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The synthesis of 4-rhloro-7-(c;-D-ribofiii'anosyljpyrrolo|2, '•>-<!] pyrimidine i \ l u ) lias been aecomplished by 
ti'eatment of 7-(2',M',.V-1ri-0-aeetyl-3-i)-ribofufa.i]osyl )pyiTolo[2,.'W]-4-pynniidone (V) with l'OOb. Nneleo-
philie substitution of the 4-ehloro group resulted in the synthesis of new analogs of i iibercidin. I )ireoi methyla-
tion of tubereidin (J) afforded 4-amino-3-methyl-7-(/-)-i>-ribof'uranosyl jij^-ii-nlol li,:j-f/] p\ timitliiif (X) which re
arranged to 4-melhylnmiiio-7-(/3-u-ribofumn()syl)pyi'i'ol()[2,;-5-r/]pyrinnfiiiie (XI! when treated with NaOII. 
The synthesis of XI was also accomplished directly from Via with methylamine. 

Isolation- of the nucleoside antibiotic tubereidin 
from Slreptointjccis tubcrcidicus provided the first natu
rally occurring derivative of the pyrrolo[2,3-(/]pyrimi-
ditie ring system. The structure of tubereidin was 
later established3 unequivocally its 4-amino-7-(8-n-
ribofuranosyRpyrrolo [2,3-(/] pyrimidine (7-deazadeno-
sine, I ) . Tubereidin has subsequently demonstrated4 
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growth inhibition of certain experimental animal 
tumors. The in vivo inhibition'"' of mouse fibroblast 
multiplication and definite inhibition0 of several human 
tumors in vitro has also been noted. Tubereidin 
inhibits tie novo purine biosynthesis by preventing 
the synthesis of o-phosphoribosylpyrophosphate 
(1TIPR).7 I t has been shown8 t ha t the binding of 
certain aminoacyl-HXA's to ribosomes was significantly 
st imulated when tubereidin was incorporated into the 
aminoacyl-s-IlXA. The isolation and characteriza
tion of other derivatives of the pyrrolo[2.3-rf]pyrimi-
dine ring system, toyocamyein" (II) and sangivamy-
ciii10 ( I I I ) , from natural ly occurring sources has created 
considerable interest in the chemical synthesis of 
these compounds and their derivatives. I t has been 

(1) Th i s work was suppor t ed by Research C o n t r a c t I ' l l 43-6",-104 I 
with the Cancer C h e m o t h e r a p y N a t i o n a l Service Center , N a t i o n a l Cance r 
I n s t i t u t e , Na t iona l I n s t i t u t e s of Hea l th , Publ ic Hea l th Service. A pre
l iminary repor t of th is work was presenter! before t he Divis ion of Medic ina l 
Chemis t ry a t t he 17>2nd N a t i o n a l Mee t ing of t he Amer ican Chemical Society. 
New York, N. Y., Sept 1966. 
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./. Org. Client.. 28 , 8329 (19631, 
i I) S. I ' . Owen and C. G. Smi th , Cancer Chemotherapy Itept., N o . 26, 

19 (19641. 
(5) (I. Acs, E. Reich, and M. .Mori, I'roe. S'atl. Acad. Svi. (.'. S., 52, 

493 (1964). 
(6) \Y. H. Wolberg , Biochem. Pharmacol, 14, 1921 (1965). 
(7) J. I'. Hender son a n d M . K. Y. Khoo , ./. Biol. Chem., 240, 3104 (1965). 
(8) M . Ikeha ra and E. Ohbsuka, Biochem. Biophitx. /res. Cmnmun., 21, 

27,7 i 1 !»>.->). 
i9) II. N i sh inmra , K. EataKir i , E. Sa to . M. M a y a m a , and N. Sh imaoka , 
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14A, 3-13 (1961). 

repor ted" 1hat 7- (rf-D-ri I tofuranosvl) pyrrolo| 2,3-r/ J-l-
pyriniidone (IV, 7-deazaiiiosine), a derivative of tuber
eidin. also possesses significant ant i tumor activity. 
It therefore seemed of interest to prepare a number of 
4-substituted 7-(d-D-ribofuranosyl)pyrrolo[2,3-(/]pyriiu-
idines to study s tructure-act ivi ty relationships. 

