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TABLK 1 

( 'oiiip 
< 'ontro 
111 
IV 
Y 
VI 
IX 
X 
XI 
XI I 
X I I I 
X I V 
XV 
XVI 

xvir 
Isocarl 

H 
CH. 
CM. 
II 
H 
H 
CI Is 
C H , 
II 
If 
C H , 

en 13 

X H - N H : 
N H N H C t h 
N H N H i 
X H N H C H J 

N H N H C s H s 
N H N = C ( C U i ) . 
N - H N = C H C « H s 
N H N = C ( C I I . ) 1 

N H N = C H C . H i 
N H - N H C H ( C H i ) : 
X H N H C H - i C t H i 
N H N H C H ( C H s ) . 
N H N H C H i C H : , 

Oral 
dose, 

m m o l e / 
kg 

(1.275 
0.275 
0. 275 
0 275 
0.275 
0.275 
0.275 
0.275 
0.275 
0.275 
0.138 
0.275 
0.275 
(I. 138 

Act. 
pr ior t o 

reserp ine 
(2 mg/ 'kg) 

N'ormal 
Increased 
Increased 
Increased 
Increased 
Increased 
Increased 
Increased 
Increased 
Inc reased 
Increased 
Increased 
Increased 
Increased 
Increased 

COR. 

V 

-Mean 
pi otic 

.00 
10 
50 

Hi 
.83 
8:; 

.HexoOarl 
induced 

sleep tint 
min'1 

8 .2 ± t 

14. 
Iti 

Hexobarbilal was given iniraperitoneally (.V> 
sis and hypothermia test, and hexobarbital in 
tistered. 

mg kg) 2 hr after intubation c 
sleeping time prolongation test 

36 . 2 
.55 9 
SB. 0 
36. 6 
3 6 . 3 
36. 2 
3ti 3 
3ti. 1 
3B.0 
30, 5 
3 6 , 0 
3 6 . 3 

the tcs 
° The 

Kflect or compd on reserpine- induced 
h y p o t h e r m i a , liody t e m p , ° C ri: SK 
- Hr after admin i s t rn 

t (> 
0. 1 
0 .1 
0 1 
0 . 2 
0. I 
0. 2 
0 . 2 
0. I 
0 . 2 
0 1 
0 2 
I) 1 
0 . 2 
0 1 
0 . 2 

3 2 . 3 
3-1,8 

0,7 
0.6 

34 2 
33.3 

3,4.9 ± 0 . 1 
3 3 . 9 t 0 . 5 
3,3.2 ± 0 . 4 

0 . 2 
0 . 3 

3 2 . 4 i 0 . 4 
3 2 . 3 ± 0 . 3 
3 2 . 8 ± 0 . 8 
3 5 . 8 -T- 0 .4 
34 2 ~ 0 . 3 
3 2 . 5 t 0 . 3 

0 

29. 2 
3 0 . 9 
3 3 . 1 
32 0 
32 9 
30. 4 
3 2 . 3 
3 2 , 0 
31 . 5 
3 2 . 3 
3 3 . 4 
3 5 . 6 
33 , 9 
3 1 , 0 
3 1 . 2 

0, 1 
1.3 
0 . 8 
0 . 3 
0 5 
1 .2 
0 . 2 
0 .6 
0 . 7 
0 .7 
0. 5 
0 .4 
0 . 5 
0 .4 
0 7 

29 .2 
3 2 . 5 
3 1 . 1 
3 2 . 2 
3 1 . 2 
31 .9 
3 2 . 8 
3 3 . 2 
3 3 . 3 
32 5 
3 3 . 3 

compound. " Control implies re>ei'i 
jase form rather than the HC1 salt w 

ir. 0 8 
± 0 1 
-,t I 4 
± 0 ,6 
-.:.- 0 5 
i 0 .1 
:t 0 . 9 
i 1 1 
r 0 . 2 

:r 0 9 
.• 0 li 
I- 0 •'. 

)inc in 
is a.l-

oi the compounds, listed in Table I, for MAO inhibitory activity 
was carried out as previously reported.2 The tests consisted of 
the reversal of reserpine-induced ptosis and hypothermia and 
hexobarbital sleeping-time prolongation. 

