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Summary
Electrochemical PL ligand and Es (electron-richness) and
B (polarisability) metal site parameters, defined by other auth0r5(8)
for octahedral 18-electron complexes with 16-electron square pyramid
metal centres, are extended to octahedral 18-electron compounds of the

types [HSLn] with l4-electron (n = 2) or facial 12-electron (n = 3)

metal sites, by defining new overall PnL ligand parameters as, e.g.,
ox ox
Pap = Eqjg [erccdg ] - B [er(co) ]

and considering the following general linear expression

ox
1/2

which appears to be valid for all these types of complexes.

By, ] =B +8.p

The P ligand parameter appears to be additive for cis
ligands, the new P . parameter being then equal to n.B .

The new expressions are applied to complexes with the
{Re(dppe),}*, {Mo(dppe),}, {cis-M(CO),} (M = Cr, Mo, W) and
{EEE—M(CO)B} (M = Cr, Mo) binding metal centres, and the corresponding
ligand P and metal site (ES,B) parameters are estimated. For the

cis-l4-electron metal sites (n = 2), bidentate chelating ligands (LL)

are also considered.

Resumo - - - " g
=y L= Atraves da definigao de novos parametros globais de ligan-—
dos, P __, designadamente pela equagao

nL
ox ox
B =% [Cr(CO}s—nLn] - Euz[cr(co}é’] %

e da apresentagﬁo da expressao linear geral
ox
5in l:Msx"n--[ By T Rlgr, o
foi possivel estender a aplicagao dos parametros electroquimicos pro-

postos por outrod autdres-—-PL de ligando, riqueza electronica Es e

polarizabilidade B de centro metalice, vadlidos para complexos octaé-
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dricos ce 18 electroes de centros metalicos de 16 electrdes piramidais
quadrangulares —a complexos octaédricos de 18 electroes dos tipos
[MSLn] com centros metalicos de 14 electroes (n = 2) ou de 1Zelectroes
(isomero facial) (n = 3).

Os ligandos em posigao cis apresentam um efeito aditivo so-
bre o parametro de ligando, sendo P =nP .

As novas expressoes foram aplicadas a complexos com os cen-—
tros {Re(dppe)2}+. {Mo(dppe)z} 3 {EEETH(CO)4} (M=Cr, MoouW) e
{jgng(CO}3} (M = Cr ou Mo), tendo sido estimados os valores dos para-

metros correspondentes P Es e B . Para os centros de 14 electroes

nL’
de geometria cis (n = 2), foram tambem considerados ligandos bidenta-

dos quelantes (LL).

I - Introduction

The chemical reactivity of a transition metal complex is deter
mined by the electronic properties of both the metal binding site and
the ligated species.

The electron richness of the site and the net electron with -
drawing /donating ability of a ligand and their co-ligands, as well as
the structure of the complex, play an important role.

The redox behaviour of a complex also depends on these factors
and hence it may parallel its chemical reactivity.

Moreover, in a series of closely related complexes, E??z may
reflect the energy of the highest occupied molecular orbital (HOMD),(I)

and correlations have been reported between this parameter and,e.g, the

2-4) the Hammett's o
(5,6)
or

energy of a metal +ligand charge transfer band,
constant (for the substituent, e.g., of an aromatic isocyanide
of a cyclopentadienyl ligand(7)),the infrared stretching frequencies
of ligands [e.g., \J(Nz)(a), vvo) B, v(c0) (], and the reactivity
of the complex.
Hence, the importance of the knowledge of the redox potential
of a complex is apparent and a systematic approach was developed by
c.J. Pickettts) to quantify the redox potential-electronic and structural
relationships in closed-shell 18-electron octahedral complexes of the
type [MELJ with a l6-electron square pyramid metal centre {Hs}'
ET?ZDqSL] is determined by the electronic properties of both
the metal centre and the ligand L, and is given by equation (1) where
E and B denote the electron-richness ant the polarisability of the me
tal centre {Ms]’ respectively (the former being defined by E??z of the

carbonyl complex with {Ms} as the binding metal site - equation 2),

(8,10,11)

