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Abstract

The reaction of LiP(H)B(NiPr2)[N(SiMe3)2]·DME with Cp2ZrCl2 in a 2:1 ratio yields the metallodiphosphane Cp2Zr{P(H)B-
(NiPr2)[N(SiMe3)2]}2 (3a). Combination of 3a with Mo(CO)4 (norbornadiene) provides the adduct Cp2Zr{P(H)B(NiPr2)-
[N(SiMe3)2]}2·Mo(CO)4 (4a) in which the metallo-diphosphane 3a acts as a chelating ligand. The compounds have been
characterized by spectroscopic methods and the molecular structures of 3a and 4a have been determined by single-crystal X-ray
diffraction methods. The chemical and structural features are compared and contrasted with related metallo-diphosphanes that
contain organic substituents on the diphosphane P atoms. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Primary and secondary monophosphanes, RPH2 and
R2PH, and diphosphanes, (H2P)2CH2, [R(H)P]2CH2

and [R(H)P]2C2H4, containing organic substituents are
relatively common, and the use of these compounds as
ligands has been extensively studied [1]. On the other
hand, primary and secondary phosphanes carrying in-
organic substituents, e.g. (XnE)PH2, (XnE)2PH,
(XnE)(YmE%)PH and [(XnE)(H)P]2(EYm) (E=main
group element, X, Y=alkyl, aryl, halide, alkoxy,
amido) are less common and until recently examples
with boryl substituents (E=boron) were especially rare
[2]. We are interested in the general aspects of the
reactivity of these compounds because they may be
useful for the assembly of more complex ring and cage
compounds. Indeed, primary and secondary boryl-sub-
stituted monophosphanes are in most cases relatively
stable, and they have been used as reagents to form
more complex phosphanes [2]. The primary diphos-
phanes, however, tend to readily undergo phosphane
elimination chemistry as depicted in Eq. (1) [3]. In one

case, the diphosphane iPr2NB(PH2)2 has been trapped
and stabilized by coordination with two Cr(CO)5 frag-
ments [4]. However, attempts to form the diphosphane
chelate complex iPr2NB(PH2)2·Mo(CO)4 were unsuc-
cessful. The secondary boryl diphosphane compounds
(2) are noticeably more stable at 23°C [2,5–7], and they
have found use as ligands and as reagents for the
formation of more complex compounds. A few exam-
ples of silyl bridged boryl diphosphanes 3 have recently
been obtained, and one of these compounds (X=Me;
R2N= iPr2N) acts as a chelating diphosphane on a
W(CO)4 fragment [8]. This observation led us to at-
tempt the preparation of additional secondary boryl
diphosphanes with larger bridging groups, X2E. Here
we report the formation of a zirconocene bis(boryl-
phosphane), Cp2Zr{P(H)B(NiPr2)[N(SiMe3)2]}2 (3a) and
its chelation with a Mo(CO)4 fragment.

(1)
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2. Experimental

Standard inert atmosphere techniques were used in
all synthesis and product manipulations. Solvents
were rigorously dried, deoxygenated and distilled
prior to use. Mass spectra were obtained from the
Midwest Center for Mass Spectrometry, University of
Nebraska. Infrared spectra were recorded on a
Mattson 2020 FTIR and NMR spectra were obtained
from Bruker FX-250 and JEOL-GSX-400 spectrome-
ters. Samples dissolved in a deuterated lock solvent
were flame sealed in NMR tubes and referenced ex-
ternally against Me4Si (1H, 13C), and 85% H3PO4

(31P). All downfield shifts were assigned +ds.

