ANTIHYPERTENSIVE ARALKYLAMINOGUANIDINES

[1,2-a]pyridine (0.094 mole) in 75 ml of EtOH was added a soln
of 19.6 g of NH,OH-HCI (0.28 mole) and 12 g of 959, NaOH
(0.28 mole) in 120 ml of H,O. After refluxing for 1.5 hr flaky
crystals were obtained (14.4 g, yield 887).
3-Formylimidazo[1,2-a]pyridine Semicarbazone-HCI (Table I;
15). Method C.—To 7.30 g of 3-formylimidazo[1,2-a]pyri-
dine (0.05 mole) dissolved in 31.2 ml of 109, HCl was added a
soln of 5.90 g of HONNHCONH,-HC] (0.053 mole) in 31.2 ml
of 109, HCl and 10 ml of H,O. A bulky ppt formed at once; it
was filtered and dried (11 g, yield 9297).
3-Formyl-6-bromoimidazo(1,2-a)pyridine Thiosemicarbazone -
HCI (Table I; 22). Method D.—To a soln of 1.12 g of 3-formyl-
6-bromoimidazo[1,2-a]pyridinet (0.005 mole) in 10 ml of 109
HCIl was added a soln of 0.478 g of H-NNHCSNH.: (0.053 mole)
in 3 ml of 109, HCL. After cooling overnight, the condensation
product pptd as a bulky mass; it was filtered and dried (1.5 g,
yield 809%).
2-(p-Chlorophenyl)-3-formylimidazo[1,2-a]pyridine Guanylhy-
drazone-2 HCl (Table I; 34). Method E.—A soln of 12.8 g of
2-(p-chlorophenyl)-3-formylimidazo{1,2-a] pyridine (0.06 mole)
in 1280 ml of boiling 109, HCl was filtered hot and added to a
soln of 8.25 g of H.NNHC(=NH)NH:-H;CO; (0.06 mole) in
50 ml of cold 1095 HCl. Shiny white crystals pptd which were
filtered after cooling (17.5 g) and which after recrystn from 3300
mlof 16, HCl gave 14.2 g (749,).
3-{(Imidazo[1,2-a]|pyridin-3-ylmethylene )amino] -5-morpho-
linomethyl-2-0xazolidone Dimaleate (Table I; 38). Method F.—
To asoln of 2.01 g of 3-amino-5-morpholinomethyl-2-oxazolidone
(0.01 mole) in 20 ml of EtOH, 10 ml of H-0, and 5 ml of 109, HC1
was added a soln of 1.46 g of 3-formylimidazo[l,2-a]pyridine
(0.01 mole) in 10 ml of EtOH and 5 ml of 109, HCl. The mix-
ture was heated to 70° for 4 hr. The sepd oil was extracted with
CHCI;, the solvent evapd, and the residue dissolved in 10 ml of
EtOH and treated with 1.32 g of maleic acid in EtOH. On
heating on a water bath 38-dimaleate formed (1.6 g, yield 289;).
2-Methyl-3-acetylimidazo(1,2-a]pyridine (Table II; 40).
Method G.—To a soln of 39.6 g of 2-methylimidazo[1,2-a]pyri-
dine (0.3 mole) in 120 ml of CS; was added, very slowly, 90 g of
anhyd AICl;, with external cooling. After stirring for 30 min
at room temp the mixture was refluxed gently and 22.5 ml of
AcO was added drop by drop, in 30 min. After refluxing for
1 hr, the CS; was evapd and the residue mixed with crushed ice,
made alkaline with NaOH, and extracted with CH,Cl.. The
soln was dried (K:CO;) and evapd to dryness. The resulting oil
was distd under vacuum. Starting product, (14.5 g), bp 92-100°
(0.8 mm), and 15 g of the desired product, bp 126-130° (0.8
mm), were obtained. The oil was then crystd from ligroin
giving 12 g of the pure product, yield 379 (based on recovered
starting material).
3-Acetylimidazo[1,2-a]pyridine (Table II; 39). Method H.—
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To a soln of 17.5 g of 2-aminopyridine (0.185 mole) in 20 ml
of EtOH was added 15.2 g of 2-bromoacetoacetaldehyde (0.927
mole).” The exothermic reaction was moderated by cooling.
The mixture was refluxed for 10 hr, the solvent evapd to dryness,
and the residue mixed with H,O and 209, NaOH and extracted
with Et:0. The soln was dried (K,CO;) and evapd. The resi-
due was distd, recovering first 9.6 g of 2-aminopyridine, and then
the product, bp 128-130° (1.5 mm). The yield was 4 g (309),
based on 2-aminopyridine consumed.
2-Methyl-3-acetylimidazo(1,2-a]pyridine (Table 1I; 40).
Method H.—A soln of 28.5 g of 2-aminopyridine (0.313 mole)
in 20 ml of Et;O was treated as indicated in the previous example
with 28 g of crude 3-bromoacetylacetone® (0.156 mole). After
evapg the solvent, the residue was distd to yield 14 g of 2-amino-
pyridine and 15 g of product, bp 125-135° (0.6 mm), mp 108-
109°.
3-Acetylimidazo[1,2-a]pyridine Semicarbazone (Table IT; 44).
Method I.—To a soln of 20 g of 3-acetylimidazo[1,2-a]pyridine
(0.125 mole) in 20 ml of H,O was added a soln of 55.7 g of H,N-
NHCONH,-HCI (0.5 mole) in 100 ml of 109, NaOH (0.25 mole).
The mixture was refluxed for 2 hr, made alkaline with Na,COj,
filtered, and washed with H,O until neutral (21 g, yield 77%).
The hydrochloride of this product hydrolyzes very easily.
3-Acetyl-6-chloroimidazo(1,2-a|pyridine Thiosemicarbazone
(Table II; 52). Method J.—A soln of 2 g of 3-acetyl-6-chloro-
imidazo[1,2-a]pyridine (0.0103 mole), 1.87 g of H,NCSNHNH:
(0.0206 mole), and 2.6 g of H;NCSNHNH, -HCl (0.0206 mole)
in 20 ml of H.O and 20 ml of EtOH was refluxed for 2 hr, while
still hot, the mixture was made alkaline with a satd soln of Nas-
CO;, and the ppt (2.8 g; yield 979;) was filtered and washed with
H:0 until neutral.
3-Acetylimidazo{1,2-a]pyridine Guanylhydrazone (Table II;
54). Method K.—A soln of 2 g of 3-acetylimidazo(1,2-a] pyridine
(0.0125 mole) and 6.8 g of H-NNHC(=NH)NH,-H.CO; (0.05
mole) in 75 ml of 1 N HCI was refluxed for 2 hr; the resulting
soln was made strongly alkaline with 209; NaOH and cooled.
The thick oil, which was obtained, solidified and was recrystd
from CsH, and ligroin (1.5 g, yield 599).
2-Methyl-3-hydroxymethylimidazo({1,2-a)pyridine (Table III;
61). Method L.—A soln of 3.7 g of 2-methyl-3-formylimidazo-
[1,2-a]pyridine (0.023 mole) in 37 ml of MeOH was cooled to
10° and added to a soln of 0.437 g of NaBH, (0.0115 mole) in
5 ml of H.O in 5 min, keeping the temp at 10-15°. The soln
was evapd to dryness and the residue recrystd from 30 ml of
H,0 (2.9 g, yield 779).
(7) N. K, Kochetkov, E. E. Nifant’ev, and N. V. Molodtsov, Zh.
Obsheh. Kim., 29, 2330 (1959); Chem, Abstr., 84, 14230k (1960),
(8 D. F. Tavares, W, I, O’Sullivan, and C. R, Hauser, J. Org, Chem., 27,
1251 (1962).
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A series of substituted aralkylaminoguanidines (I) was synthesized and evaluated for pharmacological ac-
tivity. The compounds were prepared by catalytic reduction of the guanylhydrazones or by reaction of the

