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a preparative thin layer plate using CHCls-MeOH (0:1) as (he 
eluent. The major band was eluted from the silica gel with 
MeOH and the solution was evaporated lo dryness in racuo. 
The residue (1M7 mg) was dissolved in EtOAc (*)> ml) and filtered 
through dry Celite, and the filtrate was l'efrigerated until crystal
lization was complete. The crystals were collected by filtration 
and reerystallized from 'EtOAc: yield oil mg (21)'/,'), mp I 74 17ti°, 
[a\riu - 40 .0 ± 0.1° (c O.S0 g/100 ml of MeOH). Thin layer 
chromatography using CHClr-MeOII (4; 1 ) as the eluent showed 
a single spot. 

Anal. Calcd for C l b s F X j O j : C, 40.41): 11,4.01: X, 10.70. 
found: 0,46..");]: 11,4.74; X, 10..30. 

6-Methyl-9-)3-D-xylofuranosylpurine (14;. Crude 14 (040 mg) 
was triturated with anhydrous ether. The insoluble gum that 
formed was dissolved in EtOH (1 ml), crystallization was initiated 
by scratching, and the solution was diluted with additional E tOH 
and refrigerated overnight. The crystals (180 mg) that formed 
were collected by filtration, washed (EtOH, Et 20) , and reerystal
lized from EtOH (5 ml) to give the pure /3 anomer: yield 117 mg 

i24'v), nip 102-163° fMel-Temp), [a\--v> -.">:!.0 -.i 0.1° ic 1.0.'! 
g/100 ml of MeOIl). Thin layer chromatography using ('1101, 
MeOH (4: I ) as the eluent showed a single spot. 

Anal. Calnl for ('JI,.uX4<)4: (', 10.02: II, .">.:!!: V 21.0.".. 
Kound: O, 40.01: II. ."..:!2: X, 21.04. 

A sample of chromalographically homogeneous a anomer was 
isolated as an oil by repeated preparative thin layer chromatog
raphy using ( ' I lCb MeOH ;':.: 1 ) as the eluent: |«1-25i> -10 .4 •-
0.:.!° <r 1.0 g/100 ml of MeOH). 
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Syntheses of 2,6-dihydroxylaminopurine and its O-tf-D-ribofuranosyl derivative from the corresponding 0-
chloro-2-fluoro compounds and hydroxvlamine are described. The dihydroxylamiuopuriues were converted into 
the corresponding diamines by reduction with Raney nickel. Several mouse leukemias and Ridgeway osteogenic 
sarcoma were inhibited by 2,6-dihydroxylaminopurine, and the pattern of activity in various resistant lines of 
mouse leukemia suggested that this compound may exert its antileukemic effect by a mechanism similar to that 
of 6-mereaptopurine. 

The biological activity shown by the adenine analog, 
O-hydroxylaminopurine,2 and the marked inhibitory 
effect of its 9-/3-n-ribosyl derivative on. mouse leu
kemias3 stimulated our interest in the synthesis of the 
corresponding 2,6-dihydroxylamino compounds. These 
derivatives can be considered as analogs of 2,6-diamino-
purine, the first purine reported to exert an inhibitory 
effect on mouse leukemia.4 A bishydroxylamino 
derivative, dihydroxyurea, has recently been found to 
be a powerful inhibitor of DXA biosynthesis in HeLa 
cells5 and to be active against several experimental 
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tumors.11 Related hydroxvlamine derivatives induce 
chromosomal aberrations in cultured mammalian cells 
and exert a direct degradative action on DNA.7 

The bishydroxylamino derivatives were obtained by 
interaction of 6-chloro-2-fiuoropurine or its 9-ribosyl 
derivative with ethanolic hydroxvlamine. Reaction of 
(i-chloro-2-fluoropurine8 (I) (Scheme I) with ethanolic 

SCHEME I 
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hydroxylamine in the presence of chloride ions afforded 
2,6-dihydroxylaminopurine (II) in 70% yield, which 
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upon treatment with Raney nickel, gave 2,6-diamino-
purine9 (III). 

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,G-dichloropurine to 
2-chloro-6-aminopurine upon aminolysis.10 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 catalytic 
amounts of chloride ions.11 However, when a fluorine 
atom is substituted at C2, the methylthio group at C6 
is resistant toward nucleophilic displacement by 
hydroxylamine, and 2-hydroxylamino-6-methylthio-
purine12 is obtained even in the presence of chloride 
ions. 

