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ml), protected with a drying tube, was gradually heated with stir-
ring to 70° and maintained at this temperature for 3 hr. The re-
action mixture was then diluted with water (200 ml) and extracted
with three 100-ml portions of petroleum ether (bp 30-60°).  The
combined extracts were washed (ILO, two 100-ml portions).
dried (Mgs0,;), and evaporated to dryness under reduced pres-
sure. The resulting residue solidified (scratching) and was re-
erystallized from the minimum amount of hot petroleum ether
(bp 30-60°) to give the pure product. The residue containing

2 and 6 did not solidify and was distilled in racvo. The vields

and properties ave summarized in Table V,
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A number of derivatives of 6-mercaptopirine ribonucleotide have been prepared and evaluated for eytotoxicity

in normal and 6-mercaptopurine-resistant cell lines.

In earlier papers we described the =ynthesis of 6-
mercaptopurine ribonucleotide (8)% and a number of
ester derivatives of 1it.%* One of these derivatives,
thiolnosynyvl-(5’—=5")-thioinosine, was found to in-
hibit the growth of human epidermoid carcinoma cells
resistant to G-mercaptopurine (HEp-2,/MP)5  Later
the monophenyl ester of ()—mclcaptopunne ribonucleo-
tide was also found to inhibit this cell line.® In pur-
suit of this activity of phosphate esters, 1« number of
other derivatives of G-mercaptopurine ribonueleotide
have been prepared and evaluated for their evtotoxieity.

0-(5-0-Trityl-g-n-ribofuransoyh-9H-purine-6(1H)-
thione* was acetyvlated with acetice ;mh\'(lride in pyri-
dine and the tityl group of the resultant 9-(2.3-di-0-
acetyl-5-0-trityl-3-np-ribofuranosyl) -9H -purine- 6(1H )-
thione (1) was removed by treatment with aqueous
acetie aeid to give 9-(2,3-di-O-acetvl-g-p-ribofuranosyl)-
OH -purine-6(1H)-thione (2) (Scheme 1), Treatment
of 2 with di-e-tolvlphosphorochloridate, di-p-tolyl-
phosphorochloridate, and di-3.5-xvlviphosphorochlori-
date gave the corresponding phosphate esters (3b-d).
The diphenyl ester (3a) was prepared by acetvlation
of the dipheny!l ester of 6-mercaptopurine ribonueleo-
tide (4a).* The di-p-nitrophenyl ester was prepared
by the reaction of di-p-nitrophenyl phosphate with 2
using N, N-di-p-tolvlearbodiimide to effect the esteri-
fication. )-(2.3-Di-O-acety]-8-n-ribofuranosyl)-9H-
purine-6(1H)-thione 5'-di-p-nitropheny! phosphate (3e)
was converted by basic hydrolysiz to the mono-p-
nitrophenyl ester (6) of G-mercaptopurine ribonueleo-
tide for comparison of its activity with that of the
monophenyl ester.t

Since there 1z evidence that the 37,5 -cyelic phos-
phate of adenosine can penetrate cells, intact,”~* and

(1) This work was supporied by funds from the ¢\ ¥, Kettering Founda-
tion and the Cancer Chemotherapy National Service Center, National Cancer
Institute, National Institutes of Health, Contract Na, PH-13-64-51,
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(6) F. M. Schabel, Jr., and G. J. Dixon, personal communication,

17y b, W, Sutherland and T. W, Rall, Pharmacol. Rer., 12, 265 {1960;.

that it 1s enzymatically cleaved to the 5-phosphate,'

the 3’,5’-cvelie phosphate of 6-mercaptopurine ribo-
nucleoside (10) was prepared by the reaction of its
N’.N’—dicycloh(éx_\'lc arboxamidinium salt with dieyelo-
hexylearbodiimide in pyridine solution.!

The biologie activity of 6-methylthiopurine ribo-
nucleoside has been shown to result from its enzymic
conversion to the ribonucleotide (9) by adenosine
kinase.'t  We synthesized 9 for comparison with the
biosynthetic material and  this synthesis by the
methylation  of  G-mercaptopurine ribonucleotide  is
deseribed below.

