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Interaction of dimethyl imidazole-4,5-dicarboxylate with hydrazine and sonie alkyl- aud aryl-substitnted hy-
drazines provided a series of imidazole acid hydrazides. The molecular structire of these compounds was elnei-

dated by chemical aud/or spectroscopic methods.

Moxt of these componuds together with some intermediates

were screened for monoamine oxidase (MAQ) inhibitory activity. Under our test conditions, two of these com-

pounds were foind to be significantly active for inhibiting the euzyme.

They were imidazole-4,5-dicarboxylic

acid 1-methylhydrazide 2-methylhydrazide (IV) and 1-methylimidazole-4,5-dicarboxylic acid diliydrazide

(XII).

Since the discovery of biological activity of isonico-
tinic acid hydrazide??® and its therapeutic use as an
antituberculous and antidepressant agent, numerous
carboxylic acid hydrazides*—® have been synthesized for
biological evaluation. At the present, there are a few
heteroeyelic acid hydrazides that are potential mono-
amine oxidase (MAO) inhibitors and are being utilized
in medicine.

QOur interest in the synthesis of imidazole-4,5-di-
carboxylic acid hydrazides was for their value as possi-
ble intermediates in the synthesis of bicyclic pyridazine-
and imidazole-containing systems. However, also of
chief interest was o study on the chemistry of these
hydrazides and their biological properties. The present
paper is a report on the research carried out in the
chemistry of these acid hydrazides and sereening meth-
ods for determining their MAO inhibitory properties.
Attempts were also made to relate the variation in the
biological activity as a function of chemiecal structure.

Chemistry.---A quantitative yield of imidazole-4,3-
dicarboxylic acid dihydrazide” (1Ia), obtained at room
temperature as a result of the interaction of dimethyl
imidazole-4,5-dicarboxylate (I} and hydrazine, sug-
gested that possibly I could be employed for the
preparation of a series of substituted acid hydrazides
desirable for our study.

The reaction of mounosubstituted hydrazine with I,
where the formation of positional isomers was possible,
advanced the 1dea for studying the factors influencing
the ratio of these isomers in a given reaction and their
relative physical and biological properties.

The interaction of methylhydrazine with I in metha-
nol has been attempted® and assumed to give only IIb
in a low yield without proof of the structural formula,
which also could conceivably be TIT or IV (Chart ).
Our investigation, however, revcaled that the reaction
product was one compound in the absence of a solvent
and two in the presence of a solvent such as 1-butanol.
Preliminary study of these products by elemental analy-
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sis and infrared spectrosecopy showed that they were
dihydrazides of type II, I11, or IV, and that the high-
melting isomer, which was obtained in the prescnce of
a solvent, was identical with the product obtained in
the absence of u solvent.  Attempts were made to
identify these comnpounds by converting them to the
corresponding amides by cleaving the nitrogen-
nitrogen boud with Rauey nickel, by the method re-
ported by Ainsworth,? and eomparing these amides with
the authentic samples obtained as a result of reacting
[ with methylamine or ammonia. This method, how-
ever, was not successful; neither a product nor the
starting compound could be isolated from the Raucy
nickel--ethanol slurry.  This failure might be dueto the
formation of an imidazole acid hydrazide-nickel com-
plex. Nmrspectroscopy was employed next for the elui-
cidation of the structure of these isomers. The structire
imidazole-4,5-dicarboxylic acid l-methylhydrazide 2-
nethylhydrazide (IV) was assigned to the low-melting,
water-soluble isomer because its mur spectrum revealed
the presence of two resonance peaks for methyl protons
at 8 3.6 and 2.9, Due to the deshielding influence of the
carbonyl group, these resonance peaks were assigned
to methyl groups next to and away from the carbonyl
group, respectively. Comparison of the position of
these resonance peaks with the single resonance peak
at 8 3.0 for the methyl protons of the high-melting
isomer established the structure of this compound to be
imiclazole-4,5-dicarboxylic acid bis(2-methylhydrazide)
(IIb) rather than III. A further confirmation of the
molecular structure of ITb was accomplished by treat-
g it with acetone. Unlike the reaction of IIa, which
with acetone vields u dihydrazone, only the starting
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compound was obtained after heating IIb with acetone
for 48 hr.