2-Fluoro-6-mercapto-9-/3-D-ribofuranosylpurines (IV) 
was chlorinated13 to give 6-chloro-2-fluoro-9-/3-D-ribo-
furanosylpurine (V) in 37% yield. Reaction of V 
with ethanolic hydroxylamine led to 2,6-dihydroxyl-
amino-9-/3-D-ribofuranosylpurine (VI), which was con
verted to the corresponding 2,6-diamino derivative95 

(VII) by Raney nickel treatment. 2,6-Dihydroxyl-
amino-9-)3-D-ribofuranosylpurine (VI) was found to 
decompose in aqueous solution when kept at 5°. After 
a few weeks at room temperature, VI was transformed 
into a substance which showed a negative FeCl3 test 
(loss of HONH group). Dihydroxylamino derivatives 
in the pyrimidine series have also been found to be 
unstable and readily oxidized,14 as is dihydroxyurea.13 

Solutions of V in ethanolic hydroxylamine (1 M) 
gave a positive FeCU 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-FIuoro-6-methylthio-9-|S-D-ribofuranosylpurine 
(prepared from IV by methylation with CH3I) 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,16 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-/3-D-ribofuranosylpurine 
(L1210/HAPR), and in a line of P815 leukemia re-
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Wempen, N. Miller, E. A. Falco, and J. J. Fox, in press. 
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TABLE I 

EFFECT OF 2,6-DIHYDROXYLAMINOPURINE (DHAP) (II) 

AND OTHER CHEMOTHERAPEUTIC AGENTS ON SURVIVAL 

TIME OF M I C E WITH L1210 AND P815 LEUKEMIAS AND 

RESISTANT SUBLINES THEREOF 

Drug 

DHAP 
DHAP 
6-MP" 
Control 
DHAP 
DHAP 
6-MPc 

HAPR" 
Control 
DHAP 
DHAP 
HAPR" 
6 - M P 
Control 
DHAP 
DHAP 
6-MPc 

Control 
DHAP 
DHAP 
6-MP' 
HAPR« 
Control 
HAPRe 

Control 

Dose, 
mg/kg/day 

X 10 
50 
25 
20 

100 
50 
20 

200 

50 
25 

200 
20 

100 
50 
20 

100 
50 
20 

200 

200 

W t 
change, 
g/days« 

- 1 . 2 / 8 
+ 0.4/8 
- 0 . 9 / 5 
+ 2.6/5 
+ 1.3/7 
+ 1.1/7 
+ 2.2/7 
+ 0.9/7 
+ 3.4/7 
- 1 . 5 / 6 
- 0.3/6 
+ 1.6/6 
- 0 . 7 / 6 
+ 1.9/6 
- 2 . 3 / 1 1 
+ 1.7/11 
+ 2.3/11 
+ 2.5/4 
+ 1.0/8 
+ 1 . 1 / 8 
+ 1.6/8 
+ 0.4/8 
+ 1.3/8 
+ 0 . 8 / 8 
+ 4.0/8 

Survival 
time, 
days 

13.2 
13.2 
13.8 
8 . 3 
8 .2 
8 . 1 
9 . 3 

23.2 
9 . 1 

12.8 
13.7 

8 .2 
25.1 

9 . 4 
10.3 
14.2 
12.2 
8 .9 
8 . 0 
8 . 5 
8 . 1 

21.6 
8 .9 

17.6 
8 . 5 

ILS, 

%" 
59 
59 
66 

- 1 5 
- 1 6 

- 4 
139 

36 
46 

- 1 3 
167 

16 
60 
37 

- 1 1 
- 4 
- 9 
142 

100 

<* Average weight change/day after injection on which given 
weight was taken. b Increase in life span (per cent). c 6-Mer-
captopurine. d Resistant to 6-mercaptopurine. e 6-Hydroxyl-
amino-9-/3-D-ribofuranosylpurine. ' Resistant to 6-hydroxyl-
amino-9-/3-D-ribofuranosylpurine. 

sistant to 6-mercaptopurine (P815/6-3 IP). These 
leukemias were carried in Fi hybrids of the C57B1 X 
DBA/2 cross (BDFX). 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, %) , values 
over 50% being considered significant, and values over 
100% highly significant. 

