
The acid was transformed into the ethyl ester by refluxing 
for 20 hr. with hydrochloric acid-absolute ethanol. The 
melting point of the green crystals, after recrystallization in 
ethyl acetate-petroleum ether, was 86-89'. 

Anal .  Calcd. for C~~HLTNO~: N, 4.94. Found: N, 5.09. 
S-Acetyl-lO-ethylphenoxazine (IX). A 0.72-g. sample 

(30 mmoles) of magnesium was treated in a nitrogen atmos- 
phere, with 0.426 g. (20 mmoles) of methyl iodide in 15 ml. 
of anhydrous ether. A solution of 4.8 g. (20 mmoles) of 3- 
cyano-10-ethylphenoxazine in 50 ml. of benzene was added 
and refluxed with stirring for 2 hr. After cooling to  0', 10 ml. 
of 6N hydrochloric acid was slowly added, and the mixture 
was refluxed, with stirring, for 6 hr. The benzene layer was 
removed, the brown precipitate was filtered and dissolved 
in ethanol. The solution was acidified with 10 ml. of 6N 
hydrochloric acid and refluxed for 6 hr. After diluting with 
water, the product was extracted with benzene. The com- 
bined benzene solutions were washed, dried, and evaporated. 
The residue was distilled in vacuo (250"/0.7 mm.). The prod- 
uct (2.43 g., m.p. 145-150') was recrystallized from ethanol, 
and gave 1.8 g. (337,) of yellow crystals, m.p. 153-154'. 

Anal. Calcd. for Cl&sNOz: S, 5.53. Found: K, 5.48. 
The melting point of the oxime is 175-178". 
Anal. Calcd. for C18H1QIV202: N, 10.44. Found: 10.66. 
S,7-DiacetyZphenoxazine. To a solution of 18 g. (0.085 

mole) of 10-ethylphenoxazine and 6.89 g. (0.085 mole) of 
acetyl chloride in 300 ml. of carbon disulfide were added, 
slowly and with stirring, 34.5 g. (0.26 mole) of powdered 

aluminum chloride. After refluxing, with agitation, for 8 hr., 
the solvent was decanted and the residue was decomposed 
with crushed ice and conc. hydrochloric acid. The oily layer 
was extracted with ether; this solution gave, after evapora- 
tion and purification over a column of silica gel, 5 g. of un- 
changed 10-ethylphenoxazine. The ether insoluble residue 
(7.70 g., m.p. 160-165') was extracted with benzene. The 
green insoluble product (2.2 g., m.p. 170-174O) gave upon 
recrystallization in ethanol 3,7-diacetyl-lO-ethyIphenoxa- 
zine, m.p. 178-180". The benzene solution was filtered 
through a silica gel column and another 0.5 g. of unchanged 
10-ethylphenoxazine was eluted with benzene. The 3,7- 
diacetyl-10-ethylphenoxazine was eluted with acetone. 
After evaporation and crystallization in ethanol, 2 g. of 
yellow green crystals, m.p. 178-180", were obtained. The 
solutions of this product were strongly fluorescent. 

Anal. Calcd. for ClsH1?NO&: N, 4.76. Found: N, 5.26. 
The oxime was prepared by reaction with hydroxylamine 

hydrochloride in pyridine-ethanol, and had melted a t  236- 
237' dec. 

.4naZ. Calcd. for C18H19N301: S, 12.96. Found: S, 12.28. 
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-4 number of substituted 4,9-naphth(2,3)imidazolediones have been synthesized. Solubility in fatty oils has been in- 
creased by introducing substituents of high carbon and hydrogen content in the 2- position. Increased solubility in water was 
effected by introducing the hydroxyl or carboxyl group in the side chain in the 2- position and by introducing an amino group 
into the 5- position. 

