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The reac t iv i ty  of the 7 posit ion in 3-phenothiazinone,  3-phenoxazinone,  and 5-e thyl -  and 
5-phenylphenazinone in react ions  with p - th ioc reso l  is de te rmined  by the nature of the two 
he te robr idges ,  which can be a r ranged  in the o rd e r  S, O, N-C2Hs, N-C6H 5 with respec t  to 
decreas ing  e lect rophi l ic i ty  of this position. 

We have previously  establ ished that 3-phenothiazinone (I) [1] r eac t s  with amines that have high nucleo- 
philicity to give products  of monosubsti tut ion at the 2 posit ion of the quinoid ring or  the 7 position of the ben- 
zenoid ring. Under s imi la r  conditions 3-phenoxazinone (II) [2] undergoes react ion only at the quinoid ring. 
The reac t ions  of 5-e thyl -  (HI) [3] and 5-phenyl-3-phenazinones  (IV) [4] p roceed  with g r e a t e r  difficulty than in 
the case  of the oxygen-containing analog (II), and a phenyl substi tuent attached to the ni trogen atom hinders  
substi tution to a g rea t  degree .  At the same t ime,  it is known that 3-phenoxazinone reac t s  with p - th iocreso l  in 
alcohol at room t empe ra tu r e  to give i somer i c  products  of monosubsti tution at the 2 or  7 position, as well as a 
2 ,7-disubst i tuted compound [5]. It might have been expected that the react iv i ty  of the benzenoid ring would be 
manifested in the case of o ther  he te rocyc l i c  quinones (I, III, and IV) with a s t ronger  nucleophile. 

To asce r t a in  the effect  of the nature of a second he terobr idge  (S, O, N-C2Hs, and N-C6Hs) on the r eac -  
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t ivi ty  of the benzenoid r ing we made a compara t ive  study of the reac t ion  of p ' t h i o c r e s o l  with the he te rocyc l ic  
quinones cited above. 
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TABLE 1. p -To ly l th ioDer iva t ives  of 3-Phenothiazinone,  5-Ethyl-  
3-phenazinone,  and 5-Phenyl -3-phenaziaone  
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253--256b!58 2 4,0 4.4 
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aIn DMF. b F r o m  butanol. CFrom butyl a l coho l -e thano l  (1:2).  
dF rom b e n z e n e - e t h y l  acetate  (1:2).  

In fact,  the react ion of 3-phenothiazinone with p - th ioc reso l  p roceeds  readi ly  in alcohol when catalyt ic  
amounts of hydrochlor ic  acid a re  e i the r  p resen t  or  absent and fa s t e r  than in the case of 3-phenoxazinone [5]; 
the format ion  of co lo r l e s s  3-hydroxyphenothiazine der iva t ives  (Va-VIIIa) (after 1 and 4 h, respect ively)  is ob- 
se rved  under s imi la r  conditions.* In addition, the resul t ing 3-hydroxy der ivat ives  of phenothiazine are  con- 
ver ted  to the oxo der ivat ives ,  in contras t  to the 3-hydroxy der ivat ives ,  only under the influence of an oxidizing 
agent (for example,  a 10% solution of f e r r i c  chloride) .  Two monosubsti tuted der iva t ives  of 3-phenothiazinone 
(V and VI) and one containing two p - th ioc reso l  res idues  (VII) were  isolated f rom the reac t ion  mixture,  a f te r  
oxidation, by column chromatography on si l ica gel (Table 1). 

The p resence  of a substi tuent in the 2 posi t ion in VI, which is cha rac te r i zed  by a hypsochromic  shift of 
the long-wave band in the e lec t ronic  spec t rum re la t ive  to unsubstituted 3-phenothiazinone (Ak 48 rim), was 
conf i rmed by the absence of a s ignalof  a 2-H proton in the PMR spec t rum at 6.83 ppm as compared with the 
spec t rum of unsubstituted 3-phenothiazinone: 1-H 5 7.58 ppm; 2-H 6 6.83 ppm; 4-H 6 6.74 ppm. 

Conversion to the previously descr ibed  7-hydroxy-3-phenothiazinone (VIII) [6] by hydrolys is  with 75% 
sulfuric acid se rves  as proof for  the incorporat ion of a p - th iocreso l  res idue  in the 7 position in V. The fo rma-  
tion of bis (p-tolythio)-3-pheaothiazinone identical to VII when monosubsti tuted V and VI are  t rea ted  with p- thio-  
c reso l  se rves  as confirmation of the fact that VII contains two p-tolyl thio res idues  in the 2 and 7 posit ions.  

