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

Héléne Dulude*, Romano Salvador and Gilles Gallant

Medicinal Chemistry Laboratory, Faculty of Pharmacy, University of Montreal, Box 6128, Station A, Montreal,
Quebec, Canada, H3C 3J7

Abstract—A series of N'-methyl, N'-allyl, N'-(2-chloroethyl) and N'-propargyl urea and nitrosourea derivatives of diamino acids
(L-ornithine and L-lysine) was synthesized and was shown to have weak activity in counteracting the cytopathic effects of the
HIV-1o0n aT, lymphocyte cell line (CEM-IW). However, selected compounds may possess some immunomodulatory activity.

Introduction proper functional groups (Table 1) were prepared
according to modifications of published methods (Fig.
The nitrosoureas are among the most potent alkylating  1)."*?' The ureas and nitrosoureas (Table 2 and Table
agents.'” Some twenty-five years ago, BCNU (1,3-bis-  3) were prepared according to Figures 2 and 3. The
(2-chloroethyl)-1-nitrosourea) was shown to possess active carbamates and nitrosocarbamates were synth-
antiviral activity in vitro and in vivo in animal models  esized according to a method previously published by
against many viruses.*’ The antiviral mechanism was  our group.?
unknown but it was proposed that BCNU had a specific

antiviral activity or some action on the host  All capillary melting points were determined using a

immunological system.*’ Biichi 535 melting point apparatus and are reported
uncorrected. Elemental analyses were performed by

Recently, workers in our laboratory have shown that a  Guelph Chemical Laboratories Ltd and are within

new series of urea and nitrosourea derivatives of  +0.4% of theoretical values. IR Spectra were

diamino acids was devoid of anti-HIV activity.® The  determined on a Perkin-Elmer 710A or a Perkin-Elmer

lack of activity was thought to be caused by the short 257 spectrophotometer, and 'H NMR spectra were

chemical half-life of these products.® determined on a Varian VXR-300 spectrophotometer
using the deuterated solvent (DMSO-d;) as internal

In order to evaluate the anti-HIV activity of ureas and  gstandard. Chiral integrity was assessed by optical

nitrosoureas with longer half-lives, we have synthesized  rotation on an Atago Polax-D polarimeter. UV-vis

four series of urea and nitrosourea derivatives of  gpectra were recorded on a Hitachi U-2000

diamino acids. Two specifically blocked diamino acids  spectrophotometer (Tables 1, 2 and 3).

were coupled with four different alkylating moieties in

order to evaluate their relative biological activities.

New N'-methyl, N'-allyl, N'-(2-chloroethyl) and N'-

propargyl ureas and nitrosoureas resulted from this In Vitro Anti-HIV and Anti-Proliferative Activities

synthetic program. Our laboratories chose diamino acids

with the L configuration .since they are le:ss toxic. apd The determination of the anti-HIV and anti-proliferative
produce nitrosoureas with good biological activity activities of the compounds (1-50) was performed
(anticancer activity in animal®'® and in in vitro according to a published NCI method.?? This in vitro
mogie.ls“). Moreover, L-lysine per se possesses an procedure is designed to detect agents acting at any of
inhibitory effect on the growth of some types of tumor 4. stages of the HIV-1 reproductive cycle. The
cells.'" compounds were dissolved in DMSO (< 0.25%) then
diluted 1:100 in cell culture medium before preparing
serial half-log,, dilutions. T, lymphocytes (CEM-IW
cell line) were added, and after a brief interval cell-free
HIV-1 (IlIb) was added, resulting in a 1:200 final
dilution of the compound. Uninfected cells with the

*Address for correspondence: Hélene Dulude B.Pharm. Ph.D. cor.npound serve as a toxicity control, and infected aqd
Bristol-Myers Squibb, 2365 Cote-de-Liesse, Montréay  Uninfected cells without the compound serve as basic
(Québec), Canada H4N 2M7 (Tel. 514-333-4884, FAX 514- controls. The culture was incubated at 37 °C in a 5%
331-8880) CO, atmosphere for 6 days.”

