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0.5 h an equal volume of petroleum ether was added, and the 
crystalline product was collected to give 21.22 g (mp 128-130 OC. 

J .  Med. Chem. 1985, 28, 1346-1350 

Drs. R. Thompson and R. Olsson (University of South 
Florida. TamDa). 

lit.21 mp 131-132 O C ) .  

Biochemical Assay. Inhibition of binding of 1 nM p- 
[3H]cyclohexyladenosine was assayed as describedazz Inhibition 
of binding by a range of concentrations of each adenosine analogue 
was assessed in triplicate for a t  least two separate experiments, 
and the IC5o values were estimated graphically for each experi- 
ment. 

I ,  
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New Cysteamine (2-Chloroethyl)nitrosoureas. Synthesis and Preliminary 
Antitumor Results 
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Three chemical pathways were used for the synthesis of four new N'-(2-chloroethyl)-N-[ 2-(methylsulfinyl)ethyl]- 
and N'-(2-chloroethyl)-N-[2-(methylsulfonyl)ethyl]-N- or -"-nitrosoureas. These compounds are plasma metabolites 
of CNCC, a promising antineoplastic (2-chloroethyl)nitrosourea. Preliminary antitumor evaluation was performed 
against L1210 leukemia implanted intraperitoneally in mice. Among these compounds, two of them exhibited a 
greater antitumor activity compared to that of the parent mixture. 

(2-Chloroethyl)nitrosoureas, a class of very active an- 
titumor agents, are of interest for the treatment of gliob- 
lastoma, Hodgkin's disease, non-Hodgkin's lymphoma, 
bronchial carcinoma, and gastric cancers.'-5 To date the 
most widely used in cancer chemotherapy are BCNU, 
CCNU, and MeCCNU. Among the several compounds of 
this important series, the more effective agents chloro- 
zotocin, ACNU, MeCCNU, and RFCNU have undergone 
phase 1-11 clinical trials.6 They were selected on the basis 
of their wide spectrum of activity. CNCC (Chart I), a 
recently developed (2-chloroethyl)nitrosourea,6-10 shows 
a very promising antineoplastic activity in several exper- 
imental animal tumor m ~ d e l s . ~ , ~ J ~  

In vivo metabolic studies of CNCC"J2 allowed us to 
identify active plasma metabolites in different animal 
species (mouse, rat, rabbit) and in man. These biotrans- 
formation products originate in the breakdown of the 
disulfur bridge with subsequent methylation and oxidation 
of the sulfur atom. Structure analysis of the four isolated 
metabolites listed in Chart I shows that they could be 
antitumor agents. To test this hypothesis we have syn- 
thesized 9-12 (Chart I) and evaluated their antitumor 
activity. This paper describes the synthesis and the pre- 
liminary biological results of antitumor testing against Llzl0 
in mice.13 

Chemistry. The four compounds were prepared by 
several routes. Scheme I leads to the mixture of sulfoxides 
and sulfones. The urea 1 is easily prepared by reacting 
2-chloroethyl isocyanate with 24methylthio)ethylamine in 
diethyl ether. Conventional nitrosation of 1 gives domi- 
nance to the formation of the N-nitroso-N'-(2-chloroethyl) 

INSERM U 71. * Facultd de Mddecine. 
5 Facultd de Pharmacie. 
1 '  I.C.I.G. H6pital Paul Brousse. 
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compound 2. Oxidation with H202 in acetone or formic 
acid yields a mixture of nitroso sulfoxides and sulfones. 

(1) Wasserman, T. H.; Milan Slavik, M.; Carter, S. K. Cancer 
1975, 36, 1258. 

