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1-Substituted F-1-alkenyl phosphates, prepared easily from
F-alkyl ketones, were treated with diisobutylaluminium hydride
in tetrahydrofuran at 0 °C for 5 min or at room temperature for
30 min to generate quantitatively the corresponding ketone alu-
minium(III) enolates, which underwent the aldol reaction with
various aldehydes at 0 °C to give a-fluoro-a-F-alkyl B-hydroxy
ketones in good to excellent yields.

Much attention has been focused on the chemistry of fluorinated ketone or
ester enolates and their application to the synthesis of fluorine-containing
analogs of natural compounds. Though recent reports indicate that monofluoro1)
and difluoro enolateSZ) are very intriguing in organic synthesis,3) the chemistry
of enolates bearing an F-alkyl substituent on the carbon terminus in their zwit-

4) apparently due to the 1lack

terionic structures is relatively little explored,
of suitable methods or precursors for generating these species.
We have recently reported that 1-substituted F-1-alkenyl phosphates (1),

5) can serve as a

available from F-alkyl ketones and sodium diethyl phosphite,
promising precursor for the enolate by use of the lithium aluminium hydride-cop-
per(II) bromide combined reagent.4b) However, this method suffers serious dis-
advantages such as a troublesome manipulation and variable yields of products.

Disclosed in this communication are a new highly efficient method for the
F-alkyl ketone aluminium(III) enolates (2) via the reductive de-
6

phosphorylation ) of the phosphates 1 with diisobutylaluminium hydride and their

generation of

aldol reactions with a variety of aldehydes giving the corresponding o-fluoro-a-

F-alkyl B-hydroxy ketones (3) in good yields.

/OP(O) (0Et)2 DIBAL OAl(i'Bu)Z R1 CHO OH O
RgCF=C( ——— RgCF=C - -
= THF R R! R
] 2 F Rf
3

To a solution of the phosphate 1 (1 mmol) in tetrahydrofuran (THF) (5 cm3)
was added dropwise diisobutylaluminium hydride (DIBAL) (1 mol dm~3 hexane solu-
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Table 1. '9F NMR Data for Enol Phosphates 1 and Enolates 2 (Rg = CFj3)

R §2) for 1 §P) for 2

CH3(CH,)%'d)  (E)  -65.9 (d, J=11.0, 3F) -64.4 (4, J=13.4, 3F)
-147.1 (m, 1F) -171.0 (q, J=13.4, 1F)
(z) -67.3 (d, J=9.8, 3F) -66.3 (d, J=12.2, 3F)

-160.2 (m, 1F) -183.0 (m, 1F)
cgigdre) (E) -65.6 (dd, J=11.6, 2.4, 3F) -64.5 (d, J=14.7, 3F)
-143.5 (dq, J=11.6, 6.1, 1F) -167.5 (q, J=14.7, 1F)
(2) -67.0 (dd, J=9.8, 2.4, 3F) -66.4 (d, J=11.0, 3F)
-156.6 (dq, J=9.8, 9.8, 1F) -180.0 (q, J=11.0, 1F)

a) Expressed in ppm downfield from internal CFCl3. b) Expressed in ppm down-
field from external CFCl3. c) E:Z = 73:27. d) The stereochemistry of 1 was
tentatively determined by 19F NMR. e) E:Z = 15:85.

tion, 5 mmol, 5 cm3) at 0 °C under argon. This mixture was stirred at room tem-
perature (25-27 °C) for 30 min (R = CH3(CHy)g) or at 0 °C for 5 min (R = c-CgHqqy
and CgHg). Acidic hydrolysis of the reaction mixture furnished the corresponding
@-hydryl-F-alkyl ketone (RgCFHCOR) quantitatively. When the reaction mixture was
subjected to 19r NMR analysis before hydrolysis, the intermediary enolates could
be detected successfully and their half-lives were determined; 20 h and 1 h at
room temperature for R = CH3(CH2)5 and CeHg (Rf = CF3CF2), respectively. The
spectral data of the representative enolates are listed in Table 1, together with
those of 1. The phosphate 1 (Rg = CF3, R = CgHg) has a long-range fluorine-phos-
phorus coupling (i.e., 2.4, 6.1, and 9.8 Hz) but the enolate does not. The 19p
NMR spectra of the enolates examined showed a marked resemblance to the spectra
of 1. These observations suggest a possible structure (2) for the in situ gener-
ated enolates, in which the diisobutylaluminium group is bound to the oxygen
atom. The large vicinal fluorine-fluorine couplings (11-15 Hz) between a tri-
fluoromethyl group and a vinylic fluorine are also suggestive of the structure 2.
Of most importance is that in all cases the isomer ratios of these enolates were
identical with those of the starting phosphates. This fact indicates that the
enolates are generated with retention of configuration of 1; no interconversion
occurs at all between their two geometrical isomers.

