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was col lected b y cen t r i fuga t ion , w a s h e d wi th 100 m l . of 8 0 % 
e t h a n o l a n d d r i ed in vacuo ove r K O H . T h e yield was 258 
m g . F r a c t i o n s 102 -112 , c o n t a i n i n g a b o u t 225 / imoles of 
p e n t o s e in 259 m l . we re a d j u s t e d t o pll 6 .5 w i t h 1.5 m l . of 
s a t u r a t e d K O H so lu t ion a n d t h e b a r i u m sal ts p r e c i p i t a t e d 
w i t h 1 ml._ of M b a r i u m a c e t a t e a n d 300 m l . of e t h a n o l . 
T h e p r e c i p i t a t e , w a s h e d a n d dr ied as descr ibed for p e a k I I , 
we ighed 142 m g . 

Analy t ica l D a t a . — A l i q u o t s of t h e d r i ed b a r i u m sa l t s were 
dissolved in d i l u t e ac id a n d a n a l y z e d for p e n t o s e , t o t a l 
o rgan ic p h o s p h o r u s a n d ac id labi le p h o s p h o r u s . On t h e 
bas is of p e n t o s e c o n t e n t t h e p r o d u c t s were a p p r o x i m a t e l y 
8 0 % p u r e : p e a k I I I , r ibose 5 - p y r o p h o s p h a t e : C 6 H 9 OuBaI . . -
P 2 ; p e n t o s e ca lcd . 2 9 . 3 % , found 24 .2%, ; p e a k I V , r ibose 
5 - t r i p h o s p h a t e ; C5HsO1 1Ba,?; , ; p e n t o s e ca lcd . 2 2 . 7 % , 
found 1 8 . 2 % . 

T h e r e su l t s of p h o s p h a t e a n a l y s e s a r e shown in T a b l e I . 
Very l i t t l e ino rgan ic p h o s p h o r u s was p r e s e n t in e i the r f rac­
t ion a n d t h e r a t i o s of o rgan ic p h o s p h o r u s a n d ac id labi le 
p h o s p h o r u s were cons i s t en t w i t h t h e p resence of p y r o p h o s ­
p h a t e a n d t r i p h o s p h a t e e s t e r s . T h e es ters c o n s u m e d 3 .5 
a n d 3.0 ,umoles of p e r i o d a t e , r e spec t ive ly , pe r umole of 
p e n t o s e which is cons i s t en t w i th ester if icat ion in t h e 5-
pos i t ion on ly . P a p e r c h r o m a t o g r a p h y in t h e so lven t of 
P a l a d i n i a n d Leloir1 2 s e p a r a t e s r ibose 5 - p h o s p h a t e (R/ = 
0 .52) from t h e p y r o p h o s p h a t e es ter (R/ = 0 .42) a n d t r i ­
p h o s p h a t e es ter (R/ = 0 . 3 3 ) . T h e c o m p o u n d s were in t h e 
expec ted pos i t ions r e l a t i v e t o one a n o t h e r , w h e n c o m p a r e d 
w i th t h e co r r e spond ing u r id ine a n d adenos ine d e r i v a t i v e s . 

T A B L E I 

R A T I O O F P H O S P H O R U S T O P E N T O S E I N T H E B A R I U M S A L T S 

Analysis'1 

Pentose 
Inorganic phosphorus 
Acid labile phosphorus^ 
Total organic 

phosphorus 

Ribose 
5-pyrophosphate 
^.moles Molar 
per ml. ratio 

19.0 
0.9 

18.2 

40.0 

1,0 

0.96 

2.10 

Ribose 
5-triphosphate 

imoles Molar 
per ml. ratio 

15.3 
1.3 

29.3 

48.3 

1.0 

1.92 

3.15 
° T h e s e a n a l y s e s were ca r r i ed ou t on so lu t ions of t h e p o ­

t a s s i u m sa l t o b t a i n e d b y d i sso lv ing t h e b a r i u m sa l t in d i l u t e 
ace t i c ac id a n d a d d i n g a s l igh t excess of KsSO«. b H y -
d ro lyzed b y h e a t i n g for 10 m i n u t e s a t 100° in Ar H 2 S O 1 . 