Reaction of  9-(2,3-O-1sopropylidene-g-p-ribofuran-
osvh=9H-purine-6(1H)-thione or 9-(2,3-di-O-acetyl-8-n-
ribofuranosyl)-9H -purine-6(1H)-thione (2) with 5’-0-
tritvl-3-fluorouridine 3’-phosphate followed by the ‘L})—
propriate deblocking pl‘ocedm‘e\ gave S-fluorouridyly
(3’=5")-thioinosine (5), an isomer of an ester pw—
viously prepared.4

Reaction of an analog of G-mercaptopurine ribo-
nucleoside, ¢is-3-(1,6-dihvdro-6-thioxopurin-9-vlevelo-
pentanemethanol (11),'? with p-nitrophenvlphosphaoro-
dichloridate gave the phosphate ester 12 which wus
converted to bisgle/s-3-(1,6-dihvdro-6-thioxopurin-9-v1)-
evelopentanemethyl] phosphate (13) by treatment
with aqueous sodium hydroxide.

In order to compare the activity of some inosine
phosphates (7a and b) with the corresponding thioino-
sine eompounds, these latter compounds (4a and b)
were converted to the S-(2-hydroxyethvl) derivatives
which are hvdrolvzed readily by aqueous base to 7a and
7b.  This approach to the conversion of derivatives of
G-mereaptopurine to the corresponding derivatives of
hypoxanthine was suggested by the observation of the

18y 1. Posternak, E. \W. Sutherland, and W. F. Henion, Biochim. Biophys.
Acta, 68, 558 (1962).
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ease of acid or base hydrolysis of 6-(2-hydroxyethyl-
thio)purine to hypoxanthine.!?

Biologic Data.—The cytotoxicity!* of the analytical
samples of these nucleotide derivatives to KB and
HEp-2 cells in culture and to a subline of HEp-2 cells
resistant to 6-mercaptopurine (HEp-2/MP) is com-
pared to that of 6-mercaptopurine in these lines
(Table I). The acetylated derivatives of substituted
phenyl esters of 6-mercaptopurine ribonucleotide (3a-d)
and 13 show only moderate eytotoxicity and the inosinic
acid derivatives (7a, b) even less. The bis nucleoside
phosphate 5, the p-nitrophenyl ester 6, the cyclic phos-
phate 10, and 6-methylthiopurine ribonucleotide (9)
show the same order of cytotoxicity as 6-mercaptopurine.
Furthermore, the HEp-2/MP cell line is sensitive to 5
and 6, but not to 10. The results with 5 and 6 are in
agreement with those previously obtained with 5-

(13) T. P. Johnston, L. B. Holum, and J. A. Montgomery, J. Am. Chem.
Soc., 80, 6265 (1958).
(14) Cancer Chemotherapy Rept., 35, 57 (1962).
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fluorouridylyl-(5’—35’)-thioinosine® and the mono-
phenyl ester of 6-mercaptopurine ribonucleotide.® The
failure of the cyclic phosphate 10 to affect the 6-MP-

TasLE I
CyroToxIcitTy
EDse, pmoles/1.% —_—

Compd XB HEp-2/0 HEp-2/MP

3a 43

3b 54

3d 43

5 0.06 <1.6 <1.6

6 1.4 6

78 >902

7o 92

9 0.06
10 1.6 >240
13 64 >17
6-MP 1.2 0.76 2060

s The concentration of agent necessary to inhibit the growth
of treated cells to 509, of that of untreated control cells as deter-
mined by a measure of total protein.!*
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resistant eell line may be due to facile extracellular
cleavage to G-mercaptopurine ribonucleatide.

Experimental Section

Uv spectra were determined in aqueous <olution with a Carey
Model 14 spectrophotometer. Ir spectra were determined in
KBr with a Perkin-Iilmer Model 221 =pectrophotometer. The
melting points were determined on a Kofler Heizbank and are
corrected.  Paper electrophoresi= wax carvied out on Whatman
3 MM paper in pH 7.2 buffer (2 parts of 0.05 M NaH.PO, to 3
parts of 0.05 M Na,HPO,) at a potential gradient of 15 v/em for
1.5 br.  Thioinosinie acid was used ax a standard on all elec-
irophoresis strips and the distance it migrated was assigned
value of 1.00: the migration of the other phosphates ix expressed
relative to this value (Mrin).

9-(2,3-Di-O-acetyl-3-p-ribofuranosyl)-9H -purine-6{1H )-thione
{2).--To a solution of 2,11 g (4.0 mmoles) of 9-(5-O-trityl-8-n-
ribofuranosvl)-9H-purine-6( 1 H )-thione® in 96 ml of dry pyridine
wax added 4.08 g (40.0 mmoles) of Ac,0). The =olution was heated
for 15 min in a boiling-water bath, left at room temperature for
24 hr, and then <lowly poured over SO0 ml of cracked ice. The
product,  9-(2,3-di-O-acetyl>-0-1ritvl-g-n-ribofuranosyD-9H-pu-
rine-6( lH thione (1), immediately precipitated ax a white solid.
When the ice melte(l, the <olid wax collected by filtration: vield
2,11 g, mp 167°.

