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Abstract

New orthomanganated aryl ketones of type 1 (Figure 1) have been
prepared, including some in which the donor ketone carbonyl group is
incorporated into a fused ring. Analogous derivatives of benzoates and
heteroaromatic carboxylic acid esters are also described, together with
several orthorheniated compounds. Single crystal X-ray structure
determinations of 12-5-(1,4-benzopyronyl)-etracarbonylmanganese (13) and
n2-(4-acetyl-2,5-dimethylthien-3-yl)tetrace rbonylrhenium (82) are reported.
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Figure 1

Reactions of orthomanganated aryl ketones with SO, and with the

electronically and structurally related cumulenes, N-sulfinylaniline
(PhN=S=0), N-sulfinylbenzenesulfonainide (PhS(O);N=S=0) and the

disulfonylsulfodiimide [PhS(0),N]5S ha+e been investigated. SO, inserts
efficiently into the Mn-Ca]ry

to give the corresponding S-sulfinato cor wlex e.g. (43) (Figure 1). The X-

1 bond of a ra~ge of orthomanganated ketones,

ray crystal structure of (43) was determined and it is the first reported
example of a six-membered metallocycle incorporating an O, Mn and S
atom.

In contrast, reaction of PhN=S=0 with a number of orthomanganated
acetophenones led to the corresponding orthomanganated imines e.g. (38)
(Figure 1). The structure of n2-3-chloro-2-[1-(N-phenylimino)ethyl]-phenyl-
tetracarbonylmanganese (44) was determined by single crystal X-ray
diffraction.

PhS(0)4NSO and [PhS(O)9N],S did no: react with orthomanganated p-

methoxyacetophenone (39) under similar zonditions.
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The palladium- and thermally-promoted coupling reactions of
orthomanganated aryl ketones and esters with alkenes have been explored
in detail.

In the presence of Pd(II), 112-(0-acetylaryl)tetracarbonylmanganese
compounds undergo coupling reactions with methyl acrylate, methyl
vinyl ketone, acrylonitrile, acrolein, vinyl acetate and allyl alcohol. The
coupling reactions normally proceed in excellent yield and produce three
main products, arylalkene, arylalkane and indene, the ratios of which
vary with reaction conditions and substrate (Scheme 1; Path (I)).
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Scheme 1

Orthomercurated aryl ketones obtained via transmetalation of
orthomanganated ketones with mercuric chloride allowed a comparison
of the product distribution for Pd(II)-promoted methyl acrylate coupling of
an orthomercurated precursor 4-acetyl-2,5-dimethylthien-3-ylmercury(II)
chloride (112) and the corresponding orthomanganated precursor n2-(4-
acetyl-2,5-dimethylthien-3-yl)tetracarbon ylmanganese (41) under identical
conditions. Cyclisation to give the indene-type product methyl 1,3,6-
trimethyl-4H-cyclopenta[c]thiophene-5- .:arboxylate (53) (whose crystal
structure is reported) was found to be m«ch more strongly favoured in the
Mn than the Hg case precluding the possibility that the only role of both



iii

replaced metals is in transmetalation with palladium prior to alkene
coupling. This conclusion is supported by similar reactions with
phosphite or phosphine derivatives of cyclomanganated aryl ketones e.g.
(145), (146) (Figure 2), and by reactions of orthorheniated substrates e.g.
(382) (Figure 2).

0) 0) Q
[(MeO)3P]2(CO)2Mﬂ Me (dppm)z(CO)zMr;Z)Lf\- Me (CO)4Re/Z’;f\ Me
& & &

Me” °S” Me Me” °S” Me Me” 'S° Me
(145) (146) 32)

Figure 2

In the absence of Pd(II), alkenes were also found to insert efficiently into
the Mn-Caryl bond of orthomanganated ketones at ca 80 °C. In this case,
the major products were found to be arylalkane, indene and a mixture of
the diastereoisomeric indanols (Scheme 1; Path (II)). Arylalkene products
were formed in very small or indetectable amounts. Possible reaction
pathways for both the Pd(II) and the thermally initiated reactions are

presented.

Several sterically crowded 3-substituted orthomanganated esters and
ketones were reacted with ICl to give the corresponding 2-iodo-3-
substituted compounds (e.g. Equation 1). 3-Substituted 2-iodo esters
formed via this route are of interest as potential precursors for the
formation of 5-substituted 9-oxo-9H-xanthene-4-acetic acid (XAA)
compounds, which exhibit antitumour activity.

"0 o\ IC *0_0
Mn(CO), C——) I
cal,
OMe OMe
(22) (149)

Equation 1
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All numbered compounds appear in the fold out section
at the rear of this thesis

Note on Nomenclature

For convenience and brevity, throughout this thesis orthomanganated
compounds are named using a n2 naming convention to specify that both
the aryl carbon and the oxygen are coordinated. Strictly speaking this
should be specified with a n2-(C,O) nomenclature, or more correctly using
the x notation, so that for example 1]2-(2-acetylphenyl)tetracarbonyl-
manganese (2) should be 2-acetyl-1c0-phenyl-1cCl-tetra(carbonyl-KC)-

manganese(I).
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Chapter One
Introduction: Cyclometalation

Over the past two to three decades cyclometalated complexes have
attracted increasing attention from researchers, as evident from the
many comprehensive reviews now available [1-4].

Metallacycles are successfully used in organic synthesis [5], catalysis [6],
asymmetric synthesis [7] and photochemistry [8]. They mimic some key
intermediates in catalytic transformations [9] and show promise as
potential biologically active materials [10,11].

1.1 Definition

Cyclometalated complexes are defined by Omae [1] as organometallic
intramolecular-coordination compounds with a metal-carbon bond of the
configuration shown in Figure 1.1.

C(n) M=metal
/ Y=coordinating atom
M\ or group
n21

Y
Figure 1.1

Although Omae's definition excludes compounds which contain a non-
carbon atom in the ring, there are numerous examples of such complexes
in the literature [12,13], and it is therefore appropriate to include them in
this review.

Omae describes two types of coordination: c-coordination and =-
coordination, depending on the mode of coordination of Y to the metal.

When Y is a n-coordinating group the compounds mainly have vinylene,
n-allyl, cyclopentadienyl, or aryl as the coordinating group.

The Y in the o-coordination compounds represents N, P, As and Sb in
Group 15, O and S in Group 16, and Cl, Br, and I in Group 17, but is much
more commonly restricted to N, P, As, O and S than the other elements.



1.2 History

The earliest examples of cyclometalated compounds were cited by Bahr
and Miiller [14-16] in 1955, with a report of several complexes described as
"Metallorganische Innerkomplexe" (Figure 1.2).

(Et)zAl/j (Et)zm/j Y=05
A\ Ny
/\ /
Et

Et Et
Figure 1.2
Some bicyclic beryllium analogues were also described.

The term "cyclometalation” was introduced by Trofimenko [17] in 1973, to
describe the ring formation reaction of cyclometalated compounds
(Equation 1.1).

Y: Y
C +MXZ —> ( \MZ + HX
/
C-H C

Equation 1.1

The predominantly reported examples in the literature involve selective
metalation in an aromatic ring position ortho to the donor function Y, and
this has given rise to the term "orthometalation".

The first examples of orthometalation were provided by Kleiman and
Dubeck [18] in 1963 who reported an azobenzene complex of nickel,

Cpl'\Ii-CGH4-N=I"I-CBH5, and by Cope and Siekman [19] in 1965 with an

analogous complex of palladium [CGH51\'I=N-CGH4-Pc'ICl]2.

1.3 Ring Size

Cyclometalated complexes, except for n-coordinated compounds, generally
form a chelate ring which possesses three to seven members, with the
five-membered ring structure being most prevalent [9,20]. Almost all
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compounds containing an oxygen or nitrogen donor atom, with no
available d-orbitals, form the five-membered ring structure. It is widely
believed that this configuration is most stable because it gives the closest to
the ideal geometry (bond angles and bond lengths) of all the possible ring
sizes. X-ray crystallographic studies have illustrated the considerable
ring strain associated with three- and four-membered rings [21], for
instance as in the structure in Figure 1.3.

ONO,

But
Ph \\96(”‘ /
\ / Pt P——put
But/ f
Bu' 135(3)°

Figure 1.3

The tendency to form five-membered rings is illustrated by the ligands
CgH5(CH,),NMe, where n may be 0, 1, 2 or 3, since only the benzylamine
(n=1) undergoes metalation with PdCl,. The other amines, which would
form four-, six-, or seven-membered rings by ortho substitution, give only
the complexes [CgH5(CHy),NMeyl,PdCl, [20]. Similarly N,N-dimethyl-1-
naphthylamine, which could in theory ring close at either the 2-position
(giving a four-membered ring) or at the 8-position (giving a five-membered
ring) is found to form only the five-membered ring structure [9].

It has been observed, however, that organometallic intramolecular-
coordination compounds having sulphur or phosphorus donor atoms,
show an increasing tendency to form three- or four-membered rings.
Omae suggests that this is due to the increased size of the atoms, and the
possibility of d-orbital participation in the bonding with the metal, leading
to small chelate rings with less strain [1].



1.4 Donor Atoms

While cyclometalation reactions are known for many combinations of
metal and organic substrate [1,3], they are perhaps best developed for
Pd(II) with N-donor substrates, as is evident from the number of articles
and reviews reported in the literature to date [22,23].

Although in this thesis the focus will be on orthomanganated compounds
with carbonyl-oxygen donor functions, a brief overview of all the principal
donor atoms involved in 6—coordination compounds will be given, in
addition to a more detailed account of the carbonyl-oxygen donor
functions.

1.4.1 Nitrogen

Cyclometalated compounds with a nitrogen donor ligand, can be divided
into ten groups, depending on the nature of the ligand: benzylamines,
tolylamines, benzoylamines, ferrocenylmethylamines, benzylidene-
amines, azobenzenes, phenyldiazenes, heteroaromatic compounds,
alkylamines and imines. To date cyclometalated compounds of a wide
range of transition metals including Ti [22], Cr [23], W [23], Fe [23], Mo
[23], Mn [24], Re [22,24], Ru [22], Os [22], Rh [22], Ir [23], Ni [18], Pd [19], Pt
[19], Cu [1] and Au [22] incorporating a N-donor ligand have been
reported.

1.42 Phosphorus

As phosphorus is in the same group of the Periodic Table as nitrogen,
organometallic intramolecular-coordination compounds containing a
phosphorus donor ligand form many chelate compounds which are
analogous to their nitrogen counterparts. P-donor ligands include
phenylphosphanes, benzylphosphanes, o-tolylphosphanes, 1-naphthyl-
phosphanes, aryl phosphites, 2-alkoxyphenylphosphanes and
propylphosphanes, and complexes are known for Mn [25], Ru [26], Rh [1],
Ir [1], Pt [1], Pd [4], Ni [1], Fe [26], Au [26], Re [25] and Os [1].

Despite the ring stability of chelate complexes decreasing in the order of
five->six->four-membered ring, a relatively large number of four-
membered ring compounds containing a phosphorus donor ligand have



been reported compared to those containing a nitrogen donor ligand. This
difference has been attributed to the size of the P atom and the possibility of
d-orbital participation in the bonding with the metal [1].

1.4.3 Arsenic

Relatively few examples of metalated As donor ligands have been
described [27].

Three-, four-, five- and six-membered ring compounds have been
reported, but the five-membered ring structures, similar to those of the
corresponding phosphane compounds, are preferred. They are generally
more difficult to synthesize and are more labile than their corresponding
phosphane analogues.

1.4.4 Oxygen

In organometallic intramolecular-coordination compounds containing an
oxygen atom, the ligand groups are in most cases carbonyl groups or, in a
small number of cases, alkoxy groups. There are a few examples also of
nitro [28], hydroxy [29], phosphoryl [30], nitrato [31] or sulfinyl [32] groups
as ligands. Examples of these unusual compounds are shown in Figure
14.

Q
+ Ph
H l P —O
2 ~r—|
+ Cco PhsP O Sn ~Mc
O'—’-‘—N H 1’ Mc
\
O,N =0
\0 Ph /
/ Si—F
Sn —Ph 7\
\
OAsPhg F F

R=Me, Et, CH,Ph

Figure 1.4



1.4.4.1 Carbonyl-oxygen ligands

Cyclometalated compounds containing carbonyl-oxygen donor ligands are
comprised principally of ketone, amide and ester functionalities, and
more rarely, aldehydes.

1.4.4.1.1 Ketones

A growing number of complexes containing a ketone carbonyl group
coordinated to a metal atom via an oxygen-metal o-donor bond are

becoming known.

Early reports include the structures of Figure 1.5. (A) is obtained by
treatment of cis-(2-oxacyclopentylidene)nonacarbonyldimanganese with

butyl lithium followed by treatment with acetyl chloride [33], (B) is one of
the products obtained in the addition of MeMn(CO)5 to o-styryl-

(diphenyl)phosphine [34], and (C) is obtained in the addition of MeM(CO)y
or HM(CO); (M=Mn or Re) to acetylenes [35].

Me 0) Ph2

N\ P
Mn(CO)4 CE “Mn(CO),
= / \
O Cs\(o
(A) ®)

Me
Z M(CO),
/7 ©
@)

M=Mn, Re
Figure 1.5

Examples of other types of metal complexes containing the chelated keto
group include a series of tin compounds [1] (Figure 1.6), an iridium
complex [36] (Figure 1.7), and several five-membered ring examples
incorporating W [37], Te [38], Se [38] or Fe [39].
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Figure 1.7
Bicyclic six-membered ring compounds are known for Pd, Rh and Ir [1],
Figure 1.8.
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0
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Figure 1.8

The formation of secondary metalation products such as (1) [40,41] (Figure
1.9), led Kaesz into the area of direct metalation of aromatic ketones and

Mn(CO),
Y

PhoP—Mn(CO),PPh,

Figure 1.9



quinones, which gave rise to the first reports of ortho-substitution by a
transition metal of an aromatic system in which an oxygen functionality
directs the metalation [42] (Equation 1.2).

Me_ _O Me_ _O
octane
Mn(CO),
+ MeM(CO)y C———p + CH,
M=Mn,Re 126° @
68 %
Equation 12

The Kaesz group has subsequently reported similar reactions involving
benzophenones [43], acetylferrocenes [44], anthraquinones [43] and a
variety of substituted acetophenones [43].

More recently the scope of the reaction has been extended to include
various acetyl-thiophenes, -furans and -N-methylpyrroles [45].

To date, only manganese, rhenium [41,43,46] (an expensive manganese
mimic) and a small number of ruthenium [47,48] orthometalated keto-
donor compounds have been reported. Other metals that react routinely
with N, P or S donor ligands are not orthometalated [17,49]. The reasons
for the distinctive behaviour of manganese towards aromatic ketones is
still not clear.

1.4.4.1.2 Esters

The first proven examples of cyclometalated compounds containing an
ester oxygen donor ligand were provided in the early 60's by Matsuda and
his co-workers who reported the synthesis of a series of five-membered
cyclometalated tin compounds [50] (Figure 1.10).



R=alkyl, aryl
R!,R?=H, Me
X=Cl], Br, I

Figure 1.10

Related six-membered ring systems have also been reported.

A number of Mn [51], Mo [52], Ru [53], Rh [54], Ir [54], Re [51], Ti [2], Sb [2]
and Pt [55] five-membered ring ester complexes have also been described

in the literature, along with a report of a six-membered ring Pd compound
[66] (Figure 1.11).

MeO, o MeO,
\Mn(CO) (K\ <
M
™ 4 ‘I
CO,Me
M=Rh, Ir
_ . R —_
R R
J-a MeO,
PPh
R \Pd /Cl 3
>\ \
O
MeO \
| 2 _ C02M
R=COOMe
Figure 1.11

The successful orthomanganation of isopropyl benzoate (85 %) and methyl
benzoate (4 %) by Cabral in 1981 [57] were the first examples of
orthomanganated aromatic esters formed by direct metalation. We have
also reported the orthomanganation of methyl 3,4,5-trimethoxybenzoate in
high yield (73 %) [58]. The reason for the vast difference in the reactivity
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between methyl benzoate and the other two alkyl benzoates is unclear. It is
not due to any instability of the product, since Casey and Bunnel [59] have
prepared (3) by an indirect route and once formed the compound is stable
and has similar properties to other cyclomanganated species. This will be
discussed further in Chapter Two in the context of further work done in
this area as part of this project.

Woodgate et al have also recently reported the orthomanganation of a 13-
methoxycarbonyl diterpenoid derivative [60].

1.4.4.1.3 Amides

An amide ligand can interact with a metal to form a cyclometalated
complex in two possible ways. Disregarding any nitrogen-metal
interaction, the two possibilities are a metallacycle that contains the
nitrogen atom, and one that excludes it (Figure 1.12).

R
R
" N
N C/O\ \C/O\
I!I\ M chlz\ M
e’ NCaHy) (Caty)
Figure 112

Examples related to the former group have been reported by Cowie and
Ibers for Rh [61], Roat et al for Pt [62] and more recently by Robinson [13]
for a number of Mn compounds.

Cyclometalated amides with the nitrogen atom outside the metallocycle,
were known prior to 1989 in only a few cases. Omae describes several
tin(II) species in his review [1], but more recently Robinson has prepared
and characterised a wide variety of these novel cyclometalated complexes
for manganese [13,63].

1.4.4.1.4 Aldehydes

Previous accounts of cyclometalated aldehydes in the literature are few.
Hillhouse reports a four-membered ring aldehyde for Re [64], while
Robinson has recently prepared several substituted orthomanganated



1

benzaldehydes and orthomanganated thiophenecarboxaldehydes [13]
(Figure 1.13).

CO H o)
| oFPhs \ Mn(CO),
CO—Re=—0 Mn(CO),
70 0 X\
PhP” C—C S
/4 \H
re X H
(@)
X=0OMe, NMe,
Figure 1.13

Depree also claims to have successfully orthomanganated indole-3-
carboxaldehyde and its N-methyl analogue [65]. Definitive assignment,
however, is awaiting a single crystal X-ray structure determination of the
latter compound. Woodgate's group has also prepared a substituted
orthomanganated benzaldehyde [66] and several analogous
cyclomanganated diterpenoid-derived aldehydes [60].

1.4.4.2 Alkoxy oxygen ligands

There have been relatively few articles published on cyclometalated
complexes containing an alkoxy oxygen ligand.

The ether oxygen is capable of coordination to a metal to form a chelate
compound, but this metal-oxygen bond is rather labile since it reacts
readily with a number of reagents, and these compounds are therefore not
as stable as those containing a carbonyl oxygen bond.

Omae reviews a number of these alkoxy ligands, including alkyl ethers,
ferrocenyl ethers, methoxybenzene, 1l-methoxynaphthalene and
norbornene alkyl ethers [1].

1.4.5 Sulphur

As sulphur belongs to the 6th group of the Periodic Table, it shows similar
character to oxygen. However in contrast to oxygen, the sulphur 3d
orbitals may take part in bond formation with metals, leading to many
more reports of three-membered ring intramolecular-coordination
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compounds, compared with those containing an oxygen or nitrogen donor
ligand. Omae [67] suggests that the low energy sulphur d orbitals enable
these compounds to form three-membered rings with less strain. The
sulphur donor ligand can be an alkane thioether, alkene thioether, benzyl
thioether, or thiobenzophenone, and complexes are known for Al [1] and
Be [66] as well as for a range of transition metals including Fe [68], Mn
[69], Re [67], Pd [2], Pt [4], W [1], Mo [1] and Rh [67].
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Chapter Two

Ortho-Functionalisation
of Aromatic Ketones and Esters via
Manganation and Rheniation

2.1 Introduction

Cyclomanganation of a range of simple aromatic and heterocyclic ketones
is now well documented [1-9].

