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Potentiometric titration of l i b (0.1668 g./lOO ml. of 50% etha-
nol) with 0.0995 N NaOH gave a pifa of 6.75. The starting re
agent, lb (36.2 mg./lOO ml. of water, titrated with 0.025 X 
NaOH), had pKH = 4.36 and pK^ = 8.92. 

Anal. Calcd. for Ci2H10N2O3: C, 62.60; H, 4.38; N, 12.17; 
mol. wt., 230.2. Found: C, 62.34; H, 4.49; N, 12.17; mol. wt., 
232.8. 

The cyclization reaction was repeated as above except that 40 
ml. of 1,1,2,2-tetrachloroethane was used as the solvent and the 
refluxing time was reduced to 2 hr. This was the preferable 
method of preparation, as l i b was more soluble in the boiling 
solvent and crystallized in 76% yield upon filtering and cooling. 
Cyclization was effected also in polyphosphoric acid, but the yield 
of l i b was low. 

2-(Anilinomethyl)-7,7a-dihydro-7a-methyl-lH-pyrrolo-
[l,2-c]imidazole-l,3,5(2H,6H)-trione (lie).—This compound was 
prepared by condensing Ha with equivalent quantities each of 
formaldehyde and aniline according to the procedure described 
previously3: yield 65%. After recrystallization from ethanol, 
it melted at 152-152.5° 
v CH30H-HC1 282, 239.5 mM(« 796, 7871); \ 

287, 240.5 m P (e 1757, 11,410); 
C H 3 0 H - K O H 286.5, 238 mM 

(£1782,12,708). 
Anal. Calcd. for C14H15N303: C, 61.53; H, 5.53. Found: C, 

61.73; H, 5.70. 
In a similar manner 2-(anilinomethyl)-7,7a-dihydro-7a-phenyl-

lH-pyrrolo[l,2-c]imidazole-l,3,5(2H,6H)-trione (lid) was pre
pared from l i b in 86% yield. After recrystallization from 
ethanol, it melted at 150-151°; X™fH 287, 267, 240 mM («1871, 
1073, 13,414); X™fH-HC1 281.5, 267, 263, 239.5 mM (e 547, 471, 
584, 5165); xSfH~K0H 287, 231 mM (e 1841, 21,228). 

Anal. Calcd. for Ci9Hi,N303: C, 68.05; H, 5.11. Found: C, 
68.25; H, 5.10. 
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The simple derivative of adenine, 6-hydroxylamino-
purine,2 has been found to induce mitotic inhibition and 
nuclear degeneration of mouse Sarcoma 180 cells, but 
not normal embryo skin fibroblasts, over a concentra
tion range of 10~6 to 10~4 M.z When administered 
intraperitoneally to rats and mice at a single dose of 
500 mg./kg., or at lower dosages over prolonged periods, 
6-hydroxylaminopurine proved to be toxic (LD60 for a 
single dose, 470 mg./kg.).4 
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Institute, National Institutes of Health, Public Health Service (Grant CA 
03190-09) and The Atomic Energy Commission (Contract No. AT [30-1], 
910) and aided by the Grant T-128F from the American Cancer Society 
and the First National City Bank Grant for Research from the American 
Cancer Society. Presented in part at the 150th National Meeting of the 
American Chemical Society, Atlantic City, N. J., Sept. 1965; Abstracts, 
p. 5P. A. B. is the recipient of a Public Health Service Research Career 
Award (3-K6-CA-22,533-01Sl) from the National Institutes of Health. 

(2) A. Giner-Sorolla and A. Bendich, J. Am. Chem. Soc, 80, 3932 (1958). 
(3) J. J. Biesele, unpublished results. 
(4) A. Giner-Sorolla, Ph.D. Thesis, Cornell University, 1958; Disserta

tion Abstr., 20, 1148 (1959). 

Since 6-hydroxylaminopurine was inhibitory to 
several mouse tumors and leukemias (Table I) and 
was toxic, 9-/?-D-ribofuraiiosyl-6-hydroxylanimopurine 
(II) was synthesized. It was found to induce a com
plete inhibition of mouse leukemia P815, but was 
ineffective on solid tumors. Mice survived the daily 
administration of 500 mg. of II for 2 weeks and a dose 
of 250 mg. for 3 weeks. 