Chemistry

The starting diamino acids selectively blocked at the
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COOH
L - ornithine

/ n=3
Cbz'NH'(CHZ)n'C\“ n=4 L-lysine
2

1 AcyO (2¢q)/NaOH (1) (3)
a. 0°C for 30 min. b. Room T for 24h

2. CgHg-CHy-NH, (1 eq)/ EEDQ(1.07 eq.) /MeOH (2) ()
(Room T for 10 days, protected from light)

3. cyciohexene/ EtOH 100% /Pd/C (10%) (5) (8)
(reflux for 15h)

CO-NH - Cﬂz- C6H5
NH,- (CH,) .- C\HA‘

4. ) CHy CH,-CHO (12eq)
or / EtOH 100%
b) CgHg- CHO (1.2 eq.) (-20°C for 8h)

5. NaBH4 (0.3 eq.) / EtOH
(Room Topnxecwd from light for 15h)

r" -NH - CHy- CgHg
HN- (CHy) cr<Il
NHAc

R"=CHy-CHy-CHy (6) (9
CH,-CgHg ™ o)

Figure 1. Synthesis of the selectively blocked diamino acids.

CO-NH - CHy- CgH
1 3 / 615
R-Ilﬂ-C-NH-(Cﬂz)n.
NO (Nitrosoureas)
.
R-T-C-O—N /MeOH
NO

a -20°C for 1h b. 0°C for 7h in darkness
c. Refrigerator for 24h

CO - NH - CHy- CgHg
3
NHZ.(CHZ)".G\HA‘ S or@® n= : L-ornithine
n= l.-lydne
1
R’-N=C=0(1.2eq.)
R’ = Methyl i ] 12eq)
Aliyl or HC=C-CHy-NH-C-O0-N
2-Chloroethyl

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

. CO - NH - CH,- CgHj
3
R-NH-C-NH-(CH;),.-C!\

(Ureas)

R=Q-CH,-CH,, CHy, CH,=CH-CHy, HC=C-CH,

Figure 2. Synthesis of ureas and nitrosoureas unsubstituted at N3.
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Table 1. Selectively blocked diamino acids

CO-R
R’-NH - (CHy) ;- CH
NHAc
MCS Number n R R Yield M.P. 'H NMR [e<] D"C ANAL.
# ' (%) (&) 6 (DMSO0-d;) (M, MeOH)

650 N 3 a a' 100 - 5.00 1.83 (2s); 8.11 (d); 2.98 (q); [e<] Dm = C,H,N
7.32 4.125 1.48 (3m) —4.49° (0.1) (C sHxN,05)

651 (2) 3 b a 67 191.6- 5.00 1.84 (2s); 8.02 4.26 (2d); 8.42 [e<] Dﬁ‘s= C,H,N
1925 (t); 2.98 (q); 7.30 421 1.50 (3m)  -597° (0.08)  (C,H,N,0,)

652 3) 4 a a' 97 97.1- 5.00 1.83 (s); 8.09 (d); 2.97 (q); [ec] .7 = C.H N
104.4 7.324.11 1.46 (3m) -138°(0.09)  (C,H,N,0,)

653 “4) 4 b a' 67 172.2-  5.00 1.84 (2s); 8.00 4.26 (2d); 8.43 [o<] ;= C,H N
172.6 (t); 2.95 (q); 7.30 4.21 1.40 (3m) -17.03° (0.07) (CzHLN,0,)

654 (5) 3 b b 100 - 1.84 (s); 8.07 4.26 (2d); 8.47 (v); [ec] o7 = C,H,N
7.284.212.49 1.51 (4m) -21.60° (0.1) (C,H,N,0,)

655 (6) 3 b ¢ 9% - 1.84 (s); 8.06 4.26 (2d); 8.45 0.84 [e<] Dns___ C,H,N
(2t); 7.29 4.22 2.43 1.51 (4m) 055 (0.1)  (C HN;0,)

656 O] 3 b 9% - 3.67 1.84 (2s); 8.04 4.25 (2d); 8.43 [=],7°= C,H,N
(); 247 (q); 7.25 421 1.57 (3m)  4386° (0.08)  (C,H,N,0,)

657 8) 4 b b 100 - 1.84 (s); 8.05 4.26 (2d); 8.47 (v); [e<] Dn'sz C,H N
7.27 4.21 2.49 1.45 (4m) -594° (0.1)  (C,HyN,0,)

658 (9) 4 b ¢ 9% - 1.84 (s); 8.00 4.26 (2d); 8.44 0.84 [e<] Du = C,H,N
(2t); 7.25 4.20 2.43 1.47 (4m) 5.27° (0.1) (CjHxN,0,)

