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CONFORMATIONS OF THE ANTITUMOR AGENT 1-(2-CHLOROETHYL)-3-CYCLOHEXYL-1-NITROSO-
UREA IN SOLUTION STUDIED BY !SN-NMR

J. William Lown* and Shive M. S. Chauhan,
Department of Chemistry
University of Alberta
Edmonton, Alberta, Canada T6G 2G2

ABSTRACT A study of the 15Nnmr spectra of the anticancer agent 1-(2-chloro-
ethyl)-3-cyclohexyl—-l-nitrosourea (CCNU) employing both a natural abundance
and selectively !'°N enriched CCNU permitted assignment of }5N-resonance and
its conformation relevant to its mechanism of action.

The initial abstraction of the NH proton from the clinically useful anti-
tumor agents 2-chloroethyl-l-nitrosoureas (CENUs e.g. la-c) leading to the forma
tion of reactive electrophiles which attack cellular macromolecules appears to
underlie their biological activity.1 The selection of a particular pathway of
decomposition, of which three have been proposed,l depends in part on the con-
formation of the CENUs in solution and the concomitant control of, for example,
their propensity to cyclize and the type of chloroethylated diazotate produced.
The unique chemical role of the nitrogens in these agents together with the
high sensitivity of 15N nmr to molecular interactions, hydrogen bonding and
dynamic changes in solution make 15N nmr especially attractive and informa-

tive.2 We report the 15N nmr study, both natural abundance and selectively

lSN enriched of the conformation and solvent interactions of l-chloroethyl-3-

cyclohexyl-l-nitrosourea (CCNU, la) as it pertains to its chemical reactivity.
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The prtoton decoupled natural abundance 15N spectrum of 1M solution of CCNU in
CHCl3 containing 0.1M Cr(AcAc)3 in a 20 mm diameter tube was obtained on 86K
scans on a Bruker WH-200 spectrometer operating at 20.285 MHz using ammonia as
reference and 10~20% CDCl3 as lock signal. The spectrum showed the amide nitro-
gen resonance at § 103.1 (see Table) which is within the range of alkyl ureas

3
and alkylamide 15N chemical shifts. CCNU (2a) selectively enriched at N-3 and
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(la and 2a)

TABLE
15\ Chemical Shifts of ccnu?
Solvent (conc.) SNH
CHCl3 (1M) 103.1
CHCl3 (0.01M) 103.6
CF3CH20H (0.01M) 106.5
Dioxane (0.01M) 103.7
Dioxane:H20 (0.01M) 103.7
DMSO (1M) 107.7
DMSO (0.01M) 107.5
DMSO:HZO (0.01M) 108.0
a. Proton decoupled spectra are repo
and to (+ 0.05 ppm). Approximat

for natural abundance and approximately 1K scans for

riched CCNU.

b.
dance spectrum at 0.1M and with t
at 25-50 mM.

c. Owing to enrichment in N-3 and N=

is not observed for the concentra

used.

§ N SN=0
268.4 560.2
c 559.9
c 561.9
c 562.4
c 563.4
269.5 564.5
c 564.6
c 564.5

3 as standard

ely 86K scans were required

15N en-

rted using NH

The relaxing agent Cr(AcAc)3 was used in the natural abun-

he 15N enriched spectrum

0 in 2a the enriched N-1

tion and the number of scan

in the NO group was prepared as shown employ

Merck, Sharpe and Dohme.

ing 5N precursors available from

c 6H515NH2 —-——————»54 K/A10 c 6H1115NH2 —-————»ONCCHZCHZCl C6H1115NHCONHCH2CH2C1
H2 12 hr
(957 enrichment) 15 15
C6Hll NHig _CHZCHZCl Na NOZ/HCOZH
2a NO (95% enrichment)

This compound provided confirmation of the

. , . 1
mitted detection of coupling constants " Jis

2
and JISN—'H =
coupling constants showed a solvent dependenc

92.

N-

1
Jisy_1y =
change in value of the one bond coupling may

dimethyl sulfoxide (DMSO) were

of the N and a consequent increase in double

a . . . . .
bond which is in accord with its tendency

1.80 Hz (two bond coupling) in CC14.

15 .
N resonance assignments and per-

'y < 90.5 Hz (one bond coupling)
The values of the latter

e and in the more polar solvent

5 Hz and 0.6 Hz. The

2

JISN—'H
indicate an increase in S characte
bond character of the amide R-~-N-C

to cyclize to an oxazolidine.
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Similarly the observed decrease in the two bond coupling upon increasing the
solvent polarity may include this factor in addition to the association of
the polar DMSO with the nitrogen lone pair.5 The magnitude of the coupling

2 . .
JlSN—'H is close to that of the tramns coupling constant

constant in DMSQO for
average 6 and thus the conformational assignment is in agreement with X-ray
diffraction data on MeCCNU(LE).7

The chemical shifts of the N-1 and N=0 15N signals appear downfield
relative to that of aliphatic nitrosoamines and closer to those of aromatic
nitrosamines 8 which may indicate substantial electron delocalization due to

the acyl group. There 1s no detectable between the N=0 nitrogen

3
JISN—'H
and the protons alpha to N-1 either in CHCl3

aqueous DMSO. This indicates that the chloroethyl group is syn to the

or in polar solvents like

N=0 group as has been reported in the case of nitrosoamines, sydnones and syd-
nonimines.9 In addition upon sequential dilution in CHCl3 (0.1M > 0.01M ~
5mM) with the 15N-enriched CCNU there is no change in the chemical shifts of
the N=0 nitrogen, indicating that there is no hydrogen bonding with the N=0
group in nonpolar solvents, in contrast to the anti hydrogen bonded conformati
that is conventionally depicted for these compounds.l However one observes a
downfield shift in the resonance due to the N=0 nitrogen upon increasing
(559.9), dioxane (562.4), dioxane-H,O

3 2
(563.4) to DMSO (564.6) which may indicate a rotation about the N-N bond under

solvent polarity and basicity from CHCL

the influence of base attack. The slow decomposition of nitrosoureas in

1,4 and in the basic solvent DMSO 10 does not permit a

aqueous solutions
definitive answer to this point at present.

These conclusions on the average conformation of CCNU in solution favor
the decomposition pathway involving generation of the 2-chloroethyldiazohydr-

oxide.
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