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Herein, a practical and straightforward access to fluorinated homoallylic alcohols is reported. The corre-
sponding products were obtained in good to excellent yield in brine or THF as a solvent using indium(0)
and the readily available 3-chloro-2-fluoroprop-1-ene to promote the allylation reaction. This methodol-
ogy affords an easy access to valuable fluorinated products under mild conditions.

© 2013 Elsevier Ltd. All rights reserved.

Molecules containing fluorine atoms are of great interest due to
the remarkable properties of this intriguing atom.! The ability of
the fluorine atom to modify the physical and chemical properties
of a molecule pushes it at the forefront of the agrochemical and
drug discovery." As a result, molecules containing fluorine are
found in around 20% of pharmaceuticals and more than 40% of
agrochemicals, contrasting with the lack of fluorinated molecules
in nature.? Therefore, since the discovery of the pioneering Balz-
Schiemann reaction® the organic chemist community developed
several approaches to introduce fluorine in an efficient and practi-
cal way.* Recently, lots of efforts were devoted to develop and de-
sign new and efficient access to fluorinated molecules.”> These
methodologies basically focused on two strategies: (1) the forma-
tion of the C-F bond* and (2) the functionalization of the readily
available fluorinated building blocks.>® Among all these fluori-
nated molecules, fluoroolefins’ are pretty interesting and appeal-
ing by their use in material science® or as a template toward the
design of peptidomimetics (Fig. 1).°

On the other hand, homoallylic alcohols are considered as a key
building block in organic synthesis allowing a huge range of post-
functionalization.!® Thus, taking into account these points and as
part of our current research program dealing with the develop-
ment of valuable fluorinated building blocks,!! we were interested
in the synthesis of secondary and tertiary fluorinated homoallylic
alcohols. Surprisingly, only two reports dealing with an access to
secondary fluorinated alcohols using either an iridium-catalyzed
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dehydrogenative C-C forming bond!?? or an Hosomi-Sakurai reac-
tion with fluorinated allylsilane'?® have been reported to date.
Thus, we report herein a simple, mild, and straightforward access
to these new compounds using 3-chloro-2-fluoroprop-1-ene and
indium'® in aqueous media (Fig. 2).

Initially, the first set of reactions was performed in water at
room temperature using 1.2 equiv of indium and 1.1 equiv of 3-
chloro-2-fluoroprop-1-ene. Pleasingly, the desired product 2a
was obtained in good yield, 72% (entry 1, Table 1). Then 2 equiv
of In(0) was used, furnishing a slight improvement of the conver-
sion into 2a (entry 2). The use of 1.5 equiv of indium along with
1.5equiv of 3-chloro-2-fluoroprop-1-ene gave a significant
enhancement of the conversion, the desired alcohol was obtained
in 90% yield (entry 3), while the use of 2 equiv of indium and
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Figure 1. Examples of relevant fluorinated olefins.
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Figure 2. Present work.
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Table 1
Optimization of the reaction conditions
o| In(0) (x equiv.) OH F
- .
/©) solvent, T °C w
E
cl _A_C (yequiv) Ol
1a 2a

Entry Solvent X equiv y equiv Yield® (%)

1 H,0 1.2 1.1 72

2 H,0 2 1.1 76

3 H,0 1.5 1.5 90

4 H,0 2 1.5 89

5 H,0 2 2 98 (91)°

6 Brine 2 2 100 (99)°

3 Determined by 'F NMR and 'H NMR of the crude product using an internal
standard.
b Isolated yield.

1.5 equiv of the fluorinated starting material did not afford any
improvement (entry 4). Finally the use of 2 equiv of In(0) with
2 equiv of fluorinated chloro-allyl species gave the product in
91% isolated yield (entry 5), and the replacement of water by
brine!* gave a complete conversion of the aldehyde and the desired
product in quantitative isolated yield (entry 6).

Having these optimized conditions in hands,!> we next move on
to the scope of the reaction (Table 2). First, aromatic aldehydes
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bearing an electron-withdrawing group were investigated. Pleas-
ingly, an ester moiety was well tolerated under our reaction condi-
tions giving the corresponding homoallylic alcohols 2b in 88%
yield, while benzaldehyde afforded the allylated adduct 2c in 66%
yield (entries 1-3). Electron-rich aromatic aldehyde such as para-
anisaldehyde 1d was used giving the fluorinated alcohol 2d in
99% yield (entry 4). Unprotected phenol 1e was also suitable for
this process affording the desired product 2e in 73% yield (entry
5), as well as o-substituted-o,B-unsaturated aldehyde 1f which
gave the allylic alcohol 2f in very good yield (entry 6). Interest-
ingly, valuable heteroaromatic backbones such as thiophene 1g
and pyridine 1h were also compatible for the allylation reaction
(entries 7 and 8). Then, we turned our attention to the aliphatic
aldehydes. Hydrocinnamaldehyde 1i gave the corresponding fluo-
rinated allylic alcohol 2i in quantitative yield (entry 9), while non-
anal 1j and citronellal 1k gave lower yield, 60% and 57%,
respectively, probably due to their higher volatility (entries 10
and 11). Aldehyde 11 was used, affording the corresponding fluori-
nated alcohol 21 in excellent yield (entry 12). With both citronellal
1k and aldehyde 11 as substrates, no significant diastereoselectivi-
ties were observed (entries 11 and 12). This methodology was suc-
cessfully applied to both racemic trans- and cis-fluoro-
cyclopropane bearing an aldehyde moiety.''® The trans isomer
1m furnishes the corresponding difluorinated cyclopropane deriv-
ative 2m in 63% and good 80:20 diastereoisomeric ratio (entry 13),
while the cis isomer 1n gave the allylated alcohol 2n as a single
diastereoisomer in 83% yield (entry 14).!° Finally, ketones were

