JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Formation of Phosphorus—Nitrogen Bonds by Reduction of
a Titanium Phosphine Complex under Molecular Nitrogen
Lara Morello, Peihua Yu, Christopher D. Carmichael, Brian O. Patrick, and Michael D. Fryzuk
J. Am. Chem. Soc., 2005, 127 (37), 12796-12797+ DOI: 10.1021/ja054467r » Publication Date (Web): 25 August 2005
Downloaded from http://pubs.acs.org on March 25, 2009

(INPN]Ti)5(N5) 7 2e” | . 26"
B - % Q&Meg

Ph
Phi / e i N// /lSIMez
f// \T N SiMe,| Ph\i\l ,,,,, Ti/ \Tii:\'l\ll\l""ph
MGZSI/N / %/‘ \ / Mezs';lN/ \ / \Ph
Mezsvghg/ \Ph MegSI\ // 2

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 16 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja054467r

JIAIC[S

COMMUNICATIONS

Published on Web 08/25/2005

Formation of Phosphorus —Nitrogen Bonds by Reduction of a Titanium
Phosphine Complex under Molecular Nitrogen

Lara Morello, Peihua Yu, Christopher D. Carmichael, Brian O. Patrick, and Michael D. Fryzuk*
Department of Chemistry, The Usmirsity of British Columbia, 2036 Main Mall, Vancoer, BC, Canada, V6T 1Z1

Received July 6, 2005; E-mail: fryzuk@chem.ubc.ca

A very common synthetic method to generate dinitrogen metal
complexes is via reduction, wherein addition of some alkali or
alkaline earth metal (e.g., Li, Na/Hg, kQMQ) to a high oxidation
state, precursor metal complex in the presenceofadwh result in
dinitrogen bindingt Only in a few cases have lower oxidation state
complexes been isolated or detected and shown to react indepen-
dently with dinitroger? In most instances, little is known about
intermediates and how the;Mteracts with the metal. As a result,
these reduction protocols are not easily controlled because the
combination of strong reducing agents and poor binding ability of
molecular nitrogen can result in unpredictable outcofiesthis
work, we detail the effect of a change of the metal center within a
particular ligand during such a reduction process; what results is
an unanticipated process that involves intramolecular phosphorus
nitrogen bond formation, where the nitrogen originates from added
Na.

Our recent efforts have been directed at the synthesis and
reactivity of well-defined dinitrogen complexes. Within group 4,

we have prevjous!y reportémg synthgsis of d.irluclear dinitrogen 50% level. Selected bond distances (A) are:—W&*, 1.503(3); Zrt-N3,
complexes with side-on bridging Nunits stabilized by ancillary 2.026(2); ZrE-N3*, 2.069(2); Zrt-N1, 2.175(2); Zr+-N2, 2.228(2); Zrt
ligands that contain phosphine and amido donors. In the case ofO1, 2.305(1); Zr+P1, 2.6685(5). Silylmethyl groups are omitted for clarity;

the reduction of [BN2]ZrCl, (where [BN,] = PhP(CHSiMe,- only ipso carbons of the phenyl groups are shown.

