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High Spin Cobalt Complexes Supported by a Trigonal Tris(Phosphin-
imide) Ligand
Heui Beom Leef, Nicholas Ciolkowski, Charles Winslow’, and Jonathan Rittle"*

+ Department of Chemistry, University of California Berkeley, Berkeley, California 94720, United States

ABSTRACT: Terminal, n-basic moieties occupy a prominent position in the stabilization of unusual or reactive inorganic
species. The electron-releasing, n-basic properties of phosphinimides (PN) have been employed to stabilize electron-
deficient early transition metals and lanthanides. In principle, a ligand field comprised of terminal PN groups should enable
access to high-valent states of late first row transition metals. Herein, we report a new class of multidentate phosphinimide
ligands to logically explore this hypothesis. Access to such ligands is made possible by a new procedure for the electro-
philic amination of rigid, sterically-encumbering, multidentate phosphines. Such frameworks facilitate terminal PN coor-
dination to Cobalt as demonstrated by the synthesis of a trinuclear Co's complex and a homoleptic, three-coordinate Co"
complex. Interestingly, the Co" complex exhibits an exceedingly rare S = 2 ground state. Combined XRD, magnetic
susceptibility, and DFT studies highlight that terminally-bound PNs engage in strong dn-pn interactions that present a
weak ligand field appropriate to stabilize high-spin states of late transition metals.

INTRODUCTION

The unique features of anionic phosphinimides (PN) -
also known as imidophosphoranes — warrant further con-
sideration in the stabilization of reactive inorganic frag-
ments."? The two canonical resonance structures of PNs
(Fig 1A) highlight their ability to act as 1, 3, or 5 electron
donors, attendant with the diversity of observed [PN-M]
metal binding modes (Fig 1B). In the case of a terminally
bound PN where the 2(P-N-M) angle approaches 180°,
the PN moiety can serve as a 5 electron donor engaging
in m-bonding with the metal center in two orthogonal
planes, akin to imido ligands.>* The effectiveness of PNs
as electron releasing substituents or donors has been ex-
ploited in the synthesis of phosphazene superbases and
stable complexes of strongly oxidizing ions such as
Ce(lV) and Tb(IV), respectively.>” As ligands, PNs also
enable the generation of reactive, low-coordinate metal
fragments via the incorporation of sterically-encumbering
substituents on the phosphorus atom. This feature has
been successfully used to generate a class of Ti-pro-
moted olefin polymerization catalysts®-® and Ni- or Co-pro-
moted hydrogenation catalysts.'

High-valent states of late transition metal complexes
are implicated as reactive intermediates in numerous syn-
thetic and biological processes; isolation and characteri-
zation of such species is of great interest.'-'2 In this con-
text, the coordination of PNs to late transition metals as
multielectron donors may be expected to stabilize high va-
lent states of these metal ions. Excluding a small number
of Ru and Os-PN complexes,'®'® very few mononuclear
late transition metal-PN complexes have been reported
(Fig 1B), often requiring the presence of sterically-de-
manding co-ligands to prevent oligomerization.'”?° This
situation can be partially explained by significant dz-px re-
pulsive effects which are expected to impede the ability of

PN ligands to serve as 3- or 5-electron donors. This gen-
eral tendency of late transition metal-PN complexes to
form oligomers — even with the usage of sterically-encum-
bering PN ligands such as t-BusPN™ - challenges syn-
thetic efforts in this area.'®?!
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Figure 1. A) Canonical resonance structures of a phosphin-
imide (PN) functional group. B) Selection of metal-PN com-
plexes, showing the diversity of metal binding modes and the
propensity to make oligomeric structures with late first row
transition metals.



