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ABSTRACT

The alkyl substituted gold(III) complex [Au(l,4,PMe3dien)C1](PF6)2 [where

1,4,7-Megdien represents (CH3)HNCH2CH2N(CH3)CHZCHzNH(CH3)] has been synthesized.

The cation of this compound differs from previously synthesized gold(III) com-
plexes of similar structure since it can form a conjugate base only by loss of

a hydrogen from a terminal nitrogen. Aqueous solution chemistry studies of

this ion reveals that the C1~ is hydrolyzed before loss of a proton from the
ligand which is the reverse of the Sequence observed with previously studied
ions. Monobromo substitution rates are found to be slower than for the complex
with no alkyl substitution but faster than for the completely methylated complex.
A rate constant of kBr =17 lL-molt-:’l-sec:-1 was obtained. The rate of chelate
ligand unwrapping from the monobromo complex was also studied. This process
was discovered to be second order in Br~ with a rate constant of

k=15 zz—mole—z-sec_l




INTRODUCTION
The square planar complexes of PA(II) and Pt(II)
have been extensively studied.1 In particular, the
kinetics indicate that substitution reactions proceed
via a two step mechanism which is reagent dependent,
The sukstitution reaction:

0
MasX*ey™ ar MA3Y"“+x'

2
is believed to follow a bimolecular mechanism represented
.8
ABM\\ -X~ A,MS

e 3
X a8V 5| rfast
+Y

as: %S
ky

Y

-
’

+Y" A M7 =X~ MA,Y+X™
PNy Eer

where S ig the solvent, k1 is the solvent path rate
constant, Y ig the substituting nucleophile, angd kz
is the reagent path rate constant.

The rate law for this mechanism would be:

. . n -
rate= k, [ma,x*1) +ky [Masx* 7] [y7]
which under first order conditions using excess Y~
becomes:
+n

rates= kobs[MABX ) _
where ko, o=k +ky[Y ]

However, 8quare planar complexes of PA(II) and
PHII) where the ligands are certain XN-alkyl substituteq

diethylenetriamines undergo substitution reactions which
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are nearly rate independent of reagent concentration.4
It has been suggested that steric hindrance due to
certain alkyl groups lying above and below the plane
of the ion inhibits the attack of the substituting
nucleophile.5

The aqueous solution chemistry of complexes of

6
Au(II1) have shown the following acid-base equilibris:

E;u(amine)ﬂ+2 %Au(a\mine_ﬁ)ﬂ %Eu(mine_ﬁ)@

(where amine=dieno6 1,1-Me2dien, 1,1-Et,dien, LM
Me,dien ,7 ‘ 1,1,7,7-Et4dien .4 . X=C17,Br").

These complexes also exhibit the following charac-
teristics: (a) ~u(III) dien_H complexes undergo hydrolysis
in neutral solutions; (b) an excess of halide ion represses
hydrolysis in certain PH ranges; (c) the conjugate acids
of these complexes are stable in perchloric acid; and (4)
the conjugate acids of these complexes undergo decomposi~ -

tion in hydrohalic acids.‘"6

These «u(III) complexes also have halide substitution
rates that are dependent on the extent of N-alkylation.
Thus, subntitution of Br~ for C17 in Au(dien)ég +2 and

[Eu(dien_ﬂ)c'i.]+ show -« strong rate dependency on the con-

centration of Br~.0 However, Eu(Mesdien)qﬂ *2.

- . 2 -
Ellz(Et4dien_h)C§1+ and Ey(béht4d1en)@g * undergo Er
substitution at rates which are practically independent

of the concentration of bromide ion,




Studies of a series of reactions of the type
[Au(amine_H)CIJ+ +Br-—‘—>[Au(amine_H)Br]+ +C1”
using triamines of varying degrees of alkylation
have revealed that the experimental rate dependence
on ‘bromide: ion as a function of amine alkylation is
dien > Me,dien . > Et,di en_.> Me4dien_H>7Et4dien_H.
However, on examination of space-filling molecular
models, it is observed that alkyl shielding of the
central Au(III) ion inereases in the order: dien_H<

Me2dien_H< MeAdien_H< Etzdien_}§< Ktydien Therefore,

~H*
if only steric effects are involved, the rate dependence

o R 4,8
should be Me4dlen_H> ntedlen_H, .

