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GENERAL INTRODUCTION

vFor the past decade, extensive developments have been
attained in the field of homogeneous catalysis. Studies on the
activation of small covalent molecules such as hydrogen, oxygen,
nitrogen, and unsaturated organic molecules are one of the most
intriguing challenges at the present time. The metal-olefin
or acetylene binding process is known to play an important role
in the activation of olefins or écetylenes by transition metal
complexes. Recently new types of metal complexes with olefins
and acetylenes have been synthesized as model compounds for the
intermediates in the catalytic reactions. However, quantitative
studies on such elementary processes are relatively few. For
the purpose of designing highly selective and efficient catalysts
it is necessary to observe the influence of the metal and the
associated ligand on the binding process quantitatively.

The work described in this thesis was initiated by an
interest in the activation of m-bond of olefins and acetylenes
by a8 rhodium(I) and iridium(I) complexes. The specific aims
are (1) the preparation of new complexes capable of activating
olefins and acetylene, (2) the kinetics for the activation of
olefin by a series of rhodium and iridium complexes to elucidate
the role of metals, associated ligands, and solvents, and (3)
the stereochemistry and stereoselectivity in the formation of

metal-olefin complexes. The olefins and acetylene used in



this thesis are shown in Figure 1.
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CHAPTER I

SYNTHESIS AND REACTIVITY OF SOME ISOCYANIDE COMPLEXES
OF IRIDIUM(I)

I-1. INTRODUCTION

Isocyanides are ligands with moderate o-donor ability and
intermediate in m-acceptor capacity between tertiary-phosphines
and carbon monoxide.l Very recently, renewed attention has
been focused on synthesis, reactions, and structural chemistry

2-9

of isocyanide complexes of rhodium(I). However, studies

on isocyanide complexes of iridium(I) are relatively
sparse,l’5’lo’ll

This chapter describes the novel synthesis and
characterization of tetrakis(arylisocyanide)iridium(I) and
bis(arylisocyanide)tris(triphenylphosphine)iridium(I) complexes,
and their reactivity to olefins and acetylene such as
tetracyanoethylene(TCNE), fumaronitrile(FN), maleic anhydride(MAi),
dimethyl fumarate(DF), acrylonitrile(AN), and dimethyl acetylene-
dicarboxylate(DAD).

I-2. EXPERIMENTAL

Materials
Ammonium hexaghloroiridate(IV), TCNE, and FN were commerci-

ally available, and were used as supplied. Arylisocyanidesl2

_._3.._.



and u-dichlorodi-mn-1,5-cyclooctadienediiridium(I), [Ir(COD)Cl]2l5

were prepared according to literature methods.

Preparation of Complexes

(n-1,5-Cyclooctadiene )bis(triphenylphosphine)iridium(I)

perchlorate, [Ir(COD)(PPh522]Clo4
This compound was prepared in a manner similar to that

described for [Rh(COD)(PPh5)2301O4.14

Sodium perchlorate
monohydrate(2.95 g, 21 mmol) in H20(10 ml) was added to
(Ir(cop)Cc1],(1.00 g, 1.5 mmol) in CH,C1,(10 ml) with-vigorous
stirring. Solid triphenylphosphine(2.90 g, 11.1 mmol) was
added to the mixture, and the two-layer system was vigorously
stirred for 15 min. The CH2012 layer was separated and washed
with two portions of H20(10 ml). The volume of the solutionv
was reduced to about 5 ml under reduced pressure and to this was
added ethanol(5 ml). Crystallization was effected by adding
ether dropwise to yield red crystals of [Ir(COD)(PPh3)210104

(2.65 g8y 90 %).

Tetrakis(arylisocyanide)iridium(I) iodide and hexafluorophos-—

phate, [Ir(RNC),JX (I) (R = p-CH;C H, and X = I(Ia); R = p-OH,0-
CcH, and X = I(Ib) and PF_(Ic))

p-Tolylisocyanide(0.39 g, 3.3 mmol) in CH,C1,(10 ml) was
added slowly to [Ir(COD)Cl]e(O.BO g, O.4 mmol) in CH2Cl2(lO ml)
and the mixture wés stirred at room temperature for 1 hr.
The solvent was evaporated under reduced pressure and ethanol
(10 ml) was added. Addition of NaI(0.24 g, 1.6 mmol) in
ethanol(5 ml) to the solution yielded a dark green pbwder,
which was reprecipitated from CH2012 solution by the addition



of petroleum ether to give Ia(0.25 g, 40 %),
Ib(40 %) and Ic(85 %) were similarly obtained except that
NH4PF6 in ethanol was used as the precipitating anion source in

the case of Ic.

Bis(arylisocysnide)tris(triphenylphosphine )iridium(I) perchlorate,
[Ir(RNQ)g(PPhElBJClO II R = ~CH3§6H4LIIQ) and p'CH5QQEHq§IIb22
p-Tolylisocyanide(0.37 g, 3.2 mmol) in acetone(10 ml) was

added slowly to a mixture of [Ir(COD)(PPh3)2]6104(1.50 g, 1.6

mmol) and PPh5(O.41 gy 1.6 mmol) in acetone(10 ml). The
solution was stirred for 1 hr, during which time the color of

the solution changed from red to orange. The solution was then
concentrated under reduced pressure to 2 ml and to this was added
ethanoi(2 ml). Crystallization was effected by adding ether
dropwise to yield yellow crystals of Ila, which were recrystal-
lized from CH,Cly-ether(75 %).  IIb(84 %) was similarly

obtained.

Oxidative Addition Reactions

Bis(p-tolylisocyanide)bis(triphenylphosphine )diiodoiridium

perchlorate, [Ir(p-CHBQEH“NC22§PPh52212]ClQQ(III)
I,(0.052 g, 0.2 mmol) in benzene was added to IIa(0.27 g,

0.2 mmol) in CH2012 and the solution was stirred at ambient
temperature for 15 min. The solution was concentrated under
reduced pressure and crystallization was effected by adding
petroleum ether, | Recrystallization of the product from CH2612-
CH3OH afforded orange yellow crystals of III.

Bis(p-tolylisocyanide)bis(triphenylphosphine)(olefin or

acetylene)iridium perchlorate, [Ir(p—CH3§6§4NC)2(PPhala(olefin



or ,acetylene)10104 (IV) (olefin or acetylene = TCNE(IVa),
FPN(IVb), MA(IVec), DF(IV4A), AN(IVe), or DAD(IVE))
AL small excess of solid TCNE(0.05 g, O.4 mmol) was added

to IIa(0.4 g, 0.3 mmol) in GH2012(10 ml) at room temperature.
The solution was stirred for 15 min, during whiéh time the yellow
color faded. The solvent was evaporated under reduced pressure
and the product was recrystallized from n-hexane-CH,Cl, to
yield white crystals of IVa(0.25 g, 70 %). Ivb(80 %), IVc,
and IVE(80 %) were similarly obtained except that IVc was
recrystallized from CHECla-ether in the presence of MA; |
Although compounds IVd and IVe were not isolated and
characterized, CH,Cl, solutions of IIa containing excess DF and
AN, respectively, were investigated by means of IR and lH NMR
spectra in order to obtain information concerning their existence
in solution.
Table I shows the colors and analytical daﬁa of the complexes

prepared.

TABLE 1  COLOR AND ANALYTICAL DATA

Compound* Color Analysis: Found (Calcd.)( %)
C H N

la [IrL ]l Dark green 4491 331 630
(45.13) (3.31) (6.57)

Ib [frL*,JI-CH,CI;’ Dark green 45.12 3.59 6.17
(45.41) (347) (6.42)

Ic [irL*,]PF, Dark green 43.76 322 662
(44.19) (3.24) (6.44)

la [IrL,P,]CIO, Yellow 63.31 4.83 223
(6404)  (4.53) (2.13)

11b [IrL*,P,]CIO, (CH,Cl,),,,* Yellow 61.46 4.46 2,10
. (61.04) (4.36) (2.02)

It [IrL,P,1,]1CIO, Orange yellow 48.01 342 2.36
. , (47.88) (3.40) @.15)

1Va [IrL,P,(TCNE)]C1O, White 58.56 342 2.36
(59.11) (3.76) 2.13)

IVb [IrL,P,(FN)]CIO, White 59.36 4.26 496
(59.60) (4.11) (4.96)

1Vc [IrL, P,(MA)]CIO, White 58.05 4.03 2.41
(58.56)  (4.04) 2.44)

IVl [IrL,P,(DAD)]CIO, White 58.16 4.18 2.49
(58.41) (4.23) {2.35)

4 The abbreviations used are as follows: L=p-CH;C,HNC,L* = p-CH 3OC¢,H.,NC, P=PPh,, TCY‘?E=
tetracyanoethylene, FN =fumaronitrile, MA =malcic anhydride, and DAD =dimethy! acetylenedicar-
boxylate,

* presence of CH,Cl, was confirmed by *H NMR spectra. -
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Instrumentation

Molecular weights were determined in CHBCN at 37°C by using
a Mechrolab Vapor Pressure Osmometer. The electric conductivity
was measured in CHBCN solutions by using a Yokogawa F-255A
Universal Bridge and a cell with the cell constant of 0.322 cm'l;
CHacN was distilled over P205 several times. IR spectra were
obtained as Nujol mulls and in CDCl3 or CH2012 solutions on a
Hitachi-Perkin-Elmer 225 Grating Spectrophotometer. +H NMR
spectra were recorded in 2.5 to 5.0 wt% CD015, CH?Cla, or
dimethylsulphoxide—d6(DMSO—dG) solutions on a JNM-PS-100 Spectro-
meter operating at.loo MHz. 31P NMR spectra were recorded in
22 wt% solutions at 40 MHz on the same spectrometer. Internal
tetramethylsilane and external 85 % H5P04 were used as reference
compounds. Electronic spectra were obtained by using a l-cm

quartz cell on a Hitachi 124 spectrophotometer.

1 . .
IR and "H NMR spectral data are given in Table II.
Table II
RELEVANT IR(cm™ ') AND 'H NMR(ppm) DATA
Compound® IR® 'H NMR°
viN=C) Others t(phenyl) t{CH,or CH,0)  Others
fa [IrL,JI 2145 (3.52(broad}) (6.28(broad})
Ib [IrL*,]I-CH,Cl, 2153 (3.52(broad)) (7.77(broady))
Ila [IrL,P,]ClO, 2119(2123) (3.004.13@q)  (7.79)
IIb [IrL*,P,]CIO, - (CH,Cl,),,, 2125(2126) (3.26 4.04(q))  (6.28)
IVa [IrL,P,(TCNE)]CIO, 2196(2196) WC=N)(2226)  2.88 3.41 (q) 7.58 :
IVb [IrL, P,(FN)]CIO, . 2174(2175) v(C=N) (2216) 2.95 3.57(q) 7.60 (FN) 7.22
IVe [IrL,P,(MA)]CIO, 2171(2172) 3.06 3.67(q) 7.66 (MA) 6.06
2.96 3.60(q) 7.63
IVf [IrL,P,(DAD}]CIO, 2175(2173) v(C=C)(1772)  3.023.67(q) 7.68 . 1(DAD) 6.58
2140(2139)

* The abbreviations used are as follows: L = p-CH;C,H,NC, L* = p-CI:l 3OCeH,NC, TCNE = te.tracyanoethylene,
"FN = fumaronitrile, MA = maleic anhydride, and DAD = dimethyl acetylenedicarboxylate. * Measured in Nujol mulls (in CH,Cl,).
¢ Measured in CDCl,(in DMSO-d,). ¢ The coupling constants of AB type qpartets(q) for phenyl ring protons are all about 8 Hz.



