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All the possible 1- and 3-monomethyl, monophenyl, dimethyl, diphenyl, and methylphenyl-1H-pyrazolin-5-
ones have been condensed with o-aminobenzaldehyde. In some cases (but not all) 1-H-pyrazolo[3,4-b]quinol-
ines (10) are formed together with a variety of other products. The balance between formation of hydrazone
11 and the ring-closed 10 is discussed, as is the formation of other products obtained in these condensations.

J. Heterocyclic Chem., 20, 1539 (1983).

Pyrazolo[3,4-b]quinolines are of interest as possible an-
tiviral agents inducing the formation of interferon [1-6].
4-Chloro-1,3-dimethylpyrazolo[3,4-b]quinoline exhibits
parasiticidic properties [7,8], and some 1,3-dimethylpyraz-
olo[3,4-b]quinolines were studied as potential antimalar-
ials [9,10]. In addition, several members of this ring system
fluoresce and have been proposed as optical brightners for
acetate and polyester fibers [11,12].

In principle, the simplest route to pyrazolo[3,4-b]quinol-
ines would be the Friedlinder condensation of an o-amino-
benzaldehyde with the desired pyrazolin-5-one. In prac-
tice, this reaction has led to a variety of products which
may or may not have included the desired pyrazoloquin-
oline. For example, condensation of o-aminobenzaldehyde
(1) with 3-methyl-1-phenylpyrazolin-5-one (2) [13,14] gave
3-acetylcarbostyril phenylhydrazone (3), 3-(2-quinolyl)carb-
ostyril (4), and 3-methyl-1-phenylpyrazolo[4,3-c}-1H-quinol-
in-2-one (5). When 3 was heated with nitrobenzene cycliza-
tion to 3-methyl-1-phenylpyrazolo[3,4-b]quinoline occur-
red. On the other hand, heating 1 with 1-o-chlorophenyl-3-
methylpyrazolin-5-one at 150° was reported to give 6 and
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7 [13]. Alternatively, 3 was condensed with o-nitrobenz-
aldehyde: reduction and thermal cyclization gave the de-
sired pyrazoloquinoline [15}, a procedure similar to that
used in the synthesis of an indolinoquinoline [16]. Other
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routes to the pyrazolo[3,4-b]quinoline system are available
[17-22]. A 2H-pyrazolo[3,4-b]quinoline has been prepared
by a Vilsmeier-Haack formylation of 5{(p-chloroanilino)-2-
phenylpyrazolin-5-one [23).

We now report a systematic study of the condensation of
1 with 1H-pyrazolin-5-one itself and with its methyl,
phenyl-, dimethyl-, diphenyl-, and methyl phenyl deriva-
tives in an effort to determine the electronic factors and to
establish which ones will lead to pyrazoloquinolines and
which ones will not.

