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It  has  been shown by means  of PMR s p e c t r a  that  the F i s c h e r  cycl iza t ion of a ry lhydrazones  
of t e t r ahydro th iopyran -3 -one  f o r m s  2 ,3-dihydrothiopyrano [3,2-b]indoles; the cycl izat ion of 
a ry lhydrazones  of t e t r ahydro th iopyran -3 -one  S, S-dioxide leads  to the fo rmat ion  of 1 ,2 -d i -  
hydrothiopyrano[3,4-b] indole  S, S-dioxides.  

we  found p rev ious ly  [1] that the cycl izat ion of a ry lhydrazones  of t e t rahydro th iophen-3-one  leads  to 
the fo rmat ion  of 2 ,3-d ihydro-4H-th ieno[3 ,2-b] indoles  in which the sulfur  a toms a re  connected d i rec t ly  to 
the fl posi t ion of the indole r ing.  The cycl iza t ion of a ry lhydrazones  of a s e v e n - m e m b e r e d  sulfur-containing 
ketone - th iepan-4-one  - f o r m s  4 ,5 -d ihydro- l ,3 ,6H- th iep ino  [4,3-b]indoles [2 ] in which the sulfur  a toms  oc-  
cupy the c loses t  poss ib le  posi t ions  to the f~ a toms  of the indole r ings .  Under these  condit ions,  t e t r a h y d r o -  
th iophen-3-one S,S-dioxides a re  conver ted  into 1 ,2 ,4 ,5 - te t rahydro-6H- th iep ino  [3,4-b]indole S,S-dioxides in 
which the SO 2 group is located s y m m e t r i c a l l y  with r e spec t  to the 2,3-bond of the indole r ing.  

It may  be a s s um ed  that the d i rec t ion  of the cycl izat ion of the a ry lhydrazones  of u n s y m m e t r i c a l  su l fu r -  
containing cycl ic  ke tones  depends on the e lec t ronic  s ta te  of the sulfur  a tom.  In view of this ,  we have p e r -  
f o rmed  the F i s c h e r  condensat ion of a ry lhydrazones  of t e t r ahydro th iopyran -3 -one  and its S,S-dioxide. In 
the case  of t e t r ahyd ro th iopy ran -3 -one  i tself ,  the reac t ion  was main ly  p e r f o r m e d  without the isolat ion of the 
e x t r e m e l y  unstable a ry lhydrazones  by b r ie f ly  boiling equ imolar  amounts  of the a ry lhydraz ine  hydrochlor ide  
and t e t r ahydro th iopyran -3 -one  in ethanol.  The reac t ion  was accompanied  by the res in i f ica t ion  of the mix -  
ture  and the fo rmat ion  of p o l y m e r i c  products .  In each case ,  only one i s o m e r  (I-IV) was isolated.  

C!oHTNHNH2 ~,,S,~ O RCr R'NH2 R ~  

14 R' 
IV I-II1 

R=R'=H I; r=cH 3, R'=H ll; R=H,R'=CH 3 III 

We were  unable to se lec t  conditions for  the cycl izat ion of the p-e thoxycarbonylphenylhydraz ine  of 
t e t r ahyd ro th iopy ran -3 -one .  When the l a t t e r  was heated with 5-30% solutions of hydrogen chlor ide in ethanol,  
and also with concent ra ted  hydroch lor ic  acid,  complete  res in i f ica t ion  took place .  

It is known that the a ry lhyd razones  of t e t r ahydro th iopyran -4 -one  a re  m o r e  stable and cycl ize  to f o r m  
1 ,3 ,4 ,5- te t rahydro th iopyrano  [4,5-b]indoles smoothly  with good yields  [3]. The Fi scher  cycl iza t ion of a r y l -  
hydrazones  of 2 - t h i o c h r o m a n - 4 - o n e  t akes  place  under  cons iderab ly  mi lde r  conditions than the cycl izat ion 
of 1 - th ioch roman-4 -one  [4]. The cycl izat ion of a ry lhydrazones  of RCOCH2SR', leading to the format ion  of 
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~-sulfides of indole, is ca r r i ed  out with cooling. All these facts ,  and also the s imi lar i ty  of the nature of 
the cycl izat ion of a ry lhydrazones  of te t rahydrothiophen-3-one  and te t rahydro th iopyran-3-one  have permit ted 
the assumption that cycl izat ion takes place in the direct ion of the format ion of 2 ,3-dihydrothiopyrano-  
[3,2-b]indoles (I-IV), i.e., substances in which the sulfur atoms are  connected di rec t ly  with the ~ position 
of the indole r ing.  

