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We p r e v i o u s l y  [1, 2] developed a s imp le  me thod  fo r  addit ion of  CH ac ids  of  the CH2XCO2Et type (X = 
CO2Et, COMe,  C N ) t o  ~ , f i - u n s a t u r a t e d  a ldehydes  in condi t ions  of  t w o - p h a s e  c a t a l y s i s  [ sys tem:  b e n z e n e - N a  2- 
C O 3 - t r i e t h y l b e n z y l a m m o n i u m  ch lo r ide  (TEBAC)] .  The r ange  of the enals  used  in the r e a c t i o n  was  extended 
in the p r e s e n t  a r t i c l e  to d e t e r m i n e  the f a c t o r s  which  affect  the d i r ec t ion  of  this  r e a c t i o n  o f  nucleophi l ic  add i -  
t ion at the C =O o r  C =C bonds of  ~,  f l -unsa tu ra t ed  a ldehydes  (enals) in m o r e  de ta i l ;  the q u a n t u m - c h e m i c a l  
ca lcu la t ions  of  a n u m b e r  of  p a r a m e t e r s  fo r  m a lon l c  and cyanoace t i c  ac ids  and the ena ls  s tudied w e r e  a lso  c a l -  
cu la ted .  The r e a c t i o n  o f  m a l o n i c ,  a c e t o a c e t i c ,  and c y a n o a c e t i c  e s t e r s  with m e t a c r o l e i n  (Ia), 3 - ( 2 - m e t h y l - 3 , 3 -  
d i c h l o r o - l - c y c l o p r o p y l ) a c r o l e i n  (Ib), 3 , 3 - d i m e t h y l a c r o l e i n  (Ic),  3 - e t h o x y a c r o l e i n  (Id), 3 - p h e n o x y a c r o l e i n  (Ie),  
3 - ( N - m e t h y l - N - p h e n y l a m i n o ) a c r o l e i n  {If), s o r b i c  a ldehyde  (Ig), 5 - p h e n y l - 2 , 4 - p e n t a d i e n a l  (Ih), 7 - p h e n y l - 2 , 4 , 6 -  
hep ta t r i ena l  (Ii), 3 , 3 - d i c h l o r o a c r o l e i n  (Ij), 5 , 5 - d i c h l o r o - 2 , 4 - p e n t a d i e n a l  (Ik), and 7 , 7 - d i c h l o r o - 2 , 4 , 6 - h e p t a -  
t r i ena l  (I/) was  conduc ted  fo r  the f i r s t  t ime  in  condi t ions  of  t w o - p h a s e  c a t a l y s i s .  I t  was  found that  (In) and (Ib), 
as  well  as  2 , 3 - d i m e t h y l a c r o l e i n  (Ira) r e a c t  with ma lon ic  and ace toace t i c  e s t e r s  a c c o r d i n g  to a r e a c t i o n  of  the 
Michae l  t ype ,  f o r m i n g  the e thyl  e s t e r s  of  2 - e t h o x y c a r b o n y l - ( o r  2 - a c e t y l ) - 5 - o x o p e n t a n o i c  ac ids  (Ha, b ,  m) and 
(IIIa,  b) 

R1CH~CB~CH0 ~- XCH2CO2Et -~ R1CHCHR2CHO 
(Ia, b , m) ] XCHCO2Et 

(IIa,'b, m), (IIIa,b), (Va.) 
RI=H, B~=Me (Ia); Rt=Me . ~ , R2=H (Ib); BI=R~=Me (lm) 

c l / ~ C l  
RI=H R2=Me, X=COOEt (IIa); R I ~ M e ~  , Re=H, X=COOEt (IIb); 

C1/~C1 
t~I=R2~Me, X~COOEt (IIm);BI~H, R2=Me, X=COMe (Ilia); RI=Me ~ ,  

C1/~'C1 
R2=H, X=COMe (IIIb); BI=H, R~Me, X=CN (Va). 

(Ic) and (Ij) a r e  condensed  with the m a l on i c  e s t e r  a c c o r d i n g  to Knoevenage l ,  y ie ld ing  the c o r r e s p o n d i n g  i l idene 
ma lon ic  e s t e r s  (IVc) and (IVj) 

B~C = CHCHO ~- CH:(CO~Et)2 -+ R~C = CHCH = C(C02Et)~ 
(Ic, j ) (IVc, j )  

B = Me (Ic), (IV c); C1 (Ij),  (IVJ). 

(Ig), (Ih), and (Ii) do not r e a c t  with the ma lon i c  e s t e r  in the condi t ions  d e s c r i b e d .  In a t t empts  to conduct  
the r e a c t i o n  with ma lon ic  and ace toace t i c  e s t e r s ,  (Id), (Ie), and (If) d e c o m p o s e d .  In p a r t i c u l a r ,  phenol  was  
s e p a r a t e d  f r o m  the p roduc t s  of  d e c o m p o s i t i o n  o f  (Ie). 

