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This paper introduces a sterically encumbered, strong-field tris(diisopropylphosphino)borate ligand, [PhBPP73]
([PhBP73] = [PhB(CH,P'Pr,)3]7), to probe aspects of its conformational and electronic characteristics within a host
of complexes. To this end, the TI(I) complex, [PhBP™3]TI (1), was synthesized and characterized in the solid-state
by X-ray diffraction analysis. This precursor proves to be an effective transmetallating agent, as evidenced by its
reaction with the divalent halides FeCl, and CoX, (X = Cl, ) to produce the monomeric, 4-coordinate, high-spin
derivatives [PhBPP5]FeCl (2) and [PhBPP5]CoX (X = Cl (3), | (4)) in good yield. Complexes 2—4 were each
characterized by X-ray diffraction analysis and shown to be monomeric in the solid-state. For conformational and
electronic comparison within a system exhibiting higher than 4-coordination, the 16-electron ruthenium complexes
{[PhBPP3]Ru(u-Ch}» (5) and {[PhBP3]Ru(-Cl)} » (6) were prepared and characterized ([PhBPs] = [PhB(CH;PPhy)s] ).
The chloride complexes 2 and 3 reacted with excess CO to afford the divalent, monocarbonyl adducts [PhBP™"3]-
FeCl(CO) (7) and [PhBPP™35]CoCI(CO) (8), respectively. Reaction of 4 with excess CO resulted in the monovalent,
dicarbonyl product [PhBP™'5]Co'(CO), (9). Complexes 5 and 6 also bound CO readily, providing the octahedral,
18-electron complexes [PhBPP'3]RuUCI(CO), (10) and [PhBP;3]RUCI(CO), (11), respectively. Dimers 5 and 6 were
broken up by reaction with trimethylphosphine to produce the mono-PMe; adducts [PhBP;]RuCI(PMe3) (12) and
[PhBP3]RUCI(PMe3) (13). Stoichiometric oxidation of 3 with dioxygen provided the 4-electron oxidation product
[PhB(CH,P(Q)Pr,),(CH,PPr,)]CoCl (14), while exposure of 3 to excess oxygen results in the 6-electron oxidation
product [PhB(CH,P(O)Pr,)s]CoCl (15). Complexes 2 and 4 were characterized via cyclic voltammetry to compare
their redox behavior to their [PhBP3] analogues. Complex 4 was also studied by SQUID magnetization and EPR
spectroscopy to confirm its high-spin assignment, providing an interesting contrast to its previously described low-
spin relative, [PhBPs]Col. The difference in spin states observed for these two systems reflects the conformational
rigidity of the [PhBP™"3] ligand by comparison to [PhBPs], leaving the former less able to accommodate a JT-
distorted electronic ground state.

I. Introduction this is a very well-studied area in coordination chemistry,

An area of ongoing interest to our group concerns the our particular interest concerns developing new, strong donor

systematic preparation of pseudotetrahedral complexes that
feature mid-to-late 3d ions (Mn, Fe, Co, Ni, Ct)While
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Strong-Field Tripodal Phosphine Donor

L platforms that enable binding of-acidic ligands (e.g.,
N,, CO, NO") and also stronglyz-basic ligands (e.g., O,
NR?~, N®7) in a fourth coordination site (i.e. sM—X where
Xis am-acid orzr-base). While later 3d systems that fulfill
the first requirement are commétd-+5Sthose that fulfill the
latter requirement are rafeThe historical incompatibility
of pseudotetrahedral, later 3d ions with stronghbasic
ligands can be attributed to the high-spin ground state
configurations that dominate this region of the periodic table.
Complexes with strongly destabilized d-orbitals containing
unpaired electrons are expected to be very reactive.
Recently, our group has shown that by using strong L
donor ligands with a borate unit embedded within the
backbone of the ligand, 3d ions of the typgM=E are
electronically accessible (& P, M = Fe, Co; E= NR;
d-count= 5, 6)? Moreover, low-spin configurations are
accessible even for’cconfigurations in the absence of the
stronglyz-basic fourth donor ligand (e.qg., low-spin [PhBP
Col where [PhBE = [PhB(CHPPh);]7).! To explore
related systems using more strongly donating tripodal phos-
phine ligands, we set to out to modify the [PhfBRgand
scaffold by substitution of the soft aryl phosphine donors
with harder, more electron-releasing alkyl phosphine donors.
In this context, we now describe the preparation of the
phenyl-tris(diisopropylphosphino)borate anion, [PHBP
([PhBPP3] = [PhB(CH,PPL)3] "), and examine aspects of
its electronic and structural properties in comparison to those
of the parent [PhB# ligand. Studies of this type should help
us to better understand the electronic origin behind the

Scheme 1. Preparation and Solid-State Structure of [PRBF (1)2
. 'BuLi (solid) 1. TMEDA, Et,0
'Pr,PMe ————— > IPryPCH,Li >
neat 2. PhBCly, -78 °C
65 °C

3. TIPFg, -LiPFg

- colorless crystals
- 58% isolated yield

&

aDisplacement ellipsoid (50%) representation of [PRBH (1) viewed
down the THB axis. Hydrogen atoms and borate phenyl ring have been
omitted for clarity. Selected bond distances (A) and angles (deg}PT)
2.901(1); THP2, 2.921(1); T+P3, 2.894(1); T+B, 4.221(3); P+ TI-P2,
75.25(2); PETI—P3, 76.60(2); P2TI-P3, 77.72(2).

[PhBPP3][LI(TMEDA) . Owing to the synthetic utility we
have experienced with the thallium reagent [PHBR!
[PhBPP3][Li(TMEDA) ] was directly converted to [PhBR]-

[TN] (1) by in situ addition of TIPE (58% overall yield 3*P
NMR ¢ 45.8 ppm,1J203 1—-p = 5865 HZ,lJzos T—-p = 5913
Hz). Complexl proved highly unstable to protic solvents,
including water and ethanol, and also to oxidation by oxygen.
These properties contrast those of its parent complex, [(fhBP
TI, which can be isolated from aqueous media under an
atmosphere of air without appreciable degradatfon.

X-ray analysis confirmed ac3-binding mode for the

unusual ground state configurations we have observed inPhosphine ligand to a single thallium(l) ion, similar to that
these [PhBR systems thus far and will provide the impetus  ©f the [PhBR] derivative. One noteworthy structural differ-
to exploit these new scaffolds in small molecule activation €Nnce is thatl is rigorously monomeric in the solid-state,

chemistry.

Il. Results

lla. Synthesis and Characterization of [PhBF™3][TI].
Following effective methodology for the preparation of a
host of di- and tripodal borate liganéis® we sought delivery
of a suitable phosphine carbanion to PhB@ur attention
focused on the selective deprotonation'®f,PMe using
conditions similar to those reported by Karsch for lithiating
‘Bu,PMe? The desired lithio reagentPrLPCHLi, was
obtained readily by deprotonation with sol®luLi (65 °C,
12 h, 96% yield, Scheme 1). Addition of stoichiometric
TMEDA (TMEDA = tetraethylmethylenediamine) to an
ethereal suspension #f,PCH.Li aided its partial dissolution
and facilitated its subsequent delivery to PhBtol provide
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(5) Kisko, J. L.; Hascall, T.; Parkin, GI. Am. Chem. Sod 998 120,
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while [PhBRJ][TI] exhibits weak THTI interactions in the
solid-statet® The isopropyl substituents dfform a vertical
fence around the thallium(l) center. The methyne protons
are arranged such that each bisects the methyl groups of an
adjacent isopropy! group. This interlocked pattern tightly
gears the isopropyls in a fanlike fashion that makes complex
1 chiral (Scheme 1).

llb. Synthesis of [PhBPP3]M(X) and [PhBP "' s]M(X)(L)
Complexes (M= Fe, Co, Ru).Our present interest in the
chemistry of 1 pertains to its utility in delivering the
[PhBPP73] anion to transition metals. The data presented here
detail a number of iron, cobalt, and ruthenium complexes
that collectively provide the context from which to compare
steric and electronic properties between [PRBPand
[PhBR].

