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Abstract: The oxidatave addition of H, to IrBr(CO)iappe). 2, (dppe = 1,2-bis-
(aiphenylphosphinolethane) yielas & kinetic dihydride species, 3, which then
15omerizes to a more stable isomer, 4. This isomerization ol 3 to 4 has been
stugted winetically as 8 function of initial H; pressure. Two pathways are
operative at ambient temperature. The first is a reductive elimination/oxida-
tive agdition sequence which is tirst order in complex, while the second s 8
bimolecular pathway involving dihydride transfer from 3 t0 2 to produce 4 and
regenerate 2. The dinydride transter pathway Is sscond order in complex and
obecomes the dominant isomerization mechanism when less than one equivalent of
H, relative to 2 has been added 1o the system. All of the kinet!c data have
been fit 10 a complete rate law which leads to a bimolecular rate constant for
dthyaride transter of 0.21 M) min™}, Below ~20 °C, the dihydride transfer

pathway for isomerization is the only one opersting.

INTRODUCT JON

The oxidative addition of My, to d° metal complexes has been extensively

studied over the psst 20 years because of 1ts relevance to H, activation in
homogeneous hydrogenation and nhydrotormylation.' ? One of the most thorougnly
fnvestigated systems in this context is Vaska's complex, trans-1rC1(CONPRRy),
(1), which rescts with Hy accarding 1o eqn (11.7 Based on kinetic ana
mechanistic stm‘nes,:"s H, oxidative addition iy qennru[ly viewed as &

concerted process with a triangular MH, transition state lesding 1o & cis

dihydride product.

0
L\lr/c t
ISl ne

Recently we began investigating the oxidative adgition Chemistry of the
related set of cis phosphine complexes IrXiCO)(dppe}, 2, and have discoverea
that its concerted oxidative aadition reactions proceed under kinetic
controt.®7 wWith complexes 2, the oxidative addition of My con follow two
possible pathways, 4 and 14, as shown in eqn (2), leading to different
diastereomers, 3 and 4, respectively, for the concertad process. Pathway |
cofresponds to H2 approach 10 the square planar complex with the molecular
axis of H, parallel to P-1r-CO as shown in A. The concertec oxidative agdition
along § takss ptace with a bending of the trans P-ir-CO ax!s 30 that one
hydride of the product becomes trans to CO and the other trans to P. Pathway

13 corresponas to approach with the H, molecular axis paraliel to P-lr-X, a3
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While two JiasCereomers Chus exist for concerted M Oaidative sddition to
lex1CO)(oppe), we have found that for X = CI, Br, 1, H, and CN, the initial
oxi0ative adgdition tewes place diastereoselectively along pathway 1.5 the
resction with H, 10 s0jution 15 essentially complete within 1 minute under an
atmosphere of Hy, forming tsomer ) 1o >99%. That the reaction proceeds under
xinetrc contro) §s i)lustrateo py the tact that for x s (1, Br, and !, the
inytially formed drastereomer slowly equilibrates with the mare stable
drastereomer corresponding 1o oxidative agaition along pathway 14, Baseo on
the varistion of X, & steric bas:s for the grastersoselectivity of M,
oxidative agdition was ruled out, leaving 11gand electronic eftects as the
control)ing factor Jn the dlastereoselecton process

The ysomerization of the minetsc isomer 3 to Lhe thermodynamic isomar 4

for X = Br was als0 cxamined by us in detaii.®® Based on the opservation thal 3

1apidly turms 3 0, when ploced undet U,. 1t was delermined Lhat the «fitias
0nldalive a0QILION Vs rap1d 8NG reversibie, OCCUrTing much fester than isumec -

tzatton. Trne Isomerization 10 acetuns under Hy tolluws Clean first urder
'

K1N@EICs with 80 Ubserved rate constant, s ... At 55 °C of 1.85 x 10°% sec’?,

corfesponging to & half-lifte of 62 minutes. At 25 °C tha half-iife of Une
kinetic tsomer 3 is about 35 hours. Two possiDIe Mechanlisms tor isomerization
appoared consistent with the kinet:C data. The first was an Intramalecular
rearrangement while the second correspondead to a reductive eiimination/-
oxldotive addition sequence with the formation of 2 as an intermedtate. we
tavores this latter pathway, 1e., J &2 + My —b 4, prinCipaitly pecause
reguctive eltmination ot H, trom 3 accurs much more rapidly than
isomerization.

