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The reactions betweeris-[RuHx(DPPE})] and a number of acids in THF solution (DPREPh,PCH,CH,PPh)

show biphasic kinetics, with initial formation dfans[RuH(H,)(DPPE}]" followed by slower substitution of
coordinated dihydrogen by the anion of the acid. The formation of the dihydrogen complex is a second-order
process that occurs with an inverse kinetic isotope effect and rate corlgiastsongly dependent on the nature

of the acid. There is a linear correlation between the values okdgdgor cis-[RuH,(DPPE})] and the related
cis[FeH(PR)] [PP; = P(CH.CH,PPh)3] that leads to two parameterS,andR, that can be used as a measure

of the selectivity and intrinsic reactivity of the dihydride toward acids. The possible contributions to the values
of these parameters are discussed, especially the role of the isomerization of the starting complex and the basicity
of the reacting species. The substitution of coordinated dihydrogeans[RuH(H,)(DPPE)] ™ occurs through

a simple dissociative mechanism instead of the more complicated one previously proposed for substitutions in
the analogous Fe complex; the mechanistic change is associated with the relative strength eftthard

M—P(chelate) bonds.

Introduction

Dihydrogen complexes have been the subjects of extensive
work during the past years, and their chemistry has been' '™ . A X
reviewed with special emphasis on the synthetic and structural 2nticipated from simple considerati

systematic kinetic study of reactions involving dihydrogen
complexes, and the first results showed that the reaction
mechanisms are not always in agreement with the behavior
ot¥s20 For example, kinetic

aspects as well as on their role in catalytic processes and theirdata for protonation of [FexfPF)] [PP; = P(CHCHPPh)3]

differences with classical dihydridéd Despite the large amount

with several acids to form [FeH@{PP)] ™ are consistent with

of information available, the mechanistic aspects of reactions @ mechanism in which the dihydrogen complex is formed

of dihydrogen complexes are far from being well understood,

through a series of dihydrogen-bonded structures resulting from

and discussions are often based on qualitative observationsattack of the coordinated hydride by the acid molecule BX.
theoretical considerations, and the conclusions of a limited Despite the need of a cidrans isomerization to giverans

number of kinetic works. Thus, the weakness of the metal
dihydrogen bont® and the existence of related coordinatively
unsaturated complex€s indicate a dissociative behavior in

[FeH(H,)(DPPE}] " (DPPE= Ph,PCH,CH,PPh), the proto-
nation ofcis-[FeHx(DPPE)] is faster, which was considered as
evidence of the initial attack by the acid to this-dihydride

substitution reactions, but there are few reports on the kinetic followed by rapid isomerizatiof On the other hand, substitu-

details of these reactiodg%17 We have started recently a
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tion of coordinated Hin trans[FeH(H,)(DPPE}]* also shows
interesting kinetic features which suggest that these reactions
do not occur through a simple mechanism involving exclusively
the coordination site occupied by the leaving ligdh@n the
contrary, substitutions iois-[RuCl(nitrile)(DPPE)]* complexes
occur through a simple dissociative mechanism with formation
of [RUCI(DPPE)]* as intermediaté! In the present paper we
report a kinetic study of reactions involving the well-
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characterizett ¢ trans[RuH(H,)(DPPE)]* complex, whose ¢is [RuH,(DPPE)] + HX — trans[RuH(H,)(DPPE)] " +
results provide new information about the mechanism of both

the formation of dihydrogen complexes and the substitution of X (3)

coordinated H.
(ca. 5 min), but experiments at lower temperatures demonstrate

Results that substitution is substantially slower than protonation. The

The dihydrogen completrans[RuH(H;)(DPPEY]* can be product of reaction with trifluoroacetic acid has not been
prepared by addition of 1 equiv of HBELO to cis[RuHy- reported previously, but it can be reasonably identifietiass:

