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Summary MonoHuorinated enynes and dienes were synthesized stereospeciically through palladinm-catalyzed conden-
sation of l-halo-L-Auoroatkenes or 1-halo-2-fluoroalkenes with monosubstituted alkyues or alkenes, or with allvitributviting
The various halofluoroatkenes were efficiently and selectively prepared either from Huorinated unsaturated neids or throuph
‘NF addition te alkynes.

fluoroenyne / Auorodicne / halofluoroalkene / palladium-catalysed condensation

Résumé — Synthése régio- ot stérdosdlective d'énynes et do didnes fluorda par 'intermédinire de 1,1- ou 1,2-
halogénofluoroalednes. Des énvaes et des ditnes wonofluorés ont ¢é prépards par condensation stérdospicifique, catalysde
an pallndivm. de -halogéno-1-Buoroaleénes ou de 1-halogéno-2-fluoroaletnes avee des aleynes vrais, des aleeues, ou de
Iallvitributylétain, Les halogénoluoroaleénes out ¢16 prépards séloctivement soir & partir d'acides Auorés insaturés, soit par

addition de "XF™ & nn aleyne.

fluoroényne / flnorodiene / halogénofluaroaledne / condensation eatalysée au palladium

Introduction

Monofluoriuated analogs of natural moleenles aften ex-
hibit interesting hiological activity, sinee the thnorine
atont mimies o hydrogen atom by its Iadk at confers n
different chemienl renctivity to the moleeule {1} Com-
powinds in which the finorine atom oceupies a vinylie
position are particularly interesting synthetic targets,
reguiring corvect control of the position and stercochein-
istry of the Hnorinated double bond, For instanee, sev-
ernd analogs of insect pheremones benring one (2] or
more [ fluorine atom in vinvlie positiens have been
svnthesized in the last yenrs, A few aceesses ta manotln-
orinated enynes [ and conjugated dienes 120 6] have
been developed. The use of Huorinated organometallics
has allowed the synthesis of varions species Buovinated
at a vinylie position [T, 8]0 Palladimm-catalyzed con-
densation of organozine compounds, finorinated or not.
with bdoftuorontkenes s boen usisd to svithesize di-
or tetratinrinated dienes [3.09] and enynes [10).

The prosent work reports et hod for the svathesis
of monofluorinated envnes and conjugated dienes, based
on direet palladinm-cat alyzed conclensation ot alkynes
or alkenes on 1.1- or 12-halofinoroalkenes, according, to
schieme 1A svuthesis of thiorinated  Led-diene is also

Y Cortespowclence and reprints

deseribed, Pt ol this work Tas appeared as prelimi-
mary comtntmications. coneerning the use o L-hromo-
1-Unoroatkenes [11H und hromo-2-thoroalkenes [12).
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Schome 1

Preparation of bromo- or jodofluorontkencs
Syntheses of -hramo-i-fheoroelkenes

The most diveet way ta 1-bromo-E-Huoroalkenes is the
Wittig-type reaction between a earbonyl cotnpeninid,
fuorotribromomethane and a phospliine, doveloped by
Breton [13]. but this method could not he made stereo-
stlective.
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e wtepeoscieciive aecesses o =hados T-Huaoromtkenies isomerization to the (Z) isomers, Bromination of (E)
Have heen reporteds Revently T-iodo-i-flnoroalkenss 2-fluoro-3-phenviprop-2-enoie acid followed under sev-
e e prepaeed i dilnerov iy tistancanes {110 150 eral reaction conditions. The wse of bromine-induced

rapid isomerization of the starting acid to the (2)
isomer {completed in 2 min at ronmn temperature)
followed by much slower addition of bromine. lead-
| o7 were made swaibable ofsher throngh ing therefore exchusively to the (27* 35%)-2 3-dibromo-
RN NR RN BN Vere acler Avvaln e . R . T i
. v . : 2- -3-phenvipropanoic acid. Wit ; un tri-
Davzens condensation of ethyl Huoroacetate with alde- ﬂuu.r() | ; vlp PATIOIC A . With pyridiniy I
. ) - AT ot heerral bromide the isomerisation rate was of the same order
Ivdes G Tollowed by saponification. or through in Pl -
: : ' as the bromination rate, so that both diastereomers
were obtained in proportions varving with the reaction
Progroess.

Wi obrained the (- 1-bromo--Huoroatkenes . by
Doz addinion on nnsatarated Hooroacids, followed

B carboxvlarive climination (scheme 23, The starting
-

sitn romine-catalyzed isometisation of the (£) isomer.
comvenient v obtained from Wittig Horuer reaction of
cthel {dicthvlphosphono hioroacetate with the appro-
e sl 110
priae aldetide {17, The following step is decarboxylative hydrogen bro-
ide elimination on the 2,3-dibromuo-2-fluoroacids. The
corresponding reaction on unfluorinated substrates is
known to be stercoselective with anti elimination of car-
bon dioxide and bromide. providing it is performed in a
sulvent of sufficiently Jow polarity such as acetone {18].
As expected. the same stereoselectivity was obtained:
in acetone solution. (ZR*.38%)-2 vielded exclusively
(Z}-1-bromo-1-Huorvalkenes (Z)-3. and the (ZR*.35%)-
2 + (2R*3R*)-2 diastercomer mixture led o
(£)-3 -+ (E)-3 in approximately the same proporiions.
The base suitable for elimination was cither sodivam hy-

A~ ean b seen fron tabde I hromination of aromatic
(- 2-finoroacids ted quite seleetively to (2R*.38%)-
23-dibromaoe-2-llnoroactds, except for (Z)-1d. bearing
an electron-donating snbstituent on the benzene ring.
Phe vse of -fdimethvlamino ) peridiniure tribromnide in-
~tead of hromine only slightly tuproved the selectivity,
L the eiase of the aliphatic Huoroacid {(Z)-1e. attempts
To use hromine led (o a mixture containing hoth ad-
dinters and substitation produets. whereas d-(dimethyl-
atinoppyridininn tribtomide appeared a5 a satisfring
Brominating agent Luth for vield and stereoseloctivity,

)

