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ABSTRACT

The work presented in this thesis is concerned with the synthesis, metal
coordination and applications of expanded (6- and 7-membered) N-
functionalised heterocyclic carbenes. It is divided into four chapters, which
cover the following areas of research.

Chapter One includes the historical and literature review of preparations,
reactions, and catalysis applications for different-types of NHC, while in
Chapter Two, the syntheses characterisation and solid state properties of
new 6- and 7-membered NHC salts (with Mes, DIPP, o-MeOPh and o-
MeSPh N-substituents) are discussed. A new method for synthesising
saturated NHC salts, using potassium carbonate as a mild base for the
deprotonation of the corresponding formamidines reacted with di-
electrophiles under aerobic conditions is presented.

Chapter Three describes the syntheses characterisation and solid state
structure of rhodium and iridium complexes. Expansion of the ring provides
carbenes with NCnycN angle close to the sp? angle (120°), which forces the
N-substituents to bend closer to the metal center. Furthermore, the expanded
carbenes are found to be more basic than their 5-membered analogues. The
wide NCnucN angles and greater donor abilities of the expanded NHC
carbenes mean that their catalytic applications are interesting to study.

Chapter Four presents the results of catalytic performance for the 6- and 7-
membered NHC rhodium and iridium complexes in olefin hydrogenation
reactions with molecular hydrogen. These complexes are also tested as

catalysts in the transfer hydrogenation of ketones.
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Chapter One: Introduction

Chapter One

Introduction

1.1. Classification of Carbenes.

Carbenes were first recognized over 100 years ago.!" They are “uncharged”
compounds featuring a divalent carbon atom with only six electrons in its
valence shell.” 3 The carbene carbon is linked to two adjacent groups by a

single covalent bond and possesses two, non-bonding electrons®™ (Figure 1-

1).

Figure 1-1: A simple carbene.

Because carbenes do not possess an octet of electrons, free carbenes are
an electron-deficient and generally highly reactive species. In terms of
structure, most free carbenes take on a bent shape to some degree, away
from linearity, implying sp?type hybridisation in the carbene carbon with two

non-bonding orbitals®® (Figure 1-2) .
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p*
X....0

Cc o A <« 0 °
Y *

Figure 1- 2: Diagram illustrating the loss in degeneracy of the non-bonding of

free carbenes.

The py orbital retains an almost pure p-character with no change and is

described as p* whilst the px orbital is stabilised due to the acquisition of

some ‘s’ character and is described as a [23](Figure 1-3).

linear bent

Figure 1-3: Linear and bent carbene geometries and respective energy

change.
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This break from degeneracy leads to a different electronic configuration
which divides carbenes into two types: “singlet and triplet”. To form the triplet
state, the two non-bonding electrons must occupy two different orbitals with
parallel spins, while in the singlet state they pair up to occupy the same

orbital with anti-parallel spins (Figure 1-4).[341

RII,, R

&c<T) €>C<53) cc O

(a) (b)

Triplet Singlet

Figure 1-4: Carbene ground-state spin multiplicities.

The factors that cause the electrons to adopt one of these configurations
will now be considered. The singlet-triplet gap for a carbene has been
studied extensively, mainly using theoretical methods.f5 61 An energy

difference between o and p* which is greater than 2 eV is needed to obtain a

singlet carbene, whilst a 0-pn gap below 1.5 eV leads to a triplet ground-

state.* The substituents surrounding the carbene centre can determine
whether a singlet or triplet state is formed through a combination of inductive,

mesomeric or steric effects. a-Electron withdrawing groups (highly

electronegative) increase the a-pn gap by inductively stabilising the a-
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nonbonding orbital through an increase in its ‘s’ character, thus favouring the
singlet state since they can stabilise the carbene ion pair.®! 28 9 Conversely,

o-electron donating substituents (low electronegativity) will induce a small o-
p. gap and favour the triplet state, whereas most carbenes with n-electron

withdrawing groups are predicted to be linear singlet carbenes. The triplet
state is favoured by linear molecules. Steric bulk around the carbene centre
also plays a minor role in determining the carbene ground-state: bulky
substituents can stabilise triplet carbenes by increasing the carbene bond
angle.®®

N-Heterocyclic Carbenes (NHCs), where the carbene is included in a cyclic
structure and where at least one nitrogen atom stabilises the carbene centre,
are the most widely studied due to their high stability and excellent
performance as ligands for catalytic systems. The stability of these carbenes
results from kinetic stabilisation due to the shielding of the carbene centre by
bulky N-substituents and thermodynamic stabilisation by mesomeric (+M) as
well as inductive (-1) effects. A heteroatom donor group in the carbene centre,
particularly a nitrogen group, is responsible for the stability of the NHCs
through both mesomeric and inductive effects (Figure 1-5).[% 3]

Firstly, the nitrogen atom possesses an ion pair which can reduce the
electron deficiency of the carbene carbon by electron donation to the empty p

carbon orbital, increasing the o-p, gap (the mesomeric effect). Secondly,

because nitrogen atoms are more electronegative than carbon, they can

reduce the electron density of the carbon centre through the o-electron
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attraction of two adjacent nitrogen atoms, which serves to stabilise the

carbene at an orbital relative to the TC orbital (the inductive effect).p’J

+M

Figure 1- 5: Electronic effects in NHCs.

This results in an increase in the o-p* gap and, therefore, the two non-

binding electrons for the carbene atoms adopt a singlet configuration of
paired spins rather than a more reactive triplet arrangement of parallel
spins.Z 3 101 Thus, the electronic configuration is critical to the observed
stability of NHCs as compared to other carbenes and these species exhibit

the properties of singlet carbenes.

1.2. Stable Singlet Carbenes.

Carbenes derived from the imidazole system were first studied in the 1960’s
by Wanzlick et a/l.1119 Unfortunately, all attempts at that time to isolate free

carbenes based on the imidazole ring failed.[19 Despite the disappointment at
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not being able to isolate free carbenes, Wanzlick did manage to trap the

carbenes he created in a mercury complex (Scheme 1-1).['*18

Clo, — —

. v T
|
GS KO'Bu N 172 HgCl, N N
>—H :
[T' -HCIO, [N> ' [N> Hg_<N]
| |
P | Ph Ph ,lh

Scheme 1-1: Preparation of the first transition metal complex of NHCs.

It was not until 1991 that the first free carbene was isolated. It was based
on an imidazole framework. Arduengo and co-workers successfully
deprotonated 1,3-bis(1-ad)imidazolin-2-ylidene using sodium hydride under
anhydrous, oxygen-free conditions to give the free carbene 1.1 (Scheme 1-
2).* %9 The single crystal suitable for X-ray diffraction studies was grown by
cooling a toluene solution of the free carbene.

When carbene 1.1 was stored in an inert-atmosphere it was found to be an
indefinitely stable, colourless, crystalline solid, which bore an unexpectedly

high thermal stability (1.1 melts at 240 °C without decomposition).t* !
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(o

N NaH, DMSO N
@>—H - [N>: + NaCl + H,

THF /r.t

1.1

Scheme 1- 2: Preparation of the first isolated, stable, free carbene.

The stability of free carbene 1.1 was initially thought to be due to the steric
bulk of the adamantane group preventing nucleophilic attack.!'® However,
isolation of free carbenes with lower steric bulk such as 1.3 and 1.4 (Figure
1-6) confirms that the stability arises from the mesomeric effects of the
carbene carbons’ adjacent nitrogens.

This groundbreaking discovery has sparked great interest in this field,
leading to the isolation of many other stable, free carbenes with extensive
variation of the substituents in the two nitrogen atoms (Figure 1-6).

The availability of isolable NHCs has expanded to saturated cyclic (1.2),%?®
211 ynsaturated cyclic (1.3),%? acyclic (1.4, 1.5),%>%! backbone substituted
(1.6, 1.7, 1.8)¥%" and cyclic diamino-carbene derived from four- (1.9),%%>

six- (1.10),2%% and seven-membered (1.11)® compounds.
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[ =
So o' NS

1.2 1.3

~ N

C\/N Q/NVN\Q
X = Cl, Br
15 1.6
N |
N\ P
o Qo

1.8 1.9

N _-N.

a2’ 7 7 oad

1.11

Figure 1- 6: Examples of isolated, symmetrical, free carbenes.

17
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Although in these examples the substituents on the nitrogen atoms are

identical, giving symmetrical NHC ligands, unsymmetrical (functionalised)

ligands are also accessible,”” %(1.12)," (1.13),®% (1.14)*" and (1.15)4°

(Figure 1-7).

—N_ _N—H

1.12

—N N—R

2°°5

1.14

—N\/N\/\

PPh,

1.13

R = DIPP

1.15

Figure 1- 7: Examples of isolated, unsymmetrical, free carbenes.

The replacement of one of the nitrogen atoms of imidazol-2-yilidene with a

sulphur or oxygen atom gives the corresponding thiazol-2-ylidene'! or

oxazol-2-ylidene!****! respectively (Figure 1-8).

10



Chapter One: Introduction

Figure 1- 8: Isolation of thiazol-2-ylidene and oxazol-2-ylidene carbenes.

1.3. Methods for the Preparation of Free N-Heterocyclic

Carbenes.

Most of the common methods of generating free NHCs are based on
deprotonation at the C2 position of the corresponding salt with a suitable
base.!'" *> %! Strong bases such as KO'Bu or NaH have been used to
deprotonate the N-alkyl or N-aryl substituted azolium salt in THF at room
temperature.? 19 22 45 48] Amjdes such as Li(N'Pr2) or K[HMDS] have also
proven useful in the deprotonation of some base-sensitive, functionalised
imidazolium salts where the C2 proton may not be exclusively removed due
to the presence of other acidic protons (Scheme 1-3a).[23 25 46-50)

Other methods include the reductive desulphurisation of imidazole-2(3H)-
thiones (R = alkyl), which on treatment with potassium in boiling THF, yields
abundant imidazol-2-ylidenenes (Scheme 1-3b).1*®! Using this route, some
thermally stable alkyl-substituted NHCs have been prepared, but it is by
necessity limited to thermally stable NHCs.?”!

Finally, the free NHCs may also be formed via the thermal elimination of
small stable molecules such as methanol®" 3" from imidazolidines,['* 329 or

5-methoxy-triazol.®'"" This method, however, is limited to thermally stable

11
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NHCs, but has allowed the isolation of the first triazole-based NHCs (which is

stable up to 150 °C )*Y1 (Scheme 1-3c).

R X
RN, R A
Jos et D
- a
RSN THF |, rt ‘ '
N\ R "N
R R
. /R . /R
R N S Na/K R N
. : THF , reflux B > ) (b)
R N\ R N\
R R
Ph
Ph
Ph / Ph /
. N OMe ., N
N| >< A\, vacuum NL > ©)
[\N H - MeOH N
e Ph

Scheme 1- 3: Methods of preparing free NHCs.

1.4. N-Heterocyclic Carbenes as Ligands.

Carbenes as ligands in metal complexes were known long before free

carbenes were isolated.®® Fischer first introduced carbenes into

12
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organometallic chemistry when he isolated the first carbene complex in
1964 .1 Carbene complexes are normally classified according to the nature
of the formal carbene-metal bond and carbene complexes have been
classified as either Fischer- or Schrock-type complexes.!”!

Fischer carbenes have one stabilising heteroatom containing moiety (OR or
NR;) attached to the carbene carbon. The metal-carbene bond in Fischer-
type carbene complexes results from the o-donation of the carbene electron

ion pair to the metal and n-backbonding from a filled metal d—orbital into the

formally empty p, carbene orbital (Figure 1-9). The carbene ligand in these

complexes contain a (electrophilic) weakly-donating, singlet carbene,®’: *
which accepts backbonding from a low-valent metal (most commonly, middle
to late d-block metal).1% 3 %9

The Schrock carbenes lack the heteroatom substituent. These carbenes
contain alkyl, aryl or hydrogen substituents. In Schrock-type carbene
complexes, the metal-carbene bond can be described as a covalent double
bond between a triplet carbene and triplet metal fragment (Figure 1-9).

These carbenes are nucleophilic as a result of the greater m-electron

density of the carbene and coordinate with high oxidation state metals
generally to the left of the d-block.*"%%

At first glance, NHCs appear to yield Fischer type carbene complexes on
bonding to a metal centre, but the bonding properties actually display entirely
different characteristics. Due to the back-donation from the adjacent
heteroatom and their strong capacity as o-donors in metal carbene

complexes, the NHCs involve only a single o-bond to the metal with
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negligible w-back-donation® ! (Figure 1-9) and therefore, heterocyclic

carbenes form stable complexes with beryllium and lithium, which have no
available electrons for back-donation to the carbene ' 5%

Some experimental studies have confirmed the essentially pure nature of
the NHC ligand as a o-donor to metal complexes.®®®! Other experimental
research amongst the CO stretching frequency studies on mixed NHC-
Carbonyl complexes have also revealed that NHCs are better c—donors than
trialkylphosphine.®? % 8% Crystal structure data has shown that M-C bond
lengths in NHC complexes are similar to those of the standard M-C alkyl
single bond, thus confirming the strong a-donor properties of these ligands.!*
-8 Due to these particular binding properties, NHCs have been found to
form a large range of metal complexes, as the strong C-M o-bond is sufficient
to form stable carbene metal complexes.

Carbenes are now known to coordinate with a wide variety of metals,
ranging from main-group to rare earth metals.®®*"3 Furthermore, electron-rich
transition metals have been used to synthesise a variety of interesting and
catalytically active carbene complexes.®® 88 7>79] This is in contrast with the

Fischer- or Schrock-type carbene where m-backbonding is required to

stabilise such complexes i.e. stable bonding occurs only in metals with p- or

d-electrons.

14
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R a
c 4!
Ry
\
.c=MLn
RX
R = allkyl, aryl, H

Schrock - type

0 c<3D~070

Litde or non
back-donation
r#
R
R
X, /
/C=MLn [ >~MLr
RX A
R
X =0, N, S, halogens
Fischer - type NHC

Figure 1- 9: Bonding in carbene complexes.

1.5. Routes to the Preparation of NHC Complexes.

A number of different routes exist for the formation of NHC complexes.

Many routes have been developed and have permitted the preparation of

complexes bearing carbene ligands with a wide variety of electronic and

steric properties. ¥l

15
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The most appropriate route however, depends on the nature of the carbene

precursor itself, as well as desired substituents in the metal centre.!S: 8

1.5.1. In-situ Deprotonation of an Azolium Salit.

A popular and straightforward route for many carbene complexes has been
the in-situ deprotonation of the azolium salt,”> ®'- 82 with three main methods
commonly being used: basic metal ligands, basic metallate anions and
external bases.

Basic ligands, such as acetate!’® 8%l hydride, alkoxo!” 8" or oxide!®® 8%
from the metal source can be used as deprotonation agents.!6: 8 82 88, 90-95]
Wanzlick in 1968 made the first reported NHC complexes by using this
methodology''® (Scheme 1-4a). A significant disadvantage of this method is
the limited availability of suitable metal precursors.

The use of basic metallate anions has the advantage that the metal used to
deprotonate the azolium salt becomes the ligand acceptor. While this limits
the final oxidation state of the metal, a variety of complexes have been
successfully created using this method!®"" % ") (Scheme 1-4b).

Another method consists of the addition of an external base for the in-situ
deprotonation of the azolium salt in the presence of a metal precursor.

(92]

Popular bases include potassium,®® lithium tert-butoxide, sodium

hydride'® and butyl lithium!'® %! (Scheme 1-4c).

16
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Ph ] CIO,; — Ph PR — 2%
i, s | o
(@ 2 E‘TP + Hg(OAc), —_—E;;EH—’ [ >— Hg —<NE 2CI0,

" |
— Ph Ph

T 1 x” R

| |
(b) [) + [Horcoy 8 [N>— Cr(co),

| ]

L _ R
B R TJco; R
| L
N NN S
(©) @> + Pd(OAc), KOBY [ }‘_ Pd )8<
T Nal N
2
_ R R

Scheme 1-4: Carbene complexes formed through a basic ligand, basic

metallate anion and external base deprotonation.

1.5.2. Complexes via Free NHCs.

The most obvious route to the formation of carbene complexes is via free
carbene.* '% 22 The jisolation of stable free NHCs has permitted the
synthesis of a wide variety of NHC complexes simply through adding the
carbene to an appropriate metal precursor.®™ The strong o-donor nature of

NHCs greatly facilitates the exchange of other donor ligands at the metal

17
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center e.g. carbon monoxide,'®* 92 19 1% or phosphines!*® 8 192-1%41 (Scheme
1-5a).

The use of bulky NHC ligands has allowed the sequential displacement of
phosphines and the isolation of mixed NHC-phosphine complexes.!'%
Among the most popular methods are the cleavage of dimeric complexes
with bridging ligands, such as halides or carbon monoxide, to form
monomeric NHC complexest®” 7% 8. 8. 102-104] (gcheme1-5b).

The free carbene route suffers where the high air and moisture sensitivity of
the free carbene is concerned, meaning that the generation and manipulation

of these species may be problematic.

> R > R R
[ / [ / \

(@)  Pd[P(o-tolyl),], ————— = [ >—-Pd P(o-tolyl); ——— [ >—Pd—-< j

toluene, r.t toluene, r.t
- P(o-tolyl), \ - P(o-tolyl), \ /
R R R

R = Mes, 'Bu, Pr, Cy

P N THF ~C
ZE; “Rh + : L Rh R
/ % [T> ! N/

Scheme 1- 5: The formation of NHC complexes from free carbene and

phosphine exchange (a) and dimeric cleavage (b).
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1.5.3. NHC Complexes via Oxidative Addition.

Recently the acidity of the C2 proton has been utilised in preparing carbene
complexes from the C-H activation of an azolium salt by low-valent metal
precursors (Ni°, Pd°, Pt°, Rh!, I!, Fe’, Cr) to form the corresponding NHC-
M*H complexes!'®'"®! (Scheme 1-6). Contrary to other methods, the

oxidation state of the metal precursor changes during the formation of the

NHC-M complexes.

+
N L
@>—X + L—Mo—1L — TI/KM/
\ R/ N\
\ X L
R - —
X = H, halogen, CH; M = Pt, Pd, Ni, Rh, Ir

Scheme 1- 6: Carbene complex formation via oxidation through the addition

of imidazolium salts.

In 2001, Cavell demonstrated the facile formation of NHC complexes via the
oxidative addition of 2-haloimidazolium salts to Pd® and Pt® substrates!'®

(Scheme 1-7).
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5 \
ChHo—1 + [ 'Pd—dba o 7‘ ~
N R THF R Pd—P—

Scheme 1-7: Oxidative addition of 2-haloimidazolium salt to Pd° complex.

The oxidative addition of C2-H bonds, however, is sluggish and no product
has been experimentally observed for C2-Caxy bonds.!''* "7 18 Thege
results have paved the way for the application of oxidative addition as an

efficient method of synthesising carbene complexes.

1.5.4. Transmetallation from other NHC-M Complexes.

NHC complexes can be prepared by transferring NHC ligands from one
metal complex to another.!''® 2% The use of Ag (I) NHC complexes, formed
by in-situ deprotonation of the azolium salt with silver oxide or silver
carbonate,!''%'2" has become particularly useful as a transmetallation
agent.“23 122

Transmetallation from Ag (I) NHC complexes is an especially useful method

of accessing Pd complexes!®® 22128 (Scheme 1-8).
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] Br-

+ Ag,0

[AgBr,]”

R
(CH,CN),PdCL,

- 2AgBr

=
/N\rN\R

Cl—Pd—Cl

Scheme 1- 8: Preparation of Pd (II) NHC complex via silver transfer reaction.

1.6. Abnormal Carbene Complexes.

The most acidic proton in the imidazolium salt is in the C2 position. C2-

coordinated metal imidazol-2-ylidenes are therefore referred to as normal

carbenes. It has recently been discovered that the C4- and C5-H bonds of

the imidazolium ring are also susceptible to metallation via C-H activatio

301 (Figure 1-10).

R
N

[ ML,
N
\

R

Normal

/R
N
S
LM N\
R

Abnormal

Figure 1-10: Normal and abnormal carbene complexes.
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The abnormally bound carbene complex can be obtained selectively by
blocking the C2 position, which prevents the formation of C2-coordinated

species!''” ¥l (Scheme 1-9).

_ — e
— Ph = == Ph
N
N
\ 10 [rcoopci, N/ | Racopen, 6(
N R™ \r N__
R Ag0 KIN(SiMe,),] R
Cl—ir —_ . Ph _ Cl—Rh—_
S %
R="Pr R = Mes

Scheme 1- 9: Synthesis of abnormal carbene complexes.

Cavell and co-workers have demonstrated that the preparation of abnormal
carbene complexes can be achieved by oxidative addition of the C4-H

bond!'® "4 118 (Scheme 1-10).

_{ M /NTN\M
es es
Q A

- T ~. | T Pt(nbe), + IMes | — Pt H

Acetone

- - —N

..ZC%—

Scheme 1-10: Synthesis of an abnormal carbene complex by oxidative

addition.
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1.7. Six- and Seven-membered NHC Systems.

Although five-membered NHCs have been studied in quite some depth as
illustrated in the abundance of literature presented throughout this thesis,
information on 6- and 7-membered NHCs has only recently been published.
The first example of a seven membered ring, from Scarborough and co-

workers was as recent as 2005.¢ 32

Some interesting work has
subsequently been carried out regarding these expanded ring systems.

The work presented in this thesis will focus on the synthesis and
characterisation of 6- and 7-membered saturated carbene ligands, metal
complexes and finally, their experimental application in catalysis.

When expanded to 6- and 7-membered systems, several differences are
noticeable, one of which being ring distortion from a planar conformation. It is
believed that as the ring size increases, there is an increase in the internal
ring strain and the ring twists to alleviate this.!** **'%% |t should be noted that
the N-C-N bond remains planar even as the ring size increases and torsion
occurs in the backbone.??

Although the N-C-N bonds remained strikingly planar in relation to one
another and the rest of the ring, the bond angle does show remarkable
expansion as the ring increases in size. NCN angles (Figure 1-11) were

recorded in the range of 100-110° in 5-membered carbenes, whereas in 7-

membered carbenes, this ranges between 115° -125° 133 147]
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Figure 1-11: Definition of characteristic angles within NHCs.

The good donor ability and large NCN angle featured in expanded carbenes
make them very interesting for use as ligands in catalytic systems.!"*¢!

The conformation of the ring, its NCN angle and ring torsion ultimately have
an additive effect upon the conformation of the nitrogen atom substituents. It
has been noted by Iglesias and co-workers that the amino substituent angle
and planarity deviate (Angle a: Figure 1-10), often resulting in the substituent
being forced in and towards the carbene carbon and becoming more planar
than in the pre-carbene salt precursors.!'*” '8l This new conformation of the
nitrogen substituent adds additional steric hindrance around the carbene
carbon which ultimately affects the carbene carbon’s availability and stability.
When complexing NHCs to metals, the wide NCN angle forces the N-
substituent to come closer to the metal centre which is likely to be interacting
with the metal coordination sphere 3336 44 144 1461491 This additional

obstruction around the carbene-metal bond can alter the availability of the

metal and thus its potential catalytic properties.!'*®!
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1.8. NHC complexes as Catalysts.

The following is a brief discussion of NHC as a catalyst. A more
comprehensive discussion will be provided in the introductions to the
appropriate chapters.

A catalyst is defined as a substance that affect the rate at which a chemical
approaches equilibrium. In a catalytic cycle, the catalyst remains unchanged.
The importance is that many chemical reactions will not proceed to an
appreciable extent in a reasonable time frame without the presence of a
suitable catalyst.!'>%%2]

Many of the original Fischer- and Schrock-type carbene complexes were
trialled in catalytic reactions. They had a tendency to suffer from M-C
cleavage, rendering them catalytically inactive.””! In contrast, NHCs form
stable bonds with metals and can accommodate a wide range of oxidation
states, making them suitable for many catalytic cycles.

Since the synthesis and isolation of the first stable NHC by Arduengo et al.,
these species with strong o-donor electronic properties have emerged as a
new family of ligands for the development of catalysis.*” In recent years,
NHC-Metal complexes appear to be extraordinarily stable towards air and
moisture due to the strong metal-carbon bond!"*® and the use of these
complexes as catalysts has increased. Furthermore, a wide variety of routes
are available for the synthesis of carbene complexes with diverse steric and
electronic properties. Therefore, it is not surprising a substantial amount of
effort has been invested in the study of catalytic properties of NHC

complexes with success found in numerous important applications.
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1.8.1. The success of NHC complex catalysts.

Carbene complexes show a remarkable stability in many catalytic
environments, and are often stable to heat, oxygen and moisture. Carbene
complexes are also known to catalyse a wide range of organic reactions
including hydrogenation,!'> hydrosilylation,!'** hydrogen-transfer,'>® olefin
metathesis!'®”! and oxidation reaction.!'*® Another area of importance where
carbenes have found considerable success is in C-C coupling reactions
including the Suzuki,!'®®'%" stille,['*® 2 Kumada,!"*® '** Negishi'** '** and

Heck reactions!'®>'%"! (Scheme 1-11).

Ar R = R
R*Ej ArSnBu, R
Stille \ X /;onogashira
R @ H——R'
R'MgBr

e

RZnBr

Negishi R’
L

Scheme 1-11: A selection of C-C coupling catalytic reactions mediated by

Kumada

Suzuki

Pd.
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The real potential of NHC ligands in catalysis has only been realized since
the report of Hermann and co-workers in 1995, relating to the use of NHC-Pd

complexes as very active catalysts for the Heck reaction (Figure 1-12).['¢®

de/l %\N

<: ™ <N-<Pdi |
- 7

Figure 1-12: Hermann’s first NHC-Pd complexes employed in the Heck

reaction.

1.8.2. Hydrogenation.

In his pioneering work, Nolan used a monodentate NHC-Ir complex 1.16
for the hydrogenation of cyclohexene and 1-methylcyclohexene (Figure 1-
13). Catalyst 1.16 and Crabtree’s catalyst 1.17 were found to have
comparable activity at room temperature.“sg] However, catalyst 1.16 was
found to be more robust and efficient at higher temperatures, probably due to
the stability of the metal-carbene bond. In another investigation, Buriak
discovered that combining NHC with phosphine ligands led to efficient
systems for the hydrogenation of simple olefins.!'”% Comparing complex 1.18
with its analogue 1.19 (Figure 1-13) in the hydrogenation of 1-
methylcyclohexene and 2,3-dimethyl-2-butene showed the superiority of

catalyst 1.18.
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/ N !l' / lll'\
—_— —
1.16 1.17
B | PF — -
—\ 6 — PF,

Figure 1-13: NHC and phosphine as ligands in Ir complexes.

1.8.3. Transfer hydrogenation.

Conventional methods for the hydrogenation of unsaturated bonds have
involved the use of molecular hydrogen which has drawbacks due to the
dangers and difficult handling procedures involved with working at high
pressure. Efforts have since been devoted to developing safer, more cost
effective methods and transfer hydrogenation represents an ideal alternative.
Transfer hydrogenation hydrogenates a double bond by abstracting hydrogen

from a proton donor source such as iso-propanol with the reaction being
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carried out in the presence of a catalyst and base. It is generally agreed that
this research area was spearheaded by Noyori ef al. in 1995."" They
discovered that chiral Ru(Il) complexes were capable of asymmetric transfer
hydrogenation at reflux temperature and had sufficient catalytic activity for
aryl ketones at ambient temperatures. Rhodium and iridium are known to be
effective catalysts for transfer hydrogenation of unsaturated substrates via
hydrogen donors.l'""? Significantly, transfer hydrogenation of carbonyl
compounds in 'PrOH is the most widely used reaction to test the catalytic

properties due to its simplicity.!'*®!
1.8.4. Catalyst decomposition.

In a study by McGuinness et al., the carbene catalyst decomposed during
the catalytic reaction, thus giving unsatisfactory results (Scheme 1-12).
Further investigation indicated that decomposition was the result of reductive

elimination of a cis- located carbene and acyl or alky! ligand.l'” 174

T R e
~
. CH,

Scheme 1-12: Decomposition pathways in carbon monoxide ethylene

copolymerisation.
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It is believed that the reaction is assisted by the twist of the plane of the
carbene with respect to the square planar Pd(Il) centre by approximately 60°,
allowing the formally empty p orbital on the carbene centre to be directed
toward the acyl/alkyl group adjacent to it on the metal centre. Since the
acyl/carbene intermediates are necessary intermediates in a CO/ethylene
copolymerisation catalytic cycle, the discovery of the decomposition route
was quite disturbing and there have been no reports of successful
monodentate carbene complex catalysis of this reaction since then.

The 6- and 7-membered ring sizes have been relatively unexplored and
their chemistry is virtually unknown, mainly due to the difficulties in
synthesising these larger ring compounds [ 34 38 149. 1751771 The |3rge ring
NHCs are very basic and show unique structural characteristics, for example
the NCN angle in the expanded ring is very large, causing the N-substituent
to twist closer to the metal centre. It is timely to investigate the impact of very

basic and sterically demanding expanded ring NHCs in catalytic chemistry.

1.9. Aims and Thesis Overview.

Carbene based ligand systems with functionalised groups have proved
'very effective as ligands for catalysis and there has been considerable work
on these types of system.

The task of this thesis was to explore the synthesis, metal coordination and
catalytic application of saturated expanded (6- and 7-membered) NHCs with

N-functionalised group substituents.
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Chapter Two describes the preparation and characterisation of a range of 6-
and 7-membered carbenes, with Py, o-MeOPh, o-MeSPh, DiPP and Mes N-
substituents. Donor-functionalised, including weak-donor functionalised,
NHCs play an important role in organometallic chemistry and catalysis.
Tridentate and bidentate ligands can provide considerable benefits due to the
extra stability they impart to the catalytic reaction of intermediates. A new
method for the synthesis of saturated (symmetrical and unsymmetrical) salts
is presented, involving the use of potassium carbonate as a mild base for the
deprotonation of the corresponding formamidines, which is reacted with di-
electrophiles under aerobic condition. Additionally, expanded carbenes (6-
and 7-membered) were found to be more basic than the 5-membered
analogues. Ligands of this nature were largely unknown and this opens up an
opportunity to develop a whole range of new systems with a cross section of
properties.

Chapter Three deals with the synthesis and characterisation of a range of
rhodium and iridium complexes. Expansion of the ring provides carbenes
with NCN angles close to the sp? angle (120°) which consequently forces the
N-substituents to bend towards the metal center. Some complexes were
found to be biscarbenes and the nature of the functional group was found to
influence the type of complex formed.

Chapter Four presents the results from the catalytic performance of Rh(I)
and Ir(I) complexes in the transfer hydrogenation of ketones. They were also
tested as catalysts in an olefin hydrogenation reaction with molecular
hydrogen. The greater donor abilities and wide NCN angle of these

expanded carbenes make them interesting candidates for the study of their
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catalytic application. These complexes show enhanced activity and stability
in comparison with non-functionalised NHC analogues. The results show that
all the complexes were very active, giving a conversion of up to 100% in a
short time with as little as 0.01-0.0001 mmol of the catalysts and 1 mmol of

the substrate. The catalysts show excellent activity even after adding 3 mmol

from the substrate.
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Chapter Two

Synthesis of New Salt Precursors to Novel
Expanded-Ring N-Functionalised
Heterocyclic Carbenes

2.1. Introduction.

To date, research has focused on 5-membered ring carbenes. Examples of
6-"®! and 7-membered!" "' carbenes have also been reported, although to
a lesser extent. Most NHCs presented so far were synthesised in a similar
manner. A common method of saturated carbene precursor production can
be seen in Scheme 2-1, which was used to synthesise the first example of an
expanded carbene salt 2.1. This method, with modification, has been
employed as a successful approach to achieve the desired carbene salt

precursors.[® 113

BF,
NH,BF | m —]
RHN~_{—~._~NHR + HC(OEY), 4”4
n - EtOH R

Scheme 2-1: Typical saturated carbene salt precursor.
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This synthetic methodology is often low-yielding when applied to the
synthesis of expanded carbenes, which has limited the availability of the very
basic, and unexplored 6- and 7-membered ring carbenes (Figure 2-1).l": 1

In 2005, Stahl and co-workers reported the first example of a 7-membered

amidinium salt 2.2, which was synthesised in 65% yield (Figure 2-1).l")

BF

NF
N\&N.”

2.1 2.2

Figure 2-1: The first examples of expanded carbenes.

The synthesis of the amidinium salt 2.3 represented the first example of a
completely saturated, unsubstituted, 7-membered carbene precursor.” 1% 1l
This salt was synthesised using the classic methodology of adding a formyl
unit to the corresponding diamine.[”? This method led to a low yield (10-20%).
Two equivalents of triethylorthoformate were reacted with the corresponding

cyclohexyldiamine (Scheme 2-2).'% 1
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PF,
m DME
+ HC(OEt), + NH,PF,

CyHN NHCy Reflux CyN-_=Ncy

23

Scheme 2-2: Synthesis of amidinium salt 2.3.

In recent years NHCs have attracted the attention of several research
groups. Various NHC ligands have been synthesised within a short period of
time. The symmetrical N-functionalised expanded NHC ligands 2.4 were
prepared by Ozdemir et al. Their synthesis was achieved by the reaction of
diamines with triethylorthoformate and ammonium hexafluorophosphate
(Scheme 2-3).“7] All reactions for the preparation of these di-substituted NHC

salts were carried out under argon using a standard Schlenk-type flask.

/ \
E B PFq
NH m
(HC)y + HC(OEh, + NHPF, — = N
NH P £
E S —
\_/
E=0,S
n=0,1,2
24

Scheme 2-3: Synthesis of 1,3-dialkylazolinium salts.
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Recently, Bertrand et al. published the new method of ring-closure, in
which an amidine fragment is first prepared then the ring closed with a

dibromohydrocarby! unit (Scheme 2-4)."°!

m m Br

Br Br Mes N__-NMes
2.5
MesN\ _~NMes + BuLi THF
r.t — -1 Br
Br Br N MeSN\%NMes
2.6

Scheme 2-4: New method of ring- closure.

This new method proved to be very efficient for the synthesis of a range of
azolium salts which included 6- and 7-membered ring salts (2.5 and 2.6
respectively) in better yield.!* *®

The new method, reported by Bertrand, is limited by the nature of the di-
electrophiles. For example, when applied to the synthesis of azolium salt by
the ring-closure of 1,4-diiodobutane with a lithium salt of a formamidine, it
unfortunately led to a low yield, probably due to Hl-elimination (Scheme 2-5).
Moreover, the use of BuLi requires the utilisation of Schlenk-tube techniques,

which limits the scale of the reaction.
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MesN @/
“x—NMes +

Li@

————— MesNx__NHMes 4 /\/\I

Scheme 2-5: Proposed decomposition pathway of the ring-closure method

reported by Bertrand et al.

An improvement on Bertrand’'s method involved the use of highly polar
solvent (MeCN) and a weaker base, such as potassium carbonate, in order
to obtain a less basic nucleophile. For example, when half an equivalent of
potassium carbonate was refluxed with dihalidealkane and formamidine in

acetonitrile, it afforded a ring-closed product in an excellent yield (Scheme 2-

6).[101
X
!
N_ _N X)X MeCN ((/\)\q
+ + 12 K,.CO
Mes’ Y “Mes n L0, Reflux MesN_ __NMes
H
Yield

27 (n=0X=Br) 76%
28 (n=1,X=Br) 82%

29 (n=2,X=1) 89%

Scheme 2-6: Synthesis of 5-, 6- and 7-membered saturated NHC salt in

excellent yield.
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The saturated expanded NHCs are more basic than their 5-membered
equivalents."! The main factor determining the basicity of the carbene is a
greater NCN angle.'" Therefore, it is very important to synthesise a wider
variety of new types of symmetrical and asymmetrical ligands using an

expanded-ring system to provide control over basicity and the NCN angles.

2.2. Results and Discussion.

2.2.1. Preparation of Amidine Fragment.

NHCs were classically prepared by closing the ring through the introduction
of the CH* fragment to the di-amines,” * 2% which are often poorly
reproducible when applied to the synthesis of expanded carbenes.® 1% 12 13
In the new method of ring-closure, a formamidine (amidine fragment) is first

prepared and then the ring is closed.

2.2.1.1. Synthesis of New Asymmetrical Formamidines.

The synthesis of asymmetrical formamidines in excellent yield and facile
separation was achieved in two steps.*'**! For example, in the first step, o-
anisidine was reacted with two drops of acid and an excess of
ethylorthoformate to form o-anisidylformimidate 2.11 (Scheme 2-7a). The
asymmetrical formamidines were obtained by the reaction of formimidate with

the corresponding aniline derivative, as shown in Scheme 2-7b.
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(@) R-—NH, 4 HC(OEY),

(b) R—NVOEt + HN—R

acid > R— N« _OEt
- EtOH X~
Yield
2.10 (R =Py)> 60%
211 (R=0-MeOPh) 61%
212 (R=0-MeSPh) 64%
|
i EﬁH RTSR
Yield
213 (R=Py, R =Mes) 93%
2.14 (R=Py, R =DIPP) 90%
2.15 (R=Py, R = 0-MeOPh) 91%
216 (R=0-MeOPh,R =Mes) 92%
217 (R=0-MeOPh, R =DIPP) 91%
218 (R=0-MeSPh,R =Mes) 86%
219 (R=0-MeSPh, R =DIPP) 72%

Scheme 2-7: Synthesis of asymmetrical formamidines.

The use of catalytic amounts of hydrochloric acid and an excess of

ethylorthoformate in the first step are essential for the success of the reaction.

However, the second step of the reaction must be carried out in an acid-free

environment because any traces of acid would cause the asymmetrical
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formamidines to undergo disproportionation to the corresponding

symmetrical formamidines, as shown in Scheme 2-8.

Scheme 2-8: The impact of the presence of acid in the preparation of

asymmetrical formamidines.

2.2.1.2. Synthesis of New Symmetrical Formamidines.

For the preparation of symmetrical formamidines a previously reported
method has been used,’®% but after employing some modification in order

to improve productivity (Scheme 2-9).

AN |
- EtOH R

2 (RNH,) 4+ HC(OEY),

Yield
2.20 (R = Py) 85%

2.21 (R=0-MeOPh) 86%

Scheme 2-9: Reaction for symmetrical amidines.
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A mixture of amine, triethylorthoformate and a catalytic amount of acid are
heated as depicted in Scheme 2-9. At approximately 110 °C, the ethanol
began to distil. When 95% of the theoretical amount of ethanol had been
collected, the mixture was allowed to cool slowly. Crystals were formed by

recrystallisation from toluene and yields via this method were excellent.

2.2.2. Method of Ring-Closure.

2.2.2.1. Synthesis of Halide Salts.

Here we report a modified synthetic approach, which involves the addition
of the formamidine to a compound featuring two “di-electrophile” leaving
groups, and the use of a mild base, in this case potassium carbonate, in
order to obtain a less basic nucleophile and prepare a wide range of NHC
ligands in high yield.

This new synthetic approach has proved to be an effective method for the
synthesis of 6- and 7-membered salts. For example, 1,3-dibromopropane or
1,4-diiodobutane and the formamidine derivative were refluxed with half an
equivalent of potassium carbonate (heating is necessary to induce the ring-
closure and cleanly obtain cyclic salts, presumably due to steric hindrance)™
to afford 6-membered-HBr or 7-membered-HI salts, respectively, in excellent
yield. In order to prove the versatility of this method, we synthesised a wide

range of salts using a variety of di-electrophiles and different types of

formamidines (Scheme 2-10). All these salts were stable in air and moisture.
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X
H
o A co.meon A
RTIXANNg o+ X X 223 - Na N
Reflux R \R'
Yield
2.22.HBr (n=1,R= Py, R =Mes) 80%

2.23.HBr (n=1, R= 0-MeOPh, R" = Mes) 82%
2.24HBr (n=1,R= 0-MeOPh, R’ = DIPP) 87%
2.25.HBr (n=1,R=R"=0-MeOPh) 93%
2.26.HBr (n=1, R = 0-MeSPh, R" = Mes) 76%
2.27.HBr (n=1,R= 0-MeSPh, R" = DIPP) 72%
2.28.H (n=2,R= Py, R"=Mes) 76%
2.29.HI (n=2,R= 0-MeOPh, R’ = Mes) 86%
2.30.HI (n=2,R=o0-MeOPh, R =DIPP) 84%

2.31.HI (n=2, R=R =0-MeOPh) 88%

Scheme 2-10: Synthesis of 6- and 7-membered saturated NHC ligands.

The solvent and excess dihalide were removed under vacuum and the
resulting mixture was dissolved in dichloromethane, before filtering to remove
the potassium salts. Slow addition of diethylether to the dichloromethane
solution resulted in a high yield of pure product. Crystals suitable for X-ray
analysis were obtained by the diffusion of diethylether into a dichloromethane

solution of the NHC salt. The synthesis of these salts was confirmed by 'H,
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C NMR, mass spectroscopy, micro-analysis and X-ray crystallographic
determination.

The reaction in Scheme 2-10 proceeded rapidly for the larger ring sizes and
lesser sterically congested amidines (for example 1,4-diiodobutane with 2.16
amidine needed 24 hours to close the ring), while decreasing the ring size or
increasing steric congestion results in a longer reaction time (for example
1,3-dibromopropane with 2.17 amidine needed two weeks to close the ring).
The 5-membered NHCs were not isolated when 1,2-dibromoethane was
added to the corresponding amidine. Indeed, steric hindrance prevented the

ring-closure reaction.

2.2.2.2. Formation of Tetrafluoroborate Salts — Counter-Anion

Exchange.

All the halide salts were converted to tetrafluoroborate salts by mixing a
solution of the halide salt in acetonitrile with a solution of an excess of
sodium tetrafluoroborate in water (Scheme 2-11). The mixture was stirred for
10 minutes at room temperature. Evaporation of the solvent under vacuum
resulted in the precipitation of solids in the remaining water. The product was
dissolved in dichloromethane and the residual water was removed using a
separating funnel. Slow addition of diethylether to the dichloromethane

solution resulted in the crystallisation of the product in high yield.

54



Chapter Two

Synthesis of New Salt Precursors to Novel Expanded-Ring N-Functionalised
Heterocyclic Carbenes

1 X
A
g NaBF, _
R ~ R MeCN / Water

2.22 HBr (n=1,R= Py, R =Mes)
2.23.HBr (n=1,R= 0-MeOPh, R' = Mes)
2.24. HBr (n=1,R= 0-MeOPh, R’ = DIPP
2.25.HBr (n=1, R=R" =0-MeOPh)
2.26.HBr (n=1,R= 0-MeSPh, R' = Mes)
2.27.HBr (n=1,R= 0-MeSPh, R’ = DIPP)
228.HI (n=2,R= Py, R =Mes)
2.29.HI (n=2,R= 0-MeOPh, R = Mes)
2.30.HI (n=2,R= 0-MeOPh, R’ = DIPP)
231.HI  (n=2, R=R =0MeOPh)

Scheme 2-11: Counter-anion exchange.

2.22. HBF,
2.23. HBF,
2.24. HBF,
2.25. HBF,
2.26. HBF,
2.27. HBF,
2.28. HBF,
2.29. HBF,
2.30. HBF4

2.31. HBF,

BF

It was possible to obtain the tetrafluoroborate salts in a 6ne pot synthesis

from the corresponding formamidines. A suspension of the formamidine with

an (1-2) equivalent of the dihalide and a half-equivalent of potassium

carbonate was refluxed in acetonitrile until the ring-closure was complete (as

noted from the disappearance of the XCH, protons and appearance of the

NCH, protons in the '"H NMR). At the end of the reaction, 1.5 equivalent of

sodium tetrafluoroborate in water solution was added to the reaction mixture.
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After the mixture was stirred for 10 minutes, the solvent was removed under
vacuum, the product dissolved in dichloromethane, separated from the
remaining water and dried with magnesium sulphate. Slow addition of diethyl
ether to the dichloromethane solution produced salts in virtually quantitative

yields.

2.2.3. Solution NMR Studies.

During the preparation of the salt the reaction was followed with 'H NMR
and the reaction was complete with disappearance of the XCH, protons and
appearance of NCH, protons (Figures 2-1 and 2-2).

The exchange of the counter-anion resulted in small shifts in the 'H NMR
and *C NMR. In the '"H NMR spectra of the BF4 salt (CDCI; solvent), the N-
CnrcH-N proton was observed to move up-field while this type of change was

only observed to a small extent in '*C NMR (Table 2-1).
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BF
(0-MeO)Ph N NDIPP
(2H, m, NCH2CH 2
(1H, s, NCHN)

Figure 2-1: 1H NMR (CDCI3) for the 6-membered salt (2.24).

1.0

BF
(0-MeO)Ph N NDIPP
(1H, s, NCHN)
(4H, m, NCHzCHz)
i m 1 1 1 1-mm ] = m m m Inm #m s |l » =mwml | ===« l=o=1 111 =111
0.0 a1 70 50 SO 40 3.0 2.0

Figure 2-2: 1H NMR (CDCI3) for the 7-membered salt (2.30).
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Table 2-1: '"H NMR and *C NMR data in CDCl; for N-CypcH-N.

1 13 1 13~
. H C H C
Halide salt NMR | NMR BF, salt NMR | NMR
~ |
{WNVNM%} 2.22. HBr 9.20 150.1 2.22.BF, | 9.01 150.3
- Br
(mo,mw,gm} 2.23.HBr | 7.63 | 154.8 | 2.23.BF, | 7.53 | 155.1
r Br
(mo),,h@mp% 224.HBr | 7.56 | 154.3 | 2.24.BF, | 7.54 | 158.7
0 B’
{(QMeO)PthN(&MeO)Ph} 2.25. HBr 7.71 1547 | 2.25.BF, | 7.62 154 6
r “Br
(W,S,PhQMes 2.26.HBr | 7.55 | 154.3 | 2.26.BF, | 7.44 | 154.1
L 4
r I8
(W,S)Ph@mpp 2.27.HBr | 7.56 | 154.3 | 2.27.BF, | 7.54 | 158.7
|
{M(_DMJ 2.28.HI 8.53 1575 | 2.28.BF, | 844 | 157.7
e
m 2.29.HI 7.25 159.0 | 2.29.BF, | 7.22 159.2
|_(o—MeO)Ph Nx_NMes
[ Ik
L(O_Meo)thvapp} 2.30.H1 | 7.25 | 158.0 | 2.30.BF, | 7.23 | 1587
" |
L(O‘Meo),,wwmo_mom} 2.31.H | 7.37 | 159.0 | 2.31.BF, | 7.32 | 159.2
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In the '"H NMR of the BF, salt, in CDCl; solvent, the N-CncyH-N shifted up-
field with increasing ring size, indicating reduced acidity for this hydrogen and
increased basicity of the conjugate base of the free carbene.® 1% 6. 171 A
similar trend was not evident in the '*C NMR for the amidinium carbon (the 7-
membered rings are shifted down-field in comparison with the 6-membered

rings).

2.2.4. X-Ray Analysis.

Single-crystal X-ray diffraction data were collected for the 6- and 7-
membered salts and their ORTEP plots are shown in Figures 2-3 and 2-4
respectively.

Important bond lengths (A) and bond angles (°) for the 6- and 7-membered

salts are tabulated in Tables 2-2, 2-3, 2-4 and 2-5.
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Cc3
C2
” C12
c11
r' N2 N
01
2.22 2.23
2.24 2.25
C3
C3
Cc2
C12 Cc11 ,C2
N2 Cc4
cs N2
Cc11 c5
C12
2.26 2.27

Figure 2-3: ORTEP ellipsoid plot at 30% probability of the 6-membered salts.

Hydrogen atoms and counter anions are omitted for clarity.
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Table 2-2: Selected bond lengths (A) for the 6-membered salts.

2.22

2.23

{

2.24

2.25

2.26

2.27

C1-N1
C1-N2
C2- N1
C2-C3
C3-C4
C4-N2
C5-N1

C11-N2

1.307(4)
1.338(4)
1.482(4)
1.521(6)
1.513(5)
1.485(4)
1.455(4)

1.439(4)

1.310(4)
1.323(4)
1.485(4)
1.514(5)
1.510(5)
1.477(4)
1.453(4)

1.425(4)

1.347(6)
1.316(6)
1.472(6)
1.529(7)
1.557(7)
1.477(6)
1.442(6)

1.457(7)

1.317(2)
1.310(2)
1.479(2)
1.515(3)
1.520(3)
1.476(2)
1.427(2)

1.438(2)

1.307(3)
1.320(3)
1.480(3)
1.512(3)
1.510(3)
1.475(3)
1.307(3)

1.441(3)

1.310(4)
1.325(4)
1.480(4)
1.512(4)
1.512(5)
1.485(4)
1/446(4)

1.434(4)

Table 2-3: Selected bond angles (°) for the 6-membered salts.

2.22

2.23

2.24

2.25

2.26

2.27

N1-C1-N2
C1-N1-C2
C1-N1-C5
C2-N1-C5
C1-N2-C4
C1-N2-C11
C4-N2-C11
N1-C2-C3
N2-C4-C3

C2-C3-C4

124.9(3)
121.3(3)
117.9(3)
120.1(3)
120.3(3)
118.5(3)
121.0(3)
108.7(3)
109.8(3)

111.7(3)

124.7(3)
120.6(3)
120.1(3)
119.1(3)
119.7(7)
119.9(3)
120.4(3)
108.8(3)
109.1(3)

109.1(3)

123.1(4)
122.9(4)
120.3(4)
116.7(4)
121.0(4)
120.1(4)
118.6(4)
109.4(4)
108.6(4)

110.0(4)

124.7(18)
119.8(16)
119.7(16)
120.3(15)
122.2(16)
118.1(16)
119.6(16)
108.9(17)
108.8(17)

110.9(18)

123.8(18)
121.4(17)
120.6(16)
118.0(15)
121.1(17)
121.1(17)
117.8(17)
109.3(16)
109.6(19)

110.2(19)

123.5(3)
122.2(3)
120.4(3)
117.2(2)
120.0(3)
120.4(3)
119.5(4)
110.4(3)
109.3(3)

110.1(3)
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2.31

Figure 2-4: ORTEP ellipsoid plot at 30% probability of the 7-membered salts.

Hydrogen atoms and counter-anions are omitted for clarity.
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Table 2-4: Selected bond lengths (A) for the 7-membered salts.

