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cator, then recrystallized from methanol to provide 4.6 g. (46%)
of white needles, n1.p. 111.5-112°.

Angl. Caled. for CsHN:Qp: C, 72.88; H, 6.80; N, 9.45.
Found: C, 72.78; H, 7.18; N, 9.42.

Acid Hydrolysis of VIII.—To a solution of 1 ml. of ¢concentrated
sulfuric in 40 ml. of water was added 0.20 g. of 1,2-bis-[3-(3,4-
dihydro-1,3,2H-benzoxazino)]-ethane. The solution which re-
sulted on warming was distilled into a slightly saturated dilute
alcohol solution of excess methone. The distillation was stopped
when the distilland was about 3-5 ml. The vield of the formal-
dehyde methone derivative was 0.35 g. (88%), m.p. 188-189°
(1it." m.p. 189°). The distillation residue was treated with 109,
sodium hydroxide to pH 6-7 and filtered free of resinous-like
material. Treatment of the filtrate with 2 ml. of 109 sodium
carbonate followed by seeding and c¢ooling produced a pale tan
solid product of m.p. 117-122°. A mixture melting point with
N, N “-bis-(o-hydroxybenzyl)-ethylenediamine was not depressed;
the vield of recovered N,N'-bis-(o-hydroxybenzyl)-ethylenedi-
amine was 0.16 g. (85%).

Reaction of N,N’-Bis-(o-hydroxybenzyl)-etkylenediamine I
with Ketones, (A) Acetone,—A mixture of 1.0 g. (3.7 mmoles)
of T and 15 nml. of acetone was refluxed for 1 hr. The reaction
mixture was refrigerated and the crystalline product (0.8 g.)
which formed was removed by filtration. A second crop of 0.3 g.
was obtained after concentration of the mother liquor. Both
crops were combined and recrystallized from absolute ethanol.
The vield of 2 2-dimethyl-13-bis-(0o-hydroxybenzyl)-imidazoli-
dine was 0.9 g. (849,), white needles, m.p. 146.5°.

Anal. Caled. for C\sH2uN20.: N, 8.94. Found: N, 8.88.

This derivative was also prepared, in 909 vield (m.p. of crude
product was 145.5°), at 50° in absolute ethanol in the same way
as described previously for the isobutyraldehyde reaction in which
3 1.6 M excess of acetone was used.

(B) Methyl Ethyl Ketone.—A solution of 6 g. (22 mmeles) of
Iin 50 ml. of methyl ethyl ketone was refluxed for 5 hr. The
condenser used had a drying tube containing Drierite in its open

(10) E. H. Huntress and S, P. Mulliken, '‘Identification of Pure Organic
Compounds,” John Wiley and Sons, Ine., New York. N. Y., 1841, p. 30.
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end. The reaction mixture was refrigerated and the resulting
precipitate was filtered, rinsed with methyl ethyl ketone, and
dried; 5.2 g., m.p. 129.5-135°. The crude product was purified
by refluxing it in 30 ml. of fresh methyl ethyl ketone on a lpot
plate for 2.5 hr.  The hot solution was filtered and crystallization
was induced by cooling. The yield of 2-methyl-2-ethyl-1,3-bis-
(o-hydroxybenzyl)-imidazolidine was 3.8 g. (539 ); white prisms
melting at 133-134°.

Anal. Caled. for CoHysN.Oq: N, 8.58. Found: N, 8.62.

(C) Other Ketones,—Condensation reactions of acetophenone,
benzophenone, methyl ethyvl ketone, and cyclohexanone with 1
were conducted in the same general manner as described for
aromatic aldehydes. In the first three cases, the diamine reagent
was recovered essentially unchanged. In the cyclohexanone
reaction a solid product was obtained which nelted slowly at
107-111°; a mixture melting point with I (m.p. 124°) was de-
pressed. Recrystallization of this solid from anhydrous tetra-
hydrofuran gave a niaterial of m.p. 103-107°. The cyclohex-
anone reaction was repeated using a benzene solution in which
water formed in the reaction was removed as its benzene—water
azeotrope. The product resulting when the theoretical anount
of water was removed melted at 105.5-109.5°. Recrystallization
from benzene-petroleum ether (b.p. 40-60°) or carbon tetra-
c¢hloride gave products of lower melting points without improve-
ment in the ranges (e.g., 99.5-105.5°).
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zyl)-ethylenediamine used in this research. The au-
thors also wish to thank the Smith Kline and Trench
Laboratories for testing the compounds listed in Table
IT for bacteriostatic, fungistatic, and antiviral activity.
We are especially indebted to Dr. John R. E. Hoover,
Miss M. Dolan, and colleagues—Microbiology Section,
and Dr. Erling Jensen—Virology Section, of the SK
and I' Laboratories for their work in connection with the
screening of these compounds,
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2-(2,6-Xvlyloxy)Jethylguanidine sulfate is a potent hypotensive agent which acts by blocking the sympathetic
nervous system. Related compounds have been synthesized and structure-activity relationships in the series

have been investigated.

Treatment of hypertensive disorders has been revolu-
tionized in recent years by the discovery and use of
agents which inhibit the release of neurchormones from
the postganglionic sympathetic nerve endings. The
first compound discovered to have this effect was cho-
line 2,6-xylyl ether bromide? (I), which effectively
blocks transmission at peripheral syvmpathetic nerve
terminals but suffers from muscarinic side-effects.
Subsequently, bretylium (II) was developed and in-
tensive investigation showed it to be selectively ac-
cumulated in postganglienic sympathetic nerve fibers®
and to prevent the release of neurohormones from the
sympathetic nerve endings following neural stimula-
tion.®» More recently guanethidine (III) was intro-
duced for the treatment of hypertension. This com-

(1) To whom inquiries should be addressed.

(2) P. Hey and G. L. Willey, Brit. J. Pharmacol., 9, 471 (1954).

