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Abstract.- Synthesis of fluorinated analogs of some dienic insect sex pher-
omones through a stereocontrolled Wittig reaction of g-fluorinated aldehydes
with the appropriate w-functionalized ylides 1s reported., Some features of

the 1H and 191" NMR spectra of these analogs are also discussed.

Incorporation of fluorine into bioactive organic molecules has been shown to mimic
or inhibit the action or their non-fluorinated analogs}’2 In this context, substi-
tution of a fluorine atom for hydrogen in insect sex pheromones could be expected
to interfere the perception of the natural pheromone by competitive binding of the
fluorinated analogs with specific pheromone receptors, eventually leading to the
disruption of the mating communication system? Furthermore, the above substitution
could increase the thermal and oxidative stability of the parent compounds, which
might be of potential interest in field trials.

In this paper, we describe the synthesis of fluorinated analogs of some dienic
insect sex pheromones, in which a vinyl hydrogen has been replaced by fluorine.

The preparation of these fluorinated compounds, so far unreported in the literature,
is based on the stereocontrolled Wittig reaction of an a,8-unsaturated o-fluoroal-
dehyde, of defined stereochemistry, with the required ylide.

As an appropriate representative of a 2,Z fluorinated dienic system, we selected
(92,11Z)-11-fluorotetradecadien-1-yl acetate 1, a fluorinated mimic of the sex pher
omone of the Egyptian cotton leafworm Spodoptera {ittoradis Boisd? and (32,52)-5-
-fluorotetradecadien-1-yl acetate 2, fluorinated analog of the sex pheromone of the
carpenterworm Paionoxiatus r0bencae? For preparation of these compounds, we used as
fluorinated synthons the unsaturated fluoroaldehydes gge and 8b, easily available
by cyclopropanation of the corresponding enol ethers 6a and 6b, under PTC condi-
tions? or in the presence of potassium t-butoxide? followed by stereoselective ring
opening reaction of the resulting cyclopropanes 7a and 7b, in 45-50% overall yield?
(Scheme 1}, o

When compound 8a was subjected to Wittig reaction under "salt-free" conditions
with the tetrahydropyranyl derivative of 9-hydroxynonyltriphenylphosphonium bromide
9a, the expected compound 10a was obtained in 64% yield in a 92/8 Z,Z/E,Z isomer

10

ratic.” On the other hand, the use of the corresponding free alcohol 9b afforded

only 48% of compound 10b in a slightly lower isomer ratio (Z,Z/E,Z 88/12)(Scheme 2).
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Likewise, reaction of aldehyde §E with the ylide derived from alcohol 9c yield-
ed only 20% of the expected compound 11 (Z,Z/E,Z 34/66). The alternative use of
the THP derivative of alcohol 9c in the Wittig reaction has so far not been possi-
ble since trials to protect the free alcohol as its tetrahydropyranyl, acetyl,
trimethylsilyl or t-butildimethylsilyl derivatives proved to be unsuccessful.
Acetylation under standard conditions of the corresponding alcohols 10b and 11
furnished the expected acetates 1 and 2 in good yields (Scheme 2).

The ,H NMR spectra of 1 and 2 showed the expected characteristic pattern of a
Z,Z dienic conjugated fluorinated system

RCH2 F

CHZR'

B, a

Thus, for compound 1, Hc was assigned to a doublet of triplets centered at

6 4.73 with coupling constants J=35.50 Hz (JHC_F trans) and 7.69 Hz (J )

Hc-CHR ™"
Hy» similarly, to a doublet of triplets at & 5.39 with J=11,81 Hz (JHa-Hb cis)
. 11
and 7.37 Hz (JHa-CHgR') and, finally, H to a doublet of doublets at & 5.62
with J=28.38 Hz (J, p).
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Likewise, as a representative example of a fluorinated dienic E,Z system, we
chose the fluorinated analog of the sex pheromone of the codling moth laaspeyresca
pomonédla L. 3. In this case, fluoroaldehyde 8d’ was allowed to react with the re-
quired ylide under the Schlo§ser modification}2 which implies addition of one
equivalent of n-Buli to the previously formed betaine in the presence of a lithium
salt (Scheme 3).

R F R F
+ 1. BuLi/LiBr
* PhSP((}iZ) OR' —_—_— —
Br’ n 2. BuLi
CHO 3. t-BuCH H
(CH OR'
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13b: R=H, R'=H, n=9
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13b E—
H
(CH,)  |0Ac
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Scheme 3

When the reaction was carried out with the ylide of the free alcohol 9d, only
37% yield of the expected compound 3 was obtained, being the Z,Z/E,Z isomer ratio
15/85 by GC analysis. It is noteworthy that protection of the alcohol as its THP
ether increased the yield of 3 to 58% and notably improved the stereochemical
course of the reaction (Z,Z/E,Z 4/96). Stereochemically pure E,Z-3 was accomplished
by crystallisation of the isomeric mixture at -30°C in pentane.

Again, the ]H NMR spectrum of 3 exhibited the expected features of the E,Z di-
enic conjugated system

CH F

Hb CHZR'

Thus, the HC signal appeared as a doublet of quadruplets centered at & 4.67
with coupling constants JHC_F=36.85 Hz, indicating a trans configuration, and
JHC_CH3=7.23 Hz. The doublet of doublets signal of H, appeared at 6 5.75 with cou-
pling constants Jyp-F=24.05 Hz and JHb_Ha=IS.59 Hz (trans configuration). Finally,
the multiple absorption centered at & 5.89 was assigned to proton Ha and interpret-

ed as a partially overlapping doublet of triplets (J =15.59 Hz, J =7.0 Hz).

