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The F i s c h e r  cycl izat ion of a ry lhydrazones  of 3 -me thy l t e t r ahydro th iopyran -4 -one  and its 
S,S-dioxide has  been studied. It has  been found that the d i rec t ion of cycl izat ion depends 
on the na ture  of the h e t e r o a t o m  of the ketonic component .  

We have p rev ious ly  es tab l i shed  that the F i s c h e r  cycl iza t ion of a ry lhydrazones  of 2 - ( f i -me thoxy -  
carbonylethyl)cyclohexanone and 3 - (p -me thoxyca rbony le thy l ) t e t r ahydro th iopyran -4 -one  takes  place in the 

u s u a l  way,  leading to indole and 3H-indole de r iva t ives  [1,2]. In con t ras t  to th is ,  the condensation of a -  
me thy lpy r id in -4 -ones  and of 3 - ( f i - e thoxyca rbony le thy l ) - l -me thy lp ipe r id in -4 -one  with a ry lhydraz ines  is a c -  
companied by a r e a r r a n g e m e n t  with the fo rmat ion  of the new s y s t e m  of 1 ,2 ,3 ,4 - t e t r ahydropyr imido  [3,4-a]-  
indole [1,3]. 

In o r d e r  to de t e rmine  fu r the r  whether  the nature  of the he t e roa tom affects  the di rect ion of cyc l i za -  
t ion, we se lec ted  as  ketonic components  in the F i s che r  reac t ion  3 -me thy l t e t r ahydro th iopyran -4 -one  (I) and 
i ts  S,S-dioxide (II). Compound I was  obtained by the Dieckmann cycl iza t ion of f l - (2 -methoxycarbony le thy l -  
m e r c a p t o ) - a - m e t h y l p r o p i o n i c  acid [4]. The constants  of the ketone obtained co r responded  to those given in 
the l i t e r a tu re .  However ,  a study of the product  by gas- l iquid  ch roma tog raphy  showed that it consis ted  of a 
mix tu re  of t e t r ahyd ro th iopy ran -4 -one  and 3 -me thy l t e t r ahydro th iopyran -4 -one  in a ra t io  of 1 : 1.  We sepa -  
ra ted  these ketones  by f reez ing  out the t e t r ahydro th iopyran -4 -one  f r o m  a solution in a mix tu re  of e ther  and 
p e t r o l e u m  ether ,  followed by ch rom a t og raphy  on a lumina.  

Compound II was  obtained by the oxidation of ketone I with p e r a c e t i c  acid and it had a mel t ing point 
differ ing f r o m  that  given in the l i t e r a t u r e  [4]. All the cycl izat ion reac t ions  were  c a r r i e d  out with c h r o m a t o -  
g raph ica l ly  pure  ketones .  

The hydraz ine  components  used were  p - t o l y l - ,  p -me thoxypheny l - ,  p -e thoxycarbonylpheny l - ,  phenyl - ,  
and naphthylhydrazines .  C y c l i z a t i o n w a s  c a r r i e d  out in the ma jo r i t y  of c a se s  without the isolat ion of the 
a ry lhydrazones .  On cycl izat ion,  the a ry lhydrazones  of ketones I and II can f o r m  both indoles and 3H-indoles .  