X number of 2-substituted-4,9-naphth(2,3)- 
imidazolediones have been prepared by Hoover and 
Day.' Certain of these compounds have a marked 
inhibiting effect on the growth of mutant micro- 
organisms.2 

In general, the 2-substituted-4,9-naphth(2,3)- 
imidazolediones are difficultly soluble and are not 
easy compounds to test. In this particular investi- 
gation it was decided to introduce substituents 
which would increase either solubility in fats or solu- 
bility in water. Long chain alkyl groups were intro- 
duced into the 2- position. 2-Dodecyl-, 2-hexa- 
decyl-, and 2-chaulmoogryl-4,9-naphth(2,3)-imida- 
zoledione mere preparred by the general procedure 
described by I-foover and Day. These compounds, 
compared with the 2-methyl derivative, are more 
soluble in fatty oils. 2- (2 '-Phenylvinyl) -4,9-naphth- 
(2,3)imidazoledione, and 2-hydroxymethyl-4,9 
naphth(2,3)imidazoledione were prepared by the 
same procedure. The last two were prepared as pos- 

(1) J. R. E. Hoover and A. R. Day, J. Am. Chem. SOC. 

(2) .4. R. Day, Trans. J e w  York Acad.  Sci., 20, 4 (1957). 
76,4148 (1954). 

sible intermediates for making other compounds. 
It is interesting to note that the 2-hydroxymethyl 
compound is quite unreactive and it was impossible 
to make the corresponding chloromethyl or bromo- 
methyl compound by the usual methods. The un- 
reactivity of the 2-hydroxymethyl derivative in this 
series is similar to the unreactivity of 2-hydroxy- 
methylnaphth(2,3)-imidazole noted by 

The preparation of these compounds may be out- 
lined as follows: 

2,3-dichloro-1,4-naphthoquinone --+ 
XH3 

CzHaOH 
2-amino-3-chloro-1,4-nnphthoyuinone 

I + RCOCl --+ 2-arylamino-3-chloro-l,-l-naphthoquinone 
I1 

I1 in C6HSX03 + SHB --+ 

I 

~-ar~lamino-3-aniino-l,-l-n:~p hthoquinone 
I11 

I11 + NaOH -+ 
2-substituted-4,9-naphth( 2,3)imidazoledione 

( 3 )  n. J .  Brown, J. Chem. Soc., 1974 (1958). 
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Two approaches were used to  increase solubility 
in water: (1) introduction of a carboxyalkyl 
group in the two position; and (2) introduction of 
an amino group in the benzene ring of the 4,9- 
naphth(2,3)imidazoledione. 2-(4')-Carboxylbutyl- 
4,9-naphth(2,3)imidazoledione was prepared by 
the usual method.' The sodium salt of this acid is 
quite soluble in water. 

To introduce an amino group into the benzene 
ring, 4,9-naphth(2,3)imidazoledione was first 
nitrated with fuming nitric acid in concentrated 
sulfuric acid. In  order to determine the position of 
the nitro group i t  was necessary to  synthesize 5- 
nitro-4,9-naphth(2,3)imidazoledione from the 
known compound 5-nitro-2,3-dichloro-1,4-naphtho- 
q ~ i n o n e . ~  The two nitro compounds have the same 
decomposition range and infrared spectra. The 
product of direct nitration therefore must be 5- 
nitro-4,9-naphth(2,3)imidazoiedione. The corre- 
sponding 5-amino derivative was most conveniently 
prepared by reducing 5-nitro-2,3-dichloro-1,4-naph- 
thoquinone with stannous chloride and reoxidizing 
the resulting amino hydroquinone with ferric chlo- 
ride to  5-amino-2,3dichloro-1,4-naphthoquinone. 
The latter was then converted to the corresponding 
imidazole by the usual procedure. 

These compounds are being examined for physjo- 
logical activity a t  the University of Pennsylvania. 

EXPERIMENTAL 

The melting points reported are uncorrected values. 
Preparations of 2-acylamino-S-chloro-1,4-naphthoguinmes 

( Table I). QDodecanoylamino-3-chloro-l,4-naphthoquinone, 
(I), was prepared from 2-amino-3-chloro-l,4naphthoqui- 
none and lauroyl chloride in the presence of hydrogen chlo- 
ride.' The mixture was heated at 160-170" for 2 hr. The re- 
sulting solid was broken up, washed with ether, recrystal- 
lized from ethanol and finally from benzene and benzene- 
petroleum ether. The product waa obtained as yellow 
needles. 

