Journal of Fluorine Chemistry, 18 (1981) 459-473 459
© Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

Received: April 1, 1981

REARRANGEMENT OF ALLYL HEXAFLUOROISOPROPYL SULFIDES [1]
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SUMMARY

The rearrangement of terminal allylic hexafluoroisopropyl sulfides to
the internal olefinic sulfide occurs under either photochemical or thermal
conditions. In the case of the formation of E and Z isomers, the E isomer
was predominant. The rearrangement is suggested as a unimolecular, associ-
ative radical mechanism, via kinetic studies, use of inhibitors, or radical
initiator.

INTRODUCTION

During the course of the study of the ene reaction of hexafluorothio-
acetone (HFTA) generated in situ from tetrakis (trifluoromethyl)-1,3-di-

thietane (HFTA dimer) [2], a facile rearrangement of the allyl hexafluoro-
isopropyl sulfide was found. When 1,1,1,3,3,3-hexafiuoro-2-propyl-1,1,2-
trimethyl allyl sulfide was kept in a pyrex ampoule for several months,
about half of it was changed to another component, but the mixture was
still a clear liquid. When the mixture was subjected to 3000 R 1ight irra-
dition for 24 hr, the starting allyl sulfide was totally changed to another
component. Herein, we wish to report the rearrangement of allyl hexa-
fluoroisopropyl sulfides.

a-Methylallyl methyl sulfide was reported to be rearranged to 2-
butenyl methyl sulfide by 1ight either in the presence or absence of
methylmercaptan [3]. The major product was the Z-isomer. Also o,0-di-
methylallyl phenyl sulfide was rearranged thermally to y,y-dimethylallyl
phenyl sulfide in the presence of t-butyl hydroperoxide [4]. o-Methyl-
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allyl phenyl sulfide was rearranged thermally without a radical initiator
or photochemically to 2-butenyl phenyl sulfide [5]. A detailedmechanistic
study focused on the thermal rearrangement of allyl phenyl sulfides [6,7,8].
Both unimolecular and bimolecular pathways were involved in the rearrange-
ment [6], and the associative transition state mechanism was suggested [7].
Interestingly, both triplet and singlet states of oxygen catalyzed the re-
arrangement [8]. However, a radical chain mechanism was also proposed for
the thermal and photochemical rearrangement of aryl ally sulfide [9,10].

An acid catalyzed rearrangement of aryl allyl sulfide was also reported [9,
10].

RESULTS AND DISCUSSION

Freshly prepared 1,1,1,3,3,3-hexafluoro-2-propyl-1,1,2-trimethylaliyl
sulfide 1 was irradiated by 3000 R light in a Pyrex ampoule. The re-
arrangement was completed within 24 hr to yield 1,1,1,3,3,3-hexafluoro-2-
propyl-2,3-dimethyl-2-butenyl sulfide 2. The IR of 2 showed an

CH CH ° CH CH
3 3 3000 A NIV
3 _— /—\ (Eq. ])
CH2 S-CH(CF3)2 (CF3)2CH-—S-CH2 CHy
! 2
C=C absorption at 1664 cm']. The terminal C=C absorption of 1 was 1622

en™'. 1%F NMR of 2 showed a doublet, J = 8 Hz, at 9" 66.7 ppm. Although
the chemical shift of 2 was very close to that of the starting sulfide 1
(66.4 ppm), these two doublets were clearly distinguishable. 1H NMR of 2
showed overlapping signals at § 3.46 ppm for the singlet of the methylene
hydrogen and a heptet for the isopropyl hydrogen, J = 8 Hz. The chemical
sh1fts of the three methyl groups of 2 coincided at & 1.75 ppm [11]. How-
ever, C NMR of 2 showed three different methyl groups at & 17.4, 20.3,
and 21.0 ppm.