659 (10) 4 b d 8 - 3.66 1.84 (2s); 8.00 4.26 (2d); 8.44 [e<] Dm = C,H,N
243 (21); 7.27 4.22 1.49 (3m) 257 (0.1) (C HxN,O0))

R: a =OH, b = NH-CH,-C(H;,
R:a'=Cbz,b'=H,c¢'=Pr,d =Bz

CO - NH - CH,- C¢Hg
3
R"-HN-(CH,); C

6,7,9 or 10)
R" = Propyl NHAc
Benzyl
1
R-N=C=0 (12 eq.)/MeOH
a. -20°C for 2h b. Room T©
for 24h protected from light
0o R" R= CHy-CH3-C1
} |3 CO - NH - CHy- C¢H;g CH;
R-NH-C-N-(CH,); C CHy=CH-CH,
(Ureas) 'NHAc
NOCI (g) (4 eq.) / Pyridine (2 eq.) / CH2Cl3
(-20°C for 5h to 7h)

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

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

Hu CO - NH - CH,- C¢Hs
R-N-C-L-(CHz)n-Cﬂ
\NHAc
R’
MCS Number n R R Yied MP. IRcm' 'HNMR [oe], € ANAL.
# (%) (°C) (NNO) (DMSO0-d;) (M, MeOH)
660 h)) 3 a a » 2153 - 1.84 (s); 8.02 4.26 [<] 2= C, H N
2170 2.50 (3d); 8.41 5.86 343° (C,H,N,0,)
(2t); 5.64 2.94 (2q); (0.09)
7.26 4.21 1.44 (3m)
663 (12) 3 a Vb %6  1506- 1525 3.08 1.84 (2s); 8.05 [=]p,%= C,H, N
1534 4.27 (2d); 8.77 8.43 -420° (C,HzN;0,)
(2t); 3.27 (q); 7.27 (0.08)
4.27 1.55 (3m)
666 (13) 4 a a T 2106~ - 1.84 (s); 7.99 4.25 [e<] 7 = C,HN
2115 2.51 (3d); 8.42 5.82 6.94° (C ,HuN,0,)
(21); 5.64 2.92 (2q); 0.09)
7.26 4.20 1.41 (3m)
669 (14) 4 a b % 226.1- 1525 3.07 1.83 (2s); 8.00 [o<) p 5= C,H,N
2319 4.25 (2d); 8.73 8.42 —4.04° (C ,HxN,0,)
(2t); 3.23 (q); 7.26 (0.08)
4.20 1.47 (3m)
672 (15) 3 b a 61 2093 - 1.84 (s); 8.02 4.25 [} 2 = C,H N
2113 (2d); 8.41 3.59 (2t); 7.55° (C HxN,0))
2.96 (q); 7.28 5.90 ©.1)
5.78 5.03 4.25 (5m)
675 (16) 3 b W L 125.7- 1525 1.84 (s); 8.04 4.33 fe] p% = C,H N
1273 4.28 (3d); 8.78 8.43 —4.11° (C sHsN,0,)
(21); 3.26 (q); 7.26 (0.08)
5.614.954.28 1.65
(5m)
678 amn 4 b a &8 179.6- - 1.84 (s); 7.99 4.25 [o<] 7 = C,H,N
181.3 (2d); 8.42 5.89 5.85 3.66° (C ,HxN,0,)
3.59 (4t); 2.94 (q); 0.09)
7.275.78 5.03 4.20
1.40 (5Sm)
681 (18) 4 b b ) 1408- 1525 1.83 (s); 8.00 4.33 [=],7°= C,H, N
1433 4.27 (3d); 8.75 8.42 -1032° (C,HN,0,)
(21); 3.26 (q); 7.26 (0.08)
5.61 4.96 4.20 1.47
(Sm)
684 (19) 3 ¢ a 78 124.4- - 1.84 (s); 8.03 4.26 [<] p25= C,H N
1394 (2d); 8.42 (1); 6.10 6.38° (C H,N,0,Cl)
3.28 2.96 (3q); 7.26 0.09)
4.26 3.55 1.50 (4m)
687 (20) 3 ¢ b 88 - 1525 1.86 (s); 8.06 4.28 [o<] g5 = C,H N
(2d); 8.79 8.44 (2u); 6.24° (C ,H,N,0,Cl)
3.29 (q); 7.27 4.28 (0.08)

4.06 3.61 1.63 (5Sm)

R: a = CH,, b= CH,=CH-CH,, ¢ = CI-CH,~CH,, d = HC=C-CH,
R:a' =H, b =NO
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Table 2 (continued). Ureas and nitrosoureas unsubstituted at N3

