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The coordination chemistry of the bis(tert-butylamido)phenylborane ligand, ['BuN-BP"-N'Bu]?~, is developed. The
ligand can be delivered to metals of groups 4 and 5 from its dilithio salt. The reactions of PhB('BuNLi),, 1, with
metal halides of zirconium, hafnium, and vanadium generate complexes of the general formulas (BuN—BP'-
NBu),M(THF) (M = Zr (2), Hf (3)), Liy[M('BUN=BP"=NBu)s] (M = Zr (4), Hf (5)), and M(BuN-BP"-N'Bu), (M =
V (6)). *H and *B{*H} NMR and single-crystal X-ray analysis show that these amido metal complexes are structurally
analogous to amidinates.

Introduction tion metal chemistry could be elaborated for ligands of the
Simple ligand frameworks that juxtaposeaccepting antithetipah—donor—acceptOF(_:Ionor motif. Qne strategy to
groups directly adjacent ta-donating groups are unusual developu_mg such an electrgnlc structure is to catenate the

in transiton metal chemistry. One such example that “7-accepting orbital of a bridgehead boron to taxlonor
embodies this electronic construct is the bis(difluorophos- Orbitals of amides, as observed for bis(alkylamido)phenyl-
phino)methylamine (dfpma) ligand, GN(PF»)..22 In the bprgnes, PhB(F{I\ﬁ‘. The ligand framework is _structu_rally
dfpma architecturer-accepting fluorophosphine groups are S|mllar to thg .Wldely used monoanionic amldlnatg ligands
adjacent to the lone pair of an amine bridgehead, giving rise with the additional caveat that an electron-accepting group
to an acceptordonoracceptor ligand motif. Because the is situated at the bridgehead. Like amidinates, the electronic

phosphine groups may-accept electrons from the metal or and steric properties of the ligand can be tuned with
from the lone pair of nitrogen, the ligand is able to substituents on the amide nitrogen. Additionally, the donating

concomitantly accommodate metals both in low and moder- ability of the coordinating amides can be further modulated
ate oxidation states. We have exploited this property of by R substitution at the electron-withdrawing B(R) bridge-

dfpma and the related bis(phosphito)amine ligands to develophead-

a rich ground and excited state multielectron chemistry of ~Diamines of bis(alkylamido)phenylboranes have been
transition metal complexési® Against this backdrop of known since 1957 and they can be prepared readily from

reactivity, we became interested in exploring whether transi- the reaction of dichlorophenylborane with 4 equiv of a
primary aminet? The lithiated amide derivatives of these

nocera@ amines were first reported in 1999a subsequent chemistry
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however, has been little explored, with only three such vacuum evaporation, and 10 mL of hexanes was added. The solution
complexes reported in the literati®e?? Herein we expand  was filtered through Celite to remove LiX. Concentration of the
the coordination chemistry of this novel ligand architecture solution followed by cooling te-35°C and filtration afforded 108

with the synthesis of a series of zirconium, hafnium, and mg of colorless crystals (56% yield) dfand 173 mg of colorless
vanadium complexes crystals (64% vyield) ob. Anal. data for4: 'H NMR (300 MHz,

CeDs, 25°C) 6 1.400 (s, 54H), 7.27.8 (m, 15H);*'B{H} NMR

(96.205 MHz, GDg, 25 °C) ¢ 36.4. Anal. Calcd for GHgoBs-

LioNeZr: C, 63.41; H, 8.74; N, 10.56. Found: C, 63.35; H, 8.80;
General Procedures All synthetic manipulations were carried N, 10.47. Anal. data foB: *H NMR (300 MHz, GDs, 25 °C) 6

out using modified Schlenk techniques under an atmospherg of N 1.398 (s, 54H), 7.47.8 (m, 15H);2B{1H} NMR (96.205 MHz,

or within the confines of a Vacuum Atmosphere HE53—2 CsDs, 25°C) 0 36.3. Anal. Calcd for GzHegB3sLiNgHf: C, 57.14;

glovebox. Solutions were frozen in the cold well of the glovebox. H, 7.88; N, 9.52. Found: C, 56.80:; H, 7.74: N, 9.20.

