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It is shown that arylthiohydrazides of carboxylic acids undergo eyclization to give both bis(1-  
methyl-2-indolyl) disulfides and salts of the corresponding 1-methyl-2-aminoindole under the 
influence of phosphorus halides (POC1 a or PC1s). 

A comparison of the reactivities of oxygen- and sulfur-containing compounds makes it possible to as-  
sume that a 2-aminoindole (as observed in the case of N~-arylhydrazides [1]) or a benzothiazole (as is known 
for thiosemicarbazides, which undergo cyclization under the influence of polyphosphoric acid [2]) may be 
formed by the action of phosphorus halides on N'-arylthiohydrazides of carboxylic acids. The sulfur atom is 
more nucleophilic than the oxygen atom, but the presence of several reactive centers in the thiohydrazide 
molecule creates a situation in which a priori  there is an almost equal chance of attack on the sulfur atom 
and the nitrogen atom [3]. One must simultaneously take into account the reaction to give thladiazoles, which 
has even been used in preparative syntheses [4] ; in addition, one could not exclude cleavage of the N-N bond, 
splitting out of a thioacyl residue [2], and more complex processes that take place with the participation of 
two thiohydrazide molecules [5, 6]. 

We have observed that N,-methyl-N'-arylthiohydrazides of carboxylic acids (I} undergo cyclization un- 
der the influence of phoshporus oxychloride or PC1S to give bis(1-methyl-2-indolyl) disulfides (II) containing 
a small amount of a 2-iminoindoline salt (IH), i.e., a protonated 2-aminoindole. The process is more com- 
plex for hydrazides of aliphatic acids (Ia-c), since the formation of II and HI is accompanied by even more 
pronounced resinificatiom We were unable to, ingeneral, obtain individual compounds from the products of the 
conversion of phenoxyacetic acid N'-methyl-N'-phenylthiohydrazid e because of complete resinification of the 
entire reaction mass.  Preparative yields of disulfides H were obtained only from phenylacetic acid thiohydra- 
zides (Id-g). 

In the synthesis of starting thiohydrazides I we observed that not only partial formation of thiohydra- 
zides [7] but also simultaneous cyclizatton to disulfides (II) took place in the reaction of phosphorus pentasul- 
fide with our hydrazides. Moreover, by treatment of N,-methyl-N,-phenyl-N-phenacetylhydrazine in abso- 
lute ether (in an argon atmosphere) with a threefold excess of phosphorus pentasnlfide we obtained, in addition 
to thiohydrazide Id and disulfide lid [determined in solution by thin-layer chromatography (TLC)], 1-methyl-3~ 
phenyl-2-iminoindoline salt IH, from which the rather stable free base (IiIa) was isolated by alkalization with 
aqueous sodium hydroxide solution, although such amines are easily oxidized [8]. On the basis of the spectral 
data, it may be assumed that IIIa exists in the 2-aminoindoline form, since the absorption band of an Ntt 
group at 3310 cm -1 is observed in the IR spectrum (in CC14). Signals of a fi proton at 2.93 ppm (s, 1H ), pro- 
tons of an N-CH3 group at 3.47 ppm (s, 3H), and a multiplet of aromatic protons, which includes the signal of 
the proton of an imine nitrogen atom at 6.84-7.5 ppm (10H), are  observed in the PMR spectrum (in CC14). It 
is possible that the partial liberation of hydrogen sulfide in the reaction and the formation of a sulfite (a r e -  
ductive medium) protect IIIa from rapid oxidation. When Ilia is stored in air,  TLC reveals the appearance of 
a new spot with Rf 0.38 (in contrast to Rf 0.48 for 2-iminoindoline), which corresponds to the oxidation prod- 
uct. We were unable'to isolate 2-aminoindoles from the other thiohydrazides. The presence of their hydro- 
chlorides in the reaction mixtures was established by chromatography. 