(3) (a) A, L. A, Boura, F. C. Copp, W. G. Dunconbe, A. F. Green, and
A. McCoubrey, tbid., 17, 265 (1960); (b) A. L. A. Boura and A, F'. Green.
ibid., 14, 536 (1959).
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pound has been shown to exert its effect on the sympa-
thetic nervous system by depleting the norepinephrine
stores at the postganglionic sympathetic nerve endings.*

I, II, and III have certain common structural fea-
tures. Each contains a strongly basic terminal group
connected »7a a side chain to a carbocyelic or hetero-
cyelic ring. These factors suggested that replacement
of the poorly absorbed quaternary group of I by the
guanidine residue might lead to compounds acting at the
postganglionic sympathetic nerve fibers. 2-(2,6-Xylyl-
oxy)ethylguanidine (IV) which is the guanidine analog

(4) R. Cass, R. Kuntznan, and B. B. Brodie, Proc. Soc. Eapil. Biol. Med..
103, 871 (1960).
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of I was prepared and shown to be as active as guanethi-
dine when tested by its relaxaut action on the nictitating

CH,
@-OCHZCHZNHC(NHg:NH
CH.

v

membrane of the conscious cat and to have an activity
coliparable to that of guanethidine on the arterial
hlood pressure of anesthetized dogs.> Clinical evalua-
tion has shown the antiliypertensive activity in inan
to be of the same order as that of guanethidine. The
detailed pharmacology of this comnpound will be pub-
lished elsewhere.

Numnerous analogs of IV have been synthesized and
cvaluated for their activity in bloeking the sympathetic
nervous system (Table I).

Blockade of the Sympathetic Nervous System.—
Each compound was administered by subcutaneous
nijection to conscious male or female cats at a dose level
not exceeding 409, of the estimated LD; in mice.
All componnds were either dissolved or suspended in a

13) Dinrivgz the final phases of 1his work, o poblication by AL Lo AL Bonea,
I Comn AL Green, L FL Halsou, G K Ruffell, M. I S, o Wallon,
and 10 M, Grivsky (NVufure, 191, 1312 (1961)) referred 1a the alrenersie
venrine Mocking petivity ol 1his camamnd,

veliiele of 54 acacia in distilled water and admimistered
in a dose volume of 1 ml. kg, The amimals were ab-
served for relaxation of the nictitating membranes at
hourly intervals for the first 6 hr. following the injec-
tion, then at 24 lir,, and in sone cases even longer pe-
riods of observation were employed.  Relaxation of the
nictitating membranes was taken as an indication of
impairment of sympathetic nervous transmission.

Some of the nmore active compounds were further
exanmitted for their effects on the blood pressnre of
cliloralose-anesthetized cats and pentobarbital-nues-
thetized dogs in the following manner,

(a) Chloralose-Anesthetized Cats.—Ii male
female catg anesthetized by intravenous injection of
chloralose (80 my. kg.), coutrol responses were obtained
to the intravenous injection of (—)-epinephrine, (—)-
novepinephrine, and (z)-amphetamine, to bilaternl
carotid occlusion nud to the stimulation of the ascend-
ing cervical sympathetic nerve. The compound under
investigation was theu injected intravenously at a dosc
level of 5 or 10 mg.'kg. Between 3 and 5 hr. later,
the control stimnli werve repeated.

Intruveunns ligection of IV was accorapanied by a
rapid fall iu blood pressure of short duration with a
brief period of apuoca, followed by marked hyperten-
sion which persisted for 20 to 40 min.  Sinltanconsly,



November, 1963

the nictitating membrane went into a sustained con-
traction which did not recover throughout the maximum
period of 5 hr. used in these experiments. The hyper-
tensive phase then gave way to a pronounced hypo-
tension which was slow in onset, but of long duration
(>5 hr.). During this hypotensive phase, the injection
of amphetamine and the application of the bilateral
carotid occlusion reflex stimulus no longer elicited a
pressor response, whereas the pressor response to
injected epinephrine and norepinephrine were po-
tentiated. Compounds XX and XXIV produced quali-
tatively the same effect when similarly examined.

The hypertension has been demonstrated to be due to
the release of endogenous sympathomimetic amines, for
it is potentiated by the prior administration of pyro-
gallol, which inhibits catechol-O-methyl transferase.
This technique was used by Wylie® to show the pressor
action of guanethidine to be due to the release of endo-
genous sympathomimetic amines.

Some cats were pretreated on each of 2 days with
reserpine (2.5~5 mg./kg.) intraperitoneally. The in-
travenous injection of IV in the subsequently anes-
thetized animals produced little or no pressor response.
This would appear to confirm that the hypertensive
phase of the cardiovascular response to IV depends
on the presence of endogenous sympathomimetic
amines, which are depleted by treatment with reserpine.

(b) Pentobarbital-Anesthetized dogs.—The effects
of these same compounds on the blood pressure of
mongrel dogs, anesthetized by the intravenous injec-
tion of pentobarbital sodium (30 mg./kg.), were quali-
tatively similar to those in cats. Some dogs were
pretreated with IV (10 mg./kg.) intravenously. Forty
eight hours later the animals were anesthetized with
pentobarbital sodium and the blood pressure was
recorded. Saline-treated control animals exhibited a
marked pressor response to intravenously injected
tyramine or amphetamine, whereas the animals treated
with IV showed a greatly reduced response. The slow
intravenous infusion of 4 mg. of norepinephrine’ prior
to tyramine or amphetamine injection, however, re-
sulted in a normal response being obtained.

It is concluded, therefore, that the compounds under
investigation as represented by IV, cause blockade in
the sympathetic nervous system in a manner similar
to that described for guanethidine* which depletes the
postganglionic sympathetic stores of their norepine-
phrine content.