Solvents for synthesis were of reagent grade or better and were V('BUN—BP"—NBu), (6). Diethyl ether solutions (25 mL)

dried according to standard methddsBis(tert-butylamino)-  containing 0.136 mL of VGland 633 mg of PhBBUNLI), were
phenylborané? tetrachlorobis(tetrahydrofuran)hafnium(I%¥)and cooled to—78 °C in a dry ice/acetone bath. The PHB(NLI),
N,N'-dilithiobis(tert-butylamino)phenylborartéwere prepared by sojution was added dropwise via cannula to the M@lution. The
literature methods. All other materials were used as received.  mixture was allowed to stir at 78 °C for 15 min and then allowed
(‘BUN—BP"—NBU),M(THF), M = Zr (2) and M = Hf (3). to warm slowly to room temperature. Solvent was removed by
MCI4(THF), (M = Zr, 100 mg; M= Hf, 120 mg) and PhB-  vacuum evaporation, and 20 mL of hexanes was added. The solution
(‘BuNLi), (129 mg for the Zr reaction and 126 mg for the Hf was filtered through Celite to remove LiCl. Concentration of the
reaction) were each combined with 7 mL of diethyl ether to give solution followed by cooling te-35°C and filtration afforded 382
a suspension and a solution, respectively. Both mixtures were mg of red crystals (59% yield). Anal. Calcd fopgElasBoN4V: C,
frozen, and upon thawing, the PRB(NLI), solution was added  65.78; H, 9.07; N, 10.96. Found: C, 65.67; H, 9.15; N, 11.06-UV
dropwise over 7 min to the partially thawed MQIHF), suspen- vis (pentanefimax.apm /M- cm): 482 (4893), 351 nm (2924),
sion. The resulting mixture was allowed to slowly warm to room and 260 (sh) (13934). IR (pentanelV—N) 605 cnrL.
temperature. After stirring overnight, solvent was removed by Physical Methods.?H NMR spectra were recorded on solutions

vacuum evaporation, and_ 10 mL of hexan_es was added. The solutiony; o5°¢ within the magnetic fields of Varian Unity 300 or Mercury
was filtered through Celite to remove LiCl. Concentration of the 3qq spectrometers, which were located in the Department of
solution followed by cooling t0—35 °C and finally filtration Chemistry Instrumentation Facility (DCIF) at MIT. Chemical shifts
afforded 84 mg of colorless crystals (52% yield)2&nd 124 mg 56 reported using the standardiotation in ppm1H spectra were
of colorless crystals (67% yield) & Anal. data for2: *H NMR referenced to the residual solvent pedR{*H} NMR spectra were
(300 MHz, GDs, 25°C) 0 1.293 (s, 36H), 1.373 (m, 4H), 3.656  (|jected at the DCIF on a Varian Unity 300 spectrometer and
(br, 4H), 7.1-7.7 (m, 10H);*'B{*H} NMR (96.205 MHz, GDs, referenced to an external BBEL standard at 0 ppm. Elemental
25°C) 0 34.3. Anal. Calcd for @Hs1BN,OZr: C, 63.05H,9.22;  53yses were performed at H. Kolbe Mikroanalytisches Labora-
N, 8.40. Found: C, 62.98; H, 9.08; N, 8.38. Anal. data3orH torium. EPR spectra were recorded on a modified Bruker EMX
NMR (300 MHz, GDs, 25°C) 6 1.301 (s, 36H), 1.374 (m, 4H),  x hanqg spectrometer (9.303 GHz) with a field modulation amplitude
3.627 (br, 4H), 7.£7.7 (m, 10H);“B{*H} NMR (96.205 MHz, of 2 G. Single scans of 4096 points were acquired on samples
CeDe, 25°C) 6 33.7. Anal. Calcd for gHs4BoN,OHf: C, 54.06; maintained at 77 K. UVtvis absorption spectra were collected on
H, 7.66; N, 7.88. Found: C, 54.14; H, 7.68; N, 7.67. an Aviv 14DS spectrophotometer. IR spectra were collected on a
Lio[M("BUN—BP"=NBu)s], M = Zr (4) and M = Hf (5). The Perkin-Elmer model 2000 spectrophotometer (DCIF) in pentane

