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ABSTRACT
]

& Reactions of Aryldiazgniumklons with

[Ir (CO)CYPPhs)z] and Related Complexes.

Variously-sugstituted aryldiazonium saltg have been
reacted under Varying'conditions.Witn Vaska's complex,"
[IT(CO)Cl(PPng)gj, 1, and its analogues, [IT(CO>A(P)2J
(for A = C1, P. = MePPhs, Me=PPh, PPhs; for A = F, Br, I,
0C10s3, P.: PPhs), but only fo» P — PPhs héve nitrogen-
cqptainiég complexes been isolated; these have been charac-
terised by spectroséopic, physicai and chemical means.

[ By ailowing [Ir(CO)A(PPhs)>] and RCeH4N2BF4 to react
in either benzene-ethanol or benzene~iso—propanol medium,
two series of iridium(III) complexes have been isblated: a
series of five-coordinate cationic arYltetrazeng copplexes,
[Ir(CO)(PPha)z{Na(CeHsR)2} JBE,, 4 (R = H, p-F, -Cl, -Bry

~-CFs, -OCHs) and a series of six-coordinate cationic ortho-

' »
metalated aryldiimide complexes, [Ir(CO)A(PPn3)2(HNN&GHSR)]X,

~
-

5 (for A = Cl, R = H, p-F, -cl, -Br, -CHs, -NO», ~-CFs, o-F,
1, -Br, -NOa, m-CHs, ‘-OCHs, -Br, -Cl, -NOz, -F, and X = BF,;
for A = F, I, Br, R = 0-Br, and X = BFy; for A = 0Cl03, R =
o-Br and X = C104). ’

— The aryldiimide complexes, 2, have been demonstrated
to undergo reveréible‘deprbtonafiaﬁ'on treatment with base;

by this meaﬁs a molecular six-coordinate ortho-metalated

. f ) —
arylazo complex, [*Ir(CO)Cl(PPhs)z(NNCsHsR)], 6 (R = p-Br) has

been isolated and characterised.

F

iii
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~':Hydr8éenation of—%hévazo—funcﬁion of ~the-complexes - -— -

4, 5 and 6 has been studied. Mild catalytic (Pd) reduction

Q

of 5 and 6 resulted in the analogous arylhydrazine complexes,

. . ,
ir(CO)Cl(PPha)Z(NHZNHCSHSR)jBF4, 7 (R = p-Br, o-Br, -C1, -NHz,

L
. | . 1 .
m-Br) and [Ir(CO)C1(PPhs)z(NH-NHCsHsR)], 9 (R = p-Br), respec-

~

tively: Similar treatment of the aryltetrazéne complex, 4, b

however, did not produce the analogous hydrazine complex, but
appeared to'result in loss of the bidentate tetrazene ligand
with ermatiqn of a dihydrido iridium'complex, tentatively
formulated as [Ir(CO)Hz(PPhs)z]BF4." .

A series of sichoqrdinate'moleqular iridium(III)
arylazo complexes, [Ir(CO)Clz(PPhs)z(NNCsH4R)], 8 (R = H,
p-F, -Br, -0CHs, o-F, g—NOé) has been synthesised by allow-
ing Vaska's complex (i), RCgH4N=-BF, and LiCl to react-in
acetone solution. Evidence has been presented that the
varylazo 1igand»CArN2) in theéercomplexes”cahtgé»forﬁuiéted -
. as ArN- rathgr than ArN2+. In kéeping wilith this formulation,:
brotonation of § to yileld the cationic aryldiimide complex,"
[Ir(C0)Clz(PPhs)z(HNNCeH4R) JBF4, 11 (R = p-F) occurs on treat-
ment with HBF, in diethyl ether solutiom. Thq\reméval ofl a
chloride ligand from é by reaction with AgBF4 did noﬁ allow
isolation of the anticipated five—cbordinate arylazo cqmplex,
[Ir(C0)C1(PPhs)a(NNCai,R) JBF,, 2, affording instead Vaska's
gOmpléx (i)rand_R@6H4N2BF4, considered to beré result of the

[y

disproportionation of 2 in solution.

iv



feo =

Owing to the uneépected ngture of the”producﬁg'i'and“z":”’ o
.arisiﬁg‘from the reaction between [Ir(CO)A(PPhS)Ej énd 4 y
RCsH4N-BF, in benzene-ethanol or benzéne—gﬁg—prop@nol medium,
the mechanism §f this reaction has been investiéated and,

from the experimental data available, tentative mechanistic

routes suggested.
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. CHAPTER 1'
‘ Int}oduction

¥ a

- The original aim.of"this work was to study the behaviour,-

~

not only of Vaska's complexl, [IrCl(CO)(PPhgﬁgjp(l)pltrans-'
»

chlorocarbonylbis (triphenylphosphine) - iridium(d) and its

1
analogues, but/also of other transition-metal complexes towards
the aryldiazonium cation, ArN2+, It was hoped that such reac-

tions Would lead to the formation of arylazo complexes, two of
which had already been reported’ by Klng 252 ([h®-CsHs )Mo (CO)2(NzATr)])
and Parshall4 6«([PtC1(PEt3)g(N2Ar)]). L

The main interest 1n such complexes centred on the

: proposal by Parshalf5 ol .that transition-metal arylazo complexes

'

could be considercd as possible models for the enzymatic . . . . .

fixation of molecular nitrogen (dinitrogen) occurring in certain

plants and algae and by which atmospheric nitrogen,is rapidly
- : X . - - * .

and quantitatively cohverted to ammonia under ambient conditions:

. 8-16,28 - o
Several review articles on both the biological and

chemical aspects of nitrogen fixation have appeared recently.

&

It is quite clear that a basic requirement for the function of
. the enzyme, nitrocenase, in this process is.the preseﬁce‘of

joth iron and molybdenum One currently populafvproposaiswi 12, Th, 99“*

. albeit lacking substantlal proof (such as the isolation of .
dinitrogen,_-dllmlde or,hydra21ne complexes from the biological

1
L



- -
System), is that one or both of the transition metals bind(s)
the molecular nitrogen, thusvreducing'the bond order of
dinitrogen and facilitating its reduC%ive cleavage. On this
basis, two of the pathways which the~bifn suggested afe )

outlined in Schemes llJand 27229 4y Which‘M and M' represent

theienzyme—bound iron or molybdenum:.

. N=N. - _N=N
MM A Np > M Mo M7
H-Donor | M-NHo HoN-M! E._D.Q.m M M' + 2NHg

Séheme 1

+
*N=N + M! H-

- H
+1 by ‘ It |
‘M-H N=N-M' -» M-N=N-M/ —ge-_—P M—E -

+ .
gle{_ s M-NH»' + HaN -M!
|emt
o 28" :
5 : +

" M-H + NHas M' + ©NHs

Scheme 2



Among the chemical modele sﬁggested feT the biologieal
reduction of dinitrogen are those involving dinitrogen
complexes‘aﬁd'arylazo complexes of transition metais. A,
_variety of stable terminal-dinitrogen (c.f., Scheme 2) and_>
bridging-dinitrogen (c.ﬂ@, Seheme 1) complexes have been N
prepared, bgt none .has proved capable'of,reducﬁion to
ammonialls18-21 A | R | . |

In support. of scheme 2, Parsha114—6 reacted the platinum
“hydride [PtClH(PEts)=] (representing M—H) with an afyidiazoniwn
cation Nzﬁ—Ar(repfesé;£Z£g NEE—M'). The initial product,
[Pt01(HN?NAr>{PEt352], is an analogue of the diimide complex
postulated as an intermediate in Scheme 2“?nd can be reduced

by platinum~activated hydrogen under prolonged conditione‘to

ammonigi via the erylhydrazine'éomplek, [PtCl(HgNHNAr)(PEtS)Z]+

4

which resembles another of the propoeed intermediates in the
biclogical system7. ) - ' 7 N ‘

'Asrindicated earlier, it was ihtended in this work to .
prepare a series of arylazo complexee in which not'enly the
"ligands oh the metal and the substituente‘eb the ring of the
‘ arylazo‘uﬁix would be varied, but also the metal itSelf; in

this way}fthe electronlc env1ronmegt around the azo (-N=N-)

funetlén could perhaps also be varled and the ease of its

—— e -

'reductlon related to the change in the (N:Nf bond order.
“However, -the seope afferded by the reaction of only Vaeka's

—..complex (1) and its analogues with variously substituted )

’2%% ' & o~
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aryldiazonium cations“was such as to preéludee as part of this
thesis, further work involving éthér transition metals.

The choice of'Vaska}s complex, [IrCl(CO)(PPhS)Z] (1),
as the ﬂirst candidéte for reéétion with aryldiazonium cations

-was based on the premise that the resulting product would be
théffive—coordinate catiofic arylazo adduct [IrCl(CO)(NgAr)(PPh3)2]+

(2), analogous to the Know ‘nitrosyl complex [IrCl(CO)NO(PPhg)Z]+
)22,23 o - - , '

(2 :

Vaska's complex (i), a square-planar d® complex, is both ,

eglectronically and coordinatively unsaturated and had already
: - ) : . : t

u

been shown to readily undergo a large number of oxidative addi-

2u-27 -

tion reactions ‘Thus, it readily reacts with nitrosonium

tetrafluoroborate, NO+BF4—, yielding the iridium(III) nitrosyl

: +
complex (2); The aryldiazonium cation, Ar-N=N, can be consi-

dered to be isocelectronic with'NO+, and could be expected to

yield the arylaZo complex (2) on reaction with Vaska}s

]

complex (1).
The nitrosyl complex (3) afforded the first example (and,

the only one at the onset of this work) 6f a nitrosyl complex
' 02,23 ' '

x®

It was thus of great. interest, .

s b

with a bent M-N-0 molety
in this sense, to ach}evé'thé synthesis of the analogous
arylazo complex (g) and to ascertain the nature,of the bonding
of the arylazo ligand éo thé ceﬁtral metéi.r 7 W

As it transpired, synﬁhesis-of the anticipated prodUC%

(2) by this routé was not achieved; ;nstead.two entirely
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, :pnexpeﬁtedtcompleies, a five-coordinate cationic iridium(III)
arylsigkazene comblex,f[IrCO(N4Ar2)(PPhg)ngFq_(i),'and a six-

coordinate cationic iridium(III) ortho-metalated aryldiimide

compiex,'[i}Cl(CO)(HNNA:)(PPh3)2]3F4 (2), were isolated from
the reaction bétween Vaska!s’cdmélex (i) and the gryldiazonium
tetrafiuoroborate salts, A}NéBF4. »

| This failure tO'obtain'the five-coordinate arylazo complex
'(g), and the unanticipated isoldtion of the obviéusly interest-
ing complexes (4) and (5), pfompted a change in the original\
aim Efithis thesis to an emphasis on thelektent to which-these
compounds could be obtained and charactériéed for a variety of.
ligands and substituents. Tﬁus, a series of tﬂe aryltet?gzepe

complexes (4), and a series of the aryldiimide complexes .

| ! » .
[ IrA(CO) (HNNAr) (PPhs)=]Y (5) have been prepared and character-

iged. These are discussed in Chapters II and III, respec-

tively..

EN

Treatment of the aryldiimide complexes (5) with base

results in the six~coordinate molecular ortho-metalated arylazo

[ : —
complexes, [ Ir A (CO)(NzAr)(PPhs)z] (6), which are discussed
in Chagter v, , !

£

On hydrogenatioA in the presence of a palladium catalyst

at room—temperature, the: aryldiimide complexes (g) are converted

] o - — e
- to the arylhydrazine complexes, [IrCl(CO)(HoNHNAr)(PPha)2]BF.

(Z). These are discussed in Chapter V, -along with the hydro-

genation studies on the complexes (4) and (6).

r~

¥



Fallure to isolate the five- coordlnate arylazo complex
(2) suggested that it mlght be unstable, particularly with
respect to ortho-metalation as the six-coordinate diimide v

complex (5), which could result from ortho-metalation of the
‘
arylazo ring in (2), 1s a stable, isolable species. Thus,

reactions‘between Vaska's complex (i), and‘aryldiazonium“
. .

cations were performed in the presence of chloride ion +to

block the sixth coordination position of the iridium and to

- -

A prevent‘ortho—metalation. When these reactions were performed
in'benzene:ethanel or benzene—;sgpropanol media, i.e,, in the
same(nedia as required to yield the aryltetrazene (i) and
aryldiimide complexes (2), the anticipated SiX—Coordlnate
molecular arylazo iridium(III) complexes [IrClg(Co)(NgAf)(pphs)gj
(8) were not obtained. However, when the reactions were

carried out in acetone medium. the complexesi(é) were. succesS— - —
fully iselated and‘characterised; they are'?iscussed in

Chapter VI |

. The unexpected formatlon of both an aryltetrazene

cemplex*(i) and'an aryldiimide complex (2) from the reaction

between Vaska's eomplex (l) and an aryldiazoniun cation, ArN2+,
poses an 1ntr1gu1ng problem as to the nature .0f the mechanlgg;é

route leadlng “to these two complexes. The results of tne work

done in an attempt to elucidate the mechanism are p presented in

Chapter VII.



~7- s '

In summary, the study in this thesis, deviating from

the original aim to investigate the ease™ reduction of the

azo (-N=N-) function in a variety of transition metal

complexes, centres mainly on the two novel classes of

@

Ciridium complexes, (%) and (%), isolated from the reaction

between Vaska's complex (L)'and the aryldiafonium cation,

ArN2+, in either benzene-ethanol or bensene-isopropanol

°

R o

medium.
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Ccationic Aryltetrazere Complexes
49 : ‘ '

CHAPTER II

.

-

A. Introduction

The term "tetrazene complex" as used here requires some

7

clarification. .The bidentate tetra-azadiene 1igand,
' 5 ) . .

R-N=N-N=N-R, can probably-bond to a metal in at least two

‘Waygzo_35°as represented by Fig. II-1(a), a 1,4-disubstituted

P

tetrazene complex, and Fig. II-1(b), a 1,4—disubstitufed

tetra-~azadiene complex.

NN
r-n” Onem ‘ R- R
Ny o

N
Yy
nd

~N 8

_N\ |
N-
Nl

M

(a) , | ()

Fig., II-T ™.

IS

Irr this thesis, "tetrazene complex" is used as a general

term applied to any 1,%- RoN, complex, irrespective of the-

= a
mode of bonding; the complexes LYa-f (see Table II=~2) in which

R is always aryl (Ar), ahd in ‘which the bonding is closer to
type 1(a) Jare referred to as aryltetrazene complexes.
Ithkis of interest to note here that’no exampless of a

free tetra-azadiene, R-N:N—N:N-R, are Jjknown and the téﬁrazene

complexes thus represenf a unique example of stabilizétion by

, .



3
complex formation. ’ 7 BN

Few transition metal tetrazene cdmplexes are knewn, and
those which have been pr%pared and characterlsed were obtalned
by the reactlon between a\tran51tﬁ:n metal complex and an
drganic azide. The known|tetrazene complexes and their prepar-

e
ations are 1lsted in Table IT+1. 8

4 - e o

The work presented here prov1des not only the first
example of a catlonlc tetrazene complex, but also the first
example of the'éynthesis of a fetrdzene %Fmplex by a route
other than via dzides. |

| As will be discussed in detail in Chapter II C; the
X—ray structural da£a for %P favours bonding closer to the
fétraéene tjpe (Fig. II-1a) rather than the tetra-azadiene
type (Fig. II-1b). Figure II—E_Iepresents the general struc-

ture of the aryltetrazene cations, ba~f

//NzN -
o  RH4Ce-N N-CeHeR
c ' N
0C~"| ™ PPhs
PPhs
s Fig. II-2
) Yba, R=H
b, R=p-F - — -
c, R=p-Cl
d, R=p-Br
e, R=p-CFs
il RzP:Q CHs
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‘Table II-1

Transition Metal Tetrazene Complexes

\

|Complex v

Preparation

|Reference

[Fe(éO)g(N4Me2)]

[ Co(h®>-CsHs ) (N4R2)]
|k = Me, Pn

[Ni(1,5-CaHiz){Na(CoEL)2}1?
[NiLz{N4<C6F5)é}]b t

[M(NO)(PPhs)(N4Rz)]
= Rh, Ir
= SOzC6H4CH3

Rh, Ir ; L = PPhy, CO
80.CsH,CHy "
(PPhs)z(N4R2)]
S02CeH4CHa, S02CeHs

i
R

| L 0)(PPha)L(NsRe)]
R

Il

d
It

L
R

T

R

(CO)(PPhs)2{N4(CsHsR)2}]BF,
H, - F' Cl, Br, CFa, OCHs

||'$

RNs # [ (h®-CsHs)Co(CO)2] 32

MeNs + [Fez(C0O)s] 30,31

CeglFsNs + [Ni(l;5-C8H12)2]' 33

INi(1,5-CoHyz){Na(Cels)z } H 33

RNs + [M(NO)(PPhs)s] - 36
[M(NO)(PPhs)(N4R2)]+L 36
RNz + [Pt(PPhs)s] : 37,36

[RC6H4N2BF4+IrCl(CO)(PPhgk This-
. Co work

a 1,5-CgH;2 = cyclo-octa-1,5-diene

‘b L = PPhs, MePPh,, MesPPh, P(OMe)s;

Ly = bipyridyl



B. Synthesis

The aryltetfazene complexes, ia—f, were readily‘prepared
by the addition of the reguisite aryldiazonium tetrafluoro-

borate, ArN-BF,, and ethanolr(or iSo—propanol) to a benzene

solution of' 1. The mole ratio of ArN-BF, to 1 was héld at 171, " 7

Althougb the apparent stoichiomefry requires two moles oﬁ
ArN-BF, per iridium étom, thiﬁ aid nof prove beneficial in
practice: no improvement in yield‘reéultgd,’the préduct was -
contaminated with a persiétent small amount of diazonium salt,
and some dnr§acted diazonium salt (ca. 15% ) was.recovered. In

fact, no improvement over the 1:1 ratio of reagents was

- achieved by varying the ratio through a 1004 excess of ArN-BF.,

S~

to'a 504 excess of i.

The ratio df alcohol to benzene.was fixed at 1:iO (V:V).
with this ratio, the aryltetrazene complex generally crystal-"
lised out on cpoling,or~slow evaporatibn,‘whereas with a
higher'alcohéz‘content (as used wheré isolation 6f the aryldi-
imide complex is required) crystallisation of the éryltetrazene
complex did not occur, a more.involved isolatioﬁ procedure - was
required, and loss of_aryltetrazéne complex resulted.

In)gzaition {o the complexes, i@—f, successfully isolated
end characterised, as listed in Table II-2, attempts to

isolate other variously substituted aryltetrazene complexes

were unsuccessful. When the synthesis was attempted with the
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Table II-2

Elemental Analyses, Decomposition Temperatures
and Yields for the Aryltetrazene Complexes,
[IT(CO){N4(06H4R)2}(PPhs)szF4 (ia-f)

Compound Percentage>Composition Decomposition Yieldz(g?wAg
(R) —Found Calculated Temperature(HQ' (b)% (c)
- C H N C H W °C T S
Ya (H) ~ |56.8% 4.1% 5.28 | 56.50 3.89 5.%8 180 15 21 |,
o (B—F)(d)’(e)54.96 3.80 5.30 | 57.16 3.85 4.85-| 150 - 45 50 |
he (p-c1)F) 52,80 3.45 5.27 | 53.03 3.46 5.05 150 25 50 |.
ka (p-Br)(8)  lo.84 3.50 k.uk [49.66 3.54 445 |- 125 o5 13
ke (p-CFs) 51.99 3.67 4.56 | 52.00 3.3 4.75 7 8o
4f (p-OCHs)  [55.36 4.06 4.87 {55260 4.03 5.10 10 K10 15

Based on a stolchiometry of 1 mole 3 + 1 mole ArN2+ - 0.5 mole i
Percentage yield of pure, isolated compound. o
Percentage yield of product formed in solution during reaction, .
~and calculated from the molar absortivities{‘e5oo nm (e.T.,
Chapter II, D4).
LFormulated with 1 mole CeHe per 1 mole of complex; unable to
obtaingaccurate carbon analysis, probably due to varying
‘benzene of crystallisation. '
Fluorine (F) analysis: Found 9.56% ; Calculated 9.87%
Pnosphorus (P) analysis: Found 5.10% ; Calculated 5.3%6%
Fluorine (F) analysis: Found 6.89% ; calculated 6.85%;»
Formulated with 1 mole (CHz)sCO per1 moie~ofﬁeompiEX' T
Temperature at which evidence of decomposition first appeared;
determihéd using a Fisher Johns Melting Point Apparatus. '

K
4
4
i
E

P
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-para-diethylamino and Qggg—hydroxy phepyldiazonium cgtiens; no
evidence4of aryltetfazeﬁe complex for&a§ion was observed end
substantial'amounts‘of unreacted 1 and ArNgBF4iwere recovered
(éa; 70% for the reaction with EthC6H4N2BF4).iﬁIt is obvious
that "electron-donor substi%uents on the aryi'ring hinder the
: formafion of the aryltetrazeﬁe comblexee, and this is further
'indicated by the fact that of those reactions which did‘yieid
isolable,eryltetrazene complexes, only in the,pare—methoxy
case, ia, was unreacted diazonium salt recovered (ca. 10%).-
Although the use of both ortho- and meta-F,C1,Br,NOs,CHs
and OCHg—eubstituted‘phenyldiazoniﬁm cations did not permit.
the actua;lisolation of fhe aryltetrazene complexes, evidence
_ for their formation wes afforded by‘their electronic spectra
“(c.f. Chapter II D4) and the red eolour'of the reaction
solution. However;fwhen afyldiazdnih@“eetions substituted in
both ortho-positions with (e) F,‘£b> Cl,'and‘(c) CHs, were
used, no evidence for aryltetrazene complex formation was
'observed at all. This is.attiibuted to\steric interference at

the nitrogen atom attached to the ring, thus preventing its

apprbach to the iridium atom.

C. Structﬁre.

’/A'single crystal X-ray structure analysi534’35 of thetred,
crystalline p-fluoro compound, carbonylbis(triphenylphosphine)

(1,4-p-fluorophenyltetrazene)iridium tetrafluoroborate (4b)
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showed theestructure to‘coosist of;discrete pentacoordinate
iridium;comolex cations and tetrafluoroborate ahiohs toéetoer‘
with benzene'ﬁolecules of crystaliisation'(one bipzene mole—-
cule per iridium atoﬁ). The moiecuiar configuratioo Of'thé
cation is shown in DiagramJIIQI. The environment:of Ir is
ouitefirregular‘but is closer to square—ﬁ?ramidal_geometryti o
VWithuP(l) as apex and N(1), N(2), C(l)‘and P(2) astbasal atoms;
these four atoms are not however, COplanar; M |

The significant feature of the complexfcation is the’ ' " -
presence of the five-membered iridiﬁm¥nitrogen hetero%yclem;
lThe four nitrogenratoms are coplanar and the iridium atom is
Qisplaced onIy 0.095 E out of this plane towards le). The
N(3)-N(4) bond is significantlj shorter than both the N(1)-N(3).
and N(E)\N(M) bonds . The short N(B) ~N(& ) bond indicates a .
formal valence structure as deplcted in Figure ii;éé,rféthér -
than the tetraazadlene ligand formalism shown ;n Figure Ii—}b.
Thus, the iridium, which is. formally in an Tttt (d6)'oxidation
. state, is essentially o—bonded to the 1- and M—oitrogens This
is in contrast to the iron complex [Fe(Me2N4)(CO)3]3 for which

31

X~ ray crystaliographlc studles indicate that the azadiene is

bonded to the metal v1a,coord1nate bonds from the 1- and 4-
nitrogens ( Figure II-3c). As stated by La Monica. et,al§§_w1th4,w;ufﬂ;
respect to their nitrosyltetrazene derivatives

[M(NO)(PPhg)g(N4R2)](M = Rh, Ir; R = SO2CgH4CHs), it is diffi-

cult to describe the oxidation state of the metal in tetrazene

ke,



. 96H4F
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derivatives because the'orgagic moiety can be considered either

as a bis-o-ligand or as a ligand forming two-electron dative

bonds frqmlthe 1,4 positions of the tetraazadiene groﬁp.i For
‘a series of Ni complexes ﬁaving akcoordinatéd;tetraazédi%ne
ligand, [Ni{(CeFs)2N4}Lz] (L = PPha, PPhoMe YPPk}Meg or P(OMe) s
and Le = bipyridyl, 1,5-CaHiz)>2, it is suggestéd’that either
of the two sf“uctural types in which nickel is either d® or
d!'® can exist, the presence of gobd g-donor and poor -
agceptor’ligands favouring the o-bonded d° tetrazghe struéture
(Figure 1II-3d), and‘good m-acceptor 1igands favoufing the @©
tetraazadiene structufe‘(ﬁigure II-3e)¥

The tetrazene structure in Figure 1II-Za for the iridium
complex is further sﬁpported by the facf thdt the aromatic riﬁgs
are neither coplanar with each éther nor with the four nitrogen
atoms; the conjugated m-system in Figure TI-3%b ShdﬁlaerSEItmrrﬂ’
in a near planar configuration., Althoﬁgh the atoms Cal), N(1),
N(2), N(3), N(4) and Cc(21) (Diagram II-1) are not strictly
coplanar, the depérfure from coplanarity is much less tﬁén
- would be expected . if the N(1) and N(2) lone pairs of electrbns
are localised. Delocalisation of these electron pairs is of
importance, and there isia striking simiiarity beﬁween this

45

heterocyclic ring and that of the tetrazolium salts

183 -
and the tetrazaborolines (Fig. II-5). The N(1)-N(3) and

N(2)-N(%4) bond lengths of 1.400(16) and§l.350(16)£ indicate .

essentially single bonds, whereas the Ir-N(1) and Ir-N(2) bond

( Fl,g ‘ Ilfﬁ;ﬂ,
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. . |
lengths of 1.941(13) and 1.971(10)A represent the lower extreme

o . .
of the range {1.95 - 2.15A) suggested by Ibers and coworkers
u7 | ‘

for M-N single bonds The overall geometry, therefore,

Justifies the representation of this complex ion as an iridio-

2,5-di-p-fluorophenyltetrazolium ion (Fig. TI-6).

N | CoHaF o

, ; ' | o
NZN\\ T N ====¥ : N*—-N\\
| . .
RY_N/ N-R'! . R'=-N N-R'' . ” -ﬁ)/II‘(CO)(PPhB)Z
|
, ﬁ b é | i CoHyF .

Fig. II-4 Fig. II-5 Fig. II-6
Y - | .

Finally, it'is of inferést that the apical.iridium—
ph%sphorusrbond Ir-P(l)'is significantly shorter "than the
equatorial bond Ir-P(2) by 0.043A. This probably reflects the
absenée ?f a ligand trans to P(i). As this appéarsrto be the
first example of .a five—coordinate iridium complex containingv
phosphine ligands‘in both apical and basal positions, it is
difficult t6 draw exacf comparisons, particularly as Ir;P bond

23,48,49

lengths in the literature show considerable variation

with the number and type of ligands present and their disposi-

tioh; the values are, however, in agreement with other Ir-P

23,48

"

bOndllengths
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D. Properties : , .

[}

1. General Properties R : ye

The- aryltetrazene complexes, 4a—f are deep-red, crystal—
- i
line solids. They are quite stable over prolonged periods in
air and .appear to be stable to moderate heating, as demonstratéd

®

by their decompos1tion temperatures listed in Table II-2,

The complexes are soluble in ethanel, methanol, acetone,
acetonitrile; nitromethane, chloroform amd dichloromethane,
and insSéjile in benzene, ether3 n-hexane, n-pentane and water.
They appear to be unstable.in chlorinated’solvents, the product
obtained on‘recrystallisation from dichloromethane~giving high
and irrational analysisrfor chlorine. There is also some
instability in ethanol solution; as‘indicated by a decrease in
the molar absormptivity, e 500nm with timg.
| lhe'conductance of the aryltetrazene complexes in‘nitro—
methane solution is typical of 1:1 electrolyte behaviouruug
the relevant data for the para-fluoro complex 4b and other
comparable 1:1 electrolytes is given in Table II-3.

Magnetic Susceptibility measurements showed the arylj
tetrazene complexes to be diamagnetic, as expected. Along with
.the observationithat the (i.r.) carbonyl stretching modes of

the complexes, 4Ya-f,lie between 2035 and 2064 cm-l*(Table;iI—5)

they can thus be formulated as complexes of iridium(III).
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Table II-3

Molar-

'Conductanées in’Nitromethaneisolution at 25°C

1 .Molggi\ Molar Conductance,
Electrolyte Concentration |Ay ohm 'mole™’em® | .
[ Tr(CO) (N4 (CaHaF)2) (PPhs)21BFa(4b)| 3.7 x 107 105
| 1.5 x 107* 117,
[Ir(CcO)C1(NO)(PPhs)>]BF, 1.7 x 10°* ioo '
6.6 x 107% 116
CoHsNoBF, 4.5 x 1074 115
éNaBPh4 | 3.7 x 1074 90
| »
=
{
) «
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On pyrolysis of the complex 4b at 54%0°C under high S e

vacuum, and subsequent gas chromatographic analysis of the non-

condensible gases, it was found that for each mole of conplex
one mole of carbon monox1de and one mole of d1n1trogen wefe

evolved.' This result mitigated agalnst the ‘initial susp1c1on:_

C e L}

of a bis- arylazo complex whlch would be expected to evolve

- two moles of d1n1trogen on. pyroly51s

2. Infrared Spectroscopy

~The main absorptions observed, as'exemplified by the
para-fluoro complex, ib, are recorded in Table II-4 and illus-
trated in Dfagram II-2. For comparlson. Table II-4 also

~includes infrared data on the reactants leading to the aryl—

s

‘tetraZene complex ﬁp, i.e., Vaska's complex l and para-
flnorophenyldiazonium tetrafluoroboratel No bands assignable
to N:N:stretcning were detected. Isotopic (N!®) substitution
at the terminal nltrogen of'the aryldiazonium cation. failed
to show a frequency shift for any of the vibratlons ofjcomplex_
.ib. Zaman spectra are unavailable owing to decomposition‘ofj
the aryltetrazene complexes in He—Nevlaser radiation.

The most»significant variation in the infrared spectra
of the complexes Ea;f is 1in the.position'of the carbonyl
stretching mode. The frequencles of the various carbonylf

stretching vibratlons and tne values of the Hammett o-constants

ir the para-substituents on the N,(CgH4sR)z moleties of the

O \H:

omplexes 4a-f are given in Table II-5.

