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Reactions of (E)-phenyl(styryl)iodonium tetrafluoroborate with chloride, bromide, and iodide ions are examined
under various conditions. The products are those of substitution and elimination, involving (Z)-1-halo-2-phenylethene (2),
phenylacetylene (3), and iodobenzene as main products as well as minor products of (E)-2 and 1-halo-1-phenylethene.
Results of product analysis, UV absorption spectroscopy, and kinetic measurements are consistent with major pathways
involving pre-equilibrium formation of halo-4>-iodane and iodate intermediates, leading to the in-plane vinylic Sn2
substitution to (Z)-2 and the intramolecular f-elimination to 3. The minor retained product (E)-2 is concluded to be
formed through the vinylenebenzenium ion intermediate in 2,2,2-trifluoroethanol through the ligand coupling within the
A3-iodane intermediate in acetonitrile. 1-Bromo-1-phenylethene is considered to be derived from 3 by reaction with HBr

formed during the reaction.

We have recently shown that f-alkyl-substituted vinyl-
iodonium salts undergo a bimolecular in-plane vinylic (Sn2)
substitution with halide nucleophiles to give the inverted
product (Eq. 1)./= This is recognized as the first and defini-
tive example of this type of reaction, vinylic Sy2 reaction.*
On the other hand, the §-phenyl-substituted derivative, sty-
ryliodonium salt, was found to form vinylenebenzenium ion
as an intermediate in protic solvents (SOH) to lead to a
solvolysis product with retention of stereochemistry (Eq. 2).9
The reactions of phenyl(styryl)iodonium salt with halide ions
were found to show interesting mixed behavior of these con-
trasting observations. The results will be given in the present

paper.
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Results
Product Analysis. Reactions of (E)-phenyl(styryl)iodo-

nium tetrafluoroborate (1) with tetrabutylammonium chlo-

ride, bromide, and iodide were carried out in various solvents,
usually at 50 °C. Products involve 1-halo-2-phenylethene
(2) and phenylacetylene (3) as well as accompanying iodo-
benzene (4), as shown by Eq. 3 and summarized in Table 1.
A large part of the reaction is elimination, unlike that of
1-alkenylidonium salts where it is usually Sn2 substitution.
The relative ratio of 2/3, i.e., substitution/elimination (s/¢),
depends very much on the identity of halides, the halide
concentration, and the solvent employed. The fraction of
substitution increases in the order: C1~ <Br~ <I—, and with
increasing concentration of halide [X™]. The fraction of
substitution tends to increase at lower temperature (Nos. 3
and 10).

Ph H X Ph
== —_— + Ph=—CSC—]
H I'Ph BF, H Ph—C=C-H + Phl

1 2a, X=Cl 3 4
b, X=Br
c, X=1
3

It is noticeable that the fraction of substitution is smaller in
chloroform than in other aprotic polar solvents. In protic
solvents, the reactions are much slower than in aprotic sol-
vents. A considerable amount of 1-bromo-1-phenylethene
(5) is formed during the reaction with bromide in acetic acid
and 2,2,2-trifluoroethanol (TFE) (Nos. 20 and 21). This is
considered to result from addition of HBr to 3 produced in
the primary reaction, and 5 is included in the elimination
products for the calculation of the s/e ratios. Formation of a
trace amount of 5 was also noticed generally in other aprotic
solvents by examination of the GC and of the GC-MS for
selected runs.
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Table 1. Product Yields (%) in the Reaction of 1 with Halide Ions®