2.1. Synthesis of zirconocene bis(borylphosphane) (3a)

A sample of Cp2ZrCl2 (1.5 g, 5.1 mmol) (Aldrich)
in hexane (40 ml) was cooled to −78°C and solid
LiP(H)B(NiPr2)[N(SiMe3)2]·DME [5] (4.05 g, 10.5
mmol) was added in portions with rapid stirring over
2 h. The mixture was then warmed to 23°C and
stirred overnight. The resulting suspension was filtered
to remove LiCl, and the filtrate was evaporated to
dryness. The red residue was recrystallized from cold
hexane leaving red crystalline Cp2Zr{P(H)-
B(NiPr2)·[N(SiMe3)2]}2 (3a): yield 2.8 g, 66%. Addi-
tional product can be harvested from the mother
liquor. IR spectrum (KBr, cm−1): 2968(m), 2903(w),
2328(w), 1487(w), 1440(w), 1410(w), 1363(w), 1302(m),
1249(m), 1196(m), 1145(w), 1112(w), 1057(s), 1020(w),
923(s), 885(s), 837(s), 800(m), 742(w), 677(w). 31P-
NMR(C6D6): d 37.3 (d, JPH=251Hz). 1H-
NMR(C6D6): d 0.37 (s, 18H, SiMe3), 1.26 (d, 6H,
JHH=7.2 Hz, CH3 (iPr)), 1.42 (d, 6H, JHH=7.2 Hz,
CH3 (iPr)), 2.71 (d, 1H, JPH=260 Hz, P–H), 4.40
(sept, 1H, JHH=7.1 Hz, CH (iPr)), 4.74 (sept, 1H,
JHH=7.1 Hz, C–H (iPr)), 5.91 (s, 5H, Cp).
13C{1H}(C6D6): d 3.89 (SiMe3), 25.28 (CH3 (iPr)),
25.35 (CH3(iPr)), 46.1 (CH), 108.2 (Cp).

2.2. Formation of complex 4a

Equimolar amounts of 3a (1.24 g, 1.5 mmol) and
Mo(NBD)(CO)4 (0.44 g, 1.5 mmol) (NBD=norbor-
nadiene) were combined in hexane (30 ml) and stirred
(6 h). The mixture was vacuum evaporated leaving a
red solid that was recrystallized from a minimum of
cold hexane (−20°C): yield 0.70 g, 45%. MS (HR-
FAB) (m/e, relative intensity): 1028.2649–1044.2750,
3%, M+; 271.2, 100%. IR spectrum (KBr, cm−1):
2966(w), 2004(m), 1921(m), 1896(s), 1888(s), 1628(w),
1421(w), 1321(w), 1251(w), 1190(w), 1116(w), 1057(m),
906(w), 883(w), 837(w), 802(w), 729(w). 31P-
NMR(C6D6): d 21.4 (JPH=285 Hz). 1H-NMR(C6D6):
d 0.36 (s, SiMe3), 1.26 (d, JHH=7.2 Hz, CH3(iPr)),
1.41 (d, JHH=7.2 Hz, CH3(iPr)), 3.5 (d, JPH=280
Hz, PH), 4.40 (sept, JHH=7.1 Hz, CH(iPr)), 4.73
(sept, JHH=7.1 Hz, CH(iPr)), 5.90 (s, Cp).