NSiMe;CH;),PPh) with KG under N, ([P2N2]Zr)2(u-1*n*Ny) is ancillary ligand backbone. The solid-state structure is shown in
generated in good yields if the;ressure is maintained at 4 atm; Figure 1. The dinuclear complex displays a side-on boupkitind
lower pressures of Ncan result in contamination by a P-phenyl  wjith a long N-N bond of 1.503(3) A consistent with an-NN
bridged dimef. single bond and a X~ unit. There are a number of side-on bridged
Reduction of the related Zr(IV) precursor complex [NPN]ZCl  gizirconium dinitrogen complexes that display similar levels of
(THF) (where [NPN]= PhP(CHSiMe,NPh),) with KCg in THF activation as evidenced by long-NN bond lengthg:”
under N generates (INPN]Zr(THF)ju-17%3?N>) (1) in very good Reduction of the Ti(IV) precursor PR,]TiCl, with activated
yields (eq 1). KCs generates ([N]Ti)2(«-N,);® the bridging N unit is end-on
bound to each Ti center, and the-N bond length is 1.255(7) A.
However, when the corresponding diamidophosphine precursor,
. [NPNI]TICI,, is utilized, a different outcome is obtained.
Ph=—p——ej _LI-*-S The reaction of [NPN]TiCGlwith 2 equiv of KG under dinitrogen
! in THF results in a series of color changes from the initial orange
of the starting material to generate an olive green solution from
which emerald green crystals could be obtained. The elemental
analysis and mass spectral data are consfsteitth a molecular
formula that involves incorporation of 1 equiv ofNhat is, ((NPN]-
Ti)2(N2) 2 (eq 2). The complex is diamagnetic and displays a singlet
in the 31P{1H} NMR spectrum av 39.9, considerably downfield
of the starting dichloride 3.7); the resonances in thel NMR
spectrum are consistent with a molecule of high symmetry as only
two silylmethyl peaks are observed, and the methylene protons
appear as an ABX-type pattern. With the assumption that this was
This complex was characteriZdoly solution NMR spectroscopy  a bona fide dinitrogen complex, all that remained was to determine
and solid-state X-ray crystallography. The overall high symmetry the bonding mode of the Nunit, either end-on bridging in analogy
of 1in solution is evident by the observation of a singlet in e to ([PoN2]Ti)2(u#-N2) described above, or side-on bridging similar
NMR spectrum ah —5.6 along with resonances in thd NMR to that found for the zirconium derivativk
spectrum consistent with one kind of coordinated THF environment  The structure o2 as determined by X-ray crystallography is
along with appropriate signals for the remaining protons of the shown in Figure 2. What is clearly evident is that there is no intact
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dinitrogen moiety coordinated to the dititanium core. In fact, the ya Shez - ger F Fitte;

. X Fh 4 1SiMes . i TSiMes
dinuclear metal complex has only the [NPN] bound but with one , * /-N\ o E on N _N.-'/ '
important change: the phosphine donor has been transformed intc \:J/Tu:\ —Ti—N “Pn s Ti=—N_"pn
a phosphinimide unit.Formally, the [N(PN)N] ligand set (where Meys?;\ "N Ph m,s}"}' \;N’/ Ph
[N(PN)N] = (PhNSiMeCH,),P(=N)Ph) is a trianion, and thus the ~ Me:Si—_# Megsi\i—.__; 4
formal oxidation state of each titanium center in ([N(PN)N}Ti) Pn 2 . P Ty
(2) is Ti(lll). The Ti—Ti bond distance is 2.6710(6) A and is bridged ¢

by the imido unit of the phosphinimide portion of the ancillary
ligand; the remaining sites are occupied by the phenylamido units
of the original ligand set. The-PN bond distance of 1.591(2) A is
not unusual, being well in the range of reported bond lengths for .
this unit® transformation.

- . . This study reinforces the notion of the lack of control that is
The origin of the nitrogen atoms that have been inserted between ossible in using strong reducing agents as a method to incorporate
the phosphine and the titanium centers was investigated by reductior g 9 gag P

under'N,, which produced (N(BN)NJTI) » (5N-2) as evidenced molecular N into the coo_rdlnatlon sphere of metal com_pl_exes.
) Cleavage of the NN bond in N, complexes to form metal nitrides
by mass spectrometry and confirmed 8 NMR spectroscopy

(359,03~ 22 ), s ety dcates hat e surceof =, o OIS 1 e Hereioss 2 e escion o
the nitrogen of the phosphinimide unit is addeg N

. A . - of these two processes leads to ancillary ligand modification by
Shown in Scheme 1 is a possible mechanism for the cleavagethe formation of a phosphinimide functionality facilitated by the
of coordinated N and insertion into the TP bond. There is no phosp y

precedent for direct attack of a phosphine on a coordinated N over reduction of the initially formed Ncomplex.

moiety. However, it is presumed that some dinucleaicbimplex Acknowledgment. This research was supported by the Natural
initially forms, which is subsequently reduced further to generate Sciences and Engineering Research Council (NSERC) of Canada.
the dianionic bridging dinitride specids The transformation of

B to C involves nucleophilic attack of a phosphine to the bridging
nitride, a process that has precedent in nitride coupling reactions
and in the reaction of PRhwith Os(VI) nitrides®to generate Os
NPPh species in which reduction to Os(1V) has taken place. The
transformation of the dianio€ to product2 requires release of  References
two electrons, making the over reductionAfelectrocatalytic.

The zirconium congenel does not undergo this reaction under
any conditions that we have tried. It is likely the ease of reduction
of Ti(IV) in 2 versus Zr(IV) in 1 that facilitates this new

Supporting Information Available: Experimental details for all
of the compounds reported. Details on the solution and refinement of
X-ray crystal structures. This material is available free of charge via
the Internet at http://pubs.acs.org.
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