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The NaNH2 catalyzed one stage reaction between phenylacetie acid 
dialkylamides and einnamic acid methyl ester or dialkylamides was studied 
under various conditions. Conditions were found for easy preparation of each of 
the both possible diastereomerie derivatives of 2,3-diphenylglutaric acid. I t  was 
proved that  catalytic amounts of NaNH2 take par t  in the reaction. I t  is 
assmned that  the observed erythro/threo equilibrium ratios are determined by 
an isomerization via two different earbanions (at C2 and C4) of the reaction 
products. 

(Keywords. 2,3-Diphenylglutaric acid derivatives; Second order asymmetric 
transformation; Sodium amide catalyzed; Stereochemistry) 

Michael Reaktion. 1 V. NaNHu-lcataly~sierte Eintopfrealctio~ yon Diallcylamiden 
der Phenylessigs~iure .n~it Methylestern oder Dialkylamiden tier Zimtsiiure. Ein~ 

flz~fi der Reaktionsbedingungen auf die Stereochemie der Reaktion 

Die NaNH.~-katalysierte Eintopfreaktion yon Dialkylamiden der PhenyL 
essigs~iure und Methylestem odeJ: Dialkylamiden der Zimts~ure wurde unter 
versehiedenen Reaktionsbedingungen untersucht. Es wurden die optimalen 
Bedingungen zur Darstelhmg jedes der beiden mSgliehen diastereomeren 
Derivaten der 2,3-DiphenylglutarsSoure ermittelt.  Die Teilnahme katalytiscber 
Mengen yon NaNH,) wurde bewiesen. Es wird angenommen, dab das be~ 
obaehtete erythro/threo-Gleichgewichtsverhgltnis yon der Isomerisierung fiber 
zwei verschiedene Carbanionen (C2 und Ca) best immt wird. 

Introduction 

The  p r e p a r a t i v e  po t en t i a l i t i e s  of the  a leox ide  c a t a l y z e d  Michael  
r eac t ion  l ead ing  to  c o m p o u n d s  w i th  two v ie ina l  ehiral  centers  have  
been e x t e n s i v e l y  s tud ied  2. On ly  in a few eases b o t h  d i a s t e r eomers  have  
been i so la ted  a 11 and  even in fewer ones the i r  conf igu ra t ion  have  been 
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established4, l~. At tempts  for directing the stereochemistry of the 
reaction have not been reported, al though the influence of the reaction 
conditions has been demonst ra ted  ~1~. The observed stereochemical 
results have received scant a t tent ion 11. Solid NaNH2 has been used in a 
few cases, while the stereochemistry in its presence has been examined 
only by Hauser 12. In  earlier investigations we showed tha t  the reaction 
between phenylaeetic and cinnamic acid esters and dialkylamides in the 
presence of NaNHe in ether under conditions of free evaporat ion of the 
solvent caused by exothermiei ty  leads to a mixture of diastereomeric 
2,3-diphenylglutaric acid esteramides 13, amidesters 14 or diamides 1~ in 
which the erythro/threo ratio depends on the reacting compounds. 
Unfortunately,  we were not  able to interpret  the observed stereo- 
chemical results because of the quite undefined reaction conditions i.e. 
reaction in the melt, possibility of second order asymmetr ic  trans- 
format ion etc. 

In the present  work an a t t empt  will be made to elucidate the 
influence of the conditions of the reaction (solvent, reaction time, 
t empera ture  and concentration) on the stereochemical course of the 
interaction between phenylacetic acid dialkylamides and methyl  
c innamate  or cinnamie acid dialkylamides in order to find conditions 
for its direction. 

