
2-(4-Biphenylyl)ethylamines: Potential Cardiovascular 
and CNS Agents 

By J. SAM, K.  APARAJITHAN, and R. SHAFIK 

The syntheses of some 2- (4-biphenyly1)ethyl- 
amines are described. The results of pre- 
liminary pharmacological tests are reported. 

ANY NATURALLY occurring substances which M incorporate the phenylethylamine (I) or 
hydrogenated phenylethylamine moieties in their 
structures possess interesting biological prop- 
erties. Ephedrine (I), morphine (2), and bul- 
bocapnine (3) are such examples. The latter 
two substances also contain the biphenylylethyl- 
amine (11) group. Whereas extensive inves- 
tigations (4-6) have been directed toward the 
synthesis of phenylethylamines, little effort (7, 8) 
has been expended in studies of biphenylylethyl- 
amines. Consequently, it was of interest to 

I 

determine whether compounds such as 11 possess 
central nervous system and cardiovascular prop- 
erties similar to the phenylethylamines. More- 
over it was anticipated that some of the biphenyl- 
ylethylamines would possess CNS effects similar 
to morphine and/or bulbocapnine. 

The synthetic approaches utilized for the 
preparation of the biphenylylethylamines are 
outlined in Scheme I. 

The biphenylylethylamines (VIII) were pre- 
pared by either the reduction of the corresponding 
nitriles (VII) or the reduction and hydrolysis of 
phthalimido-ketones (X). The nitriles were 
obtained from the corresponding amides (VI). 

The biphenylylhydroxyethylamines (XII) were 
prepared from the chloroacetylbiphenyls (IX). 
The latter were converted to the phthalimido- 
ketones (X), reduced with sodium borohydride 
to the phthalimido-alcohols (XI), and then hy- 
drolyzed to the biphenylylhydroxyethylamines 
(XII). Alternately, the phthalimido-alcohols 

were synthesized from the corresponding chloro- 
alcohols (XIII). The latter also were utilized 
for the preparation of the A’-isopropyl derivatives 

Pharmacological Results1-Acute effects after 
intraperitoneal injection of four compounds 
(Xb,  IVa, Va, VIa) were observed in albino mice. 
The LDm values ranged from greater than 1.0 
Gm./Kg. for IVa, to 261 mg./Kg. for Va. No 
deaths were observed for X b  or for VIa at dos- 
ages of 2.1 and 1.0 Gm./Kg., respectively. All 
of these compounds appeared to produce a mild 
to moderate sedative effect, but none showed 
hypnotic or anesthetic levels of CNS depression. 
Higher (and especially lethal) dose levels of Vu 
caused excitation and clonic convulsions. Signs 
of peripheral vasodilation were noted for com- 
pound IVa a t  well below toxic dosages. Signs of 
pain reflex inhibition led to further examination 
of IVa and Va by writhing test in mice. The 
EDa’s for inhibition of writhing were 300 to 400 
mg./Kg. for IVa and 112 mg./Kg. for Va. 

Acute effects after oral administration of VIIIb 
were observed in albino mice and rats by several 
methods. The LDs for VIIIb was 56 mg./Kg. 
Toxic doses of VIIIb caused hyperpnea, muscle 
weakness, mydriasis, and subconvulsive to clonic 
convulsive manifestations. At low dosage VIIIb 
produced a transient hypotensive effect in anes- 
thetized rats, followed by a slight hypertensive 
effect. Blood pressure response to standard 
neurohumoral agents was unaffected by VIIIb. 
The latter did not show activity in the hot plate 
analgesia test, the maximal electroshock anti- 
convulsant test, or an avoidance-escape behavior 
test. Compound VIIIb decreased spontaneous 
motor activity at all dosage levels, but had only 
slight ability to increase hexobarbital sleeping 
time. 

(XIV). 

