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The fuorirrc n.m.r. spectrutn oJ' fuorocrclooctatett 'octtc
has been shown to be temperature dependent hctx'een
30 and -65". Thi.s is attributed to changes in the ratc
of un inversion-bond-shift proccss which is slo+v on thc
n.m.r. t irne scale at lorv lemperatures. The free encrgv,
of uctivttt ion for inver.siort i:; upproxirnatcly I2 kcul.l
mo lc  a t  -33o.

Cyclooctatetraene and some oi  i ts  der ivat ives appear
to undergo inversion with or wi thout accompanying
bond shi f ts (most l ikely through considerably strained
planar intermediates or t ransi t ion states).  The act i -
vat ion energy required for th is k ind of  dynamic process
is of  considerable theoret ical  interest . r  Anet and co-
workers: ' 'b and Whitesides' t  have shown that the rate
of establ ishment of  the equi l ibr ium represented by
la  =  Ib  can be  s tud ied  by  n .m. r .  spec t roscopy .  In  a
lurther invest igat ion of  th is phenomenon, we have
invest igated the temperature dependence of  the f luor ine
n.nr.r .  spectrum of f luorocyclooctatetraene ( l l ) .

Fluorocyclooctatetraene was prepared for th is study
in  l0 / "y ie |d  by  reac t ion  o f  perch lo ry l  f luor ide  w i th  an
etherea l  so lu t ion  o f  cyc looc ta te t raeny t l i th ium a t  -75" .
The product was pur i f ied by preparat ive gas chronr i r tog-

( l )  Supported in part  by thc Oft ice of  Naval  Rescarch.
(2)  (a)  F.  A.  L.  Anet, , / .  Am. Chem. Soc. ,84,  671(1962);  (b)  F.  A.  L.

Ane t ,  A .  J .  R .  B rown,  and  Y .  S .  L in ,  i b id . ,86 .3576  (1964) :  ( c )  K .
iVl is lorv and H. D.  Per lmutter ,  ib id. ,  E4,3591 (1962);  (d)  N.  L.  Al l ingcr,
J .  Org .  Chem. .27 ,143  (1962) .

(l) C. M. Whitesides and J. D. Robcrts, unpublishcd results. Cali-
fornia Institute of Technology; cf. l. D. Robcrts, J. l/suesnoe Chem.
( USSR),  7,  367 (  1962).
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raphy and the structure was conf i rnred by spectroscopre
evidence. The proton n.m.r .  spectrum of I I  showed u
main  s igna l  a t  - i45  w i th  n ruch  wenker  peaks  a t  l la
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and 322 c.p.s.  This spectrum is compat ib le wi th i - r
structure possessing only olefinic hydrogens. The
ul t raviolet  spectrum of I I  wi th strong end absorpt ion
at  220 mp and a  broad \ - " *  a t  285.5  mp (€  225)  ver r
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closely '  resenrblcs the spcctra ot '  cycl t loctatctraene ancJ
i ts  b romo and ch lo ro  der iva t ives .  {

The tempera ture  dependence o f '  the  f luor inc  n .n1 . r .
spectrum ot '  f luo'ocyclooctatetraene is shown in
F igure  l .  The compre . r  f luor ine  s ignar  wh ich  is  ob-
served. t  29o is  seen to  b roaden os  ih .  tempera ture  is
lowered and then coa lesce l t  about  __11; .  As  the
tempcra iu re  i s  lbwered fu r ther .  a  c loub le t  w i th  con_
s iderab le  second-order  sp l i t t ing  appears  anc l  remains
u.nchanged be low -  65  o .  Surpr is ingry ,  the  proron
signal  of  t l  showed essent ia i ly  no Jnung. over the
san le  tempera ture  range o ther  than what  cou ld  be
l t t r ibu ted  to  v iscous  broaden ing  a t  the  low tenrpera-
tures.

R a p r d  e q u i l i b r a t i o n  o f  [ [ a  a n c r  I r b  u t  r o o n r  t c m p e r a -
ru re  shou ld  resu l t  in  the  averag ing  o f  these two fo rms
such that the n.nr.r .  p icture ot ' " f l i r rocycloocrut . , ru.n.
a t  19o w i l l  have the  syn l rne t rv  o f  the  prunu, .  s t ruc tu re
I I I  bu t  no t  (excepr  ' cc idenra i l v )  h .ve  thc  c .oupr in_u
constanrs  o r  chern ica l  sh i f t s  cxpccred  t -o r  l l l .  Th ;
prorons  H1 and H;  w i l l  be  equ ivzr len t  w i th  respccr  ro
t h e i r  s p i n - s p i n  c o u p r i n g  i n t e r a c t i o n s  w i t h  r h e  f l u o r i n e
i ' r ton l .  and t l re  n ragr r i tude o f '  th is  in te rac t ion .  Js , , . , ,1 , .
w i l l  b c  t h e  a v e r a g e  o t ' J r r , t , * . / 1 r , 1 ,  f o r  e i t h e r  l l a  o r  l l b .
The sarne  k ind  o t '  th ing  w i i l  be  t r . r . rc  fo r  the  proron
p u i r s  H , , - H e  i . l f t c l  H , , - H , , ,  € u c h  o f  w h i c h  c a n  c n t e r  i n t o
l o n g ' r u r r g e  c , u p l i n g  w i t h  t h e  t r u o r i n c  i . l t o m . . r  F u r -
thermore .  a t  leas t  so 'c  rong- range e t lL rpr ing  be tween
pr ( ) ton  Hr  and the  f lu t r r ine  u to r r i  rn igh i  bJe , rpec tec l
o n  t h e  b a s i s  o t '  r e p o r t c ( r i ' ' r '  s i r - b . n c r  H - F  c o u p l i n g s .
Thcsc  in te rac t i t tns  cou ld  we l l  leucJ  to  u  v€ry  conrp lex
f luor inc  resonancc  in  acc t r rc t  w i th  the  t lbserved room-
t c m p e r a t u r e  f l  u o r i n e  s i  g n a l . "

