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Pseudorotation in

Arylb is (+,+' - d imethyl-2,2'

George M. Whitesides,* Michael Eisenhut,: and Will iam M. Bunting

Contributionfrom the Departmenl of Chemi.str),', Massuchu.setts [nstirute of
Technolog),, Cambt'idge, Mussachusetts 02I39. Receiced Decenbet' 12, 1973

Abstract: Examination of the temperature dependence of the proton nmr spectrum of 2-iscpropylphenylbis(4,4'-
d imethy l -2 ,Z ' -b ipheny ly lene)phosphorane (1)  suggests  that  pseudorotat ion o f  th is  conrpound does not  occur  by a
simple Berry process but rather by a mechanism involving a square pyramidal intermeciiate (Scheme l).  fhe pcrmu-
tat ion of the 4- and 4'-biphenylylene sites result ing from this intermediate is the same as that which woLrld result
from Berry pseudorotat ion without an intermediate; however, the prescncc of an intermcdiate rat ional izes the
faci le rotat ion of the 2-isopropylphenyl group around i ts carbon-phosphorus bond which is olr:ervccl to l- . 'e asso-
c ia ted wi th  the pseudorotat ion.  S i rn i lar  a l though less re l iab le  s tud ies o f  the spect rum of  2 , .1 ,6- t r i isopropy lphcnl l -
bis(4,4'-dimethyl-2,2'-biphenylylenc)phosphorane (2) sLrggest that pseudorotat ion of this substance takes place by
way of an tr igonal bipyramidal intermecliate or transit ion state having the tr i isopropylpheny' l  group in an axial
pos i t ion.  Act ivat ion parameters  for  these pseuc lorota t ions are AG r :  :  17.8  + 0 .3  kca l /mol  (56 ' ) for  I  and lG r
: 26 .0  +  1 .2  kca l "mo l  ( 202 ' ) f o r2 .

-biphenylylene) phosphoranes 1

\  I  /  e and others have recent ly becn interestcd in polyto-
V V pal  rcarr i i l tgr .mr-nts in c ler i r .at i res of  phrrsphorLrs-

(V .1 . ' ; - t ;  In  th is  paper  we descr ibe  s tud ies  o f  pseudo-
ro ta t ion  o f  2 - isopropy lpheny l -  and 2 .4 ,6 - t r i i sopropy l -
pheny lb is (4 ,4 '  -  d imethy l  -  2 ,2 '  -  b ipheny ly lene)phos-
phorane (1 and 2).  These studies deal  wi th a central
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pentaary lphosphoranes  inv ' t ) l vc  a  n ro t ion  o f  th is  t ) 'pc
or ig inal ly sLrggested b1'  Berryrrr  r ) l '  ore of  a nuntber o1'
a l te rna t ive  mot ions ' )7  r7 ' rE  ( lo rnpor r r r t l s  I  l rnc l  2  con-
ta in  two indr -pcndent  s te  rcc lchent ica l  p robcs  th l r t  c r rn  bc
u s c d  i n  c o n j r r n c t i o l t  t ( )  i n r  c s t i g a t c  t h e i r  p S t :  u d o r o t l r t i o r r .
Both  are  assL l rned to  have t r igonr i l  b ipyran t ida l  g round
sta te  geonrc ' t r ies ,  * ' i th  the  1 ,2 ' -b ipheny ly lcnc  groL tps
each br idg ing  onc  ax ia l  unc l  one ccpra tor iu l  pos i t i t ' r r r
(u ida i t t . f ru) . t t )  The 4- and ,1 ' -nrc lhvl  groups of '  thcse
biphenyly lene moiet ies are anisochronoLls at  roont tcnr-
pera ture .  Thc  averag ing  o f  the  sc  chcmica l  sh i f t s
observed at  h igh temperatures can bc usc-cl  t t - r  c lctcrnt inc
the  ra te  a t  wh ich  the  ax ia l  e inc l  cquutor ia l  cnc ls  o1 ' t l t c
biphenyly lene moiet ies interchange. Thc eorrcsl ' r t ' rncl-
ing  tempera ture  depcndencc  o f  thc  d ias tc rc r r t ( )p ic . l
(by  in te rna l  compar ison)  2 - isopropy lmethy l  s igna ls
proi , ides a probe for the ratc of  interconversion of  e n-
an t iomers .  Compar isons  o l '  thc  ra tes  o f  ax ia l  eq l la -
to r ia l  in te rchangc i r i rd  o l '  cnant i ( )n tc r ic  in tc rco t . l vers io r r
can be uscd to cxclude certain mechanisnts for  the
pseudoro ta t ions  o l '1  and 2 .

Results and Discussion

Phosphoranes L and 2 \ \ 'crc prepared fol lowing nro-
cedures  der , 'e loped by  He l lw inke l  and cou,orkcrs . : '  r '

The synthesis of  1 is oLrt l ined in Schen"re I  :  that  f -or  2 is
ana logous.

The spec t rum (F igurc  l )  o f  t l re  b ipheny iy lene methy l
p ro tons  o f  thc  unsyrnmet r icu l  phosphorar tc  1  in  b ron io -
benzene so lu t ion  a t  33"  cons is ts  o f  th ree  l ines  in  thc
r a t i o  o f  l :  l : 2 :  f o u r  s e p a r a t c  b i p h e n y l y l e n e  m e t h y l
resonances  are  c lear ly  rcso lvcd  in  n i t robenzene so lu -
t ion .  The isopropy l  n re thy l  p ro tons  cons is t  o f '  r i  pa i r
of  doublets.  On u an-ning. th is spectrrrnr col iapses
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problem of th is area. does pseudorotat ion in these
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Scheme I. Synthesis of 1
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Figure 1.  Nmr spectrum (100 MHz) of  2- isopropylphenylbis-
(4.4 ' -d inrethvl -2.2 ' -b iphenl ' l , i lene)phosphorane (1)  in bromo-
benzene-tetrachloroethane solut ion (c 'u.  70:30) at  33' ' .  The aro-
mat ic regir ln of  l  rs  not  shown. Resonances at  6 1.7 and 3.7 are
due to tetr i i f r lc i rofuran of  solvat ion.  The smal l  peak at  6 4.0 is
an impur i ty .

for  I  are l is ted (Table I ) :  3 and 4 are reference isorr icrs

M,  M '

Table I .  Di f lerent iable Permutat ional  Isonrer izat ion React ion.
for 1 Based on Reference Isonrers 3 and 4

Reactron' ' Resc lnances  avera  ge t l "

Li I,i

I
(40%)

o:
3

i1 - *  -  (  1 ) (3X2 .1X-5X6) " "
/ r , * ' *  :  ( l  3X2)(1X5)(6)" "
/r,r '" '  :  (  1 3X2,lX5)(6t"*
1 , " . " .  _  (12;1- t+ ;15;161**
f t ; " "  -  (  I412-ry-5 , ,0r "*
f t u * '  -  ( 123 . iX5X6) * * t .
/ r _ * *  -  (  l J -1 lX  : ) ( f i ) " *  \
/ r , * * * ' ,  (  I  X l l  l X i X 5 6 ) " " *
/ rno**  -  (  I  X l )a l -1) ( -5( r1" . .  "
/ r1 , , 'n"*  -  (  I  IX2JX-5(1. ; " " *

/ r , ' * ' *  :  (  |  2X 3.1) ( -5611"**

f t ' - * * *  :  (  l - l ) ( 21X56 ; * " *

/ r 1  . ' , . ' x  :  ( 1234X56)us *  l ' '
l , , * ' o *  :  ( 1J3111561* " ' t  f
Obscrved

N,I? + N,l 1
M r * M r
Mr  *  Mr l  Mr  - . t

\ ' l :  J  M: .  M ' ,  *
\1,  + N4,:  lVl , ;  - i

N I ,
t\I ,
\1

Mr - f  N l . ,  -  11  -  \ , l ,

l \ 1 ;  *  Ma
\ , l ' :  i  \ ' l r :  M '  r  \ l '
\1  r  - i -  N{, r i  Mr J-  \ '1  r :

M ,  ' i  N t , ,
M r  *  M : .  M r  *  M r i

M. + \4,1
\ l i  |  \ 1 , :  \ 1 .  r  \ l  .

\ l  ,  -  \ 1 , ,
M r  *  M ,  1 -  M l  *  M r l

M ' * M o
Mr  -1  N4 :  -1 -  M, ,  *  Mr i

\'l '- \1 ,,

"  f ror  ezrch isomcr izat i t ) t  rcact i ( )n l 'cpresel l ted by /1,"" ,  there is  a

correspolc l i lg  i r , "  * 'n *  a l ' i t i  lor  eac[  / r , " 'o  x u corresponcl inq i t , "  t ' " .

