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ABSTRACT

.

The research Qork described here was undertaken, to
prepare cycloheptatrienylhBridged ruthenium-rhodium
complexes and to sﬁudy ;heit substitution reactions.

A cénQenient, high &ield synthetic method for the
preparation of the starting materiqi fo; this project
(n4-C7H8)Ru(CO)3, 1, "is described. Entry into hetero-
bimetallic complexes is achieved by preparing the
precursor complex (n3—C7H7)Ru(CO)3‘, 2, by deprotonation
of compound 1. Reaction of 2 with [Rh(COD)Cf]Z gives
(p-é7H7)Ru(CO)3Rh(COD), 3, in moderate_yields. ‘The solid
state structure of 3 has been determined. It shows the
ekéected_gig—disposition of the Ru and Rh aloms, the
bridging cycloheptatrienyl moiety bonded in a n4-fashion
to Rh and via n3—ally1 fragment to Ru. The orientation of
the COD ligand on Rh gives this centre the usual square
pyramidal geomeéry seen in Rh(diene)iL complexés.

Cdmplex 3 undergoes facile carbonylation to produce
(u-Q§H7)Ru(CO)3Rh(CO)2, 4. Complex 4 reacts readily with
phosphines te give the monosubstituted
(u-C7H7)(g-CO)Ru(Cd)th(CO)(PPh3). 5 and disubstituted
(u—C7H7)(u-DPPM)Ru(CO)th(CO); 6 complexes. The. presence
of a br;dg;;g carbonyl group in 5 impliés a reversal of
the)bonding mode of the (u-C7H7) moiety frcm n3-Ru, n4—Rh

in 4 to n4—Ru, n3-Rh in 5. Variable temperature 13¢ NMR

iv



"pQCtra ohowed\tha; all these cpmplexes are fluxional.

" The ready forma{ion of compound 6 containing the .
bridging DPPM unit’in hydrocarbon solvents is in coatras(
with its Fe-Rh analogue where a chelating DPPM was
isolated first which then slowly converted into the
bridging DPPM {somer. Variable temperature 3lp NER’
studies were carried out to identify possible

intermediates in the reaction of complex 4 with DPPM. A

scheme is proposed for the reaction pathway.

/"/
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CHAPTER 1
INTRODUCTION “§

A. The Cycloheptatrienyl (C;H7) and Cycloheptatriene

(C9Hg) Ligand Systems

The cycloheptatrienyl (Cq9H,) moiety and the parent
cycloheptatriene (CqHg) are versatile ligands which due to
the presence of three conjugated double bonds are capable
of bondihg to different.transition metals empioying from

one to Beven carbon atoms.l A schematic representation of

the diffetent~bonding modes is’ shown below,'utilizing the

hapto (abbreviated by the n designation) nomenclature
] - .

first\§ntroducedAby Cotton.2 =




&

, In addition to forming mononuclear complexes, the

*
ligands are also known to bridge two transition metals

. together thereby extending the rangerf complexes and the

versatility of the ligand system.

B. Tetrahaptocycloheptatriene(tricarbonyl)iron, (1-4-n-

C7H8)Fe(CO)3 - The Quintessential Cycloheptatriene

Metal Carbonyl Complex .

The reaction of cycloheptatriene (CHT) with group VI

transition metal cafbonyls was one of the first reactions

carried out in "modern" organometallic chemistry3'4 (eq.

1)

M(CO)g + Clig 2L o M((1-6-n-CqHg) (CO) 4

(M = Cr, Mo, W) (1)

In these complexes the metal atom attains the formatyinert

'gas electronic configuration by use of n—electroné from
all three double bonds of cyclohebtatriene. By analogy
(n6-C7H8)Fe(CO)2 could he expected from the reaction of

Fe(CO)g w}th cycloheptatriene. The thermal reaction
between Fe(CO)g and CHT was first carried out by

Wilkinson® who indeed formulated the isolated compound as

shown above. However, subsequent studies of this



1 -

éonpounp. using IR and NMR techniques, showed that instead
of'i re(co)z moiety the compound contained a Fe(co)3'group
bonded to two adjacent double bonds of Fhs.trie2" while
the third double bond remained uncoordinated.® This

t

demonstrates the pronounced tendency of the Fe(CO), moiety
to preferentially coordinate to conjugated 1-3 dienei.‘

This compounq also proviées an excellent exaﬁé%g of
modificatien of ligand properties and sgabilization ofA
reactive oféﬁnic moieties via metal coordination.

. -

Cyélohepﬁatriene is an extremely weak protic acid
with an estimated PK, of 36.7 In contrast the exo-
hydrogen of (CHT)Fe(CO)3 can be exchanged quantitativély
by NaOCH4 in CH30D at ambient temperature.8 A similar
reaction, carried out at elevated temperature for 24
hours, with cycloheptatriene did not result in detectable
deuterium incorporation.9. ,

The uncomplexed anion C4Hy™ is an antiaromatic 8y
electron system and asiexpected is unstable and there is
only limited indirect evidence for its existené’g.9 On the
other hand, the (C7H7)Fe(CO)3' anion, alpeit air
sénsitive, is thermally stable. The coordination of the
Fe(CO)3 group to the n3-allyl part of the C,H, ring has
been verifigd by x-r;y crystallography,lo and put on firm
theoretical basis by molecular orbital calculatioﬁs.l1

\
Research work from this 1aboratory12 and elsewhere



has shogn that the anion is an ambident Auéﬁeopﬁile
capable bf reacting both at the jiron.centre and/or at the
ring carbon atoms. Thus (C9H,)Fe(CO) 3~ reacts with
transition metal carbonyl halides to form hgterobimetaliid
cycloheptatrienyl compounds of the type (u-
CqH)Fe(CO)3M(CO), (M = Mn, Re: x = 3, M = Rh} x = 2).12

In cont;esﬁ, the reaction with Me;SiCl and Me ;GeBr
;rocegds;13 by carbon attack with cgncommitant formation
of [1-4-n-7(R3E)(C7H7)]Fe(CO)3, (E = 8i or Ge)y |

\

C. Polyolefin Bridged Heterobimetallic Compounds

’

Heterobimetallic complexes are of current interest

and the chemistfy of these complexes has been considerably

'L.ngeloped in view of the potential use'of'such complexes

. "
in bimetallic activation reactxons.@ It 13 hoggd Epat some
: s 7

[ ... -

of these complexes will show special :eactlvf\y’features

.

- g .

as a result of cooperatlon between adjacent~meta1 centres
combinin; the different reactivity properties of the
constituent metals. The low symmetry which hgteronuﬁlear-
compounds inherently possess has been shown to be |
extremely useful for elucidating specific sites of
reactivity and can provide important insight into

14

mﬁfhanistic details.

Several synthetic routes have been explored to
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nynthesiie these compounds. Partic&larly successfﬁl are
tﬁo-e that relf on bridge-assisted reactions. Bridginq.
groups are useful, since these liganas may prevent
’urearrangeméntnof the metal centres during reactions. For
example, the use of hegerodifunctional ligands to 1link tw;
diffgrent metal fragments has beerr employed frequently.
Casey et al. have prepared a series of Rh-Mo and Ir-Mo
c0mp06.hs linked by the CrHyPR, liga'nd.15 The use of
phosphido, PRy, ligands have been used by several groués
and a recent ekample are co&plexés of general formula
(CO)4 M(u-PCyy)y M'(PPh3) (M = Mo, W; M' = Ni, P4,

Pf_).16 éhaw et al..have demonstrated that the complexes
of Pd, Pt, and Ir Eontaining monodentate nl—DPPM ligands
(DPPM = bisdiphenylphosphinomethane) could lead to ;ﬂ
bis-DPPM bridged heterobimetallic compounds.17 A similar
method, using either Ru(COD)(DPPM), (COD = 1,5-cyclo-

- octadiene) which contains a monodentate DPPM ligand, or
.the bis-chelated RuH,(DPPM), oﬁ treatment with
[ﬁh(Cd;2C1J2.or [Rh(COD)C1]2 gave a variety of ruthenium-
rhodium complexes containing mono- and bis-DPPM bridged |
complexes, 18 (,-DPPM)(,-C1) (u~H)Ru(H) (DPPM)Rh(COD), and
(p-DPPM)z(g-CO)Ru(CO)th(Cl).f

. Another interesting syntheti¢ method utilizes

polyolefin type ligands as bridging units. Attention was

drawn to the fact that the flexible bonding capability of



: ) :
the polyolefin ligands may open up reactivity centres in

this type of compounds.aﬁd thereby render them potential

catalysts or catalyst precursors for important chemical

S

transformations. This role of the polyolefin bridge was

termed "incipient coordinative unsaturation”.l?

Some time ago in this laboratory, synthesis of the
bridged complex (,,—C7H7)Fe(CO)3Rh(CO)2 was reported ané
the easy CO/13CO exchange w;s attributed to facile bonding
mode change of the‘(u-C7H7) moiety.12
The work on bimetallic compounds contain{ng bridging

209.b

cyclooctatetrene (COT) moiety Dby Salzer provides

~another good exampkg of fluxional heterobimeta}chw
compounds akin to the cycloheptatrienyl bridged complexes

referred to above., It was shown that the COT complexes

“OgHg)Fe(CO) 5 or (q4-—C8Hs)M(FCp) (Cp = CgHg, M = Co,
Rh), with two uncoordinated double bonds readily react
with unsaturated organometallic species to yield
. biﬁ;tallic complexes in which both métals occupy the same
face of a common fluxional cyclooctatetraene ligand. An
example is given in equation 2.

s

(n4-Cglig)Fe(CO) 3 + [Rh(COD)IBF, -
2] \

| [(p—CBHB)Fe(CO)3Rh(COD)]BF4 (2)



D. Scope of the Present Reaeaﬂgh

Al

In view of the interesting properties exhibited by
(C7H7)F;(CO)3' anion, it was considered worthwhile to
investigate the reactivity of its ruthenium analogue,
(C7H7)Ru(co)3'. The synthetic routes to the preparation
of the starting material, (C7H8)Ru(CO)3, are rather
cgmbersome and/or of low yieldes, hence a more convenient
and high yield procedure was needed. The synthetic method
we are presenting in this work is promising.

