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Dif luoroni t roacet ic  acid (I) is  one of the s t ronges t  carboxyl tc  acids (K a = 97,000.10 -5 [1]) and, in con-  
t r a s t  to n i t roace t ic  acid,  is s table  when s to red ,  heated modera t e ly ,  and in aqueous solutions.  A l a rge  number  
of (I) de r iva t ives  has  been descr ibed:  e s t e r s ,  acid hal ides ,  amides ,  etc.  [1, 2]. However ,  the sa l ts  of this 
acid have not been obtained up to now. It is eas i ly  decarboxyla ted  in the p r e sence  of basic  compounds to give 
d i f luoroni t romethane  [2]. An analys is  of the l i t e r a tu re  d isc loses  that the synthesis  of only the highly d i s soc i -  
ated sa l t s  of (I) has been a t tempted  prev ious ly .  Consequently,  it s eemed  of in te res t  to evaluate  the possibi l i ty  
of using the cat ions of the heavy m e t a l s ,  in pa r t i cu l a r  m e r c u r y ,  as the counterion.  

It was shown by us that  (I) r eac t s  smoothly  with e i ther  m e r c u r i c  ace ta te  or  yel low m e r c u r y  oxide. The 
pure  Hg sa l t  of d i f luoroni t roacet ic  acid {II) is fo rmed  in the l a t t e r  ca se ,  which is easi ly  sepa ra ted  f r o m  the 
s ta r t ing  products .  

20=NCF,CO2H -t- HgO ~ (O=NCF,CO2hHg 
(t) (U) 

The reac t ion  can be run in water  and var ious  organic solvents .  The most  sui table  proved to be e ther ,  
in which (II) d i s so lves  as it is fo rmed.  Af ter  evaporat ion using a wa te r - j e t  pump the sa l t  s epa ra t e s  as so l -  
vates  of va r i ab le  composi t ion with water  and the solvent .  The la t te r  a r e  r emoved  by azeot ropic  dist i l lat ion 
with CH2C12 and by drying in vacuo (1 mm) over  P205. 

Pu re  (II) is a white c rys ta l l ine  compound that  decomposes  at 145-150~ In the IR spec t rum of (II) the 
v(CO) is shifted toward higher  f requencies  by ~150 cm - t  when compared  with the acid and i ts  e s t e r s .  This  
tes t i f ies  to a s t rong shift  of the e lec t ron  densi ty f r o m  the carbonyl  group to the Hg atom.  At the s a m e  t ime ,  
vas (NO 2) is a l so  shifted toward higher f requencies  by ~40 cm - t .  The signal  in the tgF NMR spec t rum is 
shifted downfield when compared  with the other  der iva t ives  of the acid.  All of this shows that  quite s t rong 
donor - - accep to r  (DA) in terac t ion  exis ts  between the Hg a tom and the O2NCF2CO 2 group,  in which the Hg a tom 
functions as an e lec t ron  accep to r .  

Salt (II) is modera te ly  soluble in wa te r ,  e the r ,  polar  ha lohydrocarbons ,  and benzene,  and is readi ly  
soluble in ace ton i t r i l e .  The sa l t  does not hydrolyze  when dissolved in water .  Intense decomposi t ion occurs  
only above 80 ~ , the c h a r a c t e r  of which was not studied by us.  In the p r e sence  of s t rong bases  the sa l t  under -  
goes decarboxyla t ion ,  which is cus tomary  for  such compounds,  to give di f luoroni t romethane.  

Na.,CO,, H,O 

( I I ) ~ '  [HgCO=l 1 
[02NCFoCO.2Na] ~ 02NCF2It 

NaOH, H=O ~ 
--HgO 

Salt (II) readi ly  r eac t s  in e ther  with alkyl  iodides and the lower alkyl  b romides ,  and a lso  with al lyl ic 
b romides  and ch lor ides .  In these  reac t ions  the sa l t  apparent ly  r eac t s  as the solvates  with the solvent .  For  
this r e a s o n  the p r o c e s s  is compl ica ted  by the side format ion  of ethyl d i f luoroni t reace ta te  and the corresponding 
alkyl  ethyl e ther  by the following overa l l  scheme:  

