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1. Introduction and Historical Background

In 1947, Lyttle and Weisblat' stated “the chemistry
of alkyl nitroacetates has been explored only in a
cursory fashion”. They added “these esters are
promising intermediates for a number of compounds
such as amino acids, nitroparaffins, amines, and
their derivatives”. The subsequent 32 years have
seen a tremendous progress in the development of
the chemistry of nitroacetates. In this review, the
types of reactions they undergo, with an emphasis on
their synthetic utility, various methods of prepara-
tion, and physical and spectral properties are sum-
marized.

Nitroacetic acid (1) and its derivatives have been the
subject of investigations by numerous synthetic
chemists, with their efforts being largely confined to
the methyl (2) and the ethyl (3) esters. The presence
of the active methylene group makes these esters
unique intermediates for the formation of carbon-
carbon bonds. Consequently, their reactivity often
parallels that of other compounds containing an ac-
tive methylene group. The nitro group of com-
pounds resulting from reaction of the methylene
group is readily convertible to the amino group. The
nitroacetic esters are, thus, valuable intermediates
for the synthesis of esters of 2-nitroalkanoic acids,
nitro alcohols, nitro amines, halonitro compounds,
di- and trinitro compounds, nitroacrylates, oxazolid-
ines, oxazoles, amino acids, amino alcohols, carbo-
hydrate derivatives, etc.

0;N=CH—COOR' 1R = H
2 R' = CHs
3 R' = CyHs

4 R' = CgHsCH2
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Ethyl nitroacetate (3) was first prepared in 1900
quite unintentionally®; nitration of ethyl 3,3-dime-
thylacrylate gave an a-nitro compound which de-
composed to 3 and acetone when treated with an al-
kali. Nine years later, the disodium and the dipotas-
sium salts of 1 were prepared’ by treating nitrome-
thane with aqueous alkali; careful acidification liber-
ated the acid 1, m.p. 87-89° (dec.). Many early at-
tempts to prepare the free acid had failed on account
of its tendency towards ready decarboxylation. In
1923, a general esterification method for 1 and its di-
potassium salt was reported®. Among the com-
pounds prepared were the ethyl, propyl, isopropyl,
isobutyl, and isopentyl esters. The ethyl ester (3) was
prepared, for example, from the free acid in 70%
yield using sulfuric acid as the catalyst, and from the
dipotassium salt in 39% yield with hydrogen chloride
serving as the catalyst. A detailed discussion of the
historical aspects can be found in Ref. .

2. Methods of Preparation’
2.1. Nitroacetic Esters

Methods for the preparation of nitroacetic acid esters
and salts are sumumarized in Schemes A and B.

An improvement® to the earlier method* requires
reaction of nitromethane with 50% aqueous potas-
sium hydroxide (Scheme A). The dipotassium salt of
1, obtained in 56% yield, is acidified with sulfuric
acid and esterified with methanol or ethanol in the
presence of anhydrous sodium sulfate at --55° /26 h.
Subsequent standing at 25°/6 days, work up, and
distillation gives the methyl or the ethyl ester in 60%
yield. Nitromethane is reported’ to condense with it-
self to produce methazonic acid (10), followed by de-

© 1979 Georg Thieme Publishers
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Scheme A methyl ester are 71-77% in the first step and 60-66%
in the second step. The benzyl ester (4) can be ob-
tained in 35-50% yield"' and 67-75% yield'>.
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Scheme B (Compounds 1, 10, and 11 exist as potas-
sium salts)

hydration to nitroacetonitrile (11), and hydrolysis
(Scheme B). Another procedure®, utilizing an in-
creased concentration of the alkali, produces a 79-
88% yield of the salt. Acidification and esterification
are carried out at —15°/1 h followed by stirring at
25°/8 h. This highly recommended procedure® gives
a 66-70% yield of methyl nitroacetate (2) in the es-
terification step. The ethyl, 1-propyl, and 2-propyl
esters can be obtained in this fashion as well®, A sim-
ilar method ' utilizes potassium hydroxide in 1-buta-
nol. Recrystallization of the resultant salt is neces-
sary prior to esterification. The yields leading to the

Benzyl Nitroacetate (4)'":

Benzyl alcohol (780 ml) is saturated with dry hydrogen chloride at
0° and to the resultant colourless solution is added, in portions.
finely powdered dipotassium nitroacetate (275 g). During the addi-
tion, hydrogen chloride is passed into the well-stirred mixture
whilst the temperature is allowed to rise to 10°. At this point. when
the reaction mixture still contains hydrogen chloride (160 g), the
gas supply is stopped and the reaction mixture is stirred for 4 h at
10, After stirring for 18 h at 0° an equal volume of dichlorome-
thane is added and the mixture is filtered. The filtrate is then
washed acid-free with water (8 x 200 ml). The solvents are then re-
moved from the filtrate by distillation from a steam bath at re-
duced pressure. The residue (250 g) is distilled to give benzyl ni-
troacetate: yield: 200-220 g (67-75% based on the dipotassium salt
used as starting material); b.p. 120-125°/0.1 torr; m.p. 31°,

An earlier method" and a modification'* thereof
form the basis for a one-step procedure'® involving
nitration of alkyl (methyl, ethyl, isopropyl, and cy-
clohexyl) acetoacetates. For example, 3 can be pre-
pared in 94% yield when ethyl acetoacetate is ni-
trated by 70% (or 99%) nitric acid in acetic anhy-
dride in the presence of sulfuric acid. The resultant
ethyl a-nitroacetoacetate (6) is then decomposed by
ethanol in this patented process'® (Scheme A).
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A somewhat related process'” involves the prepara-
tion of ethyl a-isonitrosoacetoacetate (7) in 80%
yield. Oxidation by chromic acid and hydrolysis
gives 3 in 61% yield. Manganese dioxide'® and per-
oxytrifluoroacetic acid'® oxidation gives 30% and
40% yields of 3, respectively (Scheme A).

The general procedures developed for the synthesis
of a-nitroalkanoic esters are applicable to the syn-
thesis of nitroacetic esters as well (Scheme A). The
Kornblum procedure?” leads to 3 in 77% yield when
ethyl iodoacetate is allowed to react with silver ni-
trite. Nitration of diethyl malonate by acetone cya-
nohydrin nitrate followed by alkaline cleavage con-
stitutes another method?' for the synthesis of 3 in
42% yield. The same process from ethyl acetoacetate
gives a 52% yield. Carboxylation of nitromethane in
the presence of magnesium methyl carbonate fol-
lowed by esterification leads to 2 in 58% yield*>*.
Nitration of t-butyl acetate with alkyl nitrates in the
presence of potassium amide®* results in the forma-
tion of t-butyl nitroacetate in 18% vield (Scheme
A).

2.2. Nitroacetic Acid

The classical® method consists of suspending the salt
in ether and freeing the acid by treatment with hy-
drogen chloride with cooling. Use of hydrochloric
acid at —5¢ produces the acid in 20-36% yield*.
The use of tartaric acid in the acidification step re-
sults in a yield of 70-79%%. In this way, quantities of
up to 17 g with good purity can be obtained. Further
purification is achieved by crystallization from chlo-
roform or by sublimation at 68-70°/0.1 torr.

Nitroacetic Acid (1)**:

To dipotassium nitroacetate (39.8 g, 1 mol) in water (100 ml) is ad-
ded a cold solution of tartaric acid (66 g, 2 mol) in water (100 ml) at
—10° to ~8° (ethanol/Dry Ice bath) within ~ 20 min to give a fi-
nal pH of 2. The mixture is filtered, the filtrate saturated with sodi-
um chloride, and extracted with ether (6 x 80 ml; AnalaR). all at
0°. The dried (Na,50,) extracts are evaporated at 5-10° in vacuo

SYNTHESIS

1o give a yellow oil which is dissolved in chloroform (30 ml), evap-
orated, and the process repeated. The crystalline product is thor-
oughly dried at 0°/0.Z torr for 6-7 h; yield: 16-18 g (70-78%); m.p.
86-88° (slow effervescence). The m.p. could be much lower if tem-
peratures during the reaction were allowed to rise above 10°.

