a prepataiive thin Inyer plate using CHCL-MeOH (1:1) as the
chient.  The major band was elnted from the silica gel with
MeOTE and the sohiion was cvaporated 10 dryness i racao.
The resichie (137 mg) wax dissolved in EtOA1 (3 mb) and filtered
throngh dry Celite, and the filtrate was refrigerated nntil eryvstsl-
Hzation was complete. The erystals were collected by ﬁllmlinn
and recrystallized from tOAe; vield 59 mig (2090, mp 174 1767
la] 2D —40.9 £+ 0.1° (¢ .86 g/lﬂ(b ml of N[e()ll). Thin 1.1_\«11'
chronuiography using CHCL--MeOlT (4: 11 ax the ehieni <howed
n <ingle spot.

Anal. Caled for CHuFN Oy
Found: C,46.55; 11,4.74; N, 19.30.

6-Methyl-9-3-p-xylofuranosylpurine (14 ,.-Crude 14 (646 mg)
was triturared with anhydrons ether. The insoluble gum 1hat
firmed was dissolved in EtO11 (1 mb), vrvstallization was infiiated
by serutching, and the solution was diluted with additional EtOTL
and refrigerated overnight. The erystals (130 mg) that formed
were collected by filtration, washed (EtOH, Et.,0), aud recryvstal-
lized from EtOH (5 mb) to give the pure 8 anonier: yield 117 rug

, 46.410; 1, 4610 N, 1070,
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(24001, mp 162-163° (Mel-Temp), {al®n —-53.0 & 0.1° (¢ 103
g/100 ml of MeOH ;. Thin fayer chyomarography nsing CHCL,
MeOT! (4: 1y axhe ul)wm showed a =ingle xpor.

dnad. Caled for NGO 0 80620 11 a0
FFonnd: € 4001 ll " 320 N, U4,

A sample of ehromarographieally: honibgeneods e anbuier was
sobated as an oil by repeatal preparative thin laver eliromatog-
raphy using CHCE-NeOH 2321 as vhe elaem s fa! %D — 104 -
3% e g/ Totmt ol MypO11 s

N, 20,
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The Synthesis and Properties of 2,6-Dihydroxylaminopurine
and Its 9-3-p-Ribofuranosyl Derivative'
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Syntheses of

sarcoma were iithibited by 2

of §-mercaptopnrine.

The biological activity shown by the adenine analog,
6-hydroxylaminopurine,? and the marked ihibitory
effect of its 9-B3-pD-ribosyl derivative on mousc leu-
kemias® stimulated our interest in the synthesis of the
corresponding 2,6-dihydroxylamino compound\‘ These
derivatives can be considered as analogs of 2,6-diamino-
purine, the first puriue reported to exert an inhibitory
effect on mouse leukemia.* A bishydroxylamino
derivative, dihydroxyurea, has recently been found to
be a powerful inhibitor of DNA biosynthesis in Hel.:
cellsd aud to be active against several experimental

(1) This investigation was shpportel by funeds froro the National Canesr
lnstitute (Grant No. CA 08748), The Atomie Iinergy Cominission (Contract
No. AT]30-1], 910), and aided by Grant No. T-1281" from the American
Cancer Society, Grant T45, an Ethel .\, Shaffer Memorial Grant for Cancer
Research fromn the American Cancer Society, and U. 8 Public 1{ealth Service
I'ellowship No. 1-1°3-CA-32,812,

(2) (a) \. Giner-Sorolla and A. Bendich, J. Am, Chem. Sae., 80, 4052
(1958); 1) A. Giner-Sorolla, Ph.D). Thesis, Cornell University, lchaca.
N. Y.; Dissertation Abstr., 20, 1148 (1959): (c¢) A. C. Sartorelli, A. 1.
Bieher, P. K. Chang, and G. A. Vischer, Biockew. Pharmacol., 18, 507
(1464); «l) F. F. Pecora and M. k. lalis, 1hid., 18, 1071 (1964): (e) A.
Giner-Sorolla, Galenica Acta (Madrid), 18, 97 (19€6).