The increased  reac t iv i ty  of the 7 position of the benzenoid ring of 3-phenothiazinone as compared with 3- 
phenoxazinone is evidenced not only by the high yields  of 7-monosubst i tuted compounds (20 and 10% [5], r e -  
spectively) but also by the ease  of displacement  of the substi tuent in this position. Thus whereas  the ethoxy 
group is not displaced and 2-(p- to ly l th io)-7-e thoxy-3-phenoxazinone (X) is  formed when 7-e thoxy-3-phenoxazi-  
none (IX) is ref luxed with p - th ioc reso l  in alcohol, under s imi la r  conditions 7-morphol ino-3-phenothiazinone 
(XI) is conver ted  completely to 2 ,7-bis(p- tolyt thio)-3-phenothiazinone (VII). The hydrogen atom in the benzene 
ring of 2-morphol ino-3-phenothiazinone (VII) is also replaced  more  readi ly  than in the case  of the cor respond-  
ing 3-phenoxazinone der ivat ive  [2]; however,  in contras t  to the la t ter ,  XII is conver ted to 2-morphol ino-7- (p-  
tolyl thio)-3-phenothiaz inone. 

The use of a s t ronger  nucleophile (p-thiocresol)  in the case of 5-ethyl-3-phenazinone led, in cont ras t  to 
the react ions  with amines,  to the format ion  of two react ion products:  2-(p- tolyl thio)-  (XV) and 2 ,7-bis (p- to ly l -  
th io)-5-e thyl-3-phenazinone (XVD. The yields  of XV and XVI in alcohol were  low (7-10%). As inthe case of 3- 

* The reac t ions  were  ca r r i ed  out in alcohol at room t empera tu re  with an identical molar  ra t io  of the s tar t ing 
reagents .  
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phenothiazinone and 3-phenoxazinone,  the reac t ion  p roceeds  through a step involving the fo rmat ion  of co lo r l e s s  
3 -hydroxy  de r iva t ives  of 5-ethylphenazine,  but  the i r  fo rmat ion  was accompl ished  only a f te r  standing at room 
t e m p e r a t u r e  for  6 h. In the case  of oxidation with a i r  oxygen the reac t ion  mix tu re  immedia te ly  turns  reddish-  
brown,  which indicates  the lower  s tabi l i ty  of hydroxy der iva t ives  of 5-ethylphenazine.  

In con t ras t  to the reac t ion  with the cor responding  3-phenoxazinone der iva t ive  [5], only the amine res idue  
in the 2 posi t ion is r ep laced  in the reac t ion  of a twofold excess  of p - th ioc re so l  with 2 - m o r p h o l i n o - 5 - e t h y l - 3 -  
phenaz inone (XVII). 2, 7-Bis  (p- to ly l th io) -5-  e thyl -3-phenazinone  (XVI) c an b e  obtained only when a fourfold ex-  
ce s s  of p - th ioc re so l  is used. The hindered fo rmat ion  of 2 ,7-disubs t i tu ted  5-e thyl -3-phenazinone  both by d i rec t  
r eac t ion  of 5 -e thy l -3-phenaz inone  and f r o m  its 2 -morphol ino  der iva t ive  (XVII) with p - th ioc re so l  a t t es t s  to the 
lower e lec t rophi l ic i ty  of the 2 posit ion,  pa r t i cu l a r ly  as compared  with the cor responding  posi t ions in the oxy- 
gen-  and sul fur -conta in ing analogs.  
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Replacement  of the ethyl res idue  at tached to the ni t rogen a tom of 5-e thyl -3-phena~inone by a phenyl 
group leads to a d e c r e a s e  in the reac t iv i ty  of the molecule .  The reac t ion  of 5-phenyl-3-phenazinone with p-  
th ioc reso l  p roceeds  only when the mix ture  is heated. The solution is not decolor ized,  and the hydrogen a tom 
in the 2 posit ion of the quinoid ring is r ep laced  under these  conditions (XVIII). 