2.3. Crystal structure determinations

Suitable crystals of 3a and 4a were obtained from
recrystallizations from cold hexane. Crystals were
mounted in glass capillaries under dry nitrogen and
the capillaries were flame sealed. The crystals were
centered on a Siemens R3m/V four-circle diffractome-
ter and determinations of the crystal class, orientation
matrix and accurate unit cell parameters were made
at 20°C. The crystal parameters and data collection
details are given in Table 1. Intensity data were col-
lected with Mo–Ka (l=0.71073 A, ) monochromated
radiation, scintillation counter and pulse height ana-
lyzer. Intensities for three standard reflections were
monitored every 97 reflections. No sign of crystal de-
cay was noted. All calculations were performed on
the Siemens P3 structure solution system using
SHELXTL PLUS. Neutral atom scattering factors and
anomalous dispersion terms were used for all non-hy-
drogen atoms. A small empirical adsorption correc-
tion was applied in each case by use of c-scans. The
structures were solved by Patterson techniques and
full-matrix least-squares refinements were based on
F2. Anisotropic refinement of 3a showed that the silyl
methyl groups have large Uiso values, and the dis-
placements on C(24), C(25), C(27) and C(28) suggest
disorder. Further refinement with a disorder model
having occupancies C(24)/0.60, C(24%)/0.40; C(25)/
0.60, C(25%)/0.40; C(27)/0.56, C(27%)/0.44; C(28)/0.56,
C(28%)/0.44 gave slightly lower agreement factors. The
final refinement had all ordered non-hydrogen atoms
anisotropic, disordered C atoms fixed in occupancies
with variable isotropic U values, all hydrogen atoms
included with ordered H atom positions from the rid-
ing model except for the H atoms on the P atoms
which were found from the difference maps, and
these were allowed to vary in position. H atoms on
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the disordered C atoms were fixed in idealized posi-
tions The refinement of 4a was well-behaved. All
non-hydrogen atoms refined anisotropically and H
atoms were included in idealized positions (riding
model) except for the H atoms on the P atoms which
were found in the difference maps and their positions
allowed to vary.

3. Results and discussion

Group 4 metallo bridged diphosphanes (5) contain-
ing tertiary phosphorus atoms have been actively
studied in part due to their interesting bonding fea-
tures as well as their ability to act as chelating lig-
ands toward selected metal fragments [9–18]. Analogs
containing secondary phosphane centers also have re-
ceived attention due to their reactivity that in some
cases produces metallo-phosphinidenes (6), phosphides
(7) and cyclic species (8, 9) [9,11,18–32]. In all of the
previously reported metallo bridged diphosphane
compounds, the phosphane substituent groups were
organic groups or silyl groups. We have, therefore,
been interested in how replacement of these groups
by a more electron deficient aminoboryl group might
affect the stability, structure and reactivity of the
diphosphane.

Combination of LiP(H)B(NiPr2)[N(SiMe3)2]·DME
with Cp2ZrCl2 in a 2:1 ratio in hexane leads to the
formation of 3a (Scheme 1) as a moisture sensitive
red crystalline solid. An NMR tube synthesis suggests
that the reaction is quantitative, but larger scale syn-
theses provide yields of only 60–70% due to recrys-
tallization losses brought about by the relatively high
solubility in hexane and aromatic solvents. The re-
crystallization product appears to be better than 95%
pure, as indicated by 31P- and 1H-NMR analyses;
however, a small impurity of the starting phosphane
(10) (31P d −184.9) has proved difficult to remove
completely. Attempts were made to record FAB-mass
spectra for 3a, but they showed no evidence for the
parent ion, M+, or other high mass ions (Scheme 1).
Only low mass ions typical of the borylphosphane
and Cp2Zr fragments were detected. An IR spectrum
of 3a shows a weak P–H absorption at 2328 cm−1

that is shifted up-frequency from the PH2 absorption
in 10, 2276 cm−1. NMR spectra are completely con-
sistent with the formation of the proposed zir-
conocene diphosphane. In particular, the 31P{1H}-
NMR spectrum shows a singlet at d 37.3 that has

Table 1
Summary of X-ray data for 3a and 4a

4a3a

Formula C34H76B2N4- C38H76B2MoN4O4-
P2Si4Zr P2Si4Zr
Red RedColor
0.42×0.29×0.11Crystal dimensions (mm) 0.14×0.30×0.46

Crystal system Monoclinic Triclinic
Space group P21/c P1(
Unit cell dimensions

13.067(4)15.941(5)a (A, )
b (A, ) 15.270(4)19.196(5)
c (A, ) 16.433(5)16.639(4)

90a (°) 63.20(2)
104.38(1)b (°) 67.05(2)
90g (°) 72.02(2)
4932(2)V (A, 3) 2659.6(13)
4Z 2

1036.11828.13Formula weight
1.115Dcalc (g cm−3) 1.294

Adsorption coefficient 0.6190.410
(mm−1)

