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Synthesis, characterization, and properties of
some cyclopentadienyl molybdenum nitrosyl
benzyl complexes

Peter Legzdins, Kevin M. Smith, and Steven J. Rettig

Abstract: Reaction of CpMo(NO)(CkPh)CI with MeMg, Ph,Mg, or PhCCLi reagents in THF affords the correspond
ing alkyl, aryl, or alkynyl CoMo(NO)(CHPh)R (R = hydrocarbyl) complexes as orange powders in good yields. Unlike
related 16-electron CpMo(NO}Reomplexes, these 18-electron species exhibit good thermal stability due tatheir
benzyl-Mo interactions. Treatment of CpMo(NO)(&Fh)Cl with Na(DME)Cp provides dark green

Cp,Mo(NO)(CH,Ph), whose solid-state molecular structure has been established by a single-crystal X-ray <rystallo
graphic analysis. The two Cp rings display different binding modes to the Mo atom, while the benzyl ligand is coordi
nated to the metal centre in ap fashion. The triflate complex, CpMo(NO)(GRh)(OTf), is obtained by addition of
AgOTTf to the benzyl chloride precursor. The covalent Mo—OTf bond in this compound can be disrupted by the addi
tion of Lewis bases (L) such as PPbr pyridine, leading to the corresponding [CpMo(NO)($EH)(L)][OTf] salts. At
tempts to generate neutral benzylidene complexes by deprotonation of [CpMo(NPIXAPR)][OTf] have not yet

been successful.

Key words nitrosyl, molybdenum, benzyl, hydrocarbyl, triflate.

Résumé: La réaction du CpMo(NO)(CHPh)CI avec les réactifs Mblg, Ph,Mg et PhCCLi dans le THF conduit aux
complexes alkyles, aryles ou alkynyles correspondants, CoMo(NGQRER (R = hydrocarbyle), des poudres oranges
obtenues avec des bons rendements. Contrairement a ce qui se produit avec les complexes a seize électrons du type
CpMo(NO)R,, ces especes a dix-huit électrons présentent une bonne stabilité thermique en raison de leurs interactions
n?-benzyl-Mo. Le traitement du CpMo(NO)(GRh)CI par du Na(DME)Cp conduit au @do(NO)(CH,Ph) vert foncé

dont on a déterminé la structure moléculaire a I'état solide par une analyse cristallographique réalisée par diffraction
des rayons X par un cristal unique. Les deux noyaux Cp présentent des modes de liaison avec le Mo qui sont diffé-
rents alors que le ligand benzyle est coordiné au centre métallique derfag@m a obtenu le complexe au triflate,
CpMo(NO)(CH,Ph)(OTf) en additionnant du AgOTf au précurseur avec du chlorure de benzyle. La liaison covalente
Mo—OTf de ce composé peut étre perturbée par I'addition de bases de Lewis (L), telles que leuR&Ipyridine,

qui conduisent & la formation des sels [CpMo(NO)@PH)(L)][OTf] correspondants. Les essais effectués en vue de gé
nérer des complexes benzylidenes neutres par déprotonation de [CpMo(NBNUPPR)][OT] se sont avérés infruc

tueux jusqu’'a maintenant.

Mots clés: nitrosyle, molybdéne, benzyle, hydrocarbyle, triflate.

Introduction studies established that these reactions proceed via initial
elimination of CMg to form the unsaturated alkylidene

We (1) recently reported the intermolecular C—H bondCom lexes Co*W(NO)(=CHCMe) and Co*W(NO)(=CHPh
activation of alkane substrates by thermolysis of the 16'respgctiveli/.pHo(vvev)e(:r, the gz:neratiopn o(f th)ése rea)étive

electron£16e) bis(hydrocarbyl) complexes, prv(No)(gMQ")Z. alkylidene species requires reaction temperatures in the
and Cp*W(NO)(CHCMe)(CH,Ph). Labeling and kinetic range of 70-80°C, and little control can be exerted on the
. . steps following the initial, rate-determinirgghydrogen ab
Received August 24, 2000. Published on the NRC Research siraction step. This practical limitation could be avoided by
Press Web site at http://canjchem.nrc.ca on May 23, 2001.  gither |owering the activation barrier of the neopentane €lim
This paper is dedicated to Professor Brian R. James on the ination process or by finding an alternative route to the reac

occasion of his 65 birthday. tive alkylidene compounds.

