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Abstract: A series of bis(aryl)diimine-ligated methyl complexes of Pt(ll) with various substituted aryl groups
has been prepared. The cationic complexes [(ArN=CR—CR=NAr)PtMe(L)]"[BF4]~ (Ar = aryl; R = H, CHs;
L = water, trifluoroethanol) react smoothly with benzene at approximately room temperature in trifluoro-
ethanol solvent to yield methane and the corresponding phenyl Pt(ll) cations, via Pt(IV)-methyl-phenyl-
hydrido intermediates. The reaction products of methyl-substituted benzenes suggest an inherent reactivity
preference for aromatic over benzylic C—H bond activation, which can however be overridden by steric
effects. For the reaction of benzene with cationic Pt(Il) complexes bearing 3,5-disubstituted aryl diimine
ligands, the rate-determining step is C—H bond activation, whereas for the more sterically crowded analogues
with 2,6-dimethyl-substituted aryl groups, benzene coordination becomes rate-determining. This switch is
manifested in distinctly different isotope scrambling and kinetic deuterium isotope effect patterns. The more
electron-rich the ligand is, as assayed by the CO stretching frequency of the corresponding carbonyl cationic
complex, the faster the rate of C—H bond activation. Although at first sight this trend appears to be at odds
with the common description of this class of reaction as electrophilic, the fact that the same trend is observed
for the two different series of complexes, which have different rate-determining steps, suggests that this
finding does not reflect the actual C—H bond activation process, but rather reflects only the relative ease
of benzene displacing a ligand to initiate the reaction; that is, the change in rates is mostly due to a ground-
state effect. The stability of the aquo complex ground state in equilibrium with the solvento complex increases
as the diimine ligand is made more electron-withdrawing. Several lines of evidence, including the mechanism
of degenerate acetonitrile exchange for the methyl-acetonitrile Pt(Il) cations in alcohol solvents, suggest
that associative substitution pathways operate to get the hydrocarbon substrate into, and out of, the
coordination sphere; that is, the mechanism of benzene substitution proceeds by a solvent (TFE)-assisted

associative pathway.

Introduction

Extensive research over the last 30 years aimed at the selectiv
functionalization of alkanes by transition metal complésxtess
discovered many examples of inter- and intramoleculaHC
bond activation. Relatively few examples, however, lead to
actual alkane functionalizatiochWe have concentrated on an
example of electrophilic activation of alkanes by late transition
metal complexedthe so-called Shilov system (eq 1), in which

(1) (a) Arndtsen, B. A.; Bergman, R. G.; Mobley, T. A.; Peterson, TAEL.
Chem. Resl995 28, 154. (b)Selectie Hydrocarbon Actiation; Davies,

J. A, Watson, P. L., Liebman, J. F., Greenberg, A., Eds.; VCH: New York,
1990. (c)Activation and Functionalization of Alkangslill, C. L., Ed;
John Wiley & Sons: New York, 1989. (d) Shilov, A. E.; Shul'pin, G. B.
Activation and Catalytic Reactions of Saturated Hydrocarbons in the
Presence of Metal Complexdsluwer Academic Publishers: Dordrecht,
2000.

For some examples, see: (a) Periana, R. A.; Taube, D. J.; Gamble, S;
Taube, H.; Satoh, T.; Fujii, HSciencel998 280, 560-564. (b) Periana,

R. A.; Taube, D. J.; Evitt, E. R.; Loffler, D. G.; Wentrcek, P. R.; Voss, G.;
Masuda, TSciencel993 259 340-343. (c) Waltz, K. M.; Hartwig, J. F.

J. Am. Chem. So@00Q 122 11358-11369. (d) Chen, H. Y.; Schlecht,
S.; Semple, T. C.; Hartwig, J. Bcience200Q 287, 1995-1997. (e) Liu,

F.; Pak, E. B.; Singh, B.; Jensen, C. M.; Goldman, AJSAm. Chem.
Soc.1999 121, 4086-4087. (f) Sen, A.; Benvenuto, M. A,; Lin, M.;
Hutson, A. C.; Basickes, Nl. Am. Chem. S0d.994 116, 998-1003. (g)
Jia, C.; Kitamura, T.; Fujiwara, YAcc. Chem. Re®001, 34, 633-639.

@
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Pt(ll) catalyzes oxidation of alkanes to alcohols by Pt(IV) at
120°C A This system is not yet practical because it requires an
eexpensive stoichiometric oxidant, the catalyst is unstable with
respect to Pt metal formation, and rates are too slow, but it does
exhibit patterns of regioselectivity {&> 2° > 3°)1d as well as
chemoselectivity (EH bonds of RCH are activated in prefer-
ence to G-H bonds of RCHOH)? that would be of considerable
practical interest if the above problems could be solved.

cat [PtC},]2~

H,0,120°C

RCH,OH + [PtCI]*” + 2HCI (1)
(RCH,CI)

RCH; + [PtCI]* + H,O

Studies by our groly® and otherimplicate a catalytic cycle
consisting of three steps: (i) electrophilic activation of the alkane
to yield a Pt(I)-alkyl compound; (ii) oxidation to a Pt(IV)-alkyl

(3) Stahl, S.; Labinger, J. A.; Bercaw, J. &hgew. Chem.,
2181-2192.

(4) Gol'dshleger, N. F.; Es’kova, V. V.; Shilov, A. E.; Shteinman, A.Zh.
Fiz. Khim.1972 46, 1353-1354 (English translatioh972 46, 785-786).

(5) Labinger, J. A.; Herring, A. M.; Lyon, D. K.; Luinstra, G. A.; Bercaw, J.
E.; Horvath, I. T.; Eller, K.Organometallics1993 12, 895-905.
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Scheme 1
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by [PtCk]?~ via electron transfer; and (iii) nucleophilic attack
by water or chloride ion at the alkyl to regenerate the Pt(Il)

complex and release the functionalized alkane (Scheme 1).

Studies of protonolysis of R-Pt(Il), the microscopic reverse of
C—H activation, were carried out on model systems to shed
some light on the nature of step (i) and led to the conclusion
that two intermediates are involved: a Pt(Il)-Cjalkane
complex and a Pt(IV)-alkyl-hydrido compléxThese studies
further suggested that cationic complexes of the form-{kN-
PtR(L)]*, where N-N is a bidentate diamine or diimine and L
is a weakly bound solvent molecule or other ligand, should be
capable of activating €H bonds according to eq 2.

+
N R
PtH\
N/

L

+
+ R-H

N, R’
+R-H —— <>Ptn/ 2)

AN
N

L

Two different examples confirming this prediction, where
N—N is tetramethylethylenediamine and L is pentafluoropyri-
dine? or N—N is ArfN=C(Me)—C(Mey=NArf (Arf = 3,5-
(CRs)2CsH3) and L is water and/or trifluoroethanol (TFE)were
subsequently reported.

The complexes with NN as ano-diimine ligand and L as

Scheme 2

RY, >—< R

4. 4

R ;Q—N N—Q{;R
1a, R® = R5 = CMe;, R* = OMe
1b, R®=R%=CMey, R*=H
1¢, R3 = R®=R*= OMe
1d,R®= CF;, R°=OMe, Ré=H
le, R¥=R%=CF; R*=H
1f,R*=R°=Me,R*=H

NH, ) CH,OH,
R > ( HCO,H, 25°C
* or
Otoluene, 90°C,
5A mol sieves

2a, R*=Me
2b,R*=H
2¢,R*=Br

metal center? One might intuitively expect that for these
formally electrophilic activations, a more electron-deficient
metal center would lead to a faster reaction. However, it is not
clear whether the term “electrophilic’ has real mechanistic
significance or merely describes stoichiometry. Indeed, a recent
observation for a related reaction of a cationic Ir complex
suggests theoppositetrend: the more electron-rich center
appears to react fast&r.Changes in ligand properties might
even change the rate-determining step, with possible conse-
qguences for selectivity. It is also unclear whether hydrocarbon
enters the coordination sphere via an associative or dissociative
mechanism.

To address some of these issues, we have initiated a series
of kinetic and mechanistic investigations on thel€activation
of benzene by [(ArR=C(R)—C(R)N=Ar)Pt(Me)(L)]T(BFs)~ (R
= Me or H, L = H,O/TFE) in which both the steric and the
electronic properties of Ar, and hence the overall complex, are
varied over a significant range. We have also examined
substitution reactions in the same system~IMeCN). On the

H,O/TFE are particularly well suited for mechanistic investiga- basis of these and other recent findings, we can construct a

tion, since many reactions take place at a convenient rate at or,

near room temperature, and since the steric and electronic
properties of the ligands can easily be varied. A detailed kinetics

and mechanistic study on the reaction of [(ARMe—CMeN=
Ar)PtMe(L)]* (Ar = 2,6-(CH).CsH3) with benzene supported
the involvement of the two intermediates cited above, as well
as a Pt(ll)--C,C+#%-benzene) complex, the formation of which
appears to be the rate-determining stepxet several key

mechanistic description which appears consistent with all
observations, even though it may fall somewhat short of a
complete explanation.

Results

Synthesis of Diimine Ligands.The diimines ArN=CMe—
CMeN=Ar (1, Ar = 3-R%-4-R*-5-R5-C¢Hy; 2, Ar = 2,6-(CHb),-

questions remain unanswered. In particular, how does the4-R*-C¢Hy), formally derivatives of 1,4-diazabutadiene, are
reaction depend on the electronic and steric properties of theprepared in moderate to good yields by condensing 2,3-

(6) (a) Luinstra, G. A.; Wang, L.; Stahl, S. S.; Labinger, J. A.; Bercaw, J. E.
Organometallics1994 13, 755-756. (b) Luinstra, G. A.; Labinger, J. A.;
Bercaw, J. EJ. Am. Chem. S0d.993 115 3004-3005. (c) Luinstra, G.
A.; Wang, L.; Stahl, S. S.; Labinger, J. A.; Bercaw, J.JEOrganomet.
Chem.1995 504, 75.

(7) (a) Kushch, L. A.; Lavrushko, V. V.; Misharin, Y. S.; Moravskii, A. P.;
Shilov, A. E.Now. J. Chim.1983 7, 729-733. (b) Hutson, A. C.; Lin,
M.; Basickes, N.; Sen, AJ. Organomet. Chenml995 504, 69—74. (c)
Horvath, I. T.; Cook, R. A.; Millar, J. M.; Kiss, GOrganometallics1993
12, 8-10.

(8) (a) Stahl, S. S.; Labinger, J. A.; Bercaw, J.JEAmM. Chem. Sod.996
118 5961-5976. (b) Stahl, S. S.; Labinger, J. A.; Bercaw, JJEAm.
Chem. Soc1995 117, 9371-9372.

(9) (a) Holtcamp, M. W.; Henling, L. M.; Day, M. W.; Labinger, J. A.; Bercaw,
J. E.Inorg. Chim. Actal998 270 467-478. (b) Holtcamp, M. W,;
Labinger, J. A.; Bercaw, J. B. Am. Chem. Sod.997, 119, 848-849. (c)
Holtcamp, M. W.; Labinger, J. A.; Bercaw, J. Fiorg. Chim. Actal997,
265 117-125.

(10) Johansson, L.; Ryan, O. B.; Tilset, M.Am. Chem. So4999 121, 1974~
1975.

(11) Johansson, L.; Tilset, M.; Labinger, J. A.; Bercaw, JJ.EAm. Chem. Soc.
200Q 122 10846-10855.

butanedione and the corresponding anilines in methanol with a
catalytic amount of formic acid or in toluene at 90 over 5 A
molecular sieve’$ (Scheme 2). The latter procedure is particu-
larly effective for the more electron-withdrawing anilines, and
the use of 5 A molecular sieves is crucial to obtain a reasonable
yield of the products.

For comparison we wanted to have some examples of the
analogous ligandsvithout the backbone methyl substituents,
ArN=CH-CHN=Ar. Although reactions between 3,5-disub-
stituted anilines and glyox#l invariably yielded mixtures,

(12) (a)Tellers, D. M.; Skoog, S. J.; Bergman, R. G.; Gunnoe, T. B.; Harman,
W. D. Organometallic200Q 19, 2428-2432. (b) Tellers, D. M.; Bergman,
R. G.J. Am. Chem. So@00Q 122, 954-955. (c) Tellers, D. M.; Yung,
C. M.; Arndtsen, B. A.; Adamson, D. R.; Bergman, R. &.Am. Chem.
S0c.2002 124, 1400-1410.

(13) Westheimer, F. H.; Taguchi, K. Org. Chem1971, 36, 1570-1572.
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Scheme 3 Scheme 5
b R R +
NPPh
2o 3 e
-2 HNE#, "Br- AN Near o coq 2t AN N—ar
+ PhyPBr, — I\\ /\] - CO (1 atm) N/ [BF,J
RS R3 toluene, reflux RS »3 /P ¢ _— /l’t\
. R N < ¢
R HC T CHs 3 N

2 PhyPO + H OH
R, Y R? , THEF, reflux
R Q N N Q gt HO” ™07 ~07 ~oH
R® R®
33, R®*=R%= CMe,, R*=H

3b,R®=R5=R*= OMe
3¢, R*=CF;, R®= OMe, R = H

Scheme 4
R Me,
HiC /S\ /CH3 toluene
JURENZ NN ANZAN or
T OHC I§/Ie CHj methylene
2 h
R=MeorH chloride

4a, R? = R® = CMey, R* = OMe
4b,R*=R%=CMey R*=H

4¢, ®®=R°=R*=OMe

R®  4d,R*=CF;, R°=OMe, R*=H

}t\ 4e,R®=R5=CF; R*=H
H,C CH ’ ¥
® 3 4, R3=R°=Me,Ri=H
N >—( 5a, RY = Me
R‘—Q—N< /N—Q—R" 5b,Ré=H
)’t\ 5¢,R*=Br
H,C CH,
R3, Vam\ R® 63, R°=R°=(CMe, R*=H
R4—§:>—N N-—<:>—R4 6b,R® = R®=R* = OMe
R® N,/ R® 3 5 4
/pt\ 6¢, R® = CF3, R®= OMe, R*=H
H;C CH,

diimines 3 were prepared by reacting the corresponding imi-
nophosphoranéswith glyoxal trimer (Scheme 3¥

Preparation of Platinum Dimethyl Complexes. Diimine
ligands 1—3 react with bis(dimethyl{-dimethyl sulfide)plati-
num(l))!7 in toluene at room temperature to afford the corre-
sponding platinum dimethyl complexes-6 in high yields

O

Ny
7,R = CHj, Ar= $-__>—R*
R5

8, R=CH;, Ar= -EQ—R“
R3

9,R=H, Ar= 3% >—R4
RS

In many instances, addition of CO causes the solution to
change from orange or red to yellow almost instantaneously
(except for9b, in which case the solution turned to wine red).
The Pt-CHs resonances (in CiZl,) shift ~0.2 ppm upfield as
compared to those of the corresponding dimethyl complexes,
while 2Jp— decreases from85 to~66 Hz. As a result of the
reduced symmetry, the backbone R groups are now inequivalent,
which is displayed in the NMR spectra, particularly in &gy
values.

All the carbonyl cations appear to be indefinitely stable in
trifluoroethanol under 1 atm of CO, byt and7e decompose
rapidly in the solid state or in methylene chloride in the absence
of excess CO. In TFHEk, the backbone methyls G became
fully deuterated within an hour at room temperature. Isolated
9b appeared to contain a small amount of paramagnetic material
that significantly broadened the spectrum. The carbonyl IR
stretching frequencies of complexes9 are reported in Table
1.

Generation of Platinum(ll) Methyl-Aquo/Solvento Cat-
ions. Protonolysis of Pt(Il) dimethyl complexés-6 by aqueous
HBF, in TFE generates the corresponding methyl cations as an
equilibrium mixture of aquo and solvento adduc6—12

(Scheme 4). The most useful feature for characterization is the (Scheme 63°11

[Pt—CHg3] signal, with its accompanying®Pt satellites, in the

IH NMR. The shift is somewhat ligand-dependent, but the two-

bond platinum coupling is virtually the same85 Hz, for all
these dimethyl complexes.

Preparation of Platinum(ll) Methyl Carbonyl Cations.
Addition of 1 equiv of HBR (aq) to a solution of4—6 in

The stoichiometry need not be exactly 1:1, as the N#¢
groups of cationic complexes do not readily react with the slight
excess of acid. Subsequent addition of a slight excess of
acetonitrile (or carrying out the initial protonolysis in acetonitrile
solution) affords the acetonitrile addudt8—15. The platinum
satellites for the PtCHj3 signals forl0—12 are extremely broad,

trifluoroethanol generates a mixture of solvento and aquo in contrast to the relatively sharp satellites observed for the

adducts (vide infra) of the platinum(ll) methyl cation, which

corresponding carbony7{-9) and acetonitrile13—15) adducts.

upon exposure to 1 atm of carbon monoxide converts cleanly Protonolysis of4—6 in TFE-d; results in liberation of Chl

to the corresponding platinum methyl carbonyl catibn9
(Scheme 5).

(14) Kliegman, J. M.; Barnes, R. K. Org. Chem197Q 35, 3140-3143. 2,6-
Dimethylaniline and its derivativedo react fairly cleanly with glyoxal (40%
aqueous) to yield the corresponding diimines.

(15) (a) Saito, T.; Ohkubo, T.; Kuboki, H.; Maeda, M.; Tsuda, K.; Karakasa,
T.; Satsumabayashi, . Chem. Soc., Perkin Trans.1998 3065-3080.

(b) Nitta, M.; Soeda, H.; lino, YBull. Chem. Soc. Jpri99Q 63, 932—
934. (c) Hartmann, R. W.; Vom Orde, H. D.; Heindl, A.; Schoenenberger,
H. Arch. Pharm. (Weinheim, Ger988 321, 497-501. (d) Soloshonok,

V. A,; Gerus, I. I.; Yagupol'skii, Y. L.; Kukhar, V. PZh. Org. Khim.
1987 23, 2308-2313.

(16)
(e.g, Ar= 3,5-(CR)>-CsHs) do not react with gloxyal trimer in refluxing

THF. The corresponding diimines can only be prepared by reacting the
iminophosphoranes with glyoxal monomer at room temperature in meth-

ylene chloride. For preparation of glyoxal monomer, see: Wang, Y.; Arif,
A. M.; Gladysz, J. A.Organometallics1994 13, 2164-2169.

(17) Hill, G. S.; Irwin, M. J.; Levy, C. J.; Rendina, L. M.; Puddephatt, R. J.
Inorg. Synth.199§ 32, 149-153.
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Iminophosphoranes containing extremely electron-withdrawing substituents

as well as CHD, with concomitant formation of [PtCH,D]
and [PtCHg] cations (eq 3).

