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A B S T R A C T: Fl u or o us s ol v e nts c o m m o nl y e x hi bit t e m p er at ur e- d e p e n d e nt  mis ci biliti es  wit h or g a ni c s ol v e nts.  T h us,
c at al ysts a n d r e a g e nts t h at h a v e hi g h af fi niti es f or fl u or o us s ol v e nts c a n b e us e d i n pr ot o c ols t h at c o m bi n e t h e
a d v a nt a g es of o n e- p h as e c h e mistr y ( hi g h er t e m p er at ur e) a n d bi p h as e pr o d u ct s e p ar ati o n (l o w er t e m p er at ur e).  T h e
hi g h- yi el d c o n v ersi o n of b e n z al d e h y d es ( vi a  Witti g a n d h y dr o g e n ati o n r e a cti o ns) t o al k yl b e n z e n es  wit h o n e t o t hr e e
‘ p o n y t ails’ ( C H2 )3 ( C F2 )n 1 C F 3 (n = 6, 8, 1 0) is d es cri b e d.  T h e t ol u e n e – C F 3 C 6 F 1 1 p artiti o n c o ef fi ci e nts s h o w t h at
t hr e e p o n y t ails ar e n e c ess ar y t o a c hi e v e a hi g h d e gr e e of fl u or o us p h as e i m m o bili z ati o n.  C o p yri g ht  2 0 0 0 J o h n
Wil e y  & S o ns,  Lt d.

K E Y W O R D S: fl u or o us s ol v e nts; p o n y t ails; p h os p h o ni u m s alts;  Witti g r e a cti o n; al k yl b e n z e n es; p artiti o n
c o ef fi ci e nts

T h e t er m ‘ fl u or o us’  w as r e c e ntl y i ntr o d u c e d b y  H or v a´t h
a n d c o- w or k ers as a n a n al o g t o ‘ a q u e o us’ f or hi g hl y
fl u ori n at e d al k a n e, et h er a n d t erti ar y a mi n e s ol v e nts. 1 – 4

M a n y s u c h s ol v e nts ar e c o m m er ci all y a v ail a bl e, a n d ar e
v er y n o n- p ol ar.  T h e y c o m m o nl y gi v e bil a y ers  wit h
or g a ni c s ol v e nts at r o o m t e m p er at ur e, as ill ustr at e d b y
t h e first fl as k i n Fi g. 1.  At t h e s a m e ti m e,  m a n y s u c h
s ol v e nt c o m bi n ati o ns b e c o m e  mis ci bl e at el e v at e d
t e m p er at ur es, as d e pi ct e d b y t h e s e c o n d fl as k i n Fi g. 1.
V ari o us pr a cti c al c o nsi d er ati o ns a n d u n d erl yi n g p h ysi c al
pri n ci pl es h a v e b e e n r e vi e w e d. 4

Or g a ni c c o m p o u n ds n or m all y h a v e l o w af fi niti es f or
fl u or o us s ol v e nts.  H o w e v er, c o m p o u n ds t h at c o nsist
m ai nl y of p er fl u or o al k yl s e g m e nts s h o w hi g h af fi niti es.
T his r e fl e cts a ‘li k e diss ol v es li k e’ eff e ct, a n d si mil ar
str at e gi es ar e us e d t o d esi g n d y es t h at c a n a d h er e t o
T e fl o n. 5 A c c or di n gl y,  H or v át h a n d c o- w or k ers pr o p os e d
t h at hi g h fl u or o us af fi niti es c o ul d b e i m p art e d t o c o m m o n
c at al ysts a n d r e a g e nts b y a p p e n di n g ‘ p o n y t ails’
( C H2 )m ( C F2 )n 1 C F 3 [ a b br e vi at e d t o ( C H2 )m R fn ] i n s uf fi-

ci e nt n u m b ers a n d l e n gt hs.  T h e ( C H 2 )m s e g m e nts s er v e
t o i ns ul at e t h e a cti v e sit e fr o m t h e el e ctr o n- wit h dr a wi n g
fl u ori n es.

T his pr o vi d es t h e b asis f or a n i n n o v ati v e n e w a p pr o a c h
t o r e c o v er a bl e c at al ysts a n d r e a g e nts t h at c o m bi n es t h e
a d v a nt a g es of o n e- p h as e c h e mistr y ( hi g h er t e m p er at ur e)
a n d bi p h as e pr o d u ct s e p ar ati o n (l o w er t e m p er at ur e).  As
ill ustr at e d b y t h e s e c o n d a n d t hir d fl as ks i n Fi g. 1, a
h o m o g e n e o us r e a cti o n c a n b e f oll o w e d b y a si m pl e r o o m
t e m p er at ur e e xtr a cti o n.  T h e or g a ni c pr o d u ct is is ol at e d
fr o m t h e n o n- fl u or o us s ol v e nt, a n d t h e c at al yst or
tr a nsf or m e d r e a g e nt fr o m t h e fl u or o us s ol v e nt.  M a n y
a p pli c ati o ns of t his pr ot o c ol h a v e b e e n d e v el o p e d o v er
t h e l ast f e w y e ars.6, 7

T his c o n c e pt  w as e xt e n d e d b y  C urr a n a n d  Wi pf,  w h o
d e v el o p e d fl u or o us ‘t a g gi n g’ str at e gi es t h at f a cilit at e
t ar g et is ol ati o n fr o m c o m pl e x  m ulti- c o m p o n e nt  mi x-
t ur es.8 R e g ar dl ess of a p pli c ati o n, t h er e is a disti n ct n e e d
f or q u a ntit ati v e d at a o n t h e p artiti o ni n g of s ol ut es
b et w e e n fl u or o us a n d n o n- fl u or o us s ol v e nts.  W e a n d
ot h ers h a v e f a v or e d p er fl u or o( m et h yl c y cl o h e x a n e),
C F 3 C 6 F 1 1 , f or v ari o us t y p es of p h ysi c al  m e as ur e m e nts.
Alt h o u g h t his is a r el ati v el y e x p e nsi v e fl u or o us s ol v e nt, it
is a v ail a bl e i n hi g h p urit y a n d  wit h o ut t h e br a n c h e d
is o m ers c o m m o nl y f o u n d i n t e c h ni c al- gr a d e a c y cli c
al k a n es a n d p er fl u or o al k a n es.

I n t his p a p er,  w e a d dr ess t h e f oll o wi n g q u esti o n:  w h at
t y p e of p o n y t ail  m otif is n e c ess ar y t o i m p art hi g h
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p artiti o n c o ef fi ci e nts t o b e n z e n oi d c o m p o u n ds ? I n
g e n er al, ar e n e cl o u ds aff or d si g ni fi c a nt i nt er m ol e c ul ar
di p ol e a n d i n d u c e d di p ol e i nt er a cti o ns, 9 l e a di n g t o
e n h a n c e d p ol ariti es a n d or g a ni c p h as e af fi niti es. 4 T h us,
p er fl u ori n at e d ar e n es ar e n or m all y  mis ci bl e  wit h or g a ni c
s ol v e nts. F urt h er m or e, attr a cti v e ar e n e – p er fl u or o ar e n e
st a c ki n g i nt er a cti o ns ar e us e d as d esi g n el e m e nts i n
cr yst al e n gi n e eri n g. 1 0 T h e fl u or o us p h as e i m m o bili z ati o n

of b e n z e n oi d c o m p o u n ds is als o of c o nsi d er a bl e pr a cti c al
i m p ort a n c e. F or e x a m pl e, t h er e  w o ul d b e n u m er o us
a p pli c ati o ns f or c at al ysts b as e d u p o n fl u or o us tri ar yl-
p h os p hi n e li g a n ds.  C at al ysts  wit h fl u or o us tri al k yl p h os-
p hi n e li g a n ds h a v e b e e n s p e ct a c ul arl y s u c c essf ul 1 – 3, 6 d,f

b ut f or  m a n y p ur p os es tri ar yl p h os p hi n es ar e s u p eri or or
r e q uir e d.6 b

W e s o u g ht t o gr aft p o n y t ails o n t o ar o m ati c al d e h y d es
usi n g t h e  Witti g r e a cti o n.  H e n c e t h e c o m m er ci all y
a v ail a bl e fl u or o us pri m ar y i o di d es I C H 2 C H 2 R fn (n = 6,
8, 1 0)  w er e c o n v ert e d o n 1 2 – 2 6 g s c al es t o t h e
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c orr es p o n di n g p h os p h o ni u m s alts [ P h 3 P C H 2 C H 2 R fn ] I
(6 – 8 ), as s h o w n i n S c h e m e 1. F or ci n g c o n diti o ns  w er e
r e q uir e d o wi n g t o t h e att e n u at e d S N 2 r e a cti vit y of t h e
i o di d es.6 a, c Alt h o u g h 6 a n d 7 h a v e b e e n r e p ort e d
e arli er, 1 1 f e w s p e ctr os c o pi c pr o p erti es h a v e b e e n d e-
s cri b e d.  H e n c e 6 – 8 w er e c h ar a ct eri z e d b y  mi cr o a n al ysis
a n d  N M R ( 1 H, 1 3 C, 3 1 P, 1 9 F), as d et ail e d i n t h e
E x p eri m e nt al s e cti o n.