Results and Discussion 

The result of the present and previous investigation4 

indicates tha t the reactivity of dimethyl imidazole-
4,5-dicarboxylate and its 1-methyl derivative with 
hydrazine was greater than their monoester analogs I 
or I I . This higher rate of reaction of diesters can be 
at t r ibuted to the existence of a quasi-bicyclic structure 
(XVII I ) , in which the elimination of OR group is 
facilitated. 

0 R 

VR 

0 ^OR 

xvm 

The variations among the C-—O stretching in the ir 
spectra of the esters, however, was not substantial to 
render support for the presence or absence of X V I I I . 

As compared with I, the reactivity of I I with hydra
zines, due to steric and /o r electronic influence of the 
CHa group, is retarded. 

As illustrated in Table I, the 3.IAO inhibitory ac
tivity of the imidazole monohydrazides is in general 
somewhat higher than their dihydrazide analogs.2 '4 

Of particular interest is the significant activity mani
fested by XV (see Table I) . This activity tit the pres
ent can not. be related to any particular moiety in the 
molecular structure of these imidazolecarbohydrazides. 
The absence of comparable activity in XVII , the ring-
methyl-substituted analog of XV, is an indication of 
the necessity for further investigation in the series. 

Acknowledgment. - T h e authors wish to thank Mr. 
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The synthesis and anthelmintic activity of a group of aminopentadienylideiieammonium salts is described. 
Compounds in which the N atoms were part of a pyrrolidine or piperidine ring were effective against common 
gastrointestinal nematodes of sheep and had prophylactic activity in protecting swine from infections of Ascaris 
suum. 

Schiff bases of glutaconaldehyde have been widely 
used as chemical intermediates, particularly in the syn
thesis of azulenes, and have been the subject of exten
sive spectroscopic investigations. Their effects on bio
logical systems do not appear to have been investigated 

previously, and if was considered of interest to prepare 
compounds of this class (Table I) for evaluation as an
thelmintics because of their similarity to other cyanine 
dyes with known anthelmintic potency. 

Chemistry.--The general method of preparation of 
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TABLE I 

AMINOPENTADIENYLIDENEAMMONIUM SALTS 

[ R + = C H C = C H C H = C H R ] X " 

R ' 
Yield, 

No. 

1 
2a 
2b 
3a 
3b 
4 

5 a 
5b 

6a 
6b 
7a 
7b 
Sa 

8b 

9 
10 

11 
12 
13 
14 

15 

16 
17 
18 

K 

Azetidino" 
Pyrrolidine)5 

Pyrrolidine 

2,5-Dimethylpyri'ol-
idino 

3-Pyrrolino 

Piperidino1, 

Piperidino 

4-AIet hylpiperidino 

3-Methylpiperidino 
4-Phenylpiperidino 

4-Phenylpiperidino 
4-Hydroxypiperidino 
Hexamethyleneimino 
Hexametlryleneimino 

Heptamethylene-
imino 

0 ctamethy leneimino 
Morpholino 
1,2,3,4-Tetrahydro-

H' 

