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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 A/-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 NCNHcN angle close to the sp2 angle (120°), which forces the 

A/-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 N C nhcN  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

1.1. Classification of Carbenes.

Carbenes were first recognized over 100 years ago.[11 They are “uncharged” 

compounds featuring a divalent carbon atom with only six electrons in its 

valence shell.[2, 3] The carbene carbon is linked to two adjacent groups by a 

single covalent bond and possesses two, non-bonding electrons131 (Figure 1-

1).

R R

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 sp2-type hybridisation in the carbene carbon with two 

non-bonding orbitals[3] (Figure 1-2).
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Chapter One: Introduction

c :

p*

X .....0
• ^ < 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 [2,3](Figure 1-3).

E

linear bent

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

change.
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Chapter One: Introduction

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).[3,41

& c < T )

R

R"„ 
€ > C < 5 )

r ' m

R

R'
• c 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.15, 61 An energy 

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

singlet carbene, whilst a o-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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Chapter One: Introduction

nonbonding orbital through an increase in its ‘s’ character, thus favouring the 

singlet state since they can stabilise the carbene ion pair.[5] l2,8t 91 Conversely,

o-electron donating substituents (low electronegativity) will induce a small o- 

p* gap and favour the triplet state, whereas most carbenes with 7c-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.18,91

A/-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 A/-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).[2,3]

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

5



Chapter One: Introduction

attraction of two adjacent nitrogen atoms, which serves to stabilise the 

carbene at an orbital relative to the 7C orbital (the inductive effect).p’3]

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.12, 3l 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/.l11'15] Unfortunately, all attempts at that time to isolate free 

carbenes based on the imidazole ring failed.[15] Despite the disappointment at

6
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Chapter One: Introduction

not being able to isolate free carbenes, Wanzlick did manage to trap the 

carbenes he created in a mercury complex (Scheme 1-1).[13'18]

KO*Bu

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) l4,19] j ^ e Sjng|e 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).[4,191

7



Chapter One: Introduction

Cl'

H
NaH, DMSO

THF / r.t

N
) :  +  NaCI +  h 2

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.1191 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),120 

211 unsaturated cyclic (1.3),[221 acyclic (1.4, 1.5),123-261 backbone substituted 

(1.6, 1.7, 1.8)[27*31] and cyclic diamino-carbene derived from four- (1.9),[32 34] 

six- (1.10),132'351 and seven-membered (1.11)[361 compounds.

8



Chapter One: Introduction

N

1.2

r = \
N. .N-

1.3 1.4

a X

1.5

X = Cl, Br

1.6

N. N.

1.7

N

1.8 1.9 1.10

NN

Ad-2 2-Ad

1.11

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



Chapter One: Introduction

Although in these examples the substituents on the nitrogen atoms are 

identical, giving symmetrical NHC ligands, unsymmetrical (functionalised) 

ligands are also accessible,[37, 38](1.12),[37] (1.13),l39] (1.14)1371 and (1.15)1401 

(Figure 1-7).

— — H — N ^ N ^
PPh2

1.12 1.13

f = \
N. .N-

Me3Si

R

R = C2H5

N— R

R = DIPP

1.14 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-ylidenet41] or 

oxazol-2-ylidene142"441 respectively (Figure 1-8).

10



Chapter One: Introduction

R R ^

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

1.3. Methods for the Preparation of Free ^-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.119, 45, 461 Strong bases such as KOteu or NaH have been used to 

deprotonate the A/-alkyl or A/-aryl substituted azolium salt in THF at room 

temperature.12, 19, 22, 45, 461 Amides 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).[23,25,46-501

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).[29] Using this route, some 

thermally stable alkyl-substituted NHCs have been prepared, but it is by 

necessity limited to thermally stable NHCs.[20]

Finally, the free NHCs may also be formed via the thermal elimination of 

small stable molecules such as methanol131,511 from imidazolidines,[13,52-551 or 

5-methoxy-triazol.1311 This method, however, is limited to thermally stable
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NHCs, but has allowed the isolation of the first triazole-based NHCs (which is 

stable up to 150 °C )[31] (Scheme 1-3c).

R-

/ R

N
X R

base

T H F , r.t

r ;

Rv

R
N

N
\ R

(a)

R l / R
N

>
R ' / ^ N

\ R

Na/K 

T H F , reflux

Rl / '
N

(b)

\ R

" V r /
A  > vacuum ^

UMe

Ph

Ph

L (C)
- MeOH

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.1551 Fischer first introduced carbenes into

12
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organometallic chemistry when he isolated the first carbene complex in 

1964.1561 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.1571

Fischer carbenes have one stabilising heteroatom containing moiety (OR or 

NR2) attached to the carbene carbon. The metal-carbene bond in Fischer- 

type carbene complexes results from the cr-donation of the carbene electron 

ion pair to the metal and rc-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,157, 581 

which accepts backbonding from a low-valent metal (most commonly, middle 

to late d-block metal).12,3i 591 

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 7E-electron 

density of the carbene and coordinate with high oxidation state metals 

generally to the left of the d-block.157-601

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

13
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negligible 7i-back-donation[2, 3] (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.[61,621

Some experimental studies have confirmed the essentially pure nature of 

the NHC ligand as a a-donor to metal complexes.1631 Other experimental 

research amongst the CO stretching frequency studies on mixed NHC- 

Carbonyl complexes have also revealed that NHCs are better o-donors than 

trialkylphosphine.12, 641 651 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.[3, 

66-681 Due to these particular binding properties, NHCs have been found to 

form a large range of metal complexes, as the strong C-M a-bond is sufficient 

to form stable carbene metal complexes.131

Carbenes are now known to coordinate with a wide variety of metals, 

ranging from main-group to rare earth metals.[69'731 Furthermore, electron-rich 

transition metals have been used to synthesise a variety of interesting and 

catalytically active carbene complexes.166, 68, 73-791 This is in contrast with the 

Fischer- or Schrock-type carbene where 7t-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 x'

0 c<3D~O?O

c  71 Little or no nt back-donation

r #
R

(9

Rv X.
R

/\  \
. c = M L n / C= M L n [  > ~ M L r

RX RX  ^

R

R = allkyl, aryl, H X = O, N, S, halogens

Schrock - type 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.1461
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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.116,801

1.5.1. In-situ Deprotonation of an Azolium Salt.

A popular and straightforward route for many carbene complexes has been 

the in-situ deprotonation of the azolium salt,175,811821 with three main methods 

commonly being used: basic metal ligands, basic metallate anions and 

external bases.

Basic ligands, such as acetate175,83-861, hydride, alkoxo175,871 or oxide188,89] 

from the metal source can be used as deprotonation agents.146,80,82,88,90-951 

Wanzlick in 1968 made the first reported NHC complexes by using this 

methodology116] (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 method191,96,971 (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. 

Popular bases include potassium,1981 lithium ferf-butoxide,1921 sodium 

hydride1641 and butyl lithium110,991 (Scheme 1-4c).

16
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(a) 2

Ph

i
Ph

CIO,

+ Hg(OAc)2 A
-2 AcOH

Ph Ph

(T ) -  Hg - (  J]

Ph

2 +

2CI04

(b) + [HCr(CO)s] A
-H,

Cr(CO)«

(c)

CIO,

+ Pd(OAc),
KO‘Bu

Nal
Pd

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.’[2, 19, 221 The isolation 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.1641 The strong a-donor nature of 

NHCs greatly facilitates the exchange of other donor ligands at the metal
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center e.g. carbon monoxide,164,92,100,1011 or phosphines148,841102‘1041 (Scheme 

1-5a).

The use of bulky NHC ligands has allowed the sequential displacement of 

phosphines and the isolation of mixed NHC-phosphine complexes.11051 

Among the most popular methods are the cleavage of dimeric complexes 

with bridging ligands, such as halides or carbon monoxide, to form 

monomeric NHC complexes137,75,81 ’841102*1041 (Scheme1-5b).

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

(a) Pd[P(o-tolyl)3]2

C > :N

R r N\ I /  Pd~toluene, r.t 
- P(o-tolyl)3 "

R

C ">:
N

/  \
'r r^N N

P(o-tolyl)3 ----------------  [| ) — Pd---- (
toluene, r.t ——jsj N
- P(o-tolyl)3 \  /

R R '

R = Mes, ‘Bu, 'Pr, Cy

(b)
Cl

Rh THF
r.t

Rh

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°, Rh1, Ir1, Fe°, Cr1) to form the corresponding NHC- 

M+II-H complexes1106"1161 (Scheme 1-6). Contrary to other methods, the 

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

NHC-M complexes.

X = H, halogen, CH3 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° substrates11091 

(Scheme 1-7).
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R +

R

R

I +

R' R'

c
\ /

p

R\
Pd— dba

THF

A
R

R = Me 
R' = Cy

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-CAikyi bonds.1114, 117, 1181 These 

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.1119,1201 The use of Ag (I) NHC complexes, formed 

by in-situ deprotonation of the azolium salt with silver oxide or silver 

carbonate,11191211 has become particularly useful as a transmetallation

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

of accessing Pd complexes189,122‘1281 (Scheme 1-8).

agent.1123,1221
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(CHjCNJjPdClj

Scheme 1-8: Preparation of Pd (n) 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 activation1129 

1301 (Figure 1-10).

/ R / R

I ) ^ M Ln JO)N , . . / ' N
\  LnM \
R R

Normal 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[1171311 (Scheme 1-9).

Ph

c i— Ir

[lrCODCI]2 

R Ag20
. s .

Ph

cr
Ph

[RhCODCI].

Cl— Rh

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 

bond1109' 114' 1181 (Scheme 1-10).

f = \

\  +  Pt(nbe)3 +  |Mes
Acetone

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 2005P6, 1321 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.136,132-1461 it should be noted that 

the N-C-N bond remains planar even as the ring size increases and torsion 

occurs in the backbone.1331 

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°.[33,1471
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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.11461

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.1147,1481 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.[33_36, 441 144, 146_149] This additional 

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

metal and thus its potential catalytic properties.[146]
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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.1150-1521

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.121 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 a/., 

these species with strong a-donor electronic properties have emerged as a 

new family of ligands for the development of catalysis.1451 In recent years, 

NHC-Metal complexes appear to be extraordinarily stable towards air and 

moisture due to the strong metal-carbon bond[153] 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,11541 hydrosilylation,11551 hydrogen-transfer,11561 olefin 

metathesis11571 and oxidation reaction.11491 Another area of importance where 

carbenes have found considerable success is in C-C coupling reactions 

including the Suzuki,1158-1611 Stille,[159 1621 Kumada,1159’ 1631 Negishi1159,1641 and 

Heck reactions1165-1671 (Scheme 1-11).

R

Heck

SonogashiraStille

R'MgBr

R R'ZnBr
Kumada

Suzuki

R'Negishi

R

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

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).[168]

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-lr 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.11691 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.11701 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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MesN NMes

N

PF,

,PCy.

N

PF,

1.16 1.17

PF

PCy.

1.18

f = \

N

1.19

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 et a\. in 1995.[171] They 

discovered that chiral Ru(II) 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.[172] Significantly, transfer hydrogenation of carbonyl 

compounds in 'PrOH is the most widely used reaction to test the catalytic 

properties due to its simplicity.11561

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 alkyl ligand.1173,174]

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(n) 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.133, 341 361 149, 175'177] The large ring 

NHCs are very basic and show unique structural characteristics, for example 

the NCN angle in the expanded ring is very large, causing the A/-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 

A/-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 sp2 angle (120°) which consequently forces the 

A/-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 lr(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-[1̂  and 7-membered[1,7-101 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.[8,10-151

RHN NHR + HC(OEt)3 -------- 1----
- EtOH

H

n = 0 , 1,2

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 ).[1,10]

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 ).m

BF. BF.

N
Ad-2

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.[7,10,161 

This salt was synthesised using the classic methodology of adding a formyl 

unit to the corresponding diamine.171 This method led to a low yield (10-20%). 

Two equivalents of triethylorthoformate were reacted with the corresponding 

cyclohexyldiamine (Scheme 2-2).[10,161
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PF,6

CyHN NHCy
+  HC(OEt)3 +  NH4PF6

Reflux

DME

CyN NCy

2.3

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 A/-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).[17] All reactions for the preparation of these di-substituted NHC 

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

A
PF,

NH

(H2C),
\

NH
+ HC(OEt)3 + NH4PF(

E = O, S

n = 0 . 1.2

2.4

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 

dibromohydrocarbyl unit (Scheme 2-4).[5]

Br Br

THF
\ ^ N M e s  +  BuLi

Br

Mes NF /^NMes

2.5

Br

MeslSL ^NM es

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.14,181

The new method, reported by Bertrand,[5] 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 NMes +  I M e s N ^ ^ N H M e s  +

Li©

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-

MeCN
MesN. ^NM esReflux

Yield

2.7 (n = 0, X = Br) 76%

2.8 (n = 1, X = Br) 82%

2.9 (n = 2, X = I) 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.[111 The main factor determining the basicity of the carbene is a 

greater NCN angle.1191 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,[3, 4’ 20-301 which are often poorly 

reproducible when applied to the synthesis of expanded carbenes.18,10,12,131 

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.131'351 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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(a) R — NH2 +  HC(OEt)3 --------^  ► R— N ^ O E t
-EtOH

Yield

4 2.10 (R = Py)I36] 60%

2.11 (R = o-MeOPh) 61%

2.12 (R = o-MeSPh) 64%

H

A  '(b) R—  n . -R ' ---------------- -- r / N^ N
- EtOH R ^R’

Yield

2.13 (R = Py, R' = Mes) 93%

2.14 (R = Py, R' = DIPP) 90%

2.15 (R = Py, R' = o-MeOPh) 91%

2.16 (R = o-MeOPh, R' = Mes) 92%

2.17 (R = o-MeOPh, R' = DIPP) 91%

2.18 (R = o-MeSPh, R' = Mes) 86%

2.19 (R = o-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.

H

H

H

.N.
R

H

R R'

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,137'391 but after employing some modification in order 

to improve productivity (Scheme 2-9).

♦  /  A  V
2 ( R N H 2) +  H C ( O E t ) 3  H 7  ^

-  E tO H  “  “

Yield

2.20 (R = Py) 85%

2.21 (R = o-MeOPh) 86%

Scheme 2-9: Reaction for symmetrical amidines.

51



Chapter Two
Synthesis of New Salt Precursors to Novel Expanded-Ring iV-Functionalised 
Heterocyclic Carbenes__________________________________________

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)[5] 

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.

52



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

K_CO, / MeCN

Reflux

Yield

2.22.HBr (n = 1, R = Py, R' = Mes) 80%

2.23.HBr (n = 1, R = o-MeOPh, R' = Mes) 82%

2.24.HBr (n = 1, R = o-MeOPh, R' = DIPP) 87%

2.25.HBr (n = 1, R = R' = o-MeOPh) 93%

2.26.HBr (n = 1, R = o-MeSPh, R' = Mes) 76%

2.27.HBr (n = 1, R = o-MeSPh, R' = DIPP) 72%

2.28.HI (n = 2, R = Py, R' = Mes) 76%

2.29.HI (n = 2, R = o-MeOPh, R' = Mes) 86%

2.30.HI (n = 2, R = o- MeOPh, R' = DIPP) 84%

2.31.HI (n = 2, R = R' = o-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 1H,
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13C 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.
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NaBF

MeCN / Water

2.22. HBr (n = 1, R = Py, R' = Mes) 2.22. HBF4

2.23. HBr (n = 1, R = o-MeOPh, R' = Mes) 2.23. HBF4

2.24. HBr (n = 1, R = o-MeOPh, R' = DIPP 2.24. HBF4

2.25. HBr (n = 1, R = R' = o-MeOPh) 2.25. HBF4

2.26. HBr (n = 1, R = o-MeSPh, R' = Mes) 2.26. HBF4

2.27. HBr (n = 1, R = o-MeSPh, R' = DIPP) 2.27. HBF4

2.28. HI (n = 2, R = Py, R' = Mes) 2.28. HBF4

2.29. HI (n = 2, R = o-MeOPh, R' = Mes) 2.29. HBF4

2.30. HI (n = 2, R = o-MeOPh, R' = DIPP) 2.30. HBF4

2.31. HI (n = 2, R = R' = o-MeOPh) 2.31. HBF4

Scheme 2-11: Counter-anion exchange.

It was possible to obtain the tetrafluoroborate salts in a one 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 XCH2 protons and appearance of the 

NCH2 protons in the 1H 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 1H NMR 

and the reaction was complete with disappearance of the XCH2 protons and 

appearance of NCH2 protons (Figures 2-1 and 2-2).

The exchange of the counter-anion resulted in small shifts in the 1H NMR 

and 13C NMR. In the 1H NMR spectra of the BF4 salt (C D C I3 solvent), the N- 

C n h c H -N  proton was observed to move up-field while this type of change was 

only observed to a small extent in 13C NMR (Table 2-1).
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BF

(o-MeO)Ph N NDIPP

(2H, m, NCH2CH 2)

(1H, s, NCHN)

I ■ 1 ■ ' | ' ■ - ■  ■ | 1 '  ■ ' | i | ■ i ■■■ , | ■ i ■ ■ | ■ ■ ■ ■ | ■ ■ - <•

8.0 8.0 70  00 50 40 30 20 1.0

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

BF

(o-MeO)Ph N NDIPP

(1H, s, NCHN)

(4H, m, NCH2 CH2 )

i ■ 1 1 1 1 - ■ 1 ■ 1 ■ ■ ■ ■ 1 ■ ■ ■ ■ 1 ■ ■ ■ 1 1 ■ ■ ■ ■ 1 ■ ■ 1 1 1 1 ■ 1 1 1
0.0 8X1 70 50 SO 40  3.0 2.0 1.0

Figure 2-2: 1H NMR (CDCI3) for the 7-membered salt (2.30).
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Table 2-1: 1H NMR and 13C NMR data in CDCI3 for N-CnhcH-N.

Halide salt *H
NMR

i3C
NMR BF4 salt 1h

NMR
13C

NMR

n
P y N ^ N M e s

Br

2.22. HBr 9.20 150.1 2 .22 .BF4 9.01 150.3

i ^(o-MeO)Ph N < ^ ,N M e s

Br

2.23. HBr 7.63 154.8 2.23.BF4 7.53 155.1

j
(o-MeO)Ph N < ^ N D IP P

Br

2.24. HBr 7.56 154.3 2 .24 .BF4 7.54 158.7

1^1
(o -M eO )PhN <^N(o-M eO )Ph

Br

2.25. HBr 7.71 154.7 2.25.BF4 7.62 154.6

r  "1 Br 

1 (o -M e S )P h N < ^ N M e s 2.26. HBr 7.55 154.3 2 .26 .BF4 7.44 154.1

(o-MeS)Ph N ^ ,N D IP P

Br

2.27. HBr 7.56 154.3 2.27.BF4 7.54 158.7

' O  '
P y N ^ N M e s

1

2.28.HI 8.53 157.5 2 .28 .BF4 8.44 157.7

I" O '
(o-MeO)Ph N ^ ^ N M e s

" 1

2.29.HI 7.25 159.0 2.29.BF4 7.22 159.2

T
(o-MeO)Ph N c ^ .N D IP P

J

2.30.HI 7.25 158.0 2.30.BF4 7.23 158.7

(o-MeO)Ph N ^ ^ ,N fo -M eO )P h

1

2.31.HI 7.37 159.0 2.31.BF4 7.32 159.2
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In the 1H NMR of the BF4 salt, in CDCI3 solvent, the N-CNchH-N shifted up

held with increasing ring size, indicating reduced acidity for this hydrogen and 

increased basicity of the conjugate base of the free carbene.15, 10, 16, 17] A 

similar trend was not evident in the 13C 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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C3

,,
r

C2
C12

C11
N2 N1

01

2.22 2 .2 3

2 .2 4 2 .2 5

C3

C2C12 C11
N2

C5

C3

,C2
C4

N2
C11 C5

C12

2 .2 6  2 .2 7

F ig u r e  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 1 .3 0 7 (4 ) 1 .3 1 0 (4 ) 1 .3 4 7 (6 ) 1 .3 1 7 (2 ) 1 .3 0 7 (3 ) 1 .3 1 0 (4 )

C1-N2 1 .3 3 8 (4 ) 1 .3 2 3 (4 ) 1 .3 1 6 (6 ) 1 .3 1 0 (2 ) 1 .3 2 0 (3 ) 1 .3 2 5 (4 )

C2-N1 1 .4 8 2 (4 ) 1 .4 8 5 (4 ) 1 .4 7 2 (6 ) 1 .4 7 9 (2 ) 1 .4 8 0 (3 ) 1 .4 8 0 (4 )

C2-C3 1 .5 2 1 (6 ) 1 .5 1 4 (5 ) 1 .5 2 9 (7 ) 1 .5 1 5 (3 ) 1 .5 1 2 (3 ) 1 .5 1 2 (4 )

C3-C4 1 .5 1 3 (5 ) 1 .5 1 0 (5 ) 1 .5 5 7 (7 ) 1 .5 2 0 (3 ) 1 .5 1 0 (3 ) 1 .5 1 2 (5 )

C4-N2 1 .4 8 5 (4 ) 1 .4 7 7 (4 ) 1 .4 7 7 (6 ) 1 .4 7 6 (2 ) 1 .4 7 5 (3 ) 1 .4 8 5 (4 )

C5-N1 1 .4 5 5 (4 ) 1 .4 5 3 (4 ) 1 .4 4 2 (6 ) 1 .4 2 7 (2 ) 1 .3 0 7 (3 ) 1 /4 4 6 (4 )

C11-N2 1 .4 3 9 (4 ) 1 .4 2 5 (4 ) 1 .4 5 7 (7 ) 1 .4 3 8 (2 ) 1 .4 4 1 (3 ) 1 .4 3 4 (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 1 2 4 .9 (3 ) 1 2 4 .7 (3 ) 1 2 3 .1 (4 ) 1 2 4 .7 (1 8 ) 1 2 3 .8 (1 8 ) 1 2 3 .5 (3 )

C1-N1-C2 1 2 1 .3 (3 ) 1 2 0 .6 (3 ) 1 2 2 .9 (4 ) 1 1 9 .8 (1 6 ) 1 2 1 .4 (1 7 ) 1 2 2 .2 (3 )

C1-N1-C5 1 1 7 .9 (3 ) 1 2 0 .1 (3 ) 1 2 0 .3 (4 ) 1 1 9 .7 (1 6 ) 1 2 0 .6 (1 6 ) 1 2 0 .4 (3 )

C2-N1-C5 1 2 0 .1 (3 ) 1 1 9 .1 (3 ) 1 1 6 .7 (4 ) 1 2 0 .3 (1 5 ) 1 1 8 .0 (1 5 ) 1 1 7 .2 (2 )

C1-N2-C4 1 2 0 .3 (3 ) 1 1 9 .7 (7 ) 1 2 1 .0 (4 ) 1 2 2 .2 (1 6 ) 1 2 1 .1 (1 7 ) 1 2 0 .0 (3 )

C1-N2-C11 1 1 8 .5 (3 ) 1 1 9 .9 (3 ) 1 2 0 .1 (4 ) 1 1 8 .1 (1 6 ) 1 2 1 .1 (1 7 ) 1 2 0 .4 (3 )

C4-N2-C11 1 2 1 .0 (3 ) 1 2 0 .4 (3 ) 1 1 8 .6 (4 ) 1 1 9 .6 (1 6 ) 1 1 7 .8 (1 7 ) 1 1 9 .5 (4 )

N1-C2-C3 1 0 8 .7 (3 ) 1 0 8 .8 (3 ) 1 0 9 .4 (4 ) 1 0 8 .9 (1 7 ) 1 0 9 .3 (1 6 ) 1 1 0 .4 (3 )

N2-C4-C3 1 0 9 .8 (3 ) 1 0 9 .1 (3 ) 1 0 8 .6 (4 ) 1 0 8 .8 (1 7 ) 1 0 9 .6 (1 9 ) 1 0 9 .3 (3 )

C2-C3-C4 1 1 1 .7 (3 ) 1 0 9 .1 (3 ) 1 1 0 .0 (4 ) 1 1 0 .9 (1 8 ) 1 1 0 .2 (1 9 ) 1 1 0 .1 (3 )
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2 .3 1

F ig u r e  2 -4 : ORTEP ellipsoid plot at 30% probability of the 7-membered salts. 

Hydrogen atoms and counter-anions are omitted for clarity.

62



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

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.15,10,16,171 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).[40-431

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.110,161

The torsional angle (p) 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 (P) and a tetrahedral deviation of the ring carbon atoms (Tables 2-6 

and 2-7).
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Table 2-6: The torsion angle (p) (°) in the 6-membered salts.

Salt 2.22 2.23 2.24 2.25 2.26 2.27

C2N1....N2C4 (p) (°) 1.67 0.45 5.27 3.88 0.17 5.92

Table 2-7: The torsion angle (P) (°) in the 7-membered salts.

Salt 2.28 2.29 2.30 2.31

C2N1....N2C5 (p) (°) 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 (°)

nu
bf4

2.22 1.91

n  ~c c OMe

bf4

2.23 53.80

n
^ W N ^ N D 'P P

^  OMe

bf4

2.24 114.30

nN N(o-MeO) Ph 

OMe

BF

2.25 75.71

^ ^ N ^ N M e s

SMe

bf4

2.26 86.20

nCCSMe

bf4

2.27 105.95
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Table 2-9: The dihedral angles (°) between the (C5-N2-C12-C13) in the 7- 

membered salts.

Salt Dihedral angle (°)

^ I.NMesa
BF<

2.28 14.14

r - }  ~

.NMesaOMe

bf4

2.29 54.44

C) '
.NDIPPaOMe

bf4

2.30 51.82

J^^N(o-MeO)Pha OMe

bf4

2.31 103.33

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).

H

.N

n - r +  i(ch2)„i
k2c o 3

MeCN

30%

R 2.32

R
2.33

70%

a, R = DIPP

b, R = o-MeOPh

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

The most notable changes in the 1H 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 CDCI3 for compounds 2.32a and 2.33a.

1H NMR

NCHN o-pyridine proton n c h 2 NCH2CH2

(s, 1H) (t, 2H) (m, 2H)

2.32a 8.59 8.25 4.93 , 4.44 2.51 , 2.42

2.33a 7.69 9.68 4.98 , 4.14 2.34 , 2.01

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.

C4

C5C3

C2
N3

N2
C6C1

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 fomnamidine (Figure 2-6), as 

indicated from 1H 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.

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. 1H and 13C {1H} NMR spectra were obtained on 

Bruker Avance AMX 400, 500 or Jeol Eclipse 300 spectrometers. The 

chemical shifts are given as dimensionless 6 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 K2CO3 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 NaBF4 

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).

(to-MeO)PhN OEt °"Anisidine (24.6g, 0.20 mol), triethylorthoformate

(50ml, 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% (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%.

1H NMR (CDCI3, 400 MHz, 298 K): 6 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-Chf), 4.27 (2H, q,
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OCH2CH3), 3.72 (3H, s, OCH3) 1.29 (3H, t, OCH2CH3). 13C NMR (CDCI3) 100 

MHz, 298 K): 5 156.2 (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, 

OCH2CH3), 55.9 (s, OCH3), 14.7 (s, OCH2CH3).

Ethyl (2-methylthiophenyl) formimidate (2.12).

(o-MeS)PhNK OEt 2-(methy|mercaPt0)aniline (27 8 9. °-20 mo1).

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 vacuum distillation at (60-80 °C) using 

a pump (10 mmHg). Upon further heating, the final product, a pale yellow 

liquid, distilled at (120-150 °C). The yield was 21 g, 64%.

1H NMR (CDCI3, 400 MHz, 298 K): 5 7.53 (1H, s, NCH), 7.00 (1H, d, o-CH), 

6.95 (1H, t, m-CH), 6.92 (1H, t, p-CH), 6.64 (2H, d, m-CH), 4.27 (2H, q, 

OCH2CH3), 2.28 (3H, s, SCH3), 1.31 (3H, t, OCH2CH3). 13C NMR (CDCI3, 

100 MHz, 298 K): 6 155.4 (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, OCH2CH3), 14.9 (s, SCH3), 14.7 (s, OCH2CH3).
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N-(2-pyridyl) -N - (2, 4, 6-trimethylphenyl) formamidine (2.13).

I_l A 50 ml acid-free flask was charged with
I

P y N ^ ^ N M e s  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%).

1H NMR (CDCI3) 400 MHz, 298 K): 5 8.94 (1H, s, NH), 8.43 (1H, s, NCHN),

8.15 (1H, d, m-CHpy), 7.52 (1H, t, p-CHpy), 7.31 (1H, d, o-CHpy), 6.88 (1H, t, 

m-CHpy) , 6.83 (2H, s, m-CHMes), 2.26 (3H, s, p-CH3 Mes), 2.12 (6H, s, o-CH3 

Me*). 13C NMR (CDCI3, 100 MHz, 298 K): 5 154.4 (s, NCN), 150.4 (s, Ar-Cpy),

148.1 (s, Ar-CHpy), 138.0 (s, Ar-CMes), 129.3 (s, Ar-CMes), 128.8 (s, Ar-CMes),

121.9 (s, Ar-CHMes), 117.4 (s, Ar-CHpy), 111.5(s, Ar-CHpy), 20.8 (s, p-CH3),

18.6 (s, o-CH3).

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

^ A 50 ml acid-free flask was charged with
I

P y N ^ N D IP 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%).

1H NMR (CDCI3, 400 MHz, 298 K): 6 10.07 (1H, s, NH), 8.41 (1H, s, NCHN),

8.13 (1H, d, o-CHpy), 7.35 (1H, t, p-CHPy), 7.15 (1H, t , P -C H Dipp), 7.11 (1H, 

d, m-CHpy), 6.86 (1H, t, m-CHpy) ), 6.58 (2H, d, m-CHD\PP), 3.16 (2H, sept.,
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CH(CH3) 2 d ip p ), 1.24 (6 H, d, CH(CH3 ) 2 d ip p ), 1.21 (6 H, d, CH(CH3) 2 DIPP). 13C 

NMR (CDCI3, 100 MHz, 298 K): 6 153.7 (s, NCN), 148.9 (s, Ar-Cp,), 140.7 (s, 

Ar-CHpy), 139.1 (s, Ar-CD|PP), 124.2 (s, Ar-CDiPP), 123.5 (s, Ar-CHD|PP), 122.3 

(s, Ar-CHpy), 118.6 (s, Ar-CHD|PP), 111.1(s, Ar-CHpy), 109.2(s, Ar-CHpy), 28.9 

(s, CH(CH3)2), 24.2 (s, CH(CH3)2), 23.9 (s, CH(CH3)2).

N-(2-pyridyl)-N'-(2-anisidyl) formamidine (2.15).

I_j A 50 ml acid-free flask was charged with
I

py N ^ N (o -M e O )P h  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%).

1H NMR (CDCI3i 400 MHz, 298 K): 5 9.02 (1H, s, NH), 8.43 (1H, d, o-CHpy)

8.26 (1H, d, o-CH^MeOPh), 7.61 (1H, s, NCHN), 7.52 (1H, t, p-CHpy), 7.17 (1H, 

t, m-CH^MeOPh), 7.14 (1H, d, m-CHpy), 6.93 (1H, t, m-CHpy), 6.91 (1H, t, p- 

C A W > Ph), 6.83 (1H, d, m -CH^opu), 3.77 (3H, s, OCH3<vMeOPh). 13C NMR 

(CDCI3, 100 MHz, 298 K): 6 149.7 (s, NCN), 148.7 (s, Ar-C?,), 147.2 (s, Ar- 

Co-MeOPh). 146.5 (s, Ar-CHpy), 138.4 (s, Ar-Co-MeOPh), 129.5 (s, Ar-CHo-MeOPh), 

124.2(s, Ar-CHo-MeOPh), 122.5 (s, Ar-CHPy), 121.5 (s, A r-O W oph), 118.9 (s, 

Ar-CHpy), 116.9 (s, Ar-CHo-MeOPh), 114.6 (s, Ar-CHo-MeOPh), 56.0 (s, OCH3).
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N-(2-anisidyl)-N'-(2, 4, 6-trimethylphenyl) formamidine (2.16).

A 50 ml acid-free flask was charged with
I

(o -M e O )P h N ^ /N M e s  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%).

1H NMR (CDCI3i 400 MHz, 298 K): 6 7.71 (1H, d, o-CH^Meoph), 7.62 (1H, s, 

NCHN), 7.37 (1H, s, NH), 6.95 (1H, t, m-CH^MeOPh), 6.86 (1H, t, p-CH^ 

MeOPh), 6.75 (1H, d, m-CHo_MeOPh), 6.52 (2H, s, m-CHMes), 3.19 (3H, s, OCH3o_ 

MeoPh). 2.12 (3H, s, p-CH3 Mes), 2.04 (6H, s, 0-CH3 Mes). 13C NMR (CDCI3, 100 

MHz, 298 K): 5 148.4 (s, NCN), 142.8 (s, Ar-C^optO, 130.0 (s, Ar-CMes),

129.3 (s, Ar-CMes), 129.1 (s, Ar-CMes), 128.5 (s, Ar-Co-MeOPh), 123.1 (s, Ar- 

CHo-MeOPh), 122.4 (s, Ar-CHMes), 121.4 (s, Ar-CHo-MeOPh), 114.5 (s, Ar-CHo. 

MeOPh), 111.2 (s, Ar-CHo-MeOPh), 56.1 (s, OCH3), 21.1 (s, p-CH3), 19.1 (s, o- 

CH3).

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

I_l A 50 ml acid-free flask was charged with

(to-MeO)PhN^/NDIPP 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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1H NMR (CDCI3 , 400 MHz, 298 K): 5 7.84 (1H, d, o-CH^MeOPh), 7.77 (1H, s, 

NCHN), 7.44 (1H, s, NH), 7.29 (1H, t, m-CH0.MeOPu), 7.10 (1H, t , P -C H dipp), 

6.94 (2H, d, A77-CHdiPP), 6.87 (1H, t, p-CHo_MeOPh), 6.75 (1H, d, m-CHo-MeOPh), 

3.86 (3H, s, OCH3<>MeOPh), 3.14 (2 H, sept., CH(CH3) 2 dipp), 1.25 (1 2 H, d, 

CH(CH3) 2 dipp). 13C NMR (CDCI3, 100 MHz, 298 K): 5  148.2 (s, NCN), 147.2 

(s, Ar-Co-MeOPh), 143.2 (s, Ar-Coipp), 140.6 (s, Ar-Coipp), 139.2 (s, Ar-Co_ 

MeOPh), 124.2 (s, Ar-CHo-MeOPh), 123.8 (s, Ar-CHoipp), 123.3 (s, Ar-CHoipp),

121.6 (s, Ar-CHo-MeOPh), 114.7 (s, Ar-CHo-MeOPh), 111.2 (s, Ar-CHo-MeOPh), 56.1 

(s, OCH3), 28.2 (s, CH(CH3)2), 24.1 (s, CH(CH3)2), 23.9 (s, CH(CH3)2).

N-(2-methylthiophenyl)-N'-(2, 4, 6-trimethylphenyl) formamidine (2.18).

I_l A 50 ml acid-free flask was charged with ethyl(2-
I

(o-MeS)PhN^Y^NMes 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%).

1H NMR (CDCI3, 400 MHz, 298 K): 5 7.82 (1H, s, NH), 7.68 (1H, d, o-CHo. 

MeSPh), 7.58 (1H, s, NCHN), 7.25 (1H, t, m-CH^eSPh), 7.07 (1H, t, p-CH^ 

MeSPh), 6.92 (1H, d, m-CH^MeSPh), 6.83 (2H, s, m-CHMes), 2.33 (3H, s, SCH3 ^ 

MeSPh)i 2.18 (3H, s, p-CH z  Mes), 2.04 (6H, s, 0 -CH3 Mes). 13C NMR (CDCI3 , 100 

MHz, 298 K): 6 149.6 (s, NCN), 133.8 (s, Ar-C^Mesph), 131.0 (s, Ar-CMes),

128.9 (s, Ar-CMes), 128.2 (s, Ar-CMes), 127.7 (s, Ar-Co-MeSPh), 125.3 (s, Ar- 

CHo-MeSPh), 123.1 (s, Ar-CHMes), 119.3 (s, Ar-CHo-MeSPh), 116.6(s, Ar-CHo.
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MeSPh), 114.6 (s, Ar-CHo-Mesph), 18.6 (s, p-CH3), 17.3 (s, o-CH3), 14.2 (s, 

SCH3).

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

A 50 ml acid-free flask was charged with
I

(to-MeS)Ph N^v^NDIPP ethyl(2-methylthiophenyl)formimidate (5.85 g,

H 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%).

1H NMR (CDCI3, 400 MHz, 298 K): 6 8.10 (1H, s, NH), 7.93 (1H, d, o-CH^ 

Mesph), 7.71 (1H, s, NCHN),7.16 (1H, t, m-CH^sPh), 7.12 (1H, t, P-CHd.pp),

7.05 (2H, d, /77-CHdipp), 6.92 (1H, t, p-CHo-MeSPh), 6.83 (1H, d, m-CHo-MeSPh), 

3.13(2H, sept., CH(CH3)2 d ip p ), 2.34 (3H, s, SCH3 M̂eSPh), 1.12 (12H, d, 

CH(CH3)2 Dipp). 13C NMR (CDCI3, 100 MHz, 298 K): 5 155.5 (s, NCN), 142.6 

(s, Ar-Co-MeSPh), 133.8 (s, Ar-Coipp), 132.8 (s, A r-Coipp), 129.4 (s, Ar-Co-MeSPh),

125.5 (s, Ar-CHo-Mesph), 124.7 (s, Ar-CHDiPP), 123.9 (s, Ar-CHD|PP), 119.6 (s, 

A r-O W sP h), 118.9 (s, Ar-CH^MeSPh), 114.2 (s, Ar-CHo-MeSPh, 28.4 (s, 

CH(CH3) 2 d ip p ) 24.1 (s, CH(CH3)2), 18.5 (s, CH(CH3)2), 14.9 (s, SCH3)).
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N-N'-di(2-pyridyl) formamidine (2.20).

I_l 2-Aminopyridine (9.40 g, 0.10 mol), triethylorthoformate
I

P y N ^ ^ N P y  (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%.

1H NMR (CDCh, 400 MHz, 298 K): 6 9.50 (1H, s, NH), 8.52 (2H, d, o-CH)

8.32 (1H, s, NCHN), 7.61 (2H, t, p-CH), 7.23 (2H, d, m-CH), 6.95 (1H, t, m- 

CH). 13C NMR (CDCh, 100 MHz, 298 K): 6 150.6 (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).

I_l o-Anisidine (12.32 g, 0.10 mol),
I

('o-MeO)PhN^^N('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 11 g, 86%.

1H NMR (CDCh, 400 MHz, 298 K): 6 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, OCH3). 13C NMR (CDCh, 100 MHz, 298 K): 5 150.4 (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, OCH3).

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

pyrimidinium bromide (2.22).

The reaction was performed on a 10 mmol scale
Br

of formamidine (2.39 g), 0.7 g of K2C 03 (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 5 days to yield 2.90 g (80%) of yellow, crystalline 

material.

1H NMR (CDCI3i 400 MHz, 298 K): 5 9.20 (1H, s, NCHN), 8.297 (1H, d, 3JHh 

= 6.3, o-CHpy), 7.92 (1H, t, 3JHH = 6.4, p-CHp,), 7.56 (1H, d, 3JHh = 6.3, m- 

CHpy), 7.26 (1H, t, 3JHh = 6.4, m-CHpy), 6.95 (2H, s, m-CHMes), 4.41 (2H, t, 

3Jhh = 5.2, NCH2), 4.05 (2H, t, 3JHH = 5 .2 , NCH2), 2.55 (2H, m, NCH2CH2),

2.29 (6H, s, 0-CH3 Mes) 1 2.27 (3H, s, p-CH3Mes). 13C NMR (CDCI3, 100 MHz, 

298 K): 6 150.1 (s, NCN), 149.6 (s, Ar-Cpy), 149.3 (s, Ar-CHpy), 140.3 (s, Ar- 

Cwes), 136.1 (s, Ar-CMes), 133.3 (s, Ar-Cwes), 129.4 (s, Ar-CHMes), 122.3 (s, 

Ar-CHpy), 111.8 (s, Ar-CHpy), 47.2 (s, NCH2), 42.6 (s, NCH2), 20.7 (s, 

NCH2CH2), 19.1 (s, p-CH3), 17.5 (s, 0-CH3). Anal. Found (Calcd) for: 

Ci8H22N3Br C, 58.83 (58.88); H, 5.98 (5.99); N, 11.39 (11.45). HRMS (ES): 

m/z 280.1813 ([M-Brf Ci8H22N3 requires 280.1814).
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1-(2-pyridyl)-3-(2, 4, 6-trimethylphenyl)-3, 4, 5, 6-tetrahydro-3H-[1, 3] 

pyrimidinium tetrafluo rob orate.

P yN ^ .NMes

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

in 30 ml acetonitrile was mixed with a solution of 

sodium tetrafluoroborate 0.99 g (9.0 mmol) in 30 

ml distilled water. Pale yellow crystals were formed (1.90 g, 86%).

1H NMR (CDCI3 , 400 MHz, 298 K): 5 9.01 (1H, s, NCHN), 8.25 (1H, d, 3JHh =

6.3, o-CHpy), 7.87 (1H, t, 3JHh = 6.7, p-CHPy), 7.48 (1H, d, 3JHh = 6.3, m- 

CHpy), 7.24 (1H, t, 3JHh = 6.7, m-CHpy), 6.93 (2H, s, m - C H u e s ) ,  4.24 (2H, t, 

3Jhh = 5.5, NCH2), 3.82 (2H, t, 3JHH = 5.5, NCH2), 2.55 (2H, m, NCH2CH2),

2.29 (6H, s, o-CH3 Mes) 1 2.27 (3H, s, p-CH3 Mes). 13C NMR (CDCI3 , 100 MHz, 

298 K): 5 150.3 (s, NCN), 149.4 (s, Ar-Cp,), 147.1 (s, Ar-CHpy), 139.4 (s, Ar- 

CMes), 136.1 (s, Ar-CMes), 133.3 (s, Ar-CMes), 129.2 (s, Ar-CHMes), 122.3 (s, 

Ar-CHpy), 111.8 (s, Ar-CHpy), 46.2 (s, NCH2), 41.6 (s, NCH2), 19.9 (s, 

NCH2 CH2), 18.1 (s, p-CH3), 16.6 (s, 0 -CH 3).

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 

of K2C 03 (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.

(o-MeO)PhN^ .NMes
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1H NMR (CDCI3i 400 MHz, 298 K): 5 7.77 (1H, d, 3JHh = 6.7, o-CH^ieOPh),

7.63 (1H, s, NCHN), 7.34 (1H, t, 3JHH = 6 .8 , m-CH^ieOPh), 7.02 (1H, t, 3JHH =

6 .8 , P-CH^eOPh). 6.94 (1H, d, 3Jhh = 6.7, m-CHo-MeOPh), 6.89 (2H, s, m- 

CHMes), 4.26 (2H, t, 3Jhh = 5.7, NCH2), 3.97 (2H, t,3JHH = 5.7, NCH2 ), 3.82 

(3H, s, OCH3 o-MeOPh), 2.56 (2H, m, NCH2CH2), 2.33 (6 H, s, 0-CH3 Mes), 2.24 

(3H, s, p-CH3 Mes)- 13C NMR (CDCI3) 100 MHz, 298 K): 6 154.8 (s, NCN),

153.0 (s, Ar-Co-MeOPh), 140.7 (s, Ar-CMes), 137.0 (s, Ar-CMes), 135.0 (s, Ar- 

CMes)! 131.4 (s, Ar-Co-MeOPh)i 130.4 (s, Ar-CHo-MeOPh)i 129.7 (s, Ar-CHMes)i

127.8 (s, Ar-CHoMeOPh), 122.2 (s, Ar-CHo-MeOPh), 112.5 (s, Ar-CHo-MeOPh), 56.6 

(s, 0 CH3 ĉ MeOPh), 48.1 (s, NCH2), 47.1 (s, NCH2), 21.4 (s, NCH2CH2), 20.1 

(s, P-CH3 Mes), 18.4 (s, 0-CH3 Mes). Anal. Found (Calcd) for C20H25N2OBr: C,

62.15 (61.71); H, 6.55 (6.43); N, 7.59 (7.20). HRMS (ES): m/z 309.1954 ([M- 

Br]+ C2qH25N20  requires 309.1967).

(o-MeO)PhN^ .NMes

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

pyrimidinium tetrafluoroborate.

BF4 A solution of pyrimidinium salt 2.32 g 

(6.0 mmol) in 30 ml acetonitrile was 

mixed with a solution of sodium 

tetrafluoroborate 0.99 g (9.0 mmol) in 30 ml distilled water. White crystals 

were formed (2.10 g, 88%).

1H NMR (CDCI3 , 400 MHz, 298 K): 5 7.59 (1H, d, 3JHh = 6.7, o-CH^eOPh),

7.53 (1H, S, NCHN), 7.32 (1H, t, 3Jhh = 6.8, m-CH^weoPh), 7.00 (1H, t, 3JHh =

6.8, P-CHojueoph), 6.94 (1H, d, 3Jhh = 6.7, /n-CHo-Meoph), 6.88 (2H, s, m-
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CtfMes), 3.96 (2H, t, 3Jhh = 5.7, NCH2), 3.83 (3H, s, OCH3 M̂eOPh), 3.76 (2H, 

t,3JHH = 5.7, NCH2 ), 2.47 (2H, m, NCH2CH2), 2.27 (6H, s, o-CH3 ***), 2.20 

(3H, S, p - C H z  Mes)-

13C NMR (CDCIs, 100 MHz, 298 K): 5 155.1 (s, NCN), 153.2 (s, Ar-Co.MeOPh),

140.7 (s, Ar-CMes), 137.1 (s, Ar-CMes), 135.1 (s, Ar-CMes), 131.5 (s, Ar-C^ 

MeOPh), 130.4 (s, Ar-CHo-MeOPh), 129.8 (s, Ar-CHMes), 127.6 (s, Ar-CHo-MeOPh),

122.3 (s, Ar-CHĉ MeoPh), 112.5 (s, Ar-CHo_MeOPh), 56.5 (s, OCH3 o-MeOPh), 47.5 

(s, NCH2), 46.7 (s, NCH2), 21.4 (s, NCH2 CH2), 19.8 (s, p-CH3 Mes), 17.8 (s, o-

CH3 Mes)-

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

pyrimidinium bromide (2.24).

The reaction was performed on a 10
Br

mmol scale of formamidine (3.10 g), 0.7 g 

of K2CC>3 (5mmol) and 2.03 ml 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.

1H NMR (CDCI3, 400 MHz, 298 K): 6 7.88 (1H, d, 3JHh = 6.7, o-CH^MeOPh), 

7.56 (1H, s, NCHN), 7.37 (1H, t, 3JHh = 6 .8 , m-CH^eoph), 7.34 (1H, t, 3JHh =

7.8, -CHdipp), 7.20 (2H, d, 3J HH = 7.8, m-CHDIPP), 7.04 (1H, t, 3J Hh = 6 .8 , p- 

CHoMeoPh). 6.94 (1H, d, 3Jhh = 6.7, m-CHo-Meoph), 4.38 (2H, t, 3Jhh = 5.5, 

NCH2), 4.02 (2H, t, 3JHh = 5.5, NCH2), 3.83 (3H, s, OCH3 o.MeoPh), 3.14 (2H, 

sept., 3Jhh = 6 .8 , CH(CH3)2 dipp), 2.59 (2H, m, NCH2CH2), 1.27 (6H, d, 3JHH =

6 .8 , CH(CH3)2 dipp), 1.17 (6H, d, 3JHh = 6 .8 , CH(CH3)2 d ipp ). 13C NMR (CDCI3,

(o-M eO )PhN^ .NDIPP
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100 MHz, 298 K): 6 154.3 (s, NCN), 152.9 (s, Ar-C0.MeOPh), 149.3 (s, Ar- 

C d ip p ), 136.7 (s, Ar-Coipp), 131.6 (s, Ar-Co-MeOPh), 131.5 (s, Ar-CHo_MeOPh),

129.7 (s, Ar-CHDlPp), 128.1 (s, Ar-CHDIPp), 125.5 (s, Ar-CH^MeOPh), 122.4(s, 

Ar-CHo-MeOPh), 112.5 (s, Ar-CH^eOPh), 56.6 (s, OCH3), 48.9 (s, NCH2), 48.4 

(s, NCH2), 28.9 (s, CH(CH3)2), 25.1 (s, NCH2CH2), 24.8 (s, CH(CH3)2), 20.0 

(s, CH(CH3)2). Anal. Found (Calcd) for: C23H3iN2OBr C, 63.92 (64.05); H,

7.33 (7.19); N, 6.36 (6.50). HRMS (ES): m/z 351.2437 ([M-Brf C23H3iN20  

requires 351.2436).

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

pyrimidinium tetrafluoroborate.

A solution of pyrimidinium salt 2.58 g
b f4

(6.0 mmol) in 30 ml acetonitrile was 

mixed with a solution of sodium 

tetrafluoroborate 0.99 g (9.0 mmol) in 30 ml distilled water. White crystals 

were formed (2.33 g, 89%).

