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The cyclization of ),-nitro carbonyl compounds containing all the 
required substituents has been used to obtain polysubstituted 1-pyr- 
rolines. Ethyl c~-acetyl-B,B-dimethyl-),-nitrobutyrate and methyl 
4- acetyl-4-ethoxycarbonyl-5, 5- dimethyl- 6-nitrocaproate have given 
respectively, 3-ethoxycarbonyl-2, 4, 4- trimethyl- and 3-ethoxycar- 
bony1- 3- methoxycarbonylethyl- 2, 4, 4- trimethyl- 1- pyrrolines. 

The c o r r i n  s y s t e m  of v i t amin  B12 c o n s i s t s  of t h r e e  
1 - p y r r o l i n e s  and one p y r r o l i d i n e  s p e c i f i c a l l y  con-  
nec ted  to one ano the r  th rough  the ~,  a '  pos i t i ons  and 
conta in ing  methy l  g roups  and a c e t a m i d e  and p r o p i o n -  
a m i d e  r e s i d u e s  in the/3,/3 '  pos i t i ons  [1]. At  the p r e s -  
ent  t ime,  only the s y n t h e s i s  of the e o r r i n  r i n g  con-  
t a in ing  f ive me thy l  g roups  as  subs t i t uen t s  has  been  
e f fec ted  [2]. Consequent ly ,  i t  is  of i n t e r e s t  to s tudy 
me thods  fo r  the  s y n t h e s i s  of 1 - p y r r o l i n e s  with s u b s t i -  
tuen ts  ana logous  to those  conta ined  in the c o r r i n  s y s -  
t em of v i t a m i n  ]312 and to i nves t i ga t e  p o s s i b l e  me thods  
for  combin ing  t hem into a t e t r a c y c l i c  s y s t e m .  

In the p r e s e n t  work  we have s tud ied  the p o s s i b i l i t y  
of obta in ing 1 - p y r r o l i n e s  s i m i l a r  to r i n g  C of the  c o r -  
r in  s y s t e m  (which con ta ins  two me thy l  g roups  in p o s i -  
t ion 4 and a p r o p i o n a m i d e  r e s i d u e  in pos i t ion  3) by the 
r e d u e t i v e  cyc l i za t i on  of " / -n i t ro  c a r b o n y l  compounds  
[2] a l r e a d y  conta in ing  the r e q u i r e d  subs t i t uen t s .  F o r  
the s y n t h e s i s  of the l a t t e r  we have sub jec t ed  2 - m e t h y l -  
1 - n i t r o - l - p r o p e n e  (I) to the Michae l  condensa t ion  with 
a c e t o a c e t i e  e s t e r *  to f o r m  e thyl  ce-acetyl-fl, fi-dime- 
t h y l - " / - n i t r o b u t y r a t e  (II) (y ie ld  85%), with the s u b s e -  
quent in t roduc t ion  of a p rop ion i e  e s t e r  r e s i d u e .  
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The hydrogena t ion  of II on a Raney  n icke l  c a t a l y s t  
a t  18~ ~ C y i e l d e d  3 - e t h o x y c a r b o n y l - 2 , 4 , 4 - t r i m e -  
t h y l - l - p y r r o l i n e  (HI), a c o l o r l e s s  v e r y  h y g r o s c o p i c  
l iquid which r a p i d l y  adds  a m o l e c u l e  of w a t e r  on s t a n d -  

*This condensa t ion  has  been d e s c r i b e d  in a patent ,  
but only the bo i l ing  point  is  given for  compound II.  

ing in the a i r ,  f o r m i n g  a c r y s t a l l i n e  h y d r a t e .  I t  is  in-  
t e r e s t i n g  tha t  the  l a t t e r  compound does  not  l o se  the 
m o l e c u l e  of w a t e r  under  the  cond i t ions  of g a s - l i q u i d  
c h r o m a t o g r a p h y  (136 ~ C) and g ives  a s ing le  peak  the 
r e t e n t i o n  t i m e  of which is  g r e a t e r  than tha t  of the an -  
hyd rous  p y r r o l i n e  (IH) ( see  f igure ) .  We fol lowed the 
g r a dua l  c o n v e r s i o n  of the  anhydrous  p y r r o l i n e  III  into 
i ts  h y d r a t e  by m e a n s  of g a s - l i q u i d  c h r o m a t o g r a p h y  
( f rom the d e c r e a s e  in peak  1 and the i n c r e a s e  in peak  
2). The anhydrous  p y r r o l i n e  III  and i t s  h y d r a t e  f o r m  
an anhydrous  p i c r a t e  and a p i e r a t e  conta in ing  a m o l e -  
cule of wa te r ,  r e s p e c t i v e l y .  The s t r u c t u r e  of the  1-  
p y r r o l i n e  (III) was c o n f i r m e d  by i t s  IR s p e c t r u m .  Ab-  
so rp t ion  at  1670 e m  -1 c o r r e s p o n d s  to  the  s t r e t c h i n g  
v i b r a t i o n s  of a ~ N  bond, and a b s o r p t i o n  a t  1750 cm -1 
to the s t r e t c h i n g  v i b r a t i o n s  of a c a r b o n y l  g roup  in an 
e s t e r  [3, 5]. 

