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Hydroxymercuration and subsequent reduction is used for the indirect hydration of olefins, the direct 
hydration of which is difficult [I]. 3,3,3-Trifluoropropene enters with difficulty into the polar addition re- 
action. Hydrogen chloride and hydrogen bromide add to it only at I00 ~ in the presence of aluminum halides. 
It does not react with water in acid medium, while conc. H2SO 4 mineralizes the fluorine atoms. Nucleo- 
philie reagents do not add to 3,3,3-trifluoropropene. Also primary amines, sodium methylate and acetic 
acid in weakly basic medium do not react with it. The action of water and alcohols, in the presence of 
bases, under drastic conditions, leads to mineralization of the fluorine atoms [2, 3]. The mercuration of 
3,3,3-trifluoropropene with mercuric nitrate in glacial acetic acid or in absolute alcohol proceeds with 
great ease, leading (after treatment with KCI solution) to the crystalline ethers of 2-ehloromercuri-3,3,3- 
trifluoro-l-propanol [4]. 

CF3CH=CH 2 i) Hg(~O,),; 2) KCl, CF3CH (HgCl) CH2011 
ROll 

(R--alkyl, acetyl) (I) 

In o r d e r  to develop a convenient synthes is  for 3 , 3 , 3 - t r i f l u o r o - l - p r o p a n o l  and i ts  e the r s  and e s t e r s ,  
we studied the reac t ion  of the (I) compounds with reducing agents .  

It is known that m e r c u r y  in organic  compounds is r ep laced  by hydrogen when the organic  compounds 
are  t r ea ted  with sodium borohydr ide  [1], zinc dust [5] o r  hydraz ine  hydra te ,  in which connection the las t  
reac t ion  is accompl ished  v ia  the s tep of s y m m e t r i z a t i o n  of the o r g a n o m e r c u r y  compound [6]. When b i s -  
(polyfluoroalkyl) de r iva t ives  of m e r c u r y ,  (R2Hg), a re  t rea ted  with mois t  A1 the m e r c u r y  is r ep laced  by 
hydrogen,  if  R = CF3, C2F5, C3F ? or  CHFCF3, while vinylidene f luoride [7] is f o rmed  when R = CH2CF 3. 

We es tab l i shed  that the (I) compounds,  when reduced in aqueous suspens ion  with an alkaline solution 
of sodium borohydr ide ,  f o r m  the cor responding  3 , 3 , 3 - t r i f l u o r o - l - p r o p a n o l  de r iva t ives  in 50-80% yield.  

CFaCH (HgCl) CH20R NaBH** CF~CH2CH20R (R=H, CH 3, COCH3) 
KOH 

(I) (II) 

When R =COCH3, the e s t e r  function is re ta ined  due to the use  of KOH in an amount  equivalent  to 
the amount of o r g a n o m e r c u r y  compound. 3 ,3-Dif luoroal lyl  alcohol and its e thers  a re  fo rmed  in goodyie ld  
(50-89%) when an a t tempt  is made to reduce  the (I) compounds with zinc dust in sa tu ra ted  NI-I4C1 solution. 

CF3CH (HgC1) CH,OR - z n  , CF2=CHCH20R ( I t=H ,  alkyd 
NH4CI 

(I) (III) 

The side de s oxym ercu ra t i on  reac t ion  leads  to the fo rma t ion  of 3 ,3 ,3 - t r i f luoropropene .  When R = 
COCH3, the de soxym ercu ra t i on  reac t ion  p r e d o m i n a t e s .  The fo rmat ion  of the (III) compounds is an example  
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of the c leavage of m e r c u r y  and of the f luorine a tom adjacent  to it f r o m  the o rgan ic  molecule .  Fluorine in 
the fl-position to the m e r c u r y  a tom di f fers  in i ts  p r o p e r t i e s  f r o m  other  halogens.  Organofluorine d e r i v a -  
t ives  of m e r c u r y  a re  not inclined to undergo reac t ions  involving the f l -e l iminat ion of f luorine.  Thus,  a c -  
cording to the l i t e r a tu re  data, the (I) compounds during pyro ly t i c  decomposi t ion  do not c leave the e lements  
of HgFC1, but ins tead l ibe ra te  3 ,3 ,3- t r i f luoropropene  [4]. The b i sper f luoroa lky l  compounds of m e r c u r y  
during py ro lys i s  do not l ibera te  the olefin, but instead meta l l i c  m e r c u r y  and the recombina t ion  product  of 
the organof luoro  rad ica l s  [8]. 

