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Pyrrolopyrimidine Nucleosides.

The Synthesis of 4-Substlituted

7-(B-p-Ribofuranosyl)pyrrolo[2,3-d]pyrimidines from Tubercdidin'
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The sviudiesi= ol d-vhlore-7-ig-p-viboluraun=ypyevolo] 2 5=d pnriidine 0V Lay has heen weeomplishied by

treatinent of 7-(27:47,5 “tri-O-acet vl-g-n-ribofuraiosy Dpyeealo |2, B=d-4-pyeriniidone (Viowith POCI
philic subslicition o the 4-cliloro gronp resulted in the syuthesi= o uew aualogs of tubereidin.

Nucleo-
Diveet methvla-

tio ol tnbereidin (1) alorded 4-amino-B-methyl-7-(3-D-ribolirauosylipyeeolol 2 S-d pyeimidine (N which ve-
arcanged to 4-methylamino-7-(8-p-ribofurano=ylipyrrolo 2, 3-dipyrimidine (NT1 when trented  with Naodl
[he xviurhexsiz of XTI was also accomplished diveetly Trom VIa with methyLunine.

Isolation® of the meleoside antibiotic tubercidin
Irom Streptonyees bubiereidicus provided the first natu-
rudly ocenmring derivative of the pyrrolo(2,3-d Jpyrimi-
dine ring system. The structure of tubereidin was
later established® uncquivocally as 4-amino-7-(3-n-
ribofuranosyl) pyrrolo [2.3-d ]pyrhnidine  (7-deazadeno-
site, I}, Tubercidin has subsequently demonstrated®
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growth inhibition of certain experimental  animal
tumors.  The 77 eive inhibition® of mouse fibroblast
multiplication and definite inhibition® of several human
tnmors @ vitro hasx also been noted.  Tubercidin
mhibits de novo purine biosvathesis by preventing
the  synthesits  of  5-phosphoribosylpyrophosphate
(PRPP).7 It has been showr® that the binding of
certain aminoacyl-RNA’s to ribosonies was significantly
stimulated when tubercidin wns incorporated into the
aminoacyl-s-RNA. The isolation and characteriza-
tion of other derivatives of the pyrrolo[2,3-d]pyrimi-
dine ring systen:, toyocamycem® (II) and sangivamy-
cein® (111, from naturally occurring sources has ereated
comsiderable interest in the chemical synthesis of
these compounds and their derivatives. Tt has been
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reported't that  7-(g-v-riboturimosylypyrrolo |2 - |- 1-
pyrimidaie (1V, 7-deszinasine), o dertvative of tnber-
cidin, dro possesses signilicmt  antitumor setivity.
[t therefore seemed of interest to prepare o nmumber of
d-substituted 7-(3-v-ribofuranosyl)pyrrolo [2,3-/ Jpyrim-
idines to stndy structure-activity relationships,
Acetylation of 7-(3-b-ribofuranosyl)pyrrolo|2,.4-}-4-
pyrimidone (IV, 7-deazainosine)!® with a mixture of
acetic mdivdride and pyridine furnigshed a good vield
of  7-02°.37.5 -trn-0-acetyl-g-nrbofuranosyl)pyrrolo 2.
3=/ -4-pyrimidone (V). Chlorination  with  POCL
aud redistiled N N-diethylmitine has been previously
reported™  to afford  G-chloro-9-(21,3°.5'-tr1-O-acctyl-
F-v-ribofuranosyhpurine  from 9-(2,3°,5"-tri-O-ncetyl-
g-n-ribofuranosyl)-t-purinone.  However, these vene-
tion conditions with V' produced « highly  colored
sohition from which none of the desived VIb could he
olited. It wus subsequently  discovered  that by
simply excluding N, N-diethvlaniline from the reaction
nixture 1 70¢; yield of the desived product, #-chloro-
7-(2 3,5 n-0-neetyl-g-v-ribofurmosy hpyrrolo[25-
dpyrimidine (VIB), was readily obtained (Chart 1j.
Tt s of interest that an attempted conversion of
+methylthio-7-20.3-di-O-cety =o' -O-trityl-s-n-11bo-
firnnosyhpyrrolo [2,3-/ Jpyrimidine to the corresponding
d-chloro dertvative using a previonsly reported pro-
cedure™ wis also unsuceessful, presumably due to oxi-
dation of the pyrrole ring by exeess chlorine.  Removal
of the blocking groups on the carbohydrate mowety
with methanohe  ammmonin furnished  the  versatile
compound, H-chloro-7-(3-n-riboturanosylypyrrolo[2.3-
dpyrimidine  (VIay, The recent finding' that 6-
chloro-9-(g-naibofuranosyh purine 1= dechdorinated ta
osine by heart, red cell and itestingd mneasi adeno-
sine deqmheses wouldd indiente that the chicmothern-
peutic activity of v-chloro-9-(g-v-ribofuraosyh)purie
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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 analogy
VIa might well resist enzymatic dechlorination by
adenosine deaminase.