+

+
N__CH; DBF, (ag) N FH; N CHD
T PR BRI+ | P [BEJ (3
N CcH, TFE4; N L N L
+CH3D + CHy
(L = TFE, H,0)

Within integration error limits, the ratio of I, to CHzD
equals that of [Pt CH,D] to [Pt—CHj3]. No multiple deuteration
was observed for either the methane or the-jiaethyl]. When
protonolysis of4b was carried out in the presence of added
acetonitrile, the ratio of CgD to CH, was found to increase
with the acetonitrile concentration (Figure 1).
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Table 1. Infrared Carbonyl Stretching Frequencies for [(N—N)Pt(CH3)(CO)]"[BF4]~ (7—9) in Methylene Chloride Solution

N—N Veo (cm™) N—N Vo (em™)

7a MeO—QN
7b QN
7e  MeO—L_>—N

N oM 21035()| 8 Q—N N@ 2108.3(3)
CMe,
N 21046(3)]  8b N N@ 2109.6(3)

N —ome 210580) s Br—Q—N N@Br 2111.1(9)

MeO OMe
MeO, >—< CFy Me,C,, Vam\ CMe,
7 N N ) N N .
d e — = 211013)] 9a S =2 2108.8(3)
F,C OMe Me,C CMe,
F,C, >—< CF; MeO,, Van\ .OMe
7 é >—N N—L ? 21135@3)] 9 M o% >N N—L ?—~OM 211033
‘ F,C CF, © eMeo OMe ’ @

7 § >N N—L 2 2105.73)]  9c Q_N N@ 21606)

Table 2. Equilibrium Constants for [(N—N)Pt(R)(L)]"[BF4]~ (10

and 11, R = CHj3; 17 and 18, R = CgHs; i, L = TFE; ii, L = Hx0)
in TFE/Water Mixtures at 20 °C

. Keq .. . Keq ..
10i == 10ii 17i == 1T7ii
o a (R® = R®>= CMe;, R* = OMe) 3.9x 102 6.6 x 107
5 b (R® = RS = CMe3, R* = H) 4.3 x 10° 7.4x 10
a ¢ (R®=R*=Rs = OMe) 7.5% 10 9.6 x 10
2 d (R®= OMe, B =CR;, R*=H) 1.4x 10 1.8x 10°
O e(R®=R°=CF3, R*=H) 2.8x 10° 40x 108

10§ =% 13ii 181 == 15ii

a(R?= R0 = Me, R* = Me) 7.8x 10? 15x 108

‘ , ‘ ‘ b (R2=R®=Me, R*=H) 9.5x 10 1.8x 10°

1»20 05 10 15 20 a5 ¢ (R2=R®= Me, R = Br) 1.6x 18 3.1x 10°

[CD;CN] (M)

decomposition is accelerated by higher platinum concentrations
Figure 1. The ratio of CHD:CH,4 generated in the protonolysis 4b in P Yy g P

TFE-d; as a function of acetonitrile concentration. and retarded by added water; the mechanism for the formation
of the (-OH), dimer is not clear.
Scheme 6
R R R R + I\K /R + RH \ g /N -
> 7 S /N _ @
7\ 1. HBF, (aq) 7 N\ ( PR | [BEd] { pf [BF,]
AN N—Ar TR Y AN NTA (BE,T N L TFE/H,0 N/P \O/P N [mEr],
_ e, ;
/Pt\ 2.CH,C=N /P \ 10,12,17,19 ;Ij
HC CH HC L (R = CH,, CgHy;
R? L = TFE, H,0)

10, L = TFE (i); HO (3); 13, L = CHyC=N; R = CH;, Ar:—i—@—w o
R Equilibria between Aquo and Solvento ComplexesAd-

11, L = TFE (3); H,0 (id); 14, L = CH;C=N; R = CH,, Ar = _;_%;}_w dition of 1 equiv of aqueous HBF(which contains ap-
B proximately 5 mol of HO per mole of HBE) at 20°C to a
12, L = TFE (i); ;0 (i4); 15, L = CH;C=N;R = H, Ar= -EQ;R4 suspension of 0.007 mmol ofYin 0.7 mL of TFE4; results

in two Pt=CHj3 signals in the'H NMR, in ratios ranging from
Cations10—12 decompose over the course of several weeks ~1.5:1 109) to >10:1 (106. For 103 addition of water further

at room temperature in TFE solution. Ad¥ab and123a a single increages the rglative intensity of the fnajor peall<,. V‘,’hiCh is
(or major) species is formed, accompanied by methane libera-2ccordingly assigned to aquo complb@aii. The equilibrium
tion. NMR (*H andF) is consistent with au-OH), dimeric between the solyento and aquo adducts (eq 5) greatly favors
structure £6). This was confirmed fol6b, the decomposition ~ the latter for all ligands examined here. The magnitude of the
product of 10b, by a crystal structure determinati®hThe equilibrium constant depends on the ligands (Table 2): the more

analogous phenyl complexes? and 19 (vide infra) react electron-withdrawing the diimine substituents (indicated by a
similarly, evolving benzene (eq 4). In contrast, the decomposi- higher carbonyl stretching frequency for the analogous methyl-

tion of 11 yielded a mixture of unidentifiable products. The carbonyl cation, vide supra), the larger the equilibrium constant.
Moreover, for the same diimine ligand, the equilibrium constant

(18) Rostovtsev, V. V.; Labinger, J. A.; Bercaw, J. E., unpublished results.  for the platinum(Il) phenyl cationl( and 18) is greater than

J. AM. CHEM. SOC. = VOL. 124, NO. 7, 2002 1381
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800 , .
/e)/
600
=
Ry
Z 400¢ 1
M
5t
o 2001 1
| / I
0 5 10 15 20
time (x 107 s)
t=16550 s

t=13810s

_ t=11070s

tert-butyl region L
t=8324s

N S t=6182s
S L«Atzr_r4340 s
t=2498s

t=956s

T T T T
1.5 1.50 1.4§% 1.40 1.35% 1.30 1.25 1.20 ppm

Figure 2. Thetert-butyl region of the'H NMR spectra, showing changes for the reaction between benzen®ar{fD,0] = 2.72 M, [GsHg] = 0.49 M,
[Pt] = 0.01 M). The inset shows an exponential curve fit of the peak height at 1.25 ppm vs time.

for the methyl cation 10 and 11). The equilibrium constants /do,s,e
for 12 and 19 are too large to be determined accurately; they R + | R R +
are all greater than ¥ 10%. 7 7

7 N\
AN — -CH,D,, — .
rN NAr - 4 AN t/\r Ar BES 6

{ CF,CD,0D
H : Keq >——( ' H C/P N 320"é H,D, C/P N
72\ H,0 7\ € L D5, Co L

AN NTAr e — (AT NTA e ) (L= TFE (3; H,0 (i) (L= TEE (3; H,0 (i)
N TFE N B3
R gCHz(:FS R SH 10 17,R=CHs Ar = —E—@—R‘l

RS
i i
R R u 18, R = Chy Ar = 4—SR¢
10,R=CHj Ar = -é—@—r{“ 17,R=C.H;, Ar = -3-@-1{4 Y
R R 1 19,R=H, Ar = -4-_p—R*
-
11, R = CHj, Ar= —E—Q‘R‘l 18, R = CgHs, Ar= —5—9—1{4

Kinetics of Benzene C-H Bond Activation. *H NMR was
used to monitor the disappearance of starting material and/or
the appearance of product, from which rates were determined.

Reactions between Platinum(ll) Methyl Cations and
Benzene Platinum(ll) methyl cationd0—12 react cleanly with
b ith partiall letely deuterated b ) . :

enzene, or With partially or completely detiterated benzene Figure 2 shows the results of a typical experiment, for the

(vide infra), to form the corresponding platinum(ll) phenyl tion betweerlob (ID.0] = 2.72 M. wh |
complexesl7—19 respectively, with concurrent production of reaction betwee ([D2:0] = 2. 1, Where only aquo
methane (eq 6) adducts are detectable) and benzene in @HB-he values of

Under reaction conditions where both the solvento and the the calculated rate constanigps for the various complexes
aquo cations are observable B NMR, the two species under different sets of conditions can be found in the Supporting
disappear at the same rate, and the solvento and aquo adductéiformation (Tables SS12). Additional kinetics experiments
of the phenyl products appear at the same rate. No other specie¥/ere carried out in several cases, particularlylfoaand10b.
were observed up to 3 half-lives; the-OH), dimers16 can be The reaction rates are not affected by ionic strength; for example,
observed at later stages of the reaction. In all cases the rates ofhe observed rate constant for the reaction betws@mand
(u-OH), dimer formation (eq 4) from either the starting materials benzene at [BO] = 1.33 M, [GHg] = 0.25 M, and [Pt}= 0.01
10—12or the productd 7—19are at least an order of magnitude M is (1.8+ 0.2) x 104 s~* with no added NMgBF, and (1.9
slower than those of benzene-@& bond activation, so the rate £ 0.2) x 10~* s~ with [NMe4BF4] = 0.12 M. Hence most of
constants reported below should not be affected by this the kinetic studies were run without controlling ionic strength.
secondary reaction to any significant degree. However, it should be noted that the rates did show a slight

1382 J. AM. CHEM. SOC. = VOL. 124, NO. 7, 2002



Bond Activation by Cationic Platinum(ll) Complexes ARTICLES

12 I T T T T T
10 - 8 7
= ] 10b
x 6 = % i
5 4 7
|
) B i
0 I L il ! | 0 L L L L
0 2 4 6 8 10 12 0 2 4 6 8 10
[D,0]/{CeXg] (X =Hor D) [CeDg]/[D,0]
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Figure 4. For the reactions of various Pt(ll) methyl cations with benzene, fgyre 5. (a) A plot of ks Vs [CeDel/[D 20] deviates from linearity at low
the inverse of observed rate constants is linear with respect to the water:\ater concentrations ([P 0.01 M, [CsD¢] = 0.25 M). (b) For reactions
benzene concentration ratio. The slopes of the lines vary greatly from cation of 10aand benzene at high water concentratidgssis linear with respect
to cation. to [CeDe)/[D20] ([Pt] = 0.01 M, [D,0] = 1.23-1.30 M).

decrease in the presence of weakly coordinating anions such as 9 J
triflate (Table S12).

As previously found forllb,!! the rates of benzene-GH

bond activation are decreased by added water, dggl i/ linear :\,_
with respect to [RO]/[CeHe] (Figure 3). The slope of the line % é
(and, thuskepg depends significantly on the ligand (Figure 4). -

The plot ofkyps versus [GHeg]/[D 20] deviates from linearity at Ei=

very low water concentrations (Figure 5). ~
The temperature dependence was studied over the range of =

0—55 °C for the reaction betweetOb and GHes and over the

range of 6-30 °C for the reaction betweetOb and GDg. The -17 L

. . . 3 31 32 33 34 35 3.6 37

water concentration was kept sufficiently high such that aquo 1000, T

adducts account for90% of the Pt(ll) species. The overall ] . ) )

activation parameters were calculated from Eyring plots, such 794r€ 6- Eyring plot for the reactions af0b with CeHs and GDs.

as the one shown in Figure 6, and gi&el* = 20 kcal mot?, consists mostly of CkD (~60%) and CHD. (~30%). Even

AS" =5 e.u. for GHg activation andAH* = 20.5 kcal mot?, less scrambling is observed for complexes For example,

AS' = 6 e.u. for GDs activation. The entropy of activation  when 12a reacts with GDs, CH,D, and higher isotopomers

may be contrasted to that found faaib, for which aAS" of account for<10% of the liberated methan& NMR shows

—16 e.u. was measuréd. that label is also incorporated into the methyl group of unreacted
Deuterium Scrambling. Earlier studies ori1b!! found that starting material, up t6-20% of [Pt=CH,D]. For 11aand1lc

(a) <5% deuterium incorporation was observed in the methane the results are very similar to thoseldfb: reactions with @Dg

generated in the reactions withtds in TFE-d3 and (b) nearly produce CHD, and CHL} as the major methane isotopomers,

complete statistical scrambling of isotopes takes place in the although deuterium incorporation into the unreacted platinum-

reaction with either D¢ or 1,3,5-GH3D3. For complexed0, methyl group is observed here as well.

again, there is no incorporation of label from solvent, but in  Kinetic Deuterium Isotope Effects (KIEs). KIEs were

contrast there is only partial scrambling of protium and determined by three different methods: (1) in parallel reactions,

deuterium among the methyl group and deuteriobenzenes. Forseparately determining the rate constants for reactionsté§ C

example, whenlOb reacts with @GDg, the methane evolved and GDs under the same conditions; (2) intermolecular
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Table 3. Kinetic Deuterium Isotope Effects for Benzene C—L (L = H, D) Bond Activation Reactions

complex T(°C) method knlko complex T(°C) method knlko
10a 20 parallel 2.0 10e 20 parallel 2.2
10b 20 parallel 2.2 1lla 35 parallel 11
10b 20 1,3,5-GH3D3 1.8 11b 35 parallel 11
10b 20 1:1 GHe:CeDs 1.9 11c 35 parallel 1.1
10c 20 parallel 1.9 12a 20 parallel 5.0
10c 20 1:1 GHe6:CsDs 1.6 12b 20 parallel 3.6
10d 20 parallel 2.2 12c 20 parallel 5.9
10d 20 1:1 GHe:CeDs 2.0
competition, determining (b¥H NMR) the isotopic composition Scheme 7
of methane liberated in reaction with 1:%H5:CsDe, and (3) +
intramolecular competition, using 1,3,%K3Ds. The results are MeiC, >/ )N_QMCM% ,-CH,
shown in Table 3. Note that the two competition methods give |Mec P CMe; | [BF,[
i / t\ CF;CH,0H, 55°C
values that are consistently lower than those measured by HC L
parallel reactions (vide infra), although the differences are (L = TFE (i); H,O (i)
comparable to the uncertaintits. 105 .
. . . +
F\’_eact|on_s Qf 10b with Other Aromatic H_ydr(_)carbons.The MeiC, >—< CMes Me, >—\( CMes
regioselectivity for the €H bond activation for alkyl- o= N A e o= N AT S|
substituted aromatic compounds appears to be affected by the L . N

steric bulk of both the substrates and the ligand. Whetéas
reacts withp-xylene predominantly at the benzylic position (eq

. L = TFE (1); H,O (i
7).20 the reaction betweedOb and p-xylene results almost ( 050 ()

. . L (L = TEE (i); H,0 (i4)) 22b (minor)
exclusively in aryl C-H bond activation (eq 8). 21b (m,-zr) l
. 16b
H —@ ,-CH, benzylic activation produ@1b to aromatic activation product
N NS= BET 22bis observed, whereas at 56, the selectivity drops to 3:1.
AN * CF3CH,OH, 20°C The product resulting from aromatic—H bond activation

HCS L

(L = TFE (3 HL,O (i) appears to be much less stable than that from benzyiel C

b _ activation: during the reaction betwe&@b and mesitylene,
>_\( theH NMR resonances corresponding2®b initially grow in
&N NS= ] intensity and then disappear gradually, with formation sof (
£ BEL ) OH), dimer 16b. Compared to benzene-& bond activation,
L the reaction betweelOb andp-xylene is approximately 3 times
slower, while that with mesitylene is approximately 10 times
slower.
- - The kinetic deuterium isotope effects for reactions between
(L = TEE (3); H,0 (i) 10b and p-xylene and mesitylene were measured (parallel
+ reactions method at 2%C). These also appear to depend on
MesC, >—< CMe; —@ ,CH, steric bulk of the substratesku/kp = 2.2 for benzene (§Xs),
M%C@_N\}t/N CMe, | (B, 1.5 for p-xylene (GX3(CX3)2), and 1.2 for mesitylene (Xs-
e\ CF5CH,0H, 20°C (CX3)g) (X = H, D). _
. . Electron-deficient or extremely bulky aromatic compounds
(L = TFE (i); H,O (i) . .
10b react sluggishly, or not at all, witlhOb at room temperature.
H * For example, when 30 equiv of 1,4-g(t-butyl)benzene was
7 _@{CM% added to a 0.01 M TFH; solution of10b ([D,0] = 0.05 M),
Me,C \it CMe; | [BEJ  (8) 85% of the starting material remained after 24 h at room

Me,C,,

temperature. ThéH NMR of the reaction mixture showed
several broad, as yet unidentified new peaks. Similat3h
showed little reactivity toward pentafluorotoluene or 1,4-
(CRs),CgH4 after several hours at room temperature.

Acetonitrile Exchange Reactions.To shed some light on
whether dissociative or associative substitution pathways operate
in these systems, we briefly investigated the isotopic exchange
between a Pt(Il)-bound GJEN and free CRCN in several
alcoholic solvents (Scheme 8), usitlg NMR spectroscopy to
follow the disappearance of bound acetonitrile and the appear-
(19) The estimated uncertainties ard0—20% for the parallel reactions and ance of free CBCN.

(L = TFE (i); H,0 (i)
20b

In contrast, the reaction between mesitylene Hfaproceeds
mainly through benzylic €H bond activation (Scheme 7).

In the latter case, the selectivity for benzylic activation
decreases at higher temperatures. At@5a ratio of 95:5 of

5—10% for the inter- and intramolecular competition reactions. ;
(20) Johansson, L.; Ryan, O. B.; Rgmming, C.; Tilset, MAm. Chem. Soc. Th? rate constants for the (_axchangéleb in CDsOD, as a
2001, 123, 6579-6590. function of CD;CN concentration and temperature, are shown
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Figure 7. Plot of observed rate constants for exchange of free and bound Figure 9. A plot of observed rate constants vs free acetonitrile concentra-
tions for the isotopic exchange of bountl3p) and free acetonitrile in

acetonitrile vs free [acetonitrile] fat3b at various temperatures.

-12

AH? =17 keal-mol ™!

different solvents at 40C.