I-3. RIsSULTS AND DISCUSSION

Preparation of Arylisocyanide Complexes of Iridium(I)

Although a few tetrakis(p-tolylisocyanide)iridium(I)
complexes [Ir(R—CH306H4NC)4]X (X = Bry, I, and 0104) have been

known for some time,1

their syntheses are not necessarily simple
and convenient. I have now found that reactions of a stoichio-
metric amount of arylisocyanides with [Ir(COD)Cl]2,15 followed
by the addition of appropriate anions, easily give thevdesired
product [Ir(HNC)u]X(l) (R = B‘CH306H4 and X = I(Ia); R = B‘CHgo‘
Cgl, and X = I(Ib) and PFe(lg)). During the course of this
investigation, a communication by McCleverty et g;.s appeared,
which gave a brief account of the preparation of cationic
isocyanide complexes of Ir(I) starting_from dicyclooctenechloro-
carbonyliridium(I). Another communication by Bedford and
Rouschiasl?! repérted the preparation of [Ir(CHBNC)q_]+ salts
starting from IrCl(CO)(PPh5)2 and CHBNC and their photochemical
reactions, which will be referred to later.

Several attempts were made to prepare four-coordinate
[Ir(RNC),(PPhz),1C10, by the reaction between [Ir(COD)(PPhz),l-
ClO4 and two . equivalents of RNC. Only low yields of impure
complexes were obtained, with red material remaining.

However, five-coordinate [Ir(RNC)a(PPh3)5]0104(;;) was obtained
pure in almost qﬁantitative yield, when the reaction was carried

out in the presence of one equivalent of PPhB. Very recently,

McCleverty et g;.lo reported in detail the isolation of [Ir(RNC)5—
(PPh3),1X and [Ir(RNC),]X(R = t-Bu, i-Pr, p-C1C.H,, or p-CHz~



Reactivity and Structure of;LIr(RNC)Q]X (1)

Solid samples of I are very stable to air and well charac-
terized by the elemental analysis. I in solution does go
photochemical reactions, when irradiated with visible light, to
show color change from dark green to orange. However,'the reac-
tion rate is drastically lower than that of the methyl isocyanide

11 whose solutions are reported to turn red or orange

analogue,
in light within minutes. No information suggesting the presence
of the solvated complex [Ir(E—CH3006H4NC)4(CH50N)]I is obtained

by 1

H NMR spectra of an orange sample, which is produced by
irradiating Ib in CHBCN. These features of I are in a sharp
contfast to those of the methyl isocyanide analogues reported
to be oxidized instantaneously by air, even as solids. They
are also reported to undergo photoassociation reactions to give
[Ir(CHBNC)4(solvent)]X compounds easily, when irradiated with
visible light. In the absence of oxygen, they give intense
blue solutions in various solvents (Amax 610 + 20; & 22,000).
The origin of these bands is implicitly suggested to be essen-
tially the metal to ligand charge transfer. However, the bands
are also possibly due to the Ir to Ir interaction.

18 reacts with Cl, and Br, to give oxidative addition prod-
ucts. However,'; does not react with TCNE, which is known to
form adducts with tetrakis(arylisocyanide)rhodium(I) perchlorate.7
This fact is surﬁrising in view of the strong tendency of low-
valent transition metal complexes to undergo oxidative addition
reactions.15 The limited reactivity of I toward TCNE, however,
is consistent with an assumption that Py has Ir to Ir interaction,

even in solution, as is illustrated in the following discussions.

—_— O -



I is remarkably deep in color and is sparingly soluble in
non-polar solvents. Molecular weights of Ia, Ib, and Ic in
1.9, 3.0, and 2.0 wt% CH§CN solutions are 1583, 3115, and %368,
respectively. These data suggest that the complex salts I
exist as oligomers, even in solution. Conductivities of Ib in
102 ana 10™*M CH5CN solutions are 67 and 97 ohm-lcm2mol-l,
respectively. Conductivity is tentativeiy calculated in the

lcmgmol—l

unit of ohm~ , assuming that I exists as the monomer
[Ir(RNC)4]X. Molecular weight determinations at concentrations
parallel to those for conductivity measurements are unreliable
because of too low concentration, which makes it impossible to
know the degree of association of I in solution, e.g., whether
I exists as either [Ir(RNC)4]X, [Ir2(RNC)8]X2, or [IrB(RNC)IEJX5
etc. Therefore, the conductivity data do not offer much
information on the nature of I in soiution, except shoﬁing that
I is ionic as formulated.

In the 1

H NMR spectra of Ib and Ic in DMSO-dg, both the
phenyl ring and methoxy protons appear as broad singlets in spite
of a sharp signal for tetramethylsilane. The broad appearance
of these signals is neither altered at temperatures to 100°C nor
changed by the addition of the appropriate free isocyanide,
which precludes the possibility of ligand exchange in solution.
Broad signails are still observable with an orange sample, which
is obtained by irradiating Ib with visible light in CHCN.
The reason for this is not clear.

On the other hand, the electronic spectra of Ib in 102
and 10-4M CHBCN solutions show remarkable light, concentration,

and time dependence. Thus, the spectrum of Ib in 10~2M solution

—_— 10 —



when prepared in the dark and measured immediately after the
preparation of the solution, shows a distinct absorption maximum
at 712 nm (el.2 x 10%), which does not change much in the dark.
This band, in light, gradually decreases in infensity and is
finally replaced, after 15 hr, by new shoulders arpund 580 nn

(e 1 x 105) and 440 nm(e 2 x 103). The'band at 712 nm disappears
more quickly with lower concentrations. Similar behaviors are
observed with Ia and Ic, which also have maxima at 720 nm (e

1.1 x 104) and 715 nm (g 1.3 x 104), respectively. Moreover,
an absorption maximum is observed at 715 num for Ic in the solid
state. Appearance of these bands with large € values in the
long wavelenéth region is strongly indicative of the presence

of Ir to Ir interaction in [Ir(RNC)q_]+ cations. Metal to metal
interaction is well characterized in some square-planar platinum
metal complexes, which are significantly deep colored,.bn the
basis of X-ray crystallographic analysis and comparison of the

solid and solution electronic spectra.16

One of the typical
examples is the various salts of tetracyanoplatinum(II) complex
anion [Pt(CN)4J2', which show a characteristic absorption band
beyond 500 nm in their polarized spectra parallel to the crystal
axes. The band is known to shift to the longer wavelength, the
shorter the Pt-Pt distance is. “Although most of these salts

do not show any absorption indicative of metal to metal inter-
action in solution, Be[Pt(CN)4]-4H20 dissolves iﬁ CHBOH to show
color changes from colorless to yellow and finally to orange

yellow with increasing concentrations.l6b

Comparison of the
electronic spectral change and the color change with concentra-

tion of [Pt(CN)qlz' with those of I seems to indicate that I

—_— 11 —



retains the metal to metal interaction for longer time in.
solution. The disappearance of the absorption maximum of I
around 720 nm may be explained in terms of the Ir to Ir chain
breaking induced by light.

Based on the results described above, we suggest that
[Ir(RNC)4]+ cations may exist as oligomers with Ir to Ir inter-
action not only in the solid state but aiso in solution for some
time. However, the Ir to Ir chain may be slowly broken by

photochemical reactions, which are shown to occur in [Ir(CHBNC)ql-

X rapidly.ll

This may be the first example of metal to metal
interaction occurring between cations. Recently Ir to Ir
interaction between neutral complexes has been suggested for
acetylacetonatodicarbonyliridium(I).17 Interactions between
anions and cations, and between anions are well known for some

16 Very recently, it was repérted that

18

square-planar complexes.

the solution oligomerization is present for [Rh(PhNC)4JPF6.

Reactivity of [Ir(p—CH5g H, NC 2(PPh5221010“(IIa) with Various
‘/ %

Olefins and Acetylenes

Only one strong and broad N=C stretching band is observed
for [Ir(RNc)a(PPh3)530104(g_)(R = p-CHCcH, (IIa): and p-CHzOC H,
(IIb)) in CH,Cl, solution. Their 'H NMR spectra in DMSO-dg
show one sharp singlet for the methyl and methoxy protons and
only one set of AB type quartet for the isocyanide ring protons
for Ila and IIb, respectively. The > P NMR spectrum of Ila
in CH2012 shows only one signal at 0.0 ppm from the external
H5P04. Addition of one equivalent of free phosphine to the

solution slightly shifts the signal to the lower field(-0.9 ppm)



with a distinct signal still observable for the free phosphine
(5.3 ppm). In view of these results, the cationic part of IIa
undergoes phosphine exchange to make the three phosphines magnet-
ically equivalent on the NMR time scale. Therefore, the config-
uration of II may be a trigonal bipyramid with the two isocyanides
in the trans position, in which the three phosphines are exchang-
ing with one another to some extent. In CDClB, however, II

i mur signals for the isocyanides(not

shows other sets of weak
due to the free ligand), which might be due to some oxidative
addition products of Il with the solvent molecules.

I

IIa reacts with I, to give [Ir(g-CHBC6H4NC)2(PPh ]ClO4

37212
(III) with dissociation of one molecule of PPhB. IZIa also reacts
with olefins and acetylene in CH2012 to yield stable adducts

H

[Ir(p-CH 4NC)2(PPh3)2(olefin or acetylene)]C10,(IV)(olefin

3%
or acetylene = TCNE(IVa), FN(IVb), MA(IVec), or DAD(IVE)), with
dissociation of one molecule of PPhE, whose configurations will
be discussed later. On the other hand, reactions of Ila with
DF and AN lead only to recovery of the starting materials.
In the latter two cases, however, formation of adducts in

1y ¥MR spectra.

solution is shown by their IR and
For IVa and IVb, observation of only one N=C stretching
vibration and magnetic equivalence of two sets of phenyl ring
protons for the isocyanide ligands(Table II) favor the config-
uration A in Fig. 1. IVa and IVb show little change in their
1H NMR spectra in CDCl3 in the temperature range between -30°
and +55°C. This suggests that IVa and IVb have rigidly
coordinated TCNE and FN, respectively. Moreover, the fact

that Ila reacts even with DF and AN to some extent in solution

— 13



4

Fig. 1. Configurations of complexes.