A suspension of this material in 211 ml of 80¢. AcOI (v/v)
wis stoppered and stirved for 24 hr at room temperature. The
resuliing solution was evaporated to drvness in vacuo, the residue
was triturnted with ethanol, and the ethanol was removed by
evaporation,  Tritnration of the residue with ether produced
white solid that wax erv=tallized from 1O (300 mby: vield 1.08

@ (8490, mp 237° dec.

In another run the analytical \nnple was obtained. Tt was
dried for 2 hr at 100° (0.07 mm) (P.0:); mp 244° de¢: Auax [I0
mu (e X 10739 0.1V HC—322 (2 3.4, p” 7317 (20.6), and 0.1
N ONaOH--311 (22,600 5 (in em™ 3400 (hroad) (OH), 1745
(C==0)), 1600, 1360, 15320 (C=C, (+==N), 1135, 1105, 1080, 1045
(CO-).

Anal, Caled for CuH N0 O, 45,64 T, 4350 N, 15.21.
Tound: €, 45.66; 11, 4.57; N, 15,14

9-(2,3-Di-O-acetyl-3-n-ribofuranosyl -9 H -purine-6( 14 )-thione
5'-Diphenyl Phosphate (3a).—A =olution of 2.06 g (4.00 mmoles)
of  9-B-p-ribofuranosvl-0H-purine-6( 1H )-thione  3’-diphenyl
phosphate® in 20 ml of anhydrous pyridine and 20 ml of A0 wax
heated in a boiling-water bath for 15 min, then =ealed tightly, left
for 20 hr at room temperature, and finally evaporated to dryness
in vacuo.  The residue was dissolved in 20 ml of 509 pyridine~
water and left for 2 hr at room temperature before the solution
was evaporated to dryness in racuo.  The residue was triturated
with 1,0 (25 ml), the water was removed by evaporation /n
racio, and (he residuo precipitated as a gel from 25 ml of ItOH:
vield 1.74 g 2009 Amax 1in ma e X 107#)) 0.1 N HCI--323
(22.%), plI 7 2() (19.0), 0.1 N NaOTIl—311 ¢ p(in em i
)1 530 (sh), 3110, 3060, and 3000 (OI1), 1755 , 1600 and
540 (C=C, (.7"41\'),

1490 (phenyvl), 1460 (CIH), 1415 (C==8),
11)5(), 1025, and 1010 (POC). The analytical sample was ob-
tained by precipitation from 1O, Tt was dried tor 20 hr at
TS L07 ) (Pa0O: ).

Anal. Caled 1’()1 CyHy ,A'4()‘,P\‘ C, ')I.E)h: H, 4.20. N, 0.33:
P, 516, Found: (!, 51.92: H,4.32; N, 9.30; P, 5.10.

9-(2,3-Di-()-acetyl-;3 D-rlbofuranosyl)-9H-purine-6(lH)-thione
5'-Di-0-tolyl Phosphate (3b).—To a cold solution of 368 mg (1.00
mmole) of 2 in 30 ml of dry pyridine was added with stirring 0.8
ml (3.00 mmoles) of di-O-tolvlphosphorochloridate.  The resulting
<olution was kept in the cold for 1 hr and then left at room
temperature for I8 hr. It was then chilled in an ice bath and
527 mg of =olid NallCQ,; was added, followed by the slow addition
of 11,0 (12 ml).  The resulting solution was evaporated to drv-
ness in cacno and the residue was taken up in CHCly (30 ml).
The CHCL =olution was washed (30 ml of \"aHC()ﬁ, 30 ml of
1,0}, dried (Mg=O), and evaporated to dryness in vacuo. The
xe\uluo was dissolved in 10 ml of MeOIl and precipitated as a
white =olid by the addition of an equal volume of water: vield
427 mg (68

t15) L.
192 rwu.)).

. Thomas, K. Hewson, and J. AL Montgomery, J. Ovg. Chem., 27,

The analytical sample was obtained by precipitation from
MeOI 11,0, Tt was dried for 20 hr at 100° (0,07 mm) (P,O):
Naas [nomae Ce 1079 00 NV HICL=323 (22,99, pIT 7320 (21.4),

N NaOIT- =233 4.0 and 311 22,750 5 Guoem H 3150 (shiy
SEEO. 3050, 2000, 2925, 2855 (CH), (1755 (OO, 1600, 1540
PO, CoOn, 1S ipheny s 1465 (CH b 11 1 =0 TS,
H60 (PO,

Anad Caled for Cu L NGOLPS () 53000 1, 165 N, SO1:
Po4.030 Found: () 53.20; 1, 4.65; N, 0.07: P, 4.70.

