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Summary: Mo(PMges and W(PMe)4(7?>-CH,PMe)H react with

the diphenol CRH(ArM&0H), (ArMe: = CgH,Mey) to yield [k2,72-
CHy(AM&0),]M(PMes)sH2 (M = Mo, W), which possess agostic
M—H-C interactions. NMR spectroscopic studies pde
evidence that the tungsten compound is in facile equilibrium
with the metalated trihydridef-CH(AM&0),]W(PMes)3Hs.

We have recently reported thattert-butylcalix[4]arene,
[CalixB¥(OH)4], reacts with Mo(PMgs and W(PMeg)4(n?-
CH,PMe)H to yield compounds of compositiop[CalixB!-
(OH)2(O)2]M(PMes)sH2}, resulting from the oxidative addition
of two adjacent phenolic ©H bonds to the metal centér.
Despite the common composition, however, X-ray diffraction
studies indicate that there is a significant difference in the solid-
state structures pertaining to the manner by which one of the
calixarene methylene groups interacts with the metal center.
Specifically, the molybdenum complex exists as the agbstic
derivative [Cali®"(OH),(0);]Mo(PMes)sH,, whereas the tung-
sten derivative exists as the metalated trihydride [Calix-
HBUY(OH),(0)2]W(PMe3)3Hs.3 In order to determine whether the
calixarene framework is responsible for the differences between

the molybdenum and tungsten compounds, we sought related

compounds derived from non-macrocyclic phenols. Therefore,
in this paper, we report the reactivity of the simple diphenol
CHy(ArMe:0H), (2,2-methylenebis(4,6-dimethylphendl)jo-
wards Mo(PMg)s and W(PMeg)4(7>—CH,PMe)H. Signifi-

cantly, the calixarene and diphenol systems proved to be distinct,

with the latter showing a reduced interaction with the methylene
C—H bond.

The methylene-bridged diphenol GAr“e:0OH),, which may
be viewed as a “half-calixarene”, reacts with Mo(P)4et room
temperature to givecf,7?-CHy(ArMe:0),]Mo(PMes)sH, (Scheme
1).5 Structural characterization by X-ray diffraction demonstrates
that [c2,72-CH,(ArMe:0),]Mo(PMes)sH, (Figure 1) possesses an
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agostic interaction akin to that of [CafiX(OH),(O)2]Mo-
(PMe3)sH».1 Comparison of the respective MeC distances
(Table 1), however, indicates that the magnitude of the
interaction is greater for the calixarene complex.

Excellent evidence that the agostic interactionty[2-CH,-
(ArMe0),]Mo(PMes)sH; is dictated by the electronic nature of
the molybdenum center and is not a consequence of a required
conformation of the [CH{ArMe:0),] ligand is provided by
comparison with £2-CH,(ArMe:0),],Mo(PMey), (Figure 2),
obtained via the reaction between a 2:1 ratio of,@{Ve20H),
and Mo(PMg)s (Scheme 1). In particular, examination of the
molecular structure of-CHy(ArMe:0),],Mo(PMes), shows that
the ligand is capable of adopting a conformation in which the
Mo---C distance (3.82 A) is considerably longer than that for
the agostic interaction inf,n2-CHz(ArMe0),]Mo(PMes)sH:
(2.91 A).

The Mo—O bond lengths ing?-CHx(ArMe0),],Mo(PMes),
(1.945(2) and 1.970(2) A) are shorter than thosecfp-CH,-
(ArMe0),]Mo(PMes)sH; (2.091(1) and 2.117(2) Awhich may
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. Figure 3. Molecular structure of?-O,C-CHy(ArMe:0OH)Y (CgHo-
Figure 1. Molecular structure of g?,7?-CHy(ArMe:0),]Mo-
e ErCHAAMO)] Me)(CH)OHW(PMes)iHs.

(Figure 3), which is derived by reaction with an-®& bond
and a C-H bond of an adjacent methyl group (Scheme 2). Such
reactivity of the methyl group is analogous to the formation of
[2-0,CG-OCsH4(CHo)]W(PMes)4H, upon treatment of W(PMgy-
(73-CH,PMey)H with 2-methylpheno?. It is, however, evident
that cleavage of the €H bond represents a kinetic preference
because heating to 6T results in the formation of«f,;?-
CHa(ArMe0),]W(PMes)sH, derived from cleavage of the two
O—H bonds.