(3) () A. Giner-Sorolla, L. Medrek, and A. Bendich, Abstracts vf ihe
150th National Meeting of the American Chemical Society, Atlantic City,
N. J.. Sept 1965, p AP; () A. Giner-Sorolla, L. Medrek, and A. Bendicly,

Med. Chen., 9, 143 11966): (c) 1. H. Burchenal, J. J. Fox, A. Giner-
Sarolla, and A. 3endich, Nlth Congress of the International Society of
llownatology, Syvdnrey, Anstralia, 1066, p 2270 (d) J. H. Burchenal, M.
Dollinger, J. Butterbaugh, 1. Scoli, and \. Ciner-Sorolla, Biochem. 1'harma-
col., 16, 423 (1067).

(1) (a) G. B, Elion and G. 1L Hiuchings, J. B1d. Chem., 187, 511 {14507
(I A, Bendieh and G. B, Urown, [hid., 176, 1471 (1048): (¢ J. 1L
Burchenal, A. Bendich, G, B. Brown, ¢. B. Elion, G. H. Hitchings, C. I'.
Rbaads, and C. €. Stock, Cancer, 2, 119 (1949): (d) L. L. Bennett, Jr.

1., Skipper, . C. Stock, and C. P. Rhoads, Cancer Rea,, 18, 485 (1943).
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2,6-dihyriroxylaminopnrine and iis 9-g-p-ribohirannsyl derivalive from the corresponding 6-
chloro-2-fluoro compounds and hydroxyvlamine are deseribed.
the corresponding diamines by reduetion with Raney nickel.

The dihydroxyviaminopurines were converted into
Neveral mouse leukentias and Ridgeway osteogenic

,6-dihydroxylaminopurine, and the partern of activity in varions resistant Hues nf
mouse leukemia suggested that thiz enmpoind may exert its

antilenkemie etffect by o mechanism <imilar to that

tumors.®  Related hydroxylamine derivatives induce
chromosomal aberrations in eultured mammalian cells
and exert a direct degradative action on DNA7

The bishydroxylamino derivatives were obtained by
niteraction of 6-chloro-2-fluoropurine or its Y-ribosyl
derivative with ethanolie hydroxylamine.  Reaction of
G-chloro-2-fluoropuriue® (I) (Scheme I) with ethanolic

Senpvg |

¢ c;fOA, NHOH NH,

AN

I L 4 KX
HORN IS

&5 2 H NN N

R

R
et il
;k 0,8 m R: H

F:j \> u)flg"

HOCHz, o HOCHZO 9 R 3-D-nbofurgnosyt ¥, R= B-0-nbofuronosyt
OH OH CH Or
javs v

hydroxylamine in the presence of chloride ions afforded
2,6-dihydroxylaminopurine (IT) in 709, yield, which

(M (a) Co W, Young and 8. MHodas, Science, 146, 1172 (1964); () €.
W. Yonng, G. Se¢boebecman and . A, Karnofsky, Cancer Res., 27, 526
(16967), () C.W. Yonug, (. Schoclierman. 3. [Todas, and 3. . Balis, ddd.,
27, 535 (1967).

(6) G. 8. Tarnowski, W, Kreis, I'. A, Sclhinid, J. . Caprceino, and J. 11.
lturclienal, 1hid., 26, Par 2, 1279 (1966).

(7) (a) E. Borenfreund, M. Kriin, and A. Bendich, J. Nat. Canerr Tist.,
32, 667 (1964): (b) A, Bendich, E. Borenfrennd, G. C. Knrngoid, 3. Kria,
and M. E. Balis, /s2. Lambardo Acad. Sci. Letters, 214 (1963).