The doub le t  in  the  f l -uor inc  spec t r . . '  ' r .  -65o where
rnvers ion  is  s low n lus t  u r ise  f ro rn  r  p r in rury  coup l ing
bc tween the  f luor ine  u tom unc i  p ro ton  H ,  ( r ta )  o i
H ;  ( l l b ) w h i c h  i s  s i t u a t e d  c , r . r ' w i t h  r e s p c c t  t o  t h e  f l u o r i n e
i ' r t o r n  . n  t h e  d o u b l e  b o n d .  T h e  s e p , r a t i o n  o f ' t h e  t w o
e c n r e r s  o f '  t h c  d o u b r e t  i s  a b o u r  r 0  c . p . s .  w h i c h  a g r e e s
wc l l  w i rh  the  c ' i . r  H  -F  coup l ing  cons t i . rn r  r i ln .ge  (  l l  _  l9
c . p . s . ) p r e c l i c t e d  b - v  K a r p l u s i  i n  a  s t u t i y  o r ' t h e  a n g u r a r
dependence o t '  sp in -sp in  coupr ing  cons t 'n ts .  on  the
other  hand,  c -oup l ing  berween the  f luor ine  anc l  ad jacent
p r o t o n  H r  o t ' l l a  o r  H r  t r f ' I l b  s h o u l d  b e  s m a l l  s i n c e  t h e
t i i h e d r a l  a n g l e  i n  t h i s  c a s e  i s  a b ' u t  g 0 - g 5 " .  a  m i n i -
mum on the  Karp lusT sca le .  poss ib ly  a  weak coup l ing
between the  f luor ine  *nd  th is  p ro ton  is  respons ib le  in
par t  fo r  the  ac ld i t iona l  smal I  sp l i t t ings  o t '  ihe  c loub le t
a l though more  than l i ke ly  th is  i s  the  resu l t  o t '  long-
range H-F coup l ing  inv t ' r l v ing  the  o ther  p rorons  o i  th l
i lng.

The complex i ty  o f  the  spccr ra  o t '  I l  p rec luded de-
te rmina t ion  o t ' thc  ac t iv 'a t ion  p i i ra rne ters  fo r  the  cyc lo -
oc ta te t raene invers ion  bond-sh i i t  p rocess .  A t  the
p o r n t  w h e r e  t h e  p r i n c i p a l  d o u b l e t  c o a l e s c e s .  - - r 3 o .  t h e

t . t )  l .  C .  Copc  rnd  i v t .  Bu rg , . / .  A rn .  C f ien r .  ! c t c . . , 74 ,  l 6 i l  (  1952) .
(5 )  Fo r  examp lcs  o f  l ong - rangc  H-F  coup l ing  scc :  (a )  A .  H .  Lcw i . ,

i b id . ,86 ,2303  (1964) ;  (b )  A .  D .  c rossanc i  p .  w .  Land is ,  i b i ( r . , g4 ,  l i 36(1962) ;  ( c )  A .  D .  Cross  anc t  p .  tV .  Land is ,  i b id . ,  g4 ,37g4  (1962) ;  (d )
! [ .  Takahashi ,  D.  R.  Dav, is ,  a 'd J.  D.  Robcrrs,  ib id. ,  g4,2935 i l962);(e )  D .  R .  Dav is ,  R .  P ,  Lu rz ,  and  J .  D .  Rober rs .  i b id . ,g3 ,2 .16  f l 961 ) .

(6)  somc couf i rm.t ion ot '  the suggested long-range H-F coupt ings
* 'crc obraincd f rom at temprs to dupl icate the room-iempcrature spec-
rrum by compurcr  procedures.  A number of  sample calculat ions indi-
cated that  the f luor ine spccrrum could 'or  be reproduced even approxi-
mately by assuming rhat  only two (or  lbur)  protons arc in cf lcct  Couplecl
to the f luor inc.

(7 )  N f .  K l rp lus ,  J .  Chenr .  Phr  s , ,30 .  I  I  f l 959 ) .