Aeetylation of 7-((-J-D-ribofuranosyl)pyrrolo [2,3-t/J- f-
pyrimidone (IV, 7-deazainosine)1- with a mixture of 
acetic anhydride and pyridine furnished a good yield 
of 7-(2'.:)'..V-t,ri-0-acetyl-j7j-n-ribofuranosyl)pyrrolo[2.-
o-(/]-4-pyrimidone (V). Chlorination with R()( 'b 
and redistilled X,X-diethylaniline has been previously 
reported13 to afford fi-('hloro-9-(2',3'.5'-tri-0-acetyi-
d-n-ribofuranosyl) purine from 9-(2',3'.5'-tri-iMicetyl-
rJ-n-ribofuranosyD-b-purinone. However, these reac
tion conditions with A' produced a highly colored 
solution from which none of the desired VIb could be 
isolated. It was subsequently discovered that by 
simply excluding X.X-diethylaniline from the reaction 
mixture a 70 r ) yield of the desired product. 4-cliloro-
7-(2\:V,.V4ri-0-a(x ityl- ld-D-ribofuranosyl)pyrrol(il2,;.!-
(/jpyriiridine ( M b ) , was readily obtained (Chart I ) . 
It is of interest that an at tempted conversion of 
4-nH!thyltlii()-7-(2'.3'-di-O-acetyl-")'-0-trityM-iJ-rib()-
furanosyl)pyrrolo|2,3-(']pyrimidine to the corresponding 
4-chloro derivative using a previously reported pro
cedure14 was also unsuccessful, presumably due to oxi
dation of the pyrrole ring by excess chlorine. Removal 
of the blocking groups on the carbohydrate moiety 
with niethanolie ammonia furnished the versatile 
compound. 4-chloro-7-(/3-i>-riboiuranosyl)pyn,ok> |2,3~ 
i/'lpyrimidine (Via). The recent finding1'"' that <>-
ehloro-9-(d-i)-ribofuranosyl)puriiie is deehlorinated to 
inosine by heart, red cell, and intestinal mucosa adeno
sine deaminase?- would indicate that the chemothera-
peutic activity of ()-cliloro-'J-(tf-i>-ribofuranosyl)purine 

. 10 , E, V. lino and I>. W. Denn , Ai,timieri,i,,„l Auii.te. Ch, ninth, 1.1,,.„. 77 
I1961C; E. V. Rao, 17>0th N a t i o n a l Mee t ing of the American Chemical 
Society. At lan t ic City, N. ,!,, 1967), p 241' San<tivam\ cin is also known 
as HA-90912. 
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(mm,, 56, 219 i 1967)), 
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(r'l .1. E. Pike . I,. Siechta , and I'. V. Wiley. ./. Heierocttclic Chen:.. 1, 17,9 
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(13) J. !•'. ( l e r s ie r , .1. \\ . .lones. and R. E, Robins, ,/. Or//. Che,,,., 28, 
947) (1963). 
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might be increased if this reaction could be inhibited 
or eliminated. It is of interest that tubercidin demon
strated a complete resistance to these three deaminases 
under the same conditions and, therefore, by analog}^ 
Via might well resist enzymatic dechlorination by 
adenosine deaminase. 

Treatment of Via with aqueous thiourea produced 
7 - (/3 - D - ribof uranosyl) pyrrolo [2,3 - d ]pyrimidine - 4-thiol 
(VII) which was identical in all respects with the same 
compound previously prepared120 from the thiation of 
V with P2S6 followed by removal of the blocking groups 
on the carbohydrate moiety. 4-Benzylthio-7-(j3-D-
ribofuranosy])pyrrolo[2,3-d]pyrimidine (IXb) was pro
duced when VII was treated with benzyl chloride in 
dilute aqueous ammonia. It is of considerable interest 
that 6-methylthiopurine ribonucleoside has been 
postulated16 to act as a substrate for adenosine kinase 
which converts it to the nucleotide form in mouse 
tissues, Ehrlich ascites carcinoma cells in vivo, and 
tumor cells in vitro. 6-Methylthiopurine ribonucleo
side has also demonstrated17 significant in vivo activity 
against leukemia L1210 which had become resistant 
to 6-mercaptopurine therapy. This activity has 
prompted an investigation to determine if a correlation 

(16) I. C. Caldwell, J. F. Henderson, and A. R. P. Paterson, Can. ./. 
Biochem., 44, 229 (1966). 

(17) L. L. Bennett, Jr., R. W. Brockman, H. P. Schnebii, S. Chumley, 
G. J. Dixon, F. M. Schabel, Jr., E. A. Dulmadge, H. E. Skipper, J. A. 
Montgomery, and H. J. Thomas, Nature, 205, 1276 (1965). 

between the ring nitrogens and cytotoxicity might 
exist. While it has been determined that 3-deaza-0-
methylthiopurine ribonucleoside18 possesses far greater 
activity than does l-deaza-6-methylthiopurine ribo
nucleoside,19 neither compound compares favorably 
with the parent compound, 6-methylthiopurine ribo
nucleoside. The only remaining deaza nucleoside 
derivative is the compound, 4-methylthio-7-(0-D-
ribof uranosyl) pyrrolo [2,3-rf]pyrimidine (IXa) which 
was prepared in our laboratory by alkylation of VII 
with methyl iodide. 

Dehalogenation of Via with hydrogen and Pd-C 
catalyst has resulted in the preparation of 7-(/3-D-
ribofuranosyl)pyrrolo[2,3-ci]pyrimidine (Vllld, 7-de-
azanebularine). This compound is of interest since 
the active constituent from Agaricus nebular is Batch 
has been isolated'20 and later characterized21 as the 
nucleoside antibiotic 9-(/3-D-ribofuranosyl)purine (nebu-
larine). Xebularine has also been isolated22 from Strep-
tomyces yokosukaensis and has demonstrated23 some 
activity in tissue cultures. In fact it has been recently 
suggested24 that 7-deazanebularine (Vlld) should be 
synthesized and its biochemical behavior compared 
with that of nebularine. 