The reactivity of the ruthenium ani?n toward
[Rh(COD)C1]2 was carried out with the aim of preparing the
ruthenium-rhoaium bimetallic compounds and to study their
substitution reactions. The substituted complexes are
expected to show fluxional behaviour similar to the iron

analogues and hence !3c NMR studies were undertaken to

explore this property.



CHAPTER 2 A

1. 1Introduction ' -

Although various synthetic routes have been reporte.l
&
for the synthesis of (n4-cycloheptatriene)tricarbonyl
ruthenium, 1, a high yield procedure for this molecule at

Y

the start of this research was still lacking.' Both

-

ther%%l,and photochemical reactions between Ru3(co)12 and
excess C{cloheptatriene have‘been report.ed.21 The thermal
reaction gave a mixture of compounds. The major product
was a trinuclear ruthenium ;pecies Ru3(CO)6(C7H79(C7H9),
while compound 1 was only a minor component. Moreover the
isolation of the compound via silica gel chromatography»
apparently resulted in extensive decomposition. The
photochemical reaction in benzene was reported to give
compound 1 in about 28% yield but only after prolonged
photolysis. However due to contaminatidn by unspecified
hydrocarbon impurities, aﬁalytical data and reliable NMR
spectra of compound 1 could not be obtained. In an effort

to eliminate the formation of trinuclear ruthenium

-~

8



species, the displacement of 1,5-cyclooctadienc (COD) from
Ru(CoO)3(COD) by cycloheptat*riene was carried out. This
reaction gave 1 only in low yield.z'2 Finally pfolonged
atmospheric carbonylation of Ru(n4-C8H12)(n6-C8H10) (CgH) 0
= 1.3,5—cyclooctatrier_1e) at room temperature in J\e
presence.-of excess cycloheptatriene gave a mixture of 1

.
and Ru(CO)z(qG-C7H8).23 Isolation of 1 was again
. problematic.

Of all the methods tried so far to prepare 1, the
photochemical reaction appeared to hold the most promise
égr further refinemen .')This was the only method which
yielded 1 free of multiple side products. A poséibxe
E%ason for the long reaction time and low yields may be
the low solubility of Ru3(CO)12 in benzene at room
temperature.

A

2. Results and Discussida

v

The photolysis of Ru3(CO)12 and cycloheptatriene was
carried out at different temperatures. Jt was established
that })y ru.nning the reaction in benzene at approximately

70°C, yp to 85% yields of 1 could be achieved, eq. 3.

hy, benzene

(C7H8)RU(CO)3 +
85%

Ru3(CO)12 + excess CqHg

Y]

RU3(CO)6(C7H7)(C7H9) + Ditropyl + Traces of other Ru species
10% (3)



The optimum temperature of 70°C was obtained by

positioning the reaction vessed approximately 7 cm from
the 450 W light source. The high temperature helps to
dissolve completely the quantity of Ru3(CO)i2 Lsed in the
RTeparation. Og'course with the combination of thermal —
and photochemical reaction, the formation of side products'
could not be a;oided. A major byproduct is the trinuclear
compound Ru3(CO)6(C7H7)(C7H9) species. This can be easily
separated by silica gel chromatography. Howeyer trace
amounts of other impurities, Ru2(CO)6(CZSE), ¢
Ru(CO)3(C7Hlo), and significant amounts<Gf produced
ditropyl (C7H7—C7H7)'are rather difficult to remove. We
found that traces of impurities in 1 do not significantly
alter its reactivity. Analytically pure 1 can'be obsained
after repeated chromabograéhy and precipitating the
remaining impurities at low temperaturé (-78°C), but with
significant reduction in the isolated yield., !
(n4-C7H8)Ru(CO)3 is a pale yellow o0il. The IR
Spectfum in the carbonyl region shows a three band pattern
typical of a (diene)M(CO)3 speciés. The positions at
2066(5): 2002(s), 1991 (s) cmf1 agree with previously
reported values.?1:22 e 1y and 13c NMR spectra of the

compound are shown in Figure ) and Figure 2.
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The coordination of the Ru{CO); moiety in an 174—6

fashion fenders all hydrogen and carbon atoms of the riné L
inequivalent and this is most clearly seen in the 13¢ NQR
spectrum. The aséignments appearing in the figures have
been verified by decoupling experiments and correspond
closely to the assignments in the analoqous iron

compound.l' As expected from previous sgudie524'25 the
nuclei of the bound and diene fragmené experience
significant upfield chemical shifts from the free ligand
values (Tqble 1). The coordination shifts are somewhat
larger than in the corresponding iron analogue and most
probably reflect a more significant p-back bonding to the
ring in the present casé.26

In the room temperature 13¢c NMR spectrum of 1, the

carbonyl grou%s‘%h Ru . #re seen as a barely discernible
erad signal around 200 ppm.. This is inconsistenﬁ with

the expected square pyramidal geometry of 1 for which
Sthree peaks‘should be found. Three resonances in the

N
ratio 1:1:1 at 196.3, 196.8, and 200.72 ppm are indeed

s
present "at -20°C. The molecule, like many other
(diene)M(CO)3 type compo_unds27 is thus fluxional. The

broad signal indicates rapid scrambling of the carbonyl

groups at room temperature.



(i
‘gﬂrm i

Table 1. 4 and !3c MR Chemical Shift Data for (n‘-c7u8)nu(co)3, 1.2

- 8 (Inyd 8 (13¢) ALE

B(1)/c(1) 3.25 53.3 v 77.2 (2.03)
s  H(2)/c(2) 524 90.3 36.5 (0.72)
H(3)/c(3) 5.45 . 95,6 35.4 (1.10)
H(4)/c(4) 3.15 , 49.4 8l.6 (3.40)

H(5)/c(5) 5.8 125.2 1.6

| H(6)/C(6) . 129.1 -8.8

H(7)/c(7) Lo L2 30.7 2.5

8Chenical shifts in ppm from ™S, solvent CD,C1,.

bAll signals sre multiplets.
g

€4t = coordination shift - 6complex - 6free,C7H8'_ Chemical shifte of

free C;Hg from reference 35 are: IW: H(1)/H(6) 5.28; H(2)/H(5)

6.12; H(3)/H(4) 6.55; H(7) 2.20, 13C: C(l)/C(§) 120.5; €(2)/¢c(5)

126.8; €(3)/C(4) 131.0; €(7) 28.2. When relevant, the 'H

coordination shifts are in parentheses.

Assignments: 7
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B. Deprotonation of (n4-C7H89Ru(CO)3

1. 1Introdyuction

As indicated in the previous chapter, coordination of

cyclolieptatriene to a Fe(CO)3 fragment results in a
draﬁatic increase in the protic-acidity of the polyene and
(n4‘C7H8)Fe(CO)j can be quantitatively deprotonated by a

variety of strong bases to give (n3-C7H7)Fe(CO)3',Meq. 4.

4 Base o 3 -

(n®-CyHg)Fe(CO)3 woToenr— (n”-C7H7)Fe(CO)3 (4)

/ yellow deep red .

Base: Li"Bu/-60°C, KH/r.t, KO%Bu/r.t, NaN(SiMej),/r.t.
Solvent: THFE, THF, THF, benzene

Reference: | (8), (24), (28), (10)

Characteristic color change acéompanies the deprotonation
reaction. The ease of formation andArelative stability'of
the anion demonstrates the stabilizing influence of the
coordinated Fe(CO), unit upbn tﬁe organic moiety.

Research work from this laboratory has shown that the
anion is a very versatile entry into a variety of
cycloheptatrienyl-based orgénometallic compounds. The
anion can be considered as an ambident nucleophile capable
of reacting both at the ir centre and/or at the ring .
cérbon atoms.lz'ag ///~/(Da/

-
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It was clearly of interédst to establish whether

compound 1 will undergo facile deprotonation as well.

o,
R

2. Results and Discussion

Contrary to the iron case, the deprotonation of 1
appears to be highly base dependent. KH was a useful
reagent to prepare K(C7H7)Fe(CO3). However, in the

present instance, a complicated behavior was seen.

“Although anionic species were formed, on the basis of

kurtherureaction'with Pb3SnC1, it appears that both- mono-
and bimetallic cycloheptatrienyl type compounds,
(n3-C7H7)RU(CO) 3™ and (CoH7)Ruy(CO) g™, are obtained
(Scheme 1).29

Deprotonation of 1 with KOYBu proceeds without
difficulty. The reaction is instantaneéus and complete
conversion to the anion was seen in a matter of minutes,

[N

eqg. 5 <

t
O B
(n4-C7HB)RU(CO)3 ﬁ%gn’r—’ K(UB-C7H7)RU(CO)3 + tBUOH

1 ; 2 (5)
~\ .
The appearance of the characteristic red colouration of
the anion is seen upon addition of KOY'Bu to the solution
of 1 in THF. The formation of the anion can be easily

followed by infrarcd spectroscoupy. The absorption bands
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in the carbonyl region for compound 1 rapidly decrease,

while new Bands at 1959(s,br), 1886(s,br), 1864(sh) cm-l

appear. The decrease ih carbonyl stretching frequencies

is indicatiye of increased back bonding from ruthenium go’ §:>
the antibonding n* molecular orbitals of the carbonyl

moieties, and is in accord with the formulation of 2 as an
anionic species.. The lH NMR spectrum of 2 sﬁow; a sharp

single peak for the seven ring protons even at -70°C,

indicating rapid ring whizzing. High fluxionaligy was

also observed for the analogous anionic iron complex. -

C. Conclusion

The synthetic method described for the preparation of
(n4—é7HB)Ru(CO)3 1 is significant over previous syntheses
and gives 1 in good yield. The deprotonation of 1 ié
base—dependent,‘however, the use of Kob'Bu gives

\ (n3

-C7H7)Ru(CO)3“ exclusively.