aralkylhydrazines with either S-methylisothiouronium salts or cyanamide.

A method of separating mixtures of

I and II obtained by the reaction with S-methylisothiouronium salts is deseribed. Some of the aralkylamino-
guanidines (I) possess adrenergic neurone blocking activity and produce a marked lowering of blood pressure in

the hypertensive rat.

During an investigation of compounds containing the
hydrazino group, a series of new aralkylaminoguani-
dines was prepared. Some of these were found to possess

* To whom correspondence should be addressed.

Some structure-activity relationships are discussed.

marked adrenergic neurone blocking activity similar in
character to that of guanethidine. Amongst them,
8-(2,6-dichlorophenyl)ethylaminoguanidine hydrochlo-
ride (10) and +y-phenylpropylaminoguanidine hydro-
chloride (26) proved of special interest as potentially
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R
No. R X
1 I Cl.
2 I (CH,).
3 181 iCHan
4 H (CHy).
B 2-Cl '\(j[]_‘ J2
6 3-Cl (CH.).
7 4-C1 {CHa),
b} 4-Cl (CHa).
9 2,6-Cl, tCHa )
10 2,6-Cl, (CHas)»
11 2,4-Cl, (CHa)
12 3,4-Cl, (CHy)
3 2-Br (CH:2).
14 4-Br (C}‘]g):
15 2-F ('CH-:)Q
16 4-F (CHa)s
18 3-Ae (Cl{u)z
19 4-Me ({CH3):
20 2,6-Mes (CH.)»
21 2.4-)[82 (;CH-:‘,‘-_'
22 2.4 6-Mey {CHa),
23 2-OMe {CHa).
24 4-O\le (CHa)»
25 H {CHa)s
26 H (CHay)s
27 2-Cl (CH.)s
28 4-Cl (CH3)s
29 2,6-Cl, (CHa)s
30 2,4-C1-1 (CI‘Iz)a
31 3,4-Clc (CHaJ3
32 2-F !CII'_)).’{
33 4-F {CHy)s
34 2-\e (CHzly
33 4-Me (CHay
36 4-OMe (CHa.);
37 Ikl CH=CHCH.
38 H CH,CHMe
39 H C'H.CHMe
40 H {CHay,

¢ The identical compound has also been prepared by method B.
 The p-toluenesulfonate was deseribed by Augstein, o al.?

and Gi. B. L. Smith, J. Amer. Chem. Soc., 74, 2981 (1952).
cal compound has also been prepared by method A. ¢ The sulfate
son, ¢t al® (mp 124-126°). ¢ C: caled 39.21; found, 40.01.

7 C: caled 43.95; found, 44.37. # N

useful antihypertensive agents.! We now report the
synthesis and properties of this series of aralkvlamino-
guanidines and related compounds.

Chemistry.—The aralkylaminoguanidines listed in
Table I were prepared by two principal methods which
are illustrated in Scheme I. Either the guanylhydra-
zone salts (Table IT), prepared by condensation of
aminoguanidine salts with appropriate aldehydes,
acetals, or ketones, were catalytically hydrogenated
(method A) or, alternatively, aralkvlhydrazines (Table
I1I) were treated with an S-methylisothiouronium salt
(method B).

When the S-methylisothiouronium sulfate method
was used, the products were usually found, on tle, to be

(1) J. Augstein and 8. M. Green, Nature(London), 201, 628 (1964), reported
similar activity for certain aryloxyalkyiguanidines while this work was in pro-
gress.

caled 25.63; found, 26.61.

