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Synthesis and Anti-HIV Activity of New Urea and Nitrosourea 
Derivatives of Diamino Acids 

H61~ne Dulude*, Romano Salvador and Gilles Gallant 
Medicinal Chemistry Laboratory, Faculty of Pharmacy, University of Montreal, Box 6128, Station A, Montreal, 

Quebec, Canada, H3C 3J7 

Al~tract--A series of/~-methyl, N I-allyl, N I -(2-chloroethyl) and N I-propargyl urea and nitrosourea derivatives of diamino acids 
(L-omithine and L-lysine) was synthesized and was shown to have weak activity in counteracting the eytopathic effects of the 
HIV-1 on a T~ lymphocyte cell line (CEM-IW). However, selected compounds may possess some irnmunomodulatory activity. 

Introduction 

The nitrosoureas are among the most potent alkylating 
agents) -3 Some twenty-five years ago, BCNU (1,3-bis- 
(2-chloroethyl)-l-nitrosourea) was shown to possess 
antiviral activity in vitro and in vivo in animal models 
against many viruses. *-7 The antiviral mechanism was 
unknown but it was proposed that BCNU had a specific 
antiviral activity or some action on the host 
immunological systemf -7 

Recently, workers in our laboratory have shown that a 
new series of urea and nitrosourea derivatives of 
diamino acids was devoid of anti-HIV activity, s The 
lack of activity was thought to be caused by the short 
chemical half-life of these products) 

In order to evaluate the anti-HIV activity of ureas and 
nitrosoureas with longer half-lives, we have synthesized 
four series of urea and nitrosourea derivatives of 
diamino acids. Two specifically blocked diamino acids 
were coupled with four different alkylating moieties in 
order to evaluate their relative biological activities. 
New NLmethyl, Ni-allyl, Nl-(2-chloroethyl) and /~- 
propargyl ureas and nitrosoureas resulted from this 
synthetic program. Our laboratories chose diamino acids 
with the L configuration since they are less toxic and 
produce nitrosoureas with good biological activity 
(anticancer activity in animal 9"l° and in in vitro 
modelsU). Moreover, L-lysine per se possesses an 
inhibitory effect on the growth of some types of tumor 
cells) 2,13 

Chemistry 

The starting diamino acids selectively blocked at the 

*Address for correspondence: H~l~ne Dulude B.Pharm. Ph.D., 
Bristol-Myers Squibb, 2365  COte-de-Liesse, Montreal 
(Quebec), Canada H4N 2M7 (Tel. 514-333-4884, FAX 514- 
331-8880) 

proper functional groups (Table 1) were prepared 
according to modifications of published methods (Fig. 
1). 14-21 The ureas and nitrosoureas (Table 2 and Table 
3) were prepared according to Figures 2 and 3. The 
active carbamates and nitrosocarbamates were synth- 
esized according to a method previously published by 
our group) 

All capillary melting points were determined using a 
Btichi 535 melting point apparatus and are reported 
uncorrected. Elemental analyses were performed by 
Guelph Chemical Laboratories Ltd and are within 
:k0.4% of theoretical values. IR Spectra were 
determined on a Perkin-Elmer 710A or a Perkin-Elmer 
257 spectrophotometer, and mH NMR spectra were 
determined on a Varian VXR-300 spectrophotometer 
using the deuterated solvent (DMSO-d6) as internal 
standard. Chiral integrity was assessed by optical 
rotation on an Atago Polax-D polarimeter. UV-vis 
spectra were recorded on a Hitachi U-2000 
spectrophotometer (Tables 1, 2 and 3). 

In Vitro Anti-HIV and Anti-Proliferative Activities 

The determination of the anti-HIV and anti-proliferative 
activities of the compounds (1-50) was performed 
according to a published NCI method. 22 This in vitro 
procedure is designed to detect agents acting at any of 
the stages of the HIV-1 reproductive cycle. The 
compounds were dissolved in DMSO (< 0.25%) then 
diluted 1:100 in cell culture medium before preparing 
serial half-loglo dilutions. T4 lymphocytes (CEM-IW 
cell line) were added, and after a brief interval cell-free 
HIV-1 (IIIb) was added, resulting in a 1:200 final 
dilution of the compound. Uninfected cells with the 
compound serve as a toxicity control, and infected and 
uninfected cells without the compound serve as basic 
controls. The culture was incubated at 37 *(2 in a 5% 
CO2 atmosphere for 6 days. 22 
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/ / C O O H  n = 3 L-  onfllhhte 
Cbz" NH" (CH2) n" C I ~  n=4  L - lyslne 