Ha-Hb" Hz-CH)p
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Similarly, preparation of the fluorinated analog of the sex pheromone of the
red bollworm moth Owiparupses castanea Hampsond 4, was accomplished by the same se-

quence depicted above (Scheme 3), starting from the rather unstable fluoroacrolein

8c.
- 1

The "H NMR spectrum of 4 was in agreement with the expected pattern of a E
fluorinated conjugated dienic system of the type
HC F
H
a
Hy
1
Hy CH,R

The two terminal vinyl protons Hc and Hd appeared as a doublet of doublets at
6 4.56 and 4.32 ppm, with coupling constants JHd_F=49.3 Hz, JHC_F=16.65 Hz and
JHC_Hd=2.54 Hz. On the other hand, Hb absorption displayed a doublet of doublets!'?
centered at ¢ 5.83 with coupling constants JHb_F=24.76 Hz and JHD_Ha=15.66 Kz,
whereas Ha showed a doublet of triplets at & 6.07 with JHa_Hb=15.66 and JHa-CH2=
=6.74 Hz.

Finally, we undertook the synthesis of a fluorinated mimic of the sex pheromone
of the silkworm moth Bombyx moa¢l3 5, as an appropriate model of a E,E dienic sys-
tem. Wittig-Horner reaction of lithium triethylphosphonofluoroacetate{4 14, with
butyraldehyde afforded ester 15 (85%) in a Z/E 9/91 isomer ratio on GLC analysis
{0V-101, 3% on Chr. W, 80°C)!® Purification of the E isomer by flash chromatogra-

F
CHO 0
/\/ i 1. LDA DIBAH
+  (Et0),PCH(F)CO,Et — ™ —
2. Flash
chrom, OzEt
u 1s
F F F
. / |1.PhsP=(}l(G~lZ)901HP
/\/ \ 2. HZOIH’
CH,OH CHO -\
CH,) ,OH
16 (12%) 17 (624) ; (CH)g
Scheme 4

phy%e eluting with hexane-ethyl acetate mixtures, yielded isomerically pure ester
E-15. Reduction of 15 with DIBAH at low temperature17 afforded stereospecifically
fluoroaldehyde 17 in 62% yield along with 12% of the corresponding alcohol 16, as
determined by GLC analysis. Aldehyde 17, being highly prone to isomerization into
the thermodinamically more stable trans isomer, was immediately subjected to the
Schlosser modification of the Wittig reaction with the THP derivative of 10-hy-
droxydecyltriphenylphosphonium bromide, to achieve, after acid hydrolysis, com-
pound 5 in 62% yield, as a mixture of isomers (E,Z/E,E/Z,Z/2,E 63/23/14/<1) accord
ing to GLC analysislo and the ]gF NMR spectrum. Thus, the four clusters of signals
at ¢ -30.58, -37.11, -39.69 and -45.64 ppm, upfield relative to TFA, were assigned
unequivocally to the Z,E, 2,2, E,E, and E,Z isomers, respectively, by comparison
with those of isomerically pure analogs as well as by the magnitude of the corres-
ponding coupling constants. In this context, the doublets of doublets at & -30.58
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(J=29.40 and 22.61 Hz) and § -37.11 (J=36.18 and 27.14 Hz) were attributed to die-
nic systems where the C-10 double bonds are in Eii position, since no JF-CHg was
observed in these absorptions. The coupling constants J=22.61 and 36.18 Hz point
out, respectively, to cis and trans H-C=C-F arrangements, leading finally to the
Z,E and Z,Z assignments of the above absorptions. Similarly, the high field pair
of complex absorptions at ¢ -39.69 and -45.64 could be assigned to the E,E and E,Z
isomers respectively. These absorptions, which displayed basically a doublet of
doublets pattern, showed further coupling with a methylene group, apparently the
CH, at C-9, as observed for other products mentioned previously.

The '9F NMR spectra of the fluorinated mimics 1-5 exhibited different features
whether the non-fluorinated double bond is Z or E. Thus, spectra of compounds 1
and 2, which belong to the former type, simply showed the expected doublet of
doublets by coupling of fluorine with the corresponding vicinal hydrogens (J=35.5
and 28.38 Hz for compound 1 and J=36.2 and 29.5 Hz for g). whereas spectra of com-
pounds 3, 4 and 5, with E configuration on the non-fluorinated double bond, dis-
played further coupling with allylic protons through a spz—extended zig-zag long
range interaction%8

EXPERIMENTAL SECTION

Infrared spectra were recorded on a Perkin Elmer 257 spectrometer. 1y NMR spectra were determin-
ed in COCl4 on a Bruker WPBOSY operating at 8O MHz or on a Varian XL200 spectrometer operating at
200 MHz.13C and 19F NMR spectra were recorded in CDCl3 on a Bruker WPBOSY working at 20.15 MHz and
75,39 MHz, respectively. Chemical shifts in 14 and 13¢ spectra are reported in 6 scale (ppm) rela-
tive to TMS, whereas trifluoroacetic acid (TFA) was used as external standard in the 19¢ nMR spec-
tra. High resolution mass spectra by direct inlet injection mode were taken on a AEIl MS-9 spectro-
meter and low resolution mass spectra on a Hewlett Packard 5993 coupled with a gas chromatograph.
Elemental analyses were determined on a Carlo Erba 1106. Gas chromatographic (GLC) analyses were
performed on Carlo Erba models 2350 and 4130, equipped with a FID detector, using 3% OV-101 glass
column 2m x 1/8" i.d. on Chromosorb W (N, ascarrier gas), or a fused silica capillary colunn SE-54
50m x 0.32mm 1.d. (Hp as carrier gas). UV spectra were run on a Uvikon 820 spectrometer.

