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A series of N-cyclohexylalkylenediainines, CeHyR!IN(CH,),NRRZR3 (R, R% R?* == H, CH;, or GH,\; n =

2,3, 4, 5, 6, or 10), hus been investigated for hypotensive activity.

Since N-cyclohexyl-1,3-propanediamine ap-

peared tv be the most active, further work was restricted to derivatives of this compound. The ainino hydrogens
were progressively substituted with methyl and cyclohexyl groups, and quaternary salts were prepared from the

bis-tertiary amines.

data are presented.

Through routine sereening of compounds for hypo-
teusive activity it was discovered that N-eyelohexyl-
1,3-propanediamine (Table I, 2) showed significant
activity. It was compared with a series of homologous
alkylenediamines (I, R! = R? = R® = H) where n
= 2 4,5, 6,and 10. They were prepared by reductive
alkylation of the appropriate alkylenediamines with
cvelohexanone (method A).  Sinee none of the five

R' R’
| |
@—N(CHz)n —NR?
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
¢oal was to substitute methyl and eyclohexyl groups for
the amine hydrogen atoms.

If only one cyclohexyl group is present, two mono-
methyl derivatives, two dimethyl derivatives, and one
trimethyl derivative are possible. Reduction of 3-
(N-cyelohexyl-N-methylamino)propionitrile gave N-
eyelohiexhyl-N-methyl-1,3-propanediamine (Table I, 7),
while N-cyelohexyl-N’-methyl-1,3-propanediamine
(Table I, 8) aud the two dimethyl derivatives (Table
I. 9, 10) were obtaiied by method A from cyelohex-
anone and the appropriate diamine. The trimethyl
compound (Table I, 11) was prepared from N-cyclo-
hexyl-N7, N’-dimethyl-1.3-propanediamine by methyla-
tion with formaldehvde-formic acid (method B).

Reaction of 1,3-propanediamine with an excess of
evelohexanone gave N,N’-dicyelohexyl-1,3-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 dicyelohexyl compounds
could not he prepared by method A. They could,
however, be svathesized by alkylation of the approp-
riate amine with 3-dicyelohexylaminopropyl chloride
(nietliod ).

Reaction  of  3-dicyelohexylaminopropyl chloride
with ammonia, methyvlamine, and dimethylamine gave

1 This work was presented before the Division of Medicinal Chelnistry

at ihe 134t National Meeting of 1the American Chemical Society, l.os
Angeles, California, April, 1963,

The most potent hypotensive agent among this group of compounds proved to be the
dinethiodide salt of N-cyclohexyl-N,N’,N’-triiiethyl-1,3-propanediamine (Table I, 11a).

Pharmacological

the desired three unsymmetrical dieycloliexyl deriva-
tives (Table I, 15, 16, 17). The two tricyclohexyl
compouuds (Table I, 18, 19), as well as N,N, N’ N'-
tetracyclohexyl-1,3-propanediamtine (Table I. 20), were
also prepared by nmethod C. Attempts to prepare the
latter from dicyvelohexylamine and 1,3-dibromopropanc
failed.

Several quaternary salts were prepared from the fully
alkylated diamines. N-Cyelohexyl-N, N’ N'-trimethyl-
1,3-propanediamine and N, N’-dieyclohexyl-N ,N'-di-
niethyl-1,3-propanediamine  formed  bisquaternary
salts, while N N-dicyclohexyl-N’,N’-dimethyl-1 3-pro-
panediamine and N-methyl-N, N/, N’-tricyclohexyl-1,3-
propanedianine formed only monoquaternary salts.

Reaction of N-cyclohexyl-N, N’ N’-trimethyl-1,3-pro-
panediamine with cyclohexyl bromide did not lead to
formation of any quaternary compound, hut gave the
dihvdrobromide salt of the starting amine.

Pharmacology

Methods.—Noirmotensive cats, unselected as to size
or sex, were anesthetized with 30 mg./kg. i.p. of pen-
tobarbital. Mean arterial blood pressure respouses
were recorded from an cxposed carotid artery on u
Grass Model 5 polygraph via a Statham pressure trans-
ducer (Model P23AC). Respiration and heart rate
were algo recorded.  Drugs were dissolved in saline and
ijected intravenously in doses of 1.25, 2.5, and 5.0
mg. kg. body weight. The dose administered refers to
milligrams of free base for the ainines and to milligraims
of eation for the quaternary compounds.