procedure for preparing these compounds was similar, only differing so|utions. Only absorptions not observed in the IR spectrum of the
in the metal tetrahalide starting material. M®00 mg) (M= Zr, free ligand are reported.

X = Br; M = Hf, X = CI) and PhBBuNLi), (178 mg for the Zr

reaction and 228 mg for the Hf reaction) were each combined with
7 mL of diethyl ether to give a suspension and a solution,
respectively. Both were frozen, and upon thawing, the BB{(Li).

solution was added dropwise over 7 min to the partially thawed
MX 4 suspension. The mixture was allowed to slowly warm to room
temperature. After stirring overnight, solvent was removed by

Experimental Section

X-ray diffraction experiments were performed on single crystals
grown from concentrated pentane or hexanes solutiors8&t°’C.
Crystals were removed from the supernatant liquid and transferred
onto a microscope slide coated with Paratone N oil. Selected crystals
were affixed to a glass fiber in wax and Paratone N oil and cooled
to —90 °C. Data collection was performed by shining Ma.K4
= 0.71073 A) radiation onto crystals mounted on a three-circle
goniometer Siemens Platform equipped with a CCD detector. The

(17) Habben, C. D.; Heine, A.; Sheldrick, G. M.; Stalke, ZDNaturforsch.

1992 478, 1367-1369. data were processed and refined by using the program SAINT
(18) Koch, H.-J.; Roesky, H. W.; Besser, S.; Herbst-IrmerCRem. Ber. supplied by Siemens Industrial Automation, Inc. The structures were
1993 126 571-574. solved by direct methods (SHELXTL v6.10, Sheldrick, G. M., and

(19) Geschwentner, M.; Noltemeyer, M.; Elter, G.; Meller, A.Anorg.

Allg. Chem.1994 620, 1403-1408 Siemens Industrial Automation, Inc., 2000) in conjunction with
(20) Chivers, T.; Gao, X.: Parvez, Mngew. Chem., Int. Ed. Engl995 standard difference Fourier techniques. All non-hydrogen atoms

34, 2549-2551. were refined anisotropically. Hydrogen atoms were placed in
(1) é:]befﬁqci‘ggg-iegzezs ©.1 Nojtemeyer, M.; Meller, & Anorg. Allg. calculated positions. Some details regarding the refined data and
(22) Chivers, T. Fedorchuk, C.; Schatte, G.; Parveziridrg. Chem2003 cell parameters are provided in Table 1.

42, 2084-2093.
(23) Koch, H.-J.; Roesky, H. W.; Bohra, R.; Noltemeyer, M.; Schmidt, Results and Discussion
H.-G. Angew. Chem., Int. Ed. Endl992 31, 598-599.

24) Armarego, W. L. F.; Perrin, D. DPurification of Laborator ep s . .
@9 Chemicgls 4th ed.; Butterworth-Heinmann: Oxford, 1996. Y The dilithio salt of bls(ert—butylamlno)phenylborane pro-

(25) Manzer, L. Elnorg. Synth.1982 21, 135-140. vides a convenient platform for delivery of the bis amide
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Table 1. Crystallographic Data forBuN—BP"—NBu),Zr(THF) (2), (BUuN—BP"—NBu);Hf(THF) (3), Liz[Zr('BUN—BP"—N'Bu)3] (4),
Li[Hf('BUN—BPP—NBu);] (5), and V{BuN—BP"—N!Bu), (6)

