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Abstract

The synthesis and characterization of the new pincer-supported Co'' organometallic
complexes (P'PNP)Co"(Me) and (‘"'PNP)Co'"(Ph) (P"PNP- = N{CH2CHa2(P(‘Pr)2)}2) is reported.
These complexes were prepared through the treatment of (P'PNP)Co'(Cl) with MeMgCl or
PhMgBr, respectively. Additionally, the x>-BHa4 species (P"'PNP)Co'(k’:-BH4) was synthesized
through the reaction of (*"PNP)Co"(Cl) with "BusNBHa4. The related Co' complex (P"PNP)Co'(2,6-
xylyl isonitrile) was prepared through the reaction of the known complex (F"PNP)Co!(N2) with
2,6-xylyl isonitrile. The stoichiometric and catalytic activity of the new Co' and Co'' complexes
with COz and formic acid was evaluated.
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Introduction

There is currently significant interest in the development of catalysts based on first-row
transition metals for a variety of transformations.!'! These systems are attractive alternatives to
their more commonly studied second- and third-row congeners due to the increased abundance
and lower cost of first-row transition metals. Furthermore, in recent years it has been demonstrated
that not only can first-row transition metal complexes provide cheaper and more sustainable
catalysts than their precious metal counterparts, but in some cases they can promote novel
reactivity.l!!l Many of the recently reported first-row transition metal catalysts are supported by
pincer ligands.!?! This is in part because the rigid tridentate coordination of pincer ligands enables
them to stabilize reactive transition metal complexes and generate species with high thermal
stability. Additionally, the syntheses of pincer ligands are often modular, which allows for the
facile preparation of complexes with tunable steric and electronic properties.

One notable example of the use of pincer-supported first-row transition metal complexes
in catalysis was the discovery by Hanson and co-workers that [(“YPNHP)Co(CH2SiMe3)] [BAr4]
(A, Figure 1) (PNYP = HN {CH2CH2(P(Cy)2)}2, BArfs = B(3,5-(CF3)2CsH3)4") can facilitate the
(de)hydrogenation of polar substrates.’! For example, A can catalyze the hydrogenation of
ketones, imines, N-heterocycles, and alkenes and the dehydrogenation of alcohols and N-
heterocycles.*¥ Since Hanson’s seminal work, pincer-ligated cobalt complexes have been utilized
for the catalytic hydrogenation of a large number of substrates including alkenes, aldehydes, N-
heterocycles, and esters.>*31 The acceptorless dehydrogenation of alcohols, amines, and formic
acid,>#l a5 well as related dehydrogenative coupling reactions,!*>4d-m6271 have also been
catalyzed by pincer-supported cobalt complexes. Despite these noteworthy results, there are
relatively few reports of organometallic Co complexes supported by pincer ligands, especially in
the Co'! oxidation state. Prominent examples include reports from the Milstein and Chirik groups
of methyl (CX & D) and phenyl (E) complexes supported by pyridine-based PNP ligands (Figure
1).B In related chemistry, Nishibayashi and co-workers described a methyl complex (F) ligated
by a pyrrole-based PNP based ligand, while Tonzetich ef al. reported an analogous phenyl complex
(G).P! Nevertheless, the relative paucity of well-defined complexes complicates efforts to
determine if Co' organometallic complexes may be intermediates in catalytic reactions.

Recently, both our groups and others have been studying Fel'”l and Col3-+%-55p.11]
complexes supported by the aliphatic pincer ligand HN {CH2CH2(PR2)} (*PN!P; R = 'Pr, Cy, ‘Bu,
Ph). We have demonstrated that this ligand promotes novel reactivity at iron, in part because it can
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Figure 1: Comparison of previous cobalt(I) organometallic complexes supported by PNP ligands and those
synthesized in this work.



readily form species with the closely related ligand N{CH2CH2(P('Pr)2)}2" ('PNP") through
processes involving metal-ligand cooperativity.['?) Although a number of Co complexes with
RPNHP ligands have been reported,>4>-3P11 examples featuring the "PNP- ligand are rare, and
to the best of our knowledge the only organometallic example is complex B (Figure 1) from
Hanson’s group.l** Herein, we report the synthesis and characterization of new organometallic
(P'PNP)Co" complexes. Additionally, the synthesis of related (""PNP)Co' n-acid complexes are
described. All of these complexes are related to species that are catalytically active for
(de)hydrogenation, such as A, but our efforts to use them in catalysis suggests that they are not
present in catalytic reactions.

