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Ethyl 13-hydroxy-~-methyl-y-nitrobutyrate has been synthesized by 
the reaction of sodioacetoacetic ester with nitromethane, and from 
this 3- ethoxycarbony i- 4-ethoxycarbonylmethyl- 2.4-dimethyl- 1-pyr- 
roline has been obtained in four stages. 

We have p rev ious ly  shown that 1 - p y r r o l i n e s  s i m i -  
l a r  to r i ng  C of the c o r r i n  s y s t e m  of v i t amin  BI~ - can 
be obtained by the r educ t ive  cyc l iza t ion  of ~/-nitro 
carbonyl  compounds  con ta in ing  the r e q u i r e d  su bs t i -  
tuen ts .  In the p r e s e n t  work, we s tudied the p o s s i b i l i -  
ty of syn thes i zeng  in a s i m i l a r  m a n n e r  l - p y r r o l i n e s  
s i m i l a r  to r i ng  B of the c o r r i n  s y s t e m  which conta ins  
a methyl  group and an ace tamide  r e s i d u e  in pos i t ion  
4 and a p rop ionamide  r e s i d u e  in pos i t ion  3. We ob- 
ta ined 3 - e t h o x y c a r b o n y l - 4 -  e thoxyca rbony lme thy I -  2, 
4 - d i m e t h y l - l - p y r r o l i n e  (V) by the r educ t ive  cye l i za -  
t ion of d ie thyl  a - a c e t y l - / ~ - m e t h y l - f l - n i t r o m e t h y l g l u t a -  
r a t e  (IV). The la t te r ,  in its turn,  was syn thes ized  in 
four s tages  f rom ace toace t ic  e s t e r  and n i t r o m e t h a n e .  
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When the condensa t ion  of ace toace t ic  e s t e r  with n i t r o -  
me thane  was c a r r i e d  out under  the condi t ions  that  a re  
g e n e r a l l y  bes t  for  ke tones  [3], i . e . ,  in methanol  in the 
p r e s e n c e  of a ca ta ly t ic  amount  of sod ium ethoxide, we 
were  unable  to obtain good and cons tan t  y ie lds  of e thyl  
f i - h y d r o x y - f l - m e t h y l - T - n i t r o b u t y r a t e  (I) (the y ie lds  
va r i ed  f rom 3 to 19%). However,  ace toaee t i c  e s t e r  
can appa ren t ly  condense  with n i t r o m e t h a n e  by the m e -  
chan i sm  of the Michae l  r eac t i on .  
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*For  pa r t  I, s ee  [1]. 

In this  case,  the ace toace t i c  e s t e r  plays  the pa r t  of 
acceptor  and i ts  conve r s ion  into the sodium de r iva t ive  
mus t  favor  the r eac t ion .  F u r t h e r m o r e ,  we abandoned 
the use  of e thanol  and i ts  alkoxide as Compet i tors  for 
the n i t r o m e t h a n e .  By c a r r y i n g  out the condensa t ion  of 
2 moles  of sod ioace toace t i c  e s t e r  and 1 mole  of n i t r o -  
methane  in an excess  of ace toace t ic  e s t e r  as solvent ,  
we obtained the n i t r o  alcohol I with a yie ld  of 45%. 
The s t r u c t u r e  of the n i t r o  alcohol  obtained was con-  
f i r m e d  by i ts  IR s p e c t r u m  and the pos i t ive  r e a c t i o n  
for a t e r t i a r y  hydroxyl  with m e r c u r y  sulfate  [5]. 

