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The search for congeners of 1,3-bis(2-chloroethyl)-1-nitrosourea (BCNU) as anticancer agents has been ex-
tended to nitroso derivatives of biurets, biureas, and carboxamides. The aqueous decomposition of N-nitro-
sobiirets in the presence of 2-chloroethylamine, a method involving in situ generation of carbamoyl isocyanates,
made possible the preparation of N-(2-chloroethyl)-substituted biurets, from which 5-(2-chlorcethyl)-1-methyl-
1-nitrosobiuret (6b) and 1,5-bis(2-chloroethyl 1-nitrosobiuret (7b) were derived. Alkali cyclizations of N-(2-
chloroethyl)biurets produced 2-oxo-1-imidazolinecarboxamides, which could be nitrosated only on the ring
nitrogen, Of several new methyl- and 2-chlorcethyl-substituted biureas prepared, including 1,6-bis(2-chloro-
ethyl)biurea (18b), only 1,3,6-trimethylbiurea (16a) yielded a pure mono- or dinitroso derivative. Interception
of the nitrosation product of 1-methylbiurea (13) with cyclohexylamine resulted in the isolation of 3-cyclohexyl-1-
methyl-1-nitrosourea and 1,3-dicyclohexylurea. Unlike N,N’-bis(2-chloroethyl)oxamide (19), which resisted
nitrosation under favorable conditions, N,N’-bis(2-chloroethyl)hexanediamide (21a) and N,N’-bis(2-chloroethyl)-
trans-1,4-cyclohexanedicarboxamide (22a) were converted by nitrosation in acetic anhydride-acetic acid to the
crystalline dinitroso derivatives 21b and 22b. Some of the nitroso derivatives of biurets, biureas, and carbox-
amides increased the life span of leukemic mice, but data obtained with a limited number of cougeners (7b, N-
(2-chloroethyl)-N-ititrosocyclohexanecarboxamide (20b), 21b, and 22b) indicate that substitution by the 2-chloro-
ethyl group does not result in the outstanding activity against L1210 leukemia previously observed with BCNU
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and related nitrosoureas.

Structural requirements for maximal antileukemic
activity of N-nitrosoureas in mice have recently been
defined,? and one of the most active compounds of this
class and the first to be tried clinically is 1,3-bis(2-
chloroethyl)-1-nitrosourea (BCXU).? The synthesis
of the structurally analogous 1,5-bis(2-chloroethyl)-1-
nitrosobiuret (7b) and related compounds was under-
taken as a rational extension of the search for active
congeners of BCNTU. Although nitroso derivatives
of methyl-, dimethyl-, and trimethylbiurets were de-
scribed many years ago,* apparently no further prec-
edent for the preparation of 7b has been reported.

The aqueous decomposition of N-nitrosoureas in the
presence of primary and secondary amines has been
widely applied as a method for the preparation of vari-
ously substituted ureas and undoubtedly involves an
effectual, if not actual, intermediacy of isocyanic acid
or an isocyanate.2® Application of this method to the
decomposition of N-nitrosobiurets offered the pos-
sibility of in situ generation of carbamoyl isocyanates
[RNHCONCOJ® and a new route to substituted biurets
adaptable to the introduction of labile substituents
such as the 2-chloroethyl group. This speculation
was substantiated by the isolation of 1-(2-chloroethyl)-
biuret (2) from the aqueous decomposition of 1-methyl-
I-nitrosobiuret (1b) in the presence of 2-chloroethyl-
amine (see Scheme I), which was liberated in situ
from its hydrochloride with triethylamine. The re-

(1) This work was supported by funds from the Cancer Chemotherapy
National Service Center, National Cancer Institute, National Institutes of
Health (Contract No. PH-43-64-51), and the C. F. Kettering Foundation,
Part XXXVI, ref 2b.

(2) (a) T. P. Johnston, G. 8. McCaleb, and J. A. Montgomery, J. Med,
Chem., 6, 669 (1963); (b) T. P. Johnston, G. 8. McCaleb, P. 8. Opliger, and
J. A. Montgomery, ibid., 9, 892 (1966).

(3) V. T. DeVita, P. P. Carbone, A. H. Owens, Jr., G. L. Gold, M. J.
Krant, and J. Edmonson, Cancer Res., 35, 1876 (1965),

(4) H. Biltz and A. Jeltsch, Ber., 56B, 1914 (1923).

(5) J. L. Boivin and P. A, Boivin, Can. J. Chem, 29, 478 (1951).

(6) Sucli an intermediate may also be involved in the recently reported
synthesis of 1,5-disubstituted biurets from the reaction of 4-substituted
allophanyl azides with primary amines in benzene.”

(7) H. Stollar, R.J. Ranz, and F. L. Chubb, Can. J. Chem., 44, 840 (1966).

ScueMmEe I
CHsNCONH(‘ONH2 — [HLNCONCO] + CH3N=NOH

la Y=H
b, ¥=NO CHsOH
CICH;CH;NH, CH3;0H

CICH,CH,NHCONHCONH, H.NCONHCO.CHjs
2 4

\

0
YN)S\YCONHQ
_/

3a, Y=H
b, Y=NO

action proceeded under mild conditions with nitrogen
evolution; the intermediate isocyanate would be ex-
pected to be exceptionally reactive because of electron
withdrawal by the carbamoyl group.?

A method based on an undetailed description of the
reaction of ethyl allophanate and methylamine by
Murray and Dains® was found superior to one of Biltz
and Jeltsch? involving the addition of urea to methyl
isocyanate for the preparation of the intermediate 1-
methylbiuret (1a). A small amount of the product
obtained by nitrosation of la in dilute HCI was re-
crystallized from methanol, and the purified product
compared favorably with previously reported 1b,
which was recrystallized from a proportionately large
volume of ethyl acetate.* An attempted recrystalli-
zation of a large amount of 1b from methanol, however,
resulted in vigorous evolution of N, at or near the
boiling point of the solvent, and the cooled solution

(8) R. G. Arnold, J. A. Nelson, and J. J, Verbanc, Chem. Rev.,

(1957).
(9) J. A. Murray and F. B. Dains, J. Am. Chem, Soc., 56, 144 (1934).
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deposited methyl allophanate (4) in good yield.  An
iitial breakdown of 1b into carbamoyl isocyanate and
mcthanedinzohydroxide, o mechanism  that parallels
the one recently proposed™ for observed decomposi-
tioiis of N-methyl-N-nitrosourea, which presuiably
chide allophanate formation,' would account for
the Tormation of 2 a< well ax 4 and the evolution of
N.o Although attempted nitrosations of 2 did not
resnlt i the isolation of the desired 1-(2-chloroethyl)-
f-uitrosobiuret.™ the conversion of 1b to 2 provided a
precedent fur the eventual svnthesis of the title com-
prnid 7h. Ring closure of 2 by the action of KOH
i refluxing aqueons ethanol produced echromatographi-
cally - honmogenewns 2-oxo-1-imidazolidinecarboxamide
(3a). nitro=ution of which tu give the 3-nitroso deriva-
tive 3b without attack on the carbamayl group is
another example of the caxy nitrosation of cyelie
urca=. The structure of 3b ix supported by infrared
and pnwr =peetra. Alkaline ring clisure of haloethyl-
urens to 2-nnidazolidinones i well known'' aud the
n=c of pn =pectra in =trueture determinations of nitro-
=onreas has recently been deseribed. 2"
1.0-Bis(2-chlorocthyDbiuret (7a) was first obtained
by the stepwise =cquence 5b — 6a — 6b — 7a (Scheme
1), which involved the in st generaticn of 2-chloro-
ethylearbanioy]l isocvanate froan 6b. A more direet
svithesi< of 7a was subscquently achieved by the reac-

senea

CH;NCONHCONCH,  —  CICH,CH,NHCONHCONCH;
Y z Y
5a, Y=Z=1H 6a, Y—H
b, Y=NO; Z—H b, Y=NO
c. Y=Z-NO |

! 0

CICH.CHNCONHCONHCH CHiCl —

N’ "NCONHR
Y voH N
N 8a, R=CHy; Y=H

b, R=CH;; Y=NO
¢, R=CH:CH,Cl; Y=H
d, R=CH,CH:CI; Y=NO

tion of 1,5-dimethyl-1,5-dinitrosobiuret (5¢) with 2
molar equiv of 2-chloroethylamine.  The results of thig
reaction may reasouably be explained by sequential
generation of two carbamoy! izoeyanate intermediates
as follows.  The over-all yields of 7a from the common

5¢ —> [CILNX(NO)CONCO] —>
6b —> [CICI,CHNTICONCO] —> 7a

precursor 1,5-dimethylbiuret (5a) by the two routes
appear to be about the same. Nitrogation of 7a in
undiluted HCOOH with a fivefold excess of nitrite
eave the title compound 7b, which was also the product
of u deliberate dinitrosation attempt in which a larger

(104 D). L. Maek aud W. M. Jones, J. s Chem. Soc., 88, 7+ (1066).