A,qn 2 

L A¢20(2eq.)/NaOH (1) (3) 

a. 0°C for 30 rain. b. Room T° for 24h 

2. C6Hs-CH2-NH2(leq.)/Ei~I)Q(I.ffTeq.)/MeOH (2) (4) 

(Room T ° for 10 days, protected from light) 

3. cydohexene/EtOHl0O%/IM/C(10%) (b') (8) 

(reflux for 15h) 

/ c o  NH m z- c6x s 
# ,  

NIt2" (CH2) n" C I ~  

4. a) CHy CH 2- C1-10 (1.2 eq.) 

or / EtOH 100% 

b) C6Hs-CHO (L2eq,) (-20°Cforgh) 

5. NaBH4 (0.3 eq.) / EtOH 

(Room T°ptotected from light for 15h) 

R" 

I 
m~ - (CH 2) R" CUX, m I  m 

R" = Ctl 2- a t  2- C~ 3 (6) (9) 

CH 2- C6H $ (7) (10) 

Figure  1. Synthesis of  the selectively blocked diamino acids. 

1 ~ 3 / CO'NH'CH2"C6H$ 

R-  N- C-  NH- (CH2)n- CII . 

NO (Nitrosour~s) 

, - -  

a. -20°C for lh b. 0°C for 7h in dmtmess 
c. Refrigerator for 2411 

/ c o -  ~- car c6 
3 
NH2-(CH2)a-CI ~ (b')m'(8) a = 3 

a = 4  

1 

Allyl or H e =  C-  CH2- NIl- -O 

2-CZ~roethyl 

/ MeOH (a. -20°C for 2h b. Room T°for 24h in darkness) 

(1.2 ~1.) 

i ~ 3 / c o - m ~ - m 2 - c 6 ~  
R - N H -  C - NH - (CH2) n- C I ~ N H A  c 

(Ureas) 

R = C I - C ~ 2 - C l I 2 ,  C I ~ ,  C l t 2 = a l - C l t 2 ,  HC=-C-Cl l  2 

Figure  2. Synthesis of  ureas and nitrosoureas unsubstituted at N 3. 
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Table 1. Selectively blocked diamino acids 
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/ C O  - R 

R '  - NH - (CH2) n" C ~ N H A  c 

MCS Number n R R Yield M.P. ~ H NMR [~] D °c ANAL. 
# ' (%) (°C) ~ (DMSO-d6) (M, MeOH) 

~ -  C , H , N  650 (1) 3 a a' 100 5.00 1.83 (2s); 8.11 (d); 2.98 (q); [0"] D - 
7.32 4.125 1.48 (3m) -4.49 ° (0.1) (C,5I-/~20~) 

651 (2) 3 b a' 67 191.6- 5.00 1.84 (2s); 8.02 4.26 (2d); 8.42 [~] D25s= C, H, N 
192.5 (t); 2.98 (q); 7.30 4.21 1.50 (3m) -5.97 ° (0.08) (Cz2I-Iz7N304) 

27 C , H , N  652 (3) 4 a a' 97 97.1- 5.00 1.83 (s); 8.09 (d); 2.97 (q); [~:] D = 
104.4 7.32 4. I 1 1.46 (3m) -1.38 ° (0.09) (C ,6I-IuN20 ~) 

653 (4) 4 b a' 67 172.2- 5.00 1.84 (2s); 8.00 4.26 (2d); 8.43 [o,] D~'5= C,  H,  N 
172.6 (t); 2.95 (q); 7.30 4.21 1.40 (3m) -17.03 ° (0.07) (C~H~304)  

654 (5) 3 b b' 100 - 1.84 (s); 8.07 4.26 (2d); 8.47 (t); [o~] a 27 = C, H, N 
7.28 4.21 2.49 1.51 (4m) -21.60 ° (0.1) (C~4H~N3Oz) 

655 (6) 3 b c' 96 - 1.84 (s); 8.06 4.26 (2d); 8.45 0.84 [~:] D275= C, H, N 
(2t); 7.29 4.22 2.43 1.51 (4m) 0.55 ° (0.1) (C tTH~N3Oz) 