We subsequently used a method for the preparation of thiohydrazides involving the action of phosphorus 
pentasulfide on hydrazides [7] ; however~ we did not isolate them (their presence was determined by TLC) but 
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immedia te ly  t rea ted  the r eac t ion  mix tu re s  with phosphorus hal ides (POC13 or PC13). The resul t ing  disulf ides 
(IIa,d-f)  were  identified with r e spec t  to the previous ly  descr ibed  constants [9]. The desulfurat ion of IId over  
Raney nickel  leads to the known 1-methyl -3-phenyl indole  [10]. 

During a study of r e a r r a n g e m e n t  of carboxyl ic  acid hydraz ides  to 2-aminoindoles  [1] it  was assumed 
that the reac t ion  proceeds  through the format ion  of an in termedia te  complex,  which can undergo decompos i -  
t ion  via two pathways. Correspondingly ,  the cycl izat ion of  sulfur analogs of hydraz ides  evidently leads to the 
analogous IV complex,  the possible decomposi t ion  of which via pathway A or B leads to e i ther  disulfide II or 
to 2- iminoindol ine III, depending on the s t rength of the C - N ,  C - S ,  and S - P  bonds. The cycl izat ion 
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probably p roceeds  as o rd ina ry  e lec t rophi l ic  a t tack by  the protonated form of the thiohydrazide on the a romat ic  
r ing.  Let  us note that  sal t  HI is not conver ted  to disulfide II by the action of phosphorus pontasulfide (although 
Hino and Nakagawa used the r e v e r s e  r eac t ion  of 2- indolyl  thiones with amines for  the prepara t ion  of 2 -amino-  
indoles [9]). This  const i tutes  evidence that the reac t ion  proceeds  through complex IV. The pathway by which 
the disulf ide is formed is not c lear .  It would be  logical  to assume the format ion  of the S - S  bond as a second-  
a ry  p r oc e s s  involving oxidation of the 2- indolyl  thione. However ,  we c a r r i e d  out this reac t ion  in an iner t  a t -  
m o s p h e r e  (argon) and detec ted  the disulfide r a the r  than the 2- indolyl  thione by TLC af te r  the addition of 
phosphorus halide to the thiohydrazide.  It is possible  that the format ion of the disulfide proceeds  as an oxida-  
t ive  p roc e s s  with the reduct ion  of phosphorus to t r iva lent  phosphorus or  that cleavage of the S - P  bond oc-  
curs  homolyt iea l ly  with subsequent coupling of the rad ica l s ;  however ,  we do not have exper imenta l  data. The 
introduct ion of  subst i tuents  in the pa ra  posi t ion of the phenyl r ing of the hydraz ine  or acid f ragment  did not 
have a substant ial  effect  on the course  of the react ion.  

According to the data  of Bobkova and Chepunova (depar tment  of  lower plants of the biology faculty of 
Moscow State Universi ty) ,  th iohydrazides  I (R = H, C6H5, OC6H5), phenoxyacet ic  acid N, -methy l -N ' -pheny lhy-  
draz ide ,  and disulf ides IId,e in alcohol solution (1 m g / m ! )  do not suppress  the growth of Aspergi l lus  niger ,  
Aspergi l lus  t e r r e u s ,  and Penici l l ium cyclopium and do not affect  the growth of Staphylococcus. aureus ,  Bac i l -  
lus subst i l i s ,  Mic robac te r ium lact icola ,  and Esche r i ch ia  coll. Only Ie (R = C6I-I 5) displayed a weak suppres -  
s-~e ef fec t  on the growth of Gram-pos i t ive  bac t e r i a  in the form of an alcohol solution (1 m g / m l )  in an aga r -  
agar  medium;  however ,  it  did not have this effect  in exper iments  in a liquid medium. 

The constants  and yie lds  of disulf ides II a re  p resen ted  in Table 1. 