Structure-Activity Relationships.—The biological re-
sults for sympathetic blocking activity revealed an
interesting structure-activity pattern which may be
expressed in terms of the various structural features
(A, B, C,and D) of IV as follows

@——éo CH,CH,—{NHC(NH,)=NH
CH;{ !
A B! C ! D

v

A.—TFor optimum activity, presence of the flanking
methyl groups is essential. Analogous compounds with
the 2,6-xylyl group replaced by phenyl, o, m-, and p-tolyl,
o-chloro, o-bromo, and p-methoxy substituents are

(8) D. W. Wylie, Nature, 189, 490 (1961).
(7) J. H. Burn and M. J. Rand, J. Physiol.. 144, 314 (1958).
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much less active (V, VI, VII, VIII, IX, X and XI,
respectively, Table I). The corresponding p-chloro
compound XII is, however, more active than these
latter compounds, but the trisubstituted compound XIV
formed by introduction of a p-chloro substituent into
structure IV is less active than either 2-(2,6-xylyloxy)-
ethylguanidine or 2-(p-chlorophenoxy)ethylguanidine.
Increase in size of the flanking methyl groups to ethyl
XV or isopropyl XVI causes a progressive decline in
activity. Naphthalene analogs XXIII and XXIV
also possess a moderate degree of activity, the a isomer
being slightly the more active.

B.—Replacement of oxygen by sulfur in IV yields a
compound of comparable activity, relaxation of the
nictitating membrane being observed at 10 mg./kg.
(XVII). As expected, unsubstituted 2-(phenylmer-
capto)ethylguanidine (XVIII) is much less active.
Replacement of oxygen by NH in I'V leads to an equally
active compound (XIX). Methylation of this nitrogen
atom causes only a slight drop (XX) in activity but the
analogous compound containing an ethyl substituent
is less active (XXI). N-Methylphenylaminoethyl-
guanidine (XXII) is also less active.

C.—Introduction of a B-methyl substituent into
structure IV causes no apparent reduction in activity
(XXV). The structure containing an unbranched
three-carbon chain is slightly less active (XXVI) and
activity of the analogous n-butyl compound is of a very
low order (XXVII).

D.—Alteration of the terminal guanidine group
invariably leads to less active compounds. Cyclization
of the terminal atoms into an imidazoline ring (XXVIII)
or phenyl substitution on the terminal nitrogen atoms
(XXIX) causes a fall in activity. Reduction of the
basicity of the terminal nitrogen atoms by mono- and
dibenzoylation also causes a decline in sympatholytic
activity (XX and XXI, respectively). Boura, et al.,®
have reported that methylation of these nitrogen atoms
is accompanied by loss of adrenergic neurone blocking
activity.

The optimum structural requirements for blocking
the sympathetic nervous system would, therefore,
appear to be the 2 6-xylyl group linked vza an oxygen,
sulfur, or nitrogen atom to a two-carbon side chain,
optionally containing a g-methyl substituent and
terminating in an unsubstituted guanidine group.

Miscellaneous Structures.*—Numerous miscellane-
ous guanidines were prepared and evaluated for ac-
tivity in a similar manner (Table IT). 2-(Benzhy-
dryloxy)ethylguanidine (XXXYV) is inactive and pheno-
thiazinylalkylguanidines with three-carbon side chains
(XXXVI and XXXVII) including a 2-trifluoromethyl
substituted derivative are also inactive.

Guanethidine analogs with the nitrogen atom outside
the ring, viz. N-methyleyclooctylaminoethylguanidine
sulfate (XXXII) and the cycloheptyl analog (XXXIII),
also give evidence of causing blockade of the sympa-
thetic nervous system. The presence of a heterocyclic
ring is apparently not a prime requisite for activity
with this structure. The bicyclic octahydroisoindole
XXXIV is also highly active, indicating that the bridg-
ing of guanethidine-like compounds is acconpanied
by retention of activity.

(8) Structure-activity relationships among plienylalkylguanidines (bretyl-
iwin analogs) will be publistied seyarately.
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Synthetic Methods.—1'h¢ guanidine sulfates were
prepared by the reaction of the appropriate amine with
2-methyl-2-thiopseudourea sulfate using  water or
aqueous ethanol as the solvent .

Interniediate aryloxvethylamines were normally pre-
parcd from a substituted phen<l by reaction with chilova-
acetonitrile in ethyl methyl ketone, using potassium
sarbonate as base, ' and reducing the nitrile so formed
with lithium aluminnm  hivdride in ether solutien.
Arwther ntethed  enpleyed for the preparation of
amile intermediates was a redified Gabriel synthesis,
involving conversion of halo-ethers to eorresponding
phthalimides, followed by cleavage with hivdrazine
tu vield the desired amnine.  Other anine intermediates
were prepared by established methods deseribed in the
Fxperimental scetion,

Experimental!

Amine Intermediates.—The approprints phennds and  thin-
phenols, nost of which vere available commereinlly, were etheri-
fied with clloroncetonitrile in ethyl methyt ketone, nsing potas-
simn earbonate as base.™  The proditets, obtained by distillation.
were generally contaninated with 5-1070 of the starting phenals
ns shown by thair infrared spectra. Snee the derived amines
were readily purificd, refractionation of the nitriles was not at-
tempted.  2-Bromaphenosyviaceetonitrile wig obtained pire, vrys-
tallizing as colorless needles from hexane, nip. 47-49°.

Anal. Caled. for CHBeNO: 0 dhs1; HL 2088,
C, 45.59: H, 275

The nitriles were rednced withe excess lithhmna aluiinnm Ly-
dride in ether affording the derived amines which were purificd
by acid exwaction and their identity was confirmed by infraved
spectroscopy and equivalent weight determination.  Relevaut
informationn on the new mmines is recorded in T'able V1. 2-
Phenoxyethylamine, ' 2-{o-tolyloxy lethvlmnire, ¢ 2-(n-tolvioxy -
cthvlaming, ¥ 2-( p-tolvioxy)ethylnmine, " 2-(p-methoxy-phenoxy -
cthvlnmine, @ 2-¢p-cldornphenoxy iethiviimine, ' 2-phenyhner:ap-
tethylamine, " N-methvl-N-phenvlethylenedinmine, '™ 2-ia-
naphthoxy dethylaine, ' 2-(3-naphthoxy tethylamine, ' 2-bhenz-
hydryloxyethylainine, ' 3-( 10-phenothinzinyl propylamine, ' and

Il

0y 1 Rathke, Bee,, 14, 1771 (18813,
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been previonsly reported.

