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Experimental Section®

9-3-v~Ribofuranosyl-6-hydroxylaminopurine (II}.—9-g-n-
Iiibofuranosyl-6-chloropurine® (I, 2.83 g., 10 mmoles) was dis-
solved in au ethanol solution of hydroxylamine (330 ml., pre-
pared as indicated in ref. 2), heated at 50° for 6 hr., aud 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. (909;), m.p. 210-212°.  Upon recrystal-
lization from niethanol, colorless thin needles, m.p, 218°, [o}™n
—357° (¢ 0.5, water), were obtained.

Anal. Caled. for CopyHisN:OQ;: €, 42.40; H, 4.59: N, 24,73,
Found: (), 42.19; H, 4.86; N, 24.54.

The product (II) gave positive FeCl; and phosphomolybdate
tests, hoth indicative of the hydroxylamino function. IT wax
recovered unchanged after 3 hr, boiling in water (10 solution}
and after heating the same solution at 125° in an autoclave for 1
lir.  The solubility of IT was 6.9 g./1, of water at 25 & 1°,

Ultraviolet Spectral Properties,—Compound II exhibited at pH
14 Npax 265 mu (€ 17.7 X 108); at pH 6.7 (phosphate buffer), Anax
265 mu (e 14.3 X 10%): at pH 12.2, Amax 252 mp,’ shoulder at
310 mu; at pH 1.4, Awin 232 mu (e 3.31 X 109); at pH 6.7, Anin
230 mp (e 4,65 X 10%): and at pH 12.2, Amiy 230 nmp: pK,, =
3.0 0.1, pKa, = 0.7 = 0,15

Hydrogenation of II.—9-g-p-Ribofuranosyl-6-hydroxylamino-
purite (11, 40.0 mg., 0.14 mmole) was dissolved in 95% aqueous
ethanol (10 ml.), 59, platinum-on-charcoal catalyst (25 mg.)
was added, and the suspension was hydrogenated at 1 atm. at
25°.  After uptake of the theoretical volume of Hs, the suspen-
sion was filtered, the catalyst way washed with a little ethanol,
and the combined filtrates were evaporated to dryness under re-
dueed pressure. The residie was washed with 1 ml. of ethauol
and a crys=talline proditet wax obtained (34.2 mg., 939;), m.p. 232-
234°,  The product, which no longer guve the FeCl; and phos-
phomolybdate tests, was identified as adenosiie (IIT) by its mix-
ture melting point, nltraviolet spectra at ditferent pH values, nnd
from /s values in several solvent sysienis,

(5) Ultraviolet absorption spectra were determined with a Cary recording
spectropliotometer, Model 11. Paper chromatograius were run by the
ascending 1metliod on Schleiclier and Schuell No. 1 paper in the following
solvent systems: water saturated swith I-butanol; l.butanol saturated
witll water (with or without 10Y¥; ammonia): l-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
Ly Spang Microanalytical Laboratory, Ann Arbor, Miel.

(6) G. B. Brown and V. 8. Weliky, /. Biol. Chem., 204, 1019 (1853
supplied by Cyelo Chemiecal Corp., Los Angeles, Calif.

(7) The instability of II in alkali prevented precise determination of .

(8) For comparison, the corresponding values for 6-hydroxylaminopurine
deterniined by titration are pK. = 3.80. pKa, = 9.83.and pK,; > 12,
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Although some N-zubstituted ureidobis(1-azividinyl)-
phosphine oxides, RNHC(O)NHP(O)[NCH.CHR'}.

(I1I), have been reported recently,? 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. It hasbeen found that compounds of the general

(1) A. A, Kropacheva, G. I. Derkacli, L. P. Zhuravleva, N. V. Sasonov,
and A. V. Kirsanov, Zh. Obshch. Khim., 82, 5, 1540 (1962),

(2) Z. P. Papanastassion and T. J. Bardos, J. Med. Pharm. Chem.,
5.1000 (1962).
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strietire ITT are highly potent ehemosterilants,? com-
parable in their biological activity with 2,2,4.4,6,6-hexa-
kiz(1-azividinyl)evelotriphospha-1,5,5-trienc(Aphotate)
and related compounds.

