Sheffield
Hallam
University

#'$$ %$8'(&)$

#'$$ %$&'(&)$ #'$$ %$
# o+ - #



http://shura.shu.ac.uk/information.html




+
- (

+( 0

( 1
##234 56.
¢ C- - (
L, &
5 & ( &

2

+)

## $%& %

+ -

) -

( 71()

#H#2.

50

, t)

% (

2



A KINETIC TEMPLATE EFFECT IN

ARYLPHOSPHONIUM SALT FORMATION

by

PAUL EDWARD CROPPER BSc., C.Chem., MRSC

A Thesis submitted to the
Council for National Academic Awards
in partial fulfilment of the requirements for the

Degree of Doctor of Philosophy

Sponsoring Establishment

Department of Chemistry
Sheffield City Polytechnic

Collaborating Establishment

Imperial Chemical Industries Plc
(Organics Division)

April 1988






NDU LI L

A Kinetic Template Effect in Arylphosphonium

Salt Formation

by Paul Edward Cropper

This thesis describes studies of a "kinetic template
effect" which assists the formation of arylphosphonium
salts from aryl halides and tertiary phosphines in the
presence of a transition metal halide catalyst in refluxing
ethanol. The "kinetic template effect" arises from the
presence in the aryl halide of a limited range of ortho-
substituents capable of intramolecular coordination with
the metal at a critical stage of the reaction.

In Chapter One, the "kinetic template effect" is
compared with the better known "thermodynamic template
effect". Earlier work on related "kinetic template effects"”
in the formation of aryl-phosphorus bonds is reviewed.

The evidence for the possible involvement of aryl-metal
intermediates in such reactions is also discussed.

Chapter Two is concerned with the design and synthesis
of potential template molecules. A model is proposed
for the features necessary in the template substituent
in terms of the nature and position of the donor atom
or group essential for the replacement of the ortho-halogen
under mild conditions.

Chapter Three describes a kinetic study of the nickel
(II) catalysed reactions of ortho-haloaryl Schiff's base
and ortho-haloarylazo-dyestuff templates with tertiary
phosphines. A rate law is deduced which indicates a first
order dependence in each reactant, i.e. rate o [template]
[phosphine] [catalyst], an overall third order expression.
Rate studies also indicate that the nature of the ortho-
halogen is important, the order of replacement being I>Br>Cl.
The effects of substituents remote from the ortho-haloaryl
template are also considered. A mechanistic scheme consistent
with the rate data is proposed.

The X-ray crystal structures of two arylphosphonium
salts derived from template aryl halides are discussed
in Chapter Four, providing unequivocal proof that the position
of replacement of halogen in substrates bearing more than
one replaceable halogen, in different positions, is ortho with
respect to the template donor group.
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1.1 COORDINATION TEMPLATE EFFECTS

The reactions of coordinated ligands have been studied
periodically since before the time of Werner.! However,
only in the last 25 years has it been recognised that a
metal ion should be able to exert a strong influence on
the reactions of coordinated ligands, compared with those
of the uncoordinated ligand, by causing changes in the
ligand charge distribution. Having a metal present may
lead to the enhancement of a particular reaction of the
cobrdinated ligand or force a given reaction to occur by
a different mechanism, or give a product not attainable
without prior metal coordination. In addition, metal
coordination may exert a "template effect", i.e. the
coordination of ligands may place them in the correct
geometry for their later union, thereby overcoming an
unfavourable AS term for the reaction in the absence of
the metal ion. Alternatively, metal coordination may
stabilize a particular téutomer, which might not be stable

or of little significance in the absence of the metal.

Two types of coordination template effect have been
recognised. They are the "thermodynamic (or equilibrium)
template effect" and the less common "kinetic template

effect".

The "thermodynamic template effect" essentially
involves the stabilization of an intermediate product in
a thermodynamically directed process, i.e. it appears

highly likely that these systems involve the sequestration



%( #  )%S$" # %( *& -"I'1 )T ) X #1%& + 1 +%"'$
1& # * &  %( * #*' 1%& .% %& #% # (%) *#!%& %(
* $I(() &# (1&* ,)%S$" #C |/ 21

3%, 6

|y * (%) C</C8<, )!$ 'l &>%# 1*>%'1& /2
+ 11 % #*1& $ %&$ & *#!1%& %( C<* 1&% &> & # ! %'
+1# , )1$1& <C< *) %:*'$ $ =~

( A
@2||> ,
e 7
(- + ,
&>%# 1*>%'1& /21 | 1& -"1'L )" +1# #
H*X"#% ) I((= * JC1
6 7

647



If the above reaction is carried out in the presence
of a transition metal acetate; dark red Schiff's base
complexes (3) of the Schiff's base tautomer (2) precipitate

out.

) <fi>
+ |
SH  OHCSN N

MOAG), M< N 2AcOH

(M=Ni Zn or Cd) S

(3]

The "kinetic template effect" occurs when a metal
ion holds groups within a substitution - inert complex
in a proper array to facilitate a stereochemically selective
multistep reaction, with the succession of reaction steps
being determined by the metal ion.® (Scheme 2)
- -
/‘\ /_\
X A B

N N
\

A/ B
NS N

(Scheme 2)



This effect is illustrated byithe use of planar nickel
(II) mercaptoethylimino complexes of type (4) where the
terminal mercapto groups are held in cis-planar positions
during the course of two'step reactions with o, a~dibromo-

o-xylene to give the macrocycle (5)
FHCHy

R
o ¢N\ ./S CH.Br
N CH,Br

(4) | CHzc\Hz
R S
~cF \ / “CH,
| E3r2

C/C / \ CH2

(:Hch2
(5)

Examples of this type of "template effect" are

extremely rare, except in the area of metalloenzyme
chemistry. A specific example is provided by the group

of enzymes known as Carboxypeptidases. These enzymes are
zinc-containing globular proteins of RMM ~ 35,000, which
contain 1 mole of zinc per mole of enzyme. There are
several forms of these enzymes which differ from each other
in terms of the number of amino-acid residues in the chain

(300-307). The enzyme carboxypeptidase A has received

- 5 -



most study. Its activity is directed specifically to the
hydrolytic cleavage of the C-terminal amino-acid residue
of a peptide or protein. The enzyme is ellipsoidal in
shape, containing a cleft in which resides the zinc and
this, in fact, is the active site. X-ray studies show
that the zinc (II) ion is involved in coordination to two
histidine (His 69 and His 169), one glutamic acid (Glu 72)
and one water molecule in a four-coordinate tetrahedral

complex 7(6).

C
// \
(CHa ) 5614 72

(6)

When the substrate enters the active site, the water

His 69 0

molecule is displaced from the zinc, and the substrate
is coordinated via an amide cérbonyl group to the zinc
ion. Some very subtle conformational changes occur in
the active site involving glutamic acid (Glu 270) and

tyrosine (Tyr 248), due to the "template effect" of the
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1.2 METHODS OF FORMATION OF ARYL-PHOSPHORUS BONDS

The comparative ease with whidh alkyl halides undergo
nucleophilic substitution with neutral tervalent phosphorus
reagents facilitates the formation of alkyl-phosphorus
bonds. Thus, e.g., the reactions of alkyl halides with
tertiary phosphines readily yield alkyl-phosphonium salts 8,

(eq(i)), and the related reactions of trialkylphosphites
+ - .
R'CH,X + R3P —=R'CH,P'RX .............. (i)

result in the formation of alkylphosphonate esters (7)

(the Michaelis-Arbuzov reaction) 9-10 (gcheme 5).
[EtO),P: RCH,~Br

triethylphosphite alkyl
halide

[Et0),P—CH,R

|
% ovass- O-CH,CH,

phosphonium salt \\\\\\‘
| Br
[Et0),PCH,R

(7) + CH4CH, Br

alkylphosphonate
ester

(Scheme 5)



Attack by the nucleophilic phosphorus atom on an
aryl halide would not normally be expected to lead to
aryl-phosphorus bond formation, since unactivated aryl
halides are unlikely to participate in SN2 processes.
Therefore a different strategy is required for the formation

of aryl-phosphorus bonds from aryl halide substrates.

The formation of arylphosphonium salts (8) from the
reactions of tertiary phosphines with simple aryl halides
normally only proceeds at elevated temperatures (150-200°C)
and in the presence of a transition metal salt, e.g.,
nickel (II) bromide or cobalt (II) bromide. This reaction

1l reaction and usually

is more commonly known as the Horner
proceeds in the absence of a solvent; however, these
reactions have also been carried out in refluxing benzonitrile

(b.p. 190°C). '#71*

~200°C
NinBr2 or

< \
Co Br2 HZO

+ 2-
PhaP + ArBr — (Ph;PAr),NiBr,,

PhsPAFBr + Ni(H,0)
(8)

The formation of arylphosphonate esters (9) by the

11

Tavs reaction is very similar to the Horner " reaction.

The Tavs 15 reaction also uses a transition metal salt as

_10_



the catalyst but employs a phosphite rather than a tertiary

phosphine in the production of the phosphonate ester (9).

— 9
NiBrs +EtBr
X X" {9)

It is also known that a limited number of simple
-aryl-iodides and -bromides, on prolonged heating with
trialkylphosphites at high temperatures, in the presence

of copper bronze, undergo conversion to give moderate

yields of dialkyl-arylphosphonates 16, Reaétions of these
types are, however, limited in their application because

of the sensitivity of substituents such as nitro, amino,
hydroxy, etc., towards trialkylphosphites under these severe

conditions.

Examples of "less-direct" methods leading to aryl-
phosphorus bond formation involve the use of (a) Grignard

reagents and (b) Phosphide anions.

Tertiary phosphines, e.g., triphenylphosphine (10),
are formed by the reaction of phosphorus trichloride with
an excess of Grignard reagent !7 (phenylmagnesium bromide,
derived from bromobenzene). This strategy relies on the
attack of the carbanionic organometallic reagent at the

electrophilic phosphorus atom. Excess Grignard reagent

- 11 -



is always employed so as to prevent the formation of the

primary and secondary phosphines.

©/Br Mg >©/MQBF .
- Ether PCl, 3

(10)

The other principal method of aryl-phosphorus bond
coupling involves the use of phosphide anions (e.g.
RoP~™ and RP%7). These are very powerful nucleophilic
species and are generated, for instance, by the addition
of lithium metal to tertiary phosphines in a tetrahydrofuran
(THF) solvent. The phenyllithium generated in this step

can be removed by addition of tertiary-butyl chloride.

Li (metal) AN |
- —> /P Li  + PhLI
THF PKH

Phosphide anions in turn react with a wide range of
alkyl halides, alkyl tosylates and even some aryl halides.
An example of the latter involves the reaction of
o-dichlorobenzene (11) with lithium dimethylphosphide
[generated by the addition of dimethylphenylphosphine to
a vigorously stirred suspension of lithium in THF] to

produce the o-phenylenebis-(dimethylphosphine)!® (12).

