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The synthesis, reactivity, and structural characterization of the do tris(imid0) complex 
[Li(THF)4l[W(NAr)&l] (2, Ar = 2,6-C&-i-Pr2) are reported. When W(NAr)CL(THF) reacts 
with 2 equiv of MesSiNHAr in THF, the bidimido) compound W(NAr)2CldTHF)2 (1) is 
isolated. Reacting W(NAr)&12(THF)2 with 2 equiv of LiNHAr in THF affords the yellow, 
crystalline tris(imid0) complex [Li(THF)41[W(NAr3)Cl] (2). Complex 2 is shown to be the 
kinetic product of this reaction since it reacts with byproduct H2NAr to afford W(NAr)2- 
(NHAr)2 (3). Experiments are described that support the do W(=NR)2 functional group in 
W(NAr)2C12(THF)2 (1) arising by an  intramolecular a-H abstraction in [W(NAr)(NHAr)2- 
CWTHF),] (with loss of HzNAr), while the formation of [W(NAr)&lI- (2) from W(NAr)2C12- 
(THF):! (1) most likely proceeds by an intermolecular deprotonation of nascent W(NAr12- 
(NHAr)Cl by the second equivalent of [NHArl-. These experiments include synthesis and 
reactivity studies of W(NAr)2C12(NH&) (41, W(NAr)(NEt2)C13(THF) (51, and W(NAr)2- 
(NEt2)C1 (6). The do metal center in [W(NAr)3Cll- (2) is susceptible to nucleophilic attack 
as seen in its reactions with PMePh2, PMe3, [ n - B a I B r ,  MeLi, and LiCHzSiMe3 to afford 
the substitution products W(NAr)dPMePhd (71, W(NAr)3(PMe3) (81, [n-BuNl[W(NAr)3Brl 
(9), [Li(THF),l[W(NAr)3Me] (lo), and [Li(THF)41[W(NAr)3(CH2SiMe3)1 (ll), respectively. 
Kinetic and mechanistic evidence is presented that suggests these reactions proceed by a 
bimolecular, S N ~  attack at the do tungsten center. [Li(THF)41[W(NAr)3Cl] (2) crystallizes 
in the monoclinic space group P21/n (No. 14) with a = 13.787(4), A, b = 17.348(5) A, c = 
22.781(8) A, /3 = 90.426(28)", and V = 5448.5(30) A3, with 2 = 4 and D(ca1c) = 1.268 g ~ m - ~ .  
W(NAr)3(PMe3) (8) crystallizes in the orthorhombic space grou Pbca (No. 61) with a = 
18.572(3) A, b = 25.966(4) A, c = 16.819(3) A, and V = 8111(4) k, with 2 = 8 and D(ca1c) 
= 1.29 g ~ m - ~ .  The tungsten atom of [Li(THF)4l[W(NAr)&l] (2) is tetrahedrally coordinated 
with three virtually identical imido ligands with an average W-N bond length of 1.78 A 
and an average W-N-Ci,,, bond angle of 171". W(NAr)3(PMe3) (8) is also tetrahedrally 
coordinated and displays an average imido W-N bond length of 1.79 and slightly bent 
W-N-C,,,, bond angles (av 167"), though one imido ligand is more strongly bent than the 
other two. The electronic structure of the C3" W(NAr)3L compounds suggests a ligand-based, 
nonbonding a2 HOMO comprised of a N(pn) orbital combination oriented perpendicular to 
the molecule's C3 axis. Accordingly, an imido nitrogen is subject to  electrophilic attack, as 
seen in the reactions of W(NArMPMe3) (8) with HOAr' (Ar' = 2,6-CdhMez), MesSiI, MeI, 
and PhNCO that afford W(NAr)z(NHAr)(OAr') (12), W(NAr)2[N(SiMedArII (131, W(NAr)2- 

(NMeAr)I (14), and W[NArC(O)NPhl(NAr)a(PMes) (15), respectively. Similarly, the reaction 
of [Li(THF)4][W(NAr)3Me] (10) with [HNMe3]BPk does not protonate the W-Me bond but 
rather attacks the imido nitrogen to  afford W(NAr)z(NHAr)Me (16). W(NArh(NHAr)Me (16) 
does not eliminate CHI upon thermolysis to afford base-free [W(NAr)31; other attempts to 
generate this species are described. 

Introduction 

Transition metal organoimido complexes1S2 have been 
applied to catalytic and synthetic methodologies involv- 
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ing net [NRI transfer ~hemistry,~ as in the amination4 
and aziridination5 of olefins or the ammoxidation of 
propylene.6 Organoimido ligands have also been im- 
plicated in nitrile reduction7 and have seen increasing 
utility as ancillary groups to support high oxidation 

(1) Wigley, D. E. Prog. Inorg. Chem. 1994,42, 239. 
(2) Nugent, W. A.; Mayer, J. M. Metal-LiguandMultiple Bonds; John 
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state metah8 Recent advances in metal imido chem- 
istry include the generation of compounds containing 
reactive LnM=NR ligands that can activate the C-H 
bonds of methaneg or engage in cycloaddition 
~ h e m i s t r y . ~ ~ J ~  Various strategies employed to activate 
imido ligands include coordinating these ligands to late 
transition elements or using mid- to low-valent metals 
in an effort to destabilize the strong d{n} - p{n} 
interactions that oRen make imido complexes inert. One 
aspect of many early transition metal compounds with 
reactive LnM=NR ligands is a coordination sphere 
containing muZtipZe n donor ligands,11J2 a feature that 
has aroused interest in “n-loaded” multiple imido com- 
plexes as another potential means to activate M=NR 
bonds. 12-17 

We recently reported12 the preparation and properties 
of do tridimido) complexes of tungsten, thereby complet- 
ing the series of do W(NR), imido-metal functional 
groups for n = 1,18 2,19 3,12 and 4.20 Prior to  our initial 
report, tris(imid0) complexes were restricted to select 
metals in groups 7 and 8.l Given the potential utility 
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Holm, R. H. J .  Am. Chem. Soc. 1990,112,186. (b) Elliot, R. L.; Nichols, 
P. J.; West, B. 0. Polyhedron 1987,6,2191. (c) Walsh, P. J.; Baranger, 
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A. J .  Am.  Chem. SOC. 1976,97, 2305. (b) Chong, A. 0.; Oshima, K.; 
Sharpless, K. B. J .  Am. Chem. SOC. 1977,99,3420. (c) Patrick, D. W.; 
Truesdale, L. K.; Biller, S. A.; Sharpless, K. B. J. Org. Chem. 1978, 
43, 2628. (d) Hentges, S. G.; Sharpless, K. B. J. Org. Chem. 1980,45, 
2257. 

(3) (a) Groves, J. T.; Takahashi, T. J .  Am.  Chem. SOC. 1983, 105, 
2073. (b) Mansuy, D.; Mahy, J.-P.; Dureault, A.; Bedi, G.; Battioni, P. 
J .  Chem. Soc., Chem. Commun. 1984, 1161. 

(3) (a) Maatta, E. A.; Du, Y.; Rheingold, A. L. J .  Chem. SOC., Chem. 
Commun. 1990,756. (b) Maatta, E. A.; Du, Y. J .  Am. Chem. SOC. 1988, 
110,8249. (c) Chan, D. M.-T.; Fultz, W. C.; Nugent, W. A.; Roe, D. C.; 
Tulip, T. H. J .  Am. Chem. SOC. 1985, 107, 251. (d) Chan, D. M.-T.; 
Nugent, W. A. Inorg. Chem. 1985,24, 1422. 

(3) (a) Bakir, M.; Fanwick, P. E.; Walton, R. A. Inorg. Chem. 1988, 
27, 2016. (b) Rhodes, L. F.; Venanzi, L. M. Inorg. Chem. 1987, 26, 
2692. (c) Han, S. H.; Geoffroy, G. L. Polyhedron 1988, 7, 2331. 
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S.; Yang, D. C. J .  Mol. Catal. 1988, 46, 243. (c) Feldman, J.; Davis, 
W. M.; Thomas, J. K.; Schrock, R. R. Organometallics 1990,9, 2535. 
(d) Schrock, R. R.; Crowe, W. E.; Bazan, G. C.; DiMare, M.; O’Regan, 
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Chem. SOC. 1988,110, 8731. (b) Cummins, C. C.; Van D u p e ,  G. D.; 
Schaller, C. P.; Wolczanski, P. T. Organometallics 1991, 10, 164. (c) 
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(d) Schaller, C. P.; Bonanno, J. B.; Wolczanski, P. T. J .  Am. Chem. 
SOC. 1994,116, 4133. 

(10) (a) McGrane. P. L.: Jensen. M.: Livinehouse. T. J .  Am. Chem. 
SOC. 1992, 114, 5459. (b)’Walsh, P. 5.1 HollGder, F. J.; Bergman, R. 
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(11) (a) Williams, D. S.; Schrock, R. R. Organometallics 1993, 12, 
1148. (b) Williams, D. N.; Mitchell, J. P.; Poole, A. D.; Siemeling, U.; 
Clegg, W.; Hockless, D. C. R.; O’Neil, P. A., Gibson, V. C. J. Chem. 
Soc., Dalton Trans. 1992, 739. (c) Huber, S. H.; Baldwin, T. C.; Wigley, 
D. E. Organometallics 1993, 12, 91. 

(12) Chao, Y.-W.; Rodgers, P. M.; Wigley, D. E.; Alexander, S. J.; 
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Davis, W. M. J .  Am. Chem. SOC. 1991,113, 5480. 
(17) Smith, D. P.; Allen, K. D.; Carducci, M. D.; Wigley, D. E. Inorg. 

Chem. 1992,31, 1319. 
(18)Examples of V = N R  (a) Bradley, D. C.; Errington, R. J.; 

Hursthouse, M. B.; Short, R. L. J .  Chem. Soc., Dalton Trans. 1990, 
1043. (b) Bradley, D. C.; Hursthouse, M. B.; Malik, K. M. A.; Nielson, 
A. J.; Short, R. L. J .  Chem. Soc., Dalton Trans. 1983,2651. (c) Schrock, 
R. R.; DePue, R. T.; Feldman, J.; Schaverien, C. J.; Dewan, J. C.; Liu, 
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of imido complexes such as Mn(N-t-Bu)aZ1 in oxidation 
chemistry and T c ( N A ~ ) & ~ ~  in radiopharmaceutical ap- 
plications, delineating the properties of this class of 
compound constitutes a significant goal. In this paper, 
we report the synthesis, reactivity, and structural 
properties of the do W(=NR)s functional group, describe 
experiments that address how multiple imido complexes 
arise, and demonstrate an electronic analogy of W(=NR)3 
to related M(la,23t)3 complexes. 