Treatment of VIa with aqueous thiourea produced
7-(8-p-ribofuranosyl)pyrrolo[2,3-d |pyrimidine-4-thiol
(VII) which was identical in all respects with the same
compound previously prepared!?® from the thiation of
V with PyS; followed by removal of the blocking groups
on the carbohydrate moiety. 4-Benzylthio-7-(8-n-
ribofuranosyl)pyrrolo[2,3-d Jpyrinmidine (IXb) was pro-
duced when VII was treated with benzyl chloride in
dilute aqueous anumonia. It is of considerable interest
that 6-methylthiopurine ribonucleoside has been
postulated!® to act as a substrate for adenosine kinase
which converts it to the nucleotide form in mouse
tissues, Ehrlich ascites carcinoma cells in vive, and
tumor cells in vitro. 6-Methylthiopurine ribonucleo-
side has also demonstrated! significant in vivo activity
against leukemia 11210 which had become resistant
to 6-mercaptopurine therapy. This activity has
prompted an investigation to determine if a correlation

116) 1. C. Caldwell, J. F. Henderson, and A. R. P. Paterson, Can. J.
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t17) L. L. Bennett, Jr., R. W. Brockman, H. P. Schnebii, 8 Chumley,

G. J. Dixon, F. M. Schabel, Jr.. E. A. Dulmadge, H. E. Skipper, J. A.
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betweenr the ring nitrogens and cytotoxicity might
exist. While it hag been determined that 3-deaza-6-
methylthiopurine ribonucleoside!® possesses far greater
activity than does 1-deaza-6-methylthiopurine ribo-
nucleoside,!® neither compound compares favorably
with the parent compound, 6-methylthiopurine ribo-
nucleoside. The only remaining deaza nucleoside
derivative is the compound, 4-methylthio-7-(8-n-
ribofuranosyl)pyrrolo [2,3-d Jpyrimidine  (IXa) which
was prepared in our laboratory by alkylation of VII
with methyliodide.

Dehalogenation of VIa with hydrogen and Pd-C
catalyst has resulted in the preparation of 7-(3-p-
ribofuranosyl)pyrroto [2,3-d Jpyrimidine (VIIId, 7-de-
azancbularine). This compound is of interest since
the active constituent from Agaricus nebularis Bateh
has been isolated® aud later characterized?! as the
nucleoside antibiotic 9-(8-p-ribofuranosyl)purine (nebu-
larine). Nebularine has also been isolated?? from Strep-
tomyces yohosukaensts and has demonstrated?® some
activity in tissue cultures. In fact it has been recently
suggested?* that 7-deazanebularine (VIId) should be
synthesized and its blochemical behavior compared
with that of nebularine.

Nucleophilic displacement of the 1-chloro group of
VIa in refluxing sodium methoxide afforded 4-methoxy-
7-(8-v-ribofuranosyl)pyrrolo[2,3-d Jpyrimidine (VIiIa).
Treatment of VIa with dimethylamine and piperidine
under anhydrous conditions produced 4-dimethylaniino-
7-(8-p-ribofuranosyl)pyrrolo {2,3-d Jpyrimidine (VIIIb)
and 4-(1-piperidyl)-7-(3-p-ribofuranosyl)pyrrolo{2,3-d]-
pyrimidine (VIII¢), respectively. It is of interest that
the corresponding purine ribonucleoside, 6-(1-piperidyl)-
9-(B-p-ribofuranosyl)purine possesses® significant anti-
tumor activity against Walker 705 and 756 carcinoma
and inhibits the growth of Vicia faba. Treatment of
VIa with methanolic ammonia at 150° resulted in a
displacenient of the chloro group to produce 4-amino-
7-(B-p-ribofuranosyl) pyrrolo [2,3-d Jpyrimidine (I, tuber-
cidin).

Actually this provides the first total chemical syn-
thesis of tubercidin since 7-(8-p-ribofuranosyl)pyrrolo-
[2,3-d ]-4-pyrimidone has been previously prepared!?
by chemical synthesis.

