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This work is a continuation of investigations devoted to a study of the possibili ty of using ni t roacet ic  
es te r  as the s tar t ing mater ia l  for the synthesis  of amino acids. We established [1, 2] that the react ion of 
n i t roacet ic  e s t e r  with the es te r  of or thoformic  acid proceeds through an in termediate  step of formal~ion of 
acetals  of formylni t roace t ic  es te r  and is revers ib le  at all s tages 

02N--CH~COOCH8 -~ (RO)8 CH ~ (RO)2 CH~CH--COOCH3 --~ R0H ~- RO--CH~---C--COOCH8 ~ 2ROH (R=CH3, C:Hs) 
I I 

NO2 NO~ 

When a mixture of the e s t e r s  of ni t roacet ic  and or thoformie acids is heated at 80 ~ only acetals  are  formed. 
Conducting this react ion by distil l ing off the alcohol o r  in the presence  of acetic anhydride lead~,~ to 
a shift of the react ion equilibrium to the right. The es te r s  of oz-nitro-fl-alkoxyacrylic acids formed are 
ex t remely  react ive;  they reac t  smoothly with indole [1], ammonia,  and hydrazine [3]. The lat ter  react ion 
is common to p r im a ry  and secondary amines,  both aliphatic and aromat ic  (methylamine, dimethylamine,  
morpholine,  piperidine, aniline, p-toluidine, p--chloroaniline, p-nitroanil ine,  p-aminophenol,  N-ethyl ani- 
line, oz-naphthylamine) 

R~NH -~- Alk0--CH~C--COOCH8 ---) R--N--CH~C--COOCH3 -~ AlkOH 

N0~ N02 

Es t e r s  of f i-amino derivat ives  of o~-nitroacrylic acid are also formed when acetals of formylni t ro-  
acetaldehyde are  heated with the corresponding amines (morpholine, aniline) 

R--NH "~ (C2H~O)~ CH--CH--COOCH~ ~ R--N--CH~C--COOCHa -{- 2C2HsOH 
1 I I N 1 0 ~  R' NO~ R' 

In the case of weakly basic aromat ic  amines,  on the other hand, as well as urea and its derivat ives [4], the 
corresponding a -n i t ro - f i - aminoac ry l i c  e s te r s  are  formed direct ly  f rom nitroacet ic  es ter ,  the amine, and 
es te r  of or thoformic  acid 

C6H~NH~ -t- 02N--CH2COOCHs-I- (C~Hs0)sCH--* C~Hs--NH--CH=C--COOCHs ~ 3C2HsOH 
I 

N0~ 

The rep lacement  of weakly basic amines by morpholine (pKb 5.6) leads to the formation of a morpholinium 
salt of ni t roacet ic  es ter ,  which does not reac t  fur ther  with or thoformic es ter .  

All the c~-nitro-f l-aminoacrylic  e s te r s  obtained (Table 1) are  crysta l l ine  substances.  Their  solubility 
increases  with increasing dielectr ic  constant of the organic solvent. The solubility of compounds ent irely 
substituted at the amino group is substantially g rea te r .  The chemical  proper t ies  of f l-amino derivat ives  of 
c~-nitroacrylic e s t e r s  are  close to the proper t ies  of f l -aminonitroalkenes.  Thus, they are incapable of al- 
kylation; der ivat ives  of p r imary  amines are  not aeylated [5]. As for the es te r  of ~ -n i t ro - f l -aminoacry l ic  
acid, acylation proceeds under the action of acetic anhydride in the presence  of an anhydrous sodium 
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acetate 

H2N--CII :C--C00CIts -~- (CH3C0)~ 0 ~ CH~C0--NH--CH==C--C00CHs 
[ I 

NOt NO~ 

Under the action of aqueous bases,  a - n i t r o - f l - a m i n o a c r y l i c  es te rs ,  just like P-aminoni t roalkenes  
[6], are  cleaved at the C - N a m i n o  bond. Thus, the methyl es te r  of a -n i t ro -~-d ime thy laminoac ry l i c  acid 
(II) decomposes  quantitatively to dimethylamine (isoIated in the form of its benzenesulfonyl derivative) and 
the potassium salt of formylni t roacet ic  es te r  under the action of an aqueous solution of potassium hydroxide. 
The following scheme of hydrolytic decomposition can be proposed. The f irs t  step in this p rocess  is ad- 
dition of the hydroxyl ion to a -n i t ro - f l -d imethy laminoacry l ic  es te r .  The second step is decomposition of 
the anion of the nitroalcohol formed 

