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Abstract. y-Fluoro-a,B-unsaturated carboxylic estétag 7b Wittig reaction. The aldehydém—d are prepared by Swern
and 7d and 4-fluoro-4-phenylbut-3-enoic est®) @re ob-  oxidation of the corresponding fluorohydrida—d. These
tained by two alternative pathways from 2-fluoro aldehydesare available fronar-olefins by bromofluorination, bromine-
5a—d, either by Horner—Wadsworth—Emmons reaction or byby-acetate replacement and subsequent hydrolysis.

Partially fluorinated organic materials — both analoguegpotassium acetate in dimethyl formamide lef-fioro

of naturally occurring compounds and synthetic subacetate8a—d in moderate yields (62—69%), with the
stances — gain a continuously growing interest by orexception of3c (28%). This procedure is superior to
ganic chemists, medicinal chemists, material scientistthat one we used in the past [9]. The main reason for
and others due to the unique chemical properties anldw yield in the latter case is the favoured elimination
biological activity [1]. Hence, there is an enormous de-of HBr to a-fluoro styrene. Hydrolysis dda—d under
mand of synthetic methods for the introduction of a flu-basic conditions yielded the 2-fluoro alcohdla—d
orine atom at a specific position in the molecule [2].(66 -91%) (Scheme 1).

Among the carbonyl compoundsfluorinated ketones

and carboxylic acids are fully characterized [3]. Also

a-fluoro-a,F-unsaturated aldehydes are well knownand  g: RLF RLF

widely usedge.g. in synthesis of fluorinated analogues i Br i | OAc

of vitamin A or derivatives [4]. Saturated 2-fluoro alde- RZA R2></ RZ></

hydes have also been synthesized by different methods, 4 2a-d 3a-d

[5, 6]. However, these compounds are described to be

rather unstable [6b, 6e, 6i]. 2-Fluoro aldehydes are ex-

pected to be useful building blocks joining the carbonyl RL F RL F

group with the attribute of having a fluorine substitu- __ ' ></OH v R2>§4O

ent. Thinking of the numerous well known reactions R*

with non-fluorinated aldehydes, fluorinated molecules H

should be versatile building blocks. 4a-d Sa-d
We like to report on synthesis of different types of

2-fluoro aldehydes and their application as starting ma- a b ¢ d

terials for the synthesis gffluoro-a,3-unsaturated carb- Rt CHs F H H

oxylic esters by Horner—-Wadsworth—-Emmons (HWE) R CeHs CeHs  CeHs  CgHyy

reaction or by Wittig reaction, respectively.
Scheme 1Syntheses of 2-fluoroaldehydes; reagents and con-

ditions: (i) NBS, E{N-3HF, CHCI,, 12 h,r.t.; (i) KOAc,
Results and Discussion DMF, 26 h, 153 °C; (iii) KOH, methanol, 0.5-6 h, 0 °C or
20 °C; (iv) Oxalyl chloride/DMSO, BN, CH,Cl,, 15 min,
According to our well established procedure [7] the ter—60 °C.
minal olefinsla—d react in high yields to the bromo
fluoro adducts?2a—d by usingN-bromosuccinimide Better yield of4c was obtained by ring opening of
(NBS) as a source of electrophilic bromine and triethyl-styrene oxide & with EtN-3HF in the presence of
amine tris(hydrofluoride) [8] (BN -3HF) or trimethyl- 20 mol% of BR-EtO at room temperature according
amine bis(hydrofluoride) (M@ -2HF) as a very mild to a procedure described faralkylstyrene oxides [9a]
nucleophilic fluorinating agent. Heating &—d with (Scheme 2).
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o F the thermodynamically more stable styrene derivative,
EtsN-3HF, the y-fluoro-B,y-unsaturated carboxylic est®rwhich
BFs-ELO was isolated in quite low yields (34% and 25% respec-
CHyClp, 12 h, r.t. OH tively, over two steps) (Scheme 4). Ne)-somer was
found bylH and1%F NMR spectroscopy.
6 4c