FJ

™"
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Table IT-4

Comparison of Infrared Spectra of [Ir(CO)Cl(PPhB)gj( ),
[Ir(CO){N4( 6H4F)2}(PPh3§2]BF4(4b) and p~FCegH4NoBF.™

T — 3835

- Position of Absorption (cm 1) _JASSlgnment”
Compound: (1) .~ Dp-FCgHyN2BF, - Compound (L4b) B
3060 (w-m) 3110(s) 3060(m) 3080 (m) " 3060 (w-m) Aromatic C-H
» : ' R : stretching
e - o ) =
2297(5) : - . N=N stretching
1965(s ) ) B S ' 2057(5) C=0 stretching
1435 (s A C 1435(m | _1435(s) Aromatic
14801(s 1485 (s 1480(m)1500(s) c=C
1570 (w) 1590 (w) 1580(s 1595 m) - stretching
1255(s) 1220(s) C-F stretching ..
1100(s) S o | PPhs deforma-
) ’ : ’ 1 tion - .
1010-1170(s,br) 10%30-110Q(s ,br) | BF4 stretching
850(s) 840(m-s) ‘Aromatic C-H -
: bending (two
adjacent hydro-
‘ gen atoms)
£95(s) 750(s) _ 695(s) 745(s) Aromatic C-H
‘ bending (five
adjacent hydro-:
‘gen atoms)
500(s) 510(s) - 525(s) 535(s) 1 515(s) 535(m-s) | Aromatic absorp
520(s 560(m) ‘tions and BF,
' - - deformation = =
515 a ' Tr-Cl stretch-
’ - ing o
a2 w = weak; m = medium; s = strong; br = broad
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Relationship Between the Carbonyl Stretching
) of the Aryltetrazene Complexes,
4a-f, and the Hammett Substituent Constants, Op
~  of the para-Substituents Associated with

~ The N,(CsH4R), Moiety.

Frequency (vgq

-

-2l -

Table II-5

2

Compound voo (& 1 en™) o
if (OCH3) 2035 -0.27
igv(ﬁ) 2037 0.

kD (F) 2057 .0.06 .
ke (ci) 2057 0.2%
ka (Br) 2059 0.23%
ke (CF3) ‘ 2064 0.54
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It.has,beeﬁ.spggesﬁed4o’ul that the CO stretehing
vibration may be used as a criterion for any change in‘electfon
density at the metal in an_.oxidative addition adduct as

éompared to .the pérent comﬁound (complex £a~in this instance).
Thus, an électron—withdrawing substituent would be expected to
decrease the elec%ron density at the metal resulting in decreaSe
in the amount of back;donation from the metalifo.theﬁco ligand;
this woulé)be‘reflectéd by a raising of the energy of the'vcb
vibration, and vice-versa for an electron-releasing subétituent.
A sﬁraight-line relationship between VCO and the Hammett substi-

tuent parameter, has been claimed for a series of para-

Op»
substituted iridium benzenethiol complexes, .
[ IrHC1(SCsH4R) (PPhs)2] (R = H; p-NO=, Br, Cl, F, CHs, OCHg)uo.
Although there is a definite trend for the carbonyl stretching
frequencies in these complexes to increase with the electron-
accepting power of the para-substituent, and vice—versa,.the
claim for a straight-line relétionship appears to be somewhat
fenuous in that, apart from the extreme ends (p-NOz and p-OCHs)

of the series, the v (ecm™ ') values are virtually invariant.

CcoO
in the aryltetrazené complexes, .&g—f, although there is no
straight-line relationship, there is also an obvioué trend for
the Voo vibration (whiéh should parallel the force constant)
to 1ncrease as the electron-withdrawing ability of ﬁhe para-

substituent associated with the N4(C6H4R)2'moiety increases

(c.f. Table II-5). This indicates that the electron-withdrawing
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effect of the p@gg;substituent is relayed to tﬂe iridium,
resulting in a decreased transfer of electrons from the
iridium d-orbitals to the m-antibonding orbitals ofvthe co
ligand. The non-linear relationship between.the CO stretching
frequenéy of the addﬁcts ia;f and the electron affinities of
the variously substituted aryltetrazene ligands may be due to
an electrostatic contribution that is absent for thérmglecular
40,41

complexés studied by other workers

5. DNuclear Magnetic Resonance Spectroscopy

The presence of both p-F and'BF4— in complex ib, already
indicated from infrared spectroscopy, conductance and elemen-
tal analysis, was confirmed by !°F nmr spéctroscopy in CDC1ls
solution (at 56.4 MHé) using CAT? A weak signai at +6230
Hz and a strong signal at +8778Hz, ddwnfield relative to a CClsF
internal standafd;"wére,assigned to p-F and BF, , respectively.
The<shifts are comparable with those of +6135'HZ (p-F) and
+8585 Hz (BF, ) reported for the arylazo complex
pPtcl (N206H4Q—F)(PE’63)2]4’5.

The proton4nmr spectrum of complex ib in CDCls solution
showed broad multiplet peaks centred at 7 2.9 and v 3.8 rela-

tive to THMS as internal standard, with integrated intensities

equivalent to 40 protons and % protons, respectively. Both the -

triphenylphosphine and benzene entities, which exhibit proton
nmr signals at ca. v 2.8 in the free state, undoubtedly contri-

bute to the dovmfield absorption. In the grouping FCeH,N-N=

a. Computer averaged transients
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Diagram II-3. Proton n.m.r. spectrum of

[Ir(CO) (PPhs)zb{N‘@(CeH%Q—F)z}]BF4; 4b
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Table II-6

'y and !°F N.M.R. Spectroscopy of

[Ir(CO){N4(CgHsp-F)2}(PPhs)s1BF, CeHe

Chemical Shift

3 T © Cps Relative
(Relative to (Relative to | Integrated | Assignment
T™S) - - CClsF) ‘Intensity
(a)H'nmr 2.9 10 o
' See pp26,29
3.8 1 ‘
(b)*°Fnmr +6230 p-F
+8778 BF,~
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(see Fig. II-T), Hp andrHA,'are chemically equivalent and will

/“/ _ Fig. II7

exhibiﬁ a different chemical shift ffgm Hy and’HX,, also
chemically equivalent. This will result in two sets of multi-
plets, each integrating for foﬁr protons (there being two such
FCeH4N-N= groupings). It seems likely,kthen, tﬁat the multi-
“ plet-centred af T 2.9 consists of the 40 protons from thebtwo’
PPhs ligands, the downfield foﬁr—proton multipletrqf”thgrﬁﬁq"i
FCeH4N-N= groupings‘and the one CeHg bf crystéllisation, |
whereas the multiplet centred at T 3,8tis due to the.upfiéid

four-proton signal of the two FCgH4N-N= groupings. The complex

splitting patterns, further complicated by overlapping of the .

signals, has not been resolved. An illustration of the prbton

nmr spectrﬁm is .provided in Diagram II-3 and the data from
both the 'H and !°F spectra are summarised in Table II-6. .

kL, Electronic SpectToéCOpy'

Electronic spectral data for the aryltetrazene complexes

La-f are listed in Table II-7. The spectra are characterised
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Table II-7

Electronic Spectrail Data for the ArYltetrazene
Complexes [Ir(CO){N4(C6H4R)2}(PPhs)g]BF4(ia—f)

1

: - Wavelength (A nm) and N
Co?giund Molar Absortivity (e,m ‘cm !) ngimaa 1
Ry €1 Xz €2 A3 €3
4 (p-OCHs) 360 4515 420-490 4736 500 46D
ba (H) 390 55k4 Wko 5544 500 3960
4b (p-F) 400 6247 440 6085 " 500 - 3048
he (p-Cl1). 406 8116 440 7558 500 5224
44 (p-Br) 410 9417 440 9116 500 - . 5819
e (p-CFs) '385 . 8656 440 7243 500 * 518é
|LCTr(com(mms )] 339 3155 0 386 3800 436 - 738

a. In absolute ethanol at 25°C.

B
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by threé abéorption bands in the region betWeeﬁ%%SO pm‘and
600 nm. Generally, these bands ovérlap‘to sdch an extent th§£
“they appear essentially as a single broad absorﬁtion from‘ |
which the maxima can only be approximatély disce;ﬁed; The
most clearly rgsolved spéctruﬁﬁis afforded by the p-CFs complex
| ie, and fhe least cléarly by the p-ﬁ complex ip;» these .two
spectra are shown in Diagrams II-4 and II-5. |
A Comparisén of the spectra of the aryltetrazene complexes -

with those of Vaska's complex, i, the aryldiazonium tetrafluoro-
borate salt and the aryldiimide complexes, 2, reve@ledAthat the
abéorption in the 500 .nm region isvexclﬁsive to the arfktetra—
zene complexes. That this absorption, with a molar absorptﬁdty
varying from’approximately %OOO Eo 6000, might be due to a‘
transition (m*em; m*en) associéteé with the tetrazene ligand
" was negated by thiobéervaﬁion that no energy shift resulted on
changing the solVeqﬁ from ethanol to dichloromethane, or on |
changing‘mu;R,substituént in the complexes ia—f. In fact, all \N
three bands remained insensitive fo the solvent change, ingica—

ting that the absorptiops are associated mainly with the metal

rather than with the ligand. |

Vaska's complex, 1, in benzen®e solution exhibits three

-

well defined bandérat 339'nm.(€ = 5155);7}86-nm7(é = 3800) and

436 nm (¢ :_758) which are assigned to d-d transitionsug and

>

are consistent with model planar d® systems described in the

. %
literatureuB. No direct comparison can sensibly be made

—
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between the spectra of the square-planar Ir(ad®) system, i;’aod
the irregular Bive-coordinate square-pyramidal Ir(d®) aryl-
tetrazene cation,‘i. That the fhree maxima aiscernible in th
broad eovelope (ca. 350-600 nm) observed in the soeetra of the
aryltetrazene complexes may be largely due to th{ee such d-d
trans1tlons is fea51ble, but on the other hand, may 51mply be .
coincidental, many other transitions (such as oharge-transfer,
m*em, further d-d ﬁransitioos) probably also-contriouting.‘ on
changing the‘substitué%t R 1n the complexes ia—f, the high-
venergy band in the speotrum shifts to lower energy and'the
molar absorpfivityincreases\és fhe electron—acceptor power of
the R_substituent increases; ‘although not oonclusive; thie is
consisgeni*with charge-transfer from ifidium to the aryltetra-
zene ligand \ 4

The fact that the complexes 4& f.absorb in a.region
(around 500 nm) in which neither. the reagents 1nvolved in their
vsyntheses nor the other 1solable complex, 2, absorb,allowed a
spectrophotometric assay of.the-meximum amount of aryltetra-
zene complex actually formed. From the molar absorptivity of
the'pure complexes ie—f atv5OO nm and the absorptions of the
'-reaction sgiutions, also at 500 nmw, the maximum amount of
aryltetraéene complex formed was calculated. The yilelds, thus _ -
found are recorded in Table TI-2, 'along with the yields \

actually isolated. The most obvious inference from these

”epectrophotometric vields" is théat the formation of the aryl-
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tetrazene complex increaégs with increasing electron-
acééptor power of the R substituent. The significance N this

is discussed in Chapter VII B.

: : i . ’
By following the course of the reactions spectrophoto-

-

metrically, it was'obsérved that réaétion, with respect to
arylteﬁrézené comglex formation, was comblete after'45—6o

minutes. Reaction times greater than 90 minutes resulted in a
‘decrease in tetrazene formation.

E. Discussion

An intriguing point of interest regarding the iridium
arylteﬁraZene conmplexes, ia—f, is their‘modé of formation from
aryldiazonium cations[ Ag already pointed out, all other
- Enown metal'tetrazéne complexes haye\been.prepared from organic
azides.f Here, probable mechanistié routes can be readily
pro@osedz For example, the formation .of both [ Fe(NsMes)(CO)s]

[ from Fez(CO0)s and CHsla) and [Ni{N4(CeFs)a}(1,5-CaHiz)a]

from fi(1,5—CSH12)2 and C;F5N3 has been considered to invoive
the catalytic generation of a nitrene complex (M-NR) which then
reacts with a further ﬁOlecule‘Qf the azide yielding the

30,33

. Foo.
complexed H,4Rp, ligand An alternative approach

involves the formation of a cationic dinitrogen complex.53

“hese two scheémes are cutlined in Figure T1-3.
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*

. A reaction path leading to aryltetrazene complexes via

ArN2+ is not SQ readily visualized.  Formally, the tetrazene

molety can be viewed as resulting from the coordination of two

aryldiazonium groups, to the iridium through their bound nitro-
" gen atoms, with linking. together of their free nitrogen atoms.

No examples have been:found in the literature where an aryl-

‘diazonium cation bonds to a second entity via its bound nitro-

zen atom, and itYis a1§6“ﬁﬁIEK§1y that this occurs in the
formation of the iridium aryltétrazehe complexes. A possible

route, however, involves the reduction of Ar.Ng+ to an aryl-

ir



. diazene intermediate (ArN=NH) which then reacts with a further
, N . ~ | , ,
molecule of ArN2+ leading to a bis-aryl N, species which, in

turn, coordinates to the metal. Evidence for this mechanistic

path 1is presentéd in Chapter VII.

-

The‘pOSSible linking of two arylazo ligands to form a

complexed tetrazene moiety may, however, have some significanqe

’ wiﬁhrfééiécimgb the nitrogen fixd%ionibfgcéssbl. This would
. require invoking a new mddel in which two dinitrogen moieties
boundion similar adjacent sites are‘activdted by Simultaneous'
binding to a thirdgvdifferent metal through the 1 positions,
aﬁd linﬁed together bj the 2 positions, as i1llustrated  in )
Fig. II-9. The 10Wering of N-N bond strength inherent in Such’

a model would be considerable.

[

Fig. II-9

- X-ray crystallographic data (Chapter II-C) for the iridium

?

aryltetrazene complex, ib, show that the central bond 1éngth

corresponds to an N=N double bond and the outer bond lengths

1

" approximate to single bonds, whereas these were triple bonds in

the original diazoniwnm salt. Little attention seems to have
been given to the possibility of "polymerization" of the dini-
trogen moiecule occurring in nitrogen fixation, although

Shustorovitch®® has entertained 'this possibility on theoretical

grounds.



CHAPTER IIT » :
Cationic ortho-Metalated Aryldiimide Complexes

A. Introduction

While synthesising the aryltetrazene series, 4, the

reaction between Vaska's complex, 1, and the para-bromophenyl-

diazonium salt,'p-BrC6H4N2fBF4—, affordedhé second eﬁtirely
L e :

V'unexpected, yellow, crystallinekpféguct. By suitable adjust- SN

ment of (a) the ratio of the two solvents employed (benzene
and ethanol) and (b) the-isolation technique, a yellow compound
was also obtained from the para-fluorophenyldiazonium salt,

p—FC6H4N2+BF4_, in a crYstalline form suitable for X-ray -

diffraction studies. This diamagnetic, air-stable complex has

been chéfagféiiééé“5§7Véinué technidues, including an X:fay

-y

struéture-determination54’55, as an ortho~metaléted aryldiimide

complex. Two series of these complexes, Sa-q and 5j,r-u

(Fig. III-1 and Fig. III-2, respectively) have been synthesised

E

and characterised.

‘The complexes ég-q are isomers of the anticipated aryla26

~ adducts [Ir(CO)Cl(NzAr)(PPh3)2]+BF4—5 they are analytically . ~

”bindistinguishable.

9

Series éj,r—u resulted from experiments to ascertain the

effect on the course of the reaction between Vaska's complex,

1, and»Aer+ of varying the phosphine and the anionic ligahds'

~
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N =N\3
Ir(co)Ccl(PPh i
/ (, O) ( 3 ) 2 ‘ "
BF, .
R w——
- Fig. III-1 - )
R=H g, R=pCFs m, R=m-OCHg
b-F h, o-F n, m-Br
p-Cl i, o-Cl 0, m~Cl
p-CHs Js O-Br p, m-NOz )
D-Br k, ©-NO> q, m~F
_P"NOZ 1, m-CHs
r —+
Ir(CO)A(PPhg)Z _
L
" Fig. III-2
: , ' [
A=Cl; Y=BF, s
A:F; Y=BF4, N
A:I; Y:BF4 -
A:Br; Y:BF4
A=0C10a; Y= C1l04
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(c.f. Chapter IITB, p43, and Chapter VII).

The members of the series were synthesised,from'tﬁe

ortho-bromophenyldiazonium salt, Q-Br06H4N2+BF4f, as 1t had

previously been found to afford the most consistently high

yields ih the synthesés of ba-q.

B. Syntheslis

The aryldiimide complekes; ég-ﬁ, wefé'préparéd by react-
ing Vaska's complex, i,vor the’requisife analogue -
[Ir(CO)A(PPhs)2] (A = F, Br, I, OClbé), with the requisite
aryldiazonium tetrafluoroborate; ArN-RBF,, in benzene—ethanol.
The mole ratio of ArNZBF4»fo the ;ridium.complex-was held at

1:1. The benzene:ethanol ratio was fixed at 3:1 (by Volume),_-

whereas in the aryltetrazene syntheses it was held at -10:1.

.

In certain instances, both the aryitetfazene and the aryldiim-

ide cdmplexes were isolated irrespective of whether the benzene:

ethanol raﬁidrwasrlo:l or 3:1; 7however, the 351‘ra£io was
foﬁnd to favouf isolation of the éryldiimide complexes. As
préviously mentioned (Chaﬁfer II B), Q%th fhe 10:1 ratio the
aryltetrazene complex generally crystailised out on,cooliﬂg of

the reaction solution, whereas with the 3:1 ratio no crystalli-~"

_sation occurred. In thﬁ*laLLer4Qasﬁigihegsglyentgmasgremoyedgggggfggf

" stirred with benzene. Generally, the benzene—insoluble fraction
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‘Table III-1

Elemental Analyseé and Yields for
the Aryldiimide Complexess,

[ IrA(CO) (ENNCoHaR) (PPha)2]y®

5a-u
o

U1 [0 20 O

Compound B . Percentage Composition . , Percentage
Found . Calculated Yield

No. R A C H N ¢ H N | |
5a H cl 55.39 3.67 2.72 56.04 3.9% 2.67\°) 2
5o p-F Cl | 52.65 3.88 2.85  52.70 3.85 2:67(C) 13
Ec p-Cl ¢l | 52.84% 3.57 2.59 = 52.83 3.57 2.68(d) 8

5d p-CHs (1 53.40 3.7% 2.81 53.58 3.78 2.84 * 4o
Se p-Br (1 48.98 3.25 2.76 49.14 3.26 2.67(¢) 20
S5 p-NO2 Cl | 49.64% 3.45 5.35 = 50.78 3.37 4.13 3
5¢  p-CFs Cl 51.54 3.77 2.37 51.40 3.67 2.55(¢) | g

h  o-F ¢l |52.12 3,46 2.79  52.16 3.46 2.83 |, 13

i o-cl Cl |52.08 3.952.69 51.89 3.79 2.63'%) | 13

§  o-Br_ cl |50.07 3.80 2.49  49.80'3.64 2.53(°) | a7

x 0-NOp C1 50.58 3.57 3.91 50.78 3,37 4.1% 13

2 m-CHs Cl 53.48 3.83 3.10 53.58 3.78 2.84 ez
Em m-OCHs Cl | 53.66 4.09 2.68 5%.25 4,09 2.64(¢) | g
5n  m=Br Cl 49.28 3.320 2.61 49.14 3.26 2.67 8
50 m-cl = C1 50.92 3,56 2.68  51.31 3.41 2.78 _ 13,
5p  m-NOp Cl | 50.17" 3.37 3.96 50.78 3.37 4.1% . 14
50  m-F Cl 50.90 3.57 2.65 52.16 3.46 2.8% . 14 . e
5r  o-Br F 50.46 3.7% 2.70  50.56 3.69 2.55 )/ og
5s.  o-Br' I 45.66 3.05 2.55  45.19 3.00 2.45(E) 14
[t o-Br— Br | 48.53 3488 2.50 — 48.70 3.29 2.47(d) 16—
Ej' o-Br €l |50.07,5.80 2.49  49.80 3.64 2.53(C? ‘ 17
5u  o0-Br 0Cl0s| 46.68 3.25 2.41  46.59 3.40 2.36\) (P} s




wa

a
b) Formulated w1th 1 mole CgHe per mdle of complex.
d Formulated with 0.5 mole CGHG per mole of complex

(a)
(p)
(c) Formulated with 1 mole (CHB)ch per mole of complex.
(a)
(e)

Chlorine (Cl) analy51s: Found 3;23%3.Ca1culated 3.37%

Bromine (Br) analysis: Found 7.56%; Calculated 7.604 7

(f) Fluorine (F) analysis: Found 8.544; calculated 8.694
(g) Iodine (I) analysis: Found 11.08%; Calculated 11.104
(h) Chlorine (Cl1) analysis: Found 6,08%;vcalculated;5.98% e

Bromine (Br) analysis: Found 7;19%5 Calculated 6.75%
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 was carefully recrystallised from acetone-ether resulting,

first, in precipitation of the yellow,.crysfalline afyl—diimide
cemplek, followedbby precipitetion’of the red, crystalline
aryltetrezene cemplex. Detailed’procedures are given in
ChapterVIIIbut it should be noted here that, depending on - the

, 2
ring substitution of the aryldiazonium cation, (a) the aryl- ;

———— diimide complex was sometimes obtained from the benzene-

soluble fracfion,(and (b) isolation of the aryltetrazene com-
plex was not always aehieved; in faet,_it was achieved only
for ngg—sﬁbstifeﬁedreryidiazoniumrcations,'as discussed in
Chapter Ii B. ’ | | |

Table ITI-1 lists the aryldiimide complexes isolated and
characterised, along’with their elemental analyses and yields.

’ Attemptsk;o synthesise aryldiimide complexes of the more

- nucleophilic analogues of Vaska's complex, 1, namely, .

A2 o

[Ir(CcO)C1l(PMePhs)>] and LEf(CO)Cl(PMegPh)zj‘proved unsuccessfulsy
this was also the case with regard to the aryltetrazene com-
plexes. The mechanistic implication of this is discussed in

.. Chapter VII.

C. Structure | -

A single crystal X-ray structuraltanalysis of .the complex

mépiicnioro:carbonyibiséiriphenyiphesphine)—A fluoro; 6-iridie

phenyldiimide tetrafluoroborate, revealed-the structure tao

consist of an array of discrete six-coordinate iridium complex



Diagram IIT-1. Molecular configuration of

[ Ir(co)C1(PPhs)z(HNNCeHap-F)]", 5b



s e

'catlons and tetrafluoroborate anions together w1th acetone

molecules of,crystalllsatlon'(one'acetone‘molecule per iridium

atom)54’55. The'molecule} configuration of the .cation is
shown in Diagram III-1. ‘

* The environment of'the iridium is. that of a'distorted

octahedron, the dlstortlon belng 1mposed by the presence of

—— the Tive-membered ring. beaV1ng4331de"the“aplcaittriphenyl-
phosphine groups, the remaining ‘equatorial' atoms:of the - o ;
complex cation are'very nearly eoplanar.,‘Noticeabl§, the
phosphine grouﬁs,are trans end the ir-P leoétoeratevalmOSt

a 1dent1cal with the longer of the two’dlstlnctly different Ir-P ~Jt

v bond lengths in the pentacoordlnate tetrazene complex, where‘
the phosphines are cis (Chapter II C and Diagram II—l); and
gagree;closely with the Ir-P lengths of the trans—bhosphine v

. __groups_in the. similar complex. [IrClz(p CH3006H3N2H)(PED3) }LdHGls ,,,,,,,, -

described by Bellon et al. 5% 182 , | | |

The pr1nc1pal feature of the complex cation 1s the

internal metalation of the aryldllmide ligand at atom C(12) to

give a ??te-membered heterocycliC‘ring. Tbis process,,ortho— "é

d metalation, has been recognised as an importantosuﬁetitu on %
reection'of aromatic comoounds possessing7a nitrogen56;74 174 or é
phosphorus75—87 donor atom and nuﬁerous examples have»appeared %
~since the subject was reviewed88. Altﬁough-the phenomenon is . ;

reasonab1y”weli*estabiished‘on”ohemiéaiﬁnﬂfiﬂxﬂﬁﬁosoopie

(i.r. and n.m.r.) evidence, only a few crystal structurd® deter-
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- Amminat;onsfhaxegbeen_reportedééfiiill4§2,4and4nonerlnndetall+44444444444f

The flve—membered ring in 5b is closely 51m11ar in dlmen51ons .
: to the correspondlng rlng in acetatobis- [(2 phenylazo)phenyl]

. rhodlum, as reported by Cralk et al. 63 The Ir- C(12)Aand
Ir—N(l) bond lengths “in the chelate ring of 5b are not 51gn1—'

63

ficantlywdlfferent As Craik et al— do not report errors,

it cannot be de01ded whether the correopondlng distances are

dlfferent in the rhodium compound; however, the closely
related ortho—metalated phenyl ring in a ménganese-benzilidene—
aniline eoﬁ@JeX6 is bound to manganese with 1dentrca1 Mn=Cﬁ'ﬂ~” e
and Mn-N distances. " A comparison-of the molecular geometry of -
the recently determined complex [IrClg(p CH30C6H3N2H)<PPh3)2]-CHCls
53’182th that of 5b shows that there is strict similarity between

‘ correspondlng interactions in both structures. The,N(l) -N(2)

bond length of 1. 28A in jb indicates this to be a. conventional

double bond, again 51m11ar to the related’ compounds Jjust

mentioned.53’63’6g

The presence ogran N-H bond‘in ép has been established'by . é
i.r. (Chapter III;DQ) and n.m.r. (Chapter III;D})'spectrosoopy, %
and by deprotonation with base (Chapter IV). Although the - i

'Y ray dlffractlon data do not unamblguously confirm the presence
—w~ﬁw—m{é;the—preten—eH—N{&Q——they—are—mere—eens1stent—with—the—s&i£%——————————f
belngﬂhtliwrathernthan4NLQ);nnthlsnlsnohemleallynsen51blenlnhﬁo

far as the hydrogen atom then has the position occupied by the
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Didgram III-2, Intermolecular hydrogen bonding betwéen
acetone and H; in . ‘ :

[} —1 - ’
[ Ir(CO)C1l(PPhs)z(HNNCeHap-F)]BF,*(CHs)2C0, 5b °

=



5hé£§i”gf5up in the acetatobis—[(E—pnenylazo)phenyl]rnodium

3

complex63. Further, N(l) shows a relatively short contact with

tne oxygen 0(2) of the acetone molecule at 2. 91A, indicative of

weak hydrogen bonding (Diagram III42); H(1) is approxi-

mately coplanar with the acetone molecule.
- Protonation of.the'coordinating nitrogen atom.of an -

arylaZOAgroup~nasAbeenreenfirmed~Qmainl—wfremen~m~r—sev1denee9

5 108, 140 90-92,109

in two cases; nd strongly indicated in others

For example, Parshallu’5 has reported the 1nsertion of

-

p-FC6H4Ng into-a Pt-H bond to give [Pt(NH=NCgH.F)C1(PEts)z2]";

99

Toniolo and Eisenberg used a similar procedure to obtain

[ TrHz(NH=NCoHsNOz ) (PPha)s]’, and Shaw’ ' achieved insertion of
| , . | N
CeHsNz' into a Ru-H bond to obtain [Ru(NH=NCeHs)C1(CO)n(PPraBut)21".

92

Similarly, Caglio”” gsynthesised [Ir(NHzNCsH4£-R)H2(PPh3)3]+

_ from [ IrHs(PPhs)s] and p-RCeHsNz' ( R=OCHs, NMeo, Me). These

findings provide further eviqence that the position'of proteona- «

tion in the present compound {5b is correctly established.

-

—~
v
/

|

{

D. Properties o -
1 . P

1. General Properties

[

. The cationic ortho-metalatéd diimide complexes
kod

[IrA(CO)(NH = NCgHaR)(PPhg)QJY 5a—u) are/cr§stalline solids"

varying in colour from yellow to yellow—orange. They are stable

over long periods to air, and appear to be stable to moderate

heating (up to ca. 180° c). Although the extent of solubility

a. The complex 5k (R=0-NOz) ‘is violet in colour. )



Table ITI-2.

“Molar Conductances (Nitromethane, éS"C) and pKa
Values (Ethanol, 25°C) of Some Aryldiimide
Complexes [ IrA(CO)(NH=NC&HsR)(PPhs)z21Y

Cémpound’ ‘ Conductanc':ef Data ‘ PKa

T *’ No~ A R "AJY‘*’Woiar"f‘on‘c*entrat'ib’n”i* *Momil’mo ﬁ_ %cmD k

5b+ C1 p-F- F4: - 8.4 x 1O'A5 : o 123L“\;;

51 Cl m-cHiiziFé | | . o o ' 6;3,7 ,W
| 55 c1 o-Br BF; 1.7 x 1074 ‘ ' 126 |6.6
5 5r F o-Br BF. | 1.6 x 107%* 139 16.5

5s 1 o-Br  EF. | 1.8 x 107* 131 6.9

5t 3Br - To-Br  EF. 1.8 x_lbf4 ‘ ! 128 ‘

Su  0Cl0s o-Br  FBFe 4.0 x 1074 | f124i7' , 6.8




~varies somewhat with the ring‘substituent, R, the complexes are'
all soluble in methanol ethanol ‘acetoneg acetonitrile, chloro-
form, dlchloromethane, and 1nsoluble in . dlethyl ‘ether, - hexane

//: penténe, Water and benzene (the complexesvobtalned from benzene»l

- . o : | | \
%’“\\;\Eglution'during'work~up of the reaction‘mixtureAappear not .to

be - capap ofmremdissolv1ng*1nwbenzene) *”The*conGUctancet

the amyldiimide complexes in nitromethane solutlon is typlcal

“of 1:1 electrolyte behav1our44, as demonstrated for a few repre—

sentative compounds in Table III42 Also listed in- Table III 2 .

“are some pKa>Values .1llustrat1ng the aCldlC nature of “the

w0

diimide hydrogen of the complexes Magnetic susceptlblllty

measurements showed the aryldllmlde,complexes to be dlamagnetlc

2. Infrared Spectroscopy

o

The pos1tlons of the carbonyl and azo-function stretches

(VCO and VNZ, respectively) for the aryldiimide complexes,-ga—u,

are listed in Table III-3. The i.r. spectrum of the p~bromophenyl-

diimida complex ‘S.e, as illustrated in Diagram III-3, typifies
the complexes ba-t having the tetrafluoroborate anion, Qhereas
Diagram III-4 shows the region of the spectrum of Su having

bands assignable to the perchlorate anion and a perchlorato ligand.

,,ﬁ In the 1.r. spectraloﬁlalllthe complexesllia—u; the N-H

stretchlng frequency appeared in the region 3150- 3180 cm !,

Those bands characteristic of the substituent, R, on the aryl-

azo ring were obserVable, except for R = C1 or Br. In all

-7 s

{
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Table'III—B.

