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Abstract  - A number of novel f luor ine-containing s p i r o b ~ - i n d o l e - 3 , ~ ' -  

tetrahydro-l,3-thiazin~-2,4'(1H)-diones have been synthesized by an 

e legan t  one-step procedure involving t h e  condensation of f luor ine-  

con ta in ing  indo le -? ,Fd iones ,  f luor ina ted  aromatic amines and 

3-mercaptopropanoic acid  without i s o l a t i n g  t h e  in termediate  isa t in-3-  

a n i l s .  The sp i ro  compounds have been f u r t h e r  subjected t o  

a c e t y l a t i o n ,  oh lo roace ty la t ion  and Mannich react ions .  N-Acetylated 

s p i r o  compound was simultaneously synthesized from l-acetylindole-2.3- 

d ione  and a n i l i n e .  The s t r u c t u r e s  of a l l  t h e  oompounds have been 

confirmed on t h e  b a s i s  of elemental analyses ,  ir, 'H nmr, 13C nmr, 

"F nmr and mass s p e c t r a l  s tudies .  

I n  cont inuat ion t o  our  previous  work on b i o l o g i c a l l y  a c t i v e  i n d ~ l e s l - ~  and 

~ p i r n - i n d o l i n e s ~ - ' ~ ,  we now r e p o r t  a new syn thes i s  of f luor ine-containing sp i ro  

[3~-indole-3,2'-tetrah~dro-l,3-thiazine]-2,4' (1H)-diones and some of t h e i r  

d e r i v a t i v e s .  Recently, we t h e  syn thes i s  of spiro  3H indole-3,2'- [ - 
thiazoliding-2,4'(1X)-diones by t h e  condensation of indole-2,3-diones, 

aromatic amines and meroaptoacetio acid. In  order  t o  explore t h e  p o s s i b i l i t y  of 

formation of another novel sp i ro  r i n g  system con ta in ing  t h i a z i n e  r i n g  we used 

3-mercaptopropanoic a c i d  ins tead  of mercaptoacetic ac id  and t h i s  r esu l t ed  i n  

t h e  formation of t h e  novel spiroheterocycle(IY) bear ing an indo l ine  and 

t h i a z i n e  moiety. This  he te rocyc l i c  system appezrs t o  be  of g r e a t  i n t e r e s t  due 

t o  ( i )  t h e  broad spec tnm of b io log ica l  a c t i v i t y  associa ted with  sulphur- 

con ta in ing  he te rocyc l i c  ~ ~ s t e r n s ~ ~ - ' ~ ,  ( i i )  presence of d i f f e r e n t  r e a c t i o n s  
\ 

s i t e s  ( / C d ,  >NH, 7-CH o r  -C&H and -SCE2-) end ( i i i )  non-ava i l ab i l i ty  of 
b -' AH 



d a t a s ,  p a r t i c u l a r l y  of f luor ina ted  analogues. mir ther ,  t h e r e  i s  only one 

reference2' i n  t h e  l i t e r a t u r e  f o r  an a n a l a y e s  type  of compound, sp i ro  

EH-indole-3,2' PHI-1  , 3 - t h i a z i n q  -?(18)-0nes, which i s  a potent.  The compounds 

have been prepared from i s a t i n ,  Fmercaptopropylamine hydrochloride and 

potassium cyanate and a r e  repor ted t o  possess  antiinflammator3r,analgesic and 

ant iconvulsant  a c t i v i t i e s .  These observat ions  prompted u s  f u r t h e r  t o  prepare 

t h e s e  novel spirohet.erocycles which may lead  t o  t h e  discovery of a new c l a s s  

of drugs. We, the re fo re ,  nou repor t  a new one-step convenient syn thes i s  of 

s p i r o  compounds(IY), without i s o l a t i n e  t h e  in te rmedia tes  i s a t i n - F a n i l s ( I T J ) ,  

and also some of t h e i r  de r iva t ives .  The condensation of f l u o r i n e  containing 

indole-2,j-diones and l-acetylindole-2.3-dione with f luor ina ted  aromatic amines 

i n  d r y  to luene,  exforded i s a t i n - 3 - m i l s ,  which, in s i t u ,  were cyclized with 

3-rnercaptopropanoic acid t o  give  t i t l e  compounds (IY a&) i n  7 0 3 5 %  yield .  It 

-- - 
While communicating t h i s  paper,  we have come ac ross  a r e p o r t  of synthesis  of 