2-Hexadecanoylamino-3-chloro-lI4-naphthoquinone (11). 
Palmitoyl chloride was used in this case and the mixture 
was heated at 170-180' for 90 min. The crude product was 
purified by the procedure used for compound I and was ob- 
tained as yellow needles. 
2-Chau1mogrylamino-S-chloro-1 ,4-naphthoquinone (111). 

Chaulmoogryl chloride was prepared by a modification of 
the method of Burschkies.6 The details of this modification 
are to be found in the dkertation of J. M. Wilbur, Jr.6 

A mixture of 18 g. (0.06 mole) of chaulmoogryl chloride 
and 14.6 g. (0.07 mole) of 2-amino-3-chloro-1,4-naphtho- 
quinone in 200 ml. of xylene was heated a t  135-145' for 2 
hr. The mixture was filtered while hot and the filtrate 
cooled. The resulting dark solid was dissolved in chloroform 
and the solution was filtered. The filtrate was chroma- 
tographed on Merck acid washed alumina using chloroform 
as the eluant. A yellow band moved down the column first 
followed by an orange band and the black tars remained on 
the colurnn. The material from the yellow band was collected 
and the chloroform removed under reduced pressure. The 

(4) K. Fries, W. Pense, and 0. Peeters, Ber., 61, 1395 

(5) K. Burschkies, Ber., 71,233 (1938). 
(6) J. M. Wilbur, Jr., Dissertation, University of Penn- 

(1928). 

sylvania, 1959. 

crude product was recrystallized from ethanol and obtained 
as yellow crystals. 

2-Cinnamoylamino-Pchloro-1 ,$-naphthoquinone (IV). A 
mixture of 4.15 g. (0.02 mole) of 2-amino-3-chloro-l,4- 
naphthoquinone and 10 g. (0.06 mole) of cinnamoyl chloride 
in 12 ml. of xylene was treated with dry hydrogen chloride 
for 5 min. and then heated a t  145-150' for 3 hr. The product 
separated on cooling. It was washed with ether and recrys- 
tallized from benzene-petroleum ether and obtained as 
yellow needles. This product melted a t  187-188" and was 
analytically pure. After standing for several weeks the melt- 
ing point increased and after recrystallization from benzene- 
petroleum ether the compound melted a t  196195". The 
analytical data for the two compounds were almost identical. 
It is believed that the higher melting product is the trails 
form. 

2-Acetylglycolylamino-3-chloro-l,~-naphthoquinone (V). 
Acetylglycolyl chloride was prepared by a modification of 
the method of Ausrhutz and Bertram.7 Acetylglycolic acid 
was treated with thionyl chloride in place of phosphorus 
trichloride.& The amide (V) was prepared by the procedure 
used for making compound IV. The product was recrystal- 
lized from ethanol and obtained as yellow needles. 

Evaporation of the filtrate from V under reduced pressure 
gave an oil. When ether was added, crystals of the diamide 
separated. The product was recrystallized from ethanol and 
obtained as yellow plates. Analyses indicated the product 
to be 2-N,N-diglycolylamino-3-chloro-1,4-naphthoquinone 
(VI). 

2-( 4'-Carbomethoxypentanogl)amino-S-chloro-l ,d-naphtho- 
quinone (VII). 5-Carbomethoxypentanoyl chloride was pre- 
pared by a previously described procedure.* Once the acyl 
chloride was obtained, the procedure that was used for 
making compound I was followed. The mixture was heated 
a t  135-140' for 90 min. The product was purified by recrys- 
tallization from ethanol and was obtained as yellow crystals. 
Preparations of B-ac~laminoS-amino-1,$-naphthoquinones 

(Table I ) .  The following compounds were prepared by the 
action of ammonia on the corresponding 3-chloro compounds 
(I, 11,111, IV and V) in nitrobenzene a t  14O-15Oo1: d-dodeca- 
noylamino-3-amino-l,4-naphthoquinone (VIII), d-hexadeca- 
noylamino-3-amino-1 ,$-naphthoquinone (IX), 2-chaulmoogryl- 
amino-3-amino-l,4-naphthoquinone ( X ), 2-cinnamo y lamino- 
3-amino-l,4-naphthoquinone (XI), d-acetylglycolyhmino-3- 
anzino-1,4-naphthoquinone (XII), d-(,$'-carbomethoxypenta- 
noy1)amino-3-amino-l,$-naphthoquinone (XIII). 
Preparations of %substituted 4,9-naphth(d,3)in~idazole- 

'&ones. These preparations required modification of the 
original method1 and for that reason a general method is 
included here. 