Substitution in the 7 posit ion does not occur  evenwhen  2 -morpho l ino-5 -pheny l -3 -phenaz inone  (XIX) is r e -  
fluxed with a fourfold excess  of p - th ioc re so l  fo r  10 h. In this  case  ~ 70% unchanged morpholino der iva t ive  
(XIX) and ~ 30% 2- (p - to ly l th io ) -5 -pheny l -3 -phenaz inone  (XVIID were  isola ted f rom the reac t ion  mixture .  The 
fo rma t ion  by 5-phenyl -3-phenaz inone  of only a product  of monosubst i tut ion in the 2 posit ion of the quinoid r ing 
even in the case  of the use of a s t ronge r  nucleophile than amines  indicates the absence  of an e lec t rophi l ic  cen-  
t e r  in the benzenoid r ing,  the p r e s ence  of higher  e lec t ron  density in the 2 and 7 posi t ions,  and, consequently,  
h igher  a r o m a t i c  c h a r a c t e r  of the molecule  as a whole than in the case  of compounds with S, O, and N-C2H ~ 
he te robr idges .  

The d e c r e a s e  in the reac t iv i ty  of the 7 posit ion and of the molecule  as a whole on pass ing f rom S, O, and 
N -  R he te robr idges  can be explained for  the O and N-- R he te robr idges  (period II e lements)  by the different  de- 
g r e e s  of r e sonance  in terac t ion  of the unshared pa i r  of e lec t rons  of the a tom with the ~ -e l ec t ron  s y s t e m  of the 
quinoid and benzenoid f r a g m e n t s  [7]. The inc reased  reac t iv i ty  of the benzenoid ring in the case  of phenothia-  
zinone is probably  assoc ia ted  with the manifes ta t ion  by the sulfur  a tom of e l e c t r o n - a c c e p t o r  p rope r t i e s  owing 
to the p r e s e n c e  of a vacant  d orbi ta l .  

The noted change in the regu la r i ty  of the effect  of a second he te robr idge  (S, O, N-C2Hs,  and N-C6H 5) or 
the change in the r eac t iv i t i e s  of I-IV is also re ta ined  in other  solvents  (benzene and DMF), and the ra te  of r e -  
action of the compounds with p - th ioc re so l  i n c r e a s e s  on pass ing  f rom benzene to alcohol andDMF. The p r e s -  
ence of cata lyt ic  amounts  of concent ra ted  hydrochlor ic  acid also p romo te s  an inc rease  in the reac t ion  ra te .  

Thus the r e su l t s  of the reac t ion  of 3-phenothiazinone,  3-phenoxazinone,  and 5-e thy l -  and 5-phenyl -3-  
phenazinones with p - th ioc re so l  show that there  a r e  two reac t ions  c e n t e r s -  in the pa ra  posit ion re la t ive  to the 
imine ni t rogen a tom in the benzenoid r ing and in the 2 posi t ion in the quinoid r i n g -  in su l fur - ,  oxygen- ,  and 
N-e thyl -conta in ing  he te rocyc l i c  quinones, whereas  the N-phenyl  analog contains only one reac t ion  cen te r  in the 
quinoid ring. 
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The d i f fe rences  in the reac t iv i t i e s  of these  posi t ions  a re  due to the nature  of the two he te robr idges ,  
which can  be a r r ang ed  in the o r d e r  S, O, N -  C2H 5, and N -  C6H 5 with r e s p e c t  to the i r  effect  on the dec rea se  in 
the e lec t rophi l ic i ty  of the 7 posit ion.  

E X P E R I M E N T A L  

The e lec t ronic  s p e c t r a  of 5 . 10 -4 m o l e / l i t e r  solutions of V-VIII  and XIV-XVIII in ch lo ro fo rm in the 
v is ib le  reg ion  w e r e  r eco rded  with a Specord UV-vis  spec t ropho tomete r .  The PMR s p e c t r a  solutions of I and 
V-VII  in dimethyl  sulfoxide (DMSO) were  r e c o r d e d  with a P e r k i n -  E l m e r  R-12B s p e c t r o m e t e r  at 140~ 
The Rf  values  we re  de te rmined  on Silufol UV-254  in b e n z e n e - e t h e r  (3:1)  