2-1/,n-hexane 3 4 5 6
empirical formula GsHe1BoN4OZr C32H54BszN4O C42HsgB3Li oNeZr C42He,gB3HfLi 2Ng CogHseB2N4V
fw 666.72 710.90 795.56 882.83 511.26
T (K) 183(2) 183(2) 183(2) 183(2) 183(2)

A (A) 0.71073 0.71073 0.71073 0.71073 0.71073
space group P2:/n P21/n P21212; P2,212; Pbcn

a(A) 10.8574(13) 10.6370(11) 10.1211(15) 10.1198(6) 17.297(7)
b (R) 13.3389(16) 13.3956(13) 20.060(3) 19.8226(12) 8.976(4)
c(A) 26.086(3) 24.502(2) 22.383(3) 22.2641(13) 20.238(9)
o (deg) 90 90 90 90 90

B (deg) 91.119(2) 94.930(2) 90 90 90

y (deg) 90 90 90 90 90

V (A3) 3777.3(8) 3478.3(6) 4544.5(12) 4466.2(5) 3142(2)

Z 4 4 4 4 4

dealca (Mg/m3) 1.172 1.358 1.163 1.313 1.081

abs coeff (mm?) 0.321 3.027 0.276 2.371 0.336

R12 0.0428 0.0346 0.0430 0.0488 0.0435
WRZ 0.0993 0.0915 0.0924 0.0682 0.1064

ARL= Y [|Fol — IFcll/Z|Fol; WR2 = [FW(Fo? — FA)H I W(F?)? V2

Chart 1

(NwZezoN, (NwHf 0N,

B=N" “N=B B=N" “N=B
O S
2 3
172 zmm& © %; HfCl4(THF),

L
12 Lo L 1=
B 113 ZiBr 1/3 HiCl, B
2 gy d N-Bu / 1 \ Byl N-Bu 2Li*
§ 'Bu, \f R

tBu/" \Z 'tBu A Bu
. N w < N ®N e ~N
BN N 112 VCly sN” NS
B : Bu
gy " Bu
4 tB\u 5
t
Bu N,
N
Q BV @
4 N
Bu /
Bu
6

ligand [BUN—BP"—N'Bu]?~ to metal centers. The action of 2.029 to 2.077 A, and NB distances of 1.442(5) and
2 equiv of n-BuLi on the parent amine affords salt 1.452(5) A as well as an NB—N angle of 109.5(3) are
PhB(BuNLi),. Single-crystal X-ray diffraction analysis of similar to the metric parameters for the ligand when it is
1 reveals the heterocubane Li and N core that is familiar to complexed to a transition metal (vide infra).

other difunctional lithium amide®. During our studies, the
crystal structure ofl was reported by Chivers and co-
workers?” our observations are entirely consistent with their
results. The LN distances are unremarkable, ranging from

Synthesis.Complexes of bigért-butylamido)phenylborane
ligands are readily prepared via metathesis reaction between
PhB(BuUNLIi),, 1, and the appropriate metal halide (Chart 1)
in yields ranging from 52% to 67%. The reaction of 2 equiv
(26) (a) Hellmann, K. W.; Bergner, A.; Gade, L. H.; Scowen, I. J.; of 1 with the tetrahydrofuran adducts of zirconium and

McPartlin, M.J. Organomet. Cheni999 573 156-164. (b) Brauer, ; ; : _
D. J.: Buger, H.. Liewald, G. RJ. Organomet. Cher.986 308 hafnium tetrachloride (MG{THF),) yields colorless com

119-130. (c) Gardiner, M. G.; Raston, C. lnorg. Chem1995 34, plexes possessing two hisft-butylamido)phenylborane
4206-4212. ; i _ Pt .
(27) Chivers, T.; Fedorchuk, C.; Schatte, G.; Brask, JCEn. J. Chem. Ilgands and a Smgle tetrahydrOfuraiBL(N B N BU)ZM

