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Alkylidene complexes of early transition metaliisplay a
rich and diverse chemistry which includes a central catalytic
role in olefin metathesis processes.However, despite the
broad existing synthetic/structural/reactivity information base,
little is known about the energetics of the formaH@ bonding
or of the driving forces for the transformations such complexes
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solution calorimetérunder conditionsin which 2 undergoes
negligible dimerization, yieldsAH™" = —15.8(4) kcal/moF
Clearly, thel — 2 + SiMe; conversion is significantly
exothermic and eq 1 is not driven by entropic factors alone (1
particle— 2 particles).

More detailed examination of the bonding energetic changes
in eq 1 can be achieved via a stepwise analysis (e¢)5
invoking several reasonable assumptions. It is assumed that

(RCH,);Ta(CH,R), — (RCH,);Ta+ 2 «CH,R
2D(Ta-C) (5)

2 «CH,R — CH,R + :CHR
D(H-"CHR) — D(H—CH,R) (6)

(RCH,),Ta+ :CHR— (RCH,),Ta=CHR —D(Ta=C) (7)

undergo. We report here the first experimental analysis of metal

alkylidene bonding energetics in a Ta(V), complex which reveals
a very large Ta=C bond enthalpyas well as thermochemical
insight into several important alkylidene reaction pattérns.

(RCH,);Ta(CHR), — (RCH,);Ta=CHR + CH;R AH’X(”S)

o-Elimination processes represent a common route to transi-

tion metal alkylidenes,and Xue recently showed in a detailed

reorganization of the (RChsTa framework makes a minor

mechanistic study that eq 1 proceeds cleanly and unimolecularly contribution to the energetics over and above what is incorpo-

to afford alkylidene comple2.# The driving force for alky-
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lidene formation is not immediately obvious since-B bonds
are both made and broken, and the formation of thre@d&ond
requires the breaking of two F&C single bonds. Under first-
order kinetics, the heat evolved in eq 1 per solution volume in
time intervalt; — ti+1 can be expressed in terms of the change
of (1],

Ci = Coefklti (2)

H; — Hiyy = AH™Y(C, — Cyyy) = AHMC (74" — ety
3
AH™ = (H, — Hi+1)[co((§klti — g Mty 7L (4)

Ci — Ciy1, wherek, is knowrf (eqs 2-4). Monitoring thel —
2 conversion (which begins upon dissolution of solid samples
of 1) at 25.000+ 0.001°C in a rigorously anaerobic, isoperibol
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rated in the derived D(TaC) parameters (vide infra). Second,
it is assumed thaD(H—«CHR) ~ D(H—CH,R), which is
supported by data for :GHand e«CH;.8° Estimation of
D[Ta(CH,SiMe3)s] and, to assess possible destabilizing inter-
ligand repulsions in driving eq 1, dd;[Ta(CH,SiMes)s] was
achieved by iodinolytic solution titration calorimetry in toluene
(egs 9 and 10) in which Ta[soluble in toluene) was identified
after isolation by X-ray diffraction, (MgSiCH,)4Tal by 'H and
13C NMR, and MgSiCH,l by H and'3C NMR and by GC-
MS.56 Using D(Tals)1° as an anchor point, using standard

Ta(CH,R); + 51, — Tal, + 5ICH,R 9)

Ta(CHR); + I, — (RCH,),Tal + ICH,R (10)

tabulated thermochemical ddfeand reasonably assumfdg?
that D1(Tals) ~ D4(Tals) yields Di[Ta(CH,SiMes)s] = 44(1)
kcal/mol andD[Ta(CH.;SiMes)s] = 67(1) kcal/mol. The former
result suggests non-negligible crowdinglinvhile the latter is
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Table 1. Experimental Thermochemical Data

_ D(Ta—C) or

AHPO D(I-1) D(C-I) D(Ta-l) D(Ta=C)

eq (kcal/mol) (kcal/molp (kcal/molp (kcal/mol) (kcal/mol)
1 -15.8(4) D(Ta=C) = 126(4)
9 —75.1(6) 36.5 55 62.9 D(Ta—C)=67(1)
10 —38(1) 36.5 55 62.9 Dy(Ta—C)=44(1)

aFrom ref 10d.P From refs 10ac.

in favorable agreement with the reportBTaMe;) = 62(2)
kcal/mol!® Using D(Ta—C) ~ Di[Ta(CH,SiMes)s] +
D[Ta(CH,SiMes)s] in eq 5 then yieldsD(Ta=C) = 126(4)
kcal/mol, which is very large and implicitly incorporates any
o-CH agostic interactiont® (apparent in the NMR spectroscopic
data for2*1%9. Thermochemical data are compiled in Table 1.
Although the presently observed stability of Ta alkylidene

bonding might at first appear incompatible with reaction patterns
such as metallacyclobutane formation in metathesissROMP/

ADMET processes? thermochemical analysfs(incorporating

ring straid’ ) reveals that for ethylene and acetylene addition,

Ta=C bond breaking is almost exactly compensated by Ca
and C—C bond formation (eqgs 11 and 12). That compkeis
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Ta

Ta=C + AHcalcd = +1 kcal/mol  (11)

T
Ta=C + i

AHcaled = +4 keal/mol  (12)

not an anomalous alkylidene complex and that eq 11 is doubtless
more exothermic for strained olefins is confirmed by our
observation tha2 mediates the rapid ROMP polymerization of
norbornene t(anscis product linkage ratio= 1:2)18 The
present data also implicate metal oxo/oxide ligand formation
as the principal driving force for metathesis termination by
carbonyl reagents (eqs 13 and 14)°

Ta
Ta=C + O=< e | I AHalcd = 0 kcal/mol (13)
Ta: Ta
(l) —_— y) + /U\ AHcaled = -15 kcal/mol  (14)

These results demonstrate not only that early transition metal
alkylidene-formingo-elimination and other processes are driven
by the strong metatalkylidene bonds that are formed but also
that the metatligand bonding energetics are ideally poised for
alkylidene== metallacycle catalytic cycles with minimal en-
thalpic excursions.
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