
S Y N T H E S I S  AND C O M P A R I S O N  O F  A C T I V I T Y  

O F  2 -  A N D  3 - D I M E T H Y L S U L F A M I D O P H E N O T H I A Z I N E  

D E R I V A T I V E S *  

V. V. S h a v y r i n a ,  S. V. Z h u r a v l e v ,  
Yu.  I .  V i k h l y a e v ,  T .  A.  K l y g u l ' ,  
a n d  t~. I .  S l y n ' k o  

UDC 615.31 : 547.869.2].012.1 

Some highly potent medicinal agents (i.e., Majeptfl, dimethothiazine, and pipothiazine) are found 
among the der ivat ives  of 2-dtmethylsulfamidophenothiazine (I). On the other  hand, the activit ies of 3-di-  
methylsulfamidophenothiaztne (II) der ivat ives  have been l i t t le investigated,  and l i t e ra tu re  r ep o r t s  a re  
sca rce .  Although it has been well establ ished that the pharmacological  activity of phenothiazine der ivat ives  
var ies  markedly with the substitution pat tern on the phenothiazine ring sys tem,  only a single work has been 
devoted to the investigation of this p rob lem [1]. 

In o rde r  to establ ish the cor re la t ion  between the pharmacological  activity and the sulfamido group 
position on the phenothtazine nucleus,  we have undertaken the synthesis  of five pairs  of der ivat ives  of com- 
pounds I and II. Specifically,  the following variat ions of the aminoalkyl and aminoacyl substituents on n i t ro-  
gen atom were  investigated: two pai rs  of alkyl der ivat ives  with methylpiperazinyl  and piperidinyl res idues  
and three  pairs  of acyl der ivat ives  containing dtmethylamino,  morpholino, and methylpiperazino groups.  

Synthesis of compound II was accomplished by cyclizat ton and Smiles '  r e a r r angemen t  of suitably sub- 
sti tuted diphenylsulfide. This method is applicable for  the prepara t ion  of numerous substi tuted phenothi- 
azines,  most  often those with the halogen or  ni tro group substitution pat tern  [2-4]. 

The prepara t ion  of compound II and its der ivat ives  is descr ibed by the following scheme:  the 2- 
amino-2 ' -n i t ro-4 ' -d imethylsu l famidodiphenylsu l f ide  (HD was p r e p a r e d b y a  method descr ibed  ea r l i e r  [5] and 
acylated with e i the r  acetyl chloride or  formic  acid. The resul t ing acetyl (formyl, respect ively)  derivat ive 
IV was conver ted to N-acyl-3-dimethylst t l famidophenothlazine by t rea tment  with sodium hydroxide in an- 
hydrous acetone and without fu r ther  purif ication hydrolyzed to give compound II. The hydrolysis  was ac- 
complished using sodium hydroxide in aqueous ethanol. 

*Synthesis in the phenothiazine s e r i e s .  Communication XXXVIII. 

TABLE 1. 10-Aminopropionyl Derivat ives of 2- and 3-Dimethyl-  
sulfamtdophenothiazine (hydrochlortdes and dihydrochlorides)  

