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Introduction

Phosphoranes are well-known examples of a class
of compounds where the Lewis octet of the central
atom is expanded. These ‘hypervalent’ [1] molecules
have received considerable attention from both
theoretical and experimental chemists [2]. However,
until recently, the chemistry of these molecules has
been limited to direct attachment of the hypervalent
atom to main group elements only. A few examples
of an RP (R = aryl, alkyl, OCHs,) [3] group bridging
four metal atoms exist and, recently, Riess and co-
workers [4] have prepared cyclic M—P—O and
M—P—N (M = Mo, W) species where P is pentacoordi-
nate. Riess’ method involves proton abstraction from
a bicyclic phosphine cationic complex and is very
specific to the ligands.

The synthetic method described below illustrates
a possible general route to obtaining transition metal-
substituted phosphoranes. The idea behind the
method is straightforward: nucleophilic substitution
at pentacoordinate phosphorus involving cleavage of a
P—X (X = halogen) bond is well documented [5].
For example, Me;SiNMe, reacts with fluorophos-
phoranes [5] according to

(MezN)nPFs_n + Me3SiNM62 ->
(MezN)n+ 1PF4_n + Me3SlF
(n=0,1,2) M
A suitable scheme for synthesizing transition metal-
substituted phosphoranes should involve a phospho-
rane with at least one P—X bond and the readily
obtained transition metal anions [6]. Such a combi-

nation would be expected to yield a metal—phos-
phorus(V) bridge-free linkage.
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2-Chloro-2,2"spirobi(1,3,2-benzodioxaphosphole),
I, reacts with Na'[Mn(CO);]™ to yield the title com-

pound, II, according to
o, O

THF N 7
- /P\— Mn(CO)s + NaCl
60°C 0 0o

©

(n (m

o_ 0
P Cl + Na*[Mn(cO)]
0

o/

IT is the first example of a transition metal-substi-
tuted phosphorane, R;P—ML,,, where only the phos-
phorus of the R4P moiety is directly bonded to the
transition metal.

Experfmental

All procedures in the preparation of II are carried
out in an inert atmosphere using dry and degassed
solvents. In a typical preparation, 4.41 g (11.3 mmol)
of freshly sublimed Mn,(CO);o (Strem Chemical)
is treated with 100 g of 1% Na/Hg in THF (60 ml)
[6]. The resulting Na*[Mn(CO)s]~ solution is filter-
ed and added dropwise to a solution of 6.29 g (223
mmol) of I [7] in THF (60 ml) at —60 °C. The
reaction mixture is allowed to slowly wamm to
ambient temperature and filtered, yielding a yellow-
orange solution. After removal of the THF, the crude
product is dissolved by myltiple washings with
toluene on a filter frit. Finally, the toluene is remov-
ed, yielding the pure product, 11, as a slightly yellow,
moisture sensitive solid (9.20 g, 91%). Anal. Calc.:
C, 46.18; H, 1.83; P, 7.00; Mn, 12.43. Found: C,
46.01;H,2.16,P,6.98;Mn, 11.90.

Results and Discussion

The mass spectrum of II, obtained at an inlet
temperature of 40 °C, exhibits a significant molec-
ular ion (6% of the base peak, C4H,0,P"). Sequential
loss of CO is evident in the spectrum as well as
significant peaks corresponding to (C¢H,0;),PMn’
and (C¢H,0,),P" (23% and 29% of the base peak,
respectively). Solution (THF) IR shows bands in the
CO stretching region at 2133(m), 2075(w, sh), 2041
(vs), and 2003(m, sh).

NMR data are presented in Table I. A shift in the
complex multiplet in the 'H spectrum and a large
downfield shift in the *'P['H] spectrum is evident.
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TABLE I. NMR Data (ppm) for I and 11.2
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I I
" 7.15 (mult) 6.85 (mult)
ply) -12 67 (broad)
Berag 111.8 (€1)°, Jpocc = 194 Hz 110.6 (C1)® Jpoce = 6.8 Hz
123.7 (Co)° 121.4 (C2)°
1434 (C3)°,Jpoc = 7.6 Hz 147.0 (C3)®, Jpoe =4.2 Hz

206 (CO, broad)

2All data obtained in THF. 'H and !3C data measured relative to solvent peaks (referenced to TMS). 31p data referenced to

external H3POg4.
1

2 3.0 ~
bAssigmad as @ in accordance with the assignments for catechol in reference 8.

O/

The 3'P signal for II is quite broad (1100 Hz, width
at half height) due, most likely, to the quadrupole
and spin (5/2) of the Mn nucleus. Small, but signifi-
cant, shifts in the ">*C['H] spectrum are also evident.

The frequencies of the CO stretches in the IR
(ca. 2000-2150 cm™), as well as the ability to
obtain a mass spectrum, eliminate the possibility of
formation of an ionic species, viz. (C¢H,0;),P"-
[Mn(CO)s]". Also, the very similar 3C['H] NMR
spectra for I and II preclude any ring opening.

Finally, mention should be made of the nature of
the metal—phosphorus o bond. Riess [4] has describ-
ed the metal—phosphorus(V) bond in his system as a
phosphoranide, R4P, ligand donating a pair of elec-
trons to the metal, a traditional ligand—metal bond.
By referring to II as a substituted phosphorane,
the opposite case is implied here, consistent with the
synthesis. This is just a matter of electron count when
looking at the final molecule; however, it should
prove valuable for general syntheses of this class of
compounds.
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