The following preparation of 2-t2,6-xyvlvloxyethyvlanune is
tvpleal of the general synthetic procedure for the intermedinte
aminoethyl ethers.

Cyanomethyl 2,6-Xylyl Ether.—A mixture of 2,6-xylennl (241
1., 2.0 moles), nnhydrons potassinm carbonate (280 g3, and cthyl
methyl keteme (350 ml was stirred ol heated under refluy,
A solution of chloroacetonitrile (140 w3 in ethyl methvl ketane
{150 ml) was added during 1 hr., boiling and stirring being eon-
tinned for a further 1 hr. The bulk of the solvent was removed
under aspirator vacimm and the residue was dituted with ice -
water, and etrieted several times with ether.  The ether extracts
were washed with 2000 sodum hydroxide solution and dried
aver anhydrons potassinm earbonate. Distillation of the ether
salntion gave, after a sumll foreran of xylenol, 240 g, of evanuo-
methyl 2,6-xvIlvl ether, h.p. S8-92° 10.5-1.0 mm), 2= 131N,

2-(2,6-Xylyloxy)ethylamine.—The nitrile (242 ¢., 1.5 mnlesi
dissolved in dry ether (309 ml.i wis added tooa well stirred slurry
al lithinm ahoninnm hydride (75 g, 1.951moles) in dry ether (600
wl v After addition, the mixtinre wag stirred and heated imder
rethix Tor 2 he. 1t was vooled i an dee bath and well stirred,
while ‘wet ether” 11 1 was added dmopwise, followed by water
1400 mly. The mixtire was filtered nging “Hyfo' filter aid.
The residine was thoronghly washed with ether, and the total
otherenl filtrate combined, washed with brine, and exhaustively
oxtreted with 2V Livdrochlorie weid. The acid extraets were

with 507 vaustic snda solution which wis extracted into ether.
Distillation of the extract under nitrogen gave the aminocthoer
iIs2 e insicedlorless ol The over-ndl vield of amine was 57"
The other amine intermedintes were prepared as follows, and
are listed together with the relevant physieal data i Table VIL
Infrived spectra were used to confirm the identity of the nitriles
prepared whicl were generally not refractiommated.
2-(2,6-Xylyloxypropionitrile,~2,6-NXyvlennl (244 o, 12
maled wag reacted wit!t e=bhromopropionitrile (39.4 ¢., 0.29 wnle;
in ethiyl methyl ketone in the presence of potassinm carbonate
126 .1 as deseribed Tor the preparation of the analogons acetond-
trile.  The yield of 2-(2,6-xvlvioxvipropionitrile was 15.2 g..
Lp. 130-134° (17 w0,
2.12,6-Xy(vloxy propylamine.-- Reduction  nf  the  foregonyg
nitrile (150 w., 0.085 moletr with lithinm alumimnn hydride
t4.) ., 0.11 nwdedin ether, in the nsital way yielded 2-(2.6-xv1v]-
oxyipropylamine ¢12.0 g5,
N-[3-(2,6-Xylyloxy’propyl|phthalimide.—-3-(2,6-NvIvIioxy -
rropyl ehilorbde® 705 ¢, 0.4 male), prepared in 859, yvield
Irom 2, 6-xvlenal anl o large exesss of trimethvlene chlorabranide
in the presence of exeess potassimn carbonate in ethyl methyl
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GUANIDINE SULFATES [R—@XAIkNHC(NHg)=NH:] ‘H.SO.
2