The observations of Niementowski and coworkers [13]
were first confirmed in that condensation 3-methyl-1-phen-
ylpyrazolin-5-one (2) with 1 at 150° gave 3 (80%), together
with traces of 4. The formation of 3 is facile as indicated
by the fact that the same yield was obtained when 1 and 2
were boiled in benzene. The o-aminobenzylidene deriva-
tive was never isolated. When the reaction was carried out
at 260° the yield of 3 dropped to 20% while that of 4 rose
to 20-25%. In addition, phenylhydrazine (17%) was ob-
tained. No 5 was isolated, but that may only be due to
some differences in reaction conditions (see below for
reaction with 1,3-diphenylpyrazolin-5-one). That 4 arises
from 3 was shown readily by heating 3 with 1 at 260° for
15 minutes to give 4 (20%).
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On the other hand, when 1-methyl-3-phenylpyrazolin-5-
one (8a) was used the only product formed at 150° (98%
yield) was 1-methyl-3-phenyl-1H-pyrazolo[3,4-b]quinoline
(10a). No visible reaction took place between 1 and 8a in
boiling benzene. Thus, the intermediate 9 either loses wat-
er (to give 10) (pathway a, Scheme 1) or undergoes ring op-
ening (to give 11) (pathway b, Scheme 1) based largely on
the nature of the substituents in 8. One would expect that
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substituents on N, of the pyrazole ring that can delocalize
a pair of electrons would favor ring opening (path ), while
those that do not would favor dehydration (path a) and, to
that extent, compounds 2 (N,-Ph) and 8a (N,-Me) behave
predictably. The substituent at C; of the pyrazole does
play a key role, however, as indicated by the behavior of
8b (R' = R*® = Me) and 8¢ (R* = R*® = Ph). Thus, when
8b (R* = R® = Me) and 1 were heated at 150° a good
yield (70%) of the benzylidene derivative (12) (R' = Me)
was obtained, together with a small amount (8 %) of 3-acet-
ylcarbostyril (13). The latter could arise from 11 (R' = R?
= Me) during the purification process. At 260°, both
paths a and b seem to be followed to about the same ex-
tent, with 10b (R’ = R® = CH,) and 4 being obtained in
20% yield each. When 12 (R* = Me) was heated to 260° a
quantitative yield of 10b was formed. The substituents are
thus influencing not only the rate of attack of the carbonyl
group by the amino function but also the subsequent steps
(paths a or b--Scheme 1). It would appear from these
results as though a 3-methyl group facilitates ring-opening
(path b) while a 3-phenyl group (as in 8a) facilitates
dehydration (path a), though the balance between the
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substituents effects from N, and C, is not clear at all. In-
deed, our subsequent experiments (particularly when R®
= H and R? = Me or Ph in 8) cast serious doubt on such a
generalization.

When 1,3-diphenylpyrazolin-5-one (8c) is heated with 1
at 200° the main product (68%) is 10c (R* = R* = Ph),
suggesting that the 3-Ph group is exerting the dominant
electronic effect in this case. The phenylhydrazine 11c¢ (R!
= R?*® = Ph) is obtained in only 5-7% yield and some 1,3-
diphenyl-2H-pyrazolo[4,3-c]- 1H-quinolin-2-one (14) (15%)
was also formed. On the other hand, when the reaction is
carried out at 150° only traces of 10c were detected, the
main product being 11c (79%), together with 14 (15%).
Phenylhydrazone 1le¢ is stable to atmospheric oxygen at
room temperature for several months and at its melting
point for several hours. A possible explanation for the for-
mation of 14 is that the oxidative cyclization of 11¢ (and,
presumably, of 3—35) is mediated by excess o-aminobenz-
aldehyde. Thus, when 11c was heated with boiling nitro-
benzene it gave 14 (82%).

1H-Pyrazolinone (8d) itself gave no pyrazolo[3,4-b]quin-
oline. Instead, o-aminobenzaldazine (15a) (10%) and 2,2'-
diaminobenzaldazine (16) (40%) were obtained. Com-
pound 15a undoubtedly arises from reaction of 11d (R* =
R? = H) (formed by path &) with unchanged o-aminobenz-
aldehyde (1) while 16 appears to be formed from o-amino-
benzaldehyde hydrazone (17a) (see below). Compound 8e
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(R* = Ph, R® = H), on the other hand, gave a virtually
quantitative yield of o-aminobenzaldehyde phenylhydra-
zone (17b). Acetylene was also formed in this reaction and
trapped as copper acetylide. A possible mode of formation
of 17 is shown in Scheme 2 (formation of the proposed
bridged (4 + 2) adduct may well be a stepwise process).
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The reaction of 8f took yet a different path, yielding a
dimer of 4-o-aminobenzylidene-1-methylpyrazolin-5-one
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(70% yield) [M?, m/e 402 (55%), 201 (40%), 304 (98%, M-
C,H,N,0)] for which we tentatively propose structure 18,
based mainly on the mass, infrared [3485, 3350, 3285,
3130 cm™* (NH,, NH), 1660 cm™! (c, 8 unsaturated C=0)]
and nmr (1H singlets at 6 4.45 and 4.25 attributed to NH-
CH=C-CO and NH-CH(Ar)-C =C, respectively] spectra of

