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Also, substitution for (AH;™!) in eq. 17 from eq. 2
yields

_ (AH,™Y) i}
. (AH, = Soday + (A +(B)  (20)
ence
(AHz—z) = (AI'I14)0 - (P) (21>
Kom T

Substituting the values for (AH;~!) and (AH,™?)
from eq. 19 and 21 into eq. 18 results in
ar _ (AHy) — (P) (AH.), — (P) ’
@ =k 1+Kz(OH)] Th|ESR I (22)
RKifom) T !
which is transformed readily into
dp [kt kng(OH):’ @
(AH — (P) 1 4+ K:(OH)
Integrating, solving for the integration constant,
and resubstituting gives

(AH4)0

(23)

In A - ] = kobs X t (24)
where
b+ BK(OH) §
Bobs = T F R0H) (28)
As a first approximation
K; = Kiuo/Kyw = 10 (lit.®® value of pK, » = 10)
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If (OH) = 10-% then 1 >> K,(OH), and thus
eq. 25 reduces to
kovs = k1 + k:K:(OH) (26)

A linear relationship of this nature is found to
occur in the range of pH greater than 7 yet less than
8.5 having a slope equal to kK, and intercept k.
Table I gives the values of %;, Ks and pK ., obtained
therefrom.

In the high pH range the only species in ap-
preciable concentration are (AH,™?) and (AH™3);
i.e.

(AH:) = (AH:"2) + (AH %) + (P) (mass balance) (27)
ks
(AH,"?) —> (P)

ks
(AH-3 —> (P)

A derivation procedure similar to that given above
produces

ky + B K3(OH)

kobs = 1 + I?IC)—I{)—' (28)
and if kops >> ke
kobs = ka - (kobs/Kﬁ(OH)> (29)

The implied linear relationship can be viewed on
Fig. 4 and this provides an estimate of k;, K,
and pK,;.
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Conversion of 3-Amino-1,2-quinones to 6-Hydroxypicolinic and Isocarbostyril-3-
carboxylic Acids!
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Both organic peroxyacids and paraperiodic acid transform 3-amino-1,2-quinones (VI) to corresponding 6-hydroxypicolini.

and isocarbostyril-3-carboxylic acids (VII).

Although peroxybenzoic acid transforms 3-aminobenzoquinone-1,2 (VIa) to

6-hydroxypicolinic acid (VIIa), the substitution of peroxyacetic for peroxybenzoic acid followed by hydriodic acid leads to

the unexpected formation of pyridine and 2-hydroxypyridine.

The latter is produced in similar reactions between this

aminoquinone and peroxytrifluoroacetic or paraperiodic acid or more concentrated solutions of peroxyacetic acid.

In an enzymatic degradation of tryptophan, 3-
hydroxyanthranilic acid (I) is converted by an
unknown sequence to a-amino-g-carboxymuconic
acid semialdehyde (II).# With decarboxylation
and/or intramolecular cyclization the amino alde-
hyde gives quinolinic (III, R = R’ = CO,H),
nicotinic (R = H, R’ = CO.H) and picolinic acids
(III, R = COH, R’ = H).* Both 3,4-dihydroxy-
anthranilic acid (V, X = CO,H, Y = Z = H)® and
a fused ring peroxide (IV)” have been considered
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0—0 OOH
as intermediates in the unknown sequence from
ItoIT.
Chemical conversions of benzene derivatives to
pyridine derivatives by cleavage of the carbocyclic
ring and recyclization have not been developed.?

hydroperozides (A. A. Patchett and B. Witkop, J. Orz. Chem., 283,
1477 (1957)). 1n a similar way peroxides from eneamines and oxygen
have been assigned structures as hydroperoxides (C. L. Stevens and
R. J. Gasser, J. Am. Chem. Soc., 79, 6053 (1957)) and tautomeric cyclic
four-membered rings (C. D. Lunsford, R. E, Lutz and E. E. Bowden,
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by cyclization accounts for the construction of ring III as a pyridone
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from benzene and active nitrogen (P. M. Aronovich, N, K. Bel’skii
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At this time we wish to describe a new method
for the chemical conversion of 3-aminocatechols
and 3-amino-1,2-dihydroxynaphthalenes, respec-
tively, to 6-hydroxypicolinic and isocarbostyril-3-
carboxylic acids.®

