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A Convenient Synthesis of Formamidine and Acetamidine Acetate 
BY EDWARD C. TAYLOR AND WENDELL -1. EHRHART~ 

RECEIVED SOVEMBER 10, 1959 

It is shown tha t  the reaction of ethyl orthoformate, ammonia and 11/1 moles of acetic acid gives pure formamidine acetate 
in 8470 yield. Acetamidine acetate map also be prepared in 845; 1-ield by the reaction of ethyl orthoacetate with ammonia 
and ammonium acetate. I n  contrast t o  formamidine and acetamidine hydrochloride, which are highly deliquescent, the 
corresponding acetates are not appreciably hygroscopic. Formamidine acetate may be used directly in many condensation 
reactions without prior liberation of free formamidine. Thus, 4-aminopyrimido [4,5-d]-pyrimidine (IV) may be prepared 
by reaction of formamidine acetate with (a) 1/3 mole of malononitrile, ( b )  4-amino-5-cyanopyrimidine, (c) 4-methylmercapto- 
5-formyl-6-aminopyrimidine, (d)  4-aminopyrimidine-5thiocarboxamide or (e )  4-methylmercapto- or 4-mercaptopyrimido- 
[4,5-d] pyrimidine. Direct condensation of formamidine acetate with ethyl cyanoacetate yields ethyl aminomethylenecy- 
anoacetate, while reaction with o-phenylenediamine gives benzimidazole. Reaction of formamidine acetate with acetic 
anhydride yields triacetylaminomethane (VI),  identical with a compound previously prepared b y  Pinner from formamidine 
hydrochloride, acetic anhydride and sodium acetate bu t  recently considered to  be diacetylformamidine (V). 

Previous work in this Laboratory has shown that 
various o-aminonitriles in the pyrazole2 and imid- 
azole2,3 series may readily be converted to fused 
pyrimidine heterocycles by reaction with ethyl 
orthoformate and acetic anhydride to give an 
ethoxymethyleneamino derivative I ,  which upon 
subsequent reaction with ammonia or primary am- 
ines undergoes cyclization to 11. In connection 
with current work on the chemistry and properties 
of pyrimido [4,5-d] pyrimidines, we attempted a 
similar series of reactions with some 4-amino-5- 
cyanopyrimidines, and the unexpected results ob- 
tained led to a new synthesis of formamidine which 
is described in the present paper. 

NH 

Following the procedures previously employed 
with other o-aminonitriles, a mixture of 4-amino-5- 
cyanopyrimidine (III), ethyl orthoformate and 
acetic anhydride was heated under reflux and then 
evaporated under reduced pressure to a viscous 
oil. Since this presumed ethoxymethylene deriva- 
tive could not be crystallized, it was treated di- 
rectly with ethanolic ammonia. To  our surprise, 
unchanged I11 separated in quantitative yield from 
the reaction mixture. 4-Amino-5-cyano-6-methyl- 
pyrimidine similarly was recovered unchanged 
when treated under the same conditions. Since 
monosubstituted pyrimido [4,5-d] pyrimidines are 
known to be labile to aqueous base4 and imino 
ethers such as (I) are hydrolyzed under the same 
conditions, it was thought that the failure of this 
reaction might have been due to the presence of 
moisture in the alcoholic ammonia. A4ccordingly, 
4-amino-5-cyanopyrimidine (111) was heated with 
an equimolar mixture of acetic anhydride and ethyl 
orthoforinate while a stream of dry ammonia was 
bubbled directly through the reaction mixture. 
Filtration yielded the desired 4aminopyrimido- 
[4,5-d]pyrimidine (IV) and a large amount of 
white water-soluble crystals. I t  was evident from 
the bulk of this latter material that it was not a 
derivative of 4-arnino-5-cyanopyrimiditie; indeed, 

(1 j Parke, Davis and Co. Fellow in Chemistry, 1958-1959. 
(2) E. C. Taylor and K.  S.  Hartke,  THIS JOURNAL, 81, 2459 (1959). 
(3) E. C. Taylor and P .  K. Loeffler, ibid., 82, 3147 (1960). 
(4) K .  J. Knopf,  Ph  D. Thesis, Princeton University, 1957. 

