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TABLE I 

s 0. s RI R2 K8 M p ,  o c a  Formula jt nalysesb 

1 3-C1 H H H 190-192 CiiITiiCl;jN2. HCIC C, €1, N 
2 3-C1 H CH3 H 229-230 Ci8HigC13N,>.HClc C, IT, N 
3 3-CI H OCHI H 156-157 CirHigC1,~N20.HClc C, 11, x 
4 3-C1 OCH3 H H 182-184 Ci8€Ti&I3N20 HCI‘ C, 11, N 
3 3-C1 OCHs H oc& 201-202 CigII2iCI3N202. IICIc c, 11, r\‘ 
0 3-CI OC2Hj H H 118-120 CiqlT,iClaru’rO~IICle C, €1, N 
7 3-CI H C1 H 169-171 Ci? I IrsCIjS2. IICI‘ C, 11, N 
8 4-C1 OCHa H H 191-192 CI8IIigCI3N,O.IIClc C, H, 9 
9 4-C1 €1 OCH3 H 192-194 Ci81€i!iClrNr0.HClc N 

10 4-C1 OCH3 H OCHI 208-210 C~!,112lcl3~202 .I1ClG N 
11 4-CI OCzHs H H 168-1 70 Ci !,I Inr Clr N& €IC I C  N 
12 3,5-C12 H H H 220-22 1 Ci j T  IrsCI4S2. TIClC C, TI, N 
13 3,5-C12 H CH3 H 225-226 Ci8Hr8CliS2.T€ClC N 
14 3,5-C12 OCH3 H H 141-142 Cr8Hr~C14N20.1ICIC N 
1 5 3,5-C12 H OCHI H 195-197 CisHi~Clr?jiO~ITClc N 
16 3,5-C12 OC2Hs H H 165-160 CigH~oC14X20~ llClc N 
17 3,5-C12 H C1 H 202-203 Ci7HijCliN2. I€Clc N 

19 3-Br H CHI H 202-203 Cl8Hl9BrC12S2. IIClc 3 
18 3-Br H H H 210-211 C17HijBrC12S2~ HClC C, H ru’ 

20 3-Br OCH3 H H 185-186 C18HIIBrC1~N20.1€CIc N 
21 3-Br H OCHi H 195-196 C181119BrCl~S20~ HClC N 
22 3-Br OCH3 H OCH3 205-200 C1g1121BrC12?;202 HCIc N 
23 3-Br OCzHj H H 11.3-116 C1gH21BrC12N20~ITCle S 
24 3-Br H C1 H 204-205 CI7H~~BrCl3X2~HClC 5 
2 F, 3-F H H H 128-130 Ci7Hi7C12FIY2.HClC C, H, S 
26 3-F H CHI H 220-221 C I ~ H I ~ C I ~ F N ~  .HClC N 
27 3-F OCH3 H H 197-198 C I ~ H ~ ~ C I ~ F N ~ O .  HCI‘ N 
28 3-F H OCHa H 172-173 C18HinC12FS20 .HClc N 
29 3-F OCH3 H OCHi 198-199 CigH2iC12FN202. HClc N 
30 3-F OC2H5 H H 200-202 CigH2jC12FNaO. HClo N 
31 3-F H c1 H 198-200 CiiITisCIsFS? .TTCIc ?1‘ 
32 3-CF3 OCH3 H OCH3 198-200 C ~ ~ I I ~ i C 1 ~ F ~ N ~ O ~ . H C l c  N 
33 2-COOH H H H 166-167 Ci8HlsCl,S202d C, 13, N 
34 2-COOH H CH3 H 194-igez clsFr20ci2?rT20,d x ,  
35 2-COOH 0c1-1~ H €I 147-148 CigH2oCl2ru’j,O3d N 
36 2-COOH H OCH3 H 113-115 C I ~ H ~ ~ C I ~ N ~ O ~ ~  N 
37 2-COOH OCH3 H OCH3 182-183 C2oF 122C12N20rd N 
38 2-COOH OC2Hj H H 159-160 C:20H&lsX203d N 
39 2-COOH H CI H 182-184 Ci8HijCl,31\j202d N 

