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LXXXVII.* IMPROVED METHODS FOR THE SYNTHESIS OF SKATYL- 

AND SUBSTITUTED SKATYLMALONIC ESTERS 

N .  N .  S u v o r o v ,  V .  S.  V e l e z h e v a ,  UDC 547.753:542.953:543.422.25.4.6 
a n d  V .  V .  V a m p i l o v a  

An improved  method is p roposed  for  obtaining ska ty l -  and subst i tuted skatylmalonie  e s t e r s  
by the alkylat ion of sodiomalonic  e s t e r s  with g ramine  methiodide in d imethy l fo rmamide  in 
an i n e r t - g a s  a tmosphe re ,  which leads to yields  exceeding 90%. To obtain a ska ty lmalonic  
e s t e r  uncontaminated with the d iskatylmalonic  e s t e r  a method is p roposed  which involves the 
ca ta ly t ic  hydrogenat ion of a skaty l idenemalonic  e s t e r  ove r  Pd/CaCO3; yield 96%. 

According to a method developed by Snyder,  ethyl  ~-e thoxycarbonyl -c~- ( indol - f i -y lmethyl )propiona te  
(skatylmalonic  e s t e r )  is obtained by the alkylat ion of sodiomalonie  e s t e r  with g ramine  methiodide in dibutyl 
e ther~ Although the ska ty lmalonic  e s t e r  is obtained by this  method with a yield of 85%, this is in the fo rm 
of an oily product  difficult to pur i fy .  Another  defect  of the method is the necess i ty  for  us ing the explos ion-  
hazardous  dibutyl e t he r  and the long durat ion of the p r o c e s s .  In the absence  of a solvent ,  the t ime  of the 
reac t ion  lengthens s t i l l  fur ther ,  and an even m o r e  contaminated  product  is obtained [2]. 

On the bas i s  of the avai lable  informat ion  on the mechan i sm of the reac t ion  [2, 3], it appeared  d e s i r -  
able to use  d ime thy l fo rmamide  (DMFA) as a solvent  in this case;  we have p rev ious ly  used  it success fu l ly  
for  p e r f o r m i n g  the Michael  reac t ion  [4]. 

According to the method that we have developed, the alkylat ion of the sodiomalonic e s t e r s  g-IV) with 
g ramine  methiodide (V) is p e r f o r m e d  in DMFA in an i n e r t - g a s  a tmosphe re  at a t e m p e r a t u r e  of 100-120~ 
The t ime  of the reac t ion  is 4 h-4  h 30 min.  
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I, VI R =tt;  11, VII R =C:H~ III, VIII R = C4H9; IV, IX R=C6[I 5 

The methiodide (V) for  p e r f o r m i n g  the alkylat ion can be p r e p a r e d  by a known.method [2] f rom gramine  
and methyl  iodide in absolute ethanol with its subsequent  isolat ion.  We have succeeded in s impl i fy ing this  
stage and p r e p a r i n g  the methiodide (V) f rom the same  s t a r t ing  m a t e r i a l s  in DMFA and using it in the r e -  
action without isolat ion.  The yields  of the ska ty lmalonic  e s t e r s  (VI-IX) exceed 90%, and the e s t e r  (VI) is 
obtained d i rec t ly  f rom the reac t ion  mix tu re  in the fo rm of a white c rys ta l l ine  compound in a p u r e r  state 
than by Snyder ' s  method [2]. 

Our  a t tempt  to use an equ imo la r  ra t io  of the reac tan t s  led to the format ion,  in addition to the e s t e r  
(VI), of another  compound to which, on the bas i s  of the r e su l t s  of e l e m e n t a r y  ana lys i s  and those of IR, UV, 
and PMR spec t roscopy ,  we have a sc r ibed  the s t ruc tu re  of d iskatylmalonic  e s t e r  (X). 

