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Diethyl malonate was converted by the action of sodium nitrite and acetic acid to diethyl oximinomalonate, which was 
The properties of this new compound 

The addition compound was reduced with zinc and formic acid to diethyl formamidomalonate in 87’3% yield, 
isolated in 93% yield as a crystalline 3 : l  addition compound with sodium acetate. 
are described. 
and with zinc, acetic acid, and acetic anhydride to diethyl acetamidomalonate in 100% yield. 

Diethyl formamidomalonate (I)2 and diethyl 
acetamidomalonate (11) 3 , 4  have been known for 
many years, but only recently were introduced as 
intermediates for the synthesis of various amino 

These and other acylamidomalonates 
have usually been obtained by reductive acylation 
of diethyl oximinomalonate (111). Improvements in 
the preparation of these compounds are presented 
in this paper. 

The oxime I11 has been synthesized from diethyl 
sodiomalonate and “nitrous gases”, lo, l1 or methyl 
nitrite, l 2 , I 3  or n-butyl nitrite,6,14 and from diethyl 
malonate, sodium nitrite and acetic a ~ i d . ~ ~ ~ J ~ - ~ ~  
The last method is convenient, but has been criti- 
cized14 on the grounds that the original yield (80- 
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90%)1s~16 cannot be reproduced. High yields of 
crude oxime I11 of uncertain purity have been re- 
ported by some investigators6*’7 using this method, 
but the yield of pure oxime I11 recorded by oth- 
ersl*J1 has not exceeded 63%. The reaction of di- 
ethyl malonate with sodium nitrite and acetic acid 
was used in the present work, and I11 was isolated 
in 93% yield as a crystalline 3 : l  addition com- 
pound (IV) with sodium acetate, which melts a t  
87-88’. It is probable that a crystalline substance, 
m.p. 86.5-88’, which was designated as the oxime 
I11 in a recent patent,20 may actually have been IV. 

The addition compound IV is purified more 
readily than the oily oxime 111, and is thus more 
suitable as an intermediate for other syntheses. IV 
is stable under normal storage conditions and crys- 
tallizes readily from dichloromethane, chloroform, 
benzene, or toluene. IV undergoes partial dissocia- 
tion into the oxime 111 and sodium acetate in ethyl 
acetate, or in organic solutions in contact with wa- 
ter. In  diethyl ether, however, dissociation is com- 
plete. This behavior in ether was used to  establish 
the nature of the addition compound IV; quantita- 
tive recovery of sodium acetate was effected, and 
the resulting oxime 111 was then combined with 
authentic sodium acetate to reconstitute IV. 

The acid sodium salt (V) of the oxime 111, which 
had been encountered in an earlier synthesis of 
III,l2 was obtained as a minor (2%) contaminant 
of the addition compound IV. The nature of V was 
established by its alternate preparation from the 
oxime I11 by the action of sodium ethoxide, and by 
its conversion t o  the addition cornpound IV upon 
treatment with acetic acid. Varying small amounts 
of the acid salt V are produced when the addition 
compound IV  is heated in vacuo and are responsible 

r NaOAc,3€ION=C( COOC,Ht,), 
+NaOAc 

+ 

I V  

for the color of organic solutions of IV (almost color- 
less to  yellow). The acid salt V is of potential inter- 
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est as an intermediate in syntheses where the addi- 
tion compound IV may be unsuitable because of its 
sodium acetate component. The unusual solubility 
of IV and V in benzene and dichloromethane indi- 
cates covalent bonding and probable chelation of 
sodium in these compounds; other similar examples 
of chelated sodium compounds are well known. 

