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The developient of methads for converting 3-plienyleiimoline-4-carboxylic acids inte the £-hydroxy and 4-
chlore analogs led to the preparation of 4-amine componnds wliieh were exanmined for pharmcological netivity.

The availability of 3-phenyleinnoline-4-carboxylic
acidst? encouraged a search for a way to convert these
acids to the 4-hydroxy or the 4-chloro devivatives from
whiclh 4-aminocinnolines might bhe prepared.?  Along
with scveral otlier methods, the fusion of the potas-
stuln salt 1 a manner similar to the prepaation of
phenols from sulfouic acids! was attempted and gave
a small (59) vield of 3-phenyl-4-cinnolinol (I1).*  The
suggestion that this reaction might involve an oxidative
mechanism® led to the use of cupric oxide with much
improved results, and finally cmpirical conditions were
developed for preparative use; a few representative
experiments are shown in Table T

Tasre 1

a, B = 11
b 13 = Cl
o, I = 0OCIH;
d, I = 0Ol

Starting

material, Prod-  Yield, Other
Ron u et Mp, =C*F pronlnets,
1 Lu, 100 11a G2 2264 1ITa, G
2 I1la, 3.0 I1a 0 JAR--271) 1I1a, 74
i Ih, 10 Tid 4 134-245
4 Ie, i1 1d S 2a0-204 1e,” 10

« Although the hydroxy form is written here, nmr evideuee
similar to that. described by J. M. Bruee, P Knowles, and L. 3.
Besford, J. Chem. Soc., 4044 (10G4), for 4-cinnalone indicules
that the 4-keto form predominates. * Purified: IIa, mp 268
A70° (Litd mp 268-270°): IId, mp 256-2538°. < Treated for
the sante lengtll of time as min ;. 1ot exothermic. # See vef 1.

1y Daper 1: 1. 8. Lowrie, J. Med, Chem,, 9, 664 (1966).

i2) H. I\, Banwgarten and J. L., Farnas, J. Org. Chem., 26, 1{136 {19G1).

{3) J. L. Jacobs, in "leterocyelic Camponnds,” Vnl. 6, R. €. Elderfield,
L., John Wiley and Sons, Ine¢., New Yark, N. Y., 1917, pp 136-185, and
references therein.

) 1N Karrar, “Organie Cliemistry,” 2nd 1onglisle ed, Elzevier Pablishing
Ca., Ines, New York, N Y., 1046, 410,

(53 We sincerely thank rofessor W, 12, Naland for semling s an antlwn-
tie sample of this eompannd: W 12 Naland and 1. AL Jones, J. Org. Chene.,
27, 342 (1942},

(%) We are indebted to Dy 11 L. Dryden, Jr., for this sozgestion.,

In a typical run {see Bxperimental Scetion: run L
Table I) httle change except a small amount of de-
carboxylution occurs until about 270° where rapid gus
evolution begins and the reaction becomes exothermie,
Best yields were obtained by cooling  immediately
when gas evolution ceased.  ISfficient stirring is critical,
and a small amount of water was found desirable.  The
Large amount of starting material recovered from the ap-
parently slower reaction of run 2 suggests that initial
decarboxyvlition cannot be the principal route of rmm
1, but the appreeiable yield of ITa shows that morce
thun one path is available.  The applicability of this
reaction 1 severely lmited by the strenuous conditions
as 1= Hhistrated inruns 3 and 40 Although much milder
{but longer) routes are available (see below),* at pres-
et this is the shortest path to 3-phenyl-4-cinnolinol
and was used to prepare this intermediate which »ia
the 4-chloro derivative was converted to the majority
of compounds reported here,

The direct preparation inrun 2 encouraged an exami-
nation of other reactions on 3-phenyleinnoline.  Al-
though 1t failed to react with N-bromosuccinimide or
with POCL (compare the reaction on N-oxides below),
a few per cent reacted with =butvl hypochlorite to
give the d-hydroxy compound which was also formed
to o similar extent in an attempt to prepare the 4-
aldchivde  with - dimethylformamide--phosphorus oxy-
chloride.™  The direct oxidation of 8-nitrocinnoline
to the d-hydroxy derivative by several reagents has
recently been reported™ (see below).