/ '  Here.  for  example '  N' l r  - i  \ l r :  M: - l  i \ ' { r  meal ls  that  thc resonances

of methl ' ls  I  and 3 wi l l  cc la lesce to a s ingle l ine and the resont t t - tccs

of  mcthy ' ls  2 ancl  -1 wi l l  coalesce to a separate l i r le .  which nla)  or

ma) '  not  over lap thc l i rs t .  '  Thesc l - r rackt ' tc t l  l 'cr t l lLr tat io l l \  n lust

Lre cols idered togcther.  s i r tce the-r  arc not  inr l i i ' r t l r ra l l l '  microscopl-

ca l l l ' r e l ' e rs ib l c .

fo r  the  tu ,o  enan l i r tn tc r ic  sc r ies .  Th is  tab lc  a lso  l i s ts
the resonanccs t l tat  r , r ' t t r t ld coalesce as a rest l l t  of  tht '
averag ing  c r f  chcr l i ca l  sh i i t s  by  thesc  r .e1 lq { io t tS .

In  to ta l  thc rc  a rc  12  d i l le rcn t iab le  pcrmLl ta t ion i - i l
i somer iza t ion  reac t ions .  s ince  the  pa i rs  o l '  re i tc t i ( r l l s
represented bv / lc" ' "  and f t7 'u"-and by l1; ;" ' 'u* af lc l  / ; ,  , ' ' ' " '

(cH3):cH

QL-PC1
(a7,;7

?H'
(cH,),cH a-\
AA/\_/-'\4

Y
J ) :

2 . H C - {  H  } - r - H
\_/ L/

A !-,
IIC_UF\_J)FCH,

1 .  T s N C l N a

ca
(35%)

to a sharp s inglet  for  the biphenyly lene methyl  protons
and a sharp doublet  for  the isopropyl  protons.

The magnet ic nonequivalence of  the four biphenyly l -
ene methyl  groups is consistent wi th the expected
stat ic t r igonal  b ipyramidal  structure ( .e.9. ,  A,  Scheme
l l ) ,  wi th the restr ict ion that rotat ion of  the 2- isopropyl-

Scheme II

phenyl  group about the phosphorus carbon bond
(A =  B)  i s  s low on an  nmr  t ime sca le .  1s '  23

In order to discuss the rearrangement(s)  that  g ive
r ise to the observed temperature dependence of  the
spectrum of 1,  we introduce as shorthand notat ion to
descr ibe the conformat ions of  th is substance a s impl i -
f ied project ion along the carbon- phosphorus bond of
the 2- isopropylphenyl  moiety (Scheme I I ) .  The nunr-
bered circ les and squares in A and B in th is diagram
represent methyl  groups and are used to assist  in fo l low-
ing si te permutat ions that accompany a part icular
pseudorotat ion mechanism. The chemical  shi f ts char-
acter ist ic of  each biphenyly lcne methyl  group in a f rozcn
conformat ion are represented by the Greek let ters
a ,  0 ,7 ,  and 6 .  We assume arb i t ra r i l y  tha t  the  isopropy l
group wi l l  l ie over the face of  one of  the bipheny' ly lene
moiet ies:  however.  no argunrent is changed i f  somc
other conformat ion for the 2- isopropylphenyl  n lo iety
is preferre d. L.tsing the procedures described by
Klemperer,  18'  24 the possiblc di f ferent iable react ions

(23) Gencral  rcv icus of  st ructural  work rc latcd to f ivc-coorcl i r rutc
compoutrds are B.  F.  Hoskins ancl  F.  D.  Whi l lans,  C'oort l  .  Chcnt .  Ret ' . ,
9 ,365  (1973) ,  anc l  J .  S .  Wooc l ,  P rog r .  I no rg .  Chcn t . ,16 ,227  (1972) ;  R .  R .
Holmes, J.  Anter .  Chem. 9oc. ,96,  4143 (1971).

(24) Wc wish to thank Profcssor Waltcr lLlcn.rpcrer for l-ris hr' l p in
construct ins Tablc I .
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are the microscopic reverse of  one another and must
be considered togcther. Thc tvro. cluolitatiuc. e.rpari-
tnarttol obsertatiotts t lnt thc ./our biphett"t ' lene mt,tlt.r ' l
resottotrces coalc.vce to tt single aueragecl lirrc at ltiglt
lemperoture und thot t lrc isoproprl nteth.t ' l  rcsonttnL'a
t'o/lopse /o a cloublet, leud to the remarkoble trnc'lusiort
thal all of tltese reactiorts. u'ith tlrc cxceptiort of tltose
represcttlcd b.r li1 ,o'o'* -f ftr ,"" 

*. 
can he rulecl oul os

beirtg solel.t' resportsihle frtr the temperoture dcpendence
o.f  the spectrunl .  Any process that leaves the chiral i ty
at  phosphorus unchangcd ( f t1-7 '"* ' )  can bc discarded,
since such a process would leave the isopropyl  s ignlr ls
unchanged. Oi the remaining processes, f ts- l . r "  "  

*

rvould y ie ld two or more l ines for  the biphenyly lene
methy l  resonances  a t  the  h igh  tempera ture  l im i t .  Note
part icular ly that  a Berry pseudorotat ion in i . i 'h ich the
2- isopropy lpheny l  g roup remains  above the  same b i -
phenyly lene moiety ( i ,n"" '*)  throughout the course of

intermediate t r igonal  b ipyramid in which the 2- iso-
propy lphcn l , ' l  g roup \ . \  as  ax ia l .  Th is  in te rmed ia te
might  a lso  have a  l i fe t ime long enough to  a l low ro ta t ion
around the  phosphorus-  2 - isoprop l , lpheny l  bond.  In -
tcrmccl iates of  both typcs have been postulated pre-
v i o u s l y  i n  r c l a t e d  s t u d i e s . r l ' : r

Mechanisms Involving a Square P1'ramidal Inter-
mediate.  The Berry mechanism for pseudorotat ion is
incompat ib le  w i th  the  te rnpera ture  dependence c f  the
spectrum of 1 because i t  provides no mechanism for
rotat ion of  the 2- isopropylphenyl  rnoiety f rom a posi t ion
cover ing the face of  one biphenyly lene r ing to one
cover ing the face of  thc second. A plausible modif ica-
t ion  o f  th is  r r iechan ism n 'ou ld  invoke a  square  pyra-
mida l  in tc rnrcd ia te  a long thc  pseudoro ta t ion  coord ina te
and pcr rn i t  ro ta t ion  o f  the  2- isopropy lpheny l  mo ie ty  in
th is  in te rmed ia te .  The hypothe t ica l  square  pyramida l
intermediate (C) u ould be represented by an obvious

l i J -=  ( t3 ) (24 ) (56 ) " '

the pseudorotat ion is not compat ib le wi th the observed
spectral  changes.

The combined permutat ional  isomerizat ion / / ;y. ,o* '*
+ 11,* ' ' *  predicts qual i tat ively the observed co-

E9
T\ l
I A-f6l
|  /  \ e

i l t . i t r t  t r q 4 )

\ l:
/n

t

N-!li1t't34)(56)'"* / " '  t

a lescence of  the four biphenyly lene nrethyl  resonanccs
and is microscopical ly reversible.  However,  i t  is
not immediately evident what physical ly reason-
able mechanism, i f  o i ly ,  might y ie ld th is permuta-
t ion.  I t  is  part icular ly di f f rcul t  to conceive of  a con-
certed process that would t ransfer the 2- isopropyl-
phenyl moiety from the face of one biphenyl n-roiety
to the face of  the second on each pseudorotat ion event.

Combinat ions of  the permutat ional  isomerizat ions
of Table I  are capable of  averaging the four l ines due tcr
the biphenyly lene methyl  groups and the resonances
of the diastereotopic isopropyl methyl groups. How-
ever,  the number of  possible combinat ions is large.
and their  enumerat ion is not l ikely to be part icular ly
helpful in suggesting possible mechanisms for thc
pseudorotat ion of  L.  Since no single,  physical ly
acceptable, concerted mechanism compatible with the
assumption that 1 exists exclusively in a t r igonal  b i -
pyramidal  structure wi th the 2- isopropylaryl  group
equator ia l  seems able to rat ional ize the spectral  l ine
shapes, we have examined the consequence of  p lausible
nonconcerted mechanisms. The two simplest  mecha-
nisms generat ing s igni f icant intermediates would be
( l )  a Berry pseudorotat ion,  maintaining the 2- isopropyl-
phenyl  group as pivot ,  leading to a square pyramidal
intermediate rvhose l i fet ime was great enough to al low
rotat ion around the phosphorus* carbon bond leading
to the 2- isopropyl  group, and (2) a Berry pseudorota-
t ion in which a carbon-phosphorus bond of  one of  the
biphenyly lene moiet ies servecl  as pivot ,  leading to an
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nrocl i f icat ion of  thc projcct ion fornrula uscd ear l ic ' r .
A k inet ic scheme based on an interrnediate of  th is
structure that  is capable of  account ing for  magnet iza-
t ion t ransfcr among al l  four of  the biphenyly lene methyl
grc\ups rcquires only thre c rate constants:  that  for
format ion of  the square pyramidal  conformer f rom
its t r igonal  b ipyrarnidal  precursor,  k1,  that  for  rotat ion
of  the  2- isopropy lpheny l  g roup around the  carbon-
phosphorus bond, k",  and that for  return of  square
pyrarnidal  to t r igonal  b ipyramidal  geontetry,  k, ,  (Scheme
r r r ) .
Scheme I I I .  Pseudorotat ion Proceeding through a Square
l ' r  ramit la l  I  nternrer l iatc

T
/-

J :OJ  \  f@

.T--@
a 6

B

,/ k"/?