Such a photochemical rearrangement was also achieved on various allyl
hexafluoroisopropyl sulfides and the results are given in Table 1. Sul-
fide 3 was rearranged to a mixture of E and Z isomers of sulfide 4. The
major product was isolated by preparative GLPC. Its stereochemistry was
determined by computer analysis [12]. The calculation indicated the vinyl
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TABLE 1

o
Rearrangement of Allyl Hexafluoroisopropyl Sulfide by 3000 A Lighta

Entry Startingb Rearran edb Irradiation Conversion Yield
Sulfide Product(s) Period % %

2 24 hr 100 100

-
z\i
—
=
-

)X

~N
n
=
jw
o

R
F (nc)

F F (nc)
M) 40 days 92 100
R 4-7
F - —
(nc)
3 >—-< 3 6-E
SR R (nc)
F oo F 6 days 90 100
S
RF (nc)
Ph Ph
. >/—< 7 N/ 8 5 days  100°  100°
SR RFS_/_ ne)
(nc)
5 )—24 9 \—j 1o 3 days 82 100
SRe RgS (nc)
(nc)
Re
6 [:( 1N 12 3 days 84 100
S (nc)

3In neat. bRF represents -CH(CF3)2 group. “In CDC13 solution.



Spectral Data of the Rearranged Product(s)

(CF4) ,CH-S-CH,-CR, =CR,Ry
Compound V(sppm) 19 (p*ppm) 1R%(cn ™))
No.
CH(CF3), CH, Ry R, Ry
2 3.46 (hept) 3.46 1.75 1.75 1.75 66.7 (d) 1664
J = 8 Hz J =8 H2
4-E 3.61 (hept) 3.3 5.16-.6.02 1.76 67.2 (d) 1668
J = 8 Hz J = 8 Hz
6-E 3.54 (hept) 3.26 1.73 1.73 5.41 67.2 (d)
J = 8 Hz J = 8 Hz 1710°
6-1 3.50 (hept) 3.41 1.64 1.64 5.50 67.2 (d)
J = 8 Hz J =8 Hz
. 1595
8 3.65 (hept) 3.5 5.85.6.71 7.36 66.4 (d) 1576
J = 8 Hz J = 8 Hz
10 3.63 (hept)  3.19 1.84 1.15 5.34 67.3 (d) 1657
J = 8 Hz J = 8 Hz
iz 3.60 (hept) 3.25 5.6 2.31 1.65 67.0 {d) 1662
J = 8 Hz J = 8 Hz
YA b._.. [
neat iiquia LLI‘ solution
-]
3000 A
CH,=CHCHCH —————> (CF,),CH-S-CH,CH=CHCH, (Eq. 2)
S-CH(CF,4), a
3 E and 2 .

protons coupling constant was 13.7 Hz, and this magnitude of coupling
constant was in the range of trans proton-proton coupling [13]. The ratio
of the above E and Z mixture was 4.8 : 1. Similarly, sulfide 5 gave a
mixture of two products in a ratio of 5 : 1. By analogy to the predomin-
ant formation of the E-isomer of 4, the major product is assigned to the
E-isomer of sulfide 6. In contrast to the formation of a mixture of E and
Z isomers of 4 and 6, only one isomer was obtained from sulfide 7 and
sulfide 9, respectively. The products are assumed to be the E-isomers.
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TABLE 3
]3C NMR of the Rearranged Product(s)
Comggund (CF3)2CH -5 - CH, - CR; = CR2R3
. &(ppm) 1 2 3 4 5
¢ c, Cy Cy Cg Others
2 123.9 (q) 50.0 (hept) 37.7 122.0 133.2 17.4, 20.3, 21.0

J = 279 Hz J = 30.9 Hz

4 - E 123.4 (q) 48.9 (hept) 35.4 124.9 132.4 17.6
J = 282 Hz J = 30.9 Hz

6-E 123.4 (q) 48.6 (hept) 42.9 126.8 132.4 13.6, 14.0
J =276 Hz J = 30.9 Hz

6-1 123.6 (q) 49.0 (hept) 33.8 126.8 130.0 13.3, 21.6
J =274 Hz J=30.9Hz

123.1 (q) 48.9 (hept) 35.5 122.6, 126.4, 128.2
J =278 Hz  J = 30.9 Kz 128.6, 135.3, 135.6

too

10 123.2 (q) 48.1 (hept) 44.9 127.7 143.2 15.1, 30.5, 35.5
J=2718Hz ) =30.9Hz

12 123.3 (q) 48.7 (hept) 41.1 129.4 132.0 22.1, 22.6, 25.5,
J =273 Hz J = 30.9 Hz 26.1

