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Abstract—Investigation of [2,3]-Wittig rearrangement of optically active 1,1,2-trifluoroallylic ether revealed that chirality transfer
of the starting compound strictly depended on the base employed, while stereoselectivity of the newly formed olefinic part was
controlled with perfect (E)-selectivity. Because the reaction was inhibited by addition of TEMPO; these results suggested

[2,3]-Wittig reaction proceeded via a radical pathway mechanism. © 2001 Elsevier Science Ltd. All rights reserved.

The synthesis of partly gem-difluorinated compounds
remains a significant challenge to synthetic organic
chemists.! As part of a program aimed at synthesizing
partly difluorinated analogues of insect pheromone,> we
accomplished a highly stereoselective synthesis of 4,4,5-
trifluoroalka-1,5-dien-3-ols through [2,3]-Wittig rear-
rangement of 1,1,2-trifluoroallylic ethers.> While
performing further study, we found the very interesting
fact that the optical purity of the resulting product 2
strictly depended on the base employed when optically
active starting allylic ether 1 was subjected to the
reaction (Scheme 1).

(E)*-(S)-8-Phenyl-4,4,5-trifluorooct-1,5-diene-3-0l  (2)*
was obtained when (5)-5-phenyl-1,1,2-trifluoro-1-pent-
3-yl allyl ether (1)° was subjected to the [2,3]-Wittig
rearrangement; enantiomeric excess of product 2 was
slightly reduced (82% ee) from that of starting allylic
ether (1) (95% ee) when the reaction was carried out in
the presence of lithium diisopropylamide (LDA) as
base. The rearrangement product 2 was obtained as a
racemic form (ca. 5% ee) when lithium tetra-
methylpiperidide (LTMP) was employed as base using
the same 90% ee of allylic ether 1. However, the
stereoselectivity of both reactions for the newly formed
olefinic part was controlled with perfect (E)-selectivity.
These dramatic differences in the two reactions
prompted us to investigate details of the rearrangement
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using an optically active allylic ether as the starting
compound.

Allylic ether (S)-1 was treated with LDA at —100°C in
tetrahydrofurane (THF) for 6 h, and the resulting
mixture was allowed to warm up to rt for 14 h with
stirring. The reaction was quenched by addition of a
saturated aqueous NH,CI solution and silica gel flash
column chromatography gave the rearrangement
product 2 with 82% ee in 58% yield (Table 1, entry 1).
The absolute configuration of the product was deter-
mined to be (S)-form by the modified Mosher method
proposed by Kusumi and colleagues.® Change of base
to LTMP from LDA caused a drastic reduction in the
optical purity of product 2 in both solvent systems of
ether (Et,0) and THF (entries 3 and 6). Interestingly,
butylated compound 3a was obtained as the sole
product when the reaction was carried out using n-
BuLi as base in the ether solution (entry 7), while the
reaction in THF did not afford butylated compound 3a

Li NJ\
i
]/ F OH
LDA R~ =
E FF
H (B)*(5)-2
REAF_
OZF £ OH
R = =
~ Li \/‘?{\/
(S-1 N
Tf @2
LTMP
Scheme 1.

0040-4039/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.

PII: S0040-4039(00)02236-X



1318 T. Itoh, K. Kudo / Tetrahedron Letters 42 (2001) 1317-1320

Table 1. Results of [2,3]-Wittig rearrangement of allylic ether 1

B Base (2.0 eq.)
R/’NZ\F R .~ . = (1)
Solvent, -100°C 6h then E

1 (R:PhC'|:—|2CH2) warm to rt for 14h )

Entry % ee of 1 (config.) Base Solvent Additive? Yield of 2° (%) % ee of 2° (config.) (E)*-2:(Z2)*-24
1 95 (S) LDA THF None 58 82 (S) >99:<1
2 87 (R) LDA THF None 60 75 (R) >99:<1
3 90 (S) LTMP THF None 64 5(S) >99:<1
4 77 (R) LTMP  THF None 62 5 (R) >99:<1
5 99 (S) LDA Et,O None 50 70 (S) >99:<1
6 99 (S) LTMP  Et,0 None 60 8 (S) >99:<1
7 99 (S) n-BuLi Et,O None € N N
8 90 (R) LDA THF TEMPO 0 f -

