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(16) was converted to the dihydro-s-triazine by the
three-component method of Modest.!!

Reaction of m-fluorosulfonylphenyl isocyanate with
182 in the presence of 1 equiv of triethylamine afforded
13. The last compound, 12, was synthesized from
m-aminobenzenesulfony! fluoride, eyanoguanidine, and
acetone according to the general method of Modest.!!

Experimental Section!?

4,6-Diamino-1,2-dihydro-2,2-dimethyl-1-[m-(m-fluorosuifonyl-
phenylureidomethyl)phenyl)-s-triazine Ethanesulfonate (13)—

(11) E. J. Modest, J. Org. Chem., 21, 1 (1956),
(12) The synthesis of this compound in two steps from m-aminobenzo-
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To a mixture of 117 mg (0.25 mmole) of 18,2 0.2 ml of DMF,
and 0.13 ml of 2 mM Et;N in DMF stirred in an ice bath was
added 75 mg (0.38 mmole) of m-fluorosulfonylphenyl isocyanate
(Aldrich) in 0.10 ml of DMF. Within 5 min the clear solution
began to deposit white crystals. After 15 min, the mixture was
diluted with 1 ml of reagent Me,CO, then stirred at ambient
temperature for 40 min. The product was collected on a filter
and washed with Me,CO. Recrystallization from EtOH-
petroleum ether (bp 30-60°) gave 105 mg (76%) of white crys-
tals: mp 154-155°; AEOH 249, 209 (weak) mu. See Table II1
for additional data.

nitrile has been previously described by B. R. Baker and G. J. Lourens. J.
Med. Chem., 11, 26 (1968), paper C1X of this series.

(13) Melting points were taken in capillary tubes on a Mel-Temp block
and are uncorrected. All analytical samples gave ir and uv spectra com-
patible with their assigned structures.
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Several 8,9-dialkyl derivatives of 6-mercaptopurine designed for lipid solubility have been synthesized and
evaluated against Adenocarcinoma 755 implanted both subcutaneously and intercerebrally and against leu-
kemia L1210 implanted intraperitoneally and intracerebrally to assess their ability to cross the blood-brain

barrier.
ine against the intracerebral diseases.

Many of the most potent anticancer agents that are
in use today, including 6-mercaptopurine, are in-
effective against leukemia L1210 implanted intra-
cerebrally in mice.?2 Since we had previously found
that certain 9-alkyl derivatives of 6-mercaptopurine®
are highly active against Adenocarcinoma 755 im-
planted intraperitoneally in mice,* it seemed reasonable
to synthesize and evaluate a series of S,9-disubstituted
derivatives of 6-mercaptopurine, designed for lipid
solubility, that might penetrate the blood-brain
barrier’ better than 6-mercaptopurine itself. To this
end the anions of 9-ethylpurine-6(1H)-thione and 9-
butylpurine-6(1H)-thione were alkylated in N,N-di-
methylformamide in the usual manner® to give the
desired S-alkyl derivatives 1-6 (see Experimental
Section). The synthesis® and evaluation against
Adenocarcinoma 755 implanted subcutaneously* of
9-ethyl-6-methylthiopurine was reported previously,

Results and Discussion

All of the S-alkyl compounds were effective in in-
hibiting the growth of Adenocarcinoma 755 implanted
subcutaneously, although the octylthio compounds
(3 and 6) were significantly less effective than the

(1) This work was supported by funds from the C. F. Kettering Founda-
tion and the Cancer Chemotherapy National Service Center, National
Cancer Institute, National Institutes of Health, Contract No. PH43-64-51,

(2) H. E. Skipper, F. M. Schabel, Jr., M. W, Trader, and J. R. Thomson,
Cuncer Res., 21, 1154 (1961),

(3) J. A. Montgomery and C. Temple, Jr.. J. Am. Chem. Soc.. T9, 5238
(1957): 80, 409 (1958).

(4) H. E. Skipper, J. A. Montgomery, J. R. Thomson, and F. M. Schabel,
dr., Cooncer Res,, 19, 425 (1959).