The PMR spect rum of compound I has a peak at 2.5-3.0 ppm (4H) f rom the two CH 2 groups in position 
2 and 4 split because of coupling with the protons of the CH  2 group in position 3. A complex multiplet at 
1.9-2.5 ppm may be assigned to the protons  of the methylene group in position 3, interacting with the four 
protons at C 2 and C 0. The absence of a singlet corresponding to the CH 2 group in position 4 of the a l te rna-  
tive s t ruc ture  with the sulfur atom in position 3 is a proof  of the s t ruc ture  of the substance as 2 ,3-d ihydro-  
thiopyrano[3,2-b]indole (I). The s t ruc tu res  of compounds II-IV were  adopted by analogy. 

The F i sche r  react ion with t e t rahydro th iopyran-3-one  S,S-dioxide takes place when equimolar  amounts 
of the ketone and an arylhydrazine  hydrochlor ide are  heated in 20-30% ethanolic hydrogen chloride.  In each 
case ,  a single i somer  was isolated in high yield. As in the case of the nonoxide compound, we were  tmable 
to select  conditions for  the cyclizat~on of the p=ethoxycarbonylphenylhydrazone of t e t rahydro th iopyran-3-  
one S,S-dioxide. 

c,onTnnn"2 ~ rc6"~nr'n"2 r ~  ~o ~o , //-o 

v.I v-v,l.,• 
R=R'=H V; R~CH3, R'=H Yl; R=H, R'=CH 3 VII; R=H, R'=CH2Ph IX 

Substance (IX) was synthesized by the alkylation of the Na derivative of V with benzyl chloride in 
dimethylformamide.  The s t ruc ture  of compounds V-VIII was shown on the basis  of that of 1 ,2-dihydrothio-  
pyrano[3,4-b]indole S,S-dioxide (V). The PMR spect rum of substance V has a singlet at 4.6 ppm f rom the 
two protons  in position 4 and a multiplet at 3.0-3.4 ppm (4H) f rom the two C H  2 groups at C 1 and C~, in ter -  
acting with one another,  which conf i rms  the s t ruc ture  of the 1,2-dihydrothiopyrano [3,4-b]indoles (V-IX). 
Thus, the F i sche r  cycl izat ion of a ry lhydrazones  of te t rahydro th iopyran-3-one  and of its S,S-dioxide leads 
to he te rocyc les  of different s t ruc tu res :  I - IV and V-VIII, respect ively .  

On the basis  of the behavior  of f ive-  [1], six- [3], and seven-membered  [2] sulfur-containing ketones 
a general  tendency for the F i sche r  cycl izat ion of their  a ry lhydrazones  to fo rm cyclizat ion products  in 
which the sulfur a toms str ive to occupy the c losest  possible position to the f i -a tom of the indole ring has 
been established.  In contras t  to this ,  in the cyelization of a ry lhydrazones  of the S,S-dioxides of these 
ketones cycl izat ion products  are  formed in which the sulfur occupies the position most  remote  f rom the fl- 
atom of the indole ring. The reason  for this phenomenon is apparently connected with the e lectronic  nature 
and s t e r eochemis t ry  of the initial ketones. 

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

The PMR spect ra  were taken on an RS-60 spec t romete r  with a working frequency of 60 MHz. Sub- 
stance I was studied in CDCI~ and V in pyridine.  Tetramethylsf lane  was used as internal standard.  