The clean first-ordar kinetics for the isomerization, however, were
observed only in acetane solvent, and unger an excess of hydrogen. Whan tne
reaction was studied in penzene, the i1somerization procesded much more rapraly

with an apparent halt-lite of ca. 2 hours at 25 °C, although the kinetics wi

not found to be reprocucitie.®® Tne isomerization of 3 to 4 was also tound to be
inhibited by (TBAJAr ano acceleratsd by added AgBF . in penzene and Dy addeq 0,
in scetons. Perhsps most puzzling was the opservation thnat isomerization

procesded more rapidly in rigorously deosygenated

tone when less H, was
present. Since the proposed reguctive eiimination/oxigative saaition sequence
tor fsomerization possessed no kinetiC dependence on H,, Our obsarvation
suggested that snother mechanism for isomerization existed. we have theretfore
reinvestigated the Isomerization of the minetic isomer 3 to tne tnermodynamic
fsomer 4 as a funclion of M, pressure.

In this paper we cdescribe in getat! that fnvestigation, inciuding the
observation that & second isomerization mechanism iavolving dihyaride transter

between met

centers competes with the first order 130mériZation machanism at
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ampient temperature, and s the sole mechan»sm operaling at temperatures Delow

-20 °C.

Experimental Section .

All kinetic experiments were carried Out in reseslable 5 mm NMR tubes
fitted with & teflon valve purchased from Trilijum Glass. H, was used as
receivea (Air Progucts €. P., 99.)%), and acetone-d, (Aldrich Golo Lave)) was
aistillec from 4A moleculsr steves. 'H NMR spectrs were recorded on a @ruker
WH-400 spectrometer at 400.1) MHZ. The temperature of the probe was regulated
with a Bruker BVT-1000 temperature control unit,

The complex irBr(CO)(dppe) was synthesized following the procedure
previously reported.®®

General P .:edure for Sample Preparation. A stock solution of
Ir8riC0O)tdppe) (9.5 x 1073 M, 0.033 g of complex in S mL solvent) was
prepared in acetone-dg and stored under N, tn a ary box. For each experiment,
0.50 ¢+ 0.02 ML of the 5tock solut1on was transferred to the NMR tube which was
then connected to 2 high vacuum Jine containing an M, Inler. After three
freeze-pump-thaw degas cycles, tne solution was maintained at O °C n an ice
batn while the sample wasy placed under the desired pressure of H, by opening the
valve at the top of the NMR tube. The sample was then shaken thoroughiy to
ensure mixing of H,, and placed in the tnermostatted prode of the NMR spectro-
meter. The total volume of the NMR tube was determined to be 2.00 ¢ 0.05 mL with

6 solution volumg tor each run ot 0.50 2 Q.05 mi.

RESULTS AND DsSCUSSION
The kinetics of the isomerization reaction ot the cis dihydrides of
formuta er2Br(C0Hdppe) has been studivd over a wida range of H, pressures,

from 12 mm to 610 mm af sdded H,. The reactions were monitored by 'H NMA

spectroscopy, using the integrals of the hydride resonances of isomery 3 ang 4
to dete/mine the relative ampunts Ot each isomer preseant., Through comparisen
of the integral of the entire hydride region to the integral ot the entire

mathy) regton, the amount of unreacted 1r8r({0)(dppe) was detarmineg For

sach NMR tube experiment, 0.5 m Of a 9,55 » 107 M stocx solutron ot

1rBr(CO)tdppe), prepared and stored unger nilrogen, was usecd
lsomerization under ¢J0 mm of Hydrogen The kinetic results of the

fsomerization of 3 to 4 unger 6/0 mm of added H, reveal that the resciion

proceeds by & clean tirst-order process. At 28 °C, the halt-1:itfe tor

4 1

tsomerization ts 30 hours, and the corresponding ko, s 3.85 x 1077 min’

