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It is known that the s t rong e l e c t r o n - a c c e p t o r  effect  of polyfluoroalkyl  subs t i tuents ,  found a to the carbonyl  
group,  fac i l i ta tes  nueleophil ic a t tack  on the ketone and hinders  cons iderab ly  the reac t ion  with e lec t rophi les  [1]. 
Thus,  per f luoroketones  fo rm s table  adduets with NH 3, H2O, and a lcohols ,  a r e  reduced by complex meta l  hydr ides  
[1], undergo ha lo fo rm decomposi t ion  under  the influence of aqueous alkal i  [2], but r e a c t  with difficulty with PC15 

[3]. 

The behavior  of hydrogen when ~ to the carbonyl  group of a perf luoroketone  lowers  the e lec t rophi l ic i ty  of 
the l a t t e r  and opens up the poss ib i l i ty  of rea l iz ing  reac t ions  that involve the u -hydrogen  a tom.  However ,  the 
reac t iv i ty  of such ketones was studied only for  pentaf luoroacetone (PFA) [4]. 

The purpose  of the p re sen t  paper  was to study the reac t iv i ty  of a higher  PFA homolog - spec i f ica l ly ,  3-  
hydroper f luo ro -2 -bu tanone  (I). We synthesized (I) by the hydro lys i s  of 2 -me thoxy-3 -hydroper f luo robu tane  {II), 
which was obtained as descr ibed  in [5] : 

H~S04-SO~ 
CFsCFCFHCF3 - -  ~ CF3CCFHCF~ 

! H 
MeO (II) 0 (I) ~ 0 %  

In con t ras t  to PFA, it proved that ketone (I) does not undergo autocondensat ion in the p re sence  of bases  
[4], apparen t ly  due to the s t e r i c  h indrance  c rea ted  by replac ing  the a - F  a tom in PFA by the CF 3 group. 

Ketone (I) r eac t s  with aqueous NaGH solution only when ref iuxed v igorous ly ,  and h e r e  it undergoes h y d ro l -  
ys is  to give t r i f luoromethane  and the Na sa l t  of 2 ,3 ,3 ,3- te t ra f luoropropionic  acid:  

iN aOIt, H..O H.~SO4 
(I) ' CFsH -~ CF3CFHCO~Na ~ CF3CFHCO2H 

(III) 59% 

It is obvious that the difficult  decomposi t ion  of (l) is explained by the poss ib i l i ty  of a compet ing p r o c e s s ,  
name ly  the deprotonat ion of (I) and the fo rmat ion  of the m e s o m e r i c  carbanion.  

When (D is reac ted  with NH~ it exhibits the p rope r t i e s  of a per f luoroketone  and fo rms  a s table  adduct,  
which r e p r e s e n t s  a 1 :1  mix tu re  of d i a s t e r e o m e r s  (19F NMR): 

Ntta .g. r 
(I) ~ CFsC(OH)CFHCF3 

I 
NH2 (IV) 

] h e  reduct ion of (I) with LiA1H 4 in e ther  gave a mix tu re  of the d i a s t e r e o m e r s  of alcohol (V) in a 2 .6 :1  
ra t io  (GLC, 19F NMR), which conf i rms  the scheme  proposed in [6] for  the reduction of t r a n s - p e r f l u o r o - 2 - b u t e n e  

oxide:  
LiAIH~ ~ 

( I )  ~ C F ~ H C F H C F 8  
I 

OH (V) 

When g) is r eac ted  with PC15, the carbonyl  oxygen and the o~-H a tom a r e  rep laced  by chlor ine to give (-V[) 

and (VII) : 
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PCl5  
(I) -~50~-* CF~CFClCCl~CF, ~ CF,CCl=CFCFa 

(VI) 24% (VII} 27.5% 
cis:trans- 1:1.75 

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

The iH and 19F NMR spec t r a  were  taken on a P e r k i n - E l m e r  11-32 s p e c t r o m e t e r  at  90 MHz using TMS 
(1H) as the external  s tandard and at  84.6 MHz and using CF3COOH (igF) as the external  s tandard ,  and also on a 
Tesla BS-497 s p e c t r o m e t e r  a t  100 MHz using TMS (1H) as the internal  s tandard and at 94 MHz using CGF @ (19F) 
as the in ternal  standard~ The IR spec t r a  were  obtained on a UR-20 s p e c t r o m e t e r .  The puri ty  of the products  
was es tabl ished by GLC on an LKhM-72 ch roma tog raph ,  which was equipped with a k a t h a r o m e t e r  as the de t ec -  
tor ,  a 6 m • 4 m m  steel  column packed with 5% SKTFT-100 deposited on Chromosorb  G, and he l ium was used 
as the c a r r i e r  gas .  