2-Undecyl-4,9-naphth(d,J)imidazoledione (XIV). Fifty 
milliliters of 2N sodium hydroxide was added to a hot soh- 
tion of 6 g. (0.016 mole) of 2-dodecanoylamino-3-amino-1,4- 
naphthoquinone in 200 ml. of 95% ethyl alcohol. The solu- 
tion was refluxed for 30 min. The hot solution was treated 
with decolorizing carbon and filtered. About 100 ml. of the 
ethyl alcohol was removed under reduced pressure and the 
remainder was very carefully neutralized with 6N hydro- 
chloric acid. After cooling, the product was removed, washed 
with water, and dried. It was purified by recrystallization 
from xylene and obtained as yellow crystals. 

The other imidazoles which were prepared (Table 11) in- 
cluded: ??-pentadecyLQ,S-naphth(2,S)imidazoledione (XV), 
Z-[ld ' - (S  - cyclopentenyl)dodecyE] - 4,Q - naphth(2,S)imidazole- 
dione (XVI), 2-(2'-phenylvinyl)-4,Q-naphth(2,3)imidaz0le- 
dione (XVII), 2-hydroxymethyl-,$,Q-naphth(b,S)imidazoledi- 
one (XVIII). 

The phenylurethan of XVIII was prepared by heating it 
with phenylisocyanate in nitrobenzene solution. The ure- 

(7) R. Auschutz and W. Bertram, Ber., 36, 467 (1903). 
(8) A. J. Yu and A. R. Day, J. Org. Chem., 23, 1004 

(1958). 
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than separated on cooling and was recrystallized from nitro- 
benzene. 

Anal .  Calcd. for C18H1304N3: C, 65.70; H, 3.78; X, 12.10. 
Found: C, 65.55; H, 3.69; 3, 11.95. 
2-(~'-Curboxybutyl)-~,9-nuphth(2,J)imidazoledione. (XIX). 

2-(4'-Carbomethoxypentanoy1)amino - 3 -amino - 1,4 - naph- 
thoquinone (23.5 g., 0.071 mole) was dissolved in 700 ml. 
of 957, ethyl alcohol. To the hot solution was added 105 
ml. of 2N sodium hydroxide solution. The solution was re- 
fluxed for 1 hr. and most of the alcohol was then removed 
under reduced pressure. The residue was dissolved in 1 1. 
of hot water, treated with decolorizing carbon, and filtered. 
The filtrate was adjusted to p H  5 and cooled. The yellow 
product, so obtained, may be recrystallized from large 
volumes of water or from nitrobenzene. 

The amide (XX) of compound XIX was prepared by con- 
verting the acid to the acid chloride by heating with thionyl 
chloride and then treating the acid chloride with cold conc. 
aqueous ammonia. The solution was treated with decoloriz- 
ing carbon and filtered. The filtrate was carefully neutral- 
ized with 6N hydrochloric acid to precipitate the amide. 

