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A series of N-cyclohexylalkylenediamines, C6HnR1N(CH2)nNIt2I l3 ( R \ II2, R3 = H, CH3, or C6PIn; n -
2, 3, 4, 5, 6, or 10), has been investigated for hypotensive activity. Since N-cyclohexyl-1,3-propanediamine ap
peared to be the most active, further work was restricted to derivatives of this compound. The amino hydrogens 
were progressively substituted with methyl and cyclohexyl groups, and quaternary salts were prepared from the 
bis-tertiary amines. The most potent hypotensive agent among this group of compounds proved to be the 
dimethiodide salt of N-cycloliexyl-N,X',X'-trimethyl-l,3-propanediamine (Table I, 11a). Pharmacological 
data are presented. 

Through routine screening of compounds for hypo
tensive activity it was discovered that N-cyclohexyl-
1,3-propanediamine (Table I, 2) showed significant 
activity. It was compared with a series of homologous 
alkylenediamines (I, R1 = R2 = R3 = H) where n 
= 2, 4, o, 6, and 10. They were prepared by reductive 
alkylation of the appropriate alkylenediamines with 
eyclohexanone (method A). Since none of the five 

R1 R2 

<^V-N(CH2)n-NR3 

I 

additional compounds showed any marked increased in 
activity over the original lead, further work was re
stricted to derivatives of 1,3-propanediamine. Our 
goal was to substitute methyl and cyclohexyl groups for 
the amine hydrogen atoms. 

If only one cyclohexyl group is present, two mono-
methyl derivatives, two dimethyl derivatives, and one 
trimothyl derivative are possible. Reduction of 3-
(X-cyclohexyl-X-methylamino)propionitrile gave N-
cyclohexhyl-X-methyl-1,3-propanediamine (Table I, 7), 
wh ile X"-cyelohexyl-XT '-methyl-1,3-propanediamine 
(Table I, 8) and the two dimethyl derivatives (Table 
1, 9, 10) were obtained by method A from eyclohex
anone and the appropriate diamine. The trimethyl 
compound (Table I, 11) was prepared from X-cyclo-
hexyl-X',X'-dimethyl-l,3-propanediamine by methyla-
tion with formaldehyde-formic acid (method B). 

Reaction of 1,3-propanediamine with an excess of 
eyclohexanone gave X\X'-dicyclohexyl-l,3-propanedi
amine (Table I, 12). Only one monomethyl deriva
tive (Table I, 13), and one dimethyl derivative (Table 
I. 14), of this compound are possible. The former was 
prepared by method A, and method B was used to 
obtain the latter. 

The isomeric unsymmetrical dicyclohexyl compounds 
could not be prepared by method A. They could, 
however, be synthesized by alkylation of the approp
riate amine with 3-dicyclohexylaminopropyl chloride 
(method C). 

Reaction of 3-dicyclohexylaminopropyl chloride 
with ammonia, methylamine, and dimethylamine gave 

1 i Tiiis work was presented before the Division of Medicinal Chemistry 
at the M4tti Nuticmiil Meeting of tliu Anieik'an Chemical Society, I.ns 
Alleles, California, April, 1963. 

the desired three unsymmetrical dicyclohexyl deriva
tives (Table I, 15, 16, 17). The two tricyclohexyl 
compounds (Table I, 18, 19), as well as X,X',X',X'-
tetracyclohexyl-1,3-propanediamine (Table I, 20), wore 
also prepared by method C. Attempts to prepare the 
latter from dicyclohexylamine and 1,3-dibromopropane 
failed. 

Several quaternaiy salts were prepared from the fully 
alkylated diamines. X-Cyclohexyl-N,N',N'-trimethyl-
1,3-propanediamine and X", X"'-dicyclohexyI-N,X''-di-
methyl-1,3-propanediamine formed bisquaternary 
salts, while XT,X'-dicyclohexyl-X*',N'-dimethyl-l,3-pro
panediamine and X'-methyl-X,XT',X'-tricyclohexyl-1,3-
propanediamine formed only monoquaternary salts. 

Reaction of X~-cyclohexyl-X,X"',N'-trimethyl-l,3-pro
panediamine with cyclohexyl bromide did not lead to 
formation of any quaternaiy compound, but gave the 
dihydrobromide salt of the starting amine. 