Since the thermal rearrangement was known for aryl allyl sulfides [8,
9,10], 1 was subjected to a thermal rearrangement. At 135°C for 3.5 hr, 2
was formed in 94% yield, and 6% of 1 was found unrearranged. At 120°C for
24 hr, 2 was formed in 95%, and 5% of 1 was left unrearranged. After 3
days at 120°C, all of 1 was rearranged to 2. Trace amounts of four other
peaks were detected by GLPC during the rearrangement at 135°C for 3.5 hr,
but these did not increase or decrease during the rearrangement at 120°C
for 3 days. These unidentified peaks were not detected in the photo-
chemical rearrangement of 1. ODuring the course of this study, Snider [14]
reported the thermal rearrangement of 1 at 120°C for 12 hr in benzene
solution. Under these conditions, the conversion of 1 was 55%, and 45% of
2 was found, and also 10% of 2,3-dimethyi-2-butene was detected. Interest-
ing]}, the thermal rearrangement of 3 was not clean. When 3 was heated at
130°C without solvent, 13% conversion of 3 was obtained after 21 hr, and
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the E and Z ratio of 4 was 2:1. After 2 days, 29% of conversion had
occurred, and the E amd Z ratio of 1.6 was obtained. After 7 days, only a
trace amount of 3 was left unchanged, but 14 other new peaks besides E and
Z of 4 were detected by GLPC. These results suggested that the photo-
chemical rearrangement was a better method than the thermal rearrangement.

MECHANISTIC ASPECTS OF THE PHOTOCHEMICAL REARRANGEMENT

Kinetic study of the photochemical rearrangement {3000 A light) of 1
in benzene showed that the rearrangement was first order up to 86% con-
version (Figure 1). From 86% to 97% conversion, the line deviated from
first order, probably because of diffusion control. In the presence of
radical inhibitors, such as p-benzoquinone, oxygen, and cumene, the rate
of the rearrangement was depressed as shown in Figure 2. These results
suggested that the rearrangement involved radical species. In contrast to
the results obtained in this work, both triplet and singlet states of
oxygen catalyzed the thermal rearrangement of phenyl ally sulfide [8]. A
radical reaction mechanism was also suggested by the introduction of a
radical intiator, instead of 1ight irradiation. In the presence of a cat-
alytic amount of azobisisobutyronitrile, 1 was heated in benzene at 75°C.
2 was formed in 58% yield in 5 min, 78% in 10 min, and 90% in 20 min,
Under the same conditions in the absence of AIBN, 1 was not rearranged to
2 at all. Also various solvents were employed in the rearrangement. Polar
solvents (CHC13, diglyme, acetophenone), and non-polar solvents (CC14,
benzene) did not affect the rate of the rearrangement. Solvents with high
dielectric constant (e = 17.4 for acetophenone) and low dielectric con-
stant (e = 2.3 for benzene) also did not affect the rate of the rearrange-

ment.
hv
/> < ’ />y vt Sk
SR
/>—S( * e SR, —> __>=___< + * SRp
RFS

SRF

Mechanism of the Rearrangement

When 1 was irradiated in the presence of 2-methyl-2-butene, trace
amounts of 5 and 6 (E and Z) were detected by GLPC, but these peaks did not
change during 3 days irradiation, while 1 was rearranged to 2 in 30% con-
version. These results suggested that the radicals formed from 1 by the
light would be a primary pair of Noyes' model.
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CONCLUSION

The allyl hexafluoroisopropyl sulfides were rearranged to their in-
ternal olefinic sulfides by 3000 R light irradiation or via thermal treat-
ment. The E isomer was predominant. The rearrangement mechanism was first
order and followed an associative radical mechanism.

EXPERIMENTAL
]9F NMR were recorded on a Varian HA-100 spectrometer operating at
94.075 MHz. ]H NMR were obtained on a Varian A-60 spectrometer. Analyti-
cal GLPC were determined on Hewlett Packard 5750 Research Chromatograph.
The column used in this work was a 10' x 1/4" column packed with 20% (w/w)
SE-30 coated on 80-100 mesh Chromosorb P. A Varian Aerograph Model 700
was used for preparative GLPC, with a 10’ x 1/2" column packed with 20%
(w/w) SE-30 coated on 80-100 mesh Chromosorb P. Photochemical reactions
were carried out in a Rayonet Photochemical Chamber Reactor.

