Tetrahedron Vol. 34, pp. 2179-2182
© Pergamon Press Lad., 1978.  Printed in Great Britaia

0040-4020/78/0715-2179/$02.00/0

INSECT CHEMISTRY~VI'
TRIFLUOROMETHYL ANALOGS OF JUVENILE HORMONES

F. CAMPS,* R. CANELA, J. CoLL, A. MESSEGUER and A. Roca
Instituto de Qufmica Orgénica Aplicada de Catalufia (C.S.I.C.), Jorge Girona Salgado, Barcelona 34, Spain

(Received in the UK 9 December 1977; Accepted for publication 3 February 1978)

Abstract—Preparation of two trifluoromethyl analogs of JH-III, methyl 10,11-epoxy-7,11-dimethyl-3-
trifluoromethyldodeca-2,6-dienoate (1a) and methyl 10,11-epoxy-3,11-dimethyl-7-trifluoromethyldodeca-2,6-dienoate
(1b) is described. The stereochemistry of trisubstituted double bonds, bearing one triftuoromethyl substituent, could
be assigned easily by "*F NMR spectroscopy. Some peculiarities of the Wittig reactions of trifflucromethyl ketones

are indicated.

Substitution of fluorine for hydrogen to modify the
bioactivity of certain molecules by enhancement of their
lipophilicity, associated with the corresponding change
of both steric and electronic properties, is a well
established practice in medicinal chemistry.? However,
although numerous studies on relationships between
chemical structure and insect juvenile hormone mimick-
ing activity of different types of compounds have been
reported in the literature,’ the above effect had so far not
been investigated in this particular area. Consequently,
to fill this gap, recently we undertook a program devoted
to the synthesis of fluorinated analogs of natural insect
juvenile hormones.

In a previous communication,* we reported our preli-
minary results on the synthesis of a triffuoromethyl
(TFM) analog of natural insect juvenile hormone JH-III,
1a. In the present paper, full experimental details for this
synthesis are given and the preparation of a new TFM
analog of this hormone, 1b, is also described.
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JH-I: R' = R® = CH,
1a: R'=CF,; R*=CH,
1b: R'=CHs; R*=CF,

RESULTS AND DESCUSSION
Synthesis of 1a. As depicted in Scheme 1, synthesis of
TFM analog 1a was accomplished by a nonstereoselec-

tive sequence, previously developed by Mori et al.® for
preparation of juvenoids.

Treatment of linalool (2) with an excess of ethyl 4,4,4-
trifluoroacetoacetate in a Carroll reaction, 15h at 150°
and 3h at 180°, in the presence of sodium acetate as
catalyst, resulted in the formation of a 40:60 Z: E isomer
mixture of triffuorogeranylacetone 3 in 84% yield. Enni-
ched samples of both isomers, containing up to 80% Z or
96% E, could be obtained by careful column chromato-
graphy on silica gel. Configurational assignment was
made by comparison of GLC relative retention times of
both isomers with those of a synthetic isomeric mixture
of geranylacetone of known composition, prepared by
the same procedure.

Although the methoxycarbonylmethylenation of TFM
alkyl ketones had been previously described’ in the
reaction of 1,1,1-triffucroacetone with methoxy-
carbonylmethylenetriphenylphosphorane to give only
the comresponding E isomer (likewise, in our hands,
this reaction afforded a 5:95 Z:E isomer ratio),
however, in the present case, being the Z isomer of la,
the required trifluoroanalogue of JH-III, an alternative
procedure of olefination was necessary.

As a model, reaction of 1,1,1-triflucroacetone with
dimethyl (methoxycarbonyl)methylphosphonate was
studied under various conditions to achieve stereoche-
mical control.® Thus, treatment of this ketone with a 50%
excess of the above phosphonate in n-pentane solution
afforded a 22:78 Z:E isomer mixture of methyl 4,44
triffuoro-3-methylbut-2-enoate in 95% yield, whereas this
ratio was shifted to 41:59 Z: E when the reaction was
carried out in ether solution. A similar reaction of the
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(a) CFsCOCHCO0:C.Hs, NaOAc, A
{b) (CHs0)sP(O)CH:CO:CHs, NaH, benzene, r.t.

(c) MCPBA, CH.Cls, .t.

Scheme 1.
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above 40:60 Z: E isomer mixture of TFM-ketone 3 in
benzene solution 5 h at room temperature resulted in the
formation of a 38:62 Z: E isomer mixture at C-2 of the
four unsaturated esters 4, in 92% yield.

