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was dried to constant weight in vacuo. The resulting powder
was very hygroscopie, sintered at 50°, and decomposed at 62°.
Fehling's solution was reduced and one major spot was noted on
thin layer chromatogramms ou silica gel developed with BuOH-
EtOH-H,0 (visualized by Tollens reagent). Anal. (C;H;NyO,-
HCIl) C, H: N: caled, 15.18; found, 15.74.

Hydrogenolysis of 4.—A solution of 184 mg of N-hydroxy com-
pound (4) as its hydrochloride in 25 m! of EtOH was hydrogenated
at atmospheric pressure with PtO; (50 mg). After 6 hr the theo-
retical uptake was complete, the catalyst was removed, and the
filtrate was taken to dryness. The produet, dissolved in a few
milliliters of H,0O, gave a negative Fehling's test. Electro-
phoresis performed with authentic samples of isoasparagine,
asparagine, and aspartic acid at pH 3.5 (acetate buffer, 500 v,
4 hr) with ninhydrin as an indicator, or paper chromatography
with 889 phenol, showed the product to contain but traces of
1soasparagme and aspartic acid. The major component, DL-
asparagine, precipitated on adjusting the solution to pH 3, had
essentially zero rotation, and contained no isoasparagine.

Benzalnitrone of Succinamide.—A solution of 2 g of 2 in 30
ml of 289, aqueous NH; was allowed to stand at room tempera-
ture for 24 hr. The diamide precipitated (600 mg, 289%,) and
was collected and recrystallized from 759, EtOH. It melted at
204-205° dee. Anal. (C;H;3N;3;0;) C, H, N.

2.Hydroxylaminosuccinamide Hydrochloride.—A solution of
350 mg of the above nitrone in 10 ml of 1 N HCI was concentrated
in vacuo keeping the bath temperature below 30°. The resulting
precipitate was taken up twice in EtOH and precipitated by the
addition of ether. The white powder, dried ¢n vacuo to constant
weight, decomposed at about 80°. Chromatography with
BuOH-EtOH-H.O indicated one component with Tollens
reagent at R; 0.3. Anal. (C;HN3;0;-HCI1) C, H, N.
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6-(3-Methyl-2-butenylamino)-9-8-n-ribofuranosyl-
purine has been recently reported as a minor component
of yeast and liver soluble ribonucleic acid? and of yeast
serine transfer ribonucleic acid.** 6-(3-Methyl-2-bu-
tenylamino)purine has been found in extracts of Cory-
nebacterium fascians® Both compounds have been syn-
thesized and exhibit a high level of cytokinin activity.2
It was therefore of interest to synthesize other 3-methyl-
2-butenylamino pyrimidines and purines and to test
them for biological activity.

I all cases the syntheses were carried out by reflux-
ing an excess of v,y-dimethylallylamine with the appro-
priate mercapto or alkylmercaptopurine or -pyrimidine
according to the method of Elion, et al.” The reactions
were followed spectrophotometrically in ethanol and
were terminated when the absorption maximum of the
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starting material (297-315 mu) was no longer present.
Proof of structure of the products la—c¢ and 2a, b was
shown by the similarity of their ultraviolet absorption
spectra to the purine N®- or pyrimidine N*-mono-
alkylated parent compounds (Table I). That the
double bond in the side chain is in the position shown is
demonstrated by the nmr methyl signals at § 1.75
(DMSO-ds, TMS).28

In the leaf senescence test® all of the compounds
(1 and 2) showed about one-tenth the activity reported
for 6-furfurylaminopurine (kinetin).®® None of these
compounds exhibited any activity against mouse leu-
kemia 11210 in wvo.l! Compounds 2a and 2b were
also inactive against Burkitt’'s cell cultures.!’®> The
cytidine analog 2b was not deaminated by human liver
or mouse kiduey enzyme systems.!!a

Experimental Section

Melting points were taken on a Mel-Temp apparatus and
are corrected. Spectra were determined using a Cary Model 15
specetrophotometer. Analyses were done by Spang Microanalyti-
cal Laboratory, Ann Arbor, Mich., and Galbraith Laboratories,
Inc., Knoxville, Tenn. Where analyses are indicated only by the
symbols of the elements, analytical results obtained for those
elements were within £0.49, of the theoretical values.

