44 H. JeaxprTE THOMAS axp JoHN A, MONTGOMERY

mi), protected with a drying tube, was gradually heated with =tir-
ring to 70° and maintained ot this temperatinee for 33 hr. The re-
action mixture was then diluted with water (200 ml) and extracted
with three 100-ml portions of petrolemin ether (bp 30-6G0°).  The
combined extracts were washed (110, two 100-ml portions).
Jried (Mg=0,), and evaporated to drvness under reduced pres-
snre. The resulting residue =olidified (xratching) and wns re-
crvstallized from the mininmm anwmnt of hot petrolenm ether
thp 30-G0°) to give the pure product.  The residue comtaining
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2 and 6 did not solidify and was distilled 1 cacwo. The vields

and propertiex are simmmarized in Table V.
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A munnber of derivatives of G-mercaptopnrine ribouneleotide have been prepared and evahiated for eytotoxicity

in normal and 6-mercaptopurine-resistant cell linex,

In enrlier papers we described the svnthests of 6-
mercaptopurine ribonucleotide (8)? and a nwnber of
ester derivatives of 1t.%* One of these dertvatives,
tlhioinosynyl-(H’'=a")-thiotmostne, was found to  in-
hibit the growtl of humuan epidernoid carcinoma cells
resistant to G-mereaptopurine (HEp-2/NMT)  Later
the monophenyl ester of 6-mercaptopurine ribonueleo-
tide was also found to inhibit this cell line  In pur-
sult of this activity of phosphate esters, 1 number of
other derivatives of G-mercaptopurine ribonueleotide
have been prepared and evaluated for their evtotoxieity.

9-(5-0-Trityvl-8-n-ribofuransoyl)-9H -purine-6 (1H) -
thione* was acetyvlated with acetie anhydride i pyri-
dine and the trityl group of the resultant 9-(2.3-di-0O-
acetvl-5-0-trityl-3-v- rihofuranosyvl) -9 H -purtne-G(1H -
thione (1) was removed by treatment with aqueous
acetic aeld to give 9-(2,3-di-O-acet v1-g-v-ribofuranosy1)-
OH -purine-6(1H)-thione (2) (Scheme 1), Treatment
of 2 with di-e-tolylphesphorochloridate,  di-p-tolyvl-
phosphoroehloridate, and di-3,5-xylvIphosphorochlori-
date gave the corresponding phosphate esters (3b-d).
The diphenyl ester (3a) was prepared by acetyiation
of the diphenyl ester of G-mereaptopurine ribonueleo-
tide (4a).* The di-p-nitropheny! ester was prepared
by the reaction of di-p-nitrophenyl phosphate with 2
using N, N-di-p-tolvlearbodiimide to effect the esteri-
fication.  9-(2.3-Di-O-acetyl-3-n-ribofuranosyl) -9H-
purine-6(1H )-thione 5’-di-p-nitrophenyl phosphate (3e)
wax converted by basie hydrolvsis to the wmono-p-
nitropheny! ester (6) of G-mercaptopurine rihonucleo-
tide Tor compartson of its activity with that of the
nwonophenyl estert

Stnee there s evidence that the 37,5-evelic phos-
phate of adenosine ¢an penetrate eells, intaet,”=* and

(1) This wovk was suppeeted by Tunds fro 1he Co F. Neltering Youndae
lion sl the Caneer Chiesnollierapy National Service Center, NaGonal Canesy
Institnte, Nalional Insticiies ol Heallly, Conrract Na. PH-43-64-51.

£y 10N Monlgemery amld 111 Thomwas, /. Org, Chem.. 26, 1026 {11610

3 AL Monwgomery, ML dL Thomas, apd H. 1 Schaeffer, J. Org. Chem.,
26, 1421 (1U61 .

1) 1L 0L Thoomas ek b0 A0 Aomlwomery, S Yed, Howem. Chem B, 2
L3062

¢ oA Maontgomaery, G, L Dhixon, YA Dubnadge, HoL Thonees, 1L
W, Brockman, and 1L 12 Skipper. Nature, 199, 769 118630,