As depicted in Table 1, the stereochemistry of trisub-
stituted double bonds, bearing one TFM group as substi-
tuent, could be easily assigned by '’F NMR spectros-
copy, Z isomer absorptions throughout the series ap-

Table 1. "*F NMR chemical shifts of CF, groupst

Compound ppm
s =27
3D —0.98
(E) -0.75
¢ -13
6 (Tosylhydrazone) 9.2
Methyl 4,4, 4-triffuoro-
3-methylbut-2-enocate (2) 13.2
(E) 638
4(2)»2, (26 159
(2)-2, (EY6 15.9
(E)2.(2)6 9.8
(E)2,(E)6 10.0
1a(2)-2,(Z, EY6 159,160
(EY-2,(Z, Ey6 99,100
1D 19.9
(B) 12.1
8(2)2,(2)6 19.6
(2¥2,(EY6 12.5
(E}2,(2)6 194
(EX2.(EX6 125
1b(2)-2,(2)-6 2.2
(2¥2,(EY6 126
(E)}2,(2)6 2.0
(E)-2,(EY6 126

tMeasured at 33° as CCl, solutions, using
triffuoroacetic acid as external reference in a
sealed capillary.

A
N

/
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pearing at fields 6-8 ppm lower than those of the cor-
responding E isomer.

Epoxidation of both isomers at C-2 of 4, previously
separated by column chromatography on silica gel, with
m-chloroperbenzoic acid in methylene chloride 4h at
room temperature afforded the corresponding terminal
epoxides 1a. Further separation of isomers at C-6 was
not pursued due to the lack of activity exhibited by these
compounds in morphogenetic tests on Tribolium con-
fussum Duv., when compared to a synthetic JH-III mix-
ture with the same 40:60 Z:E isomer ratio at C-6.
Presumably, as suggested by ester carbonyl IR absorp-
tions of isomers of 1a (2Z 1742 and 2E 1730cm™"), this
result can be attributed to a deconjugative effect of the
strong withdrawing TFM group on the a,8-unsaturated
ester moiety, an important feature for activity in ju-
venoids.?

Synthesis of 1b. As shown in Scheme 2, the synthesis
of 1b was first attempted by a sequence analogous to that
described above. However, reaction of trifiuorolinalool §,
easily available from condensation of vinylmagnesium
bromide with trifiuoromethyl 4-methyl-3-pentenyl ketone
(6) in 79% yield, with ethyl acetoacetate or diketene
under a variety of conditions failed to give
trifluorogeranylacetone 7. In this reaction, aithough the
formation of a small amount of the intermediate
acetoacetate of § was detected by "*F NMR spectros-
copy (absorptions at 1.5 and 1.6 ppm, tentatively assig-
ned respectively to enol and keto forms), this compound
reversed rapidly to the starting alcohol.

Therefore, alternative routes for preparation of 7 from
TMF-ketone 6 were investigated. This ketone was easily
available in 80% yield by straightforward condensation
of 4-methylpent-3-enylmagnesium bromide with lithium
trifiuoroacetate.” In our hands, this procedure afforded
higher yields than the succesive addition of the above
Grignard reagent and trifluoroacetic anhydride onto di-
sodium tetracarbonylferrate'® and was more reliable than
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(2) CHCHMgBI: (b) CFsCOCH:COCati, N8OAG, 4; (c) NeaFe(COM. (CFSCOKO; (d) CFICO-LL (o)
“CHyC{CHs)sPPhsBr™, NaNHz, diglyme, 100% (f) CHsCOCHs, p-TsOH: (g) (CHs0)eP(O)CH:CO:CHs, NaH, benzene;
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(h) MCPBA, CH.Cl,, r.t.

Scheme 2.



Insect chemistry—V1'

our previous described procedure,® using 2-methyl-3-
buten-2-ol and ethyl 4,4,4-trifluoroacetoacetate.

Reaction of TFM-ketone 6 with a 50% excess of
(44 - ethylenedioxy) - pentyltriphenylphosphorane in
diglyme solution 2h at 100° and 20 h at room tempera-
ture, followed by acid cleavage of the ketal group, resul-
ted in the formation of a 75:25 Z: E isomer mixture of
the desired ketone 7 in 79% overall yield. It is worth
pointing out that, in this reaction, despite instant
decoloration of the ylide solution upon addition of TFM-
ketone 6, only negligible amounts of trifluorogeranyl-
acetone 7 were obtained when warming up to 100° was
skipped. This anomalous behaviour could be plausibly
rationalised by formation of intermediate 9, stabilised by
the TFM-electron-withdrawing effect, which would
require warming to decompose and to complete the
Wittig sequence, by analogy with that observed
in oxaphosphenate 10, isolated in the reaction
of hexafluoroacetone with hexaphenylcarbodiphos-
phorane.'