2002 80, 821-831. (THF) (M = Zr (2), Hf (3)). The addition of 3 equiv of to
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These distances are comparable to theNbond distances
of Zr and Hf complexesd(M—N) = 2.087(2)-2.109(3)
A29-31) of the alkyl substituted dianionic guanidinato ligand,
[R'NC(RNY]> (R = 'Pr,Bu), but are significantly shorter
(d(M—N) = 2.161(2)-2.329(2) A) than the M-N bonds of
coordinated monoanionic amidinato and guanidinato ligands
possessing alkyl groups on the amido nitrog&n¥. The
ligand binds to the metal to form an in plane-\—B—N
spirocycle, with a bite angle ranging from 70.47(1%)
71.0(2y, and a N-B—N angle ranging from 111.2(2)}o
111.9(4y. For comparison, amidinato and guanidinato
ligands form similar M-N—C—N spirocycles (bite angles
of 57.15(8)-61.06(7) and N—-C—N angles of 110.5(2)
113.9(5%).%27%0 The M—N—C angles provide a measure of

Figure 1. Solid-state structure ofuN—BP—NBuU),Zr(THF) (2) with the steric protection conferred by the ligand on the metal
thermal ellipsoids shown at the 50% probability level. center; M-N—C angles of 137.3(4)146.2(4} for 2 and3
Table 2. Selected Bond Lengths (A) and Angles (deg) for show the alkyl groups to be pushed away from the metal
(tBUN—BP™NBU),ZI(THF) (2) and {BuN—BP™NBU),Hf(THF) (3) center. Finally, substantial-bonding character between the
Bond Lengths boron bridgehead and nitrogen amides is signifiedi@®—
-0 2 () (o) 3 . B) = 1.443(9)-1.468(7) A% These distances concur with
Zr(1)-0(1 2.299(3 Hf(1}-0(1 2.261(5 i P P
ZH-NE) 5 122(4) HI(L-N(3) 5103(5) those of grou2p434 amido complexes containing nonbridging
Zr(1)-N(4) 2.044(4) HF(1)-N(4) 2.030(5) boryl groups'*
N(1)-B(1) 1.467(7) N(1)-B(1) 1.464(9) Complexes4 and 5, possessing three chelating diamido
Bond Angles ligands, are nearly superimposable (Figure 2). These “ate”
N(l)fB(l)fN(g) 1112 N(l}B(l)fN(ZS) 11120 complexes exhibit pseudds; symmetry, if the two lithium
N()-Zr(1)-N@3) 111.9315) N@}HI(1)-N@) 114.32(19) counterions are ignored; their inclusion lowers the symmetry
N(2)-Zr(1)-N(3) 174.14(15)  N(2YHf(1)-N(3) 173.50(19) of the molecules to pseudd, symmetry. The standard
;l(ll)izl\lr(i):g(i) 11%-27:&15) mll%H’\l;(i):g(i) 173%-%(3) polyhedron that best describes these compounds is a trigonal
z:§1g—NE2§—CES; 146:08 HfE&Nézg—cEs; 1 44:6543 prism?28 though significant deviations from ideal geometry

are observed. Table 3 lists selected bond lengths and angles

zirconium tetrabromide or hafnium tetrachloride produces for compoundst ands. One coordinated bis(alkylamido)- -
colorless dianionic complexes containing three thig( phenylborane demonstrates metrics that are consistent with
butylamido)phenylborane ligands oIM(‘BuN—BP"~N'Bu)y] those of compound® and 3, while the other two diamido

(M = Zr (4), Hf (5)). Finally, the reaction of vanadium(lv)  ligands are significantly elongated due to their association
chloride with 2 equiv ofl generates a paramagnetic blood With the lithium cations. On the two affected ligands, one
red complex containing two bis(t-butylamido)phenyl-  Nitrogen is in close contact with a single lithium cation
borane ligands, VBUN—BP"-N'Bu), (6). The 'H NMR

spectra for complexez—5 exhibit large singlets correspond-  (29) Thorman, J. L.; Guzei, I. A;; Young, Jr., V. G.; Woo, L. Kuorg.
Chem.1999 38, 3814-3824.

