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NOTE ADDED IN PROOF

Based on hydrogen nuclear magnetic resonance spec-
troscopy (Besford, Allen, and Bruce, J. Chem. Soc., 1963, 2867),
the compound identified in this thesis as 4-methyl-3, 4-dihydrocinno-
line in reality is the 1, 4-dihydro compound having a hydrazone
structure. Besford and coworkers studied dihydrocinnoline and
its 4-methyl and 4-phenyl derivatives., The reported melting point
(63-65°, corrected) of the 4-methyl derivative agrees with that of
our compound (61.5-62.5°, uncorrected).

Thus in every case where mentioned in the text, 4-methyl-
3,4-dihydrocinnoline should be read as 4-methyl-1,4-~dihydrocinno-
line,
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I. INTRODUCTION

Although the cinnoline ring system (1, 2-diazanaphthalene) was
discovered in 1883 by von Richter (1), little work was carried out in
this field until 1941 (2). Since that time knowledge of the chemistry
of the cinnolines has expanded considerably. This expansion, however,
has not included the hydrocinnolines.

An interest in the hydrocinnolines followed naturally from
work done at this University (3) on the hydroquinoxalines, especially
decahydroquinoxaline, which compound was shown to exist in two
stereoisomeric forms (3), cis and trans. Similarly, decahydrocinnoline
should exhibit stereocisomerism.

The hydrocinnolines reasonably could be expected to show some
physiological activity, although none of the hydroquinoxalines or
derivatives prepared in these laboratories have shown outstanding
pharmacological properties at the present stage of testing (4).

Finally, little is known concerning the chemistry of the
hydrocinnolines. In fact, the literature does not record any example
of a catalytic hydrogenation of a fully aromatic cinnoline. Only one
catalytic reduction has been carried out (5), the substrate being a
dihydrocinnoline. Most hydrocinnolines have been made by chemical
reduction (5, 6) or, more generally, by ring closure on a cyclohexyl

(1) wvon Richter, Ber., _1_6, 677 (1883).
(2) Borsche and Herbert, Ann., 546, 293 (1941).

(3) Broadbent, Allred, Pendleton, and Whittle, J. Am. Chem.
Soc., §_2_, 189 (1960).

(4) Broadbent, Unpublished results, Brigham Young University,
Provo, Utah, 1960.

(5) Neber, Knoller, Herbst, and Trissler, Ann., 471, 113 (1929).
(6) Busch and Rast, Ber., 30, 521 (1897).
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carbonyl compound to give a hydrocinnoline saturated in the homocyclic
ring (7, 8, 9). Hydrocinnolines saturated in the hetero ring (retaining
the aromatic benzene ring) may be formed by ring closure on a styrene
(10, 11, 12).

One problem associated with the catalytic hydrogenation of
cinnolines, but not encountered with the related quinoxaline research,
was the possibility of cleavage of the nitrogen-nitrogen bond during
reduction. This aspect, however, only increased interest in the
project.

The research outlined in this thesis consists of the catalytic
hydrogenation of 4-methylcinnoline under varying conditions.

4-Methylcinnoline was chosen as the substrate for the
following reasons: (l)Itis more stable than cinnoline itself, and
(2) it is more readily obtained.

Hydrogenations of 4-methylcinnoline were carried out in a
Parr High Pressure Reaction Apparatus having a fixed agitation rate
of 37 cycles per minute. In a few instances, a Parr Low Pressure
Reaction Apparatus was employed, with an agitation rate of approximately
250 cycles per minute.

A variety of catalysts was employed, each under both neutral
and acidic conditions. The catalysts thus used were 5% rhodium on
alumina, 5% rhodium on activated charcoal, ruthenium oxide,
platinum oxide, 5% palladium on activated charcoal, and Raney nickel.

(7) Allan and Van Allan, J. Am. Chem. Soc., __7_3_, 5850 (1951).

(8) Horning and Amstutz, J. Org. Chem., 20, 707 (1954).

(9) Baumgarten, Creger, and Villars, J. Am. Chem. Soc.,
80, 6609 (1958).

(10) Diels and Alder, Ann., 450, 237 (1926).
(11) Alder and Niklas, Ann., 585, 97 (1954).

(12) Horner and Naumann, Ann., 587, 81 (1954).



The initial hydrogenation pressure usually was 3000 psig.,
although an initial pressure of 2000 psig. was used several times.

Reaction temperatures ranged from room temperature to 266°C.

Upon completion of a reaction, the reaction mixture was analyzed
by physical and chemical methods to determine the products of a
reduction such as gas chromatography, infrared and ultraviolet

spectrophotometry, physical properties, derivatives, qualitative
organic chemistry tests, quantitative elemental analyses, and, in

several instances, by syntheses of suspected compounds by alternate,
un-ambiguous routes. Attempts at chemical degradation or conversion
generally were not successful.

Of the products identified, three have not been reported
previously in the literature. These three compounds are 4-methyl-
3,4-dihydrocinnoline, 4-methyl-1,2,3,4-tetrahydrocinnoline, and
g-amino-P’ -methylphenethylamine. A fourth compound, octahydro-
skatole, also has been identified.
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Interscience Publisher

363-366.
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, Inc., New York, 1953, pp. 3-65, 358-361,
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A. Cinnoline

1. Preparation

Cinnoline| (I), the parent compound, was first obtained (6) by
the reduction of 4-chlorocinnoline (II) with iron and 15% sulfuric acid

to 1, 2-dihydroci

oxide to cinnolineé.

5 4

6 Qj 3
7 ~-N2

8 1
(1)

A more recent pr
synthesizing cinn

oline (III) which was then oxidized with mercuric

90
N N H

H
(11) (IIT)

cedure (14) and the preferable route consists of
ine-4-carboxylic acid (IV) which is then

decarboxylated in benzophenone at 155-165%Catalytic reduction (15)
of 4-chlorocinnolife, using palladium hydroxide on calcium

carbonate with 4-
yields cinnoline

obtained by the re
3-bromocinnoline

A
N l “Z
(IV)

atmospheres of hydrogen at room temperature,
4, 4-dicinnolyl (V). Cinnoline may also be
uction (16) over palladium on charcoal of

VI) in methanolic potassium hydroxide containing

; COOH

(14) Jacobs| Winstein, Henderson, and Spaeth, J. Am. Chem.
Soc., ﬁ, 1310 (194p).

(15) Morley| J. Chem. Soc., 1951, 1971.

(16) Alford 4nd Schofield, J. Chem. Soc., 1953, 1811.




Lithium aluminum hydride reduction (17) of

(VI1) in tetrahydrofuran produces cinnoline.
-cinnolylhydrazine (VIII, prepared from 4-chloro-
.queous copper sulfate gives the parent coumpound,
obtained (19) by the hydrolysis of 4-toluene- p-
tinnoline hydrochloride (IX) in aqueous soldium

4-hydroxycinnolin
Oxidation (18) of 4
cinnoline) by 10% 4
which may also be

hydrazine hydrate+

sulfonylhydrazino
carbonate at 95° C|
'OH
I/ | s Sy ~» Br e S,
N ALZ N /
(VI) (VII)
HCl
NH-NH; NH-NH-0,5CH,CHj
N Z N\
(VIN) (I1X)

2. Properties

pale yellow solid, is a weak base of pKa 2. 51 at

Cinnoline, a
eous alcohol (20) and 2, 70 at 20° in water (21).

21-22° C in 50% aqu

(17) Atkinson| and Sharpe, J. Chem. Soc., 1959, 2858.

(18) Schofield and Swain, J. Chem. Soc., 1950, 392.

d Schofield, J. Chem. Soc., 1953, 609.

(19) Alford a

(20) Keneford, Morley, Simpson, and Wright, J. Chem. Soc.,

1949, 1356.
foldacre, and Phillips, J. Chem. Soc., 1948, 2240.

(21) Albert, ¢




When crystallized from ether with one molecule of solvent, it melts
The solvent-free base melts at 39° C (6) [37-38° C
(14), 40-41° C| (15)] and boils at 114° C /0. 35 mm (15).

at 24-25° C (6).

Although

cinnoline liquifies (14) to a green liquid (15) upon standing, apparently
no decomposition occurs (15) since a quantitative yield of cinnoline

picrate may bd obtained from two-month old material. The base
forms stable salts, as summarized in Table 1.
Table 1. Cinnoline Salts.
Salt M. P., °cC Remarks Referenc
Hydrochloride 156-160 6
154-156 Sublimes at 110-115°C/3
mm. 14
Hydrochloride | 82-137 Long, brittle, pale-green 15
monohydrate needles from ethanol-
ether; melt decomposes
at 2059 C.
Picrate 190 6
196-196.5 Yellow prisms from alcohol 14
190-191 15
191-194 Orange prisms from dioxan 16
190-194 From methanol 17
191.5-192.5 Khaki leaflets from alcohol 18
191-193 Large amber crystals
from ethanol 19
196-197 22
Methiodide 168 6
168-170.5 dec. Dark reddish-browncrystals 14
171-173 dec. 22
Chloroplatinate 280 dec. 6
Aurichloride 146 6

(22) Morl

ey and Simpson, J. Chem. Soc., 1949, 1354.




The pi electron|densities on each atom of cinnoline have been
calculated (23, 24). The data given by Longuet-Higgens and Coulson
(24) are presented:

0.979  0.836
X 0-941
N 1.203
0.9 1.249

0.965

0.959

The electric mdment of cinnoline has been determined (25)
to be 4.14 in benzene a| 25°C. The empirical constant, molar
refraction, and u were |also reported (25):

MR) u
37.183 4,14

Calculations have been made (26) of the reactivities of the
various positions of cinjnoline toward electrophilic substitution:

AE3 = -16. 8 Kcgl. /mole AES = AE8 = -12.1

4 -3L.5 AE6 AE7 = -15.1

1l

AE

The expected order of rleactivity therefore was formulated as
5=84>6=7>3 > 4

A study (27) of the infrared spectra of eighteen cinnolines
indicated that the adsorption band at approximately 6. 35 u was due to

(23) Pullman, Rev. Sci., 86, 219 (1948) [C.A., 43, 2095 (1949)].

(24) Longuet-Hijggins and Coulson, J. Chem. Soc., 1949, 971.

(25) Rogers and| Campbell, J. Am. Chem. Soc., 75, 1209 (1953).

(26) Dewar and [Maitlis, J. Chem. Soc., 1957, 252l.

(27) Castle, Cox, and Suttle, J. Am. Pharm. Assoc., 4_8, 135
(1959) [C.A., 53, 8810 (})959].




the interaction dffects of the ring double bonds -C=C-, -N=N=, and
-C=N-, and appeared to be characteristic of the cinnoline ring system.

The ultraviolet absorption spectrum of cinnoline in cyclohexane

has been obtaineld (13, 28). The data are tabulated below:
R (,(A) E (ref. 13) E (ref. 28)

390.0 .{. . . . 19.5 v % @« » = SB5
322.5 142 . . . . .2080
317.0 120 . . . . 21770
308.5 127 . . . . .1960
286.0 . |. . . . 181 . . . . .2656
276 s le o & o 187 O

275.5 . |. . . . - . . . . . 2820

These data (28) hjave been compared (29) to similar data for naphthalene
and phthalazine, and assignments of intensity and order (as n— A7 *)
made (29) and compared (30) to similar assignments for phthalazine,
quinoxaline, 6-cHloroquinoxaline, and 6-bromoquinoxaline in various
solvents (water, 95% ethanol, and cyclohexane).

B. Cinnolines an% Derivative Compounds.

The only s|nthesis widely applicable to this heterogenous class
of cinnolines is th{ Widman-Stoermer reaction. Although first observed
by Widman (31) in{1884 in the preparation of 4-methylcinnoline-4-
carboxylic acid, t+e reaction was not used again until 1909 when Stoermer
and Fincke (32) applied the procedure to prepare 4-arylcinnolines.

(28) Hearn| Morton, and Simpson, J. Chem. Soc., 1951, 3318.

(29) Amst#tz, J. Org. Chem., 17, 1508 (1952).

(30) Hirt, King, and Cavagnol, J. Chem. Phys., 25, 574 (1956).

(31) Widma

n, Ber., 17, 722 (1884).

(32) Stoermler and Fincke, Ber. » 42, 3115 (1909).
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(@]

"
N C-CH3
l ——— + H,0 (2)
ZANN=CH-NO,

H

(33) Nunr|l and Schofield, J. Chem. Soc., 1953

(34) Baumgarten and DeBrunder, J. Am. Chem. Soc., 76,

3489 (1954).

(35) Ba

80, 1977 (1958).

\Ar+garten, Pederson, and Hunt, J. Am. Chem. Soc.,
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However, the general applicability of this reaction has not been tested.

Table 2 summarizes those compounds reported since 1949.

Table 2. Cinnolines and Derivative Compounds
Rg Ry
R R
6 l/ I \J 3 where R represents hydrogen
R7 2 o unless indicated otherwise
N
Rg
No. R Group M. P., °c Prep.a%Yield Remarks Ref.
1 3 Chloro- 90-91 A,B 75 Needles from ligroin 19,16
2 4 Chloro- 75-76.5, B Pale yellow needles 36,37
76-77 from Skelly A;
unstable
3 6 Chloro- 119-120 C Pale brown, luster- 18
less prisms from
ether-ligroin
4 7 Chloro- 92-93 D Fine needles from 15
water
5 3 Chloro- 128-129, E 87 Snow-white needles 38, 37
4 Chloro- 126-127, from Skelly C or
127-128 ether-ligroin
6 4 Chloro- 111-112 E 37
6 Chloro-

(36) Castle and Kruse, J. Org. Chem., 17, 1571 (1952).
(37) Schofield and Swain, J. Chem. Soc., 1950, 384.

(38) Baumgarten, J. Am. Chem. Soc., 77, 5109 (1955).
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Table 2, continued

No. R Group M. P.,°C Prep2%Yield Remarks Ref.
7 3 Chloro- 141-142 E Pale yellow needles 37
4 Chloro- from ether-ligroin
6 Chloro-
8 3 Bromo- 92-93 E 80 From ligroin 19
9 3 Bromo- 118-120 F Yellow prisms 19
Picrate
10 6 Bromo- 129-130 C Pale buff-colored 18
needles from ether-
ligroin
11 3 Bromo- 149-150, E 100 Lemon-yellow blades 37,19
4 Chloro- 153-154 from acetone
12 4 Chloro- 126-127 E 37
6 Bromo-
13 3 Bromo- 153-154 E 37
4 Chloro-
6 Chloro-
14 3 Chloro- G 37
4 Chloro-
6 Bromo-
15 3 Bromo- 159-160 G 37
4 Chloro-
6 Bromo-
16 3 Nitro- 205-206.5 H 39-43 Long cream-colored 34, 35
204-205 needles from methanol
or acetone; light tan
solid from dilute
acetone.
17 5 Nitro- 147-148.5 A,1l From water; sublimed 19,15
151-152 33 at 90° C/9. 05 mm. ;

mustard yellow needles
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Table 2, continued

No. R Group M.P.,°C Prep? %Yield Remarks Ref.
17 continued from absolute ethanol;
stable to 2N and con-
centrated HCl, 4 N
NH4OH; unstable to
2 N NaOH.
18 6 Nitro- 205-206 J Yellow needles from 15
ethanol.
19 7 Nitro- 153-154.5 A 51 Light yellow crystals 19
from water
20 8 Nitro- 132-132.5, A,1 36,28 Yellow needles from 19,15
135-136 water; long yellow
needles from benzene;
stability as for 17,
21 3 Nitro- 169-170 E 50- 80 Pale yellow needles 38
4 Chloro- from Skelly C; un-
stable for long periods.
22 3 Nitro- 227-228 K 10-17 Pale yellow plates 35
6 Chloro- from ethyl acetate.
23 3 Nitro- 165.5-166 K 10-15 Pale yellow needles 35
7 Chloro- from ethyl acetate.
24 4 Chloro- 170-171 E Lemon-yellow crystals 39,19
5 Nitro- from ether ligroin.
25 4 Chloro- E 19
6 Nitro-
26 4 Chloro- 148-149 E Pale yellow needles 39,19
7 Nitro- from ether ligroin.

(39) Schofield and Theobald, J. Chem. Soc., 1949, 2404.
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Table 2, continued

No. R Group M.P.,b°%C Prep.a %Yield Remarks Ref.
27 4 Chloro- 167-169 E Golden leaflets from 39,19
8 Nitro- ether-ligroin; quickly
hydrolyzed when kept.
28 3 Methyl- 58.5-61 A B.p. 106-111°C/o0. 3- 19
0.4 mm; pale yellow
plates from ether-
Skelly A.
29 3 Methyl- 204-204.5 L Red needles from 16
Methiodide methanol
30 3 Methyl- 175-176.5 F 86 Khaki prisms from 19
Picrate dioxan.
31 4 Methyl- M 74 40
32 4 Methyl- 126-127, M,N Yellow needles from 41, 40
8 Chloro- 124-125 ligroin
33 4 Methyl- 177-178, F Stout green needles 41, 40
8 Chloro- 179-180 from ethanol
Picrate dec.
34 3 Nitro- 188-189 o 59 Lustrous brown needles 34
4 Methyl- from ethanol
35 4 Methyl- 138-139, P 49,35 Yellow plates from 41, 40
8 Nitro- 137-138 methanol.
dec.
36 3 Phenyl- 119-120 Q Red needles from 17

n-hexane and aqueous
alcohol.

(40) McKenzie and Ham:lton, J. Org. Chem., 16, 1414 (1951).

(41) Schofield and Swain, J. Chem. Soc., 1949, 1367.
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Table 2, continued

No. R Group M.P.,°C Prep? %Yield Remarks Ref,
37 3 Phenyl- 150-151 F Yellow 17
Picrate
38 3 Phenyl- 119-120 E Orange microcrystals 42
4 Chloro- from ether-ligroin.
39 3 p-Nitro-267-268 R 75 Tentative structure. 43
phenyl-
1 Oxade
40 4 Benzyl- 104.5 S 43 Nearly colorless 36
crystals from aqueous
ethanol.
41 4 Styryl- 121.8- T 62 Green-gold plates from 44
122. 6 aqueous ethanol.
42 4 m-nitro-N/G N/G Compound used as a 45
styryl- desensitizing agent in
Methotoluene - photographic direct
p-sulfonate positive emulsions.
43 6 Phenyl- 111-111.5 U Pale yellow needles 17
from ligroin.
44 6 Phenyl- 176 F Deep yellow needles 17
Picrate from alcohol or benzene.
45 4 Chloro- 151-152 E 89 Pale yellow needles 17
6 Phenyl- from ligroin.

(42) Schofield and Swain, J. Chem. Soc., 1949, 2393.

(43) Krohnke and Vogt, Ann., 589, 26 (1954).

(44) Castle and Cox, J. Org. Chem., 18, 1706 (1953).

(45) Kendall, Wood, and Welford (to Ilford, Ltd.) U. S.,
2,669,515, Feb. 16, 1954 [C. A., 48, 6892 (1954)].
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Table 2, continued

No. R Group M.P.,°C Prep? %Yield Remarks Ref.
46 7 Phenyl- 116 U Very pale yellow 17
needles from aqueous
alcohol.

47 7 Phenyl- 175.5-177 F 48 Somewhat gummy brown 17
Picrate needles from methanol.

48 4 Chloro- 124-125 E 55 Pale yellow needles 17
7 Phenyl- from ligroin.

49 3 Phenyl- 151-152 v Yellow 7
4 Phenyl-

50 3 Phenyl- 246 dec. L Black needles ( yellow 7
4 Phenyl- as a powder).
Methiodide

51 3 Phenyl- 178 w Yellow 7
4 Phenyl-
7 Methyl-

52 3 Phenyl- 155 F T
4 Phenyl-
7 Methyl-
Picrate

53 3 Phenyl- 158 W Yellow 7
4 Phenyl-
8 Methyl-

54 3 Phenyl- 123 X Tentative structure; 7
5 Phenyl- nearly colorless.

55 3 Phenyl- 164-165 F Yellow from alcohol 7
5 Phenyl-
Picrate

56 3 Phenyl- 183 X Tentative structure; 7
5 Phenyl- nearly colorless

6 Methyl-
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Table 2, continued

No. R Group M.P.,°C Prep.a %Yield Remarks Ref.
57 3 Phenyl- 181-182 F Yellow from alcohol 7
5 Phenyl-
6 Methyl-
Picrate
58 3 Phenyl- 170 X Tentative structure; 7
5 Phenyl- nearly colorless
7 Methyl-
59 3 Phenyl- 194-195 F Yellow from alcohol 7
5 Phenyl-
7 Methyl-
Picrate
60 4 1-[2-(2-113-113.6 T 12 Fine bright yellow 44
Thenyl)- crystals from methanol.
ethenyl] -
61 4 2-Thenyl-85-86 M Yellow prisms from 33
ether
62 4 1-(2- 205.2- T 8 Bright yellow needles 44
[4-(2- 205.6 from methanol.
Phenyl)-
1,2,3-
2H-tri-
azolyl]-
ethenyl)-
63 2 2- 125-126, M Stout, crisp, almost 46
Pyridyl- 128-129 colorless prisms from

methanol or ligroin
containing a little ethyl
acetate.

(46) Schofield, J. Chem. Soc., 1949, 2408.
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Table 2, continued

No. R Group M.P.,°C Prep? %Yield Remarks Ref,
64 4 2- 196-199, F Beautiful, felted, 33,46
Pyridyl- 201-203 mustard-yellow
needles from methanol.
65 3 Methyl- 155-156 M Pale yellow prisms 33
4 2- from benzene-ligroin.
Pyridyl-
66 4 3- 141-142 M Yellow needles from 33
Pyridyl- benzene - Skelly B.
67 3 Methyl- 192-193 M Yellow prisms from 33
4 3- ethanol.
Pyridyl-
68 4 4- 276-278 M Yellow prisms from 33
Pyridyl- and methanol.
Picrate then
F
69 3 2- 145-146 M Purified by passing 33
Pyridyl- over alumina (benzene
4 Phenyl- solvent).
70 3 2- 194-196 F Yellow leaflets from 46
Pyridyl- after methanol.
4 Phenyl- M
Picrate
71 3 2- 143-144 M Yellow prisms from 33
Pyridyl- aqueous ethanol.
4 Phenyl-
6 Chloro-
72 3 2- 164-165 M Passed over alumina 33
Pyridyl- (benzene solvent), then
4 4-Dlyl- yellow needles from ethanol.
73 3 2- 162-163 M Yellow prisms from 33
Quinolyl- aqueous ethanol.

4 Phenyl-
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Table 2, continued

No. R Group M.P.,°C Prep? %Yield Remarks Ref,
74 3 2- 219-220 F Yellow prisms from 33
Quinolyl- ethanol.
4 Phenyl-
Pictrate
75 3 2- 205-206 M Yellow needles from 33
Quinolyl- ethanol.
4 Phenyl-
6 Chloro-
76 3 2- 153-154 M Yellow needles from 33
Quinolyl- aqueous ethanol and
4 4-Tolyl- benzene-ligroin.
77 4 4- 237-238, Y. Z 7.5 Long soft pale needles 15
Cinnolyl- from aqueous acetic
231-232 acid; small brittle
golden prisms from
ethanol.

2 A. By hydrolysis of the appropriate 4-toluene-p-sulfonylhydrazino-
cinnoline or its hydrochloride salt.

B. By heating the analogous hydroxycinnoline with phosphorous
oxychloride and/or phosphorous pentachloride.

C. By oxidation of the appropriate 4-cinnolylhydrazine with
10% aqueous copper sulfate.

D. By catalytic reduction of 4, 7-dichlorocinnoline in methanol
with palladium hydroxide on calcium carbonate, 4-5 atmospheres of
hydrogen, and at room temperature.

