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The past two decades have seen a number of detailed mechanistic 1
studies of G-H bond activation processes by transition metal B
complexes, with the ultimate goal of new catalysts for selective . s
hydrocarbon functionalization. Our work has focused on platinum- 0.8 H . -+
(I complexes, which have yielded mechanistic insight inteHC
bond activation chemisthyand pointed toward promising catalysts o6kl
for selective oxidation of alkangsind for regiospecific function- ’ .
alization of complex organic moleculésThe cationic Pt(ll) )
complexes [(NN)Pt(Ck)(CFsCH,OH)]* (1, NN = ArN=C(Me)— 0.4 11 -+
C(Me)y=NAr), obtained by protonolysis of (NN)Pt(G)3 with \
aqueous HBE; provide a particularly fertile field for mechanistic 02k ‘\ |
investigatior? Thus prepared, howeverl is obtained as an { \
equilibrium mixture with the aquo complex [(NN)Pt(GKOH,)] T, |\ .o -
which is both thermodynamically favored, = 10°—10%) over, o \V—————====
and much less reactive thah,Furthermore, attempts to probe the 0 10 20 30
nature of the bond activation transition state were hampered by
the fact that effects of ligand variations are most strongly manifested } ) } ]
in ground-state energieK({o)ﬁe To circumvent these limitations, Figure 1. Plots showing the r(_elatlve concentrations of platinum catibns

. (—), 4a(— —), and4b (- - -) during the reaction of with (a) p-xylenehig
we sought a water-free route Iand found not only the anticipated (0.30 M) and (b)p-xylenedho (0.22 M) in CRCD,0D at 25°C.
rate accelerations but also unexpected isomerizations and prefer-
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ences in G-H activations of alkylbenzenes. Table 1. Second-Order Rate Constants for C—H Bond Activation
Reactions of 1 (25 °C, CF3;CD,0D)
/I\r ,?‘r ;?‘r entry substrate Ky (M71s7Y) kilko? ks,(M~s71) kalko?
M M M
ej:’N\ ~CHs_B(CeFs)s eI/N\+/CH3 _CeHe eI’N\;(SO"’ ) 1 benzene  16(2x 102 1.8+02 na na
Me \’T'/ “CHg CF3CD20D g \'T‘/ “solv = CDyHay \'T‘/ “CeHs 2 mesitylene na na 203103 1.1+£0.2
Ar Ar Ar 3 pxylene 4.0(13)x 10% 4.0+1.8 2.0(9x 103 0.840.3
Ar = 3,5-CgHzMe. CF3CD,0B(CeFs)al” CF3CD,0B(CgFs)sl™
e (eFs 21 (CeFs)sl (Fs 22 (CoFslel a For perdeutero- vsl-substrate.
wuti ¢ th ) id ) first-order kinetic behavior, the observed rate constant was determin-
E.E,Ut'dor:g of the sirong Lewis acl B@%k in QE?CDZOD, ed to be an order of magnitude lower than that for benzene and the
e;< k'] Itedd FNMR spectrum conssﬁter(;td\{v_lt re;/er5| eformation  oasured KIE was found to be essentially 1 (Table 1, entry 2).
of the adduct, D[(CECDOB(CeFs)s].° Addition of (NN)PH(CH), p-Xylene reacted witHl to give products of both aromatic (Pt-