1.91–20.00 1.45–25.00u Range
No. of collected reflections 178449574

4592 8940No. of observed reflections
511422Parameters refined

R1 (%) a 3.293.63
wR2 (%) b 6.934.99

a R1=���Fo�−�Fc��/��Fo�.
b wR2= [�w(�Fo�−�Fc�)]2/�[w(Fo

2)2]1/2.
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Scheme 1.

a first-order doublet pattern, JPH=251 Hz, in the pro-
ton coupled spectrum. This resonance is shifted dramat-
ically downfield from the resonance in 10 (triplet, d

−184.9, JPH=210.9 Hz) and its lithium salt
LiP(H)B(NiPr2)[N(SiMe3)2]·DME (doublet, d −183.2,
JPH=163.8 Hz). The 1H- and 13C{1H}-NMR spectra
for 3a show single resonances for the Me3Si and Cp
groups, and this observation indicates that 3a exists in
solution as a rac isomer or as a rac/meso isomer
mixture undergoing rapid exchange by rotation about
the Zr–P bonds. In addition, the 1H- and 13C{1H}-
NMR spectra show two resonances for the iPr methyl
groups consistent with methyl group inequivalence ex-
pected for planar BNiPr2 aminoboryl fragments. The
methine protons also produce two resonances in the
1H-NMR spectrum, but only one resonance is resolved
in the 13C{1H}-NMR spectrum. Finally, the 1H-NMR
spectrum contains a single resonance for the P–H
groups, d 3.5, that is split into a doublet, JPH=280 Hz.

Geoffroy [10], Baker [13,14,16] and Stephan [17] have
examined the chelating properties of several
Cp2Hf(PR2)2 and Cp2Zr(PR2)2 metallo-bridged diphos-
phanes, containing tertiary phosphane donor fragments
(R=Et, Cy, Ph), toward electron-rich metal fragments
including Mo(CO)4, W(CO)4, Fe(CO)3, Rh (indenyl),
Ni(COD), Pd(PPh3)2 and Pt(PPh3)2. In a similar fash-
ion Hey–Hawkins [32] has reported formation of com-
plexes with the chelating sec-diphosphane Cp2Zr-
[P(H)(2,4,6-iPr3C6H2)]2 on Cr(CO)4 and Mo(CO)4.
Molecular structure determinations for the bimetallic
complexes Cp2Zr(m-PPh2)2·W(CO)4 (11) [10], Cp2Zr(m-

PPh2)2·Mo(CO)4 (12) [17], Cp2Hf(m-PEt2)2·Mo(CO)4

(13) [13], Cp2Zr(m-PPh2)2·Rh(h5-indenyl) (14) [14],
Cp2Hf(m-PPh2)2·Pd(PPh3) (15) [16] and Cp2Hf(m-
PPh2)2·Rh(H)(CO)(PPh3) (16) [19] and the hetero-
trimetallic complex Cp2Zr(m-PEt2)2·Ni(m-PEt2)2 HfCp2

(17) [16] have been determined. Compounds 11–14, 16
and 17 have planar MP2M% rings while 15 displays a
folded HfP2Pd ring (¥=24.49°). Baker has completed
EHMO analyses for the chelating metallo diphosphane
model compound, Cp2Zr(PH2)2 [16], and these results
provide a clear view on how the fragment acts as a
chelating ligand. The Cp2Zr(PH2)2 fragment provides
two filled donor MOs that are largely localized on the
phosphorus atoms. The lower energy MO (1a1) is an
in-phase combination of spxpz hybrids. An out-of-
phase combination (1b1) of spxpz hybrids appears at
slightly higher energy. The latter is the HOMO for the
idealized fragment. These MOs can combine with
empty 2a1 and 1b1 MOs on the Mo(CO)4 fragment
giving rise to the observed cis-L2Mo(CO)4 complex.
The Mo(CO)4 fragment also possesses a HOMO (1a1)
that is appropriately positioned to interact with the
LUMO (2a1) of the Cp2Zr(PH2)2 fragment. If effective,
this overlap results in a s symmetry Mo�Zr bond.
Indeed, with selected electron rich Pt(0) and Rh(I)
fragments, this type of M�Zr s bond overlap appears.
However, Baker points out that the 1a1 HOMO of
Mo(CO)4 is contracted by competitive p-backbonding
with the CO ligands. This in turn makes the Mo(CO)4

a poor s donor along the z axis bisecting the two cis
positions occupied by the phosphane donor centers.



