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temperature overnight.  The product was extracted from the
reqction mixture with CH.Cly; yield 456, mp 101-192° after
two reeryvstallizttions from agueoas neetone (it mp 101 102°),

5,5-Diphenyl-3-methyl-4-methyleneoxazolidone (XI1). - 1,!
Divhenvl-2-propynyl N-methylearbamate (10 g, 0.04 mole) nud
0.22 mole of NaOEt in 150 ml of ethanol were refluxed for 2
hr.  After cooling, the reaction mixture was diluted with 11.0
and extracted with ether,  After dryving (MgROp, the ether
was dixtilled. A fraction, bp 148-13%° (0.05 mm), was recrys=tal-
lized from petrolewm ether (bp 60-71°%) giving 7.7 g (667, 1 of
white =olid: mp 92-94°; nmr, 181 ¢ 1, singlet, NClly), 250
(1 1, doublet, J = 3 epsy, 269 1 H, donblet. ./ = 3 ¢p=), 441
ep= (10 11, multiplet ).

Judd. Caled for CisHENOL N, 5280 Found: N, 5013,

Treatment of Ia with NaOH in Aqueous Ethanol.---An ethanolic
solution of 5 g (0.02 mole) of Ta and 20 ml of 2077 NaOll was
refluxed 3.5 hr. After diluting with H.0), the mixture was ex-
tracted with ether, and the ether was dried and distilled. The
product, bp 117-118° (0.3 mm), 2.7 g (68%.), wix identical with
an authentic sample of 1,1-diphenyl-2-propyn-1-ol (infrared,
mr .

Treatment of Ia with Sodium Methoxide in Ethanol.—Au
ethanolie solution of 0.04 mole of Ia and 0.02 mole of NaOFEq
was stirred 16 hr at 20°. After isolation as described abave,
7 g of distillate, identified as 1,1-diphenyl-2-propvn-1-ol, was
obtained.

Reaction of Ia with Sodium.—-A xylene disperston of Na (1.4 g,
1.06 mole) and 5 g (0.02 mole) of In were stirred at 25° for 16
hr. The excess Na was decomposed with ethanol (25 ml), and
11.0 was added. The organic layer was separated and dried, and
the solvent was removed at reduced pressure. An oily residne
(4 g) remained (infrared and nmr spectra identical with those of
1, 1-diphenvl-2-propyn-1-0l).  Water was remwoved from the
aqueaus layer: the residue was a mixture of NaOTL and Na('NO
(<trong baml at 4.3 u in the infrared spectrum).

Acknowledgment.—The microanalyses were per-
formed by AMessrs, Willlam Brown, Howard Hunter,
Chuarles Ashbrook, and David Cline. Many of the
intermediates were prepared by Mr. Lawrence White.

Some 2,3,6,8-Tetrasubstituted Quinazolone

Hydrazides as Monoamine Oxidase Inhibitors!?

SURENDRA S, Panmar!® axp R, C. Arorale

Department of Pharmacology and Therapeutics,
King George’s Medical College,
Lucknow University, Lucknow, India,
and Borhenical Research Laboratory, Boston Unversity,
Veterans Administration Hospital,
Brockton, M assachusetts 02401

Yecetved June 21, 1967

Inhibitors of monoamine oxidase (MAO) have been
shown to possess pronounced anticonvulsant prop-
erties.? The effectiveness of 2-methyl-3-(4-benzhydra-
zide)-4-quinazolone in inhibiting this enzyme was
found to be significantly inereased by the introduction
of a substituent at position 6 of the quinazolone nu-
cleus.® For that reason, corresponding 2-methyl-3-

(1} (a) 'I'he autliors wish to express their thanks to Dr. Sabit Gabay and
Dr. J. P. Barthwal for their advice and encouragement and to Dr. M, L. Dhar
aud De. Nitya Anand from Central Drug Research Institute, Lucknow, for
providing facilities for mieroanalysis. Grateful acknowledgment is made to
(he Council of Seientifie and Industrial Research, New Delhi, for providing
financial assistance. (1) Visiting Seientiat, Biocliemical Reseach Laboratory,
Bostou University, Veterans Administration Hospital, Brockton, Mass.
(Maxy-Aug 1965). (c) Senior Research Fellow of the Council of Scieudific
aml Indusirial Research, New Delhi.

