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Ring Transformations involving Chloroheterocycles.
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Part 1. Reaction

of 4-Chloro-1,8-naphthyridines and 4-Chloroquinolines with Substituted

Hydrazines

By R. A. Bowie * and B. Wright, Imperial Chemical Industries Limited, Pharmaceuticals Division, Aiderley Park,

Macclesfield SK10 4TG

4-Chloro-1,8-naphthyridines and 4-chloroquinolines rearrange on treatment with substituted hydrazines to yield

1.3-pyrazoles.
rearrangement is proposed.

4-CHLOROQUINOLINES 2 and 4-chloro-1,8-naphthyridines 3
rearrange on treatment with hydrazine hydrate in a
sealed tube at 150 °C to yield pyrazoles. Similar
reactions with substituted hydrazines gave only 1,3-di-
substituted pyrazoles; no trace of the corresponding
1,5-isomers was obtained.

With 4-chloroquinoline and phenylhydrazine the
product was 3-(2-aminophenyl)-1-phenylpyrazole (Ila)
(not 3-anilino-4-aminoquinoline as claimed by Backe-
berg %), converted by deamination into 1,3-diphenyl-
pyrazole (I1I) (¢f. ref. 5). For the products (I) from
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4-chloro-1,8-naphthyridines, a chemical proof of struc-
ture was more difficult to obtain; their structures were
firmly established by n.m.r. spectroscopy.

The n.n.r. studies were an extension of work by
Jacquier ¢t al.% in which protons at positions 3 and 5
of a pyrazole were distinguished by comparison of n.m.r.
spectra run in hexamethylphosphoramide (HMP) and
PHlchloroform  (DC). Tour 1l-arylpyrazoles were
quoted (phenyl, 4-nitrophenyl, 2,4-dinitrophenyl, and
2,4,6-trinitrophenyl) in which the H-5 signal shifted
downfield by 0-8—1-2 p.p.m. on changing from DC
to HMP as solvent whereas the H-3 signal did not shift
at all. In 1,3-dimethylpyrazole® the H-5 signal
shifted downfield by 0-45 p.p.m. whereas the H-3 signal
from 1,5-dimethylpyrazole moved upfield by 0-19 p.p.m.
It was also shown 8 that jf,; (2:3—2-7 Hz) is always
> J3.4 (1:5—1-9 Hz).

Using the above methods, we investigated the struc-
tures of thirteen novel pyrazoles containing a much
wider range of substituents than those examined by the
French workers.® The pyrazoles were studied as

1 Part I, R. A. Bowie, M. J. C. Mullan, and J. F. Unsworth,
preceding paper.

2 C. Alberti, Gazzetta, 1957, 87, 772,

3 R. A. Bowie, Chem. Comm., 1970, 565.

The configuration of the pyrazoles was determined from n.m.r. studies.

A mechanism for the

0-2M-solutions in DC and HMP; eleven of them were
shown to be 1,3-disubstituted (Table 1) and the other
three were 1,5-disubstituted (Table 2). The coupling
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constants in all cases agreed with the expected values,
1,3-disubstituted pyrazoles having J,; in the range
2-33—2-66 Hz and the 1,5-compounds having J,,
in the range 1-78—1-91 Hz. Changing the solvent from
DC to HMP deshielded H-5 in the 1,3-compounds by ca.
11 p.pm. when R! = Ph, and by 05 p.p.m. when
R! = CH,)CH,,OH or Me. In 1,5-compounds, the
H-3 51gna1 was virtually unchanged when run in HMP.

Further proof for the assignments was obtained
from the positions of the phenolic hydroxy-proton
signals in compounds (IV), (VIIa), (VIIb), and (VIc).
In the 1,3-disubstituted pyrazoles the hydroxy-group
is in a favourable position for intramolecular hydrogen
bonding to the 2-nitrogen atom (VIII), whereas for the
1,5-compounds, intermolecular hydrogen bonding is

¢ O. G. Backeberg, J. Chem. Soc., 1938, 1083.