the compound.
XN
!
NMe
e

Pyrazolinene 8g behaved somewhat more predictably,
yielding 10 (R' = H, R* = Me) (73%) at 150°, together
with 12 (R* = H)(6%) and 16 (5%). 1H-3-Phenylpyrazolin-
S-one (8h) also gave the desired pyrazolo[3,4-b]quinoline
(10, R* = H, R® = Ph)(43%), together with a product (19)
(20%) whose (very tentatively) proposed structure is for-
mally derived from a nucleophilic addition of 10 (R* = H
R? = Ph) to the self-condensation product of 1 (stepwise
processes involving one molecule of 1 at a time are most
likely). In support of structure 19 (or related one) is its
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mass spectrum {M?, 469) and a fragment at M’ - 244 (i.e.
minus the 3-phenylpyrazoloquinoline moiety), the absence
of a carbonyl band in the infrared, and 1H singlets at §
5.67 and 5.62. Much further work is needed to establish
the correct structure of this compound. A possible precur-
sor to 19 was also isolated, namely the aldazine (15b) (8%
yield) resulting from the condensation of 3-benzoylcarbo-
styril hydrazone with 1.

In conclusion, one can say that the Friedldnder synthe-
sis can provide direct access to some 1H-pyrazolo[3,4-b}-
quinolines, and indirect access of others via carbostyril de-
rivatives 11 by heating them in nitrobenzene (13). Many
byproducts are formed, however, some of uncertain struc-
ture, and the effects of methyl and phenyl substituents in
the parent pyrazolone on the nature of the products is still
not rationalized. With 8d, e, and f none of the desired
products were formed.

EXPERIMENTAL

1 H-Pyrazolin-5-ones.

@Eﬁ@

1 H-Pyrazolin-5-ones with o-Aminobenzaldehydes 1541

These were all known compounds and were made by the literature pro-
cedures: 1H-pyrazolin-5-one [24], 1,3-dimethyl- [25],, 2,3-diphenyl- [26],
3-methyl-1-phenyl- [27], 1-methyl-3-phenyl [28], l-phenyl- [29],
1-methyl{30], 3-phenyl- [31], and 3-methylpyrazolin-5-one [32].

Condensation of 1H-Pyrazolinones with o-Aminobenzaldehyde. General
Procedure.

Equimolar amounts of the pyrazolinone and o-aminobenzaldehyde
were ground together and heated either at 150°, 200° or 260°. Foaming
resulted on fusion and intense blue, red, violet, purple, or orange colors
appeared, depending on the pyrazolinone used. When no meore gases
were evolved heating was discontinued and the yellowish grey solid frac-
tionally crystallized from polar solvents. For the parent pyrazolinone and
its monosubstituted derivatives separation was best effected on silica gel
columns (Merck 40, 70-230 mesh) using the same solvents as were found
1o give separation on TLC plates consisting of an 0.2 mm layer of Merck
silica gel 60 (F 254).

Products from 1H-Pyrazolin-5-one (8d).

The reaction was carried out at 150°. Elution with benzene:chloro-
form:ethanol (5:5:1 v/v) gave aldazine 15a (10%), mp 265°; ir (potassium
bromide): 3410, 3290 (NH,), 1670 cm™! (C= 0); nmr (DMSO-d¢): 6 9.20 (s,
H, .CH=N-), 8.80 (s, 1H, Hy), 7.60-7.30 (m, 4H), 7.15-6.99 (m, 4H); ms:
m/e 290 (M?).

Anal. Caled. for C,H,,N,O: C, 70.34; H, 4.83; N, 19.31. Found: C,
70.40; H, 4.91; N, 19.33.

