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Summary: The phenylimino-bridged diphenol PhNghi£OH),
reacts with W(PMg4(72-CH,PMe)H to yield a variety of
mononuclear and dinuclear complexes that includeFhN(GH-
OH)(GsH30)]W(PMes)sHz, (=12, ,>-PhN(GsH30 )] { W-
(PMQ:,)4H2} 2, [ICS-PhN(CeH40)2]W(PM63,)3H2, [K4-N(CGH4)-
(CeH10)]W(PMes)sH, and [x2-PhN(GH40):] W (PMe), via
O—H and C-H bond actvation reactions. Structural charac-
terization of these compounds by X-ray diffraction demonstrates
that the deried alkoxide ligand is structurally flexible and can
adopt bidentate, tridentate, and tetradentate coordination modes.

Introduction

Alkoxide (OR) and aryloxide (OAr) ligands have been
employed extensively in organometallic chemistyjth ap-

diphenol PhN@-CgH4sOH),1213 towards W(PMg)4(172-CH,-
PMe)H, thereby resulting in a series of-@ and C-H bond
activation reactions to give products that feature (i) bidentate
k20, and «2-OC, (ii) tridentatex®-O;N, and (iii) tetradentate
k*O,CN coordination modes.

Whereas the tris(phenol) B{CsH4OH); has been used to
prepare a variety of transition-metal derivatitésounterparts
of the structurally related diphenol PhiNCsH4OH), have not
previously been reportéd.lt is, therefore, noteworthy that an
array of tungsten complexes may be obtained via treatment of

(6) For recent examples, see: (a) Tsang, W. C. P.; Jamieson, J. Y.; Aeilts,
S. L.; Hultzsch, K. C.; Schrock, R. R.; Hoveyda, A. Brganometallics
2004 23, 1997-2007. (b) Schrock, R. R.; Jamieson, J. Y.; Dolman, S. J.;
Miller, S. A.; Bonitatebus, P. J., Jr.; Hoveyda, A. Bitganometallic2002
21, 409-417. (c) Waltz, K. M.; Carroll, P. J.; Walsh, P.Qrganometallics
2004 23, 127-134. (d) Chisholm, M. H.; Lin, C.-C.; Gallucci, J. C.; Ko,
B.-T. Dalton Trans2003 406-412. (e) Damrau, H.-R. H.; Royo, E.; Obert,

plications in areas as diverse as olefin and acetylene metdthesiss.: Schaper, F.; Weeber, A.; Brintzinger, H.-Brganometallic2001, 20,

and materials chemistd/The widespread use of these ligands
is commonly associated with their ability to stabilize a variety
of coordination environments. Specifically, alkoxide and ary-
loxide ligands are electronically versatile due to the availability
of two lone pairs on the oxygen atom that allow them to function
as one-electron (X), three-electron (LX), or five-electropX{)-
donord depending upon the electronic needs of the metal center.
Furthermore, the steric demands of alkoxide and aryloxide
ligands may also be readily modified, as exemplified by the
very bulky OCBUs ligand® In addition to mono(aryloxide)
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Fanwick, P. E.; Rothwell, I. PDalton Trans.2003 1620-1627.

(7) For CH and CHR linkers, see: (a) Hagenau, U.; Heck, J.; Kaminsky,
W.; Schauwienold, A. MZ. Anorg. Allg. Chem200Q 626, 1814-1821.
(b) Mulford, D. R.; Fanwick, P. E.; Rothwell, |I. RRolyhedron200Q 19,
35—42. (c) Okuda, J.; Fokken, S.; Kang, H.-C.; Massa, @#iem. Ber.
1995 128 221-227. (d) Lehtonen, A.; Sillarijga R. Polyhedron2003
22, 2755-2760. (e) GonZaz-Maupoey, M.; Cuenca, T.; Frutos, L. M.;
Castan, O.; Herdtweck, EOrganometallics2003 22, 2694-2704. (f)
Toscano, P. J.; Schermerhorn, E. J.; Barren, E.; Liu, S. C.; Zubiefa, J.
Coord. Chem1998 43, 169-185.

ligands, considerable attention has been given to the application_ (8) For S linkers, see: (a) Amor, F.; Fokken, S.; Kleinhenn, T.; Spaniol,

of bis- and poly(aryloxide) ligands. With respect to bis-
(aryloxide) ligands, the majority of studies have been devoted
to biphenolate or binaphtholate derivatives in which the two
aryloxide moieties are directly linked togettfelut more
recently attention has been given to derivatives in which the
aryloxide groups are attached by a linket® Since the nature

of the linker modifies the chemistry of the systémye are
interested in developing the application of bis(aryloxide) ligands
that feature a nitrogen bridge, with particular emphasis being
given to the chemistry of the early transition metals. In this
paper, we describe the reactivity of the phenylimino-bridged
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W(PMes)4(72-CH:PMe)H with PhN(-CeH4OH),, with the

dinuclear complex-«2,k2-PhN(GH30),]{ W(PMes)4H2} > (3),

nature of the product being critically dependent on stoichiometry which corresponds to an overall 2:1 stoichiometry.