T h e  Witti g r e a g e nt d eri v e d fr o m t h e d e pr ot o n ati o n of
7 h as pr e vi o usl y b e e n s h o w n t o c o n d e ns e  wit h al d e-
h y d es. 1 1 a A n al o g o us r e a cti o ns  wit h t h e b e n z e n oi d
m o n o-, di- a n d tri al d e h y d es  C 6 H 6 x ( C H O)x s h o w n i n
S c h e m e 2 ( 1 – 5 ) g a v e t h e c orr es p o n di n g al k e n es
C 6 H 6 x ( C H= C H C H 2 R f 8)x (9 – 1 3 ) as  mi xt ur es of Z/ E
is o m ers i n 9 4 – 7 8 % yi el ds.  N M R s h o w e d t h at Z is o m ers
d o mi n at e d ( assi g n e d fr o m 3 J H H v al u es), c o nsist e nt  wit h
lit er at ur e pr e c e d e nt f or u nst a bili z e d yli d es.1 3 N o eff ort
w as  m a d e t o s e p ar at e t h es e  mi xt ur es,  w hi c h  w er e
c h ar a ct eri z e d b y  mi cr o a n al ysis a n d  N M R.  A s y nt h esis
of 9 , as a  mi xt ur e  wit h ot h er c o m p o u n ds, h as b e e n
pr e vi o usl y r e p ort e d. 1 2

Alt h o u g h b ot h n - B u Li ( 7 8 ° C,  T H F) a n d  K 2 C O 3

( 9 5 ° C, a q u e o us 1, 4- di o x a n e) c o ul d b e us e d t o g e n er at e
t h e  Witti g r e a g e nts, t h e l att er pr o v e d s u p eri or.  A n y
e x c ess of n - B u Li eff e ct e d s m all a m o u nts of 1, 2- H F
eli mi n ati o n fr o m 9 – 1 3 ,  w hi c h c o nt ai n a cti v at e d all yli c
pr ot o ns.  T h e b y- pr o d u cts ar e dif fi c ult t o d et e ct i n t h e Z/ E
mi xt ur es, b ut b e c o m e  m or e a p p ar e nt aft er s u bs e q u e nt
st e ps. I m p ort a ntl y, t h e st atisti c al pr o b a bilit y of eli mi n a-
ti o n i n cr e as es  wit h t h e n u m b er of p o n y t ails.

As s h o w n i n S c h e m e 2, t h e al k e n es u n d er w e nt f a cil e
h y dr o g e n ati o n i n t h e pr es e n c e of 1 0  m ol % p all a di u m o n
c ar b o n.  W or k u ps g a v e t h e f a mil y of  m o n o-, di- a n d
tri al k yl b e n z e n es  C6 H 6 x ( C H2 C H 2 C H 2 R f 8)x dis pl a y e d i n
T a bl e 1 ( 1 4 – 1 8 ) i n 9 2 – 8 0 % yi el ds.  T h e s e q u e n c e st arti n g
fr o m t h e o - di al d e h y d e 2 w as r e p e at e d  wit h p h os p h o ni u m
s alts 6 a n d 8 .  T his g a v e t w o a d diti o n al al k e n es  wit h
s h ort er a n d l o n g er p o n y t ails, 1, 2- C 6 H 4 ( C H = C H C H2 R f 6)2
(1 9 ) a n d 1, 2- C6 H 4 ( C H = C H C H2 R f 1 0)2 (2 0 ), a n d t h e
c orr es p o n di n g o - di al k yl b e n z e n es 1, 2- C6 H 4 ( C H2 C H 2 -
C H 2 R f 6)2 (2 1 ) a n d 1, 2- C6 H 4 ( C H2 C H 2 C H 2 R f 1 0)2 (2 2 ).
All al k yl b e n z e n es  w er e c h ar a ct eri z e d b y  mi cr o a n al ysis
a n d  N M R ( 1 H, 1 3 C a n d i n s o m e c as es 1 9 F).

A bs ol ut e s ol u biliti es d e cr e as e d dr a m ati c all y as t h e
p o n y t ails b e c a m e l o n g er i n t h e o - di al k yl b e n z e n es 2 1, 1 5
a n d 2 2 .  C o m p o u n d 2 2 w as o nl y s p ari n gl y s ol u bl e i n
C F 3 C 6 F 1 1 .  T h e p - di al k yl b e n z e n e 1 7 w as l ess s ol u bl e t h a n
t h e ort h o a n d m et a is o m ers 1 5 a n d 1 6 .  H o w e v er, t h e
tri al k yl b e n z e n e 1 8 , i n  w hi c h t h e r ati o of p er fl u ori n at e d t o
u n fl u ori n at e d c ar b o ns is si mil ar t o t h at of 2 2 , r e m ai n e d
hi g hl y s ol u bl e i n  C H 2 Cl 2 ,  C H Cl3 ,  T H F, di et h yl et h er,
h e x a n e,  C F 3 C 6 H 5 a n d  C F 3 C 6 F 1 1 ( s p ari n gl y s ol u bl e i n
a c et o n e a n d t ol u e n e; i ns ol u bl e i n  M e O H a n d  Et O H).  T h e
C F 3 C 6 F 1 1 –t ol u e n e p artiti o n c o ef fi ci e nts  w er e d et er mi n e d
b y  G L C as r e p ort e d pr e vi o usl y 4, 6 c a n d f urt h er d es cri b e d
i n t h e  E x p eri m e nt al s e cti o n.  T h es e r e fl e ct r el ati v e as
o p p os e d t o a bs ol ut e s ol u biliti es, a n d ar e s u m m ari z e d i n

°

N o. C o m p o u n d  C F 3 C 6 F 1 1 / C H3 C 6 H 5

1 4 4 9. 5: 5 0. 5

1 5 9 1. 2: 8. 8

1 6 9 0. 7: 9. 3

1 7 9 1. 1: 8. 9

1 8 9 9. 7: 0. 3

2 1 7 3. 7: 2 6. 3

2 2 9 7. 4: 2. 6

2 3 5 0. 7: 4 9. 3

2 4 5. 4: 9 4. 6

2 5 4. 2: 9 5. 8

2 6 3. 4: 9 6. 6

2 7 2. 4: 9 7. 6

2 8 1. 9: 9 8. 1

2 9 1. 1: 9 8. 9

3 0 1. 2: 9 8. 8

3 1 0. 9: 9 9. 1

3 2 2 2. 4: 7 7. 6

3 3 2 8. 0: 7 2. 0
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T a bl e 1.  V al u es f or r el at e d c o m p o u n ds ar e als o gi v e n,
a n d a n al y z e d i n t h e  Dis c ussi o n s e cti o n.

T h e pr ot o c ol s u m m ari z e d i n S c h e m e 2 r e pr es e nts a
v ers atil e, g e n er al  m et h o d f or a p p e n di n g p o n y t ails t o n o n-
fl u or o us str u ct ur es.  N u m er o us ar o m ati c al d e h y d es ar e
c o m m er ci all y a v ail a bl e, a n d ot h ers ar e e asil y pr e p ar e d.
T his pr o c e d ur e gi v es p o n y t ails  wit h ( C H 2 )3 i ns ul ati n g
s e g m e nts, o n e  m et h yl e n e gr o u p  m or e t h a n i n t h e st arti n g
fl u or o us i o di d es.  H o w e v er, i o di d es  wit h l o n g er ( C H 2 )m
s e g m e nts, s u c h as I C H 2 C H 2 C H 2 R f 8, ar e e asil y s y nt h e-
si z e d. 1 4 H e n c e hi g h er h o m ol o gs s h o ul d b e r e a dil y
a v ail a bl e.  L o w er h o m ol o gs  w o ul d r e q uir e p h os p h o ni u m
s alts of t h e t y p e [ R 3 P C H 2 R fn ] X .  T h es e r e q uir e
a d diti o n al st e ps t o a c c ess, b ut h a v e b e e n s u c c essf ull y
us e d i n  Witti g r e a cti o ns. 1 5

Ot h er  m et h o ds f or a p p e n di n g ( C H 2 )m R fn gr o u ps ( m
1) t o b e n z e n oi d ri n gs ar e k n o w n, as e x e m pli fi e d b y

r e c e nt  w or k  wit h p h os p hi n e li g a n ds d esi g n e d t o i m p art
g o o d s ol u bilit y i n s u p er criti c al  C O 2 .

1 6 T h er e ar e, of
c o urs e, n u m er o us  m e a ns of att a c hi n g p er fl u or o al k yl ( R fn )
gr o u ps dir e ctl y t o ar e n es. S e v er al ar e ni c el y ill ustr at e d b y
ot h er r e c e nt  w or k  wit h fl u or o us p h os p hi n e li g a n ds,  w h er e
t h e o bj e cti v e is oft e n fl u or o us p h as e s ol u bilit y as o p p os e d
t o hi g hl y bi as e d p artiti o n c o ef fi ci e nts.1 7, 1 8 H o w e v er,
H a m m et v al u es of p er fl u or o al k yl gr o u ps ( C F 3 / C4 F 9 : m

0. 4 6/ 0. 4 7 – 0. 5 2; p 0. 5 3/ 0. 5 2) i n di c at e i n d u cti v e el e ctr o n-
wit h dr a wi n g eff e cts b et w e e n t h os e of c hl ori d e ( m 0. 3 7)
a n d c y a ni d e ( m 0. 6 2; p 0. 7 1). 1 9 H e n c e t h e el e ctr o ni c
pr o p erti es of b e n z e n oi d c o m p o u n ds  will b e str o n gl y
p ert ur b e d b y s u c h ‘ u ni ns ul at e d’ p o n y t ails.  N o n et h el ess,
i n s uf fi ci e nt q u a ntit y t h e y s h o ul d b e a bl e t o i m p art g o o d
p artiti o ni n g c h ar a ct eristi cs.

