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Depending on the position of the annelated benzene ring, benzophenoxazinones add thiophe- 
nols in the benzenoid, quinonoid, or  both par t s  of the molecule to give mono-  or d ia ry lmer -  
capto derivatives.  A substituent in the benzenoid portion of the molecule hinders po la ro-  
graphic reduction and shifts the visible absorption band bathochromically,  while a substi t-  
uent in the quinonoid port ion has pract ica l ly  no effect on the El/2 value. 

The 3-phenoxazinone (I) molecule has two electrophilic centers  [1] - in the benzenoid and quinonoid 
rings - to which the addition of nucleophiles can occur.  The annelation of 3-phenoxazinene may not only 
block one of the electrophilic centers  but also can substantially affect [2] the v-e lec t ron  s t ructure  and 
thereby the react ivi ty of the molecule.  

In the present  paper  we have invest igated the addition of thiophenols to benzophenoxazinones (II-V) 
with an annelated r ing in different positions. 

Benzo[alphenoxazin-9-one (II) and benzo[c]phenoxazin-3-one (I11) contain a benzene ring annelated 
with the benzenoid portion of the molecule,  and in II1 this benzene ring covers  the electrophil ic center  of 
the molecule - the p position relative to the heterocycl ic  nitrogen atom. The quinenoid ring in both com-  
pounds is open to attack, as in nonannelated I. However, it has been repor ted  [3-5] only that nucleophiles 
add to the benzenoid portion of 11 in the p position relative to the nitrogen atom, while the react ions of III 
have not been descr ibed  at all. 

In an investigation of the reaction of benzo[a ]phenoxazin-9-one with thiophenols, it was found tl{at 
the major  products  under severe  (as compared  with those in [6]) conditions (prolonged refluxing in alco-  
hol) are  d iary lmercapto  derivatives of II (XII-XIV, Table 1), and 5-arylmercaptobenzo[a]phenoxazin-9-  
ones [6] (IX-XI) are  formed only in small amounts. In contras t  to the reaction of thiophenols with 3- 
phenoxazinone [1], in the case of 11 the i somer ic  products  of monoaddition to the quinonoid portion of the 
molecule were not isolated,  and not even t r aces  of these products  were detected upon investigation of the 
react ion mixture by means of th in- layer  chromatography (TLC). These observations,  as well as the lit- 
e ra ture  data [3-6], demonstrate  that annelation of the benzenoid portion of the I molecule in the [a] manner 
to a considerable degree inc reases  the electrophil ici ty of the p position relative to the heterocycl ic  n i t ro-  
gen atom in the benzcnoid portion and dec reases  the electrophil iei ty of the reaction center  in the quinonoid 
ring. 

* See [1] for  communicat ion IV. 
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T A B L E  1. A r y l m e r c a p t o  D e r i v a t i v e s  o f  B e n z o p h e n o x a z i n o n e s  I I - V  

Com- 
pound 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

Reaction 
time, h 

mp, ~ (crystallization 
solvent) 

0,571 

0,557 

0,490 

0,49l 

5--6 

8--9 

15--16 

2 - 3  

5--6 

10--11 

72 

72 

8--9 

12--15 

22--24 

298--299 
(pyridine) 
282--283 

(pyridine, aqueous di- 
methylformamide) 

279--280 
(dimethylformamide) 

249--250 
(butanol) 
241--242 
(butanol) 
295--296 
(py~dine) 
225--226 
(butanol) 
207--208 
(butanol) 
196--197 

(pyridine + water) 
194--195 

(pyridine + alcohol) 
240--241 
(pyridine) 

R/* 

0,507 

0,638 

0.614 

0,571 

0,607 

0,555 

0,561 

0,657 

0,647 

0,494 

0,425 

0,453 

0,378 

0,617 

0,549 

0,500 

0,444 

0,396 

Empirical 
formula 

Ca0HnNO2S2 

C_~tt~rN02S~ 

C2sH,~NaO6S2 

C2atlis'NOzS 

C22H~aNO2s 

C~2HuN204S 

C24HITNO25 

C~aH,sNO2S 

C2aH~sNO2S 

C22HiaNO2S 

C2~HuN204S 

TABLE i (continued) 