. : [RUH(CRCOO)(DPPE) "™ from the observation of a singlet
(DPPE}] in ether under H atmosphere (eq £¥. We carried (65.2 ppm) and a quintet15.8 ppm.2p = 19 Hz) in the
cis-[RUH,(DPPE}] + HBF, — phosphor_us and proton spectra, resp_ectively. It was not iso!ated
because it is formed in equilibrium with the same intermediate
trans[RuH(H,)(DPPE) " + BF,” (1) described above for the reaction with HBRvhich in a few
minutes converts partially to an uncharacterized cis compound,
out NMR experiments at-60 °C in acetoneds solutions and  probably cis-[Ru(2-CF:COO)(DPPE)]*, with two triplets in
confirmed that reaction with a large excess of HB&ads to the 3P spectrum (60.0 and 58.6 ppmJep = 18 Hz).
complete conversion tdrans[RuH(H)(DPPE}Y]" without Fortunately, the time scale for this conversion is slower than
evidence of any reaction intermediate or side product. However, that corresponding to eqs 3 and 4, and it does not interfere with
if the reaction is carried out at 2%, the product consists of a  the kinetic study discussed below.
mixture of the dihydrogen complex and another species |t has been previously showhthat protonation ofrans
characterized by a singlet at 57.8 ppm and a quintet&f2 [RuH(CI)(DPPE)] leads to a chlorodihydrogen complex, and
ppm @3y p = 21 Hz) in the phosphorus and proton NMR spectra, our NMR experiments with HCI excess confirmed the sequence
respectively. These signals disappear when the NMR samplesof reactions 57, the slowest one being formation tns
are cooled below-40 °C, and the mixture of both complexes
converts quantitatively torans[RuH(MeCN)(DPPE)]* upon trans[RUH(H )(DPPE)Z]++ X~ —
addition of an excess of acetonitrile. 2

Despite [RuH(DPPE)] being known to exist as a mixture trans[RUHX(DPPE}Y] + H, (4)
of the cis and trans isomers, with the cis form being the major
specieg32%there is no formation of detectable amountsrahs [RuCI(H,)(DPPE)] . This complex does not undergo further

[RuHx(DPPEY)] during the conversion of theis-dihydride to reaction with HCI, and instead of the expected substitution of
thetrans-hydride-dihydrogen complex. From published NMR  H,, it forms trans[RuH(MeCN)(DPPE)|* upon addition of
data, the equilibrium constant for eq 2 is close to 0.05 in both MeCN excess, in a way similar to that previously observed for

_ the reaction with CG°
cis-[RuH,(DPPE)] = trans[RuH,(DPPE})] K, (2)

; _ +
CeDg and THF solution332°but the absence of the trans isomer cis{RuH,(DPPEY + HCI — trans[RuH(H,)(DPPEY™ +

during our experiments indicates a lower value in acetone Cl™ (5

solution, in agreement with previous observations by Morris 4 _

and co-workerg? who were also unable to detect the trans trans[RuH(H,)(DPPEY " + Cl

isomer in acetone€s at room temperature. We deriv&glvalues trans[RuH(CI)(DPPE)] + H, (6)

from the intensity of the phosphorus NMR signals and found

that they are strongly dependent on the nature of the solvent,trans[RuH(CI)(DPPE)] + HCl —

ranging from 0.05 (€De) to 0.01(CRCly) and even lower trans[RUCI(H,)(DPPE)] " + CI~ (7)

(nonmeasurable by NMR) in THF and acetone solutions.
The formation oftrans[RuH(H,)(DPPE)]* as the initial S . . . .

product of reaction betweeasis-[RuHx(DPPE}] and an excess . _Klnetlcg of Reaction ofC|.s-[R.uH2(DPPE)2] V\.”th Acids. We

of other acids (HCI, HBr, or CFEOOH) was also confirmed initially tr|ed.to study the klnet|c§ of protonation ofs—[Rqu-

using low-temperature NMR, although in those cases the process(DF.)PE)i]8 using the elt_ectrpchemlcal pracedure prewo_us_ly de-

is followed by substitution of biby the anion of the acid. At scribed!® but the reaction is too fast and occurs at’25within

room temperature, the sequence of reactions in eqs 3 and 4 istér,:spgr:s flrgv?/u(l,;epderticr)nf;nr:i(s tS;nrgezg;g:jse (;:?r'a; dse)'éelztr(()er“?r:g\?vrg d
completed within the time required to obtain the first spectrum o : ) A .
P a P that the reactions with HCl and @EOOH occur with biphasic