9-(2,3-Di-0O-acetyl-3-p-ribofuranosyl!)~9H -purine-6{ 1 H )-thione
5'-Di-p-tolyl Phosphate (3c). - Thix reaction wax carried out in
exactly the same way us deseribed for the [)lep‘dl':ilinll of 3b using
271 mg (074 mmole) of 9-02,3-di-O-acetv]-g-p-ribofuranosyl)-
OH-purine-6( L H -thione and 056 ml (2.21 mmoles) of di-p-
tolvlphosphorochloridate. The produet was obtained ax a white
~olid; vield 5 myg (177

The analvtical .\ample was obtained by precipitation from
MeOH-110. Tt wax dried for 20 hr at 100° (0.07 mm, P;0,):
Ases [0 Ce X 1079 0.1 .V HCE--322 (16.1), pH 7319 (14.1),
(N NaOTL--313 (16.9): 7 (in em™) 3100, 3040, 2020, 2850
(CH, 1745 (Ces=0 )y 15395, 1555 (C==() C==ND), 1500 (phenyi),

POCH), 1430 (Caeasy, 1035, 955 (POC .

Anad Caled for o H N OWPS: O, 33500 H, 4.65;

Po4.930 Found: ) 3345 1, 493, N, 8.74: P, 4.87.

9-(2,3-Di-O-acetyl-3-n-ribofuranosyl ;-9 H -purine~6( 1 H )-thi-
one 5'-Di(3,5-xylyl} Phosphate (3d).--To a chilled solution
of 365 mg (L.00 mmole) of 2 in 30 ml of anhydrous pyridine was
added 1.08 g (3.00 mmoles) of di(3,3-xvIvhphosphorochloridate
and the resulting =olution was stirved for 1 hrin an ice bath and
left 16 he at roown temperature. The solution was then chilled
and 327 mg of solid Na.COy was added, followed by the slow
addition of H,0 (12 ml). The vesulting solution wax ev raporated
‘nvacuo to athick <lndge.  The residue was extracted with CIICl,
30 mb. The CHCly solution was washed (30 ml of NallCOy,
30 ml of HLOG dried (MgROy), and evaporated to dl"\'ne,« n
racio.  The residue was ple(ipimted from MeOH-H,O (1:1} us
a white solid: vield 241 mg ( ), melting point 111(!91‘111110

The analvtical =ample was uhmmed by precipitation from
1O -HLO (11 I W.’L\ dried at 78° {0.07 mm, PO, for 20
het N [ ma fe X “H] 01N HCER=323 (20.83), pH 7321
PEN2), 000V NA()H ’;; (=hy (14.9) and )11 (21.1); 5 (in
<m LE3T10, 3050, 2925, 2860 (CH ), 5 1610, 1595,

134 ((C=-C, ¢ N LTS cCHD, 1410 (C==8), 1030, 995 (sh,
070 (POC).

Anale Caled for Callg NJOGPSD Q) 54880 H, 5.06;
P,4.72. Found: €, 35.01: 1, 5.12; N, 837 P, 4.60,

9-(2,3-Di-O-acetyl-g-n-ribofuranosyl)-9H -purine-6( 1 H )~thione
5’-Di-p-nitrophenyl Phosphate (3e).--A solution of 3.06 g (9.00
mmoles) of di-p-pitropheny! phosphate in 15 ml of anhydrous
dioxane wax obtained by gentle heating. The solution was
cooled quickly 1o room temperatue, whereupon 725 mg (3.26
mmoles) of N, N-di-p-tolyvlearbodiimide wax added. After stirring
the resulting suspen=ion for 15 min, 470 mg (1.28 mmoles) of
2 wus added and stirving continued for 3 hr. The mixture was
then stored in a destceator (P,0;) at room temperature for 40 hr.
Upon filtration, the reaction mixture vielded 650 mg of di-p-
tolvluven.  The filtrate was evaporated to dryness n racuo.
The rexidue, u vellow glass, was shaken with a mixture of 14 ml
of CHCl; and S mlof 1M LIOAc and refrigerated for 20 hr.  The
precipitate that had formed was collected by filtration as a crenm-
colored =olid: yield 819 mg (92.59 ). This material was used
without further purification to prepare 6 as described helow.