CFy
FyC—C—0

ha _L—PlCahyy

9 10

Wittig-Horner olefination of the 75:25 Z:E isomer
mixture of ketone 7, under the same conditions described
above for TFM-ketone 3, afforded a 30:70 Z: E isomer
mixture at C-2 of the four unsaturated esters 8 in 89%
yield. Finally, regioselective epoxidation of 8 with m-
chloroperbenzoic acid, under the usual conditions, resul-
ted in the formation of a mixture of 10,11-epoxides 1b,
from which by preparative thin layer chromatography on
silica gel, pure samples of epoxides 2E, 6Z and 2Z, 6F
could be isolated. The former of these compounds ex-
hibited a juvenile activity considerably greater than that
of synthetic JH-III. A full account of the corresponding
biological assays will be published elsewhere.

EXPERIMENTAL

All m.ps and b.ps are uncorrected. IR spectra were recorded as
CCl, solutions on a Perkin-Elmer 457 Infrared Spectropho-
tometer. GC-MS analyses were performed on a Hewlett-Packard
5930 A Mass Spectrometer (70ev) coupled with a Hewlett-
Packard 5700 A Gas Chromatograph (1 m x 1/4 in 5% DEGS on
Chromosord G column). 'H and *F NMR spectra were recorded
on a Perkin-Elmer R-12B NMR spectrometer, operating at 60 and
56.4 MHz, and using TMS (internal) and triffuoroacetic acid (ex-
ternal) respectively, as references. Chemical shifts are reported
in ppm downfield from both references. GLC analyses were
performed on Perkin-Elmer 900, Perkin-Elmer F-21 and Carlo
Erba Fractovap 2200 gas chromatographs.

1,1,1 - trifluoro - 6,10 - dimethylundeca - 59 - dien - 2 - one 3.
A mixture of linalool 2 (3.85g, 25mmole), ethyl 444
trifluoroacetoacetate'? (5.98 g, 33 mmole) and NaOAc (0.04 g) was
heated 1Sh at 150° and 3h at 180°. Distillation of the crude
afforded 5.2g (b.p. 114-19°/22 torr; 84%) of an isomer mixture
of ketone 3 in a 40:60/Z: E ratio (GLC). Samples of 80:20 and
4:96 Z:E ratio were isolated by column chromatography on
silica gel. IR: woq, 1762, 1210 and 1150cm™’; 'H NMR: &,
2.20-2.80 (4 H, complex abs., *C-CH,~CH,-CO-CFy); "°F NMR:
—-0.98 (Z), ~0.75 (E) ppm. GC-MS: mie (%): (Z): 248 (M*)(3),
136(12), 81(8), 65(100); (E): 248(M*) (2), 136(13), 81(8), 69(100).
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(Found: C, 63.20; H, 7.52. C,3HsF,0O requires: C, 62.87; H,
71.71%).

Methyl 44,4 - trifiuoro - 3 - methylbut - 2 - enoate.” A solution
of 1,1,1-triffuoroacetone (11g, 98 mmole) in Et,0 (25 mi) was
added to a vigorously stirred suspension of sodium salt of
dimethyl (methoxycarbonyl)methylphosphonate (from NaH
(3.84g, 157mmole) and dimethyl (methoxycarbonyl)-
methylphosphonate (29.1g, 157mmole)] in Et,0O (250ml).
Then the mixture was stirred for 1.5h at 0° and 2.5h at room
temp. The crude was treated with 0.4N HCI (100 mi), the aqueols
layer was decanted and extracted with Et,0. The joined organic
extracts were washed with brine, dried (Na,SO,) and evaporated
to give a 41:59/Z:E isomer mixture (16g, 95%) of the a.p-
unsaturated esters. Analytical samples of each isomer were
obtained by column chromatography on silica gel. (Z)-isomer: IR:
mex 1748, 1675(m), 1270, 1178 and 1140cm~"; 'H NMR: 8, 1.98
(3H, d (J = 1.5 Hz), CH;-C=C), 3.68 (3H, 8, -COOCHj), 6.02 (1H,
q. (J=1.5Hz), -C=C-H), “F NMR: 13.2ppm. (E)-isomer: IR:
Vs 1735, 1680(m), 1208, 1190, 1140 and 1100cm™; 'H NMR: 8,
2.23 (3H, d(J = 1.5 Hz), CH-C=C-), 3.70 (3H, s, -COOCH,), 6.28
(1H, m, -C=C-H); "F NMR: 6.8 ppm (d, Jur= 1.5 H2).

