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Phenanthro[l, 2- c][l, 2, 5]oxadiazole- i 0,1 I- dione (phenanthrene qui- 
none furazan, I), like anthraquinone furazan, is capable of adding 
nucleophilic agents to carbon atom 4 of the carbon skeleton or to the 
oxygen of the carbonyt group. Thus, its reactions with thiophenol and 
benzenesulfinic acid, with subsequent oxidation lead, respectively, to 
the substituted quinones II and IV, the latter of which is converted by 
the action of benzenesulfinic acid into the benzenesulfonic ester V. 

It  was found p rev ious ly  that  some de r i va t i ve s  of 
an th raqu inone  con ta in ing  an angu la r ly  condensed  he t -  
e rocye le  p o s s e s s  unexpected ac t iv i ty  in  nucleophi l ic  
addi t ion r eac t i ons  [2-4] .  The nucleophi l ie  agent  c o m -  
b ines  with the ea rbon  atom of the nuc leus  conjugated 
with the ea rbonyl  group c lo ses t  to the he t e rocyc l e  or  
with the oxygen of the ca rbonyl  r e m o t e  f r o m  the her-  
e rocyc le .  It  was of i n t e r e s t  to s tudy whether  this  r e -  
act ivi ty  is a speeffie f ea tu re  of an th raqu inone  d e r i v a -  
t ives  alone.  

As the sub jec t  of inves t iga t ion  we se lec ted  phe na n -  
t h ro [1 ,2 - c l  [1 ,2 ,5]  oxad iazo le -10 ,11  -d ione  (phenan-  
t h r e n e  quinone f u r a z a n ,  I) [5]. It  was found that  I ,  l ike 
an th raqu inone  fu r azan ,  r ead i ly  r e a c t s  with m e r c a p t a n s ,  
su l f in ic  ac ids ,  and amines .  

Its r e a c t i o n  with thiophenol  in  d i m e t h y l f o r m a m i d e ,  
with subsequen t  oxidat ion by f e r r i c  ch lor ide ,  led to the 
pheny l th io - subs t i tu t ed  quinone II ,  ve ry  s i m i l a r  in i ts  
p r o p e r t i e s  and IR and UV s p e c t r a  to 4 -pheny l t h i oa n -  
t h r a l l ,  2-c] [ 1 , 2 , 5 ] o x a d i a z o l e - 6 , 1 1 - d i o n e  [4], When I 
was heated with benzenesu l f in i c  acid in acet ic  acid 
so lu t ion ,  the b e n z e n e s u l f o n y l - s u b s t i t u t e d  phenan th rene  
hydroquinone  III was fo rmed ,  whieh was conver ted  on 
t r e a t m e n t  with FeCla into the quinone IV. These  r e a e -  
t ions  a r e  s i m i l a r  to those s tudied for  an th raqu inone  
fu razan  [41 and i t  may be a s s u m e d  that  he r e ,  a l so ,  
the nueleophi l ic  agent  a t tacks  at pos i t ion  4. 

the d i e s t e r  VI, iden t ica l  with that  obtained f rom the 
hydroquinone  III. In the IR s p e c t r u m  of the m o n o e s t e r  
V, as in the c o r r e s p o n d i n g  an th racene  de r iva t ive  [4], 
the vOH band is  d ispIaced in the d i r ec t ion  of lower  
f r e q u e n c i e s ,  which p e r m i t s  the a s sumpt ion  of the 
ex i s t ence  of an i n t r a m o l e c u l a r  hydrogen bond and,  
consequen t ly ,  in this  case  a lso ,  the p r e s e n c e  of an 
e s t e r  g roup ing  bound to the oxygen a tom remote  f r o m  
the he te rocyc le .  

Thus ,  the in t roduc t ion  of the fu razan  r i n g  in the 
1 , 2 - p o s i t i o n  of phenan th renequ inone  l eads ,  as in the 
an th raqu inone  s e r i e s ,  to a high r eac t i v i t y  to nuc leo-  
phi l ic  agents  which is not a c h a r a c t e r i s t i c  of phenan-  
t h r ene  quinone and i ts  de r iva t ives .  