Po explain the difference belween the molecular
model results and the observed kinetics for [Au(E1:2dien_H)CZg+
and [Au(x-1e4dien_H)01j* it has been suggested that the
bromide substitution reaction of Du(h‘thien_H)Cl:l+

occurs via the following ring-opening mechanism: 7 .

. N-Et
~Et N~Et 2
/ﬁ ) /‘ 2 /— /,Cl

N— ju— C1 N=—au—0C1 = N— "

i TN N
/




A similar ring-opening mechanism was suggested for

the reaction of [au(Et,dien_,)c1]* with N5, 4 and for

- - 10
LPd(Et4dien)SeCN_]+ with Br . Ihe ring-opening

mechanism was also invoked to explain the faster rate

of bromide substitution of [Au(MeEt4dien)C{]+2whose

Ky =.26M 'sec™! versus that of [Au(Me dien)Cl]+2 whose
Br 9 5

-1 -1
kBr='058M sec .

A1l of the au(III) complexes discussed above fall

into one of two possible groups. Lither they contain

no dissociable hydrogen atoms and consequently can not

form a conjugate base (e,.g. [Au(Mesdien)Cl}’zand
[Au(MeEt4dien)C%}*2)or they most probably form such
bases by loss of the hydrogen bonded to the central

nitrogen of the diethylenetriamine chelate ligand.

This hydrogen is expected to be the most acidic because

of the inductive effects of the neighboring CH2 groups.

Thig study was undertaken to investigate the aqueous

solution chemistry and the Br~ substitution rate of

a complex which can only form a conjugate base by loss

of a hydrogen from a terminal nitrogen of the chelate

ring. In addition, the rate of the chelate ligand

"unwrapping" reaction for the bromo complex was also

investigated.
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EXPERIMENTAL

Materials: Fine gold powder (purity 99.9%) and
ammonium hexafluorophosphate (purity 96%) were
purchased from Ventron Corp. alfa Inorganics. The
1,4,7-trimethyldiethylenetriamine was obtained from
Ames Laboratories and used without further purification.
4ll other chemicals were reagent grade.

Analyses: A4llgold analyses were performed in
triplicate. & small, accurately weighed amount of
synthesis product was placed in a 10ml beaker and
diluted to about 5ml volume with aqua regia. The
sample was then covered with a watch glass to prevent
mechanical loss and evaporated on a hot plate to
approximately iml. DMore concentrated HCl was added
and the evaporation continued. The procedure was
repeated until all nitrate was Jjudged to be eliminated.
The solution was once more reduced to 1ml and
diluted in a flask to a volume of 100ml with 1MHCY.

The tetrachloroauric acid solutions so obtained had
final concentrations in the 10~% range. The
absorbance of these solutions was measured at

313nm, and the concentration of gold was read from

a previously prepared curve of absorbance versus
concentration of HAuCI4. This calibration curve is
shown in Figure 1. The chloride analyses, also carried

out in triplicate, were performed by the Mohr method. i

e LR
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freparation of CompleX: fTetrachloroauric acid

solutions were prepared as described above. ‘When

the volume was finally reduced to approximately
tml and a2llowed to cool, hydrated crystals of
HAuCl4'xH20 were formed.
[éugMe;dienzcllclQ : Hnucl4-xH20, equivalent
to 1g (5mmoles) of gold, was dissolved in 100ml of
H20. While mechanically stirring the solution,
5g of LiCl were added to inhibit hydrolysis, and the
temperature of the solution was then reduced to O°C.
A immole solution of chelate ligand was prepared
by diluting 1ml of pure 1,4,7~trimethyldiethylenetri—
amine to 6ml with Hy0.. Five ml of this ligand
solution were then added dropwise to the HAuCl4
solution, at a rate that kept the pH of the solution
below 5. Upon initial addition of the ligand
solution , a yellow precipitate believed to be
[Au(Me3dien)Clj [Aucla;]2 was immediately formed.
To aid dissolution of this precipitate, and to increase
conversion of [Aucl4]" to [Qu(Mesdien)Clj+2, approximately
5.5ml (5.5mmoles) of 1M LiOH were added. The LiOH
was also added at a rated which kept the pE below
5. ‘When all of the LiOH had been added, the solution
was filtered, and filtrate with an intense yellow

color was obtained. Following the addition of 1g




of NH

4PF6, the filtrate was frozen to an ice In
liquid nitrogen, The frozen solution was attached
to a rotary evaporator, where it was allowed to thaw
under vacuum as the solvent was slowly removed.
When the volume reached approximately 10-15ml,
yellow crystals were visible. The solution was
filtered and the crystals washed with ether. The
crystals were redissolved in 1O°3M HC1, the solution
frozen and the solvent again removed under vacuum.
The resulting crystals were collected by filtration
and stored in a refrigerated desiccator. A yield
of 28% was obtained (based on the weight of gold
used).

snalysis: Calculated for [Au(Mesdien)Cl:]Cl2

Au, 44.0%; Cl, 23.4%; Found: Aau, 44,5%; Cl, 22.T7%.

