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mmoles) was reduced with LiAlH, (0.3 g, 8.0 mmoles) in 30 ml
of tetrahydrofuran (THF) by refluxing for 24 hr. The yellow oil
(guantitative yield) was converted {o the hydrochloride salt
(6 & HCl1), mp 242° (from ethyl alcohol).

Anal. Caled for CoHyNO,-HCl: C, 72.6; H, 7.12; N, 3.52.
Found: C, 72.5; H, 7.03; X, 3.86.

3-Ethylamino-1,1,3-triphenyl-1-propanol (17).—3-Acetamido-
1,1,3-triphenyl-1-propanol (16, 20.0 g, 0.06 mole) was refluxed
with LiAlll; (0.18 mole) in THF for 24 hr. The product was
isolated by ether extraction and recrystallized from cyclohexane
to yield 13.9 g (74%;), mp 102°. Witting, et al.,® gave mp 104~
105° for material obtained from the reaction of phenyllithium
and 3-ethylimino-1-hydroxy-1,1-diphenylpropane.

3-(N-Ethylacetamido)-1,1,3-triphenyl-1-propanol (18).—Com-
pound 17 (11.7 g, 0.037 mole) was heated for 2 hr at 50° with
acetic anhydride (0.066 mole) and acetic acid (0.033 mole).
The product crystallized from the hot mixture and was isolated
and recrystallized from ethauol to yield 11.4 g (83%), mp 195°,
An analyvtical sample, mp 197-198°, was obtained by further
recrystallizations from ethanol.

Anal. Caled for CelluNO,:
I'ound: C, 80.3; H, 7.31; N, 3.73.

3-(N,N-Diethylamino)-1,1,3-triphenyl-1-propanol (19),—Com-
ponnd 18 (9.1 g, 0.025 mole) was refluxed overnight with IiAIH,
in THY. The free base was isvlated as a yellow oil in 93%
vield. The hydrochloride salt was prepared with hot 6 N HCI
and purified by recrystallization from dilute ethanol; mp 249°
dec.

Anal.  Caled for CsHayNO-HCI: C, 75.8; H, 7.64; N, 3.54.
Found: C,75.5; H, 7.87; N, 3.68.

Methyldiethyl-(3-hydroxy-1,3,3-triphenylpropyl )Jammonium

Chloride (20).—Base 19 (3.0 g, 8.4 mmoles), 3 ml (80 mmoles) of
me(hyl iodide, apd 10 ml of ethanol were heated for 4 hr at 100°
in a steel bomb). The solution was concentrated, and the gum
was triturated with isopropyl aleohol to give a solid. One re-
crystallization from isopropyl aleohol yielded the yellow iodide
salt, 1.15 g, mp 185-187° dec. It was stirred for 3 hr with
Dowex 2 (chloride) resin in 100 ml of methanol. The mixture
was then filtered and concentrated, and the chloride salt was
recrystallized from isopropyl alcohol-water, The analytical
sample had mp 244-245.°

Anal. Caled for CoHj;CINO-0.5H,0: C, 74.5;
N, 4.34. Found: C, 74.8; H, 7.79; N, 3.28.

C, 80.4; H, 7.29; N, 3.75.

H, 7.76;

(9) G. W. Willing, II. J. Selimi), ana . Renner, Chem. Ber., 95, 2377
(19G2).
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3-Amino-1,1-dimethyl-3-phenyl-1-propanol (21).—Ethyl 3-
amino-3-phenylpropionate? (3.8 g, 0.02 mole) was refluxed
with methylmagnesium bromide (3 M in ether, 27 ml, 0.08 mole)
n ether overnight. The reaction was worked up and the result-
ing oil was stirred with 4 ml of 2.5 ¥ NaOH for 1 hr and left at
25° in order to hydrolyze a small amount of starting ester.
The alkaline mixture was extracted with ether, which was dried
and concentrated to give 1.5 g (42% ) of an oil which cystallized.
This material showed no ester carbonyl in the infrared. An
analytical sample, mp 75°, was prepared by recrvstallization from
butyl chloride.

Anal. Caled for CuHiNO: C, 73.7; H, 9.56; N, 7.8l
Found: C, 73.6; H, 9.66;, N, 7.84,

Biological.—For testing purposes, all aminopropanols were
dissolved either in 0.1 N HCI or suspended (6, 16, and 18) by
homogenizing with 0.1 N HCI and 2 drops of Tween 80. These
solutions or suspensions were administered to male, albino mice
(18-25 g) either intravenonsly ¢7a the tail vein (general behavioral
screen, I,Dy, MEDu) or intraperitoneally (tremor detector).
The animals were periodically tested aud observed in the be-
havioral sereen at 33, 15, 31, and 60 min following injection.  Two
animals per dose level (0.1 log intervals) were nsed for Ll
determinations,

In the initial tremor-detector experiments carried out at 10
min postinjection and at a dosage of 25 mg/kg ip (expt 1) ten
animals were used per compound and ten each for control (tre-
morine) and blank (0.1 N HCI). Inexpt?2and 3 at5, 15, and 45
min postinjection and at dosages of 25 and 15 mg/kg ip, five
animals per compound for each of the time periods were used;
four test componnds, tremorine, and a blank were evaluated each
day for 5 days. The tremorine values at each time period are
means of 50 mice. In expt 4, 15 mice per time period in a regimen
of three mice per day for 5 days were wsed.  The tremorine and
blank controls were evaluated in ten mice per time period. In
all experiments, a different group of animals was used for each
time period to avoid acclimatization and no animal was used more
than once. Inexpt 1-4, drug concentrations were adjusted for an
injection of 0.5 mi/animal. In the antagonism studies, (.2 ml of
drug solution was administered.

Acknowledgment,—The authors want to thank Mr,
Val Putnam, AMr, Floyd Goodspeed, and Mr. Alex
Sarros for the tremor-detector bioassays and Dr.
Samuel Ferguson and his staff for the mouse hehavioral
data and toxicities.
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Proton magnetic resonance has been used to show that the produets of guanylation of aryloxyethylhydrazines

are (aryloxyethylamino)gnanidines.

Several such aminoguanidines containing chlorine and methyl substitu-

ents in the aromatic ring have been shown to possess adrenergic neuron blocking properties and to inhibit dop-

amine $-oxidase in viiro,

There is a striking similarity about certain features
of the structure-activity patterns displayed by several
series of compounds which affect the functioning of the
adrenergic system. Thus, in a series of biologically

(1) Presented in part before the Division of Medicinal Chemistry, 9th
National Medicinal Chemistry Symposium of the American Chemical Society,
Minnpeapolis, Minn., June 21-24, 1964. A preliminary report of some of
this work has been published by J. Augstein and 8. M. Green, Nature, 201,
628 (1964).

(2) To whom enquiries should be addressed,

Ar(CH,),B ArY(CH,),B
I 11

B = a, NRq; b, *NRy; ¢, NHCZNBp; d, NR.NH,

active bases of general formula I where extension of
the chain by one methylene group leads to loss of
activity, chain extension by introduction of a group Y
(see II), where Y can represent O, S, NH, or CH=CH,
frequently allows retention of activity.
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[lustration of this is found in the classical sym-
pathomimetic coffects of phenethylamine derivatives,
which are virtually absent in 3-phenylpropylamine
derivatives, yet found again in compounds of type Ila
(n = 2).* Similarly, the well-known exercise* of intro-
ducing alkyl or aralkyl substituents into the amine
group of Ia to produce « antagonists is effective in
producing adrenolytie derivatives of phenethylamiue,?
and of the analogs TIa,*® whereas the corresponding
derivatives of 3-phenylpropylamine have only feehle
adrenolytic properties.”

Belleau has suggested that the similarity of adrenergic
blocking activity shown by N-benzyl- and N-(2-
phenoxyethyl)-N-ulkyl-2-haloethylamines (IIT and I'V)*
along with the significant activity of the N-(2-phenyl-
propenyl) analog V, when eontrasted with the relative
inactivity of the phenethyl and 3-phenylpropyl ana-
l()g% * can be explained by compounds I'V and V folding
in the manner indicated, such that the distance “a” be-
tween  the aromatie ring and a positively  charged

= Nﬂ

I I\"

Q WH
‘*‘a“—’ «— g

vV

center approximates that found in the sympathomi-
metic amines (VI); in this way the molecule is able to
“fit” the a-adrenergic receptor. IKinetic evidence was
adduced in favor of this theory.'® although it is not clear
from Belleau’s papers exactly what type of interaction
(H bonding, dipole attraction, ete.) i¢ represented by
the dotted Ines in IV and V.