(3) 1. M. Scliabel, Jr., T'. P. Johnston, G. 8. dMcCalel), J. A. Montgomery,
W. R. Laster, and H. L. Skipper, ihid., 28, 725 (1963).

(6) T. P. Johnston, L. BB. Holum, and J. A. Montgomery, J. Am. Chem.
See., 80, 6265 (1958).

One compound 6-(cyclopentylthio)-9-ethylpurine appears to be more effective than 6-mercaptopur-

others (Table I). As judged by therapeutic index
the 9-ethyl compounds (1-3) were more effective than
the butyl compounds (4-6) (Table III). All the com-
pounds prolonged the life of mice mplanted intra-
cerebrally with Ad755 cells, although the activity of
the octylthio compounds and of 9-butyl-6-methylthio-
purine was minimal. Again the 9-ethyl compounds
appear to be more effective than 9-butyl compounds
(Table II). None of the compounds, however, were
more effective than 6-mercaptopurine (6-AMP) (Table
ITT), and only two, 1 and 2, were as effective. These
results indicate that 6-mercaptopurine itself can cross
the blood-brain barrier in sufficient quantity to pro-
foundly affect the growth of a sensitive tumor,* Ad755.
Although it is likely that the 8,9-dialkyl derivatives
which are quite soluble in organic solvents, cross the
“barrier’” more easily than 6-mercaptopurine, most of
them are less effective than 6-mercaptopurine against
the intracerebral disease, presumably because they are
inherently less effective in inhibiting the growth of
Ad755, as can be seen from their therapeutic index
against the subcutaneous tumor where entry into the
brain is not involved (Table III),

In order to determine if the two highly active 8,9-
dialkyl derivatives 1 and 2 were active against less
sensitive cancer cells implanted intracerebrally, they
were evaluated against 1.1210 leukemia cells implanted
both intraperitoneally and intracerebrally (Table IV).
1 was only slightly effective against the intraperitoneal
disease and 2 was more effective than 1 but less effec-
tive than 6-MP, which in repeated runs has increased
the lifespan of intraperitoneal-leukemic mice 70-809,
on the average. On the other hand, 6-(cyclopentyl-
thio)-9-ethylpurine (2) increased by 64-699 the life-

(7) F. AL Scliabel, Jr., J. A. Montgomery, H. E. 8kipper, W. R. Laster,
Jr.. and J. R. Thomson, Cuncer Res., 21, 690 (1961).
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TasLE IIIT

STMMARY. ACTIVITY OF THIOPURINES AGAINST ADENOCARCINOM.A
755 INPLANTED SUBCUTANEOUSLY AND INTRACEREBRALLY

Experimental Section

Biological Methods.—Compounds 1-6 were evaluated for
activity against Adenocarcinoma 735 in BDF; hybrid mice by