41 3-COOH H CH3 H 2.54-2.55 CigH~oC12N202. HClc N 
42 3-COOH OCHi H H 217-218 Cjq€I~oClaN~O,~ .HClc N 
43 3-COOH H OCHa H 215-216 CiaIT?oCI2S2Os .I1ClC ?: 
44 3-COOH OCH3 H OCH, 219-220 C~oH22C1.”204~HClc N 
45 3-COOH OCzFTj H 1-1 222-224 C2o€I,,C12?;203. HCIc ?; 
46 3-COOH H C1 TI 243-244 Ci8Hi,C13N,02.HClc 5 
47 4-COOH OCH, I3 r3 222-223 CigTT2oC12S2Os .TTClc C, €1, r\‘ 
4s  4-COOH H OCH3 H 198-199 CinHyoC12N2Os .ITClc 5 
49 4-COO11 OCH, H OCH3 228-229 C2OH22ClyX204. IIClc 5 
.i 0 4-COOH OCPHL €1 H 220-223 C~oH22C12N208. HClc N 
3 1 4-COOH H CI H 248-250 C I ~ H ~ C I ~ N ~ O ? .  HCI‘ N 

53 4-(2-Pyridyl) H CH3 H Oil C23H2jC12N3d N 
54 4-(2-Pyridyl) H OCHI H Oil C23TT2aC12N3od N 
5.5 4-(2-Pyridyl) H e1 H Oil C ~ ~ H ~ O C I ~ N ~ ~  N 
56 4- 12- (4-31 ethyl p yrid yl )] H H H Oil C23H&12N3d N 
.3 7 4- [2-(4->Tethylpyridyl)] H OCH, H 150-152 C2JI,5C1,NaOd C, H, N 

40 3-COOH H H H 245-246 Cj8Hi8C12N20P.HClC C, H, N 

.i 2 4-(2-Pyridyl) H H I3 130-131 C22H2iC12N3d C, H,  N 

a Melting points were taken in open capillary tubes in a sulfuric acid bath and are uncorrected. * Where analyses are indicated only 
c Prepared 

d Prepared by method B and characterized as free Schiff 
by the symbols of the elements, snalyt-ical results obtained for those elements were within &0.4% of the t,heoretical values. 
by method A ;  pure compounds were obtained without recrystallization. 
bases; recrystallized from EtOFI. 
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TABLE I1 (Continued) 

Dose, 
m d k g  

15.0 
15.0 
15.0 

100.0 
33.0 
10.0 
3 . 0  

50.0 
400.0 
200.0 
100.0 
50.0 

150.0 
100.0 
66.0 
42.0 
50.0 
30.0 
18.0 
10.0 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 

100.0 
33.0 
10.0 
3 .0  
4 . 0  

400.0 
200.0 
100.0 
50.0 
75.0 
50.0 
33 .0  
22 .0  
25.0 
15.0 
9 . 0  
5 . 0  

25.0 
25.0 
25 .0  
25.0 
25.0 
2 5 . 0  

100.0 
33.0 
10.0 
3.0 

50.0 
200.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100,o 

Animal 
wt 

dif, g 

-7 
5 

-7 

11 
0 

14 
16 

- 3 . 3  
-4 .8  
-4 .7  
- 3 . 1  
-6 .2  
-5 .9  
- 5 . 5  
-6 .3  
- 5 . 9  
-3 .7  
-3 .4  
- 2 . 7  

Cures (T - CY 

- 48 

- 20 
- 15 
- 18 
- 24 
- 20 
- 20 

24 

-8 
11 

-2 
-1.6 
-0.8 
-1 .9  
-4 .4  
-3 .6  
- 3 . 5  
- 4 . 3  
-0.8 
-4 .7  
-3 .9  
-3 .4  
-2 .6  
- 19 
- 10 
-21 
- 11 
- 15 
- 16 