Methytation of tubercidin (I) with methyl iodide in
dimethylacetamide (Chart II) furnished & monomethyl
derivative as the lodide salt which was assumed to be
4-amino-3-methyl-7-(3-p-ribofuranosyl) pyrrolo [2,3-d ]-
pyrimidine (X). The pmr spectrum indicated that
alkylation of & ring nitrogen had occurred since the
absorption peak observed for the methyl group was
a singlet and it has been previously shown? that under
similar reaction conditions adenosine undergoes alkyla-
tion on the ring nitrogen adjacent to the exocyclic
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amino group to afford l-methyladenosine.  Treatment
of X with strong base produced another compourrd with
a different melting point, pmr (methyl group occurs
as adoublet), aud ultraviolet spectra.  The structure
of this compound was unequivocally established ns 4-
utethylamino-7-(3-n-ribofuranosylpyrrolo [2.3-d py-
rimidine (XI) when the product obtained from the
treatment of VIa with anhydrous methylamine was
identical in all respects. This firmly established the
structure of the unrearranged compound as 4-amino-
3-methyl-7-(3-p-ribofuranosyl) pyrrolo [2,3-/ Jpyrimidine
(X).

All of the compounds prepared have purine nucleo-
side counterparts which possess o1 wide viriety of big-
logleal and chemotherapeutic netivity,  One of the
most =erions disadvantages in the utilization of purine
nneleosides - chemotherapy is the ease with which
the glycosidie linkage is eleaved by the cnzyvme -
cleoside phosphorviase.  Tubereidin has heen foundt?
to be completely resistant townrd glyceosidie cleavage
by thix enzynie and it s tempting to postulate thut N-7
of the purine ring 1= therefore an essential binding site
for this enzymatic action.  Thus all the T-deazapurine
nucleosides  prepared in this  investigntion  should
possess the advantage of being stable 7 vitee ov in vivg
to nucleoside phosphorylase.

Antitumor Evaluation.”—The result= obtained from
the antitumor testing of compounds prepared in this
mvestigation e shown m Table T and evaluation
of the activity ix in accordance with the eriterin® of
the Cancer Chemotherapy  National Service Center.
From the testing data avatlable (Table ) at the present
time 1t is evident that this series possesses very little
potential as inhibitory agents of lymphoid leukemix
1.1210.  Although VIIIb possessed a T/C of 12067,
this fails to pass stage 1 of the sequential sereen.

Preliminary testing results against Walker carcino-

(27) Testing waes performed unldar e anxpices of Qe Cayeer Cliemu-
thierinpy Nacivnal Sevviee Cougey,

28) The covaicenencs for passing Jdulerenr stages of (L st uentald
sereeu wheve thie vatue of T 0 e a single tese ae oo mantoxic dose magt he
ws follows:  Ivmpliaid ledkemin L1210, =tape 1 T°C 2 03500 and stuwe

21 2 15649 Walker ecaveinosareninn 256 (inGOmpaseulary, stage 1
T/C 2 000 stage 2 T/7C =2 0019, aud siage 37,°C =2 0,07,

Vol 10

surconta 250 anvramiseuda). however. have been rather
cueorraging.  These tests were perfornmed on randowly
bred atbino rals aud the compounds were sdministered
fntraperitoneally teing saline ax the velneles Al
compounds rested  thus far have exhibited some -
hibition: i Faet IV has demonstrated =ufficient activily
ta pa=s stage Lo20and 3ol the =cquential screen of
<tep band the three suecessive tests i sequential dose
ol <tep 11 confirmation. wd 7-(3-v-ribolaramosyhpyre-
volo 284 [-f-pyrimidoue (V) e now be considered o
confirmed setive compound in this test svstem. Addi-
tional testing results= of thiz series ol compounds wre ot
the present time eomplete. However, it does appenr
that derivatives of the pyrrolo[2,4- [pyrimdine -
cleosides muy indeed possess importait bialogient -
Hvity.

Experimental Section

AMelting points were tuken ona ThoumsToover welting poi
apparcatns and are veorreeted. Cleomatagrams were developed
n=ing Whatnm N 1 ochromatography paper o the Tallowing
olvont =vetem~: A, ', aqueons NILCLE B, ethanol wiier
Toaov/vy CoAad agneons NodlCOyo D, 2-prapanol-roncen-
trated NILOM-warer #4:3:3, v/ve all <v=tems dexcending.
The ultraviolet =pectra are given for =ome of the componnds
i Table T1.