Com- 
pound 

IX 
X 

XIII 
XIV 
XV 

rap, Found, %; ~ Empirical formula 

198--200 [ 7,31 
211--2 12,99 

- -  7 , 4 8  

152--4 7,05 
214--4,5 13,13 

9,03 13,50 C,,H,~N304S~-HCI 
10,27 I 11,69 C2~H28N4OsSe.2HCI 
88:98~ 13,37 C,IH2,N303S~.HCI 

13,28 C21H25N3OaS ~. HC1 
10,41 11,69 C2~H~N403S2"2HC1 

Calc., % 
cl IN 

7,33 [ 8,68 
13,29 10,49 
7,55 8,94 
7,33 8,68 

13,29 10,49 

13,24 
12,01 
13,64 
13,24 
12,01 

Note: All compounds melted with decomposit ion; compound XIII does 
"not have a cha rac te r i s t i c  melting point. Compound IX was c rys ta l l ized  
f rom e thano l - e thy l  acetate;  X f rom n-butanol; XIV f rom a c e t o n e - e t h y l  
acetate;  XV f rom tsopropanol.  
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The 10-(3-chloropropyl)-3-dimethylsulfamidophenothiazine was obtained from compound II by t reat -  
ment with 1-cbloro-3-bromopropane in liquid ammonia and sodium amide solution and further reacted with 
piperidine to yield 10-[3-(1-piperidyl)propyl]-3-dimethylsulfamidophenothiazine V. The sodium amide was 
prepared in a manner reported previously [6]. The N-methylpiperazinopropyl derivative VI was prepared 
by refluxing the toluene solution of II with 1-methyl-4-(3-chloropropyl)piperazine in the presence of sodium 
hydroxide. The reaction of compound lI with fl-ehloroproptonyl chloride gave 10-(fl-ehloropropionyl)-3-dt- 
methylsulfamtdophenothiazine VII which was converted into corresponding aminocyl derivatives of II (VIII-X, 
s e e  Table 1) by reactions with selected secondary amines. 

2~ OOR IVa: R=CH), IVb: R=H 

so~ O?N(OH~)Z 

--~-~ "-~-so~(c~9 ~ g s~ 
OHzOHzOHz[~ CO OH7 GH?_Ft 

V: R= 1-piperidyt I~: I~=JV(CtH~)z; IX: R=N-morpholino 
Vh R=l-(4-methyl)piperazinyl  X: R=l-(4-methyl)piperazinyl 

The corresponding aminopropyl and aminopropionyl derivatives of I were synthesized in an analogous 
manner for comparison of pharmacological activity (compounds XI-XV, see Table 1). Compound XIIhasbeen 
reported ear l ie r  [5]. 

[ 
,~4"8,,,,,,,"~/807.N(OH))7. ~S~O?.-N-(GH%)7. 

OH7 OH? CH~I R . H O OOHIC~I,LI ~ 

Xh R=l-piperidyl  .T XIII: R= N(C2Hs) z 
XIh R= 1-(4-methyl)piperazinyl XIV: R=N-morpholino 

XV: R= 1-(4-methyl)piperazinyl 

The pharmacological aettvity of 10-acyl derivatives was evaluated on the basis of the following cr i -  
teria:  potentiation of the effects of phenamine [7] and barbiturates;  surpression of orientation capability 
in the rod climbing test; impairment of coordination by the method of [8]; and abolition of trifluazine-tn- 
duced catalepsy. The 10-alkyl derivatives I and II were, in addition to the previous tests,  tested for induc- 
tion of catalepsy and surpression of phenamine-tnduced sterotypic movements. 

The aqueous soht ions of the compounds tested were administered intraperitoneally to mice, average 
weight 18-22 g. 

A method previously reported [9] for numerical determination of EDs0 at statistical confidence factor 
P=0.05 was utilized. 

It was found that in the series  of 10-amtnoalkyl-substttuted derivatives of I and II, a11compounds pos- 
sessed antagonist activity to phenamine, potentiated hexobarbttal- and meprobamate-indueed sleep, induced 
catalepsy, and impaired orientation reflexes.  Impairment of coordinated motion and ataxta were observed 
in high doses (Table 2). 