As a resul t ,  o rganof luoroder iva t ives  of m e r c u r y  a re  no rma l ly  reduced by a meta l ,  provided they con-  
tain f luor ine  in the a - p o s i t i o n  to the m e r c u r y  [7], and they e l iminate  fluorine f rom the f i -posi t ion when the 
o~-fluorine is absent .  Start ing with the po la rography  data [9], these t r ans fo rma t ions  can evidently be de-  
p ic ted  by the following scheme:  

R~HgCI --~-~ R~Hg" + C1 ~ 
St 

R i § Hg 
H20 

r - - - - *  R~H 

The e lec t ron ,  supplied by the meta l  atom,r causes  the e l iminat ion of chlor ine as the anion. Knowing. 
that an c~-fluorine s tab i l izes  rad ica l s  and in p a r t  des tab i l i zes  carbanions  [10], i t  may  be a s sumed  that Rf 
r e ac t s  with wa te r  when an s - f l u o r i n e  is p r e s e n t .  When an o~-fluorine is absent  the rad ica l  obtains a second 
e lec t ron  and is conver ted  to the carbanion.  

| --F| 
CF3CII=CH2 ~ -R0~ CF~CHCH~OH , CF~.=CHCH2OII 

In the case of the (I) compounds studied by us the stabilization of the carbanion can occur along two 
competing directions: cleavage of either a fluorine anion or RO | . The first path predominates when R = H 

or alkyl, while the second path predominates when R = COCH 3. 

Reduction of the (I) compound (R = CH3) with hydrazine hydrate in ethylene glycol at 130 ~ leads to the 
formation, in low yield, of a mixture of the (II) and (lID compounds (R = CH3) , while at I00 ~ without a 

CH3OCH 2 

i 
solvent, only the symmetrization product of the starting compound (CF3CH)2Hg (V) is formed. 

It can be seen that at elevated temperature, together with normal reduction via the symmetrization 

step, there occurs a radical reaction according to the above-given scheme. 

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

The hyd roxymercu ra t i on  of 3 ,3 ,3- t r i f luoropropene  was run as decr ibed  in [4]. 

React ion  of (I) Compounds with NaBH 4. To a s t i r r ed  suspension of 0.033 mole of (I) in 15 ml  of wa-  
te r  was slowly added in drops  a solution of 0.6 g of NaBH 4 in 10 ml  of water ,  containing 1.9 g of KOH. 
Mercury  is l ibe ra ted  in 87-99% yield.  See below for  the isolat ion of the liquid p roduc t s  and their  p rope r t i e s .  

React ion of (I) Compounds with Zinc Dust.  To a mix tu re  of 0.033 mole  of (I), 13 g of Zn dust and 15 
g of NH4C1 was rap id ly  added 40 ml  of water .  React ion  began immedia t e ly  with the evolution of gas,  which 
was col lec ted  and analyzed by GLC. * When R = H or alkyl, the yield of 3 ,3 ,3- t r i f luoropropene  was 6-10%; 
when R = COCH3, the yield was 74%. Compound (III) (R = H) is quanti tat ively conver ted  to CF2BrCHBrCH 2 
�9 OH (IV) by bromina t ion  in anhydrous CHC13. See below for  the isola t ion and p r o p e r t i e s  of the liquid p rod-  

ucts .  

React ion  of (I) Compounds (R = CH~) with Hydrazine  Hydra te .  A mix ture  of 0.1 mole  of (I) (R = CH 3) 
and 0~4 mole  of hydraz ine  hydra te  in 150 ml  of ethylene glycol,  containing added cetyl  alcohol, was slowly 
heated up to 130 ~ The liquid that dis t i l led off contains a 50-51 ~ f ract ion,  which, based  on the GLC data,  
is composed  of compounds (II) and (IH) (R = CH 3) in a 1 : 1 ra t io .  The yield of Hg was 83.5%. 

*All  of the ana lyses  of the liquids and gases  by GLC were  run on Po rapak  Q sorbent  at 170-175 ~ 
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T A B L E  1. Properties of S y n t h e s i z e d  C o m p o u n d s  

Cornpound 

(I) R=CHa 

(I) R=i-C~H7 

(H) R=H 
(II) R=CHa 
(11) R=COCH~ 

(l id R-----H 

([[[) I~=CH3 

((II) R--'--C~H5 
(IIl) R~i-C~H7 

(IV) 

(V) 

I 
]Bp, ~ (p, 

�9 ~ rnmofHg) 
or Mp, ~ 

70 62--63 

54 34~35 

98~102 * 
6 53-5~ * 

6t I12--113 $ 

50 40--41(20) 

66 45--46 

j 65 3~64 * * 
89,4 8f 

98 69-7000) 

42,3 86--87(t0) 

Found, % :Char act er- 
Calculated, % istic band 

- [tFdm, c m  -1 

I 
-- i5,46 i3,22 1,80 15,69 13,23 i,67] 

15,28[ t3,081 t ,88 t I [ ] 
--  14,50118,32 I 2,36 ] 14,571 t8,42 [2,58] 