(8) J. .\ Montgomery and K. lewson, J. Am. Chem. Sac., 82, 403 (1060,



January 1968

upon treatment with Raney nickel, gave 2,6-diamino-
purine® (IIT).

The synthesis of 2,6-dihydroxylaminopurine (II)
and its 9-ribosyl derivative (VI) was achieved only by
the reaction of ethanolic hydroxylamine and the cor-
responding 6-chloro-2-fluoro derivatives. Reaction of
hydroxylamine with 2,6-dichloropurine led only to
2-chloro-6-hydroxylaminopurine, a reaction which is
analogous to the conversion of 2,6-dichloropurine to
2-chloro-6-aminopurine upon aminolysis.’®  Appar-
ently, the 6-methylthio is a better leaving group
than the 6-chloro in 2-amino- or 2-hydroxypurines in
their reactions with hydroxylamine and ecatalytic
amounts of chloride ions.! However, when a fluorine
atom is substituted at C,, the methylthio group at Cs
is resistant toward nucleophilic displacement by
hydroxylamine, and 2-hydroxylamino-6-methylthio-
purine'? is obtained even in the presence of chloride
lons.

2-Fluoro-6-mercapto-9-8-p-ribofuranosylpurine® (IV)
was chlorinated!® to give 6-chloro-2-fluoro-9-8-p-ribo-
furanosylpurine (V) in 379, yield. Reaction of V
with ethanolic hydroxylamine led to 2,6-dihydroxyl-
amino-9-8-p-ribofuranosylpurine (VI), which was con-
verted to the corresponding 2,6-diamino derivative®
(VII) by Raney nickel treatment. 2,6-Dihydroxyl-
amino-9--p-ribofuranosylpurine (VI) was found to
decompose in agueous solution when kept at 5°.  After
a few weeks at room temperature, VI was transformed
into a substance which showed a negative FeCl; test
(loss of HONH group). Dihydroxylamino derivatives
in the pyrimidine series have also been found to be
unstable and readily oxidized,'* as is dihydroxyurea.!s

Solutions of V in ethanolic hydroxylamine (1 A{)
gave a positive FeCl; test (intense blue color) after a
few minutes at 25°, indicative of a rapid reaction of
hydroxylamine with V. This ease of reaction contrasts
with the slow conversion rate of 6-chloro-, 2-amino-,
and 2-hydroxy-6-chloropurines under the same condi-
tions. 2-Fluoro-6-methylthio-9-8-p-ribofuranosylpurine
(prepared from IV by methylation with CH;I) failed
to yield VI by hydroxylamine treatment, with or with-
out chloride ions, and the starting material was re-
covered unchanged.

Biological Activity.—2,6-Dihydroxylaminopurine was
evaluated, by methods previously reported, for its
chemotherapeutic activity in prolonging the survival
time of mice with L1210 and P815 leukemias. This
compound was also studied in sublines of L1210 leu-
kemia resistant to 6-mercaptopurine (L1210/6-MP)
and to 6-hydroxylamino-9-g8-p-ribofuranosylpurine
(L1210/HAPR), and in a line of P815 leukemia re-

(9) (a) A. Bendich, J. F. Tinker, and G. B. Brown, J. Am. Chem. Soc.,
70, 3109 (1948); (b) J. Davoll and B. A. Lowy, ¢bid., T8, 1650 (1951).

(10) (a) J. A. Montgomery and L. Holum, ibid., 79, 2185 (1957); (b) S.
R. Breshears, 8. 8. Wang, S. G, Beclitholt, and B. E. Cliristensen, ibid., 81,
3789 (1959).

(11) A. Giner-Sorolla, 8. A. O'Bryant, J. 1. Burchenal, and A, Rendich,
Biochemisiry, 8, 3057 (1966).

(12) A. Giner-Sorolla, in preparation.