JI 
11 

CH3 

CH, 
H 

H 
H 

H 
H 
CH;, 
CH3 

H 
H 

CH3 

H 

CH3 

H 
H 
CH3 

H 

H 
H 
H 

X 

CIO, 
CIO, 
Pamoate 
CIO, 
Pamoate 
CI 

CIO, 
Pamoate 

CI 
Pamoate 
CI 
Pamoate 
CI 
Pamoate 

CI 
CI 

CI 
CI 
Pamoate 
CI 

CI 

CI 
CI 
CI 

U p , °C 

184-185 
186-187 
210-212 
177-179 
150-152 
159-160 

180-181 
225-226 

dec 
102-103 
176-178 
185 dec 
238-239 
106-107 
155-158 

dec 
139-140 
239-240 

dec 
163-164 
85-90 

206-207 
94-98 

dec 
153-155 

dec 
224-225 
125-128 
188-189 

'/<• 

83 
80 
S3 

SO 
46 

20 

60 
49 
59 

79 

30 
89 

39 
30 
48 

70 

62 
58 
72 

Formula 

C i , H l 7 C l N 2 0 , 

C i 3 H 2 1 C l N 2 0 , 

C , 9 H 5 6 X 4 0 6 - 4 H 2 0 

C „ H 2 3 C 1 X 2 0 , 

C a H 6 0 N , O 6 - 2 H 2 O 

G - H 2 9 C 1 N Y 1 . 5 H 2 0 

C 1 3 H 1 7 C1N 2 0, 

C , 9 H , 8 X , 0 6 - 2 H 2 0 

C I S H 2 6 C 1 N 2 - H J O 

C M H M N , C V 2 H 2 0 

C 1 6 H 2 -C1N 2 .H 2 0 

C d 5 H 6 8 N , 0 6 - 4 H 2 0 

C 1 7 H 2 9 C1X 2 -1 .5H 2 0 

C 5 7 H 7 2 X , 0 6 - H 2 0 

C 1 8 H 3 1 C1X 2 -H 2 0 

C27H33C1N2 

C28H35C1X2 • H 2 0 

C i 5 H 2 5 C l N 2 0 2 - 2 H 2 0 

C 5 7 H , 2 N 4 0 8 . 2 H 2 0 

C 1 8 H 3 1 C1X 2 -1 .5H 2 0 

C19H33CIN2 * H2O 

C21H37C1N2 

C 1 3 H 2 1 C1X 2 0 2 -2H 2 0 

C 2 3 H 2 5 C1X 2 -H 2 0 

Analyses 

C, II, N 

X; C, IV 
C, H, X 
C, H, X, O 
C, H, N 

C, H, CI, N 
C, H, N 

C, H, CI, X 
H, N, O; C» 
C, H; X* 
C, H, X 
C, H, O; X ' 
C, H, X, O 

C, CI, X, O; 
C, H, CI, X 

C, H, CI, X 
H, X; Ck 

C, H, X 
H, X; C 

C, H, X 

C, H, X 
H, CI; C~ 
C, H, CI, X, 

C2oH29CIX202-H20 

H ' 

C, H, X 

O 
quinolino 

19 1,2,3,4-Tetrahydro- H CI 202 62 
6-methoxyquin-
olino 

20 1,2,3,4-Tetrahydro-
isoquinolino 

21 4-Phenylpiperazino 
22 I)imethylamino! i 

23 Di (2-hydroxy ethyl )-
amino 

24 l)i-n-propylamino 
25 I ) i -n -bu ty lamino 

2(5 D i i s o b n t y l a m i n o 

27 Dibenzylamino 
28 X-Methylanilino' 
" See ref 2. b S. Dahne and J. Ranft, Z. Physih. Chem., 224, 65 (1963), reported mp 187° for the perchlorate salt; for photoisomerism 

see F. Baumgartner, E. Giinther, and G. Scheibe, Z. Elektrochem., 60, 570 (1956). c The perchlorate salt was described by Dahne 
and Ranft. d W. Konig and W. Regner, Ber., 63B, 2823 (1930). • W. Konig, / . Prakt, Chem., [2] 69, 134 (1904). / C: calcd, 
67.88; found, 67.19. H: calcd, 7.21; found, 6.59. « C: calcd, 71.59; found, 72.12. * X: calcd, 9.31; found, 9.78. ' X : calcd, 
8.65; found, 9.23. ' H: calcd, 10.11; found, 9.40. * C: calcd, 53.48; found, 53.93. ' C: calcd, 63.97; found, 64.48. -» C: 
calcd, 50.56; found, 50.01. " C I : calcd, 7.88; found, 7.44. » X: calcd, 5.93; found 5.51. 

H 

H 
H 
H 

H 
H 
H 
H 

CI 

CI 
CIO, 
CIO, 

CIO, 
CIO, 
CIO, 
CI 

95-100 

204-205 

134-136 

105-106 
206-207 

91-92 
179-181 

72 

59 

47 

80 
29 
35 
29 

C23H25CLX rH20 

C25H3IC1X,-1.5H20 

Ci5H25ClX20, 

C17H33C1X20, 
C2iH,!ClX20, 
C2,H,iClX20, 
C33H33C1X2-1.5H20 

C, H, X 

C, H; Cl» 

C, H, CI, X, 

C, H, X, O 
C, H, X, O 
C, H, CI, X, 
C, H; N» 

O 

O 

the desired products was the condensation of secondary 
amines with l-(2,4-dinitrophenyl)pyridinium chloride 
in alcoholic solvents. Alost of the amines reacted 
smoothly at room temperature, but some of the prep
arations required brief periods of reflux. The progress 
of the reaction could be observed by the separation of 
2,4-dinitroaniline. The dibenzylamino analog was ob
tained by the condensation of dibenzylamine with gluta-
conaldehyde dianil. The chloride salts of the products 
were frequently too hygroscopic for convenient isola
tion, and the products were isolated as perchlorate and 
pamoate salts. 

