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Anal. Caled. for C:HyN;ON: C, 38.20; H, 4.49; N, 26.73;
N, 20.40, Found: C, 3848, 3857; H, 4.25, 4.42: N, 26.20,
26.42; 8, 20.49.

This compound has recently been described by Koppel, et al.,*?
wlio record nmup. 204° dec., but the nitrogen analvsis is unsatis-
factory.

Cytosine (XIV). A. By Dethiation of 4-Amino-2-hydroxy-6-
mercaptopyrimidine (XII).—To a nearly complete solution of 4-
amino-2-hydroxy-6-mercaptopyrimidine (0.5 g., 0.0036 mole) in
35 ml. of 9539, ethanol was added 5 ml. of Davison sponge nickel
catalyst (apparent bulk density 0.85),° 20 ml. of 955 ethanol
being used to transfer the nickel into the reaetiom flask. The
suspension was refluxed with stirring for 1 hr.; the ultraviolet
absorption spectrum indicated that the reaction had gone to com-
pletion within that time. The supernatant liquid, while still hot,
was decanted and filtered by gravity, The nickel slurry in the
flusk was extracted three times with small portions of 95¢; ethanol
and the extracts were filtered through the same funnel. After
refrigeration overnight, the crystuls that had formed were cal-
lected, washed with 2-3 ml. of 959 ethanol, and air-dried; color-
less, thin, shiny prismatic needles; vield, 0.167 g. (439%). These
erystals, which lost solvent of crystallization and became chalky
on drying at 70° @n vacvwo over phosphorus pentoxide for 17 hr.,
were submitted directly for analysis, ni.p. 323° dec.

Anal. Caled. for CJHyNO: C, 43.24; H, 4.54; N, 37.82
Found: C, 43.16; H, 4.533; N, 37.00, 37.99.

An additional 100 mg. of XIV wus obtained from the filtrate of
the first crop of crystals on evaporation of the filtrate to dryness
in vacwo and recrystallization of the dry residue (128 mg.) from
35 ml. of 959 ethanol; tatal vield, 267 mg. (6897).

B. By Dethiation of 4-Amino-2-hydroxy-6-methylthiopyrimi-
dine (XIII).—4-Amino-2-hydroxy-6-methylthiopyrimidine (0.5
g., 0.0032 mole) was suspended in 100 ml. of 959 ethanol and
warmed on asteam bath far approximately 0.5 hr. to dissolve most
of the solid.  The solution was cooled to room temperature and
to it was added 5 ml. of Davison sponge nickel catalyst (apparent
bulk density 0.85).* The suspension was refluxed with stirring
for 1.5 hr. and then filtered by decantation from the nickel, as is
procedure A, while still hot.  The nickel was washed three times
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with small portions of 954 ethanol and the waslings were added
to the filtrate.  The alcoholie solution was evaporated to dryiess
nnder reduced pressure and the colorless residue 200 gy was
eryvstallized directly from 53 ml. of 954, ethannl.  After »ver-
night refrigeration the crystals were inllected, washed with bl
W3¢, ethal, and adr-dried; yvield, 33 mg. (15771 Coneenuro-
tion of thie vther liquor yielded an additionrzd 54 mg v 21,0
The votal vield was 127 mg. (36971 of cobirless, shiuy prismaty:
plates, whicl, after reervstallization teon 95, ethanol, meltod
it 320--322° dec.

el Fanuds
35 DS,

These crystals were shown 1o be identical with these prepared
by procedure A and to a sample of lighly pure evtosine nbtained
from Nutritional Biochemiceals Corp., having the siane melting
poiit and mixture melting point (321-323° dec., ultrnviolet and
infrared absorption spectrp, and ascending paper chromatographiv
behavior in two solvent systems: 59, acctic oeid £72, 0 T9) aml
201 I-propaml-amnania (4.25% aqueous) (/00,71

;

£3.20, 43200 T 48N, 4320 N 570N,
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The ethyl carbonate and 1-pentyl earbonate derivatives of purine-6-thiol were prepared by the reaction of ethyl

and 1-pentyl chloroformates, respectively, with purine-6-thiol.
Analogous ethyl and l-pentyl carbonate derivatives were obtained from
purine-8-thiol, and methyl and ethyl carbonate derivatives from 9-methylpurine-6-thiol.
Attempts to prepare thiolcarbamates by the action of iso-

synthesis from 6-thiocyanatopurine.

ethyl carbonate has tumor-inhibiting properties.

cyanates on purine-6-thiol or on its 9-methyl derivative were unsuccessful.

