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reserpiue-induced ptosis. In these instances, apparently
the stimulation mechanism is not of MAOQO inhibition
origin,

Compounds IV and XII show significant (2 >
0.05) increased sleeping tinmes i miee. The control
gronp had an average slecping time of 11.7 £ 8.0 min.
The animals veceiving TV showed a sleeping time of 24.4
£ 5.0 nun and those receiving XIT showed 28.3 £ 2.4
mi. These data correlated well with the data obtained
1 the ptosis-inhibition study, verifying the ptosis test
that these two compornds have MAO inhibitory activ-
iy, Had the activity of these compounds beep
merely stimulatory, then a decreased sleeping time
would have been observed.

In view of the mode and rate of adminmstration of
aqgueous solutions of IV and XTI, the effect on rabbit
blood pressure and respiration was somewhat delayed
m becoming apparent.  After a S5-hre time lapse from
the mitied admimstration of IV at a dose level of 0.85
mnole/kyg 1v, there was an acute rise in blood pressure
1o systolie level of 150 mm from o previous level of
110 mm.  This pressure remained fairly steady for 2 hr
after which time toxie manifestations were noted.

The respiratory rate showed a gradual inerease over
the entire period of observation front a level of 30/min
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after pentobarbital ancesthesia to approxinately 70/min
after 3.5 hr even with additional pentobarbital. Thesc
data =uggest central stimulatory activity sufficient to
reverse pentobarbital depression.  Indeed, onee the
stinlitory  effects become  apparent,  the  aninal
required an additional total dose of 46 mg/kg of pento-
barbital in order to naintain the anesthetized state,

The result= of the BEG stndy showed that at the
dose Tevel of 180 myg/kg (7" + 5 hr) bhundled spiking
could he observed. At this time, the animal was tested
for response to pmn and deep tendon reflexes. The
negative results mdicated that the faster 1N1G activity
was probably not due to light anesthesia,

Changes observed m the KNG were not uncommon
for mmmals under mesthesia for thix pertod of time
and =howed no myocardinl dinnmge or cardiotropic
ACHIVITY,

Sintar mtravenous administration of XII at 1,35
mmoles/kg did not show the type of response analogous
to 1V, Turther researely on this is in progress,

Acknowledgment.---The mithors wish to thank Mrs.
J. R for her technieal assistance and Mr. G. Johnson,
Mr. D, Cadley. and Miss M. Grolaz for their help in the
hiological evaluation of the compounds.

Some Reactions and Derivatives of

3-Phenylcinnoline-4-carboxylic Acids
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A series of amide, hydrazide, and ester derivatives of the title acids aml two phenyibutazone analogs of 3-

phenyvleinnoline were prepared.

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

Bu

Ta, R, + R,=—
b, R1=Rg=H

(1) J. Biichi, J. Anunaun, R. Lieberberr, and E. Eichenberger, Helr.
Chim. Acta, 36, 75 (1933).

(2) H. E. Baamgarten and J. L. Furnas, J. Org. Chem., 26, 1536 (1961).

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

(4) The 4-plienyl isomer of Ia has recently been reported by (a) D. K.
Ames, R. F. Chapman, and H. Z. Kucbarska, J. Chem. Soc¢., 5659 (1964);
and (b) T. Wagner-Jauregg, I. Schatz, and U. Jabn [U. 8, Patent 3,222,366
(1963): Freuch Patent 1,393,506 (11165)] whbo prepared u series of related
derivatives.

(5) Paper [1: 1. & Lowrie, J, Med. Chem., 9, 670 (19606).

These were exaunined for pharmacological activity.

verting this aeid to the 4-chloro analog from which
cinnolines vaguely aualogous to chloroquine might be
prepared. and the discovery of the hypotensive activity
of certamn 4-aminocinmolines cnconraged an expansion
of the series.

The starting materials (Chart 1 and Table I) were
prepared by a slight modifieation of the procedures of
Baumgarten and IFurnas? (see IExperimental Section).
Attempts to extend this synthesis were only partially
successful; nnder the conditions used, a reasonable
variation 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.  Iurther, substituents in the
phenylhydrazine ring of II appear to be limited to
those which allow mild conditions for the Friedel--
Crafts reaction: methyl (IIf and IIg) went well as was
reported by Baumgarten and Furnas for IIf,2 but
fluoro (I, R* = F: R = H) would not allow cycliza-
tion to the isatin” 1In a single experiment with the
methoxyhydrazone 11h 2 low yield of slightly impure
acid (IVh) was obtained after rearrangement. Since

13) The seqience was reported? nusticcessfal with the rorresponding
e¢bloro comnpoid.