Com- 
pound c H 

XII 73,5 4,2 

XIII --  - -  

XIV - -  - -  

X V  74,9 4,3 

XVI 74,6 3,6 

XVII --  - -  

XVIII 75,4 4,5 

XIX 75,4 4,1 

XX - -  - -  

XXI -- -- 

XXII 

Found, % 

3,1 

3,9 

4,3 

7,0 

3,8 

3,9 

4,0 

7,3 

Calc., % Yield, % 
S C H N S 

4,3 

- -  3,0 

4,1 3,8 

3,7 4,0 

- -  7.0 

4.5 3,6 

4,1 

- -  3,8 

4,0 

7,0 

13,1 73,4 

13,9 

10,9 

8,9 74,7 

8,6 74.4 

8,0 

8,5 75,3 

8,7 / 74,9 

9,0 

9,0 
I 

8,4 I - -  

13,0 

13,8 

1 1 , 5  

8,7 

9,0 

8,0 

8,4 

8,7 

8,7 

9,0 

8,0 

40 

36 

27 

28 

30 

22 

37 

40 

32 

34 

26 

* O n  a c t i v i t y  II a l u m i n u m  o x i d e  in  t h e  f o l l o w i n g  s y s t e m s :  a) b e n -  

z e n e -  a l c o h o l  (9 : 1); b) a n h y d r o u s  c h l o r o f o r m - a l c o h o l  (98 : 2) .  

Benzo[c]phenoxazin-3-one contains an electrophilic position only in the quinonoid ring. The annelated 
ring in this case is a weak electron donor [2] and only slightly decreases the electron-acceptor character 
of HI as compared with I. In conformity with this, benzo[c]phenoxazin-3-one adds only one molecule of 
thiophenolinthe quinonoid portion (XV-XVII, Table 1). An increase in the temperature leads only to accel- 
eration of the reaction rather than to the addition of a second molecule of thiophenol, as in the reaction 
of  I I .  

A b e n z e n e  r i n g  a n n e l a t e d  to  t h e  q u i n o n i m i n e  p o r t i o n  of  3 - p h e n o x a z i n o n e  i s  t h e  s t r o n g e s t  e l e c t r o n  

donor [2] of all of the angularly condensed benzene rings. Owing to this, benzo[a]phenoxazin-5-one (V) 
enters with difficulty into the reaction with thiophenols (the reaction proceeds only on prolonged refluxing 
in alcohol and requires the addition of catalytic amounts of hydrochloric acid) and adds only one molecule 
of thiophenol to give XX-XXII (Table 1). The addition proceeds at the 9 position of the molecule, as proved 

1217  



T A B L E  2. P o l a r o g r a p h i c  a n d  S p e c t r a l  C h a r a c t e r i s t i c s  of 

A r y l m e r c a p t o  D e r i v a t i v e s  of P h e n o x a z i n o n e s *  

I Visible spectrum 
Gem- i --- / - - -  

Pound }rim ~) i ,.~e ] 

VI 482 4,40 
(447) (4,15) 

VII 433 4,51 
VIII 486 4,59 

IX 533 4,54 
(498} (4,30) 

XII 531 4,02 XV 470 4,39 
(501) (4,14) 

XVI[I 494 4,39 
(498' (4,20) 

XX 467 4,48 
(432) (4,18) 

Half-wave potentials and limiting*currant constants 
in  methanol -t !n. dime_thylformamide 

-0,70 5,1 i - -0 ,79  -134 
(-0,55) (5,2) (-0,63) i (-1,00) 
-0,54 I - -  i -0,62 -1,oi 
--069 [ --  -0,71 - ,24 
-0,76 [ - I -07  i -1,09 1,2 0,9 

(-0,60) --  I (-0,63) i (-1,08) (1,3) (I,4) 
- o , 7 0 -  { -o,77 -1,o8 
--0,58 i --  i -0,68 [ -1,14 1,1 0,8 

(I13) (-O,ol)} - ] (-o,05) i (-~,0I) (~,5) 
-0,57 I -- I -0,62 I -0,94 

(-0,60) - -  ] (,0,60) (-0,93) 
-082 ' 52 I -079 [ -1  19 1,5 1,2 

(-0',75) / (4',7) I (-0',79)! (-[12) I (1,4) (1,4) 

