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A method for the preparat ion of 2 - f luo ro -2 -n i t ro - l - a lkano l s  by the fluorination of the nitronate salts 
of 2-nitro- 1-alkanols in aqueous solution was descr ibed in [1,210 

| H20 
RC(NOz)CH~OH -~ F2----* RC(NO2)CH20H Jc F ~ 

I 
F 

Des~:ite the availabili ty of the s tar t ing nitro alcohols and the simplicity of the method, it is impossible 
to call it a:a excellent procedure,  since under aqueous fluorination conditions the degree to which the 2-n i t ro-  
1-alkanol is converted to the corresponding 2 - f luo ro -2 -n i t ro - l - a lkano l  is 20-40~c in most cases,  i . e . ,  the 
end product always contains a substantial  amount of the start ing nitro alcohol, and it is neces sa ry  to ca re -  
fully separa te  the obtained mixture.  In [1, 2] the separat ion was effected by repeated fractional distillation 
in vacuo through various types of columns, which is complicated and inefficient for the given sys tems .  

In order  to obtain the pure 2 - f luo ro -2 -n i t ro - l - a lkano l s  we employed the Henry reaction,  where we 
used the 1 - f luoro- l -n i t roa lkanes  descr ibed by us previously [3]. The react ion for the formation of the 2- 
f luoro -2 -n%ro- l -a lkano l s  is quite complete, and the yield of the desired products reaches  80-90% : 

H.O; EtOH 
RC(NO-2)H ~- CH20 . . . .  RC(NO2)CH20H 

F F 

The 2 - f luo ro -2 -n i t ro - l - a lkano l s  obtained by the Henry react ion are  easi ly purified by vacuum-dis -  
tillation, and in this case a good relat ionship is achieved between the physical constants of the fluoronitro 
alcohols at, r egards  the functions: d42~ = f(H) (where H is the amount of hydrogen) [4] and d420 = f(n D 20) [5] 
(Fig. 1). Some of the physical proper t ies  of the synthesized 2 - f luo ro -2 -n i t ro - l - a lkano l s ,  the yields, and the 
analysis  dsta are  given in Table 1. 

In contrast  to their nitro analogs and the start ing 2 -n i t ro - l - a lkano l s ,  the 2 - f luoro -2 -n i t ro - l - a lkano l s  
a re  not deformulated in the presence of bases [1,2], which makes it possible to use them in react ions that 
proceed in alkaline media.  For  example, the 2-f luoro-2-ni t rohexyl  es ter  of picr ic  acid was obtained by 
employing Lhe method given in [6]: 

~g'8 I 8,op 
7, Oh 

5,o L 
1,0o 

g ~ f ,  ~20 

, j 
I 

Fig. 1. Dependence of density on amount of hydrogen 
in the molecule (1) and on the ref rac t ive  index (2) in the 
homologous se r ies  of 2 - f luoro -2 -n i t ro - l - a lkano l s .  d420 
= 1.598-0.061 H (1); d420 = 12.146-7.692 nD2~ (2). 
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02N~--OCH2C(NO2)(CH~)3CHs + HC1 

NO2 

The  h y d r o x y l  g roup  in the 2 - f l u o r o - 2 - n i t r o - l - a l k a n o l s  i s  e a s i l y  
e s t e r i f i e d  by  a c i d s  and ac id  c h l o r i d e s .  Some  of the a r b i t r a r i l y  s e l e c t e d  
a l c o h o l s  w e r e  e s t e r i f i e d  with a c e t y l  c h l o r i d e ,  p - t o l u e n e - s u l f o n y l  c h l o r i d e  
and 4 - f l u o r o - 4 , 4 - d i n i t r o b u t y r y l  c h l o r i d e .  The  e s t e r s  of s o m e  u n s a t u -  
r a t e d  a c i d s  ( a c r y l i c  and m e t h a c r y l i c )  and the  e s t e r s  of 3 - f l u o r o - 3 ,  3 -  
d i n i t r o p r o p y l c a r b a m i c  ac id  w e r e  a l s o  ob ta ined  in s a t i s f a c t o r y  y i e l d s  
(Table  2). F o u r  2 - f l u o r o - 2 - n i t r o - l - a l k a n o l  n i t r a t e s  w e r e  s y n t h e s i z e d  
(Tab le  3), fo r  which the  func t ions  d42~ = f(H) and d42~ = f(nD2~ p r o v e d  
to be qu i te  s a t i s f a c t o r y .  

