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Binuclear complexes, hydrides, oxidative addition, MR, phosphine complexes

ﬁ“ e %o~ and binuciear TridTusi1) carbony) Walide compleres containing the
di(tertiaryphosphine) 1igands nzr(a:g (n=2, dppe; n=3, dopp) have

been prepared, and the formation of 1Fidium{111) hydrides by Wy oxidative
addition s been studied. The binuclear complexes [1rX{C0}(dipe)

(X = 8r, 1) possess trans phosphine donors with the dppp Vigands bridging
the 1r(1) centers. Addition of M, yields the tetrshydride spacies

glruzx coz'(‘:‘m)] in which the tfans phosphine arrangement at each iridtum

s maints . er,_upon hesting, cleavage of the dimers is moted,
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fbstract
— =7 New mono- and bimuclear fridtum(1) carbonyl halide complexes containing
the di{tertiaryphosphine) 11gands PIGP(CH, )PPy (n=2, dppe; m=3, dopp) Mave
been prepared, and the formation of {ridium(li1) hydrides by Hy oxidative
addition has been studied. The binucl Vexes [1rR(C0)(dppp)],
(X = Br, I} possess trans phosphine donors with the dopp ligands bridging
the Ir{1) centers. Addition of n{yh‘ﬁ the tetrahydride species
[lmzl(cﬂ)(m)]zh\ which the trans phosphing arrangemant at each tridium
s maintained. Howsver, upon heating, cleavage of the dimers 1s moted,
leading to the monomuclesr species lrﬂzl(m)(mp).@ X = 1, senonuciear
99op complenes are 2150 prepared starting with the resction of Irl,(C0),
+ doop under OO to yield lrl(m)z(”). A} of the dppe complexes are
sonosuctesr with dppe acting as o chelote. The necessartly cis disposition
of phosphine donors 1n the mononuclesr chelates is readily evidenced by
" e spectroscopy of the hyeride complexes. Reversible addition of CO
te LeX(CO)(dppe) (X = 8¢, 1) 4s also observed.

[ . T

Introduction Metal hydrides play #n important role in many setal catalyzed
reactions such as hydrogenation, hydroforwmylation, the water gas shift resction,
and €O reduction Mstn.' For this reason, the preparation and reaction
chesfstry of transition aetal hydride complexes have been studied extenstively.
The oxidative addition of N, to 2 metal complex s one of the most fuportant
methods of hydride preparation, and one of the most relevant in the comtext of
catalytic properties, since this reaction represents 4 principal mode for the
activation of Hy. Stace Vaska's inftial report 1n 1962,7 1t has been knows
that d. tridium(1) phosphine complenes are particularly sctive with regard to
Hy oxidative acdition.'S This resction {nvartably proceeds with cis stereo-
chemistry at the mtal center, and in the case of gm—h-(:l(\‘.ﬂ)("h,)z ad tts
analogs, resuits in products in which the phosphine ligands meintain their trans
disposition as showa 1n egn.(1).

L
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L = tertiary phosphine

In this paper, wa descridbe owr studies on the synthesis, characterization
md "2 oxidative addition chewistry of asw fridium complesss containing
di{tertiary phosphing) ligands. These ligend systems may either chelate a
single mntal center or Bridge two Ir ions. The former Teads to a cis stereo-
chenittry of phasphing domors dtfferent from that obsarved {n sost adducts of
Vaska's complex and its snalogs, while the latter produces two metal centers
in close proximity for the dinding and activation of substrates.

The relative tendency of the di{tertiary phosphine) 1igand system
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[1rC1(cod)], »

nzr(cnz)"mz to bridge or chelate is shown in eqn.(2) as reported by Sanger.
In this reaction, only & monomer is syathesized when a2, wheress dimers form
when n=1 and 3.3 Compound 3, which wes first reparted by Vaska, ferms because
of the favorable driving force of five-meabersd chelate ring for-uo».‘ Com-
plexes 4 and 5. on the other hond, maintain what seesms €0 be the electronically
favorable disposition of trans P domors with the crestion of face-te-face disers
of Ir(1) Maving ligand sets similar to that found in Yaska's cosplex.

P,\o
"2 Pt

rnzr(cnz)nmz 0 - 0c—lr< oua'(m)z’ (2)

nes1 dopm l
n=2 dope nl,3
ne3 dopp 2
,(‘2“2)"\p
| a
r llr/ =1 4
o I oc/l ne3 §
4 P
(cHy)

Oyr interest in dimeric compounds of this type was stimulated by the notion
of two meta) Lanters in close proximity for the activatfon of two substrates
simitaneously, or for the activation of a singls substrate using both metsl
centers and their attendant de's (two d‘od‘ oxidative additions on & single
substrate). Use of dppm as & bridging 11gand has been explored extemsively in
face-to-face dimers and in A-frame conplexes, and yields a relatively rigl¢
binuclear structure tn which metal -+ metal distances vary between 2.7 and 3.5 A.%
The dopp 1igend, on the other hand, a)lows a more flexidle binuclear structure

with metal---meta) distances ranging wp to & L The chemistry of these systems

has only begun to be explored. Pignolet and Hang have found that 5 oxidatively

i

+

adds nz to form a mixture of the dihydrice (lrznz(cn)zuz(m)z]. 6=. and

the tetranydride [1r)H (C0),C1,(dpp),)s 1 1n ean.(3).°
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The structural assignmnts of § and :_7_an supported by crystallograghic evi-
dence. Loss of Ky from 7 sppears facile, and the increased steric dulk ot
one Ir centar after the first oxidative addition appears to imhibit reactivity
at the second meta) center.