Scheme 2Synthesis of 2-fluoro-2-phenylethanol

H
The selective oxidation of the fluorohydrins to 2- o) H F H
fluoro aldehyde$a—d is a key step of the shown se- Ph ~ — Ph><%\CO Et
guence (Scheme 1). However, methods by Corey [10] H ?
according to a modified procedure [11] or Pfitzner and
Moffatt [12] failed or gave low yield. Finally Swern 7c
oxidation [13] was found to be the most effective E

method. The handling is quite simple, there is no ob-

structing by-product and the yields are high (83—-95%), Ph)\A CO,Et
except fordc (65%). All attempts to purify the 2-fluoro
aldehyde$a—d failed (vacuum distillation at low tem-
perature and liquid chromatography) as already report-
ed by other authors [6b, €€, 6i]. Thus, we _used the freSh@cheme 4Wittig olefination of 2-fluoro-2-phenylacetalde-
prepared crude products for further reactions. Treatmerp,g,de

of triethyl phosphono acetate with sodium hydride
formed the phosphonate anion [14] which on reaction
with 2-fluoro aldehydeSa, 5b andsd gave the/-fluoro-
a,B-unsaturated carboxylic estéfs, 7b and7din 52 —
76% yields over two steps (Scheme 3), similarly to
transformation Davigt al reported for a 2-fluoropro-
pionic aldehyde [6i]. As an alternative method the Wit-

tig reaction yielded the same products (57—72% OVeEinancial support by the Fonds der Chemischen Industrie is
two steps). In all cases the HWE reactions gavelifie ( greatfully acknowledged. We thank the Hoechst AG, Frank-
isomers {H and'®F NMR spectroscopy) and also in the furt/Main, and the Bayer AG, Leverkusen, for kind donation
Wittig reactions the K)-isomers were formed almost of chemicals.

exclusively (except ford, (E):(Z) = 85:15).

H

8

In conclusion, although the saturated 2-fluoro alde-
hydes5a—d could not be isolated as pure compounds
they have been shown to be good building blocks for
9/-fluoro-a,B-unsaturated carboxylic estefa, 7b and
7d or they-fluoro-g,y-unsaturated carboxylic ester

Experimental

RU F R H
Rz>§40 V or Vi ) _ General 1H- (300 MHz),13C- (75.5 MHz) and°F- (282.3
- R COqEt MHz) NMR spectra were recorded using a Bruker WM 300
H H spectrometer with CDglas solvent and tetramethylsilane
5 7 (TMS) or CFC}, respectively, as internal standards. — Mass
spectra (electron impact ionization 70 eV, chemical ioniza-
a b d tion with NH;*) were determined using a GC/MS system:
1 Varian GC 3400/MAT 8230 and data system of Finnigan/
R CH, F H MAT. — Column chromatography was performed using silica
R? C6H5 C6H5 C8H17

gel (Merck, particle size 0.022—0.063 mm). — Thin layer chro-
o L matography was taken with TLC plates 60 F 254 by Merck. —
Scheme 3Wittig-olefinations of 2-fluoroaldehydes; reagents a5 chromatographical analyses were performed with a

and conditions: (v) (EIQP(O)CHCO,EL, NaH, pentane,  peyjett Packard 5890 Il gas chromatograph (quartz capil-
2 h(; 36 °C; (vi) [PBPCH,COEL"Br-, NaH, DMSO, 2 h, |51y column 0.32 mmx 30 m, 0.25 pm SPB-1, Supelco). —
80 °C. Infrared spectra were recorded using a Nicolet 5DXC-FT-

_ . spectrophotometer. — Elemental analyses were taken at the
tHo;NeverI,dthergluprol ctr,%-?r}lsatyratﬁld carboxylic Mikroanalytisches Laboratorium, OC, Universitat Munster,
esterrc could not be 1solated following th€ Same Proce-y iy, 5 Heraeus Elementaranalysator CHN-O-Rapid. — Tri-
dures. This compound could not even be detected bé(thylamine tris(hydrofluoride) and trimethylamine bis-

NMR or other analytical methods in the crude producihydrofiuoride) were provided by Hoech&G, Frankfurt/
mixture. Under the conditions of the HWE or Wittig Main, and BayeAG, Leverkusen. All other starting materi-

reactions, respectively it is obviously rearranged intaals and reagents were obtained from Fluka, Merck, Aldrich,
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Riedel deHaen and Janssen chemicals; dichloromethane afeAcetoxy-2-fluoro-2-phenylpropar(8a)
N,N-dimethyl formamide were purified by distillation and pyepared from 7.00 g (32 mmol) of 1-bromo-2-fluorophenyl-

) o — TLC (cyclohexane/ethyl acetate, 10:R:= 0.24. — IR
Synthesis of Vicinal Bromo Fluoro Compound=2a—-d (NaCl): v /cmt = 1749 (C=0). — All other analytical and

According to the general procedure [7b] a mixture of 20 mmofSPectroscopic data agree with published values [9a].