Visible and Ultraviolet Spectra: Absorption

spectra in these energy regions were measured on

either a Cary 118 or a Perkin-Zlmer Model 202

i spectrophotometer using t1em quartz cells.

Potentiometric Titrations: These were done

in a jacketed beaker through which water was circulated

by a Tamson constant temperature bath at 25.01.100.
Magnetic stirring was employed, but stirring was
stopped while taking readings. & Fisher accumet

Model 120pH -Meter with a standard combination

e i e AT e




electrode was used. This meter was standardized with
Beckman buffer solutions at pk's of 10.0, 7.0, and
4.0, A Sml buret was used to add 0.2ml portions

of .0275M HClO4, standardized with Nazcoa.

4 20mg sample of complex was dissolved in 20ml
distilled HZO' The ph was adjusted to 9-10 with
between 0.1 and 0.2ml of 1M NaCH. This solution
was passed through a DoweXx 1-X8 anion exchange
resin to make OH™ the only anion in solution.

The effluent was brought to a pH of 9-11 and diluted
to 160ml.

The total change in volume for the titration was
less than 10%. The time required for titration
was usually 45 minutes.

Conductometric Studies: The sample studied was
prepared as described above, and the effluent was
diluted to 160 ml.

The studies were performed in & tall form
beaker at ambient temperatures. Magnetic stirring
was employed as described above. & newly platinized
conductance electrode connected to an Industrial
Instruments Model RC-1B Conductance Bridge was used
to measure resistance at 0.2ml intervals of titrant.
The titrant, .0275M H0104, was introduced usirng

a 5ml buret. The time of these studies was usually

45 minutes.




RESULTS aND DISCUSSION
Hydrolytic Behavior of ﬂu(Me3dien2C1|012i

Complexes of the type @u(amine)cg +2 . here amine is a

diethylenetriamine ligand having a hydrogen on the central
nitrogen atom hydrolyze according to the reaction sequence
shown in Reaction R1.

y : 2 - s

E-m(zamee)C‘._L]+ % l;\u(amme_ﬁ)c_i]+

¥
;‘:__;___AH__) Em(a,mine_H)Oa *
+H

Studies show that these reactions are accompanied by
smooth spectral transitions and well defined isoabestic
points. The spectral features of these species indicate
s maximum absorbance at 300-315nm for E.u(amine)cﬂ +2, a
maximum absorbance at 370-400nm for E{u(amine_H)Clj* and
a maximum absorbance at 350-370nm for the complex
E\u(amine_H)O}ﬂ"'. 1

Where amine is a dien ligand with no hydrogens at-
tached to nitrogens, the 7irst step in the above mech-
anism obviously cannot occur. Such complexes decompose
either before or shortly after substitution of hydroxide

ion for chloride.

Since the complex Eu(1,4,7-Me3dien)Cﬂ+2 is dif=-

ferent from both of the above examples, its hydrolytic
pehavior was of particular interest.
Eighteen mg of Esu(MeBdien)C]} Cl, were dissolved

in 50ml of O,1M HCl to produce a solution with a




concentration of 4x10'4M. The solution was placed in a
water jacketed beaker kept at 25t .1°C. The pH, which

was 1.0 at the start, was adjusted with NaOH. after each
0.5ml increment, a spectrum was obtained in the wavelength
range of 270-400nm.

The spectral changes observed were different from
those accompanying sequence R1. In this case, the ab-
sotrbance initially decreased at all wavelengths as shown
in Figure II. At more basic pH's, the zbsorbance increas-
ed to produce a broad pand at 370nm, as shown in Figure III.

In order to more fully understand what was occuring,
the removal of C1” by ion exchange was undertaken. This
process is described under "Potentiometric Titration® on
pp 8 and 9. The resulting solution was acidified to a pH
of 2 with HClOA, and spectral changes were studied under
the same set of conditions as previously described. These

results are shown in Figures IV and V.