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 I1UP/GMP pyrophosphorylase, activity 
of which is reduced or lost in lines of mouse leukemia 
resistant to 6-mercaptopurine,17 the cross-resistance in 
these resistant lines between 6-mercaptopurine and 2,6-
dihydroxylaminopurine suggests that the latter com
pound may also be conveiied to an active nucleotide 
by a similar enzymatic pathway. A line of L1210 
leukemia resistant to 6-hydroxylamino-9-/3-D-ribo-
furanosylpurine (L1210/HAPR), which is probably 
converted to an active nucleotide by adenosine kinase,3d 

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. Brockman, Cancer Res., 25, 1596 (1965). 
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2,()-Dihydroxylaminopurine was also evaluated 
against the Ridgewav osteogenic sarcoma grown in 
C H K R F ( A K R / J X C 3 H ) female mice. Fragments 
of solid tumor were inoculated subcutanenusly ria 
Irochar and t rea tment was started, in groups of five 
mice. 5 days after tumor implantation and continued 
daily for 7 days. At a dosage of ()2..> mg/kg . day, the 
treated/control (T/'C) value for average tumor diameter 
at the end of therapy was O.o2. and 1 week later was 
Q.'S'i (average of two experiments). The.se results arc 
considered significant in this tumor system. Treat
ment with Hl.'.i mg /kg /day resulted in similar T '( ' 
values. 

Screening tests with 2,t)-dihydroxylamino-9-d-]>-ribo-
furanosylpurinc (VI) are being conducted and the re
sults will be presented elsewhere. 

Experimental Section '* 

2,6-DihydroxyIaminopurine ( I I ) . - - b ' - C h l o r o ^ - r l u o r o p u r i n e (1 , 
1.0 g, 5.5 mmoles ) was d issolved in 1 . 1 / e thano l i e X I I o O I l (100 
m l ) 2 b con t a in ing 3 0 ' ) a q u e o u s X H 2 O I I • HC1 (1 m l ) 1 1 a n d refluxed 
for (5 h r . After s t a n d i n g ove rn igh t a t 25° , the resu l t ing p re 
c ip i t a te was washed (H 2 ( ) , E t O H ) and dr ied . Colorless p r i sms 
were o b t a i n e d w h i c h explode at 260° w h e n p r e h e a t e d at 2 5 0 ° ; 
vield 0.76 g (7i)c/(), recrvs ta l l ized ('SO''; a q u e o u s E t O H ) . Anal. 
(C.-,H8N802) C, I I , X . 

C o m p o u n d II gave an in tense blue color wi th KeCls so lu t ion 
a n d a r e d - b r o w n color w i t h 2 X X a O H , w h i c h d a r k e n e d (azoxy 
f o r m a t i o n ) . II exh ib i t ed a t p H 7.0 (0.01 .\f p h o s p h a t e bufferi 
Xm a , 279 m/i (e 8.0 X 103), X,uhl 261 mM U 0.4 X IO3). 

6-ChIoro-2-fluoro-9-/3-n-ribofuranosylpurine (V) .—2-Fluoro-G-
mereapto-9- /3-D-r ibofurat iosylpur ine s ( IV, 5.6 g) (p i 'epared from 
2-amino-6-mercapto-!)- /3-D-r ibofuranosylpurine 1 9 ) was dissolved 
in c o n c e n t r a t e d H O (7.5 ml) a n d AleOH (4 ml) a n d s a t u r a t e d 
at —5° w i t h 1IC1. O b was b u b b l e d t h r o u g h wi th mechan ica l 
s t i r r ing at —10° un t i l a s ample of t h e reac t ion m i x t u r e b leached 
p l l i n d i c a t o r p a p e r (45 m i n ) . T h e m i x t u r e was kep t at —10° 
for 15 m i n a n d t h e p l l was ad jus ted to 7.2 b y careful add i t i on of 
c o n c e n t r a t e d a q u e o u s NIl ' i at a t e m p e r a t u r e below 0°. T h e 
r e su l t i ng s lu r ry was dissolved in I L O (ca. 50 ml) and ext i 'acted 

(18) Ultraviolet absorption spectra were determined with a Gary re
cording .spectrophotometer, Model It , Paper chromatograms were run 
by the ascending method on Whatman \'u. 1 paper in the following solvent 
systems: water sattirated with 1-butanol; 1-butanol saturated with water 
(with or without 10b;. ammonia); 1-butanol-formie acid-water (77:1.0: lit, 
v/v). Melting points were taken in a Thomas-Hoover Unimelt apparatus 
and were corrected. The microanalyses were carried out by Spang Micro-
analytical Laboratory, Ann Arbor, Mich., and by Galbraith Anah'tieal 
Laboratory, Knoxville, Tcnn. Where analyses are indicated by the symbols 
of the elements only, analytical results obtained for those elements were 
within =1=0.3% of the calculated values. 