T. Chen et al. / Journal of Organometallic Chemistry 614–615 (2000) 99–106 103

The question that remains to be addressed is: Does
replacement of the organic substituents on a metallo
sec-diphosphane by an electron withdrawing group
such as an aminoboryl group change its chelation
properties?

Combination of 3a with Mo(CO)4(NBD) in hexane
gives a very soluble red complex 4a that deposits red
crystals upon standing at −20°C. The complexation
chemistry is summarized in Eq. (2).

(2)

The complex 4a displays a parent ion envelop in its
HRFAB-MS: m/e 1044.2750–1028.2649 (15 peaks:
1036.2732, 100% abundant). The calculated masses
and isotopic intensity pattern for the expected
bimetallic complex agree very closely with the ob-
served pattern. The IR spectrum of 4a is similar to
that shown by 3a except that there are four promi-
nent new absorbances at 2004, 1921, 1896 and 1888
cm−1. A cis-L2M(CO)4 complex is predicted, from
group theoretical analysis, to show four (2a, +b1+
b2) terminal CO stretching frequencies [35] and the
observed band positions are typical of bis-phosphane
complexes that contain sec-organo phosphane donor
groups [36]. The 31P{1H}-NMR spectrum shows a

single resonance at d 21.4 shifted upfield from the
ligand 3a. Restoration of the proton–phosphorus
coupling gives rise to the expected doublet pattern,
1JPH=285 Hz. The 1H- and 13C{1H}-NMR spectra
for 4a show single resonances for both the Me3Si and
Cp groups. In this case, the single environment for
the Cp groups requires that 4a exists as the rac iso-
mer in solution since coordination of the two phos-
phorus atoms to the Mo(CO)4 fragment prohibits
potential Zr–P bond rotation. The 1H-NMR spec-
trum also shows a single resonance, d 2.7, for the
P–H group that is split into a doublet, JPH=280 Hz.

The molecular structures of the ligand 3a and com-
plex 4a were determined by single crystal X-ray dif-
fraction methods. Views of the molecules are shown
in Figs. 1 and 2, respectively. As shown in Fig. 3, 3a
has a ‘close twofold axis’ that passes through the Zr
atom; however, this is not a crystallographic symme-
try element. The Zr atom is pseudo-tetrahedral with
P(1)–Zr–P(2) 96.68(5)° and X(1)–Zr–X(2) 127.2(2)°
(Table 2). The more open angle involving the Cp ring
centroids probably reflects the larger Cp···Cp repul-
sions. Interestingly, the Zr–P(1) distance, 2.596(2) A, ,
is shorter than the Zr–P(2) distance, 2.627(2) A, .
Given the small bond length e.s.d. values this differ-
ence, 0.031 A, , appears to be significant. By compari-
son, molecular structure determinations for
Cp2Hf(PEt2)2 (Hf–P 2.488(1), 2.682(1) A, ) [12],
Cp2Hf[P(SiMe3)2]2 (Hf–P 2.553(1), 2.654(1) A, ) [37]
and [(Me3Si)2C5H3)]2 Zr[1,2-(PPh2)2C6H4] (Zr–P
2.560(4), 2.647(6) A, ) [38] show even larger M–P
bond distance variations. These compounds also dis-
play a planar or near-planar geometry for the phos-
phorus atom associated with the shorter distance. The
second P atom has a more pyramidal geometry.
These observations have led to the suggestion that the
bonding in these compounds is best represented by
the valence bond representation summarized by 18.