The  r e a c t i o n  of II with me thy l  a c r y l a t e  in the p r e s -  
ence of sod ium m e t h o s i d e  l ed  to me thy l  4 - a c e t y l - 4 -  
e t h o x y e a r b o n y l -  5, 5 - d i m e t h y l -  6 - n i t r  ocap r  oate (IV). 
The fac t  tha t  II adds  to me thy l  a c r y l a t e  by the M i c h a e l  
r e a c t i o n  th rough  i t s  a - c a r b o n  a tom was shown by the 
nega t ive  r e a c t i o n  for  an enol ic  g roup ing  and the p r e s -  
ence in the NMR s p e c t r u m  of the two p ro tons  of a 

---CH2NO 2 group (in the 4.6 ppm* reg ion ) .  The r e s o -  
nance  s igna l  of the---CH2NO 2 group  p roved  to be sp l i t  
into four  p e a k s  ( complex  s p i n - s p i n  i n t e r a c t i o n  of a 
AB sys t em) ,  which shows the nonequ iva lence  of the 
p ro tons  in th is  g roup .  

Since,  on be ing  d i s t i l l e d  in vaceum,  IV u n d e r g o e s  
p a r t i a l  c l e a v a g e  (for the t h e r m a l  c l eavage  of T - n i t r o -  
ca rbony l  compounds ,  see ,  for  example ,  [6, 7], i t  was 
sub jec t ed  without  i s o l a t i o n  in the pu re  s t a t e  to  r e d u c -  
t i r e  cyc l i z a t i on  into 3 - e t h o x y e a r b o n y l - 3 - m e t h o x y c a r -  
bony le thy l -2 ,  4, 4 - t r i m e t h y l - l - p y r r o l i n e  (V). 

The  IR s p e c t r u m  of the p y r r o l i n e  V is s i m i l a r  to  
tha t  of the p y r r o l i n e  HI: t h e r e  is  a b s o r p t i o n  in the 
1655 cm -1 r e g i o n  (C-~-~N group) and in the 1735 em -1 
r eg ion  ( ca rbony l  g roup  in an e s t e r ) .  On g a s - l i q u i d  
c h r o m a t o g r a p h y ,  the p y r r o l i n e  V gave a p_eak the r e -  

~In the NMR spectra of model compounds it was 

shown that the singlet from the protons of the --CH2NO 2 
group is located in the 4.6 ppm region. The ques- 
tion of the direction of the addition of methyl acrylate 
to the adducts I with malonic and acetoacetic esters 
will be discussed in detail in paper III of this series 

(KhGS [Chemistry of Heterocyclic Compounds], in 
press). 
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t e n t a t i o n  t i m e  w h i c h  w a s  t h e  s a m e  a s  t h a t  o f  t h e  a n -  

h y d r o u s  p y r r o l i n e  I l l .  

T h e  a u t h o r s  e x p r e s s  t h e i r  t h a n k s  t o  M .  T s .  Y a n o -  

t o v s k i i  f o r  r e c o r d i n g  t h e  g a s - l i q u i d  e h r o m a t o g r a m s .  
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EXPERIMENTAL 

The IR spectra of the substances were recorded on a UR-10 spec- 
trophotometer. The thin- layer  chromatography was carried out on 
alumina of activity III in the n - h e p t a n e - e t h y l  ace ta te -ch loroform 
(1:2:2) system (system 1) and the methyl  ethyl ke tone -wa te r  (30:1) 
system (system 2). The substances were detected in UV light and in 
iodine vapor. The gas-liquid chromatography of the 1-pyrrolines was 
carried out on a "Pye" argon chromatograph with a column length of 
12 m using 10%o poly(propylene glycol adipate) on Chromosorb W 60/100 
mesh as stationary phase with a rate of flow of argon of 75 m l / m i n  

at a temperature of 136 ~ C. The NMR spectrum was taken on a "Hita- 
chi H 60" apparatus in CC14 solution with HMDS (hexamethyldis i lox-  
ane)  as the internal standard. 

2-Methyl-l-nitro-l-prolx~ne (I) was obtained from acetone and 
nitromethane via the acetate of the nitro-tert-butyl alcohol formed 

by a modification of the method of Lambert and Lowe, in which the 

acylation was carried out with a mixture of acetic anhydride and ace- 

tyl chloride (1.3:1) and not with acetic anhydride alone. Yield 92%. 