1H NMR (CDCI3 , 400 MHz, 298 K): 6 7.59 (1H, d, 3JHh = 6.7, 0-CHoMeoPh),

7.54 (1H, s, NCHN), 7.38 (1H, t, 3JHh = 6.8, m-CHo-Meoph), 7.35 (1H, t, 3JHh =

7.8, p - C H d ip p ) , 7.18 (2H, d, 3JHh = 7.8, m-CHD,PP), 7.03 (1H, t, 3JHh = 6.8, p- 

CHo-MeOPh), 6.96 (1H, d, 3JHh = 6.7, m-CH^oph), 4.03 (2H, t, 3JHH = 5.5, 

NCH2), 3.85(3H, s , OCH3 o-MeOPh), 3.81 (2H, t, 3JHH = 5.5, NCH2), 3.03 (2H, 

sept., 3JHh = 6.8, CH(CH3)2 d ip p ), 2.55 (2H, m, NCH2CH2), 1.28 (6H, d, 3JHh =

6.8, CH(CH3)2 dipp), 1.21 (6H, d, 3J Hh = 6.8, CH(CH3)2 dipp). 13C NMR (CDCI3, 

100 MHz, 298 K): 6 158.7 (s, NCN), 153.5 (s, Ar-C^weOPh), 145.4 (s, Ar-

(o-MeO)Ph N ^  ,NDIPP
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Cdipp), 139.5 (s, Ar-Coipp), 132.2 (s, Ar-Co-MeOPh), 131.9 (s, Ar-CHo-MeOPh),

131.2 (s, Ar-CHcpp), 128.1 (s, Ar-CHDiPP), 125.6 (s, Ar-ChWoPh), 122.4(st 

Ar-CHo-MeOPh), 112.7 (s. Ar-CH^eOPh), 56.7 (s, OCH3), 56.2 (s. NCH2), 55.9 

(s, NCH2), 29.0 (s, CH(CH3)2), 25.3 (s, NCH2CH2), 25.0 (s, CH(CH3)2), 24.5 

(s, CH(CH3)2).

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 

(2.56 g), 0.7 g of K2C 03 (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.

1H NMR (CDCh, 400 MHz, 298 K): 5 7.88 (2H, d, 3JHH = 6.7, 0-CHo.MeoPh), 

7.71 (1H, s, NCHN), 7.32 (2H, t, 3Jhh = 6.8, m -CH^oph), 6.97 (2H, t, 3JHH =

6.8, p-CHo-MeoPh), 6.94 (2H, d, 3Jhh = 6.7, m-CHoMeOPh), 4.05 (4H, t, 3Jhh =

5.4, NCH2), 3.85 (6H, s, OCH3 oMeOPh), 2.48 (2H, m, NCH2CH2). 13C NMR 

(CDCh, 100 MHz, 298 K): 6 154.7 (s, NCN), 153.6 (s, Ar-Co-MeOPh), 131.4 (s, 

Ar-Co-MeOPh), 130.1 (s, Ar-CHo-MeOPh), 128.5 (s, Ar-CHo-MeOPh), 122.1 (s, Ar- 

CHoMeoPh), 112.3 (s, Ar-CTWoph), 56.5 (s, OCH3), 47.7 (s, NCH2), 20.0 (s, 

NCH2CH2). Anal. Found (Calcd) for: C18H2iN20 2Br C, 56.08 (56.28); H, 5.46 

(5.47); N, 7.26 (7.29). HRMS (ES): m/z 297.1607 ([M-Brf C18H2iN20 2 

requires 297.1603).

(o-MeO)Ph N^. .N(o-MeO)Ph
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1, 3-di(2-anisidyl)-3, 4, 5, 6-tetrahydro-3H-[1, 3]pyrimidinium 

tetrafluoroborate.

(o-MeO)PhN^ N(o-MeO)Ph

b f4
A solution of pyrimidinium salt

2.26 g (6.0 mmol) in 30 ml 

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%).

1H NMR (CDCI3i 400 MHz, 298 K): 6 7.62 (1H, s, NCHN), 7.58 (2H, d, 3JHH =

6.7, o-CHo_MeOPh)> ?-33 (2H, t, 3Jhh = 6.8, m-CHo-MeOPh), 6.99 (2H, t, 3Jhh =

6.8, P-CHo_MeOPh). 6.94 (2H, d, 3Jhh = 6.7, m-CHo-MeOPh), 3.89 (4H, t, 3Jhh =

5.4, NCH2), 3.88 (6 H, s, OCH3 <̂ eOPh), 2.43 (2H, m, NCH2CH2). 13C NMR 

(CDCI3, 100 MHz, 298 K): 5 154.6 (s, NCN), 153.7 (s, Ar-C^eOPh), 131.2 (s, 

Ar-Co-MeOPh). 130.1 (s, Ar-CHo-MeOPh)> 127.9 (s, Ar-CHoMeOPh), 122.1 (s, Ar- 

CHo-MeOPh), 112.4 (s, Ar-CHo-MeOPh), 56-5 (s, OCH3 o-MeOPh), 47.2 (s, NCH2),

19.8 (s, NCH2 CH2 ).

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

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

The reaction was performed on a 10
Br

mmol scale of formamidine (2.84 g), 0.7 g 

of K2C 0 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 2 weeks to yield 3.10 g (76%) of white, crystalline material.

(o-MeS)PhN^. .NMes

86



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

1H NMR (CDCI3, 400 MHz, 298 K): 5 8.06 (1H, d, 3JHH = 6.7, o-CH^esPh),

7.55 (1H, s, NCHN), 7.41 (1H, t, 3JHh = 6 .2 , m -C H ^ p * ) ,  7.21 (1H, t, 3JHH =

6 .2 , P-C/-/o_MeSPh), 7.18 (1H, d, 3Jhh = 6.7, m-CHo-MeSPh), 6.88 (2H, s, m- 

CHMes), 4.29 (2H, t, 3Jhh = 5.2, NCH2), 4.05 (2 H, t,3JHH = 5.2, NCH2 ), 2.61 

(2H, m, NCH2CH2), 2.49 (3H, s, SCH3 ^MeSPh), 2.37 (6H, s, o-CH3Mes), 

2.23(3H, s, p-CH3Mes). 13C NMR (CDCI3, 100 MHz, 298 K): 6 154.3 (s, NCN),

140.3 (s, Ar-Co-MeSPh), 137.7 (s, Ar-CMes). 136.7 (s, Ar-CMes). 135.6 (s, Ar- 

CMes), 134.7 (s, Ar-Co-MeSPh). 131.1 (s, Ar-CHo-MeSPh). 129.9 (s, Ar-CHMes).

128.9 (s, Ar-CHo-MeSPh). 126.5 (s, Ar-CHo_MeSPh), 125.8 (s, Ar-CHo-MeSPh), 47.4 

(s, NCH2), 46.8 (s, NCH2), 20.9 (s, NCH2CH2), 19.7 (s, p-CH3Mes), 18.4 (s, o- 

CH3 Mes) 14.9 (s, SCH3 o-MeSPh)• Anal. Found (Calcd) for: C20H25N2OBr C,

58.09 (58.27); H, 6.07 (6.07); N, 6.99 (6.80). HRMS (ES): m/z 325.1748 ([M- 

Br]+ C2oH25N20  requires 325.1738).

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

3H-[1, 3] pyrimidinium tetrafluoroborate.

A solution of pyrimidinium salt 2.42 g
b f 4

(6.0 mmol) in 30 ml acetonitrile was 

mixed with a solution of sodium 

tetrafluoroborate 0.99 g (9.0 mmol) in 30 

ml distilled water. White crystals were formed (2.15 g, 87%).

1H NMR (CDCI3, 400 MHz. 298 K): 6 7.68 (1H, d, 3JHH = 6.5, o-CH^sPb), 

7.44 (1H, s, NCHN), 7.38 (1H, t, 3JHH = 6.4, m-CHc^sph), 7.21 (1H, t, 3JHH =

6.4, P-CHo-Mesph), 7.18 (1H, d, 3JHh = 6.5, m-CH^sPh), 6.86 (2H, s, m-

(o -M eS )P hN ^.N M es
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CHMes), 3.94 (2 H, t, 3JHh = 5.4, NCH 2), 3.81 (2H, t,3JHH = 5.4, NCH2), 2.52 

(2H, m, NCH2CH2), 2.46 (3H, s, SCH3 ^Mesph) 2.30 (6 H, s, o-CH3 Mes), 2.21 

(3H, s, p-CH3 Mes)- 13C NMR (CDCI3, 100 MHz, 298 K): 6  154.1 (s, NCN),

140.4 (s, Ar-CoMeSPh), 137.8 (s, Ar-CMes), 136.7 (s, Ar-CMes), 135.7 (s, Ar- 

CMes), 134.8 (s, Ar-Co-MeSPh), 131.1 (s, Ar-CHo_MeSPh), 130.1 (s, Ar-CHMes),

128.3 (s, Ar-CHo-MeSPh), 126.7 (s, Ar-CHo-MeSPh), 125.9 (s, Ar-CHo-MeSPh), 46.8 

(s, NCH2), 46.4 (s, NCH2), 20.9 (s, NCH2 CH2), 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).

(o-MeS)PhN^ .NDIPP

The reaction was performed on a 10
Br

mmol scale of formamidine (3.26 g), 0.7 g 

of K2C 0 3 (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.

1H NMR (CDCI3, 400 MHz, 298 K): 8 7.88 (1H, d, 3JHH = 6.7, o -C Z -W s P h ),

7.56 (1H, s, NCHN), 7.37 (1H, t, 3JHH = 6.8, m-CH^sph), 7.34 (1H, t, 3J Hh =

7.8, p-CHDipp), 7.20 (2H, d, 3JHH = 7.8, m-CHDIPP), 7.04 (1H, t, 3J Hh = 6.8, p- 

CHo-Mesph), 6.94 (1H, d, 3Jhh = 6.7, m-CH^sPh), 4.38 (2H, t, 3JHH = 5.5, 

NCH2), 4.02 (2H, t, 3Jhh = 5.5, NCH2), 3.83 (3H, s, SCH3 M̂eSPh), 3.14 (2H, 

sept., 3J Hh = 6.8, CH(CH3)2DIPp), 2.59 (2H, m, NCH2CH2), 1.27 (6H, d, 3J Hh =

6.8, CH(CH3)2 oipp), 1.17 (6H, d, 3JHh = 6.8, CH(CH3)2 dipp). 13C  NMR (CDCI3, 

100 MHz, 298 K): 5 154.3 (s, NCN), 152.9 (s, Ar-C^MeSPh), 149.3 (s, A r-
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C q ipp ), 136.7 (s, Ar-Coipp), 131.6 (s, Ar-Co_MeSPh), 131.5 (s, Ar-CHo_Mesph),

129.7 (s, Ar-CHD,pp)f 128.1 (s, Ar-CHDiPp), 125.5 (s, Ar-OW spn), 122.4 (s, 

Ar-CHo-MeSPh), 112.5 (s, Ar-CHo-MeSPh), 56.6 (s, OCH3), 48.9 (s, NCH2), 48.4 

(s, NCH2), 28.9 (s, CH(CH3)2), 25.1(s, NCH2CH2), 24.8 (s, CH(CH3)2), 20.0 

(s, CH(CH3)2). Anal. Found (Calcd) for: C23H3iN2OBr C, 60.62 (60.81); H, 

6.81 (6.83); N, 6.15 (6.17). HRMS (ES): m/z 367.2216 ([M-Br]+ C23H3iN20  

requires 367.2208).

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

3H-[1, 3] pyrimidinium tetrafluoroborate.

A solution of pyrimidinium salt 2.68 g 

(6.0 mmol) in 30 ml acetonitrile was 

mixed with a solution of sodium 

tetrafluoroborate 0.99 g (9.0 mmol) in 30 ml distilled water. White crystals 

were formed (2.30 g, 84%).

1H NMR (CDCI3, 400 MHz, 298 K): 5 7.59 (1H, d, 3JHH = 6.7, o-CHo.MeSPh),

7.54 (1H, s, NCHN), 7.38 (1H, t, 3JHH = 6.8, m -CH^sPh), 7.35 (1H, t, 3JHh =

7.8, P-CHdipp), 7.18 (2H, d, 3J hh = 7.8, m-CHDIPP), 7.03 (1H, t, 3JHH = 6 .8 , p- 

CHo-MeSPh), 6.96 (1H, d, 3Jhh = 6.7, m-CHc>.MeSPh), 4.03 (2H, t, 3Jhh = 5.5, 

NCH 2), 3.85 (3H, s, SCH3 oweSPh), 3.81 (2H, t, 3JHH = 5.5, NCH2), 3.03 (2H, 

sept., 3J Hh = 6 .8 , C H (C H 3)2Dipp), 2.55 (2 H, m, NCH2CH2), 1.28 (6 H, d, 3J Hh =

6.8, CH(CH3)2 dipp), 1.21 (6H, d, 3JHh = 6.8, CH(CH3)2 DIPP). 13C NMR (CDCI3, 

100 MHz, 298 K): 5 158.7 (s, NCN), 153.5 (s, Ar-C^MeSPh), 145.4 (s, Ar- 

Cdipp), 139.5 (s, Ar-CoiPP), 132.2 (s, Ar-Co-MeSPh), 131.9 (s, Ar-CHo-MeSPh).

(o-MeS)PhN^ ,NDIPP

BF
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131.2 (s, Ar-CHoipp), 128.1 (s, Ar-CHoipp), 125.6 (s, Ar-CHo-MeSPh). 122.4(s, 

Ar-CHo-MeSPh), 112.7 (s, Ar-CH0.MeSPh), 56.7 (s, OCH3), 56.2 (s, NCH2), 55.9 

(s, NCH2), 29.0 (s, CH(CH3)2), 25.3 (s, NCH2CH2), 25.0 (s, CH(CH3)2), 24.5 

(s, CH(CH3)2).

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

diazepinium Iodide (2.28).

of acetonitrile. The solution was heated under reflux 

for 24 hours to yield 3.20 g (76%) of pale yellow, crystalline material.

1H NMR (CDCfe, 400 MHz, 298 K): 6 8.53 (1H, s, NCHN), 8.29 (1H, d, 3JHH =

3Jhh = 5.8, NCH2), 4.41 (2 H, t, 3JHH = 5.8, NCH2), 2.45 (4H, m, NCH2CH2),

2.37 (6 H, s, 0 -CH3 Mes), 2.26 (3H, s, p-CH3 Mes). 13C NMR (CDCI3 , 100 MHz, 

298 K): 6 157.5 (s, NCN), 152.9 (s, Ar-Cpy), 148.7 (s, Ar-CHpy), 140.7 (s, Ar- 

CMes), 140.2 (s, Ar-CMes), 134.1 (s, Ar-Cwes), 130.7 (s, A r -O W ), 123.9 (s, 

Ar-CHpy), 115.7 (s, Ar-CHpy), 55.5 (s, NCH2), 51.7 (s, NCH2), 25.3 (s, 

NCH2 CH2), 24.9 (s, NCH2 CH2), 21.4 (s, p-CH3), 19.1 (s, 0 -CH3). Anal. Found 

(Calcd) for: C i9H24N3I C, 54.02 (54.17); H, 5.70 (5.70); N, 9.87 (9.98). HRMS 

(ES): m/z 294.1958 ([M -lf C19H24N3 requires 294.1970).

The reaction was performed on a 10 mmol scale of

formamidine (2.39 g), 0.70 g of K2C 03 (5 mmol)

PyN NMes and 1.31 ml of 1,4-diiodobutane (10mmol) in 250 ml

6.3, o-CHpy), 7.92 (1H, t, 3JHH = 6.7, p-CHPy), 7.74 (1H, d, 3JHH = 6.3, m- 

CHpy), 7.28 (1H, t, 3JHh = 6.7, m-CHpy), 6.93 (2H, s, m-CHwes), 4.82 (2H, t,
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1-(2-pyridyl)-3-(2, 4, 6-trimethylphenyl)-4, 5, 6, 7-tetrahydro-3H-[1, 3] 

diazepinium tetrafluoroborete.

-  gp4 A solution of diazepinium salt 2.53 g (6.0 mmol)

PyN ^^N M es
in 30 ml acetonitrile was mixed with a solution of 

sodium tetrafluoroborate 0.99 g (9.0 mmol) in 30 

ml distilled water. Yellow crystals were formed (1.90 g, 83%).

1H NMR (CDCI3 , 400 MHz, 298 K): 5 8.44 (1H, s, NCHN), 8.27 (1H, d, 3JHH =

6 .8 , o-CHpy), 7.86 (1H, t, 3Jhh = 6 .2 , p-CHpy), 7.65 (1H, d, 3Jhh = 6 .8 , m- 

CHpy), 7.24 (1H, t, 3Jhh = 6 .2 , m-CHpy), 6.94 (2 H, s, m-CHMes), 4.73 (2H, t, 

3Jhh = 5.4, NCH2), 4.26 (2H, t, 3JHh = 5.4, NCH2), 2.42 (4H, m, NCH2CH2),

2.35 (6H, s, 0 -CH3 Mes)< 2.25 (3H, s, p-CH3 Mes). 13C NMR (CDCI3 , 100 MHz, 

298 K): 6 157.7 (s, NCN), 148.7 (s, Ar-Cpy), 140.8 (s, Ar-CHpy), 140.7 (s, Ar- 

Cwes), 140.2 (s, Ar-Cwes), 134.1 (s, Ar-C„es), 130.7 (s, Ar-CHwes), 123.9 (s, 

Ar-CHpy), 115.5 (s, Ar-CHpy), 55.1 (s, NCH2), 50.8 (s, NCH2), 25.3 (s, 

NCH2 CH2), 24.8 (s, NCH2 CH2), 21.4 (s, p-CH3), 18.6 (s, 0 -CH3).

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

diazepinium Iodide (2.29).

(o-M eO )PhN^^NM es

The reaction was performed on a 10 mmol 

scale of formamidine (2.68 g), 0.70 g of 

K2CO3 (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.

1H NMR (CDCI3) 400 MHz, 298 K): 5 7.76 (1H, d, 3JHH = 6.3, o-CHo.MeOPh),

7.33 (1H, t, 3J Hh = 6.2, m-CH^oPh), 7.25 (1H, s, NCHN), 6.98 (1H, t, 3JHH =

6.2, p-CHo-MeOPh), 6.94 (1H, d, 3Jhh = 6.3, m-CHo-MeOPh), 6.87 (2H, s, m- 

CHMes), 4.52 (2H, t, 3Jhh = 5.8, NCH2), 4.49 (2H, t, 3JHH = 5.8, NCH2), 3.88 

(3H, s, OCH3 o-MeOPh)i 2.44 (4H, m, NCH2CH2), 2.39 (6H, s, o-CH3 Mes), 2.23 

(3H, s, p-CH3 Mes). 13C NMR (CDCI3, 100 MHz, 298 K): 5 159.0 (s, NCN),

153.2 (s, Ar-Co-MeOPh), 140.5 (s, Ar-CMes), 139.7 (s, Ar-CMes), 134.4 (s, Ar- 

Ĉ Mes). 131.9 (s, Ar-Co-MeOPh), 131.6 (s, Ar-CHo-MeOPh), 130.5 (s, Ar-CHMes),

128.0 (s, Ar-CHo-MeOPh). 122.1(s, Ar-CHo. MeOPh), 112.7 (s, Ar-CHo-MeOPh). 56.8 

(s, OCH3), 56.1 (s, NCH2), 55.0 (s, NCH2), 25.6 (s, NCH2CH2), 25.3 (s, 

NCH2CH2) 21.3 (s, p-CH3), 18.9 (s, o-CH3). Anal. Found (Calcd) for 

C2iH27N2OI: C, 55.95 (56.01); H, 6.05 (6.00); N, 6.16 (6.22). HRMS (ES): 

m/z 323.2110 ([M -lf C2iH27N20  requires 323.2123).

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

diazepinium tetrafluoroborete.

(o-MeO)PhN^. .NMes

BF,
A solution of diazepinium salt 2.70 g 

(6.0 mmol) in 30 ml acetonitrile was 

mixed with a solution of sodium

tetrafluoroborate 0.99 g (9.0 mmol) in 

30 ml distilled water. Yellow crystals were formed (2.15 g, 90%).
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1H NMR (CDCI3 , 400 MHz, 298 K): 5 7.63 (1H, d, 3JHH = 6.7, o-CH^ MeOPh),

7.31 (1H, t, 3Jhh = 6.8, m-CHo-MeOPh) 1 7.22 (1H, s, NCHN), 6.97 (1H, t, 3JHH =

6.8, p-CHo-MeOPh), 6.93 (1H, d, 3Jhh = 6.7, m-CHo-MeOPh), 6.85 (2H, s, m- 

CHMes), 4.40 (2H, t, 3Jhh = 5.4, NCH2), 4.38 (2H, t, 3JHh = 5.4, NCH2), 3.88 

(3H, s, OCH3 o-MeOPh), 2.40 (4H, m, NCH2CH2), 2.34 (6H, s, 0 -CH3 Mes), 2.20 

(3H, s, p-CH3 Mes). 13C NMR (CDCI3> 100 MHz, 298 K); 5 159.2 (s, NCN),

153.3 (s, Ar-Co-MeOPh)> 140.5 (s, Ar-C Mes) > 139.7 (s, Ar-CMes)> 134.4 (s, Ar- 

^Mes)i 132.0 (S, Ar-Co-MeOPh)i 131.6 (S, Ar-CHo-MeOPh)i 130.5 (S, Ar-CHMes),

127.9 (s, Ar-CHo-MeOPh), 122.2(s, Ar-CHo-MeOPh), 112.7 (s, Ar-CHo-MeOPh), 56.7 

(s, OCH3), 55.7 (s, NCH2), 54.7 (s, NCH2), 25.6 (s, NCH2 CH2), 25.3 (s, 

NCH2 CH2) 21.3 (s, p-CH3), 18.5 (s, 0 -CH3).

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

diazepinium Iodide (2.30).

(o-MeO)Ph N ^  .NDIPP

The reaction was performed on a 10 mmol 

scale of formamidine (3.10 g), 0.70 g of 

K2C 03 (5mmol) and 1.31 ml of 1,4- 

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.

1H NMR (C D C I3 , 400 MHz, 298 K): 5 7.82 (1H, d, 3JHh = 6.7, o -C H ^ Me0Ph),

7.35 (1H, t, 3JHh = 6.8, m-CH^weoPh), 7.31 (1H, t, 3JHH = 7.8, p-CHDIPp), 7.25 

(1H, s, NCHN), 7.17 (2H, d, 3JHh = 7.8, m-CHDIPP), 7.00 (1H, t, 3Jhh = 6.8, p-

CHo-MeOPh), 6.95 (1H, d, 3Jhh = 6.7, m-CH^MeOPh), 4.53 (2H, t, 3Jhh = 5.5,
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NCH2), 4.46 (2H, t, 3JHh = 5.5, NCH2), 3.87 (3H, s, OCH3(^eOPh), 2.25 (2H, 

sept., 3Jhh = 6.8, C H (C H 3)2dipp), 2.44 (4H, m, NCH2CH2), 1.30 (6H, d, 3JHH =

6.8, CH(CH3)2 DIPp), 1.18 (6H, d, 3JHh = 6.8, CH(CH3)2 D,pP). 13C NMR (CDCI3, 

100 MHz, 298 K): 6 158.0 (s, NCN), 153.4 (s, Ar-C^MeoPh), 145.3 (s, Ar- 

C d ip p ), 139.5 (s, Ar-Coipp), 132.2 (s, Ar-Co-MeOPh), 131.8 (s, Ar-CHo-MeOPh),

131.2 (s, Ar-CHoiPp), 128.3 (s, Ar-CHD,pp), 125.7 (s, Ar-CHo.MeOPh), 122.3(s, 

Ar-CHo-MeOPh), 112.7 (s, Ar-OW oPh), 56.8 (s, OCH3), 56.5 (s, NCH2), 56.4 

(s, NCH2), 29.1 (s, CH(CH3)2), 25.7 (s, NCH2CH2), 25.3 (s, NCH2CH2) 25.2 

(s, CH(CH3)2), 24.5 (s, CH(CH3)2). Anal. Found (Calcd) for: C24H33N2OI C,

58.53 (58.55); H, 7.19 (6.71); N, 5.55 (5.69). HRMS (ES): m/z 365.2586 ([M- 

l]+ C24H33N20  requires 309.1967).

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

diazepinium tetrafluoroborete.

A solution of diazepinium salt 2.95 g 

(6mmol) in 30 ml acetonitrile was 

mixed with a solution of sodium 

tetrafluoroborate 0.99 g (9mmol) in 30 ml distilled water. Yellow crystals were 

formed (2.34 g, 86%).

1H NMR (CDCI3, 400 MHz, 298 K): 6 7.63 (1H, d, 3JHh = 6.7, o-CH^MeOPh),

7.34 (1H, t, 3Jhh = 6.8, m-CHa^eoph), 7.30 (1H, t, 3JHh = 7.8, p-CHDIPP), 7.23 

(1H, s, NCHN), 7.17 (2H, d, 3JHH = 7.8, m-CHD,PP), 6.97 (1H, t, 3JHh = 6.8, p- 

CHo-Meoph), 6.94 (1H, d, 3Jhh = 6.7, m-CHo-MeOPh), 4.33 (2H, t, 3Jhh = 5.5, 

NCH2), 4.23 (2H, t, 3JHh = 5.5, NCH2), 3.87 (3H, s, OCH3 o-MeOPh), 3.18 (2H,

o
(o-MeO)Ph N ^^-N D IP P
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sept., 3Jhh = 6.8, CH(CH3)2 d ip p ), 2.42 (4H, m, NCH2CH2), 1.30 (6H, d, 3JHH =

6.8, CH(CH3)2 d ip p ), 1.19 (6H, d ,3JHH = 6 .8 , CH(CH3)2 DIPP). 13C NMR (CDCI3, 

100 MHz, 298 K): 6 158.7 (s, NCN), 153.5 (s, Ar-Co^o^), 145.4 (s, Ar- 

Cdipp), 139.6 (s, Ar-Coipp), 132.2 (s, Ar-Co-MeOPh). 131.9 (s, Ar-CHo_MeOPh),

131.2 (s, Ar-CHD,pp), 128.1 (s, Ar-CHD,pp), 125.7 (s, Ar-CH0.MeoPh), 122.4(s, 

Ar-CHo-MeOPh), 112.7 (s, Ar-CHo_MeOPh), 56.7 (s, OCH3), 56.2 (s, NCH2), 55.9 

(s, NCH2), 29.0 (s, CH(CH3)2), 25.6 (s, NCH2CH2), 25.3 (s, NCH2CH2) 25.1 

(s, CH(CH3)2), 24.5 (s, CH(CH3)2).

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

(o-MeO)Ph .Nfo-MeOJPh

The reaction was performed on a 10
I

mmol scale of formamidine (2.56 g), 

0.70 g of K2C 03 (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.

1H NMR (CDCI3, 400 MHz, 298 K): 6 7.92 (2H, d, 3JHH = 6.3, o -C A W o P h ),

7.37 (1H, s, NCHN), 7.31 (2H, t, 3JHH = 6 .8 , m-CH^eOPh), 6.96 (2H, t, 3J Hh =

6 .8 , p-CHo-MeOPh), 6.93 (2H, d, 3Jhh = 6.3, m-CHo-MeOPh), 4.41 (4H, t, 3Jhh =

5.8, NCH2), 3.88 (6H, s, OCH3 cvMeOPh), 2.43 (4H, m, NCH2CH2). 13C NMR 

(CDCI3, 100 MHz, 298 K): 5 159.0 (s, NCN), 153.6 (s, Ar-Co.MeOPh), 132.4 (s, 

Ar-Co-MeOPh), 131.5 (s, Ar-CHo-MeOPh), 128.5 (s, Ar-CHo-MeOPh), 122.0(s, Ar- 

CĤ MeOPh), 112.5 (s, Ar-CHo-MeOPh), 56.7 (s, OCH3), 55.5 (s, NCH2), 25.4 (s, 

NCH2CH2). Anal. Found (Calcd) for: C i9H23N20 2l C, 51.80 (52.07); H, 5.25

95



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

(5.25); N, 6.30 (6.39). HRMS (ES): m/z 311.1745 ([M -lf C19H23N2O2 requires 

311.1760).

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

tetrafluoroborete.

tetrafluoroborate 0.99 g (9.0 mmol) in 30 ml distilled water. White crystals 

were formed (2.20 g, 92%).

1H NMR (CDCI3 , 400 MHz, 298 K): 5 7.62 (2H, d, 3J Hh = 6.3, o-CHo-MeOPh),

6 .8 , p-CHo-Meoph), 6.95 (2 H, d , 3J hh  -  6.3, m-CHo-MeOPh), 4.27 (4H, t, 3J hh -

5.8, NCH2), 3.88 (6 H, s, OCH3 ^MeOPh), 2.37 (4H, m, NCH2CH2). 13C NMR 

(CDCI3 , 100 MHz, 298 K): 5 159.2 (s, NCN), 153.6 (s, Ar-C^MeOPh), 132.3 (s, 

Ar-Co-MeOPh), 131.5 (s, Ar-CHo-MeOPh), 128.1 (s, Ar-CHo-MeOPh), 121.9(s, Ar- 

CĤ MeQPh), 1 1 2 . 6  (s, Ar-CHo-MeOPh), 56.6 (s, OCH3), 54.9 (s, NCH2), 25.2 (s, 

NCH2 CH2).

A solution of diazepinium salt

2.63 g (6.0 mmol) in 30 ml

(o-MeO)Ph N^^Nfo-M eOJPh acetonitrile was mixed with a

solution of sodium

7.32 (1H, s, NCHN), 7.31 (2H, t, 3JHh = 6 .8 , m-CH******), 6.97 (2H, t, 3JHh =
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Preparation of compound 2.33a.

The reaction was performed on a 10 mmol 

scale of formamidine (2.81 g), 0.70 g of 

K2C 0 3 (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%).

1H NMR (CDCI3 , 400 MHz, 298 K): 5 9.68 (1H, d, o-CHpy), 8.41 (1H, t, p- 

CHpy), 7.90 (1H, t , P - C H Dipp ), 7.69 (1H, s, NCHN), 7.48 (1H, d, m-CHpy),

7.08 (1H, t, m-CHpy)), 7.04 (2H, d, m-CHD|PP), 4.98 (2H, t, 3JHh = 5.8, NCH2),

4.14 (2H, t, 3JHh = 5.8, NCH2), 2.92 (2H, sept., CH(CH3) 2 d ip p ), 2.34 (2H, m, 

NCH2CH2), 2.34 (2H, m, NCH2CH2), 1.16 (12H, d, CH(CH3 ) 2 dipp) . 13C  NMR 

(CDCI3, 100 MHz, 298 K): 5 151.5 (s, NCN), 146.7 (s, Ar-CPy), 146.1 (s, Ar- 

CHpy), 145.8 (s, Ar-CDipp), 143.4 (s, Ar-Coipp), 137.5 (s, Ar-CHoipp), 123.9 (s, 

Ar-CHpy), 123.4 (s, Ar-CHDiPP), 122.7 (s, Ar-CHpy), 122.1 (s, Ar-CHPy), 59.3 

(s, NCH2), 46.4 (s, NCH2), 27.1 (s, CH(CH3)2), 24.6 (s, NCH2 CH2), 23.1 (s, 

NCH2 CH2) 22.7 (s, CH(CH3)2), 22.5 (s, CH(CH3)2).

nC ^ N D IP P
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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 a/.,[1] metal complexes of NHCs were reported by Ofele 3.1123 

and Wanzlick 3.2,[3] 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).[4]

Me
N

N
> — Cr(CO),

\
Me

3.1

Me

Ph Ph
/  \

N N
y  Hg-

N N
\  /  

Ph Ph

3.2

P h -N

Pd L/  \  Ph
EtaP 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 lr(I) complexes of 

simple monodentate NHC ligands, there was a natural progression to expand 

the catalytic application of Rh- and Ir-NHC complex systems through some 

modification of the NHC ligands.[5_101 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)[11] 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 lr(I) complexes of 

functionalised NHC ligands are limited. They have been reported with 

pyridyls (3.5, 3.6 ,3.7, 3.8),181 amines (3.9, 3.10),^ esters, ethers and amides 

(3.11, 3.12, 3.13)16' (Figure 3-2).
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f = \
DIPP

3.5 , M = Ir 

3.6, M = Rh

/ = \
N

NRh

Barf

DIPP
 M

3.7, M = Ir

3.8, M = Rh

3.9

BF
r= \

Rh

3.10

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

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

ligands.

Crabtree et al. has reported the effect of linker length and counterions on 

the formation of the chelated lr(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.1121
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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 CNHc-N-Csubs 

angle as main features, which increase the steric hindrance around the metal 

core.[13*181

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 KOlBu in the presence of a metal precursor 

as shown in Scheme 3-1 .£19,20]

Ad-2 2-Ad
Pd

BF

+  1/2 [PdCI(allyl)].

Ad-2 2-Ad

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 (p) between the (Cnng-N.-.N-Cnng) 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 (3) 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 Ir.16, 9t 10, 20, 211 Wang and Lin[22] 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(I) 

carbene complexes.1231 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 Ag20 in the presence of 

NaBr.[24, 251 Our attempts to prepare Ag(I) complexes of expanded, 

functionalised NHC carbenes by using a variety of methods leads to 

hydrolysis of the carbene (Scheme 3-2).

O

n = 1, 2

R = Py, o-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.[24,251

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

Rh(I) and lr(I) complexes of expanded ring NHCs were synthesised. There 

is an extensive literature on complexes of imidazolylidenes with these 

metals.116’26-291 [Rh(NHC)(COD)CI] and [lr(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.130,311

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 lr(I) complexes were best 

synthesised by an in situ reaction of the corresponding NHC-BF4 salt in THF 

with KN(SiMe3)2, followed by the addition of 0.5 equiv. of [M(COD)CI]2, 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.

1/2 [M(COD)CI]:KN(SiMe3).

M = Rh M = Ir

n = 1, R = o-MeOPh, R' = Mes, 3.15 / n = 1, R = o-MeOPh, R' = Mes, 3.21 

R = o-MeOPh, R' = DIPP, 3.16 / R = o-MeOPh, R' = DIPP, 3.22

R = R '= o-MeOPh, 3.17

n = 2, R = o-MeOPh, R' = Mes, 3.18 / n = 2, R = o-MeOPh, R' = Mes, 3.23 

R = o-MeOPh, R' = DIPP, 3.19 / R = o-MeOPh, R' = DIPP, 3.24

R = R' = o-MeOPh, 3.20

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

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

Complexes.

The characteristic NMR chemical shifts for Rh(I) and lr(I) COD complexes 

are shown in Table 3-1. The most characteristic chemical shift in the 1H NMR 

spectrum is that for the o-CHo-Meoph on the ring of the A/-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-o-MeOPh-Mes)(COD)CI] and to

8.05 ppm in the lr(I) complex 3.23 [lr(7-o-MeOPh-Mes)(COD)CI]. This 

change in the 1H NMR is attributed to close proximity to the electron rich 

metal centres.

In 13C 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 (1JRhc = 46.3) and a singlet at 

215.8 ppm for complex 3.18 [Rh(7-o-MeOPh-Mes)(COD)CI] and complex 

3.23 [lr(7-o-MeOPh-Mes)(COD)CI], respectively.
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Table 3-1: Characteristic NMR for the carbene salt and their Rh(I) and lr(I) 

complexes in CDCI3 solution.

O-CHo-MeOPh

(5h) ppm

OCH3 

(6h) ppm

C ncn 

(5C) ppm

6-o-MeOPh-Mes 2.23 7.59 3.83 155.1

Rh(6-o-MeOPh-Mes)(COD)CI] 3.15 8.39 3.80 210.0

lr(6-o-MeOPh-Mes)(COD)CI] 3.21 8.09 3.79 205.5

6-o-MeOPh-DIPP 2.24 7.59 3.85 158.7

Rh(6-o-MeOPh-DIPP)(COD)CI] 3.16 8.36 3.80 211.5

lr(6-o-MeOPh-DIPP)(COD)CI] 3.22 8.04 3.76 207.5

6-o-MeOPh 2.25 7.62 3.88 154.6

Rh(6-o-MeOPh)(COD)CI] 3.17 8.45 3.81 208.6

7-o-MeOPh-Mes 2.29 7.63 3.88 159.6

Rh(7-o-MeOPh-Mes)(COD)CI] 3.18 8.35 3.81 224.0

lr(7-o-MeOPh-Mes)(COD)CI] 3.23 8.05 3.79 215.8

7-o-MeOPh-DIPP 2.30 7.63 3.87 158.7

Rh(7-o-MeOPh-DIPP)(COD)CI] 3.19 8.41 3.84 224.0

lr(6-o-MeOPh-DIPP)(COD)CI] 3.24 8.08 3.78 218.1

7-o-MeOPh 2.31 7.62 3.88 159.2

Rh(7-o-MeOPh)(COD)CI] 3.20 8.43 3.85 215.6

The values of the carbene carbon chemical shift for 7-membered NHC 

Rh(I) and lr(I) complexes are substantially downfield from the ones reported 

for 5-membered carbene complexes.[18, 30, 321 Table 3-2 shows carbene
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carbon values for closely related 5-, 6- and 7-membered carbene Rh(I) 

complexes.[25,331

Table 3-2: 13C NMR chemical shift values for NCN for previously reported 

Rh(I) carbene complexes.

r = \Ns
Mes |j Mes

Cl—
Mes T Mes

Cl—

n
Mes { Mes

Cl—R h ^ >

r")
Mes | Mes

Cl—

3.25 3.26 3.27 2.28

Cncn (5c) 

ppm
184.8 211.6 211.5 224.0

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

Complexes.

Crystals suitable for X-ray diffraction for all Rh(I) and lr(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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C3

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
o-MeOPh | Mes 

O - ^

3.15

o-MeOPh 'Y' ' Mes

3.18

n
o-MeOPh | Mes

Cl— j r - ^ >

3.21

D
o-MeOPh y  'Mes 

Cl—

3.23

N1-C1-N2 (°) 117.1(2) 117.6(2) 117.3(5) 117.1(4)

CMeOPh-N-C1 (°) 118.4(2) 119.2(2) 119.3(5) 120.1(4)

Cwes-N-CI (°) 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)

Cnng“N•..N-Cnng (P)(°) 6.83 34.19 8.05 33.05

M-C 1 (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 (A) 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
/ n̂ n- o-MeOPh | DIPP
Cl— R h y \

3.16

o-MeOPh y  DIPP 
C , - ^

3.19

n
o-MeOPh [ DIPP

a —

3.22

,N . .N 
o-MeOPh DIPP 

Cl—

3.24

N1-C1-N2 (°) 116.8(2) 117.8(3) 117.3(3) 119.0(5)

CMeOPh-N-C1 (°) 118.9(2) 118.7(3) 119.4(3) 118.6(5)

C d,pp-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)

Cting-N.-.N-Cring ((3)(°) 5.96 73.05 6.56 29.19

M-C 1 (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)

N 1 -C 1 (A) 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-o-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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;£3C4.

C2
N2

N1
C1

£5

Rh

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-C1 (A) 2.030(4)

CMeoPh-N1-C1 (°) 120.2(3) Rh-CI (A) 2.419(1)

CMeoPh-N2-C1 (°) 119.6(3) N 1 -C 1 (A) 1.333(5)

C1-Rh-CI (°) 90.85(1) N2 -C 1 (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-o-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-CNHc 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).[24,251 A very similar situation is observed for 

the new Rh(I) and lr(I) A/-functionalised expanded NHC complexes, in which 

the N -C n h c-N  angle increases from 116.8(2)° in complex 3.16 [Rh(6-o- 

MeOPh-DIPP)(COD)CI] to 117.8(3)° in complex 3.19 [Rh(7-o-MeOPh- 

DIPP)(COD)CI] (Table 3-4). Also, the CMes-N-CNHc angle decreases from 

120.4(2)° in 3.16 [Rh(6^o-MeOPh-DIPP)(COD)CI] to 118.2(3)° in 3.19 [Rh(7- 

o-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.

/ N Ns
Mes Mes

ci—

n
Mes | Mes

Cl— R h ^ \

<7
Mes | Mes

Cl—

3.26 3.27 3.28

N-Cnhc-N (°) 106.8(3) 117.5(4) 118.0

Cmcs-N-Cnhc (°) 127.4/126.0 120.6/119.9 119.0/117.2

Cring-N...N-Cnng(P) (°) 7.4 4.9 29.5

N-Cnhc (A) 1.354/1.354 1.365/1.466 1.360/1.352

Rh-CNHC (A) 2.068(3) 2.075(10) 2.085
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From Tables 3-3, 3-4 and 3-5, the main structural feature of the complexes 

is their distorted square planer geometry with CI-M-CNhc 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 Cnng-N.-.N-Cnng (P), which is shown in Tables 3-3, 3-4 and 3-5. 

For example, the torsion angle (p) increases from 6.83° in complex 3.15 

[Rh(6-o-MeOPh-Mes)(COD)CI] to 34.19° in complex 3.18 [Rh(7-o-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 Cnng-CNHc- 

Csub plane is shown in Table 3-7.

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

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

3.15 3.16 3.17 3.18 3.19

N1 -[Cnng-CNHC-Cring] (A) 

N2-[Cring“CNHC"Cring]

0.087

0.074

0.065

0.045

0.023

0.010

0.022

0.079

0.022

0.079

3.21 3.22 3.23 3.24

N1-[Cring-C|MHC~Cring] (A) 

N2-[Cring“CNHC-Cring] (A)

0.084

0.062

0.071

0.059

0.007

0.041

0.024

0.083
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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 lr(I) complexes.

3.15 3.16 3.17 3.18 3.19

CNHc-[N-Rh-N] (A) 0.109 0.106 0.001 0.059 0.115

3.21 3.22 3.23 3.24

CNHC-[N-lr-N] (A) 0.092 0.100 0.042 0.101

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

adopts an almost perpendicular arrangement with respect to the coordination 

plane. The tilt angle (0 ), defined by the coordination and N 1 -C nhc-N 2  plane, 

is shown in Table 3-9 for rhodium and iridium complexes, respectively.
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Table 3-9: The tilt angle (0) (°), defined by the coordination and N 1 -C nhc-N 2  

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

3.15 3.16 3.17 3.18 3.19

(9) (°) 8 3 .3 4 8 0 .7 3 8 5 .2 7 8 2 .3 8 8 3 .4 5

3.21 3.22 3.23 3.24

(0 ) 0 8 4 .0 9 8 0 .8 4 8 2 .7 4 8 2 .9 7

3.2.3. Rh(I) Biscarbonyl Complex C/s-[Rh(7-o-MeOPh- 

Mes)(CO)2l ] .

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, c/s-[Rh(L)(CO)2X], are 
✓

well documented as being a good measure of the donor ability of ligands.[34] 

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-o-MeOPh-Mes)(CO)2l], 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(SiMe3)2 for four hours (Scheme 3-4).

o-MeOPh Mes
C0X ,°=

Rh
/  \  

CO (

KN(SiMe3)3/2

THF
/N

o-MeOPh Mes
I— Rh-COI

CO

3.29

Scheme 3-4: Synthesis of Rh carbonyl complex, c/s-[Rh(7-o-MeOPh- 

Mes)(CO)2l], 3.29.

The 1H NMR spectrum shows a noteworthy downfield shift of o-CHo-MeOPh 

proton when compared to the COD complex 3.18 (from 8.35 ppm in [Rh(7-o- 

MeOPh-Mes)(COD)CI] 3.18 to 7.62 ppm in c/s-[Rh(7-o-MeOPh-Mes)(CO)2l] 

3.29), attributed to the stronger donor ability of the carbonyl ligand in 

comparison with COD. The 13C NMR signal for Rh-CNcN appears at 214.2 

ppm (1 JRhc = 40.8) as a doublet due to the Rh coupling . The c/s-geometry for 

complex 3.29 is supported by the appearance of two 13C NMR signals for the 

CO carbons and through IR spectroscopy. The carbonyl-stretching 

frequencies of complex 3.29, c/s-[Rh(7-o-MeOPh-Mes)(CO)2l], are listed and 

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

L X F(CO)(cm'1) Kav(CO)(cm'1) Ref.

o
o M e O P h  M es

1 2059 , 1967 2013
This

work

M es  M es

Cl 2081 , 1996 2039 [24, 25]

C ')
C y-N- ^ c y

Cl 2071 , 1990 2031 [24, 25]

r - i
N N  

iP r /  •• XiPr
Cl 2063 , 1982 2023 [26-28]

n
/ N ^ / Ns 

Mes M es

Cl 2062 , 1979 2019 [26-28]

/  \

Mes Mes
Cl 2081, 1996 2039 [18]

/ — \
N N

Mes Mes
Cl 2076, 2006 2041 [18]
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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-o-MeOPh- 

Mes) is higher than the symmetrical saturated and unsaturated 5-, 6- and 7- 

membered NHC ligands (Fav(CO) = 2019 -  2041 cm'1) (Table 3-10).1341

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

C2C5

C15
C6

01
Rh1

.C13

I I 02
C14

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-I 93.6(3)

N2-C1 1.340(8) C14-Rh-C1 86.8(3)

N2-C5 1.493(9) C1-Rh-I 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-0 bond trans 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 

c/s-[M(NHC)(CO)2CI] (M = Rh, lr).[24'25’351

A longer RIi -C nhc bond is observed upon substitution of the COD by two 

carbonyl ligands, from 2.051(2) to 2.096(7) A, respectively. The tilt 0 angle, 

defined by the coordination and N 1 -C nhc-N 2  plane, shows a small deviation 

from a right angle at 86.78°.

3.2.4. The Reaction of 6-Py-Mes Salt with [MfCODJCIJ (M = Rh 

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

The reaction of the pyridyl-functionalised salt (6-Py-Mes), with KN(SiMe2)3 

and [M(COD)CI]2, (M = Rh or Ir), leads to the formation of unexpected M(III) / 

M(I) bis carbene complex 3.30, [Rh(6-Py-Mes)2CI2][Rh(COD)CI2], and 

complex 3.31, [lr(6-Py-Mes)2CI2][lr(COD)CI2], (Scheme 3-5). From the 

Scheme it is clear that M(I) in the compound [M(COD)CI]2 lost two electrons 

to become M(ni) in the unexpected complex [M(6-Py-Mes)2CI2]+ (M = Rh or 

Ir), while at the same time, the chloride in the compound [M(COD)CI]2 used 

the two electrons to form the anionic Rh(I) compound [MCI2(COD)]\
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BF
[M(COD)CI2]

2 Mes +  2 [M(COD)CI]:
KN(SiMe3)2

THF

3.30, M = Rh

3.31, M = Ir

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

The Rh(m) and lr(m) complexes have been characterised by 1H NMR, 13C 

NMR, mass spectroscopy and elemental analysis. The 13C 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(IH)- or Ir(EQ)- NHC complexes.136, 37] The 1H 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-CH3)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 1H NMR signals for o-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: 1H NMR and 13C NMR data for carbene salts and their Rh(m) 

and lr(in) complexes.

1H NMR

(5 H) ppm

13C NMR 

(5 C) ppm

C ncnO-CHpy O-CH3 Mes P-OH3 Mes

Salt

(6-Py-Mes)
8.25 2.29 2.27 150.3

Rh(III)-NHC 

Complex 3.30

8.80 2.31-2.22 2 . 0 1 188.8

lr(III)-NHC 

Complex 3.31

8 . 8 8 2.36-2.28 2.05 184.3

Crystals suitable for X-ray crystallography were obtained for the Rh(m)- 

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(III) 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 (A) Angles (°)

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

C27-Rh1 1.950(1) N6-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)

CI1-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) CI1-Rh-CI2 91.92(9)

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

C9-N2 1.380(1) C9-Rh1-CI1 86.3(3)

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

C27-N5 1.401(1) N1-Rh1-CI1 82.6(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(m)-CNHc distances are shorter than the distances between
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Rh(III) 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(III)-(6-Py- 

Mes)2Cl2]+.
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3.2.5. Reaction of 6-MeSPh-Mes and 6-MeSPh-DIPP Salts with 

[Rh(COD)CI]2 Unexpected Ar-SMe Cleavage and Synthesis of 

a Novel Rh(III)NHC Complex.

The reaction of a A/-functionalised (o-MeSPh) NHC salt with KN(SiMe3)2 and 

[Rh(COD)CI]2 in THF leads to formation of a novel dimeric Rh(EH) 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.

K N (S iM e 3).
+  [R h (C O D )C I]

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).

\  /) NH2 +  HC(OEt)3

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(IH) 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 1H NMR, 13C NMR 

and mass spectroscopy. The 13C 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 RIv Cnhc bond. The 

signals are within the range of RIv Cnhc observed for other Rh complexes. 

The 1H NMR signals of m-C/-/Arare 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: 1H NMR and 13C NMR data for carbene salt and their Rh(I)

complexes.

1H NMR (6 H) ppm 13C NMR (5 C) ppm

m-CH/Kr SC h 3 C ncn

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

N1CI1
CI2N3 Rh1S2 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

135



Chapter Three
Synthesis of Complexes with Expanded NHCs as Functionalised Ligands

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 (A) Angles (°)

C10-RM 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-CI1 88.2(2)

CI1-Rh1 2.362(2) C1-Rh1-S1 96.2(2)

C10-N1 1.334(8) CI1-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)

CI2-Rh2 2.370(2) C23-Rh2-S2 95.3(2)

C32-N3 1.358(9) CI2-Rh2-S1 171.1(7)

C32-N4 1.339(9) S1-Rh2-S2 82.2(4)
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The Rh-CNHc bond lengths (1.996(7), 2.011(7) A )  are normal for RIv C nhc  

(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 Cph(sp2)-Rh bond lengths. The CNHc-Rh-Cph bite-angles (C10-Rh1-C1) 

and (C32-Rh2-C23) are 80.4(3)° and 81.0(3)°. The tilt 0 angle, defined by the 

coordination and the N 1 - C Nhc - N 2  plane, are 79.38° and 86.85°.

