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hydrolysis, as commented upon by the original 
authors, appeared remarkable for compounds hav- 
ing imino-ether structures as in I1 and 111. Rein- 
vestigation fully confirmed the reported trans- 
formations. It also was found that B was decar- 
boxylated almost quantitatively to C by heating in 
quinoline. Consideration of the mode of formation 
of A suggested that the reaction was that of benzo- 
nitrile with the (CeH&+CC02H carbonium ion, 
which is known3 to be the main species present, as 
in IV leading to  formulation of compound A as the 
azlactone V. Compound B then would be VI and 

compound C should be K-diphenylmethylbenz- 
amide. This latter conclusion was coniirmed by 
comparison of compound C with an authentic 
sample.4 The formation of C from benzonitrile and 
benzhydrol must result from a reaction of the Ritter 
type.5 

These revised structures obviously are equally 
compatible with the previously reported trans- 
formations, and also are supported by the infrared 
spectra in Nujol. Thus, in keeping with structure 
V, compound A shows a high frequency carbonyl 
band at  1820 cm.-' and a strong band at  1650 
cm.-' characteristic of the -0-C=X- group- 
ing. Compound B, apart from bands a t  3350 (N 
-H), ea. 2450 and ca. 2600 cm.-l (carboxyl 0- 
H), has two bands a t  1705 cm.-' and 1625 cm.-' 
attributable to carbonyl groups. 

Experimental 

Compound A, namely 2,4,4-triphenyl-5-oxolone, and 
compound B, a-bernamidodiphenylacetic acid, were ob- 
tained as previously described1 and had the reported melting 
points. 

Decarboxylation of a-Benzamidodiphenylacetic Acid.- 
The acid (0.9 9 . )  was heated under reflux in quinoline (5  ml.) 
for 1 hr. The cooled solution was poured into excess water 
and acidified. The Eolid product (0.7 9.) was isolated by 
chloroform extraction and crystallized from ethyl acetate 
m.p. 172-173'. This compound was shown by mixed melt- 
ing point and infrared spectra to be identical to  an authentic 
specimen of Ndiphenylmethylbenzamide. 

( 3 )  C. 31. K e l r h  and H. A .  Smith, .I. .4m. Chem. Soc., 76, 1412 
(19.53). 

(4) G .  FT. 11. ('heeseman and R. C. Poller, Analyst ,  87, :(66 (1962) .  
( A )  .T. .J. Rittor and P. P. Minieri, J. .4m. Chcn. Sac. ,  70, 4045 
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A review2 of the chemistry of phenazines gives 
neglibible information on biosynthetic pathways of 
the bacterial phenazine pigments. However, several 
reports on the biosynthesis of two bacterial pig- 
ments, pyrocyanine3 (I) and chlororaphin (a 3 : 1 
molecular compound of phenazine-1-carboxamide 
(11) and its 5,lO-dihydro d e r i ~ a t i v e ) ~  have been 
helpful in speculating on possible biosynthetic 
intermediates. 

CHs 
I 

I1 

Recent observations that anthranilic acid, an 
intermediate in the biosynthesis of tryptophan in 
microorganisms,6 has been incorporated into chloro- 
raphin in trace amounts (0.002'3, incorporation) 
prompted us to study simulated biosyntheses of 
phenazine pigments through the dimerization of 
substituted anilines by symmetrical carbon-nitrogen 
pairing. 

Biogenetic implications of phenol oxidation and 
the biosynthesis of dimeric and polymeric phenols 
are available in excellent laboratory analogies-e.g., 
usnic acid,6 gossypol,' griseofulvin,8 and picro- 
lichenic acid. The oxidative dimerization ex- 
amples can be regarded as either the pairing of 
radicals (C. + e 0  and/or C. -+ .C) or the substitu- 
tion of one radical into a neutral phenol molecule 
followed by further oxidation. Coupling of radi- 
cals derived from amino phenols (C. + .C: and/or 
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C. + *N) can also be considered in the biogenesis of 
Amaryllidaceae alkaloids-e.g., galanthamine. lo 

One possible explanation for biosynthesis of I1 
involves dimerization of anthranilic acid with the 
loss of a carboxyl ~ a r b o n . ~  Oxidative dimeriza- 
tions of aromatic amines by pairing of radicals 
(C. + .S) rather than substitution of one radical 
into a neutral molecule followed by further oxida- 
tion suggests a plausible biosynthetic pathway for 
phenazine-1-carboxamide (11) and its dihydro deriv- 
ative from anthranilic acid (see structures 111-IV). 
Presence for such a scheme is found in the radical 
coupling theory for oxidation of anilines to  poly- 
meric products-e.g., nigraniline dyes'l as well as 
concepts of the radical coupling theory of bio- 
genesis.1° To obtain I1 from IX would require 
two additional steps, decarboxylation and amina- 
tion. 

An interesting synthesis of phenazine through 
low temperature irradiation of aniline12 gave sup- 
port to the plan to  investigate one-electron oxidizing 
agents on aniline and derivatives. We chose 
anthranilic acid for initial investigations with the 
goal in mind of h d i n g  pertinent information lead- 
ing to a chemical model for the bacterial synthesis 
of phenazine pigments. 