it could be prepared in equivalent amount by 
bubbling ammonia directly into a refluxing solu- 
tion of ethyl orthoformate in acetic anhydride. 
Fractional crystallization of this material from 
ethanol yielded a less soluble fraction (A), m.p. 
279-280" dec., and a soluble fraction (B), m.p. 
162-1 64", as the major constituent. Compound 
B, C3H8N202, was shown to be formamidine 
acetate by conversion to formamidine hydro- 
chloride by means of dry hydrogen chloride, to 
formamidine picrate with picric acid and by its 
utilization in synthesis (vide injm). Compound A 
proved to be identical witll a compound previously 
prepared by Pinner5 by the reaction of acetic an- 
hydride with an equimolar mixture of formamidine 
hydrochloride and sodium acetate. Although it 
was first claimed to be diacetylformamidine (V), 
it was later stated6 that the analytical results were 
better in accord with the structure triacetylamino- 
methane (VI), although no evidence in support of 
this assignment could be advanced. An acetyl 
determination on compound A now definitely con- 
firms this structure.' I t  should be pointed out that 
triacetylaminomethane (VI) can be prepared di- 
rectly from formamidine acetate and acetic anhy- 
dride and this procedure is preferable to Pinner's 
original method. Compound VI has recently been 
prepared by a different procedure by Bredereck, 

HC(=XCOCHB)SHCOCHa HC( SHCOCHI)~ 
5' VI 

et a1.,8 but no physical properties for this substance 
were given and its relationship to Pinner's com- 
pound was not mentioned. A recent review article 
on amidinesg assigns structure V to Pinner's com- 
pound, apparently unaware of his later structural 
revision. 

The formation of formamidine acetate by the 
reaction of acetic anhydride, ethyl orthoformate 
and ammonia is of great interest, for we believe 
that it represents the first synthesis of an unsubsti- 

(5) A. Pinner, Bet. ,  16, 1659 (1883); 17, 171 (1884). 
(6) A. Pinner, "Die Imidoather und ihre Derivate," Berlin, 1692. 
(7)  The acetyl determination was carried out by the method de- 

scribed by Freudenberg (Ann . ,  433, 230 (1923)) and indicated four 
acetyl groups. However, i t  has been shown (ref. 12) tha t  triformyl- 
aminomethane gives four formyl groups by this method and i t  seems 
reasonable t o  assume t h a t  formic acid would also be produced from VI ,  
thus accounting for the fourth acetyl group. 

(8) H. Bredereck, R.  Gompper, H. Rempfer,  H. Keck and K. 
Klemm. ATiEew. Chei i i . ,  70, 2F9 (1958). 

(9) I<. L. Shriner and F. W. Sewmanu,  Chri t i .  RBZ'S., 36, 351 (1944). 
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tuted amidine from ammonia and an ortho ester. 
The above procedure, however, is not an efficient 
one for the preparation of formamidine, for a part 
of the product reacts further with acetic anhydride 
to give triacetyla minomethane (VI), which also 
impedes purification. Furthermore, inspection of 
the many reactions which must be taking place in 
the reaction mixture leading to the formation of 
formamidine acetate (1-6) reveals that the acetic 
anhydride serves primarily as  a source of acetic 
acid. Indeed, it was found that optimum con- 
ditions proved to be the reaction of ethyl ortho- 
HC(0Et)a  + - 1 ~ 2 0  + 

CHaCOOCH(0Et)z + CHaCOOEt (1) 

HC(OEt)3 + SH3 HC(=NH)OEt + 2EtOH (2)  

A c ~ O  + 2xH3 + C H B C O N H ~  f CH3COO-+NH4 (3)  
CHzCOOCH(0Et)z + 2NH3 + 

CH,COO-+SHI + EtOH f HC(=NH)OEt  (4) 
HC(=SH)OEt  + KH3 

HC(=NH)SH2 + EtOH ( 5 )  

HC(=R”)XHz + CH~COO-+NHI Jr 
HC(=SH?)SH2+-OOCCH3 + SH3 (6) 

formate with anhydrous ammonia in the presence 
of 11/3 moles of acetic acid. The ethanol formed 
is distilled from the mixture, which is then cooled 
and filtered to give pure, colorless formamidine 
acetate in 847, yield. I t  could also be prepared 
by heating ethyl orthoformate with two molecular 
equivalents of ammonium acetate in the absence 
of additional ammonia, but the product was slightly 
contaminated with ammonium acetate and yields 
were somewhat lower. 

