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S u m m a r y  .~h inof luor inated i,ilyilt,.~ and dienes were ,~yuthesized stereospeci f ica l ly  lhrou~4h pa l lad iu i ( i -ca ta ly l ,  ed cl indeu- 
sal io l i  of l -ha lo - | - l t l l t l ro i l l kenes  or | -h i l lo-7- lh l l ) i 'oalkei ies w i th  i ( iO l i l i~ubMi l l i ted  i l lk) ' i ies or | l ikel ier,  or  w i t h  a l l y l l r i bu l y l i i n ,  
The  Vill-iOll~ haiolhiorol l lke( ie,~ were efl~l ' iel i l ly ; l t ld sele l ' l ively prepared e i ther  f ro i l l  t t i iOl ' i l ialed i l l iSl i t( l( ' t t ted itl!ids or lh rough 
'.'(I z' add i t ion  to  alkyne.~. 

f l uo roenyne  / f l u o r o d l e n e  / ha lo t t uo roa l kene  / p a l l a d l u m - c a t a l y s e d  c o n d e n s a t i o n  

R ~ s u m 6  - -  S y n t h h s e  r6glo-  e t  s t6r6os61ec t ive  d ' 6 n y n e s  et  d e  d l h n e s  f luor~s  par  I~ in term6dla | re  d e  1,1- ou  1,2- 
h a l o g 6 n o f l u o r o a l c ~ n e s .  De.~ 6nyn(,.~ el des dib((i,s (nouolhior(',~ onl d l t  ~ l)r61)ari~s l iar  cmiden,~ali l i i i  .~l('r('o.~p('cillque, i!ataly~de 
al l  pa l ladhl l l i ,  de I- | l i l lo l~l ;no-l- lhl l l roalci 'ne.~ Oll (h' 1-hiliol~Ino-~2-thio('otli(!('n(',~ ilvl'(! d('s aiCVlie~ vi'iti,~, de~ illCi, lil,s, l ) l l  de 
I 'a l l y l t r i l ) i l i yh ; la i i l ,  [,e.~ | iah)g~;i(olhioroaicbile~ o l i l  ~;I0 pr(~l)arl~,~ n(,h,l ' t iVeli lel l l  soi l  ~ l la r t i r  d 'ac ides fhior6,~ insaiur~s, soit par 
add i l i on  de "XP" h I l l l  ill(')>lll,. 

fhlorOi~.il~nl, / ~ l ( o r o d l ~ n e  / ha log6no l t uo roa le~ne  / ~onden~at ion  ¢~lltalysl~o au p a l l a d i u m  

I n t r o d u c t i o n  

, ' / l ( l l l ( l th l l l l ' i l l i l l  i 'd ili l;l l(ll4,~ i l l '  l i l t l  i l r l l l  l i lOl(,( ' l l [(,~ l i f l e l i  ex-  
h ib i i  h i le l 'e.~l i l ig h i l i h ig i ( ' n l  i u ' l i v i l v ,  ,~iliCl' i i  i, t h l l i r h ie  
l l l ( l l l l  l l i i l l l i( ' ,~ i l h y d r o g e n  l l lO l i i  li%. iI,~ l i u l k  hu l  (,(liif(,r,~ li 
d i l l 'ere l i l  ( 'hen i i l 'a l  r e a v l i v i l y  I l l  lh l ,  n i ( ih,( ' i ih ,  lib ( ! ( i l l i -  
l i i l l l l id,~ i l l  w h i v h  l l i l ,  [h i~ i r i i le  i i l l l l i i  ~)l'l ' i i l l i l,,~ il Viii,Viii ' 
ll(i.~il i i i l i  l l r l ,  l l l i r l  i v l i h l r l y  inl ( , l ' l ,s l i l lg ,~,Vlll hl, l  i(" I lll 'gl,l,~, 
r eq l l i r i l i g  ( 'orre l ' l  i ' ( l l l l  r i l l  (l[' I l l l ,  lil),~il h i l i  i l l i d  M i , r l , ( l ( ' l ie l i l -  
i,~l ry (if lh(,  t h i l i r i i u i l e d  d( i i i l i h ,  l lol id+ Ig i r  i l l ,~l i l l i l ' ( , ,  si,v- 
i , r t l l  t l l l i l l l l l4,~ ( i f  i l i~ l , l ' l  l i h01 ' ( i l l l i l l l ( '~  l i l ' i l l ' h l l ~  l l l lO  I~ II I)l ' 
l i lOl'e l",i l i l l i l i ' i l l l '  i l l i l l l i  h i  v i l i y l i ( '  l l~l,~il i(, l is h l Iv t '  h i ' I ' l l  
~yl i l  he,~izl';I i l i  lh l ,  h im veill',~, A few iil'('l,,~,~e,~ I ( i  I l i i i l i ( l lh l -  
, , r i im led  enym,,~ [31 m i d  c(,u,iul4aWd d i vm ' s  T 2, 51 lulv,,  
l l(~,l i  d lweh l l l l , d .  T h e  iIS(, o1' I h l o r i l i l i l l ' d  (Ir l411ii l i l i i l ' l i i l l i ( ' ,~ 
hil.~ i i lh iw(,d l lil, .~,Vlil hl,~i,~ ill' Vi i l i ( l i l~ sil(,l'i(,,~ I l l i ( l l ' i l i l i l ( ' l l  
ill i( vi i i  vii( '  lu l~ i l i ( in  [ i .  ~1. l i t l l h u l i l i l n - c n l l l l Y z e d  (' l l l l-  
d(,l l .~il lhll l  i l l  l l r l2, ; i l i l iz i l i ( '  I ' l l l l l l i l i l l l l d S ,  [ h l l l l ' i l l i i l l ' d  l i r  I l l l l ,  
w i i h  h i (h i l ln l i r l i ; l lkv i i ( . ,~ hii.~ l i~el i  il,~ed l i t  ,~yiillie,~iz~' f l i -  
,,r w~r , , l lu , i r iu~, . , I  di, 'u, '~ [.',, !i] ~u.I , 'nyn,'~ l l~] 

T h e  l l l ' l 'S l ' l i l  Wl t l ' k  l l ' l l l l l l ~  ;I I l l l ' l  Il iad f~lr i h e  ,~.Vill hl,,~is 
i d  i l i ( l l i l l t l l l ( i r i l i l i l i ' d  (,l iVll l,S | | l id  i ' l l l l , i l lg i l l  ( 'd dil,llO.~, hli~(,(I 
i~li (l i l ' l ,( ' l l ) i l l l ad i l l l l l - ( ' l l l t ( l y z l ' d  ( ' ( l l lde l lS l l lh l l l  ()I' a iky l i l , s  
l l r  i i lkt , i i l 's i l l |  1.1- (~r 1,7-hahl lh l ( l l l ( l l lk( ' l l ( ' ,~,  t l ( ' l 'o l 'd i l l l4 I l l  
s<'hl,ill(' I. :% .~)'iilh('.~i.~ ¢1[' l h i o r i n a l , ' d  I , .1-di ( 'ne is iil,~ll 

• ( '~ l r t~ ,~ l l l l l l l l l ' l l l ' l '  i l l l d  I ' l ' l ) r i l l l •  

den i ' r i lmd ,  l "a r t  M' l l l in  ,.v,arl<. ha:-; a p l m a r e ( l  a~ p r e l i m i -  
II~II'%' t ' i ) l l l l l l l l l l i ( ' l l | i o l l S ,  { ' ( l l W o r ] l i l l ~  l h e  l l~e o[' l - b ro l l lO -  
l-llu,:,r~,all.:.en,,,'.~ I I I] ~u~d l-hr~mi(i-2-11u~ir~,dk,~,m,:,-; [I 2]. 
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P r e p a r a t i o n  o f  b r t m i o -  o r  i o d o f | u ~ m m l k e m ' . ~  

.'¢.qntl, .~i.~ of  I-br,, l~,- l-.lhmrr,zlkunu.~ 

T h e  II1(I.~| d i l 'eu l  w i ly  I~ ] -b l ' l l l l lc l - I - Iha~r,~al lwl l , ' .~  is Ih, '  
\ ~ , ' i l t i g - l y p e  r ( ,a( ' t io l i  b(qw(, i , l l  i i  ca l 'h ( ) l l y l  ( 'O I I I p ( ) l l | l d ,  
[|lll)r(flril}rolilolllel.haile iilid a ph~).~lflfim', devehqwd hy 
Ihtrt~ln [13], lint this meth~ld vmthl roll lu, made ~t,,rv~)- 
,~eh,vl iw'. 



#_  

]l;t\~ ll~'~'ll rul~Hlied. [{~', 'vnliy I-h~d,t-l-lhlol'Oalk(,no.~ 
JIM,,' lil',q~ t l r~, l la l l , ( !  v{,i I f l l l i , r ,  it i t , \  I l s l ; l l i ; i ; l l l l , 5  I I  I. I.'~!. 

\V,' <d>i . i l i .d  l b .  iZ/-1-hr~)uio-t-flu(~roMkml<<'n 1>'," 
; , l l , l l i h i i  ~l<l,llii(>Ii ,)u uusnlural~ 'd ilnor(14rid.~, folh)~ed 
!i~ t!t< ;1i 1. ix 3 };il i\,, eli l ! l i lUll ion (s('ht,lne 2). Thl .  s la l l  b ig  
:1, q , : .  i,l> ( , ; ( ) I  ttl,rt' I l lalh' . ' , . i l : l l d .  (,i:her lh l i ) l l~h  
I)41z~ql~ ('l l l idtql~;aliun ()f ei hyl  fhl(n'oa('etate w i th  aide- 
h\(h,s l l ( i } ,  f()ll()wi'd l iv :-;4lii)lliti('aliOll. or th ro l lgh  in 
sit ii h iol l l i t l l . - ( ' i lh l lyzt ,( l  i~l l l l lq ' isal  lo l l  O[ the ( E l  isonler. 
r -m-n iml t ly  M~lainvd from \Vitlig Horner reaction of 
ethyl  (( l iuthyll)hl inl) l i lm~,)thl~n-oaceiate w i th  the apt) io-  
l ) l iute nhh'hyd! '  [17]. 

.\~ ('Jill tli, ~t'!'11 f l 'oin l~tl)]( '  [. I ) i 'oni i l ia l i (n i  of arol i ial i~ '  
(Z]-2-itll~iroa(.i(L~ ted ( l l l ih.  ,~('hwtivel,v h) (21P.3S*)- 
2.:t-,i ihr, lnio-O-lhtori)a(.i(ls, ex(,eli l  for (Z)- Id .  bear ing  
;ill de : ' l l ' {m-d tmat ing  sul~.~litiienl i) l l  lhe  I)l,llZl!lle r ing. 
l ' lw n:...' ~)1" l - l d i n w i h y l a l n i l l o ) i i y r i d h l i n n ,  tr i tn'o!ni( le in- 

>ielid , iI Iw( l ini l ie only  sl ighi Iv i in ln-oved t lie .~eh,ctivity. 
i l l  l;}it, (';I,",(' ill" the al iphat i ( '  lhl(ir i l~tcid ( Z ) - l e .  attell l l)t.~ 
i~) i1~( ~ hrHinine led l~i ii n i i~ tn re  COlitai i l ing l l ( i l t l  ad- 
, !il i~)li i l l id  ~lib~li i  ill ion ]}l'odl|(,t.~. whereas 4- {dhuethy l -  
i l l i i h i l ) ) l . y r idh i i l in i  l r i l ) ro l l l id( ,  i~l)|)~,ared its a sali.-;fying 
tHl,i!lhl~ilhlj,> H~qll  I,~ih f()l r i n d  al i( l  ~lvi'e(i.~ele('t{vity. 

l ' t w  (/; ') thi(Iroacid.~ rou ld  il~)i t)u stere().~ehwlivlqy 
I f f~mihl l l ied in I he ~nilil' Will" Io (2~*.3[~*) -7.3-d ib i .o l i iO-  
9-thuli'~4('i~ln. dl le hi  I l ic i t  rap id  I)roni ino-( ,ahl lvzed 

i.~olneriz;it ion to  t i le (Z )  i.~olner,~. B ro i n i na t i on  o f  (/~)- 
2 - f luoro-3-pheny lp rep-2-eno ic  acid fo l lowed under  sev- 
eral  n 'ac l ion  coiidit ion.~. T h e  use of  I ) ron i i i ie - i lhh lced 
rap id  i,~onlerization of  t i le  s ta r t ing  acid to  t i le  ( Z )  
iSOliler {comple ted in 7 n lh l  at room ten l l )e ra t l l r e  ) 
fo l lowed by ni l lc | i  s lower a d d i t i o n  of l i ro i i i ine ,  h,ad- 
illl~ I herefore exc lus ive ly  to  I he (2 l? * .3 .~ ' * ) -2 .3 -d i l ) ron lo -  
2- f luo ro -3 -pheny lp ropano ic  acid.  W i t h  p y r i d i n i u u i  i r i -  
b ron l i de  th~ ison ier isa t ion  ra te  was of  the  same o rde r  
a.s the bronfination rate,  so that  botii diastereomers 
were obtained ill proport ions wirying with tile reaction 
progress. 