Me_ _O Me_ O
1.5-3 hours
Mn(CO)4
+ PhCHMn(CO); T———— + PhMe
A, heptane @
Equation 2.1

The reaction proceeds smoothly in refluxing heptane under nitrogen to
give the cyclomanganated product, generally in high yield. The use of
benzylpentacarbonylmanganese rather than methylpentacarbonyl-
manganese as the metalating agent is now standard, requiring less
forcing reaction conditions, giving rise to fewer decomposition products,
and in most cases studied resulting in a higher yield of the cyclometalated
product [3,10].

It has been shown that cyclometalated aryl ketones are useful
intermediates in the synthesis of a number of novel organic and
organometallic compounds, providing an important method for activating
the carbon at the ortho site [5,9].

With a view to exploring in more depth the value of cyclomanganated
products in synthesis, we have prepared a wider variety of
cyclomanganated compounds, including some in which the donor ketone
carbonyl group is incorporated into a fused ring, along with a variety of
benzoates and heterocyclic acid esters. To provide a comparison, several
orthorheniated compounds have also been prepared.

These new compounds have been fully characterised by spectroscopic and,



where appropriate, X-ray structure methods.

2.2 Discussion of Results

22.1 General

The yields of and workup procedures for the orthomanganated and
orthorheniated compounds prepared in this study are given in Table 2.1.
Experimental conditions, melting points, elemental analysis data and
spectral data are given in section 2.6.

222 Orthomanganations

2.2.2.1 Orthomanganation of Ketones

The successful orthomanganation of thioxanthen-9-one, thiochroman-4-
one, 1,2,3,4,9,10-hexahydro-9-acridone, 10-methyl-9(10H)-acridone, 2-
chlorothioxanthen-9-one, dibenzosuberone and dibenzosuberenone shows
that orthometalation proceeds normally, and generally in good yield when
the carbonyl group is incorporated into a fused ring.

2.2.2.1.1 Regioselectivity Studies

For 2-chlorothioxanthen-9-one metalation affords two isomers (Figure
2.1), one with the manganese ortho to the chloro group [(7); 39 %] and the
other showing metalation at the unsubstituted aryl ring [(6); 51 %].
Regioselectivity is not great in this reaction. On repeating it, while the
overall yield remained similar, the ratio was found to be ~1:1.

(CO)Mn—=- O (CO)yMn—=- O
S S
Y 6)

Figure 2.1

Orthomanganation of 3'-chloroacetophenone also gave similar yields of
both the 2,6-disubstituted [(14); 42 %] and 2,4-disubstituted [(15); 37 %]



Table 2.1 Orthometalated Compounds Prepared in this Study
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Table 2.1 continued

Products
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Table 2.1 continued

Products
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Table 2.1 continued

Products

Me,CHO ()\
Mn(CO),4
22)
OMe
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MeO
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Table 2.1 continued

Products

MH(CO)4
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Mn(CO)4
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Me 1 OMe

Me (\z
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33)
OMe
OMe
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. Method of
Yield Purification
38 % B
4% A
36 % A
41 % D

=P.l.c. (1:10 v/v ether/petroleum spirit)

B=P.l.c. petroleum spirit

C=solid filtered and recrystallized from

hot chloroform

D=P.l.c. (1:5 v/v ethyl acetate/petroleum

spirit)

E=P.l.c. (1:5 v/v ether/petroleum spirit)
F=P.l.c. (1:20 v/v ethyl acetate/petroleum

spirit)



manganated products (Figure 2.2).

Me Me_ O
O\hn(CO)‘; E \pl n(CO)4
X X

(14) X=Cl (15) X=Cl
A B)

Figure 2.2

Liebeskind has subsequently published corresponding data as part of an
independent study into regioselective metalation of acetophenones and
reports similar results [9]. He concluded that there is an electronic
directing effect favouring metalation at the 2'-site which diminishes with
increasing size of X. Upon manganation of a series of 3'-substituted
acetophenones the ratio of isomers A:B is 4.5:1 (X=F), 1.05:1 (X=Cl) and
0.69:1 (X=Br). For X=Me or CF3 only isomer (B) is isolated, although the
Kaesz group report a trace of the former in the crude reaction mixture
and have recorded the infrared spectrum [2]. For X=OMe the more
sterically crowded 2,6-disubstituted isomer (A) is the dominant one
formed [2,6], also indicating an electronic directing effect from the
methoxy substituent, possibly via lone-pair coordination to the entering
metal. Gommans has reported that for 3',4'-dimethoxyacetophenone
metalation preferentially takes place (in a ratio of 3:1) at the less-hindered
6'-site [4], probably because the 4'-OMe group now sterically prevents the
3'-OMe freely rotating to direct a lone pair towards the 2'-position. Our
results for the cyclometalation of 3',4'-(methylenedioxy)acetophenone
support this steric interpretation, as attack reverts predominantly to the 2'
site, giving isomer [(17); 86 %] (Figure 2.3), with only a trace (~4 %) of the
other possible isomer (18).

Me O
X\
Mn(CO)4
17
0 a7
O-CHz

Figure 2.3



22.2.1.2 Manganation Via Reaction at C-H Versus Reaction at C-Cl

The orthometalation of 2'-chloroacetophenone was of interest to determine
whether reaction at C-H or C-Cl is favoured, following reports that the
phosphane P(0-CIC¢H,)Ph,y undergoes orthometalation in Rh compounds,
by C-Cl rather than C-H labilization yielding Rh(III) species which
contain a four-atom metallocycle (Figure 2.4) [11].

Figure 2.4

The reaction afforded only the chlorinated cyclometalated complex, n2-(2-
acetyl-3-chlorophenyl)tetracarbonylmanganese [(16); 86 %], indicating
that replacement of Cl is not favoured over replacement of H in
orthomanganation.

2.2.2.2 Orthomanganation of Esters
2.2.22.1 Effect of Electron-Donating Substituents on Reactivity

Cabral has reported that methyl benzoate gives only a trace of the
orthomanganated ester (3) under the usual conditions [3]. This is not due
to any instability of the product since Casey and Bunnell [12] have
prepared (3) by an indirect route, outlined in Equation 2.2 and once formed
the compound is stable and has similar properties to other
cyclomanganated species.

MeO_ _O MeO_ O MeO_ O

Cl Mn(CO)s \

o o Mn (CO)4

— —
Mn(CO)s] -2C0 @

Equation 2.2
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The successful orthomanganation of methyl 4-methoxybenzoate (74 %),
was in accord with results obtained by Robinson [13,14], who found that a
4-OMe substituent on the aromatic ring of benzaldehyde allows metalation
to proceed with good yield, when in its absence (benzaldehyde) no reaction
occurs. We have also previously reported the orthomanganation of methyl
3,4,5-trimethoxybenzoate in high yield (73 %) [6], though in this case it is
not clear that the crowded 4-methoxy group could become coplanar with
the ring to provide electron-donation to increase the donor ability of the
ketone carbonyl oxygen. There is still further unpredictability with
substituent effects in this area in our finding that methyl 3,5-
dimethoxybenzoate is also effectively orthometalated (87 %) in spite of
having no 4-OMe group. Furthermore, isopropyl benzoate does give good
yields of the orthomanganated complex with benzylpentacarbonyl-
manganese in spite of the absence of an electron-donating 4-substituent

[31.

22222 Effect of Alkyl Substitution of the Donor Carbonyl Group on
Reactivity

One possible explanation for the difference in behaviour between the
methyl and isopropyl esters is related to the observation that if a cyclic
compound is in equilibrium with an open-chain derivative it appears to be
the almost invariable rule that alkyl substitution favours the ring form
[15]. This phenomenon can be rationalized in terms of the Thorpe-Ingold
effect for three- and four-membered rings, while the proposals of Allinger
and Zalkow are generally invoked to rationalize similar trends in five- and
six-membered rings.

Allinger and Zalkow [16] suggest the enthalpy of ring-closure is more
favourable for alkyl-substituted n-hexanes because of the increased
number of gauche interactions in the open-chain compared with the cyclic
product. The entropy of ring-closure is more favourable also, because
branching reduces the rotational entropy of the open-chain form
significantly more than that of the ring which has built in restrictions to
internal rotation.

We would therefore expect the isopropyl ester to be more effective at
promoting ring closure (ie. undergoing orthomanganation) than its
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corresponding methyl analogue, reflecting the increased alkyl
substitution.

Robinson has previously shown that methyl thiophene-2-carboxylate
afforded no cyclometalated product [17], so for comparison we prepared
and reacted isopropyl thiophene-2-carboxylate (29) and isopropyl
thiophene-3-carboxylate (27) with benzylpentacarbonylmanganese. Both
gave cyclometalated derivatives, albeit in rather low yield in the case of
isopropyl thiophene-2-carboxylate (38 %). Their formation provides further
support for the premise that increasing alkyl substitution does indeed

assist ring formation.

2.22.2.3 Regioselectivity Studies

Isopropyl 3-methoxybenzoate (21) was also prepared and
orthomanganated in good yield. The sterically crowded 2,6-disubstituted
isomer (22) was found to be the principal derivative, 53 % versus 39 % for
the 2,4-disubstituted isomer (23), in accord with regioselectivity results
reported for 3'-methoxyacetophenone [2,6].

Similarly isopropyl 3-acetoxybenzoate (24) was prepared and subsequently
orthomanganated in high yield (89 %). Regioselectivity was even more
pronounced in this case, a ratio of ~8:1 in favour of the sterically crowded
isomer being observed. Clearly the donor ability of the alkoxy oxygens is
not the only factor involved, as we would expect the methoxy oxygen to be a
better electron donor than the corresponding oxygen in the acetoxy group
(Figure 2.5), and yet the sterically crowded isomer is more favoured for the

acetoxy group.

Me,CHO_ o
"\ Mn(CO);CH,Ph

iy

R=Me, COMe

W§ o"l"'”

Figure 2.5

Although it is difficult to make too much of this observation as very little is
known about the mechanism of orthomanganation, we could imagine a
transition state in which the carbonyl oxygen of the acetoxy group acts as
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a two-electron donor, effectively creating for the manganese a geometry
more favourable to ring metalation than possible with a 3-methoxy group
for which ring-size constraints might influence transition state energy
(Figure 2.6).

Me,CHO_ _O
"\ Mn(CO);CH,Ph

%,

“0

oA

Me
Figure 2.6

This reaction was also of interest as it represented a competition between
an ester carbonyl and acetoxy carbonyl donor groups. Examination of the
infrared spectra of the orthomanganated products revealed a shift to lower
energy of 122 cm’! for the ester carbonyl stretching frequency from that of
the corresponding absorption in the originating non-manganated
compound, while the acetoxy carbonyl stretch showed only a 9 cm-!
downward shift. The minor isomer showed no shift in the acetoxy
carbonyl stretch, but a shift to lower energy of 122 cm! for the ester
carbonyl stretch. These findings are in accord with literature reports of a
characteristic downward shift of ~150 cm™! for metal-coordinated carbonyl
absorptions [2,8] and confirm that it is the aryl ester carbonyl group which
is coordinated in a five-membered ring rather than the acetoxy carbonyl in
a six-membered ring.

222.3 Orthomanganation of a N-donor Compound

Reaction of N,N-dimethyl-1-naphthylamine with benzylpentacarbonyl-
manganese gave n2-(8-dimethylamino-1-naphthyl)tetracarbonyl-
manganese (12) in high yield. This compound was prepared primarily as
a substrate for subsequent coupling reactions (see Chapter Four), as
although this compound had not previously been prepared, previous work
has shown that N,N-dimethyl-1-naphthylamine readily undergoes
cyclometalation with various metals [18].



22.3 Orthorheniations

Both 3-acetyl-2,5-dimethylthiophene and 3',4',5'-trimethoxyacetophenone
gave the expected cyclometalated products on treatment with
benzylpentacarbonylrhenium. The orthorheniation reactions generally
required more forcing reaction conditions and were lower yielding than
their manganese counterparts.

2.2.4 Unsuccessful Orthometalations

No orthomanganation occurred with 9-fluorenone, 1-indanone and
phenanthrenequinone. For the former two, presumably this is due to
steric constraints imposed by the angle of the fused carbonyl group with
respect to the ortho site on the aromatic ring. To illustrate this, the
structures of 9-fluorenone, 1-indanone and phenanthrenequinone were
generated by molecular mechanics and compared with those generated
for compounds which were known to undergo orthomanganation readily
(Figure 2.7).

The crystal structure of 9-fluorenone has been reported in the literature
[19]. The quoted C-C-O bond angle of 127.1(3)° is in good agreement with
the molecular-mechanics-generated bond angle of 128.4°. Examination of
Figure 2.7 shows that for both 9-fluorenone and 1-indanone, the angle of
the fused carbonyl group with respect to the ortho site on the aromatic
ring and the distance from the donor oxygen atom to the ortho hydrogen
are considerably larger than for those examples where orthomanganation
proceeds readily. It may be that these steric constraints do not provide a
suitable geometry for the incoming manganese, thus precluding
cyclometalation.

Phenanthrenequinone did not undergo cyclometalation even though the
aforementioned geometry would appear to be favourable to replacement by
the incoming manganese. The chemical properties of this compound
however are completely different from those of the other fused ring
systems containing a donor carbonyl group which have been examined.
The quinones are known to be strong oxidising agents, and it is therefore
probable that the unstable, highly coloured product formed upon reaction
of phenanthrenequinone with benzylpentacarbonylmanganese was a
radical species formed via a redox reaction. It has previously been shown



Figure 2.7 Molecular Mechanics Generated Structures of a
Range of Potential Substrates for Orthometalation in which the Donor
Ketone Carbonyl Group is Incorporated into a Fused Ring
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that phenanthrenequinone reacts with decacarbonyldimanganese to form
a radical species in which the manganese atom is equally coordinated to
the two oxygen atoms of the quinone [20]. It has also previously been noted
that both duroquinone and anthraquinone proved to be exceedingly
reactive to methylpentacarbonylmanganese producing highly air-
sensitive green solids [2]. For anthraquinone however cyclometalation did
occur with methylpentacarbonylrhenium to yield a mono-rheniated and
two di-rheniated isomers [3]. This is presumably due to the fact that
rhenium compounds are generally less susceptible to oxidation than are
manganese compounds.

The failure of methyl 2,5-dimethyl-3-furoate to orthometalate is not
surprising in light of the lack of success Robinson reported with the
attempted manganation of methyl thiophene-2-carboxylate [17]. It has
been shown that for various acetyl-thiophenes, -furans and
N-methylpyrroles, yields of orthomanganated products are satisfactory
only for the thiophenes [4].

9-Acetylanthracene was treated with benzylpentacarbonylmanganese in
order to establish the favourability of the formation of a six-membered
metallocycle. Infrared spectra of the crude reaction mixture showed only
decacarbonyldimanganese and the reaction was abandoned. Robinson [13]
also found that for amides the six-membered ring is less favoured than its
five-membered analogue, since acetanilide, exalgin (N-methylacetanilide)
and N-(phenylacetyl)pyrrolidine all failed to yield any isolable
cyclometalated product.

2.3 Properties of Orthomanganated and
Orthorheniated Complexes

2.3.1 General

All of the orthomanganated and orthorheniated complexes prepared in
this study are easily handled. They are mostly yellow-to-orange crystalline
solids with sharp melting points, although some have been isolated only
as oils. They are generally air stable and can be stored in a refrigerator for
extended periods of time without any appreciable decomposition. With the
exception of 112'1-(5,6,7,8,9,10-hexahydro-9-acridinonyl)tetracarbonyl-
manganese (8), the cyclometalated compounds tend to dissolve readily in
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all organic solvents, which means there are no constraints for
spectroscopy and reactivity studies.

2.32 Infrared Spectra

Most of the cyclometalated complexes prepared in this study exhibit three
absorptions in the metal carbonyl region, with the exception of several of
the cyclometalated esters and the orthorheniated compounds for which
four bands are usually observed.

For a cis-L,M(CO), group, four bands are predicted in the vCO region of

the spectrum. There is usually a medium intensity band at about 2080
cm'l, two intense bands near 2000 cm'l, which are often not resolved, and
a strong band around 1945 em™L.

Since the high energy bands of this pattern are well resolved from those of
benzylpentacarbonylmanganese and from the side by-product
decacarbonyldimanganese, the progress of the reaction may be followed
spectroscopically.

We have observed that in reactions where two isomers are possible, the
position of the metal carbonyl absorption band at lowest wavenumber is
particularly diagnostic (Table 2.2).

Where metalation occurs at a position with a substituent ortho to the
metal resulting in a 2,6-disubstituted orthomanganated complex, the
lowest band is shifted to higher wavenumber when compared to the less
sterically crowded 2,4-disubstituted isomer. This trend is observed for all
the orthomanganated species prepared in this study and related
compounds described in the literature with the exception of one case, the
metalation of 3'-methylacetophenone.

Although it is not known whether this phenomenon is due to steric or
electronic effects, it is interesting to note that in the case where this shift
is not observed, the substituent is a +I group (-Me) as opposed to the
remainder of cases which involve -I/+R substituent groups (-OMe,
-OCOMe, -Cl). It is also worth noting that within this range of good to poor
electron donors there does not appear to be any trend in the size of the
metal carbonyl frequency shift. The shift is however useful in that it



Table 2.2 Variation of M-CO Frequency with Substitution

Pattern in the Aromatic Ring
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disubstituted v(M-CO) cm’! disubstituted v(M-CO) cm™
type type
Me_ O Me o\
Mn(CO
Mn(CO 2083, 1995, o 2082, 1998,
1959 1947
OMe MeO
Me o Me 0\
5 a7 1960 o 18) 1944
\
0~Ch, H,c—0
Me (0] Me O\
Mn(CO
Ml‘l(CO)4 2 UBB 1%, é ( )4 1%7’
1961 15) 1949
- (14) cl
Me 0\
Cl Mn(CO), 2085,1997,
cf. ae 9
Me (0] Me O\
Mn(CO), 2080, 1993 Mn(CO), 2082, 1997,
1944 1947
Me Me
Me 0\
cf.



Table 2.2 continued
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allows us to estimate the ratios of cyclometalated isomers by IR, while the
reaction is still in progress.

2.3.3 1H-NMR Spectra

The Kaesz group has previously analysed and discussed the 'H-NMR
spectra of a number of orthomanganated acetophenones [2], and a self-
consistent pattern of chemical shifts for these compounds is now well
established.

For our polycyclic complexes, however, assignment was not so
straightforward, and to enable definitive assignments to be made a
combination of NMR techniques was employed.

The general procedure for assigning these spectra was as follows. First,
1H.NMR spectra were tentatively assigned on the basis of chemical shift,
multiplicities and coupling constants. These assignments were then
unambiguously confirmed by two-dimensional homonuclear correlation
spectroscopy (COSY) and difference NOE experiments.

As an example Figure 2.8 shows the l1H-NMR spectrum of n2-4-
(dibenzosuberonyl)tetracarbonylmanganese (11).

Clearly the singlet at 3.15 ppm can be assigned to the 4 H's at H-10 and
H-11. From closer examination of the aromatic region (Figure 2.8b) the
coupling constants displayed by these protons identifies the two doublet of
doublets at 8.06 ppm (3J=7.4 Hz, 4J=0.9 Hz) and 6.98 ppm (3J=7.4 Hz, 4J=0.9
Hz) (H-1 or H-3) coupled to the triplet at 7.30 ppm (3J=7.4 Hz, H-2). The
remaining two doublet of doublets at 8.00 ppm (3J=7.5 Hz, 4J=1.5 Hz) and
7.27 ppm (3J=7.5 Hz, 4J=1.3 Hz) must correspond to either protons H-6 or
H-9 and the two triplet of doublets at 7.52 ppm (3J=7.5 Hz, 4J=1.5 Hz) and
7.38 ppm (3J=7.5 Hz, 4J=1.3 Hz) to protons H-7 or H-8. However, further
assignment is not possible from this spectrum alone.