September 1966 3-PHENYLCINNOLINES. [ 665
TasLE I

Struc- Crystn —_ C, Gpr——— —H, T N. % R, %

ture® solvent? Mp, °C Caled Found Caled Found Caled Found Caled Found
1I1b Ee 190-191 72.71 72.47 4.58 4.61 10.60 10.56

IVb A 207-208 72.71 72.65 4.58 4.63 10.60 10.45

1IIc Ee 173-175 68 .56 68.36 4 .32 4.37 10.00 9.94 11.07 11.28
IVe Aa 249-250 68.56 68 .54 4.32 4.39 10.00 10.04 11.07 10.85
Ve Ee¢ 111-112 76.25 76.56 5.12 5.10 13.13 13.28
111d E 237-238 63.28 63.15 3.19 3.24 9.84 9.65

Ivd A 210-211 63.28 63.61 3.19 3.35 9.84 9.69

vd SKC 146.5-147.5 69.86 70.16 3.77 4.07 11.64 11.86 14.73 14.55
11le e 223-224 67.16 66.98 3.38 3.76 10.45 10.68

Ve B 216-217 67.16 67.22 3.38 3.57 10.45 10.63 7.08 6.95
111 Ee 150-151¢4 11.11 10.74

IVt B 222-2234 10.58 10.68

Vi M 139.6-140.34 12.72 12,91

1Ige Ee-SKB 147 .5-148.5 68.71 68.77 5.35 5.46 14.49 14.69
1l1g Ee 216-217 9.38 9.34 11.87 12,16
Ivg B 211-212 64.33 64.23 3.71 3.90 9.38 9.54

Vg M 185-186 70.72 70.97 4.35 4.59 11.00 11.01 13.92 14.01
IVh/ Aa 229-230 68.56 67.91 4.32 4.45 10.00 10.28

@ See Chart I.
butanone; M, methanol; C, chloroform; Bz, benzene.

b Ee, ethyl ether; E, ethanol; SK (Skellysolve, see ref 20); A, acetone; Aa, acetic acid: Me¢, methylene chloride; B,
¢ The principal contaminant after decarboxylation is the demethylated ma-

terial which is best removed by extraction by dilute potassium hydroxide before ¢rystallization. ¢ Baumgarten and Furnas? give melting

points of I1If, 145-145.5°; IVf, 229-229.5°; V1, 138.5-139.5°.

¢ This hydrazone was prepared in refluxing Skellysolve L.2

FIna

single experiment the isatin was not obtained crystalline; the oil obtained by evaporation of the dried CH:Cl; solution (see I11a) was

rearranged without purification.

Cuarr I

1, (COCD),
2. AICK

a
b
c
d
e
f
g
h

the experimental variations are by no means exhausted,
a further examination might broaden the usefulness
of the reaction.”

(7) The author wishes to acknowledge the excellent technical assistance of
Mr. Richard J. Salzmann in the preparation of several of the compounds in
Table I.

For the acids IV in Table I, the solitary activity
found in any of the tests®—!? was the borderline!®® anti-
inflammatory? action of IVd.

Reduction of 3-phenyleinnoline with zine dust and
barium hydroxide!** yielded a dihydro derivative,4
undoubtedly the 1,4, which tautomerized on reaction
with butylmalonyl dichloride to yield the derivative
Iat2  Catalytic reduction furnished the corresponding
tetrahydrocinnoline (Ib). The structures of these com-
pounds are confirmed by the similarity of their infrared
absorption spectra to those of other malonyl derivatives?
and to that of phenylbutazone, and by their showing
the expected nmr spectra.’> Unfortunately, neither
showed antiinflammatory activity®® at the screening
dose.1%2

Reaction of the acids IV with thionyl chloride pro-
vided the acid chlorides VI which were treated as de-
seribed below, and which were used to prepare the
amides, hydrazides, and esters in Tables II-VI,

(8) Compounds were tested as inhibitors of yeast-induced foot edema in
male, Badger rats (120 g). The minimal effective dose of phenylbutazone
was 120 mg/kg subcutaneously, 175 mg/kg orally.

(9) We are indebted to Drs. F. J. Saunders and E. F. Nutting and their
staff for the data from these tests in ref 8 and 10,

(10) Inhibition of cotton pellet induced granuloma growth was measured
in adrenalectomized, male, Sprague—Dawley rats (200 g) for a 2-day period.
A screening dose of 200 mg,/kg/day orally was used. The minimal effective
dose of phenylbutazone was 25 mg/kg/day orally.