Further elution gave 2,2-diaminobenzaldazine (16) (40%), mp 244° (lit
mp 244° [33]); ir (potassium bromide): 3540, 3430 c¢cm™' (NH,); nmr
(DMSO0-dg): 6 8.95 (s, 2H), 7.45 (t, 4H), 6.90 (1, 4H); ms: m/e 238 (M3).

Anal. Caled. for C, ,H,,N,: C, 70.59; H, 5.88; N, 23.53. Found: C, 70.44;
H, 5.99; N, 23.24.

Products from 1-Phenylpyrazolin-5-one (8e).

An almost quantitative yield of o-aminobenzaldehyde phenylhydra-
zone (17b), mp 220° (lit mp 221° [34]) was obtained by chromatography
of the reaction mixture on silica gel and elution with benzene:ethanol
(9:1 v/v); ir (potassium bromide): 3465, 3410, 3300 cm™* (NH.); ms: m/e
211 (M),

Anal. Caled. for C,,H,,N,: C, 73.93; H, 6.16; N, 16.41. Found: C, 73.99;
H, 6.27; H, 16.60.

Products from 1-Methylpyrazolin-5-one (8f).

The reaction was carried out at 150°. Elution of the column with benz-
ene:chloroform:ethanol (4:3:1 v/v) gave the dimer of 4-0-aminobenzylid-
ene-1-methylpyrazolin-5-one (18) (70%), mp 183°; ir (potassium bromide}:
3485, 3350, 3285, 3130 (NH,, NH), 1660 cm! (C = C-C = O); nmr (DMSO-
dg): 6 7.156.15 (m, 11H), 4.45 (s, 1H), 4.25 (s, 1H), 3.46 (s, 6H); ms: m/e
402 (M?).

Anal. Caled. for C,,H,,N.O,: C, 65.67; H, 5.47; N, 20.90. Found: C,
65.78; H, 5.61; N, 20.99.
This compound gradually decomposes when heated to 260°.

Products from 3-Methyl-1H-pyrazolin-5-one (8g).

The reaction was carried out at 150°. Elution with benzene:chloro-
form:ethanol (8:3:4 v/v) gave 2,2'.diaminobenzaldazine (16) (5%), mp
244°, identical with an authentic sample prepared from o-aminobenz-
aldehyde and hydrazine. Further elution with the same solvent gave
1H-3-methylpyrazolo[3,4-b]quinoline (10g) (74 %), mp 252°; ir (potassium
bromide): 3280 cm™! (NH); nmr (DMSO-d): 8 8.82 (s, 1H), 7.5-6.5 (m, 4H),
3.4 (s, 4H, CH;, NH); ms: m/e 183 (M?). The compound exhibited strong
greenish yellow fluorescence in solution.

Anal. Caled. for C, H,N,: C, 72.13; H, 4.91; N, 22.95. Found: C, 72.19;
H, 5.02; N, 23.08.

Continued elution gave 4-o-aminobenzylidene-3-methyl-1H-pyrazolin-
5-one (12; R* = H) (6%), mp 198°; ir (potassium bromide): 3480, 3405
(NH,), 1664 cm™' (C=0); ms: m/e 201 (M2).

Anal. Calcd. for C,;H; N,O: C, 65.67; H, 5.47; N, 20.90. Found: C,
65.73; H, 5.56; N, 21.04.
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Products from 3-Phenyl-1H-pyrazolin-5-one (8h).

The reaction was carried out at 150°, Elution with benzene:ethanol
(9:1 viv) gave the aldazine 15b (8%), mp 292°; ir (potassium bromide):
3465, 3420 (NH,), 1647 cm* (C = 0); ms: m/e 366 (100 %)} (M?), 365 (39%),
350 (17%, M: - NH,), 289 (91 %, M! - C,H,).

Anal. Caled. for C,,H,,N,0: M, 366.1481. Found: M, 366.1479.

