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Reaction of the tris(carbene)borate ligand PhB(Melm);~ with [Mn- fWR

(CO)5('BUCN)BI], leads to the manganese(l) tricarbonyl complex /N—./~

PhB(Melm)sMn(CO)s. In contrast to related complexes that are Q‘g‘ﬁ

air-stable, PhB(Melm)sMn(CO); is O,-sensitive and is converted @"éﬂ

to a homoleptic Mn" complex. IR and cyclic voltammetry Figure 1. Phenyltris(carbene)borate ligands {RMe, 'Bu, Mes).

measurements of these complexes establish the exceptionally

strong donating nature of the tris(carbene)borate ligand. The tris(carbene)borate ligand PhB(Meim)s prepared

in a procedure analogous to that reported for its bulkier

congenerd.Thus, a 1:2:3 mixture of PhBgITMSOTf, and
Ligands that incorporate multiple N-heterocyclic carbene N-methylimidazole was heated at 100 in toluene to yield

(NHC) donors are anticipated to be strongly electron- the boron dication PhB(MelmHDTf, in 80% yield. Three-

releasing because of the strong donor properties of NHCs. fold deprotonation of this compound is effected by lithium

Tripodal tris(carbene)borates (Figure *£)which bind to  dijisopropylamide (LDA) and the resulting ligand transferred

metal centers in a facial manner, are one such ligand systemig metal centers in situ.

Initial investigations of some octahedral iron and cobalt tris-  \While the reaction of PhB(Melrg) with Mn(CO)Br

(carbene)borate complexes provided electrochemical evi-results in the formation of an insoluble material, a clean

dence for their strong donating properties. In particular, a reaction occurs with the new manganese tricarbonyl transfer

stable species, proposed to be ah Fmmplex, could be reagent [Mn(COY'BUCN)BrL, leading to orange PhB-

electrochemically generated, although the complex was not(Melm);Mn(CO); in 76% vyield. Although we have been

isolated! unable to obtain X-ray-quality crystals of this complex, the
To obtain more information on the donor properties of structure can be assigned on the basis of its spectral data.

these ligands, as well as spectroscopic data that would allowSix resonances are observed in the diamagrietiNMR

for comparison of these properties with related ligands, we spectrum. Two signals, at 6.95 and 6.65 ppm, each integrat-

decided to prepare tris(carbene)borate complexes of the Mn-ing for three protons, are assigned to the imidazol-2-ylidine

(COX* fragment. Manganese(l) tricarbonyls are known for protons, while a single peak at 3.87 ppm, integrating for nine

a wide variety of facially coordinating ligandsaind thevco protons, is assigned to the methyl group. The protons from

stretching frequencies of these complexes provide a quantitathe phenyl group resonate as overlapping multiplets at 7.96

tive measure of the supporting ligands’ donor abilities. and 7.58 ppm. As expected for a complex of pse@do-
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A, ¢ = 10.5034(5) A, = 95.603(2), V = 1143.51(10) & T =
293(2) K,Z = 4, F(000) = 592, u(Mo Ka) = 4.630 mnt?, 15 422
reflections, 4086 uniqueR( = 0.0418), R1= 0.0310, and wR2=
0.0616. See the Supporting Information for full synthetic and
characterization details.
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Table 1. vco Data for Selected dMn(CO); Complexes

ligand Aj/cmt E/cm™1 ref
PhB(Melm)~ 1990 1889 this work
Cp* 2017 1929 7a
Tp* 2032 1927 7a
PhB(GH2N,SMe)~ 1995 1894 7b

symmetry, two CO stretching bands are observed in the
solution IR spectrum. The frequencies of these bands, as well
as comparative data for related ligands, are shown in Table
1. The low frequency of the bands in PhB(Melivipn(CO)
is noteworthy. By this metric, the tris(carbene)borate ligand b
is the most strongly donating tripodal ligand known.