C6Hs--CH = CH--CO.X 
-~ NaNH 2 

C6tt5 CH2~CONR2 ~ , 

C6Hs--(~H~CHuCOX 

C6Ha- -CH--CONR 2 

No. X NR2 No. X NR2 

9 OCH 3 N(CH3) 2 13 N(CHa)2 N(C~Hn)2 
10 OCH 3 N(i-C3HT)2 14 N(CH2CH2)20 N(CH~CH2)20 
11 OCH 3 N(C6H~I)2 15 N ( C ~ H ~ ) 2  N(CH2CH2)20 
12 OCH 3 N(CH2CH2)20 

Results  

The following CH-acids and aceeptors were used: dimethylamide 
(1), di isopropylamide (2), dicyclohexylamide (3) and morpholide (4) of 
phenylaeetie acid and methyl  e innamate (5), d imethylamide (6), 
diethylamide (7) and morpholide (8) of cinnamic acid in the "classical" 
one stage (one flask) variat ion of the Michael reaction in ether, 
te t rahydrofurane,  hexamethylphosphoramide,  dimethylsulphoxide or 
benzene. 
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In some of the examined cases it was found tha t  the reaction 
proceeds in high yields even in the presenee of catalytic amounts  of 
N a N H  s (see Tables). The following reaction of metal  exchange between 
the reaction product  and the initial dialkylamide is of great importance 
for the course of the reaction in these eases: 

~a + 

()6Ha--CH---CH--COX 

- - , . ~  w . ~  I { 2  

--+ 

+ C6Hs--CHs--CONRs 

I 

[C6H~--CH--CONRs] Na4 + C6Hs---CH---CHo--COX 
l 

C6H s CH--CONRs 

II 

Such an exchange should take place even when an equimolar 
amount  of NaNH2 is used: because of' its restricted solubility. The 
metallat ion of I by the sodium derivat ive o f l I  in homogeneous medium 
should be favoured. An evidence for tha t  is the strong evolution of' 
ammonia  during the hydrolysis of the reaction mixture.  The degree of 
conversion to products  of the Michael reaction when catalytic amount  
of metal  is used depends, according to Ingotd 1G mainly on the 
equilibrium between the neutral  forms of the reactant  and the adduct.  

Most of the reaction produets  discussed in the present haper were 
described in Ref.14,15. Da ta  on the products  of the reaction of 2 with 5 
i.e. 10, 3 with 5-11 and 3 with 6 13 are given in the experimental  part .  
The eonfigurational assignment of" these products as well as the analysis 
of the diastereomerie mixtures is ba sed  on the differences in the 
location of the signals of the C6H 5, COOCI-I 3 and CON(CHa)9 - protons in 
the NMR spectra of the isomers 14,1a,*7. The following results were 
obtained in the various solvents employed:  

A. Ether (Table 1) 

The rate of the reaction in this solvent is relatively low and the 
possibility of tempera ture  variat ions ra ther  limited. I t  is because of this 
probably  tha t  the reaction between 2 and 3 with 5 does not proceed, 
irrespective of the reduced CH-aeidi ty of these compounds (compare 
with the reaction in THF).  The stereochemistry does not depend on the 
temperature ,  concentrat ion and structure of the reactants.  

The reversibili ty of the reaction was studied on pure diastereomers. 
Under  the reaction conditions threo-9 dissociates insignificantly (3~o) in 
6 hours. Traces of the erythro-isomer were detected by TLC. Under the 
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same conditions erythro-9 remains unchanged. The concentration and 
the amount  of the catalyst do not influence the results. The reaction 
appears to be practically irreversible or the reproduction of the reaction 
conditions, because of the restricted solubility of the products and of 
the metallation agent, is strongly inhibited. 

Table 1. Formation of 9, 10, 11 and 14 in ether 

X :NR 2 Cone. Temp. React. time Yields E/T 
(mol/l) (~ (min) (%) 

OOHa N(CH3)2 9 1.0 ~ 34 5 47 58/42 
60 90 56/44 

22 60 34 58/42 
0.1 22 30 20 58/42 

360 32 56/44 
OCH 3 N(i-C3HT) 2 l0 1.0 34 120 0 - -  
OCH a N(C6Hll)2 11 1.0 34 120 0 - -  
N(CH2CH2)eO N(CH2CH2)e0 14 1.0a 34 20 76 52/48 

0.1 22 30 25 50/50 

a Heterogeneous medium. 