P. Legzdins? K.M. Smith,2 and S.J. Rettig® Department of Previous studies in these laboratories have demonstrated
Chemistry, The University of British Columbia, 2036 Main  that the related CpMo(NO)(=CHCMgfragment is readily
Mall, Vancouver, BC V6T 1Z1, Canada. produced by theoom temperaturdransformation of the

. . < tmu 12y 16€ CpMO(NO)(CHCMe;), compound (2), or by the facile
1Corresponding author (telephone: (604) 822-2987; fax: (604 A
822-28817; e-r?]ail: Iegzéinsg@chem.(ubc.)ca) ( )IOSS of ~pyridine  (py) frF’m the N 18e adduct
2Permanent address: Department of Chemistry, University of CpMo(NO)(=CHCMe)(py) (3). Like t_he Cp*W analogues,
Prince Edward Island, 550 University Avenue, Charlottetown, COMO(NO)(=CHCMg) can also activate element—hydro
PE C1A 4P3, Canada. gen bonds. Thus, isolable CpMo(NO)(gEMe;)(ER) com

SDeceased. plexes are obtained when the ER group can act mslenor
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ligand (e.g., HER = HOPh, j#NCMe;, HSCMe), thereby outlines their spectroscopic and physical properties. The
resulting in 18e products (3). However, stable solid-state molecular structure of one of these compounds,
CpMo(NO)(CHCMe3)R compounds resulting from activa namely CpMo(NO)(CH,Ph), as determined by X-ray crys
tion of hydrocarbon RH substrates have not yet been obtallography is described. The synthesis and characterization
served, and this may well be a manifestation of the marke@f CpMo(NO)(CHPh)(OTf), (OTf = triflate, OSQCF;) and
thermal instability of 16e CpMo(NO)(Rxomplexes. Forin  [CpMo(NO)(CH,Ph)(L)]'[OTf]~, corresponding to target
stance, diaryl species can be observed in situ whemoleculesD andC in Scheme 1, respectively, are alsopre
[CpMo(NO)CL], is treated with (aryhMg reagents at low sented. Finally, the various attempts to generate alkylidene
temperature, but these 16e complexes decompose at ambiemmplexes from these precursors are summarized.
temperatures even in the presence of trapping agents (4).

The differing reactivities of Mo and W cyclopentadienyl Results and discussion

nitrosyl alkyl complexes have recently been analyzed using

density functional theoretical techniques (5). Direct synthesis of CoMo(NO)(CH,Ph)R complexes
The current study was undertaken with a view to develop

ing a non-thermolytic route to an electronically unsaturated R
alkylidene species, specifically the benzylidene fragment R 1 Me
[CpMo(NO)(=CHPh)] A). As shown in the retrosynthetic Mo_ T vIo__ > Ph
strategy outlined below in Scheme 1, the reactive 16e spe[]_] | Cl | R 3 CCPh
cies A should be accessible by loss of a labile, neutral ('g (N) 4c
ligand L from the 18e CpMo(NO)(=CHPh)(L) compleB) P

The neutral benzylidene compound could be formedi&yre

tonation of the cationic complex [CpMo(NO)(GPh)(L)] ) .

(C). The cationic complex could, in principle, be synthe As shown in eq. [1] above, CpMo(NO)(GRN)CI is a
sized by nucleophilic displacement of a weakly bound anuseful precursor to a range of CpMo(NO)(¢H)R com
ionic ligand X from CpMo(NO)(CHPh)(X) (D), which in  Plexes, where R is methyl, phenyl2, phenylalkynyl3, or
turn would be derived by salt metathesis from the knowncyclopentadienyl 4. The metathesis reactions proceed

CpMo(NO)(CH,Ph)(CI) compound&) (6). cleanly in THF as determined by monitoring the change in
(NO) during the course of the reaction by solution IR spec-
Scheme 1. troscopy. The conversions can be accomplished using a di-

verse range of hydrocarbylating reagents, including
@ @ @ organolithium and organosodium species as well as the more