L=p-CH,CgH,NC, P=PPh

IVa: Rl-Rg-RB-R4-CN(TuNE)
IVb: R,=R,=H, R2=R5—0N(FN)
IVe: l’RB'CO co, 22-R4—H(MA)‘
indicates that the basicity of the reactive species of IIa is
comparable to that of Vaska’s complex, IrCl(CO)(PPh3)2.19
The FN complex IVb exhibits a novel olefinic proton reso-
nance pattern, as is shown in Fig. 2. This resonance pattern
can be interpreted as the AdXX’system, which is due to the spin-
spin coupling between the olefinic protons and two phosphorus
nuclei.eo On the basis of a simple calculétion assuming the
configuration A in Fig. 1, the coupling constants of the olefinic
protons with trans- and cig-phosphorus are about 3 and 1 Hz,
respectively. This result indicates that the iridium-FN
bonding in IVb contains significant o-character.
The IR spectrum of IVc in CH,Cl, shows only one N=C
stretching band(Table II), suggesting that the configuration

of IVc may be also A similar %o those of IVa and IVb.  Another

@ 1.21¢
S LN
RJ,?ftN

r, 'r'

P/ I cen (b)

" L
drli el

Fig. 2. The ' H NMR Spectrum for the olefinic protons of [ Ir(p-CH,CH NC),(PPh ,)z(fumardnitrilc)]Cl 0..
(a) The observed spectrum; (b) The calculated spectrum as an AAXX' system assuming 'J(P-P) 1.5,
3J(H-H’) 0.5, 2J(P-H) 1.3, and *J(P-H') 3.4 Hz.
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proof for the configuration comes from the fact that the
NMR spectrum shows thé existence of two kinds of isocyanide
ligands, whiéh are possibly due to the diamagnetic anisotropy
of the carbonyl groups of the MA. Thus, six distinct signals
are observed for the phenyl ring protons of the isocyanides in
the region between 13 and 4 ppm (Table II). These six signals
can be explained to be due to the overlap of two sets of
approximate AB type quartets. In accordance with this, the
methyl protons are also split and the signal for the coordinated
MA appears at 16.06 ppm(J = 3.5 Hz). Integration of the
isocyanide protons and those of the coordinated MA confirms the
1 to 1 sdduct formation. The coordinated MA protons of IVc show
an essentially similar resonance pattern as that of the FN
adduct IVb depicted in Fig. 2. However, in this case, the
splitting is not large enough to allow the calculation of thé
coupling constants.,

' Figure 3 shows the IR spectra of IIa in the presence of
an excess of DF in the v(WN=C) region. The new band at 2175
cm-l, which is 50 cn™t higher than that of the free IIa, can

be attributed to adduct formation, possibly with dissociation

1]
2123
Fig. 3. The IR spectra of [Ir(p—CH,C‘s «NC), (PPh,),]CI1O, (I1a) with and without dxmethyl fumarate
{DF) in CH,Cl,. Molar ratio DF/Ila: 0-s-s- i1 § S

— 15 —



of one molecule of PPhB. A similar new band is observed at

2157 cn™! in the case of AN.  Thus, IIs is shown %o form

olefin complexes to some extent, even with DF and AN in solution.
A crude linear relationship is obtained between the v(N=C)

of the olefin complexes of IIa in CH,C1, (olefin = TCNE, FN,

21

and MA) and the electron affinity of the olefins, and this

is shown in Fig. 4. The relétionship shows that back donation

em
2200 |- TCNE
°
o~ 2190 -
U
n
Z
> 2180 |-
°FN
2170 I MA
1 L 1 L 1 ]
0.0 1.0 20 30eV

electron atfinity

Fig. 4. A relationship between the v(N=C) of the olefin adducts [Ir(p-CH;C H (NC), (PPh,), (oleﬁn)]ClO_.., :
and the electron affinity of the olefins (TCNE =tetracyanoethylene, FN =fumaronitrile, and MA = maleic
anhydride).

from the iridium atom to the isocyanides decreases as the
electron affinity of the olefin increases, Similar results

have been found for the v(CO)22’25

of some adducts with Vaska’'’s
complex and for the v(NEC)24 of some nickel and palladium
isocyanide complexes.

1la reacts with DAD to give the white complex IVf, whose
IR spectrum in CH20i2 solution shows, in a sharp contrast to
those of the olefin complexes, two strong v(NZC) bands (Table
I1). This is due to the isocyanides located in the cis-

position with each other. The 1

H NMR spectrum shows only one
set of AB type quartet for the isocyanides and a sharp singlet
for the carbomethoxy protons of the acetylene; this is consist-

ent with configuration B (Fig. 1). Two further bands are
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1

observed at 1772 and 1692 cm —, which are assigned to v(CzC)

and the ester v(C=0) bands, respectively. The v(CzC) is

lower by about 400 et

than that of the free acetylene.

Thus, the Ir-acetylene bond in IVf is assumed to contain
significant o-character (Fig. 1B). May et 21.25 reported
v(C=C) at 1814 cm'l for an isostructural CO complex, [Ir(CO)e—
(PPh5)2[02(002CH3)2]]BPh4. The larger decrease in v(CzC)
frequency of the isocyanide complex compared with that of the
corresponding CO complex may be interpreted in terms of the
stronger o-donating and less m back-bonding capacity of the
iéocyanide.ligand. It is also noteworthy that, with IIa,

the olefins such as TCNE, FN, and MA, and DAD selectively form
complexes of different configurations A and B in Fig. 1,

respectively.

I-4. SUMMARY

Several isocyanide iridium complexes [Ir(RNC)ujx(l) (R =
B—CH5C6H4, X=1I; R = E“CH5006H4’ X = I and PF6) and [Ir(RNC)2~
(PPh5)5]ClO4(zl)(R = p-CHzCcH, and R‘CH5006H4) have been
prepared by the reactions of [Ir(COD)Cl], and [Ir(COD)(PPh5)2]—
0104(CUD = l,ﬁ—cyclooctadiene) with arylisocyanides, respec-
tively. The addition reactions of I and II with halogens, and
II with olefins and acetylene such as TCNE, ¥N, MA, DF, AN,
and DAD were described. The structures of I, II, and the
olefin and acetylene complexes of II, [Ir(R—CH5C6H4NC)2(PPh5)2-
(olefin or acetylene)IC1l0,(IV)(olefin or acetylene = TCNE, FN,

—_ 17 —



MA, or DAD), are discussed on the basis of their electronic,
IR, and NMR spectra. Especially, I is suggested to adopt

an oligomeric structure involving Ir to Ir interaction, the
fesult of which is relatively low reactivity in the addition
reactions. Trigonal bipyramidal configurations are suggested
for IV with the two isocyanides in the trans and cis positions

for the olefin and acetylene complexes, respectively.
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CHAPYUER II

KINETICS OF THE ADDITION REACTIONS OF TETRACYANOETHYLENE TO
RHODIUM(I) AND IRIDIUM(I) COMPLEXES

II-1. INTRODUCTION

As revealed in Chapter I, olefins such as tetracyanoethylene
(ICNE) react with low-valent transition metal complexes to give
stable adducts. This reaction is of interest in the viewpoint
of its resemblance to a fundamental step in homogeneous
catalytic processes,

Kinetic and thermodynamic studies on metal-olefin interac-

tion were performed for the reactions of Eggg§—lr01(co)(PPh3)2
with Eggf_s_—CFB(CI‘J)C=C(CF5)CNl and *cLag._s_-CHBOCocH=ch>oo<3H52 so
far. This chapter reports the kinetics of the reactions of
TCNE with several cationic isocyanide complexes of rhodium(I),
[Rh(RNC)2L230104, and with a series of MX(CO)La(M = Rh, Ir) type

complexes by the stopped-flow technique.

II-2, EXPERIMENTAL

Rh015-3H2O and (NH4)2IrCI6 were of reagent grade and used
as supplied. Commercial TCNE was sublimed twice. Para-substi-
tuted tertiary phosphines3 and P(O—g—CH506H4)54 were prepared
by literature methods. Solvents were distilled twice, and

deoxygenated by bubbling Ny at least for 30 min before use.



Acetone was treated with an acidic KM’nO4 solution and then a
basic AgN05 solution,5 followed by drying over Drierite.
Tetrahydrofuran(THF) was dried over lithium aluminum hydride,
and benzonitrile and acetonitrile over phosphorus pentoxide;
Infrared and electronic spectra were measured as described

in Chapter I.

a. [Rh(RNC),L,1'-TCNE system

Preparation of Starting Materials

[Rh(p_—CH5OC6H4NC)2(PPh5)2]ClO4 was prepared according to
the literature;6 v(NC) 2124 cm"l, Amax(CHBCN) 419 mu(e 4720) and
478 mu(e 560). Anal. Calcd for 052H44N206P201Rh: C, 62.88;

H, 4.46; N, 2.82, Found: C, 62.90; H, 4.3%8; N, 2.89,

The corresponding cyclohexylisocyanide complex was similarly
prepared: cyclohexylisocyanide(0.16 g, 1.5 mmol) in CH,C1,

(10 ml) was added slowly to [Rh(l,5—08H12)(PPh3)2301047(O.6O o
0.7% mmol) in CH2012(1O ml). The solution was stirred under
nitrogen for 30 min, during which time the color of the

solution changed from orange to yellow. The solvent was removed
under reduced pressure, and the resulting product was
recrystallized from CH,Cl,-petroleum ether to give [Rh(C6HllNC)2—
(PFh;),1010,(0.55 g, 80 % yield); v(NC) 2156 o™, A,
401 mu(e 5170) and 458 mu(e 230). Anal. Calcd for C

(CHBCN)
5050N2~
0,P,ClRh: C, 63.53; H, 5.54; N, 2.96. Found: C, 63.24; H, 5.45;
N’ 3-18.

[Rh(R—CHBOC6H4NC)2(P(OPh)5)2](3104 was similarly obtained

from a reaction of [Rh(l,5—08H12)(P(0Ph)3)210104 with
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p-methoxyphenylisocyanide(98 % yield); v(NC) 2154 cm_l,

kmax(CH§CN) 398 mu(e 6310) and 455 mu(e 485). Anal, Caled for
052H44N2012P201Rh: C, 57.3%; H, 4.07; N, 2.57. Found: C, 57.25;
H, 4.16; N, 2.70.

[uh(R-ClC6H4NC)2(PPh5)2]Clo4 was prepared as mentioned above
(80 % yield); v(NC) 2145 cm T, Apax(CHON) 427 mu(¢ 3300) and
485 mu(e 370). Anal., Caled for 050H58N204P2015Rh: C, 59.93;
H, 3.82; N, 2.79. Found: C, 59.63%; H, 3.79; N, 2.80.
Isolation of the Addition Products

TCHE(25 mg, 0.19 mmol) was added to [Rh(R-CHBOC6H4NC)2—
(P(OPh)§)2]CIO4(O.2 g, 0.18 mmol) in acetone(1l0 ml) at room
temperature; the yellow color of the solution disappeared
immediately. The solvent was evaporated under reduced pressure
and the product was recrystallized from CH2012—diethyl ether to
give [Rh(Q—CH3OC6H4NC)2(P(0Ph)5)2(TCNE)30104(0.20 g, 91 % yield);
v(NC) 2206 cm™ snd v(ON) 2232 om™.  Anal. Caled for CggHy,-
N.O,,P,ClRh: C, 57.23; H, 3.64; N, 6.90. Found: C, 57.16; H,
3.71; N, 7.24,

[Rh(C6H11NC)2(PPh3)2(TCNE)]0104-1/2CH2012 was similarly
obtained(90 % yield) with a half mole of dichloromethane in
the crystals; v(NC) 2212 en™ L ana v(CN) of TCNE is obscured by
the strong isocyanide vibration. Anal. Calcd for 056.5H55N6"
0,P>C1l,Rh: C, €0.82; H, 4.79; N, 7.53. Found: C, 60.43;

H, 4.70; N, 7.57.