The (1) fluoroacids could not be stereoselect ively drogen carhonate for aromatic compounds bearing no
brominated in the same wav 1o (2R*.312%)-2 3-dibromo- clectron-withdrawing groups. or tetrabutvlammonium
thuoroncids. due 1o their rapid  bromine-catalvzed hvdroxide for the othe, substrates.
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Sitiee the method deseribed above was not suit-
able for prepariug { £ -bromoe-luoroalkenes, condi-
tions for isomerization of {Z2)-3 1o (E)-3 were inves-
tigated, Z/7E isowerization of alk-1-envibenzenes has
been showtt to be catalyzed by palladium (1) [19).
Faitly pure (£)-1-bromoe-1-Huoro-2-arvlethylenes (E)-
da and (E)}-3b could be prepared by heating the {(2)
isomer in the presence of palladinm (1) diacetate with-
out solvent. as showny in scheme 3. A small amount of
{Z) womer vemained present even at louger reaction
times. The corresponding 4-methoxy-substituted com-
pound (E)-3d could not be elficiently isometized under
those conditions.

O

Br Pd(OAc)2 So F
———
e 110°C, 4h ar
@93 (E)-3
X E/Z ratio
b H 89/11
ib T s8Nz

3d OMe 5050 (from E/Z 33/67)
Scheme 4

Syntieses of Fhomea- 2 flaoroalkeps s
and [-rwla- ,'—_Hu.u‘uul!.'( Hes

o Aeldviion Hf NI elements to olkiynes (N = Rre 1)
Association of a positive halopen reagent with o thio-
tide somree i an efbicient way of adding X7 oloents
to atkenes or alkvnes, fe addition of Bel 1o alkvaes
I beet petformed by using, V-bromoscetamide iy
the preseonce of Huorohvdrie acud [20]0 ot wore effi-
ciently N-bromosmeeininnide (NBS) with pyridiniam
polv(hvedrowen Huoride} |'.‘|] Various other reapents
Bave heen teportesd in the case ol alkenes, for insbiage
tricthylaming tris bydrotuoride ns flnoride souree [22)
Lead-dibromo-5.5-dimethivihydantoin (DI was shown
to e ore ellicient hrowinating agent than NBS 23]

Bromwllnotination of monosnbstitured alkypes by
DRI o pesitive browine sonree, plomgg with pyrbdinguin
pobvbvidiopen Hnotide} as Inoride souree inesulfolnne
actially ve satisiving results The reaction was toradly
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regioselective, leading to the brotine atom on the un-
stbstituted side of the double ol The (£ bromolin
oroalkenies 4 were obtained with o good stereoselectivity
{scheme L table 1D,

Table [L Preparation of Lhalo-2-4lnoraalkenes HOFE - CVX
by addition of "XEF7 1o atkvnes

AY R Product I.\'rnitlll‘(i---;JJ'l'lH (%) AW.ZA',}I:' rah:;
Br Ph 4a 03 Cazs
Br n-CrHyy 4b i35 4010

i Ph T2 95:0

1

N3 082

The use of NBS instead of DBH led maiuly to the
dibromaoalkene RCBr=CUBr. The same campound wos
formed as an important byproduet {ea 20%) when the
reattion was performed o dichiloromet lane instead of
sulfvlane.

When the Huorinated envne (E)-13a (described
below)  was  treated  with NBS  and  pyridinim
polv{hydrogen Huoride) in salfolane. the only praduct
furtied was the naphthalene derivative 6 (scheme 5).
i oway analogous to reported evelizations indueed by
pusitive jodine 2], The seope and exteni of {his reses
tion was not further investigated,

Todoflnerination of alkynes has been effected by
Nandosucrinimide and pytidininmn paly(hydreogen -
oride) 121], by wethivliodine(1UD diftnoride (28] ar by
N-indosneeinimide and polymer-snpported hydreogen
Nuoride [26]. In the two tatior cases syn stereaseleetivity
was repotted. Bis{pyridine)iodoninm (1) 1aetrafinore-
burate has been shown {o be o ellicient positive odine
source fowards alkvies [27] and o effect anti odotin-
orination of alkenes 28] Therefore association ol this
reapent with o Huoride souvee could he expected tooal-
Tow fodofluorination of alkynes.

Svathesis of -indo-2-aoroalkenes § was cflicient |y
perforined by iododipyvidininm tetraflnoreborate with
pvridininim poly (ivdrogen Hooride) in dichloromethane.
The reaction lod nearly exelosively to the B somer of
5. verrespoisding to andr storeoschetivite, Vhe vesulis
are summnarized 0 seheme - amd table (1L

s Mrominabion debgdrohiomnation of s wreled
Jlusroesters
Sume distibstinated Thromes-2-Unoraatkones woere vasily
abtaitadd from the nnsatueated tiovoaesiors 70 hrninae
tion of cithier £ or 2.7 followad by deby drabroination

n H
)
F X
X = Di
5 Xl

- sulfotne, @G, 10 mn, then 20°C, 20 mn

“IF* = Py," BF, Py-HF - CH.CL, 3°C10 20'C, 2 h

Scheme |
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wnder mild conditions (DB, 20 °C) afforded selectively
#-9, as shown in scheme 6. The 1-brome-2-fluoroalkenes
Ya and 9b wore obtained from 7a and Th with global
isolated vields of 76% (Z/E ratio 95:3) and 61% (Z2/E
ritio US:2) respectively

[lie ehserved stercoselectivity results from the previ-
ansty discussed selectivity of bromine addition, leading
i all cases to the %8 dibrominated compound 8,
followed by andi dehvdrobrominations, Preparations of
muenotinoroalkenes making a similar use of wnti elimi-
wation reactions have been reported (28, 249).

Palladiuin-catalyzed condensations

The strcrures of the fnorinated  L3-eiynes and 13-
dienios svnthesized through palladinim-catalvzed con-
densations are sinntarized in seheme 7.

