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Abstract 

The kmetlcs of substitution reactions of Me,SO from the complexes (MX,(Me,SO),] (M= Pt, X= Cl, CH,, CIS, 
M =Pd, X= Cl, trans) by the ligands bromazepam or bipy have been mvestlgated m Me,SO and/or CH,CIZ at . 
25 “C. The results are Interpreted m terms of an associative mechanism for cLs-[PtCl,(Me,SO),] and a dlssoclative 
mechamsm for cls-[PtMe,(Me,SO)z]. The substitution reactlon for the complex truns-[PdCl,(Me,SO),] proceeds 
wlthout retention of stereochemlstry, a consecutive displacement mechamsm or a pseudo-rotation mechanism 
can be operatwe The kmetlc behaviour of bromazepam and blpy IS very similar 
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Introduction 

The study of the coordmatlon chemistry of 1,4- 
benzodiazepmes, a class of compounds widely studied 
because of their interesting pharmacological properties 
[l], has mainly concerned synthetic aspects. So far 
numerous complexes of gold(I) and gold(II1) [2], pal- 
ladium(I1) [3, 41, platinum(I1) [5, 61, etc., in which the 
ligands display a variety of coordination, have been 
characterized unambiguously. 

Very little has been done, however, as far as the 
kinetic studies of benzodiazepine reactions are con- 
cerned. In a recent paper some of us [7] have studied 
thermodynamically and kinetically the reactions between 
the bridged complex [Pd,I,(PPr,“),] and five 1,4-benzo- 
dlazepines which are among the most commonly mar- 
keted drugs of this class. Although 7-bromo-1,3-dihydro- 
5-(2-pyridyl)-2H-1,4-benzodiazepin-2-one (bromaze- 
pam) bears two nitrogen donor atoms in suitable relative 
positions to chelate and only chelated complexes of 
this ligand have been reported, thermodynamic data 
in chloroform suggested mono-coordmation to palla- 
dium(I1). 

*Authors to whom correspondence should be addressed 

In continuation of our studies of the kinetic behaviour 
of complexes of d* metal centres containing Me,SO as 
ligand [8] and in order to assess the nucleophllicity of 
bromazepam, we have investigated the reactions be- 
tween this ligand and the complexes cis- 
[PtCL(Me,SOM, cls-[Pt(Me),(Me,SO),] and fauns- 

[PdCWe2SOM in dimethyl sulfoxide at 25 “C. In 
addition, the above mentioned complexes have been 
reacted, under the same experimental conditions, with 
2,2’-bipyndme (bipy), the reactivity of which is well 
established. The kineticvalues of some of these reactions 
in methylene chloride are also reported. 
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Experimental 

Materials and insttumerltatlon 
The hgands bromazepam and blpy, commercially 

available, were used without further punficatlon. Sol- 
vents, of spectroscopic grade, were dried with use of 
standard procedures. Conductivity experiments were 
performed with a Radiometer CDM3 conductivity 
bridge IR spectra were recorded as NUJO~ mulls between 
CsI plates on a Perkm-Elmer FT-IR 1720 X instrument, 
‘H NMR spectra on a Bruker AMX R30O instrument 
and the chemical shifts arc m ppm downfield from 
mternal tetramethylsllane. 

Preparation of the complexes 
The synthesis of the complexes cn-[PtCl,(Me,SO),] 

[9], us-[Pt(Me),(Me,SO),] [lo], trans-[PdCl,(Me,SO),] 
[ 111, [PtCl,(blpy)] [ 121, [PtCl,(bromazepam)] [5, 61, 
[Pt(Me),(bromazepam)] [5], [PdCl,(bromazepam)] [4] 
and [PdCl,(bipy)] [12] have already been described in 
the literature. 

[PdCl,(bromazepam)] was obtained m a different way 
from the reported procedure by reacting trans- 
[PdCl,(Me2SO),] with an eqmmolar amount of brom- 
azepam m Me,SO. Yellow-orange crystalsof the product 
were separated from the reaction mixture m good yield. 

All the complexes were characterized through ele- 
mental analysis and IR, ‘H NMR and electronic spectra 

Kmetics 
The kinetics were performed under pseudo-first-order 

conditions with respect to the complexes at 25 “C in 
Me,SO or CH,Cl,. The rates of the reactions of plat- 
mum(H) complexes were followed spcctrophotometn- 
tally m the visible and near-UV regions using a Perkm- 
Elmer Lambda 5 spectrophotometer in the repetitive 
scanning mode, or by followmg the absorbance at a 
selected wavelength as a function of time. The reactions 
of the palladium(II) complex required the use of a Hl- 
TECH SF3 stopped-flow spectrophotometer. Pseudo- 
first-order constants kohs were obtained either from the 
gradients of the plots lo&l, -A -) versus time or from 
non-linear least-squares fits of the expcrlmental data 
by A, =A m + (A, -A =) exp( -kohs), where A,,, A _ and 
kobs were the parameters optimized (A,, = absorbance 
after the mixing of the reagents, Am = that upon com- 
pletion of reaction). The kohs values were reproducible 
to better than *5%. 