(22) Morris, R. H.: Sawyer, J. F.: Shiralian, M.: Zubkowski, J..1DAm. kinetics under pseudo-first-order conditions (acid excess, THF
Chem. Soc1985 107, 5581. solution, 25.0°C). The time scale of the first step is on the

(23) Bautista, M. T.; Cappellani, E. P.; Drouin, S. D.; Morris, R. H.;  order of a few milliseconds, whereas the second step lasts for
Schweitzer, C. T.; Sella, A.; Zubkowski, 3. Am. Chem. S0d.991, almost 1 s. Accurate values of the first rate constant were

(24) Eﬁtﬁfm T.: Earl, K. A.: Morris, R. H.: Sella, Al. Am. Chem. obtained from kinetic traces at 300 nm, which show a rapid
Soc.1987, 109, 3780. absorbance increase that can be fitted by a single exponential.

(25) '7°‘055hW°rth' T.W.; Singleton, B. Chem. Soc., Chem. Comma876 The values of the second rate constant were then obtained from

(26) Cappellani, E. P.; Maltby, P. A.; Morris, R. H.; Schweitzer, C. T.; the fit of traces at 330 nm by two consecutive exponentials,
Steele, M. RInorg. Chem.1989 28, 4437. keeping fixed the value of the first one. Detailed listings of both

(27) Saburi, M.; Aoyagi, K.; Takahashi, T.; Uchida, €hem. Lett199Q rate constants are given in Table S1 (Supporting Information).

28) i\?&émzy A.; Heinekey, D. M.; Crabtree, R. #horg. Chem.1991 Although for reactions showing biphasic kinetics there is always
30, 3632.
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H.; Schweitzer, C. TJ. Am. Chem. S0d.994 116, 3375. C. Inorg. Chem.1994 33, 6278.
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500 Table 2. Effect of the Incoming Ligand and the Solvent on the
Activation Parameters for the Substitution of CoordinatedrH
400 (c) trans[RuH(H,)(dppe}]
incoming ligand  solvent AH¥(kJmol?)  AS/J K 1mol?)
~ 300 MeCN THF 89+ 1 73+ 4
‘o acetone 921 88+ 4
2 MeCN 85+ 4 65+ 13
F 0l CF:COO THF 92+5 85+ 18
Cl- THF 91+ 3 80+ 12
®) Br- THF 9145 78+ 17
100
The activation parameters fordubstitution were determined
0 @ using several entering ligands and solvents (Tables 2 and S3).
3.0e-4 7.0e-4 1.1e-3 1.5e-3 The values in THF for the reaction with MeCN, CIBr—, and
[HX] (M) CRCOO™ agree within error, showing that the rate-limiting step

is the same in all cases, which suggests a limiting dissociative

Cis-[RUH,(DPPE)] with HBF,-E%O (a), CRCOOH (b), and HCI (c). meIChat”'srt”' The Chla”ges of tthe a‘?tgat'onhpar.amettﬁrsl with the

Some points at higher concentrations of HEFf,O have been omitted SO \_/en_ nature fare_a SO cons_ls_en ; mec .anlsm, € lower

for clarity. activation barrier in acetonitrile solution being a consequence
of the preferential solvation of the coordinatively unsaturated

Table 1. Second-Order Rate Constants and Kinetic Isotope Effects transition state.

f‘irztg%fgeac“o” otis{RuH,((DPPE}] with Acids in THF Solution The results of kinetic studies with DCI and EFOOD are

ates. included in Tables S1 and 1; in both cases the protonation is

Figure 1. Plots ofkions Versus acid concentration for the reaction of

Hx kod(M-1s-1 od M5 Kok k(ka/ . faster than for the undeuterated acids and there is an inverse
XM S7) ox/(M77 ) xfkox _kox)theof kinetic isotope effect (kie; see values in Table 1). On the
EE%E)ESS (é-lziiooég’s) IO}OB (L5 0.4) 10 D.80L 0.06 .87 contrary, there is a very small positive kie of ca. 1.1 associated
. .0) X . .4) X . . . . . . .
HOl (L7£02)x 106 (45+0.7)x 1(° 0.38+ 0.07 047 with the substitution stepkg). Although the observation of a