Synthesis of fluormated 1 3-cnynes

Palliditin-catalveed  condensation of cither 1,1- or
2-Tadottuorinated alkenes with monosubstituted aiky-
nes proceeded with good vields, under conditions simi-
i to thiose deseribiend Tor ather vinvlic browmides or jo-
dickos [30): palladinn diacetate and triphony lphosphine
as o entalvst e retinxing, butylamine or tricthy lunipe.
Ul reaction wa totally stereoselective, except in the
case ol the most hindered substrates 9, whicli reguired
tarder reaction comlitions. The results are sunuarized
b 1abke HI

It ean be notived that no (U )-catalvzed isomeriza-
tionr ol 1213 e cred nnder those conditions Addition
SO e the reselion mistree, often recouinetuled in
[N vpe ol ceetion {IH‘, it not IEparoOve i resafts,
bttty codboedidative conpling of thealkvne wlen the
reaction was net perfovmed mnder inert stmosphicroe,

When attetupted in by lmine, ronction of 3c with
an alkvne noder the conditions deseribuod above did 1o
leant to the expeeted cnvne, but to e smnide 15¢. Fot-
mation of 15e lrom B, and of its unsabstitated an-
foe Iha from 3 were chocked to neeue withont the
presence af e alkvone, and ta reguire the presence ol

Table I Palludimmn-catalyzed condensation of halofluo-
rinated alkenes with monosubstitnted alkynes R-C=CH.
Reaction conditions: alkyne 1-2 equiv. Pd{OAc), 2%. PPhy
4%, n-BulNH; or NEty. refiux. 3 h.

Starting R Product Isolated E/7 ratia
rraferral yueld (%)
[ Z)-3a Ph 10a 71 100:0
(E)-3a* Ph i0a ®1 1G:90
(Z)-3a n-CaHyy 1ta G4 100:0
{Z)-3a CMe,OH 12a 40 100:0
(£)-3b Ph 10b 75 100:0
(Z)-3b n-CyHyy 11b 73 100:0
(Z)-3c Ph 10c 71 100:0
34" Ph 10d 93 67:33
(E)-ba Ph 13a 83 106:0°
{ E)-5b Ph 13b 70 100:0¢
(£)-9a" Ph 14f gy

40:60

Containing 0% Z isomer. "67:33 Z/E mixture. “The minor
Z isnmer {from winor £ momer in the starting malerial) was no
longer detecterd after purification of the product. 1Other products:
E and 7 1a. “Containing 5% £ isomer. 'P]wnylacetylen(‘ 3 equiv.
Pd(QAc); 4%. PPhy 8%. reaction time 21 h.

the palladinm catalvst. This result can be explained by
palladium-catalyzed substitution of bromiue by bLutyl-
amine 32]. followed by hydrolvsis of the resulting Au-
vroenamine (scheme 8): flucruenamines are known to
tndergo fast hvdrolysis to amides [33]. Use of triethyl-
amine allowed to obtain tiw normal condensation reac-
tion of 3c.

Synthests of Hueonnated 13-dienes

Reaction of 11- or 1L2-halofuoroalkenes with suitable
othvienie compounds under the same conditions as
above led to fuorinated 1.3-dienes 1619 (scheme T7),
ax shown in tahle 1V,

I all cases the reaction was stereoseleetive concetu-
rag, the unflaorinated double bond as usual insuceh reac-
tintis, ondy the hydrogen atom frans to the substituent
wis remevesd {3310 was also stereoselective concerning
the hadogensted donble bond which retained its initial
stercochemistiyv, exeept for substrates % whicl led to an
P/ mixture,

Preparntions of the 2 lluorinated isomer of  the
Lihiorinated diete 17 fiave been deseribed recently [48).

Sunthests of fluorinated 14 -drenres

Direct padliediim-catalveed conphng of vinvhe halides
with o carbon fvdrogen hond doss not aceur in the

B ¥ coon L) Ar COOE:
ATHECHCOON T .Y e &._:(
A8 ;
L T i3 ¥
7
(R*,5%)-8 (218
v
S a X vy . ~
\i.‘é“ NV L8 \ \fﬁ
QUOCH, Y - Q0K N

Scheme 6
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R1 =Ph, H2=H 13a
T—'l1 =n'C5HII R R? =H 13b

R, = COOEL. Ry,=Fh 14

R=-4MePh 16
R=CQO&t 17
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R, -nCgHy, . R
A, = COOEt, R,

Schome 7

' HHNH..

18a
2=H 1Eed
-Ph 19
[P] At
-

745

allylic position, therefore preparation of 1,4-dienes re-
quires the use of an organometallic compound. Al-
Iylie tributyltin derivatives are known to undergo easy
palladium-catalyzed condensation with vinylic halides
136" Reaction of allyltributyltin with (2)-3a in the
presenee of tetrakis(triphenylphesphine)palladimuo in
refluxing tetrahydrofar led to pure (F)-2-lluoro-1-
phenylpenta-1od-diene 20 in a 79% vield (scheme 99,

Coangclusion

Preparations of 1,1- and 1,2-Lalofluorcalkencs have
been described. Palladium-eatalyzed condensation on
these compounds appears a. an efficient method for
stercoselective synthesis of fuorinated enynes and di-
enes. Direct condensation with alkynes or alkenes with-
uut the intermediacy of an organometaltlic compound is
often possible; except in the case of hindered halofuoro-
alkeues, it proceeds quite stereoselectively,

Experimental section

'H NMR speetrn were recorded on n Bruker AM 250 spec-
trometer, 0 NMR spectra on a Bruker AN 250 or a Bruker
AN A0G spectrometer. Chemidenl shifts (8} ave given in ppin
downfickd from tetrammethylsibue as internnd standaed, For
O NMR spectrn indientions in parentheses (CHa, CHy, CH
or C) refer to the nwnber of 1 atows borne by the consid-
ered earbon, ax determined from the J-spectrom, When the
peak intensity cotrespotds to wore than one earhon it s
alo mentioned (eg, 2CH). In the tables these indieations
are not detailed for onch enrbon, but the assignments wade
are always consistent with the cortesponding data,

tufraved speetra were recorded on a0 Poerkin-Eluer
S9N instrument, Mass speetra (MS) were obtained on o

NHE Ha0

e NHAU

F L 16

Schome H

Table 1V, Pallad i catabyssd condensation of halofaorisated alkenes sith ethylene compatimds
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Nodrcae BHRLOC ass specteoaeter, Blomental analy-
wnwrne petfored Dy the Serviee de Micronnalvse de
P e Phepre-et Alnie-Uime. NMelbmg poipts werc tnea-
cred wsine oo Bocht S enpibtary appartasand are uneor-
Tt \l
Selvenas were adistdled oo appropriade reagents (diethyd
ool THE G ol bensophenone adter deving on

prorresiit s bvdroxide, dichloromethane andd  triet by kanine
wer codeimm hvailvide, petitane on ])hnsphnl"u anhvdride).