Reaction requiring anhydrous conditions were performed under inert {Np or Ar) atmosphere. THF
and ether were distilled from Na/benzophenone under N,. Anhydrous CCl, was prepared by distilla-
tion over P20g and anhydrous pyridine by distillation over KOH. Anhydrous HMPT was prepared by
distillation from CaHj.

Preparation of cylopropanes 7a-c

Following the same cyclopropanation procedure described by Y. Bessiére et al?, but with longer
reaction times, were prepared:

1-Chloro-2-ethoxy-3-ethyl-l-fluorocyclopropane 7a. - Starting from the required (Z/E)-l-ethoxy-
1-butene, compound 7a was obtained in 80% yield as a mixture of diastereoisomers, b.p. 43-45°/65
Torr. IR (CCl,) , 2960, 2930, 1290'113ocm‘1 14 NMR 80 MHz (CDC13) 6 3.25-3.9 (¢, 3H, CHOCHoCH3),
1.5 (¢, 3H, CH-CH,CH3), 1.23 (t J=7.2 Hz, 3H, OCHpCH3), 1.05 (t J=7.2 Hz, 3H, C-CHpCH,). 19 NMR
(CDCl3) -56.25 (ddt, J=26.79, 12.75 and 2.39 Hz), -57.61 (ddt, J=32.08, 17.58 and 2.05 Hz), -75.16
(bd, J=24.3%), -75.53 (bd, J=13.69 Hz). Anal. Calcd. for CyHyoClFO: C, 50.45; H, 7.20. Found:

C, 50.19; H, 7.12.

1-Chloro-2-ethoxy-1-fluoro-3-octylcyclopropane 7b.- Following the same procedure? starting from
(Z/E)-1-ethoxy-1-decene, compound 7b was prepared (61%) as a mixture of diastereoisomers, b.p.
90-95°/0.55 Torr. IR (CClg) v 2960, 2930, 2860, 1290 emz! 1y NMR 80 MHz (CDCl3) q 3.3-3.9 {(c, 3H,
CHOCH,CH3), 1.02-1.7 (b, 21H, C-CH,-C, OCH,CHy and CHCH,), 0.89 (t, 3H, CHpCHi). gF NMR (CDC15)
-56.18 {dd, J=23.00 and 12.77 Hz), -58.14 (dd, J=32.36 and 18.01 Hz), -74.77 (bd, J=14.64 Hz),
-75.03 (bd, J=24.75 Hz). Anal. Calcd. for Cj3H,4Cl FO: C, 62.40; H, 9.60. Found: C, 62.72; H, 9.91,

1-Chloro-2-ethoxy-1-fluorocyclopropane 7c.- Starting from ethyl vinyl ether, cyclopropane
7¢ was prepared in 76% yield as a mixture of diastereocisomers, b.p.53-559/120 Torr. IR (CCla) v
1210 (C-0), 1385 (C-F) cm~l. 1H NMR 80 MHz (CDC13) 6§ 1.24. (t J=7.02 Hz, 3H, 0-CH,-CH }, 1.1-1.,9.
(¢, 2H, CH-CH,-C), 2.3-2.9 (c, 3H, CHOCH,CH3) o 19 NMR (CDC1l3) -61.94 (ddd, J=20.36, 12.77 and
7.67 Hz) -83.07 (dd, J=18.0 and 10.0 Hz). Anal. Calcd. for CgHgCLlFO: C, 43.47; H, 5.79. Found:

C, 43.88; H, 5,99,

1-Chloro-2-ethoxy-1~fluoro-3-methylcyclopropane 7d. - This compound has been already described?
19r™NMR (CDC13) -57.34 (ddq, J=22.33, 13.37 and 2.66 Hz), -58.66 (ddq, J=31.79, 18.11 and 2.63 Hz),
-75.95 (bd, J=13.31 Hz), -76.40 (bd, J=22.97). These values differ notably from those reported?