Further elution with benzene:ethanol (9:1 v/v) gave 1H-3-phenylpyraz-
olo[3,4-b]quinoline (10h) (43 %), mp 264°, ms: m/e 245 (M?). Solutions ex-
hibited a greenish yellow fluorescence.

Anal. Caled. for C, ;H, N;: C, 78.36; H, 4.49; N, 17.14. Found: C, 78.45;
H, 4.72; N, 16.91.

Continued elution gave a compound tentatively assigned structure 19
(20%), mp 220-221; no C=0 bond in ir, nmr (DMSO-d,) & 7.74 (s, 1H),
7.50-6.57 (m, 17H), 5.67 (s, 1H), 5.62 (s, 1H); ms: m/e 469 (M?).

Anal. Caled. for C,,H,,N;0: C, 76.76; H, 4.90; N, 14.93. Found: C,
76.95; H, 4.88; N, 15.07.

Products from 3-Methyl-1-phenylpyrazolin-S-one (2).

The reaction was carried out at 150°. Chromatography on silica gel
and elution with benzene:acetic acid (10:3 viv) gave 3-acetylcarbostyril
phenylhydrazone (3) (80%), mp 232° (lit mp 232° [13]); ir (potassium
bromide): 1654 ¢cm™* (C = 0); nmr (DMSO-d,): 6 8.47 (s, 1H), 7.44 (m, 8H),
2.46 (s, 3H, CH;); ms: m/e 277 (M3).

Anal. Caled. for C,,H;N,0: C, 73.65; H, 5.42; N, 15.16. Found: C,
73.71; H, 5.45; H, 15.25.

Also isolated before 3 was a trace of 3{2-quinolyl)carbostyril (4), mp
324° (from glacial acetic acid); ir (potassium bromide): 1655 cm™! (C=0);
nmr (trifluoroacetic acid): § 9.60 (s, 1H), 9.01 (d, 1H, ] = 4 Hz), 8.93 (d,
1H, J = 4 Hz), 8.00 (m, 8H); ms: m/e 272 (M3).

Anal. Caled. for C;;H,,N,0: C, 79.41; H, 4.41; N, 10.29. Found: C,
79.30; H, 4.60; N, 10.38.

When the reaction was carried out at 260°, a 20% yield of 3 and a
20-25% yield of 4 were isolated. The reaction was repeated at 260° under
a reflux condenser, the final reaction mixture, condenser, and flask were
washed with 5% hydrochloric acid, the solid was filtered and the filtrate
was concentrated until a crystalline solid began to separate. The precipi-
tate was filtered and dried (17% yield) and shown to be identical (mp, ir)
with an authentic sample of phenylhydrazine hydrochloride, mp
244-246° (lit mp 243-246° [35]).

When equimolar amounts of 2 and 1 (0.02 mole) in benzene (100 ml)
were heated under reflux with, or without, Molecular Sieve only 3 (80%)
was isolated.

Products from 1-Methyl-3-phenylpyrazolin-5-one (8a).

When the reaction was carried out at 150°, 1-methyl-3-phenylpyrazolo-
[3,4-b]quinoline (10a) (98 %), mp 149°, was obtained; ir (potassium brom-
ide): no C=0 absorptions; nmr (trifluoroacetic acid): § 9.03 (s, 1H), 8.08
(m, 9H), 4.53 (s, 3H, Me); ms: m/e 259 (M?). Solutions of the compound ex-
hibit strong green fluorescence.

Anal. Caled. for C,,H,,N,: C, 78.76; H, 5.02; N, 16.22. Found: C, 78.70;
H, 5.13; N, 16.01.

Products from 1,3-Dimethylpyrazolin-5-one (8b).

When the reaction was carried out at 150° the following products were
isolated: 4-0-Aminobenzylidene-1,3-dimethylpyrazolin-5-one (12, R' =
Me) (70%), mp 197°; ir (potassium bromide): 3560, 3450 (NH,), 1678
em™! (C=0); nmr (trifluoroacetic acid): § 7.55 (m, 4H), 5.54 (s, 1H), 3.64
(s, 3H, Me), 2.02 (s, 3H, Me); ms: m/e 215 (M?).

