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Synthesis of Compounds with Potential Psychotomimetic Activity, 111
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As a continuing study of structure-activity relationships of certain psychotomimetic agents, the N-methyl-i-
piperidyl esters of the following acids were prepared: ethylphenylglyeolic, vinylphenylglveolic, 1-hvdroxytetra-
lin-1-carboxylic, and indene-3-acetic. Biological data are presented on these esters. Cycloheptyiphenylgiveolic
and ethynylphenylglycolic acids have been prepared, but they could not be converted to their N-methvl-3-
piperidyl esters. The product of the Reformatsky addition of ethyl bromoacetute to 1-indanone has been pre-

pared and its chemistry is discussed.

It has been shown that esters of N-methyl-3-hydroxy-
piperidine with certain disubstituted glycolic acids are
capable of producing bizarre auditory, visual, tactile,
and gustatory hallucinations in a high percentage of
normal human subjects.»b  When one substituent on
the glycolic acid was phenyl and the other substituent
was phenyl, eyelohexyl, cyclopentyl, cyclobuiyl, or
cyclopropyl, especially potent esters resulted.™*  Can-
non® synthesized a series of ring-substituted benzilate
esters of N-methyl-3-hydroxypiperidine, all of which
were devoid of hallucinogenic activity. In contrast,
the ester of 9-hydroxyfluorene-9-carboxylic acid dem-
onstrated marked potency. On the basis of these find-
ings, it has been suggested that a coplanar or a nearly
coplanar arrangement of the two substituents on the
glycolic acid portion of the ester is a requisite for psy-
chotomimetic activity.}

The fact that cycloalkylphenylglveolate esters are
active suggested that ethyl-, vinyl-, and ethynylphenyl-
glveolate esters of N-methyl-3-hydroxypiperidine might
also demonstrate hallucinogenic activity. The ester
of 1-hydroxytetralin-l-carboxylic acid can be con-
sidered to be a rigid, nearly planar alkylphenylglycolic
acid derivative, whose activity might parallel that of
the ethylphenylglycolate ester. Cycloheptylphenyl-
glycolic acid was prepared to complete a series of eyclo-
alkylphenylglycolic acids; inspection of Dreiding and
of Catalin models of this acid shows that the cyclo-
heptane ring and the benzene ring cannot assume co-
planarity or approximate coplanarity without serious
nonhonded interactions. Thus, it was predicted that
the ester of this acid should possess no hallucinogenic
activity. Aftempts to prepare the N-methyl-3-piper-
idyl ester of ethynylphenylglycolic acid by transesteri-
fication of its methyl ester and by a variety of alternate
procedures were not successful.  Cycloheptylphenyl-
glveolie acid could not be converted to its methyl
ester, and attempts to find alternate methods of prepa-
ration of N-methyl-3-piperidyl cyeloheptylphenylgly-
colate did not succeed.

[t was desired to prepare the I-indanylideneacetic
acid ester (1) ro evaluate replacement of the e-hydroxyl
group of a glyeolic acid by a carbon-carbon double

(13 Part 1L & B. Kadin and J. G, Cannon, J, Org, Chem., 8T, 240 (1962),

(2) (a) This investigation was supported in part by Grant MH 07775
National Institute of Mental Health. Abstracted in part from a portion ot
a thesis submitted by R..J. A, in parual fulfillment of the requirements for
the degree of Doector of Philusophy, University of [owa, 1964, (b) To whom
all correspondence should be addressed.

(3) (a) J. H. Biel, L. Gi. Abood, W. K. Hoya, H. A, Leiser, P. A, Nubfer,
and E. T. Kluchesky, J. Org. Chem., 26, 4096 (1961); () L G. Ahood, A.