3.3. Experimental.

General Remarks.

All manipulations were performed using standard Schlenk techniques 

under an argon atmosphere, except where otherwise noted. Solvents were 

freshly distilled from sodium/benzophenone (THF, hexane) or from calcium 

hydride (CH2CI2). Deuterated solvents for NMR measurements were distilled 

from the appropriate drying agents under N2 immediately prior to use, 

following standard literature methods. Air-sensitive compounds were stored 

and weighed in a glovebox. 1H and 13C {1H} NMR spectra were obtained on 

Bruker Avance AMX 400, 500 or Jeol Eclipse 300 spectrometers. The 

chemical shifts are given as dimensionless 5 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-o-M eO Ph-M es)(CO D)C I] (3.15).

^  ^  KN(SiMe3)2 (82 mg, 0.41 mmol) and (6-o-

(o-MeO)PhN NMes MeOPh-Mes)BF4 salt (162 mg, 0.41 mmol) were

for 30 minutes and subsequently filtered in to another Schlenk-tube 

containing a 10 ml THF solution of [Rh(COD)CI]2 (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 1 0  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 g).

1H NMR (CDCI3i 500 MHz, 298 K): 5 8.39 (1H, d, o-CHo.MeoPh), 7.29 (1H, t, 

m-CHo t̂eOPh), 7.07 (1H, t, p-CAWoph), 6.97 (1H, s, m-CHMes), 6.91 (1H, d, 

m-CAWoph), 6.82 (1H, s, m-CH Mes), 4.29 (1H, m, C H c o d ), 4.23 (1H, m, 

C A /c o d ). 3.80 (3H, s, OCH3), 3.55 (2H, t, NCH2), 3.24 (2H, t, NCH2), 2.93

placed in a Schlenk-tube followed by the

addition of THF (15 ml). The solution was stirred

(1H, m, C H c o d ), 2.79 (1H, m, C H c o d ), 2.59 (3H, s, o-CH3), 2.25 (3H, s, o- 

CH3), 2.21 (2H, m, NCH2CH2), 2.05 (3H, s, p-CH3), 1.57 (2H, m, C H co d ),
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1.38 (2H, m, C H c o d ), 1-25 (2H, m, C H COd ), 1.13 (2H, m, CHC0D). 13C NMR 

(CDCI3, 100 MHz, 298 K): 5 210.0 (d, 1JRhC = 46.9, CNHC), 154.2 (s, Ar-Co_ 

MeOPh), 140.8 (s, Ar-CMes), 136.4 (s, Ar-CMes), 136.2 (s, Ar-CMes), 135.1 (s, Ar- 

CMes), 134.5 (s, Ar-Co-Meoph), 133.0 (s, Ar-CHo-MeOPh), 128.9 (s, Ar-CHMes),

127.4 (s, Ar-CHMes), 127.0 (s, Ar-CHo_MeoPh), 119.8 (s, Ar-CHo_MeOPh), 109.4 

(s, Ar-O W oPh), 93.3 (d, C COd ), 66.3 (d, C c o d ), 54.2 (s, OCH3), 47.2 (s, 

NCH2), 46.4 (s, NCH2), 31.5 (s, CH2 c o d ), 30.4 (s, CH2 c o d ), 27.4 (s, CH2 

c o d ), 25.9 (s, CH2 c o d ) , 20.4 (s, NCH2CH2), 19.9 (s, CH3), 18.8 (s, CH3), 16.9 

(s, CH3). Anal. Found (Calcd) for C28H36N2ORhCI: C, 60.58 (60.61); H, 6.69 

(6.49); N, 4.90 (5.05). HRMS (ES): m/z 519.1868 ([M-CI]+ C28H36N2ORh 

requires 519.1883).

[R h(6-o-M eO Ph-D IPP)(C O D )CI] (3.16).

KN(SiMe3)2 (82 mg, 0.41 mmol) and (6-o- 

(o-MeO)PhN NDIPP MeOPh-DIPP)BF4 salt (178 mg, 0.41 mmol)

stirred for 30 minutes and subsequently filtered into another Schlenk-tube 

containing a 10 ml THF solution of [Rh(COD)CI]2 (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 1 0  ml) and dried. 

Crystals suitable for X-ray diffraction were obtained by layering a

Rh Cl were placed in a Schlenk-tube followed by the

addition of THF (15 ml). The solution was
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dichloromethane solution of the compound with hexane. The yield was 62% 

(0.152 g).

1H NMR (CDCI3. 500 MHz, 298 K): 5 8.36 (1H, d, o-CH^eoph), 7.34 (1H, t, 

m-CHcweoph), 7.31 (1H, t, p-CHDIPP), 7.28 (1H, d, m-CHDIPP) 7.10 (1H, d, m- 

CHdirp), 7.05 (1H, t, p-CHo-Meoph), 6.91 (1H, d, m -C H ^ e o p h ), 4.39 (1H, m, 

C H cod ), 4.24 (1H, m, C H co d ), 4.04 (2H, t, NCH2), 3.80 (3H, s, OCH3), 3.54 

(2H, t, NCH2), 3.00 (1H, m, C H COd ), 2.91 (1H, m, C H cod), 2.49 (1H, m, 

CH(CH3)2), 2.37 (1H, m, CH(CH3)2), 2.08 (2H, m, NCH2CH2), 1.64 (2H, m, 

C H cod ), 175 (3H, d, CH(CH3)2), 1.52 (3H, d, CH(CH3)2), 1.31 (2H, m, 

C H cod ), 125 (2 H, m, C H co d ), 1.18 (3H, d, CH(CH3)2), 1.14 (3H, d, 

CH(CH3)2), 1.04 (2H, m, C H COd ). 13C NMR (CDCI3, 100 MHz, 298 K): 5 211.5 

(d , 1JRhc = 46.5, C nhc ), 154.6 (s, Ar-Co-Meoph), 147.4 (s, Ar-Coipp), 145.7 (s, 

Ar-Coipp), 140.6 (s, Ar-Coipp), 134.9 (s, Ar-Co-Meoph), 133.4 (s, Ar-CHo-MeoPh),

127.5 (s, Ar-CHciPp), 127.4 (1C, s, Ar-CHDipP), 124.3 (1C, s, Ar-CHDiPP),

122.0 (1C, s, Ar-CHo-Meoph), 119.8 (1C, s, Ar-CHo-Meoph), 109.3 (1C, s, Ar- 

CHo-MeOPh), 93.7 (d , C c o d ), 67.8 (d , C cod ), 54.2 (s, OCH3), 48.7 (s, NCH2),

47.9 (s, NCH2), 31.5 (s, CH(CH3)2), 30.6 (s, CH(CH3)2), 28.8 (s, NCH2CH2),

27.5 (s, CH2 c o d ), 27.1 (s, CH2 c o d ), 26.6 (s, CH2 c o d ), 26.5 (s, CH2 c o d ), 

25.4(s, CH3), 24.0 (s, CH3), 22.5 (s, CH3), 21.0 (s, CH3). Anal. Found (Calcd) 

for C3iH42N2ORhCI: C, 61.98 (62.37); H, 7.23 (7.04); N, 4.41 (4.69). HRMS 

(ES): m/z 561.2330 ([M-CI]+C31H42N2ORh requires 561.2352).
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[Rh(6-o-MeOPh)(COD)CI] (3.17).

(o-MeOJPh N(o-MeO)Ph
o-MeOPh)BF4 salt (157 mg, 0.41 mmol)

KN(SiMe3)2 (82 mg, 0.41 mmol) and (6-

Rh— Cl were placed in 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)CI]2 (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 g).

1H NMR (CDCI3, 500 MHz. 298 K): 5 8.45 (2H, d, 0-CHo^eoPh), 7.28 (2H. t. 

w-CHo t̂eOPh), 7.07 (2H, t, p-CHo-MeOPh)) 6.88 (2H, d, m-CH^MeOPh), 4.27 (2H,

CHcod). 13C NMR (CDCI3, 100 MHz, 298 K): 5 208.6 (d, 1JRhC = 46.7, CNHc),

153.3 (s, Ar-Co-Meoph). 134.5 (s, Ar-Co_Meoph), 132.9 (s, Ar-CH^MeOPh), 127.9 

(s, Ar-CHo-Meoph), 119.9 (s, Ar-CHo-MeOPh). 109.5 (s, Ar-CHo-MeOPh), 93.9 (d, 

Ccod), 65.3 (d, Ccod), 54.5 (s, OCH3), 46.9 (s, NCH2), 30.9 (s, CH2 Cod), 26.8 

(s, CH2 cod), 20.2 (NCH2CH2). Anal. Found (Calcd) for C26H32N20 2RhCI: C, 

57.90 (57.52); H, 5.77 (5.89); N, 5.09 (5.16). HRMS (ES): m/z 507.1538 ([M- 

ClT C26H32N20 2Rh requires 507.1519).

m, CHcod), 3.81 (6 H, s, OCH3), 3.57 (2H, t, NCH2), 3.31 (2H, t, NCH2), 2.18

(2 H, m, CHcod), 2.12 (2H, m, NCH2CH2), 1.66 (4H, m, CHCOd), 125 (4H, m,
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[Rh(7-o-M eO Ph-M es)(CO D)C I] (3.18).

^  ^  KN(SiMe3)2 (82 mg, 0.41 mmol) and (7-o-

('o -M eO )P hN ^-N M es MeOPh-Mes)BF4 salt (168 mg, 0.41 mmol)

were placed in 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)CI]2 (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 1 0  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).

1H NMR (CDCI3, 500 MHz, 298 K): 5 8.35 (1H, d, 0-CHo-MeOPh), 7.32 (1H, t, 

m-CH^Meoph), 7.08 (1H, t, p-CH^Meoph), 6.98 (1H, s, m-CHMes), 6.95 (1H, d, 

m-CHo^teoph), 6.81 (1H, s, m-CHMes), 4.35 (1H, m, C H cod), 4.23 (1H, m, 

C H cod ). 3.81 (3H, s, OCH3), 3.55 (2H, t, NCH2), 3.30 (2H, t, NCH2), 3.06 

(1H, m, C H cod ), 2.95 (1H, m, C H cod ), 2.57 (3H, s, o-CH3), 2.39 (2H, m, 

NCH2CH2), 2.26 (3H, s, 0-CH3), 2.19 (3H, s, p-CH3), 2.08 (2H, m, NCH2CH2),

1.40 (2H, m, C H co d ), 127  (2 H, m, C H c0 d ), 1-22 (2H, m, C H cod), 1.14 (2H, 

m, C H cod). 13C NMR (CDCI3, 100 MHz, 298 K): 6 221.7 (d, 1JRhc = 46.3, 

CNHC), 157.5 (s, Ar-Co-MeOPh), 142.1 (s, Ar-CMes), 138.8 (s, Ar-Cwes), 138.6 (s, 

Ar-CMes), 136.1 (s, Ar-CMes), 135.7 (s, Ar-Co_Meoph), 133.2 (1s, Ar-CH^MeOPh),

129.0 (s, Ar-CHMes), 127.3 (s, Ar-CHMes), 126.9 (s, A r-O W oph), 119.2 (s,

R h -C I
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Ar-CHo-MeOPh), 1 0 9 .4  (s , Ar-CHo_MeOPh), 9 3 .7  (d, C c o d ), 6 7 .1  (d, C co d ), 5 5 .0  (s, 

OCH3), 5 3 .9  (s , NCH2), 5 3 .2  (s , NCH2), 3 1 .4  (s , C H 2 Co d ), 3 0 .6  (s, CH2 c o d ),

2 7 .3  (s , CH2 c o d ), 2 5 .8  (s , C H 2 Co d ), 2 3 .0  (s , NCH2CH2), 2 2 .7  (s, NCH2CH2),

1 9 .9  (s , CH3), 1 9 .2  (s , CH3), 1 7 .3  (s , CH3). Anal. Found (Calcd) for 

C29H38N2ORhCI: C, 6 0 .7 7  ( 6 1 .2 2 ) ;  H, 6 .7 1  (6 .6 8 ) ;  N, 4 .7 9  (4 .9 3 ) .  HRMS 

(ES): m/z 5 3 3 .2 0 3 3  ([M-CI]+ C29H38N2ORh re q u ire s  5 3 3 .2 0 3 9 ) .

[R h(7-o-M eO Ph-D IPP)(C O D )CI] (3.19).

R h -C I

KN(SiMe3)2 (82 mg, 0.41 mmol) and (7-o-

(o-M eO )PhN ^^N D IPP MeOPh-DIPP)BF4 salt (185 mg, 0.41 mmol)

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)CI]2 

(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 1 0  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).

1H NMR (CDCI3, 500 MHz, 298 K): 6 8.41 (1H, d, o-CH^weOPh), 7.35 (1H, t, 

m-CHo-MeOPh), 7.31 (1H, t, p-CHDIPP), 7.26 (1H, d, m-CHDiPP) 7.09 (1H, d, m- 

C H d ip p ), 7.04 (1H, t, p-CHo-MeOPh), 6.94 (1H, d, m-CH^eOPh), 4.48 (1H, m, 

CHcod), 4.41 (1H, m, CHcod), 4.07 (2 H, t, NCH2), 3.93 (2H, t, NCH2), 3.84
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(3H, s, OCH3), 3.35 (1H, m, CHcod), 3.22 (1H, m, CHCOd), 2.75 (1H, m, 

CH(CH3)2), 2.41 (1H, m, CH(CH3)2), 2.16 (2H, m, NCH2CH2), 2.04 (2H, m, 

NCH2CH2), 1.72 (2H, m, CHCOd), 1.66 (3H, d, CH(CH3)2), 1.56 (3H, d,

CH(CH3)2), 1.42 (2H, m, CHCOd), 136 (2H, m, CHCOd), 123 (3H, d,

CH(CH3)2), 1.15 (3H, d, CH(CH3)2), 1.08 (2H, m, CHCOd). 13C NMR (CDCI3l 

100 MHz, 298 K): 6 224.0 (d, 1JRhC = 46.4, CNHC), 153.1 (s, Ar-C^MeoPh),

147.6 (s, Ar-CDlpP), 146.8 (s, Ar-CD|PP), 141.7 (s, Ar-CD,pP), 135.2 (s, Ar-C * 

MeOPh), 134.0 (s, Ar-CHo-MeOPh), 127.4 (s, Ar-CHoipp), 127.2 (s, Ar-CHoipp),

125.0 (s, Ar-CHoipp), 121.6 (s, Ar-CHo-MeOPh), 119.1 (s, Ar-CHo-MeOPh), 109.5 

(s, Ar-CHo_Meoph), 95.1 (d, CcoD), 68.8 (d, CCOD), 55.5 (s, OCH3), 54.2 (s,

NCH2), 53.4 (s, NCH2), 32.8 (s, CH(CH3)2), 29.8 (s, CH(CH3)2), 28.9 (s,

NCH2CH2), 27.3 (s, NCH2CH2), 27.1 (s, CH2 Cod), 26.0 (s, CH2Cod), 25.6 (s, 

CH2 cod), 25.0 (s, CH2 cod), 24.9 (s, CH3), 23.6 (s, CH3), 22.8 (s, CH3), 21.2 

(s, CH3). Anal. Found (Calcd) for C32H44N2ORhCI: C, 62.16 (62.91); H, 7.63 

(7.21); N, 4.97 (4.59). HRMS (ES): m/z 575.2501 «M-CI]+ C32H44N2ORh 

requires 575.2509).

[Rh(7-o-M eO Ph)(COD)CI] (3.20).

fo-MeOJPhN .NCo-MeOJPh

KN(SiMe3)2 (82 mg, 0.41 mmol) and (7- 

o-MeOPh)BF4 salt (163 mg, 0.41 mmol) 

were placed in 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

R h -C I
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solution of [Rh(COD)CI]2 (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).

1H NMR (CDCI3, 500 MHz, 298 K): 5 8.43 (2H, d, 0-CHo-MeOPh), 7.27 (2H, t, 

m-CHo-MeoPh), 7.05 (2H, t, p-CHo-MeOPh), 6.67 (2H, d, m-CHo-MeOPh), 4.29 (2H, 

m, C H c o d ), 3.85 (6 H, s, OCH3), 3.71 (2H, t, NCH2), 3.58 (2H, t, NCH2), 3.05 

(2H, m, C H c o d ), 2.41 (2H, m, NCH2CH2), 2.17 (2H, m, NCH2CH2), 1.59 (4H, 

m, C H c o d ), 1.21 (4H, m, C H cod ). 13C NMR (CDCI3, 100 MHz, 298 K): 5 215.6 

(d, 1JRhc = 46.3, C n h c ), 154.5 (s, Ar-Co-MeOPh), 135.3 (s, Ar-Co-MeOPh), 133.1 

(s, Ar-CHo-MeOPh), 127.9 (s, Ar-CHo_MeOPh), 119.9 (s, Ar-CHo-MeOPh), 110.9 (s, 

Ar-CHo-MeOPh), 94.5 (d, C COd), 66.9 (d, C c o d ), 54.9 (s, OCH3), 43.8 (s, NCH2),

30.6 (s, CH2 c o d ), 26. (s, CH2 c o d ), 21.6 (s, NCH2CH2). Anal. Found (Calcd) 

for C27H34N20 2RhCI: C, 58.35 (58.23); H, 6.03 (6.11); N, 4.95 (5.03). HRMS 

(ES): m/z 521.1535 ([M-CI]+C27H34N20 2Rh requires 521.1527).

[lr(6-o-M eO Ph-M es)(CO D)C I] (3.21).

KN(SiMe3)2 (59 mg, 0.30 mmol) and (6-0- 

MeOPh-Mes)BF4 salt (118 mg, 0.30 mmol) were 

placed in a Schlenk-tube followed by the 

addition of THF (15 ml). The solution was stirred

(o-MeO)PhN^ .NMes

lr— Cl/  \
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for 30 minutes and subsequently filtered into another Schlenk-tube containing 

a 10 ml THF solution of [lr(COD)CI]2 (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 ( 2x10  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).

1H NMR (CDCh, 500 MHz, 298 K): 6 8.09 (1H, d, o-CH^eOPh), 7.25 (1H, t, 

m -C H ^ P h ), 6.96 (1H, t, p-CH^MeOPh), 6.89 (1H, s, m-CHt/es), 6.85 (1H, d, 

m-CH^Meoph), 6.81 (1H, s, m-CHMes), 3.85 (1H, m, C H COd ), 3.79 (3H, s, 

OCH3), 3.68 (1H, m, C H c o d ) , 3.63 (2H, t, NCH2), 3.29 (2H, t, NCH2), 2.66 

(1H, m, C H c o d ), 2.54 (1H, m, C H COd ) , 2.45 (3H, s, o-CH3), 2.22 (3H, s, o- 

CH3), 2.12 (3H, s, p- CH3), 1.78 (2H, m, NCH2CH2), 1.38 (2H, m, C H c o d ), 

1.21 (2H, m, C H c o d ) , 1.19 (2H, m, C H COd), 107 (2H, m, C H COd ). 13C NMR 

(CDCI3, 100 MHz, 298 K): 6 205.5 (s, NCIrN), 154.9 (s, Ar-CoMeOPh), 141.3 

(s, Ar-Cnies), 137.2 (s, Ar-CMes), 137.1 (s, Ar-CMes), 135.5 (s, Ar-CMes), 135.2 

(s, Ar-Co-Meoph), 134.7 (s, Ar-CH^MeOPh), 129.6 (s, Ar-CHMes), 128.3 (s, Ar- 

CHMes), 127.9 (s, Ar-CHo-MeOPh), 120.4 (s, Ar-CTWoPh), 110.4 (s, Ar-CHo- 

MeOPh), 79.6 (d, C c o d ), 67.9 (d, C c o d ), 55.2 (s, OCH3), 50.9 (s, NCH2), 48.8 (s, 

NCH2), 33.6 (s, CH2 c o d ), 32.2 (s, CH2 c o d ), 29.1 (s, CH2 c o d ), 25.6 (s, CH2 

c o d ), 21.5 (s, NCH2CH2), 20.9 (s, CH3), 19.6 (s, CH3), 18.1 (s, CH3). Anal. 

Found (Calcd) for C28H36N2OlrCI: C, 52.45 (52.20); H, 5.50 (5.59); N, 4.04 

(4.35). HRMS (ES): m/z 607.2433 ([M-CI]+ C28H36N2Olr requires 607.2434).
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[lr(6-o-MeOPh-DIPP)(COD)CI] (3.22).

KN(SiMe3)2 (59 mg, 0.30 mmol) and (6-o- 

(o-MeO)Ph N NDIPP MeOPh-DIPP)BF4 salt (131 mg, 0.30 mmol)

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

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 [lr(COD)CI]2 (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 1 0  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).

1H NMR (CDCIs, 500 MHz, 298 K): 6 8.04 (1H, d, 0-CHo.weoPh), 7.28 (1H, t, 

m-CHoJMeoph), 7.25 (1H, t, p-CHDIPP), 7.21 (1H, d, m-CHDIPP) 7.05(1 H, d, m- 

CHdiPP), 6.97 (1H, t, p-CHo-MeOPh), 6.86 (1H, d, m-CH^MeoPh), 4.11 (1H, m, 

CHcod), 3.87 (1H, m, CHcod), 3.82 (2H, t, NCH2), 3.76 (3H, s, OCH3), 3.59 

(2H, t, NCH2), 3.36 (1H, m, CHCOd), 3.32 (1H, m, CHCOd), 3.09 (1H, m, 

CH(CH3)2), 2.62 (1H, m, CH(CH3)2), 2.25 (2H, m, NCH2CH2), 1.62 (2H, m, 

CHcod), 1.44 (3H, d, CH(CH3)2), 1.42 (3H, d, CH(CH3)2), 1.25 (2H, m, CHcod),

1.03 (2H, m, C H c o d ), 1.17 (3H, d, CH(CH3)2), 1.10 (3H, d, CH(CH3)2), 1.04 

(2H, m, C H c o d ) . 13C NMR (CDCI3, 100 MHz, 298 K): 6 207.5 (s, NCIrN),

155.3 (s, Ar-Cĉ MeOPh), 148.4 (s, Ar-Coipp), 146.6 (s, Ar-CoiPp), 141.1 (s, Ar- 

Cdipp), 135.4 (s, Ar-Co-MeOPh), 134.9 (s, Ar-CH^weoph), 128.6 (s, Ar-CHoipp),
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128.5 (s, Ar-CHoipp), 125.1 (s, Ar-CHDiPP), 122.8 (s, Ar-CH^eOPh), 120.8 (s, 

Ar-CHo_MeOPh), 110.2 (s, Ar-CHo-MeOPh), 80.4 (d, C c o d ). 77.9 (d, C cod). 55.2 (s, 

OCH3), 53.4 (s, NCH2), 50.4 (s, NCH2), 33.3 (s. CH(CH3)2), 32.6 (s, 

CH(CH3)2), 28.3 (s, NCH2CH2), 28.1 (s, C H 2 C o d ). 28.0 (s, C H 2C o d ), 27.7 (s, 

CH2 c o d ). 27.3 (s, CH2 c o d ). 26.4 (s, CH3), 24.6 (s, CH3), 23.3 (s. CH3), 21.7 

(s, CH3). Anal. Found (Calcd) for C3iH42N2OlrCI: C, 54.70 (54.32); H, 6.04 

(6.12); N, 3.79 (4.07). HRMS (ES): m/z 649.3903 ([M-CI]+ C3iH42N20lr 

requires 649.2931).

[lr(7-o-MeOPh-Mes)(COD)CI] (3.23).

KN(SiMe3)2 (59 mg, 0.30 mmol) and (7-o-

N |sj MeOPh-Mes)BF4 salt (122 mg, 0.30 mmol)
(o-MeO)Ph" y '  ^M es

q i— |r_ ^ ^  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 [lr(COD)CI]2 (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 1 0  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).

1H NMR (CDCh, 500 MHz, 298 K): 6 8.05 (1H, d, o-CH^MeOPh), 7.25 (1H, t, 

m-CH^eoPh), 6.98 (1H, t, p-CAWoPh), 6.92 (1H, s, m -C H ^), 6.88 (1H, d,
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m-CH^MeOPh), 6.79 (1H, s, m-CHMes), 4.54 (1H, m, C H c o d ), 4.39 (1H, m, 

C H c o d ), 3.79 (3H, s, OCH3), 3.66 (2H, t, NCH2), 3.31 (2H, t, NCH2), 2.82 

(1H, m, C H c o d ), 2.76 (1H, m, C H c o d ), 2.56 (3H, s, o-CH3), 2.43 (2H, m, 

NCH2CH2), 2.25 (3H, s, o-CH3), 2.17 (3H, s, p-CH3), 2.08 (2H, m, NCH2CH2) 

1.67 (2H, m, C H c o d ), 1.43 (2H, m, C H COd ), 1.24 (2H, m, C H co d ), 1.15 (2H, 

m, C H c o d ). 13C NMR (CDCI3> 100 MHz, 298 K): 6 215.8 (s, NCIrN), 157.7 (s, 

Ar-Co-MeOPh), 141.6 (s, Ar-CMes), 138.9 (s, Ar-CMes), 138.6 (s, Ar-CMes), 136.0 

(s, Ar-CMes), 135.4 (s, Ar-Co-MeOPh), 134.5 (s, Ar-CHo-MeOPh), 129.9 (s, Ar- 

CHMes), 127.6 (s, Ar-CHMes), 127.2 (s, Ar-CHo-MeOPh), 118.9 (s, Ar-CHo_MeOPh),

109.4 (s, Ar-CHo-MeOPh), 97.8 (d, C c o d ), 66.9 (d, C COd), 53.8 (s, OCH3), 50.8 

(s, NCH2), 49.6 (s, NCH2), 32.9 (s, CH2 c o d ), 31.1 (s, C H 2C o d), 28.1 (s, CH2 

c o d ), 26.1 (s, C H 2C o d ), 24.2 (s, NCH2CH2), 23.2 (s, NCH2CH2), 19.9 (s, CH3),

19.1 (s, CH3), 17.5 (s, CH3). Anal. Found (Calcxl) for C29H38N20lrCI: C, 52.99 

(52.91); H, 5.62 (5.78); N, 4.20 (4.26). HRMS (ES): m/z 623.2611 ([M-CI]+ 

C29H38N2Olr requires 623.2614).

[lr(7-o-MeOPh-DIPP)(COD)CI] (3.24).

KN(SiMe3)2 (59 mg, 0.30 mmol) and (7-o- 

Co-MeOJPh ^N D IP P  MeOPh-DIPP)BF4 salt (135 mg, 0.30 mmol)

were placed in 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 [lr(COD)CI]2 

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

lr— Cl

149



Chapter Three
Synthesis of Complexes with Expanded NHCs as Functionalised Ligands

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 1 0  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).

1H NMR (CDCI3i 500 MHz, 298 K): 5 8.08 (1H, d, o-CHo.MeoPh), 7.30 (1H, t, 

m-CHo.MeOPh), 7.27 (1H, t, p-CHDIPp), 7.25 (1H, d, m-CHDiPP) 7.04(1 H, d, m- 

CHqipp), 6.96 (1H, t, p-CHo-MeOPh)> 6.87 (1H, d, m-CH^eOPh), 4.47 (1H, m, 

C H c o d ), 4.00 (1H, m, C H c o d ), 3.95 (2H, t, NCH2), 3.82 (2H, t, NCH2), 3.78 

(3H, s, OCH3), 3.32 (1H, m, C H COd ), 3.21 (1H, m, C H co d ), 3.03 (1H, m, 

CH(CH3)2), 2.62 (1H, m, CH(CH3)2), 2.12 (2H, m, NCH2CH2), 2.00 (2H, m, 

NCH2CH2), 1.61 (2H, m, C H c o d ), 1.47 (3H, d, CH(CH3)2), 1.32 (3H, d, 

CH(CH3)2), 1.29 (2H, m, C H c o d ), 1.23 (2H, m, C H co d ), 1.18 (3H, d, 

CH(CH3)2), 1.12 (3H, d, CH(CH3)2), 1.02 (2H, m, C H co d ). 13C NMR (CDCI3, 

100 MHz, 298 K): 5 218.1 (s, NCIrN), 153.8 (s, Ar-Co.MeoPh), 148.7 (s, Ar- 

C d ip p ), 147.8 (s, Ar-Coipp), 142.1 (s, Ar-Coipp), 135.7 (s, Ar-Co-MeOPh), 135.3 

(s, Ar-CHo-MeOPh), 128.2 (s, Ar-CHDiPP), 128.1 (s, Ar-CHDiPP), 125.8 (s, Ar- 

C H d ip p ), 122.4 (s, Ar-CHo-MeOPh), 119.7 (s, Ar-CHo_MeoPh), 110.5 (s, Ar-CHc- 

MeOPh), 81.8 (d, C c o d ), 67.9 (d, C c o d ), 55.1 (s, OCH3), 54.6 (s, NCH2), 53.9 (s, 

NCH2), 34.3 (s, CH(CH3)2), 31.9 (s, CH(CH3)2), 28.7 (s, NCH2CH2), 28.2 (s, 

NCH2CH2), 27.2 (s, CH2 c o d ), 26.1 (s, CH2 co d ), 25.9 (s, C H 2C o d ), 25.6 (s, 

C H 2COd ), 2 4 .1 ( s , CH3), 23.7 (s, CH3), 23.2 (s, CH3), 22.1 (s, CH3). Anal. 

Found (Calcd) for C32H44N20 lrCI: C, 54.80 (54.88); H, 6.31 (6.29); N, 4.34 

(4.00). HRMS (ES): m/z 663.3082 ([M-CI]+C32H44N20 lr requires 663.3060).
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C/s-[Rh(7-oMeOPh-Mes)(CO)2l] (3.29).

KN(SiMe3)2 (82 mg, 0.41 mmol), (7-o-MeOPh- 

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

(acetyacetone)dicarbonylrodium(I) (106 mg,
o-MeOPh y  Mes

C O -R h -l
I

CO 0.41 mmol) were placed in a Schlenk-tube

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).

1H NMR (p CDCI3i 500 MHz, 298 K): 5 7.62 (1H, d, o-CH^oPh), 7.26 (1H, t, 

m-CHo-MeOPh), 7.19 (1H, t, p-CHoJueOPh). 6.90 (1H, s, m-CHMes), 6.85 (1H, d, 

m-CHo-Meoph), 6.81 (1H, s, m-CHMes), 3.84 (3H, s, OCH3), 3.72 (2H, t, NCH2), 

3.58 (2H, t, NCH2), 2.50 (3H, s, o-CH3), 2.39 (2H, m, NCH2CH2), 2.26 (3H, s, 

0-CH3), 2.20 (3H, s, p-CH3), 2.09 (2H, m, NCH2CH2). 13C NMR (CDCI3, 100 

MHz, 298 K): 6 214.2 (d, 1JRhC = 40.8, CNHC), 189.9 (d, 1JRhc = 52.5, CO),

186.9 (d, 1JRhc = 77.7, CO), 154.2 (s, Ar-C^eoph), 143.6 (s, Ar-Cwes), 141.7 

(s, Ar-CMes), 136.5 (s, Ar-C^es), 135.3 (s, Ar-C^es), 133.8 (s, Ar-Co-Meoph),

132.1 (s, Ar-CHo-MeOPh), 129.2 (s, Ar-CHMes), 128.0 (s, Ar-CH^s), 126.9 (s, 

Ar-CHo-Meoph), 118.8 (s, Ar-CH,>MeOPh), 109.7 (s, Ar-CHo-MeOPh), 55.5 (1C, s, 

OCH3), 54.9 (s, NCH2), 54.8 (s, NCH2), 26.6 (s, NCH2CH2), 23.5 (s, 

NCH2CH2), 21.0(s, CH3), 19.6 (s, CH3), 18.5 (s, CH3). IR (cm'1): 1967, 2059
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(CH2CI2). HRMS (ES): m/z 481.1021 ([M-l]+ C23H26N203Rh requires 

481.0998).

[Rh(6-Py-Mes)2Cl2] (3.30).

[Rh(COD)CU
2 KN(SiMe3)2 (82 mg, 0.41 mmol)

and (6-Py-Mes)BF4 salt (150 mg,

0.41 mmol) were placed in 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)CI]2 (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).

1H NMR (CDCI3 , 500 MHz, 298 K): 5 8.80 (1H, d, 0 -CHp,), 7.62 (1H, t, p- 

CHpy), 6.94 (1H, d, m-CHpy), 6.73 (1H, t, m-CHpy), 6.44 (1H, s, m-CHMes), 

6.37 (1H, s, m-CHMes), 3.91 (2H, t, NCH2), 3.60 (2H, t, NCH2), 2.46 (2H, m, 

NCH2CH2), 2.31 (3H, s, o-CH3 Mes), 2.22 (3H, s, o-CH3 Mes), 2.01 (3H, s, p- 

CH3 Mes)- 13c  NMR (CDCIs, 100 MHz, 298 K): 5 188.8 (d, 1JRhC = 45.8, CNHC),

156.8 (s, Ar-Cpy), 149.5 (s, Ar-Cpy), 139.0 (s, Ar-CMes), 138.3 (s, Ar-CMes),

137.8 (s, Ar-Cwes), 131.3 (s, Ar-Cwes), 129.7 (s, Ar-CHMes), 128.3 (s, Ar-

MesN̂ c i)0
"R h-ci

G-xJj-
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CHMes), 118.8 (s. Ar-CHpy), 110.1 (s, Ar-CHpy), 51.9 (s, NCH2), 44.1 (s, 

NCH2), 26.9 (s, NCH2CH2), 19.1 (s, p-CH3), 18.3 (s, o-CH3), 18.2 (s, o-CH3). 

Anal. Found (Calcd) for CAsHseNeCleR  ̂ C, 48.90 (49.20); H, 5.05 (5.10); N, 

7.64 (7.66). HRMS (ES): m/z 731.1922 ([M-CI]+ C36H42N6CI2Rh requires 

731.1903).

[lr(6-Py-Mes)2Cl2] (3.31).

~ \
N

M esN — (  Cl j g - ^  

) — NMes

[lr(COD)CI2] KN(SiMe3)2 (82 mg, 0.41 mmol) and 

(6-Py-Mes)BF4 salt (150 mg, 0.41 

mmol) were placed in 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 [lr(COD)CI]2 (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).

1H NMR (CDCb, 500 MHz, 298 K): 6 8.88 (1H, d, o-CHpy), 7.66 (1H, t, p- 

CHpy), 6.93 (1H, d, m -C H p y ) , 6.74 (1H, t, m-CHpy), 6.56 (1H, s, /n-CHMes),

6.41 (1H, s, m-CHMes), 4.01 (2H, t, NCH2), 3.70 (2H, t, NCH2), 2.55 (2H, m, 

NCH2CH i ) ,  2.36 (3H, s, 0-CH3 Mes), 2.28 (3H, s, 0-CH3 Mes), 2.01 (3H, s, p- 

CH3 Mes). 13c  NMR (CDCI3, 100 MHz, 298 K): 8 184.3 (s, NCIrN), 146.0 (s,
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Ar-Cpy), 142.6 (s, Ar-CPy), 138.7 (s, Ar-CMes), 137.4 (s, Ar-CMes), 136.8 (s, Ar- 

CMes), 130.7 (s, Ar-CMes), 129.1 (s, Ar-CHMes), 128.1 (s, Ar-CHMes), 118.4 (s, 

Ar-CHpy), 108.2 (s, Ar-CHpy), 51.5 (s. NCH2), 42.8 (s, NCH2), 25.5 (s, 

NCH2CH2), 19.3 (s, p-CH3), 18.3 (s, o-CH3), 18.1 (s, o-CH3). HRMS (ES): 

m/z 820.3121 ([M-CI]+C36H42N6CI2lr requires 820.3119).

[Rh(6-Ph-Mes)(SMe)CI]2 (3.32).

KN(SiMe3)2 (82 mg, 0.41 mmol) and (6-o- 

MeSPh-Mes)BF4 salt (0.168 mg, 0.41 mmol) 

were placed in 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)CI]2 (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 x1 0  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 g).

1H NMR (CD2CI2, 500 MHz, 298 K): 6 7.56 (1H, t, m-CHPh), 7.45 (1H, d, o- 

CHPh), 7.34 (1H, d, m-CHph), 6.91 (1H, t, p-CHPh), 6.84 (1H, s, m-CHMes), 

6.80 (1H, s, m-CHMes), 3.83 (2H, t, NCH2), 3.72 (2H, t, NCH2), 2.38 (2H, m, 

NCH2CH2), 2.25 (3H, s, 0-CH3 ), 1.69 (3H, s, SCH3), .1.67 (3H, s, 0-CH3),

N NMes

Rh

SCH

Rh

MesN
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1.61 (3H, s, p-CH3), 13C NMR (CD2CI2i 100 MHz, 298 K): 5 202.3 (d, 1JRhC = 

46.8, CNHC), 201.8 (d, 1JRhC = 48.2, Ar-CPh), 148.0 (s, Ar-CMes), 140.3 (s, Ar- 

^Mes)) 140.1 (s, Ar-CWes), 137.3 (s, Ar-CMes), 136.4 (s, Ar-Cph), 132.9 (s, Ar- 

CHPh), 123.4 (s, Ar-CHMes), 122.2 (s, Ar-CHMes), 121.9 (s, Ar-CHPh), 120.6 (s, 

Ar-CHph), 108.3 (s, Ar-CHPh), 45.4 (s, NCH2), 44.2 (s, NCH2), 20.5 (s, 

NCH2CH2), 19.2 (s, p-CH3), 18.3 (s, o-CH3), 17.7 (s, o-CH3), 9.6 (s, SCH3). 

HRMS (ES): m/z 930.1425 ([M-CI)]+ C4oH48N4S2Rh2CICH3CN requires 

930.1384).

[Rh(6-Ph-DIPP)(SMe)CI]2 (3.33).

KN(SiMe3)2 (82 mg, 0.41 mmol) and (6-o- 

MeSPh-DIPP)BF4 salt (0.187 mg, 0.41 mmol) 

were placed in 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)CI]2 (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 x1 0  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).

.NDIPP

DIPPN N
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1H NMR (CD2CI2, 500 MHz, 298 K): 5 7.53 (1H, t, m-CHPh), 7.40 (1H, d, o- 

CHph), 7.31 (1H, d, m-CHph), 6.89 (1H, t, p-CHPh), 6.59 (1H, t, p-CHDIPP), 

6.56 (1H, d, m-CHoipp), 6.52(1 H, d, m-CHD|PP), 3.77 (2H, t, NCH2), 3.68 (2H, 

t, NCH2), 3.01 (2H, m, CH(CH3 )dipp), 2.31 (2H, m, NCH2CH2), 1.52 (3H, s, S -  

CH3 ), 1.45 (3H, s, C H (C H 3)dipp), 128 (3H, s, CH(CH3)D,PP), 1.22 (3H, s, 

C H (C H 3) Dipp), 1.08 (3H, s, C H (C H 3)dipp), 13C NMR (CD2CI2, 100 MHz, 298 

K): 6 202.7 (d, 1JRhC = 46.9, CNHC), 202.1 (d, 1JRhC = 48.8, Ar-CPh), 148.0 (s, 

Ar-CDipp), 140.6 (s, Ar-CDiPP), 137.3 (s, Ar-CPh), 135.4 (s, Ar-CHPh), 129.1 (s, 

Ar-CHoipp), 123.9 (s, Ar-CHDiPp), 123.5 (s, Ar-CHDIPP), 122.2 (s, Ar-CHPh),

121.9 (s, Ar-CHph), 109.5 (s, Ar-CHPh), 50.4 (s, NCH2), 40.9 (s, NCH2), 28.3 

(s, CH(CH3)dipp), 26.6 (s, CH(CH3)dipp), 25.9 (s, NCH2CH2), 23.2 (s, CH3),

22.9 (s, CH3), 21.1 (s, CH3), 19.6 (s, CH3), 9.6 (s, SCH3). HRMS (ES): m/z 

1014.3142 ([M-Cir C46H6oN4S2Rh2CICH3CN 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 H2. 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.111 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 H2, but a hydrogen donor in the presence of a 

catalyst (no need for hydrogen pressure) with potassium terf-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,171 N=0

in nitro groups183 and C=0 in carbonyls193) 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).110,

113 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.1123

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.[9, 13, 143 It has been established that iridium

PhCH(OH)Ph

Ph Ph

[lr]-H
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carbene complexes are more active than rhodium analogues in transfer 

hydrogenation.[4,9-15*17]

Since the synthesis of Wilkinson's hydrogenation catalyst, 

[Rh(PPh3)3CI],l18] a considerable number of rhodium and iridium complexes 

bearing bulky phosphines,[15, 19-251 and more recently, A/-heterocyclic 

carbenes, have been established as catalysts for alkene hydrogenation with 

molecular H2. 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)2X] 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 C n h c - 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.118,221

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

complexes.

/ = \ r= \

decomposition
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Addition of PPh3 to the reaction mixture stabilises the active species by 

forming three coordinate complexes (Scheme 4-3), thus preventing 

decomposition and improving activity.122,26]

Scheme 4-3: Stabilisation of the active species.

The use of the NHC analogues of Crabtree's catalyst, 

[lr(COD)(PCy3)(Py)]PF6,l27] 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.

f = \ f = \

,Rh 
c r  vPPh.'3
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.ISL
o-MeOPh R

Cl— M

M =: Rh

4.1 a, b n = 1, R = Mes, DIPP
4.1 c, d n = 2, R = Mes, DIPP
4.1 e n = 1, R = o-MeOPh
4.1 f n = 2, R = o-MeOPh

M =: lr

4.2 a, b n = 1, R = Mes, DIPP
4.2 c, 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.

Catalyst, Base

IPA(5 ml) , 80°C

Scheme 4-4: Catalytic hydrogen transfer of 4-bromoacetophenone.
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The activity of carbene complexes was tested at various catalyst 

concentrations. This allowed a direct comparison between Rh(I) and lr(I) 

complexes of expanded carbenes and also the opportunity to study the 

effects of alkyl and aromatic carbene A/-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 lr(I) complexes 

catalyse the reduction of 4-bromoacetophenone at 80 °C via hydrogen 

transfer from /so-propanol with potassium terf-butoxide (Table 4-1) or 

potassium hydroxide (Table 4-2) as the base promoter. The Rh(I) complexes 

of saturated carbenes with aromatic A/-substituents show no activity 

whatsoever towards transfer hydrogenation under the previously described 

conditions.128,291

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 terf-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.130,31]
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Table 4-1: Reaction conditions: substrate 4-bromoacetophenone: 1.0 mmol; 

KO^u: 0.1 mmol; 'PrOH: 5ml; 80 °C; 24 h. Conversion calculated from 1H 

NMR.

Catalyst
Concentration

(mmol)

Conversion

(%)

TON

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 1H 

NMR.

Catalyst
Concentration

(mmol)

Conversion

(%)

TON

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 (0.01 mmol) 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.

120

100 ^

o
©
>coo

20 -!

20 100 1200 40 60 80 140

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 4.2c, 0.1 mmol 

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

KOteu: 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 4.2c, which took 20 minutes for a similar conversion. 

The catalytic performance of these large ring NHC-lr complexes appears to 

be significantly better than those reported by Crabtree,[9] Hahn[32] and 

Peris[331 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.
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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 KOteu: 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.134, 35] 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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♦  ♦  ♦

♦

20 40 60 80 100 120
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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, KĈ Bu: 0.1 mmol and 

'PrOH: 5 ml in 24 h. Conversion calculated from 1H 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.

100 

80 -

I  60 "
12
®

c 40 -oo I
20 -

0 -  
0

173



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

Table 4-3: Reaction conditions: substrate: 1.0 mmol; base: 0.1 mmol; 'PrOH: 

5ml; 80 °C; 24 h. Conversion calculated from 1H NMR.

Substrate Catalyst
Concentration

(mmol)
Base

Conversion

(%)
TON

Acetophenone 4.2c 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 4.2c 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 98 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 98 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.[36] This observation was also confirmed by Adolfsson et 

a/.[37]

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-CI. 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 A/-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 decomposition. 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, H2 \  /

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(H2) [atm] Solvent Conversion (%)

4.1 a-f 3.5 EtOH >99

4.1 a-f 1 EtOH >99

4.1 c 3.5 DCE 39

4.1 c 1 DCE 28

4.1 d 3.5 DCE 35

4.1d 1 DCE 26

4.1 f 3.5 DCE 36

4.1 f 1 DCE 26

4.2 a-d 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 A/-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, lr), 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.[22] A 

mechanism based on the work reported by Buriak et a/.[15,381 on complexes of 

general formula [lr(NHC)(COD)L]X is depicted in Scheme 4-7.
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o-MeOPh N NR

nhf

Cl—M—

M = Rh, Ir
R = Mes, DIPP, o-MeOPh 
n = 1,2

o-MeOPh N^ ^NR

H -M -C I

1, 2-migratory 
insertion

H -M -C I

o-MeOPh N

o-MeOPh N

H
H'

NR

:M—Cl

OR

o-MeOPh N. /N R

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 4.1 d (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 H2 pressure (Figure 4-6 and 4-7). Reaction was complete after five 

hours by using catalyst 4.1 d with 1 atm of H2 pressure and after only two 

hours with 3.5 atm of H2 pressure. In contrast to the non-functionalised NHC 

complexes,128, 29, 39] no catalyst decomposition was observed when using 

complexes 4.1 a-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.

120 .i
100 H

c i0 j
1 6 0 -j 
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O 40i

0 100 150 200 250 300 350 400 45050

Time (min)

Figure 4-6: Time dependence of the hydrogenation of 1.0 mmol of 

cyclooctene using 0.01 mmol of catalyst 4.1 d with EtOH (5 ml) and H2 (1 

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

cyclooctene using 0.01 mmol of catalyst 4.1 d with EtOH (5 ml) and H2 (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 H2 (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 4.1 d. 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.[15]
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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 H2 (1 

atm) at ambient temperature. Conversion calculated from GC.
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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 H2 (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 4.1 a-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 4.1 a,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(H2) = 3.5 

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

Substrate Catalyst Solvent Conversion (%)

1-methylstyrene 4.1a-b EtOH >99

4.1c EtOH 97

4.1d EtOH 96

1 -methyl- 4.1a EtOH 89

cyclohexene 4.1b EtOH 81

4.1c EtOH 53

4.1 d 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.

Ketone (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 resulting 

orange solution was refluxed (80 °C) for 24 hours. The solvents were then 

evaporated under vacuum and the % conversion determined by 1H NMR.

General Protocol for Catalytic Hydrogenation.

The catalyst (0.01 mmol) and the substrate (1 mmol) were dissolved in 5 

ml ethanol or 10 ml 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 pm. Capillary: 30 m x 250 pm x 

0.25 pm 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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Cl?

C13

CIS

C19

Table A.1: Crystal data and structure refinement for (6-Py-Mes).
Identification code kjc0715
Empirical formula C18H22BF4 N3
Formula weight 367.20
Temperature 150(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P21/c
Unit cell dimensions a = 13.1180(2) A a= 90°.

b = 17.8690(6) A 6= 104
c = 8.0030(4) A y= 90°.

