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Abstract

Synthetic routes for a-trifluoromethylated carbonyl compounds based on the aldol reaction of silylenol ether and the palladium(0) catalyzed

reaction using by 4,4,4-trifluorobutan-2-one are described.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

While we have reported the methodology and/or reagents
suitable for the regio- or stereoselective introduction of
fluoroalkyl group onto the specific position of the molecules
[1], several problems remain to be solved in the field of
fluorinated materials [2-8]. In particular, the stereoselective
introduction of fluoromethyl groups onto the sequential
carbon atoms has not been studied in detail. Moreover,
the chemistry of B-fluorocarbanions, which do not undergo
elimination to form fluoroolefins, has not been studied for
the construction of regio- and stereocontrolled fluorinated
materials [9-13], except for indium-mediated allylation
[14]. Further, except for diastereoselective perfluoroalkyla-
tion of chiral N-acyloxazolidinones [15], no other examples
of highly diastereocontrolled difluoromethylation [16] have
been reported to our knowledge. Recently, we have reported
the chemistry of B-fluorocarbanions such as the palladium-
catalyzed allylation reactions [17] and highly stereocon-
trolled synthesis with trifluoromethylated allyl zinc and
allenyl zinc reagents [18]. Obviously, practical generation
for B-fluorocarbanions remains an important synthetic
challenge. Although palladiym-catalyzed allylation reac-
tions under neutral condition have been recognized to be
useful for organic synthesis [19], their synthetic value in
fluorine chemistry still appears to be grossly underesti-
mated [20].
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In this paper, we describe the synthetic utilities of 4,4,4-
trifluorobutan-2-one, producing o-trifluoromethylated car-
bonyl compounds.

2. Results and discussion

To construct the sequential stereoselction with a fluoro-
methyl group, we have designed a facile synthetic route based
on the synthesis and applications of activated «-trifluoro-
methylated carbinols derived from silylenol ether of 4.4,4-
trifluorobutan-2-one (1). Initially, we carried out the reaction
of benzaldehyde dimethylacetal with silylenol ether (2)
derived from 4,4,4-trifluorobutan-2-one in the presence of
trimethylsilyl trifluoromethanesulfonate (CF;SO3SiMe3) and
triethylamine at room temperature, however the mixture of
compounds 3a and 4a were obtained with regioselectivity
(58:38). Therefore, silylenol ether (2) was prepared at room
temperature, and then the corresponding acetal was added to
the above mixture solution at —78 °C. The reaction produces
the construction of sequential stereoselction with a CF; group
as shown in Table 1. Nakai and co-workers [12] have reported
that silylenol ethers of phenyl 2,2,2-trifluoroethyl ketone and
3,3,3-trifluoropropanate reacted with the electrophiles such
as aromatic acetals, acid chlorides, and chloromethyl ethers.
However, it was impossible to react with aliphatic acetals. In
the case of silylenol ether of 4,4,4-trifluorobutan-2-one, it is
possible to proceed the reaction with aromatic and aliphatic
acetals with high regioselectivity, giving the compounds 3
with a diastereoselectivity shown in Table 1.



68 T. Tominaga et al./Journal of Fluorine Chemistry 125 (2004) 67-71

Table 1
Preparation of compound 3
Entry R Yield (%)

3 dr.
1 Ph 95 78:22
2 4-MeOC¢H, 77 80:20
3 CsHy,y 37" 45:55
4 C/H;s 42* 43:57

?Yield was determined by '°F NMR.

However, when the corresponding aldehydes as a sub-
strate were used in this reaction type, it was impossible to
proceed the reaction. The diastereomeric ratio was deter-
mined by 'H NMR chemical shift of methyl signals in
CH3CO group which appeared at 6 = 1.80—1.85 and
2.30—2.40 ppm (see Section 3). The relative conformation
of the above compounds (3a and 3b) was determined from
'"H NMR chemical shift. From the comparison of the con-
formations (syn and anti), we have found that phenyl group
of syn-isomer affects the methyl proton of CH3CO group
more than those of anti-isomer. Therefore, the 'H NMR
chemical shift indicates a syn conformation for the down
field (Scheme 1).

In the next step, Pd(PPh3), was used at 50-60 °C (oil bath
temperature) under neutral conditions in the reaction of
4,4 4-trifluorobutan-2-one with cinnamyl carbonate in tet-
rahydrofuran to obtain (E)-3-trifluoromethyl-5-hepten-2-
one in 74% yield. The temperature (oil bath temperature:
50—60 °C) and Pd(0) catalyst system increased the chemi-
cal yield. The mechanism of the above palladium(0)-cat-
alyzed allylation reaction is explained as follows. In the
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Scheme 1.

case of neutral condition, alkoxide anion in the possible
intermediate Int-A reacts with the activated methylene
group in substrate (CF3;CH,C(O)CHj3), resulting in the
formation of intermediate Int-B (Fig. 1). In this reaction
step, it appears that free B-carbanion with a trifluoromethyl
group, such as —CH(CF;)C(O)CHj;, is not generated and
that the EtO ligand on the palladium atom is replaced by
CH(CF;)C(O)CHjs;. Finally, reductive elimination from Int-
B produces the Sy2 and/or Sn2' allylation product as
products 6-8 (Table 2).