of theg-olefin 1 and 5 ml (31 mmol) of BN-3HF or 4.7 ml 2_Acetoxy-1,1-difluoro-1-phenylethaii@b)
(()4?Cmnr113I)trof l\tA%NiHZHFrtlinr?othlhogd% Cbg'lzz Irrs1r(r:1c())cl))leo?‘ tl\cl)BS Prepared from 1.97 g (8.9 mmol) of 2-bromo-1,1-difluoro-1-
and treated In portions 909 ( ‘phenylethaneb); yield 1.23 g (69%, 98% purity, GC). —

After stirring for 15 min the solution is allowed to warm up at my— _ .
room temp. and stirred for another 4—6 hours. After the reao-l;l‘C (cyclohexane/ethyl acetate, 108)=0.22. ~ IR (NaCl):

1= = 1 . =
tion has finished the mixture is poured into 500 ml of ice/é{'C;n—4 481(1236 (C: ?3)1 HFL gﬁchpgrzo—ggZ ((r?w, ?,:
water. It is neutralized with 25% aq. Meind extracted with 3 0 : R A ' Dl

i - : 2
50 ml of CHCI, three times. The combined organic phaSE!S;iJromjl t:Ig% |i|)|.—|z 3CC|-2|)I\“\{T9 g/ I(Dtr;rlrj] :2243(1C]HSE)C§51125“2
are washed two times with 50 ml of 8. HCI and subse- CF : ’ y . Iy ‘ 122 :

. , : td,3J- = 7.6 Hz, Ce), 128.5 (d, Op), 130.5 (d, Om), 134.0
quently with 5% ag. NaHC£(3 x 50 ml), and dried with Ets ZJC’F _ 178 Hz é_) 169(8 (gac)(O)Cl—g)( —19F) NMR:
MgSQ,. After evaporation of the solvent under reduced pres—ap’pn;:'i ~104.9 (",1) Z GCIMS (‘7—0 e\i/z '(%). 201 (10')

sure the products are purified by distillation or liquid chro- -
matography (silica gel, cyclohexarh), cyclohexane/ethyl Emt“_] éggc(gz]wi]zéﬁé)ﬁ)[wﬁ - g&g&rllgo(%%))
acetate, 10:12@, 2¢), cyclohexane/ethyl acetate, 202d)). [M* — CHOAC], 91 (12) [GH;*], 77 (16) [GH&"], 73 (26)
1-Bromo-2-fluoro-2-phenylpropanga) [CH,0Ac], 51 (10) [GH3'], 43 (70) [GH30'].
Prepared from 11.81 g (100 mmol) of 2-phenylprop-1-eney_acetoxy-1-fluoro-1-phenyletharfac)
gﬁnlfmgzﬁgsg%(dnz% TSWSI)(SLEZ BSS%dezu?i.g/ mGI(CZ)Z_S_rpI_Tgl)Prepared from 1'.50 g (7.4 mmol) of 2-brom_o—l-f|u0ro-1-phe-
(cycloshexane}ethyl acétate 10'12;': 0.45 Anéllytical and ?yle}hﬁne ZC);/y'ﬁldl 038 g (2?(0)/0 396%(3 pztérlty, %C()N_CTII)‘ c
; 1o e cyclohexane/ethyl acetate, 10:R: = 0.26. — acCl):
spectroscopic data agree with published values [7a]. V lcmrl = 1748 (C=0). 2H NMR: &ppm = 2.11 (s, 3H,
2-Bromo-1,1-difluoro-1-phenylethar(@b) CHy), 4.26-4.43 (m, 2H, CkHg), 5.65 (ddd3Jy o = 4.3 Hz,
Prepared from 6.30 g (31 mmol) of 1-fluoro-1-phenylethene’Jx.g = 6.7 !‘|Z=2‘JX,_F1L = 48.4 Hz, 1H, CRF), 7.31-7.45 (m,
[15] (1b) using 6.04 g (34 mmol) of NBS and 7.3 m| 9H, aromatic H). 13C NMR: dppm = 20.7 (q, CH), 66.8

(69.8 mmol) MgN - 2HF; yield 5.02 g (77%, 98% purity, GC). (dt, 2Jcr = 22.9 ngz, CHHg), 91.7 (dd, 3¢ ¢ = 178.0 Hz,
— TLC (cyclohexane)R; = 0.28. Analytical and spectros- CHxF), 125.8 (ddJcg= 7.6 Hz, Ce), 128.7 (d, ), 129.0

copic data agree with published values [16]. (_dv1 Epm& &%5%/(552% :_2108-3 gz(r(r?)) 1_7062%%(0()7%@\/)
2-Bromo-1-fluoro-1-phenylethar(@c) m/z(%): 181 (0.1) [M — H], 162 (2) [M — HF], 123 (46) [M