- 12 -



Cl | PMe
- TH 2
+ hAE?zF) : F: o
Cl FDPAGEZ
(11) (12)

The mechanism of the formation of the o-phenylene
diphosphine ligand (12) is unknown, but is almost certainly
more complex than a straight-forward nucleophilic substitu-
tion process. It most probably involves the participation
of radicals in an Sgyl radical chain mechanism as summarised

in Scheme 6 proposed by Kim and Burnett!® .

Cl

R,P +
o Tl Cll™ + R,P-
(16) @

(13) o

r

(15)\_/4\ (14)

| R,P
(Scheme 6)

- 13 -
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@ R
NfN
cu? 1_~_PIOEt)
R
P(OEt) 2@ 2 g

3 ‘;PJ
dry EtoH RN @NE’(
(18) 2

The reaction has also been successfully applied to
other aryl halides having ortho-donor substituents, e.g.,
the ethyl o-iodo- and o-bromo- benzoates (19; X=I or Br),
o-iodo- and o-bromo-nitrobenzenes (20; X=I or Br) and

l-bromoanthraquinone (21), but fails with simple aryl

halides. »
@coza ©C02Et
X N\ POEY),
- (19) 0
[:::::]PJC)Z ‘. Pd()z
X PIOEt),
(20) | 0
0 Br P(0)(OEH),
(21)

_16_



Conversion of aryl halide into phosphonate ester
proceeds readily in other solvents such as dimethylsulphoxide,
dimethylformamide aﬁd N—methyl—pyrrdlidone, and more slowly
in tetrahydrofuran and chloroform. Salts of other metals
(e.g., iron, cobalt, nickel and zinc) fail to promote the

reaction.

It was established that although such replacement
reactions are facilitated by the presence of neighbouring
donor atoms, they are in fact in competition with reductive
dehalogenation and biaryl coupling reactions. Thus, for
example, as well as isolating the phosphonate ester (23),
Hall and Price also obtained the dehalogenated product (24)
and the dimer (25) from the copper (II) acetate - promoted

reaction of the azo dyestuff (22) with triethylphosphite.

O,N B"N NHCOCH;4

CH 3 NEtz 0

22 = '
NAN
CH; NEt,
(23)

(N NHCOCH;
CH,

(24)

- 17 -
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H3C NO,
Et,N NXN

O,N\ZCH;
(25)

Factors influencing the -outcome of the reaction are

H3COCHN

NHCOCHS

controlled by the choice of the catalyst and the solvent

used.

The function of the copper catalyst in promoting
biaryl coupling, nucleophilic substitution, or reductive
elimination of such aryl halides has been the subject of
debate 2%22 for many years. Various mechanisms have been
suggestedz}ngut none, however, satisfactorily account

for all of the known facts.

In their study of the copper-promoted phosphonation
reactions of azo dystuffs and related molecules, Hall and

Price?? classified aryl halides into three distinct groups:-

Type I,(26), in which the halogen does not occupy a
potentially chelating position relative to any donor

groups which may be present in the molecule.

Type II,(27), in which the halogen occupies a potentially
" chelating position relative to one donor group in the

molecule.

- 18 -



Type III,(28), in which the halogen is so located relative

to two donor groups in the molecule.

Hal Hal Hal 5
‘ D D
(26) (27) - (28)

Furthermore, the results obtained by Hall and Price
made it necessary to restrict the definitions of types II
and III aryl halides to those in which the halogen atom is
so located relative to a donor‘group in the molecule that,
in principle, the possibility exists of its being involved
in the formation of a six-membered chelate ring, involving
the copper atom. These reactions therefore constitute an
éxample of the involvement of a "kinetic template effect”.
However, to date, copper complexes based on types II and III
halides ((29)and (30) respectively) have not been isolated

as intermediates in reactions of this type."

-...C u.....

e

(29) (30

Hall and Price also discovered that the o-bromodiarylazo
dyestuffs (31) undergo conversion to the corresponding
dialkyl arylphosphonates (32; R=Me,Et,Pril,Pr?,Bu,n-CsH;;,

n-C7H;5 ) when treated with certain diesters of phosphorous

- 19 -



acidso, in the presence of copper (I) iodide and sodium

acetate in refluxing ethanol.

O,N @ NHCOCH, O, N@ NHCOGH,

N’ N/

NO, NEt, NO, NEt,
(31) (32)

It is well known that dialkyl phosphites (33) exist
mainly in the phosphoryl form (34) and are therefore

unreactive in the Michaelis-Arbuzov reactiongrl0 .

Addition
of sodium acetate therefore generates the anions (35)
in situ which readily combine with aryl halides in the

presence of the copper (I) catalyst to give high yields of

arylphosphonates (32).

-0 NalAc -
(RO),POH ——= (RO)2P<H > (R0),P=0

(33) (34) (35)

Further investigations by Price et al®! established
that copper (II) alkanecarboxylates react with trialkyl
phosphites in ethanol to form novel, pale blue-green

Me or Et) from which derivatives

I

complexes of type (36; R
containing bidentate ligands e.g., (37; R = Me or Et;

bipy = 2,2 -bipyridyl) could also be prepared32

- 20 -



Cu3(0,CMels{P(OR)3}, | ——(36)

Cu(0,CMe){P(OR); }(bipy) |—— (37)

Derivatives of type (38) were obtained by treating

(36; R=Et) with a unidentate ligand such as pyridine.

Cul0,CMe){P(OEt)5 },
(38)

These workers also noted the distinction between
aryl halides of types II and III in the rates of their
reactions with the complex (36; R=Et). The type III system
was found to undergo the reaction ca one hundred times
faster than the type II system, thus suggesting that the
presence of two donor atoms in systems of type III provides
more favourable circumstances for coordination than the

single donor atom present in the type II substrates.

Price demonstrated that each of these complexes is
able to effect the phosphonation of certaih aryl halides
at room temperature in solution, in the absence of any
added phosphite. A kinetic and mechanistic study was

subsequently undertaken of the reactions of the above

- 21 -
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Fﬂ

NEt,

also strongly inhibited the formation of the reductive
substitution product (41). Further support for the
intervention of radicals was obtained when the above
reaction was performed in the absence of light, and similar
observations were made. The role of the solvent in the
phosphonation reaction was also significant. When carried
out in tetrahydrofuran (THF) at room temperature,
phosphonation was no longer a simple second order reaction,
and the formation of the phosphonates occurred more slowly
in THF than in ethanol. The reaction in THF was accompanied
by a significant increase in the yields of biaryl coupling
and reductive substitution products, suggesting that solvent

cage effects are important in such radical type reactions.

- 23 -



| P

] - Ci=R3
Crx o0 4]

2 " @r

R? @ AP
NEt, g

(39) (63) NPT

o N

R1
T’ "CUP 1
| (,) R©:—Cu+R3
R )/ A
i 0=CMe 7 N
\ NEtZ
|
. |
(41) (42)

R‘l
=
@ + EtOAC
t

RZ
NE
(40) 4 [CuBr{P(OEt);}1—(44)

(Scheme 7)
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At this stage of the research, Price g;_glsz attempted
to rationalise the observations they had made, and proposed
a mechanistic scheme which would account for the appearance
of each of the products (40), (41)»and (42), based on the
idea that they must originate from a common intermediate

(43), (Scheme 7).

Since the stoichiometric phosphonation reactions were
carrigd out in the absence of any free (or added) phosphite
ligand, it was evident that phosphonatién must occur within
the coordination sphere of the metal atom. The products
of the reaction between the aryl halide (39) and the complex
(36; R=Et) included [CuBr{P(OEt)s}] (44) and ethyl acetate,
in addition to (40), (41) and (42). This suggested that
the common precursor (43) (which wag not isolated) contained
both copper and the aryl halide, as shown in Scheme 7. The
fact that the ethyl group was displaced from the triethyl
phosphite and isolated as ethyl acetate, and that the bromine
lost from (39) was isolated in the copper complex (44)
was said to be consistent with a concerted nucleophilic
attack on the coordinated phosphite, which is thereby
transformed into the phosphonate (40). Such a conversion
is probably accompanied by a coordination isomerisation

as shown in Scheme 8.

This subsequent re-arrangement would generate a negative
charge at the phosphorus atom, which would attack the
carbocationic centre in the carbon-halogen bond of the aryl

halide (39).
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(EtO)ZIID——>Cu " Et > (EtO)zP ------ -Cu

0 -0
Et/ loss of
ethyl gp.

[E40), P>—=Cu
0

(Scheme 8)

A recent review of the nucleophilic aromatic substitution
reactions of éryl halides in the presence of copper complexes
has been published33. Marked activation of the halogen atom
induced by the presence of a potential donor group in the
ortho position is a common occurrence and substitution
of the halogen in o-halodiarylazo compounds has been achieved
under mild conditions with a variety of other nucleophiles,
e.g., -OR (R=H)3%, (R=alkyl or aryl)35; -NHR (R=H or aryl)3>,

(R=alkyl) 35:36 ; -CcN37; -SO,R35/38 and -NO,3°.

Following the work of Price et al, Allen et al decided
to investigate the reactions of a related series of dye
stuffs with a range of tertiary phosphines in the presence
of metal ions, with the goal of preparing novel diarylazo-

phosphonium salts, of possible application as cationic dyes.

Allen et al “0/%! have shown that when the o-bromo-
diarylazo compounds (45; R! = H or Me; R2 = H or NHCOMe)

are heated under reflux in ethanol with a range of tertiary
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phosphines in the presence of a catalytic amount of either
copper (II) acetate or nickel (II) bromide, the related
diarylazophosphonium salts (46; R! = H or Me; R2 = H or
NHCOMe; R3 = Bu, Ph, 2—thienyl,A2—furyl) are formed in

good yields.

There are similarities with Price's discoveries in
that these reactions proceed under similarly mild conditions
with the complete regiospecific replacement of the halogen
ortho to the azo group. The para-—halogen is unaffected.
In the absence of the metal catalyst, the feplacement reaction

“O'HIthat these

does not occur. Allen et al have suggested
reactions (and the related phosphonation reactions) involve
the operation of a “kihetic template effect", in which
metal ion promoted replacement of the halogen ortho to
the azo group is assisted by coordination of the metal
to an azo nitrogen group.

In order to explore the scope of the operation of

such "kinetic template effects" in promoting the formation

of aryl-phosphorus bonds, studies of the reactivity towards
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tertiary phosphines of a wider range of gryl halides bearing
donor substituents in the ortho position have been carried
oﬁt. These aryl halides also have the potential to co-
ordinate to a metal ion catalyst and thereby perhaps promote

facile replacement of the halogen under mild conditions.

Studies “0/%! have been undertaken of the related
reactions of a series of Schiff's bases of type (47; X=Cl,
Br or I; ¥Y=H or Cl) derived from the reactions of halogeno-
benzaldehydes (48; X=Cl, Br or I; X=H or Cl) with para-
anisidine (49). On treatment with triphenylphosphine or
tributylphosphine in‘refluxing ethanol in the presence
of a catalytic amount of nickel (II) bromide, the salts
(50; R=Bu or Ph; X=Cl, Br or I; Y=H or Cl) are formed over

several hours.

