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yielded t,hree fractions (if  bp (0.3 mm) 79-91, 134-142, and 
14.i-l.iX". The second fraction was redist'illed [bp 132-136' 
(0.3 mni), 31 g] arid then crystallized from pentane a t  -40" ta 
afford pure 3-benzylindene as colorless prisms, mp 31.5-33" 
(lit.3' mp 38-34'), yield 27.1 g (277,). 

The last fraction solidified in the condenser and was recrystal- 
lized fi,oin petroleum ether to yield 15.2 g ( 15y0) of colorless, 
prismatic needles, mp 75-77', identified as trans-1-benzalindane. 

trans-1-Benzalindane (XVI).-Benzyltriphenylphosphonium 
c:liloride (45 g, 0.11 mole) was added to sodium ethoxide (from 
2 .3  g, 0.1 g-atom of Xa) in 250 ml of dry ethanol under S,. 
1-Indanoiie (13.2 g, 0.1 mole) was then added to the yellow solu- 
tioii. The reaction mixture was stirred at  20" in the dark under 
Sp for 60 hr, poured into 250 ml of 107, aqueous HBr, and filtered. 
The buff-colored reaidiie ivas washed with 1: 1 ethanol-wat'er and 
crystallized (after being treated with active charcoal) first from 
ethanol, then from petroleum ether (bp 60-80") t o  afford XTI, 
mp i.j-76.>0 (lit.ls mp 73-74.5'), yield 6.6 g (32%). 

Anal. Calcd for C16H14: C, 93.2; H, 6.84. Found: C, 93.4; 
11, 7 . 0 2 .  

The iiltraviolet spectrum (typical trans-stilbene absorptions) 
had A:,"," 229 mg (log E 4.12), 236 (4.06), 244 (3.79), 275 (infl), 
284..i (4.31), 296 (4.34), 306 (infl), 317 (4.46), and 331 (4.29). 

2-(Indan-1'-y1idene)-1-indanone (0.2 g) crystallized from the 
ethanolic mother liquor, and, after recrystallization from petro- 
leiim ether, had mp 142-144' (lit.35 mp 142"). 

I (  3)-Benzyl-3( 1)-( 2-diethylaminoethy1)indene Hydrogen Oxa- 
late (26).-Y-Heiiz3.linderie (20.6 g, 0.1 mole), NaH (4.45 g, 0.1 
mole), and dry toluene (200 ml) were heated under reflux for 6 
hr under X?. Then, 1-chloro-Zdiethylaminoethane (from 0.14 
mole of hydrochloride) in 50 ml of dry toluene was added to the 
resulting suhpension of bufi solid sodium derivative. Reaction 
was rapid arid exothermic, and a white precipitate formed. After 
being stirred under gentle reflux for 12 hr, the mixture was 
extracted with dilute HC1, and the amine was isolated in the 
iisiial manner. Distillat'ion in vacuo yielded 19 g of pale yellow 
oil, bp 1;s-178' (0.4 mm), which, with oxalic acid in ethanol, 
aftorded 6.1 g (15%) of the hydrogen oxalate after dilution with 

tallizations from wat,er furnished the product, 
nip 130-143". 

--lnaZ. C a l d  for CpZH,,S.C2H204: C, 52.9; H, 7.39; N, 3.54; 

( 3 4 )  I t .  \Yeissgerl)er, Ber., 44, 1436 (1911). 
(35) F. S. Kipping, J .  Chem. Soc., 66, 480 (189.1). 

acid equiv, 198. Foulid: C, i2.8;  H, 7.45; N, 3.80; acid eqiiiv, 
196. 

The ultraviolet absorption spectrum showed several low- 
intensity maxima a t  292-330 mp which suggest the presence of 
1% of an impurity containing a 1-benzalindane chromophore: 

257 mg (log E 3.95), 282 (2.47), 292 (2.46), 303 (2.44), 313 
(2.42), shoulders a t  296 and 330; nmr (DlO a t  7 5 O ) ,  7 8.55 (trip- 
let,, CHI), 8.0-6.0 (complex, aliphatic), 3.57 (doublet, vinylic), 
3.1-2.2 (complex, aromatic) in the ratio 5.9: 11.4: 1.1:9. 

l-Benzal-3-(2-diethylaminoethyl)indene Hydrochloride (27) 
-Indene (87 g, 0.75 mole) was treated with S a H  (33.6 g, 0.75 
mole) in dry 1)MF (650 ml) at 20" under K2. After 2.5 hr, 1- 
chloro-2-diethylaminoethane (from 344 g, 2 mole of hydrochlo- 
ride) in 250 ml of dry toluene was added. After being stirred at 
40-50' for 15 hr, the mixture was diluted with water (750 ml), 
and the toluene layer was separated, washed with water, aiid 
extracted with 5 X HC1. 3-(2-Diethylaminoethyl)indene, which 
was isolated by basification of the acidic extract, was distilled 
twice in uacuo and obtained as a colorless mobile oil (62 g, 39'5), 
bp 148-150" (0.2 mm), n21u 1.5356 [lit.3 bp 140' (0.4 mm)] .  

Anal. Calcd for C15H21n': C, 83.7; H, 9.83; S, 6.51. FOLII I~ :  
C, 83.6; H, 9.Y.i; 3, 6.48. 