(11 15, A, Werner, J. Chem. Soc., 118, 1093 (1914),

(12) K. Clisils and 1. Endtinger, Hylr. Chim. Acta, 48, 2063 (1860).

(13) Ounly unclianged 2 {(27¢%.) was jsolated from nitrosation in aqueous
foratie acid, but a yvellow prodact of wndetermined striccture (biut not the
slesired sotroso derivative of 2) was jsolated in low yield from nitrosation n
Jdicte HCL

114) 8. Gabriel and R. Stelzer, Ber., 28, 2920 (1895); H. Najer, R. Giudi-
celli. J. Mernin, and C. Morel, Bull. Soc. Chim. France. 323 (1463); 1L
Nojira, Y. Nislitkawa, and T, Muokaivama, Ball, Chem. Soc. Jupnn, 87, T67
ISHUEIH
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excess of nitrite and a longer reaction fime were nsed.
Both  1-(2-chloroethyl)-5-methylbiuret (6a) and itx
nontaitroso derivative 6b also failed to vield an isol-
able dinitroso derivative.  The vesistance of 6a and 6b
t dintrosation sees  particularly surprising when
compared with the eaxy dinitrasation of 5a and the ensy
nononitrosaticn of  7a. Furthermore, ouly the (i-
nitroso derivative 9 of 1,3.5-trimethyvlbiurvet (from 1,3-
dimethylurea smid methyl iseeyanate)? i= known, al-
though attempts to prepare thie mwononitroso derivative
have been made.  Ring closure of 6a and Ta with alkali

CILNCONCONCIH;

NO Clly NO
9

as in the preparation of 3a afforded N-methyl- and N-
(2-chloroethyl)~2-oxo-1-imidazolidinecarboxamides  (8a
and 8c¢), respeetively.  The infrared absorption of 3a.
8a, and 8c compared favorably with that recently re-
ported for similarly substituted jmidazolidinones.*
Again, only ring nitrosation to give the 3-nitrosa
derivatives 8b and 8d was observed even under condi-
tions chosen to introduce 1 secand nitrogo group.

The casy ring nitrosations of 3a, 8a, and 8¢ scem less
surpri<ing in view of a subsequent observation that hy-
drouracil, a eyelie aeylurea, wus also readily nitrosated
in dilute HCIL.  The produet, I-nitrosohydrouracil
(10), whose strueture is cogently supported by pnu
speetroseopy, Underwent slow  and  complete  hy-
drolysiz of the N-NO bond (denitrosation) when sthrred
with H,O. This behavior contrasts the usual reaction
of nitrosourcas with H,O, which evolves Nu and COy. 2e?

The hygroscopic products resulting from eyelization
of the chloroethylbiurets 6a and 7a in boiling H,O
without added base are apparently aminooxazoline
hydrochlorides: 2-(3-methylurcido)-2-oxazoline hydro-
chloride (11) from 6a and 2,2’-iminohis-2-oxazoline
dihydrochloride (12) from 7a.  Although these prod-
ucts were not obtainied in pure, characterizable form,
their identity ax oxazoline salts was indicated by their
high water solubility and infrared spectral resemblance
to the products of similar eyclizations such as that of
1,3-bis(2-chlorocthyDurea. 't

0 0 0
[N/} NHCONHCH,-HCI [N/>—NH—<}\I j

2HCI
11 12

The synthesis of nitrosobiureas related to the nitroso-
biurets deseribed above was undertaken as a collateral
investigation. Oue compound of this class, 1,6-di-
methyl-1,6-dinitrosobiurea, had already been pre-
pared,? but of several new methyl- and 2-chloroethyl-
substituted biureas prepared only one yielded the desived
motio- or dinitrosgo derivative in pure and ixolable forn.
1-Methylbiurea (13) was derived from 4-methylsemi-

(15) 1. N. Tilley and A. A. R. Sayigh, J. Org. Chem., 29, 3347 (1U64).
(16) M.-F. Kreling and A. F. McKay, Can. J. Chem., 87, 504 (1054).
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carbazide by the action of KOCN in dilute HCL
Failure to isolate 1-methyl-1-nitrosobiurea after treat-
ments of 13 with limited amounts of NaNOQO, in dilute
HCI prompted interception of the nitroso derivative
by in situ reaction with cyclohexylamine after excess
nitrite had been used for the nitrosation. The products
isolated in two crops were, according to ufrared spec-
tral and thin layer chromatographic comparisons, (1)
3-cyclohexyl-1-methyl-1-nitrosourea (14) contaminated
with a little 1,3-dicyclohexylurea (15), and (2) 15
alone. These products may have resulted from
changes involving nitrous acid degradation of the un-
substituted carbamoyl function and leading to methyl-
nitrosocarbamoyl azide, which reacted stepwise with
cyclohexylamine as shown in Scheme III. The

RcHEME III

CH;NHCONHNHCONH, E}%O—h
13
CHsNCONHNHCO, H —COs, CH.NCONHNHz HCI HONQ_
NO NO
CH,NCON, SHulH CHsNCONH—O CoHy NH;
IlIO 1110

14
15

proposed azide displacement is not unlike the recently
reported reaction of allophanyl azide with primary
amines.” Treatment of methylhydrazine with 2 molar
equiv of methyl! isocyanate gave 1,3,6~trimethylbiurea
(16a) via the unisolated intermediate 2,4-dimethyl-
semicarbazide. Nitrosation of 16a in dilute HCI
afforded an analytically pure dinitroso derivative, which
was indicated by pmr spectroscopy to be an approxi-
mately 1:1 mixture of 1,3,6-trimethyl-1,6-dinitroso-
biurea (16b) and one of the isomers 16¢c and 16d
(probably 16¢, since only in cyclic structures are there
examples of dinitrosation on both nitrogens of a ureido
funetion). Pure 16b was isolated in low yield from a
nitrosation done in undiluted HCOOH with solid Na-
NO,, but this result does not exclude the formation of
other isomers. The reaction of 2-methylsemicarbazide

CH;NCON(CHj; )I;ICOll\*Clig

]

X Y Z
16a, X =Y =2Z=H
bN=Z=N0;Y=H
X =Y=N0:Z=H
dX=H; Y=27=NO

with methyl isocyanate provided 1,4-dimethylbiurea
(17a), but the nitrosation of 17a (17a + 2NaNO, +
2HCI) gave a mixture of produects, one of which was ap-
parently the desired 1-nitroso derivative as evidenced
by the identity (mixture melting point and infrared
absorption) of one of the products of an in situ decom-
position with cyclohexylamine and the product (1-
eyclohexyl-4-methylbiurea (17b)) of the reaction of 2-
methylsemicarbazide with cyclohexyl isocyanate. (An-
other product of the in situ decomposition was 1,3-
dieyclohexylurea, which indicated some degradation
of the type encountered in the nitrosation of 13.) 1-
(2-Chloroethyl)-6-methylbiurea (18a) was obtained

NITROSOBIURETS, ~BIUREAS, AND -CARBOXAMIDES 677

by the action of 2-chloroethyl isocyanate on 4-methyl-
semicarbazide, and 1,6-bis(2-chloroethyl)biurea (18b),
by the action of 2-chloroethyl isocyanate on hydrazine.
Nitrosation of 18a in undiluted HCOOH resulted in
the isolation of a low yield of a yellow solid, which de-
composed during in vacuo drying. Nitrosations of 18b
under various conditions did not yield a pure nitroso-
or dinitrosobiurea; ring closure may have been a com-
plicating factor.