T h e d at a i n  T a bl e 1 s h o w t h at l ar g e n u m b ers of  C F 2

gr o u ps ar e n e e d e d t o i m m o bili z e b e n z e n e d eri v ati v es
eff e cti v el y i n fl u or o us p h as es. I n t h e  C H 2 C H 2 C H 2 R f 8

s eri es, t h er e is a gr a d u al pr o gr essi o n of p artiti o n
c o ef fi ci e nts fr o m c a 5 0: 5 0 ( 1 4 , o n e p o n y t ail) t o c a 9 1: 9
(1 5 – 1 7 , t w o p o n y t ails) t o 9 9: 1 ( 1 8 , t hr e e p o n y t ails).
I nt er esti n gl y, t h e ort h o,  m et a a n d p ar a is o m ers gi v e
ess e nti all y i d e nti c al v al u es.  T h e p artiti o n c o ef fi ci e nts of
t h e o - di al k yl b e n z e n es i n cr e as e fr o m c a 7 4: 2 6 (2 1 ) t o c a
9 1: 9 ( 1 5 ) t o c a 9 7: 3 (2 2 ) as t h e  Rfn s e g m e nt is l e n gt h e n e d
fr o m si x t o ei g ht t o t e n c ar b o ns.

T o h el p pl a c e t h es e v al u es i n p ers p e cti v e, d at a f or
r el at e d c o m p o u n ds ar e gi v e n i n  T a bl e 1.  W h e n t h e p h e n yl
gr o u p i n 1 4 is r e pl a c e d b y a n i o di d e (2 3 ), t h e p artiti o n
c o ef fi ci e nt is u n aff e ct e d.  T h e n - al k a n es 2 4 – 2 9 h a v e
si mil ar n u m b ers of c ar b o ns as t h e p o n y t ails.  As
e x p e ct e d, t h e y s h o w  m ar k e d pr ef er e n c es f or t h e t ol u e n e
p h as e ( 9 4: 6) t h at i n cr e as e  wit h c h ai n l e n gt h.  T h e n o n-
fl u ori n at e d al k yl b e n z e n es 3 0 a n d 3 1 p artiti o n si mil arl y.
P e nt a fl u or o b e n z e n e ( 3 2 ) a n d h e x a fl u or o b e n z e n e (3 3 ) als o
pr ef er t h e t ol u e n e p h as e ( 7 8 – 7 2: 2 2 – 2 8).  As a n al y z e d

a b o v e, fl u ori n at e d ar e n es ar e hi g hl y s ol u bl e i n  m o d er-
at el y p ol ar s ol v e nts.  H o w e v er, 3 2 a n d 3 3 d o s h o w hi g h er
fl u or o us p h as e af fi niti es t h a n t h e n o n- fl u ori n at e d al k yl-
b e n z e n es.

T h e pr e c e di n g d at a s h o w t h at it  will b e c h all e n gi n g t o
pr e p ar e f u n cti o n ali z e d b e n z e n es or tri ar yl p h os p hi n es t h at
ar e hi g hl y i m m o bili z e d i n fl u or o us p h as es. P artiti o n
c o ef fi ci e nts of 9 9: 1 r e pr es e nt t h e l o w er pr a cti c al li mit f or
m a n y a p pli c ati o ns. 1 – 3 Wit h t h e t y p es of p o n y t ails
d es cri b e d i n t his p a p er, t hr e e  w o ul d b e r e q uir e d.  T his
r ais es t h e iss u e of s u bstit uti o n p att er n.  A n y f u n cti o n al-
i z e d b e n z e n e d eri v e d fr o m 1 8 will c o nt ai n t w o ort h o
s u bstit u e nts.  Wit h p h os p hi n es, t his r es ults i n l ar g e c o n e
a n gl es.  T his is d esir a bl e f or s o m e c at al ysts, b ut oft e n
d el et eri o us.  A 3, 4, 5 ( m et a /p ar a /m et a ) s u bstit uti o n p at-
t er n  w o ul d pr o vi d e t h e b est P P h3 mi mi c, b ut t o o ur
k n o wl e d g e t h e c orr es p o n di n g tri al d e h y d e h as n e v er b e e n
r e p ort e d.  Ot h er s y nt h eti c a p pr o a c h es t o f u n cti o n ali z e d
b e n z e n es  wit h t hr e e p o n y t ails ar e, of c o urs e, p ossi bl e.
H o w e v er, it is dif fi c ult t o a v oi d h a vi n g at l e ast o n e
s u bstit u e nt ort h o t o t h e f u n cti o n al gr o u p.

I n s u m m ar y, t his  w or k r e pr es e nts t h e first s yst e m ati c
st u d y of fl u or o us p h as e af fi niti es of b e n z e n oi d c o m-
p o u n ds b e ari n g fl u or o us p o n y t ails.  O ur d at a s h o w t h e
i m m o bili z ati o n of ar o m ati c r esi d u es t o b e a c h all e n gi n g
b ut n ot n e c ess aril y i ns ur m o u nt a bl e pr o bl e m.  T h e s y nt h-
esis of f u n cti o n ali z e d fl u or o us b e n z e n es a n d ar o m ati c
h et er o c y cl es, a n d t h e c orr es p o n di n g p artiti o n c o ef fi-
ci e nts,  will b e r e p ort e d i n t h e n e ar f ut ur e.

All r e a cti o ns  w er e c o n d u ct e d u n d er i n ert
at m os p h er es u nl ess n ot e d ot h er wis e.  C h e mi c als  w er e
tr e at e d as f oll o ws:  T H F, di et h yl et h er, t ol u e n e, h e x a n es,
distill e d fr o m  N a – b e n z o p h e n o n e;  C H 2 Cl 2 , distill e d fr o m
C a H 2 ;  C F3 C 6 H 5 ( Al dri c h),  C F3 C 6 F 1 1 ,  C F3 C 6 F 5

( O a k w o o d or  A B C R), distill e d fr o m P2 O 5 ;  C D Cl3
( C a m bri d g e Is ot o p e or  Al dri c h), ot h er/‘r e a g e nt- gr a d e’
s ol v e nts, I C H 2 C H 2 R fn ,  C6 H 6 x ( C H O)x (x = 1, 2), 1, 3, 5-
C 6 H 3 ( C O2 C H 3 )3 ( all  O a k w o o d or  Al dri c h), us e d as
r e c ei v e d.  T h e e d u ct 1. 3. 5- C6 H 3 ( C H2 O H) 3 w as pr e p ar e d
fr o m  Li Al H4 ( 2. 0 0 g, 5 7. 7  m m ol) a n d 1, 3, 5-
C 6 H 3 ( C O2 C H 3 )3 ( 5. 8 0 g, 2 3. 0  m m ol) b y t h e pr o c e d ur e
of  N a k a z a ki et al. 2 0 t h e cr u d e pr o d u ct  w as c hr o m at o-
gr a p h e d o n a sili c a g el c ol u m n ( el u e nt: 5: 9 5  M e O H –
Et O A c); t h e s ol v e nt  w as r e m o v e d b y r ot ar y e v a p or ati o n
t o gi v e  w hit e cr yst als t h at  w er e dri e d b y oil p u m p v a c u u m
( 3. 0 5 g, 8. 1 3  m m ol, 7 9 %),  m. p. 7 4 ° C (lit. 7 4 – 7 5 ° C); 1 H
N M R ( ,  C D Cl3 ), 4. 7 3 (s, 6 H), 7. 3 3 (s, 3 H).

N M R s p e ctr a  w er e r e c or d e d o n  V ari a n F T or J e ol
J M N- 4 0 0 G X F T s p e ctr o m et ers ( a m bi e nt pr o b e t e m p er a-
t ur e i n  C D Cl3 u nl ess n ot e d a n d r ef er e n c e d as f oll o ws: 1 H,
r esi d u al i nt er n al  C H Cl3 ( 7. 2 7); 1 3 C, i nt er n al  C D Cl 3 (
7 7. 2 3); 3 1 P, e xt er n al 8 5 %  H 3 P O 4 ( 0. 0 0); 1 9 F, e xt er n al
C F Cl 3 ( 0. 0 0)).  G as c hr o m at o gr a p h y  w as c o n d u ct e d o n
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H e wl ett- P a c k ar d 5 9 1 0 or  T h er m o Q u est  Tr a c e  G C 2 0 0 0
i nstr u m e nts.  El e m e nt al a n al ys es  w er e c o n d u ct e d  wit h a
C arl o  Er b a  E A 1 1 1 0 i nstr u m e nt (i n- h o us e) or b y  Atl a nti c
Mi cr ol a b ( N or cr oss,  G A,  U S A).