2.28 2.29 2.30 2.31
C1-N1 1.313(3) 1.307(6) 1.327(9) 1.309(4)
C1-N2 1.325(3) 1.330(6) 1.301(9) 1.310(4)
C2- N1 1.501(3) 1.485(6) 1.487(10) 1.492(4)
C2-C3 1.521(3) 1.514(8) 1.524(10) 1.506(4)
c3-C4 1.528(3) 1.515(8) 1.547(10) 1.519(5)
C4-C5 1.517(3) 1.526(7) 1.506(10) 1.502(4)
C5-N2 1.483(3) 1.489(6) 1.488(10) 1.487(4)
C6-N1 1.459(3) 1.459(6) 1.467(9) 1.451(4)
C12-N2 1.477(3) 1.446(6) 1.438(9) 1.445(4)
Table 2-5: Selected bond angles (°) for the 7-membered salts.
2.28 2.29 2,30 2.31
N1-C1-N2 126.6(2) 126.2(5) 126.8(8) 129.3(3)
C1-N1-C2 125.1(19) 122.2(4) 125.0(7) 125.2(2)
C1-N1-C6 116.7(18) 119.0(4) 118.5(8) 117.7(2)
C2-N1-C6 117.3(18) 117.3(4) 116.3(6) 116.7(2)
C1-N2-C5 120.6(19) 125.3(4) 122.6(7) 124.9(2)
C1-N2-C12 118.2(19) 116.7(4) 117.8(7) 117.0(2)
C5-N2-C12 121.2(19) 117.9(4) 119.4(6) 117.6(2)
N1-C2-C3 112.1(18) 113.3(4) 112.9(6) 113.4(2)
N2-C5-C4 112.3(2) 112.1(4) 112.3(6) 113.2(3)
C2-C3-C4 113.5(2) 112.3(4) 114.4(6) 116.9(3)
C3-C4-C5 111.0(2) 113.1(5) 112.0(8) 116.4(3)
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When the saturated 6- and 7-membered salts were compared with similar
5-membered salts, a widening of the NCN angle (126°-129° for the 7-
membered salts, and 123°-124° for the 6-membered salts) was observed as
the size of the ring increased but there was no significant difference in bond
lengths (Tables 2-2 and 2-4), and they are consistent with the values
reported in the literature.!® ' 6 7] There is a significant increase noted in the
NCN angle between the expanded carbenes and that generally reported
(115°) for the 5-membered imidazolium salts (Tables 2-3 and 2-5).[4043]

The C1-N1-C2 and C1-N2-C5 carbon ring angles in the 7-membered salts
range from 121° to 125°. This fact, together with the large N-C1-N angle
forced the carbene ring of the salt to adopt a chair type conformation with C3
and C4 above or below the N-C-N plane.l'% '

The torsional angle (B) defined by the angle between C2-N1....N2-C5, in
the 7-membered salt, or C2-N1....N2-C4, in the 6-membered salt, functions
as a mechanism to release the steric tension resulting from the expansion of
the ring. For example the twisting of the ring in the 7-membered salt (2.30)
results in a torsional angle of 28.26°, whereas in the analogous 6-membered

salt (2.24) the torsional angle deviated from planarity by only 5.27°.

The expansion of the ring from 6- to 7-membered does not lead to a
significant augmentation of the NCN angle. In this case, the additional strain
arising from the expansion of the ring results in an increase of the torsion
angle (B) and a tetrahedral deviation of the ring carbon atoms (Tables 2-6

and 2-7).

64



Chapter Two

Synthesis of New Salt Precursors to Novel Expanded-Ring N-Functionalised

Heterocyclic Carbenes

Table 2-6: The torsion angle (B) (°) in the 6-membered salts.

Salt 222 | 223 | 224 | 225 | 2.26 2,27
C2N1....N2C4 (B) (°) 167 | 045 | 527 | 3.88 | 0.17 5.92
Table 2-7: The torsion angle (B) (°) in the 7-membered salts.
Salt 2.28 2.29 2.30 2.31
C2N1....N2C5 (B) (°) 29.06 26.36 28.26 0.99

The dihedral angle between the functional group (Py, o-MeOPh and o-

MeSPh) and the carbene ring is shown in Tables 2-8 and 2-9.

The dihedral angle between the (C4-N2-C11-C12) in the 2.24 salt is

approximately 114.30° while the dihedral angle between the (C5-N2-C12-

C13) of the 2.30 salt is 51.82°.
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Table 2-8: The dihedral angles (°) between the (C4-N2-C11-C12) in the 6-

membered salts.

Salt Dihedral angle (°)
s
N NMes 2.22 1.91
! N
~ BF,
Qms 2.23 53.80
OMe
~ 71BF,
@,QDWP 2.24 114.30
OMe
B Bl

m 2.25 75.71

@[ N VN(O—MEO) Ph

OMe

— —

- "|BF,
() Mes 2.26 86.20

- (\| Taa

@NVNDIPP

SMe

2.27 105.95

66



Chapter Two
Synthesis of New Salt Precursors to Novel Expanded-Ring N-Functionalised
Heterocyclic Carbenes

Table 2-9: The dihedral angles (°) between the (C5-N2-C12-C13) in the 7-

membered salts.

Salt Dihedral angle (°)
— BF,
N NMes 2.28 14.14
LN

~ ~BF,

Nx._NMes 229 54 44
_QOMe B
r T1BF,

QD'PP 2.30 51.82
_@OMG —
~ ~\BF,

Q«»Meowh 2.31 103.33
e

2.2.5. Synthesis of Compounds with Alternative Ring-Closure.

It is noteworthy that, despite the versatility of the new method for ring-

closure, some attempts were unsuccessful because of the nature of the N-
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substituent. During the synthesis of salts containing a pyridine substituent,
2.32, an alternative ring-closure, via the N of the pyridine ring, was observed,

giving rise to a novel ionic-fused ring product 2.33 (Scheme 2-12).

™ 1
A
K,CO
NN TN+ ieH) —— ~ | 232
| H MeCN \
N N
30%
+
!
+
N NN 2.33
«
70%
a, R = DIPP
b, R = 0-MeOPh

Scheme 2-12: Synthesis of a novel ionic-fused ring product.

The most notable changes in the 'H NMR spectra of isomer 2.32 and 2. 33
are the NCHN and the o-pyridine proton resonances. The pyridine proton
adjacent to the nitrogen shows a large down-field shift from 8.25 ppm in 2.32

compared to 9.68 ppm in 2.33 (Table 2.10).
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Table 2-10: 1H NMR data in CDCI3for compounds 2.32a and 2.33a.

1H NMR
NCHN o-pyridine proton NCH2 NCH2CH:
(s, 1H) (t, 2H) (m, 2H)
2.32a 8.59 8.25 493 , 4.44 251 , 242
2.33a 7.69 9.68 498 , 4.14 234 , 201

Separation of 2.32 and 2.33 was achieved using toluene. Compound 2.33a
was obtained as yellow crystals which were characterised by single crystal X-
ray analysis (Figure 2-5). Selected bond lengths and bond angles for

compound 2.33a are shown in Table 2-11.

Cc3 C5

Cc2
N3

N2
c C6

Figure 2-5: ORTEP ellipsoid plot at 30% probability of the compound 2.33a.

Hydrogen atoms and the counter- anion are omitted for clarity.
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Table 2-11: Selected bond lengths (A) and bond angles (°) for 2.33a.

Lengths (A) Angles(°)

C1-N1 1.266(12) N1-C1-N2 119.5(8)
C1-N2 1.399(11) C1-N2-C6 119.4(7)
C2-N1 1.500(12) N2-C6-N3 118.5(7)
C12-N1 1.419(11) C6-N3-C5 119.7(8)
C6-N2 1.368(12) N3-C5-C4 112.1(8)
C6-N3 1.378(11) C5-C4-C3 110.6(8)
C5-N3 1.475(11) C4-C3-C2 113.0(8)
C5-C4 1.531(14) C2-N2-C6 124.3(7)
C4-C3 1.540(14) C1-N1-C12 120.0(8)
C3-C2 1.005(10)

The formation of the two compounds, 2.32 and 2.33, would appear to result
from the presence of two isomers of the formamidine (Figure 2-6), as
indicated from 'H NMR (there are two singlet peaks for N-H, R = DIPP, one
at 10.11 ppm and another at 12.23.ppm). Isomer b apparently favours the

formation of 2.33.
N N
H

a b

Figure 2-6: The two isomers of the formamidine.
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2.3. Experimental.

General remarks.

The solvents (dichloromethane, acetonitrile and diethylether) were used as
purchased. All reagents (1,3-dibromopropane, 1,4-diiodobutane, 2-
aminopyridine, o-anisidine, 2-(methylmercapto)aniline, 2,4,6-trimethylaniline,
2 ,6-diisopropylaniline, triethylorthoformate and sodium tetrafluoroborate)
were used as received. 'H and *C {'H} NMR spectra were obtained on
Bruker Avance AMX 400, 500 or Jeol Eclipse 300 spectrometers. The
chemical shifts are given as dimensionless & values and are frequency-
referenced relative to TMS. Coupling constants J are given in hertz (Hz) as
positive values regardless of their real individual signs. High-resolution mass
spectra were obtained in electrospray (ES) mode, unless otherwise reported,

on a Waters Q-TOF micromass spectrometer.

General protocol for the synthesis of the halide salts.

A mixture of 1 mmol of amidine, 0.5 mmol of K,CO3 and 1-2 mmol of
dihalide in 25 ml of acetonitrile was heated under reflux. At the end of the
reaction, the volatiles were removed under vacuum and the residue freed of
residual solvent by stirring with 3 portions of 5 ml of dichloromethane which

were subsequently pumped off. The residue is dissolved in 5 ml of
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dichloromethane and filtered through filter paper. Ether was slowly added to

the resulting dichloromethane solution until the product started crystallising.

General protocol for the synthesis of the tetrafluoroborate salts.

A mixture of 1 mmol of salt in 10 ml of acetonitrile and 1.5 mmol of NaBF,
in 10 ml of distilled water. The mixture was evaporated until a yellow solid
product precipitated in the aqueous layer. The filtered product was dissolved
in dichloromethane. By using a separating funnel the yellow organic layer
was isolated and dried with magnesium sulphate. Ether was slowly added to

the resulting dichloromethane solution until the product started crystallising.

Ethylanisidylformimidate (2.11).

(&MeO)PthOEt o-Anisidine (24.6g, 0.20 mol), triethylorthoformate
(50ml, excess) and two drops of 2M HCI were
charged in to a 200 mi flask. The flask was heated slowly using a heating
mantle. At approximately (110 °C), ethanol began to distil. When 95% (22ml)
of the theoretical amount of ethanol had been collected, the flask was
allowed to cool slowly. The excess of triethylorthoformate was removed by
vacuum distillation at (60-80 °C) using a pump (10 mmHg). Upon further
heating, the final product, a pale yellow liquid distilled at (100-120 °C). The
yield was 22g, 61%.
'H NMR (CDCl5, 400 MHz, 298 K): 8 7.63 (1H, s, NCH), 7.02 (1H, d, o-CH),

6.96 (1H, t, m-CH), 6.80 (1H, t, p-CH), 6.73 (2H, d, m-CH), 4.27 (2H, q,
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OCH,CHs), 3.72 (3H, s, OCHs) 1.29 (3H, t, OCH,CHs). >*C NMR (CDCls, 100

MHz, 298 K): 8 156.2 (s, NCN), 152.3 (s, Ar-C), 151.7 (s, Ar-C), 125.3 (s, Ar-
CH), 122.6 (s, Ar-CH), 121.5 (s, Ar-CH), 111.7 (s, Ar-CH), 62.6 (s,

OCH,CH3), 55.9 (s, OCHs), 14.7 (s, OCH,CHj3).
Ethyl (2-methyithiophenyl) formimidate (2.12).

(0-MeS)Ph NVOEt 2-(methylmercapto)aniline (27.8 g, 0.20 mol),
triethylorthoformate (50 ml, excess) and two
drops of 2M HCI were charged in to a 200 ml flask. The flask was heated
slowly using a heating mantle. At approximately (110 °C), ethanol began to
distil. When 95% (22 ml) of the theoretical amount of ethanol had been
collected, the flask was allowed to cool slowly. The excess of
triethylorthoformate was removed by vvacuum distillation at (60-80 °C) using
a pump (10 mmHg). Upon further heating, the final product, a pale yeliow
liquid, distilled at (120-150 °C). The yield was 21g, 64%.
'"H NMR (CDCl3, 400 MHz, 298 K): & 7.53 (1H, s, NCH), 7.00 (1H, d, 0-CH),
6.95 (1H, t, m-CH), 6.92 (1H, t, p-CH), 6.64 (2H, d, m-CH), 4.27 (2H, q,
OCH,CHa), 2.28 (3H, s, SCHs), 1.31 (3H, t, OCH,CHs). *C NMR (CDCls,
100 MHz, 298 K): 5 155.4 (1C, s, NCHN), 145.5 (1C, s, Ar-C), 133.3 (1C, s,
Ar-C), 125.4 (s, Ar-CH), 125.2 (s, Ar-CH), 124.7 (s, Ar-CH), 119.6 (s, Ar-CH),

63.1 (s, OCH,CHj3), 14.9 (s, SCH3), 14.7 (s, OCH2CHz).
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N-(2-pyridyl) -N"- (2, 4, 6-trimethylphenyl) formamidine (2.13).

H A 50 ml acid-free flask was charged with
PVNYFLIMes ethylpyridylformimidate (4.50 g, 30.0 mmol) and 2,4,6-
H trimethylaniline (4.05 g, 30.0 mmol). The mixture
solidified after stirring for 1 hour at 50 °C. The residue was recrystallised from
toluene affording white crystals. Yield: 6.7 g (93%).
'"H NMR (CDCl;, 400 MHz, 298 K): & 8.94 (1H, s, NH), 8.43 (1H, s, NCHN),
8.15 (1H, d, m-CHgy), 7.52 (1H, t, p-CHpy), 7.31 (1H, d, 0-CHpy), 6.88 (1H, t,
m-CHpy) , 6.83 (2H, s, m-CHpes), 2.26 (3H, s, p-CHs mes), 2.12 (6H, s, 0-CHs
Mes)- °C NMR (CDCls, 100 MHz, 298 K): 5 154.4 (s, NCN), 150.4 (s, Ar-Cpy),
148.1 (s, Ar-CHpy), 138.0 (s, Ar-Cpues), 129.3 (s, Ar-Cwes), 128.8 (s, Ar-Cwes),

121.9 (s, Ar-CHmes), 117.4 (s, Ar-CHpy), 111.5(s, Ar-CHpy), 20.8 (s, p-CHj3),
18.6 (s, 0-CHa).

N-(2-pyridyl) -N"- (2, 6-diisopropylphenyl) formamidine (2.14).

H A 50 ml acidfree flask was charged with
PYNY’QDW’P ethylpyridylformimidate (4.50 g, 30.0 mmol) and 2,6-
H diisopropylaniline (5.32 g, 30.0 mmol). The mixture
solidified after stirring for 1 hour at 50 °C. The residue was recrystallised from
toluene affording white crystals. Yield: 7.6 g (90%).
'"H NMR (CDCls, 400 MHz, 298 K): & 10.07 (1H, s, NH), 8.41 (1H, s, NCHN),
8.13 (1H, d, 0-CHpy), 7.35 (1H, t, p-CHpy), 7.15 (1H, t, p-CHpiep), 7.11 (1H,

d, m-CHpy), 6.86 (1H, t, m-CHpy) ), 6.58 (2H, d, m-CHpep), 3.16 (2H, sept.,
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CH(CHs), oip), 1.24 (6H, d, CH(CHs)2 oiee), 1.21 (6H, d, CH(CHs)2 piep). 1°C

NMR (CDCls, 100 MHz, 298 K): & 153.7 (s, NCN), 148.9 (s, Ar-Cpy), 140.7 (s,
Ar-CHpy), 139.1 (s, Ar-Copep), 124.2 (s, Ar-Copp), 123.5 (s, Ar-CHppp), 122.3
(s, Ar-CHpy), 118.6 (s, Ar-CHpipp), 111.1(s, Ar-CHpy), 109.2(s, Ar-CHpy), 28.9

(s, CH(CHs3)2), 24.2 (s, CH(CHa3)2), 23.9 (s, CH(CHa3),).
N-(2-pyridyl)-N"-(2-anisidyl) formamidine (2.15).

H A 50 ml acid-free flask was charged with
Py NYKJ(O-MeO)Ph ethylpyridylformimidate (4.50 g, 30.0 mmol) and
H o-anisidine (3.69 g, 30.0 mmol). The mixture
solidified after stirring for 1 hour at 50 °C. The residue was recrystallised from
toluene affording white crystals. Yield: 6.2 g (91%).
'H NMR (CDCl;, 400 MHz, 298 K): 8 9.02 (1H, s, NH), 8.43 (1H, d, 0-CHpy)
8.26 (1H, d, 0-CHomeorn), 7.61 (1H, s, NCHN), 7.52 (1H, t, p-CHpy), 7.17 (1H,
t, m-CHomeorn), 7.14 (1H, d, m-CHpy), 6.93 (1H, t, m-CHpy), 6.91 (1H, t, p-
CHomeorn), 6.83 (1H, d, m-CHomeorn), 3.77 (3H, s, OCHaomeorn). '°C NMR
(CDCls, 100 MHz, 298 K): 6 149.7 (s, NCN), 148.7 (s, Ar-Cpy), 147.2 (s, Ar-
Comeorn), 146.5 (s, Ar-CHpy), 138.4 (s, Ar-Comeorn), 129.5 (s, Ar-CHomeorn),
124.2(s, Ar-CHomeoprn), 122.5 (s, Ar-CHpy), 121.5 (s, Ar-CHomeorn), 118.9 (s,

Ar-CHpy), 116.9 (s, Ar-CHomeorn), 114.6 (s, Ar-CHgmeorn), 56.0 (s, OCHs).
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N-(2-anisidyl)-N"-(2, 4, 6-trimethylphenyl) formamidine (2.16).

H A 50 ml acid-free flask was charged with
(0-MeO)Ph Nylil Mes ethylanisidylformimidate (5.37 g, 30.0 mmol) and
H 2,4 6-Trimethylaniline (4.05 g, 30.0 mmol). The
mixture solidified after stirring for 3 hours at 50 °C. The residue was
recrystallised from toluene affording white crystals. Yield: 7.4 g (92%).
'H NMR (CDCl;, 400 MHz, 298 K): 8 7.71 (1H, d, 0-CHomeopn), 7.62 (1H, s,
NCHN), 7.37 (1H, s, NH), 6.95 (1H, t, m-CH,meopn), 6.86 (1H, t, p-CH,
meoph), 6.75 (1H, d, m-CHymeorn), 6.52 (2H, s, m-CHpmes), 3.19 (3H, s, OCH3
Meoph), 2.12 (3H, s, p-CHs mes), 2.04 (6H, s, 0-CHs mes). °C NMR (CDCls, 100
MHz, 298 K): & 148.4 (s, NCN), 142.8 (s, Ar-Comeorh), 130.0 (s, Ar-Cyes),
129.3 (s, Ar-Cwmes), 129.1 (s, Ar-Cpues), 128.5 (s, Ar-Comeorn), 123.1 (s, Ar-
CHomeorn), 122.4 (s, Ar-CHumes), 121.4 (s, Ar-CHomeorn), 114.5 (s, Ar-CH,
meoph), 111.2 (s, Ar-CHgmeorn), 56.1 (s, OCHa3), 21.1 (s, p-CH3), 19.1 (s, o-
CH3).

N-(2-anisidyl)-N"-(2, 6-diisopropylphenyl) formamidine (2.17).

H A 50 ml acid-free flask was charged with
(O-MGO)PhNlelDPP ethylanisidylformimidate (5.37 g, 30.0 mmol)
H and 2,6-diiospropylaniline (5.32 g, 30.0 mmol).

The mixture solidified after stirring for 3 hours at 50 ©C. The residue was

recrystallised from toluene affording white crystals. Yield: 8.5 g (91%).
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'H NMR (CDCls, 400 MHz, 298 K): & 7.84 (1H, d, 0-CHowmeorn), 7.77 (1H, s,

NCHN), 7.44 (1H, s, NH), 7.29 (1H, t, m-CHomeorn), 7.10 (1H, t, P-CHpipp),
6.94 (2H, d, m-CHppep), 6.87 (1H, t, p-CHomeorn), 6.75 (1H, d, m-CHomeopn),
3.86 (3H, s, OCHsomeorn), 3.14 (2H, sept., CH(CH3)2 piep), 1.25 (12H, d,
CH(CHs)2 piep). °C NMR (CDCls, 100 MHz, 298 K): & 148.2 (s, NCN), 147.2
(s, Ar-Comeorn), 143.2 (s, Ar-Copp), 140.6 (s, Ar-Copp), 139.2 (s, Ar-Co.
meorh), 124.2 (s, Ar-CHomeort), 123.8 (s, Ar-CHppp), 123.3 (s, Ar-CHopp),
121.6 (s, Ar-CHomeopn), 114.7 (s, Ar-CHomeopn), 111.2 (s, Ar-CHomeopn), 56.1

(s, OCHs3), 28.2 (s, CH(CHa3)2), 24.1 (s, CH(CHa)2), 23.9 (s, CH(CH3)2).
N-(2-methylthiophenyl)-N"-(2, 4, 6-trimethylphenyl) formamidine (2.18).

H A 50 ml acid-free flask was charged with ethyl(2-
(O'MeS)PhNYfI“MES methylthiophenyl)formimidate (5.85 g, 30.0
H mmol) and 2,4,6-Trimethylaniline (4.05 g, 30.0
mmol). The mixture solidified after stirring for 3 hours at 50 °C. The residue
was recrystallised from toluene affording white crystals. Yield: 7.3 g (86%).
'"H NMR (CDCls, 400 MHz, 298 K): 5 7.82 (1H, s, NH), 7.68 (1H, d, 0-CH,-
mesph), 7.58 (1H, s, NCHN), 7.25 (1H, t, m-CHomespn), 7.07 (1H, t, p-CH,
mesph), 6.92 (1H, d, m-CHymespn), 6.83 (2H, s, m-CHwmes), 2.33 (3H, s, SCH; o
Mesph), 2.18 (3H, s, p-CHs mes), 2.04 (6H, s, 0-CHs mes). '°C NMR (CDCl3, 100
MHz, 298 K): & 149.6 (s, NCN), 133.8 (s, Ar-Comesph), 131.0 (s, Ar-Cpes),
128.9 (s, Ar-Cues), 128.2 (s, Ar-Cumes), 127.7 (s, Ar-Comespn), 125.3 (s, Ar-

CHomespn), 123.1 (s, Ar-CHwmes), 119.3 (s, Ar-CHomespn), 116.6(s, Ar-CH,
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mesph), 114.6 (s, Ar-CHgmespn), 18.6 (s, p-CH3), 17.3 (s, 0-CHj;), 14.2 (s,
SCHs).

N-(2-methylthiophenyl)-N"-(2, 6-diisopropylphenyl) formamidine (2.19).

H A 50 ml acid-free flask was charged with
(0-MeS)Ph N« lllDIPP ethyl(2-methylthiophenyl)formimidate (5.85 g,
T 30.0 mmol) and 2,6-diiospropylaniline (5.32
g, 30.0 mmol).The mixture solidified after stirring for 3 hours at 50 °C. The
residue was recrystallised from toluene affording white crystals. Yield: 7.1 g
(72%).
'H NMR (CDCls, 400 MHz, 298 K): & 8.10 (1H, s, NH), 7.93 (1H, d, 0-CH,
mesph), 7-71 (1H, s, NCHN),7.16 (1H, t, m-CHomesph), 7.12 (1H, t, P-CHpipp),
7.05 (2H, d, m-CHppp), 6.92 (1H, t, p-CHomespn), 6.83 (1H, d, m-CHomesph),
3.13(2H, sept., CH(CHs)2 oiep), 2.34 (3H, s, SCH3 omespn), 1.12 (12H, d,
CH(CHs)2 pipp). °C NMR (CDCl5, 100 MHz, 298 K): 6 155.5 (s, NCN), 142.6
(s, Ar-Comesph), 133.8 (s, Ar-Cpipp), 132.8 (s, Ar-Cpipp), 129.4 (s, Ar-Comesph),
125.5 (s, Ar-CHomespn), 124.7 (s, Ar-CHpipp), 123.9 (s, Ar-CHpep), 119.6 (s,
Ar-CHomespn), 118.9 (s, Ar-CHomespn), 114.2 (s, Ar-CHomespn, 28.4 (s,

CH(CHs)2 pipp) 24.1 (s, CH(CHs)y), 18.5 (s, CH(CHa)2), 14.9 (s, SCH3)).
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N-N'-di(2-pyridyl) formamidine (2.20).

H 2-Aminopyridine (9.40 g, 0.10 mol), triethylorthoformate
PYNYTLPy (16.65 ml, 0.10 mol) and two drops of 2M HCI were
H charged in to a 200 ml flask. The mixture was heated
using a heating mantle at 110 °C for 24 hours. The resulting mixture was
allowed to cool slowly, white solid were obtained by recrystallisation from
toluene. The yield was 8g, 82%.
'H NMR (CDCl3, 400 MHz, 298 K): 8 9.50 (1H, s, NH), 8.52 (2H, d, 0-CH)
8.32 (1H, s, NCHN), 7.61 (2H, t, p-CH), 7.23 (2H, d, m-CH), 6.95 (1H, t, m-
CH). >C NMR (CDCl;, 100 MHz, 298 K): 5 150.6 (s, NCN), 147.5 (s, Ar-C),

145.0 (s, Ar-CH), 121.7 (s, Ar-CH), 117.6(s, Ar-CH), 109.7 (s, Ar-CH).
N-N’"-di(2-anisidyl) formamidine (2.21).

H o-Anisidine (12.32 g, 0.10 mol),
(o—MeO)PhNYril(o—MeO)Ph triethylorthoformate (16.65 ml, 0.10 mol)
H and two drops of 2M HCI were charged in
to a 200 ml flask. The mixture was heated using a heating mantle at 110 °C
for 24 hours. The resulting mixture was allowed to cool slowly, white solid
were obtained by recrystallisation from toluene. The yield was 11g, 86%.
'H NMR (CDCls, 400 MHz, 298 K): & 8.16 (1H, s, NCHN), 7.73 (1H, s, NH),
7.04 (2H, d, o-CH), 6.95 (2H, t, m-CH), 6.85 (2H, t, p-CH), 6.85 (2H, d, m-

CH), 3.78 (6H, s, OCHs). *C NMR (CDCls;, 100 MHz, 298 K): & 150.4 (s,
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NCN), 147.7 (s, Ar-C), 135.2 (s, Ar-C), 123.8 (s, Ar-CH), 121.5 (s, Ar-CH),

117.6 (s, Ar-CH), 111.4 (s, Ar-CH), 56.1 (s, OCHs).

1-(2-pyridyl)-3-(2, 4, 6-trimethylphenyl)-3, 4, 5, 6-tetrahydro-3H-[1, 3]

pyrimidinium bromide (2.22).

B The reaction was performed on a 10 mmol scale
r

of formamidine (2.39 g), 0.7 g of K,CO3 (5.0
PvaNMes mmol) and 2.03 ml of 1,3-dibromopropan (20.0
mmol) in 250 ml acetonitrile. The solution was
heated under reflux for 5 days to yield 2.90 g (80%) of yellow, crystalline
material.
'"H NMR (CDCl3, 400 MHz, 298 K): 8 9.20 (1H, s, NCHN), 8.297 (1H, d, >Jun
= 6.3, 0-CHpy), 7.92 (1H, t, 3Jun = 6.4, p-CHpy), 7.56 (1H, d, *Jun = 6.3, m-
CHpy), 7.26 (1H, t, 3Jun = 6.4, m-CHpy), 6.95 (2H, s, m-CHuyes), 4.41 (2H, t,
3Jun = 5.2, NCH,), 4.05 (2H, t, 3Jun = 5.2, NCHa), 2.55 (2H, m, NCH,CH,),
2.29 (6H, s, 0-CHs mes), 2.27 (3H, s, p-CHj3 pmes). '°C NMR (CDCls, 100 MHz,
298 K): 5 150.1 (s, NCN), 149.6 (s, Ar-Cpy), 149.3 (s, Ar-CHp,), 140.3 (s, Ar-
Cwes), 136.1 (s, Ar-Cues), 133.3 (s, Ar-Cues), 129.4 (s, Ar-CHwes), 122.3 (s,
Ar-CHpy), 111.8 (s, Ar-CHp,), 47.2 (s, NCH), 42.6 (s, NCH), 20.7 (s,
NCH,CH), 19.1 (s, p-CH3), 17.5 (s, 0-CHs3). Anal. Found (Calcd) for:
C1gH22N3Br C, 58.83 (58.88); H, 5.98 (5.99); N, 11.39 (11.45). HRMS (ES):

m/z 280.1813 ([M-Br]* C4gH22N; requires 280.1814).
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1-(2-pyridyl)-3-(2, 4, 6-trimethylphenyl)-3, 4, 5, 6-tetrahydro-3H-[1, 3]

pyrimidinium tetrafluoroborate.

BF A solution of pyrimidinium salt 2.10 g (6.0 mmol)
4

in 30 ml acetonitrile was mixed with a solution of
PN ~NMes sodium tetrafluoroborate 0.99 g (9.0 mmol) in 30
ml distilled water. Pale yellow crystals were formed (1.90 g, 86%).
'H NMR (CDCl3, 400 MHz, 298 K): 5 9.01 (1H, s, NCHN), 8.25 (1H, d, 3Jun =
6.3, 0-CHpy), 7.87 (1H, t, Jun = 6.7, p-CHpy), 7.48 (1H, d, 3Jun = 6.3, m-
CHpy), 7.24 (1H, t, *Jun = 6.7, m-CHpy), 6.93 (2H, s, m-CHyes), 4.24 (2H, t,
*Jun = 5.5, NCHy), 3.82 (2H, t, 3Jun = 5.5, NCHa), 2.55 (2H, m, NCH.CH,),
2.29 (6H, s, 0-CHs wmes), 2.27 (3H, s, p-CHz mes). °C NMR (CDCls, 100 MHz,
298 K): © 150.3 (s, NCN), 149.4 (s, Ar-Cpy), 147.1 (s, Ar-CHpy), 139.4 (s, Ar-
Cwmes), 136.1 (S, Ar-Cumes), 133.3 (s, Ar-Cues), 129.2 (s, Ar-CHues), 122.3 (s,
Ar-CHpy), 111.8 (s, Ar-CHpy), 46.2 (s, NCH3), 41.6 (s, NCH;), 19.9 (s,

NCH,CHy), 18.1 (s, p-CH3), 16.6 (s, 0-CHs3).

1-(2-anisidyl)-3-(2, 4, 6-trimethylphenyl)-3, 4, 5, 6-tetrahydro-3H-[1, 3]

pyrimidinium bromide (2.23).

The reaction was performed on a 10
Br

mmol scale of formamidine (2.68 g), 0.7 g

MeO)Ph
(0-MeQ)PhN . NMes of K2CO;3 (5.0 mmol) and 2.03 ml of 1,3-
dibromopropan (20.0 mmol) in 250 ml acetonitrile. The solution was heated

under reflux for 48 hours to yield 3.22 g (82%) of white, crystalline material.
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'H NMR (CDCls, 400 MHz, 298 K): 8 7.77 (1H, d, *Jun = 6.7, 0-CHomeopn),

7.63 (1H, s, NCHN), 7.34 (1H, t, 3Jun = 6.8, m-CHomeort), 7.02 (1H, t, 3Jun =
6.8, P-CHowmeorn), 6.94 (1H, d, 3Jun = 6.7, m-CHomeorn), 6.89 (2H, s, m-
CHhwes), 4.26 (2H, t, *Jun = 5.7, NCHy), 3.97 (2H, t3Juy = 5.7, NCH, ), 3.82
(3H, s, OCHs omeopn), 2.56 (2H, m, NCH,CH3), 2.33 (BH, s, 0-CHs wmes), 2.24
(3H, s, p-CHs mes). °C NMR (CDCl3, 100 MHz, 298 K): 5 154.8 (s, NCN),
153.0 (s, Ar-Comeorn), 140.7 (s, Ar-Cumes), 137.0 (s, Ar-Cwmes), 135.0 (s, Ar-
Cwmes), 131.4 (s, Ar-Comeorn), 130.4 (s, Ar-CHomeorn), 129.7 (s, Ar-CHues),
127.8 (s, Ar-CHomeorn), 122.2 (s, Ar-CHomeorn), 112.5 (s, Ar-CHomeopn), 56.6
(s, OCH3 omeorn), 48.1 (s, NCHy), 47.1 (s, NCHy), 21.4 (s, NCH,CHy), 20.1
(s, p-CH3 mes), 18.4 (s, 0-CH3 mes). Anal. Found (Calcd) for CyoH25N2OBr: C,
62.15 (61.71); H, 6.55 (6.43); N, 7.59 (7.20). HRMS (ES): m/z 309.1954 ([M-

Br]* C2oH25N20 requires 309.1967).

1-(2-anisidyl)-3-(2, 4, 6-trimethylphenyl)-3, 4, 5, 6-tetrahydro-3H-[1, 3]

pyrimidinium tetrafluoroborate.

BF, A solution of pyrimidinium salt 2.32 g
(6.0 mmol) in 30 ml acetonitrile was
(0-MeO)Ph N _~NMes
mixed with a solution of sodium
tetrafluoroborate 0.99 g (9.0 mmol) in 30 ml distilled water. White crystals
were formed (2.10 g, 88%).
'H NMR (CDCl3, 400 MHz, 298 K): 8 7.59 (1H, d, 3Jun = 6.7, 0-CHomeoph),
7.53 (1H, s, NCHN), 7.32 (1H, t, *Jun = 6.8, m-CHomeorn), 7.00 (1H, t, *Jun =

6.8, P-CHo.Meoph), 6.94 (1H, d, 3JHH = 6.7, m—CHo_Meoph), 6.88 (2H, s, m-
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CHoues), 3.96 (2H, t, *Jun = 5.7, NCHo), 3.83 (3H, s, OCHj o.meopn), 3.76 (2H,

t 3 = 5.7, NCH, ), 2.47 (2H, m, NCH,CH,), 2.27 (6H, s, 0-CHs Mes), 2.20
(3H, s, p-CHj3 mes).

3C NMR (CDCl3, 100 MHz, 298 K): & 155.1 (s, NCN), 153.2 (s, Ar-Coameopn),
140.7 (s, Ar-Cues), 137.1 (s, Ar-Cwmes), 135.1 (s, Ar-Cmes), 131.5 (s, Ar-C,.
meoprh), 130.4 (s, Ar-CHomeorn), 129.8 (s, Ar-CHues), 127.6 (s, Ar-CHomeorn),
122.3 (s, Ar-CHomeorn), 112.5 (s, Ar-CHomeorn), 56.5 (s, OCHs omeopn), 47.5
(s, NCH;), 46.7 (s, NCH,), 21.4 (s, NCH2CH,), 19.8 (s, p-CHs wes), 17.8 (s, 0-
CH3 mes).

1-(2-anisidyl)-3-(2, 6-diisopropylphenyl)-3, 4, 5, 6-tetrahydro-3H-[1, 3]

pyrimidinium bromide (2.24).

B The reaction was performed on a 10
r

mmol scale of formamidine (3.10 g), 0.7 g
(0-MeQ)Ph NVNDIPP of K;CO3 (5mmol) and 2.03 mi of 1,3-
dibromopropan (20. mmol) in 250 ml acetonitrile. The solution was heated
under reflux for 2 weeks to yield 3.75 g (87%) of white, crystalline material.
'H NMR (CDCls, 400 MHz, 298 K): & 7.88 (1H, d, 3Jun = 6.7, 0-CHomeopn),
7.56 (1H, s, NCHN), 7.37 (1H, t, *Juy = 6.8, m-CHomeopn), 7.34 (1H, t, *Jun =
7.8, -CHpiep), 7.20 (2H, d, *Jun = 7.8, m-CHpiep), 7.04 (1H, t, *Jun = 6.8, p-
CHowmeorn), 6.94 (1H, d, 3Jun = 6.7, m-CHomeorr), 4.38 (2H, t, Jun = 5.5,
NCH,), 4.02 (2H, t, *Jun = 5.5, NCH,), 3.83 (3H, s, OCHs omeopn), 3.14 (2H,
sept., 3Jun = 6.8, CH(CHa3)2 piep), 2.59 (2H, m, NCH,CH,), 1.27 (6H, d, *Jun =

6.8, CH(CH?=)2 pipp), 1.17 (6H, d, *Jun = 6.8, CH(CH:)2 piep). "°C NMR (CDCls,
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100 MHz, 298 K): 8 154.3 (s, NCN), 152.9 (s, Ar-Comeort), 149.3 (s, Ar-

Cowrp), 136.7 (s, Ar-Cpip), 131.6 (s, Ar-Comeorn), 131.5 (s, Ar-CHomeopn),
129.7 (s, Ar-CHoipp), 128.1 (s, Ar-CHpipp), 125.5 (s, Ar-CHowmeopn), 122.4(s,
Ar-CHomeopn), 112.5 (s, Ar-CHomeorn), 56.6 (s, OCHs), 48.9 (s, NCH,), 48.4
(s, NCH,), 28.9 (s, CH(CHa)z), 25.1 (s, NCH2CHy), 24.8 (s, CH(CHs)2), 20.0
(s, CH(CHs)2). Anal. Found (Calcd) for: Ca3H3iN,OBr C, 63.92 (64.05); H,
7.33 (7.19); N, 6.36 (6.50). HRMS (ES): m/z 351.2437 (IM-Br]* C3H31N,O

requires 351.2436).

1-(2-anisidyl)-3-(2, 6-diisopropylphenyl)-3, 4, 5, 6-tetrahydro-3H-[1, 3]

pyrimidinium tetrafluoroborate.

BE A solution of pyrimidinium salt 2.58 g
4

(6.0 mmol) in 30 ml acetonitriie was
(O.MeO)PhNVNDIPP mixed with a solution of sodium
tetrafluoroborate 0.99 g (9.0 mmol) in 30 mi distilled water. White crystals
were formed (2.33 g, 89%).
'H NMR (CDCls, 400 MHz, 298 K): & 7.59 (1H, d, *Jun = 6.7, 0-CHomeoph),
7.54 (1H, s, NCHN), 7.38 (1H, t, 3Jun = 6.8, m-CHomeorn), 7.35 (1H, t, *Jun =
7.8, p-CHowep), 7.18 (2H, d, 3Jun = 7.8, m-CHpep), 7.03 (1H, t, *Jun = 6.8, p-
CHomeorn), 6.96 (1H, d, 3Jun = 6.7, m-CHomeorn), 4.03 (2H, t, *Juy = 5.5,
NCH.), 3.85(3H, s, OCH3 omeorn), 3.81 (2H, t, *Jun = 5.5, NCHj), 3.03 (2H,
sept., 3Jun = 6.8, CH(CHa)2 pipp), 2.55 (2H, m, NCH,CH,), 1.28 (6H, d, *Jun =
6.8, CH(CHs)2 piep), 1.21 (BH, d, *Jun = 6.8, CH(CHs)2 pipp). '°C NMR (CDCls,

100 MHz, 298 K): & 158.7 (s, NCN), 153.5 (s, Ar-Comeorn), 145.4 (s, Ar-
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Corp), 139.5 (s, Ar-Cpppp), 132.2 (s, Ar-Comeoprn), 131.9 (s, Ar-CHomeopn),

131.2 (s, Ar-CHpipp), 128.1 (s, Ar-CHpiep), 125.6 (s, Ar-CHowmeorn), 122.4(s,
Ar—CHo.Meoph), 112.7 (S, AI'—CHo.Meoph), 56.7 (S, OCH3), 56.2 (S, NCHz), 559
(s, NCHy), 29.0 (s, CH(CHj3)2), 25.3 (s, NCH,CH,), 25.0 (s, CH(CHs),), 24.5

(s, CH(CHs3)y).

1, 3-di(2-anisidyl)-3, 4, 5, 6-tetrahydro-3H-[1, 3]pyrimidinium bromide

(2.25).

The reaction was performed on a
Br

10 mmol scale of formamidine
(0-MeO)PhN, -N(o-MeO)Ph (2.56 g), 0.7 g of KoCO3 (5.0 mmol)
and 2.03 ml of 1,3-dibromopropan (20.0 mmol) in 250 ml acetonitrile. The
solution was heated under reflux for 1 week to yield 3.50 g (93%) of pale
yellow, crystalline material.
"H NMR (CDCls, 400 MHz, 298 K): 5 7.88 (2H, d, *Jun = 6.7, 0-CHomeorn),
7.71 (1H, s, NCHN), 7.32 (2H, t, *Juu = 6.8, m-CHomeorn), 6.97 (2H, t, *Jpn =
6.8, p-CHomeopn), 6.94 (2H, d, 3Jun = 6.7, m-CHomeopn), 4.05 (4H, t, *Jpn =
5.4, NCH,), 3.85 (6H, s, OCH3 omeorh), 2.48 (2H, m, NCH,CH,). *C NMR
(CDCl3, 100 MHz, 298 K): 5 154.7 (s, NCN), 153.6 (s, Ar-Comeorn), 131.4 (s,
Ar-Co.meorn), 130.1 (s, Ar-CHomeorn), 128.5 (s, Ar-CHomeorn), 122.1(s, Ar-
CHomeorn), 112.3 (s, Ar-CHgomeorn), 56.5 (s, OCH3), 47.7 (s, NCHy), 20.0 (s,
NCH,CH,). Anal. Found (Calcd) for: C1gH21N.O2Br C, 56.08 (56.28); H, 5.46
(5.47); N, 7.26 (7.29). HRMS (ES): m/z 297.1607 ([M-Br]" C4sH21N20;

requires 297.1603).
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1, 3-di(2-anisidyl)-3, 4, 5, 6-tetrahydro-3H-[1, 3]pyrimidinium

tetrafluoroborate.

A solution of pyrimidinium salt
BF,

226 g (6.0 mmol) in 30 ml
o-MeO)PhN N(o-MeO)Ph
( ) AN ) acetonitrile was mixed with a

solution of sodium tetrafluoroborate 0.99 g (9.0 mmol) in 30 ml distilled water.

White crystals were formed (2.12 g, 92%).

'H NMR (CDCls, 400 MHz, 298 K): 8 7.62 (1H, s, NCHN), 7.58 (2H, d, 3Jun

6.7, 0-CHomeorn), 7.33 (2H, t, 3Jun = 6.8, M-CHomeorn), 6.99 (2H, t, *Juy

1

I

6.8, P-CHomeopr), 6.94 (2H, d, 3Jun = 6.7, m-CHomeopn), 3.89 (4H, t, *Jun
5.4, NCH,), 3.88 (6H, s, OCHs omeorr), 2.43 (2H, m, NCH,CH,). '°C NMR
(CDCls, 100 MHz, 298 K): 5 154.6 (s, NCN), 153.7 (s, Ar-Comeorn), 131.2 (s,
Ar-Comeopr), 130.1 (s, Ar-CHomeopn), 127.9 (s, Ar-CHomeorn), 122.1 (s, Ar-
CHomeorh), 112.4 (s, Ar-CHomeorn), 56.5 (s, OCH3 omeoph), 47.2 (s, NCHy),
19.8 (s, NCH,CH).

1-(2-methyithiophenyl)-3-(2, 4, 6-trimethylphenyl)-3, 4, 5, 6-tetrahydro-

3H-[1,3] pyrimidinium bromide (2.26).

5 The reaction was performed on a 10
r

mmol scale of formamidine (2.84 g), 0.7 g
o-MeS)PhN NM
(0-MeS)PAN NMes of KzCOs (5.0 mmol) and 2.03 ml of 1,3-
dibromopropan (20.0 mmol) in 250 mi acetonitrile. The solution was heated

under reflux for 2 weeks to yield 3.10 g (76%) of white, crystalline material.
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'H NMR (CDCls, 400 MHz, 298 K): & 8.06 (1H, d, 3Jun = 6.7, 0-CHowesen),

7.55 (1H, s, NCHN), 7.41 (1H, t, *Jun = 6.2, m-CHomespn), 7.21 (1H, t, 3Jun =
6.2, P-CHomespr), 7.18 (1H, d, *Juy = 6.7, m-CHomespn), 6.88 (2H, s, m-
CHhues), 4.29 (2H, t, *Jun = 5.2, NCH,), 4.05 (2H, t,3Jun = 5.2, NCH, ), 2.61
(2H, m, NCH,CH,), 2.49 (3H, s, SCHs omespn), 2.37 (BH, s, 0-CHawes),
2.23(3H, s, p-CHames). °C NMR (CDCls, 100 MHz, 298 K): 8 154.3 (s, NCN),
140.3 (s, Ar-Comespn), 137.7 (S, Ar-Cues), 136.7 (s, Ar-Cues), 135.6 (s, Ar-
Cues), 134.7 (s, Ar-Comesen), 131.1 (S, Ar-CHomesen), 129.9 (s, Ar-CHes),
128.9 (s, Ar-CHomespn), 126.5 (s, Ar-CHomesph), 125.8 (S, Ar-CHomespn), 47.4
(s, NCH,), 46.8 (s, NCHy), 20.9 (s, NCH2CH;), 19.7 (s, p-CHs mes), 18.4 (s, o-
CHs3 mes) 14.9 (s, SCH3 omespn). Anal. Found (Calcd) for: CyoHzsN2OBr C,
58.09 (58.27); H, 6.07 (6.07); N, 6.99 (6.80). HRMS (ES): m/z 325.1748 ([M-

Br]" C20H25N20 requires 325.1738).

1-(2-methylthiophenyl)-3-(2, 4, 6-trimethylphenyl)-3, 4, 5, 6-tetrahydro-

3H-[1, 3] pyrimidinium tetrafluoroborate.

BF A solution of pyrimidinium salt 2.42 g
4

(6.0 mmol) in 30 ml acetonitrile was
(O_MeS)PthNMeS mixed with a solution of sodium
tetrafluoroborate 0.99 g (9.0 mmol) in 30
ml distilled water. White crystals were formed (2.15 g, 87%).
'H NMR (CDCls, 400 MHz, 298 K): & 7.68 (1H, d, *Jun = 6.5, 0-CHomespn),
7.44 (1H, s, NCHN), 7.38 (1H, t, 3Jun = 6.4, m-CHomespn), 7.21 (1H, t, 3Jpn =

6.4, P-CHowmesph), 7.18 (1H, d, 3Jun = 6.5, M-CHomesrr), 6.86 (2H, s, m-
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CHues), 3.94 (2H, t, 3Jun = 5.4, NCH,), 3.81 (2H, t.3Jun = 5.4, NCHo), 2.52

(2H, m, NCH,CH,), 2.46 (3H, s, SCH3 omespn) 2.30 (6H, s, 0-CHs mes), 2.21
(3H, s, p-CHs mes). °C NMR (CDCls, 100 MHz, 298 K): 5 154.1 (s, NCN),
140.4 (s, Ar-Comespn), 137.8 (s, Ar-Cmes), 136.7 (s, Ar-Cumes), 135.7 (s, Ar-
Cwmes), 134.8 (s, Ar-Comespn), 131.1 (s, Ar-CHomespn), 130.1 (s, Ar-CHuyes),
128.3 (s, Ar-CHomespn), 126.7 (s, Ar-CHomesen), 125.9 (s, Ar-CHomespn), 46.8
(s, NCHy), 46.4 (s, NCHy), 20.9 (s, NCH,CH,), 19.4 (s, p-CH3 mes), 17.7 (s, o-

CH3 Mes) 14.9 (S, SCHo—MeSPh)-

1-(2-methylthiophenyl)-3-(2, 6-diisopropylphenyl)-3, 4, 5, 6-tetrahydro-

3H-[1, 3] pyrimidinium bromide (2.27).

B The reaction was performed on a 10
r

mmol scale of formamidine (3.26 g), 0.7 g
(0-MeS)PhN -NDIPP of K,CO3 (5mmol) and 2.03 ml of 1,3-
dibromopropan (20. mmol) in 250 ml acetonitrile. The solution was heated
under reflux for 3 weeks to yield 3.25 g (72%) of white, crystalline material.
"H NMR (CDCls, 400 MHz, 298 K): 5 7.88 (1H, d, *Jun = 6.7, 0-CHomespn),
7.56 (1H, s, NCHN), 7.37 (1H, t, *Jun = 6.8, m-CHomespr), 7.34 (1H, t, 3Jpn =
7.8, p-CHpiep), 7.20 (2H, d, 3Jun = 7.8, m-CHpep), 7.04 (1H, t, 3Jun = 6.8, p-
CHomespn), 6.94 (1H, d, *Jun = 6.7, M-CHowmesrn), 4.38 (2H, t, ®Jun = 5.5,
NCH,), 4.02 (2H, t, *Jun = 5.5, NCH,), 3.83 (3H, s, SCH; omespn), 3.14 (2H,
sept., 3Jun = 6.8, CH(CHa)zpipp), 2.59 (2H, m, NCH,CH,), 1.27 (6H, d, *Jun =
6.8, CH(CHs)2 piep), 1.17 (6H, d, 3Jun = 6.8, CH(CHs)2 pipp). '>C NMR (CDCls,

100 MHz, 298 K): & 154.3 (s, NCN), 152.9 (s, Ar-Comespr), 149.3 (s, Ar-
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Copr), 136.7 (s, Ar-Coipp), 131.6 (s, Ar-Comespn), 131.5 (s, Ar-CHomespn),
129.7 (s, Ar-CHpipp), 128.1 (s, Ar-CHpipp), 125.5 (s, Ar-CHomespn), 122.4 (s,
Ar-CHomesprn), 112.5 (s, Ar-CHomespn), 56.6 (s, OCHs3), 48.9 (s, NCHy), 48.4
(s, NCHy), 28.9 (s, CH(CHs3),), 25.1(s, NCH,CHy), 24.8 (s, CH(CH3)y), 20.0
(s, CH(CHs),). Anal. Found (Calcd) for: C23H31N,OBr C, 60.62 (60.81); H,
6.81 (6.83); N, 6.15 (6.17). HRMS (ES): m/z 367.2216 ([M-Br]" C23H31N20O

requires 367.2208).

1-(2-methyilthiophenyl)-3-(2, 6-diisopropylphenyl)-3, 4, 5, 6-tetrahydro-

3H-[1, 3] pyrimidinium tetrafluoroborate.

BF A solution of pyrimidinium salt 2.68 g
4

(6.0 mmol) in 30 ml acetonitrile was
(o-MeS)PthNDIPP mixed with a solution of sodium
tetrafluoroborate 0.99 g (9.0 mmol) in 30 mi distilled water. White crystals
were formed (2.30 g, 84%).
'"H NMR (CDCls, 400 MHz, 298 K): 5 7.59 (1H, d, 3Jun = 6.7, 0-CHomespn),
7.54 (1H, s, NCHN), 7.38 (1H, t, 3Jun = 6.8, m-CHomespn), 7.35 (1H, t, >Jun =
7.8, p-CHpipp), 7.18 (2H, d, 3Jun = 7.8, m-CHpiep), 7.03 (1H, t, *Jun = 6.8, p-
CHomespr), 6.96 (1H, d, 3Jun = 6.7, m-CHomespn), 4.03 (2H, t, *Jun = 5.5,
NCH.), 3.85 (3H, s, SCHs omespn), 3.81 (2H, t, *Jun = 5.5, NCH,), 3.03 (2H,
sept., 2Jun = 6.8, CH(CHs)aoipp), 2.55 (2H, m, NCH,CH,), 1.28 (6H, d, *Jun =
6.8, CH(CHs)2 pipp), 1.21 (6H, d, 3Jun = 6.8, CH(CHs)2 pipp). >°C NMR (CDCls,
100 MHz, 298 K): & 158.7 (s, NCN), 153.5 (s, Ar-Comespn), 145.4 (s, Ar-

Cmpp), 139.5 (S, Al'-Cmpp), 132.2 (S, AI’-Co.Mesph), 131.9 (S, Ar-CHo.Mesph),
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131.2 (S, AT-CHmpp), 128.1 (S, AT—CHD|pp), 1256 (S, AT-CHO.Mesph), 122.4(8,

AF-CHo.Mesph), 112.7 (S, Ar-CHo.Mesph), 56.7 (S, OCH3), 56.2 (S, NCHZ), 55.9
(s, NCHy), 29.0 (s, CH(CHa),), 25.3 (s, NCH,CHy), 25.0 (s, CH(CH3),), 24.5

(S, CH(CH3)2).