@X——NHNHﬁNH_ (Salts)

NH

Mp, °C Method Formula
135 138 A7 CsHp Ny HNO
145 An CoHuN- HINOy
114121 A CeHN,-HCL
109-111 dee A CyH Ny Ho (O,
155160 B« CyHRCING- HNOw
117120 A CoHpCING-HNO,
144‘14(‘) Hd (:0]111(‘1\:411N()§
192195 et CyHpCING - 0.5H R0,
190192 A CyH:CLN,- HNO;
193-194 B CyH:CLN ;- HCI
161--163 A CeHpCLN- HNO;
147-150 A CoHpCLN-HNO;
158162 A CyHyBrN;-HNO,
160-162 A CoHysBrN; - HNOs
131 134 A CyHp PN HNO,
123-124 B CoHisFN - HNO,

CloHieNs - HNOy
ChoHieNs- HNO;
(w\xo}'{wx;‘ HNO;
CoHN- HNO,

153154
9698
121123
179183

112-115 CpH N - HNO,
184*1?\-) (‘1;}1101\14 H(‘l
129--132 CioHieN,O - NGO,
118-120 * CroH N O HINOy
81--84 CioHpeNg- HN Oy
123-125 CioHeNg- HCL
127 CroHCING- HNOg
126-129 CioHyCIN G HNO;
164--165 CyHCLN - HN Oy
124-126 CigHpCLN - HNO;
140--142 CioH i CLN - HNO,
78 CioHpFN,- HNOy *

CpHENHNO,
ChHNHNO,
CuyHuNcHNO,
CrHNO - HINO;

89-92
126-129
120--122
104-107

e e B e s

125-127 B3 CioHus NG HINO;
218-219 dec B4 CroleN- 0.5H0),
123-125 B CioHeNy- HCY
129-131 Ar Oy HNG TN O

* The hydrochloride was described by W. (+. Finnegan, R. A, Henvy
4 The identi-
7 Previously reported by Robert-
iING ealed 21.82; found, 22.30.

was described by Augstein, ¢ al.®
AN caled 25.40; found, 25.82.
IN: ealed 25.63; found, 26.14.

two-component mixtures. A partial separation by
ervstallization of the sulfates was achieved in three
cases, namely with the g-(4-chlorophenyljethyl. the
3-(2,4.6-trimethylphenyl)ethyl, and the cinnamyl com-
pounds.  Elemental analysis showed that in cach ease
the minor component was isomeric with the aralkyl-
aminoguanidine sulfate. The intensity of the spots
obtained by tle suggested that the reaction occurred
preferentially on the unalkylated N, as it did in the case
of the aryloxyalkyl analogs,' % to give an aralkylamino-
guanidine (I) as the major product of the reaction.
The aralkyvlaminoguanidines gave a characteristic deep

(2) J. Augstein, 8. M. Cireen, A. R, Katritzky, and A. M. Monro, /. Med
Chem., 8, 395 (1965},

3y J. Augstein, 8. M. Green, A. M. Monro. T L. Wrigley, AR, Rarritzky
and G. 1. T, Tiddy, 1bid., 10, 391 (1667)
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ScueME 1

H:NNHC(=NH)NHyHX

NH,

(method A)

g§> /
ACR,=NNHC ‘HX
R \NH

R, )
g
v NH,
/@—A—CHRQNHNHQ CHSCNINHL N, A—CHR,NHNHC HX
(method B) N \ .
R, \ R, NH
N\ I
\
\
CH,I; NH, X
/@—A—CHR_)NNHg — @—A—(‘HRZNNH.J
R . (method D) R |
‘ CSNH, ' PN HX
HNY NH,
11
A = alkylene or alkylidene, e.g., CH;, CH,CH,, CH=CH
Rz = or CH;;
Tasre 1T

GUANYLHYDRAZONFES

@*—Y=NNHT|}NH_‘ (Salts)

R NH
No. R Y Mp, °C Formula
41 H CH.CH 137 CyH;2Ny-HNO;
42 2-Cl CH.CH 169-171 dec CyH,,CIN,-HNO;
43 4-Cl CH.CH 178-179 CyHCIN,-HNO;,
44 2,6-Cl, CH.CH 228-229 dec C¢H,CLN-HNOy
45 2-F CH.CH 154-156 C:H ) FN,-HNO?
46 4-F CH.CH 156-158 CeHuFN-HNO;
47 2-Me CH.CH 183-184 CioHu N, -HNO;
48 3-Me CH.CH 104~108 CioH1 N, -HNO;
49 4-Me CH.CH 169-172 dec CiwHa Ny HNO;
50 4-OMe CH,CH 157 dec CioH1 N, O-HNO;
51 H CH.CMe 15€ CiH N, -HCI°
52 4-F CH,CH.CH 175-176 CioH;sFNs-HN Oy
53 2-Me CH.CH.CH 169-171 dec CuHeNy-HNO;
54 4-0Me CH.CH.CH 145-147 CuH;eNO -HNO;
55 H CH=CHCH 194-196 dec CioH 2N HNO;
56 2-Cl CH=CHCH 212-215 dec CioHpCIN:-HNG;,
57 4-Cl CH=CHCH 219-220 dec CioHuCIN-HNO;
58 2,4-C1~2 CH=CH 244 dec CioH1sCLN:- HNO;
39 3,4-Cly CH=CH 233 dec CyoH oCLN-HN O,
60 4-CH; CH=CH 208 dec CuHuN -HNO;
61 H (CH,);CH 107 CiHyeNy-HNO;,

aC: caled 35.08; found, 35.533. 2 C:
pink color with p-dimethylaminocinnamaldehyde re-
agent on tle, whereas the isomers gave a yellow color.

It was assumed that the minor component isolated
from these mixtures was the corresponding N-amino-N-
aralkylguanidine sulfate (IT). This was confirmed for
the phenyl-, 4-chlorophenyl-, and 2-chlorophenylethyl
compounds 82, 83, and 84 (Table IV), by unequivoeal
synthesis via the appropriate 2-(8-arvlethyl)thiosemi-
carbazide, as illustrated in Scheme I (method D). The
corresponding §8-(2,4,6-trimethylphenyl)ethyl and cin-
namyl derivatives of type II (85, 86) were isolated as
minor components in the fractional erystallization of
the aralkylaminoguanidines, 22 and 37 (Table I), pre-
pared by condensation of the aralkylhydrazine with an
S-methylisothiouronium salt.

