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DEVELOPMENTS IN THE COORDINATION CHEMISTRY OF DICOORDINATE
PHOSPHENIUM ION LIGANDS

ROBERT T. PAINE, LARRY D. HUTCHINS, DONN A. DUBOIS, AND
EILEEN N. DUESLER

Department of Chemistry, University of New Mexico,
Albuguerque, NM U.S.A.

Abstract Phosphenium jon ligands display synergic o-donor,
w-acceptor properties which resemble other small molecutles
and the coordination chemistry of X p* ligands is compared

here with NO and SO;.

2

INTRODUCTION

Dicoordinate aminophosphenium 1ons] (RZN)2P+, formed by hetero-
Tytic cleavage of a phosphorus-halogen bond in aminohalophos-
phines, have a number of interesting properties. 1In particular,
molecular orbital analyses2 indicate that (R2N)2P+ should display
amphoteric acid-base character as a consequence of an occupied,
in-plane, lone pair (a ) orbital localized on phosphorus and a
vacant low lying, out- of plane, antibonding (b ) orbital delo-
calized over the N-P-N unit. These factors suggest a rich coor-
dination chemistry with transition metals, and they also suggest
a close resemblance to several "small-molecule" ligands including
NO, 502, and carbenes. Some progress in developing parallels
between (R N) pt reagents and NO and SO are out11ned here.

Six coord1nate metal n1trosy1 and meta] SO complexes con-
taining six d electrons typically display 11near M-N=0 and n]-
planar S-bonded M—SO2 groups. The metal-nitrogen bond involves o
donation from nitrogen to the metal fragment and back donation
from an occupied metal orbital to the w* MO on the nitrosyl. The
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meta]-SO2 interaction involves sulfur lone pair donation to the
metal fragment and metal d orbital electron back donation to a mw*
MO delocalized over the entire SO2 molecule. Similarly, we find
that combinations of NaMCp(CO)3 (M=Cr, Mo, W) with a series of
d1am1noha1ophosph1nes and am1noha1ophosph1tes inciuding (Me N)2
)
PC1, CH NCH CH N(CH )PC] and CH3NCH2CH20PC1 result in the for-
mation s1x coordinate s1x d-electron complexes of the general
)
type MCp(CO0) [(R N) P}. The diazadiphosphetidine C]PN(t Bu)P(C1)N-
(t-Bu) also forms a monometa]]ic complex [MCp(CO) ]PN(t Bu)P(Cl)N—
20—
(t-Bu) as well as a bimetallic complex [MCp(CO)2]2PN(t -Bu)PN-
(t-Bu). Each complex displays two terminal carbonyl bands in the
infrared spectrum, a Jow field 3]? NMR resonance (310-240 ppm)

and tungsten complexes show large J

WP coupling constants (700-
800 Hz). Single crystal X-ray diffraction structure determina-
tions reveal an n]—planar meta]—P(NR2)2 coordination geometry
with short M-P bond distances (2.10-2.25 &) and P-N bond dis-
tances (1.64-1. 71 KR) somewhat longer than that found in [(1- Pr)2
N] pt (1.613 A) We have described a bonding model for these
comp1exes in which the X2P+ 11gands undergo o donation from the
a, lone pair MO to an empty d 2 orbital on the 16-electron MCp-
(CO)2 fragment and w back acceptance from an occupied d HOMO
on the metal to the b] MO on the cation. This model 1is cons1s-
tent with the observed planar P(NR2)2 geometry, the orientation
of the P(NR2)2 plane with respect to the M(CO)2 plane, the short
M-P bond distances and elongated P-N bonds. It follows that these
complexes are directly related to the known linear nitrosyl com-
plexes CpM(CO)zNO. M=Group VIB.6 Complexes CpMn(CO)Z[(RZN)zP]+
also have been prepared in our work, and these compare favorably
to the n'-planar S0, complex CpMn(C0),S0,."

Six coordinate metal nitrosyl and metal-SO, complexes with
eight d-electrons often display bent MNO and w -pyramidal MSO2
groups. Reactlons of NaFeCp(CO)2 with (R2N)2PC1 reagents produce
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metallophosphenium Yon products FeCp(CO)e[(RzN)ZP]. The crystal
structure determination for one of these molecules reveals an
n]-pyram1da1 geometry for the phosphorus atom. Chemical proper-
ties and MO calculations suggest that the phosphenium ion base
strength is not suff1c1ent to displace a CO ligand from FeCp-
(00)2, therefore, the d orbital is not avai]able to accept elec-
tron density from the a] Tone pair of (R ) As a result, the
phosphorus atom is rehybridized and the Fe P interaction only con-
sists of electron donation from the occupied Fe d Xz orbital into
the b] MO on the (R N) p* 1igand. A long Fe-P interaction would
be expected and this 1s observed (Fe-P 2.340 A). At the present
time, an analogous CpFe(CO)zNO has not been isolated, and the
corresponding SO complex has only been ment1oned as an unstable
product in the react1on of SO and NanFe(CO)2

The above enumerated examp]es represent a few of the paral-
Tels which exist between X p* 1igands and NO and SO The nature
of the electronic propert1es and orbital template of phosphenium
jons allows them to participate in chemistry which is unique from

known chemistry of NO and SO In particular, phosphenium jons

2
will act as both symmetrically bridging and semi-bridging 11gands
—
as evidenced by the format1on an(CO) (PN(CH )CH CH NCH
€0, (C0) 5 (PN(CH,) CH,CHNCH,) . 10
may undergo reduct1ve coupling reactions as indicated by the for-
| S R —

mation of an(CO)B[PN(t—Bu)PN(t—Bu)]2 from Mn(CO)sPN(t-Bu)P(C1)N—
(t-Bu). Unlike NO and 502, phosphenium tons also provide an

3)p an
Phosphenium ion comp]exes also

adjustable range of o-donor and mw-accepting ability, and a cor-
responding alteration in coordination chemistry. An example of
this fact can be found in format1on of metallophosphenium ion
complexes from RI‘IJCH2 N(R)PC1 RNCH CH205C1 an? 0C(R)2C(R)20PC1
and Mon(CO)g The f1rst two phosphines form n -planar com-

piexes MoCp(CO) (Px } while the phosphite appears to form a seven
coordinate n] pyram1da1 complex MoCp(CO) (PX ) This chemistry
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1s consistent with an increasing degree of w accepting ability

in the ligands as N is replaced by O.
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