It is recognized that the magunitude and duration of «
depressor response are dependent on many factors, hut
a method is employved here wherein the observed blood
pressure response per se is used as a basis of comparison
of hypotensive activity af this large group of com-
pounds. A “hypotensive index” for each compound
was caleulated using the formula
(sum of decreases in pressure in mum. (s of durationg of

respolses in nin.
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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R? R2
|
CGHU—N(CHg)nI\‘IR3
~————FTree base Salt Analyses —_
Compound?® Yield, B.p.. °C. M.p.. C H- N
R! R2 Rs n  Method” (mm.) n»p °C. Formula Caled. Found Caled. Found Caled. Found
1 H H H 2 A 84  102-104°(20) 1.4785
Dihydrochloride 212-2]149 CeHisN2 2HCl  44.65  44.55 9.37 9.34 13,02 13.18
2 H H H 3 A 63 117-120°(15) 1.4792
Dihydrochloride 205-206% CsH2oN2 2HCL  47.16 46.90 9.67 9.39 12.22 12.30
3 H H H 4 A 84  130-131(11) 1.4788 CioHazN2 70.33 70.37 13.02 12.81 16.45 16.44
Dihydrochloride 249-250¢ CivH:aN2-2HCL  49.38 49,54 9.95 10.27 11.52 11.31
4 H H H 5 A 82  142-1478(11) 1.4766
Dibyydrochloride 239-2409:%
5 H H H 6 A 87  105-1167(0.5) 1.4736
Dihydroehloride 2344 C1nHeeN2-2HCI  53.13 33.03 10.40 10.61 10.37 10.40
6 |54 H H 10 A 77 159-162(1.0) 1.4736 Ci1sHa N> 75.52 75.47 13.47 13.56 11.01 10.8)
Ditydrochloride 2204 CisHuN2:2HC1  538.70 58.45 11.08 11.09 8.56 8.79
7 CHy H H 3 g 87  133-135"(24) 1.4783
Dihydrochloride 193.5-195.5%  CioHa2N2-2HCI  49.37 49.39 9.95 9.87 11.32 11.57
8 H CH: H 3 A 58 100 (0.6) 1.4725 C1oH2N, 70.53 70.86 13.02 12.46 16.45 16.86

