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Abstract 

The X-ray structure of the title compound has 
been determined by the heavy-atom method and 
refined by means of block-diagonal least-squares 
calculations from 4598 independent reflections. The 
crystals are monoclinic, space group F21/c with unit 
cell dimensions a=20.025(1), b= 18.917(l), c= 
17.117(l) A, fl= 112.120(O)” and Z= 8. The com- 
plex has a nearly octahedral geometry around the Mn 
atom. The Mn-Sn bond length is 2.70(l) A and the 
two Mn-N bond lengths are 2.10(2) 8. 

Infrared (IR), electronic absorption, ‘H and 
‘19Sn NMR and resonance Raman (rR) spectra are 
reported for the complexes [(C6H5)3EM(CO),(~- 
diimine)] (M = Mn, E = Ge, Sn, Pb; M = Re, E = Sn; 
a-diimine = 1,4-diaza-1,3-butadiene, pyridine-2- car- 
baldehyde-imine and 22’-bipyridine). The IR bands 
in the CO stretching region are assigned and the rR 
effect observed for one of these vibrations (v(CO),) 
in the case of the Mn complexes is explained with 
a delocalization of the lowest MLCT state over this 
axial-carbonyl ligand. 

Introduction 

Low-valence transition metal complexes of a-di- 
imine ligands are highly coloured due to the presence 
of low-energy metal to a-diimine charge transfer 
(MLCT) transitions [l-3]. For a series of d6-[M- 
(CO),(a-diimine)] (M = Cr, MO, W) [4,5], d7-[(CO),- 
MM’(C0)3(ol-diimine)] (M, M’= Mn, Re) [6] and 
d8-[M(C0)3((ll-diimine)] (M = Fe, Ru) [7,8] com- 
plexes, we have studied the spectroscopic and photo- 
chemical properties. In most cases the a-diimine 
ligands used are 1,4-diaza-1,3-butadiene (RN=CH- 

*Author to whom correspondence should be addressed. 

** 1 4-Diaza-1 3butadienes, the simplest members of the CX- 
diimkes have ‘the general formula RN=C(R’)-C(R”)=NR 
and an important subgroup of this class is RN=CH-CH= 
NR. For economy of space, if the R group is specifically 
stated, then the form R substituent-DAB is used and this 
implies proton substitution at the ardiimine carbon atoms, 
e.g. t-Bu-N=CH-CH=N-t-Bu becomes t-Bu-DAB. Ab- 
breviations for the R groups in R-DAB or other molecules 
used throughout this paper are i-Pr = iso-propyl, t-Bu = tert. 
butyl, Ph = phenyl, Me = methyl. 
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CH=NR; R-DAB)* * , pyridine-2-carbaldehydeimine 
(C,H,N-2-CH=NR; R-PyCa), 2,2’-bipyridine (bipy) 
and 1 JO-phenanthroline (phen). A close relationship 
was deduced for these complexes between their 
photochemical and photophysical behaviour and 
resonance Raman (rR) spectra, obtained by excita- 
tion into the low-energy MLCT band. 

Of special interest are the results for the d7 
metal-metal bonded complexes [(CO),MnMn(CO),- 
(cu-diimine)] which show two different photochemical 
reactions in 2-Me-THF depending on the temperature 
[9]. The main reaction at room temperature is a 
homolytic splitting of the metal-metal bond fol- 
lowed by combination of the radicals to form [Mn,- 
(CO),,] and [Mnz(C0)6(cu-diimine)J. When the 
reaction is performed in the presence of a basic 
PRs ligand, a photocatalytic disproportionation of 
the parent compound into [Mn(C0)3(a-diimine)- 
(PRs)]’ and [Mn(C0)5]- is observed with quantum 
yields higher than 10. When the photolysis reaction, 
however, takes place at 133 K, just above the glass- 
point of 2-Me-THF, photosubstitution of CO in the 
Mn(CO)s(or-diimine) fragment takes place followed 
by a disproportionation of the photoproduct into 
[Mn(CO),(ol-diimine)(S)]+ and [Mn(CO),]- upon 
raising the temperature [9a, b]. Now, in order to find 
out whether this remarkable behaviour is a general 
property of this type of metal-metal bonded com- 
plexes, we extended our studies to [Fez(CO),((u- 
diimine)] [lo], [(CO)&oMn(C0)3(cY-diimine)] and 
[(C6H5)sEM(C0)3(ol-diimine)] (M = Mn, Re; E = Ge, 
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(b) 

(cl 
Fig. 1. rudiimines: 2,2’-bipyridine (a) (bipy, Rz = H; bipy’, 
Rz = CH$, pyridine-2+wbaidehydeimine (b) (R-PyCa, Rz 
= H; R-PyCa’, R2 = CH3) and 1,4diaza-1,3-butadiene (c) 
(R-DAB). 