L

and PL is the so-called ligand parameter, defined by equation 3,which constitu

tes a measure of the net electron donor/acceptor character of the ligand

L
E‘l'jz[MSL] =E + B.P ¢H)
E, = E7), [, (c0)] (2)
P = E‘;’;z [er(co) L] - Ei}:z[Cr{CO}a] 3)

These equations have been applied to a variety of 2-electron
donor L ligands and of complexes with square pyramid l6-electron metal
centres and the corresponding P_, Es and B values have been quoted.w’s)

Equations (1-3) were also appliedclz} in the derivation of
mathematical expressions (e.g. - equation 4) to estimate E??z of
octahedral 18-electron complexes of the type EEEEEf[M;sz with a square
planar {H;} metal centre such as Ezﬂgg—[ReLz(dppe)leFﬁ (L = CHNR).

2 2
P (L) 2P (L) P, (L)
A e A B e e TR
. B (L") & By pfan °°
P2 (L)
+——— - B {M'L'} (4)
P, (L") *

In order to apply this equation the E5 and B parameters of an
auxiliary related l6-electron {H;L'} site (with the common square planar
moiety H;) and Ei?z of the dicarbonyl complex Dﬁ;(CO}ZJ have to be
known. Moreover, the ligand parameters PL(LJ and PL(L') have also to be
known and equation (4) is valid only if they are independent of the me-
tal centre. In cases the PL ligand parameter is dependent on the metal
site (e.g., for isocyanide ligands), a more elaborate expression should

be used and its application requires the previous synthesis and redox
study of series of complexes with the L ligands and with related metal

sites, such as trans—[h;L'L] or traus—[N;(Cﬂ)LJ, which would allow

(L) ligand parameter at
(12)

the accurate evaluation of the values of the PL

various metal centres. Such a study was applied

E§¥2[REL2(dPPE)2]BF4 (L = CNR) on the basis of the knowledge

to estimate

(6) of the
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redox properties of the auxiliary [ReCl(L)(dppe)2 ] series.
IIZ[M ] s as given by equation (4), or related expressions,
shows a considerable sensitivity to the PL(L) values (e.g., a negligi-

ble variation of # 0.0l V in P may result in a change of ca. + 0.05 V

in the value of E;?z) and the ﬁse of these expressions appears some -
what cumbersome.
In the present study an alternative mode to estimate
1/2[H LZ] is proposed and the possibility to extend it to complexes
of the type [M;LB], with a 12-electron metal site {H;}, is discussed;

new ligand parameters, P,. and P for two and three ligands, respecti

2L 3L’
vely, are then proposed.

II - Square planar l4-electron {M;} metal centres.

(a) The hypothetical trans-{Cr(CO)4l}centre as the ideal square

planar li4-electron reference binding metal centre

If it is possible to define a convenient square planar
l4-electron metal centre as a reference binding metal site, and a new

ligand parameter (PZL trans

position, the prediction of S [H'L ] will not requlre the knowledge

1/2
of an auxiliary series of complexes. The value of El/Z may then be
given by a linear expression such as equation (5) proposed by analogy

with equation (2).

‘ =
11"2[M 2] E {H b+ B{H r. P2L,trans ®)
E (M}  and B{M!} represent the electron-richness and

polarizability respectively, of the l4-electron square planar metal
site {M_},and P, transis anew ligand parameter for the two trans L

ligands in a 18-electron octahedral complex.