Table 4. Second-Order Rate Constants for the Acetonitrile
Exchange Reactions for 13b in Various Alcohol Solvents at 40 °C

A8 =256 u solvent 10* x kg (s7Y) 10*x ks (M~s7Y) 10 x ky (M~*s7Y)
14 methanol 8.4 0.3 0.34+0.01 3.6+0.1
ethanol 6.7+ 0.4 0.39+ 0.02 5.2+ 0.2
Q 2-propanol 4.6t 0.3 0.31+0.01 8.6+ 0.2
X TFE <0.01 <0.01 2.6£0.1
=}

-16

ky=ki/ [CD;0D]

Table 5. Second-Order Rate Constants for the Acetonitrile
Exchange Reactions of Various Pt(Il) Methyl Cations in Methanol

(30 °C) and TFE (40 °C)

AH? =20 keal'mol ! 107 ky 107k 10° x ko
AST=-10e. u. complex solvent T(°C) (s™) M™1s7Y) M~1s7)
18 ! | 13b  methanol 30 203 0114001 15+0.1
3.1 3.2 33 3.4 35 13d methanol 30 9.4 04 0.4+ 0.02 7.9+ 0.3
1000/T (K'Y 14b  methanol 30 2.6:0.2 0.11+£0.01 1.8+0.2
14c  methanol 30 6.30.3  0.26+0.02 4.44+0.3
Figure 8. Eyring plots for second-order acetonitrile exchange rate constants 13b  TFE 40 <0.1 <0.1 2.6+0.1
for both the solvent-assisted pathwéy) @nd the direct-exchange pathway 13d  TFE 40 —2 —2 —2
(k2) for 13h. 14b TFE 40 <0.01 <0.01 2.8+ 0.1
14c  TFE 40 <0.01 <0.01 10.24+0.1
Scheme 8
+ a Acetonitrile exchange is too faske > 50 x 1074 s71) to measure
MesC, >—</ N CMey alcohol rates.
Q_I\K /N—@ solvent
- - _— .. . .
MeyC PR CMe; | [BE,J' +CDiCEN ———= the small range of temperatures limit our confidence in these
H,C N\\\ values.
C\CH The exchange reactions in different solvents at@0Owere
13b 8 also investigated, with the results shown in Figure 9. Rate
N/ + constants were calculated in the same manner and are displayed
M83C®_ 72 LMe; in Table 4. We also briefly examined the dependence of the
MesC NG t/ :CMe3 [BF,]" + CH;C=N exchange rates on the ligands. Under similar conditions {{CD
q C/P \N CN] = 1.3 M, T = 40 °C, solvent= TFE-ds), the exchange
? \\\C between bound and free acetonitrile fi8d (Ar = 3-OMe-5-
CD, CFRs-CgH3) is ca. 6-7 times faster than that fdr3b (Ar = 3,5-

13b-d (CMes),-CeHs) and that forl4c (Ar = 2,6-Me-4-Br—CgHy) is

o o ca. 3.5 times faster than that fbdb (Ar = 2,6-Me-CgH3). In
in Figure 7. The shapes of the curves indicate a rate law of the contrast, the rates of exchange are approximately the same for
form kex = ki + ko[CD3CN], where the first term represents a  13b and 14b (Table 5).

dissociative or solvent-assisted pathway whose rate constantis |n deuterated alcohols other than TEE-competing deu-
determined from the intercept of the extrapolated linear part of teration of the backbone methyl groups is observed. The rate
the plot, and the second term represents a direct associative patbf deuteration not only depends on solvent and ligand, but is
whose rate is obtained from the slope of the latter. Eyring plots also regioselective; the deuteration of the two nonequivalent
between 20 and 4%C have been constructed fioy(= ki/[CDs- backbone methyl groups occurs at different rates in each case,
OD]) and k, (Figure 8); both lead to calculated negative with the higher field NMR signal exhibiting more rapid
entropies of activation, although the precision of the data and deuteration. For example, fd3b in CDsOD at 30°C, <5%
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deuteration occurred after 1.5 h; whereas I8d, the higher

are ca. 80 to the N-Pt—N planes'® However, the bimetallic

field backbone methyl resonance was completely deuteratedstructure ofL6b with relatively short P+O bridges could cause

within 15 min, while <5% deuteration was observed for the
low field one. Forl3b at 40°C, <10% deuteration occurred
after 1 h in CD;OD, but in (C¥),CDOD, the high field

the phenyl rings to rotate further out of the plane to avoid steric
congestion.’H NMR signals of the complexes with 3,5-
disubstituted aryldiimines are also consistent with rapid rotation

resonance was more than 80% deuterated after 15 min, and theround N-CPs° bonds. For example, only one set of ligand and

low field resonance was40% deuterated after 1 h. Deuterium
exchange is even faster for carbonyl cations7@& backbone
deuteration occurred even in TKE-at room temperature,
whereas no observable deuteration occurred7&rd under
these conditions.

Discussion

Synthesis and Characterization of Platinum Complexes.
The procedures for ligand synthesis, formation of dimethyl-

[Pt—CH3] NMR peaks is observed fofd (which has asym-
metrically substituted aryl groups) down 40 °C, implying
rotation about the €N bond is fast on the NMR time scale.
We expect this is the case for all 3,5-disubstituted aryls.

The 195Pt satellites are useful NMR features, not only in
facilitating assignments but also as qualitative probes of
electronic effect transmission. In particular, for the methyl
carbonyl cations the downfield signals for the backbone methyls
(7 and 8) exhibit larger‘Jp—y values than the upfield signals.

platinum complexes, and protonolysis to monomethylplatinum e tentatively assign the downfield resonances to the methyl
cations all appear to be quite general for a wide array of ggjacent to the N trans to CO; the large trans influence of methyl

substituted diaryldiimine ligands, thus making systematic ex- phonded to platinum would be expected to elongate the opposite
amination of the effects of ligand electronic and steric properties pt—N hond and reduce the corresponding coupling constant.

possible. The only exception is in the synthesi$qgfwhere it
appeared necessary to periodically purge and remove freg, SMe
which can compete with the diimine ligai3d for the coordina-
tion to the Pt(Il) center. It is particularly convenient that cationic
Pt(l1)-methyl complexes are not readily protonolyZédyhich
permits their clean generation without requiring rigorous control
of stoichiometry in adding an equivalent of acid.

All complexes prepared are characterized straightforwardly
by '"H NMR. The only important structural variable is the
orientation of the aryl rings with respect to the coordination
plane. Structural characterizations by Ruffo and co-workers on
cationic Pt-methyl-olefin complexes with Ar 2,6-diethylphe-
nyl revealed a near-orthogonal orientation between the aryl rings
and the Pt coordination pladé&.NMR studies by the same
authors suggest there is hindered rotation around th€M°
bond as welP? Similar conclusions have also been reached by
Eisenberg and co-workers, where they were readily able to
isolate the meso and rac isomers of a neutral (diimine)PtMe
complex with Ar= 2-OMe-4,6-{-Bu),-CsH>.2% In comparison,
few X-ray structures have been obtained for complexes contain-
ing diimine ligands with 3,5-disubstituted aryl substituents.
Recently the crystal structure of a related pyrrolyl-imine complex
(23) found the phenyl ring at 58to the N-Pt—N plane?*

N "
\ \
el
HC  SMe,  CFs
23

The latter finding is consistent with AM1 level calculations
on4e which predict that the phenyl rings are ca’ @ited out
of the N—Pt—N plane?> On the other hand, the X-ray structure
of 16b (R® = R® = CMe;, R* = H) showed the phenyl rings

(21) (a) Ganis, P.; Orabona, |.; Ruffo, F.; Vitagliano,@rganometallics1998
17, 2646-2650. (b) Fusto, M.; Giordano, F.; Orabona, I.; Ruffo, F.
Organometallics1997, 16, 5981-5987.

(22) Zuccaccia, C.; Macchioni, A.; Orabona, |.; RuffoJrganometallics1999
18, 4367-4372.

(23) Yang, K.; Lachicotte, R. J.; Eisenberg,®ganometallics1998 17, 5102—
5113

(24) Scollérd, J. D.; Labinger, J. A.; Bercaw, J. E., manuscript in preparation.
(25) Brandow, C. G.; Zhong, H. A., unpublished results.
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Similarly, for 9, the upfield signals for the backbone H exhibit
3Jp—n values €74 Hz) nearly twice as large as those for the
downfield ones {38 Hz) and are consequently assigned to the
H adjacent to the N trans to CO. Such effects have chemical as
well as spectroscopic consequences, as manifested by the
differential rates of deuteration of backbone methyls for
complexedl3in deuterated alcohols. We will not consider these
effects in any detail here, except to note that they are consistent
with the substantial perturbations of-E& bond activation by
variation of diimine ligand electronic character, to be discussed
below.

CO Stretching Frequencies as a Measure of Electronic
Character. To examine electronic effects on—& bond
activation, we sought an empirical measure of actual electronic
density at cationic Pt(Il) as preferable to a semiempirical
prediction of expected ligand properties. Aso is a well-
established probe of electron density at a metal center, we
prepared the platinum methyl carbonyl cations with the various
diimine ligands. These bands are quite sharp for solution
samples, and theco values are shown in Table 1 and plotted
against the Hammett substituent constants=(o, + om)?® in
Figure 10. All three serieg,a—f, 8a—c, and9a—c, give fairly
good linear correlations; however, the lines are well displaced
from one another. In other words, for the same arylalues,
the cations8 show a higher CO stretching frequency, and thus
are comparatively electron-poor, relativeftd-or exampleyco
for 7f (Ar = 3,5-MeCgH3) is 2105.7(3) cm' versus 2109.6(3)
cm~! for 8b (Ar = 2,6-MeCgHs), though one might expect
that they should be reasonably electronically similar (both having
dimethylaryl groups) and exhibit similar CO stretching frequen-
cies. Why do they not?

Of course, as defined above thevalues for complexe8 do
nottake account of the ortho methyl groups, as ortho substituent
constants are considered unreliable owing to steric complica-
tions. Yet this cannot be the explanation, @$or methyl is
negative (electron-releasing relative to hydrogen); hence includ-
ing a contribution for the ortho substituents would move the
correlation line for8 to the left, further from that for7. We

(26) The Chemist's Companion: A Handbook of Practical Data, Techniques,
and ReferencesGordon, A. J., Ford, R. A., Eds.; John Wiley & Sons:
New York, 1972.
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Figure 11. Log(Keg of 10and11vs the CO stretching frequencies of the
corresponding methyl/carbonyl catiofsand 8.

carbonyl cations, 8, and9 vs theo values of the aryl substituents. Scheme 9

believe that the difference lies in steric factors; the 2,6-methyl R—O/D oP

groups in8 cause the aryl groups to be oriented perpendicular "2 R=Qy

to the coordination plane, minimizing crowding, whereas the B Pﬁ It D

less bulky aryls of7 are rotated more parallel to the plane, in HsC CCHz _R<§DH, H;C (CHz

at least partial conjugation with the unsaturatec=B{(Me)— AN 2o

C(Me)=N] group. This would be expected to result in more AN t(' Al +ROD; AN N—ar

effective transmission of the substituent effects from the aryl \CH N/P N

group, via the diimine, to the metal center. AM1 semiempirical % } /C// CHs

calculations® support this; free ligan@b is predicted to have H,C H,C

the aryl ring locked perpendicular to the{¥t—N] plane, with - - l

consequently littler-donation from the phenyl ring to the ll

nitrogen atoms, while iif the dihedral angle between the aryl T DC p, 1+

ring and the diimine backbone is predicted to be approximately >/_\(:

60°, and the calculated electron density at the nitrogeffiis Ar—N( )\I—Ar

higher than in2b. /Pt\
Methyl substitution at backbone positions of the diimine N CH

ligands is also electron-releasing, as can be seen by comparing

7b—d and 9a—c, for which the aryl groups are identical; the [ HsC i

CO stretching frequencies of the former (with backbone methyls)

are red-shifted by about4 cnr 2.
Ligand Electronic Effects on the Aquo/Solvento Equilib-
rium. All cations 10—12 generated by protonolysis of the

The basicity of alcohols decreases in the ordeprGHOH
> EtOH > MeOH > TFE, consistent with the observation that
deuteration occurs fastest in deuterated 2-propanol and slowest

corresponding dimethyl complexes with aqueous acid in TFE in TFE-ds. Electron-withdrawing groups will increase the acidity

are formed as mixtures of solvent) &nd aquoi{) adducts in

of a-methyl protons, so the more electron-withdrawing diimine

rapid equilibrium (eq 5). In all cases measured, the equilibrium ligands should lead to a higher rate for deuterium incorporation
substantially favors the aquo adduct (Table 2). Furthermore, into the methyl backbone. The more rapid exchangelfuf

correlation ofKeq With vco of the corresponding carbonyl cation

than for13bis thus consistent with the highego for 7d than

shows that the preference for water over TFE increases as therb. The observation of exchange foeeven in TFEd; at room
metal center is made more electron-poor (Figure 11). This trendtemperature reflects the greater electron-withdrawing power of
presumably reflects the greater electron-donating ability of CO relative to acetonitrile.

water, relative to TFE, toward cationic Pt(Il) centers. Similarly,
the phenyl cationd7 and 18 are more selective toward water
binding than the corresponding methyl catiob8® and 11.
Methyl groups are extremely goarldonors to metal centers,
whereas phenyl groups are more electronegativé (spsp-

The differential deuteration rates observed for the two
backbone methyl groups in the same molecule may be attributed
to the differing trans influence of methyl versus MeCN. Thus
a Pt=N bond trans to MeCN is expected to be shorter, resulting
in stronger donation to platinum, making the nitrogen more

hybridized carbon) and thus less electron-donating, renderingelectropositive and accelerating exchange at the neighboring

the platinum center more electron-deficient.
Ligand Electronic Effects on Backbone Methyl Deutera-

methyl group.
Ligand Effects on Overall Reaction Rates of Arene CG-H

tion. In some cases, deuterium is incorporated into the backboneBond Activation. Pt(ll) methyl cations10—12 react cleanly

methyls of Pt(ll) methyl acetonitrile adducts in (gBCDOD,
CDsCD,0D, and CROD. This probably occurs via Lewis acid-

with benzene to give the corresponding phenyl catibis19,
accompanied by liberation of methane. The kinetics are

catalyzed imine- enamine tautomerization (Scheme 9), whose conveniently followed byH NMR and exhibit clean first-order
rate will depend on both the basicity of the solvent and the behavior in [Pt]. At sufficiently high water concentrations, where

acidity of the iminea-methyl proton.

the Pt(Il) aquo adducts account f800% of the total platinum
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Figure 12. A plot of the logarithms of the observed rate constants in 3.0 ; . .
reactions o_f methyl cationd0 with_CeDe as a function ofvco of the *12a [D,0] = 0.048 M
corresponding methyl/carbonyl catiofs [CeHel =048 M
[TFE[=140M |
34 r 12b T=20°C

species, the dependence on concentrations of benzene and water
satisfy the apparent rate law: ratek.,p{benzene]/[water]. A
series of comparative experiments was performed to determine
and distinguish ligand electronic and steric effectskgs

The reaction rates of¢dDg with cations10 were measured at

12a

log (k Obs)
@
co

40 F .
20 °C under two sets of conditions. At the lower water %]8282]:=06?f§%

concentration ([BO] = 0.05 M, [TFEds] = 14.1 M, and [GDg] [TFE] = 14.0 M 12¢

= 0.25 M), both the aquo and the solvento complexes are 46 s 0 2112 2114 2ile Jils
observed in the reaction mixtures, and at the higher water veo (em™)
concentration ([BO] = 0.70 M, [TFEds] = 12.3 M, and [GDg¢] (b)

= 1.31 M), the aquo complexes are the only observable species rjgyre 13, (a) A plot of the logarithms of the observed rate constants for
The logarithms of the observed rate constants are plotted againsteactions of cationg1 with CeDs as a function ofco for the corresponding
the IR CO stretching frequencies of the corresponding carbonyl methyl/carbonyl cation$. (b) A plot of the logarithms of the observed
complexes ) in Figure 12. Under either set of reaction fitffg?Tﬁteaggsrrggggg}%”;g{hcﬁ;éﬁgg; S;?E‘;%HG as a function of
conditions, a good linear correlation is obtained, demonstrating
that the more electron-rich P(ll) cations ameore reactive oy the Jatter, so we will use Scheme 11 as the framework for
toward GDs. The slope of the linear correlation does depend ¢ discussion.
on conditions, however. A similar correlation is found for cations
11reacting with GDs at 35°C (Figure 13a) and for catiori2 are in rapid equilibrium, with benzene displacing the more
at 20°C (Figure 13b). weakly bound solvent ligand; direct attack of benzeneAdin

The Stel’iC eﬂ:eCtS Of the d"mlne ”gands haVe a profound eﬁect to disp|ace water is assumed to be neg|igib|e, a|though a Sma”
on the reactivity of the metal center. For exam@lahas a CO  contribution from this route would probably not perturb the
stretching frequency of 2108 crh indicating that the corre-  kinetics enough to be detectable:Benzene compleB then
spondingllais somewhat more electron-rich thafid, whose undergoes €H bond cleavage (probably viacacomplexC).
corresponding methyl-carbony! catidid has an IR stretching | imiting cases for the rate-determining step would be formation
frequency of 2110 cmt. However, under the same reaction of g (ko > k_a[TFE]) or C—H cleavage K» < k_4[TFE]). In
conditions,10d reacts an order of magnitude faster witfDe either case, the deduced rate law (see Supporting Information
than doeslla (Figure 14a). In general, reactions of benzene for derivation) predicts that a plot ofkhsversus [HO]/[CeHe]
with complexes containing 2,6-dimethyl-substituted argi) ( will be linear, which is observed in all cases (Figure 3). At high
are considerably slower than those with no such substitution \yater concentrationsKgJH»0] > [TFE]), the water complex
(10), indicating a substantial SIOWing effect of increasing steric Aii is the major Species in So|ution’ and a p|otl@$s versus
bulk. On the other hand, Figure 14a indicates that the reaCtionS[CGHG]/[H 20] is expected to be |inear, as |ong as benzene and
of complexesl2 are considerably slower than thosel@fwith water are not present in high enough concentrations to signifi-
similar electron density, althoudt® should be, if anythingess cantly alter the solvent properties. This expectation is born out
crowded thanl0. We do not currently have a fully satisfying by the experimental results. At low water concentratidis(

In this scheme, the aqud\ii) and solventoAi) complexes

explanation for this apparent anomaly (vide infra). [H,0] ~ [TFE]), concentrations ofi and Aii will both be
Details of the Mechanism of Benzene €H Bond Activa- significant, so a plot ofkyps versus [GHe)/[H20] would be

tion. The mechanism proposed previously to account for the expected to deviate from linearity, as observed.

reaction of benzene withlb is shown in Scheme 10. For 11b, formation ofz-benzene addud® was inferred to

The observed rate law, particularly the inverse dependencebe the rate-determining step, primarily on the basis of the first-
on water concentration, can be interpreted in terms of either aorder dependence on benzene concentration coupled with the
dissociative or a solvent-assisted associative pathway, but severdbw KIE (~1) and the virtually complete isotopic scrambling
considerations (to be discussed later) lead to a strong preferencebserved (see below}. It is of interest here to compare the

1388 J. AM. CHEM. SOC. = VOL. 124, NO. 7, 2002



Bond Activation by Cationic Platinum(ll) Complexes ARTICLES
Scheme 10
N, .CH;
< "Pt“ +H*
N
I
f
+ CeH, H -CH,
(N»,PfsCHs T <N,,,P“\‘CH3 + '<N LCH3]+ N,, | CH, " N, }|I Lk ora L 4
NN | T [ \© ” N,Pt N7 <N¢Pt (N(Pt CH, Toh, N(Pt
8] 0 DD
RN ey
N, CHy|*+ N, CHy]+ N fll cn, + N Ili +
[(N«P‘\O} Pu— (prt\H' (N('IT“ <N:Pt“ CH,
0 1D D
Bl L Cl G El
-2.5 T T Scheme 11
10a [D,0] = 0.05 M N, CH,
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<N,m\
2.8 T CeHs
100 Fii
30k [D,0] = 0.05 M -
32' | {%ﬁg]"];gﬁwM; any complex and g in TFE-ds. This means that reversible
e deprotonation of intermediat® (to givel) in Scheme 10 is
E 34T 124 NJlod ] much slower than all other reactions, since otherwise deuterium
< a6 | from solvent would exchange into the complex and thence into
= the methyl group. Furthermore, the fact that no H/D exchange
38 7 occurs in the present system explains the observation that when
a0k i cations10 are generated by protonolysis 4fin TFE-ds, only
' *12¢ [Pt—CH,D] and [Pt-CHg] complexes are formed, with corre-
4%m w06 20 214 218 sponding amounts of GHand CHD; no multiple deuteration
Veo (em™) is detectable. As shown in Scheme 12, addition ¢f [@om
(b) aqueous DBE) to the platinum dimethyl complexes gives a Pt-

Figure 14. (a) A plot of the logarithms of the observed rate constants in
reactions of Pt(Il) cations of variable steric bulk with0% as a function of
vco. (b) A plot of the logarithms of the observed rate constants in reactions
of Pt(ll) cations of variable steric bulk with¢Bs as a function ofvco.

behavior of cationdslO (which lack 2,6-dimethyl substituents
on the aryl groups) with that previously found fbtb (as well
as the new findings foflla and 11¢). While the two series

(IV) —D speciesa, which undergoes €D bond formation to
form b, which may either directly release GBI to afford c or
rearrange and cleave a—€l bond to yielda'.

