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The Wittig reaction with iadole-3-aldehyde and its N-acetyl deriva- 
tive has been studied. Data are presented on the influence of various 
factors on the formation of the unsaturated compound. Some hypoth- 
eses are put forward concerning the reactivity of indole-3-aldehydcs 
under the conditions of this reaction. The previously unknown a- 
(indol-3-yl)-fS-phenylethylene has been obtained with a yield of 54% 

The Wit t ig  r eac t i on  has  been found to take an a n o m -  
a lous  cour se  in only a few c a s e s  [1-3] .  Since the 
behav ior  of carbonyl  compounds of the he t rocyc l i c  
s e r i e s  in the Wit t ig  r e a c t i o n  has been  s tudied  to an 
e x t r e m e l y  s m a l l  extent  [4, 5], it  appea red  of i n t e r e s t  
to us to inves t iga te  the r e a c t i o n  of a ldehydes  of the 
indole s e r i e s  with phosphorus  y l ides  and a l so  to e l u c i -  
date the influence of the h e t e r o c y c l i c  n i t rogen  a tom on 
the course  of the reac t ion .  

F o r  the in i t ia l  inves t iga t ions  we used  a l k o x y c a r -  
bonylmethy lenephosphoranes  (IIa, b), which were  ob -  
ta ined  e i the r  by the act ion of aqueous a lka l i s  on the 
co r r e spond ing  phosphonium sa l t  (In, b) or  by means  
of sodium methoxide as a p ro ton  accep to r  without the 
i so la t ion  of the phosphorus  yl ide f rom the r e a c t i o n  
mix ture .  In ne i the r  case  did  compound IIa, b r e a c t  
with i ndo le -3 -a ldehyde  (IIIa) when benzene,  diethyl  
e ther ,  or  methanol  was used  as the solvent .  The r e -  
act ion did take p lace  in d ime thy l fo rmamide ,  but it  
p roved  to be e x t r e m e l y  diff icult  to i so la te  the e s t e r  
of f l - ( i n d o l - 3 - y l ) a c r y l i c  acid  (IV) in the pure  s ta te ,  so 
that  f l - ( i n d o l - 3 - y l ) a c r y l i c  acid  (VI) was obtained with 
a y ie ld  of only 2170. 
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When the r e a c t i o n w a s  c a r r i e d  out in d i m e t h y l f o r m -  
amide ,  a subs tance  the IR s p e c t r u m  of which had 
absorp t ion  bands at 3000-3150 cm - i  (NH 2 group p a r t i -  
c ipat ing in  the f o r m a t i o n  of a hydrogen bond), 1640 
cm - i  (C=-O group),  735-770 cm - i  (C--H bond of a b e n -  
zene r ing) ,  1180 cm -1 (1>----O group at a hydrogen  bond), 

SFor pa r t  XXXIV, see  [15]. 

and 1435-1450 cm - '  (P--C6Hs). It may  be a s sumed  that 
this  compound i s  the adduct of t r iphenylphosphine  oxide 
(V) with i ndo le -3 -a ldehyde  (IIIa), p a r t i c u l a r l y  s ince  
such compounds of V with indole a re  known [6]. 

Since e thoxycarbony lmethy lenephosphorane  (IIb) 
belongs to the group of s table  phosphoranes  and, con-  
sequent ly ,  i s  r e l a t i v e l y  un reac t ive ,  the diff icul ty  of 
i t s  r e a c t i o n  with i ndo le -3 -a ldehyde  (IIIa) i s  comple te ly  
expl icab le .  The p r e s e n c e  of an e l e c t r o n - a c c e p t i n g  
subs t i tuent  in compound II lowers  the e l e c t r o n  dens i ty  
on the indole carbon  atom, d e c r e a s i n g  i ts  nuc leoph i l -  
ic i ty:  

(C6H5)3 p(~_?tl_c~O e .~o (C6 H5 ) 3 p :.::C H--_=C }' 
"OC2H 5 \ O C 2 H  s 

In addit ion,  the carbonyl  group in i ndo le -3 -a ldehyde  
has  a r educed  e l ec t roph i l i c i t y  in view of the d i s p l a c e -  
ment  of the e l e c t r o n  pa i r  of the h e t e r o c y c l i c  n i t rogen  
a tom into pos i t ion  3: 

H 

These two f a c t o r s  e x e r t  a negat ive  influence on the 
p robab i l i t y  of the nucleophi l ic  a t tack of the carbonyl  
group by an y l ide  carbon  atom. An analogous phenom-  
enon has been o b s e r v e d  in the r e a c t i o n  of p - h y d r o x y -  
benzaldehyde  with the phosphorane  p r e p a r e d  f rom 
y - b r o m o c r o t o n i c  e s t e r ,  when the unsa tu ra t ed  c o m -  
pound was  obtained in v e r y  low y ie ld ,  which i s  a lso  
expla ined  by the pos i t ive  m e s o m e r i c  effect  of the 
hydroxy group [7]. 

