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continiied.  When the temperature rose to 15-20°, all of the in-
soluble material went into solution. The clear solution was
poured into 500 ml of H;O and the mixture was adjusted to pH
5. The product was removed by filtration, washed with deionized
H,(, and dried overnight at 70°. The crude product melted at
219-220° dec.

Bis(7-fluoro-5-nitro-8-quinolinolato)copper (II) (IIa)—Two so-
lutions containing 0.41 g (0.0018 mole) of 7-fluoro-5-nitro-8-
quinolinol in 10 ml of MeOH and 0.21 g (0.0010 mole) of
Cn(OAc)-HyO in 20 ml of 759 aqueous MeOH were mixed and
stirred for 1 hr. The product was removed by filtration, hoiled
it DMTF several times, and the insoluble material was washed
with acetone and dried nnder vacnum at 100° overnight. The
compound was sifficiently pure for analvsis.

7-Chloro-5-nitro-8-quinolinol (Ib)—To 400 ml of HyO was
added 5.7 g (0.028 mole) of 5-nitro-8-quinolinol* and 1.8 g (0.026
mole) of 85% KOH. Solntion was effected by stirring aiid heat-
ing. After cooling to 30°, 50 ml of NaOCl (5.25%) was added
and stirring was continued 1 hr longer. The mixture was brought
fo pH 5 with 25 ml of AcOH. The product was obtained by
filtration, wnshing with deionized H»O, and drying at 70° over-
night.
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A number of nucleosides of purine-6-thiol (1) and
2-aminopurine-6-thiol (2) have been prepared in an
effort to modify the toxicity of these clinically useful
atticancer agents and to provide drugs for use against
1- and 2-resistant cancer strains.? A serious problem
which has presented itself in the use of these new drug
candidates is their rapid elimination and metabolism
by oxidative pathways to therapeutically inactive prod-
ucts. The metabolism of 6-mercaptopurine and some
of its derivatives has been the subject of a recent re-
view.?

In an attempt to provide a ‘‘reservoir’” source of 1
and 2 as well as their g-v-ribofuranosides, Doerr, ef al..*
prepared the disulfides of these compounds using an ad-
aptation of the iodine-buffer procedure of Miller, et al.?
The disulfides could be envisioned as reverting to the
corresponding thiol and sulfenic acid through chemieal
means by the attack of base or alternately an en-
zymatic system such as that regulating the oxidation
and reduection of glutathione could prevail to reduce the
disulfide to the thiol.

The carlier paper* did not record any metabolic data
to support directly the “reservoir’” hypothesis but did
note that the activity of the disulfide of thioinosine in
the Sarcoma 180 system was greater than that of 1
while the corresponding thiol was inactive,  The thio-

(1) Mort of thix work was performed nnder the anspices of the Cancer
Clemotherapy National Service Center, National Institutes of Health, Puli-
lic Health Szrvice, under Contract PH-43-66-904. The views expressed in
this paper are those of the authors and do not necessarily reflect those of the
CCNSC.

(2) See R. H. lwamoto. E. M. Acton, and L. Goodman, J. Org. Chem., 27,
3949 (1962), and leading references therein for a discussion of the rationale
for the preparation of these compounds.

(31 G B. Elion, Federntion Proc., 26, 898 (1967).

1) 1. L. Doerr. 1. Wemnpen, D. A, Clarke, and J. J. Fox, .JJ. OUrg. Chem., 26,
3401 (1961).

&5) W, 11, Miller. R. O. Roblin, Jr., and E. B. Astwood, J. Am. Ciiem. Soc.,
67, 2201 (1945).
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guanosine disulfide was also found to be a more potent.
inhibitor on a molar basis than either 2 or thioguanosine.

Despite these rather intriguing results there does not
appear to have been any further study upon the effects
of disulfide formation on biological activity in 6-thio-
purinyl nucleosides.

In an effort to explore this aspect further we have
prepared the disulfides of several 6-thiopurinyl nucle-
osides. The candidates chosen for conversion to their
disulfides were o- and B-9-(2-deoxy-p-erythro-pentofu-
ranosyl)-9H-purine-6-thiol? (3), «- and 8-2-amino-9-(2-
deoxy-n-erythro-pentofuranosyl)-9H-purine-6-thiol® (4),
9-B-p-arabinofuranosyl-9H-purine-6-thiol” (5), and 2-
amino-9-(3-deoxy-g-v-erythro-pentofuranosyl)-9H- pu-
rine-6-thiol® (6). All of the compounds chosen with the
exception of «-3 have previously demonstrated sig-
nificant activity in the leukemia L1210 test system?
(Table I).