T h e  following step is decarboxylative hydrogen bro- 
liiide elimination on the 2,3-dibromo-2-fluoroaeids. Tile 
('orre.~l)onding reac t ion  on un fh lo r ina ted  subs t ra tes  is 
kllOWll to be stereoselect ive w i t l i  a n t i  e l i l l l i na t i o l l  o f  ear- 
bo l l  d iox ide  a i id  b ron l ide ,  p r o v i d h i g  i t  is pe r f o rmed  i l l  a 
~olvent o f  suf l ie ien i ly  low p o l a r i t y  Slleh as acetone 1181. 
A.~ exl)e( ' lod, the  .~anie s tereose lec t iv i ty  wa.s o b t a h l M :  
in acelot le .~ohil ioi l. ( 2 R . * . 3 ~ * ) - 7  y ie lded  exc lus i ve ly  
( Z )- l-hronlo- 1-[|llOl'OalkelleS (Z)-3. and t he (2R* .38") -  
2 + (2R*.3R*)-2 dia.,~ter~)mer Inixture led to 
(Z)-8 + (El-3 in approximately the same proportions. 
The bi~t, suit able for elimination wa.~ eli her so(limii hy- 
( ] rogel l  carl~ol iate for a ro tna t ie  ('Ollll)OIIll(|S I )ear ing no 
eh ' ( ' l  r o i i -w i l hd raw i l i g  gr~llll).~, or let r a l i i l l y l a l l n i i o i i i i l i n  
hydroxide for the  o t l u~  Sl l l lstral i ,s.  
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~i l lce the I l le t | lod deser i l ied  nl love was riot s i i i l -  
ahh, [tie prepi t l ' i l ig ([ ' [ )- I- / i r t i l l i l>- i- l l l loroi l l l . tel i t , . '~. l t ) l i d i -  
lit)liS ['lit isollit'l'iZiltioll tif (Z)-3 to (~)-3 wero illVi,s- 
tigated. Z / E  isonierization ot" alk-l-enylbenzelies has 
been shown hi bc catalyzed lly palladhuil (11) [19]. 
l<url.v pure (E)-l-hroiuo- l-thioro-2-aryhq hyh'lles (E]- 
3 a  and ( E ) - 3 b  c~luhl be p repared  hy heat ing  the  ( Z )  
isl l l l l¢'r i l l  the pl'l'SCll('l' l i f  [~al iadi l l l l l  (11) i l iacei f i l l ,  w i t  h- 
Ollt so lve l i i ,  a~ shown in scheine 3. A snial l  l l l l lO l l l i t  o[' 
( Z )  i.NOlller renla ined preSell t  e%'('ll i l l  lOllg('l" reac t ion  
l i lnes.  The  i 'o i ' responding 4 -n te i | i oxy -s i i | l ~ l i l l i l ed  co in-  
pOllll/l (E)-3d could llol lit, elticieutly iSoluerized tllider 
those ('Olldil ions. 

FF f 

(Z)-3 

Pd(OAc) 2 3%~_ ~ ~  

110°C, 4h r 

(E)-3 
X EtZ ratio 

3a H 89/1 t 
3b CI 88/12 
3¢1 OMe 50/50 (from E/Z 33/67) 

~ellOllll~ 3 

S!/utbr .',i,~ ,i.f l - b r ,  i m o -  2 - . l t . < , r . , d t ,  . ,  . 

aud I - . . l . - .2 - . lh i .n , tdk t  m ~  

• . I d , h l . . ~  ~tf .\'1"" ~ l , m , ' t t t .  to .ll,'!/m,~ I X  :: Br.  I )  

.,llss~wiali~m ~t' a p~s i l i ve  llahq4eil i'em~Olll w i l h  n Ihl l l -  
r ide s~lur~.e is an el l i t ' iont way ,~1 addinl4 Nl" ~,h,nwnh., 
h i  ;dk~'u~'.~ . l  n l ky l i oS . . l i l l f l  ; i d l l i l h l l l  ill' I l r l "  l~l n l ky l . , s  
hn.~ I l l 'el l  l i tq't ' l l l ' i l i l 'd ll)" ii~ilil~ , \ ' - I i r l l l l iOi lc lqnl i i i lh ,  i l l  
l l i~' In'c~vuco i l l  th i lu ' ld ly lh i l ,  ncid !:~ll 1. ,,r i l io re ,, l l i- 
~' ieul ly . \ ' -h t l i l l i l l~u l 'ch ihn i lh .  (N I IS i  w i l h  l l ) r i d h i i l i l i i  
i } ,dyl l l~di~l t t l ,n I lul~ridv) (211 Vnrillli~, i l l  hl 'r r l , i l l 'J ' i i l~ 
llil%~, l l l. l.Ii l l , l l l l l l l , i I  i l l  Ihl'  t';l~.l' ill ;dl~t'llt'.~. I] lr i lL~l i l l l l i  > 
i r i l ' l  hvhuni i l l '  iri.~ hydr l l lh i~ l r i i l l '  il~ I lu l l r ide ,~llllrl ' l ' 17'-'1: 
1.3 -d i i l r -u lo - ; i , . ' l -d inu ' ihy lhydan i l l i n  ( I ) l l l l )  WIl.'~ .'illllWii 
I l l  l ie n ilil!i 'v ~,llhh,nl h i l l l l i h in lh l l 4  iWj'ii l ! l ln l l  ,NIIS I'.>:1] 

l i r t~ l l iu lhhl l ' i l in l  hi i i  i~l' l i i l l l i l l~ , l l l l~ l i l l l l l ' l l  lllkyliO,~ ll~' 
I)1111 as l . ~ i t i v , "  l t l l l l l i i l i t ,  .~tllllt'i,, ilhlllll, w i l l l  l l y r i t l i i t i l l l i i  
l l i , I ) (hy lh l l t t l ,n  Ih i l i l id l , )  ll'~ I lu l l r i l le  ~ll l l lTl ' i l i  ,~iil l ' l lhuil' 
l l i ' l  I l n l l t  ~4av~" '~lll i~lvm~', i l '~uh ~ Tli~' l i ' i i l ' l  il ill w!i~ l l i l  n l lv 

r,,gioseh,ctivo, [eaitintA to lh l '  hr( i lnhio a l l l l l l  l l i i  the l i i i -  
s l i l l .s l i l l l le t |  shh. il l ' f lu,  (|ol l l) l i ,  l to i id.  T i l l ,  ( ]q)  l / r l i l l i l l ih l -  
oroalkell0S 4 WOll, o l i l  ai l l t ,d wit h a iA(.id st Ol'O(l~eiccl i v i l y  
{sch('lllt' ,I, labh'  IlL 

Table I [ .  l>rellarlllhin ol" I-hah~-2-1hl,.l~lalkoue,~ II( T" ( ' I IX  
In" ;iditi l iHn ~lt" '.'~ [.'" 1<, all<y~o~ 

.\" R Pt+Mt.'t lsohltcd !licld (~)  Z,/E ratio 

Br Ph 4a  !)3 !i2:i'l 
l l r  l l-( 'r,| l l  i 4b  li5 !)l);lll 
I Ph 5a 72 95:5 
I n-('r>Hi I 5h 83 98:2 

The use of  NBS insh,ad of I )BH  led n i ah l l y  to  lhe 
d i l l ro l i i oa lko l ie  R ( ' B r = C I I I I r .  The  SalllO co i i l l lO l i l ld  wi~.,4 
fOl'liied tl~ a i i  i l i i p o r t a i i l  b.vl lrodliCi (ca ') l l IX) v;hel l  l i fe 
roa( ' t io l l  was per [ 'or l l led in d i c l l i i i r o l l l e lha l le  iu,~lead ()t 
snlfohule. 

When Ihe f luor inah ,d  eliVlie (I~)-13a (descr ibed 
behlw)  was t rea ted  w i i h  NBS a l id  l l y r id in iu in  
l lo ly(hydro l~oi i  [h lo i ' ide) i l i  siil[ 'cllil i i l,, l he  l l i i l y  in'~ldllCl 
f~lrliied "i%'lls l he  iUl l lhl  hah,i i l '  del ' iVl l t ivo 6 (schei l io Fi), 
i l l  it wtlY i l l i i / |o~l l l is  I l l  l'('llOl'lt'(I ('%'l'li'#:.lll illlI,N i l ldl l ( ' t , ( l  IIV 
l l¢lsit ive iod iue  I2.1]. Tho  sl.ol . ,  and exte l l l  . t '  I h i .  n,ai.- 
ii~ul was Iio! f l l r t he r  i l lvesti l4aled. 

h l d o t h l o r i n a t i l m  ill ' l l lkyni,s has bl,l,n el l ' l ,clod l ly 
N - i . dosu~Th l i l n i de  m id  py r id i l l i u l l l  poly(hydrol4~,n Ihl- 
oride~ (211, hy m( , thy l i , , d iu , , ( l l l ]  d i t lu i , r id , ,  I:2r~l ,,r hy 
.\ ' - i~ldl l ,~l icci i i i i i l ide a i ld  p l l ly l i l t , r - .~ lq l l i l l r led hydrl l l4eil  
Ih ior ide 171ll, In Ihe  l w o  l id 10r cii~l,s .~!jll ,~iorl,ll.~oh,cl i v i ly  
was i 'e lmr led.  I ] i ,~ ( l ly r id i l i l , )h ld lmiun i  ( I )  lo l r i l l h i l l r l l -  
h l l r i lh ,  hli,~ heeli  s i iow l i  I l l  l lo al l  e l l ic ie l i l  llll,~il ivi, io l lh le 
source lOWal'd.~ idkyiie,~ 12;I mid  I l l  i,[['ocl m l l i  i . d . l h l -  
l l rhu l t i ln i  ~ll' l l l l l l , l ie~ l'-'.i Tl ierel ' l l r l '  l l ~ l l l ' i i l l i l l i l  ill' Ibis 
I ' l ' i l l~, l ' l l l  w i l h  ti Ih i l l rhh,  .~Hlircl, c ln i ld he ox l l0c lo l l  I l l  ill+ 
Itiw i i l d l i l l l l l l l ' i l i n l i l ) l l  of i l l ltVlii 's. 