B. Tetrahydrofuran (~I'HF) (Table 2) 

The reaction rates in this solvent (compare the yields for short 
reaction times) decrease in the following orders: 12 ~ 9 > 10 ~ 11 and 
13 > 11. The first of them (the same acceptor) corresponds to the CH- 
acidity of the donors. The second one (the same donor) does not 
correspond to the electrophilicity of the aeceptors. The observed ratio 
13 > 11 is probably determined by the metal exchange rate, which 
should be higher when X = N(CH3)2 because of the larger difference 
between the acidities of I and I I  than when X = OCHa. The conversion 
in the case of 11 for longer reaction intervals is higher than that  of 13 
similary to all cases when methyl cinnamate takes part. The decrease in 
the yield of 9 is due to the side reactions (21~o by-products were isolated 
by TCL). 

The stereoselectivity of the reaction is low. The ratio o fE /T  = 60/40 
seems to be preferred one, although some deviation can be observed at 
short reaction intervals in the eases of 10, 11 and 13. The E/T ratios in 
these eases are probably due to : 'mixed control" over the stereo- 
chemistry at the beginning of the reaction. The stereoehemistry of the 
reaction remains unaffected by the heterogeneity of the mixture (see 
Table2) or reduced amounts of NaNH2. 
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The  i somer iza t ion  and  d i s soc ia t ion  d a t a  of  the  pu re  d i a s t e r eomer s  
a re  shown in Tab le  3. The  r eac t i on  is revers ib le  a t  64 ~ in all e x a m i n e d  
cases. C o m p o u n d s  9 a n d  14 unde rgo  f a s t e s t  i somer i za t ion  a c c o m p a n i e d  
b y  cons iderab le  d i ssoc ia t ion .  This  is an ev idence  for the  r eve r s ib i l i t y  of  
the  " a l d o l "  s tage  of  the  reac t ion .  I s o m e r i z a t i o n  leads  to  the  same E/T 
r a t i o  as in the  case of synthes is .  Longer  r e a c t i o n  in t e rva l s  are  connec ted  

Table 2. Fo~rmation of 9 15 in THF 

X NR 2 Cone. Temp. React. time Yields E/'T 
(tool/l) (~ (rain) (~) 

OCH 3 N(CH3) 2 9 0.312 

0.312 a 

2.0 b 
0.5 

OCH3 N(i-C3HT) ~ 10 0.312 

OCH3 N(C6H11)2 11 0.312 

64 15 82 54/'46 
60 55 54/46 

64 15 55 58/42 
60 87 60/40 

64 3 4 92 57/43 
22 30 14 59/41 

120 23 55/45 
64 15 15 70,/30 

60 49 68/'32 
120 81 60/40 

64 15 12 67,/33 
60 55 62/38 

120 82 58/42 
64 15 83 58/'42 

6O 70 57/43 
64 15 58 30/70 

60 50 60/40 
120 44: 56/'44 

64 15 88 50/50 
60 85 50/50 

64 15 84 58/42 
60 85 53/47 

OCH 3 N(CHyCHy)~O 12 0.312 

N (CH 3)~ N(C6Hll )2 13 0.:312 

N(CHyCH2)20 N(CHyCHy)20 14 0.312 

N(CyHa) 2 N(CH,)CHy)20 15 0.312 

a 0.2 tool NaNHy. b Heterogeneous medium. 

w i th  an increase  of  b y - p r o d u c t s .  Because  of  the  ex is tence  of a second 
CH-ae id  center  a t  C2 we canno t  exc lude  the  poss ib i l i ty  of i ts  
i somer iza t ion  b y  ep imer i za t ion .  The  reac t ion  is p r a c t i c a l l y  i r revers ib le  
a t  22 ~ p r o b a b l y  for the  same  reasons  a l r e a d y  m e n t i o n e d  in t he  d iscussed 
of  the  resu l t s  o b t a i n e d  in e the r ;  i t  is mos t  un l ike ly  t h a t  the  k ine t ic  
eon t ro led  ra t io  a t  22 ~ is the  same as t he  equ i l i b r ium one a t  64*. 