Dot ion: 20wdibrome-2- fleoroacids 2

o (Conepud procoduce for bronomation by molecalar

bromine
Proomipe 0070 sabe 33 mools T eguiv) was added drop-
wise to o solution of 2-luoroprop-deenoie swids 1a. 1b, 1d
CA ol b oegquiv) i retrachloromethane (1000 nl). or 1c
A ol e dichloromet late (OO ml) - The reaction neix-
fure wias stiveed at reflux temperadare for 5 e The coplind
salntion was washed with @ solution of sodnan hiydrogeno-
sultite i order to elitninase unreacted bromine. then with
witter, The organic phase was dried (MeSO 0 and the sol-
vent wes evaporated ander rodneed proessure. The residhie
wirs purified Ty recrystadbization in tetrachloromerd sne,

The "Hoand MO ONME dara of compounds 2 ure displaved
in tables A and VT respeetivel s,

@ (RTS8 2D hromo- S flvare-d-phenglpropanioic
aiid (R*8%)-2a

ANTHTIEE N A Y (VIR [ 1S I B
T TINEd: 30600 24910. 22850 1 700 LA oo, 1120,
PASO PREA 2600 U205, 0 160, 108G Tods, 1o, aia,

SUALST0C T T T200 TONL 3G 0200 GO0, 560 D20 G

MSTEL TN a2 207 210 N ), 200, 202, 200, 166,
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RS e n=Ca by g 2000
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LENSEYETER O CONAI et CPL OO DY 62 s ML) ot 2o 2ol 211
| E T the eathey tates od paostbioms £ 2 ad 6108 tand D)
{ { L
¢ e d i [ [ [
182 1 TRt an L T oy
I £ 2 AR TN T 1h POO N 00T s 0T S I s
PRESS 20 BNOSEI TET 2 v (2T a0
RN A OGP WS O 96T G LA (2%
S a-Colly 6725 02T 9T 6
RS B S R T conrprrs To e at boses ot
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)

1
4
.
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1

constant o b

IR (KER: 30200 2945, 1750, 1730, 1500, 490, 1115,
L2600 12000 1 110, 1090, 1A, 1015, 800, 825, 800, 775,
TN, ARG e

S TGN s s 364 362 360, 358 (N )L 281 2T, 286,

AL 22000 180, 120, 1V 89 82075, 63,7

o (RS2 2 PDilino- 2 ucire-d-
(4-nitrophenyl jpropanoie acid (R*.8%}-2¢

Yield 8297, Alp 211 212 ¥

MBS {EL "0 eV): /2 292, 200 (:\1‘ Br), 247, 245, 217, 216.
211 139, 187, 1GH, 150, 136, 133, 120, 105, L. 91, 81,
TV. T 630070 05,

MS{CL NG /2 3910 389 387 (M + NH, ).

» o A-Dibrama-2-fluorve-3-( - methoryphe iyl -
propunoie aeid (R*.8%)-2d + IR*R*)-2d
Yiekl 934, 67:33 (R*.S*)/(R*_H*)
"H NMR.

IR (KB 3060, 3025 1645, 1605, 1510, ¥ 460, 1280,
12500 1180, 1075, 905, 805, 735, 650 cin ™!

ASCEL 70OV gz BLE 3120 (M7 COL). 305, 303,
0220 215, 6. 179, 176, 161, 180, 170, 849, 81, 77, 43,

ot

mixture  of from

& (2RSS - Db romo-2-flunrooctunvie acd
fR*8%)-2¢

il Hdimethylaminodpyridininm - tribromide (.72 p,

5 mmel L2 eqguiv) was added 1o a solution of (E)-
2-thorooct-2enoic acid (E3-1e (100 g, 6.25 mmaol, | equiv)
in dichloromethane (10 mLy. and the mixture was sticped
at refnx temperature for 1% I The voaled solution was
dilited with dichloromethane and washed with o solution
al soddinumn hvdrogenosulfite in order to climivate anreacted
dimethy Lunina) pyridiniinn tribromide. The organic phase
wits washied withe a 2050 agueans hvdrochloric ncid solution,
dried IMRSOL ) and the solvent was evaporated under re-
duged] pressare tooeive Le (LI o0 T20) as a coborkess ol
ERRPZ U ST R i ture accanling to " NAMRY.

Y]

D0 AT of 208 dibiromo- 2 haoroncids 20 80 CHLGE CEHBe COOLL

"

CUY G, SSED)L T
R T P | P
AEETIRE IR P
ESETE1 I
SO B G
RINTRRTHIRE PR

ol (g, 21D

2 Tex Gl T He 2

QU506 1do s v He 21

Pid, ST He, 20 700 (Wl ST He 20D

Hido SOl 2000 TO d, S5 He, 21

A A2 ton GHYL LT fos T 208 (o D

COUHIE TR R OO, Por

Pod the pliened rine are tespoectively teferred 1o as €07

¢ (e

[ i (Mo r
[BET RS S PRI B R I ('
B0 033 1) 12
1ATT NITOL 12N, Gy
(B 00 O S TP N BT K1 | Sh2CH )

SO LA (CH L 22 3 (O, 20 TCH) ST (CHLY, A0S (01

L\'m

setohed s e Lincl T Sodvent O,



IR (Hlngp: 294529200 26050, | 750, UG 3su 12610 1 las,
1100, 10060, 875, R45. 725, 630, 600, 575 em !
MS (CL NFIy): /e 310, 338336 (M + NHJ) 262, 178,
159.
The  same  procedure.  applicd 10 (F)-2-Huoro-
S-id-methoxyphenylprop=2-enoie acid  {E)-1d (0392 p.
2 mmol) led to 23-dibromo-2-Hnora-3-(-methoxyphenyt) -

propanoic acid 2d (0.606 g. 85%.) as a 7026 (B¥,9%) /(Y. 7Y

mixture.