Volume 1814.90(11) A3
Z 4
Density (calculated) 1.344 Mg/m3
Absorption coefficient 0.108 mm-1
F(000) 768
Crystal size 0.30 x 0.30 x 0.20 mm3
Theta range for data collection 2.94 to 27.48°.
Index ranges -17<=h<=15, -23<=k<=21, -
10<=l<=10
Reflections collected 14070
Independent reflections 4124 [R(int) = 0.1454]
Completeness to theta = 27.48° 99.3 %
Absorption correction Empirical
Max. and min. transmission 0.9786 and 0.9682
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Refinement method Full-matrix least-squares on F^
Data / restraints / parameters 4 1 2 4 /0 /2 3 9
Goodness-of-fit on 1.038
Final R indices [l>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. 1.522(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 .014. 118.8(3) H211 .021 . H213 . 106.5
N2.C1 .018. 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)
03 . N2. C13. 121.3(3) F190 . B22 . F221 .105.1(13)
N2 . 03 . N4 . 124.9(3) F191 . B22 . F221 . 110.4(14)
N2 . 03 . H31 . 117.6 F220 . B22 . F221 . 9(2)
N4 . 03 . H31 . 117.6 F190.B22.F250. 121.9(14)
03. 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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C 5  . N 4 . C 1 1 . 1 21 .0 (3 )  
N 4 . C 5 . N 6 .  1 14 .7 (3 )  
N 4 . C 5 . C 1 0 .  1 20 .7 (3 ) 
N 6 . C 5 . C 1 0 .  1 24 .5 (3 ) 
C 5 .  N 6 . C 7 .  1 16 .7 (3 )
N 6  . C 7  . C 8  . 1 23 .5 (4 )  
N 6 . C 7 . H 7 1  . 118 .6  
C 8  . C 7  . H71 . 117 .9  
C 7 . C 8 . C 9 .  1 17 .9 (4 )  
C 7 . C 8 . H 8 1  . 122 .3  
C 9 . C 8 . H 8 1  . 119 .7  
C 8 . C 9 . C 1 0 .  1 2 0 .6 (3 )  
C 8 . C 9 . H 9 1  . 118 .6  
C 1 0 . C 9 . H 9 1  . 120 .7  
C 5 . C 1 0 . C 9 .  1 16 .7 (3 )  
C 5  . C 10  . H 101 . 122 .2  
C 9 . C 1 0 . H 1 0 1  . 121 .0  
N 4 . C 1 1  . C 1 2 .  1 0 9 .8 (3 )  
N 4  . C11 . H 111 . 106.1  
C 1 2  . C11 . H 111 . 110 .7  
N 4  . C11 . H 1 1 2  . 108 .2  
C 1 2  . C11 . H 1 1 2  . 1 13 .6  
H 111 . C11 . H 11 2  . 108 .2  
C 11 . C 1 2 . C 1 3 .  1 1 1 .7 (3 )  
C 11 . C 12  . H 121 . 109.1  
C 1 3  . C 12  . H 121 . 109 .8  
C 11 . C 12  . H 1 2 2  . 107 .2  
C 1 3  . C 12  . H 1 2 2  . 108 .2  
H 121 . C 12  . H 1 2 2  . 110 .8  
C 1 2  . C 1 3  . N 2  . 1 0 8 .7 (3 )  
C 1 2  . C 13  . H 131 . 112 .0  
N 2  . C 13  . H 131 . 108 .2  
C 1 2  . C 1 3  . H 1 3 2  . 111 .2  
N 2 . C 1 3 . H 1 3 2 .  108 .2  
H 201  . C 2 0 . H 2 0 2 .  1 09 .0  
C 1 6  . C 20  . H 2 0 3  . 1 09 .7  
H 201 . C 2 0 . H 2 0 3 .  105 .2  
H 2 0 2 . C 2 0 .  H 2 0 3  . 1 11 .0  
C 1 4  . C21 . H 211 . 1 0 9 .9  
C 1 4  . C21 . H 2 1 2  . 1 1 0 .0  
H 211 . C21 . H 2 1 2  . 1 0 7 .3  
C 1 4  . C21 . H 2 1 3  . 1 1 0 .2

F221 . B22.F250. 110.5(13 
F190.B22.F251 .108.4(12 
F191 .B22.F251 .98.1(14) 
F220 . B22 . F251 . 108.9(13 
F221 . B22 . F251 . 107.1(11 
F250 . B22 . F251 . 17.5(18) 
F190 . B22 . F260 . 101.1(12 
F191 . B22 . F260 . 107.5(14 
F220 . B22 . F260 . 97.8(15) 
F221 . B22.F260. 105.1(13 
F250.B22.F260. 111.7(13 
F190 . B22 . F261 . 109.2(11 
F191 . B22 . F261 . 112.1(13 
F220 . B22 . F261 . 111.9(14 
F221 .B22.F261 .120.4(12 
F250 . B22 . F261 . 90.4(13) 
F251 . B22.F260. 128.1(12 
F251 .B22.F261 .106.2(11 
F260 . B22 . F261 . 22.2(13) 
H131 . C13.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 . 118.2 
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. 110.5 
H191 .C19.H192. 111.5 
C18 . C19 . H193 . 110.4 
H191 . C19 . H193 . 106.2 
H192.C19.H193. 109.5 
C16 . C20 . H201 . 110.8 
C16.C20.H202. 110.9
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C16

C7 C21

CIS

C23
C?0.CIO,Cl B

Cl?
C9

Cl 9

Cll Cl 7

.13

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°.

Volume

b = 16.0772(3) A 6=99.7060 
c=  14.2610(3) A y=90°. 
1834.47(6) A3

Z 4
Density (calculated) 1.410 Mg/m3
Absorption coefficient 2.250 mm‘ 1
F(OOO) 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<=l<=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 419 5 /0 /221
Goodness-of-fit on F^ 1.045
Final R indices [l>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"^

Table B. 2: Bond lengths (A) for (6-o-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)
0 4 . 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. 1.506(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).
C 7  . N 2 . C 1 0 . 1 20 .4 (3 ) C 1 8  . C 1 5  . H 151 . 120 .2
C 7  . N 2 . C 2 3  . 1 19 .7 (3 ) C 7  . C 1 6  . C 24  . 1 09 .1 (3 )
C 10 . N2 . C 23 . 1 19 .9 (3 ) C 7  . C 1 6  . H 16 2  . 110 .2
C 20 . N3 . C 23 . 1 20 .1 (3 ) C 2 4  . C 1 6  . H 162  . 109 .9
C 20 . N3 . 0 2 4 . 1 19 .1 (3 ) C 7  . C 1 6 .  H 161 . 108 .7
C 23 . N3 . 0 2 4 . 1 20 .6 (3 ) C 2 4  . C 1 6  . H161 . 109 .4
C 8  . 0 4  . C 1 3 . 1 16 .6 (3 ) H 1 6 2 . C 1 6 . H 1 6 1  . 109 .5
C 9  . C 5  . C 2 2  . 1 21 .6 (3 ) C 9  . C 17  . H 171 . 109.1
C 9  . C 5  . H51 . 119.1 C 9 . C 1 7 . H 1 7 3 .  109 .2
C 22 . C 5 . H51 . 119 .3 H 171 . C 1 7 .  H 1 7 3 .  109 .5
C 9  . C 6  . C 1 2 . 1 23 .0 (3 ) C 9 . C 1 7 . H 1 7 2 .  110.1
C 9  . C 6  . H61 . 118 .8 H 171 . C 1 7 . H 1 7 2 .  109 .5
C 1 2 .C 6 . H61 . 118 .2 H 1 7 3 . C 1 7 . H 1 7 2 .  109 .5
N 2  . C 7  . C 1 6 . 1 09 .9 (3 ) C 1 4 .  C 1 8 .  0 1 5 .  119 .9 (4 )
N 2  . C 7  . H71 . 109 .9 C 1 4  . C 1 8  . H181 . 120.1
C 16 . 0 7 . H71 . 110 .0 C 1 5  . C 1 8  . H181 . 120 .0
N 2 . C 7  . H 72  . 109 .0 C 12  . 0 1 9  . H 19 2  . 1 09 .8
C 16 . 0 7 . H 72 . 108 .6 C 1 2 . C 1 9 . H 1 9 1  . 109 .5
H71 . 0 7 . H 72 . 109 .5 H 1 9 2 . C 1 9 . H 1 9 1  . 109 .5
0 4 . 0 8 . C 1 0 . 1 16 .0 (3 ) C 1 2  . 0 1 9  . H 193  . 109.1
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0 4 . C 8 . C 1 1  . 1 24 .5 (3 ) H 1 9 2 . C 1 9 . H 1 9 3 .  109.5
C 1 0 . C 8 . C 1 1  . 1 19 .5 (3 ) H191 . C 1 9 . H 1 9 3 .  109.5
C 5 . C 9 . C 6 .  1 1 8 .0 (3 ) N 3 . C 2 0 . C 1 2 .  118 .6 (3 )
C 5 . C 9 . C 1 7 .  1 1 9 .7 (3 ) N 3 . C 2 0 . C 2 2 .  119 .2 (3 )
C 6  . C 9  . C 1 7  . 1 2 2 .3 (3 ) C 1 2  . C 2 0  . C 22  . 122 .3 (3 )
N 2 . C 1 0 . C 8 .  1 2 0 .4 (3 ) C 2 2 . C 2 1  . H 212  . 109 .7
N 2 . C 1 0 . C 1 5 .  1 1 9 .5 (3 ) C 22  . C21 . H211 . 109 .9
C 8 . C 1 0 . C 1 5 .  1 2 0 .1 (3 ) H 2 1 2 . C 2 1  . H 2 1 1 . 109.5
C 8 . C 1 1  . C 1 4  . 1 1 9 .4 (4 ) C 2 2 . C 2 1  . H 213  . 108.8
C 8  . C 11 . H 111 . 120 .3 H 2 1 2 . C 2 1  . H 213  . 109.5
C 1 4  . C 11 . H 111 . 1 20 .3 H211 . C21 . H 213  . 109 .5
C 6 . C 1 2 . C 1 9 .  1 2 1 .5 (3 ) C21 . C 2 2 . C 5 .  119 .8 (3 )
C 6 . C 1 2 . C 2 0 .  1 1 7 .0 (3 ) C21 . C 2 2  . C 20  . 122 .3 (3 )
C 1 9  . C 1 2  . C 2 0  . 1 2 1 .4 (3 ) C 5 . C 2 2 . C 2 0 .  118 .0 (3 )
0 4 . C 1 3 . H 1 3 1  . 1 09 .7 N 2 . C 2 3 . N 3 .  1 24 .7 (3 )
0 4 . C 1 3 . H 1 3 2 .  109.1 N 2 . C 2 3 . H 2 3 1  . 1 1 7 . 8
H 131 . C 1 3 . H 1 3 2 .  109 .5 N 3 . C 2 3  . H231 . 1 1 7 . 5
0 4  . C 1 3  . H 1 3 3  . 1 0 9 .6 C 1 6 . C 2 4 . N 3 .  1 08 .8 (3 )
H 131 . C 1 3  . H 1 3 3  . 1 09 .5 C 1 6 . C 2 4 . H 2 4 1  .1 0 9 .9
H 1 3 2 . C 1 3 . H 1 3 3 .  1 09 .5 N 3 . C 2 4  . H241 . 109 . 1
C11  . C 1 4 . C 1 8 .  1 2 1 .0 (4 ) C 1 6 . C 2 4 . H 2 4 2 .  109.5
C 11 . C 1 4  . H 141 . 1 19 .5 N 3 . C 2 4  . H 242  . 110.1
C 1 8  . C 1 4  . H 141 . 1 1 9 .5 H241 . C 2 4  . H 24 2  . 109.5
C 1 0 . C 1 5 . C 1 8 .  1 2 0 .0 (4 ) C 1 0 . C 1 5 . H 1 5 1  . 1 1 9 . 8
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Table C.1: C rys ta l d a ta  and  structure

Iden tifica tio n  c o d e

E m p irica l fo rm u la

F o rm u la  w e ig h t

T e m p e ra tu re

W a v e le n g th

C rys ta l sys tem

S p a c e  g roup

U n it cell d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )

A b so rp tio n  co e ffic ien t  

F (0 0 0 )

C rys ta l s ize

T h e ta  ra n g e  fo r d a ta  co llection  

In d ex  ra n g e s  

22<=l<=22 

R e fle c tio n s  co llec ted  

In d e p e n d e n t re flec tio n s  

C o m p le te n e s s  to th e ta  = 2 7 .4 9 °

M a x . a n d  m in . tran sm iss io n  

R e fin e m e n t m eth o d  

D a ta  /  res tra in ts  /  p a ra m e te rs  

G o o d n e s s -o f-f it  on  F 2  

F in a l R  in d ices  [l> 2 s ig m a (l)]

R  in d ices  (a ll d a ta )

re fin e m e n t for (6 -o -M e O P h -D IP P ) .  

k jc 0 7 4 9

C 2 3  H 31  Br N 2  O  

4 3 1 .4 1  

1 5 0 (2 )  K 

0 .7 1 0 7 3  A 
M on o c lin ic  

P 2 1 /n

a = 9 .0 9 8 4 (2 )  A a=  9 0 ° .

b = 1 4 .4 9 9 7 (3 )  A 6= 9 9 .2 4 8 0 (1 0 )° .

c =  1 6 .9 6 7 6 (4 )  A 7 = 9 0 ° .

2 2 0 9 .3 4 (8 )  A 3  

4

1 .2 9 7  Mg/m3 
1 .8 7 5  m m "1 

9 0 4

0.20 x 0 .2 0  x 0 .1 0  m m 3

1 .8 6  to 2 7 .4 9 ° .

-11 < = h < = 1 1, -1 8 < = k < = 1 8 , -

3 4 6 9 6

5 0 6 0  [R (in t) =  0 .1 8 4 3 ]

9 9 .8  %

0 .8 3 4 7  and  0 .7 0 5 5  

F u ll-m atrix  le a s t-s q u a re s  on F 2  

5 0 6 0  /  0  /  2 4 9  

1 .1 7 9

R1 = 0 .0 7 6 4 ,  w R 2  = 0 .1 9 7 4  

R1 = 0 . 1 0 0 5 ,  w R 2  = 0 .2 1 8 8
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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-o-MeOPh-DIPP).
0 3 .  C 4 .  1 .3 2 2 (7 ) C 1 7 . H 1 7 3 .  0 .9 4 0
0 3 . C 2 9 .  1 .4 5 1 (7 ) C 1 7 . H 1 7 2 .  0 .9 6 0
C 4 . C 5 .  1 .3 8 3 (8 ) C 1 8 . C 1 9 .  1 .53 9 (8 )
C 4  . C 2 7  . 1 .3 7 5 (7 ) C 1 8 . C 2 0 .  1 .52 3 (8 )
C 5  . N 6  . 1 .4 5 7 (7 ) C 1 8  . H 181 .0 .9 7 2
C 5  . C 2 4  . 1 .3 6 8 (8 ) C 1 9 . H 1 9 2 .  0 .9 5 9
N 6  . C 7  . 1 .3 1 6 (6 ) C 1 9  . H 191 .0 .9 7 0
N 6  . C 2 3  . 1 .4 7 7 (6 ) C 1 9 . H 1 9 3 .  0 .971
C 7  . N 8  . 1 .3 4 7 (6 ) C 2 0  . H 201 . 0 .9 6 4
C 7  . H71 . 0 .9 3 3 C 2 0  . H 2 0 2  . 0 .9 5 7
N 8  . C 9  . 1 .44 2 (6 ) C 2 0  . H 2 0 3  . 0 .9 6 7
N 8  . C21 . 1 .4 7 2 (6 ) C 21 . C 2 2  . 1 .52 9 (7 )
C 9  . C 1 0  . 1 .4 0 8 (6 ) C21 . H 211 . 0 .9 6 9
C 9  . C 1 4  . 1 .3 9 4 (7 ) C 21 . H 2 1 2  . 0 .9 8 3
C 1 0  . C11 . 1 .3 9 8 (7 ) C 2 2  . C 2 3  . 1 .55 7 (7 )
C 1 0 . C 1 8 .  1 .5 2 5 (7 ) C 2 2  . H 2 2 2  . 0 .9 6 9
C11 . C 1 2  . 1 .3 7 1 (7 ) C 2 2  . H 221 . 0 .9 7 6
C11 . H 111 . 0 .9 3 6 C 2 3  . H 231 . 0 .9 8 0
C 1 2 . C 1 3 .  1 .3 9 5 (7 ) C 2 3  . H 2 3 2  . 0 .9 6 2
C 1 2  . H 121 . 0 .9 3 7 C 2 4  . C 2 5  . 1 .38 9 (8 )
C 1 3  . C 1 4  . 1 .3 9 0 (7 ) C 2 4  . H 241 . 0 .9 3 3
C 1 3  . H 131 . 0 .9 3 2 C 2 5 . C 2 6 .  1 .3 4 1 (1 0 )
C 1 4  . C 1 5  . 1 .5 2 0 (7 ) C 2 5  . H 251 . 0 .9 3 2
C 1 5  . C 1 6  . 1 .5 3 1 (7 ) C 2 6  . C 2 7  . 1 .37 8 (9 )
C 1 5  . C 1 7  . 1 .5 1 6 (8 ) C 2 6  . H 261 . 0 .9 2 5
C 1 5  . H 151 . 0 .9 6 4 C 2 7 . H 271 . 0 .9 2 7
C 1 6  . H 1 6 2  . 0 .9 4 8 C 2 9  . H 291 . 0 .9 6 3
C 1 6  . H 161 . 0 .961 C 2 9  . H 2 9 2  . 0 .9 5 6
C 1 6  . H 1 6 3  . 0 .9 5 6 C 2 9  . H 2 9 3  . 0 .9 6 5
C 1 7  . H 171 . 0 .9 6 2

Table C. 3: Bond angles (°) for (6-o-MeOPh-DIPP).
C 4 .0 3 .C 2 9 .  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
C 4 .C 5 .N 6 .  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
C 5 .N 6 .C 7 .  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 .C 7 .N 8 .  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

196



Appendix 2. Tables of Bond Distances and Angles

N 8 . C 9 . C 1 4 .  1 18 .4 (4 ) C 2 2  . C21 . H 2 1 2  . 109 .2
C 1 0 . C 9 . C 1 4 .  1 22 .4 (4 ) H 211 . C21 . H 21 2  . 108 .4
C 9 . C 1 0 . C 1 1  . 1 16 .9 (5 ) C 21 . C 2 2 . C 2 3 .  110 .0 (4 )
C 9 . C 1 0 . C 1 8 .  1 23 .1 (4 ) C21 . C 2 2  . H 22 2  . 109 .4
C 11 . C 1 0 . C 1 8 .  1 2 0 .0 (4 ) C 2 3 . C 2 2 . H 2 2 2 .  111 .4
C 1 0 . C 1 1  . C 1 2  . 1 2 1 .7 (5 ) C 21 . C 2 2  . H 221 . 108 .0
C 1 0  . C11 . H 111 . 119 .3 C 2 3  . C 2 2  . H221 . 109 .3
C 1 2  . C11 . H 111 . 1 19 .0 H 2 2 2  . C 2 2  . H221 . 108 .6
C 11 . C 1 2 . C 1 3 .  1 2 0 .4 (5 ) C 2 2  . C 2 3  . N 6  . 108 .6 (4 )
C 11 . C 12  . H 121  . 121.1 C 2 2  . C 2 3  . H 231 . 1 09 . 1
C 1 3  . C 1 2  . H 121  . 1 18 .5 N 6  . C 2 3  . H231 . 108.4
C 1 2 . C 1 3 . C 1 4 .  1 2 0 .1 (5 ) C 2 2  . C 2 3  . H 23 2  . 111 .0
C 1 2 . C 1 3 . H 1 3 1  . 1 1 9 . 9 N 6 . C 2 3 . H 2 3 2 .  110.7
C 1 4 . C 1 3 . H 1 3 1  . 1 19 .9 H 231 . C 2 3  . H 23 2  . 108 .9
C 9 . C 1 4 . C 1 3 .  1 1 8 .5 (4 ) C 5 . C 2 4 . C 2 5 .  119 .2 (6 )
C 9  . C 1 4  . C 1 5  . 1 2 2 .3 (4 ) C 5  . C 2 4  . H 241 . 120 .5
C 1 3 . C 1 4 . C 1 5 .  1 1 9 .1 (4 ) C 2 5  . C 2 4  . H241 . 120 .3
C 1 4 . C 1 5 . C 1 6 .  1 1 1 .3 (4 ) C 2 4 . C 2 5 . C 2 6 .  117 .8 (6 )
C 1 4 . C 1 5 . C 1 7 .  1 1 0 .4 (4 ) C 2 4  . C 2 5  . H 251 . 120 .6
C 1 6  . C 1 5  . C 1 7  . 1 1 1 .4 (5 ) C 2 6 . C 2 5 . H 2 5 1  . 1 2 1 . 6
C 1 4 . C 1 5 . H 1 5 1  . 1 0 7 .7 C 2 5  . C 2 6  . C 2 7  . 124 .3(6 )
C 1 6  . C 1 5  . H 151  . 1 0 7 .0 C 2 5 . C 2 6 . H 2 6 1  . 1 1 7 . 2
C 1 7 . C 1 5 . H 1 5 1  . 1 0 8 .8 C 2 7  . C 2 6  . H261 . 1 1 8 . 4
C 1 5  . C 1 6  . H 1 6 2  . 1 0 8 .7 C 2 6  . C 2 7  . C 4  . 118 .1 (6 )
C 1 5  . C 1 6  . H 161  . 1 0 9 .2 C 2 6  . C 27  . H 271 . 120 .9
H 1 6 2  . C 1 6  . H 161  . 1 0 9 .5 C 4  . C 2 7  . H 271 . 121 .0
C 1 5  . C 1 6  . H 1 6 3  . 1 0 8 .7 0 3  . C 2 9  . H 291 . 109 .4
H 1 6 2 . C 1 6 . H 1 6 3 .  1 10 .9 0 3 . C 2 9 . H 2 9 2 .  110 .0
H 161 . C 1 6  . H 1 6 3  . 1 09 .8 H 291 . C 2 9  . H 2 9 2  . 108 .7
C 1 5  . C 1 7  . H 171  . 108.1 0 3  . C 2 9  . H 2 9 3  . 109 .9
C 1 5  . C 1 7  . H 1 7 3  . 1 1 1 .5 H 291 . C 2 9  . H 2 9 3  . 109 .3
H 171 . C 1 7  . H 1 7 3  . 1 0 9 .9 H 2 9 2  . C 2 9  . H 2 9 3  . 109 .6
C 1 5  . C 1 7  . H 1 7 2  . 108.1 C 1 0 . C 1 8 . C 2 0 .  1 09 .6 (5 )
H 171 . C 1 7 . H 1 7 2 .  109.1 C 1 9 . C 1 8 . C 2 0 .  111 .3 (5 )
H 1 7 3  . C 1 7  . H 1 7 2  . 1 1 0 .0 C 1 0  . C 1 8  . H 181 . 108 .4
C 1 0 . C 1 8 . C 1 9 .  1 1 1 .5 (4 ) C 1 9  . C 1 8  . H181 . 108 .4
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CIO

C)9

Cl 1

018

0)7

Table D.1: C rysta l d a ta  and  s tructure

Identification  cod e

E m pirica l fo rm u la

F o rm u la  w e ig h t

T e m p e ra tu re

W a v e le n g th

C rys ta l sys tem

S p a c e  g ro u p

U nit cell d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )

A b so rp tio n  coe ffic ien t  

F (0 0 0 )

C rys ta l s ize

T h e ta  ra n g e  fo r d a ta  collection  

In d e x  ra n g e s  

R e fle c tio n s  co llec ted  

In d e p e n d e n t re flec tio n s  

C o m p le te n e s s  to th e ta  =  3 0 .2 4 { 

A b so rp tio n  correc tion  

M a x . a n d  m in . tran sm iss io n  

R e fin e m e n t m eth o d  

D a ta  /  res tra in ts  /  p a ra m e te rs  

G o o d n e s s -o f-f it  on  F^

F in a l R  in d ices  [l> 2 s ig m a (l)]

R  in d ices  (a ll d a ta )

L a rg e s t diff. p e a k  a n d  hole

a= 7 1 .6 9 2 0 (1 0 )° .  

6= 8 2 .8 2 6 0 (1 0 )° .  

y= 7 4 .2 0 7 0 (1 0 )° .

re fin e m e n t for (6 -o -M e O P h ).  

k jc 0 7 2 7

C 1 8 H 2 3  Br N 2  0 3  

3 9 5 .2 9  

1 5 0 (2 )  K  

0 .7 1 0 7 3  A 
T ric lin ic  

P-1

a =  7 .5 0 1 6 0 (1 0 )  A 
b =  1 0 .2 0 8 8 (2 )  A 
c =  1 3 .3 1 0 4 (3 )  A 
9 3 0 .3 5 (3 )  A3 
2
1 .41 1  M g /m 3  

2 .2 2 7  m m '1 

4 0 8

0 .3 5  x 0 .2 0  x 0 .1 2  m m 3  

3 .0 6  to 3 0 .2 4 ° .

-1 0 < = h < = 9 , -1 4 < = k < = 1 4 , -1 8 < = l< = 1 8  

1 6 1 7 5

5 4 2 6  [R (in t) = 0 .1 0 7 8 ]

9 7 .7  %

E m pirica l

0 .7 7 6 0  and  0 .5 0 9 5  

F u ll-m atrix  le a s t-s q u a re s  on F^

5 4 2 6  101227 
1 .0 5 5

R1 = 0 .0 3 8 8 ,  w R 2  = 0 .1 0 0 4  

R1 = 0 .0 4 7 2 , w R 2  = 0 .1 0 5 2  

0 .5 6 5  and  -0 .7 6 0  e.A"3
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Table D. 2; Bond lengths (A) for (6-o-MeOPh).
018. C3. 1.363(2) 013. H131 .0.951
018. C23. 1.423(3) 014 . 015. 1.396(3)
C3 . C4 . 1.398(3) 014 . H141 . 0.947
C3 . C22 . 1.396(3) 015. 016. 1.395(3)
C4. N5. 1.438(2) 015. H151 .0.977
C4. 019.1.389(3) 016 .017.  1.361(2)
N5. 06.1.310(2) 017 .018 .  1.434(3)
N5. 010. 1.476(2) 018. H181 .0.947
06. N7. 1.317(2) 018. H182. 0.978
06 . H61 . 0.941 018. H183. 0.958
N7 . 08 . 1.479(2) 019. 020. 1.391(3)
N7 . 011 . 1.427(2) 019 . H191 . 0.932
08.09.1.515(3) 020 . 021 . 1.384(3)
08 . H81 . 0.940 020 . H201 . 0.944
08 . H82 . 0.982 021 .022. 1.387(3)
C9.C10. 1.520(3) 021 . H211 . 0.936
09 . H91 . 0.993 C22 . H221 . 0.959
09 . H92 . 0.975 023 . H233 . 0.941
010. H101 .0.971 023 . H232 . 0.932
C10. H102. 0.987 023 . H231 . 0.940
C11 . C12. 1.391(3) 02 . H21 . 0.832
011 . 016. 1.403(3) 02 . H22 . 0.828
012.013.1.388(3) C12 . H121 . 0.916 

013 . 014 . 1.384(4)

Table D. 3: Bond angles (°) for (6-o-MeOPh).
0 3  . 0 1 8  . 0 2 3 .  1 1 7 .4 6 (1 8 ) 0 1 1  . 0 1 2  . H 121 . 118 .8
0 1 8 .  0 3 .  0 4 .  1 1 5 .2 4 (1 7 ) C 1 3 . C 1 2 . H 1 2 1  . 121 . 1
0 1 8  . 0 3  . 0 2 2 .  1 2 5 .5 6 (1 9 ) 0 1 2  . 0 1 3  . 0 1 4  . 1 19 .9 (2 )
0 4 .  0 3 .  0 2 2 .  1 1 9 .2 0 (1 8 ) C 1 2 . C 1 3 . H 1 3 1  . 120.0
C 3 . C 4 . N 5 .  1 1 8 .4 5 (1 6 ) C 1 4 . C 1 3 . H 1 3 1  . 120.1
0 3 .  0 4 .  0 1 9 .  1 2 1 .1 3 (1 7 ) 0 1 3 .  0 1 4 .  0 1 5 .  120 .8 (2 )
N 5  . 0 4  . 0 1 9  . 1 2 0 .4 2 (1 7 ) C 1 3 . C 1 4 . H 1 4 1  . 122 .0
0 4 .  N 5 . C 6 .  1 1 8 .0 8 (1 6 ) 0 1 5  . 0 1 4 .  H 141 . 117 .3
0 4 .  N 5 . C 1 0 .  1 1 9 .6 5 (1 6 ) 0 1 4 .  0 1 5 .  0 1 6 .  119 .5 (2 )
C 6 . N 5 . C 1 0 .  1 2 2 .2 2 (1 6 ) C 1 4 . C 1 5 . H 1 5 1  . 118 .0
N 5 . C 6 . N 7 .  1 2 4 .6 7 (1 8 ) 0 1 6  . 0 1 5 .  H 151 . 122 .5
N 5 . C 6 . H 6 1  . 118 .3 0 1 1  . 0 1 6 .  0 1 5 .  1 19 .59 (19 )
N 7 . C 6 . H 6 1  . 117 .0 0 1 1  . 0 1 6 . 0 1 7 .  1 15 .89 (17 )
C 6 . N 7 . C 8 .  1 1 9 .7 7 (1 6 ) 0 1 5 . 0 1 6 . 0 1 7 . 1 2 4 . 5 1 ( 1 9 )
C 6 . N 7 . C 1 1  . 1 1 9 .7 4 (1 6 ) 0 1 6 .  0 1 7 .  0 1 8 .  1 17 .69 (17 )
0 8 .  N 7 . C 1 1  . 1 2 0 .3 1 (1 5 ) O 1 7 . 0 1 8 . H 1 8 1  . 106 .8
N 7 . C 8 . C 9 .  1 0 8 .9 4 (1 7 ) 0 1 7 . 0 1 8 .  H 1 8 2 .  109 .9
N 7 . 0 8  . H81 . 109 .0 H 181 . 0 1 8  . H 18 2  . 109 .4
C 9 . C 8 . H 8 1  . 112 .0 0 1 7  . 0 1 8  . H 1 8 3  . 109 .6
N 7 . 0 8  . H 82  . 110 .0 H 181 . 0 1 8  . H 1 8 3  . 111 .7
C 9 . C 8 . H 8 2 .  1 09 .2 H 1 8 2 . C 1 8 . H 1 8 3 .  109 .5
H81 . C 8 . H 8 2 .  107 .7 0 4 .  0 1 9 .  0 2 0 .  1 19 .28 (19 )
C 8 . C 9 . C 1 0 .  1 1 0 .9 7 (1 8 ) C 4 . C 1 9 . H 1 9 1  . 118 .0
0 8  . 0 9  . H91 . 107 .9 C 2 0 . C 1 9 . H 1 9 1  . 122 .7
C 1 0  . 0 9  . H91 . 108 .4 0 1 9 .  0 2 0 .  0 2 1  . 119 .67 (19 )
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C 8  . C 9  . H 92  . 107 .9 C 1 9 . C 2 0 . H 2 0 1  . 1 1 9 . 7
C 1 0 . C 9 . H 9 2 .  111 .2 C21 . C 2 0 . H 2 0 1  . 120.7
H91 . C 9 . H 9 2 .  110 .5 C 2 0 . C 2 1  . C 2 2  . 121 .48 (19 )
C 9 . C 1 0 . N 5 .  1 0 8 .7 7 (1 7 ) C 2 0  . C21 . H211 . 120 .0
C 9 . C 1 0 . H 1 0 1  . 112 .7 C 2 2 . C 2 1  . H 2 1 1 . 1 1 8 . 5
N 5 . C 1 0 . H 1 0 1  .1 0 8 .0 C 3  . C 2 2  . C21 . 1 19 .2 (2 )
C 9 . C 1 0 . H 1 0 2 .  111.1 C 3  . C 2 2  . H 221 . 1 2 1 . 2
N 5  . C 10  . H 10 2  . 109 .2 C21 . C 2 2  . H 221 . 119 .5
H 101 . C 1 0  . H 1 0 2  . 107 .0 0 1 8 . C 2 3 . H 2 3 3 .  107 .6
N 7  . C11 . C 1 2  . 1 1 9 .5 5 (1 8 ) 0 1 8 .  C 2 3 . H 2 3 2 .  110 .7
N 7 . C 1 1  . C 1 6  . 1 2 0 .3 2 (1 7 ) H 2 3 3  . C 2 3  . H 23 2  . 1 09 . 1
C 1 2 . C 1 1  . C 1 6  . 1 2 0 .1 1 (1 9 ) 0 1 8  . C 2 3  . H231 . 110 .2
C 11 . C 1 2 . C 1 3 .  1 2 0 .1 (2 ) H 2 3 3  . C 2 3  . H231 . 109 .4
H21 . 0 2 . H 2 2 .  103 .2 H 2 3 2  . C 2 3  . H231 . 109 .7
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Table E.1: C ry s ta l d a ta  and  s tru c tu re  re fin e m e n t for (6 -o -M e S P h -M e s ) .

Id en tific a tio n  c o d e k jc 0 8 1 9

E m p iric a l fo rm u la C 2 0  H 2 5  B F 4  N 2  S

F o rm u la  w e ig h t 4 1 2 .2 9

T e m p e ra tu re 2 9 3 (2 )  K

W a v e le n g th 0 .7 1 0 7 3  A
C rys ta l s ys tem M on o c lin ic

S p a c e  g ro u p P 21 /C

U n it cell d im e n s io n s a  = 8 .0 0 4 0 (2 )  A a =  9 0 ° .  

b =  1 6 .1 8 0 0 (4 )  A 6= 102 .299C  

c =  1 6 .1 9 9 0 (5 )  A y = 9 0 ° .

V o lu m e 2 0 4 9 .7 0 (1 0 )  A3
Z 4

D e n s ity  (c a lc u la te d ) 1 .3 3 6  Mg/m3
A b s o rp tio n  c o e ffic ie n t 0.201 m m -1

F (0 0 0 ) 8 6 4

C ry s ta l s ize 0.20 x 0 .2 0  x 0 .11  mm3
T h e ta  ra n g e  fo r d a ta  co llec tio n 3 .4 8  to 2 7 .4 9 ° .

In d e x  ra n g e s -1 0 < = h < = 1 0 , -2 0 < = k < = 2 0 , -

20< = l< = 2 0

R e fle c tio n s  c o llec ted 2 0 6 7 5

In d e p e n d e n t re flec tio n s 4 6 5 9  [R (in t) = 0 .1 1 9 4 ]

C o m p le te n e s s  to th e ta  =  2 7 .4 9 ° 9 9 .0  %

R e fin e m e n t m e th o d F u ll-m atrix  le a s t-s q u a re s  on F 2

D a ta  /  re s tra in ts  /  p a ra m e te rs 4 6 5 9  /  0  /  2 5 7

G o o d n e s s -o f-f it  on  F 2 1 .0 3 8

F in a l R  in d ic es  [ l> 2 s ig m a (l)] R1 = 0 .0 5 6 3 ,  w R 2  = 0 .1 2 7 3

R  in d ic es  (a ll d a ta ) R1 = 0 .0 8 4 6 ,  w R 2  = 0 .1 4 1 2

L a rg e s t diff. p e a k  a n d  h o le 0.257 and  -0.432 e.A"3
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Table E. 2: Bond lengths(A) for (6-o-MeSPh-Mes).
C1 N2 1.307(3) C11 H11C 0.9600
C1 N1 1.320(3) C12 C13 1.391(3)
C1 H1 0.9300 C12C17 1.398(3)
C2 N1 1.475(3) C12 N2 1.451(3)
C2 C3 1.510(3) C13 C14 1.393(3)
C2 H2A 0.9700 C13 C18 1.509(3)
C2 H2B 0.9700 C14 C15 1.392(3)
C3 C4 1.512(3) C14 H14 0.9300
C3 H3A 0.9700 C15 C16 1.391(3)
C3 H3B 0.9700 C15 C19 1.509(3)
C4 N2 1.480(3) C16 C17 1.382(3)
C4 H4A 0.9700 C16 H16 0.9300
C4 H4B 0.9700 C17 C20 1.513(3)
C5 C10 1.372(3) C18 H18A 0.9600
C5 C6 1.400(3) C18 H18B 0.9600
C5 N1 1.441(3) C18 H18C 0.9600
C6 C l 1.391(3) C19 H19A 0.9600
C6 S1 1.768(2) C19 H19B 0.9600
C l C8 1.391(3) C19 H19C 0.9600
C l H7 0.9300 C20 H20A 0.9600
C8 C9 1.380(3) C20 H20B 0.9600
C8 H8 0.9300 C20 H20C 0.9600
C9 C10 1.382(3) B1 F3 1.379(3)
C9 H9 0.9300 B1 F2 1.385(3)
C10 H10 0.9300 B1 F5 1.386(3)
C11 S1 1.794(3) B1 F4 1.403(3)
C11 H11A 0.9600 C11 H11B 0.9600

Table E. 3: Bond angles (°) for (6-o-MeSPh-Mes).
N2 C1 N1 123.76(18) C12 C13 C14 117.75(17)
N2 C1 H1 118.1 C12 C13 C18 121.65(18)
N1 C1 H1 118.1 C14 C13 C18 120.55(18)
N1 C2 C3 109.61(19) C15 C14 C13 121.81(19)
N1 C2 H2A 109.7 C15 C14 H14 119.1
C3 C2 H2A 109.7 C13 C14 H14 119.1
N1 C2 H2B 109.7 C16 C15 C14 118.10(19)
C3 C2 H2B 109.7 C16 C15 C19 120.82(19)
H2A C2 H2B 108.2 C14 C15 C19 121.1(2)
C2 C3 C4 110.22(19) C17 C16 C15 122.44(18)
C2 C3 H3A 109.6 C17 C16 H16 118.8
C4 C3 H3A 109.6 C15 C16 H16 118.8
C2 C3 H3B 109.6 C16 C17 C12 117.51(19)
C4 C3 H3B 109.6 C16 C17 C20 121.67(19)
H3A C3 H3B 108.1 C12 C17 C20 120.8(2)
N2 C4 C3 109.34(16) C13 C18 H18A 109.5
N2 C4 H4A 109.8 C13 C18 H18B 109.5
C3 C4 H4A 109.8 H18A C18 H18B 109.5
N2 C4 H4B 109.8 C13 C18 H18C 109.5
C3 C4 H4B 109.8 H18A C18 H18C 109.5
H4A C4 H4B 108.3 H18B C18 H18C 109.5
C10 C5 C6 121.05(19) C15 C19 H19A 109.5

202



Appendix 2. Tables of Bond Distances and Angles

C10 C5 N1 119.54(18) C15 C19 H19B 109.5
C6 C5 N1 119.34(18) H19A C19 H19B 109.5
C l C6 C5 118.03(18) C15 C19 H19C 109.5
C l C6 S1 124.60(16) H19A C19 H19C 109.5
C5 C6 S1 117.35(15) H19B C19 H19C 109.5
C8 C l C6 120.06(19) C17 C20 H20A 109.5
C8 C l HI 120.0 C17 C20 H20B 109.5
C6 C l HI 120.0 H20A C20 H20B 109.5
C9 C8 C l 121.4(2) C17 C20 H20C 109.5
C9 C8 H8 119.3 H20A C20 H20C 109.5
C l C8 H8 119.3 H20B C20 H20C 109.5
C8 C9 C10 118.4(2) C1 N1 C5 121.09(17)
C8 C9 H9 120.8 C1 N1 C2 121.11(17)
C10 C9 H9 120.8 C5 N1 C2 117.79(17)
C5 C10 C9 121.0(2) C1 N2 C12 120.58(16)
C5 C10 H10 119.5 C1 N2 C4 121.39(17)
C9 C10 H10 119.5 C12 N2 C4 118.00(15)
S1 C11 H11A 109.5 C6 S 1 C11 103.08(11)
S1 C11 H11B 109.5 F3 B1 F2 110.8(2)
H11A C11 H11B 109.5 F3 B1 F5 110.76(19)
S1 C11 H11C 109.5 F2 B1 F5 109.66(19)
H11A C11 H11C 109.5 F3 B1 F4 108.53(18)
H11B C11 H11C 109.5 F2 B1 F4 108.71(19)
C13 C12 C17 122.38(19) F5 B1 F4 108.3(2)
C13 C12 N2 118.73(16) C17 C12 N2 118.77(18)
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Table F. 1: Crystal data and structure refinement for (6-o-MeSPh-DIPP).

Identification code kjc0810

Empirical formula C23 H31 Br N2 S

Formula weight 447.47

Temperature 150(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P21/n
Unit cell dimensions a = 9.00230(10) A a= 90°. 

b = 14.4043(2) A 6= 97.7( 
c = 17.6548(3) A 7=90°.

Volume 2268.69(6) A3
Z 4
Density (calculated) 1.310 Mg/m3
Absorption coefficient 1.914 mm-1
F(OOO) 936
Crystal size 0.20x0.20x0.10 mm3
Theta range for data collection 3.05 to 27.54°.
Index ranges -11 <=h<=11, -18<=k<=18, -
22<=l<=22
Reflections collected 37229
Independent reflections 5195 [R(int) = 0.2138]
Completeness to theta = 27.54° 99.3 %
Max. and min. transmission 0.8317 and 0.7008
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 5195/0/249
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Goodness-of-fit on F2 1.030
Final R indices [l>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-o-IV eSPh-DIPP).
S2 C3 1.759(3) C9 C18 1.507(5)
S2 C28 1.802(4) C10 C11 1.367(5)
C3 C27 1.393(5) C11 C12 1.383(5)
C3 C4 1.406(5) C12 C13 1.394(5)
C4 C24 1.380(5) C13 C14 1.519(4)
C4 N5 1.434(4) C14 C17 1.527(6)
N5 C6 1.325(4) C14 C15 1.528(5)
N5 C23 1.484(4) C18 C20 1.507(5)
C6 N7 1.310(4) C18 C19 1.528(5)
N7 C8 1.446(4) C21 C22 1.512(4)
N7 C21 1.480(4) C22 C23 1.512(5)
C8 C13 1.399(4) C24 C25 1.389(5)
C8 C9 1.405(4) C25 C26 1.389(5)
C9 C10 1.398(5) C26 C27 1.387(5)

Table F. 3: Bond angles (°) for (6-o-MeSPh-DIPP).
C3 S2 C28 103.81(18) C8 C9 C18 122.5(3)
C27 C3 C4 117.9(3) C11 C10 C9 121.5(3)
C27 C3 S2 125.7(3) C10 C11 C12 120.8(3)
C4 C3 S2 116.3(3) C11 C12 C13 120.8(3)
C24 C4 C3 121.2(3) C12 C13 C8 117.1(3)
C24 C4 N5 120.2(3) C12 C13 C14 121.0(3)
C3 C4 N5 118.6(3) C8 C13 C14 121.8(3)
C6 N5 C4 120.4(3) C13 C14 C17 110.5(3)
C6 N5 C23 120.0(3) C13 C14 C15 112.3(3)
C4 N5 C23 119.5(2) C17 C14 C15 110.3(3)
N7 C6 N5 123.5(3) C9 C18 C20 113.7(3)
C6 N7 C8 120.4(3) C9 C18 C19 110.3(3)
C6 N7 C21 122.2(3) C20 C18C19 110.1(3)
C8 N7 C21 117.2(2) N7 C21 C22 110.4(3)
C13 C8 C9 123.2(3) C21 C22 C23 110.1(3)
C13 C8 N7 118.7(3) N5 C23 C22 109.3(3)
C9 C8 N7 118.1(3) C4 C24 C25 120.4(3)
C10 C9 C8 116.5(3) C26 C25 C24 118.7(3)
C10 C9 C18 121.0(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 asKJC40
Empirical formula C19H24IN3
Formula weight 421.31
Temperature 150(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2(1)/c
Unit cell dimensions a = 13.432(3) A a= 90°.

Volume

b = 17.575(4) A 6= 104.21(3) 
c = 7.9907(16) A y=90°. 
1828.6(6) A3

Z 4
Density (calculated) 1.530 Mg/m3
Absorption coefficient 1.755 mm"1
F(000) 848
Crystal size 0.40 x 0.30 x 0.20 mm3
Theta range for data collection 2.95 to 27.00°.
Index ranges -17<=h<=17, -22<=k<=22, -
10<=l<=10 
Reflections collected 6579
Independent reflections 3964 [R(int) = 0.0278]
Completeness to theta = 27.00° 99.2 %
Absorption correction Empirical
Max. and min. transmission 0.753 and 0.404
Refinement method Full-matrix least-squares on F^
Data / restraints / parameters 3964/0/211
Goodness-of-fit on F^ 1.038
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Final R indices [l>2sigma(l)] R1 = 0.0269, wR2 = 0.0566
R indices (all data) R1 = 0.0341, wR2 = 0.0591 Largest
diff. peak and hole 0.341 and -0.564 e.A' 3

Table G. 2: Bond lengths (A) for (7-Py--Mes).
N1 C1 1.312(3) C6 C7 1.402(3)
N1 C6 1.459(3) C l C8 1.401(3)
N1 C2 1.501(3) C l C12 1.502(3)
C1 N2 1.325(3) C8 C9 1.386(3)
N2 C15 1.447(3) C9 C10 1.390(3)
N2 C5 1.483(3) C9 C13 1.511(3)
C2 C3 1.521(3) C10 C11 1.394(3)
N3 C15 1.329(3) C11 C14 1.509(3)
N3 C19 1.346(3) C15 C16 1.382(3)
C3 C4 1.528(4) C16 C17 1.392(3)
C4 C5 1.517(3) C17 C18 1.379(3)
C6 C11 1.390(3) C18 C19 1.379(3)

Table G. 3: Bond angles (°) for (7-Py-Mes).
C1 N1 C6 116.68(18) C8 C l C12 121.3(2)
C1 N1 C2 125.11(19) C6 C7 C12 122.0(2)
C6 N1 C2 117.34(18) C9 C8 C l 122.3(2)
N1 C1 N2 126.6(2) C8 C9 C10 118.7(2)
C1 N2 C15 118.17(19) C8 C9 C13 121.7(2)
C1 N2 C5 120.61(19) C10 C9 C13 119.6(2)
C15 N2 C5 121.19(19) C9 C10 C11 121.7(2)
N1 C2 C3 112.14(18) C6 C11 C10 117.7(2)
C15 N3 C19 116.8(2) C6 C11 C14 122.5(2)
C2 C3 C4 113.5(2) C10 C11 C14 119.8(2)
C5 C4 C3 111.0(2) N3 C15 C16 125.0(2)
N2 C5 C4 112.3(2) N3 C15 N2 114.80(19)
C11 C6 C l 122.9(2) C16 C15 N2 120.2(2)
C11 C6 N1 118.7(2) C15 C16 C17 116.8(2)
C7 C6 N1 118.4(2) C18 C17 C16 119.9(2)
C8 C7C6 116.7(2) C19 C18 C17 118.4(2) 

N3 C19 C18 123.3(2)
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Table H.1: Crystal data and structure refinement for (7-o-MeOPh-Mes).
Identification code kjc0818c
Empirical formula C21 H27 B F4 N2 0
Formula weight 410.26
Temperature 150(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P21/a
Unit cell dimensions a = 8.978 A £> II CO o o

b = 16.022 A 6= 104.
c= 14.812 A n CO o o

Volume 2064.5 A3
Z 4
Density (calculated) 1.320 Mg/m3
Absorption coefficient 0.105 mm-1
F(000) 864
Crystal size 0.25 x 0.05 x 0.05 mm3
Theta range for data collection 3.51 to 27.28'5

Index ranges -11<=h<=11, -20<=k<=20, -
19<=l<=18
Reflections collected 33214
Independent reflections 4552 [R(int) = 0.1960]
Completeness to theta = 27.28° 98.1 %
Max. and min. transmission 0.9948 and 0.9742
Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 4552 /1 / 261
Goodness-of-fit on F2 1.076
Final R indices [l>2sigma(l)] R1 =0.1270, wR2 = 0.3184
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R indices (all data) R1 = 0.1727, wR2 = 0.3471
Largest diff. peak and hole 2.537 and -0.460 e.A“3

Table H. 2: Bond lengths (A) for (7-o-MeOPh-Mes).
C1 N2 1.307(6) C10 C11 1.397(7)
C1 N1 1.330(6) C11 C14 1.506(7)
C2 N2 1.485(6) C15 C20 1.370(7)
C2 C3 1.514(8) C15 C16 1.402(7)
C3 C4 1.515(8) C15 N1 1.446(6)
C4 C5 1.526(7) C16 01 1.355(6)
C5 N1 1.489(6) C16 C17 1.399(7)
C6 C7 1.393(7) C17C18 1.387(8)
C6 C11 1.397(6) C18 C19 1.385(8)
C6 N2 1.459(6) C19 C20 1.389(8)
C7 C8 1.400(7) C21 01 1.438(6)
C7 C12 1.497(7) F1 B1 1.302(5)
C8 C9 1.378(7) F2 B1 1.399(5)
C9 C10 1.388(7) F3 B1 1.392(5)
C9 C13 1.513(7) F4 B1 1.467(4)

Table H. 3: Bond angles (°) for (7-o-MeOPh-Mes).
N2 C1 N1 126.2(5) 01 C16 C17 124.5(5)
N2 C2 C3 113.3(4) 01 C16 C15 116.7(4)
C4 C3 C2 112.3(4) C17 C16 C15 118.8(5)
C3 C4 C5 113.1(5) C18 C17 C16 119.7(5)
N1 C5 C4 112.1(4) C17 C18 C19 121.1(5)
C l C6 C11 122.8(4) C20 C19 C18 118.9(5)
C7 C6 N2 117.8(4) C15 C20 C19 120.9(5)
C11 C6 N2 119.2(4) C1 N1 C15 116.7(4)
C6 C7 C8 116.9(4) C1 N1 C5 125.3(4)
C6 C l C12 121.9(4) C15 N1 C5 117.9(4)
C8 C l C12 121.2(4) C1 N2 C6 119.0(4)
C9 C8 C l 122.7(5) C1 N2 C2 122.2(4)
C8 C9 C10 118.0(4) C6 N2 C2 117.3(4)
C8 C9 C13 121.5(5) C16 01 C21 117.2(4)
C10 C9 C13 120.4(5) F1 B1 F3 115.7(4)
C9 C10 C11 122.4(4) F1 B1 F2 113.2(4)
C6 C11 C10 117.0(4) F3 B1 F2 108.4(3)
C6 C11 C14 122.5(4) F1 B1 F4 108.3(3)
C10 C11 C14 120.4(4) F3 B1 F4 105.2(3)
C20 C15 C16 120.6(5) F2 B1 F4 105.2(3)
C20 C15 N1 120.4(4) C16 C15 N1 119.0(4)
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Table I. 1: Crystal data and structure
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<=l<=30
Reflections collected
Independent reflections
Completeness to theta = 27.47°
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F^
Final R indices [l>2sigma(l)]
R indices (all data)
Largest diff. peak and hole

refinement for (7-o-MeOPh-DIPP). 
kjc0839b 
C24 H30 I N2 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 x 0.08 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 F  ̂
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 I. 2: Bond lengths (A) for (7-o-MeOPh-DIPP).
C 3 6  0 2 1 .4 3 8 (9 ) 0 2 2  0 2 4  1 .5 2 7 (1 0 )
C1 N1 1 .301(9 ) 0 2 5  N 4  1 .32 3 (9 )
C1 N2 1 .327(9 ) 0 2 5  N 3 1 .32 4 (9 )
C 2 N 1  1 .488 (10 ) 0 2 6  N 3  1 .47 6 (9 )
C 2  C 3 1 .506(10) 0 2 6  0 2 7  1 .52 2 (1 0 )
C 3  0 4  1 .547(10) 0 2 7  0 2 8  1 .5 4 4 (1 0 )
0 4  0 5  1 .524(10) 0 2 8  0 2 9  1 .4 9 9 (1 0 )
0 5  N2 1 .487(10) 0 2 9  N 4  1 .4 7 3 (1 0 )
0 6  0 1 1  1 .364 (10 ) 0 3 0  0 3 5  1 .38 4 (9 )
0 6  0 7  1 .405(11) 0 3 0  0 3 1  1 .3 8 7 (1 0 )
0 6  N1 1 .438(9 ) 0 3 0  N 3  1 .44 9 (9 )
0 7  0 1  1 .365(8 ) 0 3 1  0 2  1 .35 7 (9 )
0 7  0 8  1 .393(10) 0 3 1  0 3 2  1 .4 0 8 (1 0 )
0 8  0 9  1 .374(11) 0 3 2  0 3 3  1 .37 1 (1 0 )
0 9  0 1 0  1 .364 (12 ) 0 3 3  0 3 4  1 .36 3 (1 1 )
0 1 0  011  1 .382(10) 0 3 4  0 3 5  1 .3 8 8 (1 1 )
C 1 2  0 1  1 .432(9 ) 0 3 7  0 3 8  1 .3 9 5 (1 0 )
0 1 3  0 1 4  1 .381 (10 ) 0 3 7  0 4 2  1 .3 9 5 (1 0 )
0 1 3  0 1 8  1 .401 (10 ) 0 3 7  N 4  1 .4 6 7 (1 0 )
0 1 3  N2 1 .467 (9 ) 0 3 8  0 3 9  1 .3 8 0 (1 0 )
0 1 4  0 1 5  1 .388 (11 ) 0 3 8  0 4 3  1 .5 2 3 (1 0 )
0 1 4  0 1 9  1 .509 (10 ) 0 3 9  0 4 0  1 .3 9 7 (1 1 )
0 1 5  0 1 6  1 .392 (11 ) 0 4 0  0 4 1  1 .3 8 2 (1 1 )
0 1 6  0 1 7  1 .369 (10 ) 0 4 1  0 4 2  1 .3 9 9 (1 1 )
0 1 7  0 1 8  1 .40 0 (1 0 ) 0 4 2  0 4 6  1 .5 1 3 (1 0 )
0 1 8  0 2 2  1 .507 (10 ) 0 4 3  0 4 5  1 .5 3 1 (1 0 )
0 1 9  0 21  1 .52 8 (9 ) 0 4 3  0 4 4  1 .5 3 3 (9 )
0 1 9  0 2 0  1 .53 2 (1 0 ) 0 4 6  0 4 8  1 .5 3 6 (1 2 )
0 2 2  0 2 3  1 .51 6 (1 1 ) 0 4 6  0 4 7  1 .5 6 0 (1 1 )

