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Anal. Calcd. for C12H12N2 (184.23): C, 78.23; H ,  6.57; 
N, 15.21. Found: C, 78.54; H,6.55; N, 14.96. 

The picrate was prepared by treating 3.4 mg. of the amine 
in 0.5 ml. of ethanol with an ether solution of 10.2 mg. of 
picric acid (2.5 equiv.). The picrate separated in orange- 
yellow needles which were recrystallized from methanol- 
ether for analysis; m.p. 193". The analysis indicates that 
under these conditions, the monopicrate is formed. 

Anal. Calcd. for C18H1607N6 (413.34): c ,  52.30; H ,  
3.66; N, 16.94. Found: C, 52.29; H,3.66; N, 16.82. 

The aqueous alkaline solution from the above hydrolysis 
was brought to  pH 5 by the addition of acetic acid, and the 
solution deposited 21.4 mg. of solid on standing. This pre- 
cipitate was filtered, dried and recrystallized from methanol- 
ether to give white needles, m.p. 216-218", no depression on 
mixing with acid XII I .  

3-Hydroxy-4-methyl-5-phenylpyridine (III).--I solution 
of 8.5 mg. of the amine XVI in 0.3 ml. of 257, sulfuric acid 
was cooled to 0" and diluted with 0.2 ml. of water. A solu- 
tion of 4.8 mg. of sodium nitrite was then added dropwise. 
ilfter five minutes, the solution was poured into 0.2 ml. of 
boiling 507, sulfuric acid. The solution was then cooled, neu- 
tralized with solid sodium bicarbonate and extracted with 

four 5-ml. portions of benzene. The combined extracts 
r e re  concentrated and the residue was sublimed a t  130-140' 
(0.5 mm.). -4 total of 5.6 mg. of white prisms, m.p. 194- 
197", was obtained. This material was resublimed for an- 
alysis, m.p. 196-198'. 

Anal. Calcd. for ClzHllON (185.22): C, 77.81; H ,  
5.99. Found: C, 78.12; H ,  5.96. 

The infrared spectrum of this compound was superposable 
with that of the 3-hydroxy-4-methyl-5-phenylpyridine ob- 
tained from 11, with 31 prominent bands matchFg exactly. 
The mixed m.p. of the two samples was 197-199 . 
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l-Amino-3-hydroxy-4-metliyl-5-plienylp~-ridinium betaine ( IXa)  is a stable compound which is readily converted to an 

The corresponding propionyl, trifluoroacetyl and benzoyl derivatives 
L -  

N-acetylbetaine with the RaNNCOCHs structure. 

were also prepared, and it was found that the acids RCONHTt'f are stronger than the corresponding carboxylic acids 
RCOzH by about 0.7 pK. unit. 

In the course of the characterization of the 1- 
amino - 3 - hydroxy - 4 - methyl - 5 - phenylpy- 
ridinium chlorides (11), obtained from the diaze- 
pinone I ,2  certain points of interest emerged which 
were unrelated to the chemistry of I and are dis- 
cussed separately in this paper. The ready 
availability of I1 has provided an opportunity to 
extend certain areas of the somewhat limited body 
of information on the chemistry of quaternary 
hydrazine derivatives. 

C6H 5 x,q __t CJ,i&OH 

c1- 
N-y p;' 

I1 NHR 
I I a . R = H  I 

b. R CH2 
The previously known 1-aminopyridiniuiii salts4 

are restricted to the parent substance 111, obtained6 
(1) Supported by a grant from the Geschickter F u n d  for Medical 

(2) J. A. Moore and J. Binkert, THIS JOURNAL, 81, 6029 (1959), 

(3) A recent review has been presented by H. H. Sisler, G. M .  

(4) 1-Aminopyridones' are not considered here. 
(5) Cj'. ref. 6, paper IV. 
(6) J. N. Ashley, G .  L. Buchanan and A. P. T. Easson, J. Chem. SOC., 

60 (1947); A.  Meuwsen and R .  Gosl, Angew. Chem., 69, 754 (19571, 
have reported the preparation of a compound assigned this structure 
by reaction of hydroxylamine-0-sulfonic acid with pyridine; no details 
were given. 

Research. 

paper IV. 