In view of th is  i t  appea red  of i n t e r e s t  to s tudy a 
m o r e  r e a c t i v e  phosphorus  yl ide  in the Wit t ig  r eac t i on  
with i ndo l e -3 - a lde hyde  and subsequent ly ,  t he re fo re ,  
we used  benzyl idenephosphorane  (VII), which belongs 
to the s e r i e s  of uns table  phosphoranes .  Compound VII 
was obtained f rom benzyl t r iphenylphosphonium ch lo-  
r ide  by the act ion of sodium methoxide .  The r e a c t i o n  
of VII with i ndo l e -3 - a lde hyde s  led to the fo rma t ion  of 
f l - ( i n d o l - 3 - y l ) - a - p h e n y l e t h y l e n e  (VIII): 

1C6H5 )a P - -CH- -C6Hs  + 
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Table 1 

Reaction of Indole-3-aldehyde with Benzylidenephosphorane 

Solvent 

Benzene 
Diet hyl ether 

Methanol 

Dielectric 
co nstant 

2.3 
4,5 

32--33 

Reaction 
time, hr 

43 
36 + 1.5 

40+3.5 

Temperature, 
'C 

20--21 
19--20 
55--60 
18---20 
62--65 

Yield,% 

VIII V 

26.6 41.3 
39,5 39.8 

54.1 70.9 

The IR spec t rum of compound VIII showed the p r e s -  
ence of the cha rac t e r i s t i c  absorpt ion  bands for  an 
indole r ing  at 3400 cm -1 (s t re tching v ibra t ions  of the 
NIl group), 1600-1635 cm -1 (three low-in tens i ty  bands 
which can be ascr ibed  to the nonplanar  deformat ion 
v ibra t ions  of the C--H bonds in the a romat ic  r ing  and 
to the s t re tch ing  v ibra t ions  of a double bond conjugated 
with the a romat ic  system),  700-745 em -t (absorption 
cha rac t e r i s t i c  for a monosubst i tu ted and 1, 2 -d i subs t i -  
tuted benzene r ing),  and 965-970 cm -1 (deformation 
v ibra t ions  of a C--H bond at a double bond with the 
t r ans  configurat ion of the subst i tuents)  [8]. The UV 
spec t rum is shown in  the f igure.  

The NMR spec t rum of compound VIII exhibits  a 
complex s ignal  in the range f rom 7.18 to 8.22 6 which 
cannot be given an unambiguous ass ignment ,  but does 
not contradict  the proposed s t ruc ture .  [As is  known 
f rom l i t e ra tu re  data, the values  of the chemical  shifts 
(c. s. ) of the protons of the indole nucleus  are between 
6.80 and 8.30 6, and those of the protons of a double 
bond p resen t  in the o~-position with respec t  to an a ro -  
mat ic  nucleus  are between 6.55 and 7.50 6 [9]]. 

In o rder  to obtain more  accurate  informat ion,  com-  
pound VIII was cata lyt ical ly  hydrogenated to 3-(fi- 
phenylethyl)indole (IX). In the NMR spec t rum of com-  
pound IX, the protons of the indole nucleus give a 
complex s ignal  in the range f rom 6.90 to 7.55 5. A 
broadened peak at 6 2.95 with an in tens i ty  of four p r o -  
ton units  mus t  apparent ly be ascr ibed  to two CH 2 
groups,  one of which is p resen t  in  the s - p o s i t i o n  of the 
benzene nucleus  and the other in the oz-position of an 
indole nucleus .  They have s i m i l a r  values  of the 
c. s . ,  which cor responds  to the s t ruc tu re  IX. 