Results and discussion 

Conductivity measurements of a solution of CIS- 
[PtCl,(Me,SO),] and trans-[PdCl,(Mc,SO),] in Me,SO 
show that the complexes are non-electrolytes Fur- 

thermore, the molar conductance does not change with 
tmle and solvolytlc equlhbna mvolvlng the starting 
substrates can be ruled out. Reactions of L-L (L- 
L= bromazepam or blpy) with the above mentioned 
complexes and with cu-[Pt(Me),(Me,SO),J m Me,SO 
and/or CH,C& yield the complexes [MX,(bromazepam)] 
(M = Pt, X = Cl, CH,; M = Pd, X = Cl) or [MCl,(blpy)] 
(M = Pt or Pd) according to eqn. (1) 

[MX,(Me,SO),] + L-L - [MX,(L-L)] + 2Me,SO (1) 

X-ray [6] and NMR [5] data of the complexes 
[PtX,(bromazepam)] have shown that bromazepam che- 
lates to platmum through the amino N4 atom and the 
pyridyl nitrogen N”. The same mode of coordination 
was also inferred from smgle X-ray data of 
[PdCl,(bromazepam)] [4]. The proton NMR spectrum 
of the palladmm(I1) complex has been recorded in 
(CD,),SO and the resonances are assigned as follows 
3.97 and 5.33 (2H, two d, J,,, 12.2, 2H”), 7.25 [lH, 
d, J (H*H’) 8.8, H’], 7.75 [lH, dd, J (H”‘H4’) 7.7, J 
(H”‘H”) 0.8, H3’], 7.90 (lH, m, H”), 7.93 [lH, dd, J 
(H6H8) 2.2, H”], 8.03 (lH, d, H”), 8 30 [lH, td,J (H”‘H”) 
7 7, J (H4’H”‘) 12, H”], 9.15 [lH, dd, J (HS’Hh’) 4.9 
Hz, H” 1, 11.08 (IF-I, s, H’). Protons H-?, resonating as 
only one signal for the free hgand [5], appear as a 
typical AB quartet for the complex, showing that the 
coordmated hgand 1s frozen m one limiting confor- 
mation Non-equivalence of the two H3 protons was 
also observed for the analogous complex 
[PtCl,(bromazepam)] [5] Downfield shifts of proton 
resonances of bromazepam are generally observed upon 
coordination, roughly related to the distances from 
palladium, apart from the H3’ signal, which shifts to 
high field. Actually, all pyndme resonances are dls- 
tmctively affected by coordination and a significant shift 
to a much lower field of the H” signal IS observed. 
These data strongly indicate that coordination of brom- 
azepam to palladmm(I1) through its N4 atom and the 
pyrldmlc N” 1s retained in dlmethyl sulfoxide solution 

The complexes [MCl,(bromazepam)] are sparingly 
soluble m chlorinated solvents, but dissolve to a fair 
extent m Me,SO As previously discussed [4, 51, we 
have no evidence of solvolytic equilibria or of M-N 
bond dissociation in dlmethyl sulfoxide involving the 
reactions products. 

The kinetics of the reactions of eqn. (1) were followed 
spectrophotometrlcally under pseudo-first-order con- 
ditions The reactions go to completion; the final spectra 
arc identical with those of independently prepared 
solution of [MX,(bromazepam)] or [MCl,(bipy)] at the 
same concentration. 

Kmetu of the reactions of L-L with Pt(II) compltxes 
The reaction of cls-[PtCl,(Me,SO),] with bromaze- 

pam and blpy in Me$O or CH,Cl, causes a spectral 
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gives a three-coordinate Intermediate. The second step 
(k, path) leads to the formation of an open ring mono- 
sulfoxtde species, also formed by a parallel associative 
attack of L-L on the starting complex (k, path). A fast 
ring closing gtvcs the observed product. If the term 
k,[L-L] of eqn. (3) is negligible, a plot of l/kobq against 
l/[L-L] gives a straight lure with a slope of (k-,/k&,) 
[Me,SO] and an intercept of l/k,. In the case of the 
reaction of the complex cu-[Pt(Me),(Me,SO),] with 
bromazepam, at a constant value of [Me,SO]=0.0005 
mol dm-” (see Table l), such a plot is indeed linear 
and yields a value of k, of 0.030+ 0 001 s -’ at 25 “C. 
The ratio k,/k_ 1, which gives the competition ratto for 
the three-coordmate intermediate between bromaze- 
pam and Me,SO, IS 0.28, comparable with the value 
found when L-L IS bipy [16] 

