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3-Nitroquinoline was reacted with potassium cyanide in methanol at refluxing tem--
perature to give 3—methoxycinchoninonitrile (I) and 1-aminoisoxazolo[3,4—¢]quinoline (II)
in.the yield of 629, and.309%, respectively. 3-Nitrocinchoninonitrile (III), which was
. 'prepared by the reaction :of 3-nitroquinoline with potassium.cyanide in the presence of
potassium ferricyanide, was treated with potassium cyanide in methanol to from I, and III
was converted-into I1 by reduction with zinc dust and ammonium chloride.

It is well known that reaction of aromatic nitro compounds with potassium cyanide in
alcohol or aqueous alcohol generally gives a carboxylic acid as the product in which the nitro
group is lost and the carboxyl group is introduced ortho to the original position of the nitro
‘group. This type of reaction is called “von Richter reaction” and thé reaction mechanism
was studied intensively by Bunnett, ¢t al.,» and later by several other workers.¥ They
reported, however, that some aromatic nitro compounds with bromo, chloro, methyl or
phenyl group located at meta or para—position of the nitro group react with potassium cyanide
to form carboxylic acids. 'The sum of ‘the value of Hammett substituent constant of the
substltuents other than the nitro group for the ortho posmon of the nitro group falls in the
range. of —0.2 to +0.69 in these cases and this limitation is required of the starting compound
for “von Richter reaction.” A compound which has a more positive value of the Ham-
mett substituent constant, for example m—dinitrobenzene® or 2,4-dinitrochlorobenzene,”
affords o-alkoxybenzonitrile derivative by the reaction with potassium cyanide in alcoholic
solution.

There are many papers discussing the polar effect of rlng n1trogen in heterocychc com-
pounds. In pyr1d1ne and quinoline, the Hammett substituent constant of the nitrogen of
the pyridine ring is calculated as 4-0.6() and +0.9(p). 8 Therefore, nitropyridine derivatives
are suitable compounds for this reaction. In the present paper, the authors discuss the
reaction of 3-nitroquinoline with potassium cyanide in alcohol solution.

The products obtained from the reaction  of 3-nitroquinoline with 1.5—2.0 molar
equivalent of potassium-cyanide in methanol solution were purified by chromatography on
-alumina, and compounds I and IT were separated in the yleld of 629, and 309, respectively.
The infrared spectrum of I exhibited a sharp absorption peak characteristic of cyano group
at 2220 cm-1, and its nuclear magneti¢ resonance spectrum in deuteriochloroform showed
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a signal (three protons, singlet) at 5.68 ¢ attributable to the methoxyl group. Therefore,
the compound I was postulated as 3-methoxycinchoninonitrile.

The compound II, as described in the following, was concluded to be l1-aminoisoxazolo-
[3,4~c]quinoline, in which the nitro group of the starting compound was reduced to hydroxy-
amino group and cyclized to an isoxazole ring between this hydroxyamino and the cyano
group introduced into the ortho position.
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Chart 1

On the other hand, in the presence of potassium ferricyanide,” the reaction of 3-nitro-
quinoline with potassium cyanide in methanol solution at 15—20° gave 3-nitrocinchonino-
nitrile (I1I), in which the cyano group was introduced into 4-—position of the quinoline ring.
By treatment with potassium cyanide in methanol solution under the same condition as for
obtaining I directly from 3-nitroquinoline, III was converted into I in a good yield. When
IIT was heated with potassium hydroxide in aqueous methanol solution, 3-methoxycinchonin-
amide (IV) was produced. IV was also obtained from I by the same reaction. - 3-Methoxy-
cinchoninonitrile 1-oxide (V) was obtained by oxidation of I with hydrogen peroxide and
acetic acid. :

ITT was reduced catalytically with Pd-carbon to the amino compound (VI), and then
treated with potassium hydroxide in aqueous methanol solution to form 3—aminocinchoninam-
ide(VII). This compound was also obtained by the catalytic reduction of II. The reaction
did not occur on refluxing IT with potassium cyanide in methanol and merely the starting
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material was recovered. However, I was-obtained from II on refluxing it with sodium
methoxide in methanol solution. This reaction may be explained as follows; The isoxazole
ring of II was attacked by the methoxide ion, opening the carbon-oxygen bond, and the
hydroxyamino group produced was replaced by the methoxyl group because of the electro-
negative effect of the cyano group at ortho position. o

3—-Aminocinchoninonitrile (VI) was diazotized with sodium nitrite in sulfuric ac1d ‘and
ethanol solution, and deaminated to give a product, which was identical with the authentic
specimen of cinchoninonitrile. This result confirms the position attacked by cyanide ion.