Mo__ —— Mo__ — Mo\® x° typ_ical organomagnesium reagents. Analytically pure, crys-

| ~ci | ~x | ~L talline samples of the CpMo(NO)(GRh)R complexes may

8 y ¥ e be obtained by chromatography of the crude products on

D . .
Alumina | wusing toluene as eluant, followed by
recrystallization from toluene:hexanes solvent mixtures. The
colour, yield, and elemental analysis data for the new-com
pounds are listed in Table 1. Their IR and mass spectral data
@ gMDD %ADD ?Sre collected in Table 2, and Table 3 contains tHeirand
Mo_ — o_ — 0__ C NMR data.
(Cg'h R 6 No ((S'L L The replacement of the electronegative Cl ligand with
o] (o] more covalently bound hydrocarbyl groups has the expected

effect on the electron density at the metal centres. This-is in
A B dicated by they(NO) bands in the Nujol mull IR spectra of
the CpMo(NO)(CHPh)R compounds which are from 14 to
Benzyl chloro complexE also provides a metathetical 44 cnt! lower in energy than the 1620 cfrvalue exhibited
route to the benzyl hydrocarbyl complexes expected to resully CpMo(NO)(CHPh)CI (6). The magnitude of this de
from the C—H bond activation of RH substrates by thecrease inv (NO) follows the trend &CPh < Cp ~ Ph ~
[CpMo(NO)(=CHPh)] target species. Indeed, the prototypalCH,Ph < CH,SiMe; ~ Me, which is consistent with the elec
complex, CpMo(NO)(CHPh)(CH,SiMe;), has previously tron-donating abilities of these hydrocarbyl ligands. The IR
been synthesized using just this methodology (6). The-indespectrum of3 also displays &(C=C) band at 2091 cm (8).
pendent synthesis of additional CpMo(NO)(¢Rh)R com In their *H NMR (C4Dg) spectra, the gHs signals of com
pounds was thus undertaken to assess their thermal stabilipoundsl—4 lie in the 4.80-5.20 ppm region and are diagnos
and to establish their diagnostic spectroscopic properties. tic indicators of these complexes. Also useful is the signal at
was anticipated that these alkyl complexes, as well as-com-0.88 ppm characteristic of a Me ligand in thd NMR
poundsC andD, might well be stabilized as 18e species by (C¢Dg) spectrum ofl. The 13C NMR spectra of complexes
the n?benzyl-metal interactions characteristic of other1-3 are important chiefly for the ipso carbon signals of the
Cp'M(NO)(CH,Ph)(X) complexes (Cp= Cp or Cp*, M =  CH,Ph ligands which fall in the 110-113 ppm range indica
Mo or W) (6, 7), some of which are analogues of those detive of n?-benzyl-molybdenum interactions (6, 7). In con
picted above in Scheme 1. trast, complex4 does not appear to possessnabenzyl
This paper describes the synthesis of severaligand according to itsH and'3C NMR spectra. The benzyl
CpMo(NO)(CH,Ph)R compounds by salt metathesis andmethylene!H NMR signal appears as a singlet at room
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Table 1. Numbering scheme, colour, yield, and elemental analysis data for the new complexes.

Anal. found (calcd.)

Complex Cmpd no. Colour (yield, %b) Cc H N

CpMo(NO)(CH,Ph)(CH) 1 orange (63) 52.67 (52.54) 5.11 (5.09) 4.78 (4.71)
CpMo(NO)(CH,Ph)(Ph) 2 orange (72) 60.03 (60.18) 4,75 (4.77) 3.89 (3.90)
CpMo(NO)(CH,Ph)(G=CPh) 3 orange (68) 62.73 (62.67) 4.45 (4.47) 3.66 (3.65)
Cp,Mo(NO)(CH,Ph) 4 dark green (65) 58.29 (58.80) 4.84 (4.93) 3.91 (4.03)
CpMo(NO)(CH,Ph)(OTf) 5 orange (83) 36.35 (36.21) 2.81 (2.80) 3.16 (3.25)
[CpMo(NO)(CH,Ph)(PPR)][OTH] 6 yellow (79) 53.31 (53.69) 3.95 (3.92) 1.89 (2.02)
[CpMo(NO)(CH,Ph)(py)][OTH] 7 yellow (82) 42.51 (42.36) 3.29 (3.36) 5.22 (5.49)

2Yield calculated from crude isolated product.