It was also found that pure aralkylaminoguanidines
I could be obtained from the reaction mixtures by iso-

caled 42.02; found, 43.05.

¢N: caled24.71; found,25.22.

lating their HNO; salts from aq or alcoholie solutions.
The difference in solubilities between the isomeric ni-
trates was sufficient in nearly all cases to permit the
isolation of pure aralkylaminoguanidine nitrates of type
I by recrystallization. The nitrates conld be obtained
directly by treatment of aralkylhydrazines with S-
methylisothiouronium nitrate in aq solution, or by con-
version of the mixed sulfates into nitrates by means of
hot Ba(NOs), solution. Proof of the structure of many
of these compounds was obtained by catalytic redue-
tion of the guanylhydrazone nitrates, prepared by con-
densing the relevant aralkylaldehydes with amino-
guanidine nitrate. In each instance, identity was es-
tablished by mmp and tle.

The reaction of cyanamide with 8-(4-chlorophenyl)-
ethyihydrazine (method C), employing the conditions
previously described for the preparation of guanidines
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Brra, o ol

Tansre 111
ARALKYLHYDRAZINES

@X—NHNHZ (Salts)

R
No. R A
62 H CH,
63 1 (CHa).
64 2-C1 (CHa)e
65 4-C] (CHae
66 3,4-CL (CT):
67 2,4-C1, (CH s
6N 2,6-C1, (Cla).
64 2-Me (CHa):
70 3-Ae (CHa )
71 4-Me (CHy),
72 2,42\1(“: (CH; 1o
73 2,6-NMes 1CHay)
74 2,4.6-Mey (CHa)
75 2-F { (_‘}{3 2
76 4-F (CHy
77 2-13r (CH.
7= 4-Br (CHa)
74 2-NeO) (CHy)
K0 4-AeO (CHa )
S1 H CH.CH.CH.CH.

Formula
CrH N2 HoSO,
CyHpN2- HaSO
CH;, CIN: - HaR0,
C.HLCING - TR0,
CyHCLNG - HoRO
CoHCLN - HaRO,
CHy,CLN, - HOL
(‘uHHNg‘HgS()f

Mp, “C
158160
169-171 dec
169--173 dec
154156 dee
165 167 dec
194-196 dec
171173 dee
[87- 189 dec

173174 dec CyH N 1180,
161162 dec CyHp N - HS0y"
172-173 CioHysNa - HaROy
IT-) th\ (lt‘(‘ (‘10}115N2‘112504

190 dec
156157
161161

CrHisNy - HaRO,
CyHOFNG HaS0,
CHLFN TS0,

167 -168 CyHy BrNy - H30;,
170175 CJHG BNy HS0
151153 COHNLO - TR0,

1535156 CyHuNO - HaRNOS

146--148 dec (‘ml{](:.\v:'figs();”

* The free base and the hydrochloride were first described by Votocek and Lenninger, Coll. Czech. Chem. Commun., 4, 271 (1932,

" Previously reported by Hoffmann-La Roche, British Patent 864,108 (1961).

caled 30.68; found, 31.46, v C:

cCrocaled 31.69; found, 32.200 4N ealed 924,

caled 45.78; found, 45.07.

TanLe IV
N-AMINO-N-ARALKYLGUANIDINES
NH,

found, 9.75. ¢ H: caled 6.50; found, 6.00. 7 C:
R
No. R N
82 H (CHa)e
83 4-C1 (CH2).
N4 2-Cl (CHa)z
85 2.4,6-\e, (CHy)
K6 H CH=CHCH,

« The identical compound was also isolated from the mixture of produets obtained by method B.

from amines,* gave a 609, vield of crude product, iso-
lated as the bicarbonate, which was converted into the
sulfate (8). This sulfate was shown to be identical, by
mwmp and tle, with 3-(4-chlorophenethyl)aminoguani-
dine sulfate obtained by unequivoecal synthesis from 4-
chlorophenylacetaldehyde.

In contrast with the report by Robertson, et al.,® that
B-phenylisopropylhydrazine reacted with S-methyliso-
thiouronium sulfate to give N-amino-N-(8-phenyliso-
propyvlguanidine sulfate, we found that it proceeded
in a strictly analogous manner to the unbranched
aralkylhydrazines, to give B-phenylisopropylamino-
guanidine sulfate (38) in 909, vield. This product was
identical with the product obtained by eatalytic hydro-
genation of benzyl methyl ketone guanylhydrazone
hydrochloride (51), by mmp, ir, and tle. We were not
able to prepare the isomeric N-amino-N-(8-phenyliso-
propyl)guanidine for comparison, but the 4-chloro-
phenethyl isomers (8 and 83, svnthesized by unequiv-

(4) R. Fielden, A. M.
Chemother,. 28, 505 (1964).

(5) J. E. Robertson, J. H. Biel, and ¥. DiPierro, J. Med. Chem., 6, 381
(1963).

Roe, and G. L. Willey, Brit. J. Pharmnacol.

|
ﬁ@*x-—N-——(ﬁNH2 (Salts)

NH

Mp, °( Method Formula
242243 D CuH NS 0.6H80,
262-264 dec |BK CuHpCING - 0.5 HR0,
237239 D CyHyCIN - 0.5 HRO"
272-274 dec B C1aHo N5 0.5H R0,
258260 dec B CroH N 0.0H:0,

PCrcaled 41.30; found, 40.66.
ocal methods C and D, respectively) exhibited signif-
icant differences both in mp and ir in the range 1580 to
1160 em 1,

Finally, the third isomer of the pavent compound of
the series, N-amino-N'-phenethylguanidine hydro-
chloride (I1I), was prepared by condensation of phen-
cthylamine with S-methylisothiosemicarbazide HI.
followed by conversion into the HCI salt.