It was found that, if desired, the products could be 
prepared by direct reaction of the amine with glutacon-
aldehyde. Thus, the condensation of pyrrolidine with 
glutaconaldehyde gave l-pyrrolidyl(2,4-pentadienyli-
dene)-l-pyrrolidinium perchlorate in 38% yield. How
ever, this direct process offers no practical advantage 
over the standard method. 

Analogous compounds with Me in the 2 position of 
the pentadienyl chain wrere prepared by treating second
ary amines with l-(2,4-dinitrophenyl)-3-methylpyri-
dinium chloride. To determine the effect of chain 
length on the anthelmintic activity, a number of tri-
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T A B L E II 

A N T H E L M I N T I C A C T I V I T Y O F AMiNopENTADiEXYi.iDKXLWMMoxirM SALTS 

Hast roint est inal 

Acute toxic i ty 
LDso 

Ip 

10 

.")() 

10 

.10 

. mg 

in 

,'k. 

mice. ' ; 

g-
0 ml 

100 

2 0 0 

2 0 0 

.")()() 

A . d u h ? i 

Llo..f, 

mjt ks; 

10 

2.") 

.")() 

1(1 

2.1 

l o t ) 

r- in m i c e ' 
Ni.. 

of worm*. 

' (', redn 

4 5 

100 

100 

0 5 

1 0 0 

too 

nemaTo 

Dose . 

iujr /k« 

5 0 

2 0 0 

i:i 

2 5 

1 0 0 

2 0 0 

5 0 

100 

2 0 0 

des in 
[•: 

»i 

sheep ' 
'•Has x 

teres . 

' re ' ln 

6 5 

5 4 

7 s 

S s 

100 

7 0 

ill) 

7 -

A . -nti m i n 

Dose. 1 

inn ks 

10 

10 

• ) 

10 

mice" 
Lmttt 
esion>. 

; reiln 

no 

0 0 

2 0 

7 0 

D 

0 

0 

0 

0 

0 

• • • , 1 . - V 

ose. 
n feed 

. 0 1 

. o:s 
(ii 

. 0 2 

.01.") 

uuta in swine 
Liv er 

lesions. 
,r

( redn 

SS 

Mi 

0 

6 5 

GO 

Lunii 
l a rvae . 

'.; reiln 

l i s 

9 3 

SO 

0 9 

100 
0 200 9/ 

6a 

0b 

•Sa 

50 

10 

10 
10 

10 

MOO 

50 

>!()()() >1000 

100 
500 

100 00 
250 100 

150 

S( 

50 07 
100 04 
200 62 

100 
200 

SI) 

0 

10 

11 

12 

i:; 

14 

2 0 0 

10 

100 

100 

5 0 0 

3 0 0 

10 

7 5 0 

5 0 

7 5 0 

7 5 0 

> 1 0 0 0 

> 1 0 0 0 

1 0 0 

1 0 0 

15 

7 5 0 

2 5 0 

7 5 0 

1 0 0 

3 0 

0 

0 

0 

0 

0 

0 

0 

1 5 0 

100 

100 

1 0 0 

100 

100 

100 

0 
44 

6.) 

5 

25 

.) 
10 

5 

10 

10 

• ) 

10 

.) 
10 

10 

10 

10 

10 

10 

30 

70 

6 0 

7s 
7 0 

s 5 

3 0 

3 0 

7 0 

2 0 

6 0 

10 

3 0 

3 0 

4 0 

10 

0.01 
0.02 
0.01 
0.015 
0.02 
0.03 

0.015 

0.01 
0.03 
0.015 

0.015 

7 5 

S 5 

6!) 

SO 

1)0 

0 6 

0 6 

0(1 

0 s 

S5 

0 0 

0 0 

ss 

S3 
7s 

40 

OS 

94 

S3 

methine and monoraethine cyanines, with substi tuents 
similar to those of the active pentamethine analogs, were 
prepared by standard methods. 

Biological Results (Table II).—The compounds were 
tested first against infections of Nematospiroicles dubius 
and A scar is suum in mice, and most of the members of 
the series were subsequently evaluated for effective
ness against A. suum in swine and a group of six 
gastrointestinal nematodes in sheep. In contrast to 
other cyanine dyes, this series showed relatively little 
species specificity, the active compounds tending to be 
generally effective against all the parasites tested. 