CHgNHCONHI\[ICONHg CICH,CH,NHCONHNHCONHR

CH3 18&, RZCHa
17a, R=CH; b, R=CH,CH,Cl

ne O

A successful nitrosation of N N'-bis(2-chloroethyl)-
oxamide (19) would have provided an analog of 7b in
which the central imino group had been omitted, but
little, if any, nitrosation of 19 was observed when modi-
fications of two methods found by White!” to be ap-
plicable to the nitrosation of a number of amides were
employed. The nitrosating systems used consisted of
(1) NaNO,, acetic acid, and acetic anhydride, and (2)
N0, sodium acetate, and CCl; extended reaction
times and large excesses of reagents apparently failed
to effect even mononitrosation to an appreciable extent.
Effective use of the N,O,—sodium acetate~CCl. system
for the dinitrosation of N,N'-dimethyloxamide has
recently been reported.® This system was also
adapted to the preparation of acid-sensitive N-methyl-
N-nitrosoacetamide, after several failures to reproduce
the original nitrosation of acetamide in concentrated
HCI as described by D’Alelio and Reid.!'* A similar
nitrosation of N-(2-chloroethyl)cyelohexanecarboxam-
ide (20a) gave the nitroso derivative 20b as an oil that
contained 109, of unchanged 20a as shown by pmr
spectroscopy and thin layer chromatography. N, N'-
Bis(2-chloroethyl)hexanediamide (21a) and N,N'’-bis-
(2-chloroethyl)-trans-1,4-cyclohexanedicarboxamide
(22a), unlike 19, were, respectively, converted by the
NaXNOsacetic anhydride—acetic acid system to the
crystalline dinitroso derivatives 21b and 22b.

CICH,CH.NHCOCONHCH,CH,CI <:>—COITICH2CH2C1

19
20a, Y=H
b, Y=NO

ClCHzCHzI]‘ICO(CH2)4C01]\YCH2CH2C1

Y Y

21a, Y=H
b, Y=NO

COITICHZCH2C1

Y

ClCHgCHgITIOC
Y
22a, Y=H
b, Y=NO

Although some of the nitroso compounds deseribed
above (biurets, biureas, and carboxamides) significantly
increase the life span of leukemic mice (see Table I),

(17) E. H. White, J. Am. Chem. Soc., 77, 8008 (1955).
(18) H, Reimlinger, Chem. Ber., 94, 2547 (1961).
(19) G.F.D’Alelio and E. E. Reid, J. Am. Chem. Soc., 59, 109 (1937).
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Tasre 1
AeTivery oF NITROSOBIURETS, NITROSOBIUREAS, AND
NITROROUARBOXAMIDES AGAINST INTRAPERITONEALLY
InoerraTed L2100 LerReMiy:

Max
M effec(ivr.
effective ress,
slose, Opt dose, Teaerap  ¥p ILS
Congpd o, ke ae k' catio?  at O
1 5SS 1O 2.5 &8
oh 18 e 2 44
NG 0 IRy 24 (2
9 Tuetiver
il (hd INT® 10 46
7h 4.5 9 47
L-Dimerhiyvl-1,6-
dinitrosobinreg® 147 207 < 2
16h 1O 25
N-Methyl-N-nirro-
soucetamide 250 25
200h* Inactive
N,N’-Dimerhyl-
N,N’-dinitro=o-
oxamtile Tuactive
21 13,50 100~ S 65
220 1y 4 4 40
10 BTO=500r 20

*Inoenlim: 108 cells. The life-span experiments were carvied
ot according to protoenls set np by the Cancer Chermotherapy
National Service Center, the dose-response plots being hiterpreted
by published procedures T11. E. Skipper aud L. H. Schmidt, Can-
cer Chemotherapy Rept., 17,1 (1962)1. > MED, the minimum
dose that will inerease the life spaic of lenkentiv mice 40, (IL.84w).
<The dose ar which the maximuni incredse in life spain oecurs
(O, 2OD/MED. < Average per venl increase in life span of
treated mive over control mice [100(T/C — 1)] a1 the OI).
/ Compound giveu intraperitonendly front the firs¢ day to death.
¢ Compound given intraperivonendly on diy 1 only. & ~UD¢] 20b
wad ~10C; 20a.

the data obtained with a limited number of congeners
indieate that substitution by the 2-chloroethyl group
does not result in the outstanding activity observed
with similarly substituted nitrosoureas.? The activity
of the title compound 7b, for example, is of the same
low order as that of 1,5-dimethyl-1-nitrosobiuret (5hb)
and  H-(2-chloroethyl)-1-methyl-1-nitrosobiuret  (6h).
Comparisons are restricted, however, since the di-
nitroso derivative corresponding to 7b and 2-chloro-
cthyl derivatives of biureas were not available because
of synthetie difficulties.  Complete =ubstitution of NH
protons ag in 9 resulted in inactivity as previously noted
with nitrosoureas.?  In this regard it should be noted
that N, N’-bis(2-chloroethyl)-N, N"-dinitrosohexane-
dinmide (21b), lacking the NH group in a rather drastie
departure from the ureido structure, has significant
Activity.
Experimental Section?

1-Methylbiuret (la).-~A niixiure of ethyl allophanate (10 g,
0.075 nwle) and methylamine [16 g, 0.44 mole (38 ml of 409,
aqueons solution)] was allowed tu xtand in a stoppered flask for
31 days at roont temperature with occasional shaking. In zacuo
evaporation and recrystallization of the residue fromn ethanol
(~45 ml) produced 7.0 g (80%) of 1a in three crops with essen-
tially identical iufrared spectra; mp 171=173° (first erop) (lit.

(20) Melting poirnts for wldicli a range s recorded were determined on a
Mel-Temp apparatus; those without a range, on a Kofler Heizbank. The
infrared spectra were determined i pressed 1$13r disks (solids) or films (oils)
o1¢ a Perkin-KElmer spectropbotometer (eitler Model 221-G or 521). Tle
oIT spec(ra were obtained on a Varin A-60 spectrometer; cleminral slafts
(expeessed as 8 (n parts per mdliot downfiebl fromm Mes8i) were measurrd
feant Uce center of complex multiplets wnles< oderwize ndicated.
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mp F6O--172° mp 175°2); dufrared absorption 1KBr) su 5430
3500 aod 33155190 (s, NH, N 172021680 (5) v 161D
1) CO g 1335 v 2 (CNTD.

