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Fr

tiydrde Transer. A 8r1ocular Mechanism in the Isomerlzatlon Of

cit-D.nydrldooromolceroonyll(OisidlphenylphosphlnOlethnerldiulm,

IrH
2
Br(CCI(dppO) INTRODUCTION

The Oldatine addition of H2 to o metal coplees has ernrenensnely

Amanda J kunln Curtis E. Johnson. John A. Maguire, studied over the pest 20 years because of its relevance to H
2 

t ctt ,on in

William D Jones' and Richard Eisenberg* ho.oneous hydrogenation and One of the ot thorougl

Department of Chemistry investIgated systems In this context Is vat't complee, trans lrCIlCOiPPh
1
)
2

Universtity of Rochester (i), which reacts with H, according to eln (1).
3 

Basoed on kinetic and

ROChenter, iem York 14621 mechanistic stuaie,
3- 5 

02 Oxi
d a
tl

v
e addition Is genera!ly viewed as a

conerted process ith a tr.angular "2 transition state leading to a cis

eceic ydrd product.

Abstract: The .uddiu I dc,,.n cif H
2 
to Ir8rICOlionpe). 2, (dppe n 1,2-b,,r

C L C . C
1d p 1 n y ip h o p h ln o e t n ,n e I y - 1 -o I k i , lh y r id e s p e c ie s , 3 , w h ic h t h n & r k * H 

2  
H .

L

somerizes to a more stable soner. 4 This isoter zation of 3 to 4 has been

studied kinetically as a function of initial H
2 
pressure. Two pathways are

operative at ambient temperature. The first Is a reouctie elleination/ooide-
Recently we began investigating the afoative addition chemlstry of the

tine addition sequence awhich is first order in ompleo, while the second is a
related sot of ct phosphino complexes lrX(CO)(dppel, 2, and have discovered

Oleolecuiar pathway Involving dihydride transfer from 3 to 2 to produce 4 and
:hot Its onocerted ooldativo addition reactions proeed under kinetlc

regenerate 2. The dinyorlde transfer pathway Is second order itn complex and cis soepi he ontdahlce d.Itlon ot M2 can f01i0, to

ecomes the odomnant isomerization 
mechanism When less than one 

equivalent of

possible pathways, 4 end ft. as shown In eqn (2). lieatng to different

H. relative to 7 has teen added to the system. All of the kinetic data have

Dean fit to a complete rate law tich loads to a omolecular rate constant for

dnyodrlde transfer of 0.21 M
-

1 ein-
5

. Below -20 eC, the dihydrlde transfer coreptonos to A 2 
approach to the squere plenar coepiea mith the tolenulen

axis of H2 parallel to P-Zr-CO as shoot In A. Ta conoerbed oxidative addlhion

pathway for isomerzaotion Is the only one operating.
along ' takes place with a banding of the trens P-lr-CO axis so that one

hydrde of the product becomes trans to CO and the other trans to P. Pathway

11 corresponds to approach with the "
2 
moleculan axis parallel to P-lr-X. es

|Al



-on I0001 LIn H, rop, 0 .0u r1verso ns, 3 0 when V _ _ Itcl l tter [Ion 1 8. 5

10081011. Jrad Itonmerootlon n Ocololl 0,.r lIHla Io t .. r.s 1,18 on,

* [ pJ kinetics 1th an Observed rote consuntit, Po1s At 15 *C 0. 1,85 .1 ' ee

[ corresponin
9 

to a hall-]1fe Of 62 minutes. At 25 oC the hail-life of [no

P 0 klnetlc Isomer 3 IS about 35 hourS. lwo poSsidle mechaniss for btoeriOotlon

appeared consistent with the klnetic data. The first was an Int-olecut-

2 roroneeet 51. te ecndcorespondU to a redutlo limiTionot,-

Ir.. ) oxidtlve 0008i[ion sequence wIth to Iormatlon of 2 os an Intermediate. we

afvoreo tis Latter pathway. je., 3e2 . H2 -k 4, principally because

rouCtlve elimination of hj from 3 occurs m-1, more rapil0y than

Isomer 10081on.