The studies described ia this psper use the work of Sanger and Pignolet
as a starting point. Because the bromo and fodo analogs of Vaska's complex
were known to be more reactive than the pareat chiore sysu-.erl(m)(m:)z.’
we commenced studies on the bromo and fodo snalogs of 5. The comtext im which
our studies were undertaken was the development of H, reduction catalysts for
€0,. & goa) that sti)l remsins to be reached. Based on Herskovitz' work, ft
was known that electron rich Ir(l) centars are capable of reacting with €0, to
form metallocarboxylate u-cln.. e envisioned that the presence of neardy
hydrides on a second metal center would facilitate the éesired reduction of
bound mz.

The favestigetions which we outline here include studies of binuciear dppp
complenes and the hydrides which they form, the wnexpected clesvage of these
dimers iato mononuclesr species, 83 well os the formetion ond resction chemistry

containing only a single di(tertiery

of previowsly lear comp
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phosphine) ligand.

These mononuclear complexes represent cis-phosphine analogs

of the well studied lrx(m)l.2 systam.
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Experinental Section
Physical Measyrements. Microamslyses weve performed by Galdbratth Laboratories.
Infrared spectra were recorded on a Perkin-Elmer 467 Grating Infrared Spectre-
Vi nur spectra were recorded with a Bruker WN-400 400 Wiz spec-

tromter. 3, aer spectre were recorded with & JEOL FT 100 spectrameter at
41,25 Wiz or & Bruker WN-400 spectromter at 162 Mz, Gas chromategraphy wes
done on a Hewlett Packard 5700A g.c. nterfaced with a Hewlett Packerd JJW0A
Automatic Integrator.

Carbon mnoxide wes datected on either 12 feet of Poropek Q or 2 feet of

Molecular Sieves 5A. lar Ny was d on the miecular sjewes colam.
In all g.c. detection, 174" colums were used at 42°C using He as the carrier
gas and therma) conductivity detectors. The flow rate of e wes 35-48 st /min.,
and retention times of 1.05 and 1.35 minutes were observed for N, and CO,
respectively, on the Poropak Q column, and 0.31 and 4.1, respactively, on the
molecular sieves columm.

feagents. A1) operstions were performed wnder Ry, 00 or W, wsing mdified

Schlenck Ry [ ] were dried over th and
distilled under N, before we. Bis( Jethane (dppe) and
ois( 1phosphino Jpropene (depe) were purchased from Strem Chemical and

recrystallized from botling ethano). Bic beads ware purchesad frea Bie-Red.
Tetromthylene sulfone (sulfolane) was purchased frem Aldrich and ¢tstilled
trice (first time frow '!05) tmmdiately prior to wse. A1l ether reagent grede
chemicals were purchesed comercially and used witheut further perificatien.

Through A « tet duty!

(mlur(m),»l]. Cleare ond Griffith’'s procedure for preparing the anslogows
W compound wes followed.” Typtcatly 1rChy- (H0)y (1 ¢) and BB (1 g} were
refluned in @ 1:1 (v/v, 20 o) misture of formic acié and M. Voo aysten
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was open only to a mineral oil bubbler, allowing the coz generated during the
reduction to escape. After 12 to 24 hours, the solution had turned pale yellow.
(1f the solution had not turned pale yellow ia 24 hours, an additional 1-2 s
of formic acid was added, and the refluxing coatinued until a pale yellow
solution was obtained.) Aftar cooling under & moderste stresm of ‘2' tatra-
butylassonium bromids (1 g in 5 aL of uzo) was added. The product precipitatad
as a yellow powdar. An additiona) 10 to 20 sl of water were added and the
wlution cooled on an {ce bath to insure an almst quantitative yield. Tha
product was washed with cold water, ethanol and ether. The product wes recrystal-
1ized from bofling isopropenc]. The product wes also cbtained 1n good yield

by Forster's mathod (see below).

[TANIr(D),1,]. Forster's procedurs ves fol towed.'® Typtcally 1eC1y: (00,
(3 9) and Nl (1 g) werw refluxed in 30 at of 53 H0 1a 2-mthoxyethanol under
an extramely slow flow of OO, ca. § sl/min. After about 12 hours, the solutton
had turmed pale yellow. The solution was cooled under & stream of (0 to room
temperature, and tatrabutylasmonium lodide (1 g in 30 & of uzo) was added.

The product precipitated as & yellow powder. The product was washed with cold
water, cold isopropano] and pentane, and was recrystallized from boiltng
tsopropanc]l. The product s air sensitive, and should be prepared immdistely
before use, or stored under vacuum.

[1r£1,(000,(0omm),), § TMs complex wes presared by Semer‘s mathod,’
yield, ca. 80%.

[lrzlrz(w)z(”)z]. g A solution of 0.54 ¢ (0.8 mmles of (m][mrz(w),]
and 0.3 g (0.83 mmoles) of depp was stirred tn acetome (1S al) for 24 hours.

The yellow solution inftially evolved CO. A pels precipitate forwed aftar shout
15 minutes; the solution cleared after on additional 15-20 minutes. The desired
product begen to precipitate after ) b, but the solution was allowed to stir for

o additionsl 8 h. The yellow precipitate was washed with cold scetone, and

nzo. The is0latad powder was analytically pure. Yield: 0.49 g, 84%. Amal.
Calcd. for xrzc“ugozv‘lrz: C.47.1; N, 3.7, P, 8.7. Found: C, #6.5; N, 3.8;
P, 8.5. Tha remaindar of the product Can be isolated by the addition of nzo
(0.5 aL) to the filtrate and stirring overnight.

