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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). 
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TABLE I 

N-ARYLUREIDOPHOSPHORYL DICHLORIDES (II) 

Cl2PONHCONHR 

Compd. 

a 
b 
c 
d 
e 
f 

g 
h 
i 

J 

k 

R 

CeHs 
2-C6H4Cl 
4-C6H4Cl 
3,4-CeH3Cl2° 
2,4-C6H3Cl2 

2,4,6-C6H2Cl3 

4-C6H4CN 
2-C„H4N02 

4-C«H4N02 

4-Cl-2-N02C,H3 

I -C10H7 

.——•—•—•—One-step prepn.-—•—••—••—•—-
Yield, %" M . p . , ° C . 

91.0 121-122 
49.9 121-122 
83.5 156-157 
84.7 163-164 
76.5 157-158 
77.2 156 
90.1 170 
79.5 154-155 
88.1 163 
75.7 158-160 
77.4 134 

. Two-step prepn.' * 
Yield, %h M.p., CC. 

63.9 122-123 
39.8 118-120 
43.4 147-148 
64.4 163-165 
43.0 157-158 
56.0 157-160 
63.9 163 
62.0 143-145 
53.4 161 
41.6 152-156 
58.7 125 

a Yield based on amount of PCU used. b Yield calculated on the basis of 66.3% yield of distilled O2PONCO and the respective yield 
in diethyl ether. c Infrared absorptions of lid appeared at 2.98 (NH adjacent to aromatic ring), 3.24 (NH adjacent to P = 0 and 
C=0) , 5.9 ( C = 0 stretch), 6.53 (urea absorption), 8.1 (P=0) , 6.3, 6.8, 7.27, 7.7, 8.2, 9.5, 11.3, 11.5, 12.15, and 14.5 (aromatic) M-

acetone extraction of the crude material. The ace
tone, however, does not dissolve a small amount of by
product, CnHnC^NuCXP, m.p. 245°. From a large 
volume of dioxane, Hid can be successfully recrystal-
lized, leaving this contaminant undissolved. Since the 
infrared spectrum of this dioxane-insoluble residue is 
very similar to that of pure Hid, it cannot be detected 
by infrared spectroscopy in admixture with large 
amounts of the latter. After its isolation, however, the 
compound shows hydroxyl absorptions at 3.05 and 
9.5 jit. The absence of bands at 7.9 and 12.0 y. indi
cates disappearance of the aziridine ring with formation 
of /3-hydroxyethylamino groups. Attempted ethylen-
imine-group titration revealed complete absence of 
this three-membered ring. 

Compounds of the general structure III are insoluble 
in water. Dilute aqueous alkali, however, dissolves 
them completely. Their acidic character made it 
possible to follow effectively the course of their purifi
cation. The acid determination was done poten-
tiometrically using aniline as solvent with tetrabutyl-
ammonium hydroxide as titrant. The potentiometric 
inflection obtained with Hid was strong (~300 mv.) 
and the end point occurred at ~ + 6 5 0 mv. 

Aziridine-group titration of Hid was possible with 
potassium thiocyanate in dimethyl sulfoxide-methanol 
solution6 leading to ring cleavage and formation of IV, 
the latter being isolated as a crystalline substance. 

Hid + 2SCNT H"1 

CI—f S— NHCONHPO(NHCH2CH2SCN)2 

CI 
IV 

Attempted purification of compounds of the general 
structure III by neutralization of their aqueous alkaline 
solution either by dilute mineral or acetic acid was un
successful, since the aziridine compounds did not sepa
rate unchanged from such solution. In contrast, N-4-
cyanophenylureidobis (dimethylamino) phosphine oxide 
(V), structurally related to IHg, was readily purified 
by addition of acetic acid to its dilute sodium hydroxide 
solution. 

(6) R. C. Schlitt, Anal. Chem., 35, 1063 (1963). 

Experimental Section7 

One-Step Reaction Leading to N-Substituted Ureidophos-
phoryl Dichlorides (II).—One example of the preparation of a 
compound of the general formula II, representative of those given 
in Table I is described. 