We hypothesized that the logical exploration of late
transition metal-PN chemistry could be facilitated via the
development of rigid, multidentate PN platforms. Specifi-
cally, ligands designed to enforce quasilinear P-N-M link-
ages could maximize n-donation to a bound metal ion and
enable the synthesis of stable, high valent complexes with
unusual electronic properties or reactivity profiles. Herein,
we report a mild, high yielding, and general synthetic pro-
cedure for the synthesis of phosphinimines (RsPNH) from
the corresponding phosphines. This protocol was instru-
mental in the synthesis of a chelating, tris-PN framework
featuring a rigid triarylbenzene backbone that stabilizes
both mono- and multinuclear transition metal complexes.
A trinuclear Co'"s compound was found to react cleanly
with Oz or C2Cls to afford an exceptionally-stable, high
spin (S = 2) Co" complex. Experimental and computa-
tional studies corroborate strong metal-ligand multiple
bonding to the terminally-bound PN ligands which serve
to stabilize this unusual spin state for Co". Our results
highlight the importance of ligand design in harnessing
the n-basicity of PNs for the synthesis of complexes with
unusual geometric and electronic structures, and provide
the synthetic groundwork for the general investigation of
PNs with late transition metals.

RESULTS AND DISCUSSION

We reasoned that terminal PN coordination to kinet-
ically labile, late first row transition metals would be en-
forced via the incorporation of such ligands into a rigid,
multidentate framework. To date, however, very few mul-
tidentate PN scaffolds have been prepared, and these
suffer from pronounced flexibility and concomitant ambi-
guity in their metal coordination chemistry.???® Hence, a
tris-PN pro-ligand (HsRL) based on a rigid triarylbenzene
backbone was designed (Scheme 1A). Using a similar
backbone, tris-alkoxide, -siloxide, and -carboxylate vari-
ants have been described,?”?° and tris-phosphine precur-
sors (Int1) bearing phenyl- or adamantyl substituents are
readily prepared (Supporting Information).2°-3' However,
attempts to convert Int1 to HsRL via traditional routes, in-
cluding the usage of MesSiN3® or aminolysis of RsPCl2 de-
rivatives® proved unsuccessful; even after prolonged

o<

Co(3) ;
_ a0

@ g v 9 G A

@ Q

5

Ne) S0 5

Scheme 1. (A) Synthesis of the tris-phosphinimine prolig-
ands HsRL and (B) complexes 1 and 2 reported in this study.
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heating, incomplete conversion of P'Int1 was observed
upon exposure to excess MesSiNs as monitored by *'P
NMR spectroscopy (Fig S18). We hypothesize that steric
effects preclude incorporation of three bulky MesSiN
groups onto this constrained framework.

LR

Q ; 4 & b

@ & Seﬁ N(3) | - Q@
D N(1) Co(1) O
@.,(vﬂ o N(z)l & o®

&2 9 . 2% \ B2

—Q A g . &0

3 e X

&—© e f

Figure 2. Crystal structure of 1 (left) and 2 (right) shown at 50% probability. Structure of 1 truncated for clarity. Selected bond
distances (A): 1: Co(1)-N(1) 1.862(4), Co(1)-N(2) 1.956(3), Co(1)-N(3) 1.992(3), Co(2)-N(2) 2.041(3), Co(2)-N(3) 2.029(3),
Co(2)-N(4) 2.004(3), Co(2)-N(5) 2.042(3), Co(3)-N(4) 1.994(3), Co(3)-N(5) 1.959(3), Co(3)-N(6) 1.867(3); 2: Co(1)-N(1)
1.797(1), Co(1)-N(2) 1.826(1), Co(1)-N(3) 1.791(1).



This observation underscores that the general applica-
tion of PNs as ligands is limited by existing synthetic pro-
cedures for their preparation. We canvassed alternative
reagents intended to effect the electrophilic amination of
phosphines and identified O-(2,4-dinitrophenyl)-hydroxyl-
amine as a non-hygroscopic, stable, and easily scalable
reagent.3®* The combination of this reagent with diverse
mono- and diphosphines at room temperature results in
quantitative conversion to the corresponding phospini-
minium ions (RsPNH2") as observed by 3'P-NMR within
15 minutes, with isolated yields of 80-90% on gram scales
(Supporting Information). Importantly, this reagent also
quantitatively aminates all three phosphorus atoms of Int1
as monitored by 3'P NMR spectroscopy. To facilitate iso-
lation, anion exchange by treatment with excess Me3SiCl
afforded the iminium chloride Int2 as an insoluble solid.
Further treatment of Int2 with three equivalents of NaO'Bu
produced the desired tris-phosphinimines in ~70% overall
yield from Int1, providing efficient syntheses of the HisRL
pro-ligands.