To 3-(2-diethylaminoethyl)indene (10 g, 0.046 mole) and benz- 
aldehyde (5 .35 g, 0.05 mole) in 100 ml of ethanol was added 
ethanolic NOH (83 ml containing 3.85 g, 0.068 mole). The mix- 
ture was stirred a t  21' for 4 hr, then concentrated to 50 ml, 
diluted u-it'h water (100 ml), and extracted with ether. The ether 
riolution wa,s extracted with 5 S HC1, and the acid extract was 
basified to liberat,e the oily amine (13.4 g) which was converted 
t'o the hydrochloride. -4fter recryrtallization from 2-propanol- 
ether, i t  was obt,ained as bright yellow needles: mp 189-191"; 
yield 11.8 g (is%); 240-242 mp (log E 3.96), 283-284 
(4.12), and 341 (4.17). 

Anal. Calcd for C2~Hp5K~HC1: C, 77.7: H, i.71; S, 4.12; 
C1, 10.4. Found: C, 77.9; H, 7 . 8 i ;  S, 3.93; C1, 10.4. 
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;i series of 23 derivatives of benzylguanidine and related compounds was synthesized and iiivestigateJ for 
sympathetic nervous systen blocking activity by their effect on the nictitating membrane of the nnanesthstized 
cat. Selected members were also screened for hypotensive activity in the anesthetized cat by the intrzven3us 
route. The most' active compounds, p-trifluoromethylbenzylguanidine sulfate (Table I, 14) and a-methyl-p- 
ti~ifluoromethylbenzylgiiaiiidine sulfate (23), were subjected to extensive pharmacological evaluation. Both 
effectively lower the blood pressure in both renal and neurogenic hypertensive dogs. Compmnd 23 is iiotable 
for its lack of side effects. 

'I'hc first tivo drugs fourid capable of blocking the treatment' of hypertension, were guanethidine4 (I) 
and bretylium tosylate5 (11). 

Inevitably the attractive possibility of combining 
the o-bromobenzyl port'ion of bretylium with the guani- 
dine moiety of guanethidine was undertaken by 
medicinal chemists. Boura, et a1.,6 was the first t o  

s>mpathetic nervous system without concomitantly 
k)locliing the parasympathetic system, t'hus making 
them superior to the ganglionic blockiIig agents for the 

(1) ~'aper I :  . I .  1 1 .  s ~ i o r t  and C .  ~{iermacher, J .  ~ h u m .  sei.. 61, 881 

(2) €'a!)m 11: J. 11.  Sliort. 11. Hierrnacher, D. .I. Dltnnigan, and T. D. 
Letli, J .  . l f e d .  Chem., 6, 275 (1963). 
(:O Presented before the Ilix-i$ion of 1Iedicinal CheInistry a t  tlle 153rd 

4ati'irlnl Meeting of the .imericun Cl~ernical Society, 1Iiarni Deacli, Fla., 
.IjiriI 1L)UT. 

report compounds of this sort. The most active mem- 
(4) R. A .  Ahamell, R.  P. M u l l ,  and A .  J .  Plurnmcr, Expertent la ,  15, ?6i 

(1959). 
( 5 )  -2. L. A.  h u r a  and .i, F. Green, Brit. .I.  Pharmiicol..  14, 836 (IC!:!>) 
(6) A .  L. A .  I3oura. F. C .   cop^). .I. F. Green. 13. F. Horlson, G.  I<. RuIfcII, 

( I!) 62) , 

AI. F. Siin, and E. \I-alton, 'Vulure, 191, 1312 (1961). 
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TABLE I 
BENZYLGUANIDINES 

No. R i  
1 2-F 
2 4-F 
3 3-C1 
4 2-Br 
5 4-Br 
6 2-1 
7 4-1 
8 2,4-C1z 
9 3,4-C1z 

10 2,6-C1z 
11 4-CK 
12 2-CFa 
13 3-CF3 
1 4  4-CF3 
15 4-CF3 
16 Z-CI-S-CFa 
17 4-CI 
18 4-CI 
19 4-CI 
20 4-c1 
21 4-ClCeH4 

R= 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CHs 
H 
H 
H 

R3 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CHs 
H 
H 
H 
CH3 
H 
H 

22 p-Chlorophenethylguanidine 

R4 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CHa 
H 
CHa 
H 
CHa 
CHa 
H 

Rj 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CHa 
H 

23 a-Methyl-p-trifluoromethylbenzylguanidine 
24 a,a-Dimethyl-ptrifluoromethylbenzyl- 

25 4-Chloro-1-naphthylmethylguanidine 
guanidine 

Salt 
mp, OC Method 
189-189 5 A" 
167-168 A' 
144-145 !dC,d 
245-247 A 
23C-232 Ab 
229-231 A" 
258-260 A 
225-227 AB 
241-242 AB 
270-272 A 
233-235 AB 
262-264 A 

193 5-195 5 A' 
258 A* 

246-247 Ad 
267-269 A' 

275 5-276 A,BeSg 
281 5-282 5 A'sh 
178 5-179 Bas$ 

200-202 .<e 

232-234 A' 
253-255 Be*l 
215-215 5 B1 

271 5-272 5 4"  

158-159 A ~ J  

% C  % H  
Calcd Found Calcd 
44.43 44.49 5.13 
44.43 44.66 5.13 
43.65 43.58 5.04 
34.67 34.79 4.00 
34.67 34.71 4.00 
29.64 29.98 3.42 
29.64 29.80 3.42 
35.97 35.78 3.78 
35.97 36.03 3.78 
35.97 35.95 3.78 
48.42 48.63 4.97 
40.60 40.59 4.17 
40.60 40.81 4.17 
40.60 40.82 4.17 
46.90 46.70 5.37 
35.95 35.60 3.35 
43.81 43.68 5.32 
43.81 43.68 5.32 
46.07 45.87 5.80 
48.40 48.39 6 .09  
56.77 56.46 5.10 
43.81 43.89 5.32 
42.85 43.01 4.67 
46.90 46.96 5.37 