I-Methyl-1-nitrosobiuret (1b). - A ~olntivn of NuNO. (N8N g
121 nineole=d o TLO (15 ml) was waded dropwise 1o ra fev-cold,
stirred solutioo of Ta s 7.75, 66,1 wnoles) i 5 N HCT (60 1wl
with tnuaedine precipitation of b as a yellow solid (1T =ola-
tiot of Ta ellected by warming),  More HaO 40wl wis wddesd
Jasi afree nirente wddivion, aad stvriag was continned Yoo 1w
The prodiet wres tritarred o eold (5°) warer (1D0 ral) Foe 3D ntio,
iaud dried n ewrg over o050 vield 884 g (92700 mp 1457 dee
dit wmp 139-140° dec);  infraved ahsorptions (KB a0 B45D
intes, N, 3300 niad 5240 (-, N, 1720 (<1 ond 1605 1o =
5 O, sand 1485 (s, NO»o,

el Caded for CAleNGO40 N, 58055 Pomal: N, 58057,

[-(2-Chloroethyl)biuret (2).--Trierhyvlawaine (1.1 wl, 7.7
miraolesy wis added 1o o colld, xtiered <olution of Z-clilovseiliyl-
e hivdeorhloride (100 g, SB2 wanoles) o THLO 15 s
theo Th o112 g, 7.76 mmoles) wis added v portions ax the eix taee
wis slightly wartaed with o0 warti-warer hatle Solution o
vellow 1b was Tollowed by we exorthermic rerarnion, gas evolutior,
saud deposition ol w white =olidd.  The mixinre was slirred :a rooue
remmpeniure Tor 1w, sed 1he solid wis vollected, washed withe
water, stud deied /0 cwree over PaO:: vield 05D g 535700 wp
13R-140°0 doleared absorprion 1IKBry ar 3435 sual 38555 N1
17151665 rvaadiiplet, sieougest al 1693 Cand IBHL w0 1CO,
15340 (i1 <5, el 13005 (<5 et (CN D,

Anel. Caled Toe COHLCINGO.: €, 20,03, 1, 4570 N, 200s.
Found: C, 20000 11 4£.59; N, 25.65.

2-0Oxo0-1-imidazolidinecarboxamide (3a).”’- A =tured =oluliou
of WO (130 wmg, 8597 win, 2.4 wmoles) aad 2 (455 g, 2.75
nunolesi i 707, aqaeons erthavol 710 ml) wies refluxed Tor 41
win, - The resulting <olmiow (ptl ~7) wax chilled inciee, aod the
=il amoaet ol =olid Y10 mg) e preeipitared wis vertwovend
by fdirarioo.  The tilieore was evaporated 1o dryvness 0 oo
i <40°, rad the residne was dried e ceevo over .05 aad ex-
(ravred witle three 2540l portiows of sweionitrile. Evapoesaioe
inorw o of e exirners awd devivg o eaveo ovee 1505 lelt ernde
3a (340 myg), whichh was tritured e CHCl (30 1al); 1he in-
solnble xolid wud that which precipirarad on diliniiow of ¢he filtrnte
with 30-60° perrolenia erher (20 1md) were combived, deied, aud
Tether teiinmted e warm (30-60°3 edthanol (~1D wl). The
deied lisoluble poction (70 mg) and the dried =olid (%0 wg)
thai precipitated ow dilaion of the filirate with erther (5 ndcual
petrolemre erhiee 75 1l were idewtived with respeel 10 nielliug
poird. [195° dece (Mel-Tewmp)y witlh presiotering froia 1157}
e homogeneuy silba gel 1 oand ethiyl acerwae), and steoug
wlrred absorprion (K Br i 3360, 32570, and 3210 (N1 wad N1,
1740 aud 1675 (COY ad 1ARO, 1885, aadd 1270 cin ¢ roral vield
47,0 The peevipilated  smuaple was swoalyzed;  the udeeed
specira of the analyiival simple awd dhe origiedly =olaied ceade
sainple were practivally idend ival.

Aned, Culed Tor COHLENO.: O 5500
Fornd: ) 37,04, T 5004 N, 3208,

3-Nitroso-2-oxo-1-imidazolidinecarboxamide 13b).
tdtrite (50 ng, D52 mmole) was added to a eold (5-10°), stirred
soliliow ol 3a (90 myg, 0.50 mmole} e HS-100C TTCOOTT 0.7
wmhyn Aftee DS Lo ar 5 10°, (he stirred solition was dilided witle
ice=cold wuree ©5 il Duriug the vexr 0.5 hry 3b precipinnonl
st= pade vellow flakes, whiel were washed wich 1 iitle cold waler
aotl dried (i vuewo over Pty vield 40 g 13670, weliiug pold
ludefinite tdee): ufuwed ahsorprion TIKBr) 1 3405 (=) 3300 s
3240 (N1 1775 ad 15D0 (=, COY, 1595 (i, ardde 11, THS5 s,
245 Exh aod TIOD <y cra ™t prar pesks (DMRO={0 su 6 ~7 0
i2 1, = NHo wod 352 o T nndiipler, CHoCla o Exrmeiion of
the filirate wirh 1heee 3-il portious of CHCly awl in oves
evaporation of 1the dried (MgR0y4) exiract prodinved additional
3b (10 mg), whose infrared specirmmn was identival wirh thal of
the larger, analyzed sumple; the toral yield was 4755,

Anal, Cualed Tor CyHgN O C, 3088 H, 3.82; N, G544
Found: C, 30.19; 11, 4.06; N, 35.00.

Methyl Allophanate (4). --A mixiure of 1b (9.66 g, 66,1 nmuoles:
and anhydrons werthanol (3750 ml) was heated 1o hoiling: cowu-
plete sohittion ovenrved afier vigorous evolittion of Ny sund lighten-
ing of the yellow volor.  The filiered, vonled solution deposited 4
i two erops. Reeevsidlizatiow of 1the combined erops ¢h41 @)