1-(2-pyridyl)-3-(2, 4, 6-trimethylphenyl)4, 5, 6, 7-tetrahydro-3H-[1, 3]

diazepinium lodide (2.28).

The reaction was performed on a 10 mmol scale of
formamidine (2.39 g), 0.70 g of K,CO3 (5 mmol)
PyNx_-NMes and 1.31 ml of 1,4-diiodobutane (10mmol) in 250 ml
of acetonitrile. The solution was heated under reflux

for 24 hours to yield 3.20 g (76%) of pale yellow, crystalline material.
'H NMR (CDCl3, 400 MHz, 298 K): 5 8.53 (1H, s, NCHN), 8.29 (1H, d, *Jun =
6.3, 0-CHpy), 7.92 (1H, t, *Juy = 6.7, p-CHpy), 7.74 (1H, d, *Jun = 6.3, m-
CHey), 7.28 (1H, t, *Jun = 6.7, m-CHpy), 6.93 (2H, s, m-CHuyes), 4.82 (2H, t,
3Jun = 5.8, NCH,), 4.41 (2H, t, *Jun = 5.8, NCH,), 2.45 (4H, m, NCH.CH.,),
2.37 (6H, s, 0-CHs mes), 2.26 (3H, s, p-CHj3 pes). °C NMR (CDCl3, 100 MHz,
298 K): & 157.5 (s, NCN), 152.9 (s, Ar-Cpy), 148.7 (s, Ar-CHpy), 140.7 (s, Ar-
Cwmes), 140.2 (s, Ar-Cyes), 134.1 (S, Ar-Cumes), 130.7 (s, Ar-CHyes), 123.9 (s,
Ar-CHp,), 115.7 (s, Ar-CHpy), 55.5 (s, NCH), 51.7 (s, NCHy), 25.3 (s,
NCH,CH,), 24.9 (s, NCH,CH>), 21.4 (s, p-CHs), 19.1 (s, 0-CHs). Anal. Found
(Calcd) for: C1gH24N3l C, 54.02 (54.17); H, 5.70 (5.70); N, 9.87 (9.98). HRMS

(ES): m/z 294.1958 ([M-I]' C1gH2sN3 requires 294.1970).
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1-(2-pyridyl)-3-(2, 4, 6-trimethylphenyl)-4, 5, 6, 7-tetrahydro-3H-[1, 3]

diazepinium tetrafluoroborete.

BF, A solution of diazepinium salt 2.53 g (6.0 mmol)
in 30 ml acetonitrile was mixed with a solution of
PYNX -NMes sodium tetrafluoroborate 0.99 g (9.0 mmol) in 30
mi distilled water. Yellow crystals were formed (1.90 g, 83%).
'H NMR (CDCl3, 400 MHz, 298 K): 5 8.44 (1H, s, NCHN), 8.27 (1H, d, 3Jun =
6.8, 0-CHpy), 7.86 (1H, t, Juy = 6.2, p-CHpy), 7.65 (1H, d, *Jun = 6.8, m-
CHpy), 7.24 (1H, t, Jun = 6.2, m-CHpy), 6.94 (2H, s, m-CHues), 4.73 (2H, t,
*Jun = 5.4, NCHy), 4.26 (2H, t, *Jun = 5.4, NCH,), 2.42 (4H, m, NCH,CH,),
2.35 (6H, s, 0-CH3 mes), 2.25 (3H, s, p-CH3 mes). °C NMR (CDCl3, 100 MHz,
298 K): 6 157.7 (s, NCN), 148.7 (s, Ar-Cpy), 140.8 (s, Ar-CHpy), 140.7 (s, Ar-
Cwmes), 140.2 (s, Ar-Cyes), 134.1 (s, Ar-Cues), 130.7 (s, Ar-CHwes), 123.9 (s,
Ar-CHp,), 11565 (s, Ar-CHpy), 55.1 (s, NCH), 50.8 (s, NCH;), 25.3 (s,

NCH,CH,), 24.8 (s, NCH,CH,), 21.4 (s, p-CHs), 18.6 (s, 0-CHs).

1-(2-anisidyl)-3-(2, 4, 6-trimethylphenyl)-4, 5, 6, 7-tetrahydro-3H-[1, 3]

diazepinium lodide (2.29).
The reaction was performed on a 10 mmol

scale of formamidine (2.68 g), 0.70 g of

(0-MeO)Ph N, NMes K.CO; (5 mmol) and 1.31 ml of 1,4-
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diiodobutane (10mmol) in 250 ml of acetonitrile. The solution was heated
under reflux for 24 hours to yield 3.88 g (86%) of pale yellow, crystalline
material.

'"H NMR (CDCls, 400 MHz, 298 K): 5 7.76 (1H, d, *Jun = 6.3, 0-CHomeorh),
7.33 (1H, t, 2Jun = 6.2, M-CHomeorr), 7.25 (1H, s, NCHN), 6.98 (1H, t, 3Jyn =
6.2, p-CHomeorn), 6.94 (1H, d, 3Jun = 6.3, M-CHomeorn), 6.87 (2H, s, m-
CHues), 4.52 (2H, t, 3Jun = 5.8, NCH>), 4.49 (2H, t, 3Jun = 5.8, NCH>), 3.88
(3H, s, OCH3 omeoph), 2.44 (4H, m, NCH,CH), 2.39 (6H, s, 0-CHz mes), 2.23
(3H, s, p-CHs mes). >°C NMR (CDCls, 100 MHz, 298 K): & 159.0 (s, NCN),
163.2 (s, Ar-Comeorn), 140.5 (s, Ar-Cues), 139.7 (s, Ar-Cues), 134.4 (s, Ar-
Cwmes), 131.9 (s, Ar-Comeorn), 131.6 (s, Ar-CHomeorn), 130.5 (s, Ar-CHpes),
128.0 (s, Ar-CHomeorn), 122.1(s, Ar-CH,. meopn), 112.7 (s, Ar-CHomeorn), 56.8
(s, OCHa), 56.1 (s, NCHy), 55.0 (s, NCHy), 25.6 (s, NCH,CH;), 25.3 (s,
NCH,CH;) 21.3 (s, p-CH3), 18.9 (s, 0-CH3). Anal. Found (Calcd) for
C21Hz7N20I: C, 55.95 (56.01); H, 6.05 (6.00); N, 6.16 (6.22). HRMS (ES):

m/z 323.2110 ([M-I]" C21H27N20 requires 323.2123).

1-(2-anisidyl)-3-(2, 4, 6-trimethylphenyl)-4, 5, 6, 7-tetrahydro-3H-[1, 3]

diazepinium tetrafluoroborete.

A solution of diazepinium salt 2.70 g
BF,

(6.0 mmol) in 30 ml acetonitrile was
(0-MeO)PhNx,_NMes mixed with a solution of sodium
tetrafluoroborate 0.99 g (9.0 mmol) in

30 mi distilled water. Yellow crystals were formed (2.15 g, 90%).
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'H NMR (CDCl3, 400 MHz, 298 K): 5 7.63 (1H, d, *Jun = 6.7, 0-CHy. meopt),

7.31 (1H, t, *Juy = 6.8, m-CHomeorn), 7.22 (1H, s, NCHN), 6.97 (1H, t, 3Jun =
6.8, p-CHomeorn), 8.93 (1H, d, Jun = 6.7, m-CHomeorr), 6.85 (2H, s, m-
CHues), 4.40 (2H, t, Jun = 5.4, NCH,), 4.38 (2H, t, *Juu = 5.4, NCH,), 3.88
(3H, s, OCH3 omeopn), 2.40 (4H, m, NCH,CH,), 2.34 (6H, s, 0-CHs mes), 2.20
(3H, s, p-CHsz wmes). °C NMR (CDCls, 100 MHz, 298 K): & 159.2 (s, NCN),
153.3 (s, Ar-Comeornr), 140.5 (s, Ar-Cues), 139.7 (S, Ar-Cyes), 134.4 (s, Ar-
Cwmes), 132.0 (s, Ar-Comeopn), 131.6 (s, Ar-CHomeopn), 130.5 (s, Ar-CHyes),
127.9 (s, Ar-CHomeopn), 122.2(s, Ar-CHomeopn), 112.7 (s, Ar-CHomeorn), 56.7
(s, OCHa), 55.7 (s, NCHy), 54.7 (s, NCHy), 25.6 (s, NCH,CH,), 25.3 (s,

NCH2CH,) 21.3 (s, p-CH3), 18.5 (s, 0-CHs).

1-(2-anisidyl)-3-(2, 6-diisopropylphenyl)-4, 5, 6, 7-tetrahydro-3H-[1, 3]

diazepinium lodide (2.30).

The reaction was performed on a 10 mmol

scale of formamidine (3.10 g), 0.70 g of

(0-MeO)PhN~,_NDIPP K,COs (5mmol) and 1.31 ml of 14-

diiodobutane (10mmol) in 250 ml of

acetonitrile. The solution was heated under reflux for 48 hours to yield 4.11 g
(84%) of white, crystalline material.

'H NMR (CDCls, 400 MHz, 298 K): 5 7.82 (1H, d, Jun = 6.7, 0-CHomeort),

7.35 (1H, t, 3Jpn = 6.8, M-CHomeorn), 7.31 (1H, t, *Jun = 7.8, p-CHpipp), 7.25

(1H, s, NCHN), 7.17 (2H, d, 3Jun = 7.8, m-CHpipp), 7.00 (1H, t, *Jun = 6.8, p-

CHo-MeOPh), 6.95 (1H, d, 3JHH = 6.7, m—CHo.Meoph), 453 (2H, t, 3JHH = 5.5,
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NCH,), 4.46 (2H, t, *Jun = 5.5, NCH,), 3.87 (3H, s, OCHj3 omeorn), 2.25 (2H,

sept., 2Jun = 6.8, CH(CHa)aoipp), 2.44 (4H, m, NCH,CH,), 1.30 (6H, d, 3Juy =
6.8, CH(CHa)2 pipp), 1.18 (BH, d, 2Juy = 6.8, CH(CH?x)2 pipp). °C NMR (CDCls,
100 MHz, 298 K): 5 158.0 (s, NCN), 153.4 (s, Ar-Comeorn), 145.3 (s, Ar-
Copp), 139.5 (s, Ar-Cpipp), 132.2 (s, Ar-Comeopn), 131.8 (s, Ar-CHomeopr),
131.2 (s, Ar-CHpipp), 128.3 (s, Ar-CHpipp), 125.7 (s, Ar-CHomeorn), 122.3(s,
Ar-CHomeorn), 112.7 (s, Ar-CHomeopn), 56.8 (s, OCHs), 56.5 (s, NCHy), 56.4
(s, NCHy), 29.1 (s, CH(CHa),), 25.7 (s, NCH2CHy), 25.3 (s, NCH,CH,) 25.2
(s, CH(CHa),), 24.5 (s, CH(CHs),). Anal. Found (Calcd) for: C24H33N20I C,
58.53 (58.55); H, 7.19 (6.71); N, 5.55 (5.69). HRMS (ES): m/z 365.2586 ([M-

I]* C24H33N20 requires 309.1967).

1-(2-anisidyl)-3-(2, 6-diisopropylphenyl)4, 5, 6, 7-tetrahydro-3H-[1, 3]

diazepinium tetrafluoroborete.

BF, A solution of diazepinium salt 2.95 g
(6mmol) in 30 ml acetonitrile was
(0-MeO)Ph N, _NDIPP
mixed with a solution of sodium
tetrafluoroborate 0.99 g (9mmol) in 30 ml distilled water. Yellow crystals were
formed (2.34 g, 86%).

'H NMR (CDCls, 400 MHz, 298 K): 8 7.63 (1H, d, *Jun = 6.7, 0-CHomeopn),
7.34 (1H, t, 3Jun = 6.8, M-CHomeorn), 7.30 (1H, t, *Jun = 7.8, p-CHpiep), 7.23
(1H, s, NCHN), 7.17 (2H, d, 3Jun = 7.8, m-CHoipp), 6.97 (1H, t, *Jun = 6.8, p-
CHomeorn), 6.94 (1H, d, 3Jun = 6.7, m-CHomeopn), 4.33 (2H, t, *Juu = 5.5,

NCH,), 4.23 (2H, t, *Jun = 5.5, NCH,), 3.87 (3H, s, OCHs omeoprn), 3.18 (2H,
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sept., 3Jun = 6.8, CH(CHa); pipp), 2.42 (4H, m, NCH.CH>), 1.30 (6H, d, *Jun =

6.8, CH(CHs)2 pipp), 1.19 (6H, d, *Jyn = 6.8, CH(CHs)2 pipp). °C NMR (CDCl5,
100 MHz, 298 K): 8 158.7 (s, NCN), 153.5 (s, Ar-Comeorn), 145.4 (s, Ar-
Cowrp), 139.6 (s, Ar-Coipp), 132.2 (s, Ar-Comeopn), 131.9 (s, Ar-CHomeopn),
131.2 (s, Ar-CHopipp), 128.1 (s, Ar-CHpipp), 125.7 (s, Ar-CHomeopn), 122.4(s,
Ar-CHomeopn), 112.7 (s, Ar-CHomeorn), 56.7 (s, OCHs), 56.2 (s, NCHy), 55.9
(s, NCHy), 29.0 (s, CH(CHa)y), 25.6 (s, NCH,CH,), 25.3 (s, NCH,CH,) 25.1

(s, CH(CHs)y), 24.5 (s, CH(CH),).

1, 3-di(2-anisidyl)-4, 5, 6, 7-tetrahydro-3H-[1, 3] diazepinium lodide (2.31).

The reaction was performed on a 10

mmol scale of formamidine (2.56 g),
(0-MeO)Ph Ny, N(0-MeO)Ph | 70 g of K,CO; (5 mmol) and 1.31
ml of 1,4-diiodobutane (10mmol) in
250 ml of acetonitrile. The solution was heated under reflux for 5 days to
yield 3.85 g (88%) of white, crystalline material.
'H NMR (CDCl3, 400 MHz, 298 K): 5 7.92 (2H, d, *Jun = 6.3, 0-CHomeorn),
7.37 (1H, s, NCHN), 7.31 (2H, t, 3Jun = 6.8, m-CHomeopn), 6.96 (2H, t, 3Jun =
6.8, p-CHomeorn), 6.93 (2H, d, 3Jun = 6.3, m-CHomeopn), 4.41 (4H, t, 2Jpn =
5.8, NCH-), 3.88 (6H, s, OCHs omeopr), 2.43 (4H, m, NCH,CH,). *C NMR
(CDCl3, 100 MHz, 298 K): 8 159.0 (s, NCN), 153.6 (s, Ar-Comeoprh), 132.4 (s,
Ar-Comeorn), 131.5 (s, Ar-CHomeorn), 128.5 (s, Ar-CHgomeorn), 122.0(s, Ar-
CHowmeorn), 112.5 (s, Ar-CHomeopn), 56.7 (s, OCHas), 55.5 (s, NCHy), 25.4 (s,

NCH,CH,). Anal. Found (Calcd) for: C1sH23N205l C, 51.80 (52.07); H, 5.25
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(5.25); N, 6.30 (6.39). HRMS (ES): m/z 311.1745 ([M-I]* C1gH23N,0; requires

311.1760).

1, 3-di«(2-anisidyl)-4, 5, 6, 7-tetrahydro-3H-[1, 3] diazepinium

tetrafluoroborete.

A solution of diazepinium salt
BF,

263 g (6.0 mmol) in 30 mi
(0-MeO)Ph N, N(0-MeO)Ph acetonitrile was mixed with a
solution of sodium
tetrafluoroborate 0.99 g (9.0 mmol) in 30 mi distilled water. White crystals
were formed (2.20 g, 92%).
'"H NMR (CDCls, 400 MHz, 298 K): 8 7.62 (2H, d, 3Jun = 6.3, 0-CHomeort),
7.32 (1H, s, NCHN), 7.31 (2H, t, *Jun = 6.8, m-CHomeopn), 6.97 (2H, t, 2Jun =
6.8, p-CHomeopn), 6.95 (2H, d, 3Jun = 6.3, m-CHomeorn), 4.27 (4H, t, 2Jun =
5.8, NCH,), 3.88 (6H, s, OCHs omeopn), 2.37 (4H, m, NCH,CH,). *C NMR
(CDCl3, 100 MHz, 298 K): d 159.2 (s, NCN), 153.6 (s, Ar-Comeorn), 132.3 (s,
Ar-Comeorn), 131.5 (s, Ar-CHgomeorn), 128.1 (s, Ar-CHgomeorn), 121.9(s, Ar-

CHo.Meoph), 112.6 (S, AI’-CHO.Meoph), 56.6 (S, OCH3), 54.9 (S, NCHz), 25.2 (S,
NCH2CH,).
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Preparation of compound 2.33a.

_ NAND|pp I The reaction was performed on a 10 mmol
Oi—) scale of formamidine (2.81 g), 0.70 g of
D f K2CO3 (5 mmol) and 1.31 ml of 1,4-
diiodobutane (10mmol) in 250 ml of
acetonitrile. The solution was heated under reflux. At the end of the reaction,
the volatiles were removed in vacuo and the residue freed of residual solvent
by stirring with 3 portions of 5§ ml of dichloromethane, which were
subsequently pumped off. The yellow oil of the mixture product was washed
with toluene until a pale yellow solid precipitated. The solid was dissolved in
2 ml of dichloromethane. Ether was slowly added to the resulting
dichloromethane solution until the product started crystallising. The yield was
0.88 g (26%).
'H NMR (CDCls, 400 MHz, 298 K): 5 9.68 (1H, d, 0-CHpy), 8.41 (1H, t, p-
CHpy), 7.90 (1H, t , p-CHpipp), 7.69 (1H, s, NCHN), 7.48 (1H, d, m-CHpy),
7.08 (1H, t, m-CHpy) ), 7.04 (2H, d, m-CHpipp), 4.98 (2H, t, *Ju = 5.8, NCH,),
4.14 (2H, t, *Jun = 5.8, NCH,), 2.92 (2H, sept., CH(CH3); pipp), 2.34 (2H, m,
NCH,CH,), 2.34 (2H, m, NCH,CH,), 1.16 (12H, d, CH(CHs); oire). "°C NMR
(CDCls, 100 MHz, 298 K): & 151.5 (s, NCN), 146.7 (s, Ar-Cpy), 146.1 (s, Ar-
CHpy), 145.8 (s, Ar-Cpipp), 143.4 (s, Ar-Cpipp), 137.5 (s, Ar-CHpep), 123.9 (s,
Ar-CHpy), 123.4 (s, Ar-CHppp), 122.7 (s, Ar-CHpy), 122.1 (s, Ar-CHpy), 59.3
(s, NCHy), 46.4 (s, NCH,), 27.1 (s, CH(CHa)2), 24.6 (s, NCH;CHy), 23.1 (s,

NCH2CHy) 22.7 (s, CH(CH3),), 22.5 (s, CH(CHz)2).
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Chapter Three

Synthesis of Complexes with
Expanded NHCs as Functionalised
Ligands

3.1. Introduction.

Prior to 1991, when the first stable, free carbenes were isolated by
Arduengo et al."! metal complexes of NHCs were reported by Ofele 3.1
and Wanzlick 3.2, prepared directly from imidazolium salts. A wide range of
transition metal-NHC complexes including 3.3 and 3.4 were prepared by

Lappert in 1970 from electron- rich olefins (Figure 3-1).1!

Me Ph  Ph
/ AN
N N N
[ »—cr(co), [ S—hg— E
N
. N_ N
Me Ph  Ph
3.1 3.2

| Rh— CI\Pd |
Me CI/ \ , & Ph
Et,P Cl

3.3 3.4

Figure 3-1: Early metal complexes of NHCs.
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Encouraged by the early applications utilising Rh(I) and Ir(I) complexes of
simple monodentate NHC ligands, there was a natural progression to expand
the catalytic application of Rh- and AIr-NHC complex systems through some
modification of the NHC ligands.®'® This included the incorporation of
functional groups leading to easily recoverable catalysts (soluble in water and
methanol) and catalysts containing flexible, sterically bulky ligands (chiral,
bidentate and pincer)'! with a combination of strongly-bound NHC moiety
and weakly-bound nucleophilic, functional groups. This would furnish the
ligands with hemilabile donor groups as these can increase catalytic activities
by stabilising the low-valent centres formed during catalysis. These functional
groups can be incorporated at one or both nitrogens of the NHC-ring to give
access to bi- or tridentate NHC ligands. Rh(I) and Ir(I) complexes of
functionalised NHC ligands are limited. They have been reported with
pyridyls (3.5, 3.6 ,3.7, 3.8),® amines (3.9, 3.10),!"! esters, ethers and amides

(3.11, 3.12, 3.13) (Figure 3-2).
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[\ B — | Barf
N. _N NﬁN

| = Y “oiPP X \( SDIPP

N M— |

\ cl _N—M
A aly
L |
35 M=1Ir 3.7, M=1Ir
3.6, M = Rh 3.8, M = Rh
B "~ |BF
[\ —\ ‘
_N__N NN
Y\l Y L
Rh— N~ Rh
e \ N
Q@ a
3.9 3.10
l _— \
N N_

R Y R’ 3.11, R=R'=ester
3.12, R=R' = ether
3.13, R=R'=amide

Figure 3-2: Example of Rh(I) and Ir(I) complexes of functionalised NHC

ligands.

Crabtree et al. has reported the effect of linker length and counterions on
the formation of the chelated Ir(I) NHC complexes. These complexes have
demonstrated that long linker length and coordinated counterions disfavour
the formation of chelated complexes, while short linker length and non-

coordinating counterions favour chelated complexes.['
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A number of complexes of 6-membered NHCs have been reported. The
crystal structure analysis of corresponding expanded ring NHC-complexes
shows the opening of the NCN angle and the decrease of the Cnuc-N-Csubs
angle as main features, which increase the steric hindrance around the metal
core ['>18]

The structure; electronic and steric properties; as well as the coordination
chemistry and catalytic performance of the 7-membered carbene complexes
have been relatively unexplored compared with their saturated and
unsaturated 5-membered analogues. The first 7-membered carbene complex
was prepared in 2005 by Stahl and co-workers. It was synthesised by in situ

deprotonation of the BF4 salt with KO'Bu in the presence of a metal precursor

as shown in Scheme 3-1.1'%:2%

OO - 0

u
+ 172 [PdCI(allyl)}, ———— N
Nx N THF

N
/ ,”,
Ad-2 \FE 2-Ad
W

3.14

Scheme 3-1: Synthesis of the first 7-membered carbene complex.

When compared with 5- or 6-membered carbenes, torsional twist is the
most distinctive feature of the 7-membered carbene complexes. Stahl defines
this as a dihedral angle between the two aryl rings of the biphenyl backbone

and the torsional angle (B) between the (Cing-N...N-Ciing) of the carbene ring,
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which dictate the spatial disposition of the substituents into the coordination
sphere. The repositioning of the substituents (by a modification of the
dihedral angle and B) is permitted by the flexibility of the ligand. This depends
on the steric requirements of the ligands present in the metal coordination
sphere.

This chapter presents the synthesis and characterisation of Rhodium- and
Iridium-expanded ring carbene complexes. All the Rh and Ir NHC-complexes
obtained are found to be air and moisture stable. In order to study the effects
of the expansion of the ring on the square planar complexes, the crystal
structure data of these complexes are presented and compared to the 5-

membered carbene complexes.

3.2. Results and Discussion.

3.2.1. Attempted Synthesis of Silver (I) Carbene Complexes.

Since the isolation of the first Ag(I) carbene complexes employing a silver
base, their use as carbene transfer agents have become a convenient and
sometimes essential route for the synthesis of other metal carbene
complexes, such as Rh and I8 % 10 20 21 \wang and Lin¥*? have
demonstrated that Ag(I) complexes of NHCs could be synthesised directly
from imidazolium salts with silver(I)oxide as a source of basic silver and that
this has now become the most widely used method for the synthesis of Ag(l)

carbene complexes.””® According to the literature review, the best way to
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obtain the expanded NHC silver complexes in good yield is through the
reaction of amidinium tetrafluoroborate salts with Ag,O in the presence of
NaBr.?* 21 Qur attempts to prepare Ag(l) complexes of expanded,
functionalised NHC carbenes by using a variety of methods leads to

hydrolysis of the carbene (Scheme 3-2).

B 7] BF,

(Hﬁ T ¥
NaBr
+ AQO ~ __N N_ _H

R R'
- - 0]
n=1,2
R = Py, 0-MeOPh, o-MeSPh
R™ = Mes, DIPP

Scheme 3-2: An attempt to prepare rigid, expanded, functionalised Ag(I)

NHC carbene complexes.

It is not clear if this result is a consequence of the instability of the silver
carbene complexes under ambient conditions or of some changes in the

concerted mechanism of deprotonation and subsequent coordination.?* °]

3.2.2. Rhodium (I) and Iridium (I) COD Complexes.

Rh(I) and Ir(I) complexes of expanded ring NHCs were synthesised. There
is an extensive literature on complexes of imidazolylidenes with these
metals.['®252% [Rh(NHC)(COD)CI] and [iIr(NHC)(COD)CI] complexes with

different ring-size carbenes and the same substituents on the nitrogens were
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synthesised, which would allow the comparison of our complexes with a wide
variety of carbenes.!*% 31

The use of the free carbene route, achieved by deprotonation of the NHC
carbene salts with a strong base was successful, but due to the relative
instability of the free carbenes, Rh(I) and Ir(I) complexes were best
synthesised by an in situ reaction of the corresponding NHC-BF4 salt in THF
with KN(SiMe3),, followed by the addition of 0.5 equiv. of [M(COD)CI};, M =
Rh or Ir, at ambient temperature. This was to give the desired rhodium
complexes (3.15, 3.16, 3.17, 3.18, 3.19 and 3.20) and iridium complexes
(3.21, 3.22, 3.23 and 3.24) as yellow air stable solids in good yields after

work-up, as shown in Scheme 3-3.

BF,
r{/\)\a‘ KN(SiMe,), m 1/2 [M(COD)CI], r(/\)\"!
. ~ _N__N
/N\ N\ /N N\ - “R'
R Y r THF RO N"SR THF RO R
Cl—M—
%
M =Rh M=Ir

n=1, R=0-MeOPh, R" =Mes, 3.15 / n=1, R=0-MeOPh, R" = Mes, 3.21

R = 0-MeOPh, R* = DIPP, 3.16 / R = 0-MeOPh, R’ = DIPP, 3.22
R =R’ = 0-MeOPh, 3.17

n=2, R=0-MeOPh, R = Mes, 3.18 / n=2, R =0-MeOPh, R" = Mes, 3.23
R = 0-MeOPh, R" = DIPP, 3.19 / R = 0-MeOPh, R" = DIPP, 3.24
R =R’ = 0-MeOPh, 3.20

Scheme 3-3: Preparation of Rh(I) and Ir(I) COD complexes with

functionalised expanded NHC ligands.
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3.2.2.1. Solution NMR Studies of Rh(I) and Ir(I) COD

Complexes.

The characteristic NMR chemical shifts for Rh(I) and Ir(I) COD complexes
are shown in Table 3-1. The most characteristic chemical shift in the '"H NMR
spectrum is that for the o0-CHomeorn On the ring of the N-functionalised
substituents, which changes, for example, from 7.63 ppm in the carbene salt
to 8.35 ppm in the Rh(I) complex 3.18 [Rh(7-0-MeOPh-Mes)(COD)CI] and to
8.05 ppm in the Ir(I) complex 3.23 [Ir(7-0-MeOPh-Mes)(COD)CI]. This
change in the '"H NMR is attributed to close proximity to the electron rich
metal centres.

In *C NMR spectrum the most notable chemical shift is that of the carbene
carbon (Table 3-1), which for example changes from a singlet at 159.2 ppm
in the carbene salt to a doublet at 221.7 ppm ('Jrnc = 46.3) and a singlet at
215.8 ppm for complex 3.18 [Rh(7-0-MeOPh-Mes)(COD)CI] and complex

3.23 [Ir(7-0-MeOPh-Mes)(COD)CI], respectively.

110



Chapter Three
Synthesis of Complexes with Expanded NHCs as Functionalised Ligands

Table 3-1: Characteristic NMR for the carbene salt and their Rh(I) and ir(I)

complexes in CDCI; solution.

0-CHo meopn OCH, Cnen
(Gw) ppm | (On) ppm | (Bc) PPM

6-0-MeOPh-Mes 2.23 7.59 3.83 155.1
Rh(6-0-MeOPh-Mes)(COD)CI]  3.15 8.39 3.80 210.0
Ir(6-0-MeOPh-Mes)(COD)CI] 3.21 8.09 3.79 205.5
6-0-MeOPh-DIPP 2.24 7.59 3.85 158.7
Rh(6-0-MeOPh-DIPP)(COD)CI] 3.16 8.36 3.80 2115
Ir(6-0-MeOPh-DIPP)(COD)CI] 3.22 8.04 3.76 207.5
6-0-MeOPh 2.25 7.62 3.88 154.6
Rh(6-0-MeOPh)(COD)CI] 3.17 8.45 3.81 208.6
7-0-MeOPh-Mes 2.29 7.63 3.88 159.6
Rh(7-0-MeOPh-Mes)(COD)CI]  3.18 8.35 3.81 224.0
Ir(7-0-MeOPh-Mes)(COD)CI] 3.23 8.05 3.79 215.8
7-0-MeOPh-DIPP 2.30 7.63 3.87 168.7
Rh(7-0-MeOPh-DIPP)(COD)CI] 3.19 8.41 3.84 2240
Ir(6-0-MeOPh-DIPP)(COD)CI] 3.24 8.08 3.78 218.1
7-0-MeOPh 2.31 7.62 3.88 159.2
Rh(7-0-MeOPh)(COD)CI] 3.20 8.43 3.85 2156

The values of the carbene carbon chemical shift for 7-membered NHC
Rh(I) and Ir(I) complexes are substantially downfield from the ones reported

for 5-membered carbene complexes.!'® 3% 32 Table 3-2 shows carbene
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carbon values for closely related 5-, 6- and 7-membered carbene Rh(I)

complexes.l®> 33

Table 3-2: >C NMR chemical shift values for NCN for previously reported

Rh(I) carbene complexes.

Mes Mes | Mes Y Mes s N N
Cl—Rh§ CI—FIRP1§ Mes‘Cl—\Rrh - MesCI—Rh e
3.25 3.26 3.27 2.28
Cnen (0c)
184.8 2116 211.5 224.0
ppm

3.2.2.2. Solid State Structures of Rh(I) and Ir(I) COD

Complexes.

Crystals suitable for X-ray diffraction for all Rh(I) and Ir(I) COD complexes
were obtained by layering a dichloromethane solution of the corresponding
complex with hexane at ambient temperature. The crystal structures for
complexes 3.15, 3.18, 3.21 and 3.23 (ones with Mes substituent) are shown
in Figure 3-3 and selected bond length and angles can be found in Table 3-3.
Elemental analysis and mass spectra gave satisfactory results consistent

with the formulation of the complexes.
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Cc3

Figure 3-3: ORTEP ellipsoid plot at 30% probability of complexes 3.15, 3.18,

3.21, and 3.23. Hydrogen atoms have been omitted for clarity.
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Table 3-3: Selected bond lengths (A) and bond angles (°) for complexes 3.15,

3.18, 3.21 and 3.23.

()

/N N\
0-MeOPh Y Mes

oMeOPh” T Mes
Cl—llr

m B
N N
o-MeOPh” T “es

s

3.15 3.18 3.21 3.23
N1-C1-N2 (°) 117.1(2) 117.6(2) 117.3(5) 117.1(4)
Cwmeorn-N-C1 (%) 118.4(2) 119.2(2) 119.3(5) 120.1(4)
Cwmes-N-C1 (°) 119.2(2) 118.0(2) 119.0(5) 117.0(4)
C1-M-CI (°) 84.88(8) 89.23(7) 84.82(2) 88.09(1)

Cring=N...N-Cng (B)(®) 6.83 34.19 8.05 33.05
M-C1 (A) 2.057(3) 2.051(2) 2.074(5) 2.071(5)
M-CI (A) 2.405(8) 2.424(7) 2.384(2) 2.385(2)
N1-C1 (A) 1.349(4) 1.363(3) 1.335(7) 1.370(6)
N2-C1 (&) 1.341(4) 1.347(3) 1.342(7) 1.357(6)

The complete molecular structure of complexes 3.16, 3.19, 3.22 and 3.24

(with DIPP substituent) are depicted in Figure 3-4 below. Selected bond

distances and angles are listed in Table 3-4. Elemental analysis and high

resolution MS results were in agreement with the formulation of the

complexes.
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Figure 3-4: ORTEP ellipsoid plot at 30% probability of complexes 3.16, 3.19,

3.22, and 3.24. Hydrogen atoms have been omitted for clarity.
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Table 3-4: Selected bond lengths (A) and bond angles (°) for complexes

3.16, 3.19, 3.22 and 3.24.

N N
oMeoPh” Y DIPP

Cl—Rh
b

N N{
o-MeOPh Y DIPP

M

NN
oMeoPh” T DIPP
Cl—;r

N N
o-MeOPh” \‘/ ‘DIPP
Cl—ir

3.16 3.19 3.22 3.24
N1-C1-N2 (°) 116.8(2) 117.8(3) 117.3(3) 119.0(5)
Cmeorn-N-C1 (°) 118.9(2) 118.7(3) 119.4(3) 118.6(5)
Coirr-N-C1 (°) 120.4(2) 118.2(3) 120.5(3) 119.6(5)
C1-M-CI (°) 84.60(6) 85.12(9) 85.02(9) 84.49(2)

Cring-N...N-Ciing (B)(°) 5.96 73.05 6.56 29.19

M-C1 (A) 2.049(2) 2.052(4) 2.060(3) 2.062
M-CI (A) 2.401(6) 2.463(8) 2.387(8) 2.391(2)
N1-C1 (&) 1.349(3) 1.359(4) 1.348(4) 1.364(7)
N2-C1 (A) 1.349(3) 1.348(5) 1.346(4) 1.343(8)

Complex 3.17 (Rh-6-0-MeOPh) has been characterised by spectroscopic

and elemental analysis and X-ray crystallography. Crystals suitable for X-ray

crystallography were obtained by

the diffusion

of hexane

into

dichloromethane solution of the complex 3.17, enabling elucidation of its solid

state structure as depicted in Figure 3-5. Selected bond length and angles

are listed in Table 3-5.
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c4. £3

N2

Figure 3-5: ORTEP ellipsoid plot at 30% probability of complex 3.17.

Hydrogen atoms have been omitted for clarity

Table 3-5: Selected bond length (A) and bond angle (°) for complex 3.17.

N1-C1-N2 (°) 116.5(4)  Rh-C:i (A) 2.030(4)
CMoPh-N1-C1 (°) 120.2(3)  Rh-Cl (A) 2.419(1)
CMoPh-N2-C1 (°) 119.6(3)  N1-C1 (A) 1.333(5)
C1-Rh-Cl (°) 90.85(1) N:-C1 (A) 1.357(5)
Cring-N...N-Cring (fc)(°) 2.13

Crystals suitable for X-ray crystallography were not obtained for the
complex 3.20 (Rh-7-0-MeOPh), but high resolution MS and elemental
analysis gave results consistent with the proposed formulation.

A significant increase in NCN angle is observed between 5-membered ring
3.26 [Rh(5-Mes)(COD)CI] (106.8(3)°) and the expanded ring carbenes 3.27
[Rh(6-Mes)(COD)CI], and 3.28 [Rh(7-Mes)(COD)CI] (117.5(4)° and 118.0°,

respectively). This leads to a dramatic change in the CMes-N-CNt angles that
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are again compressed from an average of 126.7° in 3.26 [Rh(5-
Mes)(COD)CI] to 120.3° in 3.27 [Rh(6-Mes)(COD)CI] and 118.1° in 3.28
[Rh(7-Mes)(COD)CI] (Table 3-6).2* %! A very similar situation is observed for
the new Rh(I) and Ir(I) N-functionalised expanded NHC complexes, in which
the N-Cnuc-N angle increases from 116.8(2)° in complex 3.16 [Rh(6-0-
MeOPh-DIPP)(COD)CI] to 117.8(3)° in complex 3.19 [Rh(7-0-MeOPh-
DIPP)(COD)CI] (Table 3-4). Also, the Cmes-N-Cnuc angle decreases from
120.4(2)° in 3.16 [Rh(6-0-MeOPh-DIPP)(COD)CI] to 118.2(3)° in 3.19 [Rh(7-
0-MeOPh-DIPP)(COD)CI] (Table 3-4). As a result of this, the functionalised
substituents on the nitrogens come closer to the metal centre in the
expanded carbenes, virtually blocking the two faces of the metal coordination

sphere.

Table 3-6: Comparison of selected bond length (A) and angles (°) for some

reported Rh(l) COD complexes.

[\
NN, M ()
Mes Y Mes Mes” \( ‘Mes Mes” \f/ ‘Mes
CI—I@ CI—@ c|—7m§
3.26 3.27 3.28
N-Cnuc-N (°) 106.8(3) 117.5(4) 118.0
Cmes-N-Cnhc (©) 127.4/126.0 120.6/119.9 119.0/117.2
Cring™N...N-Cring(B) () 7.4 4.9 29.5
N-Cnhc (A) 1.354/1.354 1.365/1.466 1.360/1.352
Rh-Cnric (A) 2.068(3) 2.075(10) 2.085
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From Tables 3-3, 34 and 3-5, the main structural feature of the complexes
is their distorted square planer geometry with CI-M-Cnxc angles within the
range of 84.60(6) — 90.85(1)°.

As previously described for 6- and 7-membered carbene ligands in Chapter
2, the extra torsion originating from the expansion of the ring does not only
result in an increase of the NCN angle, but also in an enlargement of the
torsion angle Cring-N...N-Cqing (B), which is shown in Tables 3-3, 3-4 and 3-5.
For example, the torsion angle (B) increases from 6.83° in complex 3.15
[Rh(6-0-MeOPh-Mes)(COD)CI] to 34.19° in complex 3.18 [Rh(7-0-MeOPh-
Mes)(COD)CI].

For all the complexes, a pyramidal distortion of nitrogen atoms is observed.
The The orthogonal distance between the nitrogen atom and the Ciing-Cnhc-

Csuwb plane is shown in Table 3-7.

Table 3-7: The distance (A) between the nitrogen atoms and [Cring-Cntc-Csub)

plane in the Rh(I) and Ir(I) complexes.

3.15 3.16 3.17 3.18 3.19

N1-{Cring-Cnc-Cringl (A) | 0087 | 0.065 | 0.023 | 0.022 | 0.022
N2-{Cring-Cnic-Cringl (A) | 0.074 | 0.045 | 0.010 | 0.079 | 0.079

3.21 3.22 3.23 3.24

N1-{Cring-Chrc-Cringl (A) | 0.084 | 0.071 | 0.007 | 0.024
N2'[Cring‘CNHC‘Cring] (A) 0062 0059 0041 0083
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In the expanded carbene, the carbene carbon is not in the N-M-N plane, but

there is a pyramidal distortion of the carbene carbon. The orthogonal

distance between the carbene carbon and the N-M-N plane is shown in Table

3-8.

Table 3-8: The distance (A) between the carbene carbon and [N-M-N],

(M=Rh or Ir), plane in the Rh(I) and Ir(I) complexes.

3.15 3.16 317 | 3.18 3.19

Carc-IN-Rh-N] (&) 0.109 | 0.106 | 0.001 | 0.059 | 0.115
3.21 3.22 3.23 3.24

Cnrc-IN-Ir-N] (A) 0.092 | 0.100 | 0.042 | 0.101

In these expanded carbene Rh(I) and Ir(I) complexes, the carbene ligand

adopts an almost perpendicular arrangement with respect to the coordination

plane. The tilt angle (B), defined by the coordination and N1-Cnnc-N2 plane,

is shown in Table 3-9 for rhodium and iridium complexes, respectively.
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Table 3-9: The tilt angle (8) (°), defined by the coordination and N1-Cnxc-N2

plane, in the Rh(I) and Ir(I) complexes .

3.15 3.16 3.17 3.18 3.19

) (°) 83.34 80.73 85.27 82.38 83.45

3.21 3.22 3.23 3.24

®) 84.00 | 80.84 | 8274 | 8297

3.2.3. Rh(I) Biscarbonyl Complex Cis-[Rh(7-0-MeOPh-

Mes)(CO),l] .

One of the fundamental chemical properties of NHCs is their strong
electron-donor ability. In general saturated carbenes donate a greater
electron density than their unsaturated analogues. The infrared carbonyl-
stretching frequencies of the Rh(I) carbonyl complex, cis-[Rh(L)(CO).X], are

4

well documented as being a good measure of the donor ability of ligands.!*

To assess the electron-donating ability of our carbenes, we prepared the air-
stable rhodium carbonyl complex with a 7-membered carbene ligand, cis-

[Rh(7-0-MeOPh-Mes)(CO).l], 3.29. It was obtained in good yield after
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treatment of a THF solution of the corresponding NHC iodide salt with (acetyl

acetone) di-carbonyl rhodium(I) and KN(SiMes), for four hours (Scheme 3-4).

. CO\RKOD KN(SiMe,), Q
N N_ e -
0-MeOPh” " “Mes SN THF 0-MeOPh”~ \’/ Mes
co o
I—Rh—CO
co
3.29

Scheme 3-4: Synthesis of Rh carbonyl complex, cis-[Rh(7-0-MeOPh-

Mes)(CO)2l], 3.29.

The 'H NMR spectrum shows a noteworthy downfield shift of 0-CHgmeorh
proton when compared to the COD complex 3.18 (from 8.35 ppm in [Rh(7-0-
MeOPh-Mes)(COD)CI] 3.18 to 7.62 ppm in cis-[Rh(7-0-MeOPh-Mes)(CO)l]
3.29), attributed to the stronger donor ability of the carbonyl ligand in
comparison with COD. The *C NMR signal for Rh-Cncn appears at 214.2
ppm ('Jrnc = 40.8) as a doublet due to the Rh coupling . The cis-geometry for
complex 3.29 is supported by the appearance of two *C NMR signals for the
CO carbons and through IR spectroscopy. The carbonyl-stretching
frequencies of complex 3.29, cis-[Rh(7-0-MeOPh-Mes)(CO),l], are listed and

compared to analogous complexes in Table 3-10.
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Table 3-10: IR V(CO) for [Rh (L)(CO)2X] complexes in DCM.

L X | MCO)em™) | ValCO)cm™) | Ref.
m This
Ne N | | 2059, 1967 2013
oMeOPh” 7 “Mes work
Q Cl | 2081, 1996 2039 [24, 25)
Mes” 7 T"Mes
Q Cl 2071, 1990 2031 [24. 25]
Cy” 7 oy
N.__N Cl | 2063, 1982 2023 [26-28]
e’ Nipr
N_ _N Cl | 2062, 1979 2019 [26-28)
/OO N
Mes .. Mes
18]
/N\/N\ Cl 2081, 1996 2039
Mes M Mes
_ [18]
/N\/N\ Cl 2076, 2006 2041
Mes .. Mes
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The values of F(CO) can be used to gauge the donor ability of the ligand.
The average carbonyl-stretching frequency for rhodium complex 3.29 is 2013
cm'1 which suggests that the donor ability of carbene ligand (7-0-MeOPh-
Mes) is higher than the symmetrical saturated and unsaturated 5-, 6- and 7-

membered NHC ligands (Fa(CO) = 2019 - 2041 cm'1) (Table 3-10).13H

Crystal data for the rhodium complex 3.29 were collected and an ORTEP
representation is shown in Figure 3-6. Selected bond lengths and angles are

summarised in Table 3-11.

c3
c5 C2
c15
C6
01
Rh
.C13
c14

1102

03

Figure 3-6: ORTEP ellipsoid plot at 30% probability of complexes 3.29.

Hydrogen atoms have been omitted for clarity.
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Table 3-11: Selected bond lengths (A) and bond angles (°) for complex 3.29.

Lengths (A) Angles (°)

Rh-C1 2.096(7) N1-C1-N2 119.6(6)
Rh-I 2.655(9) C1-N1-C6 115.8(6)
Rh-C13 1.869(1) C2-N1-C6 114.5(5)
Rh-C14 1.898(9) C1-N1-C2 129.8(5)
02-C13 1.106(1) C1-N2-C15 118.1(6)
03-C14 1.125(9) C1-N2-C5 123.2(6)
N1-C1 1.350(9) C5-N2-C15 116.2(6)
N1-C2 1.478(1) C13-Rh-C14 90.6(4)
N1-C6 1.449(8) C13-Rh-| 93.6(3)
N2-C1 1.340(8) C14-Rh-C1 86.8(3)
N2-C5 1.493(9) C1-Rh-| 89.7(2)
N2-C15 1.453(1)

The coordination is square planar at the Rh(I) center. The two Rh-CO bond

lengths are similar at 1.869(1) and 1.898(9) A, despite having different trans-
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substituents. The C-O bond frans to the carbene is longer than the one trans
to the iodide by 0.019 A, in line with the higher trans influence of the carbene
ligand. A similar trend can also be observed in the crystal structures of other

cis-[M(NHC)(CO),CI] (M = Rh, Ir).124 233

A longer Rh-Cnnc bond is observed upon substitution of the COD by two
carbonyl ligands, from 2.051(2) to 2.096(7) A, respectively. The tilt 6 angle,
defined by the coordination and N1-Cnuc-N2 plane, shows a small deviation

from a right angle at 86.78°.

3.2.4. The Reaction of 6-Py-Mes Salt with [M(COD)CI,] (M = Rh

or Ir) Unexpected Formation of M(III) Complexes.

The reaction of the pyridyl-functionalised salt (6-Py-Mes), with KN(SiMe3)s
and [M(COD)CI];, (M = Rh or Ir), leads to the formation of unexpected M(III) /
M(I) bis carbene complex 3.30, [Rh(6-Py-Mes).Cl;][Rh(COD)Cl;], and
complex 3.31, [Ir(6-Py-Mes),ClJ[Ir(COD)Cl;], (Scheme 3-5). From the
Scheme it is clear that M(I) in the compound [M(COD)CI], lost two electrons
to become M(Il) in the unexpected complex [M(6-Py-Mes),Cl,]" (M = Rh or
Ir), while at the same time, the chloride in the compound [M(COD)CI}; used

the two electrons to form the anionic Rh(I) compound [MCI;(COD)]".
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[M(COD)Cl,]

_ (\\ 735 \/ \N \—1
N. KN(SiMe,), SN—/ cl ,}1}
2| Mes| + 2 m(cop)cr, 0

/ —~Cl
2 {“ NMes

L | ~ N\_}

3.30, M=Rh
331, M=1Ir

Scheme 3-5: Synthesis of pyridyl carbene complexes 3.30 and 3.31.

The Rh(II) and Ir(IlI) complexes have been characterised by 'H NMR, "°C
NMR, mass spectroscopy and elemental analysis. The *C NMR data for the
coordinating carbene carbons appears as a doublet at 188.8 ppm for
complex 3.30 and singlet at 184.3 ppm for complex 3.31, suggesting the
formation of the M-C bond (M = Rh or Ir). These are in the usual range for
the other Rh(IIl)- or Ir(lll)- NHC complexes.*® 31 The 'H NMR spectrum
shows that the carbene ligands are symmetrically related. For example, two
sharp singlets (s, 6H) for the (0-CH3)mes at 2.27 and 2.19 ppm and one
singlet (s,6H) for (p-CHz)mes at 2.01 ppm in complex 3.30 and at 2.36, 2.28
ppm and 2.05 ppm in complex 3.31. The 'H NMR signals for 0-CHpy
(hydrogen atom next to the pyridyl nitrogen) is shifted downfield (Table 3-12),

indicating that the pyridyl nitrogen is coordinating to the metal.
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Table 3-12: '"H NMR and ">C NMR data for carbene salts and their Rh(III)

and Ir(IlT) complexes.

"H NMR 3¢ NMR
(5 H) ppm (8 C) ppm
0-CHpy 0-CH3 Mes P-CH3 mMes Cnen
Salt
8.25 2.29 2.27 150.3
(6-Py-Mes)
Rh(IIT)-NHC
8.80 2.31-2.22 2.01 188.8
Complex 3.30
Ir(III)-NHC
8.88 2.36-2.28 2.05 184.3
Complex 3.31

Crystals suitable for X-ray crystallography were obtained for the Rh(III)-
NHC complex 3.30 by diffusion of hexane into DCM solution of the complex
at ambient temperature. The detailed solid state coordination sphere around
the rhodium centre of complex 3.30 was confirmed by X-ray crystal structure
analysis. The complete molecular structure of complex 3.30 is depicted in

Figure 3-7 below. Selected bond lengths and angles are listed in Table 3-13.
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Figure 3-7: ORTEP ellipsoid plot at 30% probability of complexes 3.30.

Hydrogen atoms have been omitted for clarity.

The structural arrangement of complex 3.30 shows that molecular geometry
around the Rh(lll) ion is distorted octahedral with four coordination sites
occupied by two carbenes and two pyridyl nitrogen atoms and the two other
coordination sites occupied by two chloride atoms in a cis fashion. The
carbene bite-angles (C27-Rh1-N4) and (C9-Rh1-N1) are 80.5(5)° and
80.4(4)° respectively, which is quite small for octahedral coordination. The tilt
0 angle, defined by the coordination and the N1-CNHc-N2 plane, are 64.06°

and 63.86°.
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Table 3-13: Selected bond lengths (A) and angles (°) for complex 3.30.