361 170 ML Sebaliel, dyv., and Godo Dixon, persanal commmunicacion,

iTy 150, Soltherlawl and o W, Ral, HMharmaeel. Rev., 12, 265 {1960,

that it s enzymatically eleaved to the 3'-plosphate,™
the 3/,5’-cvelic phosphate of G-mercaptopurine ribo-
nucleoside (10) was prepared by the reaction of its
N . N'-dieyelohexylearboxamidinium salt with dieyvelo-
hexylearbodiimide in pyridine solution.*

The biologie activity of 6-methylthiopurine ribo-
nucleoside has been shown to result from its enzynie
conversion to the ribonucleotide (9) by adenosine
kinase? We svathesized 9 for comparison with the
Dlogynthetic niatertal and  this synthesis by the
niethylation of  G-mercaptopurine ribonueleotide  1s
deseribed below,

Reactionn  of  9-(2.3-O-isopropylidene-g-p-ribofuran-
osv)-9H -purtiie-6(1H)-thtone or 9-(2,3-di-0O-acetyl-g-n-
ribofuranosyl)-9H -purine-6(1H)-thione (2) with 5'-0-
tritvl-d-fluorouridine 3’-phosphate followed by the ap-
propriate deblocking procedures gave H-fluorouridylyvl-
(3’'=0")-thioinosine (5), an isomer of an ester pre-
viously prepared.?

Reaction of an analog of ¢-mercaptopurine ribo-
nucleoside, ¢is-3-(1,6-dthyvdro-6-thioxopurin-9-y1)evelo-
pentanemethanol (11),'? with p-nitrophenyiphosphoro-
dichloridate gnve the phosphate ester 12 which was
converted to higleds-3-(1.6-dithydro-G-thioxopurin-g-y1j-
evelopentanemethyvl] phosphate (13) by treatment
with aqueous sodium hvdroxide,

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

18) 1. Poslernak, 12 W. Surherland, and W, . llenion, Biovhiw., Biophys.
Avte, 68, 558 (1962).

1y GL Narthrop wnd RN Poiles, v, J. Pharmacol, Eaptl, Thecup., 146,
135 (10134).

10) M. Smidey G L Dyponnowd, and M. G, Klorana, J. 4m. Chem, Soe.,
83, 618 110615,

STh L. Lo Beenoere e, ROWL Beekinase, Ho 10 Sebhinebli, S0 Climnley, G
1o Hixem, ¥LOAL Sehiabel, Jy., AL Dubnadge, H. 15 Skippey, J. AL Mont-
wonery, ol 1L Toms, Nadsre, 208, 1276 11965).

12y 1L Selipeffer, 100 D0 Godse, and G Lo, J, Phoniae Sei,, 83, 1510
SN
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Scueme I
Y Y
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HOCH, MP OJN—O—OP OCH, MP| __. HOP|OCH, MP
2 2
11 12 13
ease of acid or base hydrolysis of 6-(2-hydroxyethyl-  fluorouridylyl-(5’—5’)-thioinosine® and the mono-

thio)purine to hypoxanthine.!®

Biologic Data.—The cytotoxicity!'* of the analytical
samples of these nucleotide derivatives to KB and
HEp-2 cells it culture and to & 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 cytotoxicity 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.
Irurthermore, the HEp-2/MP cell line is sensitive to 5
and 6, but not to 10. The results with § and 6 are in
agreement with those previously obtained with 5-

{(13) T. P. Jounston, L. B. Holhvm, and J. A. Montgomery, J. Am. Chem.
Soc., 80, 6265 (1958).
(14) Cancer Chemotherapy Rept., 35, 57 (1962),

phenyl ester of 6-mercaptopurine ribonucleotide.® The
failure of the cyclic phosphate 10 to affect the 6-MP-

TasLE 1
CYTOTOXICITY
EDse, pmoles/1.% ——————

Compd XB HEp-2/0 HEp-2/MD

3a 43

3b 54

3d 43

5 0.06 <1.6 <1.0

6 1.4 76

7a >92

7b 92

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

¢ 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,!t
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resistant cell line may be due to facie extracellular
cleavage to G-mereaptopurine ribonueleotide.

