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Methyl c~-methoxycarbonyi-B, ~-dimethyl-y-nitmbutyrate adds to 
methyl acrylate by the Michael's reaction at its y-carbon atom, in 
contrast to ethyl c~-acetyl-B, B-dimethyl-y-nitmbutyrate which, in 
the analogous reaction, adds at the a-carbon atom. The structure 
of the compounds obtained has been established on the basis of 
their NMR spectra. 

In p r eced ing  inves t iga t ions  we have s tudied the 
syn thes i s  of z~-pyr ro l ines ,  which are  s t r u c t u r a l l y  
s i m i l a r  to individual  f r a g m e n t s - r i n g s  B and C--of 
the e o r r i n  s y s t e m  of v i t a m i n  BI~ [1-2]. Recent ly ,  
it  has been  e s t ab l i shed  that 2 -py r ro l i dones  can be 
used as the s t a r t i ng  m a t e r i a l s  in the syn thes i s  of 
c o r r i n s  [3]. In the p r e s e n t  work,  s tudying the p o s s i -  
bi l i ty  of syn thes iz ing  2 - p y r r o l i d o n e s  eonta in ing  the 
subs t i tuen ts  co r r e spond ing  to r i ng  C of the e o r r i n  
s y s t e m  of v i t a m i n  B~ [4] we have inves t iga ted  the 
d i rec t ion  of addit ion of methyl  a -me thoxyea rbony l - f l ,  
/ ? -d ime thy l -T-n i t robu ty ra t e  (Ia) to methyl  acryla te  
under  the condi t ions  of the Michae l ' s  r eac t ion .  In this  
ease ,  the at tack of ac ry l i c  acid e s t e r s  can take place 
at the two r eac t i on  cen te r s  of the eompounds of type 
I t h a t  are  shown by a r rows .  
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We have e s t ab l i shed  that the n i t ro  e s t e r  Ia adds to 
methyl  acry la te  by its T -ca rbon  atom. The in i t ia l  
T -n i t ro  e s t e r  Ia was syn thes ized  by condens ing  equ i -  
mo la r  amounts  of 2 - m e t h y l - l - n i t r o p r o p e n e ,  diethyl 
malona te ,  and sodium methoxide (the r eac t ion  takes 
place with the s imu l t aneous  t r a n s e s t e r i f i c a t i o n  of the 
e s t e r  groups) .  In the condensa t ion  of equ imo la r  
amounts  of Ia with methyl  ac ry l a t e  in the p r e sence  of 
a ca ta ly t ic  amount  of sodium methoxide,  we obtained 
methyl  a -me thoxyca rbony l  -T-me thoxyc a rbony le thy l -  
fl, f i - d i m e t h y l - T - n i t r o p i m e l i c  acid (II) (i. e . ,  under  
these condit ions two methoxycarbonyle thyl  groups 
en te r  the y-pos i t ion) .  

C.~ONa ::?C--CHtCOOC.~h 
l a  + 2 C H 2 = C I t C O O C H 3  ~ I 

~ (CH2CH2COOCHa) 2 

NO2 
II 

*For par t  II, see [1]. 

The condensa t ion  of ethyl ~ -e thoxycarbonyl - f l ,  p -  
d i me t hy l - T - n i t r obu t y r a t e  (Ib) with methyl  acry la te  
in the p r e s e n c e  of a ca ta ly t ic  amount  of sodium e th -  
oxide took place s i m i l a r l y .  

The s t r uc t u r e  of II was shown unambiguous ly  by 
i ts  NMR spe c t r um.  As model s t r uc tu r e ,  we took the 
NM:R s p e c t r u m  of Ia. It follows f rom a c o m p a r i s o n  
of the spe c t r a  of Ia and II (see figure) that the r e -  
sonance s ignal  f rom the methyl  group at 3.45 ppm 
in Ia is  also p r e s e n t  in II, where it  is at 3 .3  ppm.  
The s ing le t  f rom the p ro tons  of the CH2NO 2 group 
are d isp laced  by s c r e e n i n g  to a weaker  f i e ld - -4 .6  ppm. 
This s ignal  is  p r e s e n t  in Ia and p r a c t i c a l l y  absent  in 
II (the v e r y  weak s ignal  at 4 .6 ppm in II shows the 
p r e s e n c e  of a smal l  amount  of a compound having 
--CH2NO 2 or > CHNO 2 group). 