We alzo studied the preparation and rearrangements
ol d-phienyvleimnoline N-oxide since tliese might yield
ring-substituted derivatives as do quinoline N-oxides?»
When this work was started only the report? on the
preparation and nitration of certain +-phenyvl- and 3,4-
diphenyleinnoline N-oxides was available, but shortly
afterwards o publication™  arrived  deseribing  the
preparation and assigmuent of structure of cinnoline
and  d-methyleinmoline 1= and 2-oxides. Based  on
work prior to ours, this conununication aided e the
structure assighinents below, and with later publica-
tions from these' and other Japanese authopest™?
disclosed results which are similar to =ome reported
here,

coray IOT Tyson ol b T Stavw, S0 D, Clene, S, T4, 2278 (10520
(bt 1. snznki, ‘T. Nakashibma, and N. Nagasawa, Chene, [hacne Bull. v Tokyod,
18, 713 (196).

i8) N R Katrhtzky, Quael. ftee. (Lomwlony, 10, 895 N

G CoDL Atkinson amd J0 CL B Simpson, J. Chem, Sec., 1649 19475

10y M. Ogata, H. Kano, anl IS0 Tori, Chewm, {harm. Brdl, {(Tokyol, 10,
11233 (96,

11y el KL Tor, AL Ogata, awd 11 Kano, dod. 11, 681 0183y by 3L
Cpaty, 11, Kano, and W Tard, idid., 11, 1527 ¢ 14G3).

12y (ar 1. Bazoki, U Nakaslbma, and 10 Tead, i, 11, 268 {19035 by
1. Saznki and ‘U, Nakashima, ihid., 12, 619 (189G4): o) 1, Sozaki, T. Nak-
a=hinag, N, Na i, e U e, Ahdd., 12, 108G V196,
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TaBLE II¢

Apparent
coupling
Chemical shift.? eps— constant (cps)
No. Ry R Rs H." H;" H. H; Hs H: Hs Ry R3 Ja' J1.s
1 H H H 490 s¢ 508-523
2 H H Cl 493 d 452d 488 s ——465-478—— 507523 9
3 51 H OCH; 492 d 423d 481s 458-472 503-523 232's 9
4 CH; H H 478 5¢ 448 s« X 452d 502d 151 s 10
5 ClH; 11 Cl 485 d 448 d 478s 460s X 448d 504 d 153 s 9 10
6 H H H 1-oxide ‘ (466 ) 435—490—‘ 507-527
7 H H H 2-oxide \ (486°) 444-480 \
8 H H Cl 1-oxide 481d 447 d 470° l—450-480¢ I 508-527 9
9 H H OCH; l-oxide 477d 417d 445-460 ‘ 503-521 229 s 9
10 H CO.C:H, H X 430-490 | 510-528
11 H CO.C.H;  H l-oxide X 440-500 | 517-535

@ See ref 22.
cases these were split (1 or 2 e¢ps) by other coupling.

b5, singlet, and d, doublet, refer to the appearance of the principle peak(s) for a particular proton.
¢ Tentative.

In several

Tasre III
MISCELLANEOUS DERIVATIVES

R
o
NN

Crystn

No. R R’ solvent® Mp, °C
1% CO.H OH E 239-240
2e OH OH E-T 256-258
34 H OCH; 1-oxide M 165-169
4¢ Cl Cl A 138-140
5¢ Cl OCH; SKB 130-141
6/ CO,C-H; H 1-oxide SKA 90-92

——C, Yo/ ~——H, %$—— —N, Y%—— R and/or R, %
Caled  Found Caled Found Caled Found Caled  Found
67.66 67.42 3.79 4.20 10.52 10.27
70.58 70.38 4.23 4.48 11.76 11.74
71.41 71.69 4.80 5.00 11.11 11.29 12.300 12.36
61.11 61.30 2.93 3.13 10.19 10.16 25.77%  26.05
66.54 66.51 4.10 4.09 10.35 10.42 13.10* 13.40
69.37 69.60 4.80 4.88 9.52 9.41

@ E, ethanol; T, toluene; Bz, beuzene; M, methanol; A, acetone; SK, Skellysolve;?* B, butaione; Ee, ethyl ether; Me, methylene

chloride; Ae, ethyl acetate; W, water.
487, HBr. ¢See Experimeutal Section.
¢ Prepared as 4.

Oxidation of 3-phenylcinnoline with H,O, in acetic
acid® gave by crystallization about 50-609, yields of a
mixture of the 1- and 2-oxides, principally the 1 isomer.
Chromatography of the mother liquors furnished 69
of the l-oxide, 3% of the 2-oxide, and 99, of indazole.
Using 3-(4-chlorophenyl)cinnoline gave similar results
and in each case the benzoic acid corresponding to
the 3-phenyl group was isolated from the basic extract
of the reaction mixture. Better yields were obtained

+
CO.H
- QL
NN
H R

/ Prepared as 3-(4-chlorophenyl)ciunoline 1-oxide using H.0s (A).°

b Prepared by demethylation of 3-(4-methoxyphenyl)-4-cinnolinecarboxylic acid! in refluxing
@ Prepared as 3-(4-chlorophenyl)cinnoline l-oxide using m-chloroperbeuzoic acid (B).