[1ry1,(00),(dome) 1, 9. Weng and Pignolet's method® was mdified os follows.

U1 (2 9) in ECOM (ca. 30 wl) was sdded to & slurry of 0.15 ¢ [Ir, C1,(c0),(deee),)
in benzene (ca. 20 sl). The solution was heated st 60°C and the yellow precipitate
wonitored by 1.r. Aftar 6 h, the mtathesis of I~ for C1™ was complete a3 shown
by shift of veo in the IR, (um-mo ﬂ" for ;a‘ veo*® 1940 for
[lrzl:lz(m)z(.u)zl). The precipitate wes filtered, and washed with £00M and
€0,

[lrd‘lrz(m)‘(.”)‘]. 19. A0.59(0.35 mmies) sample of § was dissolved in

100 &b of cuzﬂz. The solution was puped and flushed with H, seversl times and
then stirred vigorously under ¢p. | ath of Hy. After 2¢ b, the selution hed lost
its yellow color. The product precipiteted as 2 coloriess pewder sfter the
addition of 20 s of 990 EXON, fellewed by remeval of gj. 20 i of T,01,.

Yield: 0.42 g, 5. Amal. Calc. for lrzc“n’l)!"lvz: C, 62.1; m, 3.9,

P, 8.7, 8r, 11.2. Found: C, 47.0; #, 4.0; P, 8.5; 8¢, 114,

(1t 1,(0) (v, ). L. A 0.2 6 (0.13 mmles) sample of ) was d3solwed
1% 10 oL of THF, ond Dlaced wnder an stamphere of X,. The selutien repidly
lost its yellow color {ca. 0.5 h), dut was allewed to stir at reom tempersture
for 8 h. Ethenol (20 o) was added, ond TWF mas rempved wtil the product
precTprteced as a coloriess powder. The product cen be recrystallized frem
ot COIICI2 wader Hy.
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[lrznzlr;(m)g(m)z]. 12. A 0.1 9 (0.07 moles) sample of § was dissolved
in 15 o of cuzcvz and diluted with 15 sl THF. The solution was thoroughly
dagassed and placed under nz One equivalent (1.7 oL,0.07 moles) of nz at

1 atm was added uting a prassure-iok gas tight syrings. The solution was
vigorously stirred for 2¢ howrs. CEthano! (1S sL) was added and the Q!zﬂz/ﬂf
wixture rewoved until the product pracipitated as & yellow powder. Vield:

lrl(cﬂ);(”). 13. A 0.18 g sample of dppp 1n 10 L of THF was added to 0.26 ¢
of [mmrlz(m)z] under 0. The solution wes stirred at room tempereture under
€0 overnight, during which tim crystaliise [TBA]I precipitated. Ethene! (ca.

5 ab) was added, resulting in the dissolution of the (TBA]l and the pracipitation
of & colorless metarfal. (This colorless pracipitate Ms ene uog® 1930 o',

and was tdentified as lr(on)z(m)l by aslogy to the known :r(u)z(mm
which 15 colorless and hes one veg® 1933 ™'} The yellow salution wes filtered
ey from the precipitate and the THF rewowed by rotary evaporation until the
desired product precipitated as a bright ye)low powder. Yield: 0.15 g, 573
Ana). Calc. for lele: C, 84.2; W, 3.3; P, 1.9. Found: C, 44.27;

W, 3.54; P, 8.09.

lmzl(W)(”). 18, A sample of 1] wes dissolvad in ELON/THF {ca. 1:4, v/v)
under My, and M, wes slowly bubbled through the solution (ca. S sl/min). After
12 » the solution wes colorless, and the product hed started to precipitate.
Vigorous bubbling of N, through the solution resulted in the precipitation of
the rest of the product as 2 colortess powder. The product was filtered in afr,
washed with pentans, and recrystallized from hot Cﬂzﬂt wnder llz. Yield: >90%.

e e . A .3 amarnon e Ak mrm & aom . 4n

-0 -

l:zlr(co)(”). 15. A0y (0.07 smoles) sample of 10 was dissolved in
0o of CIIzClz and diluted with 20 ol of TWF. Triethylamine () o) wes
added, and the solution placed umdar ca. ) atm of Ha. The solution was
stirred at 65° for 12-20 howrs. The solvent (including triethylomine) wes
resoved wnder vacuun. The selids ware dissolved in 2 sinimm volume of
acetene, and water was added wtil the p Sagen to p pitate, uswally
a% a crem colered powdsr. The preduct cen be recrystallized frem hot
OLC1, under W,. Complex |4 can bu prepared by this methed frem complex 11,
but ot lTeast 20 howrs of hesting is required.

Irbe(cO)(dape), 16. A 0.1 g (0.25 wwmles) sample of dppe disselved in ca.