[Rh(2—01C6H4NC)2(PPh3)2(TCNE)]ClO4 was analogously
prepared (81 % yield); v(NC) 2193 cn™t and v(CN) 2227 cm-;.
Anal. Calcd for C56H58N6O4P2013Rh: C, 59.51; H, 3.39; N, 7.44,
Found: C, 59.26; H, 3.17; N, 7.58. '
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Kinetic Measurenments

Reaction rates were followed by measuring the transmittance
in the vicinity of 400 mp with a Union RA-1100 stopped-flow
spectrophotometer and a 2 mm quartz cell. The instrument was
thermostated to + 0.2°C. The temperature at the cell was
measured with a corrected thermometer. Concentrations of the
complexes in solution varied between 1.2 x 10"3 and 1.0 x 1O°4M.
Lambert-Beer’s law was shown to be valid in the case of [Rh(p~
CHBOC6H4NC)2(PPh3)2]ClO4—TCNE in acetonitrile and THF, and was
assumed in the other systems. All reactions were carried out
under pseudo-first-order conditions, using at least a tenfold
excess of TCNE. Solutions were stored in a constant temperature
bath at the reaction temperature under nitrogen, and were
transferred into the driving syringe of the stopped-flow appara-
tus. A glass syringe fitted with a 30 cm stainless steel needle
was used for transferring solutions of metal complexes. Glass
pipettes were used for solutions of TCNE, because the color
turned yellow when a stainless steel needle was used. Solutions
were allowed to stand for 15 min to ensure thermal eQuilibration
before kinetic runs.

The changes in transmittance as a function of time were
monitored by a memoryscope; a typical reaction curve is shown
in Fig. 1. | Five or six measurements were carried out for
each run. Plots of ln(At—Ab) vs. time were found to be linear,

and the pseudo-first-order rate constant, k s wWas calculated

obs
by the method of least-squares, where At and A“>are absorbances

at the times“t’ and infinity. Rate constants were reproducible

within * 5 %,
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Figure 1. A typical oscillogram showing disappearance of {Rh
(p-CH;0CcHsNC),(PPh; ),]CIO4 (monitored at 420 my) in
reaction with TCNE in CH;CN; [Rh] = 1.67 x 10*M and
[TCNE] = 1.77 X 107*M at 35.0°C.

b. MX(CO)L,-TCNE system

Preparation of Complexes

All experimental manipulations were performed under nitrogen.
The complexes, Egggg—RhX(CO)LE(X =Cl, L = P(R—CHBOC6H4)3,
P(B-CH506H4)3, PPha, P(EfClC6H4)3, PPh,le, AsPha; X = Br, I, NCO,
NCS, L = PPha), RhCl(CS)(PPhB)g, and Egggg—erl(CO)(PPh3)2, were
prepared by literature methods8 and characterized by melting
points, elemental analyses, and IR spectra.

The corresponding tertiary phosphite complexes of rhodium
were prepared by an improved method; ggzgg-tolyl.phosphite(0.84 £,
2.42 mmol) in CH2012(10 ml) was added slowly to [Rh(C8H12)Cl]2
(0.3 g, 0.61 mmol) in CH2012(10 nl) at room temperature. Carbon
monoxide was bubbied through the solution for about 5 min, during
which time the color changed from orange to yellow. Ethanol
(10 ml) was added to the solution and the solvent was partially
removed under reduced pressure. The resulting precipitate was

separated from the solution and recrystallized from benzene-
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n-hexane to give E‘g_r_l_g—RhCl(CO)(P(O—Q_—CHBC6H4)5)2(O.74 g, 70 %),
mp 130-132°C. Anal. Calcd for C4§H42O701P23h: C, 59.29; H, 4.86.
Found: C, 59.43%; H, 4.73. E_I_'a_ng-RhCl(CO)(P(OPh)B)2 was similarly
prepared(90 % yield), mp 157-160°C.  Anal. Calcd for C3/H00-
C1P,Rh: C, 56.47; H, 3.84. Found: C, 56.43; H, 3.84.

Isolation and Identification of the Addition Products

TCNE(45 mg, 0.3%5 mmol) was added to RhCl(CO)(P(E-CHEOC6H4)5)2
(0.3 g, 0.34 mmol) in benzene(30 ml) at room temperature.
After being stirred for 30 min, the solution was concentrated
under reduced pressure. The resﬁlting product was
recrystallized from Cﬂzcle—g-hexane to give orange crystals of
ﬁhCl(CO)(P(E—CHBOC6H4)5)2(TCNE)(O.5 g, 88 %), mp 175-180°C.
Anal. Calcd for 049H42N40701P2Rh: c, 58.90; H, 4.2%; N, 5.60.
Found: C, 58.98; H, 4.01; N, 5.54. Although the addition
product of RhC1l(CO)Lo(L = P(OPh)a, P(O—Q—CH506H4)5, P(EfCHBC6H4)5,
P(E-Clc6ﬁ4)5) with TCNE has not been isolated, its existence
in solution was ascertained by the high frequency shifts of the
CO stretching band(Table I). Other 1:1 adducts were already

isolated and characterized by Baddley9 or Varshavskii et 9_]_._.10

Table I. »(CO) Frequencics of the Rh(I) and Ir(1) Complexes and
Their TCNE Adducts, cm™ a

Freg of

Freq of TCNE

Complex complex  adduct
~ RhCI(CO)(PPh ), 1975 . 2065
RhCI(CO)(PPh,Me), 1972 2064
. RhCH{CO)AsPL,), 1973 2061
RhCI(CO)(P(OPh),), 2013 2041
RhCI(CO)(P(0-0-CH,C H,),), 2008 2035
RhCI(COXP(p-CIC,1,),), 1982 2080
RhCI(CO)P(p-CH,CH,),), 1972 2061
RhCH(CO)(P(p-CH,OC,H,);), 1972 2057

RhCU(CS)(PPh,), 1304% 1348
Rh(NCO)CO)(PPh,), 1980 2085
Rh(NCSHCO)(PPh,), 1984 2080

RhBr(CO)(PPh,), 1976 2065¢

- RhI(CO)(PPh,), 1980 2084¢
I1CKCO)(PPh,), 1965 2053

@ Inacetone. ? »(CS) in CH,Cl,. © These complexcs showed
complicated spectra, which have been assigned by comparing with
those of other adducts.
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Kinetic Measurements

Reaction rates were determined as described in this chapter

2a. A typical reaction curve and plots of 1n(4_- At> VsS. time

are shown in Figure 2.

T -2.0 T T ¥ )
" : (a) ) (b)
ae "E o
@ T < -3.0
e T ' *
FE IV VU o I VY U PO PP PP I
- T =
5 NG =
s P 4.0
= ':\\
30 + [ 1 ] )
o ] 0 20 40 60 msec
Time
0 20 . 40 60 msec

Figure 2, Transmittance changes as a ft'mction of time monitored at
430nm (a) and a plot of In(A - At) against time (b) for
the reaction of RhCl(CO)(PPI"s3-)2 with TCNE in acetone at
25°C; [Rh] = 3.70 x 107, [TCNE] = 1.00 x 1072M.

In the interaction of TCNE with RhCl(CO)(PPh5)2 in benzo-
nitrile and with RhBr(CO)(PPh5)2 or RhI(CO)(PPh3)2 in acetone
the second reaction was observed, whose rate constants in most
cases were 40-200 times smaller than those of the first reaction.
The reaction of TCNE with RhI(CO)(PPh5)2 in acetone was followed
between 350 and 500 nm by & Union RA-1300 stopped-flow/rapid-
scan spectrophotometer. The result showed that the initial
stage of the reaction was dominated by the addition reaction,
followed by the formation of the TCNE anion radical, which was
confirmed by the occurrence of weak characteristic hyperfine
structures of the absorption in the vicinity of 420 nm: 404,
417, 425, 435, 445, 459, 470 nm(the five peaks at the shortest
wavelengths were too weak to be observed; lit.lla %66, 374,
582, 390, %98, 407, 416, 425, 435, 445, 457, 468 nm). In
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addition, esr signals due to the TCNE anion radical((aN) = 1.56 G

1it.11P

1.574 G) were observed in the quick mixing of TCNE with
RhCl(CO)(PPh5)2 in benzonitrile at room temperature. The
Guggenheim method was used to determine the rate constants

for the initial reaction. In the case of RhI(CO)(PPhB)E,
however, the.two conéecutive first-order reactions could not
completely be separated, because the second reactioﬁ was as
fast as the first reaction. The formation reaction of the

anion radical was not further pursued, since we have been

interested in the initial addition reaction.

II-3. KINETIC RESULTS

a. [Rh(RNC),L,]1"-TCNE system

Stoichiometries of reaction 1 were established by the
essentially quantitative isolation of products and by the

trans—[Rh(RNC)2L230104 + TCNE >

[Rh(RNC),L,(TCNE)]C10, (1)

spectrophotometric titration of [Rh(R-CH3006H4N0)2(P9h5)2]0104
with TCNE(Fig. 3). Approximate equilibrium constants
([[Rh(E-CH5006H4NC)2L2(TCNE)10104]/[[Rh(R-CH5OC6H4NC)2L210104]-
[TCNE]) were 3.3 x 1O4 for L = PPh5 in 1,2-dichloroethane and
4,0 x lO5 M—l for L = P(OPh)5 in CHBCN(25°C).

Kinetic studies were carried out in THF, (CH3)2CO, and

CHBCN. They are good solvents for the rhodium substrates and

do not react with TCNE. In the kinetic runs the reactions
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Absorbance at 420 mu

0 1.0 2.0

Mole ratio
Figure 3. A plot of the absorbance at 420 mu to the mole

ratio of [TCNE}/[[Rh(p-CH;OC,HsNC),(PPh;),]ClO,] in
CH,CICH,Cl; [Rh] = 3:38 X 107*M.

proceeded essentially to completion. The results at 25°C are
given in ‘Table II.

Plots of the pseudo-first-order rate constant,
k

obs’® against [TCNE] were linear with a zero intercept;

a representative one is shown in Fig. 4. This shows a simple

second-order rate law:

_ dlRrn]

35 - k,[Rh][TCNE] (2)

Kinetic data at various temperatures are given in Table III.