-Analysis, %
H

M.p., C Other analyses
Compound R X Alk °C.* Molecular formula Caled. Found Caled. Found Caled. Found
v 2,6-(CH3): (0] (CHz)s 234-236 (CuHN0):H2804 51.54 51.70 7.08 7.31 19.13" 18.91
Vv H (0] (CHa)s 199-202 (CyHisN30)2H2804 47.36 47.21 6.18 6.70 21.48° 21.54
VI 2-CH; (0] (CH3)2 213-214 (CuHisN30)sHoSO4 49.57 49.50 6.66 6.49 20.24P 20.05
VII 3-CH; (0] (CHa)2 186-187 (CioHsN30)sH2804 49.57 49.34 6.66 6.53 17.36° 17.47
VIII 4-CH, (0] (CHy)s 195-196 (CioHsN30)2HzS 04 49.57 49.62 6.66 6.44 20.24" 19.94
IX 2-C1 (0] (CH:); 237-2414 (CeH2CIN30):HaS04 41.14 41.23 4.99 5.17 13.50° 13.16
X 2-Br (o] (CHaz)2 230-232 (CoH12BrN3O):H2SO4 35.19 35.38 4.27 4.50 NN o
XI 4-OCH3 (0] (CHz)2 187-188 (CioH s N30):H2804 46.50 46.17 6.24 6.62 18.48% 18.33
XI11 4-C1 (o] (CHz)q 228-229 (CoH13CIN30)2H;8 04 41.14 41.32 4.99 5.37 13.50° 13.18
XIII 2,4,6-(CHzs)s (0] (CHz)2 245 (Ci2H1sN30):H2804 53.32 33.16 7.46 7.28 5.927 5.89
XIV 2,6-(CHjz)2-4-C1 (0] (CHz): 210 (CnHsCIN30)2HaSO4 45.43 45.18 5.89 5.85 14.43¢ 14.30
Xv 2,6.(CeHs)2 (0] (CHz)? 252=2353 (CisH2N30)2H,SO4 34.92 54.83 7.80 7.99 14.78¢ 14.80
XVI 2.6-(i-CsHr)2 (0] (CHa)2 260-262 (CsHsN30):H2804 37.67 58.01 8.37 8.97 13.453¢ 13.18
XVII 2,6-(CHj): S (CHz)2 223-224 (CnHuN38):H28 04 48.50 49.15 6.66 6.73 18.0° 18.23
XVIIlI H S (CHs)» 169-170 (CoH 3N38)2HsS04 44 .26 44,22 5.78 5.80 20.07° 19.05
XI1X 2,6-(CHs)2 NH (CHa)z 163-166 (CuHisN¢)2H2S04 51.74 5l.45 7.30 7.43 21.95¢° 21.25
XX 2,6-(CHz3)z NCH; (CHa)s 223-225 (C12HxN)sHaSO4 53.51 53.42 7.86 7.82 20.8¢ 20,99
XXI 2,6-(CHas)2 NC:Hs (CHz)2 221-224 (Ci3H22N4):H2SO4 55.09 55.16 8.18 8.17 19.78¢ 19.89
XXII H NCH; (CHy)2 156-158 (CwHsN4)2H3804 49.78 49.62 7.10 7.40 .. ..
XXV 2,6-(CHs)z (0] CH(CH3)CH: 208-210 (CisHsN30)2HaSOs 53.32 53.31 7 .46 7.37 15.54°¢ 15.39
XXVI 2,6-(CHa)2 (8] (CHs)s 185-188 (CisH 19N30):H.S 04 53.32 53.55 7.46 7.75 5.927 6,22
XXVII 2,6-(CHs)2 (0] (CHa)4 210-214 (C13H21 N30)2H2804 14,7959 14.79
= Decomposition frequently occurred. » Hy;SO,. ¢ N. ¢ From water., Other compounds recrystallized froni methanol-isopropyl
aleohol. ¢ Cl. /8. ¢ H:SO.: Caled. 17,25, Found 17.55.
TasLe IV
N-SuBsTITUTED PHENOXYETHYLGUANIDINES, 2,6-(CH;),CeHsO(CH,),NHC(NHR!)=NR?2 HX
Analysis, 9%
C H N
Compound R! R2? X M.p., °C. Molecular formula Caled. Found Caled. Found Caled. Found
XXVIIIs CH; CH; I 116-119  C:H(N;O-HI 43.23 43.51 5.58 4.95 11.63 12.02
XXIX CeH; CsH; Cl  163-166  Cy;3HzN;O- HCP 69.71 68 .84 6.62 6.19 10.61 10.87
XXX H COCeHs Cl 162-164 CHzuNi;O. HCI®  62.15 62.02 6.38 6.74 12.09 11.70
XXXI COC¢H; COCsH; 147-148  CyHy3N;0s 72.27 72 .54 6.06 6.37 10.12 10.03
@ XXVIIT is 2-{2-(2,6-xylyloxy)ethyllamino-4,5-dihydroimidazole hydriodide. * Equiv. wt.: Caled. 396.5. Found 388.1. ¢ Equiv.

wt.: Caled. 347.8. Found 349.0.
TaBLE V
MiscerLaneous GuaNipiNes (R—(CH,;),—NHC(NH:)=NH), H.S0,
-Analysis, %

Com- C H Otlier analyses

pound R n  M.p., °C. Molecular formula Caled. Found Caled. Found Caled. Found
XXIII a-C,H-:0 2 240-242+¢ (Cy3H,s:N30).:H,S0, 56.10 56.45 5.80 5.87 17.62° 17.33
XXIV 3-C\H;0 2 245-247¢  (C,3sH sN;0),H.S0, 56.10 56.21 5.80 6.13
XXXI1 (CH:);CHNCH; 2 255-260° (Ci:HzN4)H,S0, 52.34 52.43 9.88 10.60 17.80° 17.82
XXXIII (CH;)sCHNCH; 2 2307 (C1 H3 N4 )Ho80, 50.06 49.91 9.64 9.84 18.82 19.41
XXXIV C\:\N 2 2200 (C.HzNaHS0, 50.06 49.76  8.96  9.37 18.58"  18.31
XXXV <CsHs>ng0 2 150*  (CiH,sN:0)HsS04 13.2077  13.47
XXXVI @[ ]@ 3 15" (CGHWNSRHSO,2H0 52,62 52,65 579 6.00

N
NN )

XXXVII @7 _I:Jpp 3 150-155" (CiH7F3N,S).H,80,4 49.15 49 .24 4.37 4.59

¢ From methanol-isopropyl alcohol. ® HaSOs. ¢ From aqueous ethanol. © From isopropyl aleohol. ¢ From ethanol. /N. ¢ H,S04:

Caled. 15.40. Found 15.47. * From methanol.
m.p. 127-130° for the anhydrous compound.

. 'R.P.Mull, M. E. Egbert, and M. R. Dapero, J. Org. Chem., 25, 1953 (1960), record
J From methsnol-ether.

ketone, was reacted with potassiuin phthalimide (74.0 g., 0.4
mole) in dimethylformamide (180 ml.) at 120° for 2 hr. The
addition of the mixture to water precipitated a solid, which, after
washing with cold water and drying, ylelded the phthalimide
(114 g.), m.p. 90.5-92.5°.

Anal. Caled. for CoH NO;: C, 73.76; H, 6.19; N, 4.53.
Found: C,73.67; H,6.29; N, 4.29.

3-(2,6-Xylyloxy)propylamine.—The phthaliniide derivative
(113.6 g., 0.37 mole) was dissolved in ethanol (600 ml.) with
warming. Hydrazine hydrate (1009, 58.5 g., 1.15 moles) was
added and the sohition wus heated on the steam bath for 30 min.
Precipitated phthalhydrazide was removed by filtration and the

filtrate was concentrated in vacuo yielding 3-(2,6-xylyloxy)propyl-
amine (48.4 g.) which was converted directly to its hydrochloride
using a solution of dry hydrogen chloride in isopropy! alecohol.
3-(2,6-Xylyloxy)propyl Cyanide.—A mixture of sodium cyanide
(13.35 g., 0.27 mole) and dimethyl sulfoxide (120 ml.) was heated
with stirring to an internal temperature of 80° and 3-(2,6-xylyl-
oxy)propyl chloride (49.6 g., 0.25 mole) was added during 20 min.
After addition, the mixture was slowly heated to a temperature of
135° and maintained at this temperature for 10 min. On cooling,
the mixture was diluted with water (300 ml.) and extracted 3
times with ether, The combined ether extracts were washed with
water and 6 N hydrocliloric acid (50 ml.) followed by 2 more water



