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Abstract

The reactions of [Rh,(CO),(u-RNNNR),] (R=p-tolyl) with
cyanometal ligands such as frans-{Mn(CNXCO),{P(OEt);}{dppm)],
[Mn(CNXNOXPPh,)(n-CsH,Me)], and [Re(CNXCO);(4.4-di-
methyl-2,2"-bipyridyl)] give heteropolynuclear complexes containing
multiple redox sites.
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1. Introduction

In recent years we have carried out extensive studies
of the electron-transfer chemistry of (i) derivatives of
the triazenido-bridged complex [Rh,(CO),(u-RN-
NNR),] (R = p-tolyl), which can be selectively sta-
bilised [1-3] with core oxidation levels of [Rh,]*"
(z = 2-4), and (ii) cyanometal complexes such as cis-
and trans-IMn(CNXCO),(P-P)] (L = phosphine or
phosphite, P-P = dppm or dppe) [4,5], [Mn(CN)(NO)
LCp’] (Cp’ = n-CsH Me) [6], and [Re(CNXCO);(N-
N)] (N-N = bipy, etc.) [7], which can act as redox-ac-
tive ligands [8]. We now describe preliminary synthetic
studies in which the two types of complex are brought
together in the designed construction of low-valent
heteropolynuclear complexes with multiple redox sites.

2. Results and discussion
At room temperature the reaction of [Rh,(CO),(u-

RNNNR),] (1) (Scheme 1) in CH,Cl, with trans-
[Mn(CNXCO),{P(OEt),}(dppm)] in the presence of
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Scheme 1. R = p-tolyl, PP = dppm (Ph,PCH,PPh,), L = PPh, or
P(OPh);, L' = P(OEt); or P(OPh);, N-N = 4,4-dimethyl-2,2'-
bipyridyl. (i) trans-[Mn(CNXCO),{P(OEt);}dppm)}, (i} [Fe(n-
C,H,),)IPF,), (iii) cis-[Mn(CNXCO),{P(OED;}dppm)], (iv) [Fe(n-
C.H.),JPF,] and Cl~, ) [Mn(CNXNO)L(n-CsHMe)], (vi)
[Re(CNXCO)y(N-N)].

ONMe, results in monosubstitution at the rhodium
site {c.f. the reactions of (1) with PPh; [1] and 2,2"-bi-
pyridyl [2] which lead to dicarbonyl complexes} and the
isolation of high vields of red [trans-{(dppm}{EtO),P}
(CO),Mn(p-CN)}Rh ,(CO)5(u-RNNNR),] (2) readily
characterised by elemental analysis and IR spec-
troscopy (Table 1). The cyclic voltammogram of 2 shows
two reversible oxidation waves (E° = 0.15 and 0.84 V)
which, by comparison with data [1,2,4] for species con-
taining the individual Rh, and Mn(CN) units, can be
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assigned to [Rh,]**—[Rh,]** and Mn(I)-Mn(II) cou-
ples respectively; a third, incompletely reversible wave,
(E_)ox = 1.28 V, scan rate =200 mV s~/ is associated
with the formation and further reaction of the [Rh,]**
core.

Treatment of 2 with one equivalent of [Fe(n-
C,H,), I[PF,] in CH,Cl, gave a good yield of the green
monocation (2%). In agreement with the conclusions
drawn from the CV study of 2, the IR spectrum of 2*
shows large shifts (ca. 60-85 cm™!) to higher energy in
the carbonyl bands associated with the Rh,(CO), frag-
ment and a small shift (8 cm™') in the band due to the
trans-Mn(CO), group (Table 1); the ESR spectrum is
also consistent with the formation of an [ha]3+ core
(c.f. [Rh,(CO),(PPh,),(u-RNNNR),]* [1,3].

Unlike 2, complex 27 is substitutionally labile, and
treatment with a second cyanomanganese ligand,
namely trans- or cis-[Mn(CNXCO),{P(OEt);}(dppm)],
gives the green, symmetrical and unsymmetrical dicar-
bonyls 3* and 4™ respectively (Scheme 1). The isola-
tion of complex 4* and related species will allow an
investigation to be made of long-range interactions
between non-equivalent manganese redox sites through
a [Rh,** core.

The extent of such interactions is expected to in-
crease on further oxidation of the dirhodium centre in
that the HOMO of 1 is an Rh-Rh ¢* orbital [1,3].
Although complex 4 * is oxidised only at 0.86 V, mak-
ing chemical access to 427 relatively difficult, the higher
oxidation level ([Rh,]**) is stabilised by axial coordina-
tion at rhodium [2]. Thus, treatment of 4* with Cl~ in
the presence of [Fe(n-Cs;Hjs),[PF,] gave a high yield
of the green, diamagnetic [Rh,]**-containing cation
(5%).

Other redox-active ligands may also be coordinated
to the Rh,(u-RNNNR), fragment, including tetrahe-
dral [Mn(CNXNO)LCp’] [6] and [Re(CNXCO);(N-N)]
[7], providing the basis for studies of (i) the depen-
dence of long-range electron transfer on structure (oc-
tahedral vs. tetrahedral manganese centres) or (ii) of
photoinduced redox reactions [9}. Thus, treatment of 1
with [Mn(CNXNO)LCp'] [L =PPh; or P(OPh),] or
[Re(CNXCO)4(4,4'-dimethyl-2,2"-bipyridyD)] in the pres-
ence of ONMe, in CH,Cl, gave red (6) and red—brown
(7), respectively (Table 1). The reaction of [{trans-
(dppm)PhO),PXCO), Mn(u-CN)}Rh ,(CO)4(p-

RNNNR),]* {2*, L' = P(OPh),, Scheme 1} with
[Re(CNXCO),(4,4’-dimethyl-2,2"-bipyridyl)] gave brown
(8 *), photolysis of the Re(N-N) chromophore of which
may induce cis—trans isomerisation [4] at the man-
ganese centre following charge separation [to N-N~
and Re(I)] and intramolecular oxidation to Mn(II)
(c.f. the photolysis of [(bipy),(CN)Ru(u-CN)Re-
(CO)4(phen)]* [10]). This and other aspects of the
electro- and photo-chemical behaviour of the new com-
plexes described herein are under investigation.
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