50.98 51.01 4.64 

Found 
5.21 
5.42 
5.02 
3.92 
4.04 
3.78 
3.41 
3.63 
3.90 
3.77 
5.10 
4.12 
4.13 
4.15 
5.48 
3.68 
5.15 
5.40 
5.85 
5.92 
4.93 
5.26 
4.58 
5.33 

4.70 

% N  
Calcd Found 
19.44 19.33 
19.44 19.35 
19.09 10.15 
15.16 15.20 
15.16 15.09 
12.96 13.03 
12.96 12.91 
15.73 15.65 
15.73 15.94 
15.73 15.64 
25.10 25.16 
15.79 15.75 
15.79 15.65 
15.79 16.68 
14.92 15.10 
13.98 13.73 
17.03 17.09 
17.03 16.98 
16.12 16.02 
16.94 17.01 
14.19 14.22 
17.03 17.24 
15.00 14.86 
14.92 15.00 

14.86 15.08 

a Recrystallized from methanol. b Recrystallized from ethanol. m-Chlorobenzylamine hydrochloride was prepared from the amine 
and ethereal HCl, and it has been described by J. v. Braun, M. Kuhn, and J. Weismantel, Ann., 449, 249 (1926). Recrystallized from 
ethanol-acetone-ethyl acetate. f This compound was prepared from the amine and 2,3di- 
methyl-2-thiopseudourea hydriodide,Z and it was converted to the sulfate with silver sulfate. 0 The yield by method A was 24%, by 
method B 77%. p-ChloIo-N-methylbenaylamine hydrochloride was prepared from the amine and ethereal HCl, and it has been re- 
ported previously by J. v. Braun, M. Kuhn, and J. Weismantel in footnote c. This compound was prepared from the amine 
and 2-thio-1,2,3-trimethylpseudourea hydrochloride, and it was converted to the sulfate with silver sulfate. p-Chlorobenzylamine 
hydrochloride was prepared from the amine and ethereal HC1, and it has been described by K. Kindler, Arch. Pharm., 265, 402 (1927). 
i For preparation see Experimental Section. 

e Recrystallized from aqueous ethanol. 

I 

CH , 

I1 

111, R = H 
IV,R=Cl 

bers of his series were l-benzyl-2,3-dimethylguanidine 
sulfate (111) and its o-chloro analog (IV). The 
former is known as "bethanidine." 

The next report of benzylguanidines came from our 
laboratories.2 This paper was concerned chiefly with 
dialkylaminoalkylguanidines, but among some mis-  
cellaneous compounds reported were 0- and p-chloro- 
benzylguanidine sulfates. Both effectively blocked 
the sympathetic nervous system and constituted a lead 
which we felt was worth exploiting. The purpose of 
this paper is to report our studies with this series of 
compounds. 

Chemistry.--P\Iost of the compounds described in 
Table I were prepared by allowing the appropriate 
benzylamine to react with 2-methyl-2-thiopseudourea 
sulfate (method A). Excellent yields of the guanidines 
were generally obtained when the reactants were pri- 
mary amines and 2-methyl-2-thiopseudourea sulfate 
itself, but yields were lower when the amine was second- 
ary (p-chloro-N-methylbenzylamine) or when the 
pseudourea was substituted with one or more methyl 
groups. Method A was unsuccessful if the amine 
was substituted with a methyl group on the carbon 
atom next to the nitrogen atom. 

A by-product of method A was the formation of some 
salt (hydrochloride or sulfate) of the starting amine. 
Usually the amine salt was more soluble than the guani- 
dine salt and one or two crystallizations were sufficient 
to remove the amine salt. However, the opposite 
proved true with m- and p-chlorobenzylamine, and sepa- 
ration of the guanidine salt from the less soluble amine 
salt sometimes was difficult. 

Reaction of N,N'-dimethylthiourea with dimethyl 
sulfate gave the expected 2-thio-l,2,3-trimethylpseudo- 
urea, but as the acid sulfate salt instead of the neutral 
sulfate salt. The product obtained failed to react with 
amines unless the acid was at  least partially neu- 
tralized. We found it more ronvenient, therefore, to 
use this thiopseudourea in the form of its hydrochloride. 

An alternative method involved the reaction of a 
benzylamine hydrochloride with cyanamide or di- 
methylcyanamide (method B). 
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method A 
R’ 

I Rh 

The reaction bet weell a-met hyl-p-trifluorome t hyl- 
benzylamine arid cyanamide gave, in addition to the 
desired guanidine, a small amount of a different com- 
pound. Elemental analyses, the infrared spectrum, 
and the nmr spectrum indicated that this material 
was K, S ’-his (a-met hyl-p-trifluoromethylbenzyl) urea. 
I ts  identity was confirmed by its preparation from the 
amine hydrochloride and urea, which is a known 
method for preparing symmetrically disubstituted 
ureas.’ 

The rorresponding urea was also obtained from a,  a- 
dimethyl-p-trifluoromethylbenzylamirie hydrochloride 
and cyanamide in addition to the desired guanidine. 