Comparison of the adrenergic neuron blocking agents
of the quaternary ammonium or guanidine type reveals
i similar pieture.  The aectivity which was found
first for xylocholine (ITb, Y = O; n = 2; R = CHy)"
waug found later in a series of benzyl quaternary am-
monium compounds, e.g., bretylium (Ib,n = 1; R =
('H;, CH;, CoH;), whereas the homologous phenethyl
quaternary compounds (Ib, n = 2) produced only weak
effects.’  MNlore recently, the activity reported to be
present in a series of benzylguanidines (Ie, n = 1),

(3) D. Bovet aud F. Dovet-Niai, “Structure et Activi)é Pharmacodyna-
mique des Médicament dun Systéme Nerveux Végéta)if,” Verlag 8. Karger,
Diasel, 1048, pp 74, 106, 170, 177, 178,

{4y E. J. Ariéns, A. M. Simonis, anl 1. M. van Rossum in **Molecular
Hharmacology,"” Vol. I, E.J. Ariéng, Ed, Academic Press, London, 1964, p215.

(5) F.J. Ariéns in Ciha Foundation Symposium, Adrenergic Mechanisms,
J. and A. Churchill Ltd., London, 1960, pp 253, 264.

(6) J. Augstein, W, C. Austin, R. J. Boscott, 3. M. Green, and C. R.
Worthing, J. Med. Chem., 8, 356 (1965).

(7) M. H. Pindell, J. K. Finnegau, aml J. D. Smith, /hid., 8, Niv (1961).

(8) B. Belleau, Oun. J. Biochen. Physiol., 36, 731 (1958).

(9) G. L&, Ullyot and J. ¥, Kerwin in **Medicinal Chemistry,” Vol. II, I,
I. Blicke and C. M. Suter, Ed., John Wiley and Sons Inc., New York, N. Y.,
1956, p 234,

(10) B. Belleau, .J. Med. Pharm. Chem., 1, 327 (1939).

(11) 1. Hey and . L. Wiley, Brit. J. Pharmacol., 9, 471 (1954).

A T (“up!l‘ Advan. Drug Res., 1, 161 (1964).
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but not inn homologous compounds (Le, n > 1)1~ wax
also reported in certain compounds (see Discussion) of
tvpe ITe (no= 2 or 3). 1018

A somewhat simtlar structure-activity relationship
has been observed for the hydrazine inhibitors of mono-
amine oxidase, in that the powerful in #itio nthibition

displayed by benzylhydrazine and the phenethyl-
hydrazine VIL (» = 1) was considerably reduoced
VI (n o= 2),% vet found again i the series of com-

pottds VITL, o whiclh Y ean vepresent 0, S, or NIL©

Col L CHy 3, CHINTINTTL Ca LY CILCHNTINIT

ClT, 1,
VI Vi

It seemed to us that parallel behavior might be ex-
hibited by the hydrazine inhibitors of dopamine g-
oxidase. Thus, the good inhibition shown by benzyl-
hydrazine {and O-benzylhydroxylamine) was reported
to be lost on extending the chain by one carbon
atom to give phenethylhydrazine aud O-phenethyl-
hyvdroxylamine'® (but see later). Consequently, we
tested 2-phenoxyethylhydrazine for tnhibition of dop-
amine S-oxitdase and were encouraged to find moderate
activity, which was readily enhanced by orthe sub-
stituents ('Table V),

I view of these considerations, it secmed possible
that compounds derived from IX, by virtue of heing
isosteric with 3-phenoxypropylguanidines (ITe, Y =
O, n = 3) might possess the interesting combination of
adrenergic neuron blocking properties and the eapacity
of inhibiting dopamine g-oxidase.

CduNCHmNHNHCZQE
X

Consequently, a series of compounds related to IX
was synthesized and examined for their adrenergic
neuron blocking properties, their inhibition of dopamine
B-oxidase in vitro, and in the case of the more active
compounds, for their cardiovascular effects in ents and
dogs.

Chemistry . —The aminoguanidines were prepared by
treatment of the appropriate aryloxyalkylhydrazine
with S-methylisothiourea sulfate.  This method could
lead to compounds of type X (R = H) or XI, depend-
ing upon the site of guanylation. Previous reports®

(13) 1. Costa, R, INnazinan, G. L, Gessa, and L DL Bradie, Life Sei, 1,
7 (1962).

(14) (a) R. Fielden, A. L. Greeu, and (3, 1.. Willey, Br¢t. J. Sharmnrnl., 2¢
305 (1963); (1) R. Fielden and A, 1,. Green, ihi/l., 24, 408 (1965).

(15) (a) D. 1. Barran, P. M. G. Bavin, G.J. Durant, 1. L. Natolf, R. (. W.
Spickert, and D. K. Vallance, J. Mel. Chem., 6, 705 (1963); ) 1. [
Barron, I. L. Natoff, and D. X, Vallance, Brit. J. Pharmucol., 25, 534 (19G7;.

(16) W. E. Barrett, R. P. Mull, and A. J. Plummer, Ezperientia, 21, 504
(1965).

(17) (a) J. H. Biel, A. L. Drukker, T. I', Mitchell, E. P. Sprengeler, L. A
Nuhfer, A. C. Conway, and A. Horbha, J. Am. Chem. Soc., 81, 2805 (1010 ;
(h) J. H. Biel, P. A, Huhfer, and A, C. Conway, dnn. N. Y. Adcal. Sei., 80,
568 (1959).

(18) D, J. Drain, J. (i. I3. Howes, R. Lazare, A. M. Salaman, R. Shadliolg,
and H. W. R. Williamas, /. Med. Chem., 6, 63 (1963).

(19) (a) C. R. Creveling, J. 3. van der Sclioo), and 8. Udenfrieud, Biozhem.
Biophys. Res. Commun., 8, 214 (1962; (1)) J. B. van der Schoot and (%, R.
Creveling, Advan. Drug Res.. 2, 47 (1965).

(20) (a) J. E. Robertsou, J. H. Biel. and F. DiPierro, /. Med. Chem., 6,
381 (1963); (b) E. (b, Podrebarac, W, H. Nyberg, F. A. French, and C. (.
Cheng, ibid., 6, 283 (1963); (c) J. H. Short, U. Biermacher, D. A, Dunnigan,
and T. D, Leth, ibid., 6, 275 (1963); (d) C. Cipens and V. Griusteins, Zh.
Obsheh, Khim., 82, 3811 (1962); J. Gen. Chem. USSR, 82, 3739 (1962);: (e}
A. H. Greer and G. B. L. Smith, J. Am. Chem. Soc., 72, 874 (1950).
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ITHQ our measurements were made on solutions contaming

ArO(CH,),NHNHC éi‘}—%}li ArO(CH,),NC 211\\111{1 some 109, by weight of salt, and from their curve this

x X1 : would appear to correspond to an H, value of ca. —2.

of the guanylation of hydrazine led us to expect prod-
ucts of type XI. In fact, we found that the products
(listed in Table I) of our reactions were of type X, the
assignment of structure being based on the nmr criteria
discussed below,

By contrast, the only product isolated from a similar
guanylation of benzylhydrazine was of type XI (30,
Table II), while only mixtures could be isolated from
guanylation of phenethylhydrazine.

Three compounds of type XI were prepared by the
unambiguous method described recently,? and compari-
son of the nmr spectra with those of the products from
the equivocal guanylation of the corresponding hy-
drazines provided a convenient method for distinguish-
ing the isomers.

+ +.
&

XII XIII X1V

) +
NH,NHC NHNHoeNHe
X

3

Aminoguanidine is a strong monoacidic base??
(monocation XII); in strongly acid solution it forms
diacid salts?® (dication XIII). We determined the
first pK, of aminoguanidine itself as 11.97 + 0.1 (25°)
by potentiometric titration; the substituted compounds
are not sufficiently soluble to reach the high concentra-
tion required for potentiometric measurement of bases
of such high pK,,* but they would be expected to lie
in the same range. We measured the second pK, of
(benzylamino)guanidine as ~3.2 = 0.1 on the H,
scale by the nmr method (see Experimental Section).
Insufficient solubility precluded measurement of the
(B-aryloxyethylamino)guanidines, but these compounds
would be expected to have a second pK, rather similar
to that of the benzyl analog [¢f. pK, of PhnOCH,CH, N H,
and PhCH:NH, = 9.36 £ 0.05 (20°) and 9.29,% respec-
tively]. The addition of a third proton to an amino-
guanidine, to produce a cation of type XIV, would re-
quire very high acidities. Guanidine has a first pK, of
13.6 (which is changed but little on alkylation,? con-
trary to earlier conclusions) and a second pK, at H, =
—10.9.% The third pK, of aminoguanidine would be
expected to be at least several units more negative than
—10.9.