NH, Y X
YINX FtOH N
0 * -
‘OMe (47)
(49)

OMe

+ -
Y XPR5X
u7) _ RaP. EtOR N i

Ni(I)Br, , 80°C
2 (50) OMe
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Preliminary comparative rate studies using a conductio-
metric technique indicated that the ease of replacement
of the ortho halogen is I > Br > Cl which compares well
with Price's results 20 . The related o-fluoro-compounds
do not undergo this reaction. The isomeric p-halocompounds
(47; X=H; Y=Cl, Br or I) also do not react under these
conditions. The dichloro Schiff's base (51) undergoes
a regiospecific replacement of the ortho chlorine atom
to give the salt (52). Unambigﬁous proof that the
o~chlorine atom was replaced was provided by alkaline hydrolysis
of the tributylphosphonium salt (52), which proceeds with
cleavage from phosphorus of the group most stable as a
carbanion *2/3 to give the para-chloro Schiff's base (53),
together with tributylphosphine oxide (54). The above
reactions of the Schiff's bases also proceed in acetonitrile
and in methanol, but at a slower rate than in ethanol,

and also to some extent in tetrahydrofuran and chloroform.

T,

(51) %‘Cl F;BU:;CI_
i(IT)CL, 2N

Ni{Il

m@v NaOH
/N©0Me * BugP=0

(53) (54)

(52) OMe
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The reactions of equimolar amounts of preformed
bis(phosphine)nickel (II) halide complexes (55; R = Bu
or Ph; X = Cl, Br or I) with the o-halogeno Schiff's bases
lead to a much faster rate of formation of the phosphonium
salts. Apart from nickel (II), no other metal has been

found which significantly catalyses the reaction.

(FQ3F))2rQi><2

(55)

Introduction of a second donor site (c.f. R3 in the
azo compound (39) into the imino moiety of the Schiff's
bases is found to inhibit the reaction. Thus the Schiff's
bases (56-59) fail to undergo the substitution reaction
on heating with triphenylphosphine in ethanol containing
a catalytic amount of nickel (II) bromide or in the presence
of an equimolar amount of a preformed bis(phosphine)nickel
(II) halide complex (55). Such results suggest that when
the Schiff's base bears a second donor group which is capable
of co-ordinating with the metal ion, especially when £he
formation of a chelate complex is possible, then the metal
ion is diverted from its catalytic role. This scenario
therefore differs from that of the dyestuff phosphonation

reaction. 20

Br Br N~ I
~NCH,CH,0H ZNCH,CH," X

(56) (57)



Br
/N—</2

(58)
Br
N
/HNID
) H
Br

~N +

PPh,Br
CHj OCH; ~N
(60) CH3©OCH3
(61)

The Schiff's base (60) derived from the reaction of
o-bromoacetophenone with p-anisidine, also undergoes the
replacement reaction to give the salt (61), the presence
of the methyl group on the azomethine carbon céusing no
steric effect. However, increased steric crowding at the
azémethine nitrogen is found to inhibit the reaction; thus,

e.g., (62 and 63) fail to undergo the substitution reaction.

CHj CHj

Br | Br l
/N—$ /N——?——CH3

CHj
(63)
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The very critical nature of the donor atom and its
position with respect to the QEEEQ halogen for the
promotion of a template-assisted reaction is illustrated
by studies of the reactivity of a number of related
systems“”. It has been established that o-halogeno-
benzylamines of types (64; R = H or Me) and (65), whilst
having a nitrogen atom in the same relative position as
in the reactive Schiff's bases, also fail to undergp

conversion to the related phosphonium salts.

Br CliP Yy Cl
CH,NR, CH,NH,
(64) (65)

Thus it would appear that such metal-ion promoted
substitution reactions require a very specific template
of type (66; Z = CH or N; X = Cl1, Br or I; R = non-
sterically crowded alkyl or aryl group) in which the

nitrogen is sp%-hybridised.

Z=NR
(66)
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Unlike Price's earlier classification of a type II
aryl halide (27), it would appear that the donor atom
must possess some form of NI-acceptor character. It is of
interest to note that the reactions of the diarylazo
template s&stems (39)20 appear to be much less sensitive
to the presence of additional donor centres (e.g. R® =
NHCOMe) than those of the Schiff's bases, and also that
the reactions of the former are catalysed by both copper
(I1) acetate and nickel (II) bromide, whereas nickel (II)
is required specifically for the reactions of the Schiff's
bases. Clearly some very subtle co-ordination chemistry
is involved in these reactions. It has been suggested
that it is highly probable that electron transfer processes”5
are also involved, in which the metal ion is initially
reduced to a lower oxidation state, e.qg. Ni! (the active
catalytic species) which then undergoes a co-ordination
template assisted oxidative insertion into the carbon-
halogen bond to form an aryl-nickel (III) intermediate,
followed by formation of a phosphorus-carbon bond in a
reductive elimination step, giving the phosphonium salt

with regeneration of the nickel (I) catalyst as shown

in Scheme 9.
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M Xy —2—s MX]| —2—= |Ar-M™,
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(Scheme 9)
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1.4 THE POSSIBLE INVOLVEMENT OF ARYL-METAL INTERMEDIATES
IN THE METAL-CATALYSED FORMATION OF ARYL-PHOSPHORUS BONDS

The mechanisms suggested in section 1.3 for the template
-assisted formation 6f arylphosphonium salts involve the
formation of aryl-copper and aryl-nickel derivatives.

In view of this, a survey of some other reactions which
are also thought to involve such species is considered
relevant.

The observations by Ullmann that copper and its compounds
can both promote nucleophilic substitution of aryl halides“6
and assist coupling of aryl halides to form b:'LarylsL+7 have
been developed so that these are now important and widely
used procedures in organic chemistry.'® Indeed, one major
advantage of the Ullmann reaction in modern organic chemistry
is that unsymmetrically substituted arenes may be coupled
easily. It is now common practice to react an activated
aryl halide with another which is relatively inert. Thus,
for example, the slow addition of 2-chloropyridine (67)
to a suspension of copper powder in N,N-dimethylformamide
containing 3-iodopyridine (68) affords 2,3f—bipyridy1 (69)

49
in moderate yield.

/\cm@ﬂ.m
Q Y NN\

(67) (68) (69)
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In yet another variant, Zeigler et al®%have developed
a technique which achieves a low temperature and consistently
productive coupling reaction between unsymmetrical aryl
halides. Here, a copper (I) aryl species (70; Z=NR2 or SR)
stabilized intramolecularly by a heteroatom, is generated
from one aryl halide and then reacts with another aryl
halide bearing an ortho substituent which may also’function

as a ligand. The strategy is summarized in Scheme 10.

@[\Z nBuli @E\

Br Li

R

(70) Nx

R" Z Z
. I C/
o u
R zj

(Scheme 10)

This concept of intramolecularly ligand-stabilized

aryl-transition metal complexes °2has been exploited
previously, but only to couple symmetrically - substituted

aryl halides.

Classical Ullmann reaction procedures are still common-
place in the literature of organic chemistry, but for some

symmetrical biaryl syntheses, the use of zerovalent nickel
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reagents appears to be more productive. Semmelhack's >®

original discovery utilizes isolable bis(l,5-cyclooctadiene)
nickel (0),(71), or tetrakis(triphenylphosphine)nickel (0),
(72) as catalysts - both of which are air sensitive and

difficult to prepare.

Ni” (Ph3P),Ni

(71) 72)

Kendesqhad prepared and recommended the use of the
more stable tris(triphenylphosphine)nickel (0) complex
as an Ullmann catalyst, although recent workers®® have
shown that some of these complexes can be prepared in situ

with zinc powder as the reductant.

The involvement of organocopper intermediates in the
exchange reactions of aryl halides with salts of copper
(I) has been discussed by Cohen g;_glés. It was shown
that, in the reaction of o-iodo-N,N-dimethylbenzamide (73)
with copper (I) chloride or cyanide respectively, in
refluxing dimethylformamide (DMF), the addition of benzoic
acid resulted in the formation of N,N-dimethylbenzamide
(74; X = H) as well as the exchange products (74; X = Cl

or CN).
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N
O bcoo CH
0 H X q3
(73) CuCl or CuCN cN~
DMF i CHy
(74)

A mechanism was suggested which involved the possible -
interaction of an arylcopper (III) intermediate as in Scheme

11.

Arl + CuCl—= ArCuCII —= ArCu + 2CuCl,
(75) 76)

PhCO,H
ArH + PhCO,Cu -
ArCuCl, + 2CuCl

/ (77)

(Scheme 11)

The mechanism involves the oxidative addition of the

ArCl + CuCl
(78)

carbon-halogen bond to copper (I) chloride to form the
arylcopper (III) intermediate (75), reduction of which
by further copper (I) chloride leads to the aryl-copper
(I) species (76). Oxidation of the latter by copper (II)
chloride then occurs via a copper (III) intermediate (77)

which reductively eliminates copper (I) chloride to give
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the product (78). Arylcopper (I) compounds are also known

to become protonated by carboxylic acids>7

Similar studies have been undertaken where the possible
involvement of a copper (III) intermediate has been postul-

d°8°° | Bowman et al®® undertook a study of copper (I)-

ate
catalysed aromatic nucleophilic substitution reactions

with particular reference to the possible involvement of

the Sgyl mechanism. This study involved the reactions

of N-thiobenzoyl-2-iodobenzylamine (79; R=H), the methoxy
analogue (79; R=OMe) and its phenylethylamine analdgue (80).
These compounds underwent cyclisation on treatment with

one equivalent of copper (I) iodide in DMF to form the
2-substituted benzo-1,3-thiazine (81; R=H or OMe) and the
substituted dihydro-indole (82). It was found that these

reactions were not inhibited in the presence of para-

dinitrobenzene, a radical scavenger.

NHCPh _Cul, DMF, 75°C R[Z(\
I §  t-BuK /’\ph

(79)

O 0

MeO NHOMe . . . e
MeQO 1 S . MeO N

(80) | ClSMe
(82)
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A&’ Ar,

ArX + CU =—= ArCu" X, \
F4+
ArH

ArCU™X, + L—=X"+ ArCU™XL

N

ArL + Cu’X

(Scheme 12)

Whereas the reduction of copper (II) to copper (I)
by phosphorus (III) compounds is well known®?, the related
reducion of nickel (II) to nickel (I) in the absence of
additional reducing agents is less well documented. However,
it is known that nickel (I) complexes of the general formula
NiLpX (L = tertiary phosphine; X = Cl, Br or I) can be
generated in the reactions of nickel (II) halides at room
temperature, in the presence of sodium borohydride. The
same is true when polydentate phosphines replace tertiary
phosphines, as, e.g., with 1,1,l-tris(diphenylphosphinomethyl)

)% and tris(2-diphenylphosphinoethyl)amine (87)62 .

ethane (86
In the presence of these ligands, the iodonickel (I) compounds
can be obtained even in the absence of external reducing

agents.
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PPhy

-
PPhZ—CHZ—Cl—CHB (Ph,PCH,CH,)5N

o
PPh,
(86)

The generation of zerovalent nickel in situ from divalent

(87)

nickel was found to be an effective catalyst for a homo-
coupling of aryl halides with zinc powder®3/6%, For this
purpose, Takagi et al®°%® used bis(trialkylphosphine)nickel
(II) chloride complexes (88) which were reduced in situ to
the bis(trialkylphosphine)nickel (0) complexes (89) (Scheme
13).