3. Physical and Spectral Properties

The physical and spectral properties of nitroacetic
acid and the more {requently used esters are sum-
marized in Table 1. When crystallized from hot chlo-
roform or benzene, nitroacetic acid forms® long nee-
dles melting at £7-89° with decomposition. It dis-
solves readily in water (with a slow decomposition),
ethanol, and ether. lonization constants of 1*? and
the X-ray crystallographic structure of the dipotas-
sium salt 5* have been studied.

For detailed discussions of the LR. spectra see
Refs. 7-2% The pK, of 3 has been reported as 5.82%°
and 5.62%, compared to pK, of 13.3 and 10.79 for
diethyl malonate and ethyl acetoacetate, respective-

ly.

4. Chemical Reactivity
4.1. Nitroacetic Esters
4.1.1. Reduction

Esters of glycine are produced upon reduction of the
nitro group. As a structural proof, ethyl nitroacetate
(3) was converted® to glycine by the action of sodium
amalgam. This iransformation was also achieved
through catalytic hydrogenation?' 2.

4.1.2. Alkylation

Alkylation reactions of esters of nitroacetic acid are
summarized in Schemes C and D.

Table 1. Physical and Spectral Properties of Nitroacetic Acid and its Esters

Com- R in m.p. or LR. 'H-N.M.R. (CDCl;) U.V. (solvent) M.S. Ref.
pound O,N--CH;--  b.p./torr viem Y] 3 {ppm] Amax [PM] () m/e (rel. int.)
COOR
1 H 87-89° (dec.) 1735, 1565; 5.20 (4 molar HCl): 274 108 (1.3), 107 3,22.25
1390 (29.8) (1.25), 106 (0.2),
(0.12 molar 105 (0.3), 64 (10},
NaOH): 275 63 (14), 62 (8), 61
(11000) (4.1), 44 (100)
2 CH,* 80-82°/8, 1776: 1760 3.83 (s, 3H); - 8
111-113°/25 5.20 (s, 2H)
3 CHs" 70°/1.5 1760; 1567 1.28 (1, 3H); 4.25 - - 6, 15
(g, 2H): 5.20 (s, 2H)
4 C.H;CH, 120-125°/1;  ~ - - 12
m.p. 37°

« ni 1.4260.
b nd: 1.4252.
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Alkylation with Alkyl Halides: C-Alkylation of the
silver salt of 3 with methyl iodide produced ethyl 2-
nitropropanoate in 28% yield*. The sodium salt was
alkylated* with allyl bromide and crotyl chloride to
produce ethyl 2-nitro-4-pentenoate (10-17% yield)
and ethyl 2-nitro-4-hexenoate (10% yield), respec-
tively. The C- and O-alkylations of the sodium salt
of 2 in aprotic dipolar solvents, e.g. dimethylacetam-
ide, were studied****, A number of intermediates
(12) for the synthesis of a-amino acids were pro-
duced via C-alkylation with substituted alkyl hal-
ides, with yields ranging from 11 to 88% (Scheme C).
This alkylation failed in protic solvents, however.
Later, it was reported that use of n-alkyl iodides, in
addition to C-alkylated products 13, gave O-alky-
lated products which were isolated as isoxazoline N-
oxides 14 in 32-43% yields®*. This study was ex-
tended*’ to p-substituted benzyl halides to produce
3-phenyl-2-hydroxyiminopropanoates 15 (10-17%
yields) and 3-phenyl-2-nitropropanoates 16 (20-37%
yields). C-Alkylation of 3 was also achieved™® in the

presence of triethylamine to produce a 9-17% yield
of the ethyl ester corresponding to 13 (R?=lower al-
kyl or phenyl).

Alkylation with Amines: C-Alkylation of 3 by gram-
ine, in refluxing xylene with no additional base pres-
ent was reported' to produce ethyl 2-nitro-3-(3-indo-
lyl)-propanoate (17) in 90% yield. These reactants in
the presence of sodium hydroxide led, however, to
the bis-alkylated product 18. The identical product
18 was isolated™ by reacting 3 with gramine me-
thiodide in the presence of sodium ethoxide in etha-
nol. This bis-alkylation was blocked effectively by
substituting diethyl nitromalonate for 3 in the reac-
tion involving gramine*’. Stirring of 3 with gramine
resulted in precipitation of the corresponding salt*'.
A quantitative yield of 17 was realized when the salt
was heated under reflux in toluene. The reaction of 3

with diethylaminomethylantipyrine failed to give

any C-alkylated product®?. Reaction of the methiod-
ide, however, led** to the desired product 19
(Scheme D).
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C-Alkylation readily took place on reaction with
Mannich bases***#*, Thus, the reaction of 3 at 0°
with 1-dimethylamino-3-phenyl-2-propanone and 2-
diethylaminomethylcyclohexanone led to the corre-
sponding C-alkylated products 20 and 21, respective-
ly, isolated as dialkylammonium salts (Scheme D).
Reaction with bis[diethylamino]methane gave*® di-
ethyl 2,3-dinitroglutarate diethylammonium salt
(22). Attempts to condense benzyl nitroacetate (4)
with  3-diethylamino-3-hydroxyindol-2-one  pro-
duced dibenzyl 2.4-dinitroglutarate in 8% yield''; a
mechanism was proposed.

Alkylation with Alcohols: Heating of 3 with trityl al-
cohol in the presence of trichloroacetic acid resulted
in the formation of ethyl 3,3,3-triphenyl-2-nitropro-
panoate (23)* in 41% yield (Scheme D). Acetic or
sulfuric acids were not effective as catalysts in this
reaction. Reaction of trityl chloride in the presence
of triethylamine gave C- and O-bis-alkylated prod-
ucts. C-Alkylations with other aryl carbinols, e.g.
xanthydrol, were also reported*”**.

Alkylations with Diazomethane: Interaction of 3 with
diazomethane led to O-alkylated products, i.e. the
corresponding methyl ester of nitronic acid'. The
products* derived from 2 were shown to consist of
(E)- and (Z)-isomers 24 and 25 in the ratio of 2:3
(Scheme D).

4.1.3. Reaction with Aldehydes, Ketones, and Imino Com-
pounds

Syntheses of amino acids, dinitroglutaric esters, isox-
azoles, etc. were effected via condensation of nitro-
acetic esters with aldehydes, ketones, and Schiff
bases. Three types of reaction products with alde-
hydes were isolated depending upon the reaction
conditions: (a) the Henry addition leading to a-ni-
tro-B-hydroxy esters 26, (b) dehydration of these ad-
dition products leading to a-nitroacrylates 27, and
(c) the Michael addition of 3 to 27 producing 2,4-
dinitroglutarates 28 (Scheme E). These reactions
have been extensively studied and were briefly re-
viewed?’. For example, condensation of 2-methyl-
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Scheme E

propanal with 3 in the presence of piperidine gave
rise to ethyl 2-nitro-3-hydroxy-4-methylpentanoate
in 46% yield*. Several a-nitro-B-hydroxy ester di-
ethylammonium salts 26 were prepared from ali-
phatic as well as from aromatic aldehydes, 3, and
diethylamine’'. These salts were observed to be un-
stable, changing to the corresponding dinitrogluta-
rates 28. Substitution of ethylamine (one equivalent)
for diethylamine in the reaction led to a-nitro-g-
ethylamino esters 29. Reaction of aromatic alde-
hydes, ammonijum acetate (or acetamide), and 3 in
acetic anhydride give rise to 2-nitro-3-acetylamino-
3-arylpropanoates 30 in good yields®2.

