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The Elbs peroxydisulfate oxidation has been applied to  2- and 3-hydroxypyridine. In each case 2,5-dihydroxypyridine 
is the major product isolated following hydrolysis of the sulfate esters. Small amounts of the o-dihydroxypyridines were 
isolated as well, 2-hydroxypyridine yielding 2,3-dihydroxypyridine, and 3-hydroxypyridine yielding both 2,3- and 3,4- 
dihydroxypyridines. The degradation of the synthetic 2,5-dihydroxypyridine by cell-free extracts of Pseudomonas f lz~oresrens 
is described. 

The recent finding that 2,5-dihydroxypyridine 
(111) is an intermediate in the oxidation of nico- 
tinic acid by a strain of Pseudomonas $uorescens3 
has made a facile synthesis of this compound desir- 
able. Two synthetic routes already have been re- 
ported, both involving lengthy procedures. A 
seven-step synthesis from 2-aminopyridine4 and an 
eight-step route from 3-bromopyridine5 have been 
described, while the old report6 of the conversion of 
3-hydroxypyridine (11) to 2,5-dihydroxypyridine 
by alkali fusion has since been shown to yield in- 
stead the 2,a-isomer IV.' 

The application of the Elbs peroxydisulfate 
hydroxylation reaction8 offered a direct approach 
to the desired compound from readily available 
starting materials. In  this reaction, the mono- 
sulfate ester of the diphenol is the initial product, 
acid hydrolysis yielding the diphenol itself. We 
have found that 2,5-dihydroxypyridine is easily 
preparable by the Elbs reaction from either 2- 
hydroxypyridine (I) or 3-hydroxypyridine. Fur- 
ther study of these oxidations has shown that small 
amounts of the o-isomers also are produced ac- 
cording to the scheme of Fig. 1. 

The major product in the Elbs oxidation of either 
2- or 3-hydroxypyridine was the 2,j-isomer which 
was isolated easily from both reaction mixtures 
by virtue of its lower solubility. The 2,3-isomer 
was isolated from the 2-hydroxypyridine oxidation 
mixture following removal of 111. Both 2,3- and 
3,4-dihydroxypyridines were isolated from the 
mother liquors after removal of I11 in the oxidation 
of %hydroxypyridine. 

The 2,5-dihydroxypyridine produced by the 
present reaction was subjected to oxidation and 
degradation by enzyme preparations from P. jluores- 
cens, strain N-9; the end-products of the reaction 
were qualitatively and quantitatively identical to 
those demonstrated using the biologically syn- 
thesized dihydroxypyridine. 
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Experimental 
Oxidation of 2-Hydroxypyridine: 2,5-Dihydroxypyridine 

(III).-Thirty-eight grams (0.4 mole) of I (Aldrich Chemical 
Co.) and 80 g. (2.0 moles) of sodium hydroxide were dis- 
solved in 1500 ml. of water. The  solution was cooled to 
so in an ice-bath, 2 g. of ferrous sulfate8 dissolved in 20 ml. 
of water was added, and then 135 g. (0.5 mole) of potassium 
peroxydisulfate was added all a t  once. The mixture was 
stirred for 20 hours while the temperature was allowed to 
rise slowly to 20". At this time, the phenol concentration 
(following hydrolysis) had reached a maximum value, as 
judged by the assay procedure previously d e ~ c r i b e d . ~  

The reaction mixture was filtered by gravity, cooled 
and brought to pH 0.75 by the addition of concentrated 
sulfuric acid. The acidified mixture was then hydrolyzed 
a t  100' under a nitrogen atmosphere for 30 minutes. The 
red-brown hydrolysate was cooled in an ice-bath and brought 
to pH 6.5 with 10 N sodium hydroxide (under nitrogen), 
then evaporated to dryness in ZJUCUO, and finally dried over 
phosphorus pentoxide. The salt cake was extracted with 
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Fig. 1. 

isopropyl alcohol in a Soxhlet apparatus until the effluent 
no longer gave the phenol test. The isopropyl alcohol 
extract was decolorized with charcoal and then concentrated 
under nitrogen until crystals began to  form. After standing 
overnight a t  -IO", the solution deposited 19 g. (42%) of 
crude I11 which, after two recrystallizations from ethanol, 
gave 8 g. of nearly colorless crystals darkening a t  230" and 
decomposing between 250-260' without melting. Addi- 
tional material may be obtained by working up the mother 
liauors. 

