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Introduction

~—3 The activation of substrate ts an essential stap in catalysis, and
gonerally favoives a weakening or breaking of bonds within the substrete. The
effectiveness of transition metal cesplexes as catalysts is closely related to
their abiltty to perforw this process. Substrate activation is often
accomplished by donation of electron density from filled metal d orbitels inte
vicamt antibonding ocbitals 0f the substrate, thus perturbing its ahectrontc
structure, and Fesuiting in an ouid asdition fon 1f 2 substrote bead

15 cloaved. Complexes of electron rich mtals are particularly effective ta
activating substrates in this mamner, snd within this genre, ne set of
conplenes has beon more vigereutly studied over the past two decades than
those of MN(1) and Ir(1). Compleses of these ¢8 ions pessess a rich oxidative
addition chemistry, and are active as catalysts fer a variety of resctions
including hydrogenations, hydrofermylation, and carbonylations.!

Wnile complexes of Ir(1) are often not as catalytically sctive as amsl-
ogous M(1) systems, the electren richness of ir(1) frequestly ylelds more
stable substrate adducts and oxidetive addition pr T In this

Voska's complex, 1rC1(CO}N{PPR3)2, 15 especially notable, wndergeing reactions
with numerous swbstrates tncluding My, NX (X=C),Br,1), Wel, Babr, RCOX, and
RISt among others.d In this resctien chemistry ond thet of clesely releted
analogs, the phesphine 1igends L ganerally mafntain their trans dispositiom
and yiald stable adducts having structures | or 2 depending an the substrate
XY and the 13m of adduct T ton.
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1n this paper, we descride our studies on iridium complexes costaining
di(tertiary phosphine) ligends. These ligand systess may either chelate a
single metal center or Dridge two Ir fons. The former leads to a gis stereo-
chemistry of phosphing denors differest from that observed in most adducts of
Yaska's complex and ts analogs, while the latter produces two mata] centers
1a close preninity for the binding and activation of substrates.

The ralative tondency of the ¢f (tertiary phesphing) ligend systea
Phop(Ciz)uPPh2 to brides or chalate Ms been addressed by Sanger whe symthe-
stzed 3 monceer only when a=2 and dimers whea =] and 3 via sqn.(1).4 Compound
3, wich was first reported by Vaska, forms decause of the favorable driving
force of five-membersd chelate ring formation.5 Complexes § and S, on the
other hand, maintain what seems to be the electromically favorsble disposition
of trans P donors with the creation of face-to-face dimers of Ir{l) having
11gand sets similar to that found in Vaska's cosplex.

Urclconly « PP(CH) PR, ¢ €0 ———e OC—Irl IrCly{00)y"
as1 dopm \ |~
ne2 ape m1,3 ¢
ne3 dowp 1
()
v,
|l P |l O aen g
r L4
a’l o) "3
[N ’
eni”

Our interest in diseric compounds of this type wis stinulated by te
10tion of teo Jta! centers in close, fized proximity for the ac2t7atton of
teo supstrates simultanecusly, or for the activation of 3 single substrate
using doth awtal centers and their attendent S8°s (two 0@ « 46 axidattve

E
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adéttions on a single substrate). To improve the orientation of the two @8
metal fons (n §, we devised a series of molecules called wolecular A-fremes,
§. In previous papers, we have described the chemistry of some of these dppe
conplenes including 7 - 10.6

I' " |' ! P oo e
X '
PO W CO—Rh ——— R—C0 /L/!\L\
o P e e
[ 4 L (4
N ~~ ~ l‘
[ 1 H '
P P
Do sl
~H 5
R e RR, Ir Ir
w” | ‘§’| o o) e
P P [4 P
N ~
? 7]

Complex 3 is modestly active as a catalyst fer the water git shift reaction,
oqn.(2). but its catalyst lifetime s relatively short. Complex 10 ferws

CO + W0 = COp + W2 (2)
reversible adducts with CO and with N but ot with both simulteneously.
Further studies on these aad related A-Trese systems are in pregress.’