2 1 s p i r o  r3~-indole-3,2'-tetrah$ro-l,3-thiazine]-2,4' (1H)-diones by Popp e t  al. - - 
However none of these  compounds i s  a f luor inated d e r i v a t i v e  and have not  been 
subjected t o  ace ty la t ion  and ch lo roace ty la t ion  reac t ions .  
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i s  i n t e r e s t i n g  t o  po in t  ou t  t h a t  i n  t h i s  case ,  both indole-2,%dione end 

N-acetylindole-2.3-dione yielded a sp i ro  compound i n  c o n t r a s t  t o  some of our 

10.11 p rev ious  r e p o r t s  i n  which t h e  products va r ied  . 
The spiro  compounds were character ized by ir absorption bands a t  1680-1730 cm- I 

(both; C=O), 3150-3350 (>NH) and nmr signals a t  b9.01(NH), 2.8(-!-32-CH2-), 

3.8(-CH2-Mi2-%) and 6.85-7.49 ppm (aromatic protons) .  The s t r u c t u r e  was 

f u r t h e r  confirmed by "C nmr spectra ,  which showed signals a t  & 1 7 2 . l l ( s , > ~ = O ) ,  

163.93(~,>&0), 117-139(12 aromatic r i n g  carbons) ,  llO.84(spiro carbon),  

3 1.33(t ,  CH2-gH2-S) and 31.9(t, -8-gi2-CH2) ppm. The mass spec t ra  f u r t h e r  

supported t h e  formation of t h e  compound a s  t h e  parent peak (h? a t  328 m/z) 

corresponded t o  t h e i r  molecular weight (IVa). Presence and t h e  pos i t ion  of 

f l u o r i n e  was confirmed by 19F nmr us ing hexafluorobeneene a s  ex te rna l  standard. 

Fluor ine ,  a t tached t o  i n d o l e  r i n g ,  was observed a t  -113 t o  -117 ppm, CF3 of 

i n d o l e  r i n g  and a r y l  r i n g  a t  -62.968 and -63.249 ppm (ITg). Four f l u o r i n e s  o f  

6 
t e t r a f l u o r o a r y l  r i n g  of t h i a z i n e  moiety (ITe) were observed a t  -1;15.123(s, F ) ,  

2 -151.225 t o  -151.457 (d ,  F4), -151.804 t o  -152.268(t, P ~ )  and -147.808(b, F ); 

i n  t h e  l a s t  case ,  expected doublet  of $ appears t o  coalesce  t o  give  broad ill 

def ined  doublet  probably clue t o  quaampole moment of or tho ni t rogen.  n u t h e r ,  

a c e t y l a t i o n ,  chloroaoetyla t ion and Ldmich r e a c t i o n s  of spiro  compound (IYa) 

were  undertaken. Acetylation and ch lo roace ty la t ion  were c a r r i e d  out by 

ref luxing(IVa)  wi th  ace t i c  anhydride and chloroacetyl  ch lo r ide  respect ively .  

For M m i c h  r e a c t i o n ,  sp i ro  compound (IVa) was refluxed with formaldehyde 

s o l u t i o n  (408) and morpholine i n  molar r a t i o  us ing  absolute  ethanol a s  t h e  

condensation medium f o r  10 h. Although t h e r e  a r e  d i f f e r e n t  r e a c t i o n  s i t e s ,  

v i z ,  NH, -$=&, r e a c t i v e  methylene group of t h i a z i n e  r i n g ,  t h e  s u b s t i t u t i o n  

o c c u r s  a t  i n d o l e  nitrogen. Acetylation a t  indo le  n i t rogen  i s  a l so  confirmed by 

simultaneous synthesis of N-acetylated sp i ro  compound (T) from N-acetylated 

i s a t i n  end t h e  corresponding amine. 

Formation of N-acetylated (Y) and N-chloroaoetylated sp i ro  compound (TI)  from 

t h e  corresponding sp i ro  compound has  been confirmed on t h e  b a s i s  of complete 

1 disappearance of NH absorpt ions  in ir and H nmr spectra .  The resonance 

s i g n a l s  o f  -SCH2 and -fj-E2 protons  remained a s  such. Formation of compounds 

Y and V I  h a s  been confirmed by appevance of a new C=O absorption band i n  t h e  

r e g i o n  of 1680-1720 om-' due t o  -COCH and -COCH2C1 group i n  ir spectra.  An 3 



a d d i t i o n a l  s ignal  was observed a t  52.4(s,  3H, COE3) and a t  4.9(s, 2H. C O g 2 C 1 )  