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

The UV spec t r a  of the compounds were  r eco rd ed  with Cary  and Specord spee t rophotometers .  The PMR 
spec t ra  of solutions of the compounds in CF3COOH [with hexamethyldis i loxane (HMDS} as the externa l  s tand- 
ard] and other  solvents  (with HMDS as  the internal  standard) were  r eco rded  with a Var ian  T-60 spec t romete r .  
Th in - layer  chromatography on a fixed layer  of k iese l  gel H with rhodamine 6Zh as the indicator in a h e x a n e -  
a c e t o n e - b e n z e n e  sys tem (2 : 1 : 1) was used to es t imate  the individuality of the compounds. The synthesis  and 
cha rac t e r i s t i c s  of the th iohydrazides  we re  desc r ibed  in [7]. 

Method A. A 0 .6 -ml  (6 mmole) sample of phosphorous oxychlor ide  was added to a solution of 0.51 g (2 
mmole)  of phenylacet ic  acid N', -methyl-N'  -phenylthiohydrazide (Id) in 10 ml  of absolute toluene, and the mix-  
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TABLE 1. B i s ( l - m e t h y l - 2 - i n d o l y l )  Disulfides II 
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a) In methanol,  b) In t r i f luoroace t ic  acid. c) In carbon t e t r a c h ! o r ,  
ide. d) In carbon disulfide, e) In dioxane. 

tu re  was ref luxed for  6 h. The solvent  was then removed  by evaporation,  and the res idue  was dissolved in 
e ther .  The insoluble res idue  was removed  by f i l t rat ion,  and the f i l t ra te  was washed success ive ly  with 10% 
sodium hydroxide solution and water  (until the wash wate r s  were  neutral}.  The ether  was removed  by evapor -  
ation, and the solid res idue  was refluxed for 10 min in ethanol containing act ivated charcoal .  The hot mix ture  
was then f i l tered,  and the f i l t ra te  was cooled. The precipi ta ted  c rys ta l s  were  separa ted  and r ec rys t a l l i z ed  
f rom absolute ethanol to give 0.28 g (58%} of bis  (1-methyl-3-phenyl-2-ind01yl)  disulfide (IId). 

Method B. A 0.41-g (3 mmole} sample of phosphorus t r i ch lor ide  was added to a solution of 0.256 g (1 
mmole} of thiohydrazide Id in 5 ml  of absolute toluene, and the mix tu re  was ref luxed for 6 h. The solvent ~ 
then removed  by evaporation,  and the res idue  was worked up as in method A to give 0.12 g (50%} of disulfide 
IId. 

Method C. A 0.3-g (1.5 mmole} sample of phosphorus pentasulfide was added with s t i r r ing  to a solution 
of 1.02 g (4 mmole) of phenylacetic acid N, -methyl -N ' -phenylhydraz ide  in 20 ml of dioxane, and the mixture  
was ref luxed for 1 h. A 1 .1-ml  (12 mmole) sample of phosphorus oxychlor ide was added, and the mix tu re  was 
ref luxed for 2 h. At the end of the reac t ion  (as moni tored by TLC) the solution was subjected to evaporation,  
the res idue  (sal t  ]IId containing phosphorus compounds} was washed with water ,  and the wash waters  were  ex -  
t r ac ted  twice with benzene,  which was added to the bulk of the reac t ion  product.  The benzene was removed  by 
evaporat ion,  and the res idue  was purif ied by means  of act ivated charcoal  and r ec rys t a l l i za t ion  f rom absolute 
ethanol to give 0.48 g (46%) of bis  (1-methyl -3-phenyl -2- indoly l )  disulfide (lid).  The Rf value of the s tar t ing 
hydraz ide  was 0.35, and the Rf value of disulfide IId was 0.60. Compounds IIe-g were  s imi la r ly  obtained. 