Most of the amines were available from commercial 
sources. The isomeric trifluoromethylbenzylamines 
were prepared by ratalytic reduction of the appropriate 
nitriles, and have been described iri a previous publi- 
cation from these laboratories.* 

p-Trifluoromethylbenzylamine was also prepared 
by reduction of the nitrile with LiAIH4. Yields were 
similar by both methods. LiAlH, reduction was also 
used to ohtain 2-chloro-5trifluoromethylbenzylamine 
and 4-chloro-1-naphthalenemethylamine. The nitrile 
required for the latter reaction was obtained from 4- 
chloro-1-naphthylamine via a Sandmeyer reaction. a- 
Phthalimido-p-tolunitrile was prepared from a-chloro- 
p-tolunitrile and potassium phthalimide. Cleavage 
with hydrazine gave the desired a-amino-p-tolunitrile. 

Preparation of 4-(p-chlorophenyl)benzylamine 
started with 3’-riitro-~-bipheiiyl(~arb(~xylic. acid. Cata- 
lytic reductioii gave the amino :wid atid the Sandmeyer 
reaction was utilized to convert the latter to 4’-chloro- 
~-bipheriS-lcarborcylic acid. This acid was converted 
to the amide ma the acid chloride, and LiAIH, was used 
to  reduce the amide to the desired amine. 

a-Methyl-p-trifluoromethylbenzylamine was ob- 
tained by catalytic reduction of the corresponding 
oxime, and also by reduction with LiAlH4, but the yield 
was poor in the latter case. 

17) T. L. Davis and K. C. Blancliard, .I. A m .  Chem. Soc.,  45, 1816 (1923). 
(8) 11. Freifelderand Y. H. Xg, J. I’hurm. Sci., 14, 1204 (lV65). 

The Ritter reaction was utilized to obtain a,a- 
dimethyl-p-trifluoromethylberizylamine. The reaction 
between p-trifluoromethylphenylmagnesium bromide 
and acetone gave the desired carbinol, which was 
allowed to react with HCN to give K-(a,a-dimethyl-p- 
trifluoromethylbenzy1)formamide. Hydrolysis of the 
latter with HC1 gave the desired amine. 

Structure-Activity Relationships.-Our first efforts 
were directed toward establishing whether or not 
chlorine was the optimum halogen substituent in this 
type of compound. Both 0- and p-fluorobenzyl- 
guanidine sulfates (Table I, 1 and 2) were inactive. 
In  the case of the bromo analogs the ortho isomer (4) 
(analog of bretylium) was active but the para isomer 
(5 )  was not. The iodo analogs were prepared and the 
para isomer (7) proved to be active but not the ortho 
isomer (6). These results indicated that other halo- 
gens showed no superiority over the chloro substituent. 
The p-chloro isomer was slightly more active than the 
ortho isomer,* while the meta isomer (3) was inactive. 

The two N-methyl derivatives (17 and 18) and two of 
the three possible N,X-dimethyl derivatives (19 and 20) 
of p-chlorobenzylguanidine were prepared and all 
proved to be inactive. We found it particularly 
interesting that 19 was inactive since it is the p -  
chloro analog of bethanidine. The reduction in activ- 
ity caused by the methyl groups in this series of com- 
pounds parallels our experience in the dialkylamino- 
alkylguanidine series.2 

p-Chlorophenethylguanidine (22) was found to be 
less active than its benzyl homolog. 

Of three dichlorobenzylguanidines (8-10) the 2,4- 
and 2,6-dichloro isomers were active, but neither was 
more active than p-chlorobenzylguanidine sulfate. 
Ileplacement of the p-chloro atom by the cyano group 
gave a compound (11) with only weak activity. The 
naphthalene (25) arid biphenyl (21) analogs were ill- 

active. 
p-Trifluoromethylbeiizylguariidine (14) was pre- 

pared arid found to be more active than p-chlorobeiizyl- 
guanidine sulfate. As in the chloro series the optimum 
position for the substituent was in the para position. 
The ortho isomer (12) was less active, while the meta 
isomer (13) was active only at a very high dose. As in 
the chloro series, the bethanidine analog, 2,3-dimethyl- 
1-(p-trifluoromethylbenzy1)guanidine hydrochloride 
(15), was inactive. A compound containing both 
chloro and trifluoromethyl substituents (16) was only 
slightly active. 

A remarkable increase in activity occurred when 14 
was modified by introduction of an a-methyl group to 
give a-methyl-p-trifluoromethylbenzylguanidine sul- 
fate (23). The compound containing a second a- 
methyl group, ala-dimethyl-p-trifluoroniethylbe~izyl- 
guanidine hydrochloride (24), much to our surprise 
proved to be inactive. 

Pharmacology. Effect on the Nictitating Membrane. 
Methods.-The compounds in Table I were examined 
for their ability to cause relaxation of the nictitating 
membrane in the unanesthetized cat when administered 
orally. Relaxation (prolapse) of the nictitating mem- 
brane of the cat was suggested by ;\lcLean, et U Z . , ~  

(9) R. A .  lfcLean. R. J. Geus, R. J. l l o h b a c h e r .  P. .i. XIattiu, and G.  E. 
Ullyot, J .  Pharmacal. E q d .  Therup. .  129, 11 (1960). 
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TABLE I1 
C]O\IPOUNDS SHOWING A N  EFFECT ON T H E  

x I C T I T I T I N G  RIEMBRANE O F  THE CAT 

Effect on 
Dose, nictitating Duration, 

Comiid'" mp;/kg membraneb hr  

4 1 5 ++ 30 
30 + 7 

7 15 + 30 
30 ++ 24 

8 30 ++ 30 
10 1 3 ++ SO 

30 ++ 24 
11 30 + 5 
12 10 ++ 6 

20 ++ 7 
30 ++ 30 

13 60 ++ 30 
14 15 ++ 8 

30 i- i- i 2  
16 30 + 7 
22 30 + 25 
23 15 ++ 144 

30 ++ 168 
Bethanidine 30 ++ 7 2  

a The numbers refer to the compounds in Table I. Compounds 
not listed here were inactive at 30 mg/kg. * The degree of pro- 
lapze ib indicated as follows: +, one-fourth of the eye covered 
by the membrane; + +, one-half; + + +, three-fourths. 