EXPERIMENTAL2 

N-14-(3’- Chloro-4’-methoxy)biphenylylthioace- 
tyllmorpholine (1Va)-A method similar to that of 
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Biphenyls ( a  refers to R = 3-chloro-4-methoxy; b refers to R = H) 
Scheme I 

Schwenk and Papa (9) was employed. A mixture of 
63.9 Gm. (0.245 mole) of 4-(3-chloro-4-methoxy- 
pheny1)acetophenone (IIIa) ( la) ,  12.5 Gm. (0.4 
mole) of sulfur, and 75 ml. of morpholine was heated 
under reflux for 8 hr. The hot reaction mixture was 
poured into 300 ml. of methanol and the solid that 
separated was removed by filtration. The solid was 
triturated with cold methanol and then recrystal- 
lized, A::. 1490, 1260 cm.-’. 
2-[4-(3’-Chloro-4’-methoxy)biphenylylJacetic Acid 

(Va)-A solution consisting of 25.3 Gm. (0.07 mole) 
of N-[4-( 3’-chloro-4’-methoxy)biphenylylthioacety1] 
morpholine (IVa), 16 Gm. of sodium hydroxide, 75 
ml. of water, and 110 ml. of ethanol was refluxed for 
8 hr. The ethanol was distilled and the residue 
diluted with water and acidified to pH 2. The solid 
was removed by filtration, digested with boiling 
water and recrystallized. 

2-[4-(3’-Chloro-4’-methoxy)biphenylyl]acetamide 
(V1a)-A finely ground mixture of 5.53 Gm. (0.02 
mole) of 2- [4-( 3 ’-chloro-4’-methoxy)biphenylyl] ace- 
tic acid ( V a )  and 1.52 Gm. (0.02 mole) of thioureawas 
gradually heated to 200-210” and maintained a t  this 
temperature for 1.5 hr. as described by Rehman, 
Medrano, and Mittal (10). The reaction mixture 

was cooled, digested with boiling water, and filtered. 
The brown crystalline solid was triturated with 
dilute alkali, removed by filtration, and then washed 
with water. The solid was digested with boiling 
ethanol, cooled, and removed by filtration; Az:, 
1640, 1650, 3100, 3280 cm.-‘. 

2-[4-(3’-Chloro-4’-methoxy)biphenylyl]acetoni- 
trile (V1Ia)-A mixture of 0.72 Gm. (0.0025 mole) 
of 2- [4-( 3’-chloro-4’-methoxy)biphenylyl] acetamide 
(VIa)  and 0.4 Gm. of phosphorus pentoxide was 
heated a t  22C-240° in an oil bath for 8 hr. The 
cooled reaction mixture was extracted with ether. 
The evaporation of the solvent left 0.15 Gm. (23%) of 
solid which was recrystallized; A:::. 2220 cm.-l. 
N-(4-Phenylphenacyl)phthalhide (Xa)-The pro- 

cedure employed was adapted from that described 
by Sheehan and Bolhofer (11). A solution of 23 
Gm. (0.1 mole) of 4-phenylphenacyl chloride in 200 
ml. of N,N-dimethylformamide was treated with 20 
Gm. (0.11 mole) of potassium phthalimide. The 
mixture, after remaining a t  room temperature for 3 
hr., was treated with 500 ml. of water and then 
extracted with chloroform. The chloroform extract 
was washed with dilute alkali and water, respec- 
tively, and then dried over anhydrous sodium sul- 
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fate. The solid obtained after distillation of the 
chloroform solution was washed with ether and re- 
crystallized. 

2-(CBiphenylyl)ethylamine Hydrochloride (VIIIb) 
-Method A-The method described by Nystrom 
(12) was modified slightly and followed. 4-Biphenyl- 
ylacetonitrile (13) (7.9 Gm., 0.041 mole) was trans- 
ferred v i n  a Soxhlet extractor into a refluxing mixture 
of lithium aluminum hydride, anhydrous aluminum 
chloride, and dry ether (prepared by the rapid addi- 
tion of a solution of 5.5 Gm. of aluminum chloride 
in 120 ml. of ether to 2.0 Gm. of lithium aluminum 
hydride in 80 ml. of ether). The reaction mixture 
was stirred during and 1 hr. after the transfer of the 
nitrile into the reaction flask. The reaction mixture, 
after remaining a t  room temperature for 16 hr. 
(during which i t  was stirred periodically), was 
treated dropwise with 15 ml. of water and then acidi- 
fied with 60 ml. of 6 N hydrochloric acid. The solid 
was removed by filtration, washed with ether, and 
then recrystallized. 