No. Solvent Halide, X” Time 2 (Z/E)® 3(s/e)? 4
(concn/mol dm™3) h

1 MeCN C1(0.01) 4 4.7 (96/4) 74 (6/94) 83

2 MeCN Cl1(0.1) 8 14 (99.8/0.2) 71 (16/84) 78

3 MeCN C1(0.1) 50° 17 (99.7/0.3) 69 (20/80) 79
4 CHCls C1(0.001) 25 Trace (1/0) 91 (0/1) 82

5 CHCl; C1(0.1) 5 6.7 (98.5/1.5) 73 (8.4/91.6) 77
6 MeCN Br (0.002) 4 3.0 (79/21) 84 (3.4/96.6) 82

7 MeCN Br (0.01)° 3 11 (95.4/4.6) 76 (13/87) 86

8 MeCN Br (0.05)? 3 38 (98.7/1.3) 52 (42/58) 93

9 MeCN Br(0.1) 3 48 (99.4/0.6) 43 (53/47) 87
10 MeCN Br(0.1) 50° 54 (99.6/0.4) 42 (56/44) 88
11 MeCN Br (0.2) 3 50 (99.7/0.3) 39 (56/44) 86
12 CHCl3 Br (0.001) 3 Trace (1/0) 85 (0/1) 78
13 CHCl3 Br (0.05) 3 17 (96.8/3.2) 76 (18/82) 85
14 CHCI3 Br (0.1) 3 26 (98.3/1.7) 72 (27/73) 91
15 Dioxane Br (0.1) 1.5 45 (99.6/0.4) 40 (53/47) 82
16 THF Br (0.1) 0.25 57 (99.8/0.2) 39 (59/41) 90
17 DMSO Br(0.1) 5 19 (98.6/1.4) 17 (53/47) 29
18 MeOH Br (0.05) 15 2.3(91.8/8.2) 27 (8/92) 34
19 MeOH Br (0.2) 20 6.5 (95.8/4.2) 56 (10/90) 63
20 TFE Br (0.1) 120 17 (70/30) 12 (50/50)9 41
21 AcOH Br (0.1) 48 8 (89/11) 55 (9/91)° 88
22 MeCN 1(0.01)" 3 41 (91.7/8.3) 41 (50/50) 78
23 MeCN 1(0.1) 2 77 (98.8/1.2) 10 (89/11) 81

a) Reactions were carried out at 50 °C without adjusting the ionic strength unless noted otherwise. b) Tetrabutylammonium
halide (BuyNX). c) The nucleophilic fragment X is the corresponding halogen. Isomeric ratios are given in parentheses. d) A

trace amount of 5 was generally detected. The ratio s/e is that of substitution/elimination.
g) 1-Bromo-1-phenylethene (5, 5%) and 1-phenyl-2-(2,2,2-trifluoroethoxy)ethene (3%)
i) The product 5 (30%) was found.

was adjusted at 0.10 with BuyNCI1O,.
were also formed. h) At70°C.

Ph, H
Ph—C=C-H + HBr ———> >=<H
T

3 5

C))

The substitution product 2 is predominantly in a Z config-
uration, but a considerable amount of the E isomer is formed,
especially at low concentrations of halide and in protic sol-
vents.

The deuterium content of the elimination product 3 from
the reaction of the deuterated iodonium salt, (E)-phenyl(2-
phenyl[1-?H]vinyl)iodonium tetrafluoroborate (1-aD), with
bromide ion in acetonitrile was evaluated by mass spectral
analyses. The relative heights of the parent peaks m/z =102
and 103 were 100:9.33 (calcd for natural isotopic abun-
dances, 9.053) for the authentic protium sample of 3. The
products 3 obtained from 1-eD at [Br~]=0.10 and 0.01
moldm—3 showed the peak ratios 102/103 of 2.66/100 and
3.19/100, respectively. These values correspond to the deu-
terium contents of 97.4 and 96.9%, respectively. That is,
more than 98% of the deuterium of the substrate 1-aD (98.8%
D purity) was retained in the elimination product 3. This im-
plies that the elimination occurs via a syn §-elimination, as
was observed for the reaction of 1-alkenyliodonium salts with
bromide ion.!~® The NMR spectrum of the product mixture
obtained from the reaction of 1-aD in acetonitrile and TFE
also suggests S-elimination, as discussed below.

e) At25°C. f) The ionic strength

Ph. D
j :ItPh

H
1-aD

+ Brr ——» Ph—C=C-D + HBr + Phl

%)