Zn ZZFTC:IZ
Ni Cl,(PR3), = S L, Ni‘lPR3),

PR
(88) Aty S ArX (89)

(Scheme 13)

A more detailed mechanism requires that the complex
(89) readily reacts with aryl halides to give an oxidative
addition product (90). This, in turn, disproportionates

giving a nickel (II) halide complex (92) and a diorgano-
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nickel (II) species (91) which subsequently yields the

biaryl (93), (Scheme 14).

Ni Cl,(PR3), + Zn —— Ni" (PR4), + Zn'Cl,
(88) (89)

Ni°(PR3), + ArX ———— Ni“XAr(PRs),
(89) | (90)

2Ni” XAr{PR3), —=Ni “(Ar),(PRs), + Ni “Xo{PR3),
(90 (91) (92)

Ni “(Ar)y(PR3), —— Ar, + Ni‘[PR5),
(91) (93) (89)

(Scheme 14)

To ensure the continuation of the catalytic cycle,
the original nickel (0) complex (89) must be regenerated
from the nickel (II) species (92) thus formed and there-
fore zinc powder in at least a stoichiometric quantity
is required.

The use of zinc powder to produce in situ zerovalent
nickel complexes has been used to promote the reactions
of tertiary phosphines with simple aryl halides, in the
presence of nickel (II) bromide, in refluxing ethanol to
give arylphosphonium salts®’. It is also possible that

these reactions also involve the intermediacy of aryl-

nickel compounds.
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Ni"Bry,Zndust  , _
ArBr + R3P 5 —= ArP R3Br‘
EtOH, 80°C |

It has also been reported that the first example of
a direct reduction of nickel (II) to nickel (0) in the
absence of other reducing agents has been achieved by
heating a trialkylphosphite with nickel (II) chloride to /

give a tetrakis(triethylphosphite) nickel (0) (94)88 |
Ni{(Et0)5P}, | —— (94)

Oxidative addition of aryl halides to nickel (0) and

9'70. Tsou and

nickel (I) species is now well established®
Kochi’! investigated the mechanism of an oxidative addition
of aromatic halides to nickel (0) complexes. When applied
to aromatic halides (ArX), oxidative addition converts a

metal complex, such as a zerovalent ato complex (M), to an

organometallic adduct (Equation ii).

Ar

l
M(d'®) + ArX - r;4(d8)
X

(ii)

se0cscssessccssane

It has been shown that aryl halides react with the zero-

valent nickel complex (95; L = PEt3), to give two principal products;
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(a) the trans-arylnickel (II) oxidative adduct (96; L =
PEt3; X = Br or I) and (b) the paramagnetic d° nickel (I)

species (97; L = PEt3; X = Br or I), (Equation iii).

O

Ni'Lg + ArX ——ArNi XLy + XNi'Ly ........ i)
(95) (96) (97)

Also noted was the ease with which the nickel (I)
species is readily prepared by the synproportionation of

nickel (II) and nickel (0) complexes, (Equation iv).

Ni°Ly + XoNi Ly — 2XNi*Ly ... {iv)

The reverse of this reaction is easily achieved by
promoting the disproportionation of nickel (I) by exposure

to carbon monoxide, (Egquation v).

2XNi L5+ 2C0—=Ni"(COLLy + X,Ni"Ly + 2L .........

In cases where the nickel (0) complex (95) is largely

converted to the nickel (I) species (97), the major product

arising from the reaction with the aryl halide is the corres-

ponding arene (98), which is derived from the aryl radical

formed by halogen atom transfer to the nickel (0) complex

(Equation vi). Aryl radicals are known to abstract hydrogen

atoms from solvents (SH), (Equation vii).
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-L :
Ni°Ly + ArX > XNi'Lj+Ar

Are + SH—— ArH + S- etc
(98)

.............. (vii)

If an excess of aryl halide is present then a further
possibility arises; i.e., the nickel (1) species may be
converted into the dihalonickel (II) complex (99) by halogen
abstraction, again with the formation of aryl radicals,

(Equation viii).

XNi'Ly + ArX——=X,Ni L, + Ar+ etc..._[viii)
(x's) (99)

Having considered all the factors affecting the formatioﬁ
of nickel (I) and nickel (II) species, including the nature
of (a) the aryl halide, (b) the solvent, (c) the effect of
polar substituents in the aryl halide, (d) the phosphine
and, (e) the effects of potential inhibitoré, e.g., radical
scavengers, a mechanism was proposed which accounted for

all of the products formed (Scheme 15).
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Ni'L, =—= Ni’Ls + L

Ni°Ly + ArX — | Ni*LjArX-
1100}

ArNi“XL, + L

(96)
Ni*L 4 ArX-
100) = -
Ni L3 + X +Ar- SH
ArH

(Scheme 15) [98)

The scheme describes the formation of the coordinately
unsaturated nickel (0) equilibrium product, which is followed
by the rate-determining electron transfer step, which affords
the ion-pair intermediate (100). This then collapses yielding
either the oxidative addition product (96) or the competitive

diffusion product [the arene (98)].

Organometallic compounds of nickel (III) (d7), involving
c-metal-carbon bonds have been postulated as intermediates
in various reactions’?, but only a few compounds of this
kind have been isolated’3. The formation of arylphosphonium
salts from nickel (III) and nickel (II) intermediates is

known 7475, Tsou and Kochi ’® have described a variety of
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trans-arylnickel (II) complexes of type (101), which were

found to yield only biaryls on treatment with aryl halides.

AFNIX(PEt3)2
(101)

Biaryl formation was shown to involve a radical chain
process in which paramagnetic nickel (I) and arylnickel (III)

species are the reactive intermediates, (Scheme 16).

Ni X + ArX — ArNi" X,
(102) (103)

ATNi™ X5 5 ArNi - X —= Ni X, + Ar=Ni"X
(103)  (104) Ar
(105)

Ar=Ni"X — Ar, + Ni"X  etc

Ar (106) (102)
(105)

(Scheme 16)

The propagation step includes the oxidative addition
of ArX to the nickel (I) complex (102) to produce the reactive
arylnickel (III) species (103), which undergoes aryl transfer
with the nickel (II) complex (104) to afford the diarylnickel
(I1I) intermediate (105), followed by reductive elimination
of the biaryl (106) and regeneration of the nickel (I)

catalyst (102).
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These authors have also postulated an alternative
mechanism leading to the formation of arylphosphonium

salts, (Scheme 17).

Ni"XL + ArX—s ArNi"X,L
107)

I

ArNi X,L —= ArL X+ Ni*X

(107) (108)
Ni'X + L — Ni XL

(Scheme 17; L =PRj)

Again generation of a nickel (III) intermediate (107)
is afforded by the oxidative addition of ArX to the nickel
(I) species. The arylphosphonium salt (108) arises by
reductive elimination from the metastable arylnickel (III)
complex (107). The ejected nickel (I) species then accom-
modates another phosphine ligand so that the cycle can
continue. Tsou and Kochi showed that independent generation
of an aryl(phosphine)nickel (III) complex (107) by either
electrochemical or chemical oxidation of an arylnickel
(II) halide affords excellent yields of arylphosphonium
salts’®. Their workers also demonstrated that solvent
effects play a major role in deciding the outcome of the
reaction betweén an aryl halide and a nickel (0) phosphine

complex. When hydrocarbon solvents are used, the product

- 49 -



is always the biaryl, whilst phosphonium salts dominate

when polar solvents are employed (e.g. EtOH).

A recent paper by Xu anthang77 provides another example
of the oxidative addition/reductive elimination pathway,
involving the palladium-catalysed formation of carbon-
phosphorus bonds from aryl halides. The proposed mechanism

is as follows, (Scheme 18).

ArBr + Pd” — ArPd Br K
(109) X" Y
Et,N N\ 110

0 4 P\Y
yd

N

X Y
(112)

Pdo +

(Scheme 18; X,Y=R,Ph or OR)

The palladium (0) species undergoes oxidative addition
with the aryl bromide to give the arylpalladium (II) complex
(109). Attack of the phosphorus nucleophile (110) at the
aryl palladium complex in the presence of triethylamine
results in the elimination of hydrogen bromide to give the

‘palladium (II) intermediate (111) which then undergoes

reductive elimination to afford the final product (112) and
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regenerate the Pd° catalyst. The reaction of (R)-(+)-
isopropylmethylphosphinate (113) with bromobenzene in the
presence of tetrakis(triphenylphosphine)palladium (0)
catalyst and triethylamine yielded (S)-(-)-isopropylmethyl-
phenylphosphinate (114). This clearly demonstrates that
the palladium-catalysed formation of phosphorus-arylcarbon

bonds occurs with complete retention of configuration at

the chiral phosphorus atom.

D PdPPh),, PhBr 0
P - P

‘\ EtsN, 90°C ‘\

Pr'o Me H Pr0 .
(113) (114

In the nickel (II) catalysed reactions of o-halogeno
Schiff's bases with tertiary phosphines, Allen et al®*! have
observed that the rate of phosphonium salt formation increases
rapidly when the Schiff's bases are treated with the nickel
(I) complex (116) [prepared by the reduction of the nickel

(I1) complex (115) with sodium borohydride in ethanol’® ].

PQ(]E3Fi4

EtOH
(115) (116)

(Ph4P),Ni "Br, —= | [Phy)PNi Br
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This result lends support to their suggestion of an
in situ reduction of the metal fromthe +2 oxidation state,
in which intramolecular co-ordination involving the imino
nitrogen of the Schiff's base has a key role in stabilising
the lower oxidation state and in promoting the subsequent

reactions leading to phosphonium salt formation.
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1.5 AIMS AND OBJECTIVES

In order to shed further light on the template-assisted
formation of arylphosphonium salts, the following study

was proposed:-

(i) The synthesis of a range of potential template
o-donor substituted aryl halides and a study of their metal
ion-catalysed reactions with tertiary phosphines in order
to define more clearly the factors responsible for the
selectivity of such reactions‘in terms of the nature of the
potential co-ordinating template centre in the substrate,

and the nature of the metal ion catalyst.

