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The structures of two manganese(II) complexes of 1,3,5-triaza-7-
phosphaadamantane (PTA) reveal the first transition-metal com-
plexes of PTA in which the metal preferentially coordinates to a
nitrogen and not the phosphorus of PTA. The coordination
environment about the manganese was probed using X-ray
crystallography (solid state) and EXAFS spectroscopy (solution).

The air-stable, water-soluble, heterocyclic phosphine 1,3,5-
triaza-7-phosphaadamantane (PTA)1 has received a great deal
of attention in recent years as a ligand for aqueous-phase
catalysis.2-4 We have been interested in the coordination
chemistry of PTA and, specifically, the requirements for
nitrogen versus phosphorus coordination.5,6 PTA preferen-
tially coordinates metals through the soft phosphorus center,

while the harder amine functionalities are the preferred sites
of alkylation and protonation,4 which can be rationalized
utilizing hard soft acid base (HSAB) theory. In the 3 decades
since the discovery of PTA, no examples of PTA binding to
a metal through nitrogen, leaving an uncoordinated phos-
phorus, have been observed.4 Darensbourg et al. described
a transient intermediate tentatively identified as [Ni(PTA)6-n

(H2O)n]2+ and reported as possibly containing a nitrogen-
bound PTA based upon the blue color of the complex.7

Peruzzini et al. reported the first definitive transition-metal
complex bound through a nitrogen of PTA; nitrogen coor-
dination to silver was observed in a ruthenium-bound PTA
complex (i.e., nitrogen coordinationaftermetal coordination
of the phosphorus).8 We more recently reported the first
coordination complex of PTA in which only the nitrogen of
PTA was bound to a hard Lewis acid (boron); the addition
of BH3 to PTA resulted in the formation of a coordination
complex (PTA-BH3) in which the borane was bound to
nitrogen, leaving an uncoordinated phosphorus atom.5

Herein we present experimental data on the first nitrogen-
coordinated PTA transition-metal complexes. Complexes1
and2 were synthesized using a procedure published for the
hexamethylenetetraamine (HMT) manganese complex.9 The
manganese salt (MnCl2‚4H2O or MnBr2‚4H2O) was dissolved
in a 1:1 acetone/ethanol (v/v) solution and added to a solution
of PTA dissolved in an equal volume of ethanol and acetone
(Scheme 1). Precipitation of the product with hexanes yielded
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Scheme 1. Synthesis of Mn(OH2)2PTA2X2, Where X) Cl (1) or Br
(2)
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clear colorless crystals in 85% yield. Also presented is the
solid-state structure of the HMT analogue MnBr2(OH2)2-
(HMT)2 (3).

The solid-state structures of1 and2 were determined by
X-ray crystallography (Figure 1).10 The two complexes are
isomorphous, with the manganese(II) lying on an inversion
center in an octahedral environment with two water, two
halide, and two nitrogen-bound PTA ligands all in a mutually
trans arrangement (Table 1). In both compounds1 and 2,
P1 and N2 exhibit occupational disorder, which has been
modeled in the final refinement.10 The N1-C and P1-C
distances are 1.484(2) and 1.825(4) Å, respectively, consis-
tent with other PTA structures.4 In both1 and2, N3 is locked
into place through the formation of an intermolecular
hydrogen bond to a manganese-coordinated water molecule,
O1‚‚‚N3 ) 2.7554(19) Å (Figure 2). A second hydrogen
bond between the manganese-bound water and a halogen
on an adjacent manganese center is also observed; O1‚‚‚Cl
) 3.1558(14) Å for1, and O1‚‚‚Br ) 3.302(2) Å for 2.
Unlike protonation or alkylation of PTA, which results in
elongation of the (N)C-N bond,3,4 metalation of a PTA
nitrogen results in little or no change in the (N)C-N distance
relative to the unbound nitrogen centers. The lack of a
significant C-N bond elongation is consistent with com-
pound 3, where the N1-Cave distances are only slightly

longer with respect to the N-C distances of the unbound
nitrogen centers (vide infra). Manganese EXAFS analyses
of solid samples of both1 and 2 are consistent with the
crystallographically derived structures.11

For comparison, we have determined the solid-state
structure of the HMT adduct3.10 The chloride complex
[MnCl2(OH2)2(HMT)2] has been previously reported.9 Com-
plexes1-3 are virtually identical in structure. The Mn-N
bond lengths of the three complexes are within 0.02 Å of
each other, and the Mn-O distances are within 0.03 Å. Other
bond lengths and angles are also similar (see Table 1), with
any differences the result of substitution of bromine for
chlorine or phosphorus for nitrogen. Complex3 is held
together by a more complex set of intermolecular hydrogen
bonds compared to1 and 2; each HMT ligand forms two
hydrogen bonds [O‚‚‚N ) 2.798(2)-2.866(2) Å] to man-
ganese-bound water molecues.11

In solution, complexes1 and 2 exist as a series of
substitutional isomers. EXAFS data (vide infra) suggest that
the halide ligands in1 and2 dissociate in water, forming a
mixture of water and PTA-bound compounds, such as [Mn-
(OH2)4PTA2](Cl)2. Electrospray ionization mass spectrometry
of 2 reveals a variety of substituted complexes including
[MnBr(OH2)2PTA2]+ and [MnBr(OH2)2PTA3]+. As a result
of the paramagnetic nature of the d5 manganese(II) center,
no NMR spectra could be obtained. The addition of excess
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Figure 1. Thermal ellipsoid plots (50% probability) showing the molecular
structures of1 and2. Hydrogen atoms have been omitted from the PTA
ligands for clarity.