Table 2
Scope of the reaction®
)(J)\ conditions OH F
—_—
R R» Rs
1a-r 1 2a-r
Entry Starting material Product Yield® (%)
OH F
1 1a M 2a 99
Cl
OH F
2 1b w 2b 88
M802C
OH
3 1c QM 2¢ 66
OH F
MeO
OH F
5 1e How 2e 73
OH F
6° 1 W 2f 87
OH
7 1g X 2g 83
\_s
OH
2h 77

8¢ 1h | A
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Table 2 (continued)

Entry Starting material Product Yield® (%)
OH F
9¢ 1i 2i 99
100 1j /\/\/\W 2j 60
OH F
=
11 1K W 2k 57 (53:47)
OH F
_0
12¢ 11 W 21 97 (50:50)
OH F
EtO,C,, /\F
134 1m (Boc),N 2m 63 (80:20)8
OH F
(Boc)oN,, /\ F
144 1n EtO,C 2n 83 (100:0)8
OH F
OH F
= b w 20 13
FsC OH F
16f 1p w 2p 99
F
17° 1q 2q 57
FsC
OH F
18f 1r

M r 73

2 Conditions: 1 (1 equiv), 3-chlorofluoropropene (2 equiv), In(0) (2 equiv), brine (1.5 mL), rt, 16 h.

b Isolated yield.

¢ 72 h reaction time.

94 Reaction performed at 40 °C for 72 h.

€ Reaction performed at 60 °C for 24 h.

f Reaction was performed at 60 °C in THF for 24 h.

& Diastereoisomeric ratio determined by '°F NMR on the crude reaction mixture.

investigated as substrates in the course of this fluoro-allylation
process. Unfortunately, under standard conditions ketone 10 re-
acted poorly and gave the desired product 20 with only 13% yield
(entry 15). A survey of temperature and solvents revealed that an
increase of temperature from room temperature to 60 °C and the
use of THF as a solvent afford quantitatively the desired product
2p from the highly activated ketone 1p (entry 16). These reaction
conditions were applied to the less activated acetophenone 1o,
unfortunately without any improvement. Then, trifluoroketone
1q was engaged under these experimental conditions furnishing
the corresponding product 2q in good yield (entry 17). Finally,
the unactivated cyclohexanone 1r was successfully used as a start-
ing material and the corresponding allylated products 2r were iso-
lated in 73% (entry 18).

In summary, we report herein the first access to fluorinated
homoallylic alcohols using a mild and ecofriendly process. This
process using indium(0), the readily available 3-chloro-2-fluoro-
prop-1-ene and brine as a reaction solvent was successfully ap-
plied to a broad range of highly functionalized aldehydes.
Activated ketones were also successfully converted into the de-
sired tertiary allylic alcohols using THF as a solvent. This approach
offers a straightforward access to this new class of compounds.
Further studies toward the reactivity and the functionalization of
these promising products are currently underway in our
laboratory.
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Representative procedure: In a 1.5mL vial, indium (23 mg, 0.2 mmol), 1a
(14 mg, 0.1 mmol), and brine (1 mL) were added. Then, 3-chloro-2-fluoroprop-
1-ene (18 pL, 0.2 mmol) was added and the vial was sealed (screwed cap). The
resulting mixture was stirred at rt for 16 h, then DCM was added and the
aqueous phase was extracted 2 times. Organic layer was dried over MgSO,4 and
the residue was purified by flash chromatography (petroleum ether/ethyl
acetate mixture) to afford the corresponding fluorinated alcohol 2a (20 mg,
99% yield). Physical data: Colorless oil. 'H NMR (300 MHz, CDCl;, 25 °C):
8=7.23 (d, *Jyyu = 8.7 Hz, 2H), 7.19 (d, *Ju s = 8.7 Hz, 2H), 4.82 (dd, *Jy1= 5.8,
74Hz, 1H), 455 (dd, *Juu=28, Jur=17.3, 1H), 423 (dd, Jun=28,
3J4r=50.0, 1H), 2.58-2.38 (m, 2H), 2.34 (br s, 1H). '*C NMR (75 MHz, CDCls,
25°C): 6=162.8 (d, 'Jcr = 257 Hz), 141.5, 133.5, 128.6 (2C), 127.0 (2C), 93.0 (d,
2Jcp=19Hz), 70.2, 42.3 (d, ¥cr=26 Hz) ppm. '9F NMR (282 MHz, CDCls,
25°C): §=-959 (dddd, *Fu=15, 17, 22, 50Hz) ppm. IR (neat):
Vmax = 3385,1675,1493,1013,818 cm~'.  Elementary Anal. Caled for
C;0H10CIFO (200.64): C, 59.86; H, 5.02. Found: C, 59.90; H, 4.67.

So far, we have not been able to determine the stereochemistry of the product.
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