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A New Phenazine Synthesis. The Synthesis of Griseohteic Acid, 
Griseolutein A, and Methyl Diacetylgriseolutein €3 

By S. R. CHALLAND, R. B. HERBERT, and F. G. HOLLIMAN* 
(Department of Organic Chemistry, The University of Leeds, Leeds LS2 9 JT) 

Sztwmaity 2-Nitrodiphenylamines are reductively cyclized 
to phenazines by sodium borohydride in ethanolic sodium 
ethoxide solution: the method has been used to provide 
the first synthesis of griseoluteic acid and thence of 
griseolutein A, confirming the allotted structures, and of 
methyl diacetylgriseolutein B, modifying the suggested 
structure. 

FOLLOWING the observation that some Q’-amin0-2-nitrodi- 
phenylamine-6-carbosylic acids heated in aqueous alkali 

A limited survey of the scope of the reaction gave the 
results in the Table. It is clear that the reductive cyclisa- 
tion is general for 2-nitrodiphenylamines and, in particular, 
is not dependent on a 4‘-amino, or any substituent, in the 
ring on to which cyclisation is taking place. On the other 
hand, the highest yields are obtained with 6-nitrodiphenyl- 
amine-2-carboxylic acids ; when the carboxyl group is in 
another position or when it is absent, lower yields result 
and/or longer reaction times are necessary. 

The behaviour of aromatic ni tro-compounds towards 

Diphen ylamine 
2-Nj tro * I  . .  .. 
6-Carboxy-%nitro . . I .  

6-Methyl-2-nitro . . . .  
4’-Amino-4-methoxy-2-nitro 
4’-Amino-6-carboxy-2-nitro 
4‘-Amino-4-carboxy-2-nitro 
6-Carboxy-4’-methoxy-2-nitro 
6-Carboxy-3 ’-methoxy-2-nitro 

. .  .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 

.. .. 
6-Carboxy-2’-methoxy-2-nitro . . .. 
4’-Amino-2-nitro-4-sulphamoyl . . .. 
4’-Ainino-6-carboxy-2-nitro-4-sulphamopl 
6-Carboxy-4’-methoxy-2-nitro-4-sulphamoyl 

Time of 
reaction 

20 
15 
30 
18 
4 
4 

10 
20 

18 
15 
3 

10 

(h) Phenazinc 
unsubstituted . . . .  .. 
l-carboxy . . . .  . .  . .  
l-methyl . . . .  1 .  .. 
8-amino-2-methoxy . . . .  
7-amino- l-carboxy . .  .. 
7-amino-3-carboxy .. .. 
l-carboxy-7-methoxy . . . .  
l-carboxy-6-niethoxy . . .. 
l-carboxy-8-methoxy . . * .  

1-carboxy-9-methoxy . . .. 
2-amino-8-sulphamoyl . . .. 
2-amino-6-carboxy-8-sulphamoyi 
6-carboxy-2-methoxy-8-sulphamoyl 

gave low yields of ‘I-aminophenazine- l-carboxylic acids borohydride is variable 

Yield (%) M.P. (“1 
. , 32 170-171 

.. 36 

. . 75 >300 

. . 37 >300 

. . 78 239-240 
107-1 08 

.. 38 2 15-2 17 

. . 80 256-258 

. . 40 282-284 
187-189 

.. 35 258-260 

. . 32 

. . 67 >300 

. . 69 >300 

. . 52 295-299 (dccomp.) 

