
331 

Journal of Organometallic Chemistry, 1% (1980) 331-338 
0 Elsevier Sequoia S-A., Jkusann e - Printed in The Netherlands 

x-COMPLEXES AS LIGANDS IN TRANSITION METAL COMPOUNDS 

II *. BIS+-PYRROLYLTRICARBONYLMANGANESE)- 
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N-1. PYSHNOGRAEVA, V.N. SETKINA *, V.G. ANDRIANOV, Yu.T. STRUCHKOV 2nd 
D.N. KURSAEiOV 

Institute of Organoelement Compounds, Academy of Sciences of the U.S.S.R., Moscow 
(U.S.S.R.) 

(Received September 7th, 1979) 

The trinuclear complexes, bis-(n-pyrrolyltricarbonylmanganese)tricarbonyl- 
halomanganese (halo = I, Br) have been obtained_ They comprise two molecules 
of n-pyrrolyltricarbonylmanganese acting as N-ligands at the central manganese 
atom due to the formation of donoracceptor Mn-N bonds. 

Introduction 

Recently we have found that the nitrogen atom in r-pyrrolyltricarbonylman- 
ganese (PTM) is capable of forming a donoracceptor bond with a transition 
metal [ 3.1. This property was employed to synthesize binuclear complexes_ of a 
new type, wherein the pyrrolyl ring fulfils simultaneously two functions, acting 
as a 8-ligand to a manganese atom and as an N-ligand to another metal-]2]. 
These complexes were obtained by substituting a CO-ligand at a particular 
metal by PTM through intermediate formation of a tetrahydrofuran derivative. 
Continuing the investigation in this direction, we attempted to replace a CO 
ligand by PTM in x-cyclopentadienyldicarbonyliodoiron, CpFe(CO),I, using 
the same technique. However, instead of the expected iron complex CpFe(CO)- 
I(PTM) we isolated an iron-free trinuclear complex I (Scheme 1), the structure 
of which was :mambiguously established by an X-ray diffraction analysis. 

* Patt I. see reference 2. 
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CpFe(CO)I 

.~~~“~~n(co)3~~“~co~3 

YMnLN 

OC’C/ $-I 

0 0 
(11 

SCHEME 1 

Results and discussion 

Crystal structure of complex I 
The molecular structure of I is shown in Fig. 1, atomic coordinates and tem- 

perature factors are given in Table 1 and bond angles in Table 2. 
Crystals of I are monoclinic, a 11.040(2), b 14.960(2), c 14.028(2) A-, p 

106.15(l)“, V 2225.4(g) A3, M = 675.99, dd, 2.017 g/cm3 for 2 = 4, space 
group P2Jc. 

In the complex two molecules of ($-CJ-&N)Mn(CO), act as N-ligands at the 
third (central) Mn atom forming donoracceptor Mn-N bonds. In addition, 
the central Mn atom is coordinated with the iodine atom and three CO groups, 
i.e. has an octahedral coordination. As a result, all three Mn atoms acquire a 
closed l&electron configuration of an inert gas. As mentioned previously, the 
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TABLE2 

BOND ANGLES, w (“1 

91.8(6) 
88.9<6) 
89.8(6) 
87.5(2) 
91.3<2) 
85.8<4> 

176-l(4) 

89.5(4) 

S6.7(3) 
92.5<5) 
91.4<4) 

176-S(5) 
177-l(5) 
92.3(4) 
93.3<5) 

90.5(6) 

87.3<6) 
91.7(6) 
91.6(6) 
89.7i5) 

89.4<5) 
177.7(1.2) 
177.7<1.2) 

178.5(1.2) 
175.6<1.lj 
176.8<1.1) 

176.6<1.2) 
178.6<1.1) 
179.4<1.2) 
179.4<1.1) 

N(l)C<lO)C(ll) 
c<lo)c~11)c<12~ 
C(ll)C<12)C<13) 
C<12)C<13)N<l) 
C<13)N<l)C<lO) 
Mn(2)N~l~C(lO) 

Mn<2PXUC<13) 
N<2)C<14)C<15) 

C<14)C(15)C(16) 
C(15)C<16)C<17) 
C<16>C<l?)N<2) 
C<l?)N<2)C<l4) 
Mn<2)N(2)C<14) 

Mn<2)N<2)C<17) 

110.4<9) 
106.7<1.0) 
107.4(1.0) 
109.7(S) 
105.8<8) 

129.2U) 
124.7(6) 
110.1<9) 