E. By heating the appropriate 4-hydroxycinnoline with
phosphorous oxychloride and/or phosphorous pentachloride.

F. By treating the free base with picric acid.

G. By heating 3, 6-dibromo-4-hydroxycinnoline with phosphorous
oxychloride and phosphorous pentachloride.

H. By condensing nitroformaldehyde o-formylphenylhydrazone
or its acetal. ~

I. By nitrating cinnoline with conc. sulfuric acid and fuming
nitric acd.

J. By oxidation of 6-nitro-4-isopropylidenehydrazinocinnoline
as in C.
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Table 2, continued

K. By condensing the appropriate nitroformaldehyde
chloro-2-formylphenylhydrazone.

L. By treating the free base with methyl iodide in methanol
or nitrobenzene.

M. By the Widman-Stoermer reaction.

N. By the Sandmeyer reaction on the analogous 8-amino-
compound.

O. By condensing the appropriate nitroformaldehyde o-
acety l phenylhydrazone. -

P. By nitrating the cinnoline with mixed acids.

Q. By reducing the 4-hydroxy- analog with lithium aluminum
hydride in tetrahydrofuran, and then treating the product with red
mercuric oxide in benzene.

R. By cyclization of & -amino- § -o-nitrophenyl-p-
nitrostyrene with light.

S. By refluxing the corresponding «-(4-cinnolyl)-
phenyl a cetonitrile with 50% aqueous sulfuric acid.

T. By condensing the appropriate aldehyde with 4-methyl-
cinnoline.

U. By reducing the 4-hydroxy- analog with lithium aluminum
hydride in tetrahydrofuran.

V. By dehydrogenating 3, 4-diphenyl-5, 6, 7, 8-tetrahydro-
cinnoline with palladized charcoal at 260° C or in boiling cumene or
by selenium at 310-320° C.

W. By dehydrogenating the appropriate 3, 4-diphenyl-5, 6, 7, 8-
tetrahydrocinnoline by palladized charcoal at 260° C or in boiling
cumene.

X. By dehydrogenating the appropriate 3, 4-diphenyl-

5,6, 7, 8-tetrahydrocinnoline by palladized charcoal at 360-370° C.

Y. By decarboxylating cinnoline-4-carboxylic acid in
benzophenone.

Z. By reducing 4-chlorocinnoline as in D.

In the dehydrogenation of the 3, 4-diphenyl-5, 6, 7, 8-
tetrahydrocinnolines (7) by palladized charcoal at 260-290° C,
2, 3-diphenylindoles are formed in addition to the diphenylcinnolines.
In several instances stable 1:1 molecular complexes are formed, as
summarized below:
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Cinnoline Indole M.P.,°C
3, 4-Diphenylcinnoline 2, 3-Diphenylindole 128-129
7-Methyl-3, 4-diphenyl- 6-Methyl-2, 3-diphenyl- 151
cinnoline indole
7-Methyl-3, 5-diphenyl- 6-Methyl-2, 3-diphenyl- 134-135
cinnoline indole

The structures of the 3, 5-diphenylcinnolines have not been proved, but
were suggested because of the frequent 1, 3- shift of phenyl groups in
highly arylated compounds (47). In every case the major portion of

the reaction is the diarylindole. Indole formation has been observed (48)
to be characteristic of 4-arylcinnolines upon reduction with sodium and
alcohol.

The basic strength of 4-chlorocinnoline was determined (20)
to be 2. 08 in 50% aqueous alcohol at 21-22° C.

The electric moment and related data have been obtained for
4-methylcinnoline:

&’ v 5' P, MR~ A

10 D “obs “Mealc.

ElO
2.2705 29.075 1.4500 -0.60 462.9 43.00 4.53 4.49

The values were obtained in benzene at 25O @

The ultraviolet spectra of a number of cinnolines have been
reported. The references for these compounds are tabulated:

Cinnoline Solvent Reference
3-Chlorocinnoline 16
6-Bromo-4-phenylcinnoline Methanol 7
3, 4-Diphenylcinnoline Methanol 7
3, 5-Diphenylcinnoline Methanol 7
3, 4-Diphenyl-7-methylcinnoline Methanol 7
3,4-Diphenyl-8-methylcinnoline Methanol 7

(47) Allen, Chem. Revs., 37, 233, 263 (1945).

(48) Atkinson and Simpson, J. Chem. Soc., 1947, 1649,
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3,5-Diphenyl-6-methylcinnoline Methanol 7
3,5-Diphenyl-7-methylcinnoline Methanol 7

The heat and entrophy of activation have been determined (15)
for the reaction in ethanol of ethoxide 1on and 4-chlorocinnoline at 20,
30, and 40° C.

Hydrolysis studies (49) on a number of 4-chlorocinnolines have
been carried out, as tabulated below:

Results?
Cinnoline Hydrolysate/ Time Initial 4-Hydroxy-
(hrs.) Material analog
4-Chlorocinnoline water/ 1/4 - +
4, 7-Dichlorocinnoline water/1 + +
4, 7-Dichlorocinnoline 0.02 N HCl1/1 - +
4-Chloro-6-nitrocinnoline water/ 1/3 - +
4-Chloro-8-nitro-7-methylcinnoline N HC1l/ 1/2 + Trace
4-Chloro-8-nitro-7-methylcinnoline 5 N HCl1/2 - +
4-Chloro-5 (or 7)- nitro-8- HZO/I 50% 50%
methylcinnoline
4-Chloro-5 (or 7)-nitro-8- H,0/3 - 100%
methylcinnoline
4-Chloro-5 (or 7)-nitro-8- 0.02 N HC1/1 - 100%
methylcinnoline

&A - sign 1ndicates the material was not isolated, while a +
sign indicates that the material was obtained from the reaction maixture.

It was shown (49) that there is substantial qualitative agreement between
the observed order of reactivity of comparable compounds of cinnoline,
quinazoline, and quinoline and the predicted order as deduced from the
electron-density calculations of Longuet-Higgins and Coulson (24).

(49) Keneford, Morley, and Simpson, J. Chem. Soc., 1950,

1104.
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C. Hydroxycinnolines and Derivatives.

Of the hydroxycinnolines the 4-hydroxy-compounds are by far
the most important. Two widely applicable routes are available for
their preparation.

Historically, the first is the Richter synthesis, originated in
1883 (1). Improvements and variations have made the reaction a general
route for preparing 6-substituted-4-hydroxycinnoline-3-carboxylic
acids and 6-substituted-4-hydroxycinnolines. Cinroline formation
results from the cyclization of diazotized o-aminophenylpropiolic acids
or o-aminophenylacetylenes. The reaction is illustrated by the
original (Equation 1)

OH
C=C-<CO
N OE 2H H,O0 N C02H
, L. B9 + HX (1)
Z NN, X N

Simpson (13) has reviewed the scope and mechanism of the reaction.
The carboxylic acid group may be replaced successfully by hydrogen
or by a phenyl group; the synthesis fails when replacement is made by
the 2-pyridyl group (50, 51).

The Borsche synthesis is the second and more widely applicable
route for the preparation of 4~-hydroxycinnolines. In 1941 Borsche and
Herbert (2) observed that 5-nitro-2-aminoacetophenone on diazotization
undergoes a slow cyclization at room temperature to 6-nitro-4-
hydroxycinnoline (equation 2). This reaction has proven to be a
valuable general procedure for preparing 3-, 5-, 6-, 7-, and 8-substituted
4-hydroxycinnolines. This reaction has received a good deal of attention,
the scope and mechanism having been reviewed by Simpson (13), which
source should be consulted for further information.

(50) Schofield and Simpson, J. Chem. Soc., 1945, 512.

(51) Schofield and Swain, J. Chem. Soc., 1949, 2393.
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O2N_ \COCH3 O2N \COCH3 O;N N .
| - L l| —_— + HI

vy,

Although 3-hydroxycinnoline reportedly (5, 52) has been prepared
it was not until 1952 (53) that a detailed description became available.
The compound was prepared by diazotization and reduction of O, N-
diacetyldioxindole (I).

O
(R}
0-C-CHj
7 B
N 5
\I:I o)
GC=0
]
CH;

(1)
This same type of reaction also was used to prepare the 6-chloro-
and 6-methoxy- analogs (53).

Table 3 lists those hydroxycinnolines and derivatives reported
since 1949.

(52) Bossel, Inaug.-Diss., T'tibingen, May, 1925, pp. 31-33.

(53) Alford and Schofield, J. Chem. Soc., 1952, 2102.
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Table 3. Hydroxycinnolines and Derivatives.

Rs Ry
Rg N NR3 where R represents hydrogen
l I unless indicated otherwise.
RN\
Rs
No. R Group M.P.,°C Prep® %Yield Remarks Ref.

1 3 Hydroxy- 201-203 A,B 62 Bright yellow needles 53,16
from water then
benzene; retains water

strongly.

2 3 Hydroxy- 280-283 C Orange plates from 16
Methohydroxide alcohol and
anhydro salt chloroform-ligroin.

3 3 Hydroxy- 262-265 A Yellow needles from 53
6 Chloro- (with alcohol. Retains

darkening) water strongly.

4 3 Methoxy- 155-157.5 D Yellow prisms from 16
Picrate alcohol.

5 3 Benzoyl- 148-149 E White crystals from 53

oxy- aqueous alcohol.

6 3 Chloro- 278-279 F,G, 22 From acetic acid 37,18
4 Hydroxy- H

7 4 Hydroxy- 287-288 1,J, 20 42,18
6 Chloro- K

8 3 Chloro- 301-303 F 32 37
4 Hydroxy-
6 Chloro-

9 3 Bromo- 273-274, L,M, 12.5- Pale brown or white 37,18
4 Hydroxy- 275-276 N 34,20 needles from ethanol.
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Table 3, continued.

No. R Group M.P.,°C Prep 2g,Yield Remarks Ref,

10 4 Hydroxy- I 20 42
5 Bromo-

11 4 Hydroxy- J 42
6 Bromo-

12 3 Bromo- 313-314 O 22 White needles from 37
4 Hydroxy- ethanol.
6 Bromo-

13 3 Bromo- 308-309 P 19.5 White needles from 37
4 Hydroxy- ethanol.
6 Chloro-

14 3 Chloro- 306-307 Q 22 37
4 Hydroxy-
6 Bromo-

15 4 Hydroxy-261-262 R Pale yellow leaflets 54
8 1Iodo- from ethanol.

16 3 Nitro- 284. 5- S 69 Light yellow needles 38
4 Hydroxy- 285.5 from ethanol.

17 4 Hydroxy- 304-305 R Colorless needles from 39, 19
5 Nitro- alcohol.

18 4 Hydroxy- 231-232 T,R 90 Orange-yellow needles 51,19
6 Nitro-

19 4 Hydroxy- 295-296, R Pale yellow needles 39,55,
7 Nitro- 300 from alcohol 19

(54) Schofield and Theobald, J. Chem. Soc., 1950, 395,

(55) Atkinson, Simpson, and Taylor, J. Chem. Soc., 1954,

1381.
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Table 3, continued

No. R Group M.P,,°C Prep? %Yield Remarks Ref.
20 4 Hydroxy- 183-185 R,U 55 Yellow needles. 19,56
8 Natro-
21 4 Methoxy- 125-126 V 51,57
127-128
22 4 Methoxy-200 v Pale yellow, opaque, 56
7 Nitro- flat blades from
acetone.
23 4 Ethoxy- 174 \4 57
Picrate then
w
24 4 Iso- 163 \' 57
propoxy- then
Picrate w
25 4 Phenoxy- X 51
26 3 Chloro- 127-128 X From Skelly C 38
4 Phenoxy-
27 3 Chloro- 107-108 Y 90-95 White or cream- 37
4 Phenoxy- colored needles from
6 Chloro- ether-ligroin.
28 3 Bromo- 143-144 Y 90-95 White or cream- 37
4 Phepoxy- colored needles from
ether-ligroin.
29 3 Bromo- 135-136 Y 90-95 White or cream- 37
4 Phenoxy- colored needles from
6 Bromo- ether ligroin.
(56) Atkinson and Taylor, J. Chem. Soc., 1955, 4236.
(57) Adachi, J. Pharm. Soc. Japan, 75, 1426 (1955) [C. A.,
50, 10105 (1956)].
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Table 3, continued.

No. R Group M.P.,°C Prep? %Yield Remarks Ref.

30 3 Bromo- 113-114 Y 90-95 White or cream- 37
4 Phenoxy- colored needles from
6 Chloro- ether-ligroin.

31 3 Chloro- 128-129 Y 90-95 White or cream- 37
4 Phenoxy- colored needles from
6 Chloro- ether-ligroin.

32 3 Nitro- 144.5- X 21 Pale tan plates 38
4 Phenoxy- 145 from Skelly C.

33 4 Phenoxy- 123 X Almost colorless 55
5 Nitro- needles from Skelly A.

34 4 Phenoxy-172-173 X Pale yellow needles 39
7 Nitro- from benzene-ligroin.

35 4 Phenoxy- 166-167 X Pale yellow needles 39
8 Nitro- from benzene.

36 3 Chloro- 124-125 Z 37
4 Acetoxy-

37 4 Acetoxy- 159-160 Z 90-95 Almost colorless 51
6 Chloro- needles from alcohol.

38 3 Chloro- 148-149 Z 37
4 Acetoxy-
6 Chloro-

39 3 Bromo- 139-140 Z 37
4 Acetoxy-

40 3 Bromo- 178-179 Z 37
4 Acetoxy-
6 Bromo-

41 3 Bromo- 165-166 Z 37
4 Acetoxy-
6 Chloro-
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Table 3, continued

No. R Group M.P.,°C Prep® %Yield Remarks Ref,
42 4 Acetoxy- 185-186 Z Colorless leaflets 39
5 Nitro- from dilute alcohol.
43 4 Acetoxy- 140-141 Z From dilute alcohol. 39
7 Nitro-
44 4 Mer- 200-201, AA, From acetic acid. 58
capto- 203-205 BB
45 4 Methyl- 98 CC 63-74 Yellow needles from 58
mercapto- cyclohexane.
46 4 5-Thi- 146-148 DD Assumed intermediate 58
uronium
chloride
47 4 4-Cinnolyl- 181 EE 97 From ethanol. 58
mercapto-
48 4 2-Quin- 153-154 FF Poor Pale yellow needles 58
oxalyl- from ethanol.
mercapto-
49 4 Hydroxy- 225-226, GG 55 From water or 51
6 O-methyl-225-227 alcohol.
acinitro- dec.
50 3 Methyl- 161-162 GG Orange flakes from 51
4 Hydroxy- aqueous alcohol.
6 O-methyl-
acinitro-
51 3 Methyl- 144-150 V Golden prismatic 51
4 Methoxy- needles from methanol;
6 Nitro- rapidly hydrolyzed to

the 4-hydroxy compound

by dilute mineral acids.

(58) Castle, Ward, White, and Adachi, J. Org. Chem. , ﬁ,
570 (1960).
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Table 3, continued

No. R Group M.P. ,OC Prep? %Yield Remarks Ref.

52 3 Chloro- 298.5- R Soft white needles 59
4 Hydroxy-299.5 from alcohol,
6 Methyl-

53 3 Chloro- 186-187 Z 59
4 Acetoxy-
6 Methyl-

54 4 Hydroxy- 267-268 R Buff-colored rhombs 59
6 Methyl- from ethanol.
7 Methyl-

55 3 Chloro- 314-315 R Colorless needles 59
4 Hydroxy- (310) from alcohol.
6 Methyl-
7 Methyl-

56 4 Acetoxy- 151-152 Z Fawn leaflets from 59
6 Methyl- dilute ethanol.
7 Methyl-

57 3 Chloro- 196-197 2 Silky needles from 59
4 Acetoxy- alcohol.
6 Methyl-
7 Methyl-

58 3 Phenyl- 265-267, I,R 64-90 White leaflets from 60, 42
4 Hydroxy- 260-261 alcohol.

59 3 Phenyl- 347-348 R 50-61 Small yellow needles 60
4 Hydroxy-
6 Nitro-

(59) Schofield, Swain, and Theobald, J. Chem. Soc., 1949, 2399.

(60) Ockenden and Schofield, J. Chem. Soc., 1953, 3706.
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Table 3, continued

No. R Group M.P, ,OC Prep.a %Yield Remarks Ref.
60 3 Phenyl- 310-312 R 67-86 Cream-colored plates. 60
4 Hydroxy-
6 Methyl-
61 4 Hydroxy- 294-296 R 38 Colorless needles from 17
6 Phenyl- alcohol.
62 4 Ethoxy- 176 HH Tentative structure; 17
6 Phenyl- colorless needles from
ligroin or aqueous
alcohol.
63 4 Ethoxy- 168 11 17
6 Phenyl-
Picrate
64 4 Hydroxy- 323-325 R 37 Colorless needles from 17
7 Phenyl- methanol or acetic acid.
65 3 1-Naph- 285-286 R 77-87 Small plates. 60
thyl-
4 Hydroxy-
66 5 Hydroxy- 285 dec. JJ Brownish-yellow cubes 61
from ethanol.
67 5 Methoxy- 92-93.5 KK 34 Cream blades from 61
Skelly B.
68 4 Chloro- 141-142 LL Needles from Skelly B. 61
5 Methoxy-
69 6 Hydroxy- 300 JJ Fluffy cream needles 61

from water; material
turns blue-black at
about 195°.

(61) Osborn and Schofield, J. Chem. Soc., 1955, 2100.
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Table 3, continued

No. R Group M.P,, °c Prep? %Yield Remarks Ref.
70 6 Methoxy- 87-88 KK Colorless needles from 61
Skelly B.
71 7 Hydroxy- 300 JJ Needles from water 61
then ethanol.
72 7 Methoxy- 109-110 KK Needles from Skelly B. 61
Monohydrate dec.
73 4 Chloro- 178-179 LL Needles from Skelly B. 61
7 Methoxy-
74 8 Hydroxy- 185-186, MM, Long yellow needles 62,63
186-187 NN from benzene; sublimed
at 115-120° C/0. 05 mm.
75 8 Methoxy- 67-70.5 KK Colorless needles from 62
(sealed benzene-ligroin.
tube) Quickly liquified,
darkened, became green
when kept.
76 8 Methoxy- 189- I Orange needles. 62
Picrate 191.5
77 4 Chloro- 142-143 LL 87 Faint yellow needles 62
8 Methoxy- (slowly from acetone.
darkened)
78 4 Methyl- 177-178.5, MM Light yellow prisms 62,63

8 Hydroxy- 176.5-177.5

from benzene; sub-
limed at 150-160°
C/0.1 mm.

(62) Alford, Irving, Marsh, and Schofield, J. Chem. Soc.,

1952, 3009.

(63) Albert and Hampton, J. Chem. Soc., 1952, 4985,
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Table 3, continued

No. R Group M.P.,°C Prep? %Yield Remarks Ref.
79 4 Methyl- 130-132, OO Yellow prisms from 62, 63
8 Methoxy- 131-132 benzene then Skelly
D; orange needles
from benzene - Skelly
A.
80 4 Phenyl- 142- MM Fawn-colored needles 62
8 Hydroxy- 143.5 from benzene-Skelly B.
81 4 Phenyl- 85-89 (0]0) Opaque, light yellow 62
8 Methoxy- plates from chloroform-
Skelly B; became sticky
in air.
82 4 Styryl- 200-201 PP Yellow needles from 63
8 Hydroxy- benzene then methanol.
83 4 Styryl. 212-213 QQ Yellow prisms from 63
8 Benzoyl- benzene.
oxy-
84 3 Hydroxy- RR Yellow nodules from 53
6 Hydroxy- 5 N HCl. Retains
water strongly.
85 3 Hydroxy- A Yellow powder insoluble 53
6 Methoxy- in most solvents.
86 3()Hydroxy- 233-235 SS Fluffy yellow crystals 53
6(3)Benzoyl- (after from methanol.
oxy- darken-
ing)
87 4 Hydroxy- 275 dec. R Pale cream needles 61

5

Methoxy-

from water; poly-
morphic form, m.p.
245 dec., changes into
higher melting form
upon standing.
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Table 3, continued

No. R Group M.P.,°C Prep® %Yield Remarks Ref.
88 4 Hydroxy- 252 R Colorless needles 61
6 Methoxy- from water.
89 3 Phenyl- 318-319 1 White micro-crystals 42
4 Hydroxy- from dilute acetic
6 Methoxy- acid.
90 4 Hydroxy-255-257 R Needles from water. 61
7 Methoxy-
91 4 Hydroxy- 164-165 R 92 White needles from 62
8 Methoxy- water; dried at
Monohydrate 110° C/2 mm.
92 4 Chloro- 195-196 LL Hair-like, cream- 36
6 Methoxy- colored crystals from
7 Methoxy- ethanol,
93 3 Nitro- See re- TT 12 Cream-colored needles 35
6,7 Methyl- marks from ethyl acetate;
enedioxy- blackened at 250° (not
melting), subliming at
255-310° C.
94 4 Hydroxy-271-272 R 67 White powder. 36
6 Methoxy-
7 Methoxy-
95 4 Hydroxy- 234 dec. UU 36
6 Methoxy-
7 Methoxy-
96 4 Methoxy- 210 A% 76 From methanol. 58
6 Methoxy-
7 Methoxy-
97 4 Ethoxy- 185-187 V From ethanol. 58
6 Methoxy-
7 Methoxy-
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Table 3, continued

Prep? %Yield

Remarks

Ref,

99

100

101

102

103

104

105

Mercapto-216-217
Methoxy-
Methoxy-

Methyl- 215-217
mercapto-
Methoxy-
Methoxy-

5-Thi- 175-179
uronium

chloride

Methoxy-
Methoxy-

4-Cinnolyl- 193
Methoxy-
Methoxy-

2-Quin- 210
oxalyl-
Methoxy-
Methoxy-

4-(6,7- 220-225
Dimethoxy)
cinnolyl-
Methoxy-
Methoxy-

3,3,3- 165-166
Trichloro-
2-hydroxy-
propyl-

2- 265-266
Pyridyl-

p -Hydroxy-
phenyl-

AA,
BB

CcC

DD

EE

FF

V'A%

wWwW

XX

37

Yellow powder from
acetic acid.

Yellow crystals from
benzene.

From ethanol.

Contains ethanol of
recrystallization.

From methanol.

Glistening silver

leaflets from ethanol.

Yellow prisms from
ethanol.

58

58

58

58

58

58

16

33
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Table 3, continued

No. Group M.P.,°C Prep® %Yield Remarks Ref,

106 2- 157-158 (e]0) Pale yellow tablets 33,47
Pyridyl- from aqueous
p-Methoxy- methanol.
phenyl-

107 3- 145-146 OO Yellow needles from 33
Pyridyl- aqueous ethanol.
p-Methoxy-
phenyl-

108 2- 151-152 OO Glistening pale 33, 47
Quinolyl- yellow tablets from
p-Methoxy- methanol.
phenyl-

109 1-(2-0- 224-225 YY Postulated product; 42
Hydroxy- pale green needles
phenyl) from alcohol.
ethynyl-

Hydroxy-

110 p- 112, 2- ZZ 42 Golden plates from 44
Methoxy- 112. 6 methanol.
styryl-

111 3,4-Di- 193-194 ZZ 10 Very pale yellow 44
methoxy- needles from ethanol
styryl- then aqueous ethanol.

sodium hydroxide and dimethyl sulfate.

aA. By diazotizing the appropriate O, N-diacetyldioxindole,
then reducing the product with stannous chloride in hydrochloric acid.
B. By heating 3-bromocinnoline with sodium in wet methanol
in a sealed tube at 110-120° C.
C. By treating the analogous 3-hydroxycinnoline with 2 N

D. By the procedure outlined in B except with dry methanol.
E. By treating the analogous 3-hydroxycinnoline with benzoyl
chloride and sodium hydroxide.
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Table 3, continued

F. By chlorination of the 4-hydroxycinnoline using sulfuryl
chloride, acetic anhydride, and acetic acid.

G. By treating 3-chloro-4-phenoxycinnoline with ammonium
acetate at 160° C

H. By treating 3, 4-dichlorocinnoline with aqueous ammoma
at 150-160° C 1n a sealed tube.

I. By the Richter synthesis.

J. By decarboxylating the corresponding cinnoline-3-
carboxylic acid.

K. By treating 4, 6-dichlorocinnoline with either saturated
alcoholic arnmonia or aqueous ammonia at 150-160° C in a sealed
tube.