The cloon flrtt-orOr inetcs or tIe isneeroOIzaon, honever, fere

0C- Ir P - r-- observe: only In 0ce0o05 sovent, 0n0 unter on excess of nyorogen. when the

A I reactioin8 00 nene. Ie Ieoeer zO t on proceeo uce more rapidly

, 100 -- tshe0eoners Thus e0Ist for concerted H
2  

O doItlon to with an apparent I.lf-IIfe of co. 2 hours ot 25 6C, although the kinetics were

IroCOI(oppe), .noave found that for X = Cl, Or, 1, I, an Ck. the Initial not found to be reproducible.
6

6 The lsoeerIzetion of 3 to 4 was also f0un0 to Ie

o010t1ve ad0iton takes Place i0astereoselectIely alon9 pathway I.
6  

The Inhibited by TBOA)Rr an0 00celeat O y a00e AgBF
4 
In [enzene end Oy 4000 02

r:e ,on n so lu [,on 1, a....t,11 y oplete wIthIn , 1nute under in In acetone. Perhaps most puzzling w0 [Ie Oeservation thlt Iorma tlon

ateosphere of 02. forming isomer 3 to >991. That the reaction pronceds under proceeded more rapidly In rigorously Oeoxygenatid0 acetone when less K2 0a

0 l5 ,c control is Iuntrated hy I.e fact hat IOr f Cl. Pr, 8 00 I. f, present. Since 0Ie proposle reouctlve eIlnotlonII loxoilOve *O*,ton Sequence

initially formeo 0astereomer slowly equilibrates with the more stable for ISomerzatlon possessed no kinetic dOpen0hnce 0n H2, our observation

0,astereonter corresponding to ox0atve addition along pathway II Baseo on suggested th0 another mechanism for Isomerlzotlon exIste0. we have therefore

She variation of x. 0 St er~c .t,6 br the dI-steraoselOctvoty of 02 reinvestigated the Isoneerization cl the kinetic isomer 3 to I.e tSeirooynomac

o01atv a001tion wa0 ruled out, leaving g1905 electronic efecs as the isomer 4 as a function of H
2 

pressure.

controlling fact0 In he 01-t9reotO.O8TOn pro.... In this paper we describe in 0etai thot Investigation, lncl~ang the

The Isomer-zation of the ktinetic isomer 3 [0 the thermodynala, Isomer 4 observation that 6 Second isoukerization mechanism involing Oinydrlde transfer

for x Or eas also -mneo oy us in IItll 
e 

Based on the observation trat 3 between et01 centers co..petes with I.. first drer sOser t h-.on .echenlom t

......



or

ambitent temperatUre, and it t I.e te ecranrt oeat-9 .t teeceatlure, paid. spectrotopy. -Atr
9 
rho rtri T h ie hydride resonancas or ,nom-er 3 too 4

-20 "C. to detelelire the reletivea amounts af etch isomer present. Through chcarrti0o

of the Integral Ot tire entire IydrioC region to tire integral of the etire

(aparleaemntat Section rathyloe region, atr, amount ot onreacted IrarlCo)dirpp1 -as detararoo I.,

oltneePerimrottowereitra, not In mrta ea F5?a tt tritet each tr. tote.p eaeiAt.. 0. -i or a oSs a l.-' ntStocktnIor.no.t

trtd ln eto ae purchosed froe Trill m Glats. nr tat otOT ad trr~ldpe. prepa.re asnd scored undrr nitrogen. et u.no.

recaivad lAir ProdotS C p., 94.3%r. ann actoe-0  
ldrich Gold cabal I oat tsdmercatinnd00r hi0a nT o or The or ae- resuts 1i ti.

dittilian, fromn4 lc lartslaes IHn~ spe yc tra mere recorded or a Oruter isomenlootlon Ot I tn 4 Under hid) toi nf addad 2 reveal than toe rescar10

W-400dtpectroeer ot 400.1t1 aid. the tanparature of tire prno wat regoulatad proceadt bp a nlean tirst-orner procoests. As 28 "C, tne half-l ime for

writh a Broker OVT-1000 tamparature Control onit. -Tanmartatf~n Is T0 hours. a. nd h orespondlng iip tt 31-fi a ld0 a --

