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ABSTRACT : A series of new N3-(substituted) derivatives of CCNU was synthesized with the aim of producing
more stable compounds with increased cytotoxicity. The nitrosoureas produced in this study were much more
stable in aqueous medium than CCNU (15 to 100 times longer half-lives). The decomposition of these
nitrosoureas seems to be different in that they produce the original amine plus other decomposition products.

The 2-chloroethylnitrosoureas are among the most active anticancer drugs in many experimental
leukemia and solid tumors."®* Their clinical activity has been established for a broad spectrum of human
malignancies, including lymphomas, melanomas, acute lymphocytic leukemias, multiple myelomas, gliomas
and gastrointestinal neoplasms.?**

CCNU (1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea), synthesized by Johnston er al.,® has been used
to treat human cancers since the mid seventies. It has a short in vitro chemical half-life of approximately 2
hours and an even shorter in vivo chemical half-life of less than 15 minutes.2”® CCNU is quite labile in aqueous
media, having a t, 45 of 50 minutes at room temperature.® The toxicity of CCNU, chiefly thrombocytopenia and
leucopenia, is one of the major factors limiting its use against cancer.' The production of organic isocyanates
during the breakdown of the 2-chloroethyl-nitrosoureas, is believed to be one of the factors which determines
their toxicity.!%!"1?

The goal of this study was to produce derivatives of CCNU that would be more stable in vitro and in
vivo while remaining cytotoxic. We undertook a systematic study of the activity and the toxicity of N°-
(substituted) derivatives of CCNU. These compounds were shown to possess a longer chemical half-life and
should not produce organic isocyanates during their decomposition, making them possibly less toxic.

We report here the synthesis and some physico-chemical properties of a series of new N°-(substituted)
derivatives of CCNU. The coumpounds have been submitted to the US-NCI primary antitumor drug screen.

The antitumor activity and toxicity of these derivatives will be published later.

MATERIALS AND METHODS

Capillary melting points were determined on a Biichi 535 melting point apparatus and are reported
uncorrected. Flemental analyses were performed by the Guelph Chemical Laboratories and are within +0.4%
of theorical values. IR spectra were determined on a Perkin-Elmer 710A spectrophotometer and 'H NMR
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spectra were determined on a Varian VXR-300 spectrophotometer using the deutarated solvent (CDCl,) as
internal standard. UV-VIS spectra were recorded on a Hitachi U-2000 spectrophotometer. Refraction index
were determined on a Bausch & Lomb refractometer at 20 °C.

General procedure for the synthesis of the ureas (Table 1): To a cooled (0-5 °C) solution of the amine (0.1
mol) in the appropriate solvent was slowly added 0.1 mol (10.55 g) of 2-chloroethyl isocyanate. The solution
was stirred for 3 to 4 hours on an ice bath. The solution was filtered and the white solid was dried overnight
over P,O;. A recrystallisation was sometimes necessary.

Table 1 - Characteristics of the ureas.

CICH,CH,-NH-CO-N(cHe)R
R YIELD M.P. (°C) 'H NMR ANAL,
(%) (CH,CH,C))

m Me 44 89.6-91.1 53.61 (m) C, H, N (C,H,,CIN,0)
Q@ -Et 74 89.5-90.1 3.64 (m) C, H, N (C,H,CIN,0)
) Pr 58 86.4-87.7 3.54 (m) C, H, N, (C;H,CIN,0)
@ -iPr 78 112.2-113.4 4.72 3.96 (20) C, H, N, (C;HxzCIN,0)
®) -iBu 63 73.2-76.5 3.66 (m) C, H, N, (CHyCIN;0)
©) -tBu 53 73.7-77.1 3.63 (m) C, H, N, (C,;H,CIN,0)
%) -cPr 31 144.1-149.3 3.65 (m) C, H, N, (C;;H,CIN;0)
® -cPe 35 89.9-91.1 4.72 3.98 (21) C, H, N, (C,H,CIN,0)
) -cHe 54 87.2-90 0 4.71 3.96 (29) C, H, N, (C,H,,CIN;0)
10) -CH,CH,0H 62 80.9-83.6 3.67 3.57 (21 C, H, N, (C,H,CIN,0,)
an «(CH,),0H 83 148.0-151.5 3.84 (m) C, H, N, (C;;HxCIN,0,)
12 -CH,CHOHCH, 63 95.5-96.1 3.59 3.48 (2m) C, H, N, (C;;HxCIN,0)
13) -CH,CHCH, 34 78.9-80.5 3.53 (m) C, H, N, (C,H,CIN,0)
14 -CH,CCH 28 92.4-95.4 3.66 (m) C, H, N, (C,H,CIN,0)

