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A B S T R A C T  

Photo lys ls  of [M(CO)5M'(CO)3(dab) ]  (M. M' = Mn, Re; dab = I .b . -d lazabuta- l ,3 -d lene,  

RN=CH-CH=NR)  In 2 -Me-THF leads to both hemo ly t i c  and he te ro l y t l c  sph t tmg  of 

the m e t a l - m e t a l  bond depending on the solut ion t empera tu re .  In a r ig id  medlum such 

as a C H 4 - m a t r l x  no breakxng of the m e t a l - m e t a l  bond Is observer  but xnstead fo rm-  

at lon of  [M(CO)3M'(CO)3(dab) ]  in which compound the dab- l lgand Is d,=.~-.~ brzdglng 

between M and M'.  

I N T R O D U C T I O N  

Much a t t en t i on  has been paid recent ly  to the spectroscop> and photochemlst r> 

of dmuc lear  m e t a l - m e t a l  bonded species such as [Mn2(CO)10] (refs. I.2b. -Nil photo-  

chemica l  react ions of [M2(CO)10] (M = Mn, Re) (ref.3) ~ncludlng the i r  d l sp ropor t lona t [on  

in pyr ld lne  (ref .4) have been exp la ined by a homo ly t , c  sp l i t t i ng  of the m e t a l - m e t a l  

bond. We have lnvestzgated in de ta i l  the spect roscopy (resonance Raman. l . r . .  u°~. 

and u .v . -p .e .s . )and  the pho toehemls t r y  of [M(CO)sM'(CO)3(dab) ]  :M, .~1' = Nln, Re), 
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Fig. i. Structure of [M(CO)5M'(CO)3(dab)] Fig. 2. Tentative Term Scheme 
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the structure of which IS shown m figure 1. These complexes possess an Intense 

absorption band at about 550 nm. which has been asslgned to a ab + I?(L) charge 

;ransfer (c.t.) transltlon (ref.5). Although an assignment to a di,(M’) * n*(L) c.t. 

transItIon IS more likely In view of the close correspondence between the resonance 

Raman (r.R.) and absorption spectra of these complexes and their mononuclear d6 

analogues (refs. 6,7) photolysls might still occur from the 
3 

ubfl state ithex states 

(ref.8)]. A tentative term scheme IS presented In figure 2. Photolysis from the 
3 

abfl 

state ~111 cause cleavage of the metal-metal bond. This spllttlng can be homolytlc 

as has been observed for [M(co)~M’(co)~L] (M, M’ = Mn, Re; L = l,lO-phenantroitne, 

2,2’-blqulnoline) In CC14 (ref.5) or heterolytlc because of the different electronegatlv- 

ItIes of the two metal fragments. 

RESULTS 

Photolysls of [Mn(CO),Mn(CO),(dab-ipr)] (dab-rpr = I-C~H~-N=CH-CH=N-I-C~H~) 

In Z-Me-THF at 230 K with x = 514.5 nm gives [Mn,(CO),Ol and [Mn2(C0)6(dab-w)21 

(figure 3) after homolysls of the parent compound into [.Mn(CO),l and [.Mn(C0)3(dab)l 

Fig. 3 

I.R. spectra obtatned after 

photolysis of [Mn(C0)5Mn- 

(COJ3(dab-lpr)] m 2-Me-TH F 

at 140 and 230 K. 

Q = fMn2KO~1 & 

0= [Mn2(C0)6(dab-[pr)2] 

V = fMn2(C0J6(2-Me-TH F),] 

0 = [Mn(CO);] 

8 = [Aln(C0)3(dab-rpr)(2-Me- 

-TH FJf 

--= obscured bands of 

fMn2iCOlI ,,l 

140 K 

230 K 
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radicals. [Mn,(CO),(dab-lpr),] appears to be unstable and reacts with Z-Me-THF 

to [Mn2(CO)6(2-Me-THF)4] upon warming the solution to 293 I<. 

Upon photolysls at temperatures below 200 K new bands appear at tfhe expense 

of those belongmg to [Mn2(CO).,0] and [Mn,(COj,(dab-lpr),]. These bands are asslgned 

to [Mn(CO)5-] and to the solvated catlon [Mn(CO),!dab-lprl(2-Me-THF)A]. Apparently, 

at lower temperatures the d[ffuslon of the radicals IS hampered by the hrgh vtscoslty 

of the solvent an3 they ~111 recombine to the parent compound. Heterolys~s of the 

metal-metal bond w11i then be favoured the more since the solvent molecules will 

coordinate to [Mn(C0)3(dab! 
i 

] at these temperatures. thus lnhlbltlng the recombination 

of the Ions. When a sorutlon of these Ions IS warmed to 140 K. Z-Me-THF IS released 

and recomblnatlon of the Ions to the parent compound IS observed. 

Photolysis in a CH,,-matrix at 12 K 

wavenumber 

Ftg. 4. IX. spectral changes upon photolqszs of [\fn(CO)5Re(C0)3(dab-zpr)l xzth X = 

514.5 nm In a CH4-mQtrlX Qt 12 K. 

In a rlcld medium such as a CHq-matrix splitting of the metal-metal bond ~111 be 

immediately followed by recomblnatlon to the parent compound. In that. case a reactlon 

can occur from the 
3 

drr++ state (fig. 2). For [Mn~CO),Re:COj3idab-lpr)] this results 
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rn loss of two carbonyl lrgands from 

the Mn(COjs morety of the complex 

and a conformational change of the 

dab-lrgand from a.a-chelate to C.G, 7, li- 

-brrdgrng (figs. 4 and 5). The loss of 

CO IS assumed to be caused by delocalrz- 

atron of the ‘dsi? state over these 

carbonyls, whrch IS evident from the 

r.R. spectra. The carbonyl-stretchrng 

frequencies of the [Mn(CO),Re(CO)3(dab- 

-rpt-)I formed closely resemble those 

of [M n!CO)3Mn(CO)3(CH3-N=C(CH3)- 

-C(CH3)=N-CH3)] which compound has 

been synthesrzed by Adams In quite 

another way (ref.9). 

Further support for the c,u,r,z-co- 

ordination of the dab-ligand IS given 

by a shift of v sym(CN) from 1465 cm-’ 

(parent compound) to 1389 cm -’ (photo- 

product). Such a lowerrng of the frequency 

WI11 occur when the ire level of the 

dab-lrgand becomes more strongly in- 

volved In the bonding. 

-0 

hv 1 -co 

Fig. 5. Structures of parent compound 

and photoproduct In a CH4-matrls. 
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