T A B L E I 

E F F E C T O F S O M E H Y D R O X Y L A M I N O P U R I N E D E R I V A T I V E S 

ON M O U S E T U M O R S AND L E U K E M I A " 

Dose, 
mg./kg./day Result 

6-Hydroxylaminopurine 
Sarcoma 180 125 
Mouse carcinoma E0771 125 + 
Mouse carcinoma E0771 250 + 
Mouse carcinoma C1021 125 + 
Ridgway osteogenic sarcoma 125 — 
Ridgway osteogenic sarcoma 250 ± 
Mouse leukemia P815 250 + 
Mouse leukemia P815 resistant to 150 ± 

6-mercaptopurine 
Mouse leukemia P815 resistant to 40 — 

6-mercaptopurine 
9-0-D-Ribofuranosyl-6-hydroxylaminopurine (II) 

Sarcoma 180 62.5 — 
Mouse carcinoma E0771 125 — 
Ridgway osteogenic sarcoma 125 — 
Mouse leukemia B82 125 ± 
Mouse leukemia B82 62.5 — 
Mouse leukemia P815 150 + + + 
Mouse leukemia P815 resistant to 135 + 

6-mercaptopurine 
Mouse leukemia P815 resistant to 90 + 

6-thioguanine 
Mouse leukemia P388 resistant to 90 + 

6-thioguanine 
° The agents were administered intraperitoneally in physi

ological saline containing 0.5% carboxymethylcellulose for 2 
weeks. —, no effect; ± , slight inhibition; + , moderate 
inhibition; + + + , complete inhibition. Data courtesy of Dr. 
K. Sugiura and C. C. Stock of the Division of Experimental 
Chemotherapy. 

The synthesis of 9-/3-D-ribofuranosyl-6-hydroxyl-
aminopurine (II) was achieved in 90% yield by treat
ment of 9-/3-D-ribofuranosyl-6-chloropurine (I) with an 
excess of hydroxylamine in ethanol. Compound II was 
catalytically hydrogenated to adenosine (III) in 93% 
yield (Scheme I). Attempts to prepare II from either 
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6-mercapto- or 6-methylmercaptopurine riboside upon 
interaction with hydroxylamine were unsuccessful; 
hypoxanthine or inosine were the reaction products. 
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Experimental Section5 

9-/3-i>-Ribofuranosyl-6-hydroxylaminopurine (II).—9-/3-D-
liibofttranosyl-6-chloropurine6 (I, 2.83 g., 10 mmoles) was dis
solved in an ethanol solution of hydroxylamine (350 ml., pre
pared as indicated in ref. 2), heated at 50° for 6 hr., and then kept 
at 25° overnight. The crystalline product which deposited was 
collected and washed with a little cold water and then with 
ethanol to yield 2.58 g. (90%), m.p. 210-212°. Upon recrystal-
lization from methanol, colorless thin needles, m.p. 218°. [«]-;,n 
— 57° (c 0.5, water), w7ere obtained. 

Anal. Calcd. for CioHiaN605: C, 42.40; H, 4.59: X, 24.73. 
Found: 0,42.19; H, 4.86; X, 24.54. 

The product (II) gave positive FeCla and phosphomolybdale 
tests, both indicative of the hydroxylamino function. II was 
recovered unchanged after 3 hr. boiling in water (10% solution) 
and after heating the same solution at 125° in an autoclave for 1 
hr. The solubility of II was 6.9 g./l. of water at 25 ± 1 °. 

Ultraviolet Spectral Properties.—Compound II exhibited at pH 
1.4, Xmax 265 m,u(e 17.7 X 103); at pH 6.7 (phosphate buffer), Xmax 
265 mM (e 14.3 X 103); at pH 12.2, Xm!lK 252 mrf shoulder at 
310 mM; at pH 1.4, Xmi„ 232 mM (c 3.31 X 103): at pH 6.7, Xmiu 
230 HIM (e 4.65 X 103); and at pH 12.2, Xmi„ 230 mM; pA% = 
3.1 ±(U,pA% = ().7±0.1.« 

Hydrogenation of II.—9-0-D-Ribofuranosyl-6-hydroxylamino-
purine (II, 40.0 nig., 0.14 mmole) was dissolved in 95% aqueous 
ethanol (10 ml.), 5% platinum-on-eharcoal catalyst (25 mg.) 
was added, and the suspension was hydrogenated at 1 atm. at 
25°. After uptake of the theoretical volume of H2, the suspen
sion w'as filtered, the catalyst was washed with a little ethanol, 
and the combined nitrates were evaporated to dryness under re
duced pressure. The residue was washed with 1 ml. of ethanol 
and a crystalline product was obtained (34.2 mg., 93%), m.p. 232-
234°. The product, which no longer gave the FeCl3 and phos-
phomorybdate tests, was identified as adenosine (III) by its mix
ture melting point, ultraviolet spectra at different pH values, and 
from Hi values in several solvent systems. 