E n z y m a t i c T e s t s . — T h e a c t i v i t y of r ibose 5 -py rophos ­
p h a t e a n d r ibose 5 - t r i p h o s p h a t e w i t h sp inach p h o s p h o r i b o -
i somerase is s h o w n in T a b l e I I . On t h e basis of t h e cys ­
t e ine ca rbazo le reac t ion 1 3 ' 1 4 t h e s e es ters a p p e a r t o b e con­
v e r t e d t o r ibu lose 5 - p y r o p h o s p h a t e a n d r ibu lose 5 - t r iphos ­
p h a t e s ince n o inorgan ic p h o s p h a t e was fo rmed . H o w e v e r , 
t h e r eac t ion p r o d u c t s h a v e n o t been i so la ted . T h e re l a t ive 
r a t e s of r eac t ion c o m p a r e d w i t h r ibose 5 - p h o s p h a t e were 

(12) A. Paladini and L. Leloir, Biockem. J., 61, 426 (19S2). 
(13) Z. Dische and E. Borenfreund, J. Biol. Chem., 192, 583 (1951). 
(14) B. Axelrod and R. Jang, ibid., 209, 847 (1954). 

T A B L E I I 

R A T E O F R E A C T I O N W I T H P I I O S P H O R I B O I S O M E R A S E 

Substrate Ketopentose formed3 

Ribose 5 -phospha te 10 ,000 
R ibose 5 - p y r o p h o s p h a t e 1,000 
Ribose 5 - t r i p h o s p h a t e 395 

" T h e i ncuba t ion m i x t u r e s (0 .7 m l . ) c o n t a i n e d 2.2 ,umoles 
of s u b s t r a t e , 2 ,umoles of cys t e ine , 70 juntoles of t r i s - (hy -
d r o x y m e t h y l ) - a m i n o m e t h a n e buffer, p~H 7.0 a n d pi ios­
pho r ibo i somera se . After 10 m i n . a t 38° k e t o p e n t o s e was 
e s t i m a t e d b y t h e cys t e ine - ca rbazo l e tes t 1 3 as modified b y 
Axelrod a n d J a n g . 1 4 In t h e case of r ibose 5 - p y r o p h o s p h a t e 
a n d r ibose 5 - t r i p h o s p h a t e , 10 ,ug. of p ro t e in was used ; 
w i t h r ibose 5 - p h o s p h a t e t h e q u a n t i t y of e n z y m e was 0 .1 
Hg. T h e e n z y m e solu t ion c o n t a i n e d 12 m g . of p r o t e in per 
m l . T h e q u a n t i t y of k e t o p e n t o s e fo rmed is ca lcu la ted as 
umoles fo rmed pe r m l . of e n z y m e in 10 m i n u t e s a t 3 8 ° . 

T A B L E I I I 

H Y D R O L Y S I S O F R I B O S E P Y R O P H O S P H A T E BY I N O S I N E D I -

Time, 
min, 

30 

85 

150 

346 

30 

P H O S P H A T A S E 

Substrate 

R ibose p y r o p h o s p h a t e 

R ibose p y r o p h o s p h a t e 

R ibose p y r o p h o s p h a t e 

R ibose p y r o p h o s p h a t e 

Inos ine d i p h o s p h a t e 

Inorganic phosphate 
formed,0 ,umoles 

0 . 2 5 

.45 

.50 

.50 

.40 

" T h e i n c u b a t i o n m i x t u r e (0 .09 m l . ) c o n t a i n e d 0.035 
m l . of 0 .035 M v e r o n a l - a c e t a t e , pH 7, con t a in ing 0 .004 M 
M g C l 2 , 0 .02 m l . of 0 . 1 5 % a l b u m i n , 0 .005 m l . of 0 .33 M 
g l u t a t h i o n e con t a in ing 0.002 M sod ium e t h y l e n e d i a m i n e 
t e t r a a c e t a t e , 3.6 jugyams of purif ied inos ine d i p h o s p h a t a s e , 4 

a n d 0.6 jumole of r ibose p y r o p h o s p h a t e or inos ine d iphos ­
p h a t e . I n c u b a t i o n was a t 3 7 . 5 ° . Analys i s for ino rgan ic 
p h o s p h a t e was b y t h e m e t h o d of F i s k e a n d S u b b a r o w . " 
In t h e absence of e n z y m e , less t h a n 0 .01 ,umole of inorgan ic 
p h o s p h a t e was fo rmed in 100 m i n u t e s w i t h e i ther s u b s t r a t e . 