Sodium acetate was used**> to prepare a-nitro-B-
hydroxy esters from several aromatic aldehydes. The
Knoevenagel condensation of 3 with aromatic and
aliphatic aldehydes, in the presence of titanium(IV)

¢

d 0@— 49
NO,

. O

chloride and pyridine, gave the corresponding a-ni-
troacrylates 27 in 40-45% yields (Scheme E). This
reaction, also applicable to ethyl acetoacetate, was
studied®. As mentioned earlier, the Michael addi-
tion®"** of a second equivalent of 3 led to dinitroglu-
tarates 28. Their preparation could be carried out,
however, in one step (Table 2). For example, at room
temperature, mixing one equivalent of butanal with
2 equivalents of 3 and 1 equivalent of diethylamine,
led to diethyl 2,4-dinitro-3-propylglutarate diethyl-
ammonium salt (28, R'=n-propyl) in 95% yield*'.

Treatment of 28 with an excess of diethylamine con-
verted* these compounds to corresponding isoxazol-
ines oxide 31, which in turn were converted to corre-
sponding isoxazoles 32 in the presence of an acid®’.
These isoxazoles, however, could be prepared in one
step in 26-68% yicld by reacting 1 mol equivalent of
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Table 2. Diethylammonium Salts of Diethyl 2,4-dinitroglutarates addition of 3 with fluorinated ketones and aldehydes

28 (Scheme E) was also reported*® .
R' Yield [%] Ref.] R Yield [%] Ref. A wide variety of Schiff bases was allowed to react
of 28 of 28 with 3 and diethylamine®’. The resultant unstable
o adducts 34 underwent facile conversion to the corre-
ot o 6 : @_ o6 6 sponding dinitroglutarate diethylammonium salts 28
T (Scheme F). As in the case of aldehydes, treatment of
Schiff bases with 3 and an excess of n-butylamine
i~CshH - 51 |0 N—-< :)— 80 56 . .
S ‘ produced™*' the corresponding isoxazoles 32 in
ol one-step with the yields ranging from 11% to 66%.
@— 88 56 @- 97 56 Several ethyl e-nitrocinnamates (27, R=aryl) were
prepared®? by treating Schiff bases with 3 at 90° in
Haco—(C\>_ 89 56 c1—©— 62 56 the presence of acetic anhydride and assigned (E)-
oH and (Z)-configurations®® (Table 4).
N
@- 98 s6 | (N 82 56
NO; o 4.1.4. Michael Addition
@‘ 68 s6 (/] 83 56 The esters readily undergo addition to nitroolefins

and to o B-unsaturated aldehydes, ketones, esters,
and nitriles (Scheme G). For example, reaction® of 3
: s, with acrolein, methacrolein, and crotonaldehyde in
ence of 6 m f;‘ egulvalents of n-butylamine in reflux- ¢, presence of sodium ethoxide produced 35. Potas-
ing ethanol™ (Table 3). sium hydroxide®*:%, benzyltrimethylammonium hy-
Reaction®” of cyclohexanone with 3 resulted in for- droxide®”7?, trimethylanilinium  benzenesulfon-
mation of 33 in 65% yield (Scheme F). The Henry  ate®*®, and diethylamine®"-*"-7%7" served as effective

an aldehyde with 2 mol equivalents of 3 in the pres-
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Table 3. 4-Substituted  3,5-Bis-{n-butylaminocarbonyl}-1.2-oxa-
zoles 32 (R?, R* = n-C,H,NH)™

R' Yield [%] Utilizing
Aldehyde Schiff
Base
H5C 24 n’
n-CaHy 23 29
CH,

H3C\ f

C=CH—CHy—CH;—CH~CH, - 20
ch/

ey p o

36 57

KREETELL g_ =
W

addition catalysts as well. Reaction of ethyl nitroace-
tate with potassium fluoride formed the double salt
38 which added readily to acrylonitrile and chalcone
leading to ethyl 4-cyano-2-nitrobutanoate (37) and
ethyl 4-benzoyl-3-phenyl-3-nitrobutanoate (39), re-
spectively”. Fluorides of rubidium and cesium cata-
lyzed the addition with good yields also. Diethyl-
amine was used in the addition of 3 to acrylonitrile,
chalcone (product 39), 2-(2-furyl)-1-nitroethylene, 2-
phenyl-1-nitroethylene, benzalacetone (product 40),
and ethyl cinnamate, with the isolation of products
as diethylammonium salts in yields ranging from
54% to 97%°"%7,

A double addition of 2 to dimethyl 7-0x0-7H-benzo-
cycloheptene-6,8-dicarboxylate, catalyzed by sodium
methoxide, leading to 41 was reported’. The addi-
tion to nitroacrylates (the Knoevenagel products)
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Table 4. Ethyl a-Nitrocinnamates 27 (Scheme F)

R Yield [%] Reference

©. 78 55

H;CO‘@" 85 55
cn@— 64 55
S\O/Z 95 55

s
Cr 88 55
i-C3Hy 58 55
£-CoHg 40 55
AcO
Aco@ ~° 104
0
¢
0@ -2 104
Hye =/ N 7% 63

70 63
74 63

4 Methyl ester.

was discussed earlier. The reaction of 1,4-bis[2-nitro-
vinyl]benzene with 3 gave 42 in the presence of tri-
ethylamine’. Likewise, addition to 1-nitro-1,4-buta-
diene led’® to the 1,4-addition product 43, and addi-
tion to diethyl ethenephosphonate led”” to 44 in 45%
yield (Scheme H).

4.1.5. Alkoxymethylenation

Nitroacetic esters readily form the corresponding al-
koxymethylene compounds when heated with alkyl
orthoformates in the presence of acetic anhy-
dride”™””. Thus, methyl 2-nitro-3-ethoxyacrylate (45,
R?=C,H;) was prepared” in 66% yield (Scheme I).
The alkoxy group was readily displaced by am-
ines*>*"-*2. Some of the resulting enamines 46 were
intermediates for the synthesis of heterocyclic com-
pounds. Arylenamines 46 (R*=substituted and un-
substituted phenyl) were synthesized in one step by
heating 3 with triethyl orthoformate and aniline der-
ivatives* (Table 5). Condensation of ketene diethyl-
acetal at 100° with 2 gave methyl a-nitro-B-ethoxy-
crotonate (47) in 68% yield®. Compound 47 was
converted to a-nitroacetoacetate 6 in 65% yield
(Scheme I). Refluxing of 3 in triphenyl orthoben-
zoate leading to 45 (R°>=C4Hs) was also reported®.
This reaction failed to occur in the presence of acetic
anhydride.
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2 _rH=, R 2 3
Ri-CH=Co CaMsooc, § R
CH=CH~CH=CHO
02N
35RR3:H
RZ=CH;, R® = H
RZ = H, R? = CH3
HaC=CH-R? C2Hs00C
> ,CH=CHy~CH,—R?
02N
36 RrR? = COOCHs
0sN=CHy—COOR'  — 37 RrR2:=CN
2 R' = CHy or H,C=CH-R?
3R = CHe (R2 = CN)
C2Hs00C CeHs—CH=CH-C—CgHs  C2H500C
i > SCHK * KHFp — LR
O2N 02N
38
CeH— CH=CH—L—CH / 0
gHs —LH=CR—L—=CH, CgH
{C;Hs)oNH CHs0OC  1°°° ®
> ,/C-CH—CHz—C—CHg {CaHglNH,
eOzN
40
Scheme G
COOCH;
0 /Naocu, H3CO0C_ NO,
COOCH; O b COOCH;
OH
COOCH;
41
(H=CH-NO; ON=CH-=CO0CHs
/(CszlzNH CH—CH,—NO,
1 CH=CH—NO;
0;N—=CH,—COOR —>
2R' = CH; or (IZH-CHZ—NOZ
3 R' = CoHs 0,N—CH=CO0C;Hs
42
= - C,Hs00C HOOC
C=CH—CH=CH—NO 2Hs
i i “CH—CH;—CH=CH~-CHz~NO, —> —>
02N H2N
43
8,0c.H
_ sv2Ms 0
HZC_(”'{'_P\O(;Z|,.|5 CszOOC\ II/OCZHS
—> /CH-CHZ—CHQ—P\
02N 0OC3Hs
44