Results 
Formation of the do W(=NR)2 and do W(=NR)3 

Functional Groups. Upon reacting W(NAr)C4(THFP3 
with 2 equiv of MeaSiNHAr in THF (Ar = 2,6-CsH3-i- 
Prz),  red-orange W(NAr)zClZ(THF)z (1) is isolated in 81% 
yield. NMR data for 1 reveal equivalent imido and THF 
ligands; thus, a structure analogous to the chelate 
adducts W(NR)ZClz(L-L) is proposed, i.e., with cis-imido 
and trans-chloride ligands, as suggested in Scheme 
1.19c123124 When W(NAr)zC12(THF)z is reacted with 2 
equiv of LiNHAr in THF, the yellow, crystalline tris- 
(imido) complex [Li(THF)41[W(NAr)3ClI (2) is obtained 
in -75% yield. This formulation of 2 is consistent with 
the absence of a v(N-H) mode in its IR spectrum, the 
lack of NH resonances in its lH NMR spectrum, its 
elemental analysis, and its X-ray structural determi- 
nation (vide infra). Under prolonged vacuum, [Li- 
(THF)4l[w(NAr)3Cl] slowly loses THF; thus, [Li(THFhI+ 
is considered the maximum THF coordination in this 
complex. The solid state structure of 2 reveals the plane 
of the imido phenyl rings oriented roughly parallel with 
the molecule’s z axis (the W-C1 bond), but lH and 13C 
NMR spectra of the equivalent NAr ligands exhibit one 
CKMe2 septet and a single CHMez doublet, implying 
free rotation about the W-N-Cip,, bond and a three- 
fold axis of symmetry. 

[Li(THF)41[W(NAr)3ClI (2) is observed to be the kinetic 
product of the reaction between W(NAr)zClz(THF)z (1) 
and LiNHAr, since byproduct HzNAr reacts with 
[W(NAr)3ClI- over a period of 1-2 days to convert it to 
the more stable W(NAr)z(NHAr)z (3). This reactivity 
feature is confirmed by reacting isolated [Li(THF)41- 
[W(NAr)&l] with 1 equiv of HzNAr, which affords 
yellow W(NArk(NHAr)z in high yield; therefore, reaction 
time is important for the successful isolation of complex 
2. A similar reactivity feature has been established in 

(19) Examples of W(=NR)z: (a) Nugent, W. A. Inorg. Chem. 1983, 
22, 965. (b) Nielson, A. J. Polyhedron 1987, 6, 1657. (c) Ashcroft, B. 
R.; Nielson, A. J.; Bradley, D. C.; Errington, R. J.; Hursthouse, M. B.; 
Short, R. L. J .  Chem. SOC., Dalton Trans. 1987, 2059. 

(20) Examples of [ W ( ” R ) 4 I 2 - :  (a) Danopoulos, A. A.; Wilkinson, 
G.; Hussain, B.; Hursthouse, M. B. Polyhedron 1989, 9, 2947. (b) 
Danopoulos, A. A.; Wilkinson, G.; Hussain-Bates, B.; Hursthouse, M. 
B. J .  Chem. Soc., Dalton Trans. 1990, 2753. 

(21) (a) Danopoulos, A. A.; Wilkinson, G.; Sweet, T.; Hursthouse, 
M. B. J .  Chem. SOC., Chem. Commun. 1993, 495. (b) Danopoulos, A. 
A.; Wilkinson, G.; Sweet, T. K. N.; Hursthouse, M. B. J .  Chem. SOC., 
Dalton Trans 1994, 1037. 

(22) (a) Bryan, J. C.; Burrell, A. K.; Miller, M. M.; Smith, W. H.; 
Burns, C. J.; Sattelberger, A. P. Polyhedron 1993,12,1769. (b) Bryan, 
J .  C.; Bums, C. J.; Sattelberger, A. P. Zsotope and Nuclear Chemistry 
Division Annual Report FY 1990; Report No. LA-12143-PR National 
Technical Information Service, US. Department of Commerce: Wash- 
ington, DC, 1990; pp 40-41. 

(23) Schrock, R. R.; DePue, R. T.; Feldman, J.; Yap, K. B.; Yang, D. 
C.; Davis, W. M.; Park, L.; DiMare, M.; Schofield, M.; Anhaus, J.; 
Walborsky, E.; Evitt, E.; Kruger, C.; Betz, P. OrganometaZZics 1990, 
9, 2262. 

(24) Bradley, D. C.; Errington, R. J.; Hursthouse, M. B.; Short, R. 
L.; Ashcroft, B. R.; Clark, G. R.; Nielson, A. J.; Rickard, C. E. F. J. 
Chem. SOC., Dalton Trans. 1987, 2067. 
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Scheme 1 

I 

U 

the preparation of the molybdenum analog, [Li(THF)41- 
[Mo(NAr)&lI, except that [Mo(NAr)3ClI- reacts with H2- 
NAr even faster than [W(NAr)3C11-.25 

The conversion of the do W=NR functional group in 
W(NAr)C14(THF) to the do W(=NR)2 functional group 
in W(NAr)2Clz(THF)z (1) could conceivably proceed by 
two pathways: (i) the formation of intermediate W(NAr)- 
(NHAr)2C12(THF), that undergoes an intramolecular 
a-H transfer to afford W(NAr)2C12(NH&-), followed by 
THF displacement of diisopropylaniline, or (ii) the 
intermediacy of W(NAr)(NHAr)C13(THF) that undergoes 
an intermolecular deprotonation by the second equiva- 
lent of base (MesSiNHAr), followed by THF displace- 
ment of C1- from presumed [W(NAr)zC13(THF)I-. The 
formation of the do W(=NR)2 group in W(NAr12C12- 
(THF)2 (1) is examined in the following experiments. 

(i) When W(NAr)C14(0Et2)23 reacts with 2 equiv of 
MesSiNHAr in a weakly coordinating solvent, viz. Et20, 
the five-coordinate adduct W(NAr)zClz(NH2Ar) (4) is 
isolated as an orange solid in moderate yield, presum- 
ably via the unobserved bis(amide) [W(NAr)(NHAr)2C121. 
Adding THF to 4 results in the rapid displacement of 
the coordinated aniline and formation of 1. The struc- 
ture proposed for 4 is analogous to the related five- 
coordinate W ( N S ~ M ~ ~ ) ~ C ~ ~ ( P M ~ P ~ Z ) ~ ~  and Ta(NAr)zCl- 

i.e., trigonal bipyramidal with two equatorial 
imides and an axial H2NAr ligand. (Note that many 
imides of this stiochiometry are dimeric in the solid 
state.') 

(ii) Orange, crystalline W(NAr)(NEt&13(THF) (5 )  can 
be obtained in 77% yield from the reaction of W(NAr)- 
CldTHF) with MesSiNEtz in EtzO. The structure of 
W(NAr)(NEt2)C13(THF) presented in Scheme 1 allows 

(25) Morrison, D. L.; Widev, D. E. J. Chem. SOC., Chem. Commun. _ _  
1995, 79. 

1990,29, 439. 

29, 4592. 

(26) Lichtenhan, J. D.; Critchlow, S. C.; Doherty, N. M. Zmrg. Chem. 

(27) Chao, Y.-W.; Wexler, P. A.; Wigley, D. E. Znorg. Chem. 1990, 

for the maximum number of M(dsr) - N(pn) interactions 
since the [NAr12- ligand will engage the d,, and dyz 
orbitals (with the M-Nimido linkage defining the z axis), 
leaving the d,, orbital available for n bonding with the 
amido [ N E W  ligand. This notion is consistent with 
the NMR data that reveal inequivalent ethyl groups in 
the NEt2 ligand. W(NAr)2C12(THF)2 (1) is generated in 
quantitative yield upon reacting W(NAr)(NEtz)Cls(THF) 
(5) with 1 equiv of LiNHAr (in THF), most likely via 
incipient [W(NAr)(NHAr)(NEt2)C12(THF),l. When this 
reaction is monitored in THF-ds (over 48 h, room 
temperature, lH NMR), exactly 1 equiv of HNEtz is 
produced per equiv of W(NAr)2C12(THF)2 formed. Based 
on these experiments, the do W(=NR)2 group in W(NAr12- 
ClZ(THF)z (1) is proposed to arise through an intramo- 
lecular a-H abstraction sequence in an intermediate of 
the type W(NAr)(NHAr)2Cl2(THF),, with the concomi- 
tant loss of H2NAr. 

Similarly, the question of how the tris(imido) complex 
2 arises from W(NAr)zC12(THF)2 (1) and LiNHAr is also 
significant. One can envision the 1 + 2LiNHAr - 2 
reaction proceeding either by (i) the formation of inter- 
mediate W(NAr)2(NHAr)2 that transfers an amido a-H 
intramolecularly to afford W(NAr)3(NH&), followed by 
displacement of aniline by C1-, or (ii) the intermediacy 
of nascent W(NAr)2(NHAr)Cl (cf. W(NAr)z(NEtz)Cl) that 
undergoes an intermolecular deprotonation by the sec- 
ond equivalent of [NHArl-. The formation of the do 
W(=NR)3 functional group in [W(NAr)3Cl]- is examined 
in the following experiments. 

(i) W(NAr)2C12(THF)2 is readily functionalized using 
excess MesSiNEtz (in Et201 to provide orange crystals 
of the base-free amido complex W(NAr)2(NEtz)Cl (6). 
However, upon reacting W(NAr)2(NEtz)Cl with LiNHAr, 
no [Li(THF)4][W(NAr)3Cl] could be identified in the 
reaction mixture. 