Formamidine is usually prepared as its hydro- 
chloride, either by the classical method of Pinner’O 
from hydrogen cyanide via the formimino ether 
or by desulfurization of thiourea in the presence of 
ammonium chloride.’l Formamidine hydrochlo- 
ride, however, is extremely deliquescent and con- 
siderable care to exclude moisture must be exercised 
in both of the above procedures if satisfactory re- 
sults are to be achieved. Bredereck, et a1.,I2 have 
recently reported the synthesis of the hydrogen 
methyl sulfate salt of formamidine by reaction of 
formamide with dimethyl sulfate. Although this 
method appears to be both convenient and economi- 
cal, no reactions of the salt have been reported and 
it would be anticipated that, as with the hydro- 
chloride, the free base must be liberated from the 
salt when used in condensation reactions. Further- 
more, complications in synthesis might be antici- 
pated from the fact that methyl hydrogen sulfate is 
an effective methylating agent.13 

In view of the above results, it would appear 
that the formation of 4-aminopyrimido [4,5-d] - 
pyrimidine (IV) by the reaction of 4-amino-5- 
cyanopyrimidine with ammonia, ethyl orthoformate 
and acetic anhydride may have been the result of 
a direct condensation of formamidine acetate 
formed in situ with the o-aminonitrile. Indeed, 

(IO) A.  Pinner, B e y . ,  16, 3 5 2 ,  1643 (1883). 
(11) D. J. Brown, J .  A p p l .  C h e w . ,  2, 202 (1952). 
(12) H. Bredereck, R .  Gompper, H. Rempfer, K. Klemm and H.  

(13) “Chemistry of Carbon Compounds,” ed. by E. H. Rodd, 
Keck, B e y . ,  92, 329 (1959). 

Elsevier Publishing Co.,  X e w  York, K. Y . ,  1951, Vol. IA, p. 339. 

i t  was found that condensation of these two rea- 
gents in 2-ethoxyethanol yielded 4-aminopyrimido- 
(4,5-d)pyrimidine (IV) in 57% , yield. Further- 
more, since 4-amino-5-cyanopyrlmidine itself is 
prepared by the reaction of 1 mole of malononi- 
trile with 2 moles of formamidine,l4 a one-step 
synthesis of IV was achieved directly from malono- 
nitrile and 3 moles of formamidine acetate. Com- 
pound I V  could also be formed by the reaction of 
formamidine acetate either with 4-methylmercapto- 
5-formyl-6-aminopyrimidine (VII) or with 4- 
aminopyrimidine-5-thiocarboxamide (VI I I). Both 
syntheses presumably proceed v i a  the intermediate 
mercapto derivatives IX and X, since X was iso- 
lated in a reaction between formamidine acetate 
and VI11 when the reaction temperature was 
lowered by using ethanol rather than 2-ethoxy- 
ethanol as  solvent. Furthermore, both IX and X 
could be converted to IV by treatment with form- 
amidine acetate under the reaction conditions. 

IX IV X 

1.. IF* 
+; HzN N NxcsNHz N NHz 

VI11 VII (FA = formamidine acetate) 

CNCHzCOOEt + HC(=NHz)NH;+ -0OCCHI 
\ 

CNC (=CHNHz) COOEt 

0 

It was found, as expected, that formamidine 
acetate could replace formamidine hydrochloride 
in syntheses previously reported using the latter. 
In addition, formamidine acetate, as the salt of a 
strong base and a weak acid, could often be used 
directly without prior liberation of free formami- 
dine. In addition to the examples given above, 

(14) J. Baddiley, B. Lythgoe and A. R. Todd, J .  C h e w  S O L . ,  38G 
(1943). 
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the direct condensation of formamidine acetate with 
ethyl cyanoacetate in ethanol solution gave ethyl 
aminomethylenecyanoacetate in 637, yield, and 
condensation with o-phenylenediamine gave benz- 
imidazole in 7670 yield. The formation in high 
yield of 7-methyladenine-3-N-oxide by the condensa- 
tion of formamidine acetate with l-methyl-4- 
hydroxylamino-5-cyanoimidazole has already been 
reported.lj 

