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(E)-1-Chloro-3,3,3-trifluoropropene was smoothly deproton-
ated by Meli at the position B to the CF; group, and exclus-
ive formation of propargylic alcohols was observed by ad-
dition of appropriate carbonyl compounds as long as up to

1.6 equiv. of MeLi was used, whereas more than 1.7 equiv. of
this base led to selective construction of allylic alcohols.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

Nonozone depleting (E)-1-chloro-3,3,3-trifluoropropene
[(E)-1; abbreviated as HCFC-1233t], is manufactured as the
convenient intermediate for the preparation of 1,1,1,3,3-
pentafluoropropane (HFC-245fa) as the potent chlorofluo-
rocarbon substitute.['! In addition to its usage for this pur-
pose, (E)-1 is also recognized as a useful CFs-containing
building unit by installation of a structurally defined (FE)
olefin and a chlorine atom as the useful synthetic handles.[*!
Moreover, consideration of the characteristic nature of the
CF; moiety leads to the expectation that two hydrogen
atoms in (E)-1 are likely to be removed by treatment with
an adequate base, such as the various types of RLi: H*
would be acidic enough, as the resulting anion would be
inductively stabilized by the CF5 group,?! and abstraction
of H® would furnish vinyllithium species Int-1 containing
firm and energetically favorable intramolecular five-mem-
bered Li*F chelation (Scheme 1).[1 Then, we started to in-
vestigate the behavior of versatile substrate (E)-1 towards
various bases and utilization of the resultant anionic inter-
mediates.

Results and Discussion

First of all, our attention has been focused on finding
appropriate conditions for deprotonation of (E)-1 and for
nucleophilic attack of the resultant anion towards a repre-
sentative electrophile, benzaldehyde (Table 1). Requirement
of relatively higher polarity was apparent for solvents to
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effect smooth removal of protons: thus, hexane afforded
products in very low yields irrespective of the base em-
ployed (Table 1, Entries 3, 6, and 11) but THF (Table 1, En-
tries 1, 4, 7, and 9) demonstrated excellent selectivity for
propargylic alcohol 4el] and also quite high chemical
yields.[®l In contrast, Et,O furnished a mixture of 4e and
allylic alcohol (F)-2e with the latter being preferred
(Table 1, Entries 2, 5, and 10), but this was not the case
when MeLi was used (Table 1, Entry 8).

Table 1. Investigation of reaction conditions.!!

i) base/solvent

Cl " —80°C,05h cl OH
/~ TiyPncho . C/:&OH + Fe—=—
FsC (1.3 equiv), 3 Ph
()1 -80°C,1h Fh 4e
(E)-2e
Entry  Base (equiv.) Solvent 9F NMR yield [%0]
(E)-2e de
1 sBuLi (1.2) THF 5 59
2 sBuLi (1.2) Et,O 44 38
3 sBuLi (1.2) hexane 0 0
4 BulLi (1.2) THF 0 55
5 BulLi (1.2) Et,O 76 21
6 BulLi (1.2) hexane 0 1
7 MelLi (1.2) THF 0 52
8 MelLi (1.2) Et,O 0 0
9 LDA (1.2) THF 0 55
10 LDA (1.2) Et,O 24 8
11 LDA (1.2) hexane 11 7
12 tBuOK (1.2) THF 0 0
13 sBuLi (2.2) THF 45 55
14 BuLi (2.2) THF bl aLl
15 MelLi (2.2) THF 90 5
16 LDA (2.2) THF 75 25

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

[a] RLi reagents were titrated prior to use. [b] No reproducible re-
sults were obtained (constant product selectivity was not obtained
and sometimes the major product was switched).
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These results allowed us to propose the brief mechanism
(Scheme 1). Thus, contrary to the computational results de-
scribed below (see Scheme 3), a base in THF would select
H?, a to the strongly electron-withdrawing CF5 group, and
its removal would be followed by elimination of a chlorine
atom to furnish 3,3,3-trifluorinated propyne 3. Then, the
second base molecule might successfully convert this inter-
mediate into 4 by reaction of the corresponding acetylide
and an appropriate carbonyl compound. In contrast, depro-
tonation at the B position to the CF; moiety seemed to
compete to some extent in a less coordinating solvent like
Et,0O. These experimental results suggested that Int-2 was
more energetically stable than Int-1, and the aggregation
state of RLi species would affect the reaction course signifi-
cantly.