A: CHyEN
A B: (CH3),C0
C: THF

w200 [~

kobs »

100 |~

o .1 2 3 & s & 1 8
103{TCNE], M

Flgure b Second-order rate plots for the reactions of [Rh{p-

CH,0C¢H{NC)(PPh;).]CIO, with TCNE at 25°C, [Rh]
=1.6X107*M. .
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TABLE II. Rates of Rcactions of [RRNC),L,]C10, with
TCNE at 25°C. Effects of Variation in Solvent and Ligand.

Solvent 1O TCNE]  Kobs 107%k,

M sec™! M sec™?
R = p-CH,OCsH,4. L = PPhy

CH;CN 1.57 140 8.92
2.04 197 9.67
2.57 234 9.11
2.98 284 9.53
3.47 310 8.94

{CH;),CO 1.65 23.1 1.40
2.48 34.4 1.39
2.78 40.3 1.45
3.04 2.1 1.38
5.00 60.8 1.22
6.50 85.8 1.32

THF 1.68 10.2 0.61°
2.25 13.3 0.59
2.69 15.6 0.58
3.30 18.8 0.57°
5.37 317 0.59
7.65 46.7 0.61

R = p-CH;0C¢Hs, L = P(OPh),

CH,CN 1.48 134 9.05
1.90 178 9.37
2.12 201 9.48
2.64 232 8.79

(CH;),CO 1.61 37.9 2.35
2.13 60.2 2.83
2.94 71.3 2.43

THF 1.64 23.9 1.46
2.14 33.2 1.55
2.63 37.8 -~ 1.44
2.82 40.6 1.44
3.33 47.6 1.43

R = cyclo-C¢Hy, L = PPy

CH,CN 1.50 459 30.6
1.70 450 26.5
2.04 598 29.3
2.31 777 33.6

R = p-CIC,H,, L = PPhy

CH,CN 2.20 51.4 2.34
2.72 628 2.31
3.20 83.6 2.61
4.44 94.2 2.12

*The influence of the addition of sodium perchlorate to the
reactants on the rcaction rate was investigated: [NaClO,] =
1.64X102M, &, = 0.58x10* M sec?; [NaClO,] =
831X 107°M, Xk, = 0.53%10*° M™ sec™. ®k, at 25°C
in changing the counter anion ClO,~ into PF,™: 0.45x 10*
M sec™!,

TABLE III. Second-order Rate Constants for the Reactions
of [Rh(RNC),L;]CIO, with TCNE at Various Temperatures.

Solvent T 107* k,

cC) M sec?
R =p ‘CHJOCﬁl.I‘, L= PPh3

CH;CN 5.0 \ 6.32£0.35
15.0 7.61+0.30
25.0 9.23+0.34
35.0 ‘ 104 £0.1

(CH;)%CO 5.0 0.83+0.02

. : 15.0 1.11£0.01

25.0 1.36%0.08
35.0 1.71£0.04

THF 5.0 0.22+0.01
15.0 0.39+0.02
25.0 0.59+0.01
35.0 0.94 £0.01

R = p-CH,OCH,, L = P(OPh);

CH;CN 5.0 5.18£0.02
15.0 6.96 % 0.06
250 9.17+£0.30
35.0 119 %02

Table IV.  Activation Parameters for Reactions of
[Rh(p -CH;OCHyNC),L,]C10, with TCNE,
L Solvent 4H* AS*
Kcal mol™? e.u.

PPh; CH;CN 22+£01 -28.3%£3.2

PPh; (CH;),CO 35202 27734

PPh, THF 7.6x02 -152%22

P(OPh); CH;CN - 4.1%0.1 -22.0%2.5
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The reaction of [Rh(E—CH5OC6H4NC)2L2]0104(L = PPhy or
P(OPh)ﬁ) has a large solvent effect; the reaction becomes
faster in the order of THF<((CH5)2CO<(CH5CN, which is consistent
with increasing solvent polarity. Similar solvent effects were
reported for the reactions of methyl iodide with n—C5H5M(CO)L
(where M = Co, Rh, and Ir)1? and with Egggg—erl(CO)(PPh5)2.13
The present complexes are ionic and it may be possible that they
exist as ion pairs in media of low dielectric constant. Ion
pairing alone, however, cannot account for the observed solvent
effects. The addition of sodium perchlorate, up to 500 times
the concentration of complex in THF, or changing the counter
ion from €10, to PF6_ has only a slight effect on the rate.
In addition, good second-order kinetics were observed in each
solvent for the reaction of [Rh(E-CH5006H4NC)g(PPh5)2]C104.

Plots of 1n k, vs. 1/T(°K) give a straight line, from
which activation parameters(Table IV) were calculated using
the Eyring equation. They also show a étrong solvent
dependence. ASH* and AS® decrease in the order of THF2>(CH5)2CO
ZCH3CN. Although the AH® values in (CH5)2CO and OHBCN are
small, they are similar to values reported for reactions of
this kind.l%» 12

Changing the isocyanide ligands in [Ru(RNC),(PPhz),1010,
increases the rate in the order of E—ClC6H4<_E-CHBOC6H4
{cyclo-C.H,,, as expected for increasing electron density on
the metal. On the other hand, the substitution of triphenyl-
phosphite for triphenylphosphine in [Rh(R-CHBOC6H4NC)2(PPh5)2]—
ClO4 causes little change in reaction rate. This cannot be

interpreted as an electronic effect only, since v(NC) is lower

— 30 —



in the PPh5 complex. Recently it was suggested that v(CO) in
Vaska’s type complexes is related to their reactivity.16 It

is safe to assume that a similar relation holds for our isocyanide
cogplexes. I interpret the similar rates on replacing PPh3

with P(OPh)§ as a near cancellation of steric and electronic
effects. Larger steric hindrance to TCNE approach is expected

17

for PPh5 because of its larger cone angle.

b. MX(CO)L,-TCNE system

Kinetics
Electronic spectra of RhCl(CO)(PPh3)2 in acetone with

varying amounts of TCNE are shown in Fig. 5.

30 380 380 400 420 440
Wavelength, nm

Figure 5. Electronic spectra of RhCI(CO)(PPh,), (1.98 X 10™*
M) in acetone with varying amounts of TCNE: (1) 0, (2) 4.25 X
107 M, (3)8.50 x 107* M, (4) 1.27 X 107> M, (5) 2.12 X 103 M.

A similar equilibrium was found in the systems of RhCl(CO)Le—”CNE
L = P(R-CH5OC6H4)5 or P(R—CH5CGH4)3). Thus, the reaction of
trans-MX(CO)Le with TCNE is considered %o be reversible(eq. 3).

trans-MK(CO)L, + TCNE = [(TCNE)MX(CO)L,] (3)

Plots of the observed rate constants(k,, ) vs. the concentration
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of TCKE gave straight lines with nonzero intercepts; a represent-
ative result for the reaction of RhCl(CO)(PPh3)2 with TCNE at

various temperatures is depicted in Fig. 6.

V.

6 8 10
(TeNE)X103M

Figure 6« Plots of kgpsa vs- [TCNE] for the reactions of RhCl-
(CO)(PPh,), (3.1 X 107* M) with TCNE in acetone at different
temperatures: A, 34.5°C;B25.0°C;C,15.5°C.

The addition of free triphenylphosphine in the reaction of
RhCl(CO)(PPh5)2 with TCNE, up to 100 times the concentration of
the complex in acetone, has little effect on the rate in the
low TCNE concentration range. Therefore, it is considered that
the dissociation of the phosphine may not participate in the
reaction. However, for the high TCNE concentrations(> 8.4 x lO"'5
M) the reaction was dominated by the fast reaction between TCNE

18

and free triphenylphosphine. For the reversible.reaction of

the eq. 3 the rate law can be written:

d[MX(CO)L2]

- = ko [MX(CO)L,1[TCNE] - k_; [(TCNE)MX(CO)L,]  (4)
at -

where k, and k_; are the forward second-order and the backward

first-order rate constants, respectively. In the presence
of a large excess of TCNE, the observed rate constants kobs are
written as follows:19

k = k,[TCNE] + k_j (5)

obs
Table V lists the k, and k_, values obtained from the slope
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Table V.

Values of k,,4_,, and K for the Reaction of MX(CO)L, with TCNE in Acetone

Compd Temp, °C 1073k, M 57! k_,,s! K (=k,fk_ ), M
RhCH(CO)(PPh,), 15.5 1.97 £ 0.05 3.88 + 0.44 508 £ 59
RhCICOPPh,), 25.0 2.89 £ 0.10 7.86 + 0.86 370 £ 43

(330 £ 40)°
RhCl(CO)(PPh,),? 25.0 1.36 £ 0.12 233:038 585
RhCH(CO)(PPh,),b 25.0 7.44 + 0.30 3.57:1.31 2 000 = 700
RhCI(CO)(PPh,), 345 448+ 0.22 22.8+1.52 196 + 16
RhBI(CO)(PPh,), 25.0 0.88 + 0.08 1581 0.6 56+5
Rh(NCS)(CO)(PPh,), 25.0 0.81 + 0.05 8.19 + 0.39 9917
Rh(NCO)(CO)(PPh,), 25.0 298+ 0.10 5.27 £ 0.81 560 £ 90
RhCI(CO)(AsPh,), 25.0 146 = 149
RhCI(CO)P(p-CH,OCH,),), 25.0 27.7:1.3 (211 £ 0.22)¢ (13 100 = 1400)°
RhCL(CONP(p-CH,C H,),), 25.0 114 0.2 (3.48 £ 0.39)¢ 3 280 £ 400)°
RhCHCO)(P(p-CIC, H,)s), 25.0 1.66 £ 0.17 23.9:29 69 : 10
RhCL(CO)(P(OPh),), 25.0 9.37 + 0.66 81.4:6.6 11512
RhCI(CONP(O-0-CH,C,H,),), 25.0 0.92: 0.01 26.7+2.3 3414
RhCI(CS)(PPh,), 25.0 3.01£0.12 6.20  0.77 480 + 62
IrCI(CO)(PPh,), 15.2 22.5 + 0.8¢
IrCH(CO)(PPh,), 25.0 25.2:0.89
CHCO)(PPh,),° 25.0 122 2 0.6% (140 000)
IrCI{CO)(PPh,), 35.0 28.0+ 0.3¢

%In THF. %1InC,H,CN. € Obtained spectrophotometrically by the method of N. J. Rose and R. S. Drago,J. Am. Chem. Soc., 81, 6138
(1959). 9 Obtained by neglecting k_,, which is too small. € Calculated from k_; =k,/X. f In THF at 30 °C; ref 29.

and intercept of the linear relationship between k- and [TCNE].
For the reaction of RhCl(CO)(PPh5)2 with TCNE in acetone the
equilibrium constant evaluated from the kinetic results(as

X = ka/k—l) is consistent with that obtained by the spectrophoto-
metric method(see Table V). Table V also contains rate data

at various temperatures for the two representative reactions

of RhCl(CO)(PPh5)2 and IrCl(CO)(PPhB)2 with TCNE in acetone.