Experimental Section

Uv spectra were determined in nqreme salntion with a Carvey
Model 14 spectrophotometer. In speetra were determiined in
KBr with n Perkin-IXlmer Model 221 =pectrophotometer. The
melting points were determined on a Kofler Heizbank and are
encrected,  Paper electrophoresis was cmried ont on Whatiman
3 ML paper in pH 7.2 baffer 12 parts of 0.05 M Nal.PO, t0 3
parts of 0.05 M Na HPO,) at a poteotial gradient of 15 v/cem for
1.3 br. Thininosinie acid was at=ed n= a standard on all elec-
irophoresix strips and the distabee it migrated was asxigned
valie of 1.00: the migration of the nther phosphates ix expressed
relative to this valie (M)

9-(2,3-Di-0O-acetyl-g-n-ribofuranoesyl)-9H -purine-6(1H )-thione
(2),-Tn a solutiom of 2,11 g (4.0 mmoles) of 9-(3-0-trityl-8-n-
ribofianosvh-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 153 min in a boilhag-watet bath, Ieft at mwom temperature far
24 hy, and then =lowly poured over SO0 ml of amcked ice. The
prochiet,  9-(2,53-di-O-ncetyl-3-0-trityl-g-u-ribofurnnosy h-0H-pu-
rine-6( LA )-thione (1), immediately precipitated ax n white sohd.
When the ice meleed, the sohid was collected by filtration: viekd
2.1 g, mp 167°.

A siepension of this material in 211 mi of 8070 AeOH (v/v)
wax stoppered and =tirted for 24 hr aC room temperatice.  The
resnliing solntion was evaporated to dryness (n cacuo, the residne
was tritmated with ethanol, antl the ethanol was removed by
evaporation.  Tritmation of the rvesidne with ether prodnced a
white sofid that was erv=tallized from EtOH £3500 by vield 1OS
g (R4 ), mp 237° dec.

I avother run the nnalytical =ample wax obtained. 1t wax
eied for 2 hr at 100° 10.07 ) (P.O:); mp 244° deces Apax D
Mg Ce X T3] 01 N THCE=322 (230, plE 7317 (20.6), and 0.1
N ONaOH-=31 22,610 7 Gn oem ™)) 3400 (hroady (O, 1745
(C==0)), 1600, 1360, 15320 (C==C, C==N1, 1135, 1105, 1080, 1045
(CO-)

nad, Caled for CubLeNOR: C45.64: 1 408550 N,
Found: ¢ 45.606; 11 4.57 N, 1514

9-(2,3-Di-0O-acetyl-3-n-ribofuranosyl)-9H -purine-6(1H )-thione
5’-Diphenyl Phosphate (3a).-—A =olution of 2.06 g (4.00 mmoles;
of  9-g-p-ribofuranosvi-9H-purine-6( L H )-thione  5'-diphenyl
phosphates in 20 ml of anhydrons pyridine and 20 mt of Ae,0 wax
heated 1 n hoiling-water bath for 15 min, then sealed tightly, lefc
for 20 hr at room temperatitre, and finally evaporated to dryness
(it eacwo.  The residne was dissolved i 20 ml of 304 pyridine-
witter and left for 2 hr at room tempecatare before the solntioa
was evaporated to dryness (n racwo.  The residne was triturated
with 110 (25 i), the water wax removed by evaporation (n
cacwo, and (he residne precipitated n= a gel from 25 ml of 15011
vield 1.74 g (720,00 Apx 1o mp e X 1075 0.1 N HCOR-323
(22.%), pH 7-=320 (10.0), 0.1 N NaOQ--311 22,70 5 tin a7t
3150 (<h), 3110, 3060, and 2000 (O11), 1733 1C==01, 1600 and
1540 (Co=(, (=N, 1400 {phenyvl), 1460 (CH1), 1415 (C==¥),
1050, 1025, and 1010 TPOC).  The analytical sample was ob-
tained by precipitation from FE(OH,  Howas dried for 20 hr oa
7R° .07 mm) (Py0; 5

dnad. Caled for CullaNsO0WPS: G, 5108 1, 4.200 N, 003
P,o.16, Found: (0102 11, 4825 N, 0050; PG,

