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LIGAND 
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D.N. KURSANOV 
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(Received April 3rd, 1978) 

It has been established that the nitrogen atom in ~-pyrrolyltricarbonylman- 
gauese can form a donoracceptor bond with transition metals. This property 
was used to synthesize novel binuclear complexes in which a pyrrolyl ring per- 
forms two functions: a 7r-ligand to the manganese atom and an n-ligand to 
another metal.. 

Introduction 

Recently, while studying acylation of pyrrolyltricarbonylmanganese (PTM) 
we showed [ 11 that the acylation process is accompanied by extensive rearrange- 
ment of bonds in the molecule, resulting in formation of a binuclear complex 
(I). It is interesting that lm this compound the molecule of the initial PTM acts 
as a two-electron ligand. The capacity of the nitrogen atom in the pyrrolyl ring 
n-bonded to the manganese atom to coordinate with another transition metal 
has not been previously reported. This stimulated us to study in greater detail 
the coordination of PTM with transition metals. 
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‘Results and discussion 

For the present study we chose n-cycloperitadienyltricarbonyl complexes 
of rhenium (CTR) and manganese (CTM), since methods of substituting CO 
ligands with other two-electron ligands are already sufficiently well developed 
for these compounds [2,3]. By photochemical replacement of a CO ligand with 
tetrahydrofuran [ 3-51 and subsequent interaction of PTM with the tetrahydro- 
furan complex we were able to obtainer-cyclopentadienyldicarbonyl complexes 
of rhenium (II) and manganese (III) in which the PTM molecule acted as a two- 
electron ligand (Scheme 1). 

I hl' 
f THF - 

-co f 

II,M = Re 
lIt,M = Mn 

The binuclear complex II was obtained as dark-orange crystals, m-p. 134- 
136”C, that readily dissolve in methylene chloride. It is stable in the solid- state, 
gra;dually decomposes in solution and rapidly decomposes when chromatographed 
on alumina or silica gel. 

The structure of this complex was determined by X-ray structural analysis. 
Crystals of II are monoclinic, a = 6.349(2), b = 13.653(5), c = 3_7.128(3) A, y = 
97S5(2)“, V = 1471.7(7) A3, M = 512.4, d, = 2.29, d, = 2.31 g/cm3 for Z = 4, 
space group P2 1 / b. 

In the binuclear complex II (Fig. 1) both metal atoms have an almost ideal 
octahedral coordination. z-Pyrrolyl and n-cyclopentadienyl ligands are triden- 
tate, which is typical for monocyclopentadienyl complexes of Grcup VII transi- 
tion metals of the type (n-C,H,)M(CO), and (rr-C,HS)M(CO)2L, where L is a 
monodentate ligand [6]_ Using its lone electron pair, the nitrogen atom forms 
a donor--acceptor bond with the Re atom, and the pyrrolyl ring becomes both 
a 7i--ligand to Mn and an n-figand to Re. 

Both five-membered cyclic ligands are planar within 0.01-0.03 A (plane 
equations: 0.3800x + 0.6052~ - 0.69962 = 2.1662 for the Cp ligand and 
-0.2049x + 0.75663, - 0.6309z = -0.8938 for the pyrrolyl ligand). The Re-N 
bond is not strictly coplanar with the pyrrolyl ligand forming an angle of 6.7” 
with it (in I the corresponding angle is 7-9”). The Re-N bond length of 2.194(15) 
A does not differ from that found for bonds with amino groups in (Re(CH3NH&- 
(CHzN)C1)(C10,j2 171, although it is slightly shorter than the sum of covalent 
radii (2.24 A) of Re (1.54 A [S]) and N (0.70 A [9])_ 

Asin complex I, the Mn atom is symmetrically bonded to the heterocyclic 
ligand: within experimental error the average Mn-C distance of 2.18(2) A 
coincides with the Mn-N distance of 2.16(Z) A; C-C and C-N bond lengths 
are practically equalized in the pyrrolyl ligand (average i-42(2) A). The mean 



Fig.l. 

Re-C(Cp) distance of 2.31(2) A coincides with that in monocyclopentadienyl- 
rhenium complexes [S]; C-C bond lengths in the Cp ligand are normal (1.36(4)- 
1.48(4) & average l-42(4) A). Metal-carbonyl groups Re-C-0 and Mn-C-0 
are linear with normal M-C and C-O bond lengths [lo]_ Atomic coordinates 
and anisotropic temperature factors are given in Table 1 and bond angies in 
Table 2. 

Mass-spectrometric, IR and PMR spectroscopic data are in agreement with 
X-ray analysis of II. The mass spectrum of II (Table 3) exhibits a molecular ion 
at m/e 513. Further fragmentation completely agrees with the proposed struc- 
ture of II. The IR spectrum of the binuclear complex II in CH2C1, shows five 
absorption bands in the carbonyl region at 1836,1909,1964,1973 &d 2050 
cm-’ that correspond to the vibrations of the five carbonyls in the complex_ 
Bands at 1836 and 1909 cm-* belong to the CpRe(CO), fragment_ Decreasing of 
local symmetry due to formation of a binuclear complex leads to splitting of 
the low-frequency E-type band in the PTM fragment into two components. As 
a result, for this fragment three bands at 1964,1973 and 2050 cm-’ are observed 
in the cat-bony1 region. 