* Th e  c o r r e s p o n d i n g  v a l u e s  fo r  u n s u b s t i t u t e d  p h e n o x a z i n o n e s  a r e  
p r e s e n t e d  in  p a r e n t h e s e s .  
t T h e s e  a r e  the  EI/~. v a l u e s  r e l a t i v e  to  a s a t u r a t e d  c a l o m e l  e l e c -  

/ 
t r o d e .  

by the  a l k a l i n e  d e c o m p o s i t i o n  of 9 - t o l y l m e r c a p t o b e n z o [ a ] p h e n o x a z i n - 5 - o n e .  T h e  r e a c t i o n  y i e l d e d  3 - h y -  
d r o x y - 4 - a m i n o p h e n y l - 4 ' - t o l y l  s u l f i d e  (XXIII),  w h i c h  w a s  i d e n t i c a l  to t h a t  r e p o r t e d  i n  [1]. 

a r S ~.~-,.~'~. o / ~_..,-'~ o 

R 

I l l ,  IV 

1 R 

XII-XIV XV-X[X 

li ~ . ~ H ~  

v ~.X-XXII XXIII 

IX.XII,  XV. XVIII, XX, XXII! Ar=p-C~H4CHa; x XIII, XVI, XIX XXI A.r =C6H~; 

El. XIV, XVII, XXI| Ar=p-C'6H4NO~: 111. XV-XVII R=H; IV. KVIII. XIX R=CH 3 

In [i] it was established that the introduction of an arylmereapto residue into the benzenoid portion 
of I causes a bathochromic shift of the visible band of the spectrum, while introduction into the quinonoid 
portion induces a hypsochromic shift. A comparison of the visible absorption spectra of the arylmercapto 
derivatives with the spectra of the corresponding starting benzophenoxazinones (I/ and V) (Table 2) also 
confirms the dependence of the position of the visible band on the site of entry of the substituent. In the 
case of aryimercapto derivatives of benzo[e]phenoxazin-3-one, there is a hypsoehromic shift of the visible 
band in the electronic spectrum as compared with starting Ill, and one can therefore assume, with a high 
degree of probability, that the arylmercapto residue enters the quinonoid ring of benzo[c]phenoxazin-3-one. 

It is known that the position and nature of the substituent in several 3-phenoxazinone derivatives 
have a substantial effect on the El/2 value during polarographic reduction. In the case of arylmercapte 
derivatives of phenoxazinones (VI-IX, XII, XV, XVIII, and XXI, Table 2), the polarographic reduction is 
similar in quantity, character of the polarographic waves, and limiting-current values to the poIarographic 
reduction of unsubstituted phenoxazinones and proceeds as a two-electron one-step process in proton- 
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donor media  (d imethyl formamide) .  The introduction of a r y l m e r c a p t o  groups into the quinonoid por t ion of 
the molecule  has p r ac t i c a l l y  no effect  on the ha l f -wave  potent ial  (El/2) in methanol  and El /2  in dinaethyl- 
fornaamide,  while the introduct ion of an a ry tnaercap to  group into the benzenoid port ion of the molecule  
somewhat  hinders  the po la rograph ic  reduction.  

To es tab l i sh  the si te of en t ry  of the nueleophile into the quinonoid r ing of phenoxazinones,  we syn-  
thes ized  1-methylbenzo[c]phenoxazin-3-one  (IV) by condensation of ~-naphthol  with 3 - m e t h y l - 4 - n i t r o s o -  
phenol. The p roposed  method of synthes is  d i f fers  favorab ly  f rom that  desc r ibed  in [7] with r e spec t  to the 
higher yield and m o r e  acces s ib l e  s t a r t ing  m a t e r i a l s .  I t  was found that 1-methylbenzo[c]phenoxazin-3-one,  
like benzo[c]phenoxazin-3-one,  r e ac t s  with thiophenols to give monoaddition products  (XVIII and XIX, T a -  
ble 1). The addition of thiophenols to IV is  h indered as compa red  with the addition to III and occurs  under 
the influence of a la rge  excess  of the thiophenol and with heating. 