Preparation of fluorcaldehydes 8a-d

Ring opening reaction of the corresponding cyclopropanes 7a-d has been applied to obtain fluoro-
aldehydes 8a-d according to the literature? -

(Z)-2-fluoro-2-pentenal Ba.- Yield 61%, b.p. 54-569C/20 Torr. IR (CClg) v 1700, 1655, 1350,
860 cmzI TH NMR 80 MHz (CDCl3) 6 1.15 (t J=7.3 Hz, 3H, CH3), 2.30 (dqi, 2H, CH,C:=C), 5.98 (dt
J=32.6 and 8,0 Hz, 1H, HC=C), 9.21 (d J=18.0 Hz, 1H, CHO). 13c nNMR 183.39 (C—Tﬁ. 155.84 (C-2),
132.38 (C-3), 17.83 (C-3), 12.17 (C-5). 19F NMR (CDCl;) -55.60 (dd, J=32.7 and 18.1 Hz) (further
coupling with the allylic methylene group can also be observed). MS m/z (relative intensity)
102 (9.4), 73 (11.8), 8 (46.4), 53 (23.9), 44 (11.9), 43 (100). Exact mass calcd. for CgHFO
102.048095; Found 102.047989.
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(Z)-2-Fluoro-2-undecenal 8b.- Yield 79%, b.p.100-105°/0.3 Torr. IR (CCly) v 1710, 1660, 1465 et
14 NMR 80 MHz (CDCl3) & 0.90 (t, 3H CH3), 1.31 (b, 12H, ? CHZ—C) 2.10-2.60 (c, 2H, CH,-C=C), 5.94
(dt J=32 and 7.3 Hz, HC=C), 9.20 (d J=17.5 Hz, 1H, CHO). 3CTNMR® (CpCl3) 183.27 (C-1), 156.44 (C-2),
130.90 (C-3), 21.90 (C-4), 24.41 (C-5), 24.52 (C-6), 28.01 (C-7), 28.99 (C-8), 31.62 (C- 9), 22.39
(C-10), 13,72 (C-11). Assignments corresponding to carbons with close chemical shift may be 4nter-
changed. 19¢ nuR (CDCl3) -55.35 (dd, J=32.2 and 18.0 Hz) (an apparent triplet of very small coupling
constant was also observed). MS m/z (relative intensity) 100 (10.7), 94 (16.8), 87 (66.0), 81 (132),
80 (21.6), 69 (15.1), 68 (55.7), 66 (13.7), 58 (14.7), 57 (21.6), 56 (66.1), 55 (16.6), 54 (46.5),
42 (100), 41 (14.2). Elemental analysis was determined as 1ts 2,4-dinitrophenylhydrazone. Calcd.
for Cj7Hp3FNgOg: C, 49.51; H, 5.58; N, 16.99. Found: C, 49.93; H, 5.80; N, 17.03.

2-Fluoro-2-propenal 8c .- For preparation of this compound a slight modification of the reported
procedure has been applied, as follows. A mixture of l-chloro-2-ethoxy-1-fluorocyclopropane 7c
(17 gr, 0.123 mole) and hydroquinone (ca. 50 mg) was added to 30 ml of a 0.015M solution of sodium
dodecylsulfate in water. The mixture was heated to reflux for 14 hrs and fractionally distilled
over a period of 6 hrs, to afford a mixture of the expected aldehyde and unreacted cyclopropane
7c. Careful redistillation of this mixture over a small amount of hydrogquinone yielded 3.45 gr
(38%) of the rather unstable 2-fluoro-2-propenal, b.p. 80-85°C. IR (CCly) v 1715, 1680, 1640,

1170 cm-1, 1H NMR 80 MHz (CCl,) 5.36 (dd H=29.7 and 3.0 Hz, 1H, HC=CF trans),5.84 (dd J=4.75)
and 3.0 Hz, 1H, HC=CF cis), 9.4 (d J=14.6 Hz, 1H, CHO). 13¢ nwr (CDC13) 188.64 (C-1), 130.73 (C-2),
107.44 (c-3). 19F NMR TCDCl4) -44.1 (ddd, J=30.0, 13.3 and 5.2). Elemental analysis was determined
as its 2,4-dinitrophenylhydrazone. Calcd. for CgH7FN404: C, 42.51; H, 2.75; N, 22.04. Found: C,
42.34; H, 2.88; N, 21.54.

(Z)}-2-Fluoro-2-butenal 8d.- This compound has already been reported7 13¢c NMr (CDCl3) 183.58
(c-17, 157.20 (C-2), 126.66 (C-3), 9.87 (C-4). 19F NMR (CDCl3) -58.91 (ddq, J=32.06, 18.41 and
2.56 Hz).