Lengths (&) Angles (°)

C9-Rh1  2.031(9) |N3-CO-N2  117.8(8) | N4-Rh1-CI2  94.0(3)

C27-Rh1  1.950(1) | NB6-C27-N5 114.5(1) | C9-N2-C5  119.9(8)

N1-Rh1 2.031(8) C27-Rh1-C9 96.4(4) | C9-N3-C10 125.3(8)

N4-Rh1 2.036(9) C9-Rh1-N1 80.4(4) | C27-N5-C23 117.6(1)

Cl1-Rh1 2.412(3) C27-Rh1-N4  80.5(5) | C27-N6-C28 124.1(1)

CI2-Rh1  2.418(2) | C9-Rh1-N4 102.6(4) | C11-Rh-CI2  91.92(9)

C9-N3 1.288(1) | C27-Rh1-N1  102.8(4)

C9-N2 1.380(1) C9-Rh1-ClI1  86.3(3)

C27-N6  1.363(1) | C27-Rh1-CI2 85.8(3)

C27-N5  1.401(1) | N1-Rh1-CI1  826(2)

The distances between Rh(III) and the carbene carbon (2.031(9), 1.950(1)
A ) are normal for Rh-C (o-bond) and imply a symmetric ligand coordination

mode. The Rh(IlI)-Cnxc distances are shorter than the distances between
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Rh(lll) and the chloride (2.412(3), 2.418(2) A), owing to the strong electron-

donating ability of NHCs.

The heavy steric demands imposed by 7-membered carbenes upon
coordination prevent NHCs with bulkier substituents from coordinating to the
metal. For example, no reaction was observed between the carbene salt (7-
Py-Mes) and [Rh(COD)CI]2. Instead, the hydrolysis products of the free
carbene and the metal particulate were recovered. Figure 3-8 shows the
steric interaction in complex 3.30 between the aromatic substituents on the
carbene with chloride ligands, which presumably leaves no room for more

encumbered N-substituents or the use of a 7-membered carbene as a ligand.

Figure 3-8: Mercury spacefill depiction of complex 3.30, [Rh(lll)-(6-Py-

Mes)2CI2]+
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3.2.5. Reaction of 6-MeSPh-Mes and 6-MeSPh-DIPP Salts with
[Rh(COD)CI], Unexpected Ar-SMe Cleavage and Synthesis of

a Novel Rh(ITII)NHC Complex.

The reaction of a N-functionalised (o-MeSPh) NHC salt with KN(SiMe3), and
[Rh(COD)CI], in THF leads to formation of a novel dimeric Rh(Ill) bis-
carbene complex which is shown in Scheme 3-6. The reaction involves the
unexpected cleavage oxidative addition of the aryl-sulphur bond to give
metalated Rh and a bridging thio-methyl moiety. This is a unique reaction

which does not correspond to anything similar in the literature.

_ e, NYNR
®
KN(SiMe,), 7\

N NR
X + [Rh(COD)CI], — CH.S SCH
THF 3 \ / 3

3.32, R=Mes

3.33, R=DIPP

Scheme 3-6: Synthesis of novel Rh(III) bis-carbene complexes 3.32 and

3.33 by a unique Ar-SMe cleavage.
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Attempts were made to prepare similar complexes, in order to gain some
understanding of the reaction mechanism but unfortunately failed from the

first step (Scheme 3-7).

HCl
NH, + HC(OE), %{» QNYOEt
srR H

SR
R = ethyl
R = isopropyl

Scheme 3-7: An attempt to prepare ethyl (2-ethylthiophenyl) formimide and

ethyl (2-isopropylthiophenyl) formimide.

The detailed mechanism of this reaction (Scheme 3-6) is unclear. However,
in broad terms, it is thought that the NHC carbon first coordinates to the Rh(I)
to generate an extremely electron rich metal centre, which then undergoes
rapid intra-molecular oxidative addition of the MeS-phenyl moiety to form the
o-metallated thio-bridged Rh(III) dimer. It would appear that these expanded-
ring NHCs are extremely powerful electron donors, which promote oxidation
of the metal center, as seen in this case and also with the pyridine

functionalised NHC (Section 3.2.4).
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Characterisation of these complexes was carried out by 'H NMR, *C NMR

and mass spectroscopy. The C NMR signals for the carbene carbon

appeared as a doublet at 202.3 ppm for complex 3.32 and a doublet at 202.7

ppm for complex 3.33, indicating the formation of a Rh-Cyyc bond. The

signals are within the range of Rh-Cnuc observed for other Rh complexes.

The 'H NMR signals of m-CHa, are shifted downfield and the hydrogen atoms

in the SCH3 group appeared as a sharp singlet at 1.69 ppm and 1.52 ppm for

complex 3.32 and 3.33, respectively. The large shift compared to the salt

indicating that these groups have coordinated to the metal (Table 3-14).

Table 3-14: 'H NMR and *C NMR data for carbene salt and their Rh(l)

complexes.

'"H NMR (5 H) ppm

3C NMR (5 C) ppm

m-CHa, SCH- Cnen

Salt (6-MeSPh-Mes) 7.38 2.46 154 .1
Salt (6-MeSPh-DIPP) 7.38 3.85 158.8
Complex 3.32 7.56 1.69 202.3
Complex 3.33 7.53 1.52 202.7
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Crystals suitable for X-ray crystallography of complex 3.33 were obtained by
the diffusion of hexane into the saturated THF solution of the complex. The
crystal structure of complex 3.33 and selected bond distances and angles are

presented in Figure 3-9 and Table 3-15 respectively.

N4
c32
Rh2
s M
N3 C2 -
S2 c10
c23
m N2

Figure 3-9: ORTEP ellipsoid plot at 30% probability of complexes 3.33.

Hydrogen atoms have been omitted for clarity.

The structural arrangement of complex 3.33 shows that the molecular

geometry around the rhodium ion is trigonal bipyramidal with two

coordination sites occupied by bidentate carbene, one coordination site
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occupied by chloride (the two chloride atoms are in trans arrangement

overall), and the other two coordination sites occupied by two SCH3 groups.

Table 3-15: Selected bond lengths (A) and angles (°) for complex 3.33.

Lengths () Angles (°)
C10-Rh1 1.996(7) N1-C10-N2 118.0(6)
C1-Rh1 1.971(7) C10-N1-C6 114.4(6)
S1-Rh1 2.406(2) C10-Rh1-C1 80.4(3)

S2-Rh1 2.4302(2) C10-Rh1-Cl1 88.2(2)
Cl1-Rh1 2.362(2) C1-Rh1-S1 96.2(2)
C10-N1 1.334(8) Cl1-Rh1-S2 171.0(7)
C10-N2 1.345(8) S1-Rh1-S2 82.6(6)
C32-Rh2 2.011(7) N3-C32-N4 116.8(6)
C23-Rh2 1.970(7) C32-N3-C23 114.7(7)
S1-Rh2 2.308(2) C32-Rh2-C23  81.0(3)
S2-Rh2 2.417(2) C32-Rh2-CI2 92.6(2)
Cl2-Rh2 2.370(2) C23-Rh2-S2 95.3(2)
C32-N3 1.358(9) Cl2-Rh2-S1 171.1(7)
C32-N4 1.339(9) S1-Rh2-S2 82.2(4)
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The Rh-Cnuc bond lengths (1.996(7), 2.011(7) A) are normal for Rh-Cnc
(o-bond) complexes and imply a symmetric ligand coordination mode. The
two Rh-Cnhc are the same, within experimental error, and also very similar to
the Cpn(sp?)-Rh bond lengths. The Cnnc-Rh-Cpr bite-angles (C10-Rh1-C1)
and (C32-Rh2-C23) are 80.4(3)° and 81.0(3)°. The tilt 8 angle, defined by the

coordination and the N1-Cnnc-N2 plane, are 79.38° and 86.85°.

3.3. Experimental.

General Remarks.

All manipulations were performed using standard Schienk techniques
under an argon atmosphere, except where otherwise noted. Solvents were
freshly distilled from sodium/benzophenone (THF, hexane) or from calcium
hydride (CH,Cl,). Deuterated solvents for NMR measurements were distilled
from the appropriate drying agents under N; immediately prior to use,
following standard literature methods. Air-sensitive compounds were stored
and weighed in a glovebox. 'H and "*C {'"H} NMR spectra were obtained on
Bruker Avance AMX 400, 500 or Jeol Eclipse 300 spectrometers. The
chemical shifts are given as dimensionless 3 values and are frequency-
referenced relative to TMS. Coupling constants J are given in hertz (Hz) as
positive values regardless of their real individual signs. The multiplicity of the

signals is indicated as: s, d, t or m for singlet, doublet, triplet, multiplet, mass
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spectra and high-resolution mass spectra were obtained in electrospray (ES)
mode unless otherwise reported, on a Waters Q-TOF micromass
spectrometer. Infrared spectra were recorded using a JASCO FT/IR-600 plus

spectrometer and analysed in solution (dichloromethane).
[Rh(6-0-MeOPh-Mes)(COD)CI] (3.15).

KN(SiMe3), (82 mg, 0.41 mmol) and (6-0-
(0-MeO)PhN. _NMes  p1o0ph-Mes)BF, salt (162 mg, 0.41 mmol) were
/Rh\_ Cl placed in a Schlenk-tube followed by the
Q@ addition of THF (15 ml). The solution was stirred
for 30 minutes and subsequently filtered in to another Schlenk-tube
containing a 10 ml THF solution of [Rh(COD)CI]; (0.20 mmol). An immediate
colour change was observed from light to dark yellow. After the reaction was
stirred at room temperature for 2 hours, the volatiles were removed in vacuo.
The yellow solid obtained was washed with hexane (2 x 10 ml) and dried.
Crystals suitable for X-ray diffraction were obtained by layering a
dichloromethane solution of the compound with hexane. The yield was 62%
(0.141 qg).
'H NMR (CDCl3 500 MHz, 298 K): & 8.39 (1H, d, 0-CHomeorn), 7.29 (1H, t,
m-CHomeopn), 7.07 (1H, t, p-CHomeorn), 6.97 (1H, s, m-CHwmes), 6.91 (1H, d,
m-CHomeopn), 6.82 (1H, s, m-CHmes), 4.29 (1H, m, CHcop), 4.23 (1H, m,
CHcop), 3.80 (3H, s, OCHs), 3.55 (2H, t, NCHy), 3.24 (2H, t, NCH>), 2.93
(1H, m, CHcop), 2.79 (1H, m, CHcop), 2.59 (3H, s, 0-CH,), 2.25 (3H, s, o-

CHs), 2.21 (2H, m, NCH,CH>), 2.05 (3H, s, p-CHs), 1.57 (2H, m, CHcop),

138



Chapter Three
Synthesis of Complexes with Expanded NHCs as Functionalised Ligands

1.38 (2H, m, CHcop), 1.25 (2H, m, CHcop), 1.13 (2H, m, CHcop). °C NMR
(CDCl3, 100 MHz, 298 K): & 210.0 (d, "Jrnc = 46.9, Cuic), 154.2 (s, Ar-Co.
Meoph), 140.8 (S, Ar-Cues), 136.4 (S, Ar-Cyes), 136.2 (s, Ar-Cues), 135.1 (s, Ar-
Cwmes), 134.5 (s, Ar-Comeopn), 133.0 (S, Ar-CHowmeort), 128.9 (s, Ar-CHues),
127.4 (s, Ar-CHues), 127.0 (s, Ar-CHomeorn), 119.8 (s, Ar-CHomeorn), 109.4
(s, Ar-CHomeopn), 93.3 (d, Ccop), 66.3 (d, Ccop), 54.2 (s, OCHa), 47.2 (s,
NCH;), 46.4 (s, NCHy), 31.5 (s, CHz cop), 30.4 (s, CHz cop), 27.4 (s, CHa,
cop), 25.9 (s, CHz cop), 20.4 (s, NCH,CHy), 19.9 (s, CHs), 18.8 (s, CHy), 16.9
(s, CHs). Anal. Found (Caled) for C,sH3sN2ORKCI: C, 60.58 (60.61); H, 6.69
(6.49); N, 4.90 (5.05). HRMS (ES): m/z 519.1868 (IM-CI[' CsH3sN,ORh

requires 519.1883).

[Rh(6-0-MeOPh-DIPP)(COD)CI] (3.16).

KN(SiMe3), (82 mg, 0.41 mmol) and (6-0-

(0-MeO)PhN._ __NDIPP  MeOPh-DIPP)BF, salt (178 mg, 0.41 mmol)

/Rh\—Cl were placed in a Schlenk-tube followed by the
Q@ addition of THF (15 ml). The solution was

stirred for 30 minutes and subsequently filtered into another Schienk-tube
containing a 10 ml THF solution of [Rh(COD)CI]z (0.20 mmol). An immediate
. colour change was observed from light to dark yellow. After the reaction was
stirred at room temperature for 2 hours, the volatiles were removed in vacuo.
The yellow solid obtained was washed with hexane (2 x 10 ml) and dried.

Crystals suitable for X-ray diffraction were obtained by layering a
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dichloromethane solution of the compound with hexane. The yield was 62%
(0.152 g).

'H NMR (CDCl3 500 MHz, 298 K): 5 8.36 (1H, d, 0-CHomeopn), 7.34 (1H, t,
m-CHomeopn), 7.31 (1H, t, p-CHpipp), 7.28 (1H, d, m-CHpep) 7.10 (1H, d, m-
CHoiep), 7.05 (1H, t, p-CHomeopn), 6.91 (1H, d, m-CHomeorn), 4.39 (1H, m,
CHcop), 4.24 (1H, m, CHcop), 4.04 (2H, t, NCH,), 3.80 (3H, s, OCHs), 3.54
(2H, t, NCH,), 3.00 (1H, m, CHcop), 2.91 (1H, m, CHcop), 2.49 (1H, m,
CH(CHs)2), 2.37 (1H, m, CH(CHs),), 2.08 (2H, m, NCH,CH,), 1.64 (2H, m,
CHcop)., 1.75 (3H, d, CH(CHs)2), 1.52 (3H, d, CH(CHs);), 1.31 (2H, m,
CHcop), 1.25 (2H, m, CHcop), 1.18 (3H, d, CH(CHs),), 1.14 (3H, d,
CH(CHs)2), 1.04 (2H, m, CHcop). '>°C NMR (CDCls, 100 MHz, 298 K): 5 211.5
(d, "Jrnc = 46.5, Cnic), 154.6 (s, Ar-Comeorn), 147.4 (s, Ar-Cppp), 145.7 (s,
Ar-Cpipp), 140.6 (s, Ar-Cpipp), 134.9 (s, Ar-Comeorn), 133.4 (s, Ar-CHomeorn),
127.5 (s, Ar-CHpipp), 127.4 (1C, s, Ar-CHpipp), 124.3 (1C, s, Ar-CHpipp),
122.0 (1C, s, Ar-CHomeorn), 119.8 (1C, s, Ar-CHomeopn), 109.3 (1C, s, Ar-
CHomeorn), 93.7 (d, Ccop), 67.8 (d, Ccop), 54.2 (s, OCHs), 48.7 (s, NCHy),
47.9 (s, NCH,), 31.5 (s, CH(CHs),), 30.6 (s, CH(CHa)y), 28.8 (s, NCH,CH,),
27.5 (s, CHz cop), 27.1 (s, CHaz cop), 26.6 (s, CH2 cop), 26.5 (s, CHz cop),
25.4(s, CH3), 24.0 (s, CHs), 22.5 (s, CHs), 21.0 (s, CHs). Anal. Found (Calcd)
for C31H42N2ORNKCI: C, 61.98 (62.37); H, 7.23 (7.04); N, 4.41 (4.69). HRMS

(ES): m/z 561.2330 ([M-CI]" C31H42N,ORh requires 561.2352).
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[Rh(6-0-MeOPh)(COD)CI] (3.17).

(\ KN(SiMes), (82 mg, 0.41 mmol) and (6-

(0-MeO)PhN__N(0-MeO)Ph  , \1eOPh)BF, salt (157 mg, 0.41 mmol)

/Rh\_ Cl were placed in a Schlenk- tube followed
Q@ by the addition of THF (15 ml). The

solution was stirred for 30 minutes and subsequently filtered into another
Schlenk-tube containing a 10 ml THF solution of [Rh(COD)CI}, (0.20 mmol).
An immediate colour change was observed from light to dark yellow. After the
reaction was stirred at room temperature for 2 hours, the volatiles were
removed in vacuo. The yellow solid obtained was washed with hexane (2 x
10 ml) and dried. Crystals suitable for X-ray diffraction were obtained by
layering a dichloromethane solution of the compound with hexane. The yield
was 64% (0.142 q).

'"H NMR (CDCls 500 MHz, 298 K): 8 8.45 (2H, d, 0-CHomeopn), 7.28 (2H, t,
m-CHomeopt), 7.07 (2H, t, p-CHomeorn), 6.88 (2H, d, m-CHomeorn), 4.27 (2H,
m, CHcop), 3.81 (6H, s, OCH,), 3.57 (2H, t, NCH>), 3.31 (2H, t, NCH,), 2.18
(2H, m, CHcop), 2.12 (2H, m, NCH,CH>), 1.66 (4H, m, CHcop), 1.25 (4H, m,
CHecop). '*C NMR (CDCls, 100 MHz, 298 K): & 208.6 (d, 'Jrnc = 46.7, Cnic),
153.3 (s, Ar-Comeorn), 134.5 (s, Ar-Comeorn), 132.9 (s, Ar-CHomeopn), 127.9
(s, Ar-CHomeorn), 119.9 (s, Ar-CHomeorn), 109.5 (s, Ar-CHomeorn), 93.9 (d,
Ccop), 65.3 (d, Ccop), 54.5 (s, OCH3), 46.9 (s, NCH), 30.9 (s, CHz cop), 26.8
(s, CH2 cop), 20.2 (NCH,CH,). Anal. Found (Calcd) for C26H32N202RhCI: C,
57.90 (57.52); H, 5.77 (5.89); N, 5.09 (5.16). HRMS (ES). m/z 507.1538 ([M-

Cl]+ C25H32N202Rh requires 507.151 9).

141



Chapter Three
Synthesis of Complexes with Expanded NHCs as Functionalised Ligands

[Rh(7-0-MeOPh-Mes)(COD)CI] (3.18).

KN(SiMe3), (82 mg, 0.41 mmol) and (7-0-
(0-MeQPAN__NMes  \o0ph-Mes)BF, salt (168 mg, 041 mmol)
Bh\—CI were placed in a Schlenk-tube followed by the
Q@ addition of THF (15 ml). The solution was stirred
for 30 minutes and subsequently filtered into
another Schlenk-tube containing a 10 ml THF solution of [Rh(COD)CI], (0.20
mmol). An immediate colour change was observed from light to dark yellow.
After the reaction was stirred at room temperature for 2 hours, the volatiles
were removed in vacuo. The yellow solid obtained was washed with hexane
(2 x 10 ml) and dried. Crystals suitable for X-ray diffraction were obtained by
layering a dichloromethane solution of the compound with hexane. The yield
was 66% (0.153 g).
'H NMR (CDCl; 500 MHz, 298 K): 6 8.35 (1H, d, 0-CHomeopn), 7.32 (1H, t,
m-CHowmeopn), 7.08 (1H, t, p-CHomeorn), 6.98 (1H, s, m-CHmes), 6.95 (1H, d,
m-CHomeopn), 6.81 (1H, s, m-CHpes), 4.35 (1H, m, CHcop), 4.23 (1H, m,
CHcop), 3.81 (3H, s, OCHs), 3.55 (2H, t, NCH>), 3.30 (2H, t, NCH,), 3.06
(1H, m, CHcop), 2.95 (1H, m, CHcop), 2.57 (3H, s, 0-CHs), 2.39 (2H, m,
NCH,CH,), 2.26 (3H, s, 0-CH3), 2.19 (3H, s, p-CHs), 2.08 (2H, m, NCH,CH,),
1.40 (2H, m, CHcop), 1.27 (2H, m, CHcop), 1.22 (2H, m, CHcop), 1.14 (2H,
m, CHcop). °C NMR (CDCls, 100 MHz, 298 K): 8 221.7 (d, "Jrnc = 46.3,
Cnhe), 157.5 (s, Ar-Comeorn), 142.1 (s, Ar-Cues), 138.8 (s, Ar-Cues), 138.6 (s,
Ar-Cpes), 136.1 (s, Ar-Cmes), 135.7 (s, Ar-Comeorn), 133.2 (1s, Ar-CHomeorn),

129.0 (s, Ar-CHyes), 127.3 (S, Ar-CHyes), 126.9 (s, Ar-CHoaeopn), 119.2 (s,
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Ar-CHomeorn), 109.4 (s, Ar-CHomeorn), 93.7 (d, Ccop), 67.1 (d, Ccon), 55.0 (s,
OCHs3), 53.9 (s, NCH,), 53.2 (s, NCHy), 31.4 (s, CH; cop), 30.6 (s, CH: cop),
27.3 (s, CH2 cop), 25.8 (s, CHz cop), 23.0 (s, NCH2CHy), 22.7 (s, NCH,CH)y),
19.9 (s, CH3), 19.2 (s, CH3), 17.3 (s, CHj). Anal. Found (Calcd) for
C29H3sN20RNCI: C, 60.77 (61.22); H, 6.71 (6.68); N, 4.79 (4.93). HRMS

(ES): m/z 533.2033 ([M-CI]* C29H3sN-ORh requires 533.2039).

[Rh(7-0-MeOPh-DIPP)(COD)CI] (3.19).

m KN(SiMe3), (82 mg, 0.41 mmol) and (7-o-

(0-MeO)PhN NDIPP MeOPh-DIPP)BF, salt (185 mg, 0.41 mmol)

~

Rh—ClI were placed in to a Schlenk-tube followed by

% the addition of THF (15 ml). The solution was

stirred for 30 minutes and subsequently filtered

into another Schlenk-tube containing a 10 ml THF solution of [Rh(COD)Cl];

(0.20 mmol). An immediate colour change was observed from light to dark

yellow. After the reaction was stirred at room temperature for 2 hours, the

volatiles were removed in vacuo. The yellow solid obtained was washed with

hexane (2 x 10 ml) and dried. Crystals suitable for X-ray diffraction were

obtained by layering a dichloromethane solution of the compound with
hexane. The yield was 60% (0.150 g).

'"H NMR (CDCl3, 500 MHz, 298 K): & 8.41 (1H, d, 0-CHomeorn), 7-35 (1H, t,

m-CHymeorn), 7.31 (1H, t, p-CHpipp), 7.26 (1H, d, m-CHpipp) 7.09 (1H, d, m-

CHpiep), 7.04 (1H, t, p-CHomeorn), 6.94 (1H, d, m-CHomeorn), 4.48 (1H, m,

CHcop), 4.41 (1H, m, CHcop), 4.07 (2H, t, NCH>), 3.93 (2H, t, NCH>), 3.84
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(3H, s, OCHs), 3.35 (1H, m, CHcop), 3.22 (1H, m, CHcop), 2.75 (1H, m,
CH(CHs)), 2.41 (1H, m, CH(CHs)y), 2.16 (2H, m, NCH,CH,), 2.04 (2H, m,
NCH.CH,), 1.72 (2H, m, CHcop), 1.66 (3H, d, CH(CHs),), 1.56 (3H, d,
CH(CHa)z), 1.42 (2H, m, CHcop), 1.36 (2H, m, CHcop), 1.23 (3H, d,
CH(CHa)2), 1.15 (3H, d, CH(CHs)2), 1.08 (2H, m, CHcop). *C NMR (CDCls,
100 MHz, 298 K): & 224.0 (d, "Jrnc = 46.4, Cnic), 153.1 (S, Ar-Comeorh),
147.6 (s, Ar-Comr), 146.8 (s, Ar-Cpipp), 141.7 (s, Ar-Coiep), 135.2 (s, Ar-Co.
Meoph), 134.0 (s, Ar-CHowmeopn), 127.4 (s, Ar-CHpep), 127.2 (s, Ar-CHoiep),
125.0 (s, Ar-CHopipp), 121.6 (s, Ar-CHomeopn), 119.1 (s, Ar-CHomeopn), 109.5
(s, Ar-CHomeorn), 95.1 (d, Ccop), 68.8 (d, Ccop), 55.5 (s, OCHs), 54.2 (s,
NCH,), 53.4 (s, NCH,), 32.8 (s, CH(CHa)y), 29.8 (s, CH(CH3),), 28.9 (s,
NCH,CH,), 27.3 (s, NCH,CH,), 27.1 (s, CH; cop), 26.0 (s, CHz cop), 25.6 (s,
CHz cop), 25.0 (s, CHz cop), 24.9 (s, CHa), 23.6 (s, CHy), 22.8 (s, CHg), 21.2
(s, CHs). Anal. Found (Calcd) for Cs;HasN2ORKCL: C, 62.16 (62.91); H, 7.63
(7.21); N, 4.97 (4.59). HRMS (ES): m/z 575.2501 (JM-CI]' CsHssN.ORh

requires 575.2509).
[Rh(7-0-MeOPh)(COD)CI] (3.20).

KN(SiMes). (82 mg, 0.41 mmol) and (7-
(0-MeO)Ph N N(o-MeO)Ph 0-MeOPh)BF; salt (163 mg, 0.41 mmol)

were placed in a Schlenk-tube followed

Bh—CI
% by the addition of THF (15 ml). The
solution was stirred for 30 minutes and

subsequently filtered into another Schienk-tube containing a 10 ml THF
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solution of [Rh(COD)CI], (0.20 mmol). An immediate colour change was
observed from light to dark yellow. After the reaction was stirred at room
temperature for 2 hours, the volatiles were removed in vacuo. The yellow
solid obtained was washed with hexane (2 x 10 ml) and dried. Crystals
suitable for X-ray diffraction were obtained by layering a dichloromethane
solution of the compound with hexane. The yield was 50% (0.114 g).

'H NMR (CDCl3, 500 MHz, 298 K): 5 8.43 (2H, d, 0-CHomeopr), 7.27 (2H, t,
m-CHymeopn), 7.05 (2H, t, p-CHomeorn), 6.67 (2H, d, m-CHomeorn), 4.29 (2H,
m, CHcop), 3.85 (6H, s, OCHa), 3.71 (2H, t, NCH.), 3.58 (2H, t, NCH,), 3.05
(2H, m, CHcop), 2.41 (2H, m, NCH2CH>), 2.17 (2H, m, NCH,CH,), 1.59 (4H,
m, CHcop), 1.21 (4H, m, CHcop). >C NMR (CDCls, 100 MHz, 298 K): 5 215.6
(d, "Jrnc = 46.3, Cnhc), 154.5 (s, Ar-Comeorn), 135.3 (s, Ar-Comeopn), 133.1
(s, Ar-CHomeorn), 127.9 (s, Ar-CHomeorn), 119.9 (s, Ar-CHomeopn), 110.9 (s,
Ar-CHomeorn), 94.5 (d, Ccop), 66.9 (d, Ccop), 54.9 (s, OCHa), 43.8 (s, NCH>),
30.6 (s, CHz cop), 26. (s, CHz con), 21.6 (s, NCH2CHy). Anal. Found (Calcd)
for C27H34N2O2RNCI: C, 58.35 (58.23); H, 6.03 (6.11); N, 4.95 (5.03). HRMS

(ES): m/z 521.1535 ([M-CI]* C27H34N2O2Rh requires 521.1527).

[Ir(6-0-MeOPh-Mes)(COD)CI] (3.21).

KN(SiMe3), (59 mg, 0.30 mmol) and (6-o0-

(0-MeO)PhN NMes MeOPh-Mes)BF, salt (118 mg, 0.30 mmol) were

Ir—Cl placed in a Schlenk-tube followed by the
<\
Q@ addition of THF (15 ml). The solution was stirred
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for 30 minutes and subsequently filtered into another Schlenk-tube containing
a 10 ml THF solution of [I(COD)CIl]; (0.15 mmol). An immediate colour
change was observed from light to dark orange. After the reaction was stirred
at room temperature for 3 hours, the volatiles were removed in vacuo. The
yellow solid obtained was washed with hexane (2 x 10 ml) and dried. Crystals
suitable for X-ray diffraction were obtained by layering a dichloromethane
solution of the compound with hexane. The yield was 64% (0.123 g).

'H NMR (CDCl; 500 MHz, 298 K): 5 8.09 (1H, d, 0-CHomeopn), 7.25 (1H, t,
m-CHowmeoph), 6.96 (1H, t, p-CHomeorn), 6.89 (1H, s, m-CHwes), 6.85 (1H, d,
m-CHomeoprn), 6.81 (1H, s, m-CHwmes), 3.85 (1H, m, CHcop), 3.79 (3H, s,
OCH3), 3.68 (1H, m, CHcop), 3.63 (2H, t, NCH>), 3.29 (2H, t, NCH), 2.66
(1H, m, CHcop), 2.54 (1H, m, CHcop), 2.45 (3H, s, 0-CHs), 2.22 (3H, s, o-
CHs), 2.12 (3H, s, p- CHs), 1.78 (2H, m, NCH2CH>), 1.38 (2H, m, CHcop),
1.21 (2H, m, CHcop), 1.19 (2H, m, CHcop), 1.07 (2H, m, CHcop). "°C NMR
(CDCl3, 100 MHz, 298 K): 6 205.5 (s, NCIrN), 154.9 (s, Ar-Comeoprn), 141.3
(s, Ar-Cues), 137.2 (s, Ar-Cpes), 137.1 (s, Ar-Cpes), 135.5 (s, Ar-Cumes), 135.2
(s, Ar-Comeorn), 134.7 (s, Ar-CHomeorh), 129.6 (s, Ar-CHmes), 128.3 (s, Ar-
CHumes), 127.9 (s, Ar-CHomeorn), 120.4 (s, Ar-CHomeorn), 110.4 (s, Ar-CH,
Meoprh), 79.6 (d, Ccop), 67.9 (d, Ccop), 55.2 (s, OCH3), 50.9 (s, NCH), 48.8 (s,
NCH,), 33.6 (s, CH; cop), 32.2 (s, CH2 cop), 29.1 (s, CH2 cop), 25.6 (s, CH:
cop), 21.5 (s, NCH2CH,), 20.9 (s, CH3), 19.6 (s, CHs), 18.1 (s, CHa). Anal.
Found (Calcd) for C2gH3sN2OIrCl: C, 52.45 (52.20); H, 5.50 (5.59); N, 4.04

(4.35). HRMS (ES): m/z 607.2433 ([M-CI]* C2sH3sN-OIr requires 607.2434).
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[Ir(6-0-MeOPh-DIPP)(COD)CI] (3.22).

KN(SiMe3)2 (69 mg, 0.30 mmol) and (6-0-
(-MeO)PhN_ _NDIPP  MeOPh-DIPP)BF, salt (131 mg, 0.30 mmol)
/Ir\——CI were placed in a Schlenk-tube followed by the
Q@ addition of THE (15 ml). The solution was
stirred for 30 minutes and subsequently filtered into another Schlenk-tube
containing a 10ml THF solution of [Ir(COD)CI]; (0.15 mmol). An immediate
colour change was observed from light to dark orange. After the reaction was
stirred at room temperature for 3 hours, the volatiles were removed in vacuo.
The yellow solid obtained was washed with hexane (2 x 10 ml) and dried.
Crystals suitable for X-ray diffraction were obtained by layering a
dichloromethane solution of the compound with hexane. The yield was 63%
(0.129 g).
'H NMR (CDCl; 500 MHz, 298 K): 5 8.04 (1H, d, 0-CHomeorn), 7.28 (1H, t,
m-CHomeorn), 7.25 (1H, t, p-CHpiep), 7.21 (1H, d, m-CHpipp) 7.05(1H, d, m-
CHpiep), 6.97 (1H, t, p-CHomeorn), 6.86 (1H, d, m-CHomeorn), 4.11 (1H, m,
CHcop), 3.87 (1H, m, CHcop), 3.82 (2H, t, NCH,), 3.76 (3H, s, OCHj), 3.59
(2H, t, NCH,), 3.36 (1H, m, CHcop), 3.32 (1H, m, CHcop), 3.09 (1H, m,
CH(CHas)2), 2.62 (1H, m, CH(CH3)2), 2.25 (2H, m, NCH2CHy), 1.62 (2H, m,
CHcod), 1.44 (3H, d, CH(CH3)2), 1.42 (3H, d, CH(CH?3)2), 1.25 (2H, m, CHcop),
1.03 (2H, m, CHcop), 1.17 (3H, d, CH(CHs)2), 1.10 (3H, d, CH(CH3)2), 1.04
(2H, m, CHcop). *C NMR (CDCls, 100 MHz, 298 K): & 207.5 (s, NCIrN),
155.3 (s, Ar-Comeorn), 148.4 (s, Ar-Cpipp), 146.6 (s, Ar-Cpper), 141.1 (s, Ar-

Coirp), 135.4 (s, Ar-Comeorn), 134.9 (s, Ar-CHomeorn), 128.6 (s, Ar-CHore),
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128.5 (s, Ar-CHpipp), 125.1 (s, Ar-CHpipp), 122.8 (s, Ar-CHomeorr), 120.8 (s,
Ar-CHomeopn), 110.2 (s, Ar-CHomeopn), 80.4 (d, Ceop), 77.9 (d, Ccop), 55.2 (s,
OCHs3), 53.4 (s, NCHy), 50.4 (s, NCHy), 33.3 (s, CH(CHa),), 32.6 (s,
CH(CHs),), 28.3 (s, NCH,CHy), 28.1 (s, CHa cop), 28.0 (s, CH2 cop), 27.7 (s,
CHgz cop), 27.3 (s, CHz cop), 26.4 (s, CHa), 24.6 (s, CHs), 23.3 (s, CHa), 21.7
(s, CHa). Anal. Found (Calcd) for C31HaN2OIrCl: C, 54.70 (54.32); H, 6.04
(6.12); N, 3.79 (4.07). HRMS (ES): m/z 649.3903 ([M-CI]* C3;H42NOIr

requires 649.2931).

[Ir(7-0-MeOPh-Mes)(COD)CI] (3.23).

m KN(SiMe3), (59 mg, 0.30 mmol) and (7-o0-

_N N MeOPh-Mes)BF, salt (122 mg, 0.30 mmol)
(0-MeO)Ph \( Mes

Cl—Ir were placed in to a Schlenk-tube followed by

the addition of THF (15 ml). The solution was
stirred for 30 minutes and subsequently filtered into another Schlenk-tube
containing a 10 ml THF solution of [I(COD)CI]; (0.15 mmol). An immediate
colour change was observed from light to dark orange. After the reaction was
stirred at room temperature for 3 hours, the volatiles were removed in vacuo.
The yellow solid obtained was washed with hexane (2 x 10 ml) and dried.
Crystals suitable for X-ray diffraction were obtained by layering a
dichloromethane solution of the compound with hexane. The yield was 62%
(0.122 g).
'H NMR (CDCI; 500 MHz, 298 K): & 8.05 (1H, d, 0-CHomeorn), 7.25 (1H, t,

m-CHymeorn), 6.98 (1H, t, p-CHomeorn), 6.92 (1H, s, m-CHyes), 6.88 (1H, d,
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m-CHomeorn), 6.79 (1H, s, m-CHuyes), 4.54 (1H, m, CHcop), 4.39 (1H, m,
CHcop), 3.79 (3H, s, OCH), 3.66 (2H, t, NCHz), 3.31 (2H, t, NCHy), 2.82
(1H, m, CHcop), 2.76 (1H, m, CHcop), 2.56 (3H, s, 0-CHs), 2.43 (2H, m,
NCH,CH,), 2.25 (3H, s, 0-CHs), 2.17 (3H, s, p-CHs), 2.08 (2H, m, NCH,CH,)
1.67 (2H, m, CHcop), 1.43 (2H, m, CHcop), 1.24 (2H, m, CHcop), 1.15 (2H,
m, CHcop). '°C NMR (CDCls, 100 MHz, 298 K): 5 215.8 (s, NCIrN), 157.7 (s,
Ar-Comeorn), 141.6 (s, Ar-Cyes), 138.9 (s, Ar-Cyes), 138.6 (s, Ar-Cyes), 136.0
(S, Ar-Cyes), 135.4 (s, Ar-Comeorn), 134.5 (s, Ar-CHowmeorn), 129.9 (s, Ar-
CHues), 127.6 (S, Ar-CHues), 127.2 (s, Ar-CHomeopn), 118.9 (s, Ar-CHomeorn),
109.4 (s, Ar-CHomeopn), 97.8 (d, Ccop), 66.9 (d, Ccop), 53.8 (s, OCHs), 50.8
(s, NCHy), 49.6 (s, NCHy), 32.9 (s, CH; cop), 31.1 (s, CHz cop), 28.1 (s, CH;
cop), 26.1 (s, CHz cop), 24.2 (s, NCH,CHy), 23.2 (s, NCH,CH;), 19.9 (s, CHs),
19.1 (s, CHs), 17.5 (s, CHs). Anal. Found (Calcd) for CasH3sN,OIrCI: C, 52.99
(52.91); H, 5.62 (5.78); N, 4.20 (4.26). HRMS (ES): m/z 623.2611 ([M-CIJ*

C29H3sN2OIr requires 623.2614).
[Ir(7-0-MeOPh-DIPP)(COD)CI] (3.24).

KN(SiMes3); (69 mg, 0.30 mmol) and (7-o-
(0-MeO)Ph N NDIPP MeOPh-DIPP)BF, salt (135 mg, 0.30 mmol)

Ir—Cl were placed in a Schienk-tube followed by the

/
% addition of THF (15 ml). The solution was

stirred for 30 minutes and subsequently filtered
into another Schienk-tube containing a 10 ml THF solution of [Ir(COD)CI];

(0.15 mmol). An immediate colour change was observed from light to dark
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orange. After the reaction was stirred at room temperature for 3 hours, the
volatiles were removed in vacuo. The yellow solid obtained was washed with
hexane (2 x 10 ml) and dried. Crystals suitable for X-ray diffraction were
obtained by layering a dichloromethane solution of the compound with
hexane. The yield was 57% (0.120 g).

'H NMR (CDCl3 500 MHz, 298 K): & 8.08 (1H, d, 0-CHomeorn), 7.30 (1H, t,
m-CHoywmeopn), 7.27 (1H, t, p-CHpiep), 7.25 (1H, d, m-CHpippy 7.04(1H, d, m-
CHopipp), 6.96 (1H, t, p-CHomeorn), 6.87 (1H, d, m-CHomeorn), 4.47 (1H, m,
CHecop), 4.00 (1H, m, CHcop), 3.95 (2H, t, NCH,), 3.82 (2H, t, NCH;), 3.78
(3H, s, OCHs), 3.32 (1H, m, CHcop), 3.21 (1H, m, CHcop), 3.03 (1H, m,
CH(CHs3)2), 2.62 (1H, m, CH(CHa)2), 2.12 (2H, m, NCH,CH,), 2.00 (2H, m,
NCH.CH,), 1.61 (2H, m, CHcop), 1.47 (3H, d, CH(CHs),), 1.32 (3H, d,
CH(CHs)2), 1.29 (2H, m, CHcop), 1.23 (2H, m, CHcop), 1.18 (3H, d,
CH(CHs)2), 1.12 (3H, d, CH(CHs)2), 1.02 (2H, m, CHcop). *C NMR (CDCls,
100 MHz, 298 K): 6 218.1 (s, NCIrN), 153.8 (s, Ar-Comeorn), 148.7 (s, Ar-
Coipp), 147.8 (s, Ar-Cpoipp), 142.1 (s, Ar-Cpipp), 135.7 (s, Ar-Comeopn), 135.3
(s, Ar-CHomeoprn), 128.2 (s, Ar-CHpipp), 128.1 (s, Ar-CHpep), 125.8 (s, Ar-
CHpipp), 122.4 (s, Ar-CHomeorn), 119.7 (s, Ar-CHomeorn), 110.5 (s, Ar-CH,
meoph), 81.8 (d, Ccop), 67.9 (d, Ccop), 55.1 (s, OCHa), 54.6 (s, NCH,), 53.9 (s,
NCH,), 34.3 (s, CH(CHj3)), 31.9 (s, CH(CHs3)2), 28.7 (s, NCH,CH,), 28.2 (s,
NCH,CH;), 27.2 (s, CHzcop), 26.1 (s, CHz cop), 25.9 (s, CH2z cop), 25.6 (s,
CHazcop), 24.1(s, CH3), 23.7 (s, CH3), 23.2 (s, CH3), 22.1 (s, CH3). Anal.
Found (Calcd) for C3,H4sN2OIrCI: C, 54.80 (54.88); H, 6.31 (6.29); N, 4.34

(4.00). HRMS (ES): m/z 663.3082 ([M-CI]* C32H44N,Olr requires 663.3060).
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Cis-[Rh(7-oMeOPh-Mes)(CO).I] (3.29).

KN(SiMe3); (82 mg, 0.41 mmol), (7-0-MeOPh-

m Mes)l salt (184 mg, 0.41 mmol) and

~

N
0-MeOPh™ " “Mes
CO—I?h—l
CO 0.41 mmol) were placed in a Schlenk-tube

(acetyacetone)dicarbonylrodium(l) (106 mg,

followed by the addition of THF (25 ml). The solution was stirred for 4 hours
and subsequently filtered in to another Schlenk-tube then the volatiles were
removed in vacuo. The yellow solid obtained was washed with diethylether (2
x 10 ml) and dried. Crystals suitable for X-ray diffraction were obtained by
layering a dichloromethane solution of the compound with hexane. The yield
was 59% (0.125 g).

'"H NMR (p CDCl3 500 MHz, 298 K): 8 7.62 (1H, d, 0-CHomeopn), 7.26 (1H, t,
m-CHomeoprn), 7.19 (1H, t, p-CHomeorn), 6.90 (1H, s, m-CHpwes), 6.85 (1H, d,
m-CHoymeopn), 6.81 (1H, s, m-CHpes), 3.84 (3H, s, OCH3z), 3.72 (2H, t, NCH>),
3.58 (2H, t, NCH,), 2.50 (3H, s, 0-CHs), 2.39 (2H, m, NCH2CH,), 2.26 (3H, s,
0-CHs), 2.20 (3H, s, p-CHs), 2.09 (2H, m, NCH,CH,). *C NMR (CDCls, 100
MHz, 298 K): 5 214.2 (d, "Jrnc = 40.8, Cnnc), 189.9 (d, 'Urnc = 52.5, CO),
186.9 (d, "Jrnc = 77.7, CO), 154.2 (s, Ar-Comeopn), 143.6 (s, Ar-Cyes), 141.7
(s, Ar-Cmes), 136.5 (s, Ar-Cpmes), 135.3 (s, Ar-Cues), 133.8 (s, Ar-Comeorn),
132.1 (s, Ar-CHomeorn), 129.2 (s, Ar-CHpmes), 128.0 (s, Ar-CHues), 126.9 (s,
Ar-CHomeorn), 118.8 (s, Ar-CHomeorn), 109.7 (s, Ar-CHomeorn), 55.5 (1C, s,
OCH3), 54.9 (s, NCH,), 54.8 (s, NCH;), 26.6 (s, NCH.CH), 23.5 (s,

NCH,CH,), 21.0(s, CHs), 19.6 (s, CHs), 18.5 (s, CHs). IR (cm™): 1967, 2059
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(CH2Cl). HRMS (ES): m/z 481.1021 ([M-I]"' Ca3HxsN,O3Rh requires
481.0998).

[Rh(6-Py-Mes).Cl.] (3.30).

~ | [Rh(COD)CL)] i
\/ \ KN(SiMe3), (82 mg, 0.41 mmol)
N —I
es NJ I r}‘ Y and (6-Py-Mes)BF, sailt (150 mg,
‘CI 0.41 mmol) were placed in a

/
z NMes
~ N > Schienk-tube followed by the

addition of THF (15 ml). The

solution was stirred for 30 minutes and subsequently filtered into another
Schlenk-tube containing a 10 ml THF soluﬁon of [Rh(COD)CI}z (0.20 mmol).
An immediate colour change was observed from light to dark yellow. After the
reaction was stirred at room temperature for 2 hours, the volatiles were
removed in vacuo. The yellow solid obtained was washed with hexane (2 x
10 ml) and dried. Crystals suitable for X-ray diffraction were obtained by
layering a dichloromethane solution of the compound with hexane. The yield
was 58% (0.085 g).

'"H NMR (CDCl3, 500 MHz, 298 K): 5 8.80 (1H, d, 0-CHpy), 7.62 (1H, t, p-
CHpy), 6.94 (1H, d, m-CHpy), 6.73 (1H, t, m-CHpy), 6.44 (1H, s, m-CHuwes),
6.37 (1H, s, m-CHes), 3.91 (2H, t, NCH>), 3.60 (2H, t, NCH,), 2.46 (2H, m,
NCH.CH,), 2.31 (3H, s, 0-CH3 mes), 2.22 (3H, s, 0-CH3 mes), 2.01 (3H, s, p-
CHs mes). °C NMR (CDCls, 100 MHz, 298 K): 5 188.8 (d, 'Jrnc = 45.8, Cnic),
156.8 (s, Ar-Cpy), 149.5 (s, Ar-Cpy), 139.0 (s, Ar-Cies), 138.3 (s, Ar-Cumes),

137.8 (s, Ar-Cues), 131.3 (S, Ar-Cues), 129.7 (s, Ar-CHues), 128.3 (s, Ar-
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CHwmes), 118.8 (s, Ar-CHpy), 110.1 (s, Ar-CHpy), 51.9 (s, NCHy), 44.1 (s,
NCH,), 26.9 (s, NCH2CH,), 19.1 (s, p-CHa), 18.3 (s, 0-CH3), 18.2 (s, 0-CHa).
Anal. Found (Calcd) for C4sHseNsClsRh2 C, 48.90 (49.20); H, 5.05 (5.10); N,
7.64 (7.66). HRMS (ES): m/z 731.1922 ([M-CI]" C3sHs2NsCI,Rh requires

731.1903).

[Ir(6-Py-Mes)Cl5] (3.31).

(j ~ |IMCOD)CL]  KN(SiMes), (82 mg, 0.41 mmol) and
N ~—
Mes N—/ o h\l y (6-Py-Mes)BF, salt (150 mg, 0.41
R
~lr—=ci mmol) were placed in a Schlenk-
2 {“ >—NMes
~ N > tube followed by the addition of THF
— — (15 ml). The solution was stirred for

30 minutes and subsequently filtered into another Schienk-tube containing a
10 ml THF solution of [Ir(COD)CI]; (0.20 mmol). An immediate colour change
was observed from light to dark yellow. After the reaction was stirred at room
temperature for 2 hours, the volatiles were removed in vacuo. The yellow
solid obtained was washed with hexane (2 x 10 ml) and dried. Crystals
suitable for X-ray diffraction were obtained by layering a dichloromethane
solution of the compound with hexane. The yield was 52% (0.082 g).

'H NMR (CDCls, 500 MHz, 298 K): 5 8.88 (1H, d, 0-CHp,), 7.66 (1H, t, p-
CHey), 6.93 (1H, d, m-CHpy), 6.74 (1H, t, m-CHpy), 6.56 (1H, s, m-CHumes),
6.41 (1H, s, m-CHuwes), 4.01 (2H, t, NCH,), 3.70 (2H, t, NCH>), 2.55 (2H, m,
NCH,CH,), 2.36 (3H, s, 0-CHz mes), 2.28 (3H, s, 0-CH3 mes), 2.01 (3H, s, p-

CHj mes). °C NMR (CDCls, 100 MHz, 298 K): 5 184.3 (s, NCIrN), 146.0 (s,
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Ar-Cpy), 142.6 (s, Ar-Cpy), 138.7 (S, Ar-Cues), 137.4 (s, Ar-Cues), 136.8 (s, Ar-
Cutes), 130.7 (S, Ar-Cues), 129.1 (s, Ar-CHues), 128.1 (S, Ar-CHues), 118.4 (s,
Ar-CHpy), 108.2 (s, Ar-CHpy), 51.5 (s, NCHy), 42.8 (s, NCH,), 25.5 (s,
NCH,CH,), 19.3 (s, p-CHs), 18.3 (s, 0-CH3), 18.1 (s, 0-CHs). HRMS (ES):

m/z 820.3121 (IM-CI]* CasHa2NsClolr requires 820.3119).
[Rh(6-Ph-Mes)(SMe)Cl]. (3.32).

m KN(SiMes3); (82 mg, 0.41 mmol) and (6-0-

N\l/NMes MeSPh-Mes)BF, salt (0.168 mg, 0.41 mmol)
E>7Rh/CI were placed in a Schienk-tube followed by the

H3CS\ SCH, addition of THF (15 ml). The solution was
Cl/Rh’/—© stimed for 30 minutes and subsequently
MesN)\N filtered into another Schienk-tube containing a

10 ml THF solution of [Rh(COD)CI}, (0.20
mmol). An immediate colour change was observed from light to dark yellow.
After the reaction was stirred at room temperature for 4 hours, the volatiles
were removed in vacuo. The yellow solid obtained was washed with hexane
(2 x 10 ml) and dried. Crystals suitable for X-ray diffraction were obtained by
layering a dichloromethane solution of the compound with hexane. The yield
was 60% (0.114 qg).

'H NMR (CD.Cl,, 500 MHz, 298 K): 8 7.56 (1H, t, m-CHpy), 7.45 (1H, d, o-
CHpr), 7.34 (1H, d, m-CHpy), 6.91 (1H, t, p-CHpy), 6.84 (1H, s, m-CHyes),
6.80 (1H, s, m-CHwes), 3.83 (2H, t, NCH,), 3.72 (2H, t, NCH;), 2.38 (2H, m,

NCH,CH,), 2.25 (3H, s, 0-CHs ), 1.69 (3H, s, SCH3), .1.67 (3H, s, 0-CHa),
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1.61 (3H, s, p-CHs), >°C NMR (CD,Cl,, 100 MHz, 298 K): 5 202.3 (d, 'Jrnc =
46.8, Cnic), 201.8 (d, "Jrnc = 48.2, Ar-Cpr), 148.0 (s, Ar-Cyes), 140.3 (s, Ar-
Cwmes), 140.1 (s, Ar-Cpes), 137.3 (s, Ar-Cyes), 136.4 (s, Ar-Cpp), 132.9 (s, Ar-
CHpn), 123.4 (s, Ar-CHyes), 122.2 (s, Ar-CHpes), 121.9 (s, Ar-CHegy), 120.6 (s,
Ar-CHpr), 108.3 (s, Ar-CHpp), 45.4 (s, NCH,), 44.2 (s, NCH,), 20.5 (s,
NCH,CHy), 19.2 (s, p-CHa3), 18.3 (s, 0-CHs), 17.7 (s, 0-CHs), 9.6 (s, SCHs).
HRMS (ES): m/z 930.1425 ([M-CI)]" Ca4oH4sN4SRh,CICH3CN requires
930.1384).

[Rh(6-Ph-DIPP)(SMe)ClI]; (3.33).