(2) Goldsmith, M. A.; Carter, S. K. Cancer Treat. Reu. 1974, 1 ,  
153. 
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Scheme 111 Scheme I 
CH,SCHz CHzN H, + 0 = C =  NCH2CH2CI 
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procedures were developed to obtain selective nitrosation. 
As shown in Scheme 11,4-nitrophenyl chloroformate is 

reacted with 2-(methy1thio)ethylamine to yield the car- 
bamate 4. Nitrosated carbamate 5 can be obtained from 
conventional nitrosation with nitrosyl chloride in pyridine. 
The reaction of 2-(chloroethy1)amine with 5 gives the 
[2-(methylthio)ethyl] [ 2-chloroethyl]nitrosourea 2. Oxi- 
dation in acetone or formic acid leads to either the sulf- 
oxide 9 as the major product and the sulfone 11 as a by- 
product or the sulfone 11 as the main compound and the 
sulfoxide 9 as a byproduct, Separation is achieved by 
low-pressure liquid chromatography on silica column. 
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toneally in mice. In order to compare the antitumor po- 
tencies of the parent drug mixture with those of its me- 
tabolites, we first have administered to mice mixtures of 
9/10 and 11/12 in the same proportions as those expected 
from the cleavage of the disulfur bridge of CNCC (Chart 
I). Thus, animals have been intraperitoneally or intrave- 
nously treated with a 70%:30% mixture of either isomers 
9/10 or 11/12. The lack of aqueous solubility of CNCC 
does not allow us to test its oncostatic effect by the in- 
travenous route. The mixtures 9/10 and 11/12 adminis- 
tered intraperitoneally show a very good effectiveness a t  
doses ranging from 80 to 165 Kmol/kg for mixtuFe 9/10 
and 80 to 195 mol/kg for mixture 11/12. The mixtures 
display a maximal efficient dose interval larger than that 
of CNCC (50-95 gmol/kg). Furthermore, the number of 
survivals a t  day 90 is greater when mice are treated with 
either one of the two mixtures than with CNCC. 

After intravenous administration, the mixture 9/ 10 
shows a very good oncostatic effect at 125 and 165 Kmol/kg 
doses, and as after intraperitoneal injection, the maximal 
efficient dose interval is better for the mixture 11/12, the 
active doses ranging from 115 to 195 pmol/kg. The com- 
parative antitumor activity of each isomer intravenously 
administered to mice bearing L,,,, leukemia is listed in 
Table I. Compounds 10 and 12 display a high antitumor 
effectiveness a t  doses ranging from 40 to 60 pmol/ kg. In 
contrast, isomers 9 and 11 do not exhibit a significant 
oncostatic effect in this tumor system. 

In summary, these data show that among the four me- 
tabolites of CNCC, two of them (10 and 12) are novel active 
anticancer agents in mice. The finding that compounds 
9 and 10 are ineffective in curing mice bearing Llzlo leu- 
kemia is not unexpected. Indeed, according to literature 
reports on the “in vitro” and “in vivo” degradation of the 
(2-chloroethyl)nitro~oureas,~~-~~ it is very likely that the 
decomposition of compounds 9 and 11 leads to the for- 
mation o€ monoalkylating enti t ies such as  
CH3S0,CH2CH2N=NOH, while the same degradation 
pathway applied to compounds 10 and 12 give rise to the 
formation of the very reactive bialkylating entity, namely, 
the (2-chloroethy1)diazonium intermediate C1CH2CH2- 
N=NOH. If the bulk of the antitumor activity of this class 
of compounds should be due to lethal DNA cross-linking, 
the lack of activity of isomers 9 and 11 would be pre- 
dictable. This observation is based on the fact that their 
chemical degradation produces monoalkylating derivatives 
inactive as antitumor agents. 
Experimental Section 

All melting points were determined on a Kofler apparatus and 
were uncorrected. IR spectra were determined with a Perkin- 
Elmer 398 spectrophotometer. ‘H NMR spectra were recorded 
on a JEOL PMX 60 spectrometer with Me4Si as internal standard. 
Chemical shifts are given as 6 values. Chemical-ionization and 
electron-impact mass spectra were obtained with a Hewlett 
Packard Model 5385 computer system. Elemental analyses are 
within *0.4% of the theoretical values. TLC was performed on 
silica gel Si 60 F 254 glass plates. Low-pressure liquid chroma- 
tography was performed on a silica gel (70-230 mesh) column. 