) concerned with two equal L ligands in trams
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For the definition of P, it would be advantageous to consi-

2L
der the trans*{Cr(CO)a} metal site as the l4-electron square planar

binding metal centre, by analogy with the reference site {Cr(CO)S} for

the definiti ft B i . :
e definition of the L parameter (equation 1) PZL,trans would then

be given by equation (6) which, with equation (5), expresses the expected

linear relationship between El/Z[H L,] and E;?z of the auxiliary

trans- [Cr(co} ] series-

T Eyy,{ trans-[cr(co),L,]} - E;:';Z[Cr(cﬁ)s] (6)
However, complexes [Cr(CO)ALz] with a trans geometry are not known. In
the preparation of tetracarbonylcromium(0) complexes only the cis
geometrical isomers have been isolated, (3,13,14) _ig—[Cr(CO}aL2 and
attemptscléa) to convert them into the trans species, by heating in solu
tion, only resulted in disproportionation to give mono- and tri-carbonyl
complexes.

The {Eingr(CO)q} metal site does not appear to be a suitable
reference l4-electron binding centre for square planar sites. accurate
linear correlations not holding for E1f2 [ReL (dppe) ] (12) or

lfz[HDL (dppe}z ]( versus 1’2 (g£§ fCr(COJALz]} 3’13)(figure 1).

This is not surprising in view of the different geometries of the metal
sites (trans and cis). Moreover, although for the carbonyl complexes

[HO(CO)A(PRB)Z] (R = n-Bu, Et or Ph), which can exist in trans and cis
isomeric forms ) the redox potentials of the trans and cis complexes
appear not to differ by more than ca. 50 mV, it has been reported that
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/

ox
1/2
Z[EE—[CI'(CO)“LZ]}G’H) (L = CNR or CO).

DMLz(dppe)z](lﬂ) versus

=

for the group VI transition metal complexes [H(CO)Z(LL}é] (LL = diphos

phine(16’17) or dicarbene(ls)) the trans isomers exhibit E??z at consi
derable lower values than the corresponding cis isomers: the difference

(17). e.g., 0.58 V between
= ,PCH,PPh,),] .
The prediction of Ey /2 {EEEEEfrcr(Co)ALz]} by applying equa -

lies usually in the 0.2 - 0.6 V range, being
the two isomeric forms of [Cr(CO)Z(Ph

tion (4), or a related one, is unfortunatly also not possible since a
series of complexes trans-[ﬂr(CO)QLL'J with an auxiliary site {H;L'}=

={Cr(CU)4L'} (L' # CO) is unknown.

(b) The square planar lé4-electron metal centre {Re(dppe}z} *

as a reference binding metal site. P, values for linear

2L

isocyanide ligands

Due to the unavailability of the EEEEEf{Cr(CO)A} as a referen
ce centre for metal sites with a trans geometry, one may propose, as a
provisional reference l4-electron square planar binding site, either
{Re(dppe)2}+ or {Ho(dppe}z} which correspond to well studied
EEEEET[H;LZJ systems. The former is more suitable at this stage once
it is believed the isocyanides display a linear geometry when they bind
such a site (the same geometry would occur for the isocyanide ligands at

the {c:(co)a} site), whereas at the {Mo(dppe)z } centre they are bent (as

(19) (20-22)

proved by X-ray analysis and chemical reactivity

and the para-

meter PZL,trana may be sensitive to this bending as it is expected by

analogy with the observed dependence of PL.
The overall P2L, o ligand parameter (for two trans L

ligands) may then be defined by expression (7). For L = isocyanide, the

R E‘;’;Z[nex.z(dppe)z] ot E‘;’;z [Re(co}z(dppe)2]+ €D
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parameter refers to the linear geometry.

PZL’EEEEE By definitiom, P 2L, trans =0 for L = CO, and, from equation
(5),
E, 00} = £77, [ (c0),] (8)
For the reference {Re(dppe)z}+ site, B=1 and
Eg = Ep)p[Re(cO), (dppe),) " = + 1.42 v(12),

Intable 1 are quoted the values of P2L P for various li-

near isocyanide ligands, estimated from equation (7) and the available

experimental data(lz).

TABLE 1

i onstants (for two linear isocyanide
Ligand 1’2L trans °°0S (

ligands in trans position) defined by equation (7)

a)

2L PZL, trans’v
2CNMe =053
St - 0.62
2CNCH, OMe~4 - 0.54
2CNCH, Me=4 - 0.49
20NCGH,C1-4 - 0.44
- 0.37

20NCH,C1,-2,6

2), 0.05 V. Linear isocyanides.