656 (7) 3 b d' 98 - 3.67 1.84 (2s); 8.04 4.25 (2d); 8.43 [o~] D27"5: "-_ C, H, N 
(t); 2.47 (q); 7.25 4.21 1.57 (3m) 4.86 ° (0.08) (C2tH27N3Oz) 

657 (8) 4 b b' 100 - 1.84 (s); 8.05 4.26 (2d); 8.47 (t); [~] D275= C, H, N 
7.27 4.21 2.49 1.45 (4m) -5.94 ° (0.1) (C ~sI-Lz3N3 0 2) 

658 (9) 4 b c' 96 - 1.84 (s); 8.00 4.26 (2d); 8.44 0.84 [~] t) ~ = C, H, N 
(2t); 7.25 4.20 2.43 1.47 (4m) 5.27 ° (0.1) (CtsI~N302) 

659 (10) 4 b d' 88 3.66 1.84 (2s); 8.00 4.26 (2d); 8.44 [~] D 2s = C, H, N 
2.43 (2t); 7.27 4.22 1.49 (3m) 2.57 ° (0.1) (C22tt29N302) 

R: a = OH, b = NH--CH2-C6H 5 
R': a' = Cbz, b' = H, c' = Pr, d' = Bz  

3 / C O  - NH - CH 2- C6H 5 

R" - HN - (CH2) n- C I ~  (6, 7, 9 or 10) 

R" = Propyl NHAc 
Benzyl 

O g t* 

1 
R - N = C = O (1.2 eq . ) /MeOH 

a. -20°C for 2h b. Room T ° 
for 24h protected from light 

1 ~ [3 / c O ' N I I ' C H 2 - C 6 H 5  

R- sn c- S ~C~z) n Cn,,. 

--NI-][Ac (Ureas) 

R= CH2- CH2- CI 
cna 
CH 2 = C H  - C H  2 

I NOCI (g) (4 eq.) i Pyridine (2 eq,) i CH2CI 2 

(-20°C for 5h to 7h) 

O R" 

R- . N - e - N - ( C ~ ) n - C  ~ 

I \ l ~ t A c  
NO (N'drosoureas) 

Figure 3. Synthesis of ureas and nitrosoureas substituted at N 3. 

n = 3 L-ornithine 
n = 4 L-lysine 
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Table 2. Ureas and nitrosoureas unsubstituted at N 3 

/ c o .  mI- cu 2- c6I 

R" ~" C" L" (Clt2) n" C~m.iAc 
R' 

MCS Number n R R' Yield M.P. IR cm a ~H NMR [~]a °c ANAL. 
# (%) (°C) (NNO) (DMSO-d6) (M, MeOH) 

660 (11) 3 a a' 59 215.3- 1.84 (s); 8.02 4.26 [~:] D ~ = C ,  H ,  N 

217.0 2.50 (3d); 8.41 5.86 3A3 ° (C,~eN403) 
(2t); 5.64 2.94 (2q); (0.09) 
7.26 4.21 1.44 (am) 

663 (12) 3 a b' 46 150.6- 1525 3.08 1.84 (2s); 8.05 [~] D~= C, H, N 
153A 4.27 (2d); 8.77 8.43 -4.20 ° (C ~#I-Iz~504) 

(20; 3.27 (q); 7.27 (0.08) 
4.27 1.55 (3m) 

666 (13) 4 a a' 77 210.6- 1.84 (s); 7.99 4.25 [o,] D ~7 = C, H, N 
211.5 2.51 (3d); 8.42 5.82 6.94 ° (C ,I-~N, Oj) 

(20; 5.64 2.92 (2q); (0.09) 
7.26 4.20 1.41 (3m) 

669 (14) 4 a b' 86 226.1- 1525 3.07 1.83 (2s); 8.00 [,~] D ~ = C, H, N 
231.9 4.25 (2d); 8.73 8.42 -4.04' (CtTI'I.~lsO() 

(20; 3.23 (q); 7.26 (0.08) 
4.20 1.47 (3m) 

672 (15) 3 b a' 67 209.3- 1.84 (s); 8.02 4.25 [~] D u = C, H, N 
211.3 (2d); 8.41 3.59 (2t); 7.55 ° ( C ~ ( O ~ )  

2.96 (q); 7.28 5.90 (0.1) 
5.78 5.03 4.25 (5m) 

