2,2 ' -anhydro-l-(f i - !>-arabinofurai iosyl i-
uracil ( l i b ) , m p 23S-241 °. ident ical in all respects wi th an a u t h e n 
tic sample . 3 1 

Bromination of l-(j3-i>-Arabinofuranosyl)-2-thiocytosine. 
2,2'-Anhydro-l-( /3-D-arabinofuranosyl)cytosine Hydrobromide 
(IXb).- B romina t ion of SO mg of VII in the m a n n e r descr ibed 

in ihe previou.- example yie lded, al'ler t'ociA ^lailizat ion from 
e thano l . 17 nig of I X b , m p 240° dec, A,":,',' 2(i4 mM (<- !>!>()()) and 
2:il HIM if illOOi, X,''?,',' 244 niM (t (i:!o0), X';'^' 275 niM i, tl20(l1. 
.V:!'r!

:' 251 niM if 4*1)0). 
Anul. Calcd for (',,1 l , ,Br . \ 3 <) , : C , : i 5 . : i l : I I , : ! . ! I5 : N, CI.71: 

Br, 2 ( i . l l . F o u n d : ( ' , :14,55: I l , : ! .7( i : X, l.'l.titt: Br. 2 5 . S | . 
After acidifical ion of (he a lka l ine uv solut ion ihe following 

c o n s t a n t s were o b t a i n e d : K"' 2M mu u 12,1001, x;;"; 242 
HIM !«• 15(1(1 •. 

Iodination of IV. A solut ion of 200 mg \ 1 minolc) of IV in a 
m i x t u r e of 2S ml of wa t e r and 7 ml of p l l (S.S4 buffer was Hea led 
d ropwise with 0.X ml of 1 A' l j solut ion which was 2.-1 A' in K l . 
A sol in ion of A I y ( ' ( I , was added s imul t aneous ly in ma in lain t he 
p l l near neu t ra l i t y . T h e sl ight ly tu rb id solut ion was deioni/.ed 
by t r ea tmen t with I )owex '•'< ( O H " ) and Dowex 50 \ V \ i l l ' i 
resins. Concent rat ion in rnriio y ie lded a mix tu re from which 
l i b ((Hi nigi was sepa ra t ed by v i r t ue of its ve ry l imited solubil i ty 
in e lhano l . From (lie m o t h e r l iquor, 12i| nig of the s t a r t i n g 
mater ia l i I \ i was ob ta ined . 

Subst i tu ted 2,3-Dihydro-4(lH)-quinazolinoiies. 
A New Class of Inhibi tors of Cell Multiplication 

HAKUY L. V A L E AND MAIUOX KALKSTEIX 

The Sijiiihb Inxlitiilc for Mcilical llvacairli.. Xrtr Hriiiixini-I;. Xctc Jrr.<r<i 0SIH/.1 

llifcivi'it ./(iii'iiiri/ Hi, Hit:,' 

T h e syn thes i s of 2M 2-aryl-2 ,o-dihydro-4( III )-quina/.olinones is r epor t ed . A n u m b e r 
in inh ib i t ing the mul t ip l i ca t ion of E a r l e ' s L cells growing in suspens ion : nine have HI )-.„, 
two have Hl)»n = 0.1 n i g / m l in (his screening p rocedure . 

11' these ure highly act ive 
g 6 n i g / m l and of these 

The literature contains a limited number of refer
ences to 2,3-dihydi'o-4(lH)-quinazolinones, and several 
of these reports are concerned with the evaluation of 
these compounds for possible pharmacodynamic, in-
secticidal, and antifungal activity.1 Our objective in 
synthesizing a series of 2-aryl-substituted derivatives 
of that heterocycle was to s tudy them as inhibitors of 
multiplication of the Earle's L cell line of mouse fibro-
blasts growing in suspension.'- It will be seen in Table 
I t ha t a significant number of these derivatives showed 
very high in vitro act ivi ty: compounds 1 and 11 with 
EU5 0 = 0.1 Mg/ml and 2 5, 10, 13, and 21 with ED5() ;£ 
6 /ug/ml3 were the most potent. Tor comparison, 2M-
dihydro-2-phenyl-4H-l,I-)-benzoxazm-4-one,4 the l-oxa 
analog of 1, had ED5I) > 50 Mg/'nil: actinomycin IV, 
one of the highly cytotoxic antibiotics, had ED6() = 
0.006 tig/ml." 