Curve 4 is [Au(MeBdien)H29]+3. Yrevious studies

suggest that proton extraction from the dien ligand should
result in a broad band in the 350-400nm region.6 The
spectral change leading to Curve B cannot involve this
process, and most probably involves proton extraction from
Hy0 as shown in R2.

E;u(I»ue3dien)Hzo:|“‘3 +01" = [au(Me aien)on *2 L H0 R2
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It is obvious that more than two species must be pre-
sent in going from Curve B to Curve 2 since no isosbestic
points were observed. fThe final product in Figure v
(Curve H) must be [;U(MeBdien_H)Og]* since there is no C1~
in solution. Therefore, reaction R3 occurs in the pH range

of 7.1=-11.8.

[hu(Meaien)of) ¥ sor' = av(Megdien )OH] T+ HO B3

Support for these conclusions is apparent in the
potentiometric and conductometric titrations whose results
are shown in Figure VI. The results of the potentiometric
titrations indicate two distinct equilibria: one in a pH
range of 9.5 to 7.0, and the other in the range 7.0 to 4.0.
These can be assigned to reactions R4 and R5.
[nu(Mesdien_H)O}ﬂ‘ +H* M‘O E‘m(Meﬂien)OIﬂ*z R4
\'}u(1v1e3dien)0}1:]"2 +yt PH 7.0-2.0 Em(1\11«53dien)ﬂ2<§]+3 RS

The conductometric titration curve can be explained
as follows. The initial decrease in conductance is due to
neutralization of OH”. The first brear is the result of
Reaction R4 taking place. The conductance increases be-
cause a +1 ion is being converted to & +2 ion, The second
bresk is the result of Reaction R5 taking place. The rate
of increase in conductance is less because a +2 ion is
being converted to a +3 ion, at the end of the curve, a

sharp increase in conductance occurs, due to the increased
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presence of the mobile hydrogen ion. These results suggest

G proceeds by the sequence

hydrolysis of Eu(r:e3dien)01

shown in reaction R6, rather than by sequence R1.
+Ln

F\u(MeBGLen)cg Em(Me dlen)oiﬂ

__!1_> au(Me dien Pi)OI'?J
SOE

R6

Phis is supported by results shown in Figure VII.
Curve & is E\u(Me dlen)h20 3, prepared as described earlier.
Curves B-F illustrate conversion of this ion to Eu(Me dJ.en)C]
These results show that the process is complete when the
ratio of [C?g/ E\_\}L

Reaction sequences R2 through R5 seem to suggest the
relatively weak acidity of the hydrogens on the terminal
nitrogens of the ligand. This lends support to the belief
that when complexes of the type Au(dien))ﬂ+2 are hydro-
lyzed, it is the hydrogen on the central nitrogen which is
most easily removed, This can be explained if one looks
at the sigma bond structure along the H-N-au-Cl axis. It
is apparent that Cl would draw electron density toward
itself, thereby polarizing au, which would in turn polarize
N, drawing the electron pair between H and N closer to N,
This polarization along this axis would facilitate loss

of H*.
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Ligand Replacement Kinetics:
Studies of the hydrolytic behavior of {}u(Mejdien)C£)+2

jndicate that the kinetics of replacement of c1” by Br~
should be observed at low pH. The relative stability of
[}u(Me3dien)B§)+2 and[AuBr;X-was determined. Figure VIII
shows a stable complex formed from Eu(Me3dien)H26_1+3
containing one Br per su (Curve H). However,
[.:qu(l‘lle3die1'1)1-1203*3 in a large excess of Br~ does not result
in Curve H. Rather, a product was formed having an intense
band at 380nm with a molar absorptivity of 3200. This

result was observed by all solutions over a 24 hour period.

The same product was formed when Au(Me,dien)Cl] Cl, was
3 2

dissolved in a solution containing excess Br~. These
results indicate that at 2 pH of 2.0, reactions R7 and R8
occur in sequence.
@u(!ﬂe3dien)cﬂ 2 Bl Eu(Me3dien)Ba *2 L R7
Exu(MeBdien)Ba +2 +3Br —> L—AU.BI‘D- +Me3dien R8
However, reaction R7 is much faster than reaction R8
so that all of the monochlorc salt is converted to the
monobromo species before any appreciable amount of [ﬁuBr;]'
is formed. To further understand these reactions, the
kinetics of reactions R7 and R8 were studied.
The kinetics of reaction R7 will be discussed first.
A solution of 4x10-4M [}u(Me3dien)Ci]C12 was prepared

in 0,1¥ HC10,. Kinetic studies for R7 were run by
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allowing the solution to react with an equal volume

of a solution containing various bromide ion concentrations,
The bromide solution contained enough NaClO4 to produce,
after mixing, a total ionic strength of 0.15.