9-(2,3-Di-0-acetyl-g-n-ribofuranosy!)-9H -purine-6(1 H )-thione
5'-Di-O-toly! Phosphate (3b).—T'o 1 ¢nld solition of 368 mg (1.00
mmole) of 2 in 30 ml of diry pyridine was added with stirring 0.8
ml (3.00 mmoles) of di-O-tolvlphosphorochloridate.  The resulting
sohttiom wus kept in the eold for 1 hr and then left at room
tempernture tor 18 hre It was then chilled in na ice bath nud
527 mg of =olid NaHCO, was added, followed by the slow addition
o THRO (12 mib). The resulting =olntion was evaporated to dry-
nes= (n eacao and the residne was taken up in CHCL (30 mt).
The (HCL solntion was washed (30 ml of NatlCOy, 30 ml of
1.0), dried i MgROy, and evaporated to dryvuess n vacvo. The
residne was dissolved in 10 mib of MeOH and precipitated as a
white solid by the addition of an equal volume of water; yield
427 mg (6R, 1.

15,21,

15 1 Thowas, 1€ Hewson, a0 N Moantgimesy, J. Org. Chrepe., 27,
12 41962).
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The analytieal snmple was obtaimed by precipitation fron
MeOHE HO BOwas dreied for 20 he oat 100° 00,07 mun) (PO
N [T M Ce X ] 0T N TTCE-328 72200, plE 7320 12140,
G N NaOH-=2 sy and ST 22,75 5t em ) 3150 1<ho,
SO S050, 2000, 2025, 2855 (CH), 1705 «C- 0y, 1600, 1540

SC ), 1405 iphenyhi 1465 0CTEL 1410 00 R, T4,
HGOHETPO
Awal, Caled for CaHaNGUOLPS0 L 50000 H, 465 N, RO

o, Found: C, 03200 H,4.65; N, 007 D470,

9-12.3-Di-O-acetyl-3-n-riboturanoesyl)-9H -purine-6( 1 H )-thione
5'-Di-p-tolyl Phosphate {3¢). - Thix reaction was carried ont in
exaetly the same way a=leseribed for the preparation of 3b nsing
271 mg (LT mmole) of 9-023-h-O-ncetvi-g-n-ribofuranosyl)-
OH-piine-61H J-thione and 056 ml 2221 mmoles) of lep-
tolviphosphorochlonidace. The praditel was obtained ax a white
solicdd; vield 54 myz (177, ).

The analytical =mnple was obtained by precipitation from
MeOH-1.,0. Lo was dided for 20 hr at 100° {0.07 mm, P.0,):
Nns [ e X 1070 00 N HCE-322 (16.1), pH 7=-310 (14.1),
th NV NaOH--313 (16.491: 7 tin em ™) 3100, 3040, 2020, 2850
CCHH, 1745 (C==0)), 1305, 1555 (Ca=C) (=N, 1500 Tphenyl),
F470 CCHEL B30 7 Cann®), 1035, 055 1POC),

Al Caled for CaHa NG OGPPSO, 530500 HL 465, NSO
Po4 Found: C) 005450 H, 400 N, 874 Po4sT.

9-(2,3-Di-O-acetyl-3-n-ribofuranosy!)-9 4 -purine-6( 1 H )-thi-
one 5'-Di(3,5-xylyl; Phosphate (3d).--T'» a chilled =ohttim
ol 36N mg CLOU mmole ) of 2 in 30 ml of anhydrous pyridne was
added 1OR g 500 mmoles) of divs,A-xyivhphosphorochloridate
and the resulting =ohthion was <tirved for T hr in an ice bath and
feft 16 hr at wom tempernare. The soltion was then chilled
and 527 mg of =olid Na.COy was added, followed by the slow
addition of TLO 12 mb). The resulting solution was evaporated
(neaceo toa thick shedge. The residne was extracted with CTIC
G by The CHCE solitine was washed (30 ml of NattCO,,
Auomb of RO hied (3gR0Oy), and evaporated to dryness (n
cacao. The resiche was precipitated from MeOH-H.O (1:13 n«
a white zolid; vield 241 mg &357¢7 ), melting point indefinite.