Because there is no H/D exchange between the solvent and
Pt(IV) hydrido intermediates, only one deuterium atom is
involved for each molecule of methane released. This deuterium
atom is either incorporated into the liberated methane asbCH

appear quite similar in some regards, particularly with respect or left behind as [Pt CH,D]. This stands in contrast to previous
to one major trend, the dependence of reactivity on electronic protonolysis studies of Pt(ll) alkyl complexes in gD, where
character, other phenomena appear quite different. In the nextsubstantial deuterium incorporation into the Pt alkyl group was

few sections, we will try to account for and reconcile both the
differences and the similarities within the basic framework of
Scheme 10.

Isotopic Exchange and Kinetic Deuterium Isotope Effects.
It should first be noted that no discernible amount of deuterium

observed. The difference may reflect the reduced basicity of
TFE as compared to that of methanol.

If the rate of the scrambling process in Scheme 12 is fast
relative to the loss of methane, a statistical mixture ofz:BH
and CH, (4:3) will be obtained (assuming negligible KIE for

is detected in the methane liberated from the reaction betweenC—H vs C-D activation and methane dissociation); if the
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Scheme 12
]|D +
N., CH; e N, | .cH,
Pt — - Pt
<N/ “CH; TFEd;, |'NT CH
4 a
H N., o€y *
- N’Pt‘céH5
(NiPt\“\CHg, L (N.,,,lPt,\\\\CH3 E
N Nemp) CCHD N\ ML
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(L = TFE, H,0) N CHJ* N L T
N/PC\L + CeHg <N'P1‘C6H5 +CH,
+ Ai 7™ Aii Fi = Fii
le\‘“‘CHs (L= TFE (1), H,0 i) (L= TEE (), 1,0 (i)
AN Figure 15. Reaction coordinate for reactions betwet® 11, 12 and
N . CH,D benzene.
H complexeslO and11: the former have KIE values around 2,
. while the latter are close to unity. For several example$s(f
<N;Pt\\\\°(CH4) L <NPt * we also measured the KIEs by intermolecular (1sH&ECsDg)
N~ Ycup| -CH N7 “CH,D and intramolecular (1,3,5¢E3D3) competition reactions; this
b 10' approach would be much more complicated (by intermolecular
(L = TFE, H;0) competition) or impossible (by intramolecular competition) for

reverse is true, only C#D will be produced. As Figure 1 shows,
for 4b the ratio of CHD to CH,; increases with increasing
acetonitrile concentration, implying that elimination of methane
is associative. Similar observations fée and 5b have been
reported recently by Tilset and co-workéfs.

When cationd 0 are treated with €Ds, the liberated methane

11 because of the near-statistical isotope scrambling. We find
that the KIEs measured from the competition reactions are
slightly, but consistently, smaller than those measured by parallel
reactions. This observation may be accounted for by the fact
that more than one molecule of benzene may be involved in
the reaction (vide supra) (Scheme 10). Thus, for example, in
an intermolecular competition reactiond with CgDg or CsHs,

includes isotopomers with more than one deuterium atom. This initial CgDs activation followed by complete reversion to starting
is consistent with the mechanism of Scheme 10, if reversible material accompanied by deuterium incorporation inte-[Pitl]

interconversions among intermediateés E and the accompa-
nying rearrangements t€' and E' occur at a rate at least
comparable to those of dissociation of methane fioindC.

happens occasionally; the subsequent conversiti vall give
deuterated methane even if it involvegHg. In the parallel
method, such a sequence (participation of more than one

However, in contrast ta1b, where isotope scrambling between benzene molecule) will have no consequences, since only rates
the methane and platinum-phenyl groups is essentially statisti-and not degrees of deuteration are measured. Thus the competi-
cal'* for 10a much smaller degree of scrambling is found. The tive method overestimates the apparent relative frequency of

ratio of approximately 2:1 CD:CH,D, for 10b indicates that
E loses methane on the order of twice as fast as it reve@s to

CsDg activation.
The differences betweehO and 11 in behavior for both

Up to 20% of the unreacted starting material becomes isotope exchange and KIE are explicable in terms of Figure

deuterated, giving [PtCH,D], during reactions betweetD and
CsDs, which implies that some of the time intermedi&tewhich
will have coordinated CkD after a single G H activation/

15, analogous to Scheme 10 but with the assumption of a change
in the rate-determining step. Fb®, to account for a significant
KIE, the rate-determining step must involve the-g (C—D)

cleavage sequence, reverts all the way back to starting materialsbond: either the actual €H cleavage stepC — D, or (less

The relatively low levels of deuterium incorporation into the
platinum methyl group are consistent with the previous finding,
on the basis of protonolysis of a mixed [Pt(Me)(Ph)] complex,
that the rate for benzene eliminatiorrigl—5 times slower than
that of methane elimination, which translates taAAG* of
~0.8-0.9 kcal mot! at room temperatur€. This observation
also implies that some of the evolved methane will come from

likely) the coordination of the €H bond,B — C. That would
also explain the relatively low level of isotopic exchange, as
the barrier to dissociation of benzene fréhand, by extension,
that of methane fronk) must be lower than at least one barrier
within the manifold of reactions that effect such exchange. This
case is represented by the free energy profilelfor— 17 in
Figure 15. The highest point on the energy surface is transition

complexes that have interacted with more than one molecule stateZ*.

of CgDe, which may have consequences for KIE measurements

(vide infra).

Kinetic deuterium isotope effects (KIEs) were measured for
all complexesl0—12 by comparing the rates of disappearance
of starting material in the presence ofHg versus those with
CsDg under otherwise identical conditions. The most striking

In contrast, forll the highest point on the surface must be
transition stateY*, which governs the initial coordination of
benzene. Since this coordination involves bond of benzene,
no primary KIE at all would be anticipated. Furthermore, the
complete statistical isotope exchange implies that once the
manifold of intermediatesC—E has been entered, loss of

observation in Table 3 is the difference in behavior between benzene or methane is much slower than interconversions among

(27) Johansson, L.; Tilset, Ml. Am. Chem. So2001, 123 739-740.
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Figure 16. Reaction coordinate for reactions betwddraand11cand benzene, showing that the differences in rate within a series arise from ground-state
energy differences for the aquo/methyl catioAdi Y, Similar profiles apply tal0 and 12, with the highest energy transition states beftig not Y*.

consistent with the former, but not the latter, involving rate- determining step; (2) the intermediat&s thus formed are
determining associative (vide infra) substitution. formally Pt(IV), more electron-deficient than the Pt(ll) cations;
Why should this rate-determining step switch operate? A and (3) the transition stai leading to that intermediate should
steric explanation appears the most probable. Coordination ofhave at least partial higher oxidation state character. Hence more
benzene i?-C,C mode places the benzene molecule right in strongly electron-donating ligands can better stabilize the higher
the coordination plane, subject to steric interactions with the oxidation state intermediates/transition states and accelerate the
other ligands. Fot 1, with 2,6-dimethyl-substituted aryl groups,  reaction.
these interactions can be expected to be more significant than On the other hand, a closely parallel trend is observed also
for 10, which has no substituents in the 2,6-positions. Hence in for cationsl1, for which C—H bond activation doesot appear
11there will be relative destabilization of both the intermediate to be rate-determining, but rather the replacement of TFE solvent
B itself and, presumably, the transition staté)(leading thereto, by benzene. It is conceivable that the replacement might
as compared td0. coincidentally follow the same order; that is, that transition state
The KIEs for 12 are considerably larger than those i Y* is also stabilized by electron-donating ligands. While
(3.6-5.9 vs~2). One might argue thdi2is even less sterically ~ acetonitrile self-exchange rates follow the opposite trend, faster
crowded thanl0, by virtue of the missing backbone methyl at more electron-deficient metal centers (vide infra), the

groups, which would lower transition stat¢* still further electronic demands for the coordination of benzene versus
(Figure 15). This might suggest thB2 gives a better measure  acetonitrile as the displacing ligand might well be different.
of the inherent KIE for rate-determining-@4 bond activation, However, it would be much more satisfying to find a single
whereas forl0 the energies of ¥ andZ* are sufficiently close explanation that accounts simultaneously for all the series.
that C—H activation is notompletelyrate-determining, and the Since the transition states for the series appear to be quite

measured KIE values are hybrids. However, given that the ratesdifferent, the simplest explanation for common behavior is that
of the reactions ofl2 with benzene are slower than steric we are dealing primarily with a ground-state effect. That is, the
considerations would lead us to expect, this conclusion must most important effect of changing the electronic properties of

remain tentative for the present. the diimine ligand is upon the relative stability of the aquo
Electronic Effects on RatesWithin each seried0—12 the complexes [(ArN=CR—CRN=Ar)Pt(Me)(H.0)]* (R = Me or
changes in substituents (in the 3,5-positionsiféand12 and H, Aii in Scheme 10). If the energies of either of the transition

in the 4-positions fof.1) are far enough removed from the metal ~statesy* or Z* are less sensitive to changes in the diimine ligand
center that steric parameters should change little, and thus thethan that ofAii, then the rates of benzene activation by series
observed trend within each series should reflect a purely 10/12and11 will exhibit the same trend even though they have
electronic effect. For both series, as the Pt(Il) centers becomedifferent rate-determining steps (shown for sefiésn Figure
more electron-rich (as measured by lower CO stretching 16; similar profiles would be obtained fa0 and12, with the
frequencies in the analogous carbonyl cations), benzerid C  highest energy transition states beifiy not Y*).

bond activation becomes faster. In principle, this trend could If we further postulate that the same is true for the energy of
be explained in a number of ways. For catiditsand 12, for solvento comple)Xi, then the equilibrium constants between
example, one might argue that (1)-€l activation is the rate-  Aii andAi would be expected to vary with ligand in much the
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-2.8 < ] alcohols, probably due to differences in solvation energies of
the cationg®
Table 5 shows that the more electron-poor compleg&sl (
vs 13b, 14cvs 14b) exhibit higher exchange rate constants for
both the solvent-assistells and direct k) terms. This is the
opposite trend from that found for benzene activation and
probably indicates stabilization of a five-coordinate transition
state in the associative substitution. The most closely corre-
sponding species in Figure 16 would be the transition state for
substitution of water by TFEXY); note that the energy of that
species haso consequence whatses on the rate of benzene
activation, if the arguments represented by that energy diagram
“25 2.75 3 3.25 3.5 are correct. Hence there is no inconsistency between the two
log (Keg) opposing trends. Comparisop of acetonitrile e.xchangdzﬂcbr
and 13d (whose corresponding carbonyl cations have very
Svmbol Comot 1 - similar vco values) reveals_a moderate steric eff_ect as we_II,
ymbeh Tompet N [C(%%é] U(DAZ/I())] [Tﬁ)‘m around a factor of 4, not quite so large as the steric retardation
that appears to operate in benzene activation.

10g (kobs)

e 10 20 025 005 141 Reactions of Alkylaromatics. Our results combined with
* 11 35 1.50 015 119 those of Tilset® suggest an inherent reactivity preference for
e onnn 10 20 130 070 123

aromatic over benzylic €H activation, which can however be
Figure 17. A log—log plot of the observed rate constants betwegdc ~ r€@dily overridden by steric effects. Thus the relatively un-
and methyl cationd0 and 11 vs the aquo/solvento equilibrium constants ~ crowded10b reacts withp-xylene to give20b, the product of
for the corresponding methyl solver#® aquo cationd0i = 10ii and11i reaction at an aryl €H, whereas more crowdetilb gives
= 1. primarily benzylic activation. With mesitylene, still more
sterically encumbered]10b gives a mixture of products,

omewhat favoring benzylic activatio@b), and the aromatic
activation produc®2b appears, from its accelerated decomposi-
tion to (u-OH), dimer16b, to be significantly destabilized. The
substrate-derived crowding in these two cases may also cause
a shift to rate-determining (or partially so) substrate coordination,
as the KIEs decrease significantly with steric bulk.

The C-H activation chemistry of purely aliphatic hydrocar-

bons will be reported late®.

same way as the rate constants. This is in fact the case, as show
in Figure 17; the plots of loggny versus logkeq give
reasonably straight lines, with slope close to unity, for the three
sets of data.

While this interpretation is consistent with the most prominent
features of the ligand-reactivity relationship, it is far from
conclusive, and some observations remain unexplained, par-
ticularly the low reactivity of12. Figure 14 shows that both
12b and 11a are less reactive thatOd, though all have
comparable electron density. The difference betwetmand Conclusions
10d can be explained on steric grounds as the former has 2,6-
dimethyl-substituted aryl groups, bl@b should be, if anything,
less crowded thahOd. Apparently the replacement of backbone
methyl groups with hydrogens has an additional, as yet
unexplained effect here, as well as on the KIEs (vide supra).

Acetonitrile Exchange. A rate expression okex = ki +
ko[CD3sCN] has been obtained for acetonitrile isotopic exchange
reactions. Thek; term could represent either a unimolecular
dissociative pathway or a solvent-assisted associative pathway
The highly negative entropy of activation for tketerm seems
inconsistent with a dissociative pathway and indicative of a
solvent-assisted pathway, though this is not definitive; solvation
of the cations can play an important role. However, both terms

exhibit similar entropies of activation, suggesting that both i : .
P 99 9 éhe same trend is observed for the two different series of

pathways operate by the same mechanism. That is, the isotopi . i L
acetonitrile exchange consists of both a solvent-assisted as_complexes,whmh have different rate-determining steps, suggests

sociative pathway and a direct attack associative pathway. that this finding does not reflect the actuaH—:_l bond activation
Although thek; values vary considerably as the solvent is process, but rather reflects only the relative ease of benzene

changed from methanol to ethanol to 2-propanol, when divided displacing a ligand to initiate the reactiqn, which in turn appears
by bulk solvent concentrations the resultikgvalues are all to be mostl;l/fa gr?hgnd-st%te ?ffﬁCt",.ltr']S he?”ce r:ot pc;islle? le to
about the same (Table 3). Apparently the solvent term is not say much, 1I-anything, about the “innerent nature ot

very sensitive to the steric bulk of the solvent. On the other acfuvatlon on the basis of the_se result_s. (.3) Several lines of
hand,ki: for TFE is essentially zero, presumably reflecting the evidence suggest that associative substitution pathways operate
very low basicity of that solvent. The second-order rate constants (28) Romeo, R.; Minniti, D.: Lanza, Snorg. Chem 198Q 19, 3663-3668.

for direct acetonitrile attackkg) do vary across the entire set of  (29) zhong, H. A.; Labinger, J. A.; Bercaw, J. E., unpublished results.

The results reported here, combined with some earlier find-
ings, support three main conclusions: (1) For the reaction of
benzene with cationic Pt(ll) complexes bearing 3,5-disubstituted
aryl diimine ligands 10), the rate-determining step is<& bond
activation; whereas for the more sterically crowded analogues
with 2,6-dimethyl-substituted aryl groups1), benzene coor-
dination becomes rate-determining. This switch is manifested
in distinctly different isotope scrambling and KIE patterns. (2)
The more electron-rich the ligand is, as assayed by the CO
stretching frequency of the corresponding carbonyl cationic
complex, the faster the rate of-& bond activation. This at
first sight appears to be at odds with the common description
of this class of reaction as electrophilic. However, the fact that

1392 J. AM. CHEM. SOC. = VOL. 124, NO. 7, 2002



Bond Activation by Cationic Platinum(ll) Complexes ARTICLES

here to get the hydrocarbon substrate into, and out of, the MeOH. To this yellow solution, two drops of formic acid were added,
coordination sphere. While associative substitution does pre-and a very pale yellow precipitate formed within 15 min. The mixture
dominate in the chemistry of square-planar Pt(ll), there are Was stirred at room temperature for 14 h, cooled, filtered, washed with
situations where dissociative mechanisms become preféred, celd methanol (2< 5 mL), and dried over an aspirator for 3¥b was
and one might think that the present cases, involving (presum-S0/ated as an extremely pale yellow powder (0.95 g, 87#6)NMR
ably) very weakly bonded arenes and alkanes, would fall into (500 MHz, GD): 6 = 1.32 (s, 36H, C(Bla)a), 2.33 (s, 6H N-C—

> © ' CHs), 6.90 (d,3u—n = 1.8 Hz, 4H, ArH), 7.35 (t,%J4_n = 1.8 Hz,
that category. !—Iowever, acetonltr.|Ie exchange seems to b€'2H, Ar-H). 13C {H} NMR (125 MHz, GDs): 6 = 15.78 (N=C—
clearly associative. More to the point, the fact that addition of cp,) 31.97 (CCH,)s), 35.40 C(CHz)s), 114.27 6-Ar—C), 118.19 p-
acetonitrile, a better nucleophile than solvent TFE, suppressesar—c),151.860, 152.24 (A+C), 168.57 (N=C—CHs). ESMS, Calcd
isotopic scrambling between benzene and methyl groupsfor CsHiN:H (M + H]*): 461.3896. Found: 461.3906.
strongly implies that the replacement of coordinated methane 1 4-Bis(3,4,5-trimethoxyphenyl)-2,3-dimethyl-1,4-diaza-1,3-buta-
is associative. Analogous behavior has recently been observedliene CVes*'DABMe, 1c). 3,4,5-Trimethoxyaniline (0.9875 g, 5.39
for the displacement of coordinated are#&Srom the principle mmol) and 2,3-butanedione (0.225 g, 2.61 mmol) were dissolved in
of microscopic reversibility, we infer that the displacement of 30 mL of MeOH. To this yellow solution was added several drops of

solvent (water, acetonitrile) by hydrocarbon also proceeds formic acid, and a bright yellow precipitate formed overnight. The
associatively mixture was stirred at room temperature for 14 h, cooled, filtered,

L . ) . washed with cold methanol (2 5 mL), and dried over an aspirator
The implications of these findings with respect to the ultimate ¢, 3 1 1¢cwas isolated as a bright yellow powder (0.757 g, 70%).
goal, the development of a practical, selective alkane function- NvR (500 MHz, GDe): 6 = 2.32 (s, 6H, NC—CHs), 3.40 (s, 12H,

alization catalyst, remain the subject of ongoing research in our OCHs), 3.90 (s, 6H, O€ls), 6.19 (s, 4H, Ar-H). 13C {IH} NMR (125

labs. MHz, CsDg): ¢ = 15.91 (N=C—CHg), 56.15 (CGCH3), 61.06 (CCHg),

97.46 p-Ar—C), 136.26, 147.90, 155.06 (Aryl C's), 169.04¢C—

Experimental Section CH3). ESMS, Calcd for @H2eN,OeNa ([M + NaJ*): 439.1845.
) ) ) N Found: 439.1848.