1 546: N, 52005,

sodinn

(21) Preparaton by a dilleresd wei vl repacted by J. dankiewen-Wisow -

ska, Rursvli Clheoa., 34, 85 11460y, buat the abstract [Chenc. dbstr., 64,
164111 (1960) [ wives oy prepacative decails or physional consaaits,
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from methanol reduced the yield to 4.77 g (619), but neither the
nielting point (205-208°, lit.¢ mp 208°) nor the infrared absorp-
tion (KBr) at 3430 (NH), 1745 and 1700 (CO), 1260, and 1235
¢em~! (major bands), which compared favorably with that of
anthentic ethyl allophanate at 3405, 1740, 1703, and 1223 em ™},
were altered.
1,5-Dimethylbiuret (5a).—A mixture of methylurea (46.2 g,
0.624 niole) and methyl isocyanate (70 ml, 1.1 moles), divided
equally, was heated (oil bath) in two 100-ml stainless steel bombs
at Y8-101° for 5 hr. The bhombs were cooled, opeuted, and left
overnight tv allow evaporation of excess isocyanate. The crystal-
line residues were combined and recrystallized from acetonitrile;
yield of 5a dried in vacuo over P20;, 32.3 g (39.5%,); mp 166-168°
(lit.* 162-163°); strong infrared absorption (KBr) at 3355 and
3315 (NH), 1705 and 1680 (doublet, CO), 1545 (CNH), and
1230 em~1. (A similar run with 0.178 mole of methylurea pro-
duced 12.6 g (54%%) of 5a in 2 crops.)
Anal. Caled for C¢HoN3O.: C, 36.63; H, 6.92; N, 32.05.
Found: C, 36.42; H, 6.79: XN, 31.77.
1,5-Dimethyl-1-nitrosobiuret (5b).—A solution of NaNO,
(4.5H g, 65.9 mmoles) it water (25 ml) was added dropwise during
1 hr to att ice-cold, stirred solution of 5a (8.50 g, 64.7 mmoles) in
1.1 & HCI (82 ml). After 1.5 hr more, the light yellow pre-
cipitate (5b) that had formed was collected, washed with cold
water, aud dried in vacuo over PyO;; yield 8.13 g (78%), mp
108° dec. A pilot experinient produced the analytical sample;
nip 111° (lit.* mp 108°); iufrared absorption (KBr) at 3335
(NH), 1715 (s) and 1700 (s) (doublet, CO), 1545 (CNH), 1510,
atid 1490 ¢m ! (doublet, probably NO).
Anal. Caled for CJHgN,O;: C, 30.00; H, 5.04; N, 34.99.
Found: C, 29.76; H, 5.14; N, 34.65.
1,5-Dimethyl-1,5-dinitresobiuret (5¢).—Sodium nitrite (41.4 g,
0.600 niole) was added in portions during 2 hr to a cold (5°),
stirred solution of 5a (13.1 g, 0.100 mole) in 98-1009, HCOOH
(90 mil). The niixtire was stirred 1 hr, diluted with ice-cold
H,0 (200 ml), and stirred at 0-5° 1 hr louger. The yellow pre-
cipitate, 5¢, was washed with cold H,O and dried in vacuo over
P,0;; yield 5.74 g (309), mp 94° dec. The analytical sample
(same melting point) was obtained in a pilot experiment; in-
frared absorption (KBr) at 3350 (NH), 1790 (s, CO), 1525, 1510,
and 1480 em ! (triplet, CNH and NO).
Anal. Caled for C;HsN;Os: C, 25.40; H, 3.73; N, 37.03.
Found: C, 25.32; H, 4.00; N, 36.35.
1-(2-Chloroethyl)-5-methylbiuret (6a).—Triethylamine (10.4
mi, 74.5 mmoles) was added to a vigorously stirred, cold (<10°)
solution of 2-chloroethylamine hydrochloride (8.70 g, 73.0
nirnoles) in HyO (100 ml), and then 5b (11.9 g, 74.3 mmoles)
was added all at once. The frothy mixture was stirred at room
temperature for 6 hr. The product was washed with cold water
and dried in vacuo over P;O;; yield 6.95 g (529;), mp 134-136°.
The analytical sample was obtained similarly from a pilot experi-
ment in 587 yield; strong infrared absorption (KBr) at 3375
and 3310 (NH), 1705 and 1670 (C=0), 1525 (broad, CNH), and
1220 em~L
Anal. Caled for C;H,wCINsO,: C, 33.43; H, 5.61; N, 23.40.
Fouud: C, 33.44; H, 5.46; XN, 23.44,
5-(2-Chloroethyl)-1-methyl-1-nitrosobiuret (6b).—Solid
NaNQ, (26.6 g, 0.386 mole) was added in portions during 1 hr
to an ice-cold, stirred suspension of 6a (20.9 g, 0.116 mole) in
5 N HCI (335 ml) and H,O (73 ml). The frothy mixture was
stirred at 0-5° for an additional 0.5 hr; and the light yellow solid
product was washed with H.O and dried ¢n vacuo over P.O;;
vield 23.4 g (97%%), mp 108°. The analytical sample, mp 109°,
was obtained in a pilot experiment in which the molar ratio of
nitrite to biuret was 1.2:1.0; strong infrared absorption (KBr)
at 3345 and 3315 (NH), 1730 and 1705 (C=0), 1540 (CNH),
and 1480 cmi™! (NO); pmr peaks (CDCl) at 6 ~9.2 (1 H,
CONHCO), ~8.4 (1 H multiplet, CONHCH), 3.75 (4 H, A:B.X
niultiplet, NHCH,CH,Cl), and 3.20 (3 H singlet, CHj).
Anal. Caled for C:HsCIN4O;: C, 28.79; H, 4.37; N, 26.86.
Found: C, 29.13; H, 4.59; N, 26.83.
1,5-Bis(2-chloroethyl)biuret (7a). A. From 6b.—Triethyl-
amite (12.0 ml, 83.6 mmoles) was added to a cold (0-10°),
stirred, filtered solution of 2-chloroethylamine hydrochloride
(10.0 g, 86.2 mmnoles) in water (500 mi), and then 6b (18.0 g,
85.6 mmoles) was added in portions during 20 min. The mixture
was stirred 24 hr at room temperature. The product was col-
lected, washed with water, and dried in vacuo over P;O;. A small
erop was obtained by concentration of the filtrate to ~70 ml,
Recrystallization of the combined crude products (13.1 g) from
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CHCls-petroleum ether gave 10.9 g (569) of 7a, mp 142-144°,
The analytical sample, mp 145-146°, was obtained in 729 yield
from a small pilot run; infrared absorption (KBr) at 3385 and
3335 (m, NH), 1720 (m) and 1670 (s) (C=0), 1540 (s, CNH), and
1245 (m) em~! Over-all yield from 5a was 269;; pmr peaks
(DMSO-dg) at 6 ~8.8 (1 H, CONHCO), ~7.6 (2 H multiplet,
CONHCHy), and 3.60 (two identical A;B,X multiplets, 4 H each,
CICH,CH;NH).

Anal. Caled for CsHCLN;O,: C, 31.60; H, 4.86; N, 18.42,
Found: C, 31.63; H, 4.82; N, 18.53.

B. From 5¢.—A cold (5-10°), stirred solution of 2-chloro-
ethylamine (880 mg, 7.46 mmoles) in H.O (10 ml) was treated
first with triethylamine (0.98 ml, 7.0 mmoles) aund then with 5¢
(610 mg, 3.23 mmoles). The mixtire was stirred at room tem-
perature for ~23 hr, and the product was collected, washed with
water, and dried in vacuo over P,Os; yield 410 mg (36%), mp
130-135° dec. The infrared spectrum was identical with that of
7a prepared from 6b; a thin layer chromatogram (1:2 benzene-
ethyl acetate) detected only a trace of impurity. The over-all
yield from 5a was 2297,

1,5-Bis(2-chloroethyl)-1-nitrosobiuret (7b).—Solid NaNO,
(20.0 g, 290 mmoles) was added in portions during 1.5 hr to a
cold (5-10°), stirred solution of 7a (6.62 g, 29.0 mmoles) in 98—
1009, HCOOH (80 mil). The resulting yellow mixture was
stirred for 0.5 hr, diluted with ice-cold H.O (250 ml), and stirred
for an additional 1 hr at 0-5°. The yellow product, which had
separated as au oil, solidified during the final stirring period and
was collected, washed with cold HyO, and dried in vacuo over
P;0; and NaOH pellets; yield 5.45 g (739%), mp 65°. The
analytical sample, mp 69°, was obtained in a pilot experiment
(679 vield) in which a 5:1 M ratio of nitrite to biuret was used;
infrared absorption (KBr) at 3370 (m-w, NH), 1720 and 1695 (s)
(C=0), 1540 (m-s, CNH), 1470 (5, NO), 1245 (m), aud 1070 (m)
¢m™Y; pmr peaks (CDCly) at 8 ~ 9.2 (1 H, CONHCO), ~8.3
(1 H multiplet, CONHCH,), 4.18, 3.32 (strongest signals of 4
H A;B; pseudo-triplets, CICH,CH,N(NO0)), aud 3.73 (4 H A,B,X
multiplet, CICH,CH,NH).

Anal.  Caled for CeH CLLNO;: C, 28.03; I, 3.92; N, 21.70.
Found: C, 28.23; H, 3.99; N, 21.67.

N-Methyl-2-0x0-1-imidazolidinecarboxamide (8a).—The
biuret 6a (795 mg, 4.45 mmoles) was added to a stirred solution of
KOH (250 mg, 879 min, 3.79 mmoles) i 709 aqueous ethanol
(10 nmil). The resulting solution was refluxed for 30 min, then
cooled aund poured into ice-water (50 ml), bitt no precipitation
occutred. The solutivil was evaporated to dryuess in vacuo
at ~35°, and the residue was washed with a minimal volume
of cold H,O and dried in zacuo over P,O;. Recrystallization of
the crude produet from CHCl;-petroleum ether (~1:1) gave
160 mg (259 ) of 8a: mp 196-198°; iufrared absorption (KBr)
at 3240 (m, NH), 1725 () and 1645 (m-s) (C=0), 1550 (m-s,
CXNH), and 1265 (m) em~', (A run twice as large in which 1.8
equiv of KOH and 1.5-hr reflux were nsed gave a 239 yield of
8a.)

Anal. Caled for C:HYN;O.: C, 41.95; H, 6.34; N, 20.36.
Found: C, 41.81; H, 6.21; N, 29.12.