H CO - NH - CHy- CgHg
R-N-C-L-(Cﬂz)n-CH
\NHAc
R’
MCS Number n R R Yild MP. Rem' 'HNMR [ ANAL.
# (%) (°C) (NNO) (DMSO-d,) (M, MeOH)
6 @) 4 c & 4 IBS - 1.85(s); 800426  [x],*'= C,H,N
1377 (d); 843 6.09 6.03 534" (C,HN,0C)
3.55 (41); 3.30 2.94 (0.08)
(29); 726 420 1.41
(3m)
63 (2 4 c b T 886 1525  184(;801426  [x],= C,H,N
1004 (2d);8.77843409 335  (CHNOCH
361 (41325 (@;  (0.07)
7.29 422148 (3m)
@ (23 3 d & & 1601 - 1.84(s); 805425  [oc],®'= C,H,N
1698 (2d); 8.44 6.15 6.02 7.18° (CHLN,0)
3.03 (41;297 (@) (0.09)
7.264.253.75 1.46
(4m)
® @) 3 d b & 1525 1845806426  [«],*= C,H,N
(d); 8.86 844 21);  -331° (CuH,N,0)
327 (q); 7.25 4.45 (0.08)
426334 1.61 (Sm)
W (25 4 d & 46 18- - 3.02184(2);801  [],7= C,H,N
1908 422376 (3d);843 399" (CoH,N,0,)
6.12595(30;422  (0.08)
293 (2q); 7.26 142
(2m)
69 (26 4 d b 5 1103 1525  184(s;802423  [«],7= C,H,N
1170 (2d); 8.84 843 (2); 315 (C oH,N,0)
3.25 (q); 7.26 4.46 (0.08)

4.233.37 1.45 (5m)

R:a =CH,, b=CH,=CH-CH,, ¢ = CI-CH,-CH,, d = HC=C-CH,
R:a'=H, b =NO

IN VITRO ANTI-HIV ACTIVITY T4 LYMPHOCYTE GROWTH IN CYTOTOXIC ASSAY
SELECTIVELY BLOCKED DIAMINO ACIDS SELECTIVELY BLOCKED DIAMINO ACIDS
% OF MAXIMAL PROTECTION (IC) % OF MAXIMAL SURVIVAL (NIC)
200
60 150
“0 1000 AR PR A
MNAN
20 AN VAU AV AN
4 PrIIEI
M2 277,47 7.7.9.7. RANNAANNN7N7
N A Q
Wi e
DOSE : 104 10 10-8 M ICB0 > 10-4 M
IC = infected Celis 4a NIC = Non infected Cells

100% = Original Cell 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?