Equatlons (5, 7,8) express the expected linear relationship
of the Re(I) series, [ReL, (dppe)z] with

between Eo, [M'L 2] and Eh,2
1I2 . {Re(dppejz} reference metal site, as

the l4-electron square planar

shown by the expression (9) which results from those equations.

AL Eyyy [M3(C0),) =

+
- B{M;}.{E‘;’;z[ae:,z(dppe)zj" - [Re (CO) , (dppe),] ) (9

S

Once the ligand P parameter is know, the prediction

2L,trans
for the series ﬁﬁ L ] may be carried out in a simple way by

of EU.2
using equation (5) provided it is known E132 of two elements of the
series which would allow the evaluation of ES{HS} and B{Hs} system
of two equations with these two unknown parameters results from the

application of the expression (5) to those two complexes.

This approach to predict E° DH;LZ] is simpler than the

1/2
abovementioned based on P.L parameters (equation 4), and does not requi

re the knowledge of an auxiliary metal site or of PL values for three

distinct binding sites. However, the P parameter defined in

2L,trans
this way (equation 7) is not directly comparable with the other ligand

parameters considered in this study because the former is based on

different reference metal site and standard series.

(c) {Mo(d e)z} as an electron-rich l4-electron metal site.

(i) P

2L values for bent isocyanide ligands at the{Ho(dpper}
site

The PZL,trans values for isocyanide ligands obtained from

equation (7) and quoted in table 1 refer to two linear isocyanides

binding the {Re(dppe)z}+ site in trans positions.
However, when the isocyanides ligate an electron-rich metal

site, they display a bent geometry, and they behave as weaker net elec-

tron donors; the P values may then become less negative, as it

2L,trans
was previously observed (6) for the PL parameter. The {Ho(dppe)z}

centre exhibits a high electron rich character, and it would be inte -

resting to test the possibility of dependence of P for isocya-

2L, trans
nide ligands on the electron-richness of the metal site,
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Figure 2 - Plot of ElszHoLz(dppe)z versus P

2L,trans

. (10
From the plot of E;?z [MoL {dppe)z] (L = CO and CNR)( dyersus

2L trans (figure 2), it is observed that although the isocyanide comple

xes eppear to follow a gross linear correlation, the CO species lies

substantially off ths line. However, all the points would follow the
alues are

4§ tians CPLOR) VALUS _ o

corrected by ca. + 0.27 V, suggesting that the bent isocyanides exhibit

gsame straight line, if the previous P

i + 27 ¥
at the {Ho(dppe) } site 2L Srany values more positive (by + 0.27 V)

than those ohserved for the linear isocyanides at the {Re(dppe), Ysite

(equation 10, table 2).

[2cNR, bent at {Ho(dppe}z}}ﬁPZL,trans[ZGNR,linesr] + 0.27%  (10)
(6)

PZL,trans
This expression is similar to another one, proposed
on the basis of an analogous procedure, for the PL values of isocyani-

des ligating l6-electron metal sites.

S

These results evidence the expected dependence of the isocyani

de PZL,trans parameter on the electron-richness of the l4-electron bin-

ding metal centre.

Inci ;
ncidentally, from the plot of figure 2, a PZL,trans value of
ca. -0.04 V is estimated for two N, ligands in trans positionm.

(ii) Es and B parameters for the {Mn(dppe)z} site

It was already mentioned that the {Ho(dppe}z} bindig site is
more electron-rich than the cationic isoelectronic {Re(dppe)2}+ centre.
This may be expressed by the values of the E parameter: for the latter
site, Es =+ 1.42V, {E 2[RE(CO) (dppe}z] } whereas, for the former,
E - 2[Ho(c0) (dppe)z} = -0.11 V.