3 -Hydrope r f luo ro -2 -bu tanone  (I). With s t i r r i n g ,  to 80 g of 60% oleum was added 40 g (0.17 mole) of (II), 
the mix tu re  was refluxed for  0.5 h, and then the (I) was dist i l led.  Disti l lation ove r  conc. H2SO 4 gave 31 g (91~) 

1 2 3 1 2 
of Of), bp 34-35 ~ CF3COCFHCF~. 19F NMR s p e c t r u m  (5, ppm):  - 0 . 3  m OF, CF~), 135.3 d. sept  OF, CF), 1.2 

3 

d OF, CF9 , J1-2 = J2-3 = 11.3, J2-H = 45.3 Hz. 

PMR s p e c t r u m  (external s tandard TMS, 5, ppm) : 4.81 d. qu. Inf rared  s p e c t r u m  (~, cm -1) : 1790 (C = O). 
Found: C 24.01; F67.25%. C4HFTO. Calculated:  C 24.24; F67.17%. 

Reaction of (I) with NaOH. To 10.5 g (0.053 mole) of (l) was added dropwise  a solution of 2.2 g (0.055 
mole) of NaOH in 3.2 ml  of H20 and the s t i r r ed  mix tu re  was refluxed for  3.5 h. The gas was col lec ted ,  and the 
r e s idue  was dist i l led twice over  conc. H2SO 4 to give 320 ml  (0.0143 mole) (27~0) of CF3H (identified by GLC using 
a standard) and 1.5 g of (IIl) 619%), bp 140-142~ [7]. ~9F NMR spec t rum (C6F~, 6, ppm):  -40 .82  d.qu (1F, CF), 
87.6 d.d (3F, CF3) , JCF3_CF = 11.6, JCF3_ H = 6.6, J H - F  = 45.6 Hz. PMR spec t rum (5, ppm,  internal  s tandard 

TMS): 5.3 d.qu. OH, CH), 8.8c OH, COOH). Inf rared  s p e c t r u m  (v, cm-1):  1770 (C = O), 3610 (OH). 

2 - H y d r o x y - 2 - a m i n o - 3 - h y d r o p e r f l u o r o b u t a n e  (IV). Into a solution of 6 g (0.034 mole) of (I) in 50 ml  of 
e ther  at  0 ~ was passed  0.5 g of d r y  NH3, and then the e ther  was evapora ted .  We obtained 4.5 g (69~0) of (I\0, 
mp 65-67 ~ (CHC13). ~9F NMIt s p e c t r u m  (5, ppm):  - 5 . 1  m (6F, 2CF3); - 0 . 7  m(3F,  CF3); 0.9 m (3F, CF3); 
130.9 m (2F, 2CFH). PMR s p e c t r u m  (internal s tandard  TMS, 5, ppm):  5.3 d. qu ~H,  CFH); J H - F  = 46.0; 
JH_CF 3 = 6.7 Hz; 2.8 br .  s (1H, OH); 6.2 br .  s (2H, NH2). Inf rared  spec t rum (~, cm-1) :  1610, 3320, 3400 ( N -  
H); 3200 (OH). Found: C 22.05; H1.94;  F61 .52 ;  N6.81%. C4H4FTNOo Calculated:  C 22.32; H1.86;  F 
61.86; N6.51%o 

2 ,3 -Dthydroper f luoro-2-bu tano t  (V). To a s t i r r ed  suspension of 4.2 g of LiA1H 4 in 100 ml  of e ther  was 
added dropwise  41 g (0.21 mole) of ketone (D and the s t i r r i ng  was continued for another  hour ,  a f t e r  which 10~0 
HC1 solution was added, the e ther  l aye r  was sepa ra t ed ,  and the aqueous l a y e r  was ext rac ted with ether .  The 
combined ex t rac t  was dr ied ove r  MgSO4, the e ther  was dist i l led off, and the res idue  was disti l led ove r  conc. 
H2SO 4 to give 31 g (75~o) of (V), bp 80.5-82.5 ~ The IR, PMR, and 19F NMR spec t ra  coincide with those given in 
[6]. 