710 BarroN, Baviy, DUraN1®, NATOFY, SPICKETT, AND VALLANCE Vol 6
Tanrr V1
IvrrrvMuoiare Asines 12-AIK-NT1L
Lignivaluni weisht
" ALk L, 70 T Moleeular trirmuin Caleld. Fooard
2,6-( CHy)CeHsO (Clgk 100 (1) CiptlisNO 165.2 168 0
2-Cl1GI11,0 (CHz) 150-153 (18) CsHCINO 171.6 1732
2-BrCsHO (CHu)s 67 10.02) C3HLBrNO 2161 IS
2,4,6-(CHj)3CeH-O (CHa) 100-101 (0.25) CaHENO 1.2 IS0 1
2 6-(CHy )-4-CICHLO (CHa). 261-2626 CuILCING - O 2362 2365
2,6-(CH;),CsH10 (CHa)2 95-100(0.5) CpH iy NO 193.3 1.5
2,6-(1&0-031‘17)2(‘51‘140 (CII?)_' 104-106 (() .3) (l|4}{23N( ) 221.3 227 .0
2,6-(CH;).CsH3S (CH.). 115-120(0.1) CuliisNS Is1.2 137
2,6-( CH3).CeHz0 CH(CH,)CH. [26-128 (13) CoHEpNO 1Ta.2 INT 1
2,6-( CH;):CeH30 (CHu)s 206-207".¢ ChHENOHCL 2157 2082
2,6-(CHy)yCsHa0 (CH 0304 (0.25) Call,NO 103 .2 e
2,6-(0}[3): SeHsNH [CH) 75-80 (1.05) Chald N, w201 s34
2,6-(CH3),CeHaNCH, (CGHu 80-8% (0,071 ChHeNy S Y ST
2,6-( CHy)CeHaNCaH, (CHue N5 (11.06) Challay N, L2 o .3
(CIIz)GC}'INCHa l(lH,\_ 60 (,U. 15) (‘m”g:N\ ~0.2 U3
(CH,):CHNCHa (CH.)a 516 (0. 1) (G B 2 07
(:CN (CH 148-15D ( 15) Cl s N, S0l S

“ Partial debrominativn oceurred on reduction, but the derived gunnidine snlinte was obtained pure.

chloride. < Melting point.

waslings.  The ether solution was then dried over caleium eldo-
ride and distilled, yielding an oil (39.8 g.), h.p. 104° (0.5 mn1. ).
4-(2-6-Xylyloxy)butylamine.—The nitrile (39.5 g., 0.21 mole}
wag reduced with lithium aluminuni hydride (8.0 g., 0.21 mole
in dry ether in the usual way affording 32.0 g. of product.
N-{2-(2,6-Dimethylphenylamino)ethyl|phthalimide.—A mix-
ture of 2,6-dimethylaniline (40.0 g., 0.33 mole) and g-bromn-
ethylphthalimide (40.0 g., 0.16 mole} was heated on the steam
bath for 20 hr. and then at 130° for 4 hr. The mixture was
ndded to water and extracted with ether. The ether extracts
ware concentrated to low bulk and allowed to cool, depositing
soie high melting material (2.7 g.), probably 2,6-diniethyl-1,1-his-
phthalimidoethylaniline, which was removed by filtration. The
filtrate was ¢vaporated to dryness and the residual oil was dis-
solved in ethanol, filtered hot, and dilbted with a few drops of
witer. O cooling, erystals were deposited (24.5 g., m.p. 45-55°).
Two recrystallizations from aqueons ethanol finally afforded
20.5 g. of product, m.p. 66-69°.
Jdnal. Caled. for CulH N Ow G745, H, 6.16; N, 9.52
IFound: (1, 75.26; H, 6.28; N, 0.11.
N-(2,6-Dimethylphenyl)ethylenediamine.— The¢  phthalimide
(20.0 g., 0.07 mole) was dissolved in ethanol, treated with 100"
hydrazine hydrate (4.0 g., 0.08 miole], and heated under reflux for
30 min. Phthalhydrazide was removed by filtration and the
filtrate was concentrated, filtered, basified with 40¢; sodinm
Livdroxide, and extracted with ether. The ether extracts werc
dried over potassinin carbonate, concentrated, and distilled,
vielding 7.0 g. of oil.
N-Methy!-N-(2,6-dimethylphenyl)ethylenediamine.—A sus-
pension ol 2,6-dimethylformanilide (25.0 g.. 0.17 mole) and
potussinm earbonate (25 g.) in methyl ethyl ketone was stirred
and reflnxed for 1 hr.  Chloracetonitrile (13.3 g., 0.18 mule;
was then added and the niixture refiixed for 4 hr. The mixture
was cooled, filtered, aud the solid washed with ethy] methyl ke-
fone.  The combined filtrates were concentrated in vacuo leaving
an oil eontaining some solid.  The solid was remaved by filtration
nging a lttle benzene, and the filtrate was concentrated, yielding
N-cyanomethyl-N-forniyl-2,6-dimethylaniline as a brown oil.
The oil (14.8 g., approx. D.077 mole) was reduced directly with
lithinm aluminnm hydride (6.28 g., 0.16 mole) in ether in the
wsatal way followed by fractionation vielding 7.0 g. of product.
N-Ethyl-N-(2,6-dimethylphenyl;ethylenediamine.-—2,6-1Di-
nethylacetanilide (50 g., 0.1 molel was dissolved in dry di-
methylformuamide (350 ml.). The mixture was stirred nnder
nitrogen while sodium hydride {13.6 g. (0.31 mole)] of 54'3
dispersion in parallin oil was added portionwise, the temperatine
Deing maintained below 40° with the aid of a cold water hatli.
After addition, the reaction mixture wuis maintained at 40° for
2 Tir. and then cooled during the addition of chloraancetoniorile
(24 1. 052 molet. The noxture was allowed ta stand overnight

