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SYNTHESIS OF PHOSPHAADAMANTANE 

HENDRIK J.  MEEUWISSEN, THEODORUS A. VAN DER KNAAP, 
FRIEDRICH BICKELHAUPT 
Vakgroep Organische Chemie , V r i  je U n i v e r s i t e i t ,  
De Boelelaan 1083, 1081 HV Amsterdam, The Nether lands 

Abstract Phosphaadamantane k), a cage compound with a 
phosphorus atom on a bridgehead p o s i t i o n ,  is of i n t e r e s t  
i n  organoelement chemistry. W e  wish to  report t h e  s y n t h e s i s  
of L a n d  A1 a d e r i v a t i v e  o f  A, which are the  first examples 
of phosphaadamantanes without  a d d i t i o n a l  heteroatoms i n  the  
ske le ton .  

SYNTHESIS 

Our s y n t h e t i c  approach of 5 and L w a s  i n s p i r e d  by t h e  strategy 

developed by Speckamp ea. 2a8b f o r  azaadamantane (Scheme 1 ) .  

Key s t e p  i n  both syn thes i s  i s  an a ,a ' -annela t ion  of a 183-d iha l ide  

with t h e  enamine of t h e  phosphorinanone oxide 3-. I n  t h e  s y n t h e s i s  

of A, the d i h a l i d e  w a s  1 , 3-dichloro-2-benzoylpropane. Two b i c y c l i c  

phosphine oxides  $were formed, which could be sepa ra t ed  by cry- 

s t a l l i z a t i o n .  The s t ruc tu re  of these  isomers w a s  confirmed by X- 

ray s t r u c t u r e  determinat ion.  S t r u c t u r a l  d i f f e rences  cons i s t ed  main- 
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l y  i n  the  e m -  and endo-posit ion of t h e  phosphorus-bound phenyl- 

r i n g  and t h e  c h a i r  o r  boa t  form of t h e  b a s a l  cyclohexane r i n g .  

Both isomers could be reduced t o  the  phosphines L a n d  r i n g  c losu re  

under ac id  c a t a l y s i s  gave t h e  phosphoniaadamantanes 5. From 2, 
pure %was obta ined;  from zl which was a mixture of t h e  cxo- 
and ~nch?-7-hydroxy-isomers 6& and 

the y i e l d s  were l o w  (5 .5% from 2 and 1 1 %  from 5b). Remarkable i s  

t h e  r i n g  c losu re  of because the  lone  p a i r  p o i n t s  i n  the  d i r ec -  

t i o n  oppos i te  t o  t h a t  r equ i r ed  fo r  a t t a c k  on the  r i n g  c los ing  car -  

bon atom. Acid ca ta lysed  inve r s ion  of conf igu ra t ion  a t  phosphorus 

i s  considered t o  account f o r  t h i s  r i n g  c losu re .  The s t r u c t u r e  of 

the  em-isomer 6a was confirmed by X-ray s t r u c t u r e  de te rmina t ion .  

Unfortunately,  our  f i n a l  goa l  , the t e r t i a r y  phosphine der ived  from 

were formed. Unfortunately , - 

HI 

could not  be reached as the  conversion of  6-50 a phosphaada- 

mantane oxide by NaOH f a i l e d ;  the  phenyl phosphorus bond was n o t  

c leaved,  bu t  r i n g  opening occurred i n s t e a d ,  which i s  favoured be- 

cause of the benzyl ic  na tu re  of t h e  P - C ( 2 )  bond. 

The syn the t i c  approach t o  the  phosphaadamantane ske le ton  had thus  

proven to  be success fu l ,  e v e n  though t h e  y i e l d s  were no t  high.  

'Therefore w e  repea ted  t h e  r eac t ion  sequence s t a r t i n g  with t h e  1,3- 

dibromide 7- conta in ing  an e s t e r  group i n s t e a d  of  t he  phenyl r i n g ,  

which has caused so much t roub le  i n  t h e  f i n a l  s t a g e .  (Scheme 2 ) .  

Scheme 2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF PHOSPHAADAMANTANE 111 

The a ,a-annelat ion y ie lded  59% of the b i c y c l i c  ox ides  8.  31P NMR 

s p e c t r a  revea led  t h a t  only 2 of  the  16 possible isomers were for -  

med. From earlier work on t h e  n i t rogen  analogues and t h e  s t r u c t u r e  

of the oxides  Lit is h ighly  probable t h a t  t h e  ester group occupies 

t h e  endo-position. Consequently t h e  t w o  isomers must d i f f e r  i n  the 

conf igura t ion  a t  phosphorus. 