Et=O 
(lI) -t- RHal ~ ' O = N C F = C O = R  + O2NCF,CO,Et q- ROEt 

R----Me, Et, n-Pr, n-Bu;Hal = I, Br 

Trans la t ed  f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khlmicheskaya ,  No. 3, pp. 707-710, March,  
1978. Original  a r t i c l e  submit ted  June 27, 1977. 
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The yield of the secondary  products decreases  as the react ivi ty of the alkyl halide increases .  Thus, 
in the react ions of the salt  with MeI, n-l>rI,  n-BuI ,  and n - P r B r  the rat ios of the ethyl and n-alkyl  es te rs  
of dif luoronitroacet ic  acid a re  respect ively 1 : 5, 1 : 3, 2 : 3, and 2 : 3, and they cor re la te  with the amounts 
of formed alkyl ethyl e thers .  * It was shown by di rec t  experiment that the ether does not function as an 
alkylating agent in the discussed process  in the absence of alkyl halldes. With benzyl bromide and benzyl 
chloride the react ion proceeds unambiguously without the formation of secondary products .  

] l o r e  o 

EttO 
(II) + PhCH~Hal ~ O~NCF~CO,CH~Ph 
Hal  = Br,  CI 

Salt (ID is easily alkylated by alkyl halides in acetonitr i le,  and side p rocesses  a re  not observed 

MeCN 
(II) + RHal ~ O~NCF~CO~R 

R = Me, n-Pr, CI{ 2 = CHCH~; Hal = Br, I 

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

Mercury  Difluoronitroacetate (ll). With s t i r r ing ,  to a solution of 16 g (0.113 mole) of dif luoroni tro-  
acetic acid (I) in 30 ml of anhydrous ether was added 11.5 g (0.053 mole) of yellow mercu ry  oxide in s eve r -  
al port ions.  The s t i r r ing  was continued for 5 h, and then the reaction mass  was let stand overnight.  The 
solution was separated f rom any residual  mercu ry  oxide and then evaporated in vacuo to dryness ,  after  
which 50 ml of anhydrous CH2C12 was added and the mass  was again evaporated to dryness .  The solid r e s -  
idue was washed with anhydrous CC14 and dried in vacuo (1 mm) over  P205. We obtained 21 g (82.4%) of 
(II) as white c rys t a l s .  Found: mol. wt. (cryoscopy) 475. Calculated: mol.  wt. 481. 

Dffluoronitromethane.  A suspension of 10 g (0.0208 mole) of (1/) in 10 ml of H20 was placed in a d i s -  
tillation flask and a solution of 2.9 g (0.0274 mole) of Na2CO 3 in 15 ml of H20 was added. The mixture  was 
lieated on the s team bath and 3.1 g (76.8%) of dif luoronitromethane was distilled off. 

Reaction of (II) with n-Butyl  Iodide in Ether .  With s t i r r ing ,  13.8 g (0.0751 mole) of n-BuI was added 
in drops to a suspension of 30 g (0.0624 mole) .of (II) in 50 ml of anhydrous ether.  The s t i r r ing  was contin- 
ued for 5 h at ~20~ and for  2 h at reflux. Most of the ether was distilled off through an efficient column 
while the residual  liquid products were separated by heating in vacuo (1 mm) to give 13 g of a mixture  of 
butyl ethyl e ther ,  ethyl dif luoronitroacetate ,  and butyl dif luoronitroacetate in an ~1 : 1 : 1.5 rat io.  The in- 
dicated products were isolated in the pure state by repeated fractional  distillation. 

Using equimolar rat ios  of the reac tants ,  the react ion of (II) with MeI, n - P r B r ,  n - P r I ,  PhCH2C1, and 
PhCH2Br in ether was run under s imi la r  conditions. The presence  and amounts of alkyl ethyl ethers and 
ethyl dif luoronitroacetate  were established by GLC using authentic specimens of these compounds. 

n -P ropy l  Difluoronitroacetate.  With s t i r r ing  and cooling with water ,  7 g (0.0412 mole) of n - P r I  was 
added in drops to a solution of 12 g (0.0248 mole) of (II) in 10 ml of anhydrous acetonitr i le .  The s t i r r ing  
was continued for  3 h, and then the volatile products were collected in a cooled t rap  (--78 ~ by heating the 
mixture on the s team bath in vacuo (1 ram). The contents of the t rap  were poured into 30 ml of water ,  
and the organic layer  was washed 6 t imes with equal volumes of water and then dried over  MgSO 4. F r a c -  
tional distillation gave 5.4 g (71.5%) of n-propyl  dif luoronitroacetate.  