General Considerations.All moisture-sensitive compounds were 1,4-Bis(3-methoxy-5-(trifluoromethyl)phenyl)-2,3-dimethyl-1,4-

ma_mipulated using stanc_iard vacuum line, Schlenk or canr_lu_la tecmiquesdiaza-l,3-butadiene MeCFADABMe. 1)). 3-Methoxy-5-(trifluorom-

orin adryt_)ox under a nitrogen atmosphere. Argon and dlnltroggn gasesethyl)aniline (1.27 g, 6.65 mmol) and 2,3-butanedione (0.286 g, 3.32
were purified by passage over (_:olumns of MnO on vermiculite and mmol) were dissolved in 30 mL of MeOH. To this yellow solution
activated molecular sieves. Trifluoroethanol was purchased from a5 added several drops of formic acid, and the mixture was stirred at

Aldrich, purified and dried over a mixture of Cag®aHCQ;, then room temperature for 2 days without forming any precipitation. The
either vacuum distilled or distilled under argon and stored over activated ;| atiles were then removed on a rotavap, and 6.8 g of activated 5 A

molecular sieves under vacuum. Trifluoroethadplvas purchased from e lar sieves were added to a toluene solution of the above residues.
Aldrich, stored over activated molecular sieves and a small amount of +1o mixture was heated at 890 °C for two nights. The molecular
NaHCQ; under vacuum, and vacuum distilled into oven-dried J-Young  gjeyes were then filtered away and washed with methylene chloride (4
NMR tubes for kinetic studies. Benzene and benzeywere vacuum x 10 mL). The volatiles were evaporated, and 20 mL of methanol was
distilled from sodium benzophenone ketyl shortly before kinetic runs  ,y4ed to the residue. After stirring at room temperature for an hour,
and stored over activated molecular sieves. Toluene was vacuuMy,q insolubles were collected. washed with cold methanad emL)
distilled from sodium benzophenone ketyl. Triethylamine was distilled ;.4 dried over an aspirator %or 3 hd was isolated as an off-wh'ite
from CaH, and stored under Ar. 3,5-digrt-butyl-4-methoxyaniline and powder (0.75 g, 52%)tH NMR (500 MHz, GDs): 6 = 1.90 (s, 6H
the corresponding diimine liganth were synthesized by Dr. Joseph  N—c_ch,) 313 (s, 6H, OGlz), 6.43 (M 2H Ar-H), 6.72 (m, oH.
Sadighi. Bis(dimethyl{-dimethyl sulfide)platinum(ll) was prepared Ar—H), 6.90 (M, 2H, Ar-H). 23C {1H} NMR (125 MHz, GD¢): & =
according to literature proceduteAll other solvents and reagents were 15.52 (N=C—CHz), 55.33 (GCH3), 106.38 fJc_r = 3.8 Hz, AC)
used as received without further purification. 108.67 Mer = 367 Hz ArC) 108.79 er = 0.98 Hy Ar—C),
NMR spectra were recorded on a GE QE364,(300.1 MHz), a 125.63 {Jc_r = 270.35 Hz,CFs), 133.17 fJc_r = 32.3 Hz, AC),-
Varian INOVA 500 ¢H, 499.852 MHz}*C, 125.701 MHz), or a Varian 153.56, 161.52 (ArC), 169.34 (N=C—CHs). 1%F NMR (282 MHz,
Mercury 300 tH, 299.8 MHz,*°F, 282.081 MHz}*C, 75.4626 MHz) CeDe): 6 = —64.81. ESMS, Calcd for gH1sN20.FgH ([M + H]F):
spectrometer. IR spectra were recorded on a Perkin-Elmer 1600 series133.1351. Found: 433.1357.
FTIR spectrometer. Mass spectra were measured on a Micromass LCT 1,4-Bis(2,4,6-trimethylphenyl)-2,3-dimethyl-1,4-diaza-1,3-butadi-
instrument with a Z-spray source at University of California Irvine, gnpe preApABMe, 2a). 2,4,6-Trimethylaniline (13.521 g, 100 mmol)
using electrospra_ly orthog_o_nal acceleration_ time-of-flight techn?que. and 2,3-butanedione (4.307 g, 50 mmol) were dissolved in 50 mL of
Under the analytical conditions, protonolysis occurs at the platinum \eoH, To this yellow solution was added several drops of formic acid,
center in the platinum dimethyl complexés-6, which were conse-  ang a bright yellow precipitate formed overnight. The mixture was
quently detected as the cationic species {(WPt(Me)(NCMe)| stirred at room temperature for 24 h, filtered, washed with methanol
(NCMe was the solvent used in the analysis). Elemental analyses were(2 . 5 mL), and dried over an aspirator for 42awas isolated as a
performed at Midwest MicroLab LLC. A number of samples gave pright yellow powder (14.78 g, 92%3H NMR (500 MHz, GDg): &
analytical results lower than the expected values (these were generally— 5 oo (s, 12Hp-CHs) 2.07 (s, 6Hp-CH3), 2.22 (s, 6H, N-C—CHy)
very small samples that may have been contaminated with either a smallg g5 (s, 4H, ArH). 13C {1H} NMR (125 MHz, GDe): 6 = 16.08 (N=
amount of silica (from the filtration frit on which they were isolated) C—CHs), 18.24 0-CHs), 21.21 p-CHs), 124.91 6-Ar—C), 129.44 (-
or TFE solvent), but all analyzed correctly in the electrospray mass ar—c), 132.70 p-Ar—C), 147.09 (ipso-Ar-C), 168.76 (N=C—CHy).
spectrum. ESMS, Calcd for GHaaNoH (M + H]*): 321.2331. Found: 321.2323.
1,4-Bis(3,5-ditert-butylphenyl)-2,3-dimethyl-1,4-diaza-1,3-buta- 1,4-Bis(2,6-dimethyl-4-bromo-phenyl)-2,3-dimethyl-1,4-diaza-1,3-
diene (BuzArDABMti lb).3,5-Di-tert—buty|ani|ine (09732 g, 4.74 mmol) butadiene (VlezBTAT DABME’ 20) To a mixture of 2’6_dimethy|_4_
and 2,3-butanedione (0.204 g, 2.36 mmol) were dissolved in 15 mL of promoaniline (5.103 g, 25.5 mmol) and 2,3-butanedione (1.078 g, 12.52
mmol) was added 100 mL of methanol. The aniline was not very soluble
(30) Romeo, RComments Inorg. Chem99Q 11, 21-57. in methanol. To this yellow solution was added several drops of formic

J. AM. CHEM. SOC. = VOL. 124, NO. 7, 2002 1393



ARTICLES

Zhong et al.

acid. The mixture was stirred at room temperature for 48 h, filtered,
and washed with methanol (6 5 mL). The filtrate was concentrated
to ~30 mL, filtered, and washed. The insolubles were combined and
dried over an aspirator for 4 Bcwas isolated as a pale yellow powder
(4.84 g, 86%)*H NMR (500 MHz, GDe): 6 = 1.71 (s, 12Hp-CHjy),
1.82 (s, 6H, N=C—CHz), 7.14 (s, 4H, Ar-H). 13C {*H} NMR (125
MHz, CsDg): 0 = 16.02 (N=C—CHs), 17.78 0-CH3),116.725 (B
Ar—C), 127.33 ¢-Ar—C), 131.449 (+Ar—C), 148.11 (ipso-Ar-C),
168.84 (N=C—CHjz). ESMS, Calcd for GoH2:NBroH (M + H]™):
449.0228 °Br), 451.0209 {'Br). Found: 449.0231, 451.0222.
1,4-Bis(3,5-ditert-butylphenyl)-1,4-diaza-1,3-butadiene 2" DABH,
3a).Br; (0.25 mL, 4.85 mmol) was added to a 30 mL £&Hp solution
of PPh (1.30 g, 4.96 mmol) at 0C under Ar. After the red color

3H, OCHs), 6.69 (br s, 1H), 6.84 (br s, 1H), 6:9.2 (overlapping peaks,
9H, phosphine,p-Ar—H), 7.22 (br s, 1H, A+H), 7.70 (ddd, 6H) =

1.5 Hz, 7.5 Hz, 12 Hz, phosphima-Ar—H). Iminophosphorane (1.16

g, 2.56 mmol), glyoxal trimer (90 mg, 0.428 mmol),ca? g ofactivated
molecular sieves were added to a reaction flask containing dry THF.
The mixture was heated &t80 °C overnight. After 17 h, examination

of an aliquot of the mixture indicated little progress in reaction. Another
100 mg of glyoxal trimer was added to the mixture, the reaction flask
was closed off, and the reaction temperature was raisedl@p °C.
After 14 h, the reaction mixture was cooled, and another aliquot of the
mixture was taken. The conversion wa§7%, but the'H NMR also
indicated the existence of a third speciesb@s of the total product)
besides the starting iminophosphorane and the diimine. Since it was

disappeared, the solvent was removed by rotavap, leaving behind anot clear whether this species was merely a side-product or the

white powder. A toluene solution of 3,5-tit-butylaniline (1.00 g,
4.87 mmol) was added to the above white powder under Ar to form an
orange solution with white precipitate. Triethylamine (2 mL, 14.4 mmol)
was added to the mixture, and the solution turned light yellow with
more white precipitate appearing. The mixture was heated t980

°C under argon, and the reaction was allowed to proceed overnight.

After 14 h, the reaction flask was cooled to room temperature, the
mixture was filtered to remove NEHBr, and the insolubles were
washed with petroleum ether (8 20 mL). The filtrate was then

decomposition product of the diimine, the reaction mixture was worked

up immediately, and 200 mg of yellow solids was collected (38.5%,

contains~5% starting iminophosphorane®ji NMR (300 MHz, GDs):

0 = 3.06 (s, 6H, OEl3), 6.76 (br s, 2H, Ar-H), 6.98 (br s, 2H, Ar

H), 7.09 (br s, 2H, Ar-H), 7.99 (s, 2H, N~C—H). ESMS, Calcd for

CigH1N,OsFH ([M + H]*™): 405.1038. Found: 405.1051.
(BuOMeArDABMe)PtMe, (4a). 1a(200 mg, 0.384 mmol) and bis-

(dimethyl-dimethyl sulfide)platinum(ll)) (109.9 mg, 0.191 mmol)

were added to a receiving flask equipped with a°1&dlve. The flask

concentrated, and dry heptane was added to the oily residues. Thewas cooled to-78°C and evacuated, and 10 mL of toluene was vacuum

iminophosphorane (1.4 g, 62%) was isolated by recrystallization from
heptane!H NMR (300 MHz, GDe): 6 = 1.31 (s, 18H, C(El3)3), 6.9~
7.1 (overlapping peaks, 12H, AH), 7.80 (m, 6H, Ar-H). Dry THF

transferred onto the solids. The dry ice bath was then removed, and
the reaction mixture was allowed to warm gradually to room temper-
ature and was left stirring at room temperature for 3 nights (NB: The

was added to the iminophosphorane (1.05 g, 2.26 mmol), glyoxal trimer reaction was probably done after 10 h). The solution turned quickly

(77 mg, 0.37 mmol), a1 g of 4 Amolecular sieves under Ar, and
the mixture was refluxed overnight. After cooling to room temperature,
THF was removed, and the residue was dissolved in 10 mL of CH
Cl,. The yellow solution was filtered through a pad of silica gel and

from pale yellow to deep purple upon warming to room temperature.

At the end of the reaction, there was a considerable amount of purple
solid suspended in the purple solution. Toluene was removed in vacuo,
and 15 mL of petroleum ether was added to the purple solid residues.

Celite to remove triphenylphosphine oxide. The silica gel was washed The insolubles were collected, washed with petroleum ethex @&

with additional CHCI,. All CH,CI, solution was combined, and the

mL), and dried over an aspirator for several hodeswas collected as

solvent was removed. MeOH was added to the residue, and the yellowa purple-red solid (265 mg, 92.5%H NMR (500 MHz, CQCly): 6

insolubles were collected (350 mg, 72%). NMR (500 MHz, GD):
0 = 1.27 (s, 37H, C(Bls)s), 7.35 (d,%-n = 1.5 Hz, 4H, ArH),
7.48 (t,"Ju—n = 1.5 Hz, 2H, Ar-H), 8.67 (s, 2H, N=C—H). 13C {H}
NMR (125 MHz, GDe): 6 = 31.84 (CCHa)3), 35.38 C(CHs)s), 116.38
(0-Ar—C), 122.188 p-Ar—C), 151.60 {pso-Ar—C), 152.622 if+-Ar—
C), 160.18 (N=C—H). ESMS, Calcd for GHaN-H (M + H]?):
433.3583. Found: 433.3584.
1,4-Bis(3,4,5-trimethoxyphenyl)-1,4-diaza-1,3-butadieneri@t** DAB",
3b). The iminophosphorane was synthesized similarly starting with
3,4,5-trimethoxyaniline (2 g, 0.0109 mol), PB, (4.61 g, 0.0109 mol),
and NEg (4 mL, 0.0287 mol) in 10 mL of toluene. A 2:1 heptane:
toluene solution was added to the oily residue to afford 3.81 g of the
desired product (79%¥H NMR (300 MHz, GDe¢): 6 = 3.53 (s, 6H
m-OCHg), 3.61 (s, 3H p-OCHg), 5.92 (s, 2H, Ar-H), 7.45-7.60
(overlapping peaks, 9H, phosphie and p-Ar—H), 7.70-7.80 (m,
6H, Ar—H). 3b was prepared similarly t8a with 3.8 g of iminophos-
phorane, 330 mg of glyoxyal trimer, dri g of 4 Amolecular sieves
in refluxing THF overnight. A substantial amount of iminophosphorane

= 0.93 (s, 6H2Jpy = 86.7 Hz, Pt-CHj3), 1.452 (s, 36H, C(83)3),
1.48 (s, 6H, N=C—CHy), 3.73 (s, 6H, OEl3), 6.865 (s, 4H, Ar-H).
3C {*H} NMR (125 MHz, CBCl): 6 = —13.21 {Jpc = 789 Hz,
Pt—CHs), 21.30 (N=C—CHj3), 32.37 (CCHz)3), 36.45 C(CHs)3), 64.91
(OCHs), 120.68 ¢-Ar—C), 142.96, 144.46, 157.87 (AC), 171.08 (N=
C—CHjs). The compound slowly decomposes in methylene chloride.
ESMS, Calcd for GHssN,O,PtCHCN (M — Me + NCMe]t):
770.4156 ¥4Pt), 771.4180%5Pt), 772.4192%€Pt). Found: 770.4173,
771.4180, 772.4189. Anal. Calcd fopdBlssN.O-Pt: C, 57.97; H, 7.84;
N, 3.76. Found: C, 52.2/53.53; H, 7.00/7.24; N, 3.33/3.34.
(BuA"DABMe)PtMe; (4b). 4bwas synthesized similarly froitb (160
mg, 0.348 mmol) and bis(dimethyldimethyl sulfide)platinum(ll))
(100 mg, 0.174 mmol)4b was collected as a purple-red solid (220
mg, 92%).*H NMR (500 MHz, CDQClp): 6 = 0.90 (s, 6H,2Jpen =
85.3 Hz, P+CHg), 1.36 (s, 36H, C(El3)3), 1.48 (s, 6H, N=C—CHs),
6.83 (d,3J4_n = 1.5 Hz, 4H,0-Ar—H), 7.32 (t,%J4_1 = 1.5 Hz, 4H,
p-Ar—H). ¥C {*H} NMR (125 MHz, CQCly): 6 = —13.13 (P+CHy),
21.24(N=C—CHpg), 31.69 (CCHs3)3), 35.49 C(CHs)3), 116.76 O-Ar—

was recovered, and 300 mg of product was isolated (20%). The ligandsC), 120.18 p-Ar—C), 147.68, 151.98 (ArC), 171.03 (N=C—CHj).

isolated contained 5% phosphine-containing complexNMR (300
MHz, CD,Cl,): 6 = 3.80 (s, 6H p-OCHs), 3.87 (s, 12K mOCHj),
6.604 (s, 4H, Ar-H), 8.40 (s, 2H, N=C—H). ESMS, Calcd for
CooH24N206H ([M + H]™): 389.1713. Found: 389.1723.
1,4-Bis(3-methoxy-5-(trifluoromethyl)phenyl)-1,4-diaza-1,3-buta-
dienene PMeCFA'DABH, 3c). The iminophosphorane was synthesized
similarly starting with 3-methoxy-5-trifluoromethyl-aniline (1.25 g,
0.00654 mol), PP§Br, (2.76 g, 0.00654 mol), and NE2 mL, 0.0143
mol). After removing NEHBr and solvent, 100 mL of 4:1 petroleum
ether:toluene mixture was added to the oily residue to yield 2.25 g
(70% after correcting for toluene content) of light tan solid. The product
contains~8 wt % tolueneH NMR (300 MHz, GDe): 6 = 3.18(s,
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The compound slowly decomposes in methylene chloride. ESMS, Calcd
for CaHs;NoPICHCN (M — Me + NCMe]"): 710.3945 14Pt),
711.3969 ¥Pt), 712.3980%%Pt). Found: 710.3945, 711.3951, 712.3969.
Anal. Calcd for GsHsaNoPt: C, 59.54; H, 7.94; N, 4.08. Found: C,
58.29/58.95; H, 7.76/7.86; N, 4.07/4.01.

(OMesA"DABMe)PtMe;, (4c¢). 4cwas synthesized similarly frorfic
(200 mg, 0.48 mmol) and bis(dimethyldimethyl sulfide)platinum-
(1)) (238 mg, 0.24 mmol)4c was collected as a purple-red solid (278
mg, 90%).*H NMR (500 MHz, CDQ,Clp): & = 1.05 (s, 6H,2Jpen =
85.2 Hz, P+CH3), 1.48 (s, 6H, N=C—CH3), 3.82 (s, 6H, O€l3), 3.84
(s, 12H, OCGHs), 6.24 (s, 4H, Ar-H). °C {*H} NMR (125 MHz, CD-
Cly): 0 = —13.29 8prc = 798 Hz, P+-CH3), 21.40 (N=C—CHy),
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56.72 (GCHj3), 61.17 (GCH3), 99.77 6-Ar—C), 136.46, 144.12, 154.02
(Ar—C), 171.67 (N=C—CHzs). The compound slowly decomposes in
methylene chloride. ESMS, Calcd fop#Ei3:N,OsPtCHCN ([M — Me

+ NCMel"): 666.2075 {*/Pt), 667.2098 Pt), 668.2107 %Pt).
Found: 666.2085, {%Pt), 667.2090, 668.2101. Anal. Calcd for
Co4H3NO6Pt: C, 44.93; H, 5.34; N, 4.37. Found: C, 44.02; H, 5.22;
N, 4.16.