Distribution of the deuterium in other (substitution) prod-
ucts obtained from 1-@D was examined by the 'H NMR
spectrum of the product mixture. The reaction of 1-aD with
bromide in acetonitrile was carried out at [BuyNBr] = 0.01
moldm™3 and at a lower temperature of 25 °C for 60 h to
obtain more substitution products. The GC showed forma-
tion of (Z)-2b, (E)-2b, 3, and 5 in an approximate ratio of
12:0.7:86:1. The 'HNMR spectrum of the product mix-
ture showed no peaks at the positions expected for the protons
(B-H) on the carbon bearing the bromine of (Z)-2b and (E)-
2b (6.43 and 6.77 ppm), although the geminal £ protons of
5 were detected as singlets at 5.77 and 6.10 ppm in the in-
tensity ratio of about 1:0.22. The singlet signals (the lack
of coupling) of the 5 obtained indicate that the counterpart
geminal hydrogen is deuterium, since the protium authetic
sample of § shows a small but distinct geminal coupling of 2
Hz. Thatis, the primary product 3 has retained the deuterium
of 1-aD. In conclusion, the original deuterium of 1-aD is
not scrambled and is retained at the original position in all
the products mentioned, as shown in Eq. 6.
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The NMR spectrum of the product mixture obtained from
the reaction of 1-a@D with bromide in TFE showed a signal
for the -H (to the phenyl group, 6.77 ppm) of (E)-2b as a
slightly separated triplet (coupling with D at the trans posi-
tion). However, the corresponding signal (6.43 ppm) for (Z)-
2b, which should be present in more than a two-fold amount
of (E)-2b from GC, could not be seen. That is, the deuterium
of 1-D is retained at the original position of (Z)-2b, while it
must be largely distributed at the carbon carrying the phenyl
group of (E)-2b (isotopic scrambling). Unfortunately, the
proton signals at this carbon (a-H) of 2b at about 7.1 ppm
cannot clearly be seen because of the overlap with aromatic
proton signals of the accompanying product 4. A solvol-
ysis product, (E)-1-phenyl-2-(2,2,2-trifluoroethoxy)ethene,
is also formed, and the broad signals observed at 5.97 and
6.92 ppm suggest coupling with the counterpart deuterium
and complete scrambling of the deuterium between the two
olefinic positions. This agrees with the previous observations
in solvolysis in the absence of halide.®” The olefinic proton
signals at 5.77 and 6.10 ppm for the 5 in the product mixture
are both singlets and the intensity ratio is about 1:0.3. The
deuterium of 5 and so that of 3 formed in this reaction must
be retained at the original position.

Ph H Ph D
+ = + +
D Br ( H Br )

Bu,NBr
(0.1 mol dm™)
1-aD ————
TFE, 50 °C H D

Ph H Ph D
= + = + Ph>=§l:
D ()(:}{2(:l:3 H ()(:l{z(:l:g Br
@)

Kinetic Measurements. The tetrafluoroborate 1 has an
absorption maximum at 267 nm. Stronger absorption devel-
ops immediately when it is dissolved in a halide solution as
shown in Fig. 1, but it disappears slowly with time. Such
an absorbance increase was not seen in a solution containing
tetrabutylammonium perchlorate. The initial absorbances
were determined by extrapolating the observed absorbances
to the time of mixing for chloride and bromide solutions in
acetonitrile (Fig. 2). The absorbance increases with increas-
ing halide concentrations [X ] but seems to saturate at the
higher [X™].

The disappearance of absorption follows nicely the
pseudo-first-order rate law for at least 4 half-lives. The
observed pseudo-first-order rate constants kopsg are plotted
against [X™] in Figs. 3 and 4 for the reactions with chloride

Ph. Br
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Fig. 1. The initial absorption spectra of 1 in acetonitrile in
the absence (- —) and in the presence of 0.01 mol dm~3 of
BuyNCI (—-), BusNBr (—), and BuyNI (----) at the constant
ionic strength of 0.10 maintained with added BusNC1O4 and

25°C. [1]=4.4x 107> mol dm 3.

and bromide ions, respectively. The results are contrasting:
The rate for the chloride reaction tends to decrease, while
that for the bromide reaction increases with increasing con-
centration of the halide, but both with strong curvature. The
rate for the reaction of 1 with iodide seems to show a similar
tendency to that for the bromide reaction, as indicated in the
data given in Table 2.