. o positive kie is in agreement with those previously reported for
2 Theoretical values calculated by the procedure given in ref 18.  gypstitution of coordinated dihydrogen in other compléey,

o the value of 1.1 is not a measure of the isotope effect associated
a problem for determining the order of occurrence of both steps, with substitution of H in trans[RuH(H,)(DPPE}]* because

the fit of the diode-array data only gives reasonable spectra for protonation with DX leads to a fluxional complex in which only
the reaction intermediate assuming that the rapid step occursone of the three hydrogens is deuterated.

first, in agreement with the NMR observation described above. |t has been pointed out above that reactioncist[RuH,-
Thus, the values déonsin Table S1 correspond to the formation  (DPPE)] with HCI excess does not end with the formation of
of trans[RuH(H,)(DPPE)] *, whereasonscorresponds to the  trans[RuHCI(DPPE)]; the complex is further protonated to
slower substitution of coordinated,HData in Table S1 show  trans[RuCl(H,)(DPPE}]*, although in a very slow process that
thatkzopsremains unaffected when the nature or the concentra- does not affect the determination of tkgys and koops Values.

tion of acid is changed, whereas the values kafps are It would be very interesting to obtain kinetic data for the
significantly different for every acid and show a linear depen- formation of the chlorodihydrogen complex and the subsequent
dence with the acid concentration (eq 8, Figure 1). The values elimination of HCI, so we preparddans[RuHCI(DPPE)] and

of the second-order rate constdak are given in Table 1. attempted kinetic studies. Unfortunately, although low-temper-
ature NMR experiments confirmed that protonation of this
Kyons= Kx[HX] (8) complex is slow compared to the reactions @§[RuH,-

(DPPE}], we have been unable to obtain accurate kinetic data

. : _ ) ) for these reactions.
The protonation otis-[RuHx(DPPE)] with HBr is so rapid

that it occurs within the mixing time of the stopped-flow Discussion
instrument and kinetic traces only show the substitution step

(Table S1). O_n the contrary, protonat_ion with HEERO is very major kinetic features for the formation dfans[RuH(Hy)-
slow, and a single exponential can fit the traces at 300 and 330(DPPE)]+ are similar to those previously observed foans
nm, yielding similar values for the observed rate constant. The [FeH(H,)(DPPE)]* andcis-[FeH(Hy)(PR)]*,18%i.e., second-

values so derived are also given in Table S1, and they are e kinetics with an inverse kie and large changes in the rate

assigned tokiobs because substitution is now faster than cqnstant with the nature of the acid. The reactivitgisfRUH,-
protonation and the whole process becomes controlled by the(DPPE}] with the different acids increases as HBF CFs-

formation of the dihydrogen complex. This conclusion was coOH < HCI < HBr, an ordering that does not parallel the
confirmed by additional eXperimentS of protona’[ion with HBF acid Strength and was interpreted assuming that QH‘) ion

Et;O and added MeCN; the protonation step is accelerated, andpajrs react slower than HX molecul&We have also shown

the curves reveal the slower substitution oftty MeCN with previously® a correlation between the rate constants for the

a rate constant similar tyons for the reaction with other acids  formation of the iron dihydrogen complexes with4hd DPPE
(Table S2, Supporting Information). The valuekgfsincrease that can now be extended to inclulens-[RuH(H,)(DPPE)]*.

with the concentration of added acetonitrile, surely because theAs the Fe-PP; complex does not isomerize upon protonation,
increased dielectric constant favors dissociation of the acid andwe chose it as a reference, and the correlation is then represented
leads to faster protonation ois-[RuHx(DPPE}] through direct by eq 9, where&SandR are measures of the selectivity and the
proton attack. intrinsic reactivity of the Ru complex with acids, respectively.

Mechanism of Formation of Dihydrogen ComplexesThe
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log Kiix(ru-pprE)= S109 Kiix(re-ppy T R 9)

The values okyy in Table 1 and ref 18 lead t6 = 1.66 and

R = 2.87 (correlation coefficient 0.98; see Figure 2), and
extrapolation of the regression line predicts a value ofkgg
higher than 7, in agreement with the experimental observation
that reaction oftis-[RuHy(DPPE)] with HBr is so rapid that
kusr could not be determined.