(2) J. P. Darwin, A. Shore, and B. i, Brodie, Aarn. V. ¥, 4cad. Sci.. 80,
643 (1959,

(3) 8. 8. Parmar and R. C. Arora, Can. J. Chem., 44, 2100 (19686).
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{4-benzhydrazide)-1-quinazolones with substituents af
positions 6 and N have now been syvnthesized as po-
tential hypuoties and anticonvulsants. ™ T the pres-
ent study, attempts have alsa been made to vest-
gate the role of such substituents on the ability of
quinazolone hydrazides to inhibit rat Hver MAO.
The quinazolone hydrzides have heen svnthesized
necording to Sceheme T (X or X7 = H. CL Br, or ).
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Experimental Section®

Anthranilic Acids (I).-—Substituted anthranilic acids were
syvuthesized according to the methods reported in the literature.
The anthranilic acids used were 3,5-dichloro-,” 3,5-dibromo-,8 and
3,5-ditodoanthranilic acids.?

Acetanthranils (II).—Appropriate anthranilic acids (1 mole)
were refluxed with Ac:O (2 moles) for 1 hr.  After excess Ac.l)
was distilled, the acetanthranils separated as solid masses and
were used without further purification. 3,5-Dibromoeacetan-
thranil had been reported earlier.® 3,5-Dichloroacetanthranil,
mp 145-146°, and 3,5-dilodoacetanthranil, mp 1835-187°, were
obtained in 80 and 70¢; yields, respectively.

Anal. Caled for CyH;CLNO.: C, 46.9:
Found: C, 46.7; 11, 2.0; N, 5.9.

Anal. Caled for CUH;INO.: C, 26.2; H, 1.2; N, 3.4, Fouud:
¢, 25.9; H, 1.5; N, 3.2,

H, 2.2; N, 6.1.

(1) M. L. Gujral, R, P. Kohli, anl P. N. Saxena, J. Awoc, Physcions &,
20 (1955).

(5) M. L. Gajral, . N. Saxeuna, and R, I>. Kohli, Trnwion J. Med. Res., 45,
207 (1957).

(6) Melting points were taken in open capillary tubes and are corrected.

(7 M, M. Endicot(, 3. 3. Alden, and M. L. Sherill, /. A m. Chem. Sec.,
68, 1303 (1946).

18 A. 8, Wheeler and \V. M. Oats, hid., 832, 770 (1910).

(9) C.J. Klemme and I. H. Hunter, J. Org. Ckem., 5, 227 (1940).

110) J. 8. Shukla, 1. 11, Singh, and 8. 8. Parmar, Can. J. Chen., in press.
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TasLE I
2,5,6,8-TErRASUBSTITUTED QUINAZOLONES AND QUINAZoLoNE lTyDRAZIDES
0
I
NA—CH,
X/
~————Nitrogen, ¢-~—— MAO inhib,*
X Xr R Mp, °C Yield, % Formula Caled Found A
Cl Cl COOC,H; 235 45 Ci1sH14CLN,0; 7.4 7.1
BI' BI COOC‘ZH) _)-)0‘2')2 %) ClnglaBI‘zN-zOs 6 . 0 6 1
1 I COOC,H; 175 40 CisH1alaN 203 5.0 5.5 -
Cl Cl CONHNH, 220 50 CysH1,CLN O, 15.4 15.3 31.4
Br Br CONHNH, 238-240 D3 CysH12:B1;N,O, 12.3 12.5 27 .4
I I CONHNH, 180 50 CisH12I.N4O, 10.2 10.0 23.7

¢ The per ceut inhibition was calculated from the decrease in the oxygen uptake during a 1-hr period.  Assay procedure and the vessel
contents are as described earlier.® Rat liver mitochondria, equivalent to 250 mg of fresh tissue, were used in each Warburg vessel.
Quinazolone hydrazides were used at a final concentration of 3 X 107* M. FEach experiment was done in duplicate, and the values are

the mean of three separate experiments.

The quinazolone hydrazides present in the side arm were incubated with enzyme preparation

for 10 min before tyramine (10 m3') was added from the other side arm. The enzyme system was further incubated at 37° for 1 hr

under Os.

Quinazolones (III).—Equimolar proportions of the appropriate
acetanthranils and p-aminoethyl benzoate (benzocaine) were
heated for the synthesis of quinazolones.® The quinazolones
shown in Table I are characterized by their sharp melting points
and by analyses.

Quinazolone Hydrazides (IV).—A mixture of 1 mole of the
appropriate quinazolone, 2 moles of hydrazine hydrate (99-
1009%,), and absolute ethanol was refluxed for 6-8 hr for the
synthesis of quinazolone hydrazides.? On distilling the ethanol,
the hydrazides separated as solid masses and were recrystallized
from ethanol. The physical constants are given in Table 1.

Determination of Monoamine Oxidase Activity.—The MAO
activity of rat liver mitochondria was determined by the con-
ventional Warburg manometric method described earlier.l!
Mitochondria were isolated by differential centrifugation of rat
liver homogenate in ice-cold 0.25 M sucrose (109, w/v), and the
enzyme activity was determined by measuring the oxygen uptake
using tyramine as the substrate.