The reaction of these F-alkyl ketone aluminium(III) enolates 2 with carbonyl
compounds was carried out. Thus, an aldehyde (3 mmol) was added dropwise at 0 °C
to a solution which resulted from the above treatment of 1 (1 mmol) with DIBAL.
After stirring for 15-30 min at the same temperature, the reaction mixture was
hydrolyzed with dilute hydrochloric acid. Extraction with ether followed by
drying, evaporation, and silica-gel column chromatography gave analytically pure

)

B-hydroxy ketone 3.7 The results of the reaction are summarized in Table 2.
Various aldehydes except 2,2-dimethylpropanal reacted smoothly with 2 to afford
the corresponding B-hydroxy ketones 3 in high yields, whereas ketones such as
cyclohexanone and acetophenone failed to react. A longer reaction time or a



Chemistry Letters, 1989 1193

Table 2. Aldol Reaction of Enolates 2 Generated from 1 with Aldehydes

Phosphate 1 Yield/%2) Isomer
Entry Re R E:zP) Aldehyde of 3 ratio®)
1 CFy CH3(CH,) g 73:27 CH3CH,CHO 77 67:33
2 73:27 CH(CH,) ,CHO 83 62:38
3 73:27 CH; (CH, ) 5 CHO 81 59:41
4 73:27 (E) -CH3CH=CHCHO 76 65:35
5 73:27 CgHg CHO 84 61:39
6  CFy CeHs 15:85 CH; (CH, ) ,CHO 68d)  46:54
7 12:88 CgHg CHO 78 39:61
8  CF3CF, CH3(CHy)g 65:35 CH3CH,CHO 76 71:29
9 72:28 CH; (CH, ) ,CHO 71 68:32
10 65:35 (CHs) ,CHCHO 59¢)  63:37
1 70:30 CH; (CH, ) 5CHO 82 72:28
12 70:30 (E) -CH3CH=CHCHO 73 68:32
13 70:30 CgHg CHO 70 51:49
14 CF4CF, c-CgHy 4 135165 CH; (CH, ) ,CHO 80 45:55
15 35:65 (E) -CH5CH=CHCHO 86 39:61
16 35:65 CgHg CHO 88 42:58
17 CF4CF, CgHs 22:78 CH; (CH, ) ,CHO 81 38:62
18 21:79 (CH3),CHCHO 56°)  22:78
19 21:79 (E) -CH3CH=CHCHO 66 37:63
20 22:78 CgHgCHO 71 23:77

a) 1Isolated yields. b) Measured by 19F NMR. See footnote (d) in Table 1.
c) Determined by 19F NMR prior to isolation. The values are indicated in a
ratio of threo to erythro isomer.8,9) d) Conducted at -30 °C for 15 min by
using 5 mmol of aldehyde. e) An excess (5-6 mmol) of aldehyde was employed.

higher temperature substantially lowered the yield of the product, due to either
the retro-aldol reaction of 3 or the decomposition of 2.11) It should be noted
that the ratios of threo to erythro isomerss'g) of 3 nearly reflect the ratios of
E- to Z-isomers of the phosphates 1, or the enolates 2. This result strongly

suggests that the aldol reaction of 2 with aldehydes proceeds preferentially wvia
a cyclic six-membered transition state.

In summary, a highly efficient method for the generation of F-alkyl ketone
aluminium(III) enolates has been evolved through the dephosphorylation reaction
of F-1-alkenyl phosphates 1 with DIBAL. This method can serve as a general and
effective means for synthesizing q-fluoro-o-F-alkyl B-hydroxy ketones 3, which

are very difficult to obtain by other methods.
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in their stereoselective reduction
10) Highly diastereoselective synthesis of 2-trifluoromethyl-1,3-diol systems is
being studied. The detailed results will be reported in due course.
11) Treatment of 1 with DIBAL in refluxing THF produced the corresponding fluo-

rinated (E)-allylic alcohols 47) in good yields, as shown below.
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