Fig. 2. Molecular structure and atom labeling scheme for
Cp2Zr{P(H)B(NiPr2)[N(SiMe3)2]}2·Mo(CO)4 (4a) (30% thermal ellip-
soids).

Fig. 1. Molecular structure and atom labeling scheme for
Cp2Zr{P(H)B(NiPr2)[N(SiMe3)2]}2 (3a) (20% thermal ellipsoids).
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Table 2
Selected bond distances (A, ) and angles (°) for 3a and 4a

3a 4a

Zr–CZr–C 2.514(4)2.509(6)Zr�C (Cp)avg

Zr–P 2.596(2) Zr–P(1) 2.635(1)Zr–P(1)
Zr–P(2) 2.629(1)2.627(2)Zr–P(2)
B(1)–P(1) 1.981(4)B–P B(1)–P(1) 1.916(7)
B(2)–P(2) 1.988(4)1.926(6)B(2)–P(2)
B(1)–N(1)B–N 1.491(5)B(1)–N(1) 1.407(6)
B(1)–N(2) 1.393(5)1.487(7)B(1)–N(2)

1.422(7)B(2)–N(3) B(2)–N(3) 1.488(5)
1.469(7)B(2)–N(4) B(2)–N(4) 1.391(5)

Si(1)–N(1) 1.735(3)1.732(4)Si–N Si(1)–N(2)
1.727(4)Si(2)–N(2) Si(2)–N(1) 1.765(3)

Si(3)–N(3) 1.757(3)1.743(4)Si(3)–N(4)
Si(4)–N(3) 1.738(3)Si(4)–N(4) 1.725(4)
Mo–P(1) 2.583(1)Mo–P
Mo–P(2) 2.586(1)
Mo–C(35) 1.982(4)Mo–CO
Mo–C(36) 1.976(5)
Mo–C(37) 2.027(4)
Mo–C(38) 2.041(4)
Mo···Zr 3.343(1)Mo···Zr

P(1)–Zr–P(2)P(1)–Zr–P(2) 99.04(4)P–Zr–P 96.68(5)
X(1)–Zr–P(1)X a–Zr–P 106.4(4)X(1)–Zr–P(1) 105.5(2)
X(2)–Zr–P(2) 106.3(4)100.2(2)X(2)–Zr–P(2)

106.0(2)X(1)–Zr–P(2) X(1)–Zr–P(2) 106.3(4)
X(2)–Zr–P(1) 106.6(4)116.0(2)X(2)–Zr–P(1)

X–Zr–X X(1)–Zr–X(2)X(1)–Zr–X(2) 128.5127.2(2)

a X corresponds to the vector connecting the Zr atom to the
centroid of the Cp rings.

Fig. 3. View of the central Zr atom coordination geometry in 3a.

In contrast, the analog Cp2Zr[P(H)(2,4,6-tBu3C6H2)]2
displays equal Zr–P distances (Zr–P 2.681(5), 2.682(5)
A, ) with one near planar P atom and one pyramidal P
atom [9,33]. The compound (MeC5H4)2Zr[P(SiMe3)2)]2
has a Zr–P distance differential similar to 3a (Zr–P
2.600(2), 2.634(2) A, ) with both P atoms in near-planar
environments [34]. For comparison, it is important to
assess the geometry about P(1) and P(2) in 3a. The H
atom on each P atom was located in difference Fourier
maps after refining all non-hydrogen atoms anisotropi-
cally, and the positions were varied during the final
refinements. It is interesting that both P(1) and P(2) in
3a are pyramidal (sum of angles: 346.6(2)°, 341.3(2)°),
although these angles fall in-between the typically re-
ported planar (350–360°) and pyramidal (321–336°)
angle ranges in the complexes listed above. This sug- Fig. 4. View of central ZrP2Mo core in 4a.
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gests that 3a has a structure like that represented by
18¦. Although not yet entirely demonstrated, it appears
that steric effects play an important role in determining
the structural condition adopted by any individual
compound along the 18–18%–18¦ continuum. The P–B
bond distances fall in the range expected for single
bond distances [2]. The boron and nitrogen atoms are
trigonal planar and each boron has a long and a short
B–N distance with the longer distance belonging to the
B–N(SiMe3)2 groups and the shorter distance associ-
ated with the B–NiPr2 groups. Similar features have
been seen in several aminoboryl phosphanes [2,5].