TasLe 1
ACTIVITY OF STARTING NUCLEOSIDES AND DISULFIDES
IN THE L1210 ScREEN

- SHe. S-gP
Dose, Dose,
Compound mg kg 1LS, % mg/kg 1LS, %
-3 400 16
38-3 200 36 4-600 30
a-4 15 95 400 47
84 20 99 150 32
8-5 400 63 400 40
3-6 200 89 75-150 33
¢ Optimal dose. ? Optimal dose not determined; adminis-

tered intraperitonteally in saline suspension.

The thiols were smoothly converted to disulfides in
good yields upon treatment in the iodine-buffer svs-
tem.*?

With the exception of a- and 8-3 all of the nucleoside
disulfides proved to be quite water insoluble and were
recovered by filtration of the reaction mixture and con-
veniently purified by recrystallization from DMF-H,0
(method A). The 2-deoxynucleoside disulfides (a- and
8-3) huad significant water solubility and were bexst re-
covered by lyophilization of the oxidation mixture and
recrystallization of the residues from a4 minimum of H,O
(method B). The physical constants of the new com-
pounds are listed in Table IT. All of the disulfides ex-
hibited the characteristic uv spectra described pre-
viously. 41

Biological Testing.—The preliminary screening re-
sults in the L1210 system for the new disulfides are listed
in Table I along with the optimal doses for the parent
thiols.® It would appear from these data that all of the

(6) R. 1. lwamoto, E. M. Acton, and L. Goodman, J. Med. Chem.. 6,
684 (1963).

(7) Ii J. Reist, A, Renitez, .. Goodinan, B, R. Baker. and W, W, lLee,
J.Org. Chem., 277, 3274 (1962).

8) G. 1. Tong, K. J. Ryan, W. W, Lee, E. M. Acton, and L. Goodman,
ibid., 82, 859 (1967). .

(9) A. Goldin, H. BB. Wood, Jr., and R. R, Engle, Cancer Chemotherupy
Eept., Part 2,1, 1 (1968).

(10) The uv spectra of the nucleoside disulfides showed the decomposition
in base described previously. Two peaks were evidenced in the base spec-
trum of 5-S-S, one at ~312 mu previously+ attributed to the chromophore 8
and the second at ~355 mu assigned? to an unknown component. Recent
work on tlie base treatment of bis(4-thiouridine) disulfide [B. C. Pal, M.
Uziel, ). G. Dolerty, and W, 15, Cobn, Abstracls, 156th National Meeting of
the American Cliemical Society, Atlantic City, N. J,, Sept 1968, laper
213l makesit appear likely that the long-wavelength absorption is1lue to the
presence of the nucleoside sulfenic acid.
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Pavsteal CoNsTANTS For NUCLKOSIDE DISTLEIDES

1118
Starting

thiol Mp, °C {]p, deg Yield,

a3 L40--150 (eff) 404 7¢ 32
74

-3 ~100 (elf}) -0 40 INH

-4 208-209 4= L0k til

34 214-217 (efi) g N1

-0 213216 + 13,50 N4

3-6 210--221 (el — 4 BR|

¢ 1.0, P DMF. 7 All eomponnds analyzed corveetly for C, H, N, O, 3,

thiols with significant activity in this sereen (239 in-
crease i life span) retain activity but show u loss in po-
tency upon conversion to the disulfides.
One of these compounds 5-8~8 has been tested further
1 g adtro systems at the 1.0-mAf level and has been found
to have negligible effects on inhibition of de noro purine
biosynthesis (—79%) and adeuine phosphoribosyl trans-
ferase (139) and no effeet on inosine svnthesis by in-
tact human ('1‘\'1‘111‘()('\"(('\" The compound does show
significant iuhibition of adenosine kinase (65.397) and
has been desiguated as warranting further study.!!
The disulfide of § wax administered (intraperitoneully) to
BAFT female mice which were sacrificed after 1 hr and
the urine wus examined by paper chromatography.'®
The disulfide-treated mice showed a minor spot corre-
spouding to a maximum of 2.7¢7 excretion of 5 as well
ax several somewhat more intense spots attributable to
other metabolites,  Mice administered 5 in a compan-
lon experiment exereted 37.5% of the unchanged nucleo-
side during the first hour.  Incubation'? of the disulfide
with miuces of mouse liver, mouse spleei, aud CATHS
ascites cells showed a trace conversion to 5 in the splecn
mince and no conversion i contact with the other two
tissues. It would appear thut conversion of the disul-
fide to the thiol is extremely slow or that § s not a major
metabolite.  The ability of § to prolong the life of skin
grafts in mice has been recorded previously.'® A siguif-
icant increase in the life spau of transplanted goldfish
scales has also beeu noted i our laboratories' for fish
treated with 5. Thix activity is retained upon disul-
fide formation with a lessening i poteney {~50% ).