Xucleophilic displacement of the 4-chloro group of 
Via in refluxing sodium methoxide afforded 4-methoxy-
7-(/3-i)-ribofuranosyl)pyrrolo[2,3-d]pyrimidine (Villa). 
Treatment of Via with dimethylamine and piperidine 
under anhydrous conditions produced 4-dimethylamino-
7-(/3-D-ribofuranosyl) pyrrolo [2,3-d ]pyrimidine (VHIb) 
and 4-(l-piperidyl)-7-(/3-D-ribofuranosyl)pyrrolo[2,3-c/]-
pyrimidine (VIIIc), respectively. It is of interest that 
the corresponding purine ribonucleoside, 6-(l-piperidyl)-
9-(/3-D-ribofuranosyl)purine possesses26 significant anti
tumor activity against Walker 755 and 756 carcinoma 
and inhibits the growth of Yicia faba. Treatment of 
Via with methanolic ammonia at 150° resulted in a 
displacement of the chloro group to produce 4-amino-
7-(/3-D-ribofuranosyl)pyrrolo [2,3-d]pyrimidine (I, tuber
cidin). 

Actually this provides the first total chemical syn
thesis of tubercidin since 7-(/3-D-ribof uranosyl) pyrrolo-
[2,3-d]-4-pyrimidone has been previously prepared121' 
by chemical synthesis. 

Methylation of tubercidin (I) with methyl iodide in 
dimethylacetamide (Chart II) furnished a monomethyl 
derivative as the iodide salt which was assumed to be 
4 - amino - 3 - methyl-7-(/3-D-ribof uranosyl) pyrrolo [2,3-d ]-
pyrimidine (X). The pmr spectrum indicated that 
alkylation of a ring nitrogen had occurred since the 
absorption peak observed for the methyl group was 
a singlet and it has been previously shown26 that under 
similar reaction conditions adenosine undergoes alkyla
tion on the ring nitrogen adjacent to the exocyclic 

(18) J. A, Montgomery and K. Hewson, ./. Mtd. Chem., 9, 105 (1966). 
(19) J. A. Montgomery and K. Hewson, ibid., 9, 354 (1966). 
(20) N. Lofgren and B. Luning, Acta Chem. Scand., 7, 225 (1953): X. 

Lofgren. B. Liming, and H. Hedstrom, ibid., 8, 670 (1954). 
(21) G. B. Brown and V. S. Weliky, ./. Biol. Chem., 204, 1019 (1953). 
(22) K. Isona and S. Suzuki, J. Antibiotics (Tokyo). 13A, 270 (1960); 

G. Nakamura, ibid., 14A, 34 (1961). 
(23) R. J. Winzler, W. Wells, J. Shapira, A. D. Williams, I. Bornstein, 

M. J. Burr, and W. R. Best, Cancer Res., 19, 377 (1959). 
(24) J. J. Fox, K, A. Watanabe, and A. Blocli, 1'rogr. Xucleic Acid Res. 

Mol. Biol., &, 271 (1966). 
(25) K. Panagopouios, G. Spyridis, J. Vavougios, D. Giannitsis, and P. 

Joannidis, Arzneimittel-Forsch., 15, 204 (1965). 
(26) J. \V. Jones and R. K. Robins, / . Am. Chem. Hue, 85, 193 (1963). 
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amino group to afford 1-methyladenosine. Treatment 
of X with strong base produced another compound with 
a different melting point, pmr (methyl group occurs 
as a doublet), and ultraviolet spectra. The structure 
of this compound was unequivocally established as 4-
ni c t h y 1 a m i n o-7- (/3-D-r i b o furanosyl)pyrrok) [2,3-c/ ]py-
rimidine (XI) when the product obtained from the 
treatment of Yin with anhydrous methylamine was 
identical in all respects. This firmly established the 
structure of the unrearranged compound as 4-amino-
3-niethvl-7-(/3-D-ribofuraiiosvl)pvrrolo[2,^-r/]pyi ,imidiiie 
(X). 

All of the compounds prepared have purine nucleo
side counterparts which possess a wide variety of bio
logical and chemotherapeutic activity. One of the 
most serious disadvantages in the utilization of purine 
nucleosides in chemotherapy is the ease with which 
the glycosidic linkage is cleaved by the enzyme nu
cleoside phosphorylase. Tubercidin has been found!2<1 

to be completely resistant toward glycosidic cleavage 
by this enzyme and it is tempt ing to postulate that X-7 
of the purine ring is therefore an essential binding site 
for this enzymatic action. Thus all the 7-deazapurine 
nucleosides prepared in this investigation should 
possess the advantage of being stable in vitro or in vivo 
to nucleoside phosphorylase. 

Antitumor Evaluation.27—The results obtained from 
the ant i tumor testing of compounds prepared in this 
investigation are shown in Table I and evaluation 
of the activity is in accordance with the criteria2'' of 
the Cancer Chemotherapy National Service Center, 
f rom the testing data available (Table I) at the present 
time it is evident tha t this series possesses very little 
potential as inhibitory agents of lymphoid leukemia 
L1210. Although V l l l b ' possessed' a T / C of 120%. 
this fails to pass stage 1 of the sequential screen. 

Preliminary testing results against Walker carcino-

(27) Testim* was performed under the auspices of the C a n c e r C h e m o 
the rapy Nat iona l Service Cente r . 