675 (16) 3 b b' 42 125.7- 1525 1.84 (s); 8.04 4.33 [,~] Du= C, H, N 
127.3 4.28 (3d); 8.78 8.43 -4.11 o (C mH2sNsO,) 

(20; 3.26 (q); 7.26 (0.08) 
5.61 4.95 4.28 1.65 

(5m) 

678 (17) 4 b a' 63 179.6- 1.84 (s); 7.99 4.25 [~] D 2~ = C, H, N 
181.3 (2d); 8.42 5.89 5.85 3.66 ° (C ~t.a)N(Oj) 

3.59 (40; 2.94 (q); (0.09) 
7.27 5.78 5.03 4.20 

1.40 (5m) 

681 (18) 4 b b' 71 140.8- 1525 1.83 (s); 8.00 4.33 [o,] a ~ =  C, H, N 
143.3 4.27 (3d); 8.75 8.42 -10.32 ° (CtOJ~aNsO4) 

(20; 3.26 (q); 7.26 (0.08) 
5.61 4.96 4.20 1.47 

(5m) 

684 (19) 3 c a' 78 124.4- 1.84 (s); 8.03 4.26 [~] D ~5= C, H, N 
139.4 (2d); 8.42 (t); 6.10 6.38 ° (C17I-I~N, O3Cl) 

3.28 2.96 (3q); 7.26 (0.09) 
4.26 3.55 1.50 (4m) 

687 (20) 3 c b' 88 1525 1.86 (s); 8.06 4.28 [~] D245= C, H, N 
(2d); 8.79 8.44 (20; 6.24 ° (C tTHuNsO4Cl) 
3.29 (q); 7.27 4.28 (0.08) 

4.06 3.61 1.63 (5m) 

R: a = CI=I3, b = CH2=CH-CH 2, c = CI-CH2-CH 2, d = HC---C--CH 2 
R': a' = H, b' = N O  
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Table 2 (continued). Ureas and nitrosoureas unsubstituted at N 3 
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i / c o -  rm- CH 2- c6I  
R - N -  - - ( C I t 2 )  n - C ~  

\NI IAc  
R' 

MCS Number n R R' Yield M.P. IR cm "l ' H NMR [*,] n °c ANAL. 
# (%) (°C) (NNO) (DMSO-d,) (M, MeOH) 

690 (21) 4 c a' 44 133.5- 1.85 (s); 8.004.26 [,~] D~=  C, H, N 
137.7 (d); 8.43 6.09 6.03 5.34 ° (C ,~-I~N403C1) 

3.55 (4t); 3.30 2.94 (0.08) 
(2q); 7.26 4.20 1.41 

(3m) 

693 (22) 4 c b' 71 88.6-- 1525 1.84 (s); 8.01 4.26 [*~] D~= C, H, N 
100.4 (2d); 8.77 8.43 4.09 -3.35 ° (C ,~-~1504C1) 

3.61 (4t); 3.25 (q); (0.07) 
7.29 4.22 1.48 (3m) 

696 (23) 3 d a' 63 160.1- 1.84 (s); 8.05 4.25 [*-] o ~ =  C, H, N 
169.8 (2d); 8.44 6.15 6.02 7.18 ° (C,~IaN, O 3) 

3.03 (40; 2.97 (q); (0.09) 
7.26 4.25 3.75 1.46 

(4m) 

697 (24) 3 d b' 68 - 1525 1.84 (s); 8.06 4.26 [*-] D~'3= C, H, N 
(d); 8.86 8.44 (2t); -3.31 ° (C,,I-IzpN, O,) 
3.27 (q); 7.25 4.45 (0.08) 

4.26 3.34 1.61 (5m) 

698 (25) 4 d a' 46 184.7- - 3.02 1.84 (2s); 8.01 [*~] D 27= C, H, N 
190.8 4.22 3.76 (3d); 8.43 -3.99 ° (C tgH-~N, O3) 

6.12 5.95 (3t); 4.22 (0.08) 
2.93 (2q); 7.26 1.42 

(2m) 

699 (26) 4 d b' 57 110.3-- 1525 1.84 (s); 8.02 4.23 [*~] D~= C, H, N 
117.0 (2d); 8.84 8.43 (2t); -3.15 ° (Cz9ttz~O 4) 

3.25 (q); 7.26 4.46 (0.08) 
4.23 3.37 1.45 (5m) 