Complex 1 underwent loss of TIX upon reaction with
either FeCJ or CoX; (X = CI, I) in THF solution to afford
the well-defined complexes [PhBR]FeClI (2), [PhBP?"3)-
CoCl @), and [PhBFF"5]Col (4) (Scheme 2). Chlorid2 was
precipitated from benzene by slow evaporation as canary-
yellow crystals that were suitable for X-ray analysis (Figure
1). Crystals were similarly obtained for aqua-colored chloride
3 and lime-green iodidd. X-ray analysis revealed that 3,
and4 are monomeric, pseudotetrahedral species in the solid-
state (Figure 1). A detailed discussion of these crystal
structures is reserved for the Discussion subsections IlIb,c.
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Figure 1. Displacement ellipsoid (50%) representation of (a) [PRBJFeCI (2), (b) [PhBP3]CoCl (3), and (c) [PhBF3]Col (4). Hydrogen atoms have
been removed for clarity. Selected bond distances (A) and angles (de§), Fe—P1 2.415(1), FeP2 2.431(1), FeP3 2.428(1), FeCl 2.220(1), Fe-B
3.501(3); P+Fe—P2 93.24(3), PAFe—P3 94.10(3), P2Fe—P3 94.49(3), CtFe—P1 122.12(3), CtFe—-P2 122.62(4), CtFe—P3 122.52(3). F08: Co—
P1 2.334(2), CeP2 2.332(1), CeP3 2.330(2), CeCl 2.196(3), Ce-B 3.363(4); P+-Co—P2 97.88(3), PACo—P3 96.52(3), P2Co—P3 98.19(3), Gt
Co—P1 121.40(3), GCo—P2 119.53(3), GFCo—P3 118.25(3). Fo#: Co—P1 2.334(2), Ce P2 2.321(2), CeP3 2.385(2), Cel 2.540(1), Co-B 3.365(3);
P1-Co—P2 97.84(6), PXCo—P3 97.55(6), P2Co—P3 97.32(6), + Co—P1 119.53(5), +Co—P2 118.27(5), +Co—P3 121.29(5).

(b)

Figure 2. Displacement ellipsoid (50%) representation for{{ghBRs]Ru(u-Cl)}» (6) and (b) [PhBE|RuCI(PMes) (13). Hydrogen atoms are omitted for
clarity. Selected bond distances (A) and angles (deg)6foRu—Cl 2.448(1), Ru-ClI' 2.457(1), Ra-P1 2.295(1), Re-P2 2.221(1), Ru-P3 2.271(2),
P1-Ru—P2 90.40(2), P*Ru—P3 86.37(2), P2Ru—P3 86.92(2). Foid3: Ru—Cl 2.427(1), Ru-P1 2.225(1), RuP2 2.252(2), RuP3 2.400(1), RuP4
2.381(1), P+Ru—P2 89.90(4), PRu—P3 87.86(4), P2ZRu—P3 85.93(4).

Scheme 2

FeCl, [PhBPiPr3]FeC| LCO> [PhBPiPr3]FeC|(CO)
) ™

[PhBPPT5]CoCl —XC0 _  [PhBPPCoCI(CO)
‘ 3 8
[PhBPPT][TI] ®) ®)
M [PhBPP"3]Col —XSC0 . [PhBPPrICO(CO,
(4) (9)
RUCL(PPRS)s | (1pngpPrRu(uCll; — o [PhBPPTIRUCI(CO),
(5) (10)

Reaction ofL with RUCL(PPh); produced the rust-colored, electron products are more typically obtained (ef{de-
16-electron dimef[PhBP"3]Ru(u-Cl)} 2 (5) (Scheme 2). Its  (CH,PPh)sRU} 2(1-Cl)3?", [Tp'IRUCI(PRy)2).
[PhBR;] analogue{[PhBR;JRu(u-Cl)}, (6), was similarly llc. Magnetic Characterization of [PhBPP"3JMX Com-
prepared by reaction of [PhBJFl with RuCl,(PPh)s. The plexes (M = Fe, Co). The complexes [PhBffFeCl?®
solid-state structure of compleékwas obtained (Figure 2)  {[PhBR]Co(u-Cl)},,'2and [PhBR]|Col* have been described
and shows two 5-coordinate Ru(ll) centers in an ap-
proximately square-pyramidal configuration. It is interesting (11) Another case of an isolated, coordinatively unsaturated ruthenium
to note that related 16-electron dimers are not known for ggfggfy{ﬁf;;‘;;ggligaﬁg”f‘g'{ﬁrgg‘:;r’}”ggfgigﬁrg};'nsﬁniggi%g’n"py"
isosteric triphos (Me(ChHPPh)3) systems, nor for tris- occupying the sixth coordination site on Ru: (a) Takahashi, Y.;

11 _ Hikichi, S.; Akita, M.; Moro-oka, Y.Organometallics1999 18, 2571.
(pyra20|y|)borate anaIOQUég' In these latter cases, 18 Related transiently stable species that feature agostic interactions have

been studied: (b) Trimmel, G.; Slugovc, C.; Wiede, P.; Mereiter, K.;

(10) (a) Rhodes, L. F.; Sorato, C.; Venanzi, L. M.; Bachechi|rérg. Sapunov, V. N.; Schmid, R.; Kirchner, Knorg. Chem 1997, 36,
Chem.1988 27, 604. (b) Rhodes, L. F.; Venanzi, L. M.; Sorato, C.; 1076. (c) Tenorio, M. A. J.; Tenorio, M. J.; Puerta, M. C.; Valerga,
Albinati, A. Inorg. Chem.1986 25, 3335. P.J. Chem. Soc., Dalton Tran$998 3601.
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Figure 4. EPR spectrum of in glassy toluene (4 K, X-band, 9.62 GHz).

elsewhere. [PhBffFeCl is pseudotetrahedral with &+ 2
ground state configuration. Likewise, [PhBRFeCl (2) is
high-spin (5.23ug, Evans method in benzene). The compara-
tive magnetic data for the cobalt systems are more puzzling.
In benzene solution, both [PhBEoCl and [PhBE|Col are
pseudotetrahedral and low-spit$ & /). Whereas the
chloride dimerizes in the solid-state, [PhPBol remains
monomeric and low-spit? By contrast,3 and 4 are both
monomeric in the solid-state. Moreover, they are each high-
spin, both in benzene solution and in the solid-state. A
susceptibility determination using the Evans method provided
values of 4.12 and 4.02;g for complexes3 and 4,
respectively. To confirm its high-spin character at low
temperatured4 was also characterized by SQUID magne-
tometry from 5 to 300 K. As can be seen from Figure 8a,

120 mT), characteristic of a high-spin Co(ll) syst&m.
Another signal is present in the regign~ 2.2 H = 320
mT) that features apparent hyperfine coupling due to the Co
(S="71,), and possibly the PS= %/,) nuclei**As expected
for an S= 3/, Co(ll) systemi#1°no signal was observed at
ambient temperature. By contrast, the glassy toluene EPR
spectrum of doublet [PhBRCol did not feature a signal in
the regiong ~ 4.8 and afforded an isotropic signal in the
regiong ~ 2.0 even at 22C.12The characteristic high-spin
signal atg ~ 4.8 appeared only when [PhERol was
oxidized to [PhB(CHPPR)(CH,P(O)Ph),]Col, a rigorously
high-spin product?

