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YLIDE CHEMISTRY: AN ACCOUNT OF STRUCTURAL,
CONFORMATIONAL AND REDOX INVESTIGATIONS

*
HUBERT SCHMIDBAUR, GRAHAM A. BOWMAKER ),
ULRICH DESCHLER, CORNELIA DORZBACH, RUDOLF
HERR, BEATRIX MILEWSKI-MAHRLA, ANNETTE SCHIER,
CHRISTIAN E. ZYBILL
Anorganisch-chemisches Institut, Technische
Universitdt Miinchen, Lichtenbergstr. 4,
D 8046 Garching, Germany

*) Department of Chemistry, University of
Auckland, Auckland, New Zealand.

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 for the
lone pairs of electrons at the ylidic carbon
atom. One- and two-electron oxydation of ylide
carbanions is accomplished with copper(II) as
the oxidant, leading to oxidative coupling or 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 o0ld and new results of these inves-
tigations it follows that all strain-free ylides A
are found to have planar structures at the ylidic
carbon atoms, associated with quasitetrahedral phos-
phorus centers. In molecules with the ylidic function
integrated into a six- or five-membered ring the
strain-free conditions B still allow the species to
adopt a planar configuration at the ylide carbon, as
also shown by 1H, 13C, and 31P NMR techniques.

R,P C/R' R, P c/—(\CH ) RBP:C<> <
3P =0, 5P =C o)y
R3P=C<] D
A B

Already the smaller bond angles in the cyclobutane
system, however, force the phosphorus atom out of the
plane of the neighbouring = Ciig plane. The ylidic
bond forms an angle of 18° with this plane. The cyclo-
butane ring itself is folded by 16°,g. In the cyclo-
propylide case, finally, the P = C angle relative to
thetriangular plane is as high as almost 600,2. In the
ylides C and D the phosphonium geometry is strongly
distorted by the lone pair of electrons at the ylidic
carbon, and in the ground state one of the P-R bonds
is pushed away from the ylide moiety by more than 10°,
The idealized C3 symmetry of the C3PC group is thus

reduced to Cg 1= .

CONFORMATIQONS

In phosphino-substituted ylides E a surprisingly high
barrier to P-C rotation has been detected. Thus the
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P(III) 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 repulsions
which represent the first example of a gauche-effect
in ylide chemistry.

li:l)RB lﬁRB ﬁHz ﬁRB
. C - C _C C.
P~ PR 87 DsbrR, P77 PR, Se” SR
R -2 R =2 R -2 g
2 2 2
g F G :

The antimony analogue F was found to have the same
structure as E, though the Sb-C bonds are much longer
than the P-C bonds, which should minimize steric ef-
fects on the 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 1,1-
diphosphino-ethylene g, which has freely rotating
PPh2 groups in solution even though a structure analo-
gous to that of E and F 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 b-6 .

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

OXYDATION

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-
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ducts. It has now been discovered that oxydation with
certain transition metal salts, copper(II) 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 salts (RR, SS and
RS). Radical cations R3P0-CH2 have previously been ob-
served in UV-irradiated single crystals by ESR spec-
troscopy 8. In cases with strong steric hindrance -
chlorination with CuCl2 can also occur, corresponding
to a two-electron transfer process, e.g.:

+ 2 CuClZ"
cucl, + - RgP-CHy
2 RyP=CH, ——>2 RyP-CH, CH,~ PR
~
R4P — CH
3 [ 2 -
L% CuCl,
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