We therefore reasoned that the mono- and dipro-
tonated forms of aminoguanidines should be accessible
to measurement in trifluoroacetic acid and 909,
aqueous sulfuric acid, respectively. The H, of 909,
sulfuric acid is —8.92.% The H, values of trifluoroace-
tic acid have been studied by Randles and Tedder;?®

(21) J. Augstein, 8. M. Green, A. R. Katritzky, and A. M. Monro, J. Med.
Chem., 8, 395 (1965).

{22) C. Hahn, E. Pribyl, E. Lieber, B. P. Caldwell, and G, B. L. Smith, .J.
Am. Chem. Soc., 66, 1223 (1944),

(23) J.J. Pitha, H. Hughes, Jr., and G. B. L. 8Smith, ibid., 70, 2823 (1948).

(24) A. Albert and E. P. Serjean), “Tonisation Constants of Acids and
Bases," Methuen and Co. Ltd., London, 1962, Chapter 4,

(23) H. K. Hall, Jr.. J Am. Chem. Soc., 79, 5439 (1957).

(26) S.J. Angyal and W. K. Warburton, J. Chem. Soc., 2492 (1951),

27) G. Williams and M. L. Hardy, ibid., 2560 (1953).

(28) M. J. Jorgenson and D. R. Hartter, J. Am. Chem. Soc., 85, 878
(1963).

(29) J. E. B. Randles and J. M. Tedder, J. Chem. Soc., 1218 (1955).

We made some measurements in tetrafluorodichloroace-
tone deuteriohydrate (FCIA), the H, value of which
we determined as 0.05. The near correspondence of
results for the last two solvents indicated that large
quantities of diprotonated forms did not exist in the
trifluoroacetic acid solutions. This was confirmed by
examination of the nmr spectra of four of the com-
pounds in trifluoroacetic acid containing 109, w/w of
water (Table ITI). The methylene protons in all four
compounds showed only a slight upfield shift relative
to their chemical shifts in the anhydrous acid, and in the
case of 13 and 17 the shifts were now close to those
found in FCIA. Thus, we recommend that in future
applications of this method, IFCIA or trifluoroacetic
acid containing 109, w/w water be used as solvent,

Results of other nmr measurements are shown in
Table IV. The signals listed were assigned to the
CH,N protons by comparison with the signals of the
adjacent methylene groups. Of the compounds of
known structure, the first three are simple guanidines
which should exist in the monoprotonated form in both
media; in agreement, the chemical shifts found are al-
most identical in trifluoroacetic acid and 909, sulfuric
acid. The next four compounds of known structure are
of type XI. Here the effect of protonation of the
amino group on the CH; adjacent to nitrogen (A =
0.19 — 0.36 ppm) is significantly less than the cor-
responding effect for the four compounds of structure
X (A = 0.61 — 1.04 ppm). This is as expected, for in
compounds of type X the nitrogen adjacent to the
methylene group is undergoing protonation, whereas
in compounds of type XI, the second protonation is
occurring at one atom further removed.

Twenty-two alkylaminoguanidines of ambiguous
structure were also measured (Table IV). Applica-
tion of the above criteria allows the indicated assign-
ment of structure to type X or XI. Ior 11-13, al-
though they were prepared by the ambiguous method,
structure X 1s the only reasonable assignment since
they were different on melting point and infrared
criteria from the isomeric compounds 26-28 of defined
structure type XI. Insufficient quantities of 6, 10,
16, and 21 remained to allow nmr measurements; their
structures were assumed to be of type X, by analogy
with the other products of this ambiguous reaction,
and by application of a colorimetric spot test.®

The application of this method to a single isomer pair
has already been reported” along with the supporting
chemical evidence.

Biological Results —Compounds were examined for
their adrenergic neuron blocking potency by administer-
ing them subcutaneously at two dose levels to conscious
cats, and observing the relaxation of the nictitating
membrane after 20 hr?' (Tables I and II).

(30) It was found quite empirically that aminoguanidines (19 examples)
known to be of type X (and also compounds 6, 10, and 16) when applied {ca.
0.1 mg in 1 ul of MeOH) to a thin layer of silica, and sprayed wih p-di-
methylaminocinnamaldehyde reagent (a solution prepared by dissolving 1 g
of reagent in 25 ml of concenyrated HCI and diluting to 100 ml with MeOH)
gave an immediate pink coloration. Aminoguanidines of type XI (26-28,
80, 82) gave no response to this reagent. The iodide ion in compounds
2126 gave a brown colorayion which made the test inapplicable.

{31) It is realized that activity in the nie)hating membrane )est is not
always paralleled in other tests for adrenergic neuron blockade (see ref
14a).
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_NHR,
@O(CHQ) N NHCE,
R n | NR,
)

Reerysin

n My, °C solvent?
2 197-200 W

3 193-197 W

2 142-146 15

20 197-200 W

2 178-185 W

3 168-170 W

4 130-141 W

2 193~-19D W

2 192-194 w

2 198 199 W

2 222-224 M-W
2 I87-188 M

2 210-214 w

2 195-196 P-W
2 212-214 w

2 208-210 A

2 214-216 IZ-w
3 182-184 w

2 222-224 w

2 1G7-168 ) Do D
2 133-137 w

2 157159 15

2 144--146 W

150-152 I
142-143 W

¢ Di-p-tolnayl tartrate.

Farluula
Cally N0 - 051180,
CiplTieN4O - 0.511.80,
CioH 1N4O2- 05180y
CullisNLO.-0. 0H80,
Cipl1eN 4Oy -0 51180,
CuliN4O,-0.5H.80,
Crall N4y 0. 51180,
Ciollel140-0.511.80,
CyHiCINLO - 0. 5180,
Call.CLNLO-0.5H:80,
ColTiCLN O - 0. 5H.S80,
(;gHm()lgN,g( ) : 0 . 5.)] l_‘S()4
CuHLCLN Q- 0. 5H.804
CoHpChNLO - 0. 5H.S80;,
CuligNLO- 051,80,
CullipN4O- 051180,
CyHiNO-0.511.80,
CiaHyNO-0.5H80,
(.‘1‘_!1 lquO 0. .‘-DH-)S(),j
( ‘rm}‘gnN 1() . (:‘_‘nl'{lx()x(

o) - 111
CrullaaNgO - 111
CullisN,O.- 111
CrI1 N0y Ui

AMISCELLANEOUS GUANIDINES AND AMINUGUANIDINES

Recrystn
solvenut®

252155 M

Vormula

ColLCENLQO - 10RO,

Col L CLN O -1 51T,

cm——= Caled, 'y —— e Fiuind, M —
(& H N [ n N
44.44 (.22 23.04 44038 (.22 2282
46,68 (.66 21.78 46.78 .55 21.54
43.05 6.27 2050 43,97 6.33  20.28
43.95 G.27 20,50 43,98 4.26 HLT0
43.95 6.27 L. 43.89 (.36 AN
4507 (.67 20,44 45,04 6.47  20.15
4783 7.03 18.60  47.04 .17 18,47
46.08 G.65 21 .87 46.63 6.6 2218
3802 5.08 20018 876G 4830 205
34,62 4.20 1457 4.04
34.62 4.20 17.95 343 4.0 17.62
34.62 4.20 17.95 34.68 4.12 17.70
34.62 4.20 17.95 34.60  4.20 17.69
3462 4.20 17.95 5 Y 1.21 17.95
48.70 7.06 20.65 48.53 6.92 2050
48.70 7.06 20.65 48.92 7.18 137
48.70 7.06 20.64 48.63 18 4
20,51 7.42 19.G4 10,30 745 19.40
50051 T.42 19,64 H0.75 7.49 19.55
G172 6. 14 .00 4146 4 .14 N84
41.27 H.13 14581 419D 06,25 14.52
36G.17 .52 191N 3588 .08 14,34
34.74 5.57 2211 14,068 554 22052
H6.08 5.23 15,30 56.39 527 1538
370 5.07 1474 3817 5. 440 15.02
“um = nielitating membraae: percenrage of eye cavered:
S A = aeetic acid, IY - citbapol, 151 = ether, I = 2-
— = = Cadesl, 7 e - Frouel, - -
C 11 N < i N
4402 4.2n 1795 RIS 1 4 1748
o2 420 17.95 24051 bl 1775