We have found o convenient method to obtain N-
aryvhnreidopliosphoryl dichlorides, RNHC(O)NHD (O)-
('l (I1). the precursors of 11, by trenting isoeyanato-
pbosphoryt ehloride (I) én «itu with varions (espeeially
aromatic) amines.  Fquimolar amounts of phosphorms
pentachloride and ethyl ecarbamate in a small voline
of ethylene chloride solvent gave T." This sohition wies
ntilized directly for the addition reaction with amines
without prior removal of the solvent and vacumn dis-
tillation.  The distillation of T results in partial poly-
nmerization and therefore reditetion in yield.  The direet
use of the crude T solution with varions amines eaises
the desired intermediate IT to be obtained in higher
vields, based ou the amount of phosphorus pentachlo-
ride ecmployed, and wwvoids completely the use of the
Inrge volume of ether previonsly necessary for condnet-
ing the amine addition reaction.!

Table T compiles compounds of the general formnia 11
which have been prepared and utilized for further renc-
tion with aziridines to obtain compounds of striceture
ITI.  Surprisingly, it has been found that the conver-
sion of T1 to ITT can be condurted In agqueons sodiim
hydroxide sohition at —3 (o 157, Thiz method ix a
distinet advantage over the method in benzene or other
anhydrous solvent= using tertinry bases as hyvdrogen
chloride ncceptors, =inee it procdhitees a more eaxily
purified crmde TIT free of phosphoms-bonded, ianizable,
chlorine-containing contaminants,

The method proved to be especially vsetul in the
synthesis of NS d-dichlorophenylireidobis(1-azivi-
dinyDphosphine oxide (ITId) which was the subjeet of
Intensive experimentation,

CH.
(1~ NNHCONHPANT )

= g CH./

¢ :

1Id

The aqueous sodiunt hydroxide method as well as
the benzene-triethylamine method was also nsed in the
preparation of the propylenimine derivative ITI1, an-
other powerful insect chemostertlant of low mammalian
toxicity.

In Table IT the N-substituted ureidobis(1-aziridinyl)-
phosphine oxides of the general stricture I11 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 TITd, synthesized
several times in larger amounts by applying the aqueons
alkali method, was obtained in sufficient purity by

(3) Biological data was obtained by Pesticides Research Group, L. R.
&quibl Co., Division of the Olin Mathieson Chemical Corp. A corpre-
hensive publication covering these data will appear separately.

(4) R. Ratz and C. Grundmann, U, 8. Patent 2,858306 (Qct. 28, 1978);
R. Rétz, E. Kober, (. Grundmann, and Q. Ottmann, Inory. Chemn., 8, 747
{1964).

() A, V., Rirsanov and M. 3. Marenets, J. Gen. Chem, {7SSR, 831, 1491
(1461),
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TasLE I
N-ARYLUREIDOPHOSPHORYL DicuLoripes (II)
CLPONHCONHR
- One-step prepn. Two-step prepn. —
Compd. R Yield, % M.p.. °C. Yield, % M.p.. °C.
a CeH 91.0 121-122 63.9 122-123
b 2-CH,Cl 49.9 121-122 39.8 118-120
c 4-C.H,C! 83.5 156-157 43.4 147-148
d 3,4-CeH;Clye 84.7 163-164 64.4 163-165
e 2,4-CoH;C), 76.5 157-158 43.0 157-158
f 2,4,6-CsH.Cl; 77.2 156 56.0 157-160
g 4-C¢H,CN 90.1 170 63.9 163
h 2-CeH,NO, 79.5 154-155 62.0 143-145
i 4-C¢HNO, 88.1 163 3.4 161
i 4-C1-2-N0.C¢H;, 75.7 158-160 41.6 152-156
k 1-CyoHy 7.4 134 58.7 125

2 Yield based on amount of PCl; used.
in diethyl ether.

b Yield calculated on the basis of 66.3% yield of distilled CLLPONCO and the respective yield
¢ Infrared absorptions of IId 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) u.

acetone extraction of the crude material, The ace-
tone, however, does not dissolve a small amount of by-
product, CyH,CLN,OP, m.p. 245°. From a large
volume of dioxane, ITId 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 II1d, 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 u. The absence of bands at 7.9 and 12.0 y indi-
cates disappearance of the aziridine ring with formation
of g-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 IIId was strong (~300 mv.)
and the end point occurred at ~—+650 mv.

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

H*

E—

CIQNHCONHPO(NHCH:CH:SCN)z

Cl
v

IIId + 28SCN™

Attempted purification of compounds of the general
structure I1I 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 IIIg, was readily purified
by addition of acetic acid to its dilute sodium hydroxide
solution.

(6) R. C. Schlitt, Anal. Chem., 38, 1063 (1963).