Prepared from 15.62 g (150 mmol) of styrede) (using — CH,COQ], 122 (100) [M — CH,CO,H], 109 (100) [M —
29.25 g (165 mmol) of NBS and 35.3 ml (338 mmol) of CH,CO,CHg], 91 (16) [GH;*], 77 (22) [GHs'], 51 (28)
Me;N - 2HF; yield 26.14 g (85%, 98% purity, GC). — TLC [C4H3"], 43 (100) [COCH'], 39 (16) [GH3'].

(cyclohexane/ethyl acetate, 10:R:= 0.41. Analytical and

spectroscopic data agree with published values [17]. 1-Acetoxy-2-fluorodecan¢Sd)

Prepared as a 93:7 mixture of regioisomers with 2-acetoxy-
1-Bromo-2-fluorodecan¢2d) 1-fluorodecane from 21.80 g (91 mmol) of 1-bromo-2-fluoro-
Prepared from 14.02 g (100 mmol) of dec-1-ebd) @s a  decaneZd) (as a 87:13 mixture of regioisomers with 2-bro-
87:13 mixture of regioisomers with 2-bromo-1-fluorodecanemo-1-fluorodecane); yield 12.33 g (62%, 93% purity, GC). —
using 19.50 g (110 mmol) of NBS and 25.0 ml (155 mmol) of TLC (cyclohexane/ethyl acetate, 20:8)=0.19. — IR (NaCl):
Et;N- 3HF; yield 20.92 g (88%, 87% purity, GC). — TLC (cyc- V/cmr1= 1747 (C=0). 13C NMR: d/ppm = 14.0 (q, C-10),
lohexane/ethyl acetate, 20:R:= 0.55. Analytical and spec- 20.7 (q, C-12), 22.6, 24.7, 24.8, 29.1, 29.3, 31.8 (t, C-4-C-

troscopic data agree with published values [16b,17b]. 9), 31.4 (dt2Jc g = 20.3 Hz, C-3), 65.9 (d&)c = 22.9 Hz,
C-1), 91.4 (ddXJcr=172.9 Hz, C-2), 170.7 (s, C-11). -
Synthesis of 2-Fluoroalkyl Acetates8a—d 19F NMR: dppm = —-187.5 (m). — GC/MS (70 e\fj/z (%):

156 (5) [Mr — GH3OF], 96 (15) [GH;,*], 82 (18) [GH14'],
55 (18) [GH+'], 43 (100) [GH3O']. — IH NMR spectros-
Is?opic data agree with published values [18].

A mixture of 10 mmol of the respective bromo fluoro com-
pound2 and 3.93 g (40 mmol) of KOAc in 50 ml of dry DMF
is heated for 26 h at 153 °C under argon. After the reactio
has been cooled down to room temp. 50 ml of a 1:1 mixturE thesis of 2-Fl Ikanolsta—d
of cyclohexane and ethyl acetate is added and the solid ynthesis o uoroalkanolsra

filtered off and washed carefully with the same solvent. TheA mixture of 5 mmol of the 2-fluoro acetagein 10 ml of
organic phase is washed with water (6 x 75 ml) and driegnethanol is added to a mixture of 0.84 g (15 mmol) of KOH
with MgSQ,. After evaporation of the solvent under reducedin 20 ml of MeOH. After stirring (the reaction temp. and the
pressure the products are isolated by column chromatograime of stirring depend on the reactivity of the fluoro acetate)
phy (silica gel, cyclohexane/ethyl acetate, 10:1). the solution is poured into 100 ml of ice/water and extracted
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with CH,CI, (5 x 30 ml). The combined organic layers are CH,CI, is slowly dropped into the mixture. After 15 min
washed three times with 50 ml of water and dried with MgSO 1.02 g (10 mmol) of BN is added slowly. After stirring for
The solvent is evaporatéu vacug and the product is isolat- 15 min the solution is allowed to warm up at room temp.
ed by column chromatography (silica gel, cyclohexane/ethylithin 1 h. After the reaction has finished the mixture is poured
acetate, 5:1). into 50 ml of ice/water and extracted three times with 30 ml
of CH,CI,. The combined organic phases are dried with
2-Fluoro-2-phenylpropano(4a) MgSQ, and the crude products are isolated by evaporation of
Prepared from 0.58 g (3 mmol) of 1-acetoxy-2-fluoro-2-phe-the solvent. Attempts to purify the 2-fluoro aldehydes by chro-
nylpropane 8a); reaction temp.: 0 °C, reaction time: 15 min; matography or vacuum distillation at low temperature result-
yield 0.30 g (66%, 95% purity, GC). — TLC (cyclohexane/ ed in decomposition. Therefore, the aldehydes were used in
ethyl acetate, 5:1J% = 0.15. — Analytical and spectroscopic cryde form for further reactions.