The guanidine IV was also synthesized for further
studies of strueture-—activity relationships.

€ H{CH,),NHC(=NH)NHNH,HCI

I
¢ NH
Vo I
(CH)NHC(_ 05H.S0,
SNH
a
v

The intermediate aralkylhydrazines shown in Table
111 were prepared by conventional methods from the
corresponding aralkyl aleohols via their aralkyl chlo-
rides, The aleohols were prepared either from the
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TasLe V
Q—X-—NHNHﬁNHZ
K NH
Adrenergic Hypertensive
block, cat rat® Mouse
EDs mg/kg Heart, NA LDso
No. X R mg/kg iv oral % of control® mg/kg
1 CH, H 0 100 ++ 45 122 ip
3 (CH2), H 2.0 100 +++ 54 110 ip
A +
b5} (CHa), 2-Cl 3.5 100 + 36 220 ip
6 (CH.): 3-Cl 100 ++ 56
30 4
7 (CHy)» 4-Cl 7.0 100 + 4 12 66 ip
10 (CHa)s 2,6-Cl, 3.0 100 +++ 100 180 ip
50 +++ 900 oral
11 (CHa), 2,4-Cl, 0 50 0 15
12 (CHa): 3,4-Cl; 0 100 + 12
20 (CHa). 2,6-(CH;). 2.0 100 ++ 71 105 ip
26 (CH.), H 3.0 50 ++ 57 120 ip
20 (CH.)s 2 6-Cls 2.0 100 +++ 100 250 ip
50 ++ 2000 oral
Guanethidine 2.0 100 + 4+ + 25 180 ip
3000 oral
¢ Decrease of systolic pressure 4 hr after oral administration: (0) no action; (4) 11-30 mm; (4+4) 31-50 mm; (4+44) 51-80

mm. °2-6 hr after ip injection of 50 mg/kg of compound.
substituted arylmagnesium bromides and ethylene
oxide or, alternatively, from the substituted aralkyl-
carboxylic acids by reduction with LAH.

Pharmacology. Methods.—The aralkylaminoguani-
dines were tested for adrenergic neurone blocking ac-
tivity by repeated stimulation of the peripheral trunk of
the severed cerviecal sympathetic nerve of the cat and
recording the contraction of the nictitating membrane.
Table V shows the doses which reduce the cotractionn
by 509,. The norepinephrine content in the mouse
heart was determined 2 and 6 hr after ip injection of
50 mg/kg, using a spectrofluorimetric method.® The
blood pressure in hypertensive nonanesthetized rats
was measured in the tail by Riva-Rocci’s procedure
using a crystal or condenser microphone. Hyperten-
sion was produced by unilateral nephrectomy, implanta-
tion of a tablet of DOCA (25 mg), and addition of 19
NaCl and 59, sucrose to the drinking water.

Strueture-Activity Relationships.—Only the aralkyl-
aminoguanidines were found to exhibit adrenergic neu-
rone blocking activity. Many of the corresponding
guanylhydrazones showed only negligible autonomic ef-
fects.

Within the series of aralkylaminoguanidines them-
selves adrenergic neurone blockade was found to be
strongly structure dependent (see Table V). The
benzyl derivative (1) is inactive while many of the
phenethyl and +v-phenylpropyl derivatives showed
activities similar to that of guanethidine. B-Phenyl-
isopropylaminoguanidine (38) had only about 209} of
the adrenergic neurone blocking activity of the phen-
ethyl homolog 3 and was inactive in the hypertensive
rat. Table V further illustrates the influence of nuclear
substitution on activity, as exemplified by Cl.

The 2,6-dichloro substituted derivatives (10, 29)
stand out from the series as adrenergic neurone blockers
which do not cause any depletion of the norepinephrine

(6) A. H. Anton and D. F. Sayre, J. Pharmacol. Exp. Ther., 188, 360
(1962); ihid., 148, 326 (1964).

stores in the heart. This is in contrast to the action of
guanethidine. In addition, these compounds, unlike
guanethidine, do not give rise to diarrhea in mice.

The blood pressure lowering effects in the hyper-
tensive rat do not run strictly parallel with the adrener-
gic neurone blocking effects. Compounds with little
or no adrenergic neurone blocking action, e.g., 1, 6, 7,
and 12, still cause some lowering of blood pressure;
however, these effects are weak compared with those
produced by 10 and 29.

Compounds 1 and 3, as the tosylates, and 29, as the
sulfate, have previously been examined by Augstein,
et al.® Using a different technique of evaluating sym-
pathetic blockade these authors reported very weak
activities for 3 and 29, which are in marked contrast to
our own findings. We are unable to offer any explana-
tion at present for the diserepanecy in results obtained
by different methods of determining adrenergic neurone
blockade.

The N-amino-N-aralkylguanidines (82-86) cause
very marked pressor effects following iv injection.
They produce no adrenergic blockade and are prac-
tically inactive in the hypertensive rat.

Compound 10, having a more favorable oral absorp-
tion than 29, was selected for full pharmacological and
toxicological study and for clinical testing. The com-
pound, when given in doses of between 50 and 225 mg
to patients with essential hypertension, caused statis-
tically significant lowering of blood pressure.

Experimental Section’

The experimental procedures are illusirated by the following
examples.