Reaction of ([) with PC15. A mix tu re  of 40 g (0,202 mole) of (I) and 45 g (0.215 mole) of PCI~ was shaken 
in a 200-ml s teel  autoclave for  6 h at  250 ~ The reac t ion  m a s s  was poured into ice wa te r ,  and the lower  l aye r  
was s epa ra t ed ,  dr ied over  MgSO4, and dist i l led to give 12 g (27.5~ of (VII), bp 32 ~ [8, 9]. cis : t rans  = 1 : 1.75 

1 2 3 
(tgF NMR), and 1 4 g  (24%) of (VI), bp 96 ~ [8, 9]. CF~CC]~CFC1CFs. tDF NMR spec t rum (( ,  ppm):  - 5 . 5  d. qu ~3 F, 

1 3 

CF3); --3.9 d. qu (3F, CFs); 42.7 qu. qu (F, CF); Jr-2 = 11o3; Jr-3 = 7.6; J2-3 = 5.3 Hz. 

C O N C L U S I O N S  

1. 3 -Hydrope r f luo ro -2 -bu tanone  was synthesized in ~90~ yield by the hydro lys i s  of 2 - m e t h o x y - 3 - h y d r o -  
perf luorobutane  with 60% oleum. 

2. The ha lo fo rm spli t t ing of 3 -hyd rope r f l uo ro -2 -bumnone  is hindered when compared  with pe r f luo roke -  
tones .  
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3. The action of NH3, LiA1H 4, and PC15 r e spec t i ve ly  gave 2 -hyd roxy -2 -amino -3 -hyd rope r f l uo robu tane ,  
2 ,3 -d ihydroper f luoro-2-bu tano l ,  and a mix tu re  of 2 ,2 ,3- t r ich loroheptaf luorobutane  and 2 -eh lo rohep ta f luo ro -2 -  
butene. 
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The hydroge rmyla t ion  of a r o m a t i c  acetylenic  e thers  was studied for  the example  of compounds of type 
ArXC ~- CH, ArXCH2C -- CH, ArXC = CCH3, and ArXCH = C = CH 2 (X = O, S) in the p r e sence  of Speier ca ta lys t  
[1-3]. 

As an expansion of these studies it s eemed  of in te res t  to study the s t e r eochemica l  d i rec t ion of the h y d r o -  
ge rmyla t ion  of he t e roa tomic  acetylenic  compounds using t r iphenylphosphinerhodium chloride as another  ca ta lys t .  
According to [4], the l a t t e r  is ac t ive  in the hydros l ly la t ion  of olefins.  In the p resen t  pape r  we used the t e rmina l  
ace ty lenes  ArXC ~ CH and ArXCH2C -=- CH 0f -- O, S) as the s ta r t ing  compounds. 

The acetylenic  e ther  and sulfide PhXC - CH add Et3GeH in the p r e s e n c e  of the rhodium ca ta lys t  by the 

following s c h e m e :  

PhXCH=CHGeEt~ 

(PI~P)sRhCI CH 2 
PhXCH--~_CH f 

PhXC 
\ 

GeEt~ 

Consequently,  the hydroge rmyla t ion  of these compounds is both n o n s t e r e o -  and nonregiospeci f ic .  In con-  
t r a s t  to them,  the p ropargy l  e thers  of phenol and of the o - b r o m o -  and p - c h l o r o - 2 ,  5-dimethylphenols  r e a c t  with 
h y d r o g e r m a n e  to give the gem and t rans  i s o m e r s  with a substant ia l  p redominance  of the l a t t e r .  

When compared  with 3 -phenoxy- l -p ropyne ,  phenyl p ropargy l  sulfide fo rms  the s a m e  i s o m e r s ,  but in r e -  
v e r s e  ra t io  (Table 1). For  the example  of these compounds it was found that rep lac ing  the Speier ca ta lys t  by 
(Ph3P)3RhC1 has no effect  on the ra t io  of the i s o m e r s  and the d i rec t ion of the given reac t ion .  

The s t r u c t u r e  of the obtained compounds was conf i rmed by e lementa l  analys is  and the PMR spec t ra  (see 
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