9 90 (R) LDA THF TEMPO# 0 f -

10 90 (R) LDA THF TMEDA 70 75 (R) >99:<1

11 99 (S) LDA THF HMPA 66 73 (S) >99:<1

12 90 (R) LTMP THF TEMPO 0 f >99:<1

13 90 (R) LTMP THF TEMPO# 41 31 (R) >99:<1

14 90 (R) LTMP  THF TMEDA 64 8 (R) >99:<1

15 90 (R) LTMP THF HMPA 81 2 (R) >99:<1

2 Added 1.0 equiv. towards the substrate.

® Isolated yield.

¢ Determined by HPLC analysis using chiral column (Chiralcel OD, hexane:i-PrOH=19:1).

4 Determined by capillary GC analysis (MS-25M). Because the fluorine atom is superior to the carbon atom, this nomenclature does not follow
the TUPAC rule. We adapted this nomenclature to discuss the stereochemistry of [2,3]-Wittig rearrangements. (E)* and (Z)* correspond to (Z)
and (E), respectively.

¢ Compound 3a (racemic) was obtained in 98% yield instead of the desired rearrangement product with perfect (E)-selectivity when the reaction
was quenched by aq. NH,Cl. On the other hand, allylic ether 3b was obtained in 95% yield when the reaction was quenched by methanol at
0°C.

"The starting material 1 was recovered in more than 90% yield without loss of the optical purity.

£ Added 0.1 equiv. of TEMPO.

OH F \/\O =
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F

3a 3p
but only the polymerized compounds. The stereochem- [2,3]-Wittig reaction of (S)-5-phenyl-1-penten-3-yl allyl
istry of the olefinic part of product 3a was controlled ether (4) proceeded in a different fashion from that of
with perfect (E)-selectivity, though 3a was obtained as the corresponding fluorinated ether (see Table 2); (R)-8-
a racemic form (entry 7). The present [2,3]-Wittig rear- phenylocta-1,5-diene-3-0l (5)° was obtained in all reac-
rangement reaction was inhibited by addition of 1 tions, while the optical purity was maintained at a level

equiv. of 2,2,6,6-tetramethyl-1-piperidine-1-oxy free of more than 80% of the starting allylic ether (S)-4.
radical (TEMPO), and the starting material (R)-1 was Addition of 1.0 equiv. of TEMPO to the reaction

recovered in more than 90% yield without any loss of mixture again completely inhibited the reaction and
optical purity (entries 8 and 12). Even more interesting more than 94% of starting compound (S)-4 was recov-
was the finding that the reaction was completely inhib- ered with the original optical purity retained (entries §

ited by addition of only 10 mol% of TEMPO towards and 9). Like the reaction of fluorinated allylic ether
the substrate when LDA was used (entry 9), while being (S)-1, 10 mol% of TEMPO caused only partial inhibi-
only partly inhibited by the same amount of TEMPO tion of the LTMP-mediated rearrangement reaction of
when the reaction was performed using LTMP as a (S)-4 (entry 10). A radical pathway mechanism for the
base (entry 13).” We added tetramethylethylendiamine [2,3]-Wittig rearrangement was proposed by Murphy and
(TMEDA) or hexamethylphosphoramide (HMPA) for co-workers.®® Our results strongly supported their radi-

the purpose of improving reactivity of the anion species cal pathway mechanism, because addition of 1.0 equiv.
which formed at the initial step of the reaction, but of TEMPO completely inhibited the reaction, though
neither the optical purity nor the chemical yield of the the details of the reaction mechanism seemed to be
product was influenced by this (entries 10, 11, 14 and different from their original hypothesis.® From our

15). results, we postulated the reaction mechanism of the
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Table 2. Results of [2,3]-Wittig rearrangements of allylic ether 4