The structure analysis of 4a shows that the general
geometrical configuration of 3a changes little with
bonding to the Mo(CO)4 fragment. The central
ZrP2Mo four-membered ring is planar with the P–H
bonds trans to each other as shown in Fig. 4. The two
Zr–P bond lengths are now nearly the same (Zr–P(1)
2.635(1) A, , Zr–P(2) 2.629(1) A, ) and slightly elongated
compared to the short distance in 3a. They are un-
changed from the long distance in 3a. In contrast, there
are short and long Zr–P distances in
Cp2Zr(PPh2)2W(CO)4 (2.619(3) and 2.631(3) A, ) [10].
The two Mo–P distances in 4a (2.583(1) and 2.586(1)
A, ) are identical and slightly longer than the average
Mo–P distances in Cp2Hf(PEt2)2·Mo(CO)4 (2.536(1) A, )
[13] and in cis-[Ph(H)2P]2Mo(CO)4 (2.508(3) A, ) [36].
The internal P(1)–Zr–P(2) angle, 99.04(4)°, is only
slightly enlarged from the angle in 3a. The non-bonded
Mo···Zr distance, 3.343(1) A, , is long and can be com-
pared with the Mo···Zr separation (3.299(1) A, ) in
Cp2Zr(PPh2)2·Mo(CO)4 [17], the W···Zr separation
(3.289(1) A, ) in Cp2Zr(PPh2)2W(CO)4 [10] and the
Mo···Hf distance (3.400(1) A, ) in Cp2Hf(PEt2)2Mo(CO)4

[13]. The Mo atom has an octahedral cis-L2M(CO)4

geometry with the Mo–CO bonds trans to P(1) and
P(2) (average 1.979(5) A, ) shorter than the cis M–CO
distances (average 2.034(4) A, ). This is typical of cis-
L2M(CO)4 complexes where L=phosphanes that are
stronger s donors and weaker p acceptors than CO.
The exo B(NiPr2)[N(SiMe3)2] groups form planes that
are rotated approximately perpendicular to the P2Mo
plane. The P–B distances are significantly elongated
(average 1.984(4) A, ) relative to the distances in 3a
indicative of the increased phosphorus atom coordina-
tion number. As noted in 3a the B–N bond lengths fall
into two groups: short B–NiPr2 distances and long
B–N(SiMe3)2 distances.

4. Conclusion

Part of the intent in studying the formation of 3a was
to determine if the aminoboryl substituents on the
phosphane would convey different chemistry on the
metallo diphosphanes Cp2Zr(PR2)2 compared to those

known examples where R=organyl or silyl. On first
blush, it seems that there is not a large structural or
electronic modification although it appears that 3a does
not adopt the typical single Zr–P/double Zr�P bond
structure idealized in 18. Further, the coordination
chemistry of 3a toward Mo(CO)4 is not unexpected.
Nonetheless, it is anticipated that the fragile nature of
the exo-P–B bonds in 3a and 4a compared to the P–C
bonds in organyl derivatives will make the chemistry of
3a and 4a more exciting, and aspects of that chemistry
will be examined in the future.

5. Supplementary material

Crystallographic data for the structures reported in
this paper have been deposited with the Cambridge
Crystallographic Data Centre, CCDC no.139157 for 3a
and CCDC no. 139158 for 4a. Copies of this informa-
tion may be obtained free of charge from the Director,
CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK
(fax: +44-1223-336-033; e-mail: deposit@ccdc.cam.ac.
uk or http://www.ccdc.cam.ac.uk).
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