Table 2. Infrared v(NO) and mass spectral data for the new complexes.

FAB-MS

IR (V(NO) cnt?) (m/2)
Complex Cmpd no. Nujol CHKCl, P+
CpMo(NO)(CHPh)(CH) 1 1576 1591 299
CpMo(NO)(CHPh)(Ph) 2 1592 1603 361
CpMo(NO)(CH,Ph)(G=CPh) 3 1604 1620 385
Cp,Mo(NO)(CH,Ph) 4 1592 1607 349
CpMo(NO)(CH,Ph)(OTf) 5 1654 1657 284
[CpMo(NO)(CH,Ph)(PPR)][OT] 6 1655 1655 546

_tempeglture, and the ipso carbon signal occurs at 152.3 ppig. 1. The solid-state molecular structure of Sp(NO)(CH,Ph)
in the *°C NMR spectrum of4. There is also only a single (4); 50% probability thermal ellipsoids are shown.

'H NMR peak for the two Cp ligands at room temperature.
Consequently, a single-crystal X-ray crystallographic analy-
sis of 4 was undertaken to establish definitively its solid-

state molecular structure. The results of this analysis are dis
cussed in the next section.

Solid-state molecular structure of CpMo(NO)(CH ,Ph)

The nature of the Cp—Mo bonds in gyo(NO)X com:
plexes has been the subject of debate since their initial syn
thesis over 30 years ago (9, 10). If these compound:s
possessed tw?>-Cp groups and a linear nitrosyl ligand,
they would have a formal valence electron count of 20gf11
Early suggestions that this unfavourable situation might be
avoided by the complexes adopting an asymmefti€ph?®-

Cp binding mode (14, b) werenot supported by subsequent
X-ray crystallographic studies. The solid-state molecular
structures of CgMo(NO)(n*-Cp) (11c), Cp,Mo(NO)(CHs)
(11d), and Cp*(Cp)Mo(NO)(CH) (11f) all exhibit linear
Mo-N-O angles (>172°) and essentially planar but skewec
Cp groups with all 10 multihapto ring C atoms lying within
bonding distance of the Mo centres. This observation-con
trasts with the situation in GjV(CO), which possesses dis
tinct n®>-Cp and n*-Cp ligands (12). Then3-Cp group
contains a localized C—C double bond, with the two unique
C atoms bent 20° away from the plane containing the three
Cs bound to the W centre. Calhorda and co-workers (13
have recently investigated via DFT calculations the phenom
enon of ring slippage in GMoL, species and related Cp
and indenyl complexes of Mo(ll).

The solid-state molecular structure of o(NO)(CH,Ph)

4 (Fig. 1) exhibits features intermediate between those dis
played by CpW(CO), and the previously reported
Cp,Mo(NO)R structures. All 10 Cp carbons #hare within
2.336-2.700 A (avg = 2.475 A) of the Mo centre, and the