Results and Discussion
Synthesis of Organometallic Co" Complexes Supported by the *"PNP Ligand

Our starting point for the synthesis of organometallic Co" complexes ligated by P'PNP-
was the complex (P'PNP)CoCl (1-Cl), which was previously reported by Arnold et al.l''! We
developed an improved method for the preparation of 1-Cl through dehydrohalogenation of
(P'PNHP)CoCl> with KO'Bu (Scheme 1). This procedure had been previously used to synthesize
the related complex (‘B"PNP)CoCI!'" and resulted in clean formation of 1-Cl in 85% yield. The
new route represents an improvement over the prior literature method, which involved
deprotonation of (P"PNYP)CoClz with n-BuLi, and resulted in a mixture of 1-Cl (42% yield) and
the one electron reduced species (""PNHP)Co'Cl (18% yield).['!¢]
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Scheme 1: Synthesis of ""PNP-supported Co'" complexes.

Reaction of 1-Cl with one equivalent of MeMgCl (or MeMgBr) in THF resulted in an
immediate color change from brown to bright yellow and the formation of (""PNP)Co(CH3) (1-
CH3), which was isolated in 96% yield (Scheme 1). 1-CHz is one of only a few known pincer-
supported Co' methyl compounds, the other examples being complexes CX, D, and F (Figure
1).[82809] 1_CHj; was characterized using paramagnetic 'H NMR spectroscopy and the solution
state effective magnetic moment, determined using the Evans’ method, is 1.6 £ 0.1 ub (1.7 expected
for spin-only value), which is consistent with a S = '4 species. The X-band EPR spectrum in toluene
glass at 8 K shows axial symmetry (Figure 2a). The values for g| and gL are 2.555 and 2.050,
respectively, with a *?Co (I = 7/2) hyperfine coupling of approximately 90 MHz causing the
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Figure 2: Experimental and simulated X-band EPR Spectra of (a) 1-CHj3, (b) 1-Ph, and (¢) 1-BHa.

apparent broadness of the g|| turning point. Single crystals of 1-CHj for X-Ray Diffraction (XRD)
were grown from toluene/hexamethyldisiloxane, and the molecular structure is shown in Figure 3.
Select bond distances and angles are included in Table 1 along with comparisons to 1-CI1. The Co—
CHs bond length of 2.002(7) A is comparable to other Co-Me complexes (2.008(3), 1.9865(13),
2.062(3), and 2.057(2) A for C, CB¥, D, and F, respectively).l¥8>% The geometry around the Co
center in 1-CHj is square planar and the N atom of the *PNP- ligand is sp? hybridized, as indicated
by the trigonal planar geometry, where the sum of the angles around the N atom is 357.6°. The
Co—N distance in 1-CH3 is 1.862(5), a small increase from 1-Cl1 (1.834(4)),!'*! which is consistent
with the stronger trans influence of the CH3 ligand.

In an analogous manner to the synthesis of 1-CH3, the phenyl complex (P"PNP)Co(Ph) (1-
Ph) was synthesized in 91% yield from 1-Cl and one equivalent of PhMgBr in THF (Scheme 1).
The effective magnetic moment of 1-Ph is 1.7 £ 0.1 pw (1.7 expected for S = %) and the X-band
EPR spectrum in toluene glass at 7 K produced an axial spectrum (g|| = 2.660 and gL = 2.035,
Figure 2b). Interestingly, in contrast to 1-CH3, hyperfine coupling to **Co is not observed at either
g|| or gt. The XRD structure of 1-Ph is shown in Figure 3 and select bond lengths and angles are
reported in Table 1. The structure is square planar about Co and trigonal planar about the N atom,
indicating sp? hybridization of the N atom. The Co—C1 distance of 1.939(2) A is in good agreement
with those observed in E and G: 1.925(6) and 1.932(2) A, respectively.’®>! The Co-N bond
lengths of 1-Cl (1.834(4)) and 1-Ph (1.8376(18)) are within error, despite the Ph ligand being a
stronger trans influence ligand than Cl ligand.!'!!