Method D .  A 0.28-g (1.25 mmole} sample of phosphorus pentasulfide was added in 20-rag port ions with 
s t i r r ing  in the course  of an hour to a solution of L27 g (5 mmole} of p-methoxyphenylacet ic  acid N'-methyl-NT - 
phenylhydrazide in 25 ml of methylene chlor ide ,  and the solution was ref luxed for 1 h. A 1.32-ml (15 mmole) 
sample of phosphorus oxychlor ide was added, and the m ~ e  was ref luxed for 4 h. Prec ip i ta ted  salt  III con-  
mining phosphorus compounds was removed  by f i l t rat ion,  and washed twice with methylene chloride.  The 
combined f i l t ra te  and wash solutions were  evaporated to  d rynes s ,  and the res idue  was dissolved in benzene.  
The benzene solution was washed success ive ly  with 10% sodium hydroxide solution and water ,  the benzene 
was removed by dist i l lat ion,  and the res idue  was r ec rys t a l l i z ed  f rom absolute ethanol to give 0.78 g (63%} of 
bis  [1-methyl -3- (p-methoxyphenyl ) -2- indoly l ]  disulfide (IIe). The Rf value of the s tar t ing hydrazide  was 0.38, 
and the Rf value of disulfide He was 0.65. Compounds IIa-c w e re  s imi la r ly  obtained. 

1-Methyl-3-Phenyl indole .  A m ~ e  of 0.5 g (1.1 mmole) of disulfide IId in 20 ml of absolute ethanol 
and 1 g of Raaey nickel  was ref luxed until the s tar t ing compound vanished (according to TLC) ( ~ 8 h) .  The 
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solution was evaporated, and the residue was dissolved in benzene and passed through a column filled with 
silica gel (100/160 #) with elution by chloroform. The solvent was removed from the eluate by evaporation 
to give 0.1 g (20%) of 1-methyl-3-phenylindole with mp 63-65 deg C. Mass spectrum: [M § 207. The product 
had Rf 0.52. According to the data in [10], this compound has mp 65 deg C. 

1-Methy1-3-phenyl-2-iminoindoline (IIIa). A 1.7-g (0.075 mole) sample of phosphorus pentasulfide was 
added to a solution of 2.4 g (0.1 mole) of phenylacetic acid N'-methyl-N'-phenylhydrazide in 24 ml of absolute 
ether,  and the mixture was refluxed in a s tream of argon for 8 h. Complete disappearance of the starting hy- 
drazide was observed by TLC after  1 h. The mixture was then cooled, and the resulting precipitate was r e -  
moved by filtration, washed twice with dioxane and ether,  and dried to give 1.7 g (66%) of crude salt III with 
mp 172-210 deg C. The precipitate was made alkaline with 1 N sodium hydroxide solution, and the mixture 
was refluxed for 5 min. The insoluble material  [0.98 g (45%)] was removed by filtration, washed twice with 
water,  and dissolved completely in acetone. The product was precipitated by the addition of water, and the 
precipitate was refluxed for 10 min in 50% ethanol containing activated charcoal. The hot ethanol solution was 
filtered, and the fi l trate was cooled. The resulting crystals  were separated and recrystal l ized from absolute 
ethanol to give 280 mg of 1-methyl-3-phenyl-2-iminoindoline with mp 110-112 deg C. Mass spectrum: [M § 
222. Found: N 122%. Calculated N 12.6%. UV spectrum (in methanol), Xmax(log e): 272 (3.89) and 300 nm 
(3.84). 
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S Y N T H E S I S  OF A R Y L  f l - H E T E R Y L E T t l Y L  K E T O N E S  

G. V. G r i g o r y a n  and  S. G. A g b a l y a n  UDC 547.751.547.589 

The decarboxylation of fi-aroyl-c~-heterylpropionic acids in vacuo leads to the formation of the 
corresponding ketones. 

TO solve the problem of the direction of nucleophilic attack by enamines of the indole and pyrrole type 
at the ethylene bond of f~-aroylacrylic acids we have previously accomplished the decarboxylation of fl~benzoyl- 
~-(3-indolyl)propionic acid [1]. The structure of the resulting ketone could be represented by the following 
formulas, depending on the s tructure of the starting acid: 

C - - C i I ~ - - C I | , . - - ~  ~ ' ~ - - C t I - - C H  3 

| II H 

The PMR signals of the -CH2-CH2-- or CH-CH 3 fragments constitute a cri ter ion for the identificatton of 
the two alternative structures.  On the basis of the spectra obtained (from the absence of signals of a CH 3 
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