(ii) As described above, byproduct HzNAr (from the 1 + 2LiNHAr - 2 reaction) is observed to react with 
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[W(NAr)&Il- over a period of 1-2 days to convert it to 
more stable W(NAr),(NHAr)2 (3) and LiC1. This reac- 
tion proceeds even in solvents in which LiCl is soluble, 
clearly demonstrating the thermodynamics of the 

system. 
(iii) Accordingly, prolonged heating of solutions of 

W(NAr),(NHAr)2 (3) in the presence of PMe3 or PMePh2 
does not produce any detectable amount of either Hz- 
NAr or the tris(imid0) complexes W(NAr)3(PR3) ('H 
NMR, c6D13). 

Thus, while the do W(=NR)2 group in W(NAr12C12- 
(THF)z (1) appears to arise by an intramolecular a-H 
abstraction in [W(NAr)(NHAr),C12(THF),1, the forma- 
tion of [W(NAr)&l]- (2) from W(NAr)2C12(THF)2 most 
likely proceeds by an intermolecular deprotonation of 
nascent W(NAr)2(NHAr)Cl by the second equivalent of 
[NHArl-. These results provide precedent for each step 
of the proposed sequence illustrated in eqs 1-7 for the 
sequential formation of the do W(=NR)2 and do W(=NR)3 
functional groups, followed by conversion of the kinetic 
product of the W(NAr)2C12(THF)2 + 2LiNHAr system, 
[W(NAr)&lI-, to the thermodynamic product W(NAr)2- 
(NHAr12. We note that the influence of a bulky aryl 

W(=NR)Cl, + 2[NHRl- - W(=NR)(NHR),Cl, (1) 
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Treatment of 2 with [n-BurNIBr also results in the 
loss of LiCl and the formation of [n-BwNI[W(NAr)3Brl 
(9) as an orange solid in 90% yield, Scheme 2. Alkyla- 
tion reactions also proceed smoothly at low tempera- 
tures; reacting 2 with MeLi in THF at -35 "C cleanly 
yields [Li(THF)4l[W(NAr)3Mel (10) as a yellow solid in 
good yield. Complex 10 exhibits coupling of the methyl 
resonance to lE3W [14% abundance, 2J(183W-1H) = 11 
Hzl in its lH NMR spectrum. The analogous reaction 
between 2 and LiCHaSiMes affords [Li(THF)41- 
EW(NAr)3(CH2SiMe3)1(11) as a yellow solid in moderate 
yield. One significant question concerning these nu- 
cleophilic displacements is whether they proceed via a 
binuclear, sN2 attack on [W(NAr)&lI- or via an s N 1  loss 
of chloride ion and generation of the short-lived inter- 
mediate [W(NAr)31. The displacement reactions de- 
scribed above are observed to proceed at rates that are 
nucleophile dependent, suggesting the former, bimo- 
lecular pathway. Attempts to form base-free [W(NAr)31 
are described below. 

Molecular and Electronic Structures of Com- 
plexes Containing the do W(=NR)s Functional 
Group. Yellow single crystals of [Li(THF)41[W(NAr)3Cl] 
suitable for a structural determination were grown from 
THF/pentane solution a t  -35 "C. A summary of the 
crystal data and the structural analysis is given in Table 
1, and relevant bond distances and angles are given in 
Table 2. Figure 1 presents the molecular structure of 
the [W(NAr)3ClI- anion in [Li(THF)4I[W(NAr)&ll, in 
which the tungsten atom is tetrahedrally coordinated 
with three virtually identical imido ligands. The W-N- 
Cipso bond angles are close to  linear at 171" (av), and 
the average W-N bond length is 1.78 A. Some tilting 
of the phenyl rings in a propeller arrangement is evident 
since a more favorable orientation of the isopropyl 
groups about the metal-chloride bond is attained. 

Red single crystals of W(NAr)3(PMe3) (8) suitable for 
a structural determination were grown from toluene/ 
pentane solution at -35 "C. A summary of the crystal 
data and the structural analysis is given in Table 1, and 
key bond distances and angles are given in Table 3. 
Figure 2 presents the molecular structure W(NAr)3- 
(PMe3) and reveals a tetrahedrally coordinated tungsten 
atom with the P-C bonds of PMe3 staggering the W-N 
bonds of the W(NAr13 moiety. Also evident are some 
slight differences in the local coordination geometry as 
compared to [W(NAr)&lI-. The average imido W-N 
bond length is 1.79 A, and the W-N-Cipso bond angles 
are slightly bent (av 167'1, though one imido ligand is 
more strongly bent than the other two. Thus, the 
W-N(2)-C(21) angle of 161.4(9)" is roughly 10" more 
acute than the other two imido bond angles. It seems 
likely that solid state effects are responsible for the 
slight distortion of this one imido ligand, as well as the 
resultant deviation from (23" symmetry, since there 
appears to be no electronic constraints that might 
induce such a bend (vide infra). 

Table 4 compares average bond angles and lengths 
for the imido ligands in 2 and 8, as well as their local 
tetrahedral geometries, and includes the results of 
Cundari's ab initio calculations on hypothetical 
[W(NH)3C1]-.13,28 Aside from the somewhat bent 
W-N(2)-C(21) angle in W(NAr)3(PMe3) (S), the imido 
ligand geometries in the two structurally characterized 
complexes are nearly identical. However, an examina- 

W(=NR)(NHR),Cl, - W(=NR),(NH,R)Cl, (2) 

W(=NR),(NH,R)Cl, + nL =z 

W(=NR),Cl,L, + H,NR (3) 

W(=NR),(NH,R)Cl, or 
W(=NR),Cl,L, + [NHRI- - 

W(=NR),(NHR)Cl + C1- (4) 

W(=NR),(NHR)Cl+ [NHRI- - 
[W(=NR),Cl]- + H,NR ( 5 )  

[W(=NR),ClI- + H2NR - 
W(=NR),(NH,R) + C1- (6) 

W(=NR),(NH,R) - W(=NR),(NHR), (7) 

substituent such as 2,6-C&-i-Prz is paramount in 
determining both the course of these reactions and the 
kinetic stability of 2, since attempts to prepare stable 
[W(NR)3ClI- with less-hindered substituents have not 
yet proven fruitful. 

Reactions of the do W(=NR)s Functional Group 
with Nucleophiles. [Li(THF)41[W(NAr)&l] (2) affords 
a convenient source of the do tris(imid0) functional group 
of tungsten since the metal center in [W(NAr)3ClI- is 
susceptible to attack by nucleophiles, Scheme 2. Upon 
adding excess PMePh2 to a benzene solution of [Li(THF)4- 
[W(NAr)3ClI, red W(NAr)s(PMePhz) (7) readily forms in 
'90% yield. Similarly, the chloride ligand in [Li(THFW- 
[W(NAr)3Cl] is smoothly displaced by PMe3 to afford red 
crystals of W(NArjdPMe3) (8) in high yield. lH and 13C 
NMR spectra for 7 and 8 reveal symmetric compounds 
in which all of the imido ligands are equivalent, 
consistent with free rotation around the W-N-Cipso 
linkage and a three-fold axis of symmetry. 
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Table 1. Details of the X-ray Diffraction Studies for [Li(THF)41[W(NAr)sCIl (2) and W(NAr)dPMed (8) 

parameter [Li(THF)4ln;V(NAr)3ClI W(NArMPMe3) 

molecular formula 
molecular weight 
F(OO0) 
crystal color 
space group 
unit cell volume, A3 

a, A 
b, A 
c,  A 

D(calc), g cm-3 
crystal dimens, mm 
absorpt coeff, cm-I 
data collctn temp, "C 

diffractometer 
monochromator 
Mo Ka radiation, 1, A 
28 range, deg 
octants collected 
scan type 
scan speed, deg min-' 
total no. of reflns measd 
corrections 

solution 
refinement 
reflns used in refinement 
parameters refined 
R 
RW 
esd of obs of unit weight (GOF) 
Ndmax), e-VA3 
Ndmin), e-VA3 
computer hardware 
computer software 

Crystal Parameters 
C52&3ClLiN304W 
1040.49 
2168 
yellow 
monoclinic P21fn (No. 14) 
5449(3) 
13.787(4) 
17.348(5) 
22.781(8) 
90.43(3) 
4 
1.27 
0.46 x 0.32 x 0.06 
23.3 
23 f 1 

Nicolet R3m 
graphite crystal 
0.710 73 
4-45 
fh+k+l 
w-28 
5.0-20.0 
6967 (6532 unique) 
Lorentz-polarization, Y-scan absorption 

Patterson method 
blocked-matrix least-squares 
2938 with F > 5dF) 
359 
0.068 
0.064 
1.23 
0.822 
0.943 
Data General Eclipse 5-30 
SHELXTL (4.2) 

Data Collection 

Solution and Refinement 

CaeHsoNaPW 
785.76 
3232 
red 
orthorhombic Pbca (No. 61) 
8111(4) 
18.572(3) 
25.966(4) 
16.819(3) 

8 
1.29 
0.23 x 0.23 x 0.47 
29.7 
19 f 1 

Syntex P21, Crystal Logics 
graphite crystal, incident beam 
0.710 73 
2-50 
+h+k+l 

3.0 
7839 (7141 unique) 
Lorentz-polarization, Y-scan absorption 

w-28 

Patterson method 
full-matrix least-squares 
2907 with I > 3 d n  
397 
0.036 
0.048 
1.28 
0.65(10) 
-0.30(10) 
VAX 
MolEN (Enraf-Nonius) 

tion of the local tetrahedral geometries is instructive. 
As indicated in Table 4, the tetrahedron of the PMe3 
adduct W(NAr)3(PMe3) (8) is more "flattened" toward a 
trigonal pyramidal structure as compared to the more 
nearly tetrahedral [w(NAr)3Cll- (2). Thus, the tungsten 
atom in [W(NAr)3ClI- lies 0.72 A out of the imido N3 
plane, while the tungsten atom in W(NAr)3(PMe3) is 
only 0.39 A out of this molecule's N3 plane. Bryan and 
co-workers22b have taken such parameters to indicate 
increased imido ligand n donation in the flattened, more 
pyramidal complexes in comparing technetium tris- 
(imido) complexes. Indeed, in the molecular n frame- 

work, the chloride ion can engage in n bonding, whereas 
PMe3 cannot; however, we hasten to add that the 
structural differences deliberated by this possible effect 
are slight. We note that in both complexes, the X-W-N 
angles are all less than 109" and the N-W-N angles 
are all greater than 109". 