A compar i son  of the c . s .  of the a - p r o t o n  on the 
double bond in t r a n s - c i n n a m i c  acid at (5 7.83) [10] 
with the c . s .  of the analogous proton in t r a n s - i n d o l y l -  
ac ry l ic  acid (6 7.50) [9] pe rmi t s  the conclusion that 
the r ep lacement  of a phenyl group by an indole r ing  
leads to a shift in the signal  of this  p ro tonto  a s t ronger  
f ield (by about 0.3 ppm). Consequently, it may be a s -  
sumed that if compound VIII were  the cis i somer ,  the 
c . s .  of the proton at the C=C bond in  the s - p o s i t i o n  

to the indole nucleus would be less  than the c . s .  of the 
cor responding  proton in c i s - s t i lbene  (6 6.55) [10, No. 
305]. The above ranges  of the s ignals  observed on the 
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c . s .  scale  for compound VIII given above enabled this 
poss ib i l i ty  to be excluded. 

An additional conf i rmat ion of the t rans  configurat ion 
of VIII was the const ruct ion of a S tuar t -Br ieg leb  model 
of ~- ( indol -3-y l ) - f l -phenyle thylene ,  which showed that 
the cis s t ruc tu re  of the compound is s te r ica l ly  unlikely.  

The IR spec t rum of 3-(fl-phenylethyl)indole (IX) has 
the following cha rac te r i s t i c  absorpt ion bands:  indole 
r ing  at 3420 cm -1 (s t re tching v ibra t ion  of the NH 
group), 1625-1600 cm - i  (aromatic  sys tem of bonds of 
the indole ring),  and 700-755 em -1 (nonplanar defor-  
mat ion  v ibra t ions  of the C--H bonds of mono-  and 
disubst i tuted benzene r ings) ;  there  are no absorpt ion 
bands in the 965-970-cm -1 region.  The authors ex-  
p re s s  their  deep grat i tute  to Prof. Yu. N. Sheinker 
for a d i scuss ion  of the IR and NMR spectra .  

Because of the d is turbance  of the sys tem of con-  
jugated mult iple  bonds, the cha rac te r i s t i c  ba thochro-  
mic  shift observed in  the UV spec t rum of compound 
VIII does not take place in  that of the hydrogenated 
compound IX (see figure).  

To elucidate the influence of the solvent  and the 
fo rmat ion  of the unsa tura ted  compound, polar  solvents  

Table 2 

Reaction of N-Acetyl indole-3-a ldehyde with Benzylidenephosphorane 

Solvent 

Benzene 
Diethyl  ether 
Methanol 

React ion t ime,  
hr 

45 
48 

5+1.5 

Temperature, 
~C 

18--19 
18 19 
18--19 
50--53 

Yield,% 

VIII 

29.8 
34.0 
34.5 

40,6 
35.7 
42,0 
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( b o t h  p r o t o n i e  a n d  a p r o t i e )  a n d  n o n p o l a r  s o l v e n t s  w e r e  

u s e d  ( T a b l e  1). 

T h e  r e a c t i o n  w a s  c a r r i e d  o u t  b o t h  a t  r o o m  t e m -  

p e r a t u r e  a n d  w i t h  h e a t i n g ,  a r i s e  i n  t h e  t e m p e r a t u r e  

g i v i n g  a s l i g h t  i n c r e a s e  i n  t h e  y i e l d  o f  u n s a t u r a t e d  

c o m p o u n d  a n d  a t  t h e  s a m e  t i m e  l e a d i n g  to  t h e  r e s i n i -  

f i c a t i o n  o f  t h e  r e a c t i o n  m i x t u r e .  

I t  i s  a n  i n t e r e s t i n g  f a c t  t h a t  w h e n  N - a c e t y l i n d o l e -  

3 - a l d e h y d e  (IIIb) r e a c t e d  w i t h  b e n z y l i d e n e p h o s p h o r a n e ,  

t h e  a e e t y l  g r o u p  w a s  s p l i t  o f f  u n d e r  t h e  r e a c t i o n  c o n -  

d i t i o n s  a n d  t h e  o l e f i n  VII I  w a s  f o r m e d  j u s t  a s  i n  t h e  

c a s e  o f  I I Ia .  C o n s e q u e n t l y ,  t h e  d e s i r e d  r e d u c t i o n  i n  

t h e  p o s i t i v e  m e s o m e r i c  e f f e c t  of  t h e  n i t r o g e n  b y  t h e  

r e p l a c e m e n t  o f  t h e  h y d r o g e n  b y  a n  e l e c t r o n e g a t i v e  

a c e t y l  g r o u p  c a n n o t  b e  a c h i e v e d  u n d e r  t h e s e  c o n d i t i o n s .  