. Some Infrared S ectral Data for the Ary% %lmlde
© Complexes, [I?AECO)(NH—N@GHBR ) (PPhs)2]Y(€ S5a-u

Compound Position of Absorption(fry
No R - A - -vCO(t 1 cmf1)> 1 ng(t'l cm” 1)
|52 H c1 | eex8 - 1410
55 poF o R (01 1: S 1419
5¢ - p-Cl c1 |7 oou8 - 1409
54 = p-CHs . C1 2050 | 1410
Ee p-Br  C1 2050 .. 1yiptal(e)
58 p-Noz  C1 2058 ' 11408 |
|se  p-cFs . c1 2060 1403
5h o-F cl | .e065 '
51 o-cl-  c1 2066 /f‘ * o auys(b)
531 o-Br cl- .| 2068 o o , 1442<b)<d)
5k 0-NOa ci’ | 2072 E
B4 m-CHa QL 05T e
Sm m-OCHa Cl - Lop061 o .o
5n‘  m-Br - C1 . - 2066 " ‘ '
50  m-cI ¢l - 2068 |
50 m-NOp  C1 - oe0T2
53 m-F cl - 2075
5Sr o-Br | F | 2056
55 o-Br T 206%
5t ™~ o0-Br Br . 2067 . iy
53 0-Br c1 - 2068 T 1442(0)(d)
5u.  o-Br 0C10s 2093
a) Observed 'in both 1.r.-and Raman spectré
b) Observed in Raman spectrum.only.
c) Shifted to 1297 cm ! on. 15N substltutlon of the Ir bonded

nitrogen atom. _

Shifted to 1426 cm™! on 15N substltutlon of the Ir-bonded
| nitrogen atom. '

(e Ha - t Y = BF4, ZU. Y = ClO4

(f) Ker pellet -

\

—~ e e N
Q,
S—r
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cases, the abserptions due to the ring C—H bending modes-of -the ——

trlphenylphosphlne 11gands appeared at ca. 700 and 750 cm;1'

Apart from the cnaracterlstlc substltutlon patterns

’“prov1ded by’ the C-H bendlng modes of the Ir-bonded arylazo rlng

(as recorded in Table III-4), no definitive ass;gnment of_pandsx

: e o - : T . R .
characteristic of ortho-metalation in the'complexes»éa;u'haS/

4
1000-1100"cm !, have been claimed for other or o-metalated

been made, although such bands 1yingrin thevregion of ca.

[

95,78,81 293, ok

complexes “The a331gnmentt‘f bands in this

. region'(lobO—lloo cmfl) to an ortho-metalated ring in the

complexes 5a ~-u 1s not tenable ow1ng to (a ):the presence‘ofra
strong, broad band centred at. ca. 1060 cm o and due to BF, or
0104—,’and,(b);va strong absorptlon_at ca. 1100 cm™? in Vaska's

complex (1) itself, a compound which is not known to contain an

the a531gnments based on the G- H bendlng rlng substltdtlon

Qrtho—metalated phenyl ring. 1In fact,'the results in Table III-4

for the meta—substituted'compounds 51—q even'cast some doubt on

-

£

pattern in the 7OO 300 cm ? reglon These results suggest that

<
“the sterlcally more crowded 1somer A predomlnates over -the

sterically mbre'fayoured isomer B (see Figure III—B).

Isomer A .  ° - . Isomer B
Fig. III-3
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Table III44L

Infrared C -H Bendlng Rlng Substltutlon Patterns Ll

KBr. pellet.

Approximate values.
- Two 1someric structures,
substituted diimide complexes,

See .Reference 38.
A and B, are poss1b1e for the meta-
See Flgure I1T- 3

5L -q.

A and Y are as prev1ou91y designated (see,

. of the ortho-Metalated Ring in the Aryldllmlde g?mplexes,
. [f}A co) NH= NangR)(PPhs)ij Sa-u. ,
" |compound Position of Abeorption (cmf?)(C)'  Comment
iNo . R _',ﬂiferature Vélﬁe(a)’ObServed Value E
5a, H 1 750 - Masked by strong
~ - PPhs bands at 700
: : and 750 cm '
Sb p-F. 830, 880 825, 875"
5¢ p-Cl W - 820, 870. . .} ..
154 p-CHs a0 810 ;
5e p-Br o " 830, 880

5F pﬂgog’ " " 840, 890
g p-CFga " " 840, 885

" |oh o-F 780 785
51 ol | " 795 -
53 o-Br " - 790
oK 6-NOz " 800

15r o-Br. " . 775

55 o-Br " 2 770

5t o-Br N 770 I o
5u o-Br " 770,
51 m-CHs | 780 0r830,880(P) | 780, 830, 880 |Mixture of 1503

7 - o B PO mers A a?d B )
5m m-0CHs Mmoo " 785" Isomer A(D
- I5n m-Br oo " 790 Isomer A(b)

50 m-C1 reenon " S| 790 Isomer'A(b) )
5D m-NO> moro oy, | 835 | Provably isomer

'"qu /r m-F non ! 795 Isomer A(P)

' 7

e.gn, Table III 3)




%' An,aﬁSorption;due‘tO'the N=N s@retching ffequeﬁey szg
could be assighed to only a‘fewvef'the'aryldiiﬁide coﬁplexee,
namely éa;g and éi—j, and ih theee cases4theri.r; abserption
(1{03 to 1443 om™!) was invariably weak. The remaining
.complexes 2@) zk’and 51-u, exhibited no i.r.‘ebsorptiens~

assignable to Vi, and,’further; underwent deCompositibn4in'the

‘Raman ﬁeyﬁeraser beam., By using»iﬂe ieetopically subebitutede,v
diazonium salts [RC5H414N515N]+BF4— (R :Ag-Br,_g-Br) prepared
by diazotieation_ef the corresponding aqiiine with Nal5NOs,
the isotopically substitutedeanaloguesvof ée and éj were synthe-
sised end investigated by ﬁaman‘and (;nvthe case of ge) i.r.
spectroscopy ' (c.f., Table III-3). 1In this way it was possible

to aséign absorptions to the N=N sﬁfetching frequencies. .In

view of (a) the uncertalnty of the exact N=N stretching

state (XBr), (b) the'apparently smeil differences %g the VN2
values on varying the Bgzg-R substituent and -(c) the pdeeiﬂglity
of coﬁpling of the N=N and aromatic C:CfStre£ching frequencies,
caution should be exercised in atfemptingito draw any firm
correlation between sz and fhe‘nature of fhe R\substituent.

The i.;. ébectra of all the aryldiimiae complexes

exhibit an absorption due to a:. terminal carbonyl stretching &

requency in the region 2048-2093 em”™ ! (c.f. Table III-3). Four

-ty

- separate series of complexes can be considered, all pertaining

- o i : 1 : . )
to the general fcrmula [IrA(CO)(NH=NCgH3R)(PPhs)2]Y, viz:

%



Series (1) Compoundsygb—g, Table III-3,

R = para-substituent; A = Cl; Y = BF,
Series (2)  Compounds Sh-k, Table ITI-3
'~ R = ortho-substituent; A = Cl; Y = BF,
Series (3) Compounds 51-q, Table III-3
R = meta-substituent; A = Cl; Y = BF,
Series (%) Compounds 5j and 5r-u, Table III-3
R = Q-Br; A'=F, Cl, Br, I or 0Cl0s; Y = BF4 or '
ClO. ’

Within each of the series (1), (2), and (3), “co
increases as the electronfacceptor ability of the ring substi-
tuent, R, increases; thus, the bidendate aryldiimide ligand is

competing with the CO ligand for a share in the electron density

on the iridium. Oh consideration of the structure of the

diimide complex, (Figure ITI-4) it isiieen that both the bi-

Wmdentateﬁligand,andwtheﬁCowligandfliéw,ngtnehequatorialgplaneﬁofm—ﬁWff_W

LT

the cctahedron, and that the bonding'of the terminal qutdm of

A" 2S5

the diimide ligand to the metal is trans to the CO ligand.

Zack donation from a filled dr-orbital of iridium into an empty

+
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7"ahtibdﬁdiggmig—grbﬁgél»of thgtniﬁ?ogen-ligand should be'facili— \\
tated by elec%ron withdrawing subétituehts on the'aryirring of

the ligénd. As the métal eiectrons are increasingly more
e}ficiéntly gighoned—off to the diimide ligand by thelstronger
electron-withdrawing ring substituents, the back donation‘from

lridium to an empty antibonding Pﬂ—orbital of the carbon monox-

“ide diminishes, and VCQ increases. Also, this effect should
result in é decrease in “N» with increasing electron-acceptor
power of .thle ring subStituent, R: the inéreased occupancy of
the nitrogen éntibonding Pﬁ-orbital results in a lowering of ﬁ
the N=N bond order, and a decrease in the bond frequency (or

energy). This effect is exemplified by the “CO and “Na v%;ueé

for fhe para-substituted éryldiimides, zb,c,e;f,g (Table III-5)

where it 1s seen that, as the electron withdrawing power‘of the
,parazsubstituentﬁincreases,;igghincr&aseswandeNgmdeexeasesT~74*W44—f

Table ITII-5 lists, in addition to other parameters. the values
v, . : ,

. e v . e e
for the ratios “/\)IT +, where "Nz applies to the aryldiimide
o ) i i .

O

O

B
o]

|-
(D

x carrying an 2 substituént, and VN-+ to the similarly
. : VN
zubstituted diazonium salt. The value of 2/vN,+ also
: ‘ 5 ,
dzcreases with increasing electron withdrawing power of R. This
N )

dzcrsase in 2/v, + lends support to the mechanism just dis-

cussed, Thus, if the arylazo unit withdraws p-electrons from

The msetal, then ons would expect electron withdrawing para-

. N * e 5 - - \) .
SulftTlouents 0 g£X17s relatlively larger decreases 1In Hz for the

- -- < P = . o 5 L 7
corrlexss Than the Zscreass In Tlizg observed for the correspond-



"A Comparison of Voo and ng of  Some Aryldiimide

in the synthesis of the res

~

pective CO%E%QX'(S).

Complexes [ IrCl(CO)(NH=NCgHsR)(PPhs)>]BF. with the
- Hammett Substituent Constants @p,éof the
, : R Substituents.
Ta) B By (2)(D) |
a , a ) a ) i
Compound Voo - gp /7 VN, ? N2+ | vNZ/ng
ol R (+ Lem t) (t 1em™)  (+ 1em )
55 p-F 2048 0.06 1419 2297 ¢ 618
5 ) )
5S¢ p-C1 2048 0.23% 1409 2295 . .61%4
52 p-EBr 2050 0.23 | 1410 2291 616
5¢ P-NO» 2058 0.78" 1408 2308 § 010
5g p~CF3 2040 0.5k 1403 2310 607
51 o-Cl 2OE7 - 1443 2295 1629
5;  o-Er 20£3 - -V 2293 | .629
2, #=2r pellet + _ B l
"It} Applies to the aryldiazoni r‘saItR-l\rsTrBFé Tused T




T g

T e

R B

ing diazonium salts, due to the added drain of metal electrons

,inte the N=N function; that is, vN /vNé+'shOuld decrease as
> o

i thdrawing power of R,ing;éases,'as is observed.

Fdrlihe

and 5J, respectlvely) both the VCO and VN values are hlgher
2

than for the’ correspondlng 2-cbloro andf; ~bromo analogues (5c -

and 5e4wﬁeﬁpegﬁlyely) as nofed in Tah?e TTT R 'Thiq prnhghly

-chloro and o- brmm‘substltuted complexes (517MUV”;

reflects a greater removal of electron density from iridium

when the substituent is o than p, resulting in decreased back-

donation to both?hecarbony&andaryldiimideligands.The

origin of thiz effect is not clear, but may be due to a differ-

ent\sigmaiwithdrawal through the Ir-C (eryl)'bond. For the o-R

series, as for the p-R series, Veo again increases as the

electron withdrawing power of R increases. Owing to the jlack

of v., values for the o-R series, other than for 5i and 5j,'the~'

varallel the u-% series (

\

>
variation of v,. with R 1s not known, but would be expected to

TNz - s

Srawing power of R increases). , -
In the ortho-bromophenyldiimide complexes 5j and 5r-u
(c.f. Series %, page 56 ) in which-the lizand A is varied from

T through I, £1, and Zr to 0105, the trend is for’vco to

i.e., v 'decreases as the electron w1th—

plexes Sr-u ars synthesised. Tt is perhaps of some interest to

cs g » ey s
note that v arr=sars Lo De nore sensitive to the effect of

e ~,
. o

EY
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Table III-6.

- for the Complexe

Carbonyl Infrared StrétChing Ftéquehcies (Vo)
S [II‘A(CO)(PPha)g], 1,

la-d,,

- - “and ’ B
.[irA(CO)(NH:ngHgBr-g)(PPhg)2]Y(a>, 5J, 5r-u. = - SR
. : B o T . NiA:.N”» . A”S,,TIHHAL,U
Compqund T T, T T @ 5
JCompg?nd VCQ s E"A\)CO ] Cgmpound i 7YCO- éVCQ -
No. A (+ 1 ém_l),l No. A - (+ 1ocm ') .
- emla F 1957 8 = l5r F 2056 12
~ . _ o~ » ) ) s
it cl 1965 0O -|i5] cl 2068 0 . ;
v Br. 1966 -1 |5t Br . 2067 1
1c I 1967 -2 I5s T 2063 5
1d  0Cl0s 11982 -17  Jl5u  0C10s3 - 2093 -25
(a) gj, r, t, s: Y’:.BF4§ Ep: Y = Clog PU{
L (b) A\)(;m- = (VF‘O)(“T ‘;g(\){-‘r{)AJ‘Where A =F, Br‘J I, ClOs
X (¢) In CHC1ls (See'Reﬁerq;Qe 95) o
(d) KBr pellet - ,
- B \ - S ) R
123
~ 4
,”' - : é
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varylng the anionic. llgand A 1n the d11m1de series 5r—u than
in thea“Vaskaﬁ " series 1a d as represented by the Avcbwr

valuesrin Table III-6 Thls is particularly ev1dent for A ;‘,
jOClOs.l A ratlonallsatlon of thls observatlon 1s cons1derably

hlndered by the many factors 1nvolved in going from a four-

coordlnate, square planar, molecular, d8 system in whlch the A

and CO llgands are mutually trans to a six- coordlnate, octa-
hedral,:catlonlc, d® system in which the A'and CO ligands are

cis to one another. The effect on v,y of varying A in the

complexes 1a—d is undoubtedly due to the trans effect, which
rhas been well establlshed for square complexes, and partlcu—' :
rlarly for d® (Pt ) complexes96 97. The trans effect is gener-
'aIly of less importance in octahedral complexesfdand the

variation of Voo w1tn A in 5r u may s1mply represent a manifes-

tatren—eﬁ—the—e&s—e££eet whieh—%s—knewn—te—eecur—in—eertaln'

)

octahedral, d° complexes98. It should be noted that complex 53,;

~ in which A = C1, has BF. as a counterelon,lwhereas 5u, 1n,wn1ch”llln,,

A = 0C1l0s, has €104~ as the counter;on. The nature of the
counterion can affect both the intensity and the freQuency of
‘the i.r. bands, particulary for sglid state spectra98

u being greater than that of

. This in
itself could'account for AVCO

1d. -~

~

In the series, 1, la-d and 53j, 5r-u, itrwould be expected,

purely on the basis of Pauling electronegativities,'that VCO

~ should decrease in the order of A = F> Cl> Br> I. However, -



B,

carbonyl Infrared Stretéhing Frequencies (vc

o)

~for theé Complexes [IrA(CO)(PPhS)z](l la-d) and

. [TrA(CO)(NH=NCoHsBr=-0)(PPhs)o]v |
_Eiectronegatlyltles (XA), Total Electronega%ivitiés'(XT) 

(23, rfu) and

and n—Electronegativities (Xﬂ) of ﬁhefAnionic Eﬁgands, Al

.

¥

{-d-)

T T T T oomonna Ty
ompoun Voo A 'XT e ompoun { Voo N Lp [ Xg
No. A +lem b I No. A +lem™ 1|

P ) v :
1a———F 1957 | 4,02 | 402 0|57 2056 .02 hL02[0 |
1 c1 1965 | 2.94 4.1iy> 1.25 |55 cl | 2068 |2.9%|4.65/1.71
b Br 1966 | 2.58 |4.2r” |1.65 |5t Br 2067 |2.58|%.59|2.01
I 1967 | 2.22 |4.24 [2.02 |5s T | 2063 |2.22]4.34]2.11
1 0Cl0s | 1982 | 3.70 |4.62 [0.92 |5u  0C10s| 2093 [3.70/6.85[3.15
(a) 5j,r,t,s: Y = BFg. 5u: Y = ClO,
(b) In CHCls (see Reference 95) RS o I _
(c) KBr pellet z 3

iu; See Appendix B for explanatlon and calculation

W

e,
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—44444444444#u;4mﬁx@l4orderlobserxed74namelyT4glﬁw—Bre>L$=>4F—ie~eentrary——ee———

L4
to this, placlng F out of llne The explanatlon;for,thlsﬁls”,”;,W'

that, in addition to their 'sigma electronegativity”, Cl, Br.

and I, but not.F, can also exert a p1 electronegat1v1ty by

i
N i

acceptlng charge from the metal into thelr empty, low lylng d—

orbitals. This Varlatlonjof v with A was utiliged by

co
Vaska95 to quantitatiVely'estimate, from the'vpn values, the

total electronegativity (XT), and hence the ﬂ—electronegativity

(Xﬂ) of a wide range of anionic llgands (A) in the complexes

ﬂNA{€@9{E4%hy%§};%M4;4{%%44%%%?4;Hi84ﬁ%ﬁhﬁ3S*f@i”%%f;eigigmﬁ”f" —

electronegativity), XT and Xﬂ for the complexes having M=1Ir

and A = F, ¢l1, Br, I and 0Cl0s, i;e., 1, la-d, are given in

~ ~ . . -t . J

Table III-7 along with the corresponding values for the diimidel

A

series 5j, r-u. The defiﬁitions and methods of calculation of

—}A’ XT and XT—T are given 1in Appendix B. There is an immediately T .

obvious discrepancy between the X values for 5u and ld:\iﬂﬁ\

he . >

that the value for 5u is apparently too high. ~The. Efplanation

' for thlc is not obv1ousa,and may agaln ‘be due to a number of o

- _
o o

r factoro in going from a square, molecular a8 complex to a- -

ldlstorted octahedral catlonlc"gi6 complex, as prev1ously !

discugsed. L R -

—_— ' " The ortho bromophenyldllmlde complex ;u, contalnlng per—

ﬂchlorate as both an anion and. a llgand is formulated as

- [lrbClOQ CO' NH—N C HsBr o)(PPh3)2]C104 on the bas1s of 1ts‘

elemental analy51s (Table III=1), molar conductance (Table III-2),
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diemagnetism, and ipfra-red spectrum (Diagram ITI-¥).

" literature contains both-i{r;gg’loo and X- ray101 =2

structur

. .evidence for coordinated perchlorate<complexes, and 1.r. data
~for the uncoordlnated perchlorate anion has «been discusséd py N
Nakamoto59 and Cohn1051 The uncoordlnated perchlorate anlon T-;

is a tetrahedral XY4 molecule having. four normal modes of

7VlbrailOﬂTMM%LAfliuveLE)1u¥64TZiwandMV44T2;MQ£*WhlchAM%wandmvﬁ

are both i.r. and Raman actlve, V1 and v= belhg Raman actlve‘

. - only (no Raman data are avallable'fpr 5u ow1ng to its decompo-
;; sition im He/Ne laser’radiation).i'Theibahds7&57amo“ol.are””

observed in KC10,. at 1140 and 624 cm—l,'respectivelyloB.

The
relevant i.r. data for complex 5u and some other complexesv
containing both the free ClO, anion and coordinated PPhs are

listed in,Table'IIIfB, In all cases the vz and v, bands are

observed, but vz is close to a strong PPhs; absorption at ca.

1100 cm_l, resulting in a broad band-in this region. The per-

chlorate *anion can coordinate elther as a monodentate llgand

(O -C103; Cay symmetry) or’as a bldentate llgand (Oz—ClOz; Cgv
symmetry). Examples. of both types are given in Table IIIT8.
The vibrational modes for the free‘anion/and the coordinated
monodemtate anioh are listed in Tabile III—9; the bands due to
) the bldentate ligand occur generally in the same reglons as the 7
- o modes'wbicmlaralilrlland;Bamanlactime+lmbereaslthelpidemtatellll;lllll

L

ligand exhibits nine modes, eight pf which are i.r. active).
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‘Table«IlI—B.

Infrared Data for the Aryldllmlde Complex
[lr(OClOg)(CO)(NH—ngHgBr 0)(PPhs)2]C104, 5,

Other Complexes Having a Perchlorate Anlon or a
Perchlorato ngand

[

Compound(a) | Infrared absorptlons (cm™ due Reference
| to the perchlorate group(b KC)
[Ir(CO)Ls]Cl04 llOO(vs br), 620(ms) 104
[Rh(CO)L3]Cl04 1100(vs, br) 620(ms ) - 104
i rIr(0C105)(Cco)Ls] | 1160(m), 1130(8),‘lO5O(mS),,92Q(W),A o4
. 620 (ms ) ' '
.[lr(H)Cl(OCIOs)(CO)ng 1140(m), 1112(s), 1090(m) 105
\\ [Co(OClog)(CO)ngj 1160 (m g 1125 ), 1080 (ms ), 928(mw), 104
N : 623(ms
\DNi(CSHSN 2(0C103) 2] 1133(s), 1032(s), 929(m 106
T Ni(CsHsN)4 EOClOS o] 1130, 1030, 9%2, 628, 614 107
[ Co(CsHsN)4(0C103)2] 1130, 1030, 930, 623, 615 107
’*?**’*‘”CUfO‘Cloﬁﬁ‘j ’ 1350(vw), 1270-1245(s), 30(s), 99
| Temoetee 10300 v, 9u8(s), 920(%), B65(n},
647(m), 624(m), 600(s), 497(m), 466 .
466 (w o .
a. D

[ I{0C105)(CO ) (NE=NCoHsBr-0)La]1C104
-

L 11100(vs,br), 932(mw), 625(s) This work. -
(a) L = PPh3
“(b) S = Strong, m = medium; w = weak; vs = very strong; ms = medium
strong\ mw = medium weak; vw = very weak; br = broad. o~
(c) Nngjn m\]]ll, unless otherwlise stated.
(d) KBr pelﬁet.

|
|
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Table III-O.

‘Infrared Vibrational Modes for the Uncoordinated
Perchlorate Anion and the Monodentate Perchilorate Ligand.

Monodentate Ligand, 0C10s -

Uncoordinated Anion, C1lO4
© [Vibraticnal - Approximate .. 'Vibrational -  Approximate
~Mode - Freqqucy - - - -Mode-"--- - Frequency
fem 1) : — (-em
“vs(T2) 1100 vi(A) i 1100
va(Tz) . 620 N va(4y) 900
\)3(A) 620
v4(E) - 1130-1300
(varies)
, vs(E) = 600
ve(E) - 520




I

-~

oujné to tIlphEDVthOSDhlne bands. and c<nb1natlon bands, the

.F

spectrum of Su (Dlagram III- M); does not permlt dlfferentlatlon o

between a mono- and a bldentate llgand However, bldentate'

binding where five bondlng s1tes are'already oecupied is very

uniikely. The 1i.r. spectrum does, however, allow ass1gnmen$
‘of both a free and a bound perchlorate anlon,,the broad band

entred at 1100 cm ! being indicative of the free anion; the’

a

band at 932 cm ! being.indicative of aaperehlorate llgand,.and*\

a strong band at 625 em” ! being indicative'of both moieties.

5. DNuclear Magnetic Resonance Spectroscopy

The proton nmr spectra of °‘the —Cl,vp—Br and o~-Br com-

-

plexes, 51, 5e and 5j (saturated acetone-dg solution at 60
~ ~o ~J - . o .

and 100 Mc/sec with TMS as internal standard) all "exhibited two

slgnals in the regilon 72 ta Tu The spectrdm of 5e (Diagram'

III- 5) for example, showed multiplet strueture centred at T2.46

due to aromatlc protons, from whlch 1nd1v1dual resonance due to

the 1, 2 h-trisubstituted aromatlc rlng was not &Estlngulshed

.In addition, a weak signal oec&rred at T3.61 hav1ng an. .

integrated ihtehsity corresponding,to a sihgle protonf
No splitting of this sigral was observed, but it did

split into a“doublet ~ (r3.46 and 13.75) centered at r3.61°

—%NWWWWWW

K _ - . . - e e e p—— s o ———
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o
o ﬁ : (a) —
2 T3.46 T3.75
vy ) -

T2.46'l oo 'T3;61

°

Diagram III-5. Proton nmr spectrum of

[Ir(co)C1(PPhs): (HNNCgHap-Br)]BF4, g(e)

44444ﬁf444444L4l445pllitlng4duegzgﬁNiﬁgsubsjltutlon of nltrogen

atom bonded to 1r1d1um

R
°
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+

removed, re-appearing on addition of.acid. This -1s in keeping
. with the known reversible reaction of the aryiﬁiiMiaé comp1éieé; o

© 5, with base:

ol : . i - "Ra — - ‘. . B R
[ Tra(CO) (NH:N-CeHaR) (PPha)2]Y === [TrA(CO)(NNCsHsR)(PPhs)2]
| b (HY) X
+ HY
e gimilarly,—the— i T absorpbion-at-3150-—em " l-attributable—bo—the————

N-H stretching frequency (Chapter III-D?)‘was removed by treat-

. ment of the complexes 5 with'base..;Thus, assignment of this o

k] .

signal at 13.61 to an N-bonded proton seems to be quite logical,
yet it does exhibit some puzzling features. ;Néithéf'éxchangg

nor a shift.wérg observeérin the nmr spectrum ih the présencéiof

H-0, D20 pr‘CFchOH, although the 13.61 signal did disaﬁpear'

With DBF4 over a nafrow range in the region of pH 5.7. Alsg;

rs

-
the upfield position and low coupling constant (J;s, p) of 29 Hz

appear to be unusual. Thé,cdfresponding values for' somewhat

‘related compounds are given in Table III-10 bub/gt should be
noted. that no similar systems having the —E;N— furiction as a

membef of a five-membered metallocycle are available for com-
110,111

parison. It has been'aemonstrated that the amount of $-.
character of the nitrogén.bqnd orbital‘shouid be linearly |

related to the‘15N—H coupling constant by the rélaﬁioﬁship, e

(N N Wz T - Vel m ATTT + 3 4 Y :
Tsl%) =05 T sy )y~ 6. Thus, e.g., NHs , @n sp- system, has

5 .
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Table III-10

Proton Nuclear Magnetic Resonance Data

fof'Aryldiimide Complexes

F

.51

Compound -~ - N T value . J(1SN-H) Reference
: ] o for.!*N.H (Hz) . - :
[PV (PREs ) (W oo R T s
[ Pt(PPha)e (NH-NCeH,p-F)]"" o +T7.25 1092
[ RuCL(C0) 2(PPrEeu’) e (WHeNCoH:)T" | -3.57 91
[ 0sC1(FBFs)(PPhs)» (NH—N06H4E—Me)] -3.78 69.3 iuo
[0sC15(C0) (PPhs) »(NH=NCsH p-Me) ] -3.50 67 140
‘[ﬁhClg(PPhs)E(NH—NCGH4E¢M§)] - -1,89 68 h 108,146
EéhCIa(PPhs)g(NH=N06H4£-0Me)] " -1.60 65 . 108,140
[ IrHo(PPhs) o (NH=NCoHep-N02)]" -3.5 90 -
[-IrHs (PPhg}—(NHﬂNCGH;EfeGH3‘1+ ) =3.2 lyar :
[ Irc1(co )(PPhg)g(NH:NCGHag—Br IK +3.61$acetone -de) 29 Tﬁis
je = o +3.67(CDC13.) 39 work
: [Ifbi(CO)(PPhg)g(NH:NCGHggﬁBf)jt 7143.7o(ace£6557d6)"m - This
5j ) o . - | ‘ work
[IrCl(CO)(PPhg)g(Nﬁ:NCGHsngI)]f +3.14(acetone-d6) This

work
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£z

nitrogen bond orbital (an sp® gystem, as demonstrated by the

Ir—N:N'tond angleiof ;éQ°'fromrthe X-ray structural data on ' 5) |

s—character of 6.5% as'calculated'from’J15N q = 28 Hz is
o a

inordinately IOWYY The low coupllng constant mlght 1nd1cate R

AN

bonding of the proton to the nitrogen adJacent to the 1sotop1—

cally (?5N)7subst1tuted one (i.e., to the rlng—bound n;trogen.

'

atofm), bulk this 1s essentlally ruled out by the X-ray structural

Ed . -

data, as discussed'earlier in Chapter III-D3. The'chemical

shlft and 15N H coupllng constant are presumably 1nf1uenced by

v

a combination of factors 1nherent in the structural features of
the ortho—metalated aryldllmlde complex That ortho-metalatlon,
resulting in 1ncorporatlonvoffthe protonated 820 system into a
conjugated, five—membered, metal-containing'ring may have a

strong influerce is indicated by a comparison of the n.m.r.

data,for45e¢,51,andn5g w1th4thatgof thegothergcompleYes listed

,therlrldlum ma

in Table I11-10.' Purther, the prox1m1ty of thé N-H moi ty t0
. N & . :

L . . V. .
,result71n;;tsﬁexper1encgng/an anlsotroplc fleld

effect exer ed by the,meta132’112’113.

Hydrogen bdndlng

?

between the Nfbonded proton and the solvent may also be a con-

Y

tributing factor; an X-ray structural determlnatlon showed such

“

H-bonding to ex1st in the presence of acetone solvate molecules

(Chapter III-D3), and the n.m.r. data for 5e in Table I1I-9

indicates some solvent dependence on going from acgtone-de to«

.

deutero chloroform.

-

In conclusion, a consideration of the n.m.r., i.r. and



aryldiimide complexes by base, conflrms the - presence ofivr
proton on- the azo function. The X ray structural data, in
partlcular, favours 1ts bslhg on the 1r1d1um bonded nltrogen '

and thls is substantlated by earller and current observatlons

of protonatlon of the coordlnatlng nltrogen of an arylazo
L,5, 90-92, 108,109, 140 ,182 , e

group
R h, Electronic’Spectroscopy~ : . . -’f;é

[N

The electronic spectra:(TéoleAlll—llﬁand Diagram-III-G)

diimide complexes, [IrA '( )(NH NCeHgR)(PPhg)Z]Y in
C
ethanol sol¥tion showed  bands in the v151ble region whlch in

e broad, asymmetric ang ill—defined. In all of the

‘spectra, /two maxima, A, and )z, ih the regions BOO¥4QO’nm and &

order{of 10° could be approximately located The complexes 5l

5s (Table III- ll) showed an addltlonal weak band at ca.
~ . - — i o ,f,,,, -

'500 nm probably due to N=N tran51tlons these” three complexes,

.are an \orange-yellow colour compared with the "pure" yellow of
the other ldiimide complexes. The two higher enérgy bands‘
ith any. certalnty to speclflc trans1tlons

>

of molar absorptLVLty(lOs) and the shift of"

cannot be assigned

‘Thus, the magnitud

(diimide) charge transfer; the virtual invariance of ¢ with



- ,7,,,% S ~ —([I_,,_i
I8 - & had
Table III-1I1
. ' ' Electronic Spectral Data for Some
' Aryldiimide Complexes [ IrA(CO)NH=NCoHsR(PPhs)=]Y
-~ e - 'k 5 - >
) Wavelength () ,nm). and Molar
o Compound .  Absowptivity (e¢,m lem™ 1) Maxima(a)(p)
. k2 ' - . e T
. NO"?_ A R: Y A1 €1 Ao €2 s €£a
5e*, ¢l p-Br  BF. 340 - 7,260  400-450 1,210 - 0
~ = , .. i R
5j: €1 " "o-Br BF. | 325 4,7h0  L400-k50 . 840 - 0
54—k m-CH, BF, | 325 2850  400-450 - 1 460 - 500 800 | -
53 c1 o-Br  BF, 325 4,740 . 400-450- . 840 - .0 |
pu 001‘?3 o-Br (104 340 4,500  4Q0-450 - 1,480 500 100 |
- |58 1! 0-Br  BFg4 350 5,080 400-450 2,110 - 500 " 200 |
4 J
'
4——fQé%a§—¥}n~abse&u%efe%h&n@%fa%—zJ°C
(v) ApprOXimate valyes. .o
W - LY
* 'Q. { g
» i
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”changinglA suggests, however, predominaﬁcefofAafdfd”transition;'
Again,.on varying the'ring substituent; R,’thefsﬁift of \i to

. o ) o
lpwer energy and higher molar absortiv1ty as the“electron— S e s

‘acceptor power of R increases lS QOHSlStent with a n - ﬂ ".;f; *

transition and for metal - ligand‘(diimide) charge*transferfl‘77

e : 1y

. :
S FEL N ] i
|9} lJ.LIJ.b llJ.élJ. M

~

o
..
°

“The energy they band at 400 500 nm (xg)ﬁappears to be

invariant to changing A or R, and,is probably;associatede1th

el -S'
the metal rather than w1th the ligand v . .
A comparison of the spectra of the aryldiimide complexes f;!}*’

"with those of Vaska's complex 1, and the corresponding aryl—

tetrazene'complexes,‘%; revealed no region of absorption exclu—:

sive to the aryldiimide complexes ,T us, V1siblerspectroscopy

could not'be utilized to ascertain amount of aryldiimide

product formed in the reaction solutions, as was successfully

B -

doﬂ. in the case of the aryltetrazene syntheseS’(c.f., Chapter‘

el

TI-D4). ' | L e - 1"1av -

=Y

etrazene complexes (4) the Iormation‘ori
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obvious route would involve direct coordination of the aryi—r T
diazonium cation, via its terminal nitrogen,gto tn§ iridium,
affording the initially expected five-coordi%éte arylaéo

adduct; 2. gzggg;Metalation; with concomitaht protonation of

the azo function would then follow, sétisfying the tendency

for Ir(III) to achieve six-coordination.