N-Methyl-3-nitroso-2-oxo-1-imidazolidinecarboxamide (8b).—
Solid NaXO, (140 mg, 2.03 mmoles) was added i1 two portions
during 15 min to a cold (5-10°), stirred solution of 8a (260 mg,
1.81 mmoles) i 98-1009, HCO,H (1.5 ml). The solution was
stirred cold for ~20 min, diluted with water (~6 ml), and stirred
at 0-5° for ~20 min. The pale yellow precipitate 8b was washed
with water and dried in vacuo over P;();; vield 125 mg (409;):
mp 130-154° dee; infrared absorption (KBr) at 3340 (m-s,
NXH), 1765 and 1695 (5, C=0), 1530 (m-s, CNH), 1465 (m),
1395 (&), 1205, 1180, 1165 and 1145 (%, quadruplet) ¢nt™'; pmr
peaks (CDCL) at 6 ~7¥.8 (1 H multiplet, CH;NHCO), 3.2
(4 H A:B; multiplet, CH,CH,;), aud 2.U8 (3 II doublet, J = 4.8
¢ps, CH;NH).

Anal. Caled for C;H3N.O;: C, 34.8%; H, 4.68; N, 32.5).
Found: C, 34.72; H, 4.70; N, 32.28.

N-(2-Chloroethyl)-2-0x0-1-imidazolidinecarboxamide (8¢).—
The biuret 7a (645 mg, 2.83 mmoles) was added to a solution of
KOH (190 mg, 859 min, 2.8% mmoles) i 70¢; aqueous ethanol
(8 ml) at room temperature. The nmagnetically stirred solution
was refluxed for 30 min (oil bath, 85-90°), cooled, and filtered.
The collected precipitate was washed with ethanol, and the
combined filtrate and washings were evaporated to dryness in
vacuo at 35-40°. The ethanol-extracted precipitate and the
residue were triturated in acetouirrile (30 ml).  In vacuo evapo-
ration of the filtered acetonitrile solition at ~35° left an off-
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white erystalline residue, which was washed witlt water 110 1d)
aid dried @ zecuo vver POy and NaOH; yield of 8, 345 mg
(6477); mp 155° (Mel-Tentp) with sofiening from 138°: in-
frared absorption (KBr) ar 3320, 3800, aud 3240 (m-w, N1l
E720 (s), 1705 (3), 1650 (=), 1635 (1) (C==0), 1540 (5, CN113,
480, el 1270 (n1) em =Y pnwe peaks TDMRO-(dy) al § ~N4
(1 11 mulripler, N1, ~7.5 (1 11 mubiiplet, N11), wod 3.64,
38, 34 srrongest signads of (wo overlapping A:B.N ninhiiplens,
4 11 vach, CICH,CH,N11 and ving C11,Cl1y).

dnal. Caled for Cell,CING,: G, 57,600 11, 5.220 N, 21038,
Found: C, 57,40 H, 5.23; N, 22.11.

N-(2- thoroethyl)-3-mtroso-2 0xo0-1-imidazolidinecarboxam-
ide (8d).-—Solid NaNO. (270 mg, 3.02 nunolex) waz added it
portions tlmillg 30 min ll) a cold (5-10°), stirred solution of 8¢
(140 1ug, 0.730 muole) e W8-1000, HCOOH (1.5 mit).  The soln-
How was =<(irred a¢ 53-10° fm 1 111, dilimed with eold H,O (5 ml),
awd stirred at 0-5° for 1.75 hr. The yellow precipitwie (8d)
was washied with o liide TLO gad dried n cecun vver 1.0,
vield D0 mg; mp 102-105° dec: sirong infraved absorpniou
(KBry at 38350 (N1ID, 1750 aiad 1700 (C==0)), 1545 (CNH},
1500, amd 1215, 1180, aud PS50 (ripler) em™: pmr peaks
(CDCL) at 8 ~S4 (L T muliipler, CILNHCO), 3.92 (4 11 AL,
ninltiplet, ring ClL.Cll,), and 3.73 (4 1 AoB.X pmltipler, CICH.-
(CH.NH).  Additional 8d (40 mg), whose infrared speciram wis
wentical with and melting poina lower 111((11 that of 8d which pre-
vipitated, wis 10w)vmetl by extraciion of the filbrate with three
10-ml portions of chloroform and /n vecvo evaporation wr roomn
lentperatire of the exivacr. The (ol vield was 81¢. The
higher meliing sample was analyzed.

Anal. Cuded for CyHCENG (h C, 52.66;
Pound: 5 32.73; 11 428, N, 2310,

1 3,5- Tnmethyl 1, 5 dlmtrosobmret (9)~—Rodium uirrite (15.9
@, 230 mmoles) was added 1 inerentents o o eold, stirred solurion
ol L d-rhmerhylbinrett [5.02 g, 84.5 nmmlc.\ mp  125-12G°
after two reervstallizarions fronr benzene aod ovue from ethyl
aeenide;  tufrared absorprion TKBr) at 3400 (<3 aad 3280 (1)
(NI, 15710 @) orad 165D () (Ce==0 ), and 1515 v 71 (x, CN1D)
o Tormie acid (35 i), vold 10 being added midway 1o aid s1ie-
ring.  Move cold HsO €250 ml) was added 30 min after nhirvire
adidition, wnd siirhegg was vonrinned for 1.5 hr. The yellow
proditer wees washed wirll cold 110 (20 ml) waid dried in vaceo
over PuOL vield 2228 ¢ @365 mp 102° it mp 102° dee):
ilraed absorprioe (KBry wr 1760 () and 1710 §x) (C==()y,
sl 1510 enem < Gur-x, NOG: pror peaks (CDCLa al 8 3.67 (311
stuglel, CON(CHNCO) and 3.04 (wo identwenl singlets, 3 11
cavly, CILNINO) 1L

1-Nitrosohydrouracil (10).- -Sodiwin wurite (145 g, 210
nnnoles) wis added v simall portiows over a perivd of 3.5 he
1o aa ee-rold, stirred suspeusion of hvdreouraei?? (394 g, 34.0
mmoles) in 3 N HCH (42 mid, 210 wnnolest. The cold mixire
was =tirred T he louger, aud rhe vellow =olid, 10, wax washed with
vold 110 (1) mD ard deled 7o carsio over NaO1l and PO
viedd 4,22 g R4 10 mp 1422 dec s Mel-Tempy: iufrarved absorp-
tion TKBr) a 3200 fw-m) raad 3005 auy (N1, 1745 and 1705
(= COY, 1385 (shand 1200 dx) vt piar peaks (DNMSO-b:
a1 8 ~11.2 (1, CONTHCO) and 3,85 aad 2.68 (strongest signals of
41 Ay preado-iriplers, COCH,CHLN(NO)).

Anel. Caled for CiIENO5: C) 33570 1, 3.520 N, 2057,
Pouod: C, 8541 11 555, N, 2047,

Denitrosation of 1-Nitrosohydrouracil (10).-—A suspeunsion of
10 (400 mg, 2.7 nunoles) in warer (10 ml) was stirred at rooin
temperature for 6 days. The iusoluble solid was collecred,
waslied with water (3 ml), aad dried in vecwo over Py, The
lhirte sl washiogs were combined amd evaporaded o dryness
in ewreo :d rooun teniperstiure.  Lufraved speerra of borh the
tteolnible <olid (140 g, mp 279-231° dee), which was analyzed,
aud the residie (IS0 myg, mp ~275-280° dee) were identical
wiil thar of autheraiv hydrcaraei], mp 280°; total yield 100V,
ynfrared absorprivn (KBr) ar 1750 (=) and 1693 (x) (CO),
[ (1= ), 1285 (1), atd 760 (m-=) e 4,

Anal, Caled for CylleNaOe: C, 42.10: H, 5.30:
Found: ) 4L.85; 1, 5,10 N, 24.490.