Treatment of 1-Cl with one equivalent of "BusNBHa4 results in an immediate color change
from brown to emerald green. The compound (""PNP)Co(x>-BH4) (1-BH4) was isolated in 92%
yield. The IR spectrum of 1-BH4 exhibits four strong bands for v(BH) at 2367, 2294, 1937, and
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Figure 3: ORTEPs (at 30% ellipsoids) of (a) 1-CHs, (b) 1-Ph, and (c¢) 1-BH4. All H atoms except those attached
to boron are omitted for clarity.



1862 cm™!, consistent with a k2-binding mode.['* The effective magnetic moment of 1-BHy is 1.6
+ 0.1 w (1.7 expected for S = %2). The X-band EPR spectrum in toluene glass at 8 K is slightly
rhombic, with g« = 2.238, gy = 2.043 and g, = 2.041 (Figure 2¢) and hyperfine coupling to ¥*Co of
330 MHz at gx. The XRD structure of 1-BHj4 is shown in Figure 3 and select bond lengths and
angles are reported in Table 1. The Co-B distance of 2.159(4) A is in excellent agreement with
other Co(x?-BHs4) complexes in the literature, including the analogue of F and G
(BYPNpyrroleP)Co(k2-BH4) which has a Co—B distance of 2.141(8) A.l'1 The hydrides of 1-BH4
were located in the difference map and freely refined to a Co—-H1 bond length of 1.71(3) A.

Table 1: Selected bond distances (A) and angles (°) for ""PNP supported Co'' complexes.

Atoms 1-CF 1-CH; 1-Ph 1-BH,
2.215(1) 2.002(7) 1.939(2) 1.71(3)
Co-Y (A) (Y =Cll) (Y=CI) (Y=Cl) (Y = HI)

2.186(1),  2.1703(19),  2.1486(6),

Co-P (A) 2201(1)  2.1606(18)  2.1398(6) 21961
Co-N (A) 1.834(4) 1862(5)  1.8376(18)  1.8610(18)
P-Co-P (°) 171.506)  170.08(7)  172.183)  170.87(4)
. 85.60(13),  86.10(17),  86.19(5),
P-Co-N(°) 8638(13)  85.58(17)  86.00(5) 85.43(6)
N-Co-Y (°) 178.0(1) 17473)  17641(8)  147.8(10)
C-N-C (°) 109.3(4) 1077(5)  10945(17)  124.55(16)
. 12493),  125.6(4),  12448(14),
C-N-Co () 1222(3) 1243(4) 12425014  11090)

*Bond metrics for 1-Cl were previously reported.!''?l YAsymmetric unit contains one half of the molecule.

DFT calculations were performed to probe the electronic structures of 1-Me, 1-Ph, and 1-BH4. In
all cases the SOMO is localized predominantly on the N atom of the ""PNP- ligand (Figure 4).
There is a small contribution from the C atoms that are adjacent to the N atom of the ligand
backbone and a d-orbital of Co, which is consistent with the g-values being significantly shifted
from the free-electron value in the EPR spectra. The lack of Co s-orbital character in the SOMO
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Figure 4: Calculated SOMOs of (a) 1-CHs, (b) 1-Ph, and (c) 1-BHa4.



is also consistent with the relatively small or unresolved hyperfine coupling to Co observed in the
EPR spectra of 1-Me, 1-Ph, and 1-BHj4. Likely the hyperfine coupling to Co in 1-BHy is larger
than in 1-Me or 1-Ph because the SOMO contains a greater contribution from a Co d-orbital. It is
notable that the hyperfine coupling to Co in our new complexes is significantly smaller than in
other related Co" complexes.!'> Overall, the DFT calculations suggest that even though 1-Me, 1-
Ph, and 1-BHy are all formally Co!' species, it is probably more accurate to describe them as Co'
species with a ligand-centered radical. In a fragment-based approach, it can be considered that the
PrPNP- ligand has formed a dative bond with Co and also donated a single electron to a Co' center,
to generate the "PNP radical and a Co' center.