Fig. 2. General molecular geometry of the complexes [Phs- 
EM(CO)3(adiimine)]. 

Sn, Pb). In this article we present the spectroscopic 
data of the complexes [(C6Hs)3EM(CO)3(or-diimine)] 
(M = Mn, E = Ge, Sn, Pb; M = Re, E = Sn; a-diimine = 
bipy, R-PyCa or R-DAB) which are indispensable 
for an understanding or their photochemical behav- 
iour [ll]. 

Previous work on some of these complexes has 
been done by Wrighton and co-workers [12] who 
described the ground- and excited-state oxidation- 
reduction chemistry. 

The structures of the a-diimine ligands used and 
of their complexes are shown in Figs. 1 and 2, re- 
spectively. 

Experimental 

Materials and Apparatus 
‘H and ‘r9Sn NMR spectra were obtained on a 

Bruker WM 250 spectrometer, and 31P NMR spectra 
on a Varian XL-loo-15 spectrometer. IR spectra 
were recorded with a Nicolet 7199B FT-IR inter- 
ferometer with a liquid nitrogen cooled Hg-Cd-Te- 

detector. Electronic absorption spectra were mea- 
sured on a Perkin-Elmer Lambda 5 spectrophotom- 
eter and the rR spectra on a Jobin-Yvon HG2S 
Ramanor. The exciting sources were a SP model 
171 Argon-ion laser and a model CR 490 tunable 
dye-laser with Rhodamine 110 or Coumarin 6 in 
ethylene-glycol as dyes. An Anaspec 300-S with a 
bandpass of 0.4 nm was used as premonochromator. 
The rR spectra were recorded from dispersions of 
the compounds in potassium nitrate disks at 110 K 
]131. 

Elemental analyses were obtained by the section 
Elemental Analysis of the Institute for Applied 
Chemistry, TNO, Utrecht, The Netherlands. All 
preparations were done in an atmosphere of purified 
nitrogen, using carefully dried solvents. Mn2(CO)r, 
and Re2(CO)ro were purchased from Strem Chem- 
icals and used without purification. R-DAB and 
R-PyCa ligands were prepared according to literature 
methods [14]. Phen and bipy were purchased from 
Merck. 

Synthesis of fPh&M(CO)3(cYdiimine)J (E = Ge, Sn, 
Pb,M=Mn;E=Sn,M=Re) 

These complexes were prepared according to 
published or derived methods [12]. First of all the 
[BrM(C0)3(ol-diimine)] (M = Mn, Re) [ 1 S] com- 
plexes were reduced with excess Na/K2.s alloy in 
sufficient freshly distilled THF. After complete 
reduction, which was monitored by IR, the excess 
of Na/K alloy was filtered off, followed by addition 
of the appropriate Ph3EX (E = Ge, Sn, Pb; X = Cl, 
Br). 

[Ph3SnMn(CO)3 (i-Pr-DAB)J 
Anal. Found: C, 55.22; H, 5.11; N, 4.05; 0,6.66. 

Calc. for Cs9Ha1MnNs03Sn: C, 55.36; H, 4.97; 
N, 4.45; 0, 7.63%. IR y(C0) (THF; 293 K): 1993(s), 
1916(m), 1901(m) cm-‘. ‘H NMR (CDC13; 293 K) 
6 (multiplicity, integral): 0.96 (d, 6H)/1.48 (d, 6H), 
4.48 (m, 2H), 7.29 (m, 9H), 7.43 (d, 6H), 7.78 (s, 
2H) wm. 

(Ph3SnMn(C0)3(t-Bu-DAB)J 
Anal. Found: C, 55.90; H, 5.47; N,4.08;0,6.76. 