data agree with published values [9a]. 2-Fluoro-2-phenylpropanal5a)

2,2-Difluoro-2-phenylethanof4b) _ Prepared from 0.15 g (1 mmol) of 2-fluoro-2-phenylpropa-
Prepared from 1.23 g (6 mmol) of 2-acetoxy-1,1-difluoro-1- no| (4a); yield 0.14 g crude product (94%, 95% purity, GC).
phenylethane3p); reaction temp.: 20 °C, reaction time: 4 h; _ |R (NaCl): ¥ /cnrL = 1749 (C=0). *H NMR: dppm =
yield 0.88 g (91%, 98% purity, GC). — TLC (cyclohexane/ 1 79 (d,33, r = 22.7 Hz, 3H, Ch), 7.28—7.43 (m, 5H, aro-
ethyl acetate, 5:1R = 0.19. — GC/MS (70 eVjn/z(%): 159 matic H), 9.70 (d3J, = 4.8 Hz, 1H, CHO). 13C NMR: &
(10) [MH*], 158 (84) [M], 128 (70) [MH — CHO], 127 ppm =22.1 (d@Je £ = 22.9 Hz, CH), 98.7 (dslJc = 178.0
(100) [M* — CHO], 107 (12) [M — CHOHF], 91 (20)  Hz, CFCH;), 124.9 (dd3Jc ¢ = 7.6 Hz, Ce), 128.4 (d, Op),

[C7H7"], 77 (70) [GHs*], 51 (40) [GHg*], 39 (10) [GH3*]. —  128.9 (C), 136.7 (ds2)e r = 22.9 Hz, G, 197.4 (dd2Jc ¢
H, 13C and'F NMR spectroscopic data agree with published= 40.7 Hz, CHO). — GC/MS (70 eVin/z (%): 153 (0.5)
values [6e]. [MH+], 152 (5) [M¥], 123 (100) [M — HF], 109 (10) [GHeF*],
2-Fluoro-2-phenylethanof4c) 103 (42) [GH*], 77 (24) [GHs'], 51 (15) [GHg*]. — 1%

Prepared from 0.23 g (1.3 mmol) of 2-acetoxy-1-f|uoro-1-NMR spectroscopic data agree with published values [6b].

phenylethane3c); reaction temp.: 20 °C, reaction time: 2 h; 2,2-Difluoro-2-phenylethana(5b)
yield 0.14 g (79%, 98% purity, GC). — TLC (cyclohexane/ prepared from 0.27 g (1.7 mmol) of 2,2-difluoro-2-phenyl-
ethyl acetate, 5:1J% = 0.14. — Analytical and spectroscopic ethanol 4b); yield 0.24 g crude product (90%, 95% purity,
data agree with published values [19]. GC). — GCIMS (70 eV)m/z (%): 156 (10) [M], 128 (10)

. . [C7/HeF,"], 127 (100) [GHsF,*], 77 (18) [GHs'], 51 (10)
2-Fluoro-2-phenylethanof4c) by ring opening of styrene [c,H.+]. — IH NMR spectroscopic data agree with published
oxide (6) values [6e].

?1 2méilxture Bf ?i%?u 93(;1#2 mgﬁgli 1of ?éygene OBio%é? O@J 2-Fluoro-2-phenylethana(5c)

.4 mmol) o . ,and 0.11 g (0.8 mmol) o b

in 50 ml of dry CHCI, is stirred at room temp. for 12 h. The Eglep()jé)?i/ig%mogfz %r(uldg r;rrggtlj)cf ]26253::1 %ﬁiépgecr;ylftrs
yvor!(ing up procedure is the same as'described for bromofluor(NaCI).’v Jom-1 Z 1735 (C=0). — GCIMS (70 eV|,)n/z (%).
ination; yield 0.41 g (70%, 96% purity, GC). 138 (18) [M1], 110 (20) [GH,F*], 109 (100) [GHgF'], 51
2-Fluorodecanol(4d) (6) [CsH3]. — *H NMR spectroscopic data agree with pub-
Prepared from 11.50 g (52.8 mmol) of 1-acetoxy-2-fluoro-/ished values [21].