OHG 
(CH~).. N--CH -C--NO~ ~ ~ (CH,~),~ N--CH--C~.NO~ 

I l I 
( I I )  C00CH3 OH COOCH- 

@ G 
(C]-I~)~ N--CH--C-_-=N0~ ~ (CiI~)~ NH -{- 0CH--C~N02 

I l 1 
OH COOCH~ C00CH3 

The react ion is revers ib le .  In the react ion of aniline hydrochloride with the potassium salt of formyl-  
ni t roacet ic  es te r ,  the methyl es te r  of c~-nitro-fi-anilinoacrylic acid (V) is formed in 84% yield 

: C6tI~NH~. HC1 + [0CH--C (N0~) C00CH3] O K ~ --* C6HsN~---CH--CH. C00CH8 ~ C~II~NH--CH~C--C00CIt3 

NO2 (V) NO~ 

The tautomer ic  equil ibrium (imine - enamine) is ent irely shifted in the direction of the enamine, which 
is evident f rom the IR spec t rum of this compound. The same enamine is also obtained under the action of 
anhydrous HC1 on the potassium salt [CsHsNCtlC(NO2)COOCH3]K, produced from (V) under the action of 
potass ium methylate.  

In cont ras t  to a -n i t ro - f l -d imethy laminoacry l i c  es te r ,  the hydrolytic decomposition of its methylamine 
and aniline analogs does not proceed so smoothly. The yield of the potassium salt of formylni t roacet ic  
es te r  f rom o~-ni t ro-~-methylaminoacryl ic  es te r  (I) does not exceed 58%. Under the action of an aqueous 
solution of KOH on the methyl ester of a-nitro-fl-anilinoacrylic acid, on the other hand, the y~eld of aniline 
(in the form of the benzenesulfanilide) is only 50%. This difference in the properties of fl-amino deriva- 
tives of o~-nitroaerylic esters may be associated with the degree of substitution of the hydrogens of the amino 
group, and it is most clearly manifested in the stability of these compounds during storage. 

All the compounds with an ent i re ly substituted amino group decompose during s torage,  being con- 
verted to a colored liquid. On the cont ra ry ,  compounds containing at least one hydrogen in the amino group 
can be s tored unchanged for severa l  years .  

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

Product ion of Methyl Es te r s  of a , -Nit ro-f l -methylamino-  (I) and a , -Ni t ro-p-dimethylaminoacryl ic  (II) 
Acids. A 5 g portion of the methyl es te r  of o~:-nitro-p-ethoxyacrylic acid [1] was saturated for 40 min with 
a s t r eam of gaseous CH3NH 2 while cooling with ice water.  The react ion mass  soon crystal l ized.  The c r y s -  
tals were washed on the fil ter with benzene. Yield of (I) 3.2 g (70% of the theoretical) ,  mp 126-126.5 ~ (from 

benzene). 

The react ion with dimethylamine also proceeds analogously. When gaseous dimethylamine was pas- 
sed into a flask with 5 g of the methyl es te r  of ~ -n i t ro -~ -e thoxyac ry l i c  acid, the react ion mass  crysta l l ized.  
The yellow c rys ta l s  were washed with a small  amount of alcohol and crys ta l l ized  from the same solvent. 
We obtained 2.47 g (50%) (II), mp 84.5-85.5 ~ 

