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Scheme 1. Synthesis of Mn(Ok),PTAX2, Where X= CI (1) or Br

The structures of two manganese(ll) complexes of 1,3,5-triaza-7- o

phosphaadamantane (PTA) reveal the first transition-metal com-

plexes of PTA in which the metal preferentially coordinates to a P//\‘)NN7
nitrogen and not the phosphorus of PTA. The coordination P |\NJ
environment about the manganese was probed using X-ray MAXo(HO)e + 2 (\| Acetone. X7 |ﬁ\\\OH2
crystallography (solid state) and EXAFS spectroscopy (solution). X= 1, Br N\/ “Ethanol” H07 | X
s
il

The air-stable, water-soluble, heterocyclic phosphine 1,3,5-
triaza-7-phosphaadamantane (PTHgs received a great deal while the harder amine functionalities are the preferred sites
of attention in recent years as a ligand for aqueous-phaseof alkylation and protonatiofiwhich can be rationalized
catalysiss We have been interested in the coordination Utilizing hard soft acid base (HSAB) theory. In the 3 decades
chemistry of PTA and, specifically, the requirements for since the discovery of PTA, no examples of PTA binding to
nitrogen versus phosphorus coordinaiérPTA preferen- @ metal through nitrogen, leaving an uncoordinated phos-

tially coordinates metals through the soft phosphorus center,Phorus, have been observeBarensbourg et al. described

a transient intermediate tentatively identified as [Ni(PdA)

h*To Wh(ém (go\;rgs)porr]]dence@srrllould be cejidd(\r]egs)ed. E-mail: Frost@ (Hzo)n]2+ and reported as possibly Containing a nitrogen-
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of PTA dissolved in an equal volume of ethanol and acetone
(Scheme 1). Precipitation of the product with hexanes yielded
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Figure 1. Thermal ellipsoid plots (50% probability) showing the molecular
structures oflL and2. Hydrogen atoms have been omitted from the PTA
ligands for clarity.

Table 1. Selected Bond Lengths [A] and Angles [deg] fbr3

1 2 3
Mn—X 2.4974(4) 2.6603(3) 2.6398()
Mn—0 2.1581(12) 2.1398(19) 2.16769)
Mn—N 2.4552(14) 2.4776(2) 2.458(F1)
P1-Cave 1.825(43 1.817(5} -
N1—Cave 1.484(2} 1.488(4% 1.490(5}
N2—Cave 1.474(43 1.483(8} 1.476(5%
N3—Cave 1.470(23 1.471(4% 1.466(2}
N—Mn—N 180.0° 180.0° 179.22(5)
O-Mn—0 180.00(7) 1800 178.66(6)
X—Mn—X 180.0° 180.0 178.771(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 value$.Crystallographically defined as 18F Av-
erage of two values.

clear colorless crystals in 85% vyield. Also presented is the
solid-state structure of the HMT analogue Mp@H,).-
(HMT)2 (3).

The solid-state structures @fand2 were determined by
X-ray crystallography (Figure 0. The two complexes are
isomorphous, with the manganese(ll) 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 compoutdsnd 2,

P1 and N2 exhibit occupational disorder, which has been
modeled in the final refinemedt. The N1I-C and P+C
distances are 1.484(2) and 1.825(4) A, respectively, consis-
tent with other PTA structuré/sin both 1 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) A (Figure 2). A second hydrogen
bond between the manganese-bound water and a haloge
on an adjacent manganese center is also observeeC@D1

= 3.1558(14) A for1, and O%--Br = 3.302(2) A for2.
Unlike protonation or alkylation of PTA, which results in
elongation of the (N)EN bond?* metalation of a PTA
nitrogen results in little or no change in the (\)® 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 C,. distances are only slightly
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Figure 2. Thermal ellipsoid representation (50% probabilityflafepicting

the hydrogen bonding observed between the PTA ligands and the
manganese-coordinated water molecules; ®B = 2.7554(19) A (*
indicates atoms at equivalent positionst 1,y, 2).

longer with respect to the NC distances of the unbound
nitrogen centers (vide infra). Manganese EXAFS analyses
of solid samples of botd and 2 are consistent with the
crystallographically derived structuré's.

For comparison, we have determined the solid-state
structure of the HMT adducB.’® The chloride complex
[MNCI,(OH,)2(HMT),] has been previously reportédom-
plexes1—3 are virtually identical in structure. The MmN
bond lengths of the three complexes are within 0.02 A of
each other, and the MrO distances are within 0.03 A. 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. Compl&xis held
together by a more complex set of intermolecular hydrogen
bonds compared t@ and 2; each HMT ligand forms two
hydrogen bonds [©-N = 2.798(2)-2.866(2) A] to man-
ganese-bound water molecués.