A plot of 10 [3) vs. time is 1inear, &5 shown in Figure }, essentially

62 a5 discusseg *n

cantirming the earlier results of Johnson and Eisenberg.
tha Introduction, the isomerization mechapism tavored Dy us previously was &
reductive elimination/oxidative addition sequence shown 8s eqn 1) Dased on
the fact that the initis) ox:gative addition was found to be fast and
raversibie. The rate 1aw for this mechanism, glven as eqn (4}, depends only on
the concantration of the klanetic Qdlhydride 2, 8ad shows no dependence an
hydrogen pressure. Since the initial oxigative sgaition 1s highly stereo-
selective, k‘l is much Qreater than L and the rate law {4) correspongs to

that of a simple preegquilibrium,

H
M I 0 X 0¢ .
rd ~, - 2
\Ir\ j —t— P ) ¢ Hy —* &3}
| e K, Br 3
c 7
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Jyumer ization 20U Ty 4 mm of 1y The winetics of

tsumerizatlof fof three weperimental runs under 200, J0O, and 450 mm ot odded

M, were found to Le approsimately first order. Tnat 13, plots of In (3] vs

¢
time arw linear tor at least twu hal! livey, althougn they show a slight
deviation trom 1inearity et garily reaction times. Tnis deviation is most
evidant al tne lowest of these pressures of Hy, as shown in Figure 2. A more
significant, and initially more puzZliing, aspect ot the kinetic runs under
thess pressures was that the rate ot isamerization was ODserved to be faster
43 the pressurs ol added H, was lowered, as snown in Table 1. Tnis variation
In rate with Hy pressure was inconsistent with the reductive elimination/-
onigative addition sequence of (3} and §ts rate isw, (4}, which shows ao (Hy1
dependence A plot of kypo vs. llmzl suggested that a second isomerization
pathway was operatling in addition to {3), while showing that the inverse
dependence of ("2’ tor this pathway was not strictiy linear,

Isomerization Under Low Pressures of Hygrogen. four experimental funs

were carried out under 12, 22, 29, ond 4l mm of added Hy, all ot which
corfespond to amounts of adaed hyarogen less than one equivalent of starting
complex, [rBr(C0)tdppe). These reactions proceeded much more quickly than
those under higher pressures ot Hy - typically, isomerizations were complate
in less than 1% hours. Attempts were made to fit the data to a first order
equation, but plots of in [3) vs. time showed signiticant geviations from
ilnearity. Clgarly, tne isomerization path which was predominant at {ow
pressures of Hy dig not follow first order xinetics.

A second order treatment of LhIS experimental dots was more successful
tn that plots of 1/0Irg] vs. time were linear, where Iry repressnts the sum of
UNreacted ano unisomerized iridium complexes, 2 ¢+ 3. A plot of this oata for

the run under 22 mm of a0deq H, 45 shown in Figure 3. Contrary to

eapectations, the gata 10 lalle ¢ show LOAt Lhe CLSErved seLund ulver 12le

constent, decreases witn decressing Lh,), butl & piot of & Vs tn

ubs - [T

was found to be distinclly nonlinear. Surprisingly, 8 llnesr curreiation was
otained wnen & 9lot Of kg, vs. 1/(H,] was cOnsStructed a5 snown 14 tigure 4
The origin of this )inear Jependence on l/(nl) wlil Decome apparent Delcw

wWe thus conclude that an tsomer1zation mechanism which 15 seCund ordes in
complex predominates under 10w pressures Of H) 800 POISEISES an inverse (N‘,l

dependence.

Mechanism for the Secong Order |somerizatlion Pathway. under conditions

in which Tess than one equivaient of M, 15 added o the reaction system, totn
1r8r(CO)(dppe) ana the kinetic tsomer of lmzar(couaopel. ), are present an
observabie concentrations. We prapose ¢ LIMOleCular MECh3NiIsm 1avalving these
two SPECIes A explain Lhe 130merizalion Process under these congitions. Trs
mechanism, whiCh is CONsistent with the kinet:c Gata, 1nvGlves Gihyaride

transfer between )lr species via a Dinuclear i1ntermedrste, $, as shcwr 10 eQn

(s).
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The propossl of a dinydride-bridged binuciear intermediate has precedents

ctive

in other, closely relatsa studt

In tne investigation of the stereos
ox!dative aaqizla‘n of Hy t0 vartgus lcll} complexas ot typs 2, Johnson &nd
Etsenberg described cnemistry involving the reactive intermediate
IrH{CO}(dppe) generated Dy dehydrohalogenation of IrH,Br(CO)(appel, 4.%% vinen
the reaction was carriaed out using the base DBU (1,8-diszabicyclo-
[S.4.0)undec-7-ene) under Hyz. the products were the trihydride lruJ(m)(oppe).
6, and the kinetic ginydride 3, as shown in egn {&). Use of 0, showsd that
whereas most ot 6 tormed by the oxidative addition of Hy (or D) to
1rH(CO)(dppe ), an amount roughly equivalant to the amount of 3-g, was produced
via a difterent pathway. Since the thermodynamic dihydride 4 does not
reguctively eliminate M, on the time scale of tha experiment, the formation of
1rBr(C0O)(dppe) which gives 3-d, upon reaction with D, wss proposed to occur by
direct dihyaride transter from [rH,Br(C0)(dppe) to IrH(CO)(appe) through &

origged tntermediate with concomitant formation of lfN)(CO)(dpp.).