(13) (a) Wellcome Foundation Ltd., British Patent 767,216 (1857): Chem.
Abstr., 81, 14796d (1957); (b) R. K. Robius, J. Am. Chem. Soc., 82, 2654
(1960): (¢) J. F. Gerster, J. W, Jones, and R. K. Robins. J. Org. Chem., 28,
945 (1963); (d) R. K. Robins, Biochem. Prepn., 10, 145 (1963).

(14) (a) D. M. Brown and P. Schell, J. Chem. Soc., 208 (1965); (b) L.
Wempen, N. Miller, E. A. Falco, and J. J. Fox, in press.

(153) E. Boyland and R. Nery, J. Chem. Soc.. 360 (1966).

(16) M. R, Dollinger, J. H. Burchenal, W. Kreis, and J. J. Fox, Biochem.
Pharmacol., 16, 689 (1967).
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TaBLE I
EFFrCT 0F 2,6-DIHYDROXYLAMINOPURINE (DHAP) (II)
AND OrHeEr CHEMOTHERAPEUTIC AGENTS ON SURVIVAL
Trve oF Mice witH L1210 axp P815 LEUKEMIAS AND
ResistanT SUBLINES THEREOF

Dose, Wt Sirvival
mg/kg/day change, time, ILS,
Lenkemia Drug X 10 g/days® days A
L1210 DHAP 30 —-1.2/8 13.2 59
DHAP 25 +0.4,/8 13.2 59
6-MP° 20 —-0.9/5 13.8 66
Control +2.6/d 8.3
L1210/6-)\ P9 DHAP 100 +1.3/7 8.2 —-15
DHAP 30 +1.1/7 8.1 - 16
6-)MPe¢ 20 +2.2/7 9.3 -4
HAPRS® 200 +0.9/7 23.2 139
Control +3.4/7 9.1
L1210/HAPR/ DHAP 50 -1.5/6 12.8 36
DHAP 23 —-0.3/6 13.7 46
HAPR® 200 +1.6/6 8.2 —-13
6-MP* 20 —-0.7/6 25.1 167
Control +1.9/6 9.4
P815 DHAP 100 —-2.3/11 10.3 16
DHAP 30 +1,7/11 14.2 60
6-MP° 20 +2.3/11 12.2 37
Control +2.5/4 8.9
P815/6-M D¢ DHAP 100 +1.0/8 8.0 —11
DHAP 30 +1.1/8 8.5 -4
6-MP* 20 +1.6/8 8.1 -9
HAPR® 200 +0.4/8 21.6 142
Control +1.3/8 8.9
11210 HAPR® 200 +0.8/8 17.6 100
Control +4.0/8 8.5

¢ Average weight change/day after injection on which given
weight was taken. ? Increase in life span (per cent). © 6-Mer-
captopurine. ¢ Resistant to 6-mercaptopurine. ¢ 6-Hydroxyl-
amino-9-g-n-ribofuranosylpurine. / Resistant to 6-hydroxyl-
amino-9-g-n-ribofuranosylpurine.

sistant to 6-mercaptopurine (P815/6-MP). These
leukemias were carried in ¥; hybrids of the C537B1 X
DBA/2 cross (BDFy). Control and treatment groups
contained ten mice each, and treatment was initiated
24 hr after the intraperitoneal inoculation of 1 million
leukemic cells, and continued once daily intraperitone-
ally to a total of ten doses. Results are expressed in
Table I as percent increased life span (ILS, 9), values
over 50% being considered significant, and values over
1009 highly significalt.