Scheme H
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(II6H5 0

S CH-CH~CH,~C~CeHs

39

“CH—(CHg),—NH,

lysine
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' OCH
2 s =c/ ¥ RZMgX NH
[R20)5CR H2C C\OC;HS g 3
100°
2
R'00C, HiCOOC,  CHs § ¥ CoHs0OC, o  COHSOOC,
C=C-0R? c=C RZ—C~C—OH or H,C—C—OH JCH NH{ JCH K
oN | 0N 0C,Hs » bl ©0,N” ©0,N7
RS HO-N R N_R
HO R?
45 R? = CHg, Csz, CeHs 47 48 R? = CHg, C2H5, 49 R? = CaHs, 51 56
RS = H, CeHs i-C3Hy i-CaHg
R 1. KOH H250, v
lR"NH lz. HCt lmz = CoHs) NHs, Xz
1 3 0 CaHg
rR'ooC, SR® H,C00C i | CH500C HaN—CQ CeHs00C,
JC=CH-N{ JCH=C=CHy  CoHg=C=C—OH JCH—F  JCH NH,® JCH=X
02N R 02N 0 CoHs 02N 0,N 02N
46 6 50 52 54 57 x=c
58 x:=8r
lH,co lNaOBr
CzH500C\C CHz—OH Br—NH-—CQCH_Br
o,N” O 0,N”
53 55
leo
0;2N—CHBr,
Scheme 1
Table 5. Ethyl 3-Arylamino-2-nitroacrylates 46 (R' = C,H:) (Sche- Table 5. Continued
me I)
R’ R* Yield (%] Reference R? R* Yield [%] Reference
H HO-@— 44 80 H HOOC—@ 66 80
H H3C0—©— 66 80 H ch—co—@ 93 80
H Q 80 80 H om—@— 90 80
H3CO
HsC @— 40 80
H 64 80
OCH, H Q— 81 82
NO
H ch—©— 7 80 ’
H @- 62 82
H
@- 84 80 .
H3C
H Q 58 82
H
68 80 o
CH,
H Q 55 82
H @- 76 80
H a:—@- 94 80
A . -
H Cl—@— 83 80 & )
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4.1.6. Reaction with Grignard Reagents

The reactions of 3 with methyl-, ethyl-, isopropyl-,
and phenylmagnesium halides were studied®. The
major products isolated were oximes 48 along with
small amounts of hydroxylamines 49 (Scheme I).
Compound 48 (R?=C,Hs) was hydrolyzed to the
keto alcohol 50. Reaction of 3 with phenylmagne-
sium bromide yielded benzophenone and triphenyl-
carbinol.

4.1.7. Halogenation

Fluorination of the ammonium salt of 3 (51) with
fluorine and nitrogen (1:30) in water at 5° gave rise
to ethyl fluoronitroacetate (52)* (Scheme I). Addi-
tion of formaldehyde to 52 gave the nitro alcohol 53.
Bromination®” of the nitroacetamide ammonium salt
54, obtained in 70% yield by heating 51 in ammonia,
gave N,a-dibromonitroacetamide (55) in 55% yield.
Dibromonitromethane resulted in 61% yield when 55
was heated in water. Compounds 57 and 58 were
produced when the potassium salt of phenyl nitro-
acetate (56) was halogenated®®. The apparent ioniza-
tion constants of ethyl fluoro- and chloronitroace-
tates in water were studied™.

4.1.8. Reaction with Amines

Reaction of alkyl nitroacetates with amines, in gen-
eral, leads to the corresponding amine salts, which
are converted to amine salts of the corresponding
amides upon heating. The amines used in the reac-
tion were ammonia®®, piperidine®’’, and hydra-

OzN-CHz-COOCZHS
3

Ar—=N=C=0/
K2C0,

\LHZN—NHZ

]
0aN—CH;—C—NH=NH;
59 NO,

Tl
Ar-NH—C-(l:H—COOCZHs

vield [%
\LHNO; 61/ Ar ie []
a @— 3
02N=CHy—=N=C:=0
c Q— 55
cl
d Q 32
CH3
e OZN—©— 12

Scheme J

SYNTHESIS

zine®?, The Curtius reaction®? of nitroacetyl hydra-
zide (59) gave nitromethyl isocyanate (60) via nitro-
acetazide (Scheme J).

4.1.9. Addition Reaction

The reaction® of the sodium salt of 3 with aryl iso-
cyanates gave the corresponding N-aryl-a-ethoxy-
carbonyl-a-nitroacetamides 61 in the yields varying
from 12% to 55% (Scheme J).

4.2. Nitroacetic Acid

As mentioned earlier, 1 undergoes ready decarbo-
xylation which is complete in 5 minutes at 33° in di-
methyl sulfoxide®. It is relatively stable in ethanol,
ether, or chloroform, in contrast with its behavior in
water. Nitroacetic acid (1) was used? to add the ele-
ments of nitromethane to aromatic aldehydes and
enamines. The reaction with aldehydes proceeded
neat at 65-90° and led to corresponding trans-3-ni-
trostyrenes 62 with occasional formation of nitro al-
cohols. This method of synthesizing nitrostyrenes
was more satisfactory than the standard method in-
volving nitromethane and a base. At considerably
lower temperatures, reactions of enamines and 1 led
10 nitroamine adducts or to nitroolefins (Scheme K).
For example, reaction of 1 with 2-methyl-1-mor-
pholinoprop-1-ene led to a quantitative yicld of 63,

Ar—CHO "'\C_C,Af
- C0,; OzN/ - “H
62

MGy /M ,CHs
TP U OgN-—CHg-?H—Cti
—_—>

-¢0, [,Nj CHy

~0

63

/\
0%

0aN=CHz=COOH —~——F—> 0aN—CHz< )

-0,
1 64
(Ic:ooczns " \
MH, C-'EECOOLZHS
- €0, NH;
CH2—NO,
65
‘NH
H
- Coz C 2 N’E
OoN-—- CH,
66
Scheme K
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while reaction with 1-morpholinocyclohex-1-ene led
to nitroolefin 64. The same investigators”* re-
ported a stereospecific cis-addition of the elements of
nitromethane in a similar fashion to ethyl 3.4,5,6-te-
trahydroanthranilate and to 3,4,5,6,7,8-hexahydro-
quinazolin-2(1 H)-one giving rise to 65 and 66, re-
spectively (Scheme K).

The magnesium salt of nitroacetic acid (9) was alky-
lated* with gramine methiodide to give 3-(2-nitro-
ethyl)-indole (67) in 99% yield. The Michael addi-
tion of 9 with acrolein and methyl acrylate followed
by esterification gave methyl 2-nitro-4-formylbutan-
oate (68) and dimethyl «-nitroglutarate (69), re-
spectively®. Treatment®” of the monopotassium salt
of 1 in water with chlorine gave rise to dichloroni-
tromethane in low yield. Fluorination of the mono-
sodium salt of 1, followed by esterification, gave
ethyl fluoronitroacetate and ethyl difluornitroace-
tate” (Scheme L).