Methyl dif luoronitroacetate and allyl dif luoronitroacetate were obtained in a s imi lar  manner .  The 
proper t ies  of the synthesized compounds a re  given in Table 1. 

C O N C L U S I O N S  

1. We obtained and charac ter ized  the stable mercury  salt  of difluoronitroacetic acid, which exists 
as the in t ramolecular  donor- -acceptor  complex. 

* The analysis  of the mixtures and proof of the purity of the synthesized compounds employing GLC wer.e 
run on an LKhM-8MD chromatograph;  two columns were used: 1) a 3 m x 3 mm column packed with 5% SE- 
30 deposited on Chromaton N-AW-DMCS, part icle  size 0.20-0.25 mm; 2) a 1 m x 3 mm column packed with 
5% XE-60 deposited on Chezasorb AW-HMDSc, par t ic le  size 0.20-0.36 mm; the c a r r i e r  gas was helium and 

the flow ra te  was 18.7 ml /min .  
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2, The alkylation of the m ercu ry  salt  of dif luoronttroacetic acid with alkyl halides in ether and aceto-  
ni tr i le  was studied. 
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The possibili ty of making pract ical  use of carbofunctional derivatives of methylacetoxysilanes has r e -  
mained relat ively unstudied up to now, while compounds of this type have hardly been described.  At the same 
t ime,  such compounds should have considerable in teres t  for the surface  modification of highly diverse  inor-  
garlic, and especial ly organic,  mater ia ls .  As an expansion of our studies in this field, we set ourselves the 
goal of synthesizing the previously unknown bromomethyl -  and iodomethylacetoxysilanes of general  formula 
(CH3)a_nXCH2Si(OCOCH3)n, where X = Br,  I, and n = 1-3. 

in most cases  the l i tera ture  conditions for the preparat ion of organosil icon compounds that contain the 

~Si(CH.),X [1], where X = Br,  I, and n = 1-3, are  not suitable for the direct  synthesis of the grouping c o r -  

responding halomethylacetoxysilanes due to the presence  of the highly react ive acetoxy groups in their  mole-  
cules.  It was shown by us that chloromethylacetoxysi lanes of type (CH3)~_nCICH2Si(OCOCH3)n; where n = 1-3, 
smoothly exchange the chlorine atom for bromine and iodine atoms when reacted with the corresponding lithium 
and sodium halides in anhydrous acetoni tr i le  or  acetone. The reaction proceeds by the scheme:  (CH3)3_nCICH 2- 
Si. (OCOCH3) n + MX--  (CH3)3-nXCH2Si(OCOCH3) n + MC1, where M = Li, Na, X = Br ,  I, and n = 1-3. 

The iodomethylacetoxysilanes a re  formed more  easily than the corresponding bromomethylacetoxysi lanes 
(Table 1). The exchange reactions v, l th  NaI in acetone proceed at a faster  rate than in acetonitr i le ,  while the 
r eve r se  relationship is observed in the case of NaBr. However, the yield of the halomethylacetoxysilanes in 
acetone is 7-10% lower than in acetonitr i le .  Replacing chlorine by bromine is an equilibrium react ion,  since 
the start ing chloromethylacetoxysi lane is always present in the reaction mixture even when a large excess of 
either LiBr or NaBr is added. Besides this,  chloromethylacetoxysi lanes are  formed when solutions of the 
bromomethylacetoxysi lanes a re  refluxed with NaC1 for a long time. A substantial increase  in the yields of the 
bromo derivatives when using LiBr is apparently associated with the higher concentration of bromide ion due 
to the better solubility of LiBr ,  which has a favorable effect on SN2 react ions,  to which class the reactions of 
substitution in the chloromethylacetoxysi lanes probably belong. 

The elemental analysis data, yields,  and constants of the synthesized compounds are  given in Table 1. 
The paramete r s  of the NMR spect ra ,  and of the IR frequencies that belong to the more character is t ic  s t ruc -  
tural  f ragments ,  a re  summarized  in Table 2. The obtained halomethylacetoxysilanes,  except the bromomethyl-  
and iodomethyltr iacetoxysi lanes,  a re  high-boiling liquids with a sharp odor,  co lor less ,  and a re  easily hydro-  
lyzed. They assume a dark color  when stored for a long time. The obtained compounds are  soluble in most 
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