5 I. L. Finar and A. B. Simmonds, J. Chem. Soc., 1958, 200.

¢ J. Elguero, R. Jacquier, and H. C. N. Tien Duc, Buil. Soc.
chim. France, 1966, 12, 3727.
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more favourable (IX). Proof of intramolecular hydro-
gen bonding was obtained by studying solutions of
two concentrations (0-2 and 0-1M); the position of the

TasBLE 1
N.m.r. data for 1,3-disubstituted pyrazoles
H s H
> 1
ArEN,NR
s Sog or 81“33 (p.p-m.)
Com-  Sol- ppm) 0-2m- 0-1m-
pound vent* H-4 H-5 [, ;/Hz soln. soln.
(Ta) DC 677 794 262  6-45br 6-45br
HMP 720 9-05
(Iby DC 645 744 236  6-25br (NH,) 6-25br
HMP 6-70 7-92
(Ic) DC 647 730 235 63 63
HMP 6-74 17-99
(Id) DC 6-566 8-02 2-40 5-3br 5-3br
HMP 6-56 9-07
(ITa) DC 6-80 7-93 2-62 5-15br 5-15br
HMP 7-00° 9-03
(IIb) DC 6-75 7-92 2-58
HMP 7-10% 9-06
(Ile) DC 652 745 234
HMP 6:66 7-92
(II1) DC 678 793 248
HMP 7-07 9-02
(Iv) DC 680 7-96 266 10-96 (ArOH) 10-96
HMP 7-15¢ 8-96
(VIla) DC 6-565 7-48 2-33 10-756 10-75
DA 6-82 7-73
HMP 7-00 8-02
(VIIb) DC 6-68 7-52 2-55 10-65 10-65
HMP 7-00¢ 7-93

* DC = [®*H]chloroform;
amide; DA = [*Hg]acetone.

@ Values are approximate.

HMP = hexamethylphosphor-

TABLE 2
N.m.r. data for 1,5-disubstituted pyrazoles
H.,. L H
| 1
Ar N,N
R!
s 3om (p.p.m.)
Com- Sol- S ®R™) G2m-  0lm-
pound vent * H-3 H-4 Js.a/Hz  soln. soln.
(VIa) DA 753  6-28 1-79
HMP 7-33 6-16
(VIb) DMSO 7-48 6-23 1-78
DA 7-563 6-28
HMP 7-37 6-13
(VIc) DC 770 651 1-91 68 58
HMP 7-68 6-48

* See Table 1; DMSO = [2Hg]dimethyl sulphoxide.

hydroxy-signal was unchanged (Table 1). Of the
1,5-isomers, only compound (VIc) was soluble in DC
{(VIa and b) hydrogen bond to [2Hg]acetone and [*Hg]-
dimethyl sulphoxide}, and it showed the hydroxy-
signal as a broad peak at & 6:8 p.p.m. (0-2M-soln.) or
5-8 p.p.m. (0-1M-soln.), thus confirming intermolecular
hydrogen bonding. However, compound (VIa) was
sufficiently soluble in chloroform for i.r. studies and it
was shown that only intermolecular hydrogen bonding

J.C.S. Perkin I

occurred. Two peaks, at 3250 (bonded) and 3520 cm™
(unbonded), were obtained for the hydroxy-group, and
the latter peak increased in relative intensity as the
concentration fell from 0-02 to 0-005M. Lr. studies
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on compound (VIIa) in chloroform showed only one
peak, at 3140 cm™, which was independent of con-
centration (0-1—0-01M).

Similar structural assignments for the compounds
(Ia—d) and (IIb) were obtained from the chemical shifts
of the amino-group, although the peaks tended to be

X = N.Y = NH
X = CH,Y = NH or OH

broad. At different concentrations, there was no
change in chemical shift, further confirming the 1,3-
isomeric structure (Table 1).

The pyrazoles (Ia—d) and (IIa—c) were prepared
by heating the appropriate chloroheterocycles and
substituted hydrazines in sealed tubes at 150 °C for 5 h.
2-Amino-6-methyl-3-(1-phenylpyrazol-3-yl)pyridine (Ia)
was also prepared by heating 5-chloro-2-methyl-1,8-naph-
thyridine and phenylhydrazine in anisole for 3—4 h.