Ild. Electrochemical Comparisons between [PhBPF"3]-
MX and [PhBP3]MX (M = Fe, Co).To assess the relative
electron-releasing character of the [PlfBPand [PhBR]
anions, we examined the cyclic voltammetry of the respective
Fe(ll) chloride and Co(ll) iodide complexes. The cyclic
voltammograms for [PhBP;]FeCl and [PhBEFeCl are
presented in Figure 5, labeled a and b, respectively. The
parent complex, [PhBffFeCl, shows a fully reversible Fe
couple at—1.23 V versus a Ag/AgN®electrode (Figure
5). The F&" couple at—1.55 V for [PhBF"5]FeCl (Figure
5a) appears to be only quasireversible (50 mV/s), suggesting
that some degradation or reaction of the anigPHBP""3} -
FeClI™ occurs on this time scale. The striking 322 mV shift
observed for the P& couple of2 by comparison to that of
[PhBRJFeCl speaks to the marked increase in electron-
releasing character that occurs when six isopropyl groups
replace six phenyl groups at the phosphine donor positions.

The comparative voltammograms for the compounds
[PhBPP5]Col and [PhBH]Col did not follow a similar trend.
Despite the more electron-releasing nature of the [P#BP

maintains its quartet ground state throughout this temperatureanion by comparison to the [PhEPanion, it was more

range. The Curie Law observed in this temperature range

(indicated byyn vs T, Figure 3b) indicates that tH#& spin
state is the only state that is thermally populated.

The glassy toluene EPR spectrumdofvas also collected
at 4 K, shown in Figure 4, for comparison with the spectrum
previously reported for [PhBfCol.*2 The spectrum fo#
shows a strong, signature signal in the regjor 4.8 H =

(12) See ref 1a and references therein.

(13) Sealy, R.; Hyde, J. S.; Antholine, W. Hodern Physical Methods in
Biochemistry Neuberger, A., Van Deenen, L. L. M., Eds.; Elsevier:
New York, 1985; p 69.

(14) Stelzer, O.; Sheldrick, W. S.; Subramanian].JChem. Soc., Dalton
Trans.1976 966.

(15) (a) Pilbrow, J. RTransition lon Electron Paramagnetic Resonance
Clarendon Press: Oxford, 1990. (b) Aasa, R.nN@ard, T.J. Magn.
Reson.1975 19, 308.
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a similar fashion upon exposure to excess carbon monoxide
@ to produce [PhBE:JCOCI(CO) @) (uer = 2.24uz) (Scheme
2). While the structures of and8 were not determined, we

presume each to be approximately trigonal bipyramidal, with
the chloride ligand coordinated in an equatorial position and
the CO bound axially, as is found for the structurally

b

®) characterized complex [PhBEoBr(CO)!’ lodide 4 under-
went rapid reduction on CO exposure to generate the
monovalent dicarbonyl complex [PhBB]Co(CO), (9).

The ruthenium dimers and6 were broken up on exposure
to carbon monoxide to form the octahedral, dicarbonyl
; ; . adducts [PhBP3]RUCI(CO) (10) and [PhBRJRUCI(CO)
600  -800  -1000  -1200  -1400  -1600  -1800  -2000 (12, respectively. Bottb and6 were also broken up when

Potential (mV) vs. Ag/AgNO; heated in the presence of trimethylphosphine to provide the
Figure 5. Cyclic voltammetry of (a) [PhBE3FeCl (2) and (b) [PhBR}- monophosphine adducts [PhBRRuCI(PMe) (12 and
FeCl in 0.4 M [TBA][PR]/THF, scan rate= 50 mV/s, V vs Ag/AgNQ. [PhBR]RUCI(PMe) (13), respectively. The latter complex,

13, was examined crystallographically and shown to be

(a) approximately trigonal-bipyramidal. Its chloride ligand oc-
cupies an axial position, and the PMé&and occupies an
equatorial site (Figure 2). It is again underscored that
analogous 5-coordinate, 16-electron complexes of ruthenium
supported by tris(pyrazolyl)borate ligands are not known,
even for cases where sterically encumbering derivatives of
the ligand have been employé&d.

(b) Exposure of3 in solution or in the solid-state to stoichio-
metric dioxygen led to the rapid, 4-electron oxidation3of
to produce [PhB(CkEP(O)Pr,),(CH,PPr)]CoCl (14). Reac-
tion of 3 with excess dioxygen produced a 6-electron

1000 500 0 500 1000 1500 2000 oxidation product, the tris(phosphineoxide) complex [PhB-
(CH,P(O)Pr,)s]CoClI (15). The 4-electron oxidation product
Potential (mV) vs. Ag/AgNO; 14 is reminiscent of the only observed oxidation products
Figure 6. Cyclic voltammetry of (a) [PhB®3]Col (4) and (b) [PhBH]- when [PhBRB]CoX complexes are exposed to excess oxygen.
Colin 0.4 M [TBA]J[PF|/THF, scan rate= 50 mV/s, V vs Ag/AGNQ. The 6-electron oxidation product5 is unique to the
[PhBPP1;] systemt218Both complexed4 and15 have been

characterized by X-ray analysis, and their solid-state struc-
tures are shown in Figure 7. While we have yet to pursue

i o the chemistry of [PhB(CHP(O)Ry)3] ~ ligands systematically,
fCOI Waﬁ obserlved a%SGT me(F|gur§ ? Ox@anon v_\gTves it should be possible to realize their preparation, and that of
g;)eac\:// co_mpt;ax werz 2:23% se\l;v f " dqgajlre\;]erg € WaVeineir sulfur analogues [PhB(GR(S)R)s] ~, independently®
(50 mV7s) IS observed mV fori0dides, Whereas a g gqjig-state structure @b suggests that these latter ligand
fully reversible wave is observed at lower potentiald@

mV) for [PhBR;]JCol. We assign each of these waves to a classes may well be worthy of pursuit.
Co'"" redox process. It is quite striking that it is so much |||. Discussion

easier to oxidize the presumably less electron-rich iodide
complex: a difference of nearly 0.5 V! Clearly, the relative

potentials for the Ct" and the C#' redox couples in these i _ )
two complexes were unanticipated at the outset, and the@" additional platform by which to compare the relative

difference likely arises from their distinct electronic ground educing nature of the [PhBR] and [PhBR] anions. The
states. difference in CO stretching frequencies of 26 ¢rhetween

[PhBR;]Co(CO)(CI)¢ and8 (see entries 3 and 2 in Table 1,
respectively) underscores the stronger electron-releasing
character of the [PhBm;] anion by comparison to its [PhBP

difficult to reduce [PhBE|Col than [PhBF5]Col (4) by one
electron. A reversible C6 couple was observed for [PhgP
Col at—965 mV, and a reversible ®bcouple for [PhBP"3]-

llla. Relative Electron-Releasing Character of [PhB-
PPr3]. The formation of the carbonyl specigés 11 provides

lle. Reactivity toward CO, O,, and PMe;. Exposure of
the iron chloride2 to excess carbon monoxide resulted in
the rapid formation of a 5-coordinate, diamagnetic mono-
carbonyl adduct, [PhBPs]FeCI(CO) () (Scheme 2). The

(17) A series of thoroughly characterized, 5-coordinate [PHB®&(II)

5-coordinate nature of is noteworthy given that exposure complexes, including [PhBfCoBr(CO), has been prepared and will
of its [PhBR] congener produces the octahedral, dicarbonyl be reported in due course. Synthetic and characterization data for
adduct [PhBE]FeCI(CO)g 16 The cobalt chloride reacted in [lPhBF!;]CoBr(CO) were reported in the Supporting Information of ref
’ a.
(18) Oxygenation of related (triphos)&o complexes did not produce
(16) Preparation and spectroscopic information included in the Supporting similarly isolable species. See: Hienze, K.; Huttner, G.; Zsolnai, L.
Information. Chem. Ber1997 130, 1393.
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Figure 7. Displacement ellipsoid (50%) representation of (a) [PhBei®)Pr,)2(CHzPPr)]CoCl (14) and (b) [PhB(CHP(O)Pr,)s]CoCl (15). The hydrogen
atoms of each complex have been omitted for clarity. Selected bond distances (&%; f6o—Cl 2.223(1), Ce-O1 1.955(2), Ce-02 1.965(1), Ce-P3
2.410(4). Forl5: Co—Cl 2.223(1), Ce-O1 1.955(2), Co-02 1.965(1), Co-03 1.739(2).