The molecular structure okf,72-CHx(ArMe0),]W(PMez)sH;
has been determined by X-ray diffraction (Figure®4hereby
demonstrating that it possesses an agostic interaction similar
to that in the molybdenum analogue. As suck?,i>-CHgx-
L . (ArMe0),]W(PMe3)sH, provides a marked contrast to its
reflect the fact that oxyge;n-to-metaldonaﬂon is required to calixarene counterpart [CalixB(OH),(O);]W(PMes)sHa, which
Ei?ﬂ;%;gel\fé?g,\rﬂon)die: Ifr:zn;gsgl;\::zeo:‘naerﬁa; Cg;:i';‘j?gggﬂon exists as a metalated isomer in the solid state. For example, the
In this regzard evi(irice that an agostic intergaction does inde'edW---C_separg_tmn inig,172-CHa( Are20),W(PMes)aHs (2.917-

' (2) A) is significantly longer than the corresponding V& bond

influence the Me-O bond length is provided by density lenath i - LBU
f . ) gth in [Calix-HPY(OH)x(O),]W(PMes)sHs (2.256(4) A). Thus,
functional theory calculations on isomers eHCHy(Ar:0);]- consideration of the structures observed for the diphenoxide

Mo(PMe;)sH, both with and without an agostic interaction. and calixarene s 22 Me
o _ ystems:2[;7%-CHy(ArMe0),]M(PMes)sH, and
. . _ e . . 1 1
_opt|m|zc_ed kénlzcéHZ(g\rz 1228);2]);\\40(PMe3)3H2 with lan agoshnc h marized in Table 1, demonstrates that the methylene group of
Interaction ( ) and <. ) are on average longer than the,q, ¢5jixarene shows a greater propensity to interact with a metal
cprrespondmg values for th(_a Species without an agostic 'n.terac'center, via both coordination and oxidative addition, than does
t|0n (2050 al’ld 2158 A) n Wh|Ch the MOC d|Stance IS the meth Iene rou Of the [QH\rMSZO)Z] “ and
i 3FHA(ArVE:0),]- ethylene group or 2] flgand.
constrained to be the same value as thak ]y 212 While the X-ray diffraction study indicates that?[;2-CHy-
NOIPME) e Do s e . oerer, 55101 1 o i sy s o s conlo n o sl
2 2 2 A state, NMR spectroscopic studies indicate that the metalated

and 1.970 A), which suggests that an ionic component to the > . 3 M . Lo
bonding also plays a role in the latter compound. trihydride [*-CH(Ar0);]W(PMes)sHs is accessible in solu-

The reaction between W(PMg(?>-CH,PMe)H and -
(6) Correspondingly, the MeO—C bond angles for «?-CHx-

M i -

CHy(Ar"©0H), follows a very different course to the corre- 1/ oy o0 pives), (138.0(2) and 164.8(2) are larger than those

sponding reaction of Mo(PMgs. Thus, instead of reacting with  for [«2,2-CHy(CsH2Me20),]Mo(PMes)sHz (127.1(1) and 127.2(19).

both phenolic @-H groups, W(PMg)4(172-CH,PMe&)H yields h(7) See, for example: (a) k(ig)ward, V\GA.; Trnka, Tk. M.; Parkinjr@rnlrg.

initi 2. ., Me, Chem.1995 34, 5900-5909. Howard, W. A.; Parkin, G. Am. Chem.

initially [ «*-O,GCHA(Ar=OH) (CeH,Me)(CH,)O}HW(PMez)aH; So0c.1994 115 606-615. (c) Melnick, J. G.; Docrat, A.; Parkin, Ghem.
Commun2004 2870-2871. (d) Melnick, J. G.; Parkin, @alton Trans.

Figure 2. Molecular structure offz-CH,(ArMe:0),],Mo(PMe),.

Table 1. Comparison of M-+-C Distances (&) in 2006 4207-4210.
[k2,m2-CH(Ar Me.0),]M(PMe 3)3H, and (8) (a) Rabinovich, D.; Zelman, R.; Parkin, G.Am. Chem. S0d.99Q
{[CalixBu(OH),(0) ]M(PMe 3)3H 5} 112, 9632-9633. (b) Rabinovich, D.; Zelman, R.; Parkin, & Am. Chem.
S0c.1992 114 4611-4621.
d(Mo---C)/A d(W---C)/A 9) Thze geometry about tungsten is similar to that faf-PhN-
[2,7%-CHa(ArMe:0);]M(PMes)sH; 2.907(2) 2.917(2) (CeH4O)]W(PMes)sHz, derived from a phenylimino-bridged diphenol, with
{[CalixB*(OH)»(O)s]M(PMes)aH2} 2 2.729(4) 2.256(4) the principal difference being a dative nitrogen donor versus an agostic