Preparation of 6-amino-2-methyl-4,9-naphth(2,3)imidu- 
zoledione (XXI). This preparation involved the initial prep- 
aration of 5-nitro-2,3-dichloro-1,4-naphthoquinone. This 
compound was reported in 1928.4 As we were not able to 
reproduce the earlier results, we are including here a modi- 
fication of their procedure. 2,3-Dichloro-1,4-naphthoquinone 
(246 g., 1.06 mole) was mixed with 320 ml. of conc. sulfuric 
acid. Then 640 ml. of red fuming nitric acid was added 
dropwise with stirring. After 150 ml. of nitric acid was 
added, a vigorous exothermic reaction occurred and cooling 
was necessary to keep the temperature below 100'. Above 
120' decomposition occurs. The remaining nitric acid was 
slowly added while the temperature was maintained a t  80- 
90". The mixture was heated at this temperature for 7 hr. 
It was then poured onto cracked ice. The yellow product 
was removed, washed thoroughly with water and then 
stirred with 1N sodium carbonate solution for 8 hr. The 
product was removed, washed with water, and dried. I t  was 
purified by recrystallization from chloroform with the aid 
of decolorizing carbon. A 20% yield of pure compound was 
obtained, m.p. 174-175'. 

Reduction of the nitro compound to the corresponding 
amino rompound was accomplished with stannous chloride 
according to the procedure of Fries, Pense, and Peeters4 
with certain modifications.6 The product was recrystallized 
from large amounts of 95% ethyl alcohol, yield 77%, m.p. 
224-226". 5-Amino-2,3-dichloro-l,4-naphthoquinone has 
been previously reported to melt a t  220". 

The 5-amino-2,3-dichloro-l,4-naphthoquinone was con- 
verted to the corresponding 5-acetamido derivative by treat- 
ment with acetic anhydride and a few drops of conc. sulfuric 
acid. The acetyl derivative was recrystallized from ethanol 
and obtained as red crystals, yield 96%, m.p. 208-209'. 

Anal .  Calcd. for C12H,O31U'C1i: C, 50.75; H ,  2.48; N, 
4.93; C1, 24.96. Found: C, 50.66; H ,  2.48; N, 4.89; C1, 
24.82. 

5-Acefaniido(.$ or S)-amino-( l  or S)-ehloro-l,$-naphthoqui- 
none. 5-Acetamido-2,3-dichloro-l,4-naphthoquinone (26.7 
g., 0.094 mole) was dissolved in 200 ml. of nitrobenzene. 
The solution was heated to 145-155' and ammonia was 
passed i n  for 1 hr. The hot solution was filtered to remove 
ammonium chloride and the filtrate cooled to crystallize 
the product. The latter was washed with ether, dried, washed 
with water, and again dried, yield 93Yc, m.p. 238-260" dec. 
This product was probably a mixture of isomers, but re- 
crystallization from ethanol or benzene failed to give a 
single form. Attempts to separate isomers by chromatog- 
raphy a130 failed. 

&Acetamido-( 2 or 3)-acetumido-( 2 or S)-chloro-l,4-naphtho- 
quinone. A suspension of 23 g. (0.087 mole) of 5-acetamido- 
(2 or 3)-amino-(2 or 3)-chloro-1,4-naphthoquinone in 70 ml. 
of acetic anhydride was treated with 12 drops of conc. sul- 
furic acid. The mixture was warmed, with some stirring, 

until it  formed a solid red mass. An additional 20 ml. of 
acetic anhydride and 5 drops of conc. sulfuric acid were 
added with stirring. After standing overnight the mixture 
was cooled and the solid removed by filtration. It was 
washed with ether, dried, and then washed with water and 
dried. The product was recrystallized from 95% ethyl 
alcohol and obtained as golden orange crystals, yield 7656, 
m.p. 244-245" dec. 

A n a l .  Calcd. for C14HnOJV&1: C, 54.82; H, 3.62; N, 9.14; 
C1, 11.56. Found: C, 54.93; H ,  3.52; N, 9.12; C1, 11.53. 

The filtrate from the above product and the ether wash- 
ings were combined. By evaporation and cooling another 
isonier was obtained. It was recrystallized from 95% ethyl 
dcohol and obtained as orange needles, yield 7% m.p. 
208-210' dec. 