depending on structure and re- 
and the belief that the necessary reduction arose from the action conditions: they may be inert, reduced a t  the nitro- 
p-phenylenediamine system,l we sought to develop a group or, in the case of polynitro-compounds, reduced in the 
practical phenazine synthesis by the addition of other aromatic ring.2 I t  has recently been reported that sodium 
reducing agents. With sodium borohydride (2 molecular borohydride in alkali reduces aromatic nitro-compounds 
proportions) in 5~-ethanolic sodium ethoxide solution via radical- anion^.^ Our reaction may proceed via 2-nitroso- 
under reflux, yields have been improved to 6&SO%. diphenylamines which may cyclise to phenazines4 or be 
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further reduced in competitive reactions, Reduction of 
2-nitrodiphenylaniine under the conditions described gives 
only a moderate yield of phenazine, the other main product 
being 2-aniinodiphenylaniine ; when a trace of fluorenone is 
added as a hydride-transfer catalyst,s Z-aminodiphenyl- 
amine is the only product. The advantage of a carboxyl 
group in the other position ortho to the diphenylamine 
system is then to provide, by hydrogen bonding, a con- 
formation favouring cyclisation over further reduction. 

(1) R'=R*=H 
(2).R4 =H,,=R2 = CO-CHzOH 
(3) R' = Me, R2 = CO. Me 

i 

( 5 )  R' =Me, R2=R3 =CO.Mc 
(6) R':R2=R3=H 

C H ~ O R *  

g;B 
H CH20*CO*CH20H 

1 1  
R3 O-C, oAH, 
/ 

CH20R2 
7 1 R' = Me, R2= R3 = COOMe 

(8) R'=R2= R3=H 

OMe 

The structure of griseoluteic acid (1), a degradation 
product of the Streptoinyces griseoluteus metabolites griseo- 
leutein A (2) and B,G is ideally suited to synthesis by the 
new method. 4-Methosy-3-nitrobe1izoic acid7 was con- 
verted into its mixed ethoxgcarbonic anhydride which was 
then reduced with sodium borohydride5 to 4-methoxy-3- 
nitrobenzyl alcohol* then further reduced, on the addition 
of 10% Pd-C,xO to 3-amino-4-methoxybenzyl alcohol.* 
The latter was condensed with methyl 2-bromo-3-nitro- 
benzoatell to give methyl 3 '-hydroxymethyl-6'-niethoxy-2- 
nitrodiphenylamine- 1-carboxylate (4) which, by the reduc- 
tive cyclisation, gave griseoluteic acid (6404 after 20 h). 
The methyl ester had ni.p., mixed m.p., spectral, and 
chromatographic properties identical with those of the 
methyl ester prepared from authentic acid supplied by 
Professor S. Nakamura. 

Griseoluteic acid (1) with t-butoxyacetic acid12 in the 
presence of dicycloheq-lcarbodi-imide and pyridine gave a 
product which was cleaved by dry hydrogen chloride in 
dichloromethane to give griseolutein A (2) with m.p., 
mixed m.p., spectral, and chromatographic properties 
identical with those described for the natural product.6b 

Methyl acetylgriseoluteate6a (3) was hydrogenated in 
dichloromethane solution with rhodium as catalystu to 
minimise the ready hydrogenolysis of the acetoxymethyl 

group, The dichloromethane solution of the dihydro- 
derivative was treated with acetoxyacetyl chloride in the 
presence of 1,4-diaza[2,2,2]bicyclo-octane. From this 
reaction a 31% yield of a yellow, highly fluorescent, crystal- 
line compound was isolated which proved identical in all 
respects with a sample of the diacetyl derivative of methyl 
griseolutein B,*& supplied by Professor S. Nakamura. 

This synthesis does not distinguish between positions 
5 and 10 for the acetoxyacetyl group, although the 5 

28 

32 

-267-32235 /-2 8 
282 -15 

SCHEME. The fragmentations shown are substantiated by 
metastable peaks at the appropriate m/e values. 

