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Synthesis of fluoroalkyi-containing 13-hydroxyketones by reduction 
of the corresponding 13-diketone derivatives 
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The regioselcctivc synthesis of fluoroalkyl-containing lHlydroxyketoncs by the reduction 
of the salts of the corresponding I~-diketoncs with LiAIH 4 was proposed. This is the sole 
method for the synthesis of [~-hydroxyketoncs with two fluoroalkyl substimcnts. 
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F luor ine-conta in ing  [l-hydroxyketones (I) ,  tmlike 
their nonfluorinated analogs, are stable to dehydration 
and serve as synthons for the preparation of different 
classes of f luor ine-containing compounds. 1,2 The main 
method for their synthesis is the condensation of methyl 
ketones with fluorinated aldehydes, which are not easily 
accessible and readily undergo hydration and polymeri- 
zation. 1,3 The present work is devoted to the search for 
alternative methods for the synthesis of hydroxyketones 
I based on the accessible flt, oroalkyl-containing 13-dike- 
tolles. 

it is known that hydrogenation of trifluoroacetylace- 
tone on Raney  nickel  affords both 1,3-diol and 
I , l , l - t r i f l uo ro -4 -hyd roxypen t ane -2 -one .  4 Fluorinated 
diketones are reduced to 1,3-diols under the action of 
NaBH4. s Earlier chemo-  and enantioselective enzymic 
reduction of trifluoroacetylacetone to the corresponding 
hydroxyketone was reported. 6 However, these methods 
are either complex or inefficient. 

We have for the first t ime showed that Li-salts (2), as 
well as Zn- ,  Mg-, and AI-chelates of 13-diketones 2, are 
reduced to hydroxyketoqes 1 in 24--73 % yields with 
LiA1H 4 (Table I, Scheme I). The ammonium salts and 
Cu- and Co-chelates 2 do not afford the corresponding 
hydrohyketones ! under  similar conditions (see Table 1). 
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With R = pyrid-3-yl,  the reduction practically does 
not occur in the traditional solvent, EhO. This may be 

due to tile low solubility of both the initial Li-salt and 
the complex of LiAIH 4 with the hydroxyketone ! formed. 
The replacement of Et20 by T H F  allows one to avoid 
this difficulty and to obtain for the first time the pyri- 
d ine -con ta in ing  hydroxyketone 1 (R F = CF3) (see 
Table I), which was impossible to synthesize by the 
condensat ion of 3-acetylpyridine with trifluoroacet- 
aldehyde, since the latter undergoes polymerization un-  
der the action of a pyridine base. 

Among all the methods studied by us, only the 
reduction of Li-salts and Al-chelates 2 is of synthetic 
value (see Table 1). 

Table 1. Yields and melting points of hydroxyketones obtained 
by reduction 13-dikctone chelates 2 

R F R M n Yield (%) M.p./°C 

CF 3 Ph Li I 70 a, 74/' 78--79 
CF 3 Ph Zn 2 28" -- 
CF 3 4-CIC6H 4 Li I 49 a, 62 b 85--87 
CF 3 4-MeOC6H 4 Li I 54 a 103--104 
CF 3 4-MeC6H 4 Li I 73 n 96 
CF 3 4-NO2C6H 4 Li 1 30 a 98--100 
CF 3 3-Ph Li I 50 a 135--137 
H(CF2) 2 H(CF2) 2 AI 3 68 a 73--74 
C 3 F 7 Ph Li 1 51 b 61 --62 
H(CF2) 4 Ph Li I 67 b 89--90 
H(CF2) 4 H(CF2) 4 AI 3 72 a 93--94 
C4F 9 Ph Li I 64 a, 60 b 86--87 
C 4 F 9 Ph Co 2 0 a -- 
C 4 F 9 Ph Cu 2 0 a -- 
C 4 F 9 Ph Mg 2 24 a -- 
C 4 F 9 Ph N I-I 4 I 0 a -- 
H(CF2) 6 Ph Li I 39 b 75--76 
C6FI3 Ph Li I 65 t' 91--92 

a Obtained from I~-diketone chelate. 
t, Obtained by the Claisen condensation--reduction method. 

Translated from Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 6, pp. 1493--1495, June, 1996. 

1066-5285/96/4506-1423 $15.00 © 1996 Plenum Publishing Corporation 



1424 Russ.Chem.Bull., VoL 45, No. 6, June, 1996 Pashkevich  et al. 

It is no t ewor thy  that  the reduc t ion  o f  AI -che la tes  2 
al lows one  to ob ta in  hydroxyke tones  ! with two flt, ori-  
hated st~bstitueqts, which  canno t  be synthes ized  by o ther  
methods .  