Decarboxylative elimipation: 1-bromo-{-Jluoroulbines 3

The 'H and *C NMR data of compounds 3 are displayed
in tables VII and VHI respectively,

o (Z)-1-Bromao-1-fluore-2-phenylethene (Z)-3a
A solution of dibromoacid (R*.8%)-2a (71.3 g 0.22 wol)
in acetone (600 mL) was stirred at reflux temperature with
sodium hydrogen carbonate (54.8 g, 0.65 mol) for 5-7 L
Acetone was evaporated under reduced pressure. Water and
dicthyl ether were added to the vesidue, the mixture was
extracted with ether. The organic phase was dricd (MgS0.,)
and the solvent was evaporated under redueed pressure. The
residue (45 g) was purified by distifation ander reduced
pressure to give {Z)-3a (36.1 g, 829%,. Bpye 96 "C.

IR (Rl 3045, 3020, 1653545, L6ah, 1573 14420 1270,
1105, 1000, 1070, 1030, 912, 560, 830, 750, 690, 635, HsO,
500 em™ .

MS (EL 70 ¢V) /2 2020 200 (M) 121, 1200 101,91, 77,

TH TA69

o (Z}-t-Bromo-i-faoro-2-( f-chlovophengljcthene
{Z}-3b
A solution of dibromoacid (R*.8%)-2b (100 g, minol)
and tetrabutvlammaninn hedroxide JO% in water (192 5,
30 mmol. 12 equiv) in acetone (LM ) was stitrod

20

T

reflux temperature for 18 1 Acctone wis evipartod weder

tedheed pressire. Water and disthytether woere added (o the

residue, the mixture was extracted with ethoer, The organic

phase was dried (MpS04) and the salvent was evaporated

wnder redneed pressave. The residie (L8 2) was punified by

distillation vuder reduced pressure 1o pive (Z)-3b (L0920

G Bz fim

IR (flm): 30303020, 1720, 16150 1590, 1560, 1185, 1 400,
1320, 1300, 1270, 1180, 110G, 1045, 1025, 1010, 850,
0. T00. G256 eny 7,

MS{EL 70 eV): m/z 236, 230 (M), 1540 135, 120, 112,90,
B0, 87, Th, T4. 73, 63,62, a0,

& (Z)-1-Bromo-d-fluoio-2-( f-mtrophc vgd e e
{Z)-3c

Decarboxviative olimination was porformed on ditvoimoacid

(R*.8%)-2c (2.21 £, 6 muol) aceonding to the same proce-

duree as the preparation of (Z)-3b fran (R S*1-2h, The

residue obtained after evaporation of the solvent was puri-

fiedd by veerystallization in ¢thanaol to give (Z)-3c¢ (1.23 .

|G, Mp o as OC.

IR (KDBr): 3025, 20200 2825 1650, E600. 1520 1110,
1350, 1280, 1215, 1120, 1100, 1050, 1015, 884, 865,
800, 7TH0. 690, 5400 3RS, 500 A0 IR0 e

NS (EL T V) we /2 207 205 (NP 217, 205, LA 108, ).
9L 8L T a7

o 1-Brama- I-fluore=2-( d-methoegplicogt)ethene

(E)-3d + (Z)-3d
Decarhoxylative elimination was perfornwed one dibromoacid
2d (8,40 g, 23.6 unnol) with (P S¥)/(R* 1) ratio of G733,
according to Lhe snme procedure as the preparation of (Z)-
3a from [R*.8*)-2a. The residue obtained after evaporation
al the solvent was pueified by distillation under rediced
pressure to give 3d (380 g 709, Bpoag = 83 7C Aveording
to "I NAMR, 3d was obtained as a0 6783 275 mixtune,

Taoble VIL 'HONMR spectea (CDCL. 200 M) of Lbromo-1-lnoroalkenes 3, 1 CH CFBr

(:'mupnunll n il

A “hu
[ Z)-3n E'h GLD b
(E)-3a I'h man 4ah
{2)-3b A-CkPh B (RS
{E)-3b 1-C-T'h 500 425
(Z)-3c F-NOa-1h G.T 1
(Z)-2d 1-OM-Th b 150
( E)-ad LOMe-h 5491 320
(Z)-3e n-UaHy, b 128
e e 128 My and TOO Ha

~§ =1 =1 =1

A2 sED.
A0 G, 31,
32 s, AT
ST (=D
U8 (0L 8T He, 1D 820l 8.7 e 21

h

A2
NS TN R

- =7

LA s 30 600 (RO Ha 210, 700 (dl S T 21h
$LR0 (s )L G80 (L N H 2HDL T L S e 2D
D2 (4.2 Uy BEY L V36 (g GHDC2.07 foels 7.5 e 222 Bl 21

Table VIIL 750 NMR spectea (CDCL, 6828 AHzY of Lhromiocl-Muoroalkenes 3,10 CH O CFHe, For ]anomatic, the earboy
‘ ) . . Wl gl gt g
atoms al positions 12 (Ganed 6138 Gand 200 1ol the phieny] ring are respectively Poferred toogs OO0,

{ 'umlumnd I [ (e

{Z)-3n Ik ALY (31 LG (22
{E})-3a i'h (RS R PEAL (0T
(&)-3b 1-C- Bh A0 () THLT (25)
(E1-3h P [T IFHRTR LELD (45.8)
1 Z)-3¢ tNOL-Dh (KSR RY LS (200
(Z)-3d L-ONh RO (310 F1LL (22)
{Z)-3e¢ n-Calig Y300 (315) 1009 (1)