1.0 a n d 0 . 3 % , r e spec t ive ly . In t he se e x p e r i m e n t s o n p r o -
longed i n c u b a t i o n , a p p r o x i m a t e l y one - th i rd of t h e r ibose 
p y r o p h o s p h a t e a n d r ibose t r i p h o s p h a t e a d d e d w a s con­
v e r t e d t o k e t o p e n t o s e as m e a s u r e d b y t h e c y s t e i n e - c a r b a ­
zole r e a c t i o n . 

As shown in T a b l e I I I , r ibose 5 - p y r o p h o s p h a t e is c leaved 
b y inosine d i p h o s p h a t a s e . 

T h e following e n z y m e s y s t e m s were found t o b e i nac t ive 
w i th e i the r or b o t h r ibose 5 - p y r o p h o s p h a t e a n d r ibose 5-
t r i p h o s p h a t e : y e a s t hexok inase , 8 musc l e myok inase 1 6 a n d 
p h o s p h o r i b u l o k i n a s e . 3 In t h e l a t t e r case , t h e d e t e r m i n a ­
t ion was car r ied o u t in t h e p resence of p h o s p h o r i b o i s o m e r a s e . 

(15) S. P. Colowick and H. M. Kalckar, ibid., 148, 117 (1943). 

B E T H E S D A , M D . 

[ C O N T R I B U T I O N F R O M T H E D E P A R T M E N T O F C H E M I S T R Y , U N I V E R S I T Y O F C A L I F O R N I A AT L O S A N G E L E S AND T H E 
D E P A R T M E N T O F B I O C H E M I S T R Y , Y A L E U N I V E R S I T Y ] 

The Preparation and Metal Complexing of 
2- (2 '-Pyridyl) -10-hydroxybenzo [h ]quinoline-4-carboanilide 

BY THOMAS C. BRUICE1 

R E C E I V E D A U G U S T 3 , 1956 

A new t y p e of che la t ing a g e n t 2 - (2 ' - py r idy l ) -10 -hyd roxybenzo [h ]qu ino l ine -4 -ca rboan i l i de ( I ) h a s been p r e p a r e d a n d i ts 
so lu t ion complexes e x a m i n e d . I n m e t h a n o l , I fo rmed 1:1 complexes which exh ib i t ed a r e l a t i ve o rde r of s t a b i l i t y : Cu 1 1 > 
N i 1 1 > Co 1 1 > Zn 1 1 > M n " > M g 1 1 . 

A chelating agent (I), combining the essential 
features of the extensively studied 8-hydroxy-

(1) Lilly Postdoctoral Fellow in the Natural Sciences administered 
by the National Research Council, 1954-1955. 

quinoline2 and 2,2'-bipyridyl3 systems, has been 
synthesized and examined as to its complexing with 

(2) J. P. Phillips, Chem. Revs., 66, 271 (1956) 
(3) F. P. Dwyer and E. C. Gyarfas, ibid., 54, 959 (1954). 
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NH2 SO3H 
• ; 

A 1, NaOH + KOH 

Cu11, Zn11, Co11, Ni11, Mn11 and Mg11. The con­
versions which led to I are shown in the diagram. 
The transformation of II to V has been reported 
previously, but the details of the literature method 
were found to be inadequate. Revised procedures 
for the alkaline fusion of II and subsequent conver­
sions leading to V are included in the Experimental 
section, as is an improved synthesis of a-pyridyl 
methyl ketone. For the preparation of VII a ratio 
of base to VI larger than that normally employed 
in Pfitzinger reactions is essential. 

_ For spectroscopic examination, compound I was 
dissolved in a small amount of hot 1-butanol and 
made up to volume with methanol. The absorp­
tion maximum of I at 390 m/x was decreased in the 
presence of metal salts with the appearance of new 
maxima at longer wave length (Fig. 1). From 
continuous variation studies4 (Fig. 2) it was found 
that I forms 1:1 complexes with Cu11, Co11, Ni11 

and Zn11. The normal chelate compounds of 8-
hydroxyquinoline have the formulas2 If(C9H6NO)n, 
in which n is the valence of the metal M, and 2,2'-
bipyridyl3 generally forms complexes of the formu­
las M(CioH8N2)2_3 (X-)„. Theformationofonlyl :1 
complexes by I may be due to steric factors since 
2-(2'pyridyl)-cinchoninic acid anilide (IX) forms 
complexes containing only 1 or 2 molecules of 
chelating agent (Table I, see also p. 994 of ref. 3). 