9 OCH;. *CL

using m-chloroperbenzoic acid, and the substituted-
phenyl oxides of Tables IT and IIT were best prepared
with this reagent.

Suzuki, et al.;”® recently reported that similar oxi-
dations of 5- and of 8-nitrocinuolines gave the cor-
responding indazoles along with the expected N-oxides
and as noted, 4-hydroxy-8-nitrocinnoline, Our failure
to isolate 3-phenyl- or 3-(4-chlorophenyl)indazole
appears to rule out phenyl migration in this ring con-
traction and, coupled with the isolation of the cor-
responding benzoic acids, suggests that loss of the 3
carbon is one pathway in this oxidation.

Starting material was recovered on treating 3-
phenylcinnoline 1-oxide with acetic anhydride, acetyl
chloride, or p-toluenesulfonyl chloride. Thiomnyl chlo-
ride with this, or with the corresponding 3-(4-
chlorophenyl) derivative, gave a complex mixture of
chlorinated products; in the latter case a small quantity
of 3-(4-chlorophenyl)-4-cinnolinol was isolated after
hydrolysis of the reaction mixture, Using POCI;, 3-
phenyl-4-chlorocinnoline was obtained from either the
1- or the 2-oxide. Several recent reports!ib122¢ have
described the similar rearrangement of the 1-oxides of



672 Harmax 8. Lownrie

TasLe 1V

AMINOCINNOLINES

Crystn
No. R solvent” My, o
ik NHCH.CeH; Lle 141-144
d NHCHZCHQCGH:; Bz 145--144G
3¢ N( > M 166, 5-16G7 .5
4 NHCH,CH,OH M-Bz 144-144
by NHCH.OCH;-p Ee-SKB 150151

¢ NHC:H,CO.,CHjzo Al

7e NHCH.CH,OCH.CH.OH Bz

87 NHNH,-HCl NM-Ee

« Table ITI, footnote . * See Experimental Section.
second extraction.
wn vacuo. The residue was crystallized as showi,
in ethanol-ether.

163-164
1121163
200--210

o Prepared as 1.
¢ Prepared as 5, but the reaction mixture was diluted with ClaCly, waslied witl diliite hase, dried, %2 and evaporated
7 Prepared as 1, using 9575 liydrazine in TITE, and converted to the hydrochloride

Vol. v
CeH,

e 11, . -~ N, .
Caled Found Caled Il Claleil Vo
SE00 SiL 1o 5.450 557 13,50 1310
AYERL] ST 080 5.95 12016 IRIE!
TSSO TU.00 . G2 (.62 14,54 14 67
7248 7267 4.70 3,80 15 .84 13,06
7T.04 7710 RIE] 5.40 1. 84 1503
7445 7408 4.8 504 1S4 .63
GO NS 70.07 .19 G0 13,08 13 A3
GF.GA (i1 .20 4.8 4,80 RVt M) 42

? T'repured as 1, bt CI1,Cl was uxed instead of ether {urilie

TabLe V

AMINOILEYLAMINGCINNOLINES

R
I
NN
Crysiy
No. R R solvam”
| H NHCOH.CH.N(C.H,) SKA
CH,
|
9 H NHCH(CHy)sN(CoHs )2 SKA
3 H saCH) N, o Ba-SKC
& H NH(CH.):N(CH, ;- 2HCI M- e
5 H NHCH,CH:N(CHy), SKB
6 H NO_CHQCH;N(CHJ,. SKB
7 ¢l NH(CH;)N(CH;)» Fe-SKB
~ H NHCH,CH,N ) Fo-SK1B
g H N(CH;3)(CHa)yN(CH, )e- 2HCI M-
1 H N(CHy)CH.CH,N(CH, )« SKA
I H NHCH.CH.NH, - *HCl AM-Toe
10 H NHCH;CHJNG SKB
i3 H NHCchHZNq Bz
NH

« Table I11, footuote a.
11 were prepared iu niethauol.

ut 120° (0.5 mm) after grinding. ¢ dnal. Caled: Cl, 18.69.

various ciunolines, but nonc¢ have reported the cor-
responding reaction with the 2 isomers.

Although 4-chloro-3-phenyleinnoline  would  react
with a large excess of a high-boiling amine (at about
150°) to give erratic yields of 4-amino derivatives, this
method is unsuitable for sensitive (or valuable) amines
and milder conditions were sought (compare ref 3, pp
168-170). The best of several solvents, dimethyl sulfox-
ide, at 95° gave good yields using more nearly equimolar
amounts of reactants. The compounds in Tables
IV-VI were prepared using these reactions.