N’-( 2-Chloroethy1)-N-[ 2- (methylthio)ethyl] urea ( 1) 
(Scheme I). An equimolecular mixture of 2-(methy1thio)- 
ethylamine (4.55 g, 50 mmol) and 2-chloroethyl isocyanate (5.27 
g, 50 mmol) in ethyl ether is stirred for 12 h a t  25 “C. The white 
crystalline precipitate is filtered off and washed with 10 mL of 

Table I. Comparative Antitumor Activity against L1210 
Leukemia” -_ 

T/C x 100 
dose, (survivors/6)* 

drug umollka iv iv 
CNCC 

9,’lO (70%/30%) 

11/12 (70%/30%) 

9 
10 

I 1  
1” 

25 
50 

95 
120 
40 
su 

125 
165 
210 
40 
80 

115 
155 
195 
2:15 
40-250 
20 
40 
6 0 
U(, 
40- 2.50 
2 0  
ill1 
6 0 
80 

120 

-_ 
( 3  

170 (0) 
270 (0) - (6) 
m (6) 
m ( 3 )  
190 (0) 
230 (0) - (6) 
m (6) 
m (5) 
290 (0 )  
NSd 
190 (0)  
m (6) 
03 (4) 
190 (0) 
N S  
700 (0) 
m (6) 
(6) 

300 (1) 
190 (0) . ,  

a Mice were intraperitoneally implanted with lo5 L1210 cells on 
day 0. Dose schedule on days 1, 5, 9. *Median survival time of 
treated groups/median survival time of control group. 50-100% 
of survivors at day 90. dT/C X 100 < 125. 

An alternative well-known route14 can be followed to 
synthesize the activated carbamate 7 (Scheme 111). The 
nitroso carbamate 8 is obtained in a high yield by reacting 
7 with nitrosyl chloride in pyridine. Reaction of 8 with 
2-(methy1thio)ethylamine gives the [2-(methylthio)- 
ethyl] [2-chloroethyl]nitrosourea 3 in quantitative yield. 
The sulfoxide 10 and the sulfone 12 are obtained and 
separated in the same way as in procedure 11. 

Identification. The structure of each compound was 
assigned according to the different chemical routes fol- 
lowed for the synthesis of the authentic isomers and on 
the basis of the spectrometric data (NMR and mass 
spectrometry). The 60-MHz proton NMR spectra shows 
that the chemical shifts of the C-1 and C-1’ protons are 
in good agreement with the position of the nitroso group 
on the corresponding nitrogen atom. Mass spectra were 
performed via both electron impact and chemical ioniza- 
tion. The chemical-ionization process allows us to find the 
molecular ion for each isomer. For sulfoxide 9 and sulfone 
11, electron impact shows the two following main frag- 
ments: m/z 136 and 152. Masses of these fragments are 
in good agreement with the nitroso group position. For  
the two other isomers (sulfoxide 10 and sulfone 12) the 
main fragments are respectively m/z 134 and 150. The 
presence of these two fragments can be explained by a 
cleavage of the molecule between the carbonyl and the 
”-NO group. 

Biological Results and Discussion 
In Table I, preliminary data are presented that show a 

comparison of the relative activities of CNCC and com- 
pounds 9-12 against L,,,, leukemia implanted intraperi- 

(14) Nakao, H.; Fukushima, M.; Shimizu, F.; Arakawa, M. Yaku- 
gaku Zasshi, 1974, 94, 1032. 

(15) Reed, D. J.; May, H. E.; Boose, R. B.; Gregory, K. M.; Belstein, 
M. A. Cancer Res. 1975, 35, 568. 

(16) Montgomery, J. A. Cancer Treat. Rep. 1976, 60, 651. 
(17) Madelmont, J. C.; Moreau, M. F.; Godeneche, D.; Duprat, J.; 

Plagne, R.; Meyniel, G. Drug. Metab. Dispos. 1982, 10, 662. 
(18) Weinkan, R. J.; Dolan, M. E. J. Med. Chem. 1983, 26, 1656. 



Notes 

ethyl ether. The product can be used without further purification: 
yield (7.86 g, 80%): mp 74 "C; TLC (eluent 5% EtOH/CHC13) 
R, 0.5; IR (KBr) u 3320 (NH), 2900-3000 (CH), 1630 (CO), 
1570-1520 (NHCO) cm-'; 'H NMR (CDCI,) 6 2.06 (s, 3, CH,S), 
2.60 (t, 2, SCH,), 3.36 (m, 2, SCH,CH,), 3.4-3.6 (m, 4, 
NHCH,CH,Cl), 5.23-5.9 (m, 2, NH). Anal. (C6H13ClN20S) c, 
H, N. 