Evidence that the synthesis of other unsubsti- 
tuted aniidines could be carried out under similar 
conditions with other ortho esters was obtained 
by the reaction of ethyl orthoacetate with ani- 
monium acetate and ammonia to give acetamidine 
acetate in 84% yield. Acetic acid could not be used 
to advantage in place of ammonium acetate in this 
instance because of rapid decomposition of ethyl 
orthoacetate. Although this synthesis of acet- 
amidine is more expensive than the Pinner pro- 
cedure from acetonitrile, it requires only a few 
hours rather than several days, no precautions 
need be taken for the exclusion of moisture, and 
the slightly hydroscopic acetate rather than the 
highly deliquescent hydrochloride is formed. 

We have also found that aliphatic primary amines 
react with ethyl orthoformate and other ortho 
esters in the presence of the acetate salt of the amine 
to give synz-N,X'-dialkylamidine acetates in good 
yield. This work will be discussed in detail in a 
subsequent paper. 

Experimental 
Formamidine Acetate. MethodA.-A mixture of 30.0 g. of 

ethyl orthoformate and 16.1 g. of glacial acetic acid in a 
three-necked flask equipped with a condenser and gas inlet 
tube was heated to  boiling by immersion in an oil-bath held 
a t  130-135" and a rapid stream of dry ammonia passed 
through. Formamidine acetate started t o  separate from 
the boiling mixture after 30 minutes; after 45 minutes the 
anitnoilia was turned off, the  condenser was set for distilla- 
tion, and ethanol was slowly distilled off a t  an  oil-bath tem- 
perature of 155-160' until the temperature of the condensing 
vapor dropped below 75'. This required about 30 minutes 
and 27 ml. of ethanol was collected. The mixture was then 
cooled to  20" and filtered and the collected white crystals 
washed with ethanol followed by ether; yield 16.05 g., m .p .  
162-164'. An additional 1.65 g. was recovered from the 
filtrate to give a total + A d  of 17.7g.(84.2Cj,). The p r o d x t  
was recrystallized from ethanol for analysis without change 
in the melting point. 

Anal. Calcd. for C3H8S202: C, 34.6; €1, i .73; S, 
26.9. Found: C,31.8; H , i . 7 ;  N,%7.1. 

Treatment of an ethaiiolic solution of formamidine acetate 
with dry hydrogen chloride, followed by addition of ether, 
resulted in the separation of formamidine hydrochloride, 
1n.p. 80°, identical with an authentic sample. Addition of 
picric acid to  an  ethanol solution of formamidine acetate 
yielded the picrate, m.p. 251-253', identical with an authen- 
tic sample. The reported melting point for formamidine 
picrate is 248'.'7 

Method B.-A mixture of 30 .O g. of ethyl orthoforinate aiid 
31.2 g. of finely ground ammonium acetate was heated under 
reflux in an oil-bath a t  130-135" for 2.75 hours and then 
evaporated to  near dryness under reduced pressure. Xddi- 
tion of ethanol to  the residue and filtration yielded 12.5 g. of 
white crystals, m.p. 162-161". An additional 2.8 g. of prod- 
uct was obtained from the filtrate for a total yield of 15.3 g. 

Method C.-Thirty milliliters of an equimolar mixture of 
ethyl orthoformate and acetic anhydride was heated under 

(73%). 

(15) E. C. Taylor and P. K .  Loeffler, J .  Org. Chem., 26, inpress (19CO).  
(10) \Ye are indebted for the  microanalyses to Dr. Jvseph F. 

(17) W, Dieckmann, Bey. ,  25, 546 (1892). 
Alirinu, Metuchen, N .  J .  All melting points are uncorrected. 

reflux by means of an  oil-bath a t  150" while a rapid stream of 
dry ammonia was bubbled through. After 40 minutes the 
mixture was cooled to  room temperature, filtered, and the 
collected solid washed with cold ethanol aiid dried; yield 7.5 
g., m.p.  (incomplete) 16P.5-164°. Extraction of this ma- 
terial with hot ethanol l-ielded 1.0 g .  of an insoluble colorless 
solid, m.p. 2i9-280" dec., which was identical with an au- 
thentic sample of triacetylamiiiometiiane prepared by the 
method of Pinner (see also below). Concentration in mcuo 
of the ethanol extract above and chilling yielded 6.2 g. of 
formamidine acetate, m.p. 162-161'. 