The use of theR and S parameters allows an easy ordering
of the complexes, which represents an important step for
determining the factors that cause the differences in the kinetics
of protonation. Thus, the intrinsic reactivity increases Bs (
values in parenthesesjis-[FeHy(PRs)] (0.00) < cis-[FeH,-
(DPPE}] (1.75) < cis-[RuHx(DPPE}] (2.87) i.e., the ruthenium
complex is more reactive than the iron analogues, and the ! !
reactivity of both DPPE complexes is higher than that of the 0 1 2 3
PP complex despite the need of isomerizationtrans[MH- _
(H2)(DPPE)] ™. We previously® considered this as evidence of 109 kil Fe-PP3)

the initial protonation of thecis-dihydride followed by rapid ~ Figure 2. Correlation between the Idgx values forcis{FeH,(PP)]
isomerization to the trans product; in that case,Rhalues of ~ and the complexesis-[Rubi(DPPE)] (a) andcis-[Fer(DPPE)] (b).

the dihydrides would simply reflect the different electronic ?Clio included is the fine for the reference compouaisi{Fer(PR)]

environments of coordinated hydrides in thesRid DPPE
complexes. However, Morris and co-workers have reported that are two axial H-M—P groups, and the strorgdonation from
deprotonation oftrans[RuH(H,)(DPPE}]* with BuLi leads the hydrides can be more easily delocalized through back-
initially to trans[RuHy(DPPE)], which converts to the cis  donation from the metal to the phosphine through the common
isomer in a slower proces32° and microscopic reversibility  d orbital. This remarkable difference of reactivity between
indicates that isomerization must precede the protonation of theisomeric pairs of Ru complexes has been previously recognized
Ru complex in the reverse reaction. Moreover, it has been for substitution reaction®34 The higher basicity ofrans-
demonstratedl that formation of the closely related DMPE  dihydrides is also supported by the observation thatpkg
complex occurs preferentially through protonation of titses- values oftrans[RuX(H,)(diphosphing]* complexes are strongly
dihydride despite the presence of a larger concentration of thedependent on the nature of X, covering a range of 18 units with
cis isomer (DMPE= Me;PCHCH,PMe,). Thus, although the  a minimum acidity for Xx= H.35
experimental observations for protonation with HX and depro-  The correlation in eq 9 indicattsthat kux values follow a
tonation by BuLi cannot be directly compared, the possibility Bronsted-type relationship similar to that found in classical
that both processes occur through the formatiotnasfs[RuH,- proton-transfer reactiofs and proton transfers from metal
(DPPE}] must be seriously considered. In that case, asr#mes- hydrides to base¥3° In those cases there is a linear correlation
dihydride does not accumulate during the formation of the between logk and the difference between tid, values for
dihydrogen complex, the reaction must occur according to the both acid-base pairs. By analogy, the valueskgf for reaction
mechanism in egs 10 and 11, where the first step is an with a common acid are expected to increase with the basicity
) of the metal hydrides, which can be measured bypKg of
cis-[RuH,(DPPE}] = trans[RuH,(DPPE)]  K; (10) the dihydrogen complex. As thK, values fortrans[FeH(Hy)-
. (DPPE}]* andtrans[RuH(H,)(DPPE)] " in the scale defined
trans[RuH,(DPPEY] + HX by Morris are 12 and 14.1, respectivél$£ this would explain
trans[RuH(H,)(DPPE)] " + X~ Kixrans) (11) the higher intrinsic reactivity of the Ru complex. However,
although thepK of cis-[FeH(H)(PR)]* is not available, it must
unfavorable equilibrium K; < 1) and kix(ans) is the rate et higher than 12, and the intrinsic reactivity of the corre-
constant for HX attack to thEEans-dihydride. The rate law for Sponding d|hydr|de should be h|gher than that found experi_
this mechanism is similar to the experimental one vidth = mentally, placing [Fek{PPs)] higher in theR scale. The cause
Kikix@ransj i.€., the values ofkux include the equilibrium  of this apparent inversion of the orderingRf:alues is probably
constant for cistrans isomerization of the starting dihydride. 3 different meaning of the report@, values; whereas for the
As K is independent of the acid used, the effect of isomerization pp, complex it would have the usual meaning, €, of the
is included in theR parameter and consists of increasing it by

log ki

a constant value of lo¢. The value ofK; is very small for (32) Isied, S. S.; Taube, Hnorg. Chem.1976 15, 3070.
cis-[RuHx(DPPE}] (less than 0.01), so the contribution of (33) f;(;léllvan‘ B. P.; Calvert, J. M.; Meyer, T. lhorg. Chem.198Q 19,
isomerization taR is —2.0 or even more negative, which Igads (34) Sullivan, B. P.; Meyer, T. dnorg. Chem.1982 21, 1037.