Omietanski and B. Rudner, Chem. Rem., 67, 1021 (1957). 

by decomposition of an arylsulfonylazide in pyridine 
solution followed by hydrolysis of the intermediate 
sulfonamide, and the series of N-anilinopyridinium 
halides (IV) prepared by Schneider7 by the reaction 
of pyrylium salts and arylhydrazines. The un- 
substituted compound I11 and the N-aryl deriva- 
tives differ markedly in their behavior with alkali. 
The N-aryl compounds I V  gave rise to deeply 
colored anhydro bases; the latter have been 
studied by Dimroth* and clearly have the betaine 
or ylid structures V, although in conipounds in 
which one R group is alkyl, alkylidenedihydropy- 
ridine structures such as VI1  play a role in certain 
reactions. Compound 111, on the other hand, 
furnished decomposition products including pyri- 
dine, presumably arising from the ylid VI ,  analog- 
ous to pyridine N-oxide. The lability of the 1J- 
unsubstituted 1-iminopyridinium system may be 
due in part to rapid intermolecular amination; 
the corresponding trimethylhydrazinium ylid VI11 
is reported to be a stable solid,g although some 
reservations have been expressed8 concerning this 
structure. 

The conversion of the hydrochloride I1 (R = H) 
to the free base was effected with either alkali or 
carbonate; the compound crystallized in colorless 
needles which were almost completely insoluble in 

(7) W. Schneider, Ann., 458, 115 (1924); W. Schneider and W. 

(8) K. Dimroth, G. Arnoldy, S. v. Eicken and G. Schiffler, Ann. ,  604, 

(9) G. Wittig and M. Rieber. ibid. ,  662, 177 (1949). 

Riedel, Ber.. 1 4 ,  1252 (1941). 

221 (1957). 
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ether and could be conveniently recrystallized from 
hot water. In contrast to 111, the conjugate base 
of I1 can exist as the zwitterion IX, and the proper- 
ties of the compound fully confirm this structure. 
The PKA value (4.9) of IIa is very close to that of 3- 
hydroxypyridine methochloride (X) ( ~ K A  5.0), and 
the ultraviolet spectra of the hydrochloride and 
base, with maxima a t  290 and 320 mp, respectively, 
strikingly resemble those of X in neutral and alka- 
line solution (Amax 290 and 320). The base was un- 
affected by refluxing with alkali or treatment with 
diazomethane. The properties of the methylamino- 
pyridinium betaine IXb obtained from I1 (R = 
CH3) were very similar to those of IXa. 

CII $ 

Hydrazinium betaines analogous to IX do not 
appear to have been previously described, but the 
fact that the positive chargei s neutralized inter- 
nally should not greatly alter the chemical behavior 

of the >n"H2 system, which has been likenedS to 

the isosteric fNCHa grouping. The similarity in 
physical properties of IX and X bear out this coni- 
parison, but in contrast, we have found that the 
primary amino group in IXa, although devoid of 
basicity, displays a reactivity reminiscent of that 
of a primary amine. The condensation of the hy- 
drochloride IIa  with a ketone to give the Schiff base 
was mentioned in paper IV. 

The acylation of l,l,l-trisubstituted hydrazin- 
ium compounds has received relatively little at- 
tention. Treatment of 1-aminopyridinium chlo- 
ride (111) , 6  and later l,l,l-trimethylhydrazinium 
iodide, lo with sulfonyl halides gave the sulfonamides 
XI,  which were converted with alkali to the corre- 
sponding bases assigned the ylid structures XII, 

+ 
+ 

+ + 
[RJV--XH,]X- --+ [R3-N--NH-S0&]X- --+ 

XI 
+ R*N--N--SO~A~ 

XI1 

the sulfonyl group conferring stabilization of the 
negative charge on nitrogen as in the aryl ylids V. 
(10) S. Wawzonek and E. Meyer, THIS JOURNAL, 76, 2918 (1954) 

Compound I11 was also converted to an acetyl de- 
rivative which was isolated as the hydrochloridee; 
the corresponding base was not mentioned. 