The c y a n o a c e t i c  e s t e r  y ie lds  the p roduc t  o f  addi t ion at the C = C  bond of (Va) only in the c a s e  of  (Ia). (If, 
h ,  and j - l )  r e a c t  with the c y a n o a c e t i c  e s t e r  only at the C = O  g roup ,  f o r m i n g  p roduc t s  (VIf, h ,  and j - l ) .  (Id) and 
(Ik), h o w e v e r ,  a lso  d e c o m p o s e  in this  c a s e  
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T A B L E  1. Ra t i o  o f  the  P r o d u c t s  of  A d d i t i o n  of  XCH2CO2Et (X = 

CO2Et ,  C O M e ,  C N ) t o  co, c o - D i c h I o r o p o l y e n a l s  ( I k - l )  

CH Acid 

CH2 (CQEt) 
CH~ (COMe) C02Et 
CH2 (CN) CQEt 

Concentration of the products of addition at 
C= C and C=O bonds in thg mixture,~,; 

C~C 

( I j )  ~ (Ik) ] 

C =0 C=C C=O I C=C 

i i  i t00 
t00 
100 

i 
] 

25 I - 
55 ,oo t 

(rt) 
C=O 

82 
too 

CN 
/ 

RIR~C=CHCHO @ NCCH2CO~Et ~ RIR2C=CHCH=C 

( Ic ,  f , h , j - /  ) (VI, c, f, h , j - / )  \ C02Et, 

R 1 = R ~ = Me (Ic), (VIc) R ~ = N (Me) Ph, R ~" = H (If), (IVf); 

W = PhCH = CH, R" = H ( I h ) ,  (VIh); R ~ = Ht 2 = C l ( I j ) , ( V I i ) ;  

R 1 =CCI~  = C H ,  R 2 = H  (Ik), (VIk); R 1 =CC12 = C H C H  = C H ,  

R ~ = H  (Iz),  (VI1). 

I n t e r e s t i n g  r e s u l t s  w e r e  o b t a i n e d  i n  c o n d u c t i n g  the  r e a c t i o n  b e t w e e n  the  m a l o n i c  a n d  a e e t o a c e t i e  e s t e r s  
and  co, co - d i c h l o r o p o l y e n a l s  (Ik) an d  ( I t ) .  In  t h i s  e a s e ,  t h e  s i m u l t a n e o u s  f o r m a t i o n  of  the  p r o d u c t s  of a d d i t i o n  

a t  t he  C = C  and  C = O  b o n d s  wa s  o b s e r v e d .  The  r a t i o s  of  t he  p r o d u c t s  of  t he  r e a c t i o n s  o f  (Ik) and  (I/)  wi th  

XCI-I2CO2Et a r e  r e p o r t e d  in  T a b l e  1 

f---+ CCI2CH(CH=CH)n_ICIfCHzCHO 

CC12=CH(CH=CH)~CHO n- XCH~CO~Et-- (It 19, (IIIk, ~ ) XCHCO~Et 

n = 0--2 l---->- CC12=CH(CH=CH)nCH=C(X)CO~E t 
(IVj, k), (VIi-l), (VIIj-I j  

X = CO~Et (Ilk), (IVj, k); COiVie (IIik, l ), (VIIj-.~); CN (VIi--/.) 

As Table 1 shows, the direction of the reaction of co, co-dichloropolyenals with malonic and acetoacetic 

esters is controlled by the length of the chain of conjugated double bonds. The course of the reaction exclusi- 

vely at the C --O bond in the case of 3,3-dichloroacrolein (lj) could be due to steric hindrances to attack of 
position 3 by the carbanion (this apparently applies to other co, co-disubstituted aldehydes). The lengthening 
of the chain of co, co-dichloropolyenal results in elimination of the steric effects of the end substituents, and 
the formation of adducts at the C =C bond becomes possible, which is also observed in reality in the reaction 

of (Ik) with malonic and acetoacetic esters ; in the first case, the product of the Michael reaction predominates. 
7,7-Dichloro-2,4,6-heptatrienal (If) does not react with the malonic ester, but with the acetoaeetic ester, 
it yields a mixture with a preferred concentration of the product of the Knoevenagel reaction. 

We previously showed that the bromomalonie ester reacts with acrolein and 3-monosubstituted enals in 
standard conditions of two-phase catalysis (CH2C12-50% NaOH-TEBAC) with the formation of formylcyclo- 
propanes (VIII) [3, 4] 

RCH--CHCHO @ CHBr(COfEt)2-~ RCH--CHCHO 
\/ 

C(C02Et)~ 
(VIII) 

H o w e v e r ,  i t  was  l a t e r  found  tha t  the  r e a c t i o n  i s  of  the  D a r z e n s  c o n d e n s a t i o n  t y p e  w i th  f o r m a t i o n  of  o x i d e s  i n  

the  c a s e  of  3 , 3 - d i s u b s t i t u t e d  e n a l s .  In  t h e  D M F  - K 2 C O  3 - T E B A C  s y s t e m ,  (Ij) f o r m s  2 , 2 - d i c a r b e t h o x y - 3 - ( 2 ' ,  
2 ' - d i c h l o r o v i n y l )  ox ide  (IXj) i n  the  r e a c t i o n  w i t h  t he  b r o m o m a l o n i c  e s t e r ;  i n  a d d i t i o n  to  t he  d i e n e  o x i d e ,  (IXk),  
(Ik) a l s o  f o r m s  v i n y l a c e t y l e n e  o x i d e ,  t h e  p r o d u c t  o f  p a r t i a l  d e h y d r o c h l o r i n a t i o n  of  d i e n e  ox ide  (IXk) (d i ene :  
v i n y l a c e t y l e n e  r a t i o  = 7:3) [5] 

1 ~ CC12=CHCH=CHCH--C(COfEt).. 