A S c hl e n k fl as k  w as c h ar g e d
wit h 1, 3, 5- C 6 H 3 ( C H2 O H) 3 ( 0. 7 0 0 g, 4 1 6  m m ol) a n d t h e
D ess – M arti n r e a g e nt ( 6. 1 8 g, 1 4. 6  m m ol). 2 2 T h e n
C H 2 Cl 2 ( 1 0 0  ml)  w as a d d e d a n d t h e s us p e nsi o n vi g or-
o usl y stirr e d.  Aft er 1 5 h, di et h yl et h er ( 1 0 0  ml)  w as
a d d e d.  T h e  mi xt ur e  w as  w as h e d  wit h  N a 2 S 2 O 3 [ 2 4. 8 g
( 1 0 0  m m ol) i n 1 0 0  ml of  K H C O3 - s at ur at e d  H2 O] a n d
s at ur at e d a q u e o us  K H C O 3 ( 1 0 0  ml).  T h e c o m bi n e d
a q u e o us p h as es  w er e e xtr a ct e d  wit h  C H 2 Cl 2 ( 1 0 0  ml).
T h e  C H 2 Cl 2 p h as es  w er e c o m bi n e d, dri e d ( M g S O 4 ) a n d
t a k e n t o dr y n ess b y r ot ar y e v a p or ati o n.  T h e  w hit e p o w d er
w as fl as h c hr o m at o gr a p h e d ( C H 2 Cl 2 ).  T h e s ol v e nt  w as
r e m o v e d b y r ot ar y e v a p or ati o n t o gi v e 5 as st ar cl ust ers of
w hit e cr yst als ( 0. 6 6 5 g, 4. 1 0  m m ol, 9 8 %),  m. p. 1 5 9 ° C
(lit. 1 5 5. 5 – 1 6 0 ° C). 2 1 N M R: 1 H 1 0. 2 1 (s, 3 H), 8. 6 5 (s,
3 H).

A fl as k  w as c h ar g e d  wit h
P h 3 P ( 7. 6 4 g, 2 9. 1 3  m m ol), I C H 2 C H 2 R f 6 ( 1 2. 4 0 g,
2 6. 1 6  m m ol) a n d  D M F ( 1 5  ml).  T h e  mi xt ur e  w as stirr e d
vi g or o usl y f or 2 4 h at 1 0 5 ° C.  T h e  D M F  w as r e m o v e d b y
oil p u m p v a c u u m.  T h e  w a x y s oli d  w as trit ur at e d  wit h
di et h yl et h er ( 1 0 0  ml), c oll e ct e d b y filtr ati o n,  w as h e d
wit h di et h yl et h er a n d dri e d b y oil p u m p v a c u u m t o gi v e 6
as a  w hit e s oli d ( 1 6. 9 5 g, 2 3. 0 2  m m ol, 8 8 %),  m. p. 1 9 1 –
1 9 5 ° C.  C al c ul at e d f or  C 2 6 H 1 9 F 1 3 I P:  C, 4 2. 4 2;  H, 2. 6 0.
F o u n d:  C, 4 2. 2 6;  H, 2. 6 3 %.  N M R: 1 H 2. 5 8 ( m,  C H 2 C F 2 ),
4. 0 6 ( a p p ar e nt q ui n, 2 J P H = 1 4  H z, 3 J H H = 7  H z, P C H 2 ),
7. 6 9 – 7. 9 3 ( m, 1 5 H); 1 3 C { 1 H } ( p arti al) 1 6. 5 ( dt,
1 J C P = 5 6  H z, 3 J C F = 4  H z, P C H 2 ), 2 4. 8 (t d,
2 J C F = 2 3  H z, 2 J C P = 2  H z, P C H 2 C H 2 ), P P h at 1 1 6. 9 ( d,
1 J C P = 8 8  H z), 1 3 1. 2 ( d, 2 J C P = 1 3  H z), 1 3 4. 1 ( d,
3 J C P = 1 1  H z), 1 3 6. 1 ( d, 4 J C P = 3  H z); 3 1 P { 1 H } 2 5. 5 (s);
1 9 F 8 1. 4 (t, 3 J F F = 9. 3  H z,  C F 3 ), 1 1 3. 6 ( br s,  C F2 ),

1 2 2. 4 ( br s,  C F 2 ), 1 2 3. 3 ( br s,  C F2 ), 1 2 3. 4 ( br s,
C F 2 ), 1 2 6. 8 ( br s,  C F2 ).

P h 3 P ( 1 3. 2 0 g, 5 0. 3 2  m m ol),
I C H2 C H 2 R f 8 ( 2 6. 1 1 g, 4 5. 4 8  m m ol) a n d  D M F ( 2 0  ml)
w er e c o m bi n e d i n a pr o c e d ur e a n al o g o us t o t h at f or 6 .  A n
i d e nti c al  w or k u p g a v e 7 as a  w hit e s oli d ( 3 4. 7 3 g,
4 1. 5 1  m m ol, 9 1 %),  m. p. 1 7 4 – 1 7 5 ° C.  C al c ul at e d f or
C 2 8 H 1 9 F 1 7 I P:  C, 4 0. 2 2;  H, 2. 2 9. F o u n d:  C, 4 0. 2 3;  H,
2. 3 2 %.  N M R: 1 H 2. 5 5 ( m,  C H 2 C F 2 ), 4. 0 4 ( a p p ar e nt q ui n,
2 J P H = 1 4  H z, 3 J H H = 7  H z, P C H 2 ), 7. 7 1 – 7. 8 9 ( m, 1 5 H);
1 3 C { 1 H } ( p arti al) 1 6. 3 ( dt, 1 J C P = 5 8  H z, 3 J C F = 3  H z,
P C H 2 ), 2 4. 7 (t d, 2 J C F = 2 3  H z, 2 J C P = 3  H z, P C H 2 C H 2 ),
P P h at 1 1 6. 8 ( d, 1 J C P = 8 7  H z), 1 3 1. 1 ( d, 2 J C P = 1 3  H z),
1 3 3. 9 ( d, 3 J C P = 1 0  H z), 1 3 6. 0 ( d, 4 J C P = 3  H z); 3 1 P { 1 H }
2 6. 5 (s); 1 9 F 8 1. 3 (t, 3 J F F = 9. 0  H z,  C F 3 ), 1 1 3. 6 ( br s,
C F 2 ), 1 2 2. 2 ( br s,  C F2 ), 1 2 2. 5 ( br s, 2 C F2 ), 1 2 3. 3 ( br
s, 2 C F 2 ), 1 2 6. 8 ( br s,  C F2 ).

P h 3 P ( 5. 7 1 6 g, 2 1. 7 9  m m ol),
I C H2 C H 2 R f 1 0 ( 1 3. 3 5 g, 1 9. 8 1  m m ol) a n d  D M F ( 2 0  ml)
w er e c o m bi n e d i n a pr o c e d ur e a n al o g o us t o t h at f or 6 .  A n
i d e nti c al  w or k u p g a v e 8 as a  w hit e s oli d ( 1 6. 3 1 g,
1 7. 4 1  m m ol, 8 8 %),  m. p. 2 0 2 – 2 0 4 ° C.  C al c ul at e d f or
C 3 0 H 1 9 F 2 1 I P:  C, 3 8. 4 9;  H, 2. 0 5. F o u n d:  C, 3 8. 2 8;  H,
2. 0 8 %.  N M R *: 1 H 2. 5 1 ( m,  C H 2 C F 2 ), 4. 0 1 ( a p p ar e nt
q ui n, 2 J P H = 1 4  H z, 3 J H H = 7  H z, P C H 2 ), 7. 6 8 – 7. 8 7 ( m,
1 5 H); 1 3 C { 1 H } ( p arti al) 1 6. 2 ( d, 1 J C P = 5 5  H z, P C H 2 ),
2 4. 6 (t, 2 J C F = 2 2  H z, P C H 2 C H 2 ), P P h at 1 1 6. 6 ( d,
1 J C P = 7 2  H z), 1 3 0. 9 ( d, 2 J C P = 1 3  H z), 1 3 3. 8 ( d,
3 J C P = 1 0  H z), 1 3 5. 8 ( d, 4 J C P = 3  H z); 3 1 P { 1 H } 2 8. 7 (s);
1 9 F 8 1. 3 (t, 3 J F F = 9. 0  H z,  C F 3 ), 1 1 3. 5 ( br s,  C F2 ),

1 2 2. 4 ( br s, 5 C F 2 ), 1 2 3. 3 ( br s, 2 C F2 ), 1 2 6. 7 ( br s,
C F 2 ).