In  the present work, IXa was found to react exo- 
thermally with acetic anhydride to give in excellent 
yield an ether-insoluble acetyl derivative which 
could be recrystallized from hot water. The com- 
pound was amphoteric (pKa 4.2, 6.3) and the ul- 
traviolet spectra in acid and alkaline solution closely 
resembled those of I1 and IX, respectively. A pro- 
pionyl derivative was also prepared which had prop- 
erties very similar to those of the acetylation prod- 
uct ( ~ K A  4.1, 6.2). The acetate was unaffected 
by fairly vigorous alkaline treatment but was hy- 
drolyzed to I1 with hydrochloric acid. Two 
structures, XI11 and XIV, come into consideration 
for the acetylation product. A third possibility, 
the 3-acetoxyylid XV, can be dismissed imrnedi- 
ately"; it would be expected to exhibit the lability 
of the ylid VI; moreover, this structure is incom- 
patible with the stability to alkali and the depend- 
ence of the ultraviolet spectrum on 9H. Struc- 
tures XI11 and XIV are both plausible, a priori ,  the 
question being simply a matter of the relative acid 
strengths of the -OH and -NH- groups in the con- 
jugate acid XVI. 

CH ( Id 

The correctness of the ylid structure XI11 was 
demonstrated by the reaction of the acetate with 
diazomethane, which led to a basic methylation 
product ( ~ K A  4.3), characterized as the crystalline 
picrate. Acid hydrolysis of this product gave a hy- 
drochloride which on deamination with nitrous acid2 
furnished 3-methoxy-4-methyl-5-phenylpyridine 
(XIX), identical with a sample prepared by meth- 
ylation of the hydroxypyridine XXII.I2 This se- 
quence of reactions establishes structures XVIIa 
and XVIII for the methylation product and hydro- 
chloride, respectively. The N-oxide XXI, which as 
discussed below is quite analogous to the ylid XI11 
and is known to have a 3-hydroxyl group of com- 
parable acidity,13 was foundI2 to be similarly meth- 
ylated by diazomethane.14 Had the acetate of IXa 
been the zwitterion XIV, methylation followed by 
hydrolysis would have been expected to furnish the 
methylaminopyridinium betaine IXb which was 

(11) This structure, as the hydrochloride, was erroneously attributed 
to the compound in ref. 3 on the basis of a rather cryptic preliminary 
communication (J. A. Moore, ibid. ,  77, 3417 (1955)). 

(12 )  J. A. Moore and H. H. Piischner, i b i d . ,  81, 6041 (1959), paper 
V. 

(13) E. Shaw, i b i d . ,  71, 67 (1949). 
(14) In contrast to the behavior of these 3-hydroxy betaines, the 

hydroxyl group in the hydrochloride IIa was not methylated with 
diazomethane; treatment of IIa with diazomethane liberated the base 
IXa. 
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available by rearrangement of the 1-methyl deriva- 
tive of the diazepine I.2 The 3-methoxy hydrochlo- 
ride XVIII, which as expected showed no measur- 
able ~ K A  value, furnished a dark oil on basifica- 
tion, paralleling the behavior of IIP ; this material 
was not further investigated. 

c HJ&oi:"; c' H~*OCH~ 
CH, 

CtJ>N, ~ 

N 
XIX r 

:T-COR 
XVIIa R=CH,  Y AM2 1 

x- i 
b, R: CFJ GH,&OCHj 1 

CHJ2 Y 
KHL 

XYIII 
c 11: C " 3  CH, 

c 1 1  >,?uc ii,-c 11 ~ O H - C J ~ ~ ~ O H  

ly ? N k- 

0- 
XX 

0- XXII 
XXI  

These findings reveal that the PKA values of 4.2 
and 6.3 of the acetate are associated with the -NH- 
and -OH groups, respectively, in the conjugate 
acid XVI. This conclusion was confirmed by the 
~ K A  values of the trifluoroacetyl and benzoyl 
derivatives, prepared by treatment of I X  with the 
anhydride and acid chloride, respectively. The 
trifluoroacetyl derivative was readily hydrolyzed to 
I X  with alkali; methylation furnished the crystal- 
line betaine XVIIb, which on hydrolysis gave 
XVIII. The benzoyl derivative was first obtained 
by another route from I, and the preparation and 
characterization will be described in a later paper. 

The trifluoroacetyl amide showed a single ~ K A  of 
6.0, and the methylation product XVIIb had no 
measurable ~ K A  value, indicating that the ~ K A  of 

+ 
the sNNHCOCF3 group was below 2.5.  The 
PKA values of the benzoyl derivative were 3.3 and 
6.4 (in 50% methanol). I t  is thus apparent (Table 
I) that the acidity of the fKNHC0R grouping 
parallels that of the corresponding carboxylic acids 
RCOsH very closely; the acylhydrazinium ion is 
the stronger acid by about 0.7 ~ K A  unit in the ace- 
tyl, propionyl and benzoyl cases. Whereas the PKA 