The rate constants ke for the deuterated substrate 1-aD
are compared with the corresponding values for the protium
1 in Table 2. The deuterium compound 1-&D is slightly less
reactive by about 20% than 1.

Effects of pressure were examined on the rate for reaction
of 1 with BuyNBr in chloroform at [Br—] = 0.05 moldm~—3
and 45 °C for the sake of convenience of measurements.
The rate decreases with pressure (Fig. 5) and affords the
activation volume AV#=7.0 cm® mol 1.9

Discussion

The reactions of 1 with halide ions to give the inverted
substitution product (Z)-2 and the elimination product 3 can
be explained by a reaction mechanism similar to that pro-
posed for 1-alkenyliodonium salts (Scheme 1).%® That is,
the substrate 1 and halide ions rapidly attain to equilibrium
of formation of the 1:1 and 1:2 complexes I; and I,. Then
the substitution occurs via an in-plane vinylic Sy2 reaction of
vinyliodonium ion 1 and the intermediate halo-A3-iodane I,
while the elimination takes place intramolecularly within the
intermediate I’ as a syn f-elimination. The problem remain,
however, of how the minor retained substitution product (E)-
2 is formed. This point will be discussed below, and we will
explain first the major kinetic and other observations in terms
of Scheme 1.

The UV absorption behavior of 1 in halide solutions is
consistent with rapid equilibrium formation of the halo-A3-
iodane I (10-I-3 hypervalent species) and the iodate (12-
I-4) I,.>¥ The observed initial absorbance increase AA due



1918 Bull. Chem. Soc. Jpn., 71, No. 8 (1998)

0.8 '

(@

OOC i Il ] A
0.00 0.02 0.04 0.06 0.08 0.10
[Bu,NCl}/mol dm™
0.8 r T

(®)

0.6

0.4
<
>

0.2 ﬁ

0.0 ér ] L ] Il

000 002 004 006 008 010
[Bu,NBr}/mol dm™

Fig. 2. Initial absorbance of 1 in acetonitrile solutions con-
taining (a) BusNCl at 260 nm and (b) BusNBr at 270 nm
measured at 50 °C, the ionic strength of 0.10 (BusNCl1Oy),
and [1]=4.4x107> mol dm ™3, Solid curves are calculated
with the parameters given in Table 3.

to halide ions can be described by Eq. 8 for the equilibrium
1=21; (I;')=21, where the two possible structural isomers,
I; and I/, are not differentiated, since the interconversion
between the two via pseudorotation must be rapid.>

AA=(AAL K [XT 1+AAK Ko [X T 1) /(14K [X T 14K KR (X 19),(8)
where K; and K are the equilibrium constants for the for-

mation of the hypervalent intermediates, I; (I;’) and I, and
AA; and AA, are the maximum absorbance increases due to
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Fig. 3. The rate constants, kobsa (O), ks ((J), and k. (<) for
the reaction of 1 with chloride in acetonitrile at 50 °C and
the ionic strength of 0.10 (BusNClO4). Solid curves are
calculated with the parameters given in Table 3.
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Fig. 4. The rate constants, kobsa (O), ks ((J), and k. () for
the reaction of 1 with bromide in acetonitrile at 50 °C and
the ionic strength of 0.10 (BusNClO,). Solid curves are
calculated with the parameters given in Table 3.

the formation of I; (I;") and I,, respectively. The parame-
ters were obtained by curve fittings with the nonlinear least-
squares treatments of the data and are given in Table 3. The
solid curves in Fig. 2 are calculated according to Eq. 8 with
these parameters.