SCH=CH=CHz=COOCH; —> =>
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to water (150 ml) and extracted with benzene. The extract is sub-
jected to fractional distillation under reduced pressure to give the
title compound; yield: 0.63 g (23%).

Method B: 1.03 Normal sodium methoxide solution in methanol
(22.8 ml) is added to a solution of methyl nitroacetate (3.1 g, 26.01
mmol) and methyl bromoacetate (4.0 g, 26.1 mmol) in dimethyl-
acetamide (100 ml). The reaction mixture is then treated in a man-
ner similar to that described above to give a yellow syrup. After
distillation, compound 12 is obtained; yield: 3.3 g (66%).

Tryptophan' and tryptamine® were synthesized via
C-alkylation of gramine (Scheme C). Hydrolysis fol-
lowed by decarboxylation of product 17 resulted in
an 83% yield of 3-(2-nitroethyl)-indole, which was
reduced in 82% yield to tryptamine, isolated as hy-
drochloride®. Similarly, reduction of 17 followed by
hydrolysis gave tryptophan in 50% yield. The Mi-
chael addition product 35 (R?=R?>=H) (Scheme G)
was acetalized, hydrogenated over Raney nickel, hy-
drolyzed, and hydrogenated over platinum to pro-
duce proline® (Table 6). The Michael addition com-

HOOC
/CH—CHg—CHz—COOH
HaN

glutamic acid

&
CHy;—NI(CH3 )3
N\ © CH,—CH,—NO,
A Q
- 0, N
H
67
0
g
HC” 08 H,C=CH—CHO H3C00C
TR 2 SCH=CHy=CHy—CHO
OzN\o,e»’MQ 02N
68
9
H2C=CH—COOCH; H3C00C
O2N
69
Scheme L

5. Synthetic Utility
5.1. Amino Acids

The esters of nitroacetic acid are extremely valuable
intermediates for the synthesis of numerous amino
acids and related compounds (Table 6). The conver-
sion of the nitro group leading to esters of glycine
was described in Section 4.1.1. The extensive studies
on C-alkylation®® made a large contribution to the
development of synthetic routes to several of the am-
ino acids. Treatment of the sodium salt of 2 with al-
kyl halides led to 12 (Scheme C). Raney nickel hy-
drogenation, followed by acid hydrolysis led to the
formation of the hydrochloride salts of the amino
acids listed in Table 6.

Dimethyl a-Nitrosuccinate (12, R?=CH,COOCH,)**:

Method A: The sodium salt of methyl nitroacetate (20 g, 142
mmol) is added to a solution of methyl bromoacetate (2.17 g. 14.2
mmol) in dimethylacetamide (50 ml). This suspension is stirred
overnight at room temperature. The reaction mixture is then added

pound 43 (Scheme H) was hydrogenated and hydro-
lyzed to produce lysine’®. Phenylalanine was synthe-
sized via electrochemical reduction of methyl a-ni-
trocinnamate'%,

The Henry addition of 3 with 2-methylpropanal fol-
lowed by dehydration gave ethyl a-nitro-g-isopro-
pylacrylate which was hydrogenated over platinum
to give the ethyl ester of leucine'®'. Threonine was
synthesized via the Henry addition of acetalde-
hyde'”. Reaction of 3 with glutaraldehyde and o-
phthalaldehyde in the presence of sodium acetate at
10° in ethanol gave the corresponding nitrodiols
which were hydrogenated over Raney nickel to pro-
duce 2-ethoxycarbonyl-2-aminocyclohexane-1,3-diol
and 2-ethoxycarbonyl-2-aminoindan-1,3-diol, re-
spectively'® (Table 6).

5.2. Nitro Compounds

As apparent from Section 4, nitroacetic acid (1) and
its esters are intermediates for a wide variety of nitro
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Table 6. Amino Acids and Derivative Using Nitroacetates
Type of reaction Reactants used Yield [%] Amino Acid Ref.
of first step (nitroacetate/other reactant) of first step prepared
reduction 3°7H, 92 H,N—CH,~COOR® 3
C-alkylation 2 /Br—CH,—CO0CH; 66 HOOC—?H—CHZ—COOH° 35
NH;
2%8r—CH;—CH,—COOCH; 88 HOOC—CH~—CH—CH,~COOH® 35
NH,
2% )=CH;, 74 H3C~<l:H—C00H° 35
NH,
2%/)=CyHq-i 20 i~C3Hq—CH—COOH® 35
|
NH2
2 /Br—~CH;—CeHs 50 CsHs—CHz—(llH—COOH: 35
NH;
0
2d/i: || N—CH;—CH,—J " HzN—(CHz)Z—(fH—COOH° 35
o NH,
0
2d/@l—(CHz)a—J 29 HZN—(CH2)3~CIH—COOH° 35
o) NH2
0
2e/@“-(CHzM-J 12 HaN~=(CH ), CH— COOH' 35
o) NH2
CHy—NICH3); CHy = CH—COOH
3/ 90 QN:N\S NH, 1
N H
CH—NI(CH3), CH,—CHp—NH; ©
z Z TN 99
3/ N\ 90 < )
H H
H
Michael 2 /H,C=CH—CHO 85 C‘_‘rCOOH 69
addition
3 /H,C=CH~CH=CH-NO, - HaN~(CHzl;—CH—COOH" 76
NH2
9 /H,C=CH—COOCH, _ HOOC—ClH-CH;—CHz—COOH 96
NH,
Henry 3/H3C—CHO - H3(:—(l:H—(‘:H-COOH' 102
addition OH NH,
3/i-C3H;—CHO - i-C3H7—CH2-(|2H—COOHg 101
NH;
OH
CHy—CHO COOCHs
3/hH,c 40 <: 103
IR o NH,
OH
CHO d
COOC,H
3/ @ 7 (::1 (R 103
CHO NH2
OH

T

-~ & & =

oz

Ethylammonium salt used.

Isolated as ethyl ester, hydrochloride salt.
Isolated as hydrochloride salt.

Sodium salt used.
Silver salt used.
Isolated as ethyl ester, oxalate salt.
Isolated as ethyl ester.
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compounds which include dialkyl 2,4-dinitrogluta-
rates, a-nitroacrylates, a-nitrocinnamates, nitro al-
cohols, nitro amines, nitro olefins, nitrohalo com-
pounds, etc. Diethyl 2,4-dinitroglutarates, in general,
were prepared by reacting 1 mol equivalent of an al-
dehyde, 2 mol equivalents of 3, and 3 mol equival-
ents of diethylamine in ethanol or in ligroin at room
temperature. The products listed in Table 2 were iso-
lated as crystalline diethylammonium salts’'-°.

Diethyl 2,4-Dinitro-3-n-propyl-1,5-pentancdioate Diethylammonium
Salt (28, R' =n-C;H,)*":

Butanal (0.7 g, 10 mmol) in petroleum ether is treated with ethyl
nitroacetate (2.6 g, 20 mmol) and, after cooling in an ice/water
bath, dicthylamine (0.8 g, 11 mmol) is added. The reaction mixture
is allowed to stand at room temperature for 12 h. The precipitated
diethylammonium salt of the ester is filtered under suction and re-
crystallized from ethanol; yield: 3.7 g (95%); m.p. 104-105°.

Ethyl a-nitroacrylates were synthesized®® by reaction
of aldehydes with 3 in tetrahydrofuran in the pres-
ence of titanium(IV) chloride and a tertiary amine
(Table 4).