A r o u n d- b ott o m e d fl as k  w as
c h ar g e d  wit h  C 6 H 5 C H O ( 0. 2 0 0 g, 1. 8 8  m m ol), 7 ( 1. 8 9 g,
2. 2 6  m m ol),  K 2 C O 3 ( 0. 1 4 7 g, 2. 4 5  m m ol), r e a g e nt- gr a d e
1, 4- di o x a n e ( 1 0  ml) a n d  H 2 O ( 0. 3  ml) a n d fitt e d  wit h a
c o n d e ns er ( n o i n ert at m os p h er e).  T h e  mi xt ur e  w as stirr e d
at 9 5 ° C f or 2 0 h.  T h e v ol atil es  w er e r e m o v e d b y r ot ar y
e v a p or ati o n, a n d  C H 2 Cl 2 ( 5 0  ml) a n d  H2 O ( 5 0  ml)  w er e
a d d e d t o t h e or a n g e r esi d u e.  T h e l a y ers  w er e s e p ar at e d.
T h e a q u e o us l a y er  w as e xtr a ct e d  wit h  C H 2 Cl 2 ( 5 0  ml)
a n d t h e  C H 2 Cl 2 l a y ers  w er e c o m bi n e d a n d dri e d
( M g S O4 ).  T h e s ol v e nt  w as r e m o v e d b y r ot ar y e v a p or a-
ti o n.  T h e oil y s oli d  w as ri ns e d t hr o u g h a sili c a g el pl u g
( 1 0 c m)  wit h h e x a n es.  T h e s ol v e nt  w as r e m o v e d b y
r ot ar y e v a p or ati o n a n d oil p u m p v a c u u m t o gi v e 9 as a
c ol orl ess oil ( 0. 9 5 3 g, 1. 7 8  m m ol, 9 4 %, 9 0: 1 0 Z/ E ).
C al c ul at e d f or  C 1 7 H 9 F 1 7 :  C, 3 8. 0 7;  H, 1. 6 9. F o u n d:  C,
3 8. 2 9;  H, 1. 8 1 %.  N M R: 1 H 3. 2 1 2. 9 7 ( 2 dt,
3 J H F = 1 8  H z, 3 J H H = 7  H z,  C H 2 C F 2 E a n d Z ), 5. 7 8 ( dt,
3 J H H = 1 1  H z, 3 J H H = 7  H z, = C H C H 2 , Z ), 6. 1 7 ( dt,
3 J H H = 1 6  H z, 3 J H H = 7  H z, = C H C H 2 , E ), 6. 6 5 ( d,
3 J H H = 1 6  H z,  Ar C H = , E ), 6. 8 5 ( d, 3 J H H = 1 1  H z,
Ar C H = , Z ), 7. 2 0 – 7. 4 5 ( m,  C6 H 5 , Z a n d E ); 1 3 C { 1 H }
( p arti al, Z ) 3 0. 7 (t, 2 J C F = 2 2  H z, C H 2 C F 2 ), 1 1 8. 1 (t,
3 J C F = 5  H z, = C H C H 2 ), 1 2 7. 8, 1 2 8. 7, 1 2 8. 8, 1 3 5. 7,
1 3 6. 2 ( 5s, C 6 H 5 C H = ).

T h e r e a cti o n/ w or k u p
gi v e n f or 9 w as r e p e at e d  wit h 1, 2- C 6 H 4 ( C H O)2 ( 0. 1 6 0 g,
1. 2 0  m m ol), 7 ( 2. 0 0 g, 2. 3 9  m m ol),  K2 C O 3 ( 0. 1 4 3 g,
2. 3 9  m m ol), r e a g e nt- gr a d e 1, 4- di o x a n e ( 1 5  ml) a n d  H 2 O
( 0. 5  ml).  T his g a v e 1 0 as a c ol orl ess oil t h at s oli di fi e d
u p o n st a n di n g ( 1. 1 0 g, 1. 1 0  m m ol, 9 2 %; 9 5: 5 Z Z/ E Z ),
m. p. 5 9 – 6 0 ° C.  Cr yst alli z ati o n fr o m h ot h e x a n es g a v e
(Z Z )-1 0 as cl e ar, c ol orl ess fl a k es.  C al c ul at e d f or
C 2 8 H 1 2 F 3 4 :  C, 3 3. 8 2;  H, 1. 2 1. F o u n d:  C, 3 3. 7 2;  H,
1. 1 7 %.  N M R ( Z Z ): 1 H 2. 9 2 ( dt, 3 J H F = 1 8  H z,
3 J H H = 7  H z, 2 C H 2 C F 2 ), 5. 8 2 ( dt, 3 J H H = 1 1  H z,
3 J H H = 7  H z, 2 = C H C H 2 ), 6. 7 7 ( d, 3 J H H = 1 1  H z,
2 Ar C H = ), 7. 2 0 – 7. 2 3 ( m, 2 H), 7. 3 2 – 7. 3 4 ( m, 2 H);
1 3 C { 1 H } ( p arti al) 3 0. 7 (t, 2 J C F = 2 2  H z, C H 2 C F 2 ), 1 1 9. 3
(t, 3 J C F = 4  H z, = C H C H 2 ), 1 2 8. 0, 1 2 9. 1, 1 3 4. 6, 1 3 5. 1
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[ 4s, C 6 H 4 (C H = )2 ];
1 9 F 7 8. 0 (t, 3 J F F = 1 2  H z, 2 C F 3 ),

1 1 0. 1 ( m, 2 C F 2 ), 1 1 9. 0 ( br s, 6 C F2 ), 1 1 9. 8 ( br s,
2 C F 2 ), 1 2 0. 2 ( br s, 2 C F2 ), 1 2 3. 3 ( br s, 2 C F2 ).

T h e r e a cti o n/ w or k u p
gi v e n f or 9 w as r e p e at e d  wit h 1, 3- C 6 H 4 ( C H O)2 ( 0. 2 0 0 g,
1. 4 9 1  m m ol), 7 ( 3. 7 4 g, 4. 4 7  m m ol),  K2 C O 3 ( 0. 2 6 8 g,
4. 4 6  m m ol), r e a g e nt- gr a d e 1, 4- di o x a n e ( 1 5  ml) a n d  H 2 O
( 0. 5  ml).  T his g a v e 1 1 as a c ol orl ess oil ( 1. 3 6 g,
1. 3 6  m m ol, 9 2 %; 9 5: 5 Z Z/ E Z ).  C al c ul at e d f or
C 2 8 H 1 2 F 3 4 :  C, 3 3. 8 2;  H, 1. 2 1. F o u n d:  C, 3 3. 9 7;  H,
1. 5 1 %.  N M R ( Z Z ): 1 H 3. 1 2 ( dt, 3 J H F = 1 8  H z,
3 J H H = 7  H z, 2 C H 2 C F 2 ), 5. 8 1 ( dt, 3 J H H = 1 1  H z,
3 J H H = 7  H z, 2 = C H C H 2 ), 6. 8 5 ( d, 3 J H H = 1 1  H z,
Ar C H = ), 7. 1 0 – 7. 4 2 (s,  C6 H 4 );

1 3 C { 1 H } ( p arti al) 3 0. 7
(t, 2 J C F = 2 2  H z, C H 2 C F 2 ), 1 1 8. 8 (t, 3 J C F = 4  H z,
= C H C H 2 ), 1 2 7. 8, 1 2 8. 4, 1 2 9. 0, 1 3 4. 4, 1 3 6. 5 ( 5s,
C 6 H 4 (C H =) 2 ).

T h e r e a cti o n/ w or k u p
gi v e n f or 9 w as r e p e at e d  wit h 1, 4- C 6 H 4 ( C H O)2 ( 0. 2 0 0 g,
1. 4 9 1  m m ol), 7 ( 3. 7 4 g, 4. 4 7  m m ol),  K2 C O 3 ( 0. 2 6 8 g,
4. 4 6  m m ol), r e a g e nt gr a d e 1, 4- di o x a n e ( 1 5  ml) a n d  H 2 O
( 0. 5  ml).  T his g a v e 1 2 as a  w hit e s oli d ( 1. 3 4 g,
1. 3 4  m m ol, 9 0 %; 9 5: 5 Z Z/ E Z ),  m. p. 6 2 – 6 3 ° C.  C al c ul at e d
f or  C2 8 H 1 2 F 3 4 :  C, 3 3. 8 2;  H, 1. 2 1. F o u n d:  C, 3 4. 1 1;  H,
1. 4 2 %.  N M R ( Z Z ): 1 H 3. 1 0 ( dt, 3 J H F = 1 8  H z,
3 J H H = 7  H z, 2 C H 2 C F 2 ), 5. 7 9 ( dt, 3 J H H = 1 1  H z,
3 J H H = 7  H z, 2 = C H C H 2 ), 6. 8 3 ( d, 3 J H H = 1 1  H z,
Ar C H = ), 7. 2 4 (s,  C6 H 4 );

1 3 C { 1 H } ( p arti al) 3 0. 8 (t,
2 J C F = 2 2  H z, C H 2 C F 2 ), 1 1 8. 6 (t, 3 J C F = 4  H z, = C H C H 2 ),
1 2 8. 8, 1 3 5. 2, 1 3 7. 5 [ 3s, C 6 H 4 (C H = )2 ].

T h e r e a cti o n/ w or k u p
gi v e n f or 9 w as r e p e at e d  wit h 5 ( 0. 1 9 0 g, 1. 1 7  m m ol), 7
( 3. 1 9 g, 3. 8 1  m m ol),  K2 C O 3 ( 0. 2 8 1 g, 4. 6 9 4  m m ol),
r e a g e nt- gr a d e 1, 4- di o x a n e ( 4 0  ml) a n d  H2 O ( 0. 5  ml).
T his g a v e 1 3 as a c ol orl ess oil t h at s oli di fi e d u p o n
st a n di n g ( 1. 3 3 g, 0. 9 1 5  m m ol, 7 8 %, 9 4: 6 Z Z Z/ E Z Z ),  m. p.
3 6 ° C.  C al c ul at e d f or  C 3 9 H 1 5 F 5 1 :  C, 3 2. 2 5;  H, 1. 0 4.
F o u n d:  C, 3 2. 4 8;  H, 1. 1 3 %.  N M R ( Z Z Z ): 1 H 3. 0 3 ( dt,
3 J H H = 7  H z, 3 J H F = 1 8  H z, 3 C H 2 C F 2 ), 5. 8 1 ( dt,
3 J H H = 1 1  H z, 3 J H H = 7  H z, 3 = C H C H 2 ), 6. 8 2 ( d,
3 J H H = 1 1  H z, 3 Ar C H = ), 6. 9 9 (s,  C6 H 3 );

1 3 C { 1 H }
( p arti al) 3 0. 6 (t, 2 J C F = 2 3. 2  H z, C H 2 C F 2 ), 1 1 9. 4 (t,
3 J C F = 5  H z, = C H C H 2 ), 1 2 7. 7, 1 3 5. 1, 1 3 6. 9 ( 3s,
C 6 H 3 (C H = )3 ).