(28) T h e requ i r emen t s for passirm different s taues of the sequent ia l 
screen where the value of '1' C in a single lest, at. a nontoxic dose must he 
as follows: lymphoid leukemia 1.1210, s t a se 1 T ( ' S 12.V.y. and s taac 
2 T C §! i r > o r | : Walker ca rc inosa rcoma 2;"(j ( i n t r a m u s c u l a r ) , s tage 1 
T, C g <).->K, s tage 2 T.-'C S 0.1!!. and stage M '1'. C S 0.07. 

sarcoma 2.")(i (intramuscular), however, have been rather 
encouraging. These tests were performed on randomly 
bred albino rals and the compounds were administered 
intraperitouoally using saline as the vehicle. All 
compounds tested thus far have exhibited >ome in
hibit ion : in fact. IV has demonstrated sufficient act i vity 
to pass stage 1. 2. and M of the sequential screen of 
step I and the three successive tests at sequential dose 
of step 11 conlirination. and 7-0J-i>-ribol'uranosyl)pyr-
rolo|2,o-'/|-4-pyrimidone (IV] can now be considered a 
confirmed active compound in this test system. Addi
tional test ing results of this series of compounds are at 
thepresenl time incomplete. However, it does appear 
(hat derivatives of the pyrrolo \'2,'-'>-<l jpyrimidine nu
cleosides may indeed possess important biological ae-
livitv. 

Experimental Section 

.Melting points wore taken on it Thomas-Hoover moiling pom) 
apparatus and are uncorrected. Ohromatograms were developed 
using Whatman Xo. 1 chromatography paper in ihe following 
solvent systems: A. 5< , aqueous NH,01: 15, ethanol water 
<7:.'5 v/v.l; 0 . 5 ' , aqueous NaIK.O ; l; 1), 2-propanol--eoneou-
tinted NHjOII-water f-l:',$:'•>, v/'v •: all systems descending. 
The ultraviolet spectra are given for some of the compounds 
in Table I I . 

7-(2',3',5'-Tri-0-acetyl-ri-D-ribofuranosyl)pyrrolo[2,3-r/|-4-
pyrimidone (V).--Ten grams of IV was added to a solution of 
100 ml of pyridine and 50 ml of acetic anhydride. This mixture 
was allowed to stand at 5° for 124 hr with occasional shaking until 
all the solid was in solution. The solution was then evaporated 
to a thick syrup in rurno, and 400 ml of anhydrous ethanol was 
added. This solution was refluxed for I hr. the ethanol was 
removed in vacuo, and the syrup was dissolved in 400 ml of meth
ylene chloride. The (ThCb solution was washed once with 1 A' 
IIC1 (M00 ml), twice with .SOO-ml portions of saturated NaHCO;l, 
and once with 300 ml of IM). Another 300 ml of Iht) was added 
and the mixture was allowed to .-I ir vigorously overnight. The 
layers wore separated and I lie CI b( 'h portion was dried C\lgS( >,}. 
The CH-jOh was removed in ninio and the residue was dried to a 
foam //( vacuo: yield 1 '2 g. 

A mil. Calcd for (1,-11 ,.,N:!<),;: (', 51.9: II. 4.NT: N, 10.OS. 
hound: (.', ol.S?: II, 4.70: X, 10.4s. 

4-Chloro-7-t2 ,3 ,5 ^ri-O-acetyl-fi-o-ribonjranosyljpyrrolo-
j2,3-t/Jpyrimidine (VIb). -7-i2VV,5'-Tri-0-aoetyl-pJ-i>-ribofttrano-
syI)pyrrolo!2,3-</j-4-pyrimidone (V, 3.0 g) was dissolved in 
POOL, il") mil anil ihe solution was healed on a hoi water hath 
at 70- 7.Y° lor 110 mitt. The amber solution was then poured over 
crushed ice !150 ml i with vigorous stirring. The mixture was 
stirred until the excess POC'U was decomposed anil additional 
ice was added if necessary to keep the temperature, between 
0-")°. The cold mixture was then extracted with two 75-ml 
portions of CThOb and ihe combined extracts were allowed to 
stir overnight with 150 ml of water. The ClhOb layer was then 
separated, dried (MgSOi). and evaporated in cacao to yield 
'2.0-2.2 g ' 7 0 ' , • of product as an oil which was used directly 
in the next. step. 
4-Chloro-7-(/3-i)-ribot'uranosyl)pyrrolo|2,3-(/|pyrimidine (Vlai. 