: . |
Faonblei dtie 1o 00 F conphing. I parenthosess conpling constint i iz

g ol (et ey
IR IR 12830 P . 12s |
[RARINEN 1IN 10 1281, 1208000
LG (L5 [RRXH 1280, 1306
1309 (LT} 138G 128, 1207
IRLLE I IRt} 12,7, 1200

218 (.5 At P11 1208 A (U

PLT (T 22,8 {C1G) 201 {0 282 (UL 31T

Nt vespre tively Very elose donblet correspondisig

N . e . . .
Yo i complig canstant of 12 Py, actribmted to loug-range caypling of € with lluorine.
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o (-Bromo-|-fuamhepi-1-cne (El-3e + (£)-3e

v it ion of dibromoneid 2e (0960 g 3 mmol) with a
SRStV R vatio of 550020 ed tetrabutvlamimonium
Tvdroxade 105 i water 05,09 g, 48 ol 1.6 equiv) inace-
Pone B mb was stiveed at reflnx temperature for 18 L
Lectolie wis l-\;lihll.‘l[l‘l.l wde ll‘lfm’ﬂi Préssipe. Wiater aund
DT Wt added to the residae. (e mixture was ex-
Tre G with pentane, The organte phase wi deied (MgBS80O,)
atd the solvent was evaporated under reduced pressure
Looive o R g0 GUEY as o eolorless ol According to
'H '\\IH 3e was ubhllned as a 86:11 2Z/E mixture,

IR [Hlm): 2950, 2920, 2 850, 1665, 1 44%, 1375, 1255, 1 110.
L35, 820 755, b1 ..H(l(m !

AIS LEL 70 V) the two isomers were separated by GC/MS.

(Z)-3e: iz 196194 (M) 189, 137, TEL 11195, 71 70,
LT L5 0L

(E)-Fe: myx 196, 101 (AT ). 13, 13T,
57055, 5L

I3 ELE. 95 71 7O,

Pelladivimn-catalyzed isore rization of 1£)-3 to (E)-3

o [(E}-1-Bromao-1-flucro-2-phenglethene (E)-3a
A mixture of {(Z3-3a (0402 g, 2 mmol) and patladinm
diacetate (135 mg 0.06 mmol, Q.03 equiv) was stirred at
HO O for 0 h. Water and pentane were added. the mixture
was extracted with pentane. The erganic phase was dried
(MeS04) and the solvent was evaporaled under redneesd
presstre to give Ja (0375 g 939) as & 8011 F/7 mixture
accarding to 'H NMR.

The nse of 0.1 equiv of palladium diacetate at 60 °C for
16 b led 1o comparable results: 8a was obtained as a #8:12
F /2 mixture,
MS{EL 70 eV the two isomers were separated by GC /NS,
(E}-3a: mjz 202, 200 (M'). 121, 120, 161, 91, 77, 75, 74

6,

o (E)-1-Broma-I-fluore-2-14-chlorophengl Jethene
(E}-3b
A mixture of (Z)-3b (0470 g 2 mmol) and palladium
dincetate (180 my, 008 mnnol, 0,00 cquiv) wis stirred at
LTI T for 1 b Work-1 s above gave quantitad ively 3h as
a w12 E A miktaee
MS{EL TO V) the tao isomers were separatid by GOSN
(E)-3h: e 236 250 N 4 450 135 120, 112
ThoTh T 63 h' 'x“

QY NONT

Aehbedian \)f NG uU{ym N

The "H aud 7'CONMB data of congumnds 4 oam) 5
displaved e tables TN and X ovespectively,

Table X, "I NAIR spectra (C13C1,,

R7CE - oxp'

Cevnagaairerd Joen " v I

(Eh-aa Ph Hoo e 626l g 157 Ha,
[WARS T I'h Ho e o2l iy A IRT P
AR 't H I G20 N0 He,
{F) - ety 1l My nsid [RETRIPS
WARSTH e Hy B 53l s
(Ey-nh TR i1 | a ol U iTahe

WARM CUOE '

20 AH.Y of Blvano-2 dluaroa kenes 4

1
[RER
115
(110

e ([)-2-Bromo-I-fluora-1-phenylethene (B)-4a
Pytidininm polv(hydrogen tluoride) (Aldrich, molar compo-
sition 309 pyridine. T0% LIF; 22 mL) was added toe a so-
lution of phenylacetylene (2.00 g, 19.6 mmol) in sulfolane
(% mL). The solution was cooled to 0 °C, and a solu-
tion of Li-dibromo-5.5-dimet hyThvdamtoin (2.86 g. 10 mmol.
1.02 equiv) in sulfolane (20 mL) was added with stivring.
The mixtwre was stirred 1 h at roow temperature. Water
was iwdebeed. the mixture was extracted with pentane. The or-
panic phase was washied suceessively with a saturated aque-
ous solution of sndium hvdrogen carbonate and with water,
dried (MgSQ4) and the solvent was evaporated under re-
duced pressure. The residue was purified by distillation un-
der reduced pressure to give 4a (3.65 ¢ Y3%) Bpix 102 °C
(Lit Bpg 48-50 °C [20]). According to "H NMR, 4a was
ohtained as a 92:8 E/Z mixture.

MS (EL 70 eV): the two isomers were separated by GC/MS.
(E)-4a: ni/z 202,200 (M™). 121,120, 102. 101. 95, Y4. 75
51

(Z)-4a: m/z 202, 200 (M7F), 121, 120, 102, 101, 75. 74, 51.

s (E)-1-Bromo-2-fluorohept-1-ene (E)-4b
This compound was prepared according to the same proce-
dure as 4a, starting from hept-l1-vone (3.00 g, 31.2 mmol).
The residue obtainerd after evaporation of the sohvent was
purified by distillation under redugced pressure to give 4b
(3.96 g 65%). Bpix 65 "C. According to 'H NMR. 4b was
abtained as 2 9010 E/Z mixture,
(R (fitm}: 3 11G, 2960, 2 930, 2870, 1 670, 1470, 1 460, 1 435,
1380, 1285, 1260, 1 145, 940, 910, 900, 875, 805. TH0.
650. 525 cm 'L