While the dppe Yigend keeps the two bridged matal ceaters in clese
proxinity, the dppp ligand allews the biauclesr camplexes to be wore flexible
with meta)...metal distances ranging frem ~3.5 A to X6 A. The chemistry of §
hes recently besn explersd by Pignelet and Mang whe find that § oxidatively
a8ds My to form & mixture of the dihydride [1rgiz(CO)2CI2(top)2]. 11, ond the
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The structura) assignments of 1) and 12 are supperted by crystallegraphic
evidence. Lots of ¥ frem 12 sppesrs facile, and the increased steric ik ot
one [r conter after the first exidetive addition appears to 1nRIbit resctivity
at the second mtal cester,

The studies @escribed in this pober wie the werk of Sanger aad Pigrolet
as & starting paint. Decavte the breme ond iedoenstegs of Vasha's canplex
were known to e more reactive then the parent chisre syatem [rCl(C0)(PPR3),,
we comsenced studies on the brano and fede snalegs of §. The context in Which
our studies were wadertakon wat the developmant of ¥y reduction catalysts for
€02, & yoal that stil) rematng te bn reached. Nesed o Mershevitz’ werk, 1t
was known that electeen rich Ir(l) conters ore capable of rescting with 0,9
e envistoned thet the presence of mearly Nydrides en 2 secend aRts) conter
would facilitate the desired reduction of dound OBy,

e iavestigations which we sutline hare inclute studies of binuclesr
Sppw conplexes and e hydrides uiich thay Ters, the cloavepe of these dimers
inte memenucloar spacien, and the -l 'y of previ-
only oor comp 9 wiy one ot Vigend, O of
these dppe 3y ww irredt srene C-N henit ond premstes the
forustion of benzaléehyds and bonzy} sicohe! frem bgnsene and synthesis gas,
This reaction reprasents on fapertont example of C-H bend functienslization.
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The_Synthesis sad Characterization of New Aridium Hydrides Contatning

Di (tertia ine) L1

The iridiun(l) anton [Ir(CO)oBra)- as its A-BuaN® 331t serves a8 the
conventent starting msterial for the preparation of the mone- and binucleer
couplexes of iridius reported here.
Gopp Complenes, The rom temperstere reaction of (n-Bug){1r(CO)2Brz) with |
Gpgp 'n acatone wnder %y leads to the evolution of CO and the esseatiolly
quntitative production of the pale yellow conplex [1rg8ra(C0)2(dees)2). 13-
‘ The lmeric structure of 1) 1s assigned besed o0 elamenta) ssalyses, a siaglet

PRR R
JTRRER

at 6 19.03 1n the 310 ner spectrus of the comples, and by amelogy with the
£hlore complex § reported by Stnger. The €0 Yigands 0 1) sre shown 1 8 cis
orfentation becavse of tws vep's st 198 and 1918 ca-l. The ¢iloto complox pL}
15 prepaved by mtathets wsing & 100 fold excess of Lil and 3 slurry of the
chlors complen § In bonzene and based on the single weo ot 1950 !, 13
asstoned & structers with CO 1igands 1n the trans orlentation os found tn §, . {
! The oxtdative asdition of My to 13 ane 14 ylelds Mimclesr hydride ¥
complenes. Under | ata ¥y in HgCla, 13 ané 14 forn the tetrohpdride g
cempleses ]§ ond 1§, The formation of )6 tn THF at 25%C s ossentially ]
complete within 1 he compared with 24 hr for the formation of 1§ ond enly {
inconplete conversion of the chloro complex § to ts tetrohydride 12 wnder the i
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(Irx(CO)dopp)]), ¢ M ——= ‘zll'\" N/;'\l 4)