\  k^ /2
\

l f  one  assumes tha t  thc  sample  is  in i t ia l l y  in  con-
format ion 6,  suddenly undergoes a t ransi t ion to 5,
and subsequent ly  par t i t ions  among 6 .  7 ,  9 ,  and 10 ,
i t  i s  poss ib le  to  show tha t  the  K nra t r i x  in  eq  I  descr ibes
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Figure 2. Spectra calculated assuming Scheme Il I.

the t ransfer of  n lagnet izat ion among the biphenyly lcne
methyl  groups LI ,  E,  @, and @ and among thc 2-
isopropyl  methyl  groups tr  and (E., '  Before th is
equat ion can be used in i ts most gcneral  form to s imu-
late the l ine shapes of  1,  speci f ic  f requencies f rom the
stat ic exper imental  spectrunr nrust  be assigned to the
methyl  groups. This assignment presents no di f t rcul t ies
for the isopropyl  methyl  groLlps,  s incc thc spectrunr is
invar ian t  to  the  ass igned choscn.  Ass ignment  o f  thc
frequencies of  the biphenylenc methyl  mult ip let  to
part icr , r lar  methyl  groups is morc compl icated. In
pr incipal ,  there are 4!  :  24 ways in which these assign-
ments might be made in spectra of  1 in ni t robenzene
so lu t ion .  in  wh ich  a l l  four  resonances  arc  d is t inc t .  o r
l2  ways  in  b romobenzene so lu t ion ,  in  w 'h ich  two rcs-
onances  co inc ide .  T 'es t ing  e !en  12  d is t inc t  ass ign-
ments for  their  abi l i ty  to rcproduce l ine shapes is c lear ly
an impract ical  enterpr ise.  Fortunately,  t l rc symnretry
of  that  part  of  Krrr  that  dcscr ibes t ransfe r  of  rnagnct iza-
t ion among the biphenyly lene methyl  groups is suf i r -
c ient ly high that only three dist inct  types of  assignments
need be considered in instances in rvhich four l ines
are  reso lved.26  These c lasses  o f  ass ignnten ts  a re  ind i -
cated schematical ly in Scherne IV: assignments I  and
I I  c lear ly  lead  to  ident ica l  l ine  shapes in  the  in te rmed i -

(25)  Th is  K  mat r ix  i s  dcr ivcc l  iu  supp lcn tcn t . t ry  n ta tc r ia l .  Scc  par l -
g raph a t  cnd  o f thc  papcr .

(26)  Th is  syn ln rc t ry  i s  most  cas i l y  rccogn izcc i  b1  cons t ruc t ion  o f  i r
d iagranr  ou t l in ing  the  magr rc t i zu t io r r  t ra r rs fe r  bc t rvccn  rnc thy l  g roups
rcqr - r i rcd  by  cq  I  (  i ) .  Th is  c l iagrarn  has  1)  r  syn tn te  t ry .  Hcncc .

k r = 1 4 . 1
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Schemc I \  .  t ) is t ingLr is l rable Assignments of  Resonances of
the  B ipheny l l l ene  Meth l l  Reg ion  o f  I  t o  I ' a r t i cu la r  Me thy l
Groul-rs' '
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fo r  a r ry  a rh i t ra ry  ass ignrncnt  o f '  chcr l i ca ls  sh i f t s  to  1hc  four  mcthy l
g roups ,  a l l  o f  thc  ass ignrncnts  gencra tcc l  by  app ly i r rg  1he r 'ovcr ing  o1 ic r -
a t ions  o f  thc  .Dr  po in t  g roup to  an  in i t ia l  ass ignrncnt  rv i l l  i cad  to  ind is -
t ingu ishab lc  spcc t ra  in  any  cxchan-sc  i l roccss  c lcscr ibed h1 '  cq  1  .  F r - r r
cxample ,  thc  ass ignrnents  inc l i c l r tec l  b f  i i  a r r i l  i i i  a rc  spcc t rosc t tp ic r r l l r
ind is t ingu is l ra  b lc .

1 I

I I I

l .  t he  two  l i nes  a t

ate  cxchangc reg ion  rvhen the  resonanccs  o f  thc  3  and 4
nre thy l  g roups  are  super imposed.

In  o rder  to  cs tab l i sh  wh ich  o f  thc  ass ignments  o t t t -
l i r red  in  Schcnrc  IV  leads  to  ca lcn la ted  spec t ra  in  bcs t
agreemcnt  u ' i th  t ' xpcr imenta l  spcc t ra .  assu t t t i t tg  thc
nrechan isnr  t ru t l incd  in  Scheme l l l  a r rc l  K111.  u 'c  h i t rc
ca lcu la ted  spec t ra  fo r  thc  b ipheny ly lenc  tne thy l  reg ion
of 1 l 'or  a range of  values of  the paramctcrs / r  ancl
4 , .7 'k . . '7 ' rE  The usc fu l  conc lus ion  tha t  emerges  f ronr
conrpar ison  o f  thesc  l ine  shapes w i th  the  exper imenta l
spec t ra  (F igure  2)  i s  tha t  any  o f  thc  th rce  c l i s t ingu ish-
ab le  chemica l  sh i f t  ass ignments  (Schenre  IV)  leads  to
i n d i s t i n g u i s h a b l e  c a l c u l a t e d  l i n e  s h a p e s  f ' o r  k , , l k ,  <  1 . 0 .
and a l l  o1 '  these ca lcu la ted  l inc  shapes arc  in  good
agreenrent l i i th t l tc-  erper inrental  spectr i t .  Thc calcu-
ia tec l  l inc  shapes l i r r  any  o l  these rss ig rmrcn t5  r t  \a lucs
o f  k , , i  k .  <  1 .0  a re  no [  s ign i f i can t ly  c i i l l e ren t  f ronr  those
r e p r o d u c e d  i n  F i g u r e  f  f o r  a s s i g n m c n t  I  a t  k , , l k , :  1 . 0
and are  no t  reproduced here .  Thus ,  any  o f  the  poss ib le
chemica l  sh i l t  ass ignments  f i t s  the  observed spec t ra ,
p rov ided tha t  A , , rk .  <  l .  None o f  the  chemica l  sh i f t
assignments gives sat isfactory agrccment betrveen
ca lcu la ted  and thcorc t i ca l  spec t ra  t -o r  k , , l k ,  )10 .  a l -

( 1 7 )  T h c  b l o c k  o l '  e  c l  I  r l c s c r i b i n g  t h c  b i p h c r t l  l l ' l c i r c  n r e t h y l  r c g i o n
can L lc  conr .  u r ie  n t l l '  r c r r  r i t t c r r  fb r  th is  pur l losc  by  c l i i ' i c l ing  r r l l  o f  i t s
c l c n r c n t s b l  b . s i n c c  c  b :  I  r  ( 4 , ,  / . , )  a t r c l  t t . b : 3 *  ( A r , ' 4 . ) .

(  2 8 )  C a l c u l , r t i o n s  r l c r c  c a r r i e d  o L r t  u s i n g  t r r r c x c c p t i o n a l  p r o c c d u r c s :

r l .  C .  S .  J t r h r r s o n ,  J r . . , l t l t u r t .  V u g t t .  R a s o t t u t t c e ,  l . 3 l  ( 1 9 6 5 ) :  G , l l i n s c i r ,
T o p .  . S t L ' r c o c h L , t n . , 3 ,  9 7  ( t c ) 6 l J ) :  I .  O .  S u t h e r l a n d ,  . . 1 r u i t r .  R c i " .  N , l y ' I i
i  V r rc / .  .1 / i rg r r .  J l t to r tu t r t ' t ' )  Spcc t rosc . ,  4 ,  7 l  (1971 ) ,  l rn r l  rc fc renccs  c i tcc l
in  c r rch .  Thc  1 . r r11s111nr  uscc l  hus  bccn c lcscr ibc t l :  J .  I ( .  l { r i cgcr ,  J .  M.
D e r r t c l . r ,  a n c l  G .  M .  t ' \ ' h i t c s i d c s ,  l i o r g .  C h e r r t . , l 2 ,  1 5 3 5  ( 1 9 7 3 ) .

F?
T?