The observed rate constants are also expressed by Eq. 9
according to Scheme 1 with the rate constants defined.>”
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Table 2. Observed Rate Constants for the Reaction of 1 and
1-&D under Some Selected Conditions®

Bull. Chem. Soc. Jpn., 71, No. 8 (1998) 1919

Table 3. Parameters Used for Simulation of the Absorbance
and Kinetic Curves?

X71 10* kopsals ™"
Halide, X ~ moldm™> 1 1-aD ku/ko
Cl 0.01 10.5 8.56 1.23
cl 0.10 642 . 512 1.25
Br 0.01 506  4.24 1.19
Br 0.10 545 453 1.20
I 0.01 7.52
I 0.10 122

a) Measured at 50 °C and the ionic strength of 0.10.

-8.0 T ! T T

90 1 L 1 L
0 50 100 150 200 250
Pressure/MPa
Fig. 5. Effects of pressure on the rate of reaction of 1 with

BuyNBr (0.05 mol dm~3) in chloroform at 45 °C.

kovsa = {(k1 +LKD[X 1+ (kaKy + KK K2)[X 1}
JA+K X1+ K KX 1P). ©

The solid curves in Figs. 3 and 4 are calculated with the
parameters summarized in Table 3 according to Eq. 9 by
using the equilibrium constants obtained from the initial ab-
sorbances (Fig. 2). The kosq are separated into the rate

K [X7] H
R H R
= > ph
I-Ph H I
: \
1 (R=Ph)
kﬂ)& Af}
+ Phl
H
@)-2 4
SN2 reaction

R H
f— H>=< _Ph

Halide Cl Br
A/mm 260 270
1073K;/mol ™! dm® 7.7 (2.5) 2.84 (0.50)
A 1.142 (0.016) 1.193 (0.016)
K>/mol ! dm? 18 (10) 20 (6)

Az 1.387 (0.052) 1.597 (0.038)
kj+k5K1/mol~" dm> s ™! 9.6 1.5

ko Ky +k5 K1 Ky/mol =2 dm® s~} 45 32
ki/mol™! dm3s~! 0.3 0.1
10*ky/mol ™! dm? s ™! 24 8.5
10%k, /s~ 1.2 4.9
10%k4 /s 2.0 1.4

a) The initial concentration of 1 was 4.4x 10~ moldm™3. Val-
ues in parentheses are standard deviations for the fittings of the
absorbance curves.

constants for the substitution (k) and the elimination (k.) by
the product ratios s/e (Table 1), and the values are shown in
Figs. 3 and 4. The calculated curves for these separated rate
constants are obtained from the corresponding terms of Eq. 9
by using the approximate parameters given in Table 3. Al-
though the minor products are not considered here, the over-
all reactions are satisfactorily accounted for by Scheme 1.
The decreasing tendency of apparent constant k. is char-
acteristic of an intramolecular reaction of the intermediate
I; Iy/). The concentration of I (I;’) decreases at higher
[X~] due to the formation of I. The apparent difference in
the kohsq curves between the chloride and bromide reactions
is ascribed to different contributions from the two reaction
pathways (ks and k).

The elimination product 3 obtained from 1-aD re-
tains most of the original deuterium and is consistent
with the intramolecular [3-elimination within the A3-io-
dane Iy’ (Eq. 10).'~ The kinetic deuterium isotope effects,
ky /kp =~ 1.2 (Table 2), observed for the reaction with halides
where more than 80% of the reaction is elimination are com-
patible with the B-elimination mechanism. If it occurred via
the alternative a-elimination and rearrangement, the primary
isotope effects of ky/kp =3 would have been observed.'?
The observed activation volume of a small positive value

‘S=< P

K> (X7]

R-C=CH + HX + Phl
3 4

B-elimination

Scheme 1.
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(AV* =7.0 cm® mol~!) is also consistent with the intramolec-
ular elimination mechanism involving a conversion from the
initial A3-iodane I’ to a slightly expanded transition state
without much solvent reorganization.