position, preferred on steric grounds, is supported by 
other evidence. As already noted,14 the downfield position 
of the K-H signal in the lH n.m.r. spectruni [(CHCl,) T 0.12 
br s ]  is indicative of strong hydrogen bonding with the 
ester carbonyl. The spatial relationship of the NH with 
the ester group is also shown in the mass spectrum. After 
the initial fragmentation of the molecular ion ( W / P  442) 
with loss o f  the acctoxyacctyl group (101 mass units) to 
give the base peak ( m / e  341), two pathways are followed 
which involve the loss of methanol (32 mass units), acetatc: 
(59 mass units), carbon n;onoxidc (28 mass units), and 
methyl (15 mass units) in different sequences (Scheme) 
which can only be accomrnodatcd if the methanol originates 
in the methoxyl of thc ester group and the hydrogen at  the 
10 position. Further, a fragmentation iniwlving the loss of 
31 mass units, normally associated with the methoxy- 
carbonyl group, is not observed. Thus the structure of 
methyl dincetylgriseolutein B must be (5 )  rather than (7) .la 

A41though griseolutein B has been given14 and has been 
accepted asI5 the cyclol structure (8), it is now clear that a t  
least, under some conditions, (8) must be in equilibrium 
with (6). The latter structure was apparently not: con- 
sidered by Naliamura et al. but none of their e.rridence6aJ4 
excludes i t ;  indeed, the published 1H 1i.m.r. spectrum of 
griseolutein B14 does not show the AB quartet which might 
be expected for the ring niethylene group in (8). Although 
the reported conversion of griseolu tein B into griseolutein 
A above pH 416 presumably does involve the equilibrium 
(6) $ (8) + f9), this equilibrium is displaced by the very 
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rapid atmospheric oxidation of (9) to griseolutein A. Under 
conditions when griseolutein B is stable, therefore, i t  is 
probably the N-acyl conipound (6), a conclusion which is 

strengthened by other arguments to be presented in the 
full paper. 

(Received, August 19th, L970; Corn. 1409.) 

R. K. Bentley and F. G. Holliman, J .  Chem. SOC. (C) ,  in the press. 
H. C. Brown, “Hydroboration,” Benjamin, New York, 1962, ch. 17; H. J. Shine and H. E. Mallory, J .  Org. Chem., 1962, 27, 2390; 

M. G. Swanwick and W. A. Waters, Chem. Comm., 1970, 63. 
T. Severin and R. Schmitz, Chem. Ber., 1962,95, 1417; T. Severin and M. Adam, ibid., 1963,96, 448. 

* N. V. Ellerton, F. G. Holliman, and G. Parker, unpublished work. 
Ei A. A. Sayigh, J .  Org. Chem., 1960,25, 1707. 
8 (a) S. Nakamura, Chem. and Pharm. BuZZ. (Japan),  1955,6, 539, 543, 547. 

and H. Umezawa, J .  Antibiotics ( A ) ,  1959, 12, 55. 
7 V. Froelilicher and J. B. Cohen, J .  Chem. Soc., 1922, 165G. 
8 K. Ishizumi, K. Koga and S. Yamoda, Chem. and Pharnz. Bu2l. (Japan) ,  1968,16, 498. 
* J. B. Fishman, J .  Amer. Chem. SOC., 1920, 42, 2300. 

(b) S. Nakamura, E. L. Wang, N. Murase, K. Maeda, 

10 T. Neilson, H. C. S. Wood, and A. G. Wylie, J .  Chem. SOC., 1962, 371. 
11 P. J. Cullhane, Org. Sylz. Colt. VoZ. I, 1941, 125. 
l2 C. Wasilewski, Roczmiki Chem., 1966,40, 1443; Chem. Abs., 1967, 67, 44074. 
1% J. H. Stocker, J .  Org. Chem., 1962,27, 2288. 
14 S. Nakamura, K. Maeda and H. Umezawa, J .  Apztibiotics ( A ) ,  1964,17, 33. 
15 R. H. DeWolfe, “Carboxylic Ortho Acid Derivatives,” Academic Press, New York, 1970, p. 435; M. M. Shemyakin, V. I<. Antonov, 

16 F. Tausig, F. J. Wolf, and A. K. Miller, A:ztimicvobial Agents and Chemotlzerapy, 1964, 50. 
A. M. Shkrob, V. I. Shchelokov, and 2. E. Agadzhanyan, Tetrahedrolz, 1965,21, 3562. 