The transition from amtnoalkyl to amtnoaeyl phenothiaztne analogs resulted in qualitative changes in 
the pharmacological activity profile. The 10-aminoaeyl analogs of I and II possessed the following char- 
acter[stie activities: potentiation of phenamine-indueed sterotypte movements in miee and reversa l  of 
catalepsy induced by nareolepties (trifluaztne) ; potentiation of barbiturate depression and, tn higher doses, 
impairment of orientation and coordination (Table 2). The speetra of activities of 10-amtnoacyl analogs of 
I and II are similar to the ear l i e r  investigated 10-amtnoalkyl phenothtazines with either 2-chloro or 2- t r t -  
fluoromethyl substitution (ehlorazietn and fluorazietn) and mimic tr tcyelie antidepressants of imtpramtne 
and amitriptyltne type. 
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F i g .  1. Compar i son  of the ac t iv i t ies  
of 2- and 3-sul famidophenothtazine  
der iva t ives  (the act ivi ty  of 3 - s u b s t i -  
tuted der iva t ives  was a r b i t r a r i l y  se t  
as i). Absc i s sa :  1) potentiat ion of 
hexobarbi ta l - induced s leep;  2) i m p a i r -  
ment  of or ientat ion;  3) i m p a i r m e n t  of 
coordination;  4) potentiat ion of m e p r o -  
bamate - induced  s leep;  5) abi l i ty  to in- 
duce ca ta lepsy;  6) r e v e r s a l  of phena-  
mine-  induced s te reo typic  movemen t s ;  
7) potentiat ion of phenamine- induced  
s t e reo typ ic  movement s .  The s tandard  
e r r o r  of the cor responding  act ivi ty  was 
de te rmined  at s ta t i s t ica l  confidence f ac -  
to r  P = 0.05 according to the method r e -  
por ted  in [9]. Ordinate:  ac t iv i ty  values  
plotted on a loga r i thmic  sca le  for  10- 
methylpiperaz inyl  de r iva t ives  (A); 10- 
piper idinopropionyl  der iva t ives  (B); 10- 
d imethylaminopropionyl  der iva t ives  (C). 

The shift  of the d imethylsul famido group f r o m  posi t ion 
2 to posi t ion 3 (the subst i tut ion pa t t e rn  on the n i t rogen a tom 
being unaltered) did not r e su l t  in quali tat ive improvemen t  of 
the pharmaco log ica l  act iv i ty  s p e c t r u m  but led to a subs tan-  
t ial  dec r ea se  of act iv i ty  in the exist ing act ivi ty  range.  Thus,  
in the s e r i e s  of d imethylaminopropionyl  der iva t ives  the shift  
f r o m  posi t ion 3 to posi t ion 2 s ignif icant ly  inc reased  the po-  
tentiat ion of phenamine . induced  s te reo typ ic  movements  and 
hexobarb i ta l - induced  s leep  together  with i m p a i r m e n t  of o r i -  
entation and coordinat ion (see Table  2 and Fig. 1). S imi-  
l a r ly ,  i nc rea se  of act iv i ty  was obse rved  in morphol inprop i -  
onyl and methylp tp i raz inopropionyl  der iva t ives  of I and II  
when the d imethylsul famido group was shifted f r o m  posi t ion 
3 to posi t ion 2. 

The d i f fe rences  in act ivi ty  we re  even m o r e  pronounced 
in the s e r i e s  of alkyl der iva t ives  of I and II than in the acyl 
der iva t ive  s e r i e s .  Thus,  the shift  of  the dimethylsulfamido 
group f r o m  posi t ion 3 to posi t ion 2 of the p iper idyl  and 
methylp iperaz inyl  der iva t ives  of I and II  r e su l t ed  in a s t a -  
t i s t i ca l ly  s ignif icant  inc rease  of act iv i ty  by all  the c r i t e r i a  
used: potentiat ion of hexobarb i t a l -  and m e p r o b a m a t e - i n -  
duced s leep  was 25-42 and 27 t imes ,  r e spec t ive ly ;  the r e -  
ve r s a l  of phenamine  ef fec ts ,  500 t imes ,  i m p a i r m e n t  of o r i -  
entation,  50 t imes ;  induction of ca ta lepsy ,  22 t imes .  

These  data lead  us to the conclusion that in both the 
10-aminoalkyl  and 10-aminoacyl  s e r i e s  the compounds with 
the d imethylsul famido group in posi t ion 2 have s ignif icant ly  
g r e a t e r  ac t iv i t ies  than the cor responding  3-subs t i tu ted  de-  
r iva t ives .  The act ivi ty  d i f ferences  a r e  more  pronounced in 
the N-a lky lamino  der iva t ive  s e r i e s  but follow the s ame  pa t -  
t e r n  es tab l i shed  for  cor responding  aminoaeyl  der iva t ives  of 
phenothiazine.  