Pharmacology 

Methods.—Xformotensive cats, unselected as to size 
or sex, were anesthetized with 30 mg./kg. i.p. of pen
tobarbital. Mean arterial blood pressure responses 
were recorded from an exposed carotid artery on a 
Grass Model o polygraph via a Statham pressure trans
ducer (Model P23AC). Respiration and heart rate 
were also recorded. Drugs were dissolved in saline and 
injected intravenously in doses of 1.25, 2.a, and 5.0 
mg./kg. body weight. The close administered refers to 
milligrams of free base for the amines and to milligrams 
of cation for the quaternary compounds. 

It is recognized that the magnitude and duration of a 
depressor response are dependent on many factors, but 
a method is employed here wherein the observed blood 
pressure response per sc is used as a basis of comparison 
of hypotensive activity of this large group of com
pounds. A "hypotensive index'' for each compound 
was calculated using the formula 

(sum of decreases in pressure in mm. K'sum of durations of 
responses in min. i 

sum of administered doses in mg./kg. 

Results.—Blood pressure responses to each of the 
compounds were obtained and a "hypotensive index" 
was calculated for each compound. Our most active 
compound, 11a, caused a mean reduction of 105 mm. of 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

11a 
l i b 

12 

13 

14 

14a 
14b 
14c 

IS 
16 

17 

17a 
17b 
18 

19 

19a 
19b 

20 

C o m p o u n d 3 

R i R« R' 
H H H 
Dihydroch lo r ide 
H H H 
Dihydroch lo r ide 

H H H 
Dihydroch lo r ide 
H H H 
Dihydroch lo r ide 
H H H 
Dihydroch lo r ide 
H H H 
Dihydroch lo r ide 
C H i H H 
Dihydroch lo r ide 
H C H ) H 
Dihydroch lo r ide 
C H j C H j H 
Dihydroch lo r ide 
H C H . C H i 
Dihydroch lo r ide 
C H . C H j C H J 

Dihydroch lo r ide 
D ime th iod ide 
3,4-Dicl i lorobenzyl 

chloride 
H CeHn H 
Dihyd roch lo r ide 

C H J CeHn H 
Hydroch lo r ide 
CHa CeHu C H i 
Dihydroch lo r ide 
D i m e t h i o d i d e 
Die th iod ide 
Bis- (2-bromobenzyl 

b romide) 
CeHn H H 
CeHu C H j H 
Dihydroch lo r ide 
CeHu C H . C H j 
Dihydroch lo r ide 
E t h o b r o m i d e 

n 
9 

3 

4 

5 

6 

10 

3 

3 

3 

3 

3 

3 

3 

3 

3 
3 

3 

4 -Bromobenzy l b romide 
CeHn CeHu H 
Hydroch lo r ide 
CeHn CeHn CH» 
Dihydroch lo r ide 
Meth io ide 
2 ,4-Dichlorobenzyl 

chloride 
CeHu CeHu CeHu 

3 

3 

3 

M e t h o d ' 
A 

A 

A 

A 

A 

A 

a 

A 

A 

A 

B 

A 

A'" 

B 

C 
C 

C 

C 

C 

c 

Yield, 

% 
84 

63 

84 

82 

87 

77 

87 

58 

52 

98 

80 

90 

81 

85 

46 
50 

74 

74 

80 

18 

, F ree bas 
B.p . , ° C . 

(mm. ) 
1 0 2 - 1 0 4 ' (20) 

117-120"(15) 

130-131 (11) 

1 4 2 - 1 4 7 ' ( 1 1 ) 

1 0 5 - 1 1 6 ' (0.5) 

159-162 (1.0) 

133-135 ' ' (24) 

100(0 .6 ) 

132-134 (20) 

1 0 3 - 1 1 3 ( 1 0 -

lD 
7 0 - 7 2 (0.5) 

I 

193 (15) 

138-142 (1.0) 

114(0 .2 ) 
125-126 (1.2) 

147 -148 ' ' ( 2 .4 ) 

214 -222 (4.5) 

193-195 (0.5) 

230 -245" (1.5) 

CeHu-

n ! sD 
1.4785 

1.4792 

1.4788 

1.4766 

1.4750 

1.4736 

1.4783 

1.4725 

1.4711 

1.4620 

1.4043 

1.4883 

1.4880 

1.4962 
1.4922 

1.4856 

1.4700 

1.5001 

1.5022 

TABLE I 

R1 R2 

1 1 

-X(CH2)„NR8 

Sal t 
M . p . , 

° C . 