Simultaneous metalation and conversion of the phenyl-
decorated pro-ligand (HsP'L) to its triply anionic, tris-PN
form occurred upon treatment with a Co" amide synthon.
Treatment of Hs™L with 1.5 equivalents of
Co[N(SiMes)2]2(THF) cleanly furnishes the trinuclear com-
plex 1 in 63% yield. The KBr-IR spectrum of 1 lacks fea-
tures ascribable to v(N-H) vibrations (Fig S27) and the X-
ray crystal structure corroborates a [""L].Cos formulation
(Fig 2, Scheme 1B). The structure can be interpreted as
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Figure 3. (A) T vs T plot of the magnetic susceptibility data
of 1 and 2 and corresponding fit. (B) Reduced magnetization
plot of 2. See text for fit parameters.

two (PN)sCo" fragments (i.e. [P"LC0']") linked by a central,
pseudo-tetrahedral Co" ion. The geometry of the flanking
Co centers is nearly trigonal planar, with the sum of the
respective £(N-Co-N) angles approaching 360° (358.1°
and 358.6°). The terminal Co-N distances are observed at
1.862(4) and 1.867(3) A; bridging Co-N distances are
longer, in the range 1.96~2.04 A, consistent with dis-
tances reported in oligomeric Co-PN complexes.?'-34 The
structure of compound 1 recapitulates the strong ten-
dency of late transition metals to bind PN ligands via
bridging modes (Fig 1B). In principle, increasing the steric
encumbrance of the flanking phosphorus substituents via
usage of the Hz*L ligand variant may enable the synthe-
sis of mononuclear Co" derivatives and efforts on this
front are ongoing.

Magnetic susceptibility studies performed on 1 reveal a
strongly antiferromagnetically coupled spin system. A
near ideal Curie behavior was observed in the range of
50-270 K with a T value of 1.90 emu K mol™" (Fig 3A),
consistent with the expected spin-only value of 1.875 emu
K mol™ (g = 2) for an S = 3/2 spin state. Employing the
Hamiltonian H = —2J(S1S2+S:2S3), the data was fit with g =
2.00, J = -150 = 20 cm™ for T > 50 K. The subscripts in
the Hamiltonian follow the numbering scheme for the Co
centers in the crystal structure of 1 (Fig 2). Due to the
small curvature of the T vs T curve, a relatively large var-
iance of Jis reported, and the fitted value should be taken
as an estimate. However, the small temperature depend-
ence of yT above 50 K suggests that the energy separa-
tion between the S = 3/2 ground state and the S = 1/2 and
S = 5/2 excited states are on the order of several hundred
wavenumbers. Below 50 K, xT decreases with tempera-
ture, and a zero-field splitting parameter of |D| = 6.7 cm™’
was used to fit the data. The thermally well-isolated S =
3/2 ground state of 1 is consistent with strong pair-wise
antiferromagnetic exchange coupling between three high
spin S = 3/2 Co" centers.

Few magnetometry studies have been reported on mul-
tinuclear PN-bridged systems. On one hand, negligible
exchange coupling was found for a dimeric Dy"'> complex
bridged by two PN ligands.® In contrast, PN-bridged,
homovalent Ni's and Co's complexes®-3" exhibit well-iso-
lated spin states attributed to the presence of direct metal-
metal orbital overlap inferred by short Ni-Ni and Co-Co
distances of ~2.4 A. Such direct overlap may be operative
in 1 despite substantially longer Co-Co distances (2.67
and 2.70 A). A cuboidal [Fe"CI(NPEts)]s+ complex, featur-
ing four u3-PN ligands and Fe-Fe distances of ~2.73 A,

Figure 4. Spacefilling models of the crystal structure of 2
(left) and Co[N(SiMes)s]s (right), viewed normal to the plane
defined by the three nitrogen atoms.



displayed Curie-Weiss behavior in the temperature range
of 30~150 K.®¥ Taken together, these reports and the
magnetometry data for 1 corroborate that bridging PN lig-
ands can mediate strong antiferromagnetic exchange in-
teractions with later transition metals.