1-Methylbiurea (13).- —-4-Methylsenidcarbizide® (018 g, H8.2
utoles) was dissolved 10 0.5 A HCH(116.5 ml) wirth sturing and
hmllu 3 zlml KOCN (4.84 g, 59,6 mmoles) was added i portions

I, 4.1, N, 25.40.

N, 24.55.

\--) \14:(1( l{u( ;arele Lahoralortes, New York, N. Y. 10006,

23) Prepared as peeviously desceibed?t except CHCL vistead of eldwee was
solvent.  Tle eride produet (inp 1081119, vield 959 that precipitatel
wits (=ed witdmad fortleee pardfication.

21 )L Vacker, Do Trow, Ohyne, 34, 187 ()0

16 the solutiore vooled 1o vonn tempetare, The mixture, now
containiug o Hufly white precipitiie, wias stirved Tor seveel
Lionrs 1o vusure complere rewetion. Beeevstllizadiow of 1w
ernde peodner 6.73 ;,’) from .0 0 ~ 375 mlh gave 580 25575
of B3 mp 245246 indfrared absovplion tIKBreon 54100 nue,
SAES amnh e B210 any ONTD, 1675 05 Cinal TOID (1o 1 CO 1 wod
1570 Gt em 2 «ONH L (A sevowd veop vaised Hhe vield 1o 807

RUTITR ‘dlul Tor CRILNGOL: O 2727 1, 5100 NL 21,
Fouwd: €, 27.61: 1 6.00; N, 42.47.

Nitrosation of |-Methylbiurea and /» S/OHy Decomposition of
the Product with Cyclohexylamine.~-A ~olution of NaNO. (87
my, 120 nunoles) we 1RO (5 mly wis added dvopwise 1o o cold
-5 =Hceed =olimiow of 13 (350 mg, 4.16 wmole=twe 7N 1101
(~12.5 b, After 45 win, caongh evelbhexylimice +~ 10l
was added 1oy he soludiow to bring the pll 1o ~9 (the ewapecitine
ol the mixtare rose 1o 2071 The previpitiae Hipa uad Toened
was rentoved by lilreanion, washed with TLO, wad deied a5 vaeen
over O This nnnerial G340 g, wap 55 77° dees
by tafeared specteal and thiv biyee cloonndogeplue cowpirizons
10 be maiuly S-evelohexyl-t-merhyl-T-uitrosouren (145 couin g
a stll amonad of Li-dieveloliexslorea (153 The Hlisae,
<tirred {or 24 Twe ol oot lempeeiiuee, deposited additional 13
(70 mg, mp 227° dees wp of awhealie 15, 2505, which was
identified throagh s infvared spectenn.

3-Cyclohexyl-1-methyl-l-nitrosourea ;14). A ~olution ol
NaNO. (884 g, 128 nnnoles) 1o HLO 020 ) was added deop-
wixe 1o a eold 595, <tireed solmioi ol T-eveloliexyl=S-methy lureq
(10D g, 640 muunlest in HCOOLL 10wl The mixture wies
stirred] w1 D052 Toe 30 i o] hen diluted withe vold 1O 115
mby. Pale vellow 14 that had precipiiated was washed widn vold
HLO wod dried O caero over PaOyr vield OSD g (85390 50 mp 57°
deer iafraved absorprion tKBey an 3580 i NHy, 2040 far s
ard 2S00 Gy (CLHD, 15705 (s, COo 1350 (5, ( VI, 1495 (i aad
1460 1) s NO G LITD fu, atud TODD (g e -

dnal. Caled for CATEN, O C 51,87
Ponnd: ¢, 51850 TN 160 N, 2260

1, 3 6- Trimethylbiurea (16a). A =olutioo ol methyl isoryvaiaiae
V4,05 g, SO.N nnnolesY e dry ¢ Il( 1 020 ) wax added dropwise (o
au ll(‘—(()l(l <tireed =olmia ol llu‘lh\“l\lll(l/lll(‘ (2.00 g, 3.4
minles? o e s =olvewd (40 pids. The solimiow, allowed 1
Wiarll 1o coolle lempeenl are, was <tiaved overuight. The coplons
white peevipitate 2 16at tlea hsad Doroval was collected sial deied
‘o vwve over PO viddd 505 ¢ 807 )0 wp 206-205°0 The
soalyiivnl Nllll])ll‘ W 202-204°, wis ceevysiallized Trom whsolice
ethanol: iofeared abzoeption ‘.1\“( al 3345 Tun), BINO fwennd,
aod 3000 (w10 CNTHL 1700 (i <) aad 1665 153 1COD, and 1560 &5)
sand 1540 () 2 1ONT.

Anal. Caled Tor CLlLNOw O 37.49:
Fowra: Co87.500 11, 7540 N, 3458,

1.3,6-Trimethyl-1,6-dinitrosobiurea (16b).--Sodiuae 1divice
(114 g, 16.5 nmuoles) wis added i portions 1o s cold (5109,
stirred solation of 16a (643 g, 402 molest e qodilned
HCOOM (10 ady, Afiee 15 min, e solntion was dilaied wil
fee-cold 11,0 115 nd pud stiveed Tor 30 min wiore. The vellaw
precipilale, 16b, was waslied with vold TLO €5 ml) sual deied
Yiuocaenn over W00 viehd 90 mg (1o s mp ~ 1197 dev: io-
Frared ubsorprion {KBe) ai 3300 an-=<0 N1, 15735 ixcnod 1515
(=, =houldery (C1)), 1490 (=), 1460 (u-s3, 1415 (=), awd 100D
fres) e G pae peaks (CDCLO a1 8 ~02 0p HL N1 5252

31 siugler, NHNICHOCOL aud 3.16 wo wdeoliveal siuglels,
31 eavh, CHANINOY

Anal, Caled Toe CILLNGOS ) 27528
Fomd: O 27445 114000 N, 38406,

Nitrosudion of 1,3,6-eiine dhylbiares (510 g, 3.8 nioles)y 1w
2.5 N HCT (10 b witl N 1\(); (SO wig, 1223 llllll(:]l‘,\ TR EAR
gave 430 g (63,1, aip 75° dev, of yellow diniteoso deciviilive,
whose complex pir =pectiinn showed 110 be 1mixiure ol 16b
(dightly more dan Lalf) aid oae oiher isomer, probably ©d-
disitroso-1,3,6-1riwethylbineea (16¢).

1,4—Dimethylbiurea (17a). ~To w filtered soliutiow of 2-metlyl-
semicartizide?s (5.62 ¢, 63.2 mmoles) i1 CHClL (250 ml), pre-
pared by lw:nu«g wad rooled to room remperanirve, was added
merhyl isoeviaona €360 g, 532 nunoles).  The vloudy mixtiee
wis stirred overuight, dilared with pelrolemmn ethiee (250 1,
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and cooled. Precipitated 17a (6.04 g) was recrystallized from
ethanol and dried in vacuo over P,Os; yield 4.21 g (469;); mp
190-191°; infrared absorption (KBr) at 3405 (m-s) and 3210
(m) (NH), 1670 and 1655 (s, CO), 1595 (m), 1440 (m-s), aud
1395 (m)em~L

Anal. Caled for C4H((N4Op: C, 32.87; H, 6.90; N, 38.34.
Found: C, 33.13; H, 6.49; N, 38.68.

1+(2-Chloroethyl)-6-methylbiurea (18a).—2-Chloroethyl iso-
cyanate? (4.18 g, 39.6 mmoles) was added dropwise to an ice-
cold suspension of 4-methylsemicarbazide?4 (3.50 g, 39.4 mmoles)
in dry CHCl; (175 ml). The niixture was stirred at room tem-
perature for ~24 hr. The white solid present was washed
(CHCL) aud dried #n wvacuo, then stirred with dilute HCI and
redried; yield of 18a, 6.19 g (819.); mp 238-239°; infrared
absorption (KBr) at 3310 (m-s) and 3215 (m) (NH), 1665
(s, CO), 1565 (s, CNH), 1410 (m), and 1325 (m) ecm ™%,

Anal. Caled for C;H,,CINO,: C, 30.89; H, 5.70; XN, 28.79,
Found: C, 81.06; H, 5.58; N, 29.16.