X=8r, 1 ? P
NN

i3 X=br

i k=1

same conditions. This adservation 15 cemststent with the sotien of incredsed .
reactivity with Naltde Vigand tn the order CIArcl, Ouidetive addition of

only a single molecule of Ha to 13 to yleld the Ir(1)-1r(111) dthyeride 1] can
be accamplished by wiing only sne equivalent of My, [n acetoms, the reaction

of 1] with M2 yields & mixture of 1§ ond 1] of the L
ssture of the reaction.
The binuciear hydrides )5 - 11 ware characterized spectrescopicalily,

and relevant dsta are presented 1a Tadle 1. The hydride region of the N amr

PV
’ 4
llr'w N\L,Ir
- S
lrl L} |’ 0
~N
'

spectrum, 25 t1lustrated in Figure 1, i3 particularly informstive, shewing for
oach spacias two triplets of doublets separated by ° 9 ppm tadicating
chenically different hydride ligands. The triplet splitting at sach chemical
shift 1s 13 Kx, and 15 due to Coupling tO two equivalent P nuclei. The
doublet splitting 15 3 Hz and i3 dus te Jyy betmeen the two Ryérides.
Homonucledr decoupling of sach triplet results in the less of doublet
splitting at the other. These shaervations are consistemt with “micro®
structurs A tn which the phosphine donoes are trams,

es v RN
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Asditional support for our interpretation of the M mar spectral data
1s cbtained by snalogy to the known 1 Rydride compl
Irdtax{C0O) (PPB3) which passess geematry A The 10 nar spectrs of these
complexes 15 essentially the same o we ebserve for 1§ - 12,

A very different hydride pattern is obtatned, hewever, when & reaction
solution of 19(CO)212" + @ppp s treated with M2, Prior to treataest with kp,
8 camples may be tsolated which exhibits veg at 2000 and 1955 ca-) and &
singlet in the 31p nar spectrum ot & -20.5. The M mer spectrum obtatned wpon
the sedition of 2 13 shown 1n Fig. 2. The main festures of the hydride
Pattarn are tuo growps of resensaces seperated by - 6 pem, eme of which is o
Srotd debliet of Goublets and the other g mere camplicated multiplet. The
Spactrum is consistent with chemtcally @ifferent P nuclet, and the megnitude
of the larger devblet-of -deublets splitting (Pp.yy = 120 Nz} suggests that ome
of the hydrides fs tromns to o phosphine daser. "Wicre® structure § s cea-
sistent with the ™ mmr resuits. The sacend hydride 1s lecated trems to
1edide based @ its chemical shift,

» ’
nd "\L/'
”,'f\co “/cl \l

’ 0

¢ 0

The spactroscopic data provide the besis for a consistest interpreta.
tion of the resctiens involving 1r(CO)ata~ ¢ dpep ond M3 os Shewn 1n o (5).
The initial proguct heving wg of 2000 and 1955 on-! 15 menenuciosr, wilite
the other dppp cempl formed in Togous resctions, and the twe carbeny)
stretches thdicate a cis @lspesition of CO 1igends tn the cesplex. This
complen, Ir1(CO)a{appp), 18 asstgned structere JR with o chelating @i (tertiary
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phosphine) 1igand. The singiet 1a the 31p aar spectrem of 1§ say be ascrided
to stersuchentcal nonrigidity of this five ceordinate @8 species. T
reaction of 1§ with Nz leads to 1oss of CO, which is detected in the gos phase

" ’ " : 4
lr(w)zlz' + @pp o l—lr/ ’_"L..... \lr/ {s})
| Mo -0 w1
co
'] ]

abeve the sofution, and the formetion of 19 which possesses “wicro” structwre
B Altersative binuclesr formulations of 1§ and 19 with bridging depp Tigmds
1n cis pesitions of the coordination sphere are ruled ot based on Mghly
uafavorable steric interactions batween neighboring diphenyiphosphine grewps,
and paraliel resction chemistry ebserved uting dppe which 1s discussed delow.
Cinaving dppp-Sridges Bimcionr Mpdrides. Vs CHx)2 solviiems of the
binuclear hydride complex 17 ts reflumed for extended tiass or heated in the
pretence of Mty for shorter times (2-5 hr3), o striking Change occery n the
hydride region of the "W sar spectrum. Spacificelly, the resemances cherec-