Triacetylaminomethane was prepared by the method of 
Pinner and also as described below. A mixture of 20 g. of 
formamidine acetate and 60 ml. of acetic anhydride was 
heated under reflux for 80 minutes. It was then allowed to 
stand a t  room temperature for 2 hours, filtered, and the col- 
i1.ctr.d solid washed with ethanol; yield 9.8 g. ,  m.p. Pi6-278" 
tiec. Kecrystallizatioii from water raised the dccompositioii 
point to 279-280". 

A n d .  Cnled. for C:€IIJS~O?: C, 11.9; 11, 7.0; S, 
82.45; acetyl, 92.0. Found: C, 44.9; H, 6.9; X, 22.1; 
acetyl, 92.0. 
4-Aminopyrimido(4,5-d)pyriinidine. Method A,-.% mix- 

ture of 0.50 g .  of 4-aInirio-j-c~anopyrimidine and 5 ml. of an 
equimolar mixture of ethyl orthoformate and acetic anhy- 
dride was heated under reflux for TO minutes and then a 
stream of dry ammonia was bubbled through for 20 minutes. 
The mixture was cooled and filtered and the collected solid 
washed thoroughly with water t o  give 0.35 g. (5iYG) of a 
light tan solid, m .p .  >3403 dec. This material was ideiiti- 
cal in every respect with an autlientic sample of l-aminopy- 
rimido [4,3-d] pyrimidine. l6 

Method B.--X mixture of 0.50 g. of 1-arnino-j-cyanopyrim- 
idine, 0.87 g. of formamidine acetate and 10 ml. of 2-ethos?- 
ethanol was heated under reflux for 30 minutes, cooled, f i l -  
tered, and the collected solid washed with water to  give 0.33 
g., (370L) of a light tan solid, 1n.p. >BUD dec. identical, 
with the product obtniried by method A.  

Method C.--.Z mixture of 1.0 g. of malononitrile, 6.0 g. of 
formamidine acetate and 1 5  ml. of 2-ethoxyethanol was 
heated under reflux in an oil-bath for 25 minutes. It was 
then cooled, filtered, a-id the collected solid washed with 
ethanol. Dissolution in dilute hydrochloric acid followed 
by reprecipitation with aninioniurn h>-droxide yielded 0.62 
g. of a light brown solid, m.p.  >320" dec. Sublimation of 
this material a t  %-LOo (0.1 mm.)  )-ieldcd 0.52 g .  (23YG) of a 
light tan solid which was identical in every respect with the 
products prepared by methods 

Method D ,-A\ mixture of 0.25 g. of 4-rnethvlinercapto-.i- 
formyl-6-amiiiopyrimidine, 0.50 g. of formainidine acetate 
aiid 5 ml. of 2-ethoxyethariiA was heated under reflux for ?!I 
minutes and then cooled and filtered. The collected solid 
was washed thoroughly with water followed by ethanol til 
give 0.11 g.  ( , 5~1 .57~)  of a light tnn solid, m.p .  >340', de<. 
identical with the products obtaiiied above. 

Method E.-Treatment of a mixture of 4-aminopyriiiii- 
tliiie-5-thiocarbosamide, forinainidine acetate and 2-ethoxy- 
ethanol under the above conditions gave 4-aminopyrimidi)- 
(4,5-d)pyrimidine in 4456 yield. 

Method F.-Treatment of a mixture of 4-methylinercapto- 
pyriniid0(4,3-d)pyrirnidine,~ formamidine acetate arid 2- 
ethoxyethanol under the above conditions gave 4-aminopy- 
rimido( 4,5 -d)pyrimidine in 777" yield. 