N'- (2-C hloroet hy 1) -N- [ 2- (met hy 1thio)ethy 11-N-nitrosourea 
(2) and N'-( 2-Chloroethyl)-N-[ 2-( met hylt hio)ethyl]-N'- 
nitrosourea (3) (Scheme I). The urea 1 (7.86 g, 40 mmol) is 
dissolved in a mixture of formic acid (70 mL) and water (30 mL). 
To the cooled solution (0 "C) is added sodium nitrite (27.6 g, 400 
mmol) a t  such a rate that the temperature never increases more 
than 5 "C. The solution is then stirred for 1 h a t  0 "C. The 
reaction mixture is poured into ice-water (150 mL) and extracted 
with CHC1, ( 5  X 50 mL). The organic layer is dried on sodium 
sulfate. Chloroform is distilled under reduced pressure and the 
residual oil isolated. The crude product (95.96% purity) can either 
be used without purification or purified by low-pressure liquid 
chromatography (eluent CH,Cl,); yield 8.12 g, 90%. This isomeric 
mixture checked by HPLC shows a 80120 ratio between 2 and 
3. 

N'-(2-Chloroethyl)-N-[ 2-(  met hylsulfiny1)et hy l l -N-  
nitrosourea (9) and N'- (2-Chloroet hyl) - N - [  2 4  methyl- 
sulfinyl)ethyl]-N'-nitrosourea (10) (Scheme I). The isomeric 
mixture 2 and 3 (3.38 g, 15 mmol) is dissolved in 30 mL of acetone. 
Hydrogen peroxide (15 mL; HzO, 110%) is added with stirring 
to the cooled solution of the above nitrosoureas. The colorless 
solution is stirred for 1 h a t  0 "C and poured into ice water (70 
mL). The reaction mixture is then quickly extracted with chlo- 
roform (4 x 50 mL). The organic layer is quickly dried over 
sodium sulfate and chloroform is distilled under vacuum. Residues 
are purified on a silica column. Elution performed with a gradient 
of ethanol in chloroform (0-2%) allowed the separation of 9 (1.81 
g, 7.5 mmol), 9 and 10 (0.96 g, 4 mmol), and 10 (0.24 g, 1 mmol). 

Compound 9: mp 73 "C; TLC (eluent EtOH/CHC13, 5%) Rf 
0.30; IR (KBr) u 3320 (NH), 2900-3000 (CH), 1710 (CO), 1520 
(NHCO), 1480 (NNO), 1030 (SO) cm-'; 'H NMR (CDC1,) 6 2.60 
(s, 3, CH,S), 2.80 (t, 2, SCH,CH,N(NO)), 3.60-3.90 (m, 4, 
NHCH,CH,Cl), 4.20 (t, 2, SCH,CH,N(NO)), 7.60-8 (m, 1, 
NHCH,CH2C1); chemical-ionization mass spectrum, 241-243; 
electron-impact mass spectrum, m / z  136 (CH3SOCH2CH2N= 
NOH)'., 105.107 (CONCH2CH&l)+, 92 [136 - (NNO)]'., 78 
(CH3SOHCH2)+-, 64 (CH3SOH)+-. Anal. (C6Hl,C1N303S) C, H, 
N. 

Compound 10: mp 107 "C; TLC (silica; eluent EtOH/CHC13, 
5 % )  R, 0.25; IR (KBr) u 3320 (NH), 2900-3000 (CH), 1700 (CO), 
1525 (NHCO), 1480 (NNO), 1045 (SO) cm-'; 'H NMR (CDCl,) 

CH2CH2C1), 3.86 (m, 2, SCH,CH,NH), 4.10 (t, 2, N(N0)-  
CH2CH2Cl), 7.40-7.60 (m, 1, SCH,CH,NH); chemical-ionization 
mass spectrum, 241.243; electron-impact mass spectrum, mlz 134 