-9

The Tack of intagrity of 1] as & binuciear specion wat surprising
since Pignolet and Nang had employed hersher condittans in thetr Rydrogenation
axperiments with [1rC1(C0)(dpop) ]2, §. ond Nad not cbserved any evidence of
¢tmer cleavege. Morgover, resctions of sinilar complaset Waving dppa beidges
under & veristy of conditions Mve revesled ne tendency of these dimers to
bresk spart inte mmemric spaciet. Our shdervation of ¢imsr cCleavage
provides an {mpertast Civest te Stusfas Dused on wsing ¢i- and pely(tertiary
phosphing) 1igends to held twe or mere aetal atews topether in Systams having
structurs) tntagrity.
dpge Couplengs. In arder te provide additians] suppart far the structure)
assignamats of )§-20 3 menenuciOdr species. the snalogeus Complexes with depe
in place of dpp wers synthesized and cherscterized. The 1igend dppe thews &
much grester tandeacy towerds chelation thon dett @ppp, and enly rerely fores
2 bridge detwoen tws entals. The mew s (dppe) compl
1r(CO)k(dops}e ZL(kebr] and ZA(X=L], ware preperad by rescting
(a-Sugl)(1r(CO)252] with appe 1A refluxing TWF or Denzens accerding to
an.(T), Formation of ] in this reaction cannet be avatded but the tw
atfferont products can e easily nepirated. Complemss 1] and I2 have very
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taristic of arv B ore replaced by these comtistent with srrengemmnt B, '’
The change frem trans to Cis P deners eccurs with a cleavage of the Mauclesr (N-N.“)U'(W)zl,l' + dppp - lr\ n
ydride tysten to the wemenucleer Structors 20 o shawe 1 ogn.(S). @ ’
NN U Xt
" |' s .t .t 2t
o "1' l‘>",°° : |< ) statlar spectroscoptc prope~=tes see Tadle 1). The single wo of 1960 ca-!
-~
© £\" * 1\" il S ‘ for Z1 sna 1980 ca~7 “2¢ 22 4nd the two Gevblets fn the 1P amr spectrim of
~ s 20¢h camplen drovide conviacing evidence that 21 ond 22 are menonuclasr
b - 20no{depe) speces.
Selutions of the orange, Wuare olsndr Ir(1) complests 2] sne 22 10 N
or QgClp resct wntrawely reptdly otth Hg t0 form the mnesuciesr Sinyéri e
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species 2] and 24, respectively, These cemplexes are readily isolated as
L] ',\
i
W
-]

ar-w

4 -1
colorless crystals by the addition of ELON and remeval of solvent. Complexes

23 and 28 are spectrescopically siatlar to complexes 19 and 20 (see Table 1),
The hydride region of the 1 aar spectrum of 23 1s shown in Figure 3. e
“domfieid” hydride resonsace is ¢ doublet of deublets of dowdlets ‘J""trm
. 130 Mz; J.F‘“ = 17 M2; dyy = 4.5 Wz}, and 1s separated frem the “wpfield”
Nydride sultiplet by 9 ppn. Irvedistion of the wpfield multiplet results ia
Joss of the smallest doublet splitting in the dumfield hydride resensnces,
leaving & dowblet of dewblets pattern. The shesrvation of Nydride-hydride
coupling for 23 and 24 represents the enly ¢ifference 1 thetr ' nar spectrs
from those chasrved for the analegeus dppp complemes, 1§ and 29.

The addition of My to 2] end 22 i3 reversidle, & 1s the addition of CO
to form the five-cosrdinate dicarbeny) complenes 25 and 2§ which are analogews
te 1§, eqn.(8). Refluxing TWF or benzene selvtions of these adducts wnder Wy

-]
Irk(C0)(dppe) o™ X ~—

’
7
v, (L))
\00

e

& xet
Tosts to Tots of the sddend molecule and regensration of Z| or 22. The
dicardeny) conpleses 25 and 25 suhIDIT twe vpg's at 1S40 and 2040 ca-', and ot

1950 and 2040 cu-1, respectively, fn close paratlel with 18,

Preparation and Characterizetien of Iri3(CO)(dppe). The trinydride complex
Irti3(Co)(dppe), 21, 15 & particularly Imeresting compeund which wis prepared
according to eqn.{9) by the reaction of NeBy in ethanol with 22 1n CMaCl2
under Hy, This complex was isolated as & tan, atr stable powder, and when

