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The reaction of ethyl chloronitroacetate with carbonyl compounds of the ali- 
phatic series under the conditions of the Reformatsky reaction in ether, THF, 
or benzene does not proceed with the substitution of the chlorine atom, but 
by the scheme of the Anri reaction with the formation of ethyl a-nitro-a- 
chloro-~-hydroxycarboxylates. The reaction proceeds via the intermediate 
formation of the zinc salt of ethyl chloronitroacetate0 

In the preceding communication [i], the oxidation-reduction substitution of the halogen 
atoms of bromo- and chloronitroacetic esters by the sodium sulfo group was described and the 
unsuccessful attempt to substitute the halogens of the same compounds under the conditions 
of the Grignard and Friedel-~rafts reactions was noted. The Reformatsky reaction is one of 
the most studied reactions for the substitution of halogens in esters of halogenocarboxylic 
acids [2]. Since the expected products of the named reaction with readily available alkyl 
halogenonitroacetates - esters of a-nitro-B-hydroxycarboxylic acids - serve as intermediates 
in the synthesis of a-amino-8-hydroxycarboxylic acids [3], we undertook the investigation 
of this reaction. 

Notwithstanding the external features inherent to the Reformatsky reaction (the boiling 
of the reaction mixture, the dissolving of the zinc, etc.), the reaction of the aliphatic 
carbonyl compounds (IIa)-(IIe) with ethyl chloronitroacetate (I) does not lead to the expect- 
ed ethyl a-nitro-~-hydroxycarboxylates (III) but to the ethyl a-nitro-a-chloro-~-hydroxycar- 
boxylates (IV). 

-x ~ O~NCHCO~Et 

zinc I l RR'COH (III) 
O~NCHC1CO2Et + RR'CO solvent ' 

(I) (Ira--e) 
02NCC1CO~Et 

I 
RR'COH (I Va --e) 

R = Me, R'=H (a), Et, H(b),Pr, H (c),i-Pr, H (d), Et, Me(e). 

The r e a d i l y  v o l a t i l e  and l o w - b o i l i n g  f r a c t i o n s  b e s i d e s  t h e  u n r e a c t e d  c a r b o n y l  compounds 
and ( I )  c o n t a i n e d  e t h y l  n i t r o a c e t a t e  (V),  t he  p e r c e n t a g e  c o n t e n t  o f  which was d e t e r m i n e d  
from the  r a t i o  o f  t he  a-CH p r o t o n s  in  t h e  PMR s p e c t r a  [6 .7  ppm (CHC1) and 5 .3  ppm (CH2), 
Tab le  1] .  The h i g h e s t  y i e l d s  o f  ( IV)  were o b t a i n e d  in  t h e  c a s e s  o f  t h e  a p p l i c a t i o n  o f  the  
a c e t i c  ( I I a )  and p r o p i o n i c  ( I I b )  a l d e h y d e s .  The o p t i m a l  c o n d i t i o n s  o f  t h e s e  r e a c t i o n s  were 
as follows: the boiling of the reaction mixture for 5 h and the application of diethyl 
ether as the solvent (Table i, Experiments i, 4, 5). The decrease in the reaction time re- 
duces the yield of (IV). The lengthening of the time of the process gives a lower yield of 
(IV), just as when benzene is applied as the solvent. The utilization of (IIc)-(IIe) leads 
to worse results. When (IIc)-(IId) are applied, the reaction is accompanied by significant 
decomposition and no high-boiling product could be isolated in the individual form. In sev- 
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erai cases mixtures of two substances were obtained (Experiments 6, ii-i3). These results 
agree with the previously obtained data on the condensation of the aldehydes (IIc), (IId) 
with alkyl chloronitroacetates, where mixtures of the condensation products were also ob- 
tained [4]. 

The unusual course of the condensation reaction may be explained by the formation of 
the zinc salt of ethyl chloronitroacetate (VI) and its subsequent reaction with carbonyl 
compounds leading to (IV) (the Anri reaction). 

Zn 
2 (1) ~ [Zn (O,_,NCCICO~Et)~] ~ (IIa-e) (IVa--e) 

(Vl) 
The hydrogen formed in the reaction can reduce (I) to (V). Such a conclusion is con- 

firmed by a special experiment where (I) was converted by 5-10% to (V) by the interaction 
with zinc and concentrated hydrochloric acid. The isolation of the analogous salts of cop- 
per and chloronitroacetamide in a dry medium indicates the possibility of the formation of 
the salt (VI) [5]. The formation of the salt (VI) is in agreement with the data presented 
in Table i. The salt (VI) is evidently solvated better by ether and THF than by benzene; 
the yield of (IV) and (V) is consequently higher in the first solvents. The increase in the 
reaction time as well as in the lipophilicity of the reaction mixture [in the cases of the 
utilization of (IIc)-(IId) and benzene] favors the decomposition of (VI) and other intermed- 
iate products of the reaction. The presence of the admixtures of the ethyl 2-nitrohex-2- 
enolate O2NC(CO2Et)--CHCH2CH2CH 3 (VIlc) and ethyl 2-nitro-4-methylhept-2-enoate O2NC(CO2Et) ----CH- 
CH(CH~) 2 (Vlld) correspondingly in the compounds (IVc) and (IVd) was shown by the identi- 
fication of the IR spectra of the products obtained and of the known mixtures of (IVc) and 
(Vllc), and (IVd) and (VIId) synthesized according to [3, 4]. Their formation may be ex- 
plained by the reaction of the aldehydes (llc), (lid) with (V) according to the scheme of 
the Anri reaction and the subsequent dehydration of the products (I!I) (Experiments 8, ii). 
The IR spectrum of the mixture of the products (IVe) ~ and ethyl 2-nitro-3-methylpent-2-enoate 
02NC(CO2Et)=C(CHa)C2Hs (Vile) is similar to the !R spectra of the mixtures of (IVc) and 
(Vllc) as well as (IVd) and (V!Id) (Table I, Experiments 12, 13). 