In describing the electronic structure of C3" M(NR)3L 
complexes, as well as their D3h M(NR)3 relatives such 
as O S ( N A ~ ) ~ , ~ ~  it is convenient to consider these species 

(28) For an analysis of methane binding by base-free W(-NH)s, 
see: Cundari, T. R. Organometallics 1993,12, 1998. 
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Table 2. Selected Bond Distances (A) and Bond 
Angles (deg) in [Li(THF)41[W(NAr).&ll (2P 

Morrison et al. 

Bond Distances 
w-c1  2.342(6) N(l)-C(16) 1.398(25) 
W-N(1) 1.777(15) N(2)-C(36) 1.415(26) 
W-N(2) 1.763(15) N(3)-C(56) 1.430(29) 
W-N(3) 1.805(18) 

Bond Angles 
C1- W-N( 1) 106.0(6) N(2)-W-N(3) 112.1(7) 
C1- W -N(2) 104.7(5) W-N(l)-C(lG) 173.4(16) 
Cl-W-N(3) 107.2(6) W-N(2)-C(36) 167.7(14) 
N(l)-W-N(2) 112.5(7) W-N(3)-C(56) 171.4(15) 
N(l)-W-N(3) 113.5(7) 

Q Numbers in parentheses are  estimated standard deviations 
in the least significant digits. 

Figure 1. Molecular structure of the [W(NAr)3Cll- anion 
in [Li(THF)4][W(NAr)&l] (2) with atoms represented as 
35% ellipsoids. 

Table 3. Selected Bond Distances (A) and Bond 
Andes (den) in W(NAr).dPMed (8)“ 

Bond Distances 
w-P 2.466(4) N(l)-C(l l )  1.40( 1) 
W-N(1) 1.78( 1) N(2)-C(21) 1.38(1) 
W-N(2) 1.80( 1) N(3)-C(31) 1.38( 1) 
W-N(3) 1.79( 1) 

Bond Angles 
P-W-N(l) 97.3(3) N(2)-W-N(3) 112.8(4) 
P-W-N(2) 104.8(3) W-N(l)-C(ll)  172.5(8) 
P-W-N(3) 105.9(3) W-N(2)-C(21) 161.4(9) 
N(l)-W-N(2) 117.3(5) W-N(3)-C(31) 169(1) 
N(l)-W-N(3) 115.9(4) 

Numbers in parentheses are  estimated standard deviations 
in the least significant digits. 

as “M( l ( ~ , 2 x ) ~ ”  complexes, characterizing the symme- 
tries of the [NAr12- donor orbitals. Thus, tris(imido) 
complexes such as W(NAr)3L (L = X- or PR3) and Os- 
(NAr)3 have been characterized by a ligand-based, 
nonbonding a2 (C3”) or 82’ (D3d MO comprised of a set 
of ligand x orbitals oriented perpendicular to the 
molecule’s C3 axis, Figure 3. Therefore, while each of 
these compounds may be considered a 20 electron 
species if the ligands donate their full complement of 
electrons to the metal, it has been e s t a b l i ~ h e d l ’ ~ J ~ , ~ ~  (in 
three-fold symmetry) that occupation of this nonbonding 
MO results in these compounds being more accurately 

(29) (a) Anhaus, J. T.; Kee, T. P.; Schofield, M. H.; Schrock, R. R. J .  
Am. Chem. SOC. 1990, 112, 1642. (b) Schofield, M. H.; Kee, T. P.; 
Anhaus, J. T.; Schrock, R. R.; Johnson, K. H.; Davis, W. M. Inorg. 
Chem. 1991,30, 3595. 

m 

C 3 P  C2P C1P 

c22c 
C26C 

Figure 2. Molecular structure of W(NAr)3(PMe3) (8 )  with 
atoms represented as 20% ellipsoids. 

Table 4. Comparison of Structural Dataa for 
[W(NAr)&l]- (2) and W(NAr)s(PMea) (8)  

[W(NAr)3C1]- W(NAr)dPMed [W(NH)ClI- * 
W=N (A) 1.78 1.79 1.79 
LW-N-Ci,., (deg) 170.8 167.6 
LX-W-N (deg) 106.0 102.7 
LN-W-N (deg) 112.7 115.3 112 

(I Average values. * Ab initio calculations from ref 13. 

described as 18 electron complexes.30 There is now a 
significant number of do tris(imido1 species character- 
ized by this same orbital description, including Re- 
(NR)3X,31 T c ( N A ~ ) & , ~ ~ , ~ ~  M o ( N A ~ ) ~ ( P M ~ ~ ) , ~ ~  and Mn(N- 
t - B ~ ) & . ~ l  A simple, qualitative orbital interaction 
diagram for complexes of the form W(NAr)3L (L = X- 
or PR3) is presented in Figure 3. The bonding descrip- 
tion in C3v symmetry of complexes of the type M(NR)3L 
(where L is a (T donor only) is illustrated by ligand and 
metal orbitals of the following symmetries: ligand (T (2al 
+ e), ligand x (a1 + 2e + ad, metal s + p (2al + e), and 

(30) See also: (a) Maher, J. M.; Fox, J. R.; Foxman, B. M.; Cooper, 
N. J .  J .  Am. Chem. SOC. 1984,106, 2347. (b) Laine, R. M.; Moriarty, 
R. E.; Bau, R. J .  Am. Chem. SOC. 1972,94,1402. (c) King, R. B. Inorg. 
Chem. 1968, 7, 1044. 

(31) (a) Herrmann, W. A.; Weichselbaumer, G.; Paciello, R. A.; 
Fischer, R. A.; Herdtweck, E.; Okuda, J.; Marz, D. Organometallics 
1990,9,489. (b) Longley, C. J.; Savage, P. D.; Wilkinson, G.; Hussain, 
B.; Hursthouse, M. B. Polyhedron 1988, 7, 1079. (c) Gutierrez, A.; 
Wilkinson, G.; Hussain-Bates, B.; Hursthouse, M. B. Polyhedron 1990, 
9, 2081. (d) Horton, A. D.; Schrock, R. R. Polyhedron 1988, 7, 1841. 
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=/ antibonding 
levels 

S 

a1 + 2e 

2al + e  

Figure 3. Qualitative orbital interaction diagram for 
W(NAr)3L complexes (L = c7 donor only) in C.3" symmetry. 

metal d (a1 + 2e).1932 Thus, one of the ligand n orbitals, 
the a2, is necessarily nonbonding. An analogous elec- 
tronic structure also appears to describe certain dl 
complexes, such as T c ~ ( N A ~ ) ~ . ~ ~  

Reactions of the do W(=NR)s Functional Group 
with Electrophiles. The presence of a nonbonding a2 
MO situated on the imido nitrogens in W(NR)3L, which 
appears to be the HOMO of these complexes, suggests 
that this orbital might be subject to electrophilic attack. 
Thus, the reaction of W(NAr)3(PMe3) (8) with 1 equiv 
of HOW (Ar' = 2,6-C6H3Me2) affords yellow crystals of 
W(NAr)2(NHAr)(OAr') (12) in low to moderate yield, 
Scheme 3. The low yield of this complex can be 
attributed in part to its extreme solubility. Other 
electrophiles also attack the imido nitrogens with 
formation of a compound of the form W(NAr)2(NEAr)X. 
For example, excess Me3SiI can be added to a pentane 
solution of W(NAr)3(PMe3) to provide a moderate yield 
of W(NAr)2[N(SiMe3)Ar]I (13). Similarly, excess methyl 
iodide reacts with W(NAr)3(PMe3) in benzene, forming 
yellow W(NAr)e(NMeAr)I (14) and byproduct [MegII. 
The broad resonances observed in the lH NMR spectra 
of these species at room temperature are consistent with 
rotation about the W-Namide bond on the order of the 
NMR time scale. However, at lower temperatures, 
rotation about W-Nahde is slowed, and spectra consis- 
tent with the structures presented in Scheme 3 are 
observed. A cycloaddition reaction occurs between 
PhNCO and a W=NAr bond in W(NAr)3(PMe3) to afford 

the metallacyclic complex v;"ArC(o)hPhl(NAr~(PMe3) 
(15). lH and 13C NMR data for 15 indicate that only 
one imido ligand has reacted with isocyanate, even 
though excess PhNCO is present. The proposed regio- 
chemistry is that expected from the polarity of the W'+- 
Nh- bond and the highly electropositive carbon in 
PhNCO and is consistent with the strong mode at 1654 

(32) Lin, Z.; Hall, M. B. Coord. Chem. Reu. 1993,123, 149. 
(33)(a) Burrell, A. IC; Bryan, J. C. Angew. Chem., Int. Ed. Engl. 

1993,32,94. (b) Burrell, A. K.; Bryan, J. C.; Clark, D. L.; Smith, W. 
H.; Burns, C. J.; Sattelberger, A. P. Abstracts of Papers, 205th National 
Meeting of the American Chemical Society, Denver, CO, Spring 1993; 
American Chemical Society: Washington, DC, 1993; INOR 391. 

cm-l (Nujol mull) in the IR spectrum of 15 that is 
assigned as v(C=O), Scheme 3. Accordingly, similar 
metallacyclic structures have been reported with this 
same regi~chemistry.~~ 

Since metal-carbon bonds in early metal alkyl com- 
plexes are typically subject to electrophilic attack, the 
question arises whether [Li(THF)4][ W(NAr)3R] com- 
pounds will be protonated at the alkyl or the imido 
ligand. Thus, [Li(THF)4][W(NAr)3Me] (10) is found to 
react with [HNMe3]BPb in EhO to form yellow crystals 
of W(NAr)z(NHAr)Me (16), as indicated in eq 8. 