The removal of t h e  k e t o  func t ion  i n  &by conversion of t h e  dithio- 

k e t a l z ,  followed by reduct ion  with Raney-nickel t o  2, w a s  

achieved i n  59% o v e r a l l  y i e l d .  The reduct ion  of t o  wi th  li- 

thium aluminum hydride occurred almost q u a n t i t a t i v e l y .  The in te r -  

mediate products  2,s and 3 were cha rac t e r i zed  by t h e i r  NMR and 

mass spectra and used without  f u r t h e r  p u r i f i c a t i o n .  I n  analogy t o  

the syn thes i s  of 2, w e  next  envisaged t h e  reduct ion  o f  2 with tri- 

ch lo ros i l ane  to  12 which than  would be cyc l i zed  t o  % by t h e  ac- 

t i o n  of  methanolic HC1.  However, when a c t u a l l y  performing t h e  reac- 

t i o n ,  it appeared t h a t  t h e  second step occurred spontaneously,  pro- 

bably under t h e  inf luence  of traces of HC1 which might be formed 

as a byproduct i n  t h e  reduct ion.  A f t e r  add i t ion  to  potassium iodide 

and c r y s t a l l i z a t i o n  from ethanol /water ,  w a s  i s o l a t e d  i n  34% 

y i e l d ;  t h i s  y i e l d  i s  much h igher  than t h a t  lead ing  t o  A'. The ele- 

mental a n a l y s i s  and t h e  f i e l d  desorp t ion  m a s s  spectrum of 2 
(m/z = 231, r e l .  i n t e n s i t y  l o o % ,  z'. t h e  phosphonium ion  p a r t  of  

13b)were i n  agreement with t h e  assigned s t r u c t u r e ,  as w a s  t h e  'H 

NMR spectrum; c h a r a c t e r i s t i c  i s  t h e  13C NMR spectrum which - i n  
c o n t r a s t  t o  those  of  a l l  p recu r so r s  - r e f l e c t s  t h e  C3" symmetry of 

the  ske le ton  o f  _13b by i t s  very simple appearance, i .e .  3 s i g n a l  

i n  t h e  a l i p h a t i c  region;  t h e  solvent-dependant 31P NMR s i g n a l s  w a s  

found a t  6 = 4 . 8  ppm (CDCl3/CF COOD) or 6=9.1 ppm (CD30D/D 0) . 
As expected,  and i n  c o n t r a s t  t o  2 ,  t he  removal of t h e  phenyl sub- 

s t i t u e n t  from 13b posed no problems. Boi l ing  2 with  NaOH i n  e tha-  

nol/water gave t h e  t e r t i a r y  phosphine oxide 14 i n  q u a n t i t a t i v e  

y i e l d ;  t h e  spectral data were i n  f u l l  agreement with the  ass igned  
31 s t r u c t u r e  6 (  P ) = 3 4 . 8  pprn. 
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Treatment with sodium i n  refluxing toluene gave & i n  64% y i e l d  as 

a white s o l i d .  Again, t he  NMR spectra are very simple: three broad 

s igna l s  i n  the ‘H NMR Spectrum (6=1.87, 1.89, 1.95 ppm, assignment 

not y e t  possible)  , t h ree  s i g n a l s  i n  the  13C NMR spectrum (6=21.2 

{CH}, - 22.5 {P-CH2), - 31.8 ppm {CH-g2-CH)), w i t h  t he  expected pro- 

ton and phosphorus couplings. The phosphorus chemical s h i f t  o f &  

(6=-59.0 ppm) is  unexpectedly low as compared t o  t h a t  of its close 

s t r u c t u r a l  analogue 1 , 3,s-triaza-7-pho~phaadamantane~ (6=-101.6 

ppm). However, it compares favourably with chemical s h i f t  values 

f o r  normal t e r t i a r y  phosphines; an empirical approach based on in- 

crements p red ic t s  6=-45.5 ppm. The s l i g h t  up f i e ld  s h i f t  f o r  kcom- 

pared t o  the  predicted value may, with appropriate caution, be ta- 

ken as evidence f o r  very s l i g h t  r e s idua l  strain i n  the molecule. 

1 could be converted to phosphoniaadamantane with benzyl bromide i n  

benzene a t  room temperature (y i e ld  2 4 % ) .  With oxygen l-was oxidized 

t o  1 4 .  Other aspects of t he  chemistry of L a r e  present ly  being in- 

vestigated.  The r e s u l t s  w i l l  be presented together with a more de- 

t a i l e d  analysis  of s p e c t r a l  and s t r u c t u r a l  properties of A. 
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