.Nyiilhl'.~i,~ ~ll' I-iodo-2-1hi~lrlulll/i,iil,,~ ,~l wil,~ i,IIil,il,iiil,v 
l ler l ' l l r ined l ly i~ ld l ld i t l3 ' r i l l in i l i l l i  l l , l l ' ldh i~ l r l i l l l l rn lo  w i l h  
ll) r i l i i i i i u in  l lo ly(hy l l r~ lg l , l l  Ihiln' i lh,) i l l  i l i ch l l l i ' l lu i lq  hnin', 
The i'oli~,li l l l i h'.l I l l , i l l iV i,xlhi,~ivl, ly Io  Iho I'.' iSlili l lq' ill' 
,~1, i ' l i r r i ,~ l l l l l l l l i l i l t  t l l  l i l l t i  :~h,l 'oll~l,l l ' l ,t ivily, 'l ' l l~' i*i,Sllll:~ 
iil'l' ~lll l l l i i i lrizl 'd in ,~l'lll'lill, .I ilild Inhh, I I ,  

• I l r o . l l u l l t m n  df/~gdrobromnmlitm oJ' iHl,,,tihn'ah'd 
.]tll¢l/lllLli/f 'F.N 

~lll l iO disnhst ii i l l  i,d I-l l i ' l l i l lql.,2-,l l i i l lr l iall it,ul',~ Wl,l'l, ~,tlsily 
~l l l t i i ihl,d rr l l l i l  Ih l ,  i l l i ,~ l i l l l r l i lo l l  Ihllil'H~,.~llq'~ 7: l l r l l l i l i l l i l -  
I i - i i  l l l ' l , l lh l , r  I , )o r  ~ . 7  I' ldhlwell hy i h ,h jd r l i l l rH i l i h l l l l i l l l i  

"X F" 
1.4 ----- ÷:.~:~'-- H ............... ..- 

O 

O 

R X FI II >% 
F H F X 

lll{l]Of 
4 X~B~ 
5 X ~ l  

, Py Ht sullohlno, 0 (', 10 ran, Ihen 20C, 20 mn 

"IF" = Py2l' BF.~, PyHF - CH->CI~; 3"C to 20"C, 2 h 

.l'leliollll~ ,1 
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P i+ F 

l+n <[" . "t3~f "' - . . . . .  ~ -  

\ = = : /  Br 

Ph 
(E) -13a  6 

T a b l e  I I I .  Palladimu+catalyzed condensatkia of halofluo- 
r inated alkenes with tnonosubs t i tu ted  alkynes R C~-CH. 
Reaction conditions: a lkvne 1-2 equiv. Pd(OAc)2 2%, PPh3 
4%. n-BuNH2 or NEt:i. reflux, 3 h. 

.l"it'h ~i  st" 5 ( E ) - 3 a "  
( Z) -3a  

un ih , r  h i ( h i  c . n d i t i o n s  (DBU,  20 °C)  afforded select ively ( Z ) - 3 a  
Z-9.  +is ~ ihown in sl.'heni(, 6. Th( "  l -b romo-2- f luo roa lkenes  ( Z ) - 3 b  
9 a  ;itld 9 b  wew oh(a ined  from 7 a  a n d  7 b  wi th  g lobal  ( Z ) - 3 b  
i~,,lawd t i eh t s  of 76V4 ( Z / E  r a t io  95:5) and  61<~ ( Z / E  (Z) -3e  + 3 d  b 
rat  i .  9~:2 ) t'l'Sllt'('t ( re ly .  ( E ) - 5 a  

T h e  obse rved  s te reose lec t iv i ty  r e su l t s  from the  previ-  ( E ) - 5 b  
nu~ly d i~russed ~electivit,v of b r o n i i n e  a(hli i ion,  l ead ing  (Z)-9a'+ 
in a l l  t:+t.'+('+ to  the  /7*.,5'* d i b r o x n i t i a t e d  c o m p o u n ( I  8, 
f-Iluwed hv +lnh dehyd rob romina t i o l ] s .  P r e p a r a t i o n s  of 
in lmldi l l i , r+i+l lkPl ie~; l i i , l ik i l lg  a s i i u i l a r  use o f  anti e l i m i -  
i ta t i l ) l l  renet iOl iS have } lef. i i  r e p o r t e d  [2~, 791. 

P a l l a d i u m - c a t a l y z e d  c o n d e n s a t i o n s  

Th, ,  ~ t r n r t u r e s  of the th lo r ina tod  1.3-onytws and  1.3- 
di,,n(,~. +vnthesixt,d tllr, mKh p a l l a d i m n - c a l a l y z e d  con+ 
th ' t is i t l  illll.~ ill'~' : ',qlll l l l l; i l ' iZe(l i l l  s(' l i~'tl i[ + T 

,'¢!/rtt/w'+i.,+ of Jluorulab'd l,,7-¢'ntlnC,'i 

l '+dhtdiuin-cata lyzcd colld(qlsaliOll o( ' i i lhtq 1.1- or 
1.2-[l+lhfllut. 'initted n[kenvs wi th  niono..+uhstitttted alky- 
lw+ plOC(,<qh,d wi th  good yields,  u n d e r  c<~ndiliolIS s imi-  
[al l+~ t lu~sv .h,..,.riht.d I i .  . t i l e r  Villyli(' l>roltlide:.i ltr io- 
.li<i~,~ (;+ul: I)+llla<liultl t l i ace ta te  al ld Iri l ihenx ll>hoMihint, 
a.,. c;llals..,l, ill relhtxing In l ty lmnin l  + or t l ie lhyhul l iUe,  
l ' h , ,  rl+ii('l (ti l l xl.',~u; t o t a l l y  ,~ lcreo+ele( ' t ive.  except,  i l l  l h l '  
~ +t.'+t' ~1' i l w  liiO,+-il h i n d e r e d  +llhsl, r i i i t ,~  9.  wh i ch  r t ,qu i re<l  
h i l t~h,r  l lqi(,! i l ln c imd i i  hill,.,, ' l ' h .  l'~,~llll+ nl'l, +n ln l i i l l r i ze< l  
in t,ll>lt. I I I  

It C;lli t . ,  i l t l l  h.i,d l h a l  l i l t  I ' d ( l l ) . c i l l a l y z i , d  i ~ lm im iz i l -  
l i, qi ,+1t Z t - 3  l lCr l . ! i i ,d  I l iuh , r  I h(iP.o i ' l lnd i l i~ l l l+ ,  A d d i t i o n  
• ,! ( i l l  l<, t hv  it,m l i im  l i l i ~ l i l r , . ,  [)tICtl r , ' l ' i ln i l i ie i id l . t t  in 
f i l l , ,  I ~ l l , ,  ~,1 ; i , ; l< , l i l i l i  [:li I, , t i , I  l i l ) l  itl i l l l~lt'<, l l l l l  rv~.uhP.. 
t)ui , ; t l  ;ll~ .',,,I ,,. i, ln t iv , ,  v,,ul, l im,, ' ~,t I h,, ; l l lo ,uv  wh, , l i  t t w  
t~,ncl i tq l  wi i+ i l t l l  in, l ' l i i l+l l l . l [  i l l l d l , r  i l i l , r l  i l l l i i t is i lhel 'O.  

XVhcti  a i l , ,U l l> l l ,d  iu l l u l y h u n i i i , , ,  i , , t l c l io l i  td" 3e  V¢ilh 
ni l  : l l kvn t ,  i l l (d in  I hi + c in id i l  i - i i ~  dv:,4ci' i lwd t i l i l lv l ,  d i d  I l l l l  
I , , : . t  i,+ I I w - X l . ' < ' i , ' d  i ' i lyl l l ,+ l i i l l  I l l  t i l t .  a t i l h le  I.~c, I " - r -  
i l l n l h , l l  i l l  IPil~ I l t ) l l i  3c ,  i l l i l l  t i l  il~, I l l l + i l h~ l i l i l l t q l  i t l ia-  
I,>j,> IPi;I l l~l l l l  ~|il, wiq-i. , l . ,<k , . , l  I l l  llCClll' t v i l h t l i i i  lh l ,  
l l l t '~,rl l l~" ill ' +ill nll';~+l. '` iil i~l I l l  I ' l 'qui i 'e  IIW IIlr'-+l'l i l ' l ' i l l  

,b'tar#inq R Product Isolated E l  y ratio 
rnal<:>rmt .qle.ld (~  ) 

( Z ) - 3 a  Ph lOa  7l  10l):0 
P h  l O a  ~1 1(;:90 

,t-C~,ttt t l l a  (i3 100:0 
CMezOH 1 2 a  40 100:0 

Ph 1 0 b  75 10O:0 
n-C~Hli  l i b  73 100:0 

Ph l O e  71 100:0 
Ph 1Od 93 67:33 
P h  1 3 a  8 3  100:0  c 
Ph 1 3 b  75 100:0'  
Ph  14 f 68 d 40:60 

aConlaining I[)~Z Z isomer. 1'67:33 Z / E  mixture. ' T h e  minor 
Z isomer (from tnillor E isomer in the starting material) was no 
longer det+~t~l after purification of the product. <If(her products: 
E aud Z la .  "Containing 5% E isomer. ~Phenylacetylene 3 equiv. 
PdIOAc)~ 4%. PPh3 87(. reaction time 21 h. 

t h e  pa l l ad ium ca t a ly s t .  T h i s  r~.'ttlt cat] lie e x p l a i n e d  ~"  
p a l l a d i m n - c a t a l y z e d  s n l ) s t i t u t i o n  of b ron f ihe  by  b u t y l -  
a m i n e  [32]. fifth)wed by hydro lys i s  of t lw  r(. 'sulting flu- 
or(gCllalllille ( s cheme  8):  t h lo roe l l a l n i t l~  tire k l lown  to  
u n d e r g o  fa.st hydro lys i s  1o a l n k h ~  [33]. Use  of  t r i e t hy l -  
allli l le al lowed to e l ) l a in  lilt, no rnml  ( 'ondet l sa l io l l  PPill(-- 
l i on  of 3C. 

,'%'ilrltlltCrs+. ' OJ" flu<.'Inuted #.d-d.'m'.~ 

lh , ac t iml  of l . l -  or 1 .2-ha l . lh lor tmlkene~ wi th  s u i t a b h .  
,thyh.uic <'<nnpounds t]ll(ll,]" i h t  + mlll]ll, t 'ol]ditiollS ll~ 
a b o v e  h'd to f luor ina tPd  1.3-dionP~i 1 6 - 1 9  {.~chPnw 7). 
as shown itt t ab l e  IV. 

hi  all ('iL~il .~4 | h i '  react  loll wa.'. stere~l:.eh'etive P('tll(~l.'l'll- 
till' l'll'i" tlllllitlq'h|ah'd d,.ihh, hond a.~ ll~Ital ill Nilch Foa('- 
titill~, IIIlIV lh,i' hydPl)l~lqi +llOlil tf'-¢ITl'+ I f  the  +ilh~littl,Pllt 
wa.'. n 'nl .ve.d i31]. h wa+., a lso st(.r~im.h.ctixx. Pl i l lC l ' l ' i l i l l l~  i 

,h, ,  hah ,Kena t , ,d  , h . d d ' i '  l . , t . l  w h i c h  n ' t a i n , ' d  it,. i u i l i a l  
>.lq,rc.t,chvmiM r'~. , , x v - p t  I~,i + P.uh+,.t rat,... 9 '0 .h id i  led  I o  an  
I"  Z m i x t m q ,  

l ' r , ' I m r a l i o n s  - f  t h e  2-1hi , , r i ]mle<l  i.'-,tllllt.l" o i  th t ,  
l - l h . , r i t , a h , d  dWtw  1 7  h a v e  l . ' e n  d t .~cr i l ,ed  re< ' t , la ly  1:15]. 