. CHAPTER 3

RBAC&IVITY OF (n3-C7H7)Ru(CO)3 ANION: SYNTHESIS OF

(s=C9Hy)Ru(CO)3Rh(Ly), Ly = COD or L = CO

A. Introduction

The synthetic utility of (C7H7)Fe(CO)3‘ has been
demonstrated by its reaction with a variety of tetal
carbonyl halides to form heterobimetallic complexes of the
type (u-C7H7)Fe(Cp)3M(CO)y (M = Mn or Re and y = 3, M = Rh
and y = 2).12 AIthoUgH potentially useful, the methqd was
syntheticaliy disappointing due to undesirable side
reactions resulting in overall low yields of the
bimetallic products;

Recent work has revealed that, in the rhodium case, a
two-step procedure involving first the preparation of
(p—C7H7)Fe(CO)3Rh(COD) followed by atmospheric
carbonylaéion resulted in dramatic improvement of the
yield30 (overall 65%). This ailowed the synthesis of
sufficient quantities of ‘this interesting»compound to
begi’n exploring its chemistry. A similar approach to the
synthesis of the Ru-Rh\compound was followed and the

results are described in this chapter.

.'\‘ l 9
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B. Synthesis and Characterization of (u-Cyclohepta-

trienyl)tricarbonylruthenium(cyclooctadiene)rhodium

Treatment of (n37C7H7)Ru(CO)3° with 0.5 equivalent of
[Rh(CoD)C1]2 at room temgeratufe in THF gave after simple
work up and siqica'gel ch}okatography, a red crystalline
material in moderate (30%) yield. Elemental analysis and
spectroscopic data‘on the compound are consistent with the
formilation (u~C,H5)RU(CO)3RA(COD), 3 (eq. 6).

K(C7H7)Ru(CO)3 + 1/2 [Rh(COD)C1], LLLEN

2

Py

(C7H7)RU(CO) 3R (COD) + KC1 (6)
3

The mass spectrum shows the parent molecule ion

followed by the successive loss'of three carbonyl .

[N

qroups. The infrared spectrum exhibits two strong

absorption bands in the +:»~-inal carbonyl region at 2029
“and 1965 cm™! due to t* moiety.
The 1H NMR spect - : ~emperature shows a sharp
singlet for the CoHg 1. ¢" . & toad signal for the
olefinic hydrogens and t.. -. .plets for the aliphatic

CH, groups of the COD ligand. The 13¢ NMR spectrum shows

a single line for theJC7H7 moiety, a singlet for the
‘

20
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aliphatic carbons of COD ligand and only one resonance for
the three carbonyl g?oups on ruthenium. The olefiniq
carbons appear as a sharp doublet (Jrh-c = 9.2 Hz)
conclusively'Qemonstrating that the COD iigand remains
bonded to the Rh‘;tgﬁ. The NMR data are cleagly

1

‘.

irreconcilable wigh a rigid bonding between the bridginé
C4Hy ligand and the Ru-Rh fragment, but can be explained
in terms of rapid rotation(of the cycloheptatrieqyl moiety
about the two attached metal centres. Such motion results
in a single time averaged environment for all the sevex:bf
carbon atohs of the ring. The limiting spectrum could not
be reached even at -80°C. This is a general phenomenon
observed for cis-=bimetallic derivatives Jf sonjugated
cyclic polyolefins.31 The activation barrier for internal
.reorientation of the bridging polyolefin is much smaller
than for the related trans complexes. For example, 1in the
analogous Fe-Rh compound the limiting spectrum could not
be reached even at -164°C,12 while the limiting spectrum
of trans-[(CSHS)(Co)zMo(C7H7)Fe(CO)3] wés already reached
at -71°C.3! several other organometallic derivatives
containing the cycloheptatrienyl and cyclooctatetraene
ligands exhibit this type of fluxional behaviour.<2’

The observation of only two and three signals for the
COD ligands in the 13¢ andGIH NMR spectra respectively at

room temperature, 1is not in agreement with rigid bonding

21



mode of this ligand either. The simpli;ied spectra can
also be explained in terms of rapid rotation of the COD
ligand about Rh. As the temperature is lowered one of the
averaged CH, signals in the 1H NMR spectrum clearly splits
{pto two broad unresolved peaks, indicating the slowing
gown of the COD rotation about the rhodium atom. The
signa} due to the other CH, group undergoes a slight
broadening. The behaviour of olefinic protons does not
’Ehange much. However the l3¢ NMR, Figure 3, gives a
clearer picture. At -30°C, two doublets for the
coordf;ated olefinic carbons and two singlets for the two

different types of aliphatic carbon atoms are seen. The
>

free energy of activation (AGQ + To = coalescence

temperature) for COD rotation at -10°C is 12.6 kcal/mol.34

Two structural forme, A and B, can be drawn for this
L]

compound, both are in ayreement with the observed NMR

features.

¥ \5_
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In A the doublq bonds occupy equivalent coordination sites

on the rhodium trans to thgjﬁridging CyH9 ring and the
geometry of Rh atom is square B;ramidal. In B the COD
ligand occupies non-equivalent coordination sites, one
double bond being trans to the Ru-Rh bond and the other
trans to the CoH4 ring and the geometry of Rh atom is
triagonal bipyramid. 1In both instances the molecule
possesseg Cg symmnetry and resultg in distinct olefinic and
aliphatic carbon atoms as seen at low temperature in the
13c NMR spectrum. |

L
Single crystal X-ray structure determination was

carried out to establish the ground state structure of the
molecule. A perspective view of the molecule together
with atom gumbering scheme is shown in Figure 4 and
relevant bond distances and angles are listed in Table 2
and Table 3.

The X-ray structure clearly shows that the molecule
contains the Cis disposition of the Rh and Ru atoms.
Three of the ring carbon atoms form effectively a g-allyl
group digectly bonded to the Ru atom. The other four ring
carbon atoms are substantially co-planar and are directly

v

bonded the Rh atom. The ruthenium atom is also bonded to
the three carbonyl groups and to rhodium. Two of the

carbonyl moieties are trans to the allyl group while the

other CO is trans to the Ru-Rh bond. The rhodium centre,

+
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besides bonding to the Ru and to the diene part of the

carbocycle, is also attached to the olefinic carbons of

the COD ligand. The Ru-Rh bond distance is 2.8876$6) A
The distance between ruthenium and the central carbon

significantly shorter t the distance to the end carbon

atom of the g-allyl gro:iis 2.159(5)A. This is
atoms (2.273(3)A) and is consistent with the usual
observation in n-allyl metal combédnds» For example in
Ruz(Cd)S(SiMe3)(C7H6SiMe3) (Me = CH3), the Ru to central
allyl carbon étom separation is 2.170{(12)& while that td
the end ;arbon atom is 2.286(11)4.33 The C-C distances
within the n-allyl f®egment are 1.388(5)a, which is co;i}T
parable to.many previously reported values (1.38-1.42z2).
The geometry of the five coordinate rhodium ins this
compound 1is square‘pyramidal and not the alterrate
trigonal bipyramidal. This is the .obsqrved geomgtry in
the relaied compounds (u—C7H7)Rh(CdD)Fe(CO)33O and
(p-C7H7)Rh(CO)2Fe(CO)3-12 The rhodium to 1-4-r-diene
carbon atom distances, 2.207(3)& and 2.174(3)A to the
outer and ipner carbon atoms respectively, are typical.
Thus the X-ray stwucture determination demonstrates
that the groundustate structure of 3 ii>represented-by

3 4

form A, with n?-Ru and n“-Rh coordination of the two

metals. Both metals achieve the noble gas electronic
configuration through a metal--metal bond and a bridging

L4

fluxional carbocyclic ligand.



C. Synthesis and Characterization of (u-Cyclohepta-

trienjl)pfigarbonx}ruthehium(dicarbonyl)rhodium

© As observed in the case of the qhalogous Fe-Rh
complex the COD ligand of (p-C7H7)RU(CO) Rh(COD) 3 is
quite lablle and can be ea511y replaced by carbon
monoxide. The reaction of compound 3 with CO at room

temperature and atmospheric pressure is quite rapid and

results in the formation of (u-C7H7)Ru(CO)3Rh(CO)2 4 in

quantitative yield, eq. 7

(p;C7H7)Ru(CO)3Rh(COD) + CO ES§%59—>
3

(u=C7H7)Ru(CO)3Rh(CO)5 + COD
4 ' < (7)

Compound 4 is a red solid. Its mass spectrum shows
Ehe parent molecular ion M* and successive loss of five
ggrbonyl groups. The infrared spectrum shows five |
carbonyl bands at 2064(s), 2023(s), 2004(s), 1979(s), and
1965(m) cm~1 consistent with the low molecular symmetry

(Cg) and the presence of only terminal carbonyl groups.