"
co ’ e
\lr< oy — '\‘u/ ] U]
17 WS
o
2 a

recrystalltzed, s colorless. The Nydride repion of the 'H smr spectrum of 22
s shawn 1 Figure 4 ond based en the splitting pattern abserved, s factal
configuration Tor the Rydrides con be assigned wnisbiguously. The apical
Rydride, Ne, 1s unique, and i3 cis te the 2 P denar atems of dppe, yiviag rise
to the teiplet at & = -10.06 ppo (Jp.y = 19 Kz). The squaterfal hydrides, W,
are chenically equivalent, (& - 9.27 ppm) ond are split by a trans P (Jp y =
124 H2), & cis P (Jp_y = ~12.2 Kx) and sach other (4.5 Hz). A computer
simulatton of the hydride region confirme these assigaments and 1S shown ta
Figure 4,

¥ found that compiex 27 Voses Mz both thermally sad photochesically,
with the rote of photogenerated 10ss much greater. This was desonstrated by
% A1 ta g sol wnder Op and CO, and mnitering the N
nar spectral chonges with time. In resctions wnder Oz and 00, enly the
Ryéride region of the tpactrun wes affected. After shert phetelysis times
{20 m) or longer thermolysis times (2 b), the outermest dmblets of the -9.27
PPN resonance wers shserved to lose thelr Nydride-Rydride coupling as shewn tn
Figure ¢, and the integrated tntensity of the hydride resenences decressed by

- e e
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- SO% reletive to the dppe resomences of the complex. After 2.5 h of °
photolysis, anly traces of the hydride 1ndicating that 1] \| ~
dewterium incorperation wes essentially camplete, converting 27 te /“'\ [ ]
/";/ 0”7 | e
1r03(C0)(dppe), 2B This conversion requires 8 h thermally. The IR spectrum hvor 8 LI P = [+] o)
? the 1solated Tadle) with the 1 4] Ir,
of the 1solated preduct (see o) together e data support the m/ \' \K‘ ’l\
formulation of complex 28 as 1rD3(CO){dppe). Whan 2 dissolved in Coig 1s e i *
phetolyzed under Hp, 1t 15 cenverted back to the trikpéride, 2. 2 "—:"\m a
Photolysis or ly of 27 In wder OO loads to the repid i
appearance of a new hydride resonance at & - 10.36 ppm (t) sccompanied by mew x
resonsnces in the methylene and pheny! regions of the spectrum, After 2.5 b i The proposed four-coordinate Ir{l) intermadiate, 30, s resctive to ’
of irradiation, all resonencas of 27 are replaced by ones associated with the I other substrates including beazene. Mhen 8 benzene-dg solution of 27 is h
new triplet at -10.36 ppm. (The therma) reaction ts cemplete 1a 8 h.) The photolyzed undec %y or vacowm, a change 1n the hydride spectrwm similar to ‘ )
3
pheny) and methylens regions tn the ' smr spectrum of this matertal are X that seen under Dg as shown 1n Fig. 4 13 cbserved ofter 20 m, along with & 4

neerly fdentical to those of the five cosrdinate Ir(l) complex Ir1(CO)z(dppe),
28, which forms by CO adéition te 22. A larger scale photolysis of 27 wnder
€O allows fselation of this new matertal which we tdentify as 1ri(CO)p(dppe),
29, based on rer and IR spectra) data. Soth 25 and 22 exhibit only sharp
singlets in their 310(1n) nar spactra indiceting equivalence of the twe dppe
P donors ta each cemplex st reem temperaters. Complex 29 may 8130 be pre-
pared from 2§ and g~ under & CO * 1 abselmtely éry s .