I.. By bromination with potassium bromide and potassium
bromate of the reaction mixture of the Borsche synthesis.

M. By bromination of 4-hydroxycinnoline with bromine in
acetic acid at 95° C.

By treating 4-chloro-6-bromocinnoline as in F.

By treating 6-bromo-4-hydroxycinnoline as in M.

By treating 6-chloro-4-hydroxycinnoline as in M.

By treating 6-bromo-4-hydroxycinnoline as in F.

By the Borsche reaction.

By basic hydrolysis of 4-amino-6-nitrocinnoline.

By refluxing 4-hydroxy-6-(o-methylacinitro)cinnoline
with 2 N hydrochlorlc acid.

U. By treating 4-amino-8-nitrocinnoline methiodide with
hot water.

V. By treating the analogous 4-chlorocinnoline with the
appropriate sodium alkoxide.

W. By treating the free base with picric acid.

X. By treating the analogous 4-chlorocinnoline with phenol
and potassium hydroxide at 95° C or with phenol and potassium
carbonate or ammonium carbonate at 95, 100, or 120° C.

Y. By treating the analogous 4-hydroxycinnoline with phenol
at 180° C.

Z. By treating the analogous 4-hydroxycinnoline with acetic
anhydride.

AA. By treating the analogous 4-chlorocinnoline with thio-
urea in methanol then basic hydrolysis of the product.

BB. By treating the analogous 4-hydroxycinnoline with
phosphorous pentasulfide in pyridine.

CC. By treating the analogous 4-mercaptocinnoline with
methyl iodide and sodium hydroxide at 25° C.

HO RO 2
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Table 3, continued

DD. Assumed intermediate (before hydrolysis) of AA.

EE. By refluxing 4-chlorocinnoline and the analogous
4-mercaptocinnoline with sodium methoxide in methanol.

FF. By refluxing the analogous 4-mercaptocinnoline and
2-chloroquinoxaline as in EE.

GG. By treating the analogous 4-hydroxy-6-nitrocinnoline
with 2% potassium hydroxide and dimethyl sulfate at 50° C or with
methyl toluene-p-sulfonate at 150° C.

HH. By treating the analogous 4-chloro- compound with
sodium hydroxide, water, and ethanol.

II. By treating the free base with picric acid.

JJ. By treating the analogous 4-toluene-p-sulfonyl-
hydrazino- compound with hydrobromic acid. =

KK. By treating the analogous 4-toluene-p-sulfonyl-
hydrazino- compound with aqueous sodium carbonate or potassium
carbonate.

LIL. By treating the 4-hydroxy- analog with phosphorous
oxychloride and/or phosphorous pentachloride.

MM. By treating the analogous 8-methoxycinnoline with
hydrobromic acid.

NN. By decarboxylating the analogous cinnoline-4-
carboxylic acid.

00O. By the Widman-Stoermer synthesis.

PP. By treating the 4-methyl- analog (hydrochloride salt)
with benzaldehyde and dry hydrogen chloride at 155-160° C,

QQ. By treating the free base with benzoyl chloride in
pyridine.

RR. By treating 6(3)-benzoyloxy-3(6)-hydroxycinnoline
with concentrated hydrochloric acid.

SS. By treating 6-methoxy-3-hydroxycinnoline with benzoyl
chloride and sodium hydroxide.

TT. By cyclizing nitroformaldehyde 4, 5-methylenedioxy-
2-formylp henylhydrazone using potassiurm hydroxide.

UU. By treating the free base with hydrochloric acid.

VV. By treating 4-chloro- and 4-mercapto-6, 7-dimethoxy-
cinnoline as in EE.

WW. By treating 4-methylcinnoline with chloral in pyridine
at 95° C.

XX. By refluxing the 4-p-methoxyphenylcinnoline with
hydrobromic acid.

YY. By the tetrazotisation of 2, 2'-diaminodiphenyldiacetylene.

ZZ. By condensing 4-methylcinnoline with the appropriate
aldehyde using a 1/2-molar equivalent of zinc chloride.
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The basic and acid strengths (indicated by pKb and pKa,
respectively) of a number of hydroxycinnolines and derivatives have
been determined and are tabulated below.

Cinnoline pKb Sol? T.°C Ref. pKa Sol? T.°C Ref.
3-Hydroxy- 0.21 A 20 64 8.64 A 20 64
4-Hydroxy- 1.77 B 21-22 20 9.53 B 21 20

1.66 B 15 20
1.72 B 18-19 20
-0.35 A 20 64 9.27 A 20 64
4-Methoxy- 2,71 B 21-22 20
3.21 A 20 64
3.21 A 20 65
4-Phenoxy- 2.27 B 21-22 20
4-Phenoxy-6- 2.499 B 25+2 20
nitro- -
4-Phenoxy-8- 3.15 B 25 +2 20
nitro- -
5-Hydroxy- 1.92 A 20 64 7.40 A 20 64
6-Hydroxy- 3.65 A 20 64 7.52 A 20 64
7-Hydroxy- 3.31 A 20 64 7.56 A 20 64
8-Hydroxy- 2.86 C 14+3 62 8.13 C 14+3 62
2.74 A 20 64 8.20 A 20 64
2.74 A 20 65 8.20 A 20 65
2.70 A 20 66 8.20 A 20 66
1.77 D 20 66 8.84 D 20 66
8-Hydroxy-4- 3.28 C 14+3 62 8.67 C 14+3 62
methyl- 3.18 A 20 65 8.34 A 20 65
2.59 D 20 66 9.00 D 20 66

a
A. Water. B. 50% aqueous alcohol. C. Buffered solutions
of constant ionic strength 0. 3. D. 50% aqueous dioxan.

(64) Albert and Phillips, J. Chem. Soc., 1956, 1294.

(65) Albert and Hampton, J. Chem. Soc., 1954, 505.

(66) Irving and Rossotti, J. Chem. Soc., 1954, 2910.
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The significance of the relative values of a few of the compounds
tabulated has been discussed (64) and generalizations obtained (64).
The basic strengths of the 4-hydroxy-, 4-methoxy-, and 4-phenoxy-
cinnolines have been compared (20) to the corresponding quinoline and
quinazoline derivatives®. Four conclusions were drawn (20): (1) For
a given arrangement of substituents, the quinoline is invariably a
stronger base than the cinnoline derivative; (2) the difference between
the pK value of a quinoline and that of the analogous cinnoline or
quinazoline increases as the pK values themselves increase; (3) for
the 4-hydroxy-, 4-methoxy-, and 4-phenoxycinnolines the order of
basicity is quinoline ) quinazoline ) cinnoline (this order also applies
to 4-chlorocinnoline and cinnoline itself); and (4) the order of effect-
iveness of the various 4-substituents in promoting basicity is the
same in each heterocyclic class; i. e., all amino- derivatives tested
4-methoxy- ) %phenoxy— > 4-chloro- ) 4-hydroxy-.

The tautomeric equilibria between enol and amide in & - and
¥-hydroxy- derivatives was shown (64) to favor greatly the amide
form. The approximate ratio of amide to enol tautomers (i. e., the

ratio of the hybrid ~ O O — to OH )
: l
N\ :
7 %
Jo—= [ |
NN \N~ N/
H H

in neutral aqueous solution at 20° C for 4-hydroxycinnoline was found
(64) to be 3600.

The bacteriostatic indexes of 8-hydroxy-, 8-hydroxy-4-methyl-,
and 8-hydroxy-4-phenylcinnoline have been summarized (62).
8-Hydroxycinnoline was found to have no antibacterial activity (67).
Incidentally, this same source (67) apparently gives ionization and
stability constants and partition phenomenon; the abstract provided
no further information or details.

I This study also included 4-chlorocinnoline, which is required
in the present discussion, and several aminocinnolines and derivatives,
which compounds will be treated in the appropriate section.

(67) Albert and Hampton, 2nd Conﬂgﬁr. Intern. Biochim., Resumes
Communs., (Paris, 1952), 444 [C. A., 49, 4648 (1955)].
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The partition coefficients of 8-hydroxycinnoline and
8-hydroxy-4-methylcinnoline with oleyl alcohol and water at 20°
and pH 7. 3 have been determined (65) to be 5. 6 and 16. 3, respectively.

Ultraviolet data for a variety of hydroxycinnolines and
derivatives are available, as summarized below.

Cinnoline Solvent Reference
3-Hydroxy- 16
4-Hydroxy- Ethanol 28
4-Hydroxy-3, 6-dibromo- Ethanol 28
4-Hydroxy-6-bromo-3-chloro- Ethanol 28
4-Hydroxy-3-nitro- 38
4-Hydroxy-6-nitro- Ethanol 28
4-Hydroxy-6, 7-methylene- Ethanol 28

dioxy-
4-Hydroxy-3-methyl- Ethanol 28
4-Hydroxy-3-methyl-6-nitro- Ethanol 28
4-Hydroxy-6-methyl-3- Ethanol 28
chloro-
4-Hydroxy-3-ethyl- Ethanol 28
4-Hydroxy-6, 7-dimethyl- Ethanol 28
4-Methoxy- Ethanol 28
4-Methoxy-6-nitro- Ethanol 28
4-Methoxy- 7-nitro- 56
4-Ethoxy- Ethanol 28
Cyclohexane 28
4-Phenoxy- Ethanol 28
Cyclohexane 28
4-Phenoxy- Ethanol 28
4- Acetoxy-6-chloro- Ethanol 28
4-Acetoxy-6-nitro Ethanol 28
4-Acetoxy-6-methyl-3- Ethanol 28
chloro-
4-Acetoxy-6, 7-dimethyl- Ethanol 28
3-chloro-
8-Hydroxy- 95% Ethanol 62
0.01 N HC1 62
0.01 N 62
NaOH
8-Hydroxy-4-methyl- 66
8-Methoxy- 95% Ethanol 62
0.01 N HC1 62
0.01 N 62

NaOH
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Cinnoline Solvent Reference

8-Methoxy-4-methyl- 95% Ethanol 62
0.01 N HC1 62

0.01 N
NaOH 62
4-Hydroxy-6-O-methyl- Ethanol 28

acinitro-

4-Hydroxy-3-methyl-6- Ethanol 28

O-methylacinitro-

The data obtained have been correlated in some instances to structure
(28, 62) and chemical properties (28).

Infrared data for 4-hydroxy-3-nitrocinnoline have been
obtained (38).

4-Hydroxycinnolines generally exist predominantly in the
keto form (28); 4-hydroxycinnoline itself probably is 70% cinnolone (28).
Ultraviolet data have been used (66) to make assignments of the more
basic nitrogen, which is generally conceded (13) to be N- 4 .

A number of studies (62, 65, 66, 68, 69) have been made
concerning the use of 8-hydroxy- and 8-hydroxy-4-methylcinnoline
to a limited extent as analytical reagents for metal ions. These two
compounds were usually part of a group related or similar to oxine
(8-hydroxyquinazoline), a well-known chelating agent. The metal
1ons studied were Mg™t (66, 69), zntt (62+66 69), nitt (66 69),

(62 65, 66, 69), U0, (66, 69), Fe' T (62, 65), ALt (62),

t(62), cott (62), FetT (65). Stability constants of the metal-
hgand complexes have been measured (62, 65, 66, 69).
Irrespective of the nature of the ligand, the stability of several
metal- complexes was found (66) always to follow the order Mg¥*¢
zntte nitt < U02++ Cutt. One study (69) with 8-hydroxycinnoline
showed the stability of the complex as a function of the stability of
the corresponding oxinate.

(68) Irving and Rossotti, Analyst, 80, 245 (1955) [C A., 49,
8728 (1955)].

(69) Rossotti, Rec. trav. chim., 5, 763 (1956).
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Hydrolysis studies on a series of 4-phenoxycinnolines have
been made (49); the results are tabulated below.

Results?
Cinnoline Hydrolysate/Time (hrs) Initial 4-Hydroxy-
compound
4-Phenoxy- water/ 2 + -
0.02 N HC1/ 1/2 - +
4-Phenoxy-7-chloro- 0.1 N HC1l/ 1/2 - +
4-Phenoxy-6-nitro- water/ 1 -
0.02 N HCl/ 1 = +
4-Phenoxy-8-nitro- 0.02 N HCl/ 1 trace +

2 A + sign signifies that the indicated material was isolated from
the reaction mixture; a - sign signifies the opposite.

Halogen exchange reactions were carried out (37) on a number of
halogeno-4-hydroxycinnolines and 4-halogeno- analogs. The conclusions
drawn were: (1) Replacement of the 4-hydroxy- group precedes
halogen exchange and is a rapid reaction; (2) a mixture of phosphorous
oxychloride and phosphorous pentachloride being used, replacement of
the bromine at C 6) is relatively rapid, and occurs more readily at
the higher of the two temperatures used; (3) by comparison, replace-
ment of a bromine atom at C 3) is relatively slow, appears to be
encouraged by the presence of a halogen atom at C 6)’ and is more
rapid at 95° C than at 135° C; (4) replacement of bromine, whether
at C(3 or C‘,é\, by using phosphorous pentachloride, proceeds more
rapidly at the higher temperature; (5) phosphorous oxychloride, in
contrast, produces results similar to those obtained with the mixed
chlorides; and (6) generally use of an open vessel, from which bromine
may easily escape, facilitates exchange, and the reverse is true for
reactions carried out under reflux. 1

1Although portions of this summation dealing with
halogenocinnolines could have been discussed in the previous
section, it was felt advantagous to present the material as an
integrated summary.
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D. Carbonyl-substituted Cinnoline Compounds.

Carbonyl-substituted cinnolines may be separated into two
groups: (1) Those compounds having a carbonyl- group substituted
on the heterocyclic nucleus, and (2) those compounds with the
carbonyl- function on a side chain. The first group consists of
4-ketocinnolines and derivatives, with one 3-ketocinnoline having been
described (16). The second group is made up entirely of acetylcinnolines
and derivatives.

Compounds in group 1 generally are prepared by treating the
hydroxycinnoline with basic methyl sulfate (13, 38, 39, 51). The
single 3-ketocinnoline (2-methyl-3-ketocinnoline) was prepared by
treating 3-hydroxycinnoline with either sodium hydroxide and dimethyl
sulfate at 95° C or diazomethane in ether (16). Although a few of the
compounds in group 2 were prepared by treating the corresponding
acetyl-4-hydroxycinnolines with the appropriate reagents (39), a new
general route to 3-acetylcinnolines has been reported by Baurmgarten
and Anderson (70). The procedure is based upon the cyclization of
the appropriate pyruvaldehyde o-formylphenylhydrazone, illustrated
by equation 1. =

< O
/\ C=H \ ,C'CH3
O, — Qo
£/\N-N=C-C-CHj 2\
H

The carbonyl-substituted cinnoline compounds reported since
1949 are listed in Table 4.

(70) Baumgarten and Anderson, J. Am. Chem. Soc., 80,
1981 (1958). M
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Table 4. Carbonyl-substituted Cinnoline Compounds.

R5 R4 where, except for R} and RZ’ R
R (7 N R3 .rep.resents hydr?gen unle.ss
l indicated otherwise. If nitrogen
RAN /'Ry has no R-group, then 1t is doubly
N’ bonded to an adjacent atom.
R8 R
1
No. R2 Group? M.P,,°C Prep. Remarks Ref.
1 2  Methyl- 132-134, A Golden yellow plates 16
3 Keto- 135, 5- from benzene; glistening
136.5 yellow plates from
acetone.
2 1 Methyl- 232.5 B 41-59% yield. Pale 38
3 Nitro- yellow needles from
4 Keto- ethanol; darkened
rapidly on exposure
to light.
3 1 Methyl- 188-189 B Pale yellow leaflets 39
4 Keto- from ethanol.
5 Nitro-
4 1 Methyl- 190, C,D 4.8% yield. Yellow 56
4 Keto- 190-191 needles from water. ot |
6 Nitro-
5 1 Methyl- 238 B Pale orange leaflets 39
4 Keto- from ethanol.
7 Nitro-
6 1 Methyl- 243-244, B,E Yellow needles from 39
4 Keto- 238-239 ethanol; glistening 41
8 Nitro- yellow plates from

methanol.
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Table 4, continued

No. R2 Group? M.P.,°C Prepb Remarks Ref.

7 1 Methyl- 181-183 B Massive yellow 51
3 Methyl- prismatic needles
4  Keto- from alcohol.
6 Nitro-

8 1 Methyl- 257-258 B Beige-colored prismatic 51
4 Keto- dec. needles from aqueous
5 Nitro- acetic acid.
8 Methyl-

9 1 Methyl- 257-258 B Beige-colored prismatic 51
4 Keto- dec. needles from aqueous
7  Nitro- acetic acid.
8 Methyl-

10 4 Formyl- 196-197 F Red leaflets from 33
cinnoline p- ethanol; stable to 40%
dimethyl- hydrochloric acid.
aminoaniline
anil

11 3  Acetyl- 155-156 G 16-22% yield. Pale 70

yellow needles from
Skelly C.

12 3  Acetyl- 206-207 G 18% yield. From 70
6 Chloro- Skelly C.

L3 3  Acetyl- 211-212 G 39% yield. Pale yellow 70
7  Chloro- needles from Skelly C.

14 4 Chloro- 147-148 H Pale yellow needles 39
7  Acetyl- from ether-ligroin.

15 4  Hydroxy- 242-243 I Pale yellow prisms 39
7 Acetyl- from alcohol.

16 4 Phenoxy- 141-142 J Colorless leaflets from 39
7  Acetyl- ether-ligroin.
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Table 4, continued.

No. R? Group? M.P.,°C Prep.b Remarks Ref.
17 Methyl 4- 294-295 K Buff-colored solid from 39
hydroxy-7- alcohol.
cinnolyl
ketoxime

2 When naming the substituent groups becomes too cumbersome,
the complete compound name will be given.

B2 By treating 3-hydroxycinnoline with either sodium hydroxide

and dimethyl sulfoxide at 95° or diazomethane in ether.

B. By treating the appropriate 4-hydroxycinnoline with
potassium hydroxide and dimethyl sulfate at 50° C or 45° C.

C. By treating the 4-amino-6-mtrocinnoline ﬁ-metho-
salts with hot water or hot alkali.

D. By heating 4-hydroxy-6-(O-methylacinitro) cinnoline
with 0.5 N sodium hydroxide. o

E. By nitrating l-methyl-4-cinnolone with mixed acids at
0° C.

F. By condensing 4-methylcinnoline with p-nitrosodimethyl-
aniline with sodium carbonate, ethanol, and heat,

G. By the cyclization of the appropriate pyruvaldehyde
1-(o-formylphenyl )hydrazone. '

d H. By treating the analogous 4-hydroxycinnoline with

phosphorous oxychloride at 95° C.

I. By the Borsche synthess.

J. By treating the analogous 4-hydroxy- compound with
phenol and ammonium carbonate at 95° C.

K. By treating 4-hydroxy-7-acetylcinnoline with hydroxyl-
amine hydrochloride, water, alcohol, and sodium acetate.

The electric moment and related data have been obtained (25)
for 4-acetylcinnoline in benzene at 25° C, as summarized below.

/ ’ ©
I?'10 d V10 6 132 MRy 'qobs /ucalc.

2.2725 9,30 1.14484 -0.755177.8 47.93 2.52 3.42
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Ultraviolet data are available for a few compounds as indicated.

Compound Reference
3-Keto-2-methylcinnoline 16
4-Keto-1l-methylcinnoline 28
4-Keto-1l-methyl-6-nitrocinnoline 28
Methyl 6, 7-dimethoxy-1-methyl-4- 28

cinnolon-3- ylacetate

The last compound above has not been recorded elsewhere and no
further information was available. Hence, this compound does not
appear in Table 4.

Treatment of 3-keto-2-methylcinnoline with red phosphorous
and hydriodicacid gives oxindole (16).

E. Cinnoline-carboxylic Acids and Derivatives.

Cinnoline-carboxylic acids with the carboxyl group located on
the cinnoline nucleus generally have been made by the Borsche, Richter,
or Widman-Stoermer reaction, all of which have been discussed
previously. A new method (70) for the preparation of 3-ethoxy-
carbonylcinnolines has been devised by Baumgarten and Anderson,
and is a variation of a basic reaction discussed in the preceding
section; cyclization of an ethyl glyoxalate o-formylphenylhydrazone
yields a 3-ethoxycarbonylcinnoline (equation 1).

A/C - H H O N B2 COZE{
H C-C- 0 Et 4 “ tH,0 (1)
7 N\

Of the compounds reported since 1949 (Table 5) cinnolines
containing a carboxyl- group on a side chain have not been listed,
although several esterified derivatives of such compounds have been
prepared (71). Almost all of the derivatives of the cinnoline

=0

(71) Mizuno, Adachi, and Ikeda, Pharm. Bull. (Japan), 2, 225
(1954) [C. A., 50, 1034 (1956)].
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carboxylic acids listed may be considered to be 4 -substituted

acetonitriles.
Table 5. Cinnoline-carboxylic Acids and Derivatives
R5 R4
R6 4\& R3 where R represents hydrogen
I unless indicated otherwise.
R7 O\ Py
No. R2 Group? M.P., °C PrepP Remarks Ref.
1 3  Ethoxy- 97-97.5 A 8-12% yield. Long 70
carbonyl- yellow needles from
Skelly C.
2 3 Ethoxy- 152.5-153 A 5% yield. Long 70
carbonyl- yellow needles from
6  Chloro- Skelly C.
3 3 Ethoxy- 200-201 A Long, pale yellow 70
carbonyl- needles from Skelly C.
7 Chloro-
4 3 Carboxy- 263-264 B 66% yield. Silvery 42
4 Hydroxy- dec. white plates from
6 Chloro- acetic acid.
5 3 Carboxy- 264 dec. B 66% vyield. White 42
4 Hydroxy- needles from acetic
6 Bromo- acid.
6 4  Carboxy- 200 dec. C Red needles from 63
8 Hydroxy- water.
7 Ethyl 4-cinnolyl- 110 D 50% yield. 71
acetate picrate
8 Ethyl 4-cinnolyl- 230-233 E 69% vyield. 71
cyanoacetate
9 Diethyl 4-cinnolyl- 102-103 F 44. 1% yield. 71

malonate dipicrate
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No. R2 Group? M.P., °C Prep Remarks Ref.

10 4-cinnolyl- 248-249 G 93% yield. Pale 36
phenylaceta- yellow crystals
mide precipitated from

hydrochloric acid
solution.

11 4-cinnolyl- 197-198, H 80.5, 94% yield. 71;
phenylaceto- 197. 5- Golden yellow plates 36
nitrile 198.5 from aqueous ethanol.

12 4-cinnolyl-p- 170-172.8 H 65% yield. Orange-red 72
fluorophenyl- needles from benzene.
acetonitrile

13 4-cinnolyl-o- 200. 4- H 60% yield. Small 72
chlorophenyl- 201.2 bright yellow needles
acetonitrile from aqueous ethanol.

14 4-cinnolyl-p- 177. 6- H 61% yield. Fibrous 72
chlorophenyl- 178. 4 orange needles from
acetonitrile benzene.

15 4-cinnolyl-2,4- 188-188.8 H 52% yield. Stubby 72
dichlorophenyl- golden needles from
acetonitrile aqueous ethanol.

16 4-cinnolyl-3,4- 263. 6- H 77% yield. Orange-red 72
dichlorophenyl- 267.6 platelets from ethanol.
acetonitrile

17  4-cinnolyl-p- 188. 2- H 71% yield. Orange 72
bromophenyl- 188.8 needles from benzene.
acetonitrile

18 4-cinnolyl-p- 185. 6- H 53% yield. Glistening 72
iodophenyl- 186. 4 orange-red needles
acetonitrile from benzene.