to a value ofR larger than ca. 5 foirans[RuHx(DPPE}]. This (35) Rocchini, E.; Mezzetti, A.; Reger, H.; Burckhardt, U.; Gramlich, V.;

represents a reactivity higher than that of both its cis isomer Del Zotto, A.; Martuzzini, P.; Rigo, Pinorg. Chem.1997, 36, 711.

; ; ; [ (36) Bell, R. P.The Proton in ChemistryCornell University Press: Ithaca,
andcis-[FeHy(PRs)], which does not undergo isomerization. If NY, 1973,

the mechanism is similar for the caseai-[FeH,(DPPE}))], it (37) Moore, E. J.; Sullivan, J. M.; Norton, J. B. Am. Chem. S0d.986

would indicate again an increased reactivity of tlians 108 2257. _

dihydride, probably because of a higher electron density on the (38) fgédg‘ég T.; Sullivan, J. M.; Norton, J. R. Am. Chem. S0d.987,

coordinated hydrides; for the case d&[MH(dppe}] there (39) Kris’tjmsddtir, S. S.; Loendorf, A. J.; Norton, J. Riorg. Chem1991,
30, 4470.

(31) Field, L. D.; Hambley, T. W.; Yau, B. C. Kinorg. Chem1994 33, (40) Basallote, M. G.; Dums J.; Fernadez-Trujillo, M. J.; Mdez, M. A.

2009. Unpublished results.
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DPPE complexes also includes the isomerization todike trans[FeH(Hy)(DPPE}] ", whose kinetic data are not consistent
dihydride. The experimental valugsi,) and the values in the  with a simple mechanism involving exclusively the coordination

absence of isomerizatiopKy) are relateéf by eq 12, anghKy site of the leaving ligan@ On the contrary, a simple D
) mechanism also operates in substitutionEigffRUCI(RCN)-
PK, = pK; + log K; (12) (DPPE)]*,2! which suggests that Hdoes not behave as a

leaving ligand in a way very different from that of other

is higher tharpKa by 1—-2 units in the Ru complex and by an  monodentate ligands; it is the metal center which plays a
unknown amount in the Fe complex. If the formation of the fyndamental role in determining the substitution mechanism,
dihydrogen complexes occurs through reactiotrafis-[MH 2- with a D mechanism being operative for the Ru complexes and
(DPPE)] (egs 10 and 11), the basicity of the reacting species a chelate ring-opening mechanism for the iron analogue. The
is determined by the values pKy/, so the intrinsic reactivity  reason for this change in the mechanism must be related to the
of these complexes is higher than thatcis[FeHy(PRy)]. relative energy of the MP(chelate) and MH, (or M-NCR)

Whereas the value oR for protonation of the dihydride  ponds. The affinity of Fe(ll) for the phosphine ligands is not
complexes appears to be reasonably explained by cons|der|ng,ery higtt3 and favors the ring-opening mechanism in the iron
both the isomerization to a more reactive species and the baSiCitycomplexes, but the energy of the-\#, bond decreaséd® 2
of the species attacked by the acid, the factors leading t0 as5 Fe> Ru and favors the simple D mechanism for the
different selectivity toward a}cids are not so clear. The selectivity ,ihenium complexes. The general behavior is probably more
follows the order § values in parentheses) complicated because the strength of both thefvand M-H,

. . bonds also depends on the other ligands in the complex and
cis-[FeH,(DPPE}] (0.50) = cis[FeH,(PRy)] (1.00) < subtle modifications in the coordination environment can also
cis-[RuH,(DPPE}] (1.66) lead to a change in the substitution mechanism.

and sterip fac.tors cannot be invoked pecause the BRPE _ Experimental Section

complex is 3 times more selective than its Fe analogue despite

the lower steric requirements. More work is in progress to  The complexcis-[RuH(DPPE)] was prepared by the literature

determine the factors that lead to a different selectivity. procedure?® The reagents RuglICRCOOH, CRCOOD, HBR-Et0,
Mechanism of Substitution of Coordinated Dihydrogen. CHsOD, chorotrimethylsilane, and bromotrimethylsilane were obtained

The kinetic data for substitution of dihydrogentians[RuH- from Aldrich. Tetrahydrofuran, acetonitrile, acetone, acetdyeand

(H2)(DPPE)]* strongly suggest a simple D mechanism. Actu- methanol were obtained from SDS (Solvants Documentation Syntheses).

