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Response to: “C-H Activation by Platinum(ll): What Do
Gas-Phase Studies Tell Us about the Solution-Phase Mechanism?”

Sir: Because the Correspondence by Labinger &takctly -31 —e
questions conclusions in our 2003 p&pier Organometallics . ¢ {
the Editor has s_oI|C|ted a response. There are, at !east as far_ as = 4 I;% — o
we can ascertain from the Correspondence, two issues in dis- 0, o o o0©
pute. (i) Is 2,2,2-trifluoroethanol (TFE) involved in the rate- < - o
determining transition state for the overalt-@ activation of IZ 51 g o T oM
benzene by Pt(ll) complexe&-L] in either the solution or the g @ /
gas phase? (ii) Do the experiments in our 2003 paper provide f-s- M°IN\HM;%
any indication of the answer to the first question? Our principal ks e yiore
answer is that interested readers should turn to the published "
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literature from the two groups and evaluate the data as presented.
Nevertheless, there are two important points that we want to
emphasize.

The C—H activation reaction of [1-L] in solution is ki- Figure 1. Replotted kinetic data for two Pt(ll) complexes in which
netically zero-order in TFE. First, there are points of agreement  the observed rate of-€H activation of benzene is confirmed to be
that are not in dispute by either side. In most of the cases zero order in the concentration of TFE.
investigated, and in particular, for the types of complex involved
in the present Correspondence, the rate-determining step for the>cheme 1
forward-direction C-H activation reaction (Scheme 1) is ligand @ e
exchange of benzene for solvent (TFE in Scheme 1). CN\ M TFE N CHy - Ceble

Both we and Labinger et al. interpret the extensive isotope \_\/ “OH, H,0 N t\TFE TFE
scrambling in activation of gD as indicative of rate-limiting

ligand exchange with subsequent fast reversible H{D)
S . . . 1¢H,0 1¢TFE
activation. The resting state is the aquo complex, according to
published calculations in addition to some further unpub- ) N e H\_lea
lished DFT calculations done for an upcoming paper, with water NG G o CH, N /cH,
bound strongly (measured to be 1.23 eV, or 28 kcal/rhir). N/Pt\ H‘_ N_'Tt‘ceHs = N/Pt\C H
support, one sees b4 NMR that, even with large molar Celle H e
excesses of benzene, the observed product of ité&;(Q] +

1¢CgHg 2¢CH,4

benzene reaction in solution i2:H,O] and not P-ben-

zene]. Also, if [L-CsHg] were to be the resting state, then itis  gyperimental data. Replotting the already published data from
highly unlikely t_hat the n_ear!y statlstlcal_lsotoplc scrambling  tne 2003 paper produces Figure 1. The observed rate for the
would be seen in the activation of0s. With the aquo com-  gq|ytion-phase €H activation of benzene, divided by the
plex as the resting state, the rate law must be inverse first orderngle ratio of benzene to water. is plotted as a function of
in water if water is not present in the rate-limiting transition [TFE], in ordinary molarity units, for Pt(ll) complexes with
state. Moreover, the diagnostic of the involvement of TFE in 44 dfferent substituents on the ligands. The TFE concentra-
the rate-limiting transition state would be the kinetic order of 5 varies between 0 and 13.2 M. The plots show that the
the reaction with respect to TFE. Incidentally, transition states raaction is kinetically zero order in TFE for the two examined
for ligand exchange in which TFE is depicted as bound, implied complexes.
in La_blnger’s “solvent-assisted” Ianguage, are shown explicitly | the Correspondence, Labinger et al. present no new data
in Figures 4 and 5 of a later publicatineven though 4t 4y and simply suggest that the results are coincidence. It
computational studies by the same authors found no suchiq suggested that more low [TFE] points would be needed,
structure? _ _ _ which begs the question as to why we have only one low [TFE]
The most direct experimental test of the involvement of point and Labinger et al. none at all. We would welcome more
TFE in the rate-determining transition state is accordingly a points, too, but there is a reason that there is only one for each
measurement of the klnet.lc ordgr of thg—s activation in complex at low (or zero) [TFE]. TFE is very difficult to dry
Scheme 1. We performed just this experimébabinger etal. ~ and even more difficult to keep dry. Because water is kinetic-
have not performed any such experiment, so ours are the onlyally important, any study of rates must control the water
concentration. This is done by adding water in a quantity