(I k) ~- CHBr(CO~Et)~ ~ (IX k) /\%/0 

CCI-----=C--CH=CHCH--C(CO2E t)~ 
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TABLE 2. Some C h a r a c t e r i s t i c s  of  the Carban ions  Genera ted  f r o m  
Malonlc  and Cyanoace t i c  Acids  

Electron charge on Coefficient in the Energy of the 
Carbanion the carbanion center HOMO HOMO, eV 

CH(COOH)2- [ -0,435 ] -0,634 [ -4,~24 
NCCHCOOH- -0,479 -0,660 -3254 

TABLE 3. Some C h a r a c t e r i s t i c  of  the E l ec t ron i c  S t ruc tu re  of the 

Enal 

Enals 

CH2=CHCH=O 
MeCH=CHCH=O 
Me2C=CHCH=O 
HzC=C(Me)CH=0 
MeCH=C (Me) CH=O 
C1CH=CHCH=0 
C12C=CHCH=0 
C12C=CHCH=CHCH=O 

Electron 
charge 

Ct C a Ct 

0,157 0,05t 10,225 
0363 0,09~ /0,225 
0A66 0A26 10224 
0A54 0 ~0,217 
0,159 0,042 |0,217 
0,t55 0,050 10232 

|0,t55 0,053 |0,234 
/0,220 0,080 |0~t60 

+ o Electron 
charge 

C ~ 

0.003 
01060 
0,101 

-0.028 
0,029 
0,t24 
0,22t 
0,090 

Coefficient in 
the LUMO 

C 1 C ~ 

00511 -0,576 
0,46t -0,579 
0,461 -0,579 
0,503 -0,576 
0,449 -0,572 
0.485 -0,523 
0,453 -0,613 
0,336 -0,475 

L ~nergy Of 
the LUMO, 

eV 

2,i76 
2A18 
2,039 
2A43 
2,0i0 
].673 
t,372 
t,380 

F ina l l y ,  we found that  f o r m y l d i h y d r o f u r a n s  (X) a r e  f o r m e d  in the r e a c t i o n  of  a ry l idene  Inalonic  a ldehydes  
with the b r o m o m a l o n i c  e s t e r  in condi t ions  of  two-phase  c a t a l y s i s  (DMF-K2CO 3 - T E B A C )  [5] 

ArCH=C(CHO h + CHBr(CO2Et)2 ~ A r - - - ~ C H O  
(EtO~C)~/  

(x) o 

Based  on the p rev ious  s tudies  [1-5] and as a r e su l t  of the p r e s e n t  s tudy ,  it is thus poss ib le  to pos tu la te  
the  fol lowing f e a t u r e s  of  the  r e a c t i o n  of  nucleophi l ic  addi t ion of  CH ac ids  of the XCh2CO2Et type  (X = CO2Et,  
COMe,  C N) and CHBr(CO2Et)2 to enals  in the condi t ions  of  two-phase  c a t M y s i s .  In the b e n z e n e - N a 2 C O  3 -  
TEBAC s y s t e m :  1) Ena l s  unsubs t i tu ted  in pos i t ion  3 ( ac ro le in ,  me tac ro l e in )  r e a c t  with CH2XCO2Et (X = CO2Et, 
COMe,  CN) only at the C = C  bond (Michael r eac t ion ) .  2) Enals  monosubs t i t u t ed  in pos i t ion  3 of  the c r o t o n a l -  
dehyde and c inna lna ldehyde  t y p e ,  3 , 3 - d i m e t h o x y b u t e n - 2 - a l ,  e t c .  r e a c t  with XCH2CO2Et (X = CO2Et, COMe) at 
the C = C  bond; ena ls  with m a n i f e s t  e l e c t r o n - d o n o r  subs t i tuen ts  of  the 3 - ( N - m e t h y l - N - p h e n y l ) -  o r  3 - e t h o x y -  
a c r o l e i n  type  a r e  d e c o m p o s e d ,  and po lyena ls  of  the R(CH----CH)nCHO type (R = Me ,  Ph ,  n = 2, 3) do not r e a c t .  
3) 2 , 3 - D i l n e t h y l a c r o l e i n  adds the ma lon ic  and ace toace t i c  e s t e r s  at the C = C  bond.  In c o n t r a s t  to the above ,  
3 , 3 - d i s u b s t i t u t e d  ena ls  r e a c t  with CH2CXO2Et (X = CO2Et, COMe,  CN) at the C = O  bond. 4) The r e a c t i o n  
be tween  3 - m o n o s u b s t i t u t e d  and 2 , 3 - d i s u b s t i t u t e d  enals  and NCCH2CO2Et t akes  p lace  at the C = O  bond. 5) N , N -  
D ich lo ropo lyenMs  r e a c t  with XCH2CO2Et (X = CO2Et, COMe),  f o r m i n g  a m i x t u r e  of the p roduc t  of  addit ion at the 
C = C  and C =O bonds.  6) In the b e n z e n e -  50% N a O H - T E B A C  s y s t e m ,  a c r o l e i n ,  3 -monosubs t i t u t ed  ena l s ,  and 
d ienals  f o r m  f o r l n y l c y c l o p r o p a n e s  in the r e a c t i o n  with CI:IBr(CO2Et)2. 

In the  D M F - K 2 C O 3 - T E B A C  s y s t e m :  7) CHBr(CO2Et')2 r e a c t s  with a ry l idene lna lon ic  a ldehydes  with the 
f o r m a t i o n  of  3 - f o r l n y l - 2 , 3 - d i h y d r o f u r a n s .  8) 3 , 3 - D i s u b s t i t u t e d  ena ls  add CHBr(CO2Et)2 at the C = O  bond and 
y ie ld  ox ides .  