Data refer to the Livdro-

at room temperatnre and filtered.  The hltrate wius coneen-
trated in secwe nud the residite was digsolved in chloroforn and
washed with water. T'he dried chlorofornn solution was comeen-
trated {n vacuo and the residue was refluxed with dry ether (200
mlY for 2 he. Unreacted 2 6-dimethvlacetanilide (14,2 2.1 was
removed by filtration and the filtrate was cooled and reacted with
lithium aliminum hydride (15.2 g., 0.39 mole) in ether, i1 the
norimal manner. The erude amine was purified by acid extriac-
tion and basification of the acid extracts with sodinmm hydroxide,
followed by extraction with ¢ther. The ether extracts were dried
over potasginm carbonate, and concentrated, and the prodiet
wasdistilled: yvield, 10.5 g, Attempts to make 2,6-dimethylacet-
anilide react with chlaronectonitrite nnder the conditions nsed far
the alkylation of the formanilide derivative were insiccessful.
(N-Methyl-N-cycloheptyljacetonitrile, —N-Mecthivieveloliep-
tylunine®* (15.0 g., 0.13 molel, prepared from eveloheptanone
md  cethanolie methyvlanine by reduetive alkylation® nsing
platinnm oxide in ethunl, was allkvlated with cldoroncetoni(rile
{10.7 g, 0.14 woler in toluene, in the presence of anhydrons
potassium curbonute (36.2 .. The nitrile (145 g2, hop, T4-77¢
(0.4 mnn), 4% 14780, was isolated by fractionation.
(N-Methyl-N-cycloheptyl)ethylenediamine,—( N-Methyl-N-
cveloheptylacetonitrile (10.0 g., 0.06 mole] was redinced with
lithium almmimmn hvdride (2.7 g, 0.07 nole) in cther in the
usnal way, vielding the dimmine (7.9 ..
(N-Methyl-N-cyclooctyl)acetonitrile.—N-Nethyleyclonetyl-
amine*  (17.0 k., (.12 mole) was alkyviated with  chloro-
acctonitrile (10D g., 0.15 1olel in toluene vielding the nitrile
C16.3 g, b 100-102° (0.1 nans ), 1t 14858,
{N-Methyl-N-cyclooctyl)ethylenediamine.~( N-Mectlivl-N-
cvelooctyDacetonitrile (1G.3 g, 0.09 mole) was redieed with
lithinm aluminum hydride (3.9 ¢., 0.10 moler in cther in the
usial way, vielding the dimmine {12.8 w0,
2-(Octahydroiseindolylacetonitrile, —Octahvdroisoindolezs

(TEG g, 0.09 moled was alkylated with chloronccetoniteile (N0
u, 011 moled in toliene, yiekding the nitrile (7.5 1.}, hop. 132
135° (14 i), 230 14881

2-(Octahydroisoindelyl)ethylamine.— Reduetinm nf the tore-
going nitrile (7.0 z., 0.04 mole) with lithinm aliinnm hydride
(1.94 ¢., 0.05 woley in cther, followed by fractionation yielded
2-(netahydroisoindolyDethylnmine (5.0 g0,

22 1L Colbman aml Do L Caenes, Trree, Torn lendds Sia,, 49, 288
CIUE2),

23) WK Epnerson, U Ovgpoie Buaetions,” Coll, Vel IV, Jobo Wiley anil
Runs, Toe., New York, NO Y. 18, o 174

24) =, Wawzouek anl UL Thelen, J. Am. Chege, Sue., 82, 2118 (10501

{251 ia) 1o AL Rice awd C0 1L Grogan, Jo Gy Cuene, 20, LOBT (10
fhv A D, K Ranonds, U Cadine, ol AL Willenwal, Badl, See. Chin,
Froper, NAL (1D361.
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Guanidine Sulfates.—The following example is illustrative of
the general method used to prepare the guanidine sulfates listed
in Tables IITand V.

2-(2,6-Xylyloxy)ethylguanidine Sulfate.—2-Methyl-2-thio-
pseudourea sulfate (157.7 g., 1.21 moles) was dissolved in water
(300 ml.) and 2-(2,6-xylyloxy)ethylamine (200 g., 1.21 moles) was
added. A vigorous reaction occurred, accompanied by the
formation of methyl mercaptan (trapped in a cooled mixture of
aqueous sodium hydroxide and hydrogen peroxide.). The
nqueous solution was boiled for 2 hr. and then cooled. The solid
which separated was filtered, washed with ice-cold water and
dried. Two recrystallizations from methanol-isopropyl alcohol
followed by drying in vacuo at 125° for 6 hr., yielded 195 g. of
pure anhydrous salt, m.p. 234-236°.

2-[2-(2,6-Xvlyloxy)ethyl]amino-4,5-dihydroimidazole Hy-

driedide.—2-(2,6-Xylyloxy)ethylamine (15.0 g., 0.091 mole)
was added to a solution of 2-methylmercapto-4,5-dihydroimid-
azole hydriodide2s (22.2 g., 0.091 mole) in ethanol (100 ml.).
The solution was heated under reflux for 2 hr., the evolution of
niethyl mercaptan being completed during this time. After
cooling, the solution was concentrated to low bulk and left at
—10° for 48 hr. The crystals deposited (16.1 g.) were recrystal-
lized twice from isopropyl alcohol-ether, affording 11.6 g. of
product, m.p. 116-119°.

N-(2-(2,6-Xylyloxy)ethyl]-N',N " ‘-diphenylguanidine Hydro-
chloride,—2-(2,6-Xylyloxy)ethylamine (3.8 g., 0.023 mole) was
added to a solution of N,N’-diphenyl-S-methylisothiourea?!
(5.5 g., 0.023 mole) in xylene (30 ml.). The mixture was heated
under reflux for 24 hr. and then evaporated to dryness in vacuo.
Tle residue crystallized slowly at 0° and was finally recrystallized
froni petroleum ether (60-80°) affording 3.6 g. of material, m.p.
00-94°.