Anal .  Calcd. for C14H1104N2C1: C, 54.82; H, 3.62; S, 
3.62; N, 9.14; C1, 11.56. Found: C, 54.63; H, 3.80; S, 9.05; 
C1, 11.39. 

iT-Acetamido-(d or 3)-acetumido-( 2 or 3)-nmino-1,4-naph- 
thopihone .  5-Acetamido-(2 or 3)-acetamido-(2 or 3)-chloro- 
1,4naphthoquinone (2.3 g., 0.0075 mole) was dissolved in 
30 nil. of nitrobenzene. The solution was heated to 145-150" 
and ammonia passed into the solution for 1 hr. -4fter stand- 
ing overnight, the product was removed, washed with ether, 
dried, and then washed with water and dried. It was recrys- 
tallized from ethanol and obtained as brown needles, yield 
73%, m.p. 270-272' dec. 

Anal. Calcd. for Cl4HI3O4N3: C, 58.54; H, 4.56; ?;, 14.63. 
Found: C, 58.56; H, 4.64; N, 14.71. 

5-Amino-&methyl-.&Q-naphth( 2,3)imiduzoledione. Fifty 
milliliters of 2N sodium hydroxide solution was added to a 
hot solution of 5-acetamido-(2 or 3)-acetamido-(2 or 3)- 
amino-l,4-naphthoquinone (5 g., 0.0174 mole) in 200 ml. of 
95% ethyl alcohol. The solution was refluxed for 1 hr. and 
then the alcohol was removed under reduced pressure. The 
residue was dissolved in boiling water. The solution was 
treated with decolorizing carbon and filtered. The hot fil- 
trate was carefully neutralized with 6N hydrochloric acid 
and the product crystallized on cooling. The product may 
be purified by dissolving it in hot 207, sulfuric acid and 
carefully neutralizing the solution with 2 5  sodium hydroxide 
solution to reprecipitate the product and finally recrystal- 
lizing from nitrobenzene, It was obtained as red crystals. 

Acetylation of this compound with acetic anhydride and 
a few drops of conc. sulfuric acid gave a monoacetyl deriva- 
tive. It was recrystallized from nitrobenzene, yield 58% 
m.p. > 410' dec. This product probably is 5-acetamido-2- 
methyl-4,9-naphth( 2,3)imidazoledione. 

Anal .  Calcd. for Cl4HI1O1N3: C, 62.44; H, 4.12; K, 15.60. 
Found:C,62.30;H,4.29;K, 15.71. 

&Amino-4,9-nuphth( 2,d)imidazoled~one (SXII ) .  Flve 
grams of 5-acetamido- (2 or 3)-amino-lj4-naphthoquinone 
was dissolved in 250 ml. of boiling ethyl formate. Ten 
milliliters of conc. sulfuric acid was added dropwise over a 
period of 30 min. After each drop of acid was added, a vigor- 
ous reaction occurred. After standing overnight, the mixture 
was cooled and the solid removed by filtration and washed 
with ether. The product was purified by the same procedure 
which was used for purifying compound 9x1 and was oh- 
tained as red plates. 

5-Nitro-4,9-nuphth(2,S)imidazoledione (XXIII). This com- 
pound was prepared by two methods: (a)  direct nitration of 
4,9-naphth( 2,3)imidazoledione, 1 and (b)  ring closure of 5- 
nitro-( 2 or 3)-acctamido-( 2 or 3)-amino-1,4-naphthoquinone. 
The two products have identical infrared spectra and melt- 
ing point ranges, 315-330" dec. 

(a) A mixture of 2.1 g. (0.01 mole) of 4,%naphth(2,3)- 
imidazoledione in 10 ml. of conc. sulfuric acid and 20 ml. of 
red fuming nitric acid was heated a t  100" for 3 hr. After 
cooling, the mixture was poured onto cracked ice. The prod- 
uct was removed by filtration and washed with water. I t  
was dissolved in hot 2N sodium hydroxide solution, treated 
with decolorizing carbon, filtered, and the filtrate carefully 
neutralized with 6.V hydrochloric arid. The product wpa- 



rated on coohng. It was removed, dried, recrystallized from 
nitrobenzene, and the yellow crystals were washed with 
toluene and petroleum ether. The yield was 75%. 

(b) Concentrated sulfuric acid (5 ml.) was added dropwise 
to a refluxing solution of 2 g. of 5-nitro-(2 or 3)-acetamido- 
( 2  or 3)-amino-I,$-naphthoquinone in 100 ml. of ethyl 

orthoformate. The acid was added over a period of 20 min. 
After cooling the product was collected and washed with 
ether. The product was purified by the procedure used in 
(a). The yield was 28%. 