I~ CH 3 

0 R I ~  
,, 

"~S/-CH3~ + R III-VI 

I NHNH2 

H 
VII-X CH3 
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* F o r  Communicat ion  XXXIII, see  [1]. 
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The condensation of I with p - to ly l -  and phenylhydrazines was brought about by means of a 5-10% solu- 
tion of hydrogen chloride in ethanol. In each case,  a mixture of two substances in approximately equal p ro -  
port ions was obtained. The s t ruc ture  of substances VII and VIII as indole derivat ives  was confirmed by 
e lementary  analysis  and IR and UV spect ra .  In the IR spect ra  of VII and VIII there are  bands in the 3400 
cm -1 region corresponding to the s tretching vibrat ions  of N - H  bonds. The UV spect ra  of these compounds 
each have the absorption maximum at 275-280 nm that is cha rac te r i s t i c  for  indoles. The 3H-indole s t ruc-  
ture of III and IV was confirmed by the capaci ty of these substances for  forming hydrochlor ides ,  by the ab- 
sence of the charac te r i s t i c  v ibrat ions  of a N - H  bond f rom the IR spect ra ,  and by their  UV spectra .  The 
most  favorable conditions for  this cyclization of I with p-methoxyphenylhydrazine proved to be boiling the 
hydrochlor ide of the hydrazine and I in absolute ethanol. This gave a mixture of the two substances IX and 
V with yields of 58 and 15%, respect ive ly ,  i.e., in this case the react ion is directed mainly to the formation 
of the indole IX. The use of 15-20% ethanolic solutions of hydrogen chloride or  of other  cyclizing agents 
for  cyelization led to pronounced resinif icat ion of the react ion mixture and to a fall in the yields of the 

indole and the 3H-indole. 

We per fo rmed  the cycl izat ion of the p-ethoxycarbonylphenylhydrazone of ketone I under var ious  con- 
ditions. On cyelization with a 28% solution of hydrogen chloride in ethanol and on cyclizat ion in benzene 
with the passage  of hydrogen chloride,  ~15% of the indole X and ~43% of the 3H-indole VI were formed.  
Cyclization of the hydrazone in concentrated hydrochlor ic  acid led to the indole X, the corresponding 3H- 
indole not being formed under these conditions. 

0 R R Ct~3 

G --CH + ~ 02 

02 l I I  NHNH 2 X I -X l l l  
X I R = H ;  XII R =CH3; XI I I  R=COOI~ 

The cyelizat ion of ketone II with phenyl-  and p- to ly lhydraz ines  was effeeted by boiling the components 
with 25% ethanolic hydrogen chloride.  The cyclizat ion of the p-ethoxycarbonylphenylhydrazone of ketone II 
was ca r r i ed  out in concentrated hydrochlor ic  acid. 

In each case,  only one substance was obtained. The 3H-indole s t ruc ture  of compounds XI-X]]I was 
conf i rmed by their  capaci ty for forming hydrochlor ides ,  and also by thei r  IR and UV spectra .  The IR 
spect ra  of the 3H-indoles XI-XIII lacked the band of the vibrat ions of NH group in 3300-3500 cm -t  region.  
The UV spect ra  of these compounds each have an absorption maximum in the ~260 nm region. 

Thus, we were able to observe  an anomalous course  of the condensation of aryl  hydrazones  of 3- 
substituted ketones only in the case  of ketones of the p iper id in-4-one se r i e s  [1,3]. La ter  we hope to de te r -  
mine whether this r ea r r angemen t  [1,3] is caused by the strong e lec t ron-accept ing  influence of the proton-  
ated amino group of the he terocycle  or ,  converse ly ,  by the considerable e lectron-donat ing effect of the non- 
protonated amino group which exists  in cer ta in  amounts in the acid medium used for  per forming the r e a c -  
tion. 

EXPERIMENTAL 

4-Methyl-l,3,4,5-tetrahydrothiopyrano[4,3-b]indole (VII) and 9b-Methyl-3,4-dihydro-IH-thiopyrano- 
[4,3-b]indole (III). A mixture of 1.3 g (0.01 mole) of 3-methyltetrahydrothiopyran-4-one (1) and 1.37 g 
(0.095 mole) of phenylhydrazine hydrochloride was heated in 12 rul of about 10% ethanolie hydrogen chloride 
for 30 rain and was then poured into water and left overnight. The precipitate was filtered off, giving 0.32 g 
(15.2%) of the indole (VII), mp 88-89~ (from benzene and heptane). Found %: N 7.07; S 15.98. CI2HI3NS. 
Calculated %: N 6.89; S 15.77. IR spectrum (in paraffin oil) : 3400 em -I (NH). UV spectrum, ~max, nm 
(loge): 226 (4.72); 282-284 (3.99). 