In solution equimolar in I and metal salt (Fig. 1) 
the order of suppression of the 390 m/i peak and in­
crease in intensity of the absorbance at longer 
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Fig. 1.—Spectra of I (- - ) , I and C u " (-

(4) P. Job, Compt. rend., 180, 928 (1925). 

- ) , I and 
N i " ( - • - • - • - • - ) , I and Co11 ( • - • - • - • ) and I and Z n " 
( ). The concentration of all reactants were at 1.25 
X 1O -4 M. and the solvent was 10% 1-butanol in methanol 

(v./v.) . 

wave length was: Cu" > Ni11 > Co" > Zn11 > 
Mn11 and Mg11 = 0. In the presence of a great 
excess of metal to I, suppression of the 390 my. peak 
and increase in intensity of absorbance at longer 
wave length followed the same order as before, 
with the exception that Zn11 brought about the 
most intense absorption. Chelation with Mn11 

but not Mg11 was now detectable. The absorb­
ance vs. wave length curves were found to be 
much the same whether the chloride or the nitrate 
salts were employed, From these results as well as 



704 THOMAS C. BRUICE Vol. 79 

0.25 0.5 0.75 

Mole fraction I. 
Fig. 2.—Continuous variation Study of I with Cu11, N i " , 

Z n " a n d C o " : O, C u " at 500 m/z, c 2.5 X 10 "< M; 9, Zn11 

at 460 nu», c2.5 X 10-* M; • , N i " at 490 mn, c 2.5 X 10 "< 
M; 9 , Co11 at 490 m f t c 1.25 X 10~4 M. Solvent was 10% 
1-butanol in methanol (v./v.) . 

from the deviation from linearity of the mole frac­
tion vs. absorbancy curves, at ratios of reactants of 
1.0, it may be inferred that the stability of the 
chelates of I decreases in the order: Cu11 > Ni11 

> Co11 > Zn" > Mn11 > Mg11. The extent of the 
bathochromic shift of the 390 m/i peak of I which is 
brought about by chelation also follows this order. 
However, as noted previously, the intensity of ab-
sorbance is greatest in the case of the complex 
formed with Zn11. The relative stabilities of the 
chelates of 8-hydroxyquinoline and 2,2'-bipyridyl 
also follow this same general order.2'3 

TABLE I 

CONTINUOUS VARIATION STUDIES WITH IX IN METHANOL 
Metal ion" mn Ratio of IX to M11 (£) 

C u " 337 1 , 8 , ' 1 . 5 M 

N i " 373 2.1° 
C o " 363 1.0," 1.1° 
Z n " 364 1.0B,d 

° c = 5 X 1 0 - ' M. » c = 2.5 X 10- 1 M. ° As metal 
chloride. d A value of p = 1.0 for Cu11 and Zn11 would 
agree with the elemental analysis of the Cu11 and Zn11 com­
plexes of IX, as prepared from methanol (see Experimental). 

Experimental5 

O-Methyl-^ert'-naphthoIamine Hydrochloride (V).—One 
hundred and twenty grams each of potassium hydroxide and 
sodium hydroxide were added to 200 ml. of water in a vessel 
prepared by shaping 0.005 gage sheet copper around a 1-1. 
beaker. The contents of the copper container were heated 
to 100° when 40 g. (0.18 mole) of £en-naphthylaminesul-
fonic acid8 was added. With intermittent stirring the con­
tents of the copper beaker were heated to 225-230° at a rate 
commensurate with the frothing of the reaction mixture. 
The reaction mixture was held at this temperature, with 
intermittent stirring, until such time that the fusion mixture 
acquired the characteristics of a cherry-red solution overlaid 
by a black froth (the entire operation requiring about 7 hr . ) . 
The froth was ladled into a thick-walled 1-1. flask and allowed 
to cool. 

To the cooled fusion product there was added dropwise a 
solution of 100 ml. each of acetic acid and acetic anhydride. 

(5) All melting points are uncorrected. The analyses were per­
formed by Miss Heather King of U.C.L.A. 

(6) Eastman product. 