Subeut It bral ?%ﬁo procedures previously reported.* The therapeutic indices of
ubcutaneous ntracerebra D/ these compounds were calculated as previously described.?
a b ¢ od N & .
Compd ) MED. T ob® % H“S MED They were also evaluated against Ad735 in the brain. BDF,
‘5'Mer°af>t°1°“““e 3'3 \’i 129 iiig ’2 mice were inoculated intracerebrally with 0.03 ml of a 209
2 Z - ° ) brei of Ad755 cells. The drugs were injected intraperitoneally
1 7 >70 250 >240 36 . " . A =
5 63 3 300 36 3 qd 1-11 and their effecvaeness was judged by the increase in
15 3¢ >60 64 >4 lifespan of the treated mice compared to the lifespai of untreated
4 58 4 62 23, 47 1 controls, Surviving animals were observed for at least 45 days
3 Ca. 420 1 250 32,16 0.6 post treatment. Some of the compounds were also evaluated
6 >500 <1 250 16 <0.3 against lenkemia L1210 implanted intraperitoneally and intra-
¢ Minimum effective dose. ? Therapeutic index. ¢ Optimal cerebrally as previously described.2:
dose. ¢ ¢, increase in lifespan. ¢ See ref 4. 9-Butyl-6-methylthio-9H-purine (4).—Methyl iodide (8 g) was
TapLe IV
ACTIVITY OF THIOPURINES AGAINST L1210 DECKEMIA IMPLANTED INTRAPERITONEALLY AND INTRACEREBRALLY
~—1p L1210 (10° cells)—— ~———1I¢ L1210 (104 cells) —_
Dose, Schedule Lifespan, days Lifespan, dayvs
mg/kg/day (ip) Treated Contral U 1L Treaterd Control < 1Ls
0-Ethyl-6- (isopropylthio)purine 125 qd 1-30 11.9 9.5 25 10.7 8.9 25
62 qd 1-30 10.2 0.5 7 0.4 8.5 10
31 qd 1-30 0.6 0.5 1 0.3 8.5 9
16 qd 1-30 9.1 9.5 0 8.5 8.5 0
6-(Cyclopentylthio }U-ethylpurine 200 qd 1-30 9.6 9.9 1 8.4 8.5 0
250 qd 1-30 12.1 9.5 27 14.0 8.5 64
125 qd 1-30 10.8 9.5 13 11.7 8.5 37
62 qd 1-30 9.1 9.5 0 10.1 8.5 18
500 qd 1-15 11.9 8.2 45 12 .4 8.5 45
375 qd 1-15 11.6 8.2 41 14 .4 8.5 69
250 qd 1-15 11.7 8.2 42 12.6 8.5 48
125 qd 1-15 10.2 8.2 24 10.5 8.5 23
62 qd 1-15 9.1 8.2 10 10.6 8.5 24
30 qd 1-15 8.6 8.2 4 10.1 8.5 18
15 qd 1-15 7.9 8.2 0 >10.7 8.5 >25
TasLe V
HN” N NN
WA TN
N III N I\|I
R, R,
Ultraviolet
spectra®?
Yield, Bp (mmn) ~Carbon ¥%— ~—Hpwirogen, % — ~—Nitrogen, Y.— —3ulfur, 9%— Amax. My
No. Ri Ro T or mp, °C Yormula Caled Found Caled  Foumi Caled  Yound Caled Found (e X 1079
1 Et Cyclopentyi® 89 42-44 CiHisNsS 58.03 58.30 6.49 6.19 22.56 22.43 12.9 12,7 295 (19.4)
2 Et i-Prde 73 138-140 CoHuNS  54.03  54.37 6.35  6.45  25.21 25.11 204 (17.8)
(0.05-0.06)
3 Et Octyl° 76 27-28 CuHuNs$S  61.61 61.82 827 805 19.16 18.99 11.0 10.8  295(19.3)
4  Bu Me? 9 135-148 CnHuNS  54.03 53.94 6.35  6.63  25.21 25.09 14.4 14,4 293(18.6)
(0.17-0.20)
5 Bu Cyclopentyl® 80 52 CuHoNS 60.83 60.72 7.29 7.09 20.27 20.21 11.6 11.5 296 (21.0)
Bu  Octyi? 47 188-194 CuHxNsS  63.70  63.93 880 8.60 17.48  17.25  10.0  10.1 293 (18.7)7
(0.28-0.33)

* These maxima were determined in a pH 7 phosphate buffer solution or when indicated in EtOH with a Cary Model 14 spectrophotom-
eter. ? Ouly the long-wavelength band is given. ¢ Prepared from the alkyl bromide. ¢ Prepared from the alkyl iodide. ¢ The striic-
ture of 2 was confirmed by its pmr spectra in DMS8O-ds.  / EtOH.

span of Intracerebrally implanted animals, whose
disease is affected only slightly, if at all, by 6-mercapto-
purine.? These results tend to support the position
that 6-(cyclopentylthio)-9-ethylpurine (2) is better
able to cross the blood-brain barrier than the less
lipid-soluble 6-mercaptopurine.* None of the other
compounds (3-6) showed activity against intracerebral
1.1210 leukemia.