(72) Castle and Cox, J. Org.

Chem., 19, 1117 (1954).
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No. R2 Group? M.P.,°C PrepP Remarks Ref.
19 4-Cinnolyl-m- 194.5-195 H 55% yield. Deep 36
methoxyphenyl- red plates from aqueous

acetonitrile ethanol.

20  4-Ginnolyl-p- 183-185 H 66% yield. Orange-red 36
methoxyphenyl- plates from aqueous
acetonitrile ethanol.

21 4-Cinnolyl-3,4- 180. 6- H 75% yield. Tiny bright 72
dimethoxy- 181.2 orange needles from
phenylaceto- ethanol.
nitrile

22 6, 7-Dimethoxy- 234.5- G 18% yield. White opaque 36
4-cinnolyl- 236.5 crystals from aqueous
phenylaceta- ethanol.
mide.

23 6, 7-Dimethoxy- 220-221 H 40% yield. Orange-red 36
4-cinnolylphenyl- plates from aqueous
acetonitrile ethanol.

24 6, 7-Dimethoxy- 224, 4- H 39% yield. Orange-red 72
4-cinnolyl-p- 252.2 crystals from benzene.
chlorophenyl- dec.
acetonitrile

25 6, 7-Dimethoxy- 275. 2~ H 40% yield. Brilliant 72
4-cinnolyl-3,4- 276,2 orange-red needles
dichlorophenyl- dec. from ethanol.
acetonitrile

26 6, 7-Dimethoxy- 241. 4- H 35% yield. Orange-red 72
4-cinnolyl-p- 241.8 microcrystalline powder
bromophenyl- dec. from benzene,
acetonitrile

27 6, 7-Dimethoxy- 252, 6- H 24% yield. Tiny orange- 72
4-cinnolyl-p- 253.0 red crystals from
iodophenyl- benzene.

acetonitrile



No. R2% Group? M.P.,°C. Prep Remarks Ref.

28 6, 7-Dimethoxy- 222.2- H 64% yield. Red-gold 72
4-cinnolyl-m- 223.2 needles from ethanol.
methoxyphenyl-
acetonitrile

29 6, 7-Dimethoxy- 250-250.8 H 86% vyield. Fine orange 72
4-cinnolyl-3, 4- needles from ethanol.
dimethoxyphenyl-
acetonitrile

30 6, 7-Dimethoxy- 250-252 G 46% yield. Fibrous 72
4-cinnolyl-3, 4- colorless needles from
dimethoxy- ethanol.
acetamide

31 4-Cinnolyl- 186. 2~ H 20% yield. Pale yellow 72
diphenyl- 186. 8 crystals from aqueous
acetonitrile ethanol.

32 6, 7-Dimethoxy- 238. 6- H 24% yield. Pale yellow 72
4-cinnolyl- 239.4 crystals from ethanol.
diphenyl-
acetonitrile

33 4-Cinnolyl- 224, 0- H 58% yield. Orange 72
l1-naphthyl- 224.8 crystals from ethanol.
acetonitrile

34 6, 7-Dimethoxy- 247.2- H 53% yield. Tiny 72
4-cinnolyl-1- 248.0 orange-gold crystals
naphthyl- from ethanol.
acetonitrile

35 4-Cinnolyl-2- 248. 2- H 12% yield. Dark golden 72
naphthyl- 249.0 needles from aqueous
acetonitrile ethanol.

36 1-Isopropyl- 207-208 H 83% yield. Brilliant 72

4, 4-dimethyl-

4, 5-dihydro-2-
imidazolyl-4-
cinnolylacetonitrile

yellow needles from
aqueous ethanol.
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No. R?2 Group? M.P.,°C Prep. Remarks Ref.
37 1-Isopropyl- 242-243 H Bright yellow crystals 72
4, 4-dimethyl- dec. from chromatogrpahy

4,5-dihydro-2-
imidazolyl-6, 7-
dimethoxy-4-

on alumina and re-
crystallization from
ethanol.

cinnolyl-
acetonitrile

2When naming the substituent groups becomes too cumbersome,
the complete compound name will be given.

ba. By cyclization of the appropriate ethylglyoxalate o-
formylphenylhydrazone. =

B. By the Richter synthesis,

C. By oxidizing 8-benzoyloxy-4-styrylcinnoline with potassium
Permanganate in aqueous pyridine, then hydrolyzing the product with
hydrochloric acid.

D. By refluxing 4-chlorocinnoline with ethyl acetoacetate in
benzene with sodium amide.

E. By refluxing 4-chlorocinnoline with ethyl cyanoacetate as
in D.

F. By refluxing 4-chlorocinnoline with diethyl malonate as inD.

G. By treating the corresponding acetonitrile with concentrated
sulfuric acid.

H. By treating 4-chlorocinnoline with the appropriate acetonitrile
in benzene with sodium amide, or in liquid ammonia with potassium
and ferric nitrate.

The electric moment and related data have been obtained (28)
for 4-ethoxycarbonylcinnoline:

/ / oo
E il Vio 6 P, MRy, AAobs, ﬁcalc.

2.2700 18.53 1.14493 -0.85 321.8 54,18 3.62 4. 00

A limited amount of ultraviolet data is available as indicated:
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Compound Solvent Reference
4-Hydroxycinnoline-3-carboxylic acid Ethanol 61
4-Hydroxycinnoline-6-methoxy-cinnoline- Ethanol 61

3-carboxylic acid
Methyl 4, 6, 7-trimethoxy-3-cinnolyl- Ethanol 61
acetate

The last compound above has not been reported elsewhere and no other
data are available. Hence, this compound does not appear in Table 5.

In 1946 Schofield and Simpson (73) found that treatment of
4-hydroxycinnoline-3-carboxylic acid with a mixture of pyridine and
acetic anhydride gave a compound which was considered to be a fully
aromatic cinnoline (I). Simpson (13) has reviewed this work in its
entirety, but recognized that the series of reactions as formulated
by Schofield and Simpson (73) very likely may be in error, since an
important degradation product, 4, 2'-pyridylcinnoline (II), obtained
from (I) by hot dilute hydrochloric acid, was not identical to 4, 2'-
pyridylcinnoline synthesized later by a seemingly independent route

(46).

7
Ac +'
f\ \,COZ
N ¢

(1) (II)

Subsequent work by Morley (74) has shown (I) to be an incorrect
structure,

The new reaction scheme is presented (R'= H). Although
the scheme includes several compounds which more appropriately
could be discussed in other sections, they are treated together at

(73) Schofield and Simpson, J. Chem. Soc., 1946, 472.

(74) Morley, J. Chem. Soc., 1959, 2280.




this point in view of the uniqueness of the reaction scheme and to
preserve continuity.
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The scheme was tested by carrying out the pyridine-acetic
anhydride reaction on 6-chloro-4-hydroxycinnoline- 3-carboxylic acid,
yielding IV (R' = Cl). This product was then converted to VIII
(R' = Cl), a chloro-acid corresponding to IX (R' = H), but identical
with X .

Final proof was accomplished by synthesis. 2-o-Carboxy-
phenylazopyridine (IX, R' = H) was obtained by condensing
o-nitrosobenzoic acid with 2-aminopyridine in 50% aqueous sodium
Eydroxide. 5-Chloro-2, 2'-pyridyl-3-indazolone (XI) was obtained
as one product upon condensing 5-chloro-2-hydrazinobenzoic acid with
2-chloropyridine. Reducing the acid (X) catalytically or by stannous
chloride or thiol compounds gave 2-(2-carboxy-5-chlorophenyl-
hydrazino)pyridine (XII),

CO,H

1—@-NH— NH —<N—>

(X1I1)

the hydrochloride of which, when heated in ethanol at 170-1800,
likewise gave the indazole(XI).

Although the assigned structures were incorrect, the physical
properties may be found in the original work (73) or in Simpson's
review (13). The physical data for the two compounds prepared in
testing the reaction scheme are as follows:

Compound R' M. P. % yield Remarks
Iv Cl dec.>240 94 Olive-green crystals,

washed with ether,
dried at 80° in vacuo.

VIII Cl 162-163 88 Yellow needles
from ethanol (dried
at 80°).

VIII Cl 132-133

Hydrate
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F. Aminocinnolines and Derivatives.

Prior to 1949, only one general method was employed to prepare
4-aminocinnolines; this procedure involved treating 4-phenoxycinnolines
with an excess of ammonium acetate at elevated temperatures (75, 39).
At the present time at least nine methods have been employed to
prepare cinnolines having an amino-group located at any one of the
six available positions.

This typical example illustrates the wide diversification in the
preparative chemistry of the aminocinnolines and derivatives which
has taken place during the last decade. In view of the wide range of
procedures employed, no attempt will be made to list or discuss any
of them. Rather, the preparative methods may be extracted readily
from Table 6, which lists those aminocinnolines and derivatives
reported in the literature since 1949.

Table 6. Aminocinnolines and Derivatives

R Ry
Re (7 N ,R3 where R represents hydrogen
I , unless indicated otherwise.
R, ; N
8
No. R2? Group? M.P.,°C. Prep? Remarks Ref.
1 3 Amino- 165-166.5, A, 10-15, 70-83, 20-31% 16,
163-164.5, B, yield. Yellow needles 34,
165-166 C from ethyl acetate or 35,
benzene. 70
2 3  Amino- 215 dec. C 74-90% yield. Bright 35
6 Chloro- yellow needles.
3 3  Amino- 202 dec. C 70-85% yield. Bright 35
7 Chloro- yellow plates. 35
4 3  Acetamido- 225-226 D Colorless crystals. i6
5 3 Amino- 159.5-160 C 76% yield. Bright 34
4  Methyl- yellow needles from

benzene.
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No. R2& Group?2 M.P.,°C PrepP Remarks Ref.
6 4 Amino- N/G E 51
7 4 Amino- 261 F Colorless silky needles 56

o -Methochloride from absolute ethanol.
8 4 Amino- 291 F Massive, colorless 56
Q-Methochloride prismatic needles from

absolute ethanol.

9 4  Amino- 258 G Yellow prismatic 56
d -Methiodide needles from absolute
ethanol.
10 4 Amino- 252-253 G 35% yield. Greenish- 76
Methiodide dec. yellow prismatic needles

from ethanol.

11 3 Chloro- 228-229 H, Fine white needles from 18
4 Amino- I alcohol.
12 4  Amino- 320 dec. N/G Colorless prismatic 56
7 Chloro- needles from water.
§ -Methochloride
13 4 Amino- 282-283 G 45% yield. Orange 56,
7 Chloro- dec., prismatic needles from 76
Methiodide 274 water.
slow dec.
14 3 Nitro- 308-308.5, J, 50-64, 74% vyield. 38
4  Amino- 305-306 K Yellow cottony solid
from absolute ethanol.
15 4  Amino- 288-290 K 86% yield. From 76
6 Nitro- dec., water, or precipitated 77
297-298 from 30% acetic acid by

ammonium hydroxide.

(76) Keneford, Lourie, Morley, Simpson, Williamson, and Wright,
J. Chem. Soc., 1952, 2595,

(77) Lourie, Morley, Simpson, and Walker, (to National Research
Development Corp. ) Brit. 702, 664, Jan. 20, 1954. [C.A., 50, 5777 (1956
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No. R? Group? M.P.,°C Prep.b Remarks Ref.

16 4  Amino- 230-231 L Golden needles from 56
6 Nitro- ethanol.

Anhydro base

17 4 Amino- 240 dec. F 56
6 Nitro-

d - Methochloride

18 4  Amino- 305 dec. F Pale yellow needles 56
6 Nitro- from water.

Q-Methochloride

19 4 Amino- 222 dec. G, Thick red needles from 56
6 Nitro- M, water; deep red prisms
9 -Methiodide N from water.

20 4 Amino- 240 dec. N, Golden prismatic needles 56
6 Nitro- G from water; unstable to
@ -Methiodide hot water.

21 4 Amino- 209-210 G 40% yield. Rosettes of 76,
6 Nitro- dec., orange-red needles. 78
l1-Methiodide 207 dec.

22 4  Amino- 234-236 o] 78
6 Nitro-

Methosulfate

23 4  Amino- 254 dec. P Golden prismatic 56
6 Nitro- needles from water.

d -Methotoluene-
P- sulfonate

24 4 Amino- 268 P Pale yellow needles 56
6 Nitro- slow dec. from water.

Q-Methotoluene-
R-sulfonate

25 4 Amino- 300-301 E, Yellow leaflets from 39

T Nitro- dec. M dilute ethanol.

(78) Curd, Hepworth, and Imperial Chemical Industries, Ltd., Brit.,
663, 095, Dec. 19, 1951 [C.A., 46, 11250 (1952)].
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No. R2 Group? M.P.,°C PrepP Remarks Ref,

26 4 Amino- 236-238 G Orange needles from 55
7 Nitro- dec. water.

Methiodide

27 4 Amino- 235-236 E Fine yellow needles from 39
8 Nitro- dec. dilute ethanol.

28 4  Amino- 237-238 G Small bronze prisms 76
8 Nitro- dec. and soft leafy aggregates
Methiodide of needles from water.

29 4  Methyl- 229 Q Colorless needles from 56

amino- water.,

30 4  Methyl- 282 R Colorless needles from 56

amino- ethanol.
Hydrochloride
31 4 Methyl- 345, Q Yellow needles from 56,
amino- > 360 isopropyl alcohol. 78
6 Nitro-
32 4  Methyl- 222 dec. G Red needles from 56
amino- water.
6 Nitro-
Methiodide
33 4 Methyl- 244 dec. G 78
amino-
6 Nitro-
1-Methiodide

34 4  Anilino- 236-237 S Pale greenish-yellow 54

needles from alcohol.

35 3  Nitro- 187-188 S 63-72% yield. Bright 38
4  Anilino- yellow needles.

36 4  Anilino- 233-234 G Glittering scarlet 76
6 Nitro- dec. needles from water.

Methiodide
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No. R2Z Group? M.P.,°C Pre Remarks Ref.
37 4 Acetamido- 264 D From ethanol. 56
38 4 Acetamido- 275 D 56
7 Chloro-
Methochloride

39 4 Acetamido- 189-190 G Dark red needles from 56
6 Nitro- dec. water.

Methiodide

40 4  Acetamido- 235 D Pale yellow needles 55
7 Nitro- from alcohol.

41 4 Acetamido- 188-189 G, Dark red needles from b5,
7 Nitro- D ethanol. 56
Methiodide

42 4 Acetamido- 291-292 D Colorless needles 56
8 Nitro- from ethyl methyl

ketone.

43 3  Methyl- 320 dec. K 60-63% yield. Orange- 76
4  Amino- yellow solid.

6 Nitro-

44 3  Methyl- 280-281 G 50% yield. Deep red 76
4  Amino- dec. prisms or plates from
6 Nitro- water.

Methiodide

45 3  Methyl- 263-264 G 40% yield. Dark 76
4 Amino- dec. bronze irregular plates
8 Nitro- from water.

Methiodide

46 4  Amino- 287 dec. G 84% vyield. Long 76
7 Methyl- reddish-orange pris-
Methiodide matic needles from

water.
47 5 Amino- 160-161 T Small bright yellow 61

prisms from benzene-
cyclohexane; sublimed
at 120° C/0. Imm.



No. R? Group? M.P.,°C Pre Remarks Ref.
48 6 Amino- 203-204 i iy Deep yellow prisms 61
from benzene.
49 7 Amino- 191-192 T Yellow needles from 61
ethyl acetate; sub-
limed at 130° C/0.4 mm.
50 8 Amino- 89-92 U Golden-yellow needles 62
from benzene Skelly B.
51 8 Amino- 236-238 v Jet-black needles from 62
Picrate acetic acid.
52 8 Acetamido- 173-175, w, Dense prisms from 15;
177-178 C benzene - Skelly B. 62
53 8 Acetamido- 238-239 v Yellow needles from 15
Picrate dec. aqueous ethanol.
54 4  Methyl- 133-134, C Orange crystals from 41,
8 Amino- 126-127 benzene then ether -
Skelly A; orange prisms
from ether-ligroin.
55 < Methyl- 155-156 X 78% yield. From 40
8 2,2-Dicarb- ethanol.
ethoxyvinyl-
amino-
56 4  Phenoxy- 199-200 G Yellow needles from 55
5 Amino- dec. benzene.
5% 4 Hydroxy- 276-277 C, Fawn-colored needles 39
7 Amino- U from dilute alcohol.
58 4 Hydroxy- >330 Y Colorless crystals 39
7 Acetamido- from alcohol.
59 4  Acetoxy- 330 D Very small colorless 39
7 Acetamido- needles from dilute

alcohol.
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No. R2 Groupd M.P,,°C Prep Remarks Ref.
60 4  Phenoxy- 179-180 C 86% yield. Greenish- 55
7  Amino- yellow elongated plates

from benzene.

61 NZ—Benzoyl— 244-245 Z Colorless needles from 55
N1N3-di-(4- Cellosolv (2-ethyoxy-
phenoxy-7- ethanol).
cinnolyl) -
guanidine

62 Nz-Benzoyl- »350 AA Very low per cent yield. 55
N1N3-di(4- From nitromethane.
phenoxy-"7-
cinnolyl)-
guanidine tri-
hydrochloride

63 4  Hydroxy- 290-291 C Lustrous yellow needles 39
8 Amino- from dilute acetic acid.

64 4  Phenoxy- 130 C Separated from benzene - 55
8 Amino- Skelly B in rhombs.

65 4  Acetoxy- 282-283 D Tan needles from dilute 39
8  Acetamido- alcohol.

66 3 Amino- 220-220.5 C 76% yield. Pale 38
4 Amino- yellow from water.

67 3  Amino- 320-231.5 C 80% yield. Bright 38
4 Amino- dec. yellow crystals from

ethanol.

68 4 Amino- 262-264 C, 90, 80% vyield. 51;

6 Amino- dec., BB Precipitated by base as 76,
260 dec., soft colorless needles, Ty
266-267, grey irregular plates. 78
268-270

69 4  Amino- 315-316 R Orange prismatic 51
6  Amino- dec. needles.

Hydrochloride
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No. R? Group? M.P.,°C Prep Remarks Ref.

70 4 Amino- 305 dec., F, Yellow needles from 56,
6 Amino- 306 C water or aqueous 76
Methochloride acetone; fine needles

from water.

71 4  Amino- 286-287 CC, Golden-yellow needles 76,
6 Amino- dec., C from water. 78
Methobromide 284

72 4 Amino- 273-275 C, 95% yield. Brown 76
6 Amino- dec., U prismatic needles from
Methiodide 273-274 water, yellow needles

from water.

3 4  Amino- 187-188 DD Golden-yellow needles 76
6 Amino- from water.

Methothio-
cyanate

74 4  Methyl- 300 BB 78

amino-
6  Amino-
75 4  Methyl- 276-278 BB 78
amino-
6 Amino-
1-Methiodide

76 4  Anilino- 259-261 EE Yellow gelatinous 76
6 Amino- dec. solid.

77 4  Anilino- 201-302 BB Precipitated by acid as 76
6  Amino- dec. glittering rust-colored
Hydrochloride needles.

78 4  Anilino- 240-241 BB Orange needles from 76
6 Amino- dec. alcohol.

Methiodide

79 4 Amino- 361 dec. D 78

6  Acetamido
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No. R? Group? M.P.,°C Prep Remarks Ref.

80 4 Anilino- 289-290 D Light brown needles 76
6 Acetamido- dec. from water.

81 4  Anilino- 240-241 FF, Orange-yellow needles. 76
6 Acetamido- dec., GG
Methochloride 237-238

dec.

82 4  Anilino- 267-268 G Yellow prismatic 76
6 Acetamido- dec. needles from water.
Methiodide

83 4  Acetamido- 272-273 D 90% yield. Almost 51
6 Acetamido- dec. colorless fluffy needles

from hot water.

84 4  Acetamido- 265 dec. G 75% yield. Yellow 76
6 Acetamido- prismatic needles from
Methiodide water.

85 4  Amino- 260 EE 79
6 4- Amino-

2-pyrimidyl-
amino-

86 4 Amino- 360 HH 79

6 4-Amino-2-
pyrimidyl-
amino-

Dihydrochloride

87 E Amino- 322 dec. 1I, 78,
6 4-Amino-2- N 79

pyrimidyl-
amino-

1,1'-Dimethiodide

(79) Curd, Hepworth, and Imperial Chemical Industries, Ltd.,

Brit. 663, 096, Dec. 19, 1951 [C. A., 46, 11251 (1952)].
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No. R?Z Groupa M.P., °c Prep.b Remarks Rei
88 4  Amino- 320 dec. JJ 79
6 2-Amino-4-
pyrimidyl-
amino-
1'-Methiodide
hydrate
89 4  Amino- 242-244 KK 79
6 2-Amino-4-
pyrimidyl-
amino-
1, 1'-Bis(methyl-
p-toluenesulfonate)
90 4  Amino- 342 dec. LL 78
6 2, 6-Diamino-
4-pyrimidyl-
amino-
3'-Methiodide
hydriodide
91 4  Amino- 298 dec. MM
6 2-Amino-
6-methyl-4-
pyrimidyl-
amino-
1, 1'-Dimethochloride
92 4  Amino- 320 dec. EE 79
6 2-Amino-
6-methyl-4-
pyrimidyl-
amino-
Dihydrate
93 4 Amino- 5370 HH 79
6 2-Amino-6-
methyl-4-
pyrimidyl-
amino-
Hydrochloride

hydrate
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No. R2 Group? M.P.,°C Prep.b Remarks Ref.
94 4  Amino- 320 dec. EE 78
6 2-Amino-
6-methyl-4-
pyrimidyl-
amino-
1'-Methiodide
95 4  Amino- 296-297 NN, 78
6 2-Amino- 0]0)
6-methyl-4-
pyrimidyl-
amino-
1'-Methiodide
hydriodide
dihydrate
96 4  Amino- 172-174 PP 78
6 2-Amino- dec.
6-methyl-4-
pyrimidyl-
amino-
3'-Methiodide
hydriodide
97 4 Amino- 305 dec. QQ, Yellow. 78,
6 2-Amino- RR 79
6-methyl-4-
pyrimidyl-
amino-
1, 1'-Dimethiodide
98 4 Amino- 274-278 SS 78
6 2-Methyl-
amino-4-
pyrimidyl-
amino-
1, 1'-Dimethiodide
99 4  Amino- 310 dec. 0]0) 78
6 2-Methyl-
amino-6-
methyl-4-
pyrimidyl-

amino-
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No. R? Groupa M. P.., °c Prep.b Remarks Ref.
99 continued
1, 1'-Dimethiodide
100 4  Amino- 320 dec. TT 78
6 2-Methyl-
amino-6-
ethyl-4-
pyrimidyl-
amino-
1, 1'-Dimethiodide
101 4  Amino- EE 78
6 2-Isopropyl-
amino-6-
methyl-4-
pyrimidyl-
amino-
1'-Methiodide
102 4  Amino 287 dec. uu 78
6 2-Isopropyl-
amino-6-
methyl-4-
pyrimidyl-
amino-
1'-Methiodide
hydriodide
103 4 Amino- 320 dec. VvV, 78,
6 2-Isopropyl- N 79
amino-6-
methyl-4-
Pyrimidyl-
amino-
1, 1'-Dimethiodide
104 4  Amino- 308 dec. PP 78

6 2,3-Dihydro-
2-imino-3, 6-
bis(hydroxy-
methyl)-4-
pyrimidyl-
amino-
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No. R2? Group? M.P.,°C Prep.b Remarks Ref.
105 4  Methyl- 296 dec. EE 78
amino-
6 2-Methyl-
amino-6-
methyl-4-
pyrimidyl-
amino-
1'-Methiodide
trihydrate
106 4  Methyl- 288-290 wWwW 78
amino- dec.
6 2-Methyl-
amino-6-
methyl-4-
pyrimidyl-
amino-
1'-Methiodide
hydrochloride
107 4  Methyl- 272-274 XX, 78,
amino- YY 79
6 2-Methyl-
amino-6-
methyl-4-
pyrimidyl-
amino-
1, 1'-Dimethiodide
108 NI!N3-Bis(4- 295-297 ZZ Small yellow needles 77,
amino-6- dec. from aqueous acetone. 80
cinnolyl) urea
dimethochloride
109 N1N3-Bis(4- 245-270 AAA Product evolves hydro- 77,
amino-6- (dec. 240- gen sulfide in warm 80

cinnolyl) urea 245),
dimethochloride 240-245

water.