Nmr spectroscopy was the principal method used
to assign structure to the compounds reported here. ' 14

* No. 1-4 were prepared us 1, Table IV: 5-12 were prepured as 5, Table 1V,
Na. 13, prepared as 6, Tahle IV, crystallizes with 1 niole of benzene, mp 92-05°, which ix lost by drying
Foand: (1, 1847,

O

SO e . 11, % - N
M, ¢ Calel  Fonnd Caled  Fouwnl Calid Found
NA-S4 02 7476 T804 7.39 17.40 1714
4750 w20 TN SO K010 154G 15451

I4a-146 T2.58 0 T24 G048 GO 1608 16.0]

204-206 477 14.73
105-107 THO4 7405 GO0 6.4 1916 19,07

103-103 THEY TG00 83T Ih. a4 1507

LIN-T 1Y GO0 G607 G.20 8.02 .44 16,52

fas- 140 7387 7G.01 T.O8 7.28 16.8G 1600
RAEESLN N 424 AT
(H-6G7 44N LT3 T T IN.20 182
2552057 6,610 16,60
N2-N4 P Bt 5.96  G.80 I7.60 17.89

[G8=170 OGS40 6872 .74 085 200 200

‘The hydroclilorides of 4, 9, and

2 Andd. Caled: CLOISO3. Found: €1 17.99,

The appreciable downfield shift of the 8-H in cinnolines
(between H0H-525 eps, a complex multiplet) ax com-
pared with that of the other aromatic protons (at about
1450-500 ¢ps) was reported!' cssentially unchanged
in the l-oxides, but in the 2-oxides it was absent:
the 8-H was hidden under the aromatic envelope.  In
order to verify that 3-phenyl substitution does not
greatly alter the position of absorption of the 8-H,
several of the compounds prepared in this and in the
previous paper! were compared. The provisional

«13) Wa wisht to thank Dir. R. 1L Liikle for extensive sl ccntinnipg aid
in the nse and interpretation of nmr speetra.
(14) L. 8. Besford, Gi. Allen, and J. M. Briee, J. Chem. Soel, d8GT (1963),
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TaBLE VI

PIPERAZINYLCINNOLINES

R

-

N
Crystn
No. R R solvent®
1 H CH; SKB
2 H CH.CH,OH Bz-SKB
3 H H Bz
4 H CeHs M
5 H CH.C¢H; SKB
6 H NO M
7 H COCH; A-SKB
8 H COzCzHa Ae
9 Cl CH; Ee-SKB
10 OCHj; CH; Ee
11 H COCH,Cl-p Ee

@ Table III, footnote a.
before crystallization.

3-PHENYLCINNOLINES.
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N, Go—

Mp, °C Caled Found Caled Found Caled  Found
128-129 74.97 75.22 6.62 6.82 18.41 18.46
174-176 71.83 71.86 6.63 6.71 16.76 16.92
171-173 74.45 74.54 6.25 6.23 19.30 18.90
181-182 78.66 78.68 6.05 6.14 15.29 15.36
110-111 78.92 79.00 6.36 6.60 14.73 14.72
204-205 67.69 67.89 5.37 5.29 21.93 21.86
209-210 72.27 72.41 6.07 6.13 16.86 16.78
128-129 69.50 69.73 6.12 5.97 15.46 15.46
151-153 67.35 67.67 5.60 5.82 16.54 16.53
156-157 71.83 71.92 6.63 6.57 16.76 16.57
193-196 70.00 69.96 4.94 5.04 13.06 13.11

® No. 1 was prepared as 1, Table IV; 8 prepared in the same manner was chromatographed on alumina
No. 24, anud 6 were prepared as 6, Table IV; 5,9, and 10 as 5, Table IV.

From 3 in CH.Cl. was prepared 7

with acetic anhydride, and 11 with p-chlorobenzoyl chloride—triethylamiie; each was worked up as 8.

assignments in Table II refer to the approximate
centers of the absorption bands, or to the approximate
range of unresolved multiplets.

The 2’ and 37 positions on the 3-phenyl ring were
established by comparing coupling in the first three
compounds; it was assumed that the ortho position
(3”) to the chloro or methoxyl in 2 or 3 would be most
shielded and appear at a higher field than the meta,
or 2’ position. The positions of the 4-H were esti-
mated by comparing each compound with the corre-
sponding 4-chloro derivative (where available). The
coupling pattern of 4 and 5 established the 5, 7, and 8
positions. In agreement with the observations on
other cinnolines,'®!! we then assign 6, 8, and 9 as 1-
oxides and 7 as 2-oxide. Comparing 1, 10, and 11,
the latter may also be assigned as the 1-oxide.