COSY

Figure 2.9 shows a contour plot of the COSY spectrum of the aromatic
region of (11).
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Figure 2.9 COSY Spectrum of
n2-4-(Dibenzosuberonyl)tetracarbonybnanganese (11
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By tracing the crosspeak connectivities, two separate spin systems are
readily identifiable. System A (—) exhibits coupling between the doublet of
doublets at 8.06 ppm, the triplet at 7.30 ppm and the doublet of doublets at
6.98 ppm and clearly must be attributable to the manganese substituted
ring, confirming our earlier assignment of H-2.

Spin system B (---) comprises four proton resonances as expected. The
doublet of doublets at 8.00 ppm and 7.27 ppm both show correlations with
the triplet of doublets at 7.52 ppm and 7.38 ppm, which again confirms our
earlier assignments but still does not allow us to make distinctions within
each pair.

In this case definitive assignment requires further (1D) experiments.

NOE's

The NOE is a change in the intensity of an NMR resonance when the
transitions of another associated nucleus are perturbed. By strongly
irradiating one nucleus using a double irradiation transmitter, the
nuclear spin populations are grossly perturbed. Relaxation processes
attempt to return the population to equilibrium and in so doing absorb
much more energy than is normal from the irradiated nucleus. Nuclei
which lie close in space to the irradiated nucleus provide some of this
energy and undergo nuclear transitions which alter the populations of
their spin states also. Generally for H-H NOE effects, enhancements are
observed. The maximum value that the Overhauser effect can have is
determined by the nature of the nuclear species involved. Since the
phenomenon is controlled by relaxation processes, it falls off as
approximately r'8, where r is the distance between the nuclei concerned,
and so is important only if the nuclei are in close proximity [21]. This
technique provides a useful means therefore of identifying nearest
neighbours to a nucleus giving a particular resonance.

In order to optimise detection of enhancements, the NOE difference
method is employed. The NOE is generated using gated decoupling to
facilitate comparison of perturbed and unperturbed spectra. Having
accumulated some scans with the system perturbed, an equal number are
obtained without the perturbation, by shifting the irradiation frequency
well away from the resonances. Subtraction of the unperturbed FID,
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followed by Fourier transformation of the resulting difference FID,
generates a spectrum in which only signals which differ between the two
are evident, the saturated signal being inverted.

Figure 2.10 shows the difference NOE spectrum obtained by irradiation of
the methylene protons at 3.15 ppm. The significant enhancements of the
signals at 6.98 ppm and 7.27 ppm identify these signals as being from the
protons H-1 and H-9 respectively, which are closest in space to the
methylene signals being irradiated. By elimination we can then assign
the doublet of doublets at 8.06 ppm to H-3 and the remaining doublet of
doublets at 8.00 ppm to H-6.

Irradiation of the signal at 8.00 ppm leads to enhancement of the triplet of
doublets at 7.38 ppm, identifying the signal as H-7. This assignment is
confirmed by irradiation of the triplet of doublets itself, which enhances
both the doublet of doublets at 8.00 ppm, H-6, and the remaining triplet of
doublets at 7.52, H-8. Further confirmation comes from irradiation of the
proton at 7.52 ppm, leading to enhancement of both the signals at 7.38 and
7.27 ppm and thus completing the 1H-NMR assignment.

2.3.4 13C-NMR Spectra

13C.NMR data have been reported for a limited range of orthometalated
ketones [4,6,8].

The orthomanganated derivatives generally show four signals around
3 200 ppm, three broad ones of intensity 1:1:2 which can be assigned to the
terminal CO groups, and the fourth, sharp signal to the carbon of the
ketone group, thus having been shifted by 12-21 ppm to lower field on
coordination. In the case of the cyclomanganated esters the chemical shift
of the coordinated carbonyl is as expected at higher field, usually in the
range 170-180 ppm. The aryl carbon atom bonded to manganese is
normally found in the range 190-210 ppm, although it can be as low as 166
ppm; when compared with the free ketones, it appears that coordination
shifts the signal of the metalated carbon by 60-75 ppm to lower field, those
on either side by 9-14 ppm to lower field, with only small shifts for the
remaining aryl carbon signals.

The orthorheniated complexes prepared in this study exhibit similar 13C-
NMR spectra to their orthomanganated counterparts. The most apparent



Figure 2.10 Difference NOE Spectrum of
112-4-(Dibenzosubemnyl)tetracarbonylma.nganese (11)
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Table 2.3 NOE Data for
n24(Dibenzosubemnyl)tehucwbonylmanganese (11)
Proton Irradiated Protons Enhanced
(ppm) (ppm)
8.06 7.30(6.1)
8.00 7.38 (6.1)
7.52 7.38(2.1),7.27(3.3)
7.38 8.00(7.8), 7.52(4.8)
7.30 8.06 (6.1), 6.98 (3.9)
7.27 7.52(4.1),3.15(3.7)
6.98 7.30(6.6), 3.15(5.8)
3.15 7.27 (3.6), 6.98 (3.9)
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Figure2.11 2 C-NMR Spectra of
N 2 4-(Dibenzosuberonyl)tetracarbonylmanganese (11)
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difference is a shift to higher field of the metal carbonyl signals by
approximately 20-30 ppm. This upfield shift is a recognized phenomena as
one progresses down a given group of the periodic table [22] and is due to
the increased diamagnetic shielding caused by the larger number of
electrons introduced by the heavier atom. Our results follow the same
trends as those observed for simpler organomanganese and rhenium
compounds, for example benzylpentacarbonylmanganese (211.1 ppm
equatorial; 209.1 ppm axial [23];. compared to benzylpentacarbonyl-
rhenium 185.1 ppm equatorial; 181.0 ppm axial).

X-H

Once the 'H-NMR spectra are fully assigned, the assignment of the
signals of protonated carbons in the 13C-NMR spectra is straightforward
by means of heteronuclear 2D correlation spectroscopy. This is illustrated
in Figure 2.12 for (11) in which the !3C-NMR spectrum on the vertical axis
is assigned from the cross-correlation peaks to the previously assigned 1H-
NMR spectrum, on the horizontal axis. Figure 2.13 shows an
enlargement of the aromatic region for clarity.

Long-Range Coupling Experiments

To assign the quarternary carbon signals it is necessary to use a C-H shift
correlation experiment which is optimised for long-range magnetization
transfer. The 2D maps obtained using this technique enable us to establish
C-C connectivities since they show correlations between carbons and
protons which are separated by two or three bonds. Unfortunately, many
one-bond correlations are often visible, complicating spectral
interpretation, and sometimes overlapping and obscuring the long-range
correlations. In an attempt to overcome this problem a number of pulse
sequences have been designed to suppress directly bonded C-H
correlations from the long-range experiment [24].

As part of our signal assignment of (11) we compare the results of our
standard long range C-H experiment, to that incorporating a BIRD pulse
sequence (the XHBIRD experiment) and the BIRDTRAP experiment.
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Figure 2.12 X-H Spectrum of
112-4-(Dibenzosuberonyl)tetmcarbonylmanganese (11)
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Figure 2.13 X-H Spectrum of the Aromatic Region of

112-4-(Dibenzosuberonyl)tetracarbonylnwnga:wse (11)
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Experimental

The experiments were carried out on a Bruker AC300 spectrometer. 512
scans, using 1K data points were accumulated for each value of t; to

complete the phase cycles. The 2D data sets were aquired with 64
increments of t;.

The Standard Long-Range Experiment

The pulse sequence for the long-range heteronuclear chemical shift
correlation experiment [24] is shown in Figure 2.14.

[

s—
] J NS
—y Ay Dy

t1=a combination of pulse time and switching
time for the first two pulses
=121 " ™=3.7 MS

A;=50 MS
A,=30 MS

Figure 2.14

In contrast to regular heteronuclear shift correlation experiments in
which only directly bonded C-H correlations are observed, the delays A,

and A, are optimised for long-range couplings so that both direct and long-
range correlations are displayed in the spectra.

XHBIRD

It has been shown that incorporating a BIRD pulse sequence [24] (Figure
2.15) in the middle of the refocusing period A, significantly improves the

efficiency of the basic long-range experiment.
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Figure 2.15

Besides decreasing the intensity of the directly bonded correlation peaks,
the BIRD pulse sequence suppresses one-bond modulation effects which
can otherwise attenuate long range responses. However in samples where
the compound has a wide range of C-H coupling constants, the
suppression of one-bond correlations is far from complete.

BIRDTRAP

In order to increase the suppression efficiency of the BIRD experiment, a
two-step J filter purge (TRAP) sequence is incorporated at the front end of
the sequence. This pulse sequence is referred to as the BIRDTRAP
sequence [24] and is shown in Figure 2.16.

90:
- ‘_[ oo'f, 903 1g[, 90" .

80% 907 180°% 90°,

R

boToemT 1, A,

Figure 2.16

The two-step J filter sequence purges the directly bonded correlations from
the 2D map by transferring the magnetizations of protons directly bonded
to 13C nuclei into multiple-quantum coherences. The purge sequence
makes use of the large difference in the magnitudes of direct and long-
range coupling constants.

Shown in Figure 2.17 are the f; slices at the carbon peaks of (11) obtained
using the three sequences. The cross sections for a given carbon are
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Figure 2.17 The f; Slices from the 2D map of (11) Obtained
with a Standard Long-Range Sequence, a BIRD Sequence

and the BIRDTRAP sequence.
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Figure 2.17 continued
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Figure 2.17 continued
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plotted at the same absolute intensity in order to allow comparison of the
sensitivities of each method.

It is apparent that the BIRDTRAP experiment exhibits higher sensitivity
than both the XHBIRD and the standard long-range experiment. Long-
range peaks are more intense in the BIRDTRAP spectra, while the
directly bonded correlations are virtually eliminated (compare C-1 126.0
ppm). While the XHBIRD experiment is clearly an improvement on the
standard long-range experiment, it is neither as sensitive nor as effective
at suppressing directly bonded correlations as the BIRDTRAP pulse
sequence. It does however appear to exhibit higher resolution than the
BIRDTRAP experiment, for reasons which are not apparent. While the
loss of the finer detail of the proton signals was not a problem in this case,
it is sometimes useful to be able to obtain coupling constants in these types
of experiments to confirm assignments. We generally found that the
XHBIRD experiment exhibited sufficient sensitivity for our purposes and
had the added advantage of reasonable resolution, and so was usually the
type of long-range experiment employed. For this example the BIRDTRAP
experiment was used to assign the quarternary carbons as it exhibited
several extra correlations not revealed by the XHBIRD pulse sequence.

Assignments are made by mapping correlations between 13C and 1H
signals. For our compounds, experience has shown that 3J coupling
correlations predominate, with 2J correlations usually being of weaker
intensity, and 4J correlations being only rarely observed. 1J's can of course
be easily identified by comparison with the XH experiment. Assignment
then is simply a matter of mapping the correlations, assuming 3J
connectivity initially, but modifying this to 2J or 4J if need be, until a self-
consistent set of assignments eventuates. In this manner we can assign
the quarternary carbons as follows: 208.3 C-5, 198.7 C-4, 148.5 C-11a, 143.8
C-4a, 142.8 C-9a and 136.7 C-5a. The two triplet carbons at 35.6 and 34.9
ppm can also be assigned as C-11 and C-10 respectively as the former
reveals a 3J correlation to H-1 while the latter exhibits 3J connectivity with
H-9.

The 1H- and 13C-NMR spectra listed in the experimental section were
assigned by the same techniques as those described in the above example.
Where assignments were not definitive the interchangeable signals are
indicated.
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2.4 X-Ray Crystal Structure of n2-5-(1,4-
Benzopyronyl)tetracarbonylmanganese (13)

The crystal structure of 112-5-(1,4-benzopyronyl)tetracarbonylmanganese
(13) (orthomanganated chromone) was determined to study the effect that
the coordinated manganese might have on the aromaticity of the
chromone molecule and to identify any constraints on the metallocycle
ring arising from the incorporation of the donor carbonyl group into a
fused ring system.

2.4.1 Results of Preliminary Studies

Yellow/orange rectangular crystals were obtained by recrystallization
from ether/hexane (1:20) at -20 °C. Preliminary precession photography

(Cu-Kq, A=1.5418 A°) indicated triclinic symmetry, so the space group P1
was assumed and was confirmed by the successful refinement.

2.42 Data Collection

Intensity data were obtained on a Nicolet XRD P3 four-circle
diffractometer at -135 °C with monochromated Mo-K, radiation (A=0.7107

A).
Crystal Data
Formula=C,3H;OgMn

M,=312.12

Crystal class=triclinic; Space group=P1
a=7.035 (1), b=8.043 (1), c=10.923 (3) A
0=91.66 (2)°, =92.39 (2)°, y=94.71 (1)°

U=615.10 A3

D, ,.=1.63 g cm3

calc

Z=2



F(000)=312

1
n(Mo-K)=10.22 cm

A total of 2251 unique reflections in the range 2°<6<26° was collected.

These were corrected for Lorentz and polarisation effects and for linear
absorption by a ¥ scan method. Of these, 1920 had 1>20(I) and were used

in all calculations.

24.3 Solution and Refinement

The position of the Mn atom was revealed by automatic analysis of the
Patterson map using SHELXS-86. All other non-hydrogen atoms were
revealed by a subsequent difference map phased on the Mn atom. In the
final cycle of full-matrix least-squares refinement all non-hydrogen atoms
were assigned anisotropic temperature factors and H atoms were
included in their calculated positions with common isotropic temperature
factors for each type.

The refinement converged with R=0.0317, R,=0.0362 where w=[o(F)? +
0.001F2]! and with no parameter shifting more than 0.001c. A final
difference map showed no peaks or troughs greater than 0.27 e A3,

Bond lengths and angles are presented in Tables 2.4 and 2.5. Tables of
final positional parameters, thermal parameters and calculated H-atom
positions are presented in Appendix II.

Figure 2.18 shows the metalated chromone molecule.

2.4.4 Discussion of the Structure

The structure is essentially planar (with the exception of the two axial CO
ligands) consisting of a chromone (1,4-benzopyrone) system with a
tetracarbonylmanganese unit attached at the 5-position. The acyl oxygen
group is coordinated to the manganese atom giving rise to a six-coordinate
manganese and a five-membered cyclometalated ring.

In Table 2.6 for comparison are summarised some relevant bond length
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C(5)
C(5)
C(5)
C(5)
C(5)
C(9)
C9)
C9)
C(9)
C(10)
C(10)
C(10)
Ca1n
C11)
C12)
C4)
C@3)
C@3)
C(4a)

Table 2.4 Bond Lengths (A) for n2-5-(1,4-

Benzopyronyltetracarbonylmanganese (13)

Mn(1) ---C(5)
Mn(1) ---C(9)
Mn(1) ---C(10)
Mn(1) ---C(11)
Mn(1) ---C(12)

Mn(1) ---0(4)
C@3) --C)
C@3) --C(2)
C4) ---C(4a)
C4) --04)
C®) ---C(4a)

2.03%(2)
1.837(3)
1.788(3)
1.858(3)
1.851(3)
2.079(2)
1.432(3)
1.3434)
1.424(4)
1.260(3)
1.414(3)

C() ---C(6)
C(4a) ---C(8a)
C©2) --0(1)
C(8) ---C(8a)
Cc®) ---C(n
C(8a) ---O(1)
C( ---C(6)
C©O --09)
C(10) ---O(10)
C(11) --0(11)
C(12) ---0(12)

Table 2.5 Bond Angles (9 for n2-5-(1,4-
Benzopyronyl)tetracarbonylmanganese (13)

-Mn(1) -C(10)
-Mn(1) -C(9)
-Mn(1) -C(12)
-Mn(1) -C(11)
-Mn(1) -O4)
-Mn(1) -C(10)
-Mn(1) -C(12)
-Mn(1) -C(11)
-Mn(1) -O(4)
-Mn(1) -C(12)
-Mn(1) -C(11)
-Mn(1) -O4)
-Mn(1) -C(12)
-Mn(1) -O(4)
-Mn(1) -O4)
-C3) -C(©2)
-C(4) -C4a)
-C4) -014)
-C4) -0®4)

96.2(1)
170.2(1)
85.8(1)
84.6(1)
81.3(1)
93.2(1)
97.0(1)
93.2(1)
89.4(1)
88.6(1)
87.6(1)
176.7(1)
169.2(1)
94.2(1)
89.1(1)
118.2(3)
117.0(2)
124.1(2)
118.9(2)

Mn(1)
Mn(1)
C(4a)
C4)
C4)
C(5)
C@3)
C(8a)
C(4a)
C(4a)
C(8)
C@8)
C(5)
Mn(1)
Mn(1)
Mn(1)
Mn(1)
C(2)
Mn(1)

-C(5)
-C(5) -C(6)
-C(5) -C(6)
-C(4a) -C(5)
-C(4a) -C(8a)
-C(4a) -C(8a)
-C(2) -0(1)
-C@8) -C(7)
-C(8a) -C(8)
-C(8a) -0(1)
-C(8a) -0(1)
-C(7) -C(6)
-C6) -C(7
-C(9) -009)
-C(10) -0O(10)
-C(11) -O(11)
-C(12) -0(12)
-0(1) -C(8a)
-0(4) -C(4)

-C(4a)

1.388(4)
1.387(3)
1.340(3)
1.389(4)
1.377(4)
1.371(3)
1.392(4)
1.148(3)
1.143(3)
1.133(3)
1.130(3)

109.6(2)
134.8(2)
115.6(2)
117.1(2)
120.3(2)
122.6(2)
125.5(2)
117.1(2)
120.7(2)
120.5(2)
118.8(2)
122.7(3)
121.3(2)
177.7(3)
179.2(3)
174.4(3)
176.4(2)
118.4(2)
113.1(2)



Table 2.6 Bond Length Data (A) for Selected

Chromones and Chromanones
©
(A) ®) H D)
S\
(CO)Mn—04 0 0 0 N 0
5)4a 4 s MeO S CH2C]
| | |
7
5007 2 (0 MeO 0 (0] 0
18) 2-((1R,2S,3S,4R)- 6,7-Dimethoxy 3-(2-Benzimidazoyl)- 3-(Chloromethyl)
1,2:3,4-Diepoxy-1 -2,2-dimethyl-4 4H-(1)benzopyran-4 chromen-4-one
.methylpentyl)_ 'chromanone -one [28]
chromone [25] [26] [27]
0(1)-C(2) 1.340(3) 1.361 1.461(5) 1.352 1.355(3)
C(2)-C(3) 1.343(4) 1.329 1.524(7) 1.344 1.339(5)
C(3)-C(4) 1.432(3) 1.430 1.523(7) 1.449 1.460(3)
C(4)-C(4a) 1.424(4) 1.464 1.447(6) 1.478 1.472(4)
C(4)-0(4) 1.260(3) 1.202 1.218(6) 1.237 1.234(4)
C(4a)-C(5) 1.414(3) 1.415 1.414(6) 1.404 1.404(4)
C(5)-C(6) 1.388(4) 1.346 1.361(6) 1.386 1.371(4)
C(6)-C(7) 1.392(4) 1.396 1.428(6) 1.392 1.392(6)
C(7)-C(8) 1.377(4) 1.360 1.375(6) 1.377 1.369(4)
C(8)-C(8a) 1.389(4) 1.391 1.384(6) 1.397 1.390(4)
C(8a)-C(4a) 1.387(3) 1.382 1.381(6) 1.383 1.392(4)
C(8a)-0(1) 1.371(3) 1.382 1.380(5) 1.377 1.384(3)
esd= no esds
0.005- quoted

0.01A



data from the crystal structures of related systems.

Examination reveals that the most significant structural features of the
orthomanganated chromone are the differences in the C(4)-O(4), C(4a)-
C(4), C(3)-C(2) and O(1)-C(2) bond lengths, compared with (A), (B), (C) and
(D).