(80) Morley and Simpson, J. Chem.

Soc., 1952, 2617.
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No. R? Group? M.P.,°C Prep.b Remarks Re
109 continued dec.,
melted at
270
110 N1N3-Bis(4- See re- BBB Small yellow needles; 8(
amino-6- marks effervessed at 205° C;
cinnolyl)thio- melted gradually up
urea dimetho- to 280° C.
chloride
111 NIN3-Bis(4- 245-250 CCC, Yellow, precipitated 77
amino-6-cinndlyl)- dec., DDD by base; gelatinous 80
guanidine dec. 250 mass of yellow needles. 55
112 NIN3-Bis(4- 335 dec. R Colorless from 77
amino-6- aqueous acetone 80
cinnolyl)-
guanidine
trihydro-
chloride
113 NIN3-Bis(4- 270 dec. G  Small yellow needles 77
amino-6- from water. 80
cinnolyl)-
guanidine
dimethiodide
114 3 Methyl- 270 dec., BB Precipitated by base. 76,
4  Amino- 272-274 78
6  Amino-
115 3  Methyl- 325 dec. R Almost colorless 76
4 Amino- prismatic needles.
6 Amino-
Dihydrochloride
116 3  Methyl- 314-315 F Long golden-yellow 76
4 Amino- dec. needles.
6  Amino-

Methochloride
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No. R2 Group? M.P.,°C Prep.b Remarks Ref.
117 3 Methyl- 282-283 U, 87% yield. Long 76
4 Amino- dec., C bronze-colored needles

6  Amino- 283-284 from water, long
Methiodide dec. golden needles.
118 3 Methyl- 297-298 D 100% yield. Colorless 76
4 Acetamido- dec. needles from acetone.
6 Acetamido-
119 3  Methyl- 243-244 G 53% yield. Stout 76
4 Acetamido- dec. orange-red prismatic
6 Acetamido- needles from ethanol.
Methiodide
120 =3 Methyl- 270 dec. EE 78
4 Amino-
6 2-Amino-
6-methyl- 4-
pyrimidyl-
amino-
1'-Methiodide
dihydrate
121 3 Methyl- 263-265 (o]0 78
4 Amino- dec.
6 2- Amino-6-
methyl-4-
pyrimidyl-
amino-
1'-Methiodide
hydroxide
122 3 Methyl- 284 dec. YY 79
4 Amino-
6 2-Amino-6-
methyl-4-
pyrimidyl-
amino-

1, 1'-Dimethiodide
dihydrate
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No. R? Group? M.P.,°C Prep. Remarks Ref.
123 NIN3-Bis(4- 288-290 ZZ  Small yellow needles 80
amino-3- from water.
methyl-6-
cinnolyl) urea
dimetho-
chloride
124 N'N>-Bis(4- EE  Yellow slightly 80
amino-3- gelatinous mass.
methyl-6-
cinnolyl)-
thiourea
125 NIN3-Bis(4- 290 dec.  AAA Slightly gelatinous 80
amino-3- mass of yellow needles;
methyl-6- precipitated from
cinnolyl)- aqueous acetic acid by
thiourea di- hydrochloric acid.
hydrochloride
126 NIN3-Bis(4- 313-314  AAA  Small yellow needles 80
amino-3- dec. from water.
methyl-6-
cinnolyl) -
thiourea di-
methochloride
127 NIN3-Bis(4- 240-270 CCC 81% yield. Pale 80
amino-3- dec. yellow needles pre-
methyl-6- cipitated from aqueous
cinnolyl)- ammonia-ethanol.
guanidine
128 N1N3-B1s(4n 315 dec. R Colorless needles. 80
amino-3-
methyl-6-
cinnolyl)-
guanidine tri-
hydrochloride
129 NIN3-Bis(4- See N/G Small yellow needles; 80
amino-3- remarks effervesced at 251-253°

methyl-6-

C. Decomposed up to
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No. R2? Group? M.P.,°C Prep.b Remarks Ref.
129 continued
cinnolyl)- 280° C.
guanidine
130 4  Amano- 250 dec. E 76% yield. Long very 55
7  Amino- pale yellow needles
from water.
131 4  Amino- 262-263 C Long yellow needles b5
7 Amino- from ethanol.
Methiodide
132 4  Acetamido-~ 312 dec. C and Very small colorless 39
7  Acetamido- (300) com- needles from dilute
bined ethanol.
133 NIN3-Bis(4- 256-257 EEE Yellow needles. 55
amino-7- dec.
cinnolyl)-
thiourea
134 NI!N3-Bis(4- 238-240 55
amino-7-
cinnolyl)-
guanidine
1.3
135 N N -Bis(4- 330 dec. CCC Colorless salt. 55
amino-7-
cinnolyl)-
guanidine tri-
hydrochloride ¥
136 4  Amino- 167-168 C Buff-colored solid 39
8 Amino- from ether-ligroin.
137 4  Acetamido- 299-300 D Pale greenish-yellow 39
8 Acetamido- needles from dilute
ethanol.
138 4  Amino- 338 dec. C Small red needles 76
7 Methyl- from water.
8 Amino-

Methiodide
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139 4 p-Amino- 176-177 FFF 64% yield. Glistening 72
benzyl- needles from benzene.
140 4 p-Amino- 175.8-177 FFF 69% yield. Pale 72
benzyl- yellow crystals from
6 Methoxy- benzene.

7 Methoxy-

141 4-Cinnolyl-p- 236. 4- GGG 71% yield. Deep red 72
a.minophenyl- 237. 4 needles from ethanol.
acetonitrile

142 6, 7-Dimethoxy- GGG Deep red needles from 72
4-cinnolyl-p- aqueous ethanol.
aminophenyl-
acetonitrile

2When naming the substituent groups becomes too cumbersome,
the complete compound name will be given.

ba. By treating the 3-bromocinnoline with copper sulfate and

agqueous ammonia.

B. By treating the 3-acetylcinnoline with sodium azigde and
sulfuric acid.

C. By reducing the analogous nitro- or nitro-4-amino-
compound with iron powder or stannous chloride or zinc dust.

D. By treating the analogous amino- compound with acetic
anhydride or with acetyl chloride.

E. By treating the 4-phenoxy- analog with ammonium acetate.

F. By treating the analogous methiodide salt with silver chloride.

G. By treating the base with methyl iodide in ethanol, methanol,
or without a solvent, or by treating the methosulfate with sodium 1odide.

H. By treating 3-chloro-4-hydroxycinnoline with ammeonia.

I. By treating 3, 4-dichlorocinnoline with either saturated
alcoholic ammonia or aqueous ammonia in a sealed tube at 150-160° C.

J. By treating 3-nitrocinnoline with ammonium hydroxide,
ethanol, and methanolic potassium hydroxide at 50° C.

K. By treating the 4-chloro- analog with ammonium carbonate
and phenol at 90° C or dry ammonia and phenol at 135-145° C.

L. By treating @-4-amino-6-nitrocinnolinium salts with cold
alkali.

M. By hydrolyzing the corresponding 4-acetamido- compound
with N hydrochloric acid, then treating the product with potassium
iodide, or by treatment with boiling water.
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N. By treating the corresponding methotoluene-p-sulfonate
with potassium or sodium iodide.

O. By treating the base with dimethylsulfate in nitro-benzene.

P. By treating the cinnoline with methyl toluene-p-sulfonate.

Q. By treating the analogous 4-chlorocinnoline with phenol
and methylamine at 140° C, or by treating the analogous 4-phenoxy-
compound with phenol, methylamine hydrochloride, and sodium
hydroxide at 180° C.

R. By treating the base with hydrochloric acid.

S. By treating the 4-chloro- analog with aniline, acetone,
and hydrochloric acid, or by treating just with aniline.

T. By treating the analogous hydroxycinnoline with sodium
bisulfite, ammonia, and water in a sealed tube at 100°.

U. By treating the corresponding acetamidocinnoline with
hydrochloric acid.

V. By treating the base with picric acid.

W. By treating the hydroxycinnoline with aqueous ammonia
and ammonium sulfite in a sealed tube at 100-120° C, then treating
the product with acetic anhydride.

X. By treating the analogous 8-aminocinnoline with diethyl
ethoxymethylenemalonate in benzene at 40-50° and dry air at
20-50 mm.

Y. By treating the 7-acetyl- analog with sodium azide, sulfuric
acid, and chloroform.

Z. By passing ammonia through a nitromethane suspension
of the trihydrochloride.

AA. By treating 7-amino-4-phenoxycinnoline in nitromethane
with dichloromethylenebenzamide.

BB. By reducing the 6-nitro-analog over Raney nickel or
with iron powder and hydrochloric acid, or stannous chloride in
hydrochloric acid.

CC. By refluxing the corresponding methiodide with silver
bromide, then adding sodium bromide.

DD. By treating the corresponding methobromide with
ammonium thiocyanate.

EE. By treating the hydrochloride salt or hydriodide salt
with base, and, in some instances, sodium iodide.

FF. By recrystallizing the corresponding methiodide from
2 N hydrochloric acid.

GG. By treating the analogous amino-compound as in D,
then adding 2 N hydrochloric acid.

HH. By treating the appropriate 4, 6-diaminocinnoline with
the appropriate 2-chloropyrimidine in aqueous hydrochloric acid.

II. By treating the appropriate 4, 6-diaminocinnoline methiodide
with the appropriate 2-chloropyrimidine 1-methiodide, followed by
treatment with sodium iodide.
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JJ. By treating the appropriate 4, 6-diaminocinnoline
l-methiodide with the appropriate 4-chloropyrimidine.

KK. By treating the dry base with methyl p-toluenesulfonate
in nitrobenzene. =

LL. By treating the appropriate 4, 6-diaminocinnoline with
the appropriate 4-chloropyrimidine 3-methiodide, then adding
sodium iodide.

MM. By the procedure outlined in II, using the analogous
methochlorides and sodium chloride.

NN. By refluxing 6-acetamido-4-aminocinnoline and
4-chloro-2-amino-6-methylpyrimidine l-methochloride in aqueous
hydrochloric acid and adding sodium iodide.

OO0. By treating the appropriate 4, 6-diaminocinnoline with
the appropriate 4-chloropyrimidine l1-methiodide and then adding
sodium iodide i1n some instances.

PP. By the procedure outlined in LL using the appropriate
4-i1odopyrimidine 1n place of the 4-chloro-analog.

QQ. By treating the appropriate 4., 6-diaminocinnoline
methiodide with the appropriate 4-chloropyrimidine in aqueous
hydrochloric acid and adding sodium iodide.

RR. By treating the dried analogous 1'-methiodide with
dimethylsulfate or by similarly treating the dried free base and
adding sodium iodide.

SS. By treating the appropriate 4, 6-diaminocinnoline
methiodide with the appropriate 4-methylmercaptopyrimidine
l-methiodide and adding sodium iodide.

TT. By treating the appropriate 4, 6-diaminocinnoline
methiodide with the appropriate 4-chloropyrimidine l-methiodide.

UU. By treating the appropriate 4, 6-diaminocinnoline with
the appropriate 4-chloropyrimidine (abstract appears to be in error
regarding preparation of this compound).

VV. By the procedure outlined in TT, using the analogous
4-bromopyrimidine in place of the 4-chloro- compound.

WW. By treating the 4-methylamino-6-aminocinnoline as in
TT.

XX. By treating 4-methylamino-6-aminocinnoline methiodide
as in TT.

YY. By treating the dried 1'-methiodide analog with dimethyl
sulfate.

ZZ. By treating the 4, 6-diaminocinnoline methiodide with
carbonyl chloride in 50% acetone, or with carbonyl chloride and
aqueous sodium acetate.

AAA. By treating the 4, 6-diaminocinnoline or the hydrochloride
salt or the methochloride with thiocarbonyl chloride in 50% acetone.
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BBB. By treating the diaminocinnoline methiodide as in AAA.

CCC. By treating the analogous thiourea dihydrochloride with
yellow mercuric oxide and methanolic ammonia, then with 0.5 N
hydrochloric acid, then with ammonium hydrogen sulfide, or by using
sodium hydroxide in place of the last two reagents.

DDD. By treating the 4, 6-diaminocinnoline with dichloro-
methylenebenzamide followed by potassium hydroxide.

EEE. By treating 7-amino-4-phenoxycinnoline with thiocarbony!
chloride in 50% acetone.

FFF. By treating the analogous acetonitrile with 50% sulfuric
acid.

GGG. By treating the appropriate 4-chlorocinnoline with the
appropriate phenylacetonitrile using liquid ammonia, potassium, and
ferric nitrate.

A limited amount of pk data is available, as summarized

below.
Cinnoline pka Solvent® T.°C. Ref.
4-Amino- 6.26 A 25 20
6.25 A 24-25 81
4-Amino-6-chloro- 5.4 A 28 81
4-Amino-6-nitro- 5.08 A 25 20
5.0 A 24-25 81
4-Anilino- 5.31 A 21-22 20
4, 6-Diamino- 6.86 A 2642 20

A. 50% aqueous alcohol.

The conclusions drawn on page 40 concerning the pk values of various
hydroxycinnolines and derivatives apply here, also. The order of
effectiveness of the amino- compounds tested as indicated in the
fourth conclusion is 4-amino- > 4-anilino~- ) 6-nitro-4-amino- (20).

Trypanocidal activity has been observed in various compounds
belonging to the biscinnolylguanidine quaternary salts. The most

(81) Morley and Simpson, J. Chem. Soc., 1949, 1014
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active of this type of compound, tested against Trypanosoma congolense
infections in mice, was NIN3. bis(4-amino-6-cinnolyl)guanidine
dimethiodide (82). The LDgg 1n mice (subcutaneous) was 1.30-2.20

mg. (77). The curative dose was 0. 062-0. 095 mg. (40). The theraputic
index LDIO/CD o did not differ significantly from that of antyricide
methyl sulfate (82). This compound also has been tested (83) against

a syringe-transmitted strain of T. congolense and had appreciable
curative action. The maximum permissable dose for cattle was 2
mg/kg and >5 mg/kg was lethal (83). The salt was not effective

against two strains of T. vivax (83).

The following table lists the ultraviolet data available:

Compound Solvent Ref.
3-Aminocinnoline 71
4- Aminocinnoline Ethanol 28
4- Amino-7-chlorocinnoline »-methiodide 56
4- Amino-7-chlorocinnoline & -methiodide 56
4- Amino-6-nitrocinnoline Ethanol 28
4- Amino-6-nitrocinnoline ~ -methiodide 56
4- Amino-6-nitrocinnoline £ -methiodide 56
4-Anilinocinnoline Ethanol 28
4-Anilino-6-nitrocinnoline Ethanol 28
4- Acetamidocinnoline Ethanol 28
4- Acetamido-6-nitrocinnoline Ethanol 28

The ultraviolet data (28) indicate that 4-amino- and 4-anilinocinnolines
exist in the imino- form; 4-acetamidocinnolines, however, do not (28).

4- Acetamido-8-nitrocinnoline could not be quaternized by
heating with methyl iodide in ethanol (56). The methiodide salt of
4-amino-8-nitrocinnoline was more stable to hot water than the free
base (56), the attempted quaternization of which with methyl iodide
in ethanol resulted in the formation of 4-hydroxy-8-nitrocinnoline
(56). 4-Aminocinnolines with methyl iodide in alcohol yield mixtures

(82) Lourie, Morley, Simpson, and Walker, Brit. J. Pharmacol.
6, 643 (1951)[C. A., 46, 2695 (1951)].

(83) Chandler, Brit. J. Pharmacol., 12, 44 (1957) [C. A.,
51, 10753 (1957)].
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of two series of quaternary salts in which only the ring nitrogen atoms
are involved (56). Studies connected with the ultraviolet absorption
spectra of these salts have permitted classification (56) of the salts

as 4- and (- those exhibiting a double and a single peak, respectively,
in the 3000-4000 & band. Only the «- salts would undergo acetylation.
Proof has been cited (56) that the o«- salts are N- (1) quaternized.

The g- salts are believed to be N- (2) quaternized, but not proved as
yet (56).

Attempted coupling of 4-amino-, 4-amino-6-chloro-, and
4-amino-6-nitrocinnoline with 4-chloro-6-nitro- or 4-chloro-7-nitro-
quinazoline in 30% aqueous acetone with 2-3 drops of concentrated
hydrochloric acid failed (81).

Various halogeno-aminocinnolines and derivatives were involvec
in hydrolysis studies, as indicated below.

Cinnoline Hydrolysate/ Time Results Ref.
(Hrs. )
4- Amino-7-chloro- 5 N HC1/3 No reaction 49
4-N, N-Dibutylamino-
ethylamino-7-chloro- N HC1/2 No reaction 49
4-N, N-Dimethylamino-
ethylamino-7-chloro- 5 N HCl1/2 No reaction 49
4-N, N-Diethylamino-
ethylamino- 7-chloro- 5 N HC1/2 No reaction 49
4-Acetamido- 5 N HC1l/3 Hydrolysis to 49
4-amino-
cinnoline

The remarks on page 22 concerning hydrolysis studies of halogenocinnol
and derivatives apply here also.
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G. Hydroxylaminocinnolines and Derivatives,
Only two compounds of this type have been reported in the

literature since 1949, Since Table 7 lists all pertinent information
concerning them, no discussion is required at this point.

Table 7. Hydroxylaminocinnolines and Derivatives

where R represents hydrogen
unless indicated otherwise.

No. R? Group? M.P.,°C Prep.b Remarks Ref.
1 4 Hydroxyl- 229-230 A Pale yellow needles 39
amino- from alcohol.

7 Acetamido-

2 Methyl 4- 264-265 B Pale yellow crystals 39
hydroxylamino- dec. from alcohol.
7-cinnolyl-
ketoxime

2When naming the substituent groups becomes too cumbersome,
the complete compound name will be given.
bA. By treating methyl 4-hydroxylamino-7-cinnolyl ketoxime
with acetic acid and acetic anhydride.
B. By treating 4-phenoxy-7-acetylcinnoline with hydroxylamine
hydrochloride, sodium acetate, alcohol, and water.

H. Hydrazinocinnolines and Derivatives.

This general group of compounds is restricted to the cinnolines
substituted at position 4. In addition, only one general method of
preparation has been employed; namely, replacement of chlorine by
hydrazine, a substituted hydrazine, or a hydrazide.
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The hydrazinocinnolines and derivatives reported since 1949
are listed in Table 8.

Table 8. Hydrazinocinnolines and Derivatives

R@ﬂ%
R-,R\8 \l@

where R represents hydrogen
unless indicated otherwise.

No. R*? Group? M.P.,°C Prep Remarks Ref.
1 4 Hydrazino- 290-291, A, 90, 91% vyield. The 48,
293-294 B, compound exists in two 11
dec., C forms; the higher
226-227 melting is red or deep
dec., orange; the lower,
301 dec., yellow or orange, and
229 dec. obtained from the red
by refluxing in ethanol.
2 4 Hydrazino- 244-245 D Very small white 18
Hydrochloride crystals.
3 3 Chloro- 300 E Orange leaflets; deep 18
4 Hydrazino- red at 200-220° C.
4 4 Hydrazino- 320 E Orange-yellow crystals 18
6 Chloro- from alcohol; deep red
at 220° C.
5 4  Hydrazino- 300 E Orange microcrystals; 18
6 Bromo- deep red at 220° C.
precipitated from
hydrochloric acid
solution by ammonia.
6 4 Hydrazino- »330 E Maroon solid. 15

6 Nitro-
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No. R? Groupa M.P.,°C Prep. Remarks Ref.
7 4 Hydrazino- 215 dec. E Golden-colored needles. 15
6 Nitro-
Hydrochloride
8 4 Hydrazino- 229-230 F Yellow plates from 18
Monoformyl hot water.
derivative
9 4 Isopropyl- 179-180 G Orange hair-like 15
idenehydra- needles from aqueous
zino- acetone; occasionally
6 Nitro- maroon needles.
10 4 Hydrazino- 208-209 H White crystals from 18
Diacetyl alcohol.
derivative
11 4 Phenyl- 238 dec. I Yellow rhombs from 18
hydrazino- alcohol.
12 3 Chloro- 134-135 1 Lustreless brown 18
4  Phenyl- leaflets from dilute
hydrazino- alcohol,
13 Benzaldehyde 307 J 11
4-cinnolyl-
hydrazone
14 4 Toluene- 224-226 K 59% yield. Crimson 19
p-sulfonyl- needles from acetic
hydrazino- acid.
Hydrochloride
15 3 Chloro- 167-169 K 98% vyield. Almost 19
4 Toluene- colorless crystals
p-sulfonyl- from acetic acid.
hydrazino-
16 3 Bromo- 187-189 K Pink solid. 19

4 Toluene-
p-sulfonyl-
hydrazino-
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No. R® Group? M.P.,°C Remarks Ref.

17 4 Toluene- No data given. 19
p-sulfonyl-
hydrazino-

5 Nitro-

18 4 Toluene- 190-192 Red prisms from 19
p-sulfonyl- chloroform.
hydrazino-

6 Nitro-

19 4  Toluene- 195-196 98% yield. Orange 19
p-sulfonyl- dec. crystals from acetic
hydrazino- acid.

7 Nitro-

20 4  Toluene- 195-196 Brown needles from 19
p-sulfonyl- dec. acetic acid,
hydrazino-

8 Nitro-

21 Phenanthra- 267-268 Glistening red micro- 18
quinone mono- crystals from alcohol.
4-cinnolyl-
hydrazone

22 3  Methyl- 186-187 92% yield. Pink 19
4 Toluene - dec. rosettes from acetic

p-sulfonyl- acid.
hydrazino-

23 4 Toluene- 221 dec. Yellow prisms from 61
p-sulfonyl- ethanol.
hydrazino-

5 Methoxy-

24 4  Toluene- 199-201 Cream flocks from 61
p-sulfonyl- dec. ethanol,
hydrazino-

6  Methoxy-
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No. R?® Group? M.P.,°C Prep.b Remarks Ref.

25 4 Toluene- 169-172 K Small bright red 61
p-sulfonyl- dec. crystals from ethanol-
hydrazino- ether.

7 Methoxy-

26 4  Toluene- 169-172 K 96% yield. Yellowish- 62
p-sulfonyl- dec. orange crystals from
hydrazino- acetic acid -

8 Methoxy- chloroform.

*When naming attached radicals or groups becomes too
cumbersome, the compound name will be given in place of the usual
listing of R and Group.

bA. By treating the 4-chloro- analog with hydrazine hydrate in

a sealed tube at 150-160°.

B. By treating the 4-chloro- analog with ethanolic hydrazine
at room temperature.

C. By treating 1, 2-dihydro-4-hydrazinocinnoline (reagents
or conditions not given).

D. By treating the base, both high- and low-melting forms,
with hot hydrochloric acid.

E. By treating the appropriate halogeno-4-chlorocinnoline
with ethanolic hydrazine.

F. By treating both the low- and high-melting forms of
4-hydrazinocinnoline with hot formic acid, anhydrous.

G. By treating 4-hydrazino-6-nitrocinnoline with acetone.

H. By treating boththe low- and high-melting forms of
4-hydrazinocinnoline with boiling acetic anhydride.

I. By treating the appropriate 4-chlorocinnoline with phenyl-
hydrazine in alcohol.

J. By heating either the high- or low-melting forms of
4-hydrazinocinnoline with benzaldehyde in 50% acetic acid.

K. By treating the appropriate 4-chlorocinnoline with a
chloroform solution of toluene p-sulfonylhydrazide.

I.. By treating both the low- and high-melting forms of
4-hydrazinocinnoline with phenanthraquinone in boiling acetic acid.
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I. Azocinnolines and Derivatives.