Calc. for CsrHssMnN203Sn: C, 56.65; H, 5.37; 
N, 4.26; 0, 7.30%. IR v(C0) (THF; 293 K): 1990(s), 
1912(m), 1892(m) cm -‘. ‘H NMR (CDCl,; 293 K) 
6: 1.49 (s, 18H), 7.23 (m, 9H), 7.44 (d, 6H), 7.57 
6, W pp. 

(Ph3SnMn(CO)3(i-Pr-PyCa’)J 
Anal. Found: C, 55.87; H, 4.48; N, 4.12; 0, 

7.61. Calc. for C3rHz9MnN203Sn: C, 57.18;H, 4.49; 
N, 4.30; 0, 7.37%. IR v(C0) (THF; 293 K): 1986(s), 
1905(m), 1890(m) cm-‘. ‘H NMR (CDCl,: 293 K) 
6: 1.04 (d, 3H)/1.65 (d, 3H), 2.75 (s, 3H), 4.64 (m, 
lH), 7.26 (m, broad, 18H), 8.09 (s, 1H) ppm. 
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[Ph 3SnMn(CO)3 (bipy’)] 
Anal. Found: C, 59.38; H, 4.88; N, 4.13; 0,7.04. 

Calc. for CasHs,MnN20aSn: C, 58.88; H, 4.04; 
N, 4.16; 0, 7.13%. IR v(C0) (THF; 293 K): 1985(s), 
1901(m), 1888(m) cm-‘. ‘H NMR (CDCls; 293 K) 
6: 2.52 (s, 6H), 6.94 (d, 2H), 7.18 (m, 9H), 7.44 (d, 
6H), 7.68 (s, 2H), 8.93 (d, 2H) ppm. 

[Ph3SnMn(CO)3(en’)J 
IR v(C0) (THF; 293 K): 1981(s), 1898(m), 1857- 

(m) cm-‘. 

/Ph, GeMn(CO)3 (i-Pr-DAB}] 
IR v(C0) (THF; 293 K): 1992(s), 1910(m), 1893- 

(m) cm-r. 

(Ph,PbMn(CO),(i-B-DAB) 
IR v(CO) (THF; 293 K): 1995(s), 1918(m), 

1908(m) cm-‘. 

[Ph3SnRe(C0)3(t-Bu-DAB)J 
Anal. Found: C, 47.31; H, 4.61; N, 3.52;0,6.20. 

Calc. for CsiHssNsOsReSn: C, 47.22; H, 4.47; N, 
3.55; 0, 6.09%. IR Y(CO) (THF; 293 K): 2003(s), 
1909(m), 1901(m) cm-‘. ‘H NMR (CDCls; 293 K) 
6: 1.46 (s, 18H), 7.18 (m, 9H), 7.39 (d, 6H), 7.97 
(s, 2H) ppm. 

[Ph&Re(CO),(i-Pr-PyCa)J 
Anal. Found: C, 46.47; H, 3.62; N, 3.55;0,6.21. 

Calc. for CseHa,NsOsReSn: C, 46.89; H, 3.54; N, 
3.65; 0, 6.25%. IR v(C0) (THF; 293 K): 1997(s), 
19Ol(m, broad) cm-‘. 1 H NMR (CD&; 293 K) 6: 
1.21 (d, 3H)/1.46 (d, 3H), 4.36 (m, lH), 7.00 (t, 
lH), 7.13 (m, 9H), 7.20 (d, 6H), 7.44 (d, lH), 7.62 
(t, lH), 8.38 (s, lH), 8.98 (d, 1H) ppm. 

[Ph, SnRe(CO), (bipy ‘)J 
IR v(C0) (THF; 293 K): 1995(s), 1895 (m, broad) 

F? 
-‘. ‘H NMR (CDCls; 293 K) 6: 2.44 (s, 6H) 6.92 

2H), 7.04 (m, 9H), 7.10 (d, 6H), 7.59 (s: 2H), 
8.84 (d, 2H) ppm. 

i&-DAB 
‘H NMR (CDCls: 293 K) 6: 1.24 (d, 12H), 3.43 

(m, 2H), 7.93 (s, 2H) ppm. 