TABLE I 

+ 

PKA X'ALUES OF 1-ACYLAMINO-3-HYDROXYPYRIDINIUM DE- 
RIVATIVES 

c b H z 5 0 H  

AHCOR 
N 

R ~ K A  -OH ~ K A  -NH ~ K A  RCOiH 
CHa 6 . 3  4.2 4.8 
C2HS 6 . 2  4 . 1  4 . 9  
CFa 6.0" < 2 . 4  
CBHS 6.4" 3.3 4 .2  

In 507, methanol. 

of the -NH- group in these compounds depends, as  
expected, on the acyl group, the second ~ K A ,  as- 
sociated with the 3-hydroxyl function, falls in the 
fairly narrow range of 6.0-6.4, quite near that  of the 
N-oxide XXI, which has a PKA of 6.9.12 These 
data appear to permit the generalization that in 3- 
hydroxypyridinium compounds with a full posi- 
tive charge on nitrogen, such as the conjugate acids 
of I X  or X,  a PKA of about 5 will be observed, while 
3-hydroxy derivatives in which a negatively charged 
group such as -0- or -NR- is attached to the posi- 
tive nitrogen will be weaker acids by about 1-1.5 
PKA units. 

CH, 

C'H3iJCOCH3 
XXIII 

The acetylation product of the l-methylamino- 
pyridinium betaine IXb, which must have the 0- 
betaine structure XXIII  (analogous to XIV), pre- 
sented a sharp contrast to the acetate XIII .  The 
latter compound in neutral or alkaline solution is, of 
course, considerably stabilized by the resonance 

sNNCCH3 - sNN=C-CH3, which accounts 

for the strongly acidic character of the 3 N N H -  
COCHB grouping. In contrast, the N-methyl-N- 
acetyl compound XXIII ,  which is a monoacidic 
base with PKA about 6.0, was extraordinarily sus- 
ceptible to hydrolysis. The compound was quite 
soluble in cold water, and was converted to the free 
base IXb in cold carbonate solution. Attempted 
methylation of XXIII  with diazomethane in metha- 
nol solution also gave IXb. Another point of in- 
terest in the chemical properties of IXb was the 
finding that the compound furnished the theoretical 
amount of methyl iodide under the usual Zeisel 
methoxyl conditions. The facile cleavage of an N- 
methylamino group under these conditions has also 
been observed with 1-acyl-2-niethyl- and l-acyl-l- 
methylhydrazines. l5 

0 0- 
+ -  I/ + I  

+ 

Experimental 
l-Amino-3-hydroxy-4-methyl-5-phenylpyridinium Betaine 

(ma).-A solution of 1 g. of the hydrochloride Ha2 in 15 rnl. 
of warm water was treated with 3 ml. of 10% sodium hy- 
droxide solution. The base IXa crystallized immediately in 
felted laths which were washed with water and dried; 784 
mg., m.p. 192-195" dec., change in form a t  13C-140". A 
sample was recrystallized from ethanol-ether as glistening 
needles, m.p. 170/20C-2Ol0 dec. After drying a t  100" in 
vacuo for 3 hr., a sample lost about 5% weight and analyzed 
for a hemi-hydrate. 

Anal. Calcd. for C I ~ H ~ ~ O N ~ . ~ / Z K Z O :  C,  68.87; H, 
6.26; N, 13.40. Found: C, 68.82, 68.63; H, 6.31, 6 43; 
N, 13.19,13.03. 

After drying an additional four hours a t  110', anhydrous 
material was obtained; this had m.p. 191-195' dec. 

Anal. Calcd. for Ci2H120N2: C,  71.97; H, 6.04; N, 
13.99. Found: C, 71.73, 72.03; H, 6.01, 6.11; N, 14.27, 
14.17; wt. loss, 1.97. 

(15) M. Busch, Bcr., 36, 1565 (1902). 
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The material for physical properties contained about 4% 
solvent water: p K ~ l 8  4.9, mol. wt. 207; A::: 228 ( e  23,200), 
320 m p  (5700); 

The base was quite s >luble in hot water, and was readily 
purified by recrystallization from water. It was unaffected 
by warming in 10% potassium hydroxide solution. The 
compound gave a yellow color with Ehrlich reagent (p-di- 
menthylaminobenzaldehyde in hydrochloric acid); it did not 
reduce Tollens reagent. A solution of the base in methanol 
was unaffected by diazomethane; no nitrogen was evolved, 
and the starting material crystallized, m.p. 192-195' dec., 
on concentrating the solution and diluting with ether. 