Therefore, the Reformatsky reaction does not proceed with the substitution of chlorine 
by the hydroxyalkyl group under the conditions utilized. Such an effect may be explained by 
the low negative discharge on the CI atom in (i). The determination of the charges on the 
chlorine for some derivatives of chloronitroacetic acid with the application of 35CI NQR and 
quantum-chemical calculations [6] confirms such a conclusion. 

It should be noted that there are no data in the literature on the carrying out of the 
Anri reaction with the utilization of zinc and aprotic solvents. 

EXPERIMENTAL 

The reagents utilized were purified by distillation immediately before application. 
The solvents were rendered absolute by boiling them with sodium. Ethyl chloronitroacetate 
was obtained according to [7]. The zinc dust was washed with 10% HCI, distilled water until 
a neutral reaction was obtained, acetone, and ether, and dried in vacuo. The IR spectra of 
the substances in the form of films were obtained on a "Specord IR-75" instrument. The PMR 
spectra were registered on a "Bruker CXP-200" spectrometer using TMS as the standard. 

Interaction of (I) with (IIb) in the Presence of Zinc in Absolute Ether (Standard Ex- 
periment). The mixture of 12.5 ml (0.i mole) of (I) and 7 ml (0.i mole) of (IIb) was added 
dropwise to the stirred suspension of 6.7 g of Zn in 50 ml of abs. ether at a rate which 
maintained the even boiling of the reaction mixture (20 min). After the mixing of the reag- 
ents, several iodine crystals were added to activate the reaction. The reaction mixture was 
boiled with stirring for 5 h and was processed after 20 h. The solution was decanted; the 
unreacted Zn was washed with ether (2 • 20 ml). The ether extracts were shaken with 50 ml 
of 10% HCI and the acid layer was extracted with 40 ml of ether. The combined ether ex- 
tracts were washed with water (5 • 30 ml) until a neutral reaction was obtained, dried with 
CaCI2, and filtered. The solvent and the readily volatile substances were evaporated in 
vacuo and the residue was distilled in vacuo. The first fraction was characterized as fol- 
lows: 7.06 g, 55-58~ (I mm), nD 2~ 1.4425. The second fraction was characterized as fol- 
lows: 8.95 g, I00-I02~ (i mm), nD 2~ 1.4500 (Experiment 4). The Beilstein test for halogen 
was positive. The IR spectra of the first product were identical with the spectra of the 
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known mixtures of (i) and (V) and the second product hae a spectrum identical to than of 
the known (IVb), obtained according to [4]. 

Interaction of (I) with Zinc and Hydrochloric Acid. To the mixture of 12.5 ml (0.i 
mole) of (I), 6.7 g of zinc, and 20 ml of abs. benzene were added, with stirring at ~20~ 
8 ml (0.i mole) of concentrated HCI in the course of 20 min. The temperature was thereby 
raised to the boiling point. The reaction mixture was stirred for 1 h and was left at ~20~ 
for 2 days. To the mixture were added 30 ml of 10% HCI in portions. The solution obtained 
was extracted with ether (3 • 50 ml) and the ether extracts were washed with water until a 
neutral pH was obtained. The extracts were dried with MgSO~ and the solvent was evaporated 
in vacuo prior to distillation. The yield of 6~ g of the product was obtained; it had the 
bp 75-73~ (i0 mm) and the nD 2~ 1.4358. According to the PMR data, the ratio of (I) : (V) 
is 23:4~ 
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NITRATION OF FLUOROETHYLENES BY NITRATING MIXTURE (HNOa + H2SO 4 + SOs) 

I. Vo Martynov, Vo I. Uvarov, V. K. Brel', UDC 542.958.1:547.413.1 
V. I. Anufriev, and A. V. Yarkov 

The nitration of fluoroethylenes with sulfuric-nitric mixtures and added sulf- 
uric anhydride was studied. It was shown that acid fluorides of halogenonitro- 
acetic acids are formed in the nitration of fluoroethylenes containing the fluoro- 
chloromethylene fragment, whereas nitroethylfluorosulfates are the main reaction 
product in the nitration of ethylenes having the difluoromethylene grouping. The 
structure of the compounds obtained was shown by the data of ZgF and ~H NMR and 
IR spectroscopy. 

The nitration of fluorinated ethylenes has been studied in detail. Two most practica- 
ble methods of nitration are known: the radical nitration with oxides of nitrogen [i] and 
the ionic nitration with nitrating mixture [2]. The ionic nitration is the most convenient 
for the synthesis of halogenonitrocarbonyl compounds. The mechanism of the nitration of 
halogenoethylenes, assuming the formation of acid fluorides of halogenonitrocarboxylic acids 
as the intermediate compounds, was proposed; however they could not be isolated or detected 
[3]. 

With the object of widening the synthetic possibilities of ionic nitration, as well as 
specifying the mechanism of the reaction, we developed a method for the nitration of fluoro- 
olefins using the mixture of HNO~, H2SO~, and SO 3. The addition of SO 3 to the nitrating 
mixture leads to the binding of water and prevents the hydrolysis of the resulting acid 
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