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N-Nitrosoureas.'

Il. Haloalkyl Derivatives
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T'he synthesis, chemical properties, and <trneture of numerous congeners of 1,3-bis(2-chiloroethy1)-1-nitrosotiven
(BCNTU), an experimentally important anticaicer agent, have been investigated, and structnre-activity relation-
=hips have been established with respect to intraperitoneally and intracerebrally inoenlated L1210 monse len-

keniia,

Structnral modifications inclinde variation of halogen, alkyl branching, and introdnetion of varionsly
substituted cycloaliphatic, aromatic, and heterocyclic gronps.

Decomposition with amines as a method of de-

termiring the position of nitrosation in nitroso derivatives of unsymmetrical 1,3-disubstituted nreas has been

complemented principally by pmr spectroscopy.

The effect of steric Tactors and aquevyns dilution of the nitro-

=uting medium (formic arid) on isomer ratios in the nitrosation of 2-(haloethylureas having certain cyclic sub-
stituents has been demonstrated, as well as relative lability of certain nitrosonreas in undiluted formie acid.
Ncreening data indicate that the most active nitrosonreas so far evalnated against both the intraperitoneal il
intracerebral disease are 1-[2-(¢liloro or fluoro)ethyll-1-nitrosonreas substituted in the 3 position by a 2-(ehlora
or fluero)ethyl or eyeloaliphatic group. A few exceptions to this generalization were noted.

In previous reports,® the somewhat random investi-
gation of congeners of l-methyl-1-uitrosourea that led
to the expernunentally and perhaps clinieally useful
antileukemic  agent, 1,3-bis(2-chloroethyl)-1-nitroso-
urca (1, BCNU),? was described. The efficiency and

(’I(’,H-_xCH-_x’.‘\TC()NHCH-_)('JH:CI

NO
1

reproducibility of the activity shown by BCNTU agalust
both iutraperitoneally and intracerebrally nnplanted
[L1210 leukewmna i mice have made investigation of
the kineties of leukemic-cell kill possible and have led
to a restatement of the eriteria associated with cura-
bility of experimental leukemia,* which is now being
extrapolated to the therapy of human neoplasms.
These findings and concepts have accelerated mnterest
i structural modifications of BCNTU and related N-
nitrosoureas that might wmeliorate the nsidious effects
of delayed toxicity,*®® but retain intracerebral activ-
ity.”  This continuing search has led to the synthesis
of a number of new huloalkylureas (Tuble I), many of
which have been converted to the corresponding nitroso
derivatives (Table II); analogs of these compounds
having substituents other than halogen will be reported
separately. The methods of synthesis are in generil
hased on those previously employed.®

1 This work was sopportad by fomds fram the CL ¥ Kettering Foonda-
yion andhie Caneer Chematherapy Nutional Rervice Center, Narional Concer
Insronneg National Insvoces of Heatth, Contract Ng. PH43-64-51.  Pre-
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NNNV: RV Swoek, Jo Med, Chewe, 9, 231 {1966).
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Chemical Properties and Structure.——1'lhc prepon-
devance  of  unsymmetrical  1,3-disubstituted  ureas
among  the ureas synthesized necesstated cautious
assignitent of structure to the corresponding uitros=o
derivatives.  Rationalization based on  relative uu-
cleophilicity of the urea nitrogen atoms can lead to
erroneous structural assignments as in the case of the
previously reported ethyl 5-(2-chiloroethyl)-5-nitro=o-
Liydantoate™ (2a), whose structure becauie suspect
because of a low degree of 1.1210 activity. Reuaction of
the mitrosohydantoate with cyclohexylammine m water
resulted n the isolation of a 309 yield of 1-(2-chloro-
cthyl)-3-cvelohexylurea (3a), which could have formed
only fromn cthyl 5-(2-chloroetliyl)-3-mitrosohydautoate
(2b); further confirmation of structure 2b was later
obtainod by pir spectroscopy.

CICH,CH.NCONCH.CO.C,H; XCHZCHZNHCONH—O
|

Y 7
2a, Y ~NO:7Z=H 3a, X =Cl
b, Y=H; 7 =NO b, X=Br

c, X=F

Isolation and identification of ureas as decomposition
products of nitrosourcas constitute proof of howo-
geneity only i a single product is wolated in nearly
theoretical vield; detection of two products indicates
an izowmeric mixture of nitrosourens, but the ivolation
of a single product corresponding to one isomer i less
than theoretical yield does not eliminate the presence
of the other isomer.  For exanple, the decomposition
of a nnxture of  1-(2-chiloroethyl)-3-cyclopentyl-N-
nitrosoureas with aunnoniwm hydroxide resulted in the
isolation of cycelopentylurea i 739 yield, which indi-
cated that at leazt 739 of the mixture was 1-(2-chloro-
ethyl)-3-cvclopentyl-1-nitrosouren (4a). A subsequent.

(’ICH_,CH_,NCON‘<j
|

Y 7

4a,Y -NO:Z-H
b,Y - H:Z- NO
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Figure 1.—Infrared (in KBr disk) and pmr [in 109 (w/v)
chloroform-d solution at 60 Me/sec] spectra of the product from
nitrosation of 1-(2-chloroethyl)-3-phenylurea in aqueous formic
acid.

exanination of the pmr spectrun: revealed that the
ratio of 4a to the isomer 4b was roughly 3:1.

Clear-cut separation of isomeric pairs of nitrosoureas
by thin layer chromatography has been observed only
in the case of the 1-(2-bromoethyl)-N-nitroso-3-
phenylureas 5a and 5b, but several mixtures of a uitro-
sourea and the corresponding unnitrosated urea, as
well as mixtures of products of decomposition of nitro-
soureas with amines, have been so separated and iden-
tified. Thus, thin layer chromatography showed the
isolated product of the reaction of 1-(2-bromoethyl)-3-
(2-chloroethyl)-N-nitrosourea with cyclohexylamine in
water to be a mixture of 1-(2-bromoethyl)-3-cyclo-
hexylurea (3b) and 3a as would be expected from the
isomeric pair 6a and 6b; pnir data indicated a conipo-
sition of approximately equal parts of 6a and 6b.

BrCHZCHgNCON—Q BrCH,CH,N CONCH,CH,CI
[ ]

Y Z Y Z
5a,Y=NO;Z=H 6a,Y=NO;Z=-H
b,Y=H;Z=NO b, Y=H;Z=NO

Since nitrosation of a ureido function causes a shift
of carbonyl absorption in the infrared to a higher wave-
number,* the completeness of nitrosation can often be
established by infrared spectroscopy, and in some in-
stances doublet absorptions (both C=0 and NH) are
definitely indicative of an isomeric mixture (¢f. Figures
1 and 2). The most generally useful means of estab-
lishing the isowueric purity of a nitrosourea, however,
has been pnir spectroscopy. Distinction between
RNH and RN(NO) groups was first made in the spec-
trum of BCNTU, the asymmetry of the cential portion
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Figure 2.—Infrared (in KBr disk) and pmr [in 109 (w/v)
chloroform-d solution at 60 Mc/sec] spectra of the produet from
nitrosation of 1-(2-chloroethyl)-3-phenylurea in undiluted formie
acid.

of which is attributed to NH coupling of the adjacent
methylene group since A.B. symmnietry is effected
(graphic resolution) by deuterium oxide in dimethyl
sulfoxide-ds. Complete deuterium exchange of the
NH protons of 1,3-bis(2-chloroethyl)urea, which re-
quired a period of about 26 hr, resulted in an A.B.
symmetry that could be observed without graphic
resolution. This type of coupling has previously been
noted in the spectra of certain carboxamiides.” Spectral
asymmetry of the CICH.CH,NH group (A:B.X system)
and symmmetry of the CICH.CH:N(NO) group (A:B:
system) are clearly seen in Figures 1 and 2. The com-
position of the mixture (Figure 1), which was previously
reported as pure 7a,?* is estimated by integral ratios to
be 609 1-(2-chloroethyl)-1-nitroso-3-phenylurea (7a)
and 409% 3-(2-chloroethyl)-1-nitroso-1-phenylurea (7b).

CICH2CH21\IICON—®
|

Y Z
7a,Y=NO:Z=H
b,Y=H; Z=NO

The unique F'® splitting pattern as scen in the spectra
of 2-fluoroethylamines® coniplicates the spectra of 2-
fluoroethylnitrosoureas, but the principle of analysis
is the same as with simipler spectra. Singlet absorp-
tion of the CH;N(NO) group characterizes all the
methylnitrosoureas studied and hence confirmis certain
tenuous assignments previously based on low yields

(7) L. Skulski, G. C. Palmer, and M. Calvin, Tetrahedron Ietlers, 1773
(1963).

(8) P. L. Levius and Z. B. Papunastussiou, J. Am. Chen. Soc., 8T, 826
(1985).
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1-Adamantyl
Cycloheptyl
Cyclooetyl
Cyclododecyl
5a-Cholestan-3a-yl
2-Indanyl
p-Fluorophenyl
o-Chloroplienyl
m-Chlorophenyl
2,5-Dichlorophenyl
4-Amino-3,5-dichlorophenyl
o-Tolyl
a,a,a-Trifluoro-p-tolyl
2,6-Xylyl
m-Nitrophenyl
m-Methoxyphenyl
p-Cyanophenyl
o0-Carboxypheuyl
m-Carboxyphenyl
p-Carboxyphenyl
p-Ethoxycarbonylphenyl
p-Acetyiphenyl
p-(Dimethylcarbamoyl)phenyl
p-(Methylthio)phenyl
m-(Fluorosulfonyl)phenyl
p-(Fluorosulfonyl)phenyl
p-(Carboxymethyl)phenyl
p-(Carboxymethyithio)phenyl
p-(3-Carboxypropyl)phenyl
5,6,7,8-Tetrahydro-2-naphthyl
2-Naphthyl
3-Pyridyl
1,2,3,4-Tetrahydro-2,4-
dioxo-5-pyrimidinyl
8-Quinolyl
9-Acridinyl
trans-Vinyleneve
trans-1,2-Cyclohexylene
trans-1,4-Cyclohexylene
1,8-p-Menthyleue
o-Phenylene
4-Chloro-o-phetiylene
4-Methoxy-m-phenylene
5-Carboxy -m-phenylene
p-Phenylene
Tetramethyl-p-phenylene
4,4-Biphenylylene
Methylenedi-p-phenylene
Oxydi-p-phenylene

Bb2
Bb3
Bb3
Bb3
Bb2
Bb2
Bab
Bah
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Bb3
Bb3
Ba3
Bb3
Bb3
Bbb
Bb3
el
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Bb3
Bb3
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Ethanol
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Ethanol
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Benzene
Ethanol
Benzene
Ethanol-water

Ethanol-water

Benzene
Chloroform-hexane

Benzene
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Benzene
Acetonitrile
Ethanol-water
Ethanol
Acetonitrile
Ethanol
Acetonitrile

1-Propanol

Ethanol

Acetonitrile-water

Ethanol

Fithanol-water
Ethanol-water
Dimethylformamide-water

Dimethylforinamide-ethanol

Ethanol

91
87-97
89
81
91
99
65-70
85
86
24
75
54
68-92
67
50
73
75
90
40-75
36
67-99
29
42-88
69-76
39
13
52
64-92
64-83
57
78-90
60-90

88
75
18
73
86
66
13-87
52-93
38
19-68
64
75
56-78
42-66
90
49-87
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83
138
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129
138
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138
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>260 dee
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195 dec
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163
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>270 dec
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19

3.98
.64
.19

84

.54
.64

62

.60

.04
.48
.67
.5d
.05
.40
L97

76

.22
.85

92
88
71
03

.94

90

.86
.06
.19
.99
.73
.70
.41

24

.62

10.
12.
12.
.70
.68
11.
16.
12.
12.
39.
14.
13.
13.
12.
17.
12.
18.
11.
11.
11.
10.

24.
16.
14.
26.
17.
17.
i4.
22,
.84
16.
43

15

.55
14.
14.
13.
13.

91
81
04

73
37
03
03
76"
87
21
307
29
24
25
79
55
55
55
35

.58
%)
.98
.98
.92
.70
.84
.09
.26
21.

05

10
83
02
34"
28
28
70
227

05

-

93
18
69
62

0.
12.
11.
.66
.61
11.
16.
.93
12.
107
15.
13.
13.
12.
17.
.29
19.
.59
11.
11.
10.

11

12

11

15.
.38
.84
10.
11.
.62
.87
11.
11.
21.

11

24.
16.
13.
40"
17.
.97
14.
22.
15.
16.
15.
17.
14.
14.
13.
13.