I-Me thylamino-3-hydroxy-4-me thyl-5-phenylpyridine 
(IXb).-The hvdrochloride IIb2 was crvstallized from meth- 

225 (21,800), 292 mp (6700). 

anol-ether fo; analysis; shiny platefets, m.p. 205-207", 
PK.4 5.0 (50% methanol); 232 (20,600), 296 mp 
(6700); XE\:Hf"oH 244 (18,600), 334 m p  (7100) (this is the 
spectrum of the base). 

Calcd. for C13HlaON2.HC1 (250.72): C, 62.27; H, 
6.03; N, 11.18; (N)-CH3, 5.98. Found: C, 62.80; H, 
6.05; N, 11.39; "OCH3," 12.38; calcd. as (N)-CH3, 5.98. 

For conversion to the free base IXb, a solution of 225 mg. 
of the hydrochloride I Ib  in 1 ml. of water was treated with 
lOy0 potassium hydroxide solution until the pH was 10. 
The clear solution suddenly crystallized to a mass of felted 
white needles; 165 mg. (85yo), m.p. 146-148'. Recrystal- 
lization from methanol-ether did not raise the m.p., al- 
though in other instances, crystals with m.p. 150-152 were 
obtained. The  compound was readily soluble in hot water, 
which was a very satisfactory recrystallization solvent. 

The base was reconverted to the hydrochloride with meth- 
anolic hydrogen chloride; white prisms from methanol- 
ether, m.p. and m.m.p. 203-205'. The picrate was pre- 
pared in ethanol, yellow prisms, m.p. 142-144". 

l-Acetylamino-3-hydroxy-4-methyl-5-phenylpyridinium 
N-Betaine (XIII).-One hundred mg. of the betaine IXa 
was dissolved in 0.5 cc. of acetic anhydride; the solution 
became warm. After warming a t  50" for 30 seconds, water 
was added and the solution was boiled briefly to hydrolyze 
the excess anhydride. The hot solution was concentrated 
almost to dryness in a current of air; more water was added 
and large colorless prisms separated. The crystals were fil- 
tered, dried, and recrystallized from methanol-ether, furnish- 
ing 106 mg. of small, glistening prisms, m.p. 216-217'; 
~ K A .  4.1, 6.3; A!:;"HC' 230 ( e  17,500), 296 mM (8250); 
A'.' m a l  232 p (25,000), 321 mp (7,350); the isosbestic 
point was 306 mfi (determined from spectra a t  pH 4, 6, 7 
and 11). 

Anal. Calcd. for C1dH1402Kl (242.27): C, 69.40; H, 
5.82; N, 11.56. Found: C, 69.18; H,  5.77; N, 11.68. 

This compound could also be isolated from the acetylation 
mixture by adding potassium hydroxide solution to  a pH 
of 6-7; the acetate then separated as an oil which rapidly 
crystallized. The  acetate was appreciably soluble in water, 
and was freely soluble in aqueous acid or carbonate solution; 
it was virtually insoluble in ether. In  an attempted alkaline 
hydrolysis of the compound, a 15-mg. sample was dissolved 
in 0.5 cc. of 0.5 N potassium hydroxide and the solution was 
heated for 1.5 hr. a t  90". KO crystals separated on cooling; 
on neutralization with one drop of 10% hydrocliloric acid, 
10 mg. of unreacted acetate, m.p. and mixed m.p. 216-2217", 
was obtained. This recovered material was then subjected 
to acid hydrolysis by dissolving in 0.2 cc. of 10% hydrochlo- 
ric acid and warming for one hour. On cooling, characteris- 
tie crystals of the base hydrochloride separated, thesc were 
filtered and washed with one drop of water, m.p. and mixed 
m.p. with I I a  193-195". 

The acetyl derivative was recovered unchanged from at- 
tempted Pt-catalyzed hydrogenolysis under conditions which 
brought about reduction of I Ia  to XXII .  

l-Propionamido-3-hydroxy-4-methyl-5-phenylpyridinium 
N-Betaine.-A solution of 50 mg. of IXa in 0.11 ml. of pro- 
pionic anhydride was heated for 1 min. on the steam-bath. 
Water was then added, the solution was boiled briefly and 
evaporated to  an  oil. The oil crystallized slowly after addi- 
tion of ether. The material was recrystallized from methanol 
-ether, double m.p. 151-153/175-177°, and finally from 
acetone-ether, white prisms, m.p. 177-178"; $R.t' 4.05, 

Anal. 