Another pqssibility takes into consideration the involve-

ment of a common intermediate leading to both of the products

(% and 5) isoiatedWfrommthe;reac%ionfumfnWthe“discﬁsSionggf
thé aryltetrazene compléxesr(Chapter II-E), the participation
of an aryldiazéne interﬁed?ate—(AerNH) in the mechanistic
route was indicated. This same intermediate could also lead to

the aryldiimide complexes by formally bonding in a bidentate .

manner (as with the azobenzenes, ArN:NAr)88 to the iridium.
"The mechanistic possibilities are discussed in detail in | B
Chapter VII. , -

Tdo features of the ‘aryldiimide complexes are worthy of’
note-in connection with the nitrogenase model.
(1) vy, occurs at ca. 1400 ~ 1450 cq:l which represents a -
sgbstantial lowering from'the’valué'Qca. 2300 qm—l) in the ///
diazonium salt; ekceeding»the lowgriné éf vNZibbserved fo; some
114

complexes with bridging dinitrogenjligands A

(2); °Spontaneoué}hydrogenation of the nit%ogen function has

occurred in the formation of the oftho‘metalatzj/a%qifgimide
complexes. Thus, the equivalent of the diimid *compldx in
Parshall's model”’ *? has been achieved in this case without
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M*, "M' do not necessarily signify metals possessing an unpaired

1 elq§iron, but signify the neceSséry avaiiability of two non-bonded

electrons required for the electron rearrangement B - C,
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the participation of a metal hydride. Furthermore, the aryl-

diimide complexes undergo further hydrogenation under extremely

¥

mild conditions (Hz, 1 atm., 25°C, Pd/BaSO,) to yield the

arylhydrazine complexes, DirCl(CO)(HgNHKr)(PPh3)2]BF4 {Z).

The hydrogenation studies are discussed in Chapter V.

It is possible, therefore, that in nitrogenase, the

initial hydrogenation of the complexed dinitrogen molecule to

) '
&

a-diimide comp}éx—afisesvfromva~réarraﬁgementmiﬂybiving~G‘H:
bond cleavage, rather than the involvement of .a metal hydride.
As mentioned;previously (Chapter III-C) there are now numerous
examples of transition metal complexes_involving coordination‘
' 56-88

from the ortho carbon of an aromatic ring or from a

methyléne grdupll5. In all examples till -now, however, the

”éiiﬁiﬁété&vhiafbggﬁjatomwhas either migrated to the metal to
form a hydride-complex, or has been removed'cémpletely, for
example, as hydrogen halide79’88’ll6; ] SERREE

A sugge;ted scheﬁe is'Epown in Figure I11I-5. Here it is
envisaged thét3M' is tonded to a group RH which 1is ofiénted in
"close prqximity to M. Coordination of-di@itrogen and electroh

rearrangement to the intermediate C is followed by proton shift

to give the diimide complex D. An important feature in the

activation of the dinitrogen molecule towards further reduction

would be, the possibility of electron delocalization in the
resulting cyclic compléx leading to a reduced N=N bond order.

» Reductién by 6e~ would lead directly to the'formation'of
. : 2 s



NHs and regeneration of A. Theré are a -number of obvious -
groups present in the enzyme which might £X\.1 the role of R-H
in this model; a&s two examples, the conversion C > D could” .

“involve a cysteine residue:

|® ‘.
- N:‘_—_N L ) . N:_N
T \\ . @/ N \'M
M 1 S ———— _M\ P !
CHe—s : CH—S8
/CH2 S _ / .
~CH , ~CH
- _ : 4
or a tyrosine residue:
. 0
|@ .
' N——N_ - N=—N_-
/// ™~ . ' © -~ 5\\
M .'M' »*é M M'
HsC o HC’O____O/ -
| i . ‘
~ CH - ~CH-: '

2 : | - 2

M and M" are most likely to represent the two metals, iron and - ,
molybéenum; necessary for nitrogen fixation. It shouid be \\\\_f_’
képt in mind, however, that the abilityito cohsﬁme atmbspheric

nitrogen is not restricted to metallic systems, sincé instancés;

of organic compounds eihibiting such behaviour are knownll5’ll7.
Furthermore, dinitrogen is capable of bridging between a metal

and a non-metal (for example, phosphorus).to give complexes

with bLmiiar—vaiﬁes¥of—vﬁ——t04fh64pureiy*met&i*bridged*compiexe3444444*
2 .
114

It would fhereﬁ@xegbegprematuxegtnguiegouxginegpossibillt%4i5~7f
’ 118

that dinitrogen 1is attached to a non -metal in the enzyme

Thus, in the above examples, it is instead conceiVable that

b

Ed



‘the dinitrogen is attachéd.directly‘to the sylphur atom of the

cysteine of to the.oxygen of the tyrosine reslidue, without
‘ iftervention of M'. The model would still apply, and the ring

A

size'would be smaller.
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. ’ R CHAPTER IV

1%

Molecular ortho-Metalated Arylazo Complexes .

o ' ' ) S A, Introduction

Investigation of the nature of the aryldiimide complexes.,

| 1 .
[Ir(CO)A(PPhs)2fNHNAr)]Y (5a-u), as discussed in Chapter III,

"included their deprotonation with base to provide contributory

Reversible deprotonatidn of aryldiimide complexes had already

‘ 4-6

been demonstrated by Parshall ~° for [PtCl(PEtg)g(NHNAr)]+ and,

more recently, has also been reported by Ibers%lg, Robinsonlo8,1uo
and Ceninil®? for [Ir(CO)ClgiPPhs)z(NHNPh)]+, [ RhCls(PPhg)oNHNAT]

and [Pt(PPhg)a(NHNAr)]2+, respectively. It is pertinent to note

S~

heféjéﬁéfféportedﬂinstance where deprotonation of an aryldiimide

92

complsx was not achieved with.base. Thus, the complex
[Ier(PPhg)g(NHNAr)]+ with aikalis gave the trihydride,

[ IrHs(PPha)s], instead of the expected arylaéo dérivative,
[ TrHa(PPhs)s(N=NAr)].

Tt was found that’methanoi solutions of the complexes

LB
vy

5a-u on treatment with excess basé immediateiy changed colour.

., from yellow to pink. 1In the case of the para—brbmo complex,

‘5e, the product was isolated as a pink solid and Subsequehtly

characterised as tbe molecular ortho-metalated arylazo complex

6; this deprotonation was found té be reversible, 6 being

~

[y

readily reconverted to 5e by treatment with HREF.:

» a &«

- E od



N
[ i
[{Ir(CO)C1l(PPhs)z(NHNCsHap~Br)]BFy .
. 5e’ ., #

Na.OH

HBF 4 “]

r - ) - ’ V
LIr(CO)CI{ PP}'E)z (7N=I?G'6H3£— Br )7_| + NaBlF, + Hz0

~J

B. Synthesis

‘The molecular ortho—metalateﬁ para-bromophenylazo complex
N - - , .

' 6 was readily precipitated as a pink splid in ca. 70% yield by

/

the addition of a methanol-water solution of NaOH to a methanol

" solution of [ir(CO)Cl(PPh3)2(NHNdeHggfﬁr)]BF4, Qp.,nlt was also
prepared in slightly lower yield by utilisiﬁg a ﬁethanol—water
solution of sodium acetate or neat EtsN in place of the NaOH

)solution,'or:by the addition of neat EtsN to a suspension of
ze in diethylether. The product, 6, analysed as 53,44 C;

3.44 H; 2.7% N; requiring 53.6% C; 3.6% H; 2.9% N.

The arylazo cémplex 6 was reconverted in ca. 70% yield

toithe diimide complex 5e by the dropwise addition of a 484

aqueous HBF, solution to, a suspension of 6 i? ethanol.

-



- - - : C. Properties

1. General Properties . T L
Ahe ortho-metalated arylazo éomplex é is a pink, microe?;
crystalline, diamagnetic, air—stabié solid, réadily soluble in

benzene, chloroform and dichlorémethane, only slightly soluble

in ethanol, methanol and diethyl ether, and'insolﬁble in water.

and acetone.

2. infra?eqrﬁpectroscopyir |

pr solid phase (KBr pellet) infrared spectrum of é,
illustrated in biagram iV—l, exhibited no freéuenciesvattribu—
table to eitherTVNH_Qr VBF;_} The CO stretching freQuency
occurred at 2000 ém_l. iAbsorptions due to the ring C-H bend-

ing modes of the triphenylphosphine ligands appeared at 685

fwand;745mcmjiywwhiiembandS—at&BizganQFB6349m;lfeanfbe_assigned
to the C-H bending modes of the 1,2,U-trisubstituted ortho- e
metalated arylazo ring. By using the i;otépically substituted
Qdiazonium salt [E—Br66H414N515N]+BF4_, prepared by diazotisa-

B . . < . ’ :
tion of;g-bromoaniline with‘NalSNOé, the isotopically substi-

A I N | ~
tuted analogue of 6, {Ir(CO)C1(PPhs)z(*°N=NCsHsp-Br)], was 2
synthesiéed; the medium'intensfty i.r. band at 1450 em™ ! in

éhe non-isotopically substituted complex shifted to 1413 cm !

-

in the *°N analogue,‘and was thus assigned to YNN. Attempted

confirmation of NN by Raman spectroscepy proved unsuceessful —

owing to decomposition in the He-Ne radiation.

)
L

Bl ' 7 f —/
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Protonatlon of the molecular arylazo complex 6 to yield

. &

. g ~ the cationic aryldllmlde complex 5e results in a decrease of
VNN (from 1450, ecm’ ! to 1410 cm™ !, respectlvely) and an jncrease
of VCOV(from 2000 cm™ ! to 2050 em !, respectlvely as deplcted

'bele;’ That the lowerlng of NN may be.due to 1nc2%?sed back-

N B = T_I +
~ o
. , . i
oC ' .
YCO: 2000 em™! TYCo: 2050 em™t
VNN: 1450 em”! VNN: 1410 em”!

R [

donation from a filled d_-orbital of iridium to an empty anti-

» - - ]
bonding,pn—ofbital‘of the nitrogen ligand in 5e is reflegted .
in the higher value of Yo for 5e,.indicating decreaSed back-
donatlon from iridium to an empty antlbondlng o -orbltal of the-

carbon monoxide llgand

i

3. Nuclear_Magnetic Resonance Spectfoscopy

The proton nmr epectrum of é (CDC1s 'solution at 100 Mc/

‘sec'with TMS as internal standard)}as illustrated in Diagram

IV-2 exhibited only two signals, both having multiplet struc-

«
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tures, Eggﬁpgg»g% T 2.58 and 1 3.17. The integrated intenSity

of the 1 2.58 multlplet co§responds to 30 protons and is

ascribed to the trlphenylphosphlne protons, whereas the 1nte—
grated 1nten51ty oﬁ_the T 3.17 multiplet corresponds to three

protons and 1is ascribed.ﬁo the protons of the ortho-metalated
5o . e

ring. o . S .]?

guish ortho- metalatlon in the molecular arylazo eomplex 6 but

fduewtoﬂthewtripﬁenyiphosphinémprotonsl‘

A comparison of'thé proton'nmr sbectrd of é and b5e , o~

reveals one interesting'feature, namely, the ability‘to distin-

not in the catidnic aryldiimide complex ie. A probable explan-

ation for this is that protonation of the molecular complex 6
to yield the cationic‘comp?; Se cauges deshielding of the

protons of the ortho-metalated ring in oe (relative to those in

é) resulting in a shift dowhfieldvto coinCide'With_the signal

gramatically hélow:

— . —_— . . — : . . . —

_PPhB(a)' ) . e PPhafinZC) n v f
\I LI . \l AN
A A B TN G R
,Ppha(a’«g (p) — PPhs(a (p) |-
- Br o ’ 7 Br
_ : _ _ . _




s o€

- Such ‘downfield shifts of the'protohs of a coordinated -

ligand occurring on.conversion of molecular species to-the -
o 4

i+

--cationic form have’begnyreported in the literature. For example, . .
, v N

thé protonation of [(Cp)Fe(CO)2(03H4)] to‘givgég(cp)Fe(CO)g(CgH5l]

results in a downfield shift of the allyl signal from 715.1‘to

120 A

; ’ P
T 4.02 , and the conversion of [ (COD)PdClz] tov[(COD)PdC1]§ :

by treatment with Ets0 BF,” shifts the cyclooc¢tadiene (COD) = :

, : 1 - -
— ~protons from T 4.5 to T B S L
s f
E%
LS -
&= ’ va
:\'n



CHAPTER V .

Hydrogenation Studies on the Cationic ortho-Metalateéd
Aryldiimide Complexes, 5, the Molecular
(// orthojgétalaped Arylazo Complex, 0,

‘ " and therAfyltetrazene Complexes, 4

L ; .l
' A, Introdugtién
/f - B . .
As already briefly 'discussed in Chapter I, the mode of

'"biologibal'redpct;on of Nz to NHax byvnitrogenase enzymés under

mild conditions is a problem still to be Solve@“ " One proposed
' 12 | |

mechanism invokes the initial coordination of Ny to a metal

followed by step=wise two-electron reductions‘by way of

No _29_9 N2H2>—29:é"N2H4 ;29—»'.2NH3. _However, the first

Yy

<

13,122,124

not feasible undegAé;Lﬁ conditions "To. avoid this:

: S - ¥
unfavourable’two—eléctron reduction to coordinated NzHs, Borodk

13

and Shilov have'bropoéed a four4e1%9tron§reduction~of N- to

-

coordinated NzH-% , the two additional electrons being trans-
ferred from the metal aiom(s) constituting\Qge complex.

The currently proposed model,systemé for nitrogenase

13,18—21. arylazo5—

complexes, and of importance in each

include dinitrogen

51

and arylfetrazene

‘being endothermic to the ‘extent of 49 kecal mole”! and therefore .

7

7,140 ih o 51,140

aryldiimide~"°~ =~ - =

R

. N 'd
instance is the-feasibilf%y of facile hydrogenation of their

-
1 > Ty



-).

azo (-N=N-) functions. . : " . '

Although many metal dinitrogen complexes have now b?en

'isolated and studied, in no 1Qstance has the azo functlon been

: demonstrated to undergo faclle hydrogenatlon Desplte the

fact that v in certain dlnltrogen complexes has been lowered

e

‘as far as 1630 cm "1 (from 2331 cm ! in the uncoordlngted Nz

3

molecule) by attachment of an ‘acceptor atom M' to the terminal

nitrogen atom to form.a.polynuclear M-N=N-M' bridge,\such

compoundsrhave—netrbeen feund—teéendergo reductioﬁ*of the azo

114 123. Attempts to protonate and reduce mono-hapto-

function
dinitrogen .complexes have usually led to the protonatlon and
oxidation .of the metal w1th llberatlon of dinitrogen, some-

times together w1th dlhydrogen128. Recently, however, Chatt

et al. 29 have successfully protonated under mild condltlons,i

——

“the bis(mono-hapto-dinitrogen)” complexes trans—[M(Ng)z(dlphos)gj

130-132

(M = Mo or W, diphos = PhpPCH2CHzPHz) with HX (X = C1

or Br) to yitld [MXz(NpHz)(diphos)s] and mélecular nitrogen.

Treatment of the tungsten complex (X = 1) with sodium tetra-

phepylborate afforded the 1:1 electrolyte [wclf(NgHé)(diphos)é]3fh4“_.

which the NpHs ligand has been shown by X-ray diffraction
"alys18133 to be present in the monohapto hydrazido (2-)

n, viz., W=N—= NH5 .

The behaviour of certain arylazoland aryldiimide--complexes

:‘toward hydrogenation under mild conditions has been studied by

various workers and the results are summarized in Table V-1.

‘.



.Table V-1

Aryldiimide Complexes .

A Summary of Hydrogenation Studies on Arylazo and.'

'Conditions

Complex -  _. vNN(cm_l) . Résult Ref
T [ PtCl(PEts)s(NNAT)] 1440-1463 |Ha/Pt Hydra21? ¥,5, -
’ ’ 1A L O ] al). o
Lty e \_;. CCUITPICATY / .U, {
TT [ (Cp)Mo(CO)a (NNAT)] 154521562 | (b) Hydrogen%t%én 30
I ' “ : occurred\ 125 4
- |TIT [Pt(PPha)o(NNS02PN)21 %) [1450-1480Y Ho/Pa, | PhsosmHs. 57
, , o v i ., |prolonged | [PtHz(PPhs)21"" |
TV [RhCls(PPhg)s(NNPh)] 1614 and  |Hz,1 atmj | [R o ( NHoNHAT)-| 108,134
: o . 1549 60°¢c, CHCé’_ Phs)z]z 140°
v [HB(Pz)éMo(co)z(NNPn)](f) 1559(8) .Hg/Rt( ) N=N not 125
: : ' L ‘ reduced -
VI [Fe(CO)a(PPhs)z(NNAT)] 1715-1725 |Hs/Pd, - | N=N not 1. 126
s 11 atm,25 C | reduced -
—— S s prolonged '
VIT [ RuXs(PPhs)s (NNAr)] 11881-1895 |Mi1a(d) NN not 140
. X = Cl Br o : reduced :
VITI [OSBrg(PPhg)g(NNC6H4£fMe)]1855' Mild(J) N=N not ] 140 -
: . , . reduced. - o 3
IX [ Ir(CO)C1(PPhs)z(NNCsHap-Ery] 1450 |Hs/Pd, . | Hydrazine | This
'- 6 . , . S e 1 atm, 25°C | complex - work:
X [ PtC1(PEts)s (NH=NAT)]T L1560 (1) |, /Bt Hydrazi?e 45,
- - S S |1 atm, 25°C | complexi@ 6,7
XI:[ IrHz(PPhs)z(NH=NAT)]"H 1500-1520 |Hz,1-3 atm | N=N not 90, = L
. , - |50-80°c reduced 92 i
XIT [RhC15(PPhs)s(NH=NAT)] 1500-1530 |Ha,1 atm [ RC1a (NHNHAD)-| 108
A T o0"C (PPhg)g]z
XIIT [Ir(CO)C1(PPhs)as(NH=NAr)]THh10-14042 [Ha/PA Hydrazine ‘ This
. 5 : ' : ' 1 atm,25° C complex - work.

N



o3

.- may equally well be a tetrazene. complex

fd&—eveeenetweone%HSive&y*&ssagnedeeee

Prolonged hydrogenatlon afforded NH3, Arwg\\fvia ArNHNHZ);

and [ PtHC1(PEts)z].

No details reported 25. only that conditions of hydrogena-
tion were mild and similar to those for [PtCl(PEts) (N—NAr)]

Formulatlon as a bis-azo-complex has not ‘been verlfled it

36, 37 . "

Postulated formulatlon on ba51s of i.r. data.

pz = 1 pyrazolyl - L

v
'[PtCl(PEta) (N—NAr)] (vNN = 1440-~1463 cm 1).

For a581gnment of VNN see reference 127

Condltlons not detailed, but more severe than for the hydro-

genation of [PtCl(PEtB) (N=NAr)] and [(Cp)Mo(CO) (N=NAr)]-

not available, but most likely lower than for

flo further details avallable
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A comparisoh of these results reveals no obvious correlation

between the N=N stretching frequencies of the complexeq and

their ability to undergo hydrogenetiong' it can only beNgaid
that those complexes (V-VIII, XI in Tahle V-1) resistant t

hydrogenatlon tend to have values for v lying towards the

NN . .
uppereregloneofktheerangee41§1Q41895#£xk:pgeelbers_eteal 134
in an attempt to dlmlnlsh the reg¥on of overlap of the vN N

values~for arylazo complexes hav1ng different bondlng modes

“(1a;, 1b and 2), postulated a set of empirical rules to bring

+- . Tt . _ M
‘R-N=N > M “N=N=M NN
/ / y
R R
1a T I ", 1b - .2

"”’fﬁefﬁéfibﬁngEN'streféhlng frequencies to a common scale: (1)

subtract 50 cm ! fdr‘first—roW'me%?ls,and 30 cm ! for second-
row metels; (2) subtra%R\BO;cm—l for singly charged and 140
cm ! for doubly charged cationic complexes; (3) add 40 or 70 -

cm ' for complexes with three or four tertiary phosphlnes,

respectlvely. The complexes in Table V-1 can be con31dered to

consist of five distinct types, viz:

(1) arylééo'complexes ﬁ?ving‘phbsphihe ligands (I, III, IV,

VI, VII, VIIL)

(ii) arylazo‘complexes not haVing”phosphine ligands (II, V)

(iii)_en'ortho—metalated_arylazo complex in which the azo



(i) aryldiimide complexes (X, XT “XII)"

functlon<\\N— is contalned 1n a five-membered rlng (Ix) .

)

(v) an ortno-metalated aryld11m1de complex in wnlch tne azo

functlon (-N:N—),ls contained in a flVé-membered_rlng :

- tain pnospnlne contalnlng arylazo complexes, Ibers

those with values Of'VNN lower than 1540 1560 cm

‘hydrogenated have v'*

(XIII).
‘Nn cerrelations cannbemdraWnlbetweenloNNland_ease_Qf
. Sa
" hydrogenation for types (ii) < (v). 1Ibers' rules can be

applied only to type (i), and‘tne'resultsnof so doing are de-

'p1cted in Table V-2 in wnlcn v, wisﬁtne'observed value and

NN
tne modlfled value On appllcatlon of nré‘rules to cer—l

134

vy

the Pth complexes concerned into three d1st1nct groups 7'(

ol corresp nding

to tne doubly bent geometry (2); (B) those with values betkaen

classlfledf

1540 1560 and 1700-1740 cm™* corresponding to the'singly berh\;k

geometry (lb)° (C) tnose'witnfvalues greater than l?OOllYMO
cm_1 correspondlng to tne 51ngly bent geometry, bub tendlng
toward the totally llneargcase (1a). From Table V-2 it can be
seen that tne complexes (I, III and IV) which were successfullyi

NN

ranging-from-l440 to 1551 em” ! and can be
classified as having doubly bent geometry. The complZZ%%VI)
/ 1

which resisted hydrogenation has a me value of'l%93 and

a singly bent geometry, and the complexes VII and Vlll,,also

resistant tojnydrogenation, nave'\)lllN

cm_1; respectively, indicative of a geometry tending toward

values of 1851 and 1855

. el

J

[y



Table V-2

Observed (VNN)

and Modified -

(\’NN)'

Stretchlng Frequencies for the Arylazo Complexes

I, III, EV and VI from Table V-1
7~ . R
. "“ ' L . Whether
7compound ‘ VNN JrvNNEVv 7 hydrggenaﬁea_’
£ S 4_ N J_ AL /nrn‘rﬁvv \ 0 ali ey | 'I‘)Ij‘f\ ) Xz
I—eeci(r 3}2\111:’.[1}_] 1440 =40 Yes 7
IIT [ Pt(PPhs)2(NNSO2Ph)) 1450 | <1450 Yes -
v FRhClg(PPhg) (NNPh)] 1614 & 1549 |  1551(3)- ‘Yes
VI rFe(co) (PPha)s (NNRegJBF4 1723 1593 No )
3 o o N
VII [RuClg(PPhg) (NNPh ] 1881 1851 No
CvIir [OsBrg) (NNCGH4p Me)] 1855 1855 No e
(a) The average of the tWQfobsérvéd.ﬁye@ﬁenbieé‘w&s_faken in:
* l . : o N ) " ;-_ . ) ; 1" " . ’ i ' .
computiﬂzéthisvalue. ;G

N




e~ ‘ ) .~
totallj linear; fOf'course}.untilvdata;on~a much -larger series
vof arylazo complexes are aVallable, no firm deductions can be

drawn At best it ca& be tentatlvely inferred that for thosei

complexes hav1ng relatively hlgh N N stretcnlng frequencies-

more powerful reduc1ng agents are requlred (as ﬁescrlbed for

135-138 e

exampIe—e&nepapersebwaane¥amelenee~e~—~*—wnerein—neeresu;vs,
~ to sodlum naphthallde as the reduclng,agent for dinltrogen ‘

,complexes) Thus, the complex [Fe(CO)é PPhs)g(NNCGH4p Br)]BF4_

(vew = 1721 cm '), although resistant to hydrogenatlon underr

NN
‘mild conditions, reacted with sodium borohydride to give
several products, .one of Wthh eihlblted mass spectral peaks
“due ‘o the ion [p BrCeH4NHNH2 BH5]+139

In view of the relevance of the ortho—metalated aryldl—

lmlde compIexes, 5, the ortho—metalated arylazo complexes, g,

: and the aryltetrazene complexes 4ﬁ as models for the enzyma—

& o t1c flxatlon of. dlnltrogen (c f. hapter T and the d1scu881ons‘

" in Chapters II and III), 1t was cons1dered of 1nterest to

1nvest1gate‘%he1r behav1our towards mlld hydrogenatlon -as

L " reported below./ S »
‘ K"h‘ . ’ - P

B. -Hydrogenation of Some ortho-Metalated -

f } i
Aryldiimide Complexes [Ir(€0)C1(PPhs)z(NH=NCeHsR)]BF4,5

Hydrogenation of the complexes Se (R = p-Br), 5]

(R = o-Br), 5n (R = m-Br), 51 (R = o—Cl) and 5k (R = 0-NOz) by
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S \
. . Table V-3
‘v.Elemental Analysis and Infrared Absorptions
. V§VCO an% vNH) for the Ary%hy?razine
Complexes LIr(CO)C1(PPhs)z(NHENHCeHsR)]1BF 4,
. . | 7ar_e. <, . - ] L
A - ~. -
-~ - \ <
, » S B
Compound | Percentage’Composition Position of;ﬂbsoé@tion@
;??,, :377” Found | Calculated<* - Voo 'vNE;
o - C H N C H N (em 1)~ (cm b
lra p-Br |¥8:% 3.4 2.65 | 48.9 3.4 ‘2,65 2048 b\ 3170,3530
r~ T o : . . - (2046)7~  3250,3310
7o o-Br 2054 3174, 3239
~ , 325033330
7¢ - m-Br . 2056 .,  3150,3180
~ - 3200,3270
, 3320
fra gﬁéi 7 - 2052  3174,3240
A , S 3256,3330
7e o-NHp |51.2 3.6 3.5 | 52.1 3.8 4.2 | . 2050 . 3180,3230
~ (50.7 3.5 4.1f]° ~ * " 3290,3380

3410

W

c Calculated for R = NO>

b Nujol mull " -

N

a- 'Aiifspégtra-as'KBr'pellét,.eXcept,wheré noted.

1

-




reégging ethanol solutions of the complexes for two~hoursfwith‘
Hodat 1 atm. pressure and 25-30°C in the presence of a Pd

catalyst(a) afforded the related arylhydrazine complexes

il

r _ 1 . el ] '
[ Ir(CO)C1(PPhs)z(NH2NHCsHsR)])BF4, 7a (R = p-Br), 7b (R = 0-Br),
7C (R = Iﬁ—Br) R 7d (R = O-Cl) ‘and ze (R = 9\-1\]}’{‘2 ). The icgmple}(es’

7a -e, are 1lsted in Table V-3, together with their main i.r.

Pty

absorptlons and the elemental ‘analyses for two of them (7a and

Te). B o ‘ C - ' :
~ . . . .

- Apart-from—7 e%R—:f_ o-NHz); whi eh is & dull, brownish=
.purple colour, the aryihydrazine complexes are pale—yefidn
solids, soluble in ethanol and chlordform and insoluble in
dlethyl ether. | |

Evidence for grtng—metalatlon in these complexes (Za—e)

was provided by the 1nfrared aromat1c*sub§ﬁltutlon patterns due -

to the C-H bendlng modes in the 750 to 90Q/cm™ ! region; these f?
v1bratlons are present in the parent grtng—metalated aryldl—
imide complexes, ze,l,g,k?n, (c.f.;Chapter ITI-D2 and ‘Table
III¥4),>and are retained in the related arylhydraéine complexes.
The infrared epectra,(Diagram V~l);confirmed the. presence of

- the BF4‘:anion (strong, broad'bandtcentredrath 1060 em_i) and

ieoordinated triphenylphosphine (C-H bendlng modes at ~ 7OO and

7 75@ qul) The 1nfrared N=N Smretchlng frequency at 1410 cm 1\<l,

in tne parent aryldllmlde complex 5e (R = p-Br) was not

, _-

N,

. (a)= Hydrogenatlon did not oceur in tne absence of catalyst
. *\/ o o .
7 -~
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N

observed in the arylhydrazine complex 7a (R = B—Br), consistent
with reduction of the diimide group to the hydrézine. All’of
the complexes, 7a-e, exhibited a band in the 1610-1620 cm™!
region assignable as an N-H Bendiné vibraﬁion{ Tce:specffum of

the arylhydfazine complex Te, obtained by the reduction of the

-nrfhoﬂnityopheny;d;;m;deMcempiex 5k~~showedenee%&née—eharaewﬂcucccuc**

teristic of the -NOs group, but did have two bands at 3380 and

3410 em ! (Table V;B) attributable to N-H stretching—Vibr@tionsv

of an -NHo groap other than arylhydra21ne, ﬁhue, it is consi-

dered that 1n addltlon to reductlon of the diliimide functlon,

»

the nitro-group has ‘also been reduced to the prlmary\amlne.
Further reaction of the p-bromophenylhydrazine complex,

Ta, With hydrogen in the presence of a Pd catalyst at 60.psi

o~

and 20°C for 30 hours falled to achleve hydrogenoly51s, the

startlng hydra21ne complex belng recovered unchanged

-
B

c. Hydrogena?/cn of the ortho- Metalated Arylazo

Complex [IrrCO)Cl Ppn3)2(N:NC6HSE-Br)], 6.

