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Abstract.- Synthesis of fluorinated analogs of some dlenic insect 8ex pher- 

omones through a stereocontrolled Wlttlg reactlon of p-fluorlnsted eldehydes 

with the appropriate w-functionallzed ylides IS reported. Some features of 

the ‘H and lg F 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. 'I2 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insect sex pheromones, in which a vinyl hydrogen has been replaced by fluorine.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 o,o-unsaturated a-fluoroal- 

dehyde, of defined stereochemistry, with the required ylide. 

As an appropriate representative of a 2.Z fluorinated dienic system, we selected 

(9Z.llZl-11-fluorotetradecadien-l-y1 acetate l_, a fluorinated mimic of the sex pher- 

omone of the Egyptian cotton leafworm .Sp&opl~qa Cctto004c4 Boisd" and (32.52)-S- 

-fluorotetradecadien-l-y1 acetate 2. fluorinated analog of the sex pheromone of the 
-5 carpenterworm RQCU~UXC~~U~ QobcnLae. For preparation of these compounds. we used as 

fluorinated synthons the unsaturated fluoroaldehydes 8a6 and 8b _' easily available - 
by cyclopropanation of the corresponding enol ethers 6a and 6b. under PTC condi- 

7 - - 
tions, or in the presence of potassium t-butoxide f followed by stereoselective ring 

opening reaction of the resulting cyclopropanes 7a and 2, in 45-503 overall yields' - 
(Scheme 1). 

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 - - 
ratio ?' On the other hand, the use of the corresponding free alcohol 9b afforded - 
only 48% of compound IOb in a slightly lower isomer ratio (Z.Z/E.Z 88/12l(Scheme 2). -. 
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)=(-- R&yoEt - )==(,o 
@: R=C2H5 

6&: R=C8H,7 

G: R=H 

6d: - R=CH3 

- R=CZHS 7a: 

7b: R=C8H,7 - 

7c: R=H - 

7d: - R=CH3 

Scheme 1 

8a: R=CZHS - 

8b: R=C8H17 - 

&: R=H 

8d: R=CH3 - 

Likewise, reaction of aldehyde 8b with the ylide derived from alcohol 9c yield- - - 

ed only 20% 

the THP der 

ble since t r 

trimethylsi 1 

Acetylation 

of the expected compound 11 (Z,Z/E,Z 34/66). The alternative use of - 
vative of alcohol 9c in the Wittig reaction has so far not been possi- - 

ials to protect the free alcohol as its tetrahydropyranyl, acetyl, 

yl or t-butildimethylsilyl derivatives proved to be unsuccessful. - 

under standard conditions of the corresponding alcohols lob and 11 - - 
furnished the expected acetates 1 and 2 in good yields (Scheme 2). 

The 
1 
H NMR spectra of 1 and 2 showed the expected characteristic pattern of a - 

Z.Z dienic conjugated fluorinated system 

RCH2 F 

Thus. for compound l_, H, was assigned to a doublet of triplets centered at 

6 4.73 with coupling constants 5535.50 HZ (JHc_F trans.) and 7.69 Hz (J Hc-CH2R)' 
H a, similarly, to a doublet of triplets at 6 5.39 with 5~11.81 Hz (JHa_Hb cis) 

and 7.37 Hz (JHa_CH2R, ) and, finally, Hb to a doublet of doublets" at 6 5.62 

with J=28.38 Hz (JHb_F). 

R F 
n-BuLi 

+ Pl+(M2)"oR - UZ),,_,OR - 

Br- 
H CHO 

8a: R=C2HS 9a: R'=THP, n=9 R'=THP, n=9 
- - 

8b: R=C8H,7 - 91: R'=H, n=9 - R=CZHS, R'=H, n-9 

SC: R'=H, n=3 fl: R=C8H,7, R’=H, n=3 

Ac20/Py 
(CH2),,,OAc 

1 : R=C2H,-, n=9 

/ 

2. R=C8H17, n=3 _* 

Scheme 2 
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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 La~pcy~c~+a 

pomondiia L. 3. In this case, fluoroaldehyde Ed7 was allowed to react with the re- - 

quired ylide 
12 

under the Schlosser modification, which implies addition of one 
. 

equivalent of n-BuLl to the previously formed betaine in the presence of a lithium 

salt (Scheme 3). 