Ethyl Aminomethy1enecyanoaietate.-.A mixture of 3 .O g .  
of ethyl cyanoacetate, 5.5 g. of formamidine acetate aild 60 
ml. of ethanol was heated under reflux for 15 hours, evapo- 
rated t o  near dryness, and the residue trituratedo with wva 
and filtered; yield 2.35 g. (63cyc), m.p. 131-!33 . Kecr 
tallization from toluene-tetrah\drofuran yielded color1 
crystals, m .p  140.5-112.5°. This material is reported to 
melt at 140'.1@ 

A m l .  Calcd. for Cs€lsSiOp: C, 51.4; 13, 5.75; S ,  

Benzimidazole.--X mixture of 1 .0 g. of o-plieii!,lcnc.tiiaiii- 
ine, 2.0 g. of formamidine acetate and 15 nil. of 2-ethosy- 
ethanol was heated under reflux for 1.5 hours and then evap- 
orated to  a small volume in vacuo. Water was added to the 

(181 E. C .  Taylor,  I<. J. Knopf,  11. L. Hoeme, R.  P. l l e y e r  and A.  

(19) C .  \\'. Kenner, B. Lythgoe, A. I<. Todd and A.  'I'ivha11~, J .  

arid B above. 

19.9. Found: C ,  51.6; H, 5.95; h-, 20.2. 

- . ~ ~ 

Ht,Irnes, 'l'rrls JOURYAL, 82, in press (1960). 

C h e w  SOL., 388 (1943). 
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residue and the resulting slurry was again evaporated t o  a 
small volume. Addition of water and filtration then gave 
0.53 g. of a gray solid, m.p. 170-171°. An additional 0.30 
g. of product was recovered from the filtrate t o  give a total 
yield of 0.83 g.  (if3yo). The product was recrystallized from 
water without change in the melting point. Benzimidazole 
is reported to melt at 17Oo.*0 

Acetamidine Acetate.-A mixture of 32.4 g. of ethyl ortho- 
acetate and 15.1 g. of ammonium acetate was heated under 
reflux for 45 minutes, while a stream of dry ammonia was 
bubbled through. The reaction mixture was then distilled 
a t  an oil bath temperature of 155-160' until the temperature 

(20) hl .  A. Phillips, J .  Chem. SOL., 2393 (1928). 

of the condensing vapors fell below 75'. This required about 
25 minutes and yielded 18.5 g. of distillate. The residue was 
cooled t o  room temperature and filtered and the collected 
solid washed with a small amount of ethanol and dried; 
yield 16.5 g., m.p.  189-191'. .In additional3.25 g. of prod- 
uct was obtained from the filtrate for a total yield of 19.75 
g. (84y0). Acetamidine acetate is reported to  melt at 185- 
187'.*1 Furthermore, this material was identical with an 
authentic sample of acetamidine acetate prepared by trent- 
ment of acetamidine hydrochloride with sodium acetate. 

(21) H. G. Rule, ibid. ,  113, 3 (1918) 

PRISCETOS, X. J 

[CONTRIBUTION FROM THE FRICK CHEMICAL LABORATORY, PRIXCETON UNIVERSITY] 

Pyridine- 1 -oxides. V. 4-Substituted Nicotinic Acid- 1 -oxides 
BY EDWARD C. TAYLOR AND JOHN S. DRISCOLL~ 

RECEIVED OCTOBER 6 ,  1959 

4-Nitronicotinic acid-1-oxide (I) ,  prepared from 3-picoline by conversion to  the 1-oxide, nitration and subsequent oxida- 
tion, was utilized as a n  intermediate for the synthesis of 4-chloronicotinic acid-1-oxide (11), 4-hydroxynicotinic acid-l- 
oxide (111), 4-benzyloxynicotinic acid-1-oxide ( IV) ,  4-hydroxynicotinic acid (VI, 4-mercaptonicotinic acid-1-oxide ( V I ) ,  4- 
aminonicotinic acid-1-oxide (VII) ,  4-aminonicotinic acid (VIII) ,  4-hydrazinonicotinic acid-1-oxide ( I X )  and 4-hydroxyl- 
aminonicotinic acid-1-oxide (X). 

The utility of the N-oxide grouping as an inter- 
mediate in heterocyclic synthesis has received wide 
re~ognition,~ and it is to be anticipated that many 
new synthetic applications will be found. The pres- 
ent paper extends our earlier ~ o r k ~ . ~ - ~  dealing with 
the utilization of the N-oxide grouping in pyridine 
chemistry and is concerned with the synthesis of a 
number of 4-substituted nicotinic acid derivatives 
starting with the readily accessible 4-nitronicotinic 
acid- 1-oxide (I) . 5  