7-(2',3,5'-Tri-U-acetyl-s-v-ribofuranoesy! )pyrrolo|2,3-/|-4-
pyrimidone (Vi.—-'Ten grams= ol IV wax added v a =olntion or
100 mt of pyeidine and 50 ml o aeetie auhydride.  This wixinree
was allowed to <tand a1 4° Tor 24 he with occasional <haking nutil
all the =olid wax in =idution. The =olation was theu evuporatel
to-a thick =yeup Joeacre, and 400 ml of auhvdeoos ethanol was
added.  This sohdiec wax veffuxed Toe 1 br, the ethanad was
removed (o caeao, nd the <vrngowas dissolved i 400 wl of meth-
vilewe chlorvide.  The CH.CL =olution wax wished onee with 1V
HCL 1300 ml), twice with 300-ml portions= ol sataraled NaHCO,,
and onee with 300 ml ol T, Ancdhier 300 ml o 11O was added
aud the mixtore waos allowed 1o <1 vigoronshv avernight, The
lnvers were <eprrited qund the CHLCL portions wis dried (M RO
The CHCle wis vetnnved e raean and 1he vesidae was deied 100
Feerin dne v vield 12y

Ana. Culed Tor CaTlaNOw 0510

Fonnd: C,A187 11 4700 N, LN,
4-Chloro-7-(2',3*,5 '-tri-f)-acetyl-g-v-ribofuranosyl pyrrolo-
12,3-d]pyrimidine (VIb). -7-(2’,3" 7'~ Tri-O-neelvl-g-n-ribolurnno-
svDpyrrado2,8-dj-4-pyrimidoue 4V, 5.0 ¢y was dissolved i
POCL 15 mltand the <olution was hented on s hot water fuih
e 70-70° Tor svamin, - The snhier =alntion swax then poneed over
crazhied iee 30 il with vigorons stivving. The mixoare wis
stivved nntil the exvess POCL was decompused al additienal
ice was added i neressary 1o keep the temperature helweea
1-4°. The cold mixtare wus theu extracted with 1wo 75-ml
portions of CHaCl s the combined extracts were allowed .
=tir overnight with 150wl ol water.  The CHLCL Iayver was thet
soparated, dried (MgRO0 nud evaporated povacaa o vielld
2.0-2.2 ¢ 0l prodiet as an oil whieh was sl diveerly
i 1he nexe =tep.
4-Chloro-7-{ 3-u-riboturanosy!l)pyrrolo|2,3—/|pyrimidine (Vla
4-Chloro-7-02445 “1ri-O-avetyl-g-o-riboluranosy Hpyrrolo [ 2, 5-01-
pyrimidine {V1h, S50, .88 madel wix dissolved e 1O il of
methanolic N1 Gatnraved a0 = 10710 and the =solation wies al-
lowed to =taralat 3% Tor 24 I, The =olution wis then evaporated
i egeao g HO=A07 o vield w thick =venp. The syvrup wis dis-
sulved i 33-10 wl of hoiling water and the =olntion was allowed
o cool To oo temperniure. A volorless solid, which cry=tal-
lized from the =oliion, was filtered fram the mixture, washed
with water, and dried. A vield of 1.8 g ol eolurless produet, wip
161--163°, wax obtained.  An addivional 330 g of prodioe,
wp 159-162°, was ubtained by partial evapaeation ol the fillvate
arol a0 tolal vield o 2005 ¢ (56¢7) was obtained.  Thix produat
wis essetlially puree hat cwne e reervstallized Teone water o n
ligroin (hp Y0120 - neetone ixtire o wive an saly teally
pitre quoducet, wp T163°, Yedin = 6527 o 10 1] ethand-
i,

I, 4870 N, 10,08
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Tesring Dary oF SOME 4-SUBSTITUTED 7-(8-D-I1BOFURANOSYL)PYRROLO[2,3-d[PYRIMIDINES