7oL of TWF was added 10 0.16 ¢ (0.25 wmles) of [TBANIrBry(C0),] ¢issolved in
S al of W cesled to -20°C. The solution wes allewed to warm to reom tee-
pareture over 30 win. Ethanel (10 al) was sdded to the reaction solvtion which
wes then reduced in velume using o rotary evaperetor wnt!] the preduct crystal-
ttaed os bright orenge sicrecrystals. Yield: 0.13 9, 788,

Irl{co)(gopel, . Adag (0.2 mmales) sample of Gppe dissolved fnca. 7ok
of TWF wes adted t0 0.2 ¢ (0.26 o) of (TRI(IrI,(C0),] ¢issolved fn gp. S ot
TWE. The wixture wes heated to §0°C for 15-20 win befere cooling to roem tem-
parsture. After this tiee, the yallow selution turned Bright orenge. Ethano)
(10 o) was then added to the orangs selvtion and solvent rumeved until the
product precipitated os an orenge pewdar. The preduct is recrystallfzed from
hot bonzene/EON. Yielg: 0.1 g, 30%. Amal. Caled. for I&"laﬂzl:

C, 83.8: M, 3.2; P, 0.3, Fowmd: C, 43.7: 4, 3.5; P, 8.0,

l&(ﬂ)(‘n) (x= qu!!. l(m). A sampie of 1§ or 17 wes disselwd tn

bonzese wnder 3 M, atsesshere dnd stirrad matt]l the solution lost 1ts erenge

—
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color (< 3 min). After the addition of EtOM, bubbling of L) through the masured two times each. Based on molecular weight detarwinations of severa)
reaction solution was continued for severa) howrs uatil the product known cosplenes of similar type, the error involved 1a this asasurement s
precipitated as a coloriess powder. YVield, >308. This precedurs results estisated to be 153,

ia isel of the dy isoner of 1 or 18 which is described in

the Results section.

' 1¥A(C0), (dwpe) 1= Br, 20, X=1, 21, An oremge benzene selution of )6 or 1}
13 placed wder CO. The selutien tums yellew y, with a cor ¢t
change 1n the selution spectrs. The (O adiucts eve difficult te ise'ate as
so)ids because of CO loss. Selution yield, 1008, based on ' and *'p ner spectre.

Meleculer Meignt Oetarmination by Bp Beed Filtratien. Ole Beats Si-4 (ca. 20 )

ware placed ta botling Cltzﬂz ad allomd to percelate in the refluming selvent

for 15 min, after which the mixture wes allowed to cool. A 50 sl buret wes

packed with the beads using cn:ﬂz a the elumt. A caltbration curve for

molecular weight was mede using seven rhodtum snd 1ridium phosphine complenss

in the following procedure. As much - was 4t 4 in

0.5 ol of CH,C1,, and Tosded onto the colum, ond eluted with TG, (dispensed

from an addition funnel). The time for elution of each complen was

and p) geinst log (molecular wight) to give a 9t Hine. The aow

L complex, {Ir)Br)(C0),(dopp),], wes wmasured and found to be & dimer, o8 for- !
milated. Formy)ation as » momomer results in 3 peimt significantly off the

catibration curve.

Mlacvler wpight eptormination by fraentes poist deprepsion.’’ Selfolane wos
wed a3 the cryoscepy solvent due to its Targe m1e) freszing peint depression
constant (66.2 av-h).'z The standerd precedure was wsed ewplaying & lerge
test tube as the redction vessel and & Bechmen therasseter. The miting point
of the solvent is 28.0°C, thus me artificial cesling is required.

The melecular weight of 1] wis detarmined frem tve separate samples,
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yleld of a single, easily characterized binuciesr product (vide infra).
ulty Ofscussi

The reaction of [Ir(c0) 8r,]" as its a-Bu N’ salt with the di(tertiary
phosphine) 1igands dppp and dppe serves as & convenient routs to the formation
of fridiun(f} phosphine complenss. While doth 11gand systems react to form

The infrared snd 7P mr spectral data for 8 aad a1l following comounds
are presented in Table I.

The fodo complex 3 15 prepared by metathesis of lodide for chloride in
complex g This method wis first used by Weng and Pignolet, who foud that

{ mononuciear species, only dopp is observed to form dinuclear complenss as well. 9 prepared by this route Ms only a single carbony! stretching frequency in
: “1) 6
Minuctesr dpp Compleres. The roow temparature reactio of [a-Su,NI(Ir{c0),8r,] the IR spectrum (at 1950 co ').0 Based on the single vey. 3 13 astigred 2

structure with the (0 ligsnds in the tramns orientation as in the previously
reportad chloro complex §, but in comtrast with the breso ensleg B.Vang and
Pignolet have also found § to have a J'P nmr spectrum contatning oaly one sharp

with dppp 1% acetone under i, Teads to the evolution of CO and the essentially
aquantitative production of the pale yellow complex (Ir,Bry(C0),(deee),]. &

3

’ ’ [] singlet at 14.0 ppm.
. L/’ L/ X The oxtdative addition of Hy to § end § yields hydride comp
‘ &l & : a3 shown 1n £3.(4). Undar 1 atm iy in CH,Cly, § ond 9 form the tatrahydride \
' _ complenss 10 and J1. The formetion of 1) 1n THF at 25°C s essentially com-
y L xeee , Plete within 1 hour comperad with 24 hours for the forsation of 10 and only
‘ ! 1 t-1 ! Incomplete conversion of the chloro complex § to fts tetrohycride 2 under the
: The dimric structure of § 15 assigned besed on elemental snalyses, the Nyt same conditions. This observation is comsistant with the notion of iacreased
7 o spectrum which shows only singlets Indicative of trams P domors.'? e It P
; tpectrum, and by analogy Wth the chloro complex, §. first reported by Sanger.’ | o |' - l' o
5, fn spprosd Teculer weight date wing Sto Besd filtration (see () wmly ¢ Yy —o )( \"\/ “
, Experimntal Section) a wlecelir wight of ca. 1400 for 3 consistent Ll x I’ " n’l' 2
! with its binuclear formulstion. Comductivity meswraments show § to de 3 NSNS
b Tyte in ONF sol mw"”lnganmulchoﬂn— ; e
tation o carbonyl at 1944 and 1915 oo™ are obeerved 1n ' e
103 IR spectrum.  S0Th vey's are Indicative of 1 €0 coor to

reactivity with hatide 1igand in the order Cl<Br<l. The seme erder of reactivity

square plansr 17{1). Additiona] swport for the structyrs) assigmment of & ’
- was found for the addition of Ny to frems-Ir(COIR(PPRy),. ReCl br.l.

derfves from 1ts resction with Hy which gives an essentfally quantitative
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The IR spectrum of 10 contains w0 vp's (1945, 1980 ca™') while that
of 11 contains only one (1980 ). The o vep's of 10 change 1n relative
intemity in solutfon indicating that they belong to different species.