(16) The 9K.k values are apparent dissociation constants deter- 
mined by the method of T. V. Parke and TV. W. Davis, A m i .  Chem.,  
2 6 ,  642 (1954) .  

6.2; the ultraviolet and infrared spectra were practically 
identical with those of the acetate. 

Anal. Calcd. for CljH1602N2 (256.30): C, 70.29; 13, 
6.30; N, 10.93. Found: C,70.33; H,6.38; N, 11.13. 

I-Acetylamino-3-me thoxy-4-methyl-5-phenylpyridinium 
N-Betaine (XVIIa).--8 solution of 50 mg. of XI11 in 2 ml. of 
methanol and 5 ml. of ether was treated with ethereal di- 
azornethane. Sitrogen was briskly evolved; after standing 
for 2 min. with excess diazomethane, the solution was evap- 
orated in vacuo to a light pink oil which could not be crys- 
tallized. This oil, which was freely soluble in water, was 
treated in methanol solution with 50 mg. of picric acid and a 
light yellow picrate crystallized immediately. The deriva- 
tive, 10 mg., was recrystallized from ethanol as small, bright 
yello\y prisms, m.p. 149-151 '; it was finally recrystallized 
from methanol, m.p. 152-153', pKAl 4 .3  (in 50% methanol). 

Anal. Calcd. for CYIH1gx50g (485.40): C, 51.90; H, 
3.95; S, 14.43. Found: C, 51.90; H ,  4.0%; S, 14.60, 
14.88. 

1-Amino-3-methoxy-4- methyl-5-phenylpyridinium Chloride 
(XVIII).-A methanol-ether solution of 500 mg. of XI11 
was treated with excess diazomethane and after 30 sec. 
standing the solution was evaporated in DQCZLO. The result- 
ing pink oil Jws dissolved in 2 ec. of l0yo hydrochloric acid 
and the solution was heated for 25 min. on the steam-bath 
and then was reduced to a thick sirup in DUCUO.  This ma- 
terial was taken up in a few cc. of ethanol, and the amber solu- 
tion was filtered. Dilution with ether and scratching gave 
heavy, cream-colored prisms of the hydrochloride XVIII ; 
415 mg., m.p. 186-187'. -1fter recrk-stallizing from ethanol- 
ether and finallv ethanol-oetroleum ether. the material was 

(6400); 
were the same. 

Anal. Caled. for C I ~ H ; ~ O S ~ C ~  (250.72): C, 62.37; H ,  
6.03; N, 11.18. Found: C,62.29; H,6.16; S, 10.91. 

This hydrochloride was very soluble in water and less S O  
in absolute ethanol. When a sample of the salt in water was 
made alkaline, a dark brown oil separated. 
h sample (30 mg.) of this hydrochloride \vas converted to 

the picrate, in methanol solution, with 30 mg. of picric 
acid: The picrate separated as golden plates, m.p. 170- 
173 . Recrystallization from ethanol gave dark gold leaves, 
m.p. 175-176'. 

Anal. Calcti. for C l ~ H 1 7 ~ 6 0 ~  (443.37): C, 51.47; 11, 
3.87; N, 15.80. Found: C, 51.16; €1, 3.66; X, 15.74. 

3-Methoxy-4-methyl-5-phenylpyridine (XIX) .-To a solu- 
tion of 108 mg. of the 1-amit1o-3-metI~oxyhydroel1lor~de 
XVIII in 4 ml. of ethanol was added 190 mg. of sodium ni- 
trite in 0.5 ml. of water and then 1 nil. of l0yG liydrochlorie 
acid. The solution was allowcd to  stand for 0.5 hr. and the 
alcohol was evaporatcd. The aqueous solution was made 
basic with potassium hydroxide and an oil separatetl which 
crystallized on chilling the mixture but reincltetl at room 
temperature. The mixture was extrxted with ether ant1 the 
cther solution was washed with water, dried aud cvapcirated. 
The resulting yellow oil could not be crystallized, even a t  
-20°, the solid obtained from aqueous suspension evidently 
being a hydrate. The oil was then redissolved in ether ant1 
the solution was treated with dry hydrogen chloride. Color- 
less prisms of the liytirochloride separated immediately. 
The mnterial was filtered and recrystallized from ahsolute 
ethanol-ether as white needles; 55 mg., 1n.p. 157-159' 
(subl. ). Final recrystallization from etliaIiol-petroleuln 
ether ga\.c shining needles, m.p. 152-155" (sub.); ~ K A '  5.0; 

' y'*o~l 280 mp (6600); 228 ( l i  ,500), 287 
mp (8700). Repeated analyses on this compound gave in- 
explicably low carbon values; hydrogen and nitrogen wcrc 
in good agreement. 

the spectra In 0.1 1%- H 

m 0.1 A . 