The fo r lna t ion  of  all of  these  p r o d u c t s  can  be expla ined as  fo l lows.  Addit ion of  c a rban ions  of  the X C H -  
CO2Et and BrC(CO2Et)2 type ,  gene ra t ed  f r o m  XCH2CO2Et (X = CO2Et,  COMe,  CN) o r  f r o m  CHBr(CO2Et)2 , to 
the b identa te  s y s t e m  of the enal  can  r e s u l t  in oxanions  A and B or  C and D,  which can  be s t ab i l i zed  in d i f f e r -  
ent  w a y s ,  as  ind ica ted  below 

R~R~C--CRa=CH--O- 
> I 

XCHCO2Et 
X~HCO2Et + R1R2C=CRa--CH=O (A)  

) R 1 R ~ C = C R S ~ C t t - - O  - 
l 

X G H C 0 2 E t  ( B )  

R 1 R ~ C - - C R 3 = C H - - O -  
- - ~  [ 

I �9 BrC(CO2Et)~ (C) 
BrC(CO~Et)2 + R1R~C=CRa--CH=O - ]  

| - - - ~ R t R ~ C  = C R S _ C H _ O  - 
1 

BrC(CO2Et)~ (D) 
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TABLE 4. Values of AE (EHOMO -ELUiHO) for Some Enals and 
the Relative Value of Indexes I i and 12 

Enal . Carbanion AE, eV I~(C*)/I~(G a) 

CHa=CHCH=0 CH (COOH) z- ~6,30 3,24 3,70 
CH (CN) C00H- -5,43 

NeCH=CHCH~O CH (COOH) ~- 624 3,30 3,55 
CH (CN) C00H- -5,37 

Me~C=CHCH=O CH(COOH)~- -6,16 3,25 3,65 
CH (CN) COOH- -529 

CHa=C (Me) CH = 0 CH (COOH) 2- -626 3,28 3.62 
CH (CN) COOH- -5,39 

MeCH~C (Me) CHC=O CH (COOH) z- ~6,13 3,23 3,52 
CH (CN) COOH- -5,26 

T A B L E  5. Relative Energies of Pyramidalization of the C ~ Atom 
in RIR2C =CHCH ~O Structures (the energy of the structure with 

a pyramidaiized C a atom is set at zero) 

R~ It~ ~ ,  kca i /mole  1t~ R ~ A~, kcal/raole 

H 
H 
Me 

H 
Me 
Me 

4 H 
- 3  C1 
- 9  

C1 
CI 

- t  
-4  

+H + 
A ~ ~I~C--CR~=CHOH ~ RI~C---CHRSCHO 

l 
XCHCO2Et XCHCO2Et 

~-~c +_!EL u+ RIR2C--C~RS RIR2C--CRS~CH__OH 

(EtO~C)~CNO?H ~ BrC(CO~ED2 -'---~ 

t l q R 1 C - - C R 3 - - C H O  --HBr B1R~C--CHIR3~CHO 

C(CO2Et)~ BrC(CO~Et)2 
--n~o 

B _+ RIR2C=CRa-_CH__OH . ~- R~R~C=CRs'__CH=CX(CO~EQ 
l 

XCHCO2Et 

\ /  
O 

The direction of the reaction should evidently be a function of the nature of the carbanion~ the enal, and 
the conditions of the reaction. The different direction of the reaction of fi-substituted aldehydes (crotonal- 
dehyde, cinnamaldehyde, 3,2-dimethoxybuten-2-ai, etc. ) with the carbanions generated from malonic (or aceto- 

acetic) esters and eyanoacetie ester in this ease could be due to the preferred orbital control of the direction 
of the reaction in the first case and to preferred charge control in the second case. These explanations are very 

widely used by various investigators in similar reactions. The term "charge control" means the electrostatic 
interaction between the reagents. Its value is proportional to the product of the charges of the C atoms which 
directly participate in the formation of the bond between the carbanion and the aldehyde. The term "orbital 

control" means the energy of the interaction between the molecular orbitals of the reagents. TI'As energy has 

a quantum mechanical origin and has no analog in classical mechanics and electrostatics. Its value in the ap- 
proximation of boundary orbitals can be estimated with the following equation 

Eorbit 2 2 *~ 2 * --= f; CevC~ &vE/(E~,-- Ely) 

where C N and CE, are coefficients with the ~ orbitals of the C atoms which directly participate in the forma- 
tion of a bond between the carbanion and the aldehyde in the it-electron higher occupied molecular orbital 

(HOMO) of the nucleophile and the lower unoccupied molecular orbital (LUMO) of the enal, respectively; SNE 
is the integral of the overlap between these orbitals; E N and EE. are their energy; fl is a coefficient which has 
the dimensionality of the energy. 

In  t h e  p r e s e n t  a r t i c l e ,  t h e  e l e c t r o n i c  s t r u c t u r e  o f  t h e  m e t h y l  a n d  c h l o r i n e  d e r i v a t i v e s  o f  a c r o l e i n  a n d  t h e  

e a r b a n i o n s  g e n e r a t e d  f r o m  m a l o n i c  m0.d e y a n o a c e t i c  a c i d s  w e r e  c a l c u l a t e d  t o  d e t e r m i n e  w h e t h e r  i t  i s  p o s s i b l e  

2331  



b~
 

r IbO
 

T
A

B
L

E
 

6.
 

