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The synthesis, chemical properties, and structure of numerous congeners of l,.'i-bis(L'-chloroethyl)-l-nitrosourea 
( BCNL"), an experimentally important anticancer agent, have been investigated, and structure-activity relation­
ships have been established with respect to intraperitoneally and intracerebrally inoculated L1210 mouse leu­
kemia. Structural modifications include variation of halogen, alkyl branching, and introduction of variously 
substituted cycloaliphatic, aromatic, and heterocyclic groups. Decomposition with amines as a method of de­
termining the position of nitrosation in nitroso derivatives of unsymmetrical 1,3-disubstituted ureas has been 
complemented principally by pmr spectroscopy. The effect of steric factors and aqueous dilution of the nitro-
sating medium (formic acid) on isomer ratios in the nitrosation of 2-(haloethyl)ureas having certain cyclic sub-
stituents has been demonstrated, as well as relative lability of certain nitrosoureas in undiluted formic acid. 
Screening data indicate that the most active nitrosoureas so far evaluated against both the intraperitoneal and 
intracerebral disease are l-[2-(chloro or fluoro)ethyl]-l-nitrosoureas substituted in the 3 position by a. 2-(chloro 
or fluoro)ethyl or cycloaliphatic group. A few exceptions to this generalization were noted. 

Iii previous reports,- the somewhat random investi­
gation of congeners of 1-methyl-l-nitrosourea tha t led 
to the experimentally and perhaps clinically useful 
antileukemic agent, l,3-bis(2-cdiloroethyl)-l-nitroso-
urea (1, BCXU) , 3 was described. The efficiency and 

01CH.>CH-,NCONHCH-.CH*Cl 

NO 
1 

reproducibility of the activity shown by B C X U against 
both intraperitoneally and intracerebrally implanted 
L1210 leukemia in mice have made investigation of 
the kinetics of leukemic-eell kill possible and have led 
to a restatement of the criteria associated with cura­
bility of experimental leukemia,4 which is now being-
extrapolated to the therapy of human neoplasms. 
These findings and concepts have accelerated interest 
in structural modifications of B C X U and related X-
nitrosoureas tha t might meliorate the insidious effects 
of delayed toxicity,3d '5 but retain intracerebral activ­
ity.'21''6 This continuing search has led to the synthesis 
of a number of new haloalkylureas (Table 1), mam- of 
which have been converted to the corresponding nitroso 
derivatives (Table I I ) ; analogs of these compounds 
having substi tuents other than halogen will be reported 
separately. The methods of synthesis are in general 
based on those previously employed.2" 

t 1 ) Th i s w ork was suppoi ted by funds from tlie- ( ' . F. Ke t t e r ing F o u n d a -
1 ion and the Cancer C h e m o t h e r a p y Na t iona l Seryice Cente r . N a t i o n a l Cancer 
In s t i t u t e . N a t i o n a l I n s t i t u t e s of Hea l th , Con t rac t No . PH4: t -64-51. P re -
s rn led in pa r t at the 147th N a t i o n a l .Meeting of the Amer ican Chemica l 
Society, Phi ladelphia , Pa . , April 1964, A b s t r a c t s of P a p e r s , p 2 7 M . Par t 
X X X V : l i , 1''. S t ruck , ./. Med. Chun., 9, 231 (1966i . 

;2l (a) T . P. J o h n s t o n , ( i . S. McCa leb , and .1. A. M o n t g o m e r y , i'liil.. 
6, 669 (196:5); ibi F. M . Schabel . J r . , T. P. J o h n s t o n , G. S. M c C a l e b , J . A. 
M o n t g o m e r y . W. R. Pas te r , a n d II. K. Skipper , Cancer Res., 23 , 725 (1963). 

it!) ,'u) A. Oohl in , .1. M. Vend i t t i . J. A, R. M e a d , and J. P . G lynn , Cancer 
Chemolherapii Kept., 40, 57 f 100-4); ib.l H. A. Nies. L. H. T h o m a s , a n d E . J. 
Preireich, Career, 18, 546 (1965); (c) J. H a n a n i a n , J . P . Hol land , a n d P . 
Sheehe, I'ruc. Am. Assoc. Cancer Ices., i>mU, Philadelphia, Pa., 1.963, 6, 26 
11965): (d) V. T. DeVi ta , P . P . Garbone . A. H . 0 1 vens , J r . , G. L. Gold. 
M. .1. K r a n t , and J . E d m o n s o n , Cancer lies., 25, 1876 (1965). 

(1) H. E . Skipper , F . M . Schabel , J r . , and W . S. Wilcox, Cancer Ctierno-
!),, rain, Kepi., 35 , 1 f196-H. 

. .-> i I) . P. Hall, M. Pen, and 1). M. M c C a r t h y , Pmr. Am. Assoc. Can,;, 
lies.. ~,Jttli., Toronto, UJfjS, 4, 55 1196:1), 

ill! M. A. Ohirigos, S. H. H u m p h r e y s , and A. Goldiu, Canar Chcmulhcra,,,, 
I!, 1,1., 49, 15 (1965). 

Chemical Properties and Structure. The prepon­
derance of unsymmetrical 1,3-disubstituted ureas 
among the ureas synthesized necessitated cautious 
assignment of structure to the corresponding nitroso 
derivatives. Rationalization based on relative nu-
cleophilicity of the urea nitrogen atoms can lead to 
erroneous structural assignments as in the case of the 
previously reported ethyl 5-(2-chloroethyl)-5-nitroso-
hydantoate'2a (2a), whose structure became suspect 
because of a low degree of L1210 activity. Reaction of 
the nitrosohydantoate with cyclohexylamine in water 
resulted in the isolation of a 3 0 % yield of l-(2-chloro-
ethyl)-.3-cyclohexylurea (3a), which could have formed 
only from ethyl f>-(2-chloroethyl)-3-nitrosohydantoate 
(2b); further confirmation of structure 2b was later 
obtained by pmr spectroscopy. 

L'1CH,CH-,NC0NCH,C0,C,H-, XCH,CH,NHCONH—( ) 

""II W 

Y Z 
2a, Y - N O . Z - H 3a, X»('l 

b, Y = H. Z NO b, X - Br 
c, X - F 

Isolation and identification of ureas as decomposition 
products of nitrosoureas constitute proof of homo­
geneity only if a single product is isolated in nearly 
theoretical yield; detection of two products indicates 
an isomeric mixture of nitrosoureas, but the isolation 
of a single product corresponding to one isomer in less 
than theoretical yield does not eliminate the presence 
of the other isomer. For example, the decomposition 
of a mixture of l-(2-chloroethyl)-3-cyclopentyl-.\-
nitrosoureas with ammonium hydroxide resulted in the 
isolation of cyclopentylurea in 7 3 % yield, which indi­
cated tha t at least 7 3 % of the mixture was l-(2-chloro-
ethyl)-3-cyclopentyl-l-nitrosourea (4a). A subsequent, 

C1CH„CH,NC0N—< | 
• | | V 
V Z 

4a,Y = NO,Z H 
b, Y - H; Z - NO 
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Figure 1.—Infrared (in KBr disk) and pmr [in 10% (w/v) 
chloroform-d solution at 60 Mc/sec] spectra of the product from 
nitrosation of l-(2-chloroethyl)-3-phenylurea in aqueous formic 
acid. 

examination of the pmr spectrum 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 l-(2-bromoethyl)-N-nitroso-3-
phenylureas 5a and 5b, but several mixtures of a nitro­
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 l-(2-bromoethyl)-3-
(2-chloroethyl)-XT-nitrosourea with cyclohexylamine in 
water to be a mixture of l-(2-bromoethyl)-3-cyclo-
hexylurea (3b) and 3a as would be expected from the 
isomeric pair 6a and 6b; pmr data indicated a compo­
sition of approximately equal parts of 6a and 6b. 

BrCH2CH2NCON-^(~^ 

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

BrCH2CH2N C0NCH2CH2C1 

6a,Y = NO;Z = H 
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,2" 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 (cf. Figures 
1 and 2). The most generally useful means of estab­
lishing the isomeric purity of a nitrosourea, however, 
has been pmr spectroscopy. Distinction between 
RNH and RN(NO) groups was first made in the spec­
trum of BCNTJ, the asymmetry of the central portion 

A2B2 system 
from (a) and (b) 

U) 
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Figure 2.—Infrared (in KBr disk) and pmr [in 10% (w/v) 

chloroform-d solution at 60 Mc/sec] spectra of the product from 
nitrosation of l-(2-chloroethyl)-3-phenylurea in undiluted formic 
acid. 

of which is attributed to NH coupling of the adjacent 
methylene group since A2B2 symmetry is effected 
(graphic resolution) by deuterium oxide in dimethyl 
sulfoxide-d6. Complete deuterium exchange of the 
NH protons of l,3-bis(2-chloroethyl)urea, which re­
quired a period of about 26 hr, resulted in an A2B2 

symmetry that could be observed without graphic 
resolution. This type of coupling has previously been 
noted in the spectra of certain carboxamides.7 Spectral 
asymmetry of the CICH2CH2NH group (A2B2X system) 
and symmetry of the C1CH2CH2N(N0) group (A2B2 

system) are clearly seen in Figures 1 and 2. The com­
position of the mixture (Figure 1), which was previously 
reported as pure 7a,2a is estimated by integral ratios to 
be 60% l-(2-chloroethyl)-l-nitroso-3-phenylurea (7a) 
and 40% 3-(2-chloroethyl)-l-nitroso-l-phenylurea (7b). 

o C1CH2CH2NC0N 
I I 
Y Z 

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

The unique F19 splitting pattern as seen in the spectra 
of 2-fluoroethylamines8 complicates the spectra of 2-
fluoroethylnitrosoureas, but the principle of analysis 
is the same as with simpler spectra. Singlet absorp­
tion of the CHsN(NO) group characterizes all the 
methylnitrosoureas studied and hence confirms certain 
tenuous assignments previously based on low yields 

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

(8) P. L. Levins and Z. B. Papanuslassiou, J. Am. Cltem. tioc, 87, 820 
(1965). 
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Methylenedi -p-phenylene 
Oxydi-p-phenylene 

Bb2 
Bb3 
Bb3 
Bb3 
Bb2 
Bb2 
Ba5 
Ba5 
Ba5 
Bb3 
Bb3 
Ba3 
Bb3 
Bb3 
Bb6 
Bb3 
Ee l 
Bb2 
Bb3 
Bb3 
Bb3 
Bb5 
Bb3 
Bb3 
Bb3 
Bb3 
Bb3* 
Bb3* 
Bb6 
Bb5 
Bb3 
Bb2 

Bb4 
Bb3 
Bb6 
Ba5 
Bb2 
Bb3 
Bb3 
Bb3 
Bb5 
Bb5 
Bb4 
Bb4 
Bb3 
Bb4 
E d l 
Bb4 

Ethanol-water 

Benzene 

Ethanol 
Ethanol-water 
Ethanol 
Benzene 
Benzene 
Ethanol 
Benzene 
Ethanol-water 

Ethanol-water 

Benzene 
Chloroform-hexane 

Benzene 
Ethanol-water 
Benzene 
Acetonitrile 
Ethanol-water 
Ethanol 
Acetonitrile 
Ethanol 
Acetonitrile 

1-Propanol 

Ethanol 

Acetonitrile-water 
Ethanol 
Ethanol-water 
Ethanol-water 
Dimethylformamide-water 

Dimethylformamide-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 

202 
109 
83 

138 
228-230 

129 
138 
145 
110 

204-205 
169-171 d 

152 
138 
167s 

158 
109 
150 
171 
234 

228-230 
141 
165* 
152 
136 
104 
141 

174-176 
152 
181 
190 

181-183 
155 

>260 dec 
161 
163 
195 dec 
250 

265-266 di 
163 
200 

163-165 
167-169 
>270 dec 
260-262 
>350 
>260 

130 dec 
245 dec 

1625 
1625 
1625 
1620 
1625 
1620 
1630 
1630 
1640 
1640 
1620 
1630 
1645 
1635 
1655 
1630 
1675 
1670' 
1700" 
1680" 
1710" 
1695™ 
1705' 
1630 
1655 
1655 
1700" 
1705" 
leos^ 
1635 
1625 
1665 

1560 

1575 
1565 
1560 

1575 
1565 
1560 
1560 
1575 
1565 
1560 
1570 
1550 
1580 
1550 
1545 
1570 
1570 
1570 
1590 
1545 
1585 
1560 
1555 
1570 
1570 
1575 
1570 

~1580 
1560 

C18H2,C1N20 
C10HI9ClN2O 
C u H a C l N 2 0 
C16TI29C1N20 
C3„H53C1N20 
C12H16C1N20 
C9IIWC1FN20 
C9HioCl2N20 
C9Hi0Cl2N2O 
C9H9C13N20 
C9H,„C13N30 
C10H,3ClN2O 
CoH.oClFaNjO 
C„IT16C1N20 
C9H1CC1N303 

C10H,3ClN2O2 

C1(lH10ClN3O 
C10H„ClN2O3 

C,„H„C1N203 

C10H„ClN2O3 

C12H,6C1N203 

C11H13C1N202 

C12H16C1N302 

C10H13C1N2OS 
C9H10ClFN2O3S 
C9Hi0ClFN2O3S 
CnH13ClN203 

C11H,3C1N203S 
C13H17C1N203 

C13H„C1N20 
C13H13C1N20 
CsH10ClN3O 

60.80 
54.91 
56.76 
62.37 
73.05 
60.33 
49.89 
46.37 
46.37 
40.40 
38.25 
56.61 
45.05 
58.28 
44.37 
52.53 
53.70 
49.49 
49.49 
49.49 
53.24 

53.43 
49.07 
38.51 
38.51 
51.47 
45.76 
54.83 
61.78 
62.77 
48.13 

60.79 
54.70 
57.02 
62.13 
73.01 
60.29 
49.73 
46.69 
46.75 
40.66 
38.50 
56.55 
45.08 
58.51 
44.47 
52.28 
53.87 
49.60 
49.48 
49.48 
53.26 

53.72 
49.33 
38.74 
38.90 
51.67 
45.77 
54.97 
61.83 
62.80 
48.17 

8.25 
8.76 
9.09 

10.12 
10.84 

6.34 
4.64 
4.33 
4.33 
3.39 
3.57 
6.18 
3.78 
6.67 
4.14 
5.73 
4.51 
4.57 
4.57 
4.57 
5.59 

5.98 
5.35 
3.59 
3.59 
5.10 
4.54 
6.02 
6.78 
5.27 
5.05 

8.28 
8.58 
9.08 
9.88 

10.86 
6.31 
4.60 
4.44 
4.48 
3.56 
3.58 
6.19 
3.98 
6.64 
4.19 
5.84 
4.54 
4.64 
4.62 
4.60 
5.46 