K F 
R F 

FJh&H ) OR’ 

1. BuLi/LiBr 

+ 
_2 n 

- 

Br 
2. BuLl 

H CHO 
3. t-BuOH ” 

9d: R'=H, n=8 - 

@: R=CH3 9e: R'=THP, n--8 - L 
12: RKH3, 

H2WH+ - 
R'=THP, n-8 

9h: RI-H, n=9 R'=H, n=8 - 3: R=CH3, 

9a: R'=THP, n=9 

L 

13a: R=H, R'=THP, n=9 - 
+o/HI 

- 

m: R--H, RI-H, n=9 

R F 
Ac20/Py 

13b c - 

x 
H 

\ 

4: R=H, n=9 - 

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/BS 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 lZ,Z/ETZ 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 

“C 

CH2R' 

Thus, the HC signal appeared as a doublet of quadruplets centered at 6 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 Hb appeared at 6 5.75 with cou- 

pling constants JHb_F ~24.05 Hz and JHb_Ha =15.59 Hz (trans configuration). Finally, 

the multiple absorption centered at 6 5.89 was assigned to proton Ha and interpret- 

ed as a partially overlapping doublet of triplets (JHa_Hbz15.59 Hz. J 
Hz-CH2 =7.0 Hz). 
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Similarly. preparation of the fluorinated analog of the sex pheromone of the 

red bollworm moth Ocpanupdcd ca~~anea Hampson 4 4, was accomplished by the same se- -. 

quence depicted above (Scheme 31, starting from the rather unstable fluoroacrolein 

8c. - 
The 'H NHR spectrum of 4 was in agreement with the expected pattern of a E 

fluorinated conjugated dienic system of the type 

"d 

CH2R' 

The two terminal vinyl protons HC and Hd appeared as 

6 4.56 and 4.32 ppm. with coupling constants JHd_F=49.3 

a doublet of doublets at 

"z, J,,c_F ~16.65 Hz and 
1 1 

J,,c_Hd=2.54 Hz. On the other hand, lib absorption displayed a doublet of doublets'- 

centered at a 5.83 with coupling constants JHb_F=24.76 Hz and J,ib_Ha=15.66 Hz, 

whereas H a showed a doublet of triplets at 6 6.07 with JHa_Hb=15.66 and J 

~6.74 Hz. 
Ha-CH2' 

Finally, we undertook the synthesis of a fluorinated mimic of the sex pheromone 

of the silkworm moth Bombyx moaz~ 135 as _' 

tern. Wittig-Horner reaction of lithium t 

butyraldehyde afforded ester 15 (85%' in - 
(OV-101. 3% on Chr. W, 80"Cl!5 Purificat 

an appropriate model of a E,E dien 

riethylphosphonofluoroacetate, l4 14 _• 
a Z/E 9/91 isomer ratio on GLC ana 1 

ion of the E isomer by flash chroma t 

F 

c sys- 

with 

ysis 

ogra- 

CHO 0 
1. LDA 

+ (EtO)Z:CH(F)COZEt - 
2. Flash 

chrom. 

gl (‘2\) 17 (62%) - s 
(CH21gOH 

Scheme 4 

phyt6 eluting with hexane-ethyl acetate mixtures. yielded isomerically pure ester 

E-15. Reduction of 15 with OIBAH 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 IO-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/Z,E 63/23/14/<11 accord- 

ing to GLC analysis" and the "F NMR spectrum. Thus, the four clusters of signals 

at 6 -30.58, -37.11. -39.69 and -45.64 ppm, upfield relative to TFA. were assigned 

unequivocally to the Z.E. Z,Z, 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 6 -30.58 
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(J=29.40 and 22.61 Hz) and 6 -37.11 (J=36.18 and 27.14 Hz) were attributed to die- 

nit systems where the C-10 double bonds are in cis position, since no J - F-CH2 w's 

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 th;above absorptions. Similarly, the high field pair 

of complex absorptions at 6 -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 qroup, apparently the 

CH2 at C-9, as observed for other products mentioned previously. 