16

87
71
85

73
50

21

03
23
307
30
31

34
55
37

48

02
04

12
26
03

13
66
83

18

67
407
78
20
38
75
48
04
81
70
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TasLe | (Continued)

Yield.” e KB gyrreo ~=Carban, Y4— ~1Ivdrogen, Ve - -Nitrogen, Y, -~
R Methaod! Reerystn solvent® i AMpteC O CHN Formnla Caled  Yound Caled  VFound (aled Foaml
Dithiadi-p-phenylenc Bba Dimethyliormantide-cthanol — G1- 99 242 1630 1585 CysHyClLN OS2 47.06  47.34 4.30 4.47 12,70 12.25
2,6-Iyridinediyl B3 5 Ethanol 30 171-174%» 1680 1555 Cy, HisCLN; 0 41.26 41.43 4.72  4.068 21.88 22,00
D, 2-Chloropropy hureas, UNITTCONTTCITCLI(CIT;)CI
2-Cliloropropyl Fa Benzene-petr ether ~08 ~105 1630 1570 C:H\CLN,O 30,45 39.08 G.63  6.50 15,14 13,15
Cyelohexyl Bh2 Acetonitrile water ~5l 131 1625 1565 ChelTisCINO 5498 54,84 876 864 12.81 1276
[, [t<(Clhiloromethy Dpropyl reas, BNHCONHCH(CTLCH)CITLCI
1-(Chloromethyl)propyi I'a ~A47 123 1630 1565 CoH,,CLN.() 44 .82 45 02 7.62  7.61 11.62 11.68
('yvl(;hexyl BL3 Acetonitrile water ~1d 129 1620 1560 1 Hy CINLO) 506 .86 56 .87 9.09 .00 12.04 12.18
K. 1,3-Bis(2-chloro-1, t-dimethylethyDnrea, RNTTCONHC(CH;)CTCl
2-Chloro-1,1-dimethylothyl I Acdonitrile -water ~44 126 1635 1565 CyIT,,CleNa6) 44.82 4456 .52 7.a2 11.62 t1.51
GL 1-C2-Chloro-2-methylpropyD)-3-eyvelohexyluren, RN HCONITCHC(CI ).
Cyelohexyl b2 Acetonitrile-water 67 195 1625 1570 CnHuCIN.O 56,76 56,83 9.0 504 12.01 12,02
- 0
. es-(2-ChlorocyelohexylDnreas, RNTICON HCH(CH2),CHCl-¢/s
Methyl Ba?2 Benzene-hexane ™ 137 1625 1580 CyH,,CIN.O H50.3h 50 .44 703 S.04 14.70 14 .85
¢is-(2-Clilorocyclohexyli Ce Acctonitrile 36-77 200 1630 1560 ClTaClNO 53.25 5528 7.57  7.6G0 0.5 0.63
v o
. irans-(2-Cliloroey clohexyDureas, BNHCON HCH(CTL),CHCl-trans
Methyl Bu2 92 156 1630 1585 CyI 1, CINLO H0.39 5054 7050 7.86 1470 14.67
frans-(2-Chlorocyelohexyls Ce 65 103 1630 1560 T3l 1 CINLO 53.25  hi3.206 707 7.0 055 9.5
J. (3-Clidorapropylinreas, RNTTCONHCHLCHCHLCL and CICTLCHACHNHCONTIRNTTCON HCTLCHLCHLCL
A-Chloropropyl Fh S8 7173 1620 1575 C7H,,CLNLO 39,45 539.81 6.63 .81 15 14 13,05
Cyelohexyl BL3 07 105 1630 15K0 Chol 11yCLNLO H4.98 54,90 876 N7 12 .8t 12,65
Phenyl Bb 7 130 1635 1560 Chol1,yCINO 56.61 56,23 618 6.22 o 13,03
o-Phenylesc Bho 63 260 dee 1620 tH%0 Chall2pClaN O AR12 4R8N H.80 579 9043 20407
Ko 2-Bromocthyhreas, ENHCONHCHLCTTBy
J-Bromoethyl G 61 124125 1625 1590 CullpBBraNat) 20,02 21 .01 3650 070 10,23 1,06
Cyelohexyl Bud Th 148- 150 1625 1585 Cyl 1,;BrN) A0S 4370 G.88  6G.GY teot 11,22
L. 2-lodochyDnreas, BNTTCONTTCHLCHL
2-Jodoethyl G N 157 159" 1615 1585 CoITluNLO) 7.0l 7 .61
Cyelopentyl (: Ethanol 10 110 1625 1575 Caul 1) INLO 34060 3424 50060 H.ah O 0.67
Phenyl G Iithanol water 4500 1509 1630 1575 Col IN2O)

« Pixamples of procednres are detmled in Pxperimental Section: hydrmeblorides as sonrees of Dree amines were pentralized with BN or sepreons NoOLL and osed in it or extraeted with rese-

fion solvents A, FOTLCTLNTL - HCL 4+ KNCO in 107 Byt e NCHCHN L CRCTEN Ha or CICTTCHnCHN T 4+ 1NCO or RINCO e or () BN or NN 4= CHENCO i (1) FLO,
1) 1560, 33 CHOCL 1 DM, ) CalLi or 16) 1O C, 6o RNTL 4+ CHENINOWCON HCTLCTLN, th FCTLCTENT L + RNHCONINOWCHLCTLCL or () BNTL + CHNONOWCDNITE

1LO: D, CHN(NOWCONIDL A+ 15 1 [:.\'(‘()N:L s RXH(‘()Nj\l(‘n),, (o ~\"-\'““"Nj‘ 1h [E\;(‘()N}ﬂ{ A F O eomeantrated TTCTor (2 THCTor THBrin 19000 17, RNCO - oy HLO jor th LD iy

acetane] i the presenee of PN, G, RNHCONNCHLCHLCT (1 = CLOTLC L Cllg, or Cellsy 4+ Nal naccetones ¥ When no reery=iallizition <olvent is indicated, pnrifiention wis effeeted by
washing with cither an appropriate solven € or with dibiie hydroehlorie sed.  Based on prore comporad solated; a range ndientes vields of pure and ernde prodiets baving tavorable melting
point or <peetral comparison. * Melting pobits withont range were observed on a Koller Heizbonk; thosxe with range, on o Mel-'ainp appioadns. ¢ Provvnent bands caromutie CH exebided) in
1500 -t 750-em 7 range: nrea CO and CN assignments aecording to N Do Coltlap, 1oL Daly, iosd 80190 Wiberley, “Introdietion to Infrared and Raunan Spectroscopy,”™ Aendemie Press Tne.,
New York, NO Y, 1064, pp 265, 3840850 Lit2 mp (57 15870 ¢ Lt = mp 109 -t * ek ecdntamie wis nottabzed with aopicons NaOL betforisretebon, - Also 1710, 1645, 1625, ¢ From
t-lystne, * Al=o 1735, 1635, 7 Alvo 1655 w, 1610, » Also 1525, * 11, Najer, 2 Clhabrier. and R Gindseellt 13000 Soc. Chim. Franee, 352 (t050)] reparted mp 130-132%0 o Fronel Darent 5503,055
COB2 5 Chen Abste., 59, T35 C1063). # Alxo 16530, © Also (730, 16300 < ¢ CLo= Lty mp 139 16170 € Also 1610, * Al<o 1640, 2 Livmp t66°. * Alxo 1643, * Abvno aeid nentralized with EtN
i sit before reaction, ? Also 1635, 7 Alzo 1710, 1655, 1640, feans-Vavylene disoeyanate abinmed from Aerojet-Genernl Corp, Aznsa, Cabt. 2 Resolidilied 2t ~ 18539, vemelted m 214 220°
dec. o Lit " map 156 1H7° (frow 10O, 4 L, Bivebenbaeh and M. Linbard, Bee, 64B. 1076 (1051), reparted mip 156° 1tacetone ether )
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of decomposition products. For example, the pmr
spectrum of 1 1'-pentamethylenebis(3-methyl-3-nitro-
sourea) (8) showed no split methyl absorption and
therefore no randon: nitrosation, whereas the previous?
assignment was made on the basis of an 18-299 yield
ot 1,1'-pentamethylenebis(3-ethylurea) isolated after
treatment of 8 with ethylamine. The utility of pnir
spectroscopy fails in the case of nitrosoureas substi-
tuted by alkyl-branched chloroethyl groups because of
severe overlapping of signals, but the structure of 1-
(2-chloropropyl)-3-cyclohexyl-1-nitrosourea (9) was re-
liably established by a 999, conversion to 1,3-dicyclo-
hexylurea with c¢yclohexylaniine in water.

CICHCHgNCONH—O
| !

NO NO CH, NO
8 9

CH,NCONH(CH,);NHCON CH,
I |

The elinnation of hydrochloric acid and its inter-
ference with normal urea formation®*® characterizes
the aqueous deconipositions of chloroetliylnitrosoureas
and must be taken into account when such reactions
are used for structure proofs or synthetic purposes.
Studies of the aqueous decomposition of BCNU,
which will be reported in detail later, permits the
following over-all equation (1) to be written. 2-

1 + H.0 — CICH.CH.NH.-HCIl + CH;CHO + N. + CO.
1)

Chloroethyl isocvanate, a primary deconiposition
product emanating from the unnitrosated side of
BCNT, is the source of the 2-chloroethylamine, which
1s neutralized as it is formed by hydrochloric acid
released froni the nitrosated side of BCNU and thus
cannot add to unhydrolyzed isocyanate. A stronger
base will free 2-chloroethylamine from its salt and make
it available for urea formation. Thus, when the aqueous
decomposition of BCNU was carried out in the pres-
ence of 1 molar equiv of triethylamine, 1,3-bis(2-chloro-
ethyl)urea precipitated in 709, yield. When triethyl-
amine was replaced by cyclohexylamine (eq 2), the
product isolated in 369 vield was 1-(2-chloroethyl)-3-
cyclohexylurea (3a); with 2 molar equiv of cyclo-
hexylamine, one as reagent and one as proton acceptor,
the yield of 3a was increased to 849%.

1+ 2<:>—NH2, LN
3a + CH,CHO + N, + <:>-NH2-HCI (2)

Triethylamine can be used to conserve an expensive
or rare amine. I'or example, from: 2-fluoroethylaniine
hydrochloride, 3-(1-adamantyl)-1-(2-chloroethyl)-1-ni-
trosourea (10), and an excess of triethylaniine in aque-
ous acetone there was obtained a good yield of 1-(1-
adamantyl)-3-(2-fluoroethyl)urea (11) (eq 3). Aque-
ous decomposition of fluoroethyluitrosoureas in the
presence of amines is apparently not complicated by
release of hydrofluoric acid, since the reaction (eq 4)
of 1,3-bis(2-fluoroethyl)-1-nitrosourea (12) with 1
niolar equiv of cvelohexylamine produced an 859 vield
of 1-cyclohexyl-3-(2-fluoroethyl)urea (3¢), which is
cousonant with the usual behavior of nitrosoureas.”®

(9) J. L. Baivin and P, L. Boivin, Can. J. Chem., 29, 478 (1951).
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CICHZCHngCONH—-@ + FCH,CH,NH,-HCl +

NO
10
HO
2E4N > FCHZCHZNHCONH—® +

11
CH,CHO + 2EN-HClI + N, (3)

This view was subsequently supported by the identity
of 1,3-bis(2-fluorcethyl)urea and 2-fluoroethanol as
products of the decomposition of 12 in dilute, aqueous
solution. In apparently saturated agueous solution,
liowever, 12 was surprisingly stable; after 14 days
at roowm temiperature at least 809, was recovered un-
changed.

FCHCH.NCONHCHCH + <:>—NH2 22
N

0

12
3¢ + FCH,CH,OH + N, (4

The effect of water ou isotuer ratio was first observed
in the nitrosation of 1-(2-bronicethyl)-3-phenylurea,
the nitrosation of which with solid sodium nitrite in
859, formic acid gave an approximately 1:1 mixture
of isomers 5a and 5b, whereas in 98-1009, formic acid
only 5a was obtained. Deconiposition of 5a with ani-
line (1 molar equiv) in aqueous dioxane gave the ex-
pected carbanilide, but unexpected cyclization occurred
with the more basic cyclohexylaniine, resulting in the
isolation of 1-nitroso-3-phenyl-2-imidazolidinone (13)
(eq 5). The presence of water had a similar effect on
the nitrosations of 1-(2-chloroethyl)-3-pheuylurea
(Figures 1 and 2) and 1-(2-chloroethyl)-3-cyclohexyl-
urea (3a). Nitrosation of 3a in undiluted formic acid
with an equal volume of aqueous uitrite solution (5-
89;) gave a mixture of isomers (about 659, 14a and
359, 14b). Furtherniore, these isomeric mixtures
were couverted to the pure isomers 5a, 7a, and 14a

CH;NH,
e O
5. i (5)
C,H, NH.
N CGHNH, N7 NNO
HO Q_ _/
13

CICH20H21\|ICON—<:>
|

X Y
14a, X=NO;Y=H
b, X=H;Y=NO

in high yields by solution in cold, undiluted forniic
acid and, after a while, reprecipitation by addition of
water; the reverse process was not effected in aqueous
acid. Transfer of the nitroso group in formic acid
probably involves the formation of fornivl nitrite (15),
wliichh hias apparently been detected spectroscopically
in solutious of dry nitrite in 859, formic acid.®® Such

{(10) V. V. ozlov and 3. I. Delov, J. Gex. Chem. USSR, 33, 1898 (1963).
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T3 LOALKY L )-N-NITROSOU R AS

e mm o= NjUrosa hon®= — oo om0
Uren, -==Medimm NaNO-, Yield, ;-Kllr. “m Y - =Carban, ‘g —mm— . = lvdrogen, $— . Nitrgen, Y-
R mmoles Aeid ml romaoles Y Alp b e¢ o CN1? Formola Calnl Foond Calwl Fonml Caled Yanmli
A. DMethylbitrosonreas, TNTICON(NO)CIl,
2-T'lnorocthyl 4.7 3N HCI 140 BYR 02 H3-55 1710 1530 Cal IgFENOs 12,21 32.51 0.41 546 127t 12,9
cts-2-Chloroeyclohexyl 2.6 HCO.H 7 7.4 00 60 dec 1725 1550 CsITCING O 45.73 43.88 6.42 6.44 19,13 19,14
{rans-2-Cliloroeyclohiexyl 20.7 11CO-H 90 Gh.2 a0 121 dec 1700 1555 Cyl CIN O 45.73 45,80 6.42 6.23 1913 19.20
B.  (2-Flnorocthyibitreso)nress, RNITCON(NO)CHLCTLEF, and a Bis(2-lnoroethylnitrosonres, FCILCIHEN(NO)YCONTIRNTICON(NO)CH.CHLP
2 Tloroethyl q0.1 SN 1 80120 &5 30- B4 1725 1530 CsH N O- 315 32 8T 5.01 4.38 22 05
2-Chloroethy 14 3.0 12 & HCI i 29 S0 O1l 1720 1530 CHCIEN O 50,59 3056 4.5% 5.02 21.21
Cyelohexyl 36,0 Nnco.H GO 153 70 34-537 1720 1530 Cal 1IN, O- 40,76 H0.02 742 7.46 19035
frans-4-1-Tntyleyelohexyl 1.2 HCO.H 10 1.4 74 76 dec 1725 1525 Cial 124F N30, AT 13 H6.86 8.85 R.TD 15,34
2-Notl:ornyl 1.5 6 N TICI 10 7.4 TS 63-07 1690 1535 Choldy N3O 5239 52 .4t 7.04 7.20 1S 13
1-Adamantyl 9.6 HHCOM T o 83 102 dec 1730 1615 ChgllspFNOu 57,08 57 .86 7.45 7.35 15 43
Ha-Cholextin-Ga-yl 0.42 11CO.TI 10 7.9 80--85 99 dece 1735 1520 Clipl L' NLOs 120 7128 10.36 10,34 S0 NO1S
henyl 15.6 HCOH 30 70.0 8H 8285 1740 1540 CoHipl'NLO2 HYW b SIS 4.77 H.00 1900 .71
rrans-1,4-Cyelohexylene 1.0 11C0.H 15 14.5 441 186 dec 1695 1535 Cyal Ly BNy O, ER bl 41 .58 603 5,04 2302 TNT
Cooe22Triflnoroethy Dureas, RNTTCONCNO)YCTLCLY
202 s flnoroct v 0.67 1O 3 2.2 36 H4 1730 15567 CyHF N3O 2570 200N 1.99 212 1.6t thh d
Cyelohexyl! .0 HCOLJI - B SX E% 1720 1541 CaTFNO. 42 NH 4274 5. h8 5 6Y 166t 16 AUt
D). 2-Chlorocthy Inttroso)area=, RNTCONCNDNCTLCTLCL and B 2-chlororrbhyvinitroso mreas, ClCHLCHLNONO)YCONTTRNHTCONINO)CTLCHCH