V. the NMR experiments demonstrate that. in the absen fTheacids HCl and HBr were generated in THF solution from methanol
ally, the experiments aemonstrate that, € absence of 54 choro- or bromotrimethylsilane, respectively. The deuterated acids

suitable entering ligands, the complex dissociateamtl xists \yere obtained by the same procedure using@Bi All the synthetic,

in equilibrium with another species, probably in a way similar NMR, and kinetic work was carried out under an inert atmosphere of
to that observed for the DMPE analogtieThe signal at 57.8  Ar or N, with solvents dried by distillation from the appropriate drying
ppm in the phosphorus spectra had been previously observechgents and deoxygenated by bubbling inert gas immediately before use.
after argon was bubbled through a THF solution of the  The NMR experiments were carried out with a Varian Unity 400
dihydrogen complex and was tentatively assigned to the spectrometer. The samples were prepared under an inert atmosphere,
coordinatively unsaturated species [RuH(DPPEJ® However, and the acids were added after the samples were coole®@rC
related five-coordinate ruthenium(ll) hydrides usually give rise inside the NMR probe. The experiments were started by warming the
to resonances close t622 ppm34tand the observation of the ~ samples to the desired temperature before starting the acquisition of
hydride signal at-3.72 ppm in our experiments suggests some the spectra.

interaction with the solvent, especially in the NMR experiments ~ The kinetic experiments were carried out with an Applied Photo-

(acetone solution). The tendency of [RuH(DPRE)to form physics SX17MV stopped-flow spectrophotometer. The solutions of
trans[RuH(solvent)(DPPE)* has been previously recog- the metal complex and the acids were prepared using Schlenk techniques
nized?23.25.30 and transferred under argon atmosphere to the instrument syringes using

The activation enthalpy for dissociative loss of if trans Teflon tubes. The concentrations of acid solutions were determined
Py immediately before use by diluting with water (50 mL) an aliquot 8L

[RU_H(HZ)(DPPI_E)]+_'S 90 kJ/mol, (_:Iose to th_e yalues found for mL) of the THF solution and titrating with KOH using phenolphthalein
nitrile substitution in the relatedis-[RuCl(nitrile)(DPPE}] indicator. The analysis of kinetic traces was carried out using the
complexes, which also undergo substitution through a dissocia- standard software of the stopped-flow instrument, and the activation
tive mechanisnt! Although it is tempting to use that value as  parameters were derived from conventional Eyring plots of kinetic data
an estimation of the RuH, binding energy, there can be at different temperatures.
significant differences because of the possibility of energy
changes associated with solvation and/or structural reorganiza- Acknowledgment. Financial support from Junta de Andalu-
tion of the intermediate, as demonstrated for [RuCI(DRPE2} cia (Grant to Grupo FQM-0137) and the EU (Grant FEDER
Actually, although the NMR spectra of the five-coordinate 96-0044) is gratefully acknowledged.
hydride do not show any evidence of agostic interactions or ) ) ) .
structural rearrangement, the complex exchanges the hydride  SuPPorting Information Available: - Tables containing observed

. . S rate constants for the reaction@$-[RuH,(DPPE)] with several acids
with the hydrogen atom of a CH group in a way similar to that

f | ith related dioh hi hich f at 25°C, for the reaction with HBFE®O in the presence of different
of some analogues with related diphosphines, which form an ¢,ncentrations of added acetonitrile, and for the substitution of

agostic intgraction with a CH bond to compensate electron ¢oordinated dihydrogen at different temperatures. This material is
deficiency? available free of charge via the Internet at http://pubs.acs.org.
The limiting D mechanism for substitutions trans[RuH-

(H2)(DPPE)] ™" differs from the behavior of the iron analogue 1C9902267
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