Unstable deeply colored (violet or blue-black)
aminoquinones are obtained in solution on oxida-
tion of 3-aminocatechol and four ring-substituted
derivatives (V). In an extension of the appli-
cation of the Baeyer—Villiger reaction to o-qui-
nones'! each aminoquinone is oxidized with an
organic peroxyacid to a corresponding derivative
of 6-hydroxypicolinic or isocarbostyril-3-carboxylic
acid, with the probable formation of an interme-
diate aminomuconic acid anhydride. The presence
of strong ultraviolet light leads to intractable tars,
possibly the result of isomerization of initially
formed cis-cis-muconic acids to frans-trans modi-
fications?? followed by intermolecular condensation.
Tautomerism of cis-cis acids gives the cis-trans
modifications required for condensation to pyri-
dines.!* Paraperiodic acid may be substituted for
peroxyorganic acids for the conversion of amino-
quinones (VI) to 6-hydroxypicolinic or isocarbo-
styril-3-carboxylic acids (VII) in comparable
yields.

Whereas peroxybenzoic acid transforms 3-amino-
1,2-benzoquinone (VIa) to 6-hydroxypicolinic acid
(VIIa), decarboxylation at an undetermined point
and ring closure accounts for the formation of 2-
hydroxypyridine from VIa and peroxyacetic,
peroxytrifluoroacetic or paraperiodic acids. Treat-
ment of VIa with more dilute peroxyacetic acid
followed by hydriodic acid leads to the formation
of pyridine along with 2-hydroxypyridine. Ap-
parently a reductive cleavage of an intermediate
peroxide occurs in competition with the Baeyer—
Villiger transformation.!* Decarboxylation at an
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undetermined stage and ring closure of 3-amino-
pentadien-2,4-al-1, or a derivative, are believed to
be required in the reaction sequence leading to
pyridine. Additional investigations are planned
to clarify this transformation since similar treatment
of other aminoquinones (VIb-e) brings about the
formation of the expected derivatives of hydroxy-
picolinic or isocarbostyril carboxylic acids (VIIb-e)
with no trace of a corresponding non-hydroxylated
pyridine derivative.

Experimental?®

6-Hydroxyquinolinic Acid.—After a mixture of 0.41 g.
(0.0024 mole) of 3,4-dihydroxyanthranilic acid, 3.6 g. of
silver oxide, 10 g. of anhydrous sodium sulfate and 600 ml.
of anhydrous ethyl acetate was shaken at room temperaturc
for 15 minutes, insoluble inorganic material was removed
and the solution, concentrated to about 50 ml., was treated
with 4.0 g. of 209 peroxyvacetic acid in glacial acetic acid
added dropwise at 0° as the color changed from violet to
orange. After storage for 2 days at 10° evaporation in an
air stream left an oil residue which was dissolved in a mini-
mum amount of hot 109 sodium hydroxide. The alkaline
solution was neutralized at room temperature with the
addition of 0.1 ¥ hydrochloric acid. On standing at 5° for
2 days, 6-hydroxyquinolinic acid separated as colorless
needles, 0.17 g. (41.29,), m.p. 253-254° after recrystalliza-
tion {rom boiling water.

A 16.19; vield was obtained when peroxytrifluoroacetic
acid was substituted for peroxyacetic acid.

To a solution of 3-amino-4-carboxy-1,2-benzoguinone
(from (.41 g., 0.0024 mole, of 3,4-dihydroxyvanthraunilic
acid with 3.6 g. of silver oxide in 50 ml. of absolute ethano]
and 350 ml. of ethyl acetate) 2.95 g. (0.014 mole) of para-
periodic acid in 15 ml. of ethyl acetate was added. The
heterogenecus mixture was stirred for 2 hours at 10° and
allowed to stand undisturbed at 10° in the dark for 24 hours.
Extraction of an oil residue {rom the dark brown filtered
solution withh 100 ml. of hot benzene afforded upon cooling

0.05 N sodium hydroxide at 25° to acetic acid and acetaldehyde (.
Machell, J. Chem. Soc., 683 {1960)).

(15) Semi-micro analyses by Alfred Bernhardt, Max Planck Institut
Microanalytisches Laboratorium, Mulheim (Ruhbr), Germany. Melt-
ing points are uncorrected.
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slender colorless needles of 6-hydroxyquinolinie acid, 41 mg.
(11.19,), m.p. and mixture m.p. 252-254° after recrystal-
lization from water.