2'-Deoxy-5-fluorouridylyl-(3’—5")-thioinosine (5).---|

N, 8O

N, 853

To a solu-
tion of 4.0 mmoles of 2-cyvancethyl phosphate (from 1.15 g of its
Ba salt) in 100 ml of anhydrous pyridine was added 1.13 g (2.0
mmoles)  2'-deoxy-3-O-trityl-3-fluorouridine.*  The resulting
solution was evaporated to dryness in vacuo and the residue was
redizzolved in 75 ml of pyridine.  To the solution was added 3.30
g (16.0 mmoles) of dicyclohexylearbodiimide. The resulting
solution, in a tightly sealed flask, was allowed to stand for 2 days
at room temperature  Upon filtration, the reaction mixture
vielded 1.06 g of 1,3-dicyclohexylurea. The filtrate was diluied
with I1,O (4 ml) and the solution was set aside for 1 hr. A
second precipitate of the urea (2.14 g) was obtained. The
filtrate was evaporated to dryness /n racuo, the residue was dis-
solved in 30 ml of 4.5\ LL()II and the resulting solution was
heated for Tohr ar 100°, After ((mlmg, the solution was filtered
to remove some insoluble material.  The filtrate was chilled in
an dee bath and =tirred with 52 ml of Amberlite IR-120 (1)
rexin, - The resin wasx removed by filtration, the acidie filtrate
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was evaporated to dryness in vacuo, and the residue was dis-
solved in EtOH. The ethanol solution was evaporated to dry-
ness and the white residue was dissolved in 30 ml of anhydrous
pyridine.

To this solution was added 615 mg (1.90 mmoles) of 2/,3’-0-
isopropylidenethioinosine? followed by 1.95 g (9.45 mmoles) of
dicyclobexylearbodiimide.  The resulting solution was kept at
room temperature with the exclusion of moistiwe for 2 days.  Af-
ter the solution was diluted with 4 ml of H,O and allowed to stand
for 1 hr at room temperature, the precipitate of 1,3-dicyvclohexyl-
urea was removed by filtration. The filtrate was evaporated to
dryness in vacuo. A solution of the residue in 30 ml of 809
AcOH (v/v) was heated in a 100° oil bath for 15 min. The
crystalline triphenylearbinol that formed upon cooling was re-
moved by filtration. The filtrate was evaporated to dryness in
vacuo. The residue of 2'-deoxy-3-fluorouridylyl-(3'—5)-27,3'-
O-isopropylidenethioinosine was dissolved in 200 ml of H,0 and
refluxed for 2.5 hr and then filtered. The filtrate was evaporated
to dryness n vacuo. The residue was dissolved in 25 ml of H,O
and placed on a column (1.75 X 13 em) of Dowex 1-X2 (formate)
resin. The column was eluted with increasing strengths of formic
acid from 0.1 to 5.0 N. The product was obtained with 2.5 N
HCO,H. Evaporation of the HCO,H and trituration of the
residue with EtOH produced a yellow solid: yield 38 mg (6.59%):
Amax [ mu (e X 107%)) pH 7273 (9.45) and 323 (18.6), 0.1 \'
NaOH—231 (19.1), 270 (7.75), and 311 (19.0); 5 (in em~1) 3400
(broad) (OH), 1705 (C==0), 1595, 1540, 1475 (C=C, C=N),
1050 (POC); Mrin 0.70. The analytical sample was dried for
20 hr at 78° (0.07 mm, P.O;).

Anal. Calcd for CmngFNeOnPS' 1.-3HQOZ C, 3683, H, 407.
P, 5.00. Found: C,37.14; H, 4.42; P, 4.64.

Reaction of 3'-O-trityl-2’-deoxy-3-fluorouridylic acid with 2
followed by removal of the blocking groups gave 5 in 6% yield.

