
S Y N T I I E S I S  OF F L U O R O D I N I T I R O B U T Y R I C  A C I D S  

AND S O M E  OF T H E I R  D E R I V A T I V E S  

L . T .  E r e m e n k o  a n d  F .  Y a .  N a t s i b u l l i n  UDC 542.91+547.464.3+547.465.5 

Investigations into the fluorination of various nitro compounds by elemental fluorine have shown that 
this react ion is easily controlled if it is ca r r i ed  out in polar  solvents which ensure the formation of the 
ni t ro-compound anion. In this case fluorinas only occurs  at the position of the anionic react ion center  
to form the corresponding fluorinated nitro compounds: 

R(NO2) 2C-M + -{- F2 ->- t{(N02) 2CF q- MF 

Various polynitroalkanes [1-3], and nitro alcohols [4, 5], which besides the antonie center  have other pos-  
sible centers  of attack, have been successful ly  fluorinated in this way. In all the eases mentioned the r e s -  
pective f luoronttro compounds were obtained. Continuing the investigation of this interesting reaction, we 
fluorinated an aqueous solution of dipotassium ~/, T-dini t robutyrate ,  which has two react ion centers .  It was 
supposed that under specific kinetic conditions the two centers  would be able to part icipate success ively  
in the react ion to form y - f l uo ro -T ,  y -d in i t robutyr ie  acid as a resul t  of the following react ions:  

K + C  - (NO2) 2CHg_CH2COO-K + q- F2-+ FC (NO2) 2CIt2CH2COO-K + q- KF 
F2 q- 2H20 ~ H202 --k 2HF 

FC (NO2) 2CH2CH2COO-K+ -q-HF --* FC (NO2) 2CH2CH2COOH --k KF 

However, instead of the expected acid, its peroxide was obtained [6], which indicated that both r eac -  
tion centers  interacted with the elemental fluorine. 

In the presen t  work we have made a new at tempt to synthesize y - f luoro-y ,  y-dini t robutyr ie  acid, s ta r t -  
tng f rom derivatives of 7 ,y-d in i t robutyr tc  acid which have one anionic center:  the potass ium salts of methyl 
Y,y-dini t robutyrate  and the nitrt le.  In addition to this potass ium salt, the potass ium salt  of methyl 7, Y- 
dinitro-oe-methylbutyrate was fluorinated under the same conditions. Fluorination of aqueous solutions of 
the salts takes place very  gently to form the respect ive  fluorinated methyl es ters ,  which separate  from the 
solution during the course  of the reaction as color less  oily liquids: 

K+C-(N O2)2CH~CHCOOCHaq- F2 -+ FC(N O~)~CI[2C11COOCHa-}- K F 
I I 

R R 

R = H ,  CHa 

The es ters  are  readily purified by vacuum distillation and after purification have a e~ . s t i c  
pleasant  odor. An aqueous solution of the potass ium salt of y ,y -d tn i t robu tyron t t r i l e  was also successful ly 
flu or tnated: 

K + C  - (NO2)2CH2CH2CN q- F2-+ FC (NO2)2CH2CH2CN q- K F 

It should be noted that under the conditions selected for the p rocess ,  unlike the method of sol id-phase f luor-  
ination, the nttrt le group is pract ica l ly  unaffected by elemental fluorine. 

The y-f luoro-T,  T-dini t robutyroni tr i le  was isolated f rom the react ion mixture as a heavy oily liquid, 
which distilled at 77-79~ under a vacuum of 0.5 ram. However, numerous distillations failed to free it 
f rom impurit ies.  On s torage the distillate -- a co lor less  liquid -- gradually became yellow after a few days. 
Fo r  this reason the y - f luoro-y ,  y-dtni t robutyroni t r i le ,  was purified by double low-tempera ture  ree rys ta l l t -  
zation f rom ether;  a crysta l l ine  substance melting at 23~ was isolated. After this purification it does not 
change color  on s torage in the liquid state and is an extremely stable substance suitable for various prepa-  
rat ions.  To obtain more  rigid proof for the s t ruc ture  of the compounds obtained an alternative synthesis 
was pe r fo rmed  by the Michael react ion of f luorodini tromethane with acryloni t r t le  and methyl acrylate:  
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CH2 = CHCN + HC (NO2)2] 7 --->-FC (NO2)2CH2CIt2CN 
CH2 = CHCOOCH3 q- HC (NO2) 2F -+ FC (NO2) 2CH~CII2COOClta 