PHILADELPHIA 4, PA. 
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Acridizinium Compounds by the Cyclization of Oximes 
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Picolinic aldoxime (111) is superior to the free aldehyde (11) with regard to the rate of reaction with benzyl halides and 
to the yield and purity of the resulting quaternary salts. The new 1-benzyl-2-aldoximinopyridinium salts cyclize in good 
yield to afford acridizinium salts (I). The overall yield is superior to that via the aldehyde. An improvement is observed when 
%acetylpyridine (IV) is replaced by its oxime (V) in the acridizinium synthesis. 

In  an earlier work it was shown112 that deriva- 
tives of the acridizinium ion (I) can be synthesized 

4 4 6  7 

R 
I , R  = R’ = H 

by cyclization of the quaternary salts (VI) formed 
when picolinic aldehyde (11) reacts with an appro- 
priate benzyl halide. 

X- 

R R 
11. Z = 0, It = H 
111. Z = XOH, R = H 
IV. Z = 0, R = CHI 
V. Z = NOH. R. = CH, 
VI. 
VII. 
VIII. Z = NOH, R = H, R’ = 4-CH3 
IX. Z = 0, R = CH3, R’ = H 
X. Z = NOH, R = CHJ, R‘ = H 
XI. Z ?;OH, R = CH,, R ’  = 4-CHI 
XII. 2 = NOH, R = C H ,  R’ = 3-0CH.j 

Z = 0, R = R’ =“H 
2 = NOH, R = R’ = H 

Despite the success met with in the use of this 
synthesis, there are some disadvantages which are 
inherent in the use of picolinic aldehyde. The alde- 
hyde is itself unstable and deteriorates rapidly if 
not kept refrigerated. It is recommended that the 
aldehyde be stored under a nitrogen atmosphere. 
The quaternization of picolinic aldehyde a t  room 
temperature is quite slow, and although the rate is 
more rapid a t  higher temperatures, great care must 

( la)  C. K. Bradsher and L. E. Beavers, J .  Am. Chem. 

( lb)  C .  K. Bradsher and L. E. Beavers, J .  ’4m. Chenz. 

( 2 )  C. K. Bradsher and J. H. Jones, J .  Am. Chem. SOC., 

Soc., 77,4812 11955). 

SOC., 78,2459 (1956). 

79,6038 (1957). 

be exercised to prevent deterioration of the alde- 
hyde or of the quaternization product. Only a few 
of the quaternary salts (VI) derived from aldehydes 
have been obtained in a crystalline condition, and 
only three3 of these in a state of analytical purity. 
When poor results are obtained in the over-all 
reaction, it is often difficult to judge a t  what stage 
the failure has occurred. 

It was felt that derivative of picolinic aldehyde 
might offer some advantages, and the first studied 
has been the stable and commercially available 
oxime (111). 

Perhaps because of the increased basicity of the 
ring nitrogen, picolinic aldoxime (111) quaternizes 
more readily t,han does the free aldehyde (11), and 
the quaternary salt (VII) is readily isolated and 
purified. The quaternary oximes (1’11) can be 
cyclized by the action of hydrobromic acid under 
the same conditions used previously for the quater- 

TABLE I 
ACRIDIZXNIUM SALTS BY THE OXIME METHOI) 

YiPld. $> 

Acridieinium Overall via 
Salt Quatern. Cycliz. Oxime Aldehyde 

- 87.5 89 78 Boa 
9-CH3 75 92 5* 6 9 . 5  5.5a 
Benzo[h] 92 85 78 52c 
1 l-CH8 85 21 18 0:P 

%OH, 11-CHz 90 99 90 
- n,ll-(CH3)2 90 40 36 
._ . 

a Reference la. Sum of yields of bromide (287;) and 
picrate (64.5%). Reference Ib. Reference 8. 

(3) C. K. Bradsher and T. W. G. Solomons, unpublished 
work. 