4-('hIoro-7-(2',3',5'-l ri-O-aoetyl-rJ-o-ribofuranosyl ipyrrolo[2,.'!-</]-
pyrimidine (\ 'Ib, 3.0 g, 0..SS mole) was dissolved in 100 nil of 
methanolic XII;i (saturated at — 10° i and the solution was al
lowed to stand at 5° for 24 hr. The solut ion was then evaporated 
in cacao at 50-00° to yield a thick syrup. The syrup was dis
solved in 35-50 ml of boiling water and the solution was allowed 
to cool to room temperature. A colorless solid, which crystal
lized from the solution, was filtered from the mixture, washed 
with water, and dried. A yield of l.S g of colorless product, nip 
161-463°, was obtained. An additional 350 mg of product. 
nip 159-162°, was obtained by partial evaporation of the filtrate 
and a total yield of 2.15 g (SO'', ) was obtained. This product 
was essentially pure bur can be rocrystallized from water or a 
ligroiu (bp 90--120°) .acetone mixture to give an analytically 
pure product, nip 161 Hit!0. !<r|-''i> -ti:).2' ' u- 1. 1:1 ethanol-
114)). 
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T A B L E I 

T E S T I N G D A T A O F S O M E 4 - S U B S T I T U T E D 7-(/3-D-RiBOFURA.\osYL)PYRROLo[2,3-d]PYRiMiDiNES 

R 

Conipd 

V i l l a 

\ ' Ia 

IXb 

IV 

VIIIc 

XI 

VHIb 

VHIb 

VII 

IV 

SH 
OCH3 

CI 

SCH2C6Ho 

OH 

NCsH,o 

NIIC1I3 

X(CH3 

X(CH3)2 

SH 

OH 

HOCH, 
- 0 

HO OH 

Animal 
Dose, 
mg/kg 

500 
400 
200 
100 
50 
25 

400 
200 
100 
50 
25 

400 
200 
100 
50 
25 

250 
100 
500 

12.5 
400 
400 
200 
100 
50 

400 
200 
100 
50 
45 

500 
125 
30 

7.5 

7.5 
7.5 

500 
250 

65 
12.5 
12.5 
12.5 
12.5 
10.0 
10.0 

Survivors 
wt diff 

(T - C) 

Lymphoid Leukemia LI 

6/6 
0/6 
0/4 
3/4 
4/4 
3/4 
5/6 
4/4 
4/4 
4/4 
4/4 
1/6 
4/4 
4/4 
4/4 
4/4 
4/6 
0/6 
0/6 
6/6 
6/6 
4/4 
4/4 
4/4 
4/4 
1/4 
0/4 
1/4 
4/4 
0/6 
0/6 
0/6 
1/6 
6/6 

- 2 . 6 

— 5.3 
- 3 . 7 
- 6 . 0 
- 4 . 2 
- 3 . 8 
- 2 . 8 
- 0 . 8 

0.2 
- 5 . 2 
- 2 . 2 
- 0 . 4 
- 1 . 6 
- 2 . 2 
- 4 . 8 

- 2 . 0 
- 0 . 2 

0.4 
- 0 . 1 
- 0 . 2 

0.5 
- 6 . 0 

- 5 . 9 
- 1 . 8 

- 6 . 9 
- 1 . 7 

Survival days 
T/C 

210 

10.7/9 .2 

8 .5/8 .4 
8 .5 /8 .4 
7 .3 /8 .4 
6 .2 /8 .2 
9 .3 /8 .4 
9 .3 /8 .4 
8 .4 /8 .4 
9 .3 /8 .4 
6 .0 /8 .2 
9 .8 /8 .4 
8 .3 /8 .4 
9 .0 /8 .4 
9 .3 /8 .4 
6 .0 /8 .9 

9 .5 /9 .3 
8 .5 /8 .9 
8 .3 /8 .9 
8 .8 /8 .9 
8 .5 /8 .9 
8 .3 /8 .9 
9 .0 /8 .9 

11.0/8 .9 
9 .S/8 .9 

7 .0 /8 .9 
11 .2 /9 .3 

Walker Carcinosarcoma 256 (intramuscular) 

5/5 
6/6 
2/6 
5/6 
7/7 
5/7 
6/6 
4/6 
3/6 
4/6 
6/6 

- 1 9 
- 1 2 
- 2 4 . 0 
- 1 2 . 0 

- 2 . 0 
- 2 6 . 0 
- 2 2 . 0 
- 2 5 . 0 
- 2 3 . 0 
- 2 1 . 0 
- 1 9 . 0 

Tumor vvt (g) 
T/C 

5.2 /9 .9 
8 .0 /9 .4 
1.0/7.2 
1.8/5.0 
4 .4 /9 .0 
0 .9 /9 .0 
1.8/5.1 

2 . 1 / 5 . 5 
2 . 9 / 9 . 3 
1.6/5.0 

Vc 

116 

101 
101 
86 

110 
110 
104 
110 

116 
98 

107 
110 

102 
95 
93 
98 
95 
93 

120 

52 
85 

36 
4S 
10 
35 

38 
31 
32 

Stage 
index 

116 

44 

36 
48 
10 

38 

Test 
status 

1 
22 
22 
22 
22 

1 
22 
22 
22 
22 

1 
22 
22 
22 
22 

3 
3 
1 

22 
22 

22 
22 
22 

1 
1 
3 
3 
4 

11 
6 
1 

13 
11 
11 
15 

20 
20A 
20C 

Anal. Calcd for CiiHi2ClN304: C, 46.3; II, 4.23; NT, 14.7; 
Cl.12.4. Found: C, 46.1; 11,4.07; N, 14.8; CI, 12.4. 