The structures were established by an alternate
The purine-6-thiol

Reaction of 6-methylthiopurine with

alkyl chloroformates gave methyl and ethyl 6-(methylthiopurine)-7(or 9)carboxylates. Methyl 8-(methylthio-

purine )}-7(or 9)carboxylate was obtained similarly.

Isocyanates reacted with 6-methylthiopurine to give the

7(or 9) phenyl- 1-naphthyl-, and 1-butylcarbamoyl! derivatives.

Because of the inhibitory effect of purine-6-thiol?
(6-mercaptopurine) on the growth of tumors® and on
leukemia,* compounds that might decompose to give
this purine are of possible interest. Such compounds
include purine thiolcarbonates, PSCO,R, and purine
thiolecarbamates, PSCONHR (where P is the purine

71) <a) Snpported by PHS Grant No. CY-3477 from the National Cancer
Institute, Pablic Health Service; (b) From the PL.D. thesis of Howard &.
Bender, Untversity of Delaware, 1962.

i2) G. B. Elion, E. Burgi, and (i. H, Hitchings, J. 4m. Chem. Soc., T4, 411
{1952).

(3) D. A. Clarke, F. 8. Philips, 3. 8. 3ternberg, C. C. Stock, G. B. Elioa,
and G. H. Hitchings, Cancer Res., 18, 593 (1953).

(4) 6. H. Hitchings and C. P, Rhoads, Ann. ¥. Y. Acad. Sci., 60, 183
71954).

nucleus). Simple alkyl thiclcarbonates have showu?®
pharmacological effects similar to those of the thiols.
Neither the thiolearbonate nor thiolcarbamate deriva-
tives of purines have been described, although there has
been extensive work® on other derivatives of purine-6-
thiol.

Purine thiolearbonates (I-VI, Table I) were prepared

i5) G. E. Davies, ;. W. Driver, E. Hoggarth, A, E. Martia, M. 1", C.
Taige, F. L. Rose, and B. R. Wilson, Brit. J. Pharmacol., 11, 351 (1958).

(6) (a) C. G. Skinner, W. Shive, R. G. Ham, D. C, Fitzgerald, aad R. E.
Lakin, J. Am. Chem. Soc., T8, 097 (1856); (b) H. C. Koppel, D. E. O'Brien,
and R. IX. Robius, J. Geg. Chem.. 24, 259 (1959); (c¢) C. G. Skinner, J. R.
Claybrook, D. L. Ross, and W. Shive, tbid., 28, 1223 (1958): (d) D. A.
Clarke, G. B, Elion, (i, II. Hitchings, and C. C. Stock, Cancer Res., 18, 419
(1958).
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TapLre 1

DERIVATIVES OF PURINETHIOLS

X
N~
k!
N
Re-
M.p., Yield, eryst.
No. X Y Z °c.e % solv.?
1 SCO0:C3Hs H H 198~199 43 A
11 SCO:CsHn H H 190~191 57 B
111 H SCO:C:Hs H 186~187 53 B
1v H SCO:CsHu H 167-170 39 C
vV SCO:CH; H CHs 136-137 38 D
VI SCO:C.Hs H CHs 100-~101 72 E
VII 3CH; H CO.CH; 147 64 B
VIII SCHs H CO:2C2Hs 142 70 B
1X H SCH;, COCH;s 126~127 46 B
X SCH, H CONHC:Hs 151~152 94 C
X1 SCH; H CONHCwH: 182 25 F
XI1 SCH; H CONHC:Hs 95-96 11 C

@ Melting points corrected, taken on a Fisher-Johns Block.
water; E, ether; F, chloroform—hexane.

b Solvents:

Ny
N

Caled. Found
Formula C H N B C H N ]