Table 1. Carbonyl Stretching Frequencies faf{)Co(CO) and infrared data to the relative electron-releasing character of a
(<*L)RUCI(COp set of ligands. Infrared data for the cationic triphos complexes
entry complex veo (cm™?) ref [(triphos)Co(COj][PFs]?? and [(triphos)RUCI(CQ)[PF¢]
1 [PhBPP73]FeCI(CO) 2020 are presented to highlight the large difference 1igo,
2 %E’Egg]”é]ggl%gs) ggég between these cations and their neutral congeners, fhBP
1 [PhBFP5]CO(COY 1990, 1904 Co(CO) and [PhBB]RuCI(CO)Z (triphos = CH3C(CH2-.
5 [PhBR]Co(CO) 2008, 1932 2 PPh);). Related infrared model data for bidentate (amino)-
6 (Cpx)Co(CO} 2011, 1949 21 and (phosphine)borate systems have been catalogued else-
7 [Tp3-P—5Me|Co(CO) 2016, 1939 19 here?d
8 (Cp)Co(CO) 2033, 1972 20 where:
9 [(trighOS)CO(COA][PFe] 2030, 1972 22 IlIb. Conformational Considerations. Of obvious con-
1(1) ESEB);E]CFL&%?&O)Z %8421? iggg 25 cern is to consider the rel_ative s_teric influences exerted by
12 (Cp)RUCI(CO) 2059, 2008 26 the [PhBR] and the [PhBIP;] anions. [PhBP;]FeCl (2)
ﬁ [$hBRB]CR|uggCO)z gg??, Sgﬁ »7 and [PhBRJFeCl afford an excellent and unambiguous
15 E(tﬁa)hlés)f?uc)i(COﬂ[PFe] 2076, 2043 23 oppolrtunity to consider stericAand. conformational charac-
. X . ] . teristics of the [PhBR and [PhBP;3] ligands, as they feature
KBr.Benzene/KBr. Cyclohexane/KBr¢ Toluene/KBr.? CH,Cly/KBr. ¢ THF/ the same divalent first row ion in a common electronic

configuration. Inspection of the structure of [PHBfFeCl
(2) reveals that its FeP bond distances are remarkably

relative. A similar trend is observed between dicarbddyl “)
similar to those of the reported [PhEPeCl complex®

and previously reported [PhBJEo(CO), (see entries 4 and
5). These latter two complexes provide for an interesting (Complex2, Fe-P12.415(1), FeP2 2.431(1), FeP3 2.428-

comparison to other facially capping ligands. The infrared (1) A; [PhBR]FeCI, Fe-P1 2.419(1), FeP2 2.435(1), Fe
data for the related complexes PF™—5MCo(COY,'° CpCo- P3 2.426(1) A). Comparison of the-e—P and the Ct
(COY,2° and Cp*Co(COY* are also recorded in Table 1 Fe-P pond angles between the two iron complegeg, however,
([Tp®P~5Me] = hydrotris(3-isopropyl-5-methylpyrazolyl)- estab.hsheQ to be appreuably more ;ymmetrlc in nature
borate). Most noteworthy is that dicarbor§/lexhibits the ~ than its [PhBR] analogue. This detail is most obvious by
lowest carbonyl stretching frequencies of the series, surpassinSPection of the respective €Fe—P bond angles. Whereas
ing even that of the Cp* derivative. It is apparent that for 2 the three CiFe—P bond angles are effectively
[PhBPP4] is a highly electron-releasing ligand. equivalent (122.12(3) 122.62(4), and 122.52(3), foor

We examined the octahedral carbonyl complexes provided[PhB%]FeCI one of these angles (110.60(G}s ca. 20.
by the Ru(ll) scaffold (entries 1015, Table 1). Like the smaller than th_e other_two (129.5_5‘(43)nd 129'59(4))' Itis
cobalt series, there is a strong reduction in the carbonyl perhaps mqst Instructive to con5|de.r.space-f|ll|ng m.odels .Of
stretching frequency on moving from [PhBRuCI(COY each of the iron complexes. Space-filling representations with

(11) to [PhBPJJRUCICO). (10) (entries 13and 11in Table /S d8°WT”hthe respectve eFPeh“B axes are Slho""g in
1, respectively). The more noteworthy distinction in this igure 8. The aryl groups in [PhBJFeCl are splayed in

series is that the Cp* system features CO vibrations that arevagogts d::tectlcr)ns abcr)ut ithsl F@kccjvrea ':c\r/v?nof[;henﬁ)hlenyll ,
in fact lowest in energy, emphasizing the need to define g SUPStitUents are appreciably skewed 1o € molecule’s

specific geometric model system when trying to correlate

(22) Dapporto, P.; Midollini, S.; Sacconi, Inorg. Chem1975 14, 1643.
(23) Siegl, W. O.; Lapporte, S. J.; Collman, J.Iforg. Chem.1973 12,

(19) Detrich, J. L.; Reinaud, O. M.; Rheingold, A. L.; Theopold, K.H. 674.

Am. Chem. Sod 995 117, 11745. (24) For example, see refs 7b,c. Also see: (a) Thomas, J. C.; Peters, J. C.
(20) King, R. B.; Bisnette, M. BJ. Organomet. Chenl967, 8, 287. J. Am. Chem. Sacin press. (b) Betley, T. A.; Peters, J. Bngew.
(21) King, R. B.; Bisnette, M. BJ. Organomet. Chenl973 56, 345. Chem., Int. Ed2003 42, 2385.
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™ previously suggested that the unusual low-spin configuration
of [PhBR;]Col arises from its strong donor strength, coupled
with a pronounced axial distortion along the -€lobond
vector away from tetrahedral bond anglesThe axial
distortion in [PhBR]Col affords average PCo—P angles

that approach 90 These angles serve to minimize antibond-
ing overlap between the donor orbitals of the phosphines,
and the central torus lobe of @dype orbital at the cobalt
center (note: the-axis is placed along the Cd vector;

see Figure 10). These factors are consequences of the ligand-

vertical axis, while the larger isopropy! units 2fmaintain ~ field and geometric constraints dictated by the [P{BP
a rigid, parallel orientation to the FeCl axis. The isopropyl  ligand. The donor strength provided by [PHB# should
groups of 2 are far more tightly packed and closely be even stronger than for [P_haPas suggested from the
interlocked to apparently minimize energetically unfavorable carbonyl model complexes discussed above, and from the
steric interactions. The two space-filling models persuasively €lectrochemical data described for the iron complexes
suggest that the [PhB®] ligand is conformationally much ~ [PhBP”3]FeCl (2) and [PhBEJFeCl. It was to be expected
more rigid than its [PhB# analogue. While this conclusion ~ that the monomeric [PhBP]CoX halides3 and 4 would
should perhaps be regarded as intuitively obvious, its €xhibit low-spin configurations by analogy to their mono-
emphasis is important with respect to the explanation we meric [PhBREJCoX cousins. This turns out not to be the case.
provide for the distinctly different spin states observed for The [PhBF5JCoX complexes are rigorously high-spin,
the divalent cobalt halides of each ligand type. presenting somewhat of a paradox that we think can be
lllc. Consideration of the Different Spin States Ob- explained by considering the ability of the two tripodal ligand
served for [PhBPs]Col and [PhBP";]Col. We have sets to geometrically accommodate a Jamhaller distortion.

(A) B) (©)

) —

-
Figure 8. Space-filling models of (a) [PhBFFeCl and (b) [PhBP3]FeCl
(2) generated from X-ray crystal structures.