R: a = CH 3, b = CH 2 =CH--CI-I 2, c = CI-CI-I~ -CH2, d = HC~C--CH 2 
R': a' = H, b' = NO 

IN V I T R O  A N T I - H N  A C T I V I T Y  
~ : L E C T I V E L Y  B L O C K E D  D I A M I N O  A C I D S  

T4 LIfldPHOCYlrE GIIOWTH IN CYTOTO)BC AIIIL~Y 
8ELECTIVELY I.OCIGED DIAMINO ACIOll 

% OF MAXIMAL PROTECTION (IC) 

0o 

4o 

0 

% OF M A X I M A L  S U R V I V A L  (N IC)  
290 

160 

DOmE : I 0 - 4 t o  104  M IC liO > I0-4  M 
IC = Ildeoted Celia 4a NIC = Nan Infectad Cei ls 

100~ m Original Ceil Count 4b 

Figure 4. In vitro anti-HIV and cytotoxic activities of the selectively blocked diamino acids. 
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Table 3. Ureas and nitrosoureas substituted at N 3 

I• ~ "  / C O "  NH" CH2" C6H5 

R - N - C - N - (CI t  2)  n" C H  

I \ HAc 
R' 

MCS Number n R R' R" Yield IR cm l tH NMR [o~] v°c ANAL. 
- (%) (NNO) (DMSO-d6) (M, MeOH) 

2,.5_ C, H , N  661 (27) 3 a a' a" 57 1.85 (s); 8.03 4.27 2.53 (3d); [~] D - 
8.45 3.10 3.01 0.78 (4t); 4.220 (0.09) (C~9H~Jq403) 

6.05 (q); 7.27 4.24 1.45 (3m) 

662 (28) 3 a a' b" 80 4.36 1.85 (2s); 8.01 4.27 2.57 [*-] D 27 = C, H, N 
(3d); 8.44 3.08 (2t); 6.27 (q); -3.82 ° (0.08) (C25H~N, O3) 

7.25 4.22 1.47 (3m) 

243_ C , H , N  664 (29) 3 a b' a" 78 1435 3.04 1.85 (2s); 8.05 4.26 (2d); [*'] v - 
8.46 0.82 (2t); 7.27 4.26 3.30 -3.10 ° (0.09) (C ~gH29NsO~) 

1.57 (4m) 

25.5_ C, H , N  665 (30) 3 a b' b" 91 1435 4.63 3.01 1.84 (3s); 8.03 4.25 [*'] D -- 
(2d); 8.44 3.35 (2t); 6.79 4.21 5.77 ~ (0.07) (C23I-I2~504) 

1.54 (3m)  

27.5_ C , H , N  667 (31) 4 a a' a" 54 1.84 (s); 8.00 2.53 4.26 (3d); [*'] D - 
8.45 0.79 (2t); 6.04 (q); 7.29 5.81 ° (0.08) (C~-I32N403) 

4.22 3.04 1.40 (4m) 

668 (32) 4 a a' b" 88 4.39 1.84 (2s); 7.99 4.25 2.58 [,~] v 2s = C, H, N 
(3d); 8.44 3.02 (2t); 6.29 (q); 5.140 (0.07) (C24H32N, O3) 

7.26 4.21 1.40 (3m) 

670 (33) 4 a b' a" 87 1435 3.05 1.84 (2s); 8.00 4.26 (2d); [~:] v 2s = C, H, N 
0.83 8.44 (20; 7.27 4.23 3.29 -2.72 ° (0.07) (C~I-Ia~NsO4) 

1.42 (4m)  

28_ C , H , N  671 (34) 4 a b' b" 88 1435 4.64 3.03 1.84 (3s); 7.99 4.25 [*~] v - 
(2d); 8.43 3.29 (2t); 7.27 4.20 --4.75* (0.07) (CuI-I3,NsO4) 

1.41 (3m) 

673 (35) 3 b a' a" 63 1.84 (s); 8.44 8.03 4.26 (3d); [~:] 025 = C, H, N 
6.33 3.61 0.79 (3t); 7.27 5.78 7.72 ° (0.08) (C2~H32N403) 

5.02 4.26 3.08 1.50 (6m) 

~ z -  C, H , N  674 (36) 3 b a' b" 81 4.40 1.85 (2s); 8.02 4.27 (2d); [*~] v - 
8.44 6.52 3.68 3.13 (4t); 6.48 ° (0.07) (C25H3:24403) 