The hydrochloride was prepared using isopropyl alcoholic
hydrogen cliloride and was recrystallized from isopropy! alcohol~
ether, n.p. 163-166°.

N-[2-(2,6-Xylyloxy)ethyl]-N'-benzoylguanidine. A.—2-(2,6-
Xylyloxy)ethylamine (8.5 g., 0.052 mole) was added to a solu-
tion of N-benzoyl-S-methvlisothiourea?® (10.0 g., 0.052 mole)
in chlorobenzene (100 ml.). The solution was heated under
reflux for 24 hr. and concentrated to an oil which gradually crys-
tallized. Recrystallization from aqueous ethanol followed by
recrystallization from benzene-petroleum ether afforded 7.5 g.
of the guanidine, n1.p. 111-114°,

Anal. Culed. for CisHa N3O, C, 69.42; H, 6.80; N, 13.49.
Found: C,69.26; H, 6.01; N, 13.34.

The hydrochloride was prepared using isopropyl alcoholic
hydrogen chloride, and was recrystallized from isopropyl alcohol-
ether, m.p. 162-164°.

(26) S. R. Aspinall and E. J. Bianco, J. Am. Chem. Soc., 73, 602 (1951).
(27) W. Will, Ber., 14, 1489 (1881).
(28) G. Ito, Chem. Pharm. Bull. (Tokyo), 9, 245 (1961).
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B.—2-(2,6-Xylyloxy)ethylguanidine sulfate (20.0 g., 0.04 mole)
was suspended in ethanol (500 ml.) and an ethanolic solution of
sodium ethoxide, prepared from 1.8 g. of sodium, was added
with stirring. The mixture was stirred for 1 hr., filtered, and
then concentrated in vacuo to yield the free base, 2-(2,6-xylyl-
oxy)ethylguanidine (17.0 g.) as a viscous yellow oil. Ethyl ben-
zoate (13.0 g., 0.085 mole) was added and the mixture heated on
the steam bath for 45 min. The product was dissolved in ben-
zene, filtered, and diluted with petroleum ether (60-80°), yielding
the crude monobenzoyl derivative which was recrystallized twice
from aqueous ethanol, finally affording 2.8 g., ni.p. 113.5-115.5°.
The 1melting point was undepressed on admixture with a sample
from the first preparation and identical infrared and ultraviolet
spectra (Amax 262 mu (emax 27,673)) were obtained.

N-[2-(2,6-Xylyloxy)ethyl]-N',N''-dibenzylguanidine, A, —
2-(2,6-Xylyloxy ethylamine (3.3 g., 0.02 mole) was added to
a solution of N,N'-dibenzoyl-S-niethylisothiourea® (6.0 g.,
0.02 mole) in xylene (20 ml.). The solution was heated under
reflux for 8 hr. and thev cooled. Crystals were deposited which
were filtered and recrystallized from benzene-petroleum ether
(60-80°) affording 5.1 g. of produet, m.p. 147-148°.

B.—2-(2,6-Xyvlyloxy)ethylguanidine sulfate (10.0 g., 0.02
mole) was suspended in 20 ml. of 109} sodium hydroxide solution
and then rapidly stirred during the addition of 5.5 g. (0.04 mole)
of benzoyl chloride. Stirring was continued for 1 hr. and the
solid formed was recrystallized from ethanol followed by further
recrystallization from benzene-petroleum ether (60-80°), finally
affording 2.9 g. of the product, m.p. 147-149°. The melting
point was undepressed on adinixture with a sample from the
previous experiment and identical infrared and ultraviolet (Amax
253 My (emax 31,033), 277 mu (emax 26,272)) spectra were obtained.

In a previous experiment in which an excess of sodium hy-
droxide was used, tlie major product from the Schotten-Baumann
reaction was the benzoate salt of 2-(2,6-xylyloxy)ethylguanidine,
m.p. 147-148°.

Anal. Caled. for C,\H1N;O-CsH,COOH: C, 65.63; H. 7.04;
N, 12.76. Found: C, 65.4; H,6.77; N, 12.65.

An authentic sample of 2-(2,6-xylyloxy)ethylguanidine ben-
zoate which was prepared from 2-(2,6-xylyloxy)ethylguanidine
free base (made from sulfate and sodium ethoxide in ethanol) and
benzoic acid, had m.p. 148-149°. There was no depression of
melting point on admixture of these samples and infrared and
ultraviolet (Anux 262 mu (enax 22,673)) spectra were identical.

Acknowledgments.—Analytical data was kindly sup-
plied by Mr. J. Cross and staff of the Microanalytical
department. The assistance of Muys. J. Gilder, Mr. J.
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Benzo[blthiophene Derivatives. IV." The Preparation and
Pharmacological Activity of Compounds Related to Serotonin and Gramine
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A nuniber of derivatives of benzo[b]thiophene related to serotonin and gramine have been prepared and

tested for pharmacological activity on a variety of smooth muscle preparations and on intact animals.

Anti-

histamine, antiacetylcholine, antiserotonin, and in some cases spasmogenic properties have been demonstrated.
The replacement of the indole ring system by the benzo[b]thiophene system in the compo}mds stud}ed leads to
a reduction in agonistic activity and to the emergence of variable nonspecific antagonistic properties to sero-

tonin, acetylcholine, and histamine.

The application of the concept of bioisosterism to the
preparation of pharmacologically active substances,
which antagonize or mimic the active parent com-

(1) Part IIT: 3., Martin-Smith and 8. T. Reid, J. Chem. Soc., 938
(1960).

pounds, has proved fruitful in several fields of pharma-
cological endeavor.? While the isosteric replacement

(2) H.L. Friedman in “‘Influence of Isosteric Replacements upon Biologi-
cal Activity.' Symposiun on Chemical-Biological Correlation, Natl. Acad.
Sei., Natl. Researcli Council, Publication No. 206, Washington, 1D, C., 1151,
p. 295,