(OMeCFA'DABMe)PtMe; (4d). 4dwas synthesized similarly frorhd
(100 mg, 0.23 mmol) and bis(dimethyldimethyl sulfide)platinum-
(1)) (66.5 mg, 0.116 mmol)4d was collected as a purple-red solid
(130 mg, 85.4%)*H NMR (500 MHz, CDCl,): = 1.07 (s, 6H2Jpn
= 87.2 Hz, PtCHg), 1.41 (s, 6H, N=C—CHg), 3.900 (s, 6H, O€l3),
6.78 (M, 2H, Ar-H), 6.89 (m, 2H, Ar-H), 7.10 (m, 2H, ArH). 1°C
{1H} NMR (125 MHz, CDCly): ¢ = —12.91 (Pt-CHa), 21.60 (N=
C_CH3), 56.51 (GDH3), 109.58 f\]cfp = 3 Hz, AT—C), 111.36 %\]Cfp
=3 Hz, Ar—C), 111.55, 124.30%c-r = 275 Hz,CFs), 132.64 tJc-¢
= 32.7 Hz, CE—C), 149.74, 161.01 (ArC), 171.869 (N=C—CHy).

1%F NMR (C6D6): 6 = —63.70. The compound slowly decomposes
in methylene chloride. ESMS, Calcd for{El:N20,FsPICHCN ([M

— Me + NCMe]"): 682.1400 ¥4Pt), 683.1423 Pt), 684.1431
(*°%Pt). Found: 682.1382, 683.1411, 684.1393. Anal. Calcd for
CooH24N20-FsPt: C, 40.19; H, 3.68; N, 4.26. Found: C, 38.65/38.88;
H, 3.53/3.53; N, 3.95/4.04.

(MesA'DABMe)PtMe, (5a). 5awas synthesized similarly fror2a
(111.6 mg, 0.348 mmol) and bis(dimethyldimethyl sulfide)platinum-
(1) (100 mg, 0.174 mmol)5a was collected as a purple-red solid
(160 mg, 84%)*H NMR (500 MHz, CQ,Cl,): 6 = 0.79 (s, 6H2Jpn
= 85.7 Hz, P+ CHg), 1.24 (s, 6H, N=C—CHj), 2.11 (s, 12Hp-CH3),
2.37 (s, 6H,p-CHa), 7.01 (s, 4H, Ar-H). 23C {H} NMR (125 MHz,
CD,Cly): 0 = —14.92 {Jprc = 797 Hz, P+CHg), 17.48 (©-CHs),
20.18 (N=C—CHg), 21.14 ¢-CHg3), 128.84 (n-Ar—C), 128.87 ¢-Ar—

C), 135.77 p-Ar—C), 143.77 {pso-Ar—C), 170.79 (N=C—CH). The
compound slowly decomposes in methylene chloride. ESMS, Calcd
for CoaHaN,PtCHCN (M — Me + NCMe]*): 570.2380 1*4Pt),
571.2403 €Pt), 572.2412%%Pt). Found: 570.2391, 571.2369, 572.2413.
Anal. Calcd for GiHsaNoPt: C, 52.83; H, 6.28; N, 5.13. Found: C,
40.75/50.99; H, 4.79/6.17; N, 3.89/4.88.

(MeBrar DABMe)PtMe; (5¢). 5cwas synthesized similarly frorc
(78.4 mg, 0.174 mmol) and bis(dimethyitlimethyl sulfide)platinum-
(1) (50 mg, 0.087 mmol)5c was collected as a purple-red solid (100
mg, 85%).*H NMR (500 MHz, CQCl,): 6 = 0.89 (s, 6H2Jp—n = 86
Hz, Pt=CHs), 1.20 (s, 6H, N=C—CHj3), 2.13 (s, 12Hp-CH3), 7.37 (s,
4H, Ar—H). 13C {*H} NMR (125 MHz, CDCl,): 6 = —14.46 {Jprc
= 800 Hz, Pt-CHs), 17.44 6-CHs), 20.45 (N=C—CHjs), 119.21 (Br-
Ar—C), 131.01 (n-Ar—C), 131.55 ¢-Ar—C), 145.23 [pso-Ar—C),
170.96 (N=C—CHjs). The compound slowly decomposes in methylene
chloride. ESMS, Calcd for £H2sNBro,PtCHCN (M — Me +
NCMel"): 699.0300 (°Br’°BriPt), 700.0275¢Bré'Bri*pt), 702.0276
(B1Bre'Briopt), 703.0278 ¥BréBrioPt), 704.0283 BréBriopt).
Found: 699.0306, 700.0275, 702.0278, 703.0297, 704.0309. Anal.
Calcd for GHagNoBroPt: C, 39.13; H, 4.18; N, 4.15. Found: C, 38.24/
38.03; H, 4.07/4.01; N, 3.93/3.88.

(BuA"DABH)PtMe; (6a). 6awas synthesized similarly fro®a (150
mg, 0.347 mmol) and bis(dimethykdimethy! sulfide)platinum(ll))
(100 mg, 0.174 mmolpawas collected as a dark green/tan black solid
(187 mg, 82%).!H NMR (500 MHz, CQCl,): 6 = 1.39 (s, 36H,
C(CHg)3), 1.65 (s, 6H2Jpn = 85.4 Hz, Pt-CHg), 7.27 (d,%34-n =
1.5 Hz, 4H,0-Ar—H), 7.50 (t,334— = 1.5 Hz, 4H,p-Ar—H), 9.41 (s,
2H, 3Jppy = 24.1 Hz).13C {H} NMR (125 MHz, CQCL): 6 =
—11.12 (P+CHs), 31.69 (CCHa)s), 35.53 C(CHz)s), 118.12 ¢-Ar—

C), 122.90 p-Ar—C), 149.91 {pso-Ar—C), 152.30 (n-Ar—C), 161.87
(N=C—H). ESMS, Calcd for GHsN,PtCHCN (M — Me +
NCMe["): 682.3632 1°Pt), 683.3655 Pt), 684.3666 °Pt).
Found: 682.3641, 683.3646, 684.3667. Anal. Calcd feiHgNPt:

C, 58.43; H, 7.66; N, 4.26. Found: C, 56.16/56.16; H, 7.85/7.37; N,
3.99/4.00.

(OMesAH DAB)PtMe;, (6b). 6bwas synthesized similarly frolb (95
mg, 0.245 mmol) and bis(dimethykdimethyl sulfide)platinum(ll)) (70
mg, 0.122 mmol). The petroleum ether insolubles were collected,
washed with benzene/methylene chloride (to remove triphenylphosphine
oxide contained ir8b), diethyl ether (20 mL), and petroleum ether (4
x 20 mL), and dried over an aspirator for several ho@is.was
collected as a dark green/tan solid (100 mg, 67%)NMR (500 MHz,
CD.Cl): & = 1.88 (s, 6H,2Jp-y = 86 Hz, Pt-CHs), 3.96 (s, 6H,
p-OCHj3), 4.01 (s, 12HmM-OCHj3), 6.82 (s, 4H, Ar-H), 9.52 (s, 2H,
8Jpn = 27 Hz).13C {*H} NMR (125 MHz, CQCly): 6 = —11.41
(Pt=CHj3), 54.07 m-OCHj), 56.45 p-OCHs), 101.08¢-Ar—C), 128.51
(p-Ar—C), 145.80 {pso-Ar—C), 153.62 (mAr—C), 161.21 (N=C—

H). ESMS, Calcd for GH27N,0sPtCH,CN (M — Me + NCMe]*):
638.1761 1%Pt), 639.1785¢Pt), 640.1793%0%Pt). Found: 638.1774,
639.1793, 640.1801.

(OMeCFA'DABH)PtMe, (6¢). 3c (80 mg, 0.198 mmol) and bis-

(dimethyl-dimethyl sulfide)platinum(ll)) (containing some (Shle
PtMe, monomer, 61 mg;-0.1 mmol) were added to a reaction flask
equipped with a 180valve. Methylene chloride (5 mL) was added to
the mixture in air. The solution turned quickly from pale yellow to
green. The volatiles were partially removed after one-half an hour at
—20°C to remove SMg The flask was then back-filled with Ar, and
2 mL more of methylene chloride was added to the reaction mixture.
The mixture was then stirred at room temperature for another one-half
an hour to an hour. The solvent was then removeel2t°C. Methylene
chloride (0.5 mL) and petroleum ether (5 mL) were added to the dark
solid residue, and the insolubles were collected and washed with
petroleum ether (%k 2 mL). 6¢, the dark green/black solid, was dried
over an aspirator fo2 h (104 mg, 84%). NB: This reaction did not
work in toluene; the green color initially formed faded aféeh at
room temperature, and an intractable mixture was left beMih8IMR
(500 MHz, CQCly): 6 = 1.91 (s, 6H2Jpny = 87 Hz, Pt-CHj3), 3.94
(s, 6H, OQH3), 7.21 (s, 2H, Ar-H), 7.24 (s, 2H, ArH), 7.26 (s, 2H,
Ar—H), 9.64 (s, 2H3Jp_n = 27 Hz).13C {*H} NMR (125 MHz, CD-
Clp): 6 = —11.00 (Pt-CHj3), 56.27 (CCHg3), 111.36 $Jc—r = 3.8 Hz,
Ar—C), 112.11 $Jc—¢ = 3.6 Hz, Ar—C), 112.42, 123.81%c_r = 272
Hz, CF3), 132.49 #Jc_¢ = 33.5 Hz, CF—C), 151.58, 160.57 (ArC),
162.52 (N=C—H). ESMS, Calcd for GH17N,0,FsPtCHCN ([M —
Me + NCMe]"): 654.1086 *4Pt), 655.1110¢%Pt), 656.1118¢Pt).
Found: 654.1078, 655.1118, 656.1111.

[(®20MeAr DABMe)PtMe(CO)]F[BF 4]~ (7a). To a suspension ofa
(11.4 mg, 0.015 mmol) in-2 mL of trifluoroethanol (TFE) was added
an aqueous solution of HBR2 xL, 0.015 mmol). After stirring at
room temperature for a few minutes, a homogeneous orange solution
was obtained. The reaction flask was degassed and backfilled with 1
atm of CO. The color of the solution changed to bright yellow almost
instantaneously. The mixture was stirred under 1 atm of CO for 24 h.
TFE was then removed at20 to 0°C in vacuo, and a small amount
of petroleum ether was added to the oily residue to effect solidification
(scratching the reaction flask helps). PE was then removed on the
vacuum line, and the resulting yellow solid (7 mg, 54%) was dried for
30 min. The product contained a small amount of TFE, which was
hard to remove!H NMR (300 MHz, CQCl,): 6 = 0.72 (s, 3H2Jpt-n
= 66 Hz, PtCH3), 1.45, 1.46 (s, 18H each, Cg)s), 2.36, 2.44 (s,
3H each, N=C—CHg), 3.73, 3.73 (s, 3H each, @), 6.95, 7.18 (s,
2H each, Ar-H). °C {*H} NMR (75 MHz, CD,Cl,): 6 = —10.45
(Pt—CHgs), 20.63, 22.32 (H-C—CHgs), 31.90, 31.96 (GTH3)s), 36.48,
36.52 C(CHs)s), 64.91, 64.99 (QH3), 119.90, 120.40, 137.49, 142.12,
145.82, 146.04, 159.17, 159.88 (A€), 155.52, 175.98, 189.08. IR
(CHClp): »(CO) = 2103.5 cm'. The compound decomposes in
methylene chloride. Anal. Calcd forsgHssN>OsPtBF: C, 51.13; H,
6.56. Found: C, 42.25; H, 5.27.

[(BuA*DABMe)PtMe(CO)] T [BF 4]~ (7b). 7b was synthesized simi-
larly from 4b (15.7 mg, 0.023 mmol) and an aqueous solution of HBF
(3 uL, 0.023 mmol) in 3 mL of TFE. The yellow product contained a
small amount of TFE, which was hard to remo%¢.NMR (300 MHz,
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CD,Clp): 6 = 0.69 (s, 3H,2Jpr-n = 69 Hz, PtCHs), 1.36, 1.37 (s, (5uL, 0.038 mmol) in 8 mL of TFE. 10 mg of brown solid was obtained

18H each, C(El3)s), 2.35, 2.45 (s, 3H each,#C—CHa), 6.91 (d,*Jn—n (43%). The product contained a small amount of TFE, which was hard
= 1.8 Hz, 2H, Ar-H), 7.13 (d,"Jy-n = 1.8 Hz, 2H, Ar-H), 7.45, to remove!H NMR (300 MHz, CQCly): 6 = 0.72 (s, 3H2Jp-1 = 68
7.46 (overlapping t, 2H total, ArH). 13C {*H} NMR (75 MHz, CD»- Hz, Pt=CHs), 2.30, 2.42 (s, 3H each,=NC—CHjs), 2.38 (s, 12H,

Cl): 6 = —10.42 (Pt-CHg), 20.57, 22.34 (N-C—CHg), 31.32 m-CHs), 6.70 (br, 2Hm-Ar—H), 6.89 (br, 2H0-Ar—H), 7.04 (br, 1H,
(overlapping CCHa)s), 35.48, 35.54¢(CHs)s), 115.49, 116.32, 122.37,  p-Ar—H), 7.06 (br, 1Hp-Ar—H). IR (CH,Cl,): »(CO)= 2105.7 cm.
123.0, 153.15, 153.40 (ArC), 189.16. Resonances for two-A€ and [(MeA" DABMe)PtMe(CO)]*[BF 4]~ (8a). 8awas synthesized similarly
N=C—CHsz were not located. IR (C}Cl,): »(CO) = 2104.6 cn™. from 5a (16.7 mg, 0.031 mmol) and an aqueous solution of HBF
The compound decomposes in methylene chloride. Anal. Calcd for ;) 0,031 mmol)in 5 mL of TFE. 7 mg of yellow powder was obtained
CaHsiNoPIBF:: C, 51.98; H, 6.54; N, 3.57. Found: C, 49.04/48.84;  (3505) The product contained a small amount of TFE, which was hard
H, 6.18/6.21; N, 3.35/3.32. to removeH NMR (300 MHz, CD.CL,): & = 0.58 (S, 3H2Jp = 66
[(°MeA"'DABM)PtMe(CO)]*[BF4]~ (7c). 7Tcwas synthesized simi-  Hz, Pt-CHa), 2.16, 2.31 (s, 6H eachy-Ar—CHa), 2.21, 2.41 (s, 3H
larly from 4c (14.7 mg, 0.023 mmol) and an aqueous solution of HBF  gach, N=C—CHjz), 2.36 (overlapping s, 6H totaph-Ar—CHs), 7.06,
(3 uL, 0.023 mmol) in 3 mL of TFE. 13 mg of orange powder was 7 g7 (s, 4H total, Ar-H). 23C {*H} NMR (75 MHz, CD,Cly): 6 =
obtained (80%). The product contained a small amount of TFE, which _10 40 (PtCHg), 18.04, 18.07¢-Ar—CHj), 19.84, 21.22, 21.28, 21.45
was hard to removeéH NMR (300 MHz, CD.CL): 6 = 0.84 (s, 3H, (p-Ar—C and N=C—CHj), 127.72, 129.61, 129.85, 129.96, 137.63,

2Jpin = 66 Hz, Pt-CHy), 2.34, 2.47 (s, 3H each,+NC—CH,), 3.82, 138.77, 139.28, 143.23 (AIC), 179.25, 191.39. IR (C¥Ll,): v(CO)
3.86, 3.88 (s, 6H each, O€), 6.37, 6.54 (s, 2H each, AH). *C = 2108.3 cnt™. The compound decomposes in methylene chloride,
{*H} NMR (75 MHz, CDCl): 6 = —10.35 (PtCHs), 20.66 giving methane and Pt black. Anal. Calcd fop8:N,OPtBR;: C,
(overlapping N=C—CH), 56.56, 56.86, 61.10, 61.20 (i3), 98.25, 44.66; H, 4.84; N, 4.34. Found: C, 34.36/34.14; H, 3.74/3.67; N, 3.08/

98.64, 99.42, 99.75, 138.41, 143.02, 154.31, 1‘?4'42@" 163.53, 3.12. The sample appeared to contain silica from the frit; although the
177.29, 191.04. IR (CkCl): »(CO) = 2105.8 cm™. The compound C:H:N are all low, they are in the correct ratio.

slowly decomposes in methylene chloride. Anal. Calcd foHGN,O7- [(*"DABY¢)PtMe(CO)] *[BF 4]~ (8b). 8bwas synthesized similarly

gtng_“:NCé zi/?%H 4.21; N, 3.78. Found: C, 36.64/36.70; H, 4.00/ from 5b (19.8 mg, 0.038 mmol) and an aqueous solution of kHEF
e S uL, 0.038 mmol) in 5 mL of TFE. 16 mg of yellow powder was

OMeCF Al M + - i
. [(. *rADABY)PIMe(CO)] '[BF4 (7d). 7d was syntheSIZ_ed obtained (76%). The product contained a small amount of TFE, which
similarly from 4d (15.1 mg, 0.023 mmol) and an aqueous solution of was hard to removéH NMR (300 MHz, CDCL): 6 = 0.57 (s, 3H

HBF& (3 ul, 0'053 t’“dm°é)2$ 3;“h'- of TgE'tlo o of dye"OW/O"r AN08  2piy = 66 Hz, PE-CHy), 2.22, 2.37 (5, 6H eachrAr—CHy), 2.24,
p?"T"FEr W‘:}‘.S EO ec‘; E“ 6)- eégrﬁh;‘; %%%a,\'/lnﬁ %Sg? _%moun 2.44 (s, 3H each, RC—CH), 7.20-7.40 (m, 6H total, A-H). 1%C
or 7, which was hard fo remove: ( Z 2): {H} NMR (75 MHz, CD,Cl,): 6 = —10.55 (P+-CHs), 18.12, 18.17

_ 2 _
077 (5, 3H, e = 68 Hz, PtCHy), 2.33, 247 (s, 3H each, (0 1988 21.49 (NC—CHy), 128.09, 128.79, 129.27,
N=C—CHy), 3.93, 3.92 (s, 3H each, ®G), 6.93, 7.09, 7.20, 7.22
: . 129.30, 129.44, 130.00, 140.42, 145.78¢A), 162.69, 179.25, 190.39.
(overlapping broad m, 6H total, AH). *H NMR (300 MHz, TFE- . — 1
eral e IR (CH.Cl): ¥(CO) = 2109.6 cm™. ESMS, Calcd for GHz/N;OPt
ds): 0 = 0.83 (s, 3H2Jpc 11 = 66 Hz, PE-CHy), 2.27, 2.42 (s, 3H each, -7 ,
NLC_CHy. 390, 3,01 (5. 61 total, OB, 6.62. 6.1, 6.7, 708 (MI): 5291750 EPY), 530.1774 ¥PY), 5311782 ¢P). Found:
3 295, 359~ {3, » N8, .65, B9 D91, - 529.1764, 530.1771, 531.1781. Anal. Calcd fesHG:N,OPtBR: C,

(broad s, 1H each, ArH), 7.27, 7.29 (broad s, 2H total, AiH). 13C

42.80; H, 4.41; N, 4.54. Found: C, 41.17/40.94; H, 4.44/4.19; N, 4.18/
1H} NMR (75 MHz, TFE€): 6 = —10. P+CHjs), 20. 22. Y N ’ T T
) (75 MHz, d): 0 0.50 (Pt-CH), 20.68, 22.56 4.16. The compound decomposes in methylene chloride.