The coeplex irariCOlldp pe) not synthllldnd falloinnng the proCeor A pros ot In 131 os. time ts linear. as shoot in Figure I. essentially

preoouly repdrtad.tt conairming the ealier recots nr Johnson and histenserg.ta As discassm -A

GSeial P -ree ton Samapte Preparatton. A stnck soiutidn Of ther Introduction, the isomeni datic eeC hatriom tanorad ty Uc P-ee10ul1cyeat

InrIC0ildppel (9.55 . O 10 eM 0.033 g or cholex to 5 eL Soluent) was reductive al lmllatlonnoindotlce addition Seguence Shownas5 eon Ill Oasd on

prepared in atone-do Aria stored under N.~ In a dry too. F or eachiexperieent. tile fact that the initial nalu ad diticn oat found to be lotst ar,d

,0.50 e 0.02 hi of the saoct Solutidn oat transferred to the 0140 tube which oat raoerslble. The rate ion tor thint mechanism. givenoag n (1. dtpadSo nly on

the, cdnected to a high -- ht line contaeinirng an
2
InAlet. A- rrrhree te concenrnation ot the kinetic dlhydinide 2. amodh.Snsandepenldence on

freeza-puep- than degds cyces. tr ho lduti on was maintained at 0'C roan ice hydrogen pressore . Since the initial oxidative addition aS highly ytfereo-

atnnwhilretreample mat placead Under the desired pressuira ot H2 Pp opening the seeti ve, k.j it muct gretater than k2 and the rate ian (4) corretpons to

-vatthe top of the 4140 tute. the temple wat than Shaken thoroughly to that at a Simple prtegolllr1um.

ensore mixing nf H2, end placed in the thermos tatted Prote ot thin aco specarn-

meter. The tota volume or the t.iO tune nat detereiead to te 2.00 a 0.05 mL withrj ~
1:1 Br '

a nautlnoarcs ar the @6, n llo ru.1O5 et at the nit dhdrda

etoetos A2 Oartt

tormola lrOIgrlCO)loPPeIl e baceen studied oner a Ide raoge or H,2 prestores, d131 kit2, (11 ak 2 (3) 
(4)

fro I2 me td b10 - ni added H2. The reacatlonesaecoln by . eM. da k1 a 2 k_,



X ±t in, ci.1.-1 I-, indooa , 2aO. 30G. and 450 M Of addedenattint.todtanlaaIou trlteabneoe.ru otaet-ionstant. , dc-raanrt art, daep,, cirst a- thplot at plan t1 (0II

Ila ud, to be distinctl ynal~near, . urpzi rmain, a linear Curilceti IC.

11eeret tu,.nd to ceapprualnaterp itrs aider, Inat I, plate at In 131 as na aaraapn a c t /rl acntrcddcu. i 9i

inme an iincdr tar at las' - aill .line. althoug they so. a Slgt
T o r i g i n o f t t l l i n e a r dn p e n e . "a a n 1 ...} a .l l .e c a m e a p p .re n t t a l e .

danratin true i nearity at early reattl n times. Ittit daoitdion te eats
lWe ttiat Conclude that a ttaesriaatlbnoan hanlseieoicr, it seCond drat, in

al dent at the lowest ot these pressuret of H2 as 
tln in Figure 2. A tare

comple predominates noer Io, pressutes at 02 and posteses n noersa 1n11
signiticana, andrianittally anne piddlIng, aspect of the araetic rant under

toes. aressureseae that t e rate af tIsertrltton was oserved to De lester
Mechanitm for the hecona Order Isamerization Patrear. Under -anrdltl s

as tn prellure O alded H2 was Iowerd, as jnawcn In Taste t. h hrleelon
tn cotch lees then one eqalnalant at Hi Is added Sn the reactian o$ytee, bath

In rate with .2 pressure was icansistent t the reduc tIe el I o etlan/-

trrlCldppl and toe elnenin isomer at lrrtBrCbl0Oppel, 3. are pelt In

oeloatie addition sequence of (31 and its rate law, (), which sbocS no 2H
2
1

Gosrvable (oncentratoot we propose bmollec le mechanism loluiq tIee
deedec a plot at no0s as. tlt[l