T h e  y i e l d s  o f  VII I  i s  b e n z e n e  a n d  d i e t h y l  e t h e r  a r e  

a p p r o x i m a t e l y  t h e  s a m e  a s  i n  t h e  c a s e  o f  I l i a  w h i l e  i n  

m e t h a n o l  t h e y  a r e  20% l o w e r  ( s e e  T a b l e  2).  

W h e n  t h e  r e a c t i o n  w a s  c a r r i e d  o u t  i n  d i m e t h y l f o r -  

m a m i d e ,  VII I  a n d  V w e r e  n o t  i s o l a t e d ,  a l t h o u g h  t h e r e  

w a s  t h e  f o r m a t i o n  of  t h e  a d d u c t  o f  t r i p h e n y l p h o s p h i n e  

o x i d e  (V) a n d  i n d o l e - 3 - a l d e h y d e  ( I I Ia) ,  t h e  IR s p e c t r u m  

a n d  a n a l y t i c a l  d a t a  o f  w h i c h  w e r e  s i m i l a r  to  t h o s e  o f  

t h e  a d d u c t  i s o l a t e d  i n  t h e  r e a c t i o n  o f  II a n d  III  i n  d i -  

m e t h y l f o r m a m i d e .  T h e r e  w a s  no  f o r m a t i o n  o f  s u c h  a 

c o m p o u n d  i n  o t h e r  s o l v e n t s .  

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

The IR spectra of the compounds obtained were recorded on a 
UR-10 instrument in the form of mulls in paraffin oil, the UV spectra 
on an 3F-4 spectrophotometer, and the NMR spectra on a JNM-4H-100 
spectrometer at a working frequency of 100 MHz in dimethyl sulfoxide 
(for VIII) and in CDsOD (for IX) with tetramethylsilane as internal 
standard. 

The phosphonium salts In, b and the phosphoranes IIa, h corre- 
sponding to them were obtained by published methods [11,12]. 

Reaction of indole-3-aldehyde (IIIa) with methoxycarbonylmeth- 
ylenetriphenylphosphorane (IIa) in dimethylformamide, a) A solution 
of 0.78 g (5.4 mM) of Ilia in 12 ml of dimethylformamide was added 
to a solution of 2.04 g (6 mM) of the phosphorus ylide Ha in 8 ml of 
freshly ~distilled dimethylformamide. The mixture was stirred at 18- 
19~ for 24 hr, and the solvent was distilled off in a vacuum of 20 
ram. The oily residue (2.7 g) was saponified with aqueous-alcoholic 
caustic potash (10% alkali in 80% aqueous methanol) at 18-19~ for 
3 hr. The aqueous solution was acidified with dilute sulfuric acid 
(1:4) to pH 5 and was extracted with ether (4 x 20 ml), and the 
combined extracts were dried with sodium sulfate. After the elimina- 
tion of the solvent, 125 mg (12.5~ of a substance with mp 189-191~ C 
(decomp.) was obtained. This gave no depression of the melting point 
with a sample of indolylacrylic acid obtained by the Doebner reaction. 
Chromatography in a thin layer of silica gel in the carbon tetra- 
chioride--acetic acid (12:1) system yielded a single spot with R~ 0.12 
in both cases. Paper chromatography (Leningrad and Whatman No. 3 
papers) gave R S 0.09 for both compounds in the CHsCOOH--C 4 HgOH-- 
H20 (2 : 10 : 0.5) system. 

A comparison of the IR spectra of the acids obtained by the Wittig 
reaction and by the Doebner reaction showed their identity: 3150- 
3300 em "1 (NH group in the low-frequency region because of the 
formation of hydrogen bonds); 2500-2800 c m ' l  (composite frequencies 
of a dimeric COOH group); 1620-1635 cm- ~ (vibrations of a carbonyl 
group); and 745-7'/0 cm" 1 (aromatic system of bonds of the indole 
ring). 