The formstion of 25 and 28 by phetolysis er thermolysis of the
trinydéride 21 wndar Dy ans CO, respectively, 15 consistent with the reductive
eliwination of Wy frem 27, gemersting the resctive 4-cesrdinete spacies
IeH(CO)(dppa), 20, which then adis D2 or CO a3 shown in egn.(10). The
formation of the tridewteride 2] requires at Jesst twd passes threugh the
reductive o} fanidatt in ogn. (10) with preduction
of e oquivalent of 1B, The 11y premsted r ve ol

of ¥y frem mutsl polyhydrides is aew wel) documented, and has Seen fownd in &
swmber of cases to generste Mghly resctive species,’0

Lo —

corresponding 10ss 1n the integrated intensity of the Rydride resonances

relative to those of dppe. This result indicates that dewterium incorporation

tnto 27 15 taking place with the solvent serving as the devteriwm source.
Although a phanyl hydride species ]| corresponding to the oxidative

addition product of beazene te IrN{CO)(dppe) 13 met seen directly, the

observed H/D exchange 1s most reddily explained by its intermediacy. *

n )t
/'l'\
4
(aim ® |
" i
Sarbonyiotion of Benzewe to Benzslgohrés The prepesed extstonce of 2L

stimlated further experiments teo dotormine if CO insertion and eltmtnation of
carbonyloted product covld be saen. This was indesd the case. In o1}
Phetolyses of Z7 in Cehg wnder CO or CO/M2 Mixture, a new resonance in the 'H

~
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g .‘:

T
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nar spectrum at § 9.63 ppm wis observed which Is assignable to benzaldehyde.
i The only other ahserved change fn the TH nar spectrus was complete coaversion
of 27 to 29 s noted above. Experiments were done te confirm the formation of
benzaldehyde. Phetolysis of 22 1n Cglig under 600 terr CO followed by o
analysis of the volatiles shewsd 1dahyde present. of the
volatiles with semicarbazide ylelded a white crystaliine msteria) which wes
shows to be Denzaldehyde semicarbazone. In all cases, the asounts of
dehyde by gc amalysis were small (3-8 aM after 8\ of
) photolysis). The carbonylation resction dses not sppesr to @0 thermally.
mavncﬂmmmnnwummstmumma
Senzaldehyde formation is fownd by either gc or amr mathods.
The formstion of benzaldehyde when 21 is ghetelyzed In benzene wnder CO
Indicates the occerrence of eqn.(11), and represents se fapertant exsmple of
C-N functionalization. The small amounts of beazaldelyde formed may be the

o0
O v . O an
m [U)]

casuit of wfavorsble thermsdynanics for sqn.(11). Ve calculate 46° and Koq

at 299°C for eqn.(11) as +1.7 kcal/mele and §.9 x 10-2 aarl, respectively.

It should be noted that wcertaiaties fa entrepy velues for Tiquid benzene and

Senzaldahyde permit a ronge of 4G ond K veluss te be calculated, but i al)

casas the resction ts thermsdynawically wiaverable. This metien 13 confirmed
] when the trifkydride 27 is phetalyzed in Coig 1a the presence of CoigON0 wnder
‘ vecwn. WIthin § min, the of e w! species 13 ws neted,
and after § brs, the comversion of 27 to 29 we Tete and the tdwhy
had ducreesed to 4 ame)l bt nxiytively stesdy velwe with & concemtitant
\ tacreese in the Bentene resensnce. [t thue appesred thet e oqutlfdeiun of

ogn.(11) was buing appresched frem efther direction,
Mtowts were then sude to detorwine lgy o8¢ o8 of (1}) swpertmantetly.

18-

Ty

X ly of from prolonged frradiation (336 howrs)

revealed 3 aew preduct which Ras besn fdentified by oc and aar techaiques te
be benayl alcohol. This result msy prove te b Mghly sigaificent since the
reduction of Tdehyde to bonzyl alcobet, ogn.(12). i thersedynenically

favorsble (G is between -§ and -8 kcal/mele depending e the entrepy velues

utad).
O. M
th - O (12)
n (U}
The reaction sy thus serve &3 & convenfeat drefn for equilibrimm (V1) so that
» carbenylation con pr »” ly. Longer tera photelyses of 27
s Cglig under 1:1 CO:lig (600 terr), hewever, revesl enly the formatien of ~ 2
equivalonts of benzyl alcehol. While the only Ir complex datectable appesrs
te be 23, Wiich can resater the catalytic qele ty dissectation of 00,
additions] preducts sre forand ta these longer terwm experiments (125 brs) as
il ¢ by the P of yellow and srange colers ia the resctien
selution.
Further studies to wuntine the trilydride, 27, and the dicarbony)
Rydride, 29, as catalysts for arene C-H bond fi ore t

Swmmary .