The most active of the heterocyclic derivatives were 
those in which R was pyrrolidino or 3-pyrrolino (2-5). 
The piperidino derivatives (6-12) were generally less 
active, and further ring expansion (13-16) caused dras
tic reduction, in. activity. The azetidino derivative was 
also much less active than the pyrrolidino compounds. 

Alkyl substitution on the pyrrolidine ring, as in the 
2,5-dimethyl derivative 4, did not affect the activity, 
but substitution on the piperidine ring had variable 
effects. The 4-.\ie and 4-OH derivatives of piperidine 
retained the activity of the unsubsti tuted compound 
with most of the organisms tested, but the 3-.Me and 
4-1'h analogs were much less active. 

Other structural variations which resulted in reduc
tion of activity were the replacement of piperidino by 
morpholino. tetrahydroquinolino, tetrahydroisoquino-
lino, and 4-phenylpiperazino. 

The introduction of Ale in the 2 position of the penta-
diene chain had no effect on the activity when R was 
pyrrolidino, but tended to reduce the activity when the 
R group was larger. 

Of those compounds (22-28) which were derived from 
noncyclic secondary amines, only the di-/(-propylamino 
analog 24 showed significant activity; it was of the same 
order of potency as the pyrrolidine compound in its ac
tion against gastrointestinal nematodes in sheep. Ko-
nig's salt (28) showed marginal activity against A". 
dubius and A. suum in mice. 

Compounds in which the number of methine groups 
in the conjugated chain was reduced from five to three 
or one (29-31) were totally inactive. 

Requirements for anthelmintic, activity in this group 
of cyanine dyes include a pentamethine chain between 
two X atoms which are part of a five- or six-membered 
ring, or which are substituted with two X-propyl 
groups. The potency of the active compounds was not 
enhanced by substitution on either the polymethine 
chain or the rings. 

armai.se
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TABLE II {Continued) 

Compd 

15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 

25 
26 
27 
2S 

Acute toxicity 
* LDBO, mg. 

I p 

10 
10 

750 
200 

50 
50 

500 
50 

>1000 
10 

10 
50 

200 
50 

in micea 

/kg . 
Oral 

50 
100 

>1000 
1500 
200 
500 

>1000 
100 

>1000 
>1000 

50 
200 
500 
500 

-V. dub 

Dose, 
mg/kg 

25 
25 

750 
500 

50 
150 
500 

15 
500 

15 

15 
15 

400 
150 

ius in mice'' 
No. 

