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2 -Phenyl -3-benzy l indo les  were  synthes ized  by F i scher  cycl izat ion of 1 ,3 -d ipheny l - l -p ropanone  
phenylhydrazones .  The s t r u c t u r e s  of the products  were  conf i rmed  by the i r  IR and PMI~ 
spec t r a .  

Our s y s t e m a t i c  study of a c lass  of chalcones compel led  us to use them for the synthesis  of 2-phenyl -  
3-benzyl indoles  (V-VIH). Only one r e p r e s e n t a t i v e  of this s e r i e s  - V, obtained by heating ~ - b r o m o d i h y d r o -  
chalcone and aniline in a s t r e a m  of n i t rogen - is desc r ibed  in the l i t e ra tu re  [1]. This substance  is quite dif- 
ficult to isolate  and pur i fy .  Benzylindoles having subst i tuents  in the benzyl  group a re  unknown. It s e e m e d  
that the s imp le s t  method for the p r epa ra t i on  of indoles V-Vll"[ might be the F ischer  r eac t ion  by cycl izat ion 
of the phenylhydrazones  of the cor responding  ketones.  

For  the rea l i za t ion  of the contemplated syn theses ,  the chalcones were  conver ted  by se lec t ive  hydro-  
genation of the ethylene bond to dthydrochalcones - 1 ,3 -d ipheny l - l -p ropanones  (I-IV). The hydrogenat ion 
was r ea l i z ed  in methanol or  ethanol solutions at r o o m  t e m p e r a t u r e  in the p r e sence  of a Raney nickel ca t -  
a lys t  [2]. The next s tep of the contemplated scheme  - the synthes is  of the dthydrochalcone phenylhydra-  
zones - was c a r r i e d  out by ref luxing I - IV with phenylhydrazine  in alcohol solution. The course  of the r e -  
action was moni tored  by means  of gas - l i qu id  ch romatography  (GLC). In the case  of ketones I -HI ,  the r e -  
act ion was comple te  in 10 h, whereas  in the case  of ketone IV, the absence  of the s ta r t ing  carbonyl  com-  
pounds in the reac t ion  mix ture  was obse rved  only a f te r  ref luxing for 15 h. 

The format ion  of the phenylhydrazones  was a lso  conf i rmed  by the IR spec t r a ,  in which the absorpt ion 
at  1680 c m  -1 c h a r a c t e r i s t i c  for  the ketone group of the dihydrochalcones  (I-IV) was absent ,  and absorpt ion  
at 1600-1610 c m  -1 pecu l ia r  to the N = C  grouping was observed.  
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In connection with the fact that  the dihydrochalcone phenylhydrazones  r e s in i fy  ve ry  rapidly  in a i r ,  it 
was more  expedient  to subject  the crude products  to subsequent  cycl izat ion r a t h e r  than to isolate  them in 

pure  fo rm.  
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Ketone phenylhydrazones I-IV were indolized by refluxing in a 10% solution of hydrogen chloride in 
ethanol. In this case,  part ial  hydrolysis  of the azamethine bond with regenerat ion of s tar t ing ketones I-IV 
occur red  along with the formation of the 2,3-disubsti tuted indoles. Indoles V-VIII were separa ted  f rom the 
ketones by repeated  crystal l izat ion.  The IR spec t ra  of the synthesized indole derivatives are  charac ter ized  
by disappearance of the band at 1600-1610 cm -l,  which is re la ted to the vibrations of the N = C group, 
by the appearance of an intense band at 3400-3500 cm -i ,  which is charac ter i s t ic  for the NH group of the in- 
dole ring. 

The PMR spec t ra  were  r ecorded  for 2-phenyl-3-benzyHndole (V) and 2-phenyl-3-(4-dimethylamino-  
benzyl) indole (VII). 

A singlet of the protons of the CH 2 group at 4.44 ppm with an intensity of 2H and the super imposed 
signals of the stnglet of the a romat ic  protons of the CH2C6H 5 group at 7.38 ppm and of the multiplet of the 
protons of two other phenyl groups at 7.0-8.0 ppm with an overall  intensity of 14H are observed in the spec-  
t r  um of V. 

The singlets at 2.95 ppm in the PMR spec t rum of indole VII are  affiliated with the protons of the 
(CH3) 2 group, and the singlet at 4.33 ppm is affiliated with the protons of the CH 2 group (their intensity ra t io  
is 6 :2) .  The signals of the a romat ic  protons fo rm a complex multiplet at 6.7-8.0 ppm with an overall  in- 
tensi ty of 13 H. 

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

The IR spec t ra  were r ecorded  with IKS-22 and UR-10 spec t romete r s .  The PMR spec t ra  of deutero-  
acetone solutions of the compounds were r eco rded  with a C-60HL spec t romete r  with an operating frequency 
of 60 lVIHz and te t ramethyls i lane as the standard.  

Gas - l iqu id  chromatography was ca r r i ed  oat with a Pye-Unicam-104 chromatograph with a f lame-  
ionization detector  and a 2.1 m by 4 mm column filled with 1070 SE-30 silicone e las tomer  on silanized di- 
atomite (100-120 mesh); the nitrogen f low-ra te  was 29 ml /min  and the tempera ture  was 250 ~ 

The retention t imes of the ketones were as follows: I 5 min, II 8 min, III 13 min, IV 7.5 rain, and 
phenylhydrazone HI 45 min. 

