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IN CROTONIC CONDENSATION WITH ACETONE 
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Crotonie condensation of 3 - fo rmyi  [4,5]- and 3 - fo rmy l  [6,7]benzindoles with acetone on a lu-  
minum oxide or methylat ion of them with dimethyl  sulfate  in aqueous acetone solution in the 
p r e s e n c e  of KOH gave [4, 5]- and [6,7]benzoskatol ideneacetones.  A number  of 3 - fo rmy lben -  
zindoles with var ious  subst i tuents  in the p y r r o l e  por t ion  of the molecule  a r e  descr ibed.  

It is well  known that the r eac t iv i ty  of 3- formyl indole  in condensation reac t ions  is de te rmined  by con- 
jugation of the carbonyl  group with the ni t rogen a tom of the p y r r o l e  r ing  [2, 3]. The ca ta lys t  employed in 
the condensation and the alkal ini ty or  acidi ty of the med ium play an impor tant  ro le  in this p r o c e s s .  In ad-  
dition, the products  of condensation of 3-formyl indole  with ketones and aldehydes [4, 5] may  be of in te res t  
as in te rmedia tes  for  the synthes is  of d iverse  physiological ly  act ive indole der iva t ives .  However,  data on 
the use of 3 - formyl [4 ,5 ] -  and 3-formyl[6,7]benzindoles  in crotonic  condensation are  unavailable.  

As a ru le  [5], bases  of the p iper id ine ,  methylamine ,  ammonium ace ta te ,  etc.  type a re  used as ca t a -  
l y s t s  for such reac t ions .  On the other  hand, the condensation of  3- formyl indole  by the action of a luminum 
oxide [6] and a lso  during the Wittig r eac t ion  [6] has been descr ibed ,  and Orlova  and c o - w o r k e r s  explained 
this by  means of the bas ic  p r o p e r t i e s  of the phosphoryl id ,  which ca ta lyzes  the reac t ion  of the enol f o r m  of 
3-formyl indole  with acetone.  A pape r  r ecen t ly  appeared  [7] in which Semenov and co -worke r s  c a r r i e d  out 
the crotonic  condensation of 3- formyl indole  with acetone in alcohol under the influence of p o t a s s i u m  hydrox-  
ide. We have found that s e v e r e  conditions a re  unsuitable for  the condensat ion of 3 - formylbenz inoldes  
[8] with acetone:  [4,5]benzoskatolideneacetone (I} is detected only by chromatography ,  and the yield of the 
[6,7]isomer (t-I) did not exceed 5-10%. We achieved be t t e r  yields  when we used a luminum oxide as the ca t -  
a lyst .  The condensation with acetone p roceeds  read i ly  at r o o m  t e m p e r a t u r e  in the p re sence  of alkali  in the 
case  of N-me thy l -3 - fo rmy l [4 ,5 ] - and  -[6,7]benzindoles.  The methylat ion of the aldehydes can be ca r r i ed  
out s imul taneous ly  wi th the  c ro ton ic  condensation : by the act ion on these aldehydes of dimethylsulfate  in 
aqueous acetone solution in the p r e s e n c e  of KOH [9] we obtained N-methy l -4 ,5 ] -  and - [6 ,7-benzoska to l idene-  
acetones (III and IV) in quanti tat ive yields (Table 1}. Signals of vinyl protons  at 6.6-7.8 p p m  with a s p i n -  
spin coupling constant (SSCC} of 16 Hz, which is c h a r a c t e r i s t i c  for thei r  t r anso id  orientat ion,  a re  obse rved  
in the PMB spectra~f of the benzoskatol ideneacetones  obtained. Absorpt ion bands at 1600-1700 cm -1 r e -  
la ted to the s t re tch ing  vibrat ions  of an exocycl ic  double bond ( low-frequency band) and a carbonyl  group 
(high-frequency band} appear  in the IR s p e c t r a  (Table 1). One 's  at tention is drawn to the unusual d is t r ibu-  
tion of the intensi t ies  of the bands of the double bond and carbonyl  group, which, in all  likelihood, is a s s o -  
c iated with the conformat ional  pecu l ia r i t i es  of the or ientat ion of the diene s y s t e m  re la t ive  to the benzindole 
molecu les .  An invest igat ion of the conformat ions  of these  compounds by IR, UV, ahd PMR spec t roscopy  
ts the subject  of our next communicat ion.  