The "F NHR spectra of the fluorinated mimics l-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 2). 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 sp2-extended zig-zag long 
18 

range interaction. 

EXPERIMENTAL SECTION 

Infrared spectra were recorded on a Perkln Elmer 257 spectrometer. 'H NMR spectra were determiw 
ed in CDC13 on a Bruker WPBOSY operating at 80 MHz or on a Varian XL200 Spectrometer Operating at 
200 MHz.13C and lgF NMR spectra were recorded in CDC13 on a Bruker WPBOSY working at 20.15 MHz and 
75.39 MHz, respectively. Chemical shifts in 1H and 13C spectra are reported in 6 scale (ppml rela- 
tive to TMS, whereas trifluoroacetic acid (TFA) was used as external standard in the lgF NMR spec- 
tra. High resolution mass spectra by direct inlet inJection mode were taken on a AEI MS-9 spectro- 
meter and lou resolution mass spectra on a Hewlett Packard 5993 coupled with a gas chromatograph. 
Elemental analyses were determined on a Carlo Erba 1106. Gas chromatographic (CLCl analyses were 
performed on Carlo Erba models 2350 and 4130, equipped with a FID detector, using 3% OV-101 glass 
column 2m x l/8" i.d. on Chromosorb W (N2 ascarrier gas), or a fused silica capillary column SE-54 
50m x 0.32mm 1.d. (H2 as carrier gas). UV spectra were run on a Uvikon 820 spectrometer. 

Reaction requiring anhydrous c.ond1tion.s were performed under inert (N2 or At-1 atmosphere. THF 
and ether were distilled from Na/benzophenone under N2. Anhydrous Ccl4 was prepared by distilla- 
tion over P2O5 and anhydrous pyridine by distillation over KOH. Anhydrous HMPT was prepared by 
distillation from CaH2. 

Preparation of cylopropanes ?a-c 
Following the same cyclopropanation procedure described by Y. BessiPre et al!, but with longer 

reactlon times, were prepared: 
I-Chloro-2-ethoxy-3-ethyl-1-fluorocyclopropane 7a. - Starting from the required (Z/El-l-ethoxy- 

I-butene, compound 78 was obtained in 80% yield as a mixture of diastereoisomers, b.p. 43-45O/65 

Tot-r. IR (Ccl41 ,, 2560, 2930,1290,1130cm-1 
1.5 (c, 

'H NMR 80 MHz (CDC131 d 3.25-3.9 (c, 3H. CHOCH2CH31, 
3H, Clj-Cli2CH3). 1.23 (t J-7.2 Hz, 3H, OCH2CH31, 1.05 (t Jr7.2 Hz, 3H. C-CH2CH31. - "F NMR 

(CDC131 -56.25 (ddt, Jz26.79, 12.75 and 2.39 Hz), -57.61 (ddt, J=32.08, 17.58 and 2.05 Hz), -75.16 
(bd. J=24.351, -75.53 (bd. Jy13.69 Hz). Anal. Calcd. for C7HI2ClFO: 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-l-decene. compound 7b was prevared (61%) as a mixture of diastereoisomers. b.o. 
90-95O/O.55 Tort-. IR (Ccl41 v 2960, 2930. 2860. 1290 cmT1 1H NWR 80 MHz (CDCl 1 
CHOC%CH3), 1.02-1.7 (b. 21H, C-Cti2-C, 

3 !93.3-3:9 (c, 3H, 

-56.18 (dd. J=23.00 and 12.77 Hz) 
OCH CH3 and CHCH2), 0.89 (t, 3H, CH2CH31. 

t- 
F NMR (CDC13) 

, -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 Cl3H24Cl FO: C, 62.40; H. 9.60. Found: C. 62.72: H, 9.91. 

I-Chloro-2-ethoxy-1-fluorocyclopropane 7c.- Starting from ethyl vinyl ether, cyclopropane 
7c was prepared in 76% yield as a mixture of diastereoisomers, b.p.58-55V120 Tot-r. IR (CC14) v 
510 (C-01, 1385 (C-F) cm-l. ‘H NMR 80 MHz (CDCl 1 6 1.24. (t J=7.02 Hz. 