(9Z,11Z)-11-fluorotetradecadien-1-0l 10b. In a 3-neck round-bottomed flask were placed 1.6 gr
(2.77 mmole) of 9-tetrahydropyranyloxynonyl -triphenylphosphonium bromide 9a, previously dried at
100°C/0.1 Torr, dissolved in a mixture of 25 ml of anhydrous THF and 5 ml of anhydrous HMPT, To
this solution, previously co¢led to -40°C, was added, under N2, 2.34 ml of a 1.18M soln. of n-Buli
in hexane (2.77 mmole). Stirring was continued for 30 min and the solution further cooled to -76°C.
(Z)-2-Fluoro-2-pentenal, 8a, (0.16 gr, 1.6 mmole) in 2 ml of anhydrous THF was added and the mixture
stirred 1 hr at -76°C and 3 hrs at room temperature. The reaction mixture was, then, poured into
ice-water and extracted with hexane. The combined organic layers were washed with brine, dried
(MgS0,4) and concentrated under vacuum to yield 1.02 gr of an oil, characterized as 10a by its spec-
troscopic properties. Compound 10a was diluted with methanol and refluxed for 17 hrs in the pre-
sence of a catalytic amount of p- p-toluensulfonic acid. After this period of time, powder Na,CO; was
added and the mixture stirred for 15 min. The solvent was evaporated ant the residue extracted with
ether, washed with brine and dried (MgSOd). Removal of the solvent and purification on column chro-
matography (florisil), eluting with hexane/ether 95/5 afforded 241 mg (64%) of alcohol 10b of 95/5
Z,Z/E,Z isomeric purity by GLC analysislo IR (CCl ) v 3640, 3350, 2930, 2860, 1455, 1215 910 em7l
1H NMR 200 MHz (CDCl3) ¢ 0.99 (t J=8.0 Hz, 3H, CH )y 1.30-1.60 (b, 12H, C-CH-C), 1.97 (b, 1H, OH),
2.18 (¢, 2H, CH CHZC). 2.42 (q J=6.3 Hz, 2H, cuzcgzc =C), 3.64 (t J=8.0 Hz, 2H, CHyO0H), 4.73 (dt
J=36.11 and 7.69 Hz, 1H, CH=CF), 5.39 (dt J=11.81 and 7.37 Hz, 1H, CH=CH-CF), 5.62 (dd J=29.60 and
11.81 Hz, 1H, CH=CH-CF). MS m/z (relative intensity) 228 (M*, 9.8), 114 (30.4), 100 (45.7), 99
(35.7), 98 (20.5), 97 (73.1}, 96 (20.1), 93 (28.3), 91 (26.5), 85 (100), 82 (21.5), 81 (21.7), 79
(29.4), 77 (23.9), 67 (32.2). Anal. Calcd. for Cy4HogFO: C, 73.68; H, 10.96. Found: C. 74.08; H,
10.83.

(9Z,11Z)-11-Fluorotetradecadien-1-yl acetate 1.- To a solution of alcohol 10b in 3 ml of anhy—
drous CCl, were added acetic anhydride (1 ml) and anhydrous pyridine (1 ml). The mixture was stirred
at room temperature until no starting material remained by GLC analysis (4 hrs). Methanol (3 ml)
was added and the solution further stirred for 20 min. Evaporation of the solvent left a residue
which was taken up in CH,Cl,, washed sequentially with 2N HCl, NaHCO3 sat. soln. and brine and
dried. Removal of the sclvent yielded 0.1 gr (80%) of acetate 1, which was purified by bulb-to-bulb
distillation, b. g 100-105°C/0.1 Torr. (95/5 Z,Z/E,Z isomer ratio). IR (CClg) v 2930, 2860, 1735,
1665, 1235 cm? H NMR 80 MHz (CDCl3) 6 1.01 (t J=7.3 Hz, 3H, CH;CH3), 1.20-1.80 (b, 12H, C-CH,-C),
2.02 (s, 3H, COCH3). 2.19 (c, 4H, CHoC- C)5 4.02 (t J=6.0 Hz, 2H, CH,0C0), 4.68 (dt J=35.5 and 7.3
Hz, 1H, CH=CF), 5.1-6.0 (c, 2H, CH=CH). C NMR (CDCl,) 64.51 (C-1 28.56 (C-2), 24.86 (C-3), 2906
(c-4), 29.22 (C-5), 29.06 (C-6), 29,77 (C-7), 28.56 (C-B). 132.75 (C 9), 120.38 (C-10}, 157.08 (C41),
112.72 (€-12),17.33 (C-13),13.88 (C-14), 170.96 (C-1'), 20.81 (C-2'). 19F NMR (CDCl4) -40.71 (dd,
J=35.5 and 28.38 Hz). UV (pentane} A 233 nm. Anal, Calcd. for CygHp7FO5: C, 71.115 H, 10.0. Found:
C, 70.99; H, 9.97.

(3Z2,5Z)-5-Fluorotetradecadien-1-o0l 11.- To a suspension of 837 mg (2.44 mmole)} of 3-hydroxypro-
pyltriphenylphosphonium chloride in 25 ml of anh. THF and 5 ml of anh. HMPT were added at -76°C,
under Ar, 4 ml of a 1.18M soln. of n-BulLi in hexane (4.88 mmole). The mixture was stirred for 30
min at this temperature and a solution of (2)-2-fluoro-2-undecenal 8b (365 mg, 1.9 mmole) was added.
Stirring was kept for 1 hr at -76°C and 3 hrs more at room temperatﬁ?e. work-up as for compound 10b
yielded alcohol 11 as an oil, which was purified by column chromatography on silica gel to afford
pure 11 in 20% yield (Z,2/E,Z 34/66 isomer ratio). IR (CCl,) v 3350, 2930, 2865, 1655, 1615, 1210,
905 cmzl 1H NMR 80 MHz (CDCl4) & 0.88 (t J=7.2 Hz, 3H, C§3), 1.22 (b, 12H, C-CH,-C), 2.09 (c, 2H,
CH,C=CF), 2.38 (q J=6.4 Hz, 2H CH,CH= CH)é 3.70 (t J=7.2 Hz, 2H, CH,OH), 4.68 (dt J=37.0 and 6.9
Hz, 1H, CH=CF), 5.3-6.2 (c, 2H, CH CH). F NMR (CDClj) (Z,Z)-isomer: -38.32 (dd, J=36.2 and 29.5
Hz), (E,ZY-isomer: -46.36 (dd, J=38.27 and 10.0 Hz) (further splitting was also observed but no
simple interpretation was possible). Anal. Calcd. for C14H25F0 C, 73.68; H, 9.96. Found: C, 73.43;
H, 9.83.