Rates were dertermined using an aminco-Morrow Stopped
Flow apparatus in conjunction with a monochromator from
a Beckman D.U. The photomultiplier tube was connected
through an aminco-Morrow High Performance Kinetic
Photometer to the vertical input of a Tektronix 341
Storage Oscilloscope. The traces of change in transmittance
percentage versus time were recorded using a Polaroid
Oscilloscope Camera. s typical trace is presented in
Figure IX.

%,

41l reactions were run at a temperature of 25 o
The wavelength of interest was 313nm. Bromide concentra-
tions varied from .01 to .05M. Each run was performed in
quadruplicate. Reproducibility was better thar 2% trans-
mittance.

The transmittance values obtained from these traces
were converted to absorbance at time "t" (At), and at
the completion of the reaction(Ad>). The log of their
difference was then plotted versus time, for each
concentration of bromide ion., A typical plot is
shown in Figure X. From the linear plots so obtained,

the psuedo first order rate constant, which is equal to
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FIGURE X

time (sec)

0.?4 0.[08

vs time for the Reaction

Typical Plot of 1ln(A.-A vs
of E{mu,4,7-Me3dien‘5'c11°‘?*2 with Br- at 250 C.
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the slope, was calculated for each bromide concentration

used. Table I is a 1list of kobs for each bromide ion

concentration studied. +lots of quadruplicate runs

yielded slopes which agreed within 15%, a4 plot of these
observed rate constants versus Br~ concentration yielded
a straignht line. The intercept equals k1. the solvent

path rate constant, and the slope is equal to k2, or the
bromide path rate constant. Figure XI illustrates the
plot of the data given in Table I. From the plot it

can be found that k,=0.25sec” ' and kg, =170K ' -sec”

A comparison of these results with those of other

[Au(dien)i]*z complexes is shown in Table II.

25

45 seen in Table II, the kg, for the C1~ substitution

reaction for the complex Eyu(dien)cik+2 is 380M'1sec'1,

and the kg for the same reaction of .A\u(I"Iesdien)(ll-_]"2
is 0.058M’1sec'1. The fact that the kg, for the complex
[}u(Me3dien)Cil+2 falls in between these two extreme

cases, indicates the strong effect of steric hindrance

on reaction rates. The faster rate of Eu(MeEt4dien)Cﬂ'*

(kBr=O.26M-1sec'1) as opposed to the rate of
Em(Mesdien)Cﬂ'+2 has been attributed to a ring-opening
mechanism.9

mhe rates for reaction R8 were determined using a

Perkin-Elmer 202 Ultraviolet=-Visible spectrophotometer

2
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Psuedo First O

Eiu(Mesdien)Clj +2 +Br—> E&u(Me3dien)Bﬂ*2 +C1

p = 0.1

Br~_Concentration
0.05 M
0,04 M
0.03 M

0.02 M

0.01 M

TABLE I

rder Rate Constants For:

5 with NaClO4

8.3 sec
7.6 sec
5.5 sec
3.4 sec

1.9 sec




FIGURE XI
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Moles/1. Br™ 2
Observed Rate Constant for fAu(l 4,7- Me3d1ev)(‘1]
vs Bromide Concentration @ 25.0




Complex

Rate Constents for the Reaction:

su(amine)Cl +2 , B au(amine)Br *2 1T
—_

k1(sec'1)

[}u(Me3dien)Cﬂ +2
[4u(aien)cl] *2
Bu(dien_ﬂ)cﬂ"
[au(Me dien_y)cil *
[u(He aien)c1] *2

@u(MeEt

4

dien)c] *2

0.2
0.0
0.6
0.2
0.002

0.01

kz(M'1sec-1)

170
380
190
44
0.058
0.26

28
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in conjunction with a Hewlett-Fackard iModel 175014
Strip Chart Recorder. The chart measured absorbance
versus time.

A solution of the complex was prepared as previously
described. The solution was brought to a pi of 1 with

HClO4 whereupon a solution of Br equivalent to one

mole Br per mole u(II1) was added to convert the
complex to [Au(Me3dien)BrJ+2 .