AnnZ. Calcd. for C1,H,,OSC1 (235.71): C, 6 6 . 2 i ;  11, 
5.99; 3, 5.94. Found: C, 65.04, 65.07, 04.17; II ,  6.19, 
5.96; 6.20; N, 5.9s. 

A sample (10 mg.) of the hydrochloride was treated in 
ethanol solution with 10 mg. of picric acid; the picrate 
separated in matted yellow needles, m.p. 135-136'. Re- 
crystallization from ethanol gave yellow needle clusters, 
1n.p. 136-137", no depression on mixture with the picrat? 
obtained12 by methylation of XXII;  the infrared spectra of 
these two picrates were superimposable. 
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1-Trifluoroacetylamino-3-hydroxy-4-methyl-5-phenyl- 
pyridinium N-Betaine.-A suspension of 100 mg. of IXa  in 2 
ml. of benzene was treated, a t  5-12', with 0.3 ml. of tri- 
fluoroacetic anhydride. The base immediately dissolved, 
and after 20 sec. the solution was evaporated to a colorless 
oil. The oil crystallized on treatment with water followed 
by a drop of methanol. The colorless plates of the trifluoro- 
acetate were filtered, washed with water and dried; m.p. 
178-179". 107 mc. Recrvstallization from methanol-water 
gave glistening p&ms, m.;. 179-180°, PKA? 6.0 (50% meth- 
anol); O.lN NaoH 229 ( e  23,400), 322 mg (7,300); 
A::? 228 (20,000), 292 mp (7,100). 

Anal. Calcd. for C ~ ~ H I I X Z O ~ F ~  (296.25): C, 56.76; H ,  
3.74; N,9.46. Found: C,56.88; H,3.95; N,9.52. 

This compound was virtually insoluble in water or acid, 
but was freely soluble in carbonate solution: it was signifi- 
cantly more soluble in organic solvents such as benzene or 
ether than was the acetate. 

A sample (20 mg.) of this derivative was hydrolyzed by 
warming in 0.5 cc. of 10% potassium hydroxide solution for 
20 min. The solution, which contained a trace of oil, was 
cooled and treated with one ml. of water and a few drops of 
methanol; white needles separated. This material was fil- 
tered and dried; wt. 11 mg., m.p.  andm.m p. with theorigi- 
nal base IXa, 195-196' dec. 

I-Trifluoroace tylamino-3-methoxy-4-methyl-5-phenyl- 
pyridinium N-Betaine (XVIIb).-A solution of 340 mg. of the 
trifluoroacetylbetaine in 6 ml. of methanol was treated with 
excess ethereal diazomethane. When the vigorous gas evolu- 
tion had ceased, the solution was evaporated in vucuo. The 
oil was dissolved in ether and the solution crystallized upon 
the addition of petroleum ether. The product was recrys- 
tallized twice from methanol-water, furnishing 150 mg. of 
XVIIb, white prisms, m.p. 131-135", no PKA' between pH 2 
and 12; 233 ( E  15,000), 295 mp (9,600); the spectra in 
acidic and alkaline solutions were unchanged. 

Anal. Calcd. for C I ~ H I ~ N Z O ~ F ~  (310.27); C, 58.06; H,  
4.22; S, 9.03. Found: C, 58.10; H ,  4.17; N, 9.71, 9.85. 

A 60-mg. sample of this product was heated for 20 min. on 
the steam-bath in 1 ml. of 5% methanolic potassium hy- 
droxide solution. Evaporation of the solution gave a dark 
brown water-insoluble oil which was dissolved in methanol 
and treated with a methanol solution of 50 mg. of picric 
acid. Dark gold plates of the picrate separated immedi- 
ately; recrystallization from ethanol gave 50 mg. of deriva- 
tive, m.p. 171-172", no depression with picrate (m.p. 174- 
175') prepared by hydrolysis of XVIIa. 