Methyl 1,11 - dimethy! - 3 - trifluoromethyldodeca - 2,6,10 -
trienoate (4). A solution of 3 (0.98 g, 3.9 mmole, 40:60/Z: E) in
benzene (10ml) was added dropwise to a vigorously stirred
suspension of sodium salt of dimethyl (methoxycar-
bonyl)methylphosphonate [from NaH (0.12g, Smmole) and
dimethy! (methoxycarbonyl)methyiphosphonate 091g,
5 mmole)] in benzene (20 ml). Then the mixture was stirred for
Sh at room temp. The crude was treated with 0.4 N HC? (5 ml),
the aqueous layer was decanted and extracted with Et;O. The
joined organic extracts were washed with brine, dried (MgSO,)
and evaporated to give 1.023g of a 34:66/Z: E isomer mixture
at C-2 of a,8-unsaturated esters 4 (92% yield). Pure samples of
C-2 isomers were obtained by column chromatography on silica
gel. (2)-2: IR: ypy, 1750, 1672(m), 1270, 1180 and 1145cm™"; 'H
NMR: 8, 5.90 (1H, s, <CHCOOCH,); "*F NMR: 15.9 ppm. (Found:
C,62.95; H, 7.75. C,HnF30, requires: C, 63.15; H, 7.62). GC-MS:
mfe (%) (Z)-2,(Z)-6: 04M"X < 1), 81(21), 69(100), 41(26); (Z)-2,
(E)6: 304M*X<1), 81(22), 69(100), 41(25). (E)}2: IR vp,, 1740,
1675(m), 1210, 1195, 1170 and 1142cm™"; 'H NMR: &, 2.50-2.85
(2H, complex absorption, -CHC=CO,CH,), 620 (1H, m,
=CHCO,CH;); *F NMR: 9.8 and 10.0 ppm for the corresponding
(Z)-6 and (E)-6 isomers. (Found: C, 63.50; H, 7.90. C,HpF;0,
requires: C, 63.15; H, 7.62%). GC-MS: m/e(%) (E)-2.2)-6:
304M*)X2), 81(32), 69(100), 41(29); (E)}2,(E)-6: mie (%),
304(M*)(2), 81(33), 69(100), 41(34).

Methyl 10,11 - epoxy - 7,11 - dimethyl - 3 - trifluoromethyl-
dodeca - 2,6 - diemoate (1a). A mixture of ester 4 (0.184g,
0.6 mmole, (E)-2, (Z: E/40:60)-6) and m-chloroperbenzoic acid
(0.139 g, 85%, 0.69 mmole) in CH,CL, (4 ml) was allowed to stand
4h at room temp. The reaction mixture was worked up in the
usual manner to give, after solvent removal, a residue which was
purified by preparative TLC on silica gel (CH,C),:hexane/8:5) to
yield 1a (0.1g, 52%{)'1 IR: ;{.i, 1730, 1670(m), 1310, 1205, 1175,

" 'THNMR: 8,121 3 H, s, C -),
1152 and llJOcmH’ H ( H"CWC )
1.23 3 H, s, -C——C-), 5.15 (1H, «J =THz), =CH-CH),

\0/
6.27 (1H, m, sCH-CO,CH,); "F NMR: 9.9 and 10.0 ppm. (Found:
C, 60.40; H, 7.67. C,¢H3;F,0, requires: C, 60.00; H, 7.24). In a
similar way was obtained the epoxide corresponding to ester 4
(2)-2, (Z:E]40:60)-6. IR: vy, 1742, 1660(m), 1265, 1170 and
1135cm™'; 'H NMR: 8, 1.23 (6 H, br. (CH;):—('\—f—). 2.50

(1 H, t J=6Hz), -CWJH). 5.08 (1 H, br., «CH-CH>), 5.95
0

(1H, br., *CH-CO,CH,); "°F NMR: 15.9 and 16.0 ppm. (Found:
C, 59.60; H, 7.47. C,;HpF;0, requires: C, 60.00; H, 7.24%). MS:
mje (%): 320 (M*)(3), 81(100), 69(64), 43(83), 41(92).