The C(4)-O(4) bond length is lengthened significantly on coordination to
manganese, 1.260 A compared with 1.202 A in (A), which is the most
relevant example available for comparison. This indicates a decrease in
double bond character, as would be expected due to the donation of electron
density from the acyl oxygen to the coordinatively unsaturated manganese
atom. Comparison with the equivalent bond in (C) suggests that the effect
of the manganese coordination on the carbonyl functionality of the ketone
group is considerably stronger than that of the intramolecular H-bonding
interaction, the bond length only increasing by some 0.035 A in this
structure when compared to (A).

There is a marked decrease in the bond length of the C(4a)-C(4) bond. This
bond is significantly shorter, (by some 0.038 A) than the equivalent bond
length in (A). This is in accord with lengthening of C(4)-O(4) and the
establishment of aromaticity in the cyclometalated ring, and is also
reflected in the Mn-C(5) distance (2.039 A) which appears to be shorter
than expected for a single bond (>2.1 A) suggesting that there is
significant multiple bonding.

The O(1)-C(2) bond length is shortened to some degree in the
orthomanganated chromone (1.341 A cf. 1.361 A in (A)) indicating a small
increase in multiple bond character. This is supported by comparison
with the O(1)-C(2) bond length of (B) (1.461 A) which exhibits
predominately single bond character.

The C(2)-C(8) bond length is slightly longer however, 1.343 A compared
with 1.329 A in (A). These trends are consistent with delocalisation of
electron density from the available electron lone pair on O(1) over the
pyrone ring onto the acyl oxygen. This trend is also shown in (C),
although to a lesser extent, as would be expected for the weaker
intramolecular H-bonding interaction.
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The O(1)-C(8a) and remaining C-C bond lengths remain reasonably
constant within the experimental errors of the figures quoted, suggesting
that there is little change in aromaticity over these bonds.

An extensively delocalised n -bonding system over both the cyclometalated
and pyrone rings is therefore indicated (Scheme 2.1).

(CO)Mn—=—0") (CO)Mn—=— O
x

-, )
(COsMn—=—0 (CO)Mn=0
7 -
] = D
(o) Ca

Scheme 2.1

The C(5)-Mn-O(4) bite angle of 81.2° is very similar to the corresponding
angles observed for other cyclomanganated structures, while the relative
Mn-CO distances and C-Mn-C angles of the Mn(CO)4 group fall into the
pattern established for other orthomanganated complexes [8,29].

Table 2.7 C-Mn-O Bite Angles (°) for Selected

Orthomanganated Complexes
M
(CO)Mn—=—O “\° Mn(CO),
Mooy | Y %,
| s
0] Me
C-Mn-O 81.2(1) 79.4(2) 79.92)
bite angle °
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The uniformity in geometry of the cyclometalated ring is perhaps a
reflection of the steric requirements that need to be met for successful
cyclometalation (see section 2.2.4).

2.5 X-Ray Crystal Structure of n2-(4-Acetyl-2,5-
dimethylthien-3-yl)tetracarbonylrhenium (32)

The structure of the orthorheniated thiophene was determined to provide
a direct comparison between an orthomanganated and orthorheniated
complex. A crystallographic study was also of interest due to the paucity of
good quality crystallographic data reported in the literature for rhenium
containing cyclometalated compounds incorporating an oxygen donor
atom.

2.5.1 Results of Preliminary Studies

Yellow rectangular crystals were obtained by recrystallization from
pentane/chloroform at -20 °C. Preliminary precession photography

indicated triclinic symmetry, so the space group P1 was assumed and was
confirmed by the successful refinement.

2.52 Data Collection

Intensity data were obtained on a Enraf-Nonius CAD4 automatic four-
circle diffractometer at the University of Auckland.

Crystal Data

M,=451.467

Crystal class=triclinic; Space group=P1
a=8.064 (2), b=9.026 (3), c=10.999 (6) A
0=101.06 (4)°, B=111.44 (3)°, y=102.65 (2)°

U=693.8(5) A3



D, =2.16 g cm™

calc
7=2
F(000)=424
w(Mo-K,)=90 cm'!

A total of 2575 reflections in the range 0°<6<25° was collected at 23 °C,
corresponding to 2424 unique reflections. 2375 data with I>20(I) after
correction for Lorentz, polarisation and absorption effects were used for
all calculations.

2.5.3 Solution and Refinement

The position of the rhenium atom was located by Patterson methods. All
other non-hydrogen atoms were revealed by a subsequent difference map
phased on the rhenium atom. In the final cycle of full-matrix least-
squares refinement all non-hydrogen atoms were treated anisotropically
and hydrogen atoms were included in their calculated positions.

The refinement converged with R=0.0649, R, =0.0663 where w=[o(F)? +
0.009031F2]1, No parameter shifted more than 0.1c in the final cycle, other
than those associated with the orientation of the methyl group. A final
difference map revealed a ripple of electron density associated with the
rhenium atom, +/-3.9 e A'3, but was otherwise unremarkable.

Bond lengths and angles are presented in Tables 2.8 and 2.9. Tables of
final positional parameters, thermal parameters and calculated H-atom
positions are presented in Appendix III.

The structure is shown in Figure 2.19.

2.5.4 Discussion of the Structure

The molecule consists of two coplanar five-membered heterocycles with
essentially octahedral coordination about the rhenium atom, although the
small "bite" of the chelating ligand gives rise toa C(9)-Re-O(5) angle of



Figure 2.19 Perspective View of 1°-(4 -Acetyl-2,5-
dimethylthien-3-yl)tetracarbonylrhenium (32)
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Table 2.8 Bond Lengths (A) for 17-(4 -Acetyl-2,5-
dimethylthien-3-yl)tetracarbonylrhenium (32)

Re(1) -C(1) 2.01(2) C@3) —0(3) 1142
Re(1) --C(2) 1.98(1) C4) -04) 1222
Re(1) --C(3) 198(2) C(5) —C(6) 1.432)
Re(1) ---C(4) 1.85(2) C(5) ---C(10) 1.48(2)
Re(1) -C(9) 2.17(1) C(5) ~-0(B)  1.25(1)
Re(1) --O(5) 2.17(1) C®) --C(M 1391
S1) -GN 16X1) C®6) -CO) 146(2)
S1) ---C8) 1721) C(7M) --C(11) 1.52(1)
C1) --0(1) 1122 C@®) -CHO) 1372
C©2 -02 1132 C@®) --C(12) 1532

Table 2.9 Bond Angles () for 1°-(4 -Acetyl-2,5-
dimethylthien-3-yl)tetracarbonylrhenium (32)

C(1) -Re(1) -C(2) 93.2(5) Re(1) -C(3) -O(3)  178(1)
C(1) -Re(1) -C3) 173.2(3) Re(1) -C(4) -O(4) 174(2)
C(1) -Re(1) -C(4) 90.1(6) C@®) -C(5) -Ca0) 125(1)
C(1) -Re(1) -C(9) 87.8(5) C@®) -C(5) -0(6) 117(0)
C(1) -Re(1) -O(5) 87.6(4) C@10) -C(5) -O(5) 117(1)
C@2) -Re(1) -C(3) 93.4(5) C®) -C@) -C(7)  130.909)
C@2) -Re(1) -C4) 91.0(7) C®) -C6) -C9)  115(1)
C(2) -Re(1) -C(9) 164.6(5) C(m -C@) -CO) 1131
C(2) -Re(1) -0(5) 89.74) S1) -C(7) -C6) 110.%7)
C@3) -Re(1) -C(4) 87.9(6) S1) -C(7M) -CA1) 121.2(8)
C@3) -Re(1) -C(9) 86.3(5) C@6) -C(7) -Can 128D
C@3) -Re(1) -O(5) 94.34) S(1) -C@8) -C9)  112.5(8)

C(4) -Re(1) -C(9) 104.3(6) S(1) -C(8) -C(12) 118.3(9)
C4) -Re(1) -O(5) 177.74) C@O) -C@® -C12) 1291

C@O) -Re(1) -O(5) 75.0(4) Re(1) -C(9) -C(6) 112.3(8)
C(7) -S(1) -C@8) 93.75) Re(1) -C(9) -C(8)  137.7(8)
Re(1) -C(1) -O(1) 176(1) C@e) -CH -C®8) 116D

Re(1) -C(2) -O(2) 1781 Re(1) -O(5) -C(5)  119.8(8)
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75.0°, and the out-of-plane trans-CO ligands are folded slightly towards
the C(9) atom (C(9)-Re-C(1) 87.8°, C(9)-Re-C(3) 86.3°). The equatorial
carbonyl C(4)-O(4) shows distortion away from its expected octahedral
geometry (C(9)-Re-C(4) 104.3°), while only minor distortions are observed
for the other equatorial carbonyl.

Further evidence of strained geometry is reflected in the C(5)-C(6)-C(7) and
Re-C(9)-C(8) angles which are both larger than expected (130.9 and 137.7°,
respectively), while the methyl groups are bent towards the sulphur atom
to give C(6)-C(7)-C(11) and C(9)-C(8)-C(12) angles of 128.4 and 129.1°
respectively. These distortions probably arise more from the crowding in
the tetrasubstituted ring than from difficulties in fusing two five-
membered rings, as the related structure of orthomanganated 2-
acetylthiophene which also incorporates two coplanar five-membered
heterocycles exhibits little evidence of strain [6,8].

Although the large esds, due to the dominance of the scattering by the
rhenium atom, preclude rigorous analysis of bond lengths, several trends
are apparent.

The C(5)-C(6) distance (1.429 A) is shortened by ~0.03 A with respect to an
average sp2-sp? distance of 1.46 A [30], while the C(6)-C(7) distance (1.393
A) and the C(5)-0O(5) distance (1.253 A) are both lengthened slightly (~0.03
A) with respect to typically observed bond lengths [31].

The C(7)-S bond is noticeably shorter than the C(8)-S bond (1.687 vs 1.719 A)
indicating that the C(7)-S bond has more double bond character.

The Re-C(9) bond (2.170 A) is almost midway between Re-Csp2 single (~2.22

A) and double (~2.09 A) bonds [32] suggesting that there is significant
multiple bonding.

The variations in C-C bond lengths within the molecule can be understood
in terms of contributions from both resonance forms (Figure 2.20),
indicating a delocalised n—bonding network over both rings.



Figure 2.20

A comparison of our structure with bond lengths and angles of similar
bonds in two other rhenium metallocycles whose structures have been
previously determined, show that the metallocyclic ring is very similar in
all three species.

Table 2.10 Bond Lengths (A) and Chelate Angle (9 Data
for Selected Rhenium Compounds

Ph /()

o
¢ ?RC(COM EtO

I\ \(EZC(COhPPh,, Re(CO);PPh;
S —

fac-Tricarbonyl[1-ethoxy (2-Benzoylphenyl)
-4-(trimethylsilyl)-1-oxo- tricarbonyl(triphenyl
2-butenyl-C3,0)-(triphenyl ~ Phosphine)rhenium

phosphine)rhenium
Re-C(9) 2.170(12) 2.162(2) 2.19%(10)
C(5)-0(5) 1.253(14) 1.244(4) 1.240(17)
O®G)Re 2.170(10) 2.191(2) 2.174(9)
O(5)-Re-C(9) 75.0(4) 75.65(15) 74.4(4)

A comparison of bond lengths (Figure 2.21) and angles (Figure 2.22)
between the orthorheniated and orthomanganated [4,8] analogues of 3-
acetyl-2,5-dimethylthiophene also reveals very little change in bond
lengths and angles bar those expected for increasing atom size on moving
down the period from manganese to rhenium, an increase in atomic radii
of 0.11 A. This is reflected in the increased Re-CO (Re-C(1) +0.15 A, Re-
C(2) +0.14 A, Re-C(3) +0.13 A, Re-C(4) +0.07 A), Re-C(9) (+0.13 A) and Re-
O(5) (+0.12 A) bond lengths, although why the Re-C(4) bond length appears
shorter than expected is unclear.



Figure 2.21 Selected Bond Lengths of Orthorheniated (A)
and Orthomanganated (B) 3-Acetyl-2,5-dimethylthiophene
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Figure 2.22 Selected Bond Angles (°) of Orthorheniated (A)
and Orthomanganated (B) 3-Acetyl-2,5-dimethylthiophene

177.7(4)
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The smaller chelate bite angle for the rhenium compound (75.0° for O(5)-
Re-C(9) vs 79.8° for O(5)-Mn-C(9)) suggests increased strain in the
metallocyclic ring showing even further deviation from ideal geometry
than for manganese. It is interesting that for rhenium the small chelate
bite angle seems to be compensated for almost entirely by the large C(9)-
Re-C(4) bond angle of 104.3°. If this distortion was due solely to steric
interaction between the C(4) carbonyl and the C(12) methyl group we
would expect a bigger distortion for the manganese structure than for
rhenium, reflecting the closer interaction between the two ligands due to
the smaller atom size. Clearly this is not the case, as the C(4) carbonyl
distortion is ~6° larger for rhenium than for manganese. It may be worth
noting that both the O(5)-Re-C(4) and O(5)-Mn-C(4) bond angles are
reasonably linear (177.7 and 177.3°, respectively), and so perhaps the C(4)
distortion is fulfilling a requirement for linearity in this vector. The large
C(9)-Re-C(4) bond angle may therefore be a function of the larger C(5)-O(5)-
Re angle (119.8° cf. 117.3° for manganese) which is necessary to
accommodate the bulky rhenium atom in the metallocycle ring.

2.6 Experimental Section
2.6.1 Preparation of Starting Materials

Preparation of Benzylpentacarbonylmanganese

PhCH,Mn(CO)5 was prepared by the standard method of Closson et al
[35,36] m.p. 34.5-36 °C. (lit., 37.5-38.5 °C [35]) IR: (hexane) v(CO) 2108 (s),
2009 (vs, br), 1992 (vs) cm™L.

Preparation of Benzylpentacarbonylrhenium

PhCH,Re(CO)5 was prepared by the method of Hieber et al [37] m.p. 30-31
°C (lit., 33-34 °C [37]). IR: (hexane) v(CO) 2127 (m), 2018 (vs), 2014 (vs) 1986
(s) em-l.'H NMR: (300.13 MHz) (CDCly)$ 7.25 (2H, ¢,
3Jg g=3dg 4=2Jg =305 o= 1.5 Hz, H-3'5"), 7.13 (2H, d, 3Jy 3=3J¢ 5=7.5
Hz, H-2'6), 6.93 (1H, t, 3] 3=3J 4 5=7.5 Hz, H-4) 2.53 (2H, s, H-1). 13C
NMR: (75.47 MHz) (CDCly) 8 185.1 (s, C=0,,), 181.0 (s, C=0,,), 155.0 (s,
C-1), 128.4 (d, C-3'5), 125.5 (d, C-2.,6), 122.5 (d, C4'), -2.2 (¢, C-1).



Preparation of Isopropyl thiophene-2-carboxylate (29)

2-Thiophenecarboxylic acid (5.0 g, 0.039 mol) was added to isopropyl
alcohol (30 ml, 0.39 mol) with a catalytic amount of conc. H,SO, (0.5 ml).
The mixture was refluxed gently for 24 h. The excess alcohol was distilled
off using a water bath as heat source and the residue was allowed to cool
before pouring into a separating funnel containing H,O (100ml)/diethyl
ether (40ml) and further extracted with diethyl ether (2 x 10 ml). The
ethereal solution was washed with saturated NaHCOg soln., then H,O
and dried over MgSO,. The ether was removed by evaporation under
reduced pressure to give a brown oil. The oil was distilled and isopropyl

thiophene-2-carboxylate was collected as a colourless liquid (l 25 g, 19 %),
b.p. 220 °C. 'H NMR: (300.13 MHz) (CDCly) § 7.77 (1H, dd, 3J5 ,=3.8 Hz,

4J35-12Hz H-3), 7.52 (1H, dd, 3J5 4=5.0 Hz, “J; 3=1.2 Hz, H-5), 7.08 (1H,
dd,3J, 5=5.0 Hz, 3J, 3_3 8 Hz, H-4), 521 (1H, m,3J=6.2 Hgz,
2-COOCH(CHy)y), 1.36 (6H, d, 3J=6.2 Hz, 2-COOCH(CHj),).

Preparation of Isopropyl thiophene-3-carboxylate (27)

Similarly 3-thiophenecarboxylic acid (3.49 g, 0.027 mol), isopropyl alcohol
(21 ml, 0.27 mol) and conc. HySO, (0.5 ml) were refluxed for 48 h. Workup
yielded a brown oil, which was distilled. Isopropyl thiophene-3-carboxylate

was collected as a colourless liquid (2. 06 g, 45 %), b. p 218-220 °C. 'H NMR:
(300.13 MHz) (CDCl3) 6 8.07 (1H, dd, J2 4=2.9 Hz, J2 5=1.2 Hz, H 2), 7.52

Hz, H-4) 5.20 (1H m, 3J=6. 2 Hz, 3- COOCH(CH3)2) 1.34 (6H d, 3J-6 2 Hz,
3-COOCH(CHy)y)-

Preparation of Isopropyl 3-hydroxybenzoate (36)

Similarly 3-hydroxybenzoic acid (30 g, 0.217 mol), isopropyl alcohol (170
ml, 2.17 mol) and conc. HySO, (2.7 ml) were refluxed for 18.5 h. Workup
yielded an off-white crystalline solid which was recrystallized from hot

ethanol to give isopropyl 3-hydroxybenzoate as white chunky crystals, m.p.
55.5-57 °C. 'H NMR: (300.13 MHz) (CDCI3) 8 7.61 (1H, dt, 3J 5=7.9 Hz,

16.4=" J62 13Hz,H6),755(1H dd, 43, 4= 27Hz, J26 13Hz,H2) 7.30
J46_13 'Hz, H4) 5.39 (1H s br,3OH) 5.24 (1H m, 3J= Z6.2 Hz,
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1-COOCH(CHj),), 1.36 (6H, d, 3J=6.2 Hz, 1-COOCH(CH,),). 13C NMR:
(75.47 MHz) (CDCly) § 166.9 (s, 1-COOCH(CHj),), 156.2 (s, C-3), 131.9 (s,

C-1), 129.7 (d, C-5), 121.7 (d, C-6), 120.4 (d, C-4), 116.5 (d, C-2), 69.2 (d,
1-COOCH(CHy),), 21.9 (g , 1-COOCH(CHj),).

Preparation of Isopropyl 3-methoxybenzoate (21)

Isopropyl 3-hydroxybenzoate (4 g, 0.022 mol), K,COg4 (6.06 g, 0.044 mol) and
Mel (2.75 ml, 0.044 mol) were refluxed in acetone (AR, 100 ml) overnight.
The solution was filtered and the acetone was removed on the rotary

evaporator. The residue was poured into a separating funnel containing
H,0 (100 ml)/ether (40 ml) and further extracted with ether (2 x 20 ml).

The ethereal solution was washed with NaOH (2 mol 1'}), then H,0 and
dried over MgSO,. The ether was removed by evaporation under reduced

pressure to give isopropyl 3-methoxybenzoate as a colourless liquid (3.20 g,
75 %), pure by 'H nmr. 'H NMR: (300.13 MHz) (CDCI3) § 7.62 (1H, dt,

3J65=8.0 Hz, 4Jg 4= J6 o=1.2 Hz, H-6), 7.55 (1H, dd, *J, ,=2.7 Hz, 4J, g=1.2
Hz, H-2), 7.32 (1H, t, 3J5 ¢=3J; 4,=8.0 Hz, H-5), 7.07 (1H, ddd, 3J, 5=8.0 Hz,

4J4,9=2.7 Hz, *J, ¢=1.2 Hz, H-4), 5.24 (1H, m, 3J=6.2 Hz, 1-COOCH(CHj),),
3.83 (3H, s, 3-OCHj,), 1.36 (6H, d, 3J=6.2 Hz, 1-COOCH(CH,),). 13C NMR:
(75.47 MHz) (CDCly) 6 165.9 (s, 1-COOCH(CHjy),), 159.6 (s, C-3), 132.3 (s,

C-1), 129.3 (d, C-5), 121.9 (d, C-6), 119.0 (d, C-4), 114.1 (d, C-2), 68.4 (d,
1-COOCH(CHy),), 55.3 (g, 3-OCHjy), 21.9 (¢ , 1-COOCH(CHy)s,).