We explored the oxidative chemistry of complex 1 in an-
ticipation that higher valent states of cobalt may be stabi-
lized by the P"L3- ligand. Interestingly, 1 reacts cleanly with
dry Oz in CeDs over 24 hours to give a new paramagnetic
species (compound 2). The "H-NMR spectrum of 2 (Fig
S25) exhibits six overlapping, paramagnetically-shifted
resonances, consistent with a three-fold symmetric com-
pound. Solution-phase magnetic measurements indicate
that this species exhibits an S = 2 (4.94 ug) spin state at
room temperature.® The X-ray crystal structure of 2 re-
veals a mononuclear [P"L]Co compound featuring a for-
mally-trivalent cobalt center bound to three terminal PN
moieties (Fig 2). Apparently, the addition of Oz to 1 results
in its chemical oxidation to afford 2 and an insoluble, un-
characterized CoxOy byproduct. The conversion of 1 to 2
is also efficiently mediated by hexachloroethane (65%
yield), and compound 2 is most conveniently prepared in
one pot via treatment of HsP"L with 1 equivalent of
Co[N(SiMes)2]2(THF) followed by oxidation with 1 equiva-
lent of C2Cls (68% yield).

The high spin-state and the three-coordinate Co geom-
etry of 2 is quite unusual, as the vast majority of molecular
Co'"'compounds are diamagnetic and five- or six-coordi-
nate. Co[N(SiMes)2]s represents the only other example of
a structurally characterized S = 2 Co" complex and its
stability could be ascribed to the bulky amide ligands that
occlude the coordination of additional ligands.*® In con-
trast, the space-filling representation of 2 (Fig 4) empha-
sizes a completely exposed Co center from the axial di-
rection. Yet, compound 2 does not detectably coordinate
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Lewis bases, such as DMAP, (Fig S26) and is crystallized
from THF. Interestingly, the average Co-N distances in 2
(1.805(1) A) are much shorter than those of
Co[N(SiMes)2]s (1.870(3) A), consistent with substantial
Co-N multiple bonding character in 2. We speculate that
strong, multiplanar Co-N n-bonding interactions serve to
stabilize 2 and is corroborated by Density Functional The-
ory (DFT) studies (vide infra).

Magnetic susceptibility measurements of 2 support an
isolated S = 2 spin ground state. For polycrystalline 2, an
ideal Curie behavior was observed in the range of 50-300
K with a T value of 3.06 emu K mol™ (Fig 3A), consistent
with the expected spin-only value of 3.0 emu K mol™ (g =
2) for an S = 2 spin state. Below 50 K, T decreases mon-
otonically with temperature, indicating either the presence
of significant zero-field splitting or spin crossover to S =0
or 1. However, the reduced magnetization data ranging
from 2-7 T and 1.8-9 K (Fig 3B) and the whole tempera-
ture range of the T data can be fit with a single set of
parameters, suggesting that 2 does not detectably popu-
late alternative spin states. The fit parameters are: S = 2,
g = 2.02, D = +11 cm™. While intermediate (S = 1) and
high spin (S = 2) Co'" has been observed in oxide materi-
als,*™* molecular examples of either spin state remain
rare. KsCoFs has a moment of 5.60 pg at room tempera-
ture, consistent with the expected moment of 5.48 pg from
an octahedral [Co"Fe¢]* ion (S = 2, L = 2)*
Co[N(SiMes)2]s has a moment of 4.73 pg at room temper-
ature, consistent with the expected spin-only moment of
4.90 pp for S = 2.9° The relatively large, positive value of
D can be ascribed to the trigonal planar geometry in 2.4
Consistent with a large positive D, no EPR transitions
were observed at X-band in both perpendicular and par-
allel mode; EPR transitions may be observable at much
higher frequencies but such studies were not pursued.