* Fo r  Communicat ion L ~ ,  see [1]. 
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On checking the purity of the skatylmalonic e s t e r  (VI) synthesized by Snyder 's  method [2] by thin-  
layer  chromatography on A120 ~, we found that it contains a considerable amount of the e s t e r  (X), which 
remains  even af ter  one or  two recrys taUiza t ions  from ethanol. The e s t e r  (VI) synthesized by our modi-  
fied method contains only t r aces  of the e s t e r  (X) which are eliminated in the process  of crystal l izat ion.  
In o rder  to obtain the e s t e r  (VI) free from contamination with the e s t e r  (X), we have used a method [5] of 
the indirect  alkylation of malonic e s t e r  which consists  of the preparat ion of the skatylidenemalonic e s t e r  
(XI) and its subsequent catalytic reduction over  PtO 2 at 50 atm with a yield of the e s t e r  (VI) of 62%. 

According to our  modified method, the reduction of the e s t e r  (XI) was per formed at a t empera tu re  of 
50~ and at a tmospheric  p ressu re  using Pd/CaCO 3 as catalyst ,  whereupon the yield of the e s t e r  (VI) was 
96%. The e s t e r  (VI) that we synthesized by the two modified methods was identical with the compound ob- 
tained by Snyder,s method [2]. 

We confirmed the s t ructure  of the e s t e r  (VI) by IR, UV, and PMR spectroscopy,  since Snyder used 
only the resul ts  of e lementary  analysis  for this purpose and the formation of compounds of a s imi la r  type 
is frequently accompanied by rea r rangements  [3]. 

The s t ruc tures  of the substituted skatylmalonic es te r s  (VII-IX) were also confirmed sa t i s fac tor i ly  by 
IR, UV, and PMR spectroscopy.  

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

The IR spec t ra  of the compounds obtained were recorded  on a UR-10 instrument  anff the UV spect ra  
on an SF-4 spect rophotometer  in ethanol. The PMR spect ra  were taken on a JNM-4H-100 instrument  u s -  
ing te t ramethyls i lane as internal standard; the following abbreviations are used: s - singlet; d - doublet; 
t - tr iplet;  q - quartet;  m - multiplet. 

Skatylmalonic Es te r  (VI). a) Prepara t ion  of gramine methiodide. To a solution of 4.52 g (2.5 mmoles)  
of gramine in 15 ml of DMFA was added, by drops, 3.69 g (2.5 mmoles)  of methyl  iodide, and the mixture 
was left for 10-12 h. 

b) Aikylation with gramine methiodtde. To the sodium ethoxide prepared  from 0.57 g of Na (2.48 
rag-atoms) and 10mlo f  absolute ethanol was added 10 g (5.9 mmoles)  of malonic es te r ,  the mixture was 
s t i r red,  and the ethanolwas dis t i l ledoff to  dryness  in vacuum. The result ing sodiomal0nic e s t e r  was dis-  
solved with s t i r r ing  in 10 ml of DMFA and the gramine methiodide prepared  previously was added. The 
reaction mixture was heated at 110-120~ with s t i r r ing  in a s t rong current  of nitrogen for 4-5 h, and was 
then t reated with water  and ext rac ted  with ether .  The e thereal  ext rae ts  were washed with 10%HC1 and with 
water  and were dried with MgSO 4. The e ther  was distilled off, and the residual  oil c rys ta l l ized on the ad-  
dition of petroleum ether .  Yield 7.17 g (95%); mp 63-64~ (from aqueous ethanol). According to the l i t e r -  
ature [2], mp 60-61~ IR spectrum in paraffin oil, cm- l :  1720, 1750, C =O in an es te r ,  3360 (NH in an 
indole). UV spectrum, nm: Xma x 282, 290; log ~ 3.80, 3.75. PMR spect rum in (CD3)2CO , 5, ppm: 1.18 
(t) and 9.97 (q) - two es t e r  C2H ~ groups;  3.29 (unsym. d) - CH 2 of skatyl; 3.76 (q) - CH of a rnalonic es te r ;  
6 .9~7 .25  (m) and 9.87 (s) - NH; intensity ratio 6 : 4 : 2 : 1 : 5 : 1. 