9-3-p-Ribofuranosyl-9H -purine-6(1H )-thione 5’-p-Nitrophen-
yl Phosphate (6).—To a suspension of 193 mg (0.28 mmole)
of 9-(2,3-di-O-acetyl-g-p-ribofuranosyl)-9H-purine-6(1H )-thione
5'-di-p-nitrophenyl phosphate in Me,CO (6 ml) was slowly added
with stirring 16 ml of 0.1 ¥ Ba(OH).. The resulting vellow,
cloudy solution was stirred for 30 min at room temperature and
then filtered. The filtrate was stirred with enough Amberlite
IR-120 (H) resin to give pH 2. The resin was removed by filtra-
tion and the aqueous filtrate was washed with ether until the
ether layer no longer gave a vellow color when stirred with dilute
NaOH. The aqueous solution was evaporated to dryness in
vacuo. The residue was triturated with EtOH and the EtOH was
evaporated. The process was repeated. A vellow solid was ob-
tained; yield 88 mg (659); Amax [in mp (e X 107%)] 0.1 N HCl—
320 (21.7), pH 7—316 (21.8), 0.1 ¥ NaOH—308 (25.2): 5 (in
em 1) 3425 (OH), 3130 and 2920 (CH), 2800-2400 (acidic H),
1610, 1590, 1560, and 1515 (C=C, C==N), 1485 (C==8), 1335
(CH), 1080 (POC): Mt 0.531. The analytical sample was dried
for 18 hr at 78° (0.07 mm, P,O;).

Anal.  Caled for CieH e N:OsPS: C, 39.39; H, 3.32; N, 14.43;
P, 6.38. Found: C, 39.81; H, 2.73: N, 14.02; P, 6.50.

Inosine 5'-Phenyl Phosphate (7a).—To a solution of 516 mg
(1.00 mmole) of 9-g-p-ribofuranosyl-9H-purine-6(1H )-thione 5'-
diphenyl phosphate (4a)® in 30 ml of DMF was added 154 mg
(1.04 mmoles) of anhydrous K,CO; and 0.14 ml (2.00 mmoles) of
2-bromoethanol. The resulting mixture was stirred and heated
at 70° for 1 hr, then cooled to room temperature, diluted with
H,0 (50 ml), and evaporated to dryness in vacuo. The residue
was dissolved in 8 ml of 3 NV LiOH, heated for 15 min at 100°, and
filtered. The filtrate was stirred with Amberlite IR-120 (H)
resin until pH 1 was reached. The resin was removed by filtra-
tion and washed with three 30-ml portions of ether to remove the
phenol that had formed. The aqueous solution was taken to
pH 7.8 with dilute NaOH and then evaporated to dryness in
vacuo. The residue was purified by placing it on a column (1 X
15 em) of Dowex 1-X2 (formate) resin. The column was eluted
with increasing strengths of HCO:H from 0.1 to 5.0 N. The
product was obtained when the column was eluted with 2.5 N
HCO,H. Evaporation of the solution in vacuo and trituration
with EtOH produced a crystalline solid: yield 63 mg (149%);
mp 136°; Amax [in mu (e X 107%)] pH 7—249 (10.3), 0.1 N
NaOH—254 (11.2); % (in ecm™1) 3400 (broad) (OH), 3100 (broad)
(CH), 2800-2400 (acidic H), 1710 (C==0), 1590 and 1570 (C=C,
C==N), 1490 (phenyl), 1070 (POC); Mr1ix 0.53. The analytical
sample was dried for 20 hr at 100° (0.07 mm, P,O;).

Anal. Caled for CieHi:NOsP: C, 42.58; H, 447; N, 12.42.
Found: C, 42.76; H, 4.50; N, 12.23.
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Inosine 5’-Dibutyl Phosphate (7b).—A solution of 1.00 g (2.12
mmoles) of 4a3 and 0.3 ml (4.25 mmoles) of 2-bromoethanol
in 107 ml of DMF containing a suspension of 309 mg (2.23
mmoles) of anhydrous K.CQ; was heated and stirred at 73° for
I hr and then diluted with enough water to give a complete
solution (about 100 ml). The solution was evaporated to about
30 ml in vacuo and then was diluted with enough 509, EtOH~
dilute NaOH to give a total volume of 200 ml of 0.1 .V NaOH.
The solution was left for 20 min at room temperature and then
stirred with 43 ml of Amberlite IR-120 (H) ion-exchange resin
until neutral. The resin was removed and the solution was
evaporated to dryness in vacuo. A solution of the residue in 100
ml of CHCl; was washed (two 100-ml portions of NaHCO; solu-
tion, 100 ml of H,0), dried (MgSO.), and evaporated to dryness
in vacuo. The crude product, which weighed 417 mg, was puri-
fied by passing it through a Whatman cellulose column (4 X 43
cm) using water-saturated BuOH as the eluent. The peak frac-
tions were examined by paper chromatography. The fractions
containing product were combined and evaporated to dryness
in vacuo. The residue, upon trituration with ether, erystallized.
The crystalline material was dissolved (CHCl;) and precipitated
as a gel upon addition of ether. When it was dried for 18 hr at
78° (0.07 mm, P,0;), a clear melt was obtained; yield 158 mg
(169%); Mmax [inmp (e X 107%)] pH 7—248 (10.2), 0.1 N NaOH—
253 (11.2); # (in em™1) 3370 (OH), 3100, 2965, 2930, 2870 (CH),
1700 (C=0), 1590, 1543, 1155 (C=C, C=N), 1245 (unassigned),
1120 (COC), 1020 (POC).