The PMR spectrum of II in CD& reveals only two signals with chemical shifts 
of 6 5.00 and 6.55 ppm (intensity ratio, 7 : 2) i.e. the signal of the Cp ring 
overlaps with the signal of P-hydrogens of the pyrrolyl ring (according to [ 111, 
in PTM the proton signal displayed at lower field position belongs to a-protons). 

The manganese analogue (III) was isolated as a red-orange powder, dec. 90°C. 
The mass-spectrum of III (Table.4) shows the molecular ion with m/e 381 and 
the corresponding fragment ions, indicating a similarity of structures II and III. 

As in the rhenium analogue, the IR spectrum of III (KBr pellets) has five 
bands in the carbonyl region at 1828,3.907,1950,19’74 and 2044 cm-‘. 

The manganese complex is less stable in solution than its rhenium analogue. 

(continued on p_ 436) 
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TABLE2 

BONDANGLES.w(“) 

Angle w Angle W Angle W 

92(l) C(S)-R-N 93.8(7) C(9)--N--cW lOS(2) 

920) Re-C(4)--0(4) 178(2) N-C(6+C(7) llO(2) 

38(l) Rd(5)--0(5) 176(2) c<1o)-C(li)--c(12) lOS(2) 

17x(2) Re--N--C(G) 129(l) C:ll)-C<12)-_c<13) 102<2) 
175(2) Re-N-C(S) 122(l) C(12?C(13)--c(l4) 116(3) 
178(2) c(6)--c(7)--c(S) 107(2) C(l3)-a14)--c(10) 101(Z) 

90.8(9) CW-C(8t--c(9) 10&K(2) C(14F-Cmu-C(1~) ill(2) 
96.7<8) C~8l-w9)-_N 107(2) 

TABLE3 

,MASSSPECTRUMOFCOhWLEXII 

513 0.5 w 
429 4.5 (nr- 3co)+ 
373 12.9 (M-5co)+ 
318 5.6 (CgH+eCqHqN)+ 
308 13.5 (CSHsRe(C0)2)* 
280 66.0 <C5HSRe(CO))+ 

252 36.0 (CsHsBe)+ 
205 5.9 (PTM)+ 

187 15.9 (Re)+ 
177 6.7 (C4H4Nm(CO)2)+ 
149 12.3 <c4~~(CO))+ 
121 63.1 Nh=@hW+ 
67 27.5 <C4H@H)* 
55 100.0 <hW+ 

TABLE4 

MASSSPECTRUMOFCOMPLEXIII 

m/e 96 lilt. Ion 

381 

325 
241 
205 

186 
177 
149 

121 

120 
67 

66 
65 

55 

1Z. 
66.3 
15.2 

32.8 
6.3 

18.3 

74.3 

29.9 
12.9 

26.8 
10.1 

100.6 

in+ 
(M- 2CO)+ 
(M--CO)+ 
(PTM)+ 

(CgH5-CaHqN)+ 
(C+4-(CG)2)+ 
(C4H4NMn(CO))* 

(C4H4NMa)+ 

(CsH#Q+ 
(C$-QNH)+ 

(C4H4N)+ 
(C,H,)+ 

(Mn)+ 
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This is presumably due to the considerably smaller covalent radius of the man- 
ganese atom @In, 1.38; Re, 1.54 A [S]) and to the steric hindrances arising 
from replacement of the CO ligand with bulky PTM. 

Hence, we have synthesized.a new type of binuclearcomplexes in which 
k-pyrrolyltricarbonylmanganese is a two-electron ligand. 

Experimental 

PTM was prepared according to [ 121. 

0.25 g (0.75 mmol) of CTR in 20 ml of abs. THF were photolysed (quartz 
lamp, 220 W) for 3 h at +5”C under dry argon. To the obtained light yellow 
solution 0.15 g (0.75 mmol) of PTM in 10 ml of abs. THF were added with 
stirring and the mixture was then stored overnight at room temperature. The 
solvent was removed in a flow of argon. The remaining brown oil was washed 
three times with cooled hexane and dried under vacuum. 0.21 g (55%) of raw 
product II was obtained as a brown powder. Crystallization from a hexanel 
CH2C12 mixture (-10 : 1) was accompanied by intensive decomposition. 0.02 
g (5%) of pure II, m-p. 134-136”C, were obtained after triple crystallization. 

Complex III 
0.2 g (9.8 mmol) of CTM in 20 ml of abs. THF were photolysed for 5 h (under 

conditions similar to those described for II). 0.2 g (9.75 mmol) of PTM in 10 ml 
of abs. THF were added to the dark crimson solution formed. The unreacted 
PTM and CTM were removed by sublimation. 0.18 g (48%) of III was obtained 
as a red-orange powder, dec. 90°C. 

Ma& spectra were obtained on a MS-30/I&-50 instrument. IR spectra were 
recorded on a UR-20 spectrophotometer, and PMR spectra were measured on 
a Perkin-Elmer R-20 spectrometer (working frequency 60 MHz). 

An X-ray analysis (2259 reflections with I > 20) was carried out on a Syntex- 
P2, automated diffractometer @MO-&, graphite monochromator, e/26 scan, 
28 =G 54”); no absorption corrections were introduced. The structure was solved 
by the heavy atom method and refined by the full-matrix anisotropic least 
squares. technique (R = 0.062) with an Eclipse S/200 mini computer using XTL 
programs. 
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