+ LiBPhq + 

Attempts To Generate Base-Free [W(NAr)sJ. 
(NAr)3L derivatives are characterized as saturated 
compounds, and highly polar Wh+-N3- bonds are a 
feature of this n-loaded system; therefore, we considered 
whether generating base-free, 16 electron [W(NAr)3] 
would provide a highly reactive species that might be 
capable of, inter alia, activating C-H bonds. Such a 
notion is supported by Cundari's ab initio calculations 
on base-free [W(NH)3] that suggest a pyramidal ground 
state, a highly distended d s  LUMO, and extremely polar 
Wh+-Nh- bonds.13 These features have led to calcula- 
tions of hypothetical [W(NH)3] that coordinates methane 
[as the adduct W(NH)3(q2-C&)] with the highest bind- 
ing energy of all the imido complexes examined28 and 
suggest that C-H activation by base-free [W(NAr)3] 
should be facile. In the event that base-free, nascent 
[W(NAr)3] could be generated, either a solvent C-H 
bond activation product, a stable dinuclear species, or 
some other product that arises from [W(NAr)3] might 
be isolated. The following experiments were carried out 
in attempts to form transient [W(NAr)3]. 

(i) Attempts to precipitate chloride ion fiom solutions 
of [W(NAr)&l]- by addition of AgBPb in THF resulted 
in no reaction, even under forcing conditions. 

(ii) Attempts to remove PMe3 from W(NAr)3(PMe3) 
under high-vacuum and high-temperature conditions 
(e.g., Torr and '100 "C) resulted in no reaction; 
starting material was recovered. 

(iii) The gradual (over several days) precipitation of 
LiCl is observed from solutions of [Li(THF)4]W(NAr)3ClI 
(2) in benzene, and the formation of a complex formu- 
lated as W(NAr)3(THF).nTHF (n = 2-3) by 'H NMR is 
observed. Attempts to remove THF from W(NAr)3- 

(34) (a) hung,  W.-H.; Wilkinson, G.; Hussain-Bates, B.; Hursthouse, 
M. B. J. Chem. SOC., Dalton Trans. 1991, 2791. (b) Hasselbring, R.; 
Roesky, H. W.; Noltemeyer, M. Angew. Chem., Znt. Ed. En&. 1992, 
31, 601. (c) Legzdins, P.; Phillips, E. C.; Rettig, S. J.; Trotter, J.; 
Veltheer, J. E.; Yee, V. C. Organometallics 1992,11, 3104. 



2442 Organometallics, Vol. 14, No. 5, 1995 

Scheme 3 

Morrison et al. 

/pentme 

(THF).nTHF under high-vacuum and high-temperature 
conditions resulted in the loss of some THF, with the 
analysis of the residue approaching a minimum THF 
component of W(NAr)3(THF).THF (i.e., n = 1). NMR 
data for this compound reveal equivalent though broad 
THF resonances, suggesting exchange between free and 
bound THF. (W(NAr)3(THF).nTHF has rarely been 
induced to crystallize.) In no case was evidence for base- 
free [W(NAr)31 or the solvent C-H activation product 
W(NAr)z(NHAr)Ph observed. 

(iv) Extended thermolysis of W(NAr)z(NHAr)Me (16) 
(vide supra) in refluxing benzene affords no evidence for 
the elimination of CHI and the formation of either a 
C-H bond activation product W(NAr)2(NHAr)Ph that 
might arise via the formation of base-free [W(NAr)31 or 
any other product that might arise from [W(NAr)31 
under these conditions. 

These experiments are consistent with the mecha- 
nistic studies described above, suggesting that ligand 
dissociation from W(NAr13L (L = X- or PR3) to generate 
[W(NAr)31 in the absence of a nucleophile is unlikely. 
Furthermore, the fact that W(NAr)z(NHAr)Me does not 
eliminate methane is most likely a reflection of the 
thermodynamic differences between [W(NAr)d + CHI 
and W(NAr)2(NHAr)(CH3) as predicted from the 
high-energy, pyramidal ground state calculated for 
[W(NAr)31. l3 

Discussion 

When the reaction of W(NAr)2C12(THF')2 with LiNHAr 
is allowed to proceed for more than several hours, 
significant amounts of W(NAr)2(NHAr)2 are isolated 
from the reaction mixture. After prolonged reaction 
time, most of the kinetic product [Li(THF)41[W(NAr)&l] 
has converted to the more stable W(NAr)2(NHAr)2. This 
feature is also established by reacting isolated [Li- 
(THF)41[w(NAr)3Cll with HaAr ,  which affords W(NAr)2- 
("12 in near quantitative yield; therefore, reaction 
time is crucial for the successful isolation of [Li(THF)41- 
[W(NAr)3Cl]. This reaction probably proceeds through 
the intermediacy of unstable [W(NAr)3(NH&)l, as 
suggested in Scheme 4, and, consistent with the experi- 
ments described above, clearly demonstrates the ther- 
modynamic preferences of this system. 

Scheme 4 

a-H 

fast 
- 

The polarity of the W*+-N6- bonds of the imido 
ligands in the do tris(imid0) complexes make them 
subject to both nucleophilic and electrophilic attack, as 
described above. Reactions with electrophiles under- 
score the stability of four-coordinate bis(imido1 com- 
plexes of Ww of the form W(NAr)&2 and five-coordinate 
bis(imido) metallacyclic compounds, relative to the 
higher energy W(NAr)3L derivatives. 

Since the cyclopentadienyl anion [C5R51-, the acety- 
lene dianion [RC=CR12-, and oxo 02-, nitrido N3-, and 
alkylidyne [CR13- ligands may all be described as 10,27c 

one might expect analogies in the sto- 
ichiometries and structures of their compounds. There- 
fore, other C3" or D3h compounds that are intimately 
related by analogous orbital descriptions include tris- 
(alkyne) compounds, such as Re(RC=CR)& (X = I, Me, 
or OSiMe3),36 [W(RCECR)J~-,~~" and W(RCWR)3L.30b,c 
An argument has been made regarding the application 
of such an orbital description to  mixed-ligand species 

(35) Williams, D. S.; Schofield, M. H.; Anhaus, J. T.; Schrock, R. R. 
J. Am. Chem. Soc. 1990,112, 6728. 

(36)  (a) Manion, A. B.; Erikson, T. K. G.; Spaltenstein, E.; Mayer, 
J. M. Organometallics 1989, 8, 1871. (b) Spaltenstein, E.; Conry, R. 
R.; Critchlow, S. C.; Mayer, J. M. J. Am. Chem. SOC. 1989,111, 8741. 
(c) Mayer, J. M.; Atagi, L. M.; Conry, R. R.; Brown, S. N. Abstracts of 
Papers, 201st National Meeting of the American Chemical Society, 
Atlanta, GA, Spring, 1991; American Chemical Society: Washington, 
DC, 1991; INOR 468. 
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l3C resonances (6 128.0, C6D6; 77.0, CDC13; 53.8, CD2C12; 20.4, 
toluene-dd and are reported downfield of Me&. 13C NMR 
assignments were assisted by APT spectra. Infrared spectra 
were recorded as Nujol mulls (NaC1 plates) between 4000 and 
600 cm-l using a Perkin-Elmer 1310 spectrometer. Microana- 
lytical samples were stored cold, handled under Nz, and 
combusted with WOS (Texas Analytical Laboratories, Inc., 
Stafford, TX, or Desert Analytics, Tucson, AZ). 

Preparations. W(NAr)&la('I")2 (1). Neat Me3SiNHAr 
(4.33 g, 17.4 mmol) was added dropwise to a stirred solution 
of 5.00 g (8.69 mmol) of w(NAr)C14(0Et~) in -85 mL of THF. 
(The solution of W(NAr)C4(0Et2) in THF immediately forms 
W(NAr)CL(THF).) This mixture was heated to 60 "C for 48 
h, over which time its color changed from dark green to bright 
red. The reaction volatiles were then removed in vacuo to  
provide the product as a microcrystalline, red solid. This solid 
was washed with cold heptane, collected by filtration, and dried 
in vacuo. Additional product was obtained upon concentrating 
the heptane filtrate and cooling to -35 "C; yield (two crops) 
5.28 g (7.04 mmol, 81%). Analytically pure samples were 
obtained from pentane/EtzO solutions at -35 "C. Either 
W(NArIC4 or (isolated) W(NAr)CL(THF) can also be used in 
this preparation, although W(NAr)CL(OEtz) is preferred since 
it can be obtained purer than W(NAr)C14. If this reaction is 
run under more dilute conditions, the product is contaminated 
with varying amounts of W(NAr)2Clz(NH&), and heating 
must be prolonged for several more days for W(NAr)zC12(THF)z 
to form completely. 'H NMR (C&): 6 7.13-6.81 (A2B mult, 
6 H, Hqd, 4.09 (spt, 4 H, CHMeZ), 3.87 (br, 8 H, C,H, THF), 
1.34 (br, 8 H, CpH, THF), 1.26 (d, 24 H, CHMe2). 13C NMR 
(C&j): 6 151.2 (cipBa), 144.9 (c,,), 126.6 (Cp), 122.5 (c,), 71.2 
(Ca, THF), 27.8 (CHMeZ), 25.6 (Cp, THF), 24.7 (CHMe2). Anal. 
Calcd for C ~ ~ H S O C ~ ~ N ~ O ~ W :  C, 51.28; H, 6.72; N, 3.74. 
Found: C, 51.68; H, 6.95; N, 3.97. 

[Li(THF)4[W(NAr)&l] (2). A solution of LiNHAr (0.977 
g, 5.33 "01) in 15 mL of THF was added dropwise to a rapidly 
stirred solution of W(NAr)zC12(THF)z (1) (2.00 g, 2.67 mmol) 
in -50 mL of THF. The reaction was allowed to stir at  room 
temperature for 2 h, over which time its color changed from 
red to yellow. The reaction volatiles were then removed in 
vacuo to provide a yellow oil. The product was extracted from 
the oil with Et20 (-20 mL), the extract was filtered through 
Celite, and the solvent was removed from the filtrate in vacuo 
to yield a waxy, yellow solid. This solid was transferred to a 
frit, pumped on for -1 h to  remove HzNAr, washed with cold 
pentane (3 x 10 mL), and dried in vacuo, yielding a yellow, 
microcrystalline solid. Additional product was obtained by 
concentrating the pentane wash and cooling to -35 "C; yield 
(two crops) 2.074 g (1.99 mmol, 75%). Analytically pure 
samples were obtained by recrystallization from THF/pentane 
solutions at -35 "C. 'H NMR (CDzC12): 6 6.97-6.65 (A2B 
mult, 9 H, Ha,-J, 3.71 (m, 16 H, C,H, THF), 3.57 (spi, 6 H, 
CHMez), 1.90 (m, 16 H, CpH, THF), 1.06 (d, 36 H, CHMe2). lH 
NMR (C&): 6 7.17-6.91 (A2B mult, 9 H, Ha,.& 3.81 (spt, 6 
H, CHMeZ), 3.35 (m, 16 H, C,H, THF), -1.3 (obscured m, 16 
H, CpH, THF), 1.26 (d, 36 H, CHMez). I3C NMR (CDzC12): 6 
140.4 (CO), 125.1 (Cipso), 122.0 (overlapping C, and Cp), 68.7 
(C,, THF), 28.3 (CHMeZ), 25.8 (Cp, THF), 23.8 (CHMeZ). 13C 

68.4 (C,, THF), 28.3 (CHMeZ), 25.4 (Cp, THF), 24.2 (CHMeZ). 
Anal. Calcd for C52H&lLiN304W C, 60.03; H, 8.04; N, 4.04; 
C1, 3.41. Found: C, 59.54; H, 8.44; N, 4.15; C1, 2.81. This 
complex loses THF under prolonged vacuum. 