e

MUAL COUNOTY NHEUT) NIMLSDAY

AUAL[, ANV AMZLIRLLY ] "Rt

oA

(1



e

39

ARYLOXYALKYLAMINOGUANTIDINES

May 1967

T [ 7 =T P o B v 1 o 1
2= S gmibm T &dc
2 5° ESESE~ 2% B= 3
[ o OO H©O DO = CROOMININZTOS I NS CT M@ 10O & < Z 3SR .02
Z < SOSO®MAAN®OHS PORXB P ONLOS D= 0D @S ZO8 On ;mﬁn\)m..m n:..m
a CoOCoOCOoCSDOC - 0100110001000000000000dm\m_nm/ mpa.&_aan = SR
z 8 ® o T g D | £ B oo =
! Z B = I T L & -T O pn S
f < b Q =
=) ’ < Z C 0 o = O ~ =, o R
1] BN =] ° =BT s = <} = - =S
o A . = - TRy Z S0 20 o m o
] o T S A > \ ™ N = < [ [ Y = @] h =
Z R edoS g3 C < s o2 =S - anHMh cn g = 5o 2.2
o - - € = — — =
m\/C 3@ = o © © 1) © @ N L8 .mg..ln(\ma o* T
432 INRC = g 220 aw =R
22 i3 5 Sst ESm235f . L£2
Mo cER ooz g SES L eomosS%rZms Tem
a2 LvC G B INO© O 0 & H T SOOI O N CHOHNDNODOHS ~ 1D ICAM 5.5 ] _.I.notnvmg.t%e
IH fm.En O E — A0 NI I~ 000000 N DO D D00 I0 © I~ 101010 © 0 0 H H H 0 0 .ms__ e.&doazyao.llad
me. R E DSOS D inise oo £ 56.66666666666666666666aml.d.aY ...MHWImu/deMf.Mqum
Q 7 S E = 8. 3 =530 &
AT -] += ¢ ] Lo S5 .« o o 3 i
<o 45, # : EET A EETTHsLT
= - = s IS = = S
O S <k Z WS NpCcaoC o % =R SIN DD DT MM =N -y =3 R g ’M 3O
D TSU ©d Z AN B edNC ko 2 SIS0 FOR OO SO0 eSO f pn_v4;n8 ;hf.mcemo
S mm %Mn6665.5_0556_05bm IO 0 10 1D 0 1R AR 1D G 1D 10 10 10 D 1D D 1D 1D 1D © 1O = or nnw._ol O(Qﬁoam.mlm
S5 = s 2 77 2 = PN Tl g DB g e 2B EEES
~ oy @ 3 gy ST T EEYE 8 o g E-E
@ © g e “gew-252 TS B8 a0
& 3 4 = 1+ O ot —
3 4 SRR TR e S QoW LE 538 -
= s o 7 h 5o R R = g0 & o
T % @ = L a2 28 EeoSgaioNg adcs
S - — 53 S S W H DI~ WD D = AT D 00O QDo HET B oEL s o & oy
2 Z ﬂ g5 = Z QOMMM®MA NN — — WM HINE 0D A S S A S SO A A AN gy = - = edmtm.mVVO
. = = , =7 TSl 588 ESE
S G i F st . EMNETIHTETTEES
m = & [} — mI Te.Hu. mwemSW..%Q.u SW dm
2 3 S ORRSKAK K MM EAMNAXAAAAAANAARA ALK AMMUK 850 BEET oo 2B ET ¢
v o [ w2 . — [
© . é e B WIT o35 %8THSSHIR
- 2 w3 Q S B g =0 — 1
=0 C ke E oS [S N

“03BJ[1S BOUNOUIOSTIAIOWS PUR [(096T) OITT ‘€Z ‘Prruvg tadng “1ST "puay “1oygiunsiQ "Q) pie ‘TIIIN-040g “f ‘Ouop Y "IN ‘A1oj3IA-prrer]
A ‘0[0119g-IILIB AL “¢[ “*)] SUBXOIpOZUB|-p [AIowOnARIpAY-g wotj patedald & " 8% bbg Hod HONISuRLL, ¢ OUIRAT[I I[ONRYYS S¥I0XS I[}Lm Iprwrosq [A1pa( Axousydoo[ydIp-9°g)-g Sunedy
£q paaedoxd sem suturw oYy [puniodurod sy} Jo sarpadaoad drO)SOIIE o) palllltexa “€061) 06€ ‘86T ‘24NN ‘KB[[IM "M D P8 A0H ] 9L64°T g (Wit $°0) ,¥6~g6 dq ‘ermmusLya( Lxousydoroyap
~0‘7)-z-Aqrow-N urog) paredor] o G JOI 998 »  °BBJ[NS BIIMOWIOSIAY}O-S PUB (U01)00g [epRmLdAX;[ 90s) arurAY 1 [Aunaydotonp-9‘g) g wory paswdar «  F[ JoI pue {€eeI) 08a1 ‘SS
“90Q WAy WY L TNRAG LD, eYeJ[NS BOIMONPOSIAIOU-S Yhm (H0103y [eHewddxy 89s) amzgapAyjAdatd((Kuaydoioypip-9‘z)-¢ Jo nonrilirend £q paaedasf y  F6%2 ‘N ‘19 ‘H ‘10°8F
‘) tpunog  CLLHE N ‘PE9 ‘HOTBL LY D TOSFHYO-YNAIFD 10§ poR)  pouy ‘(1ayem—[ourdoad-g wod)) F0Z—c0g du ‘@ujustuay smnplusngomueauspijAypauayd Jo uoneuddorpAy £q 6 jo
poygowt oy v2a paIRdaLJ . "O1RJNIS N0 OSYAYB-S (14 dutzrIpAy(dzuaq jo vorjriluend £q peardorf , 9jBUOIMSIN[O [  OPLIO[YP0IPAY oY) $¥ putiodaIod o1y paz1IejorBIBYo oym [(ZU61)
IR6Z ‘L 008 woy) wty p] QUL T g ) PUY ‘AN Y i TSI () C A Jo poylow oY) £q paivdas] s "|g JoA 008 ;  "[g Jo1 1L g 4] pash purpowu oy} Aq parrdaly » [ 9[qE], 89S p»

FOUIPIUBNZOUTULR

0£°0% e RO ¥F 4902 264 13 ¥ YOSTHS 0-FO'NP'H™D M 006461 ~[Aypow( [AUBX0IpOZIRg[~H T) 7. + + Iz 8%
oRUIpIUBLZAY jowt-T~ 140
09°¢1 ¢°¥F 187 8¢ 1¢°¢1 S 64 RE YOSFIIY 0 OENFIDV HYD M-I ay8Z-€88 ~(&xonaydoapya11-92)-¢1-1 et 0 15
Lourprend
I 261461 ~1Ayya( AxouaydoIoydI([-9‘)z + 4+ + 4+ BYE
9101 LY @SLE 0V 0T 270 S T 5 4 YSFOFLED ENFIDHD M-IV 991-$91  wourpruendidyyoreydotoyor(-9 0 0 c¢
SLI-9LI PUIPIUBNZ[AYFDTOY | + 0 ¥e
@O.jﬁﬁﬂﬁzwcﬂmﬁﬁm
60" L1 02'¢  69°9% 0721 o ¢ 8602  OFH "OSTHY 0-"NFIDV'H™) M G8I-€81 ~fAdoad(Luaydorofyor(-9z)¢ + 0 98 g€
eL°GT P9 STUC 66741 889 PRIV «S*OPH'O "N HD M 8¢c9%c  Pupmendigjevoyd-T-ouruy- 0 0 9L  TE
$8°CI 92°9 6P 66°¢L €80 FSe ¥SFOPLEED PNTLIPD N 61061 souprtirenZounue(£y }audy g + 0 LL 1€
9G93 60°9 ¢ 829  FIL9 10°G¥ YOSFHG 0- NP IO Ma 29p 04T IPIUBNI A7~ [-OUII -] 0 0 ¥T 0%
GL 9l 68 ¢ 19°¢¢ 9991 66°¢ |e-ge ySFOPHED - PNE HPD M- 408-€0T souIprugnBourure[Azuag] + 0 91 63
sourptirend | Ay Axouayd
W GIg ~0IO[PIP-9‘G) -G |- T-ounury-| p -+t + $1 8%



396 Avesrray, Greey, Mosro, WRIGLEY, Kamrirzry. avn Trony

oxan,* thus indieating that the extra nitrogen is not act-
ing as a simple “spacer’” i this series,

Compounds of type XI were generally less active in
causing adrenergic neuron blockade.