(11) (a) Hypotensive activity: the decrease in mean pressure following
injection of the test compound in the femoral vein was directly recorded
from arterial cannulation of normal dogs anesthetized with pentobarbital
sodium, The screening dose was 5 mg/kg. (b) Antiulcer activity: follow-
ing intragastric administration of the test compound to male Charles River
rats (250 g), inhibition was observed of ulceration induced by pyloric ligation
as described by H. Shay, 8. A. Kamarov, D. Meranque, M. Gruenstein, and
H. Siblet, Gastroenterology, 8, 43 (1945). (c) Diuretic activity: the diuresis
produced in 5 hr by intragastric administration of the test compound in
saline-primed, male, Sprague-Daswley rats (300 g) was compared with that
of controls treated with hydrochlorothiazide.

(12) We are indebted to Dr. D. L. Cook and Mr. R. S. Jacobs and their
staff for data from the tests in ref 11,

(13) (a) 80 mg/kg subcutaneously: (b) 320 mg/kg orally.

(14) (a) M. H. Duval, Bull. Soc. Chim. France. [4] T, 727 (1910). (b)
This compound was obtained along with 3-phenylecinnoline by the LiAlHq4
reduction of 3-phenyl-4-cinnolinol: C. M. Atkinson and C. J. Sharpe, J.
Chem. Soc., 2858 (1959).

(15) L. S. Besford, G. Allen, and J. M. Bruce, J. Chem. Soc., 2867 (1963).
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Tipren 11

AMIDES
CO—Am
R’ l = R
NN
Crystn [N 1, = N, .

N, R R Vin alventh Mp, €O Cihinl Iaiml Caledd Fomml Calinl Fonndd
1 H H NH., I 272275 72.27 7250 4,45 4 .22 1686 15,37
2 Cl H NH. o 224208 6. 50 63.34 300 300 14 .81 14.71
3 F H NH, D 2036--237 67 41 V7T 4.01 15.72 15.75
4 CH, H NH. 15 266--267 720K 4 YN 4.06 15.906 15 85
D OCH; H NH. I 24KR- 250 GN R0 . 4.69 4.50 15. 05 1520
6 1 CH; NH. I 236- 237 4. 54 445 4006 4.21 141 15 87
N H H NHCH: M 200-212 T2 0N A 4. 98 1.96 15.96 15,78
8 H H NG Le-SKA 160 162 TH.22 TH 42 5.G5 5,78 1585 13.67
0 H H ND M 1754-175 75.08 54N 0.03 597 15,25 1414

11) H H NHCH,Ce¢H; C 234235 TR 75010 .05 5.00 1238 12,55

11 H H NHCH(CsH,): M 214-215 80,04 8077 5,00 5.05 10,11 005

e Compounds 2-6 were prepared as 1 in the Experimental Sectio

.

Compounds 7-9 and 11 were prepared as 10 iu the Experiment:

Section but were crystallized from the solvent indicated. ® See Table I, footnote b.

Tabre 111

AMINOALKYL AMIDES

CONH(CH, ), A
I SN—CH,
2N
N
Crysto (BN S ) B - N
Nt r Am solvent? My, ¢ Culed Fraaml Caled Yol gl Yoaml
] 3 N(CHs;)2 Me-SKB 127128 71085 72,05 6.63 6 58 16.76 16,58
2 D VAR i 7O-18 .2 T0.62 5. O 3¢ 08 7.58
2 ] N New, A 179-150 Al 7.6 6499 6.94 17.98 17.58
—/
5 2 N(CH;). Le-SKA 1537-134 w122 T0.96 15,20 6.2 17.49 17.57
4 2 N(n-C;H; ). SKB 100--110 a7 7300 7.50 T.62 14 88 14.07
b} 2 N \O A-SKB 150-131 64 HY 69 . 62 6.12 6. 1N 15. 46 15,36
AN

¢ Compounds 2 and 3 were prepared as 1 in the Experimental Section but were cry=stallized from the solvent indieated.  Compounds
4 and 5 were prepared as 1 bt ushig 2 moles of amnine istead of pyridine as an acid aceeptor.  In work-up, the residne afrer evapors-
tion of the washed renction mixture was eryvstallized (omitting the acid extraction from the solvent indieated. ¥ See Table I, footnote b,

Tague 1V

PireErAZINE AMIDES

Cryetn
No.¥ R solvent” Myp, "¢ Caled
] H. CsH.Oy M 186-187 43 .58
2 CH;, Me-SKB 184-185 72,27
4 NH. NM-Ee 164-167 68.45
i} NHCOCH, Bz-Ee 181-182 67.18

