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o- lso propr ' lphen r  lb is(  p,  p ' -b i to ly ' l )phos phoraner

Srr.'

The iac i le  in t ramolecu la r  in te rchange o i  a ry l  g roups
between the  ar ia l  and equator ia l  pos i t ions  o f  penta-
ary lphosphoranes  prov ides  an  impor tan t  example  o f '
the stereochenr ical  f lexibi l i ty  which characrer izes i r
\  a r ie ty  o f  pentacoord ina te  compounds. : . , ,  The nrecha-
n ism o f  th is  in te rchange is  genera l l y  be l ie red  to  be  rha t
t r r ig ina l l . v "  su_qgested  by  Ber ry  fo r  phosphorus  penta-
f ' luor ide ,  in  wh ich  the  t rans i t ion  s ta te  fo r  the  pseudo-
ro ta t ion  o f  one ground-s ta te  t r igona l  b ipyramid  in to
lno ther  i s  a  te t ragona l  pyramid . {  However ,  o ther  less
svrnnre t r i ca l  n rechan isms lo r  ax ia l -equator ia l  exchange
seen ' l  poss ib le .  pur t i cu la r ly  fo r  compounds conta in ing
b u l k y  o r  c h c l : . r r i n g  l i g a n d s . ; |  W e  w i s h  t o  r e p o r t  t h e
resu l t .s  o t '  an  nmr  s tudy  o i  pseudo- ro ta t ion  in  o - iso-
p r o p y l p h e n y l b i s ( p . p ' - b i t o l y l ) p h o s p h o r a n e  ( l ) ,  w h i c h
s u p p o r t  t h e  a p p l i c a b i l i t v  o f  t h c  B e r r v  m e c h a n i s n t  t o  t h i s
nrore  conrp l i ca ted  sys tenr .

Conrpounc l  I  was  prepared by  the  tosy l im ine  proce-
c lu re  deve loped by  Wi t t ig  and coworkers . : , . r  I t s  spec-
t r u n r  a t  l 3  o  i n  b r o n r o b e n z e n e  s o l u t i o n  c o n s i s t s  o f  t h r e e
l i n c s  a t  o  1 . 6 0  ( l  H ) .  l . 5 l  ( - 1  H ) ,  a n c l  2 . 1 6  ( 6  H )  f o r  t h e
b i to ly l  rne th) - l  p ro rons . ' i  and  two c loub le ts  ( . /  :  6 .6  Hz \
r u t  6  0 . 9 8  a n d  1 . 8 2  t ' o r  r h e  i s o p r o p y l  m e t h v l  p r o t o n s .
O n  r v a r m i n g  t h c  s a n r p l e  t o  1 3 0 o ,  t h e  b i t o l y l  m e r h v l
s igna ls  co l lapse to  i . l  s in_e le  l ine .7  and the  isopropy l
resonances  to  a  sharp  doub le t .

The magner ic  nonequ iva lence o f  the  four  b i to ly l
methy l  g roups  is  cons is ten t  w i th  the  expec tedB t r igona l
b ipyramida l  s t ruc tu re  l .  w i th  the  res t r i c t ion  thar  ro ta -
t i c rn  o f  the  o- isopropy lpheny l  g roup (e .g . .  |  -  2 )  i s  s low
on the  nmr  t ime sca le .  The magnet ic  nonequ iva lence o f
the  d ias te reomer ic  i sopropy l  methy l  g roups  re f lec ts
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the i r  p rox imi tv  to  the  ch i ra l  env i ronment  p rov ided br r , ,
the bis(p,p ' -b i to ly l )phosphorus center.  This latrer-
type  o f  nonequ iva lence can be  averaged on ly  by  rc -
!e rs ing  the  sense o f  the  ch i ra l i t y  o f  the  nro lecu le  (  I  -
3  o r  4 ) :  s imp le  ro ta r ion  o f  the  o- isopropy lpheny l  g roLrp
( l  *  2 )  leav 'es  i t  unchanged. ' ,  Thus  the  l ines  shapes o t '
the  b i to ly l  n te thy l  peaks  in  the  exchange-broadencc i
reg ion  prov ide  a  n leasure  o f  the  ra te  o f  in te rchangc ( ) l '
a x i a l  a n d  e q u a t o r i a l  p o s i r i o n s  o f  l ;  t h e  s h a p e s  o f  t h c
isopropy l  resonances  prov ide  an  independent  measLr rc
o f  the  ra te  o f  in te rcon!ers ion  o f  enant iomers .  Cr )n t -
par ison of  these t \ , r , 'o rates provides a del icate probe with
wh ich  to  examine de ta i l s  o f  the  pseudo- ro ta t ion  proccss .