212-214 ' ' 

205-200'* 

249-250^ 

239-240 0 ' ' " 

234^ 

220"* 

1 9 3 . 5 - 1 9 5 . 5 ' 

2 8 2 . 5 - 2 8 4 . 5 d 

1 9 2 . 5 - 1 9 4 . 5 ' 

233-236^ 

287-288^ 
229-230* 

1 9 4 . 5 - 1 9 5 . 5 

2 8 7 - 2 8 7 . o d 

155-155.5 ' " 

2 2 0 - 2 2 1 " 
2 3 5 - 2 3 5 . 5 
2 0 6 - 2 0 6 . 5 " 
1 7 5 . 5 - 1 7 6 . 5 ° 

2 0 2 - 2 0 4 

198-199° 
1 7 9 . 5 - 1 8 0 . 5 ' 
159-100 

1 5 0 - 1 5 8 ' 

162-164° 
1 7 0 . 5 - 1 7 1 . 5 
143-144 

F o r m u l a 

CsH,sN2-2HCl 

C 9 H2oN 2 ' 2HCl 
CioHaNs 
CioH!!Ns-2HCl 

C,2H 2 eXV2HCl 

C16H34X2 
CieH 3 ) N2-2HCl 

C10H22N.-2HC1 
C10H22N2 
CioH22N2-2HCl 
C u H s . N i 
CuH 2 4N2-2HCl 
C11H24N2 
C H H M N V 2 H C 1 

C12H26X2 
Cj2H2«N2-2HCl 
C14H32I2X2 

C H H S I C I I N S 

Ci5H3oN2-2HCl 
CieH32Ns 

C U H M N V H C I 

C n H w N s 
C I I H M N T S - 2 H C 1 

C I D H M I I N " . 

C21H4J2X2 
C i i H u B r . X ! 

Cn,H!oN*2 
C.eH32X"2 
Ci!Hi!NT!-2HCl 
C I T H M N J 

C I - H J < N 2 - 2 H C 1 

Ci9H3,BrX2' ' 
C2.H4()Br2X2 
C2lH.oX*2 
C2 1H4oN2-HCl 

C22H42X2 
C22H.2X2-2HC1 

C u H u I N a 
C29H47Cl3X~2 

C27HB0X2 

Ca lcd . 

4 4 . 6 5 

4 7 . 1 6 
7 0 . 5 3 
4 9 . 3 8 

5 3 . 1 3 
7 5 . 5 2 
5 8 . 7 0 

4 9 . 3 7 
7 0 . 5 3 
4 9 . 3 7 
7 1 . 6 8 
5 1 . 3 5 
7 1 . 0 8 
5 1 . 3 5 
7 2 . 6 6 
5 3 . 1 3 
3 4 . 8 0 
5 7 . 9 5 

5 7 . 8 7 
7 6 . 1 2 
6 6 . 5 1 
7 6 . 6 2 
6 0 . 1 6 
4 1 . 4 b 
4 3 . 6 0 
4 8 . 5 8 

7 5 . 5 6 
7 6 . 1 2 
5 9 . 1 0 
7 0 . 0 2 
0 0 . 1 6 
0 0 . 7 8 
5 5 . 8 2 
7 8 . 6 8 
70 65 
7 8 . 9 7 
6 4 . 8 4 
5 7 . 9 7 
6 5 . 7 1 

8 0 . 5 3 

£ 
F o u n d 

4 4 . 5 5 

4 6 . 9 0 
7 0 . 3 7 
4 9 . 5 4 

5 3 . 0 3 
7 5 . 4 7 
5 8 . 4 5 

4 9 . 3 9 
7 0 . 8 6 
4 9 . 3 8 
7 1 . 9 2 
5 1 . 4 9 
7 1 . 4 9 
5 1 . 5 0 
7 2 . 9 1 
5 3 . 3 4 
3 4 . 9 5 
5 7 . 6 8 

5 7 . 9 1 
7 6 . 1 9 
6 6 . 7 8 
7 6 . 6 0 
6 0 . 2 4 
4 1 . 4 8 
4 3 . 7 3 
4 8 . 5 9 

7 5 . 3 9 
7 5 . 7 0 
5 9 . 1 1 
7 6 . 6 9 
6 0 . 0 0 
6 0 . 2 1 
5 5 . 8 0 
7 8 . 8 5 
7 0 . 5 0 
7 8 . 9 0 
6 4 . 5 6 
5 7 . 9 1 
6 5 . 3 6 

8 0 . 2 7 

. Anai^oco 
, 
Calcd. 