The effectiveness of manganese dioxide and lead 
dioxide as one-electron-transfer oxidizing agents 
for phenols has been attributed to coupling of 
radicals on a solid surface.13 Presumably this 
explains the similar success now observed in the 
oxidation of anthranilic acid by each of these re- 
agents. Active lead dioxide and manganese di- 
oxide13 were freshly prepared and used in dry 
benzene or chloroform under a nitrogen atmosphere. 
After shaking anthranilic acid in benzene or chloro- 
form for several hours a t  40" under nitrogen (oxy- 
gen-free) with either lead or manganese dioxide, 
phenazine-1,6-dicarboxylic acid (IX) was isolated 
(up to 16%). Apparently dihydro intermediahs- 
e.g., VIII-if produced are oxidized to IX. Exten- 
sive polymerization accompanying the formation of 
IX was not unexpected since intermolecular cou- 
pling of para isomers of I11 and IV leads to linear 
polymers incapable of forming IX. Oxidation of 
anthranilic acid with alkaline potassium ferricya- 
nide resulted in unidentified polymers. 

Decarboxylation of phenazine-l,6-dicarboxylic 
wid in refluxing diphenyl ether containing copper 
powder under nitrogen (oxygen-free) affords a 
mixture of phenazine and phenazine-1-carboxylic 
acid from which the amide, 11, was prepared by 

(10) D. H. R. Barton and  T. Cohen, "Festchrift Arthur Stoll." 
Birkhauser. Basle, 1957, p .  117; D. H. R. Barton and C. W. Kirby, 
J .  Chem. Soc., 806 (1962). 

(11) T. U'. J. Taylor and  W. Baker, "Sidewick's Organic Chemistry 
of Nitrogen,'' Oxford University Press, London. England, 1942, p. 52. 

(12) B. K. Malaviya and S. Dutt ,  Proc. Acad. Sei. United Proainc~e 
Aura and Oudh,  India.  4, 319 (1935); Chem. Abatt.,  30,  1956 (1936). 

(13) ??or ~ ~ r e v i o ~ i a  USPY of solid oxidants for effecting phenol coupling 
aeu ref. 6, 8, 9, and 10. 

standard procedure with thionyl chloride and 
ammonia. l4 
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EZperimental15 

Oxidation of Anthranilic Acid with Manganese and Lead 
Dioxide.-A solution of 5.0 g. (0.036 mole) of anthranilic 
acid in chloroform or benzene (50 ml.) was shaken with 
active manganese dioxide'6 a t  40" for 3 hr. under nitrogen 
(oxygen-free). The manganese dioxide wm removed by 
filtration and the dark solution extracted with 50 ml. of 5 A' 
potassium hydroxide. The dark alkaline extract was con- 
centrated to a volume of about 25 ml. and allowed to stand 
at  0" for several days. The resulting brown microcrystals of 
the dipotassium salt of phenazine-l,6-dicarboxylic acid were 
collected. Neutralization of the salt with 0.5 N hydrochloric 
acid afforded phenasine-1,6-dicarboxylic acid, charring with- 
out melting 300-320", 16% yield. 

Anal. Calcd. for C14HsiY\;zOa: C, 62.69; H,  3.01; N, 
10.44. Found: C,62.77; H,3.21; Y, 10.29. 

A similar experiment with active lead dioxide'7 gave 
phenazine-l,6-dicarboxylic acid (5%) which proved diffi- 
cult to purify. 

Ethyl Ester of Phenazine-l,6-dicarboxylic Acid.--A solu- 
tion of 1.5 g. (0.0056 mole) of phenazine-1,6-dicarboxylic 
acid in 20 ml. of concentrated sulfuric acid was quickly 
added to 125 ml. of absolute ethanol. The solution was 
allowed to cool slowly to room temperature and made basic 
(pH 9)  with 1 N sodium hydroxide. Several extractions with 
moist ether afforded a 63% yield of the diethyl ester of 
phenazine-1,6-dicarboxylic acid, recrystallized from ethanol 
as greenish yellow needles, m.p. and mixture m.p. 143°.18 

Pyrolysis of Phenazine-l,6-dicarboxylic Acid.-Phenneinp 
l,&dicarboxylic acid (2 g., 0.0075 mole) was dissolved in 500 
nil. of hot diphenyl ether and refluxed a t  260" for 3 hr. with 
25 g. of copper powder under nitrogen (oxygen-free). After 
cooling to room temperature, the dark solution was filtered 

(14) F. Kogl and  B. Tdnnis. Ann.. 486, 497 (3432). 
(15) Semimicro analyses by Alfred Betnhardt, Max Plarick Insti- 

tute Microanalytisches Laboratorium. Niilheim (Ruhr), Cefmehy. 
Melting points are uncomected. 

(16) S. Ball, T. W. Goodwin. and R. .4. Marton. Biachsm. J . .  42, 
576 (1948). 