General procedure for the synthesis of the nitrosoureas (Table 2): To a cooled (-20 to -10 °C) solution of the
amine (0.005 mol) in the appropriate solvent was slowly added 0.005 mol (1.34 g) of N-(2-Chloroethyl)-N-
Nitrosocarbamic acid N’-Hydroxysuccinimide ester. The solution was stirred for 7 to 8 hours at low (-10 to
0 °C) temperature. CHCI; was added and the solution was then extracted with a 5% HCI solution, water, a
saturated NaHCO, solution and finally water. The solution was dried over MgSQ,, filtered, and concentrated
in vacuo to afford the crude nitrosourea.

Chemical half-life determination: The chemical half-life of the N-Nitroso compounds were determined by

following the change of absorbance of solution during incubation at 37 °C. The solutions were prepared by



N>-(Substituted) derivatives of CCNU 2355

dissolving the compounds in absolute ethanol and then adding 19 volumes of phosphate buffer, pH = 7.4.
Absorbances were determined at wavelenghts near 400 nm corresponding to the absorption maxima for the
respective compounds.

Table 2 - Characteristics of the nitrosoureas.

CICH;CH,-N(NO)-CO-N(cHe)R
R YIELD IR (NNO) 'H NMR ANAL.
(%) (em) (CH,CH,CI)

as) Me 91 1480 54.13 3.67 (20 C, H, N (C,H,CIN,0;)
(16) -Et 93 1500 4.12 3.67 @) C, H, N (C,H,CIN,0,
an Pr 84 1450 3,76 (m) C, H, N, (C,;H,CIN,0)
(18) -iPr 64 1450 4.74 4.05 29 C, H, N, (C;HxCIN,0,)
19 -iBu 76 1450 4.10 3.60 (20) C, H, N, (C;H,CIN,0,)
20 -Bu 7 1460 4.35 3.90 (29) C, H, N, (C;;H,CIN;0,)
@n -cPr 68 1450 4.11 3.58 (29) C, H, N, (C,HxCIN;0)
22 -cPe 4 1460 4.75 3.98 () C, H, N, (C,H,CIN;0)
@3) -cHe 7 1450 4.73 3.98 (29 C, H, N, (C;HxCIN,0)
4 -CH,CH,0H 66 1430 3.68 3.52 (20) C, H, N, (C,HxCIN,0,)
@5 -(CH,),0H 50 1450 3.71 3.54 (20) C, H, N, (C,,H,,CIN,0,)
(26) -CH,CHOHCH, 51 1420 3.59 3.06 (20) C, H, N, (C,H,CIN,0,)
@n -CH,CHCH, 58 1420 3.60 3.49 (2m) C, H, N, (C,;HxCIN,0,)
28) -CH,CCH 7 1420 4.13 4.10 2 C, H, N, (C:HCIN,0)

Partition coefficient determination: The apparent partition coefficients of the ureas and the nitrosoureas were
determined in a 1-octanol phosphate buffer (pH 7.4, u = 0.5) system. The phosphate buffer and 1-octanol
solutions were mutually saturated at 20 °C before use. The compounds were dissolved in the 1-octanol phase
and the octanol-buffer mixtures were shaken for 3 hours at 37 °C to reach distribution equilibrium. The phases
were separated by centrifugation and, for the nitrosoureas, the absorbance of each phase were determined at
wavelenghts near 400 nm corresponding to the absorption maxima for the respective compounds. For the ureas,
the refraction indexes were determined at 20 °C. The concentrations of the respective compounds were
determined from a calibration curve previously prepared using five different concentrations (correlation
coefficient 0.95 - 0.99). The partition coefficients were calculated as Log P."

Decomposition of compound (16): A solution of 0.0068 mol/L of compound (16) in a mixture of ethanol and
phosphate buffer (pH 7.4, u = 0.5) was kept at 37 °C for more than 600 hours (26 days). The solution was
then concentrated in vacuo, and the residue was developed on a Polygram SIL G/UV,, silica gel by 17:3:1
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(v/v) n-butanol-acetic acid-water. The thin layer chromatography was sprayed with ninhydrin to visualize the

spots.