9 . 3 7 

9 . 6 7 
1 3 . 0 2 

9 . 9 5 

1 0 . 4 0 
1 3 . 4 7 
1 1 . 0 8 

9 . 9 5 
1 3 . 0 2 

9 . 9 5 
1 3 . 1 3 
1 0 . 1 9 
1 3 . 1 3 
1 0 . 1 9 
1 3 . 2 1 
1 0 . 4 0 

6 . 6 9 
7 . 9 3 

1 0 . 3 6 
1 2 . 7 8 
1 1 . 5 1 
12 .86 
1 0 . 6 9 

7 . 3 3 
7 . 6 7 
6 . 0 5 

1 2 . 6 8 
1 2 . 7 8 
1 0 . 5 2 
1 2 . 8 6 
10 .09 
10 .47 

7 . 8 1 
1 2 . 5 8 
1 1 . 5 8 
1 2 . 0 5 
10 .89 

9 . 5 2 
8 .94 

12 .52 

H . 
F o u n d 

9 . 3 4 

9 . 5 9 
1 2 . 8 1 
1 0 . 2 7 

1 0 . 6 1 
1 3 . 5 6 
1 1 . 0 9 

9 . 8 7 
12 .40 
9 . 7 0 

1 3 . 2 2 
1 0 . 2 8 
13 . 24 
10 .39 
13 .51 
10 .37 

6 . 8 4 
7 . 7 6 

1 0 . 4 1 
1 2 . 8 1 
11 .32 
1 2 . 6 5 
10 .82 
7 . 1 4 
7 . 7 0 
6 . 0 1 

12 .86 
1 3 . 0 3 
1 0 . 6 5 
1 2 . 7 5 
1 0 . 8 0 
10 .36 

8 . 0 5 
12 .72 
11 .08 
12 .83 
10 .99 

9 . 7 8 
8 . 9 5 

12 .44 

Ca lcd . 

1 3 . 0 2 

1 2 . 2 2 
1 6 . 4 5 
1 1 . 5 2 

1 0 . 5 7 
1 1 . 0 1 

8 . 5 0 

11 .52 
1 6 . 4 5 
1 1 . 5 2 
1 5 . 2 0 
1 0 . 8 9 
1 5 . 2 0 
1 0 . 8 9 
14 .12 
10 .33 

5 .81 
7 . 1 1 

9 . 0 0 
1 1 . 1 0 

9 . 0 9 
10 .51 

8 . 2 5 
5 .09 
4 . 6 4 
3 . 6 6 

1 1 . 7 5 
1 1 . 1 0 

8 . 6 1 
1 0 . 5 1 

8 . 2 5 
7 . 4 6 
5 . 4 3 
8 .74 
7 . 8 5 
8 . 3 7 
6 . 8 8 
5 . 8 8 
5 .29 

6 . 9 6 

X . 
F o u n d 

1 3 . 1 8 

1 2 . 3 0 
1 6 .4 4 
1 1 . 3 1 

1 0 . 4 0 
1 0 . 8 3 

8 .79 

11 .57 
16 .80 
1 1 . 4 2 
15 .39 
1 1 . 0 5 
1 5 . 3 9 
10 .6b 
1 4 . 2 2 
1 0 . 0 8 

5 . 8 8 
6 . 8 8 

9 . 1 7 
11 .09 

9 . 7 6 
10 .72 

8 . 4 0 
5 .16 
4 . 8 5 
3 . 8 0 

1 1 . 7 0 
1 1 . 4 5 

8 .70 
1 0 .5 4 

8 . 4 8 
7 . 4 5 
5 .52 
8 . 8 6 
7 . 9 1 
8 . 5 1 
6 . 8 8 
5 . 9 3 
O.20 

6 . 9 6 
a CeHn = cyclohexyl. 5 Methods A, B, and C refer to the procedures described in the Experimental section. c Pearson, Jones, and 