‘_’-Bl'unm(el‘h.\/lf 27.0 TIC'O2H 50 113 rh) 30-31 1725 15530 Cs 1, BrCIN;O. 23,23 2316 g0l 364 tH2h 16,44
2,6-Dioxo-3-piperidyl 19.3 11COI1 Ht) 84.0 47 154 dec 1705 1530 CgH,, CIN 4O, 36,58 3652 422 442 LA I 20
Cyclopentyl' 20.5H 6 N 1ICI 250 S1.2 48 Ol 1720 1525 CilIT,,CIN; O 45.74 44 18 G.42 G.7H 1013 IS 04
1-Methyleyelopentyl 2.4 TCo.T B T8 Gt) 0il 1730 1520 Cyl1,:CIN;O. 46.25 4605 (.90 6.8 17,98 176t
I-lithoxyearbouyleyelopentyl 17,2 FCOIT Hly 653 32 44--45 17357 1510 CyTHyCINGO 45 44 45,34 .25 654 11,45 tt.19
Cyelohiexyl 4.9 11CO.H 15 14.5 S 90 1710 1545 CyH 1 CIN;O. 4G.25 4640 6.90 604 17.05 tvoT2
Cyelohexyl 46 TTCHOH 09 04' 04 70 dee 1705 15535 CoT L CINGO 46.25 46,64 6. D0 T4 Ly O~ 17 86
I-Methylevelohexyl 4.0 TICO.11 12 115 b Oil 1730 1520 Choll1CINOx 48 45 4550 F 744 16.97 .79
3-Methyleyclohexyl 2.3 1CO.H 1 7.3 sl &0 dec 1700 1535 CiolT,sCIN O 48 .45 4872 R 720 1. 07 1662
4-Methylevelohexyl 2.3 11CO.I1 10 7.8 74 64 dee 1700 1535 C,oH,3CIN 02 48,62 7.33 733 16.97 16G.90
3,5,6-Trimethyleydohexyl 2.0 HCOIT S 7.3 64 Otl 1725 1520 C,a115CIN; O, ] A2 38 7 .68 7.80 15.25 15.28
trans-4-{-Butylevelohexyl 1.9 HCO.II 1o 7.3 ot 80 dec 1755 1521) C3TuCIN;O- HER 5,02 895 R.20 14,40 14,52
cis-2-Chlorocyrlohexyl 201 1HCO:H 15 7.3 N0 97 dac 1700 1525 Col 1:CLNLO, 40,31 4).55 5,64 5.6x 15.67 15.60
trans-2-Chlorocyelohexyl 13.0 1CO.H 5 435 80 05 dee 1705 1530 CylClNL O, 403 4013 5,64 .73 15.67 15,83
I-Bthoxyearbonyleyclohexyl 1.7 1HCOH i 12.6 60 9665 dee 1730 1520 C)uH3pCIN,O, 4714 47.16 6. 0% GoAs 153,74 3.0
2-Norbornyl 24 1 HCO.I1 130 7o 91 42-45 1605 1535 Chol 1CINOx 45.88 4918 G.57 G.85 17.10 1713
2-Bornyl 1.4 HCOAT 7 BN Na Oil 1725 1520 ChalToCINGO2 H4.25 H4 11 7.71 7.7 t4.60 1476
1-Adamantyl 1.2 O 20 4.4 6 74 dee 1725 1535 C3HeCIN, O, H4.63 54.54 7.05 7.16 14.70 14.65
Cveloheptyl™ 4.6 1HCO.H 10 t4.5 66 Ol 1720 1520 Cyol LLsCIN;Ox 4848 48,43 7.456 718 16.097 16 87
Cyclododecyl 1.7 1HCOH 25 t4.5 in 98 dee 17t 1535 ChsHaoCINO. 5667 2685 S.88 S04 1522 1305
da-Cholestan-Jo-vi 0.61 HCO,II 15 4.4 74 02 dee 1730 1520 ol 1:2CING O, GY .00 GYH.02 10.04 .92 5.7H" fi. &0
2Indanyl 201 HC O 10 7. &4 ST odec 1720 1520 i CINGO- H3.84 2505 528 043 t3.70 15 57
Phenyl 350 HCO0. o 125 it 03 dee 1725 1530 ClTeCINGD: KRR TN N FE R R YR T T
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p-Fluorophenyl
o-Chlorophenyl
m-Chlorophenyl
3,5-Dichlorophenyl®
o,a,0-Triflubro-p-tolyl
2,6-Xylyl
m-Nitrophenyl
m-Methoxyphenyl
p-Cyanophenyl
o-Carboxyphenyl
m-Carboxyphenyl
p-Carboxyphenyl
p-Ethoxycarbonylphenyl
p-Acetylphenyl
p-(Dimethyliarbamoyl)-
phenyl
p-(Fluorosulfonyl)phenyl
p-(Carboxymethyl)phenyl
p-(Carboxymethylthio)-
phenyl
p-(3-Carboxypropyl)phenyl
5,6,7,8-Tetrahydro-2-
uaphthyl
2-Naphthyl
1,2,3,4-Tetrahydro-2,4-
dioxo-5-pyrimidinyl
8-Quinolyl
trans-1,2-Cyclohexylene
trans-1,4-Cyclohexylene
o-Phenylene
p-Phenylene
Tetramethyl-p-phenylene
5-Carboxy-m-phenylene
4,4’-Biphenylene
Oxydi-p-phenylene

2-Chloropropyl
Cyclohexyl

1-(Chloromethyl)propyl

2-Chloro-1,1-dimethylethyl

trans-2-Chlorocy clohexyl

2.3
34.3
4.3

1.0

e
=]
— U0 M = = W BN D N0 =T

()
[SC R o)

—
~3

[
(=)
o

— ik () ek
W Wik WOt SN

10.2

HCO.H
MCO.H
TICO:11
HCO,H
HCO,IT
HCOH
I1CO.H
HCO,IL
HCO:11
HCOx11
HCO.,H
[TCO,I1
TICO,IT
HCO.IT

HCO,H
HCO,IT
HCO.I1

TCO,I1
HCO-11

HCO,IT
T1CO, 1

ITCO.IT
HCO.H
HCO.H
HCO,H
TCOH
HCO.H
T1CO.H
HCO,IT
HCO.H
HCO,IT

HCO,H
HCO,IT

HCO,H

MCO.I

HCOH

10
150
150

8
115

10
100

16
100

30

60
450

15

10

10
8
100

15
20

130
250

210
10
156
30
12

300
25
60

100
35

5

10

F.
8
G.
7

T
M. 1,3-Bis(irans-2-chlorocyclohexyl)-I-nitrosourea, RNITCON(NO)CH(CH.),CIICl-trans
43.5

90

-

7
116
116

8.
74.
7.
49.
6.
100?
10
10

94.

[

~3

o« w

69 ..

7.

7.

37.
81

72.
7.

15
7.

19

187

1.
14.

15

14.

I

.3

6
0
3
3
0

.0

o

.

4.4
7.3

47-70
81
90
50
96
71
97
62

77-94
93
79
95
94
87

65
94
78

64
80

81
91-97

86
91
93
99
62
07
75
88
85
87

100 dec
35
121
85 dec
83 dec
83 dec
110 dec
82 dec
131 dec
165 dec
170 dee
180 dec
107 dec
130 dec

141 dec
135 dee
125-127 dec

104 dec
125 dec

85 dee
110 dec

210 dee
138 dec
165 dec
170 dec
88 dec
185 dee
200 dec
172 dec
175 dec
140 dec

1735
1740
1730
1735
1735
1730
1730
1720
1735
1730
1740"
17307
17307
1730°

1730°
1735
1735°

1730
1725

1720
1715

1725
1720
1705
1730
1715
1725
1720
1740
1715
1720

1550
1540
1545
1545
1550
1510
15650
1550
1535
1540
1655
1540
1550
1530

1530
1540
1540

CoH,CIFN;04
CoH;CIN;0,
CyIT,CIN;O,
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. N ZESS CICHCH,NHCONR 4+ HCOH —
e I m = - —
ESEREE & < EZC hO
x2 = n I o : 0
S n I s T I
Sale sz CICH,.CH,NHC~ N .
\V — CICH,CH,NHCONHR +
;; O——'\) /*
E’ :‘: )~ Alon N TT H
ERS
= = _ [HCOONO == Hco,” + NOT]  —>
TIX £2% E2F R Z
‘::;'1""‘—4‘4“' ~NOA T o g 15
7 = CICHCH,NCONHR + HCOH (6)
'EC zzn E Zl'()
£ 2 FE= = a niechanisn may be depicted as showi in eq 6. The
’:__ i o 7 isomeric composition may depend on an equilibrinm
TEZD FEH PE governed by the relative stability of the isomers toward
= %323z Sz nitroso group abstraction by formic acid, and uap-
z ~ parently, with increasing water concentrations, there
Y o o< . = 15 a point above which abstraction does not occur. In
2= FEF 0 235 = an aqueots systein, formation of isomers may not be
SXEZ2D £ 2777 S = reversible, and the somer ratio may therefore depend
T F%: T oz2224 = z e P ,~ e
SN emsS Y 2EEE L - = primarily on relative rates of formation. It was sub-
T EES = 3ESCOZ z = sequently demoustrated that intermolecular transfer of
= LT L Lo . P e IS , ; tirred solut
< = > - = 1itroso groups can also occur.  When a stirred solution
RN Z _-- 2 == = of an equunolar mixture of 1-(2-chloroethyl)-3-c¢yclo-
- — 2 z ZREY T AT hexylurea (3a) and 1,3-dicyclohexyl-T-nitrosourea (16)
= = T T = = i formic acid was diluted with water, after 1l the
é :, b z __ z product that precipitated consisted of T-(2-chloroethiy])-
2 S 858 R 213558 L =22 3-cyclohexyl-T-uitrosourea (14a) in additiou to the start-
- = === £oto = ing material and undoubtedly 1.3-dicyclohexylurea (17).
—_ = E = The product composition, estimated from a thin layer
2 = z I chromatogran, was cousistent with an equilibriun that
2 4 . = ) = favors the more stable 14a. The cequilibrium was also
= S f =% Z Z Z cstabli\'h( d from the reverse direction, #.e., from 14a al
"Zsze fssezy s 17 (e
= = =
£ z Z 3a + O——NCONH-O = 14at
EPs Z’) 2gET T %
) - B 16
= S = ~ rh im
2EL 53 zaes O—NHCONH‘O
7 < 17
2= o = = =
- CE R 7 The exclusive formation of 14a in anhydrous nitrosa-
=z tions of 3a and the relative instability of the isomer
z ==z === = 14b ure attributed to steric lLindrance due to the
~ = = Sz 8 g =< z = cyclohexyl group. b‘t‘enc f:l(’tO.I’S are 1)41't1all)'.(-ount.m'—
¢ === === 2 B acted by electron withdrawal in the nitrosation of 1-
i - E cyclohexyl-3-(2,2,2-trifluoroethyl)urea under the cou-
ll 2 S 1o e x o= - - ditions that ufforded pure 14a, the formation of 18a
-+ — s € B2 z beig slightly favored over that of 18b. Steric effects
Iz % are not as marked in the nitrosations of the cyclo-
23" = peuntyl and cycloheptyl analogs of 3a. The approxi-
;-—i ITEE< mately 3:1 ratio of 4a:4b in the isomeric mixture ob-
213235 tained from the nitrosation of 1-(2-chloroethyl)-3-
A Ef cyclopentylurea 11 6 N hydrochloric acid was not sig-
e nificantly affected by nitrosation i formic acid under
. = _ oz f;‘ = ;_f s essentially anhydrous conditions, and the isgnxel' col-
o = 3T 2 EE= 200 = tent  of .1—(2—clxloroethyl)—3-cyclohept_yl—1—n1trosou1'eu
e z 5, é E £z e z 2 iec = (19) obtained under the samec conditions was about
=5 E= 35 =L g2 2 ETE 20%. A wmethyl branch enhanced the steric effect in
SE A ROE o S the preparation of 1-(2-chlorocethyl)-3-(1-mmethyleyclo-
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Tasre 11
CONPORMATION OF ¢is- AND frans-2-CHLOROCYELOHEXYLUREAS AND -N1TROSOUREAS®

H
NHCONR
cl Y
18

»(CC), »(NH),

R Y cm 7} cm ™!

CH, H 690 3340
CH, \O 690 3350
CH,CH,CI H 680 3320
CH,CH.CI NO 685 3350

H
J& i 690 3340
Cl

¢ Infrared absorptions determined in pressed KBr disks.

pentyl)-1-nitrosourea (20a), and consequently only a
trace of the unwanted isomer was detected. No
isomeric contaniination was detected in ethyl 1-[3-(2-
chloroethyl)-3-nitrosoureido Jeyclopentanecarboxylate
(20b), the position of nitrosation in the open-
chain hydantoate 2b having been reversed by steric
hindrance. The randoni nitrosation of 1-cyclohexyl-3-
phenylurea (21), which was established by identity of
17 and 21 as products of decomposition with cyeclo-
hexylamine, further attests steric hindrance by the
cyclohexyl group in view of the isonieric purity of 7a
obtained under comparable conditions.

CFSCHgNCON—O CICH20H21\|ICONH>©
= No R

Y z
18a, Y= H; Z=NO 20a, R -CH,
b, Y=NO;Z=H b, R=C,H;CO,
CICHZCHZTCONHO O_NHCONHO
NO
21
19

Yoshida has recently determined the conformation
of N-(2-chlorocyclohexyl)benzamides!! and 2-chloro-
cyclohexylamines!? on the basis of axial and equatorial
C-Cl absorptions in the infrared. Extension of this
method to conformational analysis of the ureas and
nitrosoureas that have been prepared from cis-'®
and {rans-2-chlorocyclohexylamines'* (Tables I and
II) leads to the conformations shown in Table III,
in which axial chlorine atoms are ¢is and equatorial

(11) Z. Yoshida, Tetrahedron Letters, 2757 (1965).

(12) Z. Yoshida, 7bid., 3753 (1965).

(13) G. E. McCasland, R. K. Clark, Jr., and H. E. Carter, J. Am. Chem.
Soc., T1, 637 (1949).

(14) O. E, Paris and P. E. Fanta, tbid., T4, 3007 (1952); T. Tagichi, M.
Wojima, and T. Mwro, ihid., 81, 4322 (1959).