In a like manner, the reaction of I with phenylhydra-
zine was examined and found to be inconsistent with
the literature report.! The reaction product in the
absence of a solvent was not analogous to the methyl
derivatives IIb, III, or IV, but rather a high yield of a
half-ester, which by chemical and physical methods,
discussed for VI, proved to be V (Chart II}). However,
when the reaction was carried out in the presence of
l-butanol, the major product was imidazole-4,5-
dicarboxylic acid bis(2-phenylhydrazide) (VI) although
a very small quantity of V, together with another
substance which was not identified, was also isolated.
The assignment of the structure VI, to the major
product of the reaction was made first on the basis of
its infrared and nmr spectra. A single resonance peak
for phenyl protons at § 6.9 indicated the existence of
equivalent magnetic environments for phenyl rings.
This assignment was further substantiated by treating
the product with acetone analogous to the treatment
given to methyl derivative IIb. In this case, likewise,
no hydrazone was fornied and only the starting com-
pound was isolated. Similarly, the molecular structure
of V was proved.

Crart II
CONHNHCH,
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The reaction of 1,1-dimethylhydrazine with I oc-
curred under a somewhat strenuous condition to give
imidazole-4,53-dicarboxylic acid bis(2,2-dimethylhydra-
zide) (VII). The low rate of formation of VII could

I CONHN(CH,),
<1\ CONHN(CH,),
VII

possibly be ascribed to the influence of the steric hin-
drance. The steric factors together with a relative
lessening of hydrogen bonding in the molecule might be
the elements which contribute to the relative water
solubility and low melting point of VII as compared
with the other structures in the series.

Because of pronounced biological properties mani-
fested by some aliphatic and heterocyclic acid iso-
propylhydrazides,®-1° it was also of interest to prepare
imidazole-4,5-dicarboxylic acid bis(2-isopropylhydra-
zide) (X). Due to the difficulty in obtaining isopropyl-
hydrazine, synthesis of the intermediate imidazole-4,5-
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dicarboxylic acid bis(2-isopropylidenehydrazide) (VIII)
as a possible route for the synthesis of X was explored.
Prolonged heating of Ila in acetone and methanol af-
forded VIII, and catalytic hydrogenation of VIII at
high temperatures afforded X. The isolation of a half-
hydrogenated product, imidazole-4,5-dicarboxylic acid
2-isopropylidenehydrazide 2-isopropylhydrazide (IX),
after a short period of hydrogenation, suggested that
this reduction occurs stepwise, according to Chart IT1I.
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It was desirable to synthesize 1-methylimidazole-4,5-
dicarboxylic acid dihydrazide (XII) for its value as an
intermediate in the synthesis of some heterocyclics and
also for the purpose of comparison of its physical and
biological properties with ITa. Interaction of hydrazine
with diethyl 1-methylimidazole-4,5-dicarboxylate has
been reported by Jones to yield only 1,4-dihydroxy-5-
methylpyridazino [4,5-d Jimidazole (XIII). Exploration
of the possibility of synthesizing XII revealed that, by
adding hydrazine to dimethyl 1-methylimidazole-4,5-
dicarboxylate!! (XI), XII could be obtained without any
difficulty (Chart IV). TUnlike IIa, XII is a relatively
low-melting, water-soluble compound and manifests pro-
nounced biological activity.
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The interaction of nitrous acid with most of these
acid hydrazides yielded 1-nitroso derivative. Although
no product was obtained when XII was treated with
nitrous acid, the interaction of IIa and nitrous acie
afforded a product whose infrared spectrun indicatesl
the formation of an azide. Due to extreme explosiveness
of this substance, the elucidation of its molecular stiue-
ture has been deferred to a later date.

Experimental Section

Melting points were determined in capillary tnbes on a
Thomas-Hoover capillary apparatis aud those below 250° were
corrected.  All evaporations were made in vacwo from rotatory
evaporators. Infrared spectra were determined in KBr disks
with 1 Beckman IR5 and Perkin-Ehner 337 spectrophotometer,
and nmr speetra with Varian A-60 spectrophotometer at ambient
temperatire, Chemical shifts are reported in parts per million,
§, downfield from tetranethylsilane. Thin layer chromatography
(11¢) was rin on Brinkmann siliea gel HE 254 and HF 254 4 366
with varions mixtures of solvents; spats were located by visnal
examination nnder a short wave ultraviolet light. Flemental
analyses were done by the Microanalytical Laboratory, Depart-
ment of Chemistry, University of Texuas, Anstin, Texas, and in
part by Microanalytical Laboratory, Departnient of Chemistry
ITniversity of California, Berkeley, Calif.