CsH.N:0:8 42.85 3.60 24.99 14.30 43.23 3.91 24.80 14.63
CuHuNsO28 49.42 5.32 21.12 12.09 40.86 5.23 0.89 12.27
CsH:N4O:28 42.85 3.60 24.99 14.30 12.98 3.69 25.00 14.50
CuH,N40:23 49.42 5.32 12.09 49.87 5.063 12.32
CgH.N4O0:8 42.85 3.60 24.99 14.30 43.03 3.70 24.69 13.99
CoHioN4O2S  45.36 4.23 23.51 13.46 45.26 1.3d 23.30 13.22
CiHsN:028 42.85 3.60 24.99 14.30 43.24 3.88 24.93 13.61
CsHisNsO28  45.36 4.23 23.51 45.26 1.31 23.21

CiHsN4028 42,85 3.60 24.99 14.30 43.37 3.99 2167 13.82
CysHuNs08 54.72 3.87 24.55 11.24 55.01 3.79 24.24 10.90
CiHi3N:03 60.88 3.91 20.88 61.22 3.87 20.88

CuHpN;O03  149.79 5.70 26.40 12.09 49.95 5.69 2G.15 11.8¢

A, methanol; B, ethanol; C, 50, water—ethanol; D,

TasLe 11
SPECTRAL DaTa

Compound
no. Nanie
1 Purine-6-thiol ethyl earbonate
I1 Purine-6-thiol pentyl carbonate
111 Purine-8-thiol ethyl carbonate
Iv Purine-8-thiol pentyl carbonate
Vv 9-Methylpurine-6-thiol methyl carbonate
VI 9-Methylpurine-6-thiol ethyl carbonate
VII Methy! 6-(methylthiopurine)-7(9) carboxylate
VIII Ethyl 6-(methylthiopurine)-7(9) carboxylate
IX Methyl 8-(methylthiopurine)-7(9) carboxylate
X 6-Methylthio-N-pheny! purine-7(9)-carboxamide
X1 6-Methylthio-N-1-naphthyl purine-7(9) carboxamide
X1I 6-Methylthio-N-buty! purine-7(9)-carboxamide

@ Taken with a Perkin-Elmer Model 202 ultraviolet-visible spectrophotometer.
» In potassium bromide pellets, using a Model B Baird infrared recording

the aqueous solutions used for accurate measurement.
gpectrophotometer.

from purine-6-thiol, purine-8-thiol, and 9-methyl-
purine-6-thiol by treatment with alky! chloroformates.
A satisfactory medium for preparing compounds I-1V
was dimethylformamide with potassium carbonate as
acid acceptor, as used for alkylations™ on the thiol
group.” The method for compounds V and VI involved
treating the sodium salt of the purinethiol with the
chloroformate ester in benzene. Aqueous alkaline
media were not effective.

The structures of compounds I and IT were proved by
synthesis from the known 6-thiocyanatopurine? using
Grant and Snyder’s method? for converting a thio-
cyanate to a thiolcarbonate. The products isolated
from the reaction of 6-thiocyanatopurine with sodium
ethoxide or sodium 1-pentoxide, followed by hydrolysis,
were identical with those obtained from the reaction
of ethyl and 1-pentyl chloroformates with purine-6-
thiol.

(7) T. P, Johnston, L. P. Holum, and J. A. Montgomery, J. Am. Chem.
Soc., 80, 6265 (1958).

(72) NoTeE ADDED IN ProOF.—Purine-6-thiol ethyl carbonate has been
prepared in 70% yield by treating purine-6-thiol with ethyl chloroformate
in aqueous sodium hydroxide. (Private communication from H. Tilles and
D. G. Stoffey, Stauffer Chemical Company, Richmond Research Center.)

(8) G. B, Elion, I. Goodman, W, Lange, and G. H. Hitehings, 1bid., 81,
1898 (1959).

(9) M. 8. Grant and H. R. Snyder, ibid., 82, 2742 (1960).

Tltraviolet absorption® Infrared
pH 1 pH 7 absorpb..b
Amax e X 1074 Amax e X 1074 =0, em."!