Method B-A suspension of 22 Gm. (0.065 mole) 
of N-(4-phenylphenacyl)phthalimide (Xb) in 350 
ml. of methanol was treated with 7.7 ml. of 95% 
hydrazine and then heated under reflux for 1 hr. 
The mixture was treated with a methanolic solution 
of sodium methoxide (prepared from 7.0 Gm. of 
sodium and 150 ml. of methanol) and then distilled 
to remove the methanol. Thereafter the mixture 
was treated with 7.5 ml. of hydrazine and 100 ml. 
of diethylene glycol. The mixture was refluxed over 
a free flame for 1 hr. and thereafter the low-boiling 
material and water were removed by distillation. 
The reaction mixture was heated t o  19&200” and 
kept at this temperature for 4 hr. The reaction 
mixture was cooled, diluted with water, and ex- 
tracted with benzene. The benzene extract was 
washed with water and dried over anhydrous sodium 
sulfate. The hydrochloride was prepared in the 
usual manner and recrystallized. Admixture with 
the product obtained by Method A showed no de- 
pression in the melting point. 

4-Phenylstyrene-In the preparation of 2-(4- 
bipheny1yl)ethylamine (Method B) when the heating 
was continued up to 210-220°, 3.76 Gm. (52%) of a 
faintly yellow distillate was obtained which solldl- 
fied. Recrystallization of the solid from methanol 
gave colorless flakes; m.p 108-110”, A:::, 905, 
995, 1625, 2990 cm-1 [lit. (22) m.p. 119’1. 

Anal.-Calcd. for Cl4Hl2: C, 93.3; H,  6.7. Found: 
C, 92.9; H, 6.9. 

2 - [4 - (3’- Chloro - 4’- methoxy)biphenylyl]ethyl- 
amine (VIIIa)-2-[4-(3’-Chloro-4’-methoxy)bi- 
phenylyl]acetonitrile (VIIa) was reduced with 
lithium aluminum hydride in the presence of an- 
hydrous aluminum chloride as described for the 
preparation of 2-(4-biphenylyl)ethylamine (VIIIb, 
Method A). The amine was isolated as its sulfate 
and recrystallized. 
~-Chloromethyl-4-biphenylylcarbinol (XII1b)-A 

modification of the procedure described by Chaikin 
and Brown (14) was utilized. To a solution of 4- 
phenylphenacyl chloride (10 Gm., 0.05 mole) in 125 
ml. dioxane were added alternatively and in divided 
portions 5 Gm. of sodium borohydride and 75 ml. 
ethanol. The mixture was stirred a t  room tempera- 
ture for 18 hr. The solvent was distilled under re- 
duced pressure, the residue was treated with 10% 
hydrochloric acid, and then exhaustively extracted 
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with chloroform. The extract was washed twice 
with water and dried over anhydrous sodium sulfate. 
The solid obtained after removal of chloroform was 
recrystallized. 

N-[Z-Hydroxy-2- (4 - biphenyly1)ethyllphthalimide 
(X1b)-Method C-A solution of 1.8Gm. (0.0077 mole) 
of a-chloromethyl-4-biphenylylcarbinol (XIIIb) in 
25 ml. of 2-methoxyethanol was treated with 1.5 
Gm. of potassium phthalimide and then refluxed for 
1 hr. The reaction mixture was cooled and diluted 
with 150 ml. of water. The solid was removed by 
filtration, digested with hot methanol, and then 
recrystallized. 

Method D-The procedure described for the 
preparation of XIIIb was followed using 7 Gm. 
(0.02 mole) of N- [4-phenylphenacyl]phthalimide, 
175 ml. dioxane, 3.5 Gm. of sodium borohydride, 
and 100 ml. of methanol. 