(19) J. J. Fox, I. Wempen, A. Hampton, and t. L. Doerr, ./. Am. Chen,. 
Soc, 80, 1669 (1958). 

in a l iqu id- l iqu id e x t r a c t o r w i th e t h e r for 4,H hr . Upon e v a p o r a 
tion of the e therea l ex t r ac t , 2.1 g (!!" ' , ) of colorless pr isms, inp 
15S°, were o b t a i n e d ; recrvsta l l ized i K t O A c ) nip Kill". Aim!. 
iO„.l ' l ,Clr 'X ;<>;-0.5]l . ,Oi C . ' l l , CI, I-', X. Y exhib i ted , at p l l I. 
,\,„;l, 200 mil < ( 0.0 X IO3;; al p l l 7.0 '0.01 .1/ p h o s p h a t e buffer), 
x, l laA 2t>o HIM u o . i x' i o 3 ! ; p l l i:;, x, l l iX : sos m M i f 7 ,7 x I O ' I , 
Xn.iaSOOmM If 1.2 X 10s I. 

2,6-Dihydroxylamino-9-ci-i)-ribofuranosylpurine i,VI). A sus
pension of Y (0.90 g,:! mmoles ) n 2 .1/ tut h y d r o u s e thanol ie XII2OII 
i 150 nil) wa> kepi u n d e r X? at 25° for 15 inin. After a few min 
utes at 25°, a pos i t ive FeCli test ( deep b lue color) was o b t a i n e d . 
T h e resul t ing solut ion was hea t ed at 70° for .'! h r and e v a p o r a t e d 
to d ryness in ruciin at room t e m p e r a t u r e to yield 0.05 g of a glass. 
A sample of I his ma te r i a l was c b r o m a l o g r a p h e d on p a p e r as a 
b a n d using wa te r s a t u r a t e d with K u O I I . T h e u v - a b s o r b i n g 
band was e l ided wi th MoOI l and a colorless c rys ta l l ine ma te r i a l 
!>lmrl needles'; was ob ta ined , nip 100-102° (wi th cha r r ing ) . 
Anul. iC : i l l l ,2- \ i t>. , '1 .75II , :0! 0 . II , X . VI gave tin intense blue 
color will) Fe( 'I.-, solul ion and a red-brown color w i th 2 X Nat MI, 
which da rkened (azoxy format ion 1. Aqueous so lu t ions of Yl 
decomposed a l t e r several d a y s when kepi, a t 5 ° . Al te r a few 
weeks al 25° , \ I in solid form 1 was t r a n s f o r m e d into a Mibslancc 
which gave a nega t ive i'VOt, lest ' loss of IIOXTI g r o u p ) . VI 

exhib i ted al p l l 7.0 1O.OI .1/ p h o s p h a t e bufl'er'1, X , 222 .5 ,200 , 
and 270 ( shou lder ' . X,,,,,, 24.'! niu. 

11 oHuxuig 2-fiut)ro-()-nielhyll hio-O-ii-D-ribofuranosylpiii ine (I g ; 
with e thanol ie XI I t i l l (400 ml 1 in t he presence (1 ml) or absence 
of .'!(>', X H . O I M I 0 1 for i s hr failed io yield VI . T h e s t a r t i n g 
mater ia l was recovered unchanged . 

Treatment of II and VI with Raney Xickel . 2,0-1 t i h y d r o x y l -
aminopi i r ine i l l , 20 nig) was s u s p e n d e d in a 5 ' ) a q u e o u s XIIs 
(5 ml) and R a n e y nickel ('100 nig) was added . After boi l ing 
for 2 lir, the suspension was t i l lered while ho t . T h e f i l t rate 
showed ihe uv s p e c t r u m of 2,(>-diaminopuriiie9 ( I I I ) . P a p e r 
c h r o m a t o g r a n i s in th ree solvent s y s t e m s showed Hi va lues iden
tical wi lh those of an a u t h e n t i c s a m p l e of I I I . A s imilar t r e a t 
ment of VI resul led in its convers ion into a so lu t ion wilh uv 
spec t ra al p l l (i.7 and A', va lues in three solvent s y s t e m s ident ical 
wi th those of 2.( i-diamiiio-0-rj- i)-r ibofuranosylpurine9 h (VII) . 

Hydrolysis of II and VT.13-" II and VI were hyd ro iyzed wilh 2 
A' 1101(2 ml) at 100° for 15 min to xanthine, which was identified 
by ils uv spec! rum a I neu i r a l , acid, ai id a lkal ine pi I va lues . 
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