(8) Attempts to provide ilirect evidence for this statemen! Dy means of
W labeled commpolinds were inconclusive,

added in seven portions over a period of 1.5 hr with constant
stirring at room temperature to a mixture of 9-butyl-9H-puriie-
6(1H)-thione (10 g) in water (75 ml) containing 2 N NaOH (25
ml). After stirring for an additional 0.5 hr, the mixture was ex-
tracted with ether (three 100-ml portions) and the combined
extracts were washed (H,O, 85 ml) and dried (MgSO,4). The
ether solution was concentrated under reduced pressure, and the
residual oil was distilled in vacuo to give a low-melting solid.
The yield and properties of 4 are summarized in Table V.
6-Alkylithio-9-alkyl-9H-purines.—The following is tvpical of
the procedure used to prepare the other five 6-alkyvithiopurines.
A mixture of 9-ethyl-9H-purine-6(1H)-thione (7.0 g), bromo-
cvelopentane (6.3 g), and anhydrous K.CO, (5.6 g) in DMFE (25
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md), protected with a drying tube, wag gradually heated with stir-
ring (0 70° and maintained at this temperatnre for 3 he. The re-
action mixture was then diluted with water (200 mil) and exiracted
with three 1004l portions of petroleum ether (hp 30-60°).  The
combined extrarts were washed (11,0, 1wo 100-mnl poriions).
dried (MgsSUy), aud evaporared 1o deyvuess under reducel pres-
sure.  The resnlting residue solidified (stratehing) and was ve-
ervstallized from the mininum amomn of hot petrolenn ether
(bp 30-6G0°) to give the pure produet. The residue conraining

Vol 11

2 and 6 did not solidify and was distilled (0 racio. The vields

anl properties ave summarized in Table V.
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A number of derivatives of G-mercaptopurine ribouurleotide have been prepared and evaluated for ey totoxicity

it normal aud 6-mercaptopurine-resistant vell lines.

T earlier papers we deseribed the =vnthesis of 6-
mereaptopurine ribomucleotide (8)* and a number of
ester derivatives of 1t.3*% One of these derivatives,
thioinosynyl-(5'—=5")-thioinosine, wasz found to in-
hibit the growth of human cpidermoid carcitioma cells
resistant to G-merveaptopurine (HFEp-2/MP)5  Later
the monophenyl ester of 6-mercaptopurinte ribonueleo-
tide was also found to inhibit this cell line.s  In pur-
sult of this activity of phosphate esters, a number of
other derivatives of G-mercaptopurine ribonueleotide
ltave been prepared and evaluated for their evtotoxieity.

0-(5-0-Trityl-8-p-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-
acetyl-5-0-tritvl-g-p-ribofuranosyl) -9 H -purinte-6(1H -
thione (1) was removed by treatment with aqueons
acetie actd to give 9-(2,3-di-O-acetvl-g-p-ribofuranosyl)-
OH-purine-6(1H)-thione (2) (Scheme 1), Treatment
of 2 with di-o-tolvlphosphorochlovidate.  di-p-tolyvl-
phosphorochloridate, and di-3.5-xylviphosphorochlori-
date gave the eorrespondhig phosphate esters (3b-d).
The diphenyl ester (3a) was prepared by acetylation
of the diphenyvl ester of G-mereaptopurine riboiueleo-
tide (4a).* The di-p-uitrophenyl ester was prepared
by the reaction of di-p-mitrophenyl phospliate with 2
using N, N-di-p-tolvlearbodiimide to effeet the esteri-
flcation.  9-(2.3-Di-O-acetyl-g-v-r1bofuraitosyl) -9 H-
purinte-6(1H)-thionc 5/-di-p-nitrophenyl phosphate (3e)
wax converted by basie hydrolysix to the mono-p-
nitrophenyl ester (6) of 6-mercaptopuriite ribonuclea-
tide Tor compartson of its getivity with that of the
monophenyl ester®

Sinee there is evidentce that the 37,5-cyvclic phas-
pliate of adenositte can peltetrate cells, mtaet,”—% and

() This work was suppocted by (unds frow the ¢ F, Kelivring Foomla-
ciwon aud the Cancer Clivnnntlierapy Nalional Service Center, Nalional Canver
lustitute, Nativnal Iostitmes ol 1lealtl, Conrract Ny, HH-43-64-51.