(c, 2H, CH-CH2-Cl, 2.3-2.9 (c. 3H, CljOClj2CH31. 319 
3H, 0-CH2-CH 1. 1.1-1.9. 

F NMR (CDC131 -61.94 (ddd, 3=20.36,32.77 and 
7.67 Hz1 -83.07 (dd, J-18.0 and 10.0 Hz). Anal. Calcd. for C5H8ClFO: C. 43.47; H, 5.79. Found: 
C. 43.88; H, 5.99. 

1-Chloro-2-ethoxy-1-fluaro-3-methylcyclopropane 7d. - This compound has been already described! 
lgF NMR (CDC131 -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, 5=22.971. These values differ notably from those reported? 

Preparation of fluoroaldehydes 8a-d 
Ring opening reaction of the corresponding cyclopropanes ?a-d has been applied to obtain fluoro- 

aldehydes 8a-d according to the literature? 

(I)-2-fluoro-2-pentenal 8a.- Yield 61%, b.p. 54-56-C/20 Torr. IR (Ccl41 v 1700, 1655. 1350. 
860 cm:1 IH NMR 80 MHz (CDC13) 6 1.15 (t J=7.3 3H. CH3). (dqi, Hz. 2.30 2H. CH C=C), 5.98 (dt 

J=32.6 and 8.0 Hz, lH, HC=C). 9.21 (d J=18.0 Hz, lH, CHO). 13C NMR 183.39 (C-l , 155.84 (C-2). -T 
132.38 (C-3). 17.83 (C-o,, 12.17 (C-5). lgF NMR (CDCl,? -55.60 (dd. J=32.7 
coupling with the allylic methylene group can also beJobserved). 

and 18.1 Hz) (further 

MS m/z (relative lntenslty) 
102 (9.4). 73 (11.81, 58 (46.4), 53 (23.9). 44 (11.91. 43 (1001. Exact mass calcd. for C5H7F0 
102.048095: Found 102.047989. 
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7.30 Hz. lH, CH=CHCF), 5.68 (dd J=30.01 and 11.88 Hz. lH, CH=CHCF). LgF NMR (Z,Z)-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 
C16H27F02: C, 71.18; H, 10.08. Found: C, 71.01; H, 9.89. 

(8E+lOZ)-lO-Fluorododecadien-l-01 3.- To a suspension of 3.15 gr (5.6 mmole) of phosphonium salt 
2 (previously dried at 100°C/O.l Tort-) and 0.49 gr (5.6 mmole) of LiBr 1" 40 ml of anh. THF, cool- 

ed to -50°C, were added 4.86 ml of a 1.15M solution of n-BuL1 in hexane (5.6 mmole). Stirring was 
maintalned during 30 mln and aldehyde 8d (0.3 gr, 3.4 mmole). dissolved III 2 ml of anh. THF, added 
to the reaction mixture. After stirringat -55'C for 5 hrs, the reaction flask was cooled to -76°C. 
Then, 3 ml of 1.15M BuLl (3.45 mmole) were added and stirred for 1 hr more. The reaction was quench 
ed by eddlng 3 ml of t-butyl alcohol at O°C, poured Into Ice-water and extracted with hexane. The 
organic layers were wished with brine and dried (MgS04). Evaporation of the solvent yielded 1.25 
gr of an oil '2, which was hydrolyzed with camphosulfonlc acid 1" methanol, in the Usual way, to 
afford, after purlflcatlon on column chromatography (Si02). 0.40 gr (58%) of alcohol 3 as a mixture 
of stereolsomers (Z,E/E.E 6/94 by CLC analysis lo). Spectroscopically pure (E.E)-isomer 3 could be 
obtained by crystalllsetlon in pentane at -30°C. IR (Ccl41 v 3620, 2940. 2860. 1120, 960 cm:' ‘H 