The azocinnolines and derivatives are restricted to those
compounds with the azo- substituent located at position 6. The
compounds included in this section were obtained by the following
general procedure (77, 84, 85): The Borsche synthesis was
employed to prepare the 4-hydroxy- analog. Alterations of the
hydroxy- group were then carried out to prepare other 4-substituted
compounds. The details of the reactions involved are included in
Table 9, which lists the azocinnolines and derivatives reported since

1949.

Table 9. Azocinnolines and Derivatives
R R
R6 - N where R represents hydrogen
- ‘ unless indicated otherwise.
R 8 v
7 AN
8
No. R? Group? M.P.,°C. Prep.b Remarks Ref.

1 4 Chloro- 161-162 A From ethyl acetate. 84

6  Phenylazo-
i 4  Hydroxy- 298-300 B 60% yield. Yellow 84

6 Phenylazo- needles from acetic

acid.

3 4  Acetoxy- 179-180 C From benzene, acetic 84

6 Phenylazo- acid, ethanol, or ethyl

acetate,

4 4 Phenoxy- 167-179, D 75% yield. Red needles 84

6 Phenylazo- 164-167 from ethyl acetate.
5 4 Amino- 300-301 E 85% yield. Small 84

6 Phenylazo- dec. golden needles from

2-ethoxyethanol.

(84) MclIntyre

(85) Mclntyre

and Simpson,

J. Chem. Soc., 1953, 2606.

and Simpson, J. Chem. Soc., 1952, 2615.
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No. R?2 Group? M.P.,°C. Pre Remarks Ref,
6 4  Amino- 275-280 F Golden fibrous 84
6 Phenylazo- dec. needles.
Hydrochloride
7 4  Amino- 250-255, G Fibrous yellow needles 84
6 Phenylazo- 252-254 from aqueous acetone
Methochloride then dilute hydrochloric
acid.
8 4 Amino- 243-246 H, 87,58% vyield. 84
6 Phenylazo- dec., 1
Methiodide 251-253
dec.,
253-255
dec.
9 4  Acetamido- 271-275 J 84% yield. Dark red 84
6 Phenylazo- dec. leaflets from 2-ethoxy-
ethanol.
10 4  Acetamido- 195-197 K Small red needles from 84
6 Phenylazo- water.
Methiodide
11 4 Acetamido- 188-192 L 96% yield. Reddish 84
6 Phenylazo- needles from alcohol-
Methotoluene- ether,
p-sulfonate
12 4  Chloro- 194-196 A Orange needles from 84
6 m-Acetyl- benzene.
phenylazo-
13 4  Hydroxy- 279-280 B 50% yield. Red needles 84
6 m-Acetyl- dec. from acetic acid.
phenylazo-
14 178-180 C Yellow needles from 84

4 Acetoxy-
6 m-Acetyl-
phenylazo-

ethyl acetate.



No. R? Groupa M. P., °C  Pre Remarks Ref.

15 4, 4'-Dichloro- 300, A Insoluble in organic 84,
6,6'-azo- »320 solvents; precipitated 77
cinnoline by ligroin.

16 4,4'-Di- Y320 B 52% yield. Too 84,
hydroxy-6, 6'- insoluble to be 77
azocinnoline recrystallized.

17 4,4'-Di- 254-258 D 48% yield. Orange- 84,
phenoxy-6, 6'- dec. red needles from 77
azocinnoline benzene.

18 4.4'-Diamino- 2320 M 83% yield from No. 17. 84,
6,6'-azo- Fine red needles, 77
cinnoline insoluble in organic

solvents.

19 4,4'-Diamino- 320 E Fine red needles from 84,
6,6'-azo- acetic acid or aqueous 77
cinnoline acetic acid -

Dihydro- hydrochloric acid.
chloride

20 4,4'-Diamino- 279-281 N Golden brown needles. 84,
6,6'-azo- dec., 77
cinnoline 282-285
A-Dimetho- dec.
chloride
trihydrate

21 4,4'-Diamino- 312-314 N Purplish needles from 84,
6,6'-azo- dec. water. 77
cinnoline
6-Dimetho-
chloride
Hemihydrate

22 4,4'-Diamino- 284-288 H 98% yield. Amorphous 84,
6,6'-azo- dark red solid; could 77
cinnoline not be recrystallized.

Dimethiodide
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No. R Groupa M.P.,°C Prep.b Remarks Ref.

23 4,4'-Bis- 2320 M Scarlet solid; insoluble 77,
(methylamino)- in water and common 85
6,6'-azo- organic solvents.
cinnoline

24 4,4'-Bis- 7320 (@) 71% yield. Small 77,
(methylamino)- orange-red needles 85
6, 6'-azo- from dilute acid.
cinnoline
Dihydrochloride

25 4,4'-Bis- 269-300 N 27% yield. Fine brown 77,
(methylamino)- dec., needles from 5 N hydro- 85
6, 6'-azo- 295-300 chloric acid - acetone.
cinnoline
d-Dimetho-
chloride

26 4,4'-Bis- 291-294 N 50% yield. Minute 77,
(methylamino)- dec. brown-red needles 85
6, 6'-azo- from water.
cinnoline
B-Dimetho-
chloride

27 4,4'-Bis- 274-278 H 100% yield. 15
(methylamino)- 85
6,6'-azo-
cinnoline
Dimethiodide

28 4,4'-Diacet- 231-239 J 89% vyield. Ocher solid; 84,
amido-6, 6'- dec. not recrystallizable. 77
azocinnoline

29 4,4'-Diacet- 284-287 K Violet. 77
amido-6, 6'- dec.
azocinnoline

Dimethiodide
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No, R? Group? M.P.,°%C Pre:p.b Remarks Ref.
30 4,4'-Diacet- L 99% yield. No other 84,
amido-6, 6'- data given. 77
azocinnoline
Dimetho-
toluene-R-
sulfonate
31 1,8-Azo-1, 4- 159-160 P Buff-colored leaflets 39
dihydro-4- dec. from dilute ethanol.
cinnolone

When naming the substituent groups becomes too cumbersome,
the complete compound name will be given.
bA. By heating the 4-hydroxy- or 4, 4'-dihydroxy- analog with
phosphorous pentachloride and phosphorous oxychloride or with
phosphorous oxychloride in dimethylaniline.

B. By the Borsche synthesis on the appropriate 3-acetyl-
4-aminoazobenzene.

C. By treating the appropriate hydroxy- compound with acetic
anhydride. _

D. By treating the appropriate chloro- or dichloro- analog
with phenol and ammonium carbonate, phenol and dry ammonia at
120° C, or phenol and potassium hydroxide at 90° C.

E. By treating the appropriate phenoxy- or diphenoxy- compound
with dry ammonia, ammonium chloride, and phenol.

F. By treating the base with hydrochloric acid.

G. By refluxing the corresponding methiodide with aqueous
silver chloride.

H. By refluxing the base with methyl iodide in ethanol or by
treating the base with methyl iodide and phenol at 100° C.

I. By refluxing the analogous acetamido- compound with
hydrochloric acid.

J. By treating the appropriate amino- compound with acetic
anhydride.

K. By treating the analogous methotoluene-p-sulfonate with
aqueous potassiumn iodide, or sodium iodide.

L. By treating the base with methyl toluene-p-sulfonate at
110° C.

M. By treating the dihydrochloride salt with base.
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N. By treating the corresponding dimethiodide with hydrochloric
acid and silver chloride, from the analogous diacetamido-dimethiodide
by treating in a similar manner, or by treating the methotoluene-p-
sulfonate with hydrochloric acid.

O. By treating the analogous diphenoxy- compound with dry
methylamine, phenol, and ammonium chloride.

P. By diazotization of 8-amino-4-hydroxycinnoline.

The d-dimethochloride of 4, 4'-bis(methylamino)-6, 6'-
azocinnoline cures Ty congolense, but the @-salt, although effective,
does not (85). The d- and fB-forms have been shown (84) not to be
the same entity. The d-form is a trihydrate, while the f-salt is a
hemihydrate. The exact structural differences have not been
established (84).

J. Hydrocinnolines and Derivatives.

The first and simplest member of this group, 1,2-dihydro-
cinnoline, was prepared by Busch and Rast (6) by the reduction of
4-chlorocinnoline with iron and 15% sulfuric acid. A few years later
a compound was described (86, 87) as l-ethyl-1, 2, 3, 4-tetrahydro-
cinnoline, prepared by the reaction of diethylzinc with either
benzenediazonmium chloride (86) or phenylazoethane (87). The fact
that this compound is insoluble in 2% hydrochloric acid seems to be
contrary (13) to the structure proposed.

Boiling the phenylhydrazone of diphenylhydroxyacetaldehyde
withl N sulfuricacid gave 4, 4-diphenyl- 1, 4(3, 4)-dihydrocinnoline
(88). Although a 3-hydroxy-1, 2-dihydrocinnoline is reported in the
literature (5) details of 1ts preparation (52) are not accessible.

(86) Tichwinski, J. Russ. Phys. Chem., 36, 1052 (1904)
[C. 2., L 79 (1905)].

(87) Tichwinski, J. Russ. Phys. Chem., 3_6, 1056 (1904)
[c. z., 1, 80 (1905)].

(88) Zerner, Monafsh., 34, 1609 (1913).
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The addition of 2 moles of dimethyl azodicarboxylate to styrene gave
1,2, Nl i Nz-tetrakis(methoxycarbonyl)- 1,2, 3, 4-tetrahydrocinnoline (10).
Treatment by hot 33% potassium hydroxide removed the groups at
positions 1 and 2.

2-Phenyl-3-keto-2, 3,5, 6, 7, 8-hexahydrocinnoline was prepared
(89) by condensing phenylhydrazine with ethyl 2-ketocyclohexylglyoxylate
in a mixture of ethanol and acetic acid.

Then in 1929 4-phenyl-1, 2, 3, 4-tetrahydrocinnoline was prepared
(5) by the catalytic reduction of the 1, 2-dihydro- analog, which was
prepared from 4-phenylcinnoline by refluxing with zinc dust and
ammoniacal alcohol (5).

A hexahydrocinnoline has been described (90) as 1-phenyl-3-
methyl-1, 4,5, 6, 7, 8-hexahydrocinnoline, but the structure is open to
question (13). The compound was prepared by treating 2-acetonyl-
cyclohexanone with phenylhydrazine.

Renewed interest in the hydrocinnolines did not come until 1945.
All of the compounds prepared contain oxygenated rings. 1-Methyl-4-
keto-1, 2-dihydrocinnolines were obtained (50, 91, 92, 41, 39, 49) by
methylation of 4-hydroxycinnolines with methyl sulfate and alkali.
Under the proper methylating conditions, methyl 4-keto-4, 6-dihydro-
cinnolyl-6-nitronates were formed (50, 49). By coupling diazotized
arylamines with m-hydroxyphenylacetic acid in alkaline solution,
followed by cycliZtion of the resulting azo-compounds with hot acetic
anhydride and a trace of sulfuric acid, 3-acetoxy-2-aryl-6-keto-2, 6-
dihydrocinnolines were obtained (92).

Since 1949 the preparative chemistry of the hydrocinnolines
has expanded somewhat. However, as stated in the introduction, very
few of these new compounds were prepared by reductive procedures

(89) Von Auwers, Ann., 453, 211 (1927).

(90) Ebel, Huber, and Brunner, Helv. chim. Acta, E, 16 (1929).

(91) Simpson, J. Chem. Soc., 1947, 1653.

(92) Kornfeld, J. Am. Chem. Soc., '_72, 1373, (1948).
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on more highly unsaturated cinnolines. The statement in the introduction
which states that the literature does not record any example of a catalytic
hydrogenation of a fully aromatic cinnoline is not strictly true.

3, 4-Diphenylcinnoline and the 7-methyl- analog have been converted to
the dihydro- compounds in alcoholic solution in the presence of Adam's
platinum catalyst at either room temperature or 70° C (7).

Table 10 lists the hydrocinnolines and derivatives reported since

1949,
Table 10. Hydrocinnolines and Derivatives
The complete compound name
is given in each case.
No. Compound M.P.°C Prep.a Remarks Ref.

1 1,2-Dihydro- A No details given. 11
4-hydrazino-
cinnoline

2 1, 4-Dihydro- 129-130 B 7
3,4-diphenyl-
cinnoline

3 1,4-Dihydro- 150 B, 7
3, 4-diphenyl- C
7-methyl-
cinnoline

4 1,2,6, 7-tetra- 250-251 D 80-90% yield. Colorless 7
hydro-1(2), from toluene-ligroin;
3, 4-triphenyl- location of N-phenyl
cinnoline group not proved.

5 1,2-Bis(ethoxy- E No details given. 12
carbonyl)-1, 2, 3, 4-
tetrahydrocinnoline

6 1,2, 3,4-Tetra- 91-92.5 F Light yellow crystals 71
hydro-2- from benzene-ligroin.

methyl-3-keto-
cinnoline



No.

Compound M.P.

3

o

93

C

Prep.a

Remarks

Ref.

10

11

12

1,2-Bis(meth-~ 206
oxycarbonyl)-
1,2,3,4-tetra-
hydro-3 -keto-
cinnoline

1H-3-keto-5- 197
methoxycarbonyl-
3,4,5,6-tetra-
hydro-2, 6-
methano-1,2,4,5-
benzotetracine

4-Hydrazino- 208
N1 -methoxy-
carbonyl-1, 2, NZ -
tris(acetamido)-
1,2,3,4-tetra-
hydrocinnoline

4-Hydrazino- 178
1,2, N1 N°-

tetrakis

(methoxy -
carbonyl)-1,2,3,4-
tetrahydrocinnoline

4-Hydrazino-

1,2, NIN%-tetra-
kis(ethoxy-
carbonyl)-1,2,3,4-
tetrahydro-
cinnoline

4-Hydrazino- 175
tetrakis-

(methoxy-
carbonyl)-4-

G

No details given.

11

11

11

11

12

11



No.

Compound M. P ,°C

94

Prep.a

Remarks

Ref.

12 continued

13

14

15

16

17

18

19

20

phenyl-1,2,3,4-
tetrahydro-
cinnoline

4-Hydrazino-
1,2, NIN2-
tetrakis
(methoxy~
carbonyl)-4-
methoxy -
1,2,3,4-tetra-
hydrocinnoline

167

5,6,7,8-Tetra-
hydrocinnoline

5,6,7,8-Tetra- 156-157

hydrocinnoline

3-Chloro-
5,6,7, 8-tetra-
hydrocinnoline

29-29.5

3-Iodo-
5,6,7,8-tetra-
hydrocinnoline

181-183
dec.

2-Phenyl- 52-53
5,6,7,8-tetra-

hydrocinnoline

2-Phenyl-
5,6,7,8-tetra-
hydrocinnoline
Hydrochloride

175-177

3-Methyl-
5,6,7,8-tetra-
hydrocinnoline

53.5-54.

Poor yield. O0il; not too
stable, becoming violet
colored upon standing.

Boils at 123-127° C/
0.5 mm. or 135-137°C/
2mm; from Skelly B;
colorless oil, turned
red upon standing.

75% yield.

From water.

From ether.

56% yield.

11



No.

Compound

95

M.P.,°C Prep?

Remarks

Ref.

21

22

23

24

25

26

27

28

29

3-Methyl-

5,6, 7, 8-tetra-
hydrocinnoline
Picrate

3-Phenyl-
5,6, 7, 8-tetra-
hydrocinnoline

3-Phenyl-

5,6, 7, 8-tetra-
hydrocinnoline
Picrate

3, 4-Diphenyl-
5,6,7,8-tetra-
hydrocinnoline

3,4-Diphenyl-
5,6,7,8-tetra-
hydrocinnoline
Methoper-
chlorate

3, 4-Diphenyl-

5,6, 7, 8-tetra-
hydrocinnoline
Picrate

3,4-Diphenyl-
6-methyl-

5,6, 7, 8-tetra-
hydrocinnoline

3, 4-Diphenyl-
6-methyl-
5,6,7,8-tetra-
hydrocinnoline
Picrate

3,4-Diphenyl-
7-methyl-
5,6,7,8-tetra-
hydrocinnoline

139.5-
141.5

86-87.5

174-175
dec.

173

205-206

165

192

167

170

o

T

O

From ethanol.

From Skelly B

From ethanol.

82% yield. Colorless from 7

toluene-ligroin.
Yellow needles from

methanol.

Yellow needles from
alcohol.

80-90% yield. Colorless
from toluene-ligroin.

Yellow needles from
alcohol.

80-90% yield. Colorless
from toluene-ligroin.



No.

Compound

96

M.P., oC Prep.a Remarks

Ref.

30

31

32

33

34

35

36

3, 4-Diphenyl-

7-methyl-

5,6, 7, 8-tetra-
hydrocinnoline
Methiodide

3, 4-Diphenyl-
7-methyl-

5,6, 7, 8-tetra-
hydrocinnoline
Methoper-
chlorate

3,4-Diphenyl-
7-methyl-
5,6,7, 8-tetra-
hydrocinnoline
Picrate

3,4-Diphenyl-
8-methyl-

5,6,7, 8-tetra-
hydrocinnoline

3, 4-Diphenyl-
8-methyl-

5,6, 7, 8-tetra-
hydrocinnoline
Methoper-
chlorate

3,4-Diphenyl-
8-methyl-

5,6, 7,8-tetra-
hydrocinnoline
Picrate

3,4-Diphenyl-
6-isopropyl-
5,6, 7, 8-tetra-
hydrocinnoline

238 w Black needles; yellow
when crushed.

208-209 VvV Yellow needles from
methanol.

174 O Yellow needles from
alcohol.

147 U 80-90% yield. Colorless
from toluene-ligroin.

207-210 A\ Yellow needles from
dec. methanol.

182 O Yellow needles from
alcohol.

146 4] 80-90% yield. Colorless
from toluene-ligroin.



Compound

M.P.,°%C

97

Prep.a

Remarks

Ref.

37

38

39

40

41

42

43

44

3,4-Diphenyl-
6-s-butyl-
5,6,7,8-tetra-
hydrocinnoline

3-Methoxy-
5,6,7,8-tetra-
hydrocinnoline

3-Methoxy-
5,6,7,8-tetra-
hydrocinnoline
Hydrochloride

3-Methoxy-
5,6, 7, 8-tetra-
hydrocinnoline
Picrate

2,3,5,6,7,8-
Hexahydro-
3-keto-
cinnoline

2,3,5,6,7,8-
Hexahydro-
3-keto-
cinnoline
Hydrobromide

2,3,5,6,7,8-
Hexahydro-
2-p-tolyl-
3-keto-4, 7-
dimethyl-
cinnoline

2: 31 5) 69 7) 8'
Hexahydro-

110-111

17-18

187-192

161-163

192-194,
194.5-
196.5

193-199,
193-197

125-126

U

BB

80-90% yield. Colorless
from toluene-ligroin.

From Skelly B.

Poor derivative.

From ethanol.

From water.

82% yield.

Pale yellow cubes from
ether.

No data given.

93

94

(93) Woodward and Eastman, J. Am. Chem. Soc., 72, 399 (1950).

(94) Schmidt and Druey, Helv. chim. Acta, 37, 134 (1954).
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No. Compound M.P.,, °c Prep. > Remarks Ref,
44 continued

3-keto-

4 -hydroxy-

cinnoline

a

A. By heating 4-hydrazino-1, 2, NlN‘d ~-tetrakis(methoxycarbonyl)-
4-methoxy-1, 2, 3,4-tetrahydrocinnoline with hydrazine hydrate.

B. By reducing the analogous 3, 4-diphenylcinnoline in ethanol
with Adam's platinum catalyst at 707¢C,

C. By hydrogenating the analogous 5,6, 7, 8-tetrahydro- com-
pound.

D. By reacting 2-(hydroxydesyl)cyclohexanone, hydrazine,
hydrate, and phenylhydrazine.

E. By condensing styrene with diethyl azodicarboxylate.

F. By refluxing the 2, 3~-dihydro- analog with alcohol, zinc dust,
and aqueous ammonia.

o G. By treating the compound in A. with 2 N hydrochloric acid

at 70 °C.

H. By treating the compound in A. with aqueous potassium
hydroxide.
I. By treating Compound No. 8 with boiling acetic anhydride.

J. By condensing styrene with dimethyl hydrazinedicarboxylate.

K. By condensing styrene with diethyl hydrazinedicarboxylate.

L. By condensing d-phenylstyrene with dimethyl hydrazine-
dicarboxylate at 70-80°C.

M. By treating d-methoxy-# -[NINZ-bis(methoxyca.rbonyl)-
hydrazino/ styrene with 80% acetic acid.

N. By refluxing the 3-chloro-analog with red phosphorous and
constant-boiling hydriotic acid.

O. DBy treating the base with picric acid.

P. By heating at 80° 2,3,5, 6,7, 8-hexahydro-3-ketocinnoline or
the hydrobromide with phosphorous oxychloride.

Q. By condensing benzamidine hydrochloride and hydroxy-
methylenecyclohexanone in absolute ethanol with piperidine as catalyst.

R. By treating the base with hydrochloric acid.

S. By treating 4 -(2-oxocyclohexyl)acetone with hydrazine hydrate
(acetic acid-catalyzed), then reducing the product with palladium on char-
coal in boiling cyclohexene.

T. By treating d-(2-oxocyclohexyl)acetophenone as in S.

U. By condensing the appropriate 2-(hydroxydesyl)cyclohexanone
with hydrazine hydrate in refluxing toluene.
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V. By treating the methiodide (which was not isolated) with

sodium perchlorate.
e W. By treating the base with methyl iodide in nitrobenzene.

X. By treating the analogous 3-chloro-compound with sodium
methoxide in methanol.

Y. By treating the hydrochloride or hydrobromide with base.

Z. By treating 2,3,4,4a,5,6,7,8-octahydro-3-ketocinnoline
with bromine and acetic acid.

AA. By boiling the autoxidation product of menthofuran with
p-tolylhydrazine in ether.
o BB. By treating 1, 2-cyclohexadione and cyanoacetylhydrazide
together in ethanol with sodium at 90°,

References to the ultraviolet data available on hydrocinnolines
are listed below.

Cinnoline Solvent Ref.
1,4-Dihydro-3, 4-diphenylcinnoline Methanol 7
1,4-Dihydro-3, 4-diphenyl- 7-methylcinnoline Methanol 7
5,6, 7,8-Tetrahydrocinnoline Isooctane 95
95% Ethanol 95
Water 95
Sulfuric acid 95
6-Chloro-5, 6, 7, 8-tetrahydrocinnoline Isococtane 95
3, 6-Dichloro-5, 6, 7, 8-tetrahydrocinnoline Isooctane 95
3, 4-Diphenyl-5, 6, 7, 8-tetrahydrocinnoline Methanol 7
3,4-Diphenyl-7-methyl-5, 6, 7, 8-tetra-

hydrocinnoline methiodide Methanol 7

1(2), 3, 4- Triphenyl-1, 2, 3, 4-tetrahydro-
cinnoline Dioxan 7

Treatment of 1, 2, N1NZ-tetrakis(methoxycarbonyl)-4-pheny1-—
1,2, 3, 4-tetrahydrocinnoline with hydrazine hydrate (11) yields either
N-amino-3-phenylindole or an analogous 2, 3-dihydro- compound (I).

/N ,
N AN ANH NH - CO - NH - NH,

N.HZ (1)

(95) Horning and Amstutz, J. Org. Chem., 20, 1069 (1955).
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K. Cinnolines Containing Additional Fused Rings.

Table 11 lists the compounds of this group reported since 1949.
In view of the diverse nature of these compounds, no attempt will be made
to discuss any of them at this point.

Table 11. Cinnolines Containing Additional Fused Rings.
The complete compound name is given in each case.

Naming and numbering follow
Ring Index recommendations.