W(NAr)a(NHAr)a (3). To a solution of 0.20 g (0.192 mmol) 
of [Li(THF)4][W(NAr)3Cl] (2) in 20 mL of benzene was added 
a solution of 1 equiv of H2NAr (0.034 g, 0.192 mmol) in 5 mL 
of benzene. This mixture was stirred at room temperature 
for 36 h, over which time a white solid (presumably LiC1) 
precipitated, but little change in solution color was observed. 
The solution was then filtered through Celite, and the volatile 
components were removed from the filtrate in vacuo to afford 
a sticky, yellow solid. This solid was washed with cold 

NMR (CsD6): 6 154.7 (Clpso), 140.3 (Co), 122.9 (Cp), 122.4 (C,), 

with lo,2n orbital symmetry, such as Re(RC=CR)z(NR)- 
X1la and (r15-C5Me5)W(NAr)~C1.11C 

These experiments reported here suggest one way to 
attain reactive imido ligands: n-loading appears to 
encourage highly polar M6+-N6- linkages and renders 
the imido ligand especially susceptible to electrophilic 
attack. Since factors that favor C-H bond activation 
by imido ligands include (i) an imido nitrogen bearing 
a large negative charge and (ii) an empty metal orbital 
of o ~ y m m e t r y , ~ , ~ ~  ligand loss from W(NAr13L to generate 
transient, 16 electron W(NAr)3 would presumably form 
a species capable of such reactivity. However, we have 
found no indication that a ligand coordinated to 
[W(NAr)31 is labile, nor have attempts to eliminate 
alkane RH upon thermolyzing W(NAr)z(NHAr)R been 
successful. Since base-free [W(NAr)31 is not required 
for any of the reactions reported here, we conclude that 
it is highly energetic and does not form if a lower energy 
pathway is accessible. The preparation and reactivity 
of such species are areas of our continued interest. 

Experimental Section 

General Details. All experiments were performed under 
a nitrogen atmosphere either by standard Schlenk techniques37 
or in a Vacuum Atmospheres HE-493 drybox at room temper- 
ature (unless otherwise indicated). Solvents were distilled 
under Nz from an  appropriate drying agent3s and were 
transferred to the drybox without exposure to  air. The "cold" 
solvents used to wash isolated solid products were typically 
cooled to  --35 "C before use. NMR solvents were passed 
down a short (5-6 cm) column of activated alumina prior to 
use. In all preparations, Ar = 2,6-C&-i-Pr2 and Ar' = 2,6- 
CsH3Mez. 

Starting Materials. wocl4 was obtained from Hermann 
C. Stark (Berlin), sublimed (-80 "C, Torr) prior to use, 
and converted to W(NAr)C4 and then to W(=NAr)CL(THF) 
or W(=NAr)Cb(Et20) according to the literature  procedure^.^^ 
2,6-Diisopropylaniline was obtained from Aldrich, vacuum 
distilled before use, and converted to L m 9  according to 
the literature procedure. MesSiNHAr was prepared from 
LiNHAr and MesSiCl as previously described.39 MeaSiI and 
Me3SiNEtz were obtained from Petrarch and used as received. 
Methyl iodide was obtained from EM Sciences and distilled 
prior to use. Alkyllithium solutions (used as received), [HNMe3]- 
B P h  (used as received), phenyl isocyanate (distilled), and HO- 
2,6-C6H3Me2 (sublimed) were obtained from Aldrich. Trime- 
thylphosphine was prepared and purified according to  the 
literature procedure,40 with the modification of using MeMgI 
rather than MeMgBr in the preparation. PMePhz was ob- 
tained from Strem and used as received. Tetraalkylammo- 
nium bromide was dried by heating to -120 "C under high 
vacuum (> Torr), followed by recrystallization from mini- 
mal THF at -35 "C. AgBPh was prepared according to the 
literature p r ~ c e d u r e . ~ ~  

Physical Measurements. IH (250 MHz) and 13C (62.9 
MHz) NMR spectra were recorded at probe temperature 
(unless otherwise specified) on a Brucker WM-250 or AM-250 
spectrometer in C&, CDC13, CDzC12, or toluene-& solvent. 
Chemical shifts are referenced to protio impurities (6 7.15, 
C&; 7.24, CDC13; 5.32, CD2C12; 2.09, toluene-&) or solvent 

(37)Shriver, D. F.; Drezdzon, M. A. The Manipulation of Air- 
Sensitive Compounds, 2nd ed.; John Wiley and Sons: New York, 1986. 

(38) Perrin, D. D.; Armarego, W. L. F. Purification of Laboratory 
Chemicals, 3rd ed.; Pergamon Press: Oxford, 1988. 

(39) Chao, Y.-W.; Wexler, P. A.; Wigley, D. E. Inorg. Chem. 1989, 
28, 3860. 
(40) Luetkens, M. L., Jr.; Sattelberger, A. P.; Murray, H. H.; Basil, 

J. D.; Fackler, J. P., Jr. Znorg. Synth. 1990,28, 305. 
(41) Jordan, R. F.; Bajgur, C. S.; Dasher, W. E.; Rheingold, A. L. 

Organometallics 1987, 6, 1041. 
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pentane, collected on a frit, and dried in vacuo; yield 0.12 g 
(1.37) mmol, 71%). Analytically pure samples were obtained 
by recrystallization from minimal EtzO/pentane solutions at 

(overlapping AzB mult, 12 H total, H,,I, NAr and NHAr), 3.82 
and 3.37 (spt, 4 H each, CHMez, NAr and NHAr), 1.27 and 
1.03 (d, 24 H each, CHMez, NAr and NHAr). 13C NMR 
(C6Ds): 6 151.9 and 146.7 (Cipso, NAr and NHAr), 142.8 and 
141.5 (Co, NAr and NHAr), 125.2 and 124.9 (Cp, NAr and 
NHAr), 123.7 and 122.3 (Cm, NAr and NHAr), 29.1 and 28.3 
(CHMe2, NAr and NHAr), 24.4 and 23.6 (CHMez, NAr and 
NHAr). Anal. Calcd for C ~ ~ H ~ O N ~ W :  C, 65.00; H, 7.95. 
Found: C, 64.82; H, 8.07. 

W(NAr)zCla(NH&) (4). A solution of 0.31 g (1.21 mmol) 
of Me3SiNHAr in 5 mL of Et20 was added to a stirred solution 
of 0.35 g (0.608 mmol) of W(NAr)C14(0Etz) in 15 mL of EtzO. 
This mixture was stirred at room temperature for 24 h, during 
which time the solution color slowly changed to red. The 
reaction volatiles were then removed in vacuo to afford an 
orange oil. Upon trituration of the oil with cold pentane, an 
orange, fluffy solid was obtained which was filtered off and 
dried in vacuo; yield 0.28 g (0.34 mmol, 56%). Analytically 
pure samples were obtained by recrystallization from pentane 

(br, 2 H, NH&), 3.92 (spt, 4 H, CHMe2, NAr), 3.20 (spt, 2 H, 
CHMez, NH&), 1.195 (d, 24 H, CHMez, NAr), 1.17 (d, 12 H, 
CHMe2, NH&). 13C NMR (CDC13): 6 150.5, 145.4, 138.5, and 
135.1 (Cipso and C,, NH& and NAr), 127.4, 125.3, 123.2, and 
121.9 (C, and C,, NAr and NH&), 28.7 (CHMez, NH&), 27.9 
(CHMe2, NAr), 23.9 (CHMeZ, NHzAr), 23.2 (CHMez, NAr). 
Anal. Calcd for C ~ ~ H & ~ Z N ~ W :  C, 55.25; H, 6.83; N, 5.37. 
Found: C, 55.54; H, 7.10; N, 5.24. 

W(NAr)(NEtz)Cls(THF) (5). To a stirred solution of 0.66 
g (1.14 mmol) of W(NAr)C14(THF) in 10 mL of diethyl ether 
was added 0.35 g (2.29 mmol) of MesSiNEtz (neat). After the 
solution was stirred at room temperature for 16 h, the volatile 
components were removed from the resulting orange solution 
in vacuo to afford an orange solid. Redissolving this solid in 
minimal Et20 (-2 mL) and cooling the solution to  -30 "C 
provided orange crystals of product which were filtered off and 
dried in vacuo; yield 0.54 g (0.88 mmol, 77%). Analytically 
pure compound was obtained by recrystallization from Et20 
solutions at -35 "C. lH NMR (CsD.4: 6 7.12-6.74 (A2B mult, 
3 H, Ha,J, 4.94 and 4.83 (q,2 H each, NCHZCH~), 4.75 (spt, 2 
H, CHMez), 4.06 (br, 4 H, C,H, THF), 1.34 (d, 12 H, CHMez), 
1.14 (br, 4 H, CBH, THF), 1.26 and 1.00 (t, 3 H each, 

(C,), 123.6 (C,), 72.5 (Ca, THF), 66.1 and 59.0 (NCHZCH~), 27.9 
(CHMez), 25.3 (CHMez), 15.7 and 14.0 (NCHzCH3). The Cp 
THF peak was not observed and is presumably coincident with 
another resonance. Anal. Calcd for CzoH3&13NzOW: C, 39.40; 
H, 5.79; N, 4.59. Found: C, 39.58; H, 5.87; N, 4.58. 