106.2(1.0) 
106.4<1.0) 
lll_O(S) 
106.3(S) 
125.3<7) 
127.5(7) 

molecule ($-C,‘E,N)M.n(CO), fulfils a similar function in the previously studied 
binuclear complexes [ ($-C,H,N)Mn(CO),] [C&NCOCH3)Mn(CO),] (II) [l] 
and [ ($-C4H4N)Mn(CO),] [$-C5H5)Re(CO),] (III) [Z], wherein an unshared 
electron pair of the N atom participates in coordination bonds with a Mn and a 
Re atom, respectively_ As in the complex II, distances between Mn atoms 
(Mn(2jMn(l) 3.816(2), Mn(2jMn(3) 3.890(2) A) in the complex I substan- 
tially exceed the doubled covalent Mn radius (2.76 A 131) and do not, there- 
fore, correspond to a metal-metal bond (the Mn-Mn distance in the molecule 
II is 3.840 A). The ligand environment of atoms Mn(1) and Mn(3) corresponds 
to the classic “piano stool” configuration with a practically undistorted CBu 
symmetry of the Mn(CO), fragments (C-Mn-C bond angles ranging from 88.9 
to 91.8” ). The C and N atoms of the pyrrolyl ligands are equally bonded to the 
metal atoms, as evidenced by an equivalence of the average Mn-C (2.13(l) A) 
and Mn-N (2.134(8) A) distances, which are comparable to those found in 
complexes II and III and tricarbonyl(2-methyhndolyl)manganese [4] (Mn-C, 
2.144,2X3,2.16; Mn-N, 2.120, Z-16,2.16 a respectively). The pyrrolyl 
ligands are planar and form a dihedral angle of 119.9” with one another; how- 
ever, the Mn(2) atom is not precisely in the planes of the cycles since the bonds 
Mn(2)-N(1) and Mn(2 jN(2) are tilted by 3.6 and 9.3” with respect to the 
planes of corresponding pyrrolyl ligands (in structures II and III angles between 
Mn-N and Re-N vectors and cyclic ligands are 7.9 and 6.7” ). 

No alternation is observed in the distribution of C-C and C-N bond lengths 
in both heterocycles, indicating a delocalization of n-electrons around all the 
cyclic system. Average values of bond lengths in the cycles (C-C, 1.40(l); 
C-N, 1.38(l) a) agree satisfactorihy with those found in II (C-C, 1.399; C-N, 
1.388 & and III (C-C, 1.42; C-N, 1.41 d). 

As already noted, the Mn(2) atom has a slightly distorted fuc-octahedral 
coordination, the Mn-N bond lengths are practically equal (av. 2.116(8) s) 
and within accuracy limits do not differ from the Mn-N distance of 2.140 A in 



335 

the molecule II; the Mn-I distance of 2.722(2) d coincides with the sum of 
covalent radii of &In (1.38 11 [S]) and I(l.33 A [5]). The metaI-carbonyl 
group has a usual geometry with normal lengths of Mn-C (av. 1.80(l) d) and 
C-O (l-14(2) A) bonds. 

Physicochemical characteristics of complex I 
The trinuclear complex I forms as brilhmt orange-red needles, decomposing 

at .140” C, and is readily soluble in acetone and chlorine-containing solvents 
(CIWI,, CIICI,), poorly soluble in benzene end insoluble in hexane. I is stable 
in the solid state, but gradually decomposes in sohrtions; it decomposes com- 
pletely when chromatographed on alumina. 

In the IR spectrum of I in CH,C& there are seven absorption bands in the 
carbonyl group vibration range at 1912m, 1945s, 197Ovs, 198Ovs, 20283, 
2050~ and 2058s cm-’ (bands at 1970 and 1980 cm-’ are poorly resolved). 
Bands at 1912,1945 and 2028 cm-’ we attribute to the CO group vibrations of 
the Mn(CO)SI fragment on the basis of the similarity of these bands with car- 
bony1 bands of the known fat-derivatives of pentocarbonyliodomanganese, 
Mn(CO)SILI (L = PPh3, AsPh3, Py, Dipy) [6] *. The remaining four bands in 
the IR spectrum of I (1970,1980,2050 and 2058 cm-‘) correspond to CO 
group vibrations of two PTM fragments coordinated with the central manga- 
nese atom. It is to be noted that an almost identical position of carbonyl 
absorption bands in the IR spectra of the Mn(CO)31 fragment of the complex I 
and compounds Mn(C0)31L2 (L = Py, 1906,1954 and 2037 cm-‘; L = PPh3, 
1915,1955 and 2042 cm-‘; CHC13 ES]) point to a fairly similar donor ability 
of PTM, Py and PPhB ligands. PTM also shows its high donor strength in the 
complex III, where a substitution of the CO iigand by PTM leads to a shift in 
the absorption bands of the remaining CO groups by 80 cm-’ towards the low- 
frequency region [ 21. 