The acid solution was made alkaline with potassium carbonate solution and extracted with ether, and 
the extract was washed with water and dried with magnesium sulfate. From the ethereal solution the hydro- 
chloride of the 3H-indole Ill was precipitated, and this was converted into the base. Yield 0.58 g (28%), mp 
82.5-83.5~ (from petroleum ether and a drop of diethyl ether). Found %: N 6.78; S 15.78. CI2HI3NS. Cal- 
culated %: N 6.89; S 15.77. UV spectrum, ~max, nm (log a): 254-260 (3.86). 

Hydroehloride of 3H-indole III, found %: Cl 14.57; S 12.96. CI2HI3NS �9 HCI. Caleulatect %: Cl 14.66; 
S 13.30. 
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4,8-Dimethyl - l ,3 ,4 ,5- te t rahydroth iopyrano[4 ,3-b] indole  (VIII) and 8 ,9b-Dimethy l -3 ,4 -d ihydro- lH-  
thiopyrano[4,3-b]indole (IV). A mixture  of 1 g (0.0075 mole) of ketone I and 1.1 g (0.007 mole) of p - to ly l -  
hydrazine  hydrochlor ide  was heated in 15 ml of 5% ethanolic hydrogen chloride for  1 h, poured into water ,  
and left  overnight.  Then the precipi ta te  was f i l te red  off, giving 0.44 g (29%) of the indole VIII, mp 144- 
145~ (from absolute ethanol). Found %: N 6.49; S 14.91. C13HIsNS. Calculated %: N 6.45; S 14.75. IR 
spec t rum (in oil): 3400 cm -1 (NH). UV spec t rum,  ) tmax, nm (log~):  228 (4.56); 284-288 (3.86). 

The acid solution was made alkaline with potass ium carbonate  and ex t rac ted  with e ther ,  the e therea l  
solution was washed with wate r  and dr ied  with magnes ium sulfate,  and the solvent was disti l led off to give 
0.48 g (28%) of the 3H-indole IV, mp 102-103~ (from heptane)o Found %: N 6.28; S 14.78. Ci3H15NS. Cal- 
culated %: N 6.45; S 14.75. UV spect rum:  ~max,  nm (log e):  258-260 (3.90). 

Hydrochlor ide  of the 3H-Indole IV, mp 138-140~ Found %: C1 13.37; N 5.67; S 12.45. C13H15NS �9 
HC1. Calculated %: C1 13.97; N 5.52; S 12.63. 

8 -Methoxy-4-methyl - l ,3 ,4 ,5- te t rahydro th iopyrano[4 ,3-b] indole  (IX) and 8-Methoxy-9b-methyl -3 ,4-  
d ihydro- lH- th iopyrano[4 ,3-b] indote  iV). In a s imi l a r  manner  to the preceding case ,  1.2 g (0.007 mole) of 
p-methoxyphenylhydrazine  hydroehlor ide  and 1.2 g (0.009 mole) of ketone I in 15 ml of absolute ethanol 
(with boiling for  1 h) gave 0.93 g (58%) of the indole IX, mp 136-137~ (from ethanol). Found %: N 6.14; 
S 14.06. C13HI~NOS. Calculated %: N 6.00; S 13.74. 

On being made alkaline and ex t rac ted  with e ther ,  the acid solution yielded 0.25 g (15.6%) of the 3H- 
indole V, mp 120-121~ (from heptane).  Found %: N 5.90; S 13.58. CI3H15NOS. Calculated %: N 6.00; S 
13.74. 

Hydrochlor ide  of the 3H-Indole Derivat ive  (V): Found %: C1 13.04; N 5.17; S 11.76. Ci3HIsNOS �9 HC1. 
Calculated %: C1 13.14; N 5.19; S 11.88. 