A r e s o n a n c e  s ignal  f r o m  the pro tons  of the (CH3) 2 C > 
at 1.1 ppm is seen  in compound Ia, and in compound 
II there  are two s ing le t  s igna ls  f r o m  these  p ro tons  
(probably because  of the h indrance  of the free ro ta t ion  
of one of the methyl  groups in the B-posi t ion  owing to 
the s t e r i c  h indrance  c rea ted  by the two m e t h o x y c a r -  
bonylethyl  groups  in the y -pos i t i on  in the molecule  of 
(II). The s igna ls  f rom the COOCH 3 groups are in the 
3 . 6 - 3 . 7  ppm reg ion .  The complex s p i n - s p i n  i n t e r -  

act ion of the ~/C--CH2--CH2--  group (in II) belongs  

to an A2B 2 s y s t e m  and appears  in the 2.2 ppm reg ion .  
When ethyl ~-e thoxycarbonyl  -/~ -methyl  - 7 - n i t r o -  

butyra te  is condensed with ethyl acry la te  in the p r e s -  
ence of Tr i ton  B, accord ing  to Leonard  and Fe l l ey  
[5], the addit ion of one molecule  of ethyl acry la te  
takes p lace ,  jus t  as in our case ,  to the T -ca rbon  atom. 

We have p rev ious ly  [1] shown that ethyl ~ - a c e t y l -  
f l , f l -d ime thy l -T-n i t robu ty ra t e  (Io) adds to methy ! a c r y -  
late in the p r e s e n c e  of sodium methoxide by the a -  
carbon  atom: 
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CH2NO 2 

I l l  

The change in the d i r ec t ion  of addit ion to methyl  
acry la te  of compounds of type I in dependence on the i r  
s t r uc t u r e  can be expla ined in the fol lowing way. The 
d i rec t ion  of the Michae l ' s  r e ac t i on  in this  Case wil l  
be de t e rmined  by what ca rban ion  is fo rmed  f rom I 
under  the act ion of the base .  In the case of Ie the 
fo rma t ion  of two ca rban ions  IV and V under  the act ion 
of an a lkal ine  ca ta lys t  is  poss ib l e :  
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A 
NMR spectra of compounds Ia and III. 
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as  c o u l d  be  j u d g e d  f r o m  the  d i s s o c i a t i o n  c o n s t a n t s  of 

the  u n s a t u r a t e d  p s e u d o a e i d s ,  i . e .  a e e t o a c e t i e  e s t e r  
and  n i t r o m e t h a n e ,  r e s p e c t i v e l y  ( s e e ,  f o r  e x a m p l e ,  
[6, 7]) .  On c o m p a r i n g  t h e s e  c o n s t a n t s  (pK a 1 0 . 6 8  and  

1 0 . 2 1 ,  r e s p e c t i v e l y  [8, 9]),  i t  w o u l d  b e  p o s s i b l e  to  
a s s u m e  t h a t  the  f o r m a t i o n  of the  c a r b a n i o n s  IV and  
V i s  a p p r o x i m a t e l y  e q u i p r o b a b t e .  H o w e v e r ,  in  t h i s  

c a s e ,  a p p a r e n t l y ,  a d d i t i o n a l  s t a b i l i z a t i o n  of t he  e a r -  
b u n i o n  of  the  a c e t o a c e t i e  t ype  IV i s  p o s s i b l e  t h r o u g h  

i n t e r a c t i o n  of the  d o n o r - a c e e p t o r  t ype  b e t w e e n  t he  

d i p o l e  of the  n i t r o  g r o u p  and  t he  n e g a t i v e l y  c h a r g e d  

o x y g e n  [10, 11].  Such  i n t e r a c t i o n  c a n  r a i s e  c o n s i d e r -  

a b l y  t he  d i s s o c i a t i o n  c o n s t a n t  of the  a c e t o a c e t i e  p a r t  

of the  m o l e c u l e  and ,  c o n s e q u e n t l y ,  f a v o r  the  f o r -  
m a t i o n  of the  c a r b a n i o n  IV. 