�9 Skatylmalonic Es te r  (V!). With heating, 2 g (0.7 mmole) of skatylidenemalonic e s t e r  (XI) [5] was dis-  
solved in 20 ml of ethanol and hydrogenated in the presence  of 0.3 g of Pd/CaCO 3 at 50~ Hydrogenation 
was complete af ter  1 h 30 rain-2 h, the theore t ica l  amount of hydrogen having been absorbed.  The catalyst  
was fi l tered off and washed with ethanol, and the filtrate was evaporated to give 2.05 g (96%) of the e s t e r  
(VI), mp 63-64~ a mixture with the e s t e r  (VI) obtained by the method descr ibed above gave no depress ion 
of the melt ing point. 

Diskatylmalonic Es te r  (X). This was obtaifled from 0.57 g of Na (2,48 mg-a toms) ,  4.8 g (3.0 mmoles)  
of malonic es te r ,  4.35 g (2.5 mmoles)  of gramine,  and 3.54 g (2.5 mmoles)  of methyl  iodide in 20 ml of 
DMFA by a method analogous to the synthesis of the e s t e r  (VI) with the exception of the fact that the e s t e r  
(X) was isolated by chromatography on a column of A120 3 with success ive  elution by chloroform and chloro-  
f o r m - a c e t o n e  (20: 1). The separat ion was monitored by th in- layer  chromatography on A120 3 using ch lo ro-  
f o r m - a c e t o n e  (1 : 1). This gave the e s t e r  (VI), mp 63-64~ Rf 0.82, and the e s t e r  (X), mp 130-132~ (from 
ethanol), Rf 0.54. IR spectrum in paraffin oil, cm- l :  1720 s and 1740 s (two e s t e r  C= O groups) and 3380 s 
cm -1 (NH). PMR spectrum in (CD3)2CO , 5, ppm: 1.04 (t) and 3.92 (q)- two e s t e r  C2H 5 groups; 3.52 ( s ) -  
two skatyl CH 2 groups; 6.93-7.25 ( m ) - a r o m a t i c  CH groups;  10.04 (s ) -NH;  intensity rat io 6 : 4 : 4 : 5 : 1. 

(Ethyl)(skatyl)malonic Es t e r  (VII). Ethylmalonie e s t e r  was obtained by the catalytic hydrogenation 
of ethylidenemalonic e s t e r  [6] in the presence  of Raney Ni. A purity analysis  was per formed by the GLC 
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method on a Ch rom -2  ins t rument  us ing a copper  column with ;l = 2 3 . 5 m ,  d = 4  m m ,  with Chromoso rb  W, 
80-100 mesh ,  as the solid phase  and Tween-60 (,12%) as the liquid phase ,  and ni t rogen as the c a r r i e r  gas 
at a ra te  of flow of 80 m l / m i n ,  at a t e m p e r a t u r e  of 140~ The e s t e r  (VII) was obtained f r o m  0.57 g {2.48 m g -  
atoms) of Na, 9.3 g: (4.95 m m ol e s )  of e thylmalonic  e s t e r ,  4.52 g (2.5 mmole s )  of g ramine ,  and 3.69 g (2.5 
mmole s )  of me thy l  iodide in 25 m l  of DMFA at 100~ in a t ime  of 4 h, as for  the synthes is  of the e s t e r  
(VI). The oil obtained a f t e r  the working up of the reac t ion  mix tu re  was washed s e v e r a l  t imes  with p e t r o -  
leum ether  by decantat ion in o r d e r  to e l imina te  the e x c e s s  of e thylmalonic  e s t e r  and was dr ied in a v a c -  
uum pistol .  Yield 7.15 g (90.3%); n ~  1.5240. An analy t ica l ly  pure sample  was obtained by p r e p a r a t i v e  
ch roma tog raphy  in a thin l aye r  of A1203 with ch lo ro fo rm as the eluting solvent;  Rf 0.45, n~  1.5335. Found: 
C 68.1; H 7.3; N 4.1. C18H23NO 4. Calculated: C 68.2; H 7.3; N 4.4%. IR spec t rum (in the fo rm of a f i lm) ;  
cm- l :  1720-1740 s broad (two e s t e r  C =O groups) ,  3420 s broad (NH). UV spec t rum:  )~max 280, 290 rim; 
log ~ 3.80, 3.75. PMR s pec t rum  in CC14, 5, ppm: 0.94 (t), 1.95 (q) - C2H5; 1.15 (t), 4.05 (q) - two e s t e r  
C2H5; 3.35 (s) - skatyl  CH2; 6.68-7.45 (m) - a r o m a t i c  CH; 8.48 (s) - H; intensi ty ra t io  3 : 2 : 6 : 4 : 2 : 5 : 1. 