4
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Figure 5. (A) Calculated, qualitative frontier orbital energy diagram for 2. Selected singly occupied orbitals rendered at 0.05
e/au®. Symmetry labels in an ideal Dsn symmetry. For a plot showing a and B orbital energies separately, see Figure S34. (B)
Symmetry adapted linear combinations for the PN HOMOs in an ideal Dsn symmetry. P atoms omitted for clarity.
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Electrochemical studies of 2 were pursued to under-
stand the extent to which terminal PN ligation stabilizes
the Co'" oxidation state. The cyclic voltammogram (CV) of
2 in a THF electrolyte features an irreversible reduction at
E =-1.67 V vs. Fc/Fc*, which can be assigned to the re-
duction to Co" (Fig S32). An irreversible oxidation event
at ~0 V is also observed and can be attributed to a
Co"/Co" redox couple or oxidation of the ligand frame-
work. The electrochemical data of 2 can be compared to
[Co"(TAML)]", a Co" complex supported by a tetra-ani-
onic, macrocyclic amide ligand.*® For [Co"(TAML)], the
Co'"/Co" couple was observed at -1.18 V vs. Fc/Fc* in a
DCM electrolyte. The electrochemical data for 2 shows an
enhanced stabilization (~0.5 V) of the Co"' oxidation state
as compared to anionic [Co"(TAML)]". Accordingly, these
data corroborate a hypothesis that terminally bound PN
moieties quench the expected electrophilicity of Co"', and
may explain the hesitancy of 2 to react with Lewis bases.

To better understand the unique Co-PN bonding situa-
tion in 2, DFT studies were performed. The calculated en-
ergies of the frontier orbitals are shown in Fig 5A. Con-
sistent with the trigonal planar symmetry surrounding the
Co center in 2 and the magnetometry data, the orbitals of
d parentage split into a 2-2-1 pattern with two sets of dou-
bly degenerate orbitals; the orbital of d;? parentage is low-
est in energy and doubly occupied. The remaining four
singly occupied orbitals each exhibit substantial Co-N =*
character (Fig 5A). This can be understood by considering
an idealized Ds» arrangement of three terminal PN ligands
(Fig 5B). In addition to the three N-based symmetry-
adapted linear combinations (SALCs) that provide o-
bonding interactions with the central Co center, six N-
based SALCs are available for additional n-bonding inter-
actions. The A2"and A2’ combinations do not possess the
appropriate symmetry to overlap with d orbitals, but the
remaining four SALCs can interact with each orbital com-
prising the two degenerate e sets (i.e. dxz, dyz, dxy and di’-
/2). This bonding situation contrasts that found for related
multidentate amide-based ligand architectures, such as
(TAML)* or (TREN)* derivatives, which are limited to =«
donation in a single orientation, either in the xz/yz plane
or the xy plane, respectively. Trigonal PN coordination re-
sults in the simultaneous destabilization of all z-symmetric
d orbitals, and the stabilization of high-spin ground states
is further evident upon considering the small energy sep-
aration (0.2 eV) between the Co-N antibonding ¢’ and e”
sets in 2 (Fig 5A). To further illustrate this point at an en-
ergetic level, DFT studies employing identical levels of
theory were performed on Co[N(SiMes)2]s (Fig S33). The
separation between the corresponding e’ and e" sets in
Co[N(SiMes)2]s is noticeably larger (0.4 eV), likely be-
cause there is only one available set of N-based n-bond-
ing SALCs that overlap efficiently with the d orbitals (Fig
S35). Finally, the UV-vis spectra of Co[N(SiMes):]s and 2
suggest that the PNs contribute to a larger ligand field
than amides, as indicated by the higher energy charge
transfer transitions in 2 (Fig S30 and S38); a more de-
tailed discussion can be found in the supporting infor-
mation.