4-Amino-7-(/3-D-ribofuranosyI)pyrrolo[2,3-d]pyrimidine (Tu
bercidin, I).—4-Chloro-7-(/3-D-ribofuranosyl)pyrrolo[2,3-d]pyri-
midine (500 mg, 1.75 mmoles) was dissolved in 100 ml of methan-
olic NH 3 (saturated at —10°) and the solution was heated in a 

steel bomb at 150° for 3 hr. The solution was evaporated to 
dryness and the residue was recrystallized twice from water to 
yield 250 mg (54%) of analytically pure tubercidin as colorless 
crystals. 

Anal. Calcd for C1H14N4O4: C, 49.7; H, 5.30; X, 21.0. 
Found: C, 49.8: H, 5.46; N, 20.9. 
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yCl l : : 

II 

OCH:. 

N'C'sll.,. 

:i22 

207 
27:1 
221i 
27 s 
2:S2 
:!0t; 

2iil 
222 

272 

22S 
:10 1 
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201 

227 
270 
22:i 

28-1 
2:17 
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11,100) 
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2H(i 
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240 
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287 

2 0 . 7 0 0 ) 
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M.U00; 

22,1)00) 

.'17,7(10) 

1 1:1,800; 

lo.iiOO) 

:, 10 .700; 
i.V'.WO 

18.100) 

. 7 . 0 0 0 ; 
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Thi s c o m p o u n d was found lo possess the same u l t rav io le t , 
infrared, and p m r spec t ra and ident ica l lis va lues in two chro
m a t o g r a p h i c solvent s y s t e m s (B, 0.51, and C. 0.5IS) as na tu ra l ly 
occurr ing tuberc id in . 2 9 T h e r e was also no depression observed 
by mix tu re me l t ing po in t . 

4-Amino-3-methyl -7- ( f i -D-r ibofuranosyl )pyrro lo[2 ,3- ( / jpyr i in i -
d ine (X) . - - -Tuberc id in 2 9 ( I , 5.0 g, 0.0188 mole) was added to 50 
ml of d i m e t h v l a c e t a m i d e and 5 ml of m e t h y l iodide was a d d e d 
lo the. m i x t u r e . T h e m i x t u r e wa,- s t i r red at room t e m p e r a t u r e 
for 24 hr (after less t h a n 1 h r all the solid h a d d issolved) . T h e 
solut ion was poured in to 800 ml of e t h y l e t h e r wi th v igorous 
s t i r r ing a n d an oil formed which solidified upon s t and ing . T h e 
solid was crushed, filtered from the mix tu re , and dr ied to yield 
7.0 g iTOO',,) of the hyd r iod ide sa i l . T h i s p roduc t was dissolved 
in e l h a n o ! (1.0 g / 5 0 ml ) a n d the v o l u m e was reduced to two-
fifths of the original v o l u m e on a h o t p la te . T h e product slowly 
crysta l l ized to yield 5.6 g ' 7 4 ' ', ) of pure c o m p o u n d : m p 20:! -205°: 
|«l'"i> - 4 1 . 5 ° (c .1, H,,Oi; u l t rav io le t , \'™ 272 mM U !).)()()) 
and 220 0!0,: ;00j; X ^ j 1 227 HIM (e 22,(100), 270 ! I2..'!00!, and 205 
isli) (530O). 

Anal, Calcd for d d l n X i O . , ' I l l : (.', :!5.4: 11 .4 .20 ; N, 13.70. 
F o u n d : C, 1S5.2; 11,4.27; X, 1)16. 

4-Methylamino-7-( / iM>-ribofuranosyl)pyrrolo[2,3-</] py r imid ine 
(XI) . M e t h o d A.—4-Chloro-7-( l3-o-r ibofuranosyl)pyrrolo[2,3-( / ! -
]),vrimidine ( V i a , 500 mg, 1.76 mmoles ) was dissolved in e t h a n o l 
125 ml i con ta in ing a n h y d r o u s m e l h y l a m i n e (2 ml) and the solu
tion refluxed for 1 hr . T h e solut ion was e v a p o r a t e d to d rynes s 
and the res idue was recryst allized from wa te r to yield i|S() mg 
( 7 7 ' , i of ana ly t i ca l ly p u r e p roduc t , m p 17i) -175.5 a . !a] 2 2 n 
- W ) . 0 ° if 1, l ' v I I C l j . T h e product was dried at 100° (0.1 m m i 
over Pi),-, for analys is . 

Anal. Ca lcd for CndboXjOo C, 51.4: 11. 5.76: X, 20.0. 
F o u n d : (.', 51 .2: H, 5.0: X, 10..8. 

M e t h o d B . --•-4-Anuno-3-niethyl-7-(/J-ij-ril>ofuranosyI)p\Troln-
;2, . ' ! - ' / |pyiimidiue hydr iod ide (X, 5.0 g) was dissolved in ISO ml 
of 1 A' X a O H and the solut ion was hea ted on a s t e a m b a t h for 
1 lie. T h e solut ion was then ti l lered and the fi l trate was neu t r a l 
ized with 6 A' n 0 1 . T h e product crysta l l ized from solution 
after s t a n d i n g at 5° overn igh t and was removed by f i l t rat ion. 
T h e colorless solid was washed wi th a smal l a m o u n t of cold w a t e r 
and d i i ed . Reorys ta l l iza t ion from wa te r furnished el.08 g of 
p roduc t , m p 175 177°. 