(ii) 1Investigation of the kinetics of such reactions
in order to establish the dependence of the rate on the
nature and concentration of the aryl halide, the phosphine
and the metal ion catalyst, and hence to draw conclusions

concerning the likely mechanism of the reactions.

(iii) In the light of the results of the above kinetic
study, to devise experiments to test proposed mechanisms.
It is likely that such studies would involve the preparation
of metal complexes of phosphines in which the metal ion is
in a lower oxidation state than normal, and a study of

their interactions with aryl halide substrates.
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2.1 INTRODUCTION

Earlier work by Pricel, and later by Allen’ has shown
that many factors are responsible for the selectivity of
metal-ion catalysed template reactions. The very critical
nature of the donor atom and its position with respect to
the ortho-halogen for the promotion of a template-assisted
replacement reaction has been iliustrafed by studies of
the reactivity of a number of related systemsz.v The Schiff's
bases (1; Y = H or Cl1, X = C1, Br or I) undergo conversion
to the phosphonium salts (2; Y = H or Cl, X = Cl, Br or I)
on prolonged refluxing in dry ethanol with triphenylphosphine,

in the presence of nickel (II) bromide.

R X Y !;Ph;gx
N ZN
T::]OMe | \T::jOMe

However, the Schiff's base systems (3) and (4) fail
to undergo conversion to the respective phosphonium salts.
Neither system, apparently, has the ability to be involved
in an appropriate mode of metal coordination to promote
the reactions leading to the replacement of the ortho-

halogen atom.

Br Br Cl Cl OMe
N/' C/N\
OMe H,
3) (4)
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2.2 SYNTHESIS AND REACTIONS OF SOME BIS-SCHIFF'S
BASE TEMPLATES

2.2.1 Synthesis

The synthesis of a range of bis-Schiff's bases
(8; n=0,2,3-8,12) was achieved by reacting together the
readily available o-bromobenzaldehyde (2 mol equiv.) with
the appropriate a-w diamine (1 mol equiv.) in refluxing

ethanol under an inert atmosphere for 1-2 hours.
Br Br
N(CHylNX
(8)

Compounds (9), (10) and (1l1) were prepared using the
same conditions, but with replacement of the a-w diamine
by 4,4 -diaminodiphenylmethane, para-phenylene diamine,
and 2,2  -diaminobiphenyl, respectively. The products
crystallised on cooling and all the yields were greater

than 80%.

Br Br

CH,
(9)
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(10)

Br Br

(11)

Characteristic 'H n.m.r. signals were observed for
these compounds with the expected imino-proton signal
appearing as a sharp singlet at 8.668. In the infrared
spectra, two or three characteristic bands appear between

1558-1631cm™*

for all of the bis-Schiff's bases. These
bands are attributed to the Schiff's base moiety (i.e.
RC(H)=N-).

Attempts to synthesis the mono-Schiff's base (12)
by altering the molar ratios (i.e. 1:1 mol equiv.) failed,

and it is clear that the formation of the bis-product is

in some way favoured.
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=N NH,

(12)

2.2.2 Reactions

When o-bromoaryl-bis Schiff's bases (8; n = 0, 3-8,
12), (9) and (10) were heated under reflux in ethanol in
a nitrogen atmosphere, with either triphenyl- or tributyl-
phosphine in the presence of a catalytic amount of nickel
(II) bromide, the related bis-phosphonium salts (13; n =0,
3-8, 12, R = Ph or Bu), (14, R = Ph or Bu) and (15; R = Ph

or Bu) were formed.

+ - - +
PRjBr  BrRyP
’ //Pd (C:F+2)r]bd\\
(13)

PR4Br BrR,4P
~N N
CH,

(14)
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PR4Br BrR4P
~N NX

(15)

In contrast, the Schiff's bases (8; n = 2) and (11),
both of which have the potential to form five- and seven-
membered ring chelate complexes, fespectively, with the
metal ion, do not undergo the substitution reaction on
treatment with a tertiary phosphine in the presence of
nickel (II) bromide. Instead, it was found that these
substrates undergo hydrolysis to form o-bromobenzaldehyde
and the respective diamine. These resﬁlts'imply that When
the Schiff's base bears a second donor group which is
capable of coordinating with the metal ion, especially
when the formation of a chelate complex is possible, then
the metal ion is diverted away from its catalytic role
in salt formation. The yield of salt derived from the
Schiff's base (8; n = 3) was greatly reduced, probably
due to the competition between the substitution reaction
and the ability of the compound to form a six-membered

chelate ring (16; M = metal).

Br .M. Br
2N Nx

(16)
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Valuable information on the introduction of either
triphenyl- or tributyl-phosphine was gained from the
'H n.m.r. and infrared,spectra of the salts. Integration
of 'H n.m.r. spectra confirmed the presence of the bis-
phosphonium salt rather than the mono species. The
infrared spectra of certain salts (i.e. those containing

1 which

phenyl groups) exhibited strong bands at 750 cm~™
were not observed in the spectra of the starting bis-Schiff's

base substrates.

3p n.m.r. spectra were recorded for the bis-
phosphonium salts and all of the spectra exhibited only
one signal either between 24-26 ppm (characteristic of
the tetra-arylphosphonium salts) or between 33-35 ppm

(trialkylarylphosphonium salts).

Great difficulty has arisen in characterising such
bis-phosphonium salts by microanalysis, especially in the
case of the alkylene-bridged salts (13, n = 3-8, 12).
Microanalyses of these compounds, although within acceptable
limits for %H and %N, consistently resulted in low %C
results. This may be due to either the difficulty in
ensuring full combustion of such samples, (thus, e.g.,
the RMM of (14,R = Ph) is~1096), or as a result of the
hygroscopic nature of the samples. Even the mercuric
bromide salts, i.e. R,PTHgBr3;~, obtained by treatment of
the phosphonium halide with mercuric bromide (HgBr,) in
ethanol, (based on the preparation reported by Deacon et

als), failed to give acceptable microanalytical data.
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2.3 SYNTHESIS AND REACTIONS OF ALTERNATIVE TEMPLATE
SYSTEMS

2.3.1 Nitrogen Donors

Other potential template systems having a nitrogen
donor atom in the same relative positioﬁ as in the
reactive Schiff's bases (1; Y =H or Cl; X = Cl, Br or 1),
and conforming to Price's type II and type III classifi-
cation of aryl halides! have been synthesised and their
reactions with tertiary phosphines in the presence of

" metal ions studied.

2.3.1 (n) Synthesis

During the course of the previous study on bis-
Schiff's bases, the attempted preparation of the bis-
imine (17) from the reaction of o-bromobenzaldehyde
(2 moles) and o-phenylenediamine (1 mole) in ethanol,
unexpectedly gave rise to the pale yellow 1,2-disubstituted
benzimidazole (18)". The 'H n.m.r. spectrum was not
consistent with the assumed structure (17), the expected
signal at d=ca 8.5 ppm, characteristic of an aldimine,
being absent. In contrast, the spectrum displayed a sharp
singlet at §=5.3 ppm, suggesting the presence of a benzylic

substituent.

Br Br, N
~N N~ N

(17) (18)
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(19)

The mass spectrum revealed an apparent prominent
molecular ion at m/e 442, as required by the bis-Schiff's
base (17). However, the fragmentation pattern differed
markedly from that of the related bis-imine (19), which
exhibited only a low intensity molecular ion at m/e 394.
The base peak in the spectrum corresponds to the fragment
(20) (m/e 211), arising from the elimination of the stable
neutral fragment (21) from the molecﬁlar ion. The mass
spectra of both compounds, however, exhibited a signal
at m/e 169, which corresponds to the o-bromobenzyl fragment
(22). The origin of such a fragment (22) in the spectrum
of the bis-imine (19) is not obvious and is possibly the

result of a rearrangement process taking place..

Br . Br

+ o

-//tj"czk+2(:P+2 | (:Efﬂ

(20) (21)
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Br B

N
Br / '\ Br
~N NX

(28)

The synthesis of the 1,2-disubstituted quinoxaline
(29) was achieved by heating together equimolar amounts
of 2,2 -dichlorodibenzoyl and o-phenylenediamine in ethanol.

The product crystallised on cooling in quantitative yield.

Cl

O

X0 H,N
cl
(29)

The preparation of the bromonaphthalene derivative
(32) involved the diazotization of the diaminonaphthalene
compound (30) to produce the intermediate azimino compound
(31). This was then dried and heated under reflux in
hydrobromic acid in the presence of heat-treated copper
bronze and copper powder. From this copper-assisted
substitution reaction, the resulting bromonaphthalene (32)
was recovered and recrystallised from petrol/ether as
described by Fieser and Seligman7. The synthesis of the

imine (33) was completed by the reaction of equimolar
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amounts of the bromonaphthalene (32) with benzaldehyde

in ethanol to yield the 8-bromo-l-iminonaphthalene (33),

Ns
HoN  NH, HN-

0
HCL OO
(30) (31) | Cu bronze

Cu powder
HBr

Ph |
Br N=/ Br NH,
Oe PhCHO OO
EtOH
(33) (32)
(Scheme 2)

as outlined in Scheme 2.

The o-bromobenzylamine (36) was synthesised by
treating the readily available o-bromobenzylbromide
(34) with an excess of dimethylamine (35) [produced
in situ from methylamine hydrochloride and sodium carbonate]

at room temperature in acetonitrite.
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(E; . + (CH3),NH
2 r :BES (:}13(:Pd
(34) [ \

V CH2KI(CH3)2
Br H

CH,NICH3),
(36)

The o-bromobenzylamine (38) was prepared by the
reduction of the Schiff's base (37) [isolated from the
condensation reaction using equimolar amounts of o-
bromobenzaldehyde with p-anisidine in ethanol]8 using an

excess of sodium borohydride in ethanol.
’,Pq\[:::::]
(37)

The aryl halide (39) having a dipyridyl side chain,

OMe OMe

C}/Pq.\[:::::]
which according to Price's classification of aryl halide
substrates!, is a type III system (40; X = Halogen, D =
donor atom), (i.e. it possesses two donor centres which

could interact with a metal ion) was supplied by I.C.I.,

Organics Division, Blakely, Manchester.