1319

"0 OH
B Base (2.0eq.) \/\)\/
R RA Z @
s o) SO oSS
91%ee
Entry Base Solvent Additive® Yield of 5 (%)° %ee of 5° (E)-5:(Z)-5¢
1 n-BuLi THF None 91 78 >99:<1
2 n-BuLi® THF None 93 77 >99:<1
3 LDA THF None 41 79 >99:<1
4 LTMP THF None 85 82 >99:<1
5 n-BuLi Et,O None of -
6 n-BuLi® Et,O None or -
7 LTMP Et,O None 91 88 >99:<1
8 n-BuLi THF TEMPO of -
9 LTMP THF TEMPO of -
10 LTMP THF TEMPO#2 67 83 >99:<1

2 Added 1.0 equiv. towards the substrate.

® Isolated yield.

¢ Determined by HPLC (Chiralcel OD, hexane:i-PrOH=19:1).
4 Determined by capillary GC analysis (MS-25M).

¢ Added 1.2 equiv. towards the substrate.

[Starting alyllic ether 4 was recovered in more than 50% yield without loss of the original optical purity.

g Added 0.1 equiv. of TEMPO.
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present [2,3]-Wittig rearrangement to be as illustrated in
Scheme 2.

We assume that the key transition state of the rearrange-
ment might be a radical species TS2; once TS2 was
generated from TS1,” this triggered the reaction pathway
to complete the rearrangement reaction and afforded
product (E)*-(S)-2. Because TEMPO can trap radical
species such as TS2, the reaction was inhibited by the
addition of TEMPO. The differences between LDA
mediated reaction and LTMP mediated reaction may
reflect the differences in the equilibrium state of TS17 and
TS2. Since LTMP is a higher sterically bulky base than
LDA, a larger amount of TS2 was formed for LTMP
mediated reaction than for LDA; thus 10 mol% of
TEMPO completely inhibited the LDA mediated reac-
tion (entry 9 in Table 1), while LTMP mediated reaction
was only partly inhibited by this amount (entry 13 in
Table 1). Yamazaki et al. suggested that the Li-F bond

F OH

=

R =
H FF
(E")-(5)-2

major product

F OH

R_~ =

H FF

(ED-(R)-2

has an important role in determining the stereoselectivity
in the 1,4-addition of an enolate with partly fluorinated
Michael acceptor.!® In our reaction, chelation of a
lithium atom with fluorine atoms'' on the olefinic part
of (S)-1 may contribute to the stabilization of TS2.

In conclusion, we established that a radical process might
be involved in the [2,3]-Wittig reaction and therefore the
stereochemical outcome would be influenced by the base
employed. Further investigation on the full details of the
reaction mechanism with the aid of computational chem-
istry is now in progress.
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Ad = (05-0Rr) for (R)- and §-MTPA esters by 500 MHz
1H- and 188 MHZF NMR analysis

HsCO +0.495 ppm
FsC % +0.093 ppm
O E Ar
-0.166 ppm H Q S~ HH
-O.llppmH/HF FHHH
H — —
-0.155ppm” 1 108 ppmi +0.06 ppm
— +0.129 ppm
Ad<0
U NS>0

Product alcohol 2 by [2,3]-Wittig rearrangement of
(S)-5-phenyl-1,1,2-trifluoropent-1-en-3-yl allyl ether (1)

Figure 1. Assignment of the stereochemistry of §-phenyl-
4,4,5-trifluoroocta-1,5-dien-3-ol (2).

Ad = (3S-OR) for (R)- and (S)-MTPA esters
by 500 MHz 1H NMR analysis

H3CO +0.087 ppm
FsC ? +0.062 ppm
O 0 ——
-0.090 ppm H HHH
-0.065ppm H ﬁ HHH A H H

-0-109pPM 5 556 ppm { +0.04ppm

- +0.124 ppm
Ad<0 —
U AS>0

Product alcohol 5 by [2,3]-Wittig rearrangement of
(R)-5-phenylpent-1-en-3-yl allyl ether (4)

Figure 2. Assignment of the stereochemistry of 8-phenylocta-
1,5-dien-3-ol (5).
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