HA Cl pase Ha Cl RCHO Cl
FsC  HP F,C_ L FsC . OH
E1
Int-1 (E)-2
‘base
Li Cl o i) base o OH
£C W CbCh T T i) RCHO FoC—= =
Int-2 4

Scheme 1. Possible routes to allylic alcohols (E)-2 and propargylic
alcohols 4.

On the basis of this analysis, 2.2 equivalents of a base
was employed in THF with the aim to produce 4e in high-
yield. However, a totally unexpected outcome resulted:
thus, especially as shown in Entries 15 and 16 in Table 1,
allylic alcohol (E)-2e was actually obtained as the major
product and 4e was formed only in low yield. sBuLi did not
give the good (FE)-2e/de selectivity that we expected
(Table 1Entry 13). To solve this puzzling question, (E)-1
was treated with varying amounts of MeLil” as the model
base, and it is quite intriguing to note that the chemical
yields of (E)-2e and 4e were highly dependent on the quan-
tity of MeLi, and their selectivity clearly and drastically
changed between 1.6 and 1.7 equivalents (Figure1). A
unique point was also found between 1.4 and 1.5 equiva-
lents.

For acquiring further information about the present reac-
tion mechanism, a couple of additional experiments were
performed (Scheme 2). At first, in an attempt to spontane-
ously capture the anionic species initially generated from
(E)-1, this substrate was subjected to a THF solution of
LDA (1.2 equiv.)!® containing PhCHO to furnish a mixture
of (E)-2e and 4e in 18 and 8% yield, respectively (condi-
tions b). In contrast, 4e was obtained in 55% yield as the
sole product by the deprotonation sequence with LDA at
-80°C for 0.5h, followed by the addition of PhCHO
(Table 1, Entry 9; conditions a). Moreover, apparent from
Figure 1, treatment of (E)-1 with MeLi (1.7 equiv.) led to
exclusive formation of (E)-2e (97% yield with 2% of 4e;
conditions ¢), whereas addition of HMPA (1 equiv.) to this
4396
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Figure 1. Relationship between the amount of MeLi employed and
the product selectivity [(E)-2e: H, 4e: @].

system completely altered the situation to afford 4e selec-
tively [72% yield without formation of (E)-2e; condi-
tions d]. Combination of these results led to speculation
that (1) production of 4e in an excellent conversion yield by
the action of LDA (1.2 equiv.) suggested the initial forma-
tion of the vinylic anion B to a CF; group (Int-1 in
Scheme 1), which would be then transformed into the corre-
sponding acetylide before reaction with PhCHO and (2) the
quite sharp effect of HMPA as an additive would assume
an appropriate intermolecular interaction between Int-1
and the excess amount of MeLi.

Cl - Cl OH
conditions

/:/ —_— = + F3C%<
FsC THF,-80°C ¢ OH Ph

(E)1 Ph de

(E)-2e

a) LDA (1.2 equiv), 0.5 h; PhACHO (1.3 equiv), 1h 0% 55%
b) PhCHO (1.3 equiv); LDA (1.2 equiv), 0.5 h 18% 8%

c) MelLi (1.7 equiv), 0.5 h; PhCHO (1.3 equiv), Th 97% 2%

d) MeLi (1.7 equiv), HMPA (1 equiv), 0.5 h; 0%  72%
PhCHO (1.3 equiv), 1 h
cl conditions L cl H,0* - OH
FsC OH THF, |FsC OLi Ph
PH -80°C PH e

(E)-2e Int-3

e) BuLi (2.2 equiv), 1 h
f) MeLi (2.2 equiv), 1 h

quant
20% [(E)-2e: 75%]

Scheme 2. Syntheses of (£)-2e and 4e by various methods.

Additional reactions were also carried out to verify the
possible production of propargylic alcohol 4e by formal de-
hydrochlorination of allylic alcohol (E)-2e. In the event,
smooth and quantitative conversion of (E)-2e to 4e via Int-
3 was substantiated by 2.2 equivalents of BuLi, whereas
with the same quantity of MeLi only 20% conversion to 4e
was realized along with 75% recovery of (E)-2e (condi-
tions e and f), which led to the conclusion that (3) this was
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not the major route to yield 4e as long as MeLi was em-
ployed. With these additional data in hand, we revised the
mechanism to that shown in Scheme 3, which also includes
the relative energy by DFT calculations!® in parentheses.
Thus, the first proton abstraction by MeLi would regiose-
lectively occur at the B position to the CF;3 group so as to
form the computationally more stable intermediate Int-1,
which would constitute complexes like Int-41'9 or its oligo-
meric forms with an excess amount of MeLi for gaining
further stabilization.[''! In contrast, because MeLi under
such a situation still retained its ability as a base, it would
abstract H® from another (E)-1 molecule to furnish Int-1,
which by losing an extra stabilizing factor, would further
release LiCl by the o elimination pathway when less than
1.6 equivalents of MeLi was employed.