MBS (EL 70 eV): the two isomers were separated by GC/MS,

(E}=4b: treyz 196, 190 (M) LI 13T, 11 TLE. 99, 95, 73,
HYPYY

(Z)-4b. m/z 196, 193 (M), B, BT 10 UL, 99, 95, T3,
YR

e 2-Bromo-4-Huoro- I-phenylnaphthelene 6
Pyridiniam polvthyvdrogen fluoride) (2.5 wl) was added to
a solution of envoe 13a (0850 g, 38 tumad) in salfolane
(6 L), The solution wis cooled to 00 7CL and o solution
of N-bromessecinimde (0710 0 LI munol, 11 equav) in
stlfolane (12 L) was aadded with stirving. The mixture was
stivreh 1l roogn temiperature. Alter the saime wark-up
daxoAn preparatien ol 40 evagporation of the solvend gnve 6
U g S50 s o cslotless vil

THONMER (CDCL. 300 MH2): 8 727 oo,

N, 742 7.65 (.
THL ST ol Ve = XA He 1.

atid B and 2tnoros Hiodoadkenes B,

n

b om. 30y TN o 21

T e 30, T im N

PR TR 1 AT TR AT L

G Ty, S, P35 Dn 3HY AT (e 2HY,
S0 200 aned T He M

AN T 0 W 30135 D, AHD V.52 (e 2,
226 Gl 1T amd T He 2

TR 080 LAG pi, TDL 10 om, 24D,

T.0H
R u!l ARSI R | P ER

1 ‘ T T SUR R I Tos o0 70 Heo Y 10102 (g 7.1 He 21
lffdj-g;l COOE b B T i AN LAS {0 7.0 Hy 3D, l 40 (. T He, 210
AR COORT A Br o s OSSO 68T e 38 s (e o B 3HYL 4ns 1q. ©.9 He 2H)

AT acetoany Gomethosepliens ]
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Table X. O NAMB spectea (CDCLe 1005 MH2) of 1-bromo-2-Huoroalkenes 4 and @ and 2-Huaaro- -iodoalkenes 5§,

R(:t(ﬂm ¥ ;(-1 iJ.\;R( 1 )

Compound e - AN TR (e

(E)-da ' H  Br 57 LAR.0 (250}
(E)-5a 'L H 1 537 (I IARG.T (201
{E)-4b n-Caln H Bro 874 418) 0 1631 (152)

(Z)-ab n-CoHpy 1 W 820 (200 1626 (461

{F)-5b n-C=tln H ToooRU (I8 o3 (1am

(Z)-8a COOFr Ph Bre 195 (280 LI6.3 (260)

(Z)-9n COOEL  Avt B 1200303 1R (250}

o e
1279 (d P Joy = 6 Hal 2CH). '
125.2 (2CH), 1300 (CH),
1301 G Sdee == 27 U, O
128.2 (2CHY,

128.6 (ol *dep = 5 Heo 20°H).
130.2 (CH).

130.2 (d, er = 28 Ha, C)
13.9 {CHy), 22.3 (CH,).

25.0 {CHa). 26.0 (CHy),

W (A, Tl = 24 e CHY)
13.7 (CHal 2210 (CHY.

252 {CHz). 40,7 (CHa).

SLT (d B = 22 Hz. CHy)
13.2 ((ql:l). 22.1 {CH.).

25.1 (Cla), 20,9 (CHy),

28.5 (d, LJop = 23 Ha, CHy)
13.1 (CHy). 61.8 (CHy).
G d. T = 37 He, )
130 (O 618 (CHa).
1680 (e, Sfer = 40 Hz. )

1251 (2CH), 128.9 (2CH],
1296 (CH), 130T ()
205 {CHg). 559 {Cllay,
T (CHY, 1216 (CHY,
1225 (CHY, BT (),
LT (). 1050.7 ()

Poublet due 1o C F coupling. T parentheses: conpling constant in Hz, PAr = Aepertoxvetomet hoxypheny L.

MS CEL T eV b/ 2 3020300 (MU )0280, 216, 198, 1200 101,

it

& (E)-1-Fhram- 2oodo-T-phenglethene (B)-5a
Pyridinium pulvhvdrogenofiuoride (8 wL) wos added 1o o
sohtion of phienvlacety Tene (URON 2 180 el i dichlore-
wethane (W] The sotution was coaled 1o 3 7C and aso-
Intion of bis(pyridineliodoninm (D teteainoroborate (2220,
5.8% muel, L2 aqpiiv) in dichilovomethane (12 ml) was
added dropwise with stiveing. The wnxture was stiveed 2 h
at roan temperatune, The solvent was cvapotated ander re-
thiced prossure. Water was sddad sl the mixture was oxe
tracted with peatane. The organie phinse waos dried (8 RSO)
aned T sobvent was evaporated amder peduced pressie. The
resitlie was pardied Dy chctantopeaptie on silica wel gpoens
e lo give (E)-Ba (08580 1, 7190 an o colurbess ol
MS (EL 70 eV ez 238 (N 220 g, 102, 100, 76, 51,

e

o (Fi 2 Flaor oendohe pt - Loene (2)-8h
This compumud wis prepared aceording to the saiie e
codiire as B startigy froms -heptvie (LTI g B ol
Faapnration ol the solvent gave i N TRTUR T N

MS (BL TN w2 242 (M) Is6 00

Ptremnation dehydrobrcanmaton of wosatnrated

Pirervioe sbeps

The Hoand Y0 NAL s of connpangeks 0 aee dimprlaved

G tadihin TN amd X oreapmetneody

byt (RNt d e D e i-plicunt
propmnont 7.8 Ba
This compoursd was prepansd acconding 1o the same
procedure as the bromumacids 2ab. starting from vthiyl

2-flnoro-3-phenylprop- -enoate Ta (370 2, 1% munal], Pyvap-

aration of the solvont gave (B* 8*)-8a (632 g, 91%).

IR (B} 297h 2920, 1765, 1700, 1490, 1450, 1370,
Lo, (280, 1206, LOM00 910, 890, RGH. G5, 620,
G em

VHONMER (CDC, HE RMELzy & b3t = 71 He, 3L,
AN (o T el 200 BAN G0 260 T TR, T
(. DL 768 (o, 2H.