In the case of the butane monoxide system shown in Fig. 2,
the formation of 3-trifluoro-methyl-7-hydroxy-5-hepten-2-
one (9) (70% yield) can be rationalized via reductive elim-
ination from an intermediate such as Int-D.

In conclusion, we have found a convenient procedure for
construction of the stereocenter on the carbon atom attached
to a fluoromethyl group.

(0]
R/\/\HJ\ + Wk +
CF; CF;
6 7

OEt

Fig. 1. Pd(0)-catalyzed reaction system.
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Table 2
Preparation of compounds 6 and 8
Entry R Yield (%)

6 7 8
1¢ H 28 8
2% H 59 3
3¢ Me 17 6" 2
g4de Me 39 17° 1
5¢ Ph 46 12
6 Ph 74 12

 Diastereomeric ratio (54/46).
® Diastereomeric ratio (56/44).
¢ Molar ratio (1/5 = 1.5/1).

4 Molar ratio (1/5 = 4/1).

¢ Molecular sieves were used.

3. Experimental
3.1. General

All commercially available reagents were used without
further purification. Chemical shifts of 'H (300 MHz) and
13C NMR (75 MHz) spectra were recorded in ppm ()
downfield from the following internal standard (Me,Si, &
0.00) in CDCl;. The °F (282 MHz) NMR spectra were
recorded in ppm () downfield from internal standard C¢Fg
in CDCI; using a VXR 300 instrument.

General procedure of the aldol reaction.

3.2. 4-Methoxy-4-phenyl-3-trifluoromethylbutan-2-one
(3a)

To a mixture solution of 4,4,4-trifluorobutan-2-one (1)
(139 mg, 1.1 mmol) and triethylamine (111 mg, 1.1 mmol)
in dichloromethane (2 ml), trimethylsilyl trifluoromethane-
sulfonate (289 mg, 1.3 mmol) was added at room tempera-
ture under a nitrogen atmosphere. After the whole was
stirred for 2 h at that temperature, the corresponding acetal
was added to the mixture of benzaldehyde dimethyl acetal
(1 mmol) in CH,Cl, (2 ml) at —78 °C. The whole was stirred

)
e
o
8 1
CF;
Pd(PPhs),
X
THF/ 50~60 °C
9

at —78 °C overnight, and then the mixture was quenched
with 3N HCI. Oily materials were extracted with diethyl
ether, and the extract was dried over MgSQOy4. On removal of
the solvent, the resultant crude product was purified by
column chromatography on silica gel using a mixture of
hexane and ethyl acetate.

Major isomer. '"H NMR (CDCls): § 1.80 (3 H, s), 3.20
(3 H, s),3.71 (1 H, dq, J = 10.01, 8.06 Hz), 4.61 (1 H, d,
J =10.01 Hz), 7.25-7.30 (Ar-H). *C NMR (CDCls): §
27.970 (minor: 27.995), 51.904, 57.271 (qd, J =24.3,
1.15Hz), 75.566 (q, J=2.57Hz), 119.110 (CF;, q,
J =281.42Hz), 122.876, 124.147, 124,303 132.220,
195.575 (minor: 195.564). '"F NMR (CDCl3): § 98.6
(d, J =17.63Hz), IR (neat): 1728 (C=0) cm~ L. Minor
isomer: '"H NMR (CDCl3): § 2.38 (3 H, s), 3.64 (1 H, dq,
J =9.52,855Hz), 4.65 (1 H, d, J =9.77 Hz), 7.25-7.30
(Ar—H). "’F NMR (CDCls): § 98.64 (d, J = 8.4 Hz) ppm
from C¢Hg. Anal. calcd. for C;,H30,F5: C, 58.54; H, 5.32.
Found: C, 58.43; H, 5.52.