Stace 10 15 kawm to lose R, weadily, we propose the vy at 1905 cn! to be
dus to iridium(l) carbomy! resulting from reductive elimination of Hy at one
of the irfdlun conters.

e ' aar spectra of 10 and 11 provide tey information about the struc-
ture of these complemes. The full 'uvnm from +10 to ~20 ppm, of
muminﬂm 1. Thare are three groups of resonances. The pheay)
Protons at ca. &=7 ppu are spMit 1nto teo groups - the Ortho protows, and the
mta+pare phenyl protons. The methylene protons of the dppp 11gand are split
iato two  broad, symmtrical Mot dacowpling indi
that the droad 13 dus to phosph coupling. Last, the pale of triplets
of doublets tn the hydride region, expanded in the Fig. 1 inset, integrate
25 four grotons compared to the twelve mthylena protoms, indicating & tatra-
hydride.

The patr of triplets of doublets, separated by cb. 9 pom, ndicate that
the hydride 1igands are trans to very ¢ifferent Tigends. The doublet split-
ting of 3 iz 1s due to Nydride-Rydride coupling, as shown by hommuclesr
decowpling exparisents. When asch triplet of dowdlets s frradiatad, the other
one collapses to & simple triplet. This fadicates that the hydride Hgwnes
are gi3 to each other. The triplet splftting §s 13 Nz, and 1S dus to the
coupling of twe aquivalent P 2toms to the hydride 1igends. The P dovors are

therefors mecessarily trens t0 esch other and cis to the hydride Tigands in

10 e ).
e x, nar of 10 consists of 2 sherp singlets in an approximetely 4:1
ratio.and confires the assigement of trans P 1igends. The observation of two
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singlets is consistent with the 3" nar spectra of g aad 7 measured by dsng
and Pignolet, who rationalized the minor resonance as due to the Lr(l) center
of the Ir(l)-1r(L11) dinar formed by incomplete H, oxidative addition or
reductive eltwination of one mole of 1, from the Ir(111)-1r(I11) tetranydride,
1 This emlanation seems most satisfactory siace both 7 and 10 tose Hy
sasily, and 10 exhibits two vw'l 1n solution, one of which is attributadble
to irieivn(l) corbomyl.

™a ' and 37 nar spectral data for 10 and )] are consistent with
structure A sheut each Ir canter in which the phosphing 1igands are trems.
The hydride 1gend trans to CD gives rise to the resonence at -3.6 ppm, while
the Rydrice trans to halide gives rise to the ome at -18.7 ppm 1n the "W
mr spactrum. The assignment of the hydride resomsnces is by analogy to the

known loar dihyéride compleses, [riK(C0)(PRy),. XoCh.br.I, watch
potsass gaomtey A, and whose ' mr spactrs have very sietlar hpdrtde regioms
1, ]9 and 1) For exasple. e hydride region 1a the 'H asr spectrem of
Ty CH(COY(P(CH,) (M), contains tus triplats of doublets at §=-7.58 and
6=-10.3 pon. ' For the comlen 1rHC1,(00)(P(CH,), ()], 1h Which the Rydride
1s knowm to be trems to the halide, the single triplet {3 fownd at -15.7 pp."
Thus the Rdride at <18.36 #08 {n 100E(CO)(PLON,) (M), 13 assiomed o8

trams to chlorida. Neny sioilar exasples have Segn tobulated and sugeest the
memrelity that Rydride 1igands trans to KE11des appear at considarebly higher
fiel® than these trems to carbonyl growgs.'® The ' ser spectrai data for