as a test for sympathetic nervous system inhibition. 
Observations were made at regular intervals over 
a period of 24 hr and then daily readings were taken un- 
til prolapse was absent. The degree of prolapse was 
recorded as follows: +, one-fourth of the eye was 
covered by the membrane; + + , one-half of the eye was 
covered; and +++, three-fourths of the eye was 
covered. Effects on the pupil size in semidarkness 
and the reaction to light were measured. 

Results.-The results are shown in Table 11. Emesis 
proved to be a problem with many of these compounds. 
All were tested at  30 mg/kg, but only those showing 
activity are reported in the table. Failure to absorb 
the drug because of emesis may have been the reason 
for the lack of activity of some of the compounds. 

Methods.-Twelve 
of the compounds listed in Table I were examined for 
their effect on mean arterial blood pressure of the 
anesthetized cat following intravenous administration. 
Measurements were obtained from the femoral artery. 
h polyethylene catheter was connected to a Statham 
transducer and all recordings were made on a Grass 
Model 5 polygraph. Respiration and the electrocardio- 
gram were also monitored. The response to a test dose 
of epinephrine was determined before and after the 
compound was given. The pressor response elicited by 
30 sec of bilateral carotid occlusion was also determined 
before and after administering the test compound. 

Results.-The data obtained by this test are sum- 
marized in Table 111. The initial blood pressure re- 
sponses were variable. The pressor response to bilateral 
carotid artery occlusion was reduced, but the response 
to the test dose of epinephrine was usually increased. 

Symptomatology in Dogs. Methods.-Oral doses of 
14 were administered to  eight dogs for 3 days. The 
doses used were 15 (two dogs), 30 (two dogs), and 60 
mg/kg (four dogs). Comparable studies were carried 
out with 23 on three dogs a t  GO mg/kg, and the same 

Effect on Cat Blood Pressure. 

three dogs at 30 mg/kg G weeks later. Observations 
were made at 0.5, 1, 2,  3, 4, 6, and 24 hr. Heart rate, 
respiration, relaxation of the nictitating membrane, 
and pupil changes were measured. The general con- 
dition of the dog was determined. 

Results.-Emesis occurred in all dogs receiving 14 
at  all dose levels. Relaxation of the nictitating mem- 
brane was seen at  the end of the first hour following 
administration of 60 mg/kg of 14. Heart rate decreased, 
but the pulse was very strong. These changes oc- 
curred despite the emesis a t  the end of the first 0.5 hr. 
Dry mouth and listlessness were also observed. Ad- 
ministration of the drug in coated capsules decreased 
the incidence of emesis. Diarrhea also proved to be a 
serious problem with this drug even at the lowest dose. 

The main symptom observed following administra- 
tration of 23 was a + + or + + + prolapse of the nicti- 
tating membrane lasting up to  9 days following the last 
dose of the drug. At the lower dose no other symptoms 
were observed. At the higher dose one dog suffered 
emesis, and another dog had diarrhea during the first 
2 days of drug administration. 

Effect on Hypertensive Dogs. Methods.-Mean 
arterial blood pressure of trained unanesthetized dogs 
was obtained by direct needle puncture of the femoral 
artery. Experimental renal hypertension was produced 
by reduction in renal blood flow. Bilateral constriction 
of the renal arteries similar to the procedure described 
by Goldblatt, et al. , l o  was performed approximately 
2 years prior to the test. 

Neurogenic hypertensive dogs were prepared by the 
method of Xowak,l' and had been in our colony for 
about 2 years prior to test. 

The electrocardiogram, lead 11, and respiration were 
recorded concomitantly with the mean arterial blood 
pressure on a Grass polygraph. 

Results.--Oral doses of 30 mg/kg of 14, administered 
in coated capsules, initially increased blood pressure 
but later decreased blood pressure in both types of 
hypertensive dogs. A more marked reduction in blood 
pressure was seen with the neurogenic hypertensive 
dogs than with the renal hypertensive dogs. The results 
obtained with a single oral dose are shown in Table IV. 
The average and the range of the mean arterial blood 
pressure are shown for four dogs with each type of hy- 
pertension. The blood pressure was reduced for a t  
least 50 hr. Coating the capsules reduced the inci- 
dence of emesis. At this dose level diarrhea was ob- 
served, but with lower doses no GI  symptoms were 
noted and the dogs appeared alert and ate well. The 
blood pressure lowering effects of the drug could be 
maintained over extended periods of time. Following 
the initial 3O-mg/kg dose, the animals could be main- 
tained at a relatively normal blood pressure by daily 
doses as low as 5 mg/kg. KO adverse effects occurred 
despite the long period of treatment. 