t-&-DAB 
‘H NMR (CD&; 293 K) 6: 1.30 (s, 18H), 7.93 (s, 

2H) ppm. 

i-Pr-Py Ca 
‘H NMR (CDCl,; 293 K) 6: 1.27 (d, 6H), 3.43 

(m, lH), 7.04 (t, lH), 7.27 (t, lH), 8.01 (d, lH), 
8.38 (s, lH), 8.60 (d, 1H) ppm. This latter resonance 
is absent in i-Pr-PyCa’: G(CHs-group): 1.96 (s, 3H) 
ppm. 

bipy ’ 
‘H NMR (CDC13; 293 K) 6: 2.51 (s, 6H), 7.19 (d, 

2H), 8.30 (s, 2H), 8.60 (d, 2H) ppm. 

Photochemical Preparation of [Ph3SnMn(CO)z (t- 
Bu-DAB)(PPh3)J 

[PhsSnMn(CO),(t-Bu-DAB)] (0.5 mmol) was 
dissolved in freshly distilled and deoxygenated THF 
(60 ml). An excess of PPhs (1 mmol) was added and 
the solution was irradiated with the blue/green line 
of an Ar ion laser (h = 488 nm, p 2 50 mW) in a 
nitrogen atmosphere. After the reaction mixture 
had turned completely blue, the irradiation was 
stopped and checked by IR spectroscopy. There- 
after the solution was evaporated to dryness and 
washed twice by 100 ml benzene/hexane (1:4) to 
get rid of the excess PPhs. Yield 98%. Anal. Found: 
C, 62.93; H, 5.65; N, 2.92; 0, 4.17. Calc. for &a- 
HseMnNsOsPSn: C, 64.67; H, 5.65; N, 3.14; 0, 
3.59%. IR v(C0) (THF; 293 K): 1908(m), 1840(m) 
cm-‘. ‘H NMR (CDCls; 293 K in the dark) 6 : 1.12 
(s, 18H), 7.3-7.8 (m, broad, 3OH), 8.26 (s, 2H) 
ppm. 3’P NMR (THF; 293 K) 6 (with respect to 
85% H3P04): +23.6 ppm. 

Crystal Structure Determination of [Ph3SnMn(CO)3- 
(t-Bu-DAB)] 

Crystal data C3iHs5MnN203Sn, M= 657.24, 
monoclinic, space group F2i/c, a = 20.025(l), b = 
18.917(l), c= 17.117(l) id, fl= 112.120(O)“, V= 
6006 A3, D, = 1.44 g/cm3, 2 = 8, F(OO0) = 2672, 
h(Mo Ko) = 0.71069 A, ~(Mo Ko) = 8.75 cm-i. 

4598 Reflections with I> 2.5*0(1) were measured 
on a Nonius CAD 4 diffractometer (8-20 range) 
using graphite-monochromated MO Kor radiation. No 
absorption corrections were applied. The positions 
of the heavy atoms Sn and Mn were derived from an 
E*-Patterson synthesis. The remaining non-hydrogen 
atoms were obtained from subsequent AF syntheses. 
Refinement proceeded by means of block-diagonal 
least-squares calculations. The R value is 0.13 at this 
stage, due to pseudo symmetry in the PhaSn parts 
of the molecules, preventing further refinement. 
This problem is still under study. The calculations 
were performed with the X-ray system [16] and 
PLUTO [17]. 

Results and Discussion 

Molecular Orbital Scheme 
In order to get more insight into the electronic 

structures of the complexes [PhsEM(CO)s(o-di- 
imine)] a comparison was made with the parent 
compounds [Ph,EM(CO)sJ (E = Ge, Sn, Pb; M= 
Mn, Re) for which a qualitative molecular orbital 
(MO) diagram is depicted in Fig. 3A. 
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XY 
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Fig, 3. (A): qualitative molecular orbital diagram of [R3- 
EM(CO)s]; (B): qualitative molecular orbital diagram of 
[ R3EM(C0)&diimine)]. 

The lowest-energy electronic transition of these 
complexes is the q, -+ u* (E-M) transition; the posi- 
tion of which depends on the sp3 level of R3E frag- 
ment [18]. 

