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V*~ SKATYLIDENEACETONE IN THE MICHAEL REACTION 

A.  A .  S e m e n o v ,  K~ I .  K u e h k o v a ,  a n d  
E .  P o S t y n g a c h  UDC 547.751 

The r eac t ions  of indolecarbaldehyde and N-benzyl indolecarbaldehyde with acetone  have 
given ska ty l ideneacetone  and i ts  N-benzyl  and N-acetyl  de r iva t ives .  The behav ior  of these  
subs tances  under  the conditions of the Michael reac t ion  has  been studied. 

In o r d e r  to inves t iga te  synthet ic  rou tes  to 1 - ( indo l -3 ' -y l )bu tan -3 -one  de r iva t ives  bear ing  functional 
subst i tuents  in posi t ion 1, we have studied the reac t ions  of skaty l ideneacetone  (I) and its analogs with 
va r ious  r eagen t s  typical  for  the Michael reac t ion .  Compound I was obtained by the crotonic  condensat ion 
of indolecarbaldehyde with acetone  under  the act ion of concent ra ted  caust ic  potash solution. When ace to -  
phenone was used,  compound II, desc r ibed  p rev ious ly  [2], was obtained. Similar ly ,  acetone and N-benzyl -  
indolecarbaldehyde gave  N-benzylska ty l ideneace tone  (IV). Another  method was also tes ted  for  the synthe-  
s is  of I. Under the conditions of the Knoevenagel  reac t ion ,  N-ace ty l indolecarba ldehyde  r eac ted  with t e r t -  
butyl ace toace ta t e  with the fo rmat ion  of HI; however ,  a t t empts  to e l iminate  the butoxycarbonyl  group by 
pyro lys i s  proved  unsuccess fu l .  

Compound I takes  pa r t  in the Michael reac t ion  with ve ry  g r e a t  difficulty.  A sa t i s f ac to ry  r e su l t  was 
obtained only in the reac t ion  with po ta s s ium cyanide.  The n i t r i le  VI so fo rmed  can eas i ly  be  saponified to 
the acid VII. In con t ra s t  to I, i ts  N-benzyl  de r iva t ive  IV ac t s  as an ac t ive  accep t e r  in the Michael reac t ion  
and readi ly  adds HCN, ni t robutane,  and malonic  e s t e r s ,  fo rming  the cor responding  adducts  VIII, IX, and X. 
Compound X was saponif ied to the diacid XI, which, a f t e r  decarboxyla t ion  and es te r i f i ca t ion  gave the oxo 
e s t e r  XI, i so la ted  in the f o r m  of the oxime.  

R I I R~R2=H, RI=CH3; IIR=R2=H. RI=C.eHs; I l l  R=H. 
r~, . . ,_._~_,. /~. /p,  ~ ~ , ~ / R , . ,  Ri=CH 3 R2=CO2C(CH3)3; IV  R=CH2C6H P R,=CH3, 

R2=H ; ~; R=COCH3. R,=CH 3. R2=H;V! R=R2=H,Rt=CN: 

I CH~ =H; IX R=CH2C6Hs,R~=C3HTCH--NO2. R2=H; X R~=H, 
R R R=CtI2C6H ~. RI=CH (CO2C2H5)2; XI R = CH2C6Hs.R 2 =H, 

I ' v  VI~XV R I = CH(CO2H)2iXII R=CH2CBHs. R I -- CH2CO2CH3.R2~H; 
XIII R =COCH,~ R~= CIt(CO2C2Rs)2.R2=H: XIV R=R2=n.R I = CH2CO2C2Hs: XV R =COCH~. Ri =CHzNO2 ' 

R2= CO2C(CHa) a 

To obtain compounds not subst i tuted on the indole ni t rogen,  we used  the acetyl  der iva t ive  of the 
ska ty l ideneace tone  V, which was obtained f r o m  I by acetyla t ion with acet ic  anhydride.  Compound V r e a c t s  
smoothly  with diethyl malona te  to f o r m  the oxo e s t e r  XIII~ Compound XIV was obtained f r o m  XIII by s e l e c -  
t ive saponif icat ion and the e l iminat ion of the carboxy  group fo rmed  by heating in pyr idine.  In the reac t ions  
of I, III, IV, and V with n i t romethane ,  no individual products  were  isolated.  Consequently we t r ied  another  
method for  the synthes is  of the cor responding  ni t ro  der iva t ive .  N-Acetyl-3-(2~-ni t rovinyl) indole  was caused 
to r e a c t  with t e r t -bu ty l  ace toace ta te ,  which led to the  fo rmat ion  of the expected product  XV. Unfortunately,  
all  ef for ts  to decarboxyla te  it p roved  unsuccess fu l .  