The molybdenum(0) site also exhibits a higher polarisability
than the Re(I) centre. The latter has the unity value for 8 and the
former has B = 1.3 as estimated from equations (5) [with PZL,trans
values given by the expression (10)]0: from the slope of the straight
line of the plot of figure 2.

The values of the abovementioned electrochemical parameters of
the I4-electron metal site {Mo(dppe)z} the studied ligands are quoted
in table 2,

TABLE 2

Electrochemical metal site and ligand constants for the square
planar l4-electron metal site {Mo(dppe)z}and for 2L ligands in

trans position.

a) b)

EBIV B &k PZL,trans/v

- 0.11 1.3 2CNMe - 0.36
2CNBu® - 0.35
20NC,H, Oe-4 - 0.27
20NCH, Me=4 =0, 22
20NC gH, C1-4 o 05
2CNCH,C1,-2,6 - 0.10
2, - 0.04

a):p.OSV.Quoted versus s.c.e.in thf-O.ZM[NBuaJ[BFalb}:'0.05 v
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IIT - cis-14 electron {H;}aud fac-12-electron {M;] metal sites

(a) Ligand parameters

Th parameter defined above (equation 7) refers to

® Far,trans
two L ligands in trans position bound to a square planar lé-electron
metal site {H;}.

However, octahedral complexes of the type [M;Lz] with a ecis
geometry are also known and it would be advantageous the use of a simple
parameter to allow the comparison of the net electron acceptor properties
of the ligands at the l4-electron metal site with such a geometry.

As mentioned above, the tetracarbonyl complexes of Cr(0),
[CrLZ(CO)a} exhibit a cis geometry and, by analogy with the definitions
ligand parameter

of PL (equation 1) and P (equation 7), a new P

2L,trans 2L
valid for two cis-L ligands may be proposed (equation 11).

OX ox
PzL’E{or Py = Epjpler(co), L ]- E%, [Cr(co) ] (11)

This definition may also be applied to 4 electron-donor diha-
pto (bidentate)chelating ligands (LL), such as diamines and diphosphi-
nes; the ligand parameter may then be denoted by PLL'

The values of this new P . or P__ parameter, estimated
. (3, 13) 2L,cis LL
from published data'"’ , are shown in table 3.

For the isocyanide ligands, refers to the linear geo-

PZL,cis
metry and, interestingly, their values are roughly the double of the

TABLE 3
Ligand PZL,cis or P,  constants defined by equation (11), and
2 PL constants for linear isocyanides
2L or LL Por,cis’V OF Prp/V 2) 28, IV k)
(linear isocyanide)
2CNMe - 0.94 - 0.86 &9
2CNEE - 0.96 - 0.88 ¢
2cnpr’ - 0.95 - 0.88
2cNBu® - 0.96 - 0.88%)
2CNC6H11f) - 0.98 e 8
2CNC H, Me~4 - 0.86 - 0.78%’
2CNCH,C1-4 - 0.77 - 0.74%®)
ZFMEZH - 0.92
o-phenanthroline - 0.64
bipyridyl - 0.92
HEZPCHZCKZPHEZ = 1.07
o-Me,NC_H, NMe, -1.09
MEZNCHZCHZNHEZ = 117
MEZNCH(MQ)CH(ME)NMGLZ - 1.17
HZNCH(Ph)CH(Ph)NH2 - 1.31
HZNCH(HE)CH(M)NHZ ~1,39
HZNCHZCHZNHZ = Lad9
2) . b) ¢)
+ 0.05 V. Estimated from refs. (3,13), + 0.10 V. PL
estimated from data of ref.(3). 4 PL taken from ref.(B).e) PL