M. Ostfeld, and J. H. Biel, Proc. Soc. Ezptl. Biol. Med., 97, 483 (1958): (c»
J. ;. Cannon, J. Org. Chem., 26, 959 (1960).

bond. von Braun and his co-workers® had reported a
synthesis of the ethyl ester of this acid by a Reformai-
sky reaction on l-indanone. However, later workers¢b
have shown that the produet isolated from the reaction
is ethyl indene-3-acetate (IT). None of these groups
reported isolation of the initially formed Reformatsky
product, ethyl 1-hydroxyindan-l-acetate (ITI); how-
ever, Oka® isolated a hydroxy ester product from a
Reformatsky reaction of I-indanone with ethyl 2-
bromopropionate. In the present work, the sole
product of the Reformatsky addition of ethyl bromo-
acetate to l-indanonc was the hydroxy ester IIT.  At-
tenmipts to transesterify III with N-methyl-3-hydiroxy-
piperidine in the presence of sodium methoxide led
to the isolation of 2-indan-1’-yliden-1-indanone (IV)S
as the sole identifiable product. TIT was converted {o
indene-3-acetic acid (V) by refluxing with KOH in
aqueous cthanol, or (in better yield) by treatment of
IIT with thionyl chloride followed by dehydrohalo-
genation.”
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Experimental®

1-Ethynyl-1-tetralol was prepared in 717 vield by the method
employed by Goldberg and Scott® for 6-methoxy-1-ethynyl-1-
tetralol; b.p. 84-86° (.12 mm.), lit.?® b.p. 104° (0.2 mni. 3.

1-Hydroxytetralin-1-carboxylic Acid.—Potassium permanga-
nate (12.0 g., 0.08 mole) in 250 ml. of water was added dropwise

(1) (a) J. von Braun, E. Danziger, and Z. Koeller, Ber., 50, 5t (1417):
(h) H., Ahmed and N. Campbell, J. Chem. Noc., 4115 (1960Q); (e) 13 A H.
Taylor, 1bid., 2805 (1960).

(5) K. Oka, Yakugaku Zasshi, 81, 882 (1981).

(6) G. R. Clemo, .. H. Groves, 1. Munday, and (i, A, Swan, J. (hew.
Soc., 863 (1951).

(7) W, E. Bachmann, W. Cole, and A. L. Wilds, /. tm. (Yhem. Sor., 62,
824 (1940).

(8) All melting points are corrected and boiling points are uncorrected.
Analyses are by Drs, Weiler and Strauss, Oxford, England, and by Schwarz-
kopf Microanalytical Laboratory, Woodside, N. Y. Infrared spectra werce
recorded on a Beckman IR-5A spectrophatometer.

(9) (a) M. W. Goldberg and W, 1. Scott, U. 8, Patent 2,524,787 (Oct. 1),
1950); (b) M. W, Goldberg and P. Miiller, Hely. Chim. Acta, 28, 831 (1640}
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~—-—Caled., o—— ~———TFound, 9—
Acid B.p. (mm)), °C. n%p Yield, % Formula C H C H

1-Hydroxytetralin-1-

carboxylic 88-90 (0.15) 1.5386 64 CoH140; 69.88 6.80 69.42 6.97
Ethynylphenylgly-

colic 82-84 (0.05) 1.5282 62 C1H,005 69.45 5.29 69.79 5.51
Vinylphenylglycolie 83-84 (0.3) 1.5225 75 CuH1505 66.65 6.71 66.85 6.47
Ethylphenylglyeolic 64-66 (0.02) 1.5062¢
Indene-3-acetic 114-116° {1.5) 1.5516

¢ G. 8. Skinner, J. B. Bicking, and J. R. Lovett [.J. Org. Chem., 24, 1587 (1959)] reported b.p. 88-00° (0.9 mm.), n*p 1.5080.

v J.

Thiele and M. Riidinger [4nn., 347, 275 (1906)] reported b.p. 148-150° (12 mm.).

over 3 hr. to a vigorously stirred mixture of 6.0 g. (0.03 mole) of
1-ethynyl-1-tetralol, 6 ml. of cvclohexane, and 200 ml. of water.
The reaction mixture was maintained at 0-5° by immersing in an
ice-salt bath. Stirring was continued an extra 3 hr., a large
volume of Filter-Cel was added, and the mixture was centrifuged.
The supernatant was decanted and was filtered; the filtrate was
extracted with ether and was acidified with 109, HCl. The
acidified mixture was repeatedly extracted with ether, and the
combined ethereal extracts were dried (MgSO.). Filtration
and evaporation of the ether left an oil which crystallized on
standing and which was recrystallized from Skellysolve B to
give 1.5 g. (279 ) of white crystals, m.p. 47-48°,

Anal. Caled. for CyHi205: C, 68.75; H, 6.23. Found: C,
68.59; H, 6.10.