8 
24 
29 
27 
1 

7 -20 
3 -7 

-4 
0 
3 
0 

-3  
-1 

Tumor 
wt (g)' or 
survival 

days0 
T/C 

0 . 8 / 6 . 8  
1.1;s. 0 
0.917.1 

2.2/13.8 
14.3/10.0 
12.3/10 . O  
15.7/10.0 
12.3/10.0 
10 .8 /9 .3  
12 .5 i9 .3  
13 .0 /9 .3  
12 .8 /9 .3  
11.8/9.6 
12.5/9.6 
11.3/9.6 
11.2/9.6 
0 .9 /6 .9  
1 .0 /7 .5  
0.517.4 
0 .2 /5 .9  
0 . 2 1 5 . 2  
0.1 /6 .0  

0 .9 /5 .5  
10.5/8.5 
10.0/8.5 
10.0/8.5 
10.8/8.5 
12.717.7 
11.0/9.7 
10.5/9.7 
10.8/9.7 
12 .0 /8 .8  
13 .0 /8 .8  
14 .0 /8 .8  
12 .8 /8 .8  
0 .5 /6 .1  
0.318.7 
0 , 2 / 6 . 8  
0 .7/8.7 
0 .4 /7 .1  
1.016.2 

9.6/10.7 
30.0/16.0 
29.0/16.0 

11216.7 
2.215.7 
2 .0 /4 ,4  
1.815.9 
1.115.2 
0 .5 /5 .4  

T/C,  
% 

11 
13 
12' 

15 
143 
123 
157 
123 
116 
134 
139 
137 
112 
130 
117 
116 
15 
13 
6 
a 
3 
1' 

16 
123 
117 
117 
127 
130 
113 
108 
111 
136 
147 
159 
14 j  

8 
3 
2 
8 

16k 
J 

89 
187 
1811 
17 
38 
45 
30 
21 
9c 

Specificity 
test 

<21, >o 

<27 ,  >o  

<20, >o  

<19, >o  

1017 

Confi- 
dence, 7a 

99.7 

9 9 , 7  

99.7 

99 7 
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TABLE 11 (Continued) 
Tumor 

IY t survival 
Animal wt (g)' or 

Test Dose, Survi- dif, g days8 T I C ,  Specificity Confi- 
N0.C s Y systemd mg/kg vors Cures (T - C ) e  T / C  % test dence, 5% 
52 4-( 2-Pyridyl) H Whl  400.0 616 - 2  1 .0 /4 .0  22 

400.0 6/6 - 10 1 .0 /5 .4  18 
400.0 616 - 12 2 .5 /6 .1  40 
400.0 616 -7 2.417.3 32k 

a Only a part of the data is presented. * iissays were performed according to specifications established by  CCNSC as reported in 
Cancer Chemotherapy Rept., 25, 1 (1962). c Numbers refer to those from Table I. d AA = t,oxicity; WA = Walker carcinosarcoma 
256 (subcutaneous); LE = L1210 lymphoid leukemia; Wbl = Walker 256 (intramuscular). e Average weight change of test group 
(T) minus average weight change of control (C)  animals. Survival days for DL and 
LE test systems. Activity not confirmed. Activity confirmed. i At, lower doses the compound is inactive. Further testing is 
in progress;. 

Tumor weight for WA and WM test systems. 

ever, against Dunning leukemia all four Schiff bases (4, 
33, 34, 47) tested exhibited significant activity; 33 and 
34 cured all the rats at  dose levels of 200 and 100 nig/ 
kg/day, respectively. 

Whereas Schiff bases derived from 4- [S,S-bis(2- 
chloroethyl)aiiiirio]-nz-anisaldehyde (I' = 3'-OCH,, 
Table 11) are in general significantly active against 
L1210 lymphoid leukemia, related Schiff bases from 
other aldehyde mustards are either inactive or poorly 
active. The methoxy group present in 4-[XJS-bis(2- 
chloroethy1)aiiiinol-In-anisaldehyde appears to play a 
key role i r i  deciding the antitumor activity of the result- 
ing Schiff base against L1210 lymphoid leukemia; the 
Schiff bases 33 and 34 which are devoid of such a group 
failed to demonstrate any appreciable activity against 
L1210 lymphoid leukemia despite their high antitumor 
activity against Dunning leukemia. Compounds 1, 2, 
3, 4, 44, and 52 were inactive against L1210 lymphoid 
leukemia even at  the maximal dose of 400 mg/kg/day. 