Although the amino structure, A, has generally been
assigned over the imino form, B, for 4-alkylamino
cinnolines,® we substantiated this assignment with
nmr for several of the compounds in Tables IV and V
by observing the expected change in the coupling
pattern of the a-methylene hydrogens on deuterium
exchange of the amino hydrogen, '

NN

RCH,
l
b C
A H B
Of the compounds in Table IV, only the hydrazine,

9
NN
8, showed even borderline antiinflammatory activ-
ity'*—1% hut was inactive in adrenalectomized animals.!?

(15) For instance, 1, Table V, the quartet centered at 292 cps changes to
a triplet with same center on D:0 exchange, and the broad NH at 380 cps
disappears; tlie same occurs for the quartet at 218 cps and NH at 300 of 2,
Table IV. Likewise, tlhe doublet at 267 cps of 1, Table IV, changes to a
singlet (267 cps), and the NH at 310 disappears.

(16) Compounds were tested as inlibitors of yeast-induced foot edema
in male, Badger, 120-g rats. Tle minimal effective dose of plienylbutazone
was 120 mg/kg subcutaneously or 175 mg/kg orally.}?

The most interesting, 6, inhibited ulceration in the Shay
rat at 10 mg/kg, as did the 2 at 50 mg/kg.22!

When 1 of Table V was found to have hypotensive
action at screening doses,?® several obvious variations
shown in this table were prepared. The best, 5,
was active at about 1 mg/kg, but toxic side reactions
in this series discouraged further exploration.22!
Although borderline antiinflammatory activity was
also found in the series related to 5, 2, having the
chloroquine side chain, was inactive at screening
doses. 1618

The cyclic analog, 1 of Table VI, was found equally
active to 5, Table V, as a hypotensive, but all the
variations shown in Table VI diminished this activity.
Likewise, these piperazines generally were less active
in the antiinflammatory tests. The best, 3, was active!®
at screening levels's both subcutaneously and orally.

Experimental Section??

3-Phenyl-4-cinnolinol. A. From 3-Phenylcinnoline-4-car-
boxylic Acid (Table I).—Iu the best of several reactious (run

(17) We are indebted to Drs, F. J. Saunders and E. F. Nutting, and their
staff for the data from these tests.

(18) (a) 80 mg/kg subcutaneously; (b) 320 mg/kg orally.

(19) Inbibition of cotton pellet induced granulomna 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. Tlhe minimal effective
dose of plhenylbutazone was 25 mg/kg/day orally.?

(20) (a) Hypotensive activity: tlie decrease in imean pressure following
injection of the test compound in the femoral vein was directly recorded from
arterial cannulation of normal dogs anesthesized witli pentobarbital sodium.
Tlhe screening dose was 5 mg/kg. (b) Antiulcer activity: following intra-
gastric 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. Sliay, 8. A. Kamarov, D. Meranque, M. Gruenstein, and
H. Siblet, Gastroenterology, §, 43 (1945). (c) Diuretic activity: the diuresis
produced in 5 Iir by intragastric administration tle test compound in saline-
primed, male, Sprague—Dawley rats (300 g) was compared with that of
controls treated with hydrochlorothiazide.

(21) We are indebted to Dr. D. L. Cook and Mr. R. 8. Jacobs and their
staff for data from the tests in ref 20.

(22) All melting points are corrected and were taken in a Hershberg ap-
paratus. Microanalysis were performed by the Microanalytical Department
under Dr. R, T. Dillon. Infrared spectra were recorded on a Beckman IR 4.
Nmr, recorded on a Varian A-60, is given in cycles per second (cps) of down-
field shift from tetramethylsilane as an internal reference standard in CDCl:
solution.
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I, Table 1) 100 g of S-phenyicinnoline-4-carhoxylic acid? and 200
il of 5097 KOH =olution were dissolved in 400 ml of ethanol.
Thix solition was mixed with 200 g of enprie oxide powder and
100 g of copper pawder in 1000 ml of mineral oil i a 241 stainless
steel, 28 round-boctam flask.  While stirring very fast the s
pensionn was leated rapidlv: etlianol and water distilled from
U4 ta 200° duternal temperatire; Dow silicone antifoam was
added); the distillate waxs collected above 200 3-phenyleinio-
line crystallized fromi it. At ahont 270° 2 mild exotheric re-
action and gas evolution began: the rate of heating was slowed
aud finally stopped at 283°. The tepiperature roxe to 300°:
after o few minutes gas evolntion ceased. The reaction was
enoled hy slowly filling a surrounding pan with water.  The
sispension was dibited with Skellysolve L¥ and filtered.  The
filtrate was comhined with e distillate front ahave 200° and
extracted witlt econcentrated HCL  Thix was diluted with water,
nentralized with dilnte KO, and extracted with ether.  After
drying,®* the solveut was evaparated and the residie crvetal-
lized from Skellysolve B vellow prisni=, 5.2 g (G216, identieal
in all respects?® with d-plienyleinuoline.