7 - Methyl - 3 - trifluoromethylocta - 16 - dien - 3 - ol 8. A
solution of 6 (3.59g, 20 mmole) in THF (5 ml) was added drop-
wise to a solution of vinylmagnesium bromide [prepared from
Mg (0.96g, 40 matg) and vinyl bromide (5.25g, 40 mmole)] in
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THF (15 ml). The mixture was stirred 3 h at room temp. and then
treated with a saturated solution of NH.C1 (3.4g, 60 mmole),
peutralised with 2N HCl and extracted with Et;0. The joined
organic extracts were dried (MgSO,) and concentrated to give a
residue which was distilied to yield § (3.27g, 79% yield) b.p.
87-91%725 torr. IR: vy, 3540(m), 1182 and 1172cm™"; '"H NMR: 8,
520-590 (3H, complex absorption, -CH=CH,); ""F NMR: -
2.7ppm. MS: mie (%): 208(M*X1), 6%(48), $5(100) and 41(83).
(Fﬁ.@: C, 51.53; H, 1.52. C,H,sF,0 requires: C, 57.75; H,
7.21%).

11,1 - Trifiuoro - 6 - methylhept - 6 - en - 2 - onre 6. A solution
of 4 - methylpent - 3 - enylmagnesium bromide {prepared from
magnesium (2.1g, 90matg) and 4-methyipent-3-enyl bromide™
(15.2 5, 93 mmole)] in Et,0O (50 ml) was added to a stirred solution
of lithium trifiucroacetate (10.2 g, 85 mmole) in Et,0 (80 mi) at &°.
The mixture was allowed to warm up to room temp. and stirred
for 5 b, then was cooled, 10% H,SO, (34 mi) added and decanted.
The aqueous layer was extracted with n-pentane and the
combined organic extracts dried (MgSO,) and evaporated to give
a residue which was distilled to afford 6 (12, 80% yield), b.p.
128-32°. IR: ¥a., 1765, 1210, 1160, 1140 and 1070 cm™'; 'H NMR:

3. 1.65, 1.67 (6H, 5, CHy), 2.10-2.55 2 H, m, »C-CH), 2.55-2.90

(2H, m, -CHCO-CF,), S.0¥1H, br.t (J =6 Hz), -C=CH); "F
NMR: ~1.3ppm. MS: m/e (%), 180 (M*X17), 68(81), 55(33) and
41(100). Tosylhydrazone: m.p. 100-2°. "F NMR: 9.2ppm.
(Found: C, 51.75; H, 5.75; N, 801; S, 9.02. CysHgFsN,0.S
requires: C, 51.71; H, 5.50; N, 8.05; S, 9.21%).

10 - Methyl - 6 - triflxoromethylundeca - 59 - dien - 2 - one 7.
(4.4-Ethyienedioxy)pentyltriphenylphosphonium bromide (8.57g,
18.2 mmole) was added to a magnetically stirred suspension of
NaNH; (0.623g, 16 mmole) in diglyme (70mi) under N, at-
mosphere. The mixture was heated for 1.5 h at 80°, developing an
intense red coloration. To this solution, cooled to room temp.,
was added dropwise a solution of § (2.16 g, 12 mmole).in diglyme
(15 ml). The reaction mixture was heated for 2 h at 100° and was
allowed to proceed st room temp., with stirring, 20h, and then
was carefully neutralised with diluted H,SO, to pH 5. The
aqueous layer was extracted with pentane, the joined organic
extracts were dried (Mg SO,) and evaporated to give a residue
which was treated with anhydrous acetone (25 ml) and a catalytic
amount of p-toluenesulphonic acid, 1 h at room temp. The mix-
ture was neutralised with solid Na,COs, filtered and concentrated
in vacuo. The residue was redisolved in water, extracted with
pentane and the joined organic extracts were dried (MgSO,,
concentrated in vacwo and filtered through a short silica gel
column to afford a 75:25/Z: E mixture of 7 (2.25g. 79% yield).
IR Veay 1718, 1160, 1145 and 1115 cm™'; '"H NMR: 8,2.04 (3H, s,
CHyCO-), 500 (1H, br., (CH;C=CH), 545-6.10 (1H,
complex absorption, CFy-C«CH-); *F NMR: (2)-isomer 19.9 and
(E)isomer 12.1ppm. (Found: C, 62.70; H, 783. C;H R0
requires: C, 62.87; H, 7.71%). GC-MS: m/e (%) (Z)-isomer: 248
{M*)(1), 69(100), 43(35) and 41(39); mie (%) (E)-isomer: 228(2),
69100, 43(34) and 41(37).