of worms, 
% redn 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

55 
20 

0 
20 

Gastrointestinal 
nematodes 

Dose, 
mg/kg 

100 
30 

200 
50 

100 

50 
100 
25 
50 

200 

> in sheepc 

Eggs/g 
of feces, 
% redn 

0 
32 

0 
37 
0 

0 
0 

50 
91 

0 

.4. suum 

Dose, 
mg/kg 

25 

10 
10 
10 
10 
10 
25 

5 
10 
5 
5 

10 
10 

in rnice^ 
Lung 

lesions, 
% redn 

40 

5 
10 
0 

30 
30 
20 
10 
40 
20 
40 
30 
30 

,— A. suum in swinee-
Liver 

Dose, lesions, 
% in feed % redn 

0.015 0 

Lung 
larvae, 
% redn 

0 

" The LDso values recorded in the table are estimates based on acute toxicity studies in which three mice were used per dose level 
with an average of eight dose levels for each mode of administration. b Each of three mice which had been infected with 50 A", dubius 
larvae several weeks earlier was administered a dose of 15-50 mg/kg orally. A similar dose was administered on the following day. 
On the seventh day the mice were sacrificed and a count was made of the number of worms remaining in the intestine. The unmedi-
cated mice had 35-40 worms; the table records the percentage reduction caused by the action of the test compound. c The compounds 
were tested on sheep which had been experimentally infected with six species of gastrointestinal nematodes: Haemonchus contortus, 
Cooperia curticei, Trichostrongylus colubriformis, Trichostrongylus axei, Ostertagia circumcincta, and Xemaiodirus spathiger. The com
pounds were administered in two equal doses on consecutive days, and the number of eggs per gram of feces was determined during 
a 7-day period. The table lists the percentage reduction in the egg count at the end of this period. No particular species specificity 
in anthelmintic action was observed with this series of compounds. d A dose of 10 mg/kg was administered orally to each of three 
mice, followed by the administration of an infection of 100,000 embryonated A. suum eggs. A second dose of 10 mg/kg was adminis
tered 4 hr later. After 8 days the mice were sacrificed and the extent of lung lesions was determined by gross examination of the lungs 
for the number and size of hemorrhagic areas due to the migration of the Ascaris larvae. The table lists the percentage reduction in 
lung lesions of the treated animals as compared with the unmedicated controls. " The test compounds were administered at a level 
of 0.01% in feed for a period of 10 days to two pigs in concrete-floored pens. An infection of 100,000 embryonated A. suum eggs was 
administered 3 days after the start of the inclusion of the test compound in the feed. The animals were sacrificed after 10 days. The 
percentage reduction in liver lesions due to migrating Ascaris larvae in treated animals as compared with controls was determined by 
counting the small white scars ("milk spots") found on the surface of the liver. The number of lesions was 500 or greater in unmedi
cated controls (57 animals); beyond 500 the lesions tended to coalesce and could not be counted separately. The procedure used to 
determine the number of larvae in the lungs of the pigs was based on the method described for mice by 1). K. Hass (Ph.D. Thesis, 
Universitj' of Wisconsin, 1962), In 57 control animals, the number of larvae found after sacrifice varied from a low of 10,000 to a high 
of 49,000, for an average value of 25,000. 

Experimental Section1 

l-(5-Azetidino-2,4-pentadienylidene)azetidinium Perchlorate 
(l) .2—A solution of azetidine3 (7.0 g, 0.122 mole) in MeOH (52 
ml) was added to l-(2,4-dinitrophenyl)pyridinium chloride (17.3 
g, 0.061 mole) in MeOH (75 ml) at room temperature. The 
temperature rose spontaneously to 50°, and the suspension was 
allowed to stand overnight. The precipitated 2,4-dinitroaniline 
was filtered, and the filtrate was evaporated to dryness and ex
tracted with I I 2 0 (450 ml), giving a further precipitate of 2,4-
dinitroaniline (total 10.8 g, theory 11.2 g). HC104 was added to 
the aqueous extract at 0° to give the product, nip 184-185° (from 
EtOH), yield 13.9 g (83%). 

The other compounds (excluding 27) listed in Table I were 
prepared in the same way, except that in a few cases, brief periods 
of reflux were required before the theoretical quantity of 2,4-
dinitroaniline was formed. Pamoate salts were prepared by add
ing sodium pamoate to the aqueous solutions of the chloride salts. 

[5-(Dibenzylamino)-2,4-pentadienylidene]dibenzyIammonium 
Chloride (27).—A solution of dibenzylamine (8.0 g, 0.04 mole) 
and glutaconaldehyde dianil hydrochloride (5.7 g, 0.02 mole) in 
EtOlT (20 nil) was refiuxed for 15 min and allowed to stand over
night. The solution was evaporated to dryness and the residue 

Thomus-lloover melting point (1) Melting points were taken < 
apparatus and are corrected. 

(2) F. Dorr, J. Kotschy, and H. Kausen, Ber. Bunsenges. Phys. Chem., 
69, 11 (1965). The uv spectrum of the perchlorate salt is given, but the 
compound is not otherwise described. 

'3) D. H. Wadsworth, J. Org. Chem., 32, 1184 (1967). 

was crystallized from MeOH-EtOAe-Et 2 0 to give the product in 
a hydrated form, yield 3.0 g (29%). 

l-(Piperidinomethylene)piperidinium Perchlorate (29).—A 
mixture of piperidine (4.26 g, 0.05 mole), piperidine perchlorate 
(9.28 g, 0.05 mole), and triethyl orthoformate (7.41 g, 0.05 mole) 
in EtOH (10 ml) was refiuxed for 4 hr and allowed to stand over
night. The product separated on addition of ether giving 11.2 g 
(80%,, mp 210-217°). The analytical sample melted at 233-
234° after recrvstallizalion (E101I). Anal. (CnIInClNoO*) C, H, 
CI, N. 

3-Methy 1-1 - f 3-( 3-methylpiperidino )allylidene] piperidinium 
Chloride (30).—The general method of Malhotra and Whiting4 

was employed for the allyiidene derivatives. A solution of 
propiolaldehyde (').,') g, 0.1 mole) in .MeOH (15 ml) was added 
dropwise to a solution of 3-methylpiperidine (10.9 g, 0.11 mole) 
in MeOH (25 ml) at 0° and the solution was allowed to stand at 
0° for 18 hr. Fractionation yielded 3-(3-methylpiperidino)-
propenal, bp 125-130° (0.1 mm), yield 10.5 g (68.5%"). 