Preparation of 1

The preparation of the starting allyl hexafluoroisopropyl sulfides
were carried out by the ene reaction of HFTA generated in situ from HFTA
dimer and potassium fluoride [2,15].

Potassium fluoride was dried over a Bunsen burner, well calcined, and
again dried by flame. Potassium fluoride was weighed in a flask while it
was hot.

Potassium fluoride (3.5 g, 60.3 mmole) was weighed into a flask
equipped with septum capped side arm, magnetic stirring bar and glass
stopper. The flask was connected to a condenser and dry nitrogen inlet
tee. After cooling, 10 m1 of DMF, 10 m1 of 2,3-dimethyl-2-butene (92.8
mmole) and 10 m1 of HFTA dimer (46.6 mmole) were injected. The reaction
mixture was stirred at room temperature overnight. Then it was poured
into water, and shaken vigorously. After the separated oil was collected,
the aqueous phase was extracted with ether (3 x 10 m1), and the extract was
combined with the 0il and the ether solution was dried over anhydrous
magnesium sulfate. Distillation at 44-45°C under 8 mm Hg gave 17.7 g of 1,
72% yield. Reported bp 61°C/20 mm Hg [16];IR 1622 em”! (terminal C=C).
Reported 1639 cm'] [16] ]gF NMR @* ppm 66.7 (d, J = 8 Hz, Reported 67.3 (d,
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J = 8 Hz) [16] TH NMR & ppm 1.48 (6H), 1.88 (3H), 3.34 (heptet, J = 8 Hz)
(1H), 4.95 (1H) 5.04 (1H). Reported & 3.4 ppm (heptet, J = 8 Hz) [16]

136 NMR & ppm 19.1 (CH3), 27.4 (CHy) 49.7 (heptet, & = 30.9 Hz) (CH), 52.6
(C), 113.5, 147.3 (vinyl €), 123.3 (g, J = 279 Hz) (CFy).

Similarly, 5, 9, and 11 were prepared from 2-methyl-2-butene, 2,4,4-

trimethyl-2-pentene and 1-methylcyclohexene, respectively, Physical prop-
erties and spectral data are given as follows.
5 59°C/40 mm Hg, 64% yield. lgF NMR 9* ppm 66.4 {pentet, J = 8 Hz),
67.5 (pentet, J = 8 Hz) [17]. ]H NMR & ppm 1.38 (d, J =7 Hz)(CH3), 1.76
(CHy), 3.53 (heptet, J = B Hz)(CH) 4.88, 5.02 (vinyl H). '°C NMR 6 ppm
15.8, 18.1 (CH3), 49.5 (CH), 50.7 (heptet, J = 30.9 Hz)}(CH), 115.8, 144.2
(vinyl C) 124.2 (q, J = 283 Hz), 124.4 (q, J =283 HZ)(CF3). IR 1642
ean”' (terminal C=C). Analysis: Found: C, 37.79; H, 3.71%.

CSHIOFGS requires C, 38.,10; H, 3.?3%.

9 34°C/1.5 mm Hg, 60% yield. F NMR §* ppm 66.3 (pentet, J = 8 Hz},
67.5 (pentet, J = 8 Hz) [17]. ]H NMR & ppm 1.1 (t-butyl), 1.86 (CH3),

3.32 (CH), 3.51 (heptet, J = 8 Hz), 4.85, 5.08 (vinyl H). '°C NMR & ppm
18.4 (CH3), 28.5 {t-butyl CH3), 34.4 (CH), 50.2 (heptet, J = 30.9 Hz) (CH),
67.5 (t-butyl C), 118.3, 142.5 (vinyl C), 122.9 (q, J = 283 Hz), 123.8

{q, J = 283 Hz)(CF3). IR 1638 cm  (terminal C=C). Analysis: Found:

C, 44.78; H, 5.30%. CyiHFeS re?gires C, 44.88; H, 5.48%.