L)I> H\AJI>

N

OH OH
3 R=H 5 6
4 R=NH,

(1) Tl 1o vitro data were provided Ly Dr. Florence R. Whice, Head,
Biochemistry Section, Drug Fvalaation Branel, CCNSC, National Cancer
lustitoce.

(12) I'ersonal communication, Dr. G. A, LePage, Departrent of Bio-
chemical Oneology, Stanford Research Institute, Menlo Park, Calif. Weare
greatly imlebrted to Dr. LePage for making these results available prior to
mdlication.

(13) A, ', Khnball, G. A, LePage, B, llowman, and 8. J. Herriot, Prge.
Soc. 'zp. Biol. Med., 118, 248 (1063): A. I>. Kimball, S, J. Herriol. and P. 8.
Allenson, 14id., 126, 181 (10G7).

(1)) Experimencs were carried oo nnder 1he direction of D 1. Levy,
llead, Inamation Seccion, Biological Seiences Department.

Disnlfides

Medhod Apinxs Mg fe X 1O iy Tornola
A 229 15 Clap Ha N OpS HLO
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Experimental Section

The thiouneleosides used s starting materials were all prepared
iy literature methods *57%  ‘The uew compounds described all
proved homageneons upon tle (Eastman Kodak silica gel plates-
DMF-CHCL? or npon paper chromatography (n-BuOH-H.03.
Spots were visualized under nv light.  Melting paiuts ave capil-
lary nrelting points in open tnbes an ilie Biicht apparatus aud are
nuncorrected.  The disnlfides tebacionsly retained recrystalliza-
tian solventx which were evident in their nur spectra (D MSO~/ 1

6,6'-Dithiobis(9-3-1-arabinofuranosyl)-9H-purine {5-S-S1
-’\Iethod A). nmpunml 5 (2.84 g, 0.010 mole) wax dis=olved in
warm (43°) pH .6 PO~ buflert 11()1) w1 and the solution was
cooled 1() 30°. All SNCL solution® (10 ml, 0,005 mole twos added
dropwise with stirring at sucloa rare that the color wux dispersed
hetween each addition, A white precipitate separated which wus
recovered by filtration, washed twice with HaO (10 1l wud then
E1OH (10 mby, then dricd 4 pacio 524 ¢ S340), mp 228 231°¢
A portion of the material ¥ 1.9 gj was recrystallized by dissalving
i DMF (12 mll and adding HaO (10l (o give colarless erys-
tuls (1.89 g}, mp 213-216° dec.  (See Tuble I1.)

6.6'-Dithlobis[9-({ 2-deoxy-3-u-eryiheo-pentofuranosyl );-9H -
purine Hydrate (3-3-8-S) (Method B). -3-3 (0.558% g, 0.0022
mole) was dissolved irc wartn pH 7.6 PO~ butfert (90 mhy and
treated dropwise at 38° with a solutiorcol “N I1,7% {2.2 ml) as i
method A, At the soncliusion of the addition the faintly vellow
solition was shell frozen and vophilized.  The residue wax trit-
nrated twice with ice- water 23 ml), filtered, and vocnum dried
1650 mg). The white <olid wax recrystallized from warnm Ha()
5 by, with chilling.  The crystals were recovered by filtration,
witshed with cold O 1 mly, and vacemmu dried (251 (0,528 ¢,
ROCH, mp ~ 707 softens, ~ THI? ¢l (sec Table 115
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Copolymers of cthylene and maleic acid inhibit
swmﬁcantlv the growth of Sarcoma 180 in mice?

(l.t Presemed al. (be Noothwest Regional Meeting of the Mmerical
Cliemieal Society, Lictle Rock, Ark., Dec 1967. Abstracted from the M.S.
vhesis of J. 8. H., Oklauholia State University, May 1964G.

(2} Tou whom inquiries shawdd be addressed.

721 W.Regelson, 3. Kukar, M. Tanis, J. Jubnson, J. Fields, aud I Glpesey
kamp, Nafure, 186, 778 (1aoO),
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