Synthesis of Co! n-Acid Complexes

In addition to the synthesis of organometallic Co'! species, we were interested in examining
related "PNP- coordinated Co' complexes with n-acid ligands. Given the successful application of
(P'PNRP)Co(CO)2(Cl) complexes in CO2 hydrogenation catalysis,*?! we hypothesized that Co
species may be more catalytically relevant to (de)hydrogenation reactions. As reported by Arnold
and co-workers,!!'! treating 1-Cl with a slight excess of KCg under an N2 atmosphere yields the
Co' N2 adduct, (*"PNP)Co(N2) (1-Nz). Given the lability of N2 ligands, we hypothesized 1-N;
could be a viable precursor for the synthesis of other m-acid complexes, such as those containing
CO and isonitrile ligands. The successful synthesis of (*"PNP)Co(CO) (1-CO) was previously
reported by Arnold et al. starting from 1-CL[''Y However, three steps were required and the overall
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Figure 5: ORTEP (at 30% ellipsoids) of 1-CNxyl. All H atoms omitted for clarity. Disorder of 2,6-xylyl and one
of the isopropyl groups omitted for clarity.
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yield of 1-CO was 14%. Here, we developed an improved synthesis of 1-CO from 1-Nz (Scheme
2). Treatment of 1-N; with 1.2 equivalents of CO resulted in the formation of 1-CO in 87% yield
in a single step, without significant formation of undesired byproducts.

We have previously studied the changes in catalytic performance that occur when a CO
ligand is replaced by a weaker m-acceptor isonitrile ligand on "PNR'P supported Fe complexes that
are active for formic acid dehydrogenation and COz hydrogenation.['®! For that reason, we were
interested in preparing analogues of 1-CO with isonitrile ligands. Addition of 1 equivalent of 2,6-
xylyl isonitrile (CNxyl) to 1-N results in the formation of a new species, (""PNP)Co(CNxyl) (1-
CNxyl) in 84% yield (Scheme 2). 1-CNxyl is diamagnetic and was characterized by IR, 'H, *'P,
and 3C NMR spectroscopy and XRD. The IR spectrum exhibits a strong band corresponding to
V(CN) at 1860 cm™!, in comparison with the free isonitrile which has a reported v(CN) of 2115
cm 171 This indicates significant back-bonding from the Co to the isonitrile ligand. The ORTEP
is shown in Figure 5 and Table 2 contains selected bond lengths and angles of 1-CNxyl, in
comparison to 1-CO. The C1-N1 bond distance in 1-CNxyl is 1.209(4) A, compared with the free
isonitrile bond length of 1.1608(16) A, again confirming back-bonding from Co.!'8) The isonitrile
aryl group in 1-CNxyl is disordered, resulting in two values for the isonitrile C-N—C angle: 149.7°
and 142.7°. The bond distances and angles are very similar between 1-CNxyl and 1-CO, with both
containing square planar Co centers. To the best of our knowledge, there are no other examples of
a pincer Co complex ligated with an isonitrile ligand.

Table 2: Selected bond distances (A) and angles (°) for P"PNP supported Co' complexes.