Imidazole-4,5-dicarboxylic Acid Dihydrazide (IIa).—-To 2
solution of 2.75 g (0.015 mole) of dimethyl imidazole-4,5-di-
carboxylute it 30 ml of methanol was added 1.0 g (0.03 mole) of
95 hydrazine, The mixture wus heated under reflux for I hr
during which time a white precipitate was formed.  After cooling
ta raom temperature the precipitate was filtered, washed three
times with methanol, and air dried ta yvield 2.6 g (95°¢) of 1Ia:
mp >300°; vy 3320, 3250 (NH), 1680, 1655 cm = (C==0).

Anal. Caled for CsHNOu: C, 32,61 H, 4.3%; N, 45.64.
Found: C, 32.89; H, 4.47: N, 45.69.

Imidazole-4,5-dicarboxylic Acid Bis(2-methylhydrazide) (IIb)
and Imidazole-4,5-dicarboxylic Acid 1-Methylhydrazide 2-
Methylhydrazide (IV). Method A ~To 2 solution of 2.75 g
{(0.015 mole) of dimethyl imidazole-4,5-dicarboxylate in 55 ml
of I-bntanol was added 3.7 g (0.08 mole) of methylhydrazine.
The mixture was heated under reflux. A @rystalline substance
sturted to separate in the resction mixture after 2 hr. Heating
wus continued for an additional 10 hr. The crystals were filtered
hot to give 0.6 g (19¢2) of IV mp 195--197°; pax 3300 (NH),
1645 ¢m~! {C=0); nmr peaks (D«0), §%.12 (imidazole CH), 3.6
t NTCHj), 2.0 (N2CH;).

Anal. Caled for C:HNeO.: €, 39.62: H, 5.66: N, 39.062.
Found: C, 30.68: H, 5.62; N, 30.64.

The filtrate was evaporated and the residue was crystallized
from water to give 1.7 g (33% ) of IIh: mp 210-212° i 3280,
3225 (NH), 1660, 1640 em™ (C=t)); wmnr peaks (TFA) 6 8.2
{imidazole CII), 3.0 (CHy): tle (methanal-ether—water, 1:1:
0.03), By (IIb) 0.5, B (IV) 0.03.

Anal. Caled for CG;HoNO.: C, #2062 1, 5.66; N, 30.62.
Found: €, 39.34; H, 5.76: N, 39.76.

Method B.-—The saume quantity of rveageuts us in method A
was employed in this method but no solvent was nsed. The
wixture was heated under reflux for 15 min and then left at room
cemperature for 6 hr. The excess methylhydrazine was evapo-
rated, and the residie was crystallized from water to give 1O g
(607,) of Tlh, mp 210-212°. No melting point depression was
obxerved when this product was mixed with the high-melting
isomer under mnethod A, and their infrared spectra were identical

Imidazole-4,5-dicarboxylic Acid Methyl Ester 2-Phenyl-
hydrazide (V).—Ta 2.75 g (0.015 mole) of dimethy! imidazole-
4 H-dicarboxvlate wus added 5.4 g (0.050 mole) of phenylhydra-
zine. The mixture was heated under reflux for 24 hr and theu
cooled to room temperatare. The vellowish solid was washed
several times with ether and a small amount of methunol and
finally erystallized fram ethanol to give 3.0 g (769.) of Vi mp
247-250°0 pome 3315 (NTD), 1700, 1660 cin~! {C=0).

Anal. Caled for CiHieNOy: €, 55.35:0 H, 4.61; N, 21.5:
FFound: C, 55.27; H, 4.62: N, 21.5%.

Imidazole-4,5-dicarboxylic Acid Bis(2-phenylhydrazide) (VI:.
—To a solation of 2.75 g (0.02 mole) of dimethyl iinidazole-4,5-

112) Average of Jduplicated nitrogen analysis.