'J'
& =
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At room temperature the 13¢ NMR spectrum, Figure 5,
shows a sharp signal for the C;H, ring and in the carbonyl

region, the Rh(CO), fragment is seeri as a doublet (JRh-Cc %

72 Hz) while the Ru(CO)3 moiety is observed as a sharp &
singleﬁ. The single peak observed for CqH, ring is not
surprising and is diagnostic of a rapidly whizzing cyclo-
heptatrienyl ring. The signal broadens as the temperature
s lowered but remains a single signal even at -78’C;x
The single carbonyl signal for the CO groups on the
ruthenium indicates dcal scrambling. The process is

facile, since it still operates at the low temperature of

-78°C. Tnhis feature is observed in many related compounds

such '-C7H7)Fe(co)3m(co)212 and,..(u—C-,H7)Mn(CO)3Fe(C())_3. 12

hY

The observation of distinct signals for the carbonyls
on ruthenium and rhodium at room temperature indicates

that no carbonyl exchange is occurring between the two

metal centres. However, as the temperature is increased,

Figure 5, the carbonyl resonances broaden, coalesce at
around 45°C and reappear as a broad single peak at

+70°C. Unfortunately a good high temperature limiting
spectrum could not be obtained as the compound decomposed-
above 70°C. An approximate value for the freé energy of
activation for intermetallic CO exchange is 15.1

kcal/mol. The intermetallic carbonyl exchange can occur

by a'doubl§ bridged or single carbonyl bridged
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intermediate. The doubly bridged intermediate, Scheme 2,
is favoured since it maintains the ground state p-n4(Rh),‘
n3(Ru)-C7H7 bonding mode and is similar to the often
.obserQed merry-go-round mechanism for carboryl group
migration in di- and polynuclear metal carbonyl

c0mpounds.34

32
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Scheme 2. Intermetsllic CO Exchange in Compound 4 Double Bridged
Intermediate.
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CHAPTER 4 ™',

E

SUBSTITUTION REACTIONS OF (p-C7H7)Ru(CO)3Rh(CO)2, 4

A. Introduction

It has been observed in. the case of the analogous
iron derivative30 thaﬁ the presence of the bridging
cycloheptatrienyl moiety opened up reaction pathway whiah
allngd for facile carbonyl substitution reactions to take
place. The flexible bonding capability of the bridging
seven membered ring was assumed to be responsible for the
easc of these reactions.

Similar high reaétivity was predictable for the
present éomplex on the basis of the ready, non-
discriminate and hiqgh level of 13co enrichment at room
temperature and under atmospheric pressafe canditions.

The rapid carbonyl exchange must proceed through a lé6e”
infermediate which, as in the case of‘the %e-Rh complex,
most probably proceeds by a bonding mode change of the
cyc oheptatrienyl ligand (Scheme 3).

In the proposed mecWanism the ready accessibility of
an intermediate with increased carbonyl conten£ and a
bridging cyclohéptatrienyl unit of' reduced ns-hapticity is

invoked. This intermediate could arise either by a rapid

: - 34
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Scheme 3. Pathway for 13CO Enrichment of Compound 44

K /" RuRh(CO), \'CO
! k,

*CO -CO
_—_— _— .
ko | k3 ”~v
(CO),RN —Ru(CO)4 RuRh(CO)5‘CO RuRN(CO),*CO

'S

o
-

31n this scheme, the intermediates with the p—ns cycloheptatrienyl

units are meant to represent nz-Rh; n3-gu and n4-Rh; n‘-Ru bonding

5 .

modes,

The final "CO enriched product does contain the o?iginal nd-Rh;

n3-Ru bohding mode., It is drawn as shown to indicate the non-

) - .
discriminate nature of the CO enrichment process.



equilibrium between u'ﬂ7 and p-qs';ing specieg of the
‘starting material, followed by 13co attack of the
coordinatively unsaturated p-ns species, or by a one-step
associative 13co addition. Similar mechanisms involving
Hapticity changes have been used to explain the enhanced
rate of carbonyl substitution in ns-indenyl and nS‘
fluorenyl type complexes.36 Thug’tge carbonyl exchange
process 1is accelerated by stahilization of the transition
state.
L - ..
In view Qf these results it seemed worthwhile to
study the phoSphine substitution reactions of the pentd-

carbonyl 4 1n order to compare the results with previously

established trends.ao 7}

B. Reaction of 4 with Triphenylphosphine

+

The reaction between triphenylphosphine and compound
4 is very fast. The reaction with one equivalgnt of tri-
phenylphosphine occurs readily in hexane at room
temperature and the phosphine substituted derivative 5
precipitates as a red solid in a few minutes, eq. 8

hexane ’
(u—C7H7)RuRh(CO)5 + PPh3 T (u—C7H7)RuRh(CO)4PPh3+CO

4 5 (8)



The infrared spectrum of the product shows four bands
in the carbonyl region at 2009(s), 1982(s), 1941(s), and
1809(m, br) cm~!, indicating both terminal and bridging
carbonyl moieties. The doublet feature in the 31P{IH) NMR
spectrum at 40.88 ppm, due to coupling between phosphorous
and 103gn (Jgh-p = 183.3 Hz), clearly establishes that
substitution of triphenylphosphine occurs on the rhodium
centre. The‘nucleophilic aggack on rhodium is not
surprising since Rh(1) 1is known to form many lee~”

37

species and therefore is prone to accommodate

coordinative unsaturation favourable to initiate phosphine
substitutioh. Similar substitutional preference was also
sdn with (4 -C,H;)Fe(CO)3Rh(CO),. 30

* Simple electron counting reveals that the formation ,
of Ahe bridging carbonyl moiety must be accompanied by a

e;sal of the bond%ng mode beW@een the bridging cyclo-
heptatrienyl ligand and the guthenium and rhodium
framework. This is accomplished bxdi*qhange in the

bonding mode of the CyH5 moiety fr@n‘é;:Ru, n4-Rh in 4 to
Ny T

n3-Rh and n4-Ru in 5. This type ofwgbnding was observed
earlier for (p—C7H7)(p-CO)Fe(CO)th(PPh3)(CO) and was
confirmed by X-ray crystal structure determipation of
(u-CH4) (4 -CO)Fe(CO) ,Rh(DPPE) (DPPE = bis(diphenyl-
phosphim;)ethane).3:'o

The proton NMR spe:trum of the compound is simple and
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shows a sharp singlet for the C9H, ring at 3.9 ppm and
phenyl protons ;round 7.4 ppm.

Figure 6 shows the varliable temperature l3c NMR .
spectra in the carbonyl region. At room temperature, only
a single broad peak is seen. As the temperature is
lowered, tﬁé resonance splits into two peaks, thereby
indicéting that the unique signal at room temperature imust

be the result of rapid intermetallic. carbonyl group
exchange and is not due to accidental overlap of the
carbonyl signals. The high field resonance is a doublet
of doublet}, clearly assignable:to‘the carbonyl group on
rhodium split by coupling to both 103R) and 315. However
the observation of a low field signal of relaiive
intensity of three 1s not consistent with the ground state
structure deduced from infrared spectroscopy which showed
a bridging carbonyl molety. The single resonance must
arise from rapid scrambling between bridging aﬁd terminal
carbon;l groups localized on the ruthenium ato%. Attempts
to freeze out the low temperature limfting spectrum met
with failure. The resonance broadened noticeably bdt
remained a single peak even at -90°C. The most plausible ~
explanation for the carbonyl group scrambling on ruthenium
is a one-for-one bridge opening and closing mechanism
which can be subdivided into (i) synchronous one-for-one

bridge-terminal group exchange and (i1i) a stepwise process



i)

. T:=+28°C
)

A

7=-50°C

W i 1 J

250 225 200 BRYE
6 (ppm)

o

Figure 6. Variable Temperature V3¢ NMR Spectra of

(u~C7H7)RuRh(CO)4PPh3, S. “Inpurit:es.
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via an unbridged form. The former process was favoured

=6
“&

~ A

-

explain the fluxional behaviour of CpaRh,(CO),L (L =

N,

L IR

P(Oh3)3, PMe,Ph, co) 38 compounds which contain one W«
L9 A
bridging CO moiety, while the latter process was invoked

for the CO scrambling in szFez(Co)439 and similar types
) . v

of molecules containing two bridging éarbonyl groups. We
favour this latter Process in the present context even
though complex S‘possesses only one bridging carbonyl‘
grbup. The reason is Ehat, as shown in,Scheme 4, the -

Py

fluxionality of the C7H5 ring aids the movement of the ‘

bridging carbonyl group into the ter‘r‘nin‘al‘?ition thereh-

stabilizing‘the putative, "all terminal"” intearediatesa in
the scrambling process.