Y
ie

ld
s 

an
d

 P
ro

p
er

ti
es

 
o

f 
th

e 
P

ro
d

u
ct

s 
O

b
ta

in
ed

*
 a

d*
 

T
 o

f 
th

e 
B

p
,'

C
 

IR
-s

pe
c-

 
U

V
 s

pe
c-

 
I 

C
om

po
un

d 
re

ac
ti

on
, 

Y
ie

ld
, 

n~
 

tr
um

, 
tr

um
, 

km
a 

x 
'C

 (
ti

m
e,

h
) 

%
 

(p
m

m
 

H
g)

 
,I,

~p
, o

 C
 

v
,c

m
 "

1 
nm

'(
e)

 

(I
I 

a)
 

(I
Ib

) 

(I
I 
m
)
 

(I
II

b)
 

(I
V

 j)
 

(v
 a

) 

(v
i q

) 

(v
i f

) 

(v
l 
h)

 

(v
l 

j)
 

(v
Ik

) 

(V
I(

) 

(I
Ik

 +
 (

IV
 k

) 

(I
II

 lk
4 -

 (v
II

k~
! 

(I
II

-I
 +

(V
II

/)
 

40
-4

5 
(6

) 

60
-6

5 
(3

) 

40
-4

5 
(6

) 

40
-4

5 
(0

,5
) 

5O
 

(4
) 

-3
0 

+ 
-3

5 
(4

) 

20
-2

5 
(O

,7
5)

 
5O

 
(2

O
) 

t5
 

(0
,5

) 

5
-t

0
 

(o
,5

) 

t5
 

(o
,5

) 

2o
 

(1
) 

80
 

(3
) 

4O
 

(3
) 

5o
 

(6
) 

33
 

95
-9

7 
(o

,7
) 

75
 

15
0-

t5
2 

(o
,3

) 

t0
5-

10
7 

(0
,6

) 

54
 

t3
5-

t3
8 

(0
,3

) 

:8
 

t0
4-

 t 
05

 
(0

,t)
 

12
 

97
'-9

8 
(0

,6
) 

:~8
 

14
1 

14
2 

(1
o)

 
~5

 
t2

3-
12

4 

~6
 

13
0-

13
t 

30
 

78
 

80
 

(O
,O

l) 

75
 

t 2
7-

12
8 

75
 

tt
9-

12
0 

25
 

13
5-

13
7 

(o
,3

) 

42
 

13
3-

13
4 

(0
,3

5)
 

46
 

20
0-

20
5 

(o
,5

) 

t,4
38

0 

1,
47

20
 

t,4
35

2 

1,
5t

3t
 

1,
50

~2
 

t,5
59

0 

t,5
15

0 

1,
55

40
 

t,4
84

9 

t,
56

5t
 

1,
6t

76
 

17
36

 
17

20
 

t7
36

 
t7

20
 

t7
36

 
t7

20
 

t7
36

 
17

20
 

17
30

 

t7
20

 
22

15
 

t7
35

 
t7

55
 

t7
26

 
22

05
 

t7
26

 
22

28
 

t7
26

 
22

30
 

t7
26

 
22

30
 

t7
26

 
22

30
 

17
35

 
t7

52
 

t6
90

 
t7

25
 

t6
90

 
17

25
 

PM
R

 s
pe

ct
ru

m
, 

5,
 

pp
m

 (
J,

 
H

z)
 

28
0 

(1
76

00
) 

30
3 

(1
83

O
O

) 
39

3 
(5

50
00

) 

38
2 

(3
28

00
) 

30
0 

(2
13

00
) 

33
8 

(3
30

00
) 

37
0 

(2
60

00
) 

32
0 

(4
43

0)
 

32
0 

(2
44

00
) 

35
7 

(1
94

00
) 

l,
t2

d 
(3

H
, C

H
3,

 ]
=

6
),

 t
,2

1 
(6

H
, 2

C
H

3 
es

te
r 

1=
7)

, 
t,

25
-1

,7
2m

 
(3

H
, 

C
H

2,
 C

H
),

 
3,

25
-3

,5
 m

 
(I

H
, 

C
H

(C
O

2E
t)

2)
, 

4,
t5

 q
 

(4
H

, 
2C

H
2 

es
te

r 
]=

7
),

 9
,5

5 
s 

(I
H

, 
C

H
O

) 

1,
t2

-t
,6

 m
 

(t
il

l,
 

3C
ite

, 
2H

 
r_

in
g)

, 
2,

4-
2,

6 
m

 
(t

H
, 

C
H

),
 2

,6
- 

-2
,8

7
m

 
(2

H
, 

C
H

2)
, 

3,
65

 q
 

(I
H

, 
C

H
(O

C
2E

t)
2,

 
]=

7
),

 
4,

06
 q

 
(4

H
, 

2C
H

2 
es

te
r,

 
]=

7
),

 9
,~

 s
 (

il
l,

 C
H

O
) 

0,
85

-1
,4

 
m

 
(1

2H
, 

2C
H

a 
es

te
r,

 
2C

H
3)

, 
2,

25
-2

,8
 m

 
(2

H
, 

2C
H

),
 

3,
3 

d 
(t

H
, 

C
H

(C
O

2E
t)

2,
 

]=
6

)i
 

4,
iq

 
(4

H
, 

2C
H

2 
es

te
r)

 
9,

55
 s

 
(i

ll
, 

C
H

O
) 

1,
24

 m
 (

8H
, 

2C
H

3,
 2

H
 r

in
~)