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

2 -Ace tamido -2 ' -n i t ro -4 ' -d ime thv l su l f amidod ipheny l su l f i de  (IVa) .. A 15-g solution of III in 10 ml  of ch lo ro-  
f o r m  was ref luxed 3 h with 3.5 ml of acetyl  chlor ide and then cooled. The p rec ip i t a te  was f i l t e red  off and 
washed with benzene,  giving 12.2 g of compound IVa. The f i l t ra te  was evapora ted  and f r o m  the res idue  we 
isola ted an additional 2.6 g of IVa. Total  yield 88%; mp 183-184 ~ (from ethanol).  Found: N 10.49; S 16.31. 
C1GHITN3OsS2 . Calculated: N 10.49; S 16.20. 

2 - F o r m a m i d o - 2 ' - n i t r o - 4 '  -d imethylsu l famidodiphenylsul f ide  (IVb). A 10-g mix tu r e  of III and 109 m l  of 80% 
f o r m i c  acid was ref luxed for  10 h, cooled, and poured  on ice.  The p rec ip i t a t e  was sepa ra t ed  and washed with water .  
Yield 9.7 g of IVb, mp 166-167 ~ (decomp.;  f r o m  ethanol). Found: N 10.95; S 16.93. C15H~sN3OsS 2. Cal-  
culated: N 11.02; S 16.80. 

3-Dimethylsul famidophenothiaz ine  (1I). A solution of 0.4 g of sodium hydroxide in 10 ml of absolute 
ethanol was added to a solution of 4.0 g of IVa in 50 ml  of anhydrous acetone and the mix ture  ref luxed 1 h. 
Then a solution of 0.4 g of sodium hydroxide in 10 ml of 50% of aqueous ethanol was added and refluxing 
continued for  an additional 2 h. The reac t ion  mix ture  was evapora ted  to half of the or iginal  volume and 
cooled. The l ight- tan c ry s t a l s  we re  s epa ra t ed  a n d r e c r y s t a l l i z e d  f r o m  acetone.  Yield 2.25 g (7570) of II; 
mp 203-204 ~ ( f rom acetone).  Compound II was obtained f r o m  IVb in the s a m e  mamqer in 70% yield. 
Found: N 9.13; S 20.99. C14H14N202S 2. Calculated: N 9.15; S 20.91. 

10- [3- (1 -P iper idy l )propyl ] -3-d imethylsu l famidophenoth iaz ine  T a r t r a t e  (V). A fine suspens ion of so -  
dium ami.de in liquid ammonia  was p r e p a r e d  f r o m  0.5 g of sodium and 0.01 g of f e r r i c  n i t ra te  according to 
the method r epo r t ed  p rev ious ly  [6]; then 6.04 g of II was  added during 15-20 min while s t i r r ing .  The s t i r -  
r ing was continued an additional 2.5 h, 4.7 g of 1 - c h l o r o - 3 - b r o m o p r o p a n e  was added dropwise ,  and the r e -  
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action mixture  s t i r r e d  2 h. Then 10 ml of anhydrous toluene was added and the ammonia  allowed to e v a p o -  
ra te  overnight  at r o o m  t e m p e r a t u r e .  Af te r  the addition of a fu r the r  10 ml of toluene the mix ture  was c a r e -  
fully heated, then ref luxed 1 h and cooled. The prec ip i ta te  was f i l te red  off and the f i l t ra te  evapora ted  in 
vacuo, giving 4.0 g (53%) of 10- (3-chloropropyl ) -3-d imethylsu l famidophenoth iaz ine  as a viscous  oil which 
was heated without puri f icat ion for  15 h at 100 ~ with 2.5 ml of piper idine.  The reac t ion  mix ture  was worked  
up with 5% hydrochlor ic  acid and wa te r ,  and the acidic  solution heated with charcoa l  and f i l t e red .  The 
gummy product  was prec ip i ta ted  by addition of alkali  to the f i l t ra te ,  d issolved in benzene,  and the solution 
dried with magnes ium sulfate.  Then a solution of t a r t a r i c  acid in e ther  was added and 1.4 g of the t a r t r a t e  
V was isolated.  The compound lacks  c h a r a c t e r i s t i c  melt ing point. Found: N 6.95; S 10.93. C22H29N302S 2 �9 

C4H606. Calculated:  N 7.25; S 11.04. 

