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Phenothiazine has long found wide use in veterinary-helminthologic practice [I]. In 1961 the first 
organophosphorus derivatives of phenothiazine were obtained [2], and one of them - I0-(dialkoxyphosphinyl- 
acetyl)phenothiazine - also proved to be an active anthelminthic agent [3, 4]. 

In continuing these investigations, it was of interest to study the degree ofbiologie - in particular, 
anthelminthic - activity as a function of the presence of substituents in the phenothiazine ring and the po- 
sition and number of dialkoxyphosphinyl groups. We have previously reported the preparation of organo- 
phosphorus derivatives of 2-chlorophenothiazine [5]. In the present paper we describe the phosphorylation 
of acetylphenothiazines with an acetyl group in positions 2 and I0 and also 2- and 2,10-phosphorylatedpheno- 
thiazines having no other substituents. The synthesis of 2-acetyl-10-(dialkoxyphosphinylacetyl)phenothi- 
azines (the compounds are given in Table i) was carried out by the rearrangement reaction of trialkyiphos- 
phites with 2-aeetyl-10-(bromoacetyl)phenothiazine or the corresponding chloro compound 

COCH2Hal COCH~P (0) (0R)2 
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The react ion was ca r r i ed  out in the absence of a solvent. A mixture of the starting' mater ia l s  with a smal l  
excess  of the t r ialkyl  phosphite was heated at 150-160 ~ for 2.5-3 h. The s t ruc ture  of the products  obtained 
[the course  of the react ion in the manner of an Arbuzov r ea r r angemen t  is confirmed by the IR spec t ra  (Fig. 
la)] is in agreement  with the resul t  obtained previous ly  [2, 5, 6] and with l i te ra ture  data on the direction 
of the r ea r r angemen t  react ion of t r ialkyl  phosphites with amides of halogenocarboxylic acids [7]. Com- 
pounds 2 and 5 (see Table 1) a re  yellow substances crysta l l iz ing well f rom gasoline and cyclohexane. Com- 
pounds 1, 3, 4, and 6 could not be obtained in the crystal l ine state. They were purif ied by chromatography 
on AI203 and af ter  the eluent (benzene) had been eliminated in vacuum, they consisted of viscous light yellow 
"oils n readi ly soluble in acetone, benzene, and ethanol, and insoluble in lower hydrocarbons  and water .  An 
attempt to crys ta l l ize  compound 6 by freezing in liquid nitrogen with subsequent thermosta t t ing  at 60 ~ for 
2 weeks was also unsuccessful .  The vacuum distillation (0.4 mm) of compound I proved unsuccessful  - the 
distillate contained no nitrogen or sulfur.  

The r ea r r angemen t  of the tr ialkyl  phosphites with 10-ace ty l -2-  (chloroacetyl)phenothiazine took place 
s imi lar ly .  However, in this case none of the products  could be isolated in the crystal l ine state. Attempts 
to r ec rys ta l l i ze  the react ion products  led to the precipi tat ion of oils which did not c rys ta l l ize  when they 
were allowed to stand for more  than a year ,  or  were frozen or  thermostat ted.  Chromatographic  pur i f ica-  
tion on A1203 with subsequent elimination of the eluent (benzene) in vacuum gave light yellow very  viscous 
liquids the e lementary  analyses  of which were  sa t i s fac tory  for  the expected r ea r rangement  products ,  in 
o rde r ' t o  establ ish the s t ruc ture  of the compounds obtained, their  IR spec t ra  were recorded.  In the n~ spec-  
t r a  of the 10-ace ty l -2-  (dialkoxyphosphinylacetyl)phenothiazines 
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T A B L E  1 
C0CtI~P(O) (OR)e 

1 
N 

r \ / \ / \ - c o c H  

N/~s/\ / /  

R 

CHs 
C2H5 
i-CsH7 
C4H9 
g-C4H9 
C6H13 

Mp, ~ 
c 

160=-161 55,64 
-- 59,68 

99- 00 6i 9 
63,73 

Found, % 

H P 

4,70 7,43 
7,28 

5~1 7,32 
6,40 6,t4 
7]6 6,59 6,t7 

N 

3,90 
3,21 
2,92 
2,78 
3,08 
2,40 

Calculated, % 

G H 

55,_227 4,61 

59,o71 5~i 
60,65 6,33 

63,29 7]5  

7,92 
7,38 
6,92 
6,53 
6,53 
5,85 

N �9 

3,57 56 
3,34 76 
3,13 71 
2,97 80 
2,97 75 
2,64 77 

T A B L E  2 

COFS1- 

pound 
No. 