64 (CH,SOH)+.. Anal. (C6HlzC1N3o3S) C, H, N. 
N'-(2-Chloroethyl)-N-[2-(methylsulfonyl)ethyl]-N- 

nitrosourea (11) and N'-(2-Chloroethyl)-N-[2-(methyl- 
sulfonyl)ethyl]-"-nitrosourea (12) (Scheme I). A procedure 
nearly identical with that for making 9 and 10 is used for con- 
version of the mixture 2 and 3 into 11 and 12. Formic acid has 
to be used as solvent and the temperature is kept controlled a t  
from 0 to 40 "C for 10 min. Starting with 2 and 3 (3.38 g, 15 
mmol), the residue can be separated by low-pressure liquid 
chromatography on the silica column. Elution performed with 
a gradient of ethanol in chloroform (0-l%) allowed the separation 
of 11 (1.93 g, 7.5 mmol), 11 and 12 (1.03 g, 4 mmol), and 12 (0.26 
g, 1 mmol). 

Compound 11: mp 72.76 "C; TLC (eluent EtOH/CHC13, 5%) 
Rf0.55; IR (KBr) u 3300 (NH), 2900-3000 (CHI, 1710 (CO), 1520 
(NHCO), 1485 (NNO), 1130 (SO,) cm-'; 'H NMR CDCl, 6 2.93 
(s, 3, CH3S), 3.10 (t, 2, SCH,CH,), 3.66-3.90 (m, 4, NHCH2CH2Cl), 
4.20 (m, 2, SCH,CH,N(NO)), 7.20-7.33 (m, 1, NHCH2CH2C1); 
chemical-ionization, mass spectrum, 257.259; electron-impact mass 
spectrum, mlz 152 (CH3S02CH2CH2N=NOH)+. 105.107 
(CONCH2CH2C1)+, 108 [ m / z  136 - (NNO)]+.,  94 
(CH3SO2HCHZ)+., 80 (CH3S02H)+.. Anal. (C&&1N304S) C, 
H, N. 

6 2.60 (9, 3, CHSS), 3.00 (t, 2, SCHZCHZNH), 3.40 (t, 2, N(N0)-  

(CH3SOCH2NHCO)+, 91 (CH,SOCH2CH2)+, 63.65 (CHzCHzCl)+, 
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Compound 12: mp 94.97 "C; TLC (eluent EtOH/CHCl,, 5%) 
R,0.50; IR KBr Y 3350 (NH), 2910-3000 (CH), 1715 (CO), 1525 
(NHCO), 1420 (NNO), 1125 (SO,) cm-'; 'H NMR CDC1,6 3.00 
(s, CH,S), 3.26-3.66 (m, 4, SCHzCHzNH and N(NO)CH,CH,Cl), 
3.83-4.23 (m, 4, SCH,CH,NH and N(NO)CH2CH2Cl), 7.33-7.66 
(m, 1, CH,CH,NH); chemical-ionization mass spectrum, 257.259; 
electron-impact mass spectrum, m/z 150 (CH3S02CH2CH2NH 

(CH2CH2Cl)+. Anal. (C6H12C1N30,S) C, H, N. 
4-Nitrophenyl [ 2- (Methy1thio)et hyllcarbamate (4) 

(Scheme 11). 4-Nitrophenyl chloroformate (20.1 g, 100 mmol) 
is reacted for 12 h with 2-(methy1thio)ethylamine (9.1 g, 100 mmol) 
in pyridine (100 mL) a t  25 "C. The reaction mixture is poured 
into ice water (300 mL), and the resulting precipitate is filtered 
off, washed with cold water, and dried in the desiccator over 
phosphorps pentoxide: yield 15.36 g (60%); 'H NMR (CDC1,) 
6 2.10 (s, 3, SCH,), 2.66 (t, 2, CH2CH2S), 3.23-3.66 (m, 2, 
NHCH,CH,), 5.40-5.83 (m, 1, NH), 7.06-8.33 (m, 4, C6H4). Anal. 
(CioHizNz0.S) C, H, N. 

4-Nitrophenyl[ 2- (Met hylt hio)et hyllnitrosocarbamate (5) 
(Scheme 11). Compound 4 (10.24 g, 50 mmol) dissolved in 
pyridine (50 mL) is treated with 6 mL of nitrosyl chloride a t  -20 
"C for 4 h. The reaction mixture is poured into ice water (150 
mL) and extracted by chloroform (3 X 50 mL). The organic layer 
is washed with a cold solution of hydrochloric acid (3 N). 
Chloroform is quickly dried and evaporated under reduced 
pressure. The oily residue (yield 11.4 g, 80%) can be used without 
further purification for the following step. 5:  'H NMR (CDCl,) 

CH,SCH,CH,N(NO)), 7.33-8.40 (m, 4, C6H4). Anal. (CloHll- 
N305S) C, H. N. 