The analviieal sample was obtained by precipitation from
PAOH-HLO i1 Towas dried at 78° 0,07 n, P.OL) for 20
bro N Jinmg e X 7% 001 N HOER-323 (20031, pll 7--421
SN2 0 N NaOH 203 <ho (9 and 31 201 5 dn
Cmy B, B050, 2025, 2860 (CHS, 1755 (Ca=Q), 1611, 15903,
P50 (Cl=C0 O Ny 70 cCHEL 410 1 C==8), 1030, 995 «<hn),
D70 POC ).

Anal. Coled Tor Cp g N4OWPS: ) 53488 H, 5.06: N, 8.0
o472, Fonnd: C 55000 11 5120 Ny 8370 P, 4.60,

9-i 2,3-Di-O-acetyl-g-n-ribofuranosyl)-9H -purine-6( 1 H )-thione
5'-Di-p-nitropheny! Phosphate (3e).-~A sohition of 3.06 g (9.00
mmoles) of di-p-nitraphenyl phosphate in 15 ml of anhydrous
dioxnne was obtained by gentle heating.  The solution was
conled gmekly @ room temperatie, wherenpon 725 mg (3.26
mmoles ) of N.N=l-p-tolvlearbodiimide was added.  After stirring
che resulting su=pen=im for 13 min, 470 mg (1.28 nunoles) of
2 was added amlt stirving contintied for 3 hr. The mixttire was
chen stored i a destrentor (P200) at room temperature for 40 b,
Upon filtration, the reaction mixtire vielded 630 mg of di-p-
tolvhiren. The filaate was evaporated to dryness in vacuo.
The resiche, n vellow glass, was shaken with a mixtire of 14 ml
of CHCL and S mbof 1.3 LIOAce and refrigerated for 20 hr. The
precipitate that had formed was collected by filtration ax a cream-
eolored =olid: yield 819 mg (92,577, This material was nsed
withont further pnrification to prepare 6 as described helow.

2'-Deoxy-5-fluorouridylyl-(3'—5")-thioinosine (5).---1I'y n sol-
tion of 4.0 mnmolex of 2-cvanoethyl phosphate (from 115 g of its
Ba =alt) in 100 mb of anhydrous pyridine was added 1,13 g (2.0
muwles)  2'-deoxy-5-0O-trityl-3-fluorouridine.t  The  resnlting
sohidtion was evapornted to dryness in vacuo and the residne was
redis=olved in 75 mb of pyridine.  To the solation was added 3.:30
g (16.0 mmolesi of dicyclohexylearbodiimide. The resilting
=ohttion, m a tightly senled flaxk, was allowed to stand for 2 days
at room temperatiece  Upon filtration, the reactiom mixtire
viclded 1.0G g of 15-dieyvcdohexyhirea.  The filtrate was dilnted
with 110 (4 mb and the =olntion was =ct aside for 1 hr. A
second precipitate of the 1aen (214 g) was obtained. 'The
filante was evaporaced to dryness i racio, the residne was dis-
salved i 50t of 1.5 .V LIOH, and the resulting sohtton was
heated far 1 he ar 1009, After cooling, the sohition was filcered
oremove =ome insolnble macerial. The filtrate was chilled in
an iee bath and <drred with 32 ml of Amberlite IR-120 (1)
resin. - The resin was removed by filtvadon, the aeidie filtrace
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was evaporated to dryness n vacuo, and the residue was dis-
solved in EtOH. The ethanol sohution was evaporated to dry-
ness and the white residue was dissolved hit 50 ml of anhydrous
pyridine.