We have car r ied  oL l t  k ine t ic  ana lvses  o f  the  tempcru-
tu re  dependence o f  the  isopropy l  and b i to ly l  r -ncr .h \  i
l i n e  s h a p e s  L r s i n g  s t a n d a r c l  t e c h n i q u e s r 0  a n d  f i n d  t h r r t
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were  qua l i ta t i ve l ! '  d is t ingu ishab le  f ronr  those ( )h -
served. r ' l

A n  A r r h e n i u s  p l o t  o f  t h e  r a t e  d a t a  o b t a i n q d  b y  c o r r r -
par ison  o f  the  observed spec t ra  w i th  those ca lcu la teo
us ing  the  assumpt ion  tha t  k rg  :  k r ,  :  k1a  (F igure  I  )
ind ica tes  tha t  w i th in  our  exper in len ta l  e r ro r  the  po in ts
obta ined f rom the  isopropy l  resonances  fa l l  a long the
same l ine  as  those i rbm the  b i to ly l  methy l  resonanccs
and imp l ies  tha t  the  in te rchange o f  ax ia l  and equator ia l
pos i t ions  on  the  br idg ing  b i to ly l  g roups  occurs  a r  the
same ra te  as  the  in te rconvers ion  o f  enant iomers .  Th is
observa t ion  s t rong ly  suggests  tha t  ax ia l -equator i l l
i n te rchange and racemiza t ion  share  a  common mecha-
n ism and is  en t i re ly  consonant  w i th  the  Ber ry  mecha-
n i s m .

A l though th is  resu l t  in  no  sense es tab l i shes  the  cor -
rec tness  o f  the  Ber ry  mechan ism,  i t  does  argue aga insr
cer ta in  o ther  mechan is t i c  poss ib i l i t i es .  For  example .
a  p laus ib le  a l te rna t ive  mechan ism.  wh ich  wou ld  invo lv 'e
an in te rmed ia te  such as  5  in  the  exchange process ,  wou lc l
be  expec ted  to  resu l t  in  a  ra te  o f  in te rchange o f  enanr i -
omers  approx imate ly  tw ice  tha t  o f  in te rchange o f  ax ia i
and equator ia l  b i to ly l  merhy l  g roups .  The dara  o t '
F igure  I  ind ica te  tha t  the  ra tes  o f  these two processes
are  in  fac t  equa l ,  and.  a l though the  d i f fe rence be tweer r
th is  observed ra te  equa l i t y  and the  twofo ld  d i f fe rence i r r
ra tes  pred ic ted  to  resu l t  f rom the  in te rmed iacy  o i  S  is
s m a l l ,  i t  i s  p r o b a b l y  o u t s i d e  t h e  e x p e r i m e n t a l  e r r o r  i r r
o u r  t n e a s u r e m e n t s .

(  l 2 )  The  pa r t r cu la r  l im i t i ng  exchar rge  schemc in  wh ich  l , r  =  0  l eads
to a doublct  tbr  thc bi ro ly ' l  merhyl  protor ls  in thc f t rst -exchangc l inrr r .
rn thc r  than  thc  obsc rvcd  s ing lc t .
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Figure l. Arrhenius plot of rate data from the isopropylresonances
(open circles) and the bitolyl methyl resonances (filled circles) of l.
The Arrhenius parameters derived from a least-squares fitting to all
the points are 8,, : 20.8 -+ 0.4 kcal/mole: los,4 : 15.0 -+- 0.3.

we can obtain excel lent  agreement between calculated
and observed spectra for  each group of  l ines,  using an
exchange scheme in which pseudo-rotat ion converts
each one o f  the  conformat ions  l ,  Z ,  3 ,  o r  4  w i th  equa l
probab i l i t y  in ro  the  orher  th ree .  Spec i f i ca l l y ,  the
k ine t ic  exchange mat r ix  Kr0  used fo r  th is  p rob lem had
e l e m e n t s  K , ,  :  -  l ,  i  :  7 ,  a n d  K , i  :  t f u  i  * 7 ,  f o r  t h e
f t>ur bi to ly l  methyl  peaks, ef ld K11 :  - t l r ,  I  :  j ,  and
Ki j  :  ) f  y i  *  j ,  for  the isopropyl  methyl  doublers,  and
impl ies  tha t  the  ra te  cons tan ts  k r r ,  k , , r ,  and k r r  descr ib -
ing  convers ion  o f  I  to  2 ,  3 ,  and 4 ,  respec t ive ly ,  a re
equa l . r t  A l though spec t ra  ca lcu la ted  on  the  assun lp-
t ion  tha t  k r :  :  k11  and k13 :  0  were  in  equa l ly  c lose
agreement wi th the spectra observed for the bi to ly l
methyl  protons, spectra calculated assuming ei ther
that kt ,  )  2ktq or that  kr ,  )  Zkyhad l ine shapes which

(  I  l )  The symmctry of  th is cxchange matr ix  makcs i r  unrreccssarv to
i r ss ig r r  chcmic : r l  sh i f t s  ro  thc  i nd i v idua l  b i to l y l  mc thy l  g roups .
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