Preparation of Isopropyl 3-acetoxybenzoate (24)

Isopropyl 3-hydroxybenzoate (4.16 g, 0.023 mol) and acetic anhydride (3.27
ml, 0.035 mol) were stirred overnight in pyridine (10 ml). The residue was
poured into a separating funnel containing H,O (100 ml)/ether (40 ml) and
further extracted with ether (2 x 20 ml). The ethereal solution was
washed with HCI (2 mol 1'1), H,0, NaOH (2 mol 1'1), then H,0 and dried
over MgSO,. The ether was removed by evaporation under reduced

pressure to give isopropyl 3-acetoxybenzoate as a very pale yellow liquid
(4.05 g, 79 %), pure by 1H nmr. 1H NMR: (300.13 MHz) (CDCly) 6 7.91 (1H,

dt, °Jg 5=1.9 Hz, *Jg I 436, 2_1 2 Hz, H-6), .73 (1H, dd, *J, 4=2.5 Hz, 4J5,6=12
Hz, H-2), 7.43 (1H, ¢, 3J5 6=°J5 4=7.9 Hz, H-5), 7.26 (1H, ddd, 3J, ;=7.9 Hz,

434 9=2.5 Hz, 17, ¢=1.2 Hz, H-4), 5.24 (1H, m, 3J=6.3 Hz, 1-COOCH(CH,),),
2.31 (3H, s, 3-OCOCHj,), 1.35 (6H, d, 3J=6.3 Hz, 1-COOCH(CHg),).
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13C NMR: (75.47 MHz) (CDCly) § 169.3 (s, 3-OCOCHj,), 165.1 (s,
1-COOCH(CHy),), 150.6 (s, C-3), 132.5 (s, C-1), 129.3 (d, C-5), 127.0 (d, C-6),
126.1 (d, C-4), 122.8 (d, C-2), 68.8 (d, 1-COOCH(CHj,),), 21.9 (g,
1-COOCH(CHy),), 21.1 (¢ , 3-OCOCHS).

2.62 The Standard Method for Orthometalation

Preparation of n2-4-(Dibenzosubemnyl)teh'acarbonylmm1ganeee (11)

Dibenzosuberone (0.230 g, 1.104 mmol) and PhCH;Mn(CO)g (0.347 g, 1.215
mmol) were dissolved in heptane (AR, 25-30 ml) and the solution degassed
and flushed with nitrogen several times. After refluxing under nitrogen
for three hours, the heptane was removed under vacuum. The resultant
yellow solid was dissolved in dichloromethane and chromatographed on
silica gel plates with 1:10 v/v diethyl ether/petroleum spirit b.p. 60-80 °C as
the eluant. A broad bright yellow band of n2-4-(dibenzosuberonyl)-
tetracarbonylmanganese (11) was collected (0.412 g, 100 %). Spectral and
other physical data are given in section 2.6.2. Products are reported in
order of increasing polarity.

The workup procedures and yields of other orthomanganated compounds
prepared in this study are given in Table 2.1.

The orthorheniation reactions employed the same general method as for
the orthomanganation reactions, but required more forcing conditions
and longer reaction times. The solvent of choice was AR petroleum spirit
of b.p. 120-160 °C and heating was provided by an oil bath at 130 °C.

Orthomanganation of Thiochroman-4-one

Similarly prepared from PhCH,Mn(CO)g (270 mg, 0.942 mmol) and
thiochroman-4-one (129 mg, 0.785 mmol) under reflux over 2 h was 112-5-
(thiochroman-4-onyl)tetracarbonylmanganese [(4); 133 mg, 51 %] which
crystallized from hexane/diethyl ether as tiny yellow blocks, m.p. 116.5 °C
(dec). Anal. Found: C, 47.93; H, 2.50 %; C;3H;05MnS calcd: C, 47.29; H,
2.14 %. IR: (hexane) v(CO) 2084 (m), 1997 (vs, br), 1949 (s) cm-1. 1H NMR:
(300.13 MHz) (CDClg) 8 7.80 (1H, d, 3J¢ ;=7.5 Hz, H-6), 7.22 (1H, ¢,
33, 6=J7 g= 7.5 Hz, H-7), .01 (1H, d, %J4 ;=7.5 Hz, H-8), 3.20-3.16 (2H, m,
H-2a,2b), 3.05-3.00 (2H, m, H-3a,3b). 13C NMR: (22.50 MHz) (CDCl,) § 220.8
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(s, br, C=0), 212.8 (s, br, C=0), 212.4 (s, C-4), 211.2 (s, 2xC=0), 197.0 (s, C-
5), 145.9 (s, C-8a), 139.0 (s , C-4a), 137.7 (d, C-6), 133.7 (d, C-7), 122.5 (d, C-8),
38.4 (¢, C-3), 27.3 (¢, C-2). MS: 330 (5.2, P*), 246 (7.4, P*-84, P*-3C=0), 218
(100, P*-112, P*-4C=0).

Orthomanganation of Thioxanthen-9-one

Similarly prepared from PhCH,Mn(CO)g (214 mg, 0.748 mmol) and
thioxanthen-9-one (132 mg, 0.624 mmol) under reflux over 3 h was n2-1-
(thioxanthen-9-onyl)tetracarbonylmanganese [(5); 236 mg, 96 %] which

crystallized from petroleum spirit as yellow needles, m.p. 129.5 °C (dec).
Anal. Found: C, 54.23; H, 1.85 %; C;7;H;05MnS calcd: C, 53.98; H, 1.87 %.

IR: (hexane) v(CO) 2083 (m), 1995 (vs, br), 1945 (s) cm’l. 1H NMR: (300.13
MHz) (CDCly) & 8.55 (1H, d, 3Jg ;=8.2 Hz, H-8), 8.12 (1H, d, 3J, 3=6.9 Hz,
H-2), 7.74-7.66 (2H, m, H-5,6), 7.53-7.48 (2H, m, H-3,7) 7.40 (1H, d, 3J, 3=8.0
Hz, H-4). 13C NMR: (75.47 MHz) (CDCly) § 221.0 (s, br, C=0), 213.4 (s, br,
C=0), 211.4 (s, br, 2xC=0), 194.4 (s, C-9), 193.2 (s, C-1), 140.1 (s , C-4a,10a),
138.6 (d, C-2), 137.4 (s, C-9a), 133.1 (d, C-6), 132.2 (d, C-3), 129.5 (d, C-8),
127.9 (s, C-8a), 126.4 (d, C-7), 126.0 (d, C-5), 120.1 (d, C-4). MS: 378 (3.3, P*),
294 (9.6, P*-84, P*-3C=0), 266 (100, P*-112, P*-4C=0).

Orthomanganation of 2-Chlorothioxanthen-9-one

Similarly prepared from PhCHo,Mn(CO)g (175 mg, 0.613 mmol) and 2-
chlorothioxanthen-9-one (126 mg, 0.511 mmol) under reflux over 1.5 h was
() 72-1-(7-chlorothioxanthen-9-onyl)tetracarbonylmanganese [(6); 108 mg,

51 %] which crystallized from petroleum spirit as orange feathers, m.p.
143.5-145 °C. Anal. Found: C, 49.29; H, 1.62 %; C,;HgO5CIMnS calcd: C,

49.48; H, 1.47 %. IR: (hexane) v(CO) 2083 (m), 1997 (vs, br), 1946 (s) em’!
'H NMR: (300.13 MHz) (CDCI3) 5 8.52 (1H, dd, *Jg g=2.1 Hz, °Jg 5=0.9 Hz,
H-8), 8.14 (1H, dd, J23-7 1 Hz, J24- 1.0 Hz, H-2), 7.64-7.63 (2H, m, H-5,6),
7.51 (1H, dd, 3J3 4=8.0 Hz, 3J3 = 7.1 Hz, H-3), 7.39 (1H, dd, 3J, 3=8.0 Hz,
4J 4 2=1.0 Hz, H-4). 13C NMR: (75.47 MHz) (CDCl3) § 221.0 (s, br, C=0), 213.2
(s, br, C=0), 211.2 (s, 2xC=0), 194.3 (s, C-9), 193.5 (s, C-1), 139.9 (s , C-4a),
139.0 (d, C-2), 138.2 (s, C-10a), 137.1 (s, C-9a), 133.4 (d, C-6), 132.8 (s, C-7),
132.5 (d, C-3), 128.9 (s, C-8a), 128.9 (d, C-8), 127.5 (d, C-5), 120.2 (d, C-4); and
(i) 112-1 -(2-chlorothioxanthen-9-onyl)tetracarbonylmanganese [(7); 82 mg,
39 %] which crystallized from petroleum spirit as yellow needles, m.p.
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136 °C (dec). Anal. Found: C, 49.51; H, 1.26 %; C;;HgO5CIMnS calcd: C,
49.48; H, 1.47 %. IR: (hexane) v(CO) 2085 (m), 1999 (vs, br), 1958 (s) cml,
'H NMR: (300.13 MHz) (CDCly) 8 8.53 (1H, dt, 3Jg 7=8.2 Hz, Jg 6=2J3 5=0.9
Hz, H-8), 7.72-7.69 (2H, m, H-5,6), 7.61 (1H, d, 3J; ;=8.4 Hz, H-3), 7.56-7.51
(1H, m, H-7), 7.35 (1H, d, 3J, 3=8.4 Hz, H-4). 13C NMR: (75.47 MHz) (CDCly)
8 219.6 (s, br, C=0), 214.8 (s, br, C=0), 210.6 (s, 2xC=0), 194.7 (s, C-9), 189.3
(s, C-1), 146.2 (s, C-2), 139.4 (s, C-10a), 138.1 (s, C-9a), 137.9 (s, C-4a), 133.4
(d, C-6), 133.3 (d, C-3), 129.8 (d, C-8), 127.8 (s, C-8a), 126.7 (d, C-T), 126.0 (d,
C-5), 122.4 (d, C-4).

Orthomanganation of 1,2,3,4,9,10-Hexahydroacridin-9-one

Similarly prepared from PhCH,Mn(CO)g (224 mg, 0.783 mmol) and
1,2,3,4,9,10-hexahydroacridin-9-one (130 mg, 0.652 mmol) under reflux
over 2 h was n°-1-(5,6,7,8,9, 10-hexahydro-9-acridinonyl)tetracarbonyl-

manganese [(8); 238 mg, 62 %] which crystallized from hot chloroform as
a yellow powder. IR: (CHCl3) v(CO) 2076 (m), 1991 (vs, br), 1925 (s) cml

Orthomanganation of N-methyl-9,10-dihydro-9-acridinone

Similarly prepared from PhCH,Mn(CO)5 (244 mg, 0.855 mmol) and N-
methyl-9,10-dihydro-9-acridinone (149 mg, 0.712 mmol) under reflux over
1.25 h was n2-1-(N-methyl-9,10-dihydro-9-acridinonyl)tetracarbonyl-
manganese [(9); 267 mg, 88 %] which crystallized from hexane/diethyl
ether as yellow feathers, m.p. 140 °C (dec). IR: (hexane) v(CO) 2079 (m),
1992 (vs, br), 1940 (s) cm™!. 'H NMR: (300.13 MHz) (CDCl3) 8 8.45 (1H, dd,
3Jg 7=8.1 Hz, “Jg ¢=1.7 Hz, H-8), 7.95 (1H, dd, %J,3=6.9 Hz, *J, 4=0.7 Hz, H-
2), 7.80 (1H, ddd, *J 5=8.8 Hz, 3J¢ ;=6.9 Hz, J6 ¢=1.7 Hz, H-6), 7.68 (1H, dd,
3J3, 4-8 5 Hz, 3J3 2=6 9 Hz, H-3), 7.64 (1H, d, 3J5 ¢=8.8 Hz, H-5), 7.35 (1H,
ddd, J7 §=8.1Hz, J7 6=6.9 Hz, J7 5=1.0 Hz, H-7), 7.25 (1H, d, J4 3=8.5 Hz,
H-4), 3.96 (3H, s, N-CH,). 13C NMR: (75.47 MHz) (CDCl;) § 221.4 (s, br,

C=0), 214.1 (s, br, C=0), 212.6 (s, 2xC=0), 189.2 (s, C-1*), 188.8 (s, C-9%),
143.3 (s, C-10a), 141.7 (s, C-4a), 134.4 (d, C-3,6), 134.0 (d, C-2), 132.4 (s,

C-8a), 127.0 (d, C-8), 121.8 (d, C-T), 120.2 (s, C-9a), 115.2 (d, C-5), 108.7 (d,
C-4), 33.3 (¢, N-CH).



Orthomanganation of Dibenzosuberenone

Similarly prepared from PhCH,Mn(CO)5 (200 mg, 0.698 mmol) and
dibenzosuberenone (120 mg, 0.582 mmol) under reflux over 1.25 h was 7°-
4-(dibenzosuberenonyl)tetracarbonylmanganese [(10); 217 mg, 100 %]
which crystallized from hexane/diethyl ether as yellow needles, m.p. 129-
131 °C. IR: (diethyl ether) v(CO) 2080 (m), 1993 (vs, br) 1964 (m), 1939 (m)
m!, 'H NMR: (300.13 MHz) (CDCly) § 8.74 (1H, d, 3J ;=8.1 Hz, H-6), 8.37
(lH d, J32-73Hz,H -3), 7.76 (1H, ¢, J87— J89-74Hz,H -8), 7.66 (1H, d,
J98 74Hz,H9) 7.64 (1H, m, H-7), 7.61 (1H, ¢, J21- J23 7.3 Hz, H-2),
7.44 (1H, d, 3J, 4=7.3 Hz, H-1), 7.21 (1H, m, H-11), 7.17 (1H, m, H-10). 13C
NMR: (75.47 MHz) (CDCly) 8 221.0 (s, br, C=0), 213.5 (s, br, C=0), 211.4 (s,
2xC=0), 202.0 (s, C-5), 195.8 (s, C-4), 144.5 (s, C4a), 142.0 (d, C-3), 140.0 (s,
C-11a), 136.1 (s, C-9a), 134.7 (d, C-11), 134.1 (s, C-5a), 133.8 (d, C-8), 133.3 (d,
C-9), 132.8 (d, C-6), 132.3 (d, C-2), 132.1 (d, C-10), 129.1 (d, C-7), 129.0 (d,
C-1).

Orthomanganation of Dibenzosuberone

Similarly prepared from PhCH,Mn(CO)g (347 mg, 1.215 mmol) and
dibenzosuberone (230 mg, 1.104 mmol) under reflux over 3 h was n2-4-
(dibenzosuberonyl)tetracarbonylmanganese [(11); 412 mg, 100 %] which

crystallized from hexane/diethyl ether as orange feathers, m.p. 105-107
°C. Anal. Found: C, 60.75; H, 2.69 %; C,;gH;,05Mn calcd: C, 60.98; H, 2.96

%. IR: (hexane) v(CO) 2080 (m), 1994 (vs, br), 1943 (s) cm™ . 'H NMR:
(300.13 MHz) (CDCly) § 8.06 (1H, dd, 3J3 5=7.4 Hz, *J3 1= =0.9 Hz, H-3), 8.00
(1H, dd, 3J 7=7.5 Hz, 4Jg g=1.5 Hz, H-6), 7.52 (1H, td, 3Jg ;=374 4=7.5 Hz,
4dg, 6.1 5 Hz, H-8), 7.38 (1H, td, 3J; ¢=%J; 4=7.5 Hz, 4J; 9_1 3 Hz, H-7), 7.30
(1H, t, 335 ,=3J, 3=7.4 Hz, H-2), 7.27 (1H, dd, 3Jg g=7.5 Hz, 4]y ;=1.3 Hz, H-9),
6.98 (1H, dd, 3], 5=7.4 Hz, 4J, 3=0.9 Hz, H-1), 3.15 (4H, s, H-10,11). 13C
NMR: (75.47 MHz) (CDCly) § 221.1 (s, br, C=0), 213.4 (s, br, C=0), 211.5 s,
2xC=0), 208.3 (s, C-5), 198.7 (s, C-4), 148.5 (s, C-11a), 143.8 (s, C-4a), 142.8
(s, C-9a), 139.8 (d, C-3), 136.7 (s, C-5a), 134.0 (d, C-8), 133.0 (d, C-2), 132.5 d,
C-6), 128.9 d, C-9), 127.0 (d, C-7), 126.0 (d, C-1), 35.6 (¢, C-11), 34.8 (¢, C-10).



Orthomanganation of N,N-dimethyl-1-naphthylamine

Similarly prepared from PhCH,;Mn(CO)5 (299 mg, 1.044 mmol) and N,N-
dimethyl-1-naphthylamine (149 mg, 0.870 mmol) under reflux over 4 h
was 172-(8-dimethylamino-1 -naphthyl)tetracarbonylmanganese [(12); 293
mg, 88 %] which crystallized from hexane/diethyl ether as yellow

feathers, m.p. 115-117 °C. Anal. Found: C, 57.12; H, 3.79; N, 4.24 %;
C,6H1204MnN caled: C, 56.99; H, 3.59; N, 4.15 %. IR: (hexane) v(CO) 2071

(m), 1982 (vs, br), 1976 (s), 1939 (s) cm™’. 'H NMR: (300.13 MHz) (CDCl,) 5
7.88 (1H, d, 3J, 3=7.6 Hz, H-2), 7.72 (1H, d, 3J; ¢=7.5 Hz, H-5), 7.56 (1H, d,
J4 3-7 6 Hz, H-4), 7.45 (1H, ¢, 3J3 2-3J3 4=7.6 Hz, H-3), 7.38 (1H, ¢,
336 5="d,7=1.5 Hz, H-6), 7.30 (1H, d, °J; ¢=7.5 Hz, H-), 3.24 (6H, s,
8-N(CHj),). 13C NMR: (75.47 MHz) (CDCl,) § 220.1 (s, br, C=0), 214.1 (s, br,
3xC=0), 164.4 (s, C-1), 155.8 (s, C-8), 140.9 (s, C-8a), 137.9 (d, C-2), 134.4 (s,
C-4a), 128.2 (d, C-3), 127.8 (d, C-5), 124.5 (d, C-6), 122.4 (d, C-4), 114.9 (d,
C-7), 60.6 (g, 8-N(CHy)y).

Orthomanganation of Chromone

Similarly prepared from PhCH,Mn(CO)g (215 mg, 0.753 mmol) and
chromone (100 mg, 0.684 mmol) under reflux over 2 h was n2-5-( 1,4-
benzopyronyl)tetracarbonylmanganese [(13); 213 mg, 96 %] which

crystallized from hexane/diethyl ether as yellow/orange rectangular
crystals, m.p. 99-101.5 °C. Anal. Found: C, 49.86; H, 1.90 %; C,3H;OcMn

caled: C, 50.03; H, 1.61 %. IR: (hexane) v(CO) 2082 (m), 1994 (vs), 1945 (s)
m-1. 'H NMR: (89.55 MHz) (CDCly) § 7.98 (1H, d, J6 ,=1.0 Hz, H-6), 7.93
(lH d, J23-5 9 Hz, H-2), 7.63 (1H, dd, J7 §=8.2 Hz, 3J; ¢=7.0 Hz, H-7), 7.17
(1H, d, 3Jg ;=8.2 Hz, H-8), 6.50 (1H, d, 3J3 »=5.9 Hz, H-3). 13C NMR: (22.50
MHz) (CDCly) § 221.2 (s, br, C=0), 213.2 (s, br, C=0), 211.5 (s, 2xC=0), 191.8
s, C-5), 186.2 (s, C-4), 157.5 (s, C-8a), 157.2 (d, C-2), 137.6 (d, C-6%), 134.7 (d,
C-7%), 134.0 (s, C-4a), 111.1 (d, C-3#), 109.9 (d, C-8#). MS: 312 (3.2, P*), 256
(2.2, P*-56, P*-2C=0), 228 (9.0, P*-84, P*-3C=0), 200 (100, P*-112, P*-4C=0).