6.04 
5.48 
3.67 
3.55 
5.05 
4.40 
5.97 
6.76 
5.22 
4.85 

10.91 
12.81 
12.04 
9.70 
5.68 

11.73 
16.37 
12.03 
12.03 
39.76 r 

14.87 
13.21 
13.30 r 

12.29 
17.24 
12.25 
18.79 
11.55 
11.55 
11.55 
10.35 

15.58 
11.45 
9.98 
9.98 

10.92 
9.70 
9.84 

11.09 
11.26 
21.05 

10.87 
12.71 
11.85 
9.66 
5.61 

11.73 
16.50 
11.93 
12.21 
40.10 r 

15.03 
13.23 
13.30 r 

12.33 
17.31 
12.29 
19.04 
11.59 
11.34 
11.55 
10.37 

15.48 
11.38 
9.84 

10.02 
11.04 
9.62 
9.87 

11.12 
11.26 
21.03 

17452 

1645 
1630 
1635 
1630 
1625 
1635 
1635 
1655 
1630 
1700*" 
1635 
1625 
1640 
1640 
1640 

1580 
1555 
1545 
1590 
1595 
1570 
1560 
1575 
1550 
1560 
1560 
1595 
1560 
1560 
1575 
1555 

C,H9C1N4()3 

C12H,2C1N30 
C16H„C1N30 
C8ITI4C12N402 

C I 2 H 2 2 C 1 2 N 4 0 2 

C12H22C12N402 

C16H3«C12N402 

C12H16C12N402 

C,2H16C13N402 

C13H,8C12N403 

C13HI6C12N404 

C12H,6C12N402 

C12H24C12N402 

C,8H2„C12N402 

CI9H22C12N402 

C18H20Cl2N4O3 

36.15 
57.72 
64.10 
35.70 
44.31 
44.31 
50.40 
45.15 
40.75 
44.71 
43.00 
45.15 
51.20 
54.69 
55.75 
52.56 

35.87 
57.83 
64.19 
35.86 
44.25 
44.26 
50.34 
44.94 
40.94 
44.84 
43.41 
45.50 
51.14 
54.81 
56.17 
52.56 

3.90 
4.85 
4.71 
5.25 
6.82 
6.82 
7.93 
5.06 
4.28 
5.20 
4.44 
5.06 
6.44 
5.10 
5.42 
4.90 

3.92 
4.88 
4.71 
5.03 
6.94 
6.90 
7.86 
5.06 
4.19 
4.99 
4.73 
4.70 
6.41 
5.24 
5.62 
4.96 

24.10 
16.83 
14.02 
26.34' 
17.28 
17.28 
14.70 
22.22 r 

15.84 
16.05 
15.43 
17.55 
14.93 
14.18 
13.69 
13.62 

24.13 
16.66 
13.83 
26.40 r 

17.18 
16.97 
14.67 
22.40 r 

15.78 
16.20 
15.38 
17.75 
14.48 
14.04 
13.81 
13.70 



TABLE I {Continued) 

Y i e l d / , — » K B r , c m "— ^ - C a r b o n , %— , - H y d r o g e n , <-/c- • , -N'ilroKl-n, Vi,— 
H M e t h o d " Kecrys tn solvent ' ' '/, M | i , ' ' ° f CO C H N F o r m u l a Caled F o u n d Caled F o u n d Caled Found 

I)ithiodi-p-phenylenc Bb3 Dimethylformamide-ethanol til-')!) 242 1630 1585 C,8II20Cl2N4O2S., 47.06 47.34 4.39 4.47 12.70 12.25 
2,6-Pvridinediyl Bb3 5 Ethanol" 30 171-174'-'' 1680" 1555 C„Hl;,012N:,O2 41.26 41.43 4.72 4.68 21.88 22.00 

1). (2-Chlorc>propyl)u.eas, l!NlICONIICII,CIT(Cn.-!)Cl 
2-Chloropropyl Fa Benzenepetr ether ~ 3 3 ~ 1 0 5 1630 1570 C7H14CI5N2O 39.45 39.08 6.63 6.50 13.14 13.15 
Cvelohexvl Bb2 Acet.onitrile water ~ 3 1 131 1625 1565 C,0TI,<1ClN,O 54.98 54.84 8.76 8.64 12.81 12.76 

]•:. !;i-(Chloromethyl)pn)pyl]iirea.s, l{NHCONTIICII(CIl2CH3)CTT2(n 
l-(ChIoromethyl)propyl Fa ~ 4 7 123 1630 1565 C H . K C U S U ) 44.82 45.02 7.52 7.61 11.62 11.68 
Cvclohexyl Bl>3 Acetonitrile water ~ 1 5 129 1620 1560 CUH2,C1N2() 56.86 56.87 9.09 9.00 12.04 12.18 

F. l,3-Bis(2-ehlon>-l,l-dimethylethyl)nrea, P,NIIOONTIC(CH3)2CIi2Cl 
2-Chloro-l,l-dimethylethyl Fa Acetonitrile water ~ 4 4 126 1635 1565 C.jIT,8Cl2N2() 44.82 44.56 7.52 7.52 11.62 11.51 

<!. lH2-Chlon>-2-melhylpropyl)-3-eyclohexyltirea, l iNHCONIICII2C(C.l3)2Cl 
Cvelohexvl Eb2 Aeetonit rile water 67 195 1625 1570 0„H2101N4> 56.76 56.83 9.09 8.94 12.04 12.02 

-1 
II. c/M2X'hloroeyclohexyl)ureas, IJNIIC()NIICH(CH2)4CHCl-c/s 

Methyl Ba2 Benzene-hexane 75 137 1625 1580 C8H1SC1N2() 50.39 50.44 7.93 8.04 14.70 14.85 
c/s-(2-Cl]loroeyelohexyli Cc Acetonitrile 36-77 200 1630 1560 d J I - C U S M ) 53.25 53.28 7.57 7.60 9.55 9.63 

I. ,m».s-(2-Chlorocycl<>hexyl)ureas, l!NHCONIICH(CII2)4CHCl-/rans 
Methyl Ba2 92 156 1630 1585 C8HI:,C1N20 
/roHs-(2-Chlorocycl()lK'xyli Co 65 193 1630 1560 C,3II22C1N20 . .,., 

.1. (3-Chloropropyhureas, 1!X] ICONIICI l2CH2CI 1,C1 and C1CII2CII2CII.N1K:()NIIRNIIC()NIICII,.CIT2CI1,C 
3-Chloropropyl Ft) 99 7 1 7 3 1620 1575 0 7 H H 0 1 , N , O " " 

Cvelohexvl BI)3 97 105 1630 1580 CoII^ClJNU) 
Phenyl Bb3 79 130 1635 1560 Ci„Hi:rClN20 
«-Phenvlei:c Bb6 68 260 dee 1620 1580 C14llaiC:i2N4()2 

K. (2-Broinoethyl)nreas, i:NHCONIICII,CII,Bi-
2-Bnminethyl Ea2 til 124 125 1625 1590 C,lI,„Br,,N,() 
Cvelohexvl Bit5 75 148-150 1625 1585 ( ' , ,HnBrN,0 

I.. (2-lodoelby])iircas, UXIICOXI ICII-.CIFI 
2-Iodtiethyl (i 73 157 159" 1615 1585 CIImljNjO 
Cyclopentvl C. Ethanol 10 110 1625 1575 C8II,5IN20 
Phenyl G Ethanol water 45 95 154'''' 1630 1575 C9H„IN sO 

" Examples of procedures .are detailed in Experimental Section : hydrochlorides as sources of free amines were neutralized with Et:<N or atpicons NaOll and used in situ or exlntcled with reac­

tion solvent: A, FC11 .CI I .XIT,-1ICI + KXCO in II.O. B, in) XCII ,('l lA'II 2l ( i \ , ( ' I I 2NII 2 . or CICIKC1I,. i,(*II\II2 + U N O ) or IMNCOi,, or ib) I!NII2 or lEX'HXH. ! CIRXCO in (I ) H ,t), 

(2) Et20, .3) CHCf,, 1 1; DM1', (5) C„U„, or U>) EtOl l : C. (a; HXIE f CI 1:,X( NO )CONI ICI U 'II,X, lb) FCIU ' ICXI l2 + KNIlCOX'tN() )C1|.,CI p,CI, or t o UXIL. -f- CH,XiXO)COXIIl ! in 

M2(): 1), CIl jNtNOlCONIli : f IIjO; E, ..o pNCONC]. .1,1 RXHn).\;]Nni,>;. it-, ArNHCON ĵ. i,li ^NC()NH] A, ! 1 Dconcenlraled I IC lo r i2 ! IK'lor IIBrin El-.O; F, liXCO -{- ia) II ,0 [or (I.) II,C> in 

5 0 . 3 9 

5 3 . 2 5 

5 0 . 5 4 

5 3 . 2 6 

2CH2CI12C1 

3 9 . 4 5 

5 4 . 9 8 

5 6 . 6 1 

4 8 . 12 

21 .92 

13.38 

3 4 . 0 6 

3 9 . 8 1 

5 4 . 9 0 

5 6 . 2 3 

4 8 , 3 8 

21 .91 

4 3 . 7 5 

3 4 . 2 4 

7 . 9 3 

7 . 5 7 

6 . 6 3 

8 . 7 6 
6 . 1 8 

5 . 8 0 

3 . 6 8 

6 . 8 8 

5 . 3 6 

7 . 8 6 

7 . 6 8 

6 . 8 1 

8 . 7 7 

6 . 2 2 

5 . 7 9 

3 . 7 0 

6 . 6 9 

5 . 5 0 

14 .70 
9 55 

13. 14 

12.81 

13.21 

2 0 . 4 3 ' 

10 .23 

1 I 21 

7.61 

9 . 9 3 

14.67 

9 52 

13.05 

12 .65 

13 .03 
2 0 . 4 0 ' 

10 .06 

11.22 

7 .61 

9 . 6 7 



November 1966 ANTICANCER HALOALKYL DERIVATIVES OF X - X I T R O S O U R E A S 897 

of decomposition products. For example, the pmr 
spectrum of l , l ' -pentamethylenebis(3-methyl-3-nitro-
sourea) (8) showed no split methyl absorption and 
therefore no random nitrosation, whereas the previous251 

assignment was made on the basis of an 18-29% yield 
ot l , l ' -pentamethylenebis(3-ethylurea) isolated after 
t rea tment of 8 with ethylamine. The utility of pmr 
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-l-nitrosourea (9) was re­
liably established by a 9 9 % conversion to 1,3-dicyclo-
hexylurea with cyclohexylamine in water. 

CH3NCONH(CH2)5NHCONCH3 ClCHCH2NCONHHf \ 
I I I I ^ 

NO NO CH3 NO 
8 9 

The elimination of hydrochloric acid and its inter­
ference with normal urea formation2"'9 characterizes 
the aqueous decompositions of chloroethylnitrosoureas 
and must be taken into account when such reactions 
are used for structure proofs or synthetic purposes. 
Studies of the aqueous decomposition of BCXU, 
which will be reported in detail later, permits the 
following over-all equation (1) to be written. 2-

1 + H,0 — > C1CH2CH2XH2-HC1 + CH3CHO + N2 + C02 

(1) 

Chloroethyl isocyanate, a primary decomposition 
product emanating from the unnitrosated side of 
BCXU, is the source of the 2-chloroethylamine, which 
is neutralized as it is formed by hydrochloric acid 
released from the nitrosated side of B C N U 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 B C X U was carried out in the pres­
ence of 1 molar equiv of triethylamine, l,3-bis(2-chloro-
ethyl)urea precipitated in 7 0 % yield. When triethyl­
amine was replaced by cyclohexylamine (eq 2), the 
product isolated in 3 6 % yield was l-(2-chloroethyl)-3-
cyclohexylurea (3a); with 2 molar equiv of cyclo­
hexylamine, one as reagent and one as proton acceptor, 
t h e yield of 3a was increased to 84%. 

1 + 2 NH, 
HO 

3a + CH3CH0 + N, + /~\—NH2-HCl (2) 

Triethylamine can be used to conserve an expensive 
or rare amine. For example, from 2-fluoroethylamine 
hydrochloride, 3-(l-adamantyl)-l-(2-chloroetlryl)-l-ni-
trosourea (10), and an excess of triethylamine 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 fluoroethylnitrosoureas in the 
presence of amines is apparently not complicated by 
release of hydrofluoric acid, since the reaction (eq 4) 
of l,3-bis(2-fluoroethyl)-l-nitrosourea (12) with 1 
molar equiv of cyclohexylamine produced an 8 5 % yield 
of l-cyclohexyl-3-(2-fiuoroethyl)urea (3c), which is 
consonant with the usual behavior of nitrosoureas.9,2a 

*-M C1CH2CH2NC0NH—fV \ + FCH2CH2NH2-HC1 + 

NO 

10 

2Et3N 
H20 •*- FCH2CH2NHCONH—fV) + 

11 
CH3CHO + 2Et3N-HCl + N2 (3) 

This view was subsequently supported by the identity 
of l,3-bis(2-fluoroethyl)urea and 2-fluoroethanol as 
products of the decomposition of 12 in dilute, aqueous 
solution. In apparently saturated aqueous solution, 
however, 12 was surprisingly stable; after 14 days 
at room temperature at least 8 0 % was recovered un­
changed. 

FCH2CH2NCONHCH2CH2. 
I 
NO 

12 

F + ( ^ ^ N H 2 ^ 

3c + FCH,CH2OH -1- N2 (4) 

The effect of water on isomer ratio was first observed 
in the nitrosation of l-(2-bromoethyl)-3-phenylurea, 
the nitrosation of which with solid sodium nitrite in 
8 5 % formic acid gave an approximately 1:1 mixture 
of isomers 5a and 5b, whereas in 98-100% formic acid 
only 5a was obtained. Decomposition of 5a with ani­
line (1 molar equiv) in aqueous dioxane gave the ex­
pected carbanilide, but unexpected cyclization occurred 
with the more basic cyclohexylamine, resulting in the 
isolation of l-nitroso-3-phenyl-2-imidazolidinone (13) 
(eq 5). The presence of water had a similar effect on 
the nitrosations of l-(2-chloroethyl)-3-phenylurea 
(Figures 1 and 2) and l-(2-chloroethyl)-3-cyclohexyl-
urea (3a). Xitrosation of 3a in undiluted formic acid 
with an equal volume of aqueous nitrite solution ( 5 -
6%) gave a mixture of isomers (about 6 5 % 14a and 
3 5 % 14b). Furthermore, these isomeric mixtures 
were converted to the pure isomers 5a, 7a, and 14a 

C.H,,NH2 

H,0 

CVHuNH, 

C^NHCONH^Q 
(5) 

Hfl 
^ -N NNO o. 