A mil. Calcd for (' ,2n,„X.,().c IloO: C, 48.:!; 11,0.18,; X, 1S.S. 
F o u n d : (', 4S.20; II, 0.18; X, 10.2. 

T h e p roduc t s ob t a ined from m e t h o d s A and B possessed iden
tical ultraviolet., infrared, a n d pinr -pei-tra and the same // . 
values in three c h r o m a t o g r a p h i c solvent sys t ems (A, 0,(i(>: !', 
0.77: I), O.sit A mix tu re mel t ing point -Imwed no depression. 

4 -Methoxy-7- i ,3-o-r ibofuranosyl ipyrrolo |2 , ' -,/j pyr imid ine 
V i l l a ) . 4-( 'hloro-7 (^-o-r ibot i i rai iosvl :py r r o 1 0,2,0-//, p v ri in i-

d ine : \ Ta, l.o ii. 0.01 1 mole ; was dissolved in 70 in] of 0.5 .1/ nielli 
anolic XaOCI l - and i he -olut ion refluxed for I hr. T h e s o l u l i o u 
was iiicti cooled a i d neutra l ized with (i .V HCl. T h e uouiral 
mix tu re w;is ev;ipora' ,ed 0) a thick s lurry in rami) over a hot-
water ba th and 1 he s lurry was dried by repeated evapora t i on 
in rami) with 2-piopaiiol . T h e d ry residue was ex t rac ted wilh 
live 25-ml por t ion- of ace tone . T h e ace tone ex t r ac t - wen 
I'onrent ra ted and 1 he pnxluol crystal l ized. A yield of :).(l a 

7 6 ' , , of an.al\'l i)'all\' \)\\ir product was ob lau icd . A -tnall 
sample was reel ysi allized from aee ione . nip 15.8-160'-. , , ' - ' 0 

t io .s" ,,- 1. I F O ' . 
Anal. Calcd ior (, i d I.„X,-,(),-,: ( ' , .51.:;: II. 5, : ;v X. 15.o. 

F o u n d : t ' , 51 ,5 : II. 5.-|:i: X, 15.2, 
4- l ) imethylamino-7-( , : i - i ) - r ibofuranosyl )pyrrolo |2 ,3- ( / jpyr in i i -

d ine ( V l l l b ) . 4-Chloro-7-(, ':*-i>-i'ibofuranosyl)pyrrolo;2.:)-(/jpvri-
mid ine ( V i a , 2.0 g, 0.007 mole : was dissolved in met ha no 1 (80 mi 
con ta in ing a n h y d r o u s dimet hy ian i ine ' 5 m l , and I he rcsiiliiiig 
solut ion was allowed in s i a n d at room t e m p e r a t u r e for I hi . 
T h e solution was ihen e v a p o r a t e d m rama to yield an oil which 
Wits dissolved in 10 ml of e thano l and again e v a p o r a t e d in ramn. 
T h i s p rocedure was repealed until I he oil solidified and all t race 
of d i m e i h y l a m i n c was removed. T h e crude product was dis
solved in 50 ml of boiling a n h y d r o u s e thano l and the solution ua~ 
concern rated to :)0 ml. T h e solut ion was allowed lo coo] ami 
I he product crystal l ized. T h e solid was removed by (ill rat ion. 
lo yield 1.7 g ' 8 1 ' , of ana ly t i ca l ly pure p roduc t , m p 102 105 , 
<,l'2i, - 0 7 . 0 = ,' I. 1I..O 

a', ( 'a! .1 . I i . 0. X, I o.l . 

.in-l.a^L'd fn llu. Upj„ . Co,, Ka lamazoo , M i d 

I'OI ( i d b , X ' i ( b : ( 
F o u n d : C, 5:i.:j; II, 6.00; X, 10.(i. 

4-1,1 -P iper idyl ,'-7-i. d -n - r ibofuranosy I jpyrrolo 12,3-,/] pyr imid ine 
( VIIIc). 4-Chloro-7-i ; ':M>-riboiin'annsy])pyrroIo%:b</] p y r i m i d i n e 
' \ T a . 5.0 g. 0.0175 mole'i was dissolved in 100 till of e thano l 
con ta in ing :>.5 nil -:;.02 g, O.O.'io m o l e ; of p iper id ine . T h e solu
tion was refiuxed for 1 hr and t hen e v a p o r a t e d in run 10 to yield an 
oil. T h e oil was thoroughly i r i t u r a t e d with e thy l e the r until 
the product solidilied. 'Die solid was complete ly pulverized 
iii e thy l e ther and after being removed by filtration was washed 
thorough ly wilh e thy l other . T h e dried, colorless product wa-
reerystal l ized twice from water to yield o.:i g ( 5 5 ' , ', n] colorless, 
rtualvliealh pure 1 oodles. m i ) 16.8 170"', | rv [ -" 1 > - 7:1.5J n- I. 
0.1 .V H C i ' . 

Anal. Calcd loi <.i,l I - X , ( ) , : C. 57 .5 : II, 0.62: X, 10.7. 
F o u n d : (', 57 .5 : II, 6.75; X, 16.50. 