1 i n  H nmr spec t ra  of compounds Y and TI respect ively .  Fornation of 1-acetyl and 

1 -ch lomace ty l  sp i ro  compounds Y and '?I from t h e  corresponding sp i ro  compound 

(IYa)  i s  also  confirmed by appearance of a new carbonyl ( X - 0 ,  s )  resonance 

s i g n a l  in 13c nmr a t  t h e  s 164.72 and 163.58 ppm respect ively .  In  13c nmr 

s p e c t r a  of Y t h e  absorption si&nal a t  S35.528 (-COCH3, q )  ppm i s  associa ted 

due  t o  methyl group whi le  signal a t  54.05 ppm in 13c nmr of Y I  i s  due t o  

methylane ( > c H ~ ,  t )  group of t h e  ch lo roace ty l  group. Formation of Mannich 

b a s e  ( T I I )  from corresponding sp i ro  compound (1Ya) h a s  been confirmed by 

appearance of new resonance s i g n a l s  centered a t  S2.7-2.98, 3.4-3.9 and 4.1-4.7 
1 pprn in H nmr due t o  morpholino group. 

A 1 1  mel t ing p o i n t s  a r e  uncorrected. Ir spec t ra  were recorded on P e r l d n - h e r  

1 (model-577) i n  RBr p e l l e t s  and H nmr were recorded on J e o l  (model-BX 90 Q)  a t  

89.55 KHz using TMS a s  ex te rna l  r e fe rence  and 13c nmr spec t ra  were taken in 

DMSO-d6 a t  22.49 MHz (chemical s h i f t s  ins, ppm). 19p nmr s p e c t r a  were taken 

i n  TFA a t  84.25 MHz us ing  hexafluorobenzene a s  ex te rna l  standard. P u r i t y  of 

a l l  compounds was checked by t l c  done on s i l i c a  ge l  p l a t e s .  5-Fluoroindole- 

2,3-dicne, 6-fluorohdole-2,:-dione and 4-triflucromethylindole-2,3-dione were 

prepared by l i t e r a t u r e  methods 22-24 

3 ' - (  4-Fluoropheny1)-spiro EH-indole-3,~'-tetrahydro-1 .3-thiaz.h4 -2,4 '(  1H)d ione  

(IYa) - A mixture of indole-2.3-dione (0.01 mole) and b f luoroan i l ine (0 .01  mole) 

was  ref luxed i n  dry to luene  (30 m l )  f o r  2.5 h and t h e o r e t i c a l  amount of water  

was c o l l e c t e d  azeotropical ly .  On cool ing t h e  mixture,  3-mercaptopropancic acid 

(0.011 mole) was added and refluxed sain f o r  4-5 h under similar cond i t ions  

till t h e  formation of water  from t h e  reac t ion  ceased. On cool ing,  a s o l i d  was 

ob ta ined  which was p u r i f i e d  by r e c r y s t a l l i z a t i o n  from ethanol ,  mp 210°c, y i e l d  

2.62g (80%). (pound: N,  8.42, S ,  9.71, C17H13FN202S r e q u i r e s  N, 8.53, S. 9.75%). 
1 3 ",s ~ ~ o o ( N H ) ,  1730, 1680   both>^=^), 1 5 0 0 ( - ~ ~ ~ - )  and 1000-1100(C-i"), 'H nmr 

(Ibfs0-d6):b3.8(t, ZH, -C-CH2-S), 2.8(t, 2H, -h-CI-i2), 6.85-7.49 ppm (m, 8 H ,  

aromatic protons) .  9 . l (b ,  lH, IYH_)jMS : m/z 328 ( M + ) ~  ~oo(M+-CO); 2 4 1 ( ~ + - ~ ~ ~ ~ ) .  