13 

C1CH2CH2NC0N 

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

b, X>H;Y = NO 

in high yields by solution in cold, undiluted formic 
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 formyl nitrite (15), 
which has apparently been detected spectroscopically 
in solutions of dry nitrite in 8 5 % formic acid.10 Such 

(9) J. L. lioivin and P. L. Boivin, Can. J. Chem., 29, 478 (1951). (10) V. V. Kozlov and II. I. Belov, ./. Gen. Chem. L'HSli, 33, 1898 (1903). 
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2-Fluoroelhyl 

c7s-2-Chloroey cloliexyl 
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00 
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, K ' \ , -m- i 

M , , , ' ' ° C C O ' C*NIId Formula 

M ethylnitro.soureas, BNHOO.N(NO)CII3 

53-55 1710 1530 C4ll8FTsT
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60 dec 1725 1530 C8ll,401N3O: 

121 dec 

00 

00 

C a r b o n , ' ; 
Calcd F< 

32.21 32.51 

4:S. 73 43.88 

- H y d r o 
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5 .41 

6 . 4 2 

6 . 4 2 
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6 . 2 3 
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12 
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10 
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. 7 1 ' 
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.13 
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ifeiHS-'l-/-Buty ley cloliexyl 

2-Novhornyl 

1-Adamantyl 
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3 0 ] 

3 . 0 

3 6 . 0 

1 .2 

1 .5 

0 . 6 

0 . 4 2 

1 5 . 6 

1.0 

3 A' 11C1 

12 N HOI 

HOO...H 

HOOoH 

0 A' 1101 

I IO() 2 H 

HOO2II 

IIOO2II 

I IOO2H 

80 

8 

60 

10 

10 

75 

10 

30 

15 

120 

22 

153 

4 . 4 

7 . 4 

• > • > 

7 . 3 

7 0 . 0 

11 .5 

85 

80 

70 

74 

78 

83 

80- 85 

85 

44 

30- 34 

Oil 

3 4 - 3 7 

76 dec 

63-67 

102 dec 

99 dec 

82 85 

186 dec 

1700 

hiovoelhv 

1725 

1720 

1720 

1725 

1600 

1730 

1735 

1740 

1695 

1555 
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1530 

1530 
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1525 
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1540 

1535 
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0 3 „ I I 5 2 F N 3 0 2 

O 9H 1 0FN 3O2 

0 , 2 n 2 1 F , N 6 0 , 

33 15 

3,0.30 

4 0 . 7 6 

5 7 . 1 3 

5 2 . 3 0 

5 7 . 9 8 

7 1 . 2 5 

5 1 . 1 8 

41 .(:2 

3 2 . 8 7 

3 0 . 3 6 

5 0 . 0 2 

5 0 . 8 6 

52 .41 

5 7 . 8 6 

71 .28 

5 1 . 1 8 

4 1 .58 

5 .01 

4 . 5 0 

7 . 4 2 

8 . 8 5 

7 .04 

7 . 4 8 

10 .36 

4 . 7 7 

6 . 0 3 

6 . 2 3 

I1 201I 2F 

5 . 3 8 

5 . 0 2 

7 . 4 0 

8 . 7 0 

7 . 2 0 

7 . 3 5 

10.34 

5 . 0 0 

5 . 9 4 

19 

2 3 . 

21 

19 

15. 

18. 

15 

8 

19 

23 

.13 

.20 

27 

34 

38 

3:; 

.00 

.30 

.00 

.92 

19 ,20 

•>•> 95 

21 .21 

1 9 . 3 5 

15 .34 

1 8 . 1 3 

1 5 . 4 3 
8 . 1 8 

19 .71 

2 3 . N7 

(:. (2,2,2-Trifliioroelhyl)ni'eas, ltNTl(X)N(N())( ,II2OF: ! 

2,2,2-Tiif luoroet l iy! 

O r cloliexyl 

1). (2 

2-Bio inoe t ) iy l / 

2,0-1 )i<>xo-3-pi{>eridyl 
Oyc lopen ly l ' 

1 -Melhylcyc lopenty l 

1-Kl.hoxycarboiiylcyclopeiily 

Oveloliexvl 

Oy cloliexyl ' 

OAIethylcyelohexyl 

3-Metl iyleycloliexyl 

4-Alethylcyclohexyl 

3 ,5 ,5-Trinie thylcyc loliexy 1 

iiYms-4-t-Butylcy cloliexyl 

c/.v-2-Ohlorocy cloliexyl 

ftans-2-Ohlorocy cloliexyl 

1-Kt.hoxycarbonylcyclohexyl 

2 - N o r b o m y l 

2-Boniyl 

l - A d a m a n t y l 

Oyelotieptyl™ 
Cyclododecyl 

5a-0l io les l ftn-ort-yl 

2-liida.nyl 

Phenyl 

0 .67 

1 .3 

-Olilorocll 

2 7 . 0 

1 9 . 3 

2 9 . 5 

2 . 4 

1 7 . 2 

4 9 

40 

4 . 0 

2 . 3 

2 . 3 

2 . 0 

1.9 

2 . 1 

1 3 . 0 

1.7 

2 4 . 1 

1.4 

1 .2 

4 . 6 

1.7 

0 .61 

2 . 1 

3.'>. 3 

HOO2II 

Hoc,!! 

\ l n i l r o s o i i m 

IIOO2II 

I K X M I 

6 X 1101 

HOO-.II 

IIOO2II 

IIOO2II 

noo2H 
IIC()211 

110O2II 
110O2I1 

IKX)211 

HCO2II 
I I C 0 2 H 

HOOoH 

IIOO2H 

HCO2H 

IIOO2II 

1100,11 

IICO2H 

HOO2H 

HOO2H 

IIOO2H 

HOO-.II 

f t 

4 

,>, 1! 

50 

50 

250 

5 

50 

15 

95 

12 

10 

10 

8 

10 

15 

50 

5 

130 

1 

20 

10 

25 

15 

10 

100 

2 2 

4 . 4 

M I O O N 

109 

8 4 . 0 

8 1 . 2 

7 . 3 

6 5 . 3 

1 4 . 5 

9 4 ' 

1 4 . 5 

1 .3 

7 , 3 

7 .3, 

7 .3 

7 .3, 
43,. 5 

1 2 . 6 

7 5 . 3, 

5 . 8 

4 . 4 

14 .5 

1 4 . 5 

4 . 4 

7 . 3 

125 

36 

88 

X O j O I U 

75 

47 
48 

60 

82 

84 

94 

57 

81 

79 

64 

90 

89 

89 

60 

91 

82 

96 

66 

97 

79 

84 

60 

54 

54 

11.01, and B i s ' 2 -

30-31 

154 dec 

Oil 

Oil 

4 4 - 4 5 

90 

70 dec 

Oil 

80 dec 

64 dec 

Oil 

80 dec 

97 dec 

95 dec 

56 65 dec 

4 2 - 4 5 

Oil 

74 dec 

Oil 

98 dec 

92 dec 

81 dec 

95 dec. 

1730 

1720'' 

chloroel l iy 

1725 

1705 

1720 

1730 

1735 ' 

1710 

1705 

1730 

1700 

1700 

1725 

1735 

1700 

1705 

1730 

1695 

1725 

1725 

1720 

1710 

1730 

1720 

1725 

1550" 

1540 
0r,H;,F,iN.!O2 

0 , J l u F 3 N : , 0 , 

2 3 . 7 3 

4 2 . 8 5 

2 3 . 7 s 

4 2 . 7 4 

1.99 

5 . 58 

2 . 12 

5 . 6 9 

lnilroKomrea.s, 010I I . ,OII ,N( N O K ' O N 111!NIIO( )X( XO)OU 2 OI1 2 01 

1530 

1530 

1525 

1520 

1510 

1545 

1535 

1520 

1535 

1535 

1520 

1520 

1525 

1530 

1520 

1535 

1520 

1535 

1520 

1535 

1520 

1520 

1550 

0 5 I I 9 H r 0 1 X ; i 0 2 

C 8 l I „ 0 1 N 4 O , 

C J I M O I N J O , 

(^n,e(:iN3o2 
0„1I , S 01N: ,0 4 

OsIl^OlNjO. . 

0 3TI 1 601N 3O 2 

0,„111SC1N3()2 

CioHisClNaO-, 

C , o l l l s 0 1 N 3 0 2 

0 1 2 l l 2 , 0 1 N 3 0 2 

Onl l 2 4 01N. t 0 2 

09II,r,Cl2N.,02 

0 ! , I l1 5Cl2N3O2 

OisHsoOlNjO, 

C,oII ,B01N 30 2 

C, 3 H 2 2 C!N 3 0 2 

C 1 3 H M C)N a ( ) 2 

0 , o l l 1 8 C l N 3 0 2 

e lsH-2sOIN;,02 
0 3 6 H ; 2 0 1 N 3 0 2 

0i2ir l 4( ; iN3O2 
OJLoOlX.O; , 

23,. 23 

3 6 . 5 8 

4 3 . 7 4 

4 0 . 2 5 

4 5 . 4 4 

4 6 . 2 5 

4 6 . 2 5 

4 8 . 4 8 

4 8 . 4 8 

4 8 . 4 8 

5 2 . 2 7 

5 3 . 8 8 

4 0 . 3 1 

4 0 . 3 1 

4 7 . 1 4 

4 8 . 8 8 

5 4 . 2 5 

5 4 . 6 3 

4 8 . 4 8 

5 6 . 6 7 

6 9 . 0 0 

5 3 . 8 4 

4 7 . 4S 

2 3 . 1 6 

3 6 . 5 2 
44 . 1S 

4 6 . 0 5 

4 5 . 3 4 

4 6 . 10 

4 6 . 3 4 

4 8 . 5 0 

4 8 . 7 2 

4 8 . 6 2 

5 2 . 3 8 

5 3 . 9 2 

4 0 . 5 5 

4 0 . 1 3 

4 7 . 1 6 

4 9 . 1 8 

5 4 . 1 1 

5 4 . 5 4 

4 8 . 4 3 

5 6 . 8 5 

6 9 . 0 2 

5 3 . 6 5 

17 5 s 

3 .51 

4 . 2 2 

6 . 4 2 

6 . 9 0 

6 . 2 5 

6 . 9 0 

6 . 9 0 

/ . ,,3 

7.33, 

7 . 3 3 

7 . (iS 

8 . 3 5 

5 . 6 4 

5 . 6 4 

6 . 5 0 

6 . 5 7 

7 .71 

7 . 0 5 

7 . 3 6 

8 . 8 8 
10.04 

5 . 2 8 

4 43 

3 . 6 4 

4 . 4 2 

6 . 7 5 

6 . 8 4 

6.3,4 

6 . 9 4 

7 . 14 

7 . 4 4 

7 . 2 9 

t . OO 

7 . 8 9 

8 . 2 6 

5 . 6 8 

5 . 7 3 

6 . 4 8 

6 . 8 5 

7 . 7 9 

7 . 1 6 

7 . 18 

8 . 9 4 

9 . 9 2 

5 . 4 3 
4 . 6 5 

16 

16 

Hi 

21 

19 

17 

11 

17 

17 

16 

16 

16 

15 

14 

15 

15 

13 

17 

14 

14 

16 

13 

6 

15 

I s 

60 

60 

25 

33 

13 

98 

45 
98 

98 

97 

97 

97 

25 

49 

67 

67 

74 

10 

60 

70 

97 

22 

79" 

70 

46 

1 6 . 5 s 

16 10 

16.44 

21 i s 

18 94 

17 61 

11 19 

17 72 

17 86 

16.79 

1 6 . 6 2 

Hi .90 

15 .28 

14.52 

15 .60 

15 S3 

1 3 . 5 6 

17. 13 

14 76 

14 .65 

16 87 

13 .05 

6 . 8 0 

.15 57 

IS 55 



p-Fluorophenyl 
o-Chlorophenyl 
m-Chlorophenyl 
3,5-Dichlorophenyl" 
a, a, a-Trifluoro-jo-tolyl 
2,6-Xylyl 
m-Nitropheny] 
m-Methoxyphenyl 
p-Cyanophenyl 
o-Carboxyphenyl 
m-Carboxyphenyl 
jo-Carboxyphenyl 
p-Ethoxycarbonylphenyl 
p-Acetylphenyl 
p-(Dimethylcarbamoyl)-

phenyl 
jo-(Fluorosulfonyl)phenyl 
p-( Carboxymethyl )phenyl 
p-(Carboxymethylthio)-

phenyl 
p-(3-Carboxypropyl)phenyl 
5,6,7,8-Tetrahydro-2-

naphthyl 
2-NaphthyI 
l,2,3,4-Tetrahydro-2,4-

dioxo-5-pyrimidinyl 
8-Quinolyl 
trans-1,2-Cy clohexylene 
*rans-l,4-Cyclohexylene 
o-Phenylene 
p-Phenylene 
Tetramethyl-p-phenylene 
5-Carboxy-m-phenylene 
4,4'-Biphenyletie 
Oxydi-p-phenylene 

2-Chloropropyl 
Cyclohexyl 

2 .3 
34.3 
34.3 

1.0 
18.7 
2.2 

14.0 
2.2 

40.4 
2 .1 
2.1 

19.4 
1.8 
2 .1 

2.2 
2 .1 

13.2 

1.7 
1.7 

10.3 
20.0 

30.2 
2 .0 
3.1 
1.5 
1.6 

15.7 
1.3 
1.4 
1.3 
1.2 

1.4 
2 .3 

HC0 2 H 
HC0 2II 
IICOjII 
HC0 2 H 
HCO2TI 
IICOjH 
IICOjH 
HCOjH 
HC0 2II 
HC0 2 I I 
HCO2H 

nco2n 
I1COJI 
HC02TI 

HC0 2 H 

nco2n 
HCOjH 

IIC0 2 H 
IICO.II 

HC02TI 
IICCMI 

I I C O J I 
HC0 2 H 
IIC0 2 H 
HCOsH 
HC0 2 H 
HC0 2 H 
IICOjH 
HCO2TI 
IICO2H 
HCO2II 

IICO2H 
HCOoII 

10 
150 
150 

8 
115 
10 

100 
15 

100 
30 
60 

450 
15 
10 

10 
8 

100 

15 
20 

130 
250 

210 
10 
15 
30 
12 

300 
25 
60 

100 
35 

5 
10 

7.3 
116 
116 

8.6 
74.0 
7.3 

49.3 
6.0 

100" 
10 
10 
94.2 

5.0 
7.3 

8.7 
8.7 

69.3 

7.3 
7 .3 

37.7 
81.0 

72.5 
7.3 

15 
7.3 

19 
187 

11.5 
14.5 
15 
14.5 

E. 