A slightly different type of study was done with 23. 
The drug was given orally at a dose of 10 mg/kg and 
4 hr later, the point at which maximum blood pressure 
decrease occurred, blood pressure measurements were 
taken and are given in Table V. The same procedure 

(IO) H. Goldblatt. .J. L>-ncll. R. 17, Hansal, and \V. \V. Summerville, 

(11) S. J. G. Kowak. Ann. Suru., 111, 102 (lU.10). 
Am. J .  Pnfhol.. 9, 942 (19331. 
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TABLE I11 

INTRAVENOUS ADMINISTRATION OF THE COMPOUNDS TO ANESTHETIZED CATS 
Effect on 

Dose, mean arterial Duration, Carotid occlusionb Epinephrineb H e a l !  Rrr i  Ira- 
Compda mg/kg blood pressureb mi n Before After Before After rate' t . n h  

- 2 2 - 62 3 0 
5 - 44 63 + 33 + 10 + 1s + 24 + 
5 +67 85 No change + 25 +11 + 

4 2, 5, 10 0 N o  change N o  change 0 0 

2 + 28 85 + 17 + 24 + I 1  + 15 + 
7 2 + 22 14 

27 2 + 17 
5 +25 20 + 11 +4 + 33 + 6.5 + 
10 + 23 20 + 14 +:, + 34 + 6s + 
10 + 34 23 + 32 +9 + 30 +40 + 

+5 + 33 + 70 + 10 + 56 40 +8 
12 2 - 45 10 + 30 + 10 + 13 + 30 

+2.j + 5 $25 20 +32 + 12 +s 
10 - 26 120 + 35 $8 + 15 + 30 

13 2 + 12 0 
5 +47 10 + 11 +4 No change 0 0 

14 2 - 30 10 0 0 
5 - 40 15 $5 -1 + 30 +9 

- 
- 

0 
- - 2 - 15 83 No change + 24 $15 

- 

- 
- 

8 2 - 17 28 

30 
- 

- i n  2 + 54 

- - 
- 

- - 

- - 
- + 25 + 3 - 

+ +5 + 20 + 10 + + 10 - 55 15 +20 i-6 

- - 10 + 30 25 + 15 
20 2 - 25 10 + 34 +20 +16 + 24 

23c 2 -4  4 0 0 

10 - 30 6 $7 +2 +25 + 6.5 + + 
10 -5  4 +20 $7 + 17 1-35 + + 

- 5 - 12 1 5 + 30 + 10 + 20 + 30 0 

+3  5 

+4 8 

+20 120 
24 5 0 

0 The numbers refer to compounds in Table I. b + = increase; - = decrease; 0 = no change. c The drug caused an initial fall in 
blood pressure, followed by a subsequent rise. 

was repeated with the same dogs on a subsequent day 
with 5 mg/kg of the drug, and finally the drug was 
given at  2.5 mg/kg at  a later date. A good dose- 
response relationship is apparent. Again the neuro- 
genic dogs exhibited a better response than did the 
renal dogs. 

Hemodynamic Studies. Methods.-Arterial blood 
pressure was measured from the femoral artery 
in the manner described above. Isometric systolic 
tension of ventricular muscle was recorded by means 

TABLE IV 
EFFECT OF COMPOUND 14 OK NEUROGEXIC AND 

RENAL HYPERTENSIVE DOGS 
Control 
blood 

pressure, Dose, -Mean arterial blood pressure, m m n F  
mm mg/kg 4 hr  24 hr 51 hr 72 h r  

Xeurogenic Hypertension 
210* 30 110 125 160 

240-18.5" 130-90 140-100 180-130 
Renal Hypertension 

19ob 30 140 14.5 160 
220-170' 170-110 175-120 200-130 
a Measurements were made 4, 24, 51, and 72 hr after adminis- 

tration of the drug. b The figures on these lines represent the 
average of blood pressure measurements of four dogs. The 
figures on these lines represent the range of blood presiure meas- 
urements for four dogs. 

of a strain gauge arch.12 Lead I1 of the electrocardio- 
gram was also recorded. The drug was administered 
intravenously. 

Results.-Compound 14, 5 mg/kg, increased iso- 
metric systolic tension, heart rate, and arterial blood 
pressure for a period of 0.25 hr. The initial increases 
were followed by decreases in all parameters measured. 
Larger doses, 20 mg/kg, elicited a longer period of 
increase in these parameters. The blood pressure and 
isometric systolic tension remained above control 
values for over 8 hr. Vagotomy or administration 
of atropine did not alter the initial responses. During 
the hypotensive period there was a slight increase in 
right atrial pressure accompanying the decrease in 
heart rate and isometric systolic tension. 

Comparable studies were not done with 23. 
Toxicity Studies.-In the mouse 14 had an LDho of 

150 mg/kg following intraperitoneal administration, 
and with oral administration the LDjo was 475 mg/kg. 
The deaths were delayed except a t  the high dose levels. 
Ataxia was noted at  20 mg/kg ip and at  100 mg/kg 
PO. Other symptoms included increased muscle tone, 
decreased activity, jerks, squinting, decreased respira- 
tion, and cyanosis prior to death. 

The LDjo for each route of administration was slightly 
higher in rats. All other aspects of the toxicity were 
similar. 