© 2001 NRC Canada
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Table 3.H and'3C NMR data for the new complexes.
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Compound (solvent) H NMR (©)? 3C NMR ©)
1 7.5-6.8 (m, 5H, Ph) 131.0-127.5 (Ph)
(CsDg) 4.99 (s, 5H, GHx) 112.2 C ipso)
3.19 (d, 1H CGiH) 99.3 (CsHs)
2.21 (d, 1H, CHH) 37.8 CH,)
—-0.88 (s, 3H, CH) 1.34 (CHy)
2 7.2-6.4 (m, 10H, Ph) 196.9C(ipso Ph)
(CsDo) 5.04 (s, 5H, GHs) 140.4-124.2 (Ph)
3.12 (d, 1H GHH) 112.1 € ipso Bz)
2.83 (d, 1H, CHH) 100.1 CsHs)
40.1 CH,)
3 7.6=7.0 (m, 10H, Ph) 136.1-131.4 (Ph)
(CgDg) 5.13 (s, 5H, GH5y) 112.7 C ipso Bz)
3.19 (d, 1H GiH) 108.8 C=C)
2.66 (d, 1H, CHH) 106.1 CsHs)
42.8 ((H,)
4 7.6-7.0 (m, 5H, Ph) 152.3(ipso Bz)
(CsDe) 5.17 (s, 10H, CHs) 128.0, 127.7, 123.8Q Ph)
3.45 (s, 2H ®l,) 109.0 CsHs)
25.1 (CH,)
5 7.5-6.8 (m, 5H, Ph) 137.2-127.7 (Ph)
(CsDe) 5.04 (s, 5H, GHg) 112.4 C ipso)
3.12 (d, 1H GHH) 102.7 CsHe)
2.83 (d, 1H, CHH) 50.5 (CH,)
6 7.8-6.5 (m, 20H, Ph) 136.3-126.8 (Ph)
(CD3NO,) 5.78 (s, 5H, GHy) 110.1 C ipso)
3.92 (d, 1H CGiH) 103.1 CsHs)
3.63 (d, 1H, CHH) 44.7 CH,)
7 7.9-7.0 (m, 10H, Ph, NgH:) 156.1-127.8 (Ph, SH.)
(CD3NOy) 6.18 (s, 5H, GHy) 112.7 C ipso)
3.95 (d, 1H CGiH) 104.9 CsHs)
3.78 (d, 1H, CHH) 50.2 (CH,)

*The H—H coupling constants of the diastereotopic benzyl hydrogens, while not specifically measured, appear to be

in the normal 4.5-7.0 Hz range expected for these complexes (6).

difference between the two Cp groups is not as marked as imally sensitive (14). The general fragility of the 16e
the CpW(CO), structure. However, the C(1)-C(5) ring-ex CpMo(NO)R, species is in marked contrast to the robust 18e
hibits characteristics more typical of apf-Cp ligand than complexes shown below.

previously observed for any other structurally characterized These latter compounds achieve a saturated electronic
Cp,Mo(NO)R species. The C(4) and C(5) atoms areconfiguration via additionas-donor ligation (15), lower oxi
2.700(3) and 2.667(3) A away from the Mo atom, respec

tively, and the C(4)—C(5) bond length of 1.317(5) A is-sig @
nificantly shorter than the other C—C distances in the ring W Mo
(1.392(5)-1.407(5) A, avg = 1.401 A). The C(1)-C(2)-C(3)- P,pEC”/ 7%\ RT/\ R
C(4) and C(3)-C(2)-C(1)-C(b) torsion angles of 7.0(4)° and N L

8.0(4)°, respectively, are also reminiscent of, if less-pro
nounced than, those found in §@(CO),. The crystalle

N
o) o)
graphic and experimental data féare presented in Table 4. @
M NO

Table 5 lists the positional and thermal parameters of its Mo
constituent atoms, while selected bond lengths and angles N | R °<Rr
are collected in Tables 6 and 7, respectively. ’(\‘)

Stabilizing effects of n>-CH,Ph ligands

The coordinative and electronic saturation imparted bydation state (9), or multihapto ancillary ligand bonding (11,
their n?-benzyl ligands is deemed to be responsible for thel4). All of the species shown above are thermally stable at
thermal stability of compoundsl-3. Of the known ambient temperature, and several are remarkably tolerant of
Cp'M(NO)R, (Cp' = Cp, Cp*; M = Mo, W) complexes, the air and (or) water. The range of hydrocarbyl ligands avalil
CpMo-containing species are the most Lewis acidic, theable tothese 18e complexes extends to groups which are
most prone to M—C bond hydrolysis, and the most ther difficult to synthesize (e.g., Me, Ph) or entirely unknown

© 2001 NRC Canada
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Table 4. Crystallographic and experimental data for As shown in eq. [2], the synthesis &f is best accom
CpMo(NO)(CH,Ph) @). plished in a 1:1 solvent mixture of GBI, and EtO. The
Colour Green-black _thermal stability of CpMo(NO)(CEPh)(OTf), which is .
Formula GH;MONO isolable as a orange powder that can even be handled briefly

in air without deleterious effects, can be contrasted with that

Formula weight 347.27 . .