RN ", 2y - N,y :
Fonad Calinl Framnl Caled Fannd
6347 5. 10 .35 12,90 12,85
721N 6 U7 .02 16.86 16,95
69 .83 6.12 .14 15.46 15.15
68.27 .74 584 21,01 20,03
66.82 5,64 H.66 18,66 18,72

» Compound 2 wns prepared as 1, Table III; 3 as 1 in the Lixperimental Section: 4 was treated ax 1, Tabie T1 and was worked up
s 4, Table III.  Compound 5 was prepared from 4 and acetic anhydride in methylene chloride, and was worked up as 4, Table 111.

b See Table I, footnote b, © Maleic acid salt.

Several attempts were made to prepare the 4-benzoyl
derivatives  VIII  (Chart II). The Iriedel-Crafts
reaction in benzene using VIa gave a low yield of the
mtramolecular eyclization product VIIa (the presence
of VIIIa cannot be excluded), which was better pre-
pared in carbon disulfide.  Reaction of VIe i benzene

gave principally VI1lIe along with VIIe. prepared in
erratic yields in chlorobenzene. Reaction of the ester
IX with phenylmagnesiuin bromide afforded, along
with starting material and biphenyl, two products:
:small amount of the 1-phenyl ester XI, which prob-
ably arose from 1,2 addition of the Grignard to the azo
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TaBLE V
HYDRAZIDES
COR
| N—CH;

NfN
Crystn ——C, Yp——— —H, Yo PRI N ——
No.* R solvent? Mp, °C Caled Found Caled Found Caled Found
1 NHNH, Bz 198-200 68.17 68.17 4.58 4.65 21.20 21.03
2 NHN=C(CHas): A 201-203 71.03 70.86 5.30 5.54 18.41 18.16
3 NHN(CHs). M 237-240 69.84 69.68 5.52 5.53 19.17 19.12
4 N(CH;)N(CHs): M 191-194 70.56 70.24 5.92 5.94 18.29 18.07
5 NHNH—CI\‘CHJ A 223-226 69.78 69.92 6.41 6.22 19.38 19.44
-SK 216-218 0. 9. 5. 5. 20,16 20.28
6 NHI\*/_\.\ICH; A-SKB 216-218 69.14 69 .11 6.09 6.11 0.16 (.28

¢ Compound 1 was prepared as 5 in the Experimental Section but, on making the hydroxide extract neutral, the prodact crystallized.

It was filtered off, dried, and recrystallized from benzene.
acetone.
ether, filtered off, and crystallized as indicated in the table.

Compound 3 was prepared as 5, but the hydroxide extraction was omitted.
Compounds 4 and 6 were prepared as 3.

Compound 2 was prepared from 1 by refluxing in, then crystallizing from,

The residue on evaporation was stirred with

TisLE VI
EstERS

Crystu
No.® R solvent® Mp, °C
1 (CH2)sN(CHy)e- CiH4O40 A 153-135
2 CH,CH.N, NH«(C,H,0,)., E 150-151

—~——C, Yp———s ——-H, Y%—- ——=N, 95—
Caled ¥ound Caled Found Caled Fonud
63.85 64.07 5.58 5.46 9.31 9.13
59.20 59.17 5.30 5.61 9.21 9.25

@ These compounds were prepared as 1, Table I1I; the maleic acid salts of the crude products were crystallized from the solvent indi-

cated. ¢ See T'able I, footnote . ¢ Maleic acid salt.
bond, followed by tautomerization'® to the 4-H de-
rivative; and the dihydro ester Xa, formed by reduc-
tion by the Grignard. A related ester (Xb) was iso-
lated in low yield in an attempt to prepare the primary
hydrazide (see related hydrazides, Table V) from meth-
ylhydrazine in refluxing butanol; hydrazines are
known to cause reduction of azo bonds under similar
conditions,!®

The structure of the dihydro ester Xa is derived from
the infrared and nmr spectra. A single, D,0-exchange-
able proton is seen at 2.9 u and at 485 cps, respectively.
The carbonyl band at 5.77 u and the ethoxy pattern
in the nmr (quartet centered at 245 cps integrating for
two protons, triplet at 65 cps, three protons) establish
the ester, The 4-hydrogen occurs as a single peak,
one proton, at 308 cps. Nine aromatic hydrogens
are seen as complex multiplets from 400 to 480 cps.
These data rule out the isomeric structures, 1,2-dihydro,
I-aminoindole, or 3,4-dihydro, and are in agreement
with similar data on other 1,4-dihydrocinnolines.’®

The same arguments apply to the butyl ester Xb
which shows the same 4-H absorption and the expected
aliphatic absorption in going from ethyl to butyl in
the nmr spectrum. The 1-phenyl derivative XI differs
ouly by the lack of an exchangeable hydrogen and by
an increased absorption in the nmr due to the five
phenyl protons.