- 72 -



)) 7t )

2 #

CD2 /1 *#1%& %( %# &#!*' CRE g % 18
) * #1%& %( # 2 C<$! " #l#"# $  &>! 1$*>%"

1241 1& ) ("":1&. # *&%' +1# #)!, & '< *&$ #)! "# '<

L% L, 1& & # ) & %( &' 9' /1 )% !$ .*0 #

) , #'0 , % , %&!" *'# [E26 V %) "1 1& !'$

%( FE / VvV 1 *&$ EH [/ V "1
A

<d

I'F 6 7

TOHIATHIN& ) F HI%& +* &%H FH* $ *&

Yo# ) #)*& VH#1%& #*' *H# [ . %, ) %) % *'#1 *&$
# #)" #") %( # “0h+ ) #*''1& *'# [E26 V. 1
+* )%0 $ B<)* *&*' 1/ * # ) E1

& *HI&. # 2 C<$! " #l#"# $ -"1&%:*'1& /C31
1& # *&%' +!# #)l, & ', % , 1& %) #)! "# '<

L% L, 1& & # ) & %( %& &!'9 ' /1 )% !$
# %'%")" L % , %&!"™ *'# JEC6 V %)
BV LD2 %) '1 +) ,)%$" $ '& .%%S$ ! '$

< ID <



Cl X
(29) (42)

The 31P n.m.r. spectra of both products exhibited two
signals (of differing intensities) with chemical shifts
of 26.7 and 25.2 ppm (R = Ph; in a 3:1 ratio) and 34.2
and 32.6 ppm (R = Bu; in a 3:4 ratio), respectively. It
is likely that these signals arise from a mixture of mono-
and di-phosphonium salts since the quinoxaline (29) contains
two possible reaction sites where the substitution reaction
could occur. Integration of the 'H n.m.r. spectra of these
products lent support to this suggestion. It was not
possible to separate the mixed salts into the mono- and
di-species. 1Isolation of the diphosphonium salt (43;
R = Ph or Bu) was only possible when the quinoxaline was
heated in ethanol with the preformed nickel (II) phosphine
complex (44; R = Ph and Bu) and an additional quantity
of the free phosphine (1 mol equiv.). The latter complexes
were prepared by mixing together nickel (II) chloride -
(1 mol equiv.), dissolved in hot ethanol with the appropriate
tertiary phosphine (2.2 mol equiv.), dissolved in ethanoic

.- 9
acid .
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[(R3P)2Ni012]
(44)

The reaction of equimolar amounts of the quinoxaline
(29) with the preformed nickel (II) complexes (44; R = Ph
or Bu), but excluding the extra mole of tertiary phosphine,

led to the mixture of the mono- and di-phosphonium salts.

CIR P
(44), R3P

CIR3
(29) o 3)

The reaction of the 8-bromo-l-iminonaphthalene (33)
with triphenylphosphine gave the phosphonium salt (45)
when heated under reflux in ethanol with nickel (II)

bromide. Copper (II) acetate failed to catalyse the

reaction.

P - + Ph
80 N=/ " BiPhy  N=/

(33) (45)

In contrast, the precursor to the imino-naphthalene

(33), the bromo-naphthylamine (32), which fits into Price's
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classification as an example of a type II halide (46;
X =Cl, Br or I; D = donor atom) fails to undergo conversion
to a phosphonium salt in the presence of a tertiary phosphine

and nickel (II) bromide, under the usual conditions.

Br qu12
X

(32) (46)

When the benzylamines (36) and (38), (both of which
are type II donors in Price's classification), were treated
with tertiary phosphines in the presence of either nickel
(II) bromide of copper (II) acetate, neither underwent
the substitution reaction to produce the related phosphonium

salts.

Br
Br C’H
CH,N(CH;), H,

OMe
(36) | (38)

Clearly, the nature of the donor atom is most
important in this type of template reaction. Thus,
although the donor atom occupies the same relative position
as in reactive substrates, i.e. certain types of Schiff's
basesio, it must also be unsaturated, i.e. possess some
form of N-acceptor character.

The halide (39) is the only example discussed in this

section in which two donor centres are present in the aryl
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halide. Unlike the previous examples, the reactions of
this substrate with triphenyl- or tributyl-phosphine were
found to be catalysed by both nickel (II) bromide and
copper (II) acetate leading to the formation of the
phosphonium salts (47; R = Ph or Bu) ih good yields.

31P n.m.r. studies indicated that the products were free
of phosphorus-containing impurities (e.g. R3P=0 or R3P),
the salts having ! P chemical shifts of 23.8 ppm (R = Ph)
and 32.6 ppm (R = Bu), respectively. 'H n.m.r. spectra
were also consistent with the formation of a mono-phosphonium
salt, thus implying that regiospecific replacement of the
‘halogen ortho to the donor group had occured, the para
halogen remaining unaffected. Proof of the structures

of these compounds relies on microanalytical data, 'H and
31p n.m.r. studies, and the results of an X-ray crystallo-

graphic study of (47; R = Ph) (see Chapter 4).

Bn Br N
Me N AN~

(39)

The reactions of the halide (39) with the preformed
copper (I) bromide complex (48) were also studied. This
complex was prepared by the reaction of an equimolar amount

11
of triphenylphosphine with copper (I) bromide in ethanol
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EtOH

Cu'Br + PhyP »|PhsPCU*Br

4
(48)

The reaction of the halide (39) (1 mol equiv.) with
the preformed copper (I) complex (48) (1 mol equiv.),
together with triphenylphosphine (1 mol equiv.), gave the
corresponding colourless phosphonium salt (47; R = Ph)
in good yield (ca 60%).

When the same reaction was carried out using equimolar
amounts of the substrate (39) and the catalyst (48), but
excluding the additional mole of triphenylphosphine, a
red solution resulted. On standing overnight, orange-red
crystals formed. On the basis of microanalytical data,
and the 31P nmr spectrum which exhibited a signal at
6= -4.96 ppm ( implying the presence of a PPhj3 substituent),
it is proposed that this product could be a copper (I)
bromide complex of the halide (39) together with 1 mole
of triphenylphosphine of the type (49). Related complexes

11
of bipyridyl ligands have been prepared by Jardine .

Br .PPhy
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On heating an equimolar mixture of the orange-red
complex (49) and triphenylphosphine in ethanol, it was
found that at higher témperatures’(60°C), competition for
the copper nucleus takes place between the bidentate
bipyridyl ligand (39) and the tertiary phosphine. The
loss of the orange-red colour at higher temperatures suggests
that the copper-phosphorus coordination is predominant. On
cooling the solution, the orange-red colour reappeared,
indicating that the copper-bipyridyl complex (49) had

reformed.

2.3.2 Donors Other Than Nitrogen

It has already been shown2 that replacement of the
nitrogen donor by oxygen as in the ethers (50) and (51)
does not promote the substitution reactions to produce
the corresponding phosphonium salts. It is clear that
these two compounds belong to the type III aryl halide
classification1 and the most probable reason why they do
not undergo the subgtitution reaction is because of the
possible formation of five membered chelate complexes with
the transition metal catalyst (52) and (53) (M = nickel

or copper). It can also be added that the oxygen atoms

Br OCH Br N(CH.)
3 312
CH,0- CH,0-

(50) (51)

- 79 -



Br w""'OCH:; | Br M"“N (CH3)2
CHZO\) CH,0
(52) | (53)

in these two examples are completely different in their
donor properties from the nitrogen donor atoms found in

10
examples of reactive Schiff's base templates .

Other donors, e.g., sulphur, as in the thioether,
(54), have also been investigated, but again such compounds
seem to be inert on prolonged heating in ethanol with
triphenylphosphine, in the presence of a transition metal

(11) ion, e.g., nickel (II) or copper (II).

In the next section a range of oxygen donor molecules
have been synthesised and their reactions with tertiary
phosphines and transition metal catalysts have been

investigated.

2.3.2 (n)Synthesis

The synthesis of the o-iodobenzoate ester (56) was
carried out by heating the commercially available o-

iodobenzoic acid (55) in absolute methanol containing
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12
sulphuric acid as the catalyst .

I (;F13()F* I
?;O H* géo

(55) (56)

The product was purified by vacuum distillation to

give the ester in good yield.

The preparation of the o-iodobenzamide (58) was carried
out via the intermediate acid chloride (57). This was
made by heating o-iodobenzoic acid (55) under reflux with
excess thionyl chloride for several hoursls, and then
removing the excess thionyl chloride to give an oily

substance which crystallized on standing.

: SOCI ——AL—>[::]i
+ .
Cl

OH
To these crystals, an excess of concentrated aqueous
ammonia was added, dropwise, with stirring. On completion
of the exothermic reaction, the brown-coloured benzamide

(58). was obtainedlq.
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cl NH,
(57) (58)

The synthesis of the o-iodobenzhydrazide (59) was
achieved using exactly the same conditions as in the
preparation of the benzamide (58), but using an excess

of hydrazine hydrate instead of ammonia solution.

I Pq2P44.:2F42() I
cO - 28
I

C

l
Cl | NHNH,
(57) (59)

2.3.2 (B) Reactions

The reactions of the o-halobenzoic acids (60; X = Cl
or Br) with triphenylphosphine in the presence of either
nickel (II) bromide copper (II) acetate in refluxing
ethanol failed to give rise to phosphonium salts. However,
the related reaction of o-iodobenzoic acid (55) with
triphenylphosphine or tributylphosphine in the presence
of only nickel (II) bromide, gave the phosphonium salts
(61; R = Ph or Bu) and (for R = Ph) the related betaine

(62).
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X |
<0 *PhaP + NiBry or >
. CuOAc,

OH ,

(60)

I RePEOH PRI | NPPh;
0 N Bry o2 C,,/xo
| ;T

OH OH 0
(55 (61) (62)

31 . .
The P nmr spectrum of the mixture from the reaction

with triphenylphosphine exhibited two signals of equal
intensity, at 26.2 (corresponding to the expected
phosphonium salt) and 21.7 ppm, respectively, corresponding
to the betaine (62). Addition of a étrong acid to the
solution resulted in the loss of the signal at 21.7 ppm,
thus confirming that this signal was due to the presence

of the betaine (62). The p nmr of the butylphosphonium
salt (61; R = Bu) exhibited a signal at 33.2 ppm. Copper

(II) acetate failed to catalyse these substitution reactions.

The related o-iodobenzoate ester (56), when treated
with triphenylphosphine in the presence of either nickel
(II) bromide or copper (II) acetate, did not undergo

conversion to the phosphonium salt (63).
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In contrast, Price gg_gll, found that the reaction
of the ester (56) with triethylphosphite, in the presence
of copper (II) acetate, afforded the o-phosphonate ester
(64). 1In compérison; work by Allen g;_gllo on the reactions
of the stereochemically similar Schiff's base (65) [derived
from o-bromoacetophenone with p-anisidine in toluene] has
shown that this also undergoes a replacement reaction with

triphenylphosphiné to give the salt (66).

0
PIOEt),

c¢O

OCH3
(64)

(65) (66)

Clearly, three observations can be made:-
(i) the presence of the methyl group on the azomethine
carbon causes no steric effect, unlike the methoxy

group in the ester (56).
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(ii) that different donor atoms (although both being
spz—hybridized) operate in each situation, thus
affecting the réactivity of both molecules in the
substitution reaction, and

(iii) the course of such a reaction is also dependent
on the nature of the tervalent phosphorus compound,

and on the metal catalyst.

The o-halobenzyl alcohols (67; X = Br or 1) were also
found to be inert on prolonged heating in ethanol with
tertiary phosphines, in the presence of both nickel (II)

and copper (II) ions.