1,6-Bis(2-chloroethyl)biurea (18b).—2-Chloroethyl isocya-
nate®” (7.5 g, 71 mmoles) was added dropwise to au ice-cold solu-
tion of 959, hydrazine (1.0 ml, 35.5 mmoles) with immediate
precipitation of a white solid. The mixture was stirred at room
temperature for ~24 hr; then the precipitate was washed with
petroleum ether and dried in vacuo over Py0;; yield of 18b,
6.9 g (81%); mp 223-225°; iufrared absorption (KBr) at 3325
(m-s) and 3215 (m) (NH), 1660 (s, CO), aud 1550 (s) ecm™!
(CNH).

Anal. Caled for CsH,CLN4O,: C, 29.64; H, 4.98; N, 23.03.
Found: C, 29.83; H, 5.02; N, 23.20.

N,N’-Bis(2-chloroethyl)oxamide? (19).—Ethylenimine (8.50
ml, 0.164 mole) was added dropwise during 3 hr to a stirred, cold
(below —30°) solution of oxalyl chloride?® (7.00 mi, 0.082 mole)
in CHCl; (170 ml). After a short time, the powdery white
precipitate was collected and dried in vacuo over P.Os.  Recrystal-
lizationn of the erude product (11.0 g) from absolute ethanol
(1.5 1.) afforded 6.30 g (369;) of 19: mp 199-201° (1it.28 mp 200°);
infrared absorption (KBr) at 3293 (s, NH), 1660 (s, CO), 1535
(m-s, amide II), 1440 (m-s), and 1245 (m) em 1,

N-Methyl-N-nitrosoacetamide.3—A solution of N;O4%! in CCly
(10 ml containing 0.09 mole of N,O,) was added to a cold (—15
to —20°), stirred suspeusion of anhydrous sodium acetate
(14.7 g, 0.180 mole) in CCl; (100 ml). At about —6°, a solution
of N-methylacetamide (4.00 g, 0.055 mole) in the same solvent
(15 ml) was added dropwise to the mixture, which was then
stirred betweent —6 aud 2° for 1 hr. The solids were renmoved
by filtration and washed (CCls); evaporation of the combined
filtrate and washings left au oil (4.3 g), which was taken up in
ether aud filtered. Evaporation of the ether under reduced
pressure atd in a stream of N, left 2.84 g (519) of the nitroso-
amide as an amber oil: n%p 1.4414 (1it.'* n®p 1.4415); infrared
absorption (film) at 1735 (s, CO), 1500 (m-s), 1115 (m-s),
attd 930 (m—s) em ™1,

N-(2-Chloroethyl)cyclohexanecarboxamide (20a).—A solution
of ethylenimine (2.30 g, 58.2 mmoles) in CHCl; (10 ml) was
added dropwise to a cold (—50°), stirred solution of eyclohexane-
carbonyl chloride?® (8.53 g, 58.2 mmoles) it the same solveut
(90 ml). The resulting solution was stirred at ~0° for 2 hr,
Removal of the solvent in vacuo left a crystalline residue (9.9 g),
recrystallization of which from ethanol-H.O gave 6.65 g (609%,)
of 20a: mp 94-95°; infrared absorption (KBr) at 3290 (s, NH),
2035 (s) and 2835 (m-s) (CH), 1640 (s, CO), 1540 (s, amide II),
1440 (m), and 1210 (m) em L

(27) W, Siefkin, Ann. Chem., 563, 75 (1949).

(28) H. Bestian, ibid., 566, 210 (1950).

(29) Distillation Products Industries, Rochester, N. Y. 14603.

{30) Prepared according to modification of general method of M. Murak-
ami, K. Akagi, and Y. Mori, Bull. Chem. Soc. Japan, 86, 11 (1962), who did
not cliaracterize produect.

(31) Tle Matheson Co., East Rutherford, N. J. 07073
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Anal. Caled for CoHisCINO: C, 536.98; H, 8.50; N, 7.38.
Found: C, 56.90; H, 8.41; N, 7.41.
N,N’-Bis(2~-chloroethyl)-N,N’-dinitrosohexanediamide (21b).—
Solid NaNOQO; (10.3 g, 149 mmoles) was added in small portions
at 0.5-hr intervals over a period of 8 hr to a cold (0°, ice—-NaCl
bath), stirred suspension of 21a®.32 (8.30 g, 30.8 mmoles) in
glacial acetic acid (40 ml) and acetic anhydride (198 ml). The
cold mixture was stirred overnight, allowed to warm slightly,
and poured into 400 ml of ice aud HO. The agueous mixture
was extracted with four 75-ml purtious of ether, and the combined
extracts were washed with 75-ml portions of 5% NaHCO;
solution (until the washings were basic) and then with two 75-ml
portions of HyO. Evaporation of the Nas8Oi-dried ethereal
layer under reduced pressure left 21b as yellow flakes, which
were further dried in vacuo over P:O;; yield 9.40 g (93%;), mp
50-52°. A small pilot run provided the analytical sample:
mp 50-52°; infrared absorption (KBr) at 1730 (s, CO), 1505
(8), 1325 (m-s), 1085 (m-s), 985 (s), aud 915 (s) em~*; ultra-
violet maximum (EtOH) at 240 myu (e 15,400).

Anal.  Caled for C,oH gCLN,Os: C, 36.71; H, 4.93; N, 17.13.
Fouund: C, 36.91; H, 4.71; N, 17.16.

N,N‘-Bis(2-chloroethyl)-trans-1,4-cyclohexanedicarboxamide

(22a).—A solution of ethylenimine (2.05 ml, 39.6 mmoles) in
CHCl; (20 ml) was added dropwise to a cold (~—40°), stirred
solution of trans-1,4-cyclohexanedicarbouyl chloride® (4.14 g,
19.8 mmoles) in the same solvent (35 ml), a white solid pre-
cipitating immediately. The mixture was allowed to warm
gradually to room temperature and was stirred overitight. The
collected product (4.83 g), washed (CHCl;) and dried in vacuo
over P,0; was recrystallized from absolute ethauol; the vield
of 23a, mp 256-259° dec, was 2.98 g (519 ); iufrared absorption
(KBr) at 3285 (s, NH), 2960 (m, CH), 1635 (s, CO), 1535 (s
amide II), 1440 (m), 1240 (m-s), aud 1200 (m-s) cm .

Anal. Caled for CuHpClLN»Os: C, 48.81; H, 6.83; N, 0.49.
Fouud: C, 48.96; H, 6.70; N, 9.41.

N,N’-Bis(2-chloroethyl)-N,N’-dinitroso-trans-1,4~cyclohexane-
dicarboxamide (22b).—Solid NaXN(); (14.1 g, 205 mmoles) was
added iu portions at 0.5-hr intervals over a period of 4 hr to a
cold (0°), stirred suspeusion of 22a (3.53 g, 11.9 mmoles) in
glacial acetic actd (35 ml) and acetic anthydride (175 ml). The
resulting mixture was stirred at ~0° overuight and then poured
into 175 ml of ice and H.O. The product was deposited as
yellow plates, which were washed well with H,sO and dried
in vacuo over P:Os; yield 2.65 g (6297), mip 113-114° dec. The
analytical sample (mp 115-116° dec) was reerystallized front
ether-hexane; iufrared absorption (KBr) at 1730 (5, CO),
1485 (s), 1435 (m), 1085 (m), 995 (m), 935 (s), aud 780 (m-s)
cm™!,

Anal. Caled for CpHsCLNOs: C, 40.80; H, 5.14; N, 15.86,
Found: C, 40.99; H, 5.40; N, 16.00.
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