(32,52)-5-Fluorotetradecadien-1-yl acetate 2.- Acetylation of alcohol 11 was performed under the
same reaction conditions depicted above to yield the expected acetate 2 (86%), b.p. 95-100°C/0.05
Torr. IR (CCIA) v 2935, 2865, 1740, 1260, 1230 em7! lH NMR 200 MHz (CBC13) § 0.81 (t J:=6.3, 3H,
CHaCHp), 1.19 (b, 12H, C-CH,-C), 2.07 (c, 2H, CH,CH=CF), 1.98 (s, 3H, COCH 3}, 2.38 (q J=6.2 Hz, 2H,
CH,CH=CH), 4.05 (t J=6.8, 2H, CH,0), 4.73 (dt J=36.20 and 8.2 Hz, 1H, CH= CF) 5.31 (dt J=11.88 and
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7.30 Hz, 1H, CH=CHCF), 5.68 (dd J=30.01 and 11.88 Hz, 1H, CH=CHCF). 19¢ NmR (Z,2)-isomer: -41.82

(dd, J=36.01 and 27.96 Hz), (E,Z)-isomer: -49,18 (dd, J=36.5 and 25.57 Hz) (further splitting was
also observed but no simple interpretation was possible). UV (pentane) A 232 nm., Anal. Calcd. for
CigHp,FO5: C, 71.18; H, 10.08. Found: C, 71.01; H, 9.89.

(8E,10Z)-10-Fluorododecadien-1-ol 3.- To a suspension of 3.15 gr (5.6 mmole) of phosphonium salt
9e (previously dried at 100°C/0.1 Torr) and 0.49 gr (5.6 mmole) of LiBr in 40 ml of anh. THF, cool-
ed to -50°C, were added 4.86 ml of a 1.15M solution of n-Bul1l in hexane (5.6 mmole). Stirring was
maintained during 30 min and aldehyde 8d (0.3 gr, 3.4 mmole), dissolved in 2 ml of anh. THF, added
to the reaction mixture. After stirran_at -55°C for 5 hrs, the reaction flask was cooled to -76°C,
Then, 3 ml of 1.15M BulLi (3.45 mmole) were added and stirred for 1 hr more. The reaction was quench-
ed by adding 3 ml of t-butyl alcohol at 0°C, poured into 1ce-water and extracted with hexane. The
organic layers were washed with brine and dried (MgS0,). Evaporation of the solvent yielded 1.25
gr of an oil 12, which was hydrolyzed with camphosulfonic acid in methanol, 1n the usual way, to
afford, after purification on column chromatography (5102). 0.40 gr (58%) of alcohol 3 as a mixture
of stereoisomers (Z,E/E,E 6/94 by GLC analysislQ). Spectroscopically pure (E,E)-isomer 3 could be
obtained by crystallisation in pentane at -30°C. IR (CCld) v 3620, 2940, 2860, 1120, 960 cmz! 1y
NMR 220 MHz (CDCl3) ¢ 1.15-1.60 (c, 10H, C-CH5-C), 1.67 (dd J=7.2 and 2.1 Hz, 3H, Cﬂa). 2.08 (q J=

=6.49 Hz, 2H, CH,CH=CH), 3.63 (t, J=6.6 Hz, 2H, CH,0H), 4.67 (dq J=36.85 and 7.32 Hz, 1H, CH=CF),
5.75 (dd J=24.05 and 15.59 Hz, 1H, CH=CH-CF}, 5.89 (dt J=15.59 and 7.0 Hz, 1H, CH=CH-CF. 13c NMR
€DCl3) 62.36 (C-1), 32.48 (C-2), 25.50 (C-3), 28.51 (C-4), 28.85 (C-5), 29.05 (C-6)}, 31.99 (C-7),
129.85 (C-8), 121.89 (C-9), 156.90 (C-10), 182.18 (C-11), 8.82 (C-12}. 19F NMR (CDC1g3) -49.17 (ddq,
J=36.61, 26.45 and 2.21 Hz). MS m/z (relative intensity) 200 (M?!, 25,9), 112 (33.2), 111 (47.0), 109
(22.7), 100 (46.3), 99 (36.1), 98 (39.3), 97 (100), 96 (28.8), 95 (21.4), 93 (26.8), 86 (78.0), 85
(78.9), 81 (25.9), 79 (77.3), 77 (41.5), 67 (52.7). UV (pentane) A 232 nm. Anal. Calcd. for G oHxFO:
C, 72.07; H, 10.58, Found: C, 71.65, H, 10.35.

when the reaction was carried out with the non-protected alcohol 9d, only 37% yield of 3 was
obtained (Z,2/E,Z 15/85 by GC analysislO), -