A solution of this compound (6.1 g, 0.04 mole) and 3-methyl
piperidine perchlorate (8.76 g, 0.044 mole) in EtOH (35 ml) was 
refiuxed for 2 hr. It was passed through a column of Amberlite 
IRA-400 in the chloride form prepared in MeOH (200 ml) and the 
eluate was evaporated. Crystallization of the residue from 
AcMe-EtjO yielded 4.0 g (S4C'( ) of product, mp 104-105°. 
Anal. (C/Hv-ClN^HaO) C, H, N. 

l-(3-Piperidinoallylidene)piperidinium Perchlorate (31).—A 
solution of propiolaldehyde (•>.'> g, 0.1 mole) in AleOH (15 ml) 
was added dropwise to piperidine (9.5 g, 0.11 mole) in MeOH 

(4) S. S. Malhotra and M. C. Whiting, J. Chem. Soc, 3812 (1960). 
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(25 ml) at 0°, and the solution was allowed to stand overnight. 
Fractionation of the solution gave 3-piperidinopropenal, bp 11">•-
120° (0.3 mm), yield 4.17 g (30%). This product was refluxed 
with piperidine perchlorate (6.12 g, 0.033 mole) in 18 ml of EtOH 
for ]") min. The product separated on cooling, vield ".."> g (82'7 s 
nip 129-130°. .1 rial. (CsHaaClXiA) C, H, CI, X, O. 

l-(5-P.vrrolidino-2,4-pentadienylidene)pyrroIidinium Perchlo
rate (2a).- Pyrrolidine (14.2 g, 0.2 mole) was added to a solution 

Steroidal alkylating agents have received sporadic at
tention as potential antitumor agents for some 1.5 years. 
The workers in this field were hopeful that useful advan
tage might be made of the lipophilic nature of the ste
roid molecule in the transport; of various nitrogen and 
sulfur mustards or that hormonal steroids such as andro
gens and estrogens could deliver the alkylating agent to 
a specific target tissue. In his classical treatise on bio
logical alkylating agents, Ross, reviewing this field tip t o 
I960,3 concluded that the few steroidal nitrogen mus
tards prepared at this date had no outstanding anti
tumor properties. In 1961, Burstein and Ringold made 
an androgen nitrogen mustard which was nontoxic at 
doses up to 500 mg/kg.4 Antitumor activity was not 
reported. In 1962, Ilao and Price5 made a variety of 
steroidal nitrogen mustards, a few of which were re
ported active in inhibition of the Gardner ascites tumor. 
In 1966, Schneider, Hamsher, and Beyler6 reported that 
a few steroidal ethylenimine derivatives displayed mod
est activity in an unspecified C3H mouse tumor. The 
reports cited in most cases involved compounds in which 
the (C1CH2CH2)2N moiety or ethylenimine grouping 
was linked to the steroid by an X-C bond. Moreover, 
all the references cited were notable for the paucity of 
biological data. In contrast to these unpromising re
sults were the reports of a Russian group,7 Degteva. 

(1) fa) These studies were supported by the Endocrine Evaluation Branch, 
(ieneral Laboratories and Clinics, National Cancer Institute, National In
stitutes of Health, Bethesda, Mil., under Contract No. SA-43-ph-435I. 
(hi Steroid*. LXXXIII . Previous paper in this series: F. I. Carroll. 
A. Philip, A. M. Ferguson, and I I . E. Wall, ./. lltterorijdic Chun., 5, 805 
(H>«8). 

i.2i Endocrine Evaluation branch, (ieneral Laboratories and Clinic*. 
National Cancer Institute, National i nslitutes of Health, Bethesda. Md. 

(.13) W. C. J. Ross, "Biological Alkylating Agents," Butterworth and ( D. 
Ltd., London, 1962, p 142. 

t4) S. H. Burstein and 11. J. Ringold, J. Urn. ('/,<»., 26, :ftl8-l ilwtili; 
this paper also gives a good review of previous studies. 