2,3-Dihydrothiopyrano[3,2-b]indole (I). A mixture of 3 g (0.0257 mole) of te t rahydroth iopyran-3-one  
[6] and 3.7 g (0.0257 mole) of phenylhydrazine hydrochlor ide in 25 ml of absolute ethanol was heated to the 
boil. The mixture boiled v igorous ly  and continued boiling for  2-3 min after  the burner  had been removed.  
It darkened and became black, and ammonium chloride separated out. The hot react ion mixture was poured 
into 100 ml of water  and the mixture was acidified with dilute hydrochlor ic  acid (1 : 1), decanted f rom the 
res in  formed,  and extracted with ether .  The ethereal  extract  was washed with water ,  dried and evaporated,  
and the residue was rec rys ta l l i zed  f rom the minimum amount of benzene. This gave 0.5 g (10.3%) of I with 
mp 129-130~ (from ethanol). Found fie: N 7.61, 7.65; S 16.91, 16.94. ClIHttNS. Calculated %: N 7.40; S 
16o93. 

8-Methyl-2 ,3-dihydrothiopyrano [3,2-b]indole (II). In a s imi lar  manner  to the preced  ing case ,  2.1 g 
(0.018 mole) of t e t rahydro th iopyran-3-one  and 2.9 g (0.018 mole) of p- to lylhydrazine  in 15 ml of methanol 
yielded 0.6 g (16.7%) of II with mp 148-149~ (from ethanol). Found fie: N 7.13, 7.09; S 16.01, 16.05. 
C12H13NS. Calculated fie: N 6.89; S 15.77. 
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5-Methyl-2,3-dihydrothiopyrano[3,2-b]indole (III). A mixture of 2 g (0.017 mole) of tetrahydrothio- 
pyran-3-one and 2.1 g (0.017 mole) of N-methyl-N-phenylhydrazine in 12 ml of absolute 10% ethanolic hy- 
drogen chloride was boiled for 15 min and poured into water,and the precipitate was filtered off, washed 
with water,  and dried. This gave 2.3 g (65.5%) of III with mp 117-118~ (from a mixture of heptane and 
benzene). Found %.- N 6.97, 7.02; S 15.40, 15.43. C12H13NS. Calculated %: N 6.89; S 15.77. 

2,3-Dihydro-4H-benzo[e]thiopyrano[3,2-b]indole (IV). A mixture of 1.4 g (0.012 mole} of te trahydro-  
thiopyran-3-one and 2.34 g (0.012 mole) of fl-naphthylhydrazine hydrochloride in 10 ml of absolute ethanol 
was boiled for 10 min and poured into water,  and the precipitate was filtered off, washed with hot water,  
and recrystal l ized from ethanol with the addition of carbon. This gave 0.8 g (27.8%) of IV with mp 144-145~ 
(from ethanol). N 5.90, 5.97; S 13.34, 13.40. C16H13NS. Calculated %: N 5.86; S 13.40. 

Tetrahydrothlopyran-3-one p-Ethoxycarbonylphenylhydrazone. A mixture of 3.2 g (0.0275 mole) of 
tetrahydrothiopyran-3-one and 4.97 g (0.0275 mole) of p-ethoxycarbonylphenylhydrazine in 75 ml of abso- 
lute ethanol was boiled for 15 rain and, after cooling, 5 g (65%) of p-ethoxycarbonylphenylhydrazone, mp 
140-141~ (from ethanol), was fi l tered off. Found %- N 10.13, 10.11; S 11.47, 11.76. C14HIsN202S. Calcu- 
lated %: N 10.07; S 11.52. 

1,2-Dihydrothiopyrano[3,4-b]indole S,S-Dioxide iV). A mixture of 3 g (0.02 mole) of tetrahydrothio- 
pyran-3-one S,S-dioxide [7] and 3 g (0.02 mole) of phenylhydrazine hydrochloride in 40 ml of absolute 22~c 
ethanolic hydrogen chloride was boiled for 10 min and poured into water,  and the precipitate was filtered 
off, washed with hot water,  and dried. This gave 3.7 g (82%) of V, mp 272-272~ (decomp., from dioxane). 
Found ~: N 6.66, 6.76; S 14.21, 14.28. CllHllNO2S. Calculated %" N 6.33; S 14.49. 