NMR 220 MHz (COC13) 6 1.15-1.60 (c, lOH, C-C%-C),1.67 (dd J=7.2 and 2.1 Hz, 3H, W3'. 2.08 (q J= 
-6.49 Hz, 2H, C3CHXHl. 3.63 (t, 5~6.6 Hz, 2H. C3OH), 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. lH, CH=CH-CF. l3C NMR 
CDC13) 62.36 (C-l), 32.48 (C-2), 25.50 TC-3), 28.51 (C-4). 28.85 (C-5). 29.05 (C-61, 31.99 (C-7). 
129.85 (C-8). 121.89 (C-9). 156.90 (C-101, 182.18 (C-111, 8.82 (C-12). "F NMR (CDC13) -49.17 (ddq, 
5~36.61, 26.45 and 2.21 Hz). MS m/z (relative Intensity) 200 (M?, 25.91, 112 (33.2), 111 (47.01, 109 
(22.7), 100 (46.3), 99 (36.11, 98 (39.3), 97 (100). 96 (28.8). 95 (21.4), 93 (26.81, 86 (78.0), 85 
(78.9), 81 (25.9). 79 (77.3). 77 (41.5). 67 (52.7). UV (pentene) ), 232 nm. Anal. Calcd. for $2HaFO: 
C, 72.07; H. 10.58. Found: C. 71.65, H, 10.35. 

'&en the reactlon was carried out with the non-protected alcohol 9d. only 37% yield of 3 was 
obtained (Z.Z/E.Z 15/85 by CC analysislo). 

- 

(gE,ll)-11-Fluorododecadlen-l-01 13b.- The same procedure as described above for compound 3 was 
applied. Thus, starting from 3 gr (5.26 mmolel of phosphonlum salt 9a and 0.118 gr (1.6 mmoleT of 
fluoroaldehyde &, was prepared the corresponding Intermediate 13a, yhich was hydrolyzed as usual 
to yield, after purification on column chromatography (florlsll~0.12 gr (38%) of pure alcohol 
13b, in a E/Z 90/10 isomer ratio, since no absorption due to the (ZI-ll-Isomer was detected ln its 
Tq? NMR spectrum. IR (CC141 v 3615, 3350, 2930. 2860. 1660, 1620, 1215; 910. 840 cm;' lH NMR 200 
MHz (CDC13) d 1.10-1.75 (c. 12H, C-Cti2-C), 2.18 (c. 2H. C%C=C,. 3.64 (t 516.5 Hz, 2H, CH20H), 4.32 
(dd J=49.3 and 2.54 Hz. lH, HC=CF trans.), 4.56 (dd J=16.65 and 2.54 Hz, lH, HC=CF E), 5.83 (dd 
5~24.76 and 15.66, lH, CH.CH-CF), 6.07 (dt J=15.66 and 6.74, IH. CHXH-CFT. T3C NMR (CDC13) 62.94 
(C-l), 28.77 (C-2), 25.67 (c-3,, 29.01 (C-41, 29.29 (C-51, 32.16 (E-S,, 32.61 (C-7). 32.75 (C-81, 
133.73 (C-9). 121.53 (C-10). 162.61 (C-11). 90.87 (C-12). lgF NMR (CDC13) -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 intensity) 200 (Hz. 8.1), 
99 (24.2), 98 (44.41, 97 (59.0). 96 (28.01, 95 (26.8). 93 (23.91, 86 (100). 85 (51.7). 
82 (21.5). 81 (50.01, 79 (34.1), 72 (47.51, 69 (25.3), 68 (36.9), 67 (74.4), 65 (31.5). Anal. Calcd 
for CL2H21FO: C, 72.07; H. 10.58. Found: C, 71.86; H, 10.23. 