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 
97 
75 
88 
85 
87 

100 dec 
35 

121 
85 dec 
83 dec 
83 dec 

110 dec 
82 dec 

131 dec 
165 dec 
170 dec 
180 dee 
107 dec 
130 dec 

141 dec 
135 dec 
125-127 dec 

104 dec 
125 dec 

85 dec 
110 dec 

210 dec 
138 dec 
165 dec 
170 dec 
88 dec 

185 dec 
200 dec 
172 dec 
175 dec 
140 dec 

1735 
1740 
1730 
1735 
1735 
1730 
1730 
1720 
1735 
1730" 
1740'' 
1730r 

1730' 
1730s 

1730' 
1735 
1735s 

1730 
1725" 

1720 
1715 

1725" 
1720 
1705 
1730 
1715 
1725 
1720 
1740" 
1715 
1720 

1550 
1540 
1545 
1545 
1550 
1510 
1550 
1550 
1535 
1540 
1555 
1540 
1550 
1530 

1530 
1540 
1540 

1540 
1550 

1545 
1555 

1555 
1540 
1545 
1520 
1530 
1560 
1510 
1550 
1515 
1530 

C9H9C1FN303 

C9H9C1N.,02 

CSII,C1N302 

C9H8C13N302 

C10H9ClF3N3O2 

CuHuClNaOj 
C9TI9C1N404 

c,„n,2ciN3o3 
C10H9ClN4O2 

C,0ITioClN3()4 

C:0H10ClN3O, 
C10H,oClN304 

CJIuClNjO* 
C„H12C1N303 

C12Hi5ClN403 

C,II9C1FN,04S 
CUHI2C1N304 

CuHi2ClN304S 
Ci3HI6ClN304 

c13n16ciN3o2 
C13Hi2ClN302 

C,1T8C1N604 
CI2H„C1N4()2 

C12lI20Cl2N6O4 

C,,H2„C12N604 

C J H M C U N ^ X 

CsHuCUNeO* 
C,«H22(312Nti()4 

ClaH„Cl2N60» 
C,8H,8C12N604 
C18H18C12N606 

(2-Chloropropylnitroso)ureas, RNHCON(NO)CTI2CH(CH3)Cl 

44 
72 

Oil 
77 

1710 
1705 

1530 
1570 

C7H,3Cl2N302 

CioH18ClN302 

44.00 
41.25 
41.25 
36.45 
40.69 
51.67 
39.64 
46.61 
47.53 
44.27 
44.27 
44.27 
48.09 
48.99 

48.25 
34.90 
46.24 

41.58 
49.76 

55.42 
56.22 

32.13 
51.71 
37.61 
37.61 
38.21 
38.21 
44.35 
37.07 
47.69 
46.06 

34.73 
48.49 

44.10 
41.34 
41.37 
36.48 
40.68 
51.52 
39.50 
46.59 
47.77 
44.15 
44.09 
44.15 
48.26 
49.00 

48.56 
35.06 
45.99 

41.55 
50.19 

55.12 
56.11 

32.30 
51.69 
37.78 
37.84 
38.13 
37.98 
44.13 
37.12 
47.91 
45.80 

34.79 
48.48 

3.69 
3.46 
3.46 
2.72 
3.07 
5.52 
3.34 
4.70 
3.59 
3.72 
3.72 
3.72 
4.71 
4.49 

5.06 
2.93 
4.24 

3.81 
5.14 

5.72 
4.36 

3.08 
3.98 
5.26 
5.26 
3.73 
3.73 
5.12 
3.35 
4.02 
3.86 

5.41 
7.33 

3.61 
3.63 
3.54 
2.82 
3.37 
5.51 
3.42 
4.82 
3.87 
3.65 
3.87 
4.02 
4.86 
4.57 

5.17 
3.19 
4.16 

3.98 
5.42 

5.70 
4.50 

3.37 
3.95 
5.26 
5.66 
3.74 
3.85 
4.93 
3.24 
4.04 
4.05 

5.78 
7.41 

17.10 
16.03 
16.03 
14.17 
14.22 
16.45 
20.55 
16.31 
22.18 
15.47 
15.47 
15.46 
14.02 
15.58 

18.76 
13.57 
14.71 

13.23 
13.39 

14.92 
15.13 

13.56" 
20.10 
21.93 
21.93 
18.80 
22.28 
16.40" 
19.95 
18.55 
17.91 

17.36 
16.97 

17.06 
16.27 
16.06 
13.66 
14.28 
16.16 
20.65 
15.94 
22.41 
15.43 
15.24 
15.44 
14.13 
15.53 

18.62 
13.52 
14.47 

12.98 
13.42 

14.57 
15.09 

13.50' 
20.27 
21.97 
21.51 
19.00 
21.91 
16.40" 
19.89 
18.17 
17.88 

17.22 
16.97 

l-(Chloromethyl)propyl 1.2 I IC0 2 H 

2-Chloro-1,1 -dimethylethyl 1.2 II COsl I 

F . l,3-Bis[l-(chloromethyl)propyl]-l-iiilrosourea, RNHCON(NO)CH(CH2CII3)CH2Cl 

8 4 .4 65 29-31 1720 1520 C9H„C12N302 40.01 

G. l,3-Bis(2-cliloro-l)l-dimethylethyl)-l-nitrosourea, RNIICON(NO)C(CH.,)2CII2Cl 

7 8.7 18 41-43 1710 1535 C9II17C12N302 40.01 

40.43 

40.04 

6.34 

6.34 

6.58 

6.28 

15.55 

15.55 

15.49 

15.12 

/rans-2-Chlorocyclohcxyl 10.2 

II . l,3-Bis(«rons-2-chlorocyclohexyl)-l-nitrosourea, RNHCON(NO)CH(CH2)4CIICl-(ra»s 

HC0 2 H 90 43.5 93 106 dec 1690 1535 C„TI2,C12N302 48.45 48.36 6.58 6.55 13.04 12.95 
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a mechanism may be depicted as shown in eq (S. The 
isomeric composition may depend on an equilibrium 
governed by the relative stability of the isomers toward 
nitroso group abstraction by formic acid, and ap­
parently, with increasing water concentrations, there 
is a point above which abstraction does not occur. In 
an aqueous system, formation of isomers may not be 
reversible, and the isomer ratio may therefore depend 
primarily on relative rates of formation. I t was sub­
sequently demonstrated that intermolecular transfer of 
nitroso groups can also occur. When a stirred solution 
of an equimolar mixture of l-(2-ehloroethyl)-3-cyelo-
hexylurea (3a) and O-dicyclohexyl-l-ni trosourea (16) 
in formic acid was diluted with water, after 1 hr the 
product that precipitated consisted of l-(2-chloroethyl)-
3-cyclohexyl-l-nitrosourea (14a) in addition to the start­
ing material and undoubtedly 1,3-dicyelohexylurea (17). 
The product composition, estimated from a thin layer 
chromatogram, was consistent with an equilibrium that 
favors the more stable 14a. The equilibrium was also 
established from the reverse direction, i.e., from 14a and 
17 (eq 7). 

+ NCONH 
I 

NO 

16 

14a + 

NHCONH 

17 

(7) 

The exclusive formation of 14a in anhydrous nitrosa-
tions of 3a and the relative instability of the isomer 
14b are a t t r ibuted to steric hindrance due to the 
cyclohexyl group. Steric factors are partially counter­
acted by electron withdrawal in the nitrosation of 1-
cyclohexyl-3-(2,2,2-trifluoroethyl)urea under the con­
ditions tha t afforded pure 14a, the formation of 18a 
being slightly favored over that of 18b. Steric effects 
are not as marked in the nitrosations of the cyclo-
pentyl and cycloheptyl analogs of 3a. The approxi­
mately 3:1 ratio of 4a : 4b in the isomeric mixture ob­
tained from the nitrosation of l-(2-ehloroethyl)-3-
cyclopentylurea in 6 N hydrochloric acid was not sig­
nificantly affected by nitrosation in formic acid under 
essentially anhydrous conditions, and the isomer con­
tent of l-(2-chloroethyl)-3-cycloheptyl-l-nitrosourea, 
(19) obtained under the same conditions was about 
20%. A methyl branch enhanced the steric effect in 
the preparation of l-(2-chloroethyl)-3-(l-methylcyclo-
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TABLE III 

CONFORMATION OF cis- AND <rarcs-2-CHLORoe\'CLOHEXYLUREAS AND -NITROSOUREAS" 

H 

CI 

R 

CH3 

CH3 

CH2CH2C1 
CH2CH2C1 

H 

T 
H V^\ 

T 
CI 

NHCONR 

C'is 

Y 

H 
XO 
H 
NO 

TT 

x(CCl), 
c m - 1 

690 
690 
680 
685 

690 

»(NH), 
c m - 1 

3340 
3350 
3320 
3350 

3340 

A-^/ci 
H 

trans 

R 

CH3 

CH3 

CH2CH2C1 
CH2CH2C1 

H 

T 
C l \ ^ ' ^ \ 

T 
H 

H 

cuV—-^ 

vNHCONR 

Y 

H 
XO 
H 
XO 

TI 

NO 

KCCl), 
em - 1 

735 
735 
735 
735 

735 

735 

»(NH), 
cm" 1 

3320, 3360 
3290 
3320, 3358 
3340 

3325 

3300 

" Infrared absorptions determined in pressed KBr disks. 

pentyl)-l-nitrosourea (20a), and consequently only a 
trace of the unwanted isomer was detected. No 
isomeric contamination was detected in ethyl l-[3-(2-
chloroethyl) -3-nitrosoureido ]cy clopentanecarb o x y 1 a t e 
(20b), the position of nitrosation in the open-
chain hydantoa te 2b having been reversed by steric 
hindrance. The random nitrosation of l-cyclohexyl-3-
phenylurea (21), which was established by identity of 
17 and 21 as products of decomposition with cyclo-
hexylamine, further at tests steric hindrance by the 
cyclohexyl group in view of the isomeric purity of 7a 
obtained under comparable conditions. 

CF3CH2NCON—( > 
I I W 

Y Z 

18a, Y=H;Z = NO 
b, Y=NO,Z=H 

C1CH2CH2NC0NH—/ N 

NO 

19 

ClCH2CH2NCONH s/\ 

NO 

20a, R = CH3 

b, R=C9H5OXX 

< ^ Y - NHCONH—C~\ 

21 

Yoshida has recently determined the conformation 
of N-(2-chlorocyclohexyl)benzamidesu and 2-chloro-
cyclohexylamines12 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 tha t have been prepared from cis-13 

and £r<zns-2-chlorocyclohexylamines14 (Tables I and 
I I ) leads to the conformations shown in Table III, 
in which axial chlorine atoms are cis and equatorial 

(11) Z. Yoshida, Tetrahedron Letters, 2757 (1965). 
(12) Z. Yoshida, ibid., 3753 (1965). 
(13) G. E. McCasland, R. K. Clark, Jr., and H. E. Carter, J. Am. Chem. 

Soc, 71, 637 (1949). 
(14) O. E. Paris and P. E. Fanta, ibid., 74, 3007 (1952); T. Taguchi, M. 

Kojima, and T. Muro, ibid., 81, 4322 (1950). 

chlorine atoms are trans. Therefore, the ureido func­
tion is equatorial in every instance, whereas Yoshida 
found the benzamido group in as-N-(2-chlorocyclo-
hexyl)benzamide to be axial.11 Of the series of 2-
chlorocyclohexyl-substituted ureas listed in Table I I I 
only l,3-bis(as-2-chlorocyclohexyl)urea failed to yield 
a pure nitrosourea. 

The reported four-step conversion of dimethyl 
irans-l,4-cyclohexanedicarboxylate to 1,4-cyclohexane-
diamine dihydrochloride16 provided the required inter­
mediate in the preparation of l , l ' - ( imns-l ,4-cyclo-
hexylene)bis[3-(2-chloroethy 1 ) - 3 - n i t r o s o u r e a ] ( 2 2 a ) . 
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 
tha t reported for the irans-diamine,16 and the melting 
point (350-351° dec) of the analytically pure diacetyl 
derivative was somewhat higher than tha t (310-
315° dec) of N,N'-(^ -a?is-l,4-cyclohexylene)bisacet-
amide and considerably higher than tha t (208-209°) 
of the a s isomer as recorded by Nielsen.16 The N H 
stretching bands at 3290-3350 c m - 1 shown by the 
nitrosoureas of Table I I I seem to be characteristic 
of equatorial nitrosoureido groups. On this basis 
the same conformation is indicated for the nitrosoureas 
derived from £rares-l,4-cyclohexanediamine and trans-
4-<-butylcyclohexylamine,17 for example, 22a (3360 
cm- 1 ) , the fiuoro analog 22b (3320 cm" 1 ) , and 3-
(£rans-4-£-butylcyclohexyl)-l-(2- chloroethyl)-l- nitroso­
urea (23) (3360 cm- 1 ) . The urea 22c, from which 22b 
was derived, was prepared in two ways (eq 8 ) : (a) 
protracted t rea tment of a solution of 2-fluoroethylamine 
hydrochloride in equal volumes of water, N,N-dimethyl-
formamide ( D M F ) , and tr iethylamine with l,l'-(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, S, 
386 (1946). 

(16) A. T. Nielsen, J. Org. Chem., 27, 1993 (1962). 
(17) D. V. Nightingale, J. D. Kerr, ,1. A. Gallagher, and M. Maienthal, 

ibid., 17, 1017 (1952). 
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XCRCH,NC0HN 
" I 
Y 

NHCONCH2CH2X 

(CH,),C 

22a, X=C1; Y=NO 
b, X = F; Y = N0 
c, X = F; Y=H 

/^—y* NHC0NCH2CH2C1 

[ ^ NO 

23 

1,4-cyclohexylene)bis [3-methyl-3-nitrosourea] (24), and 
(b) treatment of a cold solution of <rans-l,4-cyclohexane-
diamine dihydrochloride in water first with excess tri-
ethylamine and then with 3-(2-fluoroethyl)-l-methyl-
1-nitrosourea (25). The second route is preferred 
because of convenience and somewhat better yield. 

CH3NCOHN 

NO 

a NHCONCR, 

NO 

24 

CH3NCONHCH2CH2F 
I 

NO 

25 

FCH2CH2NH, 

H,0 

path a 

a 22c (8) 

K,0 
path b 

Axial conformation for the nitrosoureido groups of 
l-(2-chloroethyl)-3-(5a-cholestan-3a-yl)-l-nitrosourea 
(26a) and the fluoroethyl analog 26b is deducible from 
the conformation of 5a-cholestane-3a-amine18 from 
which they were derived. The infrared spectra of both 
26a and 26b show NH stretching bands at 3430 cm"1 

which is a higher wavenumber than those (3290-3350 
cm -1) already assigned to equatorial nitrosoureido 
groups; this difference is consistent with that previously 
reported for axial and equatorial benzamido groups." 
Since l-(2-ehloroethyl)-3-(l-methylcyclohexyl)-l-iiitro-
sourea, which was derived from 1-methylcyclohexyl-
amine,19 absorbs at 3420 em -1 , it is not unreasonable to 
assume 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-aminobenzoate 
over platinum oxide in acetic acid20 prompted an 
attempt to prepare ethyl irans-4-aminoeyelohexane-
carboxylate by the reported method for conversion to 
the corresponding chloroethylnitrosourea, but the 
product obtained was subsequently shown by vapor 
phase chromatography to be a mixture of nearly equal 
amounts of cis and trans isomers. The reported assign-

(18) J. L. Pinkus, O. Pinkus, and T. Cohen, J. Org. Chem., 27, 435« 
1962). 

(19) Preparations of 1-methylcyclohexylamine liydrochloride (yield 35%) 
and 1-methylcyclopentylamine liydrochloride (low yield), modeled after the 
procedure of V. H. Maddox, E. F. Godefroi, and R. F. Purcell, ./. Med. 
Chem., 8, 230 (1965), for the preparation of the 1-phenyl analog; see also 
J . J . Ritterand J. Kalish, / . Am. Chem. Soc.,10, 4048 (1948); Z. .1. Vejdelek, 
M. Raj§ner, and M. Protiva, Collection Czech. Chem. Commun., 25, 24Ti 
(1960); H. J. Barber and E. Lunt, J. Chem. Soc, 1187 (1960). 

(20) II. J. Schaeffer and E. Odin, J. I'harm. Sri., 64, 421 (IHtlfl). 

NHCONCH,CH.,X 
1 1 
NO 

/ ^ . 

26a, X-
b, X = 

-CI 
= F 

NHCON(NO)CH.,CH,Cl 
1 " " 

A^H; 

27 

ment became suspect when the derived urea gave ethyl 
4-[3-(2-ehloroethyl)-3-nitrosoureido ]cy c lo hex aiiec a r-
boxylate (28) as an oil whose pmr spectrum showed dis­
crepancies unassociated with the position of nilrosa-
tion. 