N'- (2-Chloroet hy 1)-N- [ 2- (met hy1thio)et hy 11-N-nitrosourea 
(2) (Scheme 11). To a cooled (0.5 "C) solution of 5 (5.7 g, 20 
mmol in 25 mL of dimethylformamide is added dropwise a so- 
lution of 2-chloroethylamine hydrochloride (2.3 g, 20 mmol) and 
triethylamine (2.02 g, 20 mmol) in 25 mL of dimethylformamide. 
After 1 h of stirring at room temperature, dimethylformamide 
is distilled under reduced pressure ( 5  X lo-, torr) and the residue 
is purified by low-pressure liquid chromatography on a silica 
column. Elution is performed with dichloromethane. The product 
is an oil: yield 3.16 g (70%); TLC (eluent CHC1,) Rf 0.40; IR KBr 

("0) cm-'; 'H NMR CDC1, 6 2.10 (s, 3, CH,), 2.46 (t, 2, 
CH,CH,N(NO)), 3.66-3.83 (m, 4, NHCH2CH2Cl), 4.00 (t, 2, 
SCHzCHzN(NO)), 7-7.60 (m, 1, NHCH,Cl). Anal. (CBHl,C1- 
N3OZS) C, H, N. 

N'-( 2-Chloroethy1)-N-[ 2-(  methylsulfinyl)ethyl]-N- 
nitrosourea (9) and N'-(2-Chloroethyl)-N-[2-(methyl- 
sulfonyl)ethyl]-N-nitrosourea (11)  (Scheme 11). A procedure 
identical with that for making 9 + 10 and 11 + 12 was used. With 
use of 2 (2.25 g, 10 mmol) in acetone as the starting material, 9 
(1.56 g, 65%) was obtained with some amount of 11 (0.13 g, 5%),  
while in formic aciid 1.67 g (68%) of 11 was obtained with some 
amount of 9 (0.15 g, 6%). 'H NMR and mass spectra are identical 
with those obtained in Scheme I. 

4-Nitrophenyl (2-Chloroethy1)nitrosocarbamate (8) 
(Scheme 111). This compound was prepared in quantitative yield 
by a well-known pr~cedure . '~  
N'-(2-Chloroethyl)-N-[2-(methylthio)ethyl]-~'-nitrosourea 

(3) (Scheme 111). To a cooled solution of 8 (5.47 g, 20 mmol) 
in tetrahydrofuran (30 mL) is added dropwise 1.82 g (20 mM) 
of 2-(methy1thio)ethylamine with stirring. After 1 h of stirring 
at 25 "C, the solvent is evaporated under reduced pressure. The 
residue is purified by low-pressure liquid chromatography on a 
silica column. Elution is performed by dichloromethane. The 
product is an oil: yield 4.06 g (90%); TLC (eluent CHC1,) Rf 0.40; 
IR (KBr) u 3350 (NH), 290C-3OOO (CH), 1715 (CO), 1520 (NHCO), 
1480 ("0); 'H NMR (CDCl,) 6 2.13 (s, 3, CH,S), 2.75 (t, 2, 
CHzCHzNH), 3.43 (m, 2, N(NO)CH2CH2C1), 3.70 (m, 2, 
SCH,CH,NH), 4.10 (t, 2, N(NO)CH2CH2Cl), 7-7.50 (m, 1, 
SCH2CH2NH). Anal. (C6H12C1N302S) C, H, N. 