Il

CO - NH - CHy- CgH

R-N-C-N-(CHy) ,-CH

NHAc
R’
MCS  Number R' R" Yield IRem' 'HNMR [o<], ANAL.
- (%) (NNO) (DMSO-d,) (M, MeOH)
661 27N a  a" 57 - 1.85 (s); 8.03 4.27 2.53 (3d); [o<) p %= C,H,N
8.45 3.10 3.01 0.78 (41); 422 (0.09) (C, HyN,0,)
6.05 (q); 7.27 4.24 1.45 (3m)
662 (28) a b 0 - 4.36 1.85 (2s); 8.01 4.27 2.57 [<] 7 = C.HN
(3d); 8.44 3.08 (2); 6.27 (q);  -3.82° (0.08) (C, H,N,0))
7.25 4.22 1.47 (3m)
664 (29) b a" ;] 1435  3.04 1.85 (2s); 8.05 4.26 (2d); [<] , %= C,HN
8.46 0.82 (2t); 7.274.263.30  -3.10° (0.09) (C,H,N,0,)
1.57 (4m)
665 (30) b b 91 1435 4.63 3.01 1.84 (3s); 8.034.25 [o<] p %= C,HN
(2d); 8.44 3.35 (2t); 6.794.21 577 (0.07)  (CzH,N,0,)
1.54 (3m)
667 31 a a" 54 - 1.84 (s); 8.00 2.53 4.26 (3d); [o] ;7= C,H,N
8.450.79 (2t); 6.04 (g); 7.29  581° (0.08)  (CxH,N,0)
4.22 3.04 1.40 (4m)
668 (32) a b 8 - 4.39 1.84 (2s); 7.99 4.25 2.58 [e<] 2 = C,H N
(3d); 8.44 3.02 (2); 6.29 (9);  5.14° (0.07)  (C,H,N,0y)
7.26 4.21 1.40 (3m)
670 (33) b a" 87 1435  3.05 1.84 (2s); 8.00 4.26 (2d); {1, %= C,H,N
0.83 8.44 (21); 7.274.23329  -272° (0.07) (C,H,N,Q,)
1.42 (4m)
671 (34) b b 88 1435 4.64 3.03 1.84 (3s); 7.99 4.25 [<]p®= C,H N
(2d); 8.43 3.29 (2t); 7.274.20  4.75° (0.07) (C,H,N,0,)
1.41 (3m)
673 (35) a  a" a - 1.84 (s); 8.44 8.03 4.26 (3d); [o<] 2 = CHN
6.333.610.79 (3t); 7.275.78  7.72° (0.08) (C,H,N,0,)
5.02 4.26 3.08 1.50 (6m)
674 (36) a b 81 - 4.40 1.85 (2s); 8.02 4.27 (2d); [<] %= C,HN
8.44 6.52 3.68 3.13 (4¢); 648° (0.07)  (C,H,N,0)
7.27 5.80 5.06 4.27 1.49 (5m)
676 (37) b a" 58 1435 1.84 (s); 8.05 4.26 (2d); 8.46 [o<] , %= C.H, N
0.81 (2t); 7.26 5.635.10429  —6.39° (0.08) (C,H,N,0,)
3.25 1.58 (6m)
677 (38) b b LY 1435  4.63 1.84 (2s); 8.03 4.28 (2d); [o] 2= C,HN
8.433.36 (2t); 7.27 5.56 507  -790° (0.07) (CH,N,0,)
4.28 1.55 (5m)
679 39 a  a" 7 - 1.84 (s); 8.00 4.26 (2d); 8.44 [=] 2= CHN
6.323.620.79 (41); 7.28 5.79  556° (0.09) (C,H,N,O))
5.01 4.21 3.07 1.47 (6m)
680 (40) a b 8 - 4.42 1.84 (2s); 7.99 4.25 (2d); [o] = C.H N
8.43 6.55 3.68 3.06 (4¢); 764° (0.07)  (CxH,N,0,)

7.26 5.80 5.04 4.21 1.42 (5m)

R: a =CH,, b= CH,=CH-CH,, ¢ = CI-CH,-CH,
R: a'=H, b’ =NO

R":a" = CH,~CH,—CH,, b" = CH,-C(H,
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Table 3 (continued). Ureas and nitrosoureas substituted at M
R" CO - NH - CH,- C
I /0 NH- Oy 615
R-N-C-N-(CHz)n-CH
R NHAc
MCS- Number n R R R Yied Rcm® '"HNMR fo<] € ANAL.
(%) (NNO) (DMSO0-d,) (M, MeOH)
682 41) 4 b b a" s 1435 1.84 (s); 8.01 4.26 (2d); 8.44 (<] o2 = C,H,N
0.83 (2t); 7.26 5.63 5.08 4.25 2.54° (0.07) (C,H,;,N,O,)
3.29 1.46 (6m)
683 42) 4 b b b n 1435 4.66 1.83 (2s); 7.99 (d); 8.42 [<] 2% = C,H,N
3.29 (2t); 7.28 5.56 5.08 4.25  -7.15° (0.06) (C,H;,N,O,)
4.25 1.46 (6m)
685 (43) 3 c a a" &4 - 1.87 (s); 8.18 4.25 (2d); 8.56 [l o7 = C,H,N
4.76 (2t); 7.28 4.25 3.55 3.30 442° (0.08) (C,H,,N,O,Cl)
1.53 0.83 (6m)
686 (44) 3 c a b 0 - 4.39 1.86 (2s); 8.07 4.27 [l 7 = C,H,N
(2d); 8.47 4.82 3.09 (3t); 471° (0.06) (C,H,N,O,CD)
7.304.27 3.57 3.36 1.52 (5m)
688 45) 3 ¢ b a" 46 1435 1.85 (s); 8.06 4.27 (2d); 8.47 [<],2 = C,H,N
(t); 7.27 4.27 4.03 3.66 3.32 4.51° (0.07) (CxH,N;O,Cl)
1.59 0.83 (7m)
689 (46) 3 c b b 46 1435 4.65 1.84 (2s); 8.03 4.19 [e] 2= C.H,N
(2d); 8.43 (1); 7.23 4.19 4.05 8.21° (0.07) (C,H,N,0,Cl)
3.61 3.29 1.45 (6m)
691 47) 4 c a a" i - 1.85 (s); 8.08 4.26 (2d); 8.52 [o] % = C,H,N
4.76 (2t); 7.27 4.26 3.56 3.29 3.18° (0.07) (C,H;;N,O,CD)
1.54 0.83 (6m)
692 (48) 4 c a b 6 - 4.41 1.84 (2s); 8.03 4.22 (d); [o<] %= C.HN
8.48 4.83 3.04 (3t); 7.304.22 6.04° (0.06) (C,;H;N,O,ChH)
3.58 3.29 1.42 (5m)
694 49 4 ¢ b a" 46 1435 1.84 (s); 8.01 4.27 (2d); 8.43 [ec] %= C,H,N
(t); 7.28 4.27 4.04 3.64 3.30 4.04° (0.07) (C, H,,N,O,Cl)
1.36 0.84 (7m)
695 (50) 4 c b Db z ] 1435 4.68 1.83 (2s); 7.99 4.25 [oc] ,2° = C,H,N
(2d); 8.43 3.67 3.27 (3t); -3.00° (0.07) (C,H,N;O,Cl)