It is known from other studies that especially 
the Sn-Mn bond in [Ph,SnMn(CO),] is remarkably 
strong with respect to halogenation reactions [19] 
under thermal conditions. Photochemical splitting 
of the metal-metal bond can be achieved by the use 
of UV radiation and in the presence of P(OPh)s many 
photoproducts have been formed [ 181. 

When two carbonyl groups of the M(CO)s frag- 
ment are substituted by a bidentate ligand with a low- 
lying 7r* orbital, such as an a-diimine ligand (Fig. I), 
the MO diagram changes (Fig. 3B). 

The lowest,energy transitions are now directed 
to this 7r* orbital and may originate from the metal- 
metal bonding (q,) orbital as well as from the metal 
(d,) orbitals not involved in the metal-metal bond. 
These transitions are responsible for the deep colours 
of these complexes. In the [Ph,EM(CO),] com- 
plexes (E = Ge, Sn, Pb; M = Mn, Re) the ub orbital 
is the HOMO. Substitution of the two carbonyl 
groups of the M(C0)5 fragment by the a-diimine 
ligand, however, causes an increase of electron 
density at the central metal atom (M) [20]. As a 
result the metal d, orbitals will be destabilized and 
(nearly) coincide with the (Tb orbital. This effect has 

been observed before in the Ultraviolet Photoelectron 
spectra of a series of d7 metal-metal bonded car- 
bonyls and their cY-diimine derivatives [Zl]. 

X-ray Structure 
Of special interest in the PLUTO picture (Fig. 4) 

of [Ph3SnMn(CO)J(t-Bu-DAB)] is the position of 
the t-Bu-DAB ligand. It was already shown by 
Staal et al. [22] and Kokkes et al. [6,7] that this 
ligand coordinates u-N, u-N’ to, for example, Mn or 
Fe via its nitrogen lone-pairs. The crystal structure 
shows that the geometry is almost octahedral around 
the Mn atom and that the angle between the plane 
formed by Mn-Nl-C19-C20-N2 and the Sn-Mn 
bond is 82”. 

The configuration around the Sn atom is more 
or less tetrahedral, although the Ph groups are bent 
a few degrees away from the Mn atom. At this stage 
the R value is still 0.13 due to pseudosymmetry 
between the PhsSn parts of different molecules. 
Because of this, some uncertainty still exists in the 
atom positions, which is, however, restricted to the 
atoms of the phenyl rings. Although this problem is 
still the subject of a detailed crystallographic study, 
further refinement will certainly not influence the 
bond lengths collected in Table I and also not change 
the PLUTO structure presented in Fig. 4. This struc- 
ture agrees with those published for [R,EM(CO),] 
complexes [23]. 

TABLE 1. Some Selected Bond Lengths (A) of (PhsSnMn- 
(C0)3(t-Bu-DAB)] 

Snl-Mnl 
Mnl--Nl/N2 
Mnl-C2l/C22/C23 
Nl/N2-Cl9/C20 

2.70(l) 
2.1 O(2) (mean) 
1.85(l) (mean) 
1.29(2) (mean) 

C25 

Fig. 4. PLUTO drawing of [Ph$nMn(C0)3(t-Bu-DAB)] 
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Fig. 5. Lowest-energy absorption bands of [Ph$nMn(CO)g- 
(t-Bu-DAB)] (1 = acetonitrile; 2 = cyclohexane). 

2.- 
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Fig. 6. Lowest-energy absorption bands of [PhsSnRe(CO)a- 
(t-Bu-DAB)] (1 = acetonitrile; 2 = cyclohexane). 