Anal. Caled for CisHywNOsP: C, 46.94; H, 6.35; P, 6.73.
Found: C, 46.68; H, 6.38; P, 6.71.

6-Methylthiopurine Ribonucleotide (9) Barium Salt.—To a
solution of 1.33 g (3.00 mmoles) of the disodium salt of 6-mercap-
topurine ribonucleotide (8)2 in H,O (9 mi) and 3 ml of 1 N NaOH
was slowly added with stirring 0.75 ml (12.0 mmoles) of Mel.
The resulting mixture was stirred at room temperature for 20 hr
before evaporation to dryness in vacuo. The pH of a solution of
the residue in 15 ml of HO was adjusted to 2 with Amberlite
IR-120 (H) ion-exchange resin. The resin was removed by
filtration and the solution was adjusted to pH 8 with concen-
trated Ba(OH),. The solution was then filtered and diluted with
2 vol. of absolute EtOH, The white precipitate that formed was
collected by filtration, washed (EtOH), and dried at 78° (0.07
mm, P:0;); vield of Ba salt 1.10 g (699).

In another run, the analytical sample was obtained by purifica-
tion of the crude reaction product on a column of Dowex 1-X2
(formate) resin using 2.5 N HCO.H as the eluent. The product
was again obtained as its Ba salt: Apax {In mu (e X 107%)] 0.1 N
HCl—293 (16.6), 0.1 N NaOH-—291 (19.1); 5 (in em™1) 3400
(broad) (OH), 3100 (sh), 2925 (CH), 1570 (C=C, C==N), 1090
(broad) (POC); M1, 0.97.

Anal. Caled for C,Hi3BaN.O-PS-H.,O: C, 24.84; H, 2.84;
P, 5.83. Found: C,24.97; H, 3.04; P, 5.75.

9.g-p-Ribofuranosyipurine-6(1H )-thione 3',5'-Cyclic Phos-
phate (10).—The 4-morpholine-N,N’-dicyclohexylcarboxamidi-
nium saltl® of 9-g-p-ribofuranosyl-9H-purine-6(1H )-thione 35'-
phosphate? was prepared by the addition of 879 mg (3.00 mmoles)
of 4-morpholine-N,N’-dicyclohexylcarboxamidine!® to a solution
of 1.09 g (3.00 mmoles) of the ribonucleotide 8 in 75 ml of dry
pyridine. With heat, all but a small amount of the material
dissolved. The resulting solution was filtered and the filtrate
evaporated to dryness in vacuo. A solution of the residue in 300
ml of pyridine was added dropwise over a 2-hr period to a reflux-
ing solution of 1.24 g (6.00 mmoles) of dicyclohexylearbodiimide
in 300 ml of pyridine. The resulting solution was refluxed for
another 2 hr and then evaporated to dryness 7n vacuo. A solution
of the residue in H,O (300 ml) was kept at room temperature for
2 hr, filtered to remove some insoluble solid, and evaporated to
dryness in vacuo at less than 40°. The residue was dissolved in
50 ml of -PrOH-NH, OH-H,0 (10:1:25) and the solution was
applied to a column (4 X 90 em) of Whatman cellulose powder.
The column was eluted with the same solvent system at a rate
of 5 ml/8 min. The first 775 m! of solvent eluted mostly purine-
6(1H )-thione and a small amount of product. The next 130 ml
of solvent eluted pure product. These fractions were combined
and evaporated to dryness in vacuo. The residue was triturated
with EtOH and the EtOH was removed by evaporation. The
process was repeated and the product was obtained as a yellow
solid. It was dried for 20 hr at 78° (0.07 mm, P;0;); vield 101
mg (89); Amax (in mu (e X 1078)] pH 7—320 (18.8), 0.1 N