' ,  I r r  the erper i rnental  spcctru
highest  t ie ld are not  rcsolved.
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Figure 3. The matched experimental (?., 'C) 

and calculatecl (r.
sec) spectra for the biphenylene methyl resonancc_s of 1.

though the agreement is c loser for  assignment I  than
for assignments I I  or  I I I  (Figure 2). :e

Since any value of  kplk,  (  I  g ives equal ly sat isfactory
agreement betu,een calculated and exper imental  spec-
tra,  we have arbi t rar i ly  s i rnpl i f ied fur ther calculat ions
by assuming that k,  ) )  kr , .  Neglect ing k, ,  in eq l ,  u
:  (314)k r  and b  :  c '  :  ( l l 1 )k t .  Th is  fo rm o f  the  K
matr ix was used in f i t t ing calculated spectra ol 'both the
biphenyly lene and isopropyl  methyl  regions (Figurcs
2 and 3).  In calculat ing these spectra,  the cht-nr ical
shi f t  d i f ferences between the methyl  peaks \ \erc as-
sumed to be temperature independent.  This assumption
was tested by examining the'se chemical  shi f ts ovcr 50.
below the slow exchange region (see the Exper imcntal
Sect ion).

The only important point  to consider conccrning these
spectra is the precis ion l r i th which they pernr i t  the
magnitude of  kr  to be est imated at  any part icular tent-
perature.  This precis ion is of  concern in discussions of '
mechanisms for pseudorotat ion of  1 that  are al terna-
t ives to that  out l ined in Scheme I I I .  We bel ieve that thc
sensi t iv i ty of  the calculated l inc shapes to ks i l lustratccl
by Figures 2 and 4,  is  suf f ic ient  that  the "best"  r 'a lucs
of kr  for  the biphenyl  methl , ls  and the "best"  values tr f
kr for the isopropyl methyls can, in fact, be deterrninecl
relat ive to one another at  a common temperature to

(29)  Pro fcssor  D.  He l lw i r rke l  has  in te rprc rcc l  nnr r  s t r . rc l i cs  o f  com-
l rounc ls  s imi la r  to  I  an t l  2  to  suppor t  pscL lc lo ro ta t io r r  schgncs  o f  thc
typc  v i  a  - ' i v  -  I  r ' ' .  Th is  schenrc  i s  conrpat ib le  w ' i th  o t r r  k ine t ic  rcsu l ts
s o  l o r g  a s  k  :  k ' :  c f .  D .  H c l l u i n k c l ,  W .  L i n c l r - i c r ,  a r r c l  H .  J .  W i l l i ' g c r ,
Chent .  Fcr . ,  subnt i t ted  fo r  pub l i ca t io r r .

i
3 4 ' i \ t ; r " .

, + " r \ , L+ . , n . , . r " ' ' { d \ ' r ' r . , r "F r1y1 i , r r ' , '  \ n l * r n *

Figure 4.  Matched exper imental  ( l  'C)  and calculated (2,  sec)
spectra l 'or  the isopropyl  methyl  resorrances of  l .  The extrane ous
peaks that  incrcase in intensi t l '  a t  h igh temperatures are due to an
u nident i  f iec l  t  hermal  c lecompo si  t i  on product .

bet te r  than a  fac to r  o f  2 .  We basc  th is  be l ie f  on  the
Ar rhen ius  p lo t  cons t ruc tec l  f ro rn  thesc  da ta .  Cer ta in ly ,
over  the  par t i c t r la r  tempera ture  reg ions  in  wh ich  the
l ine  shapes ch i rnse  most  rap ic l l y .  exper imenta l  and
ca lcu la ted  spcc t ra  can bc  f i t t cd  w i th  e r ro r  o f  apprec i -
ab ly  less  than 1001, ; .  Unfor tunate ly ,  thesc  rcg ions
of  h ighes t  scns i t i v i t y  do  no t  over lap  1 'o r  the  b ipheny ly l -
cne  mcthy l  resonances  and the  isopropy l  methy l  res-
onances .  anc l  i t  i s  no t  poss ib le  to  n rake  re la t i ve  com-
par isons for these resonances at  thc Siulc.  tenrperature.
Instead, rve have plot ted thc data l iom both sets of
rne thy l  g roL lps  on  the  same Ar rhen ius  p lo t ,  and drawn
independent least-squares l ines through cach set (Fig-
ure 5).  These l incs hai . ,c-  appror i r lately '  paral le l  s lopcs,
displaccd by an averagc value over the rcgion of  ovcr-
l a p  o f  a p p r o x i n r a t e l y  0 . 1 7 3  :  l t r g  1 . 4 9 .

In  summarv .  t l - re  impor tan t  conc l t rs ions  f rom th is
sec t ion  fo r  unders tand ing  the  pseudoro ta t ion  o f  1
are  tha t  Schenre  I I I  i s  con tpa t ib lc  w i th  the  exper i rnenta l
spectra data.  w' i th the proviso that k.  )  k, , .  A nuntbc-r
o f  s in rp le r  schemcs.  inc lud ing  a  concer ted  Ber ry  pseudo-
rotat ion (represented by f t ru" '*") ,  are not.  Further,
u ' i th in the context  of  the mechanism out l ined by Scheme
I I I .  i t  appears  tha t  thc  ra te  o f  ax ia l -equator ia l  in te r -
change of  b iphenyly lenc methyl  groups di f fers by
less than a factor of  I  c l i l l 'erent f rom the ratc of  inver-
s ion  o f  ch i ra l i t y  a t  phosphorLrs .

Nlechanisms lnvolving a Biphenl' lylene Carbon Center
as the Pivot of a Berr.v- Pseudorotation. Although the
fclregoing discussion establ ishes that Scheme I I I  is  com-
pat ib le wi th the exper imental  data for  pseudorotat ion of
1,  i t  does not establ ish that  th is scheme is uniquelv
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compatible. A family of possible alternative mecha-
nisms would take place by Berry pseudorotation. uti l izing
one of  the biphenylene carbon atoms as pivot  and
generat ing an intermediate t r igonal  b ipyramid har ing
the 2- isopropylphenyl  moiet ; '  axial .  One such mecha-
nism is i l lustrated by the sequence 6 * 11 - 12; an-

F BERff^_ +l 
$i$,,s 2\ryffiry+ffiru

other related possibil i ty would use the P- E bond as
the first pivot and return to the ground state by using
the P- E bond as pivot. Without enumerating the
sharacteristics of each of the members of this family,
i t  is  possible to point  out  a defect  that  is  shared by al l ,
they do not provide a plausible rat ional izat ion of  the
observed transfer of the isopropyl moiety from the face
of one biphenyly lene moiety to that  of  the second.
The rate of  rotat ion around the phosphorus-2- iso-
propylphenl , l  bond in the intermediate (c.g. ,  1 l )  has
no inf luence on the rate of  permutat ions of  the type
(12)(34) or (14)(23): the tu'o biphenylylene grotrps are
not symmetry related in the intermediate.  and micro-
scopic reversibi l i ty  d ictates that  the isopropyl  group
l ies over the face of  the same biphenyly lene grol tp af ter
the second pseudorotat ion as i t  d id before the f i rst .

I t  might be possible,  in pr inciple,  to remedy this
defect by invoking a coincidence in rates, uiz., to argue
that the rate of  rotat ion around the phosphorus 2-
isopropylphenyl  bond in the ground state 6 is compara-
ble to the rate of  conversion of  6 to intermediates
having the 2- isopropylphenyl  group axial .  The per-
mutat ions resul t ing f rom plausible mechanisrns of  th is
type are summarized in Scheme V. In th is schente,  k

Scheme V. Pseudorotation Through an Intermediate Having a
Biphenylylene Moiety tsriclging Two Trigonal Bipyramidal
Equatorial Positions

{ r 2 ) ( 3 4 ) ( s ) ( 6 )

is  the rate constant for  rotat ion of  the isopropylphenyl
group. k' is the rate constant for a pser-tdorotation gen-

erat ing 12 via 11, and k" is the rate constant for  a cor-
responding pseudorotat ion using P-Elas the in i t ia l  p ivot .
The K matr ix for  th is scheme is s iven in eq 2.  Since this

1 : 3
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Figure 5.  Arrhenius plot  of  rate data l iom the isopropyl  resonances
(open c i rc les)  ancl  the biphenyly lene methyl  resonances ( f i l led c i rc les)
of  1.  The act ivat ion parameters der ived f rom a least-squares
fr t t ing to t l rc  poir r ts  c ler i l 'ed f rom the bipher-r-" - ly lene methyl  reson-
ances  y ie ld  l ( ;  i  :  lT .u  kca l i  mo l  (a t  5 ( r  ) .  lH+  :  18 .7 , i  0 .2kca l /
mol .  and l .S '  I  2.7 , t  0.7 eu and those f rorn t l re isopro;ry l  methyls

l ' i e l d  A G :  = .  1 7 . 9  , L  0 . 2  k c a l i m o l  ( a t  8 8 ' ) ,  A H ]  :  1 9 . 6 , j , 0 . 1
kcal i  mol .  ancl  - \S r  :  6.3 , i ,  0.3 e l t .

matr ix  conta ins  th rcc  independent  var iab les  and s ince ,
in addi t ion.  three chenr ical  shi f t  assignments must be
tested for the biphenyly lene methyl  groups, i t  is  inr-
pract ical  to present spectra calculated for al l  of  the
var iat ions required to f ind combinat ions that match
theoret ical  and exper imental  spectra.  Figure 6 con-
tains representat ive spectra calculated under the s impl i -
f y ing  assumpt ion  tha t  k t  :  k " .  The conc lus ions
from thcse and other s imulat ions can be br ief ly sum-
marized by the qual i tat ive statements that  s imulated
and exper imental  spectra are in best agreement for
k "  l k '  :  1 .0  (assun. r ingk lk '  -  1 )  and fo r  0  I  S  k lk '  S  I
(assuming k '  I  k '  '  == 1 ) .  Outside the ranges given,
disagreement between calculated and exper imental
spectra are s igni f icant.