*For  Communicat ion IV, see  [1]. 
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EXPERIMENTAL 

All the melting points were determined on a Kofflerblock and are uncorrected. The infrared spectra 
were taken in KBr tablets on a UR-10 instrument and the ultraviolet spectra in ethanol on an SF-4 spectro- 
photometer. 

4-(Indol-3t-yl)but-3-en-2-one (1). With stirring and ice-water cooling, 207 ml of a 60~ aqueous 
solution of KOH was slowly added to a suspens ion of 30 g (0.21 mole) of indolecarbaldehyde in 172 ml of methanol 
and 76 ml (1.05 mole) of acetone. The mixture was leftatroom temperature for 120 hr, andwas thenpoured into 
water, acidified with the calculated amount of acetic acid, and extracted with ether. The re s idue, after drying and 
distillation of the solvent, was crystallized from a mixture of ethanol and trichloroethylene. Yield 20.71 g 
(54.3 %). A sample for analysis was chromatographed on alumina and recrystallized from a mixture of the 
same solvents. Yellow crystals with mp 141-142~ Found, %: C 78.1; H 6.2; N 7.4. Calculated for 
C~2HIINO, %: C 77.8; H 6.0; N 7.6. IR spectrum, cm-1: 770; 1615 (C ==C); 1660 (C =O); 3170 (N- H). 
UV spectrum, kmax, nm (log e); 221(4.54); 275 (4~ 352 (4.65). 

l-Phenyl-3-(indol-3t-yl)prop-2-en-l-one (II). A mixture of 20 g (0.14 mole) of indolecarbaldehyde, 
16.5 g (0.14 mole) of acetophenone, and 60 ml of ethanol was treated with 60 ml of 60 % KOH solution, as 
m the preparation of I. Yield 62 ~. mp 165-167~ (from ethanol). Found, 70: C 82.8; H 5.3; N 5.7. Cal- 
culated for CI7HI3NO, %: C 82.6; H 5.3; N 5.7. IR spectrum cm-t: 770; 1600 (C==C); 1650 (C =0);3430 
(N-H). According to the literature [2], mp 166-167~ 

4-(It-Benzylindol-3t-yl)but-3-en-2-one (IV). This was obtained in a similar manner to I from N- 
benzylindolecarbaldehyde [3] and acetone with a reaction time of 24 hro Yield 90 70. mp 135-137~ (from 
isopropanol). Found, %: C 82.7; H 6.3; N 5.1. Calculated for CtsHI7NO, %: C 82.9; H 6.2; N 5.1. IR 
spectrum cm-1: 750,770; 1590 (C==C); 1675 (C = O). 

3-tert-Butoxycarbonyl-l-(indol-3t-yl)but-3-en-2-one (III). With cooling and stirring, 0.45 ml of 
piperidine was added to 0.6 g (3.2 mmoles) of N-acetylindolecarbaldehyde and 0.62 g (3.55 mmoles) of 
tert-butyl acetoacetate in 6 ml of anhydrous methanol. After 20 hr of continuous stirring at room temper- 
ature, the mixture was poured into water containing acetic acid and extracted with ethyl acetate. The oily 
residue after the elimination of the solvent solidified on trituration with ether. The compound was purified 
by recrystallization first from trichloroethylene and then from ethanol, mp 132-1330C. Found, ~c: C 71.6; 
H 6.8; N 4.9. Calculated for C17HIgNO 3, 70: C 71.6; H 6.7; N 4.9. IR spectrum cm-l: 775; 1610 (C------C); 
1650 (C =O);1715 (COOt-Bu); 3350 (N-H). 

4 - ( l ' - A c e t y l i n d o l - 3 ' - y l ) b u t - 3 - e a - 2 - o n e  (V). A mix tu re  of 0.5 g (2.7 mmole s )  of I, 1.37 g (13.4 
mmoles )  of acet ic  anhydride,  and 0.6 g (7.3 mmoles )  of anhydrous sodium ace ta te  was heated at  97-104"C 
for  5 hr ,  poured into 10 ml  of water ,  and lef t  overnight .  The c ry s t a l s  that  had deposi ted were  f i l te red  off, 
washed with water ,  and r e c r y s t a U i z e d  f r o m  methanol .  Yield 75%. mp 121-122~ Found, %: C 74.0; 
H 5.8; N 6.2. Calculated for  C14H13NO 2, %: C 74.0; H 5.8; N 6.2. IR spec t rum,  cm- l :  780; 1610and1630 
(C==C); 1690 and 1715 (C =O) (mixture of cis and t rans  i s o m e r s ) ;  1665 (C =O,amide) .  