Ethyl a-acetyl-B, ~-dlmethyl-y-nitmbutytate (II). A solution of 
sodium ethoxide (from 0.46 g of sodium and 10 ml of anhydrous etha- 
nol) was added to a solution of 23.55 g (0.181 mole) of acetoacetic 

ester in 45 ml of dry ether and then, with cooling to 10-12 ~ C, the 
mixture was treated with a solution of 9.15 g (0.091 mole) of I in 7 
ml  of dry ether, after which it was stirred at 18-20 ~ C for 5 hr and 
was left to stand for 16 hr. After the reaction mixture had been neu-  
tralized to pH 5.0 with acetic acid, it was washed with sodium bicar- 
bonate solution and with water, and dried with sodium sulfate. After 
the ether had been distilled off, it was distilled in vacuum. Yield 
17.81 g (85.0%). Bp 126.5-127 ~ C (1 ram) [according to the literature 
[4], bp 119 ~ C (2-1 mm)]; d~ ~ 1.1257; n~ ~ 1.4540; Rf 0.82 (system 1). 
Found, %: C 51.73; 52.00; H 7.57; 7.60; N 6.13; 6.03%; MR D 55.63. 
Calculated for C10HIvNO s, %: C 51.95; H 7.41; N 6.06%, MR D 55.65. 
IR spectrum, ~, c m - t  1370, 1550 (NOr) , 1710--1740 (C=O). 

2,4-Dinitrophenylhydrazone, mp 79.5-80 ~ C (from ethanol). Found. 
%: C 46.54; 46.68; H 5.12; 5.17; N 17.22; 17.27%. Calculated for 
C16H21NsO s, %: C 46.71; H 5.15; N 17.03~ 

3-Ethoxycarbonyl-g ,4 ,4- t r imethyl- l -pyrrol lne  (III). In a hydroge- 
nation apparatus, 10 g of II in 50 ml  of anhydrous methanol  contain- 
ing 8 g of Raney nickel catalyst was shaken in a current of hydrogen 
at 20 ~ C until the absorption of hydrogen ceased (2.66 l was absorbed). 

The catalyst was filtered off and washed on the filter with anhydrous 
methanol, the solvent was evaporated off, and the residue was dis- 
tilled. Rip 66-67 ~ C (0.24 ram). Yield 4.95 g (62.5%). Found, %: C 
65.20; 65.22; H 9.44; 9.49; N 7.51; 7.75%. Calculated for C,0H17NO a, 
%0: C 65.54; H 9.35; N 7.64%. 

Picture, nap 134.5-135 ~ C (from a 3:1 mixture of petroleum ether 
and ethanol). Found, %: C 46.43; 46.75; H 4.69; 4.96; N 13.13; 13.33%. 
Calculated for Cl0H17NO a. CeHsNsOv, %: C 46.35; H 4.87; N 13.56%~ 

On standing in the air, the pyrroline III added a molecule  of water, 
forming colorless crystals with mp 117-118" C (from a 5:2 mixture of 
petroleum ether and benzene). Rf 0.83 (system 2). Found, %: C 59.85; 
59.91; H 8,72; 8.89; N 6.85; 7.12%. Calculated for C10HtTNO z. H20 , 
%: C 59.68; H 9.46; N 6.96%. 

Picture, mp 151-151.3" C (from a 3:1 mixture of ethanol and 
ether). Found, %: C 44.54; 44.65; H 4.86; 5.10; N 13.00; 13.39%. Cal-  
culated for Ct0H,vNO z �9 CsH3NaO7 �9 H20, %: C 44.65; H 5.15; N 13.02% 

Methyl 4-ace ty l -4-e thoxycarbonyl -  5, 5-d imethyl -6-nl t rocaproate  
(IV), With stirring, to 10 g (0.0433 mole) of II were added a solution 
of sodium methoxide (from 0.I g of sodium and 28 ml of methanol)  
was added to I0 g (0.0433 mole) of II. Then, with cooling to 5 -7  ~ C, 
3.73 g (0.0433 mole) of methyl  acrylate was added, and the mixture 
was heated at 80 ~ C for 2 1/2 hr. Then it was acidified with acetic 
acid to pH 5, poured into 20 ml of water, and extracted with ether. 
The combined ethereal extracts were washed with saturated sodium 
bicarkanate solution and with water and were dried over sodium sul- 
fate. The ether was driven off and the substance was distilled. This 
gave 5.03 g (36.5%) of IV with bp 118-121 ~ C (0.037 mm).  Rf 0.86 
(system 1). In aqueous ethanolic solution, the substance gave a nega-  
t ive reaction for an enol grouping with ferric chloride. 

3-Ethoxyearbonyl- 3-methoxycarbonylethyl-2,4,4-tdmethyl- 1- 
py=ollne (V). Under the conditions described for the pyrroline Ill. 5 g 

of IV was hydrogenated in 50 ml of anhydrous methanol in the pres- 
ence of 8 g of Raney nickel catalyst. Yield 0,68 g (16~). Bp 58~ ~ C 

(0.03 mm); n~ 1.4782. Found, ~: C 61.32; 61.48; H 8.88; 9.08; 
N 4.99; 5.25%. Calculated for Ct4H~NO 4 �9 1/4 H20, %0: C 61.40; H 
8.56; N 5.12%o. 
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