(1) Labinger, J. A.; Bercaw, J. E.; Tilset, Mbrganometallic200§ 25, large enough so that the water present in the solvent would
805. _ . be small in comparison. This works in mixed TFE/benzene
gg Jeoel.]rgﬁsség]"’ﬁhﬁge?ﬁ?[gg}%ﬂ'r'":JQ.%?;?‘BZE%C;,ZV%Em. Chem.  Solution as long as there is a large amount of TFE to keep the
S0c.200Q 122 10846. solution homogeneous. Mixtures of TFE and benzene with
(4) Hammad, L.; Gerdes, G.; Chen,®rganometallic2005 24, 1907. low TFE concentration (or no TFE at all) phase separate when

305;5)288'{&?25§°é’57§; Ryan, O. B.. Romming, C.; Tilset MAm. Chem.  \yater is added in the necessary quantities. Also, although
(6) Heiberg, H.; Johansson, L.; Gropen, O.; Ryan, O. B.; Swang, 0.; P€nzene can be dried, the only point where the concentration

Tilset, M. J. Am. Chem. So@00Q 122, 10831. of water in benzene is fixed is saturation. We used that point.
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While Labinger et al. can speculate that we had an odd of the benzene adducts with TFE or tetrafluoroethane range from
coincidence, that is no argument against the data. The argument-50us down to approximately 04s. This is more than enough
concerning the rate law is covered in the previous paragraph.time to sample configuration space. The orientation argument
Both their data and ours indicate that the aquo complex is theis simply incorrect, not because our experiments say so, but
resting state, which means our interpretation of the kinetic data because ever since Gioumousis and Stevenson confirmed the
is legitimate. importance of electrostatic complexes in temolecule chem-
The kinetic order with respect to TFE unambiguously shows istry almost half a century agothe model has been verified
that TFE is not involved in the rate-determining transition state experimentally and computationally by many groups. Preferred
for the C—H activation of benzene byl{H,0] in solution. It orientation is not a factor in reactions following iemolecule
cannot therefore provide solvent assistance unless solventcollisions.
assistance is understood to mean the trivial feature that TFE  The other gas-phase argument from Labinger et al. is also

does not bind more strongly than water. Not only would such incorrect. The microscopic reverse of Schemeoksinvolve
a claim be trivial, it is also at odds with the explicit transition- TFE when TFE is the collision gas. The argument is based on
state structures proposed for the putative solvent-assisted ligandhe observation of as the final product in the mass spectrom-
exchange. eter. Obviously a collision with TFE occurred, or else there
The gas-phase experiment finds no special role for TFE.  would be no CID at all. Moreover, the energy is transferred in
In the Correspondence, Labinger et al. have misrepresenteda long-lived collision complex, as described above. In the
the key gas-phase experiment. The important experiment oncollision complex, there is more than ample opportunity for the
which we based the conclusion that TFE is not bound at TFE to coordinate to Pt if it were to be favorable. If that coor-
the rate-determining transition state in the gas phase is thedination were to open a lower energy reaction channel, then
attempt to run the microscopic reverse of the reaction in we would see a lower threshold compared to the case when
Scheme 1. The ion, assigned to a mixture containing one or this new channel did not exist. This is the principle behind the
more of the speciesl{CsHe], [2:CH4], and the Pt(IV) inter-  experimental design. The overlapping threshold curves show
mediate connecting the two structures, is subjected to colli- that the presence of TFE in the collision complex does not open
sion-induced dissociation (CID) with several collision gases, a lower energy exit channel. The mistake by Labinger et al. is
among them TFE and the isoelectronic and isostructural that they look at the product, which comes after the (metastable
analogue 1,1,1,2-tetrafluoroethane. The experiment finds thatphecause the total energy exceeds the dissociation limit) collision
the threshold curves for the reaction are identical within complex falls apart. The TFE has already departed from the
experimental error for the last two collision partners. If opserved product ion, but it is the collision complex that con-
coordination of TFE at the transition state for the MICrOSCOPIC tained all of the components needed for a hypothetical sol-
reverse of Scheme 1 were to open a lower energy reactionyent-assisted associative ligand exchange: thus, the CID experi-
channel, then one would expect that the two threshold curves nent does provide a direct diagnostic for the proposed solvent-
to come out differently. We conclude from this experiment that 5ssisted mechanism. The rest of the gas-phase experiments were
the TFE serves no purpose other than transferring energy 0y enaratory and anticipatory to the test of the microscopic
the ion via the collision. reverse reaction. This is important to recognize, because we