Table 1. Selected Bond Lengths [Å] and Angles [deg] for1-3

1 2 3

Mn-X 2.4974(4) 2.6603(3) 2.6398(4)c

Mn-O 2.1581(12) 2.1398(19) 2.167(9)c

Mn-N 2.4552(14) 2.4776(2) 2.458(11)c

P1-Cave 1.825(4)a 1.817(5)a -
N1-Cave 1.484(2)a 1.488(4)a 1.490(5)a

N2-Cave 1.474(4)a 1.483(8)a 1.476(5)a

N3-Cave 1.470(2)a 1.471(4)a 1.466(2)a

N-Mn-N 180.0b 180.0b 179.22(5)
O-Mn-O 180.00(7) 180.0b 178.66(6)
X-Mn-X 180.0b 180.0b 178.771(13)
O-Mn-N 92.39(5) 92.05(7) 90.38(5), 88.65(5)
N-Mn-X 91.49(3) 91.61(5) 90.17(4)
O-Mn-X 90.78(4) 90.25(6) 90.44(4)

a Average of three values.b Crystallographically defined as 180°. c Av-
erage of two values.

Figure 2. Thermal ellipsoid representation (50% probability) of1 depicting
the hydrogen bonding observed between the PTA ligands and the
manganese-coordinated water molecules, O1‚‚‚N3 ) 2.7554(19) Å (*
indicates atoms at equivalent positions,x + 1, y, z).
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PTA to a solution of1 resulted in no observable31P NMR
spectrum, indicating rapid exchange of the PTA ligands in
water.

Manganese K-edge X-ray absorption spectroscopic (XAS)
studies were performed on aqueous frozen solutions of1 and
2 at 20 K.12 Both solution samples yielded virtually identical
spectra. The preedge regions for both spectra display peaks
at ∼6539 eV, which are assigned to 1sf 3d transitions.
These transitions are relatively weak [0.09(3) eV relative to
the edge for1 and 0.10(2) eV relative to the edge for2] and
are consistent with a parity-forbidden 1sf 3d transition (i.e.,
six-coordinate manganese in nominalOh or D4h symmetry).
The positions of the edge jumps for both1 and 2 are
consistent with those of manganese(II).13 Refinements to the
EXAFS region for both complexes are also consistent with
those of six-coordinate manganese centers (Figure 3 and the
Supporting Information).

In line with the X-ray crystallographic and solid-state XAS
data, we find no evidence that phosphorus is contained within
the primary coordination sphere of frozen solutions of either
1 or 2. However, we also find no evidence that the halides
are ligated to the manganese centers, suggesting that these
ligands dissociate upon dissolution of the complexes and are
most likely displaced by water. An initial refinement to the
EXAFS region of1 utilized a model containing one nitrogen

shell with two scatterers and one oxygen shell containing
four scatterers. Although this model gave a reasonable GOF
(1.03), the nitrogen shell was highly disordered [σ2 ) 0.014-
(8) Å2]. It was felt that the disorder was unreasonably large
for an inner-sphere scatterer. Refinement of the EXAFS data
for 1 modeled as a hexaaqua species resulted in a poorer
GOF value (1.45). We were able to obtain an excellent fit
to the solution-state EXAFS region of1 by modeling the
data as a mixture of substitutional isomers. To model the
data as a mixture of six-coordinate N/O-ligated manganese
complexes, we employed a phase and amplitude functional
constructed from a mixture of nitrogen and oxygen scatterers
(the N/O shell). Utilization of this functional thus allows us
to approximate a complex mixture of substitutional isomers
present in solution as a “single” six-coordinate species. We
thus refined the EXAFS data for1 using two N/O shells;
one shell containing two N/O scatterers at 2.319(9) Å and
one shell containing four N/O scatterers at 2.193(3) Å. The
best fit to the EXAFS region for2 is virtually identical with
that of 1 [four N/O scatterers at 2.194(2) Å; two N/O
scatterers at 2.300(5) Å]. These results support the supposi-
tion that ligand substitution for both1 and 2 is facile in
solution and a variety of substitutional isomers are produced
upon dissolution.

In conclusion, we have reported here the first example of
a PTA complex bound to a transition metal (manganese)
through nitrogen. The complexes described have been
characterized by X-ray crystallography, EXAFS, and mass
spectrometry. On the basis of the data reported here and
reports of others,5,7,8 it appears that nitrogen-bound PTA
complexes might not be as unusual as previously thought.
HSAB theory may be used to help predict which binding
site on PTA a Lewis acid will preferentially coordinate; for
example, the very hard manganese(II) center proved to be
an ideal choice for the synthesis of a nitrogen-bound PTA
complex. Presently, our group is exploring other metals that
may exhibit a propensity to bind PTA through nitrogen.
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Figure 3. Manganese K-edge XAS data for the frozen solution of1. (A)
Edge region of the manganese K-edge spectrum. (B) Magnitude FTk3(ø)
depicting the real data (connected circles), best fit to the data (solid line),
and difference spectrum (dashed line). The inset showsk3(ø) depicting the
real data (connected circles), best fit to the data (solid line), and difference
spectrum (dashed line).
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