7.27 5.80 5.06 4.27 1.49 (5m) 

676 (37) 3 b b' a" 58 1435 1.84 (s); 8.05 4.26 (2d); 8.46 [*,] D255= C, H, N 
0.81 (2t); 7.26 5.63 5.10 4.29 --6.39* (0.08) (C2~H3tNsO4) 

3.25 1.58 (6m) 

677 (38) 3 b b' b" 79 1435 4.63 1.84 (2s); 8.03 4.28 (2d); [~] t, zs5= C, H, N 
8.43 3.36 (20; 7.27 5.56 5.07 -7.90* (0.07) (C25H3~NsO 4) 

4.28 1.55 (5m) 

28- C , H , N  679 (39) 4 b a' a" 74 1.84 (s); 8.00 4.26 (2d); 8.44 [~] u - 
6.32 3.62 0.79 (40; 7.28 5.79 5.56 ° (0.09) (Cz~]~l~O3) 

5.01 4.21 3.07 1.47 (6m) 

680 (40) 4 b a' b" 88 4.42 1.84 (2s); 7.99 4.25 (2d); [~] o ~ =  C, H, N 
8.43 6.55 3.68 3.06 (4t); 7.64 ° (0.07) (C~H~N403) 

7.26 5.80 5.04 4.21 1.42 (5m) 

R: a--CH 3 , b = CH2 =CH-CI-I 2. c = CI-CI-I~-CH 2 
R': a' = H, b' = NO 
R": a" = CI-~-CI-~-CI%, b" = CI~-C~H 5 
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Table 3 (continued). Ureas and nitrosoureas substituted a t / ~  
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~1 i t"  / C O .  N H .  CH2. C6H 5 

R - N - C - N - (CH 2) n" CH 

R '  

MCS- Number n R R' R" Yield IR cm -z ~ H NMR [*~] D Oe A N A L .  

(%) (NNO) (DMSO-dt) (M, MeOn) 

682 (41) 4 b b' a" 75 1435 1.84 (s), 8.01 4.26 (2d); 8.44 [~] p~ = C, H, N 
0.83 (2t); 7.26 5.63 5.08 4.25 2.54 ° (0.07) (C,H~NsO D 

3.29 1.46 (6m) 

~ -  C, H ,N  683 (42) 4 b b' b" 71 1435 4.66 1.83 (2s); 7.99 (d); 8.42 [*'] D - 
3.29 (2t); 7.28 5.56 5.08 4.25 -7.15 ° (0.06) (C~I~N504) 

4.25 1.46 (6m) 

27_ C , H , N  685 (43) 3 c a' a" 64 - 1.87 (s); 8.18 4.25 (2d); 8.56 [*~] D - 
4.76 (2t); 7.28 4.25 3.55 3.30 4.42* (0.08) (C20I-I~1N~O3C1) 

1.53 0.83 (6m) 

C , H , N  686 (44) 3 e a' b" 80 - 4.39 1.86 (2s); 8.07 4.27 [*~] D = 
(2d); 8.47 4.82 3.09 (3t); 4.71 ° (0.06) (C~H3tN~O~CI) 

7.30 4.27 3.57 3.36 1.52 (5m) 

688 (45) 3 c b' a" 46 1435 1.85 (s); 8.06 4.27 (2d); 8.47 [*~] o n = C, H, N 
(t); 7.27 4.27 4.03 3.66 3.32 4.51 ° (0.07) (C~J-IjoNsO4CI) 

1.59 0.83 (7m) 

689 (46) 3 c b' b" 46 1435 4.65 1.84 (2s); 8.03 4.19 [~:] D ~ = C, H, N 
(2d); 8.43 (t); 7.23 4.19 4.05 8.21 ° (0.07) (C~H~I504CI) 

3.61 3.29 1.45 (6m) 

691 (47) 4 e a' a" 77 1.85 (s); 8.08 4.26 (2d); 8.52 [*,] D z = C, H, N 
4.76 (2t); 7.27 4.26 3.56 3.29 3.18 ~ (0.07) (C21H3sN403C1) 

1.54 0.83 (6m) 

692 (48) 4 c a' b" 66 4.41 1.84 (2s); 8.03 4.22 (d); [*~] v~'s= C, H, N 
8.48 4.83 3.04 (30; 7.30 4.22 6.04* (0.06) (C~3N403C1) 

3.58 3.29 1.42 (5m) 