COCH8 

N 

; J \ / \ / \ - - C O P ' O ~  (01)3 

III I I & "  
N/~s/\t 

CH3 
C.H5 
CsH~ 
i-CaH7 
C4H9 
i-C4H9 

Found, % 

57~4 7,65 5~7 7,52 
7,25 5,86 15  ~ 

/61,12!_ 6:;5_ 66'67,63 

~ m  
Calculated, % 

N G 

3,37 ] 
3,t2 57~0 
2,78 59,07 
2,90 
2,91 60?4 
2,75 

H P 

7,92 
5~5 7,38 
5,81 6,92 

6,92 
6~3 6,53 
-- 6,53 

N Yield, % 

3,58 26 
3,34 78 
3,t3 29 
3 ,t3 43 
2,97 57 
2,97 85 

t h e r e  was  to be  e x p e c t e d  the  a p p e a r a n c e  of a new a b s o r p t i o n  band  in the  1700-1680 c m  -1 r e g i o n  fo r  a C = O 
g roup  con juga t ed  with  an  a r o m a t i c  r i n g  ([8], p.  188) of p h e n o t h i a z i n e  aIld the  C = O group  of c y c l i c  a m i d e s  
([8], p .  289). In the  s p e c t r a  of the  compounds  ob ta ined ,  in a d d i t i o n  to a s t r o n g  a b s o r p t i o n  band  a t  1690-1680 
cm -1, t h e r e  was  a n o t h e r  band  of l o w e r  i n t e n s i t y  wi th  a m a x i m u m  at 1635-1632 c m  - t  (Fig .  l b ) .  Obv ious ly ,  
if  the  f i r s t  band  i s  a s c r i b e d  to  the  s t r e t c h i n g  v i b r a t i o n s  of a c a r b o n y l  g roup  in a c y c l i c  a m i d e ,  the  s e c o n d  

m a y  be  a s c r i b e d  to the  s t r e t c h i n g  v i b r a t i o n s  of a ~ C = CH 2 group  con juga t ed  wi th  an a r o m a t i c  r i n g  of p h e n o -  

t h i a z i n e  ([8], p .  54) on the  a s s u m p t i o n  tha t  as  a r e s u l t  of the  r e a r r a n g e m e n t  the  p r o d u c t  of the  P e r k o w  r e a c -  
t ion  - a 1 0 - a c e t y l - 2 -  ( d i a l k o x y p h o s p h i n y l o x y v i n y l ) p h e n o t h i a z i n e  - is  f o r m e d  

COCHa COCII8 
i I 

N N 

--COCH~C1 ~- (RO)8 P ~ II ! II + RC1 
~ CH2 

S S 

To c o n f i r m  th i s  h y p o t h e s i s ,  1 0 - a c e t y l - 2 - ( d i e t h o x y p h o s p h i n y l o x y v i n y l ) p h e n o t h i a z i n e  was  c h l o r i n a t e d .  

The  IR s p e c t r u m  of the  c h l o r i n a t i o n  p r o d u c t  d id  not  con ta in  the  a b s o r p t i o n  band  of a ~ C = CH 2 group  at  

1632 c m  -1 (Fig .  l c ) .  The  r e s u l t s  of e l e m e n t a r y  a n a l y s i s  show tha t  the  c h l o r i n a t i o n  of the  p h e n o t h i a z i n e  
nuc l eus  t a k e s  p l a c e ,  b e s i d e s  the  a d d i t i o n  of c h l o r i n e  to the  double  bond of the  v iny l  g roup  

COCH3 

[ COCH 3 
N I cl 

The  p o s i t i o n  of the  c h l o r i n e  a t o m s  in the  p h e n o t h i a z i n e  nuc l e us  was  not  e s t a b l i s h e d .  The  r e s u l t s  of 
the  a c i d  h y d r o l y s i s  of compounds  1, 2, and  4 (Table  2) a l s o  c o n f i r m e d  the  s t r u c t u r e  of the  v iny l  compound  
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T A B L E  3 

D~Z 

R R' 

H 
H 
H 
H 

COCH~P(O)(OC~H~)~ 
COCH~P(O)(OC~H~)~ 

R 

N 

/ \ / \ / /  
$ 

Found, % 

Mp, ~ I" 
| 

Calculated, % 

N 

GH~ i01--I02 - -- 
C,H, I 96--97 -- 
C,H, I -- 59,69 
i-C~H01 -- 61,64 
C~H, -- 51,74 
G,H. -- 157,07 

H P N C 
i 

- -  8,904,08 -- 
8,tOl3,7o! - -  

s 7,9t 3,o9i59,27 
6,9C 7,37t2,97160 97 
5,6~ 1,35 ~ 15<91 
7,1~ 8,82 ~ 57,5~ 

H 

5 ,93  

~,46 
5,58 
7,05 

8,86 4,0t 27 
8,2413,721 39 
7,6513,461 45 
7,~513,2~i 6~ 
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9,28 -- 7g 
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Fig. I. Ill spectra of phosphorylated phenothia- 
zincs: a) 2-acetyl-10- (diisobutoxyphosphinylacet- 
yl)phenothiazine; b) 10-acetyl-2- (dipropoxyphos- 
phinyloxyvinyl)phenothiazine; c) product of the 
chlorination of the vinyl phosphate derivative. 