To this zolution was added 615 mg (1.90 mmoles) of 2/,3'-0-
isopropylidenethioinosine? followed by 1.95 g (9.45 mmoles) of
dicyclohexylearbodiimide.  The resulting soltition was kept at
room temperattire with the exclusion of moistnre for 2 days. Af-
ter the solution was dihited with 4 ml of H.O and allowed to stand
for 1 hr at room temperature, the precipitate of 1,3-dicyclohexyl-
urea was removed by filtration. The filtrate was evaporated to
dryness in vacuo. A sohition of the residue in 50 ml of 807
AcOH (v/v) was heated in a 100° oil bath for 15 mim. 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'—3')-2',3'-
O-isopropylidetiethioinosine was dissolved in 200 ml of H;O and
refluxed for 2.5 hr and then filtered. The filtrate was evaporated
to dryness in vacuo. The residue was dissolved in 25 ml of HyO
and placed on a column (1.75 X 15 em) of Dowex 1-X2 (formate)
resin. The colimn was eluted with increasing strengths of formic
acid from 0.1 to 5.0 N. The product was obtained with 2.5 A7
HCO,H. Evaporation of the HCO,H and trituration of the
residne with EtOH produced a yellow solid: yield 38 mg (6.5%):
Amex [ mu (e X 1078)] pH 7—273 (9.43) and 323 (18.6), 0.1 N
NaOH—231 (19.1), 270 (7.75), and 311 (19.0); 5 {in em~!) 3400
(broad) (OH), 1705 (C=0), 1595, 1540, 1475 (C=C, C=N),
1050 (POC); Mris 0.70. The analytical sample was dried for
90 hr at 78° (0.07 mm, P.O;).

Anal.  Caled for CoHyFNOyPS-1.5H,0: C, 36.83; H, 4.07;
P, 5.00. Found: C, 37.14; H, 4.42; P, 4.64.

Reaction of 5'-O-trityl-2’-deoxy-5-fluorouridylic acid with 2
tollowed by removal of the blocking groups gave 5 in 69 vield.

9-3-np-Ribofuranosyl-9H -purine-6(1H )-thione 5’-p-Nitrophen-
y! Phosphate (6).—To a suspension of 193 mg (0.28 mmole)
of 9-(2,3-di-O-acetyl-g-p-ribofuranosyl)-9H-purine-6( 1 H )-thione
i’-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 =olution 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 yellow solid was ob-
tained; yield 88 mg (659 ) Amax [in mu (e X 107%)] 0.1 N HCl—
320 (21.7), pH 7—316 (21.8), 0.1 N 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=R), 1335
(CH), 1080 (POC): M1in 0.51. The analytical sample was dried
for 18 hr at 78° (0.07 mm, P,0;).

Anal.  Caled for CsH\eN:O4PS: C, 39.59; H, 3.32; N, 14.43;
P, 6.38. Found: C, 39.81; H, 2.73; N, 14.02; P, 6.30.

Inosine 5'-Phenyl Phosphate (7a).—To a solution of 516 mg
(1.00 mmole) of 9-8-p-ribofurancsyl-9H-purine-6(1H )-thione 5'-
diphenyl! phosphate (4a)® in 50 ml of DMF was added 154 mg
(1.04 mmoles) of anhydrous K,COj; 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 A" 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 50-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 elited 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 mp (e X 107%)] pH 7—249 (10.3), 0.1 N
NaOH—2534 (11.2); 5 (in em~!) 3400 (broad) (OH), 3100 (broad)
(CH), 2800-2400 (acidic H), 1710 (C=0), 1590 and 1570 (C=C,
C=N), 1490 (phenyl), 1070 (POC); Mri» 0.53. The analytical
sample was dried for 20 hr at 100° (0.07 mm, P-Os).

Anal. Caled for CHizNOgP: C, 42.58; H, 4.47; N, 12.42.
Found: C, 42.76; H, 4.50; N, 12.23.
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Inosine 5'-Dibuty! Phosphate (7b).—A solution of 1.00 g (2.12
mmoles) of 4a® and 0.3 ml (4.25 mmoles) of 2-bromoethanol
i 107 ml of DMF containing a suspension of 309 mg (2.23
mmoles) of anhydrous K.C(); was heated and stirred at 73° for
1 hr and then diluted with enongh 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 N’ 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
mntil neutral. The resin was removed and the solution was
evaporated to dryness in rvacuo. A solution of the residie in 100
ml of CHCl; was washed (two 100-ml portions of NaHCO; solu-
tion, 100 m! of H,0), dried (MgS0.,), and evaporated to dryness
in vacno. The crude product, which weighed 417 mg, was puri-
fied by passing it through a Whatman celluloze column (4 X 45
em) 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 npon addition of ether. When it was dried for 18 hr at
78° (0.07 mm, P,0O;), a clear melt was obtained; yield 158 mg
(169%2); Amax [Inmu (e X 1073)] pH 7—248 (10.2), 0.1 N NaOH—
258 (11.2): 7 (in em~1) 3370 (OH), 3100, 2965, 2930, 2870 (CH),
1700 (C=0), 1590, 1545, 1175 (C=C, C=N), 1245 (unassigned),
1120 (COC), 1020 (POC).