KN(SiMe3); (82 mg, 0.41 mmol) and (6-0-
N\I/ND|pp MeSPh-DIPP)BF, salt (0.187 mg, 0.41 mmol)
©//Rh’CI were placed in a Schienk-tube followed by the

H,CS SCH,
\\ / stired for 30 minutes and subsequently
)\ filtered into another Schlenk-tube containing a

DIPPN N

K/J 10 ml THF solution of [Rh(COD)CI]; (0.20

addition of THF (15 ml). The solution was

mmol). An immediate colour change was observed from light to dark yellow.
After the reaction was stirred at room temperature for 4 hours, the volatiles
were removed in vacuo. The yellow solid obtained was washed with hexane
(2 x 10 ml) and dried. Crystals suitable for X-ray diffraction were obtained by
layering a dichloromethane solution of the compound with hexane. The yield

was 55% (0.113 g).
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"H NMR (CD,Cl,, 500 MHz, 298 K): & 7.53 (1H, t, m-CHpp), 7.40 (1H, d, o-
CHen), 7.31 (1H, d, m-CHen), 6.89 (1H, t, p-CHpy), 6.59 (1H, t, p-CHoep),
6.56 (1H, d, m-CHppep), 6.52(1H, d, m-CHpipp), 3.77 (2H, t, NCH,), 3.68 (2H,
t, NCH,), 3.01(2H, m, CH(CH3 )oiep), 2.31 (2H, m, NCH,CH,), 1.52 (3H, s, S-
CHs ), 1.45 (3H, s, CH(CHs)oier), 1.28 (3H, s, CH(CHs)pip), 1.22 (3H, s,
CH(CHs)oiep), 1.08 (3H, s, CH(CHs)pier), °C NMR (CD,Cl,, 100 MHz, 298
K): 8 202.7 (d, "Jrnc = 46.9, Cnnc), 202.1 (d, "Jrnc = 48.8, Ar-Cpr), 148.0 (s,
Ar-Cpipp), 140.6 (s, Ar-Cpipp), 137.3 (s, Ar-Cpp), 135.4 (s, Ar-CHpy), 129.1 (s,
Ar-CHpipp), 123.9 (s, Ar-CHppp), 123.5 (s, Ar-CHpipp), 122.2 (s, Ar-CHg),
121.9 (s, Ar-CHen), 109.5 (s, Ar-CHpr), 50.4 (s, NCH,), 40.9 (s, NCH,), 28.3
(s, CH(CHa)pipp), 26.6 (s, CH(CHa)pipp), 25.9 (s, NCH2CHy), 23.2 (s, CHs),
22.9 (s, CH3), 21.1 (s, CHs), 19.6 (s, CHs), 9.6 (s, SCHs). HRMS (ES): m/z

1014.3142 ([M-CI]" C4sHeoN4S2Rh,CICH;CN requires 1014.3138).
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Chapter Four

Investigation of Catalytic Transfer
Hydrogenation and Hydrogenation

Reaction Using Expanded Ring NHCs

4.1. Introduction.

It is timely to investigate the impact of very basic and sterically demanding
expanded ring NHCs in catalytic chemistry. The catalytic reactions chosen
here are transfer hydrogenation and hydrogenation with H,. The reduction of
ketones or aldehydes is a successful approach to the synthesis of alcohols
with respect to industrial applications. The most commonly used methods for
the reduction of ketones are metal hydride reduction, catalytic hydrogenation
and transfer hydrogenation.!"! The latter represents a powerful strategy due
to the wide number of alcohols accessible and mild reaction conditions which
make this type of reaction economical.?®!

Transfer hydrogenation is a variant of hydrogenation where the source of
hydrogen is not molecular H,, but a hydrogen donor in the presence of a

catalyst (no need for hydrogen pressure) with potassium tert-butoxide or

potassium hydroxide as a base used to assist deprotonation.
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Transfer hydrogenation hydrogenates a double bond (C=C in olefins [ N=0O
in nitro groups® and C=0 in carbonyls®®) by abstracting hydrogen from a
proton donor source such as iso-propanol which is employed as a solvent (a
large excess is needed in order to overcome the unfavourable equilibrium).!'®
"1 The hydrogen transfer reduction of a carbonyl function, catalysed by
transition metal complexes, is well documented and an accepted mechanism
for catalytic transfer hydrogenation in the reduction of benzophenone, is

given in Scheme 4-1 below.!'?

PhCH(OH)Ph
[ir]

) O

KOH
Ph” “Ph

[ir]- O\( [Ir]-H

X

Scheme 4-1: Mechanism of transfer hydrogenation of benzophenone.

The attractiveness of this method lies in its inexpensive raw materials and
simple experimental procedure which has been exploited at extensive levels

of development in this area.® '* ™ |t has been established that iridium
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carbene complexes are more active than rhodium analogues in transfer
hydrogenation.t: % 1%17]

Since the synthesis of Wilkinson's hydrogenation catalyst,
[Rh(PPh3)sCI],!"® a considerable number of rhodium and iridium complexes

bearing bulky phosphines,'® %%

and more recently, N-heterocyclic
carbenes, have been established as catalysts for alkene hydrogenation with
molecular H,. Rhodium NHC complexes tested in the catalytic hydrogenation
of alkenes have employed 5-membered ring monodentate NHCs as ligands
and included complexes of type [Rh(NHC)(CO),X] and [Rh(NHC)(COD)CI].
The former complexes were found to be inactive because of unfavourable
electronic effects: the strong donor ability of NHCs make the metal more
electron-rich, resulting in the strengthening of the M-CO bond through back-
bonding. The latter complexes are not effective for hydrogenation due to
decomposition during the reaction. Herrmann et al. have proposed that, due
to the presumably high stability of the Cyuc-M bond, the olefinic chelating
ligand (COD) is reduced to an alkane under reaction conditions, forming a

linear Rh intermediate (Scheme 4-2). The resulting complex is unstable and

decomposes to give rhodium particles.!"® %2

[\ [T\

N_. N
R” “R 2H, R” “R
Y —_— Y ——— > decomposition

CI_Rh_ -C8H1G Rh
P &

Scheme 4-2: Possible decomposition pathway of [Rh(NHC)(COD)CI]

complexes.
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Addition of PPhs to the reaction mixture stabilises the active species by
forming three coordinate complexes (Scheme 4-3), thus preventing

decomposition and improving activity.?* %!

[\ [T\

NNS

RTOR 2H, , PPh, R’NYN\R

Cl—Rh— C.H Rh
@ g6 c” “PPh,

Scheme 4-3: Stabilisation of the active species.

\

The use of the NHC analogues of Crabtree's catalyst,
[Ir(COD)(PCys)(Py)]PFe,?! in which one or both donor ligands were replaced
by NHCs, has also been investigated.”!

This chapter focuses on the catalytic performance of functionalised,
expanded ring NHC complexes of rhodium and iridium (Figure 4-1) in
catalytic transfer hydrogenation and hydrogenation reactions. Some
comparisons are made between 5-, 6- and 7-membered ring systems. The
large ring NHCs are shown to provide a unique catalytic performance,

possibly due to enhanced catalyst stability.
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f(/\)w M = Rh

Mes, DIPP

oMeoPh - N 41a,b n=1R=
41c,d n=2, R = Mes, DIPP
Cl—M—, 41e n=1R=0MeOPh
I 41f n =2, R =0-MeOPh
M=1Ir
42a,b n=1 R =Mes, DIPP
42c,d n=2, R=Mes, DIPP

Figure 4-1: Carbene complexes which were used in catalytic transfer

hydrogenation and hydrogenation reactions.

4.2. Results and Discussion.

4.2.1. Catalytic Transfer Hydrogenation of Ketones.

Catalytic transfer hydrogenation was examined using iso-propanol as a
hydrogen source (Scheme 4-4). The carbene complexes, which were used in

the catalytic hydrogenation are shown in Figure 4-1.

o OH
o)
Catalyst, Base + /U\
IPA(5 ml) , 80°C Br

Scheme 4-4: Catalytic hydrogen transfer of 4-bromoacetophenone.

Br
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The activity of carbene complexes was tested at various catalyst
concentrations. This allowed a direct comparison between Rh(I) and Ir(l)
complexes of expanded carbenes and also the opportunity to study the
effects of alkyl and aromatic carbene N-substituents. The results of the
catalytic tests are presented in Table 4-1 and 4-2 (each reaction has been
repeated several times to demonstrate reproducibility). The Ir(I) complexes
catalyse the reduction of 4-bromoacetophenone at 80 °C via hydrogen
transfer from iso-propanol with potassium fert-butoxide (Table 4-1) or
potassium hydroxide (Table 4-2) as the base promoter. The Rh(I) complexes
of saturated carbenes with aromatic N-substituents show no activity
whatsoever towards transfer hydrogenation under the previously described
conditions 12 %

As presented in the tables below, all of the Ir (I) catalysts showed excellent
catalytic activity towards transfer hydrogenation with no significant change
when the catalyst loading was reduced to 0.001 mmol. When 0.0001 mmol of
the catalyst was used, the catalyst still showed good activity with a small drop
in conversion. The function of the base in the transfer hydrogenation reaction
is to abstract a proton from the solvent, iso-propanol, promoting the formation
of acetone and converting the substrate to the corresponding alcohol. Table
4-1 shows that potassium tert-butoxide is a slightly more efficient promoting
agent than potassium hydroxide. Kanger and co-workers have previously

shown the importance of the type of base added and the levels required.** 3"
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Table 4-1: Reaction conditions: substrate 4-bromoacetophenone: 1.0 mmol;
KO'Bu: 0.1 mmol; 'PrOH: 5ml; 80 °C; 24 h. Conversion calculated from 'H

NMR.

Concentration | Conversion
Catalyst TON
(mmol) (%)
4.2a 0.01 100 100
0.001 99 990
0.0001 71 7100
4.2b 0.01 100 100
0.001 99 990
0.0001 73 7300
4.2c 0.01 100 100
0.001 99 990
0.0001 96 9600
4.2d 0.01 100 100
0.001 99 990
0.0001 97 9700
4.1a 0.01 0 0
4.1b 0.01 0 0
4.1c 0.01 0 0
4.1d 0.01 0 0
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Table 4-2: Reaction conditions: substrate 4-bromoacetophenone: 1.0 mmol;

KOH: 0.1 mmol; 'PrOH: 5ml; 80 °C; 24 h. Conversion calculated from 'H

NMR.
, Concentration | Conversion
Catalyst TON
(mmol) (%)

4.2c 0.01 100 100

0.001 99 990
0.0001 95 9500

4.2d 0.01 100 100

0.001 99 990
0.0001 96 9600

4.2.1.1. Reaction Timescale.

As well as the risks to catalyst stability posed by higher temperatures,
concerns have been raised regarding longer reaction times. Reactions were
monitored in situ by removing small aliquots (0.1 ml) from the reaction
mixture at 5 minute intervals. In order to evaluate the differences in catalytic
performance carbene complexes 4.2c and 4.2d were tested using a catalyst
loading of (0.01mmol) and a temperature of 80 °C. The yield for the transfer
hydrogenation of 4-bromoacetophenone was monitored over a period of 3
hours by taking samples at regular intervals and measuring the product by

GC. The results are presented in Figures 4-2 and 4-3 below. It is evident
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from the diagrams that the curves do not follow a sigmoidal shape, and
furthermore, there is no induction period apparent. This would suggest that

metal nanoparticles are not forming and it is well-defined molecular species

that is catalysing the reaction.

Conversion%

0 20 40 60 80 100 120 140

Time (min)
Figure 4-2: Time dependence of the transfer hydrogenation reaction with 1.0

mmol of 4-bromoacetophenone using 0.01 mmol of catalyst 4.2¢c, 0.1 mmol

KO'Bu: and 'PrOH: 5 ml at 80 °C. Conversion calculated from GC.

L 2
*
L 2

¢
L J

Conversion%

40 60 80 100 120 140

Time (min)
Figure 4-3: Time dependence of the transfer hydrogenation reaction with 1.0

mmol of 4-bromoacetophenone using 0.01 mmol of catalyst 4.2d, 0.1 mmol

KO'Bu: and 'PrOH: 5 ml at 80 °C. Conversion calculated from GC.
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As shown in the diagrams, both catalysts 4.2c and 4.2d appear to be highly
efficient in the transfer hydrogenation of 4-bromoacetophenone to 1-(4-
bromobenzene) ethanol, each giving over 95% conversion in less than 30
minutes. However, 4.2d (80% conversion in 5 minutes) gave rise to a more
efficient catalyst than 4.2¢c, which took 20 minutes for a similar conversion.
The catalytic performance of these large ring NHC-Ir complexes appears to
be significantly better than those reported by Crabtree,® Hahn®? and
Perisl®! for the 5-membered ring systems. The consequential steric
properties of the large ring NHCs resulting from their very large NCN angles,
may have played an important role in the improved performance of these
systems. It is evident that complex 4.2d is significantly more sterically
hindered than 4.2c, because of the presence of the bulky DIPP moiety,
which appears to lead to the catalyst generated from 4.2d being more active.
In addition, weak interaction between the o-methoxy-substituent and the
metal centre may also help to stabilise the highly coordinatively unsaturated
intermediate, which is believed to be generated during catalysis (Scheme 4-

5).

Scheme 4-5: Formation of possible active catalytic intermediate.

170



Chapter Four
Investigation of catalytic transfer hydrogenation and hydrogenation reaction using
expanded ring NHCs

4.2.1.2. Investigation of Catalyst Stability.

An extended catalytic experiment was conducted in order to establish the
limits of the catalyst’s efficiency and stability. Due to the encouraging results
obtained for 4-bromoacetophenone, this substrate was chosen for this study.
Catalyst 4.2d was used and the conditions employed were identical to those
used in previous screening procedures. The entire reaction was monitored
insitu by removing aliquots (0.1 ml) from the reaction mixture at 5 minutes
intervals. Following initiation of the reaction, after 20 minutes, and then after
40 minutes additional aliquots (1 mmol each time) of 4-bromoacetophenone
were added to the reaction mixture. Figure 4-4 shows the continuing
excellent activity of catalyst 4.2d even after of two additional aliquots of
substrate had been added. Catalyst activity was maintained with little
diminution in catalyst performance. The small drop in performance observed
may be a consequence of the change in reaction mixture caused by product
build-up in solution. It is evident that the catalyst shows excellent stability,
probably resulting from the coordination of the o-methoxy moiety during
catalysis (Scheme 4-5), and also from the steric protection provided by the

bulky DIPP group.
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Figure 4-4: Influence of catalyst loading by using 3.0 mmol of 4-

bromoacetophenone, 0.01 mmol of catalyst 4.2d, 0.1 mmol KO'Bu: and

'PrOH: 5 ml at 80 °C. Conversion calculated by GC analysis.

4.2.1.3. Temperature Dependence.

In the transfer hydrogenation of 4-bromoacetophenone to 1-(4-
bromobenzene) ethanol a chiral centre is generated (Scheme 4-4). Evidence
in the literature suggests that enantioselectivity in transfer hydrogenation is
improved at lower temperatures.®* **! Consequently, although the catalysts
investigated in this study are not chiral, studies were undertaken to
investigate the temperature dependence of the reaction to reveal whether
milder operating conditions might be feasible. Figure 4-5 summarises the

findings.
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Figure 4-5: Transfer hydrogenation of 1.0 mmol of 4-bromoacetophenone at
various temperatures using catalyst 4.2d: 0.01 mmol, KO'Bu: 0.1 mmol and

'PrOH: 5 ml in 24 h. Conversion calculated from 'H NMR.

Figure 4-5 indicates that whilst operating under iso-propanol reflux
temperature (80 °C) brings about rapid reaction and quantitative yield, a
temperature as low as 40 °C can be used and still give a yield above 90% in
a 24 hours period. This could be a major advantage in some application,

particularly if a chiral catalyst based on large ring structure was developed.

4.2.1.4. Catalytic Performance with Different Substrates.

Acetophenone and cyclohexanone were tested under identical conditions.

The results are summarised in Table 4-3.
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Table 4-3: Reaction conditions: substrate: 1.0 mmol; base: 0.1 mmol; 'PrOH:

5ml; 80 °C; 24 h. Conversion calculated from 'H NMR.

Concentration Conversion
Substrate Catalyst Base TON
(mmol) (%)
Acetophenone | 4.2¢ 0.01 KO'Bu 100 100
0.01 KOH 100 100
0.001 KO'Bu 99 990
0.001 KOH 98 980
0.0001 KO'Bu 83 8300
0.0001 KOH 80 8000
4.2d 0.01 KO'Bu 100 100
0.01 KOH 100 100
0.001 KO'Bu 99 990
0.001 KOH 98 980
0.0001 KO'Bu 86 8600
0.0001 KOH 81 8100
Cyclohexanone 4.2¢c 0.01 KO'Bu 100 100
0.01 KOH 100 100
0.001 KO'Bu 99 990
0.001 KOH 99 990
0.0001 KO'Bu 08 9800
0.0001 KOH 97 9700
4.2d 0.01 KO'Bu 100 100
0.01 KOH 100 100
0.001 KO'Bu 99 990
0.001 KOH 99 990
0.0001 KO'Bu 99 9900
0.0001 KOH 08 9800
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The result revealed some interesting details regarding the influence of the
substrate on the catalytic activity. A comparison of 4-bromoacetophenone
(Table 4-1 and 4-2) and acetophenone (Table 4-3) shows that the electron-
withdrawing substituent appears to assist the hydrogenation process and
delivers a quantitative yield, even with the use of a very low concentration of
catalyst. Results achieved by Xiao et al. when testing their ligand, concur to
some degree. Their catalyst exhibited a similar response to electronic effects,
with substrates containing electron-withdrawing groups showing a greater

propensity to react.*® This observation was also confirmed by Adolfsson et

al."]

4.2.2. Catalytic Hydrogenation with Molecular Hydrogen.

As mentioned in the introduction of this chapter where [Rh(NHC)(COD)CI]
complexes are used as catalysts in the catalytic hydrogenation of alkenes,
the active species involved is assumed to be a linear NHC-Rh-Cl. Due to the
lack of stabilisation, this linear complex generally decomposes to rhodium
particles. Therefore, a ligand capable of providing better steric protection of
the metal centre, such as an expanded-ring carbene, would enhance the
catalytic performance of this type of complex by avoiding the decomposition
of the active species.

As previously mentioned, the effect of opening up the NCN angle in the
expanded carbenes is to twist the N-substituents towards the metal centre,

effectively blocking two faces of the metal coordination sphere.
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Consequently, the use of expanded carbenes in catalytic hydrogenation
should render active species more resistant to decompaosition. Weak-donor,
functionalised large ring ligands may be expected to add a further benefit by
stabilising unsaturated intermediates through weak coordination to the metal
centre. To test the effect of a weak donor group on catalytic performance, the
o-methoxyphenyl-functionalised complexes (Figure 4-1) were investigated as

pre-catalysts in the hydrogenation of cyclooctene (Scheme 4-6).

Catalyst (0.01 mmol)

Solvent , H,

Scheme 4-6: Catalytic hydrogenation of cyclooctene.

Table 4-4: Catalytic hydrogenation of cyclooctene. Reaction conditions: 1.0
mmol of alkene; 0.01 mmol catalyst; 5 ml of EtOH or 10 ml of DCE; 24 h;

ambient temperature. Conversion calculated from GC.

Catalyst P(Hz) [atm] Solvent Conversion (%)
4.1 a-f 3.5 EtOH >99
. 4.1a-f 1 EtOH >99
41c 3.5 DCE 39
41c 1 DCE 28
41d 3.5 DCE 35
4.1d 1 DCE 26
41f 3.5 DCE 36
41f 1 DCE 26
4.2 ad 3.5 EtOH >99
4.2 a-d 1 EtOH >99
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From the results summarized in Table 4-4, it can be concluded that 6- and
7-membered N-functionalised carbenes show excsllent activity, giving high
yields of cyclooctane. Using ethanol as a solvent and at 0.01 mmol (1 mol%)
catalyst loading, complete substrate conversion was observed, both at 1 and
3.5 atm of hydrogen pressure. Notably, no significant difference in activity
was observed between the 6- and 7-membered carbene complexes under
these condition which are consistent with the fact that the difference in NCN
angle for the two classes of NHC is small. The significantly enhanced
catalytic performance using expanded ring carbenes as ligands, compared
with the analogous 5-membered ring NHCs, indicates that the avtive species
could will be a linear structure of the type NHC-M-CI (M = Rh, Ir), as
previously proposed. Such a structure would be stabilised by the sterically
demanding large ring carbenes, and in the case of the o-methoxyphenyl
substituent, by weak chelation of the ligand. The reactive intermediate would
then readily undergo oxidative addition with molecular hydrogen.*? A
mechanism based on the work reported by Buriak et al.'> *® on complexes of

general formula [Ir(NHC)(COD)L]X is depicted in Scheme 4-7.
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Cl—M— .-M
| /O I
Me Cl

M=Rh,Ir
R = Mes, DIPP, 0-MeOPh
n=1.2

o-MeOPhN NR

o0-MeOPh NYNR 1, 2-migratory o-MeOPhN NR
insertion H
H—M-—CI - |_IjM—CI

o-MeOPhN NR

H—M—CI

Scheme 4-7: Proposed mechanism for the hydrogenation of cyclooctene.
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4.2.2.1. Reaction Timescale.

The reaction rate was monitored by taking samples of the reaction mixture
every 20 minutes and determining the conversion by GC. Monitoring the
reaction with catalyst 4.1d (0.01 mmol), 50% mol conversion was observed
after 60 minutes under 1 atm of hydrogen and in less than 30 minutes for 3.5
atm of H; pressure (Figure 4-6 and 4-7). Reaction was complete after five
hours by using catalyst 4.1d with 1 atm of H, pressure and after only two
hours with 3.5 atm of H; pressure. In contrast to the non-functionalised NHC
complexes,?® 2 3 ng catalyst decomposition was observed when using
complexes 4.1a-f and 4.2a-d. The catalyst solution remained bright yellow
throughout the reaction. Furthermore, the non-sigmoidal shape of the
reaction curve and the lack of an induction period would also indicate a

stable molecular catalyst.
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Figure 4-6: Time dependence of the hydrogenation of 1.0 mmol of

cyclooctene using 0.01 mmol of catalyst 4.1d with EtOH (5 ml) and H; (1

atm) at ambient temperature. Conversion calculated from GC.
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Conversion%
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Figure 4-7: Time dependence of the hydrogenation of 1.0 mmol of

cyclooctene using 0.01 mmol of catalyst 4.1d with EtOH (5 ml) and H; (3.5

atm) at ambient temperature. Conversion calculated by GC system.

The iridium complexes 4.2a-d were also tested in the hydrogenation of
cyclooctene under the same conditions used for the rhodium system (Table
4-4). A 50% conversion using catalyst 4.2d was observed at 160 minutes for
1 atm of H; (Figure 4-8) and at 70 minutes for 3.5 atm (Figure 4-9). Complete
conversion using catalyst 4.2d was observed in 6 hours for 3.5 atm (Figure 4-
9). These results show that the Ir complexes generate a less active system
than that of rhodium 4.1d. This is in contrast with results reported in the
literature, where iridium-NHC systems normally form more active catalysts

than their rhodium analogues in the hydrogenation of non-functionalised

olefins.!"

180



Chapter Four

Investigation of catalytic transfer hydrogenation and hydrogenation reaction using
expanded ring NHCs

120 -

Conversion%

0 50 100 150 200 250 300 350 400 450 500 650 600

Time (min)

Figure 4-8: Time dependence of the hydrogenation of 1.0 mmol of
cyclooctene using 0.01 mmol of catalyst 4.2d with EtOH (5 ml) and H; (1

atm) at ambient temperature. Conversion calculated from GC.

120 -

100 -

Conversion%
[e)]
o
L

40 -
20 -
0 Al T T T v T [ T x T
0 50 100 150 200 250 300 350 400 450 500 550 600
Time (min)

Figure 4-9: Time dependence of the hydrogenation of 1.0 mmol of

cyclooctene using 0.01 mmol of catalyst 4.2d with EtOH (5 ml) and H; (3.5

atm) at ambient temperature. Conversion calculated from GC.
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4.2.2.2. Catalytic Hydrogenation of Alternative Substrate.

To extend the range of alkenes tested, 1-methylstyrene and 1-
methylcyclohexene were also hydrogenated using the catalyst 4.1a-d (Table
4-5). As was the case for 1-cyclooctene, efficient conversion was observed in
ethanol for the less sterically hindered substrate 1-methylstyrene. In the case
of the more sterically crowded substrate 1-methylcyclohexene, the most
active catalyst, was formed with the 6-membered NHC complexes 4.1a,b.
Changing the solvent to dichloromethane again dramatically decreased the

activity of these rhodium catalysts.

Table 4-5: Catalytic hydrogenation of alkenes. Reaction conditions: 1.0 mmol
of alkene; 0.01 mmol catalyst; 5 ml of EtOH or 10 ml of DCM; P(H;) = 3.5

atm, 24 h; ambient temperature. Conversion calculated from GC.

Substrate Catalyst Solvent Conversion (%)
1-methylstyrene 4.1a-b EtOH >99

41c EtOH 97

4.1d EtOH 96

1-methyl- 41a EtOH 89
cyclohexene 4.1b EtOH 81
4.1c EtOH 53

4.1d EtOH 46

4.1a DCM 31

4.1d DCM 22

4.1c DCM 20

4.1d DCM 13
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4.3. Experimental.

General Remarks.

All air-sensitive experiments were performed under a nitrogen atmosphere.
Solvents were distilled from the appropriate drying agent under nitrogen

atmosphere immediately prior to use following standard literature methods.

Typical Transfer Hydrogenation Protocol.

Ketohe (1.0 mmol), base (0.1 mmol) and Ir complexes (0.01 mmol) were
charged to a 50 ml Schlenk. The solids were degassed and iso-propanol
(5ml) subsequently added under a nitrogen atmosphere. The resuiting
orange solution was refluxed (80 °C) for 24 hours. The solvents were then

evaporated under vacuum and the % conversion determined by 'H NMR.
General Protocol for Catalytic Hydrogenation.

The catalyst (0.01 mmol) and the substrate (1 mmol) were dissolved in 5
ml ethanol or 10 mi dichloroethane in an autoclave. The autoclave was put
under vacuum and finally pressurised with hydrogen (1 or 3.5 atm). The
solution was stirred at ambient temperature and at the end of the reaction the

yield was calculated from GC.
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Description of GC/MS Analysis.

Yields and substrate identities were determined by GC-MS analysis of
reaction mixtures using an Agilent Technologies 6890N GC system with an
Agilent Technologies 5973 inert MS detector with MSD. Column: Agilent
190915-433 capillary, 0.25 mm x 30 m x 0.25 um. Capillary: 30 m x 250 um x
0.25 um nominal. Initial temperature at 50 °C, held for 4 minutes; ramp 5 °C
/minute; next 100 °C; ramp 10 °C/minute next 240 °C and held for 15
minutes. The temperature of the injector and the detector were held at 240

°C. The retention times for analyses are given in minutes.
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Tables of Bond Distances and Angles

Table A.1: Crystal data and structure refinement for (6-Py-Mes).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

10<=I<=10

Reflections collected
Independent reflections
Completeness to theta = 27.48°
Absorption correction

Max. and min. transmission

kjc0715
C18 H22 B F4 N3

367.20

150(2) K

0.71073 A

Monoclinic

P21/c

a=13.1180(2) A  a=90°.
b=17.8690(6) A  B= 104.657(2)°.
c = 8.0030(4) A y=90°.
1814.90(11) A3

4

1.344 Mg/m3

0.108 mm-1

768

0.30 x 0.30 x 0.20 mm3

2.94 to 27.48°.

-17<=h<=15, -23<=k<=21, -

14070

4124 [R(int) = 0.1454]
99.3 %

Empirical

0.9786 and 0.9682
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Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 4124 /0/239

Goodness-of-fit on F2 1.038

Final R indices [I>2sigma(l)] R1=0.0732, wR2 = 0.1866

R indices (all data) R1=0.1176, wR2 = 0.2152
Extinction coefficient 0.018(4)

Largest diff. peak and hole 0.465 and -0.348 e.A-3

Table A. 2: Bond lengths (A) for (6-Py-Mes).

C1.N2.1.455(4)

C1.C14.1.392(5) C14 . C15 . 1.392(5)
C1.C18.1.385(5) C14 . C21. 1.506(5)
N2.C3.1.307(4) C15.C16.1.389(5)

N2 .C13.1.482(4) C15. H151.0.925
C3.N4.1.338(4) C16.C17.1.378(5)
C3.H31.0.943 C16. C20. 1.524(5)

N4 .C5.1.439(4) C17 . C18. 1.386(5)

N4 . C11.1.485(4) C17 . H171.0.915

C5.N6. 1.332(4) C18.C19. 1.622(5)
C5.C10. 1.387(5) C19. H191.0.954

N6 . C7 . 1.345(5) C19.H192.0.935
C7.C8.1.379(5) C19.H193.0.982
C7.H71.0.896 C20 . H201 . 0.982

C8.C9. 1.373(6) C20 . H202 . 0.944

C8 . H81.0.958 C20.H203.0.978
C9.C10.1.383(5) C21.H211.1.001
C9.H91.0.933 C21.H212.0.929
C10.H101.0.945 C21.H213.0.943
C11.C12.1.513(5) B22 . F190 . 1.506(16)
C11.H111.1.020 B22 . F191 . 1.25(2)
C11.H112.0.953 B22 . F220. 1.27(2)
C12.C13. 1.521(6) B22 . F221 . 1.45(2)

C12 . H121.0.947 B22 . F250 . 1.345(15)

C12. H122.0.986 B22 . F251 . 1.397(15)
C13.H131.0.979 B22 . F260 . 1.39(2)
C13.H132.0.989 B22 . F261 . 1.36(2)

Table A.3: Bond angles (°) for (6-Py-Mes).

N2.C1.C14.118.8(3) H211.C21.H213 . 106.5
N2.C1.C18.118.2(3) H212.C21.H213.112.8
C14.C1.C18.123.0(3) F190.B22 . F191. 10.4(17)
C1.N2.C3.117.9(3) F190 . B22 . F220 . 111.9(15)
C1.N2.C13.120.1(3) F191.B22. F220 . 118.1(16)
C3.N2.C13.121.3(3) F190.B22 . F221 . 105.1(13)
N2 .C3.N4.124.9(3) F191.B22. F221.110.4(14)
N2.C3.H31.1176 F220.B22. F221.9(2)

N4 .C3.H31.1176 F190.B22. F250 . 121.9(14)
C3.N4.C5.118.5(3) F191.B22. F250 . 111.5(14)
C3.N4.C11.120.3(3) F220 . B22 . F250 . 109.5(15)
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C5.N4.C11.121.0(3)
N4 .C5.N6 . 114.7(3)
N4 .C5.C10. 120.7(3)
N6 . C5.C10 . 124.5(3)
C5.N6.C7.116.7(3)
N6 .C7.C8 . 123.5(4)
N6 .C7.H71. 11856
C8.C7.H71.117.9
C7.C8.C9.117.9(4)
C7.C8.H81.122.3
C9.C8.H81.119.7
C8.C9.C10. 120.6(3)
C8.C9.H91.118.6
C10.C9. H91 . 120.7
C5.C10.C9. 116.7(3)
C5.C10.H101 . 122.2
C9.C10.H101. 121.0
N4 . C11.C12. 109.8(3)
N4 . C11.H111. 106.1
C12.C11.H111.110.7
N4 .C11.H112.108.2
C12.C11.H112.1136
H111.C11.H112. 108.2
C11.C12.C13. 111.7(3)
C11.C12.H121. 109.1
C13.C12.H121.109.8
C11.C12.H122.107.2
C13.C12.H122.108.2
H121.C12.H122. 1108
C12.C13.N2. 108.7(3)
C12.C13.H131.112.0
N2.C13.H131.108.2
C12.C13.H132.111.2
N2.C13.H132.108.2
H201 . C20 . H202 . 109.0
C16.C20 . H203 . 109.7
H201 . C20 . H203 . 105.2
H202 . C20 . H203 . 111.0
C14.C21.H211.109.9
C14.C21.H212.110.0
H211.C21.H212.107.3
C14.C21.H213.110.2

F221

F191

F221

F191

F221

F191
F221

F251
F251

H131

F190 .

F220 .

F250 .
F190 .

F220.

F250.

F260 .

.B22.
B22 .
.B22.
B22 .
.B22.
B22.

B22

.B22.
B22 .
.B22.
F250 .
F190.

B22

B22

F250.

F251
F251
F251
F251
F251

F261
F261

. F261
.B22.
B22.
. B22
.B22.
B22.
.C13.

F261
F261

F261
F261

110.5(13)

.108.4(12)
. 98.1(14)

.108.9(13)
.107.1(11)
. 17.5(18)

. F260 .
F260 .
F260 .
F260 .
. F260.
B22 .
.B22.
F220 .

101.1(12)
107.5(14)
97.8(15)

105.1(13)
111.7(13)

.109.2(11)
. 112.1(13)
. 111.9(14)
. 120.4(12)
.90.4(13)

. F260 .

128.1(12)

. 106.2(11)
.22.2(13)
H132.108.4
C1.C14.C15.117.4(3)
C1.C14.C21.122.3(3)

C15.C14.C21.120.3(3)
C14.C15.C16.121.0(3)
C14.C15.H151.119.3
C16.C15.H151.119.6
C15.C16.C17. 119.4(3)
C15.C16.C20 . 120.6(3)
C17.C16.C20. 120.1(3)
C16.C17.C18.121.7(3)
C16.C17 . H171. 120.1
C18.C17. H171. 11822
C17.C18.C1. 117.5(3)
C17.C18.C19. 119.7(3)
C1.C18.C19.122.8(3)
C18.C19.H191 . 108.7
C18.C19.H192. 1105
H191.C19. H192. 1115
C18.C19.H193. 110.4
H191.C19. H193 . 106.2
H192 .C19. H193. 1095
C16.C20. H201.110.8
C16.C20. H202 . 110.9
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c16

c7 c21

cis
c23

c9

ci a7

Table B.1: Crystal data and structure refinement for (6-o-MeOPh-Mes).

Identification code kjc0737

Empirical formula C20 H25 Br N2 0

Formula weight 389.33

Temperature 150(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P21/a

Unit cell dimensions a=8.11730(10) A a= 90°.

b=16.0772(3) A  6=99.7060
c= 14.2610(3) A y=90°.

Volume 1834.47(6) A3

Z 4

Density (calculated) 1.410 Mg/m3

Absorption coefficient 2.250 mm*1

F(OOQ) 808

Crystal size 0.15x0.10x0.10 mm3
Theta range for data collection 2.92 to 27.45°.

Index ranges -10<=h<=10, -20<=k<=20, -
18<=1<=18

Reflections collected 29436

Independent reflections 4195 [R(int) = 0.1035]
Completeness to theta = 27.45° 99.8 %

Absorption correction Empirical

Max. and min. transmission 0.8063 and 0.7290
Refinement method Full-matrix least-squares on F*
Data / restraints / parameters 4195/0/221
Goodness-of-fit on FA 1.045

Final R indices [I>2sigma(l)] R1 =0.0420, wR2 =0.0927
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R indices (all data) R1 = 0.0566, wR2 = 0.0995
Largest diff. peak and hole 0.316 and -0.608 e.A-3
Table B. 2: Bond lengths (A) for (6-0-MeOPh-Mes).

N2 .C7.1.477(4) C13.H131.0.950
N2 .C10 . 1.425(4) C13.H132.0.950
N2 .C23 . 1.323(4) C13.H133.0.950
N3 .C20 . 1.453(4) C14 . C18. 1.388(6)
N3.C23.1.310(4) C14 . H141 . 0.950
N3 .C24 . 1.485(4) C15.C18. 1.379(5)
04 .C8.1.361(4) C15.H151 . 0.950
04 .C13.1.432(4) C16.C24 . 1.514(5)
C5.C9. 1.400(5) C16 . H162 . 0.950
C5.C22 . 1.396(5) C16. H161 . 0.950
C5.H51.0.950 C17 . H171 . 0.950
C6.C9.1.381(5) C17 . H173 . 0.950
C6.C12. 1.386(5) C17 . H172. 0.950
C6 . H61 . 0.950 C18 . H181.0.950
C7.C16. 1.510(5) C19.H192 . 0.950
C7 .H71.0.950 C19.H191.0.950
C7.H72.0.950 C19. H193.0.950
C8.C10. 1.405(5) C20.C22 . 1.389(5)
C8.C11.1.394(5) C21.C22.1.501(5)
C9.C17 . 1.508(5) C21.H212.0.950
C10.C15.1.391(5) C21.H211.0.950
C11.C14 . 1.387(6) C21.H213.0.950
C11.H111.0.950 C23 . H231.0.950
C12.C19. 1.502(5) C24 . H241 .0.950
C12.C20 . 1.408(5) C24 . H242 . 0.950

Table B. 3: Bond angles (°) for (6-o-MeOPh-Mes).

C7.N2.C10.120.4(3) C18.C15.H151.120.2
C7 .N2.C23.119.7(3) C7.C16.C24 . 109.1(3)
C10.N2.C23.119.9(3) C7.C16.H162.110.2
C20.N3.C23.120.1(3) C24 .C16 . H162.109.9
C20 .N3.C24 . 119.1(3) C7.C16.H161.108.7
C23 .N3.C24 .120.6(3) C24 .C16 . H161 . 109.4
C8.04.C13. 116.6(3) H162 . C16 . H161. 109.5
C9.C5.C22.121.6(3) C8.C17 . H171 . 1081
C9.C5.H51. 1191 C9.C17.H173.109.2
C22 .C5.H51.1193 H171.C17 . H173.109.5
C9.C6.C12.123.0(3) C9.C17.H172.110.1
C9.C6.H61.118.8 H171.C17 . H172 . 109.5
C12.C6.H61.118.2 H173.C17 . H172 . 109.5
N2 .C7.C16.109.9(3) C14.C18.C15. 119.9(4)
N2.C7.H71.109.9 C14 .C18 . H181.120.1
C16.C7 .H71.110.0 C15.C18 . H181.120.0
N2.C7.H72.109.0 . C12.C19.H192.109.8
C16.C7.H72.108.6 C12.C19.H191.109.5
H71.C7.H72.109.5 H192 . C19.H191. 109.5
04.C8.C10. 116.0(3) C12.C19. H193 . 109.1
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O4.C8.C11.1245(3)
C10.C8.C11. 119.5(3)
C5.C9.C6. 118.0(3)
C5.C9.C17.119.7(3)
C6.C9.C17.122.3(3)
N2 .C10.C8 . 120.4(3)
N2.C10.C15. 119.5(3)
C8.C10.C15. 120.1(3)
C8.C11.C14. 119.4(4)
C8.C11.H111.120.3
C14.C11.H111.120.3
C6.C12.C19. 121.5(3)
C6.C12.C20. 117.0(3)
C19.C12.C20. 121.4(3)
O4.C13.H131.109.7
04 .C13.H132.109.1
H131.C13.H132.109.5
O4.C13.H133.109.6
H131.C13.H133.109.5
H132.C13.H133.109.5
C11.C14.C18. 121.0(4)
C11.C14.H141.1195
C18.C14.H141.1195
C10.C15.C18. 120.0(4)

H192 . C19. H193 . 109.5
H191.C19.H193. 109.5
N3 .C20.C12. 118.6(3)
N3 .C20.C22.119.2(3)
C12.C20.C22. 122.3(3)
C22.C21.H212.109.7
C22.C21.H211.109.9
H212 . C21.H211. 109.5
C22.C21.H213.108.8
H212.C21.H213.109.5
H211.C21.H213 . 109.5
C21.C22.C5.119.8(3)
C21.C22.C20.122.3(3)
C5.C22.C20. 118.0(3)
N2 .C23.N3. 124.7(3)
N2 .C23.H231.117.8
N3.C23.H231.117.5
C16 . C24 . N3 . 108.8(3)
C16 . C24 . H241 . 109.9
N3 . C24 . H241 . 109.1
C16.C24 . H242 . 109.5
N3 .C24 . H242 . 110.1
H241.C24 . H242 . 109.5
C10.C15.H151.119.8
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Table C.1: crystal data and structure refinement for (6-0-MeOPh-DIPP).

Identification code kjc0749

Empirical formula C23 H31 Br N2 O

Formula weight 431.41

Temperature 150(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P21/n

Unit cell dimensions a =9.0984(2) A a= 90°.

b=14.4997(3) A 6=99.2480(10)°.
c= 16.9676(4) A 7=90°.

Volume 2209.34(8) A3

z 4

Density (calculated) 1.297 Mg/m3

Absorption coefficient 1.875 mm"1

F(000) 904

Crystal size 0.20 x0.20 x0.10 mm3
Theta range for data collection 1.86 to 27.49°.

Index ranges -11<=h<=11, -18<=k<=18, -
22<=|<=22

Reflections collected 34696

Independent reflections 5060 [R(int) = 0.1843]
Completeness to theta = 27.49° 99.8 %

Max. and min. transmission 0.8347 and 0.7055
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 5060 / 0/ 249
Goodness-of-fit on F2 1.179

Final R indices [I>2sigma(l)] R1 =0.0764, wR2 = 0.1974
R indices (all data) R1 =0.1005, wR2 =0.2188
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Largest diff. peak and hole 1.411 and -0.870 e.A-3
Table C. 2: Bond lengths (A) for (6-0-MeOPh-DIPP).
03.C4.1.322(7) C17 . H173 . 0.940
03.C29.1.451(7) C17 . H172 . 0.960
C4 .C5.1.383(8) C18.C19.1.539(8)
C4 . C27 .1.375(7) C18.C20 . 1.523(8)
C5.N6.1.457(7) C18.H181.0.972
C5.C24 . 1.368(8) C19. H192 . 0.959
N6 . C7 . 1.316(6) C19.H191.0.970
N6 . C23.1.477(6) C19.H193.0.971
C7 . N8 . 1.347(6) C20. H201 . 0.964
C7 .H71.0.933 C20 . H202 . 0.957
N8 . C9. 1.442(6) C20 . H203 . 0.967
N8 . C21. 1.472(6) C21.C22 . 1.529(7)
C9.C10. 1.408(6) C21. H211.0.969
C9.C14 .1.394(7) C21.H212.0.983
C10.C11.1.398(7) C22 . C23.1.557(7)
C10.C18. 1.525(7) C22 . H222 . 0.969
C11.C12.1.371(7) C22 . H221.0.976
C11.H111.0.936 C23 . H231.0.980
C12.C13.1.395(7) C23 . H232 . 0.962
C12 . H121.0.937 C24 . C25. 1.389(8)
C13.C14.1.390(7) C24 . H241 . 0.933
C13.H131.0.932 C25.C26 . 1.341(10)
C14 . C15.1.520(7) C25 . H251.0.932
C15.C16.1.531(7) C26.C27 . 1.378(9)
C15.C17 . 1.516(8) C26 . H261 . 0.925
C15. H151 . 0.964 C27 . H271.0.927
C16 . H162 . 0.948 C29 . H291 . 0.963
C16 . H161 . 0.961 C29 . H292 . 0.956
C16 . H163 . 0.956 C29 . H293 . 0.965

C17 . H171.0.962

Table C. 3: Bond angles (°) for (6-0-MeOPh-DIPP).

C4.03.C29. 117.1(5) C20.C18.H181.107.4
03.C4.C5.116.9(5) C18.C19.H192.111.2
03.C4.C27 . 124.8(5) C18.C19.H191.109.5
C5.C4.C27.118.3(6) H192 . C19. H191 . 108.4
C4.C5.N6.117.6(5) C18.C19. H193. 109.9
C4.C5.C24 . 122.3(5) H192 . C19 . H193 . 109.1
N6 . C5.C24 . 120.1(5) H191.C19.H193 . 108.7
C5.N6.C7.120.1(4) C18.C20 . H201 . 109.2
C5.N6.C23. 118.6(4) C18.C20. H202. 111.7
C7.N6.C23.121.0(4) H201 . C20 . H202 . 108.6
N6 . C7 . N8 . 123.1(4) C18.C20 . H203 . 109.1
N6 .C7 . H71.117.9 H201. C20 . H203 . 109.4
N8 .C7.H71.119.0 H202 . C20 . H203 . 108.9
C7.N8.C9. 120.3(4) N8 .C21.C22 . 109.4(4)
C7.N8.C21.122.9(4) N8 .C21.H211.111.3
C9.N8.C21.116.7(4) C22.C21.H211.110.4
N8 . C9.C10. 119.0(4) N8 . C21.H212 . 108.1
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N8 . C9.C14 . 118.4(4)
C10.C9.C14 . 122.4(4)
C9.C10.C11.116.9(5)
C9.C10.C18. 123.1(4)
C11.C10.C18. 120.0(4)
C10.C11.C12.121.7(5)
C10.C11.H111.119.3
C12.C11.H111.119.0
C11.C12.C13. 120.4(5)
C11.C12. H121.121.1
C13.C12.H121.1185
C12.C13.C14.120.1(5)
C12.C13.H131.119.9
C14.C13.H131.119.9
C9.C14.C13. 118.5(4)
C9.C14.C15. 122.3(4)
C13.C14.C15.119.1(4)
C14.C15.C16. 111.3(4)
C14.C15.C17 . 110.4(4)
C16.C15.C17 . 111.4(5)
C14.C15.H151 . 107.7
C16.C15.H151 . 107.0
C17.C15.H151.108.8
C15.C16.H162 . 108.7
C15.C16. H161.109.2
H162.C16 . H161 . 109.5
C15.C16. H163 . 108.7
H162.C16. H163 . 110.9
H161.C16. H163 . 109.8
C15.C17 . H171. 108.1
C15.C17.H173. 1115
H171.C17 . H173 . 109.9
C15.C17 . H172 . 108.1
H171.C17 . H172 . 109.1
H173.C17 . H172 . 110.0
C10.C18.C19. 111.5(4)

C22.C21.H212.109.2
H211.C21.H212. 108.4
C21.C22.C23. 110.0(4)
C21.C22 . H222 . 109.4
C23.C22.H222.111.4
C21.C22.H221.108.0
C23.C22.H221.109.3
H222 . C22 . H221.108.6
C22.C23.N6 . 108.6(4)
C22.C23.H231.109.1
N6 . C23 . H231. 108.4
C22.C23.H232.111.0
N6 . C23.H232.110.7
H231.C23 . H232.108.9
C5.C24 .C25.119.2(6)
C5.C24 . H241.120.5
C25.C24 . H241.120.3
C24 .C25.C26. 117.8(6)
C24 .C25.H251. 1206
C26.C25 . H251. 1216
C25.C26 . C27 . 124.3(6)
C25.C26.H261.117.2
C27.C26.H261.118.4
C26.C27.C4.118.1(6)
C26 . C27 . H271.120.9
C4.C27 . H271.121.0
03.C29.H291 . 109.4
03.C29 . H292 . 110.0
H291.C29 . H292 . 108.7
03.C29 . H293. 109.9
H291 . C29 . H293 . 109.3
H292 . C29 . H293 . 109.6
C10.C18.C20 . 109.6(5)
C19.C18.C20. 111.3(5)
C10.C18 . H181. 108.4
C19.C18.H181. 108.4
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cp

018

cl1

0)7

Table D.1: Crystal data and structure refinement for (6-0o-MeOPh).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 30.24{
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

kjc0727
C18H23 Br N2 03
395.29

150(2) K

0.71073 A
Triclinic

P-1

a=7.50160(10) A a= 71.6920(10)°.

b=10.2088(2) A 6= 82.8260(10)°.

c=13.3104(3) A y=74.2070(10)°.
930.35(3) A3

2

1.411 Mg/m3

2.227 mm'1

408

0.35 x0.20 x 0.12 mm3

3.06 to 30.24°.

-10<=h<=9, -14<=k<=14, -18<=I1<=18
16175

5426 [R(int) = 0.1078]

97.7 %

Empirical

0.7760 and 0.5095

Full-matrix least-squares on F#

5426 101227

1.055

R1 =0.0388, wR2 =0.1004

R1 = 0.0472, wR2 =0.1052

0.565 and -0.760 €.A"3
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Table D. 2: Bond lengths (A) for (6-0-MeOPh).

018.C3. 1.363(2)
018.C23.1.423(3)

C3
C3.
C4.
C4.
NS.
NS .
C6.
C6.
N7.
N7.
C8.
C8.
C8.
CS.
C9.
C9o.

C10.
C10.

C11
C11

. C4.1.398(3)

C22 . 1.396(3)
N5 . 1.438(2)
C19.1.389(3)
C6 . 1.310(2)
C10. 1.476(2)
N7 . 1.317(2)
H61 . 0.941
C8.1.479(2)
C11.1.427(2)
C9.1.515(3)
H81.0.940
H82 . 0.982
C10. 1.520(3)
H91 . 0.993
H92 .0.975
H101.0.971
H102 . 0.987

. C12.1.391(3)
. C16. 1.403(3)

C12.C13.1.388(3)

Cc20
C21
C21

C23

C13.
C14.
Cc14.
C156.
C15.
C16.
o17.
C18.
C18.
C18.
C19.
C19.
C20.

H131 . 0.951
C15. 1.396(3)
H141.0.947
C16. 1.395(3)
H151.0.977
017 . 1.361(2)
C18. 1.434(3)
H181.0.947
H182.0.978
H183.0.958
C20 . 1.391(3)
H191.0.932
C21.1.384(3)

. H201 . 0.944
. C22 .1.387(3)
. H211.0.936
c22.
C23.
C23.

H221 . 0.959
H233 . 0.941
H232.0.932

. H231.0.940
02 .H21.0.832
02.H22.0.828

C12.H121.0.916
C13.C14 . 1.384(4)

Table D. 3: Bond angles (°) for (6-0-MeOPh).

C3.018.C23. 117.46(18)
018.C3.C4.115.24(17)
018 .C3.C22. 125.56(19)
C4.C3.C22.119.20(18)
C3.C4.N5.118.45(16)
C3.C4.C19.121.13(17)
N5 .C4 .C19. 120.42(17)
C4.N5.C6.118.08(16)
C4.N5.C10. 119.65(16)
C6.N5.C10. 122.22(16)
N5 .C6 . N7 . 124.67(18)
N5.C6.H61.118.3

N7 .C6.H61.117.0
C6.N7.C8.119.77(16)
C6.N7.C11.119.74(16)
C8.N7.C11.120.31(15)
N7 .C8.C9. 108.94(17)
N7 .C8.H81.109.0
C9.C8.H81.112.0

N7 . C8.H82.110.0
C9.C8.H82.109.2
H81.C8.H82.107.7
C8.C9.C10. 110.97(18)
C8.C9.Hg1.107.9
C10.C9.H91. 108.4

C11

C13
C14
C11
C11
C15
C16

017

C13.
C12.
c12.
C14.
C13.

C15.

C14.
C16.

017

.C12.
C12.
C13.
C13.
C13.
C14.
.C14.
C14.
.C15.
C15.
C15.
.C16.
.C16.
.C16.
.017.
C18.