The compounds were screened as inhibitors of cell 

(1) la) 'I'. A. Kilroe Smi th and II. S t ephen . Tvtr<,heihun. 1, lis t 19571: 
(b) If. Boh me and II. Boing, Arch. I'harm., 293, I (II I (li)fiO): ir) II. (iui'ien 
and R. 15. Hrown, ./. 1'hurm. Sri., 52, 1102 (1903); II. Gur ien and 'I'. I». 
Gordon . U, S. Pa t en t 3,162,636 (Dec 22, 1904;; (d) I n s t i t u t o de Angeli 
S.p.A., French P a t e n t M 1 8 9 3 (Aug 5, 1963); Chem. Abstr., 60, 3956/, 
(1964); (e) C. H. ISoehringer Sohn, F rench P a t e n t M 2 5 8 8 (July 6, 1964); 
Chem. Abstr., 6 1 , 16075/; (1964); Xet l ie r land Appl ica t ion 302,479; Chem. 
Abstr., 64, 9743 (1966) : (f) Fa rben fab r iken Haver A.-G. , Belgian P a t e n t . 
632,578 (Xov 20, 1963); Chem. Abstr.. 6 1 , 8321,/ (1964); (g) G. Pa la and A. 
M a n t e g a n i , Gait. Cltim. ItnL, 94, 595 (1964); (h) V. S. Dighe and S. I,. 
Mukher j ee , Current .Sri. ( Ind ia ) . 33 , 645 (1964); Cliem. Abstr., 62, 2775, 
(1966); Rexall Drug Co., U. S. P a t e n t 3,257,397 ( J u n e 21, 1966); Shulloi i , 
Inc . . U. S. P a t e n t 3,265,697 (Aug 9, lH6t>). 

(2) T h e inhibi t ion s tudies were carr ied out by Dr. D. P e r l m a n of these 
labora tor ies . 

(3) J . Lei tner , P>. J. A b b o t t , a n d S. A. Schepar tz , Cancer lies., 25 , 1779 
(1965), s t a t e t h a t in t he C C N S O cell cu l ture screening p rocedure for t he 
select ion of c o m p o u n d s for fur ther s t udy . FD5; S 0 /*g ml is the requirement 
to pass t he first s tage of eva lua t ion . 

(4) A. W. T i the r l ey , ./. Chem. Sac, 91, 1419 ,1907) . 
15) I.). Pe r lman , Hindustan Antihiot. Bull., 8, 175 ( I960) . 

multiplication by the procedure of Perlman, el al.r' 
To aliquots of sterile cells were added serial dilutions of 
aqueous dimethyl sulfoxide solutions of the quinazolone 
and the mixtures were incubated for 3 days at 37°. 
The amount of compound needed to give a •")()% in
hibition was determined graphically by means of dose 
response curve. 

Several methods were employed for the synthesis of 
the 2-aiyl-2.3-dihydro-4(lH)-quinazolinones. Method 
A. anil formation in ethanol between the 2-aminobenz-
amide and the aromatic aldehyde followed by the base-
catalyzed cyelization , a was the most generally appli
cable. This method failed with 13 and 22; the success
ful procedure (method C) employed catalytic amounts 
of p-toluenesulfonic acid in boiling ehlorobenzene and 
made use of a special device which allowed the con
densed solvent to be, dried by percolation through 
a bed of calcium hydride before returning to the reac
tion flask. In method B, saturated ethanolic hydro
gen chloride was the reaction medium; while success-
fid with 1 and 12, the procedure failed with several 
other compounds. The two amino derivative's, 14 
and 17, were obtained by catalytic hydrogenation of 
the corresponding uitro compounds. 

Structure-Activity Relationships.—The only struc
tural modification of 1 which did not adversely affect 
activity was the replacement of a hydrogen at posi
tion (i by a chlorine atom; somewhat, decreased activity 
was found when the substituent, in tha t position was 
i \ 0 2 or Br and even less activity when the substituent 
was H2X or C H 3 C 0 N H . A high order of activity was 
retained when the 2-phenyl group of 1 was replaced by 

(6) I) . Pe r lman . X. A. Guiffn-
ttiol. Mt-i.. 102, 290 ' 1959:. 
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