4 -Cyano-4- ( indo l -3 t -y l )bu tan-2-one  (VI). A mixture  of 1.48 g (7 mmole s )  of I, 1.04 g (16 mmoles )  
of po tass ium cyanide, 16 ml  of d imethy l fo rmamide ,  and 10 ml  of water  was heated in the boiling water  bath 
for  2 hr  30 rain. The hot solution was poured into water ,  acidif ied with acet ic  acid,  and ex t rac ted  with 
e ther .  The res idue  a f t e r  the dist i l lat ion of the solvent  was c rys ta l l i zed  f r o m  ethanol.  Yield 0.95 g (56 %). 
Color less  c r y s t a l s  with mp  138-139~ Found, %: C 73.6; H 5.6; N 13.0. Calculated for  C13HlzN20, 70: 
C 73.6; H 5.7; N 13.2. IR spec t rum,  c m - l :  780; 1710 (C =O); 2260 (CN); 3330 (NH). UV spec t rum,  kma  x, 
nm (log e): 218 (4.52); 270 (3.80) (inflection); 280 (3.83); 290 (3.70) (inflection); 315 (2.60). 

4 - ( l l -Benzyl indol -3 t -y l ) -4-cYanobutan-2-one  (VII1). The crude product,  obtained in a s i m i l a r  man-  
ner  to VI f r o m  2.9 g of IV and KCN, was ch romatographed  on alumina of act ivi ty  g rade  3. A mix tu re  of 
benzene and pe t ro leum ether  (4:1)  eluted 1.2 g (38 %) of the cyano ketone VIII in the f o r m  of an oil. 1R 
spec t rum,  cm- l :  770; 780; 1720 (C = O); 2270 (CN). Th iosemica rbazone ,  mp  94--96~ (f rom ethanol). 
Found, 70: C 66.9; H 5.8; N18 .7 ;  S 8.2. Calculated for  C2iH21NsS, %: C 67.2; H 5.6; N18 .7 ;  S. 8.5. 

4 -Carboxy- l - ( indo l -3~-y l )bu tan -2 -one  (VII). A mix tu re  of 3.87 g of VI, 68 ml  of ethanol, and 19.4 
ml of 25% aqueous NaOH was boiled for  2 hr .  The ethanol was dis t i l led off in vacuum and the res idue  was 
diluted with water  and f i l tered.  The f i l t ra te  was acidified with oxalic acid and ex t rac tedwi th  ethyl ace ta te .  
The ex t rac t  was washed with water ,  dr ied,  and evapora ted  to a volume of 5-10 ml. On standing, 3.15 g 
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(74.8~) of colorless crystals of VII deposited, mp 167-168~ (from isopropanol). Found, %: C 67.6; H 
5.7; N 5.8. Calculated for CI3HI31NO~, ~: C 67.5; H 5.7; N 6.1. IR spectrum, cm-l: 775; 1265; 1420; 
1695; 3000-3100 (COOH); 1710 (C =O); 3300-3380 (NH). 

4-(l~-Benzylindol-3'-yl)-5-nitrooetan-2-one (IX). To a solution of 0.36 g (0.016 g-at)of sodium in 
165 ml of anhydrous methanol were added 16.5 g (0.06 mole) of IV and 18.8 g (0.18 mole) of nitrobutane, 
and the mixture was boiled for 20 hr. The yellow solution was poured into water, neutralized with acetic 
acid, and extracted with ether. The crude product obtained after the distillation of the solvent was chro- 
matographed on alumina. A mixture of petroleum ether and benzene (7:3) eluted 9.2 (40 %) of the nitro 
ketone IX. mp 88-90~ (from isopropanol). Found, %: C 73.0; H 6.7; N 7.2. Calculated for C231-126N203, 
~: C 73.0; H 6.9; N 7.4. IR spectrum, cm-l: 765; 770; 1360; 1550 (NO2); 1720 ( C = O). 

Ethyl 3- (l'-Benzylindol-3'-yl)-2-ethoxycarbonyl-5-oxohexanoate (X). A solution of 2.32 g (0.11 g-at) 
of sodium in 139 ml (0.91 mole) of malonic ester was treated with 27.7 g (0.11 mole) of IV and the suspen- 
sion was stirred at room temperature for 24 hr. Then the resulting solution was diluted with water, acidi- 
fied with acetic acid, and extracted with ether. The extract was washed with water and sodium bicarbonate 
solution and was dried with Na2SO 4. The solvent and the excess of malonie ester were distilled off in vacu- 
um. The residue was twice recrystallized from isopropanol. This gave 35.5 g (81 ~) of colorless crystals 
with mp 70-71~ Found, ~: C 71.7; H 6.6; N 3.2. Calculated for C26H28NO 5, ~: C 71.7; H 6.7; N 3.2. 
IR spectrum, cm-l: 760, 770; 1710 (C = O); 1730 (COOC2Hs). 