* See  [1] for  communica t ion  X. 
The PMR and UV spec t r a l  data will  be given in our next communicat ion.  
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TABLE 1: [4,5]- and [6,7]Benzoskatolideneacetones 

~ C H = C H - - C O C H  3 

: I 
: : R �9 . . . . . . , . "  

Fusion of the I 
Corn- benzene 
pound ring ] R mp, ~ a 

Empirical 
formula 

Found, % 

c . I N  

I 4,5 H 

II 6,7 H 

III 4,5 : CHz 
IV 6,7 Clt3 
V :Skatolidene- 

acetone [7] ; 

162 

i 206--207 

157--158 
149 

t41- -142  

b i 
C16HIzNO ! 81,4 5,7 : 5,5 

CI6HI3NO b i81,4 6,4 5,8 

C17H16 NOc 181,6 6,1 5,4 
CITH~sNO- !81,7 6,0 5,2 

IR spec~um, 
cm-I 
(of crystals) 

1570,1610,1672 
3170.3190 
1580, 1604, 1670 
3190,3280 
1607,1635,1660 
1590,1620.1665 
1565,1590.1662, 
3196,3470 

aThese compounds were rec rys ta l l i zed  f rom b e n z e n e - p e t r o l e u m  
ether,  bCalculated: C 81.6; H 5.6; N 5.9%. CCalculated: C 81.9; 
H 6.0; N 5,6%. 

It is interesting to note that 2-methyl-3-formyl[6,7]benzindole  reac ts  with dimethyl sulfate under s i m -  
i lar conditions to give only an N-alkylatton product  - 1 ,2-d imethyl -3- formyl  [6,7]benzindole. 

3-Formylbenztndoles  having substituents in the pyr ro le  portion of the molecule are  presented  in Ta-  
ble 2. The somewhat higher yields of the [6,7]derivatives may serve  as an i l lustration of the previously 
drawn conclusion [10] that the electron density is higher on the C(3 ) a tom in the [6,7]benzindole molecule. 

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

The PMR spec t ra  were recorded  with a Varian HA-100D spec t romete r  with hexamethyldtsiloxane as 
the internal standard.  The ~ spec t ra  were  obtained with a UR-10 spec t rometer .  The UV spec t ra  of ethanol 
solutions of the compounds were r ecorded  with a Shirnadzu MPS-50L spectrophotometer .  

N-Methyl[4,5]benzindole. A catalytic amount of fe r r ic  ni trate was added to a solution of 0.97 g of 
sodium in 150 ml of liquid ammonia,  and, after  10 min, 4.5 g of [4,5]benzindole was added. The mixture 
was then s t i r r ed  for 15 min, after  which 2.6 g of methyl iodide was added dropwise, and the mixture was 
allowed to stand until the ammonia had evaporated completely.  The residue was decomposed carefully by 
the addition of water ,  and the solid mater ia l  was separa ted  to give 4.3 g (88%) of a product with mp 40 ~ 
(from pet ro leum ether). UV spec t rum,  ~max,  nm (log e):  236 (4.50), 258 (4.54), 308 (3.90), and 320 (3.88). 
IR spec t rum (CC14): no absorption in the region of NH vibrations,  PMR spec t rum in (CD3)2SO: N - C H  3 3.73 
(3H), 2-H 7.00 (1H) 3-H 6.92 (1H), J2,3=3.0 Hz, 6-H 7.34 (liD, 7 -H7 .74ppm (1H), J6,~=8.5 Hz. Found: 
C 86.5; H. 6.4; N 7.7%. C13HI1N. Calculated: C 86.1; H 6.1; N 7.9%; 

N-Methyl[6,7]benztndole. A s imi lar  react ion with 2.7 g of [6,7]benzindole, 1.6 ml of methyl iodide, 
and 0.54 g of sodium metal gave 2.2 g (75%) of N-methyl[6,7]benzindole with mp 65-66 ~ (from pet roleum 
ether). UV spec t rum,  Xmax, nm (log a): 259 (4.70) and 281 (3.81). IR spec t rum (in CC14): no absorption 
in the region of NH vibrations.  P1VIR spec t rum in (CD3)2SO , 5,  ppm, J, Hz: N - C H  3 4.22 (3H), 2-H 7.28 (1H), 
3-H 6.50 (1H), J2,3 =3.0; 4-H 7.34 (1H), 5-H 7.74 (1H), J4,~ =8.5. Found: C 85.89; H 6.59; N 7.76%. CI3HltN. 
Calculated: C 86.13; H 6.12; N 7.91%. 

2-Methyl[4,5]benzindole. This compound, with mp 59-60 ~ [bp 205-210 ~ (10 mm) [12]], was obtained in 
25% yield by the method in [11]. UV spect rum,  ~-max, nm (log e): 228 (4.54),256 (4.52), 308 (3.88), and 324 
(3.80). IR spectrum (in CC14): 3410 cm -I (NH). 

2-Methyl[6,7]benzindole. This compound, with mp 132 ~ (from petroleum ether), was obtained in 53% 
yield by the method in [II]. UV spectrum, ~.max, nm (log e): 220 (4.17),246 (4.45), 264 (4.73), and 328 
(3.18). IR spectrum (mineral oil): 3395 cm -I (NH). 