Reéction of'a'suspension of the pink complex é in_ethahol with

) hjdrogen,(l atmosphere) in the presence of a'palladium catalyst

at 25°C for two hours resulted in the formation of a red solu-

tion froam which a deep, pink-red_solid Was'isolated and recrys-

o

tallised from diethyl ether. On the basis of its elemental

analysis and infrared absorption data the compound was formula-

-
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ted as the molecular ortho—metalatedfpara—bromophénylhydrazihe .

complex [Jllr(C‘O)Cl(PPhs)‘ (NHQNHEJSHaplBF)]-(czﬂs)'zo‘,,_, 9.
(Required: - c, 54.314; H, 4.43%; N, 2: 69% : Found% C, 56 15%, o Q
H, 4.57%; N, 2 67%) . The complex, 9, is* soluble in ethanol a

and acetone and has some solublllty'in dmethylsether, from fuf; e

c
*

which 1t can be recfystalliSed The 1nfrared spectrum (Dlagram

L V=-2) exhlblted characteristic bands at 3225 and 3285 cmrlw( NH3?—

e u

24

1960 cm 1"(\;CO)" 1620 cm ! (GNH)' 819’and 865 cm~! (¢-H bendlng

3.

o < . ’
modes of the 1,2 Aﬁsubstltuted %/gnyl rlng)—andA695~and—742wm=~=ffjf~—
cm ! (C-H bending modes -of the/mono- substltuted phenyl rlngs) ‘ B

/
The band assignable to v, &t 1450 cm™! in the spectrum of the

NN/ ]
parent para—bromophenylaz complex, g,‘was absentaffbm_the
spectrum.ofxg, whereas bands at 2860, 2935 and 2965 cm™! due to

C-H of diethyl ether were 6ﬁsérved for 2 while absent from é-

e J— R

A\

D.  Hydrogenation-of the Aryltetrazene Complex

[Ir(CO)(PPhs)z{Na(CeHsp-Br)=}1BF,, 4d.

Both non-catalytic and catalytic hydrogenatiohs of - the
aryltetrazene complex id were attempted under mild conditions.
In the non-catalytic exﬁeriment, an ethanol 'solution of the

red tetrazené complex was allowed to react with hydrogen at

-

one atmosphere pressure and 28°C for three hours. No reaction

took placé, the starting complex béing recovered. -

In the catalytic hydrogenation of Ed, reaction did eecur, but
the result was inconclusive.. The hydrogenation was performed

as'above, but



Table V-4
- Infrared Spectroscopic'Datarfor the Material
Resulting from Hydrogenation of

N

[Ir(CO)(P?hg)g{N4(CsH4E—Br)2}]BF4, id.

-

»

. —1:(8)
)

Wave mumber—{cm

A >, 4
ASS1EINNeIlt

3200-3300 (b)

N-H stretching

. |3060 (w-m)
2110 (w)
2040 (w-m)
2000 (m)

s 1050-1650 (b)

111050-1107 (s,b)

Ir-H stretching

.BF4_ stretdhing

Apoma$ich:Hfs;neiching '
' $
Ir-H stretchinggi Tentative

carbonyl stretching

N-H ‘bending deformation

830 (m, UT e

69% ,(s)', 745 (m-s)

o~

\

-tion of a mono-substituted. ..

Aromatic €-H bending defore
mation of a para-substituted
ring.

Aromatic C-H bending deforma-

ring.

-
——

a  KBr disc.

iy




in the presence of a palladium caﬁalyét. Evaporation of the

13

‘resulting pale-brown solution t0»sma11'volume, followed by the

“addition of diethyl ether afforded a pale-broWn solid, (A).

The residue obtained by evaporation of the mother—iiquor from

(A) was dissolved in diethyl ether and cooled to -14°C to

‘yield: a second pale-brown solid, (B). Evaporation of the

?wwwﬁ/,;,mw#m,gAlthbughwnowapparentlygpuxegeompoundfwasgisoiated—ﬁfem

mother—liquor from (B) gave a third pale-brown slightly tarry

solid, (C). Each of the products, (A),Y(B) and (C), gave

identical, rather weak infrared spéctra exhibiting somewhat

broadened bands, indicative of impurity. The . , .

~main bands observed are listed in Table V-4 along with their

probable assignments. High resolution maésfspectral analysis
of the products (A), (B) and (C) confirmed the presence of

both carbon monoxide and nitrogen.

e e

the hydrogenatioh reaction, 1t could be inferred from the infra-

0
due to PPhs), and from the

réd bands at zooo,'zogb and 2110 (v,5-and vy, o), 10501100

(v

BF4>) a?d>693 and T45 cm (ba_y
mass spectral ‘evidence for carbon monoxide, that a cationic
carbqﬁyl bis-hydrido species was formed. The presence of bands
characteristic of N-H (322043250'cm"1) and a para-substituted

ring (830 cm™!) could be indicative of free prganic moieties

i

g i i eI S e

A

such-as para=bromoaniline or para-bromohydrazine, This - 7
) e - .

O R R i s i st T LA

[VORTL TR S
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para—bromoaniiine Thus, Beck et al. 37--found that catalytic

'(Pd) hydrogenatlon of a comifEX formulated as [(PPhs)th(NzSOzPh)g],
and con51dered to be a tetpazene complex, gave PhSOgsNH, and a-
materlal show1ng two weak absorptlons at 2210 and 2160 cm 1,. S
!suggestlng the presence of the (thermally unstable) bis- hydrlde
complex,;[Pt(PPhs)gﬂé] For the iridium tetrazene complex 4d,
fthenjéit*can*be*tentative&yyproposed*fhat*cé%aiyticwhydrogenaﬁ*“e*4ﬂ““*
tion results in formation of [Ir(CO)Hz(PPhs)z]BF, (10) and '

para-bromoaniline, thus:’

Hz( 1 atm)
Pd, EtOH

—_—y
Ldl

[If(CO)(PPha)sz4(CgH4B—Br)2}jBF4'
kg

[Ir(CO)Hz(PPhs)2]BFs + 2p-BrCeHaNHz + No

10

iAlthough no data are aveilable in the literature for %Q,_Y
the perchlorate analogue, [Ir(CO)Hg(PPh; 510104, isAknown18o 181
and exhibits bands in the infrared (nujol mull) at 2165, 2085 and
2050 em™'. It is well establlshed98 that the nature of the
eounterioﬁ can have a marked effect on infrared spectra in the,

"solid etate,taf%eetiﬁg’gpth thé intensity and frequency of the o

bands, a facter which should be considered when comparing

.10 with its perchlorate analogue. Other cationic bis-hydrido-

*




iridium complexes exhibiting carbonyl,(véo),and iridium—hydride{

(vIr-H) infrared stretching frequencies are [Ir(CO)Hg(PPhé)BJX

(¥X=F, Cl, Br and 1)141 with average values”for Vop_g 8t

2160 and 2170 cm” © and the average value for Voo at 2005 cm—l;

1

[Ir(co)gHg(PPha)2]PF6142 with v o at 2180 cm~! and 2155 em™'

1

and v at 2085 and 2050 _cm”
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CHAPTER VI

: .o
Molecular Six-Coordinate Arylazo Complexes
¢ ] .

% ] . . . | \
A, Introduction

Co=

‘With a view to obtaining the elusive five-coordinate

HHAWfdfkgationicwarylazngﬁgmplexeS;LIrLCQJCJLEEha)24N2Ar)]+ 2, it was

considered that syntheses of the molecular six-coordinate

arylazo complexes [Ir(CO)Clz(PPha)z(NzAr)] § followed by

~ removal of the chloride ligand as AgCl might provide a feasible
route. This chapter'descfibgs tbé synthesis, stfﬁcture and
propertiés of several six-coordinate complexes of this type,,
conéluding with a discﬁSsion of thé chloride abstraction which,
unfortunately did not provide the désired five—ébordihate

complexes.

In 1969, Deeming and Shawl—44 had réported'the success-

ful syhthesiSwof the analogous dimethylpﬁenylphosphine complex
[Ir(CO)Clg(PMean)g(NgPh)] by reacting [Ir(CO)Cl(PMegPh)gj,: |
PnNz22F. and LiCl in a‘metnanol—wate; mediumi Attemptsi(in'thié
work) to preparé 8 from Vaska's complex, 32 by fhe‘ﬁethod of |

Deeming and Shaw were unsuccessful, -resulting only in a high

recovery of i and a low yileld of an incompletely

characterised product 12 analysing for one nitrogen atom

- per iridium atom. The desired arylazo complexes §,were

obtained in high yield, however, when the methanol-water



W@ediu% was replaced by neat‘écetone.~ o ;
| Cohcurfent wiﬁh ?his Work on the gomplexes §, Ibers-and7
Haymore119 reported the isoiatioﬁ and characterisation of a
‘series of these éomplexés (Ar = CgHs; E-FC6H4;'E—CHSCQH4) by a
éimilar,reaction, but‘made no menfion of the solvent system

employed. It appears, though, that the course of the reaction

is quite solvent dependent:_with acetone, a high yield of,8'

plus a low yield of 12 resulted, whereas with benzene-ethanol

¢

(or isopropanol) a high yield of 12 and none of the arylazo .

complex, 8, was obtained. Also, as mentioned earlier, with

methanolewafer, a low yieAd of 12 and, again, none ‘of the
desired complex, 8, resuljped.

- The currently known‘mdlecular six-coordinate arylazo

~

complexes, as repbrted in the,literature, are listed in Table

-«

~ VI-1 wnich contains one other example of the use of lithium

nalide in the synthesis, namely [MX3(PPhs)z(NgAr)] (M = Ru, 0s;
¥ = C1, Br) from [MXz(PPhs)z], ArNzBF; and LiX in acetone

. 108,140 _ )
medium™ . 7 L

B.'-Synthesis

The arylazo complexes [ Ir(CO)Cls(PPhs)aNaAr], 8 a-f
(see Table VI-2), were readily prepared by addition of the

requisite aryldiazonium tetrafluoroborate and lithium chloride

to a suspension of [Ir(CO)C1(PPhs)z] 1 in acetone; the molar

ratio of 1, ArN.BF. and LiCl was held at 1:1:1. In most cases,



b a1

-

_Table VI-1

Molecular Six-Coordinate Transition Metal

Arylazo CompleXxes

(e)

m-CeHsF, p-CeHaNOz, 0:CeHsCHs, O,

o B_CSH‘LC.]-: E—CGH4NOQ

R = H, pz;

0 -CeHs(CH3 )2
=

'VComplex VNN (em 1) References
I tIr(CO)Clg(PMegPh)g(NgPh)] ' ' »'(a) . 144
I [MXg{PPhg)z(NzAr)] D) | 1858-1895. 108,140,148 |
TII [Ir(CO)Clg(PPhg)?(NéPh)] | 1464 "119,134 |
IV [ReClz(PMeéPh)~(N2Ph)] | _(a)‘ 145
v [ ReCla(NHs)(PMesPh)z (MePh)] | 153 146, 147
VI [RB(p Z)gM(CO)g(NgAr)](C) 1530-1580 125,127
VII [Hﬁ( z)sMo(NO)C1(NzPh)] | 16&2_ 9 149
-
G
”(agr*VNN”vaIué’notﬁrépcrtgdf
(b) M = ﬁﬁ,-OS; X = cl, Br;‘ArA; CeHs, p-CeHsMe, D-CoHaOMe,

M = Mo, W; pz = l-pyrazolyl; Ar = CoHs, p-CoH.F,




" Table VI-2

5,

) .

Elgméhtal Analyses, Colour and Yields for

the Six-coordinate Molecular Arylazo Complexes :
~ [Ir(C0)Clz(PPhg)=(N2CcHaR)], 8 a-f

. Pefcentage'Composifion E u
' ' — : - - ) - | Yield
Compound { R Found Calculated - Colour - (%)
H N C H N e
ga®) | 5 [56.70 h.26 2.71 | 5641 4.23  2.86,| orange | 70
~ | a HMB6.07 3.8k 3.04)

”””” su{®) [ oor [55.50  4.06  2.73 | 55.43 .04 2.81 .| Yellow-| 65
- - » 7 (54.99 3.66 2.99)° orange :
8c Dp-Br 50.58 - 3.57 | 2m49 51.64 3,45 "2.80 Orange 50
84 | p-OCHs|54.16 3.9% 2.26 | 55.50 3.95 2.9% | Yellow | 20
8e o-F " |54.85 3.76 2.60 | 54.99 3.66 2.99 | oOrange | 50
8f  |m-NO2(53.31 3.53 4.36 | 53.39 3.55 4.35 | orange | 90

(a) Formulated with 1 mole (CHs)2CO per 1 mole of complex.

"(b) ‘Caiculated values'forrforﬁulatioh Withoutr(CH3)2CO;

\




the,producﬁ,precipitated readily'from solutioﬁ at room tempera- .:’

ture. Where necessary,'the reaction solutidn,was cooled to

+3°C.te induce precipitation of the arylazo complex,‘but caution
wasrequired as further COoling”mey also‘cause precipitation of
llthlum tetrafluoroborate and a solld(lé) hav1ng & low nitrogen

content.' In addition to the complexes llsted in Table VI- 2

the'sﬁnthe51s>of the g , 6~ dlfluorophenylazo complex\y&s.

.aftempted. ‘However, the reaction of 1, ,§-d1fluorophenyl-

4

diazonium tetrafluoroborate and lithium c¢hloride in

acetone medium afforded only the "low-nitrogen" pfoduct 1?.

C; Properties

1. General Properties - | B S

_ AW,WThe_arylazoecomplekeslge:fvaregyellowftoforange—erystal¥4=!

line solids. They are quite stable over prolonged pericds to

air, but appear to be somewhat'1ight-sehsitive. The cbmplexes’(f

are readlly soluble in benzene, dlchloromethane and chloroform,

only sllghtly soluble in acetone, ethanol acetonltrlle aﬂd

dlethylether, and 1nsoluble in water

—a

2. Infrared’'Spectroscopy and Some.Structuralglmplicatiens,,

The main infrared absorption data afe presented in 

Table VI-3 and a typical spectrum, that of 8b, is shown in

Dilagram VI-1., In addition to the absorptions listed in.



B i . 5 5 S : —

Table VI-3

'Some -Infrared Spectral Data for &pe Arylazo
Complexes [Ir(CO)C1lz(PPhs)(NaCsHaR)) 8 a- -f

o

COmpound f R | T ) Position of Absorption (cm—ii(a)
vCO(b>; . vNN(b) . 'QCH : Oﬁher Bandsu
’ ’ (Aryiazo ring)
§a ' H. 2058 | : 1270 , () B - 1‘;
s - ~ weybe) -
réb | p-F | 2055 1470 840 , 1220 (vop)
8c p-Br | 2050 o165 830 .
84  p-OCHs| 2050 1455 835 1030 (vygq.Sym-
' ' ' - metric)
1250 (s @SYI-
metric)
. 2840 (vCHg)
e e [wm o omel @ )
8t ‘m-NO» 2050 1455 803 1353 (vyg.s ‘
- 1 o : . L . Eymmetric);
- S , 835 1530 (vyp,» '
f"ﬁv . : ' ' "Aasymmetrlc

b G s L .

KBr pellet

~

(a) |

(b) £ 1 ém‘{; ailkothef bands, % 2 cm !

(c) Frequency when the iridium- bonded\pltrogen is 15N
)

Probably obscured by ring C—H bending modes of the PPhs llgands

jof]

. - ...
oty L i R A s A - TR (57

(e) Occurred as a shoulder on a strong aromatlc C= C absorptlon at

1585 cm *.
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\ . -

Table ¥I-3, the spectra.of all the complexes Ba-f exhibited -

e

abeorpfions at ca.:70® and 750 cm” ! due to the ring C-H bending )
modesvof the triphenylphosphine-ligands. . ‘:;1 ’-;_~J/r

Assignment of the absorption at 1470 cm™! for the

- as vy

/pf ng1azo complex 8a was confirmed by the observation of =z

shlft in thig fre ency to 1464 em™ ! for the isotopically sub-

stitgﬁgg_éna1 ogus, LI (CO )c12(PPn3) (1SN=NC-HE=)], synthesised
from [ CoHsl=155] 27,. ' '

. __No Dbuloue,trend,£aLleL;nferredebetweenfycoe, N

and the electronic nature ofvﬁhe.R substituents in the'complekes

Za-f. However, the relatively low vaers for'\)I.N in these com-

and[oruyN

vlexzes gilve some in a'catlon ‘as to the mode of bondlng between
4

the arylazo function and the 1r1d1um metal., There are few

structural deterLlneu_ons of arylazo complexes yet avallable,
134,145,150,

N 4x—m pQTtIHEﬁﬁ‘ﬁat&’fOT’thOSE‘th&t‘h&VG‘b&éﬂ‘TEpUrt
are listea in Table VI-%. Structural studies of metal
nitrosyl complexes, though, are numerous and the isoelectronic

PR v s T . - -~
nzature of KO and Ar¥-: on zhe one hand and RO and ArN-. on
the other hand allows useful structural comparisons to_be'made
tetween the arylazo and the nitrosyl complexes.. It has been :

clearly demonstrated that nitric oxide can -coordinate formally

3

i
1,
[N
b}
]
-~
[
[}
L
(@]
-~
=
’_.l
v
LD

ear M-I-0) or NO (bent M-N-0, 120°),

recent tabulation raving eignt nitrosyl complexes out of

izzonium cetlon mey also ueqefpected

ct
'y
(

3
»

ct
)
D
)
O
@]
I
[
'I
™
f\w
ct
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£
o
a1
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Table VI¥4

Some Structural Data and—Observed (VNﬁé -and -

Modified (v )La) Stretching Frequencies

for Tran51t;on.Meta1 Arylazo Complexes

“Compound Angle,deg. Distance,A - VEN ‘,VNN Ref -
7 | #-n-n N-N-Ar M-N  N-N | (em™!)(em™})| e
1T [ReCla(PMesPh)a(NaPh)]| 172 118 1.80 1237 (b) RTC S
1T [3u013(PPh3)2(N2ArX§C) 171.2(9) 135. 9o¢u) 1. 796@»1 144(10)1882 1852 | 150 |-
’ ! (AI’—CsHs) : ‘1;
E.
I1T [HB(pz)gl‘io(CO) (ngh)] 23(12) 121, 09(21) 1. 825(4) 1. 211(6) 1559 151
[ S . L L o _
TV ERnﬂlL(NZPn)]PFG(d’ 12;(1) 119(1) 1.9548) 1. 17(2) 1627 1557 | . |
, , ‘ 1561 1491 | 134
'(a) See Chapter V.A, Cnapter VI.C2 and réference 134 E
.gb) ?o-value reported PN ' é
(¢} Ar = CsHep-CHs A 3
(d) L = PnP((CHz)sPPhz)2 %
. ‘ - ,;




’-ll7f

totexhibit'bent or -linear M4N-N“mbieties{a§ glreadyripdiqatggr

in ChapterVV.A and-as outlined in the possible bonding schemes,

la, 1b and 2 below: ; -
. .- e +
: M . :N=N-Ar —>» M & N=N-Ar
RS C . la .
. : !
2+ - . , S+ .
MeN_ «—> M &= N=N
§1\]—Arv . ‘ NAr .
2 1b |

In 1, ArNg+ is behaving as a Lewis base and a m-acceptor,

- resulting in a linear M-N-N unit and’either a’ 11near (la) or a

bent (1b) Ng-Ar unlt whereas in 2 it is acting as a Lew1s acid
. oy -
. resulting in a doubly bent M- Ng-—Ar&unlt In the ruthenium.

“complex I1, Table VI-4, the N-N bond length of 1.144271ies

between a nitrogen-nitrdgen double and triple bondj’indicative
~of~argeoﬁétry~lyingmsomewhere~betweenfiauandflﬁgqtheiN=NéArjM“*;4fm“*””§
bond angle of 135.9° favours the singly bent geometry, 1b. The
N-N stretching frequenéies for a sériéé of comple%es‘éf this

fype; [MXg(PPhg)g(NgAr)] (M =7Rg;roé; X = Cl Br)luo,rlietih o i
the range 1850-1890 é@—l,,Which can fhus be considered asrindiQ

" _cative of a bond drder for N-N of greatér than two and less~

44444444444ﬂf1f1ﬁnTﬁxﬂtnn;1hﬂﬂﬂKHK3frﬁ*i559‘tm‘4‘and‘thé‘éry@t&ii@g‘apﬁ*éf“““*‘*

than three. The molybdenum. complex III, Table VI-4, has. an . o N

data verifies the singly bent geometry, 1b. Thus, for the

e e e e
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e ~rhenium complex l{'Table:VIf4; Wnichrnasrstructural parameters = -
,/i_ ‘yery,slmilarrto the complek 11T, one could predictia J&Nlualue

RN ]

in the. region of 1560 cm !, The rhodlum complex IV, Table
CVI-4, affords the only structural example of an arylazo analogue
of“NO in whlch ‘the M=N- N-for unit is doubly bent (,2 ). This

complex exhlblts £wo 1nfrared bands at. 1627 and 1561 em Y,

associated with the_—N:N—,llnkage. Recently, compounds formu-
. lated as [Ru(bipy)ZCl(N2C6H4R)][PFé]g (X = p-ocsf, p-CHa) have

been reported 153 w1th v values of 2095 (p- OCHB) and 2080 cm "1

(E-CHg) Such hlgh N- N stretchlng frequen01es suggest that they

have a geometry tendlng towards the totally linear case, la, .

and their‘chemistry153 lends supportrto this formulation..

It seems, then, on the basis of the foregoing structural

data for arylazo complexes and the obvious amphoterlc nature

- of the arylazo 1igand, analogous to that of the nitrosyl
”llgand- that high N-N stretching frequen01es (greater thanrﬂl'

approx. 1600 cm 1) are 1nd1cat1ve of the s1ng1y bent geometry R

S : o _ N S N U R

(1b) tendlng towards the totally linear case- (la).asijNLA;;A,

1ncreases, whereas the lower N-N stretdhlng frequenc1es 1nfer

“Jthe doubly bent geometry (2*)"'Thusf the-s1x coordlnate 1r1—

dium complexes [Ir(CO)Clg(PPhB) NgAr)], 8a—f hav1ng N-N

stretchlng frequenc1es lying-.in the range 1455 to 1470 cm” !

are exXpected to have the geometry deplcted,lnrz ,possess1ng-a

bent Aer grouplng and conformlng to the 18 electron formallsm

As»prev1ously outlined in ChapterAV.A, Ibers et a_. applled

ol

)y Vadue > \P-OCHs, o
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rranteﬁplrical setrof éuléé'éo'bfihg'iné‘QNN values oftarylazoiT .
complexes to a common scale in an effort to reduce the region -

of overlap,whlchAobv1ouslywex1stsw(c—f : complexes III and. V-
Table VI?4);j From the modified N-N frequenc1es (vNN’ Table

VI-4) thus obtained it can be seen that the values for the

1lr_r" »Hn-T

e e o Q / o 1) PR .
_LJ._LdJ.u.m cu.tuylt:zxcb,,ua.—f \VI{]N-_- —T 5 & cm— e wel

S

w1th1n the range - of less. than 1540 ~ 156O cm ? proposed by , é/

134

Tbers et al. for ‘the doubly bent geometry ( ').

‘7 As dlscussed latér in Sectlon D the molecular 51x-,i:"

coordlnate arylazo complexes, 8 .can in pr1nc1ple, be convertedg

»

to the catlonlc flve coordlnate spec1es g, by removalﬁof a

hlorlde llgand as 51lver chlorlde

’d[1r012(co)(PPnS)Z(NQAr)],%fggia-N[Ir(dO)01(PPn3)2(N2Ar)]BF4+AgClfip“
8 B =

of?bqnding‘of the aryldiazonipm'cation towthe iridium.thet the

five-coordinate complexes, g, appear to readily break down,inr"
/solutlon, since the only observed products were the aryldlazon—
S ium catlon, Ari- ; and Vaska S complex, [Ir(CO)Cl PPhg) f} thls

behaviour is not exhlblted by‘the\51x-coord1nate complexes,

8a=f, The ready loss of the arylazo ligand in this manner from

,iridium,as ArNé+; Thus,7removal of a chloride-ligahd from 8V

-

has resulted in a change of the bondlng mode of the arylazo

| e. See footnote b on page 124

It is of considerable interest in relation to the mode —_
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,r, ﬁ P ‘ . ) i T it e s m~l,. S L,.‘-,,b,v.‘,:,.u..,'.,

—'ligaﬁd»frohlArNgf in'the six—coordinate complex‘to AfN2+rlh'theri
. > - - g -z ,7 L a’f—’;‘l IO

flve coordlnate case, prov1d1ng further ewldence for an. Aer

e

=y

m01ety in the six- coordlnate complexes, 8a~f., An analogy to

thls type of behav1ou?~1s prov1ded by the %wo—cobalt nltrosylxwislégréi

complexes,_trans—[Co(NO)(NCS)(CGH4{AS(CH3)2} ) f“and

[CO(NO)(CGHg{As(CHsjz} )2] *- whlch differ only by one pseudo-ﬁ?'
““_“““““"“”“““hEjjIﬂ?“TIgEIRT"_”ThE“TKﬂﬂiIng“tﬁLﬂﬂﬂ?ﬁﬁrtfbsyﬂfﬂjxﬁﬂﬂfhfﬁ_

six coordinate complex con51sts of [Co(III) (N O )]2+ (angleA

' Co N 0 - 135 ), whlle the pentacoordlnate trlgonal b1pyram1dal

';complex is best formulated as rCo(I) N-O )]2+ (angle ‘Co-N- -0 =
: 15 - o o o ,
179°) 122,

‘D. - Reactions

‘1, Reactlons with Agt -

Introductlon

The,six-coordiﬁatejarylaZO complexes were-reaCted withv

+ (one equlvalent) to effect the removal of one chlorlde

llgand _ The purpose behlnd thls was two- fold (a) to prov1de
a route to the- catlonlc flve coordinate arylazo complexes
: {Ir\CO)Cl(PPhs) (NgAr)] 2, prev1ously, and unsuccessfully,

attempted by;reacting Vaska's complex,[Ir(CO)Cl(PPh3)2], 1,

with aryldiazonium cations,rArN2+;~(b) to leave a vacant coor—

; : the complexes 2 might be unstable with respect to ortho-

metalation) ortho-metalation of either the arylazo ring or a
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”trlphenylphosphlne rlng could occur, w1th concomlttant protona—4

tlon of the azo functlon.

'rlng to glve a flve-membered metallocycle wa s con51dered to be

ortho—Metalatlon v1a the arylazo

. more: 11kely than v1a a trlphenylphosphlne rlng to glve the SRR

: less stable four-membered metallocycle,

e.g. s

e [Ir(co)012(PP5352®2?éﬂ + agt
8a |

[Ir(CO)Cl(PPh3 zmzpﬁn

R LD LY

s

+ AgCl-
2
v +

Ir(CO)C1l(PPhs)>

5a

~d

- Results’
The

coordlnate phenylazo complex 8a

(.

product obtalned from the reactlon between the six-

and silver perchlorate (one

equlvalent) in benzene solution gave an infrared spectrum

indicative of the perchlorato phenylazo complex _ .

[Ir(Cco)cl(0Cl0s)(PPhs)=(N2Ph)] with bands at 2058 cm™ !

1470cm™ " (v

y.)s and three bands at 1130,1112 and 638cm”
2 .

(vao) and

irassignabie to

vibrations of a monodentate perchlorato ligand (c.f., Chapter

I11.2).

L3

Although this complex was not further characterised,

it seems that the only effect of the reaction of'ga with

£zC10.

ate lizand.

 Howsver,

was the revlacement of a chloride ligand by a perchlor-

the reactions with silver tetrafluoro-
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Table VI—5

- Reactions of the Six- coordlnate Arylazo Complexes (8)

[Ir(CO)Clg(PPhS) (N2C6H5R)] + AgBF4 + X

with Silver Tetrafluoroborate

S

—_ Products

Compounidj R Solvent Other Products(®) .
hsystem Conditions Diazonium )} Vaska's | Other _
(s) (X) o e =
i ) 7 ) o g | Salt Complex | - _ :
:‘é_b b CsHe Yes Yes
Ec p-B CsHe Yes Yes
i 8f m CsHe Yes Yes
I S A L= e e _ o R [ [
8@ | p-OCHs, CeHe Yes ves ;
8e o CeHe (CoHs ) aN Yes "YeS(b) (CzHs )sNH €17 |
3d | p-OCHs| CeHe KOC(CHs)s .. | Yes. Yes -
8¢ |p-OCHs| CoHe-CHsNO2 | No No
8c  |p-B CeHe~-(CHz)2CO No ves(¢)
8b  |p- CsHe-C2HsOH | No No  |Aryltetrazene
2¢  |p- CeHe-CoHsOH No ves(®) |aryltetrazene
~ B + Aryldiimide
— -8 —|o-F CoHg=€2H50H |~~~ {-No——{-No——| Aryldiimide —
3f n-NOz | CeHg-C2Hs50H No Yés(c) Aryldiimide
L , : '
(a) £zCl was a product of all the listed reactions. r

forms

Isolated only in small amount.

The dﬁazonlum salt was Isolated only on re—a01d1flcat10n (CgHs)gN
an adduct with diazonium salts.
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"'_ in Table VI 5

borate in plaee of silverpperchloratevproved to be of much o

7 : - . R R T . B
greater interest; they are discussed below, and are summarised

- . B - s T 4,”77 . -

[Ir(C‘O)Clz‘(PPhg)g(NgAr)] were reacted with AgBF, ‘in a 1:1 molar

ratio in.benzene solution the products of the reactions were . A

Vaska's complex, [Ir(CO)Cl(PPhs)E],Vi, the aryldiazonium”tetra~
fluoroborate,‘ArN2+BF4_, and silver chlorlde As already

inferred (c.f 5 P 119), it appears that the flve coordlnate

arylazo complex, 2, resultlng from removal of a chloride llgand

from 8, is an unstable entity in solutlon readlly relea51ng

the arylazo llgand as the free dlazonlum cation, Aer . When

the reaction afrthe“eix;eeordinate complexes withpAgBF4’Qas

carried out in benzene-ethanol medium, however, the products '~ =

'ebtainedrwefe hotkvaska's complek; ArN.' and AgCl but were the

" five-coordinate aryltetrazene complex, 4, and/or-the six-

‘five-coordinate complex, 2, react as in the'normal”synthe51s

coordlnate aryldllmlde complex, 5, along with AgCl. 'Thus,_in) -

the presence of ethanol the Vaska's complex 1 and the aryl- o R

dlazonlum tetrafluoroborate formed by decomp051tlon of thef

P I T

of the aryltetrazene (4) and aryldiimide (5) complexes. The
overall reaction sequence 1s depicted below.

eact : : i lexes L

8 have mechanistic implications, as will be discussed in detail

in Chapter VII. It is sufficient at present to point out that

L

e
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v,

Ciohe

-

[Ir co)012 PPhg) NgAr)] + AgBF,

8 S A ,
. Lefley [1r(c0)C1(PPRs)2(N2AT)]BF. + AgCl

2

~

b

[Ir(CO)C1(PPhs)z] + ArNa BF.~

1

~

CeH,0H

[Ir(CO) PPhg) (N4AT2)]BFs + [Ir CO)C1(PPhs)2 (ﬁﬁ;ﬁrijbﬁg”
! ' S .5 ‘

~ . ~

~ the cationic five-coordinate aryiazo complex (E) appears to
be unstable, not to;intramelecular ortho-metalation but,

““rather, to a redox dissociation to form Vaska's complex

(i) and the aryldiazonium salt.? " Thus, any mechanism for the

formation of the aryldiimide complexes (i) which involves

“intramolecular ortho-metalation of a cationic five-coordinate
arylazo intermediate (2) may well be invalidated.