H H
0By H \ P " l P
—_— \lr< ) ’ \n: ) (8)
Hy H/l [ Br I 3
¢ 3
0 0
4 3 3
as1 151

In an earlisr report, Drouin and Harroo® proposed a dihydride-bridged
gimer sracies in thelr asttempts to convert the monodentate phosphine complex |
lrn)(couvlp{lcbus)le, 7. to tha unsaturated complex er(cm(P(p-CICBNs),)r
8 wnen the trinydride 7 was placed under a stream of nitrogen to aisplace

Ha. Y4 WM evidence revealed the occurrence of an equlllbrium proposed to

involve 9 85 shown n eqn (1)

4]
L2l H 1l e
Y N O
/‘f + |r\ —-—— /|1\ l!\ [
P |\n o » " J u/l v
4 [4 "
o 8 o
1 [

Recently lones and Maguire des rited the girect i1ntermolecular transter

ot H, between a rhenium comples and lrle(0)idppe s 9 Jreatment ot

(n‘-csu(’)newvh‘izbc), 10, with 1 equivalent ot 1rBc1COJiappe}, 2, resurtes 1o
LOE £Ormation Of (g CyHyIWeSHin 1,1, and the Shermodynamic Ginyorige :somer

ot erpr((O)aa(ype:, 4, a4 stownh anoegn iH1 i1 the reactson haa pruceecel Dy

Gaidative adgation 15 2, the. tee

#rimination ot H, trom 10 tollowed by M,

®inetic isomer 3 would have been formed A Control experiment rules auv (ris
POssibi)lily, and the results thus strongly Suppurt the nation tnat the

reaction petween 10 an0 2 goes via 8 drhygride-bridged binuClear intermeciate

\ or 1
p —Re o + \lr< )
/' oc/ 3
H 4 H
[{:H]
10 2
<> .
nlc . N\!r/r,)
p——He—rp
oc/l e
H H Br

The rate 14w for the




Limulecuiar 1s5umer 12atiun mechantsm stown above Vi eqn LY 1 14 Qucived 8y
tollows Deginniny wilh (49,

rate via pimolecular path - k3(3112] (9
Tha ¢oncentratiuns 0172 and 3 arv rulatud by an 6quiilbrium: cunstant

6aprasiion wnere LH,] Currespends 1o thy cuncanlration of dissoived H,.

Irneretore,
3
—_— = - = Kgq g
(2]“’02] L3
and
(3) = K'q('l]lﬂzl tn

Substituting for [3) 1nto eqgn (9) yleids (12):
rate via pimoiscular path = lJK.qlzlzlnzl (12)

we next express the rate in terms of (lr‘] corresponging to the sum of
unrgactled and unisomerized Ir species, [2) « (3]:
Llegl = (21 ¢ (21 = L2U00 o K,qﬂhz)) i13)
tirpd

2y = (14)
(1 v Kgqlty)

Upan substitution ot this expression for £2) 1nto eqn (12) we obtaln:
?
X3Kaq hrgds ()
rate via pimolecular path = ————-—?— {(1%)
(1 ¢ KoalHy1)

The (Hp) gependence in rate expression (15) s complex, but 1t 13 evident
that the value of K.qlnzk determines the observed hydrogen dependence of the
“second order” or bimolecular pathway. Two limiting regimes can be envisioned,
which are &35 follows:

81 for 1 >+ KealHy), the Bimolacular rate = Rykeolirg)2Hyl. In this

limit, the hydrogen CONcentrslion is extremely low, and Lne rate Vs propor-

tronsl 1o L]

By For Kgolh, b 2> &, the Dimulcoular (ote - .)u.an,r’/(n,) wren the
hydrogen concentration 1s tLogher, the Limuitcular 1ol Oetomes propustivns! "o
1703)