Diethyl formamidomalonate (I) has been pre- 
pared from the oxime I11 by the action of zinc and 
formic a ~ i d ~ ~ 5 ~ ~ 6 ~ ~ ~ ;  a 55-70y0 yield of impure I was 
reported. "Very poor results"21 have been indicated 
more recently with this reaction, and may have 
been related to  partial decomposition of I during 
vacuum distillation and to incomplete recovery be- 
cause of its low melting pojnt and tendency to  form 
oils. 22 These difficulties have been circumvented by 
use of catalytic h y d r o g e n a t i ~ n , ~ ~ * ~ ~ ~ ~ *  or by use of 
the higher melting methyl esters.22 In the present 
work, the reaction of zinc and formic acid with 
the addition compound IV, rather than impure 
oxime 111, and avoidance of vacuum distillation 
have given pure I in 87Y0 yield. A lower yield of I 
was obtained upon prolonged exposure to  boiling 
formic acid, possibly because of transesterification, 
and also when I was separated from zinc formate a t  
room temperature, probably because of occlusion. 

Diethyl acetamidomalonate (11) has been ob- 
tained from the oxime 111 by reductive acetylation, 
usually without isolation of the intermediate diethyl 
aminomalonate; the reducing agents included alu- 
minum amalgam,3~4~1~~15,25,26 zinc and acetic acid,27-29 
hydrogen (catalytic),6~13~14~19~20~24~30-3a or hydrogen 
s ~ l f i d e . ~ ~ J ~  The use of impure I11 may have been 
partly responsible for the wide variation in the re- 
ported yields of I1 (40-90%). In  the present work, 
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treatment of the addition compound IV in a mix- 
ture of acetic acid and acetic anhydride with zinc 
has consistently provided I1 in quantitative yield. 

The addition compound IV should prove suitable 
as an intermediate in the preparation of other di- 
ethyl acylamidomalonates. 

EXPERIMENTAL 

Diethyl oximinomulonate-sodium acetate complex (IV). k 
solution of 160.2 g. (1.0 mole) of redistilled diethyl malonate 
(b.p.,, 87", uncorrected) in 175 ml. (3.0 moles) of glacial 
acetic acid was stirred vigorously at  0-5' while a solution of 
207.0 g. (3.0 moles) of sodium nitrite in 250 ml. of water 
was added dropwise during 3-4 hr. The ice bath was removed 
and the mixture was stirred vigorously for 20 hr. more. The 
nitrosation was carried out in a three-necked flask with 
appropriate fittings and a small vent to permit escape of 
nitric oxide; the system was otherwise sealed to prevellt 
ingress of air. The reaction mixture was extracted with a 
400-ml., and then three 100-ml. portions of dichloromethane. 
The combined dichloromethane extracts were dried over 
anhydrous sodium sulfate and treated with charcoal; the 
filtrate was concentrated in VUCUG a t  60" or Ies8 until the 
residual yellow oil crystallized. The residue was dissolved in 
500 ml. of warm dichloromethane; the solution was shaken 
with Celite and 40 g. of anhydrous sodium acetate for 15 
min. and filtered. Sodium acetate reacts with any free oxime 
111 in the soiution and ensure8 maximum recovery of the 
addition compound IV. Sodium acetate also elin-' dnates 
residual acetic acid, which impedes crystallization of IVj as 
solvates which are insoluble in dichloromethane. The filtrate 
was concentra.ted in vacuo a t  60' or less to 400 ml. and pe- 
troleum ether (b.p. 30-60") was added until the solut,ion w~ 
faintly cloudy (500-600 ml,). ?'he mixture was alloved tc? 
stand a t  room temperature for an hour and, after thorough 
mixing t o  promote crystaliization, was refrigerated over- 
night. IV (194.2 g., 90% yield) was recovered as colorless 
blunt needles, m.p. 8 7 - 8 8 O . 3 6  A fiecond crop O S  7.08 g. 
(3% yield), m . p  83-85', was obtained by concentrlt 
filtrate and crystallizing the residue from dichlorom 
petroleum ether. 

