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PREPARATION, STRUCTURES, AND REACTIVITIES OF COMPOUNDS
WITH DOUBLE BONDING BETWEEN THE HEAVIER GROUP 5A ELEMENTS

ALAN H. COWLEY,* JAN E. KILDUFF, JONATHAN G. LASCH,

SUSHIL K. MEHROTRA, NICHOLAS C. NORMAN, MAREK PAKULSKI, AND
CONSTANTINE A. STEWART

Department of Chemistry, University of Texas at Austin,
Austin, Texas 78712, U.S.A.

Abstract The synthesis of diphosphenes (RP=PR'), phospha-
arsenes (RP=AsR'), phosphastibenes (RP=SbR'), and diarsenes
(RAs=AsR') is discussed. X-ray crystallographic studies have
been performed on representative double-bonded compounds. The
reactivities and coordination chemistry of selected compounds
have been explored.

Diphosphenes (RP=PR) have been recognized as reactive intermediates
for some time.1 However, following the isolation of the stable
diphosphene, (2,4,6-(t-Bu) . C H,)P=P(2,4,6-(t-Bu),C H,) (1) by

5 3762 — 376 27 = 3
Yoshifuji et al.,” research in this area has grown dramatically.
Our own work focussed initially on the sterically protected alkyl

derivative, (Me Si)3CP=PC(SiMe3)3 (2). X-ray crystallographic

studiesA’ ’ reieal that 2 adopts a trans planar skeletal arrange-
ment, and the phosphorus-phosphorus bond length is close to the sum
of Pauling's double-bond covalent radii (2.00 K).7 The average
P-P-C bond angle is 108.5(4)°.

The fact that 2 is not a particularly reactive compound
prompted our synthesis of unsymmetrical diphosphenes. The initial
strategy involved eross-coupling of the appropriate dichlorides
using sodium naphthalenide and afforded 207% yields of (2,4,6-
(£-Bu) ;G H,) P=PC(SiMe,)
promoted dehydrochlorination of RPHZ/R'Pcl2 mixtures resuéted in

excellent yields of (2,4,6—(£fBu)3C6H2)P=PCH(SiMe3)2 4.

3

(23.8 A new approach involving the base-
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Realizing that the dehydrochlorination route might provide access
to the first phosphorus-arsenic double bond, (2,4,6—(£—Bu)3C6H2)PH2
was treated with (Me3si)2CHAsC12 and DBU (1,5-diazabicyclo[5.4.0]
undec—-5-ene) in THF solution. Structural details for the resulting

phospha-arsene, 5, are summarized below:10

%, CH(S1Me ),

A similar reaction with the corresponding stibine, (Me3Si)2CHSb012,
afforded the first (marginally stable) phosphastibene, (2,4,6-

- . 10
(t-Bu) C6H2)P—SbCH(SlMeB)2 (6).

3
In order to synthesize a diarsene, a route to the arsine,

(2,4,6-(t-Bu) )ASH2 (7) had to be found. Compound 7 was

3%
prepared by LiAlH4 reduction of (2,4,6—(£;Bu)3C6H2)AsF2, and in turn,
treatment of 7 with (Me3Si)2CHAsCl2 in the presence of DBU

resulted in the diarsene, (2,4,6—(EfBu)3C6H2)As=AsCH(SiMe (Q).ll

3)2
An X-ray study of 8 revealed that, as for 2 and 5, the central bond
length (2.224(2) R) is close to the sum of the double-bond covalent
radii, and the conformation is trans planar. The As-As-C angles
are 93.6(3) and 99.9(3)°.

To date, reactivity studies have focussed on electrophiles.
For example, treatment of 2 with a stoichiometric quantity of HCl
at -78°C results in (Me3Si)3CP(H)P(C1)C(SiMe3)3,

interesting parallel with alkene chemistry. Some reactions of 1

thus affording an

. 12
are summarized below:
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The coordination behavior of diphosphenes, phospha-arsenes,
and diarsenes depends critically on the steric demands of both the
ligand and the organometallic fragment. Thus 2 fails to react with
Ni(CO)A, FeZ(CO)9 or Cr(CO)S(THF). On the other hand, 1, featuring
a somewhat smaller ligand, reacts with Ni(CO)4 or Fe2(C0)9, but not
Cr(CO)S(THF), Spectroscopic evidence indicates that one Ni(CO)3 or
Fe(CO)A moiety is attached to the diphosphene, thus representing a
new moée of coordination for this type of ligand. X-ray crystallo-
graphic data have been obtained for the iron complex and are

summarized below:13

109. 3(1)°
%
VP .050 1 & 115.1(1)°
5 108.4(1 ° 135.52¢( 6)°
Te(CO)4

The unsymmetrical diphosphene, 4, and the phospha-arsene, 5,

also react with FeZ(CO) to afford the corresponding (Me3Si)ZCHP—

9
bound Fe(CO)4 complexes. In order to accomodate the larger
Cr(CO)5 moiety, we have found it necessary to take advantage of the

longer arsenic~arsenic double bond. Thus, 8 reacts readily with
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Cr(Co) (THF) to afford the dlarsene—Cr(CO) complex, X-ray data for

which are summarized below:

14
CH(SiMe,),
105.2(2)°

.
WA 2.246(1)KAS \116.3(2)

0@‘*@\3—\;

Y 104.0(1)° 138.48(3)°
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