A further attempt at inducing ortho-metalation by
removal of a chlorlde ligand from the six-~coordinate complexes

(84,e), this time under basic conditions (to facilitate the .

removal of an ortho-proton from the ring undergoing ortho-

b, The five-coordinate complex, 2, has since been synthesised by

Dr. N. Farrell and its facile dlsproportlonatlon to 1 and
ATN-BF. in CgHg solution has been demonstrated (c.f. Chapter
VII). Also, the reaction of 2 with C1” in acetone- solution
at -25 C produced 8.
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4metaletion) Was‘unéuccessful. Thus, reactien of 84 and 8e with
AgBF4 in benzene selution'and in the presence offpofassium
t- butox1de and trletnylamlne,—respectlvely, agaln produced~m~4 §'j~+~¥~WA

Vaska's complex (1), the aryldlazonlum salt and silver cnlorlde

'1Fina11y5'thefformatiOn'of the eryltetrgzenerand aryl- =

ditimidecomplexes {#—-amt—5;-respectivetly ) fromthe reaction =
. between the six- coordlnate complexes 8) and AgBF4 in benzene-

ethanol medlum, and thelr non- ~-formation in neat benzene acetone'

Wor benzene nltromeunane medla (Table VI 5) further substantl—
ates the nece551ty for-ethanol (or-lts equlvalent)‘ln the

syntheses of both % and 5 (c.f., Chapter vII).

2. Reaction with HBF.

In keeping with the postulated doubly bent nature of

Ahe—ary&azo—iigar ALNZ in—the Lumplexes oa T(c.f., Chapter

VI, C2), protonation of the azo (-N=N-) function by H' pas o ,é

,Wbeen”&ChleVQd,s,ThuS,mer,example,mtreatmentwofnaﬁsuspens1onﬁmﬂﬁwW,”,
of the yellow-orange complex [Ir(co)Clz(PPhs)o(N=NCsH4p-F)T,
Sb, in diethyl ether with an excess of HBF, (484 in aqueous

solurion)'afforded,'in 804 yield, eﬁpale—yeiiow soiid formula-

.
‘-
3

- §A
H

ted on the basis of infrared spectral data and elemental

, i
analysis as the p-fluorophenyldiimide complex §
rIr{Co)Clz(PPhs),(HN=NCsHip-F)]BFs, 11. The complex analysed . S

A ~ : S

as C:50.844 , 4.3 384 and N:2.81%;, reguiring €:56-52%, H:3.10% :

and N:2.74%. The infrared spectrum of 11 (Diagramvi-2) exhi-

PO PRI SR

WMA;;&»!‘M:&& ek 3

bited a medium-intenSity band at 3110 em ! and a broad, strong

X
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from the spectrum of -8b itself, and which were removed by - - o

v treatmentiof il with base (resulting.in the re-formation of

8b); ‘the former band is attributed to vN ﬁ and the latter

”rto vBﬁr—:i The carbonyl stretchlng frequency ghlfted on pro—'
4

tonatlon of 8b from 2055 cm T1 to 2090 cm™ ! in 11, and the

w

N=N stretchlng frequency observed at 1470 cm™ - in 8b was

absent from the spectrum of 11.
' The protonation of 8b Was found to be'reversible, a

_suspension of the. dllmlde complex, ll,rln,dlethvl etheér being ...

~ readily ‘and quantitatively deprotonated on treatment with,

~y

triethylamine:
[ Ir(C0)C1s(PPhs) 2 (N=NCeHap-F)] _EngA [Ir(CO)C1s(PPhs) 2 (HN=NCsH,p-F)]EF,
' . ~ EtgN - . _
8b | S

}

444444——————ln—£aet——depretenataen;was—se—£ae&}e—thatgattemptsgto—di

_11 in methanol, ethanol and acetonltrlle resulted 1n,each

,HgéﬁeLcln,lﬁﬁﬁrggQﬂYerﬁlQn_towﬁb, _ Thus, although the. dllmider;;uWﬁ__;;;ﬁ

complex il is quite stable in the'solld state,'lt'waS"found*to‘i

a2

be unstable in solutioén: in addltlon to its ready deprotona—

'*~<t tion in the solvénts c1ted above, 1t was also found to be ;

-

unstable.in both acetone and chloroform, undergo;ngvdecomposi-'

tion with the formation of some diazonium ion, E-FC5H4N2+, as

No i .
recovered after stirring 11 in either acetone or chloroform.
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Only'from solvents in which it was insoluble (e.g., diethyl

" ether, benzene, wa%er)*06u1d”§}”béfrecovered’uﬁéhaﬁged,fréﬁ4w" T
dering unsuccessful all attempts to obtain an nmr signal
‘characteristic of a single N-H proton. -
<
N .
: |
H
l
:
b f
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CHAPTER VII
Mechahistié Studies- and Discussion .

g ‘A. Introduction

The fact that reactiqn”between'Vaskaféﬁcomplex;“i}'énd”cértain“’~“

S

aryldiazonium cations, ArN2+g should result in such unexpected

_producés as the aryltetrazehé complexes, i, (c.f. Chapter I1).

~ _and-the nrthn-mtl‘l'a'lszipd aryldiimide-complexes, 5 {e.f. ahgnfpri,,i,,,,,;,,

III) raises an 1ntrigu1ng,problemvregarding the nature of the

mechanistic route to these éompqunds., All other. reported
reactions of transition metalkcomplexes with ArN2+ to give

nitrogen-containind complexes have provided either (a)
3, 108 119 125 7,140, 144 7 149 (M-NpAT),

arylazo complexes-

Tnvolving airect‘ﬁobT6in‘tiUﬁ‘Uf‘ATN“‘tU‘thé‘MGtai‘*Ur‘fb%“““““*
veat=6,90,91

non—ortho-metalated aryldiimide complexes

- {M-N H=NA_I'~) 5--invelving -insertion--of- Ari‘lgi inteo a-metal-hydride—— —

bond. In the ﬂormatiOn'of’H'and'E;'howevéf;'the'pdssibilitie§"
would seem to be (a) initial coordlnation of ArKs + to iridium,

followed by further reaction on the arylazo ligand, or (b)

initial modification of Aer (by reaction with an entity other

than ihe iridium of Vaska's complex), fbllowed by coordinétion

of this modified species to iridium; these,pbssibilitiesiarew , .

discussed 1n Section B. -

Other features of interest are: (i) no othetr synthetic

routes to ortho-metalated atyldiimide complexes have beeh
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E

or the azo (-h =) function. of an. arylazo complex (iii) all—

reported;(®) (11) the known’ aryldiimide complexes (hon-crtho-

-6,90,91 _.
108- -9, 119 140

metaleted) have resulted either by insertionu

AT 1nto a metal-hydrlde bond or by protonatlon

- other 1nstances of the syntheses of aryltetrazene complexes

have lnvolved reactlon between an organlc a21de, ArNg, and a
30 33,)6 37

L;.[d.[lbl b.LUU. [$10 bd.A. Lu&plq)a -
The most obvious feature of the reaction conditions

leadlng to 4 and Q,when 1 is allowed to react with ArN2

the nece331ty for the presence of elther ethanol or iso- —

—

rpropanol; the lmpllcat;ons of this are d&scussed in Section C.

»

4

The,.formation of both an aryltetrazene complex and an

ortho-metalated aryldiimide complex under the same reaction

conditions requires that thegparticipation of a oommon

intermediate be considefed:urlﬁ‘this chapter, evidehte,

consistent with the Currehtly aveilable experimental deta, is

presented (Sectlon Cc) for such an 1ntermedlate 1nvolved in
oosslble pathways (seltléﬂiéﬂﬁlgmgsth'ﬁ and 5; the p0551ole’
nature of the intermediate is dlscussed in Section D.
Elueidation~of the mechanistic routes has been greatly
hindereduby thevfailure, to date, to establish conditionS‘..

ellmlnathg competlnEr reactlons and leading to onlv one

product, 4 or 5. ”hus, (a) svntheses utlllSLDU the analogues,

tlrﬁ(CO)(PPh3)2] of 1 where A represents an anionic llgand

(F, Br, 1, 0C1l03) more lablle than Cl were unsuccessful in

‘increasing the yield of the aryltetrazene complex; (b) con-

“Ta) A recent paper describes the synthesig of the ortho-metalated
aryldiimide ccomplex [TrCla{PPhs)a(NH=NCgH,p-0CHZ) ], from

™

reaction between [IrH,(PPhs)a(NH= NC5H4Q OCH5) ] an
. chloroform at room temperature. 1832
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“ducting the syhthesis¢in'the presence of Ag+'t6”facilitate*'ﬁ: -

f
T
4
2
S
E
[
=4
i
¥
3
i

removal of the chloridealigand was only pértially sucéessful

- in that although the yleld of the aryltetrazene complex was
increased (Table VIII—l), that of the ortho-metalated dllmla; R
complex re@aimedﬁhhaltered;r(c) the usérof aryldiazonium

"cations blocked in both ortho-positions to prevéﬁtfformation' B

- of the ortho-metalated complexes, 2, also prevented %etrazene

'fbrmation; (a) rééctions in the presence of added C1~ (to

=, ~loss of the chloride ligand) were completely unrewarding in

that formation of both E}and 5 was pgevented.
‘ - B. Possible modes of reaction of ArNa

In view of the established ability of ArNs' to

 coordinate directlykto tféﬁgifioq metals to form érylazo.

v - 0. 1hh- N
complexes,3’108’119’125 7,1%0,144-7,149 this initial step

(Jouatlon VIi- l) had to be serlously considered.

* [1r(co)cl(PPhs)a] -+ Am2 *— [1r(co)c1(PPhs)s (Npar) 5 (vIT-1)
EVldence against arylazo complex formation in the |
g s .- benzene-ethanol {or_nenzeneﬁiggfpropanol)"reactlon medium

- | leading té thergomplexes &’and inas provided hy the,;%p;fi;enta;
 findings, in each of which the reaction ‘betx«?e’gh andridium (1)

complex and ﬁrn2+ afforded an arylazo'comp1EX when'the solvent’

WES acetone {React*ons VIT-25 and VII-3a) or methanol water

B RN TP PY T

{Reaction,VIIfha;, but failed to do so when the solvent was

' {jﬁ.\\\\\\benzene—ethanol4(Reactions YIT-2b, VII-3b and VII-4b).



v

/n.f. Ref.—172)

- o +
H , _iil__? [Ir(CO)Cl(PPh )gNgAr] -
S “é' V7f7 (CHé)QCO =S e
[Ir(CO)Cl(PPh3 ] + Aer —] . e "(VTI-E)
1 , o : S . . :
ad : ;J!ll——?wo arylazo complex lsolated e
‘ CeHes~ C2H5OH o . o
Lot (c.f. Chap VI)
_Lél_;9[1r(co)Cla(PPhg)gNgAr] _ -
[1r(co (PPhs 2] + ATNz — ”:(Vfr_j) o %
3 +c1T , , o,
_ - _L(p) 5110 ewlazaiomplex_Lselai: :
'4 CGHG C2H5OH

£

“(c¢.f. Ref. qu)

-J;JL——»[Ir (co 012(PMe2Ph)2N2Ar]

. formed in the reactions VII-=

cand in CeH 5H5OH medlum formed both the aryltetrazene

| . {fCHL0H-Ho0
[Ir(cO)Cl(PMesPh)s] + ArNs — - (vIr-4)
* +C1” (b) .
f—n~rr——————+NO arylazo complex 1solated e
: (‘gHg_QQH:OH = :
Tt 1s possible, of course, that the arylazo complexes .

formed in reactions VII-é(a) VII- B(a) and VII- 4( )were also . B

were unstable in the CGHS—CgHgOHrmedium.v 1t was, in fact,v ' o
'fouﬁd'that'the'complex 2, formed in reaction VII42(a),

. -4
sttable in CsHs solution, disproportionatinc to L and ArNgr,

,4 and 5, respectively:
~ [ K

2(b), vII-3(b) and vII-4(b), but

was

and aryldiimide complexes,

7

-‘um«,umx;ww:-,m: PR TR ) i L

AR
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2
i o . L —__——>, [Ir(CO}Cl(PPhS} ] + Aer S
A S , ' CeHs - : 1 -
[Ir(co)c;(mhaxé(N'EAr)J*—‘- e e (VII—S)
’ 5 [Ir(co)(PPh Va{Naars)T |
CeHaC2HsO , R
LT -+ Uroo)oa(prn,) o (mmar) 1"
. T - : - Ea”)
-HQwever; the aryleO'complexes formed in reaetions
o “VIT-3(a) and VIT-4(a) were found to be j;qtgmzfiﬁ" CoHa=CaHsOH —
. medlum, 1nferring that they are not formed at all in the

reactlons VII-3(b) and VII-4(b). The _implications from these.
e " results are (a) that the solvent systeg is the crucial factor,'A
; ' l"ahdi(bj that where the solvent system is CeHs-CoHsOH the
gf : R eryldiazonium ion either is.not free to coordinate directly to
; | inriaium ; or, once coordinated, undergoes further»reactlon}
é Considering the<known nueleephilieityul of'Vaska‘s\ ’
% - ’*ft"fceﬁplex, 1*”and the etectrophilic nature-of- Aerfggdirect'*44!¥m***m*~
§ ) CQOTdiDathH of ArN: (Ar:R—C6H4) to‘Ir(I)»mlcht be expected -
%- | to be enhanced by (a).increasing the eiectron Wlthdraw1ng
% naturerof thevafyl sutstituent R (thus incfeaeiné”tgei |

electroph111c1ty of the aryldlazonlum catlon) and (b) changing

7 7 the triphenylphosphlne ligands of 1 -to the ‘more ba51c | .

; fArrl methyldlphenyl or d;methylphenylphosphlne llgands:(thus IR
%,Tff _Y ‘ increesing the nucleOphilieity;of iridium);al In practice;“

the formatie! of the ar&ltetrazene coﬁplexes; &, was indee@hr
f & .-~ favoured by R beebming”more stronglﬁ:electpon'withdrawing {c,f:

-
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Table 1142),’whereas for'the,aryidiimide complexes, 2, the lowest
ylelds were obtained for the strongly electron withdrawing sub- -

stituents (c.f. Table II-1). Fbr the PMePhs and PMezPh analogues

of -an’ arylazo adduct 1f 1ndeed it forms at all, does not occur

e »by;the~antieipated nucleophilic:attack'bf'lr(l)'an€ArN2+;"

I

of L. nelther 4 nor. Q‘were formed at all, ihdicaﬁihg,that ermap;Qnmir;gf

.C;V Evidence for hydride abstraction:
,W,,”,Wf _the role. of ‘the. _solvent .,

~ There is cood ev1dence that hydrlde abstractlon from the
aleohol Qccurs during the reaction between Vaska's.complex,
1, and"Aer+ to give the complexes 4 and 5. Neither of these
complexes was for@ed'whénlethanol was'replaced:b§ methanol,
t—butanol ‘acetone, dichloromethane, nltromethane or acetic

.cid, but bcth\wererahseryedrfgr igo- orooanol WﬂlCh llke‘

ethanol has an actlvated a-hydrocen atom. Further, when

~ethanol was. replaced byithe better ~a~hydrogen donor,

1so—propanol,'a twenty percenp higher yield of‘the~aryltetra2ene

Complexlﬁb resulted, as ascertained from the molar absorpﬁivity,

SOOnm

Repeating the synthesis with CgHsOD had. no observable;

|
effect, whereas substituting C2D50D flor CZHSOH caused a

L.

Q
oy

servable dr te of aryltetrazene formation,

fatal
O it

as followed spectroscopieallr bV the chahge in eBOOnm'wi n

time (Diagﬁm:VII-l)."Experimental difficulties did not allow.
' the measurement of reliable approximate zero-time rétes, SO

that no Quqnﬁifatire'COmpariéod of rafe constants could,ﬁe

o -

e N L R B D
! A
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“ ~Diagram VII-1 Comparison of the formation of the aryltetrgazene
- ~ complex [Ir(co)(PPhs)'z{m( CGH4p_-Br)2}']BF4, hg,s -
in benzene-CpHsOH or benzene-CgHsOD)(curve A),
and benzene-CpDsOD (curve B); p-BrCeH4NpBFg
: 0.031 mmcle, rIr(co)CJL(MMM,—
benzene 3.75 ml and alcohol» 1.25 ml, at 25°C.
-
- i
v .
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made. However, the’results point invfavour of a orimary,. .
isotope effect;in C -H bond cleavace, presumably of an

a- hydrogen atom, viz:

T R I R AT . . R,
RR1CYO-H —— RRIC=0 + H' + [H"] = o (VIT-6)

I

In agreement,\acetohe,has been identified in the,isoépropanol -

reaction and acetaldehyde in the ethanol reaction. . . -

\\_‘" D EVidence for a common intermediate

That a tommon intermediate may be invglved in the

rmechanistic routes to both the aryltetrazene complexes, ﬁ,

and the aryldiimide complexes, 2; is strongly implicated by o

the fact that certain.changes in the reaction conditions have

‘the same effect’ on . the formatioh of both,i end R, as -

emplified4by;thegiollowinggexpeximehtal-observations;,

( i) where the solvent medium was benzene-ethanol or

benzenefisofpropanol,hbothﬁQrand,irwereiobtained;il;'

‘conversely, when the lethanol (or iso-propanol)
Wa.s replaced by-methahol,~tfbutanol,hacetone,h
dichloromethane, nitromethane or aéétié'acid'
neither complex wa.s obtained

( ii) substitution of the triphenylphosphine liaands of

[Ir(CO)Cl (PPhs) 2 |, by either methyldiphenyl—

phosphine or dimethylphenylphosphine ligands

prevented the formation of both 4 and 5;
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-(iii)’fwhere the'substituent'R On'the’aryldiazonium” ';"“*ft”f**

: +
% catlon, R CeHyallp , was a- strong. electron donor

- (p-oH, p-NEtg)h the “Formation of both 4 and 2

was completely 1nh1b1ted
,Further,;for reactlons,ln benzene—iso~propanol,‘f o e

. 9 V ‘ . :
Equation'VII—G) suggest that. a—hydride‘abstraction'from»the',' o

alcohol. contrlbutes to the formatlon of both 4 and Q These

;results are summarlsed in Table VII 1 7from'wn1ch 1t can be

*seen that in reactions 1 and 2 the ylelds of acetone correspond’
closely to the comblned yields of 4 and i The 25 6—d1fluoro— '

' phenyldlazonlum ion 1n reactlon 3 falled to yleld elther 4 or -
2s yet~acetone was "recovered ln comparable quantlty 1nd1cat1ng

>that a- hydrlde abstractlon ‘had occurred presumably leadlng f

—

to an 1ntermed1ate whose further reactlon to give 4 and i was

e _ [ —— Y S e

R hlndered by the presence of the ortho substltuents
E. Nature of the common intermediate
'Althouch a—hydride abstraction from the alcohol occurs

“in the mechanlsm leadlnor to the complexes 4 and H, it is still

<

not clear at what stage the alcohol is 1nvolved in the

reaction, but three»maln possibilities ex1st, viz:

( i) afhydride'abstraction from the alcohol by Vaska's

i g R eomoiex,.[Ir(CO)Cl(PPhs)zj‘l; as in Equation VITI-7: -

[1r(co)cl(PPhs)a] + RR??Egtﬁ-———+[Ir(CO)Cng(PPhs)ZJ :
1 - BNEN 8

+ RR1CO ' (VII-7)



< B
7 Table VII-1 - ) )
‘ ff'"Yieldeof;afyltétrazene cdmplex‘(i),
ortho-metalated aryldiimide complex (5) and
acetone from reactions between Vaska's complex,
(1r(cO)cl(PPhs)2] (L) and aryldiazonium tetrafluoroborate
S in benzene-iso-propanol medium.
 Reaction in | - - vield (mmole)
CsHg-iso-propanol | ,i. - p) i Acetone
1. p-BrCsHsNz' + 1 0.027 - 0.028 ©0.054
Do 2 peFCAHGNRT 4 L 0.056 - 0.02% 0.082-
3. 2,6-FaCsHalp' + L | - nil N r;j)l T 0.082
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;dlhie typeof.reactloolﬁes not been reported for;Vaska's (l_f&f
reomplex'endirin agreement no reactlon at all was observed

| between 1 and elther ethanol or 1so propanol (or benzene-
ethanol orAbenzene iso- propanol) even over prolonged perlodéifU“
;»fat reflux1n0 temperatures ‘ | |

7( ii). o~ hydrlde abstractlon from the alcohol by an

: electrophlllc ;rldlum complex, a type of reactlon whlch has

been reported 155-8 for both iridium (T) and iridium (Ill),f'r

'7 Thusl;ﬁQi;example+4in4the;pre§ence;oﬁzdi&zonium;lon;;%fmayw,ww4~w¥4ér
be converted,to,the'iridium (I11) arylaéo complex cation
[lr(CO)Cl(PPhB)Z(NgAr)]+lg which, being eoordinatively

udsatorat d is a suitable candidate for a- hydrlde abstractlon

to give the hydrlde complex rlr(CO)HCl(PPhg) (NgAr)]

172

[Tr(COYCL(PPhs)o] + ArN,T ;'*'FIr'(CO)Cl(PPhé)é(NzAr)]+—H;:>:
D -LTr(COYHEL(PPh ) (AT} I (VET=8)- o

This particular proposal'(Equation'VlI-B) can be considered doubt-
ful oh'the basis that the arylazo'complex cation 2 was found to
be unstable in both benzene and benzene-ethénol,media, |

disproportionating immediately to 1, and ArN2+. However, the

\h

oA . —

effecting the'hydride,@bstrectionfcannot bevignored;’although

i
¢

no evidence for this occurring in the reaction leading to i"

and 5 has:as vet been obtained. Attempts to detect an



.

intermediate iridium hydride ‘species by infrared monitoring . . ... .

. of the reaction solution were negative, and examination of the

’1‘res1dual materlal after 1solatlon of both 4 and 2 from the

'reactlon mlxture prov1ded no flrm ev1dence for an 1r1d1um'

hydrlde specles ' : o o N . ' .

*(111) o- hydrlde abstractlon by electrophlllc ‘attack of

ArNg on the alcohol yleldlnc the unstable and h1Ghly reactive

Alntermedlate aryldlazene,159 ld} "ArN NH . o _ -

o) T+ :
"RR'-C-H + N=N- Ar — > RR'C=0 + [Ar-N=N-H] + H (VIT=9)

Certain experimental observations»favour this mode of hydride
abstraction,over those presented in (i) and (ii). When
p—FC6H4NzBF4 was stirred at room temperature in ethanol (or

iso-propanol) a Small'amOunt offacetaldehyde (orracetone) wa s

]

produced, whereas, as previously mentiOned, no reaction was -

observed between Vaska's complex and elther ethanol or 1so- ' C

propanol under a varlety of condltlons The productlon of o

acetaldehyde from ArN2 and ethanol is well documented171 as

is the formation of aryldiazene, ArN=NH, in the'hydride'fﬂ '{

161,162,164,166, 167

reductlon of aryldlazonlum ions. By

allowing Vaska's complex (L) and C5H5N2BF4 to react in benzene— i

oo

. .
ethanol medium in the

presence o

o el

phenyltetrazene complex (4a), as determined spectroscopically "%
< Yo i - . i . ’

. from €500 hm, was increased by twenty percent over that obtained

L I P U

in the absence of added CngN:NHx Earlier observations, such

-
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‘as the requlrement for the substltuent R in RCéH4N2 belnv'rgﬁ
‘electronfw1thdraw1nv in nature, and the non- formatlon of elther
:4 or i when - the trlphenylphosphlne llgands -of -1.-were replaced e
by the more basic methyldiphenyl or dlmethylphenylphosphlne ‘

ligands are in keeping with the involvement of an aryldiazene

intermediate . THUS, the abI1ity of ArNs €6 abstract H ~Trom
a suitable alcoHoll (c.f. Equation VIT-9) should be enhanced

by an electron w1thdraw1ng aryl substltuent whereas the ablllty

of an iridium complex to abstract H should be decreased by

the‘presedce of the less basic (PPhs) iigands.l57’165 Further,
'coordination to iridium of the nucleophilic ArN=NH species
should be more favoured by the less basic triphenylphosphineA

'ligands‘than would cbordination”of the electrophilie ArN2+

speeiess

From~the foregoing results and discuSSion:it'can be
COnCludedfthat:the"roleWOfwthemethanoluor;iﬁgzpropanol_isWtofhf,fTngﬁ
pro;ide a eoﬁrce of hydride ion, H—, and sOmewhat tehtatiVely;"
that the H effects the reductlon of the aryldlazonlum catlon
to the hlvhly reactlve aryldlazene 1ntermed1ate, ArV—JH,

"~ whose further reaction leads to the complexes ﬁ;anﬁ QJ(EquatiOn\

VII-lO), as discussed in Section F.

*y RRL - oceHs : * &
AYNSN  ,G-DH —2%» [ArN=NH] + H' + RR"C=0 (VII-10)

!

VAR
3 R
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h I‘ 7 7 | F. Proposed mechanlsms -
" Acceptlnc that [ArN-NH] is the 1n1t1ally formed common»rmr
" 1ntermed1ate when Vaska's complex 1 aod ArNa ‘are allowed to
react in benzene ~ethanol or benzene- 1so propanol three *9*~”v“~%h*sf
feas1ble mechanisms (A, B and C in Scheme VII 1) can be proposed

V'Mechanlsms A and B lead to. the aryltetrazene complexes,'ﬂgiand pf

C to the ortho-metalated aryldllmlde complexes, R Tn A, step
(1) env1sagesecodpllnc between Aer and the aryldlazene

... intermediate, ArN=NH (or the dlazenyl anion, ArN—N , which is

a stronger nucleophlle than undlssociated ArN—NH)160 161

give the free tetrazadiene ligand [ArN=N- N—NAr]. That the

diazonium cation will couple'with all manner of nitrogsn

168(a)’

,,,,,,

compounds having an N-attached hydrogen is well establish

. \ but no simple tetrazadienes, R-N:N-N=N—R,'have been

T
reported-” “the synthes1s of the aryitetrazene‘compAexei

M

4, from 1 and ArVZ may represent an example of the stabilization

1”of this highly" reactlvetintermediate“by”itsWoxidative~edditionew~wwf
to L (step (2), mechanism A and stepv(M), mechanism B).
On the other hand, 'formation of,the free tetrasedtene
may well be thermodynamically unlikely, and - an
elternative reaction of the aryldiaZene~Vintermedi?ﬁe,

ArN=NH, is Lewlis base addition to the iridium of Vaska's

complex to form the aryldiimide complex [Tr(CO)C1(PPhs),(HN=NAY)], -

as depicted by step (1) in mechanism B (Scheme VII-1). Coupling

then occurs (step (2), mechanism B) between Aer+ and the

b. Sobstances-that can be considered as formally derived from
such a structure are known in the form of N-azildo amlnes,'

RoN- Ng*—ﬁ‘QZN*N N=N,168b
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"

ArN3BES + RRYCHOH 2o [arn—mme==arv=n"8'] + #'BF + RRICO ~ .1
g (1) Arvet o) |y oo (1) g

- ) R ‘ o A [ . . . N N . ~ . . .
[ArN=NIN=NAr]<=[ArN=N-N=NAT]H'

L

wa“j,fiij;f,}{ S | T; ‘ Ny A { .

. WZN-Ir(CO)C1Ps (== . H-Ir(cO)CciP, | -
[Ar T (2) o-metalation
; (2) | ArNs" - ToH.
| -HCL .
,rArN=J\:;F,"WW,,,Wﬂj,ifWWWﬁ;ﬂJV?fN\,W;wfw,w-m,,vmwm7;7W5,
. N -Ir(co)Ps s A—1r(Cc0)ClPs
7AI‘N/' . = 6
- (3) )| E
- | _
oy o +
N = N , .
N§§Nf>/,1r(CO)P2 N” ~Ir(CO)C1P:
ir ' _ )

B
ok

Scheme VII-1 Proposed mechanistic routes A, B and_C for the

formation of the aryltetrazene complexes (4)

and the ortho-metalated diimide complexes (2): ,
. 1 represents Vaska's complex, [Ir(C0)C1(PPha)>1,

and P represents,triphenylphosphiné,,PPhg.
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7 - - - N - - - Sl

coordinated aryldlazene w1th elimination of H and Cl ptp

glve a monohaptotetrazadlene complex catlon Slgma bond

7

mlvratlon accompanled by chelation and electron rearrancement

(steps(3) and (4), mechani sm B) yields the delocalised iridium

(ITI) aryltetrazene complex cation, 4.

Mechanism C, leading to the ortho-metalated aryldiimide

complexes, 5; -invokes, asfstep (1), oxidative additibn“of the

aryldiazene intermediate to Vaska's complex; l},giying a
six-coordinate iridium (ITT) hydride arylazo complex'

1 whjjfh;ﬂ%fy;%xeeiﬂ}fe%mex14}t6¥u}e with- e

M=

a

Ch

e AW TV Y AL .Y S N T E
[fr U}nbl\rrhs)z(wzﬁu

TIr(co)cl(pphy) HNNAr] (step (1), mechanism B), constituting

an insertion process. Tn step (2) (mechanism ¢) the hydride
arylazo complex is envisaged as’undergoincrortho—metalation
via electrophlllc attac< by 1r1d1um(IIﬁ on the aromatlc

74 88 to yield the known- complex 6 (c,f. Chapter;IV).