6-Hydroxypicolinic Acid.—To the concentrated (about 50
ml.) filtrate, from the oxidation of 1.2 g. (0.0074 mole) of 3-
aminocatechol hydrochloride, m.p. 196-202° dec., with 5.0
g. of silver oxide and 15 g. of anhydrous sodium sulfate in
300 ml. of anhydrous chloroform, a solution of 1.4 g.
(0.0093 mole) of peroxybenzoic acid in 30 ml. of anhydrous
chloroform was added slowly. During 24 hours at room
temperature, the deep blue color changed to pale yellow.
The solution was treated with 50 ml. of aqueous sodium bi-
carbonate, washed with 100 ml. of water and dried over
anhydrous sodium sulfate. A yellow residue remained after
removal of the solvent in vacuo and was recrystallized from
acetic acid as amorphous colorless powder, 0.12 g. (12.3%),
m.p. 273.5-276° dec.’® On pyrolysis at 285°, carbon di-
oxide, isolated in the usual way as barium carbonate, and 2-
hydroxypyridine, m.p. and mixture m.p. 106-107°, were
formed.

Peroxyacetic, Peroxytrifluoroacetic or Paraperiodic Acid
and 3-Aminobenzoquinone-1,2.—From 2.0 g. (0.012 mole)
of 3-aminocatechol hydrochloride in 80 ml. of anhydrous
ethyl acetate containing 10 g. of anhydrous silver oxide
and 15 g. of anhydrous sodium sulfate, shaken at room tem-
perature for 25 minutes, a deep violet solution of 3-amino-
benzoquinone was obtained and separated from insoluble
material. The filtrate, concentrated to about 25 ml., was
treated dropwise with 5.0 g. of 259, peroxyacetic acid in
glacial acetic acid at 10-15° with stirring. After 24 hours
at 10°, a 1095 solution of potassium iodide was added until a
negative peroxide test was indicated by starch-iodide paper.
The organic layer was extracted with two 15-ml. portions of
0.1 N sodium carbonate solution and the extracts applied
dropwise to a chromatographic column of 25 g. of Dowex 2-
X resin. The column was washed with two 10-ml. portions
of water and the washings combined with previous eluate.
This combined solution gave a negative test for a phenolic
hydroxyl group with 109, ferric chloride. On acidification
of this alkaline solution to a pH 3 with 0.1 N hydrochloric
acid and evaporation to dryness, a residue was obtained and
extracted with ethanol. Evaporation of ethanol left 150
mg. (129;) of pyridine hydrochloride m.p. 143-144° dec.V?
Pyridine picrate, m.p. and mixture m.p. 163-164°,!8 was
obtained by treating the hydrochloride with 109, sodium
carbonate followed by ethanolic picric acid. Lower yields
of pyridine hvdrochloride were obtained when weaker
solutions of peroxvacetic acid were used or when the tem-
perature was maintained lower than 0°.

The column then was washed with two 10-ml. portions of
0.05 N hydrochloric acid and two 10-ml. portions of water.
Evaporation of the combined washings left a residue, 161
mg. (14.19,), m.p. and mixture m.p. 107.5°,9 of 2-hydroxy-
pyridine. Lower yields of 2-hydroxypyridine were obtained
when the temperature was maintained helow 0°. No prod-
uct could be isolated when the reaction temperature was
24°.  The best yield of pyridine (18%;) without a detectable
amount of pyridine hydrochloride was obtained in a similar
reaction at 10° with 309, peroxvacetic acid in glacial acetic
acid.

A trifluoroperoxyacetic acid solution prepared in 25 ml. of
ethylene chloride from 4.2 ml. (0.03 mole) of trifluoroacetic
anhydride and 0.85 g. (0.025 mole) of 909, hydrogen per-
oxide was added slowly at 0° to an ethylene chloride solu-
tion of 3-amino-1,2-benzoquinone prepared by oxidation of
1.0 g. (0.006 mole) of 3-aminocatechol hydrochloride in 80
ml. of ethylene chloride with 5 g. of silver oxide and 15 g. of
anhydrous sodium sulfate at room temperature for 2 days in
the dark. The amber solution was treated with 10, potas-
sium iodide until a negative test for peroxide was obtained.
Two 15-ml. extracts of the residue, after removal of the sol-
vent in vacuo, were obtained with hot 0.1 V aqueous sodium
carbonate and applied dropwise to a chromatographic column

(18) H. G. Bray, F. C. Neale and W. V. Thorpe, Biochem. J., 486,
506 (1930), report m.p. 275-278° dec.

(17) V. Prez, Ber., T8, 445 (1942).

(18) C. W. F. Spiers and J. P. Wibaut, Rec. trav. chim., 5§68, 573
(1937)

(19) D. E. Metzner and E. E. Snell, J, Am. Chem. Soc., 77, 2431
(1953)
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of 50 g. of Dowex 2-X resin. The column was washed with
two 10-ml. portions of water. Pyridine hydrochloride was
not detected in the residue obtained on evaporation to dry-
ness of the combined washings and original eluate after
acidification with hydrochloric acid. The column was next
washed with three 10-ml. portions of 0.1 N hydrochloric acid
and two 10-ml. portions of water. Evaporation of the com-
bined washings left 52 mg. (9.59,) of 2-hydroxypyridine,
m.p. and mixture m.p. 106-107°.