(N=C—CHy), 56.92, 56.95 (QH3), 110.68 (g,3Jc-r ~ 3 Hz, 0-Ar—

C), 111.18 0-Ar—C), 112.01 (q3Jc_r ~ 3 Hz, 0-Ar—C), 112.68 ¢- [(MezBrAr DABMe)PtMe(CO)] [BF 4]~ (8c). 8cwas synthesi;ed simi-
Ar—C), 113.15 (overlapping fJc—r ~ 3 Hz, p-Ar—C), 135.90 (q, larly from 5¢ (25.8 mg, 0.038 mmol) and an aqueous solution of KHBF
2Jc_¢ A 23 Hz,C—CF), 136.35 (q2Jc_r ~ 23 Hz, C—CF), 145.15, (5 uL, 0.038 mmol) in 5 mL of TFE. 16 mg of yellow powder was
149.641, 163.11, 163.30 (AIC), 179.03, 191.28. Unable to fin@Fs obtained (60%). The product contained a small amount of TFE, which

resonances, which are probably buried un@EsCD,OD resonances. ~ Was hard to removéH NMR (300 MHz, CDCL,): 6 = 0.61 (s, 3H,
IR (CH,Cl,): »(CO) = 2110.1 cm. The compound decomposes Jrt-+ = 69 Hz, Pt-CHy), 2.20, 2.35 (s, 6H each, AICHj), 2.25, 2.45
quickly in methylene chloride and slowly in the solid state. (s, 3H each, KC—CHjy), 7.43, 7.44 (s, 2H each, AiH). °C {'H}

[(CF3ArDABMe)ptMe(Co)]+[BF4]— (76). 7ewas Synthesized similarly NMR (75 MHZ, CQC|2)Z o) :.—10.22 (Pt—CHg), 18.03, 18.07 (A‘F
from 4e (11.2 mg, 0.015 mmol) and an aqueous solution of HEF CHs), 20.12, 21.73 (overlappingNC—CHs), 122.09, 122.66, 130.59,
uL, 0.015 mmol) in 2 mL of TFE. The product contained a significant 132.08, 132.13, 132.19, 132.27, 132.413), 179.91, 191.04. IR
amount of TFE, which was hard to remove.NMR (300 MHz, TFE-  (CH:Cl2): »(CO)= 2111.6 cm™. The compound slowly decomposes
ds): 0 = 0.77 (S, 3H2Jpes = 66 Hz, PCHy), 2.31, 2.45 (s, 3H each,  In methylene chloride. ESMS, Calcd foro@2sNoBr,OPt ([M]*):
N=C—CHj, the peaks were completely deuterated within an hour at 684.9958 (Br"*Bri®*Pt), 685.9984¢Br"*Br'**t), 686.9958, 687.9968,
room temperature), 7.65 (@n = 1.5 Hz, 2H,0-Ar—H), 7.80 (d,  688.9960, 689.9961°Br!Bri*PY), 690.9966 PBI'BriPt). Found:
43n = 1.5 Hz, 2H.0-Ar—H), 8.05 (L1 — 1.5 Hz, 1Hp-Ar—H), 684.9980, 685.9995, 686.9962, 687.9972, 688.9959, 690.0007, 690.9974.
8.08 (t,“J4—n = 1.5 Hz, 1H,p-Ar—H). 13C {H} NMR (75 MHz, TFE- Anal. Calcd for GoH2sBroN,OPtBR: C, 34.09; H, 3.25; N, 3.61.
d): 6 = —10.09 (Pt-CHy), 123.01 (q3Jc_r ~ 3 Hz), 124.86 (q%)c_r Found: C, 33.30/33.29; H, 3.42/3.32; N, 3.44/3.40.

~ 3 Hz), 127.6 (qiJc-r ~ 273 Hz), 135.84 (fJc ¢ ~ 21 Hz,C—CR), [(1BuAHDABH)PtMe(CO)] T[BF4]~ (9a). 9awas synthesized simi-
136.30 (g,2Jc-F ~ 3 Hz, C—CFR), 144.67, 148.99 (ArC), 180.43, larly from 6a (10 mg, 0.015 mmol) and an aqueous solution of EHBF
192.41. Unable to find one set @fF; resonances and several-AC (2 uL, 0.015 mmol) in 3 mL of TFE. 5.2 mg of orange powder was

resonances, which are probably buried undesCD,OD resonances; obtained (47%). The product contained a small amount of TFE, which

unable to find resonances corresponding to diimine methyl backbone, was hard to removéH NMR (500 MHz, CQCly): 6 = 1.14 (t, 3H,

which were completely deuterated within an hour at room temperature 23,y = 69 Hz, Pt-CHs), 1.37, 1.39 (s, 18H each, CHg)s), 7.12 (d,

in TFE-ds. This significantly reduces the intensity of th¥&C signals. 4“Jy—n = 1.5 Hz, 2H,0-Ar—H), 7.44 (d,*Jy—n = 1.5 Hz, 2H,0-Ar—

IR (CH:Cly): v(CO) = 2113.5 cm®. The compound decomposes H), 7.59 (t,4J4-y = 1.5 Hz, 1H,p-Ar—H), 7.64 (t,%)_4 = 1.5 Hz,

quickly in methylene chloride and in the solid state. 1H, p-Ar—H), 9.04 (t,3Jpr-n = 74 Hz, N=C—H), 9.29 (t,%Jp-y = 38
[(eMeATDABMe)PtMe(CO)] T [BF 4]~ (7f). 7f was synthesized simi- Hz, N=C—H). *C {1H} NMR (125 MHz, CDCl,): 6 = —8.81 (Pt

larly from 4f (19.8 mg, 0.038 mmol) and an aqueous solution of IBF  CHj3), 31.10, 31.14 (Q¢H3)3), 35.44, 35.45C¢(CHy)s), 117.20, 117.33,
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124.80, 126.91, 153.20, 154.04, 163.40, 176.49+@). Could not find
CO resonance and two ArC resonances. IR{ClE): »(CO)=2108.8
cm™L. Anal. Caled for G,H47N,OPtBF;: C, 50.73; H, 6.25; N, 3.70.
Found: C, 47.67/47.62; H, 5.94/5.91; N, 3.45/3.36.

[(OMesAH DABH)PtMe(CO)] T[BF 4]~ (9b). 9bwas synthesized simi-
larly from 6b (13.8 mg, 0.023 mmol) and an aqueous solution of HIBF  two peaks in the presence of benzene).
(3 uL, 0.023 mmol) in 3 mL of TFE. 5.2 mg of a deep reddish purple 11d: 0 = 0.66 (s, 3H2Jpn = 72 Hz, Pt-CH3), 1.74, 1.89 (s, 3H
powder was obtained (33%). The product contained a small amount of each, N=C—CHs), 2.15, 2.29 (s, 6H eacl;Ar—CHs), 2.34 (overlap-

to overlapping solvent peaks, ®k), 6.82, 6.95, 7.08, 7.28 (overlapping
with 10dii).

10dii: & = 0.860 (s, 3H2Jpr-n = Hz, Pt-CH3), 1.825, 2.05 (s, 3H
each, N=C—CH), 3.93, 3.94 (s, 3H each, @), 6.82, 6.93, 6.97,
7.08 (broad s, 1H, ArH), 7.26 (broad s, 2H total, ArH, split into

TFE, which was hard to removéd NMR (500 MHz, CQ,Cly): 6 =
1.24 (t, 3H,2Jpp = 66 Hz, Pt-CHs), 3.84, 3.88 (s, 3Hp-OCHb),
3.89, 3.94 (s, 6H each, G), 6.56, 6.90 (s, 2H each, AiH), 8.98,
9.21 (s, 1H each, #C—H). IR (CH,Cl): »(CO)= 2110.3 cm. The

ping s, 6H totalp-Ar—CHs), 7.06, 7.11 (s, 4H total, ArH). (In the
presence of 10@L of CgDg): & = 0.74 (s, 3H,2Jpr- = 72 Hz, Pt-
CHj3), 1.58, 1.73 (s, 3H each,=\C—CHs), 2.16, 2.27 (s, 6H each,
0-Ar—CHj), 2.36, 2.38 (s, 3H eacp;Ar—CHj), 7.05, 7.10 (s, 4H total,

compound slowly decomposes in methylene chloride. ESMS, Calcd Ar—H).

for CaoH27NLOPt ([M]1): 625.1445 4Pt), 626.1469¢5Pt), 627.1477
(*°%Pt). Found: 625.1447, 626.1460, 627.1473.

[(OMeCFAH DAE)PtMe(CO)] T[BF 4]~ (9¢). 9cwas synthesized simi-

11di: 0 = 0.64 (s, 3HXp-n = 72 Hz, Pt-CHg), 0.63(s, Pt CH.D),
1.63, 1.81 (s, 3H each,®NC—CHj3), 2.15, 2.26 (s, 6H eacly-Ar—
CHg), 2.34 (overlapping s, 6H totgh-Ar—CHjs), 7.06, 7.10 (s, 4H total,

larly from 6¢ (14.5 mg, 0.023 mmol) and an agueous solution of HBF  Ar—H). (In the presence of 100L of C¢Dg): 6 = 0.73 (s, 3H2Jpn
(3 uL, 0.023 mmol) in 3 mL of TFE. 6.0 mg of product was obtained = 72 Hz, PtCHj), 0.72 (s, P£CH.D), 1.48, 1.66 (s, 3H each,=
(37%). The product contained a small amount of TFE, which was C—CHj), 2.16, 2.27 (s, 6H eaclo;Ar—CHz), 2.36, 2.38 (s, 3H each,
hard to remove!H NMR (CD,Cl,): 6 = 1.17 (t, 3H,2Jp—n = 68 Hz, p-Ar—CHs), 7.05, 7.10 (s, 4H total, ArH).
Pt=CHz), 3.94, 3.97 (s, 3H each, 0G), 7.12, 7.17, 7.32, 7.35, 11bi: & = 0.66 (s, 3H2Ipn = 72 Hz, Pt-CHa), 1.77, 1.92 (s, 3H
7.40, 7.43 (broad s, 1H each, AH), 9.10 (t, 1H,%Jp1 = 71 Hz, each, N=C—CHjz), 2.21, 2.35 (s, 6H eacl;Ar—CHs), 7.24-7.28 (m,
N=C—H), 9.32 (t, 1H,3Jpn = 39 Hz, N=C—H). IR (CH,Cl,): v- 6H total, Ar—H).
(CO)= 2116.0 cm*. The compound quickly decomposes in methylene 11bii: 0 = 0.64 (s, 3H,2Jpy = 72 Hz, PECH3), 0.62 (s, Pt
chloride. CH,D), 1.65 1.83 (s, 3H each, #C—CHs), 2.21, 2.32 (s, 6H each,
Synthesis and Characterization of Methyl Aquo/Solvento Cations 0-Ar—CHs), 7.24-7.28 (m, 6H total, Ar-H).
(10-12). The aguo/solvento adducts bi—12 were prepared similarly 11d: 6 = 0.70 (s, 3HZpy = 72 Hz, PCHy), 1.78, 1.91 (s, 3H
to procedures described by Tilset and co-workéThe isolated orange/  gach. N=C—CH), 2.18, 2.30 (s, 6H eacty-Ar—CHz), 7.46 (s, 4H
brown solids inevitably contained-8.5% decomposition products  4a) Ar—H).
(mostly the u-OH dimer). The amount of the impurities can be 11di: & = 0.69 (s, 3H,2Jpn = 72 Hz, Pt-CH,), 0.67 (s, Pt
minimized by strict control of the temperature at which TFE is removed. CH,D), 1.65, 1.84 (s, 3H each,™C—CHy), 2.18, 2.27 (s, 6H each,
These impurities are inert under conditions where benzene was aCtivatedo-Ar—CH3), 7.43 (s, 4H total, ArH). (In the presence of 106L of
and are not expected to affect the outcome of intermolecular/ CeD): 6 = 0.73 (s, 3H2pen = 72 Hz, Pt-CHs), 1.46, 1.66 (s, 3H
intramolecular competition reactions. For most kinetic studies, cations each, N=C—CHy), 2.13, 2.24 (s, 6H eacly-Ar—CHy), 7.42 (s, 4H
10-12are generated in situ (vide infra), and the chemical shifts reported , ' Ar—H). ' ' ' ' '
below are for solutions in TFH; (300 and 500 MHz) in the absence '

of substrates unless otherwise stated. The@{,D resonances are
typically 0.01-0.02 ppm upfield of those of the corresponding-Pt

CH3 peaks.2Jpn can only be observed on the 300 MHz NMR
instrument. Addition of benzene can significantly change the chemical

shifts for the backbone methyl or H resonances.

10a: 6 = 0.77 (s, 3HJpy = 66 Hz, Pt-CHs), 1.465, 1.48 (s,
18H each, C(El3)s), 1.88, 2.03 (s, 3H each,#KC—CHa), 3.75, 3.76
(s, 3H each, 0O83), 6.92, 7.10 (s, 2H each, AH).

10di: 6 = 0.765 (s, 3HZJpn = 66 Hz, Pt-CHg), 1.465, 1.49 (s,
18H each, C(Els)s), 1.79, 2.01 (s, 3H each,#NC—CHj3), 3.75, 3.78
(s, 3H each, OHj), 6.91, 7.15 (s, 2H each, AH).

10hi: 6 = 0.733 (s, 3H2Jpn = 69 Hz, PtCHs), 1.35, 1.36 (s,
18H each, C(El3)s), 1.85, 2.01 (s, 3H each,#C—CHs), 6.84 (d,Jn-n
= 1.5 Hz, 2H,0-Ar—H), 7.03 (d,*J4_+ = 1.5 Hz, 2H,0-Ar—H), 7.53,
7.61 (t, 1H eachp-Ar—H).

10hii: 0 = 0.723 (s, 3HAp-n = 69 Hz, P+CHjy), 1.35, 1.37 (s,
18H each, C(Bl3)s), 1.77, 1.99 (s, 3H each,#C—CHs), 6.83 (d,*Jn-n
= 1.5 Hz, 2H,0-Ar—H), 7.07 (d,*Js_+ = 1.5 Hz, 2H,0-Ar—H), 7.52,
7.59 (t, 1H eachp-Ar—H).

10d: 6 = 0.93 (s, 3H,2Jpr-n = Hz, Pt=CHj3), 1.97, 2.075 (s, 3H
each, N=C—CHjg), 3.90-3.92 (OMHs cannot be identified with

certainty because of overlapping with solvent peaks), 6.37, 6.50 (s,

2H each, Ar-H).
10di: 6 = 0.91 (s, 3H,2Jp-n = Hz, Pt-CHj3), 1.86, 2.08 (s, 3H
each, N=C—CHjg), 3.90-3.92 (OMHs cannot be identified with

12a: 6 = 1.25 (br s, 3H, PtCH3), 1.38, 1.40 (s, 18H each,
C(CH3)3), 7.13 (d,"Jy—n = 1.5 Hz, 2H,0-Ar—H), 7.34 (d,*J4-n = 1.5
Hz, 2H,0-Ar—H), 7.66 (t,*J4—n = 1.5 Hz, 1H,p-Ar—H), 7.77 (t,*Ju-n
= 1.5 Hz, 1H,p-Ar—H), 8.69 (s, 1H, N=C—H), 8.71 (s, 1H, N=C—
H). (In the presence of 30L of C¢Dg): 6 = 1.29 (br s, 3H, PtCHs),
1.42, 1.44 (s, 18H each, CK3)3), 7.16 (d,*Jy-n = 1.5 Hz, 2H,0-Ar—
H), 7.53 (d,%Jy_n = 1.5 Hz, 2H,0-Ar—H), 7.70 (t,%J4_n = 1.5 Hz,
1H, p-Ar—H), 7.83 (t,*Js-n = 1.5 Hz, 1H,p-Ar—H), 8.39 (s, 1H,
N=C—H), 8.43 (s, 1H, N=C—H).

12di: 6 = 1.24 (br s, 3H, PtCH3), 1.38, 1.41 (s, 18H each,
C(CHa)3), 7.13 (d,*3_n = 1.5 Hz, 2H,0-Ar—H), 7.51 (44w = 1.5
Hz, 2H,0-Ar—H), 7.65 (t,*Ju—n = 1.5 Hz, 1H,p-Ar—H), 7.77 (t,*Ju-n
= 1.5 Hz, 1H,p-Ar—H), 8.80 (br s, 1H, N-C—H), 8.85 (s, 1H, N~
C—H). (In the presence of 30L of C¢De¢): 6 = 1.27 (br s, 3H, Pt
CHg), 1.42, 1.44 (s, 18H each, C3)s), 7.12 (d,*Js-n = 1.5 Hz, 2H,
0-Ar—H), 7.49 (d,*Jy-n = 1.5 Hz, 2H,0-Ar—H), 7.68 (t,*J4_ = 1.5
Hz, 1H, p-Ar—H), 7.81 (t,“Jy—n = 1.5 Hz, 1H,p-Ar—H), 8.53 (br s,
1H, N=C—H), 8.55 (s, 1H, N=C—H).

12bii: (In the presence of 3@L of C¢Dg): 6 = 1.40 (br s, 3H,
Pt—CHj3), 1.38 (s, Pt CH,D), 3.88, 3.94 (s, 3H eaclp:OCHj3), 3.90,
3.96 (s, 6H eachp-OCHs), 6.59, 6.97 (s, 2H each, AH), 8.71, 8.80
(s, 1H each, K=C—H).

12di: 0 = 1.34(br s, 3H, PtCHj3), 1.33 (s, PtCH.D), 3.91, 3.94
(s, 3H each, 083), 7.03, 7.15, 7.31, 7.35, 7.38, 7.48 (broad s, 1H
each, ArH), 8.96, 9.07 (s, 1H each,#C—H). (In the presence of
30 uL of CeDe): 6 = 1.37 (br s, 3H, PtCHj3), 1.36 (s, Pt CH.D),

certainty due to overlapping solvent peaks), 6.36, 6.52 (s, 2H each, 3.94, 3.97 (s, 3H each, @), 7.03, 7.15, 7.31, 7.35, 7.38, 7.48 (broad

Ar—H).
10di: & = 0.875 (s, 3H2Jp—n = Hz, Pt-CHj3), 1.95, 2.08 (s, 3H

each, N=C—CHj3), 3.89-3.94 (cannot be identified with certainty due

s, 1H each, ArH), 8.75, 8.84 (s, 1H each,#C—H).
Syntheses of Methyl-Acetonitrile Cations (13-15). Acetonitrile

adducts13—15 were synthesized according to procedures reported in
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ref 11. Without added acetonitrile,3—15 are in equilibrium with
solvento adducts in C®D, CD;CD,0OD, and (CR),CDOD.H NMR
data follows.