,~,'qntli+ ~'i.~ <,./fl.<,ri.<Itr.l l.+~.di+'n, ~ 

l lir,.*t l ,Mh.liuli1+,atalx+', ' , l  ,',nililili+i: ,,i ' l inyliv hali ,  h'.'. 
w i th  :i <':irh,t,ll hy,dr,,!+P,,'ll I . . , , I  ,h . - .  , . ,I  q,t'~'ilt ill t he  

l+f, 
A r C I I :  (~J C()OI I .................. ~+ 
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R1CF== ~ 

R 2 

R = P h  10 a X = H  

b Cl 
c NO 2 
d OMe 

R=n-C5H11 11 a X = H  

b CI 
R = CMe2OH 12 a X = H 

R l = P h ,  R 2 = H  13a 

R 1 =n-C5H11, R ? = H  13b 

R 1 =COOEr,  R 2 = P h  14 

R : 4-Me-Ph 16 

R = COOEr 17 

R 1 : Ph. R 2 = H  18a 

R 1 ~nC5H11 ,  R 2 = H  limb 

R I ~ COOEI.  R 2 ~ Ph 19 

Sclmme 7 
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allylic positiou, therefore prelmratiou of 1,4-dienes re- 
quires the use of all organometallic con lpo / In ( [ .  AI- 
lylic t r ibutyl t in deriwtlives are known to undergo e~y  
palladium-catalyzed coudeusatiou with vinylic halides 
[36]. Reaction of allyltributyltin wilh (Z)-3a  ill the 
presence of tetrakis(triphenylphosphine)palhulium ill 
refluxing t.etrahydrofm'al: h,d to plrro (E/-2-fluor~l-1- 
I~}lenylpeuta - 1.,l-diene 20 iu a 7!}¢~, yield (st'helllO !)), 

Conclusion 

Preparations of 1,1- and 1,2-halofluoroalkenes have 
been described, Palladium-catalyzed condensation on 
these compounds appears a,-, an efficient method for 
stereoseleetive synthesis of fluorinated enynes and di- 
enes, Direct coudeusation with alkyues or alkenes with- 
out tile intermediacv of an organometallic cotntlound is 
often possible; except in the case of  ilindered halo[hwro- 
alkcncs, it. proceeds quite stereoseh,ctively. 

Experimental section 

IH NMR s~oct.ra were  recorded on a I3rukcr AM 250 ,~l~ec- 
tronlt, Lel', ~:t(~ NMR spectra clll a Bruker AM 250 or a Bruker 
AM .I00 spectromt,ter, Chemical shifts (b) re't, ~ivl'II in plIm 
dowtdie ld f rom t t , l ranmthy l~ i lant ,  a~ inl.ernad s tandard ,  For 
~a(.; NMFI  spect ra im l i ca l ious  iu Imrentheses (CH:~, CFI~t, ( ! I I  
or  C) nfft, r t o  t lm uumbt , r  ill' I I  a touls l~tlrIie by the  cuusid- 
crt~t cltrbou, ~,,~ dt,t.ernfitwd t'rom tilt, ,l-sllt,t%rtlm. ~Vltell lilt' 
pvak iuteusi ty corn ,sp tmt ls  l.o tilOi,t~ t han  otte CIlW|)t)lt it is 
alstl tut,lditlnt'tl leg,  2CH), hi tilt, lalIh,s.I lhvse  illtlit!lltlous 
l l l t '  l it l l dHai l t ,d  for  t,ach t ' I trbolI, bi l l  t i l t ,  llS."lil~ltltlt'tllS tll ltdt' 
Ill*t" ttlwtlys CtlllSiSlelll wi th  lilt, rtlrit,Slmudiul~ da ta .  

!tlfl'llrt'tl sl)t't'll'll WOl't' I't't'tWdt'tl oil tl Pt~l'kill-l'~hllt,r 
~l,tl.tl inslrtliilt,lll, l'~llt.'~s sllt'Cll'lt tillS) wPrt, tll)|ltitlP(I till It 

*~ , NHBH ,At '~ ,,l:h l l " l l  Av NHBu H,,O 

F( ~ , l~t~Nll.+ ............ ,,. __ ............... t,. AI / '"" + 
F 15 

• ~C|lt~llt(~ H 

T n h h .  I V .  I ' :dhl ,  h . m ,  ,~tah'~,~l ~ , . . h , , ~ . a l . , .  ,,1 I . d . l h l , .  m;d, ' , l  ,tlk,,l~,'~ ~ it h ,,I h~ h,uir ~ ,n~ l l . ,m.b .  
I~ I ' l l  ( '11: II,.a~ l~,~l; , . v l dd i . n~  ntk, vvi~. I '.2' ,.qn~v, I',1(1~%, I~, '.F;, I ' l ' h~  i ' : i ,  NI",I ~, ~vlhn~, :! h 

,~,'tortln,~ I~ t ' t~ah. ' t  I so t . t r d  I ' m d m  f NVl .ml t rd  
vmntrv0.1 u .  hl (%)"  ,~lvfv. l ' l .mJ.~tr! l  ! / . 'h i  (I;~) h 

(Z) aa vM, .  I 'h HJ ~r, i I , . ' , I . ' ) / (Z , I " )  ,r,~,; 7:~ (1':,/':)~ : ~  (Z,I.. ')  
( ,~ .~o ( 't i l l l , ' , l  17' ~111 ( l , . ' , h ' ) l (Z  I:' l  !l,~,:, ~, TI (1",1',') 
i ~ )  .lit" I ' h  It, In ~ , ~ i  ( I . , ' , l ' ; ) / (Z,h, ' )  t.qll:l.l 12 (I.:,1':), ,I (Z,I,,') 
( E) S b  I ' h  ! 8b  !l:l ( I',', I "}  ~ 
( Z ) 9 o '  l ' h  l i t '  !l~ ( b ' , l " ) / i Z . l , ' )  7 I ~ l l  

'|~.'|~1.' ~t. I,-.,t~,,lll,~l ~.'lb,iv,ill,,vl l'l~,~l.tt,'d ~,lrhl hq ~S'lml~qfv, I, |HIllltv, I ~h.ll.qiD~lllli¢,l., Il l l l l l , hl,)lll,ll~qu~tl~h%' 
,m ~IIL,,L V¢.'I ' l 'd((~.%, l :  I ' [ ,  I ' l 'h~ t i ' ; ,  Iv'~lqli, ql Ill l l, ' I~ h 'l{',,lll~tillHi ~ ~'!~ / imilll,'l ' ( ' ,qi l , lhl i l lv, ~'l'" 

I .... utl~'l I~ l \ : * ,~v Iq.,itlr. I ' , l t t ) \ ,  1: " , ' ;  I ' l ' h t  I i) ' ;  

/ /  

P. D, t%s/_/ /  PdiPi~%)4 ptl C "  

(Z)-3a (E).20 
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\ '  I lN , i t t  ]~ l i i  l i t , "  I I I ;1~ ~ l l ¢ ' l l l i l l l l C l t l ,  i ' ] , ' [ l l t ' l i l l t [  ; i n a l y  
.... v , , l ,  t~,'lh>ili i+',l I>\ l i ra ~ , , r v i ~ ,  ~h' Xlicr~lanals+~l • de  
i !  ~ ' , ,  i , l i ,  ! ' i l  l i ,  ~1 ~ l m h - t ' u l i w  Xh 'h in ,41>oi i l l>  ~\~'1~' Illl>;i 
-ili~.<l t i - l i i ! !  ;i t lm ' l l i  - 4 t t  ~ a t l i l h l l  ~. l l t l i ) i i l " t l i in  iiu~t lit'~' illlC¢)l>- 
i , ,  i, <l 

'-,,,It, I l l -  t t< l~  4 i - i i lh '< t  ,m ; i l ~ lqcq l r i ah '  I ' , ,a~l ' i l ln ( d i e l h y I  
, i ~ ,~,1 I I i t  , , \ ,1 -~ . l i t l l i i - }ug l /~q lh? l l l q i t '  ; i f l t ' l  drvni,_, <~11 
p, da~.~ii i l~ l~vd l , ,× id<  d i c h h l r o l n e l  l i an l '  and  l r i c l  l i y l a n i i i l e  
,>~,,~ < a h ' i u m  h v , l r i d - ,  l l l ' l l l a l i , '  Oil pht>sl41or ic a n h y d r i d e ) .  

] ]F,, l I~ / t / , l l  #, l tH .~. ;-</ i lHIJl IHI-.~.-Ihl tH'¢Ir lCi¢].~ 

[ J l ' lH l l i l l l  
I~ , l , ,u ih . ,  i 1.7", m l . .  :~:~ l l l l u M  I , I  e q u i v )  xva.~ a d d e d  d r o p -  
wi>c 1,, a ~-, , Iu l i . i ]  ¢,t 2 -1 iu , , r~p ro l ) -2 -en~dv  av idn l a .  l b .  l d  
1311 nun~d,  I ~'qilb,') in I t ' I r a c h h l r o n l e l h a n l '  ( l l l l )  n i L ) .  ,n" 1¢ 
(: i l l  i i l in ,  ll) in di~'hhlr, lul~,i ha l i i '  ( I l l l l  n i l . ) .  " rht ,  rea¢' l io l i  l i l iX-  
IiI1~ > %%;i~, s l i r i e d  ill r e l h i x  l~, l l i l ) ,q' ; l l i l l '~, for  :'1 h. T h e  c o o l e d  
: l i l i l l i ¢ ,u  was washed w i t h  it .~lllul i tn l  ( i f  s l l d i l uu  i lv l i l ' l l l~e l lO-  
~ult i l~ ,  in  ¢ l idur  l l i  ! ' l i i l l i n i l l e  i l l l l ' l '~l i . l ( ,d l l i~ l l i ih le,  l h ( ' n  w i t h  
~,\ah',,  T h e  ,li'IAailic l lha~e wa~ d r h ' d  (X[14,1"i()i) n l id  t h e  ~ol-  
\~ l i l  wp~ pvil l)¢lral~' l [  i l l l l [~,r r , ,d iu ' l ,d  lll'~,~,~,lll-i,, "Flu' r,,si~hie 
~i~.  l u i r i l h , d  hy  I 'ec ry~ la l i i zn l  b in  in  te l  r~ td lhn-oniet l '  111t,. 

l 'h, '  I l l  a n d  i i ( ,  N ' M I / d a l a  ¢l l ' ( ' l lni l)011nll~ 7 ill',' d i 'q , lay , ,d  
ill i ;dd, .~  \ "  m M  V I  i e ~ p e c l i v c h  

• / . . i l l  ~..I,~" * ) - ; j . . ] - l jT t l l ' l l l l l f l - .7 - . l l l l f i l 'O- . ] - l l f l f l l j l l l l l i l [ l ( l l l , )T I .  

,I,'id (R *,S*)-2a 
Y i , ' h l ~ l ' . 7 .  Xl l i  I1:1 I l l  ( ' .  

111 r K H r ) :  ;1{1(~ll. 21!1(I. 7,~:13. 1731i .  13tl l l ,  1 l( i l l ,  1 1211. 
I "¢;.~, I :115. I 711(I, I 213. I Hi l l ,  111~5. I~ilTL I O l l i .  f l ' i l l ,  
<'~!i-i. ',Tdl. 71111. ]'Dli, ]'711, 7111i. i i ; l l i  ii911, lill-u 5tb"~, 57 i t  ~.ii~ l 

M % ( l ] l . ? l l ~ , \ ' i : m , .  21T, 7 i 5 ( . ~ 1 '  I I r ) , 21 r . l , 7117 ,2 i l l l .  I t i t i .  
I~i5. I Iti, I;17, 129. 177. 191, 191i, I 1~ ,  I l l ! t ,  111:1. 11i7. I l l l .  

.i 1. ,~!i. ~9 .  ,~1. ~li .  T!l .  77 .  7~i, 7 3 .  7 1, ti!l, l i;I, 57. 

• / ?ll' ". i,W') . : . , ' - l ) H , ~ , , m , , . : - / M , , n ~ -  ~. 