Orthomanganation of 3'-Chloroacetophenone

Similarly prepared from PhCH,Mn(CO)g (397 mg, 1.389 mmol) and 3'-

chloroacetophenone (179 mg, 1.158 mmol) under reflux overnight was (i)
12-(2-acetyl-4-chlorophenyl)tetracarbonylmanganese [(15); 137 mg, 37 %)
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which crystallized from hexane/diethyl ether as small yellow/orange
regular crystals, m.p. 131-133 °C (lit. 132-134 °C [9]) IR: (hexane) v(CO)
2085 (m), 1997 (vs, br), 1949 (s) cm!. 'H NMR: (89.55 MHz) (CDCl,) § 8.02
(1H, d, J65=79 Hz, H-6), 7.81 (1H, d, J35-2 1 Hz, H-3), 7.39 (1H, dd,

3J5,6=7.9 Hz, *J5 3=2.1 Hz, H-5), 2.61 (3H, s, 2-COCHy). 13C NMR: (22.50
MHz) (CDCly) 8 221.0 (s, br, C=0), 216.2 (s, 2-COCHjy), 211.0 (s, br, 2xC=0),
191.6 (s, C-1), 146 4 (s, C-2), 142.4 (d, C-6), 133.7 (d, C-5), 130.9 (d, C-3), 130.5
(s, C-4), 24.7 (q, 2-COCH3); 1 metal carbonyl signal not observed; and (ii)
12-(2-acetyl-6-chlorophenyl)tetracarbonylmanganese [(14); 156 mg, 42 %)
which crystallized from hexane/diethyl ether as small yellow/orange
regular crystals, m.p. 106-107.5 °C (lit. 105-107 °C [9]). IR: (hexane) v(CO)
2088 (m), 1998 (vs, br), 1961 (s) cm™l. 'H NMR: (89.55 MHz) (CDCly) 6 7.73
(1H, 4, J34=76 Hz, H-3), 7.53 (1H, d, 3J54-76 Hz, H-5), 7.12 (1H, ¢,

3J4 3=3J, 5=7.6 Hz, H-4), 2.60 (3H, 5, 2-COCHy). 1*C NMR: (22.50 MHz)
(CDCly) 8 219.7 (s, br, C=0), 217.2 (s, 2-COCHjy), 210.8 (s, br, 2xC=0), 189.9
(s, C-1), 149.5 (s, C-6), 146.4 (s, C-2), 134.6 (d, C-5), 129.5 (d, C-3), 125.8 (d,
C-4), 25.1 (g , 2-COCH,3); 1 metal carbonyl signal not observed.

Orthomanganation of 2'-Chloroacetophenone

Similarly prepared from PhCH,Mn(CO)g (406 mg, 1.420 mmol) and 2'-
chloroacetophenone (183 mg, 1.184 mmol) under reflux over 2.5 h was
12-(2-acetyl-3-chlorophenyl)tetracarbonylmanganese [(16); 327 mg, 86 %]

which crystallized from hexane/diethyl ether as regular yellow prisms,
m.p. 82.5-83.5 °C. Anal. Found: C, 44.84; H, 1.84 %; C,,HcO5ClMn calcd:

C, 44.96; H, 1.89 %. IR: (hexane) v(CO) 2085 (m), 1997 (vs, br), 1949 (s) cm™!
IH NMR: (300.13 MHz) (CDC13) 8 7.97 (1H, dd, 3Jg 5=1.5 Hz, *Jg 4=1.1 Hz,
H-6), 7.28 (1H, ¢, 3J5 ;=3J ¢=7.5 Hz, H-5), 7.18 (1H, dd, 3J, 5=7.5 Hg,
4J46=1.1 Hz, H-4), 2.88 (3H, 5, 2-COCHj). 3C NMR: (75.47 MHz) (CDCl,) 8
220.4 (s, br, C=0), 216.6 (s, 2-COCHj), 212.6 (s, br, C=0), 210.7 (s, br,
2xC=0), 198.5 (s, C-1), 141.4 (s, C-2), 139.8 (d, C-6), 137.9 (s, C-3), 133.5 (d,
C-5), 127.0 (d, C-4), 32.2 (¢ , 2-COCHy).

Orthomanganation of 3',4'-(Methylenedioxy)acetophenone

Similarly prepared from PhCH,Mn(CO)g (303 mg, 1.060 mmol) and 3',4'-

(methylenedioxy)acetophenone (145 mg, 0.883 mmol) under reflux over 2.5
h was (i) 172-(2-acetyl-4,5-methylenedioxyphenyl)tetracarbonylmanganese
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[(18); 11 mg, ~4 %] a yellow oil. IR: (hexane) v(CO) 2082 (m), 1997 (vs, br),
1944 (s) cm'L; and (i) 172-( 6-acetyl-2,3-methylenedioxyphenyl)tetracarbonyl-
manganese [(17); 251 mg, 86 %] which crystallized from hexane/diethyl

ether as yellow feathers, m.p. 121-122.5 °C. Anal. Found: C, 47.30; H, 2.19
%; C13H70,Mn calcd: C, 47.30; H, 2.14 %. IR: (hexane) v(CO) 2086 (m),

1997 (vs), 1960 (s) cm™l. 'H NMR: (300.13 MHz) (CDCly) & 7.58 (1H, d,
3J5 4=8.0 Hz, H-5), 6.67 (1H, d, 3J, 5=8.0 Hz, H-4), 6.09 (2H, 5, 2-0CH,0-3),
2.53 (3H, s, 6-COCH). 13C NMR: (22.50 MHz) (CDCly) § 219.9 (s, br, C=0),
213.4 (s, 6-COCHj), 211.0 (s, br, 2xC=0), 163.1 (s, C-1), 157.9 (s, C-2), 149.8
(s, C-3), 141.2 (s, C-6), 129.4 (d, C-5), 105.4 (d, C-4), 100.7 (¢, 2-OCH,0-3), 24.2
(g, 6-COCHj3); 1 metal carbonyl signal not observed. MS. 330 (6.7, P*), 274
(7.5, P*-56, P*-2C=0), 246 (15.0, P*-84, P*-3C=0), 218 (100, P*-112, P*-
4C=0).

Orthomanganation of Methyl 4-methoxybenzoate

Similarly prepared from PhCH,Mn(CO)s (233 mg, 0.816 mmol) and
methyl 4-methoxybenzoate (113 mg, 0.680 mmol) under reflux over 3 h was
12-(5-methoxy-2-methoxycarbonylphenyl)tetracarbonylmanganese [(19);

226 mg, 74 %] which crystallized from hexane/diethyl ether as yellow
feathers, m.p. 105-107 °C. Anal. Found: C, 46.83; H, 2.69 %; C,3HqO;Mn

caled: C, 47.01; H, 2.73 %. IR: (hexane) v(CO) 2085 (m), 1996 (vs, br), 1944
(s) em’l. 'H NMR: (89.55 MHz) (CDCly) 8 7.66 (1H, d, 3J;3 4=8.8 Hz, H-3),
7.45 (1H, d, “Jg 4=2.3 Hz, H-6), 6.63 (1H, dd, 3] 3=8.8 Hz, *J, ¢=2.3 Hz, H-4),
3.93 (3H, s, 2-COOCH,*), 3.92 (3H, s, 5-OCHg*). 13C NMR: (22.50 MHz)
(CDCly) § 221.4 (s, br, C=0), 213.2 (s, br, C=0), 212.0 (s, br, 2xC=0), 187.8 (s,
C-1), 179.9 (s, 2-COOCHj), 163.9 (s, C-5), 130.7 (d, C-3), 127.0 (s, C-2), 124.2
d, C-6), 111.4 (d, C-4), 55.3 (¢ , 5-OCH3), 53.9 (¢ , 2-COOCHj). MS. 332 (4.2,
P*), 276 (4.2, P*-56, P*-2C=0), 248 (17.5, P*-84, P*-3C=0), 220 (100, P*-112,
P*-4C=0).

Orthomanganation of Methyl 3,5-dimethoxybenzoate

Similarly prepared from PhCH,Mn(CO)y (234 mg, 0.820 mmol) and

methyl 3,5-dimethoxybenzoate (134 mg, 0.683 mmol) under reflux over 2.75
h was n2-(2,4-dimethoxy-6-methoxycarbonylphenyl)tetracarbonyl-
manganese [(20); 247 mg, 87 %] which crystallized from hexane/diethyl
ether as orange blocky crystals, m.p. 108-109 °C. Anal. Found: C, 46.44; H,
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2.87 %; C14H,,0gMn calcd: C, 46.43; H, 3.06 %. IR: (hexane) v(CO) 2084
(m), 1992 (vs, br), 1954 (s) cm'L. 'H NMR: (89.55 MHz) (CDCl,) 5 6.92 (1H, d,
35 3=2.1 Hz, H-5%), 6.60 (1H, d, *J3 ;=2.1 Hz, H-3%), 3.95 (3H, s,
6-COOCH,#), 3.82 (3H, s, 2-OCHg#), 3.80 (3H, s, 4-OCHg#). 13C NMR:
(22.50 MHz) (CDCly) § 220.8 (s, br, C=0), 214.3 (s, br, C=0), 211.9 (s, br,
2xC=0), 180.4 (s, 6-COOCHj), 168.1 (s, C-2*), 161.1 (s, C-1%), 159.4 (s, C-4),
134.8 (s, C-6), 104.5 (d, C-5#), 104.3 (d, C-3#), 55.5 (¢, 2,4-OCH3), 54.2 (g,
6-COOCH;). MS. 362 (2.6, P*), 306 (1.9, P*-56, P*-2C=0), 278 (13.3, P*-84,
P*.3C=0), 250 (100, P*-112, P*-4C=0).

Orthomanganation of Isopropyl 3-methoxybenzoate

Similarly prepared from PhCH,Mn(CO)g (564 mg, 1.971 mmol) and
isopropyl 3-methoxybenzoate (21) (319 mg, 1.642 mmol) under reflux over 5
h was (i) n2-(2-methoxy-6-isopropoxycarbonylphenyl)tetracarbonyl-
manganese [(22); 313 mg, 53 %] which crystallized from hexane/diethyl
ether as yellow needles, m.p. 82.5-83.5 °C. IR: (hexane) v(CO) 2083 (m),
1993 (vs), 1955 (s) em™l. 'H NMR: (300.13 MHz) (CDCl,) 8 7.38 (1H, d,
J54 7.6 Hz, H-5), 7.12 (1H, ¢, J43- J45=7.6 Hz, H-4), 6.91 (1H, d, 3J34=7 6
Hz, H-3), 5.20 (1H, m, 3J=6.2 Hz, 6-COOCH(CHj),), 3.85 (3H, s, 2-OCHj,),
1.35 (6H, d, 3J=6.2 Hz, 6-COOCH(CHj3),). 13C NMR: (75.47 MHz) (CDCl,) &
220.6 (s, br, C=0), 214.3 (s, br, C=0), 211.9 (s, br, 2xC=0), 179.9 (s, C-1),
170.9 (s, 6-COOCH(CHjy),), 167.6 (s, C-2), 136.4 (s, C-6), 125.5 (d, C-4), 121.7
(d, C-5), 113.8 (d, C-3), 72.1 (d, 6-COOCH(CHjy),), 55.5 (¢ , 2-OCHj), 21.8 (g,
6-COOCH(CH3),); and (i) n2-(4-methoxy-2-isopropoxycarbonylphenyl)-
tetracarbonylmanganese [(23); 229 mg, 39 %] a yellow oil which failed to
crystallize. IR: (hexane) v(CO) 2083 (m), 1994 (vs), 1991 (s), 1944 (s) cm'l
'H NMR: (300.13 MHz) (CDCly) § 7.82 (1H, d, J6 5=8.1 Hz, H-6), 7.28 (1H, d,
4J3 5=2.6 Hz, H-3), 7.15 (1H, dd, 3J5 ¢=8.1 Hz, “J; 3=2.6 Hz, H-5), 5.23 (1H,
m, 3J=6.2 Hz, 2-COOCH(CHy),), 3.83 (3H, s, 4-OCHj), 1.35 (6H, d, 3J=6.2
Hz, 2-COOCH(CHy),). 3C NMR: (75.47 MHz) (CDCl,) § 221.5 (s, br, C=0),
213.0 (s, br, C=0), 212.1 (s, br, 2xC=0), 179.6 (s, C-1), 171.5 (s,
2-COOCH(CHyg),), 157.5 (s, C-4), 141.2 (d, C-6), 135.2 (s, C-2), 122.6 (d, C-5),
113.1 d, C-3), 72.3 (d, 2-COOCH(CHjy),), 55.4 (¢, 4-OCH3), 21.8 (q,
2-COOCH(CHjy)y).



Orthomanganation of Isopropyl 3-acetoxybenzoate

Similarly prepared from PhCH,Mn(CO)g (595 mg, 2.079 mmol) and
isopropyl 3-acetoxybenzoate (24) (385 mg, 1.732 mmol) under reflux over 3
h was (i) n2-(4-acetoxy-2-isopropoxycarbonylphenyl)tetracarbonyl-
manganese [(26); 69 mg, 10 %] a yellow oil which failed to crystallize. IR:
(hexane) v(CO) 2083 (m), 1995 (s, br), 1944 (s) cm™l. 'H NMR: (300.13 MHz)
(CDCly) 6 7.93 (1H, d, J6 5-8 0 Hz, H-6), 7.46 (1H, d, J3 5=2.4 Hz, H-3), 7.17
(1H, dd, %J5 ¢=8.0 Hz, “J5 3=2.4 Hz, H-5), 5.23 (1H, m, 3J=6.2 Hz,
2-COOCH(CH3),), 2.31 (3H, s, 4-OCOCHj,), 1.35 (6H, d, 3J=6.2 Hz,
2-COOCH(CH,),). 13C NMR: (75.47 MHz) (CDCly) & 221.2 (s, br, C=0), 212.7
(s, br, C=0), 211.5 (s, br, 2xC=0), 180.2 (s, C-1), 179.3 (s, 4-OCOCH,), 169.7
(s, 2-COOCH(CHjy),), 148.1 (s, C-4), 141.4 (d, C-6), 135.6 (s, C-2), 127.2 (d,
C-5), 121.6 (d, C-3), 72.6 (d, 2-COOCH(CHy),), 21.8 (¢ , 2-COOCH(CHj3),),
21.2 (g, 4-OCOCHjy); and (ii) 1°-(2-acetoxy-6-isopropoxycarbonylphenyl)-
tetracarbonylmanganese [(25); 533 mg, 79 %] a yellow oil which failed to
crystallize. Anal. Found: C, 49.74; H, 3.53 %; C,gH30gMn calcd: C, 49.50;
H, 3.38 %. IR: (hexane) v(CO) 2090 (m), 2006 (s), 1994 (s), 1948 (s) cm’L. 1H
NMR: (300.13 MHz) (CDCly) 6 7.65 (1H, m, 2nd order coupling, H-5), 7.21-
7.15 (2H, m, 2nd order coupling, H-3,4), 5.23 (1H, m,3J=6.2 Hz,
6-COOCH(CH,),), 2.30 (3H, s, 2-OCOCH,), 1.36 (6H, d, 3J=6.2 Hz,
6-COOCH(CHjy),). 13C NMR: (75.47 MHz) (CDCly) § 220.9 (s, br, C=0), 213.5
(s, br, C=0), 210.5 (s, br, 2xC=0), 179.7 (s, C-1), 172.6 (s, 2-OCOCH3), 170.6
(s, 6-COOCH(CHgy),), 160.4 (s, C-2), 137.1 (s, C-6), 127.5 (d, C-5), 127.0 (d,
C-4), 125.5 (d, C-3), 72.7 (d, 6-COOCH(CHjy),), 21.8 (¢ , 6-COOCH(CH3y),),
21.1 (g, 2-OCOCH,).

Orthomanganation of Isopropyl thiophene-3-carboxylate

Similarly prepared from PhCH,Mn(CO)g (462 mg, 1.616 mmol) and
isopropyl thiophene-3-carboxylate (27) (250 mg, 1.469 mmol) under reflux
over 4.5 h was 112-(3-isopropoxycarbonylthien-2-yl)tetracarbonylmanganese

[(28); 306 mg, 62 %] which crystallized from hexane/diethyl ether as yellow
needles, m.p. 57.5-58 °C. Anal. Found: C, 43.09; H, 2.91 %; C;,HyOcMnS

caled: C, 42.87; H, 2.70 %. IR: (hexane) v(CO) 2093(m), 2007 (vs), 2002 (s),
1957 (s) cm'!. 'H NMR: (300.13 MHz) (CDCly) 8 7.42 (1H, d, 3J5 4=5.0 Hz,
H-5), 7.36 (1H, d,3J, 5=5.0 Hz, H-4), 519 (1H, m,3J= 6.2 Hg,
3-COOCH(CHjy),), 1.35 (6H, d, 3J=6.2 Hz, 3-COOCH(CH,),). 13C NMR:
(75.47 MHz) (CDCly) § 220.3 (s, br, C=0), 213.0 (s, br, C=0), 209.8 (s, br,
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2xC=0), 196.5 (s, C-2), 175.5 (s, 3-COOCH(CHj),), 136.8 (s, C-3), 132.5 (d,
C-4), 125.1 (d, C-5), 71.7 (d, 3-COOCH(CHjy),), 21.9 (g , 3-COOCH(CHj),).

Orthomanganation of Isopropyl thiophene-2-carboxylate

Similarly prepared from PhCH,Mn(CO)g (494 mg, 1.726 mmol) and
isopropyl thiophene-2-carboxylate (29) (267 mg, 1.569 mmol) under reflux
over 5 h was 112-(2-isopropoxycarbonylthien-3-yl)tetracarbonylmanganese

[(80); 202 mg, 38 %] a yellow oil which failed to crystallize. Anal. Found: C,
43.20; H, 3.01 %; C,;,HgOgMnS caled: C, 42.87; H, 2.70 %. IR: (hexane)

v(CO) 2088 (m), 2001 (vs), 1996 (s), 1950 (s) cm™ . TH NMR: (300.13 MHz)
(CDCly) 8 7.85 (1H, d, 3J; 5=4.6 Hz, H-4*), 7.47 (1H, d, 3J;5 4=4.6 Hz, H-5%),
5.19 (1H, m, 3J=6.3 Hz, 2-COOCH(CH,),), 1.35 (6H, d, 3J=6.3 Hz,
2-COOCH(CH,),). 13C NMR: (75.47 MHz) (CDCl,) 5 221.5 (s, br, C=0), 212.9
(s, br, C=0), 210.9 (s, br, 2xC=0), 194.3 (s, C-3), 175.4 (s, 2-COOCH(CHj),),
137.3 (d, C-5%), 136.4 (d, C-4%), 127.8 (s, C-2), 72.3 (d, 2-COOCH(CHj),), 21.9
(¢ 2-COOCH(CH,),).

Orthomanganation of Methyl 1,5-dimethyl-2-pyrrolecarboxylate

Similarly prepared from PhCH,Mn(CO)g (370 mg, 1.293 mmol) and
methyl 1,5-dimethyl-2-pyrrolecarboxylate (165 mg, 1.077 mmol) under
reflux over 3 h was n2-(N,5-dimethyl-2-methoxycarbonylpyrrol-3-

yltetracarbonyl-manganese [(31); 15 mg, 4 %] a yellow oil which failed to
crystallize. IR: (hexane) v(CO) 2086 (m), 2017 (m), 2000 (vs, br), 1937 (s)

cm'l.