R

N” 'N

HO OH
Animal
Dose, wt diff Survival days Stage Test
Compd R myg/ kg Survivors tT — O T/C e inilex status
Lymphoid Lenkemia L1210
VII SH 300 6/6 —2.6 10.7/9.2 116 116 2
VIIIa OCH; 400 0/6 1
200 0/4 22
100 3/4 —3.9 8.5/8.4 101 22
50 4/4 -3.7 8.5/8.4 101 22
25 3/4 —6.0 7.3/8.4 86 22
Va Cl 400 5/6 —4.2 6.2/8.2 1
200 4/4 —3.8 9.3/8.4 110 22
100 4/4 -2.8 9.3/8.4 110 22
1) 4/4 —-0.8 8§.4/8 .4 104 22
25 4/4 0.2 9.3/8.4 110 22
IXb SCH,Cel1, 400 1/6 —5.2 6.0/8.2 1
200 4/4 —2.2 0.8/8.4 116 22
100 4/4 —0.4 §.3/8.4 98 22
50 4/4 —1.6 9.0/8.4 107 22
25 4/4 —2.2 9.3/8.4 110 22
IV OH 250 4/6 —4.8 6.0/8.9 3
100 0/6 3
500 0/6 1
12.5 6/6 —2.0 9.5/9.3 102
VIIIe NC;Hpo 400 6/6 —0.2 8.5/8.9 95 2
400 4/4 0.4 8.3/8.9 93 22
200 4/4 —0.1 8.8/8.9 08 22
100 4/4 —0.2 8.5/8.9 05 22
30 4/4 0.5 8.3/8.9 93 22
XI NHCH; 400 1/4 —6.0 0.0/8.9 222
200 0/4 22
100 1/4 -5.9 11.0/8.9 22
50 4/4 —-1.8 9.8/8.9 22
45 0/6 1
VIIIh N(CH;), 500 0/6 1
125 0/6 3
30 1/6 —6.9 7.0/8.9 3
7.5 6/6 -1.7 11.2/9.3 120 4
Walker Carcinosarcoma 256 (intramuscular)
Tumor wt {g)
T/C
VIIIb N(CI;) 7.5 5/5 —19 5.2/9.9 52 52 11
7.5 6/6 —12 8.0/9.4 85 44 6
VII SH 300 2/6 —24.0 1.0/7.2 1
250 5/6 —12.0 1.8/i.0 56 36 13
IV OH 65 7/7 -2.0 4.4/9.0 48 48 11
12.5 5/7 —26.0 0.9/9.0 10 10 11
12.5 6/6 -22.0 1.8/5.1 35 3 15
12.5 4/6 —25.0
12.5 3/6 —23.0 2.1/5.5 38 38 20
1¢.0 4/6 —21.0 2.9/9.3 31 20A
10.0 6/6 —19.0 1.6/5.0 32 20C

Anal. Caled for C H.CIN;Oy: C, 46.3; I, 4.23. N, 14.7; steel bomb at 150° for 3 hr. The solution was evaporated to

Cl, 124, Found: C,46.1; H, 4.07; N, 14.8; CI, 12.4. dryness and the residue was recrystallized twice from water to
4-Amino-7-( 3-p-ribofuranosyl)pyrrolo{2,3-d] pyrimidine (Tu- vield 250 mg (549;) of analytically pure tubercidiu as colorless

bercidin, I).—4-Chloro-7-(g8-p-ribofuranosyl)pyrrolo{2,3-d]pyri- crystals.

midine (500 mg, 1.75 mmuoles) was dissolved in 100 ml of methau- Anal. Caled for CuHuN:Os: C, 49.7; H, 5.30; N, 21.0.

olic NH; (saturated at —10°) and the solution was heated in a Found: C, 49.8; H, 5.46; N, 20.9.
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UL RAVIOLET ABRORPEIION (F SOME 4-NCBSTITLUTED
T-8-0-1UBOFURANOSTLIPY RROLO] 2, =/ Tpy RIMIDIN S

HO OH
Congal R A e - PRI I
V11 =11 Hesl] Ch2 00 i 220, 700
267 L0008 PA{Q 117,800y
AR (G REEBIY <4 60
270y
VI NC1LL- O
7L BOU
1XL SO 13004 P Lt 8OO
PSR A
LB
N1 N1C: SHOGY 200 S LG
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Thix compand was tound (o possess Gie ~aue nhraviolet,
ifrared, nud pure speccea and identieal 2y values in owa chro-
wiatographic solvent svxtems= (B, .51, and ¢, D537 ax natneally
ocenrring tubereidin®®  There wax also to depres<ivn vhiservel
by wixtore melting point.

4-Amino-3-methyl-7-( 3-v-ribofuranosyl)pyrrolo 2,3/} pyrimi-
dine (X).—Tubercidin® (I, 5.0 g, 0.0188 mole) wus added to a6
ml ol dimethylacetamide and 5 ml of methyl indide wax ndded
to the mixture.  The mixture wns <tirred at roomn temperatie
for 24 he (nfter less thau 1 he all the solid had dissolved).  The
=oluciorn was poured tulo 800 1wl ol ethyl ether with vigirons
stirriug and an uil Tormed which =olidified upon <tanding.  The
=olid wax crushed, filtered Ivom the mixture, and dried o vield
Tl (100 of the hydrindide =alt.  Thix prodiee was dis=olved
ine ethanol (1.0 g/30 ml) aud the volume wax reduced to twie
filthis of the original volnne ona how plate. The prodoet <lowly
cevstallized (o vield 5.6 g (7477 ) o proe componnd: mp 20052009
[al®n —41.0°% 0 1, HaO ultraviolet, AR 272 g (e D000
aud 220 136,300 )0 AR 997 g (e 12,0000, 270 (12,300, and 204
‘H\}}fn Zu00 5,