In this paper we hove exsnined the synthasts ead characterizatien of
Sridiun fydrides Naving ¢i(tortiory shosphine) Higeats as brtdges and
chelates. Binuclosr dppp bridges comptenes of formuta ClritaX(CO)(eppe)l
le". 1 possens the phosphine doners ia trons dispesition 43 showm by
15 amr spectrascapy. Upen hesting, these diaers cletve fate menemeric species
of the same stefchienetry. The @pe conplexes ore 211 maneneciosr ond contetn

o chelatad di{tertiary phosphine) tigend. The Witherte wareperted
1ra{CO)(dove) X = Br, 1 compleses hove boon descrided a3 s thelr resctien

i e o 11 % v e

B
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chemistry to form reversible adducts with CO and Hy.  The trihydride complex
1ri3(C0) (dppe) tn Cglg under CO leads to the formation of benzaldehyde in
possibly thermodynsmically-1ieited amounts. An intriguing observation under
continuing study 1s the subsequent Conversion of benzaldehyde to benzy)
dlconol. These cbservations represent an fuportsot example of C-H bond
functionalization.
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Table 1. Spectrascopic Data of Iridium dppp and dppe Complexes
Compound IRca-1pa 3P par 4 oo (Hydride reqion only)
veo vir-H
[lrzerzﬁo)z(de)z] 1915,1944 19.03(s) ©
[l'zlz(ﬁ)z(dm'z] 1950 14.0(s) ¢
[lrmﬁ(w)z(m)z] 1945,1980  2100,2190 0.08(s),7.47(s) @ a6 (tof d) 187 (¢ of ‘) {coc13)
Jppcis = 13 M2, g =
Urzﬂ‘lﬂco)z(m)zl 1980 2090,2160 -9.74 (t of d),  -16.84 (t of a) (coc13)
Ipcts = VI Mz, dm v
Il'z“z'ﬁ(w)z(w)z] 1945,1900  2100,2190 -8.4, -8.8, -18.2, -18.8 (a1} t of €) (COC13)
PH-c1s = 13 Mz, Jdgy = I W
Irl(CO)ﬂawp) 1955,2040 -28.49(s) ¢
1rHp1(C0) (dppp) 2042 205 J'szfg') e .27 (g‘;")c. dpptrans = 120 K2, Iy css o V6 Ke), -15.35 () !
"”2"(23)("") 2043 2220 -0.27 (d of d, Jpy_trans = 120 ML, gy cis = 16 He), -17.99 (a) (CeDe)
1r8r(C0) (dppe) 1980 Q, 1(4).47 9(d) 4
2 Jp-p=14
lrl(Co)ézppo) 1980 J«;a;ag.::.m ¢
p-p=9.
""zir(g‘i)(ﬂm) 230 2195 33.8(d),26.6(a) .9.06 f?.';;“(:; zé“ cts * 17 M, dppgrans = 130 Hz, Jyy = 4.5 W),
lrﬂzl(ta(dm) 2040 2160 ﬁg“) »20.62(d) ¢ a9 (4ot 4(:; ¢i.m,_;)n W2, dpw-grans * 128 M2, Dy » 4.5 W2,
lm(co}i(am) 1940, 2040 53.51(s) ¢
lrl(w)ﬂapn) 1950,2040 32,0(s) 9
1ri3(C0) (dppe) 210 194,200,200 30.8(s) .48 (g ot 0 of 4. <24 M, . 2.2 W, g - 4.5 W),
i KTt i T it -
lf'a(“%dm) 2% b
lm(co)ﬂm.) 1913,1966 2000 32.8(s) ¢ 410,36 (¢, dpuocts = 41 He) (CeD)
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Figure Captions
Figure 1. Hydride Region of 15
Figure 2. Hydride Regfon of ]9
Figure 3. Hydride Region of 23
Figure 4. Hydride Region of 2]. a. Experimental spectrum. b. Simulated spectrum
c. Partial deuterstion after thermolysis of 22 under 0, for 8 h.
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