(Scheme 1). For example, W(PWgn?-CH.PMe)H reacts with
PhN(@©-CsH4OH), in a 1:2 molar ratio to yield the octahedral
bis(diphenolate) complexf-PhN(GH40),].W(PMes) (1) via
reaction with the G-H bonds of two PhNg-C¢H,OH), mol-
ecules'® In contrast, the corresponding reaction with a 1:1 molar
ratio results in both ©H and C-H bond activation, yielding
[«2-PhN(GH4OH)(CsH30)]W(PMe3)sH2 (2) (Scheme 1), in
which one of the G-H bonds remains intact and participates
in a O—H---O hydrogen-bonding interaction with the oxygen
atom of the aryloxide moiety (Figure 1). Despite the hydrogen-
bonding interaction, the ©H bond in k?PhN(GH4OH)-
(CeH30)|W(PMes)4H, (2) is reactive and treatment with
W(PMe3)4(72-CH,PMe)H results in the formation of the

(10) Other linkers include TE2S(0)10 S,,10¢ SCH,CH,S 104 CH,CH,,10¢
and N(H)C(O)C(O)NH (a) Nakayama, T.; Watanabe, K.; Ueyama, N.;
Nakamura, A.; Harada, A.; Okuda, Qrganometallics200Q 19, 2498~
2503. (b) Okuda, J.; Fokken, S.; Kang, H.-C.; MassaP@lyhedron1998
17, 943-946. (c) Okuda, J.; Fokken, S.; Kleinhenn, T.; Spaniol, TE&.

J. Inorg. Chem200Q 1321-1326. (d) Capacchione, C.; Proto, A.; Ebeling,
H.; Mulhaupt, R.; Mdler, K.; Manivannan, R.; Spaniol, T. P.; OkudaJJ.
Mol. Catal. A: Chem2004 213 137-140. (e) Fokken, S.; Spaniol, T. P;
Okuda, J.; Sernetz, F. G.; Mhaupt, R.Organometallics1997, 16, 4240—
4242. (f) Jimenez-Rez, V. M.; Camacho-Camacho, C.} @ado-Rodiguez,
M.; No6th, H.; Contreras, RJ. Organomet. Chen200Q 614—615 283~
293.

(11) For example, sulfurbridged bis(aryloxide) ligands create more
active titanium olefin polymerization catalysts than the corresponding
methylene-bridged derivatives. See: Miyatake, T.; Mizunuma, K.; Kakugo,
M. Makromol. Chem., Macromol. Symp993 66, 203—214.

(12) Kelly, B. V.; Tanski, J. M.; Anzovino, M. B.; Parkin, G. Chem.
Crystallogr. 2005 35, 969-981.

(13) Flad, G.; Demerseman, P.; Royer, Bull. Soc. Chim. Fr.1976
1823-1824.

(14) For titanium, niobium, and tantalum complexes, see: Michalczyk,
L.; de Gala, S.; Bruno, J. WOrganometallic2001, 20, 5547-5556.

(15) For antimony complexes of this ligand, see: Tanski, J. M.; Kelly,
B. V.; Parkin, G.Dalton Trans.2005 2442-2447.

(16) The structurally related molybdenum complex Mo(BM©Ph)
has been reported. See: (a) Hascall, T.; Murphy, V. J.; Parkin, G.
Organometallics1996 15, 3910-3912. (b) Hascall, T.; Murphy, V. J.;
Janak, K. E.; Parkin, GJ. Organomet. Chen2002 652 37—49.

The formation of f2-PhN(GH4OH)(CsH3z0)]W(PMes)4H: (2)
in the 1:1 reaction is of particular note, because the bidentate
«%-0,C coordination mode demonstrates that oxidative addition
of the C—H bond of the aryloxy ligand is favored over oxidative
addition of the second ©H bond. In this regard, we have
previously demonstrated that orthe-& bond activation to give
four-membered oxametallacycles is a common feature of the
reactions of W(PMg4(7>-CH,PMe&y)H with phenols and have
established that this preference is kinetic in orii#® Sup-
porting this notion, the €H bond cleavage reaction is reversible
and [?-PhN(GH4OH)(CsH30)]W(PMes)sH2 (2) converts to £
PhN(GH40),JW(PMes)sH, (4) upon heating at ca60 °C
(Scheme 232 The molecular structure ok$-PhN(GH4O)z]W-
(PMes)sH2 (4) has been determined by X-ray diffraction (Figure
2), thereby demonstrating that, in contrast te?-PhN-
(CsH40)]2W(PM&), (2), the nitrogen atom also coordinates
to the metal cente®® as such, the ligand adopts a tridentate
«3-O.N mode.