2.Amino-6-(3-methyl-2- butenylammo)purme (1a).—2-Amino-
6-methylthiopurine!? (1.25 g, 6.9 mmoles) and +,y-dimethyl-
allylamine!® (3.0 g, 59 mmoles) were refluxed for 30 hr. A precipi-
tate which formed on cooling was washed with petroleum ether
(30-60°) to remove the excess amine and was dissolved in 959,
EtOH. After the addition of concentrated HCI, 1.18 g (679;) of
1a hydrochloride was obtained. A sample for analysis was
recrystallized from EtOH after treating with charcoal; mp 250-
251° dec. Anal. (C,HisNs-HCI1) C, H, N, Cl

2.Amino-6+(3-methyl-2-butenylamino)-9-3-n-ribofuranosyl.
purine (1b).—6-Ethylthioguanosine!* (2.0 g, 6.1 mmoles) and
~,v-dimethylallylamine (6.0 g, 71 mmoles) were refluxed for 60
hr. After the addition of petroleum ether (30-60°), a dark oil
separated. The oil was triturated several times with petroleum
ether to remove any excess amine and was then dissolved in 95%;
EtOH, treated with charcoal, and filtered. The erystals which
formed were washed with cold EtOH and dried (yield 1.31 g,
4897). A sample for analysis was recrystallized from EtOIi,
mp 93-97°. Anal. (CmeNeOyEtOH) C, H, N.
2.Hydroxy-6-(3-methyl-2-butenylamino)purine (lc¢).—2-Hy-
droxy-6-methylthiopurine’s (0.42 g, 2.3 mmoles), v,v-dimethyl-
allylamine (4.0 g, 47 mmoles), and EtOH (5.0 ml) were refluxed
for 90 min. The crystals which formed on cooling were washed
with EtOH, dried, dissolved in 1 N NaOH, and reprecipitated
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Ly nentralization with glacial AcOlL. The precipitate was washed
with H,O and diied to give 300 mg (559¢) of 1le monohydrate.
An analytical sample was prepared by recrystallization from 1 .V
NaOH by acidification with Ac¢OH; mp >300° dec. Anal
(C1l1sN:0-HyO) C, N H: ecaled, 6.37; found, 5.92.
2-Hydroxy-4-(3-methyl-2.butenylamino)pyrimidine (2a).—

4-Methylthiouracil'® (1.5 g, 10.5 mmoles), 5,+-dimethylallyl-
amiie (5.0 g, 59 mmoles), and EtOH (5.0 ml) were refluxed for
2.5 hr. The precipitate which formed on cooling was washed with
petrolemn ether (30-60°) and vecrystallized from 95% ItOH
and dilute LSO, to give 1.82 g (05C0) of 2a-0.5H.80, A
sample for analysis was recrystallized twice from EtOH-T.O and
dvied; mp 220-230°. Anal. (CoHuN;0-0.0H.80,) C, H, N,

2.Hydroxy-4-(3-methyl-2-butenylamino)-1-3-p-ribofuranosyl-
pyrimidine  (2b).—1-(2,3,5-Tri-O-benzoyl-g-p-ribofuranosyl)-4-
thionracil'” (2.0 g, 4.3 mmoles) was refluxed with ~,y-dimethyl-
allylamine (10 g, 118 mmoles) for 90 miir.  The excess amine
wias removed muder vacimn to give a brown oil.  The oil was
dissolved 111 10 ml of EtOH and 300 ml of Et.0 was udded. The
pale tan oil which separated was shown by thin layer chromatog-
raphy (silica gel; GFag, CHCL=MeOH 3:1) to be essentially
free of N-(3-methyl-2-buitenyl)benzamide. Final separation was
carried out on a gilica gel columu (2.5 X 18 ¢, Fisher silica gel
100-200 mesh, grade 923) by elution with CHCl-MeOH 3:1.
The solvent was removed nnder vaciinm to give an amorphois
alld somewhat unstable produet.  Anal. (CHo N3O T, N C:
caled, H4.01; found, 53.02.