, ~ ,hl,,~+,l,h,.u/~l,,,,i,,m,., . , , , I  f [ : t ' . N ' ) 2 b  
'i i , ' , l  " , ' , ' i .  \ I  I, l l i l i  I i i7  ( '  

" l ' M d e  V .  ~t 

11/ (Kl>~r): ; I l l ;h i .  2 9 1 5 .  1751i ,  17:1¢I. 15911. i , l ! i i i .  1 115. 
I 71111. 1 7 1 0 .  1 1 I I I ,  1 I l l ) l l .  1 I)-15. 1 I )1~ ,  ~9 ( I .  ~')Fi. ~( i l l ,  77,~.  
795, ti(1(1, 5S5 t i l l  I 

\ I ,~  ( i ' ] .  ? l i e \ ' ) :  m / :  : l f i l .  : i62. :l(i(I, :1-"~ ( ,M '  ]. 7 S l .  279 ,  2;1(i, 
2;I-1. 2(12. 2(t(i. IS(i.  12(I. 111. fi l l. ~2. 75. (i;I. ,'37. 

* /..q~ <.,75~) - ] . 7  D i b ~ m . > - ] - , / 7 . < , ~ . - . #  

(7-~lilropheiq#1Jf,opanoic field ( R  *.S*)-2c 
Yield S2V~. Mp 211 212 <'('. 

XI5 {El. 70 eV): n l / z  292.2!)0 (M + Br), 247.2-15. 217, 216. 
211. 189, 187. 165, 15(i. l'l(L 133. 132(I. [08. IIl[. 94. ~1, 
7T. 75.63,  57. 55. 

Xl~ (('I. Ntt:~): m / :  391. ;1~9. :IS? (M + NH~ ). 

I 2.J-IJibromo-J-.ltnoro-,7-(~i-,.etho:qlphr..ql)- 
in'Olm,Oi¢ ' ~. ' i d  (R~.S*)-2d + (R*.R*)-2d 

Yield !)3~A, (17:3:~ nl ixhu 'e  of (R*.S*)/(R*,FI*) from 
H NMR. 

I l l  ( K B r ) :  :1116(I. ; l i i 2 5 .  1645 .  1605 .  1 5 1 0 .  1 4 6 0 .  12gO. 
1 25l i .  1 IS( i .  1 075 .  9115. ~115. 73f1. (i511 cn i  i 

M,"g (/El. "70 e V ) :  m / :  :11 1. 312.  310  ( M  + (,(.):~). 3(15. ;10:1. 
23l i .  774. 715.  I ! i t l .  17!). 17(i. 1(i1. l~ l i .  171i. &9. ~ 1 . 7 7 .  ti: l, 
ST. 

i ( 2 R * . . A ~ ' ~ ) - 2 , . I - l J d m m i o - 2 - , l h m r o o c h l n o i <  . <l¢'l+t 

(R*.S*)-2e 
~ - l i d  - l - (d im, . , thyhml in , l l )F ,  y r i d i n i u n l  t r i l m . m l i d i ,  (2 .T2 g. 
7.5 n i i nu l .  1.2 (~tUb, ") ~.~.'ii~ ndd, ' , [  i , ,  il s o h l l i o n  ,if (E)- 
° - t h i o l o u v t - 7 - e u l l i ¢  ac i d  ( E ) - l e  ( I . I ) l i  I~,. ii.SFi u u n o l ,  1 e q l l i v )  
i',l d i c h h l r o i n e l h l u i e  (1(I l i d . ) ,  m i d  t h e  lU iX l l l r l ,  %Vil.~, ~ l i r i ' l~ l  
; i l  i 'el'dix l , , l l l l i l . l i l l l l l . i ,  I'~r I~  h, ' rh l .  c~ulh,d ,~ohl l i l l i l  %vil.-i 
d ih i l~ ,d  w i i h  i l h ' h h l l ' l n n l q h l l n i ,  n l i d  wn~l i l~ l  w i l h  a ~n l i l i i~m 
~lt ~nd i l i i n  hydl~l t4ei l~l .~i l l t ih,  i l l  o r d e r  i~l e l i u l i l i l l l e  i l i l r l , l u ' l ed  
l - ( d i l n l ' i h y l i , l n i l i ~ i ) l l Y r i d i l i h l l u  i r i l n 'o l l i hh , ,  T h e  lll'141ulic llhtl.,,4e 
~an  wa-'4ied w i t  h ii 211~)~ iilllW, l l l l~ h y d r o c h h l r i c  I l l 'h i  .~ohl l i~ i i .  
, I r i vd  t ,Mt4~()~) ,  m i d  Ih l ,  ~dV~,l l l  wa~ eVll l lOl ' i t l l ,~l i l i i l l e r  t"t~ 
,lu~',,,l lU,"~.ur~' I , ,  ~ iv , ,  l e  I I ,  I ; I  ~,. 77';~) ~l~ a c~lhn'h,,~,~ . i l  
I~,';:17 I h ' * . . ' w * ) ( # l * , # l " ) n i i x i l n p  a<'v~,r, lin~, h~ ~11 N M I I ) .  

\311~ -,h,~ t,,~ !( ' l l < l  "( ) ( ' l ! ~  ..'r, l l  \ l l i / I  ,1 2 :t d i t  i III, -7 t lu . l~ ,a ,  id -  7. I{ ( ' l l l h  ( ' l " l l r  ( ' ( R i l l ,  

f " ' " / "  , , , , , , /  /,' ' '1# H 

~, I /111 

( l ~ ' . ~ * ) - 2 a  I ' h  5 t i 1  711 F'~ 
! I 1 " , ~ ' )  21, I I ' l - I ' h  "~!i7 21 in  
i ] l ' . S '  ) - 2 , '  I - N i l  , - I ' h  I 1,7<] 7", I! 

! 1 "  ,,~' ) , 2 d  I ( ) \ h , - I ' l ~  5 , ' , 7  71i ' ,  
I 1 "  li' ! 2 , 1  I ( )),h,. l ' h  t ,Ji  I 2",.11 

i i / "  , S '  ) 2 , '  , 4  '-,11 II I D I I '  7: ' ,  1 

' , l ,h l  / .~, 

I } > I ,  %.' l .  i 

I~ ,,~ ,~ , 

( 

II,. I I  t It,. m, , l  2 2 I I /  

7 I l l  t in ,  ; i l l ) .  7A; I I  (m .  2111 
7" ,1  1 , 1 . 7 5 1 1 z ,  211) 7.1iX h i .  7 5 1 1 z .  211) 
?!k, ,  (d. " , ! l  I I z .  2 I l L  ~,2~i (d .  ~,,I  I I z .  211t 

:~.,~ll ~ .  : i l l ) ,  t i ~  r, ! d .  ,',.-, I I z .  2 1 ! ! .  ?. ' . l i  ( , I .  ,',.5 I I z .  211)  
l i~ l ( i  ( t .  J i l l  11z. :111). 1 . 3 2  I r a .  i ; l l ! ,  1 7 1  ( i n .  t I I L  2.11:I ( m .  I I I )  

' t '  XXII , I  >-'I,,', t ~ i  ~¢ ' ] ) i ( ' t R l l ' l l .  li2,,~ M I U )  , , l  ~ , : L , l i l , ; , , m , , - 2 - l l u , , . u .  id,. 2 I{ ~ " '  l l l h  ( " " ~ l , ' l l l  ( "  ~ ( i ( ) l l .  l",~r 

h "  .'4', ~a I 'h  l~,'l 2 ,2DI *r~'~ 12 .L !  -,2 ,. 21 
|~ '  ~ ' ~  '2h I I'1 I ' h  I l i ' ,  x ,?',~ , t r i ' ,  i-~71,~ " , '2h i I "  
I'~" ~ ' ]  '2c I . \ ( ) ,  'h  I t i t i  7 ~'2:{I ! r ,  7, i'_'7:{! 1 ' 1 t ~ t 2 2  
l i "  .~ '~  2 d  l ~ ) \ h .  I ' h  I~i l  :I ~1 i ]  H i i 2  (21i9) ,1 ; , ( 2 N  

I "' / '~p ( .... ( . . . .  :' ( i lhf  i 

1:1211 I : l ' , ; I  12!J I l :121i  
I :H ' .7  117 .1  I ~ > q i ,  I :h i . ; I  
I ;111 17,Ii.;, 111.5,  I : 101  55,2  ( ( '11~)  

I ,L! i  ( ( '11~).  22 :~  ( ( ' I I : L  21i.9 (~ '11:) ,  ;{l l ,? (¢ '11 : ) ,  :11.<~ ( ( ' 11 , )  

J),,!l)~l, I ,l,I, Ii, ( " / l l ' l l l i l ! l l :  : ill J i l l ,  l]ll ' l  . . . . .  tJ J | " , , , I I~l , l tLI Ill i [ ,  ~ ) '~  ,,I ,~ -~  , i, ~p,,, tp,,  I; %d' , ,  nl ( 1 ) (  *I i  



7.17 

IR ( f i lm) :  :2!}15, 2920.9,~5(I .  l 77,0, I I( i l l .  I ;;,~tl. i 2(;ll. I 1(15. 
t L0(t. I t}(;0. ~7F), ~. |5,  725 .  6 ~ 0 ,  (il)ll. 57. +'> t ' l i l  1 

M S  ( C I ,  Nf t : l ) :  m / - -  3.111, ;(:iS. "13(i ( M  + N H I ) .  2(i  +), 17S. 
15!}. 
T h e  sdill(, l ) ror t ,dure,  n lq ) l i r l l  It) (l<+')-2-thlt)rl) - 

3-(4-u l tqht .xypl l t~nyl )pr t+q)-2-enoh • acid ( E ) - l d  (I).39'2 12,. 
t i l l l i t ) [ )  [('d tt +i ' - ) ,3 - ( t ihr t+ ln( i -2 - t [ l toro- : i - ( - l -n i t ' l | l ( tXy l lhenyl ) -  

propanoic acid 2 d  (0.1i/)ti t2,. ~5 ~/t ) as a 74:7(; ( I I * , S * )  / ( #7<<,/P + ) 
m i x t u r e .  

Decarboxylative ell'migration+: 1-bromo-l-fluoro+dkv.~w.~ 3 

T h e  I H and i : lC N M R  d a t a  of  co lnpounds  3 are d isph lyed  
in tab les  V I I  ant i  V l l l  res l )ect iv(  ly. 

• (Z)-l-B~vmo-l-fluoro-2-phe,ylcthem~ (Z)-3a 
A s o l u t k m  of d ibronloa¢id  ( R * , S * ) - 2 a  (71.3 g. I).22 inol) 
in a c e t o n e  (6(]0 mL)  wins s t i r r ed  a t  reflux t c m p e r a t  ~lle wit  h 
s o d i u m  hydrogen  c a r b o n a t e  (54 .8  g, 0.65 tool)  fi)r 5 7 h. 
A c e t o u e  w~s evapora t ed  u n d e r  r educed  pressure .  \~at(,r an d  
d i e t h y l  ether  were a d d e d  t t)  t he  residue,  the  l n i x t u r o  was 
e x t r a c t e d  wit h c t  her.  T h e  o r g a n i c  p hase  was dr ied (MgS( ) .d  
a t td  t he  solvent was  e v a p o r a t r d  u n d e r  reduct 'd plt+sstu'e. T h e  
resil.|t le (4F~ g} w;~.,'-i i )ur l t iCd by d i s l i l l a l i on  llll¢[cl" r¢,(ttwt,tl 
p r e s s u r e  hi  give ( Z ) - 3 a  (36.1 g, S2tZ,. []i)22 .q(i o(,. 

IR (filnl): 30-15, 3020 ,  1 655, I 545, 1 573, I 4-|2, 1 275. 
1 105. 1 090, l 070, 1 031), 912.  St;0, <',;30, 751), (;90. (;:}5, 5SI), 
51)(I Clii " 1. 

M S (Et .  7(} (,%'): . j :  202, 2110 ( M + ) ,  121, 120. I t l l .  9 1 . 7 7 ,  
75. 74, 6!). 