T h e r e a cti o n/ w or k u p
gi v e n f or 9 w as r e p e at e d  wit h 1, 2- C 6 H 4 ( C H O)2 ( 0. 9 1 0 g,
6. 7 9  m m ol), 6 ( 9. 9 6 0 g, 1 3. 5 3  m m ol),  K2 C O 3 ( 0. 8 1 1 g,
1 3. 5 3  m m ol), r e a g e nt- gr a d e 1, 4- di o x a n e ( 4 0  ml) a n d
H 2 O ( 0. 5  ml).  T his g a v e 1 9 as a c ol orl ess oil ( 4. 4 2 3 g,
5. 5 7  m m ol, 8 2 %; 8 9: 1 1 Z Z/ E Z ).  C al c ul at e d f or
C 2 4 H 1 2 F 2 6 :  C, 3 6. 2 9;  H, 1. 5 2. F o u n d:  C, 3 6. 5 7;  H,
1. 6 6 %.  N M R ( Z Z ): 1 H 2. 9 4 ( dt, 3 J H F = 1 8  H z,
3 J H H = 7  H z, 2 C H 2 C F 2 ), 5. 8 3 ( dt, 3 J H H = 1 1  H z,

3 J H H = 7  H z, 2 = C H C H 2 ), 6. 7 8 ( d, 3 J H H = 1 1  H z,
2 Ar C H = ), 7. 2 2 – 7. 2 6 ( m, 2 H), 7. 3 0 – 7. 3 5 ( m, 2 H);
1 3 C { 1 H } ( p arti al) 3 0. 7 (t, 2 J C F = 2 2  H z, C H 2 C F 2 ), 1 1 9. 3
(t, 3 J C F = 5  H z, = C H C H 2 ), 1 2 8. 0, 1 2 9. 1, 1 3 4. 6, 1 3 5. 2
[ 4s, C 6 H 4 (C H = )2 ];

1 9 F 8 0. 4 (t, 3 J F F = 9  H z, 2 C F 3 ),
1 1 2. 5 ( br s, 2 C F 2 ), 1 2 1. 4 ( br s, 2 C F2 ), 1 2 2. 3 ( br s,

2 C F 2 ), 1 2 2. 6 ( br s, 2 C F2 ), 1 2 5. 7 ( br s, 2 C F2 ).

T h e r e a cti o n/ w or k u p
gi v e n f or 9 w as r e p e at e d  wit h 1, 2- C 6 H 4 ( C H O)2 ( 0. 3 8 9 g,
2. 9 0  m m ol), 8 ( 8. 1 4 g, 8. 7 0  m m ol),  K2 C O 3 ( 0. 5 2 2 g,
8. 7 0  m m ol), r e a g e nt- gr a d e 1, 4- di o x a n e ( 3 0  ml) a n d  H 2 O
( 0. 5  ml).  T his g a v e 2 0 as a  w hit e s oli d ( 3. 1 5 g,
2. 6 3  m m ol, 9 1 %; 9 5: 5 Z Z/ E Z ),  m. p. 7 8 – 7 9 ° C.  C al c ul at e d
f or  C3 2 H 1 2 F 4 2 :  C, 3 2. 1 8;  H, 1. 0 1. F o u n d:  C, 3 2. 3 3;  H,
1. 2 0 %.  N M R ( Z Z ): (i n 5 0: 5 0  C O Cl3 – C F 3 C 6 F 5 )

1 H 2. 9 7
( dt, 3 J H F = 1 8  H z, 3 J H H = 7  H z, 2 C H 2 C F 2 ), 5. 8 7 ( dt,
3 J H H = 1 1  H z, 3 J H H = 7  H z, 2 = C H C H 2 ), 6. 8 5 ( d,
3 J H H = 1 1  H z,  Ar C H = ), 7. 1 5 – 7. 5 5 ( m,  C6 H 4 );

1 3 C { 1 H }
( p arti al) 3 0. 8 (t, 2 J C F = 2 2  H z, C H 2 C F 2 ), 1 1 9. 5 (t,
3 J C F = 4  H z, = C H C H 2 ), 1 2 8. 0, 1 2 9. 3, 1 3 4. 8, 1 3 5. 5 [ 4s,
C 6 H 4 (C H = )2 ].

A S c hl e n k fl as k  w as c h ar g e d
wit h 9 ( 1. 2 4 g, 2. 3 1  m m ol), 1 0 % P d/ C ( 0. 1 5 0 g,
0. 1 4  m m ol), r e a g e nt- gr a d e h e x a n es ( 1 0  ml) a n d a bs ol ut e
Et O H ( 1 0  ml), p ur g e d  wit h  H 2 ( 2 – 3  mi n) a n d fitt e d  wit h a
t hi c k- w all e d b all o o n fill e d  wit h  H2 .  T h e  mi xt ur e  w as
stirr e d 2 4 h at r o o m t e m p er at ur e a n d filt er e d t hr o u g h
C elit e ( 5 c m pl u g).  T h e v ol atil es  w er e r e m o v e d b y r ot ar y
e v a p or ati o n a n d oil p u m p v a c u u m t o gi v e 1 4 as a
c ol orl ess oil ( 1. 1 2 g, 2. 0 8  m m ol, 9 0 %).  C al c ul at e d f or
C 1 7 H 1 1 F 1 7 :  C, 3 7. 9 3;  H, 2. 0 6. F o u n d:  C,. 3 7. 8 1;  H,
2. 0 0 %.  N M R: 1 H 1. 9 3 – 2. 2 1 ( m,  C H 2 C H 2 C F 2 ), 2. 7 3 (t,
3 J H H = 7  H z,  Ar C H 2 ), 7. 2 0 – 7. 3 7 ( m,  C6 H 5 );

1 3 C ( p arti al)
2 2. 1 ( br s), 3 0. 6 (t, 2 J C F = 2 2  H z), 3 5. 3 (s), 1 2 6. 6, 1 2 8. 6,
1 2 8. 8, 1 4 0. 9 ( 4s,  C 6 H 5 );

1 9 F 8 0. 1 (t, 3 J F F = 1 2  H z,  C F 3 ),
1 1 2. 4 ( br s,  C F 2 ), 1 1 9. 8 ( br s, 3 C F2 ), 1 2 2. 3 ( br s,

C F 2 ), 1 2 2. 8 ( br s,  C F2 ), 1 2 5. 3 ( br s,  C F2 ).

T h e r e a cti o n gi v e n f or
1 4 w as r e p e at e d  wit h 1 0 ( 1. 2 3 g, 1. 2 3  m m ol), 1 0 % P d/ C
( 0. 1 5 0 g, 0. 1 4  m m ol), r e a g e nt- gr a d e h e x a n es ( 1 5  ml) a n d
a bs ol ut e  Et O H ( 1 5  ml) ( 1 8 h u n d er  H 2 ).  T his g a v e 1 5 as a
w hit e s oli d ( 1. 1 1 g, 1. 1 2  m m ol, 9 1 %),  w hi c h  w as f urt h er
p uri fi e d b y ri nsi n g t hr o u g h a sili c a g el pl u g ( 5 c m)  wit h
h e x a n es ( 1 0 0  ml).  C al c ul at e d f or  C 2 8 H 1 6 F 3 4 :  C, 3 3. 6 8;  H,
1. 6 1. F o u n d:  C, 3 3. 4 3;  H, 1. 5 1 %.  N M R: 1 H 1. 9 1 ( m,
2 C H 2 C H 2 C F 2 ), 2. 1 6 ( m, 2 C H2 C F 2 ), 2. 7 2 (t, 3 J H H = 8  H z,
2 Ar C H 2 ), 7. 1 7 – 7. 2 3 ( m,  C6 H 4 );

1 3 C { 1 H } ( p arti al) 2 2. 3
( br s), 3 1. 1 (t, 2 J C F = 2 2  H z, C H 2 C F 2 ), 3 2. 3 (s), 1 2 7. 3,
1 2 9. 8, 1 3 9. 0 ( 3s,  C 6 H 4 );

1 9 F 8 0. 1 (t, 3 J F F = 1 2  H z,
2 C F 3 ), 1 1 2. 2 ( br s, 2 C F2 ), 1 1 9. 3 ( br s, 6 C F2 ), 1 1 9. 8
( br s, 2 C F2 ), 1 2 0. 2 ( br s, 2 C F2 ), 1 2 3. 3 ( br s, 2 C F2 ).

T h e r e a cti o n/ w or k u p
gi v e n f or 1 5 w as r e p e at e d  wit h 1 1 ( 1. 0 0 g, 1. 0 0  m m ol),

C o p yri g ht  2 0 0 0 J o h n  Wil e y  & S o ns,  Lt d. J.  P h ys.  Or g.  C h e m. 2 0 0 0; 1 3: 5 9 6 – 6 0 3
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1 0 % P d/ C ( 0. 0 5 0 g, 0. 0 5  m m ol), r e a g e nt- gr a d e  C H 2 Cl 2

( 5  ml) a n d a bs ol ut e  Et O H ( 5  ml) ( 8 h u n d er  H2 ).  T his
g a v e 1 6 as a  w hit e s oli d ( 0. 7 9 9 g, 0. 8 0 0  m m ol, 8 0 %),
m. p. 6 8 ° C.  C al c ul at e d f or  C 2 8 H 1 6 F 3 4 :  C, 3 3. 6 8;  H, 1. 6 1.
F o u n d:  C, 3 3. 9 7;  H, 1. 8 3 %.  N M R: 1 H 1. 9 5 – 2. 2 0 ( m,
2 C H 2 C H 2 C F 2 ), 2. 7 1 (t, 3 J H H = 8  H z,  Ar C H 2 ), 7. 0 4
( a p p ar e nt t, 3 H), 7. 2 6 ( m, 1 H); 1 3 C { 1 H } ( p arti al) 2 2. 0
(s), 3 0. 4 (t, 2 J C F = 2 2  H z, C H 2 C F 2 ), 3 5. 1 (s), 1 2 6. 6,
1 2 8. 6, 1 2 9. 0, 1 4 1. 1 ( 4s,  C 6 H 4 ).