The plots of log ky, log k_;, or log K vs. 1/T(°K) gave straight
lines, from which the activation parameters or thermodynamic

parameters were calculated(Table VI).

Table VI. Activation Parameters for the Reaction of the Metal
Substrates with TCNE in Acetone at 25 °C

S The subscript 2 stands for the forward reaction. ® AH_,
15.8 £ 1.5 kcal/mol; AS.,*=-14230eu; AN =-88z21
kcal/mol; AS® =-18.0 x 3.0 eu; subscript —1 stands for the
reverse reaction. €k, =1.36 X 10* M~ 57! .

Aﬂzt‘a
Compd kcal/mol  AS,*S%eu
RhCI(CO)(PPh,),b 70:03 -194:1.0
(Rh(p-CH,OC,H,NC),(PPh,),I'¢ 3.5:0.2 -27.7:34
IrCI(CO)(PPh,), 14:0.1 -338:0.1
*



Dependence on Ligands, Metals, and Solvents

The rate constant k, in the reaction of trans—RhX(CO)(PPha)z
with TCHE increases in the order X = NCS2 Br £ Cla~NCO. On the
other hand, in the RhCl(CO)L2 complex k2 increases in the order
<(P(E-CH5OC6H4)5<.AsPh3<$PPh2Me(too fast to measure). By

plotting log k, against the Hammett o_ constants of the para

p
substituents, a ;traight line with the slope p = -2.5 is obtained.
This negative p value indicates that the reaction is accelerated
by electron-releasing substituents, which increase the
nucleophilicity of the metal substrate. _

The difference in the reaction rate between RhCl(CO)(PPh3)2
and RhCl(CS)(PPh5)2 is very small, but IrGl(CO)(PPh3)2 reacts
with TCNE about nine times faster than RhCl(QQ)(PPhB)2 in
acetone at 25°C(Table V). |

The reaction rate are strongly dependent on the solvent;
k, of the reaction between MCl(CO)(PPha)Z(M = Rh, Ir) and TCNE
increases in the order THF<((CH5)2CO'<C6H50N, and k_, varies
inversely(Table V). In addition, the K value in the Rh(I)
complex undergoes the larger solvent effect than k2. The final
product is therefore suggested to be more polar than the

activated complex.

I1I-4, DISCUSSION ————— MECHANISTIC CONSIDERATION

The entropies of activationzﬂsg for the reaction of trans-

MCl(CO)(PPh5)2(M = Rh, Ir) with TCNE are large negative values
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(Table VI), which indicate that the reaction undersoes stereo-
chemical restrictions in the transition state. Furthermore,
the nepative P value indicates the reaction occurs yia the
nucleophilic attack of the metal complexes toward TCNE. The
metal complex may be possible to interact with TCNE at three
different sites;eo (1) the carbon-carbon double bond, (2) the
carbon-nitrogen triple bond, and (3) the nitrile nitrogen21(

Fig. 7). In view of the low oxidation state of Rh(I) and Ir(I),

~ / N / AN /
/C——C\ /C———C\ C———C\
PR A
M 7
N N~y N

Mm@ M3

Figure 7. Possible modes of bonding of
TCNE to metal complexes.

the present metal complexes are likely to prefer soft-soft

22 Thus, site (1) or (2) is more

interaction with TCNLE,
favorable than site (3). No rhodium and iridium complexes of
TCNE with the bonding mode of site (2), however, are known up to
the present. Thus, the C=N bond is less likely to be the
reaction site.

In the case of the reaction site being the C=C bond,
there are two possible mechanisms in the nucleophilic attack;
(1a) an asymmetric interaction in a nonconcerted fashion and
(1b) a symmetric coordination in a concerted manner. In both
proposed transition states(lg and ;g) a dipole is induced by

23

a prerequisite deformation of the square planar complex and
the electron transfer from the metal complex to TCNE. This

is consistent with a large solvent effect on the reaction rate



\L ! \l;' -,
25 -~C z5 —Cs

M=-="" § M-

i

~ e i

/ C /A Cs
L L

P P
(1a) (10)
P=phosphorus or arsenic ligand
L=RNC, CO, or anionic ligand
and the activation parameters.

In the reactions of TCNE to [Rh(RNC),L,1%, the solvent mole-
cules in a polar solvent may be strongly oriented surrounding the
cationic complex, and the induced charge separation will cause
stronger orientation of the solvent molecules for the activated
complex than for the reactants. Thus, a negative ‘ﬂsg and a
small zﬁHg are observed in a polar solvent as the dipolar
activated complex is stabilized by solvation(Table 1IV).

In the reactions of TCNE to trans-RnX(CO)(PPhy), the
appearance of TCNE anion radical is remarkably dependent on the
nature of halide ligands. RhCl(CO)(PPhB)2 forms the radical
only in a very polar solvent benzonitrile, while the bromo and
iodo analogs produce it even in acetone. In view of the fact
that bromide and iodide are more polarizable than chloride,24
the appearance of the anion radical seems to suggest a complete
charge separation induced on the asymmetric dipolar intermediate
in the mechanism la. However, the radical formation might be

25

a side reaction. Consequently, the present results will
equally be interpreted by either of the transition statesAlg
or '1b. On the other hand, it was recently reported that the
reaction of gig/ﬁgggg-CFB(CN)C=C(CF3)CN with IrCl(GO)(PPh5)2
gave only [(trans-CF;(CN)C=C(CF5)CN).IrC1(CO)(PPhz),] and this
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was 1interpreted in terms of the transition state lg.l

26

Figure 8 shows the LFER plots of log k, vs. log K

and log k_; vs. log K for a series of reactions of RhC1(CO)L,.

log K

F:Lgur e 8. Linear free energy relationships for the reversible reac-

tion RACI(CO)L, + TCNE = [(TCNE)RhCI(CO)L, ] in acetone
at 25 °C; L = P(p-CH,OC,H,), (1), P(p-CH,C,H,), (2), PPh, (3),
P(OPh), (4), P(r-CIC,H,), (5), P(O-0-CH,C,H,), (6).

(L = phosphorus ligands) with TCNE. The linear relations

except for P(OPh)327 are indicative of a single mechanism for
these reactions. It has previously been proposed that a value
of B(the slope of the plot) near zero or unity implies the
structure of an activated complex resembiing that‘of the reactant

or of the product.28

The LFER plots gave the values of 82
= 0.55(for log ky, vs. log K) and By = -0.45(for log k_, vs.
log K). Therefore, in the transition state the configuration
around the fhodium would be in the middle of those of the
reactant and product. Thus, in the activated complex the
two trans-phosphorus or -arsenic ligands may be moderately bent
back and considerable electron transfer from the metal to TCNE
may take place. 

Finally, it can be concluded from theAAHg values and the k2
values at 25°C(Table V and VI) that the nucleophilicity of the
metal substrate increases in the order of RhCl(CO)(PPh5)2
¢ [Rh(p=CH30C H,NC) 5 (PPh3) 51" { IrC1(C0) (PPhy) .



II-5. SUMMARY

The kinetics of the addition reactions of tetracyanoethylene
(UCNE) to trans-[Rh(RNC),L,]C10,, where R = p-CHzOCgH,, p-ClCgH,,
and C.hy; and L = PPh3 and P(OPh)B, in acetonitrile, aéetone,
and tetrahydrofuran(THF) have been investigated émploying stopped-~
flow technique. The reaction is first order with respect to
both complex and TCNE. The reaction rate increases with
increasing solvent polarity in the order of THF £ acetone Laceto-
nitrile. The activation parameters for the reactions of
[Rh(R—CHBOC6H4NC)2(PPh3)2]ClO4 in the three solvents were:

AH", 7.6, 3.5, 2.2 keal mol™%+; AS*, -15.2, -27.7, -28.3% eu.

Subsequently, the kinetics of the reactions of TCNE %o the
complexes, trans-RhX(CO)L,(X = Cl, L = P(p-CHy0CgH, )5, P(p-CHz-
Cghy)zs PPhy, P(p-C1CgH,)3, PPhoMe, AsPhz, P(G-0-CH3CcH,)s,
P(OPh)B; X = Br, I, NCO, NCS, L = PPhB), RhCl(CS)(PPhB)g, and
_’(_:_g_a__r_l__s_—IrCl(CO)(PPha)2 were investigated. The kinetics were
found to obey the rate law for a reversible reaction,
-d[MX(CO)L2]/dt = k2[MX(CO)L2][TCNE] - k_l[(TCNE)HX(CO)ng,Where
k, and k_l are the forward second-order and the backward first-
order rate constants, respectively. The rate constant k2
increases in the following orders of‘the anionic ligand X for
trans-RhX(CO)(PPhy), and of the neutral ligand L for frans-
RhCl(CO)L2 respeétively: X = NCS~Br< C1l=~NCO and L = P(O-o0~
CH306H4)3 Ve P(g—0106H4)5 < PPh5 < P(O]?h)5 (P(E—CH306H4)5 4 P(p_-CHEO—
C6H4)3<1A3Ph5<K PPh,lle. IrCl(CO)(PPh5)2 reacts with TCNE about
nine times faster than RhCl(OO)(PPh5)2 in acetone at 25°C,

The k, value also increases with increasing solvent polarity.
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Plots of log k, and log k_; against log K(= k2/k-l) give
straight lines with slopes of 0.55 and -0.45 respectively.
In addition, the formation of the TCNE anion radical was observed
in some reactions in benzonitrile or acetone.

From these two kinetic results, it is concluded that the
reaction involves a dipolar activated complex formed by the

nucleophilic attack of the metal complex on TCNE.
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CHArTER IIT

PREPARAWIUN AND STEREOCHEMISTRY OF RHODIUM-OLEFIN COMPLEXES
CONTAINING ASYMMETRIC PICOLINALDIMINE

III-1. INTRODUCTION

Asymmetric homogeneous catalytic reactions by chiral
transition metal complexes, such as hydrogenation of prochiral
olefins and ketones, have recently been studied by a number of
workers.l Ghiral‘ligands play aAkey role in these asymmetric
reactions. The author attempted to prepare stable chiral

olefin-rhodium complexes, which may be useful model compounds

to help understand the mechanism of enantioselective reactions.

2

A nitrogen chelate with chirality was chosen, N-(S)-phenylethyl-

picolinaldimine,” 2-CcH,NCH=N-(3)-CHiePh.  When an olefin or

an acetylene oxidatively adds to a bis-chelated rhodium complex,

the metal center is converted into a chiral moiety(Scheme 1).

SCHEME 1

...............

back K

In addition, a pair of diastereomeric complexes is formed when

-’

1

a chiral chelate or a prochiral olefin is used.4 The‘extent

of stereoselectivity in asymmetric rhodium catalysts may be



affected by the chiralities both of the nmetal center and of the
coordinated olefin.

This chapter describes the preparation and stereochemistry
of the complexes [Rh(2—05H4NCH=N-R)2]Cloq(R = (S)-CHMePh, CH,Ph,

tert-Bu) and their adducts with an olefin or an acetylene.