P S~
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1ei,8r(C0) (PPh,),, complenes 10 and )1, ané related complenes which remsin by freezing point depression yields a molecular weight of 715, indicating
to be discussed are tabulated in Table II. a wononucledr formulation for 13. Compound 13 s not afr sensitive during
While optimizing the preparative procedure for 10, 1t wes found that short periods of esposure (<15 ain). The complex rescts with W, 1n benzene
exidative addttion of only & single mlecule of i, to § can be sccom!ished i over 24 h to form a new hydride cosplex 14, along with the ewolution of (0.
to form the Iril)-1r(111) dinydride, 12, smalogeus te § reported by Pignolet ‘ This new hydride species 14 exhibits only ome vy in the IR spectrum
wd m.‘ In scatone, the reaction of § with ¥, yields & mixture of 10 t (see Table 1) and Mas a very different 'W nar spectrum than is cbserved for
and 12, a5 avidenced by the "N ser spectrum which centains three sairs of ! the dimeric hydrides 7, 10 and 11 The ' nar spectrum of 14 is shown tn
triplets of doublets. The pair at é=-0.6 and -18.7 ppm is attributed to tne ' Fig. 2. The main foatures of the hydride pattern are two growps of resomances
tetrahydride, g The four naw triplets of doublets are found at -8.4, ' separated by -6 ppm, ome of which s & broad dowblet of doublets and the other
-8.8, -18.2 and -10.0 ppm. Whwn & sample of this Mixtere is sealed In an 4 mre complicated miltiplet. The spactrum is consfstent with chewically
ner tube under vacuus, and spectra recordad at hourly intervals, these new different P suclel, and the mgnitude of the larger dowblet-of-doublets
resonences are observed to gain intensity at the expense of the resomances splitting (dy ) 120 Hz) supgests that ome of the Rydrides is trans to 2
sssigned to the tetrahydride, 10. Hemmuclsar dichwpling experimmnts relate phosphine domor. The second hydride s located trans to fodide based on its
the -8.4 ppm triplet to the -l:l n- triplet and the -8.8 ppm triplet to chemical shift. In addition, the JP nar spectrum of 14 consists of two
the -18.2 triplat, indicating the presence of Dwe species in addition to 1_9_ dowblets with 30.5 Hz coupling, indicative of two chemically inequivalent
These two species correspond to O geommtric fsemers of the Ir(1)-Ir(111) €ls P Tgands.
didydride complex g. The addition of one equivelent of uz toae c:uzc:l2 The spectroscopic data provide the basis for & consistent interpretation
solution of § weder X, 150 resuits in the fersation of the pale ye)low of the reactions tavolving Ir(CO) 15 + dopp and M, as shown fn €q.(S). The
€inyerice 12, sed the "W nmr spactrum of & sample of 12 presared B sy inftial product having voy of 2040 and 1955 ca™' s momonuclesr, unlike the
contatns the four new triplets of doublets described above. other dppp cosplames formed 1n analogous resctions. The two carbomyl stretches
indfcate a cis disposition of CO Yigands in the complex. This cosplex,
Smomgler (. _amlem- A Toar Ir{l) ooy comlen can T30 be 1P1(CD),(dop) , 15 thus assigaed structure 1] with o chelating d (tertiary
formed from the reaction of [r(CD),0; with dppp. The room tesperature resction phosshine) 1igend. The staglet tn the 1P nar spectrum of 13 s &va to the
of ll‘(m)zli with dppp leads to the evolution of (O and the isolation of an stareochentcal nonrigidity of Bhis five coordinste F ’m:. e resction
orsnge co.lu:'l__L ™is comlex exhibits two corbonyl stratching frequencies [ of 13 with iy Teads o Toss of CO, which 15 detected In the ges hase sbove
(2040, 1955 cm™') in hl:‘ulutiun and solfd state IR spectra, and shows the solution, snd helps confirm the formel RETY Tear
only one singlet in the TP ner spectrum. A mlecular might datermination dlcarbony! complen. The resction with K, Teads to the formation of 14 :
i
i
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Ir(CD)zIz- |P,’\P N ] rr_\P When a similar experiment was corried out with 1_1. the complex decomposed
+ —_— [——lri __L_.. ;lr( (s) during the 24 hour experiment.
|CO © - c H (l:o i The lack of integrity of 1_9 a8 3 binuclear spectes wis surprising sface
dopp Pignolet and Wang have esployed 5 as 2 decarbonylation catalyst at 150°C,
n 18 and have not observed dimer clnup.‘ Moreover, reactions of stwtlar com-
plexes having dppm bridges under a variety of conditions have ;“ll“ "o
tendency of these dimers to bresk apart into momomeric species. Owr observa-
which possesses structure 8, and gives rise to one vc, and one vy, in the tion of dimer cleavage provides an important caveat to studies based on using
IR. An alternative binuclear formulation of g-m bridging dppp ligands di- and poly(tertisry phosphing) Vigands to hold two or more metal atoss
in cis positions of the coordination sphere is ruled out basad on highly together in systems having structural imtegrity.
unfavorable steric interactions between nefighboring diphenylphosphino groups,
the sononuclear nature of 13, and parallel reaction chemistry observed using dope Cospleass. In order €0 provide additionsl support for the structural
e which 15 discussed balow. assignments of 13-15 as mononuclesr species, the analogous complems with
dppe in place of dppp were synthesized and characterized. The 1igand dppe
Claavage of Binucigar dppp Hydridgs. The momonuclear dppp dihydride 14, and ' Shows & much greater tendency towsrds chelation than does dppp, sad only rarely f
its bromanalog, Ir#,8r(C0)(dppe). 15, can also be formed by cleaving the forms a bridge between two setals.’'S The new mononuclear mono(dope) complenes
binuclear tetrahydrides gmd g When wzclz or THF solutions of 10 and 1¢{C0)R(dppe) , g (X-Br) and g (X<1), are prepared by reacting E"“."I"(W)zlzl
11 are heated in the presence of NEty a striking change occurs in the hydride with dppe in THF or benzene according to £q.(7). Formstion of
region of the Y e spectra after 2-5 hours for 10 and 12-24 hours for 1. lr(co)(w);. ;. cannot be avoided in this reaction, but the two differeat
Specifically, the resonances characteristic of the trans P donors of 10 and products can be easily separated because of their greatly different solubilities.
11 are replaced by those comsistant with the cis P donors shown for 14. The ‘ ,
changs from trans to Cfs P donors occurs with a clesvage of the blauclear (""“4)“'"2(‘0)21. + dope : ,,.< ”
hydride system to the mononuclear structure 13 ss shown in £q.(6). The cleavage Co 4
of 10 can also be effected by prolongsd heating of l_g under Ar or (O, (24 Hours). '}2 : : :'
NN
or P L4 @ " ) Complexes 16 and 17 have very similar spectroscopic properties (see Table I).
\I Pl ”\I P \l 7 The single .o of 1980 ! for 16 and 1980 o for 17 and the two doublets
co/'lr\" (Ilr\.' —_—— "/ llr\.' (6) =
4 P (=]
NN
L 15
i
! f
.
i
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in the JTP nar spectrum of each complex provide good evidence that 16 and
17 are mononuclear mna(dope) species. 1t 15 surprising that cosplexes 16
:d 17 have not been reported previously since they ave cis phosphine analogs
-
of the well studied systess trms-h-x(co)l.z vhere L is a tertiary phosphine.
Solutions of the orange, squsre plamar Ir{1} complexes g and 17 fn TWF
or CH,C1, react rapidly with Nz to fora the mnonuclear dihydride spacies g
. tals
and 19, respectively. These cosplemes are readily isolated as colorless crys
-
2
LN{ [P
r
1™
"o
18 xeor
B x-1I
by the addition of EtOH and remova) of solvent under a stress of nz The
Tuble
te(111) dihydride complexes 18 and 19 as isolated are consideradly less solwd
than their Ir(I) precursors. Howsver, they do lose W, on standing in afr.
Complexes 18 and 19 are spectroscopically similar to complexes 14 and 15 (see
anded
Yables [ and ((). The W ner spectrum of 18 13 shown in Fig. 3 and s exp
view of the hydride regisn is shown in the inset. The “downfield” hydride
resonance is o doublet of doublets of doublets (.\"_," * 130 Hz: Jy o " 17 e
dy u" 4.5 H2), and 13 separsted from the “"upfield® hydride multiplet by 9. ppm,
He *
Irradistion of the upfield suitiplet results fn loss of the smallest doublet
splitting in the downfield hydride resonances. leaving & doublet of doublets
pattarn. The observation of hydride-hydride coupling for 18 end l=! represents
the caly difference in thefr 'H ner spectrs from those observed for the
anatogous dppp cosplexes, 14 end 1S5.
An fntriguing aspect of the N, oxidetive addition to 16 and 12 1s that
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Tt 15 not only estremely facile. but 3130 stereospecific. The 1nitia) product
formed is an 1somer of _l_gor _lg. which contains one Aydride trans to (O and
the other trans to P. This material then isomerizes to the product as Orawm
above, and shown in Fig. 3. A detailed exsaination of this observation will
be reported in 5 separate Mr."