Since benzo[a]phenoxazin-5-one,  in the quinonoid r ing of which only the 4 posi t ion is  f ree ,  does not 
add thiophenols in the quinonoid port ion,  while 1-naethylbenzo[c]phenoxazin-3-one,  in the quinonoid por t ion 
of which the 2 and 4 posi t ions  a re  f ree ,  r e ac t s  with thiophenols,  i t  can be a s sumed  that the en t ry  of th io-  
phenols  into the quinonoid r ing of phenoxazinones p roceeds  in the 2 posit ion.* The r e t a rded  addition to IV 
as c o m p a r e d  with HI is  p robab ly  a s soc ia t ed  with s t e r i c  hindrance to addition at the 2 posit ion.  

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

Benzo[a]phenoxazin-9-one  (II) was obtained by the method in [3], benzo[e]phenexazin-3-one (III) was 
p r e p a r e d  by the method in [8], and benzo[a]phenoxazin-5-one iV) was obtained by the method in [9]. 

7 -To ly lmercap to -3 -phenoxaz inone  (VI), 2 - to ly lmercap to -3 -phenoxaz inone  (VII), and 2 ,7-di tolylnaer-  
cap to-3-phenoxazinone  (VIII) were  obtained via the method in [1]. 

1-Methylbenzo[c]phenoxazin-3-one (IV). This  compound was obtained f rom 29 g (0.2 mole) of ~ -  
naphthol and 41 g (0.3 mole) of  3-naethyl -4-ni t rosophenol .  The condensation and isola t ion of IV were  c a r -  
r i ed  out as  de sc r ibed  in [8] for  III. The yield of IV with mp 240-242 ~ ( f rom butanol) (nap 230-232 ~ [7]) and 
Rf  0.473 on ac t iv i ty  II A1203 with elution by anhydrous c h l o r o f o r m - a l c o h o l  (9 : 1) was 2.5-3 g (6%). Found: 
C 78.5; H 4.3; N 5.6%. C17HllNO 2. Calculated: C 78.2; H 4.3; N 5.6%. 

5 -Toly lmercap tobenzo[a ]phenoxaz in -9-one  (IX) and 5 ,10-Di( to ly lmercapto)benzo[a]phenoxazin-9-one 
(XII). Five to s ix drops  of concent ra ted  hydrochlor ic  acid and 1 g (0.008 mole) of p - t h i o c r e s o l  were  added 
to i g (0.004 mole) of benzo[a]phenoxazin-9-one (II) in 25 ml  of alcohol, and the mix tu re  was heated on a 
wa te r  bath at 60-65 ~ for  3-4 h. Another  0.3 g of p - t h i o c r e s o l  and 2 drops of concent ra ted  hydrochlor ic  
acid were  added, and the mix tu re  was ref luxed for  2 h. ' T o  complete  the oxidation, 10 nal of a f r e sh ly  p r e -  
p a r e d  i0% alcohol solution of FeCl  3 was added, and the mix tu re  was s t i r r e d  and ref luxed on a wa te r  bath 
for  15 rain. I t  was then cooled, and the p rec ip i ta te  was r emoved  by f i l t ra t ion and washed with alcohol.  The 
dr ied  p rec ip i t a t e  was dissolved in ch lo ro fo rm and chronaatographed in two columns (25 by 500) filled with 
act ivi ty  II A1203 with elution by anhydrous ch loroform.  The f i r s t  violet  f rac t ion  was col lected and evapo-  
rated,  and the residue was crystallized to give 0.9-1 g of XII. The second violet fraction was collected 
and evaporated, and the residue was crystallized to give 0.1-0.15 g of IX. 

2-Tolylmercaptobenzo[c]phenoxazin-3-one (XV). Three drops of concentrated hydrochloric acid and 
0.3 g (0.0024 mole) of p-thioeresol were added to 0.45 g (0.002 mole) of benzo[c]phenoxazin-3-one (III) in 
i0 ml of alcohol, and the mixture was stirred at room tenaperature for 1 h, after which another 0.i g of p- 
thiocresol was added, and the naixture was stirred until the red-brown color of the solution changed com- 
pletely to the light-green color characteristic for the leuco compound. The leuco compound was oxidized 
by the addition of 10 ml  of a 10% aqueous alcohol solution of FeC13. The p rec ip i t a t ed  c r y s t a l s  were  r e -  
moved  by f i l t ra t ion,  washed  with water ,  alcohol,  and e ther ,  and dried. Pur i f ica t ion  gave 0.2-0.3 g of XV. 