~ Labinger et al. challenge the conclusion with two assertions claim the result on the basis of the reverse, not the forward,
in their Correspondence. The first is that the overall reaction reactions.

in which [1-CgHg] is dissociated tal and benzene does not
contain TFE at all and thdt, without ligand, does not appear
in the solution-phase reaction. Second, Labinger et al. assert:
that the identity of the two threshold curves could be due to
the requirement of an improbable orientation in the-ion
molecule collision. Both arguments are wrong. To take the
second one first, it has been known for decades thation
molecule reactions, including CID, proceed by way of long-
lived ion—molecule complexes. The complexes are held
together by electrostatic forces, charge/dipole or charge/in-
duced dipole, which produce a potential well of-80
kcal/mol depth for a generic ion with a generic neutral mole-

cule. For gas-phase bimolecular reactions, this electrostatic th Id actuall db hanism full |
well functions analogously to the solvent cage in solution- pathway would actually proceed by a mechanism fully anaio-

phase chemistry. Because the interaction is electrostatic andJous to the ordinary a_ssouatlve ligand e?(change8|aqd1ar_e-
relatively long-ranged, it is not very structure-dependent, planar complexes. While we do not have independent evidence

meaning that the ionmolecule complexes can explore struc-

ture space to find the lowest energy reaction channel. The (r7t) EOTW?'TR-UDH \évr””r?lgg'zgéHé]i %mBCherr?-RSOSESQ (1:%2 57?{2-
complexes live long enough to statistically redistribute excess 190910221 364. etranedro ' - powen, k. DAce. Lhem. Res.

energy, and they allow sampling of all possible geometric  (8) Gioumousis, G.; Stevenson, D. R.Chem. Phys1958 29, 294.
orientations, at least for ieamolecule collisions with energies Ri 9) Ea;\atta, W.(;:hStoccclJr?, S&O%%pgg,lgé Hcerdtwl\elckbE.; Zutlzacaj A,
H H _Af 1o, FP.Angew. em., Int . . Carr, N.; bunne, b. J.;
in the range of electronvolts (eV) in the.center of mass frame. Orpen, A. G.. Spencer, J. LJ. Chem. Soc., Chem. Commur988§
Ong should note that numerlpal modellng of the.l|fet|mes for 926, Mole, L.; Spencer, J. L.; Carr, N.; Orpen, A.Grganometallics1991,
the ion—molecule complexes in our experiments is part of the 10, 49. Carr, N.; Mole, L.; Orpen, A. G.; Spencer, J. L.Chem. Soc.,

; ; Dalton Trans.1992 2653. Goel, R. G.; Srivastava, R. @. Organomet.
.extr?Ctlon ofhenergy thfresholds fpr re}actlohn, as we have d(.)neChem.lgsl 204, C13. Scherer, O. J.; Jungmann,XOrganometChem
in ref 4. For the range of energies in ref 2 where we see reaction, 1987 228 C61. Goel, R. M.; Srivastava, R. Can. J. Chem1983 61,

the lifetimes of the iorrmolecule complexes formed by collision 1352,

We should mention that the computations accompanying the
gas-phase studies do not indicate that three-coordinate Pt(Il)
S’species are important, either in solution or in the gas phase. In
our work on the ligand binding energies of Pt(Il) comple&es,
DFT calculations found that unimolecular loss of £CHN, H,O,
or TFE from the four-coordinate complexeBl[] produced a
four-coordinate product in which what would have been the
empty coordination site is filled by whatever group was at the
ortho position of the aryl substituents. Similar structures have
been observed in other Pt(Il) complexes by X-ray crystal-
lography? If such structures were to appear on the reaction
coordinate for ligand exchange, then the formally dissociative
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that this is the intermediate we suggest for the ligand exchange Gerd Gerdes and Peter Chen*
in solution, it is a plausible candidate. Laboratorium fur Organische Chemie, ETH Ziah, Zrich,

In summary, if we return to the exchange of comments that switzerland
is the subject of this text, we would emphasize again that the
important data from both sides are published. The community .
is best served if interested parties simply read the papers anoRece'VGd September 11, 2005
see for themselves what they say. OMO050785N