Reaction of the Methyl Es te r  of oz-Nit ro-p-ethoxyacryl ic  Acid with Other Amines.  An equimolar 
amount of the amine was added drop-wise  to the methyl es te r  of ~ -n i t ro -~-e thoxyac ry l i c  acid. The r eac -  
tion mass  was cooled with ice water  during the addition of th ~ amine, maintaining a tempera ture  of 25-30% 
A crys ta l l ine  precipitate of the corresponding ~-subst i tu ted methyl es te r  of c~-nitro-fl-aminoacrylic acid 
was soon isolated. The resul t s  of the experiments  are presented in Table 1. 
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Produc t ion  of f i -Aminoder iva t ives  of c~-Nit roacryl ic  E s t e r s  by Heat ing Acetats  of Fo rmyln i t roace t i c  
E s t e r  with Amines:  A mixture  of 28.7 g of the diethyl aceta l  of fo rmyln i t roace t i c  e s t e r  [1] and 12.5 g of 
aniline was heated on a boiling wa te r  bath in a f lask  equipped with a mixe r  and condenser .  At the end of the 
dis t i l la t ion of the alcohol (1 h) the mixture  c rys ta l l i zed .  The yield of the methyl  e s t e r  of ~ -n i t ro - f l - an i l ino -  
ac ry l i c  acid (V} was 20.1 g (70%), mp 114-114.5 ~ ( f rom methanol).  

The reac t ion  with morphol ine proceeded  analogously.  F r o m  3 g of the diethyl aceta[  of f o r m y l n i t r o -  
acet ic  e s t e r  and 1 g morphol ine we obtained 2.02 g (65.0%) of the methyl  e s t e r  of ~ -n i t ro - f l -morpho l [no -  
ac ry l i c  acid (IV), mp 136-137 ~ ( f rom CHC13). 

React ion of the Methyl E s t e r  of Ni t roace t ic  Acid and Ethyl  Or thoformate  with Amines.  Heating a 
mix tu re  of 10 g of the methyl  e s t e r  of n i t roace t ic  acid, 13.5 g ethyl o r thoformate ,  and 7.8 g f resh ly  r e -  
d[st i l led aniline on a boiling wa te r  bath, dist i l l ing off the alcohol fo rmed ,  yielded 15.7 g (84.5%) (V), mp 
114.0-114.5 ~ . 

The addition of 7.4 g morphol ine to a solution of 10 g of the methyl  e s t e r  of n i t roacet ic  acid in 13.5 g 
ethyl o r tho fo rmate  yielded a c rys ta l l ine  prec ip i ta te  of the morphol ine  salt  of n i t roace t ic  e s t e r ,  yield 13.4 g 
(78%), mp 118-119 ~ ( f rom methanol) .  Found: C 40.49; H 6.63; N 13.8%. C~HIsOsN2. Calculated: C 4,[}.90; 
H 6.83; N 13.65%. 

Acylation of the Methyl E s t e r  of c~-Ni t ro- f l -aminoacryl ic  Acid. To a solution of 2.3 g of the methyl  
e s t e r  of a - n i t r o - f l - a m i n o a c r y l i c  acid [3] in 25 ml of acet ic  anhydride we added 2.0 g anhydrous sodium ace-  
tate and heated the mix ture  for  1.5 h at 80 ~ After  the excess  acet ic  anhydride was dis t i l led off, the r e -  
sidue was t r ea t ed  with 20 ml  of ethyl ace ta te  and f i l te red  to r e m o v e  the r eac ted  amino compound. :Me solu-  
tion was evapora ted  to d rynes s  and the c r y s t a l s  r e c r y s t a l l i z e d  f r o m  isopropanol.  We obtained 1.22 g of the 
methyl  e s t e r  of c~-n i t ro- f l -ace taminoacry l [c  acid,  mp 54-55 ~ Found: N 14.96; 15.08%. C6H$OhN 2. Calcu- 
lated: N 14.89%. 

Hydrolyt ic  Decomposi t ion of the Methyl E s t e r  of o~-Ni t ro- f l -d imethylaminoacryl ic  Acid. We added 
0.65 g (II) in port ions to 15 ml  of a 10% solution of KOH. The yellow solution, smel l ing  of d imethylamine ,  
was shaken for  2 h on a mechanica l  shaker  with 0.6 ml  of benzenesulfonyl  chloride.  The heavy oil was ex-  
t r ac t ed  with e ther ,  the ex t rac t  dr ied over  Na2SO ~, and evapora ted .  We obtained 0.68 g (quantitative yield) 
of benzenesu!fodimethylamide ,  mp 48-48.5 ~ According to the data of [7]: mp 47-48 ~ 