£)

taken from ref.(6). Estimated by extrapolation of the plot

ot E?/ﬂ Ei?{ﬁﬂ(co)4(CNRlz] versus P

2L,cis”
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corresponding linear PL values(ﬁ) (within 9% differences); since a
common reference, [Cr(CO}sl.uas chosen in their definitions,this suggests
that it is additive the influence of the replacement of a carbonyl
(which is trans to another carbonyl)by an isocyanide on the E;?Z of the
derived complexes. This additive effect is also substantiated by con-
sidering the complexes [Cr(CO}BLa] which show a facial geometry  and

the definition of the new P parameter concerned with three L

3L,fac
ligands in facial position (equation 12),

P = E‘l”;z[c:ccoyar.B] - Eg’;z [cr(coy ] (12)

3)

, estimated from published data'~™", for

3L,fac

The values of P3L.fac ;
three fac-isocyanide ligands, which exhibit a linear geometry, are dis-

played in table 4, and they agree, within 10%Z, with 3PL'

TABLE 4

Ligand P, constants (for three linear isocyanide ligands

3L
in facial position) defined by equation (12)

c(Linear)fva) 3 PL(linear)be)

L P3L,fac
cnert -1.33V ~1,32
CNBu® - 1.34 e g B8 )
c
= 1. - 1.47
CNCGH, | 1.33
CNC H, Me~4 = 1419 B L b
- = 1, - 1.11
CNC,H, C1-4 1.02
3) b) C} . i 8 v)
+ 0.05 V. + 0.15 V. Estimated from Por cis( 0.9
- - 3

given in table 3.
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Considering that the additive character of the P, parametar

L
is valid not only for isocyanides but also for the other two electron
donor ligands, the corresponding values of PZL,cis and P3L,fac are

easily estimated as ZPL and 3PL, respectively, and are shown in

table 5.

The additive cffect on the oxidation potential of the successive
replacement of carbonyl ligands by other molecules is not SUrPrising since

(13’23'24)f0r ligands such as

it was previously recognized by other authors
CNMe or NCMe in some octahedral 1B-electron first-row transition metal
complexes of the type [M(CO)G-x Lx]y+ and a linear relationship between the
formal electrode (oxidation) potential and the degree of carbonyl substitution

(x) was proposed:(ZB}

E? = A + x (dE"fdx)L + 1.48 ¥

where y is the charge of the complex, A is a constant which depends upon the
solvent and reference potential. (dEOIdx)L is a ligand parameter which, for
M = Cr, is identical to PL; hence, x(dEo!dx)L corresponds to n. PL (or PnL)
of the present study where n represents the number of L ligands in complexes