13C nmr: sl72.119 & 163.938(both C=O), 1 3 9 . 6 l b l l 7 . l 3 2  (aromatic ring carbon),  

1 lO.847( spiro  carbon),  31.33(CH2-g2-S) and 31.9(-kCH2-CH2) ppm. A l l  o t h e r  

compounds ( I n - g  Table I )  were prepared in a s imi la r  manner. 
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1-&cetyl-3'-( 4-fluorophenyl)-spiro [3~-indole-3,2'-tetrahydro-l,3-thiazinerj -2.4'- - 

J 1H)-dione (V) - The t i t l e  compound was prepared by two methods: ( a )  A mixture  

of 1 - a c e t y l i s a t i n  (0.01 mole), & f l u o r o a n i l i n e  (0.01 mole) was ref luxed i n  d ry  

t o l u e n e  (50 ml) f o r  2  h  i n  a  Deen-Stark apparatus ,  water  being removed 

a z e o t r o p i c a l l y ,  a f t e r  cool ing,  3-mercaptopropanoic acid  (0.011 mole) was added 

and t h e  mixture  refluxed f o r  4 5  h  till t h e  fo rna t ion  of a l l  water from t h e  

r e a c t i o n  stopped. On cool ing,  a  s o l i d  was obtained which was r e c r y s t a l l i z e d  

from e thano l ,  mp 250°c, y i e l d  2.4g (80%). (Fbund: N,  7.41; S, 8.42 C191115FN20JS 
1  

r e q u i r e s  N, 7.56; S, 8.64%). 3z5 1680, 1700, 1720 (three>C=O) 1500(-CH2-) 

and 1000-1100(C-3). 'H nmr (IMSO-d6): 5 2 . 4 ( s ,  C O G 3 ,  3H), 2 . 8 ( t ,  -8-s2, 2H) 

3 . 8 ( t ,  - S C H 2 - C H 2 ,  2H) and 6.85-7.49 ppm (m, aromatic protons ,  8H); MS: m/z 

370 (M'). ( b )  Compound IVa (0.01 mole) was ref luxed wi th  a c e t i c  anhydride(25 m l )  

f o r  6  h  and on cool ing t h e  mixture,  t h e  des i red  compound was obtained which was 

pur i f i ied  by r e c r y s t a l l i z a t i o n  from ethanol ,  y i e l d  1.8g (60%). The mp and 

a n a l y t i c a l  d a t a  were i d e n t i c a l  f o r  both  compounds confirming t h a t  t h e y  a r e  same. 

1- Chloroacetyl-3'-(4fluorophenyl)-spiro [3~-indole-J,2'-tetrahydro- -- 1 ,% 

t h i az inq-2 ,4 ' (1H)-d ione  .- (TI) - A mixture of  IVa(0.01 mole) and c h l o r o a c e t y l  

c h l o r i d e  (25 ml) was ref luxed f o r  6  h. On cool ing,  c r y s t a l s  separated ou t  

which was pur i f i ed  from ethanol ,  mp 205O~,  y i e l d  3.45g (75%) (Found: N ,  9.05; 
1 

1690, 1700 and S, 6.91. C2p21ClF!i303S r e q u i r e s  N, 9.11; S, 6.94%). Smax 
\ 

1730 (three,C=O). 'H nmr (DM%-d6): &4.9(s,  COCH2C1, 2~),2.85(t ,  - C O G 2 ,  2H), 

3 .75( t ,  -SE2, 2H) and 6.85-7.49 pp3 (m, aromatic protons ,  8H); MS: m/z 4 6 1 ( ~ + ) .  

t h i a z i n q  -2,4 '( lH)-dione (TII) - A mixture of compound IVa (0.01 mole),  - -- 
formaldehyde so lu t ion  (0.012 mole, 40::) aid morpholine (0.01 mole) was ref luxed 

i n  abso lu te  e thanol  f o r  10 h. On cool ing,  des i red  compound was obtained. It 

was f i l t e r e d  and r e o r y s t a l l i z e d  from e thano l ,  mp 240°c, y i e l d  2.98 g  (70%). 

(Found: N, 9.75; S, 7.55. c ~ ~ H ~ ~ ~ ~ O ~ S  r e q u i r e s  N,  9.83; S, 7.495). 
1  \ ?) Cm- 2850-2900(CH2), 1720, 1680, (two 1C.O). 'H nmr (IMSO-d6): 62.7-2.98(m, 

m a X ~ ~  
1 -2 CH 

and -kE2-, 6H), 3.4-3.9(m. - S C H 2 -  -2 
-CH2 

and -NkE2, 6H), 4.7(s. N - E 2 N ,  

2H), 6.85-7.49 ppm(m, aromatic protons ,  8H). MS: m/z 427 (M'). 



Table - I 

Physical and analytical properties of spiro ~~-indole-3,2'-tetr3hydro-l,3-thiazine 2.4'(lH)-diones IT. 1 - 
S.No. X Y 7. M.P. Yield Molecular formula N % s % 

(OC) % Calc Fbund Calc Fbund 
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