Ethyl 3- (1 '-Ac etylindol- 3'-yl)-2-ethoxyearbonyl-5-oxohexanoate (XII1). This was obtained in a similar 
manner to X from V and sodiomalonic ester with a reaction time of 8 hr. Yield 65.4 ~. mp 102-103~ 
(from ethanol). Found, ~ :  C 65.3; H 6.6; N 3.8. Calculated for C21HzsNO~, %: C 65.1; H 6.5; N 3.6. 
IR spectrum,  cm- l :  780; 1680 (CO, amide);  1715 (CO, ketone); 1735 (CO, ester) .  

3 - ( l ' -Benzy l indo l -3 ' - y l ) -2 - ca rboxy -5 -oxohexano ic  Acid (XI). A mixture of 27.4 g of X, 137 ml of 
ethanol, and 137 of 4N NaOH was s t i r r ed  until the solid mat te r  had dissolved completely and was then left 
overnight at toom tempera ture ,  after  which it was poured into water and extracted with ether,  The aqueous 
layer  was acidified with oxalic acid and again extracted with ether.  After drying, the solvent was distilled 
off to d ryness  and the res idue  was rec rys ta l l i zed  f rom benzene. Yield 20 g (83.7 ~)~ mp 126-128~ 
Found, ~ :  C 69.3; H 5.5; N 3.8. Calculated for C22I-I21NO5, ~: C 69.6; H 5.6; N 3.7. IR spectrum,  cm- l :  
760, 780, 1260o 1420; 2900-2990 (COOH); 1690-1700 (CO and COOH)~ 

Oxime of Methyl 3- ( l ' -Benzyl indol -3~-yl ) -5-oxohexanoate  (XII). A mixture of 18.7 g (43 mmoles)  of 
XI and 44 ml of pyridine was heated at 110-114~ for 40 min. Then the solution was cooled and 44 ml of 
methanol and 3.76 g (54 mmoles)  of hydroxylamine hydrochlor ide  were added and the mixture was left at 
room tempera tu re  for 20 hr.  After  this, it was poured into water,  acidified with oxalic acid, and extracted 
with ether.  The dried ext rac t  was t reated with an ethereal  solution of diazomethane (from 13 g of n i t roso-  
methylurea) ,  and 16o03 g (90 %) of the oxo es t e r  oxime XII was isolated, mp 107-108~ (from ethanol). 
Found, ~:  C 72.4; H 6~ N 7.6. Calculated for C22H24N203, ~: C 72.5; H 6.6; N 7~ IR spectrum,  cm- l :  
765, 775; 1670 (C--N); 1740 (COOCH3); 3300 (OH). 

Ethyl 3-(Indol-3~-yl)-5-oxohexanoate (XVI). At -10 to -15~ 10 ml of 1 N ethanolic caustic potash 
was added over  1 hr  to 2 g of XIII in 10 ml of ethanol, and the mixture was s t i r red  at the same tempera tu re  
for another 4 hr.  The cold solution was poured into water and extracted with ether, and then it was ac id i -  
fied with conc HC1 and again extracted with ether.  The res idue  obtained f rom the second ethereal  extract  
was dissolved in 4 ml of pyridine and the solution was heated at 110-115~ for 40 rain. Then it was poured 
into water and extracted with ether,  and the extract  was washed with dilute HCI and with ether.  The c rys ta l s  
obtained after  the elimination of the ether were r ec rys t a l l i zed  f rom isopropanoL Yield 0.62 g (44 ~). mp 
90-91~ Found, ~0: C 70.5; H 6.7; N 5.4. Calculated for CI6HIgNO 3, ~: C 70.3; H 7.0; N 5.1. IR spectra 
cm-l: 780; 1710 (C=O); 1720 (CO2C2H5) ; 3360 (NH). 

4- (11-Acetylindol-3'-yl)-3-tert-butoxycarbonyl-5-nitropentan-2-one (XV)~ To 0.153 (6.3 mmoles) of 
sodium hydride in 11 ml of anhydrous dimethylformamide was added 1 g of tert-butyl acetoacetate (7 mmoles) 
and the mixture was stirred until the hydride had dissolved completely. The resulting solution was cooled 
to -17~ and, with stirring, 1.44 g of N-acetyl-3-(2'-nitrovinyl)indole [4] was scattered into it in portions. 
Mixing was continued for 1 hr during which the temperature rose to -5~ Then the mixture was neutralized 
with acetic acid, poured into water, and extracted with ethyl acetate. The product that remained after the 
distillation of the solvent was crystallized from benzene. Yield 1.45 g (63 %)~ mp 162-163~ (from ethanol). 
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Found, %: C 61.5; H 6.1; N 7.2. Calculated for Cz0H24N206, ~: C 61.8; H 6.2; N 7.2. IR spectrum, 
cm-l: 775; 1370; 1560 (NO2); 1610 (C==C, enol); 1680 (C = O, amide); 1710 (C---O, ketone); 3440 (OH, 
enol). 
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