I-( N-Methylacetylamino)-3-hydroxy-4methyl-5-phenyl- 
pyridinium Betaine (XXIII).-A 60-mg. sample of I X b  was 
dissolved in 0 3 ml. of acetic anhydride; the solution became 
warm and developed an orange color. After standing for 30 
sec. a t  60°, 0.5 ml. of water was added and the solution was 
evaporated to a sirup. This compound was exceedingly 
difficult to crystallize. Treatment with chloroform and 
ether gave an amorphous solid which slowly crystallized from 
a mixture of methanol, acetone and ether to give 38 mg. of 
of slightly colored prisms, m.p. 194-198". After treatment 
with carbon, recrystallization from the same solvent mixture 
gave short white prisms, m.p. 198-200". 

For analysis the compound was converted to the picrate 
which mas twice recrystallized from ethanol, m.p. 179-180°, 
~ K A  6.0. 

Anal. Calcd. for C21HL909Sj (485.4): C, 51.96; H ,  
3.94; N, 14.43. Found: C, 51.87; H, 4.00; N, 14.36. 

A solution of 16 mg. of the acetylation product in 0.1 ml. 
of methanol was allowed to stand for 2.5 hours with excess 
ethereal diazomethane. Evaporation of the solution gave a 
crystalline residue, 1n.p. and m.m.p. with IXb, 150-152'. 
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Heterocyclic Studies. VII. The Preparation and Reactions of 2-Amino-5- 
hydroxypyridines ; the Formation of an Azaquinonel 
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2-Aniiiio-5-hydroxypyridine has been prepared by the diazotization of 5-amino-2-benzamidopyridine and by reduction of 
5-hydroxy-2-p-nitrobenzeneazopyridine; the diazo coupling of 3-hydroxypyridines has been shown to be a generally useful 
method for the preparation of 2-amino-5-hydroxypyridines. Treatment of 2-amino-5-hydroxypyridine and 2-amino-5- 
h~~droxy-l-niethyl-3-phenylpyridine with exce~s nitrous acid furnished nitrosodihydroxypyridines. Hydrolysis of 2-nitroso- 
3,6-dihydroxy-4-methyl-3-phenylpyridine led to an  azaquinone. Several reactions of the latter compound are described. 

In connection with other work in this series, 
samples of 2- and 6-amino-3-hydroxy-4-methyl-5- 
phenylpyridine and information on some reactions 
of 2-amino-5-hydroxypyridines were required. Al- 
though several generally applicable synthetic paths 
for the preparation of 2-amino-3-hydroxypyridines 
are available, no satisfactory synthetic methods 
leading to the 2-amino-5-hydroxypyridine system 
have been described. The studies reported in this 
paper were undertaken to develop preparative 
methods for 2-amino-5-hydroxypyridines and to 
obtain precise information on the properties and 
reactions of this type of substituted pyridine. Par- 
allel investigations were carried out with the 4- 
methyl-5-phenyl- and the 4,Ei-unsubstituted pyri- 
dine series, the latter serving as model compounds. 
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2-Amino-5hydroxypyridine has had a checkered 
past, and appears never to have been adequately 
characterized. The compound was reported by 
Koenigs, Gerdes and Sirot3 to arise by reduction of 
the nitration product of 3-hydroxypyridine, but i t  
was subsequently established by Schickh, et al.,4 
and by Plazek5 that the product from this sequence 
of reactions is the 2-amino-3-hydroxy isomer. Re- 
newed interest in 2-amino-5-hydroxypyridine 
stemmed from a study of the metabolic product of 
sulfapyridine in the rabbit and Hydrolysis 
of this metabolite furnished an aminohydroxypyri- 
dine,6s8 characterized as the picrate and hydrochlo- 

(3) E. Koenigs, H. C. Gerdes and A. Sirot, B e y . ,  61, 1022 (1928). 
(4) 0. V. Schickh, A. Binz and A. Schulze, ibid., 60, 2600 (1936). 
( 5 )  E. Plazek and Z .  Rodewald, Rocz. Chem.,  16, 502 (1936). 
(6) C. V. Weber, J. J. Lalich and R. H. Major, Proc. Sot. Etpl.  

(7) J. V. Scudi, i b i d . ,  66, 197 (1944). 
(8) H. G. Bray, F. C. Neale and W. V. Thorpe, Biochem. J . ,  40, 406 

B i d .  Med., 68, 190 (1943). 

(1946). 