L.l
-2
. FiC  HP ©
HY_C1 Meli Int-2 (~25.80) TT
F3C Hb —MeH
HZ  Cl i H&  Cl
(E)-1 (0.00) MelLi L
F,C_ L F,C_ Li~Me
\F, \F,
Int-1 (~26.18) Int-4 (=25.18)
l—LiCI
o Int-1 or
H MeLi
: FyC—=—H? FiC—=Li
FsC 3 (~45.66) Int-5 (~85.65)
5 (-1.51) u
4

Scheme 3. The proposed mechanism of the present reaction {in the
parenthesis is shown the calculated relative energy [kcalmol '] by
the B3LYP/6-311++G** level of theory with considering the effect
of THF (SCIPCM)}.

Subsequent hydride migration'?! would convert carbene
5 into Fj-propyne 3, which underwent deprotonation to
give the corresponding acetylide Int-5 by another Int-1
molecule or MeLi itself. This interesting reaction course is
already known as the Fritsch-Buttenberg—Wiechell (FBW)
rearrangement.l'>'4 Eventually, final intermediates Int-4
and Int-5 would directly correspond to products (£)-2 and
4, respectively. This scheme would at least qualitatively ex-
plain the behavior of (E)-1 after lithiation: for example, ad-
dition of HMPA (1 equiv.) would be effective for decompo-
sition of complexes like Int-4 and liberated Int-1 followed
FBW rearrangement to give 4 (Scheme 2, conditions ¢ vs.
d). In contrast, the generation of the anionic species from
(E)-1 in the presence of PhCHO furnished a mixture of (E)-
2e and 4e, whereas the addition of PhCHO after 0.5 h mix-
ing of (E)-1 with MeLi predominantly afforded 4e (condi-
tions a vs. b). The fact that the former “internal trap” ex-
periment furnished (E)-2e and 4e in 18 and 8% yield,
respectively, would be a reflection of FBW rearrangement
as a relatively quick sequence.l'”! As already described in
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Entries 2 and 5 in Table 1, different from THF, the lower
Lewis basic solvent Et,O allowed formation of (E)-2e to
some extent, which would be as a result of favorable con-
struction of complexes by interaction of Int-1 and sBuLi or
BulLi like the case of MeLi.

To obtain further experimental proof, we performed the
deuteration reaction of the resultant possible anionic spe-
cies, thus Int-1 or 2. Because it has already known that (E)-
1 readily undergoes nucleophilic attack of secondary amines
by way of an addition—elimination sequence,!'®!7] the in situ
conversion of regenerated (E)-1 to (E)-6 was investigated as
a result of the low boiling point of (E)-1 of 21°C
(Scheme 4). At first, for confirmation of the applicability of
the original method!'8! with a slight modification, the an-
ionic species from the reaction of (E)-1 and 1.7 equivalents
of MeLi at —80 °C was quenched with CH;OH and addition
of piperidine to this mixture afforded (£)-6a in 32% yield.
Then, the same process was repeated by using the same base
in amounts of 1.2 and 1.7 equivalents with CD;0D as the
deuterium source. The former conditions furnished (E)-6a
in 16% yield without any sign of deuterium incorporation,
but the product of the latter was found to possess 54% D
only at the N-attached carbon atom. The fact that the prod-
uct obtained under conditions ¢ in Scheme 4 did not con-
tain any deuterium seemed consistent with our proposed
mechanism, because this pathway would furnish 0.6 equiva-
lents of Int-5 and 0.4 equivalents of (E)-1 and the latter led
to formation of (E)-6a and deuterated 3 from Int-5 would
be vaporized (boiling point: ca. —40°C). The use of
1.7 equivalents of MeLi furnished a mixture of (E)-6a and
6b in a ratio of 46:54, indicating the presence of vinyl an-
ionic intermediates possibly like Int-4, which nicely com-
pared with the result when 1.2 equivalents of MeLi was em-

i) MeLi (X equiv)/

ployed.
FoG_ THF, —-80°C, 0.5 h N:

‘ol i) CD0D, —80 °C, 10 min F3C'_:R

iii) piperidine (10 equiv) (E)-6a (R:H)
0°C,3h (E)-6b (R:D)

B-1

a) X=1.7; 32% yield, (E)-6a only (quenched with CH;0OH)
b) X=1.7; 13% yield, (E)-6a/(E)-6b, 46:54
c) X=1.2; 16% yield, (E)-6a only

Scheme 4. Reaction of (E)-1 with piperidine under various condi-
tions.