2-Hydroxy-2- (4- biphenyly1)ethylamine Hydro- 
chloride (XI1b)-The procedure employed was 
adapted from that described by Barber and Wragg 
(15). A solution of N- [Z-hydroxy-2-(4-biphenylyl) 
ethyl]plithalimide (10 Gm., 0.03 mole) in a mixture 
of 70 ml. chloroform and 70 ml. ethanol was treated 
with 7 ml. of hydrazine hydrate (50y0 aqueous solu- 
tion). The reaction mixture was refluxed for 48 hr. 
and then left at room temperature for 48 hr. The 
solvent was distilled under reduced pressure. The 
residue was stirred for 2 hr. with a mixture of 50 ml. 
2 N ammonia, 60 ml. of water, and 70 ml. of chloro- 
form. The chloroform layer was separated and ex- 
tracted with 10% hydrochloric acid. The acid layer 
was washed twice with chloroform; the solid ob- 
tained after distillation of the water under reduced 
pressure was recrystallized. 
~-Isopropylaminomethyl-4-biphenylylcarbinol Hy- 

drochloride (XIVb)-To a solution of a-chloro- 
methyl-4-biphenylylcbinol (10 Gm., 0.05 mole) 
in 100 ml. of ethanol was added dropwise a solution 
containing 1 Gm. of sodium hydroxide, 3 ml. of 
water, 80 ml. of ethanol, and 15 ml. of isopropyl- 
amine. The reaction mixture was stirred at room 
temperature for 18 hr. The solvent was distilled 
under reduced pressure and the residue treated with 
water and exhaustively extracted with ether. The 
ether extract was washed twice with water and then 
extracted with 10% hydrochloric acid. The acid 
layer was concentrated under reduced pressure; the 
residue was recrystallized. 
2-Chloro-4’-(3-chloro-4-methoxy)phenylacetophe- 

none (1Xa)-A mixture of 5.5 Gm. (0.025 mole) 
of 3-chloro-4methoxybiphenyl (16), 40 ml. of dry 
carbon disulfide, and 2.4 ml. of chloracetyl chloride 
was treated with 3.8 Gm. of anhydrous aluminum 
chloride by a procedure similar to that described by 
Buu-Hoi, Sy, and Riche (16). The reaction mixture 
was poured onto crushed ice and the solid that 
separated was extracted with chloroform. The 
chloroform extract was washed with an aqueous 
solution of sodium bicarbonate and thereafter dried 
over anhydrous magnesium sulfate. The solvent 
was distilled under reduced pressure and the residual 
red oil crystallized from ethanol. 
N - [4 - 3‘ - Chloro - 4’- methoxy)phenylphenacyl]- 

phthalimide (Xa)-The method described by Shee- 
han and Bolhofer (11) was modified slightly. A 
solution of 2-chloro-4’-( 3-chloro-4-methoxy )phenyl 
acetophenone (20 Gm., 0.068 mole) in 170 ml. N,N- 
dimethylformamide was treated with 13.6 Gm. 
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(0.073 mole) of potassium phthalimide. The reac- 
tion mixture was stirred a t  room temperature for 18 
hr. and then treated with 500 ml. of water. The 
solid that separated was removed by filtration, 
washed several times with water, dried, and thcn 
rccrystallized. 

N-1 2-Hydroxy-2-[4-(3’- chloro-4’-methoxy)biphe- 
nylyllethyl ) phthalimide (ma)-The procedure de- 
scribed for the preparation of XIIIb was fol- 
lowed using 10 Gm. (0.025 mole) of N-[4-(3’- 
chloro-4’-methoxy)phenylphenacyl]phthalimide, 750 
ml. of dioxane, 6 Gm. of sodium borohydride, and 
250 ml. of methanol. 

2-Hydroxy- 2- 14- (3’- chloro- 4‘- methoxy)biphe- 
nylyllethylamine Hydrochloride (XI1a)-The pro- 
cedure for the preparation of XIIb was followed 
using 1 Gm. (0.002 mole) of N-{2-hydroxy-2-[4-(3’- 
chloro-4’-methoxy)biphenylyl]ethyl) phthalimide, 10 
ml. of chloroform, 10 ml. of ethanol, and 1 ml. of 
hydrazine hydrate (50% aqueous solution). 

a-Chloromethyl-4- (3’- chloro- 4’- methoxy)biphe- 
nylylcarbmol (XII1a)-The procedure described 
for the preparation of XIIIb was followed using 2.95 
Gm. (0.01 mole) of 44 3’-chloro-4’-methoxy)phenyl- 
phenacylchloride, 25 ml. of dioxane, 1 Gm. of 
sodium borohydride, and 15 ml. of methanol. 