Experimental Section’

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

N-3,4-Dichlorophenylureidophosphoryl Dichloride (IId)—A
slurry of 208.3 g. (1.0 mole) of PCl; 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 HCI.
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. 183-184°, was obtained. The yield based on PCl;
used was 88678

Anal. Caled. for C;H;CLN,0,P: N, 8.70; P, 9,62. Found:
N, 8.62; P, 9.16.

N-Substituted Ureidobis(1-aziridinyl )phosphine Oxides (III)
from N-Substituted Ureidophosphoryl Dichlorides (II) and
Aziridines.—The preparation of only one representative of the
aziridine compounds listed in Table ITis given in detail.

N-3,4-Dichlorophenylureidobis(1-aziridinyl)phosphine Oxide
(ITId). Method A. Anhydrous Medium.—In a 500-ml. three-
necked flask 9.7 g. (0.037 mole) of the dichloride IId 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 ireated with enld acetone, filtered, and dried

.
?g ; in vaeno (Pal)y): vield, 55.47). Elemental analysiz indicared
s o= = e = = & that 1the acctone-insolnble material was the desived 111d. Alter
TS SEEES < ST=a I35 reerystallization from  dimethylfornianide, the eonlorless pris-
g 5 -z mativ erystaly melted ai 192°) followarl by polyviierization.
< 8 i The elementd analyses of both the ucetnie-washed, nonreeryetal-
z B < li:/.ell and the dinethylformamide-recrystallized produet  ane
S g £Iven.
- E Anal. Caled. for COHRCLNGOLPD €, 50.420 H, 301
s 2 &F REeEEI3 < 16,720 P24, I'pund (acetone-washied product): €, 58.56;
o N 474 N 1619, P, 883, Fonud (dimethylformamide-re-
i = s oo = - = ervstallized produrt): ¢ 390.07: N, 4.530; N, 16.65; P, .24,
fﬁq FET A S x T = Method B. Aqueous Medium.-A svlution of 24.0 g (0.6
'{ -z e = A 2 moled of NaOH and 28.1 g. (10.653 nole) of ethylenimine in 500
| 2 ml. of water wis cooled ty —14°. 1o this was added 93.0 g.
| ZResnzag s z (.29 mole) aof the dichloride I1d in portions uf appraximately d g,
| " S B stmais =0 = cachl with stirring s that the temperature was kept helow —2°,
L == s == = After standing for 15 mnin. at ambient temperature, the white
; 23 .- - = reactivn product was collected on a Biichuer fuumel. It was
RS EEE = s washed with distilled water, dried (P,0;), washed with acetone,
E =545 = = z and redried to give 57.4 g. (58.5%,) of white crystalliite powder,
S o wam o e m - = EZ urp. 190° fulloweld by polymerization.  Analvsis of the ace-
g7 xXec®x A SO0y Ny = tne-waslied product ix given.
l SR A 24 Anal. Caled. for CuHECLN O C) 30.42; H, 391 ()
3 . o LT 2101 \ 16.72: P, a.24, FFound: €, 34.10; H, 4.05; Cl, 21.50;
- L2328 f3Es o2z 2T Nhww b .
= 2RSSR LZITE TG ENg ) -\ 2 )-g,. S:l}ll]‘)'le ui s :’wet(mg-waslled_m:x}terlal wils reflixed
e = in 320 ml. of dlolx:me fol‘. :lp])roxlmately 5 min., whereupon the
= L BRERBLERE 282 <= })nlk‘ of thc material wert into solutinn.  T=olubles were reulovod
= &= Se e sr = Swas < = hy filtering the hot solution through a Bichner funnel (0.7 g.),
= - - = S_é "Fo the clear filtrate 200 ml. of petroleum ether (b.p. 65-110°) wax
i C e a1 ZE§ added and thix soluiivn allowed to stand overnight. The
5 voEE e o R e T =<5 amonnt of 17.0 g. of colorless crystals, n.p. 203°, was recovered by
; s L eI mAN S=f v £ raetnnn filtration: proton assay by titeatinn \\"itl} tetrabigvl-
= = = - ~ :5 o ammoninm 1})‘(ir<;xide cave 100.1 '(1‘11(1 49200 imine assay by
A "z d= ~oR A = 2 E g KSCN ritration gave 98.8 and 99.6° .