Unexpectedly, and in contrast to related complexes, PhB-
(Melm)sMn(CO); is air-sensitive. In the presence of,&the
orange complex is oxidized in solution over a number of days -
to dark-red-purple [PhB(MelrgMn?* (isolated as the triflate
salt following metathesis with KOTfH.This complex can . : : . . . ‘
also be prepared by reaction of PhB(Mejmyvith 0.5 equiv 20 10 00 -0 20 30 40
of MnBr,, followed by oxidation with 2 equiv of AgOTHf. E(Vvs FelFc)

The X-ray crystal structure of [PhB(Melg)Mn(OTf), . 2 @O0 i { [PhB(MeIM(OT0,. Th |

; 0 ; . Figure 2. (a) ORTEP diagram of [PhB(MelgpMn(OTf),. Thermal
(Flgure Za) r_eveals it to be ?lgare example ofa homOIeptIC ellipsoids are shown at 50% probability. H atoms and counterions have
organometallic MY complexX'*2and, to our knowledge, the  been omitted for clarity. Selected bond lengths (A) and angles (deg)—Mn1
first Mn"™ NHC complex. The coordination environment Ci1, 2(.02)5(3); MntC21, 2-052(3);(Mn)1rC31. 2.053(3); CHMn%—():Z%B)

P . 86.83(11); C1+Mn1—C31, 86.95(11); C24Mn1—C31, 86.98(11).
_aroun(_j the Mn at(_)m' WhICh I§ located on a CrySta”Ograp_hlc Cyclic voltammogram of 2 mM [PhB(MelrglMn(OTf), in MeCN/0.01
inversion center, is slightly distorted from octahedral, with \ NBu.PR;, glassy carbon electrode, scan rat00 mVis.
cis C—Mn—C bond angles of 87 The Mn—C bond lengths Table 2. . Values for Homoleotic Mn Gomol " di
H aple 2. 12 Values for Homoleptic Mn Complexes, Measured in

are shorter than those of other structurally characterized MnMeCN’ with 0.1 M NBUPF as the Electrolyte (All Potentials
NHC complexes, all of which are of Mrand Mr'.*3 The Referenced to the Fc/EcCouple)

Mn—C bond lengths are comparable to those of other

. ; ligand 1/ /v ref
structurally characterized organometallic Moomplexeglcd14 - ,
. . PhB(Melm} —2.09 -0.77 this work
The metrical parameters of the NHC donors in [PhB(Meg}m) Tp*b 013 0.99 17a
Mn(OTf), do not show any significant differences from other Cp* —0.94 17b
TpWe2 -0.36 0.97 17c

(7) (a) Tellers, D. M.; Skoog, S. J.; Bergman, R. G.; Gunnoe, T. B.;
Harman, W. D.Organometallic200Q 19, 2428. (b) Graham, L. A.;
Fout, A. R.; Kuehne, K. R.; White, J. L.; Mookheriji, B.; Marks, F.
g.;Dleitp, GT P. Aé;()ggkgi{ov, L. N.; Rheingold, A. L.; Rabinovich,  structurally characterized NHC donors, suggesting that the

. Dalton Trans. . : : : fyer

(8) Control experiments have established that PhB(Mg¢¥mJCO); is trls(carbene)bqrate ligand is not oxidized.
insensitive to light, water, or heat. The magnetic moment of [PhB(Melgi)Mn(OTf),, de-

(9) The UV—vis and electrospray ionization mass spectrometry (ESI-MS) tarmined by the Evans methqﬂtg{f — 3_1(3)#8], is consistent

of the product obtained prior to anion metathesis are identical with . . .
those of [PhB(MelmIMn(OTf)2. There is no evidence in the IR~ With the expecte® = 3/, spin state. The complex is NMR-

aQuasi-reversible? CH,Cl; solvent.

10 s(,:pecirtljlm of t?]i_s crinat\tefriag?'r (E‘:?: I'i\%alqdzsoog:l (’\:Aarb(:)chl)%tggsnjiDOZn-/ silent, and no EPR spectrum is observed at 77 K.
rystaliograpnic aata tor. 40D 26IVINN 120! = . 1/ . .
C a=12.8947(5) Ab = 13.9914(5) A.c = 13.5128(5) A8 = The electrochemical properties of [PhB(MetiVn(OTf),
64.280(2), V = 2196.38(14) A, T = 293(2) K, Z = 4, F(000) = are notable. Cyclic voltammetry (CV) measurements reveal
1042,u(Mo Ka) = 0.482 mn1*, 27 746 reflections, 3247 uniquB two redox waves (Figure 2b). A reversible wave-&3.71

= 0.0211), R1= 0.0404, and wR2= 0.1132. X X v . .
(11) (a) Howard, C. G.; Girolami, G. S.; Wilkinson, G.; Thornton-Pett, V is attributed to the MWV couple, and a quasi-reversible

M.; Hursthouse, M. BJ. Chem. Soc., Chem. Commas383 1163. wave at—2.09 V is attributed to the MH'" couple. These
(b) Maryin, V. P.J. Organomet. Chenl992 441, 241. . .
(12) (a) Bower, B. K. Tennent, H. G.. Am. Chem. Sod972 94, 2512. electrochemical measurements show that the tris(carbene)-