Walker 256 (intramuscular) , in general, appears to be 
a tumor very sensitive to the Schiff bases; a large num- 
ber of conipounds denionstrate significant activity in 
this test system. The most active Schiff base is 44 
which gave 6/6 cures at  12.0 mg/kg/day. In  this com- 
pound the position of a COOH group meta to the azo- 
niethirie linkage appears to  be critical for maxiiiiuni 
biological activity ; the ortho arid para analogs of this 
conipourid (35 arid 47) are less active. 

Experimental Section 
The various benzaldehyde nitrogen mustards employed in the 

present work were prepared according to literature meth- 
ods.lZ,l8.20,22 
2-(p-Nitrophenyl)-4-methylpyridine.--A solution of p-nitro- 

benzenediazonillm chloridez3 prepared from 35 g (0.25 mole) of 
p-nitroaniline and 25 g (0.33 mole) of NaN02 was slowly added 
to %0 ml of ?-picoline with stirring at  25-30'. The reaction 
mixt,iire was heated on a water hath for 1 hr, poured c.:to ice 
water, and left Jvernight. The resulting tarry solid was separated 
by decantation, extracted (CSHc), dried (XalSOa), and treated 

(22) 11. Artico, G .  De hlartino, and R.  Giuliano, 4 n n .  Chim. (Rome),  

(23) H .  J. Lucas and D. Pressman, "Principles and  Practice of Organic 
66, 174 (1966). 

Chemistry," John Wiley and Sons, Inc., New York, N. Y.. 1949. 

with charcoal. The residue left over after evaporation of the 
solvent was crystallized from hexane to give 10.0 g of a solid, 
mp 115-120O. 

The above solid ( 2  g)  was dissolved in CHCla and added to 30 
g of activated alumina in a column and the chromatogram was 
eluted with CsHs. The first six 25-ml portions of benzene were 
collected and evaporated to give 0.72 g of product, mp 149-150". 

2 4  p-Aminophenyl)-4-methylpyridine.-To a suspension of 1 g 
of 2-(p-nitrophenyl)-4-methylpyridine in Et,OH (ca. 10 ml) was 
added 2 g of Raney Ni and the mixture was shaken under HP a t  
2.1 kg/cm2 for 4 hr. The alcoholic solut,ion was separated and the 
solvent was evaporated. The residue was crystallized from 
hexane to give 0.4 g (407,) of the amine, mp 92-94". Anal .  

2-(p-ilminophenyl)pyridinez~ and 3,5-di~hloroaniline2~-~~ were 
prepared according to  literature methods and all other amines were 
obtained from commercial sources. 

N,N-Bis( 2-chloroethyl)-4- [N-( m-chlorophenyl )formimidoyl] - 
o-anisidine Monohydrochloride (Method A).-To a solution of 
0.164 g (0.001 mole) of m-chloroaniline hydrochloride in minimum 
warm absolute EtOH was added a warm alcoholic solution of 
0.276 g (0.001 mole) of 4-[~,~-bis(2-~hloroethyl)amino] -m- 
anisaldehyde.I2 The resulting dark red solution on standing and 
cooling in ice deposited a crystalline solid which was filtered and 
washed wit'h EtOH to give 0.280 g (707,) of the hydrochloride salt, 
of the desired Schiff base (4, Table I). 
2-[p-( { p -  [Bis( 2-chloroethyl)amino] benzylidene ]amino)phenyl]- 

pyridine (Method B).-A mixture of 0.170 g (0.001 mole) of 
2-(p-aminophenyl)pyridine, 0.246 g (0.001 mole) of 4-[S,N-bis(2- 
chloroethyl)amino] ben~a ldehyde ,~~  and 6 ml of alcohol was re- 
fluxed for 30 min and allowed to stand. Theyellow crystals that 
separated were filtered, washed, and recrystallized from EtOH 
to give 0.26 g (fX17~) of the desired Schiff base (52, Table I) .  
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A n d .  (C12HmNz02) C, H ,  N. 

(CirHidV~) C, H, ii. 
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