C18

H121.118.8
H121 . 121.1
C14.119.9(2)
H131.120.0
H131 . 120.1
C15 . 120.8(2)
H141.122.0
H141.117.3
C16. 119.5(2)
H151 . 118.0
H151.122.5
C15. 119.59(19)
017 . 115.89(17)
017 . 124.51(19)
C18 . 117.69(17)
H181 . 106.8
H182 . 109.9

H181.C18 . H182 . 109.4
017 .C18 . H183. 109.6
H181.C18 . H183 . 111.7
H182.C18 . H183. 109.5
C4.C19.C20. 119.28(19)
C4.C19.H191.118.0
C20.C19.H191 . 122.7
C19.C20.C21.119.67(19)
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C8.C9.H92.107.9
C10.C9.H92.111.2
H91.C9.H92.110.5
C9.C10.N5.108.77(17)
C9.C10.H101.112.7
N5.C10.H101 . 108.0
C9.C10.H102. 111.1
N5.C10. H102. 109.2
H101.C10. H102 . 107.0
N7 .C11.C12. 119.55(18)
N7 .C11.C16. 120.32(17)
C12.C11.C16. 120.11(19)
C11.C12.C13.120.1(2)
H21.02.H22. 103.2

C19.

Cc21

C22

C20.
. C20.
C20.
C20.

C21
c21
Cc21

H201 . 119.7
H201 . 120.7

. C22 .121.48(19)
. H211 . 120.0
.H211.118.5

C3.C22.C21.119.2(2)
C3.C22.H221.121.2
C21.C22.H221.119.5
018.C23 . H233.107.6
018.C23. H232.110.7
H233 . C23 . H232 . 109.1
018.C23.H231.110.2
H233.C23. H231. 109.4
H232 . C23 . H231.109.7
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cio

Table E.1:
Identification code
Empirical formula
Formula weight

Temperature

Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

20<=1<=20

Reflections collected
Independent reflections
Completeness to theta = 27.49°
Refinement method

Data / restraints /| parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

c3

201

ciB

ci3

c15

cl19

Crystal data and structure refinement for (6-o-MeSPh-Mes).

kjc0819

C20 H25 B F4 N2 S
412.29

293(2) K

0.71073 A

Monoclinic

P21/C

a=8.0040(2) A a=90°.
b=16.1800(4) A 6= 102.299C
c= 16.1990(5) A y=90°.

2049.70(10) A3

4

1.336 Mg/m3

0.201 mm -1

864

0.20 x 0.20 x 0.11 mMm3
3.48 to 27.49°.
-10<=h<=10, -20<=k<=20, -

20675

4659 [R(int) = 0.1194]

99.0 %

Full-matrix least-squares on F2
4659 / 0/ 257

1.038

R1 =0.0563, wR2 =0.1273

R1 =0.0846, wR2 =0.1412
0.257 and -0.432 e.A"3
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Table E. 2: Bond lengths(A) for (6-0-MeSPh-Mes).

C1 N2 1.307(3)
C1 N1 1.320(3)
C1 H1 0.9300
C2 N1 1.475(3)
C2 C3 1.510(3)
C2 H2A 0.9700
C2 H2B 0.9700
C3 C4 1.512(3)
C3 H3A 0.9700
C3 H3B 0.9700
C4 N2 1.480(3)
C4 H4A 0.9700
C4 H4B 0.9700
C5 C10 1.372(3)
C5 C6 1.400(3)
C5 N1 1.441(3)
C6 C7 1.391(3)
C6 S1 1.768(2)
C7 C8 1.391(3)
C7 H7 0.9300
C8 C9 1.380(3)
C8 H8 0.9300
C9 C10 1.382(3)
C9 H9 0.9300
C10 H10 0.9300
C11 S1 1.794(3)
C11 H11A 0.9600

C11 H11C 0.9600
C12 C13 1.391(3)
C12 C17 1.398(3)
C12 N2 1.451(3)
C13 C14 1.393(3)
C13 C18 1.509(3)
C14 C15 1.392(3)
C14 H14 0.9300
C15 C16 1.391(3)
C15 C19 1.509(3)
C16 C17 1.382(3)
C16 H16 0.9300
C17 C20 1.513(3)
C18 H18A 0.9600
C18 H18B 0.9600
C18 H18C 0.9600
C19 H19A 0.9600
C19 H19B 0.9600
C19 H19C 0.9600
C20 H20A 0.9600
C20 H20B 0.9600
C20 H20C 0.9600
B1 F3 1.379(3)
B1 F2 1.385(3)
B1 F5 1.386(3)
B1 F4 1.403(3)
C11 H11B 0.9600

Table E. 3: Bond angles (°) for (6-0-MeSPh-Mes).

N2 C1 N1 123.76(18)
N2 C1 H1 118.1

N1 C1 H1 118.1

N1 C2 C3 109.61(19)
N1 C2 H2A 109.7
C3 C2 H2A 1097
N1 C2 H2B 109.7
C3 C2 H2B 109.7
H2A C2 H2B 108.2
C2 C3 C4 110.22(19)
C2 C3 H3A 109.6
C4 C3 H3A 109.6
C2 C3 H3B 109.6
C4 C3 H3B 109.6
H3A C3 H3B 108.1
N2 C4 C3 109.34(16)
N2 C4 H4A 109.8
C3 C4 H4A 109.8
N2 C4 H4B 109.8
C3 C4 H4B 109.8
H4A C4 H4B 108.3
C10 C5 C6 121.05(19)

C12 C13 C14 117.75(17)
C12 C13 C18 121.65(18)
C14 C13 C18 120.55(18)
C15 C14 C13 121.81(19)
C15 C14 H14 1191

C13 C14 H14 119.1

C16 C15 C14 118.10(19)
C16 C15 C19 120.82(19)
C14 C15 C19 121.1(2)
C17 C16 C15 122.44(18)
C17 C16 H16 118.8
C15 C16 H16 118.8
C16 C17 C12 117.51(19)
C16 C17 C20 121.67(19)
C12 C17 C20 120.8(2)
C13 C18 H18A 109.5
C13C18 H18B 109.5
H18A C18 H18B 109.5
C13 C18 H18C 109.5
H18A C18 H18C 109.5
H18B C18 H18C 109.5
C15 C19 H19A 109.5
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C10 C5 N1 119.54(18)
C6 C5 N1 119.34(18)
C7 C6 C5 118.03(18)
C7 C6 S1 124.60(16)
C5 C6 S1 117.35(15)
C8 C7 C6 120.06(19)
C8 C7 H7 120.0

C6 C7 H7 120.0

C9 C8 C7 121.4(2)
C9 C8 H8 119.3

C7 C8 H8 119.3

C8 C9 C10 118.4(2)
C8 C9 H9 120.8

C10 C9 H9 120.8

C5 C10 C9 121.0(2)
C5 C10 H10 119.5

C9 C10 H10 119.5

S1 C11 H11A 109.5
S1 C11 H11B 109.5
H11A C11 H11B 109.5
S1 C11 H11C 109.5
H11A C11 H11C 109.5
H11B C11 H11C 109.5
C13 C12 C17 122.38(19)
C13 C12 N2 118.73(16)

C15 C19 H19B 109.5
H19A C19 H19B 109.5
C15 C19 H19C 109.5
H19A C19 H19C 109.5
H19B C19 H19C 109.5
C17 C20 H20A 109.5
C17 C20 H20B 109.5
H20A C20 H20B 109.5
C17 C20 H20C 109.5
H20A C20 H20C 109.5
H20B C20 H20C 109.5
C1 N1 C5 121.09(17)
C1 N1 C2 121.11(17)
C5 N1 C2 117.79(17)
C1 N2 C12 120.58(16)
C1 N2 C4 121.39(17)
C12 N2 C4 118.00(15)
C6 S 1C11 103.08(11)
F3 B1 F2 110.8(2)

F3 B1 F5 110.76(19)
F2 B1 F5 109.66(19)
F3 B1 F4 108.53(18)
F2 B1 F4 108.71(19)
F5 B1 F4 108.3(2)
C17 C12 N2 118.77(18)
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c21

Cc20

109

Table F. 1: Crystal data and structure refinement for (6-o-MeSPh-DIPP).

Identification code
Empirical formula

Formula weight

Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(OOO0)

Crystal size

Theta range for data collection
Index ranges

22<=|<=22

Reflections collected
Independent reflections
Completeness to theta = 27.54°
Max. and min. transmission
Refinement method

Data / restraints / parameters

kjc0810
C23 H31 BrN2 S
447 .47

150(2) K

0.71073 A
Monoclinic

P21/n

a =9.00230(10) A
b =14.4043(2) A
c=17.6548(3) A
2268.69(6) A3

4

1.310 Mg/m3
1.914 mm-1

936
0.20x0.20x0.10 mm3
3.05 to 27.54°.

-11 <=h<=11, -18<=k<=18, -

a= 90°.
6= 97.7(
7=90°.

37229

5195 [R(int) = 0.2138]

99.3 %

0.8317 and 0.7008

Full-matrix least-squares on F2
5195/0/249
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Goodness-of-fit on F2 1.030

Final R indices [I1>2sigma(l)] R1 =0.0585, wR2 = 0.1346
R indices (all data) R1 =0.0859, wR2 = 0.1498
Largest diff. peak and hole 0.800 and -1.247 e.A-3

Table F. 2: Bond lengths (A) for (6-0-MeSPh-DIPP).

S2 C3 1.759(3)
S2 C28 1.802(4)
C3 C27 1.393(5)
C3 C4 1.406(5)
C4 C24 1.380(5)
C4 N5 1.434(4)
N5 C6 1.325(4)
N5 C23 1.484(4)
C6 N7 1.310(4)
N7 C8 1.446(4)
N7 C21 1.480(4)
C8 C13 1.399(4)
C8 C9 1.405(4)
C9 C10 1.398(5)

C9 C18 1.507(5)
C10 C11 1.367(5)
C11 C12 1.383(5)
C12 C13 1.394(5)
C13 C14 1.519(4)
C14 C17 1.527(6)
C14 C15 1.528(5)
C18 C20 1.507(5)
C18 C19 1.528(5)
C21 C22 1.512(4)
C22 C23 1.512(5)
C24 C25 1.389(5)
C25 C26 1.389(5)
C26 C27 1.387(5)

Table F. 3: Bond angles (°) for (6-0-MeSPh-DIPP).

C3 S2 C28 103.81(18)
C27 C3 C4 117.9(3)
C27 C3 S2 125.7(3)
C4 C3 S2 116.3(3)
C24 C4 C3 121.2(3)
C24 C4 N5 120.2(3)
C3 C4 N5 118.6(3)
C6 N5 C4 120.4(3)
C6 N5 C23 120.0(3)
C4 N5 C23 119.5(2)
N7 C6 N5 123.5(3)
C6 N7 C8 120.4(3)
C6 N7 C21 122.2(3)
C8 N7 C21117.2(2)
C13 C8 C9 123.2(3)
C13 C8 N7 118.7(3)
C9 C8 N7 118.1(3)
C10 C9 C8 116.5(3)
C10 C9 C18 121.0(3)

C8 C9 C18 122.5(3)

C11 C10 C9 121.5(3)
C10 C11 C12 120.8(3)
C11 C12 C13 120.8(3)
C12 C13 C8 117.1(3)
C12 C13 C14 121.0(3)
C8 C13 C14 121.8(3)
C13 C14 C17 110.5(3)
C13 C14 C15 112.3(3)
C17 C14 C15 110.3(3)
C9 C18 C20 113.7(3)
C9 C18 C19 110.3(3)
C20 C18C19 110.1(3)
N7 C21 C22 110.4(3)
C21 C22 C23 110.1(3)
N5 C23 C22 109.3(3)
C4 C24 C25 120.4(3)
C26 C25 C24 118.7(3)
C27 C26 C25 121.2(3)
C26 C27 C3 120.5(3)
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Table G.1: Crystal data and structure refinement for (7-Py-Mes).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

10<=I<=10

Reflections collected
Independent reflections
Completeness to theta = 27.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA

asKJC40

C19H24IN3

421.31

150(2) K

0.71073 A

Monoclinic

P2(1)/c

a=13.432(3) A a= 90°.
b=17.575(4) A 6= 104.21(3)
c=7.9907(16) A y=90°.
1828.6(6) A3

4

1.530 Mg/m3

1.755 mm™

848

0.40 x 0.30 x 0.20 mm3
2.95 to 27.00°.
-17<=h<=17, -22<=k<=22, -

6579

3964 [R(int) = 0.0278]

99.2 %

Empirical

0.753 and 0.404

Full-matrix least-squares on F*
3964/0/211

1.038
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Final R indices [I>2sigma(l)]
R indices (all data)

R1 = 0.0269, wR2 = 0.0566
R1 = 0.0341, wR2 = 0.0591 Largest
0.341 and -0.564 e.A-3

diff. peak and hole

Table G. 2: Bond lengths (A) for (7-Py-Mes).

N1 C1 1.312(3)
N1 C6 1.459(3)
N1 C2 1.501(3)
C1 N2 1.325(3)
N2 C15 1.447(3)
N2 C5 1.483(3)
C2 C3 1.521(3)
N3 C15 1.329(3)
N3 C19 1.346(3)
C3 C4 1.528(4)
C4 C5 1.517(3)
C6 C11 1.390(3)

C6 C7 1.402(3)

C7 C8 1.401(3)

C7 C12 1.502(3)
C8 C9 1.386(3)

C9 C10 1.390(3)
C9 C13 1.511(3)
C10 C11 1.394(3)
C11 C14 1.509(3)
C15 C16 1.382(3)
C16 C17 1.392(3)
C17 C18 1.379(3)
C18 C19 1.379(3)

Table G. 3: Bond angles (°) for (7-Py-Mes).

C1 N1C6 116.68(18)
C1 N1 C2 125.11(19)
C6 N1 C2 117.34(18)
N1 C1 N2 126.6(2)
C1 N2 C15 118.17(19)
C1 N2 C5 120.61(19)
C15 N2 C5 121.19(19)
N1 C2 C3 112.14(18)
C15 N3 C19 116.8(2)
C2 C3 C4 113.5(2)
C5 C4 C3 111.0(2)
N2 C5 C4 112.3(2)
C11 C6 C7 122.9(2)
C11 C6 N1 118.7(2)
C7 C6 N1 118.4(2)
C8 C7C6 116.7(2)

C8 C7 C12 121.3(2)
C6 C7 C12 122.0(2)

C9 C8 C7 122.3(2)

C8 C9 C10 118.7(2)

C8 C9 C13 121.7(2)

C10 C9 C13 119.6(2)
C9 C10 C11 121.7(2)
C6 C11 C10 117.7(2)
C6 C11 C14 122.5(2)
C10 C11 C14 119.8(2)
N3 C15 C16 125.0(2)
N3 C15 N2 114.80(19)
C16 C15 N2 120.2(2)
C15 C16 C17 116.8(2)
C18 C17 C16 119.9(2)
C19 C18 C17 118.4(2)
N3 C19 C18 123.3(2)
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Ic 18
ci7.

cu

c3

Cl3

clo

c13

Table H.1: Crystal data and structure refinement for (7-o-MeOPh-Mes).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

19<=I<=18

Reflections collected
Independent reflections
Completeness to theta = 27.28°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

kjc0818c

C21 H27 BF4 N2 0

410.26
150(2) K
0.71073 A
Monoclinic
P21/a
a=8.978 A
b=16.022 A
c= 14812 A
2064.5 A3

4

1.320 Mg/m3
0.105 mm-1
864

&=8L

6= 104.
8L

0.25 x 0.05 x 0.05 mm3

3.51 to 27.28"

-11<=h<=11, -20<=k<=20, -

33214

4552 [R(int) = 0.1960]

98.1 %

0.9948 and 0.9742

Full-matrix least-squares on F2

4552 /1 | 261
1.076

R1 =0.1270, wR2 = 0.3184

208



Appendix 2. Tables of Bond Distances and Angles

R indices (all data)

Largest diff. peak and hole

R1=0.1727, wR2 = 0.3471
2.537 and -0.460 e.A-3

Table H. 2: Bond lengths (A) for (7-0o-MeOPh-Mes).

C1 N2 1.307(6)
C1 N1 1.330(6)
C2 N2 1.485(6)
C2 C3 1.514(8)
C3 C4 1.515(8)
C4 C5 1.526(7)
C5 N1 1.489(6)
C6 C7 1.393(7)
C6 C11 1.397(6)
C6 N2 1.459(6)
C7 C8 1.400(7)
C7 C12 1.497(7)
C8 C9 1.378(7)
C9 C10 1.388(7)
C9 C13 1.513(7)

C10 C11 1.397(7)
C11 C14 1.506(7)
C15 C20 1.370(7)
C15 C16 1.402(7)
C15 N1 1.446(6)
C16 O1 1.355(6)
C16 C17 1.399(7)
C17 C18 1.387(8)
C18 C19 1.385(8)
C19 C20 1.389(8)
C21 O1 1.438(6)
F1 B1 1.302(5)

F2 B1 1.399(5)

F3 B1 1.392(5)

F4 B1 1.467(4)

Table H. 3: Bond angles (°) for (7-o-MeOPh-Mes).

N2 C1 N1 126.2(5)
N2 C2 C3 113.3(4)
C4 C3 C2 112.3(4)
C3 C4 C5 113.1(5)
N1 C5 C4 112.1(4)
C7 C6 C11 122.8(4)
C7 C6 N2 117.8(4)
C11 C6 N2 119.2(4)
C6 C7 C8 116.9(4)
C6 C7 C12 121.9(4)
C8 C7 C12 121.2(4)
C9 C8 C7 122.7(5)
C8 C9 C10 118.0(4)
C8 C9 C13 121.5(5)
C10 C9 C13 120.4(5)
C9 C10 C11 122.4(4)
C6 C11 C10 117.0(4)
C6 C11 C14 122.5(4)
C10 C11 C14 120.4(4)
C20 C15 C16 120.6(5)
C20 C15 N1 120.4(4)

O1 C16 C17 124.5(5)
01 C16 C15 116.7(4)
C17 C16 C15 118.8(5)
C18 C17 C16 119.7(5)
C17 C18 C19 121.1(5)
C20 C19 C18 118.9(5)
C15 C20 C19 120.9(5)
C1 N1 C15 116.7(4)
C1 N1 C5 125.3(4)
C15 N1 C5 117.9(4)
C1 N2 C6 119.0(4)
C1 N2 C2 122.2(4)
C6 N2 C2 117.3(4)
C16 O1 C21 117.2(4)
F1 B1 F3 115.7(4)

F1 B1 F2 113.2(4)

F3 B1 F2 108.4(3)

F1 B1 F4 108.3(3)

F3 B1 F4 105.2(3)

F2 B1 F4 105.2(3)
C16 C15 N1 119.0(4)
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Table I. 1: Crystal data and structure refinement for (7-0-MeOPh-DIPP).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

30<=1<=30

Reflections collected
Independent reflections
Completeness to theta = 27.47°
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

kjc0839b

C24 H30 IN2 O

489.40

150(2) K

0.71073 A

Monoclinic

P21/n

a=10.4370(3) A a= 90°.
b =19.2770(7) A 8=91.811(2)".
c =23.4090(8) A y =90°.
4707.4(3) A3

8

1.381 Mg/m3

1.376 mm"1

1992

0.31 x0.08 x 0.06 mm3

1.37 to 27.47°.

-13<=h<=13, -25<=k<=23, -

17345

10448 [R(int) = 0.1598]

96.9 %

0.9220 and 0.6750

Full-matrix least-squares on FA
10448/0/515

0.892

R1 =0.0739, wR2 =0.1109

R1 =0.2458, wR2 = 0.1549
0.654 and -0.749 e.A"3
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Table 1. 2: Bond lengths (A) for (7-0-MeOPh-DIPP).

C36 02 1.438(9)
C1 N1 1.301(9)

C1 N2 1.327(9)

C2 N1 1.488(10)
C2 C3 1.506(10)
C3 C4 1.547(10)
C4 C5 1.524(10)
C5 N2 1.487(10)
C6 C11 1.364(10)
C6 C7 1.405(11)
C6 N1 1.438(9)

C7 O1 1.365(8)

C7 C8 1.393(10)
C8 C9 1.374(11)
C9 C10 1.364(12)
C10 C11 1.382(10)
C12 01 1.432(9)
C13 C14 1.381(10)
C13 C18 1.401(10)
C13 N2 1.467(9)
C14 C15 1.388(11)
C14 C19 1.509(10)
C15 C16 1.392(11)
C16 C17 1.369(10)
C17 C18 1.400(10)
C18 C22 1.507(10)
C19 C21 1.528(9)
C19 C20 1.532(10)
C22 C23 1.516(11)

C22 C24 1.527(10)
C25 N4 1.323(9)
C25 N3 1.324(9)
C26 N3 1.476(9)
C26 C27 1.522(10)
C27 C28 1.544(10)
C28 C29 1.499(10)
C29 N4 1.473(10)
C30 C35 1.384(9)
C30 C31 1.387(10)
C30 N3 1.449(9)
C31 02 1.357(9)
C31 C32 1.408(10)
C32 C33 1.371(10)
C33 C34 1.363(11)
C34 C35 1.388(11)
C37 C38 1.395(10)
C37 C42 1.395(10)
C37 N4 1.467(10)
C38 C39 1.380(10)
C38 C43 1.523(10)
C39 C40 1.397(11)
C40 C41 1.382(11)
C41 C42 1.399(11)
C42 C46 1.513(10)
C43 C45 1.531(10)
C43 C44 1.533(9)
C46 C48 1.536(12)
C46 C47 1.560(11)

Table 1. 3: Bond angles (°) for (7-0-MeOPh-DIPP).

N1 C1 N2 126.8(8)

N1 C2 C3 112.3(6)

C2 C3 C4 112.0(7)

C5 C4 C3 114.4(8)

N2 C5 C4 112.9(6)
C11 C6 C7 120.8(8)
C11 C6 N1 121.4(8)
C7 C6 N1 117.8(7)

O1 C7 C8 125.6(8)
O1C7 C6 115.7(7)
C8 C7 C6 118.7(8)

C9 C8 C7 119.0(9)
C10 C9 C8 121.6(8)
C9 C10 C11 120.0(8)
C6 C11 C10 119.5(9)
C14 C13 C18 125.2(7)
C14 C13 N2 116.9(7)
C18 C13 N2 117.8(6)
C13 C14 C15 116.4(8)
C13C14 C19 123.1(7)
C15 C14 C19 120.3(7)

C35 C30 C31 121.5(7)
C35 C30 N3 120.2(7)

C31 C30 N3 118.3(7)

02 C31 C30 116.5(7)

02 C31 C32 125.8(7)

C30 C31 C32 117.7(8)
C33 C32 C31 120.6(8)
C34 C33 C32 120.6(8)
C33 C34 C35 120.5(8)
C30 C35 C34 119.0(8)
C38 C37 C42 124.0(8)
C38 C37 N4 117.7(7)

C42 C37 N4 118.3(7)

C39 C38 C37 117.2(8)
C39 C38 C43 119.5(7)
C37 C38 C43 123.1(7)
C38 C39 C40 120.6(7)
C41 C40 C39 120.8(8)
C40 C41 C42 120.6(8)
C37 C42 C41 116.6(7)
C37 C42 C46 123.8(7)
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C16 C15 C14 121.0(7)
C17 C16 C15 120.4(8)
C16 C17 C18 121.5(8)
C13 C18 C17 115.5(7)
C13 C18 C22 124.4(7)
C17 C18 C22 120.0(7)
C14 C19 C21 113.8(6)
C14 C19 C20 109.3(7)
C21 C19 C20 110.4(7)
C18 C22 C23 112.1(7)
C18 C22 C24 110.3(6)
C23 C22 C24 111.1(7)
N4 C25 N3 125.6(8)
N3 C26 C27 112.2(6)
C26 C27 C28 111.2(7)
C29 C28 C27 114.9(7)
C25 N4 C29 125.3(7)
C37 N4 C29 117.1(6)
N4 C29 C28 112.9(6)

C41 C42 C46 119.6(8)
C38 C43 C45 110.1(7)
C38 C43 C44 114.3(6)
C45 C43 C44 110.5(7)
C42 C46 C48 110.6(8)
C42 C46 C47 111.4(8)
C48 C46 C47 111.7(7)
C7 01C12 117.2(6)
C31 02 C36 116.8(6)
C1 N1 C6 117.8(7)

C1 N1 C2 122.6(7)
C6 N1 C2 119.4(6)

C1 N2 C13 118.5(7)
C1 N2 C5 125.0(7)
C13 N2 C5 116.3(6)
C25 N3 C30 116.9(7)
C25 N3 C26 123.5(7)
C30 N3 C26 119.6(6)
C25 N4 C37 117.4(7)
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Table J.1: crystal data and structure refinement for (7-0o-MeOPh).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

16<=1<=16

Reflections collected
Independent reflections
Completeness to theta = 27.49°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

kjc0729

C19H231 N2 02

438.29

296(2) K

0.71073 A

Triclinic

P-1

a =17.89000(10) A a= 106.1680(10)°.

b=10.2100(2) A 8= 94.4780(10)°.

C

12.9030(3) A y=104.8850(10)°.
952.20(3) A3

2

1.529 Mg/m3

1.694 mm'1

440

0.20 x 0.08 x 0.04 mm3

1.66 to 27.49°.

-10<=h<=10, -13<=k<=13, -

8036

4344 [R(int) = 0.0349]

99.3 %

Empirical

0.9353 and 0.7281

Full-matrix least-squares on F2

4344/0/219

1.060
R1 =0.0370, wR2 =0.1104
R1 = 0.0538, wR2 =0.1405
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Largest diff. peak and hole

0.460 and -0.666 e.A-3

Table J. 2: Bond lengths (A) for (7-0-MeOPh).

O2.C3. 1.358(4)
02.C24 . 1.432(4)
C3.C4.1.400(4)
C3.C23.1.392(5)
C4 . N5 . 1.445(4)
C4.C20.1.370(4)
N5 .C6 . 1.310(4)
N5 .C11. 1.487(4)
C6 . N7 . 1.309(4)
C6.H61.0.936
N7 . C8 . 1.492(4)
N7 . C12. 1.451(4)
C8.C9.1.506(4)
C8.H81.0.955
C8.H82.0.978
C9.C10. 1.519(5)
C9.H91.0.979
C9.H92.0.970
C10.C11. 1.502(4)
C10.H101.0.968
C10 . H102.0.973
C11.H111.0.983
C11.H112.0.984
C12.C13.1.382(5)

C13.014 . 1.358(4)
C13.C16.1.397(5)
014 . C15 . 1.420(5)
C15. H151.0.959
C15. H152.0.980
C15. H153.0.985
C16.C17. 1.380(6)
C16. H161.0.928
C17 . C18. 1.364(6)
C17 . H171.0.938
C18.C19.1.381(5)
C18.H181.0.923
C19. H191.0.959
C20.C21.1.392(5)
C20 . H201 . 0.960
C21.C22.1.372(5)
C21.H211.0.935
C22.C23.1.370(5)
C22 . H221.0.926
C23 . H231.0.943
C24 . H241 . 0.980
C24 . H242 . 1.004
C24 . H243 . 0.989
C12.C19.1.378(5)

Table J. 3: Bond angles (°) for (7-o-MeQPh).

C3.02.C24.118.0(3)
02.C3.C4.115.8(3)
02.C3.C23. 125.8(3)
C4.C3.C23.118.4(3)
C3.C4.N5.118.4(3)
C3.C4.C20.121.2(3)
N5.C4.C20. 120.4(3)
C4 .N5.C6.117.0(2)
C4 . N5.C11.117.6(2)
C6 .N5.C11.124.9(2)
N5.C6.N7.129.3(3)
N5.C6.H61.116.5
N7 .C6.H61.114.2
C6.N7.C8.125.2(2)
C6.N7.C12.117.7(2)
C8.N7.C12.116.7(2)
N7 .C8.C9.113.4(3)
N7 .C8.H81.107.8
C9.C8.H81.109.1
N7 .C8.H82.108.9
C9.C8.H82.110.8
H81.C8.H82.106.4
C8.C9.C10. 116.4(3)
C8.C9.H91.106.3

C12.C13.014. 115.8(3)
C12.C13.C16. 118.3(3)
014 .C13.C16. 125.9(3)
C13.014.C15. 118.1(3)
O14.C15.H151.107.6
O14 . C15. H152 . 106.4
H151 . C15. H152 . 110.0
014 .C15.H153.109.9
H151 . C15. H153. 110.7
H152 . C15. H153 . 112.0
C13.C16.C17.119.2(4)
C13.C16.H161.119.1
C17 .C16.H161.121.7
C16.C17.C18. 121.8(4)
C16.C17 . H171. 121.1
C18.C17. H171. 1171
C17.C18.C19. 119.7(4)
C17.C18.H181. 118.0
C19.C18. H181.122.2
C18.C19.C12. 119.0(4)
C18.C19.H191 . 122.1
C12.C19.H191.118.8
C4.C20.C21.119.5(3)
C4.C20.H201.117.7
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C10.C9.H91. 1121
C8.C9.H92.106.7
C10.C9.H92 . 106.1
H91.C9.H92 . 108.8
C9.C10.C11.116.9(3)
C9.C10.H101.108.4
C11.C10.H101.104.9
C9.C10.H102.109.0
C11.C10.H102. 109.5
H101.C10. H102 . 107.7
C10.C11.N5.113.2(3)
C10.C11.H111.110.5
N5.C11.H111.107.9
C10.C11.H112.107.5
N5.C11.H112.107.6
H111.C11.H112. 1101
N7.C12.C13. 118.6(3)
N7 .C12.C19. 119.5(3)

C21.C20. H201.122.8
C20.C21.C22 . 119.6(4)
C20.C21.H211.121.3
C22.C21.H211.119.1
C21.C22.C23.121.3(3)
C21.C22 . H221 . 119.0
C23.C22 . H221 .119.7
C3.C23.C22.120.1(3)
C3.C23.H231.119.2
C22.C23.H231.120.7
02.C24 . H241 . 108.0
02.C24 . H242 . 111.7
H241 . C24 . H242 . 109.6
02.C24 . H243 . 109.2
H241 . C24 . H243 . 111.0
H242 . C24 . H243 . 107 .4
C13.C12.C19.122.0(3)
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Cc29

Table K.1: Crystal data and structure refinement for compound 2.33a (see

chapter two).
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.49°
Absorption correction

Max. and min. transmission

Refinement method

cn

kjc0707

C22 H30 I N3

463.39

150(2) K

0.71073 A

Monoclinic

P21/C

a=28.47200(10) A a=90°.

b=33.8750(6) A 6= 116.8380(10)".

c=8.3760(2) A y=190°.
2144.90(7) A3

4

1.435 Mg/m3

1.503 mm-1

944

0.20x0.20x0.10 mm3

2.95 to 27.49°.

-11<=h<=10, -32<=k<=43, -7<=1<=10

11030

4407 [R(int) = 0.1177]
89.7 %

Empirical

0.8642 and 0.7531

Full-matrix least-squares on F*
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Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

4407 /017239
1.033

R1=0.0811, wR2 = 0.2183
R1=0.1021, wR2 = 0.2361

1.861 and -2.577 e.A-3

Table k. 2: Bond length (A) for compound 2.33a.

N3 .C9.1.378(11)
N3 .C16. 1.475(11)
N3 .C22. 1.354(13)
C5.C19. 1.393(14)
C5.C22.1.385(14)
C5.H51.1.013 no
N6 .C8 . 1.419(11)
N6 . C20. 1.266(12)
N7 .C9. 1.368(12)
N7 .C11.1.500(12)
N7 .C20.1.399(11)
C8.C15.1.415(12)
C8.C25.1.419(13)
C9.C21.1.401(12)
C11.C12.1.512(13)
C11.H111.1.006
C11.H112.1.005
C12.C23 . 1.540(14)
C12 . H121.1.002
C12.H122 .1.009
C14.C18. 1.384(15)
C14 . C26 . 1.387(14)
C14 . H141 .1.010
C15.C18.1.374(13)
C15.C29. 1.514(13)
C16.C23. 1.531(14)
C16.H161 . 1.009
C16 . H162 . 1.006

C19. H191 . 1.006
C20 . H201 . 1.009
C21.H211.1.010
C22 . H221.1.011
C23 . H231.1.006
C23 . H232 . 1.007
C24 . H241 . 1.002
C24 . H242 . 1.003
C24 . H243 . 1.006
C25.C26 . 1.403(13)
C26 . H261 . 1.012
C28 . C29 . 1.508(15)
C28 . H281 . 1.007
C28 . H282 . 1.004
C28 . H283 . 1.006
C29.C30. 1.551(17)
C29 . H291 . 1.011
C30 . H301 . 1.005
C30 . H302 . 1.001
C30. H303. 1.012
C31.H311.1.008
C31.H312.1.003
C31. H313.1.000
C17.C24 . 1.529(17)
C17.C25 . 1.509(13)
C17.C31.1.530(18)
C17.H171.1.013
C18.H181.1.012
C19.C21. 1.394(14)

Table K.3: Bond angles (°) for compound 2.33a.

C9.N3.C16.119.7(8)
C9.N3.C22.121.7(8)
C16.N3.C22. 118.6(8)
C19.C5.C22. 118.8(10)
C19.C5.H51.120.5
C22.C5.H51.120.7
C8.N6.C20 . 120.0(8)
C9.N7.C11.124.3(7)
C9.N7.C20.119.4(7)
C11.N7.C20.115.4(8)
N6 .C8.C15. 117.0(8)
N6 . C8.C25 . 120.8(8)

C9.C21.C19.120.2(9)
C9.C21.H211.119.8
C19.C21.H211.120.0
C5.C22 . N3.120.9(9)
C5.C22. H221. 120.0
N3.C22.H221.119.2
C12.C23.C16. 110.6(8)
C12.C23.H231.109.4
C16.C23.H231. 109.6
C12.C23.H232. 108.7
C16.C23 . H232. 110.0
H231.C23. H232 . 108.5
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C15.C8.C25. 121.7(8)
N3.C9.N7.118.5(7)
N3.C9.C21.118.0(8)
N7 . C9.C21. 123.4(8)
N7 .C11.C12.113.3(8)
N7 .C11.H111.108.7
C12.C11.H111.108.9
N7 .C11.H112.108.8
C12.C11.H112.1085
H111.C11.H112.108.6
C11.C12.C23.113.0(8)
C11.C12.H121.109.5
C23.C12.H121. 109.1
C11.C12.H122.108.5
C23.C12.H122. 108.1
H121.C12.H122.108.6
C18.C14.C26. 120.0(10)
C18.C14.H141.119.9
C26.C14 . H141 . 120.1
C8.C15.C18. 118.2(9)
C8.C15.C29 . 118.9(8)
C18.C15.C29. 122.9(8)
N3.C16.C23.112.1(8)
N3.C16.H161.109.0
C23.C16 . H161 . 109.2
N3.C16. H162. 109.1
C23.C16.H162 . 109.1
H161.C16. H162 . 108.2
C24.C17.C25. 111.2(9)
C24 .C17.C31.109.0(10)
C25.C17.C31.111.9(9)
C24 .C17 . H171.107.7
C25.C17 . H171.108.5
C31.C17 . H171.108.3
C14.C18.C15. 121.6(9)
C14.C18.H181.119.0
C15.C18.H181.119.4
C5.C19.C21. 119.8(9)
C5.C19.H191.120.2

C26
C26
C26
C28
C28

C29.
C29.
C29.
C29.
C29.
C29.
C30.
C30.
H301 . C30 . H302 . 109.0
C29.C30. H303. 110.2
H301 . C30 . H303 . 108.1
H302 . C30 . H303 . 108.4
C17.C31.H311.109.8
C17 .C31.H312.110.6
H311.C31.H312. 1086
C17.C31.H313.109.8
H311.C31.H313.108.8
H312 . C31.H313.109.3
C21.C19.H191.120.0
N7 . C20 . N6 . 119.5(8)
N7 .C20.H201.119.8
N6 . C20 . H201 . 120.7

C17.C24 . H241 . 110.5

C17.C24 . H242 . 110.2

H241 . C24 . H242 . 109.0
C17.C24 . H243 . 109.4

H241 . C24 . H243 . 108.8
H242 . C24 . H243 . 108.8
C17 .C25.C8. 120.9(8)

C17 .C25.C26 . 122.2(9)
C8.C25.C26.116.9(9)

C25.
C25.
C14.
C29.
C29.
H281 . C28 . H282 . 108.6
C29.C28. H283.109.9

H281 . C28 . H283 . 108.5
H282 . C28 . H283 . 108.7
C15.
C15.
C28.
C15.
Cc28.
C30.
C29.
C29.

.C14 . 121.4(10)
.H261.119.1
.H261.119.4
.H281.110.6
.H282.110.5

C28.114.3(9)
C30.109.3(8)
C30. 109.4(9)
H291 . 108.1
H291 . 107.8
H291 . 107.8
H301 . 110.7
H302 . 110.3
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Table L.1: Crystal data and structure refinement for [Rh(6-0-MeOPh-

Mes)(COD)CI].
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

17<=1<=16

Reflections collected
Independent reflections
Completeness to theta = 27.49°
Max. and min. transmission
Refinement method

Data / restraints / parameters

kjc0757_2

C29 H38 CI3 N2 0 Rh
639.87

150(2) K

0.71073 A

Triclinic

P-1

a=9.7164(2) A a= 86.629(2)"

b

11.4614(4) A 6= 78.935(2)"

c=13.2888(4) A y= 82.3150(1
1438.50(7) A3

2

1.477 Mg/m3

0.897 mm-1

660

0.20 x0.20 x0.10 mm3

2.97 to 27.49°.

-12<=h<=12, -14<=k<=14, -

22407

6485 [R(int) = 0.1097]

98.4 %

0.9156 and 0.8410

Full-matrix least-squares on F”

6485 /0 /329
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Goodness-of-fit on F2 1.029

Final R indices [I>2sigma(l)] R1=0.0417, wR2 = 0.0982
R indices (all data) R1 =0.0539, wR2 = 0.1048
Largest diff. peak and hole 0.605 and -0.920 e.A-3

Table L. 2: Bond lengths (A) for [Rh(6-0-MeOPh-Mes)(COD)CI].

Rh1. CI2 . 2.4052(8) C19. H191. 0.945
Rh1.C3.2.057(3) C20.C21 . 1.377(5)
Rh1.C26 . 2.099(3) C20.C24 . 1.515(5)
Rh1.C27.2.119(3) C21.C22 . 1.404(5)
Rh1.C30.2.176(3) C21.H211.0.946
Rh1.C31.2.206(3) C22.C23.1.498(5)
C3. N4 .1.349(4) C23. H233.0.956
C3.N8.1.341(4) C23.H232.0.971
N4 . C5 . 1.474(4) C23. H231.0.946
N4 . C17 . 1.451(4) C24 . H243 . 0.949
C5.C6.1.518(4) C24 . H242 . 0.948
C5 . H51.0.967 C24 . H241.0.952
C5 . H52.0.953 C25 . H251.0.974
C6 . C7 . 1.505(5) C25 . H252 . 0.967
C6 . H61 . 0.970 C25 . H253 . 0.958
C6 . H62 . 0.963 C26 . C27 . 1.382(4)
C7 . N8 . 1.470(4) C26 . C33 . 1.505(4)
C7.H71.0.968 C26 . H261 . 0.973
C7.H72.0.965 C27.C28 . 1.531(4)
N8 . C9 . 1.445(4) C27 . H271 . 0.961
C9.C10. 1.393(5) C28.C29 . 1.528(5)
C9.C16. 1.377(5) C28 . H281 . 0.980
C10.011 . 1.370(4) C28 . H282 . 0.976
C10.C13. 1.398(5) C29 . C30 . 1.514(5)
011.C12. 1.424(4) C29. H291.0.972
C12.H121.0.956 C29 . H292 . 0.972
C12.H122.0.963 C30.C31. 1.378(5)
C12.H123.0.971 C30 . H301 . 0.970
C13.C14.1.382(5) C31.C32.1.519(5)
C13.H131.0.935 C31.H311.0.985
C14.C15. 1.381(5) C32.C33. 1.531(5)
C14.H141.0.926 C32 . H321.0.979
C15.C16. 1.390(5) C32.H322.0.982
C15 . H151 . 0.931 C33. H331.0.970
C16.H161.0.948 C33.H332.0.966
C17 . C18. 1.390(5) Cl34 . C35. 1.747(4)
C17.C22 . 1.398(4) C35. CI36 . 1.750(4)
C18.C19. 1.400(4) C35 . H351 . 0.970
C18 . C25 . 1.503(5) C35. H352 . 0.982
C19.C20 . 1.390(5)
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Table L. 3: Bond angles (°) for [Rh(6-0-MeOPh-Mes)(COD)CI].

CI2. Rh1.C3. 84.88(8)
CI2 . Rh1.C26 . 156.44(9)
C3.Rh1.C26.97.19(12)
CI2 . Rh1.C27 . 164.84(9)
C3.Rh1.C27.98.00(12)
C26 . Rh1.C27 . 38.25(12)
CI2. Rh1.C30 . 89.10(10)
C3.Rh1.C30. 156.22(13)
C26 . Rh1.C30 . 97.46(13)
C27 . Rh1.C30 . 82.29(13)
Ci2 . Rh1.C31.90.74(9)
C3.Rh1.C31.165.76(12)
C26 . Rh1.C31.81.52(13)
C27 . Rh1.C31.89.75(13)
C30.Rh1.C31.36.64(13)
Rh1.C3.N4 . 124.7(2)
Rh1.C3.N8. 116.7(2)
N4 .C3.N8.117.1(3)
C3.N4.C5.124.9(3)
C3.N4.C17.119.2(2)
C5.N4.C17.114.8(2)

N4 .C5.C6.110.1(3)

N4 . C5 . H51 . 107.1
C6.C5.H51.110.8

N4 .C5.H52.110.5
C6.C5.H52.109.0
H51.C5 . H52 . 109.3
C5.C6.C7.109.2(3)
C5.C6.H61.110.8
C7.C6.H61.109.3
C5.C6.H62.109.5
C7.C6.H62.109.5
H61.C6.H62.108.4
C6.C7.N8 . 108.4(3)
C6.C7.H71.111.3

N8 .C7.H71.110.1
C6.C7.H72.110.3

N8 .C7.H72.110.3
H71.C7.H72.106.6
C7.N8.C3.124.2(3)
C7.N8.C9.116.6(2)
C3.N8.C9.118.4(2)

N8 .C9.C10. 117.8(3)

N8 .C9.C16. 121.9(3)
C10.C9.C16.120.3(3)
C9.C10.011. 115.2(3)
C9.C10.C13.120.1(3)
011.C10.C13.124.7(3)
C10.011.C12.118.1(3)
011.C12.H121.106.7
011.C12.H122. 109.1
H121.C12.H122.110.9
011.C12.H123.110.5

C21.C20.C24.1205(3)
C20.C21.C22.122.1(3)
C20.C21.H211.118.6
C22.C21.H211.119.2
C21.C22.C17. 117.6(3)
C21.C22.C23.119.9(3)
C17.C22.C23. 122.5(3)
C22.C23.H233.109.9
C22.C23.H232.108.3
H233 . C23 . H232 . 108.4
C22.C23.H231.111.9
H233 . C23 . H231 . 109.1
H232 . C23 . H231.109.3
C20.C24 . H243 . 111.4
C20.C24 . H242 . 110.7
H243 . C24 . H242 . 109.2
C20.C24 . H241.111.2
H243 . C24 . H241.107.5
H242 . C24 . H241 . 106.7
C18.C25. H251.110.7
C18.C25.H252. 1105
H251 . C25 . H252 . 107.9
C18.C25.H253.111.3
H251 . C25 . H253 . 107.9
H252 . C25 . H253 . 108.4
Rh1.C26 . C27 . 71.66(17)
Rh1.C26.C33.110.7(2)
C27 .C26.C33. 126.3(3)
Rh1.C26 . H261 . 109.8
C27.C26 . H261.116.0
C33.C26. H261.112.9
C26 . C27 . Rh1.70.08(17)
C26 . C27 . C28 . 124.0(3)
Rh1.C27.C28 . 112.8(2)
C26.C27 . H271. 1155
Rh1.C27 . H271.110.3
C28.C27 . H271. 1147
C27.C28.C29 . 113.4(3)
C27 .C28 . H281 . 108.7
C29.C28 . H281.109.5
C27 .C28 . H282 . 108.4
C29.C28 . H282 . 107.9
H281.C28 . H282 . 108.9
C28.C29.C30. 113.3(3)
C28.C29 . H291 . 110.0
C30.C29 . H291 . 108.9
C28.C29 . H292 . 106.7
C30.C29.H292 . 109.2
H291.C29 . H292 . 108.5
C29.C30.Rh1. 108.8(2)
C29.C30.C31. 125.2(3)
Rh1.C30.C31.72.87(18)
C29 . C30.H301.114.8
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H121.C12. H123.110.2
H122 . C12 . H123 . 109.4

C10.
C10.
Ci14.
C13.
C13.
C15.
C14.
C14.
C16.
C15.

C15

C13.
C13.
C13.

C14

C14 .118.8(3)
H131.121.4
H131.119.8

.C15.121.1(3)
C14.
C14.
C15.
C15.
C15.
C16.
C16.

H141.119.9
H141.119.0
C16. 119.9(3)
H151.120.6
H151.119.56
C9.119.8(3)
H161.121.1

C9.C16.H161.119.0
N4 . C17.C18. 121.3(3)
N4 . C17.C22 . 116.9(3)

Cc18.
Cc17.
C17.
C19.
C18.
c18.
C20.
C19.
C19.

C17.
C18.
C18.

C18

C22.121.7(3)
C19.118.4(3)
C25.121.6(3)

.C25.120.0(3)
C19.
C19.
C19.
C20.
C20.

C20.121.3(3)
H191.119.5
H191 . 119.2
C21.118.8(3)
C24 . 120.7(3)

Rh1. C31
Rh1 . C31
C30.C31
Rh1.C31
C30.C31
C32.C31

C33.C32

C26 . C33

Rh1.C30.
C31.C30.

H301.109.3
H301.115.6

. C30 . 70.49(19)
.C32. 111.4(2)
. C32.124.1(3)
.H311.109.0

. H311.117.4
_H311 . 114.1
C31.C32.
C31.C32.

C33. 111.7(3)
H321. 110.1

. H321.108.8
C31.C32.
C33.C32.
H321 . C32.H322.107.4
C32.C33.
C32.C33.

H322 . 109.6
H322 . 109.2

C26 . 113.8(3)
H331.110.0

. H331.109.7
C32.C33.
C26.C33.
H331 . C33.H332.108.7
CI34.C35.
CI34.C35.
CI36 . C35.
Ci34.C35.
CI36.C35.
H351 . C35. H352 . 109.8

H332.108.1
H332. 106.4

CI36 . 112.2(2)
H351 . 109.0
H351.107.3
H352 . 109.8
H352 . 108.8
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Table M.1:
DIPP)(COD)CI].
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

23<=1<=23

Reflections collected
Independent reflections
Completeness to theta = 27.472*
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Crystal data and structure refinement for [Rh(6-0-MeOPh-

kjc0807

C31 H42 CM N2 01 Rh1
597.05

150 K

0.71073 A

Monoclinic

P121/n 1

a=17.4487(3) A a= 90°.
b=10.4263(2) A 6= 116.8549(9)"
c=17.7256(4) A y=90°.

223

2876.96(10) A3

4

1.378 Mg/m3

0.712 mm™"1

1248

0.20 x 0.20 x 0.08 mm3
2.951 to 27.472°.
-22<=h<=22, -13<=k<=13, -

47505

12657 [R(int) = 0.075]

99.5 %

Semi-empirical from equivalents
0.94 and 0.87

Full-matrix least-squares on F2
12657/0/326

0.9621
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Final R indices [I>2sigma(l)] R1=0.0470, wR2 = 0.0874
R indices (all data) R1 =0.0721, wR2 = 0.0974
Extinction coefficient 181(12)

Largest diff. peak and hole ~ 0.88and-0.77 e.A-3
Table M. 2: Bond lengths (A) for [Rh(6-0-MeOPh-DIPP)(COD)CI].
Rh1 . Ci2 . 2.4010(6) C20 . H203 . 0.961
Rh1.C3.2.121(2) C20 . H201 . 0.968
Rh1.C4.2.102(2) C20. H202 . 0.966
Rh1.C7.2.202(2) C21.C22.1.511(4)
Rh1.C8.2.175(2) C21.H211.0.978
Rh1.C11.2.049(2) C21.H212.0.982
C3.C4.1.402(3) C22.C23 . 1.505(4)
C3.C10. 1.522(3) C22 . H221 .0.973
C3.H31.0.993 C22 . H222 . 0.976
C4 . C5.1.507(3) C23 . N24 . 1.480(3)
C4 . H41 . 0.991 C23 . H231 . 0.981
C5.C6. 1.495(4) C23 . H232.0.986
C5.H51.0.962 N24 . C25 . 1.450(3)
C5.H52.0.990 C25. C26 . 1.405(3)
C6.C7.1.511(4) C25.C30. 1.403(3)
C6 . H61.0.996 C26 . C27 . 1.393(4)
C6 . H62 . 0.965 C26.C34 . 1.518(4)
C7.C8.1.369(4) C27 . C28 . 1.375(4)
C7.H71.0972 C27 . H271 . 0.947
C8.C9.1.518(4) C28.C29 . 1.384(4)
C8 . H81.0.993 C28 . H281 . 0.936
C9.C10.1.488(4) C29.C30 . 1.395(3)
C9 . H92.0.964 C29. H291.0.943
C9.H91.1.000 C30.C31.1.522(3)
C10.H101.0.975 C31.C32. 1.534(3)
C10.H102 . 0.993 C31.C33.1.538(3)
C11.N12.1.349(3) C31.H311.0.978
C11. N24 . 1.349(3) C32. H322.0.972
N12 . C13. 1.436(3) C32.H321.0.970
N12.C21. 1.465(3) C32. H323.0.973
C13.C14 . 1.383(3) C33 . H333.0.965
C13.C18. 1.401(3) C33 . H331.0.967
C14 .C15.1.391(4) C33.H332.0.966
C14 . H141 .0.935 C34 . C35. 1.534(4)
C15.C16. 1.372(4) C34 . C36. 1.538(4)
C15. H151 . 0.947 C34 . H341.0.976
C16.C17 . 1.384(4) C35. H351.0.953
C16 . H161 . 0.946 C35.H353.0.975
C17.C18.1.393(3) C35.H352.0.969
C17 . H171.0.935 C36 . H362 . 0.963
C18.019. 1.367(3) C36 . H361 . 0.971
019 . C20 . 1.425(3) C36 . H363 . 0.969
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Table M.

3: Bond angles (°) for [Rh(6-0-MeOPh-DIPP)(COD)CI].

Cl2
Cl2

C3.
Ci2.
C3.
C4.
Ci2.
C3.
C4.
C7.
Ci2.

C3
C4
C7
c8

. Rh1
. Rh1
Rh1
Rh1
Rh1
Rh1
Rh1
Rh1
Rh1
Rh1
Rh1
. Rh1
. Rh1
. Rh1
. Rh1

_C3.164.75(7)
. C4 . 156.16(7)

. C4 .38.78(9)

. C7 . 90.44(7)

.C7.91.19(9)
.C7.81.38(9)

. C8.90.32(7)

.C8.82.07(9)
. C8.95.99(10)
. C8.36.43(10)

. C11 . 84.60(8)

.C11.96.81(9)
.C11.98.35(9)
.C11. 166.80(10)
.C11. 155.33(10)
Rh1.C3.
Rh1.C3.