The phys ica l  constants  and I R - s p e c t r a  of the compounds obtained by the different methods were  identical. 
It should be noted that f luorodini t romethane enters  into nucleophilic addition react ion  somewhat  less  r ead i -  
ly than n i t ro fo rm,  which is explained comple te ly  sa t i s fac tor i ly  by the large differenee in thei r  ionization 
constants  [7, 81. 7 - F l u o r o - %  7-d in i t robutyr ic  and 7- f luoro-% 7-dini t ro-c~-methylbutyr ic  acids were  p r e -  
p a r e d  by  hydrolys is  of the methyl  e s t e r s  in hydrochloric  acid, and both acids were  conver ted  into the acid 
chlor ides  by reac t ion  with thionyl chlor ide.  The f luoroni t robutyryl  chlor ides ,  as would be expected, a re  
r eac t i ve  acylat ing r eagen t s .  The disubst i tuted hydrazide of 7 - f luo ro -7 ,7 -d in i t robu ty r i c  acid, and also 
var ious  amides  and e s t e r s ,  were  p r e p a r e d  f rom them: 

FC (NO2) 2CH2CHRCOCI q- ItX --~ FC (NO2) 2CII2CHRCOX -~- HC1 
(I) R = H  X=OCH3 (XI) R - - H  X--OCII2CtIa 

(II) R----CH3 X--OCHa (Xll) R=CH3 X-OCH2CHa 
(VIII) R = H  X=NIt2 (XI[I) f l = H  X--OCtt2C(N02),~. 

(IX) R = I t  X : I I N C H a  

It should be  noted that in the case  of the e s t e r  XIII the acylation react ion  only proceeded  sufficiently 
well  in the p r e s e n c e  of anhydrous aluminum chloride as ca ta lys t  [9]. The 2, 2, 2 - t r in i t roe thyl  e s te r  of 7 -  
f l u o r o - % 7 - d i n i t r o b u t y r i e  acid (XIII) can also be p r e p a r e d  by the method for  p repa ra t ion  of its nonfluorinated 
analog [10], by rees te r f f i ea t ion  of the methyl  e s t e r  with 2, 2, 2- t r in i t roethanol  in anhydrous sulfuric  acid: 

II2SO4 

FC (NO2) 2CIIzCH2COOCHz ~- HOCH~C (NO2) 3 ..... 

---~FC (NO2) 2CH2CH2COOCH2C (NO2) 3 -~- CHaOSO20H -~ H20 

The i s o m e r  of the e s t e r  XIII with f luorine in the alkyl radical  --  2- f luoro-2 ,  2-dini troethyl  7 ,7 ,  7 - t r i -  
n i t robutyra te  --  can be obtained, like compound XIII, f r o m  the respec t ive  acyl chloride and 2-f luoro-2 ,  2- 
dinitroethanol,  and also by rees tc r i f i ca t ion  according to the method descr ibed  in [10]. The 2-f luoro-2 ,  2- 
dini t roethanol  requi red  fo r  these  purposes  was p r e p a r e d  f rom f luorodini t romethane and formal in .  As our 
exper ience  has shown, f luorinat ion of the po t a s s ium sal t  of 2, 2-dini troethanol  [4] is less  suitable for  the 
p r e p a r a t i o n  of this compound. We will t he re fo re  give a detailed descr ip t ion of the p repa ra t ion  of 2- f luoro-  
2, 2-dini t roethanol  (XW) by the Henri  reaet ion,  which ensures  a good yield of the des i red  product  with ex-  
t r e m e l y  high quality. 