The total yield of IV decreased to SOYo when the rcadroii 
mixture was stirred for only 4 hr. after addition of the so- 
dium nitrite solution. The total yield was 85-877, w h e ~  
practical grade diethyl malonate was used withoci redis- 
tillation and with stirring for 18-24 hr. Whm the reacti 

Anal.3' Calcd. for C2aH3er'j8017Sa: C, 42.53; H, 

40.00 g. (0.06lG mole) of IV in 800 ml. of anhy 
was simmered. for- 10 min., cooled, and filtered 
cake was waehed thoroughly with anhydr:)us Y 
dried a t  0.1 mm. and 60' over phosphorus pen I 

was dried zn, vacuo: 5.03 g. (99%; ,yield), n p .  - 

Miaroanalyticai .Laboratory, Oxford, P:,agianC. 
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(colorless melt), not depressed upon admixture with authen- 
tic sodium acetate (m.p. 328-330"). 

B. Recovery of diethyl sodio-oximinomatonate (acid salt) 
(V). The dichloromethane filtrate and wash from the sodium 
acetate (section A )  was concentrated to dryness in vacuo. 
The residue (0.90 g.) was crystallized from 10 ml. of dichloro- 
methane by addition of 20 ml. of petroleum ether (b,p. 
30-60') to give 0.82 g. of cream-colored powder, m.p. 141' 
(dec.). Following recrystallization from dichloromethane- 
petroleum ether, faintly yellow rosettes of stout needles were 
obtained, m.p. 141' (dec.), not depressed upon admixture 
with authentic V (section E). 

Anal. Calcd. for ClnHllNzOlaNa: C, 42.00; H, 5.29; N, 
7.00: Na, 5.75. Found: C, 42.55; H, 4.88; N, 6.80; Na, 5.62. 

C. Recovery of diethyl oximinomalonate (111). The ether 
a t r a t e  and wash from the sodium acetate (section A) was 
washed successively with 50 ml. of 1N sodium bicarbonate 
and three 50-ml. portions of water, treated with charcoal, 
dried over anhydrous sodium sulfate, and filtered. The fil- 
trate was concentrated to dryness in vacuo a t  60' or less to  
give 34.00 g. (97% yield) of I11 as a pale yellow, thick oil. 
I11 was colorless when concentration was effected without 
external heating, but darkened to orange-brown if heated 
at, 100' in vacuo for 15 min. 

D. Reconstitution of addition compound I V  f rom oxime 111. 
To a solution of 33.30 g. (0.1760 mole) of I11 (section C) in 
200 ml. of dichloromethane was added 10.00 g. of anhy- 
drous sodium acetate. The mixture was simmered for 10 
min., cooled, and filtered. The filter cake was washed thor- 
oughly with dichloromethane and dried in vacuo a t  60" 
and 0.1 mm.; 5.08 g. of sodium acetate was recovered, m.p. 
328-330". The filtrate was concentrated to dryness in vacuo 
to give 37.97 g. of IV  as a yellow oil which crystallized on 
cooling. The weight of the combined sodium acetate, aver- 
aged from the weight increase sustained in converting I11 to 
I V  and from the weight of sodium acetate recovered, is 
4.80 g.; the calculated value for IV is 4.82 g. The residue was 
crystallized from dichloromethane-petroleum ether to give 
two crops of IV; 36.37 g., m.p. 87-88', and 0.89 g., m.p. 
85-86' (total yield 98y0). 

E. Diethyl sodio-oximinomalonate (acid salt) (V) j rom oxime 
111. To R solution of 18.57 g. (0.098 mole) of I11 (section C) 
in 100 mi, of absolut,e ethanol was added 98 ml. of 0.5N so- 
dium ethoxide in absolute ethanol. The yellow solution was 
Concentrated to dryness in vacuo. The residue was concen- 
trated to dryness with two successive 100-ml. volumes of 
dichloromethane, and then crystallized from dichlorometh- 
ane-petroleum ether (1:2) to give 18.95 g. (97% yield) of 
V, m.p. 143" (dec.). Faintly yellow rosettes of stout needles 
were obtained by recrystallization from the same solvent 
mixture, m.p. 141' (dec;). 

F .  Conversion of acid salt V to addition compound IV. To a 
solution of 6.01 9'. (0.015 mole) of V in 100 ml. of dichloro- 
methane was added 0.90 ml. (0.015 mole) of glacial acetic 
acid; the yellow color of V disappeared and sodium acetate 
precipitated. The mixture was treated with charcoal and 
Celite, and the filtrate was concentrated to dryness in vacuo. 
Tho residual oil was crystallized from dichloromethane- 
petroleum ether to give 6.05 g. (93% yield) of IV, m.p. 