11 38°C/1.5 mm Hg, 65% yield. F NMR @* ppm 66.1 (pentet, J = 8 Hz),

" 67.4 (pentet, J = 8 Hz) [17]. ]H NMR & ppm 1.71-2.55‘(CH2), 3.53 (heptet,
J = 8 Hz), 3.8 (CH), 4.78, 4.98 (vinyl H). '3C NMR & ppm 21.0, 27.7,
29.5, 31.7 (CHZ)’ 50.5 (CH), 50.5 (heptet, J = 30.9 Hz) (CH), 123.2 (q,

J = 282 Hz), 124.1 (q, J = 280 Hz) (CFy), 113.1, 146.2 (vinyl C). IR
1645 cm™! (terminal C=C). Analysis: Found: C, 43.03; H, 4.22%.
C]OH]ZFGS requires C, 43.16; H, 4.35%.

Preparation of 3

A mixture of potassium fluoride (9.1 g, 157 mmole), trans-2-butene
(10 g, 178 mmole), HFTA dimer (10 mi, 46.4 mmole) and 20 m1 of DMF was
stirred at room temperature in a flask equipped with magnetic stirring bar,
dry ice-condenser, and dry nitrogen inlet tee. After overnight stirring,
the reaction mixture was poured into water. After a normal work-up, 3 was
distilled at 46°C/45 mm Hg., 9.1 g, 41% yield. ]gF NMR @* ppm 66.5
(pentet, J = 8 Hz), 67.5 (pentet, J = 8 Hz) [17]. 1H NMR & ppm 1.38
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(d, J =7 Hz)(CHy), 3.58 (heptet, J = 8 Hz)(CH), 3.66 (q, J = 7 Hz)(CH),
4,93 -~ 6.00 (v1ny1 H). 13 C NMR & ppm 19.5 (CH ), 45.4 (CH), 50.3 (heptet,
J = 30.9 Hz)(CH), 123.0 (q, J = 281 Hz), 123.9 (q, J = 281 HZ)(CF3), 117.8,
138.6 (vinyl €). IR 1639 cm~ (term1na1 C=C). Analysis: Ffound: C,

35.26; H, 3.19%. C7H8FGS requires C, 35.29; H, 3.39%.

Preparation of 7

A mixture of potassium fluoride (3.6 g, 62 ﬁmo]e), B-methylstyrene
(10 m1, 77.5 mmole), HFTA dimer (5 m1, 23.2 mmole) and 16 ml1 of DMF was
stirred at room temperature and at 70°C for 2 days. The reaction mixture
was poured into water. After a normal work-up, 7 was distilled at
50-52°C/0.2 mm Hg. 4.6 g, 33% yield. 19F NMR @* ppm 66.1 {pentet, J =
8 Hz), 66.5 (pentet, J = 8 Hz) [17]. ]H NMR & ppm 3.56 (heptet, J = 8 Hz)
(CH), 4.66 (d, J = 9 Hz)(CH), 5.1 ~ 6.4 (vinyl H), 7.36 (phenyl). '3C NMR
& ppm 50.9 (heptet, J = 30.9 Hz)(CH), 54.7 (CH), 128.2, 128.8, 129.4,
136.0, 137.4 (phenyl and CF,). IR 1622 cn™' (terminal C=C), 1590 cn™'
(phenyl). Analysis: Found: C, 48.36; H, 3.44%. C]2H10F65 requires C,
48.00: H, 3.36%.

Photo-rearrangement of 1

After about four months in a Pyrex ampoule, 1 was changed to 2 in
about 1:1 ratio, but the mixture was still a clear, colorless liquid.
]gF NMR of the mixture showed two doublets centered at @* 66.4 and 67.0 ppm
(J = 8 Hz). Ty MR of the mixture showed methyl groups at & ppm 1.46, 1.75
and 1.86 ppm, two heptets at 3.33 and 3.46 ppm, and vinyl protons at 4.95
and 5.05 ppm. This mixture was irradiated with 3000 R Tight in a Pyrex
ampoule for 24 hr. Al 1 disappeared and 2 was formed. Distillation gave
2 at 48°C/7 mm Hg. The spectral data of 2 are shown in Tables 2 and 3.
Analysis: Found: C, 40.41, H, 4.44%. C9H12F65 requires C, 40.59; H,
4.54%.