I1I-2. EXPERIMENTAL

Materials and General Procedures

a-Phenylethylamine was resolved using (+)-tartaric acid5
to give the S(-)-enantiomorph, [on]%4 —38.6°(neat)(lit.6, [a]%2
-40.3%°). N-Alkylpicolinaldimines were prepared according to

3

the literature. An ethanol solution of (§)—a—phenylethylamine
and 2-picolinaldehyde was refluxed for about % hr, followed by
distillation to give N-(S)-a-phenylethylpicolinaldimine; b.p..

L o 24 . .
141°C/% mmHg, [a]D +42.2°(¢c 5.86, ChaoH). [Rh(C2H4)2Cl]2 was
prepared by the literature method.7

Preparation of the complexes was carried out at room

temperature under nitrogen. Solvents were degassed before use.

Bis(N-substituted picolinaldimine)rhodium perchlorate, [Rh(2-

CoH, NCH=N-R),1C10, (R = (S)~CHMePh(I), CH,Ph(II), tert-Bu(III)).

-J
A methanol solution(l0 ml) of 2-G5H, NOH=N-(8)-CENMePh(0.36 g,
1.7 mmol) was added slowly to a suspension of [Rh(C2H4)2C132
(0.16 g, 0.4 mmol) in methanol(l5 ml) to evolve ethylene
immediately. The ciear solution obtained was stirred for 1 hr,

during which time the color of the solution changed from orange
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to, violet. Addition of NaClO4'H20(O.2 g, 1.4 mmol) in methanol
(5 ml) to the solution yielded violet microcrystals of I, which

were filtered, washed with methanol three times, and dried in

vacuo, yielding 0.40 g(80 %); Ay = 153 ohm™‘en®mol™'.  Anal.

Caled for C,gH,gN,0,ClRh: C, 53.99; H, 4.53; N, 8.99 %. Found:
C, 54.00; H, 4.79; N, 8.63 %.
- II and III were similarly prepared by using the appropriate

picolinaldimine(75 and 70 % respectively); the former was

solvated with one molecule of methanol. IL:J\M = 143 ohm’lcmz-

-1 ' .
mol . Anal. Calecd for C26H24N40401Rh'CH30H: C, 51.73; H, 4.50;

N, 8.94 %. TFound: C, 51.14; H, 4.19; N, 8.73 %. III: A,

-1 2 -1 . .
= 142 ohm “cm™mol . Anal. Calcd for 020H28N4O401Rh. C, 45.60;

H, 5.36; N, 10.63 %. Found: C, 45.80; H, 5.48; N, 9.93 %.

Bis[N-(S)-o-phenylethylpicolinaldimine](olefin)rhodium

perchlorate, [Rh[2-C.H,NCH=N-(S)-CHMePh],(L)1C10,(L = fumaro-
) o L
nitrile(FN), maleic anhydride(MA), dimethyl fumarate(DF)).

Fumaronitrile(0.05 g, 0.64 mmol) and I(0.4 g, 0.64 mmol)
was dissolved in dichloromethane(l0 ml), and stirred for 20 min,
during which time the color 6f the solution changed from violef
to orange. The solution was evaporated to dryness under
reduced pressure to give the crude FN adduct, which was recrys-
tallized from dichlorémethane-petroleum ether to yield o0.3%2 g
(71 %) of product. The crystals were solvated with a quarter
mole of dichloromethane, [@] -110°(c 0.100, CH0N);Ay = 155
ohm'lcm2mol°1; v(C=N) 2204 em™t. Anal. Calcd for 032H30N6O4-
Cth'l/4CH2012: C, 53.63%; H, 4.26; N, 11.64 %. Found: C,
53.75; H, 4.25; N, 11.86 %. |



An equimolar solution of I and MA or DF in dichloromethane
was stirred for 10 min, filtered and evaporated to dryness under
reduced pressure to give analytically pure MA(83 %) or DF adduct
(90 %) without recrystallization. The MA adduct: Ay = 133 ohm™1-
cmgmol—l; v(C=0) 1792 and 1720 cn L. Anal. Calcd for CyzpHzny-
N4O701Rh: C, 53.%1; H, 4.19; N, 7.77 %. Found: C, 53.34;

H, 4.22; N, 7.87 #. The DF adduct: Ay = 150 ohm -1 en®mo1?;
v(C=0) 1691 cn™*. Anal. Calcd for 054H56N40801Rh: C, 53.24;

Hy 4.7%; N, 7.30 %. Found: C, 53.06; H, 4.58; N, 7.32 %.

Bis[N-(S)-a-phenylethylpicolinaldimine](dimethyl acetylenedi-

carboxylate)rhodium perchlorate, [Rh[2-C_.H, NCH=N-(S)-CHMePh],—
/ L (=N
(DAD)1C10, .

An equimolar solution of I and DAD in dichloromethane was
stirred for 1 hr, followed by evaporation to dryness under
reduced pressure. The resulting product was recrystallized from
hot methanol to afford orange needles(65 %); [a]%3 +4%,0°(ec 0.100,
CHZCN) 5 Ay = 190 ohm™Ten®mol™t; v(C=C) 1802 cm™t; v(C=0) 1656

1

cm . Anal. Caled for C34654N40 ClRh: C, 53.38; H, 4.48;

N, 7.%2 %. Found: C, 55.19; H, 4.45; N, 7.38 %.

Bis(hN-benzylpicolinaldimine)(dimethyl fumarate)rhodium

perchlorate, [Rh(2-C.H,NCH=NCH,Ph),(DF)]Cl0,.
/—r L [ B

The complex was prepared by the reaction of Il with DF as
described in thé DAD adduct of I. Recrystallization from hot
ethanol gave hygroscopic crystals(50 %) which contained two
molecuies of water as confirmed by IR and lH NMR:J\M = 160 ohm—l-
emfmol™d; v(0-H) 3550 em™l; v(C=0) 1683 cu™l. Anal. Caled
for 052H52N40801Rh'2ﬁ20: C, 49.59; H, 4.63; N, 7.23 %. Found:
C, 49.81; H, 4.46; N, 7.30 %.
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Separation of Diastereomers

A hot methanol solution of the MA or DF adduct of I was
allowed to stand at room temperature for a few hours to give
orange needles(the MA adduct); [al2* +97.9°(c 0.114, CH5CN), or
a red needles(the D¥ adduct); [al5’ -419°(c 0.100, GH5ON).

The optical rotations of these compounds were constant even
after repeated crystallization, indicating the presence of one
of the diastereomers. Some attempts to separate the other of

the diastereomeric pair from the ‘mother liquor were unsuccessful.

Physical Measurements

The electric conductivity, infrared, and lH NMR spectra
were measured as described in Chapter I. Optical rotations
were measured on a Perkin-Elmer 241 polarimeter using an 1 dm

cell.

ITI->%. RESULLS AND DISCUSSION

Bis(chelate) Complexes

I, II, and III are stable under dry nitrogen, but they are
gradually decomposed in air.

Variable temperature lH NMR spectra of I in 06H5CN are
depicted in Yig. 1, which shows two doublets of the CH5 signals
at 24°C. With raising the temperature, these signals become
broad and coalesce at about 80°C. The spectra were reproducible
in the 24°.80°C range, while the complex was decomposed on

heating up to 90°C. Further, the appearance of spectra at
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Fig. 1, Variable temperature lH NMR spcctra of the CH3 protons of {Rh[.'z-CquNCH N-(5)- CHMeI‘h]z}
Cl04 in CgHgCN.

each temperature was little altered, not only by changing the
concentration but on addition of 2—05H4N H=N-(S)-CHMePh to

the parent solution. There may be three possible explanations
for the temperature dependence of the spectra; (i) cis-trans
isomerization around the rhodium center, (ii) the conforma-
tional restriction of rotation about the asymmetric carbon-
imine nitrogen bond, and (iii) an inversion of the distorted
planar configuration at the rhodium center. II and IIT in
C6H50N, however, exhibit only one set of benzyl and tert-Bu
proton signals, respectively, which show no change in the same
temperature range. This indicates that the cis-trans
isomerization is unlikely. The second possibility is also
unlikely, because the restricted rotation of this sort has

not been observed not only in Mo(II) and W(II) complexes of

the chiral ligand used here5 but also in the olefin or acetylene
adducts of I. On the other hand, an X-ray structure analysis
has demonstrated that [Pd(bipy)2]?+(bipy = a,0~bipyridine)

adopts a distorted planar configuration, in which two ligand
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planes are twisted to each other.8 A similar distorted
structure may be assumed for I which is sterically crowded.

It may, therefore, be suggested that I involves two diastereo-
mers due to the right-handed and left-handed helicities, which
predict the appearance of two sets of proton signals. The
inversion of helicity in I may éause diastereomeric averaging
at elevated temperatures. An analogous inversion has been
reported for a series of bis(B-aminothionato)zinc(II) complexes.9
Thus, the inversion at the rhodium center is most likely to
occur.

1

Although the "H NMR spectra indicate that I, II, and III

all exist as a single geometrical isomer, the stereochemistry

could not be determined by their infrared and 1

H NMR spectra.
lolecular models, however, show that steric repulsions are mini-
mized when the imine nitrogen atoms of two ligands are located

in trans positions to each other.

Adducts of the Bis(chelate) Complexes

The DI adduct of II exhibits an AB type quartet of the
CH, proton signals at &4 .95 and 4.73 ppm(2J = 1% Hz), which indi-
cates that the metal center becomes chiral upon coordination
of DF. On the other hand, the DF adduct of I displays two
sets of the olefinic and C—CH3 proton signals with different
intensities designated as « and B in Fig. 2, although two DF-
CH5 signals are superimposed. This is suggestive of the‘
existence of two diastereomers, at least in the DF adduct of
I. Similar two sets of proton signals are observed in the

FN, MA, and DAD adducts of I(Table I). In addition, the MA
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Fig. 2. 'H NMR spectra of {Rh{2-CsH4NCH=N-(S)-CHMePh] (L) }Cl04 at equilibrium in CD3CN at 25°C.
The signal indicated by x (L = DF) is due to the CH3 protons of dissociated DF.

TABLE 1

1H CHEMICAL SHIFTS (6, ppm) OF {Rh{2-CsH4NCH=N-(S)-CHMePh], }C104 AND THEIR ADDUCTS
WITH OLEFINS OR ACETYLENE AT 256°C

Olefin or Solvent Picolinaldimine ? Olefin or acetylene Isomer
acetylene ¢ : : ratio
CHy ¢ H(6) ¢ cH® CHj;
- CeHsCN 1.23,1.56 8.72, 8.62
CD3CN 1,29, 1,50 8.76, 8.60
FN CD3CN a 1.35 8.76 ' 2,69 54
g1.63 8.76 2.61 46
MA CD3;CN o 1.41,1.37 8.62 3.93, 3.25 64
) £ 1.64,1.66 8.76 © 3.78,3.18 36
DF CD;3;CN a1.34 8.58 3.63 . 2.91 55
B 1.60 - 8.61 3.55 2.91 45
CDCl3 a 1.26 8.83 3.59 3.00 60
f1.67 8.67 3.63 3.02 40
DAD CD3CN « 1,34 8.72 3.63 74
£ 1.66 8.59 3.63 26

% The abbre%tions used are as follows: FN = fumaronitrile, MA = maleic anhydride, DF = dimethyl
fumarate and DAD = dimethyl acetylenedicarboxylate. b « and B correspond to those in Fig. 2,

€ 35(Clty—CH) 6.5 Hz. ¢ W) 1.6 Hz, © J(193Rh~H) 2 Hz. Determined from the intensity of the CHj
signals of 2-CgH4NCH=N+«S)-CHMePh,
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adduct shows two AB type quartet signals due to the olefinic
protons of diastereomers, and each signal is further split into
a doublet owing to coupling with the 102py nucleus(Fig. 2).