A requirement of the dissociative mechanism as 
proposed for the system ca-[Pt(Me),(Me2SO),]- 
bromazepam is that k, be independent of the nature 
of L-L. A value of k, =0.00626 s- ’ can be calculated 
at 25 “C m benzene from the rate data of ref 16 for 
the reaction of this organometalltc substrate with bipy 
The Increase in the value of k, on changing from bipy 
to bromazepam is likely to arise from the differing 
abilities of the two solvents, benzene and CH,Cl,, to 
interact with the released Me,SO [17]. An analogous 
increase on the value of k, on changing from benzene 
to chloroformwas also observed for the reaction between 
clS-[Pt(C,H,),(Me,S0)2] and bipy [18]. 

In the displacement of L by nucleophiles for complexes 
of the type cu-[PtX&] (L=dtmethyl sulfoxtde or sub- 
stituted thioethers), the change from an associative 
mode of activation for classical coordination compounds 
(X= halide) to a dissociative one for organometallic 
compounds (X=Me, Ph), is well established [14, 16, 
18, 191. Very recently, a comparative kmetic and thc- 
orettcal study has evidenced the role of electron density 
at the metal centre in determmmg the reaction pathway 

PO1 

Kinetics of the reactlom of L-L with truns- 
[PdCl, (Me, SO),] 

The reactions of the complex truns-[PdCl,(Me,SO),] 
with L-L have been studied in dimcthyl sulfoxide 
Precipitation of the products prevented a kinetic study 
in CH,CI,. The rate constants for the substitution 
reactions obey eqn. (2). The values of k, obtained from 
a linear least-squares analysis of the slope of the kohs 
against [L-L] plots (Table 1) are 568k 23 and 291&3 
mall’ dmi s- ’ for bromazepam and bipy, respectively 
Again, the sensttivtty of rate to the nature of L-L is 
rather small 

As the overwhelmmg majority of substitution reactions 
of square planar complexes of platinum(I1) and pal- 
ladmm(I1) are stereospecific, a most important feature 

of these reactions IS the change in stereochemistry on 
going from the reagents to the products A consecutive 
displacement mechanism, simply mvolvmg two stereo- 
specific hgand substitutions (eqn (4)) or a pseudo- 
rotation of live-coordmate mtermediates (eqn. (5)) can 
account for the observed rate law. 

trans-[PdCl,(Me,SO),] + L-L - 

[PdCl(Me,SO)(L-L)]Cl- [PdCl,(L-I,)] (4) 

trans-[PdCl,(Me,SO),] + L-L----f 

[PdCl,(Me,SO)(L-L)] --j [PdC&(L-L)] (5) 

The leaving group Me,SO has been omitted for clarity. 
In view of the fact that the truns effect of dunethyl 

sulfoxtde is considerably greater than that of chloride, 
the rate-dctermming step IS considered to be the dts- 
placement of the first Me,SO. Fast rmg closmg yields 
a monocatiomc species. and finally, fast displacement 
of Me,SO by Cl- gives the products (eqn. (4)). However. 
if a pseudo-rotation mcchamsm is operative, the sym- 
metric five-coordmate intermediate I with Me,SO and 
both arms of L-L m the equatorial plane and the 
chlorides in axial position can be formed Dissociation 
of Me$O yields [PdCl&L)]. 

This intermediate could be sufficiently stable to be 
a long-enough hved spcctes. Several reports of the 
lsolatton and characterizatton of five-coordinate species 
of Pt(II) and Pd(I1) with a dnmtne chclate hgand, an 
olefimc ligand and two chlortde ligands have appeared 
[21]. X-ray, IR and NMR data of these species show 
that the two chlorides occupy equivalent axial 
positions and an alkcne and a dnmine are m the 
equatorial plane. Five-coordmahon for complexes 

]Pt(dmphen)(L)(X),] (dmphen = 2,9-dimethyl-l,lO- 
phenanthrolme; L = CzH4, CO, PH, or ONPh; X= Cl 
or I), where dmphen acts as bidentate or monodentate 
ligand, IS dependent from the n-accepting abthty of 
the L ligand and C,H, IS the most efficient m stabthzing 
five-coordination by reducing m this way the electron 
density on the metal centre [22]. Ethylene and dimethyl 
sulfoxide, as ligands of platmum(I1) complexes, have 
comparable properties and the tram effect of sulfoxide 
springs much from its ability to act as Ti--acceptor 
transition-state stabilizer [23]. Therefore, In the inter- 
mediate I, the dimethyl sulfoxide m the equatorial 
position can well act as a r-acceptor ligand through 
S low lying empty 3d orbitals 
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