Thus, i t  is  possible to f ind combinat ions of  the rates
for the processes described in Scheme V that give ade-
quate agreement between observed and calculated
spectra.  Ho'ulever,  in mechanist ic terms, these com-
binat ions require an improbable coincidence of  the
rates of  very dissimi lar  processes and leave unresolved
the basic object ions to mechanisms involv ing inter-
mediate s har ing the 2- isopropylphenyl  groLlp axial .
Since w'e are not able to f ind a s imple,  p lausible.  mecha-
nism involv ing such an intermediate that  g ives spectra
that agree, r i ' i th the exper imental  spectra,  we suggest

0
k "

k ' )  k
- ( k  +  k " )

- ( k '  +  k " )  ( k '  +  k " )
(k '  +  k " )  - ( k '  +  k " )
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Figure 7. Matched experimental (7. "C) and calcr_rlated (r. sec)
spectra for the isopropyl methyl resonances of 2.

that  mechanisms requir ing intern-rediates having struc-
tures related to 11 to be discounted for the pseudorota-
t ion  o f  1 .

2,4,6 -T r i is o p r o p y I p h en 1, I b i s (4,4' - d i m e t hy l - 2,2, - b i p h e -
nylylene)phosphorane (2). Rationalizatjon of the tem-
perature dependence of  the relat ively complex spec-
trum of 1 required considerat ion of  three types of
processes- interchange of  axial  and equator ia l  b i -
phenyly lene methyl  groups, reversal  of  chiral i ty at
phosphorus, and rotat ion of  the 2- isopropylphenyl
group from the face of  one biphenyly lene r ing to that
of  a second. In an ef for t  to check the conclusion from
this work in a lcss compl icated systern,  \ te exanr ined
the temperature dependence of  the spectrum of the
nlore symmetr ical  substance 2.

The slow-cxchange spectrum of Z in thc methyl
region consists of  t rvo s inglets,  for  axial  and equator ia l
b iphenyly lene methyls,  and two doublets.  for  the di-
astereotopic isopropyl  rnethyls.  Unfortunately,  pseLl-
dorotat ion of  2 is much slower than that of  1.  and
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Figure 8. Matclrecl experintental (f. 'C) and calcr,rlated (r, sec)
spectra for  the biphenyl l ' lene n-rethyl  resonanccs of  2.

thermal decontposi t ion o1'  2 prevented reaching the
fast-exchange l inr i t ing spectra (Figures 7 and 8).  None-
theless,  one interest ing feature did emerge from kinet ic
ana lys is  o f  i t s  spec t ra  in  the  in te rmed ia te  exch l rnge
region .  c iz. .  an Arrhenius plot  of  the rates of  thc pro-
cess(es) averaging the chemical  shi f ts of  the biphenyl ,v i -
ene methyls and of  the isopropl , l  methyls y ic lded ap-
proximately paral le l  l ines separated roLrghly by ln (2)
(F igure  c ) ) .  The re l iab i l i t y  o f  th is  conc lus ion  c lear ly
rests on the qual i ty of  thc spectra and is decreased by
signi f icant decomposi t ion of  2 at  temperatures greater
than 200 ' .

The tentat ive observat iorr  that  the rate of  reversal  of
ch i ra l i t y  o f  2  i s  tw , ice  as  fus t  as  the  ra te  o f  in tc rchange
of  ax ia l  and equator ia l  b ipheny ly lene met l - ry l  g roLrps  is
incons is ten t  w i th  pseudoro ta t ion  charac tc r rzcd  hv  t i rc
permuta t ion  o f  the  Ber ry  mec l ran ism u t i l i z ing  t i ' , , :  t r i -
i sopropy lphen5t l  g roup as  p i r , 'o t .  i t  i s  cons is l * r : t  r ' ,  r th  a
mechan isnr  genera t ing  an  in te rmcc l ia te  t t ' i gona l  b i -
p ) , ramid  rv i th  th is  g roup ax ia l .  As ide  f ronr  thc i r  sug-
ges t ion  tha t  the  conc lus ions  reached conccrn ing  the
mechanisrn of  pseudorotat ion of  I  may nL) l  extcncl
even to  the  apparent ly  very  s in r i la r  2 ,  thcsc  ra tc  da ta
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must be considered sufficiently uncertain not to warrant
further discussion.

Conclusions

The central conclusion from these studies of the
kinet ics of  pseudorotat ion of  1 and 2 is that  for  nei thcr
is the s implest  version of  the Berry pseudorotat ion
mechanisms compat ib le wi th their  nmr l ine shapes in
the intermediate exchange region. For both,  l imi t ing
slow-exchange spectra support the ground state struc-
ture that would have been predicted from previous
work,  a t r igonal  b ipyramid,  wi th the isopropyl  sub-
st i tuted aryl  group in an equator ia l  posi t ion.  The
simplest  Berry pseudorotat ion that can be envis ioned
to occur from this starting geometry is 13 = f4. Al-

t 3  t 4

though studies of I argue for a permutation of sites
on the biphenyly lene moiet ies that  is consistent rv i th
this mechanism, the observat ion that the 2- isopropyl-
phenyl  moiety appears to rotate around the aryl
phosphorus bond in a process that is integral ly a part
of  the pseudorotat ion suggests that  a square pyramid
is an intermediate along the react ion coordinate.  ln-
termediacy of  a t r igonal  b ipyramid having an axial
2- isopropylphenyl  moiety,  formed by Berry pseudo-
rotat ion using a biphenyly lene carbon phosphorus
bond as pivot ,  is  not supported by the data for  1.  An
intermediate of  th is type is,  howel 'er ,  compat ib le wi th
the less rel iable k inet ic data generated in studying 2.

Experimental Section

General  N{ethods.  Al t  react ions involv ing nroisture or  a i r
sensi t ive chemicals were carr ied out  under inert  atmospheres.
Helium and prepurified nitrogen were passed througl-r a U-tube
containing calcium sulfate before use. Ether and tetralrydrofuran
were dist i l led f rom l i th iurn aluminunr h1'dr ide under n i t rogen
inrmediately before Llse. Dioxane, hexane, and benzene were
pur i f ied by dist i l la t ion f rom a dark purple solut ion of  d isodium
benzophenone dianion.  Mel t ing points were determined t rs ing a
Thomas Hoover Capi l lary mel t ing point  apparatus and are un-
corrected. Boiling points are uncorrected. Nntr spectra were
run on Var ian A-60,  HA-60,  HA-l00.  or  Jeolco 4H-100 spectrom-
eters. Infrared spectra were taken in sodiun-r chloride cells using a
Perkin-Elmer Model 237F or 337 grating spectrophotometer.
Mass spectra were determined on a Hi tachi- l 'erk in-Elmer RMU-6D
nrass spectrometer,  using a di rect  in let  system, b-v H. I - .  Mi tchel l .
Microanalyses were performed by Midwest Microlabs. lndianapolis.
Ind .

Nmr Methods. Samples were prepared by saturating the solvent
system wi th the compound to be studied and bubbl ing ni t rogen gas

through the solut ion for  ca.  5 min at  room tentperature before
seal ing the nnrr  sample tube.  Al l  the solvent  systelns used con-
ta i r red tetrachloroethane (cu.  251i ,  by volume) as internal  lock
signal .  Saturat ion of  the nmr s ignal  was checked by increasing
the racliofrequency input and noting whether the peak height in-
creased. Al l  spectra reported in th is thesis were run below satu-
rat ion.  For both 1 and 2 the temperature dependence of  the
chemical  shi f ts  was studied in the region below that  in which the
dynamic l ine broadening was important .  For 2.  the biphenl ly lene
nrethvl chemical shift differences increased br' (0.5 Hz and the
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Figure 9.  Arrhenius plots of  the rate data f rom phosphorane 2
(open c i rc les corres;rond to isopropyl  methyl  and f i l lec l  c i rc les to

biphenyly lene met l r l ' l  data) .  The act ivat ion parameters der ivecl
f rom a lcast-squares f i t t ing to a l l  poir t ts  c ler ived l ' rorn the biphenyl-
y lene methyl  groul ' rs  are - \ ( i  I  :  26.0 - : .  1.2 kcal i  mol  (at  202 ) '
lH t  :  25 .0  . i .  0 .9  kca l ,n to l .  anc l  I 'S  j -  :  -2 .2  -L  1 .8  eu  and  t l rosc

l ionr the isopropy' l  methvl  are lGt :  25.3 , , i .  1.2 kcal l rnol  (at

1 9 6 ' ) .  L H  i  : . 1 0 . 3  ' i  0 . 8 k c a l / m o l . a n d l S '  -  1 0 . 8 , L  1 . 8 e u .

isoprcrpl' l methyl chernical shift differerrce by --2.0 Hz in goirrg

from 80 to 140' :  for  l .  the corresl . ronding changes over the tenl-
perature range - ,10 to i5 were (0.5 and <-1.0 Hz.