No. Compound M.P.,°C Prep.a Remarks Ref.

1 4-Hydroxy-7,8- 271-272 A Colorless prisms from 59
dihydro-6H- alcohol.
cyclopental g] -
cinnoline

2 4-Acetoxy-7,8- 112-113 B Pinkish needles from 59
dihydro-6H- dilute alcohol.
cyclopental g] -
cinnoline

3 3-Chloro-4- >340 A Colorless leaflets from 59
hydroxy~7, 8- alcohol.
dihydro-6H-
cyclopenta[ g]-
cinnoline

4 3-Chloro-4- 159-160 B Colorless needles from 59
acetoxy-7, 8- dilute alcohol.
dihydro-6H-
cyclopenta[g]-
cinnoline

5 4-Hydroxy-8, 9- 246-247 A Colorless needles from 59
dihydro-7H- dilute alcohol.
cyclopenta[ h] -
cinnoline

6 Benzo[ c]- 156 G, 92% yield. Pale yellow 96
cinnoline D blades from benzene.

(96) Badger, Seidler, and Thomson, J. Chem. Soc., 1951, 3207.
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No. Compound M.P.,°C Prepa Remarks Ref,

7 3, 8-Dichloro- 259-260 C Small pale yellow 97
benzo[ c]- crystals from alcohol.
cinnoline

8 1-Nitro- 160-161 E Extracted with Skelly B, 97
benzo[ c]- recrystallized from
cinnoline ethanol; proof given for

structure.

9 3,8-Dichloro- 244-245 F Pale yellow needles 97
benzo[c]- from benzene then
cinnoline-5- alcohol.
oxide

10 l-Amino- 155-157 G 81% yield. Apparently 98
benzo[c] - (crude) not purified.
cinnoline
11 1-Benzene- 211-213 H 23. 6% yield. From 98
sulfonamido- ethanol.
benzo[c]-
cinnoline
12 3, 8-Diamino- 265 D From benzene. 99
benzo[ c]-
cinnoline
13 1,2,3,4-Tetra- 98 I 15% yield. Yellow 100
hydrobenzo- prisms from ligroin.
[ c]cinnoline
(97) Calderbank and LeFdvre, J. Chem. Soc., 1951, 649.
(98) Smith, Jr., and Ruby, J. Am. Chem. Soc., _?_(3, 5807
(1954).
(99) Braithwaite, Holt, and Hughes, J. Chem. Soc., 1958,
4073.

(100) Moore, Nature, 163, 918 (1949).
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No. Compound M.P., C Prep.a Remarks Ref.
14 4-Hydroxy- 262-263 J Small white rhombs 59
6,7,8,9-tetra- from methanol.
hydrobenzo-
[g] -cinnoline
15 3-Chloro-4- 288-289 J Colorless crystals 59
hydroxy- from alcohol.
6,7,8,9-tetra-
hydrobenzo-
[ glcinnoline
16 3-Chloro-4- 148-149 B Colorless needles 59
acetoxy- from alcohol.
6,7,8,9-tetra-
hydrobenzo-
[g] cinnoline
17 4-Hydroxy- 276-277 J Pale buff microcrystals 59
7,8,9, 10-tetra- from dilute methanol.
hydrobenzo-
[h]cinnoline
18 1,10-Dimethyl- 135-136 C Colorless crystals 97
benzo[ c]- from alcohol.
cinnoline
19 1,10-Dimethyl- 153 F 101
benzo[c]-
cinnoline-5-
oxide
20 2,9-Dimethyl- 184, 185, K Needles from acetone 99
benzo[c]- 186 or benzene,
cinnoline
21 3,8-Dichloro- 277, 279 L Yellow base from 99

2,9-dimethyl-
benzo[c]-
cinnoline

benzene or acetone.

(101) Sako, Bull. Chem. Soc. Japan, 9, 393, (1934)[C.A., 29,

1083 (1935)].
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No. Compound M.P., °c Prep,.a Remarks Ref.

22 3,8-Dibromo- 280 M Yellow needles from 99
2,9-dimethyl- benzene.
benzo[ c]-
cinnoline

23 3,8-Dichloro- 275 deg., N Light yellow powder 99
2,9-dimethyl- from dimethyl formamide.
benzo[ c]-
cinnoline-5-
oxide

24 3,8-Dibromo- 284 dec., o) Pale yellow needles 9%
2,9-d:methyl- 286 dec. from dimethyl formamide.
benzo[ c]-
cinnoline-5-
oxide

25 3,8-Diiodo- 212-215 P 99
2 9-dimethyl- dec.
benzo[ c]-
cinnoline-5-
oxide

26 3 8-Diiodo- 242-246 Q Material could not be 99
2,9-dimethyl- dec. freed of solvent due to
benzo[ c] - thermal instability;
cinnoline-5- unstable in light.

oxide with
acetone of
crystallization

27 2,9-Dimethyl- 272-274 R From benzene. 99
3, 8-~-diamino- dec.
benzo[ c]-
cinnoline

28 2,4-Dimethyl- 111 I 85% yield. Yellow 100
1,2, 3, 4-tetra- needles from ligroin,
hydrobenzo-

[ c]cinnoline

29 3,4-Diphenyl- 182 S 7
benzo[ h]-
cinnoline
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No Compound M.P.,°C Prep? Remarks Ref.
30 3, 4-Diphenyl- 174 T 7
benzo[h]-
cinnoline
Picrate
31 3,4 Diphenyl- 230 U 7
5, 6-dihydro-
benzo[ h]-
cinnoline
32 3,4-Diphenyl- 188 T 7
5, 6-dihydro-
benzo[ h] -
cinnoline
33 4.-Methyl- 325-326 A% 93% yield. Light tan 40
7-hydroxy- amorphous powder from
pyrido[ 3, 2-h]- ethanol.
cinnoline
34 4- Methyl- 313-314 w 100% yield. White 40
7-hydroxy- dec. precipitate by adding
pyrido[ 3, 2-h]- acid to the reaction
cinnoline-8- mixture.
carboxylic acid
35 4-Methyl 257-258 X 31% yield. Yellow 40
7-hydroxy- needles from 95%
8-ethoxycar- ethanol.
bonylpyrido-
[3, 2-h]cinnoline
36 Dibenzo|c,f]- 156.5- Y Purified by chroma- 102
cinnoline 157. 5 tography on alumina,
then yellow leaflets from
benzene-hexane.
37 3-Keto-4- 290 Z From ethanol. 94
cyano-2, 3~
(102) Badger and Walker, J. Chem. Soc., 1956, 122.
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No. Compound M.P.,°C Prep? Remarks Ref.

37 continued

dihydro-
dibenzol f, h] -
cinnoline
38 Dibenzo[ 5, 6- 315-316 AA 50-72% yield. Bright 38
s 8] quinoxalino- yellow needles from
[ 2, 3-c] cinnoline pyridine.

AR, By diazotization of the appropriate acetylaminoindane.

B. By treating the base with acetic anhydride.

C. By reducing the 5-oxide with zinc dust in acetic acid, with
lithium aluminum hydride in benzene-ether, or with stannous chloride
in hydrochloric acid.

D. By reducing the appropriate 2, 2'-dinitrobiphenyl with
lithium aluminum hydride in benzene-ether.

E. By nitrating with mixed acids the parent heterocycle.

F. By reducing the appropriate 2, 2'-dinitrobiphenyl with alcoholic
sodium sulfide nonahydrate at 100° C.

G. By reducing the nitro-analog in methanol over nickel with 3
atmospheres of hydrogen.

H. By treating the base with benzenesulfonyl chloride in
pyridine.

I. By treating the appropriate 1, 2-cyclohexadione-1-phenyl-
hydrazone with sulfuric acid.

J. By diazotization of the appropriate acetylaminotetralin.

K. By reducing 4, 4'-diiodo- or 4, 4'-dibromo-3, 3'-dimethyl-
6, 6'-dinitrobiphenyl as in D or with sodium amalgam in dry methanol.

L. By reducing the 4, 4'-dichloro- analog of K with either
sodium amalgam in methanol or with zinc dust and 40% potassium
hydroxide in hot ethanol.

M. By reducing the 4, 4'-dibromo- analog of K as in K.

N. By reducing the 4, 4'-dichloro- analog of K with sodium
sulfide in boiling 90% ethanol.

O. By reducing the 4, 4'-dibromo-analog of K as in N or with
sodium amalgam in dry methanol.

P. By reducing the 4, 4'-diiodo- analog of K as in N with added
sodium hydroxide.

Q. By the procedure in P except that no base was added.

R. By reducing the appropriate 6, 6'-dinitro-o-tolidine as in D.

S. By dehydrogenating the analogous dihydro: compound using
palladized charcoal or chromium trioxide.
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T. By treating the base with picric acid.

U. By treating the diketone formed from &-tetralone, 1-
naphthalon-2-yl-8-hydroxy- §=pheny1acetophenone, with hydrazine.

V. By decarboxylating the 8-carboxylic acid analog in benzophenone
at 265-275° C under a nitrogen atmosphere.

W. By treating the analogous ethoxycarbonyl- compound with 2%
aqueous sodium hydroxide under reflux.

X. By treating 8-(2, 2-diethoxycarbonylvinylamino)-4-methyl-
cinnoline with diphenyl ether at 245° C.

Y. By cyclizing l-o-aminophenyl-2-naphthylamine with ammonium
persulfate and sulfuric acid at 0° C.

Z. By condensing 9, 10-phenanthraquinone with cyanoacetylhydra-
zide using anhydrous ethanol and boiling three hours.

AA. By condensing 9, 10-phenanthraquinone with 3, 4-diamino-
cinnoline at 100° C with acetic acid or potassium acetate and acetic acid.

The dipoles of various fused-ring cinnolines have been obtained,
as summarized:

Cinnoline Dipole Ref.

Benzo[ c]cinnoline 3.90 78
Benzo[ c]cinnoline-5-oxide 5.20 78
3, 8-Dichlorobenzo[ c¢]cinnoline-

5-oxide 5.1 77
X-Nitrobenzo| ¢]cinnoline-5-

oxide 5.6 77
X-Bromobenzo[ c]cinnoline-

5-oxide 5.3 77

The above data were used (77) as evidence that the x-nitro- and
x-bromo- compounds were 3-nitro- and 3-bromo-, respectively. The
x-nitro- compound was obtained by nitration of the benzo[ c]cinnoline-
5-oxide (103) and was considered to be the 2-nitro- compound (103)

The reactivities toward electrophilic substitution of the various
positions of benzo[ c]-cinnoline have been calculated (36):

(103) King and King, J. Chem. Soc., 1945, 824.
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AE -11.3

10. 0 kcal/mole AE

1 3

-17.0 AE

5 4 -14.8

AE

The expected order of reactivity was therefore given (36) as 1 >3 >4 >2.

The following references to the ultraviolet data have been obtained:

Compound Solvent Ref.

Benzo[ c]cinnoline 104
Ethanol 102

Cyclohexane 102

Benzo[ c]cinnoline-5-oxide 104
3, 8-Dichlorobenzo[ c]cinnoline-5-oxide 97
X-Nitrobenzo[ c]cinnoline-5-oxide 97
X-Bromobenzo| c]cinnoline-5-oxide 97
Dibenzo| ¢, f] cinnoline 97
4-Methyl- 7-hydroxy-8-ethoxycarbonylpyrido- Ethanol 40

[3,2-h]cinnoline

Hydrogenation with nickel at 70 atmospheres of hydrogen at 70°
in ethanol of 1-Benzenesulfonamidobenzo[ c]cinnoline gave 2-benzene-
sulfonamido-6, 6'-diaminobiphenyl (98).

(104) Badger, Pearce, and Pettit, J. Chem. Soc., 1951, 3199,
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III. EXPERIMENTAL

High-pressure reductions were carried out in a Parr Instru-
ment Company No. 4011-H High-Pressure Reaction Apparatus (Parr
High Reactor), having a fixed agitation rate of 37 cycles per minute,
Low-pressure reductions were accomplished in a Parr Instrument
Company Series 3910 Low-Pressure Shaker-Type Apparatus (Parr
Low Reactor).

Melting points usually were taken with a Fisher-Johns Melt-
ing Point Apparatus. For those compounds (notably picrates and pic-
rolonates) which tended to sublime, capillary melting points were
taken in an electrically-~-heated, circulating oil-bath.. All melting and
boiling points are reported uncorrected.

Analyses were performed by the microanalytical laboratories
of Schering Corporation, Bloomfield, New Jersey, and the University
of Melbourne, Australia.

A. Preparation of Catalysts.

1. Commercially-Obtained Catalysts.

With one exception, all catalysts used were commercial pre-
parations obtained from Baker and Co., Inc., Newark, New Jersey.
These catalysts were 5% rhodium on alumina, ruthenium oxide, plat-
inum oxide, 5% palladium on activated charcoal, and 5% rhodium on
activated charcoal.

2, Preparation of Raney Nickel W-2,

The method of Mozingo (105) was used. The preparation
utilized 300 g. of Raney nickel-aluminum alloy. The catalyst was
stored under absolute ethanol.

B. Preparation of 4-Methylcinnoline.

This preparation followed the procedure of Jacobs, et.al. (106)

(105) Mozingo, Org. Syn., Coll. Vol., II, 181 (1955)

(106) Jacobs, Winstein, Henderson, and Spaeth, J. Am. Chem. Soc.,
6_8, 1310 (1946)
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1. Preparation of 2-(o-Aminophenyl)propene.

Methylmagnesium bromide was prepared from 243 g. (10 g. -
atoms) of magnesium turnings in 1.5 liters of anhydrous ether, and
gaseous methyl bromide. Under nitrogen atmosphere and at 0° the
Grignard reagent was treated dropwise, during 2 hours, with 250 g.
(1.65 moles) of methyl anthranilate in 1 liter of anhydrous ether. A
Hershberg-type tantalum wire stirrer was used. The reactant mix-
ture was allowed to come to room temperature and then refluxed for
5.5 hours. The mixture was cooled and poured into a mixture of
1200 g. of ammonium chloride and ice. Additional ice was added as
required to prevent overheating. Basic magnesium salts were partly
neutralized by adding 700 ml. of 6 N aqueous hydrochloric acid. The
mixture was extracted with ether until no additional color was removed.
The combined extracts were concentrated to 3 liters, dried over an-
hydrous potassium carbonate, and the remaining ether distilled under
reduced pressure. The crude dimethyl-(o-aminophenyl)carbinol was
dissolved in 1 liter of toluene containing 0.1 g. of iodine and refluxed
for 72 hours. Use of a combination distillation-reflux condenser per-
mitted collection of 28.5 ml. of water (95% of the theoretical amount).
Toluene was removed under reduced pressure and the residue vacuum-
distilled through a Claissen-type Vigreaux column. The yield of 2-
(o-aminophenyl)propene, b.p. 87-91°/1-2 mm. [1it. (106) b.p., 83.5-
87.5°/1-2 mm.J, was 192 g. (86%).

2. Preparation of 4-Methylcinnoline.

A solution of 189 g. (1.41 moles) of 2-(o~aminophenyl)propene
in 950 ml. of water and 105 ml. (3.8 equivalents) of concentrated sul-
furic acid was diazotized at 0-5° by the dropwise addition of 97.5 g.
(1.42 moles) of sodium nitrite in 210 ml. of water. The addition re-
quired 2 hours. A small excess of nitrous acid was detected with
potassium iodide-starch test paper. The diazotized solution was di-
luted to 12 liters with ice and water and stored in the dark for 3.5
days. After making basic with 160 g. of sodium hydroxide in 160 ml.
of water, the solution was extracted continuously with benzene for
10-12 hours in 3-liter batches using an apparatus described by Wil-
son (107). The benzene was distilled at atmospheric pressure. The
residue was vacuum-distilled, giving 164 g. (84%) of 4-methylcinno-
line which was recrystallized from n-heptane or Skelly Solve B.

(107) Wilson, Org. Syn., Coll. Vol. I, 277 (1941)
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The recrystallized product, m.p. 72-72.5°, originally pale yellow,
turned blue to blue-green upon standing uncovered overnight. The
blue crystals melted at 71-72°. A mixture of the blue solid and a
sample of 4-methylcinnoline (orange crystals, m.p. 74-75°) re-
ceived from Dr. H. Smith Broadbent, prepared in a similar fash-
ion (108), melted at 72-72.5°. The unusual color change has not
been explained.

C. High-Pressure Hydrogenation of 4-Methylcinnoline Using 5%

Rhodium on Alumina Catalyst.

1. High-Pressure Hydrogenation of 4-Methylcinnoline
in Neutral Solution Using 5% Rhodium on Alumina.
First Hydrogenation.

A 500-ml. glass reactor liner was charged with 20 g.
(0. 14 mole) of 4-methylcinnoline, 150 ml. of absolute ethanol,
and 0.5 g. of 5% rhodium on alumina. Reduction was carried
out in the Parr High Reactor with a hydrogen pressure of 2000
psig, the temperature gradually being increased to 200° over a
6-day period. Upon cooling to room temperature a 600-psi pres-
sure drop was observed, equivalent to 4.3 molar equivalents of
hydrogen absorbed. The vented gas had an ammonia-like odor.
The catalyst was removed by suction filtration and the solvent
stripped under reduced pressure. The remaining liquid was
vacuum-distilled at 0.4-0. 6 mm. pressure through a 20-cm.
Vigreaux column. Four fractions were taken: (1) 1.4 g., b.p.
up to 30°, n3y, 1.3703; (2) 0.3 g., b.p. 30-32°, n§y 1.4709;
(3) 8.1g., b.p. 32°, nf§ 1.4802; (4) 1.9 g., b.p. 32-80°,
n’§ 1.4893. Total recovery of material was 11.7 g. or 59%.

The first two fractions were shown by gas chromatography

on a 5-foot silicone column* to be mainly ethanol. Fraction 3, ca.
90% pure, was identified as a mixture of stereoisomers of octahy-

droskatole

H
I.

* The instrument used for all gas chromatography was an
Aerograph Master Model A-100, Silkens Instrument and research,
Inc., Berkeley, California, with a Model G-10 recorder, Varian
Associates, Palo Alto, California.

(108) Private communication.
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by comparison with an authentic sample obtained from the hydro-
genation of skatole (see Section III.L. 3.). A gas chromatogram of
fraction 3 was obtained using a 5-foot column packed with silicone on
Fluoropak 80. Column temperature was 198°. Retention time was
5.9 min. Upon redistilling fraction 3 at 44-45°/0.7 mm., n%§ 1.4775,
a purity of 99% was indicated by gas chromatography.

Anal. Calcd. for CgH17N: C, 77.63; H, 12.31; N, 10.06

Found: C, 79.95; H, 9.70; N, 10.16; Total, 99.81

In the Hinsberg reaction®*, I. gave an oil insoluble in water
and dilute acid. A similar result was obtained upon directly mix-
ing benzenesulfonyl chloride and I. The nickel chloride, carbon di-
sulfide, and ammonium hydroxide test for secondary amines was
negative.

* Unless otherwise noted, Shriner, Fuson, and Curtin, "The Sys-
tematic Identification of Organic Compounds'’, 4th Ed., John
Wiley and Sons, Inc., New York, 1946, was used for all quali-
tative and classification tests, and for the preparation of deri-
vatives.

The hydrochloride of I. was prepared but liquified immediately.
Attempts to prepare the following derivatives also were unsuccess-
ful: acetamide, benzamide, methanesulfonamide, oxalate, p-toluene-
sulfonamide, benzylsulfonamide, and phenylthiourea. Repeated at-
tempts to prepare the picrate resulted in the isolation of a solid
which decomposed upon attempting to recrystallize it from ethanol.
The water-washed solid melted at 145.5-155°, The picrolonate of
octahydroskatole was successfully prepared and melted at 226-228°.

Acetylation of I. was attempted using 0.2 ml, of 70% per-
chloric acid as catalyst. Nothing was isolated. The octahydroska-
tole was redistilled at 28-32°/0.10-0.13 mm., n3§ 1.4804. Follow-
ing a procedure for acetylating weakly basic amines (109), a mix-
ture of 0.5 g. of I., 3-4 ml. of acetic anhydride, and 2 drops of con-
centrated sulfuric acid was allowed to stand 3 days. The mixture was
poured into 50 ml. of water. No solid separated. Evaporation of
the water left a brown tarry material. Trituration with ether left a
brown, tacky tar. The ether was evaporated, leaving a yellow liquid
with a fruity odor. The infrared spectrum of this material

ok,

* Beckman IR-5 Infrared Recording Spectrophotometer; this excellent
instrument greatly aided the project.

(109) Stacy and Bresson, J. Org. Chem., 24, 1892 (1959)
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had a secondary amide carbonyl peak at 6.05 . Two peaks,
assumed to be N-H absorption bands, were observed at 2.85H and
3.05 0 . The liquid was taken up in ether, washed with 1 N aqueous
hydrochloric acid, dilute aqueous sodium bicarbonate, and water.
The ether was dried over anhydrous sodium sulfate. The infrared
spectrum of the residue remaining after evaporation of the ether
showed one N-H peak at 3.07 £ . No solid could be obtained.

2. High-Pressure Hydrogenation of 4-Methylcinnoline
in Neutral Solution Using 5% Rhodium on Alumina.
Second Hydrogenation.

A second hydrogenation was carried out, the reactant
mixture consisting of 14.4 g. (0.1 mole) of 4-methylcinnoline, 50
ml. of absolute ethanol, and 0.5 g. of 5% rhodium on alumina.

The initial hydrogen pressure was 2000 psig and the maximum
temperature was 132°. Reduction appeared to be complete in ca.

5 hours*, during which period the temperature increased from 111°
to 132°. Upon allowing the reactor to cool, a pressure drop of 340
psi was observed, corresponding to 3.4 molar equivalents of hydro-
gen absorbed. The vent gas had the ammonia-like odor observed in

* Completeness of reaction was determined by the ratio of the
change in gauge pressure ( AGP) to the change in the theoreti-
cal pressure assuming no reaction ( A NRP). When this ratio
( A GP/ ANRP) became positive (or 0 in the event of constant
temperature) and relatively constant, reduction was assumed
to be complete.

the previous reduction (section III. C. 1.). The catalyst was re-
moved and the filtrate diluted with water to ca. 800 ml. The solu-
tion was made strongly basic with 40% aqueous sodium hydroxide
and extracted with ether. The combined ether extracts were
washed once with water and dried over sodium sulfate. The ether
wa s evaporated under reduced pressure and the residue vacuum-
distilled through a 45-cm., vacuum-jacketed, electrically-heated
Vigreaux column. One fraction was taken: 7.0 g., b.p. 120-127°/
5 mm. , nZB 1.5807. The kettle residue weighed 2.0 g. Material
recovery was 62%. An infrared spectrum of the distillate was ob-
tained.

The following derivatives were prepared: picrate, m.p.
182.5-183.5°; hydrochloride, m.p. 193-220° (recrystallized once
from ethyl acetate-~ethanol); picrolonate, m.p. 210-214° with some
decomposition. A Volhard titration of the hydrochloride gave 31.10%
chlorine (calcd. for 09H16C12N2, 31.77%). The free base was
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assigned the structure

“ - NH
“ “H-CHz-NHy,
CHj

II.

o-amino- £ -methylphenethylamine or 2~(2-aminophenyl)propyl-
amine, pending synthesis of the compound by an unambiguous
route.

A 1.5-g. sample of o-amino- ﬂ -methylphenethylamine
(II) was diazotized by the procedure outlined for the preparation
of 4-methylcinnoline (106). The reactant mixture was diluted to
150-200 ml. with ice and water and stored in the dark for 3 days.
The mixture was made basic, then continuously extracted with
benzene. Evaporation of the benzene left a dark brown-orange
oil. The infrared spectrum of the material had no N-H or O-H
bands and showed no resemblance to the spectrum of 4-methyl-
cinnoline. The oil could not be purified.