CONCLUSIONS

In summary, a methodology for the synthesis of phos-
phinimines from wide-ranging phosphine precursors has

been developed to facilitate exploration of new avenues
in molecular phosphinimide chemistry. Here, we applied
this protocol to prepare rigid, multidendate, tris-phosphin-
imine scaffolds that serve to stabilize unique mono- and
multinuclear cobalt complexes, including the stabilization
of a rare, high-spin Co" complex. Structural, computa-
tional and magnetometry data support the notion that a
trigonally disposed tris(phosphinimide) ligand field is sim-
ultaneously weak field and strongly electron releasing.
We envision that these new ligand frameworks will serve
to stabilize unusual oxidation- and spin states of other
late, first row transition metal ions, and efforts on this front
are ongoing.

EXPERIMENTAL SECTION

General methods and instrumentation. All reactions
were performed at room temperature in an N2-filled glove-
box or by using standard Schlenk techniques unless oth-
erwise specified. Glassware was oven dried at 150 °C for
at least 2h prior to use, and allowed to cool under vacuum.
All reagents were used as received unless otherwise
stated. Anhydrous pentane, CH3CN, diethyl ether, ben-
zene, toluene and THF were purified by sparging with ni-
trogen for 30 minutes and then passing under nitrogen
pressure through a column of activated A2 alumina. NMR
solvents were purchased from Cambridge Isotope Labor-
atories. CsDs was degassed by three freeze-pump-thaw
cycles and dried over freshly activated 3 A molecular
sieves for 24 hours prior to use. Paramagnetic 'H NMR
spectra were recorded on Bruker 400 MHz or 600 MHz
instruments, with shifts reported relative to the residual
solvent peak. Elemental analyses were performed at the
University of California Berkeley. FTIR measurements
were carried out on a Thermo Scientific Nicolet iS20 spec-
trometer. UV-vis measurements were carried out on a
Hewlett Packard 8453 UV-Visible spectrophotometer.
Electrochemical measurements were carried out using a
BioLogic SP50 potentiostat. Magnetic susceptibility
measurements were carried on a Quantum Design MPMS
XL instrument running MPMS Multivu software. Pow-
dered, crystalline samples were placed inside a custom-
made quartz tube, vacuum sealed, and suspended in a
plastic straw. Fitting simulations were performed using
PHL4" The following compounds were synthesized ac-
cording to published procedure: Co[N(SiMes)z]2(THF),*8
1,3,5-tris(2-bromophenyl)-benzene,*° 0O-(2,4-dinitro-
phenyl)-hydroxylamine, di(1-adamantyl)phosphine.5°

Detailed information on the synthesis of Int1, NMR
spectra, X-ray diffraction, and DFT calculations are pro-
vided in the Supporting Information.

Caution! The electrophilic aminating agent O-(2,4-dinitro-
phenyl)-hydroxylamine and its derivatives are potentially
energetic compounds in pure form. Preparations of this
reagent as described® typically afford material that is
~95% pure, can be handled in air, and stored at -35 °C for
months without noticeable decomposition. Representa-
tive samples do not exhibit characteristics of a thermally-
induced explosive (Fig S1) and are resistant to compres-
sion shock and sparks. Owing to the explosive nature of
pure 2,4-dinitrophenol in air, all necessary safety precau-
tions should be undertaken when handling the 2,4-dinitro-
phenolate intermediates derived from the amination pro-
cedures. Specifically, heating of reaction mixtures should
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be avoided, all manipulations should be performed under
an inert atmosphere, and reaction byproducts should be
diluted with water prior to disposal.