Borderline!? antiinflammatory activity® was found
in 3-phenylcinnoline-4-carboxamide (1) and encouraged

(16) 8. Kubota, T. Akita, and T. Yokoshima, J. Pharm. Soc. Japan, T8,
1194 (1958).

an extension of this series, shown in Table II. Un-
fortunately, only the N-benzyl analog (10) showed
even equal subcutaneous activity, and both were in-
active in adrenalectomized animals.®® The series
showed no interesting activity in other screenig
tests.!l1el: (These amides were too insoluble to
allow intravenous injection for the hypotensive test.!1?)

Table III shows aminoalkyl amides. The most
interesting activity found at screening levels was hypo-
tensive!’a12 for 1 and 2, and antinflammatory®1?
for 4. By contrast, the best activity shown for the
piperazine amides of Table IV was antiulcer!’® at 10
mg/kg by 1.

The primary hydrazides (-CONHN=) of Table V
were soluble in dilute potassium hydroxide but were
precipitated by addition of carbon dioxide. This be-
havior was used to separate 5, formed in 509, yield,
from the isomeric secondary hydrazide XII in the re-

@
x
g CON—CNMe
l

NH,
X1

action of I-methyl-4-hydrazinopiperidine and the
acid chloride VIa. The best activity of these com-
pounds was that of 2 in the antiinflammatory test,?'32
while of the esters in Table VI was that of 2 in this
test,®13
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Cuanr 1

I\Y
a, R=H —_
¢, R=0CH;

CO.Et
Nr—CH,  CHMgBr -
NN
I
X X
MeNHNH, He _CO,Et
BuOH I CUH;
~N
a, R"=Et |
b, R’ = Bu L
X1

Experimental Section!

The preparations below illustrate the modifications of the pro-
cedures of Banmgarten and Furnas.?

N-Benzylideneaminoisatin (IIla).—To 126 g (1.0 mole) of
oxalyl chloride in 1.5 1. of refluxing CH:Cl, was added dropwise
in 2 hr with stirring 196 g (1.0 mole) of benzaldehvde phenylhy-
drazone dissolved in 2.0 . of CH,Cl,, The solution was
stirred and refluxed 2 hr more, then 450 g (3.4 moles) of AICL
was added portionwise but rapidly, and the mixture was stirred
overnight. It was decomposed by pouriug ou ice, the organic
laver was separated, washed with dilute HCI, dried first by
shaking with = saturated solution of NaCl and then by ﬁlteung
slowly through NasS0O,, and counceutrated to 1 1. Upon dilution
with 2 1. of ethanol and cooling to 0°, red prisms separated.®
These were filtered and dried; yield 174 g (709.), mp 145-

150°.1%  An additional 24 g (10"() of less pure material, mp
130-145°, was obtained by Lonaeutmtmg the mother 11qum
invacuo to 500 ml. Al this material was sufficiently pure for con-
version to the acid. A portion of the first erop was recrystal-
lized fram a large volume of ether to vield orange needles, mp
149.5-150°.19

Small portions of these izatins were best crystallized from
ether =ince refluxing in higher boiling solvents as ethanol was
found te cause slow decomposition.

3-Phenyleinnoline-4-carboxylic Acid (IVa).—To 1 1. of 50U
KOH was added 155 g of the combined erops from the previous
experiment. The suspension was heated with occasional shaking

(17) All melting poiuts are corrected and were taken in a MHershiberg ap-
jmratis.,  Microanalysis were performed by the Microanalytical Depart-
ment ander Dr. R. T. Dillon. Infrared spectra were recorded on a Beckman
IR 4. N, recorded on a Varian A-60, is given in cycles per second {eps) of
downfield shift from tetramethylsilane as an internal reference standard.

(18) Alternatively, the methylene chloride solution may be evaporatel
1 vaeue to dryness aud the residue stirred with ether to induce ¢rystallization.