C1CH,CH2NC0NH C02C2H5 

NO 

28 

During the course of preparation of ureas and nitro­
soureas from various phenylenediamines, effects of 
ring substituents such as those described in the following 
examples have been noted. Xitrosation was appar­
ently stericalry controlled in the preparation of 1,1'-
(tetramethyl-p-pheny lene) bis [3-(2-chloroethyl)-3-nitro-
sourea] (29), as no isomers were detected. The nitro-
sation of l,l'-(4-niethoxy-m-phenylene)bis[3-(2-chIoro-
ethyl)urea] (30) in formic acid, however, apparently 

CH, CH; 

CLCH2CH,NCONH—( V-NHC0NCH2CRC1 

NO CH~C:H ; NO 

29 
OCR 

NHCONHCR.CR.Cl 

NTH0ONHCH£RCl 

30 

produced a mixture of all the possible bis(nitrosoureas), 
since a thin layer chromatogram showed four compo­
nents, each different from the starting urea. Treat­
ment of 2,6-dichloro-p-phenylenediamine with 2 molar 
equiv of 2-chloroethyl isocyanate afforded l-(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 dry nitrite resulted in concomitant deami-
nation (Scheme I); the yield of pure 1-(2-chloroethyl)-3-
(3,5-dichlorophenyl)-l-nitrosourea (32) under the favor­
able conditions of long reaction time and large excess of 
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nitri te was about 50%. 2 1 When the nitrosation of 31 
was carried out in dilute hydrochloric acid, the isolated 
product was a mixture of the diazonium chloride 33 
(about 53%) and the phenol 34 (about 47%) as judged 
from elemental analyses, the infrared spectrum, a thin 
layer chromatogram, and a positive Brat ton-Marshall 
test.22 

SCHEME I 

CI 

ClCH,CH2NHCONH NH, ^ 2 ^ 
' HC0,H 

31 

CI CI 

C1CH 2 CH 2 NC0NH— i ) 
NaN02 I * - ( 
HC1,H20 NO CI 

C1CH,CH2NC0NH-

NO 

32 

'N,+cr + 

33 
CI 

C1CH2CH2NC0NH—(. V - OH 

NO CI 

34 

The synthesis of DL-l-(2-chloroethyl)-3-(2,6-dioxo-
3-piperidyl)-l-nitrosourea (39b) (eq 9) required the prep­
aration of the intermediate DL-2-aminoglutarimide (38) 
by a four-step sequence beginning with DL-glutamine 
and pat terned after published procedures.23 The re­
action of benzyl chloroformate with DL-glutamine at 
about p H 9 afforded the benzyloxycarbonyl derivative 
35 in 7 7 - 9 2 % yield, sodium hydroxide being used in­
stead of the specified sodium bicarbonate.23a A high 
yield of the DL-methyl ester 36 was conveniently ob­
tained by t rea tment of the potassium salt of 35 
with iodomethane in D M F , thus avoiding use of di-
azomethane as in the reported preparation of the L 
isomer.2"3 Cyclization of 36 with sodium methoxide 
in benzyl alcohol provided benzyl DL-2,6-dioxo-3-
piperidinecarbamate (37), which was also the product 
of a conversion of L-36 under the same conditions.231' 
At tempted cyclization of D L - 3 6 in methanol under con­
ditions described for the conversion of L - 3 6 without 
racemization230 resulted in either incomplete reaction 
or almost total recovery of start ing material. Cata­
lytic hydrogenolysis of 37 over 5 % palladium-charcoal 
was equally effective in acidic and neutral media,23c 

but the resultant DL-2-aminoglutarimide (38) was more 
conveniently 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.,2i provided the 

C02H CO2CH3 
I I 

C b z N H C H — C b z N H C H — 
I I 

(CH2)2 (CH2)2 

I I 
CONH, CONH2 

35 36 

37 
38 

ClCHjCHsNCOHNvA^ 

i Us , 
39a, Y=H 

b, Y = N0 

.Cbz = C6H5CH20C0 

intermediate needed for the preparation of fluoroethyl 
analogs of the more promising chloroethylnitrosoureas. 
The fluoroethylation of potassium phthalimide with 
2-fluoroethyl p-toluenesulfonate in D M F was found 
to be a convenient method for the preparation of N-
(2-fluoroethyl) 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.24 I t s direct conversion to ureas was 
accomplished in two ways: (1) addition of iso-
eyanates to the free amine, and (2) aqueous decom­
position of nitrosoureas in the presence of the free 
amine. But the aqueous decomposition 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 l,l ,l-trifluoro-2-iodo-
ethane provided the intermediate N-(2,2,2-trifluoro-
ethyl)phthal imide(40b). 

NCH2R — FCH2CH2NH2HC1 
1.0H~ 
2.25 

H,0 

0 

40a , R = CH2F 

b, R = CF , 

FCH 2CH 2NHCONHCH 2 CH 2F (10) 

41 

(21) Reduction of diazonium 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. Chew.., 128, 537 
(1939). 

(23) (a) V. Bruckner, J. Kovacs, and K. Kovacs, J. Chum. Soc., 1512 
(1953); (b) E. Sondheimer and R. W. Holley, J. Am. Chem. Soc, 76, 24fi7 
(1954); (c) E. Sondheimer and R. W. Holley, ihitl., 79, 3767 (1957). 

Intermediates for the synthesis of nitrosoureas con­
taining alkyl-branched chloroethyl groups as in 9 and 
l ,3-bis(2-chloro-l, l-dimethylethyl)-l-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. L. I,. Tnmpsett, 
J. Chem. Snr.., 2174 (1948). 
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were obtained by (he action of j)liosphorus pentiichlo-
ridc on appropriate ethyl ^-liydroxylalkylca.i'batiialcs 
according' to the method of Wenker-'5 as applied by 
Xajer, el al.,'m for conversion of a (chloroalkyl)carba­
mate. Vapor phase chromatography showed that the 
2-chloroalkyl isocyanates so obtained were only 74 
9 4 % pui'P oven after fast distillation through a short 
column. Because of acidic impurities, aqueous de­
compositions of the crude isocyanates to give sym­
metrical ],.']-disubstituted ureas were carried out in the 
presence of triethylamine. The urea 42b was particu­
larly unstable; a dry sample was completely cyclized 
to 2-(2-chloro-l,l-dimethylethylamino)-4,4-dimethyl-
2-oxazoline hydrochloride (43) after a few days. 

C1CK,C-NC0NHCCH,C1 f >-NHCCH,Cl-HCl 
I I I H,C—"N I " 

H.;C Y CH; C H ; CM, 

42a, Y = N O 43 
b, Y = H 

Experimental Section 

Melting points (or which a range is recorded were determined 
on a Mel-Temp apparatus, those without a range, on a Kofler 
Ileizbank. The infrared spectra were determined in pressed 
KBr disks (solids) or films (oils) on a Perkin-Elmer spectropho­
tometer (either Model 221-G or 521). The pmr spectra were 
obtained in ehloroform-c/ or dimethyl sulfoxide-d6 on a Yavian 
A-60 spectrometer with tetramethylsilane as internal reference. 
Thin layer chromatograms were developed on silica gel H (K. 
Merck AG, Darmstadt) plates usually with such solvent pairs 
as 9:1 benzene-chloroform and 9:1 chloroform-methanol: 
nitrosoureas could often be detected in ultraviolet light after 
spraying with Ultraphor \VT'-7 solution: ureas, with Dragendorff 
solution;'28 and both, by iodine vapor. Nitrosoureas were stored 
dry and cold to minimize decomposition: 2-fluoroethyl- and 2-
chloroethylnitrosoureas that were kept under such conditions 
for long periods showed no evidence of decomposition. 

N-(2-Fluoroethyl)phthaIimide (40a).—A mixture of potassium 
phthalimide (34.0 g, 0.183 mole), 2-fluoroethyl p-toluenesulfo-
nate24 (40.0 g, 0.183 mole), and D M F (300 ml) was stirred at 110° 
for 2.5 hr. The resulting solution was cooled a little, diluted with 
water (1.5 1.), and chilled. The white precipitate was washed 
with water and dried in vacuo over P20,,. Hecrystallization of 
t lie crude product (31.8 g) from absolute ethanol (200 ml) afforded 
26.9 g (76';,,,) of 40a as white needles, mp 97-101° (li t ." mp 100°). 

2-Fluoroethylamine Hydrochloride.29—A mixture of 40a 
(26.0 g, 0.135 mole), hydrazine hydrate (9.0 g, 0.18 mole), and 
absolute ethanol (150 ml) was refluxed for 1 hr. The resulting 
semisolid mixture was acidified to about p l l 2 with concentrated 
11C1 (2.") ml), stirred, and refluxed for 1 hr more, cooled to about 
5°, and filtered to remove phthalhydrazide (21 g, 9 6 r

c ) . The 
Hit rate was evaporated to dryness in vacuo, and the residue was 
extracted with water. In vacuo evaporation of the filtered, 
aqueous extract left hygroscopic crystals (18.4 g), which were 
stirred for 8 hr with redistilled salicylaldehyde (16 ml) and 
enough ether and benzene to dissolve the yellow solid that formed. 
The layers were separated and the aqueous phase was evaporated 
lo dryness in vacuo. The yield of white, crystalline 2-fluoro-
ethylamine hydrochloride (further dried in vacuo over PoO,-,), 
mp'so -91 °, was 13.4 g (100 rc) (lit. mp 92-93°,30" 95°3Clh). 

i25) 11. Wenker , ./. Am. Chun. Soc, 58, 2608 (1936). 
(2(i) U. Najer, P . Chabr i e r . and R. Giuclicelli, Bull. Soc. Chim. France. 

( i l l (1USH). 
(27) BASF Colors a n d Chemica l s , I nc . , C h a r l o t t e , N . C. 
(28) K. R a n d e r a t h , " T h i n - L a y e r C h r o m a t o g r a p h y , " Academic Press I n c . . 

N e w York , N . Y., 1964, p 129. 
(29) By m e t h o d of ref 24. 
(30) (a) V. G. N e m e t s and G. L. E p s h t e i n , Izv. Yysshikh L'ckebn. Zavc-

denii Kkim. i Khim. Tekhnol., 8, 101 (1962); Chem. Abstr., 58, 3298 (1962); 
(b) '/,. \\. Papanas t a s s io i i and R . J . Hruni , J. Org. Chem., 29, 2870 (1964). 

N-(2,2,2-Trifluoroethyl)phthalimide (40b). 2,2,2-Trilluoio-l-
i<><Itit-ll-iii-t11»3' (27.0 g, 0.13 mole) was added to a stirred suspension 
of poiassium phthaliiuide (20.0 g, O.I I mold in DM1' '300 in] ••. 
The resulting mixture was heated at 110° for 5 hr, cooled In 
room temperature, and diluted with water (1.2 Li. The pre­
cipitate was washed with water and air dried: yield of crude 
40b, 14.1 g i 5 7 ' f ) . Purification was effected by extraction 
into ether and reerystallization from ethanol; yield 9.4 g (.'is'',' ). 
nip 130°. 

Anal. Calcd for C',,,1 ltiF3N().,: (', 52.41; II. 2.64: X. 6.II, 
Found: C,52.74: 11,2.98; X, 6.12. 

l,l'-/)-PhenyIenebis;3-(2-fluoroethyl)urea| (Method B). A 
stirred suspension of 2-fluoroethylamine hydrochloride (2.0 g. 
20.3 nunoles) in DMF (15 ml) was treated with triethylamine 
1,2.9 ml, 20.5 mmoles) and then with solid p-phenylene diiso-
cyanale32 (1.6 g, 10.1 mmoles). The resulting suspension was 
stirred at ambient temperature for about 24 hr, diluted with 
water (100 ml!, and chilled. The insoluble, finely divided, 
cream-colored bisurea was collected, washed with water, and 
dried )'/; vacuo over PjO;: yield 2.63 g (92 ' , ). 

l-(2-Fluoroethyl)-3-methylurea.- Triethylamine ( Is.4 ml. 
0.13 mole! then methyl isocyanate32 '33 (8.3 ml, 0.13 mole; 
were added dropwi-e to a 0 5°, .stirred solution of 2-fluoi'o-
ethylainitie hydrochloride (13.1 g, 0.13 mole) in water (70 nib. 
The resulting solution was stirred at room tempera!tire for 3 hr 
and extracted with six 50-ml portions of ethyl acetate. In vacuo 
evaporation of the dried (MJJSOJ) extract left a white solid (7.5 
g). In vacuo evaporation at 35° of the aqueous filtrate left 
additional product as a pale yellow solid, which was extracied 
with three 50-ml portions of ethyl acetate and recovered as de­
scribed above (6.8 g). Two recrvstallizations of the combined 
samples from CUCL, petroleum ether (bp 30-60° i (60 75:240 
300 ml) afforded 12.7 g (SO.5', s of l-i2-riuoroethyl i-3-methyl-
urea. 

3-(2-Fluoroethyl)-l-methyl-l-nitrosourea (35). -Dry sodium 
nitrite (26.1 g, 0.38 mole) wa- added in small portions over a 
period of 1.5 hr to a stirred. 0-5° solution of l-( 2-fluoroethyl )-3-
methylurea i 10.2 g, 0.085 mole) in 3 .Y I1C1 (140 ml). The mix-
lure was stirred another 1 hr at 0 5°, and the insoluble lighl 
yellow Hakes (35) were dried in vacuo over P;<).-, and XaOII: 
yield 8.0 g. The filtrate was extracted with five 25-ml portions 
of CIIC13; the dried (MgSOi) extract was evaporated in vacuo 
leaving additional 35 (3.6 g): total yield 9 2 ' , , The infrared 
,-pectruin was identical with that of the analytical sample jire-
pa red in a pilot experiment. 

1,1'-! (™/).s-l,4-Cyclohexylene)bis(3-methylurea). Ivans--
1,4-Cyclohexanediamiiie dihydrochloride15h (10.0 g, 0.05 mole) 
in water (25 ml) was made basic with 50 ' , aqueous NaOll 
(15 ml) and extracted with three 75-ml portions of ether. The 
dried (XaL>SO.;). ethereal solution was cooled, stirred, and treated 
with methyl isocyanato32-33 (6.8 ml, 0.1 1 mole). The mixture was 
stirred at room temperature for 2 hr, then chilled. The bisurea 
that had formed was washed with ether and dried in vacuo over 
IM),; yield 6.3 g (52' , j , mp >300°. 

Anal. Calcd for CI,II1,(;X1(.Y: G.52 .61 : 11,8.83: X, 24.54. 
Found: ('. 52.62: 11.8.86; X, 24.11. 

1,1'-(11««.*-l,4-( yclohexylene)bis(3-methyl-3-nitrosoureaj 
(24). Dry N'aXO, (9.7 g, 140 mmoles) was added in small in­
crements to a 5°, stirred solution of l,l'-(//'«»,-••-1,4-cy clohexylene;-
bisCi-methylurea ! (4.85 g, 21.3 mmoles) in 98-100' ', formic acid 
(150 mil. The mixture was stirred for 2 hr at 5°, diluted with 
water ( 100 ml!, and stirred for 30 min more at- 0-5°. The white 
precipitate was washed with water and dried in vacuo over P...O.-.: 
vieldof 24, 5.1 g (84 ' , i: m p > 2 1 0 ° d e c . 