Bis(dimethl ' lamine)phosphinous Chlor ide.  Over at  90-nl in pcr iod

d imethy lamine  (1 f i )  g .  2 .2  n ro l )  was  c l i s t i l l ed  i n lo  a  t i ask  ec lu ipped

w i th  a  Dr1 '  I ce  con t lensc r  l l r r ( l  co r t ta in ing  a  so lu t i on  o f  7 ( r  g  (0 .552

mol)  of  phoslrhorous l r ichlor ic le in 500 nr l  of  ethcr .  
- fhe 

react i t l t r

nt ix ture was al lowecl  to st lurc l  for  I  hr  at  roonl  tenlperat t l re.  The

l iquid was rcnrovci l  through a s intered glass i i l ter  st ick '  Thtr

precip i tate was ui t :hed wi th thr-ee 100-nr l  1, 'or t ions of  ethcr .  Thc

combinecl  ether lay,ers were st i r red overnight  uncler  hel i t r l l l  in  orc ler

to eclLr i l ibrate the cont l - roLtnc ' ls  fornted to the bis cornpourrd.  Con-

centrat iorr  and c l is t i l la t ion gave 63.3 g (7 '1.5 ' l ; )  of  product  har" ing

bp  80 . -5  83 .0  (22  n rm)  f i i t . " r  b1 t  29  ( l  mnr ) ] .
4.4 ' -Dimethl ' lb ipheny'1.  . ' i -Vlethr lp 'hert - r ' ln tagnesi t t ln bronl ide

(0 .58  mo l .  i n  2 .50  t t t l  o f  TF I [ - )was  ac lded  to  a  s lu r ry  o f  133 .7  g  o f

cuprous  iod idc  i r r  300  n t l  o f  t c t rah l t l r t f u ran  a t  -78 -by  n teans  o f  a

cannula.  Thc resul t ing tn i : t t t re was al lorvecl  to warnr to roonl

temlrerature over 2 hr  rv i th st i r r i r rg,  ref luxecl  for  I  hr ,  a l lowed to

stand overnight  at  roonr tcntperature.  and f l l tered.  The precip i tatc

was washed wi th tu,o l iX)-rn l  port ions of  ether.  The solvent  w' i ls

renroved under vaclr lur  to g i re 3 l  33 g (60 65'1" . ;  of  a rvhi te.

c r y s t a l l i n e  s o l i d  h a v i n g  r l p  I  l 8  1 2 1  ( l i t . ' i r  l f  1 ' ' ) .
4.4 ' - f ) imethl ' l -2-ni t robiphenl '1.  A nr i r ture of  -50 g t l f  '1 . - { ' -d i -

me thy l t r i l r hen l ' I , 900  m l  o f  n i t r i c  ac id  (dens i t - v  l . -1 .2 ) .  and  90 { )  m l  o f
g lac ia l  ace t i c  ac i c l  was  s t r r red  a t  J0  un t i l  t he  so l i d  d i sso lved '  The

react ion mixture n 'as thcn pourecl  into 2.5 L of  water  ancl  extractecl

with three 2100-nrl portions of rnethirlene chloricle. The nlethy'lene

chlor ide solut ion was wnsheci  wi th three 400-rr t l  port ions of  water.

dr iecl  (CaClr) .  anr l  concentrated undcr vacuunl .  Two recrystal -

l izat ions of  the rcsidue f ronr methanol  gav'e -5t l  g (93: ' , , )  of  a yel lorv-

ish sol ic l ,  rnp 63 65 ( l i t . ' ; :  nt1 ' r  59 60 ) .
2- . \mino-4,4 ' -d imethl ' lb iphenl '1. : i3 A t l ix ture of  '18 g (0.21 rnol t

( 3 0 )  H .  N o c t h  a n t l  H .  J .  V c t t c r ,  C h e m .  U e r . , 9 6 . 1 1 ( ) 9  ( 1 9 6 3 ) .
(  3 1 )  E.  Sakcl l r r ios i r r t r l  Th.  I (yr inr is .  C l tent .  I lcr . .  57,  l l l  (  I  92 '1) .
(31 )  E .  E .  J .  N4 i r r l e r  r rnd  E , .  E .  l ' r - r r r r c r ,  J .  Chan t . .Soc . ,  l 39 l  (1931) .
(33 )  Fo r  morc  i t r f o r r .na t io t r  o r t  t h i s  r c l t c t i o t r  scc  "Organ ik t r r l i '  O r -

ganisch-cheni ischcs Grunclprakt ikr . r rn,"  Vol .  I ,  VE,ts Der-r tschcr Ver l r rg
r i c r  W issenscha f t cn .  I l c r l i n ,  1963 ,  p  .186 .
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of 4,4. ' -d imethyl-2-ni t robiphenyl ,  400 ml of  ethanol ,  and 26.5 ml
(0.53 mol)  of  1001i  hydrazine hydrate was heared to 35 40,  and
cq.  0.1 g of  commercia l  Raney nickel  catalyst  (Grace no.  2g in
water)  was added. Gas was evolved immediately.  When gas
evolut ion had abated,  more catalyst  was addecl .  when adcled
catalyst  d id not  cause gas evolut ion.  the react ion mixture was
heated to reflux for I hr. f i ltered while hot. ancl concentrated
under vacuum. The y ' ie ld was 41.5 g (ca.  100%) of  a whi te sol ic l
hav ing  mp 75 ,77  '  ( l i t . r '  62 -6 - j  " ) :  i r  (CC l r )  3465  and  3370  cm-1
(-NHr).  There was no ni t ro group absorpt ion.

4,4'-Dimethyl-2-iodobiphenyl. A mixture of .1.0 g (0.20 mol) of
2-amino-4,4'-dimethylbiphenyl, 100 ml of concentrated hy,drochlo-
r ic  acid,  and 50 nt l  of  water  was heated to approxintate l l ,T0.  in
order to ensure formation of the amine hydrochloricle. then coolecl
to 0-5 " .  This mixture was diazot ized by the s low addi t ion of  a
solut ion of  15 g of  sodium ni t r i te in 30 ml of  water .  The diazonium
solut ion was t ransferred to a precooled l . -5- t .  beaker in an ice
bath and 32 g of  potassium iodide in 50 ml of  water  was s lowl l
added wi th st i r r ing.  The mixture was al lowed to stand overnight
at room temperature. then heated on a steanr bath for I hr ancl
cooled.  The react ion mixture was extractecl  wi th one 400-ml
port ion of  ether and the ether layer was washed wi th two 150-ml
port ions of  water,  one 150-ml port ion of  10i , ,  sodium carbonate
and one 140-ml port ion of  water.  The ether solut ion was l i l tered.
dr ied (CaCl:) ,  and concentrated under vacuum. The residue was
dist i l led to g ive 37.5 g (60"7;1 of  a yel lowish l iquid.  byt  t27_|32
(0 .17  mm)  [ i 1 . ; ; a  135 ,136 ' '  (0 .4  n rm) ] .

4,4'-Dimethylbiphenylylene-2,2'-iodonium lodide.;r{ In a 25(fml
three-necked llask equipped with rr-ragnetic stirrer, dropping funnel.
condenser,  and dr ,v ing tube were placed l2 g of  4. .4,-d imethyl-2-
iodobiphenyl  and 20 ml of  acet ic  anhy,dr ide.  The f lask lvas
immersed in a 30" water bath,  and 12.5 ml of  40), ' ,  peracet ic  acid
was added dropwise over a 2O-nr in per iod.  The react ion nr ix turc
was st i r red at  30" for  20 min and al lowed to stand overnight  at
room temperature.  Dropwise addi t ion of  concentrated sul fur ic
acid (10 ml)  resul ted in forntat ion of  a tan precip i tate.  Thc re-
act ion mixture was al lowed to stand at  room tenlperalL l re for  6 hr ,
poured  in to  350  m l  o f  wa te r .  hea ted  to  cu . . :15 '  on  a  s teanr  ba th .
and f i l tered to y ie ld a yel low sol id,  decomirosing at  abor.r t  155' .
This sol id was t reatecl  wi th 65 g of  potassium iocr ic le in r  50 ml of
water and heated on the steam bath for  30 min.  Af ter  f i l t rat ion
and dry ing ( l ' rOn) under vacuum for  48 hr  the procluct  (17 g,
740'i:, crude yield) had mp 223-221' dec.