Vol.

dirarboxylate in 60 ml of dry -butanol was added 0.3 g (0.08
mole) of 957, phenvihydrazine. The mixture wus heated nnder
reflux far 20 hr. White erystals whiclt had fallen ff in the re-
avtioo flask weee separated to give (L g of 1o noknown site
produe(, whose ideniification was not prrsiied bevond its melting
point (223-225% Heating the filtrate for another 20 hir vielded
0.25 g mwre of the same side produet.  Contimuttion of heativg
far an additioral 20 hr did not yield any more of this substane.
The reaction mixture was caoled to room temperature and (len
lefo lna refrigeratoe far 6 e The white precipituie was filtered
waud ervsallized from methanal ta give 15 g (239 of VI mip
210-220°0 b 4330 (NI, 1695, 1665, 1640 v (Cs() )
apir peaks CTEFAY o 6.9 (Gl de Gisonmyl aleohol- 1,0,
$0: 1), &0 VT 0S5, 2 iside produet) 0,05,

Anal. Caled Tar CrlTgNgOa: C, 6051 1 4.56: N, 25.00
Found: C, 6107 11, 4.95: N, 24.50.

Imidazole-4,5-dicarboxylic Acid Bis(2,2-dimethythydrazide)
(VID.-To 370 ¢ (.02 mole) of dimethyl imidazole-4,5-dicar-
boxylate was added 6 g (0.1 mole) of 1,1-dimethylhydrazine.
The mixture wis heated nnder reflux for 40 hr at which thne a
white =olid wus precipitated. The excess 1,1-dimethylhydrazine
was aspirted /o racun. The residie of imidazole-4,5-dicarboxylic
acid bis(2,2-dimethylhivdrazide) was washed with ether and dried
i vienum desiceator tagive 3.6 g (78C7) of VII: mp [70-183°:6
paay 000 (O1L NH), 1650 ¢m ™! (C==0), broad.

Anal. Caled Tar CulleNsOs- 11,00 C, 41840 11, 7.02: N,
22540 Fowd: 0 42.00; I 7.1 N, 327,

Imidazole-4,5-dicarboxylic Acid Bis(2-isopropylidenehydra-
zide) (VIII). - A suspoewsiorc of 3 g (0.016 mole) of imidazole-4,3-
dicarboxylic aeid dihvdrazide in o mixture of 150 mil of acetoin:
and 40 ml of nethaaal was heated nnder reflux for 24 hr. The
cloudy solution was filtered and evaporated. The residue ervs-
tallized from benzene contaitdig 57 niethanol to give 3.5 g
(80CCraf VI with 0.5 mole of water: mp 245-250° 01 5, 3330,
2240 (N H )y, 1690, 166D, 1635 emr ™ ( Ce=0) )7 1anr peaks (CDCLy),
5 V. nmidazole CH o, 2.2 (Cll

Anal. Caled for CidsNgOe- 00100 C, 4835 H, 6.22: N,
AT Faund: ¢ 48008 1, 6.44: N, 31018,

Imidazole-4,5-dicarboxylic Acid 2-Isopropylidenehydrazide
2-Isopropylhydrazide {IX) and Imidazole-4,5-dicarboxylic Acid
Bis( 2-isopropylhydrazide ) (X).--To u =olution of 1.0 g (0.0038
mole) of imidazole-4,5-dicarboxylic acid bis(2-isopropylidene-
hydrazide) e 60 ml af dry methanol was added 0.1 g of PtO..
The mixture was hydmgenared at 2.0 kg/em? (40 psi) and 50°
for 0.5 hr by a law-pressure Parr hydrogenation apparatus.
Alter this rine, the iidet valve for hydrogen was shut off.  Heat-
ing and shaking was evotivued for an additional 3.5 hr.  The
mixture was coaled to room temperature. The crystals were
filtered.  Crystallizaiion of vhis residue from echanol gave 0.6 g
(59C ) of TN mp 258-250°; v 3240, 3275 (NH), 1680, 1630
e 7V {0,

Al Caled Tor CallsNgQz: C, 40.62: 11, 6.76: N, J1.57.
Found: €, 49.50: H, 6.85: N, 31.406.

When the faregoiug procedure was repeated at 4.2 kg/cm? (60
p=ti of hyvdrogen at 70° for a period of 36 hr, evaporation of the
salution in racwo gave 0.7 g (387) of X mp 210-212°; p,,..
A200, 4230 (N11), 1660, 1650 en1=¢ (C==0); nmr peaks (TI"A),
5 8.3 (anidazole CH, 3.5-4.0 (CH), 111-1.23 (CHj).

dnal. Caled for CoqHaNgOa: €, 49,250 H, 7.46: N, 3154,
FFaund: C, 49086 H, .51 N, 30.45.