[cr(co) 6-n Lyl (2=1-3).
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TABLE 5 -
—_—— Ccl ~ g, 38 = A5 -1.19
Ligand PEL,cis and PBL,fac constants estimated from the corres- H e - 3.66 =~ %22
ponding P_ constants. =
L N3 2452 w3278 - 1.26
OH~ - 3.10 - 4,65 = 1.55
a) b) c)
L P A
ZL.Cls/ P3L,fac’tu B L ¥
a) b) c)
A #:10 . L0V + 0.5V, + 0.05 V. Values taken from ref (8), unless
NO 2.80 1 ; - : - - ;
4420 1.%0 otherwise stated. 4Q value taken from ref. (6). e) Estimated from
co 0 0 0 £) ;
data of ref. (3). Estimated from PZL 5
N, - 0.14 - 0.21 - 0.07 ==
P(()Ph)3 = 0.36 — .54 - 0.18
CN06H3C12-£,§ - 0.66 - 0.99 = .33 d) From the values of the P, (or PEL) ligand parameter quoted
PPh3 - 0.70 PRI =0, 55 in Table 3, o few comments may ??jr)nuntionsa,in accordance with observa-
CNC H, Cl-4 - 0.74 -1.11 - 0.37 d) tions reported by other authors: )
647" — - The net electron-donor character of the quoted ligands follows
CNPh = 0.76 = 134 - 0.38 4 PR . ; 3 5 ,
d) the order chelating diamine > chelating diphosphine > two tis alkyl iso-
CNCGH‘,.He—Z - 0. 76 = 1.14 - 0.38 5 - . P ) . P
o d) cyanides > bipyridyl > two cis arylisocyanides > o-phenantroline.
CNCGHAMe—i - 0.78 = 1.1 = 0,39
) - Within the chelating LL ligands, an increase in the w-conju-
CNC_H, OMe~4 - 0.80 - 1.20 - 0.40 : . 1 i
64 - gation in the backbone structure between the ligating atums parallels
NCPh - 0.80 - 1.20 - 0.40 s . :
an increase in the net electron-acceptor character of the ligand as
CNMe - 0.86 - 1.29 - 0.43 5 . :
deduced by comparing the P__ values of Me,NCH,CH,NMe, and of bipyridyl
CNEE - 0.88 ~ 132 - 0.44 © . LE e &z 8
i e) with those of D—MBZNC HZ;NME?_ and o-phenantroline, respectively.
CNPr - 0.88 - 1.32 - 0.44 - ° B
t
CNBu - 0.88 = 1,32 - 0.44 4 - Within the chelating diamine ligands,a surprising enhance -
£) ment of the net electron acceptor ability occurs from primary to tertiary
PMeZH = 0.92 - 1.38 - 0.46 .
£) amines.
CNC(}Hll ~'0.98 - 1.47 - 0.49
NCMe - 1.16 - 1.74 - 0.58
(b) Metal centre parameters
Py “ 1,18 ~1.74 - 0,59
NH3 - 1.54 - 231 —.0. 77 For the l4-electron metal sites with a cis geometrical confi
CF3C00 - 1.56 - 2.34 - 0.78 guration, {cis—M;}and for the fac-12-electron sites {fac-Mg}, it is
NCS - 1.76 - 2.64 - 0.88 also possible to consider the Es and B parameters according to equa-
cN~ - 2.00 - 3.00 - 1.0 i - 5 i i
" 3.0 0 tions (13-16) where PZL,cls and P3L,fac are given by the expressions
I G o) - 3.45 = Tl (11) and (12).
NCO ~ %, 32 = 248 = 1.6

1

Br - 2.34 - 3.51 1.17



E;’;z (cis-[M!L,]} = B {cis-M'} + Blcis-MI} . By .. (13)
E_{cis-M!}= lfz{c:ls*[M (c0),]) o (14)
BYy,(fac-[ML ]} = B {fac-i(} + 8 (facMD Py coo (15)
E {fac-M} = lfz{fac—[l“i (co),]} (16)

For the standard [EEETCf(CO34} and {£557Cr(co}3} metal sites,
[c:(co) ] =1.53 V and 8 = 1 (table 6).
Complexes with the c19—{\KCO) I{M = Mo or W) and the

fac-{Mo(CO)3} centres with measured Eh‘2 have been reported in the
(3’13) Moreover, E_of these centres is also known since, by

[M(co)s] (M = Mo or W) which has also been

Es 1f2

literature

definition, it equals 51;2

measured (25): all the group VI carbonyl complexes [M(CO)6] (M = Cr, Mo

or W) exhibit analogous values of E”2 at 1.53 V.
Hence, the polarisability (B) of thosecentres may be evaluated

from the slopes of the plots of EIIZ of the complexes versus PZL (or

P ) or versus P3L ais? Such a procedure was applied to the known com-

plexes CLS-[HQ(CU)4 (L = CNR or CO) or c1s—[Ma(C0} ()] (LL =
= Me_ PCH,CH PH& , bipyridyl) (figure 3), cis- [W{CG}ALzl (L = CNR or CO)

» Sl
or cis- [w(c0) (LL)] (LL = Me,PCH,CH,PMe,) (figure 4), and
fac- [MD(CO}3L3] (L = CNR or CO) (figure 5).
The plots of ES®_ of these families of complexes versus' the

1/2

corresponding PZL or PLL parameters follow the expected linear correla-

tions - only the point corresponding to [ho{co)ﬁ(dipy)]lies appreciably

1.4

By 7!V

1.2

1.0

0.8

06

=By —

CNC_H,C1-4

6 4

CNC6H4Me—ﬁ

co —

|

Figure 3 - Plot of E / {cis- [MD(CO)ALz]}Or

PZL,cis

ox . .,
E1/2{Elﬁ_[Ho(CO}A(LL)st’la'zs)versus

P F
2L,cis ¢

r P, respectively.