With  R = At ,  c o m p o u n d s  I can only  be obta ined  in 
high yields by reduc t ion  o f  pure Li-salts  2 (see Tab le  I). 
With R = Alk,  the  fo rmat ion  o f  small  a m o u n t s  o f  
hydroxyke tones  (accord ing  to G L C ) ,  which  canno t  be 
isolated prepara t ive ly ,  is observed.  

We have shown that  Li-salts 2 can be obta ined  
d i r ec t ly  in the  c o u r s e  o f  C la i sen  c o n d e n s a t i o n  o f  
f luorocarboxyla tes  (3) with methyl  ke tones  (4) and that 
they  can be reduced  with LiAIH4 wi thou t  isolat ion and 
pur i f ica t ion  ( S c h e m e  2). In this case,  LiH should  be 
used instead o f  the  t rad i t iona l  c o n d e n s a t i o n  agents  
( R O N a ,  N a N H 2 ,  N a i l ,  or  BF3). If the reac t ion  mixture  
is t reated by the  t radi t ional  m e t h o d  for Cla i sen  c o n d e n -  
sat ion,  the  co r r e spond ing  ~ -d ike tone  can be isolated.  

High yields (39- -74  %) o f  products  1 can be achieved 
only in the case o f  aryl methy l  ketones  4 (see Table  1). 
The  product  o f  the  reduc t ion  o f  the C O  group and 
reduct ive  d e b r o m i n a t i o n  was obta ined  f rom ke tone  4 
(R = 4-BrC6H4)  by S c h e m e  2. 

Scheme 2 
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Thus ,  the m e t h o d s  discussed are eff ic ient  only  for 
the preparation of aryl-containing products 1. The 
condensation of fluorocarboxylates with alkyl methyl 
ketones (acetone, pinacoline, etc.) followed by reduction 
affords complex mixtures of products, in which the 
target compounds 1 can only be observed using GLC by 
comparison with known samples. 

Experimental 

Iit NMR spectra were recorded on a Tesla BS-567A 
spectrometer (100 MHz) with SiMc, 1 as the internal standard. 

IR spectra were obtained on a Specord IR-75 instrument in 
Vaseline oil for solid samples and in thin layers for liquids. 
GLC analysis was carried out on a LKhM-SMD chromato- 
graph with catharometer as the detector and helitun as the 
carrier gas (2 m×3 mm steel co lumn,  5 % SE-30 on 
Chromaton N-AW-DMCS).  Authentic samples were synthe- 
sized by the known methods. I TLC control was carried out on 
Silufol UV-254 plates, products were detected using LV itght 
and KMnO 4 and 2,4-dinitrophenylhydrazine solutions. 

Reduction of l J-sails and chelates 2. General procedure. 
LiAIIt 4 (0.5 tool) was added in portions to a solution of  salt or 
chelate 2 (I.0 tool) in abs. ether with stirring and cooling to 
0 °C. The reaction was monitored by TLC. Water and a 20 % 
ItCI solution were added until the solid precipitate was dis- 
solved, the solution was extracted with ether, the extracts were 
dried with anhydrous MgSO4, the ether was evaporated, and 
the residue was crystallized from hexane. 

Below are the data for the compotmds, which have not 
been describcd earlier and which cannot be prepared by the 
known procedure. I 

I , I ,2 ,2,6,6,7,7-Oetafluoro-5-hydroxyheptan-3-one.  Thc 
yield was 68 %. IR (Vaseline oil), v /cm-I :  3400 (OH); 1750 
(CO). Iit NMR (CDCI3), ~5:2.90 (m, I !t, OH); 3.14 (m, 
2 H, CH2); 4.56 (m, I H, CH); 5.96 and 6.10 (both t, 2 H, 
2 ttCF~, J = 52 Hz). 

4,4,4-Trifluoro-3-hydroxy- i-(pyrid-3-yl)butan- l-one.  The 
yield was 50 %. IR (Vaseline oil), v /cm-I :  3360 (OH), 1680 
(CO). IH NMR (CDCI3), ,5:3.98 (m, 2 It, CH2); 4.78 (m, 
I tl, CH); 5.48 (m, I H, Oit) ;  7.55, 8.36, 8.79, 9.20 (all m. 
4 H, Py). 

Synthesis of hydroxykelones I by the Claisen condensa- 
lion--reduction method. General procedure. A mixture of poly- 
fluorocarboxylate (I.2 tool) and methyl ketone (1.0 tool) in 
abs. ether was added dropwise to a suspension of  finely 
powdered LiH (2.1 tool) in abs. ether with stirring at ~20 °C. 
The reaction was not allowed to proceed vigorously. The 
mixture was then refluxed till the completion of  the reaction 
(according to TLC) and the mixture, which solidified on 
cooling, was diluted with abs. ether. The reduction was carried 
out by the procedure described above. 
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