4

,—step occurs smoothly has prev10usly been demonstrated Tt

The ‘ortho- -metalated aryldlazene cation, 2, is readily obtained

by protonatlon of 6 w1th H (step 3); ~that -this protonatlon -

<

dlscussed in Chapters III and Iv.
3

In an attempt to Verlfy the existence of the hydrlde

-

1ntermed1ate, FIr(CO)HCl(PPhS)gNgAr], formed in step (l),,

mechanlsm C, the reactlon between 1 and ArNg’ in CeHe EtOH

o

wa.s attemnted us1nc arvldlazonlum salts blocked in both ortho-

pos1tlons to prevent step (2) (ortho—metalatlon of the arylazo

“ -
rlng) from occurrlng. ,Unfortunately, pure products-could not

be isolated from these reactions: in each case, for the 2,6-



;145_

dlfluoro, 2 6- dlmethyl and’2 cthro, - bromo, 6- 1odo phenyl—

dlazonlum tetrafluoroborates, the residual solrd after-
.EVaporatlon of ,solvent from the reaction mixtureléxhibited’aﬁ“’”””ﬁ"

1

infrared. absorption“at ~3150cm attrlbutable to v iy but no

absorptlons attrlbutable to an lrldlum hydrlde bond were L,f;,,,_,ﬁ,;
observed Attempted purlflcatlon of the products resulted in

,'rloss of the 1nfrared .absorption’ at. 3150cm Nevertheless, the
B 3

4mwlu”mw4uxg@u%lmrndleat;en;oﬁna_spee%es—eentaA%H%¥&{w%4@%%4hﬁﬁﬂﬁf%h—fﬂﬁr—mw——————

the apparent absence of an 1r1d1um hydride specles, 1nfers (a)hthe

poss1ble formatlon of an arf&dlazene adduct, [Ir(CO)Cl(PPh3)

(HVVNAr)] (step 1 mechanlsm 8) or that ortho—metalatlon may

have taken place (desplte blocklng of_the'grthg-positiOns ofithe»

érylazorring), presumably via theftriphenylphosphine ligands.
Indirect evidence for the particlpationrof'the triphenyl-

phosphine ligands in the grthg—metalation'process was obtained

by carrylng out the reactlon with deuterated reagents, originglly

with the 1ntentlon of synthes1s1ng the deutero- analogue,

r[Ir(CO)Cl(PPh3) (DN—NAr JBF4, of the complexes 5 the _purpose
behlnd this wa s to locate the source of the dllmlde (N-H) proton. . -+
Thus, when the syntheses were performed under the following

conditions: (2. C2H5OH replaced by CoHs0D; (b) 02H5OH replaced

«

by CaDsOD; (c) CeHeNoBF, replaced by CsDsNoBF.; (d) both CoH-OH

'and CeHsloBF4 replaced by C2D50D and CSDSNZBF4, respectlvely, : co G

*

and {e) both CeHg and CZHSOH replaced by CeDe and CzDs0D respec— , é,
*4——————tively——only—an—N-H4stretching4frequency4and4no‘N‘E‘stretchrngrr44444444*
frequency in th\\lnfrared was obtalned in each case, falllng

to show whether the N;H proton originated from the

©
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-

hydroxyl proton of- ethanol (condltlon (a)), the
| a proton of ethanol (condltlon (b)) _thele}yiézo”}iné7 
“(conditlons (c) and (d)) or benzene (conditionr(e)).
VThlS 1nab111tJ to- synthe31se a deutero (NéD}'ahélogﬁe;of"i: *é
the aryldllmlde complexes, i; can be expleined7b§\invoking‘

a reversible ortho-metalation process occurring in.solution-.

, -and 1nvolv1nc both the aryldllmlde and the trlphenylphosphlne
i - A

llvands (c. f Equatlon VIT- ll) the equlllbrLum concentratlon

,,of the ortho-bonded species belnv hlvh Thu34”$he,l&,avallable”,mfe”,

. . . y

ortho—p051tlons are involved in the ortho—metala%ion process,

resultlnc in scrambllnv among the 14.ortho- protons and the

E

e - N

‘acidic dllmlde (N—H),proton. Some ev1dence for this was

N _
l i s ' H +
i 7 ,N§\ B . - . . NN '
' | (PPhs32CL( Q\Ir ) jl | (PPhg)eC1(CO)Tr NPh_
e i ’ — — H
L » \J \/ i H2 ‘ »
} = + (VII-11)
. ' o - -H, R
JPPhs | o . ,PPhg
(PhNHN)(PPhs>Cl(CO Ir\ I (PhNHN)(PPhS)Cl(CO)Ir
-w o Q) o . o 7 H

provided by stlrrlng a solutlon of the E bromophenyl dllmlde

“““““eemﬁie¥445§44%H—62H§6H—f6f—Stx—hoﬁfs—uﬁdef—aﬁ—a%mosphere—offﬁ————*———f
at room. femperaLuLe14thsgxesuiied4;n4aﬁ£%bromophenyld;;m;degg—————eee—

» complex exhibiting both a medium intensity absorption at

3150 cm and a weak intensity absorption at 2310>cm_1,

o
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fattribUtable*tO-VN_H*and Vi- D,,respettrvely"WWhen thls

"partlally deuterated oomplex was redlssolved thls tlme in

CHs0D, and stlrred for a further s1x hours under an atmosphere o

of D2 at room temperature, ‘only a sllght 1ncrease was observed

in the lntenslty Of'VN¥D of the 1solgted complex, o

 keeping with,therequilibrium oonoentrationfof‘the_orthg—bonded

'speoies_beinp high~(c'f EquationsVinll'and VII~-12).

; Unfortunateiy, no ev1dence oould be found Ln elther the mass

speotrum or the 1nfrared spettrum for deuterlum 1ncorporatlon

in the aromatlc rings. Facile equldrbria of the type'

Lm(Pj M/g\ o He -L (Pj . MH
, \ n+1

(@) R
\/.r 77»1'7 - -

(P=PPhs or P(0CsHs)3; M=Rh, Ru, Co, IT) have been -

demonstrated86 88,169, 170

by exchange WLth deuterlum, -and the ex1stence*of thls type*of'**4*“' s

,

*equlllbrlum in solutlons of Q'(c f. Equatlon vI1-12) can~be :

“inferred from the above results.

~To. summarise, the only firm conclu51on whlch can be drawn

. from the'fOEegoing'results and dlscusslon is that;kyhen
e

[Ir(CO)Cl(PPhS) 1 ( and ArN,BF, are>allowed to- react together

C =

for.certain- ortho- metalated oomplexes

“in eltner benzene- ethanol or benzene iso- propanol to form the

e

wmi"ﬂ!lf a SV v [l IR ST

complexes 4 and 22 the function of the aloohol is as a- hydrlde

ion (H ) donor. ‘Also, from (a) the amounts of acetone produced

in the reactions. involving iso-propanol (c.f. Table VII-1) and

NG BN B g o

NI e s e
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. fb) theynon—formation ef»ﬂ or i}when solvents other than
ethanol or iso- prooanol were used 1t can be 1nferred w1th some

iegree of confldence that the H- donatlng dlCOhOl is. reqqued

.'por the formatlor of Doth 4 and i, Further, the ev1dence

-

resen ited p01rts +c ~he'involvement of a. comﬁon intermediate

-

:*U

-

ezding to 4 and 5. . A% hough the exact nature of the lnter—fn

mediate is stll1 uncerta_n, the current data- sugvesJi the free

ar;ld azene, ATN=NH, O"'Q’SpEAIBS result;ng from reaction.
' e “ . . .
between ArI=NH and an iridium complex -

'©b. Participation of FTh, 1lcanas omltted for 51mp11c1tJ

»
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CHAPTER VIIT

‘Experimental Procedures - - oo e

A.:-Instrumentation and Meterials; . .

1. -Instrumentation utilised

Infrared spectra, on samples pressed in KBr, were

‘recorded on a Perkin Elmer 457 spectrometer for routine

spectra ‘and ot a Beckman IR 12 spectrometer for accurate -

, : , s - o1 S ‘ o
wavenumber calibrations {(+lcm ). * .

. '—ll" -1 - i Co -
- Raman spectra (+lcm "), on solid samples at room

temperature, were recorded using a Cary181 Spectrometer with

— - pe

i unfocussed He-N ‘e laser ex01tatlod from a Spectra’Phy51cs

odei't25‘iaser4producrng—rﬁimW4at source-

~Proton n.m.r. speﬂtra ‘were recorded at 60 MHz and 1OO

s

AMHZ ueiffkvarlan A= 5@/60 -and- XL 1OO spectrometersr%results 77%f~¥;

are reported as T u51ng (CH‘)481 as internal standard (t= lO)

-

197 p.m.r. spectra were recorded at 56 4 MHz u51ng a

varia"ﬂ—BQ/oO spectrometer-Aresults are: reported as Hz,~

relative to. CC1aF as 1nterna7 standard

Llectronlc spectra were recorded on -a dnlcam SP8OD

. "svectroneter ualoé quartz celTs.

‘Aacpetlc SUDceDtlbllltJ measurements were made at. room

temp ture on g Faraday apparatus callbrated agalnst

- f L -\ ’ | °
i‘igCO\;rCD)é. . - ’ ~
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Electrical conductances were determiued at room

temperature using a'Radiometer_(Copehhagenﬁ'type'CHME -
conductivity meter. ‘The cell coastant'(kjkwassdetermined

as 0. 09'v58c‘rr1'"1

pKa values were determined by potentiometri ally

;titrating 1O M ethanolic solutions of the appropriate I

complexes against 2%x10° M ethanolic KOH using a Radiometer:»

(Copenhagen) pH meter 4d. Titration curves were obtaihed

e e

. by plotting pH acainst 'V, and accurate equivalence p01nts,,;,””i,ﬁ,f

were ascertained by plotting ApH/%XIagainst AV (V=volume of.
2x10"*M KOH). The pKa values were obtained from the .
relationship, pKa pH at half the equivalence point

Quantitative determination of the gases, COJand Ng,

;_evolved on;pyrolySLs of the aryltetrazene complex 4b was

-

acnieved by neating jb b;igm oi 4b for % hours at 550 C in

®

a sealed -eVacuated tube The resulting gases were allowed

“and the non- conden51ble gases collécted in a capillary
tube using a Toepler system Qhe,Qon-condeasiblefgasesrwere*
Vassayed_for N2 and CO byrgas chrcmatography on a Porapak Q

_column (standardiSed for Ny and cO) -at -78°C with Hé as the -

»

carrier gas. | N , S R

'to pass through a- glass COll at liquid nitrogen- temperature,'*"*

rElemental analyses were determinedbe the microf;]

analytical laboratory at Simon Fraser University and by

Al Bernhardt,'Germahy.

ook,

LY T RN

e

B min
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2. Materialte_supplied e

" The complexes [Ir(CO)Cl(PPhs) 1s [Ir(CO)Br(PPhg) TS
[Ir(co)I(PPn3 2] [Ir(CO)Cl(PMePhZ 27 and [Ir(CO)Cl(PMegPh) ]
were purchased from Strem Chemlcals, Inc. Danvers, Mass.,’ 4

U.S.A. They were used without further purlflcatlon

o e B B . e e

B. nﬁ'hpqpq and Roar-f'lnnc L -

1. Preparation of aryldiaZOhium;fetrafiuoroborates{fvi, e

 APNoBF.. -

All of ‘the dlazonlum salts were prepared from the

173

correspondlng aniline as- descrlbed by A. Roe acchdlng S

to thé follow1ng reaction sequence:

”5@33>-NH2;+ HBF, _539;4J@zz> ~NHs 'BF,” . S SR
R R : S I

NaNOp + HBF4u_§EQ_~>HNOZ + NaBF,"

B e +,,,,,,,,,,,,’,,,,,l, e
HNOz + {@22)—NH3+7—3§5145@22>rN N + 2Hz0 et
. 'R - R o SR T
As an example, the‘preparatiQn,of p4methoxyphenyldiazouiuh
tetrafluoroborate, p—CH30C6H4NZBF4,ris described:'

484 aqueous HBF, (9.2 ml) was transferred to a 100 ml beaker-

and diluted with water (9.2 ml){ E-An1s1d1ne (3.1g) was

~added, with,stirring;.andithe mixture was cooled to O”Ciin

»

au ice—bath.h'DiazotiiatiQn was»accompiished,byradding dropwise, _

and with stirring, a coeled,(Q°C) selution:odeaNQg (1.75g) in



S

Vwater t3’5ml) Durlng dlazotlzatlon the temperature wasrr -
"malntalned at not hlgher “than 10°cC. After complete addltlon‘

of the NaNO; solutlon, the presence of aexcess nltrous acld

was’ ensured by testlng with starch-KI paper, “and the solid D
product( ) 1solated by suction filtration through a 51ntered .

i

tglass funnel - The product was washed w1th (a)rcold Bﬁ

aqueous HBF4,v(b) cold methanol and (c) dlethylether, and
v () ,

then recrystalllsed from' acetone ether. The infrared

spectrum of eachwdlazonlum,saltrthus,prepared,was,recorded e

and the accurate (+1 cm ') VnEn values are listedrih‘AppendiX,B-

2. FSyntheses of the aryltetrazene complexee

[ Ir(CO)(PPhs)z{N4 (CeHaR) ]BF4, 4a f

In the followingjmethods, (a) all procedures uere‘u - e

carried out under an atmosphere of argon, unless otherwise

'noted,'and (b) the benzene-ethanol media can be replaced by °

. R e a

“benzene=iso-propanol. - oo

;" ) T (1) Preparation'of ib'(Rzg—F)j

‘Method A. [T#(CO)C1(PPhs)z], L (0.125mM, 97.6mg) was

dissolved, with stirring, in benzene (15ml1) at room temperature.

p-FCoH NoBF, (0.125 mM, 26.3 mg) was added, followed

-
k7
T
precipitation can be induced by the addition of a small
amount of solid NH4BF4 or NaBF,.

A(b) A1l of the aryldiazonium salts were recrystalllsed from
acetone-ether except for P- CF3CeH4N2BF4, in which case
recrystallisation was effected from methanol- ather

e >
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‘stirred-for 1 hopr;'and the resulting red solution was.reduccd,lu

in vacuo to approXinately half its‘volume Benzene (10 ml) ) o
was added to this solutlon and crystalllzatlon of the product, R
_KIP(CO)(PPhs) 1N4(CeH4B-Pﬁ2}JBF4 CGHG, induced by storlng at

—:;5PC<~ The red. crystals were isolated by filtration under ‘s~~aw75j
.‘argon pressure, washed‘w1th~benzene and then with d;ethylether,

‘and dried in vacuo. -The product can be recrystallized from

glither aeetone—etner o7 AcetOoNe-bernzene . .
7Y . «

Method&B In this method the red solutlon obtainéd:

after stlrrlng the reagents for 1 hour, as 1n Method A, was

freeze—drled to completely remove the solyent, The resldualr
red—orange solid.was stirred in benzene (15 ml)-for 2 hours,
and the resulting brick-red, insoluble.solidffiltered—off
and washed Qith benzene. On recrystallization of this solidj
from'acetone benzene (acetone ether 1s also sultable),‘red K

Phs) dgtq(UCHqg }BanegHs————~e—f

*U

crystalsfoﬁlthe product, [ Ir{CO)(

were obtained. Both methods A and B provided a similar yield

(Table II-2) of 4¥b. . = el
(ii) PreparatiOn of 4c ( = p-C1)

Thls preparation was best performed by method (i)a, - - rjfif

“

using p—ClCGH4N2BF4 in lieu of p—FCGH4N2BF4. , -

(iii) Preparation of 4a. (R = H)

This preparation was performed by method (i)B, using

706ﬁ;N2BF4 in place of p-FCeHsN2BFy. ‘In this case, when

the ‘residual so;id from removal of solvent from the reaction :
sol&ﬁion was stirred with benzene (15 ml) for 2 hours, a red,
tarr§, insOlubleAmaterial-resulted; Acetone was added to

o8



'-preclpltatlon Just started and then was ¢

The resultlng brick-red SOlld was filtered off, and

recrystalllsed from acetone ether, pr,'ldlng red crystals

of the product [Ir(CO)PPh3)2{N4 6H5) ,]BF4‘

-«

iv) *Preparation of ¥e (R = B—GFQ
ThlS preparation was performed by mdthod (1)B,

substltutlng b- CF306H4N2BF4 for EfFCGH4N2BFQ.

(v) Preparation of id (R = p-Br)-
This preparation was performed by method;(i)B
substituting p-BrCgHsN2BF, for p-FCeH.N2BF,, and using 5 ml

yabsolute ethanol instead of 1.5 ml. The brick red s0lid

-obtained by stlrrlng the freeze-dried solid in benzene (15 m1)

for two hours was recrystalllzed from acetone ether as. follows:

the SOlld waS‘dlssolved in the minimum amount of acetone,

ER A X . J e

and dlethyl ether addedrdrop -wise untll the solutlon became .

- Just cloudy. The yellow crystals whlch formed on allowing
this solution to sitsatfroom temperature'were'filtered of f

~ and were shown to be the ortho-metalated aryldiimideicomplex,

‘5e. The red filtrate was stirred at +5°C until Q{istallization‘“

trazene

occurred The resulting red. crystals of #he arylt

complex»[Ir(CO)(PPhB)2{N4(CSH4B—Br)2}]BFéfwere riltered off,

washed with ether and dried in vacuo.
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(vi) Preparatioh:of 4 (R :iptOCHs) Ay e

[Ir(CO)Cl(PPhg) ]1”£1(0.125 mM, 9?.§Vmg){wastiSSOiveoi;mfﬂgi
,w1th stirring, in- benzene (15 ml1) at roomhtemgeraturé;ff

p-CHz0CeH4NzBFs (0.125 mM, 27.9 mg) was added, followed

immediatély by'ébsolute ethahol (1. 5'm15”"Tﬁéfmik%uré'&éé’w"
stlrred for 1 hour and the resultlng reddlsh orange solutlon

—flltered to remove unreacted dlazonlum salt (70% recovery)

Solvent was completely removed from the flltrate by a. freeze—

drylng procedure, and the reddish- orange residual SOlld stirred -

with 3 ml acetone”forWSWmlnuteﬁl, The oreownwtatedgyeliow~rv~~rw~¥rf

SOlidfiimpure Vaska's complex, %,;was removed by filtration.
The red acetone éoiution-was evaporated to approximateiy o
1 ml, and further precipitated_g filtered off. Diethyl ether
(10 ml) was>added to the filtrate and the precipitated red,

solid complex [Ir(co)(PPhé)Z{N;(c6H4QJOcH3;}]BF4 isolated by

filtration, washed with diethyl ether and dried in vacuo.

)
i

5. Syntheses of the ortho metalated aryldllmlde complexesr;

- [Ir(COlA(PPhs)g(HN=NCaH3 ]Y, 5a_u_r,,r
/‘ ) N l
In the following methods, (a) all procedures were
carried out‘uhderran atmosphere of argon, unlesslotherwise

- : ) : N) .
noted, and (b) the benzene-ethanol media can be.replacedﬁbv

benzene-iso-propanol.

w1th stlrrlng, in benzene (15 ml1) at room temperature.
$

CeHsNoBF, (0.125 mM, 24.0 mg) was added, followed imvediately
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.by,absolute ethanol (5 ml). The mixture was stirred for
v3ihoure,and’the,resultingforange-red solution’euaporated”to,W
dryness hy a freeze-drying proCedure. ‘The‘residualksolid;
was stlrred in benzene,(l5 ml). for 2 hours, and thefinsolublefff[dllw
materlal resultlng from this flltered off (under argoht ﬁ .“;,‘”

pressure), washed w1th benzene, and then w1th dlethyl ether,'.

fdmd?EéUrYSt&iiizea”aS”fﬁiiOWS*““th@‘CTHdG‘SOTId”W&S“ﬁlbbUlveu
in the minimum amount of acetone, ‘and dlethyl ether added

untll the solutlon was- Just cloudy This solution. was B

allowed to s1t at room temperature untll prec1p1tatlon of the_

yellow, crystalllne product, [Ir(CO)Cl(PPhs) (HN=NC6H4 ]BF4,
occurred (1t is 1mportant that thisg recrystalllsatlon is
performed carefully as the addltion of too much dlethyl ether, \*g,

or coollng of the solutlon, may 1nduce co- prec1p1tatlon of the

red Dhenvltetrazene complexd a) The Vellow crvstals were
flltered off, washed with diethyl ether containing a small

amount of acetone ‘and dried in vacuo. The tetrazene complex,

ia, usually_in small yield, can be obtained from the filtrate- -

by storing it at +5°C until crystallization occurs.

. ) . ,‘ ‘%,* ’.- .
(ii) Preparation of 5b (R = pr, A =Cl, Y = BF,)

This preparation was performed exactly as,inVB(i),

substituting p-FCeHsN2BFs for CeHsNaBFs.

(iii) Preparation of 5c (R = p-Cl, A=C1, Y = BF,)

Thls preparatlon was performed exactly as in 3( )

substltutlng p- ClCeH4N2BF4 for CsHsNgBF4.



This‘preperation-waS'performed exacply—as,in,§£i),,ff” u,:;wdﬂif;

substituting p-CHsCeHsNzBR, for CgHsNoBF,.
v “ .

v Prepdretion of 5Se (Rveap_Br,:A =Cl, ¥ = BFy ) 'fi”;‘”w’“;”

‘This preparatlon was performed exactly as in 3( ),

substltutlng pP-BrCeHyNBF, for CeHsNgBF4 ) ,,f,,;;, D

s

~(vi) Preparation of 5f (R = p-NOz, AA= o1, 'Y BF4)1'

This preparatlon was essentlally the same as "in 3( ),

apart from the ioiiow1ng i

(a) p N0206H4BF4 was used in lieu of CSH5N2BF4,

(b) the solid material obtained by freeze—drylog the
reactiop solutioﬁ,Was stirred in. benzene (15 ml):
for.2 hours and'thenffiltered, asranB(i); bﬁ% 7

thé solid thus isolated was not the desired product .:

and was'discardedr) Diethyl ether wgs 'added to'thev

. red flltrate until a cloudlness Just appeared and

this was stored at +5 C for 24 hours ‘The greenlsh—
~yellow solid which preolpltated out was filtered |
.off,‘washed‘withddiethyl~e%her'contaiﬁihg a smgliv

amount of aeetonerand dried in vecuo% thisdwae

the desired product, éf;\ ’ : N a

T el § g B

(vii) Preparation of 5g (R = p-CFs, A = €1, Y = BF,)

|
T T e SR TIT TR, LY DL AP

This preparation was essentially the same as in B(i);

apart from the following changes: \

(a) p—CF303H4N2BF4 was used in lieuvof,CeHgNzBF4;

R

R TIIN | LAy L RO TIS
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(b) the solid- materlal obtalned by freeze drylng the

Mreactlon solutlon was stlrred in benzene (15_m1)

'  for 2 hours and’ then filtered, as in 3(1). The
-orange solldathus obtalned was. washed . w1th benzene,uiﬂm B
rthen w1th dlethyl ether and recrystallised by dlSSOl—

ving 1n 3 ml acetone, addlng 12 ml dlethyl ether and

“““Aw“*““w“““““M*c“%*Hjjxmm3m;ﬂxrTﬁ2URr1ﬂT7ﬁﬂmrﬂxmq%ﬂ%ﬁxnﬂ?TﬂTtrr““"“"‘““““_—___"“

crystalllsatlon occurred The red crystalllne solid,

1solated by flltratlon, was shown to be‘the aryl—

-

tetrazene complex, ke, (and not the‘aryldllmlde .

complex, 5g). The desired product, 5g, was obtaineé
es a y%ﬁlow=brown crystalline solid by adding ~10 ml
of diethyl ether to the Yellow filtrate, cOoling to

+5°C and fllterlng The product was washed w1th

A;Qcccfcc;vfc;;c;c;cdlethylceihercconialnlngcacsmallcamountgnf Hcetone

and dried in vacuo.

(vii) "Prépéfétioﬁ”oELSﬁ”(R'¥W§4F;’Ai= Cl, Y = BF4)
) Thls preparatlon was performed‘ exactly as in 3(i),

,substltuting o- FC6H4N2BF4 for CeHsNaBFy.

¢

(ix) Preparation of 5i (R = 0-C1, A = C1, Y = BF,) -

L " This pneperatioq was performed exactly as in 3(i),

[

“substituting 0-C1lCeHsN»BF, for CeHsNzBFs. -

. _' _ (x) Prepgration of 53 (R = o-Br, A =C1, Y = BF,)
This preparation was‘berformed exactly as in 3(i),

substituting o-BrCgH4NzBF, for CeHsNpBF4. -
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(x1) Preparation of Sk (R = o- NOm, A = =C1, ¥ = BF4) -

¢

Y

'};Thls preparataon ‘was performed exactly as in 3(1), o

substltutlng o- N02C6H4N2BF4 for- C6H5N2BF4

(xi1) ‘Prepafat;oh'df gi"(ﬁfz m-CHs, A = Cl, Y = BFy)
This preparation was essentially'the same as in 3(i),

apart from- the follow1ng

* (a) m- CH3C6H4N2BF4 was substltuted for CegHsNoBF,;

(b) the solid material obtained by freeze—drying‘the

;;——;;ﬁ;;%%fe&@&k%kﬁeiuﬁia&%ﬁ%%%ﬁ%s@%ve&%HF%£€%OHG;@#ﬁ%
' ;'and the‘precipitateddyellow Vaska's eomplek, 1.

(20 mg), removed by filtratiOn. Diethyl ether was
R i, added tp the red-orange filtrate until’preeipitation,

Just started, and this wasrstoredfat jSPC'for 2 days.

Thevbrown—orange»solid precipitate, shown to be'the;~’

desired product 51 was flltered off washed w1th
diethyl ether contalnlng a small amount of acetone, - {;.

and dried in’ Vacuo.1 , ) e

(xiii) Preparation of 5m (R = m-0CHa, A = C1, Y = BF4)
ThlS preparatlon was performed exactly as in- 3(1)
substltutlng m- CH30C6H4N2BF4 for' CsH5N2BF4 -

(xiv) Preparation of 5n (R = m-Br, A =Cl, ¥ = BF4)

"This preparation was essentially the same as in 3(i),

apart from the following: : e
" (a) m-BrCegH4N2BF, was substituted for CeHsN2BF.;
(b) the solid material obtained by freeze-drying the

- reaction solution was stirred for 2 hours in benzene
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a

" (15 ml) in which it completely'diﬁsolveda Diethyl -

ether was added to this benzene solution until

. precipitation Just stafted, and this was allowed to

@

sit aﬁ room temperature until precipitétion appeared

.. complete. The yellbw-Orange solid product ‘5n,waS”"“””%’ -

filtered-off, washed with diethyl ether contalnlng

]
a small amount of benzene and- drled 1n vacuo.

o

o , , I
(xv) Preparation of 50 (R =m-Cl, A = Cl, Y = BF4)

This preparation was performed exactly as in 3(i),

substituting m-C1CeHsN»BF, for CoHsNzBFy.

(xvi) = Preparation of 5p (R = m-NOz, A = Cl, Y = BF.)

This prebaration was performed exactly as in 3(xiv),

substituting m-0oNCegH4N-BF, for m-BrCeHsNoBF..

(xvii) Preparationr of 5q (R = m-F, A = Cl, Y = BF,)

of [Ir(CO)F(PPhg) 1, as described by Peone

This preparation was berformed exactly as in 3(i),

substltutlng m- FCSH4N2BF4 for CsH5N2BF4

(Xv111-§ Preparatlon of 5r (. = o-Br, A = F, Y élBF4X
This preparatlon 1nvolved (a) the sygthesisrand“igolation
‘ 42,-follow¢d by (b)
1ts reaction with o- Br CsH4N2BF4 iQ‘bénzene-eﬁhan%;.A >_

(a) Preparatlon of [Ir(CO)F(PPhs)z]

-~

. ' [Ir(CO)Cl(PPhs) 1, ; (0.15 mM, 117 mg) was added

-

to 30 ml of a saturated solution of NH.F. The
> resulting yéllow suspension was heated to boiling

on a water bath with constant stirring; dissolution
. ] x N - . - -

13
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3
~d

\ . _ ’ AgQCOé (0.075 mM, 20”7§mg) was added and b0111ng
- was continued for 1L mlnutes " The hot suspen510n
(contalnlng prec1p1tated AgCl) was then flltered [,r
1nto 30 ml of 0.1M aqueous NH4F A llght yellow. -
Vgpgecigitate formed as the yellow flltrate_mxxgd;w1th

the NH,F solution. The yellow product was filtered,

washed with distilled Water’and dried in vacuo. The

yield of the product, [Ir(CO)F(PPhs)z], was 96.8 mg

(a3

(B4%.54), and its infrared spectrum agreed with that - *

reported'by Peohe.42
(b) Reaction of [Ir(CO)F(PPhs)z] with o-BrCeHsNsBF,.
[Ir(CO)F(PPhs)2] (0.125 mM, 95.% mg) was stirred

with benzene (15 ml) in which it wasg 1ncomp1ete1y

éoluble. To thls solutlon SUSpen51on, o= BrCsH4N2§F4

(0.125 mM, 33.8 mg) was added, followed immediately

by absolute ethanol (5 ml). ?Thé mixture“waé stirred . -

for I} hours and the resdiﬁlng orange red solutlon

evaporated to dryness ‘by a freeze-drying proceduref
\ ' - B The red-orange residual solid was dissolved in the

minimum volume of acetone, and diethii ethér added

- - ’ T

until the solution became just cloudy. -.The solution

s ' time orange crystals of thé ‘product, 5r, precipitated.

out. The orange crystals Wererfiltered—off, washed

with diethyl ether containing a small amount;of

kY

e

acetone and dried in vacuo.

oy

g

P



C(xix) “Preparation of 5s. (R = o-Br, A;: I ij= BFs) |

2
' This preparation was performed as in 3(i),

.

-apart from the following: 7 A _
(&) [Ir(C0)I(PPhs)s] was substituted for . . | . °
- [Ir(CO)C1(PPhs)z], 1;

(b). 0-BrCeHsNzBFs was substituted for CeHsNzBFs;

- £ _1 P H,'

hfeactiqn»solution was stirred -in benzene f15 ml)

i

for 2 hours, as in 3(i), and then filterﬂb;-providing ‘

aryelibw;oféﬁgéiééiid (A) and an orange-yellow

filtrate (B). 'The filtrate (B) was kept |at +10°C
for 24 hours and the précipitated yé116w crystalé'
(25 mg) of product, 5s, filtéred—off,‘waiﬂéd with

cold (+5°C) benzene and dried in vacuo. The. solid e

(A) was dissolved in fhé minimum Qolumeggfgaﬁéiﬁnér
(Aerml);‘ Benzene (~ 20 ml)vwas added to this
T SOLution,,which:WQs;then,kepﬁ;atm:ifQWﬁgrwlamh9uzﬁiwﬁﬂf
"The yellow cfystalline product; 55 (18 mg), which -,
prgéipitgtéd Out,waé_washéd with cold benzeﬁe (+5°C)
’_énd‘d?ied in vacuo; and the filtrate Was éVaporated4
in vacuo until precipitatibn Just started. .This was.

then stored at -5°C until crystallisation appeared

cbﬁplete. The yellow crystals of 5s (6 mg) were

washed with cold benzene (¥5°C) and dried in vacuo.



(xx) PPreparation of zt*(R % O-Br, A =Br, YrﬁrBF;)
This preparation was performed exactly as for 3(i),

substituting [Ir(CO)Br(PPh3 2] for [Ir(CO)Cl(PPhg) ]

~and o- BrCeH4N2BF4 for CeHSQiBF4-k_”.

fi(xxi) Preparation of 5u\( o Br, A = OClOg, Y = ClO4)*

. This preparation involved the syntheSis of

[Ir(CO)(OClOs)(PPhs )2] from [Ir(CO

1(PPhs)2] and AgClo,

in benzene solution, and its reactionin situ with-

Q-BngH4NpBF4'and”ethanol:m,,,W,;i.flmii,,iiu; e i

[ Tr(CO)C1(PPhs)2], 1 (0.25 mM, 195.2 mg) was dissolved, with

=

stirring, in benzene (30 ml). Anhydrous AgClOQ\(O 5 mM 104 ng )

was added to this solution and stirring was continued in the-
L]
dark, for 15 minutes. The resulting yellow—orange splution

N . . . . N )
was filterdd to remove suspended AgCl. = To the stirred filtrate

\
N\

was added 0-BrCgH.NoBF, (0.25 mM, 67.8 mg) and absolute

ethanol (10 ml), and stirring was continued, in the dark, \X
for 3 nours. ‘The solution was filtered to ‘remove suspended i¥<
AgBF,, and the deep red-orange- filtrate evaporated to dryness
by freeze-drying. The residual red and yellow solid mixture
was stirred in benzene (30 ml) for 2 hours, resulting, initially,'
in-complete dissolution foilowed by'precipitation of the solid,

. yellow product, gu. The product was recrystallised by dissol-

ving in acetone, adding diethyl ether until just cloudy, and

allowing to sit at room temperature until crystallisation was
complete.” The crystals were filtered-off, washed with diethyl

ether containing a small volume of acetone.and dried in vacuo.