Figure 1. Molecular structure off2-PhN(GH4OH)(CsHz0)]W-
(PMe&3)sH: (2).
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A further example of the structural versatility of this system
is provided by the observation thak3fPhN(GH4O)]W-
(PMe3)sH2 (4) reductively eliminates kat ca 80 °C to give
[4-N(CgH4)(CeH40),]W(PMes)3H (5) via oxidative addition of
the ortho C-H bond of the phenyl substituent, thereby general
ing a tetradentatetripodal ligand. k*-N(CsH4)(CsH4O)]W-

PMes)sH h lly ch i X-
(- e3);:; (5)- as been structurally characterized by X-ray (CeH40O),]JW(PMes)sH (5) is reversible, and treatment withp,H
diffraction (Figure 3), and the WN bond length (2.271(8) A) 1 PhN(GH WPMe)Hy (4) (K ~
is substantially shorter than that in tké precursor, f3-PhN- (1 03a|:/|n1)1 g’:[g;é‘fgte&a[' (GH4O0)]W(PMe3)sH: (4) (K ~
(CeHLO) W (PMeg)eH; (4) (2.451(4) A)' an observation that The interconversion ofkf-PhN(GH40)2]W(PMes)zH, (4)
may be associated with the geometrical constraint imposed by
formation of the W-C bond. The formation ofif*-N(CgH.)- and e*-N(CsHa)(CeHaO)]W(PMey)H (5) presumably proceeds

via the 16-electron intermediaff3-PhN(GH4O),]W(PMes)3} .

- Evidence in support of this statement is provided by the

(17) For example, of the monosubstituted pheneR@H,OH (R = . ;

Me, Et, P, BUY) for which a variety of potential €H bond activation observation thati<{"‘-|3_hN(C5H4O_)2]W(PMe3)3H2 (4) reacts with
reactions are possible, leading to the formation of four-, five- or six- CO and GHj4 to give the bis(carbonyl) and bis(ethylene)
membered oxametallacycles, only 2-methylphenol gives the five-membered complexes §3-PhN(GH40),]W(PMes)2(CO), (6) and 3-PhN-

oxametallacycle W(PMgu[«2>-OCsH3(CH2)]H2, with all other derivatives - h
aivinsg the f(OL;r-|£nebmber_ecri1 ogho-zmtletalateté altgmaigiVeng?M%?]CeHs@' g%‘;':/‘;(z)\ivsvg?ﬂ[g) g%nz‘éH(g’)zlvv\(/h(g&eg?y Vt\)/ﬁilglfr\wl\ée(cj:afs

». See: (a) Rabinovich, D.; Zelman, R.; Parkin, &.Am. Chem. Soc. - 4 3f- -
199Q 112 9632-9633. (b) Rabinovich, D.; Zelman, R.; Parkin, &.Am. bonyl complex is an 18-electron derivative, the ethylene complex

Chem. Soc1992 114, 4611-4621. ; _ .
(18) For other examples of structurally characterized compounds with is formally a 16-electron compound; closely related precedents

four-membered ortho-metalated aryloxide ligands, see: (a) Bag, N.; are, nevertheless, provided by W(P§CzH,).Cl and
Choudhury, S. B.; Lahiri, G. K.; Chakravorty, A. Chem. Soc., Chem.  W(PMes)2(CoHa)2(Me)(CIAIMe,Cl).2
Communl199Q 1626-1627. (b) Bag, N.; Choudhury, S. B.; Lahiri, G. K; In summary, the diphenol PhBHCsH4OH), has proven to

Chakravorty, Alnorg. Chem199Q 29, 5013-5014. (c) Aneetha, H.; Rao, . . .
C.R. K.: Rao, K. M.; Zacharias, P. S.: Feng, X.; Mak, T. C. W. Srinivas, € @ useful reagent for preparing a variety of tungsten aryloxide

t. Figure 3. Molecular structure ofi#-N(CgH4) (CeH4O )] W(PMes)sH

B.; Chiang, M. Y.Dalton Trans.1997 1697-1703. compounds. Structural characterization of these compounds by

© (&%G&/(E;tﬂére)sgn% ?Seng,tN?ée;h% )C]OwnzlsﬁiO)nH@f?—F;nNt(t(ﬁHaoH)-” X-ray diffraction demonstrates that the derived alkoxide ligand
613 €3)4M2 10 [k~ 40)2 €3)3M2 IS thal e overal H H H .

oxidative addition of the second-€H bond is inhibited by PMgand Is structurally ﬂeXIt.)Ie a.md can adopt bidentate, tr.ldentate’ and

catalyzed by K tetradentate coordination modes and can also link two metal
(20) The W-N bond length in W(PMg3[k3-N(CsH4O)x(Ph)]Hy is 2.451- centers together. The ability to synthesize the dinuclear complex

(4) A. For comparison, the average-YMRz bond length for compounds 22
listed in the Cambridge Structural Database is 2.31 A (Cambridge Structural [1-%PhN(GHZO),{ W(PMes)aHal > (3) suggests that the

- LTS
Database, Version 5.27). Allen, F. H.; Kennard, O. 3D Search and Researchf€activity of the G-H bond in f*-PhN(GH4OH)(CeHz0)]W-
Using the Cambridge Structural Databa€femical Design Automation
News1993 8(1), 1, 31+-37. (21) Sharp, P. ROrganometallicsl984 3, 1217-1223.
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(PMe3)4H2 (2) may enable the synthesis of heterobimetallic ~ Supporting Information Available: Text, figures, and tables
complexes, an area that is currently being investigated. giving experimental details and CIF files giving crystallographic
data. This material is available free of charge via the Internet at
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