When the reaction had subsided 100 ml. ot additional acetic 
anhydride was added and the mixture refluxed for 1 hr., 
cooled somewhat and poured into 1.5 1. of water. After 
several hours the crude 0,N-diacetyl-£m-aminonaphthol 
( I I I ) was collected at the pump and dried in vacuo over so­
dium hydroxide and calcium chloride. 

Without purification the crude product was suspended in 
250 ml. of absolute methanol containing 6.8 g. (0.176 mole) 
of sodium methoxide. Solution was completed with gentle 
heating and there was added dropwise 12 ml. (0.128 mole) of 
methyl sulfate. After refluxing for 4 hr. the addition of so­
dium methoxide and methyl sulfate were repeated and the 
reaction mixture refluxed for an additional 4 hr. The solvent 
was aspirated off and the residue triturated with benzene. 
The benzene solution was washed with 10% potassium car­
bonate solution and dried over anhydrous potassium car­
bonate. The solution was next passed through a 4" X l " 
alumina column, which was subsequently washed with two 
column volumes of dry benzene. The combined nitrate 
and washings were aspirated to dryness and the crude O-
methyl-N-acetyl-£m'-aminonaphthol (IV) recrvstallized 
from acetone (6 .0g. , 15.5%), m.p. 130-131° (lit.7 128°). 

The product IV without further purification was refluxed 
with 6 N hydrochloric acid (10 ml. for each gram of IV) for 
10 hr. Upon cooling silvery needles of V precipitated. Af­
ter collecting and drying, there was obtained 5.24 g. (over­
all yield 13.9%). 

a-Pyridyl Methyl Ketone.—Ethyl a-picolinate was ob­
tained from a-picolinic acid hydrochloride8 by the general 
Fischer esterification technique (200 g. of picolinic acid hy­
drochloride (1.18 moles), 16 ml. of concentrated sulfuric 
acid and 1.51. of absolute ethanol (41.2 moles) yielded 147 g. 
(90%) of ethyl a-picolinate, b .p . 99-100°, at a bath tem­
perature of 125° and 1.6 mm. (lit. 240-241° at 760 mm.9). 

Sixty-eight ml. (0.50 mole) of the ester, prepared as above, 
was added dropwise, with vigorous shaking, to a fine suspen­
sion of 44 g. (0.815 moles) of sodium methoxide in 700 ml. of 
dry benzene and 140 ml. (1.77 moles) of commercially an­
hydrous ethyl acetate. The ensuing exothermic reaction 
was accompanied by the solution of the sodium methoxide 
and the concomitant appearance of an orange color. The 
orange color quickly faded and within a few minutes the en­
tire mass solidified. The reaction mixture was allowed to 
cool, 250 ml. of concentrated hydrochloric acid added and 
the suspension heated to reflux with intermittent shaking. 
After 4 hr. reflux the contents of the flask were cooled, the 
organic layer separated from the aqueous phase and neu­
tralized with solid sodium carbonate. The aqueous and or­
ganic suspension were filtered and the inorganic salts and the 
aqueous filtrate were both thoroughly washed with ether to 
remove residual ketone. The organic phase and the ether 
washings were combined and dried over anhydrous sodium 
carbonate. After the removal of solvent, over steam, the 
residue was distilled (b.p. 42.5° a t a bath temp, of 60-80° 
and 2.2 mm., lit.10 187-190° at 760 mm.) . In this manner 
there was obtained 46.8 g. (77.5%) of a-methyl pyridyl ke­
tone (lit.8 50% of theory). 

8-Methoxybenz[g]indoline-2,3-dione (VI).—To 120 ml. 
of glacial acetic acid, contained in a round-bottom flask 
fitted with reflux condenser and calcium chloride drying 
tube, there was added 3.2 g. (0.015 mole) of V. The flask 
was warmed gently until solution of V was complete and 
then 2.88 g. (0.016 mole) of diethyl mesoxalate11 was added. 
After 1 hr. of refluxing all solvent was removed at the aspira­
tor and the residual tar washed several times with 1 N hy­
drochloric acid and taken up in 200 ml. of 5 % potassium 
hydroxide solution by shaking. A slow stream of air was 
passed through the solution for 8 hr. and the resultant yel­
low solution acidified to congo red with hydrochloric acid. 
After 1 hr. of refrigeration the crude product was filtered off 
and dried over calcium chloride in vacuo. After recrystalli-
zation from boiling pyridine, VI (1.8 g., 57%) was obtained 
as brown needles which reflect red, m.p . 272-273°. After 
several further recrystallizations from a 1:1 mixture of pyri­
dine and ethanol the melting point remained unchanged. 