(17) R. Kuhn and I. Ilarnmer, Rer., 83, 413 (1950). 
(181 L. Birkofer and A. Widinann, ihid., 86, 12% (19%). 
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and extracted with 0.1 N sodium hydroxide. The organic 
layer waa neutralized with 0.1 N hydrochloric acid, and 
chromatographed over alumina (grade 111). Elution of the 
column with methanol afforded brownish needles of phena- 
zine (33%) which recrystallized from ethanol as yellow 
needles, m.p. and mixture m.p. 171-171.5'. 

The alkaline fraction was neutralized with 0.1 N hydro- 
chloric acid and the precipitate isolated and recrystallized 
from acetone-water a~ yellow needles of phenazine-l-car- 
boxylic acid (25%), m.p. and mixture m.p. 242-244'. 

Phenazine-1-carboxamide (11) was prepared in 42y0 yield 
from phenazine-1-carboxylic acid according to the procedure 
of Kogl and Postowsky's employing thionyl chloride and 
ammonium hydroxide. 
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Recently it was reported that 1,2,3,4,5,6,7,8,9,- 
10,11,14 - dodecahydro - 9 - nitrophenanthrene 
(1) under Nef reaction conditions afforded a pair 
of isomeric ketones, 1,2,3,4,5,6,7,8,9,10,11,14-dode- 
cahydro - 9 - ketophenanthrene (2  and 3, respec- 
tively, Fig. l).' The conjugated ketone 3 also was 

zw7 A - C  2. I .NsOH,  HCl 

14 8 

0 
10 9 

1 NO, I 
+ 

Figure 1 

obtained by heating the Nef ketone 2 in an acidic 
medium. The assignment of the position of the 
olefinic linkage in the conjugated ketone 3 was based 
on the ultraviolet spectral characteristics of both 
the a,P-unsaturated ketone and the 2,4-dinitro- 
phenylhydrazone derivative. The absorption con- 
tants of the ketone 3 were reported to consist of 
maxima a t  235 mp (e 3880) and 280 mp (e 940) in 
isooctane. 

Interest in this problem was aroused when it was 
noted t,hat, the above maxima and extinction values 

(1) N. 1,. Drake and C. M. Krsebel, .I. Org. Chntn.. 26, 41 (19G1). 

were not consistent with structure 3. I n  particular, 
the application of the usual correction factor for 
solvent change (isooctane --f ethanol, + 7 mp) 
implied that the K-band for the ketone 3 was in the 
area of 242 mp. A trisubstituted a,p-unsaturated 
ketone similar to 3 would be expected to absorb a t  
about 247 mp (Woodward's rules).2 This dis- 
crepancy in the K-band's observed absorption 
maxima, as compared to the calculated value and 
the unusually low extinction sum, led to a reconsid- 
eration of the structure previously formulated for 
compound 3. An interesting alternative to 3 
was ketone 4 which was expected to possess an 
absorption around 240 mp. If 4 was the correct 
structure for the conjugated ketone, then an abnor- 
mal reaction pathway must be invoked to ration- 
alize the rearrangement of the double bond into 
the Alo,l1 position. 

The nitro olefin 1 was resynthesized by a modifica- 
tion in the literature route. Specifically, bi-l- 
cyclohexen-1-yl was condensed with nitroethylene 
which was generated simultaneously in situ from 
2-nitroethyl acetate and sodium a ~ e t a t e . ~  The 
well known disadvantages of pure nitroethylene 
were avoided by this indirect sequence. The 
presence of the double bond a t  A12,13 in compound 
1 was assigned in the original work by ozonolysis 
experiments as well as by infrared arguments. 

The n.m.r. spectrum of 1 revealed the proton on 
C-9 at 4.60 6. This signal appeared to consist of a 
pair of doublets with couplings of 7 and 12 c.P.s., 
presumably due to spin-spin interaction with the 
two protons a t  C-10 as well as the proton a t  C-14. 
This information was used in an attempt to ascer- 
tain the preferred state of ring B and whether the 
nitro group existed in either the axial or equatorial 
configuration. If one assumed that the hydrogens 
C-11 and C-14 were cis to each other (cis addition 
via a Diels-Alder reaction) and were in the axial 
position, then the nitro group must be either in the 
axial or equatorial conformation. First, i t  may be 
said that any boat or half-boat form for ring B as 
visualized by Dreiding models appeared to be un- 
stable and would collapse into the more rigid chair 
or half-chair form. More importantly, if the di- 
hedral angles for the couplings between J-a,10 

and Ja.14 were measured for the various axial or 
equatorial nitro configurations, then reference to 
the literature curve relating dihedral angle to 
JHIHl provided theoretical coupling values which 
were incompatible with the observed patterna4 
Thus, the boat form of ring B was eliminated from 
further consideration. 

Four possible chair or half-chair representations 
of ring B must be considered now. Number one of 

(2) A. E. Gillam and E. S. Stern, "An Introduction to Electronic 
Abeorption Spectroscopy in Organic Chemistry," 2nd ed., Edward 
Arnold, Ltd., London, 1957, pp. 106, 107. 
(3) H. Feuer, R. Miller, and C. B. Lawyer, J .  O w .  Chem., 26, 1357 

(1 961). 
(4) M. Karplria, .I .  Chem. Phgfn., 80, 11 (1959). 