01- Isopropylaminomethyl- 4- (3’- chloro- 4‘- meth- 
oxy)biphenylylcarbinol Hydrochloride (X1Va)-The 
procedure described for the preparation of XIVb 
was followed using 4 Gm. (0.013 mole) of a-chloro- 
methyl-4-( 3’-chloro-4’-methoxy)biphenylylcarbinol, 
and 10 ml. of isopropylamine. 

N - 12 - (4 - Biphenylyl)ethyl]acetamide (XVb)- 
Method E-A suspension of 0.1 mole of 2-(4-bi- 
phcnyly1)ethylamine (VIIIb) or its hydrochloride in 
15% aqueous ethanol, treated with acetic anhydride 
and sodium acetate, in the usual manner provided 
the amide. 

Method F-A suspension of 19.3 Gm. (0.1 mole) 
of 4-biphenylylacetonitrile in 50 ml. of freshly dis- 
tilled acetic anhydride was hydrogenated at 22 p s.i. 
with 0.6 Gm. of platinum oxide catalyst according 
to a modification of the procedure described by 
Carothers and Jones (17). After 17 hr. the reaction 
mixture was treated with water; the crystalline 
solid was collected by filtration and recrystallized. 

2 - Phenyl - N - (4 - biphenylylethy1)acetamide 
(XV1Ib)-A solution of 1.5 Gm. (0.0076 mole) of 2- 
(4-biphenyly1)ethylamine (VIIIb) in 5 ml. of pyri- 
dine was treated with 2 ml. of phenylacetyl chloride 
and set aside a t  room temperature for 25 hr. The 
amide was isolated in the usual manner and re- 
crystallized. 
N-( 2-[4-(3 ’-Chloro-4’-methoxy)biphenylyl]ethyl I- 

acetamide (XVa)-A solution of 0.68 Gm. (0.0026 
mole) of 2- [4-(3 ‘-chloro-4’-methoxy)phenylyl] aceto- 
nitrile (VIIa) in 10 ml. of acetic anhydride was 
hydrogenated a t  15 p.s.i. with 0.1 Gm. of platinum 
oxide catalyst for 12 hr. according to the procedure 
described for XVb, (Method F); A:::, 1285, 1545, 
1645, 3250 cm.-l. 

2-[4-3’-Chloro-4’- methoxy)biphenylyl] - N - (phen- 
ethy1)acetamide (XV1a)-2 - [4 - (3’ - Chloro - 4’- 
methoxy)biphenylyl]acetyl chloride was prepared 
in the usual manner from 7.1 Gm. (0.026 mole) of 
the acid (Va) and 7 ml. of redistilled thionyl chloride. 
A suspension of the acid chloride in 20 ml. of pyri- 
dine was treated with 3.2 Gm. of phenethylamine 
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and then allowed to remain a t  room temperature 
for 24 hr. The product was isolated in the usual 
manner. 

Pharmacological Tests-Adult male albino mice 
were utilized for gross symptomologic characteriza- 
tion concurrently with lethality determination. 
Observations continued for 3 4  hr. after injection 
and further checks were made daily thereafter for 3 
days. Compounds injected intraperitoneally were 
in aqueous solution or were in acacia suspensions. 
The one injected intravenously was dissolved in 
10% ethanol and the one given orally was suspended 
in 0.57, methylcellulose. LDw and EDm values 
were determined using the method and tables of 
Horn (18). 

Blood pressure studies in male albino rats utilized 
urethan anesthesia, carotid artery cannulation, and 
recordings via a Sanborn pressure transducer. 

Analgesia measures used in mice were the benzo- 
quinone writhing test (19) or the hot plate method 
(20). The standard maximal electroshock testing 
procedure (21) was utilized. Locomotor activity 
was recorded in a commercial photocell activity 
device. 

The analytical data for the biphenyls are given in 
Table I. 
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