The solid uhitained in the filtration ahove was dried and then
extracted repeatedly with water oud with dilite KOIT by sus-
pending and filtering.  The combined filtrates were satnrated
with COz and the solid which precipitated was filtered off and
dried. 1t was dis<olved in 4 1. of hoiling buatanone, stirred with
activated charcoal, Altered, and concentrated by hoiling to 1.5 1.
The vellow powder wliich =eparated on cooling was filtered off
and dried: 30.5 g (44.49%), mp 260--264°.  Addition proditet
melting at his point or above was abtained by reworking the
mother lignor and tataled 15,7 g (17,7070,

A =ample of this material was sublimed ot 200-300° (0,2 nu),
then ervstallized from methanol: shiny, yellow-white plates,
mp 268-270°, identieal in all respect=*® with an authentic sample?
of 3-plienyl-4-cinmolinol, mp 2682707,

3-(-1lydroxyplienyl)4-cinuolinoel was isolated i1 the snine way
fromn runs 3 and 4, Table I, and is dexeribed i1 Talile T11, 2,

B. From 3-Phenyl-4-chlorocinnoline.—-A =olution of 0.0 g
of 3-phenyi-d-ebloracinuoline (zee helow) and 10 ml of 2547
KOH =olution was heated an a stesw boath in 20 g of dimethyl
sulfoxide for M4 hire After diluting with water aind neurralizing
with dilite HCL, the mixture was filtered and thie solid eryseal-
lized from bmtanone; vellow plates, N4 g, identical® with un-
thentic® 3-plienyl-4-cinnolinol.

(. From 3-Phenylcinnoline. (1.~ A ~olution of 3.0 g of
d-phenyleinnolinet and 2.0 g of -bnty] hypachlorite in (00 ml of
wetlivtene ehloride was allowed to stand 20 hr.  After extracting
with dilute KOH, tlie solation was dried,®* diluted with Skelly-
solve B,24 and concentrated; 1.8 g of vellow needlesx sepurated,
identical*®™ with staurting material. The bhuasic extracts were
acidified, and the white powder was filtered and dried; 0.08 g
H0G), nip 260-265°, undepressed by 3-plienyl-4-cinnolinol,
which had an identieal infrared spectrum.

{2 0--A =olution of 2.1 g of 3-phenyvicinnolinet nnd 1.7 g of POCT,
prepared in 20 ml of DATEF was allowed o stand 3 days.  After
diliting with water, it wos extracted with CH.Cle which waos
warked up ox the previous exitmple vo give 1.7 g of starting ma-
terial ond 0.1 g of 3-phenyl-4-cinnalinal.

3-Phenylcinnoline 1- and 2-Oxides.--A =abiticon of (.0 g of
S-phienvleinnolinet and 4 ml of 3077 Hay in 20 wl of glacial
aeotie acld was heated for 2 hr on a stean hath, then diluted (a
120 ml with warer and cooled to 1°. The oil which =eparated
cry=tattized on standing: the supernate wus decanted, and the
<olid wos dissolved in ether and waslied with dilute KOH.
The ether loyer after drying®* was concentrated to 150 ml and
cooled: brown prisnts, 5.9 g (G07), mp 130-135°, which nr
=hawed to he principally f-oxide.

The basie extract above was acidified und extracted with
otlier. This was  dried,*  concentrated, and dilnted with
Skelly=olve B.2 The powder ohiained was recrystallized fromm
cthier-Skellvsolve A 0.4 ¢ (3¢, white clusters, mp 118~

123) A copper flusk serves equally well: slass is attacked, apd tle siliea
contminaces thie produec

(243 Petrolenn ether fraction:
100%; 1., bp v1-126°.

(29 Tle organie layer was shaken witle o saturated solntivn of NaCl,
tlien filtered slowly thirough anbydrons () 1KsCOz or (b) Nas=O..