1-Methylimidazole-4,5-dicarboxylic Acid Dihydrazide (XII).-
Ta a solution of L84 g (0.01 mole) of dimethyl imidazole-4,5-
dicarboxylatic ite 7@ mb of dry methanol was added 1.1 g (1.02
mole) of sodimin methoxide.  After cooling the mixture in an ice
batdy, 17 g (012 male) of methyl iodide was added. The mixture
was heated under reflnx for 4 hr and then its volume was reduced
unovacwo to 1l This was assuimed to be a solution of dimethyl
t-methylimidazole-4,5-dicarboxylate.  To  this  solution was
added 1.0 g of (0.03 mole) of 95¢7 hydrazine and left at room
temperature for 3 hr at whieh time a white ervstalline compound

<13y D (o Jdiflienltes pneonnterenl in erystallizing V11, the elemental
anulysis was «done prior 1o its erystallization.  After cerystallizing VII froin
avetone conlaining a small quantity of methanyl, its nelting point increaseil
G 187::189°.

1142 During the prycess nf melving, V1IT nnderwent a change of state u(
abont 170° and finally melted at 248°. Wlen a suspension of VIII in dry
atvibene wis heatell mnler reflnx for a long period of time a erystalline salid
was vbtained that melted at 223-226°. This compound was assumerl to be
VIIY without waver of vrystallization. The product of catalytie hydrogena-
1iean of this vmpound was N
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TasLE I
ImipszorEcArRBOoXYLIC AcIp HYDRAZIDES
X
N
< | COoY
\N CoZ
—~————Ptosis inhibition————
Oral Activity Mean
dose, prior to ptotic
No. X Y V/ Mp, °C¢ Formula mmoles, kg reserpine score
IIa H HNNH: HNNH. >300 C:;H;sN:O2 1.1 Normal 1.0
IIb H HNNHCH; HNNHCH; 210-212 C:H2N6O2 1.1 Normal 0.5
v H HNNHCH; CH;NNH, 195-197 C:H12NO: 0.275 Increased 2.6
v H HNNHC:H; OCH; 247-250 C1oH2N4O; 1.1 Increased 0.8
VI H HNNHC:H; HNNHC:H; 219-220 CrH N0 1.1 Increased 1.0
VII H HNN(CHj;). HNN(CH;), 179-183¢% CoH1¢NsO2- H:O 1.1 Reduced 0.3
VIII H HNN=C(CHjs). HNN=C(CHj,), 245-250¢ CuHieN0:2-0.5H,0 1.1 Reduced 0.5
IX H HNN=C(CH,;)., HNNHCH(CHj). 253-256 CiuH1sNO: . o -
X H HNNHCH(CH;). HNNHCH(CH;). 210-212 CuH2N:O; 1.1 Increased 0.8
XII CHj; NHNH, HNXNH. 232-235¢4 CsH1N:O2 0.525 Increased 2.2
Isocarboxazid . S . 0.275 Increased 3.8
@ Melting points vary somewhat with the rate of heating. & Melting point before crystallization. ¢ See ref 14. ¢ When the melting

point was determined at a rapid rate of heating.

was separated. This compound was crystallized from methanol
and water to give 0.9 g (50%) of XII: mp 232-233°; vmax 3345,
3985 (NH), 1663, 1645 cm~! (C=0).

Anal. Caled for CeHyN:O2: C, 36.36; H, 5.09; N, 42.41.
Found: C, 36.40; H, 5.29; N, 42.54.

Pharmacological Methods.—The compounds listed in Table I
were screened for possible monoamine oxidase (MAOQO) inhibitory
activity by the method of Aceto and Harris.’® In addition to
this test, a study was made to determine the degree of sleeping
time potentiation by some of the compounds in mice. Finally,
the effect of the series on rabbit blood pressure, respiration,
EKG, and EEG, following intravenous administration, was
investigated.

MAO Inhibition.—A dose of 1.1 mmoles/kg was administered
by the oral route to mice. Since some of the compounds were
relatively insoluble in water, a 39, suspension of gum acacia in
distilled water was used as a vehicle. Accordingly, mice used in
the experiment were removed from food for 24 hr prior to oral
intubation of the test compounds, while water was available
ad libitum. Five mice in the weight range of 20 to 28 g were
intubated with the calculated dose and observed for general signs
of activity over a 2-hr period. Reserpine was then administered
at a dose level of 2.5 mg/kg by the intraperitoneal route and
allowed to remain undisturbed for the next 3 hr. At this time,
each mouse was evaluated as to the degree of ptosis by at least
two individuals. The results of the ratings were compared with
two sets of control animals, one receiving the vehicle and reserpine
only, the other receiving only aqiieous reserpine. The dose of
IV and XII had to be reduced due to extreme symptoms of
toxicity demonstrated at the 1.1-mmoles/kg level. Isocarbox-
azid, a therapeutically employed MAO inhibitor, was adminis-
tered in analogous manner for purposes of comparison of activity
(see Table I).