H
NHCONR
Cl I
Y
H
trans
HCO), »(NH),
R Y cm ™} cm -}
CH; H 735 3320, 3360
CH; NO 735 3290
CH,CH,C1 H 735 3320, 3358
CH,CH,Cl NO 735 3340
H
a u 735 3325
H
H
Jcm NO 735 3300
H

chlorine atoms are trans. Therefore, the ureido func-
tion is equatorial in every instance, whereas Yoshida
found the benzamido group in c¢is-N-(2-chlorocyclo-
hexyl)benzamide to be axial.!' Of the series of 2-
chlorocyclohexyl-substituted ureas listed in Table III
only 1,3-bis(ezs-2-chlorocyclohexyl)urea failed to yield
a pure nitrosourea.

The reported four-step conversion of dimethyl
trans-1,4-cyclohexanedicarboxylate to 1,4-cyclohexane-
diamine dihydrochloride® provided the required inter-
mediate in the preparation of 1,1'-(irans-1,4-cyclo-
hexylene)bis[3-(2-chlorocethyl)-3-nitrosourea] (22a).
The trans configuration of the diamine dihydrochloride
was assigned on the basis of the following comparisons:
the melting point of the derived free base agreed with
that reported for the trans-diamine,'® and the melting
point (350-351° dec) of the analytically pure diacetyl
derivative was somewhat higher than that (310-
315° dec) of N,N'-(trans-14-cyclohexylene)bisacet-
amide and considerably higher than that (208-209°)
of the cis isomer as recorded by Nielsen.'® The NH
stretching bands at 3290-3350 em~—! shown by the
nitrosoureas of Table III seem to be characteristic
of equatorial nitrosoureido groups. On this basis
the same conformation is indicated for the nitrosoureas
derived from trans-1,4-cyclohexanediamine and trans-
4-t-butyleyclohexylamine,”” for example, 22a (3360
cm~1!), the fluoro analog 22b (3320 em~!), and 3-
(trans-4-t-butyleyclohexyl)-1-(2- chloroethyl)-1- nitroso-
urea (23) (3360 em—!). The urea 22¢, from which 22b
was derived, was prepared in two ways (eq 8): (a)
protracted treatment of a solution of 2-fluoroethylamine
hydrochloride in equal volumes of water, N,N-dimethyl-
formamide (DMF), and triethylaniine with 1,1'-(¢trans-

(15) (a) T. Curtius, E. Darmstaedter, H. Pringsheim, and R. Stangas-
singer, J. Prakt. Chem., 91, 1 (1915); (b) P. A. S. Smith, Org. Reactions, 8,
386 (1946).

(16) A. T. Nlelsen, J. Org. Chem., 27, 1993 (1962).

(17) D. V. Nightingale, J. D. Kerr, 1. A. Gallagher, and M. Majenthal,
hid., 17, 1017 (1952).



902 JornstToN, McCALEB, OPLiGER, AND MoN1TGOMERY

XCH!CHgIIICOHN NHCON CH,CH, X
Y Y

22a, X =CL Y=NO
b, X=F; Y=NO
¢, X=F; Y=H

(CH).C NHCONCH,CH,CI
NO
23

1,4-cyclohexylene)bis[3-methyl-3-nitrosourea] (24), and
(b) treatnient of a cold solutiou of trans-1,4-cyclohexane-
dianmine dihydrochloride in water first with excess tri-
ethylaniine and then with 3-(2-fluoroethyl)-1-methyl-
1-nitrosourea (25). The second route is preferred
because of convenience and soniewhat better vield.

NHCONCH,
FCH,CH,NH,
NO )
wtha
CHJTCOHN ‘
NO
24
o T
CHalTCONHCHgCHgF H.N
. HO
NO path b
25

Axial conformation for the nitrosoureido groups of
1-(2-chloroethyl)-3-(Ha-cholestan-3a-yl)-1-nitrosourea
(26a) and the fluoroethyl analog 26b is deducible from
the conformation of 5a-cholestane-3a-amine®® from
which they were derived. The infrared spectra of both
26a and 26b show NH stretching bands at 3430 cmi—!
which is a higher wavenumber than those (3290-3350
cii~!) already assigned to equatorial nitrosoureido
groups; this difference is consistent with that previously
reported for axial and equatorial benzamido groups.!!
Since 1-(2-chloroethyl)-3-(1-mnethyleyclohexyl)-1-nitro-
sourea, which was derived fromn 1-miethylcvelohexyl-
anine,'® absorbs at 3420 ¢cm ™!, it i not unreasonable to
agsume that the axial conformation for the nitrosoureido
group as shown in structure 27 is predominant.

The recent assignment of trans configuration to the
product of hydrogenation of ethyl p-aminobeuzoate
over platinum oxide in acetic acid?® prowmpted an
attempt to prepare ethyl trans-4-aminocyclohexane-
carboxylate by the reported method for couversion to
the corresponding chloroethylnitrosourea, but the
product obtained was subsequently showi by vapor
phase chromatography to be a wixture of nearly equal
amouuts of ¢is and trans isomers. The reported ussign-

(18) 1. L. Pinkas, (i. Pinkus, and T. Coben, J. Org. Chem., 27, 435b
1962).

(19) PreparaGons of 1-methyleyclobexylamine Liydroehloride (yield 35%)
and l-methyleyclopentylamine hydrocbloride (low yield), modeled after the
procedire of V. H. Madilox, k. F. Godefroi, and R. F. Purcell, J. Med.
Chem., 8, 230 (1965), for the preparation of the l-phenyl analog; see alsu
J. J. Ritter and J. Kalish, J. Am. Chem. Soc., 70, 4048 (1948); Z..l. Vejdélek,
M. Rajsner, and M. Protiva, Collection Gzech. Chem. Commun., 28, 213
(1960); H. 1, Barber and E. Lunt, J. Ckem. Soec., 1187 (1960).

(20) 1. 1. Sehaeffer and T, Odin, J. Phacm. Sei., 84, 421 (1965).

Vol v

H.('

NO

NHCON(NO)CH.CH,CI
CH.

27

ment becane suspect when the derived urea gave ethyl
4-{3-(2-chloroethyl)-3-nitrosourcido Jcy clohexanecar-
boxylate (28) as au oil whose puir spectruin showed dis-
crepancies unassociated with the position of nitrosa-

{1011,
CICHQCHgNCONH—O-COZQm
|

NO
28

During the course of preparation of ureas and nitro-
soureas fromn varioug phenylenediamines, effects of
ring substituents such us those described i1 the following
examples have been noted. Nitrosation was appar-
ently sterically controlled in the preparation of 1,1'-
(tetraniethyl-p-pheuylene)bis [3-(2-chloroethyl)-3-nitro-
sourea] (29), as no isowcrs were detected.  The nitro-
sation of 1,1'-(4-1ethoxy-m-phenylene)bis[3-(2-chloro-
ethyl)urea] (30) in formic acid, however, apparcntly

CH, CH,

CICH,CH,NCONH NHCONCH.CH,CI

[
NO CH, CH, NO

29
OCH.
NHCONHCH.CH.CI

NHCONHCH.CH.C1l
30

produced a mixture of all the possible bis(uitrosourcas),
since a thin layer chromatogram showed four compo-
nents, each different from the starting urea. Treat-
ment of 2,6-dichloro-p-pheuylenediamine with 2 molar
equiv of 2-chloroethyl isocyanate afforded 1-(4-amino-
3,5-dichlorophenyl)-3-(2-chloroethyl)urea (31) in good
yield and catalysis of the reaction by triethylamine in
DMF did not force further reaction of compound 31 with
isocyanate to give the bisurea.  Nitrosation of 31 in for-
mic acid with diy nitrite resulted in concomitant deami-
nation (Scheme I); the yield of pure 1-(2-chloroethyl)-3-
(3,5-dichlorophenyl)-1-nitrosourea (32) under the favor-
able couditions of long reaction time and large excess of
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nitrite was about 50%,.2' When the nitrosation of 31
was carried out in dilute hydrochloric acid, the isolated
product was a mixture of the diazonium chloride 33
(about 539%) and the phenol 34 (about 479,) as judged
from elemental analyses, the infrared spectrum, a thin
layer chromatogram, and a positive Bratton-\arshall
test, 22

ScuEME 1
Cl

CICH:CH_«NHCONH—Q—NH:

Cl

Cl
31
CICH,CH,NCONH
lNaNOZ |

NaNO,
HCOH

HCLH,0 NO Cl

Cl 32
‘CICH,CH,NCONH N.FClT 4+

NO
g Cl Cl

33
CICH3CH._,I\|ICONH—Q-OH

NO Cl
34

The synthesis of pr-1-(2-chloroethyl)-3-(2,6-dioxo-
3-piperidyl)-1-nitrosourea (39b) (eq 9) required the prep-
aration of the intermediate DL-2-aminoglutarimide (38)
by a four-step sequence beginning with pL-glutamine
and patterned after published procedures.?® The re-
action of benzyl chloroformate with prL-glutamine at
about pH 9 afforded the benzyloxycarbonyl derivative
35 in 77-929, yield, sodium hydroxide being used in-
stead of the specified sodium bicarbonate.®* A high
yield of the prL-methyl ester 36 was conveniently ob-
tained by treatment of the potassium salt of 35
with iodomethane in DMF, thus avoiding use of di-
azomethane as in the reported preparation of the L
isomer.?® Cyeclization of 36 with sodium methoxide
in benzyl alcohol provided benzyl br-2,6-dioxo-3-
piperidinecarbaniate (37), which was also the product
of a canversion of L-36 under the same conditions.?"
Attempted cyclization of pL-36 in methanol under con-
ditions described for the conversion of 1L-36 without
racemization®™ resulted in either incomplete reaction
or almost total recovery of starting material. Cata-
lytic hydrogenolysis of 37 over 59, palladium-charcoal
was equally effective in acidic and neutral media,®*
but the resultant prL-2-aminoglutarimide (38) was more
couveniently converted to the urea (39a) as the free
base than as the hydrochloride.

The Gabriel synthesis of 2-fluoroethylamine hydro-
chloride as described by Childs, et al.,2* provided the

(21) Reditction of diazoninm compounds by formates and formic acid has
been noted previously (see K. H. Saunders, ‘The Aromatic Diazo Com-
pounds,'* Edward Arnold and Co., London, 1949, pp 272, 278).

(22) A. C. Bratton and E. K. Marshall, Jr., J. Biol. Chem., 128, 537
(1939).

(23) (a) V. Bruckner, J. Kovées, and K. Kovées, J. Chem. Soc., 1512
(1953); (b) E. Sondheimer and R. W. Holley, J. Am. Chem. Soc., T6, 2467
(1954);  (¢) E. Sondbeimer and R. W. Holley, thid., 79, 3767 (1957).
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CO.H CO.CHs
ChzNHCH —  Chz NHC'H -
(éHz)z (éH2)2
CIJONH2 CONH,
35 36
0 0
CbZNH& _ HEN& _
0 0
37 38 0
CICH2CHQI|\ICOHN\6\/IEI ©
Y 0
39a, Y=H
b, Y=NO

Cbz=CH,CH,0CO

interniediate needed for the preparation of fluoroethyl
analogs of the more promising chloroethylnitrosoureas.
The fluoroethylation of potassium phthalimide with
2-fluoroethyl p-toluenesulfonate in DMF was found
to be a convenient method for the preparation of N-
(2-fluorcethyl)phthalimide (40a), hydrazinolysis of
which, according to the published procedure, afforded
a theoretical yield of white, crystalline amine hydro-
chloride in contrast to the ‘“brown glass” reported
previously.?* Its direct conversion to ureas was
accomplished in two ways: (1) addition of iso-
cyanates to the free amine, and (2) aqueous deconi-
position of nitrosoureas in the presence of the free
amine. But the aqueous deconiposition of 25 in the
presence of an amine was sometimes the preferred
method and a means of circumventing the preparation
of the as yet unknown 2-fluoroethyl isocyanate as il-
lustrated by the preparation of 1,3-bis(2-fluoroethyl)-
urea (41) (eq 10). The Gabriel synthesis was also ap-
plied, apparently for the first time, to the preparation of
2,2, 2-trifluoroethylamine hydrochloride. The reaction
of potassium phthalimide with 1,1,1-trifluoro-2-iodo-
ethane provided the intermediate N-(2,2,2-trifluoro-
ethyl)plithalimicde (40b).

0
1.OH~
@jmml{ — FCH,CH,NH,-HCI _2:50 ~
0
40a, R=CH,F
b, R = CF,

FCH.CH,NHCONHCH,CH.F (10)
41

Intermediates for the synthesis of nitrosoureas cou-
taining alkyl-branched chloroethyl groups as in 9 and
1,3-bis(2-chloro-1,1-diniethylethyl)-1-nitrosourea (42a)

(24) A. F. Childs, L. J. Goldsworthy, G. F. Harding, F. E. King, A. W,

Nineham, W, L. Norris, S. G. P. Plant, B. Selton, and A. I,. 1,. Tompsett,
J. Chem. Soe,, 2174 (1948).
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were obtained by the action of phosphorns pentachlo-
ride ot appropriate cthyl 2-hydroxydalkylianbumnles
according to the miethod of Wenker® as applied by
Najer, ¢f al.,* for conversion of a (chloroalkyl)carba-
mate.  Vapor phase chrowmnatography slicwed that the
2-chloroalkyl izocyanates so obtained were only 74
94¢, pure even after fast distillation through a short
column. Because of acldie hmpurities, aqueous de-
compositions of the crude wocvanates to give =yvin-
metrical 1,3-disubstituted ureas were carred out in the
preseice of triethylamine,  The urea 42b was particu-
larly unstable; o dry =muple was completely evelized
to  2-(2-chloro-1,1-dunethylethylamino)~4 4-dimethyl-
2-oxazoline hvdrochloride (43) after a few days,

H CH, CH,
| I 0 N
(‘ICH;,(If—I\IICOI\'HCCH:CI )—NHCCH,CI-HCI
t C TN |
HC Y CH. CH. CH,
42a,Y =NO 43
b,Y=H

Experimental Section

Melting points for which a range is recorded were determinetl
on a Mel-Temp appuaratug, those withont a range, on a Kofler
Heizbank. The infrared spectra were determined in pressed
KBr dizks (solid=) or films (oilx) on a Perkin-Elmer spectropho-
tometer (either Model 221-G or 521). The pmr spectra were
obtained m chloroformi-d or dimethyl snifoxide-dg o1 a Varian
A-60 spectroineter with tetramethylxilane as internal reference.
Thin layer chromatograins were developed on silica gel H (1.
Merck AG, Darmistadt) plates nsnally with sich solvent pairs
as 9:1  benzene-chloroforin and  9:1  chloroform-methanol :
nitrosonreas conld often be detected in ultraviolet lighi after
<praying with Ultraphor WT* solution: nreax, with Dragendorff
sobition;%® and both, by iodine vapor.  Nitrosonreas were stoved
dry and cold to minimize decomposition; 2-flioroethyl- and 2-
chlovoethylnitrosoureas that were kept under such conditions
for long periods showed 1o evideuce of decomposition.