Equal amounts of the above solution and a solution
containing Br ion were simutaneously pipetted into
the cell of the spectrophotometer. . The Br solution
contained enough NaClO4 to produce an ionic strength
of 0.15 after mixing. 411 reactions were carried out
at 25% .1°C at a wavelength of 380nm. Bromide

concentrations varied from 0.01 to 0.05M.

The data obtained was treated in the same manner

| as previously described. When k . was plotted versus

[Br'] a curve was obtained (Figure XI11). However,
when the observed rate constants were plotted versus
[Br'}z a straight line was obtained, where the
second order rate constant was equal to the slope
(Figure XIII). & list of K pg Versus [Ert] is

shown in Table III. The third order rate constant

was determined to be 15 lz—molzsec’1. -

The fact that the ligand unwrapping reaction is

[

R [ B ;
. ; L e~ i




FIGURE XTI
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Observed Rate Constanii for the Reaction:
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FIGURE XITI
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TaBLE IIT

psuedo First Order Rate Constants For:

Eu(l"leBdien)Bz?_‘+2 + 3BT —=» suBr, + Megdien

p = 0.15 with NaClO4

Br-Concentration

0.05
0.04
0.03
0.02
0.01

G e

M

= R =

=

obs®
3.6 sec
2.3 sec
1.3 sec
0.51 sec

0.085 sec™ "

!
t
}
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second order in sr- w.s surprising. oeriiler studies on the
st:bilities of the acidic forms of complexes of the tyre
2 -
[nu('xmine)il]l i excess Cl” have indicated trit only
those complexes hzving: ethyl groups attzched to the nivroyens

K stevens 2180 m:intains

decomposed 1o [,«u()l‘i]- at low pH's.
2

thzt the complexes Duﬂbbsdien)Eﬂ *2 ind [}u(ﬁe5t4dien)r5 *
decompose to]}uBer 4t low pH's; the 1.tter being less
stable than the first.9 However, this work is tne first
zttempt to obtain rate data for the ligand unwrapping
reaction.

The second order kinetics of the reaction:
[nu(me3dien)5a ﬂé—a EuBrA ~ illustrates two things:
4) the breaking of the second su-N bond is rate determining
=nd b) these bidentate species are actually four coordinste,

A mechanism which would expluin the ligand unwrapping

reaction is Reaction R 9. F—“ +
— -‘T+2 |
Ch i '
o
Ve Chs %
: caanl |
CH. = N - 4u = Brl+ Br Seda .
> A | (1)
. = i s
NE j i N
| ! L__ o
s i N i
{__ LhB 4 (#) . 3
j -
+Ir
slow X
Er %9
Br - ou - Br frot [ -
i Ty AuBr +1,4,7-He dien
Wi 4 L 4] A 3




The rate of formation becomes:
afausr,]” = kg (1] [Br_]
dt

but K_ = =
ut Koo

{Ik
] [R]
therefore, [I}= Keq2[R]!%r°3

then afwmr)” - k3<Keq2[R][Br2
bl

Under excess [Br’], psuedo first order conditions

exist such that

afauBr,] ™ = ko, [R] where Kops = X3 Keqz[Br'Jz
it

This implies that an intermediate similar to (I)
was involved in the [Au(Me3dien)Ci}*gBrf—9 [Au(Mezdien)Br]*2
+Cl reaction, Thus, in a large excess of (érf] the

general mechanism as shown in reaction R 10 would be:




Br ——

B 1,4,7, - Mes dien
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with k2’> k3. Therefore, kBr for the €1~ substitution
reaction is actually egual to k2 Keq(1) while kBr

for the ligand unwrapping reaction is egual to k3
Keq(2)‘ This further suggests that it is the

breaking of the au - Cl bond which is rate determining
in the substitution reaction. When insufficient Br~
is present, the reaction does not go much beyond the
formation of the monobromo complex.

A8 mentioned previously, it has been suggested
that ethyl substituted ligands undergo Cl substitution
via the "dangling" end type of intermediate. Howevey,
the results of this study show that this intermediate
also exists when the central nitrogen is methylated.
Therefore, the faster rate of Eu(MeEt4dien)C;J+2
over Eu(MeSdien)Cﬂ +2 may be due to the combined
effects of the substitution, leading to a greater
concentration of the "dangling end species", and
nethyl . substitution -on.the central nitrogen, leading

to weaker-N « au bonds,
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