Also shown in th;Aocheme is a plausible reaction
pathway for global carbonyl scrambling’in the complex.
Although other intermediates can be envisjged, the doubly
bridged form shown is favoured since it is accessible from
both the ground state ‘and.the isomeric “all terminal"”
formilatinn for 5. The free energy of activation obtained
for intermetallic carbonyl gfoup movem;%t at 20°C is 11.0
kcal/mol which is lower than in the parent pentacarbonyl
4. This follows the normal trend of more facile for

carbonyl group scrambling in bi- and polynuclear metal N

carbonyls following phosphine substitution.3%:40
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C. Reaction of 4 with Bis(diphenylphosphino)methane

thZPCH2PPh2. DPPM)

1. Synthesis and Characterization of (u-C7H7)RuRh(CO)3DPPM

Bimetallic compounds containing the ditertiary
phosphine, bis(diphgnylphosphino)methane, are being
increasingly synthesized and their interesting chemistry
explored. The ligand is known to exhibit monodenta{g—br
chelating and bridging bidentate béhaviour towards
transition metals. Although complexes with chelating  DPPM
are known, the four membered ring sé formed is strained
and in bimetallic compounds the ligand q€§ ; greater
tendéncy_to act as a bridging bidentate unit between the
two metal atoms.?l Indeed the reaction, of the Fe-Rh
pentacarbonyl with DPPM gave initially the DPPM chelated
complex,‘(u-C7H7)(u—CO)Fe(CO)th(DPPM), which precipitated
from hexané solution. However in solution (benzene,
methylene chloride) the compound smoothly isomerized to -
the br.dging DPPM form.30 |

The reaction of the pentacarbonyl 4 with-one
equivalent of DPPM readily forms a deep red‘solid which

précipitates from hexane solution, eq. 9. g£jikmental

ahalysis and mass spectrum are’bonsistenﬁ.with the
v {

.. . ¥ .

formulation RuRh£C7H7)DPPM(CO)3w,6; 1}
. T P’ L B S

] | | \\. .
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A} » M
(p-C7H7)RhRu(QQ)5 + 1 DPPM + (i -CyH7)RhRu(CO);3DPPM + 2¢O
4 ' 6 (9)

The infrared’spectrum of this compound has three ~
bands in the terminal carbonyl region (1975(s), 1940(s),
and 1904(br) cm-1l. This result was quite interesting and
unexpected since as stated above, the reaction of (p=~
C7H7)Fe(co)3Rh(Co)2 under #imilar experimental conditions
gave the chelating dbmpounq (u-C7H7)(p-CO)Fe(CO)ZRh(DPPM);

which also contains a bridging carbonyl moiety. §The

intercept the elusive chelating DPPM isome¥. 48 Keaction
was slow to begin with, but again the ma t Eyi

features ,as above.

* )
The proton decoupled 31lp yNMp spectrum of -the compound

at room temperature shows a six-line spectrum which
exhibits little"femper;ture dependence except for further
small spllttlng of the two low fleld llnes, Fiqure 7.
Con51stent WIth the bridged DPPM formulation, the
phosphorous nuclei are inequivalent. However the observed
;hemical shifts are small and comparable to the strong
coupling between the th phosphorous nuclei, thus glVlng

rise to the’ AB part of an ABX spin system, with 103Rh

bein ,he X romponent. The phospiorous atom (B), attached -

o)
=
.V; M



44

(wdd) ¢

LJ

"L dandyy

*9 .zmmoonuv;m:xAN=~uunv JOo wn1103dg YN A:—wm_n

*
A

a,.
ZH gpgp = 98

V,-
ZH gz = 9N



to rhodium, is also strongly coupled to 103gh which
further splits the B branch and givés rise to the four
‘high field lines. Small, long range, coupling to rhodium
of the ruthenium bound phosphorous Pp is responsible for
the doublet appearance of: the low field lines. Analysis
of the spectrum gave the éhemical shift and coupling
constant values shown in Figure 7.

The low temperature proton NMR of the compound shows
a brapd singlet at 3.9 ppm for the C4H, ring, reso{ved
multiplets for the methylene protons at 1.95 and 4.05 ppn,
while the phenyl protons are seen between 7.2 and -7.4 ppm,
also in accord with the formulation.

The 13; spectrum, Figure 8, at low temperature shows
a br@ad single line for C,H, ring and in the carbonyl
region a doublet of'g%ublets at 201.7'ppm and two lines.aé\
209.6 and 199.8 in the ratio of 1:1:1. The intermediate |
field signal (4,d) is clearly the carboﬁyl group on
rhodium split by coupling to both 103pn and 31p (JRn-c =
. 76.7 Hz, Jp..c £ 12 H;). The other two signals are due to
the carbonyis on ruthenium. Small, long range, coupling
to phosphorous is responsible for the further(Spiitting of
one of the“liaes (J = 7.0 Hz). This spectrum is
consistent with the ground state structure of the
coﬁpound. However, as the temperature is raised, the .

- .
lines due to carbonyls on ruthenium broaden and coalesce
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Figure 8., Variable Temperature 13c NMR Spectra of

(1=C7H7) (u=DPPM)Ru(CO),RN(CO), 6 (CD,C1,).
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at approximately O0°C and at room temperature appear as a
broad signal. In order to observe the high temper#ﬁure
limﬁting spectrum, thé spec;rum was recorded in toluene-
dg: Figure 9. The emergence of a single sharp line at
60°C indicates fast exchange of the carbonyls gn
ruthenium. Free energy of activation for carbonyl
scrambling on ruthenium és 12.6 kcal/mol at 20°C.

. Although’ localized garbonyl group scrambling on metal
centres ts b"now a welﬁ’established phenomenon and has
been observed‘in all combounds synthesized in this work,
its relatively ready occurrence in the presence of the
bridging DPPM ligand of complex 6 was surprising. Since
the exchange of the two carbonyl.moieties on ruthenium
must involve some angle bending of the ligating groups,
including the coordinated phosphine as well, invthe
present context this demands tandem movement of the two
phosphorous nuclei of DPPM ligand and consequently

w

rearrangement of both‘metal centres. A plausible scenario
for the exchange mechanism is shown in Scheme 5. The
propoéal takes into account the coordination geometry of
the respectivg‘metal centr;s and the commonly observed
rearrangement brocesses at such sites. As shown in the
scheme, in its ground state compound 6 contains a five

coordinate square pyramidal rhodium atom and a six

coordinate octahedral ruthenium centre if a formal two

——y
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Scheme 5. CO Scrambling on Ruthenium in Compound 6.

c o
_RIU/CO , i //C;O
g | P Ru (trigonal twist) o Ru
-—'Rh———C(> Rh(t er I
"SNP (turnstile) ';’th—P

C
o

Ru (oct) Rh(sp) Ru(tp) Rh (tbp)
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coordination position is assigned to the n3-a11y1
fragment. The proposeé rearrangement thus involves the
well known square pyramidial-trigonal bipyramidal motion
at Rh and the typically higher energy trigonal twist type
process at ruthenium which results in a change of
coordination geometry from octahedral to trigoﬁal
prismatic. It is clear ffom.the scheme that the high
enefgy intermediate has a symmetry plane passing through
the ruthenium and rhodium atoms and comprises the DPPM
ligand. The mirror {plane renders the two carbonyl groups
on ruthenium equivalent. Although not completely
conclusive, strong suppdhg for the proposed pathway for
'carbonyl group scrambling comes from the temperatu}e
dependent behaviour of the methylenic proton signals. The
€wo multiplets seen at low temperature broaden as the
temperature is raised and coalesce around 20°C. The free
energy of actiwvation for mgthylene proton exchange is 12.4
kcal/mol, virtually the same as that seen for carbonyl

group scrambling on ruthenium.

2. 31lp nMr St_.lies of the Reaction of Compound 4 WIth DPPM

The reaction between the pentacarbonyl 4 and DPPM as
described earlier, results in the formation of bridged
DPPM compound. The same product islobtained even at low

temperature. Since the reaction between DPPM and
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~

(u=C9H,)Fe(CO) 3RN(CO), gave the rhodium chelated DPPM
derivative as the initial kinetic product, it was of
interest to follow the reaction of 4 with DPPM by 3lp NMR
spectroscopy in order to identify elusive intermediates
and thereby elucidate the mechanism of formation of 6.

a. Initial experiment ‘

The proton decoupled 31p NMR spectra, 31?{1H},
_ recorded at different temperatures and reaction times are
shown in Figure 10 and the NMR data are given in Table 44
The spectrum recorded soon after the reagents were
.1xed at -50°C shbws two signals at 44.4 and -25.7 ppm,
guite distinct from the 3lp NMR features of compound 6.
No resonance is seen at the position of free DPPM at -25
ppm, indicating complete consumption of 4 and DPPM. The
observation of two S1p signals shows that the intermediate
formed at this stage of the reaction contains two
different typ;s of phosbhorous nuclel. The resonance at
-25.7 ppn is in the region of uncoordinated DPPM ligand,
its doublet appearance is due to coupling to the other
chemically different phosphorous atom. The doublet of
doublets at 44.4 ppm is clearly due to a phosphorous
nucleus coupled to both 103gh ang 3lp. This information
identifies the intermediate (designated as SA in :he
figure) as containing a monodentate DPPM ligand bound to

rhodium. This result is not surprising since it is
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Table 4. 3'P('H) NMR Data for the Intermediates Identified in the

Reaction of Compound 4 with DPPM,

J. (Hz})
a . ..
Species Atom Multxplxc1tyb 5 (ppm) Ip-p Jkh-p
- P d -25.7 96.0 -
SA
) pRh dd 44.4 96.0 178.6
PRU d 44.2 127.0 -
6.
PRh dd 33.6 12750 151.6
Ppu - .m 22.5
6.. “ LN R
i A
) Peh g ~~m%
L. - “ .m -‘ﬁ:
+ SPRaL DT “ﬁﬁg“l
2 4] ma
TR 0 M
,f " N o .l ¢
O SR
Y o TRnPra R T 4T
 ASERRARN N * :
\ "
3P = uncoordifa phosphdrous. i ; .
A s e |
bd = doublet doublet of doubkets, m = multiplets.

"
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consistent with the initial :itq of attack observed in the
reaction of 4 with one equivalent of PPh, giving .