Anal. Calcd for ('„iHi»iNfi04: C, 41.95; II, 6.34; N, 29.36. 
Found: C, 42.08: 11,6.09; X, 29.36. 

l,r-((/n«.s-l,4-Cyclohexylene)bis[3-(2-fluoroethyl)urea] 
(22c) (Method C). A. From l,l'-(,ran.s-l,4-Cyclohexylene)-
bis(3-methyl-3-nitrosourea) (24). - A solution of 2-fluoroethyl­
amine hydrochloride (2.23 g, 22.4 mmoles) in water (40 ml), 
D M F (40 ml), and triethylamine (40 ml) was treated with 24 
(3.20 g, 11.2 mmoles! and stirred at room temperature for 2 days. 
The mixture was concentrated hi vacuo to a volume of about 35 
ml and diluted with water (100 ml). The bisurea 22c separated 
as a white solid which was washed with water and dried in vacuo 
overP,O s ; yield 2.45 g f 740 ). 

i 31 ; Co lumbia Organic ( 'Lemicals Co. , Co lumbia . S, C. 
(32! Dis t i l la t ion P r o d u c l s Indus t r i e s . Roches ter , N. V. 
•3:1' Oil Chemical Co. . Muskegon , M i d i . 
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B. From 3-(2-Fluoroethyl)-l-methyl-l-nitrosourea (25).— 
Triot.hylamine (5.6 ml, 40.2 mmoles) and, a few minutes later, 
25 (3.0 g, 20.1 mmoles) were added to a cold (ice bath), stirred 
solution of ?raws-l,4-cyclohexanediamine dihydrochloride16b (1.9 
g, 10.0 mmoles) in water (75 ml). The mixture was stirred a t 
room temperature for 18 hr, and 22c, which had precipitated 
as a white solid, was washed with water and dried in vacuo 
overP>05; yield 2.5 g (86%). The infrared spectrum of 22c from 
B was identical with that of the analytically pure 22c from A. 

Mixture (1:1) of l-(2-Chloroethyl)-3-(2-fluoroethyl)-l-
nitrosourea and 3-(2-Chloroethyl)-l-(2-fluoroethyI)-l-nitroso-
urea.—Sodium nitrite (9.7 g, 140 mmoles) was added in portions 
over 2.5 hr to a 0-5°, stirred solution of l-(2-chloroethyl)-3~ 
(2-fluoroethyl)urea (2.8 g, 16.6 mmoles) in concentrated HC1 
(25 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 
CHC13. The dried (MgS04) CHCI3 extract was evaporated 
under reduced pressure leaving an orange oil, which was further 
dried over P ,0 5 and NaOH; yield 2.8 g (86%), n^o 1.4890. 
Pmr indicated a 1:1 mixture of isomers. 

l-(l-AdamantyI)-3-(2-fluoroethyI)urea (11) (Method C).— 
Triethylamine (4.1 g, 40 mmoles) and then 3-(l-adamantyl)-l-
(2-chloroethyl)-l-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 in vacuo over P2O5, was further 
purified bv trituration in ether and recrystallization from aceto-
nitrile; yield of 11, 2.4 g (63%). 

l,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 50% aqueous NaOH (2.2 
ml) then, in portions over a 45-min period, 3-(2-fluoroethyl)-l-
methyl-1-nitrosourea (25) (6.0 g, 40.3 mmoles); the resulting 
solution was 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 
recrystallized from ethanol-petroleum ether (35:50 ml); yield 
2.3 g (38%,). The analytical sample was obtained in 539c 

yield 
from a pilot experiment in which triethylamine (1 equiv) was 
used as base. 

l,3-Bis(2,2,2-trifluoroethyl)urea (Method D).—A stirred sus­
pension of 3-(2,2,2-trifluoroethyl)-l-methyl-l-nitrosourea2a (14.2 
g, 76.8 mmoles) in 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 
was washed with water and air-dried; yield 5.6 g (65%). 

l-(2-Chloroethyl)-3-cyclohexylurea (3a) from Decomposition of 
Ethyl 5-(2-Chloroethyl)-3-nitrosohydantoate (2b) with Cyclo-
hexylamine.—A suspension of 2b2a (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 
present, washed with water and dried in vacuo, was identical 
with authentic l-(2-ohloroethyl)-3-cyclohexylurea with respect 
to infrared absorption, melting point (130°), and mixture melting 
point. The yield was 130mg(30%). 

Mixture (about 3:1) of l-(2-Chloroethyl)-3-cyclopentyl-l-
nitrosourea (4a) and 3-(2-Chloroethyl)-l-cyclopentyI-l-nitroso-
urea (4b).—A 0°, stirred suspension of l-(2-chloroethyl)-3-
cyclopentylurea (5.6 g, 29.5 mmoles) in 6 N HC1 (250 ml) was 
treated with NaNOs (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 CHC13. The dried (Na2S04) CHC13 

solution was evaporated in vacuo to a yellow oil which was fur­
ther dried in vacuo over P2Os overnight; yield 3.1 g (48%). 
The approximate 3:1 isomeric ratio was established by pmr. 

Cyclopentylurea from Decomposition of a Mixture of l-(2-
Chloroethyl)-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 N NH4OH 
(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 (73%) of cyclopentylurea as 
white crystals, mp 200°, alone or in mixture with an authentic 
sample. 

Nitrosation of l-(2-Chloroethyl)-3-cycIohexylurea (3a). A. 
In the Presence of Water.—A 5°, stirred solution of 3a (9.5 g, 
46 mmoles) in 98-100% formic acid (95 ml) was treated dropwise 
with NaN0 2 (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 P206 ; yield of 
l-(2-chloroethvl)-3-cyelohexvl-N-nitrosourea (about 65% 14a 
and 35% 14b by pmr in CDC13), 10 g (94%), mp 70° dec. 

B. In the Absence of Added Water.—A 5°, stirred solution 
of 3a (1.0 g, 4.9 mmoles) in 98-100% formic acid (15 ml) was 
treated with dry NaN0 2 (1.0 g, 14.5 mmoles) in small increments. 
After the addition, the mixture was stirred at 5° 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 P2t)5. The yield of l-(2-
chloroethyl)-3-cyclohexyl-l-nitrosourea (14a, devoid of 14b 
according to pmr in CDCI3), mp 90°, was 0.96 g (84%). 

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)-l-cyclohexyl-l-nitrosourea (14b) as described 
above under A was dissolved in 98-100% formic acid (150 ml). 
The solution was stirred at 5° for 2 hr, diluted with cold water 
(250 ml), and further stirred at 5° for 30 min. The light yellow 
14a was washed with water and dried in vacuo; yield 8.3 g 
(92%), mp 90°. The pmr spectrum in CDCI3 was identical 
with the product described under B. 

1 -(cis-2-Chlorocy clohexy 1)-3-(2-chloroethyl)urea (Method 
B).—cis-2-Chlorocyclohexylamine hydrochloride13 (3.0 g, 0.18 
mole) was treated at 0° with NaOH (0.8 g, 0.02 mole) in water 
(5 ml). This mixture was extracted with three 50-ml portions of 
ether. 2-Chloroethyl isocyanate34 (1.5 ml, 0.18 mole) was added 
dropwise to the dried (Na2S04), 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 cyclo-
hexane (100 ml) and dried in vacuo; yield 3.6 g (84%). 

N2-[(2-ChIoroethyl)carbamoyl]-L-( - )-glutamine (Method 
B).—To a stirred suspension of L-( + )-glutamine (1.54 g, 10.6 
mmoles) in water (20 ml), cooled to 5°, was added 1 .V NaOH 
(9.5 ml), and to the resulting solution ( ~ p H 10) 2-chloroethyl 
isocyanate34 (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 A" HC1 (9.5 ml). Evaporation under reduced pressure and 
below 25° left a solid residue which was washed with ethanol, 
then with water and dried in vacuo over P206 leaving 1.1 g (41%) 
of the carbamovlglutamine, [a]22D - 1 0 . 3 ± 0.2° (c 0.995, 
H 2 0) . 

p-[3-(2-ChloroethyI)ureido]phenylacetic Acid (Method B).— 
Triethylamine (4.64 ml, 30.0 mmoles) was added to a stirred 
•suspension of p-aminophenylacetic acid35 (4.67 g, 30.3 mmoles) 
in CHCI3 (150 ml) at about 10°, and then 2-chloroethyl isocya­
nate34 (2.6 ml, 30.0 mmoles) was 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 ( ~ p H 1) with concen­
trated HC1 (7.0 ml), stirred, and chilled. The precipitate was 
washed with water and dried in vacuo over P2Oj. The crude 
product (6.9 g) was recrystallized from acetonitrile as yellow 
crystals, yield 4.0 g (52%). 

4-{p-[3-(2-ChloroethyI)ureido]phenyl}butyric Acid (Method 
B).—jD-Aminophenylbutyric acid36 (5.0 g, 28 mmoles) in ethanol 
(200 ml) at room temperature was treated with 2-chloroethyl 
isocyanate34 (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 P205 ; yield 5.1 g (64%). 

l-(4-Amino-3,5-dichIorophenyl)-3-(2-chloroethyl)urea (31) 
(Method B).—2-Chloroethyl isocyanate34 (4.00 ml, 46.7 mmoles) 
was added dropwise to a 0-5°, stirred solution of freshly recrystal­
lized 2,6-dichloro-p-phenylenediamine3i (4.14 g, 23.4 mmoles) 
in CHC13 (190 ml), and the mixture was stirred overnight at 
ambient temperature. Recrystallization of the crude, insoluble 

(34) W. Siefkin, Ann. Chem., 562, 75 (1949). 
(35) Aldrich Chemical Co., Milwaukee, Wis. 
(36) L. R. Moffett, Jr., and H. W. Vaughan, Jr., .7. Org. Chem., 25, 1238 

(1!)60). 
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solid (6.3 g) from ethanol-water (150:100 ml) afforded 5.0 g 
(75%) of 31 as a fluffy white solid. 

l-(2-Chloroethyl)-3-(3,5-dichlorophenyl)-l-nitrosourea (32). 
Sodium nitrite (590 mg, 8.55 mmoles) was added in small in­
crements over a period of 2.5 hi' to a stirred, ,r>- 1(1° solution of 31 
(280 mg, 0.994 mmole) in 98-100' , formic acid (8 ml). The 
resulting reddish brown solution was stirred cold for 2 hr, poured 
into cold water (20 ml), further stirred for 3 hr at 0-5°, and 
extracted with two 15-ml portions of CTICh. Removal of the 
solvent under reduced pressure left 32 which was triturated in 
petroleum ether and dried in vacuo over P.O.-,; vield 147 mg 
%>()';,). 

N2-KBenzyIoxy)carbonylj-iJL-glutamine Methyl Ester i36i. 
•—A stirred mixture of X"2-[(benzyloxy)carbonylj-i>i.-gliitamine23a 

(35) ('34.3 g, 0.122 mole) and KI1C():,'( 12.3 g, (1.122 mole) in water 
(100 ml) was heated at 75-85° for 1 hr. The resulting solution 
was evaporated to dryness under reduced pressure with heating. 
A stirred suspension of the residual salt (further dried in vacuo 
at about 5 0 ) in D.MF (ISO ml) was treated with iodomethane 
(23 ml, 0.32 mole), heated at 80-85° for 2 hr, and filtered. The 
filtrate was diluted with water (3.5 1.) and chilled. The crystal­
line 36 that formed was washed with water and dried in vacuo: 
yield 33.1 g (02 r , ). The analytical sample was recrysiallized 
from methanol. 

Anal. Oalcd for CdljxX.O.-,: C, 57.13: II, ti.Ki: X. 0.52, 
Found: 0, 57.19; II, 0.19; X',9.52. 

Benzyl i>L-2,6-dioxo-3-piperidinecarbamate (37) was made 
by the published procedure in which racemization of the i, 
isomer was observed.'-3" The yield of reciystailized DL-37, 
rap 132-134°, from DL-36 (15.0 g, 51.0 mmoles) (20-iniu reaction 
in vacuo) was 9.0 g (67%) (lit.231, rap 122-123° ). 

Anal. Calcd for C13H14N204: X, 10.68. Found: X, 10.07. 
DL-2-Aminoglutarimide (38).37— Ilydrogenolysis of 37 was 

carried out according to a published procedure.531' A solution of 
37 (6.8 g, 26 mmoles) in methanol t 170 ml) was shaken with 5'', 
palladium-charcoal (1.7 g) and hydrogen (initially about 50 
psi) for 2 lir with intermittent purging of evolved carbon di­
oxide. Removal of the catalyst and evaporation of the solvent 
in vacuo left 3.0 g (899c) of crude DL-38 as white and greenish blue 
crystals, mp about 140° dee (lit.-3'' nip about 120° dec). With­
out attempted purification, crude 38 was converted to m.-t-
(2-chloroethyl)-3-(2,6-dio.xo-3-piperidyl)urea (39a, see Table I i. 

l-(2-Chloroethyl)-3-(l,2,3,4-tetrahydro-2,4-dioxo-5-pyrimi-
dinyl)urea (Method B).—2-ChloroPthyl isocyanate31 (10.0 ml, 
0.116 mole) was added slowly to a cold, stirred suspension of 5-
aminouracil38 (7.0 g, 0.055 mole) in D.MF (40 ml). The mixture 
was stirred at 10-20° for 3 hr. diluted with CHCf, ('50 nil), and 
stirred at room temperature overnight. The mixture was 
further diluted with CT1C1;1 (50 ml; and chilled. The urea that 
formed as a white solid was collected, washed with three 15-ml 
portions of 2 A" I1C1, water, then ethanol, and dried in vacuo 
over I'.,O0; yield 11.3 g (88%). 

l,l '-p-Phenylenebis[3-(2-chloroethyl)urea] (Method B). 
2-Chloroethyl isocyanate31 (6.0 g, 57 mmoles) was added slowly 
to a 5°, stirred solution of waler-recrystallized p-phenylene-
diamine (3.1 g, 28.5 mmoles) in D.MF (50 ml). The resulting 
mixture, stirred at 5-10° for 30 min and at room temperature for 
3 hr, was thinned with CIIC13 and stirred for an additional 1 hr 
and diluted with hexane to complete the precipitation. The 
crude product was collected, washed with ethanol and then ether, 
and air dried. It was triturated and washed in ethanol and dried 
in vacuo over P20.-,: yield 6.8 g ('75' , !. 

1,1 '-^i-Phenylenebis [3-(2-chloroethyl )-3-nitrosourea I. 
Dry NaN"( >2 (13 g, 190 mmoles) was added in small portions over 
a period of 30 min to a 5°, stirred suspension of 1,1 '-p-phenyl-
enebis[3-(2-chloi'oethyl)urea] (5.0 g, 15.7 mmoles) in 98-100 ' , 
formic acid (300 ml). The mixture was stirred at 5° for 2 hr, 
and the yellow precipitate that had formed was washed with 
water and dried in vacuo over PL>0,-,; yield o.)> g (97%). 