=
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Preparation of the molecular ortho-metalated arylazo

complex [Ir(CO)C1(PPhs)a(NNCeHap-Br)], €.~ =~

This preparation was‘effeéted by four different

procedures (a, b, ¢, and d, below), all involving deprotona= ~—~ "~
" tion of the aryldiimide complex, oe, with a base. All of

-thé—procedureé resulted in comparable yiéldéfof inbroéédﬁrerr

(a) being only-Slightly:betterrthan the others in this

respect. It should be noted that whege methanél is used

‘a,sgagsolvent it can be satisfactorily ,,s‘ub,s‘ti,tutegd;by;einagfofl‘g e

“Method a. [I}(co)c1(éPps)Z(NHNcLHag—Br)]BEA; 5e (18 mg) -

. was dissolved by stirring'at room temperature in methanol

(% m1). this yellow solution was added 1.0 ml of a

solution of Na®9H prepared by dissélving'NaOH (%2 mg) in

water (10 ml) and methanol (10 ml). The yellow solution

©

immediately turned pink, rollowed by precipitation of a

pink solid. The solution-suspension was COoled to 0°C by

7 surrounding with ice and was allowed to stir for a further [ —

15 mihutes. The pink solid préduct,réj was filtered-off,
washed_several times with a total ofrlO ml of a 50:50 mixture !

of methanol and water and dried in vacuo. The yield was 12

mg (73%) .

Methed b. This method was performed as”in'Method a,

substituting 1.0 ml of a solution of CH3COONa *3H50 - (90 mg)

in water (10'm1) and methanol (10 ml) for the 1.0 ml of a
solution of NaOH (32 mg) in water (10 ml) and methanol

(10 ml). The yield of product, 6, was 11 mg (67%).

¥
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:’Metﬁod c.. This method was. performed as -in Method a,

substltutlng 2 drops (e@,QA}ml}ﬁof;prlethylamlne{VEth,VWﬁ;
and 1 ml-of water for'the,l.o ml of a soldﬁiom of NaOH

(32 mg) in,water <10fm1) ahd»methanol (10 m1). The yield

~ of producty 6, was 11.5 mg (70%).

Method d. [Ir(CO)Cl(PPh Yz (NHNdeﬁag—Brf] Ge, (18 mg)

was"- suspended in- dlethyl ether (5 ml) ~Two drops of- EtsN

‘(m0.04 ml) were added to the stirred yellow suspension,.

and stirring was'continued'until‘thebcolour,had apparently

lllllllllllllcompletelylchaagedlio pink... The pink.solid product, 6, .
was flltered off, washed with cold (O c) diethyl ether~and:

dried in vacuo. The yield was 11.5 mg (70%).

(3

The arylazo complex, §) prepared -as described above“x
in Methods a-d was reconverted to the aryldiimide complex

5e in greater than 70% .yield by addlng a 48% agqueous solution

of HBF4 dropwise to a stirred suspehsion of Q in diethyl

ether until. the colour change from pink to yellow was

apparently complete. "Tﬁe'yéllowwprbdﬁcffmieffw&sffllféféd:”mw R

off, washed with diethyl ether and dried in - vacuo.

5. Preparation of the cationic ortho-metalated arylhydrazine

2 ) B =

complexes [Ir(C0)C1(PPhs)z(NH-NHCsH3R) JBF 4, Ze-e

[

The complexes 7a (R = p-Br), Tb (R = Q-Bf), e (R‘ﬁ”m-Br),

o~NHp) were all prepared by the = -

I

74 (R = o0-Cl), and Te (R

catalytic hydrogenatioh of the appropriete aryldiimide
complexes ie (R p—Brﬁ o3 (R = o-Br), 5n (R = m-Br),

5i(R = Q—Cl) and ix (R = 0-NO2), respectively. The prodedure
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was the‘same for all of the eomplexes Ta-d, as described - -

: ' .
below: . -

B - . L R o
[Ir(c0)C1(PPhs)z(NH N CeHaR)IBF4, (20 mg) was

‘7dissolved77Wlth stirrihg;’injabsolute ethahol'(l@ ml }

solutlon was added a. 10% Pd on BaSO4 catalyst (10 mg)

and stlrrlng wa s contlnued for 2 hours while a slow stream

of Hx was contlnuously bubbled through the solution (the

reaction flask was fitted with a Water—Cooled reflux

under H2 (ohefatmOSbhere)dat7room'temperature. To this .

EEPEY r\hﬂ enser
AR Faw i wy s LD\.;J.

qr

-

mixture was centrlfuged to remove the. SOlld catalyst, and
the ethanol solvént was completely evaporated off in vacuo
~The res1dual SOlld (pale yellow for’ Za d, brownlsh purple
,for Ze) wa.s redlssolved by stirring ‘with ben;ene (10‘ml).

The—resulting~pale yellow solution was evaporated to

o

dryness by freeze-drying; vielding the bulky, solid..product,
[ — } ' .

[Tr(CcO)C1(PPhs)o(NH-NHCsHsR) JBFs, Ta-e. The product was

recrystallised from ethanol-diethyl ether, giving a ™

yield of ~70-80%.

6. Preparation of the molecular ortho-metalated -arylhydrazine

complex psgkco)01(PPh3)2(NH2NHéGH39—Bi)]'(csHs)zo,“g.

A , v R

-

I~ n . v s
[Ir(c0)C1l(PPhs),(N=NCeHsp-Br)], 6 (20 mg) was stirred

in absolute ethanol (iO'ml) under H, ( one atmosphere) at

room temperature. To this pink solution—suspension was

added a 10%l?d on BaSO4 catal?st (10 mg), and stirring was

\

bontlnued for 2 hours while a slow stream of H2 was -

" oe

o prevent*loss ethanol—hJ evaporation), The . . - . .
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continuously bubbled through the solutlon (the'reactione;

flask was fitted with a water cooled reflux condenser -
toﬂpreventrloss of'ethanol by evaporation). The resultingb
red'solutionvwas centrifugeditofremoée suspended solid

'catalyét; and the ethanOI sol;ent'ﬁae completely:evaporatedfprud
voff in vacuo. “ The re51dual pink-red SOlld was redlssolved |

-'1n d1ethyl ether and flltered to remove a trace -of 1nsoluble

materlal.‘ The filtrate was slowly evaporated in vacuo until

- prec1p1tatlon of the product Q! resulted The pinkered

" solid product was flltered off, washed. w1th cold ( -14°c)

- diethyl ether and dried in vacuo.

-

7. ~Preparation of -the molecular six-coordinate arylaZO

complexes (a) [Ir(COjClg(PPhg)g(NNC6H4R)], §a-f?,and

(b) [Ir(CO)Cla(PMesPh)s(NNCeHs) T,

(&)  The complexes Ba (R = H), 8b (R = p-FJ), 8¢ (R = p-Br),
§d (R = p-0CHs), 8e (R _ o-F) and 8f (R ="m-NO>) were all
~ prepared by allowing [Tr(C® )Cl(PPhs) 1), LlCl and the -
appropriate aryldiazonium salt (RCgH4NoBF 4 ) to react o
together in acetone solution - under anratmOSphererof
argon, as described below for the.general:case,f |

[Ir(c0)Clz(PPhs),(NNCsH4R) I

[Ir(CO)C1(PPha)z], 1, (0.125 mM, 97.6 mg) was suspended

with stirring‘in acetone Tld'ml). Licl (0.125 mM, 6 mg)

and RCeH4N2BF, (0.125 mM)were simultaneously added to this

suspension, and stirring under argon was continued for 1 hour.

a. See also Chapter VIII, B 12.
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Initially, eomplete dissolutionAoccurred'and, generally,?the'

product prec1p1tated readily from solutlon at room temperature
Where prec1p1tatlon dld not occur after stlrrlng for 1 hour,/f
the reeetlon solutlon was ceqled to +j-C when precipltatron
soon occurred (caution was required, as further cooling = *
caused . the co- pre01p1tatlon of LlBF4 and a solrd hav1ng

a low nltrogen convent) The product )

‘[Lr(co)012(PPh3)2(NNc6H4R,], was filtered-off, washed with

cold (—14°C) acetone and dried.in vacuo. The colours and

—yields— thegpreduetsj48af£74are4ree@rdedgrmgieble4¥l42

(b) [Ir(CO)Clg(PMegPh) (NNPSH )] was prepared according
to the method of Deemlng and Shaw144 ¢ -

Licl (13 mg) and‘CSHSNzBF4 (33 mg) were dissolved in
‘methanol (2 ml) and water (i mi). ‘This solution was added .

to [Ir(CO)Cl(PMeZPhL] (89 mg) undermen~atmosphere of argon,

and the mixture was stirred for 30 minutes.4 The SOIid'yellow-

“orange, fine crystalline product was filtered-off, washed. with

‘a'2:1 mixture of'ﬁethan015Watér;*aﬁd'dfiéd;ih’vaéﬁai”*Thé -
yield of broduct, [Ir(co)clg(pMegPh)g(NNcsH5)]; was 75 mg.

The melting point (140—143fc),f}nfrared and proton n.m.r.
spectra agreed'Witﬁ thoee reperted by;Deeming apd Shaw%ua‘

¥ . -~

8. _Preparation of the cationic six-coordinate p-flicrophenyl-

+ diimide Complex7EIriCOjClz(PPhs)z(NHNCSH4E-F)]BF4,_;gg\f

== reaction of -8b with HBF4. .

,[If(_co)(:lg(PPha)g(NNc6H4E’->F)], 8b (0. 25 m, 235 mg)

was suspended with stirring in diethyl ether (10 ml) under an
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e PR NV - o - s 4 7 ; @ A
atmosphere—ef argon.—To this yellow suspension yas adde

487 aqueousyHBF4 (0.1 ml) and stirringicontinuedffor-l,hour.i”,;>;} .

The°Suspension was filtered, 'and the resuiting pale—Yellow

solid product, [Ir(CO)Clg(PPhS) (NHNCGHQE— ]BF4, ;g; washed .

'°’W1th dlethyl ether contalnlng a small volume of ethanol and

dried in Vacuo ;_Th\_ﬁzeld of the product ;;; was 205 mg (807)

The protongmlon of 8b to- glve L} was . readlly reversed by
] -0

treatment of a stirred suspension of 11,(20 mg) in diethyl

ether (5-ml) with EtsN (1 drop = ca. O o2 ml) under an atmos-

and the-yellow solid product, Qp, wa.shed with'ethanol and
‘ o _ T :
dried in vacuo.

9. Reactions of the molecular six-coordinate arylazo complexes'

phiere of ~argor. The resalting yellow suspenSTOH—wa84fTiteueu, e

(a) The complexes [Ir(CO)Clg(PPh )2 (NNCSH;R )T 8b
(R = p-F), Bc (R =.p-Br), 8d (R = p-OCHs) and 8f (R = m-NOz)
were all reacted with AgBF, in benzene medium as follows:
"Tr(C0)Cla(PPha)z(NNCsHLR) T, 8 (3x10 “mM) was dissolved at

\4room:temperature by stirring with benzene (5 ml) ender an

atmosphere'of‘argon. The reaction tube was protected,frem

: : : - ‘
~light by wrapping with aluminum foil.- AgBF4 (3X10 M, 6 mg)

Wa.s added ‘to the yellow solution and stirring was continued

N

fer 15 minutes. The.resulting suspension was bentrifuged,
yielding a white solid and a yellow solution. The benzene

 solvent was remoVed'frOm,the yellow solution by freeze-drying
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leaving a yellow solid which was shown to be Vaska's complex,

17 in high yLeld (but sometlmes contamlnated w1th a: small amount |

of the sterting complex, gj. The whlte solid was stlrred w1th
ecetooe,éresulting in a white insoluble solid (AgCl in 75—100%
yleld) and a solutlon ‘Diethylletﬁer wasfaddedito>this:%““‘”“';’”
solution, and the precipitated;solid'(RC%H;NEBF4:ih 75—100%

yield)iisolated by{centrlfuging. T

- (b) The complexee;[lr(CO)Clg(PPha)E(NNC6H4R)J, 8b

f’,}(» ¥;p*F) 8c (R = p—Br) Be (R = o—F) and 8f (R = m=-NO»)

were alllreactedlwlth AgBFA 1n,benzene ethanol medlum as W;,ﬁim

follows: | | e | IR
[Ir(co)c12(PPh3) (NNCsH4R) ], 8 (3x10” ZmM) was dissolved

at room temperature by stirring W}th g ml of a 3 1 mlxture of :

benzene:ethanol under an atmosphere of argon The reactlon'

tube was protected from light by wrapping with alumlnum foil.,

7 AgBP4 (3x10 mM 6 mg) wa s added to the yellow suvlution auu’

§ : v
Vstirrlng was contlnued for 1 hour The resulting suspension .

was centrifuged,” yieldrng a- white solid- (Agcl-in--80-100%- -

yield) and a yellow (8e, 8f)'0r an orenge-red (8b, 8ec).. . ”_:"'*%

solution, the orange red colour was due to formatlon of'the f'
aryltetrazene complex, i, as- confirmed at this stage by
.visible spectroscopy (c.f. Chapter II Dk4). “Bhe benzene

solvent was removed from the (yellow or oraoge-red) solution

oagersT w

by freeZe-drying, endfthe aryidiimide complex was isolatedf

- from the residual solid by the appropriete'method described in
_Chapter VITI B3, (ii) for Sb, (v) for Ze, (?fii) for 8e and

(xvi) for 8f.



_171_

<

10. Preparatlon of the catlonlc flve—coordlnate arylazo

. '~ complexes [Ir(c0)C1(PPhs)z (NNcsHlR)]srl,7gfwwhe;¢,rrﬁﬁT;p'
@ . .(a) R'=.p-F andz(b) R = o-F. o

- These complexes were prepared accordlng to the methods N
of N, Farrell-172 : S N '
(a) R = p-F. rIr(CO)Cl(PPhB) ] 1 (0.25 mM, 195 2 ms)

emw~Mwu~m--wandfp-F€uH~N~BFbw%6“%5MmM~m52~6Mmg%Aweremplaced“rn“amsdhbaﬂcmmu——_“

tube under an atmosphere of nltrogen at -25°C. To thls wals

)

added acetone (M-ml) at 25 c and the mixture was stlrred

malntalnlng the temperature at 25 C, untll ? clear orange

solutlon resulted After a further,5 minutes stlrrlng,
i ’ - .

n-hexane (3.2 ml) at -25°C was'SIOWIYradded’and stirring -

continued until a heavy, thick, yellow precipitate Pormed

‘within a few minutes. The precipitate was filtered-off‘under

¢

nitrogen, washed withrcold (-éBbC) n- hexane and drled in Vacuo;
. being kept protected from llght by wrapplng the tube 1n 7
S 3y alumlnum f01l.7 Thls was shown from its meltlng p01nt (}%Gflll,
117°C), infrared spectrum and elemental analy51s (requlredi e
c-52.2%,‘H—3.5%, N-2 .8%; found: C-51.5%, ﬁ;3.6%, N-2.74 )} - .
'Vto;be [Ir(CO)Cl(PPhs)é(NNQGH;p—F)]BF4;7 Theiyield of product
"‘1: was 180 ng (72%); . C T 7

(b) R = 0o-F. This method wa s performed as for the' -

i .
W
v

p—fluoro complex (c.f. (a) above), except that when n- hexane '

44444t44v44444t34?tml%‘at"ff%%rWas‘added‘tU‘the‘acetone‘reaction‘solutIohfaif“‘*

-25°C, no precipitation of the product occurred, even after ,

A

'stirring for 15 minutes. Further n-hexane (5 to 6 ml) at -25°C
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was slowly added to the stirring solution untll an. 01l formed

l

The two layers were allowed to separate, and the upper, llght—
'yellow‘layer-was removed (by pipette). The remalning oil was

re~dissolved in acetone’(M ml)'at 425°C.- n-Hexane (5 to 6 ml)

was added dropw1se wlth rapld stlrrlng at, 25 C untll a yellow = -

solid pre01p1tated from solutlon After a further 5 mlnutes,”

=

stirrlng at -25 C,,the yellow product was filteredfoff under

nitrogen, washed with cold (725°C)'n—hexané'and dried in vacuo,

being kept protected from light by wrapping'the tube in

aluminum foil. The product was shown i‘,r,Qm_i;E,,S,,,mglting,,pQ,i,n,t,,,.,,,,,,,,;,,.,,,

. @& ‘
(decomposed over 115 125 °c), infrareddspectrum and, elemental
analysis (required: c-52.2%, H-3%.5%, N-2.8%; found: C-52.8%,
'H-3.7%; N-2.6%) to be [Ir(CO)Cl(PPhs)s(NNCeH40-F) JBF4. The

~yield of product was T mg (30%). I

[Ty
(=Y

Dec ompgs ition- Of—PLpLC-O—)Ql(—BEh“&)_?(—NNCG H. 4{34;\_)4BE

‘[rr(co)ci(ths) (NNC6H4p-F)]BF4 (30 mg) was stirred
with benzene (10 ml) at room temperature for 3 minutes under
an atmosphere of nitrogen. The white inscluble solid which
formed was filtered-off, washed withbbenzene, and dried in ‘

 vacuo. This«was shown by 1ts inﬁrared spectrum to be

p-FCéH4N9BF4 _in 75% yield (6 mg). The yellow benzene

filtrate was evaporated to dryness by freeze-dryingk‘leaving

‘ I v - . b N
a yellow solid (31 mg ) shown by its infrared spectrum to be

slightly impure Vaska's complex,r[Ir(CO)Cl(PPhS)gj,
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12, Reaction of [Ir(CO)C1(PPhgs)s(NNCsH40-F)]BFs with LiCl

in acetone.

* | S - - R

This reactioo prorides;an alternative synthetic route
to the- molecular six-coordinate arylazo complexes, Qf(c.f.
Chapter VIB and Chapter VITIBT). R

'[Ir(CO)Cl(PPhS)Z(NNCSHQQ_F ]BF4lf(26 mg) was placedr

in a Schlenk tube under an atmosphere of argon’and was cooled

to 3???0.. To this was added 0.05 M Licl (2 ml) in acetone

with stirring at -25°C. Dissolution occurred immediately,

quickly followed by precipi &thrl—Ol.L&n—OTEﬁge—SﬁrdiSH’Prkngi =
' was continued for 15-minute;,‘and the'orange solid was then
filtered~off, washed with cold acetone (some dissolution of

the product occurred) and dried in_vacuo. The infrared

spectrum of this oraoge product was identical to that for

the cationic six- coordinate arylazo complex Be,

[Ir(co)012(PPh )2 (W”CGH4O -F)]J.

13, Determihation‘of acetone produced in the reaction ... "~
between [Ir(c0)C1(PPhs)s], 1 and p-BrCeHsN,BF; in

benzenefiso—propahol (%:1),

'//’[Ir(co)01(PPh3)g];’i (0.125 mMy 97.6 mg) and
p-BrCgH4N2BF, (0.125 mM, 33.8 mg)‘were placed in a 100 ml

flask {flask 4) which was then attached to-a vacuum line and

thoroughly degagsed. A degassed mixture of acetone- free

venzere (15 m1) and a etope-free iso-propanol (5 ml) was

distilled under wvzcuum intc flask A, which had been cooled
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lsealed;w1+h a—

e e -

l_;lll_llll_ltolllquldlnltrogenltemperat, ~glask A

. flame and the frozen mlxture allowed to come to room:- temperature
r ”
and then stlrre?/fbr 3 hours . The-resultlng orange—red

" solutijon in flask'A'was agalneattached to the vacuum llne,
frozen by 1mmers1ng 1n llquld nltrogen,wand.then opened.
e o ~under vacuum, to a tube (tube B) 5180 cooled in lquld
| nltrocen ‘The solutlon in flask A was allowed to come to (

room tempgrature and the solvent was completely and

//(’ quantltatlvely-dlstllled into tube B.  The 20 ml of solvent
thus collected was quantf?ghégely analyzed for,acetone content

by the-gas chromatography- v
’ column (6' x 1/8") at 30°C, using a Varian Aerograph "1400

S 4
r-a—10%20M—carbowax—

gas chromatocraph instrument. The méasured area o the

observed peak due to acetone was compared w1th the areas,
obtalned by the gas chromatography, under the same conditions,

A

of 1.5yl allquots of standard solutions containing % to 1OL11vf”

of acetone in 20 ml of.solvent (15 m1 acetone-free benzene

plus 5 ml acetone-free iso-propanol).

‘The benzene and 1so propanol solvents ‘used in the above
procedure were purlfled by fractlonatlon on a splnnlng—band,
7'column, and wererthen carefully—checked for'the'absencetoff"
'acetone and.interfering low:boillng componentS'byrgas |

chromatography under'exactlv the same conditions as described

Shove .
Tt IV T, - - N .
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1M,> Effect of added - phenyldla%ene CGHSN—NH .on the

formatlon of EIr(CO)(PPhg)z{N4(C6H5 2}]BF4,'ga;

. reaction between’[Ir(CO)Cl(PPh3)2], 1 and CeHsNoBF, .

-

‘inﬁthe‘preeenCeﬁdftCéH5N=NH in’benZengiéthanol'ﬁéﬁiﬁm‘HM”"”m“dfmf

»

',Thls procedure 1nvolved three separate reactlons, (1),

M(grg‘anda(_lg__l_)_a,g-..;ndq ca_te_d__by_. E:q:uat1 ons VTTT 'l VTTT ?

.and VIII-3, respectively:

,l . \ V, . - VV .
As there is some dubiety in the 1iterati1re161.’163

“as to whether n=2 or 4 Equatlon VIII 1), it was decided

(
in this work to takexnzu » S

v

-

(i)  (CqHsN=NH)Cu Cl_ + 2nbipy —3 nCu(bipy)z + (CoHsN=NH)

P(VIII—Q)

(1ii) [ Ir(CO)C1(PFha) 2] + C6H5N2BF

T CeHSNENH] T T
CeHs-EtOH -

[ Ir(co) (PPhs)2{N4(CeHs)2} JBF, 7",(V‘III'3,) . E
La ' ‘ S =

In view of the highly reattive nature of CgHsN=NH,

bimolecular disa

and dilute solutions ( #107“M) must be used in its generation.

The zéactions (ii) and (iii) were performed under vacuum in .



B 7 . y . . E
the glass apparatus illustrated in Figure VITIT-1. . ... - . . .- ..

A

B * E e
Reactlon (1), preparation of (C6H5N=NH)Cuﬁ01qi

CuClg 2H,O: (8 mM, 1 364 g) was dissolved in water (20 ml)

and the solutlon was flltered to Temove the small amount I

,,Of 1nsoluble materlal - The clear, blue filtrate was

rd

'deoxygenated by bubbling argon through the solution, and

to this was added CoHsNHNHe (2 mM, 0.216 g). The mixture

was stirred v1gorously under an atmosphere of argon until

‘?Tcp¢y¢babLuurOf*thengownjggﬁ'V peared complete.
The brown solid was filtered—off under argon»and washedf
thoroughly, first with waterzano then'with absolute etheﬁol

and dried in vacuo. The infrared spectrum (KBr disc) of

the product agreed plth that reported by Petredls et a1163

for (ceHsNepH)Cun01h.

Reactions(ii), generation of'C6H5N?NH4and (iii), -

reaction of [Ir(CO)Cl(PPh3 2], 1, and C6H5N2BF4 in the -

presence of 06H5N—NH: Blpyrldyl (O 8 mM 125 mg) was

placed in side-arm-a of the apparatus (Flgure VIII-1), and
(C5H5N£NH)CuhCln (0.1 mM, 50.2 mg), ethanol (5 ml) and -
a stirrer-bar in flask b. -Side-arma was sealed-off, and

flask b was attached to the. vacuum line-and degassed

o s IECIPCR S R S SR
through three freeze-thaweyeles with iguid nitrogern—=as
. - - - ""' - -

coolant. Flask b was sealed-off FTr(ﬂh\F1(P‘hJ)2],

e R R ,L’ -
(0.1 mM, 78 mg), CeHsNzBF, (0.1 mM, 19.2 mg), benzene (15‘m1) ;
-and a stirrer-bar were added to flask ¢ cooled 1n 11qu1d nltrogen
Flask Cc was thoroughly degassed on the vacuum line and then

,sealed-off. Whlle flask ¢ was kept at liquld nltrogen temperature,

~
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the bipyridyl in a was added to the stirred contents of
flask b atéroom temperature and the break-seal between

b and c was broken. When d1st111ation of the ethanolic

,phenyldlazene solution from b to C was- completef the. rw§w~‘:23¢4f~

contents of c were allowed to come to room‘temperature and

then stirred for one hour, Ehe visible spectrum of the

resultlng'orange-red solution was determined and the yield
of phenyltetrazene complex [Ir(CO)(PPha)z{N4(CsH5 2} 1BF,,

_Ya, calculated from the molar absorpt1v1ty, €xp ,(C £,

Table 11-7).

“r\ Glass-coated

.o o magnetic
, bar - £:1 ng

- Break ' S i; -
;__,4' ) y 7 ) “,.

seal [

4 > T

Figure VIII-1
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15. .Reaction between [Ir(C0)C1(PPhgs),(HNNCeHsp-Br) JBF,, 5e,

and Ds gas.

[Tr(CcO)C1(PPhs),(HNNCsHap-Br) JBF,, 5¢ (25 mg) was

dissolved, with stirring, in ethanol (10 ml) under an

atmosphere of‘argon at room temperat e (31°C); the reaction

flask was fitted with a water-cooled reflux condénSer;tol -

prevent loss of solvent by evaporation. Argon was first

_bubbled throuzh the yellow solution for 15 minutes, and then

WdguLerium;gas;igniﬁ;hgurs;ai;nQQm;Lempenaiureilﬁihg:sgiyentﬂW”WL,m,”;

was .completely remoﬁed, in vacuo; from the resulting_yellow
solution, and the residual ye;lbw,jsolid product washed with
diethyl ether‘and dried in vacuo. This yello&; solid proddéf»
wa.s re-dissolvéd in 5 ml of methar_lol-d1 (CHgob), reactea |

with deuterium gas for a further & hours, and the~yellow,»

' solid product isolated exactly as described above for'the_ : L

ethanol case.

v



-179-

Appendix

A.  Definitions and Methods of Calculation of the

Electronegativities (XA), Total Electronegativities
(Xp)
Anionic Ligands, A, iq the Complexes
[Ir(cO)(A)(PPha)z] (1,1a-d) and
(fr({COJA(PPha)z (HN=NCeHa0-Br)1Y (54, r-u) 13} _

and’ﬁeEleéthnégatiVitiés'(Xﬁ)'Of the

as listed in Table III-7.

VW”Definitions%? B . - ) o S
XA,éﬂ”sigma” éIéctronegativity of the anionic ligand, A
(by which A withdraws charge from the metal by'
purely inductive effects). )
X = n-electronegativity of the anionic ligand, A (by
™ o ' v
~which A can accept charge into empty low-lying d- -
orbitals or nw* smolecular orbitals.
4 . . .
XT = total electronegativity of the anionic ligand A:
XY =X o+ S Ty
Kp = Xy + X, - | N

Methods of Calculation =

The following basic assumptions are made:
(i) the fluoro-ligand is not involved in back acceptance of

m-electron density from the metal, so that X =0

(i1) in the bohdiﬁé between Ir and A, and Ir and CO a com-

pletely:syhergistic mechanism is operative, such that

the total electronegativity (consisting of o- and m-

*

o~
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- components) of A is inversely related to the change in Lo
'the force constant, KCO;'of the Cafbon—oxygén bond dfﬁthe‘
coordinated carbény17group'(és.cbmpared tO’kéO of free

©.COo). . o T
,1 v
i.e., X o (2)
T = Ak -
sinee Koo ;27 )
CcO CcO A
1 : ‘ S
' then X =< (4)
, T AvZ '
, ] . e o
v .
5 B A

and ,,XTAy co = constgnﬁ S (5)

: 2 ‘_ = ; . _.,2 - :
where Ay co = VY co of gaseous CO-v co Pf coord%nated QQ;

. ‘ r . . ; .

Since, by definition, X_ = O, then X, = X, = 4.02. This,

, ) y ﬂ, ) T A ) . ;'g
~value ig»calculated from the Willmhurstrequgtion;54, which isv>mﬁﬁ% .
! . 7 } S V V

| k =[1 104 ; i0—3(1'+ ¥55~%(v  )1-0 24 | (6)‘ )

A T MA HA ’
 where MHﬂi mésé°of;hyafégéﬁ'7W””W7“”Wﬁ"“*"74m"””mm;th”% ;W.” = o

MA = mass of group bonded to hydrogen in an H-A compound

vHA = strétchiﬁg frequency'for the H-A molecule. -

Application of Equation, (5) gives
(KebvZogdy = agpv2 o) ’- o (7)

) T T CofE— YTV co’A ,

Tquation (7) allows caléulatlon oI the total electronegativity,

- ., _ -1
X (with Voo OF free‘CO _.214} cm ' and X

of F defined as 4;02);



a

" for the anionic ligand, A. - The ﬁ-electronegativiﬁy,—Xﬁjris:~?#w~~~w—~»

calculated from Equation (1).

P
[
-~ o
-
~
s -
L
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B. Accurate (flecm ) Infrared Stretching Frequencies,’

g&EN; for some Aryldiazonium Salts, ATNoBF..

The'vgzN.Values for the aryldiazonium:salts are

listed in Table Bl and were determined to an accuracy

7of,i10mf? using giBeckmanVIRle'Spectrometer”calibfated”

_against DCl gas. In all cases, spectra were obtained

on samples pressed in KBr.

’ o
x

| é

- .
Se
) - R N -
A
. 1 .
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Infrared stretching frequencies, vy_., for
.some aryldiazonium tetrafluoroborates,
’ Ko . Ha : ’
N v + :
o By — ~NENBF;
H” MRy
-2 3 e VEEN (+1lcm
" H H H ' 2297
H H ~ H 2295
, B _H .. H 2291
H " H H 2308
H. - H H 2310
H H H 2298
H H H 2291
H H H- 2257
) H- H H. 2250
NEto H H H 2155,
‘H ¥ H H 2295
H ci H H 2311
H . Br . H H 2309
H' NO» H H 2308
H CHs H H 2302
H CCH3 H H 2306
H H F H 2300
H H- Cl H 2295
‘H- CHTT BT TTHO T 2295
H H NO» H 2297
H . H CHa H 2288
H H ~ OCHs -H 2277
H H Cci Cl 2292
Br H Cci I 2266

fo

KBr pellet

Vzlues for comparative purposes can be found in

references 5?5—179.
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