(Tag) of the cY-diimine l&and (q, + rr*l). This assign- 
ment is however rather unlikely for the following 
reasons. First of all, the u,, orbital will hardly overlap 
with the tr*r level and a transition between these 
orbitals can therefore not account for the high 
intensity of this absorption band. Secondly, the rR 
spectra, which will be discussed below, closely re- 
semble those of the mononuclear analogues [ReX- 
(CO)s(cr-diimine)] (X = Cl, Br, I) [3b] and [M(CO),- 
(a-diimine)] (M = Cr, MO, W) [3a, 4a, 4b]. For one 
of the [PhsSnRe(CO)a(cr-diimine)] complexes only 
a weak rR effect is observed for the metal-metal 
vibration. We therefore assign this low-energy band 
to the MLCT transitions from the metal-d, orbitals 
not involved in the metal-metal bond to n*t(d,-+ 
rr*r). This assignment agrees with the one given by 
Kokkes et al. [6] and Staal et al. [22] for the low- 
energy band of the corresponding complexes [(CO)s- 
MM’(CO)s(cr-diimine)] (M, M’ = Mn, Re). The pres- 
ence of more than one MLCT transition within this 
band (see Fig. 3B) is evident from the appearance of 
a shoulder at the high-energy side in apolar solvents 
and at lower temperatures. One has to realize that 
the HOMO of these complexes may still be the ob 
orbital as has been observed in the Ultraviolet Photo- 
electron Spectra of analogous complexes [21, 261. 
From the solvatochromic behaviour of these MLCT 
transitions (A, Table III) it can be concluded that 
the shift A increases in the order R-DAB < R-Py- 
Ca < bipy in agreement with a decrease of n-back- 
bonding capacities in this order. 

Substitution of CO, by PRa in [PhaSnMn(CO),- 
(t-Bu-DAB)] causes an increase of electron density 
on Mn and as a result not only a shift to lower energy 
of the MLCT band, but also complete loss of solva- 
tochromic (A = 0) behaviour. 

Resonance Rarnan Spectra 
In order to get more information about the charac- 

ter of the MLCT transitions and the properties of 

TABLE III. UV-Vis Spectral Data of [PhsEM(CO)a(or-diimine)] Complexes (h [mu]; E [M-i1 cm-‘] in parentheses) 

MLCT transitions 

max 
Lhexane 

A a 
max 

hacetonitrile 

[PhaGeMn(CO)a(i-Pr-DAB)] 500 373b 481(4550) 19 
[Ph$nMn(CO)a(t-Bu-DAB)] 499 421b 479 (5100) 20 
[PhaPbMn(CO)a(i-Pr-DAB)] 507 438b 486 (4200) 21 
[PhsSnMn(CO)s(i-Pr-PyCa’)] 534 332 488 (4650) 46 
[PhgSnMn(CO)s(bipy’) 537 334 477 (2200) 338 (4800) 60 
[PhsSnMn(CO)s(t-Bu-DAB)(PPhs)] 596 399c 591 (3400) 400 (5600) 5 

[ Ph$InRe(CO)a(t-Bu-DAB)] 487 403 454 (5200) 376 (2700) 33 
[ PhaSnRe(CO)3(i-Pr-PyCa)] 510 376 456 (5900) 338 (2700) 54 
[Ph$nRe(CO)s(bipy’)] 5ooc 434 (4150) 66 

aA = kZZ&re - G$konitrile in nm of the lowest MLCT band. bShouder. CSparingly soluble. 
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of the excited states, the rR spectra of the [PhsSn- 
M(CO)s(cw-diimine)] complexes and of the photo- 
product [PhsSnMn(CO)s(t-Bu-DAB)(PPhs)] were 
investigated. During these measurements the frequen- 
cy of the exciting laser line (nearly) coincided with 
the maximum of the low-energy absorption band. 
Because of the strong photosensitivity of these com- 
plexes in solution [l 1, 121, the spectra were mea- 
sured from KNO, disks at 110 K [13], two of them 
being illustrated in Figs. 7 and 8. 

Resonance enhancement is observed for several 
stretching modes of the cr-diimine ligand and for one 
of the CO stretching mode in the case of the Mn 
complexes. In the low-frequency region (70-700 
cm-‘) weak rR effects are observed for several 
metal-ligand stretching modes and for M-CO 
deformation modes. Between 700 and 1300 cm-’ 
mainly o-diimine deformation modes are Raman 
active but these vibrations only show very weak rR 
effects. 

The strong rR effects observed for uI(CN), the 
symmetrical CN stretching mode of the R-DAB 
and R-PyCa ligands and for the pyridine ring stretch- 
ing modes of the R-PyCa and bipy ligands, confirm 
the assignment of the lowest-energy absorption band 
to electronic transitions from the metal to the lowest 
n* level (n* r) of the cll-diimine ligand. 