The inhibitory effects of the 4-quinazolone hydrazides on rat
liver mitochondrial MAO during oxidative deamination of tyra-
mine are shown in Table I. Oxygen uptake, as an index of MAO
activity, has been shown to reveal true activity of the enzyme in
washed mitochondrial preparations.’! The use of cyanide and
semicarbazide as suggested earlier!? was, therefore, not necessary
in the present experiments. All 2-methyl-3-(4-benzhydrazide)-4-
quinazolones, used at a final concentration of 3 X 10~* M to
determine relative percentage of enzyme inhibition, were found to
inhibit MAO. Maximum inhibition was observed with the hy-
drazide derived from 3,53-dichloroanthranilic acid. Inhibition of
2,3,6,8-tetrasubstituted quinazolone hydrazides, although found
to be greater than 2-methyl-3-(4-benzhydrazide)-4-quinazolone
(11.39,), was significantly lower than that reported for 2,3,6-
trisubstituted derivatives (6-chloro-, 60.39%;; 6-bromo-, 52.69;
6-iodo-, 75%,) under similar experimental conditions.® These
results are felt to provide further evidence of the existence of
primary and secondary sites on the enzyme molecule which are
essentially involved in the formation of an enzyme-substrate
and enzyme-inhibitor complex.!! At present, it is difficult to
provide a suitable explanation for decrease in the inhibitory
effects of 2,3,6-trisubstituted quinazolone hydrazides on the
introduetion of an additional substituent at position 8 of the quin-
azolone nucleus. The competition between the substituents at
positions 6 and 8 for the active site(s) on the enzyme molecule
may presumably account for the lowering of their inhibitory
effects. However, our further detailed biochemical investigation
on purified, soluble enzyme preparations!? and the synthesis of
other related structures carrying substituents at different posi-
tions may provide a suitable explanation for the inhibitory
effects of quinazolone hydrazides.

(11) 8. 8. Parmar, Biochem. Pharmacol., 15, 1497 (1966).
(12) N. H. Creasey, Biochem. J., 64, 178 (1956).
(13) 8. 8. Parmar, R. C. Arora, and 8. Gabay, in preparation.

2-Thio-1,3,4,6,7,11b-hexahydro-9,10-dimethoxy-
2H-benzolalquinolizines

M. R. HarNpEN axDp J. H. SHORT

Organic Chemisiry Department, Research Division,
Abboit Laboralories, North Chicago, Illinois 6006

Recetved July 22, 1967

Ag part of an investigation of sulfur-containing
derivatives of biologically active ketones, several
2-thio-1,3,4,6,7,11b-hexahydro-9,10-dimethoxy-2H-
benzola]quinolizines have been prepared (Tables I
and IT). The thio derivatives were isolated as their
hydrochloride salts by reaction of either 1,3,4,6,7,11b-
hexahydro-3-isobutyl-9,10-dimethoxy-2H-benzo [a ]qui-
nolizin-2-one hydrochloride! (tetrabenazine hydro-
chloride) or 1,3,4,6,7,11b-hexahydro-3-(N,N-diethyl-
carboxamido)-9,10-dimethoxy-2H-benzo [a ]quinolizin-2-
one hydrochloride? with hydrogen sulfide (Table I, 1
and 2) or with the appropriate thiol (Table II, 3-10)
in ethanolic HCL.3

Pharmacology.—The compounds were tested for
CNS depressant properties (Table III). The most
active member of the series is 2,2-bis(methylthio)-
1,3,4,6,7,11b-hexahydro-3-isobutyl-9,10-dimethoxy-2H-
benzo[a]quinolizine hydrochloride (8), the therapeutic
index of which compares very favorably with that of
tetrabenazine,

Experimental Section*

2-Thio-3-isobutyl- and 2-Thio-3-(N,N-diethylcarboxamido)-
1,3,4,6,7,11b- hexahydro -9,10- dimethoxy - 2H -be nzo[a] quinoli-
zine Hydrochloride.—The ketone hydrochloride (6.0 g) was dis-
solved in saturated EtOH-HCI (300 ml) and H,8 was bubbled
through the stirred solution at 0° for 5 hr. The reaction mixture
was allowed to stand at room temperature for 2 days and con-

(1) A, Brossi, H. Lindlar, M. Walter, and O. Schnider, Hele. Chim. Acta
41, 119 (1958).

(2) J. R. Tretter, Belgian Patent 618,741 (1962).

(3) 8. K. Mitra, J. Indian Chem. Soc., 10, 71 (1933).

(4) Melting points were taken on a Thomas-Hoover capillary melting
point apparatus and are corrected, Elemental analyses were performed by
Mr. O. Kolsto and his associates in the analytical department of Abbott
Laboratories,