E X P E R I M E N T A L  M E T I t O D  

M e t h y l  7 - F l u o r o - y ,  7 - D i n i t r o b u t y r a t e  (I)  

Fluor inat ion.  Fluorine (6.5 g), diluted 1:30 with ni trogen by volume,  was bubbled through a solution 
of 0.13 mole  po ta s s ium sal t  of methyl  3/, y -d in i t robutyra te  in 1.2 l i t e r  water  with s t i r r ing  at 5-8~ The 
solution b e c a m e  co lor less  towards the end of the react ion,  when the organic layer  was sepa ra ted  f rom the 
aqueous and dissolved in 100 ml e ther .  The e therea l  solution was washed with water  (3 x 75 ml) and dried 
over  anhydrous magnes ium sulfate .  After  r emova l  of the solvent the product  was twice redis t i l led  under  
vacuum; the yield was 16.5 g (60%), with boiling point 91-92~ (1-2 mm),  n~ = 1.4346 and d42~ = 1.4250. It 
had the following composit ion:  28.54% C, 3.37% H, 13.40% N, 8.55% F, MR 38.08; mol .wt .  209; CsH~N206F. 
The theore t ica l  composi t ion is: 28.58% C, 3.36% H, 13.33% N, 9.04% F; MR 38.08; mol.wt.  210. 

Michael  Reaction.  To a solution of 20.0 g f luorodini t romethanc in 120 ml  ethanol 13.8 g methyl  a c r y -  
late was added dropwise at 48-50~ with s t i r r ing .  The react ion  mix ture  was kept at 78-80~ for  1.5 h and, 
a f te r  cooling to room t empera tu re ,  was diluted with 250 ml water .  Methyl 7 - f luo ro -7 ,7 -d in i t robu ty ra t e  
sepa ra ted ,  was washed with water ,  dr ied over  phosphorus pentoxide, and disti l led; the yield was 16.8 g 
(50%), boiling at 92-93~ (1-2 ram) with n}~ = 1.4347. 

M e t h y l  7 - F l u o r o - 7 ,  7 - D i n i t r o - c ~ - M e t h y l b u t y r a t e  ( I I )  

The yie ld  of the product  obtained under  f luorinat ion conditions f rom po ta s s ium 7, 7-d in i t ro-oz-methy 1- 
bu ty ra t e  was 20.5 g (70%), boiling at 62-63~ (1-2 ram) with n~ = 1.4330 and d42~ = 1.3408. It had the follow- 
ing composi t ion:  32.02% C, 4.22% H, 12.57% N, 8.72% F; MR 42.94; mol .wt .  217; C6HgN206F. The theore -  
t ical  composi t ion is 32.15% C, 4.05% H, 12.50% N, 8.47% F; MR 42.81; mol.wt.  224. 

1228 



y - F l u o r o - y , y - D i n i t r o b u t y r o n i t r i l e  ( I I I )  

Fluorinat ion.  Fluorine (17.0 g), diluted 1:25 with ni t rogen (by volume),  was pa s sed  through a solu-  
tion of 66.0 g po ta s s ium sa l t  of%~/-dini t robutyroni t r f le  in1.2 l i te r  wa te r  with s t i r r i ng  at 1-3~ until the 
solution became  co lo r l e s s .  Etherea l  ex t rac t s  (3 x 150 ml) f r o m  the reac t ion  mix tu re  were  combined, 
washed with 3% sodium carbonate  solution (2 • 200 ml) and wate r  (2 x 100 ml),  dr ied over  magnes ium s u n  
fate,  and cooled for  1 h to between --55 and --60~ af te r  evaporat ing to 150 ml.  The c rys ta l l ine  product  was 
f i l te red  off and r e c r y s t a l l i z e d  f r o m  ether  (50 ml).  The yield of the ni t r i le  was 35.5 g (60%); it boiled at 
77.5-78.5~ (0.5 ram) and mel ted at 22.7-23.0~ with n~ = 1.4466. It had the following composit ion:  27.32% 
C, 1.97% H, 23~ N, 10.51% F; mol .wt .  173; C4H4N304F. The theore t ica l  composi t ion is: 27.13% C, 2.28% 
H, 23.73% N, 10.73% F; mol.wt.  177. 