2,2 '  -Di iodo-4,4 ' -d imethylb iphenl '1.3a The 4.4,-d i  rnethv l -2.2,- io-
don iumb ipheny l  i od ide  (13 .6  g .  31 .4  mmol )  was  heared  a t  l . r ( )  235
for  cu.5 nr in.  Af ter  cool ing.  the residue was t r i turatecl  u, i t l - r  t l r ree
35-ml port ions of  ether.  The ether extracts were washecl  wi th 50
ml of  1Qe; sodium bisul f i te and 50 ml of  5 i ;  sodiunr carbonate.
dr ied (CaCl. . , ) ,  and concentrated to g ive 10.25 g of  crucie procluct .
The crude product  was chromatographed on neutra l  Woelm
alumina (act iv i ty  I )  using cyclohexane as the eluent  to y ' ie ld g. l  g
(59.3 ?, , )  of  2,2 ' -d i iodo-4,4 ' -d imethylb iphen.u- l  having mp l  I  0 1 12,
after one recryslall ization from ethanol-acerone.

2- Isopropylbromobcnzene.s5 Tr ipheny' lphosphine (30 g.  0. I l -s
nrol) in lf i) ml of anhydrous. ercid-free acetonitri le rvas treatecl w,itlr
enough bromine.  added dropwise to the ice-bath cooled nr ixrure.  ro
impar t  a  ye l l ow  t i nge  to  the  so lu t i on  (cu .6 . l  m l .  0 .10  n ro l ) .  The
solut ior-r  was concentrated and l1 g (0.0S1 ntol )  of  2- isoprol t l l -
phenol  was added in one port ion.  The react ion nr ix ture was
heated to 270 280' for  5 hr ,  cooled,  and sr-rb jected to steanr d ist i l -
la t ion.  The steam dist i l la te was extracted wi th ether and the
ether layer was clried (CaCl:). The ether was renroved uncler
vacuum and the residue was dist i l led to g ive 2.5 g ( l  6.4 i , , )  of  procluct
h a v i n g  b p  7 6  8 2 '  ( 1 0  m m )  u i t . i 6  9 0 - 9 3 , ,  ( 1 5  m m ) l

2- Isopropylphenytphosphinous Chlor ide.  l -Bromo-2- isopropyl-
benzene ( l l . l  g.  56.0 ntmol)  was convertecl  to 2- isoprropyl ; rhenl l -
b is(dimeth- l ' lamino)phosphine . i ,  the l i th ium reagent and 8.6-5 g ol
chlorobis(dimethylamine)phosphine in 67.51;  y ie ld.3? React ion of
the dist i l led (bp 17 .5 -79.0 '  ,  0.1 mm) 2- isopropylpheny, lb is( i l i -
methylamino)phosphine wi th anhydrus hydrogen chror ide in ether

(34 )  D .  Hc l lw inkc l ,  Chern .  9e r . ,99 ,3660  (1966) .
(35 )  Th is  p roccdure  i s  bascc l  on  tha t  o f  G .  A .  Wi l c f , ,  R .  L .  Hc rsh -

kor.v i tz ,  B.  M. Rci ' ,  a 'c i  R.  C.  Chu'c,  J.  At t tcr .  Chem. Soc. ,  116,  964, l964).
(36) ts .  van Zantel t  arrd W. Th.  Nauta,  Rccl .  Trar .  Chinr .  purs-Bu.s.' 79 .  

t2 l  |  (1960) .
(37 )  M.  G .  Bar low,  M.  Grecn ,  R .  N .  Haszc lc l i nc ,  a r rc l  t { .  G .  F I i gson ,

J .  Chen t .  Soc .  C ,  1592  (1966) ;  D .  D .  Magne l l i ,  G .  Tcs i ,  J .  U .  Lo l r , c ,  J r . ,
anc l  W.  E .  McQu is t i o t ' r , l no rg .  Chan t . ,  S ,457  (1966) .

gave 2- isopropylphenl ' lphosphinous chlor ide as a color less l iquid,
b p  6 5 - 6 6 '  ( 0 . 0 8  m m ) ,  i n  5 5 ' ;  y i e l d .

2-Isopropl lphenyl(4,4'-biphenyll ' lene)phosphine. l- Br-rtyll ithi Lrm
(27  m l  o f  a  1 .5 -5  , \ /  so lu r ion  in  hexane)  was  added  to  a  s t i r red
solut ion of  9.0 g (20.8 nrnrol )  of  2,2 ' -d i ioc lo- ,1.4 ' -d inrethylb iphenyl
in 75 ml of  ether in an ice bath at  such a rate that  t l re temperature
rema ined  a t  ca .  10 .  To  the  resu l t i ng  so lu t i on  was  ac ldec l  4 .6  g
(20.8 mnrol)  of  2- isopro;ry lphen-n- lphosphinous chlor ide in l0 ml  of
ether.  The resul t ing solLr t ion u,as al lorved to st i r  at  roont  tent-
perature for  30 nr in ancl  then worked u1r by concentrat ion uncler
vacuum and t r i t rat ion of  the gumntv residue * , i th water.  This
residue was recr!'stall izcd trvice front methanol, trenzene to yield a
i v h i t e  s o l i d  h a v i n g  m p  1 1 . 1 . 5 - l l 6 '  i n  3 5 " , ,  _ v i e l d :  n r l r  ( C S : ,  n o
s t a n d a r d )  6  6 . 6  - 8 . 2  ( m ,  l f ! .  a r o m a t i c ) .  1 . 9  ( d . 6 .  C H ( C H , ) . t . 2 . 7 7  k . 6 .
A r  C H : ) .  4 . 3  5 . 0 5  ( m ,  l .  C H ( C H r ) r ) .

Atnl .  Calcd for  C, , , ,Hrr [ ' :  C,  8- ] .6f1.  lL 7 .02.  Found: C.
8 2 . 9 8 :  H . 7 . 1 2 .

2- lsopropy' l  phenl , l (  4.4 ' -d imethl ' l -2.2 ' -b iphenr. ly lenc)phosphine
Tosyl imine.  2- lsopropl  lphenvl- . -1.1. ' -c l inreth_l , lb ip l renyly lenel thos-
p h i n e  ( 2 . 1 7  g . 6 . 6  n t m o l )  a n d  1 . 8 6  g  ( 6 . 6  n r n r o l )  o f  a n h l , c l r o u s
chloroamine T rvcre nr ixecl  together in l0 ml  of  anh'n,drous c l i rneth-v, l -
f o rn ran t ide  to  g i ve  1 .8 -5  g  (61 ' ; , )  o f  a  r v l r i t e  c r l , . s ta l l i ne  so l i d  hav ing
nr l r  238.5 2-1.1.J af ter  recr-rsta l l izat ion f ronr to luene nrethanol .

A r ru l .  Ca lcd  fo r  ( , , r ,H ruNOrPS:  C ' .  72 .11 :  H .  6 .0 -5 ;  N .  2 .g0 .
F o u n c l :  C .  7 l  . 6 8 :  H .  6 . 0 7 :  N .  2 . 7 7 .

2-Isopropl' l phenl' lbis( 4,4'-d imethl.l-2.2, -biphenyl 1'lene)phosphor-
ane ( l ) .  The tosl ' l imine of  2- isol r ropl ' lphen-vl ( . . l . , : l . , -d inrethl , lb i ,
pheny' l_1, ' lene)phos;rh ine (0.95 g,  1.9 nrnrol )  rvas added to a solut ion
of  organol i th iunr reagent preparecl  f ronr 1.5 g (1. .S ntrnol)  of  2,2,-
d i iodo-4.4 ' -c l inreth l , lb iphenl ' l  ancl  4.-5 nr i  of  L55 rn l  of  l .55 l /
n-buty l l i th iunr (7.0 nreclu i l ' )  in  30 ml of  ether.  The react ion was
worked up b-v '  h ' ' . ' r l ro lys is ancl  concelr t rat ion,  and the resic lLre waf
pur i l iec l  by '  d issolr , ing the crLrde proclucL in a nr in i r r rLrnr  Anrol lnt  os
boi l ing tetrah-rc l ro l 'uran ancl  pour ing i t  in to nrcthanol  to 1, . ie ld
0 .70  g  o f  a  wh i te  so l i d  hav ing  rnp  2 -11 . .5  232 .5 "  (72 " , , ) .  T 'hc  nn r r
spectrunr of  th is nrater ia l  showecl  that  i t  corr ta ined tetrahl , r l rofuran.
which coulc l  onl l '  t ' re part ia l l l , removeci  by,  pr . rnrping at  0.0-5 rnm for
I  week.  The sanrple usecl  for  e lentental  anal l 's is  was l ) reparecl  Lry,
d issolv ing the tetrahyclrofuran solvate in brontobcuzcne and re-
nroving tetrahydrofuran and excess bronrobenzene under vacuunl
(0. I  mnr)  at  rocx.n tenr l r rature to g ive the corrcsponding 2:  I
brontobenzene solvate.  The nmr s l lectrunr at  J3 "  ( l r romobenzene)
had 6 2.60 (s.  3t .  1. ,52 (s.  - l ) .  2.46 (s.  ( r )  for  the biphenyly lene nrethl , l
protons and two doul"r lets ( ,1 :  6.6 Hz\  at  6 0.98 ancl  I .82 for  the
isolr ropl l lneth- , - l  1-rrotons:  mass spectrutnt .  in, i r ,  ( re l  intensi ty)  510
( - s .  M  ' ) .  5 0 9  ( 8 ) .  1 6 8  ( 7 ) .  4 6 7  , l 9 .  \ 4  -  C , , H , ) ,  1 , 5 9  ( 7 ) ,  l - s 8  ( 9 8 ) ,  l . s 7
(8 ) .  155  ( l (X ) .  [ - r ro r loL renzcne  ) .