Orthorheniation of 3-Acetyl-2,5-dimethylthiophene

Similarly prepared from PhCH,Re(CO)5 (636 mg, 1.525 mmol) and 3-
acetyl-2,5-dimethylthiophene (224 mg, 1.453 mmol) under reflux over 5 h
was 1°-(4-acetyl-2,5-dimethylthien-3-yl)tetracarbonylrhenium [(82); 236
mg, 36 %] which crystallized from pentane/chloroform as small yellow
plates m.p. 143-145.5 °C. Anal. Found: C, 31.85; H, 2.01 %; C;,HyO5SRe
caled: C, 31.93; H, 2.01 %. IR: (hexane) v(CO) 2093 (m), 1989 (s), 1983 (s)
1937 (s) cm™l. TH NMR: (300.13 MHz) (CDCl,) § 2.74 (3H, s, 5-CHy), 2.59
(3H, s, 2-CHjy), 2.41 (3H, s, 4-COCH,). 13C NMR: (75.47 MHz) (CDCly) 6
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207.9 (s, 4-COCHj), 194.0 (s, br, C=0), 192.0 (s, br, C=0), 188.3 (s, br,
2xC=0), 161.6 (s, C-3), 154.6 (s, C-5), 149.3 (s, C-4), 136.0 (s, C-2), 27.3 (q,
4-COCHy), 16.7 (g, 2-CHj), 15.5 (¢, 5-CH, ).

Orthorheniation of 3'4',5'-Trimethoxyacetophenone

Similarly prepared from PhCH,Re(CO)g (477 mg, 1.143 mmol) and 3',4',5'
trimethoxyacetophenone (200 mg, 0.952 mmol) under reflux over 6 h was
112-(6-acetyl-2,3,4-trimethoxyphenyl)tetracarbonylrhenium [(33); 239 mg,

41 %] which crystallized from pentane/chloroform as small yellow
crystals m.p. 144.5-146 °C. Anal. Found: C, 35.77; H, 2.83 %; C;sH,30gRe

caled: C, 35.50; H, 2.58 %. IR: (hexane) v(CO) 2093 (m), 1989 (vs), 1983 (s)
1946 (s) cm™’. 'H NMR: (300.13 MHz) (CDCly) § 7.23 (1H, s, H-5), 4.05 (3H, 5,
2-OCHy), 3.89 (3H, s, 3-OCHy), 3.83 (3H, s, 4-OCHy), 2.66 (3H, s, 6-COCHj3).
13C NMR: (75.47 MHz) (CDCly) & 217.7 (s, 6-COCHy), 192.6 (s, br, C=0),
191.8 (s, br, C=0), 187.8 (s, br, 2xC=0), 168.3 (s, C-1), 159.7 (s, C-2), 151.1 (s,
C-4), 150.0 (s, C-3), 140.0 (s, C-6), 112.3 (d, C-5), 61.0 (q, 2-OCHy), 60.0 (q,
3-OCHj), 56.4 (g, 4-OCHjy), 25.0 (g, 6-COCHj ).

A number of orthomanganation reactions did not yield any isolable
metalated product; details of the attempts are given below.

9-Acetylanthracene

Standard procedure from PhCH,Mn(CO)g (0.185 g, 0.648 mmol) and 9-

acetylanthracene (0.119 g, 0.540 mmol) in refluxing heptane (20 ml) over

48 h failed to yield any cyclometalated product. An infrared spectrum of
the crude reaction mixture showed only Mn,(CO),,.

9-Fluorenone

Similarly, PhCH,Mn(CO)5 (0.230 g, 0.806 mmol) and 9-fluorenone (0.121 g,

0.671 mmol) under reflux overnight gave no orthomanganated product.

Again infrared spectroscopy of the crude reaction mixture showed only
Mny(CO);p.



1-Indanone

Reaction of PhCH,Mn(CO)5 (0.322 g, 1.126 mmol) and 1-indanone (0.124 g,

0.938 mmol) with refluxing over 4.5 h, showed some signs of
orthomanganation by infrared spectroscopy and t.l.c., but
chromatography yielded no isolable metalated product.

Methyl 2,5-dimethyl-3-furoate

Reaction of PhACH,Mn(CO); (0.322 g, 1.126 mmol) and methyl 2,5-dimethyl-

3-furoate (0.130 g, 0.843 mmol) with refluxing overnight showed no signs
of metalated product.

Phenanthrenequinone
Standard procedure from PhCH,Mn(CO)g (0.514 g, 1.796 mmol) and

phenanthrenequinone (0.170 g, 0.816 mmol) under reflux over 3 h,
followed by workup by the normal method, gave a purple oil which
decomposed upon chromatography (p.l.c., 1:10 ether/petroleum spirit).
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Chapter Three

Reaction of Orthomanganated Ketones
with SO, and Related Cumulenes

3.1 Introduction

Insertion of unsaturated species into the manganese-carbon bond of
orthomanganated triphenyl phosphite has been reported for an alkyne
(Equation 3.1) [1], and has been implicated in the coupling reactions of
orthomanganated acetophenones with alkynes [2,3] (Equation 3.2), alkenes
[4] (Equation 3.3) and isocyanates [5] (Equation 3.4).

OPh OPh

o. [ _—opn 0\4’01’ h
— CO
., / + PhC=CPh C———) OC//,.Mn»\\\
Mn u\\\CO 4 I ‘
C co
oc? L Xco P
CO Ph
Equation 3.1
Me Ph
benzene
Mn(CO); + PhC=CPh ——> O‘ Ph
A
HO Me

Equation 3.2
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Me (o)

Mn(CO)s + CH,=CHCOOMe

Li;PdCly
(0]
CH, CH=CHCOOMe CH,CH,COOMe
+ +
Equation 3.3
Me

0\ CH,
Mn(CO); + RN=C=0 ——) ©:§N-R
(@)

R=Et, "Pr, p-tolyl

H,

Me
N-R

(0)
R=Et, "Pr

Equation 3.4

To extend the range of this type of reaction, we turned our attention to SOg
and unsaturated molecules that are related to SO,.

The cumulenes N-sulfinylamines (RN=S=0), the more electrophilic
N-sulfinylsulfonamides (RS(0),N=S=0) and disufinylsulfur diimides
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(RS(0)3N=S=NS(0);R), may be regarded as close electronic and structural
analogues of sulphur dioxide.

The insertion of SO, into the metal-carbon bond of coordinatively saturated

transition metal alkyls and aryls is one of the most systematically studied
and best understood reactions in organotransition-metal chemistry [6]. In
contrast to CO insertion, SO, insertion can, in principle, generate several

types of linkages (Figure 3.1).

0
Il 0o
M-S —R M-§—0—R  M—O-S—R M~ S—R
N7
[ il Il (o)
0 0 o)
(A) 3B © (1))
Figure 3.1

Although the usual product is the S-sulfinate (A), the O-alkyl-S-sulfoxylate
(B), the O-sulfinate (C) or the O,0'-sulfinate (D) may also be formed [6].

Wojcicki has reported striking similarities in the chemistry of the 0=S=0,
-N=S=0 and -N=S=N- cumulene systems in insertion reactions into the
metal-carbon o-bond of several types of transition metal-alkyl complexes.

SO, was found [7] to insert readily into the metal-alkyl carbon bond of
RM(CO)5; (M=Mn, R=Me, Et, CH,Ph; M=Re, R=Me, CHyPh) to yield the
S-sulfinato-pentacarbonyl-manganese(I) and -rhenium(I) complexes
RS(0),Mn(CO)5 and RS(0);Re(CO)5. In contrast, PhMn(CO)5 gave an
insertion product in low yield only under forcing conditions. Alkyl- and aryl-
cyclopentadienyliron dicarbonyls were also found to react with SO, to give
the corresponding S-sulfinato complexes [8]. Insertion is believed to go via
the O-sulfinate, which is too unstable to be isolated, before isomerising to
give the S-bonded sulfinate (Equation 3.5).

o
Il

M—R + SO, ———p M—O—?I—R _ M-?I—R
o o

Equation 3.5

The N-sulfinylamines, C¢H;;NSO and PhNSO, do not react with
MeFe(CO),Cp at ambient temperature; CgH,;NSO reacts with
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MeFe(CO)yCp in the presence of BF3 but no stable products have been
isolated [9].

By contrast under comparable conditions, the more electrophilic
N-sulfinylsulfonamides R'S(O),NSO insert into the Fe-R o-bond of

RFe(CO)L)Cp (L=CO, PPhg, P(OPh);) to yield N-bonded
M'{N[S(O),RIS(O)R} analogous to the M'[OS(O)R] from the SO, insertion
[9] (Equation 3.6).

Equation 3.6

These complexes rearrange upon warming or column chromatography to

isolable S-bonded linkage isomers, the propensity for which increases with
increasing basicity of the ligand, i.e. L=CO<P(OPh)3<PPh;.

Reaction between MeMn(CO)s and MeS(O);NSO afforded an insertion

product only stable at low temperature and assumed to contain an
Mn({N[S(0),Me]S(O)Me} fragment [10] (Figure 3.2).
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(COBMn_ S s,

N

\ _o
=S
=3

Me

Figure 3.2

Reaction of cis-MeMn(CO),(PPhg) with MeS(O);NSO gave a moderately

stable compound (Figure 3.3), which has been proposed to arise from
disproportionation of MeS(O),NSO to SO, and [MeS(O),N1,S followed by

insertion of the latter into the Mn-Me bond [10].

Figure 3.3

Insertion of [R'S(O);N]oS into M'-R bonds almost invariably yields
M'{N[S(O)oRIS(R)NS(O),;R’} products [10] (Equation 3.7).

C; S Fe S
Q //N/ \O o /l \N/ \O
Fe \
OC/l St S\\ — //s —R
N O N O
\s/< \s//

\ R “\R'
0 o)
Equation 3.7

Unlike M'[OS(O)R] and M'{N[S(O),R'S(O)R}, these complexes display no
tendency to undergo linkage rearrangement to the corresponding S-bonded
isomers upon heating.
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Mn(CO) (L) {N[S(O)sMelS(Me)NS(0),Me} (L=CO, PPhj) convert at room

temperature to the chelates (CO)3(L)Mn{N [S(O)2Me]S(Me)NS(O)2Me}
probably due to the lability of the ligated CO [10].

Herberhold and coworkers [11] also report the formation of N-
(tosyl)toluenesulphinimidato-S complexes [MCH{SR(NSO,R)O}(CO)(PPhg),]
from the sixteen electron compounds [MRCI(CO)(PPhg),] (M=Ru, Os;
R=CgH Me-4) with RS(0),NSO and tosyl-NSO. These are believed to be

stabilised by weak coordination of a sulphimide group.

No reaction was observed with the less electrophilic RNSO (R'=CgH Me-2,
CeH 4Me-4, ferrocenyl).

3.2 Discussion of Results

3.2.1 Reactions with SO,

Unlike the insertion reactions of SO and N-sulfinyl-amines or -amides into
iron-carbon o-bonds described by Wojcicki [10,12], orthomanganated
complexes behave differently towards SOq and its related cumulenes.

SO, was found to insert efficiently into the Mn-C,.,; bond of

orthomanganated acetophenone (2) (Equation 3.8), orthomanganated
p-methoxyacetophenone (39) and the orthomanganated thiophene n2-(2-
acetylthien-3-yl)tetracarbonylmanganese (40), to give the corresponding S-
sulfinato complex incorporating a six-membered chelate ring.

M Me
*\z0 o O~\Mn(CO),
2
Mn(CO)y C—) s/§0
55°C o
@ 7))
Equation 3.8

This reaction appears to be reversible, as 130.NMR overnight indicated

reversion of ~ 25 % of the product back to the orthomanganated precursor
due to extrusion of SO,. No such reversion was observed when the
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S-sulfinato complexes were stored at low temperature either in the
crystalline form or in solution.

The insertion product is believed to be formed by an electrophilic cleavage
process, involving backside electrophilic attack of SO, at the a-carbon [6].
This is depicted in Scheme 3.1. The resultant ion-pair (1) then combines to
yield the neutral product (3) directly or via an intermediate O-bonded
complex (2), this O-sulfinate being too unstable to be isolated [8].

-0 Qs- #
4 5+ A
M—R + S — M-- R---S.
\ \.
-0 Os.

M—O-S—R

I “——=- M'OSR ()

@ X g;

M-S—R @)

I

S
I
o)

Scheme 3.1

A similar reaction scheme can also be envisaged for the insertion of SO, into
the Mn-C,,,) bond of orthomanganated ketones (Scheme 3.2).

The facile insertion of SO, into the Mn-C, ; bond of the orthomanganated
ketone contrasts with the sluggish insertion of SO, into the Mn-Caryl bond
of PhMn(CO)jg reported by Wojcicki et al [7]. Presumably this is due to the
increased electron density at the aryl carbon for the orthomanganated

compound as a result of coordination to manganese by the oxygen which is a
n-donor rather than a n-acceptor.
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Mn(C0)4
M“(CO)4 8- — (l)' - (u)
v
5+ S/ O (l)
5- O

(ii)

y |

M
€ O\\/Mn (CO)4 MI](CO)4
S‘§O s—O
b &
6 1))

Scheme 3.2

3.2.2 Reactions with PhNSO

In contrast, reaction of PhNSO with a number of orthomanganated
acetophenones led to the formation of the corresponding orthomanganated
imine presumably via SOy elimination (Equation 3.9).

Ph

Me Me /
x benzene
n(CO); + PhN=S=0 C——) Mn(CO)s + SO,
A

@ 38
Equation 3.9

In this case, therefore, attack at the carbonyl functional group takes
precedence over insertion into the Mn-Cary] bond. This is possibly due to the

fact that for PhANSO the nitrogen atom is a better nucleophile than the
oxygen in SOg. The carbon atom of the donor carbonyl group would also be
particularly susceptible to nucleophilic attack, electron density being drawn
away by the manganese atom.
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The formation of the orthomanganated imine may occur by the route
depicted in Scheme 3.3.

o)
Ph Z
\ g}s
Me, (X Mc+ O(
/_\ Mn(CO)y c— Mn(CO)4
Ph-N=S$=
@
@)
¥
Ph Py Ph s?Z
S AN
Me. / o7 N (.[
N M/ Me (o)
n(Co)y, = (CO),
Ph
Me /

Mn(CO); + SO,

38)

Scheme 3.3

A similar reaction has been reported for N-sulfinylaniline with
benzaldehyde on heating to give benzylideneaniline [13] (Equation 3.10).
However we found that the corresponding reaction with acetophenone did
not proceed. This is perhaps not surprising as aldehydes generally undergo
nucleophilic attack more readily than ketones. Coordination of the carbonyl
group to manganese may polarise the ketone carbonyl to render it
sufficiently susceptible to nucleophilic attack.
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/Ph
H
(0] A N
+ PhN=S=0 ———) + SO,

Equation 3.10

An alternative reaction that must be considered is the hydrolysis of the
moisture sensitive PhNSO to PhNH, followed by nucleophilic attack at the
ketone carbon to give the same product. Under the reaction conditions
employed, however, this would be extremely unlikely, the reactions being
conducted under nitrogen in rigorously dried and degassed solvent. This is
further supported by the results of another worker at Waikato [14] who
found that under identical conditions, reaction of orthomanganated
acetophenone and aniline fails to afford the corresponding imine, the
starting materials and Mny(CO), o only being recovered.

To ascertain the generality of the imine-forming reaction a range of
orthomanganated compounds were reacted with PhNSO but with only
limited success.

The orthomanganated acetophenones mn2-(2-acetylphenyl)-
tetracarbonylmanganese (2), n2-(2-acetyl-3-chlorophenyl)tetracarbonyl-
manganese (16), n2-(2-acetyl-5-methoxyphenyl)tetracarbonylmanganese
(39) and n2-(2-acetyl-3,4,5-trimethoxyphenyl)tetracarbonylmanganese (35)
all afforded the corresponding orthomanganated imine in reasonable yield.

It was somewhat surprising then that n2-(6-acetyl-2,3-methylenedioxy-
phenyl)tetracarbonylmanganese (17) failed to yield the expected product.
There does not appear to be any reason for the difference in reactivity
between this compound and the other substituted acetophenones.

There also appears to be no obvious reason for the failure of 1n2-(2-
acetylthien-3-yl)tetracarbonylmanganese (40) to react. Reaction was
observed for n2-(4-acetyl-2,5-dimethylthien-3-yl)tetracarbonylmanganese
(41), though the resulting imine proved to be unstable, decomposing on
workup.
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N2-(1-Phenylbut-1-ene-3-on-1-yl)tetracarbonylmanganese (42) also failed to
react, implying there is no corresponding reactivity in o,B-unsaturated
ketone systems.

Benzophenone systems are also not reactive if the polycyclic example, n2-4-
(dibenzosuberonyl)tetracarbonylmanganese (11) is typical of this class of
substrate.

The orthomanganated ester, n2-(5-methoxy-2-methoxycarbonylphenyl)-
tetracarbonylmanganese (19), failed to react as is consistent with lower
reactivity of esters than ketones with nucleophiles.

Reaction of PhCH,Mn(CO)5; and PhNSO in refluxing benzene gave rise to
an unstable insertion product, which decomposed within a matter of hours.
The IR spectrum in the v(CO) region showed absorption bands at 2076 (w),
1993 (vs), 1977 (s) and 1936 (s) cm™1, consistent with the presence of a cis-
tetracarbonyl species.

A similar reaction between MeMn(CO); and MeS(O),NSO at -25 °C

reported by Wojcicki [10], also gave an unstable insertion product assumed
to contain an Mn{N[S(0),Me]S(O)Me} fragment (Figure 3.5).

Figure 3.5

On this basis, we can suggest formation of an analogous intermediate
followed by chelation with loss of a CO ligand to give a cis-tetracarbonyl
species (Figure 3.6). This is conceivable as more forcing reaction conditions
were employed than those used by Wojcicki, but were necessary for any
reaction to occur at all.



95

(o)
2\

I
Ph

Figure 3.6

Another possibility is the structure shown in Figure 3.7. Wojcicki reported a
complex of this type following the reaction of MeMn(CO),PR3 and
MeS(0),NSO [10]. This reaction product was assumed to arise from the
disproportionation of SO, and [MeS(O)yN1,S followed by insertion of the
latter into the Mn-Me bond. The same complex was obtained by direct
reaction of [MeS(O)yN1,S and MeMn(CO),PR3. MeMn(CO); and
[MeS(O)oN],S also afforded a complex of this type with absorption bands in
the v(CO) region at 2145 (w), 2045 (s), 1950 (s) and 1930 (s) em’l,
lPh
RSN Clzo.«“‘b«{\
Mn" .S—CH,Ph
OC/ | ‘N/
Cco \
Ph

Figure 3.7

Since Wojcicki found that substitution of L=PR3 for a CO group resulted in
the formation of stable MeS(0),NSO insertion products for MeM(CO),(L)Cp
(M=Mo, W) and MeMn(CO),(L), the reaction of cis-PhCH,Mn(CO),PPh4
with PhNSO was conducted in an attempt to isolate an analogous complex.

However this reaction was not successful, the starting materials only being
recovered.

Reaction of PhMn(CO); and PhNSO also failed to afford any insertion

product. This was however not unexpected as aryl-metal bonds are
generally less reactive than alkyl-metal bonds towards insertion reactions.

3.2.3 Reactions with PhS(0)sNSO and [PhS(O)gN]eS

Reaction of N-sulfinylsulfonamide and the disulfinylsulfur diimide with
orthomanganated p-methoxyacetophenone (39) showed no reaction under
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the conditions employed. If our assumption that the analogous reaction with
PhNSO occurs by nucleophilic attack is correct, this is hardly surprising as
electron withdrawal by the sulfonamide group would appreciably decrease
the nucleophilic character of the nitrogen atom.

N-sulfinylsulfonamides have been reported to react on heating with
aldehydes having no a-hydrogen atoms, to give SO9 elimination and the

N-sulfonylimine [15] (Equation 3.11).
R-SO,-NSO + R-CH=0 t————) R-SO,-N=CH-R' + SO,
Equation 3.11

The reaction is often catalysed by AlCl3, BF3, HCI or similar substances, all
of which would render the aldehyde more susceptible to nucleophilic attack.