N'-(2-Chloroethyl)-N-[ 2-(methylsulfinyl)ethyl]-N'- 
nitrosourea (10) and N'-(2-Chloroethyl)-N-[2-(methyl- 
sulfonyl)ethyl]-N'-nitrosourea (12) (Scheme 111). A procedure 
identical with that for making 9 + 10 and 11 + 12 was followed. 
With use of 3 (2.25 g, 10 mmol) in acetone as the starting material, 

CO)', 107 (CH3SOZCH2CH2)+, 80 (CH,S02H)+., 63.65 

6 2.10 (9, 3, SCH,), 3.56 (t, 2, CHZCHzSCH3), 4.0 (t, 2, 

u 3350 (NH), 2900-3000 (CH), 1710 (CO), 1520 (NHCO), 1480 
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1.69 g (70%) of 10 was obtained with 12 (0.13 g, 5%) as a by- 
product, while in formic acid 1.80 g (70%) of 12 with some amount 
of 10 (0.05 g, -2%) was isolated. ‘H NMR and mass spectra are 
identical with those obtained in Scheme I. 

Antitumor Evaluation. F1 hybrid (DBA, X C 57 BL 6) mice 
(23-25 g) were ip inoculated with lo“ L1210 cells on day 0. The 
compounds 9/  12 as aqueous solution and CNCC as suspension 
in olive oil were intraperitoneally or intravenously administered 
on days 1, 5, and 9. The average median survival times were 
measured for each group. The control animals survived 10.0 days 
on average. The long term survivors in treated groups (90.0 days) 
were recorded, 
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In the Search for New Anticancer Drugs. 13. Phosphonic and Phosphinic 
Analogues of Ornithine 
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Phosphonic (4a,b) and phosphinic (5a-d) analogues of ornithine were synthesized and evaluated for their inhibitory 
activity against ornithine decarboxylase and against the lymphocytic leukemia P388. The title compounds possess 
a low degree of inhibition against rat liver ornithine decarboxylase as compared to a-(difluoromethy1)ornithine. Thus, 
compounds 4a and 5a inhibit by 40% the ornithine decarboxylase activity at  a 5 mM concentration. The other 
derivatives are less potent. Compounds 4a, 4b, 5b, and 5d are inactive against P388 tumor in CD2Fl mice at  doses 
of 50 and 150 mg/kg. 

In the past 20 years, the polyamines putrescine, sper- 
midine, and spermine have been extensively investigated 
because of their involvement in cell The ele- 
vated levels of polyamines in cancer patients have been 
associated with increased cell proliferations in rapidly 
growing  tissue^.^ Elevated levels of ornithine de- 
carboxylase and/or of putrescine, spermidine, and sper- 
mine have been correlated with the rate of proliferation 
of cancer cells.6 On the basis of these results it was 
proposed to use the polyamines as sensitive cancer mark- 
ers’ that could be conveniently monitored by specific as- 
says. I t  can also be hypothesized that by administering 
suitable inhibitors of ornithine decarboxylase the prolif- 
eration of cancer cells may be retarded, and hence a suc- 
cessful chemotherapy might be developed. The most ef- 
fective inhibitors of polyamine formation that have been 
synthesized to date belong to various structural analogues 
of ornithine (la) and methylglyoxal hydrazones such as 
w(difluoromethy1)ornithine (a-DFMO, 1c),&lo a-methyl- 
ornithine ( lb),9J1 2-hydrazino-5-aminopentanoic acid,12 
~~-2-hydrazino-2-methyl-5-aminopentanoic acid,13 N45- 
phosphopyrid~xyl)ornithine,~~ ~~-(E)-2,5-diamino-3-pen- 
tenoic acid,15 and methylglyoxal bis(guanylhydrazone), 
MGBG (2).’6J7 The most widely investigated of these 
inhibitors are a-DFMO and MGBG. Specifically, the 
administration of either L ~ - D F M O ~ - ~  or MGBG16J7 to rap- 
idly proliferating cells retards their further growth. The 
data obtained with cell cultures indicated that a-DFMO 
exerts a cytostatic rather than a cytocidal effect.ls In vivo 
experiments with a-DFMO using L1210 leukemia bearing 
mice produced moderate prolongation of their survival 

a-DFMO has also shown activity against solid 
tumors such as murine mammary sarcoma,20,22 glioma,23 
rat hepatoma,20 and gliosarcoma.23 Clinical trials with 
a-DFMOZ4 and MGBGZ5 apparently have not fulfilled the 
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high expectation. Therefore, the search for new inhibitors 
is continuing, and in the present investigation a somewhat 
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