Anal. Caled. for C,H,N,0: C, 66.98; H, 6.05; N, 19.53. Found: C,
66.78; H, 6.19; N, 19.70.

The compound appears to dimerize when kept in pyridine for 3 days at
room temperature.

3-Acetylcarbostyril (13).

This compound was obtained in 8% yield, mp 246° (lit mp 232° [36});
ir (potassium bromide): 1678 (C=0). 1653 cm™! (C=0); nmr (DMSO-de):
5 8.60 (s, 1H), 8.1-7.1 (m, 4H), 2.66 (s, 3H, Me); ms: m/e 187 (M?).
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Anal. Caled. for C,,H,NO,: C, 70.59; H, 4.81; N, 7.49. Found: C, 70.42;
H, 4.86; N, 7.42.
When the reaction was carried out at 260° the products were:

1,3-Dimethylpyrazolo[3,4-bjquinoline (10b).

This compound was obtained in a yield of 20%, mp 150°; no C=0 or
NH bands in ir; nmr (DMSO-d) 6 9.02 (s, 1H), 7.96 (m, 4H), 4.25 (s, 3H,
NMe), 2.84 (s, 3H, 3-Me); ms: m/e 197 (M?). Solutions of the compound ex-
hibited strong violet fluorescence. Compound 10b was also obtained
quantitatively when 12 (R' = Me) was heated at 260°.

Anal. Caled. for C,;H ,N,: C, 73.10; H, 5.58; N, 21.31. Found: C, 73.23;
H, 5.70; N, 21.39.

3-(2-Quinolyl)carbostyril (4).

This compound was obtained in a yield of 20%, mp 324°, identical
with the sample obtained above.

Products from 1,3-Diphenylpyrazolin-5-one (8c).
When the reaction was carried out at 200° the following were isolated.
1,3-Diphenylpyrazolo[3,4-b]quinoline (10c).

This compound was obtained in a yield of 68%, mp 167°; nmr (trifluo-
roacetic acid): 6 9.72 (s, 1H), 8.5-7.6 (m, 14H); ms: m/e 321 (M?). Solutions
of this compound exhibit strong blue fluorescence.

Anal. Caled. for C,,H N,: C, 82.24; H, 4.67; N, 13.08. Found: C, 82.40;
H, 4.77; N, 13.13.

3-Benzoylcarbostyril Phenylhydrazone (11e).

This compound was obtained in a yield of 5.7%, mp 284°; ir (potas-
sium bromide): 1650 cm™' (C=0); nmr (trifluoroacetic acid): 6 8.45 (s,
1H), 7.95-7.0 (m, 14H); ms: m/e 339 (M3).

Anal. Caled. for C,,H,,N,0: C, 77.88; H, 5.01; N, 12.39. Found: C,
78.01; H, 5.15; N, 12.42.

Traces of 14 were also obtained.
When the reaction was carried out at 150° the following were isolated.
3-Benzoylcarbostyril Phenylhydrazone (11¢).

This compound was obtained in a yield of 79%, identical with the com-
pound obtained at 200°.

1H-3,5-Diphenylpyrazolo[4,3-c]- 1 H-quinolin-2-one (14).

This compound was obtained in a yield of 15%, mp 324°; ir (potassium
bromide): 1660 cm™' (C=0); nmr (DMSO-d¢): 6 8.27 (m, 2H), 7.57 (m,
10H), 6.98 (m, 2H); ms: m/e 337 (M?.

Anal. Caled. for C,,H ;N,0: C, 78.34; H, 4.45; N, 12.46. Found: C,
78.42; H, 4.51; N,12.70. ~

1,3-Diphenylpyrazolo[3,4-b]quinoline (10c).
This compound was obtained in trace amounts.
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