The dehydra t ion  of the n i t r o  alcohol I was c a r r i e d  
out by f i r s t  conve r t i ng  it  into the e s t e r  II with sub -  
sequent  sp l i t t ing  out of a mo lecu le  of acid .  When the 
n i t r o  alcohol  I was acyla ted  with a m i x t u r e  of ace ty l  
ch lor ide  and ace t ic  anhydride ,  we obtained ethyl  fi- 
a c e t y l - / ~ - m e t h y l - T - n i t r o b u t y r a t e  (IIa) with a yie ld  of 
37%, but the subs tance  has a boi l ing  point  c lose  to 
that  of the in i t i a l  n i t r o  alcohol  I which g rea t ly  c o m -  
p l i ca tes  t he i r  s epa ra t i on .  A c o n s i d e r a b l y  be t t e r  r e -  
su l t  was obtained when the n i t r o  alcohol  I was acy la ted  
with i sobu ty ry l  ch lor ide ;  the yie ld  of f l - i sobutyryl - f~-  
m e t h y l - y - n i t r o b u t y r a t e  (IIb) was 85%. The sp l i t t ing  
out of a mo lecu l e  of the acid f rom the e s t e r s  II led to 
ethyl  f l - m e t h y l - y - n i t r o c r o t o n i c  acid (III). The bes t  
y ie ld  of III (77%) was given by the i sobu ty ra t e  IIb.  The 
ace ta te  Ha gave HI with a yie ld  of 52%. The s t r u c t u r e  of 
the u n s a t u r a t e d  n i t r o  e s t e r  III is  con f i rmed  unambiguous ly  

by i ts  IR s p e c t r u m .  Abso rp t ion  at 1720 cm -1 c o r r e s p o n d s  
to the f r equency  of the e s t e r  oxygen ( 1740 c m -  1) reduced  
by 20 cm -1 through the conjugat ion  of the e thoxyca r -  
bonyl  group with the double bond. Acco rd ing  to the l i t -  
e r a t u r e  [6, 7], the abso rp t ion  bands  of a ,  ~ - u n s a t u r a t e d  
e s t e r s  a r e  loca ted  at 1718-1721 cm -1 and a r e  20 cm -1 
lower  than those of the c o r r e s p o n d i n g  s a t u r a t e d  c o m -  
pounds .  The s t r e t c h i n g  v i b r a t i o n s  of the C--NO 2 group 
a re  located in the 1383 cm -1 reg ion  ( symmet r i c a l )  
and 1555-1565 cm -1 r eg ion  ( u n s y m m e t r i c a l ) ,  which 
c o r r e s p o n d s  to a nonconjuga ted  n i t r o  compound [7] 
(conjugat ion of the n i t r o  group with the double bond 
would lead to a d e c r e a s e  in both f r e que nc i e s  by 30 -50  
c m  - 1 )  . 

Thus,  the u n s a t u r a t e d  n i t r o  e s t e r  III has  a s t r u c -  
t u r e  of the type of f i , /3 -d imethylacry l ic  acid, the r e a c -  
t iv i ty  of which in the Michael  condensa t ion  is low [4]. 
N e ve r t he l e s s ,  we succeeded  in p e r f o r m i n g  the con-  
densa t ion  of the u n s a t u r a t e d  n i t r o  e s t e r  III with a c e -  
toace t i c  and ma lon ic  e s t e r s ,  obta in ing the diethyl  
e s t e r  IV and die thyl  a - e t h o x y c a r b o n y l - h - m e t h y l - ~ - n i t r o  
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n i t r o g l u t a r a t e  (VD �9 T h e  r e d u e t i v e  e y e l i z a t i o n  o f  t h e  

T - n i t r o  k e t o n e  (IV) g a v e  t h e  p y r r o l i n e  V,  t h e  s t r u c -  

t u r e  o f  w h i c h  w a s  c o n f i r m e d  b y  i t s  I R  s p e c t r u m .  A 

d e t e r m i n a t i o n  of  t h e  c o m p o s i t i o n  o f  t h e  d i a s t e r e o i s o -  

m e r s  in  t h e  IV a n d  V o b t a i n e d  r e q u i r e s  a d d i t i o n a l  

i n v e s t i g a t i o n s .  

EXPERIMENTAL 

The IR spectra of the substances were recorded on a UR-10 spec- 
trophotometer. The samples were used in the form of thin films 
(layer thickness 10 /1). To identify the compounds obtained, we used 
variants of chromatography in a thin nonfixed layer of type KSK 

silica gel in the benzene-ch lo ro fo rm (1:2) system (system 1) and on 
acidic a lumina (activity grade III in the hexane--e thyt  aceta te  
(13:3) system (system 2), and also in a thin fixed layer of silica 
gel with 5~ of gypsum, using isopropanol as solvent (system 3). The 
sorbents and the plates were prepared as described by Akhrem and 
Kuznetsova [8]. The layer thickness of the sorbent was about 1 mm.  
The substances were detected in UV light and in iodine vapor. 