(7) Melting points were determined on an Electrothermal melting point
apparatus using the maker’s-supplied stem corrected thermometer. A heat-
ing rate of 2°/min from about 20° below the melting point was used. Where
analyses are indicated only by symbols of the elements or functions, analyti-
cal results obtained for those elements or functions were within £0.49
of the theoretical values.
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Aralkylaminoguanidines. Phenethylaminoguanidine Nitrate
(2), Method A.—A solution of phenylacetaldehyde guanyvlhy-
drazone nitrate (11 g, 0.046 mole, 41) in 90%; aq AcOH (100 ml) at
about 45° was shaken with H, and Adams’ PtO; catalyst (0.25 g).
When the theoretical quantity of H, had been absorbed, the
catalyst was filtered off and the filtrate was diluted with i-PrQ).
The white solid obtained on cooling was twice recrystd from
LtOH ~-Pr0, giving fine colorless plates, mp 145° (5.1 ¢, 477, ).
Anal. (CyHuN,-HNO) C, H, N, O.

Method B.—A mixture of phenethylhydrazine (13.6 g 0.1
mole) and S-methylizothiouronium sulfate (13.9 g, 0.05 mole) in
L0 (25 ml) was heated on a steam bath until the evolution of
MeSH ceased.  The hot =olution wax freated with a hot =olution
of Ba(NOyh (13,1 g, 0.05 mole) in [1LO (50 ml) and stirred for
15 min.  BasO, was filtered off and washed (hot HO and 94¢,
[1tOH ). The ceude crystalline producet obtained from the com-
bined filtrate and washings on cooling was recrystd from FtOH
-Pry0, giving fine colorless plates, mp 144-145° (8.1 g, 3477,
undepressed on admixture with the product prepared by method
A Anal. (CeHuN,-HNOy) C, H, N, O.

v=Phenylpropylaminoguanidine Nitrate (25}, Method A.--A
suspension of cinnamaldehyde guanvlhvdrazone nitrate (39 g,
0.135 mole, 55) in abs EtOH (1 1) at 45° was hydrogenated with
Adams’ catalyst (0.5 g) wantil the uptake of Hs ceased. The
catalyst was filtered off and the filirate wax evaporated to dryness.
The residual solid was recrvstd from FAOH--Pr0O, giving clusters
of white plates, mp S1-84° 23.7 g, 617, Anel. (CyHiw
N+ HNOy) C, H, N, O: caled, 18.80; found, 19.36.

4-Chlorophenethylaminoguanidine Sulfate and .N-Amino-.\ -4-
chlorophenethylguanidine Sulfate. Method B.-—~ A mixture of
4-chlorophenethylhvdrazine (17 g 0.1 mole, base of 65) and S-
methylisothiouroninm sulfate (13.9 g, 0.05 mole) in HyO) (30 ml)
was heated on a steam bath until the evolution of MesSH ceased.
After removal of .0 in eacuo and azeotropic dryving with i~-PrOH,
the crystalline residue was recrystd from ~PrOH-E60 giving
fine white needles; mp 182-190° (21.5 ¢).  Extraction with hot
abs ItOH left an insol produet, which wax filtered off and re-
erystd from hot 0 to give white plates, constant mp 263° dec
(4.4 g, 177:). This compd was found to be identical, by mmp
and tle, with MN-amipo-N-4-chlorophenethylguanidine sulfate
(83). Anal. (CeHCING-0.5HS00 ¢ H, CLN, & O
caled, 12.23; found, 12.70.

The main product which sepd from the 11O extract on cooling
was recrystd from agq FAOH, yielding fine white needles of 4-
chlorophenethylaminoguanidine sulfate, mp 182-187° (11.7 g,
45¢,) identical with 8. Tle of this material showed that it con-
tained ounly traces of the isomer. Anal. (CeHiCING-0.5H80;)
C, H,CL N, O, 8.

4-Chlorophenethylaminoguanidine Sulfate (8). Method C.4-
A solution of 4-chlorophenethylhydrazine-HCl (20.7 g, 0.1
mole; 65-HCL) and cyanamide (17.9 g, 0.425 mole) in H.O (100
ml) was heated on a steam bath for 8 hr. The product was pptd
as the bicarbonate by addition of a solution of NaHCO; (9.3 g,
0.11 mole) in HyO (ca. 200 ml).  The solid (0.06 mole) was sus-
pended in n-PrOH (100 ml) and treated with H.80, (1.65 ml,
0.03 mole) in »-PrOH (25 ml) with =wirling. The product
crystallized on concentration and cooling, and recrystallization
from ag ItOH gave white plates, mp 192-195° (9.6 g, 37¢7).
Anal. (CoH,CING- 0.3 Ha80,) C, H, CL N, O.

N-Amino-V -aralkylguanidines. Method D. 4-Chlorophen-
ethylthiosemicarbazide.-—A solution of 4-chlorophenethylhydra-
zine-HCL (33 g 0.16 mole) in HyO (100 ml) was mixed with KON
(19.1 g, 0.2 mole) and the =solution was evapd to dryness. The
rexidie wax suspended in n-PrOI (150 ml and refluxed for 30
min. The KCl wax filtered off and the filtrate was refluxed for a
further 3 hr.  The crystalline solid which formed on cooling was
filtered off, washed with -I’r;0, and reerystd from EtOH to give
fine white needles, mp 154-135° (20.3 g, 33°).  Adnal. (CoHp-
CIN,S)C, H, Cl, N, S,

4-Chlorophenethyl-S-methylisothiosemicarbazide Hydriodide.

- A suspension of 4-chlorophenethylthiosemicarbazide (36.8 g,
0.16 mole) in abs KtOH (500 ml) was mixed with Mel (22.8 g, 0.16
mole) in abs StOH (200 mi).  The mixture was warmed slowly to
40°, left for 72 hr at room temp, and finally refluxed for 2 hr.
Conecentration in racuo gave heavy prisms, constant mp 174
177° (48.7 g, 82¢,).  On dilution with /-Pr(),, the filtrate yielded
a second crop, mp 170-175° (7 g, 129). Adnal. (CyH;»
CIN:S . HDC, I, CL I, N, S,

N -Amino-N-(4-chlorophenethyl)guanidine Hydriodide. —A sus-
pension of d-chlorophenethyl-S-methylisothiosemicarbazide - 111

Briam, of al.