(Ar= 3,5-dimethylphen_yl) _to such a s_olution resulted in the release (2,5-MeCsHa), 48) and benzylic (Pt-(ChCsHaMe), 4b) activation,
Of, methane anq quantitative formation h_f both produced as a similar to the behavior in the presence of wate8However, the
mixture 0+f two isotopomers (CHand CF&D,J(N_N)PI(C?FE)(C'%' initial product distribution was not stable (Figure 1). After starting
CD2|OD_)] and [(NlN)Pt(lCtiit)j(dC_FsCszobD)] ), |nd|catr:pg a IpfF" complex1 was completely consumedb continued to grow at the
tonolytic route tol (eq 1) Addition of benzene to this solution oy henge ota This conversion displayed first-order dependence
resylted in rapid reaction df to gQ/e the corresponding phenyl on p-xylene concentrationk§ = 0.0003(1) M! s% KIE = 0.9-
cation, [(NN)PY(GHs)(CFCD:OD)]" (2) and a second equivalent 5y ingicating a reaction ofta with p-xylene rather than an
of methane. With excess benzene, the reaction followed clean ;o yolecular isomerization process (Scheme 1). The KIEs for
pseudo-first-order kinetics; the calculated second-order rate ConStanE;\romatic and benzylic €H bond activation were quite different
(Table 1, entry 1) and kinetic isotope effect (KIE) were in accord as can be readily seen by comparing Figures 1a and 1b; kinetic
with previous results for the equilibrium mixture of solvento/aquo parameters were extracted by fittfrtge data in Figure 1 (Table 1
complexes of closely related ligands. _ entry 3). The difference in KIE for gmnd sp C—H bond activation
Previous observations on reactions of methylbenzenes with Pt.'was unexpected and not obviously interpretdble.
(n _con_1plexes. supported an app_arent strong preference for aromatic Toluene behaved (qualitatively) analogously: an initial mixture
activation, which could be overridden by steric crowdgThus, of benzylic and aromatic €H activation products subsequently
1 reacted with mesitylene exclusively by benzylic activation, to converted to solely the former, although the complex mixture of
+ ,
afford [(NN)Pt(CHCeHzMe2)(CF:CDOD)]" (3). From the clean  51vi isomers has not yet been completely analyzed. Similarly,
T Current address: Department of Chemistry, University of California, Irvine, reaction ofl Wlth an ngmolar mIXtur_e of benzene_and megltylene
Irvine, CA, 92697. afforded an initial mixture oR and3 in ca. 6:1 ratio (consistent
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Figure 2. Diagnostic’H NMR spectroscopic evidence in @ED,OD
showing thatlpyy of Ha and H, in 5 (Ar = Mes) supportg;3-bonding as the
thermodynamic preference for benzylic-8& activation.
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with the independently measured rate constants), which sldygy (
~ 1075 s71) converted entireR/to 3.

C—H activating systems generally exhibit thermodynéfhas
well as kinetic preferences for aromatic over benzylic activation.
In stark contrast, while aromatic activation here was favored
kinetically, the observations indicated a decided thermodynamic
preference for the products of benzylic activation. One possible
explanation is thattb is [(NN)Pt(3-CH,CsHsMe)]™ rather than
[(NN)Pt(5*-CH,CsH4Me)(CRCD,OD)]" where the additional con-
tribution of 73-bonding might stabilize it relative tda. We have
been unable to crystalliz&b, but addition of acetonitrile gave a
crystallizable complex4pb’) whose structure is clearly [(NN)Pt-
(7*-CHCeHaMe)(NCCH)][BF 4].0

Evidence for the formation of g>-complex was obtained when
platinum methyl cationl was exposed to 1,4-diethylbenzene in
CFR;CD,0OD (eq 2). In contrast td, the Pt-H coupling could be
observed for both Kand H, (Jess = 20 and 30 Hz, respectively)
using*H NMR spectroscopy. Behavior similar to that for methyl-sub-

stituted benzenes was observed with diethylbenzene: reaction with

1 also afforded aryl activation products, which were converted to
n3-complex5 over time!! Diagnostic P+H coupling of an analog-
ousn3-complex was also observed when a more substituted diimine
ligand (Ar = Mes) was employed (Figure 2). The instability ®f
(or 5-BF4) as a solid precluded structural analysis using X-ray
diffraction.

In summary, we have observed selectivity trends in theHC

bond activation of substituted benzenes using anhydrous cationic

Pt(Il) complexes. The thermodynamic preference for benzy¢iC
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activation appears to result from stabilizipgtbonding observable

in 5. Experimental and theoretical efforts are currently directed
toward understanding these novel patterns for benzylic versus
aromatic C-H bond activation and exploiting these selectivities in
C—H bond functionalization.
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