The PMR spectrum of complex I in acetone-d6 shows three signals with 
chemical shifts of E 5.73,6.74 and 7.18 ppm and a ratio of integral intensities 
of 2/1/l respectively. It was natural to assume that two signals of equal intensi- 
ties refer to cy-protons of the two pyrroiyl rings, and that the signal of double 
intensity to P-protons (according to 171, in PTM the signal at higher field posi- 
tion is due to the &protons). However the presence of two signals for the 
a-protons can be due to-either of two possible alternatives: i) ar-protons of one 
pyrrolyl ring are not equkdent to a-protons of another ring or ii) a-protons of 
each of the rings are not mutuahy equivalent, but are equivalent in pairs, The 
selection end the explanation of one of the possible alternative requires a 
reconsideration of the structure of complex I (Fig. 1). 

It is of interest to note that although the iodine atom is disposed symmetri- 
caky with respect to atoms of nitrogen, 1-C distances to a-carbon atoms of the 
cycles differ greatly: though atoms C(13) and C(17) show the shortened intra- 
molecular contacts I---C(13) of 3.64(l) & and I-X(17) of 3.52(l) & the dis- 
tances I--C(lO) and I-C(14) exceed 4 A. Thus it is clear that the a-protons of 
each of the py~olyl rings are not equivalent one to another, but are equivalent 

* As w& aS ComPOUIldS hh<CO)3IL2 KS]. complex I was obtained by us also by a direct interaction 
between PTM and h¶n<CO)51. 
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in pairs, this resulting from a difference in shielding by the iodine atom (As = 
0.44 ppm). 

Mechanism of formation of complex I 
The formation of a trinuc1ea.r complex I instead of the expected CpFe(CO)- 

(PTM)I (Scheme 1) is rather surprising * and requires special consideration. An 
analysis of such an unusual course of this reaction led us to the conclusion that 
an atomic iodine resulting from UV-irradiation of CpFe(CO),I in THF solution 
is responsible_ However, this assumption required experimental checking. To 
this end, we investigated the interaction of PTM with other iodine-containing 
complexes of transition metals, CpMo(CO),I and CpMo(CO),(SbPh,)I, and 
with iodine solutions. These reactions, conducted under conditions similar to 
the interaction of PTM with the iron complex (Scheme 1), produced the trinu- 
clear complex I. Moreover complex I is also formed by an interaction of PTM 
with iodine or CpFe(CO),I, initiated, not only by an UV-irradiation, but also 
thermally (refluxing in benzene). 

This proved the parkicipation of a~ iodine atom in the formation of the com- 
plex I from PTM **. On the basis of experimental data mentioned above, we 
suggest a foIloK tig gene ZZG scheme of formation of the trinuclear complex I 
(Scheme 2) : 

(CO&Mn 
2 Mn (CO)3 

0 
-( ON) C 

SCHEME 2 

The first stage of this reaction is attack of atomic iodine on the P’I’M mole- 
cule at the manganese atom resulting in breaking-off of the n-pyrrolyl ligand 
and in formation of the coordinatively unsat~ted 14electron intermediate 
IV. The intermediate IV completes its electron shell to an l&electron configu- 
ration by coordination with two PTM molecules (second stage), thus leading to 
complex I. 

In conclusion, it is to be noted that the above interaction of PTM with 
iodine has probably a general character for other halogens as well. This is sub- 
stantial by the formation of a bromide analog of complex I, (PTM)2Mn(CO)313r 
(V), obtained by interaction of PTM with bromine. 

* It is known from the literature that interaction of C~FE(CO)~I with two-electron Egands <for 
exampIe. phosphines and phosphites) usually leads to a substitution of a CO l&and or halogen 
fS--II]. The process can be initiated both by an UV irradiation ad by heating. 

** As the present work was being carried out. Alway and Bamett published a paper on the pboto- 
chemistry of cydopentadienyldicaonylhaloiron complexes (121. where the authors conclude 
that “rupture of the F-Hal bond is not an important path of excited-state decay”. Ho-sever. as 
our experimental data tend to indicate. the formation of the complex I from PTM cannot be 
explained without the participation of atomic iodine. the more so that the homolyris of the M-1 
bond occurs, probabIy, not in the initiri complexes (CpFe(CO)zI. CPMO(CO)~I, CpMo(CO>y 
(SbPhg)I). but in the products of the substitution therein of CO groups by TEIF or PTM. 
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Experimental 

the operations in the and the of_ I car- 
ried in argon. were thoroughly and distilled a stream 
argon prior use_ 

PTM, CpMo(CO)J, CpMo(C0)2(SbPh3)I Mn(CO)sI were 
using known [13-171. 