Atoms 1-CNxyl 1-CO*

2.1467(11),  2.1589(5),

Co-P (A) 2.1216(10)  2.1493(5)
Co-N2 (A) 1.840(3)  1.8601(15)
Co-Cl1 (A) 1.7003)  1.7024(18)

1.209(4
P-Co-P (°) 171.66(4)  169.66(2)
. 86.11(10),  86.28(5),
P-Co-N2 () 85.83(10)  85.89(5)
149.7(7),
CI-NI1-C2 (°) 140.2(7

3Bond metrics for 1-CO were previously reported.l''! ®Disorder in isonitrile aryl group of 1-CNxyl results in split
occupancy of C2 in a ratio of 0.55:0.44 for 149.7(7) and 140.2(7), respectively.

Reactivity of Co' and Co" Complexes

All of our new (*"PNP)Co complexes, 1-CHs, 1-Ph, 1-BH4, and 1-CNxyl, as well as
previously reported 1-Cl and 1-CO, were evaluated as catalysts for formic acid dehydrogenation
and COz hydrogenation. Unfortunately, poor activity was observed in all cases (see SI), suggesting
that a neutral "PN® P ligand, with a substituent such as a hydrogen or methyl group, on the N atom
is vital for (de)hydrogenation reactions catalyzed by (RPNRP)Co species. It also suggests that
organometallic Co"" complexes are unlikely to be intermediates in reactions catalyzed by



(RPN®'P)Co complexes. Additionally, the stoichiometric reactivity of (P"PNP)Co complexes with
a variety of small molecules, including H2, CO:, and formic acid, was investigated (see SI). In
general, these reactions led to an intractable mixture of products or there was no observable
reaction. Interestingly, no reaction is observed between 1-CHj3 and 1 atm of H», neither via
hydrogenation of the -CH3 moiety to generate CH4 and a cobalt hydride nor 1,2-addition across
the Co—N bond. This is in contrast to complex B, which has been reported to react with Hz to
generate free SiMes and a putative cobalt hydride.[*"

Conclusions

In this work we have prepared the new (P"PNP)Co"! organometallic complexes 1-CH3 and
1-Ph, as well as the borohydride species 1-BH4, from 1-Cl. These Co" species were fully
characterized, including by XRD. 1-CH3 and 1-Ph are square planar around the Co center and
display axial EPR spectra. In contrast, 1-BH4 displays a distorted trigonal bipyramidal geometry
around Co and a slightly rhombic EPR spectrum. Additionally, improved syntheses of both 1-Cl
and 1-CO with fewer steps and higher yields are reported. We also compared the structure of 1-
CO to the isonitrile complex 1-CNxyl, which was prepared for the first time as part of this work.
Poor catalytic performance was observed for the (PPNP)Co complexes reported herein,
suggesting these species are not present in catalytic (de)hydrogenation reactions. We were also
unable to observe any clean stoichiometric reactivity. This suggests that further efforts to design
improved Co systems for catalysis should involve Co complexes ligated by the neutral RPNR'P
rather than its anionic equivalent.

Experimental
General Methods

Experiments were performed under a dinitrogen atmosphere in an MBraun glovebox or
using standard Schlenk techniques unless otherwise noted. Under typical operating conditions, the
glovebox was not purged between uses of pentane, benzene, toluene, diethyl ether, THF, or 1,4-
dioxane. As a consequence, each solvent should be assumed to contain trace amounts of the others.
All moisture- and air-sensitive liquids were either transferred inside the glovebox or using a
stainless steel cannula or gas-tight syringe on a Schlenk line. Solvents were dried by passage
through a column of activated alumina and stored under dinitrogen unless otherwise noted. All
commercial chemicals were used as received except where noted. ""PN"P and anhydrous CoClz
were purchased from Strem. (P"PN"P)Co(Cl)2 and (*"PNP)Co(N2) were synthesized according to
literature procedures.!''®!1°] Tetrabutylammonium borohydride ("BusNBH4) was purchased from
Acros and dried in-melt before use. 2,6-Dimethylphenyl isonitrile was used as received from Santa
Cruz Biotech. Potassium tert-butoxide (sublimed grade) was purchased from Sigma-Aldrich.
Deuterated solvents were obtained from Cambridge Isotope Laboratories and degassed by three
consecutive freeze-pump-thaw cycles and dried by passage through a plug of activated alumina.