Sleeping Time Potentiation.—Most MAO inhibitors potentiate
the sleeping time of mice under hexobarbital narcosis. Conse-
quently, 10 mice each for IV and XII, which manifested signifi-
cant inhibitory activity in the ptosis test, were orally administered
at a dose level of 0.275 mmole/kg and 0.525 mmole/kg, respec-
tively. Two hours later the animals were given 60 mg/kg of
hexobarbital sodium intraperitoneally. Ten mice, receiving only
the vehicle orally and hexobarbital intraperitoneally were used
as controls. Sleeping time was recorded as the time from ad-
ministration of hexobarbital until the mice regained the ability
to return to a righted position three times within 20 sec.

Effect on Rabbit Blood Pressure, Respiration, EKG, and EEG.
—Rabbits were anesthetized with 30 mg/kg of pentobarbital
prior to intravenous administration of the compound. The
animals were then surgically prepared for direct cannulation into
the right common carotid artery to record blood pressure while

(15) M. D. Aceto and L. P. Harris, J. Tozicol. Appl. Pharmcol., 7, 392
(1652),

the left external jugular vein was cannulated for administration
of the compounds. The diffuse cortical electroencephalographic
effects were monitored through subdermally implanted elec-
trodes. Electrocardiographic responses were recorded from needle
electrodes in the legs and chest. Graded doses of each compound
were administered at various time intervals and the results were
evalnated before the next administration.

Results and Discussion

A summary of the results obtained in the ptosis
study is recorded in Table I. Compounds IV and XII
manifest significant activity as is shown by its ability
to prevent reserpine-induced ptosis. If the activity
of these compounds is compared on a mole to mole basis,
it may be seen that isocarboxazid is approximately 1.5
times as actlve as IV and 3 times as active as XII in
ptosis inhibition. These two compounds, together with
VII, are soluble in water. Although water solubility
seems to be a criterion for an enhanced biological
activity in this series, molecular structure plays a more
important role. In VII both hydrogens in the N2
position of the chains are substituted by methyl groups,
which in a sense confirms the postulate!® that, in order
for an acid hydrazide to have a MAO inhibitory prop-
erty, the presence of at least one hydrogen on N2 is
necessary. Except for IV and XII, the remaining com-
pounds under our test conditions did not demonstrate
MAO inhibitory property. Therefore, one may postu-
late that the hydrazide linkage in the less soluble com-
pounds in this series is too stable to release the active
hydrazine'” at the target site. However, VII is a
soluble compound, but does not possess activity
analogous to IV and XII. Compounds VII and VIII
both demonstrated some degree of toxicity which was
manifested by reduced activity in mice before reserpine
administration. A similar reaction was observed when
isocarboxazid was administered. Compounds V, VI,
and X caused the mice to show an increased activity 2
hr after administration, but were not able to inhibit the

(16) J. H. Biel, A. Horita, and A. E. Drukker, ''Psychopharmacological
Agents,” Maxwell Gordon, Ed., Academic Press Inc., New York, N. Y.,
1984, p 359.

(17) J. H. Biel, P, A. Nuhfer, and A. C. Conway, Ann. N. Y. Acad. Sci.,
80, 568 (1959).
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reserpiite-indiced ptosis.  In these mstances, apparently
the stimulation mechanism is not of A[AO inhibition
origin,

Compounds [V and XIT show significant (2 >
0.05) mereased sleeping times i mice. The control
group had an average sleeping time of 11.7 £ 8.0 min.
The animeals receiving IV showed a sleeping time of 24.4
£ 5.0 min and those receiving XII showed 28.3 £ 2.4
min,  These data correlated well with the data obtained
1 the ptosis-inhibition study, verifying the ptosis test
that these two compounds have MAO mhibitory activ-
iy,  Had the activity of these compounds been
merely stimulatory, then a decrenased sleeping  tine
would have been observed.

l11 view of the mode and rate of administration of
aqueons sohitions of IV and XII, the effect on rabbit
blood pressure and respiration was somewhat delayed
m becoming apparent.  After a S-hr time lapse from
the mitial administration of IV at u dose level of 0.83
mmole/kg iv, there was an acute rise in blood pressure
to a systolie level of 150 mm from a previous level of
110 mm.  T'his pressure remained fuirly steady for 2 hr
after which time toxic manifestations were noted.