ing to eqUi\{alent?rt'bUtyl protons, as well as multiplets in  (30) zuckerman, R., L.; Bergman, R. Grganometallic200Q 19, 4795~
the aromatic region. Compoun@sand 3 also show peaks 4809.

corresponding to a coordinated tetrahydrofuran. TTB&H} (31) fg‘g';erma”’ R.,L.; Bergman, R., Grganometallic2001, 20, 1792
NMR spectra of these compounds demonstrate only a single(32) ong, T.-G.; Wood, D.; Yap, G. P. A.; Richeson, DGBganometallics

resonance. All complexes gave satisfactory elemental analy-(33) %-Ioaogzagg‘rnl_.lg.mhem CommUre00L 20, 2144-2145

SIS. (34) Keaton, R. J.; Jayaratne, K. C.; Henningsen, D. A.; Koterwas, L. A;
Structural Analysis. X-ray diffraction studies were per- Sita, L. R.J. Am. Chem. So@001, 123 6197-6198.

f d Is of | d (35) Duncan, A. P.; Mullins, S. M.; Arnold, J.; Bergman, R. Grgano-

ormed on crystals of compouné&s-5. Complexe and3 metallics 2001, 20, 1808-1819.

possess five coordinate metal centers, containing two chelat{36) Lindenberg, F.; Sieler, J.; Hey-Hawkins, Eolyhedron1996 15,

; R . - 1459-1464.

Ing dmr_mdo ligands and a single ligating tetrahyc_jmfuran‘ (37) Littke, A.; Sleiman, N.; Bensimon, C.; Richeson, DCBganometallics

The solid-state structures @fand3 are nearly superimpos- 1998 17, 446-451. .

able and demonstrate pseudpsymmetry (Figure 1). The ~ (38) Wood, D.; Yap, G. P. A.; Richeson, D. Borg. Chem.1999 38

compounds are best described as trigonal bipyramidal on the(zg) chen, C.-T.; Rees, L.; Cowley, A. R.; Green, M. L.HChem. Soc.,

basis of deviation from standard polyhedtalable 2 lists 40) %altog Tr?tnS-éooslt 1|761*18767F-| i G ChiesiVilla, A+ Guastin
ambporatta, S.; rologo, o.; Floriant, C.; lesi-Villa, A.; Guastinl,

selected bond lengths and angles for compouhdsd 3. C.J. Am. Chem. S0d.985 107, 6278-6282.

The observed MN distances o2 and3 range from 2.044(4)  (41) Greenwood, N. N.; Earnshaw, Shemistry of the ElementButter-

to 2'122(4) A’ and from 2'019(5) to 2'105(5) A’ respectively. (42) v\\ll\(/)eﬁrr]é;',e _|Ipn|1_|an g:ch?c)a(tf:irdé.llg?‘lbavis, W. I@rganometallics1 996

15, 562-569.
(28) Venataraman, D.; Du, Y.; Wilson, S. R.; Hirsch, K. A.; Zhang, P.; (43) Warren, T. H.; Schrock, R. R.; Davis, W. l@rganometallics1998
Moore, J. SJ. Chem. Educl997, 74, 915-918. 17, 308-321.
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Figure 2. Solid-state structure of bHf('BUN—BP"—N'Bu)3] (5) with
thermal ellipsoids shown at the 50% probability level.