When III was reduced by theé use of zinc dust in the presence of ammonium chloride,
IT was obtained in a moderate yield. The reduction of aromatic nitro compound with zinc
dust in the presence of ammonium chloride or calcium chloride generally gives hydroxyamino
derivative, so Ila seems to be the first product obtained in the reduction of III, and the
hydroxyammo group will cyclize with the cyano group to give an isoxazole nng The structure
of I1.is represented by either IIb or Ilc formula.

<. The infrared spectrum of IT shows: absorption bands at 3280 and 3110 cm“l (KBr),
aSSIgnable as that of amino group,'® ‘and IIc seems to be the most reasonable structure for
II.
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Summarizing the above data, it may be concluded that in the reaction of 3-nitroquinoline
with potassium cyanide in methanol, the ortho position of the nitro group was attacked at
first by the cyanide ion producing the intermediate dihydro compound, and through its
dehydrogenation, III was formed. Next, this was converted into I, in which the nitro group
was replaced by the methoxyl group under a rather mild condition. On the other hand,
the dihydro-type intermediate was dehydrated to give the nitroso compound, successively
reduced by the eliminated hydride ion to Ila, and then intramolecular cyclization took place
to form II. The correlation of these reaction series is shown in Chart 4.

Experimentall®

Reaction of 3-Nitroquinoline with KCN To a solution of 3-nitroquinoline (1.0 g) in MeOH (25 ml),
KCN (600 mg) was added and the mixture was refluxed for 4 hr. After addition of H,O (ca. 25 ml), the
reaction mixture was cooled to room temperature, whereupon needle crystals separated. The filtrate solution
was extracted with ether and the extract was evaporated to dryness. The products were purified by chro-
matography on AlO;. The first effluent gave 650 mg (62%) of 3—methoxycinchoninonitrile (I) as pale
yellow scales (MeOH), mp 155—156°. Anal. Caled. for C,;H,ON,: C, 71.72; H, 4.38; N, 15.21. Found:
C, 71.35; H, 4.53; N, 15.12. IR »3; 2220 cm~! (C=N). NMR (in CDCl,): singlet (3H) at 5.68 7 (OCH,).

The second effluent gave 320 mg (309,) of 1-aminoisoxazolo[3,4—c]quinoline (IT) as yellow silky needles
(MeOH), mp 185—186° (decomp.).  A=al. Calcd. for C,,H,ON,: C, 64.86; H, 3.81; N, 22.69. Found: C,
64.48; H, 3.76; N, 22.69. IR »33; cm~1: 3280, 3110 (NH,).

Reaction of 3-Nitroquinoline with KCN in the Presence of K Fe(CN), To a vigorously stirred solution
of 3-nitroquinoline (1.0 g) in MeOH (45 ml), solutions of K ;Fe(CN), (6.0 g) in H,O (20 ml) and of KCN
(1.0 g) in H,O (10 ml) were separately added dropwise at 15—20°, the rate of addition being regulated.
Addition of both solutions should be finished at the same time (ca. 15 min). The reaction mixture was
stirred for 3 hr, the solution after separated from the precipitate was extracted with CH,Cl,, and the extract
was evaporated to dryness. The precipitate was washed with H,0O and dried. The precipitate and the
residue were combined and chromatographed on ALO; to give 702 mg (60%) of 3-nitrocinchoninonitrile
(ITI) as slightly yellow plates (MeOH), mp 156—157°. Aunal. Caled. for C,,H,O,N,: C, 60.30; H, 2.53;
N, 21.10. Found: C, 60.39; H, 2.96; N, 20.85. IR viii cm—1: 2240 (C=N) (weak), 1545, 1355 (NO,).

Reaction of 3-Nitrocinchoninonitrile (IIT) with KCN To a solution of III (400 mg)in MeOH (20 ml),
KCN (240 mg) was added and the mixture was refluxed for 1 hr. After addition of H,O (20 ml), the solution
was extracted with CH,Cl,, and the extract was evaporated to dryness. The residue was purified by chro-
matography on ALO, to give 281 mg of pale yellow scales, mp 155—156°. This compound was found to be
identical with 3-methoxycinchoninonitrile (I) by mixed fusion and by the comparison of IR spectra.

3-Methoxycinchoninamide (IV) i) From 3-Nitrocinchoninonitrile (IIT): IIT (180 mg) was dissolved
in 10% KOH-MeOH (1:1) solution (40 ml), and refluxed for 8 hr. After removal of MeOH, the residual
solution was adjusted to weak alkalinity and kept overnight at room temperature, whereupon needle
crystals separated. The crude product was washed with water and dried (150 mg) to colorless prisms
(MeOH), mp 217—218° (decomp.). Anal. Caled. for C;H,,O,N,: C, 65.33; H, 4.98; N, 13.86. Found:
C, 65.33; H, 5.18; N, 13.63. IR »;3; cm~!: 3240, 3100 (NH,), 1665 (C=0).

ii) From 3-Methoxycinchoninonitrile (I): I (350 mg) was dissolved in 10% KOH-MeOH (1:1) solution
(70 ml) and refluxed for 3 hr. Similar treatment of the reaction mixture as above gave 325 mg of a
product whose melting point was not depressed when admixed with the reaction product of III, and its
IR spectrum was identical with that of IV.