Table I. 3: Bond angles (°) for (7-o-MeOPh-DIPP).
N1 0 1  N2 126 .8 (8 ) 0 3 5  0 3 0  0 3 1  121 .5 (7 )
N1 0 2  0 3  1 12 .3 (6 ) 0 3 5  0 3 0  N 3  1 20 .2 (7 )
0 2  0 3  0 4  1 12 .0 (7 ) 0 3 1  0 3 0  N 3  1 18 .3 (7 )
0 5  0 4  0 3  114 .4 (6 ) 0 2  0 3 1  0 3 0  1 16 .5 (7 )
N 2  0 5  0 4  1 12 .9 (6 ) 0 2  C31 0 3 2  1 25 .8 (7 )
0 1 1  0 6  0 7  120 .8 (8 ) 0 3 0  0 3 1  0 3 2  117 .7 (8 )
0 1 1  0 6  N1 121 .4 (8 ) 0 3 3  0 3 2  0 3 1  120 .6 (8 )
0 7  0 6  N1 117 .8 (7 ) 0 3 4  0 3 3  0 3 2  120 .6 (8 )
0 1  0 7  0 8  1 25 .6 (8 ) 0 3 3  0 3 4  0 3 5  120 .5 (8 )
0 1  0 7  0 6  1 15 .7 (7 ) 0 3 0  0 3 5  0 3 4  119 .0 (8 )
0 8  0 7  0 6  1 18 .7 (8 ) 0 3 8  0 3 7  0 4 2  124 .0 (8 )
0 9  0 8  0 7  119 .0 (9 ) 0 3 8  0 3 7  N 4  117 .7 (7 )
0 1 0  0 9  0 8  121 .6 (8 ) 0 4 2  0 3 7  N 4  118 .3 (7 )
0 9  0 1 0  0 1 1  120 .0 (8 ) 0 3 9  0 3 8  0 3 7  117 .2 (8 )
0 6  0 11  0 1 0  1 19 .5 (9 ) 0 3 9  0 3 8  0 4 3  119 .5 (7 )
0 1 4  0 1 3  0 1 8  1 25 .2 (7 ) 0 3 7  0 3 8  0 4 3  123 .1 (7 )
0 1 4  0 1 3  N 2 1 16 .9 (7 ) 0 3 8  0 3 9  0 4 0  120 .6 (7 )
0 1 8  0 1 3  N 2  117 .8 (6 ) 0 4 1  0 4 0  0 3 9  120 .8 (8 )
0 1 3  0 1 4  0 1 5  1 16 .4 (8 ) 0 4 0  0 4 1  0 4 2  120 .6 (8 )
0 1 3  0 1 4  0 1 9  1 23 .1 (7 ) 0 3 7  0 4 2  0 4 1  116 .6 (7 )
0 1 5  0 1 4  0 1 9  1 20 .3 (7 ) 0 3 7  0 4 2  0 4 6  123 .8(7 )
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C 1 6 C 1 5 C 1 4  1 2 1 .0 (7 ) C41 C 4 2 C 4 6  1 19 .6 (8 )
C 1 7 C 1 6 C 1 5  1 2 0 .4 (8 ) C 3 8 C 4 3 C 4 5  110 .1 (7 )
C 1 6 C 1 7 C 1 8  1 2 1 .5 (8 ) C 38  C 4 3 C 4 4  114 .3 (6 )
C 1 3 C 1 8 C 1 7  1 1 5 .5 (7 ) C 45  C 4 3 C 4 4  110 .5 (7 )
C 1 3 C 1 8 C 2 2  1 2 4 .4 (7 ) C 4 2 C 4 6  C 4 8  110 .6 (8 )
C 1 7 C 1 8 C 2 2  1 2 0 .0 (7 ) C 4 2 C 4 6 C 4 7  1 11 .4 (6 )
C 1 4 C 1 9 C 2 1  1 1 3 .8 (6 ) C 48  C 4 6 C 4 7  1 11 .7 (7 )
C 1 4 C 1 9 C 2 0  1 0 9 .3 (7 ) C 7  0 1  C 1 2  117 .2 (6 )
C 21 C 1 9 C 2 0  1 1 0 .4 (7 ) C31 0 2  C 3 6  1 16 .8 (6 )
C 1 8 C 2 2  C 2 3  1 1 2 .1 (7 ) C1 N1 C 6  117 .8 (7 )
C 1 8 C 2 2  C 2 4  1 1 0 .3 (6 ) C1 N1 C 2  122 .6 (7 )
C 2 3  C 2 2  C 2 4  1 1 1 .1 (7 ) C 6 N 1  C 2  1 19 .4 (6 )
N 4  C 2 5  N 3  1 2 5 .6 (8 ) C1 N 2 C 1 3  118 .5 (7 )
N 3  C 2 6  C 2 7  1 1 2 .2 (6 ) C1 N 2 C 5  125 .0 (7 )
C 2 6  C 2 7  C 2 8  1 1 1 .2 (7 ) C 1 3 N 2  C 5  116 .3 (6 )
C 2 9  C 2 8  C 2 7  1 1 4 .9 (7 ) C 2 5  N 3 0 3 0  116 .9 (7 )
C 2 5  N 4  C 2 9  1 2 5 .3 (7 ) C 2 5  N 3 0 2 6  123 .5 (7 )
C 3 7  N 4  C 2 9  1 1 7 .1 (6 ) C 3 0  N 3 0 2 6  119 .6 (6 )
N 4  C 2 9  C 2 8  1 1 2 .9 (6 ) C 2 5  N4 C 3 7  117 .4 (7 )
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Table J.1: C rys ta l d a ta  an d  s tru c tu re

Id e n tific a tio n  c o d e

E m p iric a l fo rm u la

F o rm u la  w e ig h t

T e m p e ra tu re

W a v e le n g th

C rys ta l s ys te m

S p a c e  g ro u p

U n it cell d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )

A b so rp tio n  c o e ffic ie n t  

F (0 0 0 )

C ry s ta l s ize

T h e ta  ra n g e  fo r d a ta  co llec tio n  

In d e x  ra n g e s  

16<=l<=16 
R e fle c tio n s  c o llec ted  

In d e p e n d e n t re flec tio n s  

C o m p le te n e s s  to th e ta  =  2 7 .4 9 °  

A b s o rp tio n  c o rrec tio n  

M a x . a n d  m in . tra n s m is s io n  

R e fin e m e n t m e th o d  

D a ta  /  re s tra in ts  /  p a ra m e te rs  

G o o d n e s s -o f-f it  on  F 2  

F in a l R  in d ic es  [ l> 2 s ig m a (l)]

R  in d ic es  (a ll d a ta )

re fin e m e n t fo r (7 -o -M e O P h ).  

k jc 0 7 2 9

C 1 9 H 2 3 I  N 2  0 2

4 3 8 .2 9

2 9 6 (2 )  K

0 .7 1 0 7 3  A
Tric lin ic

P-1

a  =  7 .8 9 0 0 0 (1 0 )  A a= 1 0 6 .1 6 8 0 (1 0 )° .  

b = 1 0 .2 1 0 0 (2 )  A 8=  9 4 .4 7 8 0 (1 0 )° .  

c = 1 2 .9 0 3 0 (3 )  A y= 1 0 4 .8 8 5 0 (1 0 )° .  

9 5 2 .2 0 (3 )  A 3  

2
1 .5 2 9  M g /m 3  

1 .6 9 4  m m '1'

4 4 0

0 .2 0  x 0 .0 8  x 0 .0 4  m m 3  

1 .6 6  to 2 7 .4 9 ° .

-1 0 < = h < = 1 0 , - 1 3 < = k < = 1 3, -

8 0 3 6

4 3 4 4  [R (in t) = 0 .0 3 4 9 ]

9 9 .3  %

E m pirica l

0 .9 3 5 3  an d  0 .7 2 8 1  

F u ll-m atrix  le a s t-s q u a re s  on F 2  

4 3 4 4 / 0 / 2 1 9  

1 .0 6 0

R1 = 0 .0 3 7 0 , w R 2  = 0 .1 1 0 4  

R1 = 0 .0 5 3 8 , w R 2  = 0 .1 4 0 5
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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-o-M eOPh).
02 . C3 . 1.358(4) 013 . 014. 1.358(4)
02 . 024. 1.432(4) C13.C16. 1.397(5)
C3 . C4 . 1.400(4) 014. C15. 1.420(5)
C3.C23. 1.392(5) C15.H151 .0.959
C4 . N5 . 1.445(4) C15. H152. 0.980
C4 . C20 . 1.370(4) C15 . H153. 0.985
N5 . C6 . 1.310(4) C16.C17. 1.380(6)
N5 . C11 . 1.487(4) C16 . H161 .0.928
C 6.N 7. 1.309(4) C17.C18. 1.364(6)
C6 . H61 . 0.936 C17 . H171 . 0.938
N7 . C8 . 1.492(4) C18.C19. 1.381(5)
N7 . C12 . 1.451(4) C18.H181 .0.923
C8. C9.1.506(4) C19 . H191 . 0.959
C8 . H81 . 0.955 C20 . C21 . 1.392(5)
C8 . H82 . 0.978 C20 . H201 . 0.960
C9.C10. 1.519(5) C21 . C22 . 1.372(5)
C9 . H91 . 0.979 C21 . H211 . 0.935
C9 . H92 . 0.970 C22 . C23 . 1.370(5)
C10 . C11 . 1.502(4) C22 . H221 . 0.926
C10 . H101 . 0.968 C23 . H231 . 0.943
C10.H102. 0.973 C24 . H241 . 0.980
C11 . H111 . 0.983 C24 . H242 . 1.004
C11 . H112 . 0.984 C24 . H243 . 0.989
C12 . C13 . 1.382(5) C12.C19.1.378(5)

Table J. 3: Bond angles (°) for (7-o-MeOPh).
C 3  . 0 2  . 0 2 4 . 1 1 8 .0 (3 ) 0 1 2 . C 1 3 . 0 1 4  . 115 .8 (3 )
0 2  . C 3 . 0 4 . 1 1 5 .8 (3 ) C 1 2  . C 1 3 . 0 1 6  . 118 .3 (3 )
0 2  . C 3 . 0 2 3 . 1 2 5 .8 (3 ) 0 1 4 . 0 1 3 . 0 1 6 . 125 .9 (3 )
C 4  . C 3 . 0 2 3 . 1 1 8 .4 (3 ) 0 1 3 . 0 1 4  . 0 1 5 . 118 .1 (3 )
C 3  . C 4 . N 5  . 1 1 8 .4 (3 ) 0 1 4 . C 1 5 . H151 . 107 .6
C 3  . C 4 . 0 2 0 . 1 2 1 .2 (3 ) 0 1 4 . C 1 5 . H 15 2 . 106 .4
N 5  . C 4  . C 2 0 . 1 2 0 .4 (3 ) H 151 . C 1 5 . H 1 5 2  . 110.0
C 4  . N 5  . 0 6  . 1 1 7 .0 (2 ) 0 1 4 . C 1 5 . H 1 5 3 . 109 .9
C 4  . N 5  . C 11 . 1 1 7 .6 (2 ) H 151 . 0 1 5 . H 1 5 3 . 110.7
C 6  . N 5  . 0 1 1 . 1 2 4 .9 (2 ) H 1 5 2 . C 1 5 . H 1 5 3  . 112.0
N 5  . C 6 . N 7  . 1 2 9 .3 (3 ) C 1 3  . C 1 6  . 0 1 7 . 119 .2 (4 )
N 5  . C 6 . H61 . 1 1 6 .5 C 1 3  . C 1 6 . H161 . 119.1
N 7 . C 6  . H61 . 1 1 4 .2 C 1 7  . C 1 6  . H161 . 121.7
C 6 . N 7  . 0 8  . 1 2 5 .2 (2 ) 0 1 6  . 0 1 7  . 0 1 8  . 121 .8 (4 )
0 6  . N 7  . 0 1 2 . 1 1 7 .7 (2 ) C 1 6 . C 1 7 . H 171 . 121.1
C 8  . N 7  . 0 1 2 . 1 1 6 .7 (2 ) C 1 8 . 0 1 7  . H171 . 117.1
N 7 . 0 8 . 0 9 . 1 1 3 .4 (3 ) 0 1 7  . C 1 8 . 0 1 9 . 119 .7(4 )
N 7  . 0 8  . H81 . 1 0 7 .8 0 1 7 . 0 1 8 . H181 . 118 .0
C 9  . 0 8 . H81 . 109 .1 0 1 9 . 0 1 8 . H181 . 122.2
N 7  . 0 8  . H 8 2 . 1 0 8 .9 0 1 8 . 0 1 9 . 0 1 2 . 119 .0 (4 )
0 9  . 0 8  . H 8 2 . 1 1 0 .8 C 1 8 . 0 1 9 . H 191 . 122.1
H81 . 0 8 . H 8 2  . 1 0 6 .4 C 1 2  . 0 1 9 . H191 . 118 .8

0 8  . 0 9 . C 1 0 . 1 1 6 .4 (3 ) 0 4  . 0 2 0  . 0 2 1  . 119 .5 (3 )
C 8  . 0 9 . H91 . 1 0 6 .3 0 4  . 0 2 0  . H201 . 117.7
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C 1 0 . C 9 . H 9 1  . 112 . 1 C21 . C 2 0 . H 2 0 1  . 1 2 2 . 8
C 8 . C 9 . H 9 2 .  106.7 C 2 0 . C 2 1  . C 22  . 1 19 .6 (4 )
C 1 0 . C 9 . H 1 9 2 .  106.1 C 2 0  . C21 . H211 . 121 .3
H91 . C 9 . H 9 2 .  108.8 C 2 2 . C 2 1  . H 2 1 1 . 1 1 9 . 1
C 9 . C 1 0 . C 1 1  . 116 .9 (3 ) C21 . C 22  . C 2 3  . 1 21 .3 (3 )
C 9 . C 1 0 . H 1 0 1  . 1 0 8 . 4 C21 . C 22  . H221 . 1 1 9 . 0
C11 . C 1 0 . H 1 0 1  . 1 0 4 . 9 C 2 3 . C 2 2 . H 2 2 1  . 1 1 9 . 7
C 9 . C 1 0 . H 1 0 2 .  109 .0 C 3 . C 2 3 . C 2 2 .  1 20 .1 (3 )
C11 . C 1 0 . H 1 0 2 .  109 .5 C 3 . C 2 3 . H 2 3 1  . 1 1 9 . 2
H101 . C 1 0 . H 1 0 2 .  107 .7 C 22  . C 23  . H231 . 1 20 .7
C 1 0 . C 1 1  . N 5 .  1 13 .2 (3 ) 0 2  . C 24  . H241 . 108 .0
C 1 0  . C11 . H111 . 1 10 .5 0 2 . C 2 4 . H 2 4 2 .  111 .7
N 5 . C11 . H 111 . 107 .9 H241 . C 24  . H 242  . 109 .6
C 1 0 . C 1 1  . H 1 1 2 .  107 .5 0 2  . C 24  . H 24 3  . 109 .2
N 5  . C11 . H 11 2  . 107 .6 H241 . C 24  . H 243  . 111 .0
H111 . C11 . H 112  . 110.1 H 242  . C 24  . H 243  . 107 .4
N 7 . C 1 2 . C 1 3 .  1 18 .6 (3 )  
N 7 . C 1 2 . C 1 9 .  1 19 .5 (3 )

C 1 3 . C 1 2 . C 1 9 .  122 .0 (3 )
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C29
C30 c n

C 18

C?0

C l 7

Table K.1: C ry s ta l d a ta  a n d  s tru c tu re re fin e m e n t fo r com pound  2 .3 3 a  (s e e

c h a p te r  tw o ).

Id e n tif ic a tio n  c o d e k jc 0 7 0 7

E m p ir ic a l fo rm u la C 2 2  H 3 0  I N 3

F o rm u la  w e ig h t 4 6 3 .3 9

T e m p e r a tu r e 1 5 0 (2 )  K

W a v e le n g th 0 .7 1 0 7 3  A
C ry s ta l s y s te m M on o c lin ic

S p a c e  g ro u p P 2 1 /C

U n it c e ll d im e n s io n s a  = 8 .4 7 2 0 0 (1 0 )  A a= 9 0 ° . 

b =  3 3 .8 7 5 0 (6 )  A 6 =  1 1 6 .8 3 8 0 (1 0 )° .  

c = 8 .3 7 6 0 (2 )  A y = 9 0 ° .

V o lu m e 2 1 4 4 .9 0 (7 )  A3
Z 4

D e n s ity  (c a lc u la te d ) 1 .4 3 5  M g /m 3

A b s o rp tio n  c o e ff ic ie n t 1 .5 0 3  m m -1

F (0 0 0 ) 9 4 4

C ry s ta l s iz e 0 . 2 0 x 0 . 2 0 x 0 . 1 0  m m 3

T h e ta  ra n g e  fo r d a ta  c o lle c tio n 2 .9 5  to 2 7 .4 9 ° .

In d e x  ra n g e s - 1 1 < = h < = 1 0 , -3 2 < = k < = 4 3 , -7 < = l< = 1 0

R e f le c t io n s  c o lle c te d 1 1 0 3 0

In d e p e n d e n t  re f le c tio n s 4 4 0 7  [R (in t) =  0 .1 1 7 7 ]

C o m p le te n e s s  to  th e ta  =  2 7 .4 9 ° 8 9 .7  %

A b s o rp tio n  c o rre c tio n E m pirica l

M a x . a n d  m in . t ra n s m is s io n 0 .8 6 4 2  and  0 .7 5 3 1

R e f in e m e n t  m e th o d F u ll-m atrix  le as t-s q u a re s  on F^
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D a ta  /  re s tra in ts  /  p a r a m e te rs 4 4 0 7  /  0  /  2 3 9

G o o d n e s s -o f- f it  o n 1 .0 3 3

F in a l R  in d ic e s  [ l> 2 s ig m a ( l) ] R 1  =  0 .0 8 1 1 , w R 2  =  0 .2 1 8 3

R  in d ic e s  (a ll d a ta ) R 1  =  0 .1 0 2 1 ,  w R 2  =  0 .2 3 6 1

L a rg e s t d iff. p e a k  a n d  h o le 1 .8 6 1  a n d  - 2 .5 7 7  e . A '3

T a b le  k . 2 : B o n d  le n g th  (A )  fo r  c o m p o u n d  2 .3 3 a .
N 3  . C 9  . 1 .3 7 8 (1 1 ) C 1 9  . H191 . 1 .0 0 6
N 3 . C 1 6  . 1 .4 7 5 (1 1 ) C 2 0  . H201 . 1 .0 0 9
N 3  . C 2 2  . 1 .3 5 4 (1 3 ) C21 . H211 . 1 .0 1 0
C 5 . C 1 9 .  1 .3 9 3 (1 4 ) C 2 2  . H221 . 1 . 0 1 1
C 5 . C 2 2 .  1 .3 8 5 (1 4 ) C 2 3  . H231 . 1 .0 0 6
C 5 . H 5 1 .  1 .0 1 3  no C 2 3  . H 23 2  . 1 .00 7
N 6 . C 8 .  1 .4 1 9 (1 1 ) C 2 4  . H 241 . 1 .0 0 2
N 6 . C 2 0 .  1 .2 6 6 (1 2 ) C 2 4  . H 24 2  . 1 .0 0 3
N 7 . C 9 .  1 .3 6 8 (1 2 ) C 2 4  . H 2 4 3  . 1 .00 6
N 7  . C 11 . 1 .5 0 0 (1 2 ) C 2 5 . C 2 6 .  1 .4 0 3 (1 3 )
N 7 . C 2 0 .  1 .3 9 9 (1 1 ) C 2 6  . H 261 . 1 . 0 1 2
C 8 . C 1 5 .  1 .4 1 5 (1 2 ) C 2 8  . C 2 9  . 1 .5 0 8 (1 5 )
C 8 . C 2 5 .  1 .4 1 9 (1 3 ) C 2 8  . H 281 . 1 .00 7
C 9  . C 21 . 1 .4 0 1 (1 2 ) C 2 8  . H 2 8 2  . 1 .00 4
C 11 . C 1 2  . 1 .5 1 2 (1 3 ) C 2 8  . H 2 8 3  . 1 .0 0 6
C 11 . H 111 . 1 .00 6 C 2 9  . C 3 0  . 1 .5 5 1 (1 7 )
C 11 . H 1 1 2  . 1 .0 0 5 C 2 9  . H 291 . 1 . 0 1 1
C 1 2 .  C 2 3 .1 .5 4 0 (1 4 ) C 3 0  . H 301 . 1 .00 5
C 1 2  . H 121  . 1 .00 2 C 3 0  . H 3 0 2  . 1 .001
C 1 2  . H 1 2 2  . 1 .0 0 9 C 3 0 .  H 3 0 3 . 1 .0 1 2
C 1 4 . C 1 8 .  1 .3 8 4 (1 5 ) C 31 . H 311 . 1 .0 0 8
C 1 4 . C 2 6 .  1 .3 8 7 (1 4 ) C 31 . H 3 1 2  . 1 .0 0 3
C 1 4  . H 141  . 1 .0 1 0 C 31 . H 3 1 3 .  1 .0 0 0
C 1 5  . C 1 8  . 1 .3 7 4 (1 3 ) 0 1 7  . 0 2 4 .1 . 5 2 9 ( 1 7 )
C 1 5 . C 2 9 .  1 .5 1 4 (1 3 ) C 1 7 . C 2 5 .  1 .5 0 9 (1 3 )
C 1 6 . C 2 3 .  1 .5 3 1 (1 4 ) C 1 7 .  C31 . 1 .5 3 0 (1 8 )
C 1 6  . H 161  . 1 .0 0 9 C 1 7  . H 171 . 1 .01 3
C 1 6  . H 1 6 2  . 1 .0 0 6 C 1 8 .  H 181 . 1 .0 1 2

C 1 9 .  C21 . 1 .3 9 4 (1 4 )

T a b le  K.3: B o n d  a n g le s  (° )  fo r  c o m p o u n d  2 .3 3 a .
C 9 . N 3 .  0 1 6 . 1 1 9 . 7 ( 8 ) C 9 .  C21 . 0 1 9 .  1 2 0 .2 (9 )
C 9 . N 3 . C 2 2 .  1 2 1 .7 (8 ) C 9  . C21 . H 211 . 1 1 9 .8
C 1 6  . N 3  . C 2 2  . 1 1 8 .6 (8 ) C 1 9  . C21 . H211 . 1 2 0 .0
C 1 9 . C 5 . C 2 2 .  1 1 8 .8 (1 0 ) C 5  . C 2 2  . N 3  . 1 2 0 .9 (9 )
C 1 9 . C 5 . H 5 1  . 1 20 .5 C 5  . C 22  . H 221 . 1 2 0 .0
C 2 2 . C 5 . H 5 1  . 1 20 .7 N 3 . C 2 2 . H 2 2 1  . 1 1 9 . 2
C 8 . N 6 . C 2 0 .  1 2 0 .0 (8 ) C 1 2 . C 2 3 . C 1 6 .  1 1 0 .6 (8 )
C 9 . N 7 . C 1 1  . 1 2 4 .3 (7 ) C 1 2 . C 2 3 . H 2 3 1  . 1 0 9 .4
C 9 . N 7 . C 2 0 .  1 1 9 .4 (7 ) C 1 6 . C 2 3 . H 2 3 1  . 1 0 9 .6
C 11 . N 7  . C 2 0  . 1 1 5 .4 (8 ) C 1 2 . C 2 3 . H 2 3 2 .  1 0 8 .7
N 6  . C 8  . C 1 5  . 1 1 7 .0 (8 ) C 1 6  . C 2 3  . H 23 2  . 1 1 0 . 0
N 6 . C 8 . C 2 5 .  1 2 0 .8 (8 ) H 231 . C 2 3  . H 23 2  . 1 0 8 .5
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C 1 5  . C 8  . C 25  . 121 .7 (8 ) C 1 7 . C 2 4 . H 2 4 1  . 110 .5
N 3 . C 9 . N 7 .  1 18 .5 (7 ) C 1 7 . C 2 4 . H 2 4 2 .  110 .2
N 3  . C 9  . C21 . 118 .0 (8 ) H241 . C 24  . H 242  . 109 .0
N 7 . C 9  . C21 . 1 23 .4 (8 ) C 17  . C 24  . H 24 3  . 109 .4
N 7 . C11 . C 12  . 1 13 .3 (8 ) H241 . C 24  . H 24 3  . 108 .8
N 7 . C 11 . H111 . 108 .7 H 242  . C 2 4  . H 24 3  . 108 .8
C 1 2  . C 11 . H 111 . 108 .9 C 1 7 . C 2 5 . C 8 .  1 20 .9 (8 )
N 7 . C 1 1  . H 1 1 2 .  108 .8 C 17  . C 25  . C 26  . 1 22 .2 (9 )
C 1 2  . C11 . H 1 1 2  . 108 .5 C 8 . C 2 5 . C 2 6 .  1 16 .9 (9 )
H 111 . C11 . H 1 1 2  . 108 .6 C 2 5 . C 2 6 . C 1 4 .  121 .4 (10 )
C11 . C 1 2  . C 2 3  . 1 13 .0 (8 ) C 25  . C 26  . H261 . 119.1
C11 . C 1 2  . H121 . 109 .5 C 14  . C 26  . H261 . 1 1 9 . 4
C 2 3  . C 1 2  . H 121 . 109.1 C 2 9 . C 2 8 . H 2 8 1  . 1 1 0 . 6
C11 . C 1 2  . H 1 2 2  . 108 .5 C 2 9  . C 28  . H 282  . 1 1 0 . 5
C 2 3  . C 1 2  . H 1 2 2  . 108.1 H281 . C 2 8 . H 2 8 2 .  108 .6
H121 . C 1 2 . H 1 2 2 .  1 08 .6 C 29  . C 28  . H 283  . 109 .9
C 1 8 . C 1 4 . C 2 6 .  1 2 0 .0 (1 0 ) H281 . C 2 8  . H 283  . 108 .5
C 1 8 . C 1 4 . H 1 4 1  . 119 .9 H 28 2  . C 2 8  . H 283  . 108 .7
C 26  . C 1 4  . H141 . 120.1 C 1 5 . C 2 9 . C 2 8 .  114 .3 (9 )
C 8 . C 1 5 . C 1 8 .  1 18 .2 (9 ) C 1 5 . C 2 9 . C 3 0 .  109 .3 (8 )
C 8 . C 1 5 . C 2 9 .  1 18 .9 (8 ) C 2 8  . C 2 9  . C 30  . 109 .4 (9 )
C 1 8 . C 1 5 . C 2 9 .  1 22 .9 (8 ) C 1 5  . C 2 9  . H291 . 108.1
N 3 . C 1 6  . C 23  . 1 12 .1 (8 ) C 2 8  . C 2 9  . H291 . 107 .8
N 3 . C 1 6  . H161 . 109 .0 C 3 0 . C 2 9 . H 2 9 1  . 1 0 7 . 8
C 2 3  . C 1 6  . H 161 . 109 .2 C 2 9 . C 3 0 . H 3 0 1  . 1 1 0 . 7
N 3 . C 1 6 . H 1 6 2 .  109.1 C 2 9  . C 3 0  . H 30 2  . 110 .3
C 2 3  . C 1 6  . H 1 6 2  . 109.1 H 301 . C 3 0  . H 30 2  . 109 .0
H161 . C 1 6 . H 1 6 2 .  108 .2 C 2 9 . C 3 0 . H 3 0 3 .  110 .2
C 2 4  . C 1 7  . C 2 5  . 111 .2 (9 ) H 301 . C 3 0  . H 3 0 3  . 108.1
C 2 4  . C 1 7  . C31 . 1 09 .0 (1 0 ) H 3 0 2  . C 3 0  . H 30 3  . 108 .4
C 2 5 . C 1 7 . C 3 1  . 1 11 .9 (9 ) C 1 7  . C31 . H311 . 109 .8
C 2 4  . C 1 7  . H 171 . 107 .7 C 1 7  . C31 . H 31 2  . 110 .6
C 2 5  . C 1 7  . H 171 . 108 .5 H 311 . C 31 . H 31 2  . 108 .6
C31 . C 1 7  . H 171 . 108 .3 C 1 7  . C31 . H 3 1 3  . 109 .8
C 1 4  . C 1 8  . C 1 5  . 1 21 .6 (9 ) H 311 . C31 . H 3 1 3 .  108 .8
C 1 4  . C 1 8  . H 181 . 119 .0 H 3 1 2  . C31 . H 3 1 3  . 109 .3
C 1 5  . C 1 8  . H 181 . 119 .4 C21 . C 1 9  . H191 . 120 .0
C 5  . C 1 9  . C21 . 1 19 .8 (9 ) N 7 . C 2 0 . N 6 .  119 .5 (8 )
C 5 . C 1 9 . H 1 9 1  . 120 .2 N 7  . C 2 0  . H 201 . 1 1 9 . 8  

N 6 . C 2 0  . H201 . 120.7
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Table L.1: C rys ta l d a ta  and  s tru c tu re  re fin e m e n t fo r [R h (6 -o -M e O P h -  

M e s )(C O D )C I] .

Id en tific a tio n  c o d e k jc 0 7 5 7 _ 2

E m p iric a l fo rm u la C 2 9  H 3 8  C I3  N 2  0  Rh

F o rm u la  w e ig h t 6 3 9 .8 7

T e m p e ra tu re 1 5 0 (2 )  K

W a v e le n g th 0 .7 1 0 7 3  A

C ry s ta l s y s te m Tric lin ic

S p a c e  g ro u p P-1

U n it cell d im e n s io n s a =  9 .7 1 6 4 (2 )  A  a=  8 6 .6 2 9 (2 ) ' 

b =  1 1 .4 6 1 4 (4 )  A  6 =  7 8 .9 3 5 (2 ) ' 

c =  1 3 .2 8 8 8 (4 )  A  y= 8 2 .3 1 5 0 (1

V o lu m e 1 4 3 8 .5 0 (7 )  A 3

Z 2

D e n s ity  (c a lc u la te d ) 1 .4 7 7  M g /m 3

A b s o rp tio n  c o e ffic ie n t 0 .8 9 7  m m -1

F (0 0 0 ) 6 6 0

C ry s ta l s ize 0 .2 0  x 0 . 2 0  x 0 . 1 0  m m 3

T h e ta  ra n g e  fo r d a ta  co llec tio n 2 .9 7  to 2 7 .4 9 ° .

In d e x  ra n g e s -1 2 < = h < = 1 2 , -1 4 < = k < = 1 4, -

1 7 < = l< = 1 6

R e fle c tio n s  c o lle c te d 2 2 4 0 7

In d e p e n d e n t re flec tio n s 6 4 8 5  [R (in t) =  0 .1 0 9 7 ]

C o m p le te n e s s  to th e ta  =  2 7 .4 9 ° 9 8 .4  %

M a x . a n d  m in . tran s m is s io n 0 .9 1 5 6  and  0 .8 4 1 0

R e fin e m e n t m e th o d F u ll-m atrix  le as t-s q u a re s  on F^

D a ta  /  re s tra in ts  /  p a ra m e te rs 6 4 8 5  /  0  /  3 2 9
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Goodness-of-fit on F2 
Final R indices [l>2sigma(l)] 
R indices (all data)
Largest diff. peak and hole

1.029
R1 =0.0417, wR2 = 0.0982 
R1 = 0.0539, wR2 = 0.1048 
0.605 and -0.920 e.A'3

Table L. 2: Bond lengths (A) for [Rh(6-o-MeOPh-Mes)(COD)CI].
Rh1 . C I2  . 2 .4 0 5 2 (8 ) C 1 9 . H 1 9 1  .0 .9 4 5
Rh1 . C 3  . 2 .0 5 7 (3 ) C 2 0  . C21 . 1 .377 (5 )
Rh1 . C 2 6  . 2 .0 9 9 (3 ) C 2 0 .  0 2 4 .  1 .515(5 )
Rh1 . 0 2 7 . 2 . 1 1 9 ( 3 ) C21 . 0 2 2  . 1 .404 (5 )
Rh1 . 0 3 0 . 2 . 1 7 6 ( 3 ) C21 . H 211 . 0 .94 6
Rh1 . C31 . 2 .2 0 6 (3 ) C 2 2  . C 2 3  . 1 .498(5 )
0 3  . N 4  . 1 .3 4 9 (4 ) C 2 3  . H 2 3 3  . 0 .95 6
C 3  . N 8  . 1 .3 4 1 (4 ) C 2 3  . H 2 3 2  . 0 .971
N 4  . C 5  . 1 .4 7 4 (4 ) C 2 3  . H 231 . 0 .94 6
N 4 . C 1 7  . 1 .4 5 1 (4 ) C 2 4  . H 2 4 3  . 0 .94 9
0 5  . C 6  . 1 .5 1 8 (4 ) C 2 4  . H 2 4 2  . 0 .94 8
C 5  . H51 . 0 .9 6 7 C 2 4  . H 241 . 0 .952
C 5  . H 5 2  . 0 .9 5 3 C 2 5  . H 251 . 0 .97 4
C 6  . C 7  . 1 .5 0 5 (5 ) C 2 5  . H 2 5 2  . 0 .967
C 6  . H61 . 0 .9 7 0 C 2 5  . H 2 5 3  . 0 .95 8
C 6  . H 6 2  . 0 .9 6 3 C 2 6  . 0 2 7  . 1 .382(4 )
C 7  . N 8  . 1 .4 7 0 (4 ) C 2 6 . C 3 3 .  1 .505 (4 )
C 7  . H71 . 0 .9 6 8 C 2 6  . H 261 . 0 .97 3
C 7  . H 7 2  . 0 .9 6 5 0 2 7 . 0 2 8 . 1 . 5 3 1 ( 4 )
N 8  . 0 9  . 1 .4 4 5 (4 ) C 2 7  . H 271 . 0 .961
C 9 . C 1 0 .  1 .3 9 3 (5 ) C 2 8  . C 2 9  . 1 .528 (5 )
C 9 .  C 1 6 .  1 .3 7 7 (5 ) C 2 8  . H 281 . 0 .98 0
C 1 0  . 0 1 1  . 1 .3 7 0 (4 ) C 2 8  . H 2 8 2  . 0 .97 6
C 1 0  . C 1 3  . 1 .3 9 8 (5 ) C 2 9  . C 3 0  . 1 .514 (5 )
0 1 1  . C 1 2  . 1 .4 2 4 (4 ) C 2 9  . H 291 . 0 .97 2
C 1 2  . H 121  . 0 .9 5 6 C 2 9  . H 2 9 2  . 0 .97 2
C 1 2  . H 1 2 2  . 0 .9 6 3 C 3 0 .  C31 . 1 .378(5 )
C 1 2  . H 1 2 3  . 0 .97 1 C 3 0  . H 301 . 0 .97 0
C 1 3 .  C 1 4 .  1 .3 8 2 (5 ) C 31 . C 3 2  . 1 .519 (5 )
C 1 3  . H 131 . 0 .9 3 5 C31 . H 311 . 0 .98 5
C 1 4 .  0 1 5 .  1 .3 8 1 (5 ) C 3 2  . C 3 3  . 1 .531 (5 )
C 1 4  . H 141  . 0 .9 2 6 C 3 2  . H 321 . 0 .97 9
C 1 5  . C 1 6  . 1 .3 9 0 (5 ) C 3 2  . H 3 2 2  . 0 .982
C 1 5  . H 151 . 0 .93 1 C 3 3  . H 331 . 0 .97 0
C 1 6  . H 161  . 0 .9 4 8 C 3 3  . H 3 3 2  . 0 .9 6 6
C 1 7  . 0 1 8  . 1 .3 9 0 (5 ) C I34  . C 3 5  . 1 .747(4 )
0 1 7  . C 2 2  . 1 .3 9 8 (4 ) C 3 5  . C I3 6  . 1 .750(4 )
C 1 8 .  C 1 9 .  1 .4 0 0 (4 ) C 3 5  . H 351 . 0 .97 0
0 1 8 .  C 2 5 .  1 .5 0 3 (5 ) C 3 5  . H 3 5 2  . 0 .982
0 1 9 . 0 2 0 . 1 . 3 9 0 ( 5 )
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Table L. 3: Bond angles (°) for [Rh(6-o-MeOPh-Mes)(COD)CI].
C I2  . Rh1 . C 3  . 8 4 .8 8 (8 ) 0 2 1  . 0 2 0  . 0 2 4  . 1 20 .5 (3 )
C I2  . Rh1 . C 2 6  . 1 5 6 .4 4 (9 ) 0 2 0  . 0 2 1  . 0 2 2 . 1 2 2 . 1 ( 3 )
C 3  . Rh1 . 0 2 6  . 9 7 .1 9 (1 2 ) 0 2 0  . 0 2 1  . H 211 . 118 .6
C I2  . Rh1 . C 2 7  . 1 6 4 .8 4 (9 ) 0 2 2 .  0 2 1  . H 211 . 1 1 9 . 2
C 3  . Rh1 . C 2 7  . 9 8 .0 0 (1 2 ) 0 2 1  . 0 2 2  . 0 1 7 .  117 .6 (3 )
C 2 6  . Rh1 . C 2 7  . 3 8 .2 5 (1 2 ) 0 2 1  . 0 2 2 . 0 2 3 .  1 19 .9 (3 )
C I2  . Rh1 . C 3 0  . 8 9 .1 0 (1 0 ) 0 1 7 .  0 2 2 .  0 2 3 .  1 22 .5 (3 )
C 3  . Rh1 . C 3 0  . 1 5 6 .2 2 (1 3 ) 0 2 2  . 0 2 3  . H 2 3 3  . 109 .9
C 2 6  . Rh1 . C 3 0  . 9 7 .4 6 (1 3 ) 0 2 2  . 0 2 3  . H 2 3 2  . 108 .3
C 2 7  . Rh1 . C 3 0  . 8 2 .2 9 (1 3 ) H 2 3 3  . 0 2 3  . H 23 2  . 108 .4
C I2  . Rh1 . C 31  . 9 0 .7 4 (9 ) C 2 2 . C 2 3 . H 2 3 1  . 111 .9
C 3  . Rh1 . C 31  . 1 6 5 .7 6 (1 2 ) H 2 3 3  . 0 2 3  . H231 . 1 09 . 1
C 2 6  . Rh1 . 0 3 1  .8 1 .5 2 (1 3 ) H 2 3 2  . 0 2 3  . H 231 . 109 .3
C 2 7  . Rh1 . 0 3 1  . 8 9 .7 5 (1 3 ) C 2 0 . C 2 4 . H 2 4 3 .  111 .4
0 3 0  . Rh1 . 0 3 1  . 3 6 .6 4 (1 3 ) 0 2 0  . 0 2 4 .  H 2 4 2 .  110 .7
Rh1 . 0 3  . N 4  . 1 2 4 .7 (2 ) H 2 4 3  . 0 2 4  . H 242  . 109 .2
Rh1 . 0 3  . N 8  . 1 1 6 .7 (2 ) 0 2 0 .  0 2 4 .  H 241 . 111.2
N 4  . 0 3  . N 8  . 1 1 7 .1 (3 ) H 2 4 3  . 0 2 4  . H 241 . 107 .5
0 3  . N 4  . 0 5  . 1 2 4 .9 (3 ) H 2 4 2  . 0 2 4  . H 241 . 106.7
0 3  . N 4  . 0 1 7  . 1 1 9 .2 (2 ) 0 1 8 .  0 2 5 .  H 251 . 110.7
0 5  . N 4  . 0 1 7  . 1 1 4 .8 (2 ) C 1 8 .  0 2 5 .  H 2 5 2 . 110.5
N 4  . 0 5  . 0 6  . 1 1 0 .1 (3 ) H 251  . 0 2 5 .  H 2 5 2 .  107 .9
N 4  . 0 5  . H51 . 107.1 0 1 8  . 0 2 5 .  H 2 5 3 .  111 .3
0 6  . 0 5  . H 51 . 1 1 0 .8 H 251  . 0 2 5  . H 25 3  . 107.9
N 4  . 0 5  . H 5 2  . 1 1 0 .5 H 2 5 2  . 0 2 5  . H 2 5 3  . 108 .4
0 6  . 0 5  . H 5 2  . 1 0 9 .0 Rh1 . 0 2 6  . 0 2 7  . 7 1 .6 6 (1 7 )
H 51 . 0 5  . H 5 2  . 1 0 9 .3 Rh1 . 0 2 6 .  0 3 3 .  110 .7 (2 )
0 5  . 0 6  . 0 7  . 1 0 9 .2 (3 ) 0 2 7  . 0 2 6  . 0 3 3  . 126 .3 (3 )
0 5  . 0 6  . H 61 . 1 1 0 .8 Rh1 . 0 2 6  . H 261 . 109 .8
0 7  . 0 6  . H61 . 1 0 9 .3 0 2 7  . 0 2 6  . H 261 . 1 1 6 . 0
0 5  . 0 6  . H 6 2  . 1 0 9 .5 C 3 3 . C 2 6 . H 2 6 1  . 112 .9
0 7  . 0 6  . H 6 2  . 1 0 9 .5 C 2 6 . C 2 7 . R h 1  .7 0 .0 8 (1 7 )
H 61 . 0 6  . H 6 2  . 1 0 8 .4 0 2 6  . 0 2 7  . 0 2 8  . 1 24 .0 (3 )
0 6  . 0 7  . N 8  . 1 0 8 .4 (3 ) Rh1 . 0 2 7  . 0 2 8  . 1 12 .8 (2 )
0 6  . 0 7  . H 71 . 1 1 1 . 3 0 2 6 .  0 2 7 .  H 271 . 115 .5
N 8  . 0 7  . H71 . 110.1 Rh1 . 0 2 7 .  H 271 . 1 1 0 . 3
0 6  . 0 7  . H 7 2  . 1 1 0 .3 0 2 8  . 0 2 7  . H 271 . 114 .7
N 8  . 0 7  . H 7 2  . 1 1 0 .3 C 2 7 . C 2 8 . C 2 9 .  113 .4 (3 )
H 71 . 0 7  . H 7 2  . 1 0 6 .6 0 2 7  . 0 2 8  . H 281 . 108 .7
0 7 .  N 8 . C 3 .  1 2 4 .2 (3 ) 0 2 9  . 0 2 8  . H 281 . 109 .5
0 7  . N 8  . 0 9  . 1 1 6 .6 (2 ) 0 2 7  . 0 2 8  . H 2 8 2  . 108 .4
0 3  . N 8  . 0 9  . 1 1 8 .4 (2 ) 0 2 9  . 0 2 8  . H 2 8 2  . 107 .9
N 8  . 0 9  . C 1 0  . 1 1 7 .8 (3 ) H 281 . 0 2 8  . H 2 8 2  . 108 .9
N 8  . 0 9  . 0 1 6  . 1 2 1 .9 (3 ) 0 2 8 .  0 2 9 .  0 3 0 .  113 .3 (3 )
0 1 0 .  0 9 .  0 1 6 .  1 2 0 .3 (3 ) 0 2 8  . 0 2 9  . H 291 . 1 1 0 . 0
0 9  . C 1 0  . 0 1 1  . 1 1 5 .2 (3 ) C 3 0 . C 2 9 . H 2 9 1  . 108 .9
0 9  . C 1 0  . 0 1 3  . 1 2 0 .1 (3 ) 0 2 8  . 0 2 9  . H 2 9 2  . 106.7
0 1 1  . 0 1 0 . 0 1 3 .  1 2 4 .7 (3 ) 0 3 0  . 0 2 9  . H 2 9 2  . 109 .2
0 1 0  . 0 1 1  . 0 1 2  . 1 1 8 .1 (3 ) H 291 . 0 2 9  . H 2 9 2  . 108 .5
0 1 1  . 0 1 2  . H 12 1  . 1 0 6 .7 0 2 9  . 0 3 0  . Rh1 . 1 08 .8 (2 )

0 1 1  . 0 1 2  . H 1 2 2  . 109 .1 0 2 9 .  0 3 0 .  0 3 1  . 1 25 .2 (3 )

H 121  . 0 1 2  . H 1 2 2  . 1 1 0 .9 Rh1 . 0 3 0 . 0 3 1  .7 2 .8 7 (1 8 )

0 1 1  . 0 1 2  . H 1 2 3  . 1 1 0 .5 C 2 9 . C 3 0 . H 3 0 1  . 1 1 4 . 8

221



Appendix 2. Tables of Bond Distances and Angles

H 121 . C 1 2 . H 1 2 3 .  110 .2 Rh1 . C 3 0  . H301 . 109 .3
H 1 2 2  . C 12  . H 1 2 3  . 1 09 .4 C31 . C 3 0  . H301 . 1 1 5 . 6
C 1 0  . C 1 3  . C 1 4  . 1 1 8 .8 (3 ) Rh1 . C31 . C 3 0 .  7 0 .4 9 (1 9 )
C 1 0  . C 1 3  . H 131  . 1 2 1 .4 Rh1 . C31 . C 32  . 111 .4 (2 )
C 1 4 . C 1 3 . H 1 3 1  . 1 19 .8 C 3 0 . C 3 1  . C 32  . 124 .1 (3 )
C 1 3  . C 1 4  . C 1 5  . 1 2 1 .1 (3 ) Rh1 . C31 . H311 . 109 .0
C 1 3 . C 1 4 . H 1 4 1  . 1 1 9 .9 C 3 0 . C 3 1  . H311 . 1 1 7 . 4
C 1 5  . C 1 4  . H 141 . 1 19 .0 C 3 2  . C31 . H311 . 114.1
C 1 4 . C 1 5 . C 1 6 .  1 1 9 .9 (3 ) C 31 . C 3 2 . C 3 3 .  111 .7 (3 )
C 1 4 . C 1 5 . H 1 5 1  . 1 20 .6 C31 . C 3 2  . H321 . 110.1
C 1 6  . C 1 5  . H 151  . 1 19 .5 C 3 3  . C 3 2  . H321 . 108 .8
C 1 5  . C 1 6  . C 9  . 1 1 9 .8 (3 ) C31 . C 3 2  . H 322  . 109 .6
C 1 5  . C 1 6  . H 161 . 121.1 C 3 3  . C 3 2  . H 32 2  . 109 .2
C 9 . C 1 6 . H 1 6 1  . 1 19 .0 H321 . C 3 2  . H 32 2  . 107.4
N 4  . C 1 7  . C 1 8  . 1 2 1 .3 (3 ) C 3 2 . C 3 3 . C 2 6 .  113 .8 (3 )
N 4  . C 17  . C 2 2  . 1 1 6 .9 (3 ) C 3 2  . C 3 3  . H331 . 1 1 0 . 0
C 1 8  . C 1 7  . C 2 2  . 1 2 1 .7 (3 ) C 2 6  . C 3 3  . H331 . 109 .7
C 1 7  . C 18  . C 1 9  . 1 1 8 .4 (3 ) C 3 2  . C 3 3  . H 33 2  . 1 08 . 1
C 1 7  . C 1 8  . C 2 5  . 1 2 1 .6 (3 ) C 2 6  . C 3 3  . H 332  . 106 .4
C 1 9 . C 1 8 . C 2 5 .  1 2 0 .0 (3 ) H 331 . C 3 3 . H 3 3 2 .  108.7
C 1 8 . C 1 9 . C 2 0 .  1 2 1 .3 (3 ) C I 3 4 . C 3 5 . C I 3 6 .  112 .2(2 )
C 1 8 . C 1 9 . H 1 9 1  . 1 19 .5 C I3 4  . C 3 5  . H351 . 1 0 9 . 0
C 2 0  . C 19  . H 191  . 1 19 .2 C I36  . C 3 5  . H351 . 107 .3
C 1 9 . C 2 0 . C 2 1  . 1 1 8 .8 (3 ) C I3 4  . C 3 5  . H 35 2  . 109.8
C 1 9  . C 2 0  . C 2 4  . 1 2 0 .7 (3 ) C I36  . C 3 5  . H 35 2  . 108 .8  

H 351 . C 3 5  . H 352  . 109 .8
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Table M.1: C rys ta l d a ta  and  s tructure  

D IP P )(C O D )C I] .