(Butyl)(skatyl)malonic E s t e r  (VIII). This  was obtained f rom 0.57 g (2.48 m g - a t o m s )  of Na, 10 g (4.62 
mmole s )  of butylmalonic  e s t e r  p rev ious ly  dis t i l led through a Widmer  column (bp 132-136~ m m ,  n~  
1.4240), 4.52 g (2.5 m m ol e s )  of g ramine ,  and 3.69 g (2.5 mmoles )  of me thy l  iodide in 25 m l  of DMFA at 
100~ for  4 h. The oil fo rmed  as the resu l t  of the working up of the reac t ion  mix ture  c rys t a l l i zed  on the 
addition of pe t ro l eum e ther ,  giving 5.46 g of the e s t e r  (VIII) with mp 60-61~ (from ethanol).  An addit ional  
2.3 g of the e s t e r  (VIII) was i so la ted  f rom the f i l t ra te  by ch roma tog raphy  in a column of A1203 with elution 
by ch lo ro fo rm,  Rf  0.48. The to ta l  yield was 7.76 g (90.5%). Found: C 69.6; H 7.9; N 3.8%. C20H2?NO4. 
Calculated: C 69.6; H 7.8; N 4.1%. IR s pec t rum in paraf f in  oil, em- i :  1720 s, 1740 s (two e s t e r C = O g r o u p s ) ,  
3400 s (NH). 

(Phenyl)(skatyl)malonic  E s t e r  (IX). This  was obtained f rom 0.29 g (1.26 m g - a t o m s )  of Na, 12 g (5.1 
mmole s )  of phenylmalonie  e s t e r  (bp 160-1680C/20 m m ,  n~  1.4925) [7], 2.28 g (1.31 mmole )  of g ramine ,  
and 1.85 g (1.31 mmole )  of methy l  iodide in 15 ml  of DMFA by analogy with the synthes is  of the e s t e r  (VI). 
The alkylat ion t ime  was 4 h and the t e m p e r a t u r e  100~ Yield 4.21 g (92%), mp 93-94~ (from a mix tu re  of 
benzene and pe t ro l eum e the r  and then f rom ethanol) .  Found: C 72.8; H 6.5; N 3.6%. C22I-I23NO4 . Calculated:  
C 72.4; H 6.3; N 3.8%. IR spec t rum in paraf f in  oil, cm- l :  1700 s, 1748 s (two e s t e r  C =O groups) ,  3380 
(NH). UV spec t rum:  kma x 280, 290; log ~ 3.74, 3.68. PMR spec t rum in  (CD3)2CO , 5, ppm: 1.06 (t) and 
3.95 (q) - two e s t e r  C2H 5 groups;  3.74 (s) - skatyl  CH2; 6.87-7.78 (m) - a roma t i c  Ctt; 9.82 (s) - NH. 
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