4'-Cyano-l-aziridinecarboxanilide. -p-Cyanophenyl iso­
cyanate32 (10.0 g, 69.4 mmoles 1 was added dropwise lo a 5°, 
stirred solution of ethylenimine (3.6 ml, 70 mmoles) in OHCb 
(100 ml), and the mixture was stirred at room temperature for 
2 hr. The white, solid residue (12.5 g) remaining after the sol­
vent was removed in vacuo vvas taken up in hot benzene (500 
ml): the cooled filtrate deposited 4'-c\ ano-1-aziridinecarbox-

(37) Ky m e t h o d of n.'f 2:d\ 
CIS) Kl'isliell f .abuoilnri .-s. I 'nr l lan. l . Or.-. 

anilide as wdiite needles which were washed with hexane and 
dried in vacuo: yield 10.0 g (77%), mp 135°. 

Anal. Caliai for C l0[IaX3O: (', 04.16: II, 4.S5: N, 22.45. 
Found: ( ' ,64.40; 11,4.72: X, 22.45. 

l-(2-Chloroethyl)-3-(p-cyanophenyl)urea (Method E). 
4'-('yanophenyl-l-aziridineoarboxanilide (10.0 g, 53.5 mmoles) 
was added in small portions to 0°, stirred concentrated HOI 
i 50 ml), and the resulting mixture was stirred at 5-10° for 1 hr. 
The white precipitate was washed with cold water and dried 
in vacuo. The crude product (11.2 g) was dissolved in ethanol 
50 nil) and the cooled solution was diluted with water ("50 ml), 

"l-i 2-Chloi'oelhyl i-3-i/J-cyanophenyl)urea was deposited as white 
needles, which were dried in vacuo over PjO,-,: yield 9.0 g (75',' ). 

/;-Amino-X,N-dimethylbenzamide. Gaseous dimethvlamine 
was introduced into cold benzene (100 ml) until the weight gain 
was 7.5 g (0.17 mole). /(-Aminobenzoyl chloride39 (12.9 g, 0.083 
mole) m benzene (50 ml) was slowly added below 7° with 
stirring. The mixture was stirred at room temperature for 3 hr, 
and the solid that had precipitated was removed and washed with 
two 25-ml portions of benzene. The filtrate combined with 
the washings was evaporated in vacuo, and the orange residue 
was recrysiallized, once from benzene and twice from xylene, 
giving the benzamide as slightly colored needles (3.7 g), mp 153° 
(lit.'" mp 153°;. Additional product f 1 .,s g, mp 154°) was ob­
tained from the original precipitate by extraction into OII('l3 

and recrvstallization from xylene. The total yield was 4 1 ' , . 
Anal.' Calcd for C9I%X%): (', 05.S2: l'i, 7.37: X, 17.00. 

Found: C, 66.01 : II, 7.28: X, 16.92. 
N\N'-Bis(2-chloroethyI)-l,4-piperazinedicarboxamide. 

Piperazine (3.0 g, 35 mmoles) in CIICls (100 ml) was treated with 
2-chloroethyl isocyanate31 (7.4 g, 70 mmoles), stirred at room 
temperature overnight, and chilled. The precipitate was 
washed with cold CHCh, air dried, triturated in water, washed 
with ethanol, and dried in vacuo over P-jO.-,: vield 8.5 g (93"",'). 
mp220°: „*"' (in cm'"1) 1015 (C----0), 1635 (CXH). 

Anal. Calcd for CIMII.SCU.XV):: C. 40.41 : 11,6.10; N, 18.85. 
Found: C, 40.59: 11,6.00: X, 18.67. 

X,N'-Bis(2-chloroethyl)-X,N'-dinitroso-l,4-piperazinedicar-
boxamide.—Sodium nitrite (6.0 g, 87 mmoles) was added in small 
increments to a 5°, stirred solution of X'.X-bisf2-chloroethyl)-] .4-
piperazinedicarboxainide (0.5 g, 22 mmoles) in 98-100% formic 
acid ( 130 ml): the mixture was stirred for 1 hr at 0-5°, resulting 
in the deposition of a white solid. The mixture was diluted with 
water and dried in vacuo over PAX-,: yield 6.2 g (80 ')) , mp 114° 
dec. vKii' 1695 cm- ' iC -- ()). 

Anal. Calcd for C:i4116CbX604: C, 33.81; H, 4.54; CI, 
19.96: X. 23.66. Found: C, 33.9.5; II. 4.54: CI, 20.10; X, 
2:5.22. 

l,3-Bis(2-chloro-l,l-dimethylethyl)urea (42b) (Method F). 
The reaction of ethyl (2-hydroxy-l,l-dimethylethyl)carbamateJ1 

(68.3 g, 0.424 mole) with PCI.-, (177 g, 0.85 mole) was carried out 
according to the procedure of Xajer, et at.,2i for similar conversion 
of ethyl (3-ehloi'opropyDcarbamate. Rapid distillation of the 
reaction mixture through a short column produced first a large 
fraction (mostly POCf.i boiling up to 105° at atmospheric pres­
sure, then a crude product (about 20 ml) boiling at 05-7(C 
(about 30 mm i. Redistillation of the smaller fraction at atmos­
pheric pressure gave 14 g of crude 2-chloro-l,l-dimethylethyl 
isocyanate (about 75 ' , pure by vpc) boiling at 145-150°, v 2260 
(•m- ' lXCOi. 

A port ion of the crude isocyanate (10 ml, estimated 67 mmoles i 
was added to a cold, siirred solution of triethylamine (20 ml) in 
water (125 ml), and the mixture vvas stirred for 1 hr. 'Idle aque­
ous phase was decanted from the semisolid precipitate, which 
solidified after prolonged triturations in water. The crude 
vacuum-dried 42b was recrystallized from acetonitrile-water: 
yield 3.5 g (estimated 44%). 

2-(2-Chloro-l,l-dimethylethylamino)-4,4-dimethyl-2-oxazo-
Iine Hydrochloride ( 4 3 ) . - T h e urea 42b, left standing in a closed 
vial at. room temperature for 3 days, became hygroscopic and 
water soluble; strong infrared absorption at 1635 (C=XT) shifting 
1O 1690 enr ' ((>--••• X'l. A similar shift from 1620 to 1700 cm ' 
was observed in the cvclization of l,3-bis(2-chloroethyl)urea lo 
2-12-chlnroethy Ian lino '-2-oxazolhie hydrochloride12 in boiling 

:tl)i 1.. MrMaMi- r ami Y. Y. Al imann , ./. ,1m. Vl.nn. So,., SO, It". (Kl'JSi. 
Mb II. Wi-nker, ibid., 60, 1081 (19H8). 
I I , A. T. Blninipiisl ami Y. T. F in lo rek . I ' . S. Patent 2, 1S5.XiVi ( l u n i j , 
t.n \ . !•'. M r K a y and M.-K. Kr.Oiiit', i"„,,. ./. f/., ,,,., 37, ,",11-1 il«I.W>. 



November 1966 ANTICANCER HALOALKYL DERIVATIVES OF N-XITKOSOUKEAS 907 

water. Drying in vacuo over P 20 5 afforded analytically pure 
43, mp 105-107° with softening from 90°. 

Anal. Calcd for C9H„C1N20-HC1: C, 44.82; H, 7.52; N, 
11.62. Found: C, 44.69; H, 7.70; N, 11.63. 

Decomposition of l-(2-Chloropropyl)-3-cycIohexyl-l-nitroso-
urea (9) with Cyclohexylamine.—A suspension 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-
lure. The white precipitate was washed with water and dried 
in vacuo over P205 ; identity as 1,3-dicyclohexylurea was estab­
lished by melting point (228°) and mixture melting point with 
an authentic sample. The yield was 180 mg (99%). 

N-Cyclohexyl-2,2-dimethyl-l-aziridinecarboxamide.—Cyclo-
hexyl isocyanate43 (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 P2O5; yield 4.06 g 
(88%), mp 126°. Recrystallization from hexane (125 ml) 
afforded analytically pure needles (3.8 g) with melting point un­
changed. 

Anal. Calcd for Ci,H20N2O: C, 67.30; H, 10.27; N, 14.27. 
Found: C, 67.50; H, 10.58; N, 14.30. 

l-(2-Chloro-2-methylpropyl)-3-cyclohexylurea (Method E).— 
A 10% solution (8 ml) of dry HCl in ether was added to a stirred 
solution of N-cyelohexyl~2,2-dimethyl-l-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 P2O5. 
The crude product (300 mg) was recrystallized from acetonitrile-
water; yield 240 mg (67%,). The structural assignment, based 
on analogy with reported44 products obtained from l-(arylsul-
fonyl)-2,2-dimethylaziridines under similar conditions, was sup­
ported by pmr, homogeneity having been indicated by tic. 

l,3-Bis(Jra?is-2-chlorocyclohexyl)urea (Method C).—A cold, 
stirred solution of iraws-2-chlorocyclohexylamine hydrochloride14 

(2.8 g, 16.4 mmoles) in water (60 ml) was neutralized 
with 50% NaOH solution and treated with 3-(irans-2-chloro-
cyclohexyl)-l-methyl-l-nitrosourea (3.6 g, 16.4 mmoles). The 
resulting suspension was diluted with acetone (60 ml) and 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 P2O5; yield 3.1 g (65%). 

l-(2-Bromoethyl)-3-cyclohexylurea (Method B).—Aqueous 
sodium hydroxide (50%) (5.9 g) was slowly mixed with a cold 
solution of 2-bromoethylamine hydrobromide32 (15.0 g, 0.07 
mole) in water (10 ml). The mixture was stirred at 5° for 10 
min, then extracted with four 50-ml portions of benzene. The 
benzene extract was dried (Na2S04), chilled (0-5°), stirred, and 
treated dropwise with cyclohexyl isocyanate43 (9.15 g, 0.07 
mole). After 1 hr at 5-10°, the white urea that had formed was 
collected, washed with petroleum ether (50 ml), and dried 
in vacuo over P2O5; yield 13.7 g (75%). 

l,3-Bis(2-bromoethyI)urea (Method E).—For 5.5 hr, dry HBr 
was passed through Drierite and into a 0°, stirred solution 
of l,l'-carbonylbisaziridine45 (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 urea as a white solid 
which was triturated 3 min in ice water (25 ml) and dried in vacuo 
over P205 ; yield 7.35 g (61%), mp 124-125°. Weak absorption 
at 1700 c m - 1 indicated slight contamination by 2-(2-bromo-
ethylamino)-2-oxazoline hydrobromide. The product was stored 
in a desiccated container in a freezer to minimize further cycli-
zation. 

l-Nitroso-3-phenyl-2-imidazolidinone (13) by Reaction of 1-
(2-Bromoethyl)-l-nitroso-3-phenylurea (5a) with Cyclohexyl­
amine.—A solution of an isomeric mixture of l-(2-bromoethyl)-
N-nitroso-3-phenylureas (920 mg, 3.38 mmoles; approximately 
75% 5a and 25% 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 (50 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° dee, vKBr 

1 7 5 0 c m - 1 ( C = O ) . 

(43) Carwin Co., North Haven, Conn. 
(44) V. I. Markov and S. I. Burmistrov, Zh. Obshch. Khim., 35, 153 

(1965). 
(45) II. tiestian, Ann. Chem., 866, 210 (1950). 

Anal. Calcd for C9H9N302: C, 56.54; H, 4.75; N, 21.08. 
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 (mp 184-185° dec) obtained in 
96% yield by the nitrosation of l-phenyl-2-imidazolidinone'16 

iu aqueous formic acid. 
l,3-Bis(2-iodoethyl)urea (Method G).—A solution of 1,3-

bis(2-chloroethyl)urea4b (6.5 g, 35.2 mmoles) 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 this point. The precipitate (6.6 g) 
after 24 hr was washed with water and dried in vacuo over P 2 0 5 

leaving 6.0 g of the desired urea, mp 158-160° [lit.47 mp 156-
157°]. Dilution of the acetone filtrate with water (400 ml) 
afforded additional product (3.4 g, mp 155-157° dec); total 
yield 73%. 

Screening Results 

Introduction. -The true measure of the effective­
ness of a drug against a neoplastic disease is the ability 
of the drug to kill the neoplastic cells at dosages that 
are not toxic to the host animal. A quantitative 
evaluation of drug action can be obtained by using 
the L1210 leukemia system in mice.4 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 some instances, cures48 of the leukemia. 
The number of leukemic cells killed can be estimated 
from the observed increase in life span or from 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 struc­
tures such as the nitrosoureas. For example, a reduc­
tion of an inoculum of 105 cells to 102 cells (99,900 cells 
killed) can be called a "3-log kill."49 In the tables 
that follow, the LDio in normal animals (when known), 
optimal doses, percentage of cures, and the "log kill" 
are given. In addition, the compounds active against 
the intraperitoneally injected cells were evaluated 
against 104 cells injected intracerebrally to determine 
their ability to cross the "blood-brain barrier."2b 

Using these standardized tests the greatest log kill 
that can be determined in the intraperitoneal (ip) 
test is 6 and in the intracerebral (ic) test is 5. BCNU 
and l-(2-chloroethyl)-3-cyclohexyl-l-nitrosourea were 
evaluated at higher inocula and found to kill 8 logs at 
their LDio. 

In some cases, cures are obtained at doses greater 
than the LD10 (but smaller than the LD90). In other 
cases when the log kill (5) is great enough to effect some 
cures (20-50%) but none is obtained, the dose must ex­
ceed the LDio and may be close to the LD90 for those 
compounds; toxicity data in normal animals are not 
available for compounds that effected no cures. 