Warming the sample to -40°C results in a lpectruﬁ (t
= 30 min) which still shows the presence of nl-DPPM
intermediate. The 8ix line ABX pattern atr around 70 ppm“
heralds the formation of the final bridging DPPM, complex
6. However the appearance of additional signals at 34 and
44 ppm indicate that the conversion of 4 to 6 is not a
simple one step process but occurs via the intermediacy of

>

at least one more step. Interestingly N :other
& “

intermediate is not the Rh chelatﬁmtomplex akin to
.u -4

the kinetic product in the Fe-Rh r ion referred to
before:"lndeed such a Yyplecule would have equivalent
phosphorous nuclei and is expected to show a simple
doublet in the 31lp NMR spectrum. Contrary to this the
intermediaterbserved presently must have two distinct
phosphorous nuclei, one bonded to rhodium (doublet of
doublets at 33.6 ppm) and the other to the ruthenium
(simple,doublet at 44.2 ppm). Therefore this is another
DPPM bridged Ru;Rh complex, similar, yet diffement from
the final product 6 (designated 6* in the figure)?
Further warming of the sample £o -20°C (t = 55 minG
results in no new signals but causes broadening of the
'

signals assigned to the nl-DPPM intermediate. Since line

thape changes are indicitions of reversible chemical®



;;:kange processés. The temperature was immediétely

quenched back to -55°C and the spectrutf recorded at this

temperature (t = 75 min). The reemergence of sharp

nl-DPPM sfgnals serve to verify the postulate'and gave

>

indication that *at -20°C there is some exchange process
. . N

that begins to equilibrate the environments of the two
ends of the\ql—DPPM ligand.

Raising the temperature to ambient results in the
a

disapﬁearance of nl—DPPM;4and the signals due to 6* and 6

. ~

_increase in intensity. Finally 6* .is seen to convert

completely to 6.
N

Based on these observations the reaction pathway
shown in Scheme £ is proposed for the formation of 6 froq.

4 and DPPM.

The first step in the reaction is clearly an-attack

of the DPPM lijand at the rhodium centre. This most P

probably occurs without loss of CO in a bimolecular
a;sociati?e step. .TBe coordinatide unsaturation being
provided by the flexible u-C4H5 moiety changing its
bonding mode frdm u‘ﬂ7 to p—ﬁs. Carb&n monoxidé Lpsg then
results in a complex (SA) related to the PPh3 substituted
compound 5, whfre a1aangling nl-DPPM ligand fulfills the
-pgle of the phgsphine moiety. Presently, in thé absence:

of“13C NMR data we cannot'unequivocally identify the 31p

observed ; 1-DPPM intermediate as S* or 5A, although we

I3
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favour the latter.

No such ambiguity exists concerning the nature ®f the

B

~

\‘ﬁext ‘intermediate. Even in the absence of 13C NMR data it
~ . '

is clear that in order to produce a complex containing a

‘bridging DPPM ligand which is distinct from 6, the

ro
o

unsaturation needed at ruthenium must be provided by the

.
bridging cycloheptatrienyi ligand. 1Intramolecular attack
by gpe free phosphorous étom of the dangling Dﬁih ligand
on r;thenium thus proceeds by displatement of a éouble
bond of the u-CoH, moiety, without CO loss, to give 6*.
The latter at r40°C slowly (more rapidly at high é
temperatures) loses CO to give 6. ~«It is interesting to
note that the exchange of environment of the two ends of
the nl—DPPM moiety in SA, ;s seen by line broadening at
-20°C, provides evidence for cfclohegtatrienyl double bond
ﬁsoeiation at. the Rh centre, equilibrium between 7* and
5A in the scheme:. These findings represent the first
conclusive demonstration of the flexible bonding
capability‘Sf the ,-C9H5 moiety and of the postulated

13 3 « 4 3 » . .
"incipient coordinative unsaturation" provided by the

-~

ligand.

b. Later findings .

In order, to observe initial 31lp NMR spectrum which

still contained free DPPM ligand, the NMR studies were

‘reinvestigaﬁed by mixing the reagents and recording the

l L4
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initial NMR spectrum at -80°C instead of -50°C. In fact d
free DPPM was seen, however, several new resonance 11nes, T

in addition to those due to the previously observed fo,
k)

\

inﬁermediates appeared. As the temperature was raised the D .
intensities of the new signals changed but ultimately
converted to the DPPM bridged product 6. This led us to
consider that at low temperature a competifive reaetion,
involving ettack of DPPM on the ruthenium centre was also
‘occurring. Scheme 7 details the plausible intermediates
“ from such an initial step and the éathwey for conversion‘
to complex 6.

Following the above observations, severa1_31P NMR

: »~

studies were initiated at -80°C to follow the reaction of
pentacarbonyl 4 with DPPM. Due to the many possible
intermediates involved thekspectra were complicated and
the intensities of the individual components seehed to
depend mostly on the amoupt of starting material used and
time of mixing. Only a few representatlve spectra, which
most clearly show ghe formatlon of the new intermediates,
sare shown in }igure 11 with approximate time of reaction.
K 1’A The initial spectrum was recorded at -80°C,
’$ﬁ ﬁimmediately after mixing the reagents at this temperature,
showed free DPPM and the previously seen rhodium bound

@?PM intermediate 5A. ‘However consumption of free DPPM

at this temperature did not give 6' and 6 cleanly, instead

rd
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Scheme 7. Formation of 6 From 4 and DPPM via Inftial Ru Attack.
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new signals were observed in the spectra. After 80
minutes at -80°C, and even better defined in the t = 110 .
min and T = -30° spectrum, three sets of doublets at -28.1
ppm (J = 46.9 Hz), -22.1 ppm (J = 97.9 Hz), 43.5 ppm (J =
169.4 Hz) and two multiplets at 10.1 and\iz.s’ppm were
also seen. The position and multiplicities of thellast
resonances are most consistent with some DPPM bridged
species and accordingly‘they are tentatively identified as
6** and 6¢. The observation of new doublets in the free
DPPM region looked promising for the putative ruihenium
bound n1~DPPM intermediates, 5B ;Ad/or S¢. However such
an intermediate would be expected to have two doublets
with identical spacings due to £6upling between the two
different phosphoreus nuclei of the nl-DPPM ligand. Yet
all three doublets show different liné.éeparations:
imply'ing that these resonances belong to dif\ferent

chemi cal species. Careful search of the obtained spectra
\;Sﬁld\not reveal the needed partner doublet of 58/5#.
Indeed the.nature of the species giving rise to thg three
doublets remains an enigma. One of the doublets %ould be
due to the'elﬁsive rhoéium chelated DPPM complex,

(pTC7H7)(p-CO)Ru(CO)ZRh(DP?M) 7. The analogous Fe-Rh

complex exhibits a doublshrﬂ‘ﬂ#1334§ me“TJRh_p = 152.3

Sy -

Hz) and on this.paSﬁs jlﬁ'fgfmulaié,the doublet'
;at -22. kv ppm as ‘belongjs
£ = . Y.

. "

” A ':'
.



to why this compound appears to form only when the
reaction is initiated at very low temperature, nor can we
offer reason;ble formulation for the remaining two
doublets.

Thus, although plausible, initial ruthenium attack of

compound 4 by DPPM as detailed in Scheme 7 remains

unproven.

D. Conciusions

The reactiof of pentaéarbonyl 4 towards phosphine is
facile and results in mono- (PPh3) and disubstituted
(DPPM) complexes in virtually quantitative yield. The
reaction with DPPM proved interesting. 'I’he‘o"rmation of
product 6 is not a single step process, but proceeds via a
muléistgp pathway. Low temperature 3lp NMR studies have
revealed competitiye initiai Rh and Ru attack by DPPM.
The reaction is associative in nature and the different

bonding tapabilities of the cycloheptatrienyl moiety 1is
definitely responsible for the observed scenerio. A

complimentary low temperature 13¢c NMR study is clearly
warranted‘%n order to corroborate some of the proposed
intermediagés and to resolve the remaining ambiguities.

It will be of. interest to explore the reactivity of

compound 6 toyards protonation and alkylation reactions.
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CHAPTER 5 !

EXPERIMENTAL SECTION -

A. Solvents and General Technigues . -

S
3

All experimental procedures were performed in
standard Schlenk vessels under a static atmosphere of
vigorously purified nitrogen or argon. This was
accomplished by passing the commercial gases through a
heated column (90-100°C) containing BASF Cu-based cagalyst
(R3—1i) to remove oxygen and a column of Mallinkrodt
Aquasorb, which is P>O0g on an inert base, to remove water.

All glassware was heated in an oven to 100-120°C and
then imﬁediately evacuated and filled with the inert gas
prior to any operation.

Solvents were drie3%2§ réfluxing under ni?rogen with
the appropriate drying égeﬁg, %Bble 5, and distilled just
prior to use. When needed, solvents were degassed before
use by repeated freeze-pump-thaw cycles. Pentahe and
hexane were p¥econditioned before being refluxed and
distilled Qy%i?irring over concentrated H,S04, until no

"y -

colour devegoped in the acid layer, washed with water and
S .

©
dried over Na;SOg4-
&
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Table 5. Drying Agents Used foEESolvents.

Solvent Drying “jent

1. Pentane . Calcium hydride

2. Hexane Potassium metal )
3. Benzene Potassium metal

4;‘ Toluene Soéium metal

5. Diethylether Sodium-potassium alloy/benzophenone

6. Tetrahydrofuran Potassium/benzophenone

7. Dichloromethane Phosphorous pentoxide

B. Starting Materials and Reagents

Dodecacarbonyl;riruthenium4za'b and [Rh(COD)C1]243
were prepared by standard literature methods. Hydrated
rhodiumatrichloride was a loan from Johnson Matthey Inc.
Diphenylphosphinomethane was obtained from Pressure
Chemical Company, 13co from Monsanto Research Corporation
-and triphenylphosphipe, cycloheptatriene, and KO'Bu were

purchased from Aldrich Chemical Co. KOYBu was sublimed

and cycloheptatriene was distilled- before use.
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C. Physical Measurements | S

Infrared spectra were obtained with a Nico}et MX-1
Fourier transform interferometer. Abbreviations used in ’
reporting the spectra: s strong; s,br strong broad; m
medium; w weak: and )h shoulder.