• (Z)-l-tJromo-I-.ltm,ro-2-(]+-rhloroph,',!fl)<'tl+vm + 

(Z )-3b 
A ,~ohiti(in o f  d i | l ron ioa( ' id  ( R * . S * ) - 2 h  (9,(i l l 14. 25 nnuo l )  
i /nt l  h q r n l l u l y h l n i n i l i n i u u i  hyd roxhh ,  -III~Z hi  wa l t , r  (19.7 14, 
30 in in l l l ,  1.2 tXlUiV) hi a l ' l qo i ie  (I III n i l , )  %Vil.~ st i r ' red ill 

r r fh i x  hu l lp t , ra t  ur<' fill" IS h. A('ol~ltu, '+;';is t, '¢nl)tirt i l t,d I l l ldl,r 
r+,thirvd l)l'~,+sui-e. \Va lo r  nud dhqhy l  e l hc r  wort,  added it) l l i r  
roshhit ' ,  the n i i x i u r l ,  vca.+~ t , x t r a r l - d  w i th  t , lh r r .  "l'h~> .)i'9,ailir 
phase was d r ied  (,'t.ll4SOi) and l)lt, s, dVt,lii wa,~ i ,val l<walod 
l l l i l lor  I't,lhit+otl ltl'e.'4siire. +l'}ie n'shhl<' ( I ,S ~) xta,++ l iuri | ie<l hv 
dis t i l la l i t ,u  Ul i t l iT r , ,durod IWt,ssllrt , i l ,  IAiw' ( Z ) - : l h  ( I.(19 :~,. 
t,. /,), l i p  ~_, .'+,~ ( ' .  

IR (( i lu l ) :  3 (i50, 3 02li ,  1 "72[), 1 (i-15. [ .")!ILL I P)lill. I .|~5, I .IIIIL 
l 370. 1 3(10, l 270, l 1~11, 1 l l i l l .  I 1l.15. 1075.  I I I l l ) .  ~5(). 
7!10. 700, 625 CIli 1. 

h i s  (El ,  70 eV): m / z  235, 23LI ( M ' ) .  151, [35. i21i, 112. 99, 
S9, '¢% 75, 74, 7:1, fi3, 62. 50. 

• (Z)-l-Brotm+.l-Jbmr+,-2-(4-,,ih+,,l,h+ ,,,~i)+ t/,+'m 

(7,)-3c 
D(,carhoxylat i~: t ,  e l i l n ina l io t l  was In, r forn l l ' t l  l i l t , l i l l l ' t luulat ' id 
( l q * , S * ) - 2 c  (2.2-1 f4, (i l l i l l t()|) iu'( ' l lrdhil4 to  lh l ,  Sali ie l+*i'ocl ,- 
dt i re  its the |)l, e l i a r i t t i on  o( ( Z ) - 3 b  t'rlltn (lll~,*,~ + ) - l b .  ' f l i t .  
res idue ol)tain.ecl +iflei' evapora t io t t  o[ t he  st.lvt.nt wits l)uri - 
t i0d by r<wrys ta l l i za t lon  hi t, lhan<ll It) g ive ( Z ) - 3 c  (1.23 14. 
~3%), M p  34 35 °C .  

IR (KBr) :  3025 .  2920 .  2~25.  1 65(I, |6(10. 1520.  I lll'l. 
I 350. 1 2S(), | 215, 1 120, I I(lO, l 05(]. 1 015. ~<',15. S(15. 
Still, 750, 590. g-ll). 5S5.5. In,  5til l, .1S0 .'tu i 

~IS (El ,  7() ("~')[ 111112 2.17. 2-15 (M + ). 217. 21.5, 12(I. lll~. 1(1(I. 
!),I, S,I. 7.1, 57. 

i l -Br+, ,o- l - . l l t toro-2 . (4-mrtho.r! iphc ,y l )r t l++: ,+'  

(E)-3d + (Z)-3d 
Dorar))oxyht t ivo e l imiuat  tun was l)t,rliwnu'd t)n <til)rt)Ul,arid 
2 d  (<%10 f4, 23.6 nuno l )  with (R*,.S'*)/(IP*,#U) ra i iu  tif(17::+3. 
a rcord ing  tti t h e  s a n w  proredur t ,  as  the  I>rt.lmralion <)I' (Z)-  
3 a  fi'ont (R* ,S*) -2a .  Tilt, resi(lut' t)ht a ined  aft er evapora t  ion 
Ill' l l io  .~llvt 'nl ~+vas imd f i ed  hy t l i s t i l l a l i i l i t  i in th , r  r( ,dutot l  
i ) i ' l '~ui 'e  i l l  t~ix't, ~id (:I .SI) 14, ~ll';,~), l i p .  u:l ~;I " { ' .  : \ r t ' o i ' l l h t l  
io  i l l  N M I I +  3(1 wii.~ t lh i l lh i t ,d  ii~ i1117:3:i Z!#"+ I i i iXl i lr l+,  

T a b l e  V I I .  I l l  N M R  Sl . ,C i la  ( ( ' I X ' l : .  250 M I I z )  . f  I -hr , ,n.~- I - th l . r .a ik~' l~e.~ 3. II ('11 ( ' l " lh ' .  

('..q~¢mml I~ I I  17 

<++ ;~.]111 

(.IE)-3a I'h ,%.95 32,:, 
( Z ) - a b  4 - ( ' l - P h  l;.I;3 l i . S  
( E ) - B b  I - ( ' l - I 'h  7,!}5 212.7) 
( Z'}-3¢ 4 - N O : - I ' h  4i.71 II .  1 
( Z)-~Id | 4  )Mr'- |  +h (;.(it) 17,.D 
( E)-ad I- ( )Me-I 'h .5,91 :12,11 
(Z}-Be  .-('..lll 1 .% Is +' 12.S 

"dl+ ,l l'2m II~ a , . l  7.5 II+, 

7.?,2 tin. 311). 7.91(m,211} 
7.3h (m. 311). 7.51i {u~.211) 
7,32 ( ,- ; . . i l l }  
7.:17 (."..Ill} 
7.11~ (d. S,7 IIz, 211). S.21 (d, ,'4.7 I[z, 211) 
:kS:l is, :ill).  li,(,)l} (,1. S,!) IIz. 2115, 7 .5 |  (d. ,',t.:} l lz ,  211i 
3.Sil (.',. :ill). 5.."49 (tl, X.!} IIz, 211), 7,10 (d, .~.!t IIz. 211) 
ll.92 (t. 6+2 Ilz. 311), 1.3(i (in. fill), 2,07 (q.I, 7.5 nml  2,2 IIz, 211) 

• ri l | l lq,  v i i i .  ~ ( "  NMI{ sl)t,rtt 'a (('1)('1+ 62.s  Ml lz )  o1* I+hr t ,m.-1- thlc , 'oalkom's  :l, I{ ¢'I1 ( ' H h ,  I".r I¢ +U'.lU++tir, lit,, rarh ,  m 
iltliltl.', nt ll..',iti.un I, 2 (and iih ;{ (+u.l :',). I of tht, l~llrnvl rin!A art' rrsprrtivt'ly r..fi,rL'rd i. a.'-, ( i'" ~ , ( il ' '] 4 ( '(Ii1~= { 1~ °'} 

( '+mq.+. .d  It' f " I++, ( ,t .2 +,, ( . t , . ,  ( ,t l,~ ( "' ". ( '+ '" nl, ( i l l .  t 

( Z ) - 3 a  l 'h  t:+l.9 (315) I II li  (22) 131,5 (9) 12~:EI 12~.ir.  12~. II 
(E)-3a Ph 133.~ (:+3'2) I l:;.tl (5 .7)  131.9 { I0) i%',. ill 12.',.I. l ' n .  I:1 
( Z ) - 3 b  I-('I- l ' h  131,9 (311) I l(),T (25) l:lll.|i ( l .5)  13:LI; 12~.fi. l:{(}.li 
( E ) - 3 b  l - ( ' t - l ' t t  I:H.:+ (3:H} 112.il ((i.:+) 130.!t (1.7) 1:15.6 12s.!1. 129,7 
( Z ) - 3 c  t N t ) , - I ' h  1:17.3 (311) I I n 5  (25) 13n.2 (lit) 117.5 123.7. 129.0' 
{ Z ) - 3 d  I - ( )M:, -Ph 134.9 (311) 111.3 (22) 121.'+ (ft.5) 159.:1 b I1.1.1. 129,'.; 5.5.3 (('11.+) 

{ Z ) - 3 e  m( ' - , l l , n  1:15,1| (315) 11)9,9 (13) 13.7 {('11:~). 22.3 (( '112). 27.1 (('112). 2n.2 ( ( ' l l u ) .  31,1 (('112) 

' | hudfi,.I ,h .  ~ h, t " V , ,+up|iu~. |t~ l",at~'nt h~,sv:..: c,~lplin~, r~n~lml l  i~ I Iz. I, N,,I a...,~,ig.m>d ~'spet ~i','ub,' ' V,qy r l - : . r  douhl,.q r, u r~':.p-udiul'. 
tib it Voliplil l K I tllisl;ltl[ ( l l  L I 2 Ib' ,  n;tl ' ibl l | iql t,I hHl~-r~lll~,' ( 'S l l l [ ) l i l l~  I}1' (11('1 wi lh Ill|,ll'illq ~, 



; I s  

* I - t h ' , m l o - I . f l . , , r o h ,  t ~ l - l - ~ m  iE)-3e ~ (Z)-3e 
\ . , , iu l i< , .  ,d , l i lm,nlo;u' id 2e (1).961i ~. 3 inn]oi l  w i th  a 
.: 17"~, '+~ I N+. I¢ *) la l i~  ,d" ~S:12. ~liid h , l ra l ) i l l y la l i i i l i l )n iu i l i  
I ~ , h o x i d v  tll <7 hi walvr  (3.()H ,A. l.~ l l i i l lo l ,  l . t i  equiv) hi ace- 
hqie (11) l . i  ~il~ ~lirl 'vd ill ro th ix  hqii l) lq'all lrO t]ll" IS h. 
\1 i ' l l  l i l t  ~ t.Lil,~, 4 ' \ ; l lh l l ; l lC l t  i l l l d t q  i t ' l J l l l ' l ' d  IH'I'SblII'tL ~V i l l IT  ; i l l i i  

l u ' l i l ;H t t '  wore  ,i, hh 'd  t~) l l u '  r v s h l , i v ,  l hP  l l i i X l i l r e  way, i ' x -  
tract ,',t wi t  ti t l l ' lJ;t l iC 'Vht> ~l'l~anic I)lii~41' wa:; dried (.Mt4SO i) 
,ilia! lht, ~dVl' l l l  ~Lc i , \al)Ol 'aIcd under  l~,dllced pl'l,,~.qllr(, 
, ,  ,' \~ :h' i l l . : l l l t  7. lil)~:( ) ;l~ ;l c~)hlrh,HH ,>ii. :\ccordintA h) 
i l l  N M R .  Be x\'iL~ obta ined i~s a 86:14 Z I E  nl ix iure .  

i l l  ( t ihn) :  2 9511. 2920, 2 ~511, 1 665. 1 4q5. 1 375. I 255.1 l l ( i .  
I 035. ~2(i, " "5  615, 580 t' l i l  i 

MS (EI ,  7i) t,V): t i l t '  tWO isonlel's w e r e  s e p a r a t e d  by G C / M S .  

(Z)-3e: m/z 196. 19-1 (M~). 139. 137, 113. 111.-(t5.7l. 70. 
57, 55. 5 l. 

[E)-3o: m,': l!t(;, 191 (M') .  13!t. 137. 113. I l l .  95. 71. 7i), 
57. 55, 51. 