(12) M. deV. CottenandE. Bay, Am. J.PhysioZ., 187, 122 (1956). 
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an ice bath to 5'. A solution of 10.4 g (0.15 mole) of h'aPl;02 
in 100 ml of water was added below the surface a t  such a rate 
that  the temperature remained a t  5 " .  The dark brown solution 
was added dropwise to a stirred, boiling sollition of I d  g (0.15 
mole) of CtlCl in 100 ml of concentrat,ed HC1. Reflrixing was 
contiriiied for 0.5 hr after completioii of the addition. The 
crude product was collected after chilling and was crystallized 
from n-butyl alcohol t,o give 12 g of t,he acid, mp 282-287". 
1:ecrystallization of a small portion from ScOH raised the melting 
point to 2S7.5-289..io, lit.22 mp 289.8-290.8'. 
4'-Chloro-4-biphenylcarboxamide.-A suspension of 11.6 g 

(0.05 mole) of 4'-chloro-4-biphenylcarboxylic acid in 200 ml of 
CTTClr and 16 ml (0.2 mole) of SOC12 was heated under reflux 
for. 4 hr. The solvent was removed under reduced pressure. A 
.iO-nil portion of CHC1, was added and removed. A second por- 
tion was added and removed. The residual oil was dissolved in 
100 ml of CHC13, liquid NHI was added, and the solut'ion was 
left a t  room temperatrire overnight. The solvent Fas  removed. 
The residue was boiled with 100 ml of glacial acetic acid, diluted 
with 200 ml of water, and chilled. The tan solid was collect,ed 
and weighed 11 g (95'?&), mp  253-2,54", lit.23 mp 254". 

4-(p-Chlorophenyl)benzylamine.--il Soxhlet ext'ractor con- 
taining 11.8 g (0.05 mole) of 4'-chloro-4-biphenylcarboxamide 
iyas placed above a flask containing 3.8 g (0.1 mole) of LiAlH4 
and 300 ml of dry THF.  The reaction mixture was heat,ed under 
refliix for 16 hr and then was worked up in the usual manner. 
The crude product was cryst,allized from n-butyl alcohol to give 
9.3 g (S7%) of the amine, mp 119-122'. 

Anal. Calcd for C13HdlN: C, 71.72; H, 5.56; N, 6.44. 
Foiind: C, 72.00; H, 5.67; S, 6.60. 

p-Trifluoromethylacetophenone Oxime.--S solution of 68 g 
(0.36 mole) of p-trifluoromethylacetophenone (Pierce Chemical 
Co.) and 50 g (0.72 mole) of hydroxylamine hydrochloride in 
700 ml of ethanol was heated under reflux for 4 hr. The hot solii- 
tion was diliited with 700 ml of water and chilled to obtain 68.4 
g (93c7c) of white solid, mp 105-106". 

Anal. Calcd for CHHaFzNO: C, 53.20; H, 3.97; N, 6.89. 
Found: C, 53.03; H, 3.94; S, 6.97. 

a-Methyl-p-trifluoromethylbenzy1amine.-The reduct'ioii of 
16.3 g (0.08 mole) of p-trifluoromethylacetophenone oxime was 
effected in 250 ml of 75yc ethanol containing 0.24 mole of HC1 and 
6.5 g of 5 7 ,  Pd-C, containing 507, by weight' of water (Engle- 
hard Industries). The initial hydrogen pressure was 2.79 kg/ 
cm2 and uptake was complete in 18 hr. The catalyst was re- 
moved and the alcohol solution was evaporated. The residue 
was dissolved in water and extracted with ether. The aqueous 
solution was made alkaline and the free base was extracted with 
ether. il total of four runs gave 38.5 g (64%) of amine, bp 80- 
86" (10 mm), n26D 1.4580. 

Ana/.  Calcd for C H H ~ O F ~ N :  C, 57.13; H, 3.32; N, 7.40. 
Foiind: C, 56.99; H, 5.4j; S, 7.36. 

A portion of the amine was converted to the hydrochloride 
and crystallized from acetone-ethyl acetate to give a white solid 
melting a t  204.5-205". 

- 

Anal. Calcd for CsHlnF,N.HC1: C. 47.90: H. 4.91: 3. 6.21. 
, I  I ,  . .. . 

Foiind: C, 47.93; H, 4.98; N, 6.31. 
a-Methyl-p-trifluoromethylbenzylguanidine Sulfate and N,N'- 

Bis( a-methyl-p-trifluoromethylbenzyl)urea.-Cyanamide, 5 .5  g 
(0.13 mole), and 25.8 g (0.104 mole) of a-methyl-p-t'rifluoro- 
methylbenzylamine hydrochloride were allowed to react as 
described above (method B). The residue was taken up in 75 
ml of hot water and filt,ered to remove 2.7 g of white solid. The 
filtrate was heated on the steam bath for 1 hr after adding 75 
ml of ethanol and 18 g (0.0S8 mole) of Ag2804. The hot solution 
was filtered, concentrated, and chilled to give 21 g of the desired 
guanidine (Table I, 23). The 2.7 g of solid was recrystallized 
once from aqiieons ethanol and twice from 1-biitanol to give 0.2 
g of white, crystalline solid, mp  195.5-19i0. The same siibst'ance 
was obtained when the reaction was carried oiit as ahove but with 
0.05 mole of iirea in  place of the cyanamide. Infrared spectrum 
showed 3438 ( v x n ) ,  1670 (amide I), 1508 (amide II), 1615 cm-1 
(aromatic ring); nmr spect'rnm, doublet, 78, 84, quintet centered 
at  290, doublet 384, 392 (exchanged with D20), quartet centered 
at  458 cps. The peaks are in the ratio, respectively, 3:1:1:4 
and represent CHI, CH, NH, and aromatic H.  