Michael Reaction.  To a solution of 20.5 g f luorodini t romethane in 90 ml ethanol at 50-60~ with s t i r -  
ring was slowly added dropwise 8.7 g aery loni t r i le ,  and the reac t ion  mix tu re  was kept at boiling point for  
6 h. It was then cooled to 20~ and af ter  12 h was diluted with water .  The ni t r i le ,  which sepa ra ted  ,~s an oil, 
was t r ea t ed  as in the preceding  exper iment .  After  r ee rys t a l l i za t ion  f r o m  ether  the product  mel ted  at 23~ 

y - F l u o r o - y , 7 - D i n i t r o b u t y r i c  A c i d  ( I V )  

To 450 ml  boiling 20% hydrochlor ic  acid was slowly addeddropwise  0.15 mole  methyl  y - f luo ro -y ,  y -  
d ini t robutyrate ,  and af ter  standing for  4-6 h the homogeneous solution was evapora ted  to d ryness .  The acid 
which r ema ined  was r ec ry s t a l l i z ed  f r o m  ch loroform.  The yield was 27.6 g (94%), mel t ing at 37~ The p r o -  
duct had the following composi t ion:  25.00% C, 2.31% H, 14.6(P/c N, 10.22v/c F; CttIdN2OdF. The theoret ica l  
composi t ion is: 24.50% C, 2.57% H, 14.28% N, 9.69% F.  

y - F l u o r o - ~ / ,  y - D i n i t r o - a - M e t h y l b u r y r i c  A c i d  (V) 

This acid was obtained by hydrolysis  of methyl  y - f l u o r o - y ,  y - d i n i t r o - ~ - m e t h y l b u t y r a t e  under the con- 
ditions used in the p reced ing  exper iment ;  the yield was 30 g (95%), mel t ing  at 85-86~ The product  had the 
following composi t ion:  28.46% C, 3.32% H, 13.26% N, 9.41% F; CSItTN206F. The theore t ica l  composi t ion is: 
28.59% C, 3.36% H, 13.33% N, 9.04% F. 

y - F l u o r o - y , y - D i n i t r o b u t y r y l  C h l o r i d e  (VI )  

A 0 .14-mole  quantity of y - f l u o r o - y ,  y -d in i t r obu ty r i c  acid was added in por t ions  with s t i r r ing  to 17 ml 
thionyl chlor ide at  18-20~ The homogeneous solution fo rmed  was slowly heated to boiling and kept for  ! . 5 -  
2 h. The excess  thionyl chlor ide was dist i l led off, and the acyl chloride was dist i l led under  vacuum. The 
yield was quantitative, and the product  boi led at 103-104~ (1-2 ram); n~ = 1.4580; d~ ~ = 1.5442. The p r o -  
duct had the following composi t ion:  22~ C, 1.91% H, 13.00% N, 16.98% C1; MR 37.42; mol.wt.  206; C4H t -  
N2OdC1F. The theore t ica l  composi t ion is: 22.39% C, 1.88% tI, 13.06% N, 16.52% C1; MR 37.86; mol.wt.214. 

y -  F l u o r o - y , y - D i n i t r o - a - M e t h y l b u t y r y l  C h l o r i d e  ( V I I )  

This product  was obtained f r o m  y - f l u o r o - y ,  y -d in i t ro - (~-e thy lbu ty r i c  acid with quantitative yield un- 
der  the conditions of the p reced ing  exper iment ;  it boi led at 75-76~ (1-2 ram); n~ = 1.4542; d 2~ = 1.4544. 
It had the following composi t ion:  26.33% C, 2.32% H, 12.13% N, 15.72r C1; MR 42.66; mol.wt.  221; C5HGN 2- 
O5C1F. The theore t ica l  composi t ion is: 26.27% C, 2.65% H, 12.26% N, 15.51% CI; MR 42.91; mol .wt .229.  

y - F l u o r o - y , y - D i n i t r o b u t y r y l a m i d e  ( V I I I )  

To 50 ml  15% aqueous ammonia  solution between --10 and --5~ and with s t i r r ing  was added dropwise 
22.4 g y - f l u o r o - v , y - d i n i t r o b u t y r y l  chlor ide.  After  standing for  20 rain at 0~ the c rys ta l l ine  prec ip i ta te  was 
f i l t e red  off, washed with water  (15 ml,  0~ dried,  and r e e r y s t a l l i z e d  f rom 1, 2-dichloroethane.  The yield 
was 16.3 g (80%), mel t ing  at 44.5-45~ It had the following composi t ion:  24.44% C, 3 .0(~  It, 21.6ff~ N, 
9.41% F, mol .wt .  193; C4HdN3OdF. The theore t ica l  composi t ion  is: 24.62% C, 3.10"% It, 21.54% N, 9.74% F; 
mol .wt .  195.1. 