I 8 = sl = - dnal. Caled. for (4 HppClNLOL I ( J 42, H, 5010 ¢
Z = b ) - == 21016; N, 16,720 P, v.24, Found: €, 30.6%; T, 5.97; ClL 2110,
E =z —2ggxzs suag Ay SIZI NI POl
g8 & A : P f - :,- - : -3 g 7 The divxane-insoluble material was extracted twice with 10-
ki ~ i R W aE ml portions af boiling dioxane ta give a produet, m.p. 245° dew.,
S —t @B IT3zE ozES ;\{ :3 g 3EF with no prior melting on a 200° preheated plate. It was free of
2 /Z\ L g wma s oo 3 x 2 g = g ionizable chlorine, but no suitable solvent could be found for its
28 = TEee e <z recry=fullization.  Therefore, it was aunalyzed hic its ande fornt.
E 5__:5 o Q = °§ Tmiive assayv titration with KQCN revealed the absence of aziridine
= 2 o e e Al N Al o D o R rings.
S ERZE2RENBEZELE SE7 Anal. Caled. for CuHpCLNOP: €. 35.60; H, 4. (;2; ol
= = ’ R 10110 N, %).,.111‘ P, 835, Found: C.35.44; H, 4.57; Cl, 17.60;
y % 4 N, 14.08; P, 8.57.
“ _ "_f x{_/'; N-4-Cyanophenylureidobis(dimethylamino )phosphine Oxide
— T e s emiel® ST e s s~z (V)~—The amount of 5.5605 g. (0.020 mmole) of N-4-cvanophenyl-
= - g ; e Z g ma 2 g S %= '; J o2 ureidophosphoryl dichloride was added in small portious to a
z < - S solution of 1. ()001 . (0.040 mole) of NaOH and 7.5713 g. (0.042
. — R mole) of a 2577 aqueous solution of dimethylamine and 7 ml. of
e - A = - - ;J; distilled water while the reaction temperature was kept between
4 n ~5 5‘ =2 ; . .= 0 3 a z o — 1 and —5°. A solid =eparated immediately which was broken
i Sz 2“ 7 = 'TE e o .= up and stirrell. The mixture was allowed to stand in the cold
E= E ﬁ E 2T 2< = E e :,:—E for 55 min.  The white 2o0lid was separated by filtration and dis
= Z_’ Q_‘ e ‘; = Li Zs z: %2 Z‘: zz ] solver] in dilnte NaOH =olution from which it was reprecipitated
—EEESREE= ':E EEE =& = ax= eolorless cryvstals by means of agetic acid, m.p. 193°,
STCTTITTSTTLTTIT Fo lnal. Caled. for € H,g\'a()gl’: C, 48.81: H, 6.14: N, 23.72;
IS P, 10.49. Found: (,48.27; H, 5.86; N, 25.03; P, 10.30.
:, I N-3.4-Dichlorophenylure1do( bis-N-3-thiocyanatoethylamino )-
- oofientls ool ulien == SRS S 302 phosp}liqe Oxide (I\"’).r‘ -One gram of ITId wils dissolved i1 20
2* 5 ml. of dimethyl sulfoxide, using an ultrasonie generater and a
- s e transducerized 1:1111\'. The svlntion was allowed to stand for 30
= = ey niin, and 50 ml of a 165, (w./v.) solution of potassium thio-
S RO R . s oo cyanate in 1110111.{1101 wias added with stirring, followed by addi-
o wlEA 2 >z =z En_g « tion of 20 ml. of & 7.5 (w./v.) solntion of p-toluenesulfonic acid
ETIXERO=ES o= ch el T2 i i methanol unn.unn,;, 577 water. The reaction mixture was
= 7% m‘s o0 SRR A 20R £'8g subsequently diluted with 200 ml. of distilled water and the
";vv%nvboq,#‘licf ERGIE] e ] e e lio . , e T ozl
Ddidafaiaiwdd s vmodct 223 excess acid was neutralized with methanolic KOH.  The result-
R ing precipitate was filtered through a coarse-porosity fritted-disk
2 =0 funnel, washed with water, and dried for 8 hr, at 40° in a vacuim
= i’?g J\ oven; yield, 0.7 g. (5297 ) of small colorless needles; m.p. 132-
g . - £2C 133°. The infrared spectrum sliows powerful absorptious at 3.0
g ERvT o HS . mE e T T (NH). 4.65 (SCN), and 7.72 p (P==0),
Sz Adnal. Caled. for CHGCLNOPS: €, 34.20; H, 5.29; Cl,
TTw 1554 N, 1s:::>, P, 6.79. Townd: G, 34.44, 34.44; H, 3.40,
S0F $3.42; (1, 16.10, 16.20; N, 18.33, 18.57: P, 6.79, 6.87.