Table 3. Selected Bond Lengths (A) and Angles (deg) for
Lio[Zr('BUN—BP"—NBu)s] (4) and Lp[Hf('‘BUN—BP"—NBuU);] (5)

Bond Lengths

4 5

Zr(1)—N(1) 2.802(3) Hf(1)N(1) 2.752(6)

Zr(1)—-N(2) 2.211(3) Hf(1}-N(2) 2.177(6)

Zr(1)—N(3) 2.068(3) Hf(1>N(3) 2.052(6)

N(1)-B(1) 1.446(5) N(1)B(1) 1.419(11)

N(2)—-B(1) 1.474(5) N(2)-B(1) 1.460(10)

N(1)—Li(1) 1.992(7) N(1)-Li(2) 1.966(14)

N(2)-Li(2) 2.028(7) N(1)-Li(1) 2.024(14)

Bond Angles
4 5

N(1)-B(1)-N(2)  110.4(3) N(1}B(1)-N(2)  110.9(8)
C(5)-N(2)-zr(1)  128.5(2) C(5rN(2)—Hf(1)  129.0(5)
C(9)-N(3)—Zr(1) 145.3(2) C(99-N(3)—Hf(1)  145.5(5)
N(4)—Zr(1)—N(3) 71.92(11) N(4)-Hf(1)—N(3) 71.8(2)

(d(M—N) = 2.177(6)-2.211(3) A) while the other contacts
both lithium cationsd(M—N) = 2.536(6)-2.802(3) A). The
N—B—N and N-M—N planes differ from each other by
35.6—-38.9 for the ligands perturbed by lithium interactions.
The homoleptic vanadium complex ofBUN—BPh—

NBuJ?-, 6, exhibits a tetragonally compressed coordination
geometry Dyg) about the vanadium(lV) center (Figure 3).
The distortion is almost identical to that observed by Fest
and co-workers in TIBUN—BP"—N®Bu]..*® The V—N bond

Figure 3. Solid-state structure of VuN—BP"—NBu), (6), with thermal
ellipsoids shown at the 50% probability level.

Table 4. Selected Bond Lengths (A) and Angles (deg) for
V('BUN—BP"—NBu), (6)

Bond Lengths Bond Angles
V(1)—N(1) 1.853(3) N(1)B(1)—N(2A) 106.9(4)
V(1)—N(2) 1.851(3) N(1)-V(1)—N(2A) 78.52(14)
N(1)—-B(1) 1.460(5) N(13V(1)—N(2) 126.57(14)
N(2)—B(1A) 1.459(6) V(1)N(1)—C(7) 140.8(3)

V(1)—N(2)—C(11) 141.2(3)

Spectroscopy of 6 Room temperature EPR spectraof
show a strong signal with no hyperfine coupling. Conversely,
a frozen pentane solution (77 K) 6fgives a well-resolved
octet in the EPR spectrum arising from the interaction of
the unpaired electron witttV(I = 7/,) (g = 1.979;A(®V)
= 49.0 G). There is significant line broadening and an
increased amplitude in the first peak and the final dip, due
to superhyperfine coupling to the quadrapolar nitrogens. A
simulated spectruffi is in accordance with the observed
spectrum, yieldingA(**N) = 4.7 G (Figure 4). The IR
spectrum of6 exhibits a strong band at 605 ctwhich is
absent in the free ligand; on this basis, the absorption is
assigned to the ¥N stretching mode. An empty p-orbital
at the B(R) bridgehead might be expected to attenuate the
m-back-bonding interaction between the amido nitrogens and
metal center and consequently give rise to a reducetlV
frequency. However, such simple stereoelectronic correla-
tions may be obscured by mass and steric effects of the
ligand. Accordingly, it is not unexpected that the—W™
stretching frequency o6 falls between that observed for
V(NMey), and V(NE$)4.%° Finally, the absorption spectrum
of 6 is consistent with a ‘dmetal center in a tetrahedrally

distances of 1.851(3) and 1.853(3) A are consistent with the distorted crystal field. ThéE and”T, terms ofTq symmetry

V—N distances observed in the h&g-butylamido)silane
congener, VIMgSi(BuN),], (Table 4)* The 78.52(14) bite
angle of6 is considerably larger than those observedfoed.
The metric parameters 6fcontrast those of alkyl amidinate
vanadium complexes, which exhibit longer¥ distances
(d = 1.944(2)-2.232(3) A) and more acute bite angles
(63.46(19)-64.84(1)).45 48

(44) Brauer, D. J.; Biger, H.; Liewald, G. R.; Wilke, JJ. Organomet.
Chem.1986 310, 317—332.