Diethyl formamidomalonute (I). A solution of 90.94 g. 
(0.140 mole) of addition compound I V  in 600 ml. of 88% 
formic acid, initially a t  80", was stirred vigorously, and 80 g. 

87- 88". 

of zinc dust was added in small portions during 30 min. at 
such a rate that the temperature was maintained a t  95-103". 
The reaction was not easily controlled if carried out below 
95'. The mixture was filtered through a preheated sintered 
glass filter immediately after addition of the final portion of 
zinc, and the filter cake was washed thoroughly with boiling 
formic acid. The filtrate was concentrated in vacuo a t  70' or 
less until distillation of formic acid ceased. The residual oily 
crystals were shaken with a mixture of 300 ml. of dichloro- 
methane and 300 ml. of water containing 75 g. of sodium 
chloride; the aqueous phase was reextracted with three suc- 
cessive 50-ml. volumes of dichloromethane. The combined 
dichloromethane extracts were shaken with increasing in- 
crements (50-100 ml.) of 1N sodium bicarbonate until the 
pH of the bicarbonate phase was 7.0-7.2; 12-25 g. of so- 
dium chloride was then added and the bicarbonate phase 
was reextracted with three more 50-ml. volumes of dichloro- 
methane. The combined dichloromethane extracts were 
treated with charcoal, dried over anhydrous sodium sulfate, 
and concentrated in vacuo. The residual oil was dissolved 
in 250 ml. of anhydrous ether and petroleum ether (b.p. 
30-60') was added until the solution was faintly cloudy (100- 
125 ml.). Following refrigeration, 69.56 g. (82% yield) of I 
was recovered as long colorless needles, m.p. 51-53' (lit.21 
m.p. 50-52"). A second crop of 4.46 g. (5% yield), m.p. 
50-52", was obtained by concentrating the Gltrate and 
crystallizing the residual oil from ether-petroleum ether. I 
was also obtained as dense prismoids, m.p. 52-53', when an 
ether solution was shaken immediately after addition of 
petroleum ether. The melting point of each form was raised 
to 53-54' by recrystallization from ether-petroleum ether. 

Diethyl acetamidomulonate (11). A solution of 90.94 g. 
(0.140 mole) of addition compound IV in a mixture 
of 200 ml. of glacial acetic acid and 300 ml. of acetic anhy- 
dride, initially a t  80', was stirred vigorously, and 80 g. of 
zinc dust was added in small portions during 40 min. at 
such a rate that the temperature was maintained a t  110- 
115'. Tne reaction was not readily controlled if carried out 
below 110'. The mixture was filtered through a preheated 
sintered glass funnel, and the filter cake was washed thor- 
oughly with boiling acetic acid. The filtrate was concentrated 
in vacuo until distillation of acetic acid ceased. The crystal- 
line residues was treated with dichloromethane, sodium 
chloride solution, and sodium bicarbonate solution, and the 
combined dichloromethane extracts were treated with char- 
coal, dried, and concentrated in the manner described for I 
(preceding section). The residual solid was dissolved in 100 
ml. of boiling ethyl acetate and 400 ml. of hot cyclohexane 
was added. Following refrigeration, 89.00 g. (98% yield) of 
11 was recovered as Iarge colorless dendritic crystals, m.p. 
96-97', unchanged by recrystallization from ethyl acetate- 
cyclohexane (lit.e* m.p. 95-97'). A second crop of 1.71 g. 
(2% yield), m.p. 93-95', was obtained by concentrating the 
filtrate and crystallizing the residue from ethyl acetate- 
cyclohexane. 
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(38) The direct recovery of I1 by recrystallization of a 
similar residue from isopropyl alcohol has been reported in a 
recent patent." The presence of a substantial amount of zinc 
acetate in I1 prepared in this manner can be demonstrated 
by dissolving the material in dichloromethane or benzene. 