The only sulfodiimides whose reactions with polar multiple bonds have so
far been investigated are the di-t-alkyl-substituted compounds. The
sulfodiimides, like the N-sulfinylsulfonamides also react with aromatic
aldehydes to form imines [13] (Equation 3.12).

R-N=S=N-R + Ar-CH=0 —————) R-N=CH-Ar + O=S=N-R

R=t-alkyl

Equation 3.12

3.3 X-Ray Crystal Structure of 112-(2-Acetyl-5-
methoxyphenylsulphonyl)tetracarbonyl-
manganese (43)

The X-ray crystal structure of n2-(2-acetyl-5-methoxyphenylsulphonyl)-
tetracarbonylmanganese (43) was determined to characterise the reaction

product between orthomanganated p-methoxyacetophenone (39) and liquid
SO,. The structure was of interest, as an SO, insertion reaction would give

a novel six-membered chelate ring incorporating an O, Mn and S atom. No
related structures of this type have been previously reported.
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3.3.1 Results of Preliminary Studies

Yellow plates were obtained by crystallization by vapour diffusion of
pentane into a saturated dichloromethane solution of (48) at 4 °C.
Preliminary precession photography indicated triclinic symmetry, P1 was
assumed to be the space group and this was confirmed by the successful
refinement.

3.3.2 Data Collection

Intensity data were obtained on a Enraf-Nonius CAD4 automatic four-circle
diffractometer at the University of Auckland.

Crystal Data

M,=380.23

Crystal class=triclinic; Space group=P1
a=6.426 (1), b=9.045 (4), c=13.767 (2) A
a=97.37 (2)°, p=103.16 (1)°, y=78.45 (2)°

U=760.6 (4) A3

D, ,.=1.66 gcm™

calc
Z=2
F(000)=384

-1
Hu(Mo-K,)=9.69 cm

A total of 2798 reflections in the range 0°<6<25° was collected of which 2576

were unique. These were corrected for Lorentz and polarisation effects and
for linear absorption by a ¥ scan method. Of these, 2392 had I>26(I) and

were used in all calculations.
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3.3.3 Solution and Refinement

The position of the Mn atom was revealed by automatic analysis of the
Patterson map using SHELXS-86. All other non-hydrogen atoms were
revealed by a subsequent difference map phased on the Mn atom. In the
final cycle of full-matrix least-squares refinement all non-hydrogen atoms
were assigned anisotropic temperature factors and H atoms were included
in their calculated positions with common isotropic temperature factors for
each type.

The refinement converged with R=0.0401, R,,=0.0413 where w=[c(F)? +
0.000174F2]'! and with no parameter shifting more than 0.02¢. A final
difference map was featureless bar a ripple of electron density around the
manganese atom + 0.8 e A3,

Bond lengths and angles are presented in Tables 3.1 and 3.2. Tables of final
positional parameters, thermal parameters and calculated H-atom positions
are presented in Appendix IV.

Figure 3.8 shows perspective and side views of (43) and illustrates the atom
labelling scheme.

3.3.4 Discussion of the Structure

Insertion of SO, into the Mn-Caryl bond of orthomanganated p-methoxy-
acetophenone (89) leads to the formation of a six-membered metallocyclic
ring which differs considerably in geometry from that of its five-membered
precursor.

Previously reported orthomanganated compounds incorporating a five-
membered chelate ring are all essentially planar and exhibit remarkably
constant geometry about the metallocycle. In contrast the metallocyclic ring
of (43) shows considerable deviation from planarity (see Figure 3.8 side
view). The ring can be defined by two planes: plane 1 comprising the atoms
C(5), C(7), C(8) and S, and plane 2 defined by the atoms S, Mn, O(5), C(2),
0(2), C(1) and O(1) with a dihedral angle between the planes of 50.05(7)°.
This pronounced fold presumably arises from the requirement for the S
atom to assume tetrahedral geometry. As a result the metallocycle can no
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Figure 3.8 Perspective and Side Views of 112-(2-Acetyl-5-
methoxyphenylsulphonyl)tetracarbonylmanganese (43)
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Table 3.1 Bond Lengths (A) for n*-(2-Acetyl-5-
methoxyphenylsulphonyl)tetracarbonylmanganese (43)

Mn(1) ---S(1)
Mn(1) ---O(5)
Mn(1) ---C(1)
Mn(1) ---C(2)
Mn(1) ---C(3)
Mn(1) ---C4)
S1) ---0(6)
S1) -0
S(1) ---C(8)
0(1) --CQ)
0@2) --C2)
0@3) --C@3)

2.270(1)
2.023(2)
1.873(3)
1.788(3)
1.882(3)
1.883(3)
1.456(2)
1.460(2)
1.820(3)
1.124(4)
1.157(4)
1.121(4)

04) --C4)
o) ---C(5)
0(8) ---C(10)
o) ---C(13)
C(5) ---C(6)
C() ---C(7)
C(7) ---C(8)
C(7) ---C(12)
C(8) ---C(9)
C(@) ---C(10)

C(10) ---C(11)
C(11) ---C(12)

Table 3.2 Bond Angles (°) for 1°-(2-Acetyl-5-
methoxyphenylsulphonyl)tetracarbonylmanganese (43)

-Mn(1) -O(5)
-Mn(1) -C(1)
-Mn(1) -C(2)
-Mn(1) -C(3)
-Mn(1) -C4)
-Mn(1) -CQ1)
-Mn(1) -C(2)
-Mn(1) -C(3)
-Mn(1) -C4)
-Mn(1) -C(2)
-Mn(1) -C(3)
-Mn(1) -C4)
-Mn(1) -C(3)
-Mn(1) -C4)
-Mn(1) -C4)
-0(6)
-0(7)
-C(8)
-0(7)
-C(8)
-C(8)

-S(1)
-S(1)
-S(1)

83.5(1)
173.8(1)
93.2(1)
90.0(1)
88.3(1)
90.4(1)
175.7(1)
93.6(1)
88.2(1)
92.8(1)
91.7(1)
90.1(1)
89.0(1)
89.0(1)
177.4(1)
111.8(1)
115.9(1)
104.7(1)
115.0(1)
103.4(1)
104.2(1)

Mn(1) -O(5) -C(5)
C(10) -O(8) -C(13)
Mn(1) -C(1) -O(1)
Mn(1) -C(2) -O(2)
Mn(1) -C(3) -O(3)
Mn(1) -C(4) -O4)
0®5) -C(5) -C(6)
0®5) -C(6) -C(M
C6) -C) -C(7)
C(6) -C(7) -C(8)
C®) -C(7) -C(12)
C@®) -C(7M -C12)
S(1) -C(8) -C(7)
S(1) -C(8) -C(9)
C(7) -C(8) -C(9)
C@®) -C(9) -C(10)
0(8) -C(10) -C(9)
0@®) -C(10) -C(11)

C(9)
C(10)
C(

-C(10) -C(11)
-C(11) -C(12)
-C(12) -C(11)

100

1.123(4)
1.244(3)
1.353(4)
1.432(4)
1.504(3)
1.464(4)
1.406(3)
1.400(4)
1.379(4)
1.393(4)
1.395(4)
1.369(4)

136.4(2)
118.1(3)
176.3(3)
178.5(3)
175.5(3)
176.4(3)
116.3(2)
123.1(2)
120.6(2)
122.5(2)
120.3(2)
117.2(2)
121.3(2)
116.8(2)
121.7(2)
119.4(3)
124.5(3)
115.5(3)
120.0(3)
119.9(3)
121.8(3)
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longer be viewed as a pseudoaromatic species exhibiting delocalised x-
bonding over a planar ring.

The phenyl ring and p-methoxy group form a planar system (plane 3) which
is almost coplanar with plane 1, leading to a dihedral angle of only 3.08(8)°.

Coordination about the manganese atom is essentially octahedral,
distortions from ideal geometry being far less pronounced than for
previously reported cyclomanganated species with five-membered rings.

The axial carbonyls are essentially perpendicular to the plane defined by
the equatorial ligands about manganese, with deviation from 90° of only
2.6°. This contrasts with most other C,,-Mn-C,, bond angles reported for
orthomanganated complexes where the folding of the axial carbonyls
towards the ring carbon bonded to manganese is usually very pronounced.
C.x-Mn-C,, bond angles of 169.6(1)° [16,17], 168.9(2)° [18] and 168.7(2)°
[18] are usually typical of these compounds.

The six-membered ring allows a wider chelate bite (83.5(1)°) than those
reported for corresponding five-membered chelate ring incorporating
structures (78-80°). In Table 3.3, the bond distances and angles about the
metal coordination sphere are tabulated and compared with the
corresponding distances and angles reported for orthomanganated

acetophenone (2) and the cyclic S-sulfinate (OC)41'VInPPh2(CH2)3302.

The C(5)-O(5)-Mn bond angle of 136.4(2)° in (43) is markedly different from
that reported for (A) 116.5(2)°, and deviates considerably from that expected
for ideal sp? hybridised geometry. This opening of the bond angle suggests
an increase in s-character in the C(5)-O(5) and O(5)-Mn bonds, which would
account for some shortening over these bonds.

The geometry about manganese can be rationalised by the replacement of
the sp2 C in (A) by the more electronegative SO, group in (43). This would

have the effect of withdrawal of electron density from manganese, making it
a better c-acceptor from oxygen leading to the shortest yet reported Mn-O

distance in a cyclomanganated complex.

The withdrawal of electron density from manganese would make it a poorer
n-donor. This is evident from the longer Mn-CO distances in this compound,
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Table 3.3 Selected Bond Lengths (A) and Bond Angles (9 of
172-(2-Acetyl-5-methox_yphenylsulphonyl)tetracarbonylmanganese 43)

and Related Compounds
ve 5V ' ,éo Me, o N
¥ 2 é,Mn(CO)4 —Mn(CO),
é%’ Yo [19] 50 20
OMe
43 (A) ®B) ©
Mn-S 2.270(1)
Mn-O(5) 2.023(2) 2.055(2)
C(5)-0(5) 1.244(3) 1.244(3) 1.216(2) 2.312(2)
C(5)-C(D) 1.464(4) 1.455(3) 1.494(2)
C(7)-C(8) 1.406(3)
Mn-C(1) 1.873(3) 1.849(3) 1.807(9)
Mn-C(2) 1.788(3) 1.786(3) 1.820(9)
Mn-C(3) 1.882(3) 1.857(3) 1.852(9)
Mn-C(4) 1.883(3) 1.856(3) 1.889(9)
0(5)-Mn-X 83.5(1) 79.4(1)
(X=S,C)
C(5)-0(5)-Mn 136.4(2) 116.5(2)
C(7-C(5)-0(5) 123.1(2) 117.5(2)
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and also presumably from both the constant upfield shift in the 13C-NMR
resonances of the metal-carbonyls, and the shift to higher wavenumbers in

the metal-carbonyl region of the IR spectrum which reflects an increase in
the CO bond order (Table 3.4).

Table 3.4 13C-NMR and Infrared M-C=0 Data for
112-(2-Acetyl-5-methoxyphenylsulphonyl)tetracarbonylmanganese
(43) and Related Compounds

1I3C.NMR M-C=0 3
(CDCly) 5 ]

43) 214.6, 209.1, 2x 205.8 2111 (m), 2039 (s), 2020 (s), 1986 (s)
(CH,Cl,)

(A) 221.0, 213.6, 2x 211.6 2081 (m), 1993 (vs), 1945 (s)
(hexane)

(o)) | 2095 (m), 2040 (s), 2003 (vs),

1991 (s) (CH,Cl,/CCl, /1)

The Mn-S distance of 2.270(1) A is considerably shorter than that reported
for the six-membered cyclic S-sulfinate (C), 2.312(2) A. Presumably this is
due to increased electron withdrawal from manganese to sulphur in (43), as
a result of coordination to electronegative oxygen in (43) compared to the
larger and less electronegative phosphorus atom in (C).

The C(5)-O(5) bond length of 1.233(3) A is ~0.03 A longer than the
uncoordinated carbonyl distance in free acetophenone, and is identical to
that reported for (A). Whereas this decrease in double bond character is
rationalised by n-delocalisation over the entire metallocycle in (A), for (43) it
may be explained by electron withdrawal to manganese due to the effect of
the electronegative SO, group, tempered with a shortening of the bond due
to the widening of the C(5)-O(5)-Mn bond angle implying increased
s-character in the bonding hybridisation scheme.
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The geometry over the remainder of the molecule in (48) is similar to other
delocalised organic systems, and suggests delocalisation over the planar
part of the molecule.

The complete structure may be rationalised by the following contributing
resonance forms (Scheme 3.4).

Me (‘O\Mn<c0)4 Me O/Q/Mn(cou

S/‘) l S
=0 =0
i\ R i
( O\ 0
|
(o 0
Me Me
Me O\ + Me 0] y
Mn(CO), | > }VIn(CO)4
=0 ?\§O
(@)
o o
N N
Me Me
Scheme 3.4

As the ketone carbonyl group is rotated 24.5(1)° out of the plane defined by
the atoms C(7), C(5) and O(5), we would not expect a great degree of
delocalisation of electron density from the p-methoxy group through to the
ketone oxygen atom due to poor p-orbital overlap. Nevertheless, bond length
data seems to suggest some overlap is possible as is evident from the short
C(10)-0(8) and C(7)-C(5) bonds.
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3.4 X-Ray Crystal Structure of
n2-3-Chloro-2-[1-(N-phenylimino)ethyl]-
phenyltetracarbonylmanganese (44)

The crystal structure of n2-3-chloro-2-[1-(N-phenylimino)ethyl]-phenyl-
tetracarbonylmanganese (44) was determined to characterise the reaction
product between orthomanganated 2'-chloroacetophenone (16) and PhNSO.

3.4.1 Results of Preliminary Studies

Yellow prismatic crystals were obtained by recrystallization from

chloroform/hexane (1:10) at -20 °C. Preliminary precession photography
(Cu-K, A=1.5418 A) indicated monoclinic symmetry with systematic

absences appropriate for the space group P2,/c.

3.4.2 Data Collection

Intensity data were obtained on a Nicolet XRD P3 four-circle diffractometer
at -105 °C with monochromated Mo-K, radiation.

Crystal Data

Formula=C,gH,,0,CINMn

M,=395.69

Crystal class=monoclinic; Space group=P2,/c
a=8.564(2), b=21.544(6), c=10.055(4) A
B=111.98(2) °

U=1720(1) A3

D,,=1.53 g cm™

Z=4

F(000)=800

n(Mo-K,)=8.78 cml
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A total of 4887 reflections in the range 4°<20<50° was collected,

corresponding to 3020 unique reflections. These were corrected for Lorentz
and polarisation effects and for linear absorption by a ¥ scan method. Of
these, 2532 had I>30(I) and were used in all calculations.

3.4.3 Solution and Refinement

The heavy atom positions (all 25 non-hydrogen atoms) were located by the
TREF option of SHELXS-86. In the final cycle of full matrix least-squares
refinement, all non-hydrogen atoms were assigned anisotropic temperature

factors and hydrogen atoms were included in their calculated positions. The
refinement converged with R=0.0282, R, =0.0276 where w=[c2(F) +

0.000122 F2]'1. No parameter shifted by more than 0.0066 in the final cycle.

The final difference map showed no peak or trough of electron density
greater than 0.30 e A

Bond lengths and angles are presented in Tables 3.5 and 3.6. Tables of final
positional parameters, thermal parameters and calculated H-atom positions
are presented in Appendix V.

Side and perspective views of the structure are illustrated in Figure 3.9,
along with the atom labelling scheme.

3.4.4 Discussion of the Structure

On solving the crystal structure it was apparent that the insertion product
of the reaction was an orthomanganated imine and that insertion into the
Mn-Caryl bond had not occurred. This is the first crystal structure of a
cyclomanganated imine derived from an aryl ketone, the only other closely
related compound being a cyclomanganated imine formed from the Schiff
base benzylideneaniline [21].

In the resulting complex (44), the manganese atom is coordinated in a
distorted octahedral configuration with the chelate ligand and two carbonyl
ligands in the equatorial plane, while the axial positions are occupied by the
other two carbonyl ligands. The ligand is bound via a metal-nitrogen bond
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Figure 3.9 Side and Perspective Views of r)2-3-Chloro-2-[ 1-(N-
phenylimino)ethyl]-phenyltetracarbonylmanganese (44)

H(4)
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Table 8.6 Bond Lengihs (A) for 1°-3-Chloro-2-[1-(N-
DPhenylimino)ethyl]-phenylieiracarbonylinanganese (44)

Mn(1) ---N(1)
Mn(1) ---C(1)
Mn(1) ---C(15)
Mn(1) ---C(16)
Mn(1) ---C(17)
Mn(1) ---C(18)
Cl1) ---C@3)
NQ1) ---C(7)
N1) ---C(9)
c1) --C(2)
C(1) --C(6)
C(2) --C@3)
C(2) ---C(7
C@) --C4)

2.041(2)
2.040(2)
1.843(2)
1.854(2)
1.848(2)
1.804(2)
1.750(2)
1.300(3)
1.439(3)
1.422(3)
1.401(3)
1.399(3)
1.477(3)
1.386(3)

C(4) ---C(6)
C(5) ---C(6)
c(7n ---C(8)
C(©9) ---C(10)
C@9) ---C(14)
C(10) ---C(11)

C(11) ---C(12)
C(12) ---C(13)
C(13) ---C(14)
C(15) ---0O(15)
C(16) ---O(16)
c(17) ---0(17)
C(18) ---O(18)

1.381(3)
1.383(3)
1.499(3)
1.390(3)
1.379(3)
1.384(3)
1.381(3)
1.382(4)
1.386(3)
1.143(3)
1.137(3)
1.137(3)
1.154(2)

Table 3.6 Bond Angles (9 for 1°-3-Chloro-2-[1-(N-
phenylimino)ethyl]-phenyltetracarbonylmanganese (44)

N(1)
N(1)
N(1)
N(1)
N(®1)
C(1)
C(1)
C(1)
C(1)
C(15)
C(15)
C(15)

-Mn(1) -C(1)
-Mn(1) -C(15)
-Mn(1) -C(16)
-Mn(1) -C(17)
-Mn(1) -C(18)
-Mn(1) -C(15)
-Mn(1) -C(16)
-Mn(1) -C(17)
-Mn(1) -C(18)
-Mn(1) -C(16)
-Mn(1) -C(17)
-Mn(1) -C(18)
C(16) -Mn(1) -C(17)
C(16) -Mn(1) -C(18)
C(17) -Mn(1) -C(18)
Mn(1) -N(1) -C(7)
Mn(1) -N(1) -C(9)
C(1) -N(1) -C9)
Mn(1) -C(1) -C(2)
Mn(1) -C(1) -C(6)
C(2) -CQ1) -C(6)
C(1) -C@2) -C@3)
c1) -C@) -C(7

78.1(1)
90.2(1)
94.4(1)
90.0(1)
173.7(1)
83.2(1)
172.4(1)
84.7(1)
95.7(1)
96.6(1)
167.6(1)
89.2(1)
95.7(1)
91.9(1)
89.3(1)
119.8(1)
118.6(1)
121.6(2)
114.7(1)
126.8(2)
118.5(2)
118.6(2)
113.7(2)

C@3)
Cl(1)
Cl(1)
C(2)
C@3)
C4)
C(1)
N(1)
N1
C(2)
N(1)
N(@1)
C(10)

-C(2)
-C(3)
-C(3)
-C(3)
-C4)
-C(5)
-C(6)
-C(7)
-C(7)
-C(7)
-C(9)
-C(9)

-C(7)
-C(2)
-C@4)
-C4)
-C(5)
-C(6)
-C(5)
-C(2)
-C(8)
-C(8)<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>