(9E,11)-11-Fluorododecadien-1-0l 13b.- The same procedure as described above for compound 3 was
applied. Thus, starting from 3 gr (5.26 mmole) of phosphonium salt 9a and 0.118 gr (1.6 mmole¥ of
fluoroaldehyde 8c, was prepared the corresponding intermediate 13a, which was hydrolyzed as usual
to yield, after—Burification on column chromatography (flor131177_0.12 gr (38%) of pure alcohol
13b, 1n a E/Z 90/10 isomer ratio, since no absorption due to the (Z)-ll-i1somer was detected 1n its
T9F NMR spectrum. IR (CClag) v 3615, 3350, 2930, 2860, 1660, 1620, 1215, 910, 840 em7! 14 NMR 200
MHz (CDCl4) 6 1.10-1.75 {c¢, 12H, C-CHp-C), 2.18 {(c, 2H, CHyC=C), 3.64 (t J=6.5 Hz, 2H, CH,OH), 4.32
(dd J=49.3 and 2.54 Hz, 1H, HC=CF trans}, 4.56 (dd J=-16.65 and 2,54 Hz, 1H, HC=CF cis), 5.83 (dd
J=24.76 and 15.66, 1H, CHeCHICF), 6,07 (dt J=15.66 and 6.74, IH, CH=CH-CFJ. 13C NMR (CDCl;) 62.94
(C-1), 28.77 (c-2), 25.67 (C-3), 29.01 (C-4), 29.29 (C-5), 32.16 (C-6), 32.61 (C-7), 32.75 (C-8),
133,73 (C-9), 121.53 (C-10), 162.61 (C-11), 90.87 (C-12). !9F NMR (CDCl3) -32.54 (ddd, J=47.49,
24.76 and 16,58 Hz) (further splitting, probably with the allylic methylene group was displayed,
but no simple first order interpretation was possible). MS m/z (relative 1intensity) 200 (M?, 8.1),
99 (24.2), 98 (44.4), 97 (59.0), 96 (28.0)}, 95 (26.8), 93 (23.9), 86 (100), 85 (51.7),

82 (21.5), 81 (50.0), 79 (34.1), 72 (47.5), 69 (25.3), 68 (36.9), 67 (74.4), 65 (31.5). Anal. Calcd
for CypH2FO: C, 72.07; H, 10.58. Found: C, 71.86; H, 10.23.

(9E,11)-l1—F1uorododecadien—1—yl acetate 4.- Acetylation of alcohol 13b was conducted under the
same reaction conditions depicted above to yield the expected acetate g_T§3%), b.p. 75-80°C/0.08
Torr. IR {CCl,) v 2935, 2865, 1735, 1660, 1615, 1235, 910, 840 cm:! 1HNMR 80 MHz (CDCl3) 6 1.15-
1.80 (¢, 12H, C-CH,-C), 2.08 (c, 2H, C§2C=C), 2.02 (s, 3H, COCH3), 4.04 (t J=7.1 Hz, 2H, CH,0C0),
4.30 (dd J=49.3 and 2.3 Hz, 1H, HC=CF trans), 4.61 (dd J=16.7 and 2.3 Hz, 1lH, HC=CF cis), 5.5-6.3
(c, 2H, CH=CH). 13¢c nug (cpCly) 64.41 (C-1), 28,53 (C-2), 25.77 (C-3), 28.67 (C-4), 28.95 (C-5),
29.00 (C-6), 29.17 (C-7), 32.30 (C-8)}, 133.50 (C-9), 121.53 (C-10), 162.30 (C-11), 90.85 (C-12),
170.89 (C-1'), 20.75 (C-2'). 19F NMR (CDC13) -35.6 (ddd, J=48.35, 25.64 and 16.94). UV (pentane) X
234 nm,

Ethyl (E)-2-fluoro-2-hexencate 15.- To a cooled solution of LDA (21.8 mmole) in 15 ml of anhy-
drous THF at -78°C, was added dropwise, under N2. a solution of 5.3 gr (21.8 mmole) of triethyl-
phosphonofluorocacetate lﬁl 1n 5 ml of anhydrous THF. Stirring was maintained at -78°C for 1 hr
and after this time 1.5 gr (21 mmole) of butyraldehyde were added and further stirred for 1 hr
more and 2 hrs at room temperature. The reaction mixture was quenched with water and extracted
with hexane/ether 1/1. The organic extracts were washed with brine and dried to yield after evapo-
ration of the solvent, 3.24 gr (90.5%) of crude ester 15 (E/Z 86/14 by GLC analysis on a OV-101
column). Separation of the isomers by flash chromatogrsshyl on silica gel eluting with hexane/ethyl
acetate 96/4, afforded the following fractions: fractions 10-14 contained pure (E)-1somer (48%),
fractions 15-18 gave a mixture of (E) and (Z)-15 (22%) and fractions 19-22 yielded pure (Z)-1somer
(15%). An analytical sample of the 1someric mixture was purified by bulb to bulb distillation, b.p.
75-80°C/30 Torr. IR (CCl,) v 1730, 1220, 900 em>! Anal. calcd. for CgH13F0p: C, 60.08; H, 8,12.
Found: C, ©9.93; H, 8.48. (E)-15: 1H NMR 80 MHz (CDCl4) 8 0.96 (t J=6.72 Hz, 3H, CH3CH5), 1.32
(t J=6.83 Hz, 3H, CH3CH,0), 1,45 (c, 2H, CHoCH,CH3), 2.47 (dq Jig.Z and 1.7 Hz, CESC:C?. 4.27 (q
J=6.72, 2H, CH,CH,0) 5.88 (dt J=21.72 and 7.28 Hz, 1H, CH=CF). F NMR (CDC13) 160.99 (C-1), 147,21
(c-2), 123.25 {Cc-3), 27.38 (C-4), 22.49 (C-5), 14,06 (C-6), 61.15 (C-1'), 13.58 (C-2'). 19F NMR
(CDCl3) -35.95 (d, J=21.49 Hz). MS m/z (relative intensity) 160 (M?,23), 132 (75.3), 117 (43.7),