Diazotisation of 3-(2-amino-4-chlorophenyl)-1-phenyl-
pyrazole (IIb) and addition to hypophosphorous acid
yielded 1,3-diphenylpyrazole (III) which proved the
isomeric structure of (IIb). However, diazotisation of
3-(2-amino-4-chlorophenyl)-1-phenylpyrazole (IIb) in
the presence of dilute sulphuric acid gave a mixture
of two products which, after separation by column
chromatography, were shown to be 3-(4-chloro-2-hydr-
oxyphenyl)-1-phenylpyrazole (IV) and 7-chloro-2-
phenyl-2H-pyrazolo[4,3-c]cinnoline (V).

Three 1,5-disubstituted pyrazoles were synthesised
for comparison of their n.m.r. spectra with those
of the 1,3-isomers already prepared. Treatment of
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5-chloro-2-hydroxybenzoylacetaldehyde with phenyl-
hydrazine in hot methanol yielded only 5-(5-chloro-

NH-NHPh,HCL
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mels N J  Waga 0 7 Mels ! NH:
N or N
(X) HO'CHz‘CHz'NH'NHz
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—————
cl N/ NHyNH,,H,0 CL NH
(xXa)

2-hydroxyphenyl)-1-phenylpyrazole (VIc), in high yield.
However, with methylhydrazine and hydroxyethyl-
hydrazine mixtures of the corresponding 1,3- and 1,5-di-
substituted pyrazoles (VIa and b) and (VIIa and b)
were obtained, which were easily separated by crystall-
isation.

A mechanism for the rearrangement of 4-chloro-1,8-
naphthyridines and 4-chloroquinolines with substituted
hydrazines to give 1,3-disubstituted pyrazoles is sug-
gested (see Scheme). We have shown that 2-methyl-
5-(2-phenylhydrazino)-1,8-naphthyridine hydrochloride
(X) reacts with hydrazine hydrate or B-hydroxyethyl-
hydrazine to give 2-amino-6-methyl-3-(1-phenylpyrazol-

. NH-NHR!
~ AN i,R NH'NH& ~ N
R < < 'iRzN'H-NHVRT\\I < 2
XN 2 XNy NH2:NHR
X =CHorN l
NH-NHR!
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X N NH-NHR
l H (J
CNH—NR' —
Oy 1
R SUONHNHRZ 2 R
‘xl NH2 — N NHz + RINH-NH,
SCHEME

3-yl)pyridine (Ia), and that 7-chloro-4-(2-phenylhydr-
azino)quinoline hydrochloride (XI) reacts with hydrazine
hydrate to yield 3-(2-aminophenyl)-1-phenylpyrazole
(IIa). These results prove that (a) a two-step reaction
mechanism is involved and () the hydrazino-group
in the 5-position of the 1,8-naphthyridine (4 in the

’ R. Huisgen, H. Gotthardt, and R. Grashey, Chem. Ber.,
1968, 101, 536.
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quinoline) determines the final product of the rearrange-
ment. The attack of the second hydrazino-group at
position 7 of the 1,8-naphthyridine (position 2 in the
quinoline) only serves to open the pyridine ring (Scheme).
This mechanism (R! = R? = H, X = N) also accounts
for the formation of pyrazoles from chloronaphthyr-
idines and hydrazine hydrate,! since it has been shown !
that 2-amino-6-methyl-3-pyrazol-5-ylpyridine is ob-
tained from the reaction of 5-hydrazino-2-methyl-1,8-
naphthyridine and hydrazine hydrate.

EXPERIMENTAL

N.m.r. spectra were determined with Varian A-60 or
HA-100 instruments (tetramethylsilane as internal
reference). IL.r. spectra are for Nujol mulls unless other-
wise stated and were recorded with a Perkin-Elmer model
157 spectrophotometer or model 457 grating spectro-
photometer.

2-Amino-3-(pyrazol-3-yl)pyridines (la—d).—Method A.
The 4-chloro-1,8-naphthyridines (3-0 g) and substituted
hydrazines (10 ml) were heated in sealed tubes at 130—
150 °C for 5 h. Removal of the excess of hydrazine by
distillation and crystallisation of the residue from aqueous
ethanol gave the 1,3-disubstituted pyrazoles (Table 3).