C. Hexamethylpho,sphoramide (HMPA) (Tab le4)  

I n  th is  m e d i u m  the  r eac t ion  is revers ib le  in all e x a m i n e d  cond i t ions  
(see Tab le4 ) .  The  d i a s t e r eomer s  9 e x h i b i t e d  the  h ighes t  degree  of  
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Table 4. Formation of 9, 10, 11 a)d 13 in H M P A  

X NR 2 Cone. Temp. React. time Yields E/T  
(mol/1) (~ (min) (%) 

OCH 3 N(CH3)e 9 0.416 22 5 73 38/62 
10 69 67/33 
30 65 71/29 

0 10 75 13/87 
60 90 30/70 

2.5 22 2 3 c 82 20/80 
120 75 90/10 

OCH 3 N(i-C3HT)~ 10 0.416 22 10 62 8/92 
30 94 24/76 
30 94 24/76 
60 90 65/35 

120 81 70/30 
0.625 60 5 78 71/29 

OCH 3 N(C6Hll)2 l l  0.416 22 10 72 12/88 
30 90 28/72 
60 88 66/34 

120 81 70/30 
0.625 60 5 90 70/30 
2.5 22 20 b 86 21/79 

60 c 89 31/69 
2.5 a 22 20 b 25 19/81 

60 e 90 7/93 
N(CH3)2 N(C~H~)2 13 0.416 22 10 78 26/74 

120 54 48/52 
0.625 60 5 69 70/30 

a 0.2 mol NaNH 2. b Homogeneous medium, e Heterogeneous medium. 

Table 5. lsomerization in H M P A  at 22 ~ and concentration 0.416 mol/I 

X NRz Configu- React. time Yields a E/T 
ration (min) (%) 

OCH 3 N(CHa) ~ threo-9 15 47 40/60 
30 40 57/43 
6O 29 60/40 

erythro-9 15 62 77/23 
30 55 72/28 

OCH3 N(i-C3H7)2 threo-10 60 57 78/22 
erythro-lO 15 92 93/7 

60 68 75/25 
OCH a N(C6Hn) ~ threo-ll 15 90 30/70 

60 60 75/25 
erythro- ! 1 15 90 95/5 

60 71 87/13 

the latter a The rest is a mixture of degradation and by-products in which 
predominates. 
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dissociation. The rate of regeneration of the diastereomeric mixtures is 
low. The difference consists of starting compound s and by-products 
with a predomination of the latter. Compounds 10 and 11 show a lower 
amount  of by-products. The isomerization rates in both diastereomerie 
series change in the order 9 > 11 ~ l0 as observed during the synthesis. 
The stereochemical results correspond satisfactorily to the E/T ratios 
obtained during synthesis (E/~' = 70/30). 

Table 6. Formation of 9, 10, 11 and 13 in DMSO 

X NR2 Cone.  Temp. React. time Yields E/T 
(mol/1) (~ (min) (%) 

O C H 3  N(CH3)2 9 0.5 22 10 35 60/40 
60 43 60/40 

120 37 69/31 
1.25 22 2- 3 a 63 57/43" 

15 60 90/10 
60 48 95/5 

O C H a  N(i-CaHT)2 10 1.25 22 5 a 78 22/78 
60 68 0/100 

OCH a N(C6H11)2 11 1.25 22 5 a 49 20/80 
60 51 6/94 

N(CH3) 2 N(C6tt~I)2 13 1.25 22 5 a 48 57/43 
60 52 30/70 

a Heterogeneous medium. 