321 1.74 322 1.89 1770
320 1754
318 1.70 318 0.96 1721
1748
283 1.05 280 1.35 1724
280 1.08 282 1.50 1721
287 2.26 287 2.15 1748
288 2.02 288 1.82 1770
313 2.58 299 1.52 1754
275 1.09 1721
280 0.55 280 1.13 1724
265 74 260 0.62 1704

The blank spaces indicate insufficient solubility in

il

SCN SCOR Na~
NZ N OR™ N~ N
L~ l N> ROH L~ \'\>
N 4
H ‘ H
I, R=C:H;
11, R=n-CsHy,
HC1
|z
SH SCO.R
N )j: N CICOOR N7Z N
k| 1\? K,CO;q L, | N\>
N m H

It is to be noted that the attack of the chloroformate is
on the SH group in purine-6-thiol, whereas in 6-amino-
purine (adenine) this occurs at the 7 or 9 position,®
due probably to the greater electron density around the
thiol or thiolate ion than around the 7- or 9-nitrogen or
the 6-amino nitrogen of the purine ring. By analogy to
the behavior of purine-6-thiol, it may be assumed that
the reaction of chloroformates with purine-8-thiol and

(10) E. Dyer, J. M. Reitz, and R. E. Farris, Jr., J. Med. Chem., 6, 298
(1963).
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with 9-methylpurine-6-thiol also took place at the thiol
group.

All of the purine thiolcarbonates showed carbonyl
absorption in the infrared (Table II) within the range
1721-1770 cem.~', In diethyl thiolearbonate!! this
absorption is at 1700 cm.~'. A weak, but narrow band
at 662-660 em.—! in all of the purine thiclearbonates

The ultraviolet absorption of compounds V' and V1 iz
in the region typical’® of other G-substituted thiopurines
(280--290 mu). but compounds I, IT, and IIT absorb at
somewhat longer wavelengths.

The thiolearbonates were rapidly hydrolvzed to 6-
purinethiol at pH 11, less rapidly at pH 8, und were
unaffected by dilute acids at room temperature for
periods of several hours.,

Iifforts were made to prepare purine thiolcarbamates
by the interaction of the thicl group with phenyl iso-
cyanate under conditions known't to be favorable for
thereaction of simple thiols with isocyanates. However,
treatment of anhydrous purine-6-thiol with phenyl iso-
evanate in dimethylformamide in the presence of tri-
ethylamine gave only mixtures of unidentified products,
and 9-methylpurine-G-thiol did not react when sns-
pended in toluene and heated with the isocvanate in the
presence of the powerful catalyst, 14-diazabicyclo-

Althongh successful reaction of the thiol group of the
purine with isocyunates has not been achieved, facile
reaction at the 7- or Y-position took place with 6-
methylthiopuwrine.  Carbamoyl derivatives (X, XI,
X11, Table 1) were obtained from the action of phenyl,
t-naphthyl and 1-butyl isecyanates on G-methylthio-
purine in benzene solution at room temperature in the
presence of triethylamine. These substances weve
crvstalline. soluble in organic solvents, and showed
strong carbonyt absorption in the infrared (Table 1I).

Reaction at the imidazole -NH group oecwrred also
with ehloroformates when the thiol group was alkylated.
G-Methvlthiopurine and  8-methylthiopurine yielded
the 7(or 9) carboxylate derivatives VII-IX (Table 1)
when treated with chloroformates. The compounds
were vely sensitive to basic hydrolysiz, but were un-
affected by dilute aeid.

Attempts were made to determine whether the car-
hoxylate group was at the 7- or Y-position by treatment
of VII with sodium borohydride or aluminum hydride
in the presence of aluminum chloride, which was ex-
pected to give & known 7-methyl or 9-methyl deriva-
tive of 6 methylthiopurine. However, the only prod-
uct was 6G-methylthiopurine. A similar result from
hydrogenation of an N-carbalkoxy derivative of a hetero-
cvelic compound was obtained by Dahlbom® using 10-
carbethoxyphenothiazine.

On the basis of data on ultraviolet absorption, the
location of the carboxylate group at the 9-position is
somewhat more probable than at the 7-position bhe-
cause the O-substituted thiopurines absorb at slightly
lower wave lengths.  T'or example, at pH 7, the A,

(111 . Felumly, Bull. Spc. Chim. France, 830 (1937).

(12) L. 2. Bellawvy, “The Infrared Spectra of Complex Molecules', John
Wiley and Hons, New York, N. Y., 1951, p. 261.

(13) . G, Skinner, R. G. Ham, D. C. Fitzgerald, Jr., R. E. Lakia, aud
W. Shive. J. Org. Chem., 21, 1330 (1976).