Dihydrochioride

282.5-284.5% CiHnN»2-2HCI  49.37 49.38 9.95 9.70 11.52 11.42

9 CHs CH: H 3 A 52 132-134(20) 1.4711 CuHaN: 71.68 71.92 13.13 13.22 15.20 15.39
Dihydrochloride 192.53-194.57 CuHaN2-2HCI 51.35 51.49 10.19 10.28 10.89 11.05
10 H CHs CH: 3 A 98 103-113 (10~ 1.4620 CuHasN2 71.68 71.49 13.13 13.24 15.20 15.39
Dihydrocliloride 11) 235-2364 CnHaxuN2-2HCL  51.35 51.50 10.19 10.39 10.89 10.60
11 CH; CHsy CHi 3 B 80 70-72 (0.5) 1.40643 Ci12H26N2 72.66 72.91 13.21 13.31 14.12 14.22
Dihydrochloride 287-288% Ci2H26N2-2HCI  53.13 53.34 10.40 10.37 10.33 10.08
11a  Dimethiodide 229-230% CuHsIaN2 34.86 34.95 6.69 6.84 5.81 5.88
11b  3.4-Dichlorobenzyl 194.5-195.5 CigHaClsN2 57.95 57.68 7.93 7.76 7.11 6.88
chloride
12 H CsHn H 3 A g0 1
Dihydrochloride 287-287. 5% CisHsN2-2HCl  537.87 57.91 10.36 10.41 9.00 9.17
13 CH:; Ce¢Hn H 3 A™ 81 193 (15) 1.4883 CisH3N2 76.12 78.19 12.78 12.81 11.10 11.09
Hydrochloride 155-1535. 5% CisHa: N2 HCI1 66.51 66.78 11.51 11.32 9.69 9.76
14 CH; Ce¢Hu CH: 3 B 85  138-142(1.0) 1.4880 CiiHuN2 76.62 76.60 12.86 12.65 10.51 10.72
Dihydrochloride 220-221" CiHxN2-2HC1  60.16 60.24 10.69 10.82 8.23 8.40
14a Dimethiodide 235-235.5 CigHal2N» 41.4b 41.48 7.33 T7.14 5.09 5.16
14b  Diethiodide 206-206. 5° CaurHulaN2 43.60 43.73 7.67 7.70 4.64 4.85
14¢  Bis-(2-bromobenzyl 175.5-176.5° CuaHiBraXN: 48.58 48.59 6.05 6.01 3.66 3.80
bromwide)
15 CeHn H H 3 C 46 114 (0.2) 1.4962 CuHsoN2 75.56 75.39 12.68 12.86 11.75 11.70
16 CeHn CH: H 3 C 50  125-126 (1.2) 1.4922 CisHae N2 76.12 75.70 12.78 13.03 11.10 11.45
Dihydrochloride 202-204 CisH3:N2-2HC1  59.10 39.11 10.52 10.65 8.61 8.76
17 CeHn CHs CH:; 3 C 74 147-1487 (2.4) 1.4856 CirHuN:» 76.62 76.69 12.86 12.73 10.51 10.54
Dihydrochloride 198-199° CiyHuN.-2HC1 60.16 60.06 10.69 10.80 8.25 8.48
17a  Ethobromide 179.5-180.57 CioHaBrNy" 60.78 60.21 10.47 10.36 7.46  7.45
17b  4-Bromobenzyl bromide 159-160 C24Ha0B12N2 35.82 55.80 7.81 8.05 5.43  5.52
18 CsHu CsHu H 3 C 74 214-222(4.3) 1.4760 C21Hu N2 78.68 78.85 12.58 12.72 8.74 8.86
Hydrochloride 156-1587 CaHwN2- HC1 70.65 70.50 11.58 11.68 7.85 7.91
19 CsHnn CeHn CHs 3 ¢} 80  193-195(0.5) 1.5001 C22H2N2 78.97 78.40 12.6> 12.83 8.37 8.51
Dihydrochloride 162-164° C2HN2-2HCI  64.84 64.56 10.89 10.99 6.88 6.88
19a  Methioide 170.5-171.5  CouHsIN: 37.97 57.91 9.52 9.78 5.88 5.93
19b  2.4-Dichlorobenzyl 143-144 C29HarClsN 2 63.71 65.36 8.9¢ 8.95 5.290  5.20
chloride
20 CsHn CesHun CeéHu 3 C 18  230-245°(1.3) 1.5022 CorHio N2 80.53 80.27 12.52 12.44 6.96 6.96

2 CgH), = cyclohexyl.
Cope, ref. 4, report b.p. 101-102° (14 mm.); n%p 1.4800.
ref. 6, report b.p. 80° (0.5 mm.); n2p 1.4820.
n%p 1.4756. ¢ For method of preparation, see Experimental.
(1946). report b.p. 122-124° (24 mm.).
crystallized from 1-propanol.

and N-cyclohexyl-N-methyl-1,3-propanediamine (7).
acetone—ethanol.
21.38.

246-248°, according to Stewart, see ref. .

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 1I. 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-Dicyclohexylaminopropy! Chloride,—A solution of 90 g.

® Methods A, B, and C refer to the procedures described in the Experimental section.
¢ Recrystallized from ethanol.
7 A. R. Surrey, J. Am. Chem. Soc., 71, 3354 (1949) reports b.p. 111-118° (0.7-0.8 mm.);
% J. Corse, J. T. Brvant, and H. A. Shonle, J. Am. Chem. Soc., 68, 1907
t Recrystallized from 2-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).
" Recrystallized from 2-propanol-methyl ethyl ketone.
? This compound slowly solidified, m.p. 26~29°.
¢ The distillate solidified and was recrystallized from Skellysolve B to give a white solid which melted at 73-73.5°.
ported b.p. is 98-99° (1.0 mm.), n?p 1.4805, according to J. M. Stewart, J. Am. Chem. Soc., 76, 3229 (1954).

¢ Pearson, Jones, and
¢ Tarbell, Shakespeare, Claus, and Bunnett,

J Recrystallized from ethanol-isopropyl ether. * Re-
™ Prepared from cyclohexanone
% Recrystallized from
T Br: Caled., 21.28; Found:
¢ The re-
% The recorded m.p. is

¢ Recrystallized from acetone.