[',llmliiim-cat,19"~d i,~or, cizat,J, o s (Z)-3 to (E)-3 

t (Ej-l-lh'omo-l-fluoro-sJ-phc.yhthc~.: (E)-3a 
A niixture of (~,,-3a (1).402 g, 2 nunol) and palladiuln 
diacota te  (13.5 lllg. 0.0(i lnnlo l ,  0.03 equiv)  ,.va.,~ st i r red at 
I l() " (~ for  E0 i i  Water  ai id pentane wore added, t im l l i i x t i l re  
wa.~ o>:lravted wi th  pental i t ' .  The  o r g a n i c  phase wP~ dr ied  
f.%,[gSO.1) a i i d  t t l0  bo [ven t  was  evapora ted  i l n d e r  r ( ,d l l ( .ed 
l)r('sxlire to give 3a  (0.375 ~;, 93(Z ) a=~ a 89:11 .b'/Z l l i iX l l l r ( '  
accur[ i ing t o  if-| NMt:I .  

T i l l ,  US( Of (). [ ~!qll iV o f  p a l l a d i n n l  ( l iacetate at  60  ( '  f o r  
16 h Led t~ coli i l )aritble rt!sults: 3 a  wIL~ ohhdnl ,d as 11 I%,~:12 
~'i;Z i i i i x t  lil'th 

MS (E l ,  70 ( 'k r ' )  : t lw  two isoln,'l'~ were soparah,d hy ( ' , ( ' / M S .  

( l ~ ) - S a :  m / :  202, 2011 (M + ). 121. 12ii. 101.91. 77. 75. 7.1. 
(if) 

• (]*j)- I+]~FPII/O- [-flllIH'O-J-(,f-t'/I/Ol'O]j/l¢'/Ifll)Ct]lt'lIC 
(E)-3b 

A mixiure  of (Z) -3b  (I).471) :~, '2 retool) and palhul ium 
diacota te  (IN,() liil~. (i,I}N l l i l l i l l l ,  I).ll,| O(luiv ) wi~s .~tirn,d at 
I I l l  ' ( "  t~n-1 h, !IVlli'kqil)it.~ all, lv~, H,;Ivt' qinul l i la l ivPl~'  311 ii~ 
a k~:12 L.'/Z iui×tur, '  

t l S  (1':1. 711 ~'V): ]he iwo  isolilol.~ w~,le ~el,;ll';d~,d by ( ' , ( ' / M S  

I / ~ ) - 3 / j  m / :  2:Ill. 2;]1 IM'  ). 17,1, I;I,'}, 121). !12. 9'), ,~!), ,~7. 
77~. 71, 7;1. 6:1 H2. 7dl 

.1U,l:t,',~. ,q' %'1" t,, .Ik,'~., . 

T I . '  ~11 and ~ ( '  N M I I  da la  o f  c , ,m l . .n . l> .  ,I m . I  5 ;m, 
dis ldayod in lahh,.,. IX  and X rvN.,cli\.,,b,. 

• (E)-2-Bromo-l-.thtoro-l-phc,!#leUtcmr (E)-4a 
Pyr id in i tnn  l )o ly ( t i yd rogen f luor ide)  (Ah l r ieh .  n lo la r  conipl)-  
s i t ]on 311~ pyr id ine .  7(tl~ I-IF: 22 ] i lL) wa..~ added to  it so- 
h l t io l l  of pheny iacety le l le  (2.00 g, 19.6 111111111) in Sl l i folane 
(S niL).  The so lu t ion  xv~s cooled to  0 °C,  and a solu- 
i il}ll l I f  1.3-diln'oi l lo-,~.5-dilnel hyHlydal l lOi l l  (2.86 g, i {I IIIii101. 
1.02 equiv) in su l fo lane (20 u iL)  %%'ik~; added w i t h  s t i r r ing.  
T h e  ni ix t l l re  was s t i r red  1 11 at rOOll l  t e n l p e r a t u r e .  \ V a t c r  
wi~  added, ti lt" i n i x t t i r e  w i ~  ext ract l ,d  w i t h  pentane.  T i l e  or-  
l~anic l i l l ~e  was waMled succ(.ssively w i t h  a s l i t lu 'a ted aque- 
olib .~ohltioli o f  sod iu in  hydrogen carbo l la te  a l ld  w i t l i  water ,  
dr ied ( M I S O 4 )  and the  so lvem was evapora ted  under  re- 
dueed pressure. The  residue wlc~ pur i f ied by d i s t i l l a t i on  un- 
der  reduced pressure  to give 4 a  (3.65 g. 93~ )  Bpis  102 °C 
(Lit Bp0j  48 50 °C [20]). According to lH NMR,  4 a  was 
obtained a.s a 92:8 E/Z nlixture.  

MS (El. 7(i eV): the  two isomers were separa ted  by G C / M S .  

(E)-4a: , i / z  202. 200 (M+).  121, 120, 102, 101, 95, 94, 75, 
51. 

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

* (E)-l-Bromo-2-fluot~hept-l-cne (E)-4b 
This  compound  wa.s l)repared according to t he  s a m e  proce- 
dure as 4a.  s t a r t iug  from hep t - l -yne  (3.00 g, 31.2 retool). 
The reskhie obta ined after  evaporat ion of the  solxent  was 
purified by dist i l lat ion under  reduced pressure  to give 4b  
f3.96 g. 65(){). Bl)l~ 65 °C. According to I H  NMR,  4 b  was 
i )bhi ined ~ a 91):10 E / Z  nl i×ture.  

IR (f ihn): 3 110. 2 960. 2 930. 2 ~711, 1 670, I 470. 1 460, 1 -135, 
I 38il. I 285. 1 260. 1 145. 940, 91il. 91111, 875. 705. 750, 
ti5(I. 525 e l l i - I .  

MS (El .  70 eV) :  the  tWO i.~;lllllers were  s e i l a r i t l e d  b y  G O / M S .  

( E j - ] b : . / :  19ft. I94 ~ M + ), i39, 1:]7, I I:1. I i I .  99, .q5, 7:1, 
57. 55. 

(Z)-4b: m / :  1:16, 19.1 (M"). 13:h 137. 113, I l l ,  9!), 95 .73 .  
57.55. 

• 2-Bmmo-~- f luon~- I -phe,nyh l rphthahmr 6 
Pyridini iuni  lu l ly(hydr l l t4el l  Ihloridl,)  (2.5 lu l , )  Wll.~ a l ldIM In  
;i ~ul i i l ion of  e l iy l ie  1311 lll,~511 A4, 3.N n ln io l )  i l l  ,~qlltlhllle 
(6 ni l ,) .  Thl ,  .~ohllion W;L~ c.t ,h~l I .  II " ( ' .  and il ~ohi lh l i l  
,d .%'-hrlliii, l.~ucvininiid~. 11! T i l l  ~. I 1 ~  niui, ll. 1 I ~l l l iV )  hi 
~ii lhtlano 112 n i l . )  wa.~ alhh,d w i lh  .~l i rr i l i~ The, n i i x l u r e  wn.~ 
> l i i t ~ l  1 h i l l  l ' i l l l l l l  l l , l l l l i l , r ; l l l l l l ,  : \ t ' l i q  t l i~' ~1111!, w o r k - l i p  
;i~. {11 l l l~+ l i ; l l ; i l l l i l l  i!1 . l .  i " c ; i l l l i l ; l l i o l i  i l l '  f i l l ,  ~,lllv~,lil I.IjIve 6 
i l l  9:111 It, ~1'7) ;l> ;I ~'uh,th,~ ,,il 

~11 N M I I  ( ( ' D ( ' l l . - l l l i i  ,Ml tz) :  ,~ 727  l i l i .  2111. 7,12 7.1i5 (in, 
7111, ,~17 01. I J i l l  ~ 5  l lz ,  I I I I .  

" { 'a Ide i x ,  i l l  N M I /  n l . , c t l a  t ( ' l ) ( ' l , ,  2511 \11lzt ,d I - I , Ionu,-2.  thl,w.:dk~,nc,. -1 a im 9 and 2-thl, m, , I . i , , ,h . l l l~ , ,nen 5. 
i f :  ( '1: ( ' X W  ~' 

' o . q . , . . d  / . l~  h' .n .\. 

I E) - - ia  I 'h I I  I l l  
I Z /  . la I 'h I I  I l l  

I P:] . tb . ( ' ,11~ I I  I h  

( Z I  .if:, , - l ' . l l ~ t  I I  l h  

i I~l ,Sh . ( ' .11~ It  I 

i Z )  9u ( ' t ) t ) l h  ; 'h  lh  
, E F 9 a  ( '()I H'h l 'h  f i r  
~ZI  ! ib  ( '1 )l II.:t . \ l '  I l l  

• \ I  I-.L, , 't, ~x "~ -IL I;I~ .t il, ~k ,. | dlq.Ip. J 

/?t2! 

t123 !d. ~./i~i 

l i~ l l  1,1. L/m 
5X5 hi, ~.lllu 

:'l :lJ (d, ' / i i l  

F] h,'~ id, LIHI 

7 12 (lu, :dl) 

7.'m (m, MI) 

2:11 t , . : O I i ,  

15= I l L  I I i i  
2'~ql !1,. i l l !  
I S l i  I I ,L I I I I  
I:1 q, 11~ i l l !  

_ '~ l  I1~t 

i . "  li..~ 

:1 ~:, I~, ;H I ! ,  ii..',7 ira. : l i l t  

7 I:t (m. 311!, 7,~(1 {m. 211! 
7 : lO inn  : H I ! . . : , q l ( m .  211~ 
7:',1 I ra,  :LIIL 'Txti (m. 211! 
U!r . . ' ( t .  7 0  l ie,  311), 1 3 " , i r a  t i l t  I ",7 (m. 2 I l L  
2 12 ( , h  2:111a.,I  7 2 l i e .  211) 

II!111 I I ,  T II I l L  311}. I :l'~ Ira. I I I L  1~',~ ira, 2111, 
26 (d l .  17 1 aml 7 7  I1~ 211} 

t l q i  i l  7 I I I I z .  : l l l l .  I : ] : i  ira. I I I 1 .  I :,,', (m. 211), 
2",o i , h  22 : , ;m,1  : , o l b ' .  211! 

I ~,, i t  7 I I1:. H I ) .  I I ~  i% 7 t l ie .  211! 
I 15 i t .  7.1 I Iz ,  31iL .1.111 t% 7.1 IL ' .  211! 
i W ,  i t .  ";.11 I l L  : l i l t .  I.al~ (q. 7.'1 I i z .  2111 



7.19 

• .l~ 'v ( E ) - 4 a  l 'h  t l  B r  ~7.<~ (521 15S.(l (250)  127.!) (d, .i = 6 t tz,  ' ) ( ' l t ) ,  
1',)~.2 (21"1I), l : ] ( i . I  ( C I t ) ,  
I',/tl.1 (d, '>,Irl," = 27 l l z .  ( ' )  

( E ) - B a  l 'h  t l  1 5:1.7 (151 15(L7 (2F i l l  t2S.2 12( '11L 
12~.(i (d. +,/(,i.. : :  .5 I l z .  21'11). 
131i.2 ( C H ) ,  
130.2 (d,  +./,.::l<" = 2~ H z ,  C)  

( E ) - 4 b  n-C,-. l tLi  11 B r  87.4 (4;'4) 163.1 (1521 13,,q (CH: I ) ,  22,3 ( C t t ~ ) ,  
25.0 (CH2) ,  26.0 ( C H 2 ) ,  
'28.8 (d, ~Jct," = 2;l Hz. CIt.;) 

( ~ ) - 4 b  n-( ' : , ll~t It l i t  ,~2.tl (201 I(12.l-; (1(;,11 1:.>,.7 (CH.:~), 22.1 (OH..>), 
25.2 (CH~), 30.7 ( C H : ) ,  
;ll.7 (d, :,#+~t., = 22 l tz .  CII~) 

( E ) - S b  . - ( '+ , l l+ l  I t  I .SS.t; t.lS) 1(il1.;I ( I . l t i )  1:1.2 (C11:~), 22.1 (C l1~ ) ,  
25.1 (C1t.,,), 25.9 ( C t t ~ ) ,  
2~.5 (d, ;~.I('F ~ 2:t Hz ,  CFI,.,) 

( ~ - 9 a  C'OOE~ P h  l ' , r  11!i.5 ('_)~) 1.16.3 121i111 13.-i I ( 'H:~),  61.~ ( C H j ) ,  12~,1 12CI t ) ,  12&!)  ( 2CH) ,  
15~.5 (d. ~.lcl; = :{7 t tz,  C) 129.6 (CH) ,  135 7 (C) 

(Z~-�D ('(.)(.)iLl At" |h" I lS.  I (:101 1.tS.~.i (250) 1;L-1 (('I1:~). (il .S (CH~),  211,5 (CH:~), 55.9 (CII:0, 
15S.,I (d, ~.h'i.' = 40 IIz. ( ' )  113,1 (CH),  121,6 (CII),  

122.5 (('IL), 13.1.1 (( ') ,  
1.10.7 ((7'), 151i.7 ( ( ' )  

T a b l e  X .  t : l ( ,  N M I I  nt) l , t ' i ra (C1)C'I:~, l l l l l .5  M I I z )  o f  l -broni~)-O-thtoro+l lkone.~ 4 a n d  9 i l l ld  2+llu<li'o-l-hldl~alkuill.,~ 5. 
~(2~(~12) p (,t I i X['~( I I 

Compmmd 17~ i> 1£ -' +\' ~ ,, I ,., h,< l ~ lil ~> 

a l )ouhh, i  duP to (" I" ~'~liil)lilit.L In lllU'l'nlli<'nl'.",: ~'milllhtl.t t.t+n.,-,t ant i l l  IIz. h.'\r = .1-a~'l'toxy-;I-tiit ' l h l lxy l lh l ' i ly l .  