, 
, 

2,
t2

s 
(3

H
, 

C
O

C
H

3)
, 

2,
5 

m
 

(I
H

, 
C

H
),

 
2,

76
 m

 
(2

H
, 

C
H

2)
, 

3,
7-

3,
9 

m
 

(I
H

, 
C

H
(C

O
C

H
3)

C
O

2E
t)

, 
4,

t6
 q

 
(2

H
, 

C
H

2 
es

te
r,

 ]
=

7
),

 9
,6

 
s 

(I
H

, 
C

H
O

) 

1,
28

1 
(6

H
, 

2C
H

a,
 ]

=
7

),
 

3,
74

-4
,4

2 
m

 
(4

H
, 

2C
H

2,
 ]

=
7

),
 

7,
04

 d
 

7,
46

 
d 

(2
H

, 
=

C
H

-C
H

=
, 

]=
12

) 

1,
t-

t,
24

 
m

 
(9

H
, 

3C
H

a)
, 

1,
7-

2,
7 

m
 

(3
H

, 
C

H
z,

 C
H

),
 

3,
6-

3,
9 

m
 

(I
H

, 
C

H
(C

N
)C

O
2E

t)
, 

4,
3 

_q
 

(2
H

, 
C

H
2 

es
te

r,
 

]=
7

),
 

9,
65

 s
 

(i
ll

, 
C

H
O

) 

t,
28

 t
 

(3
H

, 
C

H
3 

es
te

r 
]=

7
),

 
2,

04
 

s 
(6

H
, 

(C
H

3)
2C

=
),

 
4,

19
 q

 
(2

H
, 

C
H

2 
es

te
r 

]=
7

),
 

6,
31

 d
 (

IH
, 

C
H

=
, 

1=
t2

),
 

7,
95

d 
(i

ll
, 

1,
23

 t
 

(3
H

, 
C

H
3 

es
te

r,
 

]=
7

),
 3

,3
5s

 
(3

H
, 

C
H

3)
, 

4,
t7

q 
(2

H
, 

C
H

z 
es

te
r,

 
]=

7
),

 
5,

73
t 

(t
H

, 
C

H
=

, 
]=

12
),

 
6,

97
-7

,4
3m

 
(6

H
, 

~Z
C

H
, C

el
ls

),
 7

,7
9 

d 
(t

it
, 

C
H

=
C

(C
N

)C
Q

E
t,

 ]
=

t2
) 

1,
29

 t
 

(3
H

, 
C

H
3,

 ]
=

7
),

 
4,

27
 q

 
(2

It
, 

C
H

2,
 ]

=
7

),
 

6,
7-

7,
t2

 
m

 
7,

t2
-7

,6
 m

 
(9

H
, 

4C
H

=
, 

C6
14

~5
), 

7,
8 

d 
(I

H
, 

C
H

=
C

(C
N

)C
O

2E
t,

 
J=

t2
) 

t,3
2 

t 
(3

H
, 

C
H

a,
 ]

=
7

),
 

4,
27

q 
(2

H
, 

C
tlz

, 
]=

7
),

 
6,

43
 d

, 
7,

34
 d

 
(2

H
, 

=
C

H
-C

H
=

, 
]=

12
) 

1,
22

 
t 

(3
H

, 
C

H
~,

 ]
=

7
),

 
4,

2~
 q

 
(2

11
, C

H
._

,, 
]=

7
),

 
6,

93
 7

,0
9 

m
 

7,
9-

8,
08

 m
 (

41
t, 

4C
It

--
) 

1,
2t

 
(3

H
, 

C
tt3

, 
]=

7)
, 

4,
21

 q
 

(2
H

, 
C

II
2 

]-
-7

),
 6

,1
8 

6,
80

 m
 (

5H
, 

5C
H

=
),

 7
,5

3 
d 

(i
ll

, 
C

I[
(C

N
)C

Q
E

t,
 ]

=
t2

) 

t,
22

m
 "

(C
H

3 
es

te
r,

 }
, 

2,
63

 m
 (

C
H

2)
, 

3,
50

 m
 (

C
H

),
 4

,0
6 

q 
4,

t 
q 

(C
H

 
es

te
r,

 
]=

7)
, 

5,
54

-6
,t

6 
m

 
7,

t 
7,

26
 m

 
(C

H
=

),
 

9,
52

s 
(C

HO
) 

t,
5-

t,
74

 m
 

(C
H

z 
es

te
r)

, 
2,

0-
2,

3 
m

 
(C

O
C

H
3)

, 
2,

64
 m

 
(C

H
2)

, 
3,

66
 m

 
(C

H
),

 
3,

96
-4

,~
0 

m
 

(C
tt2

 
es

te
r)

i 
5,

73
-6

,1
2 

m
 

6,
50

- 
-6

,8
3 

m
7,

t0
-7

,3
0 

m
(C

H
=

),
 9

,5
 s

 (
C

H
O

) 

t,
3 

m
 

(C
H

z 
es

te
r)

, 
2.

0-
2,

35
 m

 
(C

O
C

H
,0

, 
2,

62
 m

 
(C

H
~)

, 
3,

2 
m

 
3,

6 
m

 
(C

H
),

 3
,9

3-
4,

3 
m

 
(C

H
z 

es
te

r]
, 

~,
0-

6,
3 

m
 

6,
5 

m
 

6,
7-

 
-6

,9
 m

 7
,t

-7
,3

 m
 (

C
H

=
),

 9
,4

 s
. 

(C
H

O
) 

* 
T

h
e 

re
su

lt
s 

o
f 

th
e 

el
em

en
ta

l 
an

al
y

si
s 

ar
e 

in
 

g
o

o
d

 
ag

re
em

en
t 

w
it

h
 

th
e 

th
eo

re
ti

ca
l 

re
su

lt
s.