C4 .69.88(13)
C10. 112.65(16)

C4.C3.C10.122.8(2)
Rh1.C3.H31.111.8
C4.C3.H31.116.3
C10.C3.H31.1145
C3.C4.Rh1.71.34(13)
C3.C4.C5.126.5(2)
Rh1.C4.C5.111.12(16)
C3.C4.H41.1148
Rh1.C4.H41.112.0

C5.
C4.
C4.
C6.
C4.

C6

C4.
C5.
CSs.
C5.
C5.
CSs

H41.112.9
C6.115.1(2)
H51 . 109.6
H51.109.8
H52 . 107.9
H52 . 104.5

H51.C5 . H52 . 109.6
.C6.C7.113.6(2)

C5
C5
Cc7
C5
c7

C7
C9
Cc8
C8

.C6.

H61 . 107.1

.C6.H61.108.4

. C6.H62 . 109.2
.C6.H62.109.8
H61.C6 . H62 . 108.7
C6.C7.Rh1.111.24(16)
C6.C7.C8.123.3(3)
Rh1.C7.C8.70.71(14)
C6.C7.H71.114.3
Rh1.C7.H71.109.3
C8.C7.H71.117.7
Rh1.C8.C7.72.86(14)
Rh1.C8.C9. 108.30(16)
C7.C8.C9.126.7(3)
Rh1.C8.H81.109.5
.C8.H81.115.4
.C8.H81.113.8
.C9.C10.114.8(2)

. C9.H92.108.6

C13.C18.019. 115.6(2)
C17.C18.019. 124.9(2)
C18.019.C20. 117.7(2)
019.C20 . H203 . 107.2
019.C20 . H201 . 109.1
H203 . C20 . H201 . 110.6
019.C20. H202 . 108.7
H203 . C20 . H202 . 109.6
H201.C20 . H202 . 111.6
N12.C21.C22. 108.5(2)
N12.C21. H211.109.1
C22.C21.H211.110.3
N12.C21.H212.110.3
C22.C21.H212.108.7
H211.C21.H212.109.8
C21.C22.C23.109.0(2)
C21.C22 . H221.109.8
C23.C22.H221.109.6
C21.C22.H222.109.5
C23.C22 . H222 . 109.1
H221.C22 . H222 . 109.9
C22.C23.N24.110.3(2)
C22.C23.H231.110.8
N24 . C23 . H231.109.5
C22.C23.H232.108.2
N24 . C23. H232 . 108.1
H231.C23 . H232.109.9

C11

C30
C25

C23.
C23.

N24 .
N24

C25.
C25
C25.
C26.
C26.
C26.
C27.
Cc27.
Cc27.
Cc28
C28.
Cc28.
C29
C29.

.C29.
.C30
C25.
C29.
C30.
C30.
C32.
C30.
C32.

C30.
C30.
C31
C31
C31
C31.
C31.

C11

C25.
C26.

.C30.

C30.
Cc27.
C34.
C34.
C28

H271 .

H271

. C29.

H281
H281

.C30.

H291
H291

.C29.

C31
C31

H311
H311

. 124.39(19)
.C25.
. N24 .
N24 .
N24 .
C26.
C25.
C25.
C27.
C26.
C26.
Cc28.
C27.
C27.
C29.
C28.
C28.

114.60(18)
120.37(19)
120.3(2)
117.5(2)
122.2(2)
117.4(2)
122.8(2)
119.8(2)
121.5(2)
118.9
.119.6
120.3(2)
.119.9
1197
120.9(2)
1197
.119.4
117.7(2)

.123.2(2)
.119.1(2)
.C32.
.C33.
.C33

112.3(2)
110.6(2)
109.5(2)
.108.8
.107.6
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C10.C9.H92.110.5
C8.C9.H91.107.3
C10.C9.H91 . 106.0

H92 . C9.H91 . 109.6
C3.C10.C9. 114.3(2)
C3.C10.H101. 109.1
C9.C10.H101.110.6
C3.C10.H102.108.0
C9.C10.H102 . 106.5
H101.C10.H102 . 108.1
Rh1.C11.N12 . 115.85(16)
Rh1.C11.N24 . 125.86(17)
N12.C11.N24 . 116.8(2)
C11.N12.C13. 118.99(19)
C11.N12.C21.124.4(2)
C13.N12.C21. 116.35(19)
N12.C13.C14.121.8(2)
N12.C13.C18. 118.2(2)
C14.C13.C18.119.9(2)
C13.C14.C15. 120.0(2)
C13.C14.H141.120.1
C15.C14 . H141.119.9
C14.C15.C16. 119.8(2)
C14.C15.H151.120.2
C16.C15.H151.119.9
C15.C16.C17. 121.1(2)
C15.C16.H161.118.8
C17.C16. H161.120.1
C16.C17.C18. 119.5(2)
C16.C17.H171.120.3
C18.C17 . H171.120.2
C13.C18.C17. 119.6(2)

C33.C31.H311.107.8
C31.C32.H322.108.9
C31.C32.H321.109.8
H322 .C32 . H321.110.1
C31.C32.H323.108.3
H322 . C32 . H323.110.2
H321.C32. H323. 109.5
C31.C33.H333.110.3
C31.C33.H331.109.8
H333 . C33 . H331. 108.7
C31.C33.H332.109.9
H333.C33. H332.109.3
H331.C33. H332.108.8
C26.C34.C35.112.2(3)
C26.C34.C36. 110.3(2)
C35.C34.C36. 110.8(3)
C26.C34 . H341.107.6
C35.C34 . H341.107.5
C36.C34.H341.108.3
C34 . C35. H351.108.9
C34 . C35.H353. 109.4
H351 . C35 . H353 . 108.0
C34.C35.H352.109.2
H351 . C35. H352 . 109.9
H353 . C35. H352 . 110.4
C34 . C36 . H362. 109.8
C34.C36 . H361.109.3
H362 . C36 . H361 . 110.0
C34 . C36 . H363 . 108.6
H362 . C36 . H363 . 110.0
H361 . C36 . H363 . 109.1
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cn

cis
cle

CIo

Table N.1: Crystal data and structure refinement for [Rh(6-0-

MeOPh)(COD)CI].
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

19<=I<=19

Reflections collected
Independent reflections
Completeness to theta = 27.42"
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints /| parameters

kjc0801
C29 H39 CI N2 02 Rh
585.98

293(2) K

0.71073 A

Monoclinic

P21/n
a=09.7607(2) A a= 90°.
b=18.7624(3) A fc=98.0190(10)"

c= 14.8596(3) A y=90".
2694.69(9) A3

4

1.444 Mg/m3

0.762 mm -1

1220

0.40 x 0.10 x 0.10 mm3
2.97 to 27.42°.
-12<=h<=12, -24<=k<=24, -

44792

6122 [R(int) = 0.1671]

99.5 %

Empirical

0.9277 and 0.7504

Full-matrix least-squares on F2

6122/5/318
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Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

1.049

R1 = 0.0610, wR2 = 0.1392
R1 = 0.0892, wR2 = 0.1535
1.172 and -1.464 e.A-3

Table N. 2: Bond lengths (A) for [Rh(6-0-MeOPh)(COD)CI].

Rh1.Ci2. 2.4195(11)
Rh1.C3.2.099(4)
Rh1.C4.2.111(4)
Rh1.C7.2.174(4)
Rh1.C8.2.213(4)
Rh1.C11.2.030(4)
C3.C4.1.401(6)
C3.C10.1.511(8)
C3.H31.0.998
C4.C5. 1.524(6)
C4 . H41.0.992
C5.C6.1.521(7)
C5.H51.0.965
C5.H52.0.955
C6.C7 . 1.505(6)
C6 . H61 . 0.981

C6 . H62 .0.974
C7.C8 . 1.380(6)
C7.H71.1.006
C8.C9. 1.514(6)
C8 . H81.0.990
C9.C10. 1.520(7)
C9 . H91.0.959
C9.H92.0.976
C10 . H101. 0.987
C10 . H102 . 0.961
C11.N12.1.333(5)
C11.N24 . 1.357(5)
N12 . C13. 1.430(5)
N12 . C21 . 1.493(6)
C13.C14 . 1.364(6)
C13.C18. 1.400(6)
C14 . C15. 1.392(6)
C14 . H141.0.943
C15.C16. 1.361(7)
C15. H151.0.975
C16.C17 . 1.359(7)
C16 . H161.0.942
C17.C18. 1.412(7)
C17 . H171.0.927

C18.019. 1.362(6)
019.C20 . 1.383(9)
C20 . H201 . 0.972
C20 . H202 . 0.950
C20 . H203 . 0.962
C21.C22. 1.446(7)
C21.H211.0.979
C21.H212.0.989
C22 . C23 . 1.466(7)
C22 . H221.0.975
C22 . H222 . 1.021
C23 . N24 . 1.483(6)
C23 . H231.0.954
C23 . H232 . 0.969
N24 . C25 . 1.426(6)
C25 . C26 . 1.430(9)
C25 . C32 . 1.366(9)
C26 . 027 . 1.348(9)
C26 . C29 . 1.384(9)
027 . C28 . 1.429(8)
C28 . H281.0.975
C28 . H283.0.965
C28 . H282 .0.976
C29 . C30 . 1.344(13)
C29 . H291 . 0.909
C30. C31.1.388(12)
C30 . H301.0.918
C31.C32.1.409(8)
C31.H311.0.922
C32.H321.0.948
C33.C332_766 1.641(18)
C33.C34 . 1.206(11)
C33 . H331.0.950
C33 . H332.0.950
C34.C35.1.621(13)
C34 . H341.0.950
C34 . H342 . 0.950
C35 . H352.0.978
C35 . H351.0.974
C35 . H353 . 0.951

Table N.3: Bond anngles (°) for [Rh(6-0-MeOPh)(COD)CI).

Cl2 . Rh1.C3. 155.89(11)
Cl2 .Rh1.C4.164.91(12)
C3.Rh1.C4.38.88(15)
Cl2 . Rh1.C7.89.65(13)

C15.C16.H161.118.8
C17 .C16. H161. 120.8
C16.C17.C18. 120.2(4)
C16.C17.H171.1214
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C3.Rn1.C7.97.97(17)
C4.Rh1.C7.81.99(17)
Cl2. Rh1.C8.92.01(12)
C3.Rh1.C8.81.07(16)
C4.Rh1.C8.88.75(15)
C7.Rh1.C8. 36.65(16)
Cl2 . Rh1.C11.90.85(12)
C3.Rh1.C11.90.91(17)
C4.Rh1.C11.91.96(16)
C7.Rh1.C11. 156.83(16)
C8.Rh1.C11. 166.28(16)
Rh1.C3.C4.71.0(2)
Rh1.C3.C10. 110.3(3)
C4.C3.C10. 126.0(4)
Rh1.C3.H31.108.7
C4.C3.H31.116.4
C10.C3.H31. 1136
C3.C4.Rh1.70.1(2)
C3.C4.C5.125.1(4)
Rh1.C4.C5.113.2(3)
C3.C4.H41.114.1
Rh1.C4.H41.111.1
C5.C4.H41.1145
C4.C5.C6.112.4(3)
C4.C5.H51.111.7
C6.C5.H51.109.9
C4.C5.H52.106.8
C6.C5.H52.105.2
H51.C5.H52.110.6
C5.C6.C7.113.6(4)
C5.C6.H61.110.2
C7.C6.H61.108.7
C5.C6. H62 . 105.4
C7.C6.H62.110.0
H61.C6 . H62 . 108.8
C6.C7 . Rh1.107.8(3)
C6.C7.C8.125.1(4)
Rh1.C7.C8.73.2(2)
C6.C7.H71.116.2
Rh1.C7.H71.109.3
C8.C7.H71.114.4
Rh1.C8.C7.70.1(2)
Rh1.C8.C9.111.1(3)
C7.C8.C9. 124.6(4)
Rh1.C8.H81.110.9
C7.C8.H81.1157
C9.C8.H81.114.6
C8.C9.C10. 111.6(3)
C8.C9.H91. 106.1
C10.C9.H91.109.3
C8.C9.H92.107.2
C10.C9.H92 . 112.4
H91.C9.H92 . 110.0
C9.C10.C3. 112.8(4)

C18.C17.H171.1184
C17.C18.C13.119.1(4)
C17.C18.019. 123.4(5)
C13.C18.019. 117.5(4)
C18.019.C20. 117.8(6)
019.C20 . H201 . 108.1
019.C20. H202 . 107.7
H201.C20 . H202. 111.6
019.C20. H203. 107.3
H201.C20 . H203. 111.6
H202 . C20 . H203 . 110.2
N12 . C21.C22.110.3(4)
N12.C21.H211.110.5
C22.C21.H211.106.5
N12.C21.H212. 109.0
C22.C21.H212.109.6
H211.C21.H212. 110.9
C21.C22.C23. 114.3(5)
C21.C22 . H221. 110.1
C23.C22 . H221.108.3
C21.C22 . H222.106.7
C23.C22 . H222 . 109.4
H221.C22 . H222 . 107.8
C22.C23.N24 . 110.6(4)
C22.C23.H231.108.2
N24 . C23 . H231.108.4
C22.C23.H232.112.0
N24 . C23 . H232 . 108.0
H231.C23. H232. 109.6
C23.N24 .C11.124.8(4)
C23.N24 .C25 . 115.6(4)
C11.N24 .C25. 119.6(3)
N24 . C25 . C26 . 117.7(6)
N24 . C25 . C32 . 120.3(5)
C26.C25.C32.121.9(5)
C25.C26 . 027 . 116.0(5)
C25.C26.C29 . 117.5(8)
027 .C26 . C29 . 126.4(7)
C26.027 .C28 . 116.6(6)
027 .C28 . H281 . 109.4
027 .C28 . H283 . 108.2
H281.C28 . H283 . 110.8
027 .C28 . H282.110.9
H281.C28 . H282 . 109.1
H283 . C28 . H282 . 108.5
C26.C29.C30. 121.1(8)
C26.C29 . H291 . 120.9
C30.C29.H291 . 118.0
C29.C30.C31.121.7(6)
C29.C30. H301.119.4
C31.C30. H301.118.9
C30.C31.C32.119.6(8)
C30.C31.H311.119.0
C32.C31.H311.121.4
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C9.C10.H101.1065 C31.C32.C25. 118.2(7)
C3.C10.H101.109.6 C31.C32.H321.120.9
C9.C10.H102.110.3 C25.C32.H321.120.8
C3.C10.H102. 109.0 C332_766 C33.C34 . 126.0(11)
H101.C10.H102. 108.6 C332_766 C33. H331. 106.7
Rh1.C11.N12.124.7(3) C34.C33.H331.104.0
Rh1.C11.N24 .118.8(3) C332_766 C33. H332.105.7
N12.C11.N24 . 116.5(4) C34.C33.H332.104.4
C11.N12.C13.120.2(3) H331.C33.H332.1095
C11.N12.C21.124.8(3) C33.C34.C35. 126.5(9)
C13.N12.C21.115.0(3) C33.C34.H341.104.9
N12.C13.C14 . 122.2(4) C35.C34.H341.105.9
N12.C13.C18. 118.5(4) C33.C34.H342.103.9
C14.C13.C18.119.3(4) C35.C34.H342. 1056
C13.C14.C15. 120.5(4) H341 . C34 . H342 . 109.5
C13.C14.H141.119.8 C34.C35.H352.111.2
C15.C14.H141.119.6 C34.C35. H351.108.0
C14.C15.C16. 120.5(4) H352 . C35. H351 . 109.8
C14.C15. H151. 120.4 C34.C35.H353.107.4
C16.C15. H151 . 119.1 H352 . C35. H353. 111.3
C15.C16.C17 . 120.4(4) H351 . C35 . H353 . 109.1
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Table 0.1: Crystal data and structure refinement for [Rh(7-0-MeOPh-
Mes)(COD)CI].

Identification code kjc0746

Empirical formula C29 H38 ClI N2 O Rh
Formula weight 568.97

Temperature 274(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P21/n

Unit cell dimensions a =9.34140(10) A a=90°.

b = 18.7565(2) A 6= 104.9340(10)°
c= 15.3054(2) A y=90°.

Volume 2591.11(5) A3

z 4

Density (calculated) 1.459 Mg/m3

Absorption coefficient 0.787 mm”1

F(000) 1184

Crystal size 0.50 x 0.50 x 0.50 mm3
Theta range for data collection 1.75 to 27.48°.

Index ranges -12<=h<=12, -24<=k<=24, -
19<=I<=19

Reflections collected 42261

Independent reflections 5934 [R(int) = 0.1206]
Completeness to theta = 27.48° 99.9 %

Absorption correction Empirical

Max. and min. transmission 0.6944 and 0.6944
Refinement method Full-matrix least-squares on F*
Data / restraints / parameters 5934 /0/311
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Goodness-of-fit on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

1.122
R1 = 0.0353, wR2 = 0.0903
R1 = 0.0482, wR2 = 0.0971
0.516 and -1.248 e.A-3

Table O. 2: Bond lengths (&) for [Rh(7-0-MeOPh-Mes)(COD)CI].

Rh1.C2.2.192(3) C16 . H161 . 0.940

Rh1 . C3.2.204(2) C17 . C18 . 1.504(4)
Rh1.C6.2.100(3) C18.H181.0.992
Rh1.C7.2.110(2) C18.H182.0.940
Rh1.C10. 2.051(2) C18 . H183 . 0.950

Rh1 . Ci34 . 2.4238(7) C19.H191 . 0.954
C2.C3.1.360(4) C19.H192.0.936
C2.C9. 1.508(4) C19.H193. 0.957
C2.H21.0.984 C20 . H201 . 0.956
C3.C4.1.503(4) C20. H202 . 0.974
C3.H31.0.985 C20 . H203 . 0.949
C4.C5.1.531(4) C21.C22.1.527(4)

C4 . H41.0.979 C21.H211.0.964

C4 . H42 . 0.997 C21.H212 . 0.986
C5.C6.1.514(4) C22.C23.1.519(4)
C5. H51.0.963 C22 . H221 . 0.961

C5. H52.0.990 C22 . H222 . 0.966
C6.C7.1.390(4) C23.C24 . 1.513(4)

C6 . H61.0.985 C23 . H231.0.972
C7.C8.1.522(3) C23 . H232.0.972

C7 .H71.0.989 C24 . N25 . 1.486(3)
C8.C9.1.520(4) C24 . H241 . 0.973

C8 . H81.0.983 C24 . H242 . 0.947
C8.H82.0.979 N25 . C26 . 1.448(3)
C9.H91.0.994 C26.C27.1.393(4)
C9.H92.0.976 C26.C31.1.383(4)
C10. N11.1.363(3) C27 .C28 . 1.393(4)
C10 . N25 . 1.347(3) C27 . 032 . 1.363(3)
N11.C12.1.456(3) C28 . C29. 1.387(5)
N11.C21.1.486(3) C28 . H281.0.943
C12.C13. 1.394(3) C29.C30. 1.367(5)
C12.C17 .1.401(3) C29 . H291 . 0.915
C13.C14 .1.398(4) C30.C31.1.400(4)
C13.C20. 1.499(4) C30.H301.0.948
C14.C15.1.381(4) C31.H311.0.951

C14 . H141 . 0.919 032 . C33. 1.414(4)
C15.C16. 1.392(4) C33. H331.0.969
C15.C19. 1.508(4) C33.H332.0.952
C16.C17 . 1.387(4) C33.H333.0.978
Table 0.3: Bond angles (°) for [Rh(7-0-MeOPh-Mes)(COD)CI].
C2.Rh1.C3.36.04(11) C14.C15.C19.121.9(2)
C2.Rh1.C6.96.72(10) C16.C15.C19.119.9(2)
C3.Rh1.C6.81.43(11) C15.C16.C17.121.6(2)
C2.Rh1.C7.81.16(10) C156.C16 . H161.118.9
C3.Rh1.C7.89.10(10) C17.C16 . H161.119.5
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C6 . Rh1.C7 . 38.56(11)
C2.Rh1.C10.161.58(11)
C3.Rh1.C10. 162.16(10)
C6.Rh1.C10. 92.89(10)
C7.Rh1.C10 . 96.99(10)
C2.Rh1.CI34 . 87.70(8)
C3.Rh1.Cl34 . 89.95(8)
C6 . Rh1.CI34 . 158.05(8)
C7.Rh1.CI34 . 162.28(7)
C10. Rh1 . CI34 . 89.23(7)
Rh1.C2.C3.72.43(15)
Rh1.C2.C9. 108.62(18)
C3.C2.C9.126.5(3)
Rh1.C2.H21.113.0
C3.C2.H21.115.0
C9.C2.H21.113.0
Rh1.C3.C2.71.53(15)
Rh1.C3.C4.111.70(19)
C2.C3.C4.122.8(3)
Rh1.C3.H31.113.8
C2.C3.H31.116.5
C4.C3.H31.113.2
C3.C4.C5.111.9(2)
C3.C4.H41.112.1
C5.C4.H41.107.9
C3.C4.H42.109.9
C5.C4.H42.108.0
H41.C4 . H42.106.8
C4.C5.C6.113.3(2)
C4.C5.H51.110.9
C6.C5.H51.112.6
C4.C5.H52.106.7
C6.C5.H52.106.4
H51.C5.H52 . 106.5
C5.C6 . Rh1.110.38(19)
C5.C6.C7 . 125.4(2)
Rh1.C6.C7.71.12(14)
C5.C6.H61.112.5
Rh1.C6.H61.119.9
C7.C6.H61.112.1
C6.C7.Rh1.70.32(14)
C6.C7.C8.124.8(2)
Rh1.C7.C8 . 114.22(17)
C6.C7.H71.1135
Rh1.C7.H71.118.0
C8.C7.H71.110.8
C7.C8.C9.112.7(2)
C7.C8.H81.108.9
C9.C8.H81.1086
C7.C8.H82.109.5
C9.C8.H82.109.7
H81.C8 . H82 . 107.2
C8.C9.C2.113.5(2)
C8.C9.H91.105.4

C12.C17.C16. 118.6(2)
C12.C17.C18.121.4(2)
C16.C17.C18.119.9(2)
C17.C18. H181.106.2
C17.C18.H182.111.8
H181.C18. H182 . 107.8
C17.C18. H183. 112.2
H181 .C18 . H183 . 106.0
H182.C18 . H183. 112.5
C15.C19. H191.110.8
C15.C19. H192. 1127
H191.C19.H192 . 109.0
C15.C19. H193. 108.8
H191.C19 . H193 . 107.7
H192 . C19. H193 . 107.6
C13.C20. H201. 114.3
C13.C20 . H202 . 110.4
H201 . C20 . H202 . 104.4
C13.C20. H203 . 114.7
H201 . C20 . H203 . 107.3
H202 . C20 . H203 . 104.8
N11.C21.C22.113.4(2)
N11.C21.H211.113.4
C22.C21.H211.107.5
N11.C21.H212.108.9
C22.C21.H212.105.6
H211.C21.H212.107.7
C21.C22.C23.112.8(3)
C21.C22. H221.107.9
C23.C22.H221.107.7
C21.C22.H222.110.2
C23.C22.H222.109.5
H221 .C22 . H222 . 108.5
C22.C23.C24.111.1(2)
C22.C23.H231.108.2
C24 .C23. H231.109.9
C22.C23.H232.108.8
C24.C23.H232.111.2
H231.C23 . H232 . 107.6
C23.C24 . N25 . 112.4(2)
C23.C24 . H241.104.0
N25 . C24 . H241 . 110.1
C23.C24 . H242 . 107.2
N25.C24 . H242 . 111.3
H241 . C24 . H242 . 111.6
C24 .N25.C10. 124.2(2)
C24 .N25.C26 . 115.7(2)
C10.N25.C26. 119.2(2)
N25 . C26 . C27 . 118.6(2)
N25 . C26 . C31 . 120.6(3)
C27 .C26.C31.120.7(3)
C26.C27.C28.119.2(3)
C26 .C27.032. 117.1(2)
C28.C27.032.123.7(3)
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C2.C9.H91.1091
C8.C9.H92.107.4
C2.C9.H92.113.4
C9.H92.107.5

H91 .
Rh1
Rh1
N11
C10.
C10.
c12.
N11
N11
C13.
C12.
c12.
C14.
C13.
C13.
C15.
C14.

.C10
.C10
.C10.

N11
N11
N11

c12.
C13.
C13
C13.
C14
C14.
Ci14.
C15.

.N11.120.63(18)
. N25 . 121.36(17)

N25 . 117.6(2)

.C12.118.03(19)
.C21.128.8(2)
.C21.113.08(19)
.c12.
.C12.

C13.121.2(2)
C17.117.2(2)
C17 . 121.5(2)
C14.117.3(2)

. C20.123.1(2)

C20.119.5(2)

.C15.122.8(2)

H141.119.3
H141.117.9
C16.118.1(2)

C27.C28.C29.119.8(3)
C27 . C28 . H281 . 120.7
C29.C28 . H281.119.5
C28.C29.C30. 121.0(3)
C28 .C29 . H291.120.7
C30.C29.H291.118.3
C29.C30.C31.120.0(3)
C29 . C30.H301.120.1
C31.C30.H301.119.9
C30.C31.C26. 119.4(3)
C30.C31.H311.119.4
C26.C31.H311.121.1
C27.032.C33.118.1(2)
032 .C33.H331.112.6
032.C33.H332.113.9
H331.C33.H332.107.6
032 .C33. H333.110.0
H331.C33.H333.105.6
H332.C33 . H333 . 106.5
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Table P.1: Crystal data and structure refinement for [Rh(7-0-MeOPh-

DIPP)(COD)CI].
Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

22<=|<=22

Reflections collected
Independent reflections
Completeness to theta = 27.47*
Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

kjc0827

C32 H44 CI N2 O Rh
611.05

150(2) K

0.71073 A

Monoclinic

P21/n

a=10.1760(2) A a=90°.

b=16.5830(3) A 6= 92.8630(10)'

c=17.0760(4) A  y=90°.
2877.95(10) A3

4

1.410 Mg/m3

0.714 mm-1

1280

0.23 x 0.20 x 0.10 mm3
2.59 to 27.47°.
-13<=h<=13, -21<=k<=16, -

11968

6546 [R(int) = 0.0408]

994 %

0.9321 and 0.8530

Full-matrix least-squares on F2
6546 / 0/ 339

1.034

235



Appendix 2. Tables of Bond Distances and Angles

Final R indices [I>2sigma(l)]
R indices (all data)
Largest diff. peak and hole

R1 = 0.0484, wR2 = 0.1198
R1 = 0.0680, wR2 = 0.1301
1.528 and -0.868 e.A-3

Table P. 2: Bond lengths (A) for [Rh(7-0-MeOPh-DIPP)(COD)CI].

C1 N2 1.348(5)
C1 N1 1.359(4)
C1 Rh1 2.052(4)
C2 N2 1.486(5)
C2 C3 1.510(6)
C2 H2A 0.9900
C2 H2B 0.9900
C3 C4 1.532(6)
C3 H3A 0.9900
C3 H3B 0.9900
C4 C5 1.507(5)
C4 H4A 0.9900
C4 H4B 0.9900
C5 N1 1.495(5)
C5 H5A 0.9900
C5 H5B 0.9900
C6 C11 1.373(5)
C6 C7 1.412(5)
C6 N2 1.446(5)
C7 01 1.369(5)
C7 C8 1.385(5)
C8 C9 1.393(6)
C8 H8 0.9500

C9 C10 1.373(6)
C9 H9 0.9500
C10 C11 1.407(6)
C10 H10 0.9500
C11 H11 0.9500
C12 O1 1.427(5)
C12 H12A 0.9800
C12 H12B 0.9800
C12 H12C 0.9800
C13 C18 1.403(5)
C13 C14 1.409(5)
C13 N1 1.452(4)
C14 C15 1.393(5)
C14 C19 1.522(6)
C15 C16 1.382(6)
C15 H15 0.9500
C16 C17 1.383(6)
C16 H16 0.9500
C17 C18 1.400(6)
C17 H17 0.9500

C18 C22 1.513(5)
C19 C21 1.519(6)
C19 C20 1.520(6)
C19 H19 1.0000

C20 H20A 0.9800
C20 H20B 0.9800
C20 H20C 0.9800
C21 H21A 0.9800
C21 H21B 0.9800
C21 H21C 0.9800
C22 C24 1.526(6)
C22 C23 1.539(5)
C22 H22 1.0000

C23 H23A 0.9800
C23 H23B 0.9800
C23 H23C 0.9800
C24 H24A 0.9800
C24 H24B 0.9800
C24 H24C 0.9800
C25 C26 1.399(6)
C25 C32 1.515(6)
C25 Rh1 2.104(4)
C25 H25 0.9500

C26 C27 1.525(5)
C26 Rh1 2.130(4)
C26 H26 0.9500

C27 C28 1.539(6)
C27 H27A 0.9900
C27 H27B 0.9900
C28 C29 1.511(8)
C28 H28A 0.9900
C28 H28B 0.9900
C29 C30 1.386(6)
C29 Rh1 2.179(4)
C29 H29 0.9500

C30 C31 1.512(6)
C30 Rh1 2.216(4)
C30 H30 0.9500

C31 C32 1.542(6)
C31 H31A 0.9900
C31 H31B 0.9900
C32 H32A 0.9900
C32 H32B 0.9900
Rh1 CH 2.4628(8)
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Table P. 3: Bond angles (°) for [Rh(7-0-MeOPh-DIPP)(COD)CI].

N2 C1 N1 117.8(3)
N2 C1 Rh1 115.3(2)
N1 C1 Rh1 125.2(3)
N2 C2 C3 112.1(3)
N2 C2 H2A 109.2

C3 C2 H2A 109.2

N2 C2 H2B 109.2

C3 C2 H2B 109.2
H2A C2 H2B 107.9
C2 C3 C4 110.8(3)
C2 C3 H3A 109.5

C4 C3 H3A 109.5

C2 C3 H3B 109.5

C4 C3 H3B 109.5
H3A C3 H3B 108.1
C5C4 C3 112.8(3)
C5 C4 H4A 109.0

C3 C4 H4A 109.0

C5 C4 H4B 109.0

C3 C4 H4B 109.0
H4A C4 H4B 107.8
N1 C5 C4 113.0(3)
N1 C5 H5A 109.0

C4 C5 H5A 109.0

N1 C5 H5B 109.0
C4 C5 H5B 109.0
H5A C5 H5B 107.8
C11 C6 C7 120.5(3)
C11 C6 N2 121.7(3)
C7 C6 N2 117.7(3)
O1 C7 C8 124.4(4)
01 C7 C6 115.9(3)
C8 C7 C6 119.6(4)
C7 C8 C9 119.2(4)
C7 C8 H8 120.4

C9 C8 H8 120.4

C10 C9 C8 121.5(4)
C10 C9 H9 119.3

C8 C9 H9 119.3

C9 C10 C11 119.5(4)
C9 C10 H10 120.2
C11 C10 H10 120.2
C6 C11 C10 119.6(4)
C6 C11 H11 120.2
C10 C11 H11 120.2
01 C12 H12A 109.5
01 C12 H12B 109.5
H12A C12 H12B 109.5
01 C12 H12C 109.5
H12A C12 H12C 109.5
H12B C12 H12C 109.5
C18 C13 C14 121.6(3)
C18 C13 N1 120.6(3)

C18 C22 C23 110.1(3)
C24 C22 C23 109.5(3)
C18 C22 H22 108.4
C24 C22 H22 108.4
C23 C22 H22 108.4
C22 C23 H23A 109.5
C22 C23 H23B 109.5
H23A C23 H23B 109.5
C22 C23 H23C 109.5
H23A C23 H23C 109.5
H23B C23 H23C 109.5
C22 C24 H24A 109.5
C22 C24 H24B 109.5
H24A C24 H24B 109.5
C22 C24 H24C 109.5
H24A C24 H24C 109.5
H24B C24 H24C 109.5
C26 C25 C32 125.3(4)
C26 C25 Rh1 71.7(2)
C32 C25 Rh1 111.0(3)
C26 C25 H25 117.4
C32 C25 H25 117.4
Rh1 C25 H25 87.3
C25 C26 C27 124.2(4)
C25 C26 Rh1 69.7(2)
C27 C26 Rh1 113.8(3)
C25 C26 H26 117.9
C27 C26 H26 117.9
Rh1 C26 H26 86.5
C26 C27 C28 112.1(3)
C26 C27 H27A 109.2
C28 C27 H27A 109.2
C26 C27 H27B 109.2
C28 C27 H27B 109.2
H27A C27 H27B 107.9
C29 C28 C27 114.2(3)
C29 C28 H28A 108.7
C27 C28 H28A 108.7
C29 C28 H28B 108.7
C27 C28 H28B 108.7
H28A C28 H28B 107.6
C30 C29 C28 124.9(4)
C30 C29 Rh1 73.1(2)
C28 C29 Rh1 108.6(3)
C30 C29 H29 117.5
C28 C29 H29 117.5
Rh1 C29 H29 88.3
C29 C30 C31 123.5(4)
C29 C30 Rh1 70.1(2)
C31 C30 Rh1 111.6(3)
C29 C30 H30 118.3
C31 C30 H30 118.3
Rh1 C30 H30 88.3
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C14 C13 N1 117.6(3)
C15 C14 C13 118.1(4)
C15 C14 C19 119.2(3)
C13 C14 C19 122.7(3)
C16 C15 C14 121.3(4)
C16 C15 H15 119.3
C14 C15H15 119.3
C15 C16 C17 119.6(4)
C15 C16 H16 120.2
C17 C16 H16 120.2
C16 C17 C18 121.6(4)
C16 C17 H17 119.2
C18 C17 H17 119.2
C17 C18 C13 117.5(4)
C17 C18 C22 118.9(4)
C13 C18 C22 123.5(3)
C21 C19 C20 110.0(3)
C21C19 C14 111.5(3)
C20 C19 C14 112.7(3)
C21 C19H19107.4
C20 C19 H19 107.4
C14 C19 H19 107.4
C19 C20 H20A 109.5
C19 C20 H20B 109.5
H20A C20 H20B 109.5
C19 C20 H20C 109.5
H20A C20 H20C 109.5
H20B C20 H20C 109.5
C19 C21 H21A 109.5
C19 C21 H21B 109.5
H21A C21 H21B 109.5
C19 C21 H21C 109.5
H21A C21 H21C 109.5
H21B C21 H21C 109.5
C18 C22 C24 111.9(4)

C30 C31C32 112.1(3)
C30 C31 H31A 109.2
C32 C31 H31A 109.2
C30 C31 H31B 109.2
C32 C31 H31B 109.2
H31A C31 H31B 107.9
C25 C32 C31 113.4(3)
C25 C32 H32A 108.9
C31 C32 H32A 108.9
C25 C32 H32B 108.9
C31 C32 H32B 108.9
H32A C32 H32B 107.7
C1N1C13 118.2(3)

C1 N1 C5 128.0(3)
C13 N1 C5 113.7(3)

C1 N2 C6 118.7(3)

C1 N2 C2 125.3(3)

C6 N2 C2 115.2(3)

C7 01 C12 115.9(3)

C1 Rh1 C25 99.07(14)
C1 Rh1 C26 98.62(14)
C25 Rh1 C26 38.58(15)
C1 Rh1 C29 153.58(16)
C25 Rh1 C29 97.52(16)
C26 Rh1 C29 81.93(15)
C1 Rh1 C30 167.57(15)
C25 Rh1 C30 81.51(15)
C26 Rh1 C30 89.57(15)
C29 Rh1 C30 36.76(16)
C1 Rh1 Cl1 85.12(9)
C25 Rh1 C11 151.25(11)
C26 Rh1 Cl1 169.02(10)
C29 Rh1 Cl1 90.14(11)
C30 Rh1 Cl1 88.56(11)
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Cis

Table Q.1:
Mes)(COD)CI].
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Index ranges
17<=1<=18

Reflections collected

Independent reflections

Completeness to theta = 27.50c

Max. and min. transmission

Refinement method

ciy

20

cis

cio

C25

kjc0903

C32 H44 Cl Ir N2 02
716.34

150(2) K

0.71073 A
Triclinic

P-1

a=9.6970(5) A
b=11.1510(6) A
13.9060(11) A
1458.28(16) A3

2

1.631 Mg/m3

CcC =

4.701 mm-1
720

Crystal data and structure refinement for [Ir(6-0-MeOPh-

a
8
y=81.103(4)°

85.593(2)c
79.370(2)c

0.15x0.15x0.02 mm3

1.49 to 27.50°.

-12<=h<=12, -14<=k<=14, -

9737

6473 [R(int) = 0.0517]

96.5 %
0.9118 and 0.5390

Full-matrix least-squares on F*
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Data / restraints / parameters 6473 /0/ 347
Goodness-of-fit on F2 1.048

Final R indices [I>2sigma(l)] R1 = 0.0481, wR2 = 0.0946
R indices (all data) R1 = 0.0645, wR2 = 0.1008
Largest diff. peak and hole 1.187 and -1.830 e.A-3
Table Q. 2: Bond lengths (A) for [Ir(6-0-MeOPh-Mes)(COD)CI].

C1 N2 1.335(7) C19 H19A 0.9800

C1 N1 1.342(7) C19 H19B 0.9800

C1 Ir1 2.074(5)
C2 N1 1.480(7)
C2 C3 1.513(10)
C2 H2A 0.9900
C2 H2B 0.9900
C3 C4 1.503(8)
C3 H3A 0.9900
C3 H3B 0.9900
C4 N2 1.464(7)
C4 H4A 0.9900
C4 H4B 0.9900
C5 C10 1.363(9)
C5 C6 1.418(9)
C5 N1 1.454(7)
C6 01 1.367(7)
C6 C7 1.384(9)
C7 C8 1.386(10)
C7 H7 0.9500

C8 C9 1.372(11)
C8 H8 0.9500

C9 C10 1.403(9)
C9 H9 0.9500
C10 H10 0.9500
C11 01 1.435(9)
C11 H11A 0.9800
C11 H11B 0.9800
C11 H11C 0.9800
C12 C13 1.387(9)
C12 C17 1.405(9)
C12 N2 1.463(7)
C13 C14 1.397(8)
C13 C18 1.516(9)
C14 C15 1.396(9)
C14 H14 0.9500

C15 C16 1.387(10)

C15C19 1.513(8)
C16 C17 1.397(8)
C16 H16 0.9500

C17 C20 1.499(9)
C18 H18A 0.9800
C18 H18B 0.9800
C18 H18C 0.9800

C19 H19C 0.9800
C20 H20A 0.9800
C20 H20B 0.9800
C20 H20C 0.9800
C21 C22 1.422(9)
C21 C28 1.512(8)
C21 Ir1 2.091(6)
C21 H21 0.9500
C22 C23 1.523(9)
C22 Ir1 2.112(7)
C22 H22 0.9500
C23 C24 1.539(10)
C23 H23A 0.9900
C23 H23B 0.9900
C24 C25 1.501(11)
C24 H24A 0.9900
C24 H24B 0.9900
C25 C26 1.402(9)
C25 Ir1 2.160(8)
C25 H25 0.9500
C26 C27 1.518(10)
C26 Ir1 2.187(6)
C26 H26 0.9500
C27 C28 1.514(9)
C27 H27A 0.9900
C27 H27B 0.9900
C28 H28A 0.9900
C28 H28B 0.9900
C29 02 1.414(9)
C29 C30 1.509(12)
C29 H29A 0.9900
C29 H29B 0.9900
C30 C31 1.520(12)
C30 H30A 0.9900
C30 H30B 0.9900
C31 C32 1.499(10)
C31 H31A 0.9900
C31 H31B 0.9900
C32 02 1.424(9)
C32 H32A 0.9900
C32 H32B 0.9900
Ir1 CI1 2.3842(17)
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Table Q.3: Bond angles (°) for [Ir(6-0-MeOPh-Mes)(COD)CI).

N2 C1 N1 117.3(5)

N2 C1 Ir1 124.0(4)

N1 C1Ir1 117.7(4)

N1 C2 C3 107.7(5)

N1 C2 H2A 110.2

C3 C2 H2A 110.2

N1 C2 H2B 110.2

C3 C2 H2B 110.2
H2A C2 H2B 108.5
C4 C3 C2 108.9(6)

C4 C3 H3A 109.9

C2 C3 H3A 109.9

C4 C3 H3B 109.9

C2 C3 H3B 109.9

H3A C3 H3B 108.3

N2 C4 C3 110.7(5)

N2 C4 H4A 109.5

C3 C4 H4A 109.5

N2 C4 H4B 109.5

C3 C4 H4B 109.5

H4A C4 H4B 108.1
C10 C5 C6 121.3(6)
C10 C5 N1 122.0(6)
C6 C5 N1 116.6(5)

01 C6 C7 126.1(6)

01 C6 C5 115.3(6)

C7 C6 C5 118.6(6)

C6 C7 C8 120.0(7)

C6 C7 H7 120.0

C8 C7 H7 120.0

C9 C8 C7 120.6(6)
C9 C8 H8 119.7

C7 C8 H8 119.7

C8 C9 C10 120.5(7)
C8 C9H9 119.7

C10 C9 H9 119.7

C5 C10 C9 118.8(7)
C5 C10 H10 120.6

C9 C10 H10 120.6
O1C11 H11A 109.5
O1C11 H11B 109.5
H11A C11 H11B 109.5
01 C11 H11C 109.5
H11A C11 H11C 109.5
H11B C11 H11C 109.5
C13 C12 C17 121.6(5)
C13 C12 N2 117.4(5)
C17 C12 N2 120.8(6)
C12 C13 C14 118.6(6)
C12 C13 C18 121.7(5)
C14 C13 C18 119.6(6)

C21 C22 Ir1 69.4(4)
C23 C22 Irt 114.4(5)
C21 C22 H22 118.9
C23 C22 H22 118.9
Ir1 C22 H22 86.4

C22 C23 C24 111.7(6)
C22 C23 H23A 109.3
C24 C23 H23A 109.3
C22 C23 H23B 109.3
C24 C23 H23B 109.3
H23A C23 H23B 107.9
C25 C24 C23 112.9(5)
C25 C24 H24A 109.0
C23 C24 H24A 109.0
C25 C24 H24B 109.0
C23 C24 H24B 109.0
H24A C24 H24B 107.8
C26 C25 C24 125.6(7)
C26 C25 Ir1 72.2(3)
C24 C25 Irt 110.1(5)
C26 C25 H25 117.2
C24 C25 H25 117.2

Ir1 C25 H25 87.6

C25 C26 C27 123.4(7)
C25 C26 Ir1 70.2(3)
C27 C26 Ir1 112.2(4)
C25 C26 H26 118.3
C27 C26 H26 118.3
Ir1 C26 H26 87.6

C28 C27 C26 112.9(5)
C28 C27 H27A 109.0
C26 C27 H27A 109.0
C28 C27 H27B 109.0
C26 C27 H27B 109.0
H27A C27 H27B 107.8
C21 C28 C27 112.3(5)
C21 C28 H28A 109.1
C27 C28 H28A 109.1
C21 C28 H28B 109.1
C27 C28 H28B 109.1
H28A C28 H28B 107.9
02 C29 C30 107.9(7)
02 C29 H29A 110.1
C30 C29 H29A 110.1
02 C29 H29B 110.1
C30 C29 H29B 110.1
H29A C29 H29B 108.4
C29 C30 C31 105.1(6)
C29 C30 H30A 110.7
C31 C30 H30A 110.7
C29 C30 H30B 110.7

241




Appendix 2. Tables of Bond Distances and Angles

C15 C14 C13 121.9(6)
C15C14 H14 119.1
C13 C14 H14 119.1
C16 C15 C14 117.4(5)
C16 C15 C19 121.8(6)
C14 C15 C19 120.8(6)
C15 C16 C17 123.2(6)
C15 C16 H16 118.4
C17 C16 H16 118.4
C16 C17 C12 117.1(6)
C16 C17 C20 120.9(6)
C12 C17 C20 122.0(5)
C13 C18 H18A 109.5
C13 C18 H18B 109.5
H18A C18 H18B 109.5
C13 C18 H18C 109.5
H18A C18 H18C 109.5
H18B C18 H18C 109.5
C15 C19 H19A 109.5
C15 C19 H19B 109.5
H19A C19 H19B 109.5
C15 C19 H19C 109.5
H19A C19 H19C 109.5
H19B C19 H19C 109.5
C17 C20 H20A 109.5
C17 C20 H20B 109.5
H20A C20 H20B 109.5
C17 C20 H20C 109.5
H20A C20 H20C 109.5
H20B C20 H20C 109.5
C22 C21 C28 125.6(6)
C22 C21 Ir1 71.0(4)
C28 C21 Ir1 113.1(4)
C22 C21 H21 117.2
C28 C21 H21 117.2
Ir1 C21 H21 85.8

C21 C22 C23 122.2(5)

C31 C30 H30B 110.7
H30A C30 H30B 108.8
C32 C31 C30 102.0(7)
C32 C31 H31A 111.4
C30 C31 H31A 111.4
C32 C31 H31B 111.4
C30 C31 H31B 111.4
H31A C31 H31B 109.2
02 C32 C31 106.7(6)
02 C32 H32A 110.4
C31 C32 H32A 110.4
02 C32 H32B 110.4
C31 C32 H32B 110.4
H32A C32 H32B 108.6
C1 N1C5 119.3(5)

C1 N1 C2 123.6(5)
C5 N1 C2 116.6(4)

C1 N2 C12 119.0(5)
C1 N2 C4 125.0(5)
C12 N2 C4 115.0(4)
C11r1 C21 97.8(2)
C11r1 C22 98.6(2)
C211Ir1 C22 39.6(2)
C11r1 C25 156.1(2)
C21 Ir1 C25 97.0(3)
C22 Ir1 C25 81.4(3)
C1 Ir1 C26 164.8(2)
C21 Ir1 C26 80.7(3)
C22 Ir1 C26 89.8(3)
C25 Ir1 C26 37.6(2)
C1Ir1 C1 84.82(17)
C21 Ir1 C11 157.46(18)
C22 Ir1 CI1 162.36(18)
C25 Ir1 CI1 88.6(2)
C26 Ir1 Cl1 91.0(2)
C6 01 C11 116.7(6)
C29 02 C32 107.7(6)
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cio
cs5
c9

Table R.1: Crystal data and structure refinement for [Ir(6-0o-MeOPh-

DIPP)(COD)CI].
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

22<=<=22

Reflections collected
Independent reflections
Completeness to theta = 27.46°
Max. and min. transmission

Refinement method

kjc0846

C31 H42 Cl Ir N2 0

686.32

150(2) K

0.71073 A

Monoclinic

P21/n

a=17.4350(3) A a=90°.

b=10.4170(2) A 6= 116.736C
c= 17.6770(4) A y=90°.

2867.26(10) A3

4

1.590 Mg/m3

4.776 mm"1

1376
0.20 x0.20 x0.18 mm3

2.34 to 27.46°.
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-22<=h<=22, -13<=k<=12, -

10761
6537 [R(int) = 0.0268]
99.5 %

0.4802 and 0.4485

Full-matrix least-squares on F*
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Data / restraints / parameters 6537/0/330
Goodness-of-fit on F2 1.068

Final R indices [I>2sigma(l)] R1 =0.0279, wR2 = 0.0583
R indices (all data) R1 =0.0349, wR2 = 0.0611
Largest diff. peak and hole 0.854 and -1.185 e.A-3

Table R. 2: Bond lengths (A) for [Ir(6-0-MeOPh-DIPP)(COD)CI].

C1 N1 1.346(4) C19 H19B 0.9800
C1 N2 1.348(4) C19 H19C 0.9800
C11r1 2.060(3) C20 H20A 0.9800
C2 N1 1.467(4) C20 H20B 0.9800
C2 C3 1.506(5) C20 H20C 0.9800

C2 H2A 0.9900
C2 H2B 0.9900
C3 C4 1.516(5)
C3 H3A 0.9900
C3 H3B 0.9900
C4 N2 1.478(4)
C4 H4A 0.9900
C4 H4B 0.9900
C5 C10 1.391(5)
C5 C6 1.393(5)
C5 N1 1.442(4)
C6 O1 1.373(4)
C6 C7 1.393(5)
C7 C8 1.400(5)
C7 H7 0.9500

C8 C9 1.380(5)
C8 H8 0.9500

C9 C10 1.387(5)
C9 H9 0.9500
C10 H10 0.9500
C11 01 1.423(4)
C11 H11A 0.9800
C11 H11B 0.9800
C11 H11C 0.9800
C12 C13 1.403(5)
C12 C17 1.410(5)
C12 N2 1.449(4)
C13 C14 1.396(5)
C13 C18 1.522(5)
C14 C15 1.382(5)
C14 H14 0.9500
C15 C16 1.392(5)
C15 H15 0.9500
C16 C17 1.389(5)
C16 H16 0.9500
C17 C21 1.523(5)
C18 C20 1.530(6)

C21 C23 1.539(5)
C21 C22 1.542(5)
C21 H21 1.0000
C22 H22A 0.9800
C22 H22B 0.9800
C22 H22C 0.9800
C23 H23A 0.9800
C23 H23B 0.9800
C23 H23C 0.9800
C24 C25 1.417(5)
C24 C31 1.503(5)
C24 Ir1 2.104(3)
C24 H24 0.9500
C25 C26 1.525(5)
C25 Ir1 2.120(3)
C25 H25 0.9500
C26 C27 1.498(5)
C26 H26A 0.9900
C26 H26B 0.9900
C27 C28 1.524(5)
C27 H27A 0.9900
C27 H27B 0.9900
C28 C29 1.386(5)
C28 Ir1 2.164(3)
C28 H28 0.9500
C29 C30 1.511(5)
C29 Ir1 2.191(3)
C29 H29 0.9500
C30 C31 1.505(5)
C30 H30A 0.9900
C30 H30B 0.9900
C31 H31A 0.9900
C31 H31B 0.9900
CH Ir1 2.3867(8)
C18 C19 1.533(6)
C18 H18 1.0000
C19 H19A 0.9800
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Table R.3: Bond angles (°) for [Ir(6-0-MeOPh-DIPP)(COD)CI].