The reaction in this solvent is very fast and the yields are over 80~ 
(Table5). A perceptible decrease in yields occurs at longer reaction 
times because of the consumption of methyl einnamate and reaction 
products. This consumption rises with the increase of temperature. The 
three-isomers are favoured at the beginning of the reaction (10, 11, 12) 
or at low temperatures (9) and probably are products of "mixed 
control". Further  isomerization leads to the predomination of the 
corresponding erythro-isomers. The concentration of 2.5 reel/1 leads to a 
second order asymmetric transformation and isolation of the 
practically pure less soluble isomer. In the ease of 9 this is the erythro- 
isomer, threo-ll is less soluble, but  isomerization via the solution leads 
to an increased amount  of the erythro-isomer in the reaction mixture. 
Pure three-isomer in this ease can be obtained by reducing the amount  
of the catalyst as isomerization agent. 
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D. Dimethylsulphoxide (DMSO) (Table 6) 

The reaction in this solvent is also reversible and proceeds with 
considerable complications because of side reactions including also 
reaction with the solvent (sulphur-containing by-products  were isolatct 
in some cases). The stereoselectivity of the reaction is the same as in 
HMPA.  The heterogeneous reaction conditions are great  significance 
for obtaining practically pure less soluble isomers (erythro-9, threo-lO 
and threo-ll). 

E. Benzene 

The only studied case in this solvent was the synthesis of 9 at  80~ 
and concentration of 0.312 tool/1. The yields after 15 and 60 rain arc 47~o 
and 68~o, respectively. The E/T ratio is 58/42, as in ether and THF. The 
reaction is reversible at  this temperature .  

Discuss ion  

The reaction in H M P A  and DMSO are of significant importance 
from the point of view of synthetic  organic chemistry,  threo-Isomers can 
be prepared easily in H M P A  at room tempera ture  and short reaction 
times. Longer reaction times or increased tempera tures  favour  the 
format ion of the erythro-isomers. Second order asymmetr ic  trans- 
format ion in H M P A  or DMSO afforded the practically pure less 
soluble isomers. 

The reaction is reversible over a wide range of experimental  
conditions. The question of the reversibili ty at, low temperatures  in 
ether and T H F  is left open. 

The predominat ing of one of the diastcreomers at  the beginning of 
the reaction in THF and H M P A  is due probably  to the "mixed 
control" over the configuration. Some differences between 10, 11 and 13 
in THF are unclear. 

The E/T equilibrium ratio does not  depend on the reaction 
conditions and reactants.  I t  is approximate ly  60/40 in aprotic nonpolar 
media (benzene, ether and THF) and about  70/30 in polar ones. The 
isomerization leads to the same ratios. 

Taking into consideration tha t  under conditions of a one stage 
reaction neutral  molecules arc formed, we assume tha t  the following 
reaction of metal  exchange can also take place: 

N&- 

C6H~CHCONR2 + QHsCHCONR2 ~ C~H~C-CONR.~ 
Na+ 

A B 

CGHsCHCH~COX 

+ C6Hs~HCONR 2 
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The  convers ion  of  A in to  B has  been p o s t u l a t e d  in some ear l ier  
works  on the  Michael r eac t ion  is c a t a l y z e d  b y  a lkox ides  b u t  i ts  
m e c h a n i s m  has  been no t  discussed.  

The  f o r m a t i o n  of  the  c a r b a n i o n  B leads  to  i somer iza t ion  by  
ep imer i za t i on  a t  C2 e i ther  v ia  m e t a l  exchange  wi th  o the r  CH-ac ids  
p r e sen t  in the  r eac t ion  m i x t u r e  or du r ing  the  hyd ro lys i s  a t  the  end of 
the  reac t ion .  As a l r e a d y  m e n t i o n e d  B could  be fo rmed  also dur ing  the  
i somer iza t ion  of" t he  pu re  d i a s t e r eomer s  e i ther  v ia  m e t a l  exchange  or by  
d i rec t  m e t a l l a t i o n  a t  Cs. I t  is mos t  l ikely ,  t h a t  the  obse rved  E / T  
equ i l i b r ium ra t ios  are  d e t e r m i n e d  b y  bo th  revers ib le  f o r m a t i o n  of  A 
and  ep imer i za t i on  of  B. 