y - F  lu o r  o - y  , y - D i n i t r  o b u t y r y l m e t h y l a m i d e  ( IX)  

To 60 ml  15% aqueous methylamine  solution between 0 and --2~ 21.0 g y- f luoro ,  Y, y -d in i t robutyry l  
chlor ide  was added dropwise with s t i r r i ng .  After  standing for  30 rain at 2~C the p rec ip i t a te  was f i l te red  off, 
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washed with 20 ml  iced water ,  dried, and r ec rys t a l l i z ed  f rom 1, 2-dichloroethane.  The yield was 14.5 g 
(71%), mel t ing  at 40.5-41~ It had the following composit ion: 28.90% C, 3.57% H, 20.20% N, 9.00% F; mol.  
wt. 204; CsHsN3OsF. The theore t ica l  composi t ion is: 28.71% C, 3.86% H, 20.09% N, 9.08% F; mol.wt.  209.1. 

D i s u b s t i t u t e d  y - F l u o r o - y , y - D  i n i t r o b u t y r y l  H y d r a z i d e  (X) 

To a mix tu re  of 16.0 g hydrazine hydrate and 50 ml ether  between --10 and --5~ was added dropwise 
with s t i r r i n g  22.7 g y - f l u o r o - y , y - d i n i t r o b u t y r y l  chloride in 50 ml  ether .  After standing for  2 h as 0~ the 
c r y s t a l s  were  f i l te red  off, thoroughly washed with water  (0~C), dried, and r ee ry s t a l l i z ed  f rom 1, 2-dichloro-  
ethane. The yield was 13.2 g (64~ mel t ing  at 208-209~ The product  had the following composition:24.80% 
C, 2.40% H, 21.44% N, 10.00% F; CsH10N6010F2. The theoret ical  composi t ion is: 24.75% C, 2.6(P/0 It, 21.65% 
N, 9.79% F.  

E t h y l  y -  F l u o r o - y ,  y - D  [ n i t r  o b u t y r  a t e  (XI )  

To 100 ml  ethanol at 15-17~ was added dropwise with s t i r r ing  0.15 mole 7-f luoro-~/ ,  y -d in i t robu ty ry l  
chlor ide ,  and the mix tu re  was kept at boiling point for  4 h. The excess  ethanol was removed,  and the ethyl 
e s t e r  was dist i l led.  The yield was quantitative, and the product  boiled at 76-77~ (1-2 ram); n~ = 1.4309; 
d 2~ = 1.3326. The produc t  had the following composit ion:  32.12% C, 4o21% H, 12.5(P~ N, 8.69% F; MR 43.50; 
mol .wt .  226; C6HgN206F. The theoret ica l  composi t ion is: 32.15% C, 4.05% H, 12.50% N, 8.48% F; MR 42.81; 
mot .wt .  224' 

E t h y l  y - F l u o r o - y , y - D i n i t r o -  a - M e t h y l b u t y r a t e  ( X I I )  

This e s t e r  was obtained under the conditions used in the preceding  exper iment  f rom y - f luo ro -y ,  y -  
d i n i t r o - a - m e t h y l b u t y r y l  chloride in quantitative yield. It boiled at 82-83~ (1-2 mm) with n~ = 1.4300 and 
d 2~ = 1.2812. It had the following composit ion:  35.15% C, 4.67~ H, 11.89% N, 7.64% F; MR 47.98; tool. wt. 
237; CTHllN206F. The theore t ica l  composi t ion is: 35.30% C, 4.68~ H, 11.76% N, 7.98% F; MR 47.46; tool. wt. 238. 