interaction. See: Kelly, B. V.; Tanski, J. M.; Janak, K. E.; Parkin, G.
aValues taken from ref 1. Organometallic2006 25, 5839-5842.
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tion (Scheme 23° For example, théH NMR spectrum of {2,
CH,(ArMe0),]W(PMes)sH; is highly temperature dependent,
with Jyy for the nonagostic hydrogen atom of the methylene
group varying from 15 Hz at 248 K to 0 Hz at 300 K (Figure
5). The reduction idyy upon increasing the temperature may
be rationalized by invoking a temperature-dependent equilib-
rium between §2,72-CHy(ArMe0),]W(PMes)sH, and [3-CH-
(ArMe:0),]W(PMes)3Hs. Furthermore, when the temperature is
increased from 300 to 328 K, the signal for the nonagostic
methylene hydrogen sharpens and thereby reveals a qularet (
= 4 Hz) due to coupling to the three hydride ligands of the
metalated isomer.

In contrast to the marked temperature dependence¥pp’f
CHy(ArMe0),]W(PMes)3H>, the nonagostic hydrogen atom of
the methylene group of the molybdenum counterpart remains
as a simple doublet witdyy = 16 Hz over the temperature
range 228-318 K. This observation indicates that the metalated
trihydride [k3-CH(ArMe:0),]Mo(PMes)zHs is not accessible for
the molybdenum system.

Density functional theory calculations support the notion that
the agostic tungsten complex exhibits a greater tendency to

Figure 4. Molecular structure ofi?,172-CHy(ArVe:0),]W(PMes)sH,.

undergo C-H bond cleavage than does the molybdenum
counterpart. For example, whereas the metalated tungsten
compound f3-CH(ArMe20),]JW(PMes)sH3 is 8.2 kcal mot?
higher in energy than the agostic isomet,f2-CHx(ArVe:0),]-

308 K

’—.J\/\\_‘248 K
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Figure 5. IH NMR spectrum of §2,172-CH,(ArMe:0),]W(PMes):H,
focusing on the nonagostic methylene hydrog&m, is reduced
upon increasing the temperature to 300 K, due to the equilibrium
between £2,172-CH,(ArMe0),]W(PMes)sH, and 3-CH(AMe:0),]-
W(PMe;)sH; shifting to the latter. When the temperature is
increased from 300 to 328 K, the signal sharpens and thereby reveals
a quartet due to coupling to the three hydride ligands of the
metalated isomer.
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Table 2. DFT Calculated Energies of the Metalated Isomer in [CalixB"(OH),(O),]JW(PMez)sH; being greater than that in
Relative to the Agostic Isomer [k2,17%-CHa(ArMe:0),]W(PMes)sH, and (i) [CalixB(OH),-
AE(Mo)/ AE(W)/ (0O)]W(PMe3)sH, being in equilibrium with a greater concen-
kcal mol? kcal mol? tration of its metalated isomer than ig??-CHx(ArVe:0),]-
[k2,172-CHo(ArMe:0),]M(PMes)sHs 21.0 8.2 W(PMez)sH:.
{[Calix(OH)(O)]M(PMe3)3Hz} " 19.9 54 In summary, Mo(PMgs and W(PMe)4(17%-CH,PMe)H react
8 AE = HS%, oaiaed— HSFagosiia ® Values taken from ref 1. with CHx(ArMe:0H), to give [ik?,7*-CHy(ArMe0),]Mo(PMes)sH:

and [2n?-CHy(ArMe0),]W(PMes)sH,, respectively. NMR spec-

W(PMes)sH., the corresponding value for the molybdenum troscopic studies demonstrate that the tungsten comptg}{
system is 21.0 kcal mot (Table 2)}* A similar trend was also ~ CH,(ArMe:0),]W(PMes)sH, exists in facile equilibrium with the
observed for the calixarene system, with access to the metalatednetalated trinydrided?-CH(AMe0),]W(PMez)sHs, whereas the
form being less endothermic for tungsten (5.4 kcal THathan molybdenum counterparty-CH(ArMe0),]Mo(PMes)zHs is not
for molybdenum (19.9 kcal moh).1 readily accessible. Structural comparisons with the related

13C NMR spectroscopic studies provide evidence that the calixarene compounds demonstrate that the methylene group
methylene group of the calixarene ligand is more susceptible of the calixarene ligand shows a greater propensity to undergo
to participating in an agostic interaction and subsequent oxida- oxidative addition than does the methylene-bridged diphenoxide
tive addition than is that of the [C4ArMe0),] ligand. Specif- ligand.
ically, theJcy coupling constant involving the agostic hydrogen
of [CalixB*(OH)(0),]W(PMes)sH; (65 Hz) is much lower than Acknowledgment. We thank the U.S. Department of
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weighted average ofcy for the agostic interaction amtdcy reviewers are thanked for helpful comments.
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