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

2 - F l u o r o - 2 - n i t r o - l - a l k a n o l s .  To a so lu t i on  of 0.1 M of the  1-  
f l u o r o - l - n i t r o a l k a n e  and 10 ml  of 36% f o r m a l i n  so lu t i on  in  30 m l  of 
e thano l  was  a d d e d  in d r o p s ,  at  20~ 1-2 m l  of a 2% so lu t ion  of e i t h e r  
c a u s t i c  or  T r i t o n  B. A f t e r  ho ld ing  at  78-80 ~ fo r  2-3  h the  r e a c t i o n  m a s s  
was  coo led  and d i lu t ed  with w a t e r .  The  p r o d u c t  was  e x t r a c t e d  with e t h e r ,  
and the c o m b i n e d  e x t r a c t s  w e r e  w a s h e d  with w a t e r  (2 • 50 ml)  and then 
d r i e d  ove r  MgSO 4. A f t e r  r e m o v a l  of the  so lven t  the 2 - f l u o r o - 2 - n i t r o - 1 -  
a l k a n o l  was  p u r i f i e d  by  v a c u u m - d i s t i l l a t i o n .  

N i t r a t e s  of 2 - F l u o r o - 2 - n i t r o - l - a l k a n o l s .  To a m i x t u r e  of 0.25 M 
of 98% HNO 3 and 0.25 M of 94% H2SO 4 at  0 ~ was  added  0.05 M of the  2 -  
f l u o r o - 2 - n i t r o - l - a l k a n o l ,  a f t e r  which the m i x t u r e  was  he ld  for  2 h and 
then  g r a d u a l l y  h e a t e d  up to 18-20 ~ . The  r e a c t i o n  m a s s  was  p o u r e d  on 
50 g of i c e .  The o r g a n i c  l a y e r  was s e p a r a t e d  and d i s s o l v e d  in 10 m l  
of e t h e r .  The  e t h e r  so lu t i on  was w a s h e d  with 5~c aqueous  NaHCO~ s o -  
lu t ion  and then  d r i e d  ove r  MgSO 4. A f t e r  r e m o v a l  of the  s o l v e n t  the 2-  
f l u o r o - 2 - n i t r o - l - a l k a n o l  n i t r a t e  was  p u r i f i e d  by  v a c u u m - d i s t i l l a t i o n .  

A c e t a t e s o f 2 - F l u o r o - 2 - n i t r o - l - a l k a n o l s .  To a so lu t i on  of 0.1 M 
of the 2 - f l u o r o - 2 - n i t r o - l - a l k a n o l  in 30 m l  of 1 , 2 - d i c h l o r o e t h a n e  at 18-20 ~ 
was  added  in d r o p s  a so lu t ion  of 0.11 M of a c e t y l  c h l o r i d e  in 20 ml  of 1, 
2 - d i c h l o r o e t h a n e .  At  the  end of gas  evo lu t ion  the r e a c t i o n  m a s s  was 
s l o w l y  h e a t e d  up to r e f l u x  and he ld  for  3 -3 .5  h.  A f t e r  r e m o v a l  of the 
l o w - b o i l i n g  c o m p o n e n t s  the  2 - f l u o r o - 2 - n i t r o - l - a l k a n o l  a c e t a t e  was  p u r -  
i f i ed  by  v a c u u m - d i s t i l l a t i o n .  

. A c r y l a t e s  and M e t h a c r y l a t e s  of 2 - F l u o r o - 2 - n i t r o - l - a l k a n o l s .  To 
a so lu t i on  of 0.05 M of the 2 - f l u o r o - 2 - n i t r o - l - a l k a n o l  in 50 ml  of CHCI 3 
was  added  0.055 M of the  a p p r o p r i a t e  ac id  c h l o r i d e .  The  m i x t u r e  was  
he ld  at  70-75 ~ for  6 h. A f t e r  r e m o v a l  of the  so lve n t  the  e s t e r  was  washed  
in  s u c c e s s i o n  with w a t e r  and 5% NaHCO 3 so lu t ion  and then  d r i e d  ove r  
MgSO 4. F o r  f ina l  p u r i f i c a t i o n  the e s t e r  was v a c u u m - d i s t i l l e d .  