EXPERIMENTAL 

4- Phenylthiophenantbxo[1,2-e][1, 2, 5]oxadtazole-10, ll-dione 
(II). A mixture of 0.25 g (0.001 mole) of I, 10 ml of dimethylforma- 
mide, and 0.5 g of thiophenol was heated to boiling. Then, 6 ml of 
35% FeC13 solution was added and the mixture was boiled for another 
2-3 min. After cooling, crystals of II were filtered off and washed with 
dimethylformamide and ethanol; yield 0.33 g (92%). Orange-red 
needles (from acetic acid) not melting below 350* C; kma x, nm 
(log ~): 265 (4.40), 355 (3.66, shoulder), 410 (4.06), 425 (3.95). 
Found, %: S 8.68, 8.72. Calculated for Cz0H10N2OsS , %: S 8.95. 

i0, ll-Dlhydroxy-4-phenylsulfonylphenanthro [I, 2-c][1, 2, 5]oxa- 
diazole (Ill), A solution of 0.004 mole of sodium benzenes~lflnate in 
6 ml of water was added to a boiling solution of 0.75 g (0.0015 mole) 
of I in 120 ml of acetic acid. Crystals began to separate out after 2-3 
minutes. After 80 ml of acetic acid had been distilled off and the re- 
sidual solution had been cooled, 1.08 g (87%) of the hydroquinone III 
was obtained. Long yellow-orange needles (from acetic acid), spar- 
ingly soluble in organic solvents, decomposing without melting on 
being heated to 350* C. In aqueous dioxane, the addition of caustic 
soda led to an intense blue coloration. No UCO band was present in the 
IR spectrum. Found, %. C 61.25. 61.18; H 3.03, 3.09; N %18, 7.36; 
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The analogy also extends to addi t ion to the oxygen 
of a CO group. Under  the act ion of benzenesu l f in i c  
acid,  the quinone IV gives the e s t e r  V, which by a c y l a -  
t ion with benzenesu l fony l  ch lor ide  i s  conver t ed  into 

*For part IX, see [i] 

S 8.14, 8.20. Calculated for Cz0HIzN2OsS, %0: C 61.21; H 3.06; N 7.14; 

S 8.1'7. 
4- Phenylsulfonylphenanthro[l, 2- e][l 02, 5]ox adtazole - i0,1 l- 

dione (IV). To a suspension of 0.78 g (0.002 mole) of Ill in 25 ml of 
acetic acide at 100 ~ C was added to 10 ml of a 85% solution of FeC13. 
The solid matter dissolved and, after 5 minboiling, crystals of thequi- 
none separated out. Yield of IV 0.58 g (74.3%). Long orange prisms 
(from acetic acid), mp 250-251" C (deeomp.); UCO 1670 cm -~ , 
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USO z 1148 cm-1; kmax,  nm (log ~): 245 (4.92), 298 (3.97), 345 (3.98), 
436 (3.52), 450 (3.48). Found, %: C 61.58, 61.61; H 2.54, 2.75; 
N 7.22, 7.16; 8 8.19. 8.3(~. Calculated for C40H10NzO~8, %: C 61.55; 
H 2.58; N 7.18; S 8.21. 

Monobenzenesulfonate of 10,11-dihydroxy-4-phenylsulfonylphenan- 
thro[1, 2-c] [ i ,  2, 5]oxadiazole (V). A solution of 0.003 mole of so- 
dium benzenesulfinate in 4 ml  of water was added to a boiling solution 
of 0.001 mole of IV in 40 ml  of acetic acid. After 40 rain boiling with 
the distillation of half  the acetic acid, followed by cooling, 0.42 g 
(78%) of the ester V was filtered off. Light yellow needles (from diox- 
ane), not mel t ing on being heated to 350* C. in aqueous dioxane with 
the addition of ether, the substance gave a red coloration changing to 
blue on heating.  The IR spectrum of the substance lacked the band of 
carbonyl vibrations and had USO 2 1182, 1159 cm -1 and uOH 3380 
c m ' l ;  '~max, nm (log ~): 290(4.52), 338(3.70), 355(3.72), 408 (4.07). 
Found, %: C 58.32, 58.54; H 2,83, 3.09; N 5.18, 5.21; S 12.12, 11.98. 
Calculated for C2GH16N2Ofi2, %: C 58.64; H 3.03; N 5.26; S 12.04. 

Dibenzenesulfonate of 10,11 -dihydroxy-4-pheaylsulfonylphenan- 
thro[l,  2-c][1, 2, 5]oxadiazole (V D. A solution of 0.15 g of the es- 
ter V or the hydroquinone III in 5 ml  of pyridine was mixed with 1 ml  
of benzenesulfonyl chloride, and after 12 hr standing at 18-20 ~ C, 
the mixture was poured into water. The precipitate was separated off, 
washed with water, and crystallized from acetic acid, mp 247.5-  
248 ~ C. A mixture of the substances obtained from V and from II 
showed no depression of the melt ing point. Found, %: C 57.21, 57.09; 

H 3.07, 3.15; N 4.26, 4.17; 8 14.37, 14.08. Calculated for Cs2Hz0N2OgSs, 
%. C 57.11; H 2.97; N 4.16; 8 14.30. 

The UV spectra were measured in an SF-4 spectrophotometer in 
chloroform and the IR spectra on an IKS-14 instrument in tablets of Kt3r. 
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