1 ,3-Diphenyl- l -propanone (I). A solution of 10.4 g (0.05 mole) of 1-phenyl-2-benzoylethylene (chal- 
cone) in 100 ral of absolute ethanol was shaken with hydrogen at r o o m  tempera ture  in the presence  of 1.5 g 
of Raney nickel A total of one equivalent of hydrogen was absorbed after 1 h. The catalyst  was then r e -  
moved by fil tration, and the alcohol was removed  by vacuum distillation until crysta l l izat ion began. Workup 
gave 10.25 g (98.5%) of color less  crysta ls  with mp 69-70 ~ (from ethanol) (rap 72 ~ [3]). 

The remaining  1 ,3-diphenyl- l -propanones  (II-IV) were obtained by hydrogenation of the cor respond-  
ing chalcones in methanol under conditions s imi la r  to those in the prepara t ion of I. 

1 -Phenyl -3- (4-methoxyphenyl ) - l -p ropane  (II). This compound was obtained in 77.5% yield as co lor -  
less  c rys ta ls  with mp 66-670 (from isopropyl alcohol) (rap 67-68 ~ [4]). 

1 -Phenyl -3- (4-d imethylaminophenyl ) - l -propanone  (III). This compound was obtained in 81% yield as 
color less  c rys ta ls  with mp 48-49 ~ (from isopropyl alcohol) (mp 49.5-50.5 ~ [5]). 

1-Phenyl-  3-  (3-chlorophenyl)-  1-propanone (I V). This compound was obtained in 64.1% yield as co lor -  
less crys ta ls  with mp 74-75 ~ ( f rommethanol) .  Found: C 73.5; H 5.4; C1 14.2%. C15H13C10. Calculated:  C 
73.6; H 5.3; C1 14.5%. 

2-Phenyl-3-benzyl indole  (V). A solution of 2 g (9.5 mmole) of ketone I and 1.13 g (10.5 mmole) of 
phenylhydrazine in 20 ml of absolute ethanol was heated on a water  bath for 10 h, after which it was vacuum 
evaporated,  and the res idual  1 ,3-diphenyl- l -propanone phenylhydrazone was refluxed for 2 with 20 ml of a 
10% alcohol solution of hydrogen chloride. The precipi ta ted ammonium chloride was removed by filtration, 
the fi l trate was evaporated,  and the residue was t rea ted  with 25% ammonium hydroxide. The react ion p rod-  
acts were extracted with benzene, the benzene was removed  by distillation, and the residue was vacuum 
distilled to give a f ract ion with bp 240-242 ~ (0.5 ram), which slowly crys ta l l ized on standing to give 0.95 g 
(35%) of a product with 115-116 ~ (after success ive  crysta l l izat ion f rom ether and isopropyl alcohol) (rap 
119 ~ [1]). Found: C 89.0; H 6.1%. C21H1TN. Calculated: C 89.1; H 6.0%. 

2 -Pheny l -3 -  (4-methoxybenzyl) indole (VIE). 1 -Phenyl -3-  (4-methoxyphenyl)-1-propanone (II) was con- 
verted to VI by the method used for the synthesis of V. After completion of the Fischer  react ion,  the mix- 
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to re  was ext rac ted  with ether .  The ether  solution was dried with magnesium sulfate and evaporated,  and 
the res idue  was c rys ta l l ized  success ive ly  f rom isopropyl a l c o h o l - e t h e r  (1 : 1) and isopropyl alcohol to give 
a product  with mp 150-152 ~ in 26% yield.  Found: C 84.4; H 6.2%. C22HtgNO. Calculated: C 84.3; H 6.1%. 

2-Phenyl-3-(4-dimethylaminobenzyl) indole  (VII). The phenylhydrazone of ketone III, obtained as de- 
sc r ibed  above, was heated for 2 h with a 10% alcohol solution of hydrogen chloride,  af ter  which the am- 
monium chloride was separated,  the alcohol was r emoved  by disti l lation, the res idue  was t r ea ted  with am-  
monium hydroxide,  and the mixture  was d i lu ted  with isopropyl alcohol. The prec ip i ta te  that formed on 
standing was r emoved  by f i l t ra t ion and r ec rys t a l l l z ed  f rom 90% methanol to give a product  with rap 110-112 ~ 
in 29% yield. Found: C 84.4; H 6.7; N 8.7%. C23H22N2. Calculated: C 84.6; H 6.8; N 8.6%. 

.2-Phenyl-3-(3-chlorobenzyl) indole (VIII). This compound was synthes ized by the method used to p r e -  
pa re  2-phenyl-3-benzyl indole .  A fract ion with bp 220-225 ~ (0.5 mm) was collected.  Successive c rys ta l l i za -  
tions f r om methanol and isopropyl alcohol gave a product  with mp 75-76 ~ in 31% yield. Found: C 79.2; H 
5.1%. C21Hl~C1N. Calculated: C 79.3; H 5.1%. 

1o 

2. 
3. 
4. 
5. 

LITERATURE CITED 

P. L. Julian, E. W. Meyer,  A. Magnani, andW.  Cole, J. Amer .  Chem. Soc., 67, 1203 (1945). 
M. G. Guy, Bull. Soc. Chim. France ,  731 (1949). 
J.  F reder ick ,  J. Dippy, and R. H. Lewis, Ree. Tray.  Chlm., 56, 1000 (1937). 
M. A. Spielman and C. W. Mortenson, J. Amer .  Chem. Soc., 61 ,666 (1939). 
P. Pfe i f fer ,  K. Schwenzer,  and K. Kumetat,  J. prakt .  Chem., 143, 143 (1935}. 

1106 