T h e r e a cti o n/ w or k u p
gi v e n f or 1 5 w as r e p e at e d  wit h 1 2 ( 0. 9 5 1 g, 0. 9 5 6  m m ol),
1 0 % P d/ C ( 0. 1 5 0 g, 0. 1 4 1  m m ol), r e a g e nt- gr a d e
C F 3 C 6 H 5 ( 1 0  ml) a n d a bs ol ut e  Et O H ( 1 0  ml) ( 1 8 h u n d er
H 2 ).  T his g a v e 1 7 as a  w hit e s oli d ( 0. 9 1 8 g, 0. 9 1 9  m m ol,
9 6 %),  m. p. 8 4 – 8 5 ° C.  C al c ul at e d f or  C 2 8 H 1 6 F 3 4 :  C,
3 3. 6 8;  H, 1. 6 1. F o u n d:  C, 3 4. 0 3;  H, 1. 4 2 %.  N M R: 1 H
1. 9 2 – 2. 1 4 ( m, 2 C H 2 C H 2 C F 2 ), 2. 7 2 (t, 3 J H H = 8  H z,
Ar C H 2 ), 7. 1 4 (s,  C6 H 4 );

1 3 C { 1 H } ( p arti al) 2 2. 1 (s), 3 0. 5
(t, 2 J C F = 2 2  H z, C H 2 C F 2 ), 3 4. 8 (s), 1 2 8. 9, 1 3 9. 1 ( 2s,
C 6 H 4 ).

T h e r e a cti o n gi v e n
f or 1 4 w as r e p e at e d  wit h 1 3 ( 0. 7 3 6 g, 0. 5 0 6  m m ol), 1 0 %
P d/ C ( 0. 1 5 0 g, 0. 1 4 0  m m ol), r e a g e nt- gr a d e  Et O H ( 1 0  ml)
a n d  C F 3 C 6 H 5 ( 1 0  ml) ( 1 2 h u n d er  H2 ).  T h e  mi xt ur e  w as
filt er e d t hr o u g h  C elit e ( 5 c m pl u g) t h at  w as f urt h er ri ns e d
wit h  C F 3 C 6 H 5 ( 3 2 5  ml).  T h e v ol atil es  w er e r e m o v e d
fr o m t h e filtr at e b y r ot ar y e v a p or ati o n a n d oil p u m p
v a c u u m t o gi v e 1 8 as st ar cl ust ers of  w hit e cr yst als
( 0. 6 7 7 g, 0. 4 6 4  m m ol, 9 2 %),  m. p. 6 0 – 6 1 ° C.  C al c ul at e d
f or  C3 9 H 2 1 F 5 1 :  C, 3 2. 1 1;  H, 1. 4 5. F o u n d:  C, 3 2. 6 9;  H,
1. 8 4 %.  N M R: 1 H 1. 9 1 – 2. 1 0 ( m, 3 C H 2 C H 2 C F 2 ), 2. 6 9 (t,
3 J H H = 7  H z, 3 Ar C H 2 ), 6. 8 6 (s,  C6 H 3 );

1 3 C { 1 H } ( p arti al)
2 1. 8 (s), 3 0. 1 (t, 2 J C F = 2 2  H z, C H 2 C F 2 ), 3 4. 8 (s), 1 2 6. 8,
1 4 1. 5 ( 2s,  C 6 H 3 ).

T h e r e a cti o n/ w or k u p
gi v e n f or 1 5 w as r e p e at e d  wit h 1 9 ( 0. 8 6 6 g, 1. 0 9  m m ol),
1 0 % P d/ C ( 0. 0 5 0 g, 0. 0 5  m m ol), r e a g e nt- gr a d e h e x a n es
( 2 0  ml), a n d a bs ol ut e  Et O H ( 2 0  ml) ( 1 2 h u n d er  H2 ).  T his
g a v e 2 1 as a c ol orl ess oil ( 0. 7 9 9 g, 1. 0 0  m m ol, 9 2 %),
w hi c h c o ul d b e f urt h er p uri fi e d b y ri nsi n g t hr o u g h a sili c a
g el pl u g ( 5 c m)  wit h h e x a n es ( 1 0 0  ml).  C al c ul at e d f or
C 2 4 H 1 6 F 2 6 :  C, 3 6. 1 0;  H, 2. 0 2. F o u n d:  C, 3 6. 5 4;  H, 2. 2 1 %.
N M R: 1 H 1. 9 3 ( m, 2 C H 2 C H 2 C F 2 ), 2. 1 5 ( m, 2 C H2 C F 2 ),
2. 7 3 (t, 3 J H H = 8  H z, 2 Ar C H 2 ), 7. 1 7 – 7. 2 4 ( m,  C6 H 4 );
1 3 C { 1 H } ( p arti al) 2 2. 0 ( br s), 3 0. 9 (t, 2 J C F = 2 3  H z,
C H 2 C F 2 ), 3 2. 1 (s), 1 2 7. 0, 1 2 9. 6, 1 3 8. 7 ( 3s,  C6 H 4 );

1 9 F
8 0. 2 (t, 3 J F F = 1 2  H z, 2 C F 3 ), 1 1 3. 4 ( br s, 2 C F2 ),
1 2 1. 2 ( br s, 2 C F 2 ), 1 2 2. 2 ( br s, 2 C F2 ), 1 2 2. 8 ( br s,

2 C F 2 ), 1 2 5. 5 ( br s, 2 C F2 ).

T h e r e a cti o n/ w or k u p
gi v e n f or 1 5 w as r e p e at e d  wit h 2 0 ( 1. 1 4 g, 0. 9 5 4  m m ol),
1 0 % P d/ C ( 0. 1 0 0 g, 0. 0 9 4  m m ol),  C 6 H 5 C F 3 ( 3 0  ml) a n d
a bs ol ut e  Et O H ( 3 0  ml) ( 1 2 h u n d er  H 2 ).  T his g a v e 2 2 as a

w hit e s oli d ( 1. 1 4 g, 0. 9 5 1  m m ol, 9 8 %),  m. p. 7 7 – 7 8 ° C.
C al c ul at e d f or  C 3 2 H 1 6 F 4 2 :  C, 3 2. 0 7;  H, 1. 3 4. F o u n d:  C,
3 2. 3 5;  H, 1. 5 0 %  N M R (i n 5 0: 5 0  C D Cl 3 – C F 3 C 6 F 5 ).

1 H
2. 0 0 ( m, 2 C H 2 C H 2 C F 2 ), 2. 2 4 ( m, 2 C H2 C F 2 ), 2. 8 1 (t,
3 J H H = 8  H z, 2 Ar C H 2 ), 7. 1 7 – 7. 2 3 ( m,  C6 H 4 );

1 3 C { 1 H }
( p arti al) 2 2. 1 ( br s), 3 1. 1 (t, 2 J C F = 2 2  H z, C H 2 C F 2 ), 3 2. 2
(s), 1 2 7. 0, 1 2 9. 0, 1 2 9. 7 ( 3s,  C6 H 4 ).

T h e f oll o wi n g is r e pr es e nt a-
ti v e.  A 1 0  ml vi al  w as c h ar g e d  wit h 1 5 ( 0. 0 2 4 0 g,
0. 0 2 4 0  m m ol),  C F 3 C 6 F 1 1 ( 2. 0 0 0  ml) a n d t ol u e n e
( 2. 0 0 0  ml), e q ui p p e d  wit h a  Mi ni n ert v al v e, vi g or o usl y
s h a k e n ( 2  mi n) a n d i m m ers e d ( c a p-l e v el) i n a 3 5 ° C oil-
b at h.  Aft er 1 2 h, t h e b at h  w as r e m o v e d.  Aft er 1 2 – 2 4 h, a
0. 4 0 0  ml ali q u ot of e a c h l a y er  w as a d d e d t o 2. 0 0 0  ml of a
st a n d ar d 0. 0 2 7 3 M s ol uti o n of h e x a d e c a n e i n h e x a n e.  G C
a n al ysis ( a v er a g e of 7 – 8 i nj e cti o ns) s h o w e d t h at
0. 0 0 4 1 2  m m ol of 1 5 w as i n t h e  C F 3 C 6 F 1 1 ali q u ot a n d
0. 0 0 0 3 9 8  m m ol i n t h e t ol u e n e ali q u ot ( 9 1. 2: 8. 8; a 2. 0 0 0/
0. 4 0 0 s c al e f a ct or gi v es a t ot al  m ass r e c o v er y of 0. 0 2 2 2 g,
9 3 %).