N-(2-Fluoroethyl)phthalimide (40a).——A mixture of potassiuin
phthalimide (34.0 g, 0.183 mnle), 2-fluoroethyl p-toluenesulfo-
nate2 (40.0 g, 0.183 mole), and DMF (300 ml) was stirred at 110°
for 2.5 hr.  The resulting solution was cooled alittle, dilnted witl
witer (1.5 Lj, aud chilled. The white precipitate was washed
with water aud dried 7n vacuo over P.0;.  Reevy=tallization of
the erntde prodirt (318 g) from absolute ethanol (200 ml) afforded
26.9 g (76¢,,) ol 40a ax white needles, imp 97-101° (lit.2* mp 160°).

2-Fluoroethylamine Hydrochloride.?*—A mixture of 40a
(26.0 g, 0.135 mole), hydrazine hydrate (9.0 g, 0.18 mole), and
absolnte ethanol (150 nil) wax refluxed for 1 hr.  The resulting
semisolid mixture was acidified to shout plT 2 with concentrated
HCT (25 ml), stirred, and refluxed for 1 hir more, cooled to abont
5%, and filtered 1o remove plithalhydrazide (21 g, 9667, The
filtrate was evaporated to dryness {n sucno, and the residue wax
extracted with water. [n vacuo evaporation of the filtered,
aqueotts extract left hygroscopie erystals (184 g), which were
~tirred for 8§ hr with redistilled salicvlaldehyde (16 nl) and
cnongli ether and benzene to dissolve the yellow =olid that forined.
I'hie lavers were separated and the agneons phase was evaporated
fo dryness /n vacvo. The yield of white, trwtalline 2-fluoro-
cthylamine hydrochloride (further dried 4n wvacuo over P.Ost,
mp KO-01°, was 13.4 g (10052) (lit. mp 92-93°,3% 95°300),

25y b Wenker, . A, Chem. Soe., 58, 2608 {1136},

Gy 1. Najer, . Chabrier, und R. Giudicelli, Bull. Soc. Chim. France,
Gl 19am.

(27) BANF Colors and Chemieals, Inc., Charlotte, N. C,

(28) K. Randerath, *'Thin-l.ayer Chromatograpby,” Academic PressIne..
New York, N. Y., 1964, p 129,

{28) By wethod of ref 24,

{(30) @) V. G. Nemets and G. L. Kpshtein, Tzr. Vysshibh Uchebrn. Zave-
denti Kham. 7 Khim. Tekhnol., §, 101 (1962); Chem. Abstr., 58, 3298 (1962);
(bt 7. B, Papanastassion el R4 Brong J. Ovg. Chem., 29, 2R70) (1964).
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N-(2,2,2-Trifluoroethyl)phthalimide (40b). - 2,2, 2 Triflnaro-i-
mdoetura® (270 g, 013 mole) was added ty a ~tirred <nspension
ol protassinm phithalimide (2000 ¢ 0.0t mled e DN <300 ol 5
The resulting mixtire was heated at 110° for 5 hr, cooled to
room temperature, and diluted with woter (1.2 Lo The pre-
cipitate wa= washed with water and air dried: vield of voude
40b, 141 g 537"« Puorification was effected by exiraction
into ether mad reerverallization trom erhanol; vield 4 g G
1302,

dwal, Caled for Collgl®aNOs: O, 320400 1L 2640 N, 6.t
Fornd: 02,74 1,208 N, 6,12,

1,1’-p-Phenylenebis!3-(2-fluoroethyljurea] (Method B). A
stirrd =u=pension  of 2-fluoroethylamine hydrochloride (2.0 @,
2003 mmoles in DA (15 ml) was treated with triethylnmine
2.0 ml, 205 mmolesy and then with solid p-phienyvlene diiza-
cvamate? 016 g, 10 mmolest The resnlting =n=pension wis
stirred «t ambitat temperature Tor abont 24 by, dilnted with
water (100 mll, amed chilled. The insolnble, finely  divided.
cream-colored Disurea was ecollected, washed with water, ot
dried invacvo over PoOy: viehl 2.63 g (9205,

1-(2-Fluoroethyl)-3-methylurea.—— Tricthylamine 154 ml,
015 mole) then nwethyl woevapate® ™ U8G5 ml, 0,03 moles
were sdded dropwise 1o a0 5°, stirred =olntion of 2-flnoro-
cthylamine hyvdroeldoride 151 g, DG mole) o warer (70 mis.
1The resnlting =obitton was =tiwred at room temperatnre tor 55 hr
and extracted with <ix d-ml portious of ethivl acetate. i ereon
eviporation of the dried (Mg, extrnet left a white solid 5.5
g Tooreewo evaporarion at 35° of the agueons diltrate left
additional prodoet ax w pale vellow =olid, which wos exiroeted
with rhree H0-ml portions of ethyl aectate and cecovered as de-
=cribed above (6.5 gr Two reervstallizations of the combined
samples from CHCLe-petrolennt erther (hp 30-6075 (60 75:240
A0 mly afforded 2.7 g (50501 of 1-2-flnorocthyl-g-methyl-
nred.

3-t{2-Fluoroethylj-1-methyl-1-nitrosourea (35). -—-1)ry =odinm
nirite (26,1 g0 0.38 mole) wis added in =mall portions vver a
pertad ol 1.5 Iy roa stiered, 0-5° solntion ot 1-(2-flnoraethylj-3-
methylurese 0.2 g, 0085 mole) in 3 N HCLO40 mly, The mis-
e was =tirved avother t hr at 059, aud the insoluble Tight
vellow Hakes €35% were dried /v vocno over Po); and NaOll:
vield 8.0 g0 The filtrate wos extracted with five 25-ml portiores
of CITCly; rhe dried  Mg=0),) extraet was ovoporated 7 raocwn
leaving sdditioted 33 3.6 g): rotal vield 9200 ‘I'he ndrared
spectrnnt was tdendienl with that of the analytical =ample pre-
pared i a pilot experiment.

1,1'-{truns-1,4-Cyclohexylene )bis(3-methylurea). - -frarws-
t4-C'velohexanediamine dihvdrochlovidesd {10.0 ¢, 0.05 mole;
in water (25 wle wos made basic with 50¢, agueons NaOll
o ml) and exiracred with rhiree 75-ml portions of ether. The
dried (N0, ethereal solntion wis ecooled, atirred, and treaved
with methyl i=oevanate*=3 (6.8 ml, 0.1t moler. The mixtnre was
<tirred at room rempersinre for 2 e, then chilled.  T'he hisnrei
that had formed wus washed with ether wnd thied o cwcno over
105 vield 6.3 g €324, 5, mp >300°.

ctnal. Caled for CallagN.Oo ¢ 526t 11, 8830 N, 2454

Ponnd: €552.620 18860 N, 24011,
1,1°-i {rans-1,4-Cyclohexylene )bist 3-methyl-3-nitrosourea:
(24). - Dryv NaNO, (9.7 g, 140 nmmoles) was added in small in-
erentent= 1o a4 0°, <tirred <olntion of 1,1 <( (cans-1,4-cvelohexylenej-
Dix(3-methvlureor (485 g 213 mmoles) i 98-1007 formic aeid
(150 il The mixtre wis ~tirred for 2 hre at 5°, diluted with
wirter (100 ml}, and stirred for 30 min more at 0-5°. The white
precipitore was washed with water aned dried in cacuo over P
vield of 24, 5.1 g (%44 ¢ mp >210° dee.
ral, Cided for CalhaNGOy: O, 4005 1, 6034 N, 20050,
Fonnd: €, 42.05: 1, 6.00; N, 29.36.
1,1 <<tvans-1,4-Cyclohexylene )bis]3-(2-fluoroethyl)urea]
(22¢) (Method (). A. From 1,1‘({rans-1,4-Cyclohexylene)-
bis(3-methyl-3-nitrosourea} (24)..—A =olution of 2-flnoroethyl-
sunine hydrochloride (2.23 g, 224 munoles) in water (40 ml,
DAF (40 mb), and triethylamine (40 ml) was treated with 24
(3.20 g, 11.2 mmole<t and stirred at room temperature for 2 days.
The mixture was coneentrated i eacio to a volume of abont 35
ml and diluted with water (100 ml).  The bisurea 22¢ separated
ax 1t white solid which was washed with water and dried in vacuo
aver PaOy; vield 2245 g (7477

il Cobmmbia Orgame Chenneals Co., Colommbia, S, ¢
(3 Ihstillation Prodoets lpdnsiries, Roehester, No Y.
#3e Ot Chiempienl Owl Maskogea, Mich.
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B. From 3-(2-Fluoroethyl)-1-methyl-1-nitrosourea (25).—
Triethylamine (5.6 ml, 40.2 mmoles) and, a few minites later,
25 (3.0 g, 20.1 mmoles) were added 1o a cold (ice bath), stirred
solution of {rans-1,4-cyvclohexanediamine dihydrochloride!® (1.9
g, 10.0 mmoles) in water (75 ml). The mixture was stirred at
room temperature for 18 hr, and 22¢, which had precipitated
ag a white #olid, was washed with water and dried in vacuo
over P.O;; vield 2.5 g (869,). The infrared spectrum of 22¢ from
B was identical with that of the analytically pure 22¢ from A.

Mixture (1:1) of 1-(2-Chioroethyl)-3-(2-fluoroethyl)-1-
nitrosourea and 3-(2-Chloroethyl)-1-(2-fluoroethyl)-1-nitroso-
urea.—Sodium nitrite (9.7 g, 140 mmoles) wax added in portions
over 2.5 hr to a 0-3° stirred solution of 1-(2-chloroethyl)-3-
(2-fluoroethvljurea (2.8 g, 16.6 mmoles) in concentiated HCI
(256 ml). The mixture was diluted with water (20 ml), and
stirring was continued for 1.5 hr at 0-5°. Enough water (5
ml) was added to dissolve the NaCl that had precipitated, and
the oily mixture was extracted with three 25-ml portions of
CHCIl;. The dried (MgS0,;) CHCl; extract was evaporated
under reduced pressure leaving an orange oil, which was further
dried over P.0O; and NaOH; wvield 2.8 g (86%), n%p 1.4890.
Pmr indicated a 1:1 mixture of isomers.

1-(1-Adamantyl)-3-(2-fluoroethyl)urea (11) (Method C)—
Triethvlamine (4.1 g, 40 mmoles) and then 3-(1-adamantyl)-1-
(2-chloroethy)-1-nitrosourea (10) (4.5 g, 16 mmoles) were added
to a stirred solution of 2-fluoroethylamine hydrochloride (1.6
g, 16 mmoles) in water (100 ml). After 2 hr the suspension was
thinned with acetone (20 ml), stirred for 2 days at room tempera-
ture, and concentrated in vacuo to 100 ml. The white solid (3.0
g), washed with water and dried n vacuo over P.Os, was further
purified by trituration in ether and recrystallization from aceto-
nitrile; vield of 11, 2.4 g (639%,).

1,3-Bis(2-fluoroethyl)urea (Method C).—A 5-10°, stirred
solution of 2-fluoroethylamine hydrochloride (4.1 g, 41.2 mmoles)
in water (125 ml) was treated with 505; aqueous NaOH (2.2
ml) then, in portious over a 45-min period, 3-(2-fluoroethyl)-1-
methyl-T-nitrosonrea (25) (6.0 g, 40.3 mmoles); the resulting
solution wax stirred at room temperature for 18 hr. Removal
of water in vacuo at 20° or below left a 6.6-g residue which was
extracted with ethanol (50 ml). Evaporation of the filtered
ethanolic solution left the crude product (3.8 g), which was
recry=tallized from ethanol-petroleum ether (35:50 ml); yield
2.3 g (38%%). The analytical sample was obtained in 539 yield
from a pilot experiment in which triethylamine (1 eqniv) was
used as baxe.

1,3-Bis(2,2,2-trifluoroethyl)urea (Method D).—A stirred sus-
pension of 3-(2,2,2-trifluoroethyl)-1-methyl-I-nitrosourea® (14.2
g, 76.8 mnioles) inn water (150 ml), triethylamine (2 ml), and ace-
tone (25 ml) was warmed slowly, kept at 70-80° for 1 hr as com-
plete solution resulted, then refluxed for 30 min. The cooled,
filtered solution deposited the product as a white solid which
wags washed with water and air-dried; yield 5.6 g (65%).

1-(2-Chloroethyl)-3-cyclohexylurea (3a) from Decomposition of
Ethyl 5-(2-Chloroethyl)-3-nitrosohydantoate (2b) with Cyclo-
hexylamine.—A suspension of 2b2 (500 mg, 2.11 mmoles) in
water (10 ml) was treated with cyclohexylamine (208 mg, 2.11
mmoles) and stirred overnight at room temperature. The solid
preseut, washed with water and dried in vacuo, was identical
with authentic 1-(2-chloroethyl)-3-cyclohexylurea with respect
to infrared absorption, melting point (130°), and mixture meiting
point. The yield was 130 mg (309).

Mixture (about 3:1) of 1-(2-Chloroethyl)-3-cyciopentyl-1-
nitrosourea (4a) and 3-(2-Chloroethyl)-1-cyclopentyl-1-nitroso-
urea (4b).—A 0°, utirred suspension of 1-(2-chloroethyl)-3-
cyvclopentylurea (5.6 g, 29.5 mmoles) in 6 N HCI (250 ml) was
treated with NaNQ. (5.6 g, 81 mmoles) in small increments.
The reaction mixture was stirred at 0° for 2 hr and extracted
with two 75-ml portions of CHCl;. The dried (Na.SO,) CHCl,
solution was evaporated in vacuo to a yellow oil which was fur-
ther dried in vacuo over P,O: overnight; yield 3.1 g (489%).
Theapproximate 3:1 isomeric ratio was established by pmr.