(9E,ll)-11-Fluorododecadlen-l-y1 acetate 4.- Acetylatlon of alcohol 13b was conducted under the 
same reaction conditions depicted above to yield the expected acetate 4 (8381, b.p. 75-80°C/0.08 

- 

Torr. IR (CC14) v 2935, 2865, 1735, 1660. 1615. 1235. 910, 840 cm:' 1 - H NMR 80 MHz (CDC13) 6 1.15- 
1.80 (c, 12H. C-C%-C,. 2.08 (c, 2H. CH2C=C), 2.02 (6, 3H, COCH31, 4.04 (t J=7.1 Hz. 2H. Ct+,OCO,. 
4.30 (dd J=49.3 and 2.3 Hz. lH, HC=CF trans), 4.61 (dd J=16.7 and 2.3 Hz, lH, HC=CF cis). 5.5-6.3 

(c. 2H, CH=Clj). 13C NMR (CDC13) 64.41 (C-l). 28,53 (C-21, 25.77 (C-3), 28.67 (F-4), 28.95 (C-5). 
29.00 (C-61, 29.17 (C-7), 32.30 (C-8). 133.50 (C-91, 121.53 (C-10). 162.30 (C-11), 90.85 (C-12). 
170.89 (C-1'). 20.75 (C-2'). lgF NMR (CDC13) -35.6 (ddd, J=48.35. 25.64 and 16.94). UV(pentane) ). 
234 nm. 

Ethyl (E)-2-fluoro-2-hexenoate 15.- To a cooled solution of LDA (21.8 mmole) ln 15 ml of anhy- 
drous THF at -78OC. was added dropwlse. under N2, a solution of 5.3 gr (21.8 mmole) of triethyl- 
phosphonofluoroacetate 1415 1" 5 ml of anhydrous THF. Stirring was malntalned at -78OC for 1 hr 
and after this time 1.5gr (21 mmole) of butyraldehyde were added and further stlrred for 1 hr 
more and 2 hrs at room temperature. The reactlon mixture was quenched wlth water and extracted 
with hexane/ether l/l. The organic extracts were washed with brine and dried to yield after evapo- 
ratlon of the solvent, 3.24 gr (90.5%) of crude ester 1_5 (E/Z 86/14 by CLC analysis on a OV-101 
column). Separation of the Isomers by flash chromatography17 on silica gel eluting with hexene/ethyl 
acetate 96/4, afforded the following fractions: fractions lo-14 contained pure (El-Isomer (48%), 
fractions 15-18 gave a mixture of (E) and (Z)-15 (22%) and fractions 19-22 yielded pure (ZI-isomer 
(15%). An analytical sample of the isomeric mixture was purified by bulb to bulb dlstlllatlon, b.p. 
75-80°C/30 Torr. IR (CC14) v 1730, 1220, 900 cm:' Anal. Calcd. for C8HL3F02: C, 60.08; H, 8.12. 
Found: C. 59.93; H. 8.48. (E)-15: I-H NMR 80 MHz (CDC13) 6 0.96 (t J=6.72 Hz, 3H, Ck13CH ), 1.32 
(t J=6.83 Hz. 3H. CH3CH20), l,z (c, 2H. CH2C%CH3), 2.47 (dq J=7.2 and 1.7 Hz. CH C=C s. 4.27 (q 
J=6.72, 2H. CH C&O) 5.88 (dt 5~21.72 and 7.28 Hz, lH, CH=CF). 13F NMR (CDCl 1 16299 (C-l), 147.21 
(C-2), 123.25 ? - C 3). 27.38 (C-4). 22.49 (C-5). 14.06 (C-g,, 61.15 (C-l'), 13158 (C-2'). lgF NMR 
(CDC13) -35.95 (d. J=21.49 Hz). MS m/z (relative Intensity) 160 (M:,23). 132 (75.3). 117 (43.7). 
91 (lOO$ 59 (35.51, 58 (21.3), 57 (32.0), 55 (24.3), 45 (26.1), 43 (34.7). 42 (90.51, 41 (54.1). 
(21-15: H NMR 80 MHz (CDC13) 6 0.96 (t J=6.72 Hz. 3H, W3CH2). 1.31 (t J=6.83 Hz. 3H. CH3CH 0). 
l.OS?c. 2H. CH CH CH ), 2.23 (dq J=7.3 and 1.68 Hz, 
(dt J=32.8 and 5.T2Hz: 1H. CH=CF). l3 