The solution obtained under  the action of 5 mt  of a 10% solution of KOH on 1.74 g (II) was  cooled on 
an ice bath, the white prec ip i ta te  of the po tass ium sal t  of fo rmyln i t roace t i c  e s t e r  l ibera ted  was f i l te red  
off, and washed with cold methanol .  Yield of the d ry  sal t  1.7 g (92%) t. dec. 231-232 ~ The sal t  was pur i -  
fied by prec ip i ta t ion  f rom aqueous solution with methanol .  Found: K 21.54; 21.30%. C4H4NOhK. Calculated: 
K 21.13%. IR s p e c t r u m  (suspension in liquid pet rola tum) (w, cm-1): 1695 (COOR), 1625 (CHO). 

React ion  of the P o t a s s i u m  Salt of Fo rmyln i t roace t i c  E s t e r  with Aniline. A suspension of 1.11 g of the 
po tass ium Sal t  of fo rmyln i t roace t i c  e s t e r  and 1.3 g aniline hydrochlor ide  in 15 ml  dioxane was heated to 70 ~ 
and diluted with 5 ml of water .  The yellow solution obtained was  evapora ted  on a r o t a r y  evapo ra to r  to d ry-  
ness ,  the c rys ta l l ine  prec ip i ta te  mixed with 30 ml  of wa te r  and f i l tered.  We obtained 1.12 g (84%) of the 
methyl  e s t e r  of ~ -n i t ro - f l - an i l i noac ry l i c  acid, mp 114-114.5 ~ ( f rom methanol).  A mixed sample  of this 
compound with the methyl  e s t e r  of ~ -n i t ro - f l - an i l i noac ry l i c  acid (VI), produced above, gave no depress ion  
of the mel t ing  point. 

Hydrolyt ic  Decomposi t ion of the Methyl E s t e r  of c~-Ni t ro- f l -methylaminoacry l ic  Acid. We added 1 g 
(I) in por t ions  to 5 ml of a 10% solution of KOH. After  10-15 min,  a white prec ip i ta te  began to sepa ra t e  
f rom the solution, and l ibera t ion  of methylamine  was obse rved .  The mix tu re  was diluted with 10 ml  of 
methanol ,  and the prec ip i ta te  of the po tass ium sal t  of fo rmyln i t roace t i c  e s t e r  f i l tered off. An additional 
amount of the sa l t  was obtained f r o m  the f i l t ra te  by evaporat ion.  The total  amount of the sa l t  was obtained 
f rom the f i l t ra te  by evapora t ion .  The total  yield of the po ta s s ium salt  of fo rmyln i t roace t i e  e s t e r  was 6.7 
g (57.8%), t. dec. 230-232 ~ Found: K 21.54; 21.70%. C4H4NO6K. Calculated: K 21.13%. IR spec t rum (sus-  
pension in liquid petrola tum) (v, cm-t) :  1695 (COOR), 1625 (CHO). 

Hydrolyt ic  Decomposi t ion of the Methyl E s t e r  of c~-Nit ro-f l -ani l inoacryl ic  Acid. The solutio!a obtained 
by the action of 15 ml  of 10% KOH on 0.83 g (V) was shaken for  2 h on a mechan ica i -mixer  with 0.9 ml of 
benzenesulfani l ide ,  mp 110.5-111 ~ According to the data of [7]: mp 109 ~ 
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TABLE 1. E s t e r  of  Der iva t ives  o fo~-Ni t ro - f i -Aminoac ry l i c  Acid R 'RN 
- CH = C(NO2)COOCH 3 

~ 1 7 6  

~ NRR' 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

CH~NH A 

(CIts)2 N A 

A \__/ 
J--% 
\__/ B A 

, 

HO_~--h_NH A \~/ 

~>--NC,H.  A 

a- Naphthylamino- A 

70,0 126-- 
] 126,7 

50,0 84,5-- 
[ 85,5 

37,5 80---81 

73,0 / 135--13' 
65,0] 
78,6 / t1~--tt4, 
70,0/ 
84,5 
86,5 137--15 

50,5 208--2B 

75,5 96--95,1 

75,5 203--20. 