N-3,4-DichIorophenylureidophosphoryl Dichloride (lid).—A 
slurry of 208.3 g. (1.0 mole) of PC15 and 60 ml. of ethylene di
chloride was placed in a 1-1. three-necked flask equipped with a 
stirrer, dropping funnel, thermometer, an an Allihn condenser. 
In the dropping funnel there was placed 89.1 g. (1.0 mole) of 
ethyl carbamate which was heated by a hot-air stream until 
molten. The flask was immersed in a mineral oil bath heated to 
103°. Addition of molten carbamate was begun and continued 
at such a rate that the reaction temperature remained between 
73 and 81°, while the temperature of the oil bath was kept be
tween 95 and 103°. When the addition of the carbamate was 
complete, the internal temperature was allowed to rise to 86° 
and kept there for 10-15 min. The oil bath was removed and the 
flask contents were allowed to cool to room temperature. An 
additional portion of 100 ml. of ethylene dichloride was added to 
the reaction mixture, and a stream of dry nitrogen was bubbled 
through for 50 min. to ensure the complete removal of the HC1. 
Then a solution of 162 g. (1.0 mole) of 3,4-dichloroaniline in 350 
ml. of ethylene dichloride was added during a period of 15 min. 
with stirring and external cooling to maintain the internal tem
perature between 10 and 15°. Fine white solid separated from 
the solution almost immediately. It was separated by filtration 
shortly after the amine addition was complete. White powder, 
284 g., m.p. 18.3-184°, was obtained. The yield based on PC15 
used was 88 %J 

Anal. Calcd. for C,H6C14N202P: N, 8.70; P, 9.62. Found: 
N, 8.62; P, 9.16. 

N-Substituted Ureidobis(l-aziridinyI)phosphine Oxides (III) 
from N-Substituted Ureidophosphoryl Dichlorides (II) and 
Aziridines.—The preparation of only one representative of the 
aziridine compounds listed in Table II is given in detail. 

N-3,4-DichIorophenyIureidobis(l-aziridinyl)phosphine Oxide 
(Hid). Method A. Anhydrous Medium.—In a 500-ml. three-
necked flask 9.7 g. (0.037 mole) of the dichloride lid was sus
pended in 100 ml. of anhydrous ethyl ether. The flask was 
immersed in an ice bath, and a solution of 3.0 g. (0.070 mole) of 
ethylenimine and 6.0 g. (0.0595 mole) of triethylamine in 60 ml. of 
ether was added dropwise with stirring. The separation of a 
white solid began immediately. The addition required 65 min., 
and at its completion, the reaction mixture was stirred for an ad
ditional 10 min. and finally allowed to stand for 1 hr. The solid 
was then collected on a Biichner funnel to give 15.0 g. of a mix
ture of product and triethylamine hydrochloride. This mixture 
was extracted with two 75-ml. portions of cold water. The re-

(7) All melting points were determined on the plate of a Fisher-Johns 
block. In the case of compounds III, the sample was placed on a preheated 
plate at approximately 5° below the melting temperature. Otherwise, be
cause of polymerization, no melting point of these compounds can be deter
mined. 

(8) On the basis of the maximum yields for the individual reactions, the 
best over-all yield obtained in the two-step preparation was 64.4%. 
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filtered residue was treated with cold acetone, filtered, and dried 
in vacuo (P2O5); yield, 35.4 r7. Elemental analysis indicated 
thai ihe acetone-insoluble material was the desired Hid . After 
recrystallization from dimethylformamide, the colorless pris
matic crysials melted at 102°, followed by polymerizat ion. 
The elemental analyses of both the acetone-washed, nonrecrysial-
lized and the dimethylformamide-reerystallized product arc 
given. 

Anal, Calcd. for C„H13C1,X4()2P: C, 30.42; H, 3.91: X. 
10.72: P. 0.24. Found (acetone-washed product;: (.', 38.50: 
II, 4.74: X, 1(5.19; 1', 8.S3. Found (dimethylformamide-re-
crystallized product): C, 39.07; N, 4.55; X, 10.63; P, 9.24. 

Method B. Aqueous Medium. -A solution of 24.0 g. (0.0 
mule) of XaOH and 28.1 g. (0.653 mole) of ethylenimine in 300 
ml. of water was cooled to —14°. To this was added 93.0 g. 
(0.29 mole) of the dichloride l id in portions of approximately 5 g. 
each with stirring so that the temperature was kept below —2°. 
After standing for 15 mill, at ambient temperature, the white 
reaction product was collected 011 a Btichner funnel. It was 
washed with distilled water, dried (P2Oj), washed with acetone, 
and redried to give 57.4 g. (59.3 ' 6 ) of white crystalline powder, 
m.p. 190° followed by polymerization. Analysis of the ace
tone-washed product is given. 