7-t ^ - i ) -Ribofuranosy l )pyr ro lo[2 ,3 - ' / jpyr imid ine 1, VHId , 7 - l ) e -
a z a n e b u l a r i n e ) . 4-C hloro-7- (,J-D-ribof 11 ra nosy I )py rrolo 12, :>-</ | p y -
r imidine (2.5 g, 8,7(i mmoles :• was dissolved in a solution of 100 ml 
of e thanol and 5 ml of concen t r a t ed X I I i O I I . T o I his solution was 
added I . D g o f . V , I'd C T h e inixl ore was h y d r n g e n a l e d ai 2.8 
k g / c m 2 (40 psi 1 ai room temporal lire for -1 hr and fihered 1 hroiigh 
a ( 'e l i te pail and the carbon was washed wi lh five 5-ml poll ions of 
hoi e thano l . T h e fill rale wa- taken to d ryness in ram a. T h e res
idue was dissolved in ace tone and carefully p rec ip i t a t ed wit h pel ro-
leum et Iter :bp 00 1 10° 10 yield 1.5 g of a whi te solid :6-8' , :. mp 
117°. A sample wa- dried at 100° over PjlK (0.1 m m ) for anal 
Vsis . 

Ana'. Calcd for ( a i I r,X..().: ( , 52.50; II, 5.22; X. 10.72. 
F o u n d : ( ' , 52.58; II, 5.4V X. 16.57. 

7-( i3-o-RibofuranosylJpyrro lo[2 ,3- r / |pyr imidine-4- th io l t VII n 
f-Chloro-7-i,3-l)-ribofui';oiosyl ipyrrolo,!2.:!w/]pyriinidine ( \ la , 2.5 
g) was dissolved in :>0 ml of w a r m wate r con ta in ing 2.0 g of thio
urea. One d rop of 2 5 ' , a q u e o u s formic acid was added to the 
solut ion and the solution was Incited for 15 mill on a s t eam 
b a t h . After the fir-t 5 mil 1 of hea t ing the pi I of the solid ion was 
adjus ted 0, a p p r o x i m a t e l y 0 wilh concen t r a t ed X I I i O I I . T h e 
solut ion was then allowed to cool and the product crys ta l l ized . 
A yield of 1.7 g of crys ta ls , mp 2 0 0 - 2 0 8 ° . was ob t a ined . An 
add i t iona l 400 mg of product was ob t a ined by pari ial e v a p o r a t i o n 
of the filtrate. T h e combined p r o d u c t s were recrysta l l ized from 
wa te r to vield 1.7 g (08 ' , : of ana ly t i ca l ly pure needles, m p 206-
20.8°, | « ! 2 2 D - 1 17.5"' 1- 0,65. (l.l ,Y X a O H ), l i i . " " m p 20-1 207C 

Anal. Calcd lor (.',, 1 b3X : i( ),S: C, 16.7: II. -1.0:!; X, l-I.O. 
F o u n d : C, -40.5: II. 4.44; X, I4.7. 

4-Benzyl thio-7- i r j-o-riboiuranosyljpyrrolo12,3-</ | pyr imid ine 
; IXbJ . - 7- ( ,S-D-Ribofu ra .nosy l )pyr ro lo!2 ,0- , / !pyr i iu id ine-4- th io l 
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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. 

Nucleosides. V. 2-Thiopyrimitline /3-D-Arabinofuranosicles 

W . V. RuYLE AXI) T . Y . SHEX 

Merck Sharp it Dohme Research Laboratories, Railway, Xew Jersey 

Received December 7, 1966 

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 

(1) M. N. Lipsett, J. Biol. Chem.. 240, :(975 (1965). 
(2) J. A. Carbon, L. Hung and D. S. Jones, 1'roc. Xutl. Acad. Sci. V. S., 

S3, 979 (1905). 
CI) T. Schleieh and J. Goldstein, Science, 150, 1168 (1965). 
(4) R. S. Hayward and S. IS. Weiss, Proc. Natl. Acad. Sci., C. S., 55, 1161 

(1966). 
(5) N*. Sueoka and T. Kano-Sueoka, ibid., 52. 15:-!5 (1964). 
(6) M. N". Lipsett and A. Peterkofsky, ibid., 55, 1169 (1966). 
(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). 
(9) P. K. Ralph, R. E. F. Matthews, and A. I. Matus, Biochim. Biophys. 

Acta. 108, 53 (1965). 
(10) J. Kokko, L. Mandell, and J. Goldstein, J. Am. Chem. Soc, 84, 1042 

(1962). 

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. 

(14) G. Shaw and R. N. Warrener, ./. Chem. Soc, 153 (1958). 
(15) G. Shaw, R. X. Warrener, M. Ft. Maguire, and R. K. Ralph, ibid., 

2294 (1958). 
(16) M. Sano, Bull. Chem. Soc. Japan, 10, 308 (1962). 
(17) D. M. Brown, D. B. Parihar, A. Todd, and S. Varadarajan, J. Chem. 

Soc, 3028 (1958). 
(18) R. W. Chambers and V. Kurkov, J. Am. Chem. Soc. 85, 2160 (1963). 
(19) N. K. Kochetkov, E. I. Budonsky, and V. N. Shibaev, Tetrahedron, 

19, 1207 (1963). 
(20) H. Amos, E. Vollmayer, and M. Korn, Arch. Biochem. Biophys., 77, 

236 (1958). 