694 (49) 4 c b' a" 46 1435 1.84 (s); 8.01 4.27 (2d); 8.43 [,~] o~s= C, H, N 
(t); 7.28 4.27 4.04 3.64 3.30 4.04 ° (0.07) (C2,H3:a~IsO4CI) 

1.36 0.84 (7m) 

695 (50) 4 c b' b" 40 1435 4.68 1.83 (2s); 7.99 4.25 [*~] D z5 = C, H, N 
(2d); 8.43 3.67 3.27 (3t); -3.00 ° (0.07) (C~H3:aNsO4CI) 
7.29 4.25 4.06 1.38 (4m) 

R: a = CH 3, b = CI-~=CH-CH 2, c = CI-CI-~ 
R': a' = H, b' = N O  
R": a" = CH2--CH2--CI ~,  b" = CH2--C~H ~ 

The te t razol ium salt  XTI" was added to all wells,  and 
cultures were  incubated to al low formazan colour  
deve lopment  by v iable  cells. Individual  wel ls  were  
analyzed  speet rophotometr ica l ly  to quanti tate  formazan  
production,  and in addit ion were v iewed micro-  
seopica l ly  for  detect ion o f  viable cel ls  and conf i rmat ion 
o f  protect ive  activity.  

Drug-treated vires- infected ceils were compared  with 
drug-treated non-infected cells,  and with other  
appropr ia te  controls  on the same plate. Data were  

reviewed in compar ison with other tests done at the 
same t ime and a determinat ion  of  act ivi ty was made.  
Agents  that interact  with virions, cells ,  or virus gene- 
products ,  interfering with viral  act ivi t ies ,  wil l  protect  
cel ls  from cytolysis .  Al l  tests are compared  with at  
least  one posi t ive  (e.g. AZT-t rea ted)  control,  done 
s imul taneously  under  identical  condit ions.  22 

The  results of  the in vi tro and anti-prol iferat ive ac t iv i ty  
are shown in Figures  4 to 6. The data in Figures 4a and 
5a -5d ,  show the percent  of  maximal  protection for each  
compound in infected cells or the anti-HIV act ivi ty in 
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vitro of the compounds (a compound must have, at 
least, a 50% protection level to be considered active). 

Many compounds showed only weak activity in 
counteracting the cytopathic effects of the HIV-1 on 
CEM-IW cells: the ten selectively blocked diamino 
acids (Fig. 4a) and the N~-methyl and N~-allyl ureas 
and nitrosoureas (Figs 5a and 5b). N]-2-Chloroethyl 
derivatives showed weak activity, however these were 
the most active compounds in counteracting the 
cytopathic effects of the HIV-1 on this cell line. The 
highest value is for compound MCS-689 (56% 
protection, Fig. 5c). The four N~-propargyl derivatives 
showed weak activity, comparable to that of the N~-2 - 
chloroethyl series in this model, the highest value being 
for compound MCS-696 (58%, Fig. 5d). 

The data in Figures 4b and 6a--d show the percent of 
maximal survival of uninfected cells in the presence of 
the compound or the intrinsic cytotoxicity of the 
compounds (100% of maximal survival = original cell 
count). The majority of the compounds showed only 
weak cytotoxicity in uninfected T4 cells (ICso > 10 -4 M) 
(the Nt-propargyl ureas and nitrosoureas showed some 
cytotoxicity but only at high concentrations). In fact, 
the majority possess a tendency to stimulate the growth 
of the T4 lymphocytes uninfected by the HIV-1 (only at 
low concentration for the N~-propargyl ureas and 
nitrosoureas; at high concentration, the nitrosoureas can 
stimulate the growth of the "1"4 lymphocytes infected by 
the virus). Hence, these compounds may possess an 
immunomodulatory activity that could be verified only 
in in vivo models. 

An analysis of variance (ANOVA) of the results, using 
the Systat program (Systat Inc., Evanston, IL, U.S.A.) 
(P < 0.05) followed by a posteriori  analysis with 
Bonferroni correction for multiple comparisons, 23 
showed that the activity in counteracting the cytopathic 
effects of the HIV-1 on CEM-IW cells was highest for 
the NI-propargyl and the N~-2-chloroethyl series than 
the selectively blocked diamino acids, the Nt-methyl 
and Nn-allyl series. 