(5) Ultraviolet absorption spectra were determined with a Cary recording 
spectrophotometer, Model 11. Paper chromatograms were run by the 
ascending method on Schleicher and Scbuell No. 1 paper in the following 
solvent systems: water saturated with 1-butanol; 1-butanol saturated 
with water (with or without 10% ammonia); 1-butanol-formic acid-
water (77:10:13, v./v.). Melting points were taken in a Thomas-Hoover 
Unimelt apparatus and were corrected. The microanalysis was carried out 
by Spang Microanalytical Laboratory, Ann Arbor, Mich. 

(0) G. 11. Brown and V. S. Weliky, ./. Biol. Chem., 204, 1019 (1953S; 
supplied by Cyclo Chemical Corp., Los Angeles, Calif. 

(7) The instability of II in alkali prevented precise determination of e. 
(8) For comparison, the corresponding values for 6-hydroxylaminopurine 

determined by titration are pivai = 3.80, piva., = 9.83, and prv>. > 12. 
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Although some N-substi tuted ureidobis(l-aziridinvl)-
phosphine oxides, R N H C ( 0 ) N H P ( 0 ) [NCHaCHR'], . 

( I l l ) , have been reported recently,1,2 neither a satis
factory method to obtain these difficultly accessible 
substances has existed so far, nor -were the previously 
prepared representatives of this class sufficiently iden
tified. I t has been found tha t compounds of the general 

(1) A. A. Kropacheva, G. I. Derkaeh, I.. P. Zhuravleva, N. V. Sasonov, 
and A. V. Kirsanov, Zh. Ubshch. Khim., 32, 5, 1540 (1962). 

(2) Z. P. Papanastassiou and T. J. Bardos, J. Med. Pharm. Chem.. 
6, 1000(1962). 

structure I I I are highly potent chemosterilants, : i com
parable in their biological activity with 2,2,4,-4,0.fi-hexa-
kis(l-aziridinyl)cyclotriphos])lia-l,;'),."i-(rioii(>(AphoI;it(\) 
and related compounds.4 

We have found a convenient method to obtain X-
aiylureidophosphoryl dichlorides, R N H C ( 0 ) X H P ( O ) -
Cl>> (II) , the precursors of I I I , by treating isoeyanato-
phosphoryl chloride (I) in *iiu with various (especially 
aromatic) amines. Kquimolar amounts of phosphorus 
pentachloride and ethyl carbamate in a small volume 
of ethylene chloride solvent gave 1% This solution was 
utilized directly for the addition reaction with amines 
without prior removal of the solvent and vacuum dis
tillation. The distillation of I results in partial poly
merization and therefore reduction in yield. The direct 
use of the crude I solution with various amines causes 
the desired intermediate I I to be obtained in higher 
yields, based on the amount of phosphorus pentachlo
ride employed, and avoids completely the use of the 
large volume of ether previously necessary for conduct
ing the amine addition reaction.1 

Table I compiles compounds of the general formula, II 
which have been prepared and utilized for further reac
tion with aziridines to obtain compounds of structure 
I I I . Surprisingly, it has been found that the conver
sion of I I to I I I can be conducted in aqueous sodium 
hydroxide solution at — •"> to 1">°. This method is a 
distinct advantage over the method in benzene or other 
anhydrous solvents using tertiary liases as hydrogen 
chloride acceptors, since it produces a more easily 
purified crude I I I free of phosphorus-bonded, ionizable, 
chlorine-containing contaminants. 

The method proved to be especially useful in the 
synthesis of X-o,4-dif:hlorophenylureidobis(l-aziri-
dinyljphosphhie oxide (Hid) which was the subject of 
intensive experimentation. 

r 0t >H.J 
Hid 

The aqueous sodium hydroxide method as well as 
the benzene-triethylamine method was also used in the 
preparation of the propylenimine derivative IIU, an
other powerful insect chemosterilant of low mammalian 
toxicity. 

In Table I I the N-substi tuted ureidobis(l-aziridinyl)-
phosphine oxides of the general structure I I I which were 
prepared are given. While most of these compounds 
do not dissolve readily in ordinary organic solvents, 
dimethylformamide is suitable in some cases for 
recrystallization. However, sufficient recovery of 
large quantities of these chemicals from this solvent is 
difficult to achieve. Compound H i d , synthesized 
several times in larger amounts by applying the aqueous 
alkali method, was obtained in sufficient purity by 

(3) Biological data was obtained by Pesticides Research Group, E. II. 
Squibb Co., Division of the Olin Mathieson Chemical Corp. A compre
hensive publication covering these data will appear separately. 

(4) R. Rata and C. Grundmann, U. S. Patent 2,858,306 (Oct. 28, 1958): 
R. Ratz, E. Kober, C. Grundmann, and G. Ottmann, Inorg. Chem., 3, 757 
(1964). 

(5) A. V. Kirsanov and M. S. Marenets, J. Gen. Chem. IhHSR, 31, 1496 
(1901). 