I n  our  n e x t  work  on the  two s t age  Michael r eac t ion  be tween  the  
same  c o m p o u n d s  we in t end- to  p re sen t  the  s t e reochemica l  resu l t s  under  
k ine t ic  and  t h e r m o d y n a m i c  condi t ions .  

Experimental 
All data  listed in the tables are the result of at  least 2-3 experiments. 

Synthesis of pure diastereomer8 10, 11 and 13 

The threo compounds were isolated by reerystallizing the diastereomeric 
mixtures obtained after l0 rain in HMPA at 22 ~ The mixtures obtained in the 
same solvent after 5 min at 60 ~ afforted the corresponding erythro isomers. The 
results of the synthesis and new diastereomeric compounds are described 
below : 

Compound and Yield M.p. Solvent Analysis C6H5 (ppm) 
configuration ~o ~ ~oN interval 

ealc. found 

erythro-lO 48 108 110 Benzene/' 3.67 3.76 7.30- 7.90 
Hexane 

threodO 51 154 156 Ethanol 3.67 3.84 7.00 7.30 
erythro-ll 42 137 139 Heptane 3.03 3.21 7.25 7.65 
threo-ll 55 170 172 Ethanol 3.03 3.41 7.05- 7.25 
erythro-13 32 133-135 Benzene/ 5.90 6.16 7.20 7.70 

Hexane 
threod3 47 169-171 Benzene/ 5.90 6.13 7.05 7.20 

Hexane 

Syntheses in different solvent8 

Equimolar amounts of freshly ground NaNH 2 were added in a single 
portion to the solution of the starting compounds (the concentration is given in 
the Tables). The reaction mixture was stirred under dry nitrogen at the 
corresponding temperature for the listed time intervals. A few milliliters of 
water were added at the end of the reaction. Further  t reatment  depended on 
the solvent. 
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1. Ether and benzene 

a. Heterogeneous reaction mixture.  In  the case of 9 the solid product  was 
washed with water  after f i l t rat ion to remove the start ing dialkylamide, dried in 
the air and stirred in heptane to remove the unreacted methyl  cinnamat.e (TLC 
showed absence of reaction products  in the washings). Compound 14 was 
t reated as in l-b. 

b. Homogeneous reaction mixture.  Evapora t ion  of the ether, dissolution of 
the residue in chloroform, drying the chloroform extracts  and evaporat ion of 
the solvent led to a viscous oil. The pure diastereomeric mixture  was isolated by 
prepara t ive  TLC (silica gel G, type  60) using ether as eluant  and chloroform for 
extract ing the products.  The loss of material  during separation did not  exceed 
6%. 

2. Tetrahydroficran 

The reaction mixture  under homogeneous condition, s wa.s worked up as 
described in l-b [in the case of 10 and 11 the elution system was e ther /hcptane  
(3:2)]. The heterogeneous reaction mixtures  was wor'ked up as in 1-a. 

3. Hexamethylpho,s'phoramide 

A ten fold excess of water" was added at the end of' the reaction and the 
solution was saturated with sodium chloride, filtered and washed with water. 
TLC showed tha t  the solid residue was a pure mixt.ure of diastereomers. No 
diastereomers were observed in the fi l trate (TLC of chloro%rm extract).  

4. Dimethyl.~',dphoxide 

The products were isolated as in 3. Small amounts  of a mixture  of 
diastereomers was found in the DMSO f i l trate (TLC). 

i~'omerization of the pwre diastereomer~ 

The isomerization was conducted under homogeneous conditions at the 
same concentrat ion as used in the synthesis. Equimotar  amounts  of N a N H  2 
were added to the solution of the diastereomer.  The products  were isolated as 
described earlier. Prepara t ive  TLC was employed in some c~ses to evMua.te the 
distr ibut ion of reactants  and products.  
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