An analysis of variance (ANOVA) of the results, using 
the Systat program (Systat Inc., Evanston, IL, U.S.A.) 
(P < 0.05) followed by a posteriori analysis with 
Bonferroni correction for multiple comparisons, 23 
showed that the immunomodularity activity was higher 
for the Nm-propargyl (Fig. 6d) and the NI-allyl series 
(Fig. 6b) followed by the Na-2-chloroethyl series (Fig. 
6c) and f'maUy the selectively blocked diamino acids 
(Fig. 4b) with the Nt-methyl series (Fig. 6a). 

IN VITRO A N T I - H I V  A C T I V I T Y  
M E T H Y L  S E R I E S  

IN VITRO ANT1-HIV  A C T I V I T Y  
A L L Y L  S E R I E S  

% o(= MAnWU. Pmsn[CTK)N Oe) % OF MAXl IAN.  PROTECTION (IC) 

6O 

4O 

SO 

DOIIE : 10-4 to 1041M 
IC - Infected Ceils l ia 

IN VITRO ANTI-HIV ACTIVITY 
2-CHLOROETHYL SERIES 

,K 

G' 

OOlllr : 104 iO 10-1 M 
IC - klfeclmd Ceils 6b 

IN VITRO A N T I - H I V  A C T I V I T Y  
PROPARGYL SERIES 

% OF MAXIMAL PROl l [CTION (IC) % OF MAXiMuM,. PROTECl"iON 

OG 

4~ 

20 

6' 

DOSE : 10-4 to 10-8 M DOSE : 10.4 to 10-? M 
IC n Inlbded Cello Sc IC = Infeded Col L- Sd 

Figure 5. In vitro anti-HIV activity of the four series of  ureas and nitrosoureas. 
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T4 LYIlUq~OCVI~ CIIqOWTH IN CYTOTOXIC A$1AY 
M l r rH~  IW.Imm 

T4 I.YMPHOCYIrE GROWTH IN C Y ' T ~  ASSAY 
ALU~ 8ERIEB 

20C 

18C 

10C 

SC 

% OF M A X I M A L  SURVIVAL (NIC) 

IC80 > 1G.4 M 
NIC ~' N(m Infe~ed Cells 
10018 m Or lg~a l  Cell Cmmt  I ls 

1'4 LYMPHOC't'rE G/~OWTH IN CYTO'rOXIC ASllAY 
~.CHI.OlltOLq'HyI. 8EIql Im 

% OF MAXIMAL  SURVIVAL (NIC) 
2OO 

liTllllnlllHl  
|080 > 10-4 M 
NIC m Non ~ Ceils 
100~ m Q r l ~ l l l  Cell Cmant ( ~  

T4 LYIdPHOCY~E mqOWTH iN C~rTC)TOXIC ASSAY 
PIqOPAIqGYL IIEIWE8 

% OF M A X I M A L  SURVIVAL (NIC) 
20C 

150 

i.]llllllllll 
% OF M A X I M A L  •URVIVAL (NIC) 

20O "IIIH 100 

5O 

ICSO> 10..4 M IC80 ) 10-4M 
NIC - ~ Inlsoted Ce~ls NiC i Non Inleoted Cells 
100~ s Original Cel l  Cmmt 8o 10018 ,, Or lg in~  Cell Count iM 

Figure 6. In vitro cytotoxic activity of the four series of ureas and nitrosoureas. 

In conclusion, all agents tested have shown weak 
activity in counteracting the cytopathic effects of the 
HIV-I on a T4 lymphocyte cell line (CEM-IW); 
however, all the compounds were not cytotoxic in the 
above cell line. The lack of activity and cytotoxicity of 
our compounds could, in part, be explained by their 
extremely long chemical half-life (from two to many 
hundred times greater than that of CCNU) indicating 
pronounced stability thus depriving the compounds of 
possible active functionalities. 24 Surprisingly, the N- 
allyl and N-propargyl ureas and nitrosoureas may 
possess some immunomodulatory activity. The latter 
compounds stimulated the proliferation of "1"4 
lymphocytes uninfected by HIV without producing the 
same effect on the same cell line infected by HIV. This 
activity was not expected since the nitrosoureas are 
known to be immunosuppressive. It would be 
appropriate to further explore the immunomodulatory 
activity in in vivo models. This type of product may be 
of interest in adjuvant therapy of AIDS. Also, it will be 
interesting to look at the data obtained in an in vitro 
anticancer screening panel. 
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