91 (100)i 59 (35.5), 58 (21.3), 57 (32.0), 55 (24.3), 45 (26.1), 43 (34.7), 42 (90.5), 41 (54.1).
(Z)-15: "H NMR 80 MHz (CDCls3) 6 0.96 (t J=6.72 Hz, 3H, C23CH2). 1.31 (t J=6.83 Hz, 3H, CH,CHA0),
1.45 (c, 2H, CH C52CH3). 2.23 (dq J=7.3 and 1.68 Hz, C52C=C). 4,24 (q J=6.72 Hz, 2H, CH3CH 0}, 6.11
(dt J=32.8 and ;.3 Hz, 1H, CH=CF). 13¢c nmr (cbCly) 160.85 (C-1), 148.22 (C-2), 120.32 (C-3), 26.18
(C-4), 21.67 (C-5), 14.06 (C=6), 61.37 (C-1'), 13.58 (C-2'). 19F NMR (CDC13) -27.53 (d, J=33.22).

(E)-2-Fluoro-2-hexenal 17.- To a solution of 0.446 gr (2.7 mmole) of ethy! (E)-2-flucro-2-hexe-
noate 15 in 30 ml of anhydrous pentane, cooled to -76°C, was added, under Ar, 2.7 ml of a 1M solu-
tion of DIBAH in hexane (2.7 mmole). After disappearance of the ester (CGL), the reaction mixture
was hydrolyzed with saturated NH4Cl solution and extracted thoroughly with pentane. The Joined orga-
nic extracts were washed with brine and dried (MgS04). The solvent was partially removed at low
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temperature to avoid isomerization of the double bond, to afford a concentrated solution of aldehy-
de 17, which was used directly in the next step. 1y NMR 80 MHz (CDCl,3) & 6.2 (dt J=18.66 and 8.3 Hz
1H, H=C), 9.2 (d J=18.0 Hz, 1H, CHO). GLC analysis of an analytical sample of the crude indicated
the Bresence of aldehyde 17 in 62% yield along with 12% of alcohol 16,
(10E,12E)-12-Fluorohexadecadien-1-0l 5.- wittig reaction of (E)-2-Tluoro-2-hexenal 17 (87 mg,
0.75 mmole) with the ylide derived from 10- tetrahydropyranyloxydecyltrxphenylphosphonlum bromide
(0.58 gr, 1.0 mmol) was performed as described above for compound 3. Work-up as usual yielded an
oil, which was subjected to acid hydrolysis (p-TsOH) to afford 128 mg (62%) of the title compound
5, after purification on column chromatography (florisil). GLC analysis on a SE-54 capillary column
showed 5 as a mixture of stereoisomers (E,Z/E,E/Z,Z/Z,E 63/22/14/<1), IR (CCly) v 3400, 2930, 2850,
1460, 1220, 860 emsl 1H NMR 200 MHz (CDCI ) 6 0.91 (v J=7.3 Hz, 3H, CH3) 1.0-1.8 (c, 16H, C-Cﬂz-CL
1.8-2.4 (c, 4H, 052CH CH and CH CH=CF), g 64 (t J=6.7 Hz, 2H, Cﬂon) 4.64 (dt J=37,01 and 7.8 Hz,
1H, CH:=CF of the (E,Z) 1somer), “a.74 (dt J=36.89 and 7.6 Hz, 1H, CH-CF of the (Z,Z)-isomer), 5.03
(dt J=21.74 and 8.57 Hz, 1H, CH=CF of the (E,E)-isomer), 5.39 (dt J=13.56 and 7.34 Hz, 1lH, CH=CH-CF
of the (Z,Z)-isomer), 5,64 (ddE J=29.68, 12.31 and 0.81 Hz, 1H, CH:=CH-CF of the (Z,Z)-isomer), 5.76
(dd J=24.12 and 15.62 Hz, 1H, CH= CH-CF of the (E,Z)-180mer), 5.78-6. 19 (c, 3H, CH= CH-CF of the (EB-
isomer amd CH=CH-CF of the (E,Z)-isomer). 19F NMR (CDCl3) (E,Z)-1somer: -45.64 (dd, J=36.18 and
26.38 Hz), (E,E)-isomer: -39.69 (dd, J=27.9 and 21.8 Hz), (Z,Z)-1somer: -37.10 (dd, J=36.19 and
27.14 Hz), (Z,E)-1somer: -30.60 (dd, J=36.19 and 22.62 Hz). The (E,E) and (E,Z)-isomers displayed
further splitting, probably with CHy, group(s), but no simple first order interpretation was pomable.
MS m/z (relative intensity) 256 (M*, 17.6), 128 (20.6), 121 (21.3), 114 (25.6), 111 (21.7), 109
(28.5), 99 (42.2), 98 (30.6), 97 (77.5), 96 (35.9), 95 (30.0), 94 (43.7), 93 (30.5), 91 (28.3),
86 (24,8) 85 (100), 82 (24.2), 81 (38.1), 79 (44.8), 77 (22.9), 72 (40.1), 69 (20.9), 67 (41.5),
65 (21.0). Anal. Caled. for Cy1gHogFO: C, 75.07; .H, 11.42. Found: C, 74.65; H, 10.98.
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