2.2002) A o 2.206(2) A

750 P1 ) P2
J .- P2 P3

P1 .~ P3 P3 .
2.282(2) A 2.385(2) A

f_%
1-Co-P1=118° P1-Co-P2 = 90.3° Cl-Co-P1 =121° P1-Co-P2 = 97.9° 1-Co-P1 = 120° P1-Co-P2 = 97.8°
1-Co-P2 = 129° P1-Co-P3 = 94.5° CIl-Co-P2 = 120° P1-Co-P3 = 96.5° 1-Co-P2 =118° P1-Co-P3 = 97.6°
1-Co-P3 = 124° P2-Co-P3 =91.9° CI-Co-P3 = 118° P2-Co-P3 = 98.2° I-Co-P3 = 121° P2-Co-P3 = 97.3°

Figure 9. Structural representations of the immediate coordination sphere of (A) BRB8FP(B) [PhBPP3]CoCl (3), and (C) [PhBF3]Col (4) to aid the
discussion presented in section IlIb,c.

e | . ——
'L PP g sl X PN p—
X = =~=a _LH“‘-%.
aj+te =zIIl00 .
aq “~oL 'O
o /
P 2
ALAL .
___________________________ a
. . X
X axial distortion | JT-distortion |
Cl /CO-.,,L CO‘L
- °§"L @ approaches 90° N\ L/ \
L Tk L
0 0 ~ 90°

Figure 10. Qualitative orbital correlation diagram that illustrates the origin and nature of the JT-distortion observed in the solid-state structure]ef [PhBP
Col, but not in the structures of [PhBR]CoCl (3) and [PhBF"5]Col (4).
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To aid consideration of the following arguments, the core might also contribute, such as a decreaseatidity in the

atoms of the previously reported structure of [PhE®I [PhBP™3] ligand versus the [PhBP ligand, but a steric
are shown alongside those ®&fand4 in Figure 9. explanation seems most plausible. In the absence of steric
The high, nearly ideal 3-fold symmetry of [PhBECoCl consequences, we would have expected the high-lying pair

(3) is consistent with its high-spin electronic configuration. of orbitals that arex* in character with respect to the
The structure reveals three virtually equivalent-Gobond phosphine donors to be more strongly destabilized in the
lengths (Ce-P1 2.334(2), CeP2 2.332(1), CeP3 2.330- [PhBPP3]CoX system, which would render it even more
(2) A). Its three X-Co—P angles (average €ECo—P = likely to accommodate a low-spin ground state. The differ-
119.7) and its three PCo—P angles (average 97.5) also ence in energy between the high- and low-spin ground states
display very little variance. The same may in general be said in these pseudotetrahedral systems is presumably small

of high-spin [PhBP"3]Col (4). While in the latter complex  (i.e., between ca. 100 and 1000 ¢ This is a reasonable
there is a slightly more notable spread in the-®hbond supposition, especially given that the low-spin [PEERX
distances (CeP1 2.334(2), CeP2 2.321(2), CeP3 2.385- complexes are unique with respect to their doublet configu-
(2) A), once again the variance in its three-€o—P and rations, and that structurally related high-spin systems are
P—Co—P bond angles is trivial, and the average of each is also accessible. Theopold and Doren have provided support
analogous to that for the chloride (averageCo—P = to these assertions by theoretically examining a [Tp]Col
119.7; P—Co—P = 97.6). The variance in these angles and model system that, while having an experimentally observed
in the Co-P bond lengths observed for the parent iodide, high-spin state, is theoretically predicted to have a low-spin
[PhBR]Col, is much more striking. The average of its state that is very close in enerfjifhe consequence of these
P—Co—P angles (929 is on average Ssmaller than for collective assertions is that it should be possible to prepare

the high-spin systems, and a large variation in th€b—P pseudotetrahedral cobalt(ll) species that exhibit spin-
bond angles (118 129, and 124) is also observed. The crossover. Efforts to elucidate such a species are now under
smaller average PCo—P angle observed in [PhBJol way.

likely reflects its ability to accommodate the low-spin _ _
configuration. The closer these angles are t @t smaller ~ Experimental Section

the overlap of the phosp_hme donor ligands with the central All manipulations were carried out using standard Schlenk or
torus of the 3¢ type_orbltal The doublet ground state of glovebox techniques under a dinitrogen atmosphere. Unless oth-
[PhBR]Col also requires that it accommodate a Jalsller erwise noted, solvents were deoxygenated and dried by thorough
d|St0rt|0n. Th|S IS reﬂeCted In its asymmetnc SO“d'State Sparging with N gas followed by passage through an activated
structure. Two short (P1 and P2) and one elongated (P3)alumina column. Nonhalogenated solvents were typically tested with
Co—P bonds manifest a gentle distortion akin to an e- a standard purple solution of sodium benzophenone ketyl in
vibrational mode under 3-fold symmetry that serves to tetrahydrofuran in order to confirm effective oxygen and moisture
stabilize a cobalt-based orbital that is antibonding with removal. The reagents TIBFCol,, CoCh, FeCb, and'Pr,PCl were
respect to a phosphine donor and that houses a Sing|daur_c_has_ed from commercial vendors and gsed Without_ further
unpaired electron. A lobal representation of this orbital is Purification (metall reagents from Strem Chemicals; phosphine from
shown to the right in Figure 10. The threeCo—P angles Aldrich). The RU precursor RuG[PPh); was synthesized as

of [PhBR]Col also highlight its overall asymmetry. If we described previousl§® PhBChL was purchased from Aldrich and

) . distilled under N prior to use. [PhBETI was prepared as previously
assume that the doublet state of [PRERI is not too far in described? Deuterated solvents were degassed and stored over

energy from its higher lying quartet state, accommodating @ activated 3-A molecular sieves prior to use. Elemental analyses
JT-distortion would seem to require that the [PRBRjand were carried out at Desert Analytics, Tucson, Arizona. NMR spectra
be able to adjust its conformation with little energetic cost. were recorded at ambient temperature on Varian Mercury 300 MHz,
As is suggested from the conformational description of the Joel 400 MHz, and Inova 500 MHz spectrometers, unless otherwise
iron chloride complexes, different conformations of the noted.H and!3C NMR chemical shifts were referenced to residual
[PhBPg] ||gand would seem energetica”y easy to accom- solvent.31P NMR, 11 NMR, and 19 NMR chemical shifts are
modate. reported relative to an external standard of 8549 ®, neat Bh-
Inspection of the structure @freveals it to be distinctly ~ E20O and neat CFGJ respectively. IR spectra were recorded on a
more symmetric in nature. Foremost, the -Gabond is Bio-Rad Excalibur FTS 3000 spectrometer controlled by Win-IR

. . P ft . MS data f | btained by injecti f
noticeably lengthened i (2.540(1) A) from that observed o sottware a'a. for Samp s Were obtainec by Injecion ot a

A . : X hydrocarbon solution into a Hewlett-Packard 1100MSD mass
for [PhBR]Col (2.474 A) due to its expanded high-spin spectrometer (ES or an Agilent 5973 mass selective detector (EI).

radius. The +Co—P bond angles o# are virtually indis- Yy —vis measurements were taken on a Hewlett-Packard 8452A
tinguishable fron8 and, ignoring the PhB-backbone, nearly diode array spectrometer using a quartz crystal cell with a Teflon
an ideal 3-fold axis runs through the €bbond vector of

4, evidenced by its nearly identicaHZo—P bond angles.  (25) Fagan, P. J.; Mahoney, W. S.; Calabrese, J. C.; Williams, 1. D.

ili i Organometallics199Q 9, 1843.
We SuggeSt that the ability of the. [PhgRigand to (26) Brown, D. A.; Lyons, H. J.; Sane, R. Thorg. Chim. Acta197Q 4,
conformationally accommodate a JT-distorted doublet state, 621.

a distortion that would likely be energetically more expensive (27) genorlijo, I{\/I- AT-J-: nggéicgg\él.ll; Puerta, M. C.; ValergaJPChem.
. ir . . 0C., Dalton lrans. .
for the bulkier [PhBllF 3] system, Is the key difference that (28) Hallman, P. S.; Stephenson, T. A.; Wilkinson,I@org. Synth197Q

gives rise to their different spin states. Other differences 12, 237.
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Table 2. X-ray Diffraction Experimental Details for [PhB®]TI (1), [PhBPP3]FeCl (2), [PhBPP3CoCl (3), [PhBPP3]Col (4), {[PhBR]Ru(u-Cl)} 2
(6), [PhBRJRuUCI(PMey) (13), and Crystal Sample fat4 and 15