A r tu l .  Ca lcc l  f t r r  ( - , , , [ l ; ,B r l ) . : :  C .  u1 .5 .1 ;  H ,  6 .42 ,  Ur ,  6 .7 t i .
f r o u n d :  C ,  8 l  . 3 9 :  H .  6 . 6 ( ,  ;  B r .  7  . 1 2 .

l -Bromo-2.4.6- t r i isopropl , lbenzenc.  To .50 g (0.25 nrol )  of  1.3.5-
t r i isopropl l l renzene c l issolvccl  in l ( )  nr l  of 'car l ron tetrachlor ic le was
addecl  2 g o l ' i ron powder.  The react ion vessel  was coolecl  in an
ice sal t  l ' r : i th ancl  l ight  r i ,as excludeci  by wral tp ing the i lask in r in
fo i l  anc l  cove r ing  i t  w i th  a  towe l .  B ron r ine  ( ,11  g .0 .25  mo l )  i n  j ( )
nr l  of  carbon tetrachlor ic le was added c l ropwisc over a 70-nt in
per iocl .  The react ion nr ix ture ivas al lowecl  to stancl  ovcrnight"
washed wi th nvo 100-nt l  l lor t ions of  water.  t rvo 50-nt l  port i { j r is  of-
20n, ,  socl i rnn hl ,droxide.  ancl  one 100-nr l  l tor t iorr  of  n,atc l  .  t i l ic , . ,
(CaCl, t .  ant l  concentrated.  Benzy, l ic  hal ide i rn l tur i l res in t l r r :
procluct  werc c lcstro;cd b1'aclc l ing the crLrde concenlnl te to a st ' r lu-
t i o r r  ob ta inec l  b l , i l i sso lv ing  -5  g  o f  so r l i un r  i n  100  r r r l  o l ' a l r so lu te
e thano l .  Th rs  r cac t ion  m ix tu re  was  a l l owed  to  \ t z in ( l  ove rn igh t .
therr  d i luted wi th ,500 ml of  . , r ,ater .  1-he orgal ic  la lcr  w,as scl l -
a ra ted .  and  the  aqueous  la le r  u ,a rs  r r \ t rac ted  w i th  th ree  100-n t l
port ior-rs of  carbon tetrachlor ic lc .  

- I 'he 
combinecl  organic la l ,ers

were washed wi th two l ( )0-ml por l . ions of  rvatcr  and 100 nt l  of
br ine.  dr iecl  (cacl . , ) .  corrcci l t r i i tcd uncler  reclucet l  l r iessure.  anci
d i s l i l l e d  t o  g i v e  - 5 2  g  ( 7 3 " , )  o f  p r o t i u c r  h a v i n g  b 1 t  7 6 . 5  E L O , ( 0 . 0 8
n t n r )  i l i t . ' r 8  l l 0  l l 2  ( . 1  m n r ) l :  n r l l r  ( C C l r )  6  1 . 2 1  ( d . . /  ,  ( - t . 6  H z .
l i l .  C H ( C ' H , r ) : )  2 . 7 8  ( n r .  l .  C l 1 ( C F l r ) : ) . 3 . 4 5  ( n r . 2 .  C H ( C ' l { , } _ ) .  e r n c l
6 . 8 J  ( s .  l .  a r r r r r r a t i c  ) .

2,4,6-Tr i isopropr ' lphenl ' lphosphinous Dichlor idc.  Tt ; , r r i  ;  1{} .071
ntol )  of  l - l - r rorrro-2.-1.6- t r i isoprol t l l t renzene in 7.5 ml o i ' r . ; ' r :c :  , - . r . ro lcr l
b r  an  i cc  l ra th  r vas  ac i c led  rap id l , v  JJ  n t l  o f  1 .6 . \ ' r r - i r i i t r i i i t i r i un t
(0.07i  nto l t .  Af ter  st i r r ing fc l r  ca.  I  hr  at  roon- j  tcni1.L.r ' , ,  1ule.  thc
l i t h iL rm reagen t  was  ac l c ied  w i th  s t i r r i ng  ove r  l 5  m i r - i  t o  ; r  so lu t i on  o f

( 3 8 )  N .  R a t  j o h r r ,  J .  S .  F r o n a b a r g c r ,  a n c l  W .  W .  L l t s t r o i r b c r q .  . / .
O r  g .  C  h  em. ,  20 .  27  |  (  I  9 - -5 - i  ) .
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10.3 (0.075 mol) of phosphorous tr ichloride in 75 ml of ether that
had been cooled to -50'.  The reaction was al lowecl to warm to
room temperature and stirred for 30 min. After centrifugation.
the solut ion was decanted and concentrated. The residue was
recrystallized twice from diethyl ether at ' 45' to give a grauular
white precipitate which was dried under vacuum for several hours
at room temperature. The yield was 10'5 S (509;;.

2,4,6-Triisoprop-v-lphenyl(4,4'-dim ethyl-2,2' -biphenyll'lene)phos-
phine was prepared in a manner similar to tliat cJescribed for its
2-isopropylphenyl analog. Dichloro-2,4,6-tr i isoprol lylpheny' lphos-
ph ine (5 .2  e .16.9 mmol)  and 5.64 g (13 mnro l )  o f  2 .2 ' -d i iodo-4.4 ' -
dimethvlbiphenvl gave 1.62 g (30i;) of a white sol id having mp
124 126". This material crystallized only with difficulty: nmi
(CCl , ,  no s tandare l )  6  2 .34 (s .6 .  b i to ly l  methv l ) ,  1 .37 (d '  18.  iso-
propy l  methy l ,  J  :7  Hz) ,6 .65-7.92(m,8,  arontat ic ) .

Anal .  Calcd for  C: rH: : ,P:  C,  84.02:  H,  8 .51.  Found:  C '
8 4 . 1 3 ;  H ,  8 . 2 3 .

2,4,6-Triisopropylphenyl(4,4'-dim ethyl-Z,2' -biphenylylene)phos-
phine tosylimine was prepared from anhydrous chloroamine T (0.02
g, 3.62 mmol) and 2.4,6-tr i isopropylphenyl(4,4'-dimethyl-2.2'-bi '
phenylylene)phosphine (1.5 g. 3.62 mmol) in 52i4 yield, mp 227-
228 ' .

2,4,6-T riisopropyl phenylbis(4'4'-dimethl'l-2,2'-bipheny lylene)-
phosphorane (2) was prepared from the corresponding tosylimine
(1.0 g, 1.72 mmol) and 2,2'-di l i thio-4,4'-dimethylbiphenyl (from

1.3 g, 3 mmol, of 2.2'-di iodo-4.4'-dimethylbiphenyl and 6 mmol of
1.5 N n-butyl l i thium solut ion). After unexceptional work-up, the
crude product was purif ied by dissolving in a minimal amount of
boiling tetrahydrofuran and pouring into methanol. The precipi-
tate was col lected as a white sol id, mp 277.5-278.5o, in 307.i  vield'

s407

Its nmr spectrum was recorded on a Varian HA-60 spectrometer in

benzyl  ether- l -chloronaphthalene using tetrachloroethane as an

internal  lock:  mass spectrurn,  nt lc  ( re l  intensi ty)  606 (6) '  605 (19.

i m p u r i t y ; .  5 9 5  ( 3 ) .  5 9 4  ( 1 2 ,  N { ) ,  5 9 3  ( 4 . 5 ) .  5 9 2  ( 7 7 ) . 5 5 2  ( 4 5 ) ,  5 5 1
(94 ,  1 \ {  -  i -P r ) ,  536  (47 ) ,  535  (100 .  iV I  -  r -P r .  CH l ,  H ) .92  (20 ) ,  381
(73 ,  M -  C , 'H r ( r -P r ) , , ) ,  212 (11 ) ,2 l  I  (45 ,  M -  b i to l y l .  C , :H : ( r -P r ) r ) .
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