Method B. A mixture of 5-chloro-2-methyl-1,8-naphthyr-
idine (5-34 g), phenylhydrazine (9-75 g), and anisole
(10 ml) was heated in an oil-bath. At about 90 °C an
exothermic reaction occurred and the internal temperature
rose to 195 °C. The mixture was heated for a further
3 h at 160—170 °C, then cooled, and aqueous sodium
carbonate was added until the mixture was basic. Excess
of phenylhydrazine was removed by steam distillation
and the solid (759%) which precipitated was crystallised
from light petroleum (b.p. 100—120°) and shown to be
compound (Ia), m.p. 136—137°.

1-Substituted 3-(2-Aminophenyl)pyrazoles (1la—c).—The
4-chloroquinolines (3-0 g) and substituted hydrazines
(10 ml) were treated as in method A to give the 1,3-di-
substituted pyrazoles (Table 3). The products (IIa—c)
crystallised from aqueous ethanol.

1,3-Diphenylpyrazole (I1I).— 3-(2-Aminophenyl)-1-
phenylpyrazole (0-6 g) was dissolved in concentrated
hydrochloric acid (3 ml) and diazotised with sodium
nitrite (0-3 g) in water (0-5 ml) at 15 °C. After 60 min the
solution was poured into 309, hypophosphorous acid (7 ml)
and stored at 0 °C overnight. Basification with sodium
hydroxide solution and extraction with chloroform gave,
after drying (MgSO,), crude 1,3-diphenylpyrazole, which
was purified by column chromotography (silica gel; benz-
ene as eluant); m.p. 84—86° (lit.,” 85—86°). Authentic
specimens were prepared (for comparison purposes) by
two ifndependent routes.?8

3-(4-Chloro-2-hydroxyphenyl)-1-phenylpyrazole (IV) and
7-Chloro-2-phenyl-2H-pyrazolo[4,3-Clcinnoline ~ (V).—3-(2-
Amino-4-chlorophenyl)-1-phenylpyrazole (1-0 g) was sus-
pended in glacial acetic acid (20 ml) and diazotised with
aqueous sodium nitrite (0-4 g). An orange colour was
produced and the solution was stirred for 1 h at room
temperature. Water (200 ml) and concentrated sulphuric
acid (5 ml) were added and the solution was heated under

8 N. K. Kochetkov, E. D. Khomutova, O. B. Mikhailova, and

A. N. Nesmeyanov, Izvest. Akad. Nauk S.S.S.R. Otdel. khim.
Nauk, 1957, 1181 (Chem. Abs., 1958, 62, 6324g).
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reflux for a few minutes. On cooling, a yellow solid
precipitated which was purified by column chromatography
[silica gel (20 g)]. The column was eluted with benzene
first to give compound (IV) (0-2 g), m.p. 120—122° (Found:
C, 66:6; H, 4-25; Cl, 13-4; N, 10-3%; M*, 270. CyH, -
CIN,O requires C, 66:55; H, 4-05; Cl, 13-15; N, 10-35%;
M, 270). Elution with chloroform then gave compound
(V) (0-4 g), m.p. 262—263° (Found: C, 63-9; H, 3-4;
Cl, 12-9; N, 19-8%; M*, 280. C,;H,CIN, requires C,
64-15; H,3-2; Cl,12-65; N, 19-95%; M, 280), 8 [(CD,),SO]
10-05 (1H, s, pyrazole proton), 8-62 (1H, d, H-6), 7-95 (1H,

J.C.S. Perkin I

Table 3 gives analytical data for the products (VIa—c)
and (VIIa and b).

2-Methyl-5-(2-phenylhydrazino)-1,8-naphthyridine.— To
5-chloro-2-methyl-1,8-naphthyridine (50 g) in ethanol
(30 ml) was added phenylhydrazine (9-7 g); the solution
was heated under reflux for 30 min, cooled, and basified
with ammonia. Precipitation occurred on addition of
water. The solid (70%,), crystallised from aqueous ethanol,
had m.p. 161—162° (Found: C, 71-8; H, 5:6; N, 22-1%,;
M*, 250. C,H,,N, requires C, 72:0; H, 5-6; N, 22-49,;
M, 250), 8 [(CD,),SO] 8-84 (1H, d, J; , 8:0 Hz, H-6), 6:66

TABLE 3
Analytical data

Found (%) Required (%)