(5) (i. V. Rao and C. C. Price, ibid., 27, 205 (1962). 
ifi) E. S. Schneider, J, Hamsher, and R. E. Beyler, ateroiils, 8, 553 t .1.1)0(1). 
(7) We wish to thank Dr, Iltor Masnyk for calling these studies to our 

attention, and providing English translation for some of the key references. 

of the sodium etiolate of glulaeonaldehyde6 (lo.O g, 0.1 mole) in 
.'!(.)() ml of MeOlf. The reaction mixture was refluxed for 15 ruin 
and cooled. Acidification with HOC), yielded the product, nip 
1S4-1S60, yield 11..") g (38c

( ). The product was identical with 
that prepared by reaction of pyrrolidine with l-<2, 1-dinii m-
phenyl Jpyridinium chloride. 

• 5 ; I ' . B a i i m c a r l o n . Hir.. 5 9 , 1 1 fill ; l ' . l 2 i i ! . 

Larionov, and coworkers/ These workers described 
the preparation of 30-hydroxy-o-cholestene /)-[X,X-bis-
(chloroethyljaminojphenylacetate which the}' called 
phenesterin (1) and have made detailed studies of the 
activity of phenesterin against a variety of solid tumor 
systems including Sarcoma 4,5, Walker carcinosarcoma, 
and alveolar liver carcinoma RS-l, s a b and recently in 

(C1CHXH, ) ,N—('O) - C H - C 0 ° " ^ - ^ ^ 

1 

brain tumors."1' At levels of 100-200 mg/kg in rats and 
mice, and subcutaneous administration in olive oil vehi
cle, these workers reported remarkable inhibition of the 
above-mentioned tumor systems; however, the com
pound was inactive against Ehrlich and Sarcoma ISO 
mice tumors. In addition phenesterin was found to be 
relatively nontoxic, with an LD50 for rats (single injec
tion) of 2.0 g/kg.Ml Degteva, Larionov, and coworkers 
claimed that the action of the cholesterol ester was dif
ferent from that of the parent free acid"1' and have 
stressed the importance of the ester function. 

With these latter encouraging results in hand, we de
cided to reinvestigate steroidal nitrogen mustards and 
steroidal ethylenimine derivatives with the following ob
jectives: (a) to prepare a number of steroid analogs of 
phenesterin varying the steroid and the location of the 
BCAPAA ester on the steroid selection; (b) to prepare a 
number of steroidal ethyleninhnes in which the active 
a l k y l a t i n g func t ion would be loca ted on an e s t e r or reac

ts) in) L. !•'. Karionot . I '. A. Degteva, and N. A. I.esna.vu. Vuiir. lti,i.l., 
8, J2 (1962): lb) S. A. Degteva, ibi-l.. 10, 52 (1(164); (c) S. A. Degteva and 

I.. F. Larionov, ibi'l.. 12, 51 iltMirt); td) E. N. Shkodinskaya. E. M. Kurd-

yukova. O. S. Vasina, and A. Va. Berlin, •/. Gen. Chern. VSSH, 32, !)15 

11962). 

The Effects of Some Steroidal Alkylat ing Agents on Experimental 
Animal M a m m a r y T u m o r and Leukemia Systems 1 

MONKOE E. WALL, G. SHUFORD ABEHNETHY, .IK., V. I. CARROLL, AND I). JANE TAYEOR-

Clirmislri/ and Life Seiences [jiborntori/, I'esearrh Triangle Inxlifulc, luxi-areli Trianylc Purk, Sorth Carol inn 

licccireil l'rhriianj 17, lUH'J 

A series of steroid esters of />-lX",X-bis(2-ehloroethyl)anuno]phenylacetic acid (BCAPAA,), steroidal sulfides 
of />(X,X-bis-2-chloroethylaimno)thiophenol, and a variety of steroidal ethylenimine derivatives were syn
thesized and tested for antitumor activity in a number of experimental tumor systems. Activity was found only 
in those instances in which the steroid and potential oncolytic agent were connected by ester or heterocyclic ether 
linkages. The steroidal BCAPAA esters were of particular interest showing excellent inhibition of a DMBA-in-
duced and transplantable mammary adenocarcinoma, and marked increase in survival when tested on a variety 
of rat leukemias. Factors such as route of administration, vehicle, and the nature of the steroid had definite 
effects and are discussed in detail in the body of the paper. The steroidal BCAPAA esters were judged to be less 
toxic 1 han some of the well-known nitrogen mustards in genera] use. 