(141 E. Dyer. J. F. Glenn, and E. G. Lendrat, 1bid., 26, 2919 (1941).

15y R Dalilbom, Acta Chem. Seand.. 6, 310 (1952,
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of 6-purinethiol is 322 mu, of 9-methyl-6-purinethiol
320 my, and of 7-methyl-6-purinethiol 327 mgu. ™ A1
the same pH V1L and VIII absorb at 287 and 285 i,
the parent 6-methylthiopurinie abzorbs at 200 my, " and
9-ethvl-6-methylthiopurine abzorbs at 286 mg.”  llow-
cver, these differences are too small to use for definite
assignmeut of stroeture.  Moreover, the analogy to the
effeet of alkyl =ubstituents tn the 7- and 9-positions
might not be valid for carboxylate or carboxamide =ub-
stituents. for which there are no standards.' The
possibility of answering by synthetic approaches the
(question of 7- or Y-substitution on acylation af various
purines = currently being studied.

Pharmacological Tests.—lesting by the Cancer
Chemothierapy National Service Center'® has shown that
purine-G-thiol ethyl carbonate (I) is active against
Sarcoma-180. adenocarcinoma-755, Leukemia- 1210, and
the KB cell culture.  Details are given in Table T11.
The data for the Sa-180 and Ca-755 systems inehide
statistical analvsiz (done by CONSC) for a ucw
“specifieity test’ designed by Skipper and co-workers.”
Specificity at the 99.7¢% level s required for an active
drng.  Compound 1 iz active at this level for Ca-755,
and has an mdex of 3.5 for Sa-180 and 5.0 for Ca-7H5.
H-irinethiol, active at the 99.70, confidence level, has
a =peeificity index of 1.9 for Sa-180 und 10.0 for (a-
7555

When the thiolcarbonate group was in the 8-position,
however, as in 111, no activity was observed against the
same three systems as well as against solid [riend
Virus Leukemia.

A limited mumber of tests on VLI, which is 6-methyl-
thiopwine with a earboxylate group i the O- or 7-
position have shown aetivity, but the results are er-
ratic.  Toward Adenocarcinoma 755 the T'C was 7€/
at a dose of 30 mg.‘'ke., 159 at 25 mg. kg and 48¢;
at 12.5 mg. kg.: while in another series of tests the 1" ¢
was 80¢; at 10 mg. ‘'kg.). Compound VIII waznontoxie
aud naetive toward the IKB cell line.  Hence, the car-
boxylate derivative probubly has no advantage over the
strongly active 6-methylthiopurine.®

Experimental

Purine Thiolcarbonates. A. From 6- and 8-Purinethiols and
Alkyl Chloroformates (I-IV).—To o solution of 0.5 g. (0.0033
mole] of anhydrous 6-purinethiol® or S-purinethiol?? in 20 . of
purified dimethylformamide®® was ndded with stirring at roora
temperature 0.92 g. (0.0066 1nole) of anhydrous potassium carbo-
nate. The 6-purinethiol dissolved on stirring or on glight warm-
ing and the solution was cooled to room temperature. Then
0.00066 mole of ethyl or 1-penty! chtoroformate was added while
stirring. The temperature rose abont 5°  After stirring for
another 2 lir. the mixture wias poured into 50 g. of ice und the pH

{165 (. B, Ilioain Ciba Fouadatioa Sytoposidnt, ~Clegistry aw! Biology
of Purines,”” G. K. W, Wolstenhiolme and C. M. O'Connor, 191., Little Brown
aud Co., Bostoa. Moxs., 1957, . 4h.

avy J. AL Montroocery aad Co Temple, J. A Chem, Soc.,
[QEHYAN

{18) A hi-cbloro-fipe Tiacetyiporine was found to bave practically the
sae absorption maxinwn as G-chiloropnriae by I A, Moutgowmery. rhid.,
78, 1928 (1056).

(19) The procedvures for Ju-180, Ca~-759, awl 1-1210 have been -leseribel
by 1. Leiter, A. R. Bonrke. . A. Schepartz, and 1. Wodinsky, Cancer Ry~
search, Cancer Chemotherapy Screening Data, 'V, 20, 734 (1960).