7.29 4.25 4.06 1.38 (4m)

R: a=CH,, b=CH,=CH-CH,, ¢ = C-CH,~CH,
R:2'=H, b =NO

R": a" =CH,-CH,~CH,, b" = CH,~C H,

The tetrazolium salt XTT was added to all wells, and
cultures were incubated to allow formazan colour
development by viable cells. Individual welis were
analyzed spectrophotometrically to quantitate formazan
production, and in addition were viewed micro-
scopically for detection of viable cells and confirmation
of protective activity.

Drug-treated virus-infected cells were compared with
drug-treated non-infected cells, and with other
appropriate controls on the same plate. Data were

reviewed in comparison with other tests done at the
same time and a determination of activity was made.
Agents that interact with virions, cells, or virus gene-
products, interfering with viral activities, will protect
cells from cytolysis. All tests are compared with at
least one positive (e.g. AZT-treated) control, done
simultaneously under identical conditions.*

The results of the in vitro and anti-proliferative activity
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 activity 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-
chloroethy! series in this model, the highest value being
for compound MCS-696 (58%, Fig. 5d).

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

IN VITRO ANTI-HIV ACTIVITY
METHYL SERIES
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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 T, cells (ICs, > 10~ M)
(the N'-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 T, 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 T, 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,?
showed that the immunomodularity activity was higher
for the N'-propargyl (Fig. 6d) and the N'-allyl series
(Fig. 6b) followed by the N'-2-chloroethyl series (Fig.
6¢c) and finally the selectively blocked diamino acids
(Fig. 4b) with the N'-methyl series (Fig. 6a).
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Figure 5. In vitro anti-HIV activity of the four series of ureas and nitrosoureas.



New urea and nitrosourea derivatives 159

T4 LYMPHOCYTE QROWTH IN CYTOTOXIC ASSAY
METHL. SENES

T4 LYMPHOCYTE GROWTH IN CYTOTOXIC ASSAY
ALLYL SERIES

% OF MAXIMAL SURVIVAL (NIC)

iC80 > 10-4 M
NIC = Non infectad Colls
100% = Original Cell Count 6a

T4 LYMPHOCYTE GROWTH IN CYTOTOXIC ASSAY
2-CHLOROETMYL. SERIES

% OF MAXIMAL SURVIVAL (NIC)

150

100

o > 4040 ;\0 \
AL

1C80 > 10-4 M
NIC = Non lafected Celis
100% = Original Coil Count  8b

T4 LYMPHOCYTE GROWTH IN CYTOTOXIC ABSAY
PROPARGYL SRRIES

% OF MAXIMAL SURVIVAL (NIC)

1IC50 > 104 M
NIC = Non Infecied Cells
100% = Original Cali Count 8o

% OF MAXIMAL SURVIVAL (NIC)

200
150
100
50
PP
A

IC80 > 104 M
NIC = Non Infecled Celle
100% = Original Cell Count &d

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-1 on a T, 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.” Surprisingly, the N-
allyl and N-propargyl ureas and nitrosoureas may
possess some immunomodulatory activity. The latter
compounds stimulated the proliferation of T,
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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