Anal. Calcd. for CsHsXO?: C, 54.05; H, 4.54; N, 
12.6. Found: C, 54.1; H, 4.7; S, 12.3. 

Quantitative measurement of the Folin-Ciocalteu re- 
action with 0.1 pmole of synthetic I11 gave O.D.780 mM 

0.160 as compared with 0 . D . 7 ~  m p  0.170 for the biologically 
prepared compound.a The color with the ferric chloride 
reagent was pinkish-red as r e p ~ r t e d , ~ ? ~  with an absorption 
maximum a t  510 mp (e 488). The spectrum of the com- 
pound in water and in 0.1 N HCl showed two maxima: 

5620, e?gymp 7390, e$$'mM 6000, &?',a 6100. The 
diacetyl derivative was prepared according to den Hertog, 
et ~ l . , ~  and gave m.p. 69.5-70' after recrystallization from 
hexane. 

2,3-Dihydroxypyridine (IV).--4fter filtering off 111, the 
isopropyl alcohol mother liquor was concentrated to dryness 

The reported6 melting point is 68". 
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and the residue triturated with ethyl acetate. The ethyl 
acetate extract was then concentrated, diluted with iso- 
propyl alcohol, decolorized with charcoal, and allowed to 
crystallize. Recrystallization gave a mixture of crystals 
of I11 and IV. The mother liquor on standing deposited 
crystals of IV giving the same ultraviolet spectrum and 
ferric chloride reaction as I V  isolated from the oxidation 
of 11. 

Chromatography of the isopropyl alcohol extract of the 
salt cake in the 1-butanol---hydrochloric acid-vater system 
previously described3 showed only two spots reacting with 
ferric chloride which corresponded to I11 and IV. Hence, 
it was possible to calculate the ratio of the t v o  isomers in 
this extract from the spectra of the ferric chloride com- 
plexes of the pure compounds. An appropriate aliquot of 
the isopropyl alcohol extract TKLS treated with the ferric 
chlvride reagent and the optical density a t  510 and 700 m p .  
determined. The concentration of 11: is given by O.D. 
700 mp/1140, while that  of I11 is given by O.D. 510 mp - 
[IV]1090/488. The ratio of the p-isomer to the o-isomer 
was 11.5: 1. 

Oxidation of 3-Hydroxypyridine: 2,s-Dihydroxypyridine 
(III).-Potassium peroxydisulfate (0.19 mole, 51 g.) was 
added all at once to  a cooled solution of 14.2 g. (0.15 mole) 
of I1 (Aldrich Chem. Co.) in 500 ml. of 2 Nsodiuyi hydrox- 
ide. The mixture was stirred for two hours at 5 , and the 
stirring continued for an additional two hours with the 
cooling bath removed. The mixture was allowed to stand 
a t  room temperature for 16 hours and was then adjusted to  
p H  1 with sulfuric acid and refluxed for an  hour to  hy- 
drolyze the sulfate esters. The cooled solution was adjusted 
to pH 6.5 with 10 iV sodium hydroxide and then worked up 
as described above for the reaction mith I. The isopropyl 
alcoholextract yielded 1.9 g. ( l l ~ c )  of 111. 

2,3- and 3,4-Dihydroxypyridines (IV and V).-After re- 
moval of 111, an aliquot of the mother liquor was chromato- 
graphed in the butanol-hydrochloric acid-water solvent 
system. The paper chromatograms showed the presence 
of three compounds reacting with ferric chloride (Table I) .  

