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A highly regio- and stereoselective sequential carbometallation and Z-selective B-elimination reaction of
5-perfluoroalkyl-4(E)-en-2-ynols with Grignard reagents in Et,0 has been developed to afford various 6-
perfluoroalkyl-6-fluoroalka-2,3,5(Z)-trienols in good to excellent yields. Primary or secondary alkyl or
aryl Grignard reagents may be used to introduce the R? group to the 2-position of the starting materials
referring to the hydroxyl group. A mechanism for this transformation has been proposed.

© 2009 Elsevier Ltd. All rights reserved.

Due to the recent rapid development of many new synthetic
methodologies based on allenes, this class of compounds has been
becoming a class of popular starting materials in modern synthetic
organic chemistry.'? On the other hand, the presence of fluorine
atoms in organic compounds may dramatically change their phys-
icochemical properties and biological activities,> thus, new meth-
odologies for the synthesis of fluorine-containing allenes* will
surely be attracting more and more attention. Fluorinated allenes
have been prepared by the reaction of fluorine-substituted propar-
gyl bromide with indium,”> Sy2' type reaction® of fluorinated
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alkynes bearing propargylic leaving groups with AlH3,% F " or
Grignard reagent® and the rearrangement reaction of propargyl
fluorides.” Based on our recent studies on carbometallation of
propargylic alcohols® we envisioned that when 4-alken-2-ynols
are used, their reactions with Grignard reagents would afford the
cyclic metallic intermediate B, which may undergo an allylic rear-
rangement to afford allene-containing magnesium intermediate C,
which upon hydrolysis, would afford 2,3-allenols. In this Letter, we
wish to report our recent observation on the unexpected formation
of 6-perfluoroalkyl-6-fluorolka-2,3,5(Z)-trienols from the reaction
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Table 1
Optimization of reaction conditions for the reaction of E-1a with PhMgBr*

6473

OH OH
Ph OH
Ph
A\ . PhMgBr  Cucl (x mol9) H
- in THF solvent, T °C C,H \ CAF
i g n-A -n
n-CiHy  CyFgn 45 equv. L O T ncHy  CFgn
E-la
0.2 mmol z2a 3a B
Entry X T (°C) Solvent Conversion (%) 'H NMR yield of Z-2a (%)
1 50 —78°Ctort Toluene 92 80
2 50 0°Ctort Toluene 95 91
3 50 0°Ctort THF 18 13
4 50 0°Ctort Et,0 96 92
5 0 0°Ctort Et,0 96 86
6 0 It Et,0 97 85
7° 0 It Et,0° 99 89
8d 0 rt Et,0° 99 94

PhMgBr (2.0 M in THF, 0.45 mL, 0.9 mmol) reacted with E-1a (0.2 mmol) in 1 mL of solvent.

0.5 mL of Et,0 was used.

b 4.5 equiv of PhMgCI (1.73 M in THF) were used.
c
4 Four equivalents of PhMgCl (1.73 M in THF) were used.

of 5-perfluoroalkyl-substituted 4(E)-alken-2-ynols® with Grignard
reagents (Scheme 1).

At the beginning of our exploration, the reaction of E-1a with
PhMgBr was carried out in toluene and CuCl was used as the cata-
lyst under the conditions we used for the carbometallation of prop-
argylic alcohols (Table 1, entry 1).5® Surprisingly, instead of
forming the expected 4-butyl-5-perfluorobutyl-2-phenylpenta-
2,3-dienol 3a, a new product, that is, 4-butyl-6,7,7,8,8,9,9,9-octa-
fluoro-2-phenyl-2,3,5(Z)-nonatrienol Z-2a, was formed in 80% 'H
NMR yield, which indicated that the C-type intermediate (R® = n-
C4F9) underwent an extra highly stereoselective defluorometalla-
tion®1° to form the fluorinated C=C bond!! at the 5-position in
Z-2a. The solvent effect was examined by adding the Grignard re-
agent at 0 °C and then warming up to room temperature (Table 1,
entries 2-4): Et,0 gave a result similar to toluene while the reac-
tion in THF afforded Z-2a in only 13% yield. In addition, this reac-
tion may also proceed in the absence of CuCl with a slightly
lower yield (Table 1, entry 5). When PhMgCl was used instead of
PhMgBr, the conversion of E-1a may be improved to 99% for the
reaction at room temperature (Table 1, entry 7). Finally, the reac-
tion of E-1a with 4.0 equiv of PhMgCl at room temperature in ether
was defined as the standard conditions. It is worth noting that un-
der the standard procedure the configuration of the carbon-carbon
double bond at the 5-position is exclusively Z as detected by the
analysis of the 'H NMR of the crude reaction mixture. The config-
uration of the double bond was determined by the '°F{'H}-HOESY
NMR spectrum'? of the compound Z-2a. With less amount of the
Grignard reagent, the reaction is slower.