Structure-Activity Relationships.—The l-(haloal-
kyl)-l-nitrosoureas investigated in this study can 
be conveniently divided into six groups for analysis 

(48) A. F. McKay and R. O. Braun, 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 

survival of hosts randomly selected from populations of leukemic mice in 
which 100% of a significant, sample of untreated controls died of the di­
sease.* 

(49) It should be understood that "log kill" is independent of the size of 
the inoculum, whereas the number of cells killed is not.50 

(50) For a detailed discussion of the effect of chemotherapy on the kinetics 
of leukemic cell behavior and of the concept of "log kill," see ref 4. 
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TABU-; I \ ' 

T H E EFFECTIVENESS OF 1-(ITALOALKYL}-1-XFIKOSOI;KEAS A c u x s r 1,1210 LEI KKMIA IMPLAX IEI, 

IXTRAPERITOXEAl . l .V \NT) J X rRACEKEBR \ 1.1.1 '' 

(liwip A 

XCIl,CII2X(XO)COXIICII2CIl,Y 
X = Y = F 
1:1 mixture: X = Cl, Y = F : X = F, Y = Cl 
X = Y = Cl (BCXU) 
1:1 mixture: X = Cl, Y = Br: X = Br, Y = Cl 
X = Y = Br 
X = Y = I 

XCH2CH,.X(XO)COXHH 
It. = cydohexyl 

X =' V 
X = Cl 
X = Br 

U. = 2-iiorl)(iniyl 
X = F 
X = Cl 

I! = l-adamantyl 
X - F 
X = Cl 

II = phenyl 
X = K ' 
X - Cl 
X = Br 

7. 1 

-114 

:)0 

:>4 

.id 

2:54 

; - . ) ( ' ) 
.is 

li 7 I 
20 t 

25 :-;o i 

7.(1-77) ( 

20<l 

I n a c t i v e 

:.!()- 47, ( 
40-7)0 ( 

:;oo 

4(1-511 ( 

5S-02 ( 

1ST 

(12 ( 

Is 4 

: ; ( , : 
222 

(7)0 (idi 

00 1.00 

0 -100 

(100) 

20 

70 00 
SO 100 

C!0i 

(00 -10(1 
( 1001 

(20) 

('701 

0 

o 
0 

Croup B 

ClCri(CIl3)CHoX"HCOX(XO)CH2CII(CII: i!Cl 
(>C6H11NHCON(XO)CH,CH(CH3)Cl 
C6lT5XIICON(NO)CH2CH2CH.2Cl 
Cl(ClT..)3N(NO)COXHC6H4(NHCOX(XO)(Cir2)3Cl)-/> 
(>C6HuXHCOX(NO)CH2CH2CH2Cl 
C1CH,CH( C2H5)XHCON(NO)CH( C21 h )C II2C1 

NHCON'NO 

<4 ^> 

10(10 

77.0 

200 

Inac t i ve 

Inac t i ve 

Inac t i ve 

I uac t ivc 

20 
(I 
0 X 

X 
X 
X 

CF3C: II2XI IC( )X( XO )C 112C F; 
f -CjruXCOXCH,CF 3 

L._J 
H | XT0 ( m i x t u r e ) 

I n a c t i v e 

I n a c t i v e 
X 
X 

Cmup C 

K.C6H,X HCON( XO )CII2CII2C1 
Ti = 2,6-dimethvl 

P-C0N(CII3)2 

p-CHfi 
i/i-CHjO 
p-Cl 
m-Cl 
,,-V 
;cCI7 
l>-CS 
p-COCU, 
p-OOsCoII, 
/,-C02H 
»(-C02H 
p-CTI2C0,II 
p-SCH2C02TI 
o-Cl 
m-X02 

?)-S02F 
II 

HXIICOX(XO)CII2CII2CI 
"II = 2-naphthyl 
li, -- S-quinolyl 

40 
40 
77) 

100 
27, 

, 7, 

17)11 

0 

:;o 
42-18 

26 

IS 

50 

20 

125 

:!c, 

i 70) 

(70i 

0 

(20) 

(10) 

0 

(20) 

0 

(20) 

{20! 

C50) 

cjo; 

(20) 

CiO) 

(20) 

0 

(I 

0 

0 

0 

0 
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Structure 

RNHCON(NO)CLUCH.,Cl 
ft = H 

cyclohexyl 
4-methyleyclohexyl 
3-methylcyclohexyl 
3,3,5-trimethylcyclohexyl 
iraras-4-t-butylcyclohexyl 
£rans-2-chlorocyclohexyl 
ci.s-2-chlorocyclohexyl 
1-ethoxycarbonylcyclohexyl 
bornyl 
2-norbornyl 
1-adamantyl 
cyclopentyl 
1-methylcyclopentyl 
2-indanyl 
cyclododecyl 

TABLE IV (Continued) 

LDio,6 

mg/kg 

Group D 

8.3 
50 

<02 
~ 1 4 3 

<1000 
69 
61 

58 

100 

1190 

OD,° 
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 

Ip (10« cells) 
Log kill1* 

5 
G 
6 
6 
6 
6 
6 
6 
6 
3 
6 
6 
5 
6 
5 
5 

% curese 

40 
20-100 
90-100 
70-100 

100 
20-80 
30-90 
80-100 
70-80 

0 
100 
(70) 
(30) 

(100) 
(30) 
(30) 

Ic (10« 
Log kill 

4 
5 
4 
5 

Xot tested 
4 
4 
5 
4 

Not tested 
5 
0 
5 
5 
2 

<2 

cells) 
% cures 

20 
80-100 
20-50 
50-80 

20 
(50) 

30-70 
20 

80-90 
0 

(70) 
(90) 

0 
0 

Group E 

CNU« 

CNU 

CNU 

H02C 

CNU-

W 
CNU 

NU 

H3C CH, 

C N U — £ > - C N U 

H3C CH3 

CNU-

CNU-A ^ 0 - ^ j > - C N U 

CNU 

CNU 

U 
CNU 

C 

q 
CN 

P 
FNU" 

10 

1500 

1000 

255 255 

243 150 

0 Xot tested 

26-40 5 (30) 

370 600 5 (50) 

500 500 5 0-20 

80-250 6 (100) 

<2 

<2 

(20) Xot tested 

(30) 

100 

80 

60 

(50) 

FNU 

ClCH2CH,(NO)NCON NCCWNCOCHjCHjCl 50-100 2 0 Not tested 

HN 

A-
CNU Group F 

H 

H / 

0=< V - CNU 

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

40 0 (70) 

12-16 £ 6 (100) 

2500 (50) X'ot tested 

(80) 

" A detailed description of these screening procedures may be found in ref 4. b LDM is defined as the dose required to kill 10% of a 
test grovip of normal animals as determined from log dose, probit mortality plots. The fit of the line to the data was obtained with a 
computer program designed to approximate a least-squares fit by successive approximations. ' OD is defined as the optimal dose for 
the therapeutic effect observed, i.e., greatest log kill, largest per cent cures. d Defined in text. " For the definition of a cure see footnote 
48. * Parentheses indicate only one determination. » CNU = 3-(2-chloroethyI)-3-nitrosoureido, F N U = 3-(2-fluoroethyl)-3-nitro-
soureido. 
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of s t ructure-act ivi ty relationships.31 The compounds 
listed in group A of Table IV show the effects of varying 
the halogen at C-2 of an ethyl side chain. There ap­
pears to be little difference between the fiuoro and 
chloro compounds. Both types are more active than 
the bromo compounds, and the only iodo compound 
studied was inactive. The bromo compounds, al­
though quite active against L1210 implanted intra-
peritoneally, are all inactive against the intracerebrally 
implanted cells. A possible explanation for this ob­
servation might be tha t the bromo compounds have a 
greater tendency to cyelizo to inactive structures. 
When injected intraperitoneally these compounds are 
able to kill cells injected into the peritoneal cavity, 
but cyclize during the trip to the brain and before they 
can cross the blood-brain barrier. 

Compounds with variations in the alkyl group 
at tached to the nitrosafed nitrogen comprise group B. 
Although the 2-chloropropyl group gives rise to active 
compounds, the extremely high optimal doses (1000 
and 750 mg/kg) indicate tha t this group is less effective 
than the 2-chloroethyl group. Other variations such 
as transfer of the chlorine atom to C-3 of the propyl 
group or attachment, of an ethyl group to C-l of the 2-
chloroethyl group result in essentially inactive com­
pounds. 

The aromatic nitrosoureas of group C show a wide 
variation in activity, killing 2-G logs of cells; but most 
of these compounds kill between 3-5 logs. Against the 
intracerebrally implanted cells, they are much less 
effective, killing less than 9 9 % of the cells and effecting 
no cures. The presence of an aromatic ring seems to 
interfere with passage across the blood-brain barrier. 

On the other hand, the most active nitrosoureas are 
found among the cycloaliphatic compounds of group D. 
With one not easily understood exception, the bornyl 
compound, these compounds all kill 5 or 6 logs of cells 
and most of them kill 6 logs. .Most of the compounds 
tested against the ic disease killed 4-5 logs. A notable 
exception is the adamantyl compound which is highly 
active against the ip disease, but inactive against the 
ic disease, in spite of the great lipoid solubility imparted 
by the adamantyl group. 

(.{roup E contains the compounds bearing two 1-
(2-chIoroothyl)-l-nitrosoureido groups. The more ef­
fective aromatic compounds are found in this group, 
and the two bisureido cycloaliphatics are about as good 
as the best mono compounds. The piperazine deriva­
tive, which has no protons on its ureido nitrogens, is 
inactive. 

All the miscellaneous structures in group F are quite 
active against the ip disease, but the uracil derivative 
as expected, was inactive against the ic disease. On 
the other hand, the glutarimide derivative, with rather 
low lipoid solubility, is highly active against the ic 
cells.52 This result and the lack of activity of the 
adamantyl derivative indicate tha t our original sug­
gestion about the relationship of lipoid solubility to 
the ability of a compound to cross the blood-brain 

(,">1) In a p rev ious report2*1 the ac t iv i ty of a va r i e ty of 1-subst i tu ted 1-
n i t rosoureas was descr ibed. Of t h a t g roup 1 .3-bis(2-chloroethyl) - l -n i t ro-
sourea showed t he h ighes t degree of ac t i v i t y . 

(~)2) G i u t a m i n e , b u t nut g lu t amic ar id , is known to p e n e t r a t e uutny cells 
as well as the b l o o d - b r a i n barr ier .5* 

(f/,5) A. W h i t e , P . Hand le r , K. L. Smi th , and I ) . S t e t t e n . J r . . "Pr inc ip les of 
B iochemis t ry , " M c f i r a w - l l i l l Book Co. , Inc. , New York, N. Y., 1951, \, 

barrier is in need of modification. Other factors, such 
as the rigid geometry"'4 of the adamantyl moiety, must 
now be considered. 

Out of thi.-, study have come fifteen l-[2-(chloro 
or fluorojethyl ]-l-nitrosoureas, in addition to BO XT. 
that can effect 90 100% cures of mice injected intra­
peritoneally with !()•' L1210 leukemia cells at their U),„ 
or lower doses. Of these, nine-''-'' are almost as effective 
against, these cells (1()4) implanted intracerebrally. 
These compounds are listed in Table V. Willi one 

TABLE V 

THE MOST EFFECTIVE XiTuosot'REAs .u;.w\sr 
L1210 LEUKEMIA 

c„„M„|» 

OlOIlsUlI-CNU (BCNCi* 
CICH.2CH2FXU and FC1I-.CI1..CM;* 
BrCH2CH2CNU and ClCHiCIhtBXU 
1-Ylethylcy clopen tyl-CX U * 
Cyclohexyl-CNU*" 
Cyclohexyl-FNF* 
3-MethylcyelohexyI-CNT'* 
4-Methylcyclohexyl-ONl. 
3,3,5-Trimethylcyt'lohexyl-CNU 
OT-2-Chlorocyclohexyl-CNU 
irar!S-2-Chloronyclohexyl-CNU 
2-Norbornyl-CNU* 
2-Xorbomyl-FNI; ' 
fr«.rw-I,4-Cyclo]iexylenel)is(CXr) 
^'a«s-l,4-CycloliexyIeiiebis(FXU) 
2,6-Dioxo-3-piperidyl-CXU* 

ip 

u inn'' 
90-100 

100 
100 

NO--100 
70-90 
70-100 
90-100 

too 
30-90 
80-100 

100 
90-100 
(TOO) 
1.100) 

too 

Ic 

(). 100 
r>o- 90 

n 
90 

20-100 
60-100 
50-80 
20-50 

Not, tested 
(50) 

30-70 
80-90 
80-90 

1 00) 
1 (50) 
80 

-' CSV = 3-t2-chloroethy])-3-nitrosoureido, BNU = 3-(2~ 
bromoethyD-U-uitrosoureido, FNU = 3-(2-mioroethy].)-3-nitro-
soureido. The asterisk indicates the compound is effective in 
the ip and ic tests. '• Includes early experience with BONC. 
hater data indicate that a high percentage of cures can be con­
sistently obtained with this compound. 

exception, the glutarimide derivative, those highly 
active structures are aliphatic or cycloaliphatic com­
pounds. 

The problem now to be faced is that of selecting a 
limited number of these structures for further study 
in higher animals and perhaps in man. If suggestive 
differences in host toxicity are truly significant, they 
may form the basis for such a selection. 
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The lithium aluminum hydride reduction of a-
amino acid esters by Karrer, et al.,2 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 
Pohm demonstrated later that a direct reduction of 
amino acids could be achieved similarly.3 Thus, in 
the present work, 2-amino-l-pentanol (1, R = n-C3H7) 
was obtained by the reduction of both ethyl DL-nor-
valinate and DL-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-propanol4 (1, R = CeHsCjy from DL-phenyl-
alanine] and (2) refluxing 48% hydrobromic acid6 [as 
with L-leucinol (1, R = I'-CIHQ) from L-leucine], or 
indirectly by the hydrobromic acid ring opening of 
the aziridine derived by the Wenker method6,7 [as with 
DL-valinol (1, R = i-CzHj) from DL-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. S. Army Medical Research 
and Development Command under Contract No. DA-49-193-MD-2028. 

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

(3) O. Vogl and M. Pohm, Monatsh. Chem., 83, 541 (1952). 
(4) W. J. Gensler and J. C. Rockett, ,/, Am. Chem. Soc, 74, 4451 (1952). 
(5) F. Cortese, "Organic Syntheses," Coll. Vol. II, John Wiley and Sons, 

Inc., New York, N. Y., 1943, p 91. 
(6) (a) H. Wenker, J. Am. Chem. Soc, 57, 2328 (1935); (b) P. K. Fanta, 

"Heterocyclic Compounds with Three- and Four-membered Rings," Part 
One, A. Weissberger, Ed., Interscience Publishers, Inc., New York, N. Y., 
1964, pp 528-532. 

(7) T. L. Cairns, / . Am. Chem. Soc, 63, 871 (1941). 

preparation of some of the intermediates and products 
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radioprotective compounds.8 The syntheses outlined 
in Chart I were based on 2-aminoalkanols derived 
from common amino acids; a subsequent synthesis 
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.12 

Commercially available 2-amino-2-methyl-l-propanol 
(12) and later 2,2-dimethylaziridine (13, R = CH3) 
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,9 S-2-aminoethylthiosulfuric 
acid,10 and S-2-aminoethylphosphorothioic acid.11 

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

(10) R. Holmberg and B. Sorbo, Nature, 183, 832 (1959). 
(11) (a) B, Hansen and B. Sorbo, Acta Radiol., 86, 141 (1961); (b) S. 

Akerfeldt, Acta Radiol, Therapy, Phys. Biol., 1, 465 (1963); Chem. Abstr., 
60, 13534 (1964). 

(12) (a) .1. R. Piper and T. P. Johnston, J. Org. Chem., 28, 981 (1963); 
(1)) 1). L. Klayman, J. W. Lown, and T. R. Sweeney, ibid., 30, 2275 (1905); 
(c) G. R. Handrick, E. R. Atkinson, F. E. Granchelli, and R. J. Bruni, / . 
Med. Chem., 8, 762 (1965); (d) H. Gershon and R, Rodin, ibid., 8, 864 
(1965). 
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The utility of a-amino acids as intermediates in multistep syntheses of derivatives of 2-aminoethanethiol 
as potential antiradiation agents has been further demonstrated; the types of compounds synthesized included 
S-substituted derivatives of 2-aminoalkanethiols, 2-amino-2-methylalkanethiols, and 1-aminocycloalkane-
methanethiols—chiefly inner Bunte salts and phosphorothioates—and cyclic dithiocarbamates, in addition to a 
number 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 l,4-diamino-l,4-cyclohexanedi-
methanethiol diphosphate (40), which involved hydrolysis of the corresponding bis(phosphorothioie 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 (16c), and tetrahydro-lH,3H-thiazolo-
[4,3-c] [l,4]thiazine-3-thione (29). 