Anal. Calcd. for C„H13CT2X"402P: C, 39.42; H, 3.91; CI, 
21.11; X, 16.72: P, 9.24. Found: C, 39.10; H, 4.05; CI, 21.50; 
X. 16.39: P, 9.20. 

A 20-g. sample of this acetone-washed material was refiuxed 
in 320 ml. of dioxane for approximately 5 min., whereupon the 
bulk of the material went into solution. Insolubles were removed 
by filtering the hot solution through a Btichner funnel (0.7 g.). 
To the clear filtrate 200 ml. of petroleum ether (b.p. 65-110°) was 
added and this solution allowed to stand overnight. The 
amount of 17.0 g. of colorless crystals, m.p. 203°, was recovered by 
vacuum filtration: proton assay by titration with tetrabutyl-
ammonium hydroxide gave 100.1 and 99.2'V ; inline assay by 
KSCX" titration gave 98.8 and 99.6' <>. 

Anal. Calcd. for Cl:H13CloXT40;iP: C, 39.42; 11,3.91; Ci, 
21.16; X, 16.72: P, 9.24. Found: C. 39.68; H.3 .97: CI, 21.10: 
XT, 16.91; P9.1 1. 

The dioxane-insoluble material was extracted twice with 10-
ml. portions of boiling dioxane to give a product, m.p. 245° dec , 
with 110 prior melting on a 200° preheated plate. It was free of 
ionizable chlorine, but no suitable solvent could be found for its 
recrystallization. Therefore, it was analyzed in its crude form. 
Inline assay titration with KSCX revealed the absence of aziridine 
rings. 

Anal. Calcd. for C H n C b X j O i P : C, 35.60; H, 4.62; CI, 
19.11; X, 15.10; P, 8.35. Found: C, 35.44; H, 4.57; CI, 17.60; 
X', 14.06; P, S.57. 

N-4-Cyanophenylureidobis(dimethylamino)phosphine Oxide 
(V).--The amount of 5.5605 g. (0.020 mole) of N-4-cyanophenyl-
ureidophosphoryl dichloride was added in small portions to a 
solution of 1.0007 g. (0.040 mole) of NaOH and 7.5713 g. (0.042 
mole) of a 2 5 ' t aqueous solution of dimethylamine and 7 ml. of 
distilled water while the reaction temperature was kept between 
— lOand —5°. A solid separated immediately which was broken 
up and stirred. The mixture was allowed to stand in the cold 
for 35 min. The white solid was separated by filtration and dis
solved in dilute X'aOIl solution from which it was reprecipitated 
as colorless crystals by means of acetic acid, m.p. 193°. 

Anal. Calcd. for C,oH l sX502P: C, 48.81; H, 6.14; X, 23.72; 
P, 10.49. Found: C, 48.27; H, 5.86; N, 23.03; P, 10.30. 

N-3,4-DichlorophenyIureido( bis-N-j3-thiocyanatoethylamirto )-
phosphine Oxide (IV). O n e gram of H i d was dissolved in 20 
ml. of dimethyl sulfoxide, using an ultrasonic generator and a 
transducerized tank. The solution was allowed to stand for 30 
min. and 50 ml. of a !()',,- (\v./v.) solution of potassium thio-
cyanate in methanol was added with stirring, followed by addi
tion of 20 ml. of a l.'.V-', (w./v.) solution of p-toluenesulfonic acid 
in methanol containing 5','. water. The reaction mixture was 
subsequently diluted with 200 ml. of distilled water and the 
excess acid was neutralized with methanolic KOH. The result
ing precipitate was filtered through a coarse-porosity fritted-disk 
funnel, washed with wmer, and dried for 8 hr. at 40° in a vacuum 
oven; yield, 0.7 g. (52'')) of small colorless needles; m.p. 132-
133°. The infrared spectrum shows powerful absorptions at 3.0 
fXH), 4.65 (SCX), and 7.72 n ( P = 0 ) . 

Anal. Calcd. for C ]3H„C1,N602P82: C, 34.20; H, 3.29; CI, 
15.54; X, 18.35; P, 0.79. Found: C, 34.44, 34.44; H, 3.40, 
3.42; CI, 16.10, 16.20; X, 18.33, 18.37; P, 6.79, 6.87. 