W(NAr)2(NEtz)Cl (6). To a solution of 0.58 g (0.77 mmol) 
of W(NAr)zClZ(THF)z (1) in 15 mL of Et20 was added 0.14 g 
(0.91 mmol) of neat MeaSiNEtz. This mixture was allowed to 
stir with gentle heating (-35 "C) for 7 days, over which time 
the solution color changed from red to  yellow-orange. The 
volatile components were then removed from the reaction in 
vacuo, and the yellow orange solid which remained was 
redissolved in minimal EtzO. Upon cooling of this ether 
solution to -35 "C for 2 days, orange crystals of product 
formed. The crystals were filtered off and dried in vacuo; yield 
0.26 g (0.40 mmol, 52%). Analytically pure samples were 
obtained by recrystallization from Et20 solution at -35 "C. 
'€3 NMR (CsDs): 6 7.12-6.83 (AzB mult, 6 H, Ha,.,& 4.04 (spt, 
4 H, CHMez), 3.21 and 2.60 (mult, 2 H each, NCHZCH~), 1.23 
(d, 24 H, CHMez) 0.98 (t, 6 H, NCHzCH3). 13C NMR (CsDs): 

CHd, 28.3 (CHMez), 24.6 (CHMez), 14.5 (NCHzCH3). Anal. 
Calcd for CzsH44ClN3W: C, 52.39; H, 6.91; N, 6.55. Found: 
C, 52.23; H, 6.95; N, 6.53. 

-35 "C. 'H NMR (CsD6): 6 7.44 (9, 2 H, NHAr), 7.12-6.87 

at -35 "C. 'H NMR (C&bj): 6 7.10-6.82 (m, 9 H, HEvi), 5.28 

NCHzCH3). 13C NMR (CsDs): 6 153.4 (C,), 145.8 (Cipso), 130.6 

d 151.0 (Cipso), 146.1 ((201, 127.9 (Cm), 122.5 (Cp), 46.4 (NCH2- 
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W(NAr)dPMePhz) (7). A 0.053 g (0.526 mmol) sample of 
PMePhz was added directly (neat) to a solution of 0.25 g (0.245 
mmol) of [Li(THF)&W(NAr)3Cl] (2) in -15 mL of benzene. "he 
reaction was stirred at room temperature for 4 h, during which 
time the yellow solution developed a dark red color. The 
reaction volatiles were removed in vacuo to afford a red solid. 
The product was extracted with pentane, the extract filtered 
through Celite, and the filtrate concentrated in vacuo and 
cooled to -35 "C. The analytically pure, red crystals which 
formed overnight were filtered off and dried in vacuo; yield 
0.198 g (0.218 mmol, 91%). 'H NMR (CsDs): 6 7.69 (dd, 4 H, 
H,, PMePhz), 7.18-6.95 (AzB mult, 9 H, H,1, NAr), 6.87 (m, 
6 H, H, and H,, PMePhz), 3.87 (spt, 6 H, CHMeZ), 2.04 (d, 
2 J ~ - p  = 9.8 Hz, 3 H, PMePhz), 1.12 (d, 36 H, CHMez). 13C N M R  

PMePhz), 132.0, 129.6, and 129.4 (PMePhz), 123.0 (C,, NAr), 
122.2 (C,, NAr), 28.3 (CHMez), 23.9 (CHMez), 16.6 (d, PMe- 
Phz). Anal. Calcd for C49Hd3PW: C, 64.68; H, 7.09; N, 4.62. 
Found: C, 64.37; H, 7.18; N, 4.60. 

W(NAr)s(PMes) (8). A solution of 2.00 g (1.92 mmol) of 
[Li(THF)4][W(NAr)3Cl] (2) in -50 mL of benzene was prepared 
and cooled to -78 "C. A 0.44 g (5.80 mmol) sample of PMe3 
was then added dropwise (neat) to  the stirred [Li(THF)J 
[W((NAr)&l] solution. The reaction was allowed to warm to  
room temperature over several hours, during which time the 
yellow solution developed a cherry red color. After the solution 
was stirred for 15 h, the reaction volatiles were removed in 
vacuo to afford a red oil. "he product was extracted with EtzO, 
the extract filtered through Celite, and the solvent removed 
from the filtrate in vacuo to afford a red solid. The product 
was washed with cold pentane and dried in vacuo; yield 1.40 
g (1.78 mmol, 92%) of W(NAr)3(PMe3) sufficiently pure for 
further reactions. Analytically pure compound was obtained 
by recrystallization from pentane solutions at -35 "C. lH 

(spt, 6 H, CHMez), 1.24 (d, 36 H, CHMez), 1.21 (d, overlapping 
with 6 1.24 signal, 9 H, PMe3). I3C NMR (CsD.5): 6 155.0 (Clpa0, 
NAr), 140.4 (Co, NAr), 122.9 (Cp, NAr), 122.1 (Cm, NAr), 28.2 
(CHMez), 23.9 (CHMeZ), 16.7 (d, PMe3). Anal. Calcd for 
C ~ ~ H ~ O N ~ P W :  C, 59.62; H, 7.70. Found: C, 59.54; H, 7.61. 

[n-BwNl[W(NAr)sBr] (9). A 0.309 g (0.96 mmol) sample 
of solid [n-BmNIBr was added directly to  a solution of 1.00 g 
(0.96 mmol) of [Li(THF)4][W(NAr)3Cl] (2) in 20 mL of benzene. 
This mixture was stirred at room temperature for 15 h, over 
which time an orange color developed and a white precipitate 
formed. The reaction solution was filtered through Celite, and 
the volatile components were removed from the filtrate in 
vacuo to afford an orange solid. This product was washed with 
cold pentane, collected by filtration, and dried in vacuo; yield 
0.89 g (0.87 mmol, 90%). Analytically pure compound was 
obtained by recrystallization from Et20 solution at -35 "C. 

6 H, CHMez), 2.31 (br m, 8 H, NCHZCHZCHZCH~), 1.42 (d, 36 
H, CHMez), 1.09-0.93 (br m, 16 H total, NCH~CHZCHZCH~), 
0.80 (pseudo t, 12 H, NCHZCHZCHZCH~). 13C NMR (CsDs): 6 

CHZCHZCH~), 28.5 (CHMez), 24.1 (CHMez), 23.8 and 19.7 
(NCHZCHZCHZCH~), 13.8 (NCHzCHzCHzCH3). Anal. Calcd 
for CEZH87BrN4W: C, 60.52; H, 8.50; N, 5.43. Found: C, 60.44 
(60.61); H, 9.02 (8.87); N, 5.28 (5.15). (Duplicate analyses 
reported.) 

[Li(THF).d[W(NAr)&le] (10). To a cold (-35 "C) solution 
of 1.00 g (0.96 mmol) of [Li(THF)4l[W(NAr)3Cl] in 30 mL of 
THF was added 1 equiv of MeLi (0.68 mL of a 1.4 M Et20 
solution) dropwise. "his reaction mixture was stirred at room 
temperature for 18 h, after which the solvent was removed in 
vacuo to  afford a yellow, oily residue. The product was 
extracted with EtzO, the ether extract filtered through Celite, 
and the solvent removed from the filtrate in vacuo to provide 
a yellow solid. The solid was washed with minimal cold 

(CsDs): 6 154.9 (Cipso, NAr), 140.8 (Co, NAr), 133.6 (d, Cipso, 

NMR (CsD6): 6 7.18-6.94 (AzB mult, 9 H, H,1, NAr), 3.95 

'H NMR (CsDs): 6 7.21-6.85 (AzB mult, 9 H, H,i), 4.19 (spt, 

156.6 (C,psJ, 140.0 (CJ, 121.5 (Cm), 119.6 (Cp), 58.4 ("2- 
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pentane, collected on a frit, and dried in vacuo; yield 0.60 g 
(0.59 mmol, 61%). Analytically pure compound was obtained 
by recrystallization from THFIpentane solutions at -35 "C. 

6 H, CHMez), 3.22 (m, C,H, THF), 1.20 (m, CpH, THF), 1.51 
(s, 3 H, W e ) ,  1.27 (d, 36 H, CHMez). l3C NMR (CsD6): 6 

28.3 (CHMez), 25.3 (Cp, THF), 24.1 (CHMeZ), 15.2 ( W e ) .  
Anal. Calcd for C53H8&04W: C, 62.40; H, 8.50; N, 4.12. 
Found: C, 62.24; H, 8.71; N, 4.01. 
[Li(THF)41[W(NAr)s(CHzSiMes)1 (11). To a cold (-35 "C) 

solution of 0.127 g (0.12 mmol) of [Li(THF)41[W(NAr)3Cl] in 
25 mL of THF was added 1 equiv of solid LiCHzSiMe3 (0.011 
g, 0.12 mmol). This reaction mixture was allowed to  stir at  
room temperature for 15 h, after which the solvent was 
removed in vacuo to afford a yellow, oily residue. The product 
was extracted with EtzO, the ether extract filtered through 
Celite, and the solvent removed from the filtrate in vacuo to 
provide an  oily, yellow solid. This solid was dissolved in -10 
mL of pentane and cooled to -35 "C for 24 h, whereupon a 
yellow solid precipitated. This solid was filtered off and dried 
in vacuo; yield 0.058 g (0.053 mmol, 44%). Analytically pure 
compound was obtained by recrystallization from THF/pentane 
solutions a t  -35 "c. 'H NMR (C&): 6 7.15-6.90 (A2B muk, 
9 H, Haw& 3.83 (spt, 6 H, CHMez), 3.19 (m, 16 H, C,H, THF), 
1.44 (br, 2 H, CH2SiMe3), 1.26 (d, 36 H, CHMeZ), 1.14 (m, 16 