(20) H. E. Skipper, W. 8. Wileox, F. M. Schabel, Jr., W, R. Luster, Jr.,
oswi L. Mattil, Carcer Chemotherapy Repi., 29, 1 (19063).

213 J. A, Moatgomery, Cancer Res., 19, 447 (1959).

(22) R. W. Balsiger, A. L. Fikes, T, P, Jolinston, and d. A. Moutzomery.
J. Org. Chem., 26, 338¢ (1961).

3% G, R, Lealer and J. F. Gormley, J. Am. Chem. Soc., T3, H731 (1051).

79, 5238
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TasLe 111
ScREENING DaTA%? ON PURINE-6-THIOL ETHYL CARBONATE

Sarcoma-180%%:

Dose, —3urvivors— Animal Tumor wt,—— T/C, Specificity Confidence,”
g /ke. )y of () wt. diff. Test Control % test’ s Index”/
112 5 6 -1.7 195 875 22
100 6 6 -1.3 303 843 35

66.0 6 6 -1.2 517 843 61

56.0 6 6 —-1.1 268 875 30

44.0 6 6 —-0.5 473 843 56

28.0 6 6 1.0 405 875 46

14.0 6 6 -1.0 364 875 41

7.00 6 6 -0.9 800 7 102 Below 8,
0.80 6 6 -0.8 1063 777 136 above 0 05.0 3.5
Adenocarcinowa-755%4"
112 7 10 —4.1 50 675 7

56.0 10 10 —-2.3 56 675 8

28.0 10 10 -1.3 59 675 3

28.0 10 10 -3.3 50 875 5

14.0 10 10 —-1.3 56 675 8

4.0 10 10 -1.8 56 875 6

3.50 10 10 -1.2 43 948 4
1.75 10 10 -2.0 206 1663 12
0.85 10 10 —-0.9 847 1663 50 Below 14,
0.21 10 10 —-0.6 1449 1663 87 above 0 99 .7 5.6
Lywphoid Lenkemia 1.-1210%4
~—~—-Snrvival (days)——
160 6 6 -2.7 9.3 8.6 108

80.0 6 6 —-1.8 15.0 10.2 147

40.0 6 6 —-2.0 15.0 10.2 147

20.0 6 6 —-1.1 15.0 10.2 147

16.0 6 6 —-1.4 11.2 8.3 134

8.0 6 6 -1.7 10.2 8.3 122
KB Cell Culture?

Slope EDsy. pg./ml.
<1.0
<0.25

— .47 .93
-1.2 17

@ Portions, not the whole of the data.
cellulose. ¢ Seven IP. injections, sacrifice on day 8.
dimethylformamide.

/ Ref, 20.

was at once adjusted to 5 with glacial acetic acid. The solid
product was recrystallized to constant melting point from the
solvent specified in Table I. These substances were slightly
soluble in water and moderately soluble in alcohols.

When 50 mg. of compound I was allowed to stand for 0.5 hr. in
a buffer of pH 8 at room temperature, the solution acidified to pH
5, and extracted with ethyl acetate four times, 17 mg. of the thiol-
carbamate was recovered unchanged. However, at pH 11
complete hydrolysis to 6-purinethiol took place in 0.5 hr.

B. From 6-Thiocyanatopurine and Alkoxides (I and II).—To
50 ml. of ethanol or l-pentanol was added 1.04 g. (0.0455 g.-
atom) of sodium. After the sodium had reacted, 1.00 g. (0.0057
mole) of 6-thiocyanatopurine® was added and the solution refluxed
for 12 hr. The precipitate obtained on cooling was filtered, added
to 30 ml. of 3 M hydrochloric acid, and the mixture refluxed for
48 hr. The cooled solution was treated with sodium bicarbonate
to bring the pH to 5 and extracted with four 50-ml. portions of
ethyl acetate. The thiolearbonates were obtained in 199 yield
from evaporation of the dried extracts at room temperature.
Mixture melting points of the recrystallized products prepared
by methods (A) and (B) showed no depression and the infrared
spectra of the compounds were identical. No other product was
obtained.

C. From the Sodium Derivative of 9-Methylpurine-6-thiol and
Alkyl Chloroformates (V, VI).—A mixture of 50 ml. of dry ben-
zene, 0.50 g. (0.0030 mole) of 9-methylpurine-6-thiol?* (the purity
of which was checked by ultraviolet absorption), and 0.079 g.