14.60 [ 18.45 [ 2,43 ] ! ] ] 
-- ]Identical with authentic samples 1 

1,3t20~ when ba~ed on GLC data ] 
1,3432 36,t81 136,5~. : I 

136,29 1 l I 
i ,36o514o,oI ~ 140,3s I 

t ~9,8s I l f 
1,3386135,22 1 135 15 i 

134,93 [ I ' I 
t ,354oi I I I 
t,3640l /52,78 7,96 ] 52,92 7,42 I 

/ 152,6t 7,9l I I 
[,4808[ t4,44 1 i4,73 t ,84114,97 i4,i9 t ,591 

]14,44114,66 1,77] ] 
[,4176124,43/22,05 2,78125,04 21,13 2,66] 

24.17 t2t,94 2,871 ] 

1742 

i726 

1757 
1762 

* From [12]- bp 100-t0I ~ 
1" From [12]: bp 54.9~ n~ 1.3114. 
~c From [13]: bp 112~ n~1.3428. 
* * From [14]: bp 67 ~ (760 ram); n~ 1.3548. 

A m i x t u r e  of  0.05 m o l e  of (I) (R = CH3) and 15 m l  of h y d r a z i n e  h y d r a t e  was  h e a t e d  on the bo i l i ng  w a t e r  
ba th  f o r  2 h. The  l i b e r a t i o n  of v o l a t i l e  s u b s t a n c e s  was  not  o b s e r v e d .  The  amoun t  of ob t a ined  Hg was  0.026 
a t o m .  

I s o l a t i o n  of  L iqu id  P r o d u c t s .  The  l o w - b o i l i n g  l i qu id s  w e r e  i s o l a t e d  by  d i r e c t  d i s t i l l a t i o n  f r o m  the 
r e a c t i o n  m i x t u r e ;  the l i qu ids ,  bo i l i ng  above  85 ~ , w e r e  e x t r a c t e d  with  e t h e r ,  the e x t r a c t s  w e r e  d r i e d  o v e r  
MgSO4, and the e t h e r  was  d i s t i l l e d  off t h rough  a f r a c t i o n a t i n g  c o l u m n .  The r e s i d u e s  w e r e  d i s t i l l e d .  

NMR S p e c t r a  of S y n t h e s i z e d  ComPounds ;  Al l  of the F 19 NMR s p e c t r a  w e r e  r e c o r d e d  on a H i t ach i  H-60  
i n s t r u m e n t .  The  c h e m i c a l  sh i f t s  w e r e  m e a s u r e d  r e l a t i v e  to CF3COOH as  the  e x t e r n a l  s t a n d a r d .  The  H i 
NMR s p e c t r a  w e r e  r e c o r d e d  on a P e r k i n - E l m e r  R - 1 2  i n s t r u m e n t ,  u s ing  h e x a m e t h y l d i s i I o x a n e  as  the i n -  
t e r n a l  s t a n d a r d .  The  v a l u e s  of the p r o t o n  c h e m i c a l  sh i f t s  a r e  g i v e n  on the 5 s c a l e .  Compound (I), F l~ (in 

CHCI3): 6CF 3 -21-21.6 ppm, JF ~ = - H ~ 13 Hz,  J F ~ _  H g ~  ~ 315 Hz.  Compound  (Y), FI~: 5 C F  3 = - 2 1 . 4  
F A H 

\ / 
= C=C FIg: system ABX, 6CF 2 ppm, JF19 _ H I = 12.3 Hz, JF 19 _ Hg I~9 256 Hz. Compound (III) / \ , 

F B CH~OR 
III II I 

= §  ppm,  J F  A _  F B ~ 4 0 . 4  Hz, J F  A _  H = 2.5 Hz,  J F  B _  H = 22 .6-24 .1  Hz.  CF3CH 2 CH~ O H ,  

NMR: 61 = 4 . 7 4 ,  5i i  = 3 . 7 2 ; 6 i i i  = 2 . 2 ]  ppm,  J H I I _ H I I I  = 6 H z ,  J H I I I _ F i  9 = 1 1  Hz .  

The  p r o p e r t i e s  of  the s y n t h e s i z e d  compounds  a r e  g iven  in  T a b l e  1. 

CONCLUSIONS 

I. A preparative method was developed for the synthesis of 3,3,3-trifluoro-l-propanol and its ethers 
and esters from 3,3,3-trifluoropropene. 

2. It was shown that the fi-elimination of fluorine occurs when 2-chloromerouri-3,3,3-trifluoro-1- 
p r o p a n e !  and i t s  e t h e r s  a r e  t r e a t e d  with  z inc ,  l e a d i n g  to the  f o r m a t i o n  of  3 , 3 - d i f l u o r o a t l y l  c o m p o u n d s .  

I. 

2. 

3. 
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