Id en tifica tio n  c o d e  

E m p irica l fo rm u la  

F o rm u la  w e ig h t  

T e m p e ra tu re  

W a v e le n g th  

C rys ta l s ys tem  

S p a c e  g ro u p  

U n it cell d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )

A b so rp tio n  co e ffic ie n t  

F (0 0 0 )

C rys ta l s ize

T h e ta  ra n g e  fo r d a ta  co llection

In d e x  ra n g e s

2 3 < = l< = 2 3

R e fle c tio n s  co llec ted

In d e p e n d e n t re flec tio n s

C o m p le te n e s s  to th e ta  =  2 7 .4 7 2 *

A b so rp tio n  co rrec tion

M a x . a n d  m in . tran sm iss io n

R e fin e m e n t m e th o d

D a ta  /  re s tra in ts  /  p a ra m e te rs

G o o d n e s s -o f-f it  on  F 2

a =  9 0 °.

6 =  1 1 6 .8 5 4 9 (9 ) ' 

y= 9 0 ° .

re fin e m e n t fo r [R h (6 -o -M e O P h -  

k jc 0 8 0 7

C 31 H 4 2  CM N 2  0 1  Rh1

5 9 7 .0 5  

1 5 0  K  

0 .7 1 0 7 3  A 
M o n o c lin ic  

P 1 2 1 /n  1 

a = 1 7 .4 4 8 7 (3 )  A 
b = 1 0 .4 2 6 3 (2 )  A 
c = 1 7 .7 2 5 6 (4 )  A 
2 8 7 6 .9 6 (1 0 )  A 3  

4

1 .3 7 8  M g/m 3 

0 .7 1 2  m m "1 

1 2 4 8

0 .2 0  x 0 .2 0  x 0 .0 8  m m 3  

2 .9 5 1  to 2 7 .4 7 2 ° .

-2 2 < = h < = 2 2 , -1 3 < = k < = 1 3, -

4 7 5 0 5

1 2 6 5 7  [R (in t) = 0 .0 7 5 ]

9 9 .5  %

S e m i-e m p ir ic a l from  equ iva len ts  

0 .9 4  and  0 .8 7

F u ll-m atrix  le a s t-s q u a re s  on F 2

1 2 6 5 7 / 0 / 3 2 6

0 .9 6 2 1
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Final R indices [l>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 0.88 and -0.77 e.A“3

Table M. 2: Bond lengths (A) for [Rh(6-o-MeOPh-DlPP)(COD)CI].
Rh1 . C I2  . 2 .4 0 1 0 (6 ) 0 2 0  . H 2 0 3  . 0 .961
Rh1 . C 3 . 2 . 1 2 1 ( 2 ) 0 2 0  . H201 . 0 .96 8
Rh1 . 0 4 . 2 . 1 0 2 ( 2 ) 0 2 0  . H 20 2  . 0 .96 6
Rh1 . C 7  . 2 .2 0 2 (2 ) C 21 . 0 2 2  . 1 .511 (4 )
Rh1 . 0 8 . 2 . 1 7 5 ( 2 ) 0 2 1  . H211 . 0 .97 8
Rh1 . C11 . 2 .0 4 9 (2 ) 0 2 1  . H 2 1 2  . 0 .98 2
C 3 .  C 4 .  1 .4 0 2 (3 ) 0 2 2 .  0 2 3 .  1 .505(4 )
C 3 . C 1 0 .  1 .5 2 2 (3 ) 0 2 2  . H 221 . 0 .97 3
C 3  . H31 . 0 .9 9 3 C 2 2  . H 2 2 2  . 0 .97 6
C 4  . C 5  . 1 .5 0 7 (3 ) 0 2 3  . N 24  . 1 .480(3 )
C 4  . H41 . 0 .991 C 2 3  . H 231 . 0 .981
0 5  . 0 6 .1 .4 9 5 ( 4 ) C 2 3  . H 23 2  . 0 .98 6
C 5  . H51 . 0 .9 6 2 N 2 4  . C 2 5  . 1 .450(3 )
C 5  . H 5 2  . 0 .9 9 0 0 2 5  . 0 2 6  . 1 .405(3 )
C 6 .  C 7 .  1 .5 1 1 (4 ) C 2 5  . 0 3 0  . 1 .403(3 )
C 6  . H61 . 0 .9 9 6 C 2 6  . 0 2 7  . 1 .393(4 )
C 6  . H 62  . 0 .9 6 5 0 2 6  . 0 3 4  . 1 .518(4 )
C 7 .  C 8 .  1 .3 6 9 (4 ) 0 2 7 .  C 2 8 .  1 .375 (4 )
0 7  . H71 . 0 .9 7 2 0 2 7  . H 271 . 0 .9 4 7
0 8  . 0 9  . 1 .5 1 8 (4 ) C 2 8 . C 2 9 .  1 .384 (4 )
0 8  . H81 . 0 .9 9 3 0 2 8  . H 281 . 0 .9 3 6
0 9  . C 1 0 . 1 .4 8 8 (4 ) C 2 9 . C 3 0 .  1 .39 5 (3 )
0 9  . H 9 2  . 0 .9 6 4 0 2 9  . H 291 . 0 .94 3
0 9  . H91 . 1 .0 0 0 0 3 0  . C 31 . 1 .52 2 (3 )
C 1 0  . H 101 . 0 .9 7 5 0 3 1  . 0 3 2  . 1 .53 4 (3 )
C 1 0 . H 1 0 2 .  0 .9 9 3 0 3 1  . C 3 3  . 1 .538 (3 )
C 11 . N 1 2 .  1 .3 4 9 (3 ) C31 . H 311 . 0 .9 7 8
C 11 . N24 . 1 .3 4 9 (3 ) C 3 2  . H 3 2 2  . 0 .9 7 2
N 1 2  . C 1 3  . 1 .4 3 6 (3 ) 0 3 2  . H 321 . 0 .9 7 0
N 1 2  . 0 2 1  . 1 .4 6 5 (3 ) 0 3 2  . H 3 2 3  . 0 .97 3
0 1 3  . C 1 4  . 1 .3 8 3 (3 ) 0 3 3  . H 3 3 3  . 0 .9 6 5
C 1 3 .  0 1 8 .  1 .4 0 1 (3 ) 0 3 3  . H 331 . 0 .967
C 1 4  . 0 1 5  . 1 .3 9 1 (4 ) 0 3 3  . H 3 3 2  . 0 .9 6 6
C 1 4  . H 141 . 0 .9 3 5 0 3 4 .  C 3 5 .  1 .534 (4 )
0 1 5  . 0 1 6  . 1 .3 7 2 (4 ) 0 3 4  . 0 3 6  . 1 .538 (4 )
C 1 5  . H 151 . 0 .9 4 7 0 3 4  . H 341 . 0 .97 6
0 1 6 .  0 1 7 .  1 .3 8 4 (4 ) 0 3 5  . H 351 . 0 .95 3
C 1 6  . H 161 . 0 .9 4 6 C 3 5  . H 3 5 3  . 0 .9 7 5
0 1 7  . 0 1 8 .  1 .3 9 3 (3 ) 0 3 5  . H 3 5 2  . 0 .96 9
0 1 7  . H 171 . 0 . 9 3 5 C 3 6  . H 3 6 2  . 0 .9 6 3
0 1 8  . 0 1 9 .  1 .3 6 7 (3 ) C 3 6  . H 361 . 0 .971
0 1 9  . 0 2 0  . 1 .4 2 5 (3 ) 0 3 6  . H 3 6 3  . 0 .9 6 9
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Table M. 3: Bond angles (°) for [Rh(6-o-MeOPh-DIPP)(COD)CI].
C I2  . Rh1 . C 3  . 1 6 4 .7 5 (7 ) C 1 3 . C 1 8 . 0 1 9 .  115 .6 (2 )
C I2  . Rh1 . C 4  . 1 5 6 .1 6 (7 ) C 1 7  . C 1 8  . 0 1 9  . 124 .9 (2 )
C 3  . Rh1 . C 4  . 3 8 .7 8 (9 ) C 1 8 . O 1 9 . C 2 0 .  117 .7 (2 )
C I2  . Rh1 . C 7  . 9 0 .4 4 (7 ) 0 1 9 . C 2 0 . H 2 0 3 .  107 .2
C 3  . Rh1 . C 7  . 9 1 .1 9 (9 ) O 1 9 . C 2 0 .  H201 . 109.1
C 4  . Rh1 . C 7  . 8 1 .3 8 (9 ) H 2 0 3  . C 2 0  . H 201 . 1 1 0 . 6
C I2  . Rh1 . C 8  . 9 0 .3 2 (7 ) 0 1 9 . C 2 0 . H 2 0 2 .  108 .7
C 3  . Rh1 . C 8  . 8 2 .0 7 (9 ) H 2 0 3 . C 2 0 . H 2 0 2 .  109 .6
C 4  . Rh1 . C 8  . 9 5 .9 9 (1 0 ) H 201  . C 2 0 . H 2 0 2 .  111 .6
C 7  . Rh1 . 0 8 . 3 6 . 4 3 ( 1 0 ) N 1 2 . C 2 1  . C 2 2  . 108 .5 (2 )
C I2  . Rh1 . C 11 . 8 4 .6 0 (6 ) N 1 2  . C21 . H211 . 109.1
C 3  . Rh1 . C 11 . 9 6 .8 1 (9 ) C 2 2  . C21 . H211 . 110 .3
C 4  . Rh1 . C 11 . 9 8 .3 5 (9 ) N 1 2  . C21 . H 21 2  . 110 .3
C 7  . Rh1 . C 11 . 1 6 6 .8 0 (1 0 ) C 2 2  . C21 . H 21 2  . 108 .7
C 8  . Rh1 . C 11 . 1 5 5 .3 3 (1 0 ) H 211  . C21 . H 21 2  . 109.8
Rh1 . C 3  . C 4  . 6 9 .8 8 (1 3 ) C 21 . C 2 2  . C 2 3  . 109 .0 (2 )
Rh1 . 0 3  . C 1 0  . 1 1 2 .6 5 (1 6 ) C 21 . C 2 2  . H221 . 109 .8
C 4 . C 3 . C 1 0 .  1 2 2 .8 (2 ) C 2 3  . C 2 2  . H221 . 109 .6
Rh1 . C 3  . H31 . 1 1 1 .8 C 21  . C 2 2  . H 22 2  . 109 .5
C 4  . C 3  . H31 . 1 1 6 .3 C 2 3  . C 2 2  . H 22 2  . 109 . 1
C 1 0  . C 3  . H31 . 1 14 .5 H 221  . C 2 2  . H 2 2 2  . 109.9
C 3  . C 4  . Rh1 . 7 1 .3 4 (1 3 ) C 2 2 . C 2 3 . N 2 4 .  110 .3(2 )
C 3 . C 4 . C 5 .  1 2 6 .5 (2 ) C 2 2  . C 2 3  . H231 . 1 1 0 . 8
Rh1 . C 4 . C 5 .  1 1 1 .1 2 (1 6 ) N 2 4 . C 2 3 . H 2 3 1  . 1 0 9 . 5
C 3  . C 4  . H41 . 1 14 .8 C 2 2  . C 2 3  . H 23 2  . 108 .2
Rh1 . C 4 .  H41 . 1 12 .0 N 2 4  . C 2 3  . H 23 2  . 1 08 . 1
C 5  . C 4  . H41 . 1 1 2 .9 H 231  . C 2 3 . H 2 3 2 .  109.9
C 4 . C 5 . C 6 .  1 1 5 .1 (2 ) C 2 3  . N 2 4  . C11 . 124 .39 (19 )
C 4  . C 5  . H51 . 1 0 9 .6 C 2 3  . N 2 4  . C 2 5  . 114 .60 (18 )
C 6  . C 5  . H51 . 1 0 9 .8 C 11 . N 2 4 . C 2 5 .  120 .37 (19 )
C 4  . C 5  . H 5 2  . 1 0 7 .9 N 2 4  . C 2 5  . C 2 6  . 120 .3 (2 )
C 6  . C 5  . H 5 2  . 1 0 4 .5 N 2 4  . C 2 5  . C 3 0  . 117 .5 (2 )
H 51 . C 5  . H 5 2  . 1 0 9 .6 C 2 6  . C 2 5  . C 3 0  . 122 .2 (2 )
C 5 . C 6 . C 7 .  1 1 3 .6 (2 ) C 2 5  . C 2 6  . C 27  . 117 .4 (2 )
C 5  . C 6  . H61 . 107.1 C 2 5  . C 2 6  . C 3 4  . 122 .8 (2 )
C 7  . C 6  . H61 . 1 0 8 .4 C 2 7 . C 2 6 . C 3 4 .  119 .8 (2 )
C 5 . C 6 . H 6 2 .  1 0 9 .2 C 2 6 . C 2 7 . C 2 8 .  121 .5 (2 )
C 7  . C 6  . H 6 2  . 1 0 9 .8 C 2 6  . C 2 7  . H271 . 1 1 8 . 9
H61 . C 6  . H 6 2  . 1 0 8 .7 C 2 8  . C 2 7  . H271 . 1 1 9 . 6
C 6  . C 7  . Rh1 . 1 1 1 .2 4 (1 6 ) C 2 7  . C 2 8  . C 2 9  . 120 .3(2 )
C 6 . C 7 . C 8 .  1 2 3 .3 (3 ) C 2 7  . C 2 8  . H281 . 1 1 9 . 9
Rh1 . C 7  . C 8  . 7 0 .7 1 (1 4 ) C 2 9  . C 2 8  . H281 . 1 1 9 . 7
C 6  . C 7  . H 71 . 1 1 4 .3 C 2 8  . C 2 9  . C 3 0  . 120 .9 (2 )
Rh1 . C 7  . H71 . 1 0 9 .3 C 2 8 . C 2 9 . H 2 9 1  . 1 1 9 . 7
C 8  . C 7  . H71 . 1 1 7 .7 C 3 0  . C 2 9  . H291 . 1 1 9 . 4
Rh1 . C 8  . C 7  . 7 2 .8 6 (1 4 ) C 2 5 . C 3 0 . C 2 9 .  117 .7(2 )
Rh1 . C 8  . C 9  . 1 0 8 .3 0 (1 6 ) C 2 5  . C 3 0  . C31 . 123 .2 (2 )
C 7 . C 8 . C 9 .  1 2 6 .7 (3 ) C 2 9 . C 3 0 . C 3 1  . 119 .1(2 )
Rh1 . C 8 . H 8 1  . 1 0 9 .5 C 3 0 . C 3 1  . C 3 2  . 112 .3(2 )
C 7  . C 8  . H81 . 1 1 5 .4 C 3 0 . C 3 1  . C 33  . 110 .6(2 )
C 9  . C 8  . H81 . 1 1 3 .8 C 3 2  . C31 . C 33  . 109 .5(2 )
C 8 . C 9 . C 1 0 .  1 1 4 .8 (2 ) C 3 0  . C31 . H311 . 108.8
C 8 . C 9 . H 9 2 .  1 0 8 .6 C 3 2  . C31 . H311 . 107 .6
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C 1 0 . C 9 . H 9 2 .  1 10 .5 C 3 3  . C31 . H311 . 107 .8
C 8  . C 9  . H91 . 1 0 7 .3 C31 . C 32  . H 32 2  . 108 .9
C 1 0  . C 9  . H91 . 1 06 .0 C31 . C 32  . H321 . 109 .8
H 9 2  . C 9  . H91 . 1 0 9 .6 H 322 . C 32 . H321 . 110.1
C 3 . C 1 0 . C 9 .  1 1 4 .3 (2 ) C31 . C 32  . H 32 3  . 108 .3
C 3 . C 1 0 . H 1 0 1  . 109.1 H 32 2 . C 32 . H 323 . 110 .2
C 9  . C 1 0  . H 101  . 1 1 0 .6 H321 . C 32 . H 32 3 . 109 .5
C 3  . C 1 0  . H 1 0 2  . 1 0 8 .0 C31 . C 3 3  . H 33 3  . 110 .3
C 9  . C 1 0  . H 1 0 2  . 1 0 6 .5 C31 . C 3 3  . H331 . 109 .8
H 101 . C 1 0 . H 1 0 2 .  108.1 H 33 3 . C 33 . H331 . 108 .7
Rh1 . C 11 . N 1 2  . 1 1 5 .8 5 (1 6 ) C31 . C 33  . H 332  . 109 .9
Rh1 . C 11 . N 2 4  . 1 2 5 .8 6 (1 7 ) H 33 3 . C 33 . H 33 2 . 109 .3
N 12  . C 11 . N 2 4  . 1 1 6 .8 (2 ) H331 . C 33 . H 332 . 108 .8
C11 . N 1 2  . C 1 3  . 1 1 8 .9 9 (1 9 ) C 2 6  . C 34  . C 3 5  . 112 .2 (3 )
C 11 . N 12  . C 21 . 1 2 4 .4 (2 ) C 2 6  . C 34  . C 36  . 110 .3 (2 )
C 1 3  . N 1 2  . C 21 . 1 1 6 .3 5 (1 9 ) C 3 5  . C 3 4  . C 3 6  . 110 .8 (3 )
N 1 2  . C 1 3  . C 1 4  . 1 2 1 .8 (2 ) C 2 6  . C 3 4  . H 341 . 107 .6
N 12  . C 1 3  . C 1 8  . 1 1 8 .2 (2 ) C 35  . C 3 4  . H341 . 107 .5
C 1 4 . C 1 3 . C 1 8 .  1 1 9 .9 (2 ) C 3 6  . C 3 4  . H341 . 108 .3
C 1 3 . C 1 4 . C 1 5 .  1 2 0 .0 (2 ) C 3 4  . C 3 5  . H351 . 108 .9
C 1 3 . C 1 4 . H 1 4 1  . 120.1 C 3 4  . C 3 5  . H 35 3  . 109.4
C 1 5  . C 1 4  . H 141  . 1 1 9 .9 H351 . C 35 . H 35 3 . 109.0
C 1 4  . C 1 5  . C 1 6  . 1 1 9 .8 (2 ) C 3 4  . C 3 5  . H 35 2  . 109.2
C 1 4  . C 1 5  . H 151  . 1 20 .2 H351 . C 35 . H 35 2 . 109.9
C 1 6  . C 1 5  . H 151  . 1 1 9 .9 H 353 . C 35 . H 35 2 . 110.4
C 1 5  . C 1 6  . C 1 7  . 1 2 1 .1 (2 ) C 3 4  . C 3 6  . H 36 2  . 109.8
C 1 5  . C 1 6  . H 161  . 1 1 8 .8 C 3 4  . C 3 6  . H 361 . 109 .3
C 1 7 . C 1 6 . H 1 6 1  . 120.1 H 36 2 . C 36 . H361 . 110.0
C 1 6  . C 1 7  . C 1 8  . 1 1 9 .5 (2 ) C 3 4  . C 3 6  . H 36 3  . 108 .6
C 1 6  . C 1 7  . H 171  . 1 20 .3 H 36 2 . C 36 . H 36 3 . 110 .0
C 1 8  . C 1 7  . H 171  . 1 20 .2  
C 1 3 . C 1 8 . C 1 7 .  1 1 9 .6 (2 )

H361 . C 36 . H 36 3 . 109.1
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c n

CIS

CI6

CIO

Table N.1: C rys ta l d a ta  a n d  s tru c tu re  

M e O P h )(C O D )C I] .

Id en tifica tio n  c o d e  

E m p iric a l fo rm u la  

F o rm u la  w e ig h t  

T e m p e ra tu re  

W a v e le n g th  

C ry s ta l s ys te m  

S p a c e  g ro u p  

U n it cell d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )

A b s o rp tio n  c o e ffic ie n t  

F (0 0 0 )

C ry s ta l s ize

T h e ta  ra n g e  fo r d a ta  co llec tio n

In d e x  ra n g e s

19<=l<=19
R e fle c tio n s  c o llec ted

In d e p e n d e n t re flec tio n s

C o m p le te n e s s  to th e ta  =  2 7 .4 2 '

A b s o rp tio n  c o rrec tio n

M a x . a n d  m in . tran s m is s io n

R e fin e m e n t m e th o d

D a ta  /  re s tra in ts  /  p a ra m e te rs

a= 9 0 ° .

fc= 9 8 .0 1 9 0 (1 0 ) '  

y= 9 0 ° .

re fin e m e n t fo r [R h (6 -o -  

k jc0 80 1

C 2 9  H 3 9  C l N 2  0 2  Rh 

5 8 5 .9 8  

2 9 3 (2 )  K  

0 .7 1 0 7 3  A 
M o n o c lin ic  

P 2 1 /n

a  =  9 .7 6 0 7 (2 )  A 
b =  1 8 .7 6 2 4 (3 )  A 
c =  1 4 .8 5 9 6 (3 )  A 
2 6 9 4 .6 9 (9 )  A 3  

4

1 .4 4 4  M g/m 3 

0 .7 6 2  m m -1 

1220
0 .4 0  x 0 .1 0  x 0 .1 0  m m 3  

2 .9 7  to 2 7 .4 2 ° .

-1 2 < = h < = 1 2 , -2 4 < = k < = 2 4 , -

4 4 7 9 2

6 1 2 2  [R (in t) =  0 .1 6 7 1 ]

9 9 .5  %

E m pirica l

0 .9 2 7 7  and  0 .7 5 0 4  

F u ll-m atrix  le as t-s q u a re s  on F 2  

6 1 2 2 / 5 / 3 1 8
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Goodness-of-fit on F2 1.049
Final R indices [l>2sigma(l)J R1 =0.0610, wR2 = 0.1392
R indices (all data) R1 =0.0892, wR2 = 0.1535
Largest diff. peak and hole 1.172 and -1.464e.A'3

Table N. 2: Bond lengths (A) for [Rh(6-o-MeOPh)(COD)CI].
Rh1 .012.2.4195(11) 018 . 019. 1.362(6)
Rh1 . C3 . 2.099(4) 019 . 020. 1.383(9)
Rh1 . C4 . 2.111(4) 020 . H201 . 0.972
Rh1 . C7 . 2.174(4) 020 . H202 . 0.950
Rh1 . C8 . 2.213(4) 020 . H203 . 0.962
Rh1 .011 . 2.030(4) 021 .022.1.446(7)
03 . 04 . 1.401(6) 021 . H211 . 0.979
03.010.1.511(6) 021 . H212 . 0.989
03 . H31 . 0.998 C22 . C23 . 1.466(7)
04 . 05 . 1.524(6) 022 . H221 . 0.975
04 . H41 . 0.992 022. H222 . 1.021
05 . 06 . 1.521(7) C23 . N24 . 1.483(6)
05 . H51 . 0.965 C23 . H231 . 0.954
05 . H52 . 0.955 023 . H232 . 0.969
06 . 07 . 1.505(6) N24. 025. 1.426(6)
06 . H61 . 0.981 C25 . C26 . 1.430(9)
06 . H62 . 0.974 025 . C32 . 1.366(9)
07 . 08 . 1.380(6) C26 . 027 . 1.348(9)
07 . H71 . 1.006 026 . C29 . 1.384(9)
08 . 09 . 1.514(6) 0 2 7 .0 2 8 . 1.429(8)
08 . H81 . 0.990 028 . H281 . 0.975
C9.C10. 1.520(7) 028 . H283 . 0.965
09 . H91 . 0.959 028 . H282 . 0.976
09 . H92 . 0.976 029 . C30 . 1.344(13)
C10 . H101 . 0.987 029 . H291 . 0.909
C10.H102. 0.961 030. 031 .1.388(12)
C11 . N12 . 1.333(5) C30 . H301 . 0.918
C11 . N24 . 1.357(5) C31 . C32 . 1.409(8)
N12 . C13 . 1.430(5) 031 . H311 . 0.922
N12 . C21 . 1.493(6) 032 . H321 . 0.948
C13 . C14 . 1.364(6) C33 . C33 2 766 1.641(18)
C13 . C18 . 1.400(6) 033. C34. 1.206(11)
C14 . C15 . 1.392(6) 033 . H331 . 0.950
C14 . H141 . 0.943 033 . H332 . 0.950
015. C16. 1.361(7) 034 . 035.1.621(13)
015 . H151 . 0.975 034 . H341 . 0.950
C16 . C17 . 1.359(7) 034 . H342 . 0.950
016. H161 .0.942 C35 . H352 . 0.978
C17. 018. 1.412(7) C35 . H351 . 0.974
017 . H171 . 0.927 C35 . H353 . 0.951

Table N.3: Bond anngles (°) for [Rh(6-o-MeOPh)(COD)CI].
CI2 . Rh1 . 03 . 155.89(11) C15.C16.H161 . 118.8
CI2 . Rh1 . 04 . 164.91(12) C17.C16.H161 . 120.8
03 . Rh1 . 04 . 38.88(15) C16. C17. C18. 120.2(4)
CI2 . Rh1 .07.89.65(13) C16 . C17 . H171 . 121.4
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C3 . Rh1 . C7 . 97.97(17) C18.C17.H171 . 118.4
C4 . Rh1 . C7 . 81.99(17) 017. 018. 013. 119.1(4)
CI2 . Rh1 .08.92.01(12) 017. 018. 019. 123.4(5)
C3 . Rh1 .08.81.07(16) 013. 018. 019. 117.5(4)
04 . Rh1 . 08 . 88.75(15) 018. 019. 020. 117.8(6)
07 . Rh1 . 08 . 36.65(16) 019 . 020 . H201 . 108.1
CI2 . Rh1 .011 .90.85(12) 019 . 020 . H202 . 107.7
03 . Rh1 . 011 . 90.91(17) H201 .C20.H202. 111.6
04 . Rh1 .011 .91.96(16) 019. 020. H203. 107.3
07 . Rh1 . 011 . 156.83(16) H201 .C20.H203. 111.6
08 . Rh1 . 011 . 166.28(16) H202 . 020 . H203 . 110.2
Rh1 .03 .04 .71 .0 (2 ) N12 . 021 . 022 . 110.3(4)
Rh1 . 03 . C10 . 110.3(3) N12 . 021 . H211 . 110.5
04 . 03 . 010. 126.0(4) 022 . 021 . H211 . 106.5
Rh1 . 03. H31 . 108.7 N12.C21 . H212 . 109.0
C4.C3.H31 . 116.4 022 . 021 . H212 . 109.6
C10.C3.H31 .113.6 H211 .021 . H212 . 110.9
03 . 04 . Rh1 . 70.1(2) C21 . 022 . 023. 114.3(5)
03 . 04. 05. 125.1(4) C21 . 022 . H221 . 110.1
Rh1 .0 4 .0 5 .  113.2(3) C23 . 022 . H221 . 108.3
C3.C4.H41 . 114.1 C21 . 022 . H222 . 106.7
Rh1 . 04 . H41 . 111.1 C23 . C22 . H222 . 109.4
C5.C4.H41 . 114.5 H221 . C22 . H222 . 107.8
04 . 05 . 06 . 112.4(3) C22.C23.N24. 110.6(4)
C4.C5.H51 . 111.7 C22.C23.H231 .108.2
06 . 05 . H51 . 109.9 N24 . 023 . H231 . 108.4
C 4.C 5.H 52. 106.8 C22.C23.H232. 112.0
06 . 05 . H52 . 105.2 N24 . 023 . H232 . 108.0
H51 . 05. H52 . 110.6 H231 . C23 . H232 . 109.6
05 . 06 . 07 . 113.6(4) C23 . N24 . C11 . 124.8(4)
05 . 06 . H61 . 110.2 C23.N24. 025.115.6(4)
07 . 06 . H61 . 108.7 C11 . N24. 025.119.6(3)
05 . 06 . H62 . 105.4 N24.C25.C26. 117.7(6)
07 . 06 . H62 . 110.0 N24 . 025 . C32 . 120.3(5)
H61 . 06 . H62 . 108.8 C26.C25.C32. 121.9(5)
06 . 07 . Rh1 . 107.8(3) 025.026.027.116.0(5)
06 . 07. 08 . 125.1(4) C25.C26.C29. 117.5(8)
Rh1 . 07 . 08 . 73.2(2) 027 . 026 . 029 . 126.4(7)
06 . 07 . H71 . 116.2 026 . 027 . 028. 116.6(6)
Rh1 . 07 . H71 . 109.3 027 . 028. H281 . 109.4
08 . 07 . H71 . 114.4 027 . 028 . H283 . 108.2
Rh1 . 08 . 07 . 70.1(2) H281 . 028 . H283 .110.8
Rh1 .0 8 .0 9 .  111.1(3) 027. 028. H282. 110.9
07 . 08 . 09 . 124.6(4) H281 . 028 . H282 . 109.1
Rh1 . 08. H81 . 110.9 H283 . 028 . H282 . 108.5
07 . 08. H81 . 115.7 026.029.030.121.1(8)
09 . 08 . H81 . 114.6 026 . 029 . H291 . 120.9
C 8.C 9.C 10. 111.6(3) C30.C29.H291 .118.0
C8.C9.H91 . 106.1 C29.C30.C31 . 121.7(6)
C10. 09. H91 . 109.3 029 . 030. H301 .119.4
C 8.C 9.H 92. 107.2 031 . 030 . H301 .118.9
C 10.C 9.H 92. 112.4 C30. 031 . 032. 119.6(8)
H91 .C 9.H 92. 110.0 C30 . 031 . H311 . 119.0
09 . C10 . 03 . 112.8(4) 032 . 031 . H311 . 121.4
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C9 . C10 . H101 . 106.5 
C3 . C10 . H101 . 109.6 
C9 . C10. H102 . 110.3 
C3 . C10 . H102 . 109.0 
H101 . C10 . H102 . 108.6 
Rh1 . C11 . N12 . 124.7(3) 
Rh1 . C11 . N24 . 118.8(3) 
N12 . C11 . N24 . 116.5(4) 
C11 . N12 . C13 . 120.2(3) 
C11 . N12 . C21 . 124.8(3) 
C13 . N12 . C21 . 115.0(3) 
N12 . C13 . C14 . 122.2(4) 
N12 . C13 . C18 . 118.5(4) 
C14 . C13 . C18 . 119.3(4) 
C13.C14.C15. 120.5(4) 
C13 . C14 . H141 . 119.8 
C15.C14.H141 . 119.6 
C14 . C15 . C16 . 120.5(4) 
C14 . C15 . H151 . 120.4 
C16 . C15 . H151 . 119.1 
C15 . C16 . C17 . 120.4(4)

C31 .C32.C25. 118.2(7)
C31 . C32 . H321 . 120.9 
C25 . C32 . H321 . 120.8 
C33 2_766 C33 . C34 . 126.0(11) 
C33 2_766 C33 . H331 . 106.7 
C34 . C33 . H331 . 104.0 
C33 2_766 C33 . H332 . 105.7 
C34 . C33 . H332 . 104.4 
H331 . C33 . H332 . 109.5 
C33.C34.C35. 126.5(9)
C33 . C34 . H341 . 104.9 
C35 . C34 . H341 . 105.9 
C33 . C34 . H342 . 103.9 
C35 . C34 . H342 . 105.6 
H341 . C34 . H342 . 109.5 
C34 . C35 . H352 .111.2 
C34 . C35 . H351 . 108.0 
H352 . C35 . H351 . 109.8 
C34 . C35 . H353 . 107.4 
H352 . C35 . H353 . 111.3 
H351 . C35 . H353 .109.1
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Crystal data and structure refinement for [Rh(7-o-MeOPh-

kjc0746
C29 H38 Cl N2 O Rh 
568.97 
274(2) K 
0.71073 A

Table 0.1:
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
19<=l<=19
Reflections collected
Independent reflections
Completeness to theta = 27.48°
Absorption correction
Max. and min. transmission
Refinement method
Data / restraints / parameters

Monoclinic
P21/n
a = 9.34140(10) A a= 90°. 

b = 18.7565(2) A 6= 104.9340(10)° 
c =  15.3054(2) A y=90°. 
2591.11(5) A3 
4
1.459 Mg/m3 
0.787 mm”1 
1184
0.50 x 0.50 x 0.50 mm3 
1.75 to 27.48°.
-12<=h<=12, -24<=k<=24, -

42261
5934 [R(int) = 0.1206]
99.9 %
Empirical
0.6944 and 0.6944 
Full-matrix least-squares on F^
5934 / 0 /311
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Goodness-of-fit on 1.122
Final R indices [l>2sigma(l)] R1 = 0.0353, wR2 = 0.0903
R indices (all data) R1 = 0.0482, wR2 = 0.0971
Largest diff. peak and hole 0.516 and -1.248 e.A'3

Table O. 2: Bond lengths (A) for [Rh(7-o-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 . C l  . 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
C 4.C 5 . 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-o-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) C15 . C16 . H161 . 118.9
C3 . Rh1 . C7 . 89.10(10) C17 . C16 . H161 . 119.5
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C6 . Rh1 . 0 1 . 38.56(11) C12.C17.C16. 118.6(2)
02  . Rh1 . C10 . 161.58(11) C12.C17.C18. 121.4(2)
C3 . Rh1 . C10 . 162.16(10) C16.C17.C18. 119.9(2)
C6 . Rh1 . C10 . 92.89(10) C17 . C18 . H181 . 106.2
0 1 . Rh1 . C10 . 96.99(10) C17 . C18 . H182 . 111.8
02  . Rh1 . CI34 . 87.70(8) H181 .C18.H182. 107.8
C3 . Rh1 . CI34 . 89.95(8) C17 . C18 . H183 . 112.2
C6 . Rh1 . CI34 . 158.05(8) H181 . C18.H183. 106.0
0 1 . Rh1 . CI34 . 162.28(7) H182 . C18 . H183 . 112.5
C10 . Rh1 . CI34 . 89.23(7) C15 . C19 . H191 . 110.8
Rh1 . C2 . C3 . 72.43(15) C15 . C19 . H192 . 112.7
Rh1 . C2 . C9 . 108.62(18) H191 .C19.H192. 109.0
C 3 .C 2 .C 9 . 126.5(3) C15 . C19 . H193 . 108.8
Rh1 . C2 . H21 . 113.0 H191 . C19 . H193 . 107.7
C3.C2.H21 . 115.0 H192 . C19 . H193 . 107.6
C9.C2.H21 . 113.0 C13 . C20 . H201 . 114.3
Rh1 . C3 . C2 . 71.53(15) C13.C20.H202. 110.4
Rh1 . C3 . C4 . 111.70(19) H201 . C20 . H202 . 104.4
C 2 .C 3 .C 4 . 122.8(3) C13.C20.H203. 114.7
Rh1 . C3 . H31 . 113.8 H201 . C20 . H203 . 107.3
C2 . C3 . H31 . 116.5 H202 . C20 . H203 . 104.8
C4 . C3 . H31 . 113.2 N11 . C21 . C22 . 113.4(2)
C 3 .C 4 .C 5 . 111.9(2) N11 . C21 . H211 . 113.4
C3 . C4 . H41 . 112.1 C22 . C21 . H211 . 107.5
C5 . C4 . H41 . 107.9 N11 . C21 . H212 . 108.9
C3 . C4 . H42 . 109.9 C22 . C21 . H212 . 105.6
C5 . C4 . H42 . 108.0 H211 . C21 . H212 . 107.7
H41 . C4 . H42 . 106.8 C21 . C22.C23. 112.8(3)
C 4 .C 5 .C 6 . 113.3(2) C21 . C22 . H221 . 107.9
C4 . C5 . H51 . 110.9 C23 . C22 . H221 . 107.7
C6 . C5 . H51 . 112.6 C21 . C22 . H222 . 110.2
C4 . C5 . H52 . 106.7 C23 . C22 . H222 . 109.5
C6 . C5 . H52 . 106.4 H221 . C22 . H222 . 108.5
H51 . C5 . H52 . 106.5 C22.C23.C24. 111.1(2)
C5 . C6 . Rh1 . 110.38(19) C22.C23.H231 .108.2
C 5 .C 6 .C 7 . 125.4(2) C24.C23. H231 . 109.9
Rh1 . C6 . C7 . 71.12(14) C22.C23. H232 . 108.8
C5 . C6 . H61 . 112.5 C24 . C23 . H232 . 111.2
Rh1 . C6 . H61 . 119.9 H231 . C23 . H232 . 107.6
C7 . C6 . H61 . 112.1 C23 . C24 . N25 . 112.4(2)
0 6 . 0 1  . Rh1 . 70.32(14) C23.C24. H241 . 104.0
C 6 .C 7 .C 8 . 124.8(2) N25 . C24 . H241 . 110.1
Rh1 . C7 . C8 . 114.22(17) C23 . C24 . H242 . 107.2
C6 . C7 . H71 . 113.5 N25 . C24 . H242 . 111.3
Rh1 . C7 . H71 . 118.0 H241 .C24.H242. 111.6
C8 . C7 . H71 . 110.8 C24 . N25.C10. 124.2(2)
C 7 .C 8 .C 9 . 112.7(2) C24 . N25 . C26 . 115.7(2)
C7 . C8 . H81 . 108.9 C10.N25.C26. 119.2(2)
C9 . C8 . H81 . 108.6 N25.C26.C27. 118.6(2)
C7 . C8 . H82 . 109.5 N25.C26.C31 . 120.6(3)
C9 . C8 . H82 . 109.7 C27 . C26 . C31 . 120.7(3)
H81 . C8 . H82 . 107.2 C26.C27.C28. 119.2(3)
C 8 .C 9 .C 2 . 113.5(2) C26 . 0 2 1 . 032 . 117.1(2)
C8 . C9 . H91 . 105.4 C28 . 0 2 1 . 032 . 123.7(3)
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C2 . C9 . H91 . 109.1 C27.C28.C29. 119.8(3)
C8 . C9 . H92 . 107.4 C27 . C28 . H281 . 120.7
C2 . C9 . H92 . 113.4 C29.C28.H281 .119.5
H91 . C9 . H92 . 107.5 C28.C29.C30. 121.0(3)
Rh1 . C10 . N11 . 120.63(18) C28 . C29 . H291 . 120.7
Rh1 . C10 . N25 . 121.36(17) C30 . C29 . H291 .118.3
N11 . C10 . N25 . 117.6(2) C29.C30.C31 . 120.0(3)
C10 . N11 . C12 . 118.03(19) C29 . C30 . H301 .120.1
C10 . N11 . C21 . 128.8(2) C31 . C30 . H301 .119.9
C12 . N11 . C21 . 113.08(19) C30.C31 . C26 . 119.4(3)
N11 . C12 . C13 . 121.2(2) C30 . C31 . H311 . 119.4
N11 . C12 . C17 . 117.2(2) C26 . C31 . H311 . 121.1
C13 . C12 . C17 . 121.5(2) C 27.032.C 33. 118.1(2)
C12 . C13 . C14 . 117.3(2) 032 . C33 . H331 .112.6
C12 . C13 . C20 . 123.1(2) 032 . C33 . H332 .113.9
C 14.C 13.C 20. 119.5(2) H331 . C33 . H332 . 107.6
C 13.C 14.C 15. 122.8(2) 032. C33.H333. 110.0
C13 . C14 . H141 . 119.3 H331 . C33 . H333 . 105.6
C15 . C14 . H141 . 117.9 H332 . C33 . H333 . 106.5
C14 . C15 . C16 . 118.1(2)
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Table P.1: Crystal data and structure 
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<=l<=22
Reflections collected
Independent reflections
Completeness to theta = 27.47*
Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on F2

a= 90°.
6= 92.8630(10)' 
y= 90°.

refinement for [Rh(7-o-MeOPh- 

kjc0827
C32 H44 Cl N2 O Rh
611.05
150(2) K
0.71073 A
Monoclinic
P21/n
a = 10.1760(2) A 
b = 16.5830(3) A 
c = 17.0760(4) A 
2877.95(10) A3 

4
1.410 M g/m 3 

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]
99.4 %
0.9321 and 0.8530 
Full-matrix least-squares on F2 
6546 / 0 / 339
1.034
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Final R indices [l>2sigma(I)] R1 = 0.0484, wR2 = 0.1198
R indices (all data) R1 = 0.0680, wR2 = 0.1301
Largest diff. peak and hole 1.528 and -0.868 e.A~3

Table P. 2: Bond lengths (A) for [Rh(7-o-MeOPh-DIPP)(COD)CI].
C1 N2 1.348(5) C18C22 1.513(5)
C1 N1 1.359(4) C19C21 1.519(6)
C1 Rh1 2.052(4) C19C20 1.520(6)
C2 N2 1.486(5) C19H19 1.0000
C2 C3 1.510(6) C20 H20A 0.9800
C2 H2A 0.9900 C20 H20B 0.9800
C2 H2B 0.9900 C20 H20C 0.9800
C3C4 1.532(6) C21 H21A 0.9800
C3 H3A 0.9900 C21 H21B 0.9800
C3 H3B 0.9900 C21 H21C 0.9800
C4C5 1.507(5) C22 C24 1.526(6)
C4 H4A 0.9900 C22 C23 1.539(5)
C4 H4B 0.9900 C22 H22 1.0000
C5 N1 1.495(5) C23 H23A 0.9800
C5 H5A 0.9900 C23 H23B 0.9800
C5 H5B 0.9900 C23 H23C 0.9800
C6C11 1.373(5) C24 H24A 0.9800
C6 C l  1.412(5) C24 H24B 0.9800
C6 N2 1.446(5) C24 H24C 0.9800
C l  01 1.369(5) C25 C26 1.399(6)
Cl  C8 1.385(5) C25 C32 1.515(6)
C8 C9 1.393(6) C25 Rh1 2.104(4)
C8 H8 0.9500 C25 H25 0.9500
C9C10 1.373(6) C26 C27 1.525(5)
C9 H9 0.9500 C26 Rh1 2.130(4)
C10C11 1.407(6) C26 H26 0.9500
C10H10 0.9500 C27 C28 1.539(6)
C11 H11 0.9500 C27 H27A 0.9900
C12 01 1.427(5) C27 H27B 0.9900
C12 H12A 0.9800 C28 C29 1.511(6)
C12H12B 0.9800 C28 H28A 0.9900
C12H12C 0.9800 C28 H28B 0.9900
C13C18 1.403(5) C29 C30 1.386(6)
C13C14 1.409(5) C29 Rh1 2.179(4)
C13 N1 1.452(4) C29 H29 0.9500
C14C15 1.393(5) C30C31 1.512(6)
C14C19 1.522(6) C30 Rh1 2.216(4)
C15C16 1.382(6) C30 H30 0.9500
C15H15 0.9500 C31 C32 1.542(6)
C16C17 1.383(6) C31 H31A 0.9900
C16H16 0.9500 C31 H31B 0.9900
C17C18 1.400(6) C32 H32A 0.9900
C17H17 0.9500 C32 H32B 0.9900 

Rh1 CI1 2.4628(8)
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Table P. 3: Bond angles (°) for [Rh(7-o-MeOPh-DIPP)(COD)Cl].
N2C1 N1 117.8(3) C18C22 C23 110.1(3)
N2 C1 Rh1 115.3(2) C24 C22 C23 109.5(3)
N1 C1 Rh1 125.2(3) C18C22 H22 108.4
N2 C2 C3 112 1(3) C24 C22 H22 108.4
N2 C2 H2A 109.2 C23 C22 H22 108.4
C3 C2 H2A 109.2 C22 C23 H23A 109.5
N2 C2 H2B 109.2 C22 C23 H23B 109.5
C3 C2 H2B 109.2 H23AC23 H23B 109.5
H2A C2 H2B 107.9 C22 C23 H23C 109.5
C2 C3 C4 110.8(3) H23AC23 H23C 109.5
C2 C3 H3A 109.5 H23B C23 H23C 109.5
C4 C3 H3A 109.5 C22 C24 H24A 109.5
C2 C3 H3B 109.5 C22 C24 H24B 109.5
C4 C3 H3B 109.5 H24AC24 H24B 109.5
H3A C3 H3B 108.1 C22 C24 H24C 109.5
C5C4C3 112.8(3) H24AC24 H24C 109.5
C5 C4 H4A 109.0 H24B C24 H24C 109.5
C3 C4 H4A 109.0 C26 C25 C32 125.3(4)
C5 C4 H4B 109.0 C26 C25 Rh1 71.7(2)
C3 C4 H4B 109.0 C32 C25 Rh1 111.0(3)
H4A C4 H4B 107.8 C26 C25 H25 117.4
N1 C5C4 113.0(3) C32 C25 H25 117.4
N1 C5 H5A 109.0 Rh1 C25 H25 87.3
C4 C5 H5A 109.0 C25 C26 C27 124.2(4)
N1 C5 H5B 109.0 C25 C26 Rh1 69.7(2)
C4 C5 H5B 109.0 C27 C26 Rh1 113.8(3)
H5AC5 H5B 107.8 C25 C26 H26 117.9
C11 C6 C l  120.5(3) C27 C26 H26 117.9
C11 C6 N2 121.7(3) Rh1 C26 H26 86.5
C l  C6 N2 117.7(3) C26 C27 C28 112.1(3)
01 C l  C8 124.4(4) C26 C27 H27A 109.2
01 C l  C6 115.9(3) C28 C27 H27A 109.2
C8 C l  C6 119.6(4) C26 C27 H27B 109.2
C l  C8 C9 119.2(4) C28 C27 H27B 109.2
C l  C8 H8 120.4 H27A C27 H27B 107.9
C9 C8 H8 120.4 C29 C28 C27 114.2(3)
C10C9 C8 121.5(4) C29 C28 H28A 108.7
C10C9 H9 119.3 C27 C28 H28A 108.7
C8 C9 H9 119.3 C29 C28 H28B 108.7
C9C10C11 119.5(4) C27 C28 H28B 108.7
C9 C10H10 120.2 H28A C28 H28B 107.6
C11 C10 H10 120.2 C30 C29 C28 124.9(4)
C6C11 C10 119.6(4) C30 C29 Rh1 73.1(2)
C6C11 H11 120.2 C28C29 Rh1 108.6(3)
C10C11 H11 120.2 C30 C29 H29 117.5
01 C12 H12A 109.5 C28 C29 H29 117.5
01 C12 H12B 109.5 Rh1 C29 H29 88.3
H12AC12 H12B 109.5 C29C30C31 123.5(4)
01 C12 H12C 109.5 C29 C30 Rh1 70.1(2)
H12AC12 H12C 109.5 C31 C30 Rh1 111.6(3)
H12BC12H12C 109.5 C29 C30 H30 118.3
C18C13C14 121.6(3) C31 C30 H30 118.3
C18C13N1 120.6(3) Rh1 C30 H30 88.3
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C14C13N1 117.6(3) 
C15C14C13 118.1(4) 
C15C14C19 119.2(3) 
C13C14C19 122.7(3) 
C16C15C14 121.3(4) 
C16C15H15 119.3 
C14C15H15 119.3 
C15C16C17 119.6(4) 
C15C16H16 120.2 
C17C16H16 120.2 
C16C17C18 121.6(4) 
C16C17H17 119.2 
C18C17H17 119.2 
C17C18C13 117.5(4) 
C17C18C22 118.9(4) 
C13C18C22 123.5(3) 
C21 C19C20 110.0(3) 
C21 C19C14 111.5(3) 
C20C19C14 112.7(3) 
C21 C19H19 107.4 
C20C19H19 107.4 
C14C19H19 107.4 
C19C20 H20A 109.5 
C19C20 H20B 109.5 
H20AC20 H20B 109.5 
C19C20 H20C 109.5 
H20A C20 H20C 109.5 
H20B C20 H20C 109.5 
C19C21 H21A 109.5 
C19C21 H21B 109.5 
H21AC21 H21B 109.5 
C19C21 H21C 109.5 
H21AC21 H21C 109.5 
H21BC21 H21C 109.5 
C18C22 C24 111.9(4)

C30 C31 C32 112.1(3) 
C30 C31 H31A 109.2 
C32 C31 H31A 109.2 
C30 C31 H31B 109.2 
C32 C31 H31B 109.2 
H31AC31 H31B 107.9 
C25C32C31 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 
C1 N1 C13 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 029 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 CI1 85.12(9) 
C25 Rh1 CI1 151.25(11) 
C26 Rh1 CM 169.02(10) 
C29 Rh1 CI1 90.14(11) 
C30 Rh1 CI1 88.56(11)
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cn

C20

CISC16
CIOciy

CIS

C25

Table Q.1: C rys ta l d a ta  an d  s tru c tu re  

M e s )(C O D )C I] .