(b) Anderson, R. A.; Carmona-Guzman, E.; Gibson, J. F.; Wilkinson, borate ligand is significantly more stabilizing of higher

G. J. Chem. Soc., Dalton Trand976 2204. (c) Morris, R. J,; ; ; ; ; ; ;

Girolami, G. S.J. Am. Chem. S04988 110, 6245. (d) Morris, R. J.. oxidation states than other facially C(_)or_dmatmg ligands

Girolami, G. S.Organometallics1991, 10, 792. (Table 2). Remarkably, the MHY potential is comparable
(13) (a) Abernethy, C. D.; Cowley, A. H.; Jones, R. A.; Macdonald, C. L. tg hexacoordinate Mn complexes dfanionic Schiff-base

B.; Shukla, P.; Thompson, L. KOrganometallic2001, 20, 3629. (b) . P L .

Chai, J.; Zhu, H.; Most, K.; Roesky, H. W.; Vidovic, D.; Schmidt, ~ ligands such as I-hydroxy-3-(salicylideneamino)proptne.

;ih—G.;HNol}‘Demeye\r(‘ Mgur-i-ln(:g-vghegﬁ_ZOﬂS f% (ﬁ) 'thaiHJ';G To obtain insight into the unusual ;Csensitivity of
u, H.; Peng, Y.; Roesky, H. W.; Singh, S.; Schmidt, H.-G.; . . )
Noltemeyer, MEur. J. Inorg. Chem2004 2673. (d) Pugh, D.; Wright, PhB(MeIm)&Mn(COh’ we have recorded its CyC“C voltam
J. A.; Freeman, S.; Danopoulos, A. Balton Trans.2006 775. (e)
Djukic, J.-P.; Michon, C.; Berger, A.; Pfeffer, M.; de Cian, A.;  (15) Ramnial, T.; McKenzie, |.; Gotodetsky, B.; Tsang, E. M. W.; Clyburne,

Kyritsakas-Gruber, NJ. Organomet. Chen2006 691, 846. J. A. C.Chem. Commur2004 1054.
(14) Howard, C. G.; Girolami, G. S.; Wilkinson, G.; Thornton-Pett, M.;  (16) Kessissoglou, D. P.; Li, X.; Butler, W. M.; Pecoraro, V. lhorg.
Hursthouse, M. BJ. Chem. Soc., Chem. Commad®883 1163. Chem.1987, 26, 2487.
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mogram. In contrast to Cp*Mn(C@)which can be reversibly
oxidized at 0.64 \A8 only irreversible oxidation is observed
for PhB(Melm}Mn(CQO). Chemical oxidation of PhB-
(Melm)sMn(CO);, achieved by the addition of excess
AgOTf, also results in the formation of the Mncomplex
[PhB(Melm)].Mn(OTf)..

These results suggest that PhB(MeMn(CO); is initially
oxidized by Q. Although the oxidation state of Mn that is

(17) (a) De Alwis, D. C. L.; Schultz, F. Anorg. Chem2003 42, 3616.

(b) Gennett, T.; Milner, D. F.; Weaver, M. J. Phys. Cheni985 89,
2787. (c) Chan, M. K.; Armstrong, W. Hnorg. Chem.1989 28,
3777.

(18) Chong, D.; Nafady, A.; Costa, P. J.; Calhorda, M. J.; Geiger, W. E.
J. Am. Chem. So@005 127, 15676. For £°>CsHsMe)Mn(CO}, Ei/»
=0.54V, see: Morris, R. H.; Earl, K. A; Luck, R. L.; Lazarowych,
N. J.; Sella, A.lnorg. Chem.1987, 26, 2674.
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formed is unknown, it is likely that this species is unstable
with respect to ligand redistribution, leading to the formation
of the homoleptic MY complex. At present, the fate of the
remaining Mn is unknown. A summary of the chemistry is
shown in Scheme 1.

In conclusion, we have prepared and characterized the
manganese(l) tricarbonyl complex PhB(MeiMh(CO). In
contrast to the air stability of most complexes of this type,
it is aerobically oxidized to a homoleptic Nfncomplex. The
stability of this high-valent complex contrasts with that of
other homoleptic M organometallic complexes that are
typically air-sensitivé? Both IR and CV measurements of
these complexes attest to the remarkable donor properties
of tris(carbene)borates and, in particular, their ability to
stabilize higher oxidation states.
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