The intensity ratio of two sets of signals(g/ﬁ) in these four

adducts more or less varies with temperature and solvent.

Stereochemistry

when two unsymmetrical chelates, 2-C5H4NCH=N—R, and one
molecule of olefin or acetylene occupy six coordination sites
of an octahedron as in the DF adduct of II, three geometrical
isomers, A, B, and C, are possible, as shown in Fig. 3.

N NZ NZ

N -1 | N/- N/-—
VAV NS Vara Vi
N K

N2 Ny
(A) (8) ()

Fig. 3. Possible geometrical isomers of (Rh(2-CsH4NCH=N—R)3(L)] -ClO4: L = olefin or acetylenei Ny
= {mine nitrogen, N3 = pyridine nitrogen.

In the A and B isomers only one NMR signal is expected to occur
for each of the different protons in the 2—CSH4NCH=N-R ligand,
while C predicts the appearance of two sets of signals with
identical intensity. The spectrum of the DF adduct of II
showed only one set of resonances. This was also the case
with each of thé disstereomeric pairs of the FN, DF, and DAD
adducts of I. The geometrical isomer would therefore be

A or B. The C-—CH5 signals of the MA adduct of 1 appeared as
two kinds of doublets(Fig. 2), because of the diamagnetic

anisotropy of the carbonyl groups of MA.lO This anisotropy,
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however, hardly affects the chemical shift of the H6 proton of
the pyridine ring(lable I). Thus, the MA adduct of I is more
likely to assume the A isomer. Almost unchanged chemical
shifts of the H6 proton in all the adducts predict that the
FN, DI, and DAD adducts of I and the DF adduct of II adopt thé
same configuration as the MA adduct of I.

The A isomer of the.FN and DF adducts of II may theoreti-
cally involve four possible optical isomers; two diastereomeric
pairs of enantiomers owing to chiralities of the rhodium center
(Qkor.éjll and of the coordinated olefin carbons(R or §)4, as
seen in Yig. 4. When the chiral ligand, 2—C5H4NCH=N—(§)—CHMePh,
is used, each optical isomer bears a diastereomeric relation to
the others.

The 1

H NMR pattern of the DF adduct of II was little changed
in the 60°~ -50°C range. Similar rhodium complexes, th(E-
CH506H4NC)4(TCNE)]ClOu(TCNE = tetracyanoethylene) and
Rh(g-CH5OC6H4NC)2(PPh5)(FN)I, exhibit the temperature dependences

to give their limiting spectra at -3%5° and -50°C, respectively.12

N Mirror N,

A-SS 4-RR

Fig, 4. Possible optical isomers of [ Rh(2-CgligNCH=N—R)3 (trans-olefin)]Cl104 for the geometrical isomer
of A, '
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Thus, the fast dynamic process for the present adducts may be
excluded on the NMR time scale. The occurrence of one set of
the ‘i signals in the DF adduct of II implies either the forma-
tion of only one pair of‘enantiomers or the coincidence of two
resonances of the diastereomeric pair. Similarly, two sets of
resonances observed in the DF and FN adducts of I suggest either
the existence of only two diastereomers or the coincidence of
spectra. Attempts to resolve this question by the use of

shift reagents were unsuccessful. Thus, it has not been able
to be elucidated whether the enantiotopic face of prochiral

olefins(LF, FN) is differentiated or not.

Stereoselectivity
1

H NMR measurements indicated that two diastereomers
equilibrated in an CDBCN solution are formed in the ratios of
64:36 and 74:26 for the MA and DAD adducts of I, respectively.
Thus, the stereoselectivity in the two diastereomers, arising
from the chirality of the rhodium center, are 28 and 48 %
respectively. Vle have carried out an approximate conformational

13

analysis of the asymmetric (S)-carbon moiety on the imine
nitrogen by considering the bulkiness of phenyl groups. The
result indicates that the conformations of D and E being

diastereomeric to each other, shown in Fig. 5, are preferable

d d
Ph I Ph
CHy H(1)
WOy T N CHs
‘Ni* S /\ —__M‘
< IO DTN
§\c‘==)\; ‘cé/
N N
/ . \
D(4) E(A)

Fig. 6. Preferred conformations of two diastereomers of the MA or DAD adduct of I; the view along one of
the asymmetric carbon-imine nitrogen bonds.
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to the other rotational isomers. The stereoselectivity on
equilibration may be mainly related to the difference in the
steric repulsion between the H(1l)-proton or CH5 group and olefin
or acetylene. The repulsion of the H(1l)-proton with olefin or
scetylene in D would be small. It is therefore suggested that
the configuration of the major diastereomer(the o signal in Fig.
2) of the MA and DAD adducts is [\, and that of the minor
diastereomer(the B signal in Fig. 2) A. This assignment is
consistent with the observation that the splitting of the 3
signal of the MA adduct is larger than that of the a signal.

Tﬁe large splitting of the former may be expected from the fact
that in E the CH5 protons are located closely to MA, which

exerts an anisotropy effect.lo

Epimerization Mechanism

The separated MA or DF adduct of I is subject to configu-

rational interconversion in solution, as confirmed by the 1

H
NMR and optical rotation measurements; the solution immediately
after dissolution in CD5CN exhibits only dne set of the «
signals in Fig. 2, but the B signals gradually appear in the
spectra. A corresponding change in the optical rotation at

589 nm was observed(Fig. 6). The rate of epimerization was .

Fig. 6. The change of optical
‘rotations at 589 nm of the

separated [Rh(2-05H4 CH=N-(8)-
CHMePh) ,(DF)1C10, with time in

CHBCN at 24°C.

Time, min



- ",
obtained in an CH,CH solution at 24°C(1 x 10 3.107"M).  The
epimerization of both adducts was found to obey first order
kinetics. The rate of epimerization of the DF adduct(3.3%4

2 mnin~l) is faster than that of the MA adduct(6.90

+0.20 x 107
+0.31 x 10™2 min-l). There may be two possible mechanisms,
intra- and intermolecular, for the epimerization. When MA or
DF was added to the solution of the corresponding adduct, a
decreasing rate of epimerization was observed. At the same
time, a very weak CH5 signal of the dissociated DF appear at
6%.75 ppm in the course of epimerization. These observations
do not contradict the intermolecular mechanism of epimerizatioh,
which involves the dissociation of olefin. It may be conceiv-
able that the slower epimerization rate in the MA adduct
reflects a stronger rhodium-olefin bond than in the DF adduct.
Thus, the present interconversion appears to occur zié the

SNl mechanism., This is in contrast to the olefin complexes

of platinum(II), such as PtCl(L-prolinato)(trans-2-butene),
whose interconversion was reported to take place through an

SN2 mechanism.14

III-4. SUMMARY

Some bis(N-substituted picolinaldimine)rhodium perchlorates,
[Rh(2—CSH4NCH=N-R)210104(R = (§)—CHMePh(l), CHePh(ll), tert-
Bu(III)) and their adducts with fumaronitrile(FN), maleic
anhydride(MA), dimethyl fumarate(DF), and dimethyl acetylene-

dicarboxylate(DAD) were prepared. The stereochemistry of
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the adducts is discussed in terms of the geometrical isomers

and optical isomers due to the chiralities both of the metal
center and of the coordinated olefin. A stereoselectivity

was found in the formation of the MA and DAD adducts of I, which
yielded two diastereomerié complexes. Furthermore, one of
diastereomers of the MA and DF adducts was isolated by fractional
crystallization. The epimerization of these was observed and

the mechanisms are discussed.
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CONCLUSION

This study was undertakeh to elucidate the metal-olefin or

-acetyléne binding processes. The results of the present work

are

(1)

(2)

summarized as follows.

Several isocyanide iridium(I) complexes [Ir(RNC)4]X(;) (R =
p-CH;CcHy, X = I3 R = p-CH;0C.H,, X = I and PF;) and [Ir-
(RNC)g(PPh3)5]0104(ll) (R = E-CHBC6H4 and E‘CH5006H4> were
prepared. I is suggested to adopt an oligomeric structure
involving Ir to Ir interaction. The reactions of II with
olefins or acetylene give the complexes [Ir(RNC)E(PPh3)2(
olefin or acetylene)]Cl0, (R = p-CH;CgH, ; olefin or acety-
lene = tetracyanoethylene(TCNE), fumaronitrile(FN), maleic
anhydride(MA), or dimethyl acetylenedicarboxylate(DAD)).

The reactivity of II to olefins and acetylene is comparable
to that of the Vaska’s complex, IrCl(CO)(PPh3)2.

Kinetics of the addition reactions of TCNE to some rhodium(I)
and iridium(I) complexes, Egggg—[Rh(RNC)2L2JClO4(R = B—CHBO—
CgHys R-ClCgH,, and CgHy; and L = PPhy and P(OPh)j), trans-
RhX(CO)Lz(X =Cl, L = P<E-CH5006H4)3$ P(E'CH3C6H4)5’ PPhB’
P(R—ClC6H4)5, PPheMe, AsPhB,FP(O-g—CH5C6H4)5, P(OPh)B; X =
Br, I, NCO, NCS, L = PPhB), and Egggg-IrCl(CO)(PPhB)g, in
acetonitrile, acetone, tetrahydrofuran(THF), and benzonitrile
were investigated employing the stopped-flow technique.

The reaction is accelerated by electron-releasing substi-
tuents of phosphines and isocyanides. Furthermore, the

reaction rate increases with increasing solvent polarity
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(3)

in the order of THF { acetone { acetonitrile or benzonitrile.
The activation parameters are also strongly dependent on
solvents, From these results, it was concluded that the
reaction involves a dipolar activated complex formed by the
nucleophilic attack of the metal complex on TClE,

Some bis(N-substituted picolinaldimine)rhodium perchlorates,
(Rh(2-C4H,NCH=N-R),]C10,, (III, R = (S)-CHMePh; IV, CH,Ph)
and their adducts with FN, MA, DAD, and dimethyl fumarate
(DF) were prepared. A stereoselectivity was found in the
formation of the MA and DAD adducts of III; one of
diastereomers of the MA and.DF adducts. was isolated by
fractional crystallization. The epimerization of these
adducts was found to occur via the intermolecular mechanism,

which involves the dissociation of olefin.
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