(29.7 g, 0.08 mole) in H,O (250 ml) was warmed on a =team bath
and treated at intervals with seven 3-ml portions of NHy (sp
gr 0.880), after which the evolution of MeSH ceased. After
removal of HyQ in vacuwo and azeotropic drying with ~PrOH,
the residue was recrystd twice from n-PrOH~--Pr;0, vielding flat

white needles, mp 180-182° (18 g, 66¢.). .lnal. (CiHy-
CIN,- Iy H, CL, N, O ealed, 31,73 found, 30.94; 1. eculed,
3726 found, 35.35.

\-Amino-\'-(4-chlorophenethyl)guanidine Sulfate (83).— A

solution of the hydriodide (17 g, 0.05 mole) in hot 0 (100 mi)
was stirred into a hot solution of Ag:SO4 (7.8 g, 0.025 mole) in
H.O (700 mi). The pptd Agl was filtered off and the filirate was
evaporated almoxt 1o dryness. The damp residue was crystal-
lized from aq tOH and twice from 1.0 giving flat white needles,
mp 262-264° dec.  Anal. (CoHGCING- 05HR0) €, H, Ol
NS

Aralkylhydrazines. 2,6-Dichlorophenethanol.— A =olution of
2, ti-dichlorophenylacetic acid (734 g, 3.58 molex) in anhvd Et.0
(4 1.) was added dropwize over 2.5 hr to a stirred suspension of
LAH 200 g, 5.26 moles) in anhyd Bt:0 (3 1), The mixture was
stivred for a further 2 hr and left overnight. .0 (500 ml) was
then added very slowly, followed by 5 N HCI (4). About half
of the Ft.0 was allowed to distil off dwing the acid addition.
The 26,0 phase and three 150-ml Kt:0 extraeis of the aq phase
were combined, dried, and distd to give an ol (6551 g, 9677 I,
bp 146-152° (12 mm).

2,6-Dimethylphenethanol.--2-Bromo-m-xylene (151 g, 0.815
moles in drv E6O (150 ml) was added dropwise over 2 hr with
stirring., to a gently refluxing suspension of clean Mg turnings
(214 ¢, 0.88 mole) in dry Er;0 (400 ml). The mixture was re-
fluxed for u further 3 hr, then left overnight. Iithylene oxide (36
g, 0.515 mole) was then added dropwise to the cooled mixture so
that the internul temp was kept below —10°.  On completion
of the addition the mixture was allowed to reach 20° over 4 hr.
Concentrated HC (100 ml, 1 mole) was then added over 45 min
with stirring.

The Et:0) phase and two 100-ml Et:0 extracts of the aq phase
were combined, dried, and distilled, giving an oil, bp 160-163°
(43 mm; (Hd.l g, 44,0,

2,6-Dimethylphenethyl Chloride.—A mixture of the above
aleohol 154.1 g, 0.36 mole) in dry CgHe (50 ml) was treated por-
tionwise with SOCL (60.5 g, 0.51 mole). After standing at room
temp for 30 min the mixture was heated for 30 min on a steam
bath and then distd giving the chloride (53.2 g, SR8¢7), bp 117-127°
12— 15 mm).

2,6-Dimethylphenethylhydrazine.-— A mixture of 2,6-dimethyl-
phenethyl chloride (53.2 g, 0.32 mole), hydrazine hydrate (125 g,
2.5 moles), and 7-PrOH (1 1) was heated at reflux for 40 hr.  The
mixture was coned to about 250 ml, the residue was poured into
cold 5.8 NaOH 200 ml) and extracted with CHCL,.,  The dried
extract was distilled, vielding an oil (41.9 g, 817,14, bhp 132-135°
(4 mmj.

Guanylhydrazones. 2,6-Dichlorophenylacetaldehyde.-— This
wis prepared by CrO; oxidation of 2,6-dichlorophenethanol by the
method of Shumeiko?® or by reduction of 2,6-dichlorophenylaceto-
nitrile by the method of Van Fs and Staskun,® low-melting solid,
bp 104-108° (2 mmj; =emicarbazone, mp 213°  .inal.
(CyHCLNO C, H, CL N, O: caled, 6.50; found, 7.03.

Other aldehydes were prepared =imilarly or by other appropri-
ate methods, e.g., Perkin reaction, hydrolysis of the glycidate,®
or hydrolysi= of the benzylmagnesium halide with triethyl ortho-
formate.!!

2-Fluorophenylacetaldehyde Diethyl Acetal.!'--2-Fluorobenzyl
bromide (485.9 g, 2.57 molex) in anhyd Et,0 (400 ml) was added
dropwise over 3.5 hr 10 a stirred suspension of Mg turnings (68.6
g, 2.83 moles) in anhyd Et;0 (1070 ml).  The mixture was stirred
for a further hour and left overnight. Triethyl orthoformate
(381 g, 2.57 mole=} was added over 1 hr, the mixture was refluxed
for 6 hr, and allowed to cool overnight. The pptd Mg salts
were decompd by adding ice-cold dil HCl to the stirred mixture at
0°, and the combined ¥t,0 laver and two Et;O extracts were
washed with cold H»O until neutral, dried, and distilled, giving
the acetal (247.3 g, 4697 ), bp 112-118° (12 mm).

2,6-Dichlorophenylacetaldehyde Guanylhydrazone Nitrate (44 ).