(7) Fr. Fichter and R. Gageur, Ber., 39, 3331 (1906). 
(8) A. W. Singer and S. M. McElvain, THIS JOURXAL, 67, 1136 

(1935). 
(9) R. Camps, Arch. Pharm., 240, 345 (1902). 
(10) H. G. Kolloff and J. H. Hunter. T H I S JOURNAL. 63, 492 (1941). 
(11) A. W. Dos, "Organic Syntheses," Coll. Vol. II, John Wiley and 

Sons, Inc., New York, N. Y., 1943, p. 266. 
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Anal. Calcd. for C13H9O1N: C, 68.72; H , 3.99. Found: 
C, 68.86; H, 4.15. 

2-(2 '-Pyridyl)-10-methoxybenzo [h] quinoline-4-carboxylic 
Acid (VII).—A solution of 1.4 g. (0.0066 mole) of VI in 60 
ml. of 5 % aqueous potassium hydroxide solution and 90 ml. 
of 9 5 % ethanol was brought to reflux when there was added 
7.3 g. (6.7 ml., 0.061 mole) of a-pyridyl methyl ketone. Re-
fluxing was continued for 24 hr.; the solvent was removed 
under vacuum and the residual tar repeatedly extracted with 
hot 2 % aqueous potassium hydroxide solution (chilling each 
time to solidify the tar so that the aqueous phase could be 
easily decanted) until the extract no longer gave a precipi­
tate when acidified with acetic acid (care being taken not to 
add excess acid, otherwise unreacted VI precipitates). The 
suspension of crude product was heated on a steam-bath, re­
frigerated and the product collected at the pump. By this 
procedure there was obtained between 1.13 g. and 1.80 g. of 
VII (52-83% yield), m.p . 225°. An analytical sample was 
prepared by successive recrystallization from a large volume 
of glacial acetic acid by addition of water and by reprecipita-
tion of the acid from a dilute solution of sodium hydroxide 
by acidification with acetic acid (charcoal), followed by dry­
ing at 100° over phosphorus pentoxide at 1 mm., m.p . 236-
237°. 

Anal. Calcd. for C20H14O3N2: C, 72.72; H, 4.27; N, 
8.48. Found: C, 72.68; H, 3.80; N, 8.67. 

The hydrochloride was prepared by allowing the analytical 
sample to equilibrate with hydrogen chloride gas, whereupon 
the yellow color of the base turned to the orange of the hy­
drochloride. The sample was found to revert from orange 
to yellow on heating to 211-216° and to sinter with decom­
position and sublimation at 332-342°. 

Anal. Calcd. for C20H16O3N2Cl: C, 65.49; H, 4.12; N, 
7.63; Cl, 9.67. Found: C, 65.4; H , 4 .1 ; N , 7.85; Cl, 
7.97. 

2-(2'-Pyridyl)-10-hydroxybenzo[h]quinoline-4-carboxylic 
Acid (VIII).—VII (2.3 g., 0.007 mole) was refluxed for 8 
hr. with 20 ml. of 48% aqueous hydrobromic acid containing 
1 ml. of hypophosphorous acid. The reaction mixture was 
diluted with water, chilled and the crude precipitate col­
lected at the pump. The dark colored material was treated 
with hot dilute potassium hydroxide for 10 minutes and 
filtered. The precipitate was next suspended in water, 
made slightly acidic with acetic acid and again collected. 
After crystallization from boiling pyridine (charcoal) there 
was obtained, as yellow needles, 1.49 g. (67.5%) of ma­
terial melting at 350-351°. 

Anal. Calcd. for Ci9H12O3N: C, 77.14; H, 3.87. 
Found: C, 77.36; H, 4.13. 

2 '-(2 '-Pyridyl)-10-hydroxybenzo [h] quinoline-4-carboanil-
ide (I).—One hundred mg. of VIII (0.00032 mole) was re-
fluxed for 2 hr. with 7 ml. of anhydrous benzene containing 

Benzoquinol imide acetates2 and o-benzoquinol 
(1) An abstract of part of a thesis submitted by Edwin L. DeYoung 

to the Graduate College of the University of Illinois, 1956, in partial 
fullfllment of the requirements for the Degree of Doctor of Philosophy. 
Minnesota Mining and Manufacturing Co. Fellow, 1953-1956. 