Synthesis of Hs""L. All manipulations were performed
inside a glovebox. A 500 mL round-bottom flask equipped
with a stir bar was charged with P"Int1 (27 g, 31 mmol, 1
equiv) and MeCN (300 mL). The flask was cooled in a
liquid nitrogen-chilled cold well. Solid O-(2,4-dinitro-
phenyl)-hydroxylamine (22 g, 110 mmol, 3.5 equiv) was
added in small portions with stirring. The mixture was al-
lowed to warm up to room temperature, resulting in the
formation of a deep red solution with a yellow precipitate.
The 3'P NMR of this red solution shows a single peak at
35 ppm, which corresponds to the chemical shift of the
[PhsPNH:]" moiety (Figure S14). After stirring for 3 hours
at room temperature, the flask was cooled again in a liquid
nitrogen-chilled cold well. Neat MesSiCl (35 g, 322 mmol,
10 equiv) that had been previously purified by short-path
vacuum distillation was added in small portions with stir-
ring. The mixture was allowed to warm up to room tem-
perature, resulting in the formation of a yellow suspen-
sion. The mixture was further stirred at room temperature
for 24 hours before the yellow precipitate was collected in
a fritted funnel. The yellow solid was repeatedly washed
with MeCN until the filtrate was colorless, subsequently
washed with Et.O, and thoroughly dried under reduced
pressure. This insoluble yellow solid is assigned to the
tris-phosphiniminium intermediate P'Int2 with chloride
counter-anions and was used without further purification.
A 500 mL round-bottom flask equipped with a stir bar was
charged with P"Int2 (25 g, 25 mmol, 1 equiv) and THF
(300 mL). The flask was cooled in a liquid nitrogen-chilled
cold well. Solid NaO'Bu (7.14 g, 74 mmol, 3 equiv) was
added in small portions with stirring. The mixture was al-
lowed to warm up to room temperature, resulting in the
formation of a slightly beige solution over a brown precip-
itate. The mixture was further stirred at room temperature
for 18 hours before being filtered through a pad of Celite.
All volatiles were thoroughly removed from the filtrate.
The beige residue was treated with Et2O and stirred until
a fine suspension was obtained. The solid was collected
in a fritted funnel, and washed with Et20 repeatedly. The
collected solid was washed with small amounts of cold
THF to remove colored impurities. The white solid was
washed with pentane and dried under reduced pressure.
HsP"L was obtained as a white solid (20 g, 70 % from
PhInt1). '"H NMR (400 MHz, CDCls): 7.66 — 7.53 (dd, J =
11.9,72Hz,12H),7.42-7.28 (m,21H),7.19 (t, J=7.7
Hz, 3H), 7.05 - 6.93 (m, 6 H), 6.60 (s, 3H), 1.50 (bs, 3H,
NH) ppm. 3P NMR (162 MHz, CDCIs): 20.6 ppm. '3C
NMR (151 MHz, CDCls): 147.04, 146.68, 145.63, 145.43,
139.69, 139.41, 138.99, 138.52, 135.25, 134.58, 133.98,
133.69, 133.50, 133.01, 132.95, 132.60, 132.40, 132.34,
131.89, 131.75, 131.27, 130.90, 129.95, 128.29, 128.21,
126.49, 126.26 ppm. HRMS (ESI): calcd. for CeoHsoN3P3:
905.3218; found: 905.3267.

Synthesis of 1. A 20 mL scintillation vial equipped with
a stir bar was charged with Hs""L (200 mg, 0.221 mmol,
1 equiv) and THF (10 mL). A freshly prepared solution of
(THF)Co[N(SiMe2)2]2 (149.7 mg, 0.332 mmol, 1.5 equiv)
in THF (10 mL) was added dropwise with stirring. The
mixture was stirred at room temperature for 12 hours, re-
sulting in the formation of a dark green solution. All vola-
tiles were removed under reduced pressure. The green

residue was repeatedly washed with pentane, followed by
diethyl ether. The remaining solid was extracted with tol-
uene and filtered through a pad of Celite. All volatiles were
removed from the filirate under reduced pressure. The
green residue was redissolved with CeHs, and Et2O was
carefully layered on top of the CeHs solution to induce
crystallization. Compound 2 was isolated as large, dark
green, block-shaped crystals (137.7 mg, 63 %). '"H NMR
(CeDs, 400 MHz): 65.76, 45.15, 30.57, 29.54, 24.78,
24.43, 24.25, 21.72, 21.46, 17.56, 14.42, 13.46, 12.76,
11.59, 9.25, 0.29, -1.02, —-6.28, —15.08, —24.34, -24.71,
-28.07, —-48.14, -63.63 ppm. Analysis calculated for
C120H90PeNsCo3 (2): C 72.86, H 4.59, N 4.25. Found: C
72.34,H4.79, N 4.14.