 



to predict the direction of the reaction based on the competition of only two Yypes of reaction (orbital and 

c h a r g e ) .  

The r e s u l t s  of  the  c a l c u l a t i o n s  of  the  e l e c t r o n i c  s t r u c t u r e  of  the  c a r b a n i o n s  o f  m a l o n i c  and c y a n o a e e t i c  
a c i d s  a r e  r e p o r t e d  in  T a b l e  2. A c o m p a r i s o n  of  t h e s e  d a t a  shows  tha t  the  c a r b a n i o n  of  c y a n o a e e t i c  a c i d  has  

a s i g n i f i c a n t l y  h i g h e r  c o e f f i c i e n t  C N and a h i g h e r  HOMO. As  a c o n s e q u e n c e ,  i t  w i l l  be  a m o r e  ac t ive  r e a g e n t  
wi th  r e s p e c t  to the  o r b i t a l  r e a c t i o n .  The  c h a r g e  on the  c a r b a n i o n  c e n t e r  in  th i s  an ion  i s  a l so  g r e a t e r  than  in 
the  c a r b a n i o n o f  m a l o n i c  a c i d .  As  a c o n s e q u e n c e ,  the  c a r b a n i o n  o f  e y a n o a c e t i c  a c i d  wi l l  a l so  be a m o r e  a c t i v e  
r e a g e n t  wi th  r e s p e c t  to  an  e l e c t r o s t a t i c  i n t e r a c t i o n .  The c a l c u l a t i o n s  thus  show tha t  the  c a r b a n i o n  of  c y a n o -  
a c e t i c  a c i d  w i l l  be a m o r e  a c t i v e  n u c l e o p h i l e  than  the  ma lo r . i c  a c i d  c a r b a n i o n .  Th is  r e s u l t  i s  in  t o t a l  a g r e e -  
m e n t  wi th  t he  e x p e r i m e n t a l  d a t a .  

The calculations of the electronic structure of the enMs are reported in Table 3o It follows from these 

data that the highest positive charge is located on the C I atom of the C =O group in all of the enals investigated. 

As a consequence, reactions whose direction is determined by an electrostatic interaction should primarily 

take place on this atom. The highest coefficient CE, in the LUMO of the enal corresponds to the n electron 

atomic orbital of the C a atom, however. Reactions whose rate is determined by the C 3 atom in orbital inter- 

actions should thus primarily take place on the C a atom of the C =-C bond. 

It is experimentally known that the carbanions generated from the cyanoacetic ester primarily react 

in the C =O group. For this reason, it can be hypothesized that the direction of the reaction in the case of 

these anions is controlled by an electrostatic (charge) interaction. The reactions involving the malonic car- 

bunion primarily take place at the C =C bond. Their direction is apparently controlled by an orbital interac- 
tion. 

We a t t e m p t e d  to  e s t i m a t e  the  r e l a t i v e  c o n t r i b u t i o n  of  the  Cou lomb  (charge} and  o r b i t a l  i n t e r a c t i o n s  in 
m o l e c u l e s  of  t he  a c r o l e i n  s e r i e s  and  i t s  m e t h y l - s u b s t i t u t e d  d e r i v a t i v e s  u s i n g  the  r a t i o  of  the  i n d e x e s  I1/I2, 
w h e r e  It  c h a r a c t e r i z e s  the  C o u l o m b  and 12 c h a r a c t e r i z e s  the  o r b i t a l  i n t e r a c t i o n .  I1 =qNqE (Tr, ~ +a ) ,  w h e r e  

qN and qE (Tr o r  ~r +a) a r e  t he  c h a r g e s  on the  a t o m s  of  the  n u c l e i p h i ! e  and e l e c t r o p h i l e  d i r e c t l y  i n v o l v e d  in  the  
f o r m a t i o n  of  a new bond .  I2 = CN2CE*2/(EE* - EN).  The  d a t a  o b t a i n e d  a r e  r e p o r t e d  i n  Tab le  4,  which  i n d i -  
c a t e s  tha t  m e t h y l a t i o n  v i r t u a l l y  does  not  a l t e r  t he  v a l u e  of  A E  o r  the  r a t i o  I1/ I  2 i n  a l l  c a s e s .  It i s  not p o s s i b l e  
to p r e d i c t  the  c h a n g e  in  t he  d i r e c t i o n  o f  t he  r e a c t i o n  b a s e d  on  the  r a t i o s  o b t a i n e d .  I t  i s  a l s o  not  p o s s i b l e  to  
e x p l a i n  the  c h a n g e  in  the  d i r e c t i o n  of  t he  r e a c t i o n  on s u b s t i t u t i o n  of  the  H a t o m s  in t he  a c r o l e i n  by C1 a t o m s .  
The change  in  t he  d i r e c t i o n  of  t he  r e a c t i o n  of  n u c l e i p h i l i c  a d d i t i o n  on i n t r o d u c t i o n  o f  CH~ g roups  of  CI a t o m s  in 
the  ena l  thus  canno t  be  e x p l a i n e d  b a s e d  on  c o n c e p t s  of  the  c o m p e t i t i o n  o f  o r b i t a l  and  e l e c t r o s t a t i c  (charge)  
i n t e r a c t i o n s .  