The structure-activity relationship for inhibition of
dopamine g-oxidase by compounds of tyvpe X showed «
somewhat different  pattern. Some inhibition  was
displayed i the unsubstituted compounds 1 and 2, but
this was lost upon substitution by methyl or methoxyl
(3 8). However, substitution by chlorine atoms in
ay position potentiated the inhibition considerably.
resulting in compounds (9-13) more potent than -
henzylhydroxylamine.

This potentiation by chlorine substitution was also
found in the few hydrazines which were tested (Tuble
V). We found that the inhibitory properties of beuzyl-
hydrazine were not as powerful as claimed,'* and more-
over that there was little dimmution of ihibitory power
on extending the carbon chain to two or three atoms,
It can be seen that the introduction of two o-chlo-
rine atoms into either 3-phenylpropvlhydrazine or 2-
phenoxyethylhydrazine led to a considerable enhance-
ment of activity. It ix interesting to note that this
enthancement of activity on mtroduetion of chlorine
substituents witk 1ot obscerved i the O-<benzylhydroxy-
amine series, o

TaBur V
Inmismon or DoraMine 8-Oxipase By TIYLRAZINES

v iuliib at

a X 10+t

Comyl enuiv,/1H
Cel1;CH,ONTI, 61
CeH:.CH,NHNH, 16
CeH 3 (CH.),NHNIL 41
CeH;(CHy);NHNH, 47
2,6-(}]2Cel"]3(CH-z)3N Hﬂ_\— I‘I; 6
CeH;0(CH2).NHNH. 32
2.(;-CI1Cel{’;()(CH;):N P‘IN”_; ESY

» See Iixperimental Section for details of procedure.

Compounds of type XI displayed a decrease in iu-
hibitory powers when eompared with their correspond-
g izomers X, this being most marked w the 2,6-
dichloro dertvative 28. Notable is the powerful in-
hibition exhibited by 23. Compound 38, the amino
homolog of guanoxan,®* showed an inhibition compara-
ble with that of 2-phenoxyethylaminoguanidine (1).

Compounds 12, 13, and 17 were examined further for
their cardiovascular effects in cats and dogs.  Experi-
ments with the cross-perfused cat spleen indicated that
the adrenergic neuron blocking properties of these
compounds were due to inhibition of the release of the
transmitter upon uerve stimulation.  There was also
an huerease in the output of norepinephrine in the resting
state, indicative of an ability to deplete tissue stores of
entecholamines (see below),

Compounds 13 and 17 (5 mg/kg iv) potentiated the
effects of norepinephrine and antagonized the pressor
effects of tyramine in anesthetized cats and dogs.  They
produced little effect on the blood pressure of anesthe-
tized cats, but raised that of dogs (5 mg/kg iv). Com-
pound 12, although somewhat similar, differed in that
it potentiated the effects of tyramine and produced in
anesthetized dogs sustained falls of blood pressure,
preceded by a short pressor response.

o3dy ), Augstein, 8. M. Green, A. M. Mouro, G. W. 1. I'accer, (4 R,
Worthing, and T. 1. Wrigley, /. Med. Chem., 8, 446 (1964).
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In conscions dogs witlt either neurogenic or nephiro-
genie hypertension, chronie oral adninistration of 12
(10 mg/ kg) produced, after a Litent period of 24 davs,
afadl in blood pressure of 30w, which persisted for
A 6 days after cessation of treatment.  Conmpoind 13
(20 mg ke) led to slight and anrelinble depression of
the blood pressure; 17 (10 mg/'kg) was slightly more
effeetive m lowerimg the blood pressurve.  Compounds
13 :ind 17 cnnsed some diarrlien and occasional vomit-
ng, but these effects were absent with 12,

The compounds were investigated {or theihr ability
to deplete  tissue  =tores ol ecatecholamines.  Com-
pouttdds 12 and 13 had little effeet on levels i the Drain,
heart, spleeit, and adrenals of the rat, even on chronie
administration (20 mg/ke ip for 20 days).  However,
the corresponding tissuex in the dog were considerably
depleted by 13 after chronie oral administration (H)
mg/kg for 6 weeks). although results were variable,
Compound 17 eaused o far move striking depletion in
both the rat and the dog.

Clonipomd 13 was also tested far inhibition of tyro-
stne hydroxylase obtained from beef caudate nuelens®
and found to have no inhibitory powers at 10" cquiy |,

Finally, 13 was tested for inhibition of the synthesis
of norepineplirine from “C-tyrosine in isolated guinen
pig atria.™  When administered (00 mg/kg ip) 0.5
hr before removal of the organ, almost complete inhibi-
tion was obtained.  The rate of synthesis recarned
to normal within 6 hr. I animals treated with a
<ingle doxe of 13, only a slight depletion of cudogenous
norepinephrine was foud 2 hr after administration,
commnensurate with o temporary loss of  synthetic
ability. Repeated administration of 13 eaused a more
profound depletion. This was taken as evidenee tliu
the campound wix acting by enzyme ithibition and not
by nterfering with the entry ol newly formed amine
into storage =ites.

The results of treatment of hyperteusive patients
with 13 have already been reported. ®

Discussion

I dissussing our results, we have taken as the start-
ing point Bellenu’s hypothesis of the conformational re-
(uirements for adrenergic blockade tu the 8-haloalkyl-
amine series ald adapted these ideas to the interpreta-
tion of the strueture—activity relationships wlich exist
among the adrenergic neuron hlocking agents reported
in this paper.

Belleau, i his interpretations of the adrenergic
blocking properties  of  N-phenoxyethyl-g-haloalkyl-
amines, depicted their conformation ns 1V, the dotted
line being taken originally to imply a contribution from
the canonteal fornmt XV.5 0 The pA, of anisole (—6.51%)

AR
/I\‘

-
e
P m———
-

TO//
PH*

XV

(33) 8.0, Bagehiand 1 Lo MeGeer, L Seil, 8, 1105 £1064).

(34) °T. 1. V. Lawrie, A. R. Lorimrr, S, (5 MeAlpiue, mnd 1L Reinert,
Rrit. Med, /., 1, 403 (1964,

3y E. AL Arnoety, COY W, LN Nuderson, aaed R DL Basbiek o . e,
Chem. Soc,, 84, 1074 (16l
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makes such a contribution appear unlikely. In a
later paper,'” the interaction was suggested to be
electrostatic or to involve hydrogen bonding. Al-
though the hydrogen atoms of the aziridinium ion
would be somewhat acidic, and there is considerable
evidence for the participation of acidic C-H groups in
hydrogen bonding,*% such bonding would be weak,
and in aqueous solution any such effects would be slight
due to the superior ability of water to act both as proton
donor and acceptor. However, if one accepts the
current concept that the immediate environment of a
receptor site is largely nonpolar in nature® then hy-
drogen bonding of this type may play some part in
controlling the conformation of the drug in the vieinity
of the receptor.

The idea of an intramolecular hydrogen bond as
suggested by Belleau for the aziridinium ions can be
applied more readily to aryloxyalkylguanidines and
aminoguanidines. Not only do N-H donor systems
form stronger hydrogen bonds than do C-H systems,
but, when the base is protonated (as are all those in
question at physiological pH), then the donor properties
of the N-H group are enhanced through the increased
acidity of the proton.*® If it is assumed that in con-
formations XVII and XVIII the guanidino group is
brought to the distance from the aromatic center re-
quired for effective adrenergic neuron blockade, then a
possible explanation is available for the inactivity
of w-aralkylguanidines, for those compounds have no
electron-rich group adjacent to the ring with which
the guanidino group can form hydrogen bonds. If this
concept has any validity, then methylation of Nj in
XVII (Y = Cl) (36a)® should greatly diminish hy-

5+

f\ CHyjn 4+ NH2
0., i TON= c\
v NH,

0
XVII

@%NH\\NV

NH2
.\YH‘)
XVIII

{36) G. C. Pimemel and A. L, McClellan, **'The Hydrogen Bond,"” W. H.
Treeman and Co., San Francisco Calif., 1960: (a) p 197; (D) p91; (e) p 90;
(d) p 226; (e) p 202.

(37) R. West and C. 8. Kraihanzel, J. Am. Chem. Soc., 83, 765 (1961);
J. C. D. Brand, G. Eglimyon, and J. F. Morman, J. Chem. Soc., 2526 (1960).

(38) B. Belleau, /. Med. Chem., T, 776 (1964).

{39) Burroughs Wellcome and Co., U. 8. Patent 3,099,599 (July 30, 1963);
Chem. A bstr., 60, 2824 (1964),
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drogen bonding and so lead to loss of activity. The
required homolog (37) was synthesized and founud to
have only marginal activity.