NMR spectra were recorded on a Bruker WP-200 or
Bruker WP-400 spectrometer. Variable temperaghre NMR
studies were carried out with s&mple tubes sealed under
vacuum. ¢Chemical shifts, § ppm, a;e reported relative to
TMS (lH, 13C) and 85% H3PO, (31P). Abbreviations to
indicate multiplicities are: s sihglet; d doublet; dd
doublet of doublets; t triplet; g quartet; and m
multiplet.

Free energles of activation at coalescence

temperature, Asﬁc,‘were calculated using the expression:32

AG* = 4.57 Tc [9.97 + log [%
\%
Tc = coalescence temperature °K
av = chemical shift difference in Hz

AG* = kcal/mole
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D. Procedures, Cﬁapter 2

Preparation of (q4-cycloheptatriene)tricarbonylruthenium,

(n4-cHg)Ru(CO) 4, 1

Dodecacarbonyltriruthenium (2 g, 3.13 mmol), cyclo-

heptatriene (20 mL, g = 0.88 g/mL) and benze (300 mL)
‘were placed in a 500 mL elongated (15 cm(@?hgth and 7 cm™>
diameter) ;eaction flask under argon. fh&lyeaction vesse]
was fitted with a water-cooled condeAser. The light
source, a 450 W high pressure Hanovia mechry lamp, was
placed in a water-cooled quartz immersion well. The
distance between the light source and the reaction flask
was approximately 7 cm. As the reaction prgfeeded upon
irradiation, the temperature of the mixture raised to
~7O°C1and the solid Ru3(C0)y, dissolved commpletely.
Irtadiation for 24 hours was necessary for the complete
consumption o: the starting mate;ial. After the reaction
was complete, the benzene was stripped off;bnder vacuum
and the residue was extracted with 50 mL‘zf pentane. The
filtered extract was concéntrated tonﬁ—lo @ and was then
placed on a chromatography column (10 cm x 3 cm) packed
with silica gel (Merck, Kieselgel 60, 230-400 mesh).
Elut&pn.with hexane caused the development of a pale

yellow band. This first band, eluted with 50 mL of

nexane, was discarded ¢s it mainly contained impurities;



\
‘

g e
Q\"\‘IIL, . ’”W{* ¥ . .

Ditropyl, Ru(CO)3(C7H10T~pnd Ruz(CO)s(C7H8) A second

yellow band moved down thg~column upon further elution

with hexane. This band was collected (SOO‘QL) in a one- *

necked flask under argon. The solution was comcentrated a

to ~5 mL and cooled to -78°C for several houti'&p;cause

precipitation of the dinuclear compfund, Ruj(CO)g(CqHg) -

The clear supernatant yellow solution was carefully

inverse filtered into another one-necked flask. Removal

of the solvent under vacuum gave Ru(CO)3(C7H8) as a pale

vyellow oil (2.2 g, B4.6%). At this stage of the”chromaeo-

graphic separation the trinuclear ruthenium cluster N ) | £3 

compound, Ruj(C0O)g(CyH4)(CqHg), stays on top of the - ,

chromatography column. It desired, i£ can be eluted w-it'hw

methylene chloride.
To obtain an analytically pure sample of . ;‘v,’ak

Ru(CO)3(CqHg). the pale yellow oil was_chromatogréphed ' R

twice on a short column of silica gel (5 cm x 3 cm). The - LI

combined hexane eluants (2 x 200 mL) were,concentratedigo ?T‘ :

5 mL and were cooled to —78 C. The supernatant soluﬁion .o |

was transferred to a small Schlenk tube and the solvent -

was removed under vacuum to give a clear pale yellow. oil

(1.7 g, 65.3%). Elemental analysis; Anal. calcd. for

C10H803Ru: C 43.32; H 2.89. Found; C 43.81; H 3.08. IR

(hexane): vco 2066(s), 2002(s), and 1991(s) ecm~l. NMR

data are shown in Table 1 of Chapter 2.
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Preparatiop of potsssium (n3-cycloheptatrfenyl)tri-
: N - (

carbonylruthenate( -1)‘ » &K(n 3-C7H7)Ru (CO)3. 2

A typical procedure is as follows: 700 mg of (n4-
C-,Hé)Ru(CO):; (2.53 ﬁmi) was diagolved in 30 mL of dr& and
debxygenated THF under argon. The solution was kept at
-78°C in dry ice. Freshly sublimed KOiBu (284 mg, 2.53
mmol) was diéso;ved in 50 mL of THF at room temperature.
The clear THF solution of KOYBu was added slowly via a
éanula to the cold, magnetically stirred solution of
(ﬂ4-C7H8)RU(CO)3' The additibn took approximately 5
minutes, however the colour of the solution turned dark
red almost immediately after the addytion began. The

formation of the anion can also Qe followed by infrared

.spectroscopy. After complete addition of KO'Bu the

. . . . . S
solution was stirred for an addxtlonal‘;ew minutes.
> 3 «

Completion of the deprotonation was ascertained by IR
spectroscopy (anion bands, vgy 1959(s,br), 1886(s,br) and
~ - " .

1864(sh) cm~1). The extremely air sensitive anion was

used immediately fotr further reactions. ) -

o
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E. Procedures, Chapter 3 -

P’r!aration‘ ofJA-(n"-gclobep&atrien?i)tricarbonyl-

rughehium(l, 5-cyclooctadiene)rhodium(Ru=-Rh),

(u=C9H7)Ru(CO)3Rh(COD), 3

red solution wgf concentrate&\to 5 mL and QLaced’on a

A co£§\(~—78°£) solution of K(n3-C7H7)Ru(CO)3 (2.53

mmol) (obtained from previous,prebafation) in 100 mL of
- ’ % . -
dry and deoxygsnated THF was added dropwise from a

jacketed, pressure equalized addition ﬁ&?nel which was ?

cooled with‘dry ice, over a%period of 1.5 h to a®

magnetically stirred solution qf [(Rh(COD)C1], (542 mg,

1.23 mmol) in 50 mL THF at room temperature. After the

N

\
addition)ywas complete, the reactjon mixture .was allowed .to -

Stir at room temperature for an additional 2-3 h. The

0y

solx;nt was removed under Acuur and the residue was

extracted with 2 x 30 mL of toluene. The resultiﬁg‘deep

L

.‘_‘: /\
chromatography column packed with silica.gel (10 cm x 3

ém) Eldtion with hexane éﬂhsed the movement of a deep
~wine red co#oured band which was collected (250 mL{d!;to a
one-necked flask under a&gon. Removal of solvent under
vacuum resultsd in a deep. rea crystalllne produét (350 mg,
28 SﬁL, m.p. 80 c.* Elemental analysrs--,Anal. caled. for

.4.09. Mass Bpectrum (7D ev, 85°C): 487 (M*, 53.6%), 459
‘ > ¥ i - -

.

s



H
(M*-co, 46.9%), 431 (M*-2co, 22.3%), 403 (M*-3co,
12.6%). IR (hexane): v 2029(s) and 1965(s) cm~1l. . lip ‘
NMR t25°, CDyCl,, 400 MHz): 3.75‘ (s, CqH9), 3.6(s br,
CH(COD), 4H), 2.7 (m, CH,(COD) 4H), 2.5(s br, CH,(COD),
4H).. 13¢" NMR: see Table 6. ' > .
. 'f' ¥ L

Table 6. 13c NMR Data“& (p‘-C7H7')Ru(GO)3Rh(COD), 3.2

-

1 4 - v
Temp, "C . . bcp bcoH, . bcH(cop) IRn-cC CH, (cop)
25 201.6(s). 63.1(s) B0.9(d) 9.2 N 32.4(s)
-30 201.6(s) 63.1(s)" 80.2(4) 9.2 32.8(s)
) 79,6(4) 9.1 31.0(s)
an ! ‘ - |
Chemical shifts, 6, in pvu frﬁTMS_and coupling 8
; . 4 : -
constants, J, in Hz. Solvent, DyC1,. A »ﬁ
» v / /
- 4

X-ray structure of 3 : ‘\\

Dark red crystals of 3, sultable for structural

Q
ana‘1y51s, were“obtauxed by slow crysta{llzatlon from

hexane solutlon‘ atr <20°C. 'I“he x—ray Itructure - ’ . F
’dete"rminatioh' was performed by b;. R‘G~ B§1’1 of th:e%\ “e':‘;%
‘St.ructure 'Deterimina}ion L'aboratofy o‘df .‘thls‘departmer;t'. R
‘Surmary of crYstallogrthl}cf\dﬁ,; Q,r\g*glven 1n“ Tabl‘e 7.”

Final pOSlthnMd the;;mal “amete are listed ‘in

[4

Table 8. Addxtxonal 1rffor'ma?on }((.‘J‘l be thalned by
> A /; *

», ' ‘ , I.( N R 4 R

- e , T & 2,



Table 7. Crystallographfc Data for (i=CyH;)Ru(CO)3Rh(COD), 3.

L]

"Diffractometer Enraf-Nonius CAD-4F
Temperature, °C | 23
"Radiation, A A ‘ Mo Ka (0.71073)
Monochron;tor ‘ Idcident beam, graphite crystal
. Formula' C1gHj903RuRK

_ Formula weight 487,33

Crys;al dimensions, mm . 0.1 7 x 0,10 x 0.27

Crystal system Orthorhombic
Spag¥ group )  Pnnm

a, A~ ' . 12,277(2).

A A e 12.658(2)

c, A 7 10.868(1)

Volume, A3 1688.91

Z . 4 »

plcaled), g/cm3 -, 1.92 v h :

Scan type’ w-26

' \ Scan rate, deg/min‘ #»0.1-1,.8 ,

Scap width, dgeg . 0.70 + 0435 fane :
~20 limits, deg 54.00 "{J

Data collected | 196}4 *

Unfque data, I >™3.0q (1) 1474

Absorpti\o‘n Cbr}ectiqn- ~Yes - | . - ‘ o/ C .
Linear ‘abs. coeff. oﬁ, co! 18.51 - ST
Hydrogens includgjd/re.fingd Yes/N%.