Crystal systegm Orthorhombic of CpMo(NO)[3-(2)-crotyl)(OTs) (which was not |so_lated,

Space group Pbca but was generated at low temperature and us_ed in sitwa) (18

a (A) 11.120(2) and that of Cp*W(NO)(CIjSlMeg)(OTf) (wh_lch_decom

b (A) 15.2821(3) poses upon being generated in non-coordinating arene or

¢ (&) 16.8371(6) chlorinated solvent@. T.he' existence _of a qualgnt

vV (A?) 2861.4(3) Mo—OSQ,CF; bond in5 is inferred from its solubility in

7 8 ' poor ion-supporting solvents su_ch as toluenegpg;and

denedg cn) 1612 Et,0, Qnd by its IR spectrum (Nujol) (19). The hlghly elec

FC(%BO) 1.408 00 tron-withdrawing nature of the OTf group is e\_/|denced
(Mo Ka) (e 909 by the w(NO) (Nujol) value of 1654 cmt which is much

#(K) 150(1) higher in energy than that exhibited by the hydrocarbyl

Crystal dimensions (mi) 0.50 x 0.40 x 0.10 productsl—4 or the benzyl chloride _starting material. o

s Y . q '0 5o ' As shown above in eq. [3], reaction of isolated or in situ

zg?gatxi%eg) ce(;oarlw 9 0. generated CpMo(NO)(C4Ph)(OTf) with PPR or pyridine

Total reflections 26 363

Unique reflections 3639

Reflections withl = 3o(l) 2083 L

No. of variables 181 [3] Mo_ — > |\,/|o\® ot 6 FI;P@

R, (onF, | > 3a(1)) 0.030 ~|ToTt CHCL 7 L 7 NG.H

R, (on F?, all data) 0.021 g ,C\I) 5

Goodness of fit 1.53

Max Alo (final cycle) 0.0003

Residual density (e &) -0.83 to 1.09

results in the formation of complexdésand 7, respectively.
As expected, these [CpMo(NO)(GPh)(L)][OTf] salts dis-
play decreased solubility as compared to the neutral com-
plexes1-5. Thus,6 and7 are only moderately soluble even
in THF, and dissolve readily only in good ion-supporting
solvents such as Ci&l, and CHNO,. As solids,6 and7 ap-
pear to be relatively inert with respect tg @nd water, since
the yellow powders may be handled briefly in air without
noticeable decomposition. The decrease in the highest fre
quencyv(SO) band of the triflate group from 1321 chin
the IR spectrum of to ~1260 cm' in 6 and7 is consistent
@ with the displacement of the OTf group from the Mo centre
AgOTf N (19). The'H and**C NMR spectra o6 and 7 help demon
o]
| SoTf
N
O 5

MO\ —_—> strate that only one L ligand is present in each molecule and
[2] 7’| SClI CHCIEt0

N

(0]

(e.g., Et,i-Bu, C=CR, GjFs) for the 16e CPpM(NO)(R)(R")
compounds.

Synthesis of [CpMo(NO)(CI—bPh)gL)][OTf]

The stabilizing influence of thg=-benzyl ligand is also of
critical importance to the target molecule
CpMo(NO)(CHPh)(OTf) 5 which can be synthesized in
high yields as illustrated below in eq. [2].

that the n>-benzyl-molybdenum interaction is preserved in
each complex.

Attempted deprotonation of
[CpMOo(NO)(CH ,Ph)(PPhy)][OTH]

Silver salts have been previously utilized to abstract halide In an attempt to form a benzylidene compound such as
ligands from C[M(NO),-containing complexes. For in  CpMo(NO)(=CHPh)(PPf) or [CpMo(NO)(=CHPh)},
stance, if the abstraction from CpMo(NO)(gfh)Cl is per  cationic complex6 was treated with a variety of Bragnsted
formed using AgBE in acetonitrile, NCMe-solvated bases (e.g., K&Bu, LiN(SiMey),, 1,8-diazabicyclo[5.4.0Jundec-
organometallic cations can be isolated (16). Furthermore7-ene (DBU), NEf, HN-i-Pr,) in THF and CHCI,. In each
treatment of CAM(NO),CI with AgBF, in CH,Cl, generates case, monitoring of the reaction by solution IR spectroscopy
the reactive CIM(NO),(FBF;) species (17) which have revealed the complete consumption of starting material and
been used to synthesize lactoneshjl@nd pyrones (1§).  the formation of a broad band at ~1600 ¢mrHowever,'H
Halide-abstraction reactions with  AGOR (R = 2- NMR spectra of the crude reaction mixtures resulting from
phenylbutyrate) (16e) or AgSR (R = p-tolyl, camphor) these reactions were devoid of signals characteristic of
(18) in CH,CI, afford neutral nitrosyl complexes with cova alkyldene Hs. None of the attempts to purify,
lent M—O bonds. chromatograph, crystallize, or precipitate the products from