(P

LL

A

0
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Figure 4 - Plot of E7,{cis-[W(C0),L,]} or
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3 | | 1 | ]
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Figure 5 - Plot of Ell,z{f_ac_:_-[l-{o(COJBLa]}( 22T S— P, .fac.



off the linear relatiomship - and it is observed (figures 3-5) that

their slopes are very similar (Table 6):
Bleis-Mo(CO),} = B{cis-W(CO),}= 0.83
8 {fac-Mo(C0),} = 0.85

Hence, a change of ligand L (or LL) at the Mo complexes
[Ho(CD)aLz] (or [MD(CO)A(LL)]) leads to a variatiom in E??Z which is
analogous to that observed for the homologous W complexes upon the

same ligand change.

Moreover, since P3L: —%— PZL’ a change in ligand L results in

a variation of E;?z{fac—[ﬂo(co)3LJ } which is ca. —%— of the correspond-
ing variation of E??z[Mo(CO)aLz] for the amalogous ligand exchange.

TABLE 6

Es and B constants for cis-l4-electron and fac-l2-electron

metal sites

Metal site E /v 2) B
{cis-Cr(co),} 1.53 1
{cis-Mo(cO),} 1.53 0.83
{eis-w(co), 1 1.53 0.83
{fac-Cr(0) 1 1.53 1
{fac-0(C0),,} 1.53 0.85

a) See note a) of table 2.

Equations (12, 15, 16) only refer to facial isomers, not
applying to the corresponding meridional isomeric forms which are ex-
pected to present different E;?z values. Hence, e.g., within the se-
ries [un(co)atLL)x] (LL = bidentate phosphine or arsine, X = hali -
de)cza), the meridional complexes are easier to oxidize than the corres
ponding facial isomers by ca. 0.5 V. The approach used in the present
study was not extended to this type of complexes due to unavailability

of experimental data.

IV - Final remarks

Half-wave oxidation potential values for 18-electron
octahedral complexes, ET?7 [HsLn] » and the overall net electron donor
properties of the r Lligands (as measured by a PnL ligand parameter)

appear to obey the following general linear relationship(equation 17)
ox
M = + .
Eln[ L E,+ B.P . (17)

where:
n=1 =+ Ms = square pyramid l6-electron metal site
n=2 = Ms = cis- or trans-l4-electron metal site (H;)

n=3 =+ Ms = fac-l12-electron metal site (M:)

Es and B characterize the electron-richness and the polari-
sability of the metal site, the former being given by the general

equation (18).
oxX
E =E [us(co)u] (18)

The PuL ligand parameter is defined by the expression (19)
(except for the trans-l4-electron metal sites) based on
polycarbonylchromium(0) metal sites, and it appears to be additive for

cis ligands (equation 20 is valid in the examples tested).

P = Ejjplcrtco), 1] - EQY, [Cr(co) ] (19)

PnL = n. PL (20)

For the trans-l4-electron (square planar) metal site, the
lack of available experimental data-—~E£§E£f[br(00)4L2] complexes are
unknown— prevents the application of the expression (19) and the
{Re(dppe)2}+ site is proposed as the reference binding centre, the P2L
parameter being defined by equation (7).

These expressions constitute an attempt to quantify the
electronic properties of different types of binding metal sites and
their ligands, and their effects on the oxidation potential. They
allow the comparison among various sites of the same type and also

among a wide variety of ligands. By combined application of these



equations it is possible to predict metal site and ligand parameters
for new binding centres and different ligands, as well as the redox

properties of complexes with these sites and ligands.
However, the prospects of the application of this approach to
types of metal sites other than those already mentioned depend on both

the previous chemical preparation and electrochemical redox study of

series of adequate complexes.
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