The fact that the Chserved second order fate CURsUant fur rSumer sialul
Shows an inverse (Hlj Qgepenudnce, 4s Hlluatrsled by Lthe gats 1 TaLie ¢ aid
the PIiol In Figure 4, 1ngicales that even 8l the tow M, pressures used 1o tne
preasent isomerization study, ‘.q“‘zl 1.

lsomerizalion Under en Intermediate Pressure of H, To examine tne

isomerization in between the high and iow H, pressuce regimes, ar eaperiment
was carrled outl under 120 mm ot added Hy. Based on 'n oNmR Integratiyny gt the
kinetic gihydride 3 ang dissolved H,, this initial pressure ot H, correspungs
to 1.03 equivalents of #; in sotution. As 1h the Nigh B, pressure regime, no
I1rBr(CO)(dppe) is observed in sotution. The reaction s half complete tn i3 5

hours, and surprisingly tne best fil of the kinetic dats 15 oblained wher the

action is tra,

Qd as & second afdes, bimolecular protess. Yhat s, o
reasonably straight 1ine results from & plot of 1/Ulryl vs. time, Figure $,
where [Irp) 4n this case represents the concentration Of the hinetic cinydride
3.

JThe Compiete Rate Law. The kinetic results gescribed above Ingdicate that
both isomerization mechantisms operate to aiffering extents over the range of
H; pressures examined. For a system with parallel reaction psths, tne
complete rate expression Is given by the sum of the component rate
taws. For the isomerization of ir+;8r(CO)(appe), the complete rate expressian |
15 given by eqn (16) In which there are terms 1o 8ccount for both tha tirst
&NG second order components. 11 eqn (16} i3 correct, then it shauld be [

possible ta til the experimental dats to tnls squation.



(fepr e wate . . 16y

L urier 1 du (Ads . we sralyce tre Ninelic gata in terms of initial

for each run, unblased by

cate CUl giee 8 1Ate salue n M3
La ner epton wnether 1t v, Gramarily Vrothe first arder r second order
‘e % . tte An-tigt o rate oMt tte value Gf [lry) corresponding to (21 »
1os e same to eact wege Coesy s 10 3 ML wnereas the kinetic
voter o clniertestion, L3148 measurea thrnughout the Course of sach run
DorTemr rares fur A)D Beralio f, 4 weep SEUErMined Ly t1lling the experimental

Gats 1031 ve timer O 8 BTN G d€r pol,rcmial ang extrapolating to t °
Tros 87 1ows ul T 1gnore the (3. eqatrativn of (ne thermodynamic isomer 4 Ag
seer in Taple ), The initial rate first 'niredses weth increasing (K,1 and
then turns Gver, OeCreasing ou 1M,} continues to increase [his «s consistent
wIth the functional gepencence of [W)) in eqn (i%1 4nd 1ts two tImiting cases
descrived at

The concentration ot M, 'n sciution, L[Hy]l, for each experiment 15
catculateg ustng the material Dalance enpression, eqn (17), where PD(Nzl
s the ritial added pressure Gl M, in atmospheces, Vo, 15 tne volume apove
the solution in the NMR tuce (1 % ¢ 0 0% m), and vV, s the salution
volume 10 S my)

133 v o,

L Vg PO Yaae . ) v .
2 L, L )

u Rt
The total amount 0f added nydrogen, Po(My Vo, /BT, 15 distributed as the

ameury An soiution, (M) IV the amount apove the solution, PHy IV, (/RT, and

sal-
1he amount which 1+ consumed to maxe alhydride, (‘.va. Substitutsons are

MaJe PHC Bre) 1 uSing A MOJIIAEd form of Hency's Law (18, PiHy ) T tH 1K,

8r tor (D cmcaliing Uhe equitibrtum 0f ean (1)

DO(NZ’ ans KNJJ Veo! - ‘.q””";‘ Yooy

Rl

Substituting (Iryl=03] tor (2] in {18) snd s0lving for [H,) teads to
BotH, ) Vo, 1 BT
i — 1y

¢ Vo Kegtlbryd - L3

sol

values far P,(it;) are known tor each experiment, and a value lor heney, o
constant, K., was determined experimantally to be 3 16 x 1073 mMsatm b,
measuring [H} in acetone-d, using 'H KMR spectrascopy as & function o
PotHy).  Thus the concentration of hydrogen fn solulion ts determinec fir ea-n
kinetic fun.