4P. Legzdins and S.F. Sayers. Unpublished results.
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Table 5. Positional and thermal parameters, with esds in parentheses, doQ@O)(CH,Ph) @).

Atom X y z Beq)
Mo(1) 0.08242(2) 0.174875(14) 0.10364(2) 1.677(5)
0o(1) 0.2723(2) 0.04584(12) 0.06261(13) 3.26(6)
N(1) 0.1903(2) 0.09618(13) 0.07689(14) 1.91(6)
C(1) 0.0288(3) 0.2235(3) —0.0257(2) 4.54(11)
Cc(2) —0.0204(4) 0.1401(2) —0.0150(3) 4.80(12)
C@3) —0.1140(4) 0.1501(2) 0.0392(3) 4.26(11)
C(4) —0.1299(3) 0.2401(2) 0.0532(2) 3.94(10)
C(5) —0.0468(4) 0.2833(2) 0.0135(2) 3.82(10)
C(6) 0.2373(3) 0.2644(2) 0.1512(2) 2.64(8)
Cc(7) 0.1964(3) 0.2139(2) 0.2146(2) 2.23(7)
C(8) 0.0807(3) 0.2434(2) 0.2347(2) 2.25(7)
C(9) 0.0539(3) 0.3156(2) 0.1863(2) 2.35(7)
C(10) 0.1470(3) 0.3265(2) 0.1333(2) 2.71(7)
C(11) —0.0068(3) 0.0705(2) 0.1781(2) 2.00(7)
C(12) 0.0635(3) 0.03364(15) 0.2457(2) 1.79(7)
C(13) 0.1632(3) —0.0209(2) 0.2334(2) 1.93(7)
C(14) 0.2284(3) -0.0541(2) 0.2959(2) 2.31(8)
C(15) 0.1970(3) —0.0354(2) 0.3735(2) 2.47(8)
C(16) 0.0975(3) 0.0163(2) 0.3869(2) 2.66(7)
Cc(17) 0.0320(3) 0.0494(2) 0.3248(2) 2.45(8)

Table 6. Selected bond lengths (A) for Go(NO)(CH,Ph) @).*  Table 7. Selected bond angles (°) for @@o(NO)(CH,Ph) @).2

Bond lengths (A) Bond angles (°)
Mo(1)—CP(1) 2.23 Mo(1)—CP(2) 212 N(1)-Mo(1)-C(11) 87.7(1) N(1)-Mo(1)-CP(1)  116.8
Mo(1)—N(1) 1.757(2) C(2—C(3) 1.392(5)  N(1)-Mo(1)-CP(2)  115.3 C(11)-Mo(1)-CP(1) 103.5
Mo(1)—C(1) 2.377(4) C(3)—C4) 1.407(5) C(11)-Mo(1)-CP(2) 106.6 CP(1)-Mo(1)-CP(2) 119.8
Mo(1)—C(2) 2.362(4) C(4)—C(5) 1.317(5)  Mo(1)-N(1)-O(1) 174.1(2) C(2)-C(1)-C(5) 107.3(3)
Mo(1)—C(3) 2.469(3) C(6)—C(7) 1.394(4)  c(1)-c(2)-c(3) 106.1(3) C(2)-C(3)-C(4) 108.1(3)
Mo(1)—C(4) 2.700(3) C(6)—C(10) 1.414(4)  c(3)-C(4)-C(5) 108.5(4)  C(1)-C(5)-C(4) 109.3(3)
Mo(1)—C(5) 2.667(3) C(7)—C(8) 1.404(4)  c(7)-c(6)-C(10) 107.7(3)  C(6)-C(7)-C(8) 107.8(3)
Mo(1)—C(6) 2.340(3) C(8)—C(9) 1.404(4)  c(7)-c(8)-C(9) 107.9(3)  C(8)-C(9)-C(10) 108.1(3)
Mo(1)—C(7) 2.336(3) C(9)—C(10) 1.377(4)  c(6)-C(10)-C(9) 108.3(3) Mo(1)-C(11)-C(12) 117.4(2)
mogg—gg gggigg 8((1)1)—’\|<(3{)12) 11;372(%4)) C(11)-C(12)-C(13)  121.8(3) C(11)-C(12)-C(17) 122.0(3)
o(l)— . — . Py y "
Mo(1)—C(10) 2.477(3) c(1)—C(2) 1.398(5) C(ﬁciig)l))r%ngqs,crzgj)etr:%f\il;? the unweighted centroids of the C(1-5) and
Mo(1)—C(11) 2.258(3) C(1)—C(5) 1.407(5)
C(GC_ igﬁ)rﬁg‘lﬁﬁéﬁ{eg?ffgl;° the unweighted centroids of the C(1-5) and and Na(DME)Cp (21) reagents were prepared according to