NMR spectra were recorded on Bruker AMX-400, AMX-500, and AMX-600
spectrometers at ambient probe temperatures, unless otherwise noted. Chemical shifts are reported
in ppm with respect to residual internal protio solvent for 'H and '*C{'H} NMR spectra. *'P{'H}
NMR spectra are referenced via the 'H resonances on the basis of the relative gyromagnetic
ratios.'”) All J coupling constant values are given in Hz. Solution state effective magnetic moments
(pefr) were determined by the Evans NMR Method using the residual internal protio solvent.[”!
Infrared spectra on neat samples were recorded on a Bruker Alpha instrument equipped with a
Platinum-ATR attachment with a diamond-tip in a nitrogen filled glovebox. UV—vis data were



collected on a Hewlett-Packard 8453 diode array spectrophotometer. Continuous wave X-Band
EPR spectra were recorded on a Bruker ELEXSYS E500 EPR spectrometer equipped with a SHQ
resonator with the an Oxford ESR-900 helium-flow cryostat at 7-8 K with the following settings:
microwave frequency, 9.4 GHz; modulation frequency, 100 kHz; modulation amplitude, 10 G;
sweep time, 84 s; conversion time, 41 ms; time constant 20 ms. 5 mM solutions of the samples of
interest were prepared in the glovebox using toluene and tubes contained a total of 200 pL of
solution. The tubes were sealed in the glovebox and immediately frozen in liquid nitrogen. Spectra
were simulated with EasySpin version 5.2.15.12!) Elemental analyses were performed by Robertson
Microlit Laboratories, Inc. Abbreviations used in the description of IR data are as follows: br,
broad; w, weak; s, strong. For NMR data, the following abbreviations are used: s, singlet; d,
doublet; t, triplet; q, quartet; m, multiplet; br, broad.

X-Ray Crystallography

Crystal samples were mounted on polyimide loops with immersion oil. Low-temperature
diffraction data (w-scans) were collected on a Rigaku MicroMax-007HF diffractometer coupled
to a Saturn994+ CCD detector with Cu Ko (A = 1.54178 A) for the structure of 1-CH3. A Rigaku
MicroMax-007HF diffractometer coupled to a Dectris Pilatus3R detector with Mo Ka (A=0.71073
A) was used for the structure of 1-BH4, A Rigaku SCX Mini diffractometer coupled to a Rigaku
Mercury275R CCD with Mo Ka radiation (A = 0.71073 A) was used for 1-Ph and 1-CNxyl. The
diffraction images were processed and scaled using Rigaku Oxford Diffraction software.??! The
structure was solved with SHELXT and was refined against F on all data by full-matrix least
squares with SHELXL.[?*! Details of the crystal and refinement data for 1-CH3, 1-BH4, 1-Ph, and
1-CNxyl are described in the Supporting Information.

(rPNP)Co(Cl) (1-Cl)

The procedure for the synthesis of ("PNP)Co(Cl) was adapted from the synthesis of
(‘BYPNP)Co(Cl).['"" A 100 mL Schlenk flask was charged with (P"PNHP)Co(Cl)2 (300.0 mg, 0.689
mmol), approximately 40 mL of THF, and a magnetic stir bar. A separate 50 mL Schlenk flask
was charged with KO'Bu (81.0 mg, 0.722 mmol, 1.05 equiv.) and 20 mL of THF. The solution of
KO'Bu in THF was transferred via cannula into the vigorously stirring solution of
(P'PNHP)Co(Cl)2. An immediate color change from purple to dark brown was observed. The
solution was stirred for 30 minutes and the volatiles were removed in vacuo. The crude product
was extracted with 3 x 3 mL of pentane and dried in vacuo to give a brown residue. The solid was
then recrystallized from pentane at -35 °C to give 1-Cl as brown block crystals. Yield: 231.3 mg,
85%. The 'H NMR spectrum of the product was consistent with the previously reported
spectrum. 1]

(F"PNP)Co(CH3) (1-CH3)