Awad. Caled Toe Gl NQy- TH: O 3540 11, 4200 N,
Foond:  Co8a2; 11,427, N 3G

4-Methylamino-7-( 3-v-ribofuranesyl)pyrrolo|2,3-¢]pyrimidine
(XI), Method A—4-Chloro-7-(g-v-ribofuranosylpyrralo[2,3-d; -
pyrimidine (Via, 500 mg, 1.70 mmoles) wis dissolved iu ethauol
25 il eontaining anhydrons merthylamive (2 mlj anod the soln-
tion refluxed for 1 he. The =olintion was evaporeated to deyuess
aud the residue was recrystallized from water to yvield H80 my
1777 ol aunalvtically pare prodonel, mp 173-175.3%, [a]™0
— 0% e 1, 1 TICH The prodier wax dried at 100° 20 oo
aver PaOq Tor nnnlvsix,

dwd, Culed Tor CollaNOp O, 3140 11 4760 N, 2000,

Fowwd: ) an2; 1Loaa: N, 19N,
Method B.--4-Amiuo-3-methyl-7-i g-v-ribofinamsyDpyeeodo-
S2-d pyeimidine hvdriodide (X, 7.0 g1 was dissolved i 50 il
a1 N NaOH and the =olution was heated on o <team bath Tor
I lie. The «adution wax then filcered and the filirate wax nentral-
izl with ¢V HCL The product eryvstallized from =olation
ulier standing at 5° overnight nnd was removed by filtvation.
The eolorless solid wa= washed with a =mall amount of cold water
] dried. Reerystallization Teowr water furnished 3.08 g of
product mp 175-177°.
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The prodacts ohiained Do metleds Ased B3 possessed nlen-
tical ultravioler, indseed, sd pooe specvs and - the sioe 72
vitlaes i tloee clivomaographic sulvent svsceus £\, 660 18,
DT s A rdxtee melting poisi <leaved aocdejaes-e

{-Moethoxy-7-{ 3-v-ribofuranosylipyrrolo!2," -/jpyrimidine
VI a) - -0 Tdor=7 ) 3-o-vilnfaamosy lp v e o o D00 p vt
Jine Vg Jtg 16T tole was dJdissolved i T wd a8 0 W el
dnnlie NaOCTL aial ihe <aladion cellased Yoe 1l The solatioe
wice ihere ceasledd ed serealized o with G0 N HCL The geneed
N e wits evapzised o thick staeey de cacait aver w Lar
witter Deitl o the shoeey was dvied Bae vepescied. evaporiia
dcvaean witle Zopraprinol. The dey vesidine was oxteacied with
Fve 25-l ]}\ll‘i‘:tlll\ o dectone, The aectoue estris wen
vovield or e g
T8 ol wadyriendly poare prodiec wis abtaineds N sruad

cotpeettrated aad de pediics crvstallized.
sauple wits recrystatlized frone weetoties mp TN ST607 da
LI I D
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4-Dimethylamino-7-( 3-v-ribofuranesy! jpyrrolo|2,3-ipyrini-

dine (VIIIb).- 4-Chlouru-7-0 3-v-ribolnrauosyvhpyrroloi208-d i
midine {V1ie 20w, 0,007 mde: was dissolved nmethinal 850
contiining aulvedeoss dimethiviionine =5l sl the vesudiing
silation was alliwed o sGoad st reean Yemperaoee Tor 1L
The ~saluting wis hien evaporated G eacnn to vield acond wlinele
wirs dissolved e 10 it ol ethanol and agadn evaporaned oo e
Thix procedare wis vepeated ol the oil =sodidified aud sl cenee
af dineethyloaine was removed. The eende prodoet was is-
~ulved G50 ml or Toiling culydeoas etawol and the solutiom wis
careetiezted o 0wl The sodation was allowed toc cond e
ithe proadues cevstallized, Tle salid wis remnved by
tooviehD 17 oS al amed v dieadly e prodoet, wp
P = 6V.67 e L TTLO

A, Uided e Ul NGO
Foaad: €305 G000 N, TS,

4-{ 1-Piperidyl :=7-¢ 3-n-ribofuranoesyl )pyrrolo|2,3-/{]pyrimidine
tVIHe - 4-Chluree-7- g-p-ribulisnuosyDpyrrolo 285 oveinuidine
ATl A g TS mole wis dissolved 1o 1Ol o1 eihanld
eeatindng 0wl 2w 0035 wnle s A piperidize. The <ola-
Cione wets refaed Gor 1 Lo o] thercevahorted Ja caecncto vichl a
ail The il was thoroaghby teitaees withe ethyl ether annl
the vendacs <oluluted. The <odid was comapletely palverized
e ethyvh ether s ster heirge cetnoved by Blertion wiss wislued
thoonghly withe eolivl ethees Fhe dvied, eolondess prodiet was
recry=lullized twice Tron waler o viehl 20t g 03570y o colorloss,
avalvitdly pove veotles, mn 1631707, e
a1 N T,