Ethyl B-hydroxy-~-methyl -  y- nitrobutyrate (I). 2.3 g (0.1 g -a tom)  
of meta l l ic  sodium was dissolved in 52 g (0.4 mole) of nitromethane 
was then added and the mixture was heated in the water bath to 50 ~ C 
for a few minutes (to obtain a homogeneous solution) and then left 
to stand at 18-20 ~ C for 90 hr. Then it was neutralized with 5.75 ml 
of glacial  acetic acid, treated with 25 ml  of water, and extracted 
with ether. The combined ethereal extracts were washed with water, 
dried with MgSO4, and distilled in vacuum to give 4.3 g (460]o) of 
the ethyl ester I with bp 86-88 ~ C (0.5 ram); Rf 0.78 (system 3); 
d~ ~ 1.2010; n~ ~ 1.4563. Found, %: C 43.62; 43.75; H 6.64;, 6.89; N 

7.07; 6.98~ MR D 43.27. Calculated for CTHt3NOs, %: C 43.98; H 
6.90; N 7.33%; MR D 43.22. IR spectrum, v, cm- l :  1385, 1565(NOs) , 
1210 (C--O of an ester), 1735 (C=O of an ester), 3510 (OH). When the 
substance obtained was boiled with Deniges' reagent, a yellow pre- 
cipitate was produced (reaction for a tertiary hydroxyl) [5]. 

Ethyl B-ace ty l -~-methyl -y-n t t robutyra te  (IIa). A mixture of 
25.1 g (0.131 mole) of I, 10.3 g (0.131 mole) of acetyl chloride, and 
10.2 g (0.1 mole) of acetic anhydride was heated at 70-80 ~ C for 
3 hr, the unchanged acetyl chloride and acetic anhydride were dis- 
tilled off, and the residue was vacuum distilled twice to give 11.6 g 
(37.5%) of IIa with bp 112-114 ~ C (2 ram); d~ ~ 1. 1930; n]~ ~ 1.4485. 
Found, %: C 45.92; 46.17; H 6.44; 6.35; N 6.30; 6.34%; MR D 52.36. 
Calculated for CgHlhNO6, %: C 46.34; H 6.48; N 6.01%; MR D 52.69. 
IR spectrum, v, cm- l :  1390, 1575 (NO2) , 1250 (C--O of an ester), 
1755 (C=O of an ester). 

Ethyl B-isobutyryloxy-B-methyl-y-nkrobutyzate  (lib), A mixture 
of 80.5 g (0.422 mole) of I and 45.5 g of isobutyryl chloride was 
heated at 80-90 ~ C for 10 hr. and then air was passed through the 
mixture to e l iminate  hydrogen chloride and it was distilled in vacuum. 
Yield 93.9 g (85%), bp 115-117 ~ C (0.7 ram), R:f 0.70 (system 3); 

z0 1.4460. Found, %: C 49.97; 50.10; H d~ ~ 1.1320; ni~~ 1.1320; n D 
6.99; 7.16%: MR D 61.45. Calculated for CnH19NO6, 0]o: C 50.58; 
H 7.330]0; MR D 61.93. 

Ethyl-~-methyl-y-ni trocrotonate (liD; A mixture of 7.53 g (0.029 
mole) of IIb and 0.5 g of anhydrous sodium acetate  was heated at 
105~ in vacuum 1 ram) until isobutyric acid ceased to distill over. 
Then the reaction mixture was dissolved in ether, the solution was 
washed with 5% aqueous sodium carbonate and with water and dried 
with MgSO4, the ether was distilled off, and the residue was dis- 
tilled in vacuum. Yield 3.85 g (77~ bp 92-94  ~ C (2 ram); d~ ~ 1.150; 
ni~ ~ 1.4685; Rf %70 (system 3). Found, %: C 48,00; 48.28; H 6.18; 
6.24; N 8.23 8.25~ MR D 41.91. Calculated for CTHnNO4, %: 
C 48.55; H 6.39; N 8.09%, MR D 42,31. IR spectrum, v, cm-~: 1385, 
1560 (NO2), 1220 (C--O of an ester), 1720 (C=O of an ester), 1659 
(C=C). On being boiled with the Deniges' reagent, the substance 
formed a yellow precipitate (reaction for a double bond)r5]. 