Freshly prepared 1 was irradiated with 3000 Z 1ight in an nmr tube
in a CDCl; solution. A quantitative yield of 2 was obtained after 12 hr.
A neat sample of 1 was also irradiated with 3000 A 1ight in an nmr tube.
Again, quantitative yield of 2 was obtained after 24 hr.
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Thermal rearrangement of 1

A small amount of 1 was added to an nmr tube and the tube was capped
by rubber septum. 1 was heated in an oil bath at 135°C (bath temperature)
for 3.5 hr. 94% of ] was converted to 2, and 6% of 1 remained unchanged.
Also, trace amounts of four other peaks were detected by GLPC, but these
were not identified. When the thermal rearrangement was carried out neat
at 120°C, 95% conversion of 1 to 2 was obtained after 24 hr. After 3 days,
all 1 was converted to 2.

Photo-rearrangement of 3

Freshly prepared 3 was irradiated with 3000 Z light in a Pyrex ampoule
neat. Two days irradiation gave 85% conversion of 3 to 4, and the ratio of
4-E and 4-7 was 4.0. After 5 days, the conversion of 3 was 90% and the
ratio was 4.8. After 10 days, the conversion of 3 was 92% and the ratio
was 5.1. 4-E was isolated by preparative GLPC. Spectral data of A4-E are
given in Tables 2 and 3. Analysis: Found: C, 34.45; H, 2.74%.
requires C, 35.29; H, 3.38%.

In order to simplify the second order splitting of vinyl protens, the

c17H8F65

methyl protons were decoupled in ]H NMR, and the obtained signals were used
for a computer simulation. The calculated coupling constant was J = 13.7
Hz. The magnitude of this coupling constant indicated the trans isomer.

Alternatively, 4-E and Z were synthesized from the reaction of
1-butene, HFTA dimer and potassium fluoride in DMF: bp 43°C/22 mm Hg, 60%
yield. The product 4-E, was isolated via preparative GLPC. This sample
was identical to the above rearranged product on the basis of ]gF, ]H NMR
and IR.

Thermal rearrangement of 3

3 was heated in a flask neat at 130°C. After 21 hr, 13% of 3 was con-
verted to 4-E and Z. The ratio of E and Z was 2.1. Two days heating gave
29% conversion and the ratio of E and Z was 1.6, After seven days, the
mixture became black, and only a trace amount of 3 was left unchanged, but
14 new peaks in addition to 4-E and Z were detected by GLPC.
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Photo-rearrangement of 7

A small amount of freshly prepared 7 was irradiated with 3000 R light
in CDC13 solution in an nmr tube for five days. Al1 7 was converted to 8.
GLPC analysis showed only one isomer. 8 was alternatively prepared from
the reaction of allyl benzene, HFTA dimer, and potassium fluoride in DMF.
Only one isomer was obtained in this reaction, bp 74°C/0.5 mm Hg; 50%
yield. Spectral data of 8 are given in Tables 2 and 3. The second order
splitting of vinyl protons of 8 was similar to the methyl decoupled
splitting of 4-E. 8 was assigned as the E isomer. Analysis: Found: C,
48.10; H, 3.29%. C12H]0FGS requires C, 48.00; H, 3.36%.

Photo-rearrangement of 9

Freshly prepared 9 was irradiated with 3000 R 1ight in a Pyrex ampoule
for three days. 82% of 9 was converted to 10. 10 was isolated by pre-
parative GLPC. Spectral data of 10 are given in Tables 2 and 3. Analysis:
Found: C, 44.60; H, 5.55%. C11H16F63 requires C, 44.88; H, 5.48%.

Photo-rearrangement of 11

Freshly prepared 11 was irradiated with 3000 K light in a Pyrex
ampoule for three days. 84% of 11 was converted to 12, which was separated
by preparative GLPC. Spectral data of 12 are given in Table 2 and 3.
Analysis: Found: C, 43.36; H, 4.28%. c]OHIZFGS requires C, 43.16; H,
4.35%.