(26) (a) Melting poin¢, mixtnre melting point, aml infrared absorption
speetrim; (b)) nmr spectiam,

A, b 28389 14, bp 60717, ', bp 86-
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1207, nndepressed by authentic henzaoie avid, whicli had anciden-
vical infrared spectrin,

The mother liguors front several larger tins were combined in
henzene and  cliromatographied  on alumina. Ehition with
lercasing per cents of ethiyl acetate~heuzene, followed hy couhi-
natioe of die fractions in a peak, and erystallization Durnished
prineipal prodiets in this order: (1347 ethyl acetate-henzene
fraction~ 3-7, d-phenyleinuoline I-oxide, G%;, yellow needles
from metlanol, mp 198-139° (afrer several reerystallizations);
fractions 8414, 3-plienyleiunoline 2-oxide, 3%, white fukes from
nietliylene cliloride-Skellysalve B,2¢ mp 181-182°; (73 ethyl
acetate-henzene) indazole, 90, mp 147-148°, identical?®® with
anthentie sumple from Aldrich Chemieal Ca.

Anad. Caled for CyILeNO: C, 70.65; 11, 4.54; N, (2.6
Found for 3-phenyleinnoline f-oxide, mp 138-130°: (, 7502
H, 453 N, 12780 Found for 3-plienyleinnoline 2-axide, nip
[S1-182°0 () TA.84; 11, 487 N, 1071,

3-14-Chlorophenyl)cinnoline 1-Oxide. A. Using H,O..
I » similor manner (o that ahove, S0 g of 3-(4-clidorophenyl)-
cinnoline! Mrnished 4.1 g (48973 of the f-oxide, vellow needles
from benzee, mp 1841867,

Aund. Caled for CUILCINLO: €, 65.50; 1, 3.55: N,
CL TR Fonnd: O, 68.85: T1,3.63; N, 10.86; Cl, 133.66.

p-Chlorohenzoie aeid was isolated as above, 0.56 g (115:), nip
S-241°, undepressed by authentic material whose infrared
spectmm was identical.

Cliromatographiy of the mother liqaor furnished 12¢¢ of the 1-
oxide, mp 167-174°, and 0.32 g (R¢7) of indazole, mp 146~ 148°,
identical? with anthentic material.

B. Using #«Chloreperbenzoic Acid.——Ta 1.5 g (0.235 mole)
of d-(4-chitaraphienyDetunaline in 1.4 1 of CHCle was added
partionwise 33 g (0,271 mole, 864 assay) of m-chloraperhenzoic
acid; the heat of reaetion warined the solution slightly.  After
~tanding overnight the solution was washed with dilitte NaOH.
dried,* and evaporated /o vacrvo. The yellow erystals obtaiued
were converted without pirification into the 4-chlore derivative
Oising POCL: sce helow for 3-phienyieiinoline 1-oxide; CH.Cly
wus 1sed instead of ether in extraetion: sec also Table HI) in
SOYG aver-all vield.

3-(4-Chlorophenyl )-4-cinnolinol.-—A solution of 2.0 g of -
{(4-chloraphenyleinuoline f-oxide in SOCL was refluxed for |
lLir, tier evaporated in racio.  Attempts to crystallize a lionioge-
neans material from the residile were nnsuceesshinl.  The varions
frietions were comhined in 304¢ ethanol containing ¢ g of KOH
and thix =olition was refluxed {or [ hr.  After diluting with
water und hoiling off the ethanal, the =olution was coaled,
washed with CHLCly, and acidified.  ‘The powder whiclisepurated
wits filtered off, dried (0.4 g), and crystallized from hntanane.
The vellow Hakes obtained were sublinted, 250-330° (0.05 mm),
and then @rystollized frant bmitanone; shiny white plates, 0,15
o, o 203507,

Anad. Cided Tor Cull,CINGD: C) 63005 H, 3.03; N, 10.92;
CLosst Fonnd: €, 63.75; T, 3.83; N, 10.85; Cl, 13.84.

3-Phenyl-4-chlorocinnoline. A, From 3-Phenyl-4-cinnolinol.
~The preparation of Schofield and Swain?” using POCL and
PO, was carried ont on <everal hatehes of (e 4-cinnolinel and
Drnished  exeellent vields of the 4-chlore interniediaie. A
supiple was ery=tallized twice from Skellysolve B2 far o refercnce
tondard: vellow needles, mp 120-121° ({62 mp 119 -130°),

Anad. Caled Tor CulLCIN:: €, G0.8G; 11, 37970 N, 114
CL1473 Found: O 60.78: H, 879 N, (1.32; CL 14.77.

B. From 3-Phenylcinnoline 1-Oxide.—A solution of (.00 g«
af the f-oxide was refluxed in 10 ml of POCI for 1.5 hr, the sol-
vent was evaporated 1 racuo, aud the residne wus worked up os
above.,  Twao ervatallizations furnislied 1,24 g of vellow needlex
identical® witli thase above.