Anal. Calcd for C19H18F6h'\;20: C, 56.43; H, 4.49; S, 6.93; 
mol wt, 404.33. Found: C, 56.03; H, 4.26; N, 7.25, 7.11; 
mol wt (Rast method), 405. 

a,m-Dimethyl-p-trifluoromethylbenzyl Alcohol.---The Gi,ig- 
ii:trd reageiii was formed from 45 g (0.2 mole) of p-bromoheri- 
zotrifliioride (Pierce Chemicd Co.) and 4.8 g (0.2 g-atom) of 
3Ig turnings iii 50 in1 of dry ether. ;1 solution of 11.6 g (0.22 
mole) of acetone in 25 ml of ether was added, and the reaction 
mixture was heated under refliix for 2 hr. Hydrolysis was ef- 
fected by the dropwise addition of 20 ml of saturated SH4C1. 
The mixt,iire was filtered and the filtrat'e was evaporated. The 
residrie was distilled twice to give 25 g (62TG ) of the alcohol, 
hp 64-65' (1.2 nim), 1 2 2 5 ~  1.4531. The dist,illate sloivly solidified, 
mp 36-37..5". 

.Anal. Calcd for CloHllF,O: C, dS.82: H, 5.42. Foiind: C, 
58.67; H, 5.63. 

N-( a,a-Dimethyl-p-trifluoromethylbenzyl)formamide.-Glacial 
acetic acid (80 ml) n-as cooled in an ice bath and the tem- 
perature was kept below 20" as 16.7 g (0.34 mole) of NaCY was 
added followed by a solution of 40 ml of H2Y04 and 32 ml of 
AcOH. The solution was stirred as 60 g (0.29 mole) of a,m- 
dimethyl-p-trifluoromethylbenzyl alcohol was added. The re- 
action mixtiire was alloved to warm up to room temperature 
during 1 hr, then was heated at  65-75' for 2 hr, and finally left 
a t  room temperature for 3 days. Solid NaHCOd was added to 
neutralize t,he acid, and the mixture was filtered. The solid was 
washed with water. The filtrate was ext'racted with two 75-ml 
portions of ether, and the solid was dissolved in the ether. The 
ether solution was dried (Drierite). The drying agent and solvent, 
were removed, and the solid residue was washed with a small 
amount of cold Skellysolve B. The yield w-as 34.2 g (SOYo), mp 
104-105'. 

Anal. Calcd for CllHI2F3SO: C, 56.94; H, 5.56; N, 6.01. 
Found: C, 57.06; H, 5.44; N, 6.24. 
a,a-Dimethyl-p-trifluoromethylbenzylamine Hydrochloride.- 

A solution of 34.5 g (0.15 mole) of K-( m,a-dimethyl-p-trifluoro- 
methylbenzy1)formamide in 175 ml of et,hanol was diluted with 
175 ml of 6 'V ITCl and heated on the steam bath for 2 hr. The 
solution was taken to  dryness under reduced pressure. The 

tallized twice from 50 ml of water, once 
1, to give 18.3 g of white leaflets, mp 250.5- 

252'. The combined filtrates were concentrated and chilled to 
give an additional 9.7 g of product. The total yield was 28 g 
(is%). 

,4nal. Calcd for CIOH1~FS?;.HCl: C, 50.11; H, 5.46: N, 3.85. 
Found: C, 50.20; H, 5.45; S, 5.90. 

a,a-Dimethyl-p-trifluoromethylbenzylguanidine Hydrochlo- 
ride and N,N'-Bis( a,m-dimethyl-p-trifluoromethylbenzy1)urea.- 
.4 solution of 7.2 g (0.03 mole) of a,a-dimethyl-p-trifliioromethyl- 
benzylamine hydrochloride and 1.7 g (0.04 mole) of cyanamide 
in 15 ml of water was allowed to react in the manner of method 
B. The viscous oil wa8 dissolved in 50 ml of hot water and 
filt'ered to  obtain 0.8 g of white solid. The filtrate was taken to 
dryness and the residue was dissolved in 150 ml of 1 : 1 acetone- 
ethanol. The solut'ion was passed through a coliimn packed with 
Florisil. Fractions of 25 ml each were collected and evaporated. 
The residues were dissolved in boiling ethyl acetate and on stand- 
ing several solutions precipitated white solid; total yield was 1.1 
g, mp 214-213'. The guanidine was recrystallized from acetone- 
ethyl acetate (Table I, 24). 

The 0.8 g of solid was crystallized from 1-butanol and from 
aqueous ethanol to obtain 0.4 g of material which melted a t  
263.5-264'. The same subst,ance was obtained when the reaction 
was carried out as above but  with 0.015 mole of urea in place of 
the cyanamide. Infrared spectrum showed 3336 ( U K H ) ,  1640 
(amide I), 1556 (amide II), 1613 cm-l (aromatic ring): nmr, 
singlet 89, singlet 389 (exchanged with DSO), singlet 453 cps. 
The peaks are in the ratio, respectively, 6 :  1 : 4  and represent 
CH3, NH, and aromatic H.  

Anal. Calcd for CI~HY~FGNPO: C, 3 ' :  H, 3.13; N, 6.48. 
Found: C, 58.55;  H, 5.18: N, 6.55. 
4-Chloro-l-naphthonitrile.-The procedure described by Gom- 

berg and BlickeZ4 for the preparation of 4-bromo-1-naphthonitrile 
was followed. From 62.5 (0.35 mole) of 4-chloro-1-naphthyl- 
amine was obtained 48 g (737,) of the nitrile, which melted at, 
95-96', lit.25 mp 110". 

124) hl .  Gomberg and F. F. Rlicke, . I .  A m .  Chem. S o r . ,  46, 1 iiX (1923). 
125) 1'. Fririllander and . J .  \Veisl)erg, Rep., 28, 1R:iS fl89.5) 