Id e n tific a tio n  c o d e  

E m p iric a l fo rm u la  

F o rm u la  w e ig h t  

T e m p e ra tu re  

W a v e le n g th  

C ry s ta l s y s te m  

S p a c e  g ro u p  

U n it cell d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )

A b s o rp tio n  c o e ffic ie n t  

F (0 0 0 )

C ry s ta l s iz e

T h e ta  ra n g e  fo r d a ta  co llec tio n  

In d e x  ra n g e s  

1 7 < = l< = 1 8  

R e fle c tio n s  c o lle c te d  

In d e p e n d e n t  re fle c tio n s  

C o m p le te n e s s  to  th e ta  =  2 7 .5 0 c 

M a x . a n d  m in . tra n s m is s io n  

R e fin e m e n t  m e th o d

re fin e m e n t fo r [ lr (6 -o -M e O P h -  

k jc 0 9 0 3

C 3 2  H 4 4  C l Ir N 2  0 2

7 1 6 .3 4

1 5 0 (2 )  K

0 .7 1 0 7 3  A
T ric lin ic

P-1

a = 9 .6 9 7 0 (5 )  A a= 8 5 .5 9 3 (2 )c

b = 1 1 .1 5 1 0 (6 )  A 8= 7 9 .3 7 0 (2 )c

c = 1 3 .9 0 6 0 (1 1 )  A y = 8 1 .1 0 3 (4 ) °

1 4 5 8 .2 8 (1 6 )  A 3  

2
1 .63 1  M g/m 3 

4 .7 0 1  m m -1 

7 2 0

0 . 1 5 x 0 . 1 5 x 0 . 0 2  m m 3  

1 .4 9  to 2 7 .5 0 ° .

- 1 2 < = h < = 1 2, -1 4 < = k < = 1 4 , -

9 7 3 7

6 4 7 3  [R (in t) = 0 .0 5 1 7 ]

9 6 .5  %

0 .9 1 1 8  and  0 .5 3 9 0  

Fu ll-m atrix  le as t-s q u a re s  on F^
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Data / restraints / parameters 
Goodness-of-fit on 
Final R indices [l>2sigma(l)] 
R indices (all data)
Largest diff. peak and hole

6473 / 0 / 347 
1.048
R1 =0.0481, wR2 = 0.0946 
R1 =0.0645, wR2 = 0.1008 
1.187 and -1.830 e.A'3

Table Q. 2: Bond lengths (A) for [lr(6-o-MeOPh-Mes)(COD)CI]
C1 N 2  1 .33 5 (7 ) C 1 9 H 1 9 A  0 .9 8 0 0
C1 N1 1 .34 2 (7 ) C 1 9 H 1 9 B  0 .9 8 0 0
C1 Ir1 2 .0 7 4 (5 ) C 1 9 H 1 9 C  0 .9 8 0 0
C 2  N1 1 .480 (7 ) C 2 0  H 20 A  0 .9 8 0 0
C 2  C 3  1 .51 3 (1 0 ) C 2 0  H 20B  0 .9 8 0 0
C 2  H 2A  0 .9 9 0 0 C 2 0  H 2 0 C  0 .9 8 0 0
C 2  H 2B  0 .9 9 0 0 C21 C 2 2  1 .42 2 (9 )
C 3 C 4  1 .503 (8 ) C21 C 2 8  1 .51 2 (8 )
C 3  H 3A  0 .9 9 0 0 C21 Ir1 2 .0 9 1 (6 )
C 3  H 3B  0 .9 9 0 0 C21 H21 0 .9 5 0 0
C 4  N 2 1 .464 (7 ) C 2 2  C 2 3  1 .523 (9 )
C 4  H 4A  0 .9 9 0 0 C 2 2  Ir1 2 .1 1 2 (7 )
C 4  H 4B  0 .9 9 0 0 C 2 2  H 22  0 .9 5 0 0
C 5  C 1 0 1 .36 3 (9 ) C 2 3  C 2 4  1 .5 3 9 (1 0 )
C 5  C 6  1 .41 8 (9 ) C 2 3  H 23 A  0 .9 9 0 0
C 5 N 1  1 .45 4 (7 ) C 2 3  H 23 B  0 .9 9 0 0
C 6  0 1  1 .36 7 (7 ) C 2 4 C 2 5  1 .5 0 1 (1 1 )
C 6  C 7  1 .38 4 (9 ) C 2 4  H 24 A  0 .9 9 0 0
C 7  C 8  1 .38 6 (1 0 ) C 2 4  H 24B  0 .9 9 0 0
C l H I 0 .9 5 0 0 C 2 5  C 2 6  1 .40 2 (9 )
C 8  C 9  1 .3 7 2 (1 1 ) C 2 5  Ir1 2 .1 6 0 (6 )
C 8  H 8  0 .9 5 0 0 C 2 5  H 25  0 .9 5 0 0
C 9 C 1 0  1 .4 0 3 (9 ) C 2 6  C 2 7  1 .51 8 (1 0 )
C 9  H 9  0 .9 5 0 0 C 2 6  Ir1 2 .1 8 7 (6 )
C 1 0 H 1 0  0 .9 5 0 0 C 2 6  H 2 6  0 .9 5 0 0
C 11 0 1  1 .4 3 5 (9 ) C 27  C 2 8  1 .51 4 (9 )
C11 H 11 A  0 .9 8 0 0 C 27  H 27 A  0 .9 9 0 0
C11 H 11 B  0 .9 8 0 0 C 27  H 27B  0 .9 9 0 0
C 11 H 1 1C  0 .9 8 0 0 C 28  H 28 A  0 .9 9 0 0
C 1 2 C 1 3  1 .3 8 7 (9 ) C 2 8  H 28 B  0 .9 9 0 0
C 1 2 C 1 7  1 .4 0 5 (9 ) C 2 9  0 2  1 .41 4 (9 )
C 1 2  N 2 1 .4 6 3 (7 ) C 2 9  C 3 0  1 .50 9 (1 2 )
C 1 3 C 1 4  1 .3 9 7 (8 ) C 2 9  H 29 A  0 .9 9 0 0
C 1 3 C 1 8  1 .5 1 6 (9 ) C 2 9  H 29B  0 .9 9 0 0
C 1 4 C 1 5  1 .3 9 6 (9 ) C 3 0 C 3 1  1 .52 0 (1 2 )
C 1 4 H 1 4  0 .9 5 0 0 C 3 0  H 30 A  0 .9 9 0 0
C 1 5 C 1 6  1 .3 8 7 (1 0 ) C 3 0  H 30B  0 .9 9 0 0
C 1 5 C 1 9  1 .5 1 3 (8 ) C31 C 32  1 .49 9 (1 0 )
C 1 6 C 1 7  1 .3 9 7 (8 ) C31 H 31 A  0 .9 9 0 0
C 1 6 H 1 6  0 .9 5 0 0 C31 H 31B  0 .9 9 0 0
C 1 7 C 2 0  1 .4 9 9 (9 ) C 3 2  0 2  1 .424(9 )
C 1 8  H 1 8 A  0 .9 8 0 0 C 3 2  H 32 A  0 .9 9 0 0
C 1 8 H 1 8 B  0 .9 8 0 0 C 3 2  H 32B  0 .9 9 0 0
C 1 8  H 1 8 C  0 .9 8 0 0 Ir1 CI1 2 .3 8 4 2 (1 7 )
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Table Q.3: Bond angles (°) for [lr(6-o-MeOPh-Mes)(COD)Cl].
N 2 C 1  N1 1 1 7 .3 (5 ) C21 C 2 2  Ir1 6 9 .4 (4 )
N 2 C 1  Ir1 1 2 4 .0 (4 ) C 2 3 C 2 2  Ir1 1 14 .4 (5 )
N1 C1 Ir1 1 1 7 .7 (4 ) C 21 C 22  H 2 2  118 .9
N1 C 2  C 3  1 0 7 .7 (5 ) C 2 3  C 2 2  H 2 2  118 .9
N1 C 2  H 2 A  1 1 0 .2 Ir1 C 22  H 2 2  8 6 .4
C 3  C 2  H 2 A  1 1 0 .2 C 2 2  C 2 3  C 2 4  1 11 .7 (6 )
N1 C 2  H 2B  1 1 0 .2 C 2 2  C 2 3  H 2 3 A  109 .3
C 3  C 2  H 2B  1 10 .2 C 2 4  C 2 3  H 2 3 A  109 .3
H 2 A  C 2  H 2B  1 08 .5 C 2 2  C 2 3  H 23 B  109 .3
C 4  C 3  C 2  1 0 8 .9 (6 ) C 2 4  C 2 3  H 23 B  109 .3
C 4  C 3  H 3A  1 0 9 .9 H 2 3 A  C 2 3  H 23 B  107 .9
C 2  C 3  H 3A  1 0 9 .9 C 2 5  C 2 4  C 2 3  1 1 2 .9 (5 )
C 4 C 3  H 3B  1 09 .9 C 2 5  C 2 4  H 2 4 A  109 .0
C 2  C 3  H 3B  1 0 9 .9 C 2 3  C 2 4  H 2 4 A  109 .0
H 3 A C 3  H 3B  1 08 .3 C 2 5  C 2 4  H 24 B  109 .0
N 2 C 4  C 3  1 1 0 .7 (5 ) C 2 3  C 2 4  H 2 4 B  109 .0
N 2  C 4  H 4A  1 0 9 .5 H 2 4 A C 2 4  H 24 B  1 07 .8
C 3  C 4  H 4A  1 0 9 .5 C 2 6  C 2 5  C 2 4  1 2 5 .6 (7 )
N 2  C 4  H 4B  1 09 .5 C 2 6  C 2 5  Ir1 7 2 .2 (3 )
C 3 C 4 H 4 B  1 0 9 .5 C 2 4 C 2 5  Ir1 1 10 .1 (5 )
H 4 A C 4  H 4B  108.1 C 2 6  C 2 5  H 2 5  117 .2
C 1 0 C 5  C 6  1 2 1 .3 (6 ) C 2 4  C 2 5  H 2 5  117 .2
C 1 0 C 5  N1 1 2 2 .0 (6 ) Ir1 C 2 5  H 2 5  8 7 .6
C 6  C 5 N 1  1 1 6 .6 (5 ) C 2 5  C 2 6  C 2 7  1 23 .4 (7 )
0 1  C 6  C 7  1 2 6 .1 (6 ) C 2 5  C 2 6  Ir1 7 0 .2 (3 )
0 1  C 6 C 5  1 1 5 .3 (6 ) C 2 7 C 2 6  Ir1 1 12 .2 (4 )
C 7  C 6  C 5  1 1 8 .6 (6 ) C 2 5  C 2 6  H 2 6  118 .3
C 6  C 7  C 8  1 2 0 .0 (7 ) C 2 7  C 2 6  H 2 6  118 .3
C 6  C 7  H 7  1 2 0 .0 Ir1 C 2 6  H 2 6  8 7 .6
C 8  C l H I 1 2 0 .0 C 2 8  C 2 7  C 2 6  1 12 .9 (5 )
C 9  C 8  C 7  1 2 0 .6 (6 ) C 2 8  C 2 7  H 2 7 A  109 .0
C 9  C 8  H 8  1 1 9 .7 C 2 6  C 2 7  H 2 7 A  109 .0
C l  C 8  H 8  1 1 9 .7 C 2 8  C 27  H 27 B  109 .0
C 8  C 9 C 1 0  1 2 0 .5 (7 ) C 2 6  C 2 7  H 2 7 B  109 .0
C 8  C 9  H 9  1 1 9 .7 H 2 7 A  C 2 7  H 27 B  1 07 .8
C 1 0 C 9  H 9  1 1 9 .7 C 21 C 2 8  C 2 7  1 12 .3 (5 )
C 5 C 1 0 C 9  1 1 8 .8 (7 ) C21 C 2 8  H 2 8 A  109.1
C 5 C 1 0 H 1 0  1 2 0 .6 C 2 7  C 2 8  H 2 8 A  109.1
C 9  C 1 0 H 1 0  1 2 0 .6 C 21 C 2 8  H 2 8 B  109.1
0 1  C 11 H 1 1 A  1 0 9 .5 C 2 7  C 2 8  H 28 B  109.1
0 1  C 11 H 1 1 B  1 0 9 .5 H 2 8 A C 2 8  H 28B  107 .9
H 1 1 A C 1 1  H 1 1 B  1 0 9 .5 0 2  C 2 9  C 3 0  1 07 .9 (7 )
0 1  C 11 H 1 1 C  1 0 9 .5 0 2  C 2 9  H 2 9 A  110.1
H 1 1 A C 1 1  H 1 1 C  1 0 9 .5 C 3 0  C 2 9  H 2 9 A  110.1
H 1 1 B C 1 1  H 1 1 C  1 0 9 .5 0 2  C 2 9  H 29 B  110.1
C 1 3 C 1 2 C 1 7  1 2 1 .6 (5 ) C 3 0  C 2 9  H 29 B  110.1
C 1 3 C 1 2 N 2  1 1 7 .4 (5 ) H 2 9 A C 2 9  H 29 B  108 .4
C 1 7  C 1 2  N 2  1 2 0 .8 (6 ) C 2 9 C 3 0 C 3 1  1 05 .1 (6 )
C 1 2 C 1 3 C 1 4  1 1 8 .6 (6 ) C 2 9  C 3 0  H 3 0 A  110.7
C 1 2 C 1 3 C 1 8  1 2 1 .7 (5 ) C 31 C 3 0  H 3 0 A  110 .7
C 1 4 C 1 3 C 1 8  1 1 9 .6 (6 ) C 2 9  C 3 0  H 30 B  110.7
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C 1 5 C 1 4 C 1 3  1 2 1 .9 (6 ) C31 C 30  H 30B  110 .7
C 1 5 C 1 4  H 1 4  119.1 H 3 0 A C 3 0  H 30B  108 .8
C 1 3 C 1 4 H 1 4  119.1 C 3 2  C31 C 3 0  102 .0 (7 )
C 1 6 C 1 5 C 1 4  1 1 7 .4 (5 ) C 3 2 C 3 1  H 31 A  111 .4
C 1 6 C 1 5 C 1 9  1 2 1 .8 (6 ) C 3 0 C 3 1  H 31 A  111 .4
C 1 4 C 1 5 C 1 9  1 2 0 .8 (6 ) C 3 2 C 3 1  H 31 B  111 .4
C 1 5 C 1 6 C 1 7  1 2 3 .2 (6 ) C 3 0  C31 H 31 B  111 .4
C 1 5 C 1 6 H 1 6  1 1 8 .4 H 3 1 A C 3 1  H 31 B  109 .2
C 1 7 C 1 6 H 1 6  1 1 8 .4 0 2 C 3 2 C 3 1  1 06 .7 (6 )
C 1 6 C 1 7 C 1 2  1 1 7 .1 (6 ) 0 2  C 3 2  H 3 2 A  110 .4
C 1 6 C 1 7 C 2 0  1 2 0 .9 (6 ) C31 C 3 2  H 3 2 A  1 10 .4
C 1 2 C 1 7 C 2 0  1 2 2 .0 (5 ) 0 2  C 3 2  H 32 B  110 .4
C 1 3 C 1 8  H 1 8 A  1 09 .5 C31 C 3 2  H 32 B  110 .4
C 1 3 C 1 8  H 1 8 B  1 09 .5 H 3 2 A  C 3 2  H 32 B  108 .6
H 1 8 A C 1 8  H 1 8 B  1 0 9 .5 C1 N1 C 5  1 19 .3 (5 )
C 1 3 C 1 8 H 1 8 C  1 0 9 .5 C1 N1 C 2  1 2 3 .6 (5 )
H 1 8 A C 1 8  H 1 8 C  1 0 9 .5 C 5  N1 C 2  1 1 6 .6 (4 )
H 1 8 B C 1 8 H 1 8 C  1 0 9 .5 C1 N 2 C 1 2  1 1 9 .0 (5 )
C 1 5 C 1 9  H 1 9 A  1 0 9 .5 C1 N 2 C 4  1 2 5 .0 (5 )
C 1 5 C 1 9 H 1 9 B  1 0 9 .5 C 1 2 N 2  C 4  1 15 .0 (4 )
H 1 9 A C 1 9 H 1 9 B  1 0 9 .5 C1 Ir1 C21 9 7 .8 (2 )
C 1 5 C 1 9 H 1 9 C  1 0 9 .5 C1 Ir1 C 2 2  9 8 .6 (2 )
H 1 9 A C 1 9 H 1 9 C  1 0 9 .5 C21 Ir1 C 2 2  3 9 .6 (2 )
H 1 9 B C 1 9 H 1 9 C  1 0 9 .5 C1 Ir1 C 2 5  1 5 6 .1 (2 )
C 1 7 C 2 0  H 2 0 A  1 0 9 .5 C21 Ir1 C 2 5  9 7 .0 (3 )
C 1 7 C 2 0  H 2 0 B  1 09 .5 C 2 2  Ir1 0 2 5  8 1 .4 (3 )
H 2 0 A C 2 0  H 2 0 B  1 0 9 .5 C1 Ir1 C 2 6  1 64 .8 (2 )
C 1 7 C 2 0  H 2 0 C  1 0 9 .5 C 21 Ir1 C 2 6  8 0 .7 (3 )
H 2 0 A  C 2 0  H 2 0 C  1 0 9 .5 C 2 2  Ir1 C 2 6  8 9 .8 (3 )
H 2 0 B  C 2 0  H 2 0 C  1 0 9 .5 C 2 5  Ir1 C 2 6  3 7 .6 (2 )
C 2 2  C 21 C 2 8  1 2 5 .6 (6 ) C1 Ir1 CI1 8 4 .8 2 (1 7 )
C 2 2 C 2 1  Ir1 7 1 .0 (4 ) C21 Ir1 CI1 1 5 7 .4 6 (1 8 )
C 2 8 C 2 1  Ir i 1 1 3 .1 (4 ) C 2 2  Ir1 CI1 1 6 2 .3 6 (1 8 )
C 2 2 C 2 1  H 21 1 1 7 .2 C 2 5  Ir i  CM 8 8 .6 (2 )
C 2 8 C 2 1  H 21 1 1 7 .2 C 2 6  Ir i  CM 9 1 .0 (2 )
Ir1 C 21  H 21 8 5 .8 C 6  0 1  C11 1 16 .7 (6 )
C 21  C 2 2  C 2 3  1 2 2 .2 (5 ) C 2 9  0 2  0 3 2  107 .7 (6 )
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CIO
C5

C18 C9
C?3

aj ci&

C28

Table R.1: C ry s ta l d a ta  a n d  s tru c tu re  re fin e m e n t fo r [ lr (6 -o -M e O P h -  

D IP P ) ( C O D ) C I ] .

Id e n tific a tio n  c o d e k jc 0 8 4 6

E m p iric a l fo rm u la C 3 1  H 4 2  C l Ir N 2  0

F o rm u la  w e ig h t 6 8 6 .3 2

T e m p e ra tu re 1 5 0 (2 )  K

W a v e le n g th 0 .7 1 0 7 3  A
C ry s ta l s y s te m M o n o c lin ic

S p a c e  g ro u p P 2 1 /n

U n it c e ll d im e n s io n s a = 1 7 .4 3 5 0 (3 )  A  a =  9 0 ° .

b = 1 0 .4 1 7 0 (2 )  A 6= 1 16 .736C

c =  1 7 .6 7 7 0 (4 )  A y= 9 0 °.

V o lu m e 2 8 6 7 .2 6 (1 0 )  A3

Z 4

D e n s ity  (c a lc u la te d ) 1 .5 9 0  M g /m 3

A b s o rp tio n  c o e ffic ie n t 4 .7 7 6  m m "1

F (0 0 0 ) 1 3 7 6

C ry s ta l s iz e 0 .2 0  x 0 .2 0  x 0 .1 8  m m 3

T h e ta  ra n g e  fo r d a ta  c o lle c tio n 2 .3 4  to 2 7 .4 6 ° .

In d e x  ra n g e s -2 2 < = h < = 2 2 , -1 3 < = k < = 1 2 , -

2 2 < = l< = 2 2

R e fle c t io n s  c o lle c te d 1 0 7 6 1

In d e p e n d e n t  re fle c tio n s 6 5 3 7  [R (in t) = 0 .0 2 6 8 ]

C o m p le te n e s s  to  th e ta  =  2 7 .4 6 ° 9 9 .5  %

M a x . a n d  m in . tra n s m is s io n 0 .4 8 0 2  a n d  0 .4 4 8 5

R e f in e m e n t  m e th o d F u ll-m atrix  le a s t-s q u a re s  on F^
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Data / restraints / parameters 
Goodness-of-fit on 
Final R indices [l>2sigma(l)] 
R indices (all data)
Largest diff. peak and hole

6537 / 0 / 330
1.068
R1 = 0.0279, wR2 = 0.0583 
R1 =0.0349, wR2 = 0.0611 
0.854 and -1.185 e.A’ 3

Table R. 2: Bond lengths (A) for [lr(6-o-MeOPh-DIPP)(COD)CI]
C1 N1 1 .3 4 6 (4 ) C 1 9 H 1 9 B  0 .9 8 0 0
C1 N 2  1 .3 4 8 (4 ) C 1 9 H 1 9 C  0 .9 8 0 0
C1 Ir1 2 .0 6 0 (3 ) C 2 0  H 2 0 A  0 .9 8 0 0
C 2  N1 1 .4 6 7 (4 ) C 2 0  H 20 B  0 .9 8 0 0
C 2  C 3  1 .5 0 6 (5 ) C 2 0  H 2 0 C  0 .9 8 0 0
C 2  H 2A  0 .9 9 0 0 C21 C 2 3  1 .5 3 9 (5 )
C 2  H 2B  0 .9 9 0 0 C21 C 2 2  1 .5 4 2 (5 )
C 3 C 4  1 .5 1 6 (5 ) C 21 H21 1 .0 0 0 0
C 3  H 3A  0 .9 9 0 0 C 2 2  H 2 2 A  0 .9 8 0 0
C 3  H 3B  0 .9 9 0 0 C 2 2  H 22 B  0 .9 8 0 0
C 4  N 2 1 .4 7 8 (4 ) C 2 2  H 2 2 C  0 .9 8 0 0
C 4  H 4A  0 .9 9 0 0 C 2 3  H 2 3 A  0 .9 8 0 0
C 4  H 4B  0 .9 9 0 0 C 2 3  H 23 B  0 .9 8 0 0
C 5 C 1 0  1 .3 9 1 (5 ) C 2 3  H 2 3 C  0 .9 8 0 0
C 5  C 6  1 .3 9 3 (5 ) C 2 4  C 2 5  1 .4 1 7 (5 )
C 5 N 1  1 .4 4 2 (4 ) C 2 4 C 3 1  1 .5 0 3 (5 )
C 6  0 1  1 .3 7 3 (4 ) C 2 4  Ir1 2 .1 0 4 (3 )
C 6  C 7  1 .3 9 3 (5 ) C 2 4  H 2 4  0 .9 5 0 0
C 7  C 8  1 .4 0 0 (5 ) C 2 5  C 2 6  1 .5 2 5 (5 )
C l H I 0 .9 5 0 0 C 2 5  Ir1 2 .1 2 0 (3 )
C 8  C 9  1 .3 8 0 (5 ) C 2 5  H 25  0 .9 5 0 0
C 8  H 8  0 .9 5 0 0 C 2 6  C 2 7  1 .4 9 8 (5 )
C 9 C 1 0  1 .3 8 7 (5 ) C 2 6  H 2 6 A  0 .9 9 0 0
C 9  H 9  0 .9 5 0 0 C 2 6  H 26 B  0 .9 9 0 0
C 1 0 H 1 0 0 .9 5 0 0 C 2 7  C 2 8  1 .5 2 4 (5 )
C 11  0 1  1 .4 2 3 (4 ) C 2 7  H 2 7 A  0 .9 9 0 0
C 11  H 1 1 A  0 .9 8 0 0 C 2 7  H 27B  0 .9 9 0 0
C 11 H 1 1 B  0 .9 8 0 0 C 2 8  C 2 9  1 .3 8 6 (5 )
C 11  H 1 1C  0 .9 8 0 0 C 2 8  Ir1 2 .1 6 4 (3 )
C 1 2 C 1 3  1 .4 0 3 (5 ) C 2 8  H 28  0 .9 5 0 0
C 1 2 C 1 7  1 .4 1 0 (5 ) C 2 9  C 3 0  1 .5 1 1 (5 )
C 1 2  N 2  1 .4 4 9 (4 ) C 2 9  Ir1 2 .1 9 1 (3 )
C 1 3 C 1 4  1 .3 9 6 (5 ) C 2 9  H 29  0 .9 5 0 0
C 1 3 C 1 8  1 .5 2 2 (5 ) C 3 0 C 3 1  1 .5 0 5 (5 )
C 1 4 C 1 5  1 .3 8 2 (5 ) C 3 0  H 3 0 A  0 .9 9 0 0
C 1 4 H 1 4  0 .9 5 0 0 C 3 0  H 30B  0 .9 9 0 0
C 1 5 C 1 6  1 .3 9 2 (5 ) C 31 H 3 1 A  0 .9 9 0 0
C 1 5 H 1 5 0 .9 5 0 0 C 31 H 31 B  0 .9 9 0 0
C 1 6 C 1 7  1 .3 8 9 (5 ) CM Ir1 2 .3 8 6 7 (8 )
C 1 6 H 1 6  0 .9 5 0 0 C 1 8 C 1 9  1 .53 3 (6 )
C 1 7 C 2 1  1 .5 2 3 (5 ) C 1 8 H 1 8  1 .00 00
C 1 8 C 2 0  1 .5 3 0 (6 ) C 1 9  H 19 A  0 .9 8 0 0
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Table R.3: Bond angles (°) for [lr(6-o-MeOPh-DlPP)(COD)CI].
N1 C1 N 2  1 1 7 .2 (3 ) C 2 2 C 2 1  H21 108.1
N1 C1 Ir1 1 1 6 .2 (2 ) C 21 C 2 2  H 2 2 A  109 .5
N 2 C 1  Ir1 1 2 5 .4 (2 ) C21 C 2 2  H 22 B  109 .5
N1 C 2 C 3  1 0 8 .4 (3 ) H 2 2 A  C 2 2  H 22 B  109 .5
N1 C 2  H 2 A  1 1 0 .0 C 21 C 2 2  H 2 2 C  109 .5
C 3  C 2  H 2 A  1 1 0 .0 H 2 2 A  C 2 2  H 2 2 C  1 09 .5
N1 C 2  H 2 B  1 1 0 .0 H 2 2 B  C 2 2  H 2 2 C  109 .5
C 3  C 2  H 2 B  1 1 0 .0 C 21 C 2 3  H 2 3 A  109 .5
H 2 A  C 2  H 2B  1 0 8 .4 C 21 C 2 3  H 23 B  109 .5
C 2  C 3  C 4  1 0 8 .5 (3 ) H 2 3 A C 2 3  H 23 B  109 .5
C 2  C 3  H 3 A  1 1 0 .0 C 21 C 2 3  H 2 3 C  109 .5
C 4 C 3  H 3 A  1 1 0 .0 H 2 3 A C 2 3  H 2 3 C  109 .5
C 2  C 3  H 3 B  1 1 0 .0 H 2 3 B  C 2 3  H 2 3 C  109 .5
C 4  C 3  H 3 B  1 1 0 .0 C 2 5 C 2 4 C 3 1  1 25 .5 (3 )
H 3 A C 3  H 3 B  1 0 8 .4 C 2 5  C 2 4  Ir1 7 0 .9 9 (1 9 )
N 2 C 4 C 3  1 0 9 .8 (3 ) C 31  C 2 4  Ir1 1 12 .2 (2 )
N 2  C 4  H 4 A  1 0 9 .7 C 2 5  C 2 4  H 2 4  117 .3
C 3 C 4  H 4 A  1 0 9 .7 C 31 C 2 4  H 2 4  117 .3
N 2 C 4 H 4 B  1 0 9 .7 Ir1 C 2 4  H 2 4  8 6 .7
C 3 C 4 H 4 B  1 0 9 .7 C 2 4  C 2 5  C 2 6  1 22 .9 (3 )
H 4A  C 4  H 4 B  1 0 8 .2 C 2 4  C 2 5  Ir1 6 9 .8 2 (1 8 )
C 1 0 C 5  C 6  1 2 0 .1 (3 ) C 2 6 C 2 5  Ir1 1 13 .7 (2 )
C 1 0 C 5 N 1  1 2 1 .2 (3 ) C 2 4  C 2 5  H 2 5  118 .6
C 6 C 5 N 1  1 1 8 .6 (3 ) C 2 6  C 2 5  H 2 5  118 .6
0 1  C 6  C 7  1 2 4 .2 (3 ) Ir i  C 2 5  H 2 5  8 6 .6
0 1  C 6  C 5  1 1 5 .6 (3 ) C 2 7  C 2 6  C 2 5  1 13 .5 (3 )
C 7  C 6  C 5  1 2 0 .2 (3 ) C 2 7  C 2 6  H 2 6 A  108 .9
C 6  C 7  C 8  1 1 8 .9 (3 ) C 2 5  C 2 6  H 2 6 A  108 .9
C 6  C 7  H 7  1 2 0 .6 C 2 7  C 2 6  H 26 B  108 .9
C 8  C 7  H 7  1 2 0 .6 C 2 5  C 2 6  H 26 B  108 .9
C 9  C 8  C 7  1 2 0 .8 (3 ) H 2 6 A C 2 6  H 26 B  107 .7
C 9  C 8  H 8  1 1 9 .6 C 2 6  C 2 7  C 2 8  1 1 3 .9 (3 )
C 7  C 8  H 8  1 1 9 .6 C 2 6  C 2 7  H 2 7 A  108 .8
C 8  C 9 C 1 0  1 2 0 .2 (3 ) C 2 8  C 2 7  H 2 7 A  108 .8
C 8  C 9  H 9  1 1 9 .9 C 2 6  C 2 7  H 27 B  108 .8
C 1 0 C 9  H 9  1 1 9 .9 C 2 8  C 2 7  H 27 B  108 .8
C 9 C 1 0 C 5  1 1 9 .7 (3 ) H 2 7 A  C 2 7  H 27 B  107 .7
C 9 C 1 0  H 1 0  120 .1 C 2 9  C 2 8  C 2 7  1 26 .6 (4 )
C 5 C 1 0 H 1 0  120 .1 C 2 9  C 2 8  Ir1 7 2 .5 (2 )
0 1  C 11  H 1 1 A  1 0 9 .5 C 2 7  C 2 8  Ir1 1 0 9 .6 (2 )
0 1  C 11  H 1 1 B  1 0 9 .5 C 2 9  C 2 8  H 2 8  116 .7
H 1 1 A C 1 1  H 1 1 B  1 0 9 .5 C 2 7  C 2 8  H 28  116 .7

0 1  C 11  H 1 1 C  1 0 9 .5 l i i  C 2 8  H 2 8  8 7 .8
H 1 1 A C 1 1  H 1 1 C  1 0 9 .5 C 2 8  C 2 9  C 3 0  1 22 .9 (4 )

H 1 1 B  C 11  H 1 1 C  1 0 9 .5 C 2 8  C 2 9  Ir i 7 0 .4 0 (1 9 )
C 1 3  C 1 2  C 1 7  1 2 1 .8 (3 ) C 3 0 C 2 9  Ir1 1 12 .1 (2 )

C 1 3 C 1 2  N 2  1 2 0 .6 (3 ) C 2 8  C 2 9  H 29  118 .5
C 1 7 C 1 2 N 2  1 1 7 .6 (3 ) C 3 0  C 2 9  H 29  118 .5
C 1 4 C 1 3 C 1 2  1 1 7 .7 (3 ) Ir1 C 2 9  H 29  8 7 .6

C 1 4 C 1 3 C 1 8  1 1 9 .7 (3 ) C 31 C 3 0  C 2 9  1 13 .4 (3 )

C 1 2  C 1 3  C 1 8  1 2 2 .6 (3 ) C 31 C 3 0  H 30 A  108 .9

C 1 5 C 1 4 C 1 3  1 2 1 .6 (3 ) C 2 9  C 3 0  H 30 A  108 .9

C 1 5  C 1 4  H 1 4  1 1 9 .2 C 31 C 3 0  H 30B  108 .9
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C 1 3 C 1 4 H 1 4  1 1 9 .2 C 2 9  C 3 0  H 3 0 B  108 .9
C 1 4 C 1 5 C 1 6  1 1 9 .7 (3 ) H 3 0 A C 3 0  H 30 B  107 .7
C 1 4 C 1 5 H 1 5  1 2 0 .2 C 2 4  C31 C 3 0  1 14 .3 (3 )
C 1 6 C 1 5 H 1 5  1 2 0 .2 C 2 4 C 3 1  H 3 1 A  108 .7
C 1 7 C 1 6 C 1 5  1 2 1 .1 (3 ) C 3 0  C31 H 3 1 A  108 .7
C 1 7 C 1 6 H 1 6  1 1 9 .4 C 2 4  C31 H 3 1 B  108 .7
C 1 5 C 1 6 H 1 6  1 1 9 .4 C 3 0  C31 H 3 1 B  108 .7
C 1 6 C 1 7 C 1 2  1 1 8 .1 (3 ) H 3 1 A C 3 1  H 3 1 B  107 .6
C 1 6 C 1 7 C 2 1  1 1 9 .1 (3 ) C1 N1 C 5  1 1 9 .4 (3 )
C 1 2 C 1 7 C 2 1  1 2 2 .8 (3 ) C1 N1 C 2  1 2 3 .8 (3 )
C 1 3 C 1 8 C 2 0  1 1 2 .0 (3 ) C 5  N1 C 2  1 1 6 .3 (3 )
C 1 3 C 1 8 C 1 9  1 1 0 .2 (3 ) C1 N 2 C 1 2  1 20 .5 (3 )
C 2 0 C 1 8 C 1 9  1 1 0 .7 (4 ) C1 N 2 C 4  1 2 4 .6 (3 )
C 1 3 C 1 8 H 1 8  1 08 .0 C 1 2  N 2 C 4  1 14 .1 (3 )
C 2 0 C 1 8 H 1 8  1 0 8 .0 C 6  0 1  C 11 1 1 7 .7 (3 )
C 1 9 C 1 8 H 1 8  108 .0 C1 Ir1 C 2 4  9 8 .6 5 (1 3 )
C 1 8 C 1 9 H 1 9 A  109 .5 C1 Ir1 C 2 5  9 7 .3 0 (1 3 )
C 1 8 C 1 9 H 1 9 B  1 09 .5 C 2 4  Ir1 C 2 5  3 9 .1 9 (1 3 )
H 1 9 A C 1 9 H 1 9 B  1 0 9 .5 C1 Ir1 C 2 8  1 5 4 .7 5 (1 4 )
C 1 8 C 1 9 H 1 9 C  1 0 9 .5 C24 in C28 96.08(14)
H 1 9 A C 1 9 H 1 9 C  1 0 9 .5 C 2 5  Ir1 C 2 8  8 1 .4 6 (1 3 )
H 1 9 B C 1 9 H 1 9 C  1 0 9 .5 C1 Ir1 C 2 9  1 6 6 .7 3 (1 4 )
C 1 8 C 2 0  H 2 0 A  1 09 .5 C 2 4  Ir1 C 2 9  8 0 .9 9 (1 3 )
C 1 8 C 2 0  H 2 0 B  109 .5 C 2 5  Ir1 C 2 9  9 0 .7 6 (1 3 )
H 2 0 A C 2 0  H 2 0 B  1 0 9 .5 C 2 8  Ir1 C 2 9  3 7 .1 0 (1 4 )
C 1 8 C 2 0  H 2 0 C  1 0 9 .5 C1 Ir1 CI1 8 5 .0 2 (9 )
H 2 0 A  C 2 0  H 2 0 C  1 0 9 .5 C 2 4  Ir1 CI1 1 5 6 .2 6 (1 0 )
H 2 0 B  C 2 0  H 2 0 C  1 09 .5 C 2 5  Ir1 CI1 1 6 3 .9 9 (1 0 )
C 1 7 C 2 1  C 2 3  1 1 1 .0 (3 ) C 2 8  Ir1 CI1 8 9 .7 0 (1 0 )
C 1 7 C 2 1  C 2 2  1 1 2 .2 (3 ) C 2 9  M  CM 9 0 .1 4 (9 )
C 2 3  C21 C 2 2  1 0 9 .3 (3 ) C 1 7  C21 H21 108.1

C 2 3 C 2 1  H 21 108.1
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T a b le  S .1 : C rysta l d a ta  and  s tru c tu re  

M e s )(C O D )C I] .

Id en tifica tio n  co d e  

E m p iric a l fo rm u la  

F o rm u la  w e ig h t 

T e m p e ra tu re  

W a v e le n g th  

C ry s ta l sys tem  

S p a c e  g ro u p  

U n it cell d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )  

A b s o rp tio n  c o e ffic ie n t 

F (0 0 0 )

C ry s ta l s ize

T h e ta  ra n g e  fo r d a ta  co llection  

In d e x  ra n g e s  

1 7 < = l< = 1 8  

R e fle c t io n s  co llec ted  

In d e p e n d e n t  re flec tio n s  

C o m p le te n e s s  to th e ta  = 2 7 .5 1  

A b s o rp tio n  co rrec tio n

re fin e m e n t fo r [ lr (7 -o -M e O P h -  

kjc0802
C 3 3  H 4 6  C l Ir N 2  0 2

730.37
150(2) K
0.71073 A
T ric lin ic

P-1

a = 9.5131(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 M g/m 3 

4.489 m m '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 (in t) =  0.0955]
98.5 %
Em pirical
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Max. and min. transmission
Refinement method
Data / restraints / parameters
Goodness-of-fit on
Final R indices [l>2sigma(l)]
R indices (all data)
Largest diff. peak and hole

0.6624 and 0.3461 
Full-matrix least-squares on F2 
6922 / 0 / 356
1.068
R1 =0.0401, wR2 = 0.0940 
R1 =0.0501, wR2 = 0.0999 
1.395 and -2.100 e.A“3

Table S.2: Bond lengths (A) for [lr(7-o-MeOPh-Mes)(COD)CI]
Ir1 . C I2  . 2 .3 8 4 6 (1 2 ) C 21 . H 211 . 0 .961
Ir1 . C 3  . 2 .1 1 4 (4 ) C 21 . H 2 1 2  . 0 .971
Ir1 . C 4  . 2 .0 9 6 (5 ) C 2 2  . C 2 3  . 1 .53 6 (8 )
Ir1 . C 7  . 2 .1 8 7 (5 ) C 2 2  . H 221 . 0 .9 6 9
Ir1 . C 8  . 2 .1 6 4 (4 ) C 2 2  . H 2 2 2  . 0 .9 9 9
Ir1 . C11 . 2 .0 4 1 (5 ) C 2 3  . C 2 4  . 1 .52 2 (8 )
C 3  . C 4  . 1 .4 2 4 (7 ) C 2 3  . H 231 . 0 .9 6 5
C 3  . C 1 0  . 1 .5 1 5 (7 ) C 2 3  . H 2 3 2  . 0 .9 6 7
C 3  . H31 . 0 .9 8 6 C 2 4  . N 2 5  . 1 .47 9 (6 )
C 4  . C 5  . 1 .5 1 1 (8 ) C 2 4  . H 241 . 0 .9 7 0
C 4  . H41 . 0 .9 8 7 C 2 4  . H 2 4 2  . 0 .9 8 2
C 5  . C 6  . 1 .5 3 1 (8 ) N 2 5  . C 2 6  . 1 .44 3 (6 )
C 5  . H51 . 0 .9 7 1 C 2 6  . C 2 7  . 1 .39 8 (7 )
C 5  . H 5 2  . 0 .9 7 3 C 2 6  . C 3 2  . 1 .39 9 (7 )
C 6 . C 7 .  1 .5 1 6 (8 ) C 2 7  . C 2 8  . 1 .40 5 (8 )
C 6  . H61 . 0 .9 7 5 C 2 7  . C 3 4  . 1 .48 9 (8 )
C 6  . H 6 2  . 0 .9 6 2 C 2 8  . C 2 9  . 1 .38 7 (9 )
C 7 . C 8 .  1 .4 0 4 (8 ) C 2 8  . H 281 . 0 .9 3 4
C 7  . H71 . 0 .9 9 4 C 2 9  . C 3 0  . 1 .50 6 (8 )
C 8  . C 9  . 1 .5 0 4 (7 ) C 2 9  . C31 . 1 .38 6 (8 )
C 8  . H81 . 0 .9 9 1 C 3 0  . H 301 . 0 .9 6 4
C 9  . C 1 0  . 1 .5 3 2 (7 ) C 3 0  . H 3 0 2  . 0 .9 5 5
C 9  . H91 . 0 .9 8 1 C 3 0  . H 3 0 3  . 0 .9 6 9
C 9  . H 9 2  . 0 .9 7 0 C 31 . C 3 2  . 1 .38 3 (8 )
C 1 0  . H 101  . 0 .9 7 3 C 31 . H 311 . 0 .9 3 3
C 1 0  . H 1 0 2  . 0 .9 5 0 C 3 2  . C 3 3  . 1 .51 5 (7 )
C 11  . N 1 2  . 1 .3 5 7 (6 ) C 3 3  . H 331 . 0 .9 2 7
C 11  . N 2 5  . 1 .3 7 0 (6 ) C 3 3  . H 3 3 2  . 0 .9 6 6
N 1 2  . C 1 3  . 1 .4 2 5 (6 ) C 3 3  . H 3 3 3  . 0 .961
N 1 2  . C 21 . 1 .4 8 2 (6 ) C 3 4  . H 3 4 3  . 0 .9 4 9
C 1 3  . C 1 4  . 1 .3 8 3 (7 ) C 3 4  . H 34 2  . 0 .9 5 5
C 1 3  . C 1 8  . 1 .4 0 3 (7 ) C 3 4  . H341 . 0 .971
C 1 4  . C 1 5  . 1 .3 8 9 (8 ) C 3 5 . C 3 6 .  1 .47 4 (1 0 )
C 1 4  . H 141  . 0 .9 4 0 C 3 5  . C 3 9  . 1 .46 5 (1 1 )
C 1 5  . C 1 6  . 1 .3 6 7 (9 ) C 3 5  . H351 . 0 .9 8 5

C 1 5  . H 151  . 0 .9 2 0 C 3 5  . H 35 2  . 0 .981

C 1 6  . C 1 7  . 1 .3 7 5 (8 ) C 3 6  . C 3 7  . 1 .49 7 (1 0 )

C 1 6  . H 161  . 0 .9 3 3 C 3 6  . H361 . 0 .9 6 5
C 1 7  . C 1 8  . 1 .3 9 9 (8 ) C 3 6  . H 36 2  . 0 .9 7 3

C 1 7  . H 17 1  . 0 .9 3 9 C 3 7 . 0 3 8 .  1 .421(8 )
C 1 8  . 0 1 9  . 1 .3 6 6 (6 ) C 3 7  . H371 . 0 .96 4

0 1 9  . C 2 0  . 1 .4 1 9 (7 ) C 3 7  . H 37 2  . 0 .96 3
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C20 . H201 . 0.975 038 . C39 . 1.422(8)
C20 . H202 . 0.957 C39 . H391 . 0.971
C20 . H203 . 0.951 C39 . H392 . 0.975
C21 . C22 . 1.509(8)

Table S. 3: Bond angles (°) for [lr(7-o-MeOPh-Mes)(CQD)C11.
C I2  . Ir1 . C 3  . 1 6 4 .2 3 (1 4 ) 0 1 9 .  C 2 0 . H 2 0 3 .  110 .5
C I2  . I r i  . 0 4 . 1 5 5 . 1 3 ( 1 5 ) H 201 . C 2 0  . H 20 3  . 109 .3
C 3  . Ir1 . C 4  . 3 9 .5 3 (1 9 ) H 2 0 2  . C 2 0  . H 20 3  . 1 1 0 . 5
C I2  . Ir1 . C 7  . 8 9 .7 2 (1 5 ) N 1 2 . C 2 1  . C 2 2  . 112 .1 (4 )
C 3  . Ir1 . C l . 8 8 .9 7 (1 9 ) N 1 2  . C21 . H211 . 108 .3
C 4  . Ir1 . C 7  . 8 1 .1 (2 ) C 2 2  . C21 . H 211 . 108 .4
C I2  . Ir1 . C 8  . 8 8 .1 9 (1 4 ) N 1 2 . C 2 1  . H 2 1 2 .  108 .7
C 3  . Ir1 . C 8  . 8 1 .2 1 (1 9 ) C 2 2  . C21 . H 212  . 109.1
C 4  . Ir1 . C 8  . 9 8 .0 8 (1 9 ) H 211 . C21 . H 21 2  . 110 .3
C l . Ir1 . C 8  . 3 7 .6 (2 ) C 21 . C 2 2 . C 2 3 .  110 .1 (4 )
C I2  . I M . C 1 1 .  8 8 .0 9 (1 3 ) C 21 . C 2 2  . H221 . 108 .0
C 3  . Ir1 . C 11  . 9 7 .3 3 (1 8 ) C 2 3  . C 2 2  . H221 . 1 1 0 . 0
C 4  . Ir1 . C 11  . 9 4 .4 1 (1 9 ) C 21 . C 2 2  . H 22 2  . 1 1 0 . 2
C 7  . Ir1 . C 11 . 1 6 4 .0 6 (1 9 ) C 2 3  . C 2 2  . H 22 2  . 108 .7
C 8  . Ir1 . C 11 . 1 5 7 .9 (2 ) H 221 . C 2 2  . H 22 2  . 109.8
Ir1 . C 3  . C 4  . 6 9 .6 (3 ) C 2 2 . C 2 3 . C 2 4 .  112 .1 (5 )
Ir1 . C 3  . C 1 0  . 1 1 3 .8 (3 ) C 2 2  . C 2 3  . H231 . 109 .5
C 4  . C 3  . C 1 0  . 1 2 5 .1 (5 ) C 2 4  . C 2 3  . H 231 . 110.1
Ir1 . C 3  . H31 . 1 1 3 .6 C 2 2  . C 2 3  . H 23 2  . 108 .8
C 4  . C 3  . H 31 . 1 1 4 .4 C 2 4  . C 2 3  . H 23 2  . 107 .7
C 1 0  . C 3  . H 31  . 1 1 2 .9 H 231  . C 2 3  . H 23 2  . 108 .5
Ir1 . C 4  . C 3  . 7 0 .9 (3 ) C 2 3 . C 2 4 . N 2 5 .  1 13 .6 (4 )
Ir1 . C 4  . C 5  . 1 1 1 .0 (4 ) C 2 3  . C 2 4  . H241 . 109 .4
C 3 . C 4 . C 5 .  1 2 5 .1 (4 ) N 2 5  . C 2 4  . H241 . 108 .8
Ir1 . C 4  . H 41 . 1 1 5 .6 C 2 3  . C 2 4  . H 24 2  . 108 .4
C 3  . C 4  . H 41 . 1 1 2 .8 N 2 5  . C 2 4  . H 2 4 2  . 106 .3
C 5  . C 4  . H 41 . 114 .1 H 241 . C 2 4  . H 242  . 110 .3
C 4 . C 5 . C 6 .  1 1 2 .7 (4 ) C 2 4  . N 2 5 . C 1 1  . 127 .9 (4 )
C 4  . C 5  . H 51 . 1 1 0 .7 C 2 4  . N 2 5  . C 2 6  . 115 .1 (4 )
C 6  . C 5  . H 51 . 1 0 8 .5 C 11 . N 2 5  . C 2 6  . 117 .0 (4 )
C 4  . C 5  . H 5 2  . 1 0 7 .8 N 2 5  . C 2 6  . C 27  . 121 .0 (4 )
C 6  . C 5  . H 5 2  . 1 0 6 .2 N 2 5 . C 2 6 . C 3 2 .  117 .6 (4 )
H 51 . C 5  . H 5 2  . 1 1 0 .8 C 2 7  . C 2 6  . C 3 2  . 121 .4 (5 )
C 5 . C 6 . C 7 .  1 1 0 .9 (4 ) C 2 6 . C 2 7 . C 2 8 .  117 .5 (5 )

C 5  . C 6  . H 61 . 1 0 8 .4 C 2 6  . C 2 7  . C 3 4  . 123 .3 (5 )
C 7  . C 6  . H 61 . 109 .1 C 2 8 . C 2 7 . C 3 4 .  119 .2 (5 )

C 5  . C 6  . H 6 2  . 108 .1 C 2 7 . C 2 8 . C 2 9 .  121 .9 (5 )

C 7  . C 6  . H 6 2  . 1 1 0 .7 C 2 7 . C 2 8 . H 2 8 1  . 1 19 . 1

H61 . C 6  . H 6 2  . 1 0 9 .6 C 2 9  . C 2 8  . H281 . 1 1 8 . 9
Ir1 . C 7  . C 6  . 1 1 2 .4 (4 ) C 2 8  . C 2 9  . C 3 0  . 120 .9 (6 )

Ir1 . C 7  . C 8  . 7 0 .3 (3 ) C 2 8 . C 2 9 . C 3 1  . 118 .2 (5 )
C 6 . C 7 . C 8 .  1 2 3 .5 (5 ) C 3 0  . C 2 9  . C31 . 120 .9 (6 )

Ir1 . C l  . H 71 . 1 0 9 .7 C 2 9  . C 3 0  . H301 . 109 .9

C 6  . C 7  . H 71 . 1 1 3 .7 C 2 9  . C 3 0  . H 302  . 108 .9

C 8  . C 7  . H 71 . 1 1 7 .7 H 301 . C 3 0  . H 302  . 107 .0

Ir1 . C 8  . C 7  . 7 2 .1 (3 ) C 2 9  . C 3 0  . H 30 3  . 111 .2

Ir1 . C 8  . C 9  . 1 0 9 .9 (3 ) H 301 . C 3 0 . H 3 0 3 .  110 .0

249



Appendix 2. Tables of Bond Distances and Angles

C 7 . C 8 . C 9 .  1 25 .9 (5 ) H 30 2  . C 30  . H 303  . 109 .7
Ir1 . C 8  . H81 . 110 .2 C 29  . C31 . C 32  . 122 .2 (6 )
C 7  . C 8  . H81 . 117 .0 C 29  . C31 . H311 . 118 .9
C 9  . C 8  . H81 . 112 .5 C 32  . C31 . H311 . 118 .9
C 8  . C 9  . C 1 0  . 1 11 .9 (4 ) C 2 6 . C 3 2 . C 3 1  . 118 .3 (5 )
C 8  . C 9  . H91 . 110.1 C 26  . C 32  . C 33  . 120 .6(5 )
C 1 0 . C 9 . H 9 1  . 109 .5 C31 . C 3 2 . C 3 3 .  121 .0 (5 )
C 8  . C 9  . H 92  . 108 .8 C 32  . C 33  . H331 . 1 1 0 . 0
C 1 0  . C 9  . H 92  . 108 .3 C 32  . C 33  . H 332  . 109 .4
H 91 . C 9  . H 92  . 108 .2 H331 . C 33  . H 332  . 109 .3
C 9 . C 1 0 . C 3 .  112 .9 (4 ) C 3 2  . C 33  . H 333  . 109 .6
C 9 . C 1 0 . H 1 0 1  . 108 .4 H331 . C 33  . H 333  . 109 .6
C 3  . C 1 0 .  H 101 . 109 .4 H 33 2  . C 33  . H 333  . 109 .0
C 9  . C 1 0  . H 1 0 2  . 107.7 C 27  . C 34  . H 343  . 109.9
C 3  . C 1 0 .  H 1 0 2 .  108.7 C 27  . C 34  . H 342  . 111.2
H 101  . C 1 0  . H 10 2  . 109 .8 H 34 3  . C 34  . H 342  . 108 .9
Ir1 . C 11 . N 1 2  . 122 .6 (3 ) C 2 7 . C 3 4 . H 3 4 1  .1 0 8 .9
Ir1 . C 11  . N 2 5 .  120 .0 (3 ) H 343  . C 34  . H341 . 108 .3
N 1 2  . C 11  . N 25  . 117 .1 (4 ) H 342  . C 34  . H341 . 109 .7
C 11  . N 1 2 . C 1 3 .  120 .1(4 ) C 36  . C 35  . C 39  . 104 .5(7 )
C 11  . N 1 2  . C 21 . 123 .9 (4 ) C 3 6 . C 3 5 . H 3 5 1  . 111 . 1
C 1 3  . N 1 2  . C21 . 115 .8 (4 ) C 3 9 . C 3 5 . H 3 5 1  . 111.7
N 1 2  . C 1 3  . C 1 4  . 121 .6 (4 ) C 36  . C 35  . H 352  . 109.9
N 1 2  . C 1 3  . C 1 8  . 118 .8 (4 ) C 3 9 . C 3 5 . H 3 5 2 .  110.1
C 1 4  . C 1 3  . C 1 8  . 119 .5 (5 ) H351 . C 3 5 . H 3 5 2 .  109.5
C 1 3 . C 1 4 . C 1 5 .  119 .9 (5 ) C 35  . C 36  . C 37  . 104 .0(6 )
C 1 3 . C 1 4 . H 1 4 1  . 118 .7 C 3 5 . C 3 6 .  H361 . 112.1
C 1 5  . C 1 4  . H 141 . 121 .4 C 3 7 . C 3 6 . H 3 6 1  . 1 1 1 . 9
C 1 4  . C 1 5  . C 1 6  . 120 .6 (5 ) C 35  . C 36  . H 362  . 109.8
C 1 4  . C 1 5  . H 151 . 118 .8 C 37  . C 36  . H 362  . 110 .0
C 1 6  . C 1 5  . H 151 . 120 .6 H361 . C 36  . H 362  . 109 .0
C 1 5  . C 1 6  . C 1 7  . 120 .7 (5 ) C 36  . C 37  . 0 3 8  . 106 .9(5 )
C 1 5  . C 1 6  . H 161 . 119 .4 C 3 6 . C 3 7 . H 3 7 1  . 1 1 2 . 2
C 1 7  . C 1 6  . H 161 . 119 .9 0 3 8 . C 3 7 . H 3 7 1  . 1 1 0 . 4
C 1 6 . C 1 7 . C 1 8 .  1 19 .7 (5 ) C 36  . C 37  . H 372  . 107.8
C 1 6  . C 1 7  . H 171 . 119 .9 0 3 8  . C 37  . H 372  . 108.7
C 1 8  . C 1 7  . H 171 . 120 .4 H371 . C 3 7 . H 3 7 2 .  110 .6
C 1 3 . C 1 8 . C 1 7 .  1 19 .6 (5 ) C 37  . 0 3 8  . C 39  . 107 .4(5 )
C 1 3 . C 1 8 . 0 1 9 .  1 16 .2 (5 ) C 35  . C 39  . 0 3 8  . 109 .6(6 )
C 1 7 . C 1 8 . 0 1 9 .  1 24 .2 (5 ) C 3 5 . C 3 9 . H 3 9 1  . 109.8
C 1 8 . O 1 9 . C 2 0 .  1 18 .7 (5 ) 0 3 8  . C 39  . H391 . 108 .9
0 1 9 . C 2 0 . H 2 0 1  . 106 .8 C 35  . C 39  . H 392  . 109.9
0 1 9  . C 2 0  . H 20 2  . 109.6 0 3 8  . C 39  . H 392  . 109.4
H 201  . C 20  . H 202  . 110 . 1 H391 . C 3 9 . H 3 9 2 .  109.3
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C?1
Cl I

C30

Table T.1: C ry s ta l d a ta  a n d  s tru c tu re  

D IP P ) (C O D )C I] .