(. From 3-Phenylcinnoline 2-Oxide.~-Uxse of 0.5 g of the
dooxide as in B furnished 0.27 g of material identical® with the
chloro derivative in A, Acidifying the hasic wash of the work-up
gave o 0.068 g of 1 white powder, mp 263-269°, nndepressed hy
anthentie 3-phenyi-4-cinnolinel,® which had an identical mfrared
=pectrum,

3-Phenyl-4-benzylaminocinnoline (Table IV, 1).--3-Plienyl-
4-chloracinnoline (L0 g), 1.0 g of copper powder, and 20 g of
henzykine were refluxed under nitrogen for 20 min.  After

10,92

271 I8 Seliofield awd T, Swain, 0 Chon, Soc., 3303 (1949).
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cooling, the mixture was diluted with ether, washed several times
with dilute KOH, and then extracted with dilute HCl. The acid
extracts were separated (a suspension of the hydrochloride may
form) and made alkaline, and the organic base was extracted
with ether. This solution was dried?* and evaporated; the
residue was crystallized as shown.

SEDATIVE N-MONOALKYL-S-ALKYLCINNAMIDES 675

3-Phenyl-4-(4-methoxyphenylamino )cinnoline (Table IV, 5).—
A solution of 4.8 g (0.02 mole) of 3-phenyl-4-chlorocinnoline
and 4.8 g (0.04 mole) of p-anisidine in 20 g of dimethyl sulfoxide
was heated on a steam bath for 16 hr. After cooling, the solu-
tion was diluted with ether and worked up as in the previous
example,

N-Monoalkyl-g-alkylcinnamamides as Sedatives

E. Vax Hey~ninceNn, C. N. Brown, F. Josg, J. K. HENDERSON, AND P. STARK

The Lilly Research Laboratories, Indianapolis, Indiana 46206

Recetved February 21, 1966

A series of N-monoalkyl-g-alkylecinnamides has been prepared and tested for sedative action in hyperirritable
rats. Several polymethoxylated derivatives in this series showed pronounced sedative action.

The sedative properties of carboxylic acid amides
have been studied extensively.! Cinnamamides have
likewise received considerable attention, but studies
seem to have been confined almost exclusively to de-
rivatives with either no substitution at the «,8-carbon
atoms or with substitution at the «-carbon only.2—*
Relatively little work has appeared in the literature
concerning the sedative effects of the g-alkylcinnam-
amides, 2

Lott and Christiansen? showed that the greatest
hypnotic activity among the cinnamamides studied
was obtained from g-methylcinnamamide. We have
investigated numerous analogs of B-methylcinnam-
amide, together with higher g-alkyl substitutions, for
the purpose of defining the structural modifications
that could enhance the sedative effects of this class
of compounds.

The preparation of 8-alkylecinnamamides proceeded
from appropriately substituted alkyl aryl ketones (I).
A few of the intermediate cinnamic acids were prepared
by a Hauser condensation! of ethyl lithoacetate with
alkylphenyl or halophenyl methyl ketones (I), followed
by dehydration of the hydroxy esters IT and saponifica-
tion to the acids IV. This procedure applied to poly-
methoxylated ketones was successful only if the usual
dehydration agent, phosphorus oxychloride, was re-
placed by formic acid. The yield, however, was low
(109%). As a consequence of poor over-all yields by
this route, the Wadsworth—-Emmons modification!! of
the Wittig reaction using triethyl phosphonoacetate
and sodium hydride was chosen as an alternate method.

(1) K. W, Wheeler, ‘‘Medicinal Chemistry,"* Vol. VI, E. E, Campaigne
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(4) American Cyanamid Co., French Patent 1,332,352 (1961): Chem.
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It in general gave quite satisfactory yields and was em-
ployed for most of the acids prepared in this study.

The phosphonate modification of the Wittig reaction
favors formation of the trans isomer,'2!® Because of
the apparent homogeneity of most of the products
from the phosphonate condensation, the acids were
converted without purification to amides as indicated
in Chart I. The use of thionyl chloride alone or oxalyl
chloride in chloroform to make polymethoxylated
cinnamoyl chlorides led to cinnamamides that were
difficult to purify. Conditions found to be successful
were treatment of the acids with oxalyl chloride in
benzene and conversion of the crude acid chlorides to
cinnamamides,
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In one preparation of 3,4,5-trimethoxy-g-methyl-
cinnamic acid through the modified Wittig reaction,
the product, even when recrystallized several times,
still contained about 3% @,y-unsaturated acid as

(12) L. Horner, H. Hoffmann, H. Wippel, and G. Klahre, Ber., 92, 2499
(1959).

(13) D. H. Wadsworth, O. E. Schupp, E. J. Seus, and J. A, Ford, J. Org,
Chem., 80, 680 (1965).