Two important conclusions can be drawn from 
these rR spectra. First of all, for only one of the 
complexes a weak rR effect is observed for the 
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Fig. 7. Resonance Raman spectrum of [Ph$nMn(C0)3(t- 
Bu-DAB] (KN03 disk at 110 K; he,, = 514.5 nm; P = 
100 mW). 
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Fig. 8 Resonance Raman spectrum of [Ph$nRe(CO)a(t- 
B&-DAB)] (KN03 disk at 110 K; hexe = 514.5 nm; p = 
120 mW). 
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a 
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10 * 
a 

Fig. 9. Excited state ‘through-space’ interaction of metal 
%, cx-diimine n*, and axial carbonyl n* orbitals in the case 
of the weak (top) and strong (bottom) metal (d&a diimine 
(n* 1) mixing. 

metal-metal vibration (v(Sn-Re) of [PhsSnRe- 
(CO)3(t-Bu-DAB)] at 133 cm-‘). This means that 
the metal-metal bond is not or hardly affected 
during these MLCT transitions. These transitions 
will therefore not take place from the metal-metal 
bonding orbital or, but from the metal d, orbitals 
not involved in the metal-metal bond. This con- 
clusion is supported by the close similarity between 
these spectra and those of the mononuclear analogues 
[ReX(C0)3(cr-diimine)] (X = Cl, Br) [3b] and [M- 
(CO),(cr-diimine)] (M = Cr, MO, W) [3a, 4a-c]. 

A second important feature is the observation of 
a rR effect for just one CO stretching mode at 
about 2000 cm-’ in the case of the manganese 
complexes. This vibration which belongs to the car- 
bony1 ligand cram to the tin atom (v(CO),) is not 
observed in the spectra of the corresponding Re 
complexes. A similar phenomenon has been observed 
for the corresponding [M(CO),(ol-dimine)] (M = Cr, 
MO, W) complexes which usually only show a strong 
rR effect for one of the v(CO)s in the case of M = Cr 
[3b, 4a-c]. The frequencies of v(CO), and v,(CN) 
are 30-40 cm-’ lower than those for the correspond- 
ing modes of [MX(C0)3(cr-diimine)] (M = M, Re; 
X = Cl, Br) [3b]. These shifts are most pronounced 
for the t-Bu-DAB complexes. 

The observation of a resonance enhanced v(CO), 
in the case of the manganese complexes [Ph3SnMn- 
(CO),(cu-diimine)] can be explained with the model 
developed before [3a] and schematically illustrated 
in Fig. 9. When the MLCT transition (d,+ rr*r) 
has a strong MLCT character as, for example, in the 
case of the bipy complexes, the mixing between the 
d, and rr*r orbitals will be weak and the excited 
state will have its largest electron density at the 
N atoms of the cr-diimine ligand. Through-space 
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overlap can then take place between rr*r and a n* 
orbital of the axial carbonyl ligand. 

Excitation of an electron into 7r*r causes an in- 
crease of electron density at the axial carbonyl which 
in turn involves a rR effect for its stretching vibra- 
tion. No such overlap can occur with the rr* orbitals 
of the two equatorial CO groups. When there is a 
strong mixing between the metal d, and cu-diimine 
R*, orbitals (n-backbonding) as in the case of the 
R-DAB complexes (Fig. 9 bottom), the interaction 
between the MLCT state and a R* orbital of CO, 
will be repulsive. Thus, no delocalization of negative 
charge over the CO ligand will take place and no rR 
effect is observed for v(CO),. This explains the de- 
crease of rR intensity of v(CO), on going from the 
bipy to R-PyCa and R-DAB complexes [3]. Not 
only the strength of mixing between the d, and tr*r 
orbitals is of importance here, the size of the metal 
also influences the delocalization of the excited state. 
When the size of the metal increases on going from 
Mn to Re, through-space overlap between rr*r and 
s*(CO,) will decrease. This in turn will cause a 
decrease of rR intensity of v(CO),. 

Although rR spectra have been recorded with 
different exciting laser lines, no reliable excitation 
profiles could be obtained since the complexes were 
inhomogeneously dissipated in the KNOs disks. 
Moreover, photodecomposition became a severe 
problem at wavelengths longer than 520 nm. The 
only important feature of the rR spectrum of the 
photoproduct [PhsSnMn(CO)z(t-Bu-DAB)(PPha)] 
is the absence of y(CO),. 
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