2
t saggested toat a smona isomerlzetan

two species to eplall the amrizattun process under these onoit ns tis
pat h a operating In addition ta 131. while slowing toat the invare

enchaniSM, whico is consistent -ttnhe kinetic data. manolas aicor,a0e
ampendence at H2) for this pathway was not strictly linear,

transtr Ontweeo Ir tpcies ti a luclear trterlrtadata. S. at ,rc- n ii or

Isomerization Under LOW Pressures af Hydrgen. Four experimental runs

were carrled out under t2. 22, 29, en 4:- ato added 0
,

2 all o ahtch

correspond toaeons ot Qaed hyaragea less tten ane equinaen at startIng

complee, trsrlcdlldppel. Thoeareactttons procteeded muc norCae quickly tao

those under higher pressure of H
2 - typloetly, taso.ertzetIon care complate I 0C

In Iess then 15 hours. Attempts were made ta 515 Sta data to a fiIst order Nt, lr Sr

equation, Out plots of In 131 a-. time showed significant 
dealations from

C S

linearity. Clearly, the Ilomerizatlon path which was predominant at lo 0 2

pressures at 0 dId not follow first order kinetics,

A setont order treatmen t this eapermaental flat we more suHnmesta O rC

In that plats of I#tr
I  

ne. tIe cere linear. eherm ilt represents the su at a

unreatted and uorsoeerlaed IridIum compleaes, 2 a 3. A plot of this data tor
thr

1 to e run auider 22 -m at added a
2

5s s0ocm In figure 3. Centrary to



I-1e a s- a - -)

he: pcr-oot1, ie Ib a-Gdlhtt- ttrt do O tote -Ittrtoe hspeeet

trtttCiitdPliet genera.ted It, lendr10htogenatio, Of trO'srtCOttOppat, 4.6 Whe, f I
C a

the r@aacttion oos Cerrted aat ustng the tase OUo tI8-41Oteotcyclo- 0 00

lh.4.Olunttsa--ehet under 02P the products Ware the trthyortde trt"co)Oltppet), Recentty Janes too nogrer- '~- the 0'tat totntetttreor

6, end the ktoetto Othyor-de 3. as shoot ir eqn t6t. Ute at 02 Showed that " e h .... l Id]14 ) 9 T:mto

Whereas east of 6 taorted byt the OeIOtdo u addititon ot H2 lot IIt to y4 0 q _ _ III 'o e.2

trHtCdttdppet. on amtount roughty pegultteat to the amount of "-
2
15e produced

0a e Ottteret piltheay. Since the thereodynaetc Othydrto. 4 does hot

tedaactttely etliminate "2on the ttme stole at te experteent, the toreotton of

tr~rtCdlldppetoWhtch glues 3-d2 utpon reaottoo otth D2 ott pr opoe to occur b ,eI-,
etet- tae IL ,lhoerht~e atttIptttt tsiJtt

Otrect othyorlde tronster froe trH
2
OrtCyltdPPet to Ithltdltdppet through a .',",', ,n...... ''" "in.....nt

trldged itoermedtote ilth aonooetahI treeitton Of trt3lCot(dppet. rea,. tteo oo qraat,~ ,a o-c, ageo Ot outl, tentt

2 b j ",p P p pr~;tt 0j
Or c C "xO

0 0 
p c- 7

4 6 3 tO 2

On to eartter report, trouto and Herrode proposed a dityartde-trtdged a

dImer soectes to thetr attempts to convert tha eOhOdehntote phosphtce Comptexe

tro,,tC0ttPtp-CtC
6OHSt3t2 , 1. to to. unsaturated comptex ttetftttpP-CtC6O

5
t
3
t
2
, it eH Or

... Ohen th Wttytr,0o a ets ptaced under 0t Irte*, Of nttrogen Ito dtstll

te, H OM. eatdenc teae...ted the oCarrenct on a t t.1 rt-eu proposed ta Rate I-o tot the et era -setrattan pet coY the -t.t 1 to , o the



(dl 0.5 pOigisdr, ,-.( . (9- D, for tfoqlJ 9 l, ".e Icrl 0, te -e 3 rTlU3.r

prose ala Drool roolci pair. - t3ldlLi] 101 hydrogen concrueraetrun lolS t kr, ilC O,o,,, cae 83i tecsmes pr.v,rs,,st,d',