Cope, ref. 4, report b.p. 101-102° (14 mm.); ra25D 1.4800. d Recrystallized from ethanol. e Tarbell, Shakespeare, Claus, and Bunnett, 
ref. 6, report b.p. 80° (0.5 mm.); B20D 1.4820. ' A. R. Surrey, / . Am. Chem. Soc, 71, 3354 (1949) reports b.p. 111-118° (0.7-0.8 mm.); 
n25D 1.4756. ' For method of preparation, see Experimental. * J. Corse, J. T. Bryant, and H. A. Shonle, J. Am. Chem. Soc, 68, 1907 
(1946), report b.p. 122-124° (24 mm.). * Recrystallized from 2-propanol. ''Recrystallized from ethanol-isopropyl ether. * Re-
crystallized from l-propanol. ' The product solidified and melted at 43-44° after recrystallization from Skellysolve C. The recorded 
m.p. is 33°: J. A. Harpham, R. J. J. Simpkins, and A. F. Wright, J. Am. Chem. Soc, 72, 343 (1950). m Prepared from C3'clohexanone 
and N-eyclohexyl-N-methyl-l,3-propanediamine (7). "Recrystallized from 2-propanol-methyl ethyl ketone. "Recrystallized from 
acetone-ethanol. v This compound slowly solidified, m.p. 26-29°. s Recrystallized from acetone. T Br: Calcd., 21.28; Found: 
21.38. s The distillate solidified and was recrystallized from Skellysolve B to give a white solid which melted at 73-73.5°. ' The re
ported b.p. is 98-99° (1.0 mm.), nmD 1.4805, according to J. M. Stewart, J. Am. Chem. Soc, 76, 3229 (1954). " The recorded m.p. is 
246-248°, according to Stewart, see ref. t. 

mean arterial blood pressure for an average of 100 min. at 
a dose of 1.25 mg./kg. Since 11a had the highest index, 
it was arbitrarily assigned a value of 100 and the ac
tivity of all the other compounds was expressed as a 
fraction of this value. These data are summarized 
in Table II. The quaternary salts showed the greatest 
effect on the blood pressure. These compounds are 
probably exerting their effect through ganglionic block
ade. Very few of the amines showed significant ac
tivity. 

Experimental 
3-Dicyclohexylaminopropyl Chloride.—A solution of 90 g. 

(0.38 mole) of 3-dicyclohexylamino-l-propanol2 in 450 ml. of 
chloroform was added dropwise, with stirring, to a solution of 90 g. 
(0.76 mole) of thionyl chloride in 500 ml. of chloroform. The 
flask was cooled intermittently in an ice bath. The reaction mix
ture was heated under reflux for 4 hr. and then stripped. The 
residue was dissolved in 400 ml. of chloroform and washed three 
times with 100 ml. of 10% sodium carbonate solution and water. 
The chloroform solution was dried over magnesium sulfate, and, 
after removing the drying agent and solvent, the residue was sub
jected to vacuum distillation. A viscous, light yellow oil dis
tilled at 109-117° (0.3 mm.), n^o 1.4972. The yield was 78.5 
g. (80%). 

(2) W. H. Yanko, H. S. Mosher, and F. C. Whitmore, J. Am. Chem. Soc, 
67, 666 (1945). 

CuHs.Ni
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TABLE II 

RELATIVE HYPOTENSIVE ACTIVITY 
('win- Relative Com- Relative Corn- Relative 

pound" activity pound activity pound activity 

11a KM) 12 I.") 7 0 . 0 
19a 20 3 1..") 8 0.5 
17b 23 5 1.4 H a 0.4 
2 18 13 1.3 17 0.4 

14c 10 14 0.9 10 0.3 
19b JO 16 O S 14b 0.2 

6 9 15 0.7 9 0.2 
17a 4 19 0.7 11 0.1 
4 4 18 0,7 1 0 

20 3 l i b 0 0 

" The numbers refer to the compounds in Table I. '' The most 
active compound has been assigned a value of 100, and the ac
tivities of all the other compounds are expressed as a fraction of 
this value. 

Anal. Calcd. for C,6H2«C1N: 0, 69.S.S; H, 10.95; N, 5.43. 
Found: C, 69.84; H, 10.84; X, 5.57. 