8-Methyl-l,2-dihydrothiopyrano[3,4-b]indole S,S-Dioxide (VI). As in the preceding case, 2 g (0.013 
mole) of tetrahydrothiopyran-3-one S,S-dioxide and 2.1 g (0.013 mole) of p-tolylhydrazine hydrochloride in 
45 ml of absolute 29~c ethanolic hydrogen chloride (with boiling for 15 min) gave 2.5 g (79%) of VI, mp 262- 
264~ (decomp., from aqueous dioxane). Found %" N 6.14, 6.18; S 13.68, 13.53. C12H13NO2S. Calculated %" 
N 5.95; S 13.62. 

1,2-Dihydrobenzo[e]thiopyrano[3,4-b]indole S,S-Dioxide (VIID. A mixture of 1 g (0.068 mole) of te t ra-  
hydrothiopyran-3-one S,S-dioxide and 1.3 g (0.0068 mole) of fi-naphthylhydrazine hydrochloride in 30 ml of 
absolute 29% ethanolic hydrogen chloride was boiled for 30 mill and poured into water,  and the precipitate 
was fil tered off, washed with hot water,  and dried in the air.  This gave 1.57 g (86%) of VIII with mp 302- 
303~ (decomp., f rom dioxane). Found %: N 5.33, 5.37; S 11.51, 11.59. C15H13NO2S. Calculated %- N 5.16; 
S 11.80. 

5-Benzyl-l,2-dihydrothiopyrano[3,4-b]indole S,S-Dioxide (IX). A solution of 2 g (0.009 mole) of V in 
20 ml of dimethylformamide was added dropwise to 0.3 g (0.009 mole) of 75% sodium hydride in 20 ml of 
dimethylformamide and the mixture was s t i r red for 1 h 30 min at 25-30~ after  which 1.14 g (0.009 mole) 
of benzyl chloride was added and the resulting mixture was s t i r red at 40~ for 2 h, poured into water,  and 
extracted with chloroform. The extract was evaporated, the residue was t reated with ethanol and ether,  
and 1.9 g (68%) of IX was fi l tered off with mp 203-204~ (from aqueous dioxane). Found %. N 4.69, 4.66; 
S 10.03, 9.94. C18H17NO2S. Calculated %- N 4.50; S 10.29. 

5-Methyl-l,2-dihydrothiopyrano[3,4-b]indole S,S-Dioxide (VII). A mixture of 2 g (0.013 mole) of te t ra -  
hydrothiopyran-3-one S,S-dioxide and 1.6 g (0.013 mole} of N-methyl-N-phenylhydrazine in 20 ml of abso- 
lute 20% ethanolic hydrogen chloride was boiled for 25 min, and the hot mixture was poured into water,  
after  which the precipitate was fi l tered off, washed with water,  and dried. This gave 2.8 g (88%) of VII with 
mp 195-197~ (decomp., from aqueous dioxane). Found %: N 6.16, 5.97; S 13.72, 13.86. C12H13NO2S. Cal- 
culated %" N 5.95; S 13.62. 

Tetrahydrothlopyran-3-one S,S-Dioxide p-Ethoxycarbonylphenylhydrazone. A mixture of 3 g (0.02 
mole) of tetrahydrothiopyran-3-one S,S-dioxide and 3.65 g (0.02 mole) of p-ethoxycarbonylphenylhydrazine 
in 200 ml of absolute ethanol was boiled for 15 min and, after  cooling, the precipitate was fil tered off and 
washed with ether.  This gave 6.3 g (100%) of hydrazone, mp 226.5-227~ (from absolute ethanol). Found %: 
N 9.15, 9.29; S 10.37, 10.14. C14H18N2SO 4. Calculated %. N 9.03; S 10.34. 
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