2-Phenyl[6,7]benzindole. This compound, with mp 166-167 ~ (from benzene-petroleum ether), was 
obtained in 53% yield by the method in [13]. UV spectrum, Xmax, nm (log a): 260 (4.30), 286 (4.56), 322 
(4.32), and 354(3.93). I:R spectrum (mineral oil): 3445 cm -I (NH). 
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N-Methyl-3-formyl[4 ,5]benzindole .  A) A solution of 0.75 g of N-methyl-[4,5]benzindole  in 2 ml of 
d imethy l fo rmamide  (DMF) was added dropwise at r o o m  t e m p e r a t u r e  to the complex obtained by the usual 
method [8] f r o m  0.5 ml of phosphorus  oxychloride and 2 ml  of DMF, a f te r  which the mixture  was held at 35 ~ 
for  40 min. The p rec ip i t a t ed  complex was then decomposed  with wate r ,  and the mixture  was heated with 
alkal i  solution. The mixture  was then cooled, and the resu l t ing  c rys t a l s  were  separa ted ,  washed with water ,  
and dried to give 0.53 g (61%) of a product  with mp 137 ~ (from b e n z e n e - p e t r o l e u m  ether) .  The other phys i -  
cal  constants a re  p re sen ted  in Table 2. 

B) Dimethyl sulfate  (2 ml) was added dropwise to a heated solution of 0.95 g of 3-formyl[4 ,5]benzin-  
dole [8] in 40 ml  of ethanol and 80 ml  of wa te r  containing 1.2 g of NaOH, af ter  which heating was continued 
for  another  hour.  The mix ture  was then cooled, and the resu l t ing  prec ip i ta te  was s epa ra t ed  to give 0.48 g 
(40%) of a product  with mp 130-131 ~ which was chromatograph ica l ly  identical to a sample  obtained by 
method A. 

The i somer i c  3- formylbenzindoles  indicated in Table  2 were  s i m i l a r l y  obtained [8]. 

1 ,2-Dimethyl-3-formyl[6,7]benzLndole.  Dimethyl sulfate  (1.2 ml) was added dropwise to a heated mix -  
ture  of 0.4 g of 2 - m e t h y l - 3 - f o r m y l  [6,7]benzindole, 20 ml  of acetone,  14 ml  of wate r ,  and 1.4 g of KOH, af -  
t e r  which the mixture  was heated for  another  20 min. The solvent  was then r e m o v e d  by disti l lation, and 
the res idue  was s e p a r a t e d  to give a quantitative yield of the product .  See Table 2 for  the physica l  constants .  

[4,5]Benzoskatolideneacetone (I). A total of 30 g of act ivi ty  II a luminum oxide was added to a solution 
of 2 g of 3 - fo rmyl  [4,5]benzindole in 35 ml  of acetone,  and the ent i re  mass  was allowed to s tand at r o o m  tern-  
t e m p e r a t u r e  in a f lask  sea led  with a glass  s topper  for  3 days. The solvent  was then allowed to evapora te ,  
and the d ry  m a s s  was t r a n s f e r r e d  to a column and eluted succes s ive ly  with p e t r o l e u m  and e t h e r - p e t r o l e u m  
ether  (1 : 1); the yellow f rac t ion  was collected.  The solvent  was r emoved  f r o m  the yellow f rac t ion  by d is -  
t i l la t ion to give 0.73 g (62%) of I. The product  was c rys t a l l i zed  f r o m  b e n z e n e - p e t r o l e u m  ether  to give ye l -  
low c rys t a l s  with mp 162 ~ The resu l t s  of e l e m e n t a r y  analys is  and the UV and IR spec t r a l  data a r e  p r e -  
sented in Table 1. 

[6,7]Benzoskatolideneacetone (II). This compound was obtained under s i m i l a r  conditions f r o m  1 g of 
3-formyl[6,7]benzindole;  the yield was 0.42 g (36%). The physica l  constants a re  p re sen ted  in Table 1. 

N-Methyl[4,5]benzoskatol ideneacetone (HI). A 1.6-g sample  of dimethyl sulfate  was added dropwise 
with heating to a solution of 0.7 g of 3 - fo rmyl  [4,5]benzindole in 25 ml of acetone containing 1.4 g of KOHand 
2.4 ml of wate r ,  a f t e r  which s t i r r i ng  and heating were  continued for another  20 rain. The solvent  was then 
r e m o v e d  by dist i l lat ion,  and the sol id res idue  was sepa ra t ed ,  washed with wate r ,  and dried to give a quan- 
t i ta t ive yield of III (see Table 1). 

N-Methyl[6,7]benzoskatol ideneacetone (IV). A) A total  of 0.57 g of IV (quantitative yield) was obtained 
f r o m  0.5 g of 3-formyl[6,7]benzindole  under the conditions p re sen t ed  above (see Table 1). 

B) A solution of 1.4 g of KOH in 14 ml of wa te r  was added to a solution of 0.5 g of N - m e t h y l - 3 - f o r -  
myl[6,7]benzindole in 25 ml of acetone,  and the mix ture  was s t i r r e d  and heated for 20 rain. The usual work 
workup gave 0.5 g of IV with rap 149~ no mel t ing-point  depress ion  was obse rved  for  a mixture  of this p rod-  
uct with the sample  descr ibed  above,  and the product  was chromatograph ica l ly  identical  to the la t te r .  
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