Anal.  Caled for CisHygNJOsP: 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
soltition of 1.33 g (3.00 mmoles) of the disodium salt of 6-mercap-
topurine ribonucleotide (8)2 in H,O (9 ml) 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 i vacuo. The pH of a solution of
the residue in 15 ml of HiO 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 dihited 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;); yield 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 colimn of Dowex 1-X2
(formate) resin nsing 2.5 N HCO,H as the eluent. The produect
was again obtained as its Ba salt: Amax [in mu (e X 10-3)] 0.1 N
HCI—293 (16.6), 0.1 ¥ NaOH—291 (19.1); 5 (in cm™1!) 3400
(broad) (OH), 3100 (sh), 2925 (CH), 1570 (C=C, C=N), 1090
(broad) (POC); Mrin0.97.

Anal. Caled for C.H;;BaNO-PS-H,0: C, 24.84; H, 2.84;
P, 5.83. Found: C, 24.97; H, 3.04; P, 5.75.

9-5-p-Ribofuranesylpurine-6(1H )-thione 3’,5'-Cyclic Phos-
phate (10).—The 4-morpholine-N,N -dicyclohexylcarboxamidi-
nium salt!® of 9-8-p-ribofuranosyl-9H-purine-6(1H )-thione 5'-
phosphate? was prepared by the addition of 879 mg (3.00 mmoles)
of 4-morpholiie-N,N’-dicyclohexylcarboxamidine!® to a solution
of 1.09 g (3.00 mmoles) of the ribomicleotide 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 sohition 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 sohition was refluxed for
another 2 hr and then evaporated to dryness invacuo. A sohition
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
30 ml of 1-PrOH-NHOH-H,O (10:1:25) and the solution was
applied to a column (4 X 90 cm) of Whatmanu cellulose powder.
The column was eluted with the same solvent system at a rate
of 5 ml/8 min. The first 775 ml of solvent ehited 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 residne 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 (85%); Amex [in mu (e X 10-%)] pH 7—320 (18.8), 0.1 .¥

(168) 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 1) 3400 (O), 3140 (broad) (CH),
1500, 1545, 1475 (C=C, C==N), 1075, 1015 (POC); M1 0.G7.
Anal.  Caled for CuyHN:0PS-CHOH: ¢, 35.21; 1
4.92; N, 17.11; P, 7.57. Found: C, 35.40; H, 4.05; N, 17.00;
b, 7.50.
Bis[cis-3-(1,6-dihydro-6-thioxopurin-9-yl)cyclopentanemethyl|
Phosphate (13).—To a cold solution of 221 mg (0.885 minole) of
cis-3-16( 1H )-thio-9H-purine] ¢y clopentanemethanol!? in 20 ml of
dry pyridine was added 113 mg (0.442 mmole) of p-nitrophenyl-
phosphurodichloridate.r  The resitlting solntion was stirred in
the cold for 15 min and then left at roon femperatnre for 20 hr.
It was thetn poured into 25 ml of ice water and the resulting sohi-
tion was evaporated to dryness ¢n vecro.  ‘The residne was dis-
solved in 10 ml of 0.3 N NaOH and the solnrion was left. ut room
temperature for 2 hr.  Upon neutralization 1HCI), the solution
deposited n gelatinons precipitate that was collected by filtration
and ptirified by dissolving it i 509, NaHCO, followed by precipi-
tation as a gel with AcOH; vield 72 mg (25%;,). ‘The analytical
sample was obtained in another run in which the ernde material