N1 C1 N2 117.2(3)

N1 C11Ir1 116.2(2)

N2 C1Ir1 125.4(2)

N1 C2 C3 108.4(3)

N1 C2 H2A 110.0

C3 C2 H2A 110.0

N1 C2 H2B 110.0

C3 C2 H2B 110.0
H2A C2 H2B 108.4
C2 C3 C4 108.5(3)

C2 C3 H3A 110.0

C4 C3 H3A 110.0

C2 C3 H3B 110.0

C4 C3 H3B 110.0
H3A C3 H3B 108.4
N2 C4 C3 109.8(3)

N2 C4 H4A 109.7

C3 C4 H4A 109.7

N2 C4 H4B 109.7

C3 C4 H4B 109.7

H4A C4 H4B 108.2
C10 C5 C6 120.1(3)
C10 C5 N1 121.2(3)
C6 C5 N1 118.6(3)

01 C6 C7 124.2(3)

01 C6 C5 115.6(3)

C7 C6 C5 120.2(3)

C6 C7 C8 118.9(3)

C6 C7 H7 120.6

C8 C7 H7 120.6

C9 C8 C7 120.8(3)

C9 C8 H8 119.6

C7 C8 H8 119.6

C8 C9 C10 120.2(3)
C8 C9 H9 119.9

C10 C9 H9 119.9

C9 C10 C5 119.7(3)
C9 C10 H10 120.1

C5 C10 H10 120.1

01 C11 H11A 109.5
01 C11 H11B 109.5
H11A C11 H11B 109.5
01 C11 H11C 109.5
H11A C11 H11C 109.5
H11B C11 H11C 109.5
C13 C12 C17 121.8(3)
C13 C12 N2 120.6(3)
C17 C12 N2 117.6(3)
C14 C13 C12 117.7(3)
C14 C13 C18 119.7(3)
C12 C13 C18 122.6(3)
C15 C14 C13 121.6(3)
C15 C14 H14 119.2

C22 C21 H21 108.1
C21 C22 H22A 109.5
C21 C22 H22B 109.5
H22A C22 H22B 109.5
C21 C22 H22C 109.5
H22A C22 H22C 109.5
H22B C22 H22C 109.5
C21 C23 H23A 109.5
C21 C23 H23B 109.5
H23A C23 H23B 109.5
C21 C23 H23C 109.5
H23A C23 H23C 109.5
H23B C23 H23C 109.5
C25 C24 C31 125.5(3)
C25 C24 Ir1 70.99(19)
C31 C24 Ir1 112.2(2)
C25 C24 H24 117.3
C31 C24 H24 117.3
Ir1 C24 H24 86.7

C24 C25 C26 122.9(3)
C24 C25 Ir1 69.82(18)
C26 C25 Ir1 113.7(2)
C24 C25 H25 118.6
C26 C25 H25 118.6
Ir1 C25 H25 86.6

C27 C26 C25 113.5(3)
C27 C26 H26A 108.9
C25 C26 H26A 108.9
C27 C26 H26B 108.9
C25 C26 H26B 108.9
H26A C26 H26B 107.7
C26 C27 C28 113.9(3)
C26 C27 H27A 108.8
C28 C27 H27A 108.8
C26 C27 H27B 108.8
C28 C27 H27B 108.8
H27A C27 H27B 107.7
C29 C28 C27 126.6(4)
C29 C28 Ir1 72.5(2)
C27 C28 Ir1 109.6(2)
C29 C28 H28 116.7
C27 C28 H28 116.7

Ir1 C28 H28 87.8

C28 C29 C30 122.9(4)
C28 C29 Ir1 70.40(19)
C30 C29 Ir1 112.1(2)
C28 C29 H29 118.5
C30 C29 H29 118.5

Ir1 C29 H29 87.6

C31 C30 C29 113.4(3)
C31 C30 H30A 108.9
C29 C30 H30A 108.9
C31 C30 H30B 108.9
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C13C14 H14 119.2
C14 C15 C16 119.7(3)
C14 C15 H15 120.2
C16 C15 H15 120.2
C17 C16 C15 121.1(3)
C17 C16 H16 119.4
C15C16 H16 119.4
C16 C17 C12 118.1(3)
C16 C17 C21 119.1(3)
C12 C17 C21 122.8(3)
C13 C18 C20 112.0(3)
C13 C18 C19 110.2(3)
C20 C18 C19 110.7(4)
C13 C18 H18 108.0
C20 C18 H18 108.0
C19 C18 H18 108.0
C18 C19 H19A 109.5
C18 C19 H19B 109.5
H19A C19 H19B 109.5
C18 C19 H19C 109.5
H19A C19 H19C 109.5
H19B C19 H19C 109.5
C18 C20 H20A 109.5
C18 C20 H20B 109.5
H20A C20 H20B 109.5
C18 C20 H20C 109.5
H20A C20 H20C 109.5
H20B C20 H20C 109.5
C17 C21 C23 111.0(3)
C17 C21 C22 112.2(3)
C23 C21 C22 109.3(3)

C29 C30 H30B 108.9
H30A C30 H30B 107.7
C24 C31 C30 114.3(3)
C24 C31 H31A 108.7
C30 C31 H31A 108.7
C24 C31 H31B 108.7
C30 C31 H31B 108.7
H31A C31 H31B 107.6
C1 N1 C5 119.4(3)

C1 N1 C2 123.8(3)
C5 N1 C2 116.3(3)

C1 N2 C12 120.5(3)
C1 N2 C4 124.6(3)
C12 N2 C4 114.1(3)
C6 01 C11 117.7(3)
C1 Ir1 C24 98.65(13)
C1 Ir1 C25 97.30(13)
C24 Ir1 C25 39.19(13)
C1 Ir1 C28 154.75(14)
C24 Ir1 C28 96.08(14)
C25 Ir1 C28 81.46(13)
C1 Ir1 C29 166.73(14)
C24 Ir1 C29 80.99(13)
C25 Ir1 C29 90.76(13)
C28 Ir1 C29 37.10(14)
C1 Ir1 CI1 85.02(9)
C24 Ir1 Cl1 156.26(10)
C25 Ir1 CI1 163.99(10)
C28 Ir1 Cl1 89.70(10)
C29 Ir1 Ci1 90.14(9)
C17 C21 H21 108.1
C23 C21 H21 108.1
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Table S.1: Crystal data and structure refinement for [Ir(7-0-MeOPh-

Mes)(COD)CI].
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

17<=1<=18

Reflections collected
Independent reflections
Completeness to theta = 27.51

Absorption correction

kjc0802

C33 H46 ClIr N2 02

730.37

150(2) K

0.71073 A

Triclinic

P-1

a=95131(2) A a= 80.8690(10)°.
b=11.5515(2) A B=82.8800(10)°.
c =14.2948(2) A y=82.0440(10)°.
1527.65(5) A3

2

1.588 Mg/m3

4.489 mm "1

736

0.30 x 0.20 x 0.10 mm3

2.99 to 27.51°.

-11 <=h<=12, -14<=k<=14, -

25944
6922 [R(int) = 0.0955]
985 %

Empirical
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Max. and min. transmission 0.6624 and 0.3461
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 6922 /0/ 356
Goodness-of-fit on F2 1.068

Final R indices [I>2sigma(l)] R1 = 0.0401, wR2 = 0.0940
R indices (all data) R1=0.0501, wR2 = 0.0999
Largest diff. peak and hole 1.395 and -2.100 e.A-3
Table S.2: Bond lengths (A) for [Ir(7-0-MeOPh-Mes)(COD)CI].
Ir1 . Cl2 . 2.3846(12) C21 . H211.0.961
Ir1.C3.2.114(4) C21.H212.0.971

Ir1 . C4 . 2.096(5) C22 . C23.1.536(8)
Ir1.C7.2.187(5) C22 . H221 . 0.969
Ir1.C8.2.164(4) C22 . H222 . 0.999

Ir1 . C11. 2.041(5) C23.C24 . 1.522(8)
C3.C4.1.424(7) C23 . H231.0.965
C3.C10.1.515(7) C23 . H232 . 0.967
C3.H31.0.986 C24 . N25 . 1.479(6)
C4.C5.1.511(8) C24 . H241.0.970

C4 . H41.0.987 C24 . H242 . 0.982
C5.C6.1.531(8) N25 . C26 . 1.443(6)
C5.H51.0.971 C26.C27 .1.398(7)
C5.H52.0.973 C26 . C32.1.399(7)
C6.C7.1.516(8) C27 . C28 . 1.405(8)
C6 . H61.0.975 C27 . C34 . 1.489(8)

C6 . H62 . 0.962 C28.C29.1.387(9)
C7.C8.1.404(8) C28 . H281.0.934

C7 . H71.0.994 C29 . C30. 1.506(8)
C8.C9.1.504(7) C29.C31.1.386(8)
C8 . H81.0.991 C30.H301.0.964
C9.C10.1.832(7) C30. H302 . 0.955

C9 . H91.0.981 C30. H303. 0.969

C9 .H92.0.970 C31.C32.1.383(8)
C10.H101.0.973 C31.H311.0.933
C10.H102. 0.950 C32.C33.1.515(7)
C11.N12.1.357(6) C33.H331.0.927
C11.N25.1.370(6) C33 . H332.0.966
N12.C13. 1.425(6) C33. H333.0.961

N12 .C21 . 1.482(6) C34 . H343 . 0.949
C13.C14.1.383(7) C34 . H342 . 0.955
C13.C18.1.403(7) C34 . H341 . 0.971

C14 .C15. 1.389(8) C35.C36. 1.474(10)
C14 . H141 . 0.940 C35.C39. 1.465(11)
C15.C16 . 1.367(9) C35. H351.0.985
C15.H151.0.920 C35.H352.0.981
C16.C17 . 1.375(8) C36 . C37. 1.497(10)
C16 . H161 . 0.933 C36 . H361 . 0.965

C17 .C18. 1.399(8) C36 . H362 . 0.973

C17 . H171 . 0.939 C37.038. 1.421(8)
C18.019. 1.366(6) C37 . H371 . 0.964

019 .C20. 1.419(7) C37 . H372.0.963
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C20 . H201.0.975
C20 . H202 . 0.957
C20 . H203 . 0.951
C21.C22.1.509(8)

038 . C39 . 1.422(8)
C39 . H391 . 0.971
C39 . H392.0.975

Table S. 3: Bond angles (°) for [Ir(7-0-MeOPh-Mes)(COD)CI].

Ci2.1r1.C3. 164.23(14)
CI2.Ir1 . C4 . 155.13(15)
C3.Ir1.C4.39.53(19)
CI2.1Ir1.C7 . 89.72(15)
C3.Ir1.C7.88.97(19)
C4.1r1.C7.81.1(2)
Cl2.1r1.C8.88.19(14)
C3.Ir1.C8.81.21(19)
C4.Ir1.C8.98.08(19)
C7.Ir1.C8.37.6(2)
CI2.1r1.C11 . 88.09(13)
C3.Ir1.C11.97.33(18)
C4.Ir1.C11.94.41(19)
C7.1r1.C11 . 164.06(19)
C8.1Ir1.C11.157.9(2)
Ir1.C3.C4.69.6(3)
Ir1.C3.C10.113.8(3)
C4.C3.C10. 125.1(5)
Ir1.C3.H31.113.6
C4.C3.H31.114.4
C10.C3.H31.112.9
Ir1.C4.C3.70.9(3)
Ir1.C4.C5.111.0(4)
C3.C4.C5.125.1(4)
Ir1.C4.H41.115.6
C3.C4.H41.112.8
C5.C4.H41. 114.1
C4.C5.C6.112.7(4)
C4.C5.H51.110.7
C6.C5.H51.108.5
C4.C5.H52.107.8
C6.C5.H52 . 106.2
H51 . C5.H52 . 110.8
C5.C6.C7.110.9(4)
C5.C6.H61 . 108.4
C7.C6.H61.109.1
C5.C6.H62 . 108.1
C7.C6.H62.110.7
H61.C6 . H62 . 109.6
Ir1.C7.C6.112.4(4)
Ir1.C7.C8.70.3(3)
C6.C7.C8.123.5(5)
Irt.C7.H71.109.7
C6.C7.H71.113.7
C8.C7.H71.117.7
Ir1.C8.C7.72.1(3)

Ir1 . C8.C9.109.9(3)

019.C20 . H203. 110.5
H201 . C20 . H203 . 109.3
H202 . C20 . H203 . 110.5
N12.C21.C22. 112.1(4)
N12.C21.H211.108.3
C22.C21.H211.108.4
N12.C21.H212.108.7
C22.C21.H212. 109.1
H211.C21.H212.110.3
C21.C22.C23.110.1(4)
C21.C22.H221.108.0
C23.C22. H221.110.0
C21.C22.H222 . 110.2
C23.C22.H222.108.7
H221.C22 . H222 . 109.8
C22.C23.C24.112.1(5)
C22.C23.H231.109.5
C24 .C23. H231.110.1
C22.C23.H232.108.8
C24 .C23 . H232.107.7
H231.C23 . H232. 1085
C23.C24 . N25. 113.6(4)
C23.C24 . H241 . 109.4
N25 . C24 . H241 . 108.8
C23.C24 . H242 . 108.4
N25 . C24 . H242 . 106.3
H241 .C24 . H242 . 110.3
C24 . N25.C11. 127.9(4)
C24 . N25.C26 . 115.1(4)
C11.N25.C26. 117.0(4)
N25 . C26 . C27 . 121.0(4)
N25 . C26 . C32 . 117.6(4)
C27 .C26.C32. 121.4(5)
C26 . C27 . C28. 117.5(5)
C26 . C27 . C34 . 123.3(5)
C28 . C27.C34.119.2(5)
C27.C28.C29. 121.9(5)
C27.C28 . H281.119.1
C29.C28 . H281.118.9
C28 . C29.C30. 120.9(6)
C28.C29.C31.118.2(5)
C30.C29.C31. 120.9(6)
C29 . C30 . H301. 109.9
C29.C30.H302.108.9
H301 . C30 . H302 . 107.0
C29.C30.H303. 111.2
H301 . C30 . H303. 110.0
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C7.C8.C9.125.9(5)
Ir1.C8.H81.110.2
C7.C8.H81.117.0
C9.C8.H81.1125
C8.C9.C10. 111.9(4)
C8.C9.H91.110.1
C10.C9.H91. 109.5
C8.C9.H92.108.8
C10.C9.H92.108.3
H91.C9.H92 . 108.2
C9.C10.C3. 112.9(4)
C9.C10.H101. 108.4
C3.C10.H101. 109.4
C9.C10.H102.107.7
C3.C10.H102.108.7
H101.C10. H102. 109.8
Ir1.C11.N12 . 122.6(3)
Ir1.C11.N25 . 120.0(3)
N12.C11.N25. 117.1(4)
C11.N12.C13.120.1(4)
C11.N12.C21.123.9(4)
C13.N12.C21.115.8(4)
N12.C13.C14.121.6(4)
N12.C13.C18. 118.8(4)
C14.C13.C18.119.5(5)
C13.C14.C15. 119.9(5)
C13.C14.H141.118.7
C15.C14 . H141.121.4
C14.C15.C16. 120.6(5)
C14.C15.H151.118.8
C16.C15. H151.120.6
C15.C16.C17 . 120.7(5)
C15.C16.H161.119.4
C17 . C16.H161.119.9
C16.C17.C18 . 119.7(5)
C16.C17 . H171.119.9
C18.C17.H171.120.4
C13.C18.C17. 119.6(5)
C13.C18.019. 116.2(5)
C17.C18.019. 124.2(5)
C18.019.C20. 118.7(5)
019 . C20. H201 . 106.8
019.C20 . H202 . 109.6
H201 . C20 . H202 . 110.1

H302 . C30 . H303 . 108.7
C29.C31.C32.122.2(6)
C29.C31.H311.118.9
C32.C31.H311.118.9
C26.C32.C31.118.3(5)
C26 . C32.C33. 120.6(5)
C31.C32.C33. 121.0(5)
C32.C33.H331.110.0
C32.C33.H332.109.4
H331.C33. H332.109.3
C32.C33.H333.109.6
H331 . C33.H333.109.6
H332 . C33. H333. 109.0
C27.C34 . H343.109.9
C27 .C34 . H342 . 111.2
H343 . C34 . H342 . 108.9
C27 .C34 . H341.108.9
H343 . C34 . H341.108.3
H342 . C34 . H341 . 109.7
C36.C35.C39. 104.5(7)
C36.C35. H351 . 1111
C39.C35. H351 . 111.7
C36.C35. H352 . 109.9
C39.C35.H352.110.1
H351.C35. H352 . 109.5
C35.C36.C37.104.0(6)
C35.C36.H361. 1121
C37.C36.H361.111.9
C35.C36. H362 . 109.8
C37.C36. H362. 110.0
H361 . C36 . H362 . 109.0
C36 . C37.038. 106.9(5)
C36.C37.H371.112.2
038.C37.H371.1104
C36.C37.H372.107.8
038 . C37.H372.108.7
H371.C37 . H372.110.6
C37.038.C39. 107.4(5)
C35.C39.038 . 109.6(6)
C35.C39.H391.109.8
038.C39. H391 . 108.9
C35.C39. H392.109.9
038 . C39.H392 . 109.4
H391 . C39. H392 . 109.3
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C30

Table T.1: crystal data and structure refinement for [Ir(7-0-MeOPh-

DIPP)(COD)CI].
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

25<=1<=25

Reflections collected
Independent reflections
Completeness to theta = 27.47(
Refinement method

Data / restraints /| parameters

Goodness-of-fit on F2

b

251

kjc0814

C32 H44 ClIIrN2 O
700.34

150(2) K

0.71073 A

Monoclinic

P21/C

a=10.1870(2) A a=90°.

16.5340(3) A 13=118.7510(10)c
19.4270(3) A y=90°.

c
2868.73(9) A3

4

1.622 Mg/m3

4.775 mm'A

1408

0.38 x 0.08 x 0.05 mm3
3.18 to 27.47°.

-13<=h<=11, -21 <=k<=21, -

46665

6540 [R(int) = 0.1803]

99.5 %

Full-matrix least-squares on F2
6540 / 0/ 339

1.068
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Final R indices [I>2sigma(l)]
R indices (all data)
Largest diff. peak and hole

R1 = 0.0493, wR2 = 0.1140
R1=0.0712, wR2 = 0.1267
3.392 and -4.113 e.A-3

Table T. 2: Bond lengths (A) for [Ir(7-0-MeOPh-DIPP)(COD)CI].

C1 N1 1.343(8)
C1 N2 1.364(7)
C1Ir1 2.062(6)
C2 N1 1.484(8)
C2 C3 1.526(9)
C2 H2A 0.9900
C2 H2B 0.9900
C3 C4 1.531(10)
C3 H3A 0.9900
C3 H3B 0.9900
C4 C5 1.515(9)
C4 H4A 0.9900
C4 H4B 0.9900
C5 N2 1.507(8)
C5 H5A 0.9900
C5 H5B 0.9900
C6 C11 1.381(9)
C6 C7 1.402(8)
C6 N1 1.444(8)
C7 01 1.378(7)
C7 C8 1.384(8)
C8 C9 1.396(9)
C8 H8 0.9500

C9 C10 1.380(10)
C9 H9 0.9500
C10 C11 1.382(10)
C10 H10 0.9500
C11 H11 0.9500
C12 01 1.432(7)
C12 H12A 0.9800
C12 H12B 0.9800
C12 H12C 0.9800
C13 C14 1.396(9)
C13 C18 1.418(8)
C13 N2 1.445(8)
C14 C15 1.401(9)
C14 C19 1.519(8)
C15 C16 1.373(9)
C15 H15 0.9500
C16 C17 1.380(10)
C16 H16 0.9500
C17 C18 1.403(9)
C17 H17 0.9500

C18 C22 1.507(9)
C19 C20 1.534(9)
C19 C21 1.553(9)
C19 H19 1.0000
C20 H20A 0.9800
C20 H20B 0.9800
C20 H20C 0.9800
C21 H21A 0.9800
C21 H21B 0.9800
C21 H21C 0.9800
C22 C24 1.524(9)
C22 C23 1.536(9)
C22 H22 1.0000
C23 H23A 0.9800
C23 H23B 0.9800
C23 H23C 0.9800
C24 H24A 0.9800
C24 H24B 0.9800
C24 H24C 0.9800
C25 C26 1.412(9)
C25 C32 1.546(8)
C25 Ir1 2.116(5)
C25 H25 0.9500
C26 C27 1.514(9)
C26 Ir1 2.106(6)
C26 H26 0.9500
C27 C28 1.545(9)
C27 H27A 0.9900
C27 H27B 0.9900
C28 C29 1.498(10)
C28 H28A 0.9900
C28 H28B 0.9900
C29 C30 1.394(11)
C29 Ir1 2.207(7)
C29 H29 0.9500
C30 C31 1.511(9)
C30 Ir1 2.162(6)
C30 H30 0.9500
C31 C32 1.533(9)
C31 H31A 0.9900
C31 H31B 0.9900
C32 H32A 0.9900
C32 H32B 0.9900
Ir1 CI1 2.3911(15)
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Table T.3: Bond angles (°) for [ir(7-o-MeOPh-DIPP)(COD)CI].

N1 C1 N2 119.0(5)
N1 C11Ir1 116.2(4)
N2 C1Ir1 123.5(5)
N1 C2 C3 111.8(5)
N1 C2 H2A 109.3

C3 C2 H2A 109.3

N1 C2 H2B 109.3

C3 C2 H2B 109.3
H2A C2 H2B 107.9
C2 C3 C4 110.5(5)
C2 C3 H3A 109.5

C4 C3 H3A 109.5

C2 C3 H3B 109.5

C4 C3 H3B 109.5
H3A C3 H3B 108.1
C5 C4 C3 112.5(5)
C5 C4 H4A 109.1

C3 C4 H4A 109.1

C5 C4 H4B 109.1

C3 C4 H4B 109.1
H4A C4 H4B 107.8
N2 C5 C4 113.1(5)
N2 C5 H5A 109.0

C4 C5 H5A 109.0

N2 C5 H5B 109.0

C4 C5 H5B 109.0
H5A C5 H5B 107.8
C11 C6 C7 119.9(6)
C11 C6 N1 122.0(5)
C7 C6 N1 118.1(5)
01 C7 C8 123.9(5)
01 C7 C6 115.9(5)
C8 C7 C6 120.2(6)
C7 C8 C9 118.5(6)
C7 C8 H8 120.8

C9 C8 H8 120.8

C10 C9 C8 121.6(6)
C10 CO H9 119.2

C8 C9 H9 119.2

C9 C10 C11 119.4(6)
C9 C10 H10 120.3
C11 C10 H10 120.3
C6 C11 C10 120.3(6)
C6 C11 H11 119.9
C10 C11 H11 119.9
01 C12 H12A 109.5
01 C12 H12B 109.5
H12A C12 H12B 109.5
01 C12 H12C 109.5
H12A C12 H12C 109.5
H12B C12 H12C 109.5
C14 C13 C18 122.0(6)
C14 C13 N2 120.9(5)

C18 C22 C24 112.5(5)
C18 C22 C23 110.9(6)
C24 C22 C23 109.3(5)
C18 C22 H22 108.0
C24 C22 H22 108.0
C23 C22 H22 108.0
C22 C23 H23A 109.5
C22 C23 H23B 109.5
H23A C23 H23B 109.5
C22 C23 H23C 109.5
H23A C23 H23C 109.5
H23B C23 H23C 109.5
C22 C24 H24A 109.5
C22 C24 H24B 109.5
H24A C24 H24B 109.5
C22 C24 H24C 109.5
H24A C24 H24C 109.5
H24B C24 H24C 109.5
C26 C25 C32 123.3(6)
C26 C25 Ir1 70.1(3)
C32 C25 Ir1 114.1(4)
C26 C25 H25 118.4
C32 C25 H25 118.4
Ir1 C25 H25 86.0

C25 C26 C27 125.5(5)
C25 C26 ir1 70.8(3)
C27 C26 Ir1 112.7(4)
C25 C26 H26 117.3
C27 C26 H26 117.3
Ir1 C26 H26 86.4

C26 C27 C28 112.1(5)
C26 C27 H27A 109.2
C28 C27 H27A 109.2
C26 C27 H27B 109.2
C28 C27 H27B 109.2
H27A C27 H27B 107.9
C29 C28 C27 113.1(5)
C29 C28 H28A 109.0
C27 C28 H28A 109.0
C29 C28 H28B 109.0
C27 C28 H28B 109.0
H28A C28 H28B 107.8
C30 C29 C28 123.5(6)
C30 C29 Ir1 69.6(4)
C28 C29 Ir1 112.4(4)
C30 C29 H29 118.2
C28 C29 H29 118.2

Ir1 C29 H29 88.0

C29 C30 C31 125.1(6)
C29 C30 Ir1 73.2(4)
C31C30 Ir1 110.1(4)
C29 C30 H30 117.4
C31 C30 H30 117.4
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C18 C13 N2 117.0(5)
C13 C14 C15 117.7(6)
C13 C14 C19 123.1(6)
C15 C14 C19 119.2(6)
C16 C15 C14 121.6(7)
C16 C15 H15 119.2
C14 C15H15 119.2
C15 C16 C17 120.0(7)
C15 C16 H16 120.0
C17 C16 H16 120.0
C16 C17 C18 121.4(6)
C16 C17 H17 119.3
C18 C17 H17 119.3
C17 C18 C13 117.1(8)
C17 C18 C22 120.3(5)
C13 C18 C22 122.5(6)
C14 C19 C20 111.5(6)
C14 C19 C21 110.1(5)
C20 C19 C21 109.0(6)
C14 C19 H19 108.7
C20 C19 H19 108.7
C21 C19 H19 108.7
C19 C20 H20A 109.5
C19 C20 H20B 109.5
H20A C20 H20B 109.5
C19 C20 H20C 109.5
H20A C20 H20C 109.5
H20B C20 H20C 109.5
C19 C21 H21A 109.5
C19 C21 H21B 109.5
H21A C21 H21B 109.5
C19 C21 H21C 109.5
H21A C21 H21C 109.5
H21B C21 H21C 109.5

Ir1 C30 H30 86.6

C30 C31 C32 113.4(5)
C30 C31 H31A 108.9
C32 C31 H31A 108.9
C30 C31 H31B 108.9
C32 C31 H31B 108.9
H31A C31 H31B 107.7
C31 C32 C25 111.8(5)
C31 C32 H32A 109.3
C25 C32 H32A 109.3
C31 C32 H32B 109.3
C25 C32 H32B 109.3
H32A C32 H32B 107.9
C1 N1 C6 118.6(5)

C1 N1 C2 124.5(5)

C6 N1 C2 115.9(6)

C1 N2 C13 119.6(5)
C1 N2 C5 126.7(5)
C13 N2 C5 113.7(4)
C7 01 C12 115.6(5)
C1 Ir1 C26 100.0(2)
C11r1 C25 98.6(2)
C26 Ir1 C25 39.1(2)
C1ir1 C30 152.9(3)
C26 Ir1 C30 97.0(2)
C25 Ir1 C30 81.6(2)
C1Ir1 C29 167.9(2)
C26 Ir1 C29 80.7(2)
C25 Ir1 C29 89.6(2)
C30 Ir1 C29 37.2(3)
C1Ir1 Cl1 84.49(15)
C26 Ir1 CI1 152.15(18)
C25 Ir1 CI1 167.85(18)
C30 Ir1 CI1 90.29(17)
C29 Ir1 Cl1 89.38(17)
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Cc3

ClO

C3

Table W.1: cCrystal data and structure refinement for C/s-[Rh(7-oMeOPh-

Mes)(CO)2l].
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

41 <=I<=41

Reflections collected
Independent reflections
Completeness to theta = 27.49°
Max. and min. transmission
Refinement method

Data / restraints / parameters

Goodness-of-fit on F*

kjc0829

C23 H26 I N2 03 Rh
608.27

150(2) K

0.71073 A
Monoclinic

P21/c

a=29.151 A a=90°.

b=16.091 A 8

92.40°.

c=132.325 A y=90°.
4755.6 A3

8

1.699 Mg/m3

2.042 mm™

2400

0.22 x 0.10 x 0.08 mm3

1.26 to 27.49°.

-11 <=h<=11, -20<=k<=19, -

17033

10607 [R(int) = 0.0996]

97.4 %

0.8537 and 0.6622

Full-matrix least-squares on F#
10607/0/549

0.992
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Final R indices [I>2sigma(l)]
R indices (all data)
Largest diff. peak and hole

R1 = 0.0628, wR2 = 0.1055
R1=0.1518, wR2 = 0.1307
0.842 and -0.739 e.A-3

Table W. 2: Bond lengths (A) for Cis-[Rh(7-oMeOPh-Mes)(CO).l].

C3 C4 1.508(11)
C3 C2 1.533(10)
C8 C7 1.389(10)
C8 C9 1.397(12)
C12 01 1.415(10)
C22 C18 1.485(12)
C35 04 1.438(11)
C39 C40 1.389(11)
C39 C38 1.415(12)
C39 C44 1.476(11)
C40 C41 1.405(12)
C45 C41 1.531(11)
C1 N2 1.340(8)

C1 N1 1.350(9)

C1 Rh1 2.096(7)
C2 N1 1.478(10)
C4 C5 1.487(12)
C5 N2 1.493(9)

C6 C11 1.374(11)
C6 C7 1.400(11)
C6 N1 1.449(8)
C7 O1 1.358(9)
C9 C10 1.369(13)
C10 C11 1.400(9)
C13 02 1.106(10)
C13 Rh1 1.869(10)
C14 03 1.125(9)
C14 Rh1 1.898(9)
C15 C20 1.364(12)
C15 C16 1.417(10)
C15 N2 1.453(10)
C16 C17 1.415(12)

C16 C21 1.459(13)
C17 C18 1.363(14)
C18 C19 1.396(12)
C19 C20 1.408(12)
C20 C23 1.540(10)
C24 N3 1.337(8)
C24 N4 1.357(9)
C24 Rh2 2.079(7)
C25 N3 1.483(9)
C25 C26 1.489(11)
C26 C27 1.525(10)
C27 C28 1.512(10)
C28 N4 1.489(10)
C29 C30 1.391(12)
C29 C34 1.398(12)
C29 N4 1.433(9)
C30 04 1.352(10)
C30 C31 1.372(10)
C31 C32 1.389(13)
C32 C33 1.357(14)
C33 C34 1.392(11)
C36 05 1.129(9)
C36 Rh2 1.904(9)
C37 06 1.132(11)
C37 Rh2 1.849(11)
C38 C43 1.390(10)
C38 N3 1.458(9)
C41 C42 1.371(12)
C42 C43 1.394(11)
C43 C46 1.492(12)
Rh1 11 2.6656(9)
Rh2 12 2.6739(9)

Table W. 3: Bond angles (°) for Cis-[Rh(7-oMeOPh-Mes)(CO),l].

C4 C3 C2 113.1(7)

C7 C8 C9 119.4(8)
C40 C39 C38 117.3(8)
C40 C39 C44 120.5(8)
C38 C39 C44 122.1(7)
C39 C40 C41 121.1(9)
N2 C1 N1 119.6(6)
N2 C1 Rh1 120.6(5)
N1 C1 Rh1 119.6(5)
N1 C2 C3 112.3(6)
C5 C4 C3 111.6(6)

C4 C5 N2 114.2(7)
C11 C6 C7 120.5(6)

C34 C29 N4 121.5(8)
04 C30 C31 123.7(9)
04 C30 C29 115.4(6)
C31 C30 C29 121.0(9)
C30 C31 C32 118.8(9)
C33 C32 C31 121.5(8)
C32 C33 C34 120.1(9)
C33 C34 C29 119.3(9)
O5 C36 Rh2 179.4(10)
06 C37 Rh2 174.2(8)
C43 C38 C39 122.6(7)
C43 C38 N3 119.8(8)
C39 C38 N3 117.4(6)
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C11C6 N1 121.8(7)
C7 C6 N1 117.6(7)

O1 C7 C8 124.4(8)

01 C7 C6 116.0(6)

C8 C7 C6 119.5(8)
C10 C9 C8 120.9(7)
C9 C10 C11 119.8(9)
C6 C11 C10 119.8(8)
02 C13 Rh1 172.0(8)
03 C14 Rh1 177.7(8)
C20 C15 C16 121.8(8)
C20 C15 N2 118.6(7)
C16 C15 N2 119.4(8)
C17 C16 C15 115.2(9)
C17 C16 C21 122.2(8)
C15 C16 C21 122.7(8)
C18 C17 C16 125.0(8)
C17 C18 C19 117.0(8)
C17 C18 C22 122.1(9)
C19 C18 C22 120.9(10)
C18 C19 C20 121.0(10)
C15 C20 C19 119.7(8)
C15 C20 C23 122.4(7)
C19 C20 C23 117.8(9)
N3 C24 N4 118.4(6)
N3 C24 Rh2 122.9(5)
N4 C24 Rh2 118.6(4)
N3 C25 C26 114.0(7)
C25 C26 C27 109.5(6)
C28 C27 C26 111.8(7)
N4 C28 C27 113.1(6)
C30 C29 C34 119.2(7)
C30 C29 N4 119.2(8)

C42 C41 C40 119.2(8)
C42 C41 C45 121.0(8)
C40 C41 C45 119.7(9)
C41 C42 C43 122.3(8)
C38 C43 C42 117.3(9)
C38 C43 C46 122.7(7)
C42 C43 C46 119.9(7)
C1 N1 C6 115.8(6)

C1 N1 C2 129.8(5)
C6 N1 C2 114.5(5)

C1 N2 C15 118.1(6)
C1 N2 C5 123.2(6)
C15 N2 C5 116.2(6)
C24 N3 C38 118.4(6)
C24 N3 C25 123.1(5)
C38 N3 C25 116.5(5)
C24 N4 C29 117.5(6)
C24 N4 C28 128.0(5)
C29 N4 C28 114.4(5)
C7 01 C12 117.9(6)
C30 04 C35 118.3(6)
C13 Rh1 C14 90.6(4)
C13 Rh1 C193.6(3)
C14 Rh1 C1 174.9(3)
C13 Rh1 11 169.8(2)
C14 Rh1 11 86.8(3)
C1 Rh1 11 89.5(2)
C37 Rh2 C36 90.6(4)
C37 Rh2 C24 91.8(3)
C36 Rh2 C24 176.9(3)
C37 Rh2 12 171.3(2)
C36 Rh2 12 87.3(3)
C24 Rh2 12 90.7(2)
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Table Y.1: Crystal data and structure refinement for [Rh(6-Py-

Mes)2CI2][Rh(COD)CI2].
Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system

Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

44<=|<=43

Reflections collected
Independent reflections
Completeness to theta = 27.51°
Max. and min. transmission
Refinement method

Data / restraints /| parameters

Goodness-of-fit on F2

258

kjc0843

C45 H56 CI6 N8 Rh2
1127.50

150(2) K

0.71073 A
Orthorhombic

Pbca

a=18.65700(10) A a= 90°.

b

14.5440(2) A B= 90°.

c=34.2020(4) A y=90°.
9280.62(17) A3

8

1.614 Mg/m3

1.100 mm-1

4592

0.40 x 0.30 x 0.08 mm3

1.87 to 27.51°.

-23<=h<=24, -18<=k<=18, -

44612

10603 [R(int) = 0.0685]

99.4 %

0.9172 and 0.6674

Full-matrix least-squares on F2
10603/53/595

1.155
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Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

R1 = 0.1140, wR2 = 0.2327
R1 = 0.1470, wR2 = 0.2459
1.224 and -1.389 e.A-3

Table Y. 2: Bond lengths (A) for [Rh(6-Py-Mes),CL][Rh(COD)Cl,].

C1 N1 1.348(14)
C1 C2 1.356(16)
C2 C3 1.365(18)
C3 C4 1.387(18)
C4 C5 1.370(15)
C5 N1 1.360(13)
C5 N2 1.389(14)
C6 N2 1.490(14)
C6 C7 1.541(5)

C7 C8 1.540(5)

C8 N3 1.506(16)
C9 N3 1.288(13)
C9 N2 1.380(13)
C9 Rh1 2.031(9)
C10 C11 1.403(14)
C10 C15 1.409(16)
C10 N3 1.448(13)
C11 C12 1.383(16)
C11 C16 1.504(17)
C12 C13 1.402(18)
C13 C14 1.394(18)
C13 C17 1.480(18)
C14 C15 1.374(17)
C15 C18 1.507(15)
C19 N4 1.308(15)
C19 C20 1.383(17)
C20 C21 1.43(2)
C21 C22 1.33(2)
C22 C23 1.361(16)
C23 N4 1.314(16)
C23 N5 1.464(17)
C24 N5 1.532(16)
C24 C25 1.540(5)
C25 C26 1.535(5)
C26 N6 1.510(16)

C27 N6 1.363(15)
C27 N5 1.401(15)
C27 Rh1 1.950(11)
C28 C33 1.355(18)
C28 C29 1.391(18)
C28 N6 1.492(16)
C29 C30 1.43(3)
C29 C34 1.46(2)
C30 C31 1.34(3)
C31 C32 1.41(2)
C31 C35 1.52(2)
C32 C33 1.375(18)
C33 C36 1.525(17)
C37 C38 1.300(5)
C37 C44 1.537(5)
C37 Rh2 2.081(14)
C38 C39 1.541(5)
C38 Rh2 2.119(18)
C39 C40 1.539(5)
C40 C41 1.537(5)
C41 C42 1.299(5)
C41 Rh2 2.120(16)
C42 C43 1.534(5)
C42 Rh2 2.091(14)
C43 C44 1.535(5)
N1 Rh1 2.031(8)
N4 Rh1 2.036(9)
Cl1 Rh1 2.412(3)
CI2 Rh1 2.418(2)
CI3 Rh2 2.396(4)
Cl4 Rh2 2.359(5)
C46 CI5 1.75(3)
C46 CI6 1.75(4)
C46A CI5A 1.60(7)
C46A CIBA 1.72(10)
C7A CBA 1.540(5)

Table Y. 3: Bond angles (°) for [Rh(6-Py-Mes),CL][Rh(COD)Cl,].

N1 C1C2 122.8(11)
C1C2 C3 119.5(12)
C2 C3 C4 119.4(11)
C5 C4 C3 118.4(11)
N1 C5 C4 122.3(11)
N1 C5 N2 113.4(9)

C4 C5 N2 124.3(10)
N2 C6 C7 109.1(10)

C41 C40 C39 110(2)
C42 C41 C40 127(2)
C42 C41 Rh2 70.8(9)
C40 C41 Rh2 114.3(17)
C41 C42 C43 125.2(16)
C41 C42 Rh2 73.2(10)
C43 C42 Rh2 113.1(10)
C42 C43 C44 113.8(13)
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C8 C7 C6 107.0(14)

N3 C8 C7 106.1(12)

N3 C9 N2 117.8(8)

N3 C9 Rh1 131.1(8)

N2 C9 Rh1 110.9(7)

C11 C10 C15 120.8(10)
C11 C10 N3 120.4(11)
C15 C10 N3 118.3(9)
C12 C11 C10 118.8(11)
C12 C11 C16 119.1(10)
C10 C11 C16 122.0(11)
C11 C12 C13 121.5(11)
C14 C13 C12 117.5(12)
C14 C13 C17 122.2(14)
C12 C13 C17 120.2(12)
C15 C14 C13 123.2(13)
C14 C15C10 117.8(11)
C14 C15 C18 120.4(12)
C10 C15 C18 121.9(11)
N4 C19 C20 123.8(13)
C19 C20 C21 116.4(14)
C22 C21 C20 120.7(14)
C21 C22 C23 115.4(15)
N4 C23 C22 128.3(14)
N4 C23 N5 110.5(10)
C22 C23 N5 121.3(14)
N5 C24 C25 111.1(13)
C26 C25 C24 112.6(14)
N6 C26 C25 109.3(14)
N6 C27 N5 114.5(11)
N6 C27 Rh1 132.2(9)
N5 C27 Rh1 113.2(9)
C33 C28 C29 126.5(14)
C33 C28 N6 117.6(11)
C29 C28 N6 115.5(13)
C28 C29 C30 111.5(16)
C28 C29 C34 123.5(16)
C30 C29 C34 124.9(15)
C31 C30 C29 124.8(15)
C30 C31 C32 119.4(17)
C30 C31 C35 118.8(18)
C32 C31 C35 122(2)
C33 C32 C31 119.0(17)
C28 C33 C32 118.5(13)
C28 C33 C36 123.1(12)
C32 C33 C36 118.4(13)
C38 C37 C44 125(2)
C38 C37 Rh2 73.5(11)
C44 C37 Rh2 112.5(12)
C37 C38 C39 126(2)
C37 C38 Rh2 70.4(10)
C39 C38 Rh2 109.8(16)

[ C43 C44 C37 113.7(14)
C1 N1C5117.4(9)
C1 N1 Rh1 125.9(7)
C5 N1 Rh1 114.8(7)
C9 N2 C5 119.9(8)
C9 N2 C6 123.4(9)
C5 N2 C6 116.6(9)

C9 N3 C10 125.3(8)
C9 N3 C8 125.9(11)
C10 N3 C8 108.4(10)
C19 N4 C23 115.4(10)
C19 N4 Rh1 125.5(8)
C23 N4 Rh1 117.7(8)
C27 N5 C23 117.6(11)
C27 N5 C24 125.9(13)
C23 N5 C24 116.3(11)
C27 N6 C28 124.1(10)
C27 N6 C26 128.2(12)
C28 N6 C26 107.6(11)
C27 Rh1 C9 96.4(4)
C27 Rh1 N1 102.8(4)
C9 Rh1 N1 80.4(4)
C27 Rh1 N4 80.5(5)
C9 Rh1 N4 102.6(4)
N1 Rh1 N4 175.4(3)
C27 Rh1 Cl1 174.3(4)
C9 Rh1 Cl1 86.3(3)

N1 Rh1 Cl1 82.6(2)
N4 Rh1 CH 94.0(3)
C27 Rh1 CI2 85.8(3)
C9 Rh1 CI2 175.1(3)
N1 Rh1 CI2 94.9(2)
N4 Rh1 CI2 82.1(2)
Cl1 Rh1 CI2 91.92(9)
C37 Rh2 C42 83.5(6)
C37 Rh2 C38 36.0(2)
C42 Rh2 C38 93.1(7)
C37 Rh2 C41 95.6(7)
C42 Rh2 C41 35.9(2)
C38 Rh2 C41 83.3(7)
C37 Rh2 Cl4 89.1(5)
C42 Rh2 Cl4 163.0(4)
C38 Rh2 Cl4 89.8(6)
C41 Rh2 Cl4 160.9(5)
C37 Rh2 CI3 160.8(6)
C42 Rh2 CI3 89.6(4)
C38 Rh2 CI3 163.0(6)
C41 Rh2 CI3 89.1(5)
Cl4 Rh2 CI3 92.47(19)
CI5 C46 ClI6 112.3(16)
CI5A C46A CIBA 121(5)
C40 C39 C38 119(2)
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Table X.1:
DIPP)(SMe)Cl]2.
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

21 <=1<=20

Reflections collected
Independent reflections
Completeness to theta = 24.70°

Max. and min. transmission

261

Crystal data and structure refinement for [Rh(6-Ph-

kjc0902

C54 H76 CI2 N4 02 Rh2 S2
1154.03

150(2) K
0.71073 A
Monoclinic

C2lc
a=43.1080(3) A a=90°.
b=14.0820(4) A
c= 18.2190(6) A
10961.0(5) A3

8

1.399 Mg/m3

8= 97.6640(10)°
y=90°.

0.818 mm-1

4800

0.10x0.10x0.06 mm3
2.03 to 24.70°.
-42<=h<=50, -16<=k<=15, -

28680

9317 [R(int) = 0.0679]
99.7 %

0.9525 and 0.9226
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Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 9317 /10 / 560
Goodness-of-fit on F2 1.119

Final R indices [I>2sigma(l)] R1 =0.0735, wR2 = 0.1485

R indices (all data) R1=0.1076, wR2 = 0.1598
Largest diff. peak and hole 1.097 and -0.733 e.A-3

Table X. 2: Bond lengths (A) for [Rh(6-Ph-DIPP)(SMe)Cll..

C1C2 1.386(10)
C1 C6 1.399(11)
C1Rh11.971(7)
C2 C3 1.394(11)
C3 C4 1.372(12)
C4 C5 1.369(12)
C5 C6 1.369(11)
C6 N1 1.412(9)

C7 N1 1.478(9)

C7 C8 1.505(11)
C8 C9 1.491(10)
C9 N2 1.478(9)
C10 N1 1.334(8)
C10 N2 1.345(8)
C10 Rh1 1.996(7)
C11 C12 1.388(11)
C11 C16 1.401(11)
C11 N2 1.452(9)
C12 C13 1.416(12)
C12 C17 1.520(12)
C13 C14 1.346(15)
C14 C15 1.364(15)
C15 C16 1.405(12)
C16 C20 1.513(12)
C17 C19 1.532(12)
C17 C18 1.550(12)
C20 C22 1.533(11)
C20 C21 1.548(11)
C23 C24 1.395(10)
C23 C28 1.398(11)
C23 Rh2 1.970(7)
C24 C25 1.390(11)
C25 C26 1.366(12)
C26 C27 1.388(12)
C27 C28 1.376(11)
C28 N3 1.434(10)
C29 N3 1.477(9)
C29 C30 1.494(11)

C30 C31 1.500(10)
C31 N4 1.474(9)
C32 N4 1.339(9)
C32 N3 1.358(9)
C32 Rh2 2.011(7)
C33 C34 1.403(11)
C33 C38 1.423(11)
C33 N4 1.437(9)
C34 C35 1.407(13)
C34 C39 1.514(12)
C35 C36 1.370(17)
C36 C37 1.340(17)
C37 C38 1.390(13)
C38 C42 1.488(13)
C39 C40 1.524(12)
C39 C41 1.539(11)
C42 C44 1.542(11)
C42 C43 1.557(11)
C45 S1 1.814(8)
C46 S2 1.815(8)
S1 Rh2 2.3084(19)
S1 Rh1 2.4066(19)
S2 Rh1 2.3028(19)
S2 Rh2 2.4177(19)
Cl1 Rh1 2.3624(19)
CI2 Rh2 2.3705(19)
Rh2 CI2A 2.387(13)
C47 O1 1.434(10)
C47 C48 1.511(10)
C48 C49 1.538(10)
C49 C50 1.521(9)
C50 01 1.416(9)
C51 02 1.448(10)
C51 C52 1.531(10)
C52 C53 1.529(10)
C53 C54 1.524(10)
C54 02 1.453(10)
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Table X.3: Bond angles (°) for [Rh(6-Ph-DIPP)(SMe)Cll..

C2C1C6 119.1(7)
C2 C1 Rh1 127.6(6)
C6 C1 Rh1 113.3(5)
C1C2C3 119.4(8)
C4 C3 C2 121.0(8)
C5C4 C3 119.1(8)
C4 C5 C6 121.4(9)
C5 C6 C1 119.9(7)
C5 C6 N1 124.9(8)
C1C6 N1 115.1(6)
N1 C7 C8 108.0(6)
C9 C8 C7 110.3(6)
N2 C9 C8 109.1(6)
N1 C10 N2 118.0(6)
N1 C10 Rh1 114.9(5)
N2 C10 Rh1 126.9(5)
C12 C11 C16 122.3(7)
C12 C11 N2 119.6(7)
C16 C11 N2 118.0(7)
C11C12 C13 116.8(8)
C11 C12 C17 123.0(7)
C13 C12 C17 120.1(8)
C14 C13 C12 121.5(10)
C13 C14 C15 121.2(9)
C14 C15 C16 120.6(9)
C11 C16 C15 117.5(9)
C11 C16 C20 124.1(7)
C15 C16 C20 118.3(8)
C12 C17 C19 112.8(9)
C12 C17 C18 108.7(8)
C19 C17 C18 110.7(8)
C16 C20 C22 113.9(8)
C16 C20 C21 109.4(7)
C22 C20 C21 107.7(7)
C24 C23 C28 117.6(7)
C24 C23 Rh2 127.8(6)
C28 C23 Rh2 114.6(5)
C25 C24 C23 120.5(8)
C26 C25 C24 121.0(8)
C25 C26 C27 119.5(8)
C28 C27 C26 119.9(9)
C27 C28 C23 121.5(8)
C27 C28 N3 123.7(8)
C23 C28 N3 114.6(7)
N3 C29 C30 109.4(6)
C29 C30 C31 108.8(6)
N4 C31 C30 109.6(6)
N4 C32 N3 116.8(6)
N4 C32 Rh2 128.5(5)
N3 C32 Rh2 114.7(5)
C34 C33 C38 121.9(8)
C34 C33 N4 119.8(7)
C38 C33 N4 118.1(7)

C33 C38 C42 122.6(8)
C34 C39 C40 111.3(7)
C34 C39 C41 113.5(8)
C40 C39 C41 109.7(8)
C38 C42 C44 114.1(9)
C38 C42 C43 109.5(8)
C44 C42 C43 107.7(7)
C10 N1 C6 114.4(6)
C10 N1 C7 125.2(6)
C6 N1 C7 120.4(6)
C10 N2 C11 120.2(6)
C10 N2 C9 122.7(6)
C11 N2 C9 116.5(5)
C32 N3 C28 114.7(6)
C32 N3 C29 126.0(6)
C28 N3 C29 119.2(6)
C32 N4 C33 122.2(6)
C32 N4 C31 121.9(6)
C33 N4 C31 115.9(6)
C45 S1 Rh2 112.6(3)
C45 S1 Rh1 108.8(3)
Rh2 S1 Rh1 97.58(7)
C46 S2 Rh1 111.9(3)
C46 S2 Rh2 108.7(3)
Rh1 S2 Rh2 97.42(7)
C1 Rh1 C10 80.4(3)
C1 Rh1 S2 95.2(2)
C10 Rh1 S2 97.90(19)
C1 Rh1 C1 92.32)
C10 Rh1 Cl1 88.26(19)
S2 Rh1 Cl1 171.02(7)
C1Rh1S1 96.2(2)
C10 Rh1 S1 176.6(2)
S2 Rh1 S1 82.60(6)
Cl1 Rh1 S1 91.65(7)
C23 Rh2 C32 81.0(3)
C23 Rh2 S191.3(2)
C32 Rh2 S194.8(2)

C23 Rh2 CI2 94.7(2)
C32 Rh2 CI2 92.6(2)

S1Rh2 CI2 171.10(7)

C23 Rh2 CI2A 174.2(4)

C32 Rh2 CI2A 102.7(4)
S1 Rh2 CI2A 92.9(3)

CI2 Rh2 CI2A 80.7(3)

C23 Rh2 S2 95.3(2)

C32 Rh2 S2 175.2(2)

S1 Rh2 S2 82.24(6)
Cl2 Rh2 S2 90.67(7)
CI2A Rh2 S2 81.2(3)
O1 C47 C48 95.7(14)
C47 C48 C49 115.7(16)
C50 C49 C48 90.7(14)
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C33 C34 C35 117.3(9)
C33 C34 €39 122.3(7)
C35 C34 C39 120.3(9)
C36 C35 C34 120.1(11)
C37 C36 C35 122.4(11)
C36 C37 C38 121.4(11)
C37 C38 C33 116.9(10)
C37 C38 C42 120.1(9)

O1 C50 C49 104.5(14)
C50 O1 C47 110.0(14)
02 C51 C52 94.9(18)
C53 C52 C51 104.0(19)
C54 C53 C52 90(2)

02 C54 C53 86.8(19)
C51 02 C54 105(2)