This negative result could be due to the fact that some important factors which affect the direction of 

nucleophilic addition were not accounted for in our calculation. In the general case, the total energy- of the 

reaction between reagents can be divided into contributions of three types: an electrostatic Coulomb or charge) 

interaction, an orbital interaction, and steric stresses. The electrostatic and orbital interactions attract the 

reagents to each other, while the steric stresses prevent them from approaching. In addition, the reaction 

takes place in solution in the presence of a counterion, and the interactions with the solvent and counterion can 

also affect the direction of the reaction. The Coulomb and orbital interactions were examined above, and the 

contributions of steric stresses and the interaction with the solvent and counterion must now be compared. 

In our case, the solvent and counterion apparently should not significantly affect the direction of the re- 

action. This reaction is conducted in the same conditions of interphase catalysis, which consists of the gener- 

ation of an extremely active, weakly solvated carbanion. The interaction with the solvent and counterion re- 

duces its reactivity, and the reaction is conducted so that these effects are minimal. In addition, as a result 

of the direct experimental study it was shown that the relative yields of the end products are not dependent on 
the choice of solvent in such reactions. 

The s t e r i c  h i n d r a n c e s  r e l a t e d  to  the  d i f f e r e n t  v o l u m e  o f  the  H a t o m  and CH 3 g roup  o r  C1 a t o m  c a n  s i g n i -  
f i c a n t l y  a f fec t  t he  d i r e c t i o n  of  a d d i t i o n .  In  a d d i t i o n  of  c a r b a n i o n s  to  e n a l s ,  t h e r e  i s  a s i g n i f i c a n t  change  in  the  
s t r u c t u r e  of  one  o f  the  C a t o m s  in  the  e n a h  on  a p p r o a c h  o f  t he  c a r b a n i o n ,  i t  Changes  f r o m  p lane  to p y r a m i d a l .  
We c a l c u l a t e d  the  p y r a m i d a l i z a t i o n  e n e r g i e s  of  the  C 1 and C 3 s i t e s  in  a c r o l e i n  and i t s  m e t h y l  and c h l o r i n e  d e r i -  
v a t i v e s .  The  p y r a m i d a l i z a t i o n  e n e r g i e s  w e r e  c a l c u l a t e d  as  t he  d i f f e r e n c e  be tween  the  e n e r g i e s  of the  p y r a m i d a l  
az~d p l a n e  e n a l .  A l l  v a l e n c e  a n g l e s  w e r e  a s s u m e d  to be  equa l  to  t h e i r  s t a n d a r d  v a l u e s  of  120 and :[09.5 ~ The 

v a l e n c e  a n g l e s  in  t h e  p y r a m i d a l i z e d  C a tom w e r e  a s s u m e d  to  be  equa l  to  1 0 9 . 5  ~ Al l  i n t e r a t o m i c  d i s t a n c e s  w e r e  
o p t i m i z e d ,  The  r e s u l t s  o b t a i n e d  a r e  r e p o r t e d  in  T a b l e  5. 
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Table 5 shows that pyramidalization of the end C 3 atom in the C -:C double bond is most advantageous 

in aerolein. Substitution of one of the H atoms on C 3 by a CH 3 group r.~sults in a qualitative change in the 

result. Pyramidalization of the C I atom in the C =O group becomes more advantageous. Substitution of a 

second H atom at C 3 by a CH 3 group increases this difference to 9 kcal/mole. Substitution of H atoms by Cl 

atoms results in the qualitatively identical result as methylation. Substitution of the H atoms on C 3 by CH 3 

groups or Cl atoms thus favors a change in the direction of addition due to steric factors, and the value of 

this effect was high enough to result in a qualitative change in the yield of the final products. 

EXPERIMENTAL 

The structure of the compounds obtained was confirmed by the IRa UV, and PIViR spectra and by ele- 

mental analysis. The individuality of the products was verified by GLC ; the course of the reaction was moni- 

tored by the same method. The GLC analysis was conducted on a LKhM-8 MD-5 chromatograph with a flame 

ionization detector and N 2 carrier gas; glass column (1.4 • 0. 003 m) packed with 5% SE-30 on Chromaton N- 

AW-DMCS. The PMR spectra were made on a Varian DA-60IL (60 MHz) for solutions in CCI4, the chemical 

shifts were given in the 6 scales and TMS was the internal standard. The IR spectra were made in CHCI 3 on 

a UR-20 spectrometer. The UV spectra were made in alcohol on a Specord spectrometer. Compounds (II)- 

(VII) were prepared as described in [i]. The yields and properties of the products obtained are reported in 

Table 6. The calculations were conducted by the CNDO/2 method [6]. 

CONCLUSIONS 

1. The general mechanisms of the direction of addition of CH acids of the XCH2CO2Et a:ed BrCH(CO2Et)2 

type to enals in conditions of two-phase catalysis were formulated: a) CH acids (X = CO2Et, COCH 3, CN) are 

added to enals unsubstituted in position 3 only at the C =C bond; b) enals monosubstituted in position 3 add CH 

acids (X = CO2Et, COCH3) at the C =C bond and CH acids (X = CN) at the C -=O bond; c) enals disubstituted at 

position 3 add CH acids (X = CO2Et, COCH 3, CN) exclusively at the C =O bond. 

2. Quantum-chemical calculations showed that the direction of the reaction of addition of CH acids to 

enals cannot be explained based on concepts concerning the competition of orbital and charge interactions. 

3. The change in the direction of addition in methylation and chlorination of the enal is due to steric 

hindrances which arise when the structure of the enal is altered when the reagents converge. 

2. 

3. 

4. 

5. 

6. 
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