3.3. 4-Methoxy-4-(4-methoxyphenyl)-3-
trifluoromethylbutan-2-one (3b)

Major isomer. 'H NMR (CDCl5): 6 1.82 (3 H, s), 3.18
(3H,s),3.70 (1 H,dq,J = 10.0,7.81 Hz), 3.81 (3 H, 5),4.56
(1 H, d, J=10.0Hz), 6.85-7.25 (Ar-H). 3C NMR
(CDCl3): 6 32.511 (m), 55.182, 56.165, 61.869 (q, J =
24 3 Hz), 79.650 (q, J =12.57Hz), 114.068, 123.735
(q, J =281.1 Hz), 128.579, 128.727, 159.790, 200.181
(q, J =2.29Hz). "F NMR (CDCls): 6 98.5 (d, J =
7.63 Hz) ppm from CgHg. IR (neat): 1728 (C=0) cm L.
Minor isomer '"H NMR (CDCly): 6 2.37 (3 H, s), 3.09
(3 H, s), 3.61 (1 H, dq, J =9.52, 8.55 Hz), 3.82 (3 H, s),
4.59 (1 H, d, J = 10.0 Hz), 6.90-7.30 (Ar-H). 3C NMR
(CDCl3): 6 31.961 (m), 55.171, 56.195, 62.146 (q,
J =23.5Hz), 80.335 (q, J = 2.29 Hz), 113.848, 123.065
(q,J = 279.7 Hz), 128.571, 128.818, 159.797, 200.500. '°F
NMR (CDCl3): 6 98.7 (d, J = 8.39 Hz) ppm from ext. C¢Hg.
Anal. calcd. for C13H;505F5: C, 56.52; H, 5.47. Found: C,

56.25; H, 5.80.
PdL, 8
9 ( N
Z"0H "0

N \
Cd(()) Pd(0)
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1

Fig. 2. Butadiene monooxide system.
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3.4. 4-Methoxy-3-trifluoromethylnonen-2-one (3c)

Major isomer: 'H NMR (CDCl5): 6 0.89 (3 h, t, 7.08 Hz),
1.25-1.75(8 H, m),2.29 (3 H, s),3.43 (3H, s), 3.36 (1 H, qd,
J =9.28,9.03 Hz), 3.67 (1 H,ddd, J = 8.30, 6.10, 3.05 Hz).
9F NMR (CDCls): 6 98.0 (d, J = 9.15 Hz) ppm from ext.
CeHe. Minor isomer: 'H NMR (CDCls): 6 0.90 (3 H, t,
J =598 Hz), 1.25-1.75 (8 H, m), 2.30 (3 H, s), 3.31 (3 H,
s), 3.50 (1 H, qd, J =8.79, 6.22 Hz), 3.76 (1 H, ddd,
J =157, 476, 5.86 Hz). ’"F NMR (CDCls): § 97.5 (d,
J =9.15 Hz) ppm from ext. C¢Hg. '*C NMR (CDCl5): &
diastereomeric mixture: 3C NMR (CDCl3): & 14.036,
14.047, 22.572, 22.591, 23.661, 25.004, 31.608, 31.791,
31.950 (q, J = 2.01 Hz), 32.219 (q, J = 1.14 Hz), 58.001,
58.035, 58.667 (q,J = 23.76 Hz), 58.906 (q, J = 24.33 Hz),
78.294 (q, J = 2.29 Hz), 78.379 (q, J = 2.00 Hz), 123.953
(q, J =279.7Hz), 124.082 (q, J = 280.3 Hz), 200.697,
200.834. IR (neat): 1729 cm ™.

3.5. 4-Methoxy-3-trifluoromethylundecan-2-one (3d)

Diastereomer mixture: 'H NMR (CDCl;): 6 0.880 (3 H, t,
J =7.08 Hz),0.889 (3 H, t,J = 7.08 Hz), 1.23-1.40 (24 H,
m), 2.293 (3 H, s),2.299 (3 H, s), 3.306 (3 H, s), 3.315 (3 H,
s), 3.33-3.39 (1 H, m), 3.425 (3 H, s), 3.512 (1 H, qd,
J =8.71,6.10 Hz), 3.67 (1 H, m), 3.76 (1 H, m). >*C NMR
(CDCly): 6 9.536, 18.068, 18.087, 19.381, 20.731, 24.593,
24.608, 24.798, 24.972, 26.942 (q, J = 1.14 Hz), 26.941,
(g, J =1.15Hz), 27.180, 27.192, 27.336 (m), 27.651
(q, J=1.15 Hz), 53.387, 53.425, 53.998 (q, J =24.05 Hz),
54.283 (q, J = 24.62 Hz), 73.680 (q, J = 2.29 Hz), 73.767
(g, J=1.72Hz), 119339 (q, J =279.7Hz), 119.464
(q, J =280.27Hz), 196.089 (q, J =2.0Hz), 196.222
(q, J = 2.0 Hz), 196.087, 196.212. '°F NMR (CDCl5): ¢
97.5 (minor: d, J = 7.17 Hz), 98.1 (major: d, J = 7.63 Hz)
from ext. C¢Hg. IR (neat): 1733 cm ™.

Palladium catalyzed allylation reaction: typical procedure
is as follows.