20 cps

Figure l .  Temperature-dcpcncler t t  spcctrum ol '  t luc l rocyclooe rr r
tetraenc in carbon disul f ic le solur ion.  The t ie lc l  s t renqth incrcure,
l iom le l i  ro r ighr.

approx ln ta tc  re i rc t , ion  ra tc '  i s  on  thc  o rder  o t ' - l - f  sce .
f ronr  wh ich  thc  f rce  cncrgy  o t '  uc t i va t ion  can be  er r i -
c r - r l a t e d  t o  b e  a b o u t  l 2  k c a l . / n r o l c  b y  t h c  E y r i n q  r r r r c
c q  u a t i o n .

The prcsent .  resu l ts  par . l le I  th t l se  ob ta incc l  in  s tuc i i c :
o f  the  tempera ture  dependence o f '  the  r , t c  sa te i l i res  o t
cyc looc ta te t raener " ' ' r  where  the  pro ton  a t tached to  rhc
t lC  o t  the  cyc looc ta te t r i rcnc  r ing  serv 'es  as  the  X por -
t ion  o f  the  spec t runr  and cxper iences  s imi la r  changes rn
sp in -sp in  in te rac t ions  o t '  the  o ther  r ing  pro tons  w i th
changes in  tempera ture  i . rs  does  the  f luor ine  a tom or
f luorocyclooctatetraene. Thus. the r  3c satei l i te ,  r
roon l  tempera ture  is  b road and complex  and on  coo l ins
c h a n g e s  i n t .  a  d o u b l e t  w i t h  s o n r c  s e c o n d - o r c J e r  s p r i r -
t ing .  The t ' ree  energy  o t '  uc t i va t ion  fo r  r ing  in te r -
convers ion  o t '  cyc looc ta te t raene i t se l f  was  tound to  bc
a p p r o x i m a t e l y  1 3 . 7  k c a l . / m o t e  w h i c h  i s  r e a s o n a b l r
c lose  to  the ' , 'a lue  t le te rminec l  fo r  f luorocvc l t l r rc t , i -
tetraene.

Exper imental

Fluoroc. t ,c looc' tutet t 'uenc. An ctherear sorut ion or '
cyc looc ta te t raeny l l i th iume was ob ta ined f rom thc
reac t ion  o f  I  l .a6  g .  (0 .0625 mole)  o f  b romocyc looc ta-
te t raene w i th  a  n -bu ty l l i th ium so lu t ion  prepared f ronr
l l . 0  g .  ( 0 . 0 8  m o l e )  o f  r r - b u t y l  b r o m i d e  l n d  l . . l  g
(0 .20  mole)  o f  l i rh ium wi re .  perch lo ry l  f luor ide  ( - - l
g . ,  0 .2  mo le) .  was  then bubbted  in to  the  cyc looc t i r re r -
r a e n y l l i t h i u m  s o l u t i o n  d u r i n g  I  h r .  w h i r e  t h e  t e m p e r ' -
tu re  was main ta ined a t  -75o.  The reac t ion  w, \
s t i r red  to r  an  add i t iona l  hour  a t  -75o and s lowl r
al lowed to wann. whcn the temperature reachcr i
-30o,  the  reac t ion  mix tu re  was poured in to  400 r r r l .
o f  water  and ex t rac ted  w i th  e ther .  The dr ied  e thereu l
ex t rac t  was  f rac t iona l l y  d is t i l l ed  a t  a  ba th  tempera turc
of 45 o,  and the desired f luorocyclooctatetruin.  wir5
separated from the mixture of  other products by pre-

(8 )  H .  S .  Gu towsky  anc t  C .  H .  Ho lm,  i b i c t . , 25 , l22g  (1956) .
_!9)  A.  C.  Cope. M. Burg,  and S.  W. Fcnron.  J.  Am. Chem. Sr.r<. . ,7.1
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para t ive  gus  chron la togrnphy . 'n  In  th is  n lanner  0 .520
g.  ( - l0 lZ  based on  recovAred r r -bu ty I  b romide)  o f
pir le yel low f l  uorocyclooctatetraene was obtained.

,1nu l .  Ca lcd .  fo r  CrH?F:  C,  78 .66 :  H.  5 .78 .
F o u n d :  C .  7 8 . 8 9 :  H .  5 . 8 1 .

The infrared spectrum showed absorpt ion at  3000
(o lc f in ic  H) .  1685,  

.1675 
(sh . ) .  and 1640 (C:C) ,  and

t  l0) A [tcckmirtr Megachrome preparatir '"  gl ' , t  . l ' , .ornatograph rvas

cr r tp lo - " -e t l  rv i th  l  co lumn o f  3 , i  l i  C . t rbor r  ax  l0 i \ I  o r t  f i rebr ick .

I  125 cnl . -  '  (v.s.  :  C-F).  The ul t raviolet  spcctrur l r
in 95 /o erhanol showed very strong end absorption at
220 mp with a broad maximum at 285.5 mp (c 225).
The proton n.m.r .  spectrunt showed a strolg s ignal
at  3- t5 wi th much weaker peaks at  -129 and 322 c.p.s.

The spectra shown in Figure I  were obtained with a
Varian high-resolut ion n.m.r .  spectrometer Model V-
5400 D having a l2- in.  magnet equipped with Super
Stab i l i zer  opera t ing  a t  56 .4  Mc.
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