HOONMEI (CDOCT GZR ME: 8BRS (CRL), ey (Cliy,
ATOLCH, Sy = IR T}, D60 (O] o = 270 11,
TIRT (20HY), 08 (CHY L0000 (201, 1950 (0), 1615
1Ok, Py B )

MS L T eV Y /2 300 A0 I (M) 2Th, 2T, 207, 200,
SEEL 00 0L O R, R, 120, Rt T

Al eade for Cpoly BegFO: OO TN Fond )
aranh LN,

o Biligl (204290 b rome- 2 horo- Ao (- aceloay-
Ao methargpheng Jpropunonte 8h
This compoutd was prepared according (o the sane pro-
corline s By starting from ethy! 2 ere-3-0 L ave oy
wethoxy pheny Dprops 2oenonte Th (L0 g, 10 ), The
Fesitlue nbtained nfter eynporation of e solvent wis purfled
ecrystallizalion i pentane, ghving (RS S8Y)-8h 0832,

THONRME (CDCT 00 My o FA g o T T 3,
20K (e, BT, ARG (s SHD) AR (g T D 213, 5.0
Ghod 260 Tl LU, 7.0 702 (i BEL,

PN LODH0E HOIE MR A LR (O, 520 (O,
AT LOH L A IS Hs) 00 [ d, Ylow o 2th Ha),
ToRT (0, P2 (T T ORI, R0 ), LELD
TR R TR Tt W P

MS (1L TO 0V /= 306, 304, 852 (M 1), 270,
2003, 202, 200, 18, 166, 1AD, 129, 122, 100, 101, 75, 77,

T, 227,02,

el
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@ [ tint Ty b S - 5‘,/nh| Hq”uu“d-‘_’—! 1
AR
AR TR T PR A R 53 Vane, 2nc b nunobs T eqguivt Ttk
Sl coaeoebhed dropwise S roan temperature tae
~tirred aointion ob ot Tuoa LT ol e FHE Ti0mi

Phe isstare was stirreed For 200 mig, Lee was added, Totlowed
o AN aeguens solution of snifurke aetd. The mixture
wits extracted with dicthy] ether, the organic phase was
driead (M SO0 the solvent wis evaporated under ceduead
The tesihie wis puritied by distifation under
[

pressire
vediteed presasire to give Ga (379 o S0 Bpoag g e 76
Vecordine to VHONMELD Oa wis obtained as o Wil
it
TR il 20975, U725 L6001 100 14900 1365, 1 st 1 240,
ian, TS 1O W20 Ss0. 760, THIL 690, 630 ¢y '
NS R TGN D he twoisomers were sepatated Dy GO MS
(Z)-Ya w2 2010272 (N7 2020 200, 1650 121 1200 10t
10 s ST s ThD T

(E)=9a: a0 27127200 50 2020 2000 560, 1210 1200 101
POt b s T ow) Th T

Ad b dor oy HGBeFOL o0 o H e Foowd O
IR Tn

o Fthyl ¢ Z) o Mfhvaro G poncctory- e thory-
phu lu;f}pr‘n’p Lynodte Ub

Flos unn]inll!ul Wil |)l‘l'[l.ll‘|-li .'ll(uu!illﬁ. tor the SN P

codbnee s Oan starting from dibromoestor 8h 10500 ¢

11 imels, [ﬁ\‘;l|)|ﬂi\1|e»l| ui the solvent cave $bh (0119 ¢

S50 e o enborliss ol

NESEE TN e B N i, s T T
K32 P B LR FA Y]

Patiodiim rm‘r.l.fl"tli rrmllluu,\

o ool puoccdure for prcpaiotion of Huoronedof
cgoes T L
Voneedbee ol padbcdnn s dieerate D0 oo taphuena )
phespdime 0 gy ladobboeeadhone 0200
s e b g weeed bc e o ve e iy L b
Pl ot v wBiceod ab vetlas b
e o b P conannpticnc ol hadotlneealbe e weeo e

Waaben D v 11O AWany Wi :n]n]n! Tos ”Jr vncdes ) aA I thee

rxtire was extraeted with pentane the aene pliase weas

washied wath oo Y

h\nluui.hx;u el |.i \-n]ll!‘,-m th‘“ wiath

Tables XLCTHE MR qpeectea O,

ergad 11 I8 if
NI 1. I"h TR I Tl
AR F'h "I TRCTI T
B i 't TR £ IO TRUNE T
12 1'h Moo nnd T Rt
iFoon e ' [EETL I T
SRR oy v, TR o~
Fotoe [T I [ T T
N
S 1od TNy, i [T T i
TR
A0 nd 1o 1 " T C TS HE
Tl
BT T A T P Pt st o bt o, b

REERN | PRI L PP ARTRTIIS P

A= vkt ated sodim Tvdvogen cimbonate solution, and dried
NSO L Mrer evaporation of the sclvent under rednced
proessute the residie was punfied i the appropriate way ax
deseribed belaw,

The 'Hoand VO NMR data of componnds 10212 are
displaved o tables X amd NH respectively.

e (T)-1.4-Diphenyl-2-Heorebut- [-en-2-yne (E)-10a
Starting from {Z)-3a (.80 x. 3 mmwl) and phenvlacetylene
(.81 g R nunol, 2 equiv). distillation under rediced pressure
gave (E)-10a (0631 g, TUA). Bpaa L1 °C.

TR (il 30200 22000 16400 1490, 1415, 13700 1 120, 910,
®Gth, 690, G50, ATO. 520, 500 e~ !
MS(ELTO eV e 72 222 087,220, 202, 1700 157,

AT T B TS
Aual eale {for CaHGF O st H, L95. Found: O S6.03:;

H. 500,

126. 110,

o (211 Iephengl- 2 fluembat-1-en-3-gue (Z)-10a
Starting fngn (E)R-3a (200 2. 10 mmol) as a 9el0
FZ mixture, and  phenviacetviene (201 g M0 mmol,
2oegnivi, purrification by Hash chomatograpliy on silica
el rpentane g save (Z)- 100 0D T8 15 b as acoborkss solid,
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