3.6. 3-Trifluoromethyl-6-phenyl-5-hexen-2-one (6¢)

A  mixture of 4,44-trifluorobutan-2-one (761 mg,
6 mmol) and cinnamyl carbonate (416 mg, 2 mmol) was
added to a solution of Pd(PPhs), (0.2 mmol, 10 mol%) in
THF (20 ml) under an argon atmosphere. After the reaction
mixture was stirred for 5.5 h at 50—60 °C (oil bath tem-
perature), the mixture was diluted with diethyl ether and
then passed through a pad of celite. On removal of the
solvent, the yields were determined by 'F NMR integral
intensities using CF;Ph as an internal standard, giving
3-trifluoromethyl-6-phenyl-5-hexen-2-one (74%) and 1,1,
1-trifluoro-2-bis(3-phenyl-2-propenyl)butan-3-one (12%).
The residue was purified by column chromatography on
silica gel, eluting with a mixture solution of hexane-ethyl
acetate (30:1) to give 3-trifluoromethyl-6-phenyl-5-hexen-
2-one (6¢).

3-Trifluoromethyl-6-phenyl-5-hexen-2-one (6¢): 'H NMR
(CDCl5): 62.29 (3H, s),2.64-2.85 (2H, m), 3.37 (1 H, qdd,
J =9.06, 9.06, 4.67 Hz), 6.06 (1 H, m), 6.49 (1 H, dt,
J =15.9, 1.38 Hz), 7.20-7.40 (Ar-H)."*C NMR (CDCls):
0 29.302 (q, J = 2.57 Hz), 30.870 (q, J = 2.0 Hz), 56.209
(q, J =25.19 Hz), 123.621, 124.457 (q, J = 280.28 Hz),
126.098, 127.596, 128.454, 133.621, 136.383, 200.916
(g, J=2.00Hz). F NMR (CDCl): & 950 (d, J =
9.16 Hz) from ext. C¢Hg.

3.7. 3-Trifluoromethyl-5-hexen-2-one 6a and 1,1,1-
trifluoro-2-bis(2-propenyl)butan-3-one

Mixture: '"H NMR (CDCl5): § 2.28 (3 H, m), 2.52 (2 H,
dd, J = 14.6, 7.69 Hz), 2.62 (2 H, dd, J = 14.6, 6.87 Hz),
3.29 (1 H, qdd,J = 8.79,8.79,4.94 Hz), 5.10-5.18 (4 H, m),
5.61-5.76 (2 H, m). '*C NMR (CDCl;): § 20.963, 27.889 (q,
J = 2.58 Hz), 60.285, 119.395, 126.305 (q, / = 284.28 Hz),
131.242, 202.127. 'F NMR (CDCly): § 94.8 (6a: d,
J = 8.61 Hz): 95.3 (s) from ext. C¢He.

3.8. 3-Trifluoromethyl-5-hepten-2-one (6b)

'"H NMR (CDCls): 6 1.65 (3 H, dd, J = 6.35, 1.37 Hz),
2.25 (3 H,s),2.43-2.58 (2 H, m), 3.24 (1 H, qdd, J = 8.79,
8.79, 4.64 Hz), 5.30 (1 H, m), 5.50-5.60 (1 H, m). '3C NMR
(CDCly): o 17.773, 28.989 (q, J =2.58 Hz), 30.555
(g, J=2.00Hz), 56.353 (q, J=24.91Hz), 124514
(q, J = 280.27 Hz), 124.797, 129.323, 201.179. '°F NMR
(CDCl3): 6 94.8 (d, J = 9.16 Hz) from ext. CcHe.

3.9. 3-Trifluoromethyl-7-hydroxy-5-hepten-2-one (9)

A  mixture of 4,4 4-trifluvorobutan-2-one (766 mg,
6.1 mmol) and 1,3-butadiene monoepoxide (150 mg,
2.1 mmol) was added to a solution of Pd(PPh3)4 (10 mol%)
in THF (20 ml) under an argon atmosphere. After the reaction
mixture was stirred for 6 h at 60 °C (oil bath temperature), the
mixture was diluted with diethyl ether and then passed
through a pad of celite. On removal of the solvent, the residue
was purified by column chromatography on silica gel, eluting
with a mixture solution of hexane-ethyl acetate (5:2) to give 3-
trifluoromethyl-7-hydroxy-5-hepten-2-one.

'"H NMR (CDCl3): 6 2.28 (Me, s), 2.48-2.70 (2 H, m),
3.28 (1 H, qdd, J =9.07, 9.07, 494 Hz), 4.08 (2 H, d,
J =5.50Hz), 558 (1 H, m), 5.75 (1 H, m). "’"F NMR
(CDCls): 6 94.94 (d, J = 8.61 Hz) ppm from ext. C¢Fg.
13C NMR (CDCl3): § 28.359 (q, J = 2.58 Hz), 30.476 (q,
J =2.00Hz), 55.862 (q, J =25.2Hz), 62.383, 124.334
(q, J = 280.28 Hz), 125.442, 133.086, 201.391.
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