A slignht rearrangement of eqn (16) yielos an expression ftar a “redured
rate”, eqn (20), equivalent to subtracting out the CONtribution o tre firsy
order component from the observed initial rate

PR L T S S L T

= ‘——_—R} 201
K [ ‘eq‘"?”

reguced rate = observed initfal rate -

A plot of redquced rate vs (lﬂzlln * Keq(H2))7) should give & straignt
14ne with a stope = kyKallry)2. As snown in Figure 6, the experimental dats
fit the derived function reasonsbiy weli with two clusters of aata points
corresponding to the two pressure regimes studied, ane with more thon |
equivalent of added hy and the other witn less than | equivsient. The ftt of
the line indicates thot the oerived equat!on accurately gescribes the behavior
of the system. The data which are plotied, as weil as values for pu‘"z" (3,
and (Hy), are given in Table 3.

The very smal) values for the reduced rate at high (M) 1ngicate 1ittle
contribution from the second order pathway. From runs st the highest sdded L

Prassure, we estimate that ag,. |5 approximately x,/Ke, 8nd Pas a vatur i 3 «
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A min Uirferent values O the equilibrium vonstant, K ware employwd

0q*
IR p10tTing the gata wilh the Lest Lrial and-erfuc it obtained using 2 8 2

<

vt md

Based on INIS value 45U the fact Lhal the siupe OF Lhe tine tn Fig. ©
15 K Kyt lrql. we estimate thw Linwlycular rate cunstant for 1somerization,
L !

[y toobe U 41 om
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Low Tomperature tyvidenie o the Bimolocglor bathway. huriher
contfirmatign of tne biMulecular mechantsm tor isomerization was demonstrated
by 8 luw temperature experiment which snowed that in tne "2 deticiant regime
\somarization ot 1rM,(CQ)Lgppe) can Occur even whan the reauctive e)imina-
tionsoxtaative adaition path }s completely shut Gown. In one NMR tube, a
sample of the mineliC Ainydriae 1 was prepared Dy aggttion of 500 mm of H, ta
1rBriC011appe), and nepl pelow -50 9C to prevent it trom tsomerizing. The
excess H, was ‘emuved By two fceeze-pump-thaw cycles, and 200 mm of D, were
a00ed After shaxing the sample to ensure mixing of DZ' the tube was
masnteined ot -23 OC tor 24 hours. A 'H NMR spectrum 'akan at -23 °C showed
no 1y0merizalion 10 4, and no tncarpoeration of D, into 3 by integration ot the
fydride resonshces relative to the methyiene resonances. This confirmed thet
reductive elimination ot Hy trom ler(COJ(dppe) does not occur ot -23 9C over
@ 24 hour periud. A second NMR sample was prepared by adding 25 mm of Hy ( <
1 equivalent) to 1rBriCO)(dppe). Atter maintaining this sample at -23 9C tor
24 hours, a o specirum revesled thet isomerization had occurred to the
extent of 3iz. This expertment thus confirmed that isomerization of 3 to 4
can occuf independent at the reductive siimination of hydrogen trom

IrH,B8r{C0)(0 pe) Dy & Bimolecular path.

fiereoselectivity ot Dihydrige Transter. In lignt of the stereaseiective

oxidative agdition of Hy to IrBr(CO)(dppe) to give the kinetic tsamar 3, 1T Is
Intéreating to consider why the dinydride transfer produces the thermodynamic

tsamer 4. Inat }s, why cues 0ihyorioe transfer to 2 procesd wih gpposite

- e - re i,
<
3LErE038INCTIVILY 10 TNEL OF h, Catustive Buditiv'  Ihe answer must Le
BlOLLronIC 10 NAlure $InCe ST@MHC Tavluly Jur Lhe Tormatiun gf the lwd iSufer

Ol loH,BriC0ItOppe) by Qinydride transiel are simiar

In Hy oxioative sdostion, there 81e twa principal interactions Getween
the a¥ metal complen and the H, morecute 'Y The 1irst tnvoives o docatien frem
the ouut‘,) orpital 1HL0 & vacant a.Ceplui Ofbilal Gn Lhe Metar certer ot g, wr
$;79,2 hybra@ CNacacter, whrie Tnhe suCond 15 & DBTK-DUNTING 1nterallioh br
WNIEN €lectron densily 1s transteiigd tium a filles matol G, orbital 1Al Lre