decane 3d) (as a 93:7 mixture of regioisomers with 2-acet- 2-Fluorodecanal(5d)

oxy—ljfluorodecane); reaction temp.: 20 °C, reaction time:Pre ared from 0.35 g (2 mmol) of 2-fluorodecara)(yield
4 h; yield 7.58 g (82%, 96% purity, GC). — TLC (cyclohex- 33? e rédugt (04%. 83% purity, GOYaC NyMR'
anelethyl acetate, 5:1% = 0.17. 13C NMR: dppm = 14.0  *: rr? 4 Op( C-10) 2%’ c 2°4Fi 2%18 70.4. 317 (t, 5-
(g, C-10), 22.6, 24.9, 24.9, 29.1, 29.4, 31.8 (t, C-4-C-9), 31. ap 9-6@'29q1’ @0 = 76 Hz, Cd), 303 (s =
(dt,2Jc = 20.3 Hz, C-3), 65.1 (R)c = 22.9 Hz, C-1), 94.7 29 gHz C—,3) 95.0 &dc%,'JF_ = 178.0 Hz ,C-Z.) ZOOCiF(:jd
(dd, 1Jc = 165.3 Hz, C-2). — GC/MS (70 eMpiz (%): 97 2 o 3'5 6 Uiy C-l) - é’é/MS (7'0 evén/z (%’)), 174 0 '
55 (90) [GH*], 43 (100) [GH+*], 41 (85) [GHs*], EI; 6" 11 b 11 b 9 b 9

. 55 (60) [GH+*], 43 (100) [GH;*, CH307], 41 (78) [GH5'].
m/z(%): 194 (100) [M + NH,], 156 (8) [M* — H,0], CI. — 7 7" CoHg ) [GHs]
1H and19F NMR spectroscopic data agree with published” 1|H an%lg': NMR spectroscopic data agree with published
values [6d, 20]. values [6e].
Synthesis of 2-Fluoro Aldehyde$a—d Synthesis of they-Fluoro-a,B-unsaturated Carboxylic

. Acid Esters 7a, 7b and 7d by Horner—Wadsworth—Em-
In a two necked round bottom flask a mixture of 0.28 gons Reactioaﬁ y

(2.2 mmol) of oxalyl chloride in 15 ml of dry GBI, is cooled

to — 60 °C under argon. A solution of 0.37 g (4.7 mmaol) of Under an argon atmosphere and with ice cooling a mixture of
DMSO in 5 ml of dry CHCI, is added dropwise. After 2-fluoro aldehyde®a, 5b or 5d obtained by oxidation of

15 min stirring 2 mmol of the 2-fluoroalkan®din 5 mlofdry 4 mmol of the corresponding 2-fluoroalkandés 4b or 4d in
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5 ml of dry E}O is added dropwise to a mixture of 0.12 g 7.39—7.52 (m, 5H, aromatic H).13C NMR: dppm = 14.1
(4 mmol) of sodium hydride (80% in paraffine) and 0.90 g(q, C-6), 61.2 (t, C-5), 118.4 (. = 241.6 Hz, C-4), 124.9
(4 mmol) of triethylphosphono acetate in 50 ml of dnCEt  (td, 3Jc = 7.6 Hz, Ce), 125.3 (td3Jc = 5.1 Hz, C-2), 128.7
After stirring and heating at 34 °C for three hours the mixture(d, C), 130.4 (d, Om), 135.2 (ts2)c = 25.4 Hz, ), 139.9
is poured into 50 ml of ice/water and extracted witlOEB x (td, 2Jc g = 30.5 Hz, C-3), 165.1 (s, C-1)12% NMR: dppm
30 ml). The combined organic phases are dried with MgSO = —-95.6 (m). — GC/MS (70 eVin/z(%): 226 (40) [M], 198
and after evaporation of the solvent under reduced pressu(&0) [M* — GH,], 181 (30) [M- — CH50O], 153 (80) [M —
the products are isolated by column chromatography (cyC;Hs0,], 133 (100) [M — GHsO0, — HF], 77 (30) [GHs'],

clohexane/ethyl acetate, 10:1). 51 (15) [GH3'].
C1oH15F05 Calcd.: C63.71 H5.35
Synthesis of they-Fluoro-a,B-unsaturated Carboxylic (226.2) Found: C 64.14 H 5.71.