CH2C=C). 4.24 (q J-6.72 Hz. 2H. CH3CH 0 , 6.11 
C NMR (CDC13) 160.85 (C-l), 148.22 (C-2). 120.32 (C-3 , 26.18 Y5 

(C-41, 21.67 (C-5). 14.06 (C-61, 61.37 (C-l'), 13.58 (C-2'). "F NMR (CDC13) -27.53 (d, J=33.22). 
(El-2-Fluoro-2-hexenal 17.- To a solution of 0.446 gr (2.7 mmole) of ethyl (El-2-fluoro-2-hexe- 

noate 15 1" 30 ml of anhydrous pentane, cooled to -76OC, was added, under Ar, 2.7 ml of a 1M solu- 
tion oFDIBAH In hexane (2.7 mmole). After disappearance of the ester (CCL). 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 (MgSO4). 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. lH NMR 80 MHz (CDC13) 6 6.2 (dt J=18.66 and 8.3 Hr. 
lH, H:Cl. 9.2 (d Jz18.0 Hz, lH, CHO). CLC analysis of an analytical sample of the crude Indicated 
the presence of aldehyde 17 in 62% yield along with 12% of alcohol 16. 

(lOE,12E)-12-Fluorohex&cadien-l-01 5.- Wittig reaction of (El-2-fluoro-2-hexenal 17 (87 mg, 
0.75 "mole) with the ylide derived from lo-tetrahydropyranyloxydecyltriphenylphosphoni~ bromide 
(0.58 gr, 1.0 mmol) was performed as described above for compound 3. Work-up as usual yielded an 
011. which was subJected to acid hydrolysis (p-TsOHl to afford 128-mg (62%) of the title compound 
2, after purification on column chromatography (florisill. CLC 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 (Ccl41 v 3400, 2930, 2850, 
1460, 1720, 860 cmT1 1H NMR 200 MHz (CDCl 1 6 0.91 (t J=7.3 Hz, 3H, CFl3,. 1.0-1.8 (c, 16H, C-C%-C,. 
1.8-2.4 (c. OH. C3CH=CH and CH2 CH=CF), s .64 (t J=6.7 Hz. 2H, C$OH). 4.64 (dt J=37.01 and 7.8 Hz, 
1H. CH=CF of the (E,Zl isomer), 4.74 (dt J=36.89 and 7.6 Hz, lH, CH-CF of the (Z,Z)-isomer), 5.03 
(dt Jr21.74 and 8.57 Hz, lH, CH=CF of the (E.E)-Isomer), 5.39 (dt 5=13.56 and 7.34 Hz, lH, CH=CH-CF 
of the (Z,Z)-isomer). 5,64 (dd? J=29.68, 12.31 and 0.81 Hz. IH, CH=CH-CF of the (Z,Zl-isomer). 5.76 
(dd J=24.12 and 15.62 Hz, lH, CH=CH-CF of the (E.Z)-isomer), 5.7%6.i9 (c. 3H. CH=CH-CF of the (ED- 
isomer amd CH=CH-CF of the (E.Zl-isomer). lgF NMR (CDC13) (E,Zl-isomer: -45.64 (dd,-J-36.18 and 
26.38 Hz), (i?,E)-isomer: -39.69 (dd, J=27.9 and 21.8 Hz). (Z,Zi-isomer: -37.10 (dd, .J=36.19 and 
27.14 Hz), (Z,El-Isomer: -30.60 (dd, J=36.19 and 22.62 Hz). The (E,El and (E,Z)-isomers dlsplayed 
further splitting. probably with CH2 group(s), but no simple first order interpretation was pomble. 
MS m/z (relative intensity) 256 CM', 17.61, 128 (20.61, 121 (21.31. 114 (25.61. 111 (21.71, 109 
(28.51, 99 (42.2). 98 (30.6). 97 (77.51, 96 (35.91. 95 (30.01, 94 (43.71, 93 (30.51, 91 (28.31. 
86 (24.81 85 (1001, 82 (24.21, 81 (38.11, 79 (44.8), 77 (22.91, 72 (40.11. 69 (20.91, 67 (41.51, 
65 (21.0). Anal. Calcd. for C16H2qFO: C. 75.07; H, 11.42. Found: C, 74.65; H, 10.98. 
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