the published procedures. All other reagents were used as re
ceived from commercial suppliers. Filtrations were -per
the attempted deprotonation reactions resulted in any tractéormed through Celitel( x 2 cm) supported on a medium-
ble material. porosity glass frit unless specified otherwise. For the low-
Related attempts to form alkylidene complexes by deprotemperature alkylation reactions, solvents were transferred
tonation ofneutral Cp*M(NO)(CHCMe;)(PMe;)Cl (M = Mo, via trap-to-trap distillation from the drying reagent directly
W) (16a) or Cp*Mo(NO)(CH,SiMe;), (20) complexes with onto the reactants contained in a flask cooled by a liquid ni
LiINR, reagents have been shown to result in metallgtagt-  trogen bath.
CsMe,CH, species due to attack on the Cp* methyl groups.
From the reaction of LiN-Pr, with Cp*Mo(NO)(CH,SiMey),, Synthesis of CoMo(NO)(CHPh)R (R = Me (1), Ph (2),
the anionic “tucked-in” compound goes on to rearrange taC=CPh (3), Cp (4))

[Cp*Mo(NO)(=CHSIiMe;)(CH,SiMe;)]5[Li o(THF)5] (20). All four complexes were prepared in a similar manner,
and the synthesis of CoMo(NO)(GPh)Me () is described
Experimental as a representative example.
THF (=25 mL) was vacuum transferred onto
Methods CpMo(NO)(CHPHh)CI (0.186 g, 0.59 mmol) and

All reactions and subsequent manipulations were-conMe,Mg-x(dioxane) (0.089 g, 0.59 mmol). The mixture was
ducted under anaerobic conditions using an atmosphere afirred while being allowed to warm slowly to room temyper
N,. CpMo(NO)(CHPh)CI (6) and the RVig-x(dioxane) (6) ature. After ~1 h, the solvent was removed from the final red
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solution in vacuo. The residue was extracted with a 2:1 solnon-hydrogen atoms were refined anisotropically. Hydrogen

vent mixture of EJO:CH,Cl,, and the extracts were filtered. atoms were fixed in calculated positions with C—H = 0.98 A.

The solvent was again removed from the filtrate in vacuoNeutral atom scattering factors were taken from Cromer and

and the residue was triturated with,Bt twice to obtain  Waber (24). Anomalous dispersion effects were included in

CpMo(NO)(CHPh)Me @) as an orange powder (0.110 g, Fcalc (25); the values foAf' andAf " were those of Creagh

63% yield). Analytically pure samples dfwere obtained by and McAuley (26). The values for the mass attenuation-coef

extraction of the crude powder with a 1:1 solvent mixture officients are those of Creagh and Hubbell (27). All caleula

THF:toluene, followed by chromatography using an Alu tions were performed using the teXsan (28) crystallographic

mina | column with toluene as eluant. The resulting orangesoftware package of Molecular Structure Corp.

eluate was then reduced in volume in vacuo, hexanes were

added, and the _splution was chilled to —30°C overnight to in Acknowledgement

duce the deposition of orange crystals.
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