(24) R. K. Robinsand H. H. Lin, J. Am. Chem. Soc.,79, 491 (1957).

® One dose per day for all of the tumor systems.
¢ Host, BDF1.

¢ Host, Swiss.
k Eleven IP. injections, sacrifice on day 12.

4 Vehicle, carboxymethyl-
¢ Vehicle,

(0.0033 mole) of sodium hydride was stirred until reaction was
complete, treated with 0.0060 mole of methyl or ethyl chloro-
formate, and the mixture stirred overnight at room temperature.
Evaporation of the filtered benzene solution at room temperature
yielded the product.

Carboxylate Derivatives of 6- and 8-Methylthiopurine (VII-
IX).—A mixture of 50 ml. of water, 0.2 g. (0.005 niole) of sodium
hydroxide, and 0.5 g. (0.0033 mole) of 6- or 8-methylthiopurine
was stirred until all of the solid dissolved. Then 0.012 mole of
methyl or ethyl chloroformate was added and the solution stirred
at room temperature for 3 hr. The precipitate that formed in the
now acid solution was filtered and recrystallized.

A solution of 50 mg. of VII in 0.1 M sodium hydroxide was
completely hydrolyzed to 6-methylthiopurine in 15 min. at room
temperature, but was unchanged in 0.1 M/ sulfuric acid.

Carbamoy! Derivatives of 6-Methylthiopurine (X-XII).—A
mixture of 50 ml. of dry benzene, 0.5 g. (0.003 mole) of 6-methyl-
thiopurine,? 0.006 mole of phenyl, l-naphthyl, or 1-butyl iso-
cyanate, and 11 mg. of triethylamine was stirred for 12 hr. with
protection from moisture. The products were obtained by evapo-
ration of the solvent at room temperature. At temperatures
above their melting points, these compounds decomposed to the
isocyanate and 6-methylthiopurine. The carbamoy! derivative
X was hydrolyzed to 6-methylthiopurine when a 100 mg. saniple
was allowed to stand with 10 ml. of 0.01 M sodium hydroxide
overnight at room temperature.

Hydrogenation of Methyl 6-(methylthiopurine)-7(or 9)car-
boxylate.—A 100 mg. sample of VII dissolved in tetrahydrofuran

(25) A. Albert and D. J. Brown, J. Chem. Soc., 2060 (1954),
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was trested with lithivim aluniinum hydride in the presence of
aluminum chloride to maintain acidity. During the deconipasi-
tion of the liydride complex the pH of the solution was never
ullowed to rise above 5. The produect, isolated by continuous
extraction with ethyl acetate, was 87 mg. of 6-methylthiopurine.
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A control experiment with all reagents exeept the lithium «lu-
piinum hydride showed that VII was not hydrolyzed under the
acid conditions maintained. Therefore, since hydrolysis i 1ot
the cause of the formation of 6-methylthiopurine, hydrogenation
must have occurred,

1,4-Bismethanesulfonates of the Stereoisomeric
Butanetetraols and Related Compounds
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The synthesis of the stereoisomeric butane-1,2,3,4-tetraol 1,4-bismethanesulfonates and some of their cyclic

acetals and ketals is described.

The preparation of L-threitol 1,4-bismethanesulfonate from L(+ )-tartaric acid

as starting material makes this compound easily available for clinical evaluation.

The synthesis and cvtoactivity of p-mannitol 1,6-
bismethanesulfonate has led to a more detailed imvesti-
gation of methanesulfonated sugars and polyhydric
alcohols which are considered water-soluble analogs of
1,4-dimethanesulfonyloxybutane (busulfan).!-3

As already briefly reported we? synthesized the 1,4-
bismethanesulfonates of the stereoisomeric 1,2,3,4-
butanetetraols (I).

CHR0.0CH.CHOHCHOHCH,0O80,CHj [

1, {1, DL, neeso)

We suggested that these compounds, although identicul
with busulfan with respect to their chain length, might
show an alkylating mechanism different from that of
busulfan owing to the hydroxyl groups in the a-position
to the sulfonyloxy groups. I'urthermore, our interest
in these compounds was based on the known correla-
tion in the busulfan series (CH;SO,0(CHy)p—10080,-
CH;) between chain length and both water—ether
solubility ratio and the biological activity.s In addi-
tion, it could be expected that the stereoisomers would
be different in their alkylation reactions 7n vive.