10- [3- (1-Piper id inyl )propyl ] -2-d imethylsu l famidophenothiaz ine  T a r t r a t e  (XI). The compound was 
p r e p a r e d  in a manner  analogous to that fo r  V. A c h a r a c t e r i s t i c  mel t ing point is lacking. Found: N 7.51; 
S 11.09. C22H29N302S2 �9 C4H606. Calculated : N 7.23; S 11.04. 

10- [3- (4-Methylp iperaz ino-1-)propyl ] -3-d imethylsu l famidophenothiaz ine  Dihydrochloride 0/I). A mix-  
ture  of 3.9 g of II, 4.0 g of powdered sodium hydroxide,  and 50 ml of anhydrous toluene was ref luxed 1 h, 
then 5.0 g of 1 -me thy l -4 - (3 -ch lo ropropy l )p ipe raz ine  dihydrochloride was added in sma l l  por t ions  and the 
mixture  ref luxed 10 h while s t i r r ing .  Water  (30 ml) was added a f te r  cooling and the toluene l a y e r  washed  
with wa te r  and ex t rac ted  with 8% hydrochlor ic  acid. The acidic ex t r ac t  was heated with charcoa l  and f i l -  
t e red .  The f i l t ra te  was made bas ic  with sodium hydroxide and the liquid decanted. The gummy res idue  was 
washed with wa te r ,  r ed i s so lved  in toluene, and dried over  magnes ium sulfate.  The dihydrochloride of VI 
was p rec ip i t a ted  out by addition of ethanolic HC1 in 65% (4.3 g) yield. Mp 240-241 ~ (decomp., f r o m  di- 
methy l fo rmamide) .  Found: C1 13.27; N 11.21; S 12.12. C22Hs~N402S2.2HC1. Calculated: Cl13.65;N10.78;  
S 12.35. 

10-( f l -Chloropropionyl ) -3-d imethylsu l famidophenothiaz ine  (VII). A solution of 3.0 g of II and 1.5 g of 
f l -ch loropropionyl  chloride in 20 ml  of anhydrous toluene was ref luxed 30 h and cooled. The solid was f i l -  
t e r ed  and washed  with toluene. Yield 3.2 g of VII (82%), mp 143-146 ~ (from toluene). Found: C1 9.28; 
S 16.24. C~THI~C1N203S 2. Calculated:  C1 8.95; S 16.13. 

!0 - ( f l -Chloropropionyl ) -2-d imethylsu l famidophenoth laz ine .  The compound was obtained in a manner  
analogous to VII and c rys t a l l i zed  f r o m  toluene. Yield 95%, m p  195-196 ~ ( f rom tohene ) .  Found: C1 9.35; 
S 16.38. ClrHlrC1N203S2. Calculated:  C1 8.95; S 16.13. 

10-( f l -Die thylaminopropionyl ) -3-d imethylsu l famidophenothlaz ine  T a r t r a t e  (VIII). A solution of 5 g of 
VII and 3 g of diethylamine in 30 ml of anhydrous toluene was ref luxed 3 h, cooled,  the p rec ip i ta te  s epa -  
ra ted ,  and the f i l t r a te  ex t rac ted  with 7% hydrochlor ic  acid. The acidic ex t r ac t  was decolor tzed  with c h a r -  
coal ,  f i l te red ,  and the product  p rec ip i ta ted  by addition of alkali .  The gummy prec ip i ta te  was washed with 
w a t e r  and ex t rac ted  with e ther .  The ex t rac t  was dr ied ove r  magnes ium sulfate and the t a r t r a t e  VIII was 
prec ip i ta ted  by  addition of t a r t a r i c  acid in e ther .  The purif icat ion was accompl i shed  by convers ion  of the 
sa l t  into the f r ee  base  and repea ted  precip i ta t ion  with t a r t a r i c  acid. The product  does not have a c h a r a c -  
t e r i s t i c  melt ing point. Found: N 7.27; S 10.16. C21H27N3OS 2 �9 C4I-I60 G �9 H20. Calculated:  N 6.98; S 10.65. 

The r e s t  of the aminopropionyl  der iva t ives  of  I and II  l i s ted  in Table 1 we re  p r e p a r e d  in the s a m e  
m a n n e r .  
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