2,6-Dihydroxylaminopurine was active against L1210
and P815 leukemias, the activity in L1210 leukemia
being about the same to one-half that of 6-mercapto-
purine on a molar basis. Sublines of L1210 and P815
leukemias resistant to 6-mercaptopurine were also
resistant to 2,6-dihydroxylaminopurine. Since 6-mer-
captopurine is known to be converted to an active
nucleotide by IMP/GMP pyrophosphorylase, activity
of which is reduced or lost in lines of mouse leukemia
resistant to 6-mercaptopurine,!” the cross-resistance in
these resistant lines between 6-mercaptopurine and 2,6-
dihydroxylaminopurine suggests that the latter com-
pound may also be converted to an active nucleotide
by a similar enzymatic pathway. A line of L1210
leukemia resistant to  6-hydroxylamino-9-8-p-ribo-
furanosylpurine (L.L1210/HAPR), which is probably
converted to an active nucleotide by adenosine kinase,®d
was still sensitive to 6-mercaptopurine and, to a lesser
extent, to 2,6-dihydroxylaminopurine. In dosages
that had a significant antileukemic effect in mice,
there was no acute toxicity, as measured by weight
loss, from 2,6-dihydroxylaminopurine.

(17) R. W. Brockinan, Cancer Res., 35, 1596 (1965).
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2,6-Dihydroxylaminopurine  was  also  evaluated
against the Ridgeway osteogenie sarcoma grown iu
CHIKRI (AKR/J X C3H) female mice. IFragments
of solid tumor were 1noculated subentanconsly ria
trochar and treatment was started. in groaps of tive
mice. 5 days after tumor mmplnitation and coutined
daily for 7 davs. At a dosage of 62.5 mg/ kg /day, the
treated/control (1/C) value for average tumor dizimeter
at the end of therapy was 0.520 aud 1 week Iater was
0.35 (average of two experimelis).  These results are
considered significant in thix tumor system. Treat-
ment with 31.3 mg/kg/day resilted i simike 7.°C
valties.

Screening tests with 2,6-dihyvdroxylamino-9-g-n-ribo-
furanosvlpurine (VI) are being condneted and the re-
silts will be prescuted elsewherce,

Experimental Section™

2,6-Dihydroxylaminopurine (II).---6-Chloro-2-Huorapurine (I,
1.0 g, 3.5 mmoles) was dissolved 1 1 3 ethanolic NHLOH (100
ml)? containing 307 aqueons NIT,OIL-HC (1 mDHY and refhixed
for ¢ hr. After standing overnight at 23°, she resnhing pre-
cipitate was washed (H:0, IStOI) nad dried.  Colorlesxs prizns
were obtained which explode ar 260° when preheated ar 2350°:
vield 0.76 g (70%¢), recrystallized (R0U¢ aqueous FtOMH).  Anal.
(C;HeNO,) G, H, N,

Componnd IT gave ain inteuse blue color with FeCly sohition
and a red-brown color with 2 & NaOH, which darkened (azoxy
formation). II exhibited at pH 7.0 (0.01 3] phosphate buffer
Mncax 279 g (€ 8.0 X 103}, Ayin 261 mu (e 6.4 X 103).

6-Chloro-2-fluoro-9-3-p-ribofuranosylpurine (V).——2-I'horo-6-
mercapto-9-g-v-ribofuranosylpurined (IV, 5.6 g) (prepared from
J-amiino-G-mercapto-H-g-p-ribofuranosylpurine'?) was  dissolved
i concentrated HC (7.0 ml) and MeOH (4 ml) and saturated
at —3° with HCL Cl, was bubbled through with mechanicul
stirring at — 10° until a =ample vf the reaction mixture hleached
pH indicator paper (45 mun). The mixture was kept at —10°
for 15 min and the pll was adjnsted to 7.2 by careful addition of
concentrated aqueoils N1, ac o remperature below 0° The
resulting shurry was dissolved in HO (ca. 50 ml) and extracted