Ethynylphenylglycolic acid was prepared in 939, yield from
phenylglyoxylic acid by the method of Iwai and Yura®®e; m.p.
136-137° dec., 1it.10® m.p. 133.5-134°.

Vinylphenylglycolic Acid.—Vinyl bromide (133.0 g., 1.24
moles) in 250 ml. of purified!! tetrahydrofuran (THF) was added
dropwise over 3 hr. to 29.29 g. (1.2 g.-atoms) of magnesium
turnings, and the mixture was permitted to stir 1 additional hr.
The vinylmagnesium bromide suspension was added dropwise
over 2 hr, to a solution of 64.5 g. (0.43 mole) of phenylglyoxylic
acid in 1 L. of purified THF. The reaction mixture was stirred
at room temperature overnight, then an excess of cold 509
H.80; was added. The resulting organic layer was separated;
the aqueous layer was washed with 200 ml. of ether, and the
combined organic phases were washed repeatedly with 209,
K:CO; solution. These combined aqueous extracts were acidi-
fied with 509 H,S0,, and the resulting suspension was extracted
with three 250-ml. portions of ether. The combined ethereal
extracts were dried (Na,80,) and filtered, and the ether was
removed. The resulting oily residue solidified on standing and
was recrystallized from Skellysolve C to give 30 g. (399,) of white
crystals, m.p. 104-105°.

Anal. Caled. for C,pH;p0s: C, 67.44; H, 5.64. Found: C,
67.23; H, 5.67.

Cycloheptylphenylglycolic acid was synthesized in 169
vield from phenylglyoxylic acid and cycloheptylmagnesium
bromide!? by the method described for vinylphenylglycolic acid;
m.p. 134-135°.

Anal. Caled. for C;HOs: C, 72.54; H, 8.12.
72.56; H, 8.20.

Ethylphenylglycolic acid was prepared by the method of
McKenzie and Ritchie!®®; m.p. 132-133°, lit. m.p. 129-131°10¢
and 127-127.5°.100

Ethyl 1-Hydroxyindan-1-acetate (III).—To 24.5 g. (0.378
g.-atom) of purified!® zinc dust was added 25 ml. of a solution of
25 g. (0.19 mole) of l-indanone (Eastman White Label) and
31.57 g. (0.189 mole) of ethyl bromoacetate in 200 ml. of anhy-
drous benzene, and the resulting mixture was stirred and heated
on a steam bath until a reaction commenced. The remainder
of the benzene solution was added at such a rate as to maintain
gentle reflux; the reaction was then stirred for 1 hr., cooled to

Found: C,

(10) (a) I.Iwaiand Y. Yura {Yakugaku Zasshi, 80, 1199 (1960) ] employed
menthyl or bornyl phenylglyoxylate as their starting material, rather than
the free acid. (b) I. Iwai and Y. Yura, ibid., 80, 1193 (1960). (c¢) A. Mec-
Kenzie and A. Ritchie, Ber., T0B, 23 (1937).

(11) L. F. Fieser, ‘“Experiments in Organic Chemistry,” 3rd Ed., ID. C.
Heath and Co., Boston, Mass., 1955, p. 292.

(12) L. Ruzicka, P. Barman, and V. Prelog, Helv. Chim. Acta, 34, 401
(1951).

(13) Washed successively with 59 HCI, water, ethanol, and acetone and
dried at 105° for 5 hr.

room temperature, and 500 ml. of ice-cold 209 H,S0, was added-
The benzene layer was separated, and the aqueous laver was
washed twice with 200-ml. portions of benzene. The combined
benzene extracts were washed successively with 100 ml. of 5%
H.80; and 100 ml. of 10§, Na.,CQs, dried (Na,SQ,), and filtered.
Evaporation of the benzene left a yellow oil which was diluted
with 100 ml. of Skellysolve B; 0.8 g. (29;) of 2-indan-1'-yliden-
1-indanone (IV) separated as a light yellow solid and was re-
crystallized from Skellysolve B; m.p. 145-147°, lit. m.p. 140-
141.5°¢ and 142-143°1* The mother liquor was distilled,
vielding 13.7 g. (33%) of a colorless oil, b.p. 112-114° (0.26 mm.},
n¥®p 1.5505. The infrared spectrum (109, in chloroform)
showed bandsat 2.9 (OH) and 5.85 u (C=0).