A =olution of 2,6-dichlorophenylacetaldehvde (183.2 g, 0.971

(8 ALK Shumetko, J Appl. Chem. USSR, 14, 93 (19411,
4y I van Esand B, Staskun, J. Chem. Soe., 5775 (1965).
{10y [. (1. Farben, (German Patent 541,432 (1934},

11y Laboratoires Dausse, French Patent 1,327,160 (196,
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mole) in warm EtOH (250 ml) was run into a stirred solution of
aminoguanidine nitrate (134 g, 0.975 mole) in 500 ml of H,O and
750 ml of EtOH. A ppt was formed almost immediately. The
suspension was warmed to about 70° to complete the reaction,
then allowed to cool to rcom temp overnight. The ppt was
filtered off, washed (H,0, alittle EtOH, and Et:0), and suspended
in 1.8 1. of HyO. This stirred suspension was warmed at 80°
for 30 min and filtered hot to give the guanylhydrazone, mp
228-229° dec, yield 213 g (72%). Anal. (CsHpCLN:-HNOy)
H,N,O. C: caled, 35.08; found, 35.53.

The other guanylhydrazones in Table II were prepared simi-
larly.

N-Amino-N'-phenethylguanidine = Hydrochloride.—S-Meth-
vlisothiosemicarbazide -HI (44.3 g, 0.19 mole) was suspended in
a mixture of abs EtOH (100 ml) and phenethylamine (23.5 g,
0.193 mole) and heated under gentle reflux until MeSH was no
longer evolved. Removal of the EtOH in vacuo gave an orange—
brown oil which was taken up in n-PrOH and diluted with Et.0.
A small crimson ppt was rejected. The filtrate was treated
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with ethanolic HC] to give a fine white crystalline solid, mp
140-146°, yield 38.7 g. (909). Three recrystallizations from
EtOH gave fine pale-cream plates, mp 156-157° (10.1 g). Anal.
(CeH:N,-2HCI) C, H, Cl.  N: caled, 22.31; found, 22.78.

2,6-Dichlorophenethylguanidine Sulfate.—A mixture of 2,6-
dichlorophenethylamine!? (24 g, 0.125 mole), S-methylisothio-
uronium sulfate (17.7 g, 0.063 mole), 9397 EtOH (50 ml), and
H:0 (25 ml) was heated on a steam bath until the evolution of
MeSH ceased. On cooling, a solid, mp 255-258°, crystd; yield
12.7 g.  Trituration, first with hot H.O, then with hot EtOH,
gave a fine white powder, mp 258-260°, yield 10.4 g. Anal.
(CeHuCLN;-0.5H:80,) C, H, C], N, O, 8.

Acknowledgment.—The authors wish to thank Dr. H.
Lehner and his staff for the microanalyses and ir spec-
tra.

(12) B-(2,6-Dichlorophenyl)ethylamine- HCIl, mp 283-286°) was prepared
by catalytic reduction of 2,6-dichlorophenylacetonitrile, bp 134° (4 mm).
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A series of ethers of (1R,28)-a-(1-aminoethyl)-m-hydroxybenzyl alecohol (metaraminol) has been prepared.

These compounds deplete the mouse heart of norepinephrine.

The more potent members, ¢.g., the ethyl and

cyclopropylmethyl ethers, exhibited acute pressor effects in the dog while the m- and p-chlorobenzyl ethers of

metaraminol were found to produce norepinephrine depletion without significant acute pressor action.

Evidence

is presented to show that the ethers are dealkylated in vivo to metaraminol.

Metaraminol (I), (—)-erythro, appears to possess the
attributes of a nearly ideal substitute adrenergic trans-
mitter.!:?2 Thus metaraminol has a high intrinsic abil-
ity to enter and displace the normal transmitter nor-
epinephrine from storage sites within the adrenergic
neuron; it is released during stimulation of the sym-
pathetic nervous system; it is not a substrate for mono-
amine oxidase; and it possesses considerably less trans-
mitter potential than norepinephrine.

Crout? has reported that metaraminol has a signifi-
cant antihypertensive effect in a few subjects given the
drug orally in small dosages over several days. How-
ever, administration of metaraminol under certain con-
ditions can produce acute pressor effects which makes
testing of the compound for therapeutic utility pre-
carious. The amino acid a-methyl-m-tyrosine, which
is metabolized to metaraminol in animals,® has also
been reported to be effective in lowering the blood pres-
sure of hypertensive patients when administered intra-
venously.* However, the amino acid was not effective

* To whom eorrespondence should be addressed.

(1) For leading references to the substitute transmitter hypothesis, see:
1. J. Kopin, Annu. Rev. Pharmacol., 8, 377 (1968); C. A, Stone and C. C.
Porter, Advan. Drug Res., ¢, 71 (1967).

(2) J. R. Crout, Circ. Res., 18, 19, Suppl., I, 120 (1968).

(3) A. Carlsson and M. Lindquist, Acta Phisiol. Scand., 54, 87 (1962);
P. A, Shore, D. Bushfield, and H. 8. Alpers, J. Pharmacol. Exp. Ther, 146,
194 (1964).

(4) D. Horwitz and A. Sjoerdsma, Life Sci., 8, 41 (1964); H, J. Holtmeier,

A. vonKlein-Wisenberg, and F. Marongiu, Deut. Med. Wochenschr,, 91, 198
(1966).

after oral administration. In addition central nervous
system effects have been observed with a-methyl-m-
tyrosine which have discouraged further clinical trials.

It seemed desirable, therefore, to develop other deriv-
atives of metaraminol which would be susceptible to
metabolic conversion into the phenolic amine without
causing acute cardiovascular effects.

Chemistry.—The ethers reported in Table I were
prepared from metaraminol (I), (—)-erythro, by the
route outlined in Scheme I. The acetyl intermediates

ScueME 1

(l)H OH
HO CHC|HCH3 HO CHCHCH,
\©/ NH, \©/ NHCOCH,
I II
OH OH
| ®
RO C%H(leCHa RO CH(IJHCH3
NH, U NHCOCH,
v I

IIT were usually not isolated, but were hydrolyzed
directly to the optically active ethers IV with NaOH.