122.5 (C,), 122.2 (C,), 68.2 (C,, THF), 28.2 (CHMe2), 25.3 (Cp, 
THF), 24.2 (CHMez), 3.0 (CHzSiMe3). Several attempts were 
made to locate the signals for Cipso (NAr), C, (NAr), and CH2- 
SiMe3; C, (NAr) is possibly obscured by the C6D6 signal. Anal. 
Calcd for C56H9fi304LiSiW: C, 61.58; H, 8.68; N, 3.85. 
Found: C, 61.40; H, 8.72; N, 3.81. 
W(NAr)z(NHAr)(OAr') (12). A solution of 2,g-dimeth- 

ylphenol(O.081 g, 0.67 mmol) in 10 mL of pentane was added 
dropwise to  a stirred solution of W(NAr)3(PMe3) (8, 0.52, 0.66 
mmol) in 40 mL of pentane. The reaction was stirred at room 
temperature for 15 h, over which time the solution color had 
changed from red to yellow-orange. M e r  this time, the solvent 
was removed in vacuo to afford a clear, pale orange oil which 
was dissolved in minimal pentane and stored at -35 "C for 
-24 h. The yellow block crystals which had formed were 
filtered off and dried in vacuo; yield 0.230 g (0.28 mmol, 42%). 
Analytically pure samples were obtained by recrystallization 
from a minimal volume of pentane at -35 "C. IH NMR 
(C6D6): 6 7.88 (s, 1 H, NHAr), 7.10-6.74 (overlapping mult, 
12 H total, H,1; NAr, NHAr, and O M ) ,  3.76 (spt, 2 H, CHMe2, 
NHAr), 3.45 (spt, 4 H, CHMe2, NAr), 2.44 (s, 6 H, Me, O M ) ,  
1.17, 1.05, and 0.98 (d, 12 H each, CHMe2, NAr and NHAr). 

and O M ) ,  143.2 and 142.9 (Co, NAr and NHAr), 128.8, 127.3, 
126.4, 125.6,123.8,122.4, and 122.2 (C,, O M ;  C, and C,, NAr, 
NHAr, and O M ) ,  28.9 (CHMe2, NHAr), 28.4 (CHMe2, NAr), 
24.1,23.8, and 23.5 (CHMe2, NAr and NHAr), 17.3 (Me, O M ) .  
Anal. Calcd for C&61N30W: c, 63.53; H, 7.39; N, 5.05. 
Found: C, 63.48; H, 7.42; N, 5.02. 
W(NAr)z[N(SiMea)Ar]I (13). Neat Me3SiI (0.224 g, 1.11 

mmol, -0.16 mL) was added dropwise to  a stirred solution of 
0.15 g (0.19 mmol) of W(NAr)3(PMe3) (8) in 20 mL of pentane. 
This mixture was stirred at  room temperature for 24 h, over 
which time the solution had become cloudy, red-orange in color. 
The reaction mixture was filtered (fine porosity frit), and the 
volatile components were removed from the filtrate in vacuo 
to afford an orange oil which, upon trituration with cold 
pentane, formed an orange powder. This powder was collected 
by filtration and dried in vacuo; yield 0.09 g (0.0989 mmol), 
52%). Analytically pure compound was obtained by recrys- 
tallization from pentane solution at -35 "C. lH NMR (C6Ds): 
6 7.06-6.91 (overlapping A2B m, 9 H total, HaWl), 3.63 and 
3.47 (Overlapping br, 6 H total, CHMe2, NAr and N(SiMe3)- 
Ar), 1.30 (br, 6 H, CHMe2, Ar), 1.18-1.06 (br, 30 H, CHMe2, 
NAr and N(SiMes)Ar), 0.35 (s, 9 H, N (SiMe3)Ar). 13C NMR 

'H NMR (C&): 6 7.17-6.92 (AzB mult, 9 H, Havi), 3.79 (spt, 

155.3 (Clipso), 139.3 (C,), 122.3 (Cm), 121.6 (C,), 68.4 (C,, THF), 

H, CpH, THF), 0.31 (s, 9 H, CH2SiMe3). 13C NMR (C6D6): 6 

13C NMR (C6D6): 6 160.6, 151.4, and 145.0 (cipso, N h ,  N W ,  
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(CsDa): 6 151.9, 148.5, and 142.0 (Cipso and C,, NAr and 
N(SiMe3)Ar; one signal not observed), 126.8 (C,, NAr), 126.5 
(C,, N(SiMea)Ar), 124.8 (Cm, NAr), 122.8 (C,,,, N(SiMes)Ar), 29.0 
and 28.2 (CHMez, NAr and N(SiMea)Ar), 26.2, 25.2,24.7, and 
24.2 (CHMe2, NAr and N(SiMes)Ar), 2.6 (N(SiMe3)Ar). Anal. 
Calcd for C&6&ISiW: C, 51.49; H, 6.65. Found: C, 51.36; 
H, 6.73. 
W(NAr)z(NMeAr)I (14). An ampule (Teflon stopcock) was 

charged with 0.25 g (0.319 mmol) of W(NAr)s(PMe3), 20 mL of 
benzene, and excess Me1 (0.50 g, 3.50 mmol). The reaction 
vessel was closed, placed in an oil bath maintained at -70 
"C, and allowed to stir for 15 h. Over this time, the solution's 
red color turned to pale yellow, and a white precipitate 
([Me4P]I by lH NMR) formed. The reaction mixture was 
filtered through Celite, concentrated in vacuo, and filtered 
again, and the solution was further stripped to  afford the 
product as a yellow powder. Analytically pure samples of 
W(NAr)z(NMeAr)I, obtained by recrystallization from pentane 
at -35 "C, were collected by filtration and dried in vacuo; yield 

(overlapping A2B mult, 9 H total, HW1), 3.83 (s, 3 H, NMeAr), 
3.58 (br, overlapping spt, 6 H total, CHMe2, NAr and NMeAr), 
1.20-1.05 (overlapping br, 36 H total, CHMe2, NAr and 
NMeAr). Anal. Calcd for C ~ T H ~ ~ N ~ I W :  C, 52.18; H, 6.39. 
Found: C, 52.13; H, 6.48. 

0.20 g (0.247 "01, 77%). '€3 NMR (C6D6): 6 7.07-6.93 

W[NArC(O)~hl(NAr)z(PMes) (15). Neat phenyl isocy- 
anate (0.192 g, 1.61 mmol, -0.17 mL) was added dropwise to 
a stirred solution of 0.15 g (0.19 mmol) of W(NAr)3(PMe3) (8) 
in 15 mL of pentane at  room temperature. Reaction occurred 
quickly as this mixture was stirred for 15-20 min, over which 
time an orange powder precipitated. The powder was collected 
by filtration, washed with minimal cold pentane, and dried in 
vacuo; yield 0.15 g (0.16 mmol, 82%). Analytically pure 
compound was obtained by recrystallization from a pentane 
solution at -35 "C. lH NMR (C6D6): 6 8.01 (d, 2 H, Ha, C6H5), 
7.20-6.72 (m, 12 H total, Havl), 3.733 and 3.725 (overlapping 
spt, 6 H total, CHMe2, NAr and WNArC(O)NPh), 1.60 and 1.27 
(d, 6 H each, CHMe2, WNArC(O)NPh), 1.17 and 1.03 (d, 12 H 
each, CHMe2, NAr), 0.86 (d, 9 H, PMe3). NMR (CsDs): 6 
152.6, 146.7, 145.0, 140.4, 133.3, 133.1, 129.3, 129.2, 126.8, 
126.7, 123.7, and 122.9 (CW1, CO, and C6H5), 28.8, 28.0, 25.3, 
25.0, and 23.9 (CHMe2 and CHMe2, imide and amide), 13.5 
(PMe3). One resonance from the CHMez and CHMez set was 
not located. Anal. Calcd for C46H65N40Pw c, 61.06; H, 7.24; 
N, 6.19. Found: C, 61.53; H, 7.52; N, 5.77. IR (Nujol mull), 
cm-l: 1654 s [v(C=O)l. 
W(NAr)z(NHAr)Me (16). A slurry of 0.18 g (0.47 mmol) 

of [HNMe3]BPh4 in -20 mL of Et20 was added to  a stirred 
solution of 0.50 g (0.47 mmol) of [Li(THF)41[W(NAr)3Mel in 
20 mL of Et2O. This mixture was stirred at room temperature 
for 12 h, after which the solution was filtered through Celite 
and the solvent removed under reduced pressure to afford a 
yellow to brown oil. This oil was dissolved in a minimal 
volume of pentane and cooled to -35 "C to provide yellow 
crystals, which were collected by filtration and dried in vacuo. 
Additional product was obtained from the pentane filtrate (-35 
"C), for a total yield of 0.14 g (0.21 mmol, 45%). Analytically 
pure product was obtained from EbO/pentane solutions at  -35 
"C. 'H NMR (C6D6): 6 8.36 (s, 1 H, N H h ) ,  7.08-6.91 (m, 9 
H total, Ha,& 3.63-3.50 (overlapping spt, 6 H total, CHMe2, 
NAr and NHAr), 1.73 (s, 3 H, WCHB), 1.17, 1.13, and 1.10 
(overlapping d, 12 H each, CHMe2, NAr and NHAr). 13C NMR 

NAr), 141.1 (C,, NHAr), 125.1 and 123.6 (C,, NAr and C,, 
NHAr), 125.7 (Cp, NHAr), 122.4 (Cm, NAr), 29.2, 28.6, 23.8, 
23.7, and 23.4 (CHMe2 and CHMe2, NAr and N e ,  WCH3). 
Anal. Calcd for C37H55N3W: C, 61.23; H, 7.64; N, 5.79. 
Found: C, 61.15; H, 7.71; N, 5.73. 
Structural Determinations. [L~(THF)~I[W(NA~)SCII 

(2). Crystallographic data for 2 are collected in Table 1. Data 
were collected on a specimen sealed in a Lindemann capillary. 

(CeDs): 6 152.4 (Cipso, NAr), 146.0 (Cipso, NHAr), 142.7 (Co, 
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Photographic evidence and systematic absences in tlre difFrac- 
tion data uniquely identified the space group. The structure 
was solved by direct methods. All non-hydrogen atoms were 
anisotropically refined, and hydrogen atoms were treated as 
idealized contributions. 

W(NAr)a(PMes) (8). Crystallographic data for 8 are col- 
lected in Table 1. A red, irregular block crystal of 8 was 
mounted in a glass capillary in a random orientation. The 
space group was determined from the systematic absences and 
the subsequent least-squares refinement, and the structure 
was solved by the Patterson method. All non-hydrogen atoms 
were refined anisotropically. All hydrogen atoms were placed 
in idealized positions and were included in the refinement. 
Methyl group hydrogens were initially located from a differ- 
ence map and then idealized. 
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