W e t h a n k t h e  U S  D e p art m e nt of  E n er g y, t h e  N ati o n al
S ci e n c e F o u n d ati o n a n d t h e  D e uts c h e F ors c h u n gs g e-
m ei ns c h aft ( D F G) f or s u p p ort of t his r es e ar c h.

1.  H or v át h I T,  R á b ai J. S ci e n c e 1 9 9 4; 2 6 6 : 7 2.
2.  H or v át h I T. A c c.  C h e m.  R es. 1 9 9 8; 3 1 : 6 4 1.
3.  H or v át h I T,  Kiss  G,  C o o k  R A,  B o n d J E, St e v e ns P A,  R á b ai J,

M o z el es ki  EJ. J.  A m.  C h e m. S o c. 1 9 9 8, 1 2 0 : 3 1 3 3.
4.  B art h el- R o s a  L P,  Gl a d ys z J A. C o or d.  C h e m.  R e v. 1 9 9 9; 1 9 0 – 1 9 2 :

5 8 7.
5. ( a)  Britis h P at e nt 8 4 0 7 2 5,  Mi n n es ot a  Mi ni n g a n d  M a n uf a ct uri n g

C o m p a n y, 1 9 6 0; ( b)  Ti ers  G V D.  U S P at e nt 3 2 8 1 4 2 6,  Mi n n es ot a
Mi ni n g a n d  M a n uf a ct uri n g  C o m p a n y, 1 9 6 6.

6. ( a)  G uill e vi c  M- A,  R o c a b o y  C,  Arif  A M,  H or v át h I T,  Gl a d ys z J A.
Or g a n o m et alli cs 1 9 9 8; 1 7 : 7 0 7; ( b)  R ut h erf or d  D, J uli ett e JJJ,
R o c a b o y  C,  H or v át h I,  Gl a d ys z J A. C at al. T o d a y 1 9 9 8; 4 2 : 3 8 1;
( c)  Al v e y  LJ,  R ut h erf or d  D, J uli ett e JJJ,  Gl a d ys z J A. J.  Or g.
C h e m. 1 9 9 8; 6 3 : 6 3 0 2; ( d) J uli ett e JJJ,  R ut h erf or d  D,  H or v át h I T,
Gl a d ys z J A. J.  A m.  C h e m. S o c. 1 9 9 9; 1 2 1 : 2 6 9 6; ( e)  Kl os e  A,
Gl a d ys z J A. T etr a h e dr o n:  As y m m etr y 1 9 9 9; 1 0 : 2 6 6 5; (f)  Di n h  L,
Gl a d ys z J A. T etr a h e dr o n L ett. 1 9 9 9; 4 0 : 8 9 9 5; (f)  Al v e y  LJ,  M ei er
R, S o ó s  R,  B er n atis P,  Gl a d ys z J A. E ur. J. I n or g.  C h e m. i n pr ess;
( g)  R o c a b o y  C,  B a u er  W,  Gl a d ys z J A. E ur. J.  Or g.  C h e m. 2 0 0 0;
2 6 2 1.

7. ( a) d e  W olf  E, v a n  K ot e n  G,  D e el m a n  B-J. C h e m. S o c.  R e v. 1 9 9 9;
2 8 : 3 7; ( b) Fis h  R H. C h e m.  E ur. J. 1 9 9 9; 5 : 1 6 7 7; ( c)  C a v a z zi ni  M,
M o nt a n ari F, P o z zi  G,  Q ui ci S. J.  Fl u ori n e  C h e m. 1 9 9 9; 9 4 : 1 8 3;
( d)  Di e d eri c hs e n  U. N a c hr.  C h e m. T e c h. L a b. 1 9 9 9; 4 7 : 8 0 5.

8. ( a)  C urr a n  D P. A n g e w.  C h e m. I nt.  E d.  E n gl. 1 9 9 8; 3 7 : 1 1 7 4; A n-
g e w.  C h e m. 1 9 9 8; 1 1 0 : 1 2 3 0; ( b)  Wi pf P,  R e e v es J T. T etr a h e dr o n
L ett. 1 9 9 9; 4 0 : 4 6 4 9; ( c)  C urr a n  D P,  H a di d a S,  Ki m S- Y,  L u o  Z. J.
A m.  C h e m. S o c. 1 9 9 9; 1 2 1 : 6 6 0 7.

9. Fill er  R. I n Fl u ori n e  C o nt ai ni n g  M ol e c ul es ,  Li e b m a n J F,  Gr e e n-
b er g  A,  D ol bi er  W R Jr ( e ds).  V C H:  W ei n h ei m, 1 9 8 8; c h a pt. 2.

1 0. ( a)  C o at es  G W,  D u n n  A R,  H e nli n g  L M,  D o u g h ert y  D A,  Gr u b bs
R H. A n g e w.  C h e m., I nt.  E d.  E n gl. 1 9 9 7; 3 6 : 2 4 8; A n g e w.  C h e m.
1 9 9 7; 1 0 9 : 2 9 0; ( b)  W e c k  M,  D u n n  A R,  M ats u m ot o  K,  C o at es
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G W,  L o b k o vs k y  E B,  Gr u b bs  R H. A n g e w.  C h e m., I nt.  E d.  E n gl.
1 9 9 9; 3 8 : 2 7 4 1; A n g e w.  C h e m. 1 9 9 9; 1 1 1 : 2 9 0 9.

1 1. ( a)  Es c o ul a  B,  Ri c o I,  L a v al J P,  L att es  A. S y nt h.  C o m m u n. 1 9 8 5;
1 5 : 3 5; ( b)  Es c o ul a  B,  H ajj aji  N,  Ri c o I,  L att es  A. J.  C h e m. S o c.,
C h e m.  C o m m u n. 1 9 8 4; 1 2 3 3.

1 2.  Cl ar k J H,  M c Cli nt o n  M A,  Bl a d e  RJ. J.  Fl u ori n e  C h e m. 1 9 9 2; 5 9 :
2 5 7.

1 3.  K ol o di a z h n yi  OI. P h os p h or us Yli d es .  Wil e y- V C H:  W ei n h ei m,
1 9 9 9; c h a pt. 6. 5.

1 4. ( a)  Vi n c e nt J- M,  R a bi o n  A,  Y a c h a n dr a  V K, Fis h  R H. A n g e w.
C h e m., I nt.  E d.  E n gl. 1 9 9 7; 3 6 : 2 3 4 6; A n g e w.  C h e m. 1 9 9 7; 1 0 9 :
2 4 3 8;; ( b)  E m n et  C,  Di pl o m  T h esis,  U ni v ersit ät  Erl a n g e n-
N u¨ r n b er g, 1 9 9 9.

1 5.  U m e m ot o  T,  G ot o h  Y. B ull.  C h e m. S o c. J p n. 1 9 9 1; 6 4 : 2 0 0 8.
1 6. ( a)  K ai n z S,  K o c h  D,  B a u m a n n  W,  L eit n er  W. A n g e w.  C h e m., I nt.

E d.  E n gl. 1 9 9 7; 3 6 : 1 6 2 8; A n g e w.  C h e m. 1 9 9 7; 1 0 9 : 1 6 9 9; ( b)
K o c h  D,  L eit n er  W. J.  A m.  C h e m. S o c. 1 9 9 8; 1 2 0 : 1 3 3 9 8.

1 7.  B h att a c h ar y y a P,  G u d m u ns e n  D,  H o p e  E G,  K e m mitt  R D W, P ai g e
D R, St u art  A M. J.  C h e m. S o c.,  P er ki n Tr a ns. 1 1 9 9 7; 3 6 0 9.

1 8. ( a)  B et z e m ei er  B,  K n o c h el P. A n g e w.  C h e m., I nt.  E d.  E n gl. 1 9 9 7;
3 6 : 2 6 2 3; A n g e w.  C h e m. 1 9 9 7; 1 0 9 : 2 7 3 6; ( b)  M at hi v et  T,
M o n fli er  E,  C ast a n et  Y,  M ortr e u x  A,  C o ut uri er J- L. T etr a h e dr o n
L ett. 1 9 9 8; 3 9 : 9 4 1 1; ( c) P o z zi  G,  M o nt a n ari F,  Q ui ci S. J.  C h e m.
S o c.,  C h e m.  C o m m u n. 1 9 9 7; 6 9.

1 9.  E x n er  O. I n C orr el ati o n  A n al ysis i n  C h e mistr y ,  C h a p m a n  N B,
S h ort er J ( e ds). Pl e n u m:  N e w  Y or k, 1 9 7 8; c h a pt. 1 0.

2 0. F o ur mi n g u é  M, J o h a n ns e n I,  B o u b e k e ur  K,  N els o n  C,  B at ail P. J.
A m.  C h e m. S o c. 1 9 9 3; 1 1 5 : 3 7 5 2.

2 1.  N a k a z a ki  M,  Y a m a m ot o  K,  T o y a  T. J.  Or g.  C h e m. 1 9 8 1; 4 6 : 1 6 1 1.
2 2. ( a)  D ess  D B,  M arti n J C. J.  A m.  C h e m. S o c. 1 9 9 1; 1 1 3 : 7 2 7 7; ( b)

Fri g eri o  M, S a nt a g osti n o  M, S p ut or e  A. J.  Or g.  C h e m. 1 9 9 9; 6 4 :
4 5 3 7.

C o p yri g ht  2 0 0 0 J o h n  Wil e y  & S o ns,  Lt d. J.  P h ys.  Or g.  C h e m. 2 0 0 0; 1 3: 5 9 6 – 6 0 3
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