3 -Methyl te t rahydro th iopyran-4-one  p-Ethoxyearbonylphenylhydrazone (XIV). A mixture  of 3.8 g 
(0.03 mole) of the ketone I and 4.9 g (0.027 mole) of p-e thoxycarbonyl  phenylhydrazone in 15 ml of absolute 
ethanol was boiled for  30 rain and was then cooled, and the precipi ta te  that deposited was f i l te red  off, giv- 
ing 6.9 g (87%) of hydrazone with mp 148-150~ (from absolute ethanol). Found %: N 9.83; S 11.09. 
C15H20N202S. Calculated %: N 9.58; S 10.96. 

Cyclization of 3 -Methyl te t rahydro th iopyran-4-one  p-Ethoxycarbonylphenylhydrazone,  a. With heat -  
ing, 3 g (0.01 mole) of the hydrazone XIV was dissolved in 50 ml of anhydrous benzene,  and d ry  hydrogen 
chloride was passed  in at the boil for  4 h. After  cooling, the solution was poured into wa te r  (,~300 ml) and 
ex t rac ted  with benzene.  After  the benzene had been dist i l led off, the res idual  off was dr ied over  P20~ and 
t rea ted  with an e therea l  solution of hydrogen chlor ide.  The precipi ta te  was f i l tered off (fi l trate A), r epea t -  
edly washed with absolute e ther ,  conver ted  into the base with potass ium carbonate ,  and ext rac ted  with e ther ,  
and 1.5 g of the substance was chromatographed on A120 a (activity grade ~4). Elution with a mixture  of 
pe t ro leum e ther  and benzene (4:1) gave 8 -e thoxycarbonyl -9b-methy l -3 ,4 -d ihydro- lH- th iopyrano[4 ,3 -b] -  
indole (VI), yield 1.32 g (41%). 

Hydrochlor ide  of the 3H-IndoleDerivat ive  VI, mp 160-161.5~ Found %: C1 11~ N 4.23; S 10.05. 
C15H17NO2S �9 HCI~ Calculated %: C1 11o37; N 4.49; S 10.28. 

The e therea l  solution (A) was washed with wa te r  and dr ied  with magnesium sulfate,  and the solvent 
was dist i l led off. The res idue  was r ec rys t a l l i z ed  f rom benzene to give 0.45 g (16%) of 8 -e thoxycarbonyl -4-  
methyl - l ,3 ,4 ,5- te t rahydro th iopyrano[4 ,3-b] indole  (X), mp 175-176~ Found %: N 5.28; S 11.71. C15H17NO2S. 
Calculated %: N 5.09; S 11.64. 

b .  A mixture  of 2.8 g (0.01 mole) of the hydrazone XIV and 20 ml of 26-28% ethanolic hydrogen chlo-  
r ide was boiled for  1 h 30 rain, poured into wa te r  (about 300 ml), and ext rac ted  with e ther .  F r o m  the e the re -  
al solution, hydrogen chloride prec ip i ta ted  1.4 g (43.7%) of the hydrochlor ide  of 8-e thoxycarbonyl-9b-  
methy l -3 ,4 -d ihydro- lH- th iopyrano- [4 ,3 -b] indole  (VI), mp 160-161.5~ A mixture  with the sample descr ibed  
above gave no depress ion  of the melting point. Distil lation of the e ther  yielded 0.4 g (15%) of 8-ethoxy-  
ca rbonyl -4-methyl - l ,3 ,4 ,5 - te t rahydro th iopyrano[4 ,3-b] indole  (X), mp 175-176~ (from benzene). A mixture  
with the sample descr ibed  above gave no depress ion  of the melting point. 