Diethyl a-ethoxycarbonyl-13-methyl-l~-nitromethylglutarate (VI). 
2.23 ,~o (0.01 �9176 of metal l ic  sodium was dissolved in 29.5 g 
(0.184 mole) of malonic ester, 3.18 g (0.018 mole) of III was added, 
and the mixture was heated at 70-80 ~ C for 3 hr and was left at 18-  

20 ~ C for 60 hr. Then it was acidified with 0.7 g (calculated amount) 
of glacial  acet ic  acids treated with 20 mI of water, and extracted 
with ether. The combined extracts were washed with 50]0 sodium bi-  
carbonate solution and with water, dried with MgSO 4, and distilled 
in vacuum. Yield 1.42 g (230]0), bp 108-110 ~ C (0.025 mm), Rf 0.53 
(system 2); d4 a~ 1.1710; n~ ~ 1.4570. Found, 0]0: C 50.46; 50.75; H 6.77; 
6.75; N 4.35; 4.23~ MR D '/7.50. Calculated for Cr4H2sNO 3, 0]0: C 
50.55; H 6.95; N 4.20~ MR D 77.43. 

Diethyl a-acetyl-~5-methyl-B-ni t romethylglutarate  (IV). With 
stirring, 0.1 g (0.004 g-a tom) of meta l l ic  sodium and 5 ml of anhy- 
drous dimethyl sulfoxide were added to a mixture of 2.64 g (0.015 
mole) of II1 and 3.97 g (0.03 mole) of acetoacet ic  ester. The result- 
ing mixture was left at 18-20 ~ C for 50 hr. Then it was acidified with 
glacial  acetic acid to pH 5 and the dimethyl sulfoxide was distilled 
off in vacuum (8 ram). A solution of the residue in a mixture of ether 
and benzene (1:2) was washed with water. The solvent was then dis- 
tilled off and the residue was distilled in vacuum. Yield 1.0 g(21.6%). 
mp 111-112 ~ C (0.05 rnm), R] 0.39 (system 1); d42~ 1.1640, n~ ~ 
1.4753. Found, 0]0: C 52.39; 52.41; H 6.66; 6.66; N 4.65; 4.78~ MR D 
73.40. Calculated for ClsHnNOr, %: C 51.48: H 6.98; N 4.62a]~ MR D 
71.32. IR spectrum, v, cm-t :  1380, 1550 (NOJ, 1730 (C=O in none- 
nolic B-keto esters). 

When the reaction was carried out in dry ether in the presence of 
sodium ethoxide, the yield of compound IV was 17% and in ethanol 
it was 200]0. 

3-Ethoxycarbonyl -4-e thoxycarbonylmethyl -2 ,4-d imethyl - l -pyr -  
roline (V). In a hydrogenation apparatus, 5.5 g of compound IV in 35 
ml  of anhydrous ethanol and 5 g of Raney nickel catalyst were shaken 
in a current of hydrogen at 20 ~ C until the absorption of hydrogen 
ceased (1.~7 l). The catalyst was filtered off and washed on the filter 
with anhydrous ethanol, the solvent was driven off, and the residue 
was distilled in vacuum. Yield 2.54 g (54.2%), bp 122-124 ~ C (0.08 
ram); Rf 0.49 (system 1); d~ ~ 1.1046; ni~ ~ 1.5033. Found, %: C 60.72; 
60.91; H 8.06; 8.13; N 5.30; 5.480]0; MR D 68.36. Calculated for CtsH n 
NO o %: C 61.16; H 8.29; N 5.48~ MR D 68.80. 

The authors express their thanks to V. M. Rakova, the director of 
the Analytical Chemistry Laboratory of VNIVI {All-Union Scientific 
Research Vitamin Institute, Moscow], for the performance of the e le-  
mentary analyses of the compounds obtained. 
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