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Abstract Structural data of phosphorus ylides 
are summarized and discussed. Conformational 
preferences in solution and in the solid state, 
as followed by NMR spectroscopy and X-ray diff- 
raction, indicate a strong gauche effect f o r  the 
lone pairs of electrons at the ylidic carbon 
atom. One- and two-electron oxydation of 
carbanions is accomplished with copper( IIyl$:e 
the oxidant, leading to oxidative coupling o r  to 
halogenation, respectively. 

INTRODUCTION 

Phosphorus ylides are extremely important compounds in 
organic synthesis, in organometallic and coordination 
chemistry, and as classical cases of phosphorus-carbon 
multiple bonding. It is therefore surprising that in- 
formation on their structure is still very limited. 
Only about two dozens of X-ray and electron diffrac- 
tion studies are reported in the literature. Even 
less has been known on the conformations of species 
with ylidic bonds. 
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STRUCTURES 

Summarizing some o l d  and new r e s u l t s  of  t hese  inves-  
t i g a t i o n s  it fol lows t h a t  a l l  s t r a i n - f r e e  y l i d e s  A - 
a r e  found t o  have p l ana r  s t r u c t u r e s  a t  t h e  y l i d i c  
carbon atoms, a s soc ia t ed  with q u a s i t e t r a h e d r a l  phos- 
phorus cen te r s .  I n  molecules w i t h  t h e  y l i d i c  func t ion  
i n t e g r a t e d  i n t o  a six- o r  five-membered r i n g  t h e  
s t r a i n - f r e e  condi t ions  s t i l l  al low t h e  spec ie s  t o  
adopt a p l ana r  conf igura t ion  a t  t h e  y l i d e  carbon, as 
a l s o  shown by ' H ,  I3C, and 31P NMR techniques.  

- 

R P=C n 3 
R3P-=C ( CH2)n / R '  R P-C, 

R '  W 3 
R P=C 3 

B - A - - 

Already t h e  smal le r  bond ang le s  i n  t h e  cyclobutane 
system, however, f o r c e  t h e  phosphorus atom ou t  o f  t h e  
plane o f  t h e  neighbouring = C <  plane.  The y l i d i c  
bond forms an angle o f  18' with  t h i s  plane.  The cyclo- 
butane r i n g  i t s e l f  i s  fo lded  by 1 6 O , G .  I n  t h e  cyclo- 
propyl ide case ,  f i n a l l y ,  t h e  P = C angle  r e l a t i v e  t o  
t h e t r i a n g u l a r  plane i s  a s  high a s  almost 60°, Q .  - I n  t h e  
y l i d e s  C - and Q - t h e  phosphonium geometry i s  s t r o n g l y  
d i s t o r t e d  by t h e  lone p a i r  of e l e c t r o n s  a t  t h e  y l i d i c  
carbon, and i n  t h e  ground s t a t e  one of t h e  P-R bonds 
i s  pushed away from t h e  y l i d e  moiety by more than  10'. 
The i d e a l i z e d  C symmetry of t h e  C3PC group i s  t h u s  
reduced t o  C, 

CONFORMATIONS 

I n  phosphino-subst i tuted y l i d e s  E - a s u r p r i s i n g l y  high 
b a r r i e r  t o  P-C r o t a t i o n  has been de tec ted .  Thus t h e  
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P(II1) atoms in E - are non-equivalent below room tem- 
perature in solution, as shown by NMR spectroscopy. 
An X-ray study of the perphenylated species confirmed 
the ground state geometry proposed in formula E. - The 
geometry is directed by lone-pair/lone-pair repulsiong 
which represent the first example of a gauche-effect 
in ylide chemistry. 

The antimony 
structure as 
than the P-C 
fects on the 

iR3 ;R3 

analogue F was found to have the same 
E, - though the Sb-C bonds are much longer 
bonds, which should minimize steric ef- 
rotational barrier and ground state 

- 

structure. The lone-pair effect is making therefore 
the dominating contribution to the phenomenon. 
This becomes also obvious from a study of the 1, l -  

diphosphino-ethylene G ,  - which has freely rotating 
PPh2 groups in solution even though a structure analo- 
gous to that of g and is found in the crystal. The 
results confirm the significance of the dipolar formu- 
la for the description of ylide bonding as compared 
to classical multiple bonding 

Similar conclusions can be drawn from thio- and 
7 seleno-substituted ylides H - . 

OXYEATION 

oxydation of ylides under standard conditions is known 
to lead to P=C bond breaking with formation of phos- 
phine oxides and a variety of P-free secondary pro -  

- - 

4- 6 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



I70 H .  SCHMIDBAUR ef nl. 

ducts. It has now been discovered that oxydation with 
certain transition metal salts, copper(I1) salts in 
particular, will induce formally a one-electron trans- 
fer process followed by C-C coupling. Diphosphonium 
salts are obtained in good yields from a very simple 
experimental procedure. Substituted ylides R3P=CHR' 
afford diastereomeric diphosphonium s a l t s  (RR,  SS and 
RS). Radical cations R Pe-CH2 have previously been ob- 
served in W-irradiated single crystals by ESR spec- 
troscopy 8.  In cases with strong steric hindrance m- 
chlorination with CuC12 can also occur, corresponding 
to a two-electron transfer process, e.g.: 

3 

- + 2 CUCl2 
+ R3P - CH 

CUCl2 + -A 2 \\ 
2 R P=CH2 -2 R3P-CH2 CH2- PR3 3 

'L + 
R P-CH2 - 

3 1  c1 cum2 
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