Anal. Caled. for C;3H,405: C, 70.88; H, 7.26. TFound: C,
70.94; H, 7.28.

Indene-3-acetic Acid (V). A.—A solution of 2 g. (0.009 mole)
of III and 2 g. of KOH in 10 ml. of water and 20 ml. of ethanol
was refluxed 3 hr. on a steam bath, after which time it was
cooled and acidified with 1095 HCl. This mixture was extracted
twice with 50-ml. portions of ether. The combined ethereal
extracts were dried (Na:SO4) and filtered, and the filtrate was
evaporated on a steam bath under a stream of nitrogen. The
dark oily residue was heated with 25 ml. of chloroform from which
the crude product crystallized on cooling. This material was
recrystallized from Skellysolve B, vielding 0.5 g. (339;) of crystals,
m.p. 90-92° dec., lit.*t m.p. 93-95°.

B.—A mixture of 2 g. (0.009 mole) of III, 15 ml. of sodium-
dried benzene, 9 ml. of dry pyridine, and 2.9 g. (0.024 mole) of
SOCl: was stirred 1 hr. at room temperature. The reaction
mixture was cooled in an ice bath and was extracted with three
100-ml. portions of water. The organic layver was diluted with
33 ml. of methanol containing 2.4 g. (0.043 mole) of KOH,
and was heated 2 hr. on a steam bath. The methanol and ben-
zene were then removed on the steam bath in a jet of air, the
volume being maintained by addition of water. The resulting
solution was repeatedly extracted with ether, then was shaken
with charcoal and filtered. The pale vellow filtrate was cooled
in an ice bath and was acidified with 5%, HCl. The white solid
which separated was collected on a filter and was recrystallized
from Skellysolve B, yielding 1.2 g. 804 ) of crvstals, m.p. 90-92°
dec.

Methyl Esters.—All of the methyl esters were prepared by
treating an ethereal solution or suspension of the acid with an
excess of an ethereal solution of diazomethane. After effer-
vescence had ceased, the ether and excess diazomethane were
removed on a steam bath, and the crude ester was distilled (see
Table I).

Esters of N-methyl-3-hydroxypiperidine were prepared by
transesterification of the corresponding methyl ester in the
presence of 0.10--0.15 g. of Na or sodium methoxide and were
isolated as their bifumarate salts! (see Table I1).

Attempted Transesterification of Ethyl 1-Hydroxyindan-1-
acetate (I1I).—III (4.0 g., 0.018 mole) was subjected to the trans-
esterification procedure! in the presence of 0.1 g. of Na.
After 24 hr., the brown solution was cooled and washed with
water until the washings were neutral to litmus. The organic
layer was then extracted with five 100-ml. portions of 5% HCI;
no N-methyl-3-piperidyl ester could be isolated from this ex-
tract. The organic layer was concentrated and cooled; a
brownish yellow solid separated, which was recrystallized from
Skellysolve B; 0.3-g. (149) yield of golden yellow crystals of
2-indan-1'-yliden-1-indanone (IV), m.p. 144-145°, lit. m.p.

(14) F. Bergmann and Y. Hirshberg. J. Am. Chem. Soc., 65, 1429 (1943).
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R—-COO
N’C-ngO;~
/N
H CH,
Vield, e Caled,, e e Pound, o o s
Non R < AM.p., 2C. Iormula (o H N & H N
1 CeH,C(OH)C.H; 164 173-175 CayHyiNOy 61.10 .92 3.55 61. 50 699 3.29
2 CeH;C(OH)CH=CH. 14+ 163-165° CyHa:NO7 61.37 643 397 61.41 6.29 3.6Y
3 Q 130 1354-156" CoHa N Og 65.10 6.50 3,51 65.12 6.22 365

Q CH,—

HO

4 ‘ 414 172-174°

Na used in transesterification.
transesterification. ¢ From anhydrous 2-propanol.
140-141.5°% and 142-143°."*  An infrared spectrum of this
compound (109, in CHCI;) showed a peak at 5.96 u (conjugated
(=0).