el Uded Sar Uil 00 Cooanas 1L a2 N, 16,7
Foond: v 0700 11, 6,750 N 1ot

7-1 3-n-Ribofuranosyljpyrrolo[2,3-/]pyrimidine i V11Id, 7-De-
azanebularine |, —4-Chloro-7-¢g-p=-ribolnanosy Dpyveeolo | L 5-d |y -
rinidine (2.5 @, 876 nnnoles s was dissalved ica soloiioar ai TOO 1l
ol etheanoland 5wl o ecieentsced NTLOTL To this solotioar wis
salded Togor 2, Pad ¢ The wixtore was hvdrogerarted a 2.8
kg /vm# (40 peivat vonn ternyiersiioaee Toe 4 L sand filtered tlivongh
a Celite el znnd the ciochon was washed widy five 3=l poctions o
Lo etheands The dilieite was takeic tadeyness do earan. The ves-
idur wits issalved e tone s creelnlly precipitated with peti-
lenn ether s to-110% oy viewd 1A g ol aowhite salid (687050
1175\ ~oaple wos deied o 1107 aver PaD i00) oo Yo aonal
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7-{ 3-v-Ribofuranosy!)pyrroloj2,3-«|pyrimidine-4-thiol { V11 .
{-ChloreeT=03-n-ribuiraaosy Lijpoeeole L =d pyeimidine <V E 2,
21 wis dizsolved s ml ol warnn water econtaining 2.0 g ol thi-
nren. Oue dreon ol 2000 wqaeous Farmie acid was added o the
~scdotion s the solotione waes Testtedt Tor 15 min one a0 =@
Dl After the st Jomin el heativg vie pH ol the solation wis
adjosted tooapproxinetely 2V with coocentrned NTLOTHL The
solution wis there allowe] 1o coul ad the prodaet ceysiallized.
A viehl of 17w of eevatdss wp 2062087, was obtained. Ao
additional 400 g of prodiet was abtined hy pactial evaporation
ol the filtrate.  The combined praducts were recrystallized Trom
witter to vielld 1.7 g (6%, b ed analvtically pure needles, iy 206
2087, [afo 117057 0 65100 N NaOLDy, Lic U gy 2042077,

e Coded Yo ol NGO ) 16,70 TH 463 N, T
Fornal: o, 41 o444 N, 14070

4-Benzylthio-7-( 5-v-riboluranosyijpyrrolo(2,3-/|pyrimidine
(IXb)e--7-(g-0-RibulranesyDpyvredo U 5-dd pyrimidine-4-chiol
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(VII, 5390 myg, 1.77 mmales) wasx dissolved i1 4 ml of 149 aqueons
NH;.  Benzyl chloride (230 mg, 1.8 mmoles) in 2.0 mt of dioxaue
was added to the basic =olution and the mixture was stirved at
room temperature for 3 hr.  The mixture was diluted with 6 ml
of water and then extracted five times with 7.5~ml portious of
ethyl acetate. ‘L'he ethyl acetate solution, after drying (MgSO.),
wax evaporated in vacuo to yield an oil which =olidified when
triturated  with ligroin (bp 9D-120°). The cude =olid wax
recryvstallized Trom an acetone-ligroin mixture to vield Y0 mg
(76" ) of analytically pure product, mp 143-144°, [«]%2D —66.3°
101, ethanol).

Anels Caled far CisHgN;O48: C
Poand: C, 3810 H, 5.03; N, 11.1.

L 57.9; H, 518 N, 1L

NUCLEOSIDES.,  V 331

4-Methylthio-7-( 8-p-ribofuranosyl)pyrrolo{2,3-d] pyrimidine
(IXa)—To a solution of 0.535 g of NaOCH; in 30 ml of methanol
was added 2.8 g of 7-(8-p-ribofuranosyl)pyrroto]2,3-d]pyrimi-
dive-4-thiol (VII). After VII had dissolved, 1.6 ml of methyl
iodide in 3 ml of methauol was added and the sohition was
stirred at room temperature for 2 hr.  The pH was then adjusted
to 6 aud the solution (some xolid present) evaporated to dryuess
in vacuwo at room temperature. The resulting vellow oil was
triturated with acetone. The white solid was collected by filtra-
tion, dried, and recrystallized from methanol to vield 2 g (65%¢)
of analytically pure componnd, mp 193-194°.
Anal.  Caled for CHpiN308: C, 48.4; 11, 5.05;
Found: C, 48.53; 1, 5.20; N, 14.27.