b) The sodium ethoxide prepared from 0.28 g (12.1 rag-atom) of 
sodium in 7 ml of absolute ethanol was treated with 9 ml  of dimeth- 
yfformamide. With vigorous stirring, a solution of 5.04 g (12 raM) 
of the phosphonium salt Ib in 9 ml of dimethylformamide was added 

to this mixture. Stirring was continued at 18-19 ~ C for t hr, and 
then a solution of 1.02 g (6.7 mM) of IIIa in 4 ml of dimethylforma- 
mide was added over 30 rain. The mixture was allowed to stand at 
18-19~ for 24 hr and was then heated at 60-65~ for 15 hr. The 
solvent was driven off in a vacuum of 18 ram. The reaction products 
were extracted from the residue with absolute ether, and the ethereal 
extracts were evaporated to a volume of 15-20 ml. After some hours, 
triphenylphosphine oxide deposited, and this was filtered off, mp 
144-145 ~ C; after recrystallization from ethyl acetate, mp 153-154 ~ C 
(according to the literature [12], mp 151.5-152.5~ Weight was 
0.42 g (220]0). After the elimination of the solvent and saponification 
of the residual substance under the conditions described above, 300 mg 
of indolylacrylic acid Vt was obtained; mp 186-188~ after puri- 
fication 190-192~ (deeomp.,  from aqueous ethanol); yield 2101o. 

From the unsaponifiable fraction was isolated 0.38 g of the adduet 
of triphenylphosphine oxide (V) with indole-3-aldehyde (IIIa); mp 
143-144~ C (from acetone). Found, 0]0: C 76.82; H 5.67; N 3.49; P 7.20. 
Calculated for Cs~ HssNO~P , 0]0: C 76.69; H 5.20; N 3.30; P 7.32. 

Benzyltriphenylphosphonium chloride was obtained as described 
by Homer and Mentrup [13], mp 345-347~ (according to the litera- 
ture [14], 314-315~ [12], and 325-330~ [14]). 

Reaction of indole-3-aldehyde (Ilia) with bemzylidenephosphorane 
(VII) in ether. Sodium methoxide was prepared from 0.18 g (7.82 
rag-atom) of sodium in dry methanol, and the excess of methanol was 
distilled off. A 7-ml  quantity of dry ether was added, and the suspen- 
sion of sodium methoxide in ether was stirred for 10 rain. Then 3.0 g 
(7.71 mM) of benzyltriphenylphosphonium chloride was added, where- 
upon the bright orange coloration characteristic for the phosphomsylide 
appeared. The resulting suspension was stirred for 20 rain, after which 
0.54 g (3.75 raM) of IIIa was added. The mixture was kept at 19-20~ 
for 36 hr and was then boiled for 1 hr 30 rain. The precipitate that 
deposited was filtered off and washed with 25 ml of dry ether. The 
residue amounted to 1.83 g (thin-layer chromatography in alumina 
showed the presence of the phosphonium salt and of IIIa). The ethereal 
filtrate was evaporated to a vohime of 5~6 ml and cooled, and 0.26 g 
of triphenylphosphine oxide (V) separated out. The solvent was dis- 
tilled off completely, and the substance was treated with n-hexane 
to give 0.16 g of V, mp 160-152" C. The total yield of V was 39.8%; 
mp 153-154" C (from a 4 : 1.5 mixture of n-heptane and benzene). 

The elimination of the hexane in vacuum left a residue of 0.32 g 
of a-(indol-3-yl)-l~-phenylethylene (VIII), mp 196-197"C (from 
ethanol). Found, %: C 87.60; H 5,95; N 6.37. Calculated for ClsHmN , 
%- C 87.59; H 5.97 ; N 6.38. UV spectrum: )max 234, 330 nm log 
4.34, 4.42). 

The reaction with N- acetylindole- 3- aldehyde took place similarly 
under the same conditions. 

3-(13-Phenylethyl)indole (IX). The hydrogenation of 0.26 g (1.14 
raM) of compound VIII was carried out at room temperature with 
0.15 g of Pd/C in 10 ml of absolute methanol. After 4 hr, 29.8 ml 
of hydrogen had been absorbed (calculated: 27.6 ml), After hydro- 
genation was complete, the catalyst was filtered off and the solvent 
was driven off in vacuum to give 0.22 g (87.3~ of IX with mp 122- 
123"C (from 60% ethanol). Found, 0]0: C 86.75; H 6.82; N 6.30. Cal- 
culated for CsHI~N , 0]0: C 86.80; H 6.80; N 6.31. IR spectrum: 
kma x 224, 282, 290 nm (log e 4.55, 3.76, 3.69). 
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