13b (TFE-ds): 0 = 0.682 (s, 3H2Jpr-n = 72 Hz, Pt-CHj3), 1.36,
1.39 (s, 18H each, Cds)s), 1.92 (s, 3H, NC-CHg), 1.99, 2.02 (s, 3H
each, N=C—CHs), 6.84 (d,*Jy-n = 1.5 Hz, 2H,0-Ar—H), 6.97 (d,
4Jy-n = 1.5 Hz, 2H,0-Ar—H), 7.56, 7.60 (t, 1H eackp-Ar—H).

13b (CD;OD): & = 0.55 (s, 3H,2Jpy = 73 Hz, Pt-CHj), 1.37,
1.41 (s, 18H each, C(s)s), 2.05, 2.08 (s, 3H each,sNC—CHs), 2.14
(s, 3H, NGC-CHjy), 6.91 (d,"Jy-n = 1.5 Hz, 2H,0-Ar—H), 7.05 (d,
4Jy-n = 1.5 Hz, 2H,0-Ar—H), 7.47, 7.52 (t, 1H eacip-Ar—H).

13b (CDsCD,0OD): 6 = 0.56 (s, 3H2Jp-n = 75 Hz, Pt-CHj3), 1.37,
1.41 (s, 18H each, C(f)s), 2.09, 2.12 (s, 3H each,#C—CHy), 2.17
(s, 3H, NG-CHjy), 6.93 (d,“J4-n = 1.5 Hz, 2H,0-Ar—H), 7.06 (d,
4J4-u = 1.5 Hz, 2H,0-Ar—H), 7.44, 7.49 (t, 1H eaclp-Ar—H).

13b ((CD3),CDOD): 6 = 0.59 (s, 3H,2Jpr-n = 75 Hz, P+-CHy),
1.37,1.41 (s, 18H each, CK)s), 2.12, 2.15 (s, 3H each,#NC—CHy),
2.19 (s, 3H, NG-CH3), 6.94 (d,*J4—+ = 1.5 Hz, 2H,0-Ar—H), 7.08
(d, #Jq-n = 1.5 Hz, 2H,0-Ar—H), 7.42, 7.46 (t, 1H eaclp-Ar—H).

13d (TFE-ds): 6 = 0.76 (t, 3H,2Jpy = 67 Hz, Pt-CHy), 2.01,
2.09 (s, 3H each, #C—CHs), 2.07 (s, 3H, NC-CHj3), 3.90, 3.92 (s,
3H each, OEl3), 6.78, 6.88, 6.89, 7.05, 7.24, 7.26 (broad s, 1H each,
Ar—H).

13d (CDsOD): 6 = 0.61 (t, 3H,%Jp—n = 67 Hz, Pt-CHs), 2.09,
2.15 (s, 3H each, 8#C—CHa), 2.27 (s, 3H, NC-CHj3), 3.94, 3.97 (s,
3H each, OEl3), 6.95, 7.00, 7.07, 7.15, 7.27, 7.31 (broad s, 1H each,
Ar—H).

14b (CDsOD): 6 = 0.44 (s, 3H,2pn = 75 Hz, Pt-CHj3), 2.01,
2.05 (s, 3H each, #C—CHs), 2.06 (s, 3H, NC-CH3), 2.23, 2.34 (s,
6H each, Ar-CHjs), 7.25-7.34 (m, 6H total, Ar-H).

14c (TFE-d3): 0 = 0.62 (s, 3H,2Jppy = 75 Hz, Pt-CHs), 1.88,
1.94 (s, 3H each, #C—CHs), 1.97 (s, 3H, NG-CHjy), 2.15, 2.26 (s,
6H each, Ar-CHs), 7.42, 7.47 (s, 2H each, AH).

14c (CD3OD): 6 = 0.48 (s, 3H,2Jpn = 75 Hz, Pt-CH3), 2.03,
2.06 (s, 3H each, R#C—CHa), 2.19 (s, 3H, NCG-CH3), 2.21, 2.33 (s,
6H each, Ar-CHjs), 7.48, 7.53 (s, 2H each, AH).

NMR Data for (u-OH), Dimer 16b. *H NMR (TFE-ds): 1.24 (s,
36H, C(MH3)3), 1.91 (s, 6H each, #C—CHj3), 5.30 (br s, G-H), 7.03
(d,*J4-n = 1.5 Hz, 4H,0-Ar—H), 7.60 (t,J4_n = 1.5 Hz, 4H p-Ar—
H). %F NMR (TFEds): —152.0 (BR").

Measurement of Kinetics for C—H Bond Activation of Aromatic
Substrates.Dry TFE-d; was vacuum transferred into an oven-dried 5
mm thin-walled NMR tube with J-Young valve. Approximately 0.0076
mmol of (N—N)PtMe; (4—6), 1 uL of aqueous HBE(48 wt %, 0.00765
mmol), and a predetermined amount of®were then added to the
tube. The mixture was shaken to form a clear solufibBhNMR spectra

were then taken of the mixture to ensure clean conversion to aquo/

solvento adductd0—12. A predetermined amount of substrate was
then added to the NMR tube, and after allowing the mixture to

equilibrate to the preset temperature in the probe, disappearance of the

starting material (and appearance of the proda@ts19) was moni-

tored. Probe temperatures were calibrated with a methanol thermomete

and were maintained at0.2 °C throughout data acquisition. The

observed rate constants are calculated by curve fitting to the expression

A=A+ (Ao — A) x exp(—kond), whereA, is the area under the peak

a small amount of benzene (e.g.,/Al5 to TFE-d; shifts the resonances
for the diimine backbone methyls or protons by as much as 0.3 ppm
and can significantly affect shimming.

17a: 6 = 1.34,1.51 (s, 18H each, CKR)3), 1.94, 2.12 (s, 3H each,
N=C—CHg), 3.57, 3.77 (s, 3H each, @), 7.19, 7.75 (s, 2H each,
Ar—H), resonances for PfH’s cannot be identified with certainty.

17di: 6 = 1.33, 1.51 (s, 18H each, CK3)s), 1.88, 2.14 (s, 3H
each, N=C—CHj3), 3.59, 3.80 (s, 3H each, @), 6.71, 7.25 (s, 2H
each, Ar-H), 6.73 (m, 1H, Ph-H,), 6.79 (t, 7.4 Hz, 2H, PhH,), 6.87
(m, 2H, Ph-Hy).

17bi: 6 = 1.23, 1.40 (s, 18H each, CH3)3), 1.90, 2.10 (s, 3H each,
N=C—CHs), 6.61 (d,*Jy—n = 1.5 Hz, 2H,0-Ar—H), 7.14 (d,*Jy-n =
1.5 Hz, 2H,0-Ar—H), 7.23, 7.68 (t, 1H eachp-Ar—H), resonances
for Ph—H’s cannot be identified with certainty.

17hii: 6 = 1.22, 1.41 (s, 18H each, CKg)s), 1.85, 2.14 (s, 3H
each, N=C—CHj), 6.61 (d,"Jy-n = 1.5 Hz, 2H,0-Ar—H), 7.18 (d,
4Ju-n = 1.5 Hz, 2H,0-Ar—H), 7.26, 7.65 (t, 1H eaclp-Ar—H), 6.68
(m, 1H, Ph-H,), 6.73 (m, 2H, Ph-Ho), 6.82 (m, 2H, Ph-H,).

17d: 6 = 2.04, 2.19 (s, 3H each,NC—CHj3), 3.68, 3.89 (s, 3H
each,p-OCHjg), 3.72, 3.922 (s, 6H eaclo;OCHs), 6.09, 6.55 (s, 2H
each, Ar-H), resonances for PFH’s cannot be identified with
certainty.

17di: 6 =1.97, 2.19 (s, 3H each,#=C—CHj3), 3.71, 3.90 (s, 3H
each,p-OCHjg), 3.70, 3.915 (s, 6H eaclo;OCHs), 6.08, 6.67 (s, 2H
each, Ar-H), 6.80 (m, 1H, Ph-H,), 6.86 (tt, 8 Hz, 1.8 Hz, 2H, Ph
Ho), 6.94 (m, 2H, Ph-Hy).

17di: 6 = 2.00, 2.16 (s, 3H each,#\C—CH3), 3.70, 3.92 (s, 3H
each, OGi3), 6.48, 6.67, 6.90, 7.00, 7.30, 7.37 (broad s, 1H;-H),
resonances for PAH's cannot be identified with certainty.

17di: 6 = 1.90, 2.15 (s, 3H each,#RC—CHs), 3.67, 3.92 (s, 3H
each, OGiy), 6.46, 6.70, 6.91, 7.02, 7.28, 7.37 (broad s, 1H:At),
6.74 (m, 1H, Pk-H,), 6.79 (t, 9 Hz, 2H, Pk H,), 6.85 (m, 2H, Pk
Hm).

18a: ¢ = 1.69, 1.87 (s, 3H each,#NC—CHy), 2.13, 2.35 (s, 6H
each,0-Ar—CHj), 2.15, 2.37 (s, 3H eaclp-Ar—CHg), 6.69, 7.14 (s,
4H total, Ar—H), 6.69-6.84 (m, 5H, PR-H's).

18ai: 0 = 1.61, 1.81 (s, 3H each,#C—CHj3), 2.11, 2.35 (s, 6H
each,0-Ar—CHjs), 2.17, 2.39 (s, 3H eaclp-Ar—CHs), 6.72, 7.13 (s,
4H total, Ar—H), 6.69-6.84 (m, 5H, PR-H'’s).

18hi: 6 = 1.75, 1.96 (s, 3H each,#C—CHs), 2.20, 2.42 (s, 6H
each,0-Ar—CHjs), aryl peaks cannot be identified with certainty (many
overlapping peaks).

18hii: 6 = 1.67, 1.89 (s, 3H each,#\C—CHy), 2.18, 2.40 (s, 6H
each,0-Ar—CHj), 6.91, 7.30 (s, 2H eaclo;Ar—H), 6.93, 7.29 (s, 1H
each,p-Ar—H), 6.72-7.00 (m, 5H, Ph-H’s).

18d: 6 = 1.77, 1.95 (s, 3H each,#+C—CHj3), 2.14, 2.36 (s, 6H
each,0-Ar—CHj), 7.03, 7.48 (s, 4H total, ArH), 6.69-6.84 (m, 5H,
Ph—H’s).
18di: 0 = 1.67, 1.89 (s, 3H each,#\C—CHj), 2.12, 2.34 (s, 6H
I;each,o—ArfCHs), 7.06, 7.46 (s, 2H each, AH), 6.69-6.90 (m, 5H,
Ph—H’s).
19aii: 0 = 1.23, 1.46 (s, 18H each, CKg)s), 6.810 (d,*Jq—n = 1.5
Hz, 2H, o-Ar—H), 7.52 (d,*Jy-n = 1.5 Hz, 2H,0-Ar—H), 7.45 (t,

(or the peak height). The area under the peak is found by multiplying “J#-+ = 1.5 Hz, 1H,p-Ar—H), 7.84 (t,"Js-n = 1.5 Hz, 1H,p-Ar—H),

the peak height by the full width at half maximum. The volume of the
reaction mixture is determined &(mL) = 0.01384 — 0.006754,
whereH is the solvent height in millimeters. The water concentration
is calculated as follows: [#0] = [(1 uL x 1.4 g mL™* x 52%+ y ulL

x 1 g mL™1)/18 g moft — 0.00765x n/(n + 1)]/V (mL), where 1.4

g mL~1is the density of the aqueous HB§olution, 52% is the wt %
of water in this aqueous solutiopjs the amount of extra water added,
1 g mLtis the density of water, and is the ratio of aquo:solvento
adducts. The chemical shifts for the phenyl complek&s19 reported

8.46 (br s, 1H, N=C—H), 8.53 (s, 1H, N=C—H), 6.84 (m, 2H, Pk
Ho). The other three PhH peaks are probably hidden by free benzene
peaks.

19hii: 0 =3.78, 3.95 (s, 3H eaclp;OCHs), 3.65, 3.97 (s, 6H each,
0-OCHj3), 6.29, 6.99 (s, 2H each, AiH), 8.66, 8.79 (s, 1H each,=
C—H), 7.06-7.14 (m, Ph-H’s).

19di: (In the presence of 3aL of C¢Hg), 0 = 3.61, 3.94 (s, 3H
each, OCl3), 6.62, 6.87, 7.08, 7.35, 7.44, 7.48 (broad s, 1H each, Ar
H), 8.68, 6.82 (s, 1H each, #C—H), cannot be identified with

below were measured in TFE in the presence of benzene. Addition of certainty. (In the presence of 60 of CsDg): 6 = 3.60, 3.93 (s, 3H
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each, O€ls), 6.62, 6.87, 7.08, 7.35, 7.44, 7.48 (broad s, 1H each, Ar Acetonitrile Exchange ReactionsTo an oven-dried NMR tube was
H), 8.53, 8.66 (s, 1H each, #NC—H), cannot be identified with added 3.5 mg of the appropriate acetonitrile addiet15 (2.5 mg in

certainty. (CD3) ,.CDOD because of limited solubility). About 0.7 mL of the
20bii: 6 = 1.16, 1.24 (s, 9H each, CKG)s), 1.39 (s, 18H, C(B)3), deuterated solvent was then added, antHaNMR spectrum was

1.74, 2.08 (s, 3H each,#C—CHj3), 1.99, 2.51 (s, 3H eachp;xylene— recorded before addition of a predetermined amount ofGMND Under

Me), 6.55 (t,*Ju—n = 1.8 Hz, 1H,0-Ar—H), 6.64 (t,“J4—n = 1.8 Hz, these conditions, the acetonitrile adducts were the only observable

1H, o-Ar—H), 7.19 (d, 2H,0-Ar—H), 7.23, 7.64 (t*Ju-n = 1.8 Hz, species in solution. After allowing the mixture to equilibrate to a preset

1H eachp-Ar—H), 6.43 (m, 1Hp-xylene—H), 6.55 (m, 2Hp-xylene— temperature{5 min), the disappearance of coordinatedsCN and

H). the appearance of free GEIN were monitored, and the observed rate
20bi: 6 = 1.20, 1.21 (s, 9H each, CKg)s), 1.39 (s, 18H, C(El3)3), of exchange was determined from the following expressién= A¢

1.86, 1.98 (s, 3H each,#C—CHj), 2.13, 2.38 (s, 3H eacp;xylene— + (Ao — Ar) x exp(—ket), whereA is the area under the peak (or the

Me), 6.67 (m, 2H,0-Ar—H), 7.05 (d,*J4—n = 1.5 Hz, 2H,0-Ar—H), peak height). The volume of the solution is determined as described

7.23, 7.56 (t,"J4-n = 1.8 Hz, 1H eachp-Ar—H), 6.25 (m, 1H, above.

p-xylene—H), 6.60 (m, 2H,p-xylene—H). Measurement of KIE via Inter- or Intramolecular Competition

20b: (MeCN adduct in CBNO), 6 = 1.16, 1.28 (s, 9H each,  Reactions. Dry TFE-d; was added to an oven-dried NMR tube
C(CHa3)3), 1.43 (s, 18H, C(Bl3)3), 1.95 (s, 3H, N=C—CHj), 2.02 (s, containing preformed aquo/solvento adduddsA mixture of 1:1 GHe:

3H, CHsCN), 2.17, 2.27, 2.40 (s, 3H eachm=C—CHjs or p-xylene— CsDs or CsDsH3 was then added to the tube. After the reaction was
Me), 6.36 (m, 1Hp-xylene-H), 6.50 (m, 2H,p-xylene—H), 6.36 (t, complete, the integration ratio of GH4—.:CH4 was then taken to give
4Ju-n = 1.8 Hz, 1H,0-Ar—H), 6.77 (t,"Jy—n = 1.5 Hz, 1H,0-Ar—H), the KIE.

7.16 (d, 2H,0-Ar—H), 7.24 (t,“Ju-n = 1.5 Hz, 1H,p-Ar—H), 7.63 (t, Measurement of the Ratio of CHD to CH4 as a Function of
“Jy-n = 1.8 Hz, 1H,p-Ar—H). Added Acetonitrile in the Protonolysis of 4b. To a suspension of

21b: (MeCN adduct in CBNO,), 6 = 1.34, 1.38 (s, 18 H each,  0.0076 mol of4b over dry TFEé; in oven-dried NMR tube was added
C(CHa)a), 1.75 (1,°u-n = 27 Hz, 3H, G4,CN), 2.081, 2.135 (s, 3H,  a predetermined amount of GON. To this mixture, %L of a stock
N=C—CHj), 2.15 (s, 6H, mesityleneMe), 2.80 (t,°Ju-n = 103 Hz, solution of 1ul of aqueous HBI (48 wt %) in 24ul of TFE-d; was
2H, Pt=CHAr), 6.51 (m, 2H, mesitylene H), 6.59 (m, 1H, mesity- added. The tube was shaken, and after a clear orange solution was
lene-H), 6.93, 6.97 (dJu-n = 1.5 Hz, 2H eachp-Ar—H), 7.40, 7.48 formed, the ratio of CkD:CH, was measured by integration. To account
(t, “Uu-n = 1.5 Hz, 1H eachp-Ar—H). for the percentage of protonolysis by"Hrather than D), the HF
21bii: (Aquo adduct in TFEds), 6 = 1.38, 1.42 (s, 18H each,  concentration was measured by integrating thel][&sonance against
C(CHa)3), 1.78, 1.92 (s, 3H, KC—CHy), 2.53 (s, 6H, mesitylene the aromatic protons ofb. H* typically accounts for +3% of the
Me), 5.93 (br s, 2Hp-mesitylene-H, substantial H incorporation into  total H*/D* source. This percentage was subtracted from the percentage
this position when mesitylerg, is used), 6.47, 7.06 (dJu-n = 1.5 of liberated CH. The adjusted ratio of C#9:CH, was then plotted
Hz, 2H eachp-Ar—H), 7.56, 7.60 (t/Ju-1 = 1.5 Hz, 1H eachp-Ar— against the acetonitrile concentrations to yield Figure 1.
H), several peaks cannot be identified with certainty; they are probably
buried under free mesitylene peaks. Acknowledgment. Support by the National Science Founda-
22hii: Most peaks cannot be identified with certainty, except 1.23 tion (Grant No. CHE-9807496), Akzo-Nobel, and BP are
(s, C(QHs)3) and 1.70, 2.07 (s, WC—CHa). gratefully acknowledged. We thank Dr. Joseph Sadighi for

Measurement of Equilibrium Constants. Dry TFE-ds was vacuum preparing the diimine liganda and for devising the synthetic
transferred into an oven-dried J-Young tube. Approximately 0.0076 4 te for the preparation of diimine ligan@s

mmol of (N—N)PtMe, (4—6) and 1uL of aqueous HBF (48 wt %,

0.00765 mmol) were then added to the tube. After allowing the mixture  Supporting Information Available: Summary of arene €H

to equilibrate to 20°C, the ratio of the aquo to solvento adduais,  hond activation kinetic data and derivation of the rate law for
was then determined by integration. The water concentration was gcheme 11 (PDF). This material is available free of charge via

determined as follows: [(kL x 1.4 g mL™* x (1—0.48)/18 g mat?) the Internet at http:/pubs.acs.org
— 0.0076 mmolx n/(1 + n)J/V (mL). Volume was determined as ' T

described above. The TH#-concentration was taken as 14.07 M. JA011189X
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