(16) J. G. Moffat and H. G. Khorana, J. Am. Chem. Soc., 83, 649 (1961).
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NaOH-—310 (19.6); 7 (in em™!) 3400 (OH), 3140 (broad) (CH),
1500, 1543, 1475 (C=C, C=N), 1075, 1015 (POC); M 0.67.
Anal. Caled for CuHuN;O0PS-C.HOM: ¢, 35.21; H,
4.92: N, 17.11; P, 7.57. Found: C, 35.40; H, 4.95; N, 17.00;
P, 7.50.
Bis[cis-3-(1,6-dihydro-6-thioxopurin-9-yl)cyclopentanemethyl|
Phosphate (13).—To a cold solution of 221 mg (0.885 mmole) of
cis-3-[6( 1 H )-thio-YH-purine] cyclopentanemethanoli in 20 ml of
dry pyridine was added 113 mg (0.442 mmole) of p-nitrophenyl-
phosphorodichloridate.2 The resulting solution was stirred in
the cold for 15 min and then left at room temperature for 20 hr.
It was then poured into 25 ml of ice water and the resulting solu-
ton wasx evaporated to dryness in vacuo.  The residue was dis-
solved in 10 ml of 0.3 .V NaOH and the solution was left at room
temperature for 2 hr.  Upon neutralization (HCl), the solution
deposited a gelatinous precipitate that was collected by filtration
and purified by dissolving it in 5097 NaHCO; followed by precipi-
tation as a gel with AcOH; yield 72 mg (25%;). The analytical
sample was obtained in another run in which the crude material

Vol 11

was purified by solution in 0.3 N NaOH and a precipitation by
addition of concentrated HCL It was dried at 100° (0.07 wmn,
PoOs, 20 hr s A Linmg e XX 107551 001 A THCT - 325 635,90, pll
T2 3870, 000 NONAOH =310 (40,850 5 Gnem - 1) 3420 (OH
1585, 1525, 1465 (Ca(, N, 1000 (POCH: Wi 00N,

Anal, Caled Tor CollpNOGPS,-0.75H0: O 45570 1,
4.99; N, 19.49: P, 52360 Found: ) 46,020 11, 5.06; N, 19.60;
P, 180,
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6-Methyl-9-g-p-ribofuranosylpurine, 9-(2-deoxy-g-n-ribofuranosyl)-6-methylpurine, 6-methyl-9-g-p-xylofur-
anosylpurine, 2-fluoro-6-methyl-9-g-p-ribofuranosylpurine, and 6-ethyl-9-g-p-ribofuranosylpurine were pre-

pared by fusion of the appropriate O-acetyl sugars and purines.

The assignment of the anomeric configuration to

the nucleosides thus obtained was based on an analysis of their pmr spectra. Evidence is presented that the
cytotoxicity of these nucleosides, determined using human epidermoid carcinoma cells no. 2 in eulture, may
correlate with the efficiency with which they are converted to nucleotides by adenosine kinase,

The toxicity? and antitumor activity® of G-methyl-
purine caused Gordon, ef al.,*to svuthesize its ribonucle-
oside, a compound that is more than 200-fold as eytotoxice
to HEp-2 cells as 6-methylpurine itself?  In addition,
o HEp-2 cell line that has lost AMP pyrophosphoryl-
ase and 1s resistant to 2-fluoroadenine (HEp-2/1°A)
and cross-resistant to G-methylpurine is sensitive to 6-
methylpurine ribonucleoside.”  This activity can be
explained by the fact that the ribonueleoside is an
exeellent substrate for adenosine kinase® and there-
fore can be converted to its cvtotoxic form, the ri-
bonucleotide, in cells lacking the pyrophosphorylase
that normally converts the purine base to its ribonucleo-
tide.

In pursuit of compounds with greater cytotoxic
specifieity for cancer cells than 6-methylpurine ribonu-
cleoside, it seemed logical to select other nucleosides
that should be substrates for adenosine kinase.  Con-
sequently, we selected the deoxyribonueleoside and the
xvlonueleoside of 6-methylpurine and the ribonucleo-
sides of 2-fluoro-6-methylpurine’” and 6-ethylpurine.®
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These nucleosides were all prepared by the fusion
method of Sato, et al.’"  Although an excellent prepara-
tive procedure, the fusion method is known to give rise
to anomeric mixtures’>="# even with sugars that exert
steric control by orthoester ion formation in the halo-
sugar-heavy metal purine derivative condensation,!

In all of the fusion veactions of G-methylpurine (1),
we observed formation of the cis(e anomer) as well as
the trans (8 anomer) nueleoside.  However, in contrast
to the results of Lee. et al.,'* who obtained approxi-
mately equal amounts of « and 8 anomers from the
fusion of tetra-O-ucetvi-p-xvilofuranose and N-nona-
novladenine, we obtained roughly 108 to le in the
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