1 2 3 4 6 13 14and15

chemical formula Q7H53BP3T| C33H5QBC|FEP; C27H53BC|COP$ Cy7Hs53BColP; ngHgngClz- C43H5QBC|- Cz7H53BC|—
O2PsRW, PsRu CoQO,P;

fw 685.78 650.82 575.79 667.28 1788.24 898.14 610.51
T(°C) —-177 =177 =177 —-177 —-177 =177 —=177
A (A 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
a(A) 9.1981(7) 0.4852(8) 9.5545(10) 46.165(3) 13.0430(11) 19.215(3) 11.7012(10)
b (A) 9.9374(7) 11.6854(10) 9.8481(10) 12.2340(8) 13.1103(11) 12.2280(19) 12.4231(11)
c(A) 17.5546(13) 32.866(3) 17.4990(18) 34.353(2) 13.5126(11) 20.500(3) 13.0885(12)
o (deg) 79.070(1) 90 78.387(2) 90 71.899(1) 90 73.695(2)
£ (deg) 80.225(1) 90 81.246(2) 90 67.271(1) 107.805(2) 71.296(2)
v (deg) 79.997(1) 90 82.425(2) 90 82.508(1) 90 63.149(2)
V (A3) 1535.9(2) 3642.8(5) 1585.3(3) 19402(2) ~2025.6(3) 4586.0(12)  1586.9(2)
space group P1 P21212; P1 Cmca = P2:/c P1
z 2 4 2 28 1 4 2
Dealca (g/cnF) 1.483 1.187 1.206 1.371 1.466 1.423 1.278
u(cm™) 5.427 6.390 7.91 16.48 6.110 5.780 7.99
R1, wRZ 0.0274,0.0612  0.0492, 0.0844 0.0464, 0.0934 0.0602,0.1217  0.0302,0.0671  0.0516,0.0909  0.0488, 0.1225

(1> 20(1)
2R1= 3||Fol = IFcll/XIFol, WR2 = { T [W(Fo? — FA/ 3 [W(Fo)} 2

cap. X-ray diffraction studies were carried out in the Beckman working in the TEo, mode. Variable temperature measurements
Institute Crystallographic Facility on a Bruker Smart 1000 CCD were conducted with an Oxford continuous-flow helium cryostat
diffractometer. (temperature range 3800 K). Accurate frequency values were
Magnetic Measurements.Measurements were recorded using provided by a frequency counter built in the microwave bridge.
a Quantum Designs SQUID magnetometer running MPMSR2 Solution spectra were acquired in toluene for all of the complexes.
software (Magnetic Property Measurement System Revision 2). Sample preparation was performed under a nitrogen atmosphere.
Data were recorded at 5000 G. Samples were suspended in the X-ray Crystallography Procedures. X-ray quality crystals were
magnetometer in plastic straws sealed under nitrogen with Lilly grown as indicated in the experimental procedures per individual
No. 4 gel caps. Loaded samples were centered within the magne-complex. The crystals were mounted on a glass fiber with Paratone
tometer using the DC centering scan at 35 K and 5000 gauss. DataN oil. Structures were determined using direct methods with
were acquired at-210 K (one data point/2 K), 1660 K (one data standard Fourier techniques using the Bruker AXS software

point/5 K), 60-310 K (one data point/10 K). package. In some cases, Patterson maps were used in place of the
direct methods procedure. Table 2 includes the X-ray diffraction
szﬂ (1) experimental details, while the full crystallographic tables are
mG included in the Supporting Information.
PhBPP 3Tl (1). Preparation of 'Pro,PMe. 'PrL,PCI (24 g, 0.157
thes = \/7-99%, T @) [ 3Tl (1) p 2 PCl (249

mol) was diluted with diethyl ether (250 mL) in a 500 mL Schlenk
The magnetic susceptibility was adjusted for diamagnetic flask. The gther so_Iution was cooled+t@8°C in a dry ice/acetone _
contributions using the constitutive corrections of Pascal's constants Path- To this solution, MeLi (112.3 mL, 0.157 mol) was added via
and a fixed temperature independent paramagnetism (TIP) crudelySYringe over a period of 40 min. White precipitate formed
set to 2x 104 cm? mol-1.2° The molar magnetic susceptibility immediately. The reaction was stirred for 14 h and allowed to warm
(xw) was calculated by converting the calculated magnetic suscep-{0 f00m temperature over this time period. The precipitate was
tibility (%) (or magnetization) obtained from the magnetometer to filtered on a sm_tered-glass f_rlt. The volat_lles from the s_uper_natant
a molar susceptibility using the multiplication factor [molecular Were removed in vacuo, which resulted in further precipitation of
weight (M)]/[sample weight if) x field strength G)]). Curie— LiCl salts. The resulting liquid was diluted in petroleum ether and
Weiss behavior was verified by a plot gf;"! versusT (Figure filtered through Celite on a sintered-glass frit to remove salt. This
3b). Data were analyzed using egs 1 and 2. Average magneticPfOCeSS was repeated three times, and the volatiles were then
moments were taken from the average of magnetic moments fromremo;/ed in vacuo to afford spectroscopically pirePMe (20.13
the ranges indicated in the Experimental Section for each complex. 9 9_7 /0) o 7 e
The Weiss constanf) was taken as the-intercept of the plot of Lithiation of MeP 'Pr,.” Solid 'BuLi (7.28 g, 0.113 mol) was
% m~versusT. Error bars were established at 95% confidence using @dded to neat quantity &Pr.PMe (15.0 g, 0.113 mol) to form a
regression analysis or taking two standard deviations from the mean_homqgeneous solution in a 50 mL round-bottom Schienk ﬂaSk- The
Solution magnetic moments were measured by the Evans method€action was heated to 8 for 10 h under a slow purge of nitrogen
and were adjusted for diamagnetic contributions using the constitu- through a bubbler. The white solid was washed with petroleum
tive corrections of Pascal’'s constants. ether (1x 25 mL) and collected on a sintered glass frit (15.05 g,
Averagedg-factors can be extracted from the susceptibility data, 96%; purity ascertained bP{*H} NMR in THF: 6 22.4 ppm):
assuming zero orbital contributions, using the following equation: ~ Preparation of [PhBP™'3]TI. In a 250 mL Schlenk flask, solid
'Pr,PCH.LI (6.5 g, 0.047 mol) was suspended in diethyl ether to
_ Ng?p? (SS+ 1)) which 1 equiv of TMEDA was added in one portion (5.47 g, 0.047

Xm = T3kT mol). The flask was sealed with a septum and cooled78 °C in

EPR Measurements.X-band EPR spectra were obtained Ona (29) Kahn, O.Molecular MagnetismVCH Publishers: New York, 1993;
Bruker EMX spectrometer equipped with a rectangular cavity pp 1-10.
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a dry ice/acetone bath. A toluene solution (15 mL) of PhBZI49 MHz): 6 41.6 (bs), 24.1 (bs), 12.8 (s), 9.03 (s), 7.23 (s), 5.86 (s),
g, 0.016 mol) was added dropwise to the ether solution over a period3.24 (bs). UV-vis (CsHg) Amax NM (€): 660 (676), 745 (1630).
of 5 min. Salt precipitation was evident within a few minutes after Evans Method (€De): 4.10 ug. Anal. Calcd for G7Hs3BColPs:

the borane was added. The solution was allowed to warm to room C, 48.60; H, 8.01. Found: C, 47.84; H, 7.91.