X

CH,OH
(67)

The reactions of the o-iodobenzamide (58) and the
o-iodobenzhydrazide (59) with triphenylphosphine or
tributylphosphine in refluxing ethanol containing either
nickel (II) or copper (II) ions also failed to yield the
corresponding arylphosphonium salts (68; R = Ph or Bu)

and (69; R = Ph or Bu).
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The failure of the above reactions could be attributed
to the presence of additional nitrogen (sp3—hybridised)
donor atom(s), which would divert the metal ion away from

its role in the catalytic cycle.
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2.4 REQUIREMENTS FOR TEMPLATE DESIGN

It is evident that a number of potential template
aryl halides which appear to satisfy the effective
template criteria of Pricel, nevertheless have proved
ineffective in the reactions with tertiary phosphines in
the presence of transition-metal ions. Examples of such
templates are the Schiff's base (4) and the 'reduced'

system (38).

c&@s OMe @l\ar Y

C”N@ c-N
Ha OMe

(4) (38)

In\view of these results, a more specific template
definition is required. In modifying the template
requirements to accommodate the majority of the results
presented in this Thesis, it would seem that the most
effective system is that in which a halogen atom (except
fluorine) is located ortho to a donor group involving an
spz—hybridised nitrogen atom orientated as in structure
(70; Z = CR or N; X = Cl, Br or I; R = non-sterically
crowded alkyl or aryl group). The o-haloaryl-Schiff's
bases (2 = CR), o-haloarylazo dyestuffs (Z = N), o-halo-
phenylbenzimidazole (18), o-halophenylgquinoxaline (29)
and the o-halophenylbipyridyl (39) substrates, all clearly

fall into this category.
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It is also necessary to recognise the role of.the
group bound to the spz—hybridised nitrogen atom. For
the Schiff's base substrates (70; Z = CR), this is clearly
of importance, since it has been shown that the presence
of bulky groups at the nitrogen, or the presence of an
additional donor within that group, which can divert the
metal from its catalytic role, have adverse effects on
the substitution reaction. 1In the case of the azo dye-
stuffs and the o-halophenylbipyridyl substfate (39), the
‘presence of additional donors does not seem to matter.

There is also a crucial interelation between the
template and the specific metal ion which is réquired.
In general, for donors with only one donor atom, only
nickel (II) is effective as the catalyst [as for the
Schiff's bases, the benzimidazole (18) and the quihoxaline
(29)], whereas, for the two donor systems, e.g. the
o-halophenylbipyridyl system (39), and many of the azo
dyestuffs; the reactions are catalysed by both copper
and nickel. This aspect will be addressed further in
Chapter 3.

Only two other types of effective template‘are left,
the oxygen donor system (55) and the 1,8-haloiminonaphalene

(33), both of which do not conform to the general design
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2.5 REACTIONS AND USES OF TEMPLATE-DERIVED PHOSPHONIUM
SALTS

2.5.1 Reactions of Such Phosphonium Salts

Two important reactions have been carried out on the
phosphonium salt (71), derived from the Schiff's base (37):
(i) reduction uSing sodium bordhydride and (ii) trans-

amination,

PPh,I

Br
./NI::j N

OMe (71) OMe

PPh,I

e :
OMe H, OMe
38) | (72)

On treatment with an excess of sodium borohydride
in ethanol, the phosphonium salt (71) gave rise to several
products as indicated by t.l.c.(Kiessegel 60:40, petrol:
chloroform). Repetition of the reaction using equimolar
amounts of the salt (71) and sodium borohydride resulted
in two developments on tlc, one possibly being the 'reduced'
phosphonium salt (72), the other being triphenylphosphine.
It is of interest that the salt (72) can not be synthesised

from the 'reduced' Schiff's base (38) by direct reaction
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with tertiary phosphine in the presence of nickel (II)
ions.

Several attempts ét a transamination reaction have
been made, but none Were successful. The types of amines
that were employed were (i) t-butylamine (73), (ii) n-
butylamine (74) and (iii) phenylethylamine (75). 1It is
possible that the failure of these reactions can be attributed

to the effects of steric crowding at the imino site.

(CH3)3CNH,  CH3(CH,)sNH,  (PR)ICH)CHNH,
(73) (74) (75)

2.5.2 Uses of Such Phosphonium Salts

+ - + - A
PPhsl @Phal NHCOCHs
NN N¢N©
| NEt, NEt,
(76) | (77)

The two phosphonium salts (76 and 77) have been
investigated by Yorkshire Chemicals PLC, Leeds for their
potential as cationic dyes. The results show that although
they do have some affinity for- acrylic fibres, the exhaustion
(pick-up of the dYe from the liquor to the fabric) achieved
was poor. The problem of exhaustion is probably the result
of poor dye solubility. Consequently, light and wash fastness
tests have been delayed on the dyeings until a satisfactory

exhaustion rate can be achieved.
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2.6 FAST ATOM BOMBARDMENT (FAB) HIGH RESOLUTION
MASS SPECTROMETRY

A preliminary invéstigation.into the use of FAB mass
spectrometry for the characterisation of phosphonium salts
by accurate mass measurement has produced encouraging
results. At present, two solvents have been used, the
most popular solvent being glycerolzo, and the other being
poly(ethyleneglycol) (PEG)Z{ A mixture of different PEG's
seems to be the better solvent of the two since it also

acts as the calibrant.

A major problem has been encountered when trying to
record high resolution FAB spectra of phosphonium salts
(including diphosphonium salts). This is the fact that
the product is already ionized, and is therefore giving
equally strong [M-Br]+ and fragmentation signals, thus
making if difficult to observe ions arising from the

calibrant.

One solution to this problem, especially in the case
of FAB studies, is to use a low resolution spectrum in
”conjunction witﬁ the AMCOR programmezz. The AMCOR
programme only succeeds if it is given two or more theoretical
exact mass measurements which are known to arise in the
scan of interest (e.g. signals from the reference material).
From this, the low resolution masses from the unknown sample
which occur in the same scan, are then recorded with a
high degree of accuracy. This is permissible because the
KRATOS instruments D555/D590 produce masses to an accuracy

of four decimal places, even at low resolution.
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A low resolution spectrum of the diphosphonium salt
(14; R = Bu) using glycerol as the matrix, and the AMCOR

programme gave the foliowing result:-

calculated [M-Br]lT (79Br) 855.4510

Found iM-Br]T (79Br)  855.4489

+ - ‘ - +
PR3Br  BrR4P
<N N~

CH,
(14)

The AMCOR iesult was shown to have a deviation of
2.23 mmu (millimass units). This result is acceptable
within the limits (10mmu). However, the spectra of other
salts could not be obtained due to the fact that all samples
contained insufficient glycerol, i.e. the sample spectra

were too strong!

The second, and more profitable solution for FAB
characterization was provided by using a glycerol matrix,
but employing a mixture of caesium and rubidium iodides
as the calibrant. This current modification allows the
use of a high resolution run and one example using this
approach was the spectrum of the butyl salt (61) derived
from 0 -iodobenzoic acid. This result was shown to have
a deviation of 0.54 mmu.

Calculated [M-I]T  323.2140

Found M-11% 323.2134
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2.7.1 Preparation of Potential Templates

The following compounds have been prepared as previously
described:- 8-Bromo-l-naphthylamine (32)7; 2-Bromo-N,N-
dimethylamine (36)23; N-(2-Bromobenzylidene)-4-methoxyaniline
(37)8; N-(2-Bromobenzyl)-4-methoxyaniline (38)24; Bis(tertiary
phosphine) nickel (II) chloride (36; R = Ph or Bu)g; Tetrakis
[bromotripheﬁylphosphine copper (I)] (48)11; 2-Iodomethyl-
benzoate (47)25 and 2-Iodobenzamide (58)26; 2-Iodobenzoic
acid (55); 2-Halobenzoic acids (60; X = Cl or Br) and 2-
Halobenzylalcohols (67; X = Br or I) wére obtained commercially
and 3-(2,4-Dibromo-5-methylphenyl)-2,2 -dipyridine (39) was
supplied by ICI Organics Division, Blakely. The following

compounds appear to be new.

The Synthesis of the Bis-Schiff's Bases

These were prepared by heating together 2-Bromobenz-
aldehyde (2 moles) with the appropriate a-w diamine (1 mole)
in refluxing ethanol for 60-90 minutes. Compounds (9),

(10) and (11) were prepared using the same conditions with
replacement of the a-w diamine by 4,4 -methylenedianiline,
p-phenylenediamine and 2,2°-diaminobiphenyl, respectively.
The latter diamine was prepared from 2,2 -dinitrobiphenyl

as described by R.W. Wwest?’. 1In all cases, the bis-Schiff's
bases crystallized on cooling and were purified by re-

crystallisation.

N,N”-Bis-(2-bromobenzylidene)azine (8; n = 0). This was

isolated as yellow crystals, (98%), m.p. 177°C (from CHCl3/

EtOH). (Found: C 45.71; H 2.64; N 7.53: C;,H)(N,Br;
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requires C 45.93; H 2.75; N 7.65%) & H(CDCls) 8.6(s,2H)

8.1-7.1(m,8ArH)ppm.

N,N “-Bis-(2-bromobenzylidene)ethane-1,2-diamine (8; n = 2)

(90%). This had m.p. 97°C (from EtOH). (Found; C 48.85;
H 3.75; N 7.09: CygH;yN,Br, requires C 48.75; H 3.60;

N 7.11%), &'H(CDCl3) 8.6(s,2H), 8.1-7.2(m,8ArH) 4.0(s,4H)
ppm.

N,N“-Bis-(2-bromobenzylidene)propane 1,3-diamine (8; n = 3)

(88%), m.p. 65°C (from EtOH), (Found: C 50.01; H 3.90;
N 6.87: Cy;/H;gN;Br, requires C 50.02; H 3.95; N 6.86%),

§ 'H (CcDClj) 8.6(s,2H) 8.1-7.2(m,8ArH) 3.8(t,4H) 2.1(qgn,2H)

ppm.

N,N--Bis-(2-bromobenzylidene)butane 1,4-diamine (8; n = 4)
(81%) m.p. 51°C (From EtOH), (Found C 51.23; H 4.29; N 6.52:
C,gHygN ,Br , requires C 51.21; H 4.29; N 6.63%), ¢ H (CDCI3)

8.6(s,2H) 8.1-7.2(m,8ArH) 3.7(s,4H) 1.8(s,4H) ppm.

N,N “-Bis-(2-bromobenzylidene)pentane 1l,5-diamine (8; n = 5)

This was obtained as a pale cream solid (74%) m.p. 48°C
(from EtOH), (Found C 52.30; H 4.60; N 6.31: CjgHpgN2 Brp
requires C 52.31; H 4.62; N 6.42%), 6 'H (CDClz) 8.6(s,2H)

8.1-7.2(m,8ArH) 3.7(t,4H) 1.8(gq,6H) ppm.