3. High-Pressure Hydrogenation of 4-Methylcinnoline In

Neutral Solution Using 5% Rhodium on Alumina.
Third Hydrogenation

A third reduction was carried out. A mixture of 14.4 g.
(0.1 mole) of 4-methylcinnoline, 50 ml. of absolute ethanol,
and 0.5 g. of 5% rhodium on alumina was hydrogenated under an
initial hydrogen pressure of 2000 psig. The temperature was
maintained at 200-232° for 8 hours. The ratio A GP/ A NRP
was essentially constant for the last 5 hours. Upon cooling to
room temperature the gauge pressure was 1500 psi, indicating
5.0 molar equivalents of hydrogen were absorbed. The vent
gas exhibited the now-familiar ammonia-like odor. The reactant
mixture was filtered and the filtrate treated as described in the
previous reduction (Section III. C. 2.). After evaporating the
ether the remaining liquid was vacuum-distilled. Four fractions
were taken: (1) 0.4 g., b.p. 80-119°/15 mm., nf§ 1.4794;
(2) 5.5 ¢g., b.p. 121-144°/15 mm., n%° 1.4811; 0.9 g., b.p.
112-119°/5 mm., n38 1.5174; (4) 1.9 g., b.p. 120-128°/5 mm.,
nZB 1.5630. Material recovery was 60%.

The infrared spectra of the four fractions identified
fractions 1 and 2 as octahydroskatole (I) and fraction 4 as impure II.
The third fraction appeared to be unique; it has not been identified.

An analytical sample of I was obtained by redistillation
of fraction 2, b.p. 115°/15 mm. ; density at 25°, 0.9306.
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Anal. Calcd. for CQH”N: C, 77.63; H, 12.31; N, 10.06

Found: C, 76.58; H, 11.80; N, 10.35; Total, 98.73.

An attempt to prepare the hydrochloride of II (fraction 4) re-
sulted in a small amount of solid which was washed with ether; the
material melted at 198-208°. The picrate was prepared (m.p. 183~
184° after washing with ethanol).

4. High-Pressure Hydrogenation of 4-Methylcinnoline In
Acidic Solution Using 5% Rhodium on Alumina.
First Hydrogenation

4-Methylcinnoline, 14.4 g. (0.1 mole) in 50 ml. of abso-
lute ethanol containing 8.4 ml. (0.1 mole) of concentrated hydro-
chloric acid and 0.5 g. of 5% rhodium on alumina, was reduced
in the Parr High Reactor. The initial hydrogen pressure was 3000
psig. The temperature was maintained at 110° for 22 hours. Upon
cooling to room temperature the gauge pressure was 2600 psi, equi-
valent to 4.0 molar equivalents of hydrogen absorbed. The filtered
reactant mixture was evaporated to dryness under reduced pressure,
leaving 8.8 g. of solid, a recovery of 49%. The material was re-
crystallized four times from ethanol, m.p. 165.5-166.5°,

Anal. Calcd. for C9H15C1N2: C, 57.90; H, 8.10;

Cl, 18.99; N, 15.01
%

Found: C, 58.15; H, 8.21; N, 15.33; Cl1, 19.00.

% The average of 2 runs; chlorine by Volhard

The free base was obtained by treating an aqueous solution of
the above solid with base and extracting with ether. The combined
ether extracts were dried over sodium sulfate and the ether evaporated.
The residue was vacuum-distilled, giving 2.0 g. of distillate, b.p.
92-93°/0.7 mm. An infrared spectrum identified the material as
o-amino- B -methylphenethylamine (II).

Anal. Caled. for C4H,,N,: C, 71.96; H, 9.39; N, 18.65

5
Found: C, 70.86; H, 9.39; N, 18.62; Total, 98.87.

* The average of 2 runs.
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The picrate of Il was prepared and recrystallized once
from ethanol (m.p. 179.5-181.5°). The picrolonate was simi-
larly obtained (m.p. 214-217°). The phenylthiourea was ob-
tained in poor purity only after considerable manipulation (m.p.
112-117°).

5. High-Pressure Hydrogenation of 4-Methylcinnoline
In Acidic Solution Using 5% Rhodium on Alumina.
Second Hydrogenation.

A second hydrogenation was carried out, using 14.4 g.
(0.1 mole) of 4-methylcinnoline, 50 ml. of absolute ethanol
containing 8.4 ml. (0.1 mole) of concentrated hydrochloric acid,
and 0.5 g. of 5% rhodium on alumina. The reaction was main-
tained at 104-117° for 21 hours. At ambient temperature the
final pressure was 2100 psig, corresponding to 9.0 molar
equivalents of hydrogen absorbed. The reactant mixture was
filtered; the filtrate was diluted to 700 ml. with water and made
basic with 40% aqueous sodium hydroxide. The mixture was
extracted with ether and the combined extracts dried over sodium
sulfate and potassium carbonate. The ether was evaporated and
the residue vacuum-distilled. Two fractions were taken: (1) 0.5 g.,
b.p. 78-84°/15 mm., n}{§ 1.4834; (2) 4.4 g., b.p. 127-131°/
5 mm., nzﬁ 1.5752, Infrared spectra of both fractions were ob-
tained. Material recovery was only 34%, apparently because of
physical loss in the extraction and drying steps of the work-up.

Two derivatives of fraction 2 were prepared: (1) hydro-
chloride, m.p. 198-210° (recrystallized once from ethyl ace-
tate-ethanol); (2) picrate, m.p. 181-182° (recrystallized once
from ethanol). These derivatives and the infrared spectrum
identified fraction 2 as o-amino- # -methylphenethylamine (II).
The first fraction was identified as octahydroskatole (I) by in-
frared absorption data.

D. High-Pressure Hydrogenation of 4-Methylcinnoline Using
Ruthenium Oxide Catalyst.

1. High-Pressure Hydrogenation of 4-Methylcinnoline
In Neutral Solution Using Ruthenium Oxide.
First Hydrogenation.

A 500-ml. glass reactor liner was charged with 14.4 g.
(0.1 mole) of 4-methylcinnoline, 50 ml. of absolute ethanol, and
0.1 g. of ruthenium oxide. The hydrogenation was carried out
at a hydrogen pressure of 3000 psig in the Parr High Reactor at
132° for ca. 14 hours. At room temperature the final gauge pres-
sure was 2480 psi, the drop corresponding to 5.2 molar equi-
valents of hydrogen absorbed. A sample of the filtered ethanolic
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reactant solution was chromatographed in the vapor phase on a
5-foot silicone column at 158-161°. Maximum sensitivity at a
filament current of 150 ma. was employed. The chromatogram
indicated that essentially one compound had been formed. The
ethanol was stripped off and the residue vacuum-distilled. Three
fractions were taken: (1) 1.5 g., b.p. 43-44°/1.25 mm. ;

(2) 12.6 g., b.p. 45-47°/1.1 mm.; (3) 1.8 g., b.p. 48-54°/
1.1 mm. Gas chromatography showed the first fraction to be
solvent. Hence material recovery was 100%.

Fraction 2 was shown by gas chromatography to be the
product observed in the initial chromatogram. The material was
redistilled (b.p. 30-32°/0.1 mm., nZTC)’ 1.4737). A second re-
distillation was done (b.p. 25-28°/0.1 mm.) to obtain a con-
stant boiling sample (b.p. 28°/0.1 mm., n3 1.4718). The dis-
tillate was chromatographed under the same conditions employed
for octahydroskatole (I).* Although the chromatogram of the
constant-boiling sample was similar to that of I, sufficient dif-
ferences existed to indicate two different compounds were involved.

* Refer to Page 111.

Although similar, the infrared spectrum of the material
was not identical with that of I, which showed much stronger N-H
absorption,

The hydrochloride of the distillate could not be obtained;
although a solid hydrochloride formed, it liquified almost immed-
iately. The picrolonate was prepared (m.p. 227-230°). The pic-
rolonate of the constant-boiling sample melted at 228-229°,

The free base was identified as l-ethyloctahydroskatole,

iy
(|:H2 CHj

III.

by comparison with an authentic sample (see section III. L. 2.).

2. High-Pressure Hydrogenation of 4-Methylcinnoline
In Neutral Solution Using Ruthenium Oxide.
Second Hydrogenation

The hydrogenation was repeated at ca. 100° and an initial
hydrogen pressure of 3000 psig. for approximately 10 hours; the
reactant mixture consisted of 14.4 g. (0.1 mole) of 4-methylcinno-
line, 50 ml. of absolute ethanol, and 0.1 g. ruthenium oxide.
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The final pressure at room temperature was 2650 psig, corres-
ponding to 3.5 molar equivalents of hydrogen absorbed. The
filtered reactant mixture was diluted with water, made basic,
and extracted with ether. The ether was dried and evaporated.
The remaining liquid was vacuum-distilled. Only one fraction
was obtained: 12.4 g., b.p. 120-123°/5 mm., n%3 1.5970.
Material recovery was 86%. Upon standing, the distillate partly
solidified.

The hydrochloride and picrate of the material could not
be obtained. The compound was identified as 4-methyl-1,2,3,4-
tetrahydrocinnoline (IV) by infrared absorption data and elemental
analysis.

CH3

V.

\N/NH

Anal. Calcd. for C9H12N2 C, 72.93; H, 8.16; N, 18.90

Found: C, 73.19; H, 7.41; N, 18.80; Total, 99.40

3. High-Pressure Hydrogenation of 4-Methylcinnoline
In Neutral Solution Using Ruthenium Oxide.
Third Hydrogenation.

A third hydrogenation was carried out, using 14.4 g. (0.1
mole) of 4-methylcinnoline, 50 ml. of absolute ethanol, and 0.1 g. of
ruthenium oxide. Initial hydrogen pressure was 3000 psig. The
reactor was maintained at ca. 230° for 17 hours. At ambient tem-
perature the pressure drop was 940 psi, equivalent to 9.4 molar
equivalents of hydrogen absorbed. The vent gas had a very strong
ammonia-like odor. The filtered reactant mixture was treated as
described in the previous reduction (section III. D. 2.). The dried
ether solution was concentrated and the residue vacuum-distilled.
A single fraction was taken: 12.0 g., b.p. 81-87°/15 mm., nZ‘B
1.4714. Recovery of material was 83%. The fraction was re-
distilled to obtain an analytical sample (b.p. 84-85°/15 mm.).

An infrared spectrum of the material identified it as 1-ethyl-
octahydroskatole (III). An attempt to prepare the methiodide re-
sulted in a small amount of white crystals which was recrystallized
once from acetone-ether. Two crops of faintly yellow crystals were
obtained (m.p. 234-236.5° and 223-225°, respectively). Both crops
turned yellow upon standing, the second more so than the first,
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Anal. Calcd. for Cy;H;N: C, 78,97; H, 12.65; N, 8.37
Found: C, 78.08; H, 12.36

4, High-Pressure Hydrogenation of 4-Methylcinnoline

In Acidic Solution Using Ruthenium Oxide.

A 500-ml. glass reactor liner was charged with 14.4 g.
(0.1 mole) of 4-methylcinnoline, 50 ml. of absolute ethanol, 8.4
ml. (0.1 mole) of concentrated hydrochloric acid, and 0.1 g. ru-
thenium oxide. The reduction was carried out in the Parr High
Reactor at a hydrogen pressure of 3000 psig. Over a 16-hour
period the temperature was increased from 104° to 164°. Upon
cooling to room temperature the final pressure was 2350 psig,
corresponding to 6.5 molar equivalents of hydrogen absorbed.
Concentration of the filtered reactant mixture caused crystals of
ammonium chloride to precipitate. The concentrated filtrate was
diluted with water, made basic, and extracted with ether. The
ether extracts were combined and dried over anhydrous sodium
sulfate. The ether was evaporated and the residue vacuum-dis-
tilled. Two fractions were taken: (1) 6.8 g., b.p. 69-63°/4.5-
2.5mm.; (2) 2.9 g., b.p. 70-115°/2.0-1.6 mm. About 3 g.
of material remained undistilled. Including the residue the ma-
terial recovered was 12.7 g. or 88%.

The first fraction was redistilled to give a single fraction,
la: 5.4 g., b.p. 31-32°/0.2 mm., n$§ 1.4827. The second
fraction also was redistilled; two fractions were taken: (2a) 0.3 g.,
b.p. 30-64°/0,25 mm., n%S 1.4842; (2b) 1.1 g., b.p. 67-72°/
0.25 mm., n33 1.5121. Infrared spectra identified fractions la
and 2a as octahydroskatole (I). Fraction 2b appeared to be the un-
known compound isolated previously (see section III. C. 3., page 113).

E. High-Pressure Hydrogenation of 4~-Methylcinnoline Using
Platinum Oxide Catalyst.

1. High-Pressure Hydrogenation of 4-Methylcinnoline
In Neutral Solution Using Platinum Oxide.

First Hydrogenation.

The reduction was carried out in the Parr High Reac-
tor, using a 500-ml. glass reactor liner. The reactant mix-
ture consisted of 14.4 g. (0.1 mole) of 4-methylcinnoline, 50
ml. of absolute ethanol, and 0.1 g. of platinum oxide. The
initial hydrogen pressure was 3000 psig. The temperature was
raised gradually from 104° to 260° over a 26-hour period. The
final pressure at ambient temperature was 2700 psig, corres-
ponding to 3.0 molar equivalents of hydrogen absorbed. The
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usual ammonia-like odor was observed in the vent gas. The
reactant mixture was filtered and the solvent evaporated under
reduced pressure. The residue was vacuum-distilled. A single
fraction was taken: 8.0 g., b.p. 90°/0.3 mm (56%recovery).
The material was redistilled in order to obtain an analytical sam-
ple (b.p. 83-84°/0.15-0.2 mm.).

Anal. Calcd. for C9H14N2: C, 71.96; H, 9.39; N, 18.65

Found#*: C, 72.21; H, 8.69; N, 16.29; Total, 97.19

An infrared spectrum of the material showed it to be g—amino-ﬂ -
methylphenethylamine (II).

# The average of two runs.

The hydrochloride of II was prepared and recrystallized once
from ethyl acetate-ethanol (m.p. 208-213°); the solid appeared to
be wet. Additional salt was prepared, recrystallized twice, and
dried over phosphorus pentoxide in vacuo at 56°. ¥ (m.p. 225-
230°, still melting as though it were wet). An infrared spectrum of
the salt was obtained.

¥ The drying procedure was standard for all solids submitted for
elemental analysis.

Anal. Calcd. for CgHy4ClpNz: N, 12.56; Cl, 31.77

Found: N, 12.30; Cl1, 31.34 (31.30%)

* By Volhard, the average of two runs.

Additional derivatives of II were prepared: picrate, m.p.
183-184° (recrystallized twice from ethanol); picrolonate, m.p.
206-209°; styphnate, m.p. 202-204°; phenylthiourea (after two
attempts and in poor yield), m.p. 151-154°, Varous attempts to
prepare the acetamide were unsuccessful; although attempts to pre-
pare this derivative from II and acetyl chloride in tetrahydrofuran
resulted in the formation of triethylamine hydrochloride, the ace-
tamide could not be isolated.
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A sample of II was diazotized at 0° and the resultant mix-
ture poured into 50% aqueous sulfuric acid. The mixture then
was steam-distilled in a Wallenberger apparatus (110). The
yellow distillate was single phase and possessed a phenolic odor.
Distillation was continued until the distillate was essentially odor-
less and colorless. The distillate was saturated with sodium
chloride, extracted with ether, and the ether dried over sodium
sulfate. Evaporation of the ether left only a trace of an oil.

The diazotization was repeated in concentrated hydro-
chloric acid and the reaction mixture poured into hot 50% aqueous
sulfuric acid. The resultant mixture was steam-distilled as be-
fore. The distillate was extracted with ether; the ether solution
was washed with water, dried over Drierite, and evaporated.
Again, only a trace of liquid remained. The acidic solution re-
maining from the steam-distillation was neutralized to pH 6.4
with 40% aqueous sodium hydroxide and steam-distilled. The
distillate was extracted with ether and the ether washed with water
and dried over Drierite. Evaporation of the ether left an oil, ca.
0.3 g. The material solidified upon standing and was recry-
stallized twice from Skelly Solve B (m.p. 68-70°). Infrared
and ultraviolet spectra identified the material as 4-methylcinno-
line.

2. High-Pressure Hydrogenation of 4~-Methylcinnoline
In Neutral Solution Using Platinum Oxide.
Second Hydrogenation.

A second hydrogenation was carried out, using 28.8 g.
(0.2 mole) of 4-methylcinnoline, 50 ml. of absolute ethanol,
and 0.2 g. of platinum oxide. Initial hydrogen pressure was
3000 psig. Over a period of 8 hours the maximum temperature
reached was 262°. The pressure drop at ambient temperature
was 600 psi., equivalent to 6.0 molar equivalents of hydrogen
absorbed. The reactant mixture was filtered and the solvent
distilled at atmospheric pressure. The remaining material was
vacuum-distilled. One fraction was taken: 24.1 g., b.p. 73-81°/
0.1 mm. The distillate solidified in the receiver. Material re-
covery was 84% . An infrared spectrum was obtained.

An attempt to sublime a portion of the solidified distillate
was unsuccessful. The material was recrystallized twice from
Skelly Solve B (m.p. 61.5-62.5°).

(110) Wallenberger, O'Connor, and Moriconi, J. Chem. Ed.,

36, 251 (1959).
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Anal. Calcd. for CqH gN2: C, 73.94; H, 6.90; 19.16

Found: C, 71.82; H, 6.26; N, 18.16; Total 96.24

The distillate was identified as 4-methyl-3,4-dihydrocinno-
line (V) by comparison with the compound obtained under mild con-
ditions. *

CHj

H

Z
A\N

% Section III. I.

The distillate was taken up in ether and extracted with 20%
aqueous sodium hydroxide. The ether solution was washed with
water and dried over potassium hydroxide. The ether was eva-
porated and the residue vacuum-distilled. The distillate, b.p. 77-
78°/0.3 mm., solidified in the condenser and the distillation had
to be discontinued. Attempts to recrystallize the material from
Skelly Solve B were discouraging. Solubility was limited and purity
decreased sharply with each successive crop.

Attempts to prepare the hydrochloride were unsuccessful.
The picrate was obtained only with difficulty and in poor yield.
Red and yellow granules melting at 97-102° were obtained.

3. High-Pressure Hydrogenation of 4-Methylcinnoline
In Acidic Solution Using Platinum Oxide.

4-Methylcinnoline, 14.4 g. (0.1 mole), in 50 ml. of ab-
solute ethanol containing 8.4 ml. (0.1 mole) of concentrated hy-
drochloric acid and 0.1 g. of platinum oxide, was reduced in the
Parr High Reactor at an initial hydrogen pressure of 3000 psig.
The temperature was increased to 266° over a 24-hour period.
After cooling to room temperature the pressure drop was 400 psig.,
corresponding to 4.0 molar equivalents of hydrogen absorbed.
The filtered reactant mixture was neutralized with 10% aqueous
sodium hydroxide, mixed with a saturated solution of sodium
chloride, and extracted with ether. The combined ether extracts
were washed with water and dried over anhydrous sodium sulfate.
The ether was distilled under reduced pressure, and the residue
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vacuum-distilled. Two fractions were taken: (1) 4.8 g., b.p.
50-62°/0.4 mm.; (2) 2.3 g., b.p. 62-94°/0.4 mm. The black,
tarry residue amounted to ca. 5 g. Total material recovery was
12.1 g. or 84%.

The first fraction was redistilled to give three fractions:
(la) 1.0 g., b.p. 43°/0.1 mm., n%3 1.5284; (1b) 0.5 g., b.p.
47-38°/0.1 mm.*, n%§ 1.5442; (lc) 2.5 g., b.p. 43-40°/0.1
mm. %, nZB 1.5541. The second fraction was redistilled also.
Two fractions were taken, the second one solidifying in the con-
denser: (2a) 0.5 g., b.p. 68-72°/0.7 mm.; (2b) b.p. 104-107°/
1.5-2.2 mm. Fraction 2a was used as an analytical sample. In-
frared spectra were obtained.

Anal. Calcd. for CgH;N: C, 81.16; H, 8.32; N, 10.52

Found: C, 81.09; H, 8.46; N, 10.50;
Total, 100. 05

* Curiously, head temperature became lower as the distillation pro-
gressed.

Based on the analytical data, fraction 2a tentatively was iden-
tified as 2, 3-dihydroskatole (VI),

VI.

Since the infrared spectra of all fractions were very similar, VI
was assumed to be the only compound involved.

The picrate of fraction lc was prepared and recrystallized
once from ethanol (m.p. 159-163°). The pricolonates of frac-
tions la and lc also were prepared (m.p. 230-232° and 228-230°,
respectively).

F. High-Pressure Hydrogenation of 4-Methylcinnoline Using 5%
Palladium on Activated Charcoal Catalyst
1. High-Pressure Hydrogen of 4-Methylcinnoline In

Neutral Solution Using 5% Palladium on Activated
Charcoal

A 500-ml. glass reactor liner was charged with 14.4 g.
(0.1 mole) of 4-methylcinnoline, 50 ml. of absolute alcohol,



123

and 0.5 g. of 5% palladium on activated charcoal. The Parr

High Reactor was used. Initial hydrogen pressure was 3000

psig. The reaction was maintained at 200-263° for 6 hours.

The pressure drop at room temperature was 650 psi ., equivalent
to 6.5 molar equivalents of hydrogen absorbed. The vent-gas

had an ammoniacal odor. The reactant mixture was filtered and
the solvent distilled under reduced pressure. The residual lig-
uid was vacuum-distilled. Four fractions were taken: (1) 1.7 g.
b.p. 32-34°/0.2 mm., n%3 1.4873;(2) 1.0 g., 65-72°/0.2 mm.,
nZB 1.4993; (3) 4.2 g., 73-78°/0.2 mm., n"B 1.5258; (4) 4.8 g.,
81-87°/0.2 mm., nZB 1.5678." The recovery of material repre-
sented 81% of the original amount.

Fractions 3 and 4 were identified as o-amino- ﬁ -methyl-
phenethylamine (II) by their infrared spectra. Similarly, frac-
tions 1 and 2 were mainly octahydroskatole (I); fraction 2 con-
tained some II.

Fraction 3 was chromatographed (GLPC) at 220° on a
5-foot silicone on Fluoropak 80 column with a filament current
of 194 ma. Two main peaks were obtained as summarized be-
low:

Peak Retention Time Relative Area.b
First 4.4 units 10%
Second® 8.8 50%

10.3 40%

a .
Two maxima were present,

b . .
Assuming a separate compound for each maximum.

Several derivatives of various fractions were prepared as
tabulated below:

Recrystallization
Fraction Derivative Solvent M.P., °C.
1 Picrolonate Ethanol 227-228.5
3 Picrolonate Ethanol 267-273 dec.
4 Picrate Ethanol 183-184
4 Hydrochloride  Ethylacetate- 163-163.5
ethanol

% Combined with other fractions (from other hydro-
genations) having identical infrared spectra.
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Analyses were obtained on the last two derivatives.

Anal. Calcd. for C15H17N507: C, 47.49; H, 4.52; N, 18.46;
O, 29.52

Found: C, 47.63; H, 4.52; N, 19.29; O, 29.0;
Total, 100.44

Anal. Caled. for CqH15CIN2: C, 57.90; H, 8.09; Cl, 18.99;
N, 15.01

Found: C, 57.50; H, 8.08; Cl, 19.1; N, 14.44;
Total, 99.12

A portion of the hydrochloride of II was diazotized in con-
centrated hydrochloric acid and the mixture poured into hot 50%
aqueous sulfuric acid. The resultant mixture was diluted with water,
made basic with 40% aqueous sodium hydroxide, and extracted con-
tinuously with benzene for 23 hours. The benzene was evaporated,
leaving ca. 1.0 g. of a red-brown, oily material, which was ex-
tracted with boiling Skelly Solve B. After decanting concentrating
and cooling, this extract yielded ca. 0.1 g. of tan solid (m.p. 121-
124°). The tarry, insoluble residue could not be worked up. Bro-
mination of the tar res