H H i
Pll;>=<1’ Fh ~—_A Pl:'\'::'-'/\ Ph
7 H\ /,I
I X X .
———3 Ph-C=C-H + HX + Phl
3 4
(10)

1-Bromo- 1-phenylethene (5) must be formed from the
elimination products, 3 and HBr. The relative intensities of
the NMR signals for the geminal protons S obtained from
1-aD suggest that the electrophilic addition of HBr to 3
occurred via 70—80% stereoselective syn addition, in agree-
ment with the earlier observations.>'?

There are two possible pathways for the formation of the
minor stereochemically retained substitution product (E)-2.
One is a reaction through intermediate formation of vinyl-
enebenzenium ion (Eq. 2), and the other is a ligand coupling
mechanism within the intermediate I;’ or I (Eq. 11). The
former mechanism was observed for the solvolysis of 1 in
acetic acid and TFE.® If the vinylenebenzenium ion is cap-
tured by a halide ion, the resulting product will be (E)-2.
In this case, the deuterium of the substrate 1-aD should be
completely scrambled in the product (E)-2, as was the case
for the solvolysis products.® This is exactly the case found
by the NMR analysis of the product mixture from the reac-
tion of 1-aD with bromide in TFE, but this is not found in
acetonitrile.

Ligand Coupling  Ph H

Ph H
>=-j: Ph » >=x_ 4 Phl
H 17 H X
(E)-2 4

X
I

an

If the vinylenebenzenium ion were also formed in ace-
tonitrile and trapped by the halide, the scrambling of the
deuterium should have been observed in the (E)-2 obtained
under these reaction conditions. However, the 'H NMR of
the product mixture from the reaction of 1-aD with bromide
in acetonitrile did not show any sign of the scrambling. This
contrasting result cannot be explained by the formation of
vinylenebenzenium ion. Since the ionization to a primary
vinyl cation is unlikely,'” the alternative ligand coupling
mechanism leading to the retained product is the most prob-
able pathway in the aprotic solvent. The ligand coupling
mechanism for the substitution with retention of configura-
tion within halo-4 3-iodane like I;” has been observed with 2-
halo-1-decenyliodonium salt'? and with 1-decenyliodonium
salt in TFE® when the other reaction pathways are retarded.
The ligand coupling pathway may have shown up in the
present reactions because the Sy2 reaction of 1 is quite slow,
1 being about 10? times less reactive than 1-decenyl(phen-

Reactions of Styryliodonium Salt with Halide Ions

yl)iodonium salt.'*®

In conclusion, the reactions of the styryliodonium salt with
halide ions occur mainly as the in-plane Sy2 substitution and
the intramolecular S-elimination of halo-A3-iodane inter-
mediate by the mechanism shown in Scheme 1. The minor
pathway leading to substitution with retention takes place
through the vinylenebenzenium ion intermediate in polar sol-
vents like TFE or alternatively through the ligand coupling
within the halo-43-iodane intermediate in aprotic solvents
like acetonitrile.

Experimental

'HNMR spectra were recorded on a Varian INOVA 500 spec-
trometer and chemical shifts are given in ppm downfield from inter-
nal TMS. IR and UV spectra were obtained by JASCO IRA-1 and
Shimadzu UV-2200 spectrophotometers, respectively. Mass spec-
tra (EI MS) were recorded at 70 eV on a mass spectrometer JEOL
JMS-DX303HF. Analytical gas chromatography was conducted
on a Shimadzu GC-14B gas chromatograph with a DB-1 capillary
column (0.25 mmx 30 m) and an integrator C-R6A. Melting points
were measured on a Yanaco micro-melting-point apparatus and are
not corrected.

Acetonitrile was distilled from calcium hydride. Chloroform of
analytical grade stabilized with 2-methyl-2-butene was obtained
from Tokyo Chemical Industry (TCI, Tokyo) and used without fur-
ther purification. Tetrabutylammonium chloride (TCI), bromide
(Wako, Osaka), iodide (Wako), and perchlorate (Fluka) were used
as received. Iodobenzene (4), phenylacetylene (3), and 1-bromo-2-
phenylethene (2b) and 1-bromo-1-phenylethene (5) for the authetic
samples were purchased from Wako or TCIL.