A similar reaction in refluxing ethylene chloride gave a
resin from which neither pyridine, 2-hydroxypyridine nor 6-
hydroxypicolinic acid could be detected. At 0° unreacted
starting material was recovered (10-209;) and pyridine
compounds were not detected.

To a solution of 3-amino-1,2-benzoquinone (from 1.0 g.
(0.006 mole) of 3-aminocatechol hydrochloride and 10 g. of
silver oxide in 300 ml. of ethyl acetate and 50 ml, of absolute
ethanol), 2.9 g. (0.014 mole) of paraperiodic acid in 15 ml. of
ethyl acetate was added and stirred for 1 hour at room
temperature and stored at room temperature in the dark for
24 hours. Removal of the filtered solvent in vacuo left a
residue which was extracted with 25 ml. of 109, sodium car-
bonate. The sodium carbonate solution was passed over
25 g. of Dowex 2-X resin, and the column washed with 15
ml. of distilled water, two 15-ml. portions of 0.5 N hydro-
chloric acid and two 10-ml. portions of water. The comn-
bined washings, evaporated to dryness, gave 132 mg.
(11.59,) of 2-hydroxypyridine, m.p. and mixture m.p.
107-108°. Pyridine hydrochloride was not detected.

3-Amino-4-methyl-6-hydroxypicolinic Acid.—An ethy!
acetate solution of 3,4-diamino-5-methylbenzoquinone-1,2
(from 3,4-dihydroxy-5,6-diaminotoluene hydrobromide and
silver oxide) on treatment with peroxyacetic acid gave a com-~
pound assigned the structure of 3-amino-4-methyl-6-hy-
droxypicolinic acid as vellow plates, m.p. 285-288° dec.,
from benzene in 11.3%, yield.

Anal. Caled. for CGHgN:O3: C, 49.70; H, 4.76; N,
16.56; O, 28.38; Found: C, 50.23; H, 4.82; N, 16.59;
0, 28.49.

Isocarbostyril-3-carboxylic Acid.—In 60 ml. of anhydrous
pyridine 2.0 g. (0.0095 mole) of 3-amino-1,2-dihydroxy-
naphthalene hydrochloride was oxidized with 4.4 g. of silver
oxide in the presence of 10 g. of anhydrous sodium sulfate
over a period of 15 minutes at room temperature; the color
changed from pale orange to deep violet. Distillation in
vacuo of the filtrate separated from inorganic material left
1.91 g. of a dark residue which was treated with 9.6 g. (0.0058
mole) of 259, peroxyacetic acid in glacial acetic acid, added
slowly with stirring at 10° as the color changed back to pale
orange. After storage at 10° for 2 days excess peroxide was
removed by the addition of 109 potassium iodide and the
mixture was made alkaline with 109, potassium hydroxide.
A colorless precipitate dissolved on heating to a red solutios
from which deposited flocculent micro-crystals of isocarbo-
styril-3-carboxylic acidon acidification of the cooled solution.
Recrystallization from acetone gave colorless needles, 1.1 g.
(65.29%), m.p. 318-319.5°.20 Isocarbostyril, m.p. 208°,2!
was obtained on heating the acid for 15 minutes at
250-300°.

Vields of 54.59, and 47.19, were obtained when peroxy-
trifluoroacetic and paraperiodic acids were substituted for
peroxyacetic acid.

4-Anilinoisocarbostyril-3-carboxylic Acid.—An ethyl
acetate solution of 3-amino-4-anilino-1,2-naphthoquinone
(from 3-amino-4-anilino-1,2-dihiydroxynaphthalene hydro-
chloride and silver oxide) on treatment with peroxyacetic
acid according to the above procedure gave a compound as-
signed the structure of 4-anilinoisocarbostyril-3-carboxylic
acid; orange plates, m.p. 250-256.1° dec., from p-xylene iu
31.29, vield.

Anal. Caled. for CisHpN:Q;: C, 68.56; H, 4.32; XN,
9.93; 0, 17.12. Found: C, 68.35; H, 4.08; N, 9.81; O,
17.21.

A 19.19, yield was obtained when peroxytrifiuoroacetic
acid was substituted for peroxvacetic acid.

(20) D. Bain, W. H. Perkin and R. Robinson, J. Chem Soc., 108,
2394 (1914).
(21) E. Bamberger and M. Ketschelt, Ber., 26, 1143 (1892).