In continuation of our search we prepared certain
cvelie acetals and ketals (1,3-dioxolanes) of I with the
purpose of obtaining substances for investigation as anti-
cancer agents. Such dioxolanes may be regarded
either as camouflaged 1 4-bismethanesulfonates of
butanetetraol with initiallv decreased water solubility,
or alternatively, when no ring hydrolysis is assumed, as
bismethanesulfonates with a fixed distance between the
alkyvlating groups. The latter assumption means that
only the compounds with an erythro-, but not with a
threo-configuration, have the ability to react under

(1) A, Haddow, G. M. Timmwis, and S, 3, Brown. Nature. 108, 1164 (1958);
L. Varglhia and J. Knszmwann, Naturuissenschaften, 46, 84 (1959); B. Kellner
tapl L. Néwmetl, Brit. J. Cancer, 18, 469 (1959); L. Vargha, L. Toldy, O.
Tehér, 1. Horvdth, E. Kasztreiner. J. IKtiszinana, and & Lendvai, Acta
['hnsiol. Acad, Sci. Hung., 19, 305 (1061,

2} L. Vargla, O. Febér, T. Horvath, 1. Toldy, and J. Iuszmann. Adein
Chipn Hung., 25, 361 (1060).

¢3) R, R Brown and G. M. Timmis, J. Chem. Soc., 3056 (19G1).

1) I°. W. Fett, Tetrabedeon Letieps, T16 (1961),

¢3) R. I, lladson. G. M. Tinnwis, aad R. D. Marshall, Biochem. I’hayma-
yol. 1, 48 <1058).

1y b Roberts nmd G P Warwick, Biochem. Pharmacot.. 6, 217 (1961,

eycloalkylation, and this is proved to be the muin
reaction of busulfan in vive.

Of course, both the solubility of these compounds and
the stability of the ving will depend on the nature of the
substituents originating from the aldehyde or ketonc
forming the busis for the dioxolane. Moreover, the
rig formation should mfluence the alkylatimg proper-
ties of these bismethanesulfonates.

Chemistry.—The synthetic routes for the preparation
of the stereoisomeric bismethanesulfonates I are sum-
marized for the v-isomers. Since no attack on the
asymmetric carbon atoms is involved, the configuration
of the compound is given by that of the starting ma-
terial. The ring opening of the stereoisomeric 1,2:3,4-
diepoxybutanes (VII) with methanesulfonic acid re-
sulted in vields of ca. 309, of the corresponding I when
the 1eaction was carried out in a diethyl ether—/-butyl
alcohol mixture, Using pure diethyl ether as the solvent
only small quantities of meso-I were obtainable, which
is in agreement with recently reported results.?

The reaction of the stereoisomeric 1,4-dibromo-
2 3-butanediols (VI)} with silver methanesulfonate
in boiling acetonitrile gave the corresponding 1
in 30-409; vield. To develop the preparation of 1.-I
on a larger scale and consequently to make a clinical
evaluation of the compound possible, the synthesis
was based on L(+)-tartaric acid as an easily availuble
starting material. Diethyl r-tartrate (II), obtained
from natural tartaric acid by azeotropic esterification,
was converted into diethyl 2,3-O-isopropylidene-1.-
tartrate (III) by an acid-catalyzed reaction with ace-
tone in low boiling petroleum ether under simultaneous
azeotropic removal of the reaction water. This
procedure proved superior to the previously described
ketalization with copper sulfate as a water-removing
agent.” Compound III was then reduced with Li-
AlH, to 2,3-O-isopropylidene-L-threitol (IV).® Ietal
hydrolysis was avoided by an alkaline isolation

() Y. Tsuzuki, Bull. Chem. Soc. Japan, 10, 255 (1935); I, 1. Lueys,
awl W, Baumgarten, J. Am. Chem. Soc., 63, 1653 (1941),

18) The preparatioa nf TV Irmor 3,4-0-isonropylidene- v»-mannitol in sevrri
steps bas been decrribwvl.©

{1 L. J. Rubin, . A. Landy, and 11, O. 1. Vischer, J. I m. Chem. Sne., T4,
425 {1052).