54.6 68,5--7C 

77,8 156--157 

CsHsN04 

CsHloNs04 

CgHI4NsO~ 

CsHuNsOs 

C1oHzoN204 

CIoH~N~04 

CI~HoN30. i 

CnHnNsO~ 

CzoH1oN20~ 

C1~tI15N204 

Cld-I~2N~O4 

l Found, % Calculated. % 

C II" 1 N 
I I I 

37,49 4,99 ]7,51137,5015,04117,50 

41,7715,91]15,99141,3815, 19116,09 
41,465,86 16,131 ] I 
50,36 6,57 13,26 50 02 6,96 13,05 
50'086'58113'251 [ l 
44 125,51 ],3 10144 44[5 60112 96 
44,335,54 12,91 [ ' 
54,2214,45[ 12, 57[54,02]4,54] 12,61 

46,713,6211i,22 46,713,54,0,91 
45'72t3'4711],'1~ I ] 
45,00[3,37[15,33[44,95[3,40] 15,73 
45,24 3,44 15,56 [ 

i 

--  --  12,1655 164,5711 91 
12,12! I ! 

50,6014,28111,95t50,4214,23111,76 
5~ 35112'~176 I I 
57,20[5,4% 10,94357,59[5,64[11,20 
57 ~ 5011~ 831 I I 
52,0814,50110,40151,75t4,44110,29 
6! ,8014,44110,391 I / 

*A) By the reaction of amines with a-nitro-B-eth0xyacrylic ester. B) In the reaction 
of amines with the diethyl acetal of formylnitroacetic ester. C) By the reaction of ani- 
line with esters of nitroacetic and orthoformic acids. 

Action of Potass ium Methylate on the Methyl Es te r  of a-Ni t ro-f l -ani l inoacryl ic  Acid. To a solut ion 
of  2.2 g (V) in 50 ml abs.  methanol  we added 6 ml of a solut ion of  CH3OK, p roduced  f r o m  0.08 g K. The 
p rec ip i t a t e  of  a yel low sa l t  f o r m e d  was f i l t e red  off and dr ied  in a i r ,  y ie ld  2.51 g (96.5%), t. dec.  257-258 ~ 
( f rom methanol) .  Found: K 14.81; 15.04%. C10HsO4N2K. Calculated:  K 15.02%. 

The IR s p e c t r u m  of this  sa l t  ( suspens ion  in liquid pe t ro la tum)  does not contain  the b a n d s  of the va lence  
v ib ra t ions  gNH and of  the n i t r o - g r o u p .  The p a s s a g e  of anhydrous  HC1 into a suspens ion  of  the sa l t  obtained 
in abs.  e t h e r  y ie lded  0.31 g (73%) of the methy l  e s t e r  of oz -n i t ro - f l - an i l inoac ry l i c  acid,  mp 113.5-114.5  ~ ( f rom 
methanol) .  The IR s p e c t r u m  of this  compound  ( suspens ion  in liquid pe t ro la tum)  was  en t i r e ly  ident ical  with 
the s p e c t r u m  of  the init ial  a c r y l i c  e s t e r  (VI) (VNH 3260 cm-�94 

C O N C L U S I O N S  

1. A gene ra l  method of syn thes i z ing  f l - amino  de r iva t i ve s  of o~-n i t roacry l ic  e s t e r s  by the in te rac t ion  
of  amino compounds  with e s t e r s  of  G - n i t r o - f l - a l k o x y a c r y l i c  ac ids  o r  with ace ta l s  of  f o r m y l n i t r o a c e t i c  e s t e r  
was  developed.  

2. In the c a s e  of  weak ly  bas i c  amines ,  the c o r r e s p o n d i n g  e s t e r s  of  o~-n i t ro - f l - aminoac ry l i c  ac ids  a re  
f o r m e d  d i r e c t l y  f r o m  n i t r oa c e t i c  e s t e r ,  the amine ,  and o r t h o f o r m i e  e s t e r .  

3. Hydro ly t i c  decompos i t i on  of  f l - subs t i tu t ed  c~ -n i t ro - f l - aminoac ry l i c  e s t e r s  o c c u r s  at the C -  Namin o 
bond and depends  on the d e g r e e  of  subst i tu t ion of  the hyd rogens  of the amino group.  
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