Ise odnc1r Lr lu s 2 -u0)3 oreort by Milol)llltlumcoursals )5i23

eapncts~dslo+elre 3n
2

] Ccrrs3rol sto...cesr~tretilr, df'tsholoe2 H
2  

tsecfopt tht ts,eptosrroed sccn oldrlotcrllunros ,5e++ t ¢

eShOot en Inverse ,5J dapole, as lIlotrer Dy the Ot i ire . .. ,e

13) 33 I tho plot Inti ore 4, i osn that , e 0 . ... iot lip'esss, .- I~ re

(2](3H
2
3 k pres.nt Isoeerleotlon study. t

0
[H - I.

a ihoAeriZetlon Under en Intermeldate Pressure o2 T o e-m s, tr c

3 ) 3 K q 5 2 3 H" 2 (I I I I h o m r z itt o n i e t w e s s O h e h i g h a , .i o 35 p r e s s o r e r o g ic e. , a , c ~ pe, " " n

oat oorrleo out under 320 con of aded 03.oased uson is Itegrotiuns 
5 
oI th

Substituting for 133 Into 
n (9) yiels (12):

kinetic dhydrle 3 and dissolveod H2, thit Initial pressure of 5' Iorre..Oll

ra2e 3a blecular path = k3Keqi2]2(H2) (123 to 3.03 eqoluleits 3 -2 solution. As so the hgh -
2 
pressure reg.a no

IrBrICOiIdppI Is ot..roed In solution. The reaction Is h1l complete Ir. 3 I
we next express the rate in terms of tr

] 
oorresponding to the sum of

hours, an surprisingly the best fit Of the kinetic Oata is ob3taind who' (h

unredcted and do uiomerled r species, 323 * [33

reaction Is treated hs 0 sehcou -q-, lhottular prot-ess. ites .,.

resonbly straight (lin resorts from a plot of Il
3

lrT] oh. time rife S
[IrT]

323 z (14) where fir.] in this case represents the ¢oncntrot,on of the unnetl anydrre
(I . KeqiH2})

3.

upon suosEttutlon of this expression for 323 Into eqn (32) we outai: th Cmete Rate Lac- The etnetrc results oescribe aotoe Indate toat

p k3q [rT 
]

2 (H
2
) (15) Isomerization mechanisms operate to orffering extents over the longe ofrate or iadi moeculor p03th (15)

S. KeqH2
] )

' pressures . elIne. for a system with parallel reaction p ths, the

she 3H23 dependence In rate expression (15) is tomplex, Sut It is evoient complete rate expression Is given by the su of ore component rote

thot the Value of K5qtH2' aetermines the oserved hyarogen dependence of the law, FOr the .so1rleetto of IrlaoritoppeI, the COpleterete em e str,

'second order" or blimoleculer pathay. Tw limiting reglmes can te envislone., is given Oy eqn (16) In which there ore terms to account for both It.. Irs%

which ore on folos: and secoand order components. If eqn (16 Is corect, then it shoulO be

ai For I or Kq0H23. the Dmoletiler rate - N 
3
,e

0
lr

4
3 2

1
H2]. In this possible tO fit t. e .perrmsetl lot to this equation.

laist, the hydrogen concestretion Is etre ly o.. and the rate Is propor-



Ii J i I Ill' [.,l (2} gas 2 gas sol O .9eq,
, l i t ) T -t i

' r , I ,eIl. It'., -t1 dale iI' te 1 os nlna tubstltuting I r1l-3 lt 122 In (l8) and Ololng for 02} leads It

I I I g - 11a 1 'a 1' 1. . 1or ahrun, unbiased Dy PO-H~l Va / OT

- ..' ther -' -. ...a. . I e i rst order . second order ((ugas Th sol a ts ,l Ke 11i ; I 3.