(0.38 mole) of 3-dicyclohexylamino-1-propanol? 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. Thereaction 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 109, 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.), #%p 1.4072. The yvield was 78.5
g (80%).

(2) W. H. Yanko, H. 8. Mosher, and F. C. Whitmore, J. Am. Ckem. Soc.,
67, 666 (1945).
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RELATIVE HYPOTENSIVE ACTIVITY

Com- Relative Clom- Relative Cora- Relative
ponnd” activity” pouml activity Loand aetivity
1la 100 12 L5 7 0.6
19a 20 3 [ 8 0.5
17b 23 6 b4 14a 0.4
2 IS 13 L5 17 0.4
14c 10 14 0.9 10 0.3
19b 10 16 0.8 14b 0.2
6 9 16 0.7 9 0.2
17a + 19 0.7 11 0.1
4 4 18 0.7 1 0
20 3 11b 0.6

* The nuinbers refer to the cormpounds in Table 1. ¢ The most
active compound has been assigned n value of 100, and the ue-
tivities of all the other compounds sre expressed as w fraction of
this vahe.

Anal.  Caled. for CHuCIN: G, 69.88; H, 10.95; N, 3.4
Found: C, 69.84; H, 10.84; N, 5.57.

Preparation of Diamines. Method A.--A mixture of 0.2 mole
of cyelohexanone 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 50-6G°. 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 redaced platinum oxide wus
added. Hydrogenation was carried out at 2-3 atal pressure.
In many cases, uptake was completed in 2 hr. or less, while some
required aslong 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, ef al.*

Method B.—The methyvlation reactions were carried ont with

(3) In order to obtain NN '-dicyeclohexyl-1.3-peopanediamine, 0.4 mole of
eveloliexanone was allowed to react with .2 mole of the amine.  Ilgquimolar
aniounts of cyclohexanone and N-cyclohexyl-N-methyl-1,3-propanediamine
were used to obtain N,N’-dicyclohexyl-N-mmethyl-1.3-propanediamine.

(1) I?. E. Pearson, W. 1. Jones, and A. C. Cope, J. Am. Chem. Sor., 68,
1227 (1946).
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formaldehyde and formice acid using the procedure deseribed by
Teke, et al*  The twa compounds prepared in this manner are
described in Table I (11 and 14).

Method C.--Ta u solution of 0.1 mole of 3-dicyclohexykunine-
propyl chloride in 200 ml. of ethanal was added 50wl i 25,
mmonin water ar 0.2-(1.5 nole of the appropriate mmine. the
resulting solution was heated under reflux overnight.  Most af
the solvent was remaved, the residuc was dissolved in 200 1l sif
water, and 30 ml. of 50¢; sodiwun hydroxide solution was added.
The frec base was taken up in ether and dried over magnesinn
sulfate.  The drying agent nud salvent were removed and the
residue was subjected te vacuum distillation. The componnds
ohtained by this method are deseribed in Table 1 (15-201

N-Cyclohexyl-N-methyl-1,3-propanediamine.-—A  mixture of
P g (0685 molet of 3-(N-cyclohexyl-N-wethylumnino ipro-
pionitrile,* 100 ml. «f methanol, 10l of liguid ammania, and
23 g of 54 rhodiunm~on-aluming was hydragennted at roous ten-
perature under %0-40 atmn, for 2 b The catulyst and selvent
were removed und the residue was subjected to vacimn distilla-
tion ('Pable 1, 7.

Reaction of N-Cyclohexyl-N,N’,N'-trimethyl-1,3-propanedi-
amine with Cyclohexyl Bromide.--A mixture of 6.0 g. (0.03 male:
of N-cyelohexyl-N, N/ N'/-trimethvl- 1 3-propanediimine and {6
g (0. mole) of evelohexyl bramide was heated at 1507 for several
hours until o solid resulted. The solid was taken np in 200 k. of
builing ethanol and chilled to give 7.3 g. of white ervstalline solid,
nLp. 260-2G1° Recrystallization Trom ethanol raised the vy
ta 262° 1t proved to be identienl with an anthentie sanple
af - N-evelohexyvE-N N N “triimethyi-1S-propanedinmine  dihiv-
drobromide.

dnel. Caled. for CoH
570 N, T80 Pound:
4457 N, 65, TN,

C2HBr: ) 40,01 H, T4 Br,

C 4020, 40007 H, 7838, T.050 B
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