(45) Hao, S.; Berno, P.; Minhas, R. K.; Gamborattalr®rg. Chim. Acta
1996 244, 37—-49.

(46) Berno, P.; Hao, S.; Minhas, R.; GamborattaJSAm. Chem. Soc.
1994 116, 74177418.

(47) Vivanco, M.; Ruiz, J.; Floriani, C.; Chiesi-Villa, A.; Rizzoli, C.
Organometallics1993 12, 1794-1801.

are split inD,q symmetry to &B; ground state antA\ 1, °B,

and °E excited states; for these three excited states, the
°E < 2B, transition is Laporte allowed. An LMCT transition

at 260 nm dominates the UV absorption region.

In summary, bigert-butylamido)phenylborane is a com-
petent ligand for group 4 and 5 transition metals. The ligand
demonstrates significantly shorter metaltrogen bonds than
amidinate ligands owing to its dianionic nature, and a larger

(48) Brussee, E. A. C.; Meetsma, A.; Hessen, B.; Teuben, Organo-
metallics1998 17, 4090-4095.

(49) The computer simulation was performed using WINEPR SimFonia
software, Version 1.25, Bruker Analytiche Messtechnik GmbH, 1994
1996.

(50) Bradley, D. C.; Gitlitz, M. HNature 1968 218 353-354.
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Figure 4. EPR spectrum (X-band) of YUN—BF"—NBu), (6) at 77 K
in frozen pentane: (a) experimental; (b) simulated.

bite angle, which accompanies the shorterNldistances.
The dianionic charge of birt-butylamido)phenylborane
ligands also relaxes the need for additional ancilkarionic
ligands on metal centers of high oxidation state. More

generally, the class of diamido ligands possessing a single-(59)

atom bridgehead, [RNX—NR]?7, is limited. A compilation
of these ligands is shown in Chart 2. From this roster of
ligands, the transition metal coordination chemistry of the
bis(alkylamido)phosphirtdand bis(alkylamido)arsiridligands
(A) has yet to be developed. The early transition metal
complexes of dianionic guanidin&fo31-5%% (B) and
ureatd® %7 (C) ligands have been obtained, for the most part,

by constructing the ligand at the metal; a general synthesis(65)

(51) Eichhorn, B.; Nith, H.; Seifert, TEur. J. Inorg. Chem1999 2355—

2368.

(52) Briand, G. G.; Chivers, T.; Parvez, i@an. J. Chem2003 81, 169—
174.

(53) Tin, M. K. T.; Yap, G. P. A; Richeson, D. $org. Chem1998 37,
6728-6730.

(54) Dinger, M. B.; Henderson, WChem. Commuril996 211-212.

(55) Danopoulos, A. A.; Wilkinson, G.; Sweet, T. K. N.; Hursthouse, M.
B. J. Chem. Soc., Dalton Tran&996 3771-3778.

(56) Legzdins, P.; Phillips, E. C.; Rettig, S. J.; Trotter, J.; Veltheer, J. E.;
Yee, V. C.Organometallics1992 11, 3104-3110.
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Chart 2
R |2- R,,—|2—
2 N’
RN~ ~"NR il,
E=PAs RNTNR
A B
T Te-
(|)| RC R
RN~ O NR' RN~ SNR'
c D

of these ligand classes has not been forthcoming. By far,
the most extensively studied [RNK—NR]?>~ system has
been the bis(amido)silanes (£#)%8 7! The bis(alkylamido)-
phenylborane ligands offer a versatile counterpart to this
system inasmuch as the steric electronic properties of the
three-atom dianionic chelate can be tuned with substitution
at nitrogen and the boron bridgehead, which is strongly
coupled to the amide termini viabonding. Future directions
include expanding the coordination chemistry of bis(alky-
lamido)phenylborane ligands as chelates and also as a
bridging ligand of bimetallic metal centers.
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