A 4 dram vial was charged with (""PNP)Co(Cl) (75.0 mg, 0.188 mmol) and 10 mL of THF. The
vial was cooled to -35 °C and MeMgCl (0.18 M in THF, 1.04 mL, 0.19 mmol) was added via
syringe. The solution was then allowed to warm to room temperature, after which a color change
from dark brown to bright yellow was observed. The volatiles were removed in vacuo. The crude
product was extracted with 3 x 2 mL of pentane and dried in vacuo to give 1-CH3 as a yellow
powder. Yield: 68.3 mg, 96%. Single crystals suitable for X-ray diffraction were obtained from a
concentrated toluene solution layered with hexamethyldisiloxane at -35 °C.



'"H NMR (500 MHz, CsDs): 1.57 (br, 4H), 0.58 (br, 4H), -15.96 (br, 1H). No other signals were
observed.

et = 1.6(1)us (Evans, C¢De).

IR, neat (cm!): 2952, 2867, 2781, 1456, 1362, 1315, 1236, 1201, 1103, 1064, 1021, 880, 814,
714, 628, 463

UV-vis (pentane (Amax, €)): (352 nm, 7900 M~! cm™); (422 nm shoulder, 2730 M~ cm™).
Elemental Analysis: Found (Calcd) for Ci17H39CoNP2: C, 53.04 (53.96); H, 10.88 (10.39); N, 3.70
(3.70). Despite multiple attempts, we were unable to obtain elemental analysis with closer
agreement.

('rPNP)Co(phenyl) (1-Ph)

A 4 dram vial was charged with (""PNP)Co(C1) (75.0 mg, 0.188 mmol) and 10 mL of THF. The
vial was cooled to -35 °C and PhMgBr (3.0 M in diethyl ether, 63.0 uL, 0.19 mmol) was added via
syringe. The solution was then allowed to warm to room temperature, after which a color change
from dark brown to yellow was observed. The volatiles were removed in vacuo. The product was
extracted with 3 x 2 mL of pentane and dried in vacuo to give 1-Ph as a yellow powder. Yield:
75.2 mg, 91%. Single crystals suitable for X-ray diffraction were obtained from concentrated
pentane at -35 °C.

"H NMR (500 MHz, CsDs): 6.43 (br, 1H), 4.59 (br, 1H), 1.90 (br, 12H), 1.26 (br, 12H), -15.10 (br,
3H), -41.48 (br, 1H). No other signals were observed.

et = 1.7(1)us (Evans, C¢De).

IR, neat (cm™'): 3034, 2952, 2809, 2777, 1560, 1455, 1380, 1313, 1236, 1201, 1103, 1017, 880,
810, 724, 703, 670, 636, 421.

UV-vis (pentane (Amax, €)): (350 nm, 9300 M~! cm™); (445 nm, 3450 M~ cm™).

Elemental Analysis: Found (Calcd) for C22H41CoNP2: C, 59.02 (59.99); H, 9.86 (9.38); N, 3.17
(3.18). Despite multiple attempts, we were unable to obtain elemental analysis with closer
agreement.

(PrPNP)Co(x*-BH4) (1-BHy)

A 25 mL Schlenk flask was charged with (P'PNP)Co(Cl) (60.0 mg, 0.150 mmol), 5 mL of THF,
and a stir bar. A separate Schlenk flask was charged with "BusNBH4 (38.7 mg, 0.150 mmol) and
5 mL of THF. The solution of "BusuNBH4 was added to the cobalt-containing solution via cannula
and an immediate color change from dark brown to emerald green was observed. The solution was
stirred for 30 minutes at room temperature and the volatiles were removed in vacuo. The product
was extracted with 3 x 3 mL of pentane and dried in vacuo to give 1-BHj4 as a green powder. Yield:
52.3 mg, 92%. Single crystals suitable for X-ray diffraction were obtained from concentrated
pentane at -35 °C.