Values for P.(l
2
l are atown for each eaperlment. and a -alue In' hIr,-,

constan,. 0,. was del trmned exp.e, mentally to be 3 16 . 03a1 n
I t I I I I, a tll-rr~uh-u the cors o . ec rol'I.I I

easur Hg [H21 In acetone-d using 'H NM SPeCtroscopy as a rtr 1 ,-

PII"2). Thus one Cnocentratlon of rydroges In in ,u.lon ..eer,2 I. a r
ucas r(dl .1 tmel o at u (1 ceKpcf. al an.t re(aputat'n 10 1 0

fit a> oat us to gnore 1-e e,,lc'- ut the theleoqhaec lower 4 s

A SllgnI rearrangement of ega (i I yH~dt eapreso 0 a r-.C
see- ,n Taoe 3. thai Hlt'dl 'ole l'r',t rnrea' wth'l 'aastg (ar d

rate", eat , en / egud alent to subtractcng nut are conr but t' e I
thel turns oer, oacreas~ c~ng In l 2unl'.uet tunnease 1 t. oI.stent

near noepoHent from the obsered InItial rate

wrth the luncconal dependence of ('
2
t -r eqh ([i and Is to a",

da iad : 1, [31 tO (3('. 2 (H
2 

1
reduted rate = onsered initilal rale - -- - _ 120

The COncentration of H , l slut on. LH
2
], fr an each /ep mehl (s[I a -eq{H21(

2

oa iculateo using the mater al balance e.op ess(oh, II 11 , where Po(H
2
) 0 plot aH

2  
a a1 22 should gt ae Is t

, , Ie 1rt aI a dda pressure hI H
2  

n atmosPhres, ug Is re told.e above

Ile t h intheN a lute it% 1 0OhelI, ea o' Is IreS .snisuw a - 3 eq[IrI
2  

As shown I flgure 6, the exper lmental data

Ill the derlmed functton reasonably well wat two clusters of data points
ouo~ma Oh a /I

tarrasponedna ao sa Iwo pressure Se :lee suded, oe ith ere Ihan I
lPlltIl 

0

gas Pllr
2  

g~as a I Vsal a 1302

- - ---- l1t) eguloalana df added 1;2 aao toe otner . ' less loan ,a.I ialell. Tne f1i .1

"o4 Inoe tlaatea atas the parldad equation accurately catrlbs the nehauor

he trilal aeo - of added Mydrer , Po(H2o)iqaSQ, 5s dltrtbuted as the
of the ,Itam. The data hich are plotted, aS well as 'Gues foe PoH

2
), (31,

a~,r' n l. V-11.1-, ld
3
(a

5
o

I
. the amoct aooa the solution, P(H)vgatlQT, and and (021. are gta It Table 3.

Ile .-- l,,, .-r h I, olud to .aae aiyae . (31,so, hutstldtr.on are
the oery seal -Values far the reduced rate at hhg (H

2
) ndiate I tIte

eat ef I:.t -n,ih'n a eoo~hd tore o1 dentds cac lip - P10
3
/ 0 ttf3Ur,

c DnteltoH fro- the Second order pathway. From runs at the highest aded H2

p..... - I ca as a. ana o, Is approael i a1a2g and h'ta I.alur i 2



-'oh4 airl UlIfti-tnaio-o- t-iacqnilbtu- nntot,LtK..reteeplned itiot.cint intt oih loa

lo
4  

C bate n , thi .1tt di ina 1.aA that In. foo Of .t I Fili in F. t o IoHjbrlC~lldppcl by o ifrdicti. cc hI , ti ,

ina~,~ r~P. antInate Ill. -~fncl I rt oo'itfit for 1 in.1a.ridefen Ii it
2 
Idt, I 1 ta aCILt n , three ar- Do pinCipal inter,,rro t act,

a U. to , Iaoolm i .. I triO 08 miatal Lomele. and tn. 11, lai -1 ton 10 the -in -1 io .t.I.ci I

oifnff Iof tne 0I11 ifoaort a ar o tmreto as Daemonitratad 1,-d .2n it fer ti ,,D afir inn .n r in l t D1-bon 9r ii-oinhnr I

by a .o t.te air. . abaPrlian aniCh Ieh.o.isd that in t.eM dotitent regime rihioelat iron xa-iiy in ir.ifi ad 11-n a me l ntal 0 cvrtar t ti- c

%some ristc of int
2
iclQitoPal) can ocher -nan attn tire reacch oaelica- DID,. orbta of , i., adition Ito r, ri yl.- ' 4- acfilt pon e
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