With the optimized conditions in hand, the scope of this reac-
tion for the synthesis of substituted 6-fluoro-6-perfluoroalkyl-
2,3,5(Z)-trien-1-ols (Z-2) was studied. Some of the typical results
are summarized in Table 2. Several substituted 5-perfluoroalkyl-
pent-4-en-2-yn-1-ols were successfully applied in this procedure
to afford differently substituted 6-perfluoroalkyl-6-fluoro-
2,3,5(2)-alkatrienols highly stereoselectively. R! can be different
alkyl groups, such as n-butyl (Table 2, entries 1-7, 13, and 15) or
n-hexyl group (Table 2, entries 8-12 and 14), or phenyl group
(Table 2, entries 16 and 17). R group can be n-CsF; (Table 2, entries
1-12), n-CsF;; (Table 2, entries 13, 14, and 16), or n-C;F;5 group
(Table 2, entries 15 and 17). Phenyl (Table 2, entries 1, 8, and
13-17) or substituted phenyl Grignard reagents with electron-
donating group (Table 2, entries 2, 3, 9, and 10) or electron-with-

Table 2
Highly stereoselective synthesis of fluorine-containing 2,3,5(Z)-trienols by carbomet-
allation of 5-perfluoroalkyl-4(E)-alken-2-ynols (E-1) with Grignard reagents

OH
, OH
R
N\ s , EL,O, it H
— + R“MgCI \
Rl AR 2-25h { Ry
F F
E-1 z-2
Entry R! Ry R? Yield of Z-2° (%)
1 n-C4Ho n-CsF; (E-1a) Ph 95 (Z-2a)
2 n-C4Hog n-CsF; (E-1a) p-CH3C6H,° 7 (Z-2b)
3 n-C4Ho n-CsF; (E-1a) p-CH30C6H,¢ 93 (Z-2¢c)°
4 n-C4Hog n-CsF; (E-1a) p-FCqH,¢ 89 (z-2d)°
5 n-C4Hog n-CsF; (E-1a) n-C4Hog 68 (Z-2e)
6 n-C4Ho n-CsF; (E-1a) n-CsHyy 66 (Z-2f)
7 n-C4Ho n-CsF; (E-1a) i-Pr 84 (Z-2g)
8 n-CeHi3 n-CsF; (E-1b) Ph 94 (Z-2h)
9 n-CgHy3 n-CsF; (E-1b) p-CH3CeH,° 83 (Z-2i)
10 n-CeHi3 n-CsF; (E-1b) p-CH30C6H,* 82 (Z-2j)
11 n-CeHi3 n-CsF; (E-1b) p-FCgH,¢ 93 (Z-2k)°
12 n-CeHy3 n-CsF; (E-1b) n-C4Hog 73 (z-21)
13 n-C4Ho n-CsFy; (E-1c) Ph 91 (Z-2m)f
14 n-CeHi3 n-CsFyq (E-1d) Ph 92 (Z-2n)
15 n-C4Ho n-C;F;s (E-1e) Ph 95 (Z-20)°
16 Ph n-CsFyq (E-1f) Ph 80 (Z-2p)°
17 Ph n-C;F;5 (E-1g) Ph 83 (Z-2q)°

2 Isolated yield.

p-CH5CgH4MgBr was used.
p-CH30CsH4MgBr was used.
p-FC4HgMgBr was used.

<4% recovery of the start material.

<5% recovery of the start material.

& Three equivalents of PhnMgBr were used.

a n o

e
f

drawing group (Table 2, entries 4 and 11) at the 4-position of the
phenyl ring, normal alkyl (Table 2, entries 5, 6, and 12) or second-
ary alkyl (Table 2, entry 7) magnesium chloride or bromide may all
be employed. The reaction with normal alkyl Grignard reagents
gave the products in relatively lower yields than aryl magnesium
chloride.