3-Methoxycinchonincnitrile 1-Oxide (V) A solution of I (200 mg)and 309% H,O, (4 ml)in AcOH
(60 ml) was warmed at 70—75° for 3 hr, and then further 30% H,0, (4 ml) was added, the warming being
continued for 6 hr. The crude product obtained was purified by chromatography on Al,0,. Yield, 162mg
(75%) of pale yellow scales (MeOH), mp 236-—237° (decomp.). Anal. Caled. for C,,;H,O,N,: C, 65.99; H,
4.03; N, 13.99. Found: C, 65.89; H, 3.94; N, 14.14. IR »£ 2220 cm—t (C=N).

3-Aminocinchoninonitrile (VI) IIT (300 mg) was catalytically reduced over 109 Pd-C in MeOH
(30 ml). When the absorption of H, (3 moles) ended, the reaction mixture was filtered to remove the cata-
lyst and the filtrate was concentrated to dryness (180 mg). Slightly yellow needles (EtOH), mp 213—214°
(decomp.). Anal. Calcd. for C;H,N,: C, 70.99; H, 4.17; N, 24.84. TFound: C, 71.16; H, 4.41; N, 24.45.
IR »5ix cm~1: 3330, 3220 (NH,), 2210 (C=N).

3-Aminocinchoninamide (VII) i) From 3-Aminocinchoninonitrile (VI): VI (180 mg) was dissolved in
109% KOH-MeOH (1:1) solution (36 ml) and the solution was refluxed for 3 hr. After removal of MeOH,

11) All melting points are uncorrected. The IR spectra were taken with Koken Model DS-402 spectrophoto-
meter, and the NMR spectra were measured with JEOL~60 spectrometer.
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the residue was extracted with ether. Yield 126 mg (64%) of pale yellow needles (EtOH), mp 222-223°.
Anal. Caled. for C;;H,ON,: C, 64.16; H, 4.85; N, 22.45. Found: C, 64.20; H, 4.95; N, 22.73.

ii) Reduction of 1-Aminoisoxazolo[3,4—c]quinoline (IT): II (180 mg) was catalytically reduced over
109, Pd-C in MeOH (30 ml). When the absorption of H, (1 mole) ended, the reaction mixture was filtered
to remove the catalyst and the filtrate was concentrated to dryness (160 mg). The melting point of the product
was undepressed on admixture with the product obtained from VI, and the IR spectra were identical.

Reduction of 3-Nitrocinchoninonitrile (III) to 1-Aminoisoxazolo[3,4-c]quinoline (II) To a vigorously
stirred suspension of ITT (480 mg) and NH,CI (260 mg) in aqueous MeOH (1:1) solution (12 ml), zinc dust
(700 mg) was added in small portions during 40 min at 10—15°. After the addition, stirring was continued
for 5 hr and the mixture was stood overnight at room temperature. The solution separated from the pre-
cipitate, was extracted with CH,Cl,, and the extract was evaporated to drymess. The precipitate was
dissolved in MeOH, filtered, and the solvent was removed. The precipitate and the residue were combined
and chromatographed on AlL,O, to give 320 mg (74%) of yellow silky needles, which were found to be identical
with II by mixed fusion and by the comparison of IR spectra. Some starting material (3 mg) was recovered.

Reaction of 1-Aminoisoxazolo[3,4-c]quincline (IT) with Sodium Methoxide To a solution of metallic
sodium (130 mg) in MeOH (16 ml), II (160 mg) was added and the mixture was refluxed for 3 hr. The
reaction mixture was concentrated and the residue was separated by chromatography on ALO; to give
16 mg (10%) of pale yellow needles, which were found tobe identical with I by mixed fusion and by the
comparison of IR spectra. Some starting material (58 mg) was recovered.

Deamination of 3-Aminocinchoninonitrile (VI) to Cinchoninonitrile To a mixture of VI (150 mg)
in EtOH (0.8 ml) and conc. H,SO, (0.2 ml), NaNO, (85 mg) was added under good agitation at 10—15°.
The reaction mixture was warmed on a water bath for 5 min. The crude product was purified by chromato-
graphy on Al,0, to give 82 mg (60%) of cinchoninonitrile, whose melting foint was undepressed on admixture
with an authentic sample, and the IR spectra were identical.
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