In t he  e a s e s  of I a  and  b ,  b e c a u s e  of the  l o w e r  
e l e e t r o n - a e e e p t i n g  p r o p e r t i e s  of t he  e t h o x y e a r b o n y l  
g r o u p  t he  d i s s o c i a t i o n  c o n s t a n t s  of the  m a l o n i e  e s t e r  

and  the  n i t r o m e t h a n e  (pK a 1 3 . 3  and  1 0 . 2 1 ,  r e s p e c t -  
ive ly )  a l r e a d y  d i f f e r  s t r o n g l y  a n d  ( e v e n  t h o u g h  the  

d o n o r - a c c e p t o r  i n t e r a c t i o n  m e n t i o n e d  e x i s t s  in  t h i s  

e a s e )  a e a r b a n i o n  of the  n i t r o m e t h a n e  t ype  i s  f o r m e d .  

C o n s e q u e n t l y ,  the  a t t a c k  of m e t h y l  a c r y l a t e  on  Ia  i s  
d i r e c t e d  by  r o u t e  A,  w h i c h  is  a l s o  f a v o r e d  by  the  

l o w e r  d e g r e e  of s t e r i e  s c r e e n i n g  of t h i s  c a r b a n i o n  
e e n t e  r .  

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

The NMR spectra were taken on a "Hitachi H 60" instrument in 
CC14 solution with HMDS (hexamethyldisiloxane) as internal standard. 

Methyl a -  methoxyearbonyl-B, ~-dimethyl- 7-nttrobutyrate (In). 
To a solution of sodium methoxide (obtained from 4.05 g of 
sodium and 87 ml of methanol 27 g (0. 176 mole) of malonie ester 
in 53 ml of anhydrous methanol were added followed by 17. 69 g 
(0. 175 mole) of 2-methyl-l-nitro-l-propene in 52 ml of anhydrous 
methanol, and the mixture was left to stand at room temperature 
for a day. Then it was acidified with acetic acid to pH 5. the 
precipitate was filtered off, and the methanol was distilled off in 
vacuum. The residue was treated with water and extracted with 
ether, and the combined ethereal extracts were washed with sodium 
bicarbonate solution and with water and were dried with MgSO 4. 
The ether was evaported off and the residue was distilled in vacuum. 
Yield 28.5 g (70%). Bp 119~ (2.5 mm); de z~ 1. 1980; nDg~ 
].4564. Found, %: C 46.89, 47.15; H 6: 56, 6.76; N 6.15, 5.99; 
MR D 52.99. Calculated for CgH15NO6, %: C 46.38; H 6.84; N 6.00; 
MaD 52.68. 

The alkaline hydrolysis (20~ aqueous KOH, 4 hr) of Ia gave an 
80% yield of a-carboxy-/L t3-dimethyl-7-nitrobutyrie acid (I, X = 
- Y  =OH). Mp ]60~176 (benzene--chloroform). Found, %: 

C 40.76, 40.82; H 5.39, 5.62; N 6.53, 6.44. Calculated for 
CTHIINO 2, %: C 40.98; H 5.40; N 6.83. 

Dimethyl a-methoxycarbonyl-y-me~oxycarbonylethyl-~, ~- 
dimethyl-y-nitropimelate (If). A solution of sodium methoxide 
(prepared from 0.16 g of sodium and 0.5 ml of methanol) and 4. 3 
g (0.05 mole) of methyl acrylate was added to 13.7 g (0.05 mole) 
of In, and the mixture was allowed to stand at room temperature 
for 12 hr. After the reaction mixture had been washed with water, 
the further treatment was analogous to that described above.. Yield 
7 g (63%). Bp 135~176 (0.06 ram); d4 z~ 1.2100; nD z~ 1.4624. 
Found, %: C 50,04, 50.17; H 6.60, 6.86; N 3.40, 3.64; MR D 
92.17 : Calculated for CtvH27NOt0 %. C 50.36; H 6.72; N 3.84; 
MR D 92.84. 

Diethyl a-ethoxycarbonyI-y-methoxycarbonylethyl_~, ~-dime- 
thyl-y-nitropimelate. A solution of 0. 003 mole of sodium ethoxide 
(prepared from 0.07 g of  sodium and 20 ml of ethanol) and 2.68 
g (0,031 mole) of methyl acrylate was added to 8.12 g (0. 031 mole) 
of Ib. The reaction mixture was boiled for 6 hr, left to stand at 
20~176 for 30 days, and treated as described above. Yield 4.01 
g (29~ Bp 123:124~ (0.015 mm); d4 z~ 1.1410; nD 2~ 1.4560. 
Found, %: C 53.91, 53.97;H 6.96, 7.30;N 2.83, 3.06;MR D 
106.55. Calculated for C20H3sNOI0 , %: C 53.68; H 7.43; N 3.13; 
MR D 106.50. 
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