COCH3 H 

N N 

( "~l / ~If'l "--COP (0) (0R)~ ~)--COCH8 

s 

The  h y d r o l y s i s  r e a c t i o n  was  c a r r i e d  out by  h e a t i n g  
the  s u b s t a n c e  u n d e r  i n v e s t i g a t i o n  u n d e r  r e f l u x  in 
a mixture of hydrochloric and acetic acids. Under 
these conditions an acetyI group at position I0 is 

split off [9]. The 2-acetylphenothiazine obtained was 

identified by analysis, and by literature [i0] and 

spectral data. A mixed sample gave no depression 

of the  m e l t i n g  po in t .  

In o r d e r  to d e t e r m i n e  the  d e g r e e  of b i o l o g i c  a c t i v -  
i t y  a s  a func t ion  of the  p o s i t i o n  and n u m b e r  of the d i a l k o x -  
yphosph iny l  g r o u p s ,  we ob ta ined  the p r o d u c t s  of the  
r e a r r a n g e m e n t  of t r i a l k y l  p h o s p h i t e s  wi th  2 - ( c h l o r o -  
a c e t y l ) p h e n o t h i a z i n e  and 2 , 1 0 - b i s ( c h l o r o a c e t y l ) p h e n o -  
t h i a z i n e .  It was  found tha t  in t h e s e  c a s e s ,  a l so ,  the  
f o r m a t i o n  of v iny l  d e r i v a t i v e s  t a k e s  p l a c e  a t  p o s i -  
t i on  2 of the  p h e n o t h i a z i n e .  The  s t r u c t u r e  of the  
compounds  was  shown by h y d r o l y s i s  and  was  con-  
f i r m e d  by  IR s p e c t r o s c o p y  (Fig .  2) wi th  u C = C 1632 
and  1635 c m  -1 and  v C = O 1680 c m  - i .  The  compounds  
o b t a i n e d  a r e  g iven  in T a b l e  3. 

Preliminary results of tests of physiologic activity [on the larvae of midges (Chironomidae)] showed 

that the phenothiazine derivatives phosphorylated in position i0 had comparable larvicidal activities re- 

gardless of the presence of other, including phosphorus-containing, substituents. The Iarvicidal activity 

of the phenothiazines phosphorylated only in position 2 was insignificant. 

EXPERIMENTAL 

2-Aeetyl-]0-(diethoxyphosphinylacetyl)phenothiazine. A flask for vacuum distillation was charged with 

3.6 g of 2-acetyl-10-bromoacetylphenothiazine together with a few drops of triethyl phosphite and then the 
mixture was heated until it fused. Over 15 rain, triethyl phosphite to a total amount of 2.1 g was added to the 

melt obtained through a dropping funnel drawn out into a capillary in a vacuum of I00 ram Hg. After all the 

phosphite had been added, the vacuum was switched off and the temperature was raised to 160-165 ~ and 
kept there for another hour. The mass was poured rapidly into a dish, where it crystallized in the course 

of a day. Recrystallization from gasoline (bp 100-130 ~ gave 3.2 g (76%) of yellow crystals, mp 160-161 ~ 

The other compounds given in Tables 1-3 were obtained similarly. 
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Fig. 2. IR spectra: a) 10-(dibutoxyphosphinylacetyl)-2-(di- 
butoxyphosphinyloxyvinyl)phenothiazine; b) 2- (diethoxyphos- 
phinyloxyvinyl)phenothiazine. 

Hydrolysis of 10-Acetyl-2-(diethoxyphosphinyloxyvinyl)phenothiazine. A solution of 2.8 g of the sub- 
stance in a mixture of 20 ml of glacial CH3COOH and 5 ml of 20% HC1 was boiled under reflux for 15 rain. 
After cooling, 1.3 g (81%) of 2-acetylphenothiazine was obtained in the form of lustrous yellow crystals 
with mp 186 ~ According to the l i terature [10], mp 191 ~ A mixture of the product with authentic 2-acetyl-  
phenothiazine gave no depression of the melting point. Found: C 68.87; H 4.67%. C14HIINOS. Calculated: 
C 69.79; H 4.55%. 

Similarly, 1.2 g of 10-acetyl-2-(diisopropoxyphosphinyloxyvinyl)phenothiazine and of 10-acetyl-2- 
(dimethoxyphosphinyloxyvinyl)phenothiazine gave, respectively, 78 and 73% of 2-acetylphenothiazine with 
mp 186-187 ~ 

A sample of the vinyl phosphate derivative was dissolved in CCI 4. A current of gaseous chlorine was passed 
into the solution with ice-water cooling and with stirring until the solution, from which a precipitate had deposited 
at the beginning of the passage of chlorine, had become clear again. After the solvent had been driven off in vac- 
uum, the product obtained consisted of a cherry-red liquid. 

C O N C L U S I O N S  

1. Previously-undescribed 2-acetyl-10-(dialkoxyphosphinylacetyl)phenothiazines, 10-acetyl-2-(di- 
alkoxyphosphinyloxyvinyl)phenothiazines, 2-(dialkoxyphosphinyloxyvinyl)phenothiazines, and 10-(dialkoxy- 
phosphinylacetyl)-2-(dialkoxyphosphinyloxyvinyl)phenothiazines have been synthesized. 

2. The reaction of 2-chloroacetyl-10-R-phenothiazines with trialkyl phosphites takes place in the 
manner of a Perkow rearrangement.  
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