In solution, complexesl and 2 exist as a series of
substitutional isomers. EXAFS data (vide infra) suggest that
the halide ligands il and2 dissociate in water, forming a
mixture of water and PTA-bound compounds, such as [Mn-
(OH,)4PTA(CI).. Electrospray ionization mass spectrometry
of 2 reveals a variety of substituted complexes including
[MnBr(OH,),PTA,]*" and [MnBr(OH),PTA]*. As a result
of the paramagnetic nature of the manganese(ll) center,
no NMR spectra could be obtained. The addition of excess

(10) Crystallographic data were collected at 100) K on a Bruker APEX
CCD diffractometer with Mo Kt radiation ¢ = 0.7107 A). Crystal
data for compound (CCDC 293763): GH2sNsO2P,Cl,Mn, MW =
476.18,T = 100(2) K,A = 0.710 73 A, monoclinicP2i/c, Z= 2, a

= 7.3338(9) A,b = 6.3291(8) A,c = 20.950(3) A,a. = 90°, B =
96.703(2), y = 90°, V = 965.8(2) &, 16 271 measured reflections,
7451 independent reflection;{ = 0.0369), R1= 0.0350, and wR2
= 0.0654. Crystal data for compouBdCCDC 293764): @HzdNsOoP-
BroMn, MW = 565.10,T = 100(2) K,4 = 0.710 73 A, monoclinic,
P2i/c, Z=2,a=7.3749(4) Ab = 6.5706(3) A,c = 20.7553(11) A,
=90, f=96.817(2), y = 90°, V = 998.64(9) &, 10 062 measured
reflections, 3521 independent reflectiofs{= 0.0510), R1= 0.0392,
and wR2= 0.0717. An occupational disorder between P1 and N2
exists in the structures of both compount$71/29%) and2 (58/
42%) and was modeled appropriately. Crystal data for comp&und
(CCDC 293765): @szgNgOZBl’zMn, MW = 531.18,T =100 2) K,

2. =0.710 73 A, orthorhombid®na2;, Z = 4, a = 21.9004(9) Ap =
7.2807(3) A,c=11.8634(5) Aa = p =y = 90°, V = 1891.62(14)
A3, 32 391 measured reflections, 6722 independent reflectigns (
= 0.0322), R1= 0.0219, and wR2= 0.0491.

(11) See the Supporting Information for details.
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Figure 3. Manganese K-edge XAS data for the frozen solutiod.dfA)
Edge region of the manganese K-edge spectrum. (B) Magnitudeé(f)r

depicting the real data (connected circles), best fit to the data (solid line),
and difference spectrum (dashed line). The inset sHé(y3 depicting the

real data (connected circles), best fit to the data (solid line), and difference scatterers at 2.300(5) A]. These results support the supposi-

spectrum (dashed line).

PTA to a solution ofl resulted in no observabfP 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 solutiodsaoid
2 at 20 K12 Both solution samples yielded virtually identical

spectra. The preedge regions for both spectra display peak

at ~6539 eV, which are assigned to s 3d transitions.
These transitions are relatively weak [0.09(3) eV relative to
the edge forl and 0.10(2) eV relative to the edge fjrand

are consistent with a parity-forbidden-+s3d transition (i.e.,
six-coordinate manganese in nomi@l or D4, Symmetry).
The positions of the edge jumps for bothand 2 are
consistent with those of manganeseffiRefinements to the
EXAFS region for both complexes are also consistent with
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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 disorderedf 0.014-

(8) A7. 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 daf 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 fdr using two N/O shells;
one shell containing two N/O scatterers at 2.319(9) A and
one shell containing four N/O scatterers at 2.193(3) A. The
best fit to the EXAFS region fo2 is virtually identical with

that of 1 [four N/O scatterers at 2.194(2) A; two N/O

tion that ligand substitution for both 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

gpectrometry. On the basis of the data reported here and

reports of other§,/:® 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(ll) 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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1-3, details of the X-ray absorption studies, refinements to solid-
state and solution spectra farand 2, plots of k3(y) and Fourier

Mtransform (FT)k3(y) for the solution spectrum df and solid-state

spectra ofl and2. This material is available free of charge via the
Internet at http://pubs.acs.org.
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