temperature over a period of 10 h, at which time the solution was  {[PhBP""3]Ru(u-Cl)}» (5). A solution of 1 (80 mg, 0.12 mmol)
filtered through Celite on a sintered glass frit to remove the in 2 mL of THF was added to a stirring solution of Ru(EPh)3
precipitate. Formation of the product was evident3y NMR, (140 mg, 0.12 mmol) in THF (5 mL) at room temperature. After
which showed a single broad resonance at 4 ppm. Solids{B2#8 stirring for 4 h, the brown solution was filtered through a sintered-
g, 0.016 mol) was dissolved in THF and added to the ether solution. glass frit to remove insolubles. The volatiles were removed in vacuo
Some formation of thallium metal was evident along with the to yield a brown solid. The solid was dissolved in &£H and
precipitation of salts upon the addition of the T§¥®lution. The filtered through a Celite plug to remove TICI. A red-brown solid
precipitate was collected on a glass frit. Petroleum ether (25 mL) was precipitated by vapor diffusion of petroleum ether into,CH
was added to the supernatant, and the solution was coole@3o Cly, affording analytically pure material (112 mg, 78%Hj NMR

°C overnight, which resulted in the precipitation of a white (C¢Dg, 300 MHz): 6 7.81 (m, 2H), 7.45 (t) = 7.6 Hz, 2H), 7.28
crystalline solid. The supernatant was decanted, and the solids wergm, 1H), 2.68 (bs, 6H), 1.65 (m, 18H), 1.18 (m, 6EfP{H} NMR
washed with acetonitrile (35 mL). The remaining solids were (CgDg, 121.4 MHz): 6 47.5.13C{!H} NMR (CgDs, 75.409 MHz):
dissolved in a mixture of toluene (3 mL) and petroleum ether (3 ¢ 157, 132, 127, 124, 25 (m), 20, 15 (MIB{*H} NMR (C¢Ds,
mL). The solution was recrystallized by cooling 633 °C 128.3 MHz): 6 —7.2. Anal. Calcd for GH;10B2Cl.PsRW,: C,
overnight, affording analytically pure material (6.2 g, 58%. 52.48; H, 8.64. Found: C, 52.38; H, 8.66.

NMR (C¢De, 300 MH2): 0 7.97 (m, 2H, H BPh), 7.59 (t, 2H, R {[PhBPz]Ru(u-Cl)} (6). A solution of [BRJ[TI] (40 mg, 0.045
BPh), 7.31 (t, 1H, | BPh), 1.89 (septet, 6H, PtECHz)2)), 1.20 mmol) in 2 mL of THF was added to a stirring solution of RuClI
(m, 6H, B((H2PPr)), 1.05 (dd, 36H, P(CH(B3),). **C{*H} NMR (PPh); (55 mg, 0.045 mmol) in THF (2 mL) at room temperature.
(CeDs, 75.409 MHz): 6 158 (m, Gyso BPh), 132 (s, €BPh), 128 After stirring for 4 h, the solution was filtered through a Celite
(s, Gn BPh), 124 (s, ¢ BPh), 24.2 (dd, REH(CHs)2)), 20.6 (s, plug to remove insolubles. Vapor diffusion of petroleum ether into
P(CH(CHa)2), 15 (m, BCH:PPry)). 3*P{*H} NMR (C¢D¢, 121.4 the crude THF solution precipitated brown crystals, affording

MHz): ¢ 24.3 (dd,*Jo0311-p = 5865 Hz,J2057-p = 5913 Hz).11B- analytically pure material (38 mg, 97%). A suitable crystal was

{*H} NMR (CeDs, 128.3 MHz): 6 —13. Anal. Calcd for GHss selected for X-ray analysidH NMR (CDCl;, 300 MHz, 25°C):

BPsTI: C, 47.28; H, 7.79. Found: C, 47.23; H, 7.68. 0 7.86 (d,J = 6.6 Hz, 2 H), 7.54 (t) = 8.4 Hz, 11H), 7.42 (t)
[PhBPPr3]FeCl (2). A solution of 1 (30.3 mg, 0.044 mmol) in = 7.5 Hz, 2H), 7.31 (tJ = 7.5 Hz, 2H), 7.02 (m, 18H), 1.63 (m,

THF (1 mL) was added to a stirring suspension of L&8l6 mg, 6H). 3?P{'H} NMR (CDCl;, 121.4 MHz, 25°C): ¢ 64 (s).B-
0.044 mmol) in THF (2 mL) at room temperature. After stirring {*H} NMR (CDCl;, 128.3 MHz): ¢ 10.7 (s). Anal. Calcd for
for 2 h, the resulting canary-yellow solution was filtered through a CggHg:B-Cl.PsRWw: C, 65.75; H, 5.03. Found: C, 65.72; H, 5.12.
Celite pad and then evaporated to dryness in vacuo. The yellow [PhBPPr;]FeCI(CO) (7). A solution of2 (20 mg, 0.035 mmol)
solids were dissolved in benzene (2 mL) and filtered again through in benzene (1 mL) was sparged with CO gas for 1 min while stirring
a Celite pad. Slow evaporation of the benzene solution afforded vigorously at room temperature. The color changed from canary-
analytically pure, crystalline product (21.9 mg, 87%). Suitable yellow to a gold hue immediately upon introduction of the CO gas.
crystals were selected for an X-ray diffraction studil. NMR After stirring for 0.5 h, the resulting golden solution was evaporated
(CeDe, 300 MHz): 6 42.5 (s), 20.0 (s), 18.5 (s), 4.16 (bs), 2.03 to dryness in vacuo to afford analytically pure material (20.2 mg,
(bs), —17.6 (bs),—36.3 (bs). UV-Vis (CeHe) Amax NM (€): 422 98%).H NMR (C¢Dg, 300 MHz): ¢ 7.83 (m, 2H), 7.55 (tJ) =
(550). Evans Method ({Dg): 5.23 ug. Anal. Calcd for GrHss- 7.8 Hz, 2H), 7.31 (m, 1H), 2.71 (bs, 1H), 2.08 (bs, 1H), 1.75 (m,

BCIFeR: C, 56.62; H, 9.33. Found: C, 56.22; H, 9.32. 1H), 1.55 (dg,J = 6.6, 35 Hz, 5H), 1.18 (m, 8H), 0.87 (dd,=
[PhBPPr5]CoCl (3). A solution of1 (51.3 mg, 0.075 mmol) in 7.2,12 Hz, 3H), 0.60 (m, 2H), 0.29 (s, 1HP{1H} NMR (C¢Ds,
THF (1 mL) was added to a stirring suspension of Gd8l7 mg, 121.4 MHz): 6 67.5 (t,J = 50.3 Hz, 1P), 41.9 (d] = 50 Hz, 2P).

0.075 mmol) in THF (2 mL) at room temperature. After stirring B{'H} NMR (C¢Ds, 128.3 MHz): 6 —7.2. IR: (GHe&/KBr) vco

for 2 h, the resulting aqua-green solution was filtered through a = 2020 cm™. Anal. Calcd for GgHs3BCIFeOR: C, 55.98; H, 8.89.

Celite pad and then evaporated to dryness in vacuo. The aqua+ound: C, 56.02; H, 8.78.

green solids were dissolved in benzene (2 mL) and filtered again  [PhBPP"3]CoCI(CO) (8). A solution of3 (19.5 mg, 0.034 mmol)

through a Celite pad. Slow evaporation of the benzene solution in benzene (1 mL) was sparged with CO gas for 1 min while stirring

afforded analytically pure, crystalline product (38.3 mg, 89%). vigorously at room temperature. The color changes from aqua-green

Suitable crystals were selected for an X-ray diffraction stdély. to an intense green immediately upon introduction of the CO gas.

NMR (CsDg, 300 MHz): 6 40.5 (bs), 24.7 (bs), 11.7 (s), 8.68 (s), After stirring for 0.5 h, the resulting green solution was evaporated

6.91 (s), 3.64 (bs). UM vis (CsHg) Amax NM (€): 610 (1140), 720 to dryness in vacuo to afford analytically pure material (20.3 mg,

(1350). Evans Method @Dg): 4.12 ug. Anal. Calcd for G7Hss- 99%).H NMR (CgDe, 300 MHz): 6 24.8 (bs), 12.1 (s), 8.68 (s),

BCICoPRs: C, 56.32; H, 9.28. Found: C, 56.29; H, 9.45. 6.91 (s), 3.64 (bs);-0.86 (s). Evans Method (D¢): 2.24ug. IR:
[PhBPP5]Col (4). A solution of 1 (50.0 mg, 0.073 mmol) in  (CsHe/KBr) vco = 2010 cntt. Anal. Calcd for GgHssBCICoOR;:

THF (1 mL) was added to a stirring suspension of @R.0 mg, C, 55.69; H, 8.85. Found: C, 55.66; H, 8.89.