TABLE I 
D ihydroxy- Ultraviolet 

pyridine Color with FeC13 Ri fluorescence 

2,s- Pinkish-red 0.89 Blue-white 
2,3- Blue .81 Vone 
3,4- Purple .69 Kone 

The mother liquor was concentrated to  dryness at re- 
duced pressure and yielded 6.4 g. of residue. This was ex- 
tracted with 200 ml. of boiling ethyl acetate in two portions. 
Tile ethyl acetate-insoluble residue gave the pinkish-red 
ferric chloride test characteristic of 111. On concentration 
of the ethyl acetate extract, 2.0 g. of unreacted I1 was re- 
covered. The ethyl acetate solution then was allowed 
to  crystallize a t  5' for several days during which time it 
deposited I1 together with both IV and V.  The major 
portion of I1 was separated from the dihydroxypyridines 
by warming the mixture and decanting the solution of I1 
from the less soluble residue of dihydroxypyridines. The 
residue was then dissolved in isopropyl alcohol and treated 
with charcoal. On standing, it deposited 100 mg. of crys- 
tals of crude IV which after recrystallization melted a t  
252-255' dec. The compound showed two maxima in both 
water and 0.1 A' HCl: eT&'g, 8150, eT&gy 4900, a&, 8150, 
aFjymcL 4600. 

A n a l .  Calcd. for C5H,SOz: C, 54.05; H, 4.54; h-, 
12.6. Found: C, 5 3 . i ;  H,4.7;  N, 12.1. 

This product gave a blue color with the ferric chloride 
It reagent showing a maximum at 595-600 mp (e 1755). 

gave a blue color with the reagent of Folin and Ciocalteu, 
0.1 pmole producing an  optical density a t  760 mp of 0.160. 

After concentration and treatment with benzene, the 
isopropyl alcohol mother liquor deposited mixed crystals of 
I V  and V. -4ddition of hexane to this final mother liquor 
yielded 5 mg. of crystals of V,  m.p. 228-235" dec. Thc 
spectrum of this material agreed with that obtained from 
the elution of the lir 0.69 material from the chromatogram 
and with the spectrum reported by dcri Hertog, ct n l . , 5  
sho~ving one maximum in water and two in 0.1 N IIC1; 
ET@& 10,100, aF$'mp 5130, eF2lm,, 3460. It gave a red-purple 
color with the ferric chloride reagent with a maximum at 
535 mp (a 1220). 

Enzymatic Degradation of 2,s-Dihydr0xypyridine.- 
Synthetic 111 was submitted to enzymatic oxidation and 
degradation by a soluble fraction prepared from nicotinic 
acid-grown cells of P.$z~orescens.~ The extracts m r e  diluted 
to the point at which oxygen uptake ceased at two atoms per 
,pmole of substrate. Oxygen uptake, carbon dioxide evolu- 
tion and ammonia formation were estimated as previously 
d e ~ c r i b e d . ~  The sum of malate and fumarate was deter- 
mined in the presence of excess fumarase using lyophilized 
cells of Lactobacillus p lan tarum as a source of L-malate 
decarboxylase.1° Formate was estimated by measuring 
carbon dioxide evolution catalyzed by the particulate formic 
oxidase prepared from nicotinic acid-grown P. flzmyescens." 
The data agree with those obtained3 using biologically 
prepared I11 (Table 11) (eq. 1). 
CsH6SOz + 0 2  + 2H20 + HCOOH + NHa + 

+Hz0 

- H2O (1)  
HOOCCH=CHCOOH 7 HOOCCHzCHOHCOOH 

TABLE I1 

BALANCE SHEET FOR THE OXIDATIOS OF 2,j-DIHYDROXY- 
PYRIDITE 

Both control and experimental vessels crintainetl 0.3 nil. of 
soluble fraction (26 mg. of protein per nil.), 1.5 ml. of 0.02 
M phosphate buffer (pH 6.8) and 0.05 nil. of 0.04 X ferrous 
sulfate. The experimental vessel was furnished with 0.2 ml. 
of 0.025 M2,5-dihydroxq-pq-ririirie, the control with 0.2 ml. of 
water. 

Sloles per mole of ---_ bficromoles- substrate oxidized 
Differ- The- 

Reactants Control Exptl. ence Obsd. orya 

2,5-Dihydroxy- 

Oxygen consumed 0.0 4.87 4.87 0 . 9 8  1.00 

Carbon dioxide* 2.76 2 . 5 0  -0.26 -0.05 0.00 
Ammonia 6 . 2 5  11.10 4.85 0 . 9 7  1 .00  
Sum of malate and 

fumarate 0 . 0 0  5 . 0  5 . 0  1 .00  1 .00  
Formate 0 .00 5.10 5.10 1.02 1.00 

a To fit eq. 1. 

BOSTON 15, MASS. 

pyridine 0 . 0  5 . 0  5 . 0  

Products 

* Including initial bound COX. 
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