A tetrabenzoyl derivative of 2b was prepared by heating 100 mg
of 2b with an excess of benzoyl chloride in pyridine at 60° nntil
tle (sihea gel GFyuy Celde—Et,0 2:1) showed a single spot at
N: ~0.50. The produet was ponred over ice and gave a light
tan ail. The oil was triturated with H.O and allowed to stand for
a few days. The needles which formed were recrystallized twice
from EtOH; mp 193-194°. Anal. (CullxNa20O0 C, 11, N.
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Chem., 6, 697 (1963).

1Ty J. J. ¥ox, D. Van Praag, 1. Wempen, 1. L. Doerr, L. Cheony, J.
Kuedl, M. L. Eidinoft, A. Bendich, aud CG. B, Begwn, J. Am. Chen. 8
81, 178 (1959},

Nucleosides. XLVII.
N4-Substituted Derivatives of

1-8-np-Arabinofuranosyleytosine and

Syntheses of Some

-53-fluorocytosine!
Tris Wemery, Naisaony MitLer, Ervirs A, Fawco,
AND Jack J. Fox
Division of Biological Chemistry, Sloan-Kettering Institute for
Cancer Research, Sloan-Kettering Division of Cornell Universily

Medical College, New York 21, New York
Received July 14, 1967

The clinieal usefulness of 1-8-p-arabinofuranosyl-
eytosine (4) in the treatment of acute leukemias and

(1) This investigation was supported in part by {quls (rom e National
Clancer Institate (Grant CA 08748).
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Iviuphomas  has been  demonstrated,”  but  varions
pharmacological studies? ¢ have shown that this drug
is rapidly deaminated to the inactive nucleoside, 1-3-b-
arabinofuranosyvluracil (1). It has been shown previ-
ously that alkylation of the exocyelie amino function of
evtosine nucleosides, such as 2'-deoxy-5-fluoroevtidine
produced a marked decrease of the susceptibility of
such compounds to deamination by bacterial deauii-
nages.” It was further shown* that 4 also =crves ax a
substrate  for hactertal  deaminases.  The  S-fluore
analog (4b, R’ = H)? was al=o effective against several
mouse leukemias, but this analog. too, is degraded by
human liver or mouse kidney deoxyeyvtidine deaminases
to 1b. R = H.S  These vesults® suggested the =yvi-
thesis of N-substituted derivatives of 4a and 4b o~
potential chemotherapeutic agents and/or ax deoxy-
evtidine deaminase inhibitors. The present repord
describes the synthesis of several of these N-substituted
derivatives selected for biological evaluation.

The syntheses of Ni-=ubstituted arabinosyleytosine
nucleosides (4) were accomplishied by the thiation
process** which nvolved thiation of a suitably pro-
tected nuelcoside (1) with phosphorus pentasulfide i
pyridine to give thi 4-thiones (2 followed by atkylation
to the $-methvithio analogs (3). Treatment of 3 with
various nucleophiles (e.g., NH.OH, NH,NH,. CC"H;NH.)
gave the desired products (4) (Scheme I).

Though the synthesizx of 2b (R = COCH3) had been
reported,? its preparation by thiation of 1b was rather
difficult and =everal retreatments withe PuS; were
neeessary to drive the reaction to completion.  More-
over, during the extended thiatiou-reaction time, some
of the acetyl-protecting group= were apparently lost ad
2b could not be obtained in pure form.  Although crude
2b. thus obtained, was satisfactory for subsequent con-
versions, 1t was hoped that henzovl blocking groups
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