0.073 mmol) in THF (2 mL) at room temperature. After stirring [PhBPPr3]Co(CO); (9). A solution of4 (9.1 mg, 0.014 mmol)

for 2 h, the resulting green solution was filtered through a Celite in benzene (1 mL) was sparged with CO gas for 1 min while stirring

pad and then evaporated to dryness in vacuo. The green solids wer&igorously at room temperature. The color changes from green to

dissolved in benzene (2 mL) and filtered again through a Celite an intense lime-green immediately upon introduction of the CO

pad. Slow evaporation of the benzene solution afforded analytically gas. After stirring for 0.5 h, the resulting green solution was

pure crystalline product (44.7 mg, 92%). Suitable crystals were evaporated to dryness in vacuo. The lime-green solids were

selected for an X-ray diffraction studyH NMR (CgDg, 300 dissolved in a mixture of benzene (1 mL) and petroleum ether (1
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mL) and filtered through a Celite pad. The volatiles were then 0.13 mmol). After stirring fo 4 h at 50°C, the volatiles were
removed in vacuo to afford analytically pure material (7.4 mg, 92%). removed in vacuo to afford a brick-red solid. Crystals were afforded
IH NMR (CgDg, 300 MHz): 6 7.92 (m, 2H), 7.80 (m, 2H), 7.44 by vapor diffusion of petroleum ether into THF, providing
(m, 1H), 2.55 (m, 6H), 1.86 (m] = 7.2 Hz, 18H), 0.86 (m, 6H). analytically pure material (38.4 mg, 88%). A crystal was selected
13C{*H} NMR (C¢D¢, 75.409 MHz): 6 182, 156, 130, 127, 123,  for an X-ray diffraction studyH NMR (CDCls, 300 MHz): 6
24.4 (m), 19, 16 (m)**P{*H} NMR (CDCl;, 121.4 MHz, 25°C): 7.84 (d,J = 6.6 Hz, 2 H), 7.53 (t) = 8.4 Hz, 11H), 7.47 (t) =
0 56. IR: (GHe/KBr) vco = 1990, 1904 cmt. Anal. Calcd for 7.5 Hz, 2H), 7.23 (tJ = 7.5 Hz, 2H), 6.95-7.07 (m, 18H), 1.63
CaHsaBCoOPs: C, 58.40; H, 8.96. Found: C, 58.21; H, 8.99.  (m, 6H), 0.67 (bs, 9HJ!P{*H} NMR (CDCls, 121.4 MHz): 6 54
[PhBPP'5]RUCI(CO). (10). To a solution of5 (40 mg, 0.032  (bm), 2.50 (qJ = 74.8 Hz).1'B{*H} NMR (CDCls, 128.3 MHz):

mmol) in 5 mL THF was added 1 atm of CO gas (through a septum § 10.8 (s). Anal. Calcd for GHsBCIP;Ru: C, 64.19; H, 5.61.
in a 20 mL vial) at room temperature. The vial was stirred at room Found: C, 64.22; H, 5.60.

temperature until the solution color changed from red-brown to a [PhB(CH:P(O)Pr,)2(CH,PPr,)]CoCl (14). Dioxygen (1 mL
pale yellow, at which point the excess CO gas was removed via ang g5 mmol) was added via syringe to a s;)Iutioch(QS 7 mg‘
Ar purge. The solution was fi.ltered through a Celite plug in air to' 0.045 mmol) in benzene (1 mL), and then, the mixture was st’irred
\rggoc\)lfc:r;?(')‘:g';ﬁ;gi;?'”“?g Vﬁ;ﬁ? (‘elgargoregggb;oNd,\;lerss "Vigorously at room temperature. The color changes from aqua-green
C S 300 MH2): 6 )7’ 80 y pl;H 7.60 (1) =7 29;_| 2H- 730 to an intense blue. After stirring for 2 h, the resulting blue solution
6= ): 80 (m, 2H), 7.60 (1) = 7.2 Hz, 2H), 7. was evaporated to dryness. Crystals were afforded by slow
(m, 1H), 3.01 (bs, 1H), 2.28 (bs, 1H), 1.78 (m, 1H), 1.65 (@e; P y ry y
! L ' T ' A ! L . evaporation of a benzene solution affording analytically pure
6.6, 35 Hz, 6H), 1.18 (m, 8H), 0.90 (dd=7.2, 12 Hz, 3H), 0.60 o0 ic) 94 0 mg, 879%3H NMR (CeDe, 300 MHz): 6 24.5, 11.7,
(m, 2H).31P{1H} NMR (C¢Ds, 121.4 MHz): 56 (t,J = 46 Hz, 8.72. 6.92, 3.6 (b), 0.85-0.66. Evans Method (Dq) 4231

1P), 35 (dJ = 48 Hz, 2P)1B{1H} NMR (CsDs, 128.3 MH2): & : : :
—9.2. IR: (CHCI/KBF) vco = 2045, 1993 cmt. Anal. Calcd for ?;‘%'f:'cg ;;zr GHssBCICOOPs: C, 53.35; H, 8.79. Found: C,

C,yoHs3BCIO-PsRuU: C, 51.68; H, 7.93. Found: C, 51.25; H, 7.91. _
[PhBP3]RUCI(CO), (11). To a solution of6 (40 mg, 0.024 [PhB(CH2P(O)Pr2)s]CoCl (15). Dioxygen (3 mL, 0.135 mmol)
mmol) in 5 mL of THF was added 1 atm of CO gas (through a Was added via syringe to a solution®{25.7 mg, 0.045 mmol) in
septum in a 20 mL vial) at room temperature. The vial was stirred benzene (1 mL) and then stirred vigorously at room temperature.
until the solution color changed from yellow-brown to colorless, The color changes from aqua-green to an intense blue. After stirring
at which point the excess CO gas was removed via an Ar purge. for 6 h, the resulting blue solution was evaporated to dryness to
The solution was filtered through a Celite plug in air to remove afford analytically pure material (24.2 mg, 86%j NMR (CeDs,
insolubles. The solution was then evaporated to dryness in vacuo300 MHz): 6 24.8, 12.1, 8.25, 6.86, 3.55 (b), 0.680.99. Evans

to afford analytically pure material (41 mg, 96%) NMR (CDCls, Method (GDeg): 4.24 ug. Anal. Calcd for G/HssBCICOO:Ps: C,

300 MHz): ¢ 7.86 (d,J = 6.6 Hz, 2 H), 7.47 (m, 16H), 7.00 (m, 51.98; H, 8.56. Found: C, 51.33; H, 8.54.

18H), 1.98 (m, 4H), 1.82 (bs, 2H}*P{'H} NMR (CDCl, 121.4 Crystals of14 and 15 were grown by letting a concentrated
MHz, 25 °C): 6 39.9 (t,J = 32 Hz), 11.3 (dJ = 32 Hz). IR: solution of 3 to stand for 12 h at room temperature under an
(CH:CIo/KBr) vco = 2068, 2021 cmt. Anal. Calcd for GiHas- atmosphere of air. While the majority of the species formed was
BCIOPsRu: C, 64.29; H, 4.71. Found: C, 64.25; H, 4.58. 14 (81%), a small fraction (19%) of the tris(phosphineoxide)

[PhBPP'3]RUCI(PMes) (12). To a solution of5 (40 mg, 0.032  \yas also formed and cocrystallized.
mmol) in 5 mL of toluene was added an excess of Pk1® mg,
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