Cyclopentylurea from Decomposition of a Mixture of 1-(2-
Chlioroethyl)-3-cyclopentyl-N-nitrosoureas (4a and 4b) with
Ammonium Hydroxide.—A solution of the isomeric mixture of 4a
and 4b described above (100 mg, 0.456 mmole) in 3 & NH,OH
(10 ml) was stirred overnight at room temperature, then evapo-
rated in vacuo. A carbon-decolorized solution of the residue in
water (5 ml) deposited 42.5 mg (739,) of cyclopentylurea as
white crystals, mp 200°, alone or in mixture with an authentic
sample.
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Nitrosation of 1-(2-Chloroethyl)-3-cyclohexylurea (3a). A.
In the Presence of Water.—A 5°, stirred solution of 3a (9.5 g,
46 mmoles) in Y8-100%; formic acid (95 ml) was treated dropwise
with NaNO, (6.5 g, 94 mmoles) in water (95 ml). The mix-
ture was stirred at 0-5° for 30 min, diluted with cold water (225
ml), and stirred further for 30 min. The light yellow precipitate
was washed with water and dried in vacuo over P.0;; vield of
1-(2-chloroethyl)-3-cyclohexyl-N-nitrosourea (about 659 14a
and 35% 14b by pmr in CDCl;), 10 g (949%), mp 70° dec.

B. In the Absence of Added Water.—A 5°, stirred wolution
of 3a (1.0 g, 4.9 mmoles) in 98-1009; formic acid (15 ml) was
treated with dry NaNQ, (1.0 g, 14.5 mmoles) in small incremetrts.
After the addition, the mixture was stirred at 3° for 30 min,
then slowly diluted with cold water (15 ml), and stirred further
at 0-5° for 30 min. The light yellow precipitate was washed
with water and dried in vacuo over P.O;. The yield of 1-(2-
chloroethyl)-3-cyclohexyl-1-nitrosourea (14a, devoid of 14b
according to pmr in CDCl;), mp 90°, was 0.96 g (845%).

C. By Nitroso Group Transfer in Isomeric Mixture of 14a
and 14b.—An isomeric mixture (9.0 g, mp 70° dec) of 14a and
3-(2-chloroethyl)-1-cyclohexyl-1-nitrosourea (14b) as described
above under A was dissolved in 98-1009; formic acid (150 ml).
The solution was stirred at 5° for 2 hr, diluted with cold water
(250 ml), and further stirred at 3° for 30 min. The light vellow
14a was washed with water and dried in vacuo; vield 83 g
(92%), mp 90°. The pnir spectrum in CDCls was identical
with the product described under B.

1-(cts-2-Chlorocyclohexyl)-3-(2-chloroethyijurea (Method
B).—cis-2-Chlorocyclohexylamine hydrochloride!®* (3.0 g, 0.18
mole) was treated at 0° with NaOH (0.8 g, 0.02 mole) in water
(5 ml). Thiy mixture was extracted with three 50-ml portions of
ether. 2-Chloroethyl isocyanate3* (1.5 ml, 0.18 mole) was added
dropwise to the dried (Na,SO,), chilled (10°), stirred ether solu-
tion. After 2 hr at room temperature, removal of the ether
in vacuo left the crude product as a white solid (4.1 g), which
was recrystallized from benzene (20 ml) by the addition of c¢yelo-
hexane (100 ml) and dried in vacuo; vield 3.6 g (84%).

N2.[(2-Chioroethyl)carbamoyl]-L-( — )-glutamine (Method
B)—To a stirred suspension of 1-(+4)-glutamine (1.54 g, 10.6
mmoles) in water (20 ml), cooled to 5°, was added I .V NaOH
(9.5 ml), and to the resulting solution (~pH 10) 2-chloroethyl
isocyanate®* (0.81 ml, 9.5 mmoles) was added dropwise. The
mixture, allowed to warm gradually to room temperature, was
stirred overnight, and the pH was adjusted from ~7 to ~2 with
1 ¥ HCI (9.5 ml). Evaporation under reduced pressnre and
below 25° left a solid residue which was washed with ethaiol,
then with water and dried in vacuo over P2O; leaving 1.1 g (4197)
of the carbamoylglutamine, [«]?2p —10.3 = 0.2° (¢ 0.995,
H.0).

p-[3-(2-Chloroethyl)ureido]phenylacetic Acid (Method B).—
Triethylamine (4.64 ml, 30.0 mmoles) was added to a stirred
suspension of p-aminophenylacetic acid® (4.67 g, 30.3 mmoles)
in CHCl; (150 ml) at about 10°, aud then 2-chloroethyl ixoc¢va-
nate?* (2.6 ml, 30.0 mmoles) wax added dropwise. The mixture
was stirred at room temperature for 6 hr during which time most
of the solid dissolved; the mixture was filtered, and the filtrate
was extracted with three 25-ml portions of water. The amber,
aqueous solution (pH 8) was made acidic (~pH 1) with conce-
trated HCI (7.0 ml), stirred, and chilled. The precipitate was
washed with water and dried in vacuo over P.O;. The crude
product (6.9 g) was recrystallized from acetonitrile ax yellow
crystals, yield 4.0 g (529).

4-{ p-[3-(2-Chloroethy!)ureido] phenyl{butyric Acid (Method
B).—p-Aminophenylbutyric acid?® (5.0 g, 28 mmoles) in ethanol
(200 ml) at room temperature was treated with 2-chloroethyl
isocyanate®t (2.45 ml, 28.5 moles), stirred for 2 hr, and chilled.
The white precipitate (6.6 g) was recrystallized from ethanol
(150 ml) and dried in vacuo over P20s; yield 5.1 g (645).

1-(4-Amino-3,5-dichlorophenyi)-3-(2-chloroethyljurea (31)
(Method B).—2-Chloroethyl isocyanate3! (4.00 ml, 46.7 mmoles)
was added dropwise to a 0-5°, stirred solution of freshly recrystal-
lized 2,6-dichloro-p-phenylenediamine® (4.14 g, 23.4 mmoles)
in CHCl; (190 ml), and the mixture was stirred overnight at
ambient temperature. Recrystallization of the crude, insoluble

(34) W. Siefkin, Ann. Chem., 862, 75 (1949).

(35) Aldrich Chemical Co., Milwaukee, Wis,

(36) L. R. Moffett, Jr., and H, W. Vaughan, lr., J. Org. Chem,, 25, 1238
(14160).



906 Jomxsron, McCArER, OrticgeEr, Avd MoNrtoonsry Vol 0

soltd (6.3 g) from ethanol-water (150:100 b altorded 3.0 2
(700, of 31 a= o fiuffy white solid.

1-(2-Chloroethyl)-3-(3,5-dichlorophenyl )-1-nitrosourea { 321.
Sodinnm nitrite (590 mg, S.55 mmuoles) was adiled v =mall in-
crements over a period of 2.5 hir to g stirred, 5-101° solutinon of 31
(280 mg, 0.994 mmole) iv 98100, Tormie acid (8 wle The
resulting redish brown solntion was stirved eold for 2 v, ponred
into cold water (20 wl), Hirther =<tirred tor 3 hr at 0-5°, and
extracted with two T5-ml portions of CHClL. Removal of e
solvent under rednced pressnve left 32 which was triturated in
petrolenm ether and dried in eoenn over Putic: vield 147 nn
(05,

N:-[(Benzyloxy Jcarbonylj-vL-glutamine Methyl kster 136).
—A stirred mixture of N ['l)en7\'lu\\']v-ll'}mn\'li-1u,-glln:nllin(-’-"“
(35) ¢34.3 g, 0.122 mole) and KITCO, (124 g, te 122 mole) iy wirrer
{160 mly wax hearerl at 75-85° for 1 hr. The resulting =olnrio
was evaporated to dryness nnder le(ln( ed peessire with hesting.
A stirred suzpension of the residual =alt (further dried /i racuo
at abont 50°) in DNTF (180 ml) wis treated with iotlontethane
(23 1nl, 032 mole), heated at SO-K3° Tor 2 hr, and filtered.  The
filtrate was diluted with water (.'")..'» i and chilled.  The ervstal-
ltiie 36 that formed was washed with water wrd dried /n racup:
vield 33.1 g <927, 1. The analytical <nmmple was recry=<tailized
from methanol.

Anal, Caled for ClTeNOx:
FFonud: C, 57.19; 11, 6.19; N, 9.52,

Benzyl »1-2,6-dioxo-3-piperidinecarbamate (37) wix mude
by the published procedirve in which racemization of the L
izomer wix observed.®®  The vield of reervstellized vL-37,
mp 132-134°, from vL-36 (15.0 g, 51.0 mmoles) (20-minc renction
invacio)y was 9.0 g (6757 123 mp 1221250,

Anal. Caled for CH L N.Oy: N, 10068, ound: N, 10.67.

vL-2-Aminogiutarimide (38).%--Ilvdrogenoly=i=x of 37 wox
carried out according to a published procedure.® A solution of
37 (6.8 g, 26 mmoles) in methanol 1170 ml) was shaken with 5
palladiwin-charconl €1.7 g) and hydrogen (initially abont 50
psi) for 2 i with mtermittent purging ol evolved earbon di-
oxide, Removal of the coatalyst aud pvaporation of the =olvent
in vacuo lel't 3.0 g (SOCL) of erude pL-38 i~ white and grecuish blue
erystals, mp abont 140° dee (it * myp abont 120° dec). With-
ont attempted purification, ernde 38 wius convertetl to pr-1-
(2-clhiloroethyl)-3-(2,6-dioxo-3-piperidyiinren (39a, see 1'able 1.

1-(2-Chloroethyl)-3-(1,2,3 4-tetrahydro-2,4-dioxo-5-pyrimi-
dinyl)urea (Method B).-——2-Chloroethyl woeyanate®® (10.0 mnl,
0.116 mole) was added slowly to a cold, stirred snspension of i-
aminonvacil® (7.0 g, 0.035 mole) in DAL (40 mly. The mixtnre
was stirred at 10-20° for 3 hr, dilnted with CHCL (GO ml3, aned
stirred  at room  temperature overnight. The mixture was
further dilitted with CHCL, (50 vl and chilled. T'he nrea tlen
fornted as o white solid wax collected, washed with three 15-1nl
portions of 2 N TICL, water, then vihanol, and dried /n vocon
over 1,0;; vield 11,53 g (88¢¢ ;.

1,1’-p-Phenylenebis|3-(2-chloroethyljurea] (Method B).
2-Cliloroethyl isoeyvanate® (6.0 g, 37 mmoles) was added slowly
to a0 5°, stirved  solution of water-reervstallized  p-phenylenc-
diamine (3.1 g, 2 mmoles) in DMEF GO mly The resulting
mixtire, stivred at H--10° Tor 30 min and at room temperitare for
3l was thinned witl, CHCl; ond stirved o an additional t hr
and dilnted with hexane to complete the precipitation. The
ernde produet was collected, washed with etlimol and then ether,
amd air dreied,  1twas teitnreated and washed in ethanol and dried
nracno over Pul)s: vield 6.8 g (754, %

1 1‘-p-Phenylenebisl3 (2- chloroethyl)-3 nitrosoureal.
Dry NaNQO, (13 g, 190 mm(»lc ywas ndded te small p(nlmn\ over
a period of 30 min th a 5°, stirred su=pension of 1,t “p-phenvl-
cnebis]3-C2-chloroethyDurea] (5.0 2, 15.7 mmoles) in O8--100¢,
formic aecid (300 ml).  The mixmre was stivved at 3¢ for 2 hr,
and the vellow precipitate that had forined was washed with
water and ilried i zacue over Py 0O;; vield 3.8 g (9767 ).
4’-Cyano-1-aziridinecarboxanilide.- -p-Cyuanophenyl iso-

evanate® (10.0 g, 694 mmolest was addel dropwise to a 57
stirred =obition ol cthylenintine 3.6 ml, 70 minolest in CHCIy
{100 ml), snd the mixtine was =itrred @l room temperature lor
2 . The white, solid residne (12,5 ) remaiming after the sil-
vert was removed Jc creno was taken np in hot benzene (500
il 1he cooled filirnte deposited H-cvano-t-azividinecarbox-

(G BN

616 N, 9.52

(35) By netbod of vof 23e,
i3%) Wrishiell Labswaioriex, Pocelamt O,

abilide ax white needles which were washed with hexane and
dried ineoeno; vield 100 g (77¢), mp 135
Anal. Cabed O G NGO 0 O BTG T, LSS
Founed: ¢, 64405 11, 4.72; N, 22,45,
1-12-Chloroethyl)-3-{p-cyanophenyl)urea (Method E).:
+'-Cyvinophenyi-lT-aziridinerarboxantlide (10.0 g, 53.5 nnnoles)
wit~ mlded sl portions to 0°, stirred concentrated HCI
(50 mil L med the resnlting mixture wias stirred at 5-10° for 1 hr,
The white preeipitice was wasbed with eold water and dried
/i ovacwo. T ernde prodiet (11,2 g) was dissplved in ethiaiol
P50 b and the conled solution was dihited with water (50 ml}.
1= 2-Chlroethy -5+ p-cyanophenyljnrea was deposited s white
rcedles, which were drial i vacvo over Pa),; vield 9.0 g (750 «
p=Amino-N,N-dimethylbenzamide.---Guzeons dimethylamine
wit~ neirodueed into eold benzene (100 i) mutil the weight gaio
wits .o (017 mnlen p-Aminobenzoyl chilovide®® (12.0 g, 0.083
mole; m benzere (50 mle was slowly added below 7° wirh
stirring.,  The mixinre was stirred at room temperature for 3 hr,
aned the soltd that had precipitated was removed and washed with
two 25-ml portions of benzene, The fillrate combined with
the washings was evaporated /n ecaevo, and rthe orange restdue
was reerystallized, onee from bebzene and twice from xylenc,
giving the benzammide as slightly colored necdles (3.7 g), mp 153°
flie» mp 15375 Additional produer 218 gomp t54° cwas ob-
Gl Trom e original precipitare by extraction into CHCL,
wieel recry=tallizanion rom xvlene.  The toral yield was 417,
aed. Caled Tor CylaNLO: L 65820 H, 7370 N, 17.06.
Foined s CL 66,000 HL 7,280 N, 16,92,
N,N-Bis(2-chloroethyl)-1,4-piperazinedicarboxamide.--
Piperazine (3.0 g, 35 mmoles) in GHCl, (100 inl) was treated with
2ochloroethyl oevanare® 174 g, 70 mmoles), =tirred at room
tamperashre  overnight, and  chilled.  The precipitate  was
wiashed with cold CHCly, air dried, tritnrated in water, washed
with ethanol, and driced 71 vacro over s vield 8.5 g (039
1wy 2200 PRI iy e ) 1615 (i(':»()), 1635 (CNIT).
Snal, Caled Toe CulligCLNLO L4041 T, 6,105 N (885,
Foand: ¢, 40.59; 11, 6.00: N, 18.67.