(19) Yor the purified colapounds, Baumgarten and Furnas? give meltiny
peints of 11la, 148=1446°; [Va, 224-224.5°; Vu, 118.5-1107,
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to reflux ou a hot plite for 30 min, then diluted carefally v 4 L
with boiling water. The tar which did not dissolve while
boiling was =<kimmed off, and the <ohiiion was sGrred wiilt neti=
vated cletreonl, filtered, and acidified with concentrated 11
tepll 40 After cooling to room temperiniure the vellow 1)41\\'411 r
wis filtered olf, washed well with water, and dried; 150 ¢ (97¢; 3,
mp 224-224.5° {with gas evolution, and depending mmt‘,\\lml
on the mte of heating). A sample was recrvstallized frowm
ethanol: vellow prisms, myp 224-225°,19

3-Phenyleinnoline {Va).—Twenty grams of 1Va was melted
and heated inan oil bath unil gias evolition censed, then distilled
t 0.1-0.5 nun. - Crys=tallization Trom 60 il of methanol afforded
vellow prisins, 144 g (8777), mp 120-121°. Reerystatlization
from SKkelly=olve (2 furnished fine vellow needles, 13.0 g mp
120.5--121.5°.1?

1.4-Dihydro-3-phenylcinnoline,—~Under an  atimmosphere  of
nitrogen, 1.4 g of 3-phenyleinnoline, 5.0 g of barium hydroxide
oetahvdrte, :unl 3.0 g of zine dust were stirred and refluxed for
4 hir in 150 ml of ¢thanol and 50 ml of water.  The wixture was
filtered hor, and the filerate was stturated with CO., filtered,
and  concentrated until cloudy. O cooling, vellow  plates
=eparated, 0.85 g, mp 152-153° (sealed under No).

Anal. Caled for CullpNa: ¢, 80.74; 11, 5.81:
Fonnd: €, s1.010 H,5.82; N, 12,02,

1,2-Butylmalonyl-1,2- dlhydro 3-phenyleinnoline (Ja). To

0.80 g of L4-dihydro-3-phenyleinnoline and .80 mi of pyri-
dine in 60wl of CHL.CL at —80° was added 0.80 g ol a-butyl-
malonyl dieldoride.  The =alution wis allowed to warm to room
temperature mnd stand overnight.  After diluting with CH.Cl,
the solution wax washed well with dilute HCL und dried by
shaking with a saturated solation of NaCl and fihming through
NauS0,. The residue obtained by 1\'¢1pnuln)n of the filtrate
K,COy, washied with ether, stirred
The oil

N, 13.45.

in vacio wits dissolved i 100
with activated chareoal, and the mixture was filtered.
which =eparated on acidification to plL 2 was extracted with etlier,

which wax dried ax above, and concentrated.  After addition
of Skellysolve A% and cooling, 045 g of yellow rosettes were
obtained:  mp Y3067 ALY (p) 572, 5.82 (C=0). The
e {CDCL) showed one vinyl proton (singlet) a0 383 epx, and
the e-malonyl hydrogen as a triplet at 185 ¢px.

Anat, Caled for CoyHaN:0s: € 75.88: I, 6.07:
Found: C,76.02; I1,6.21: N, §.11.

1,2-Buty1maloml 1,2,3,4-tetrahydro-3-phenylcinnoline (Ib).
Using 50 mg of 577 Pd=C as eataly=t, 328 mg of Ia was reduced
in 10 ml of acetic neid at 25° under hydrogen at 1 anm pressure.
The mixture was filtered sud the filtrate was evaporated in cacwvo.
The residute crystallized on stirring with ether; alter diluting with
Skellveolve A2 the crystals were filtered off and reeryvstallized
fmm 10 il of ether at = 10°; clear prisims, 8O mg: mp 128-130°;
IR ) 5.70, 5.84 (C(h==0 3. The nmr spectrnm (CDCl) in-
eg\ tted for one proton as i quartet at 360 eps (3-H), nnd 3 pro-
tons {one I, twa 4-H) a= superimposed 111111t11)1el> between
180 and 210 ep=.

Anal. Caled for CalTaN.O. ©, To.42:
Found: C, 75.81; 11, 6.69: N, 8.31.

3-Phenyleinnoline-4-carbonyl Chloride (VIa).--"The acid 1va
(30 g) was suxpended in 200 ml of SOCL and refluxed 2 hr until
dissolved.  After evaporating the solvent in vecwo, the residuc
was stirred with 500 il of Skellv=olve A2 The vellow powder
obtained on filtering and drying in vacio was sufficiently pure for
further reaction. A portion was reerystallized from Skelly-
solve B2 vellow needlex, mp 130-142°.