Cosplanes 16 and 12 also react with €0 to form dicarbony! species 2
and 2) anslogous to 13, These complemes exhinit two vop's 2t 1940 and 2040
ol for 20 and 1950 and 2040 o™ for 20 ™he o mar soectrum of vacn
complex exhidits only one sharp singlet at rops touperature, in acoord with
that observed for the dppp complex 13, suggesting that these five-coordinate
@® species are sterecchentcally nonrigfd ot roow tespereture.

Both Hy oxidative addition and CO addition to 16 and 12 are reversible.
Refluxtng TNF or penzene solutions of these adducts wnder N, leads to loss of
the asddend mlecyle and regeneration of ]_! or ﬂ Becsuse of the excreme
facility with which 20 and 2) lose (0, attempts to 1solate snalytically pure
samples of these compounds were unsuccessful. Howewer, the dicarbony! com-
pounds were completely charactersized by solution Spectroscopic methods. It

13 interesting to note that Vaska's complex, trns-ln:l(m)l"n,)z. ot
reversidly bings 0 to give o dicarbony! comiex,'” net the formard resction
1S not a3 raptd es that observed for 1§ or 1.

In summery, the synthesis and characterization of 1ridhm hydrides having
the oi(tertiary phosphine) Tigands dppp ang dope as bridges and chelates have
been exsmined. Binuciear dppp bridged complexes of formula umzx(m)(aw)],
where X= Br, | postess the phosphine donors in trams disposition as shown »y
" ner sbectroscopy.  Upon hesting, these dimers cleave 1nto monomeric specles
of the same Stoichiomtry in which dppp acts 43 4 Owlate. The depe compleses
are 211 sononuclear, and contain a dope chelated ring. The hMtherto unreported

)
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Il. "P nar spectrum of a freshly prepared sample of § consists of three sharp
lets. T™he two @ajor singlets are at é+19.0) snd 75.36 ppa downfield of
u‘ are of equal intensity. The third singlet is small) and is found
nl .3 pem. M0 adeitional resonances were cbserved in & 16,000 N2 spectrum
centered at 0 ppm, ruling cut the msilinu that the two peaks at 19.03 and
*5.38 pom are a doublet with the characteristically largs trans phosphorus
coupling. 1n addition, the singlets are 3988 Mz apart, while typtcal trams P
coupling s 300-600 M2. Upen standing at roem temperature, the simglets ot
19.03 and -5.36 ppn lose fatensity equally te the singlet 4t 16.) ppa. Thas
u uc- plamsidle that the pair of singlats at +19.0) and -5.36 ppa are due
-gmmn let at 18.6 ppm 13 due to the treas cesplex. However,
ve ne ready explanation m this trun. Considersble dissgresment
nuu 1n the Titarsture concarning the I'7 nmr and IR spac u-‘ ¢ sistlar
complesss. Twe ¢fifferent investigaters repert tws differant J1P mar spectre