0% orvital Of My, In 83011I0N 1O Lhay byneiglL Aleraction, a cepulsive d-e

tntaraction between the tr11ed o, ) ard J,¢ 9r01teis Nes been 1nsored as 8
MBJGr CONLATOULYr tu LHE aCt)edlivh LAl el i the H, Ca1081sve B3J1T30"
process 10¢

Tne stereoselectivity ot H, o0r1dalive 80011100 LG 2 &fyses Dy a prefeifea

vending of one setl of trans 1tgands 10 2 wNICH become C1s Lo eaun GlRer &ng

trans to the hydride 11gands ¥n tne produit, as shown i1n A Tris preterence

relates to the 4-9 repulsive inlersctian between of

(Hy) ang G2 A ny
8pproacnes the metal complex, One pair Of trans 1igands bengs such tnat
complex + substrate form s trigonal LIPyramiG 85 the transitian state with tne
benaing tigands ahg H, occupying tre TP aquatorial p.sitions Preterence tyr
bending of tne P-ir-CO axis over the P-Ir-X axis 1n 2 (1e., preference for A
over B) occurs because tnis places the vetter w-ac1d 11ganad, (u, 16 the
equstorisl plane where it can Detter stabillze tne aeveloping trigonal
Dipyramia througn DackDONGING 6AJ witNOrawal of electron density from 6,7,
theredy reducing the repulsive interactian

In gihydridge transter, the jnteraction between the SQuare planac rilg
COMpiex -1Q tNne M, subsirate 15 nol & synerqic One. I One considers MW, to
approach the ¥ complex 1n a symmetrical menner witn sgquel T+ M Ofstances.

there 15 no substratle orbllal which cortesponas ta aP(h,). Hence, tne 4-a

-




rapuisive 1nteraction Aoes At e«rst, and the principal reasco for adgition
alang the P-lc 0 dxYs 1y removed In fact, the hetter ¢, donor ortital in
1rB8r(C0O) appe) s Lhe one oriented 1n the plang u«nnga by P-[f-Br ang the z
4115, ang 1t 1s in Chis plane that dihyadrlde lrar\sler‘ occurs. wnile a detatled
theoretical analysts of dinydrige transfer remains to be done, we envision
that the major orbital Interscl:on takes place between & filled ¢, ordital

ot 1r11) ang the 0° function of MM, PO5sEss1ng the same symmetry.

Conclusions

Tne ginetsc studies whiih we nave described involving the lsomerization
¢t tne ginydryades of lvn(ar'(ounpoei show that the reaction proceeds via two
gitterent mechanisms  Botn mechan!sms operate to giffering extents throughout
the range ©! M, conceniratiuns eramined, but two Iimiting regimes may pe
gefineg a5 greater than ang less than one eq.ivalent ot H, relative to the
unssturated starting complex, IrBr(CO}(dpge).

In tre presence of excess added hydrogen, the isomerization ot 3 to 4
oCcurs primarily by the tirst-order reductive el|m|numn/H1 oxtdative
additon sequence ShHown in eqgn (3] The rate law for this mechanism shows no
daependence on le However, the nalf-lite for 1somerization in this regime
(PaiHz}t > 200 mm) necreases with decressing (M1, {ndicating that the other
mechanism which s M, dependent s1s0 operates under these congitions,

The reaction path which predominates under hydragen deficient congitions
inug)v. sy direct ginydride transfer through a blinuclear hydride- brigged
specles This pu.bwsy is dependent on [H,], 13 second order with respect to
complen, and tollows the rate law shown in egn (1%).

Through the use of Inftia) rates, the kinetic data have been accommod-ted
1Atc & 31ngle rate expression having first and second order components, The

tit of the Gata to €Qn (20 yields an experimental value for the sacond-order

Ciryacide Lranster tate
Ore of the met e
spectes TrHoco a2
Cffectively Toom 3 metse |
tormation of statle Dt te
unusual feature apoat fhue )
metsl center ta tne cther
of M, from polyhydriae cam
requices torcing trermai or

alternative approsch hase

attractive. [t, ingeet. comples 2 dhes sbisteant My 1rom otfer 8ui,Fy3713

substrates Ln"”x' then City
preparing highty reartive,

{-H pond activation stuties
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