Ethyl 3-Substituted 2-Nitropropenoates (27):

Titanium(1V) chloride (11 ml, 0.1 mol) in anhydrous tetrachloro-
methane (25 ml) is added under strict exclusion of moisture to well-
stirred cooled (~0°) anhydrous tetrahydrofuran (200 ml). A vel-
low, flaky precipitate forms. The aldehyde and ethyl nitroacetate
(0.05 mol each) are then added neat or as tetrahydrofuran solutions
(25 ml). Anhydrous pyridine (16 ml, 0.2 mol) or N-methylmorphol-
ine (22 ml, 0.2 mol) in anhydrous tetrahydrofuran ( ~ 30 ml) is then
added dropwise during 1 to 2 h to the well-stirred, cooled (0°) mix-
ture. If the base is added too quickly an oily precipitate may form.
The resultant mixture is then stirred at 0° or allowed to warm to
room temperature. After 7-24 h, water (50 ml) and diethyl ether
(50 ml) are added. The aqueous layer is extracted with ether (2 x 50
ml), the combined ether extracts are washed with saturated sodium
hydroxide solution (50 ml), and the organic phase is dried with
magnesium sulfate. The solvent is then removed at 30° under water
pump vacuum. The product is purified by distillation through a
suitable column or recrystallized; yield: 40-95% (determined by
G.L.C).

A mixture of the E- and Z-isomers of methyl a-ni-
trocinnamates was synthesized'*™ from aldehyde an-
ils and 2 in acetic anhydride in yields ranging from
85% to 97%.

Methyl a-Nitrocinnamate '

A mixture of N-benzylideneaniline (69.5 g), methyl nitroacetate (40
g). and acetic anhydride (72 ml) is heated at 40° for 4 h. Then the
mixture is poured into hot (80°) water (2000 ml), and the resultant
mixture is carefully stirred. The aqueous layer is separated by de-
cantation, and the oil is diluted with tetrachloromethane (150 ml)
and washed twice with hot water. The solution is dried with mag-
nesium sulfate and evaporated in vacuum. For additional purifica-
tion, the resultant mixture of isomers of the nitro ester (62 g. 90%)
is distilled in vacuum, a fraction with b.p. 130-140°/0.5 torr being
collected. On standing the nitro ester (Z-isomer) crystallized out;
yield: 30 g: m.p. 57.5-58" (from chloroform/hexane).

This method was extended®® to prepare several a-ni-
troacrylates 27 (Table 4). N.M.R. spectroscopy aided
by a shift reagent was used to assign the stereochem-
istry®®. Heating of 3 with triethyl orthoformate and
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aniline dervatives or naphthylamines gave ethyl 3-
arylamino-2-nitroacrylates (46) as mixtures of E-
and Z-isomers***? (Scheme I and Table 5). Ethyl 1-
nitro-2-acetylamino-2-phenylpropanoates (30; Sche-
me E) resulted when 3 was heated with aromatic al-
dehydes and ammonium acetate in the presence of
acetic anhydride®?. Heating® (65-90°) of 1 with aro-
matic aldehydes, neat in a dry nitrogen atmosphere
until decarboxylation was complete, led to 2-nitro-
styrenes 62 listed below.

OCHs

62Ar-©~ @Hﬁ@-@- s W0

H3CO, 0 OH
o -0 O 0O
H3CO H3C0

Aco—@, HO@-, ACO@’ (H;C)zN@

NO,

O el G oni O

Reaction of Nitroacetic Acid with Aromatic Aldehydes™:

The aldehyde (1 mmol) is stirred with nitroacetic acid (2 mmol)
under dry nitrogen and the temperature raised slowly until effer-
vescence begins. The mixture is stirred at that temperature (ranging
from 65° to 90°) until carbon dioxide evolution ceased (0.75--1.5 h).
If the 'H-N.M.R. spectrum indicates complete formation of a f-ni-
trostyrene, the product is purified by distillation, sublimation, or
crystallization and its m.p. or b.p. and LR. and N.M.R. spectra
were compared with those of an authentic sample. If the condensa-
tion is not complete, the crude product, after removal of nitrome-
thane by bubbling dry nitrogen through it, is treated with a further
quantity of nitroacetic acid (2 mmol) as above, and this process is
repeated until a high conversion into the nitrostyrene is obtained.

N-Aryl-2-ethoxycarbonyl-2-nitroacetamides (o1;
Scheme J) were synthesized by reacting equimolar
mixtures of isocyanates, 3, and anhydrous potassium
carbonate in refluxing benzene®*. The potassium salt
of methyl formylnitroacetate was obtained in 77%
yield when methyl B-ethoxy-a-nitroacrylate was
treated with 10% potassium hydroxide in methanol
at 0°. This salt was suspended in ether and treated
with hydrogen chloride to prepare methyl formylni-
troacetate'®. Trimethyl and triethyl esters of 1,3,5-
trinitro-1,3,5-pentanetricarboxylic acid were pre-
pared by reacting 3 mol equivalents of 2 or 3 with 2
mol equivalents of N,N,N’,N’-tetraethylmethylene-
diamine in absolute methanol followed by acidifica-
tion ',

5.3. Heterocyclic Compounds

A number of isoxazoline N-oxides 31 were pre-
pared> in 60-90% yield by refluxing diethylammon-
ium salts of diethyl dinitroglutarates (28; see below
and Scheme E) with diethylamine in ethanol. The
additional methods for the synthesis of this ring sys-



680 M. T. Shipchandler

tem and its derivatives (70-73) are summar-
ized ' 1%%19% in Scheme M.

O,N
31r' = @— HaCO—@-—, HO—@—, 2 @)—n
&

R2 or R® = OCzHs or N(CzHs)y

H
N . 0 NH,OAc/DMF (Ref.'7)
. — - o
Y OsN--CH;—COOCH3 TS
CHO 2
N
/
H3CO0C COOCH,
0-N
Yo
70

H3COOC—ﬁH

CH;0H, 60° (Ref.'"®)
('IH + 0pN—CH—COOCH3

40 %

N
H3C/ \CH3 2

H3CO0C~CH; COOCH;

HzC=CH—COOCH3/AcOH/K)

N
H3C00C™ o 20
71

H3CO0C—CH,  COOCH3

H3C00C—(_ | )-COOCH;
o-N~¢

72

CeHs (Ret."°%)
+ O0;N=CH;—COOCH; —>

2

CoHs—NH—CO~N]
'SilCH3)3

COOCH3
HC—COOCH3 '
N—0-SiCHz)3 CgHs™ o~ ~0-SilCH3}3

0 73

CeHs— CH=CH,
—_—

Scheme M

Isoxazoles 32 were prepared''®'!! by exposing ethyl
a-nitroacrylates or diethyl 1,3-dinitroglutarates to an
excess of a primary amine. These heterocycles, how-

SYNTHESIS

ever, could be conveniently made’® by reacting one
mol equivalent of an aldehyde. 2 mol equivalents of
3, and 6 mol equivalents of n-butylamine in reflux-
ing ethanol (Table 3). An alternate method, which
gave higher yields in general, consisted of reacting 3
with Schiff bases.

General Method for the Synthesis of Isoxazoles Using Alde-
hydes®:

To a mixture of an aldehyde (1.0 equiv.) and ethyl nitroacetate (2.0
equiv.) in absolute ethanol, n-butylamine (6 equiv.) is added; the
mixture is heated under reflux for 5 h and worked up in a manner
similar to that described below.
4-Methyl-3,5-bis[n-butylaminecarbonyl]isoxazole™*:

Into a solution of ethylidene-n-butylamine (1.50 h, 0.015 mol) in
absolute ethanol (5 ml) is added ethyl nitroacetate (4.03 g, 0.03
mol) under stirring. During this period, considerable heat is
evolved; the temperature of the reaction mixture rises to 60° from
18°. n-Butylamine (5.53 g, 0.076 mol) is then added to the mixture.
When the exothermic reaction has subsided, the reaction mixture is
gently heated under reflux for 5 h. After the solution has been left
standing at room temperature, the solvent is removed by distilla-
tion to give a reddish brown sirup, which is allowed to stand in a
refrigerator to give crystals of the title compound; vield: 0.46 g
(11%). Recrystallization from ligroin to gives feathery crystals; m.p.
84-86°.