Synthesis of 2. Method 1: A 20 mL scintillation vial
equipped with a stir bar was charged with Hs""L (118 mg,
0.13 mmol, 1 equiv) and THF (10 mL). A freshly prepared
solution of (THF)Co[N(SiMez)z]2 (69 mg, 0.13 mmol, 1
equiv) in THF (5 mL) was added dropwise with stirring.
The mixture was stirred at room temperature for 2 hours,
resulting in the formation of a light green solution. A
freshly prepared THF solution of C2Cle (32 mg, 0.13 mmol,
1 equiv) that had been previously purified by sublimation
was added quickly at once, resulting in the formation of a
deep red solution. The mixture was stirred at room tem-
perature for 18 hours. A small amount of an insoluble
brown precipitate was removed by filtration. All volatiles
were removed from the filtrate under reduced pressure.
The red residue was repeatedly washed with pentane.
The remaining solid was extracted with a 9:1 Et20:CeHe
mixture and filtered through a pad of Celite. All volatiles
were removed from the filtrate under reduced pressure.
The red residue was redissolved in CsHe, and pentane
was carefully layered on top of the CsHe solution to induce
crystallization. Complex 2 was isolated as thin red plates
(85 mg, 68 %). Large crystals suitable for single crystal X-
ray diffraction were obtained by slow vapor diffusion of
Et20 into a solution of 2 in THF. '"H NMR (CesDs, 400 MHz):
294, 26.4, 24.7, 9.5, 0.1, -21.3 ppm. Analysis calcu-
lated for CeoH45CoN3P3: C 75.08, H 4.73, N 4.38; found: C
74.61,H 4.92, N 4.20.

Method 2: A 20 mL scintillation vial equipped with a stir
bar was charged with 1 (40 mg, 0.020 mmol, 1 equiv) and
CsHs (10 mL). A freshly prepared solution of C2Cls (4.8
mg, 0.020 mmol, 1 equiv) in CsHs (5 mL) was added at
once with stirring. The mixture was stirred at room tem-
perature for 3 hours, resulting in a dark red solution. All
volatiles were removed under reduced pressure. The red
residue was repeatedly washed with pentane, followed by
diethyl ether. The remaining solid was extracted with tol-
uene and filtered through a pad of Celite. All volatiles were
removed from the filtrate under reduced pressure. The 'H
NMR (Figure S24) matches an authentic sample of 2
(25.4 mg, 66 %).

Method 3: A 10 mL Schlenk flask equipped with a stir
bar was charged with 1 (40 mg, 0.020 mmol, 1 equiv) and
CsHs (10 mL). The flask was degassed (freeze, pump,
thaw, 3 cycles) and placed under a dry O2 atmosphere.
The mixture was stirred at room temperature for 12 hours,
resulting in a dark red solution. All volatiles were removed
under reduced pressure. The red residue was repeatedly
washed with pentane, followed by diethyl ether. The re-
maining solid was extracted with toluene and filtered
through a pad of Celite. All volatiles were removed from
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the filtrate under reduced pressure. The "H NMR (Figure
S23) matches an authentic sample of 2 (11.0 mg, 28 %).
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Synopsis:

A general method for the preparation of sterically encum-
bered, multidentate phosphinimide (PN) ligands is de-
scribed. Metallation of a trigonal tris-PN platform allows
for the isolation of a Cos" cluster 1. Oxidation of 1 by O>
or C2Cls cleanly furnishes a homoleptic Co'" compound 2.
Compound 2 exhibits an exceedingly rare S = 2 ground
state. The role of PNs in stabilizing high spin late transi-
tion metals is investigated by XRD, magnetic susceptibil-
ity and DFT studies.
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