Anal. Caled for CpHGCIN.O: €, 67.05:
Found: ¢, 67.00; 11, 3.35; ClL 13.24.

11H-Indeno]1,2-¢]cinnolin-11-one (VIla).-In the best of
several runz, i3 g (0.4 mole) of AICL was ndded portionwise with
stirring to n refluxing sohition of 50.0 g (0.193 mole) of VIa in
800 ml of C'Ss. After 1 hr the clear supernate wns decanted, nud
the residue was decomposed with ice and extracted with chloro-
fornt. Thix extrart wns washed three rimes with dilute HCl
and once with dilute KOH, then dried by shaking with a saturated
solution of NaCl and filtering through auhydrous K.CO,.  On
concentrating He =olution to 200 ml and cooling, orange needles
soparated whicl were filtered off and dried, 20.0 g (45°%), mp
201-292°.  Additional less pure crops totaling 13.7 g (309,) were
obtained from the mother liquor.

N, SAL

1, 6,05 N, xS,

. 3.38; Cl, 13.20.

201 Peiroleron viber froction: A, bp 2838, D, hpto=T17: € by 86

1009, 1., hp 411257,
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Anal. Caled for C;HgNO: C, 77.57; H, 3.47; N, 12.06,
Found: C, 77.63; H, 3.69; N, 12.02.

3-(4-Methoxyphenyl)-4-benzoyleinnoline (VIIIc) and 9-Meth-
oxy-11H-indeno(1,2-c]cinnolin-11-one (VIle).—A mixture of
3.0 g of VIc and 2.6 g of AIC]; was stirred in 150 ml of benzene for
21 hr. After decomposition with ice, washing with acid and base,
and drying as in the previous example, the solution was evapo-
rated and the residue in benzene was chromatographed on alu-
mina. Elution with 597 ethyl acetate-benzene, followed by re-
erystallization from ethanol of the first fractions, yielded VIIIe
as yellow prisms, mp 165.5-166.5°, A% 6.0 » (C=0), and VIlc
in later fractions as red needles, mp 214-215°, AXY 5.8 u (C=0),
in a ratio of about 6:1.

Anal. of VIIIe. Caled for CuH(NoOy: C, 77.63; I, 4.74;
N, 8.23; OCH, 9.12. Found: C, 77.61; H, 4.81; N, 8.36;
OCHj;, v.24.

Anal. of VIIe, Caled for CisHoN+Os: C, 73.27; H, 3.84;
N, 10.68; Found: C,73.11; H, 3.78; N, 10.61.

Ethyl 3-Phenylcinnoline-4-carboxylate (IX).—A solution of
48.0 g of VIain 1 L. of ethanol was refluxed 1 hr, then evaporated
in vacuo. The residue in methylene chloride was washed with
dilute K.C0s, the solution was dried (see VIIa), aund the solvent
was evaporated in wvacuo. Crystallization from ethyl acetate—
Skellysolve C% afforded 41.0 g (779;) of yellow prisms, mp 85—
90°.  An analytical sample was recrystallized from methanol,
mp 92-93°.

Anal. Caled for CyHuN,0:: C, 73.36; H, 5.07; N, 10.07.
Found: C, 73.06; H, 5.10; N, 9.01.

Ethy! 1,3-Diphenyl-1,4-dihydrocinnoline-4-carboxylate (XI)
and Ethyl 3-Phenyl-1,4-dihydrocinnoline-4-carboxylate (Xa).—
To 20.6 g (0.074 mole) of IX dissolved in 1.5 1. of anhydrous ether
was added dropwise with stirring 18.1 g (0.1 mole) of phenyl-
megnesium bromide in 50 ml of ether. After stirring 2 hr, the
solution was decomposed with water and washed first with dilute
HCI and then with dilute KOH. It was dried (see VIla) and
evaporated. Chromatography of the residue (27 g) on silica
and elution furnished the priucipal products in this order:
biphenyl (4.7 g, eluted with 209 benzene-Skellysolve B¥),
XI (1.3 g, 759, CsHeSkellysolve B2), Xa (6.4 g, 1009, CsHs),
IX (starting material, 10.2 g, 57 ethyl acetate-benzene). XI
was crystallized from Skellysolve B;* tan clusters, mp 111-112°,

Anal. Caled for CuHuNsOs: C, 77.50; H, 5.66; N, 7.86.
Fouund: C,76.97; H, 5.65; N, 8.23.

Xa was crystallized from ether-Skellysolve A2 white blades,
mp 82-84°.