N, 14.14.

Nucleosides. V.

2-Thiopyrimidine g-pD-Arabinofuranosides

W. V. RuyLe axp T. Y. SHEN

Mevck Shary & Dolomng Rescarch Laboratories, Ruhway, New Jeesey

Received December 7, 1966

The reaction of 2 2-anhydro-1-(5-e-trityl-g-p-arabinofaranosylnracit (ITa) with M8 in alkaline medinm
tollowed by detritylation prodiiced 1-(8-p-arabiuofuranosyl)-2-thiouracil (IX). Thiation of the triacetate of IV

yielded the correspounding 2,4-dithiouracil nucleoside VI.

Yeaction of VI with NH; vielded the 2-thiocytosine

arabinoside VII, eytosine arabinoside VIII, or the 2,2'-anhydrocytosine nucleoside IX depending on the coudi-
tions 1sed.  Reaction of IV or VII with bromine water resulted in the formation of 2,2’-anhydronncleosides IIb

and IX, respectively.

as autiviral agents.

Interest i1 thiopyrimidine nucleosides was heightened
recently by the isolation of 4-thiouridylic acid! and a 2-
thiopyrimidine nucleotide®? from K. coli t-RNA as
“odd” nucleotides and by the demonstration of an
enzymatic thiolation of t-RNA.* It has been suggested
that? the facile formation and cleavage of a disulfide
bond in t-RNA may provide a chemical mechanism to
the “adapter modification hypothesis,””? although no
difference in the maximum tyrosine-accepting ability
was detectable between the native and disulfide forms
of K. coli tyrosine t-RNA.S More recently, evidence
was presented for reversible conformational changes
and ribogome binding eflictency upon iodine oxidation
of lysyl t-RNA from B. subtilis.” A model involving
sulfhydryl-disulfide interconversion of thiopyrimidines
was again postulated. In omr study of nucleoside
antimetabolites, 1t was noted that the free base, 2-
thiouracil, has been reported to suppress the production
of infective turnip yellow mosaic viral nucleoprotein,
possibly via a preferential imhibition of viral-RNA-
dependent ’NA synthesis.® It was also lucorporated
mto RNA of tobaceo leaves and tobacco mosale 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.?® The ultraviolet absorption spectrum of

t1)y M. N. Lipsett, J. Biol. Chem., 240, 2975 (1965).

t2) 1. A. Carhon, L. Hung and D. 8. Jones, P’roc. Nutl. Arqd. Sci. U. 8.,
83, 979 {19635).

3) T. Schleick and J. Goldstein, Science, 150, 1168 {1965).

t4) R. 8. Hayward anil 8. 3. Weiss, Proc. Natl. Acad. Sci., U. 8., 55, 1161
(1966).

(3) N. Sueoka and T. Kano-Sueoka, (bid., 52, 1535 {1964).

(6) M. N, Lipsett and A. Peterkofsky, ib(d., 68, 1169 (1966).

(7) B. Goelller and R. H. Doi, ibid., B6, 1047 (1966).

(8) R. 1. 1. Francki and R. E. . Matthews, Virology, 17, 367 {1962).

(9) P. K. Ralpl,, R. XX, 1, Matthews, and A. 1. Matus, Biorhim. Bioplhys.
Aetu, 108, 53 (19635).

110) J. Kokko, L. Mandell, and J. Goldstein, J. Am. Chem. Soc., 84, 1042
(19621,

Iodination of IV gave a similar resnlt.
showed antiviral activity against vaceinia i tissue culture.

1-(8-p-Arabinofuranosyl)-2-thiocytosine (VII)
The other thiopyrimidiiie micleosides were inactive

2-thiouridine suggests that it may act as an analog of
cytidine as well as of uridine in RNA synthesis.®
Following our previous investigations of pyrimidine
nucleosides as potential antiviral agents the synthesis
of 2-thiopyrimidine g-v-arabinosides was considered of
gome interest.

In contrast to the 4-thiopyrimidine nucleosides which
are readily available from the corresponding 4-oxo-
pyrimidine nucleosides by thiation with PsS;,11:!? the 2-
thiopyrimidine nucleosides have been prepared by more
circuitous routes.!’® Nethods involving the use of
glycosyl amines!®! and glycosylthioureas!® as starting
points for building the 2-thiouracil ring system have
been reported.

The formation of 2-thiouridine by the reaction of
HoS with 2 53"-anhydrouridine under mildly alkaline
conditions has been described by Todd! and by
others.’®® The bacterial syuthesis of thiouridylic
awtd has been demonstrated.

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