3-Nitro-4-oxo-4H-pyrido[1,2-a]pyrimidines (75a-d;
Table 7) resulted when compounds 74a-d were cy-
clized by the action of polyphosphoric acid at 90° for
one hour in a closed vessel*’. 3-Nitro-4-oxo-4H-py-
rimido[2,1-a]isoquinoline (75¢) was prepared in 68%
yield by reacting 1-aminoisoquinoline with ethyl 3-
methoxy-3-nitroacrylate (76a) followed by the poly-
phosphoric acid treatment.

Table 7. 3-Nitro-4-oxo-4H-pyrido{1,2-qlpyrimidines 75"

R? R2
1 1
R R
| PPA, 90° |
N“SNH E— N7N
HA?/NOZ 0 ,a
COOC;Hs NO2
74 75
Compound R' R? Yield [%)
75a H H 72
75b OH H 62
75¢ CH; H 65
75d H CH3 67
75e —{CH=CH),~ 68°

* Prepared in one step from 1-aminoquinoline.

Two types of heterocycles were generated when 76a
and 76b were reacted with hydrazines. Dihydropyra-
zoles 77 (Scheme N) resulted when hydrazine and
N,N’-disubstituted hydrazines were used®'; while
reaction of 76a with N,N-disubstituted hydrazines
led to dihydropyrazines 78.
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02N=CH2—COO0C2Hs
3
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{C,Hs0)3CR'
0,N R'
So=c?
CyHs00C 0CsHsg
76ar = H
b R' = CH;
I .
RZ—NH—NH~R? R3>N-NH2/C2H50H
Rz\N/Ra
OyN, R I
/)\:{ CyHs00C. N
En T
L2 N“~c00CHs
N
RZ/ \R3
77
788 Rz = R3 = CGHS
R R VYield [%) b R? = CH,, R® = CeHs
aH H 76
b+ CHy 70
CH CeHs 71
docH H 72
€@ CH; CgHs 69
Scheme N

4-Nitro-3-0x0-2,3-dihydropyrazole (77a)*':

To a solution of ethyl 3-ethoxy-2-nitropropenoate (76a; 6.0 g, 31.7
mmol) in ether (50 ml) is added, drop-wise at room temperature
within 10 min with vigorous stirring, a solution of hydrazine hy-
drate (1.7 g, 33.9 mmol) in anhydrous ethanol (3 ml). The mixture
is then heated under reflux for 30 min, the resultant precipitate is
filtered under suction, and recrystallized from glacial acetic acid;
yield: 3.2 g (76%); yellow crystals; sublimation p. >200°; m.p.
(sealed tube): 254°.

5-Nitrouracils 80 were prepared by base-catalyzed
cyclization of 79, which were synthesized in one step
by heating mixtures of 3, ureas, and ethyl orthofor-
mate (Scheme N).

Ethyl w-Methylureidomethylenenitroacetate™:

A mixture of ethyl nitroacetate (2.66 g, 0.02 mol), ethyl orthofor-
mate (3.70 g, 0.025 mol) and N-methylurea (1.48 g; 0.02 mol) is
heated at 120°, under continuous removal of ethanol for 20 min.
Afier five minutes, a yellow precipitate separates; the excess or-
thoester is removed in vacuo, and the residue, after crystallization
from ethanol, affords 79 (R'=H, R?=CH,, Y =0); yield: 3.05 g
(71%); m.p. 177°.

3-Methyl-5-nitrouracil (80c)™:

Ethyl w-methylureidomethylenenitroacetate (1.085 g, 0.005 mol) is

heated under reflux with 0.5 molar ethanolic sodium ethoxide solu-
tion (10 ml) for 2 h. The residual suspension is evaporated in va-

| (c,Hs00CHY
R'—NH—ﬁ—NH—RZ
Y

R Y

02N 1Ml
NC=CH~N—C—NH—R?

CHs00¢”

79

NaOCjyHs

-~ ® Q0O T o

C O O O wnw Of=x

cuo, the residue dissolved in hot water (15 ml), the solution treated
with charcoal, filtered, and the filtrate acidified with 1 normal hy-
drochloric acid to give product which separates; yield: 0.851 g
(100%); m.p. 272-273°.

Schemes O and P summarize the synthesis of addi-
tional heterocycles and their derivatives. A synthesis
of 1-hydroxy-2-ethoxycarbonylbenzimidazole-3-ox-
ide (82) was reported'"?.

Hzﬁ
2 HC + 0pN—CH,—COOC,Hs
COOCyH; 3
CoHsCHa(H3C1sNPOHE /dioxan(Ref57) §00CaHs
68 % g NO,
C,Hs00C COOC,Hg
CH;~OH
H, (300 atm}/260° copper chromite )
72 °h i \—-N
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NH,
@[ + 0N—CH,—COO0C3Hs
SH

3

100°/4h (Ref."?)
74 %

QX

S N—OH
0

1

N THF /N(CHs)3 (Ret.?)
Q 70 + 02N=CHp=C00C;Hs e
\N 13 %

81 3

0

A
N
[::]:d>—cooczH5
\

OH
82

Ac,0/BF3~0(CoHs)y, 120°, 2h (Ref."“)

0oN~CHy—COOCHs

3
C,H500C COOC2Hs
1\
N\O/N$0
Scheme O
COOCH;
! 60°, 1h (Ref.97)
ﬁH + 0oN—CH>—COOCH; ——D
H—NH-C
CH—NH—-CH3 0
HaC T 0
CHj3
0
Ac,0, 140° (Ref."®)
|| + 0;N—CH,—COOCH; o
H3C” 0 CH; °
2
)C
02N~ ~COOCH; CH,—COOCH;
fj\/ll\ CiHeNHg, 78° X NO2
H3C” 07 CHy 3% HiC NS0
C(Hg
o
N O
@(\g + 0pN—~CH,—COO0CzHs
o) 3
0 oH ?H3
N A ° 16
NaH/HiC~C N“CH;’ 80° (Ref. L\ N__O
42 °% > NO,

OH

SYNTHESIS
S
[ﬁ>—s—CH3+ 0,N—CH,—COOCH3
2
ZnCly, 100-120%, 7-9h (Ref.") s, NO2
[ / :C\
N NCOOCH;
H
0. S=CHs
[;JN + 0N—=CH,—COOCH;
2
co0cH,
ZnCl,, 95° 2h (Ref.") EO\I&C\NOZ
NH
Q
4
H3C—C< "
/CHz + 0N=—CHa=C—NH=NH3
H3C—C\\
0
H3C
HCL (Ref."®) V=N
_,—_) § \N
7 SCO—CHy—NO,
CHs
Scheme P

1-Hydroxy-2-ethoxycarbonylbenzimidazole-3-oxide (82) "

A solution containing ethyl nitroacetate (4.22 g, 0.0317 mol), tetra-
hydrofuran (5 ml), and triethylamine (5 ml) is added to a solution
of isobenzofuroxan (81; 4.30 g, 0.0317 mol) in tetrahydrofuran (10
ml) containing triethylamine (10 ml). Upon completion of the ad-
dition, the reaction mixture is allowed to stand at room tempera-
ture for about 4 h whereupon the yellow precipitated solid is fil-
tered. washed, and dried. Recrystallization from ether/acetone
gives the product; yield: 1.1 g (13%); m.p. 154.5-156.5°.

5.4. Carbohydrate Derivatives

Alkyl nitroacetates were used for the preparation of
nitro and amino carbohydrate derivatives as sum-
marized in Scheme Q. A C—O ethoxycarbonyl shift
was observed''” when 83 was allowed to react with
3.