Compound Yield (%) M.p. (°C) C H N Cl Formula C H N a’ vNg,/cm™?
(Ia) 75 136—137 72-0 56 22-5 CysH N, 71-956 565 224 3400, 3300
(1) 60 116—117 60-3 65 258 CyH;;N,O 6055 645 2565 3420, 3320
(Ic) 75 148149 640 64 296 1oH1aN, 638 645 29-75 3430, 3250
(1d) 55 131—132 725 61 214 CyeH 6N, 727 61 212 3430, 3300
(ITa) 60 123—124 76-8 55 17-9 15H 13N g 76-66 566 17-85 3420, 3300
(IIb) 72 151 669 43 157 130 C,H,CIN, 668 445 156 1315 3430, 3320
(TIc) 60 90—91 557 51 176 151 C,H,,CIN,O 666 505 17-7 1495 3420, 3300

Solvent of

cryst.
(VIa) 40 181—182 57-3 4-4 13-2 17-1  C,)H,CIN,O 57-565 4-3 13-45 17-0 PriOH
(VIb) 45 158—159 552 45 118 150 C,H,CIN,0, 5535 4.6 1175 1485 PhH
(VIc) 90 269—270 664 40 103 133 C,H,CIN,O 6655 4-05 10-35 131 PhH
(VIIa) 40 9495 575 45 132 170 C, H,CIN,O 57556 43 1345 170 PrOH-H,O
(VIIb) 40 91—92 553 45 1117 149 C,H,CIN;O, 5535 46 1175 1485 LP}
t Light petroleum (b.p. 100—120°)

dd, J 8-0 Hz, H-8), 8-45 (1H, d, H-9), 8-17 (2H, m, ortho-
aromatic H), and 7-6 p.p.m. (3H, m, aromatic).

Reaction of 5-Chloro-2-hydroxybenzoylacetaldehyde ® with
Hydrazines.—(a) Methylhydrazine. The aldehyde (2-0 g)
was dissolved in hot methanol (30 ml) and methylhydr-
azine (2-0 g) was added slowly. The resulting solution was
heated under reflux for 2 h. Water was then added and
the precipitate crystallised from propan-2-ol to give
3-(5-chloro-2-hydvoxyphenyl)-1-methylpyrazole (VIIa) (0-5 g).
Addition of water to the propan-2-ol gave 5-(5-chloro-2-
kydroxyphenyl)-1-methylpyrazole (VIa) (1-0 g).

(b) B-Hydroxyethylhydrazine. The reaction was carried
out as in (a) and the methanolic solution was poured on
ice. The precipitate crystallised from benzene to give
5-(5-chloro-2-hydroxyphenyl)-1-B-hydroxyethylpyrazole (VIDb)
(1-2 g). The benzene solution was evaporated and the
residue crystallised from light petroleum (b.p. 80—100°)
to give 3-(5-chlorvo-2-hydvoxyphenyl)-1-8-hydroxyethylpyr-
azole (VIIDb) (0-8 g).

(c) Phenylhydvazine. The reaction was carried out as
in (b). The precipitate was collected, dried, and crystall-
ised twice from benzene to give only one isomer, 5-(5-chloro-
2-hydroxyphenyl)-1-phenylpyrazole (VIc) (2-8 g).

(14, d, H-7), 7-42 (1H, d, J,;, 7-0 Hz, H-3), 7-95 (1H, d,
H-4), 6:7—7-4 (5H, m, aromatic), 8-83 (1H, s, NH), and
2-60 p.p.m. (3H, s, Me).

Reactions of Phenylhydrazino-derivatives (X) and (XI).—
(a) 2-Methyl-5-(2-phenylhydrazino)-1,8-naphthyridine
hydrochloride (X) (2-0 g) was heated in a sealed tube
with hydrazine hydrate (10 ml) at 150 °C for 5 h. After
cooling, water was added and the resulting solid (50%,)
was crystallised from light petroleum (b.p. 100—120°)
to give the pyrazolylpyridine (Ia). Similarly the (X) and
B-hydroxyethylhydrazine gave (Ia) (409%,).

(b) 7-Chloro-4-(2-phenylhydrazino)quinoline 4 hydro-
chloride (XI) (2-0 g) and hydrazine hydrate (10 ml) were
heated in a sealed tube at 150 °C for 5 h to give the phenyl-
pyrazole (IIb) (409, yield after crystallisation from aqueous
ethanol).
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