2,  2,  2 - T r i n i t r o e t h y l  y - F l u o r o - y , y - D i n i t r o b u t y r a t e  ( X I I I )  

F r o m  Acyl Chloride.  To a solution of 21.0 g y - f l u o r o - y  ,y -d in i t robu tyry l  chloride in 125 ml absolute 
1, 2-dichloroethane at 19-20~ with s t i r r i ng  was f i r s t  added 25.2 g t r in i t roethanol  followed by 26.0 g anhyd- 
rous a luminum chloride at 15-16~ After  keeping for  5 h at 85~ the cooled react ion  mixture  was poured 
into a mix tu re  of 80 ml hydrochlor ic  acid and 80 g ice. The diehloroethane solution was separa ted ,  washed 
with water ,  dr ied over  anhydrous magnes ium sulfate,  and boiled with 6 g active charcoal  for  3 h. After  r e -  
moving the 1, 2-dichloroethane the product  was r ec rys t a l l i zed  f rom carbon te t rach lor ide .  The yield was 
41.3 g (85%), mel t ing  at 41~ The product  had the following composit ion:  20.05% C, 1.74% H, 19.35% N, 
5.08% F; mol .wt .  348; C6It6NsO22F. The theore t ica l  composi t ion is: 20.06% C, 1.68% H, 19.50% N, 5.29% F; 
mol .  wt. 359.1. 

F r o m  Methyl Es t e r .  To 125.0 g anhydrous mix ture  of acids (8.5% ni t r ic  and 91.5% sulfuric) at 25~ 
was added dropwise  10.5 g methyl  7 - f luoro-7 ,  ~/-dinitrobutyratc,  and 10.8 g 2, 2, 2- t r in i t roethanol  was added 
in por t ions  at 50~ After  3 h at 60~C the reac t ion  mix ture  was poured on to ice, and the organic layer  was 
sepa ra ted ,  washed with water ,  and dried over  phosphorus pentoxide j  After  r emova l  of the unreac ted  p r o -  
ducts the c rys ta l l ine  res idue  was r ec ry s t a l l i z ed  f rom carbon te t rach lor ide .  The yield was 3.92 g (3(P/o) with 
mel t ing  point 41~ 

2- F l u o r o - 2 ,  2 - D i n i t r o e t h a n o l  ( X I V )  

To a solution of 30.0 g f luorodini t romethane in 120 ml  wa te r  at 18-20~ was added dropwise 30 ml  
35% formal in  followed by 0.]-0.15 g anhydrous po tass tum carbonate .  The react ion  mix tu re  took on a Hght 
yellow color  and spontaneously heated to 35~ After  1 h at 35-40~ (cooled with wa te r  f i r s t  and then heated) 
the homogeneous co lo r less  reac t ion  solution was cooled to 12-15~ and was ext rac ted  with ether  (90, 50, 
50 ml).  The ex t rac t s  were  combined, dr ied over  magnes ium sulfate,  and the e ther  was removed under 
vacuum.  The 2-f luoro-2 ,  2-dini t roethanol  which remained  was dist i l led under  vacuum; the yield was 30.6 g 
(80%), boil ing at 62-63~ (1-2 ram) with n~ = 1.4323. Our previous resu l t s  gave [4]: bp 62-66~ (1-2 mm);  
n~ = 1.4338. 
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2 - F l u o r o - 2 ,  2 - D i n i t r o e t h y l  7 ,  y ,  y - T r i n i t r o b u t y r a t e  (XV) 

To 100 ml 100% sulfuric acid at 17-18~ was added 17.6 g 7, 7, 7-trinitrobutyric acid, and 15.0 g 2- 
fluoro-2, 2-dinitroethanol was added dropwise at 20-21~ After s t i rr ing for 3 h the reaction mixture wa~ 
left at room temperature for five days and then poured on to 300 g crushed ice. The precipitate was filtered 
off, washed with water, dried, and recrystal l ized from carbon tetrachloride.  The yield was 11.8 g (42%), 
melting at 53o5~ The product had the following composition: 20.31~c C, 1.68% H, 19.55% N, 5.65% F; 
tool. Wto 373; CGH6NsOI2F. The theoretical composition is: 20.06% C, 1o68% H, 19o50% N, 5.29% F; mot.wt. 
359. 

C ONC LU SIONS 

1. In the fluorination of aqueous solutions of salts of methyl T,7-dinitrobutyrates and 7,7-dinitrobu- 
tyronitrile with elemental fluorine the reaction only occurs at the anionic center and forms C -- F bonds. 

2. 7-Fluoro-7,T-dinitrobutyric and T-fluoro-T,7-dinitro-~-methylbutyric acids and some of their 
derivatives were prepared. 
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