Vol 11

was purified by solntion in 0.3 N NaOH and o precipitation by
addition of eameentrated HCL It was dried at 100° 10.07 i,
a0, 20 iy N Do te X 10750 008 NV HCT 525 635,95, pll
T2 GINT 0, 00 NONO =310 (20550 5 On em - 1) 4420 (0T,
135, 1523, 1465 {Coat?, (N, FO00 (POC: W opa, 1.5N,

nal, Caled for CellaNOPS-050H0: O 45570 1
4.00: N, 10.49: P.osi Fonnd: () 46020 1 5.06; N, 10.60;
P, 480,
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6-Methyl-9-8-p-ribofuranosylpnrine, 9-(2-deoxy-8-p-ribofuranosyl)-6-methylpurine, 6-methyl-9-g-p-xyloftur-
anosylpurine, 2-fluoro-6-methyl-9-g-v-ribofnranosylpurine, and 6-ethyl-9-g-p-ribofuranosylpurine were pre-

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

The assigmment. of the anomeric configuration to

the nucleosides thug obtahied was based on an analysiz of their pimr spectra. Evidence is presented that the
cytotoxicity of these nucleosides, determined nsing htiman epidermoid carcinoma eells no. 2 in enltnre, may
correlate with the efficiency with which they are converted to nncleotides hy adenosine kinase,

The toxicity? and antitumor activity® of ¢-methyl-
purine caused Gordon, ef al..*to syvuthesize its ribonuele-
oside, a compound that is more than 200-fold as eytotoxic
to HEp-2 cells as 6-methylpurine itself?  In addition,
a HEp-2 eell line that has lost ANMP pyrophosphoryl-
ase and is resistant to 2-fluoroadenine (HEp-2/1"A)
and cross-resistant to G-methyvlpurine is sensitive to G-
methylpurine ribonucleoside.”  This activity can be
explained by the fact that the ribonucleoside s an
excellent substrate for adenosine kinase® and there-
fore can be converted to its evtotoxic formy, 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-
cleaside, it seemed logieal to select other nucleosidex
that should be substrates for adenosine kinase.  Con-
sequently, we selected the deoxyribonucleoside and the
xvlonueleoside of 6-methylpurine and the ribonucleo-
sides of 2-fluoro-B-methylpurine’” and G-ethylpurine.®

(1) This work was sppported by funds from the C. F. Kettering Fonmla-
1ion and the Cancer Clhiemotherapy Nationa) Service Center, National Can-
cer Institute, National Institutes of Health, Contract No. PH43-64-51.

i2) F. 8. Phillips, 8. 8. Sternberg, .. Hamilton, and D. A, Clark, Aun.
N. Y. Acad. Sei., 60, 283 (1954).

(3} D, AL Clark, F. 8. Philips, 8. 8. Sternberg, and €. C. Swoek, sb¥d., 60,
235 11064).

14} M. P. Gordon, V. 8. Weliky, and G. 13, Brown, .J. An. Chem, Sor., 79,
3245 $1967),

¢(5) L. L. Bennett, Jr., M. . Vail, 8. Clhanley, am}t J. A, Montgmaery,
Biorhem, Phurnacol., 16, 1719 (1986).

16) 1. P, Sehnebl, I3, L. Hil, and L. 1. Bennett, Iv., J. Binl. Cheon., 242,
1097 {1067).

1717 J. AL Montgomery and K. Hewson, J. 4k, Chem. Soc,, 82, 163 (1160).

These nucleostdes were all prepared by the fusion
method of Sato, efal.’t  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 formantion in the halo-
sugar-heavy metal purine derivative condensation.!'

Iw all of the fusion reactions of G-methylpurine (1),
we observed formation of the eis(a anonler) as well as
the trans (8 anonier) nucleoside.  However, in contrast
to the results of Lee. el al.'* who obtained approxi-
mately equal amounts of @ and 8 anomers from the
fusiou af tetra-O-acetvl-p-xvlofuranose and N-nana-
noviadenine. we obtained roughly 108 to le in the

18 Althovele tiese compwannls miglie be poorer substraies Toy adenosine
kinase than 8-methyl-Y-3-n-ribo(nranosyipurine, they would be expectel, Ty
analogy with known substrates,®* o he phospliorylaled to some extenl i
the eyintoxie {vrm. One factor in 1he eytotoxieity ol purine nueloosidos jqr-
pears tu b 1he vase o( phosphorylatdon,™ and seleclive aetivn eould rosglt
from lifferences in the kinase Irom nonnal and neoplastic cells.  Sneh o
differenve mizht be more wvirlenl with ponyer substrates,
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