No. of parameters ﬁeflnedv 119 V"

Agreement factorémk, Ry, GOF y0.0}I/0.0l‘3/l'.38

3 ayd
. ‘g‘v )

- - : “Iy
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quoting Serial Number 200111-03-84.

P‘reparation of L—(q7-cyclohgptétrieny1)tricarb.onyl-

ruthenium(dicarbonyl)rhodium(Ru-Rh),

(4 =C9H4)Ru(CO) 3Rh(CO),, 4

‘-
‘l’;A solution of (u-C9H7)Ru(CO)3Rh(COD) (50 mg, 0.103
mmol) in 30 mL of hexarie was <co®led to -78°C and .

degassed. The flask was removed from the cold bath and

L 3 .
was put under one au'phene of carbon monoxide. After

warmng to room temperafure, stirring of the solutlon was

L Y stﬂed. The progress of the reaction was followed by ’- .
- 8
8

i ‘e

JJ.nfrcvmued speh‘oscopy in the carbonyl !'egion After ab
& -~ » !‘
0.5 h completesconversion to the wpen c!rbonyl was seen.
The solution wassconcentrated under vacuum to 5 mL and
Low e R ‘

- cooled to -7€°C. Removal of the"":,supernatant liguid left
behind a red solid which was washg ith 10 mL of cold
hexane to give analyticaily pure 4 as a red solid (40;mg, N
Lo : ' ‘, L.
90%). Anal. calcd. for C),H70gRuRh: C 33.12: H 1.61. .

Found: C 33.27; H 1.72. Mass spectrum (70\ev, 80°C): - SR
M*, M*-nCO (n =1 to 5). IR (hexane): vgo 2064(s9,
2023(s), 2004(s). 1979(s), and 1965(s): cm™L. 1y NMR (25°,
c02c12:b4og*ﬁuz)s 5 4.10 (s, CHy). 13c wmr (25°, dg-
toluene, 100.6 MHz): § 61.3 (s, c7u7). 194.5 fd, chh, N

JRh-c = 72 Hz), 200.6 (s, coRu) - _ g



5 //, P .

Preparation of) 13co-enriched” sample of 4
g - ‘ :

# 50 mg 0f” (4=CH,)RH(CO),Ru(CO)3, 4, was dissolved in

’ 20 mL of hexane in a 100 mL one-necked flask (the neck

]

% consisted i PRa ight Teflon Rotaflow tap). The flaek
- ,' ..;B
and degassed. The flask‘&ﬁf{remdyed

from theify ‘and was put under one atmosphere of

'13CO, and the (flution was stirred well for 0.5 h while

. Y a .
é;; flask warmed up to room temperature. The enrichment

N
L}

was followed by IR speetroscqpy. After 0.5 h v

- o

approxihetély 90% enrichment was Observed, as jydged by

*

mass spectrometric analysis.

" -F. Tocedures, Chapter 4 b ' . v

‘ . ¢ ‘
— ‘.,‘ Synthesis of Q-an oheptatrienyl)tricarbonylruthenium

carbonyl (triphenylphosphine)rhodfum(Ru-Rh),

.
A . ]

(4 —C9H7) Ru(CO)yRN(CO)PPhy, 5

) Tfiphe phosphine (30.0 mg, 0.114 mmol) was added.
diéectly as % solid to a stf’}ed solution of 3
(u-L7H7)Ru(CO)3Rh(C0) (50.0 mg, 0.115 mmol) in 30 mL of
hexane at room temperature. Stirring was continued for
0.5 h which caused the solution to become a deepax{s,g
~ Upon concentratlon under vacuum a red solid | .

precipitated. Inverse flltratxon. followed by washlng
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@
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.f\

. | IR E
“ ' o
with cold hexane and drying in vacuum gave 62 mg (92%) of
s as/; i'ed\solid. Analdcalcd. for C29H22049Ru!° C
52.02; H 3.29. Found-v ¢ 52. 3Q 33 44. M&ls‘pectrum
(70 ev, 165°C): M*, M*-nco (n =d-4). 111 NMR (25° < "

. E L ]
‘, L&

CDyCly, 400 MHz): & 309 (s, c-,n-,), 7~’ g m, c6115}. ) g‘_
13c NMR (CDoqgy, 100.6 MHZ) (25°C) 565 1 (s,épqﬂ7). 43zr

- . . ] e 3 'q, .
1"5;{cf,n5), 216.6 (br; CO). “(-30°C): 6217.0 (s, 'COpy)

.5 (d,d, COgns Jrn-c = 87.8 Hz, Jp_c = 15.8 Hz). 3lp

§P5°C. CDyCly. 161 MHz): & 40.88 (d, PRy JRn-p =

183.3 Hz).
» : ' » \

Preparatlgn o&CO-enriched sample of S

Triphenylphosphine (17.8 mg, 0.068 mmol) w!s added

L4 -

,‘directl‘y as a, solid to a stirred solution of 13CO enriched

pentacarbonyl 4 so mg, 0.068 mmol) in&dm
Stirring was contw¥nued for 0.5 h and the IR of the L4

sqlution showed complete conversion to compoundy5. The

material was isolated as describegd earl.ier:”; the .
‘ " .
unenriched compound 5. ' . ‘ 3
wh

Preparation of u-(m-’-cyclohéytat;ienyl)(u-bis—

diphenylphosphinomethane)ldicarbonylrutheniym(carbonyl) -
> < A J

rhodium{RuMRh), (,-CqH) (,-DPPM)Ru(CO),Rh(CO), -6

i)
‘Bisc}iphenylpbosphinorkffxane (44.0 mg, 0.115 mmol) was

R 4

> . | .
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el ‘
added difectly as a solid to a stirred solution of . ¢

I\ . .
-hexan _ temperature. After a few minutes a deep’

reciptated. Thélsolid was isolated by inverse

fijtration. Washidg with cold pentane and drying in

vacuum gave '65 mﬁ”(esg) of 6 as a red solid. ‘Anal. calcd. .

. - i u»r’*“@f‘i‘ '
C : . e 1, ‘”‘

for 35H2gR%0 Py Rh 0 C 55.04; H 3.80. Found 354107 Hie

% » 9’ ag s 0
403, % Mass spectrum (76¥ev, 125 c): MFcd, m*-2c0,

v

+ 3 . .
M*-3co. TR (CDxCl5): vep L975(s), 1940(s), and 1904(br)

cml. 14 NMR (-80°C, CD,Cl,, 400 MHz): & 3.9(s, CoH7):

4.05 (q, CHy, 1H, Jy_j = 10 Hz), 1.95 (q, CH,, 1H,- -\..5
JH-p =10 Hz): 7.2-7.4 (m, CgHs). 13C.NMR (25:&, cD,
100.6 MHz): §°61.0(s, CoH4), 125-1§g'(C6H5)j 204.9 (

CORy). 201.7 (d.d, COgn, Jpn-c = = 12.4

Hz)." At -75°C COg, appear at 209.6(§),. 199:7 (a,
Jp-c = 7.0 Hz). Ap nwr (25,‘Eozc12,“16§ MHz): ABX
pattern, Pgy: §70.58 (Jp_p = 139.4 Hz,y Jgp.p = 2.3 Hz),
PRn: 6 68.41 (Jp_p = 139.4 Hz, Jg,_p = 154.5 Hz).

.. “ '

Preparation‘of 1,3C0-enriched sample of 6-

Compound 6 (30 mq) was dlssolved in 20 mL of

methylene chloride in a 100 mL one-necked flask. (The
.
neck consisted of a straight Teflon rotaflow tap.) The

“flask was\cooled and degassed. The flask was removed from

the cold b&&h and was put under one atmosphere of 13Co and

. \ .
t
1

A5
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1

the solution was stirred for 0.5 h, zle the flask warmed
t

up to room tempefature. The enrichm was followed by IR “k

spéétfbscoﬁy until all the starting mayerial
disappeareg. Solid 6 precipitated as |the solution was
.concentrated. The solid was isolated ‘ i.n,gerse

filtration and dried under vacuﬁm.
& -

“

o
.
:
,

31p NMR studies of the reaction’of"(p-C7E;)Ru(CO)3Rh(CO)2

with DPPM
| ‘e

(4 =C9H7)RU(CO)3Rh(CO), 4 (2? mg, 0.D46 mmol) was
dissolved in 0.25 mL of CD,Cl, in a NMR tube under a
nitrogem Wtmosphere. The solution was cooled to -SO’F by .

4

placing the tube in an acetone-dry ice bath. DPPM (17 %g,
0.046 mmol) was dissolved separatiely in 0.25 mL of
CQyCl,. The DPPM solutiondw;s added to 4 at -50°C. The
combihed solution was mixed‘well and immediaiely pPlaced i
the NMR probe’méintaihid at -50°C. Spectra were rec ed J§>
as the Egmperature was raised'from -50°C to room.
éemperature éver a pefiod of 3 hours.

Several experiments wete carried out in a similar
fashion. It was found that to obtain reproducible, results
and spectra as shown in Figufé 10 of Chapéeru4: it was

imperdtive that all free DPPM was consumed during the

ﬁ . ~
mixing period. Otherwise more complicated NMR spectra
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\

were obtained which showed some of the features seen in

the spectra which were obtained when the reagents were

mixed at -80°C.
)
Exgpriments were also conducted by k.@ping and mixing
1

the individual solutions at -80°C. In these runs the

initial 31lp NMR spectrum was- recorded at -g0°C as’ﬁérl,

w

>

" v ‘ 2
it
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