CH,—0OH
0 2 nc;rmalllgNaOH,
0=CcH + 0pN—CHp=COOCHg —1-Re
0=CH QCHy
83 3

CHZ—O—COOC;ZH;, CHZ—O— COOCsz

0 0

Ni/H, \
NO; P NH, )
HO OCHjs HO " OCH3
OH OH

(major product)
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HyC. O
3 X NH,OAc/
Hi¢” 01 0

+ O0N—-CH;~COOCH3 ——— >

CH3 2

CgHs™\™~0
/E .
0~ OCH3

HO OH

Scheme Q

6. Recent Developments

The references'?*~'* received after the completion of
the original manuscript are included in this Section.

A synthesis of ortho ester 84 and ortho thioester 86
by displacement reactions of 2,2-dichloronitroethy-
lene (Scheme R) was reported'??. Compound 84 led
to methyl nitroacetate upon thermal decomposition.
Triooxaadamantane 85 resulted (yield 83%) when 84
was transesterified with cyclohexane-1,3,5-triol.

AT

~oo—>  (CoHsS13C—CH,=NO,

Cl,C=CH—NO, —] 86

The Utility of Nitroacetic Acid and its Esters in Organic Synthesis

DMF (Refm)

+ Na® ©0,N=CH—-CO0C;Hs ——-— >

683

cooc:-u3 cooH
><o CH— NO, H3C><° CH—NH;,
HsC HaC 0 |0
>->
O\ CHs ._\’o CHs
OA( HO O
CH3 CHs

@ (Ret.'2) CsHsTO !
0

{major product)

crystallization; the configurations were assigned by
spectroscopic methods. A procedure for synthesis of
dimethyl nitrosuccinate in 23-27% yield was pub-
lished'?*. 4-(C-Glycosyl)-isoxazoline N-oxides, new
types of C-glycosides, were synthesized'*®. For ex-
ample, reaction of 1 mol equivalent of 3,4,6-tri-O-
benzoyl-2,5-anhydro-p-allose (87) with 2 mol equi-
valents of 2 in dimethylacetamide, in the presence of
an equivalent of diethylamine, gave a 52% yield of
88 as a mixture of two diastereoisomers'?’ (Scheme
S).

NaOCH,4 v
'W) {H3CO0)3C=CHy—=NO; —> H3COO0C~—-CH,—NO,
84 2
OH
83 % CH30H/HOQ [Tos0H
oR
CH2—NO,
0 0
0 CgHsCH,0 o. CHO
+ OyN~CH,—COOCH;
85 CgHsCH0  OCH,CgHs

Scheme R

The preparation of methyl-2-nitro-3-[2-(X-furyl)}-
acrylates (X=H, CHj, Br, J, COOCH,, and NO,)
was reported'*’ by reacting methyl nitroacetate with
appropriate aldehydes in the presence of titan-
1um(]V) chloride (modification of the Lehnert proce-
dure” with improved yields ranging from 68-88%).
The geometric isomers were separated by fractional

87 2

A0

0-N

\
H3Co0C COOCH;

CgHsCH,0 o]

/ CHs
‘cu;

>

(C2Hs);NH/H;C—CO—N

60 %
CgHsCH0  OCH,CgHg -

88
Scheme S
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Reaction’®® of 2 in dimethylacetamide with acetyl
chloride led to furoxane 90, which was believed to be
formed via dimerization of nitrile oxide 89 (Scheme
T). Trapping of this intermediate by dimethyl acety-
lenedicarboxylate led to isoxazole 91 in 17-20%
yield.

0N~CH,—COOCH3
2

lAcCt

[0€N=C-C00CH3]

89
l 17-20 % [H3C00C—C=C—COOCH,
0$N(07N o’N\: _COOCH;
H3CO0C”  'COOCH; H3C00C”  'COOCH;
90 91
Scheme T

Reaction'? of benzyl nitroacetate (4) with triethyl
orthoformate in acetic anhydride at 85-90° gave a
mixture of 92 and 93. Sodium ethoxide treatment
converted 92 to 93, making it possible to isolate 93 in
quantitative yields (Scheme U). Aluminum amalgam
treatment reduced 93 to the amino compound 94 in
43% yield.

0aN—CH;—COOCH;CeHg
4

|

C2H50'CH=(|:—COOCH2C5H5 + (CszO)zCH-?H-COOCH2C5H5
NO; NO,

92 | naocass 93
43 %\l/

(C2H50)ZCH—-C|‘.H—COOCHQCGHS
NH;
94
Scheme U

Note added in Proof

The ethyl and t-butyl esters of 1 were synthesized'*
in low vields from corresponding alkyl bromoace-
tates by treatment with triethylammonium nitrite in
dichloromethane in the presence of 1,1'-(1,3-phe-
nylene)-dipyrrolidine at — 35 to —40°. .
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Abstract 5528, Synthesis 1979 (7), 554,
The formula scheme for the conversion 7->9 410 should be as fol-
lows:

CHs3

- o <

Br—{CHz)y—C—CO—CH - ] -
{CH2n—C 3 T \—iCHg EﬁcmI
CHs CHs CH3 !
7 9 (17%) 10 0% !

Abstract 5556, Synthesis 1979 (8), 629;
The formula scheme for the conversion 1+2—3 shou'd be as fol-
lows:

®
CoMsCHaNICHs)C I / NaOH 7 H40 7 toluene ,

(CgH5)2C=N—CHz—CN + R—X

Abstract 5616, Synthesis 1979 (10}, 840;
The formula scheme for the conversion 1—-2 should be as fol-
lows:

0 R2 1.MNaH / THF / Nz , 30 min

75-85%
1 2

M. T. Shipchandler, Synthesis 1979 (9), 666-686;
The second reaction in Scheme P (p. 682) should be as follows:

0
ﬁ +  0;N—CH—COOCH;
HyC” 07 CH;
2
03N, -COOCH;
Acz0,140°C (Ref."5)
b
HaC” ~07 “CHj

CHz—(I:!—CH:;
o
HaC IN 0

CI?/.HQ

C4H9NH2 , 78°C
34%

G. Sosnovsky, J. A. Krogh, S. G. Umhoefer, Synthesis 1979 ¢9),
722-724;
The heading for the third column of the Table (p. 723) should be as
follows:

Solvent©

(Reaction

time? [h])

C. Venturello, R. D’Aloisio, Synthesis 1979 (10), 790-793;

The last two lines of the third paragraph of the right hand column
on page 791 should read as follows:

drazines and of the not easily accessible 3-acetyl-5-methylisoxazo-
le*.

It 2.{H,CO, , 25°C , Sh /Rz
CeHs—~C—CH—50,—R! 5100 HaC=C_
. S0,—R
1 2
Abstract 5627, Synthesis 1979 (11), 917,
The title should be as follows:
[1,4]-Addition of 1,3-Dithianes to 2-Cycloalkenones.
0°C |
{CH5)2C=N—CH—CN
I
3 i
Abstract 5637, Synthesis 1979 (11, 920;
The lower part of the formula scheme should be as follows:
n=3,4
~—0 Na I!:!(OC;HE,)Z reflux , 2h
(HZCtl + he 52-75%
%o CN
1 4
7 ol |
L T
|
CN H
6 7
70
H,C CN
{H2 QC»/\
H
8

C. Goasdoue, R. Couffignal, Synthesis 1979 (12), 954-955;
The structure of compound 5 (p. 955) should be as follows:

I i
H3C—CH=CH—C—0—C—0C2Hs
5

P. Pollet, S. Gelin, Svnthesis 1979 (12), 977-979;

The correct names for compounds 8 and 9 are 4-oxo-2-phenyl-2,6-
dihydro-4 H-furo[3,4-d}-1,2,3-triazoles and 4-oxo-4H.6 H-furo[3,4-
cJ[1,2,5)oxadiazoles, respectively.