(2) R. Adams and K. R. Brower, THIS JOURNAL, 78, 4770 (1956). 

0.45 ml. (0.0023 mole) of thionyl chloride. The reaction 
mixture was chilled, and 1.4 ml. of aniline (0.052 mole) dis­
solved in 5 ml. of anhydrous benzene was added. After 
refluxing for an additional half-hour the mixture was chilled 
and poured into water. All solvent was evaporated by a 
stream of air and the amorphous yellow material collected 
and washed with dilute acetic acid. The product was then 
extracted with portions of boiling, dilute potassium carbon­
ate solution until the extract remained colorless. The resi­
due was dissolved in boiling dimethylformamide, the solution 
filtered hot, allowed to cool and once again filtered. The 
product was recovered by diluting the hot solution with wa­
ter until just cloudy and then allowing to cool. After col­
lecting and washing with water and dilute acetic acid and 
drying over calcium chloride, 86 mg. (70%) of a yellow ma­
terial which melted at 300-301° with decomposition was ob­
tained. For analysis the compound was dried for 5 hr. a t 
180° over phosphorus pentoxide at 1 mm. 

Anal. Calcd. for C26H17O3N3: N , 10.71. Found: N, 
10.56. 

Anilide of 2-(2'-Pyridyl)-cinchoninic Acid (IX).—2-(2'-
Pyridyl)-cinchoninic acid12 was refluxed with excess thionyl 
chloride until all solid material had dissolved. Excess sol­
vent was removed under vacuum and the residue warmed with 
an excess of aniline. After washing with dilute acetic acid 
the product was recrystallized from ethanol, methanol and 
acetone, m.p. 238°. 

Anal. Calcd. for C21H16ON3: N , 12.93. Found: N, 
13.20. 

The Cu11 and Zn11 chelates of IX were prepared by mixing 
dilute solutions of the metal halide and IX in methanol, col­
lecting the precipitate and washing with large volumes of 
methanol, then drying at 100° over phosphorus pentoxide at 
1 mm. 

Anal. Calcd. for C21H16ON3CuCl2: C, 54.85; H , 3.29; 
Cl, 15.42. Found: C, 54.64; H, 3.52; Cl, 14.90. 

Anal. Calcd. for C21H16ON3ZnCl2: C, 54.63; H, 3.28; 
Cl, 15.36. Found: C, 54.63; H , 3.57; Cl, 15.4. 

Continuous Variation Studies.—Stock solutions of the me­
tallic chlorides or nitrates (analytical grade) and the chelat­
ing agent were prepared and aliquots mixed in the proper ra­
tios. Absorption measurements were made at selected 
wave lengths. Absorbance values were obtained by sub­
tracting the absorbance for zero complexation from the ob­
served readings, all measurements being carried out with a 
Beckman DU spectrophotometer. Formulas were deter­
mined from a plot of absorbance against the mole fraction of 
chelating agent employed (Fig. 2) . 

(12) S. P. Massie, Iowa State Coll. J. Sci., 21, 41 (1946). 
N E W HAVEN, CONNECTICUT 

imide diacetates3 have been shown to undergo 
many of the addition reactions typical of the qui-
none mono- and di-imides. Similar studies on 

(3) R. Adams, E. J. Agnello and R. S. Colgrove, ibid., 77, 5617 
(1955). 
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2,4-Dimethyl-0-naphthoquinol-£-toluenesulfonimide acetate is formed by oxidation with lead tetraacetate of 2,4-di-
methyl-l-£-toluenesulfonamidonaphthalene. The quinol imide adds hydrogen chloride, hydrogen bromide and acetic acid 
with formation of 3-substituted 2,4-dimethyl-l-£-toluenesulfonamidonaphthalenes. On the other hand, hydrogen cyanide 
gives 2-acetoxy-l-cyano-2,4-dimethyl-l-£-toluenesulfonamido-l,2-dihydronaphthalene, which with alkali is converted to 
2,4-dimethyl-l-£-toluenesulfonamidonaphthalene and by acid to l,l'-dicyano-4,4'-dimethyl-2,2'-dinaphthobenzyl ether. 
Lead tetraacetate converts 4-methyl-l-p-toluenesulfonamidonaphthalene to 4-methyl-p-naphthoquinol-£-toluenesulfon-
imide acetate. 