Pharmacology.—Preliminary biological evaluation?® of the
four N-methyl-3-piperidyl esters (Table 1I) is summarized as
follows. The compounds were administered intravenously.
The ester of ethylphenylglycolic acid (1, Table II) produced in
nice initial CNS stimulating effects followed by CNS depressant
effects, at dose levels between 10 and 100 mg./kg. The stimu-
lant activity was of short duration. The ester of vinylphenyl-
glyeolic acid (2, Table IT) could not be clearly classified either as
a4 ONS stimulant or as a depressant. It prolonged the hexo-
barbital sleeping time in mice at dose levels of 5 mg. /kg., and
at 3 mg./kg. it produced increased gross activity in mice. Dose
levels between 10 and 100 mg./kg. produced transient ini-
tial hyperactivity and mydriasiz, followed by prolonged (4-24
hir.) miosix and decreased gross activity.  The ester of indene-3-

(15} The following biological data were provided Ly the Hazleton Labora-
tories, Inc., under the supervision of the scientific staff of the Psychopharma-
cology Service Center and the testing was supported under Contract No.
PH43-63-555 from the National Institute of Mental Health, Bethesda, Md.

( ‘J QHQQN()E,I

» From anhydrous 1-butanol.

4.02 65.66 7.93 4.00

=1
1o
1

65, 65

¢ Triturated in anhydrous ether. ¢ Sodium methoxide used in

7 This compound was isolated as the fumarate salt, rather than as the bifumarate.

acetic acid (3, Tuble 1I) showed CNS depressant and hypoten-
sive properties in mice at doses of 10-30 mg./kg. However, it
wus not an anticonvulsant at a dose of 17 mg./kg., and at a
similar dose level it did not prolong hexobarbital sleeping time.
The ester of I-hydroxytetralin-1-carboxylic acid (4, Table 1T),
at dose levels of 31 mg./kg. in mice, showed slight CNS deprex-
sant activity, preceded by initial short-term signs of central
stimulation. A dose of 5.6 mg./kg. had a slight hypotensive
effect in rats, which seemed to be of longer duration than that
een [ollowing administration of the ester of indene-3-ncetic ucid
(3).  Noanticonvulsunt activity was observed.

Preliminary screening of the four esters in mice, using the
intruvenous route for hyperactivity cage and swimming maze
evaluation tests, revealed that 3 and 4 were inactive and that 1
and 2 (at o dose of 1 mg./kg.) were approximately as potent as
atropine and 1/, as active ax N-ethyl-3-piperidyl cyclopentyl-
phenylglyeolate’ in producing hyperactivity and confused be-
havior in the swimming maze.

(16) We are indebted to Dr. Leo G. Abood, Illinois Neuropsychiatrie
Institute, Chicago. Ill.. for these preliminary data.
(173 Ditran®.

Adrenergic Neurone Blocking Agents Derived from 1,4-Benzodioxan

J. Avastriy, 8. M. Greex, A. M. Moxro, G. W. H. Porrer, C. R. WonrtHING, AND T. [. WRIGLEY

Research Division, Pfizer Lid., Sandwich, Kent, England

Received November 11, 196

The structure-activity relationships existing between closely related groups of adrenergic neurone blocking
agents are reviewed. 2-Guanidinomethyl-1,4-benzodioxun is an antihypertensive agent which acts primarily by
preventing the release of the svmpathetic transmitter from postganglionic adrenergic nerve endings. A summary
of the pharmacology is given. A number of related compounds have been synthesized, and their structure-activity

relationships are discussed.

I recent years great progress has been made in the
drug treatment of hypertension with the advent of
compounds which interfere with stimulus-release
coupling at postganglionic adrenergic nerve endings,
in contrast to earlier compounds which prevented
transmission at the ganglionic synapse, and which
caused many side effects through their indiscriminate
blockade of both sympathetic and parasympathetic
ganglia.

Xylocholine (I)! and bretylium (II)? have been shown
to prevent the release of the adrenergic transmitter at
sympathetic nerve endings. Later, guanethidine (I1I)
emerged as an effective antihypertensive agent and was
shown to exert its cffects by preventing the release

1 UTAL-107: P ey and Gl L. Wiley, Brit, J. Pharmacol., 9, 471 (1954),

12) (a) A. L. A, Boura, I, C. Copp, W. G. Duncombe, A. ¥. Green, and \.
AeCoubrey, 7hid., 16, 265 (1960); (by A. L. A, Boura and A, }. Green,
ihid., 14, 336 (1950),