7- (p-Tolyl thio)-3-phenothiazinone (V), 2-  (p-Tolyl thio)-3-phenothiazinone (VI), and 2 ,7 -Bis  (p-Tolylthio)-  
3-phenothiazinone (VII). A) Five  to six drops  of concent ra ted  HC1 and 2.3 g (19 mmole)  of p - th ioc re so l  were  
added to 1.0 g (4.47 mmole)  of 3-phenothiazinone (I) in 20 ml of alcohol,  and the mixture  was allowed to stand 
at r o o m  t e m p e r a t u r e  for  1 h until a co lo r l e s s  solution of the hydroxT der iva t ive  formed.  A f resh ly  p r e p a r e d  
solution (15 ml) of f e r r i c  chlor ide was then added with s t i r r ing ,  during which the solution turned red-brown.  
The solvent  was  r emoved  by evapora t ion ,  and the res idue  was d isso lved  in ethyl aceta te  (3 : 1). The f i r s t  r ed -  
d i sh-brown f rac t ion  was collected,  the solvent  was r emoved  by evapora t ion ,  and the res idue  was c rys ta l l i zed  to 
give 0.32 g (15%) of VII. The second redd i sh -b rown f rac t ion  yie lded 0.39 g (12.5~c) of VL Workup of the third 
d a r k - r e d  f rac t ion  gave 0.4 g of 3-phenothiazinone (I). The fourth (cr imson)  f rac t ion  yielded 0.31 g (20%) of V. 

B) A mix tu re  of 1.0 g (4.47 mmole)  of I, 2.3 g (19 mmole)  of p - th ioc reso l ,  sud 20 ml  of ethanol was 
mainta ined at r o o m  t e m p e r a t u r e  for  1.5 h, a f t e r  which it was  worked up, and the product  was purif ied by meth-  
od A to give 0.25 g (16%) of V, 0.39 g r of VI, and 0.30 g (14%) of VII. 

C) A 0.5-g (65%) sample  of VII was obtained f r o m  0.5 g (1.5 mmole)  of 2-  (p- tolyl thio)-3-phenothiazinone 
(VI) and 0.74 g (6.0 mmole)  of p - th ioc re so l  in 19 ml  of ethanol under  conditions s i m i l a r  to those in expe r i -  
ment  A. 

D) A 0.5-g (65%) sample  of VII was obtained f r o m  a mix tu re  of 0.5 g (1.5 mmole)  of 7- (p-tolyl thio)-3-  
phenothiazinone (V) and 0.74 g (6 mmole)  of p - t h ioc re so l  under conditions s i m i l a r  to those in expe r imen t  A. 

E) A 0.5-g (65%) sample  of VII was obtained f r o m  0.5 g (1.5 mmole)  of 7-morphol ino-3-phenoth iaz inone  
(XI) and 0.74 g of p - t h i o c r e s o l  in 15 ml  of alcohol in the p re sence  of th ree  to four drops  of concent ra ted  HCI 
a f t e r  refluxing fo r  1 h and workup and pur i f ica t ion  by method A. 

2 -Morphol ino-7- (p- to ly l th io) -3-phenoth iaz inone  (XIV). A 0.3-g (41~c) sample  of XIV was obtained f r o m  
the f i r s t  r edd i sh -b rown  f rac t ion  f r o m  0.5 g (1.6 mmole)  of 2 -morphol ino-3-phenoth iaz inone  (XII) and 0.74 g 
(6 mmole)  of p - t h ioc re so l  in 15 ml of alcohol in the p r e s e n c e  of th ree  to four  drops  of concent ra ted  HCI a f te r  
refluxing for  7 h and workup and pur i f ica t ion  by method A. Workup of the second f rac t ion  gave 0.2 g of un- 
changed XII. 

7 -Hydroxy-3-phenoth iaz inone  (XIII). A solution of 0.5 g (1.6 mmole)  of 7-(p- to lyl th io)-3-phenothiazinone 
(V) in 10 ml  of 75% H2SO 4 was  hea ted  at 140~ for  4 h, a f t e r  which it was  poured into 50 ml of wate r ,  and the 
aqueous mix ture  was ex t rac ted  with ch loroform.  Evapora t ion  of the solvent  and c rys t a l l i za t ion  of the res idue  
gave 0.25 g (71%) of VIII, which was identical  to the 7-hydroxy-3-phenothiaz inone  desc r ibed  in [6]. 