'H NMR (500 MHz, CsDs): 0.73 (br, 12H), -1.41 (br, 12H), -11.08 (br, 1H), -20.31 (br, 1H). No
other signals were observed.

peft = 1.7(1)us (Evans, CeDe).

IR, neat (cm™!): 2953, 2867, 2794 , 2367 (vBH, ), 2294 (vBh, s), 1937 (vaw, br), 1862 (vBH, br),
1456, 1382, 1158, 1026, 879, 718, 634, 494, 465.

UV-vis (pentane (Amax, €)): (345 nm, 4350 M! cm™!); (423 nm, 1530 M' cm™).

Elemental Analysis: Found (Calcd) for CisH40BCoNP2: C, 50.93 (50.81); H, 10.41 (10.66); N,
3.79 (3.70).
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(rPNP)Co(CO) (1-CO)

A J. Young NMR tube (2.5 mL total volume) was charged with ("'PNP)Co(N2) (30.0 mg, 0.0767
mmol) and CsDs (0.450 mL). On a Schlenk line, the solution was frozen and the N> atmosphere
replaced with CO (2.05 mL, 0.0915 mmol, 1.2 equiv). The tube was sealed and the solution
thawed, resulting in a slight color change to dark red. 'H and *'P {'H} NMR spectra were recorded
after 10 minutes to confirm consumption of the starting material and formation of the product as
reported.!'!4 The solvent was removed in vacuo and the product extracted with pentane and dried
to give 1-CO as a dark red powder. Yield: 26.0 mg, 87%. Samples of (""PNP)Co(N2) should not
be subjected to multiple cycles of freeze-pump-thaw due to instability under vacuum. Addition of
a significant excess of CO results in the formation of undesired byproducts, which are insoluble in
pentane and can therefore be separated from the desired product if formed.

('"PNP)Co(2,6-xylyl isonitrile) (I-CNxyl)

A 25 mL Schlenk flask was charged with (""PNP)Co(N2) (20.5 mg, 0.0523 mmol), 2,6-xylyl
isonitrile (6.9 mg, 0.052 mmol), and 5 mL of pentane. The solution was stirred for 10 minutes and
the volatiles were removed in vacuo to give 1-CNxyl as a red/brown residue. The product was
recrystallized from concentrated pentane at -35 °C. Yield: 21.9 mg, 84%. Single crystals suitable
for X-ray diffraction were obtained from concentrated pentane at -35 °C.

"H NMR (400 MHz, CsD¢): 6.90 (d, 2H, CHar, J = 7.4 Hz), 6.82 (m, 1H, CHar), 3.31 (m, 4H,
CH>), 2.50 (s, 6H, Ca:CH3), 2.17 (m, 4H, CH>), 1.90 (m, 4H, CH), 1.34 (apparent q, 12H, CH3, J
=7.3 Hz), 1.17 (apparent q, 12H, CH3, ] = 6.7 Hz).

BC{H} NMR (151 MHz, CsDs): 134.7, 132.6, 128.6, 123.0, 60.8, 25.6 (t,J = 11.0 Hz), 24.8, 20.1
(t,J=28.0 Hz), 19.5 (t,J = 2.6 Hz), 18.2, Isonitrile carbon not observed.

3IP{'H} NMR (202 MHz, C¢Ds): 97.5 (br).

IR, neat (cm™'): 2950, 2787, 1861 (vcn, s), 1590, 1460, 1203, 1064, 634.

UV-vis (pentane (Amax, €)): (290 nm, 18900 M! em™); (430 nm, 4900 M ! cm ™).

Elemental Analysis: Found (Calcd) for C2sHasCoN2P2: C, 60.44 (60.72); H, 9.18 (9.17); N, 5.63
(5.66).

Appendix A. Supplementary data

CCDC 1963120-1963123 contains the supplementary crystallographic data for 1-CH3s, 1-BH4, 1-
Ph, and 1-CNxyl. These data can be obtained free of charge via https://www.ccdc.cam.ac.uk/, or
from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;
fax: (+44) 1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.

Additional information about selected experiments and NMR spectra is available on the internet.
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