Curve fittings were carried out by a nonlinear least squares
method (Marquardt— Levenberg Algorithm) using SigmaPlot
(Jandel Scientific, San Rafael, CA) on a personal computer Macin-
tosh 7600/200.

(E)-Phenyl(styryDiodonium Tetrafluoroborate (1). The BF-
catalyzed silicon-iodonium exchange reaction between (E)-trimeth-
ylsilyl(styryl)silane and iodosylbenzene was carried out in the same
way as described previously.'?

(E)-Phenyl(2-phenyl[1-2H]vinyl)i0donium Tetrafluoroborate
(1-aD). The a-deuterated substrate 1-aD (the isotopic purity =
98.8%) was prepared by Lewis acid-catalyzed boron-iodine(II)
exchange reaction of dihydroxy[(E)-2-phenyl[1->H]vinyl]borane
with (diacetoxyiodo)benzene.14)

Product Analysis. A typical reaction was carried out with
about 5 mg of 1. A weighed sample of 1 was dissolved in 3 mL (or
more to contain excess halide at low halide concentrations) of the
reaction solution at 50 °C. After the reaction time, water (usually 15
mL) and 1 mL of the pentane solution containing 2.5x 10~ mol of
tetradecane (the internal standard for GC) were added to the cooled
mixture, and the products were immediately extracted with pentane
(3 mL) 3 times. The combined pentane layer was washed with
water and dried over magnesium sulfate. The extract was analyzed
by GC and by GC MS when required. The relative molar intensities
of the GC peaks were determined with the authentic samples in
comparison with the internal standard and were assumed to be the
same for the isomers and halostyrenes. The deuterium content of
3 formed from 1-aD was evaluated from the relative heights of
parent peaks at m/z 102 and 103.

Reaction of 1-aD with Bromide Ion in Acetonitrile. A
sample of 1-aD (8 mg) was added to 3 mL of acetonitrile containing
0.01 mol dm~? of BusNBr and kept at 25 °C for 60 h. Products
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were extracted with pentane, and the GC of the extract showed
formation of (Z)-2b, (E)-2b, 3, 4, and 5 in an approximate ratio of
12:0.7:86:100 :1. After evaporation of the volatile fraction, the
nonvolatile residues were dissolved in CDCl3; for NMR analysis.
The GC of the NMR sample indicated that the mixture consisted
of (Z)-2b, (E)-2b, 4, and 5 in a molar ratio of about 50:3:4:100.
The most of the 3 formed was lost during evaporation. The NMR
spectrum showed two small singlets at 5.77 and 6.10 ppm in an
intensity ratio of 1:0.22, in addition to strong signals in the 7—8
ppm region.

Reaction of 1-aD with Bromide Ion in TFE. A sample of 1-
aD (6 mg) was dissolved in 3 mL of TFE containing 0.1 mol dm >
of BusNBr and kept at 50 °C for 5d. Products were extracted with
pentane and nonvolatile residues were dissolved in CDCls. The
GC showed formation of (Z)-2b, (E)-2b, 4, 5, and (E)-1-phenyl-
2-(2,2,2-trifluoroethoxy)ethene in an integral peak ratio of about
3.5:1.5:5:1:1. The NMR spectrum showed five olefinic proton
signals, in addition to aliphatic (1—2 ppm) and aromatic signals
(7—8 ppm), at 5.77 (s), 5.97 (bs), 6.10 (s), 6.77 (t), and 6.92 (bs)
ppm in relative integral intensities of 3:4:1:6:4.

Initial Absorbance. Initial absorbances of the reaction mixture
were determined at 50 °C, as described previously for 1-alkenyl-
iodonium salts.>>

Kinetic Measurements.  Reaction rates were determined by
monitoring the decrease in UV absorbance at 50 °C, as described
previously.>® High-pressure measurements were carried out in the
same way as before.”
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