1 -Methy l -2 - to ly lmercap tobenzo[c ]phenoxaz in -3-one  (XVIH). A mix ture  of 0.2 g of 1-methylbenzo[c] -  
phenoxazin-3-one  (IV), 0.2 g of p - th ioc reso l ,  5 nal of alcohol,  and two drops of concent ra ted  hydrochlor ic  
acid was al lowed to stand for  2 days with s t i r r ing  f rom t ime to t ime.  It  was then heated on a water  bath 
for  3 h and al lowed to stand for  another  day. The mix tu re  was oxidized with an alcoholic solution of FeC13. 
The p rec ip i t a te  was r emoved  by f i l f ra t ion and pur i f ied  to give 0.1-0.15 g of Xlrir[. 

* Ra the r  than in the 1 posi t ion as  p rev ious ly  a s sumed  [1] for  3-phenoxazinone on the  basis  of an analys is  
of the ~r-eIectron distr ibution.  
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9-Toly lmercap tobenzo[a]phenoxaz in-5-one  (XX). A 1-g (0.005 mole) sample  of thoroughly ground 
benzo[a]phenoxazin-5-one was suspended in 50 ml  of alcohol,  10-12 drops  of concent ra ted  hydrochlor ic  
acid and 0.2 g (0.0016 mole) of p - t h i o c r e s o l  were  added, and the mix tu re  was slowly brought to the boiling 
point and ref luxed for  2 h on a wa te r  bath. Two drops  of concent ra ted  hydrochlor ic  acid and 0.2 g of p -  
th iocreso l  were  then added, and the mix tu re  was ref luxed for another  2 h. The operat ion was repea ted  
twice,  and the reac t ion  m a s s  was then cooled, f i l tered,  washed  with alcohol and e ther ,  and chromatographed  
with a column fil led with A1203 to give 0.7-0.8 g of XXI. 

The addition of thiophenol and p-ni t rothiophenol  to iI  leads to X, XIII and XI, XIV; to HI and IV leads 
to XVI, XIX, and XVI; and to V leads  to XXI and XXII. The react ion  was c a r r i e d  out as  in the addition of 
p - t h ioc re so l  to the appropr ia te  benzophenoxazinone. The react ion  t imes  a re  p r e s e n t e d  in Table 1. In the 
addition of p-ni t rothiophenol ,  the reac t ion  was c a r r i e d  out in a l c o h o l - c h l o r o f o r m  (3 : 1). 

3 - H y d r o x y - 4 - a m i n o p h e n y l 4 ' - T o l y l  Sulfide (XXIII). A 0 .4-g  sample  of XX was mois tened  with th ree  
drops of alcohol,  10 ml  of 4 N aqueous sodium hydroxide was added, and the mix tu re  was heated  under a r -  
gon on a boi l ing-water  bath until the spot of the s ta r t ing  XXI had d i sappeared  comple te ly  on the th in - l aye r  
c h r o m a t o g r a m  (AlzO ~ with elution with anhydrous ch loroform) .  I so la t ion  and pur i f ica t ion accord ing  to the 
method in [1] gave 0.03 g (12%) of XXI~ with mp 109-110 ~ Found: C 67.5; H 5.6; S 13.9%. C13HI3NOS. 
Calculated: C 67.7; H 5.6; S 13.8%. The mel t ing  point of a mix tu re  of this product  with 3 -hyd roxy -4 -  
aminophenyl  4 ' - t o ly l  sulfide, obtained by the method in [1], was 108-109 ~ 

The vis ib le  spec t r a  of ch lo ro fo rm solutions (c 10 -4 M) were  r eco rded  with an SF-10 spec t ropho tom-  
e ter .  The po la rographic  m e a s u r e m e n t s  were  c a r r i e d  out with an LP-60  record ing  po la rograph  in a t h e r -  
mos ta t t ed  e lec t ro ly t ic  cell  with an internal  anode. The backgrounds were  0.1 N solutions of LiC104 in 
methanol  and d imethy[formamide .  The cap i l l a ry  had the following cha rac t e r i s t i c s :  7= 1.85 sec,  m = 1.61 
m g / s e c  (when the c i rcu i t  was broken in the background solution). 
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