Another intriguing point was the fairly contrasting reac-
tivity between stereoisomers (E)- and (Z)-1. Thus, treat-
ment of (E)-1 with 1.7 equivalents of MeLi followed by
trapping the resultant intermediate by PhnCHO predomi-
nantly furnished allylic alcohol (E)-2e, whereas exclusive
formation of propargylic alcohol 4e was realized by (Z)-1
(Scheme 5). The latter would be understood as a result of
selective formation of Int-6 due to its electrostatic stability
and, at the same time, impossible intramolecular Li--F che-
lation after deprotonation of HP. In addition to our in-
terpretation described above, this conclusion also stemmed
4397
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from the inherently significant rate difference of this type
of elimination between stereoisomers:!'?! for example, elimi-
nation of HBr from (Z)-2-bromo-p-nitrostyrene was re-
ported to proceed 2300 times faster than the corresponding
(E) isomer.[192]

i) MeLi (1.7 equiv)/

FaC THF, -80 °C, 0.5 h cl OH
— — : — + Fe—=—=—
¢l i) PhCHO (1.1 equiv) F,C OH Ph
-80°C, 1h PH
(B)- or (2)1 4e
(E)-2e
from ()1 97% 2%
from (21 0% 83%
Fs.C  C Meli FoC  ClI
= = —— FC——=—HP
He Ho  —MeH Li po  -LiCl 3
@1 Int-6

Scheme 5. Reaction of (Z)-1 with 1.7 equivalents of MeLi and
PhCHO.

The preparation of (E)-2 and 4 by adding 1.7 and
1.6 equivalents of MeLi to (E)-1, respectively, enabling the
selective formation of these two types of alcohols contain-
ing a variety of substituents is shown in Table 2.

Table 2. Reaction of (E)-1 with a variety of carbonyl compounds
in the presence of 1.6 or 1.7 equivalents. of MeLi.

i) MeLi/THF

Cl " _80°C,05h cl OH
_/ i — + Ft—=—{r
rd iRICONR?, F3c/;3»0H ? R
E-1 -80°C, 1h 2 4
(B)-2
Entry R! R? Isolated yield [%)]
(E)-2121 4]
1 CoH/o H 94 (2a) 65 (4a)
2 PhCH,CH, H 86 (2b) 59 (4b)
3 p-CH3C4H, H 88 (2¢) 57 (4¢)
4 p-CH;0CGH, H 85 (2d) 58 (4d)
5 Ph H 97 (2e) 72 (4e)
6 p-BrCeH, H 92 (2f) 52 (4f)
7 p-NO,CeH, H 84 (2g)  [25]“ (4g)
8 Ph CH, 57 (2h) 5614 (4h)
9 (CH,)s 85 (2i) 64 (4i)

[a] 1.7 equiv. of MeLi was employed. [b] 1.6 equiv. of MeLi was
employed. [c] Yield in square brackets represents the yield when
2.2 equiv. of MeLi and 10 equiv. of HMPA were used. [d] Reaction
was carried out at —80 to —60 °C for 3 h.

Conclusions

As shown above, we have learned the interesting behavior
of anionic species Int-1 generated from (E)-1, which facili-
tated the formation of allylic alcohols (£)-2 possibly by way
of an energetically more stable complex with MeLi (MeLi
> 1.7 equiv.), whereas Int-1 itself would follow an FBW
rearrangement after o-elimination of LiCl to furnish the
corresponding propargylic alcohols 4 (MeLi < 1.6 equiv.).
Although the mechanism has not fully been clarified, we
successfully demonstrated the extraordinary convenience of
4398
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the present method for the selective construction of either
alcohols (E)-2 or 4 just by controlling the amount of MeLi
employed. Further study in this area is underway in this
laboratory.

Supporting Information (see footnote on the first page of this arti-
cle): Detailed experimental procedures for the preparation of allylic
and propargylic alcohols (E£)-2 and 4, respectively, and characteri-
zation data of the new compounds.
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