N,N “~Bis-(2-bromobenzylidene)hexane-1,6-diamine (8; n = 6)

(85%) m.p. 73°C (from EtOH), (Found C 53.44; H 4.90; N 6.09:
CooHpoN2Br, requires C 53.35; H 4.92; N 6.22%) & H(CDCL3)

8.6(s,2H) 8.1-7.1(m,8ArH) 3.6(t,4H) 1.6(m,8H) ppm.

N,N”-Bis-(2-bromobenzylidene)heptane-1l,7-diamine (8; n = 7)

(73%) m.p. 48°C (from EtOH), (Found C 54.51; H 5.18; N 6.03:
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Co1HouN2Brp requires C 54.33; H 5.21; N 6.03%) & H(CDCls )

8.6(s,2H) 8.1-7.2(m,8ArH) 3.6(t,4H) 1.6(m,10H)ppm.

N,N "-Bis-(2-bromobenzylidene)octane-1,8-diamine (8; n = 8)

(81%) m.p. 52°C (from EtOH), (Found C 55.31; H 5.50; N 5.87:
C2oH26N2 Bro requires C 55.24; H 5.47; N 5.85%), GIH(CDClg)

8.6(s,2H) 8.1-7.2(m,8ArH) 3.7(t,4H) 1.1(m,12H)ppm.

N,N "-Bis-(2-bromobenzylidene)dodecane-1,12-diamine (8; n = 12)

This was obtained as pale yellow crystals (65%) m.p. 53°C,
(from EtOH), (Found C 58.50; H 6.40; N 5.24: C, H,N,Br,

1
requires C 58.44; H 6.41; N 5.24%) § H(CDC13) 8.6(s,2H)

8.1-7.1(m,8ArH) 3.7(t,4H) 1.5(m,20H)ppm.

N,N “-Bis-(2-bromobenzylidene)4,4 -diaminodiphenylmethane (9)

This was isolated as pale yellow crystals (83%) m.p. 142°C
(from EtOH), Found C 60.74; H 3.73; N 5.25: Cp7HyoNz2 Brp
requires C 60.92; H 3.78; N 5.26%) & H(CDCl,) 8.8(s,2H)

8.3-7.2(m,16ArH) 4.0(s,2H) ppm.

N,N " -Bis-(2-bromobenzylidene)l,4-diaminobenzene (10)

This was obtained as bright yellow coloured crystals (92%)
m.p. 157°C (From petrol 60/40), (Found C 54.32; H 3.10;
N 6.15: CyH;N,Br, requires C 54.32; H 3.19; N 6.33%)

1
§ H (CDCl3) 8.9(s,2H) 8.4-7.3(m,12ArH)ppm.

N,N “-Bis-(2-bromobenzylidene)biphenyl-2,2" -diamine (11)

This was isolated as yellow crystals (68%) m.p. 108°C

(from EtOH), (Found C 60.25; H 3.45; N 5.30: C,H (N, Br,
1

requires C 60.25; H 3.45; N 5.40%), & H(CDCl,) 8.5(s,2H)

8.0-6.5(m,16ArH)ppm.

- 98 -



The Synthesis of Other Potential Templates

1-(2-Bromobenzyl)2-(2-bromophenyl)benzimidazole (18)

To a solution of o-phenylene diamine (l.1lg, 0.01 moles).in
ethanol (20 cm’) was added 2-bromobenzaldehyde (3.7g, 0.02
moles), and the resulting mixture heated under reflux for
2-3 hours. On cooling, a pale yellow crystalline solid was
formed. This was recrystallised from ethaﬁol to give the
1-(2-Bromobenzyl)2-(2-Bromophenyl)benzimidazole (l.lg,
25%), m.p. 117.5°C (Found C 54.05; H 3.10: N 6.25:

CooH1 NoBry requires C 54.30: H 3.20; N 6.35%) 61H(CDC13)
8.0-6.5(m,12ArH), 5.3(s,2H) ppm. [m/e 442 (M*) (100%);

361 (M-°'Br) (45%) and 169 (65%)].

2,3-Bis-(2-chlorophenyl)quinoxaline (29)

To a stirred solution of o-phenylene diamine (2.2g, 0.02
moles) in ethanol (50cm?), was added 2,2 -dichlorodibenzoyl
(5.58g, 0.02 moles). The solution was heated under reflux
under nitrogen for 2 hours. On cooling pale cream crystals
formed. This was recrystallised from ethanol to give the
2,3-Bis-(2-chlorophenyl)quinoxaline (6.9g, 98%) m.p. 116-
118°C (from EtOH), (Found C 68.50; H 3.45; N 7.96: C,H;,

N,Cl, requires C 68.39; H 3.44; N 7.97%).

1-(N-Benzylidene)imino-8-bromonaphthalene (33)

A mixture of 8-bromo-l-naphthylamine’ (1.0g, 4.5 x 10 °

moles) and benzaldehyde (0.48g, 4.5 x 10~ 3moles) in ethanol
(10cm®) with a catalytic amount of p-toluene sulphonic
acid was refluxed under nitrogen for 2 hours. After filtration

the solid was recrystallised giving (0.9g, 59%) m.p. 97°C
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(from MeOH), (Found C 66.14, H 4.03, N 4.43, C,.H,,N;Br
requires C 65.82, H 3.89, N 4.51%) &'H (CDCl,) 8.4(s,1H)

8.1-6.8(m,11ArH) ppm.

2-Todobenzhydrazide (59) (prepared by a modification of
13,14

the general procedure in Vogel ). .To a flask containing
redistilled thionyl chloride (32.6g, 20cm3, 0.28 moles),
2-Iodobenzoic acid (10g, 0.04 moles) was added slowly,

and the mixture was heated on a water bath for 30 minutes.
On addition of all the acid the mixture was heated for

a further 30 minutes. Isolation of the crude acid chloride
was achieved by distilling off the excess thionyl chloride.
On standing overnight red crystals of 2-Iodobenzylchloride
formed. The crystals were filtered and washed with petrol
(9.17g, 86%). The crude acid chloride (5.0g, 0.02 moles)
was added, dropwise, with excessive stirring to a freezing
solution.of hydrazine hydrate (25cm?, 64% w/v). Following
the exothermic reaction the hydrazide crystallized out

on standing. After filtration the product was recrystallized
giving 2-Iodobenzhydrazide (3.1g, 63%) m.p. 192°C, (Found

C 33.05, H 2.58, N 10.09: C,H;0;N,I; requires C 32.06;

H 2.67; N 10.68%) 8'H ((CD3)2.CO) 10.0(s,1H) 7.9(d,lArH)

7.4(m,3ArH) 2.1(s,2H) ppmn.

2.7.2 Preparation of Bis Phosphonium Salts

General Procedure for the Reactions of Bis Schiff's Base

with Phosphines

The bis-Schiff's base (1073mol), tertiary phosphine
(5 x 1073mole) and nickel (II) bromide (2 x 10~ "mol equiv.)

were heated together under reflux in ethanol (10cm3) in
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a'nitrogen atmoséhere for 5-8 hours, and the progress of
the reaction was monitored by t.l.c. [Kieselgel; CHClj;-
EtOH (90:10) as the elﬁtant]. The reaction mixture was
then poured into water (50cm3) containing KBr (0.5g), and
extracted with ether (2 x 20cm3) in order to remove non-
ionic impurities. The aqueous layer was then extracted
with chloroform (3 x 10cm3) and discarded. The chloroform
layer was dried (MgSOQ and évaporated, The oily residue
was then triturated several times with sodium-dried ether
until it solidified. On filtration, the majority of bis-
phosphonium salts, when in contact with the atmosphere,
changed almost instantaneously from light-brown solids
into dark-brown sticky amorphous compounds. Several of
the bis-phosphonium salts that were not hygroscopic were
recrystallised from chloroform-ethyl acetate (except as
stated otherwise). Characterization by microanalysis
proved to be impossible on the hygroscopic salts even

on conversion to their related mecuric bromide, tetra-
fluroborate, perchlorate or picrate salts. High resolution
fast-atom bombardment (FAB) mass spectrometry has been
employed with some success, although in the aliphatic
bridged diphosphonium salts no molecular ion or (M-Br)®t
signal has been observed. The following salts have been

characterised: -

N,N“-Bis-(2-triphenylphosphoniobenzylidene)azine dibromide

(13; n = 0). This was isolated as bright.yellow crystals,
(70%) m.p.>300°C (from CHC13/ether), (Found C 63.30;

H 4.59; N 2.96; Cs5¢H,gN; Bry, P, 3 Hy0 requires C 63.56;

H 4.87; N 2.97%) &°'P (CDCl3): 26.34 ppm; &'H (CDClj)

8.6(s,2H) 8.2-7.1(m,38ArH) ppm.
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N,N’—Bié—(2—triphenylphosphoniobenzy1idene)propane 1,3

diamine dibromide (13; n = 3). This was obtained as a

hygroscopic brown solid (~25%) 631P(CDC13) 24.60 ppm;

s L H(CDC13) 8.65(s,2H) 8.2-7.2(m,38ArH) 2.2(t,4H) 0.4(qgn,2H)
ppm.

N,N”-Bis-(2-triphenylphosphoniobenzylidene)butane-1,4-

diamine dibromide (13; n = 4). A brown hygroscopic solid

isolated in 65% yield 831P(CDC1l;) 24.23ppm; & H(CDClz)

8.7(s,2H) 8.1-7.0(m,38ArH) 2.2(s,4H) 0.8(s,4H)ppm.

N,N--Bis-(2-triphenylphosphoniobenzylidene)pentane-1,5-

diamine dibromide (13; n = 5). . This was isolated as a

hygroscopic brown solid (~60%) flP(CDClg) 24.68ppm;
s 'H(cDC13) 8.6(s,2H) 8.2-7.2(m,38ArH) 2.5(t,4H) 0.5

(g,6H)ppm.

N,N”"-Bis-(2-triphenylphosphoniobenzylidene)hexane-1,6-

diamine dibromide (13; n = 6). This was obtained as a

hygroscopic brown solid (n 68%) 631P(CD013) 24.69ppm;
s 'H(CDC1,) 8.8(s,2H) 8.5-7.4(m,38ArH) 2.2(t,4H)

0.8(m,8H)ppm.

N,N--Bis-(2-triphenylphosphoniobenzylidene)heptane 1,7-

diamine dibromide (13; n = 7). Isolated as a hygroscopic

brown solid ( ~70%) 6“P(CDC13) 24 .78ppm; 61H(CD013)

8.5(s,2H) 8.2-7.1(m,38ArH) 2.6(t,4H) 0.7(m,10H)ppm.

N,N”“-Bis—-(2-triphenylphosphoniobenzylidene)octane 1,8-

thiamine dibromide (13; n = 8). Brown hygroscopic solid

1
( ~62%) &3p(CcDCLl;) 24.69ppm; & H(CDCl,) 8.6(s,2H)

8.1-7.2(m,38ArH) 2.7(t,4H) 0.7(m,12H)ppm.
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