Id e n tif ic a tio n  c o d e  

E m p ir ic a l fo rm u la  

F o rm u la  w e ig h t  

T e m p e r a tu r e  

W a v e le n g th  

C ry s ta l s y s te m  

S p a c e  g ro u p  

U n it ce ll d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )

A b s o rp tio n  c o e ffic ie n t  

F (0 0 0 )

C ry s ta l s iz e

T h e ta  ra n g e  fo r  d a ta  c o lle c tio n

In d e x  ra n g e s

2 5 < = l< = 2 5

R e f le c t io n s  c o lle c te d

In d e p e n d e n t  re fle c tio n s

C o m p le te n e s s  to  th e ta  =  2 7 .4 7 (

R e f in e m e n t  m e th o d

D a ta  /  re s tra in ts  /  p a r a m e te rs

G o o d n e s s -o f- f it  o n  F 2

13= 1 1 8 .7 5 1 0 (1 0 ) c 

y=  9 0 ° .

re fin e m e n t fo r [ lr (7 -o -M e O P h -  

k jc 0 8 1 4

C 3 2  H 4 4  C l Ir N 2  O

7 0 0 .3 4  

1 5 0 (2 )  K  

0 .7 1 0 7 3  A 
M o n o c lin ic  

P 2 1 /C

a  =  1 0 .1 8 7 0 (2 )  A a= 9 0 ° .  

b =  1 6 .5 3 4 0 (3 )  A 
c =  1 9 .4 2 7 0 (3 )  A 
2 8 6 8 .7 3 (9 )  A 3  

4

1 .6 2 2  M g/m 3 

4 .7 7 5  m m '^

1 4 0 8

0 .3 8  x 0 .0 8  x 0 .0 5  m m 3  

3 .1 8  to  2 7 .4 7 ° .

- 1 3 < = h < = 1 1, -21  < = k < = 2 1 , -

4 6 6 6 5

6 5 4 0  [R (in t) =  0 .1 8 0 3 ]

9 9 .5  %

F u ll-m atrix  le a s t-s q u a re s  on F 2  

6 5 4 0  /  0  /  3 3 9

1 .0 6 8
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Final R indices [l>2sigma(l)] R1 = 0.0493, wR2 = 0.1140
R indices (all data) R1 = 0.0712, wR2 = 0.1267
Largest diff. peak and hole 3.392 and -4.113 e.A-3

Table T. 2: Bond lengths (A) for [lr(7-o-MeOPh-DlPP)(COD)CI].
C1 N1 1 .3 4 3 (8 ) C 1 8 C 2 2  1 .50 7 (9 )
C1 N 2  1 .3 6 4 (7 ) C 1 9 C 2 0  1 .5 3 4 (9 )
C1 Ir1 2 .0 6 2 (6 ) C 1 9 C 2 1  1 .55 3 (9 )
C 2  N1 1 .4 8 4 (8 ) C 1 9 H 1 9  1 .0 0 0 0
C 2  C 3  1 .5 2 6 (9 ) C 2 0  H 2 0 A  0 .9 8 0 0
C 2  H 2A  0 .9 9 0 0 C 2 0  H 20 B  0 .9 8 0 0
C 2  H 2B  0 .9 9 0 0 C 2 0  H 2 0 C  0 .9 8 0 0
C 3 C 4  1 .5 3 1 (1 0 ) C21 H 2 1 A  0 .9 8 0 0
C 3  H 3 A  0 .9 9 0 0 C 21 H 21 B  0 .9 8 0 0
C 3  H 3B  0 .9 9 0 0 C 21 H 2 1 C  0 .9 8 0 0
C 4 C 5  1 .5 1 5 (9 ) C 2 2  C 2 4  1 .5 2 4 (9 )
C 4  H 4 A  0 .9 9 0 0 C 2 2  C 2 3  1 .5 3 6 (9 )
C 4  H 4B  0 .9 9 0 0 C 2 2  H 2 2  1 .0 0 0 0
C 5  N 2  1 .5 0 7 (8 ) C 2 3  H 2 3 A  0 .9 8 0 0
C 5  H 5 A  0 .9 9 0 0 C 2 3  H 23 B  0 .9 8 0 0
C 5  H 5B  0 .9 9 0 0 C 2 3  H 2 3 C  0 .9 8 0 0
C 6 C 1 1  1 .3 8 1 (9 ) C 2 4  H 2 4 A  0 .9 8 0 0
C 6  C l  1 .4 0 2 (8 ) C 2 4  H 24 B  0 .9 8 0 0
C 6  N1 1 .4 4 4 (8 ) C 2 4  H 2 4 C  0 .9 8 0 0
C l  0 1  1 .3 7 8 (7 ) C 2 5  C 2 6  1 .4 1 2 (9 )
C l  C 8  1 .3 8 4 (8 ) C 2 5  C 3 2  1 .5 4 6 (8 )
C 8  C 9  1 .3 9 6 (9 ) C 2 5  Ir1 2 .1 1 6 (5 )
C 8  H 8  0 .9 5 0 0 C 2 5  H 2 5  0 .9 5 0 0
C 9 C 1 0  1 .3 8 0 (1 0 ) C 2 6  C 2 7  1 .5 1 4 (9 )
C 9  H 9  0 .9 5 0 0 C 2 6  Ir1 2 .1 0 6 (6 )
C 1 0 C 1 1  1 .3 8 2 (1 0 ) C 2 6  H 2 6  0 .9 5 0 0
C 1 0  H 1 0  0 .9 5 0 0 C 2 7  C 2 8  1 .5 4 5 (9 )
C 11  H 11 0 .9 5 0 0 C 2 7  H 2 7 A  0 .9 9 0 0
C 1 2  0 1  1 .4 3 2 (7 ) C 2 7  H 27 B  0 .9 9 0 0
C 1 2  H 1 2 A  0 .9 8 0 0 C 2 8  C 2 9  1 .4 9 8 (1 0 )
C 1 2 H 1 2 B  0 .9 8 0 0 C 2 8  H 2 8 A  0 .9 9 0 0
C 1 2 H 1 2 C  0 .9 8 0 0 C 2 8  H 28 B  0 .9 9 0 0
C 1 3 C 1 4  1 .3 9 6 (9 ) C 2 9  C 3 0  1 .3 9 4 (1 1 )
C 1 3 C 1 8  1 .4 1 8 (8 ) C 2 9  Ir1 2 .2 0 7 (7 )
C 1 3  N 2  1 .4 4 5 (8 ) C 2 9  H 2 9  0 .9 5 0 0
C 1 4 C 1 5  1 .4 0 1 (9 ) C 3 0 C 3 1  1 .5 1 1 (9 )
C 1 4 C 1 9  1 .5 1 9 (8 ) C 3 0  Ir1 2 .1 6 2 (6 )
C 1 5 C 1 6  1 .3 7 3 (9 ) C 3 0  H 3 0  0 .9 5 0 0
C 1 5 H 1 5  0 .9 5 0 0 C31 C 3 2  1 .53 3 (9 )
C 1 6 C 1 7  1 .3 8 0 (1 0 ) C31 H 31 A  0 .9 9 0 0
C 1 6 H 1 6  0 .9 5 0 0 C31 H 31B  0 .9 9 0 0

C 1 7 C 1 8  1 .4 0 3 (9 ) C 3 2  H 32 A  0 .9 9 0 0

C 1 7  H 1 7  0 .9 5 0 0 C 3 2  H 32B  0 .9 9 0 0  
Ir1 CI1 2 .3 9 1 1 (1 5 )
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Table T.3: Bond angles (°) for [lr(7-oMeOPh-DIPP)(COD)C11.
N1 C1 N 2  1 1 9 .0 (5 ) C 1 8 C 2 2  C 2 4  1 12 .5 (5 )
N1 C1 Ir1 1 1 6 .2 (4 ) C 1 8 C 2 2  C 2 3  1 1 0 .9 (6 )
N 2 C 1  Ir1 1 2 3 .5 (5 ) C 2 4  C 2 2  C 2 3  1 09 .3 (5 )
N1 C 2  C 3  1 1 1 .8 (5 ) C 1 8 C 2 2  H 2 2  108 .0
N1 C 2  H 2 A  1 0 9 .3 C 2 4  C 2 2  H 2 2  108 .0
C 3  C 2  H 2 A  1 0 9 .3 C 2 3  C 2 2  H 22  108 .0
N1 C 2  H 2 B  1 0 9 .3 C 2 2  C 2 3  H 2 3 A  109 .5
C 3  C 2  H 2B  1 0 9 .3 C 2 2  C 2 3  H 23 B  109 .5
H 2 A  C 2  H 2 B  1 0 7 .9 H 2 3 A C 2 3  H 23 B  109 .5
C 2  C 3  C 4  1 1 0 .5 (5 ) C 2 2  C 2 3  H 2 3 C  109 .5
C 2  C 3  H 3 A  1 0 9 .5 H 2 3 A C 2 3  H 2 3 C  109 .5
C 4 C 3  H 3 A  1 0 9 .5 H 2 3 B  C 2 3  H 2 3 C  109 .5
C 2  C 3  H 3B  1 0 9 .5 C 2 2  C 2 4  H 2 4 A  1 09 .5
C 4  C 3  H 3 B  1 0 9 .5 C 2 2  C 2 4  H 24 B  109 .5
H 3 A C 3  H 3 B  108 .1 H 2 4 A C 2 4  H 24 B  109 .5
C 5  C 4  C 3  1 1 2 .5 (5 ) C 2 2  C 2 4  H 2 4 C  109 .5
C 5 C 4 H 4 A  109 .1 H 2 4 A C 2 4  H 2 4 C  109 .5
C 3  C 4  H 4 A  109 .1 H 2 4 B  C 2 4  H 2 4 C  109 .5
C 5  C 4  H 4 B  109 .1 C 2 6  C 2 5  C 3 2  1 23 .3 (6 )
C 3  C 4  H 4 B  109 .1 C 2 6  C 2 5  Ir1 7 0 .1 (3 )
H 4 A  C 4  H 4 B  1 0 7 .8 C 3 2  C 2 5  Ir1 1 14 .1 (4 )
N 2  C 5  C 4  1 1 3 .1 (5 ) C 2 6  C 2 5  H 2 5  1 18 .4
N 2  C 5  H 5 A  1 0 9 .0 C 3 2  C 2 5  H 2 5  118 .4
C 4  C 5  H 5 A  1 0 9 .0 Ir1 C 2 5  H 2 5  8 6 .0
N 2  C 5  H 5 B  1 0 9 .0 C 2 5  C 2 6  021 1 25 .5 (5 )
C 4  C 5  H 5 B  1 0 9 .0 C 2 5  C 2 6  Ir1 7 0 .8 (3 )
H 5 A C 5  H 5 B  1 0 7 .8 C 2 7 C 2 6  Ir1 1 12 .7 (4 )
C 11 C 6  01  1 1 9 .9 (6 ) C 2 5  C 2 6  H 2 6  117 .3
C 11 C 6 N 1  1 2 2 .0 (5 ) 021 C 2 6  H 2 6  117 .3
C 7 C 6 N 1  1 1 8 .1 (5 ) Ir1 C 2 6  H 2 6  8 6 .4
0 1  01  C 8  1 2 3 .9 (5 ) C 2 6  C 2 7  C 2 8  1 12 .1 (5 )
0 1  01  C 6  1 1 5 .9 (5 ) C 2 6  C 2 7  H 2 7 A  109 .2
C 8  01  C 6  1 2 0 .2 (6 ) C 2 8  021 H 2 7 A  109 .2
01  C 8  C 9  1 1 8 .5 (6 ) C 2 6  021 H 27 B  109 .2
C 7  C 8  H 8  1 2 0 .8 C 2 8  021 H 27 B  109 .2
C 9  C 8  H 8  1 2 0 .8 H 2 7 A  021 H 27B  107 .9
C 1 0 C 9  C 8  1 2 1 .6 (6 ) C 2 9  C 2 8  021 1 13 .1 (5 )
C 1 0 C 9  H 9  1 1 9 .2 C 2 9  C 2 8  H 28 A  109 .0
C 8  C 9  H 9  1 1 9 .2 021 C 2 8  H 28 A  109 .0

C 9 C 1 0 C 1 1  1 1 9 .4 (6 ) C 2 9  C 2 8  H 28 B  109 .0
C 9 C 1 0 H 1 0  1 2 0 .3 027 C 2 8  H 28B  109 .0

C 11  C 1 0  H 1 0  1 2 0 .3 H 2 8 A C 2 8  H 28B  1 07 .8

C 6 C 1 1  C 1 0  1 2 0 .3 (6 ) C 3 0  C 2 9  C 2 8  123 .5 (6 )

C 6 C 1 1  H 11 1 1 9 .9 C 3 0  C 2 9  IM 6 9 .6 (4 )

C 1 0  C 11 H 11 1 1 9 .9 C 2 8 C 2 9  Ir1 112 .4 (4 )

0 1  C 1 2  H 1 2 A  1 0 9 .5 C 3 0  C 2 9  H 29  118 .2

0 1  C 1 2 H 1 2 B  1 0 9 .5 C 2 8  C 2 9  H 29  118 .2

H 1 2 A C 1 2  H 1 2 B  1 0 9 .5 Ir1 C 29  H 29  88 .0

0 1  C 1 2  H 1 2 C  1 0 9 .5 C 2 9 C 3 0 C 3 1  1 25 .1 (6 )

H 1 2 A C 1 2  H 1 2 C  1 0 9 .5 C 2 9  C 3 0  Ir1 7 3 .2 (4 )

H 1 2 B  C 1 2  H 1 2 C  1 0 9 .5 C 31 C 3 0  IM 110 .1 (4 )

C 1 4 C 1 3 C 1 8  1 2 2 .0 (6 ) C 2 9  C 30  H 30  117 .4

C 1 4  C 1 3  N 2  1 2 0 .9 (5 ) C31 C 30  H 30  117 .4
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C 1 8 C 1 3 N 2  1 1 7 .0 (5 ) Ir1 C 3 0  H 3 0  8 6 .6
C 1 3 C 1 4 C 1 5  1 1 7 .7 (6 ) C 3 0  C 31 C 3 2  1 13 .4 (5 )
C 1 3 C 1 4 C 1 9  1 2 3 .1 (6 ) C 3 0  C 31 H 3 1 A  108 .9
C 1 5 C 1 4 C 1 9  1 1 9 .2 (6 ) C 3 2  C 31 H 3 1 A  108 .9
C 1 6 C 1 5 C 1 4  1 2 1 .6 (7 ) C 3 0  C 31 H 31 B  108 .9
C 1 6 C 1 5  H 1 5  1 1 9 .2 C 3 2  C 31 H 31 B  108 .9
C 1 4 C 1 5 H 1 5  1 1 9 .2 H 3 1 A C 3 1  H 31 B  107 .7
C 1 5 C 1 6 C 1 7  1 2 0 .0 (7 ) C 31 C 3 2  C 2 5  1 1 1 .8 (5 )
C 1 5 C 1 6 H 1 6  1 2 0 .0 C 31 C 3 2  H 3 2 A  109 .3
C 1 7 C 1 6 H 1 6  1 2 0 .0 C 2 5  C 3 2  H 3 2 A  109 .3
C 1 6 C 1 7 C 1 8  1 2 1 .4 (6 ) C 31 C 3 2  H 3 2 B  109 .3
C 1 6 C 1 7  H 1 7  1 1 9 .3 C 2 5  C 3 2  H 3 2 B  109 .3
C 1 8 C 1 7  H 1 7  1 1 9 .3 H 3 2 A  C 3 2  H 3 2 B  107 .9
C 1 7 C 1 8 C 1 3  1 1 7 .1 (6 ) C1 N1 C 6  1 1 8 .6 (5 )
C 1 7 C 1 8 C 2 2  1 2 0 .3 (5 ) C1 N1 C 2  1 2 4 .5 (5 )
C 1 3 C 1 8 C 2 2  1 2 2 .5 (6 ) C 6  N1 C 2  1 1 5 .9 (6 )
C 1 4 C 1 9 C 2 0  1 1 1 .5 (6 ) C1 N 2 C 1 3  1 19 .6 (5 )
C 1 4 C 1 9 C 2 1  1 1 0 .1 (5 ) C1 N 2  C 5  1 2 6 .7 (5 )
C 2 0 C 1 9 C 2 1  1 0 9 .0 (6 ) C 1 3 N 2  C 5  1 1 3 .7 (4 )
C 1 4 C 1 9 H 1 9  1 0 8 .7 C 7  0 1  C 1 2  1 1 5 .6 (5 )
C 2 0 C 1 9 H 1 9  1 0 8 .7 C1 Ir1 C 2 6  1 00 .0 (2 )
C 21  C 1 9  H 1 9  1 0 8 .7 C1 Ir1 C 2 5  9 8 .6 (2 )
C 1 9 C 2 0  H 2 0 A  1 0 9 .5 C 2 6 lr 1  C 2 5  3 9 .1 (2 )
C 1 9 C 2 0  H 2 0 B  1 0 9 .5 C1 Ir1 C 3 0  1 52 .9 (3 )
H 2 0 A  C 2 0  H 2 0 B  1 0 9 .5 C 2 6  Ir1 C 3 0  9 7 .0 (2 )
C 1 9 C 2 0  H 2 0 C  1 0 9 .5 C 2 5  Ir1 C 3 0  8 1 .6 (2 )
H 2 0 A C 2 0  H 2 0 C  1 0 9 .5 C1 Ir1 C 2 9  1 67 .9 (2 )
H 2 0 B  C 2 0  H 2 0 C  1 0 9 .5 C 2 6  Ir1 C 2 9  8 0 .7 (2 )
C 1 9 C 2 1  H 2 1 A  1 0 9 .5 C 2 5  Ir1 C 2 9  8 9 .6 (2 )
C 1 9 C 2 1  H 2 1 B  1 0 9 .5 C 3 0  Ir1 C 2 9  3 7 .2 (3 )
H 2 1 A C 2 1  H 2 1 B  1 0 9 .5 C1 Ir1 CI1 8 4 .4 9 (1 5 )

C 1 9  C 21  H 2 1 C  1 0 9 .5 C 2 6  Ir1 CM 1 5 2 .1 5 (1 8 )

H 2 1 A C 2 1  H 2 1 C  1 0 9 .5 C 2 5  Ir1 CI1 1 6 7 .8 5 (1 8 )
H 2 1 B  C 21 H 2 1 C  1 0 9 .5 C 3 0  Ir1 CI1 9 0 .2 9 (1 7 )  

C 2 9  Ir1 CI1 8 9 .3 8 (1 7 )
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C4 C3

C15̂
C l 7 .

CIO

C19,

Cl 3

Table W.1: C ry s ta l d a ta  a n d  s tru c tu re  

M e s ) ( C O ) 2l].

Id e n tif ic a tio n  c o d e  

E m p ir ic a l fo rm u la  

F o rm u la  w e ig h t  

T e m p e r a tu r e  

W a v e le n g th  

C ry s ta l s y s te m  

S p a c e  g ro u p  

U n it ce ll d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )

A b s o rp t io n  c o e ff ic ie n t  

F ( 0 0 0 )

C ry s ta l s iz e

T h e ta  ra n g e  fo r  d a ta  c o lle c tio n  

In d e x  ra n g e s  

4 1  < = l< = 4 1  

R e f le c t io n s  c o lle c te d  

In d e p e n d e n t  re fle c tio n s  

C o m p le te n e s s  to  th e ta  =  2 7 .4 9 '  

M a x . a n d  m in . tra n s m is s io n  

R e f in e m e n t  m e th o d  

D a ta  /  re s tra in ts  /  p a r a m e te rs  

G o o d n e s s -o f - f i t  o n  F ^

re fin e m e n t  fo r C /s - [R h (7 -o M e O P h -  

k jc 0 8 2 9

C 2 3  H 2 6  I N 2  0 3  R h

6 0 8 .2 7

1 5 0 (2 )  K

0.71073 A
M o n o c lin ic

P 2 1 /c

a  =  9 . 1 5 1  A a= 9 0 ° .

b =  1 6 .0 9 1  A 8= 9 2 .4 0 ° .

c  =  3 2 .3 2 5  A y= 9 0 ° .

4 7 5 5 .6  A 3 
8
1 .6 9 9  M g /m 3  

2 .0 4 2  m m " 1 

2 4 0 0

0 .2 2  x 0 . 1 0  x 0 .0 8  m m 3 

1 .2 6  to 2 7 .4 9 ° .

-11  < = h < = 1 1, -2 0 < = k < = 1 9 , -

1 7 0 3 3

1 0 6 0 7  [R (in t) = 0 .0 9 9 6 ]

9 7 .4  %

0 .8 5 3 7  a n d  0 .6 6 2 2  

F u ll-m a trix  le a s t-s q u a re s  on F^  

1 0 6 0 7 / 0 / 5 4 9  

0 .9 9 2
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Final R indices [l>2sigma(l)] R1 =0.0628, wR2 = 0.1055
R indices (all data) R1 =0.1518, wR2 = 0.1307
Largest diff. peak and hole 0.842 and -0.739 e.A'3

Table W. 2: Bond lengths (A) for C/s-[Rh(7-oMeOPh-Mes)(CO)2l].
C3C4 1.508(11) C16C21 1.459(13)
C3 C2 1.533(10) C17C18 1.363(14)
C8 C7 1.389(10) C18C19 1.396(12)
C8 C9 1.397(12) C19C20 1.408(12)
C12 01 1.415(10) C20 C23 1.540(10)
C22C18 1.485(12) C24 N3 1.337(8)
C35 04 1.438(11) C24 N4 1.357(9)
C39C40 1.389(11) C24 Rh2 2.079(7)
C39 C38 1.415(12) C25 N3 1.483(9)
C39C44 1.476(11) C25 C26 1.489(11)
C40C41 1.405(12) C26 C27 1.525(10)
C45C41 1.531(11) C27 C28 1.512(10)
C1 N2 1.340(8) C28 N4 1.489(10)
C1 N1 1.350(9) C29 C30 1.391(12)
C1 Rh1 2.096(7) C29 C34 1.398(12)
C2 N1 1.478(10) C29 N4 1.433(9)
C4C5 1.487(12) C30 04 1.352(10)
C5 N2 1.493(9) C30C31 1.372(10)
C6C11 1.374(11) C31 C32 1.389(13)
C6 C7 1.400(11) C32 C33 1.357(14)
C6 N1 1.449(8) C33 034 1.392(11)
C7 01 1.358(9) C36 05 1.129(9)
C9C10 1.369(13) C36 Rh2 1.904(9)
C10C11 1.400(9) C37 06 1.132(11)
C13 02 1.106(10) C37 Rh2 1.849(11)
C13 Rh1 1.869(10) C38 C43 1.390(10)
C14 03 1.125(9) C38 N3 1.458(9)
C14 Rh1 1.898(9) C41 C42 1.371(12)
C15C20 1.364(12) C42 C43 1.394(11)
C15 C16 1.417(10) C43C46 1.492(12)
C15 N2 1.453(10) Rh1 11 2.6656(9)
C16C17 1.415(12) Rh2 12 2.6739(9)

Table W. 3: Bond angles (°) for C/'s-[Rh(7-oMeOPh-Mes)(CO)2l].
C4 C3 C2 113.1(7) C34C29 N4 121.5(8)
C l C8 C9 119.4(8) 04 C30 C31 123.7(9)
C40 C39 C38 117.3(8) 04 030 C29 115.4(6)
C40 C39 C44 120.5(8) C31 C30 C29 121.0(9)
C38 C39C44 122.1(7) C30 031 C32 118.8(9)
C39C40C41 121.1(9) C33C32C31 121.5(8)
N2 C1 N1 119.6(6) C32 033 C34 120.1(9)
N2 C1 Rh1 120.6(5) C33 034 C29 119.3(9)
N1 C1 Rh1 119.6(5) 05 036 Rh2 179.4(10)
N1 C2 C3 112.3(6) 06 C37 Rh2 174.2(8)
C5 C4 C3 111.6(6) C43 038 039 122.6(7)
C4 C5 N2 114.2(7) C43 038 N3 119.8(8)
C11 C6 C l 120.5(6) C39 038 N3 117.4(6)
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C11 C6 N1 121.8(7) C42 C41 C40 119.2(8)
C7 C6N1 117.6(7) C42 C41 C45 121.0(8)
01 C l C8 124.4(8) C40 041 C45 119.7(9)
01 C l C6 116.0(6) C41 C42 C43 122.3(8)
C8 C l C6 119.5(8) C38C43C42 117.3(9)
C10C9 C8 120.9(7) C38 C43 C46 122.7(7)
C9C10C11 119.8(9) C42 C43 C46 119.9(7)
C6C11 C10 119.8(8) C1 N1 06 115.8(6)
02 C13 Rh1 172.0(8) 01 N1 02 129.8(5)
03 C14 Rh1 177.7(8) 06 N1 02 114.5(5)
C20C15C16 121.8(8) 01 N2C15 118.1(6)
C20C15N2 118.6(7) 01 N2 05 123.2(6)
C16 C15 N2 119.4(8) C15 N2 05 116.2(6)
C17C16 015 115.2(9) C24 N3 038 118.4(6)
C17C16C21 122.2(8) C24 N3 C25 123.1(5)
C15C16C21 122.7(8) C38 N3 025 116.5(5)
C18C17C16 125.0(8) 024 N4 029 117.5(6)
C17C18C19 117.0(8) C24 N4 028 128.0(5)
C17C18C22 122.1(9) C29 N4 028 114.4(5)
C19C18C22 120.9(10) 07 01 C12 117.9(6)
C18C19C20 121.0(10) C30 04 C35 118.3(6)
C15C20 C19 119.7(8) C13 Rh1 014 90.6(4)
C15C20 C23 122.4(7) C13 Rh1 C1 93.6(3)
C19C20 C23 117.8(9) C14 Rh1 C1 174.9(3)
N3 C24 N4 118.4(6) 013 Rh1 11 169.8(2)
N3 C24 Rh2 122.9(5) C14 Rh1 11 86.8(3)
N4 C24 Rh2 118.6(4) 01 Rh1 11 89.5(2)
N3 C25 026 114.0(7) C37 Rh2 036 90.6(4)
C25 C26 C27 109.5(6) 037 Rh2 024 91.8(3)
C28 C27 C26 111.8(7) 036 Rh2 C24 176.9(3)
N4 C28 C27 113.1(6) C37 Rh2 12 171.3(2)
C30 C29 C34 119.2(7) C36 Rh2 12 87.3(3)
C30 C29 N4 119.2(8) 024 Rh2 12 90.7(2)
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T a b le  Y .1 :  C ry s ta l d a ta  a n d  s tru c tu re  re f in e m e n t  fo r [R h (6 -P y -

M e s )2C I2] [R h (C O D ) C I2]. 

Id e n tif ic a tio n  c o d e  

E m p ir ic a l fo rm u la  

F o rm u la  w e ig h t  

T e m p e r a tu r e  

W a v e le n g th  

C ry s ta l s y s te m  

S p a c e  g ro u p  

U n it c e ll d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )

A b s o rp tio n  c o e ff ic ie n t  

F ( 0 0 0 )

C ry s ta l s iz e

T h e ta  r a n g e  fo r  d a ta  c o lle c tio n

In d e x  ra n g e s

4 4 < = |< = 4 3

R e f le c t io n s  c o lle c te d

In d e p e n d e n t  re fle c tio n s

C o m p le te n e s s  to  th e ta  =  2 7 . 5 1 °

M a x . a n d  m in . tra n s m is s io n

R e f in e m e n t  m e th o d

D a ta  /  re s tra in ts  /  p a ra m e te rs

G o o d n e s s -o f - f i t  o n  F 2

k jc 0 8 4 3

C 4 5  H 5 6  C I6  N 8  R h 2

1 1 2 7 .5 0

1 5 0 (2 )  K

0.71073 A
O rth o rh o m b ic

P b c a

a  =  1 8 .6 5 7 0 0 (1 0 )  A a= 9 0 ° .

b =  1 4 .5 4 4 0 (2 )  A B= 9 0 ° .

c =  3 4 .2 0 2 0 (4 )  A y= 9 0 ° .

9 2 8 0 .6 2 (1 7 )  A 3  

8
1 . 6 1 4  M g/m 3

1.100 mm-1 
4 5 9 2

0 .4 0  x 0 .3 0  x 0 .0 8  m m 3  

1 .8 7  to 2 7 .5 1 ° .

-2 3 < = h < = 2 4 , -1 8 < = k < = 1 8 , -

4 4 6 1 2

1 0 6 0 3  [R (in t) =  0 .0 6 8 5 ]

9 9 .4  %

0 .9 1 7 2  a n d  0 .6 6 7 4  

F u ll-m a trix  le a s t-s q u a re s  on F 2 

1 0 6 0 3 / 5 3 / 5 9 5  

1 . 1 5 5
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Appendix 2. Tables of Bond Distances and Angles

Final R indices [l>2sigma(l)] R1 = 0.1140, wR2 = 0.2327
R indices (all data) R1 = 0.1470, wR2 = 0.2459
Largest diff. peak and hole 1.224 and -1.389 e.A~3

Table Y. 2 : Bond lengths (A) for [Rh(6-Py-Mes)2Cl2][Rh(COD)Cl2].
C1 N1 1.348(14) C27 N6 1.363(15)
C1 C2 1.356(16) C27 N5 1.401(15)
C2 C3 1.365(18) C27 Rh1 1.950(11)
C3C4 1.387(18) C28 C33 1.355(18)
C4C5 1.370(15) C28 C29 1.391(18)
C5N1 1.360(13) C28 N6 1.492(16)
C5 N2 1.389(14) C29 C30 1.43(3)
C6 N2 1.490(14) C29 C34 1.46(2)
C6 C7 1.541(5) C30C31 1.34(3)
C7 C8 1.540(5) C31 C32 1.41(2)
C8 N3 1.506(16) C31 C35 1.52(2)
C9 N3 1.288(13) C32 C33 1.375(18)
C9 N2 1.380(13) C33 C36 1.525(17)
C9 Rh1 2.031(9) C37 C38 1.300(5)
C10C11 1.403(14) C37 C44 1.537(5)
C10C15 1.409(16) C37 Rh2 2.081(14)
C10N3 1.448(13) C38 C39 1.541(5)
C11 C12 1.383(16) C38 Rh2 2.119(18)
C11 C16 1.504(17) C39 C40 1.539(5)
C12C13 1.402(18) C40C41 1.537(5)
C13C14 1.394(18) C41 C42 1.299(5)
C13C17 1.480(18) C41 Rh2 2.120(16)
C14C15 1.374(17) C42 C43 1.534(5)
C15C18 1.507(15) C42 Rh2 2.091(14)
C19N4 1.308(15) C43 C44 1.535(5)
C19C20 1.383(17) N1 Rh1 2.031(8)
C20C21 1.43(2) N4 Rh1 2.036(9)
C21 C22 1.33(2) CI1 Rh1 2.412(3)
C22 C23 1.361(16) CI2 Rh1 2.418(2)
C23 N4 1.314(16) CI3 Rh2 2.396(4)
C23 N5 1.464(17) CI4 Rh2 2.359(5)
C24 N5 1.532(16) C46 CI5 1.75(3)
C24 C25 1.540(5) C46 CI6 1.75(4)
C25 C26 1.535(5) C46ACI5A 1.60(7)
C26 N6 1.510(16) C46ACI6A 1.72(10)

C7A C8A 1.540(5)

Table Y. 3 : Bond angles (°) for [Rh(6-Py-Mes)2Cl2][Rh(COD)Cl2]-
N1 C1 C2 122.8(11) C41 C40 C39 110(2)
C1 C2 C3 119.5(12) C42 C41 C40 127(2)
C2 C3 C4 119.4(11) C42 C41 Rh2 70.8(9)
C5 C4 C3 118.4(11) C40 C41 Rh2 114.3(17)
N1 C5C4 122.3(11) C41 C42 C43 125.2(16)
N1 C5 N2 113.4(9) C41 C42 Rh2 73.2(10)
C4 C5 N2 124.3(10) C43C42 Rh2 113.1(10)
N2 C6 C l 109.1(10) C42C43C44 113.8(13)
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Appendix 2. Tables of Bond Distances and Angles

C8C7C6 107.0(14) I C43C44C37 113.7(14)
N3 C8 07 106.1(12) C1 N1 C5 117.4(9)
N3 C9 N2 117.8(8) C1 N1 Rh1 125.9(7)
N3 C9 Rh1 131.1(8) C5 N1 Rh1 114.8(7)
N2C9Rh1 110.9(7) C9 N2 C5 119.9(8)
C11 C10C15 120.8(10) C9 N2 C6 123.4(9)
C11 C10N3 120.4(11) C5 N2 C6 116.6(9)
C15C10N3 118.3(9) C9 N3C10 125.3(8)
C12C11 C10 118.8(11) C9 N3 C8 125.9(11)
C12C11 C16 119.1(10) C10 N3 C8 108.4(10)
C10C11 C16 122.0(11) C19N4 C23 115.4(10)
C11 C12C13 121.5(11) C19 N4 Rh1 125.5(8)
C14C13C12 117.5(12) C23 N4 Rh1 117.7(8)
C14C13C17 122.2(14) C27 N5 023 117.6(11)
C12C13C17 120.2(12) C27 N5 C24 125.9(13)
C15C14C13 123.2(13) C23 N5 C24 116.3(11)
C14C15C10 117.8(11) C27 N6 C28 124.1(10)
C14C15C18 120.4(12) C27 N6 C26 128.2(12)
C10C15C18 121.9(11) C28 N6 C26 107.6(11)
N4C19C20 123.8(13) C27 Rh1 C9 96.4(4)
C19C20C21 116.4(14) C27 Rh1 N1 102.8(4)
C22 C21 C20 120.7(14) C9 Rh1 N1 80.4(4)
C21 C22 C23 115.4(15) C27 Rh1 N4 80.5(5)
N4 C23 C22 128.3(14) C9 Rh1 N4 102.6(4)
N4 C23 N5 110.5(10) N1 Rh1 N4 175.4(3)
C22 C23 N5 121.3(14) C27 Rh1 CI1 174.3(4)
N5 C24 C25 111.1(13) C9 Rh1 CI1 86.3(3)
C26 C25 C24 112.6(14) N1 Rh1 CI1 82.6(2)
N6 C26 C25 109.3(14) N4 Rh1 CI1 94.0(3)
N6 C27 N5 114.5(11) C27 Rh1 CI2 85.8(3)
N6C27 Rh1 132.2(9) C9 Rh1 CI2 175.1(3)
N5C27 Rh1 113.2(9) N1 Rh1 CI2 94.9(2)
C33 C28 C29 126.5(14) N4 Rh1 CI2 82.1(2)
C33 C28 N6 117.6(11) CM Rh1 CI2 91.92(9)
C29 C28 N6 115.5(13) C37 Rh2 C42 83.5(6)
C28 C29 C30 111.5(16) C37 Rh2 C38 36.0(2)
C28 C29 C34 123.5(16) C42 Rh2 C38 93.1(7)
C30 C29 C34 124.9(15) C37 Rh2 C41 95.6(7)
C31 C30 C29 124.8(15) C42 Rh2 C41 35.9(2)
C30 C31 C32 119.4(17) C38 Rh2 C41 83.3(7)
C30 C31 C35 118.8(18) C37 Rh2 CI4 89.1(5)
C32 C31 C35 122(2) C42 Rh2 CI4 163.0(4)
C33 C32 C31 119.0(17) C38 Rh2 CI4 89.8(6)
C28 C33 C32 118.5(13) C41 Rh2 CI4 160.9(5)
C28 C33 C36 123.1(12) C37 Rh2 CI3 160.8(6)
C32 C33 C36 118.4(13) C42 Rh2 CI3 89.6(4)
C38 C37 C44 125(2) C38 Rh2 013 163.0(6)
C38 C37 Rh2 73.5(11) C41 Rh2 CI3 89.1(5)
C44 C37 Rh2 112.5(12) CI4 Rh2 CI3 92.47(19)
C37 C38 C39 126(2) CI5 046 CI6 112.3(16)
C37 C38 Rh2 70.4(10) CI5A C46A CI6A 121(5)
C39 C38 Rh2 109.8(16) C40 039 C38 119(2)
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cm

C ry s ta l d a ta  a n d  s tru c tu re  re fin e m e n t fo r [R h (6 -P h -Table X.1:
D IP P ) ( S M e )C l ] 2. 

Id e n tif ic a tio n  c o d e  

E m p ir ic a l fo rm u la  

F o rm u la  w e ig h t  

T e m p e r a tu r e  

W a v e le n g th  

C ry s ta l s y s te m  

S p a c e  g ro u p  

U n it ce ll d im e n s io n s

V o lu m e

Z

D e n s ity  (c a lc u la te d )

A b s o rp t io n  c o e ffic ie n t  

F ( 0 0 0 )

C ry s ta l s iz e

T h e ta  ra n g e  fo r d a ta  co llec tion  

In d e x  ra n g e s  

21 <=l<=20 

R e fle c t io n s  co llec ted  

In d e p e n d e n t  re flec tio n s  

C o m p le te n e s s  to th e ta  = 2 4 .7 0 °  

M a x . a n d  m in . tran sm iss io n

k jc 0 9 0 2

C 5 4  H 7 6  C I2  N 4  0 2  R h 2  S 2

1 1 5 4 .0 3  

1 5 0 (2 )  K 

0 .7 1 0 7 3  A 
M o n o c lin ic  

C 2 /c

a  = 4 3 .1 0 8 0 (3 )  A a= 9 0 ° .

b =  1 4 .0 8 2 0 (4 )  A 8=  9 7 .6 6 4 0 (1 0 ) °

c =  1 8 .2 1 9 0 (6 )  A y = 9 0 ° .

1 0 9 6 1 .0 (5 )  A 3  

8
1 .3 9 9  M g/m 3 

0 .8 1 8  m m -1 

4 8 0 0

0 . 1 0 x 0 . 1 0 x 0 . 0 6  m m 3

2 .0 3  to 2 4 .7 0 ° .

-4 2 < = h < = 5 0 , - 1 6 < = k < = 1 5, -

2 8 6 8 0

9 3 1 7  [R (in t) = 0 .0 6 7 9 ]

9 9 .7  %

0 .9 5 2 5  and  0 .9 2 2 6
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Appendix 2. Tables of Bond Distances and Angles

Refinement method
Data / restraints / parameters
Goodness-of-fit on
Final R indices [l>2sigma(l)]
R indices (all data)
Largest diff. peak and hole

Full-matrix least-squares on F^
9 3 1 7 /1 0 /5 6 0
1.119
R1 =0.0735, wR2 = 0.1485 
R1 =0.1076, wR2 = 0.1598 
1.097 and -0.733 e.A' 3

Table X. 2 : Bond lengths (A) for [Rh(6-Ph-DIPP)(SMe)CI]2
C1 C2 1.386(10) C30 C31 1.500(10)
C1 C6 1.399(11) C31 N4 1.474(9)
C1 Rh1 1.971(7) C32 N4 1.339(9)
C2 C3 1.394(11) C32 N3 1.358(9)
C3C4 1.372(12) C32 Rh2 2.011(7)
C4 C5 1.369(12) C33 C34 1.403(11)
C5 C6 1.369(11) C33 C38 1.423(11)
C6 N1 1.412(9) C33 N4 1.437(9)
C7 N1 1.478(9) C34 C35 1.407(13)
C7 C8 1.505(11) C34 C39 1.514(12)
C8 C9 1.491(10) C35 C36 1.370(17)
C9 N2 1.478(9) C36 C37 1.340(17)
C10N1 1.334(8) C37 C38 1.390(13)
C10N2 1.345(8) C38 C42 1.488(13)
C10 Rh1 1.996(7) C39C40 1.524(12)
C11 C12 1.388(11) C39C41 1.539(11)
C11 C16 1.401(11) C42C44 1.542(11)
C11 N2 1.452(9) C42C43 1.557(11)
C12C13 1.416(12) C45S1 1.814(8)
C12C17 1.520(12) C46 S2 1.815(8)
C13C14 1.346(15) S1 Rh2 2.3084(19)
C14C15 1.364(15) S1 Rh1 2.4066(19)
C15C16 1.405(12) S2 Rh1 2.3028(19)
C16C20 1.513(12) S2 Rh2 2.4177(19)
C17 C19 1.532(12) CI1 Rh1 2.3624(19)
C17C18 1.550(12) CI2 Rh2 2.3705(19)
C20 C22 1.533(11) Rh2 CI2A 2.387(13)
C20 C21 1.548(11) C47 01 1.434(10)
C23 C24 1.395(10) 047 048 1.511(10)
C23 C28 1.398(11) C48C49 1.538(10)
C23 Rh2 1.970(7) C49 C50 1.521(9)
C24 C25 1.390(11) C50 01 1.416(9)
C25 C26 1.366(12) C51 02 1.448(10)
C26 C27 1.388(12) C51 C52 1.531(10)
C27 C28 1.376(11) C52 C53 1.529(10)
C28 N3 1.434(10) C53 C54 1.524(10)
C29 N3 1.477(9) 054 02 1.453(10)
C29 C30 1.494(11)

262



Appendix 2. Tables of Bond Distances and Angles

Table X.3: Bond angles (°) for [Rh(6-P h-DIPP)(SMe)CI]2.
C2C1 C6 119.1(7) 
C2C1 Rh1 127.6(6) 
C6C1 Rh1 113.3(5)
C1 C2 C3 119.4(8) 
C4C3 C2 121.0(8)
C5 C4 C3 119.1(8) 
C4C5 C6 121.4(9) 
C5C6C1 119.9(7) 
C5C6N1 124.9(8)
C1 C6 N1 115.1(6)
N1 C7 C8 108.0(6)
C9 C8 C7 110.3(6)
N2 C9 C8 109.1(6)
N1 C10N2 118.0(6)
N1 C10 Rh1 114.9(5) 
N2 C10 Rh1 126.9(5) 
C12C11 C16 122.3(7) 
C12C11 N2 119.6(7) 
C16C11 N2 118.0(7) 
C11 C12C13 116.8(8) 
C11 C12C17 123.0(7) 
C13C12C17 120.1(8) 
C14C13C12 121.5(10) 
C13C14C15 121.2(9) 
C14C15C16 120.6(9) 
C11 C16C15 117.5(9) 
C11 C16C20 124.1(7) 
C15C16C20 118.3(8) 
C12C17C19 112.8(9) 
C12C17C18 108.7(8) 
C19C17C18 110.7(8) 
C16C20 C22 113.9(8) 
C16C20C21 109.4(7) 
C22C20C21 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) 
C34C33 N4 119.8(7) 
C38 C33 N4 118.1(7)

C33 C38 C42 122.6(8) 
C34 C39C40 111.3(7) 
C34C39C41 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) 
C10N1 C6 114.4(6) 
C10N1 C l 125.2(6)
C6 N1 C7 120.4(6) 
C10N2C11 120.2(6) 
C10N2 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 N4C31 121.9(6) 
C33 N4C31 115.9(6) 
C45S1 Rh2 112.6(3) 
C45S1 Rh1 108.8(3) 
Rh2 S1 Rh1 97.58(7) 
C46S2 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 CM 92.3(2)
C10 Rh1 CI1 88.26(19) 
S2 Rh1 CI1 171.02(7) 
C1 Rh1 S1 96.2(2)
C10 Rh1 S1 176.6(2)
S2 Rh1 S1 82.60(6)
CM Rh1 S1 91.65(7) 
C23 Rh2 C32 81.0(3) 
C23 Rh2S1 91.3(2) 
C32 Rh2 S1 94.8(2) 
C23 Rh2 CI2 94.7(2) 
C32 Rh2 CI2 92.6(2)
S1 Rh2 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)
CI2 Rh2 S2 90.67(7) 
CI2A Rh2 S2 81.2(3)
01 C47 C48 95.7(14) 
C47C48 C49 115.7(16) 
C50 C49 C48 90.7(14)
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C33 C34 C35 117.3(9) 01 C50 C49 104.5(14)
C33 C34 C39 122.3(7) C50O1 C47 110.0(14)
C35 C34 C39 120.3(9) 02 C51 C52 94.9(18)
C36 C35 C34 120.1(11) C53C52C51 104.0(19)
C37 C36 C35 122.4(11) C54 C53 C52 90(2)
C36 C37 C38 121.4(11) 02 C54C53 86.8(19)
C37 C38 C33 116.9(10) C51 02 C54 105(2)
C37 C38C42 120.1(9)