NN ‘-Bis(z-chloroethyl)-l\ ,N ‘-dinitroso-1,4-piperazinedicar-
boxamide.~-Sodimn nitrite (6.0 g, 87 mmolex) was added in small
inerement= to a.a°, ~tirved <.;lu(im( uF N N-bis(2-chloroethyl)-1.1-
piperazinedicarboxanide (6.5 g, 22 imneles) in 98-1009 formie
actd (130 iy the mixture was .\mre(l for 1 hr at 0-5°, 1e>ull‘mg
i the deposition of o white solid.  The mixture was diliuted with
water and dried i raeno over P20 vield 6.2 g (ROCT), mp 114°
dee, pRECT6US em ™t (a0,

tugd. Caded for CollsCLNQy: C,
10.06: N, 2366, Fonnd: €, 33.¢ I, 4.54;
2322,

1,3-Bis( 2-chloro-1,1-dimethylethyl)urea (42b) (Method F').

The reaction of ethyl (2-hydroxy-1,1-dimethylethyDearbamate?
16803 g, A2 mole) with PCly (177 g, 0.85 mole) was earried ont
acenrding to the procedine of Najer, et al.,? for similar conversion
ol ethyl (3-chloropropyDearbantate.  Rapid distillation of the
reaction mixtnre throngli a =hort cohmm prodnced first o large
frretion tmostly POCLChotling up to 105° at atmosplieric pres-
=are, then a eriide product (abont 20 ml) boiling at 65-70°
{abont 30 mms. Redisallation of the smaller fraction at atinos-
pherte pressive gove 14 g of ernde 2-chloro-1, T-dimethylethyl
i=ocviunate tabont 750 pure by vpe) boiling at 145-150°, » 2260
e HINCD L

A portioa of 1the ernde isocymate (10 ml, estimated 67 mmoles
wits dded 1o a eold, stirred soluntion of triethylamine (20 ml) in
water (125 mly, and the mixtnre was =tirred Tor 1 hr. “Lhe agne-
o pluse was decardted from the semizolid preeipitate, which
solidified after prolonged tvitnrations b water. The ernde
varim-dried 42b wax recrystallized from acetonitrile-water;
vield ;3.0 g (estimated 44,0,

2-(2-Chloro-1,1-dimethylethylamino )-4,4-dimethyI-2-0xazo-
line Hydrochloride (43 The »nirea 42b, left standing in a cloxed
vial sn room (emperature for 3 days, became hygroscopic and
water solnble; strong infrared absorption at 1635 (C==N) shifting
to 1690 em = (e A similar <hift fr()m 1620 to 1700 ¢
wirs observed in the (\(h/,.nmn ol 1,3-bix(2-chloroethyipiren to
2oi2ehloraethy nnino =2-oxazoline hy drachloride” i hoiling

N, 2208

281 11, 484 CL
Cl, 20.10; N,

anb Lo MeMaosier won) FoFD Alimann, J. b Chew. Soc., 50, 110 (02K,
10) {1l Wenker, ihol., 60, 1081 (1938,

1 AF Dbananise amt 1.7, Fiebaek, UL 2 Puteal 2,
P2t Moy and 3L Wretine, Cos L Chewe, 37,

5,805 1 D10y,
E SR TETTR
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water. Drying in wacuo over P.0; afforded analytically pure
43, mp 105-107° with softening from 90°.

Anal. Caled for C;H\;CIN.O-HCI: C, 44.82; H, 7.532; N,
11.62. Found: C,44.69; H, 7.70; N, 11.63.

Decompesition of 1-(2-Chloropropyl)-3-cyclohexyl-1-nitroso-
urea (9) with Cyclohexylamine.—A suspeusibn of 9 (200 mg,
0.81 mmole) in cyclohexylamine (161 mg, 1.62 mmoles) in water
(10 ml) and acetone (5 ml) was stirred for 20 hr at room tempera-
ture. The white precipitate was washed with water and dried
in vacuo over PyOs; identity as 1,3-dicyclohexyiurea was estab-
lished by meltiug point (228°) and mixture nielting point with
atr authentic sample. The yield was 180 mg (999;).

N-Cyclohexyl-2,2-dimethyl-1-aziridinecarboxamide.—Cyclo-
hexyl isocyanate®® (3.0 ml, 23.5 mmoles) was added dropwise to
a stirred solution of 2,2-dimethylaziridine (2.12 ml, 23.5 mmoles)
in petroleum ether (150 ml) with almost immediate precipitation
of a white solid. After 30 min the product was collected, washed
with petroleum ether, and dried in vacuo over P.0;; yield 4.06 g
(886,), mp 126°. Recrystallization from hexane (125 ml)
afforded analytically pnre needles (3.8 g) with melting point nu-
changed.

Anal.  Caled for CpHyN.O: C, 67.30; I, 10.27; N, 14.27.
Found: C,67.50; H, 10.538; N, 14.30.

1-(2-Chloro-2-methylpropyl)-3-cyclohexylurea (Method E).—
A 109, solution (8 ml) of dry HCI in ether was added to a stirred
solution  of  N-cyclohexyl-2,2-dimethyl-1-aziridinecarboxamide
(300 mg, 1.53 mmoles) in ether (15 ml.). After 30 min, the pre-
cipitate was washed with ether and dried in vacuo over P.O;.
The crude product (300 mg) was recrystallized from acetonitrile—
water; yield 240 mg (679;). The structural assignmeunt, bused
on analogy with reported** products obtained from 1-(arvisul-
fonyl)-2,2-dimethylaziridines under similar conditions, was sup-
ported by pmr, homogeneity having been indicated by tle.

1,3-Bis(trans-2-chlorocyclohexyl)urea (Method C).—A cold,
stirred solution of trans-2-chlorocyclohexylamine hydrochloride!*
(2.8 g, 164 mmoles) in water (60 ml) was unentralized
with 509 NaOH solution and treated with 3-({rans-2-chloro-
cyclohexyl)-1-methyl-1-nitrosourea (3.6 g, 16.4 mmoles). The
resulting suspension was diluted with acetone (60 ml) aund tri-
ethylamine (5 ml), stirred overnight at room temperature, then
chilled (0°). The white product that formed was washed with
cold water and dried in vacuo over P:0;; vield 3.1 g (659,).

1-(2-Bromoethyl)-3-cyclohexylurea (Method B).—Aqueous
sodium hy-droxide (509;) (5.9 g) was slowly mixed with a cold
solution of 2-bromoethylamine hydrobromide3* (15.0 g, 0.07
mole) in water (10 ml). The mixture was stirred at 5° for 1t
min, then extracted with four 50-ml portions of benzene. The
benzene extract was dried (Na,80,), chilled (0-5°), stirred, and
treated dropwise with cyclohexyl isocyanate'® (9.15 g, 0.07
mole). After I hr at 5-10°, the white urea that had formed was
collected, washed with petroleum ether (50 ml), and dried
in vacuo over P,Os; yield 13.7 g (759,).

1,3-Bis(2-bromoethyl)urea (Method E).—For 5.5 hr, dry HBr

was passed through Drierite and into a 0°, stirred solution
of 1,1‘carbouyibisaziridine® (4.95 g, 44.0 mmoles) in dry ether
(70 ml) protected from moisture. Removal of ether and excess
HBr under reduced pressure left the crude nrea as a white solid
which was triturated 3 miu in ice water (25 ml) and dried in vacuo
over P,O;; yield 7.35 g (619,), mp 124-125°. Weak absorption
at 1700 em™! indicated slight contamination by 2-(2-bromo-
ethylamino)-2-oxazoline hydrobromide. The product was stored
i1 a desiccated container in a freezer to minimize further cycli-
zation.

1-Nitroso-3-phenyl-2-imidazolidinone (13) by Reaction of 1-
(2-Bromoethyl)-1-nitroso-3-phenylurea (5a) with Cyclohexyl-
amine.—A solution of an isomeric mixture of 1-(2-bromoethyl)-
N-nitrosv-5-phenylureas (920 mg, 3.3% mmoles; approximately
75 5a and 259, 5b) in p-dioxane (15 ml) was added drop-
wise to a 6°, stirred solution of cyclohexylamine (0.39 ml,
3.4 mmoles) in p-dioxane (10 ml) and water (5 ml). The solu-
tion was stirred at room temperature for 22 hr, then diluted with
water (60 ml), and cooled. The dried orange precipitate (440
mg) was recrystallized from absolute ethanol giving 280 mg
(~58% from 5a) of 13 as tan crystals, mp 186-187° dec, vEBr
1750 em ~! (C==0).

{43) Carwin Co., North Maven, Conn.

(£4) V. L. Markov and N. I. Burmistrov, Zh. Obsheh. Khim., 86, 153
(1965).

(45) 1L Destian, Ann, Cliem., 566, 210 (1950).
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Anal. Caled for CiHyN3;0,: C, 56.54; H, 4.75; N, 21.98,
Found: C,56.72; H,4.83; N, 21.67.

The infrared spectrum of 13 described above was identical with
that of the light yellow product (nip 184-185° dec) obtained in
96% vield by the nitrosation of 1-phenyl-2-imidazolidinonet
in aqueous formic acid.

1,3-Bis(2-iodoethyl)urea (Method G).—A solution of 1I,3-
bis(2-chloroethyl)urea®* (6.5 g, 35.2 mmwles) and Nal (20.0 g,
133 mmoles) in dry acetone (300 ml), protected from moisture,
was refluxed for 24 hr. The precipitate (2.7 g) after 8 hr was
removed and, being water soluble, was assumed to be NaCl;
acetone (50 ml) was added at thit point. The precipitate (6.6 g)
after 24 hr was washed with water and dried n vacuo over P.O;
leaving 6.0 g of the desired urea, mp 158-160° [lit.s" mp 156—
157°]. Dilution of the acetone filtrate with water (400 ml)
afforded additional product (3.4 g, mp 155-157° dec); total
vield 739%.

Screening Results

Introduction.- —The true measure of the effective-
uess of a drug against a neoplastic disease is the ability
of the drug to kill the neoplastic cells at dosages that
are 1ot toxic to the host animal. A quantitative
evaluation of drug action can be obtained by using
the L1210 leukemia system in mice.t In this test
10° leukemia cells are injected into the peritoneal
cavity of a mouse, and treatment of the mouse with a
single injection of a drug may result in an increase in
life span or, in sonie instances, cures® of the leukemia.
The nuniber of leukemic cells killed can be estimated
froin the observed increase in life span or fron: the
percentage of cures obtained. The reduction in
cell population expressed as a logarithm is a convenient
way to compare the efficacy of a series of active strue-
tures such as the nitrosoureas. For exaniple, a reduc-
tion of an inoculun: of 10° cells to 102 cells (99,900 cells
killed) can be called a “3-log kill.’4® In the tables
that follow, the LD in normal aninials (when known),
optimal doses, percentage of cures, aud the “log kill"”
are giveu. In addition, the compounds active against
the intraperitoneally injected cells were evaluated
agaiust 10* cells injected intracerebrally to deternine
their ability to cross the “blood-brain barrier.”?
Using these standardized tests the greatest log kill
that can be determined in the intraperitoneal (ip)
test is 6 and in the tracerebral (ic) test is 5. BCNU
and 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea were
evaluated at higler inocula and found to kill 8 logs at
their LD,

In sonie cases, cures are obtained at doses greater
than the LD, (but smaller than the LDg). In other
cases when the log kill (5) is great enough to effect some
cures (20-509) but none is obtained, the dose must ex-
ceed the LDy, and may be close to the LDy, for those
compounds; toxicity data in normal animals are not
available for compounds that effected 1o cures.

Structure-Activity Relationships.—The 1-(haloal-
kyl)-1-nitrosoureas iuvestigated in this study can
be couveniently divided into six groups for analysis

(46) A. F. McKay and R. O. Brann, J. Org. Chem., 16, 1829 (1951).

(47) J. M. Z. Gladych and E. P. Taylor, J. Chem. Soc., 1481 (1962).

(48) The word cure is employed herein to imply drug-induced, 45-day
snrvival of hosts randomly selected from populations of leukemic mice in
which 10077, of a significant sample of ontreated controls died of the di-
senge.*

(49) It sbonld be understood that ‘‘log kill’' is independent of the size of
the inoenlum, whereas the number of cells killed is not.

(50) Yor a detailed discnssion of the effect of chemotherapy on the kineties
of leukemic cell bebavior and of the concept of “log kill,"" see ref 4.
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SIrernee

NCILCHLN(NO)CONTICHLCHL Y
N=YY=1TI

‘1 mixtnre: X = CLY =
N =Y = ClI(BCNU)

11 mixtire: X = CLY = Br:
. =Y = Br

=Y =1
H.CHN(NOYCONHDB
cyelohexvl

= |

= (

= Br

I = 2-norbornyl

= |

= (1

1= I-adamantyl

= |

= Cl

phenyl

= I

= (l

= Br

f

o=

SN S

g

o

%‘/‘/‘n

CICIT(CH;)CH.NHCON(NO)CH.CH{ClH L CL
c-CeHy NHCON(NO)CH.CH(CHj;)Cl
CsH:NHCON(NO)CH,CH,CH.Ci

CI(CH.),NINO)CONHCH(NHCONINOY CIL),Cl)-p

¢-CsITu NHCON(NO)CH,CH,CH.Cl
CICHL.CH(C,H;)NHCON(NO)CI(C.T1;:)C.Cl

NHCONNO

g

CEF,CILNTICON(NO)YCIHLCI,
e-Col T, NCONCHLCFy

L
11| NO (inixture)

RCJITINHCON(NO)CITLCHLCI
R = 2,6-dimethyl
p-CON(CIlyp
p—(jI‘I,[()
m-CHj)
p-Cl
m-Cl
[)-I“
p-CI¥,
p-CN
p-COCTY
n-COLColl,
n-COLH
m-CO.H
p-ClH.CO.H
p-SCHLCO,II
0-Cl
m-NO,
7-50.F
1
BNHCONINO)CHLCHLCL
1t = 2-naphthyl
1 = S-qninolyl

|
L
il
T
1}

)
21

2556

Gronp B

Grmp O

SN

me tis

SN
20
2030
2M-TH
2061
Inactive

A-45
40--50
S0

A1-54
Hn—-(2
{87

[

1o
7H0
201)

Inactive
Inaetive
letive

haretive

hiretive
Inaetive

50
20
125
B

Shte

12
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D t < 1
3 1 N ot tested



48,

November 1966

Structnre

IWNHCON(NO)CH.CILCI

R=H
cyclohexyl
4-methyleyelohexyl
3-methyleyclohexyl
3,3,5-trimethylcyclohexyl
trans-4-t-butyleyclohexyl
trans-2-chlorocyclohexyl
cts-2-chlorocyclohexyl
1-ethoxycarbonyleyeclohexyl
bornyl
2-norbornyl
1-adamantyl
cyclopentyl
1-methyleyclopentyl
2-indanyl
cyclododecyl

CNU#

CNU

H,C CH,
CNU~Q—QN v
HC  CH,

CNU

CNU
FNU#

FNU

CtCH,CH,(NO)NCON, N CON(NO)CH,CH,Ct

()

0
 (NU

HN ]
O)\ N
H

(o] CNU

¢ZC

(5ea-Cholestan-3a-yl)-CNU

@ A detailed description of these screening procedures may be found in ref 4.
test group of normal animals as determined from log dose, probit mortality plots.