complexes [rx{C0)(dppe) where X=Br, [ have been described as has their
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Table |
n
Infrared and ~'P WR Spectral Data for Iridius dppp and 1
for 5.36 o saaition, “2“3”?&‘:’.."3?3 has been reported as botn cis and dope Complees
tranS, but a consistent set 0 spectral data for the two isomers -1 n
was never obtained. it Compound Inten” )® P mar
The ovlm for the formulation of 8 as drawn is primarily in its reaction Yoo Vig-n
with Hy (vide infra), which gives an“essentially quantitative yleld of 2 a
single; eas{ly characterized dimeric product. [12,8¢, (CO) , (dppp) ,} 1915,1944 19.03(s) ,18.6(e) ,~5.3(e)
. govlo.I‘l Dwight, S.',.o lrni“cu-. 1980, _!.ZSN cguic. M., Owight, s .
. K. Inorg. v Sanger, Chem. 'Commm. » 15,1, (C0) , {dppp) 1950 4.0
1975, @3 ager, 3. 1., Witchemar, 3. F." tmars. O, 1669, 8. 119, (151,100 011 o
ll:gm J. l r. AR, A:m' cr-s‘ 1979, 18, 2060. Cowie, M. 2
t, S. K. lInorg. Chim. Acta, lout Léo7. L1z 4 gz, (O} , (dppp 5] 1943,1980 2100,21%  0.04(s),0.47(m?
. a) Haines, R. J.; OuPreez, A. L. (norg. Chem., 1972, 11, 330. b) Davies, FY)
s)s.m»;méa.. Sﬂm S. |. . ey J‘ . 1982, C7.
c) Davies, S. apson, S. Organomet. Chem. 1983, 241, [12,0,8¢, (CO) , tdppp) , ) 016 » -
€31. d) Day, V.; m N.: Nelson, 6. 0.: Wright, M. Organomet. 1983, *30483 101, ?
2, 4. 18 o,
. Jsoo:mon. C. E.; Fisher, B. J.; Elsenberg, R., ta preparstion for J. Am. Chem. [re M 2, (co1 , tdpppl ) 19%0 2090,2160
- Vaska, L. Science, 1966, 152, 769. {1r,8,8¢, (C0} , (dppp) , ) 1945,1900 2100,2190
. Ir1(CO) , (dppp) 1955,2040 -s.a(0)?
1)
-
en, 1(C0) (dpop) 2042 208 21.9(0),29. 904
3, ,=30.52 ¥
1 ()
Tem, e (CO) (dppp) 2043 2220
i
Ix8e (CO) (dppe) 1990 0.7 ,47,90°
0 It
Ir1(CO) (dppe} 1990 4.310) ,62. 16
17 Iy gt
2, Bx (CO) (dppe) 20% 198 3.0 20,60
0
LM, 1(CO) (appe) 2000 ae0 20.000) ,20.62(0)*
9 Iyl e
108 (€01, tdppe? 1940, 2040 $3.50(0)°
2
rE00) , (dpped 1930, 2040 32.0(0)°
3
-
t:
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Table 1 (Continued)
Table 11
“1a P ware on a kin-R1 467 Grating Infrared 1
Al wire taken of KBr pellets except H MR Spectral Data for Iridiue dppp and dppe Hydride Complexes
for 13, 20 and 21 which were in bsnsans solutioa. (Hydride Region Only)
bv not obeerved.
P2
Sueasursd in § mm tubss on Bruker WE-400 at 162 mis. Positive Compound Doy
hemical a
. shifts are from ¥,00, (external). 12w B (co0) (vehy) SR DR L XY STy
spectrometer - .
Msasured in 10 sm tubes on JEOL PFT-100 at 41.25 iz 653 (ot al, 3y o107 M,
e <
maasured by Wang and pignolet (see Mef. 6). J-.‘.’n « ‘,
[1r 0,00, (CO) , (dppp) ;] <8.6 (totd), <18.7 (tofd) (cocty)
10 Tpmctat I M5, S =3 e
f1e0,2, (000, (dopp) ;] =9.74 (Eofd), <~16.84 (tofd) (coc,)
11 Ty ® 13 e T o s
(12,8,8x, (CO),1dppp) ] ~8.4, 0.0, ~18.2, -18.8 (all cofd) (COCLy
Py Tptecie ® 13 US Jggmd N2
18, 1(C0) {dppp) -9,27 dot @), 3 ane " 120 NE I =16 wx),
18 -15.33 (m) (€D}
£rll,Br (CO) (4ppp) ~9.27 (Q00A), Jpu oo, t120 M, T =16 EE),
it ~17.9% () (Cep?
28,8 (CO) (dppe) 9,05 (dofaold, Sy, . ol 8E, Joo ., =130 65,
N Ty ®4:5 M8}, <1826 (m) (COBCI)
58, 1(CO) (dppe) -9.92 (dotdotd, dpecis” 17 M8, 30\ ang " 120 B2,
2 J--C.S us), ~16.27 (m) (uau-‘_‘l i
i
' All proton ner spectrs recorded om & Bruker WN~-400 at 400.134 Mis. «
' rositive cheaical shifts are dowmiield from T8, }
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Eigure Caotices

Figure 1. 'n mer spectrum of [1rangbra(Ch)gtdomez]. 1. in CeDg. The
resonsnce labelled X 1s CgDsN. The resomence at 4.4 pm s
dissolved H2. The fnset is an expanded view of the hydride
region.

Figre 2. " e spectrum of [1rk21(D)2(cpme)). 14, th Cedg. The
resonance labelled X ts an {spurity in the solvents. The
resonance at 4.46 ppm 13 ¢issolved Ny. The fnset is am expanded
view of the hydride region.

Figure 3. Ty mar spectrum of [irtiz8r(CO){dwpe)], 18, In CoDg. The

resonsace at 4.46 ppm is dissovied H2. The inset 1s an
expanded view of the hydride region.
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