Acid Esters 7a, 7b and 7d by Wittig reaction
Ethyl (E)-4-fluorododec-2-enoaté d)

A mixture of 0.79 g (3 mmol) of triphenylphosphine and .

0.50 g (3 mmol) of ethyl bromo acetate in 40 ml of DMSO isBY HWE reaction: Prepared from 0.32 g (1.8 mmol) of
heated for 3 hours at 80 °C. After cooling down to room temp2-fluorodecanol 4d) via 2-fluorodecanalgd); yield 0.23 g
0.09 g (3 mmol) of sodium hydride (80% in paraffine) is add-(52%, 98% purity, GC), by Wittig reaction: Prepared from
ed, and the mixture is heated for another hour. A solution of-26 g (1.5 mmol) of 2-fluorodecanald) via 2-fluorodeca-
the 2-fluoro aldehyd&a, 5b or 5d obtained by oxidation of ~nal 6d); yield 0.25 g (70% over two steps, 98% purity, 85:15
3 mmol of the corresponding 2-fluoroalkadal 4b or 4d in mixture of diastereomers, GC). - TLC (cyclohexane/ethyl
10 ml of DMSO is added to the cooled mixture containing@cetate, 20:1R =0.27. — IR (NaCl)v /cmr1= 1725 (C=0).
the phosphonium salt and heated for another two hours. After *H NMR: dppm = 0.88 (t3Jy4 = 6.7 Hz, 3H, 12-Cj,

the reaction has finished the mixture is poured into 100 ml oft-30 (834 = 7.2 Hz, 3H, 14-Ch), 1.27-1.78 (m, 14H, 5-

ice/water and worked up as mentioned above. CH-11-CH), 4.21 (q,3)y = 7.2 Hz, 2H, 13-Ch), 5.06
(dm, 23y £ = 48.4 Hz, 1H, 4-CK), 6.04 (ddd4Ja x = 1.7 Hz,
Ethyl (E)-4-fluoro-4-phenylpent-2-enoaféa) 4Jpr = 1.7 Hz3Jp g = 16.0 Hz, 1H, 2-Cl), 6.89 (ddd3Jg x

By HWE reaction: Prepared from 0.15 g (1 mmol) of 2-fluoro- = 4.3 Hz,3Jg 5 = 16.0 Hz,3J5 ¢ = 20.3 Hz, 1H, 3-CH). —
2-phenylpropanol4a) via 2-fluoro-2-phenylpropanalsé); 13C NMR: dppm =14.0 (q, C-12), 14.2 (g, C-14), 22.6, 24.5,
yield 0.17 g (76% over two steps, 99% purity, GC); by Wittig 29.1, 29.3, 29.4, 31.8 (t, C-6—C-11), 34.7 %t = 20.3 Hz,
reaction: Prepared from 0.23 g (1.5 mmol) of 2-fluoro-2-phe-C-5), 60.5 (t, C-13), 91.3 (déJ)c = 172.9 Hz, C-4), 121.1
nylpropanol 4a) via 2-fluoro-2-phenylpropanalsg); yield (dd,3Jc g = 12.7 Hz, C-2), 145.1 (dd)cr = 17.8 Hz, C-3),
0.24 g (72% over two steps, 99% purity, GC). — TLC (cyclo-166.0 (s, C-1). 1% NMR: dppm = —-184.3 (m). — GC/MS
hexane/ethyl acetate, 10:R: = 0.28. — IR (NaCl):y /cmr? (70 eV),m/z (%): 244 (1) [M], 224 (2) [M* — HF], 216 (3)

= 1717 (C=0). XH NMR: dppm = 1.28 (t30y = 7.2 Hz,  [M* — GH,], 199 (20) [M — GH5O], 71 (25) [GH.1"], 69
3H, 7-CH), 1.82 (d,3J4 = 22.2 Hz, 3H, 5-Ch), 4.20 (q, (25) [CHg'], 57 (45) [GHg*], 55 (40) [CH/*], 43 (100)
8Jun = 7.2 Hz, 2H, 6-Ch), 6.09 (ddJpar = 1.0 Hz3Jpp = [CoHZ0*, C3H,*, 41 (95) [GHs'].