In 2-phenoxyethylaminoguanidines, the same dis-
tance between the aromatic ring and the guanidino
group would be attained via conformation XVIII,
utilizing the N—-H of the guanidino group for hydrogen
bonding. Support for this supposition comes from the
activity of 19 (XVIIL, ¥ = = CHj), the N-methyl
homolog of 17, in which methylation would not inter-
fere with hydrogen bonding.

By following this line of argument one might expect
that 3-phenoxypropylaminoguanidines of type XIX
and l-amino-2-phenoxyethylguanidines of type XX
might show activity by virtue of being able to form
hydrogen-bonded six-membered rings. However, the
N-H group involved in each case is not part of the
guanidino group, and not being protonated at physi-
ological pH, will have a greatly reduced acidity and
tendency to form hydrogen bonds. Furthermore,
bonding of this sort would mean that the basic center
of the guanidino group would be approximately one
interatomic distance further removed from the aromatic
ring. Thus, one might reasonably expect to find re-
duced activity with such compounds. This, in fact,
was observed for the three pairs of isomeric amino-
guanidines (¢f. 11, 12, 13, and 26, 27, 28, respectively),
while 18, a 3-phenoxypropylaminoguanidine corre-
sponding to an active 2-phenoxyethylaminoguanidine
(17), was also found to have only slight activity. The
lack of activity in 29-33 is explained by the absence of
a suitable group adjacent to the aromatic ring with
which the guanidino group can form a hydrogen bond.

Apart from the correlations described in the intro-
duction, another striking similarity becomes apparent
when one compares the structure-activity relation-
ships of the compounds X discussed in this paper, with
those of the 2-phenoxyethylguanidines (Ile, Y = O,

= 2)% and with those of the 2-phenoxyethylammo-
nium and hydrazintum compounds (Ilb and d, Y = O,

= 2). The series IIc and X both require two ortho
groups in the aromatic ring for optimum activity; in
series IIb the 2,4~ and 2,5-dimethyl analogs are inactive
as adrenergic neuron blocking agents,® in contrast to
the well-known blocking activity of xylocholine (IIb,
Ar = 26-xylyl; Y = O; n = 2);" the few hydrazin-
tum compounds (IId) reported to be active, contain a
2,6-disubstituted aromatic ring.'? The ortho groups in
these examples may be methyl or chlorine [e.g., in X
(this paper), ITb,4 IIe,'?* and I1d'?], but the introduc-
tion of larger alkyl groups (e.g., in ITb*? and IIc'?) leads
to reduced activity.

Another illustration of the significance of ortho
groups to adrenergic neuron blockade is the fact that
although 3-phenoxypropylguanidine is a powerful
depleting agent with no adrenergic neuron blocking
properties,*? introduction of 2,6-dichloro** or dimethyl's»

(40) R. Fielden, unpublished work, cired by R. Fielden, A. M. Roe, and
G. L. Willey, Brit. J. Pharmacol., 23, 486 (1964).

{41) R. A. McLean, R. J. Geus, R. J. Mohrbacher, P. A. Mattis, and
G. E. Ullyot, J. Pharmacol. Exptl. Therap., 129, 11 (1860).

(42) A. F. Greenand A. L. A. Boura, unpublished work, cited in ref 12.

{43) G. Chen, C. R. Ensor, D. A, MecCarthy, J. R. McClean, and A.
Campbell, J. Pharmacol. Exptl. Therap., 148, 374 (1964): (b) A. L. Banlet,
Brit. J. Pharmacol., 18, 475 (1962).

(44) Parke, Davis and Co., French Paten) 1788 M (March 26, 1962);
Chem. Abstr., 60, 458 (1964).
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substituents leads to compounds which cause adrenergice
neuron blockade,

Speculating o the function of these ortho groups, we
measured the ultraviolet spectra of several of our
compounds (Table ¥I).4 The 2,6-disubstituted eom-

TaBLe VI
TILrEAVIOLIET SIRCTIRA OF 2-ARYLOXY ALKY LAMINOGUANIDINESY

N, Anaxs iy N
n 277 1720
11 285 2130
12 250 2480
13 272 430
15 271 1140
11 275 1220
17 264 g
o 283 1o
o i) 2190
RIS 271 350

1 270 1740
2 271 1510
S 271 1900
0 974 1030

o Nee Table 1.

pounds 13, 17, and 28 absorbed at shorter wavelengths
and nmewkedly lower intensities than isomerie disub-
stituted derivatives.  Similar data have been reported
for substituted anisoleg,* the hypoehromie effects of two
artho substituents being attributed to steric inhibition
of resonance,  The conformations of anigoles have been
discussed in terms of sp®hybridized oxyvgen atoms,*
and it was concluded that conformation XXI, with the
methyl group twisted well out of the plane of the aro-
matic ring, was favored for ortho-disubstituted amsoles
(in the diagram the horizontal line represents the sec-
tion of the benzene ring and dotted lines indicate lone
clectron  pairs).  Similar conclusions were reached
hy means of Kerr constaut aud dipole moment studies®
on ortho-substituted anisoles, 1t hns been pointed  out

CH; R
/
— O
XXI XXII

that the strain in such compounds can also be relieved
by boud bending,*® although no attempt was made to
assess this effect in the compounds in this paper. 1In
general, it seems reasonable to assume that the presence
of two orthe substituents i aryloxyalkyl derivatives
lends to n considerable displacement of the w-carbon
atom front the plane of the aromatie ring.

A corollury to this sterie inhibition of resonance is
{that in the compounds in question the oxygen atom
will be more basic in character, for the partial positive

(+1) Owing {o the uucertaimy whiclh attends measurements in methanal
anpraaching 210 my, we have only recorded the secondary bands (Amax ca.
274 mp), although the compounds all show more in)ense absorption near 22()
mg.  The secandary bamls have been shown to give a good indicatian uf
s¢erie inhibition of resonance.4647

(44) A. Burawoy and J. T. Chamberlain, J. (hem. Soc., 2310 (19ad);
f.. J. Irolen and 1., Goodman, J. Am. Chem. Soc., 83, 3405 (1961).

{47y A. Balasubramaniau, J. C. Dearden, W. I, Forties, aud N. F. Cliee(-
haw, Cnn. J. Chem., 43, 2603 (1065).

(48) M. J. Aroney, M. G. Corfield, and R. J. W. Le Wévre, .J. Chem. Sor.,
2004 (1964).

¢#3) M. Arouey, R. J. W. Le Févre, and 8.-3. Chang, J. Chem. Sor., 31734
(1501 I Bl Everan! awd L, B Saton, b0, 2312 (1019),

charge which occeurs in the oxygen atom in the absence
af ortha substituents (by contribition from eanouieal
forms xuell a3 XXIT) will obviously not arse when
resonancee is inhibited.  Inereased basteity m hydrogen
hond seceptors leads to stronger hydrogen honds,
a pertinent referenee in this context being the report
of (he increase in euergy of the O -0 hond he-
tween phenols and various ethers i the series '"hOPh <
PhOL < 6O, Fuarther evidence™  for inereased
hasicity in the oitho-dizubstituted derivatives i avail-
able from nmr studies in strong acid whiel dieate
that, whereas 2,3- and 3, 5-dimethylanizoles were pro-
tonated in the 4 position, 2.0-dimethylanizole was
protonated orc the oxygen atont

An inerense mn the hyvdrogen bond aceeptor properties
ol the oxyvgen atont would obviously facilitate mterac-
tions of the type postnlated for XVIE-XX, althongh
the significance of suelr internetions in agqueous =olution
and at the =ite of aetion muse be subject {o the sane
considerations ns applied earlier to the phenoxyethyi-
azividinm ions.

An additional constderation is that the clectron den-
sity at the oxygen atonr may eritieally affect the inter-
action of the aromtic portion of the drug molecule
with its binding site.  Although i the ense of eate-
cholimiies this interaction has been labeled “ehinrge-
transfer.”* and later “e-bonding,””* it 1= probably
safe to sy that the inferaction is some function of the
m-clectron system, probably involving hydropliobic
mteractions™  In compounds of type IT there ix some
conjugation of the nonbonding electrons of the hetero
atoms with the aromntic « eleetrong, resulting i a
certatn amount of deloealization: in effect, the « clowd
has been extended m length. Tt can be envisaged that
asite which binds o phenyl group might alternatively
secept o phlienoxy gronp, in which case it is reasonnble
to suppose thnt small changes i the electron density on
the oxygen atom might give rise to snbtle, yet critieal,
climnges in the orientation of the bound phenoxy group.,

[t seenis reasonable to suggest, therefore, that the
artho groups 1 w-aryvloxyalkylaming derivatives cn-
hanee the biclogieal activity of the unsubstituted con-
pounds by forcing the a-carbon atonr out of the plane
of the aromatie ring, leading to decereased resonance and
inereased basieity of the oxygen atom.  This may resul
i either a facilitated mechanism for bringing the hasice
eroup of the =ide chain to the requisite distancee from
the aromatie center for pharineologienl wetivity, ar
an electron distribution (ov perhaps simply an over-all
molecnlar shape) which permits more etfective binding
of the drag moleeule at 1ts site of netion.