Anal. Caled for CrHN:Ox C, 72.84; H, 5.75; N, 9.99.
Found: C,72.91; H, 5.64; N, 10.13.

Butyl 3-Phenyl-1,4-dihydrocinnoline-4-carboxylate (Xb).—A
solution of 11.5 g (0.04 mole) of IX and 12 g (0.3 mole) of methyl-
hydrazine in 70 ml of butanol was refluxed 15 hr. The residue
after evaporation in vacuo was stirred with ether, and the yellow
powder was filtered off and dried; 5.3 g, mp 160-165°. Repeated
recrystallization from methanol and from ethanol failed to yield
a homogeneous product.

The ether filtrate was evaporated and the residue was chroma-
tographed on silica. Elution with benzene gave first (along with
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starting material later) crystalline fractions which when re-
crystallized from Skellysolve B? formed 0.42 g of white needles,

mp 64-66°.

Anal. Caled for C HyN:Os: C, 74.00; H, 6.54; N, 9.09;
mol wt, 308.37. Found: C, 73.78; H, 6.41; N, 9.03; mol wt,
309.

3-Phenyleinnoline-4-carboxamide (Table II, 1).—To 2.7 g
of Vla in 300 ml of butanone was added 10 ml of coucentrated
NH.OH, and the solution refluxed 1.5 hr. After evaporation of
the solvent ¢n vacuo, the residue was stirred with dilute NaOH,
and the solid was filtered off, washed well with water, and then
with a small amount of methanol. Crystallization twice from
ethanol afforded 1.6 g of yellow prisms described in Table II.

3-Phenylcinnoline-4-(N-benzyl)carboxamide (Table II, 10).—
To a solution of 5.3 g (0.05 mole) of benzylamine in 150 ml of
CH,Cl; was added slowly a solution of 4.6 g (0.017 mole) of VIa
in 50 ml of methylene chioride. The solution stood overnight.
It was diluted with CH,Cl,, washed with dilute HC}, dilute KOH,
and water, and then dried (see VIIa). The residue obtained by
evaporation of the solvent in vacuo was crystallized from chloro-
form, yielding 4.4 g of white needles described in Table 11.

3-Phenylcinnoline-4-[N-(3-dimethylaminopropyl)]carboxamide
(Table III, 1).—To a solution of 3.0 g (0.03 mole) of 3-dimethyl-
aminopropylamine and 3.0 mil (0.022 nwole) of pyridine in 150
ml of methylene chloride was added slowly a solution of 5.4 g
(0.02 mole) of VIa in 50 ml of CH:Cle. After standing overnight,
the solution was diluted with CH,Cl; and washed well with dilute
KOH. It was dried (as VIIa) and evaporated in vacuo. The
residue was dissolved in dilute HCl, which was washed with
ether and then made basic with dilute KOH. The suspension
was extracted with CH.Cl; which was dried and evaporated.
Crystallization of the residue from methylene chloride-Skelly-
solve B2 afforded 4.0 g of yellow flakes described in Table 1I1.

3-Phenyl-4-(1-piperazinylcarbonyl)cinnoline (Table IV, 1).—
A solution of 26.9 g (0.1 mole) of VIa in 500 mi of butanone was
added dropwise with stirring in 1 hr to 25 g (0.3 mole) of piper-
azine dissolved in 150 ml of butanone. After stirring 1 hr the
piperazine monohydrochloride was filtered off, and the filtrate
was evaporated in vacuo. The residue was dissulved in dilute
HCI, which was filtered to remove a small amount of solid and
then worked up as in the preparation above of 1, Table III.
The maleic acid salt of the product was prepared in methanol
and is described in Table IV.

1-(3-Phenylcinnoline-4-carbonyl)-2-(1-methyl-4-piperidinyl)-
hydrazine (Table V, 5).—A solution of 10.8 g (0.04 mole) of Vla
in 100 ml of methylene chloride was added dropwise with stirring
to 13.0 g (0.10 mole) of l-methyl-4-hydrazinopiperidine?! dis-
solved in 200 ml of CH.Cls. After standing 2 days the solution
was washed with a 59 K.CO; solution, then extracted with 107
KOH. This extract was neutralized to pH 7 and extracted
with methylene chloride, which was dried (as VIIa) and evapo-
rated in vacuo. Crystallization of the 7-g residue from acetone
yielded 4.8 g of shiny, pale yellow plates, described in Table V.

(21) A. Ebnother, E. Jucker, A. Lindenmann, E. Rissi, R. Steiner, R.
Siiess, and A. Vogel, Helv. Chim, Acta. 42, 533 (1959).