15.7 Hz, 1H, 2-CH), 7.10 (dd,3Jg o = 15.7 Hz,3Jg =

18.6 Hz, 1H, 3-CH), 7.27-7.39 (m, 5H, aromatic H). — Ethyl (2)-4-fluoro-4-phenylbut-3-enoa(8)

13C NMR: dppm = 14.2 (g, C-7), 26.6 (d&)c r = 25.4 Hz, i

C-5), 60.6 (t, C-6), 95.1 (d&Jc = 175.5 Hz, C-4), 119.5 Using the same procedures as for compouhdBy HWE
(dd, 3Jc ¢ = 10.2 Hz, C-2), 124.6 (d&)c = 7.6 Hz, Co), reaction: Prepared from 0.28 g (2 mmol) of 2-fluoro-2-phe-
128.2 (d, Cp), 128.6 (d, Qm), 141.6 (ds2)c ¢ = 22.9 Hz, C- nylethanol 4c) via 2-f|uoro-2—phenylethanal5@); ylgld

i), 148.8 (dd2Jc = 22.9 Hz, C-3), 166.2 (s, C-1)19% NMR:  0.14 g (34% over two steps, 98% purity, GC); by Wittig reac-
dppm = —145.8 (m). — GC/MS (70 eMy/z (%): 223 (5)  tion: Prepared frpm 0.21 g (1.5 mmol) of 2-f|uoro'-2-phe-
[MH#], 222 (22) [M], 204 (8) [M — H,0], 177 (12) [M — nylethanol {c) via 2-fluoro-2-phenylethanals(); yield
C,Hs0], 149 (100) [M — GHsO], 129 (50) [GHe], 123  0.08 g (25% over two steps, 98% purity, GC). — TLC (cyclo-
(12) [CgHgF*], 91 (20) [GH,*], 77 (12) [GHs*], 51 (8)  hexane/ethyl acetate, 10:8:=0.26. - IR (NaCl)V /cmr =

[C,H3. 1736 (C=0). 2H NMR: dppm =1.28 (t8Jy 4 = 7.2 Hz, 3H,
) 6'CH3), 3.34 (dd,4JH’|: =1.7 HZ,3JH’H =72 HZ, 2H, 2-C|ﬂ,
Ethyl (E)-4,4-difluoro-4-phenylbut-2-enoa@b) 4.18 (q3Jyy = 7.2 Hz, 2H = 5-Ch), 5.62 (dt3Jy 4 = 7.2 Hz,

By HWE-reaction: Prepared from 0.24 g (1.5 mmol) of 2,2-3J, ¢ = 36.2 Hz, 1H, 3-CH), 7.31-7.42 (m, 3H, aromatic H),
difluoro-2-phenylethanol4p) via 2,2-difluoro-2-phenyl- 7.50-7.54 (m, 2H, aromatic H). -13C NMR:
ethanal §b); yield 0.22 g (64% over two steps, 99% purity, &ppm = 14.2 (g, C-6), 30.0 (d&Jc = 5.1 Hz, C-2), 60.9 (t,
GC); by Wittig reaction: Prepared from 0.24 g (1.5 mmol) of C-5), 98.0 (dd2Jc = 17.8 Hz, C-3), 124.2 (d&J)cr =
2,2-difluoro-2-phenylethanoldp) via 2,2-difluoro-2-phe- 7.6 Hz, Ce), 128.4 (d, Og), 129.0 (d, Om), 131.9 (dsZ)c ¢
nylethanal §b); yield 0.19 g (57% over two steps, 99% puri- = 28.0 Hz, Ci), 158.1 (dslJc = 249.2 Hz, C-4), 171.1 (s,
ty, GC). — TLC (cyclohexane/ethyl acetate, 10R )= 0.32.  C-1). —1%F NMR: dppm = -117.5 (m). — GC/MS (70 eV),
— IR (NaCl): v/cmrl= 1727 (C=0). *H NMR: dppm = m/z (%): 208 (25) [M], 190 (2) [Mr — H,0], 162 (2) [Mr —
1.29 (t,gJH’H =7.2 HZ, 3H, 6-C|§), 4.23 (q,sJH’H =7.2 HZ, CzHGO], 135 (100) [M - C3H502]

2H, 5-C|‘b), 6.26 (dt,4JA’[: =24 HZ,3JA’B =15.7 HZ, lH, 2- C12H13F02 Calcd.: C69.22 H6.29

CHa), 7.01 (dt3Jg ¢ = 10.3 Hz3Jg o = 15.7 Hz, 1H, 3-Cl),  (208.2) Found: C 68.80 H 6.44.
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