(18) Uliraviolet alworptian spectra were decermined wirhh a Cary -
Lording spectropbocometer, Model 11, Faper chromatograms were rm
Iry tlee ascending method on Whatinan Ne. 1 paper in the fallbwing solvent
wystemns:  water satnrated with l1-hutanol; l-buranol satnrated with water
(with or withont 104, ammmonia): 1-huianol-forinic acid--water (77:120:13,
v/v). Melting points were taken in a Thomas-Hoover Unimell apparatin=
and were corrected.  The microanalyses were carried oot hy Spang Micro-
analytical Laboratory, Aun Arbor, Mieh., and by Galbrairh Analyciceal
Lahoratory, Knoxville, Teun.  Wlhere annlyses are indicated by the syvinlaiz
of Lhe elements ouly, aoalytical resulls obheained for chose elements were
within ==0.3% of tlie calenlated values,

(19) J. J. Yox, 1. Wewipen, A, llampton, and 1. L. Doere, J. JLu. Chern.
Soc., 80, 1664 (1958).

Vol T

i a ligmid-lignid exirneroy with erher for 4% e Upon evaporo-
tion of the ethereal oxteact; 2.1 g (3770 o colorless prisms, mp
1487, were phiained: recrvstallized 1100 Xe o mp 1667, Dl
cCpHLCHENLO 001100 O, 1, CL 1) NV exhibited, ar pll 1L
N 209 g fe 0.6 X 10%5 at pll 7.0 adD 37 phosphate bntfer
Aoy 2680 Mg e L x 1086 pll 13, Aee B3O8 mig ve 7.7 103,
Nowin 209 I 1e 1.2 3 10%),

2,6-Dihydroxylamine-9-s-n-ribofuranesylpurine 1 ¥1). A =i
pensgion of VIGO0 g, 3imoles) 1? M anhydrous ethanolie NH.GH
150l wus kept ander Noooa 252 far 15 min, - After a few min-
nres a1 25°%, a positive FeC'l test (deep blue colory was abtained,
The resnlting sobnion was heated at 707 for 3 hr and evaporated
toalraness éoenceo ni room remperatine to vield 005 g of a glass.
A =ample of this mmerial wos rhromatographed on paper ax a
band nsing warer ~ammamal winh Bnoll The uv-abrorbing
Land was elated with MeOH and o colorless erystalline material
c<hort peedlesd wax obtaimed, mp H-192° (wvith chamring o
dnal cCGEGNGO - TR0 C T NO VT gnve an intense hlne
color with FeCL <ol and o ved-hrown color with 2 .V NaO1l,
whirh darkenrd fazoxy fomumions  Agneous solntions of V1
decompared altm =everal days when kepto ot 5% Aleer o few
week= at 25° Voo =olid formrwas transformed into o snbstaner
whicle gave o megaiive FeCl tes floss o TTONID gronpe VI
exhibited a1 plt 7.0 10,01 0 phosphare huffer), Ny 222,05, 2011
and 270 0shonlders Xy, 245 .

Refhnxing 2-flnoro-6-mer hylthio-h-g-n-ribofiaanosvipmdme o g5
with ethanolic NTLOTL 1400 mlcin the presence £1 ml) or absenee
ol 3070 NTLOTL-TTCT T Is T Taidled to vield VEG The starting
material wos recovered nnelinged.

Treatment of II and VI with Raney Niekel--2,G-Dihyvdroxyl-
amivopnrine (29 mg) was nspended inoa 5390 agneous Nl
o5 mbi and Raoaey nivkel 7100 mg) was added.  After boiling
for 2 hr, the sa=pevsion wax fileved while hor. The filtrate
<howed the v specimm ol 26-dizminopurine® (1111, Paper
chromatograms o 1hree salvent svstems showed A values iden-
Heal wilth those of an anthemie <mmple of I A similar trea -
men of VI resdled he il= conversion inlo a salution with nv
spectra al pt 6.7 and A vabies in three solvenn systems identieal
with those of 26-dismina-O-g-v-ribofinano=viparine® (V1)

Hydrolysis of Il and VL.*%- - 11 :unl VI were hydrolvzad wirh 2
N HCH 2 by ai 1907 {or 15 min 1o xanthine which was identified
by il nv <pectinm ot nenntaly acid, and allaline pH vadines,
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