Kinetic study of photo-rearrangement of 1

To an nmr tube were added 50 pl of 1 (0.234 mmole), 50 ul of benzotri-
fluoride and 0.5 ml of benzene. The tube was flushed with dry nitrogen and
capped by rubber septum. The mixture was irradiated with 3000 R light at
35°C. The results are shown in Figure 1.

Photo-rearrangement of 1 in the presence of a radical inhibitor

To an nmr tube were added 50 ul of 1 (0.235 mmole), 12.1 mg of p-

benzoquinone (0.112 mmole), 50 1 of benzotrifluoride and 0.5 m1 of benzene
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The tube was flushed with dry nitrogen and capped by rubber septum. The
mixture was irradiated with 3000 X light. The results are shown in Figure
2.

Oxygen gas was bubbled into a mixture of 50 ul of 1 (0.235 mmole), 50
ul of benzotrifluoride, and 0.5 m1 of benzene in an nmr tube. The tube was
capped by rubber septum and a mixture was irradiated with 3000 R light.

The results are shown in Figure 2.

Photo-rearrangement of 1 in 2-methyl-2-butene

In a Pyrex ampoule, 30 ul of 1 (0.141 mmole) was dissolved in 0.1 mi
of 2-methyl-2-butene. The mixture was irradiated with 3000 Z light. The
ratio of 2 to 1 was 0.75 after 20 hr, 2.78 after 40 hr, and 10,0 after 3
days irradiation. Trace amounts of 5 and 6 (E and Z) were detected by GLPC
after 20 hr irradiation, but the amounts of 5 and 6 did not increase after
3 days irradiation.

Solvent effect

In an nmr tube, 50 ul of 1 (0.235 mmole) and 50 ul of benzotrifluoride
were dissolved in 0.5 ml of solvent. The mixture was irradiated with
3000 A light. No significant rate effects were observed.

ACKNOWLEDGEMENTS

We thank the National Science Foundation for support of this research.
We also wish to thank Professor William Bennett for his invaluable assist-
ance with the computer spectral calculations.

REFERENCES AND NOTES

1 Presented in part at the S5th Winter Fluorine Conference, Daytona Beach,
Florida, February,i1981.

2 Y. Inouye and D. J. Burton, J. Fluorine Chem., 13 (1979) 89,

3 E. S. Huyser and R. M. Kellog, J. Org. Chem., 30 (1965) 2867.

4 S. N. Lewis, J. J. Miller, and S. Winstein, ibid., 37 (1972) 1478,

5 H. Kwart and N. A. Johnson, J. Amer. Chem. Soc., 92 (1970) 6064.

6 H. Kwart and N. A. Johnson, ibid., 99 (1977) 3441.



473

7 H. Kwart and J. J. Stanulonis, ibid., 98 (1976) 4009.

8 H. Kwart, N. A. Johnson, T. Eggerichs and T. J. George, J. Org. Chem.,
42 (1977) 172.

9 P. Brownbridge and $. Warren, J. Chem. Soc. Chem. Commun., (1975) 820.

10 P. Brownbridge and S. Warren, J. Chem. Soc., Perkin I (1976) 2125.

11 Coincidental chemical shifts of methyl groups bonded to vinyl carbons
has been reported. A. A. Oswald, K. Griesbaum, W. A. Thaler, and B. E,
Hudson, J. Amer. Chem. Soc., 84 (1962) 3897.

12 The calculation was done by Dr. W. Bennett of The University of Iowa.
In order to simplify the complex AB pattern of vinyl hydrogens, methyl
hydrogens were decoupled. The obtained four spin system was simulated
by a computer.

13 R. M. Silverstein, G. C. Bassler, and T. C. Morrill, Spectrometric
Identification of Organic Compounds, John Wiley and Sons, New York 3rd
edn., 1974, p. 226.

14 B. B. Snider and L. Fuzesi, Tetrahedron Letters, (1978) 877.

15 T. Kitazume and N. Ishikawa, Bull. Chem. Soc., Japan, 46 (1973) 3285.

16 W. J. Middleton, J. Org. Chem., 30 (1965) 1395.

17 Due to the adjacent assymmetric center, the trifluoromethyl groups

became magnetically unequivalent. Ref. 13, p. 189.