The respiratory rate showed a gradual nerease over
the entive pertod of observation from u level of 30/min

3-Phenyleinnolines. 1.

Vol. 9

after pentobarbital anesthesia to approximately 70/umiin
after 3.5 lu even with additional pentobarbital.  Thesc
data suggest central stinwlatory activity sufficient to
reverse pentobarbital depression.  Indeed, ouce the
stamulatory  effeets become  apparent,  the  anmal
required an additional total dose of 46 mg/kg of pento-
barbital in order to maintain the anesthetized state,

The result= of the EECG study showed that ai the
dose level of 180 mg/kg (T + 5 hry bundled spiking
could be observed. At this time, the aninal was tested
for response to pan and deep tendon reflexes. The
negative results indicated that the fuster KEG activity
wis probably not due to light anesthesia,

Changes observed i the EIKGr were not unconnmon
for annmals under anesthesia for thix period of time
and showed no ryocardial damage or cardiotropie
activity.,

Shmilar mtravenous administration of X111 at 1.35
mmoles/kg did not show the type of response analogous
to IV, I'urther research o this is in progress,
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A series of amide, hydrazide, aud ester derivatives of the title aecids wd vwo phenyibntazone analogs of 2-

phenyleinnoline were prepared.

In a continued search for less toxic analogs of
phenylbutazone, the report of lower toxicity of its
benzyl analog! and the ready availability of 3-phenyl-
cinnoline-4-carboxylic acid® led initially to the prepara-
tion of the “benzyl-bridged’”* analogs.* Ia and Ih, and of
derivatives of this acid for general pharmacological
testing.  Later, the development of methods® for con-

Bu

Ia, Ri+ R,=—
b, R,=R,~H

(1) J. Bachi, J. Anminaun, R. Lieberherr, and E. Eichenberger, Helr.
Chim. Acta, 86, 75 (1933).

(2) H. I Baumgarten and J. L. Furnas, J. Org. Chem., 26, 1536 (1861).

(3) The phenyl-bridged analogs have been prepared in several laboratories:
11. 8. Lowrie, J. Med. Pharm. Chem., 5, 1362 (1962), and references therein.

(4) The 4-phenyl isomer of Ia has recently been reported by (a) D. I
Ames, R. F. Chapman, and H. Z. Kucharska, J. Chem. Soc., 5659 (1964);
aml (b) T. Wagner-Jaurezg, I'. 8chatz, and U. Jahn [U. 8, Patent 3,222,366
(1965); French Patent 1,393,506 (1965)] who prepared a series «f related
derivatives.

(5) Paper II: 11, 8. Lowrie, J. Med. Chonl., 9, 670 (1066).

Tliese were examined for pharmacological activity.

verting this acid to the 4-chloro analog from which
einnolines vaguely analogous to chloroquine might be
prepared. and the discovery of the hypotensive activity
of certain 4-aumnocinolines encouraged an expansion
of the series.

The starting matenals (Chart 1 and Table ) were
prepared by a slight modifieation of the procedures of
Baumgarten and Murmas® (see Expernmental Section).
Attempts to extend this synthesis were only partially
successful; under the conditions used, a reasonable
~artation of substituents appears to be feasible on the
phenyl of the aldehyde portion of the hydrazones II,
but several attempts to use other aldehydes such as
acetaldehyde, phenylacetaldehyde, or isonicotinalde-
hyde were unsuccessful.  IFurther, substituents in the
phenylhydrazine ring of II appear to be limited to
those which allow mild conditions for the Iriedel--
Crafts reaction: methyl (IIf and IIg) went well as was
reported by Bauwmgarten and Furnas for IIf,2 but
fluoro (II, R’ = I'; R = H) would not allow eycliza-
tion to the isatin? In a single experiment with the
methoxyhydrazone 11h « low yield of slightly impure
acid (IVh) was obtained after rearrangement. Since

{(6) The sequimee was reported? nnsuecessful with the correspanding
rhlorn eoinpoiiel.