TABLE IV (Continued)

LDyb
mg/kg
Group D
8.3
50
<62
~143
<1000
69

61
58

100

1190

Group E

370

500

Group I

0D/
mg/kg

5-7.2
40-50
30-45
62
750
375-500
50-72
46-61
250
300
58-62
62
64-93
125-250
62-125
750-840

10

26-40

600

500

1500

1000

150

80-250

50-100

40

12-16

2500

ANTICANCER HALOALKYL DERIVATIVES OF N-NITROSOUREAS

Ip (108 cells)

Log kill¢

SO STwWwooo oo U

< O

S S [¥8

S

(33

6

=6

5

compnter program designed to approxiniate a least-sqnares fit by =nccessive approximations.

the therapeutic effect obxerved, 7.¢., greatest log kill, largest per cent cures.
/ Parentheses indicate only one determination.
soureido.

4 Defined in text.
7 CNU = 3-(2-chloroethyl)-3-nitrosoureido, FNU

9 cures®

40
20-100
90-100
70-100
100
20-80
30-90
80-100
70-80
100
(70)
(30)
(100)
(30)
(30)

0

(80)

(30)

0-20

(20)

(30)

100

80

(100)

(7))

(100)
(50)

909
Ie (104 cells)
Log kill % cures
4 20
b} §0-100)
4 20-50
b5} 50-80
Not tested
4 20
4 (280)
3 30-70
4 20
Not tested
5 80-90
0 0
3 (70)
5 (90)
2 0
<2 0
Not tested
2 0
<2 0
<2 0
Not tested
2 §]
3 60
4 0
4 (50)
Not tested
() ()
3 (80)
Not tested

® LDy, is defined as the dose required to kill 109, of a
The fit of the line to the data was obtained with a
< OD ix defibed ax the optimal dose for
¢ For the definition of a cure see footnote
3-(2-thuoroethyl)-3-nitro-
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of structire-activity relationships ™ The compounds
listed in group A of Table IV show the effects of varyving
the halogen at C-2 of an ethyl side chain,  Theve ap-
pears to be little difference between the fuoro and
chloro compounds.  Both types nre more active than
the bromo compounds, and the only 1odo componnil
studied  was inactive. The bromo  compounds,  al-
though qnite active agalust. L1210 mnplanted intren-
peritoneally, ave all inactive against the meraterebrally
ituplanted cells. A possible explanation for thig ob-
scrvation might be that the bromo compounds have a
greater tendency to cyelize to mactive structures.
When injected intraperitoneally these compounds e
able to kill ecells injected into the peritoneal cavity,
but. ¢yelize during the trip to the bram and before they
enlt cross the blood-brain barrier.

Compounds  with variations i the alkyl group
attached to the nitrosated nitrogen comprise group B.
Although the 2-chiloropropyl group gives rise to active
compounds, the extremely high optinial doses (1000
and 750 mg/ke) indicate that this group is less effective
than the 2-chloroethyl group. Other variations such
as trausfer of the chlorine atom to -3 of the propyl!
group or attachment of an ethyl group to C-1 of the 2-
chloroethyl group result in essentially inactive com-
pounds.

The aromatic nitrosourcas of group C show a wide
variation in activity, killing 2-6 logs of cells; but mosg
of these compounds kill between 3-5 logs.  Against the
lntracerebrally unplanted cells, they are much less
effective, killing less than 999, of the cells and effecting
no cures.  The presence of an aromatic rng seems to
witerfere with passage across the blood-brain barrier.

On the other hand, the wost active nitrosoureas are
found among the eycloaliphatic compounds of group .
With one not easily understood exception, the bornyl
compornd, these compounds all kill 5 or 6 logs of cells
and most of them kill 6 logs.  Most of the compounds
tested against the ¢ disease killed 45 logs. A notable
exceeption is the adamantyl compound which ix highly
active against the ip disease, but naetive against the
1e disease, i spite of the great lipoid solubility inparted
by the adamantyl group.

Group IU contains the compounds bearing two 1-
(2-chloroethyl)-1-nitrosoureido groups. The more ef-
fective aromatic compounds are found in this group.
and the two bisurcido cycloaliphatics are about as good
as the best mouo compounds.  The piperazine deriva-
tive, which has no protons on its ureido nitrogeus, is
lactive,

All the miscellaneous stiuctures n group 17 are quate
active agamst the ip disease, bhut the uracil derivative
as expected, was inactive against the e disease.  Ou
the other haud, the glutarimide derivative, with rather
low lipoid solubility, is highly active against the ic
colls®® This rvesult and the lack of activity of the
adamantyl derivative indicate that our original sug-
gestion about the relatiouship of lipoid solubility to
the ability of a compound to c¢ross the blood-brain

t51) In n previons report™ che activity of u variely of l-spbstitnted 1«
nitrosoureas was describesl.  Of that gronp 1,3-bis(2-chloroethyl)-1-nitro-
sanrea showed the lighes¢ degree of activity.

¢12) Glabwmine, bot noc glntomie aebly is knawn Lo prae e oy cells
as well us the blood-brain burrier.ss

133) AL Whice, Po Handler, 1 Lo Smith, ol 1 Stetten, dro U Prineiples of
Aimehrmistry, MeGraow-Hil Book Co, Ined, Neas York, NOY., 1951 @

NN

3

Val. y

Darrier 1=y necd of modification.  Other Tintors, snch
as the rigid geometry™ of the adumantyl wolety, mmnst
now be considered.

Out of this study have come fifteen 1-[2-(chloro
ar fluorojethyl|-T-nitrosourcas, in addition to BCNT.
that can dfcet 90100070 vures off mice mjected it~
peritoneally with 107 L1210 lenkenia cells at their 1,
or lower doxes.  Of these, nine® are almost ax offective
agalnst. these eclls (10Y)  tmplanted  intrnecrehrally.
These compounds are listed i Tuble V. With one

l'aBLe

T'ue Mosp Lirrrerve NITHOSOITEEAS AGIINST
L1210 LEvkeMIa

ceomnes ol

L2 lenkemix

Contal by ts
ClCHLCHLCNU 1 BON U ¢* 0o 010
CICTLCHFNU and FCHL.CHLOCNU* OD-100 5090
BrCH,CHLCNT and CICHCLL.BNT 100 0
1-Methylevelopentyl-CNU* 100 00
Cyclohexyl-CNU* S0--110) 30-101)
Cvelohexyl-FNT* TO-90 60100
3-Methvleyclohexyl-ONU* TO-100 H0--3(1
4-Methyleyclohexyl-CNU 90-100 20--50)
3,5,5-Trimethyleyvelohexyl-CN U 100 Not festrd
c15-2-Chlorocy ¢lohexyl-CN'U 3O-00 (507
trans-2-Chlorocyclohexyl-CNU S0-100 30-70
2-Norbormyl-CNU* 100 S0-00
2-Norbornyl-FNU* {0101 S0-90
trans-1,4-Cyelohexylencbis(CN U ¢ {100) 60)
teans-1,4-Cyclohexylenebis(FNT; 100y (50
2 6-Dioxo-3-piperidyl-CN U * 100 S0

~OCNU = G-2-chloroethyl)-3-nitrosonveido, BNU = 312
bromoethyD-3-ritrozonreido, FNU = 3-(2-fingroethyl -3-nitro-
sonreido.  The asterisk indicates the componnd is elfective in

the ip and ie tests. * Includes early experience with BCNT.
Later data indicate that a high percentage of cires can be con-
<istently obtatned with thix compound,

exception, the glutarimide  derivative, these  highly
active structwres arve aliphatic or eveloaliphatic cowm-
pounds.

Thie problemn now to be faced is that of sclecting o
linnted uutuber of these structures for furthor study
i higher animals and perhaps i man. 1 suggestive
differences i host toxicaty ure truly significant, they
may form the basis for such a selection.
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The utility of e-amino acids as intermediates in multistep syntheses of derivatives of 2-aminoethanethiol
as potential antiradiation agents has been further demonstrated; the tvpes of compounds syuthesized included
S-substituted derivatives of 2-aminoalkanethiols, 2-amino-2-methylalkanethiols, and l-aminocycloalkane-
methanethiols—chiefly inner Bunte salts and phosphorothioates—and cyclic dithiocarbamates, in addition to a
nnmber of the aminothiols themselves. A convenient method for the preparation of amino acid esters from 2-
alkanones and cycloalkanones was developed by combining a modified Strecker amino acid synthesis with the
Fischer amino acid esterification. Applied to 1,4-cyclohexanedione, this method led to the synthesis of a novel
bisaziridine, 1,7-diazaspiro[2.2.2.2]decane (37), and to a novel synthesis of 1,4-diamino-1,4-cyelohexanedi-
methanethiol diphosphate (40), which involved hydrolysis of the corresponding bis(phosphorothioic acid) 39b in 1
M phosphoric acid. The following products so derived afforded mice good protection against lethal radiation in a
standard test: sodium hydrogen S-2-amino-3-methylbutylphosphorothioate (5d), S-2-amino-2-methylpropyl-
thiosulfuric acid (16b), S-2-amino-2-methylpropylphosphorothioic acid (16¢), and tetrahydro-1H,3H-thiazolo-

[4,3-c] [1,4]thiazine-3-thione (29).

The lithium  aluminum hydride reduction of «-
anino acid esters by Iarrer, ef al.,? provided a syn-
thetic route to 2-substituted 2-aminoethanols that is
particularly useful if the desired substituent is con-
tained in a readily available amino acid. Vogl and
Pohn: demonstrated later that a direct reduction of
amino acids could be achieved similarly.? Thus, in
the present work, 2-amino-1-pentanol (1, R = n-C;Hy)
was obtained by the reduction of both ethyl pr-nor-
valinate and pL-norvaline. Conversion of the resultant
2-aminoalkanols 1 to the corresponding 2-bromo-
ethylamine hydrobromides 3 was accomplished either
directly by the action of (1) phosphorus tribromide on
the preformed hydrobromide [as with 2-amino-3-
phenyl-1-propanol (1, R = CsH;CH,) from prL-phenyl-
alanine] and (2) refluxing 489 hydrobromic acid?® [as
with L-leucinol (1, R- = ¢-C;H;) from Lr-leucine], or
indirectly by the hydrobromic acid ring opening of
the aziridine derived by the Wenker method®? [as with
pL-valinol (1, R = ¢C;H;) from bpL-valine via 2-
isopropylaziridine (2)]. These examples, then, typify
the amino acid derived intermediates that led to the
preparation of a number of S-substituted 2-amino-
alkanethiols, chiefly inner Bunte salts and phosphoro-
thioates, which were desired as analogs of known

(1) This investigation was supported by the U. 8. Ariny Medical Research
and Development Command under Contract No. DA-49-193-) D-2028.

(2) P. Karrer, P. Portmann, and M. Suter, Helv. Chim. Acta, 31, 1617
(1948).

{3) O. Vogl and M. Pobm, Monatsh. Chem., 88, 541 (1952).

(4) W. J. Gensler and J. C. Rockett, J. Am. Chem. Soc., T4, 4451 (1952).

(5) F. Cortese, *'Organic Syntheses,” Coll, Vol. 11, John Wiley and Sons,
Inc.,, New York, N. Y., 1943, p 91.

(6) (a) H. Wenker, J. Am. Chem. Soc., 8T, 2328 (1433); (b) P. K. Fanta,
“lleterocyclic Componnds with Three- and Four-membered Rings,” Part
One, A. Weissberger, Ed., Interscience Publisbers, Inc., New York, N. Y.,
1964, pp 528-532,

(7) T. L. Cairns, J. Am. Chem. Soc., 68, 871 (1941).

radioprotective compounds.® The syntheses outlined
in Chart I were based on 2-amiuocalkanols derived
from common amino acids; a subsequent syuthesis
based on commercially available 2-amino-2-methyl-
butyric acid (7) is shown in Chart II. Some examples
of the utility of amino acids in the synthesis of poten-
tial antiradiation compounds have recently been re-
ported.!?

Commercially available 2-amino-2-methyl-1-propanol
(12) and later 2,2-dimethylaziridine (13, R = CHjy)
were used as starting materials for the synthesis of 2-
amino-2-methylpropanethiol (16a) and several of its
S-substituted derivatives by the route outlined in
Chart II. The radioprotective activity shown by S-
2-amino-2-methylpropylthiosulfuric acid (16b) in an
initial test inspired the synthesis of a series of S-2-
amino-2-methylalkylthiosulfuric acids in which one of
the methyl groups of 16b is replaced by other alkyl
groups as in the route 7 — 16e already mentioned.
Development of practical methods for the preparation
of the intermediate amino acid esters 10 was requisite
since neither these esters nor the corresponding amino
acids (except 7) were readily available. The general
procedure that evolved, as applied to 2-alkanones
(8), combines a modified Strecker amino acid synthesis

(8) For example: 2-amino-l-propanethiol,® S-2-aminoethylthiosulfuric
acid,? and S-2-aminoethylphosphorothioic acid.}?

(9) J. F. Thomson, ‘“Radiation Protection in Mammals,”” Reinhold Pub-
lishing Corp., New York, N. Y., 1962, p 66.

(10) B. Holmberg and B. Sérbo, Vature, 188, 832 (1959).

{l1) (a) B. Hansen and 13. S6rbo, Acta Radiol., 56, 141 (1961); (L) S.
.-n\kerfeldt, Acta Radiol., Therapy, Phys. Biol., 1, 465 (1863); Chem, Abstr.,
60, 13534 (1964),

(12) ta) J. R. Piper aml T. P. Johnston, J. Ury. Chen., 28, 481 (1463);
(LY O, L. Klayman, J. W. Lown, abd 'T. R. Sweeney, thid., 80, 2275 (1965);
(¢) G. R, Handrick, E. R. Atkinson, F, E. Granchelli, and R. J. Bruni, J.
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(1965).