T o s y l a t e s  of 2 - F l u o r o - 2 - n i t r o - l - a l k a n o l s .  To a so lu t ion  of 0.1 M 
of the 2 - f l u o r o - 2 - n i t r o - l - a l k a n o l  in  0.4 M of p y r i d i n e  at  0-5 ~ was  added  
0.11 M of p - t o l u e n e s u l f o n y l  c h l o r i d e  in p o r t i o n s .  The  m i x t u r e  was  c a r e -  
fu l ly  h e a t e d  up to 75-80 ~ and he ld  fo r  3-4  h.  A f t e r  coo l ing ,  100 ml  of 
CH2C12 was  added  and the m i x t u r e  was  p o u r e d  into a m i x t u r e  of w a t e r  
and i ce  that  con ta ined  N 0.3 M of HCI.  The  o r g a n i c  l a y e r  was  s e p a r a t e d ,  
w a s h e d  in s u c c e s s i o n  with 5% KHCO 3 so lu t ion  and w a t e r ,  and then  d r i e d  
o v e r  MgSO 4. The d r y  so lu t i on  was  f i l t e r e d  th rough  a bed  of AI~O 3 and 
then  e v a p o r a t e d .  The p r e c i p i t a t e  was r e c r y s t a l l i z e d  tw ice  f r o m  h e p -  
t a n e .  

2 - F l u o r o - 2 - n i t r o a l k y l - 4 ' - f l u o r o - 4 ' , 4 ' - d i n i t r o b u t y r a t e s .  To a 
s o l u t i o n  of 0.1 M of the  2 - f l u o r o - 2 - n i t r o - l - a l k a n o l  and 0.11 M of the 
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acid ch lor ide  of 4 - f luoro-4 ,  4-d in i t robutanoic  acid in 70 m l o f  1, 2 -d ich loroe thane  at 10-12 ~ was added 0.1 
M of anhydrous AICIs in por t ions;  the mix ture  was s lowly heated up to 83-85 ~ and held for  2.5-3 h. The 
ch i l l ed . reac t ion  m a s s  was poured into a mix ture  of 5% HCI solut ion and ice .  The organic  l a y e r  was s e p -  
a ra ted ,  washed in success ion  with 2% KHCO 3 solution and wa te r ,  and then d r i ed  over  MgSO 4. The solvent  
was evapora ted ,  while the c ry s t a l l i ne  product  was r e c r y s t a l l i z e d  s e v e r a l  t imes  f rom heptane.  

. 2 - F l u o r o - 2 - n i t r o a l k y l - N - ( 3 ' - f l u o r o - 3 ' ,  3 ' - d i n i t r o p r o p y l ) c a r b a m a t e s .  To a solut ion of 0.07 M of NaN 3 
in 15 ml of wate r  at 0-3 ~ was added in drops  a solution of 0.035 M of the acid chlor ide  of 4 - f luo ro -4 ,  4 - d i -  
n i t robutanoic  acid in 30 ml of CHC13. The r eac t ion  m a s s  was hea ted  up to 30 ~ and held  for  30 min.  Af te r  
cooling to 18-20 ~ the ch loroform l a y e r  was sepa ra t ed ,  while the aqueous solut ion was ex t r ac t ed  with CHC13 
(3 • 5 ml) .  The combined solut ion was washed with water  (2 • 25 ml) and then d r i ed  over  MgSO 4. To the 
solut ion were  added 0.035 M of the 2 - f l u o r o - 2 - n i t r o - l - a l k a n o l  and a ca ta ly t ic  amount of f e r r i c  a c e t y l a c e -  
tonate .  The mix ture  was ref luxed for  5 h. Then the CHC13 was removed ,  while the r e s i due  was r e c r y s t a l -  
l i zed  twice f rom a CCl4-hep tane  mix tu re .  

1 - ( 2 ' - F l u o r o - 2 ' - n i t r o h e x o x y ) - 2 , 4 ,  6 - t r i n i t robenzene .  To a solut ion of 0.05 M of 2 - f l u o r o - 2 - n i t r o - 1 -  
hexanol and 0.05 M of p i c ry l  chlor ide  in 20 ml of benzene at 0-3 ~ was added 0.051 M of anhydrous K2CO 3 in 
por t ions .  Af te r  s t i r r i n g  at 18-20 ~ for  24 h the p rec ip i t a t e  was s e p a r a t e d  and the benzene was r e m oved  
f rom the f i l t r a t e .  The c ry s t a l l i ne  p rec ip i t a t e  was r e c r y s t a l l i z e d  f rom a 2 : 1 CC14-heptane mix ture ,  and 
then twice f rom heptane.  

C O N C L U S I O N S  

1. A mix tu re  of 2 - f l u o r o - 2 - n i t r o - l - a l k a n o l s  and some of the i r  e s t e r s  were  synthes ized  by the Henry 
r eac t ion .  

2. It was shown for the synthes ized  alcohols  and the i r  n i t r a t e s  that a good r e l a t ionsh ip  ex is t s  between 
the dens i ty  and the amount of hydrogen and r e f r a c t i v e  index. 

I .  
2. 
3. 

4. 
5. 
6. 
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