When the substrate is a secondary alcohol, that is, 5-(n-butyl)-
7,7,8,8,9,9,10,10,10-nonafluoro-5-decen-3-yn-2-ol E-1h, the reac-
tion afforded the corresponding product Z-2r with a dr ratio of
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OH
Ph
Et,0, rt H
+ PhMgCl —.
2h
CaF7n 1.8 Min THE 1-Catio CsF7-n
4.0 equiv

Z-2r

dr = 83/17

Isolated yield of the two isomers: 75% and 14%

Scheme 2. The carbometallation-elimination reaction of secondary alcohol E-1h
with PhMgCl.

83/17. The two isomers may be easily isolated by flash chromatog-
raphy on silica gel in 75% and 14% yields, respectively (Scheme 2).

A typical procedure is as follows: Synthesis of 4-(n-butyl)-
6,7,7,8,8,9,9,9-octafluoro-2-phenylnona-2,3,5(Z)-trienol (Z-2a). To
a dry Schlenk tube containing E-1a (70.0 mg, 0.20 mmol) and
0.5 mL of anhydrous Et,0 was added PhMgCl (1.73 M in THF,
0.48 mL, 0.83 mmol) dropwise by a syringe under a nitrogen atmo-
sphere at room temperature. Then the reaction mixture was stirred
at room temperature for 2 h (monitored by TLC). After quenching
with an aqueous solution of saturated ammonium chloride
(5 mL), the resulting mixture was extracted with diethyl ether
(25 mL x 3), washed with brine (10 mL x 2), and dried over anhy-
drous Na,SO,4. Evaporation and column chromatography on silica
gel (eluent: petroleum ether/ethyl acetate =20/1) afforded Z-2a
(75.5 mg, 95%). According to the 'H and '°F NMR analysis of the
crude reaction mixture before separation, 1.4% of E-1a was recov-
ered. Z-2a: oil; '"H NMR (300 MHz, CDCl3) 6 7.43-7.30 (m, 4H),
7.30-7.23 (m, 1H), 5.92 (d, J=34.5 Hz, 1H), 4.60 (s, 2H), 2.39 (t,
J=7.3Hz, 2H), 1.76 (br s, 1H), 1.58-1.30 (m, 4H), 0.90 (t,
J=7.2Hz, 3H); 'F NMR (282 MHz, CDCl;) 6 —80.8-(—81.0) (m,
3F), —118.0-(—118.3) (m, 2F), —126.7-(—127.1) (m, 1F), —127.2-
(—127.4) (m, 2F); 3C NMR (75MHz, CDCl;) & 207.4 (d, J=
4.4Hz), 1449 (dt, J;=267.8 Hz and J,=28.0Hz), 133.4, 128.8,
127.7, 126.4, 112.1-111.7 (m), 108.4, 103.5 (d, J=3.0 Hz), 61.7,
31.7 (d, J=3.3 Hz), 304, 22.2, 13.8; IR (neat) v (cm™'): 3342,
3064, 3033, 2961, 2933, 2875, 1933, 1681, 1599, 1496, 1454,
1361, 1230, 1187, 1152, 1120, 1056, 1029; MS (EI, 70eV) m/z
(%): 414 (M', 1.85), 354 (100); Elemental analysis calcd for
Cy9H1Fg0: C, 55.08; H, 4.38. Found: C, 54.79; H, 4.26.

A rationale for the Z-selectivity is shown in Scheme 3. Due to
the stereoelectronic effect,>>'3 M2 is more favored than M3, subse-
quent anti-defluorometallation®1%% of M2 afforded Z-2 highly ste-
reoselectively. In addition, the steric hindrance of the
perfluoroalkyl group R¢ with the R! group in the E-2 may be an-
other reason for the observation of the Z stereoselectivity.
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Scheme 3. The possible mechanism of the carbometallation-elimination reaction.

In conclusion, a highly regio- and stereoselective synthesis of 6-
perfluoroalkyl-6-fluoro-2,3,5(Z)-alkatrienols (Z-2) from differently
substituted 5-perfluoroalkylpenta-4(E)-en-2-ynols and Grignard
reagents has been developed. The R? groups from the Grignard re-
agents have been introduced to the 2-position of the starting mate-
rials referring to the hydroxyl group. The Z-selectivity may be
explained by the stereoelectronic effect and anti-nature of the
defluorometallation. Due to the importance of the products,'4-1®

wide scope, and the ready availability of the starting materials,’
the method will be useful in organic synthesis. Further studies in
this area are being carried out in our laboratory.
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