Methy! 3,11 - dimethyl - 7 - trifluoromethyldodeca - 26,10 -
trienoate (8). A solution of 7 (0.43g, 1.7 mmole, 73:27/Z:E) in
benzene (Sml) was added dropwise to a vigorously stirred
suspension of sodium sat of dimethyl (methoxycar-
bonylmethylphosphonate [from NaH(0.163g, 6.8 mmole) and
dimethyl {methoxycarbonylmethyiphosphonate (1258,
6.8 mmole)] in benzene (10 ml). Then the reaction was allowed to
proceed at 50°, with stirring, 205 and the crude was treated in
the usual manner. Bulb to bulb distillation (190°, 20 torr) of the
residue afforded a 30:70/Z:E isomer mixture at C-2 of 8
(0.46 g, 89%yield). A sample (0.220 g) was purified by preparative
TLC on silica gel (cyclobexane: Et;0/7:1) to vield fractions of
(Z)isomer (0.060g): IR: wa., 1725, 1650(m), 1225, 1150 and
125cm™"; 'H NMR: &, 1.90 (3H, S, CHs-C=C-CO,CHy), 5.08
(1 H, br., (CHy)C=CH), 5.66 (1 H, br. s, s«CH-CO,CH;), 5.78
{1H, br., CF-CxCH-); F NMR: 19.6 and 12.5ppm for the
corresponding (2)-6 and (E)-6 isomers. (Found: C, 63.34; H, 7.25.
CHnF;0, requires: C, 63.15; H, 7.62%). GC-MS: mje (%),
(Z)2, (2)6: 304 (M°X1), 114(100), 69(B6) and 41(31); m/e(%)

F. Cawps e al.

(2)-2, (E)6: 304 (M*X1), 114(36), 69(100) and 41(36), and of
(E)isomer (0.145g): IR: wae, 1720, 1650(m), 1220, 1150 and
1120cm™"; 'H NMR: 8, 2.15 (3H, s, CHy-CsC-CO,CHy), 5.05
(1 H, br., (CHy)r-C=CH), 5.65 (2H, complex absorption, sCH~
CO,CH; and CF5-C=CH-); '"F NMR: 19.4 and 12.5 ppm for the
corresponding (Z)-6 and (E)-6 isomers. (Found: C, 62.75; H, 7.66.
CHnF:0, requires: C, 63.15; H, 7.62%). GC-MS: mie (%)
(EX2, (Z)6: 304 (M*) (<1), 114 (45), 65(100) and 41(39); mje (%)
(EY-2, (E)-6: 304 (M*X1), 114(36), 69(100) and 41(41).

Methyl 10,11 - epoxy - 311 - dimethyl - 7 - -
fuoromethyldodeca - 2,6 - dienoate (1b). A mixture of ester §
(0.50g, 1.5mmole), (14:86/Z:E)2, (50:50/Z:E)6), and m-
chloroperbenzoic acid (0.370g, 85%, l.6mmole) in CH.Ch
(10ml) was allowed to stand 4h at room temperaturs. The
mixture was worked up in the usual manner to give, after solvent
removal, a residue (0.386g, 89% viekd), which was purified by
preparative TLC on silica gel (hexane: Bt,0l7:1, eluted
threefold) to afford (E)-2, (2)6 isomer (0.1708): IR: vy,
1725, 1650 (m), 1250, 1152, 1125 and 825cm™; 'H NMR: 8 1.13
6 H, br,, (CH,),-C\ -), 5.50-5.85 (2 H, complex absorp-

tion, <CH-CO,CH; and CF;-C=CH-); *F NMR: 20.0ppm. MS:
mle (%), 85 (100), 5%(78), 43(75) and 41(73). (Found: C, 60.31; H,
742, C\(HpF104 requires: C, 60.00; H, 7.24%), a mixture of four
isomers (0.150 g) and (2)-2, (E)-6 isomer (0.040 g): IR: vg, 1720,
1650(m), 1250, 1170, 1120 and 870cm™’; 'H NMR: 8, 1.20 (6 H,
br., (CH;);-CV , 565 (1 H, br. s, »CH-CO,CH,), 6.05

(1H, br, CFyCsCH-); "F NMR: 126 ppm. MS: mie (%),
85(90), 59(100), 43(81) and 41(91). (Found: C, 59.80; H, 7.38,
C1eHnF;0, requires: C, 60.00; H, 7.24%).
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