It was reported earlier5 that the reaction of 4-ni- 
tronicotinic acid-1-oxide(1) with acetyl chloride 
yielded 4-chloronicotinic acid-1-oxide (11). We 
have now found that this reaction, when run at  
looo, is accompanied by the formation of signifi- 
cant amounts (15-2070) of 4-hydroxynicotinic acid- 
1-oxide (111), whereas less than ly0 of the lat- 
ter contaminant is formed at  70'. An improved 
preparation of pure I1 is reported in the Experi- 
mental. Alkaline hydrolysis of I1 gave 4-hydroxy- 
nicotinic acid-1-oxide (111), from which 4-hydroxy- 
nicotinic acid (V) was prepared by catalytic reduc- 
tion, 

Alternate routes to I11 and V were found in the 
acid hydrolysis and catalytic reduction, respec- 
tively, of 4-benzyloxynicotinic acid-1-oxide (E), 
which was prepared by the action of sodium ben- 
zylate on I. 

The lability of the chloro substituent in 4-chloro- 
nicotinic acid-1-oxide(I1) was further demonstrated 
by treatment with potassium hydrosulfide to give 4- 
mercaptonicotinic acid-1-oxide (VI) and by treat- 
ment with ammonium hydroxide to give 4-amino- 

(1) For the previous paper in this series, see E. C.  Taylor and N. E 

(2) Parke, Davis and Co. Fellow, 1957-1958. 
(3) For a recent review of this field, see A. R. Katri tzky, Q u a r t .  

(4) E. C Taylor,  A. J. Crovetti agd N. E. Boyer, THIS JOURNAL, 79, 

(5 )  E C. Taylor and A. J. Crovetti, ibrd . ,  78, 214 (1956) 
(61 E C.  Taylor and A. J. Crovetti. J .  Org. Chem.. 19, 1833 (1954). 

Boyer, J .  Org. Chem., 24, 275 (1959). 

Revs., 10, 395 (1956). 

3549 (1967). 

nicotinic acid-1-oxide (VII). Catalytic reduction 
of the latter compound yielded 4-aminonicotinic 
acid (VIII), identical with the product of reduction 
of 4-nitronicotinic acid-1-oxide (I). Treatment of 
VI11 with nitrous acid provided a third synthetic 
route to 4-hydroxynicotinic acid (V). 

Since hydrazine hydrate in the presence of a small 
amount of Raney nickel has been reported to be ef- 
fective for the reduction of aromatic nitro groups7 
but to be ineffective for the reduction of the N- 
oxide grouping in 4-picoline-l-o~ide,~ it was thought 
that these conditions might make possible a direct 
conversion of I to 4-aminonicotinic acid-1-oxide 
(VII). However, treatment of I with hydrazine 
hydrate in the presence of Raney nickel yielded 
predominately 4-hydrazinonicotinic acid-1-oxide 
(IX) along with a small amount of the expected 
4-aminonicotinic acid-1-oxide (VII) . 

A possible alternative procedure for carrying out 
the direct conversion of I to VI1 appeared to be 
treatment of I with boiling ammonium sulfide 
solution, since it has been reportedgs10 that this 
reagent is effective for t le  conversion of 4-nitro- 
pyridine-1-oxide and its : nethyl homologs to the 
corresponding 4 - aminopj ridine - 1 - oxides. The 
product of the reaction 3f I with this reagent, 
however, proved to be i -hydroxylaminonicotinic 
acid-1-oxide (X). Catalyi ic reduction of X yielded 
4-aminonicotinic acid (VI :I), although in one in- 
stance 4-aminonicotinic icid-1-oxide (VII) was 
obtained, apparently as a .esult of poisoning of the 
catalyst by residual sulfur. 

Experimental 
4-Chloronicotinic Acid-1-oxide (II).-A suspension of 4 .O 

g. of 4-nitronicotinic acid-1-oxide in 20 ml. of acetyl chloride 

(7) D. Balcom and A. Furst, THIS JOURNAL, 75, 4334 (1953). 
(8) R. L. Bixler and C. Niemann, J .  Org. Chem., 23, 57.5 (1958). 
(9) R. W. Faessinger and E. V. Brown, Abstracts of Papers, 121st 

(10) E. Ochiai, J .  Org. Chem.. 18, 534 (1953). 
(11) All melting points are uncorrected. 

A.C.S. Meeting 1952, p. 24-K. 