[urther support for the suggestion that the optho
substituents funetion i this way Gind not perhaps by
inerensing the w hasieity of the ring or eritieal hydra-
phobie interncetions) ix found i the fact that the pres-
ence of the o-chilorine atoms in 35 does not alter the
known mactivity of phenethvlgianidine 34, neither

A

10y R. Wese, Do Lo Powell, ML KT Lee, aud T 80 Whadley, J. .
Chemn. Sec., 86, 3427 (10641,

By DML Branwer, T L. Maekor, ol O NMuaelean, fee. Teave Chin,
85, 109 (1966).

(42) B. Belleau, Pruceedings of thie Incernmrional Mharmacalngy Meeving,
Srackhiolm, 1961, Vol. V11, K, 1. Bruningzs, Kd., Yergamon, Landou, 1963, 1+
ity

1) B3 Belleaw, *honvrwnienl. IRer., 18, 131 (10G6).

(34 1L Miles, DoV Robiusnn, awd W0, Canasly, J. Binl, ¢hem, 238,
DR FINGEL
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do such substituents give rise to activity in 33. These
results affirm the notion that o¢rtho substituents are
only effective i enhaneing activity when the a atom
of the side chain is a hetero atom with a lone pair of
clectrons.

Experimental Section®

Aryloxyalkyl bromide intermediates were prepared by the
methods deseribed in the literature.s.18.215  The following com-
pound is novel.

2.(2,3-Dichlorophenoxy )ethyl bromide, bp 98-106° (0.1 mm),
mp 5i° (from ethanol), was prepared by an ahalogous method.*e

Aryloxyalkylhydrazines were prepared by reaction of the appro-
priate aryloxyalkyl bromide and hydrazine in boiling ethanol by
the method of Gabriel.” The products often underwent partial
decomposition during distillation, resulting in hoiling points over
a wide range. Those hydrazines not already reported %58 ure
listed in Table VII. The 2,3-dichloro- and 2,3-dimethylphe-~
noxyethylhydrazines were used in the crude state without dis-
tillation.

TasLe VII

R n b, °C ()
2.C11,0 3 120-121 (1.75)
2-CI1,0 4 142-166 (3)
2-Cl1 2 143-144 (2)
3

2,6-(Clls),

3-(2,6-Dichloroplienyl)-
propylhydrazine
hydrochloride

130-155 (2.55)

My 157° (from
methanol-
ether)

N-Benzyl-N-methyl-2+(2,6-dimethylphenoxy )ethylamine,—
N-Benzyl-2-(2,6-dimethylphenoxy Jethylamine?! was methylated
by the procedure of Clarke, et al.,® to give the tertiary amine in
879 vield, bp 132-137° (0.15 mm), n%p 1.5425.

N-Methyl-2-(2,6-dimethylphenoxy )ethylamine.—The above
tertiary amine was hydrogenated in acetic acid over Pd-C at
atmospheric pressure at 70°; to give the required secondary amine
in 55%. vield, bp 1:34-136° (19 mm), n»p 1.5078.

N-Methyl-N-nitroso=2-(2,6-dimethylphenoxy )ethylamine,—
The above secondary amine was nitrosated by the procedure
previously described for N-benzyl-2-(2,6-dimethylphenoxy )ethyl-
anmine?! to give the nitrosamine in 619, yield, bp 146-148° (0.6
mm), n¥p 1.5271. The infrared spectrum showed strong ab-
sorption at 1480-1460 c¢cm ~! and no N-H absorption.

1.{2+(2,6-Dimethylphenoxy )ethyl]-1-methylhydrazine.—The
nifrosaimine was reduced with LiAIH, in ether in the usiial manner,
to give the hydrazine in 659 vield, bp 82-84° (0.15 mn), n®p
1.5186.

Anal. Caled for CpIhsNO: €, 68.00; 11, 9.34; N, 14.42,
FPound: (), 67.89; 11, 0.24; N, 14.44.

2-(2,6-Dichlorophenyl)ethylamine.—-2,6- Dichlaropheny fuceto-
nitrile® (9.3 g, 0.05 mole) in dry tetrahydrofuran (25 ml) was
stirred under nitrogen and treated dropwise with diborane (0.1
mole) in drv THF (200 ml). After 1 hr excess diborane was
destroyed with ethanol, and the reaction mixture was treated with

(53) Melying poinrs were )aken on an Electrothermal Apparatus, series 1A
or on a Kofler micro liot stage, and are corrected. TUltraviolet spec)ra were
measired on an Ultracord Model 137, intensities at Anax lieing chiecked on a
Unicam ST 500 iusirumen). Infrared spec)ra of liquids were obtained as
tliin filius on a Perkin-Ehner Infracord 137 ins)rument.

(56) J. 1). Genzer, C. P. Hunrer, and G. C. Van Wessemn, J. Am. Chemn.
Noe., T8, 3159 (1951): (L) A. H. Schlesinger aud D. T. Mowry, hid., 76,
585 (1954); (¢) W. 8. Gump and E. J. Nikawiz, ibid., 72, 3846 (1950); ()
B. G. Brown and P. Hey, Brit. J. Pharmacol., 11, 58 (19568); (e) Pfizer
Corp., Belgian Patent 629,613 (Oct 21, 1963); Chem. Abstr., 60, 14437
(1964).

(37) S. Gabriel, Ber., 47, 3028 (1914),

(58) Ciba 1yd., Bri)ish Patent 888,525 (Jan 31, 1962); Chem. Abstr., 87,
8060 (1962),

(568) H, T. Clarke, M. 1. Gillespie, and 8. Z. Weissiiaus, J. dn. Chem.,
Soc., 55, 4571 (1933).

(60) J. AL Faust, L. 8. Yee, aud M. Saliyun, J. Ory. Chem., 26, 4011 (1961),
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HCI to precipitate the hydrochloride of the product. This was
filtered and recrystallized from 2-propanol to give 5.1 g (53%,),
mp 275-280° dec.

Anal. Caled for CGsHyCLN-HCIL: C, 42.42; I, 4.45; N, 6.18,
Found: C,42.38 H,4.43; N, 6.04.

3-(2,6-Dichlorophenyl)prepan-1-0l.—The Grignard reagent
formed in dry ether from 2,6-dichlorobenzyl chloride (18.35 g,
0.1 mole) and Mg (2.43 g) was stirred vigorously at 0° while
treated slowly with ethylene oxide (8.8 g, 0.2 mole) in ether (20
ml). The reaction mixture was stirred for 1 hr during which
time a solid formed. Dilnte H,SO4 (2 N, 200 ml) was added with
stirring, and the organic layer was separated. The aqueous
layer was extracted with ether, and the combined organic phases
were dried and evaporated. Distillation of the residue yielded
the product (29.3 g, 489%), bp 110-116° (0.6 mm), n®p 1.5558,
Ymax 9330 em 71,

3-(2,6-Dichloropheny!)propyl Bromide,—Phosphorus tribro-
mide (25.7 g, 0.005 mole) was added over 15 min to 3-(2,6-di-
chloroplienyl)propan-1-ol (38.9 g, 0.19 mole) stirred vigoronsly
at —5°. The mixture was stirred 0.5 hr at room {emperature,
and 0.5 lir at 60°; and then was covled and worked up with water
and ether. The ethereal layer was washed with NallCO,,
dried, and evaporated. The residue was distilled to give the
product (24 g, 47%), bp 122-126° (0.8 mm), n®*p 1.5748. The
infrared spectrum showed no hydroxyl absorption.

Aryloxyalkylaminoguanidines (Table I) were prepared from
the appropriate snbstituted hydrazine and S-methylisothiourea
sulfate by the method described recently,?' using water, ethanol,
or a mixture of those two as solvent. Compounds 20-25 were
prepared by use of the appropriate N-substituted derivative of
S-methylisothiourea. The products were recrystallized until
their melting points were constant, which procedure resulted in
low yields (10-509;), so it is pussible that izumeric compounds
were present in the mother liquors. The nmr spectra indicated
that the products isolated contained negligible quantities of iso-
mers.