2 -  (p-Toly l th io) -5-e thyl -3-phenaz inone  (XV) and 2 ,7 -Bis (p - to ly l th io ) -5 -e thy l -3 -phenaz inone  (XVI). A) 
F ive  to s ix drops  of concent ra ted  HC1 and 2.2 g (17 mmole)  of p - t h ioc re so l  we re  added to 1.0 g (4.5 mmole)  of 
5 -e thy l -3-phenaz inone  (III) in 25 ml of alcohol,  and the mix ture  was allowed to stand at r oom t e m p e r a t u r e  for  
6 h until a co lo r l e s s  solution of the hydroxy der iva t ive  fo rmed .  Air  was then bubbled into the solution for  1 
min, during which it turned redd ish-brown.  The solvent  was  r emoved  by evaporat ion,  and the res idue  was 
dissolved in b e n z e n e -  ethyl aceta te  (3 : 1) and subjected to chromatography .  Evapora t ion  of the solvent f rom 
the f i r s t  r e d d i s h - b r o w n f r a c t i o n  and c rys ta l l i za t ion  of the res idue  gave 0.15 g (7~c) of XVI. The second f r a c -  
tion yie lded 0.15 g (10%) of XV. 

B) A 0.12-g (5.7~c) sample  of XVI and 0.15 g (10%) of XV were  obtained f r o m  a mix tu re  of 1.0 g (4.5 
mmole)  of III and 2.22 g (17 mmole)  of p - th ioc re so l  in 25 ml  of alcohol under conditions s i m i l a r  to those in 

expe r imen t  A. 

C) A 0.40-g (59%) sample  of XVI identical  to 5 -e thy l -3-phenaz inone  obtained f r o m  III by methods A and 
B was obtained f r o m  a mix ture  of 0.5 g (14 mmole)  of 2 - (p - to ly l th io ) -5 -e thy l -3 -phenaz inone  (XV) and 1.1 g 
(86 mmole)  of p - t h ioc re so l  under  conditions s i m i l a r  to those in expe r imen t  A. 

D) A mix tu re  of 0.5 g (17 mmole)  of 2 -morpho l ino -5 -e thy l -3 -phenaz inone  (XVII) and 1.1 g (85 mmole)  of 
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p - t h i o c r e s o l  in 15 ml  of alcohol was ref luxed on a wa te r  bath for  7 h, a f te r  which it was worked up and the 
product  was pur i f ied by method A to give 0.6 g (73~c) of XVI. 

E) A 0.4-g (63%) sample  of XV was obtained f r o m  a mix ture  of 0.5 g (17 mmole)  of 2 -morpho l i no -5 -  
e thyl -3-phenaz inone  {XVII) and 0.55 g (42.5 mmole)  of p - th ioc re so l  under conditions s i m i l a r  to those in ex-  
p e r i m e n t  D. 

2 - (p -To ly l th io ) -5 -pheny l -3 -phenaz inone  (XVIH). A) Five  to six drops  of concent ra ted  HC1 and 2.2 g 
(17.5 mmole)  of p - t h ioc re so l  were  added to 1.0 g (45 mmole)  of 5-phenyl -3-phenazinone  (IV) in 25 ml of a lco-  
hol, and the mix tu re  was ref luxed on a wa te r  bath for  7 h. The solvent  was then r emoved  by evaporat ion,  and 
the res idue  was d isso lved  in b e n z e n e - e t h e r  (3:1) and subjected to chromatography .  A 0.26-g (17%) sample  
of XVIII was obtained f r o m  the f i r s t  ( reddish-brown) f rac t ion  a f te r  evapora t ion  of the solvent and c r y s t a l l i z a -  
tion. Workup of the second (purple-red)  f rac t ion  yie lded 0.8 g of s ta r t ing  5-phenyl -3-phenazinone .  

B) A 0.20-g (13~c) sample  of XVII-I was obtained f rom a mix tu re  of 1.0 g (45 mmole)  of IV and 2.2 g (17 
mmole)  of p - t h i o c r e s o l  in 25 ml  of alcohol under conditions s i m i l a r  to those in exper imen t  A. 

C) A 0.72-g (8 mmole)  s ample  of p - th ioc re so l  and th ree  to four  drops  of concent ra ted  HC1 were  added 
to 0.5 g (15 mmole)  of 2 -morpho l ino -5 -pheny l -3 -phenaz inone  (XIX) in 20 ml  of alcohol,  and the mixture  was 
ref luxed on a w a t e r b a t h  fo r  10 h. The solvent  was then r emoved  by evaporat ion,  and the res idue  was dissolved 
in b e n z e n e - e t h y l  ace ta te  (3 : 1) and subjected to chromatography .  Workup of the f i r s t  f rac t ion  gave 0.18 g 
(35%) of XVIII, whe reas  the second f rac t ion  yie lded 0.28 g of unchanged 2 -morpho! ino-5-pheny l -3 -phenaz inone .  
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