c. A mixture  of 0.9 g (0.003 mole) of the hydrazone XIV and 9 ml of concentra ted hydrochlor ic  acid 
was boiled for  10 mLn and cooled,  and the precipi ta te  was f i l tered off and washed with water .  This gave 
0.4 g (50%) of X, mp 175-176~ (from absolute ethanol). 
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3-Methy l t e t r ahydro th iopyran -4 -one  S,S-Dioxide (ID. A solution of 5 g (0.038 mole) of 3 - m e t h y l t e t r a -  
hydro th iopyran-4 -one  in 10 ml  of g lac ia l  ace t ic  acid was  added to 6.8 g of p e r a c e t i c  acid in 66 ml  of glacia l  
acet ic  acid at such a r a t e  that  the t e m p e r a t u r e  of the reac t ion  mix tu re  was mainta ined at 70-80~ The 
solution was  evapora ted  to two- th i rds  of i ts  or iginal  volume and cooled, and the p rec ip i t a te  that deposi ted 
was  f i l te red  off. This  gave 3.1 g (50%) of the ketone II,  mp 141-142~ (f rom acet ic  acid). Found %: S 
19.84. CGH1003S. C a l c u l a t e d ~ :  S 19.75. 

9b-Methy l -3 ,4 -d ihydro- lH- th iopyrano[4 ,3 -b ] indo le  S,S-Dioxide (XI). A mix tu re  of 0.5 g (0.003 mole) 
of 3 -me thy l t e t r ahyd ro th iopy ran -4 -one  S,S-dioxide and 0.44 g (0.003 mote) of phenylhydrazine  hydrochlor ide  
was  boiled in 15 ml  of 24~c ethanolic hydrogen chlor ide for  1 h. Then the p rec ip i t a te  was  f i l te red  off and 
washed with absolute ethanol and then with wa te r .  This  gave 0.4 g (57%) of the 3H-indole der iva t ive  XI in 
the f o r m  of the base ,  mp 166-167~ ( f rom absolute ethanol).  Found %: N 6.28; S 13.66. CI2H13NO2 S. Cal-  
culated %: N 5.95; S 13.62. UV spec t rum,  ~ m a x ,  nm (log e):  262 (3.72). 

The hydrochlor ide  of the 3H-indoline der iva t ive  XI was obtained in a methanol ic  solution of hydrogen 
chlor ide ,  mp 202-204~ Found %: C1 12.96. Ci2HI3NO2S " HC1. Calculated %: C1 13.04. 

8 ,9b-Dimethy l -3 ,4 -d ihydro- lH- th iopyrano[4 ,3 -b ] indo le  S,S-Dioxide (XII). In a s i m i l a r  manner  to the 
p r epa ra t i on  of XI, 0.48 g (0.003 mole) of p - to ly lhydraz ine  hydrochlor ide  and 0.55 g (0.0034 mole) of the 
ketone II gave 0.6 g (71~) of the 3H-indole der iva t ive  XII, mp 172.5-173.5~ {from ethanol). Found %: N 
5.88; S 12.90. CI3H15NO2S. Calculated %: N 5.62; S 12.86. UV spec t rum,  ~ m a x ,  nm (log e):  222 (4.21); 
268-270 (3.82). 

3-Methyltetrahydrothiopyran-4-one S,S-Dioxide p-Ethoxycarbonylphenylhydrazone (XV). A mixture 
of 2.2 g (0.012 mole) of p-ethoxycarbonylphenylhydrazine and 2 g (0.012 mole) of the ketone II was boiled in 
absolute ethanol for 30 min and cooled, and the precipitate was filtered off, giving 3.7 g (92.5%) of the 
hydrazone, mp 216-218~ (from absolute ethanol). Found %: S 9.67. CIsH20N204S. Calculated %: S 9.88. 

9b-Methyl-3,4-dihydro-lH-thiopyrano[4,3-b]indole-8-carboxylic Acid S,S-Dioxide (XIII). A mixture 
of 0.6 g (0.0018 mole) of the hydrazone XV and 6 ml of concentrated hydrochloric acid was boiled for 3 h 
and poured into water, and the precipitate was filtered off. Yield 0.3 g (55.5%), mp 272-274~ (from ethanol). 
Found ~c: N 5.29; S 11.40. CI3HI3NOtS. Calculated ~: N 5.02; S 11.48. UV spectrum, ~max, nm (loge): 
274-276 (4.03). 
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