,%1."i ( E l .  T i l t , \ ' ) :  mi-: : I l l2, 3111i t M "  ), 2~0, 21(i, I! i~, 12ii, l ( l l .  

II ( F T- # -P l , , r . -  2-mlh~- l-ph~ , ! / i r t / , ' ,e '  (EJ-Sa 
l + y r i d i n i u u l  i )u l yhvdx ' . i t~ , l l . t h l - r i d~ '  (,,I l l tL )  wl l~ m h h , d  1 .  ~l 
.,,~hll ion  . f  l)h~'uylav~'l$ h' l l* '  (ll.5111t It. I.~ill ram,4)  h~ tli~'hh~r~,- 
l i lOl h: l i ie  ( I l l  I l l l , ) .  T h e  ~l lh i l  iou  Wll,,,i coo led  m ;I " (  '. l l l l d  i l  ~ll- 
h l l  io i l  i l l  l l i ~ ( I ) y r i l l i n l ' ) i odn t th in l  ( I )  l l , l  r l l lh l I~rnhl l i ' l l l l ,  [2.711 It, 
• ~ . ~  Il l l l l~l l . 1,2 I~llli~.'l i l l  ,~ | i l 'hh l l l l i l l l ' lh i l l l l '  {12  Ill|.'~ '¢'l'il,", 
add~'d  drollV+'i,~e w i i h  Mi i ' r in I t .  'l'li~, I t i iXt l l r t ,  wll.~ ~ih'i '~'d '2 h 
ii1 r l l l l l t i  | l , i l lp l . r i l l t l r l , .  'l 'h~' ~.llk'l,lt l %%;ly, i 'v i l l l l l t ' i l l l ' l l  i l l i th ' r  I'l,- 
dilt'i',d prt,.~v.liri,. \ \ ' f i l l ' t "  V¢IL'~ t l dd l ' l l  m id  l lw I l l i X l l i t l '  ~.l.'ll.~. I'N- 
I rul ' i~,d wi t  h ll~'iii l l l l l '  "l'h<' tli'g, i l l iW l l l i i l~  ' wil:., d i  i~'d I ~1~.~1 ) l  ) 
l l l l d  f i l l '  ~.l lhl ' i i l  %lil~ +'Vit l l~lvi l l l ' l l  l l l i d l ' t  i~'dii~t'd lu't',~,',llil' '1'hi' 
l~'~.idu~' ',t~l~ Imi i l i~ 'd  It< ~ hr~ i l l+ l l lq t l ' i l l lh~,  o i l  ~,ilh'a !WI (t  I~ ' l l  
l i l l i l ' )  I l l  I~k'l '  ( i l~)-~l l  (11 ~<"i!l I~, 71'.~ ) li.-, li rohlrh', ',~ ni l .  

M,"4 (E l ,  ; i l l ' V )  , I / :  2 I,"; t M '  i. '_*?!i. I l l : l ,  102, l i i l ,  71i, 51, 

* ( l ' :) . . . ' .#"h., i . .  I - I , . h ' h , l ' l "  I , < l l t  f ig /  B l l  
'l'lli'. I'llliiliqiitllll %vil~, l l l l l l i l l l 'd  llilNiItlhill, I l l  till' ~.illiil' llrll+ 
~'~l~hil,r il~- ~ll, +iillliliik I'ltilli I |ia'lll%'lll' (11.1 |11 14, I. I i i i inol) .  
|!]%<illil+llllillli i l l  t ll~' ~lilt.'l~tll l<.iivi' (~])+l'l|i <(I ',~l~'i :(t. ~; l l ;{  ) 

%1,"4 ( H .  T I l l , V 1  . + / :  212 (.%1') I,".lii, !15 

/ l l l l l l l l t l l l f l O t l  fill # l !p l l l f l# l l l  I I I l l l l l l l ' l l l l  fl]" # l l ' ~ f l t l l l l l l i l l /  
;#.,,,+. , t , / ,  

T i t , '  +11 +til,I i t t '  N%l l l  ,l,+i+t ,, i t , , l i ip t , l i i i ,  l-, l i  , i l l .  d i~, lda~, '4 
i l i  i,ild~<, 1%, ;il l;! \ :...'-.F:~'lt:'~'!v 

+ t/th~lt ~_'11". ;+~"'~+,'. ¢ + h l . , . . .  " # 1 . . ~ .  ; p h ~ . . t  
li+,q~+itz+.Ite { l l  " . ~ ' )  ~,~I 

"l'hi~- i ' id l i l l i i l l l , i l  +,+,+i.',. l l i ~ ' l i a l i 'd  ; i t i ' l i l i l i l l l~  li+ i f . '  ~,illlli' 
l , i o . ' . d l t i , .  ,~,. l h , '  b i~mi ,~+l l i4>,  2 n . l ) .  ,-,l+illilil.~ l ' l i lnl  . l h v l  

' ) - Ih i t l r i l -3-11ht , i ty l l i r i l l l -  2-i,l it l i i.te 7a (:1.7t114, 19 n i tn t l l ) ,  l ik ' i l l l -  
l l ru lh i i l  t l f  lh t "  :-ilih '+ i i i  IAilvl' ( r{*,. .~'+)-~l l  ((i.:12 14, 9.1%). 

11{ ( K l h ' ) :  2 ! i75 ,  29211, 17(15, 1 71ill, 1.1!)11, I .1511, I +1711, 
I 7~l l ,  I 25(I, 1 205,  1 11.1tl, t i l l l ,  ,",l!lll+ ~55,  (it15, 11+25, 
li111 <+ill I 

~11 N M I {  (('11('1:~, .ll i(I MIh' . ) :  ,~ I..1:1 ( i ,  +1 + 7 I I Iz ,  : i l l )+ 
• I..I~ h i ,  .I +:: 7.1 I I z ,  '2111, .g.51"4 {i t .  ,I 21i.5 I Iz ,  It1~, 7.,I,1 
(m. :111), 7,5~ (m ,  2111. 

t l l '  N M l l  ( ( ' l ) ( ' l : l ,  112.,~ M I I z ) :  h 1:1,5 ( ( ' l h l ) ,  52.9 ( ( ' I L , ) ,  
57.11 (( '11, d,  " , l~ ' l .  I,'4 I Iz) ,  ! l l i , l l  (( ! ,  d, t.lc'l. ' : 275 l l z ) ,  
17,"4.7 12( '11L 12~.1.,~ t ( ' l l l .  I : l l k i  (2( '11) ,  i ' lS,( I  ( ( ' ) ,  1(i:1..5 
( ( ' ,  d, ' , / t ' l  2;1 I l l ' )  

,XI$ tK I ,  70 , ' \ ' ) :  m / -  :l,Dil, :151, :152 (IXl ' ), 275, 27:1,227> 22D, 
711'.i, 711'J, ' } i l l ,  I t i l ,  1l~5, 1511, 12~.i. 122, I l l ! i ,  t i l l ,  7,5, DT. 

Aii~ll t ' i lh' Ihr  ( ' l111111{r,,I; '(17: ( ' ,  :11.:12; I I ,  :1.1:1. I ; l l i i i td :  (+, 
:17.~5', I I ,  :1,1~, 

i I':thlll (211 *, ~',~' ' J+2, 3+dilmmm-2+./h,,rt~-3. ( ] i " fwrhu' ,-  
J. . "11 Or! l l f l . ' . ! l l ) lW. l . tm~.h '  ~lll 

Tid,,., ~,~,mipnll l ld wil.'., llrI'l)ul'~'d lwi'm'dh114 to  lh~' ~it lm, p1'l l  
; 'Hh t l l '  I1~ ~llt, ,"dikl'|illll, h'(Ittl ~'11V 2' lh lql l ' i iJ*t ' (  I l l l l ' l ' l l IN,V ''?~" 
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II I l l  , ' , I I I I~ l l l ph , .n~  l l , h , ~ 1 4 ; l u ,  122 m y .  II !IN l l l l l~ , , i  

0.11~ ,~luiv). Imml,~fl;]on~esior ( ~ ) - g a  (~ 2~9 g. 1.05 mm~d).  
phen~ lacelyh ,~, itl.323 g, 3.16 retool, 3 e~uiv)  a n d  t r i e thy l -  
a m i n e  13 mL)  wa,s .~lirred a t  reflux t e m p e r a t u r e  fi~r 2~1 h. 
\Va le r  wa.,~ athh~t I t )  t h e  co , ) led  l~ixtllre, t h e  n l i x t u r e  was  
e x l i a c t t + d  w i t h  d i e t h y l  e~.her, t h e  o r g a a k  pha~e  wa~  w ~ h e d  
w i t h  a 10% h y d r o c h l o r i c  a c i d  s o l u t i o n ,  t h e n  w i t h  a s a t u r a t e d  
.~odium hydrogen  c a r b o n a t e  so lu t ion ,  a n d  d r ied  (MgSO~) .  
T h e  res idue o b t a i n e d  a f t e r  e v a p o r a t i o n  of  t h e  so lven t  u n d e r  
r educed  pressure  c o n s i s t e d  m a i n l y  of (E)  a n d  (Z )  14 ,  a long  
wi th  ( ~ ) - 9 a ,  (E )  a n d  ( Z )  7 a  as  minor  p r o d u c t s .  Pur i f ica-  

ion by c h r o m a t o g r a p h y  on  si l ica gel ( p e n t a n e / e t h y l  a c e t a t e  
(95:5)) gave 14 (0.210 g, 6 8 ~ )  a,s a 60:40 Z / E  m i x t u r e .  

I H N M R  (CDCI:~. 2.50 MHz) :  

(E)-14:  b 1.10 ( t ,  J = 7.2 Hz. 3HL 4.12 (q, J = 7.2 Hz, 
2H). 7 .34-7.50 (m.  10H).  

(Z)-14: b 1.40 (t,  J = 7.2 Hz. 3H). 4.3-~ {q, J : 7.2 Hz, 
2H),  7 .35  7.5£ ',m. 10H). 

XIS IEI. 7(I eV):  t h e  ixvu is~,mer~ were ,~eparated b> ( ; ( ' / M S .  
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• . , ,diunl  hydn)~,en ( 'ar l l~matv ,~llution. a n d  d r i l l  {MI~SO,) 
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