Nmr Measurements.— The spectra of solutions of substituted
aminoguanidines in H:804 (Analar), trifluoroacetic acid (Analar),
and tetrafluorodichloroacetone deuteriochydrate (FCIA) were
measured on a Perkin-Elmer 40-Mc spectrometer. The FCIA
was prepared according to the method of Lukalle.®* The
chemical shifts were measured with respect to tetramethyl-
ammonium sulfate (TMAS) (rcg; = 6.81)% in H,SO4 and tri-
fluoroacetic acid (TFA), and to (CH3)8i {(rcH; = 10.0) in FCIA.
It was thought that the chemnical shift of TMAS might be dif-
ferent in 909, H,SO4 from the value in TFA so the chemical
shift of TMAS was measived in the above (wo solvents with
respect to benzene and cyclohexane as external references.’
The chemical shift was found to be insensitive to change of solvent

pK, Measurements.—The first pK, of aminoguanidine was
determined by polentiometric titration using a Beckman Zero-
matic pH meter.?* The second pK, of benzylaminoguanidine
sulfate was determined using nmr. The chemical shift difference
between the methylene protons and TMAS was measured in a
geries of HyS0, solutions of various H, values and the pA, was
determined from the relationship

DIy = Hy+ nlog ™1
i

™

where 7, 7, and 7 represent the chemical shift of the methylene
protons in the dication, monoeation, and in the mixture, re-
spectively, and n is a constant.

Enzyme Inhibition.—The activity of dopamine g-oxidase, pre-
pared from bovine adrenal medulla by the method of Levin,
et al.,’* was assayed by fluorimetric estimation of norepinephrine®
formed from dopamine in 30 min at 37°, in a solution containing
catalase, ascorbate, and fumarate.®™ The activity of the in-
hibitors was estimated by determining the activity of the enzyme
after preincubation with the test substance for 15 min before
addition of the substrate.

(61) J. E. Lukalle, personal communica)ion,

(62) R. E. Reavill, J. Chem. Soc., 519 (1964).

(63) J. A. Pople, W. G. Sclineider, and 1. J. Bernstein, *'Iligh Resolution
Nuelear Magnetic Resonance'’, MeGraw-Hill Book (1., Ine., T.ondon, 1959,
Do,

(64) (a) E. Y. Leviu, 1", levenherg, and 8. Kaufmau, J. Biol. Clem., 236,
2080 (1960); (b} E. Y. Levin and 8. Kaufinan, :hi/., 236, 2043 (1061).

(63) R. 1. Merrills, Annl. Biochem., 6, 272 (1963).
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The inhibition by O-benayliydroxylamine under these con-
ditions was slightly lower than that reported by Creveling, el «l.,"?
presumably  throngh use of dopamine instead of (yraviue ax
substrate in onr studies.

The effect of 13 on the syidhesis of nocepinephriae frmn tyrosioe
in solated gainea pig atrin wis investigaied by the method of
Merrills and Offerman
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New Antihypertensive Aminoalkyltetrazoles
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A series of S-dialkylaminoalkyletrazoles, Z-substituted s-dialkylaminoalkylietrazoles and d-aryl-2-(-dialkyi-

aminopropyhternzoles was prepared from the corresponding nitrvile.

These componnds showed varying degrees

of antihypertensive activity; the 5-[2-(4-avyi-1-piperazinyhethyl]te(razoles were the most active in experinien-

wal animals,

The antiadrenergic action of l-phenylpiperazine and
[-phenyl-4-methylpiperazitie were first mentioned by
Bovet and Bovet-Nitti.?  Numerous papers have since
been published on the adrenergic blocking effects of
4-substituted 1-arylpiperazines.®

Sotne pharmacological activities of l-aryl-5-dialkyl-
aminomethyltetrazoles* and H-aryl-l1-alkyltetrazoles”
have been reported. The chemistry of 2-dialkylamino-
alkyl-H-aryltetrazoles® and 1-dialkylaminoethyl-5-aryl-
tetrazoles® was described, but no pharmacological
sereening was carried out. These findings led us to
prepare S-dialkylaminoalkyltetrazoles (1), 2-substi-
tuted H-dialkylaminoalkyltetrazoles (II), and H-aryl-
2-[3-dialkylaminopropyl]tetrazoles (I111) for pharmsa-
cological screening as potential autihypertensive agents.

NN N—N(CH), NI
s Vs
ReN(CI1), ¢ ArC
Ne=N ‘Ne=N
I, R =1 ITH
11, R’ = alkyl

(1) To whom commnunicatious should be directed.

(2) D. Bovet and V. Bovet-Nitti, "Medicamenuts du Systeine Nerveux
Vegetatif,” Verlag S. Karger, Bale, 1948, p 247.

(3) (a) 1. W, Roth, J. Pharmacnl. Lzptl. Therap., 110, 157 (1954
(I) R. . 8. Lim and R. L. Moflitt, Federation Proc., 15, 461 (1056); <ci
B. Ii. Morphis, L. W. Ratl, and R. K. Ricbards, I'roc. Sor. Exptl. Biul.
Mel, 101, 174 (1959); (1) G. Quesuel, R. Chalaust, H. Schmitt, G. Kroue-
Lorg, and H. Selimict, Arch. Intern, Pharmacodyn., 128, 17 (1960); (e) .1
R. Buissier, C. Dumom, R. Ratouis, and \I. Paguy, ibid., 138, 29 (1961:
f) J. R. Boissier, R. Rajouis, and C. Dumont, J. Med. Chem., 6, 29 (1963):
(z) 2. Mavao and R. N. fchut, J. Org. Chem., 26, 3414 (1961); () D. W,
Wylie aad 8. Arvelier, J. Med. Mharm. Chem., 8, 932 (1962); (i) 8. Hayan.
R. N. Scehul, and W. G, Siryeker, i67d., 6, 133 (1963): () . M. Da Casta
and =, Speclor, Federatiax 'roc., 28, 447 (1963); (k) 1. H. Page, R. W, Wal-
fard, and A. . Corcoran, Arch. Intern. Pharmacodyn., 119, 214 (1959);
(1) 8. Hayao, H. J. Havera, W. G. Syrycker, T. J. Leipzig, R, A. Kulp, anl
1. I Marcsler, J. Vel. Chen., 8, 807 (1865).

1) M. Gl CGrass and R, M. Feacherstoue, /.
92, 323 (1948).

() LG Uress aud R, ML Feathersiaue, il 92, 330 (10485,

Wy I Bhern, J. Ane Chem Sne, T§, G61 1140033).

Pharvmaenl. Frptl, Theva .

some of the H-le-(4-phenyl-1-piperazinyl)alkyl jtetra-
zoles were reported i a recent patent.”

Compounds of type I were prepared i high yield by
reaction of the appropriate uitrile with hydrazoic
actd aceording to iunegan, et al® (Scheme I). How-
ever, when n 1 or 2, the yield of T was always less
thau 5097 and 1-pheunylpiperazine was obtained in co.
509 yield.

Seneme 1

/N NaN. NH, (1 /\ ~N—NH
C:H,—N N(CH,),C(N———— C,H;N N(CH,), C 1
_/ DMF N/ ~N=N
1
! - NaCN /N
CHN  NCOCH,Cl —— CH,N  NCOCH,CN —
ot N
v
CHN_ NCO HC/N_ITH LA,
AN CHL N n THF

vV

Alternatively, 1-phenyl-4~cyuanoacetylpiperazine (1V)
with hydrazoie aeid gave I-phenyl-4 (H-tetrazolylacetyl)-
piperazine (V) which was then reduced with lithium
aluminum hydride to give I. The yield was 40¢
starting with IV,

Alleylation of S-ulliyltetrazoles iz kuown to take place
predominantly at position 2.5 Therefore, the reaction
of T (sodium salt) with an appropriate alkyl halide
gave 2,5-disubstituted tetrazoles (II). Similarly, 5-
aryl-2-substituted tetrazoles (1I1) were prepared from
H-aryltetrazoles and an allkyl halide (Scheme IT).

Pharmacology — Pharmacological tests in animals
have shown that niost of the compounds of this geries

5y WG Sirveker awd 2 Havke, U0 =0 Pageut 3,331,574 (194G6).

i8) W. G, Vinuesan. R AL Henry, aud R, Lafquist, J. L. Chemo Sme,
80, 3008 (1938).