Preparation of Diamines. Method A.—A mixture of 0.2 mole 
of cyclohexanone and 0.4 mole of the appropriate amine was 
allowed to stand for 1 hr.3 An exothermic reaction occurred and 
the temperature rose to 50-60°. If little or no heat was evolved, 
the mixture was warmed gently. The imine was dissolved in 
100 ml. of dry ethanol, and 1.0 g. of reduced platinum oxide was 
added. Hydrogenation was carried out at '2-3 atm. pressure. 
In many cases, uptake was completed in 2 hr. or less, while some 
required as long as 18 hr. The catalyst and solvent were removed 
and the residue was subjected to vacuum distillation. The prod
ucts are described in Table I (1-6, 8-10, 12, 13). This procedure 
is essentially that of Pearson, e.t a!. * 

Method B.—The methvlation reactions were carried out with 

CS) In order To obtain N,N'-dieyclobexyl-l .y-propanediamine, 0.4 mole of 
cyclohexanone was allowed to react with 0.2 mole of the amine. Equimolar 
amounts of cyclohexanone and N-eyclohexyl-X-methyI-l,.3-propanediammt' 
were used to obtain N,N'-dicyclohexyl-N-methyl-l,.3-propanediamine. 

(4) n . E. Pearson, "W. H. Jones, and A. C. Cope, ./. ,4m. Chtrn. Sor., 68, 
1227 (1946). 

formaldehyde and formic acid using the procedure described by 
Icke, et a/.6 The two compounds prepared in this manner arc 
described in Table I (11 and 14). 

Method C—To a solution of 0.1 mole of 3-dicyclohexylamino-
propyl chloride in 200 ml. of ethanol was added 50 ml. of 2V , 
ammonia water or 0.2-0.5 mole of the appropriate amine. The 
resulting solution was heated under reflux overnight. Most of 
the solvent, was removed, the residue was dissolved in 200 ml. of 
water, and 150 ml. of 50 r ; sodium hydroxide solution was added. 
The free base was taken up in ether and dried over magnesium 
sulfate. The drying agent and solvent were removed and the 
residue was subjected to vacuum distillation. The compounds 
obtained by this method are described in Table 1 ( 15 -20 i. 

N-Cyclohexyl-N-methyl-l,3-propanediamine. A mixture of 
114 g. (0.685 mole! of 3-(N-oyelohe.xyl-X-methylaminojpro-
pionitrile," 100 ml. of methanol, 100 ml. of liquid ammonia, and 
23 g. of 5'-, rhodium-on-alumina was hydrogenated at room tem
perature under 80-90 atm. for 2 hr. The catalyst and solvent 
were removed and the residue was subjected to vacuum distilla
tion (Table I, 7'. 

Reaction of N-Cyclohexyl-N,N',N -trimethyl-l,3-propanedi-
amine with Cyclohexyl Bromide.—A mixture of (i.O g. (0.03 mole 
of X"-cyclohexyl-X,X',X'-trimethyl-l ,3-propanediamine and 10 
g. (0.1 mole) of cyclohexyl bromide was heated at 150° for several 
hours until a solid resulted. The solid was taken up in 200 ml. of 
boiling ethanol and chilled to give 7.3 g. of white crystalline solid, 
ni.p. 200-201°. Recrystallization from ethanol raised the in.p. 
to 202°. It proved to be identical with an authentic sample 
of X-cyclohexyl-X,X '.X '-irimethyl-1,3-propanediamine dih\ -
drobroinide. 

.1/KI/. Calcd. lor (. YJH 2 «.W 2HBr: ( ' , 4 0 . 0 1 ; 11,7.84: Hr, 
44.37; X, 7.78. Found: C, 40.29, 40.17: H, 7.vi, 7.65: Hr, 
44.57: X, 7.65, 7.7s. 
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I.")) R. X. Icke, H. B. Wisegarver, arid G. A. Alles, "Ornamc Syntheses." 
Col. Vol. I l l , John Wiley and Sons, Inc., New York, X. Y., 19-">, p. 72K. 

Oi) i). S. Tarbell. N. Shakespeare, C. ,1. Claus, and J. I". Bunnett. ./. Am. 
Ch.tm. Soc, 68, 1218 05146). 