RESULTS AND DISCUSSION

Figure 1 illustrates the pathways used for the synthesis of the ureas and the nitrosoureas. The reaction
between the N-(substituted)-cyclohexylamines (29) and 2-chloroethyl isocyanate (30) produced the 2-
chloroethylureas (1-14) in good yields. The nitrosation of these ureas with sodium nitrite in formic acid did not
produce acceptable yields. Steric hindrance could be one of the factors involved. We decided to prepare the
nitrosoureas by the nucleophilic attack of the N-(susbtituted)-cyclohexylamines (29) on the active
nitrosocarbamate (31)." The yields of these reactions were generally very good.

C1-CHy- CHp-NH-CO-N

(1-14)

NHR
Neg
29 A

R

R
~ -
Cl- CH3-CH»3- N(NO)- CO- N
——
O aww )

a, CICHpCH2CNO : b, CICH2CH2 N(NO)-CO-0- N + ¢, NaNO, / HCOOH

(30)

@3y

Figure 1 - Synthesis of the ureas and nitrosoureas.

As shown in Figure 2, the decomposition of these nitrosoureas followed first order kinetics over several
half-lives. The values of the chemical half-lifves of the nitrosoureas are shown in Table 3. In our hands, the
half-life of CCNU was 125 + 20 minutes (2.09 + 0.26 hours). This value is in agreement with the value of
117 minutes published by Heal et al.®
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Figure 2 - First-order plots of the decomposition of CCNU and N*-(substituted) derivatives of CCNU.
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Table 3 - Physico-chemical properties of the ureas and nitrosoureas.

UREAS NITROSOUREAS
Log P Log P t,, (HOURS)
) 1.41 as) 0.97 47.8
@ 0.84 6) 1.38 131.7
@ 2.49 an 1.91 69.8
@ 2.36 18) 1.78 32.9
[6) 1.93 19 2.23 70.2
© 3.03 @0 2.46 N.A.
Q) 3.20 @1 1.63 63.0
@® 3.34 @2 2.77 206.0
® 4.03 @3) 3.46 62.6
10) 0.04 Y} .61 37.6
an 0.50 @5) 0.07 N.A.
12 0.37 26) 0.20 43.3
(13) 1.48 @n 0.91 29.1
(14) 0.15 28) 0.42 76.8
CCNU 2.83 2.1

As can be seen from these data, the N* substitution produces much more stable derivatives than CCNU
in an aqueous medium. In fact, the half-lives of these derivatives were 15 to 100 times longer than CCNU. The
structure and the half-life relationship in this series could not be understood in mechanistic term.

It has already been shown by Hansch ef al.'’ that the lipophilic character of the nitrosoureas is the most
important parameter determining their antitumor activity. In this publication, Hansch ef al. also pointed out that
the more hydrophilic neutral congeners might yield analogues with a better therapeutic index.'® Based on the
Log P values shown in Table 3, compounds (15), (24), (25), (26), (27) and (28) should be the most interesting
nitrosoureas in this work.

Among the recently developed potential anticancer agents, some ureas, precursors of the nitrosoureas,
were shown to have anticancer activity'®'"!* contrary to what was originally believed.>!® Again, based on the
Log P values shown in Table 3, the most interesting ureas should be compounds (2), (10), (11), (12) and (14).

Finally, the decomposition of compound (16) during more than 600 hours in a buffered solution (pH
7.4) gave the starting amine (Rf = 0.296) as one of the ninhydrin positive decomposition products. This
demonstrates that the decomposition of compound (16) is following a different decomposition path than the non-
N>-(substituted) nitrosoureas. However, the thin layer chromatography also gave three other ninhydrin positive
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decomposition products (Rf = 0.188, 0.114 and 0.068). These products are not the starting nitrosourea (16)
(Rf = 0.160) nor is it the urea (2) (Rf = 0.772). The determination of the structure of these three less polar

products is in progress in our laboratory.

CONCLUSION

We synthesized a series of N3-(substituted) derivatives of CCNU in order to assess their chemical
stability and toxicity and to verify whether they remained active against cancer. These derivatives were much
more stable in aqueous medium than CCNU as shown by their 15 to 100 times longer half-life compared to
CCNU. The decomposition of these derivatives seems to be different in that they produce the original amine
plus three other decomposition products. The determination of the structure of these products is currently being
investigated in our laboratory. Finally, based on the Log P values shown in Table 3, the most interesting
nitrosoureas in this study should be compounds (16), (25), (26), (27), (28) and (29). The antitumor and toxic

activities of these derivatives are currently being investigated.
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