2y )0 N Muntgoery amd L Thowas, J. Org, Chepi.. 26, 1020 (106G 1)

i3 1A Mumigomery, 1L Thomas, and H. 0, Schaeffer, J. Org. Cheod.,
26, 1H2) 11V61:.

oy L Thomas awd Jd0 A Mowtginnery, . Yol Faara, Cheme, 8, 21
Pl

LN Alontgomery, Gl Dison, 190 AL Dohmadge, 1100 Thomas, IR
W, Deovkman, aml Mo K skipper. Nutuee, 199, 7649 110631,

i F. M. Sebabel, Ieooaml Go 1 Dixon, personal comoanandcation.

) LWL Suatherland awl T. WL Rall, Pimomacol. Rer., 12, 265 {19608,

that it ts enzyviatically eleaved to the d'-phosphate,™
the 3’,5'-cyelic phosphate of G-mereaptopurine ribo-
nucleoside (10) was prepared by the reactionn of its
N.N'-dieyelohexylearboxamidinium salt with dieyvelo-
hexylearbodiimide 11 pyridine solution.!*

The biologie activity of 6-methylthiopurue ribo-
nucleoside has been shown to result from its enzynie
conversion to the ribonucleotide (9) by adenosinc
kinase."  We synthesized 9 for comparisont with the
biosynthetic material and this synthesiz by the
methyvlation of  G-mercaptopurinte ribonucleotide  is
deseribed below.

Reaction  of  9-(2,3-O-isopropylidette-g-n-ribofuran-
osvD)-9H -purine-6(1H)-thione or 9-(2,3-di-O-acetyl-g-n-
ribofuranosyly-9H -purine-6 (1 H)-thione (2) with 5'-0-
tritvl-H-fluorouridine 3’-phosphate followed by the ap-
propriate deblocking procedures gave H-fluorouridyvlyl-
(3'=5")-thiolitositte (5), an isomer of an ester pre-
viously prepared.4

leaction of an analog of G-mercaptopurine ribo-
nucleostde, eis-3-(1,6-dihvdro-6-thioxopurin-9-y1)cvelo-
petttaitemethanol (11) 2 with p-nitrophenylphosphora-
dichloridate gave the phosphate ester 12 which wax
converted to bis|eds-3-(1.6-diltydro-6-thiaxopurin-9-y1)-
cvclopentanemethyl] phosphate (13) by treatntent
with aqueous =odium hydroxide.

In order to compare the activity of some inosiie
phosphates (7a aud b) with the corresponding thioito-
sine compowtds, these latter compouttds (4a antd b)
were cottverted to the S-(2-hyvdroxyethyl) dertvatives
w hich are hyvdrolyzed readily by aqueous base to 7a and
7b.  Thisx approach to the conversion of derivatives of
t-mercaptopurine to the correspontding derivatives of
hypoxanthine was suggested by the observation of the

18) 1. Pusternak. 12, W. Satlerland, amld W. F. llenion, Biovhtm. Biophys.
Aeta, 68, 558 (1962},

10t G. Northirop anid R, 1L Pailes, dr., J. Pharmaeol. Eaptl, Therap., 146,
135 (19G4).

(10) M. Smitl, (1. 1, Drommond, ard 1. G. Khorana, J. Am. Chem. Sov.,
83, 6U8 (14615,

alic oL Benwvett, Jdrs, WL Beosekoman, L P Sebueldi, 8. Cluanley, G
Lo Dixon, FoONL Sehalwd, Jr Fo AL Dulinaldge, Ho L. Skipper, 1. AL Monl-
apwery, atnl 11,1 Thomas, Nature, 206, 1276 (10065),

12y 10, Selaetler, DL DL Godse, aml G, Lia, J. Dy, Seil, 83, 1510
CiDGY).