The diffraction study performed (2130 reflections with 12 20) 
with an Butomic d-circle diffractometer Synthex PZ1 (X MO-H,, graphite mono- 
chromator, 6/20 scan, ZO,,, 45”), absorption not allowed for (~(Mo-K,) 32.2 
cm-‘). The structure was solved by the standard heavy atom method and 
refined by the method of least squares in a full-matrix anisotropic approxima- 
tion, R 0.058, R, 0.064; H atoms, the positions of which were calculated geo- 
metrically, were included in the refinement with fixed positional and tempera- 

ture (4so 5.0 A*) parameters. 
IR spectra were recorded on a UR-20 spectrophotometer and PMR spectra 

were recorded on a Perkin-Elmer R 20 (60 MHz) spectrometer.- 

1. Interaction of PTM with CpFe(CO)21 
a) Under UV-irradiation. 0.3 g (0.99 mmol) of CpFe(CO),I in 25 ml of THF 

was UV irradiated (quartz lamp, 220 W) for 2 hours at +5”C. 0.2 g (0.98 mmol) 
of PTM in 10 ml THF was admixed under stirring to the resultant solution. The 
reaction mixture was left at +5”C for another 4 hours and then left overnight at 
room temperature. The solvent was removed in a stream of argon. A dark- 
brown precipitate was washed 3 times with cold hexane (to remove unreacted 
PTM and partly CpFe(CO),I) and dried in vacua. The residue was dissolved in 
CH&12, an equal volume of hexane was added, and the solution was filtered. 
The solvent was slowly removed in vacua without heating until crystallization 
started. A rapid cooling (-78°C) led to sedimentation of a red-brown precipi- 
tate, whieh was filtered off and recrystallized from a mixture of hexane and 
CH&12 at room temperature. The yield of I was 0.08 g (36% with respect to 
PTM). Elemental analysis. Found: C, 30.14; H, 1.26; N, 4.06; I, 18.63. C7Hs- 
NzO&n~I C&d.: C, 30.20; H, 1.19; N, 4.14; I, 18.77%. 

0.14 g (-50%) of nnreacted CpFe(CO)*I were precipitated from the mother 
solution_ 

All the subsequent photochemical reactions and isolation of the complex I 
were carried out as under the item la. In all reactions described yields of the 
complex I were not optimized. 

b) Under heating. A mixture of 0.2 g (0.98 mmol) of PTM and 0.2 g (0.65 
mmol) of CpFe(CO),I in 25 ml benzene was refluxed for 16 hours: 0.03 g 
(14%) of complex I was isolated. 

2. Interaction of P!i’M with CpMo(CO),I under W-irradiation 
0.1 g (0.27 mmol) of C~MO(CO)~I in 15 ml of THF was W-irradiated for 

3 hours. OJ g (0.49 mmol) of PTM was added in 10 ml of THF. 0.02 g (18%) 
of complex I was obtained. 

3. Interaction of PTM with CpMo(CO),(SbPh,)I under W-irradiation 
0.3 g (0.43 mmol) of CpMo(CO)#bPhJ)I in 35 ml of THF was UV irradi- 
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ated for 3 hours. 0.1 g (0.49 mmol) of PTM in 10 ml of THF was added. 0.02 g 
(18%) of complex I was obtained_ 

4. Interaction of PTM with I2 
a) Under UV-irradiation. 0.09 g (0.35 mmol) of Iz in 15 ml of THF was UV 

irradiated for 2.5 hours. 0.15 g (0.73 mmol) of PTM in 10 ml of THF was 
added. 0.05 g (31%) of complex I was isolated. 

b) Under heating. A mixture of 0.1 g (0.49 mmol) of PTM and 0.06 g (0.24 
mmol) of I2 in 20 ml of benzene was refluxed for 1 hour_ O-05 g (45%) of com- 
plex I was obtained. 

5. Interaction of PTM with Mn(CO)J 
A mixture of 0.38 g (1.86 mmol) of PTM and 0.3 g (0.93 mmol) of 

Mn(CO)sI in 25 ml of n-octane was refluxed for 30 min, resulting in a yellow 
precipitate_ The latter was filtered off and recrystalhzed from a mixture of 
hexane and CH&ll. 0.18 g (29%) of complex I was isolated. Unreacted PTM 
and Mn(CO)sI were precipitated from the mother solution. 

6. Interaction of PTM with Br2 
Two drops of Brz were added to’0.29 g (1.41 mrnol) of PTM in 10 ml of 

Ccl, under stirring and cooling with ice to give a green-yellowish precipitate. 
The latter was filtered off and recrystalhzed &om a mixture of hexane and 
CH&12. 0.12 g (40%) of brilliant yellow crystals of the complex V was isolated. 
Its decomposition point was -165°C. Elemental analysis. Found: C, 32.44; H, 
1.07; N, 4.37; Mn, 26.56; Br, 13.30. C1,HsN20&n3Br Caicd.: C, 32.43; H, 
1.27; N, 4.45; Mn, 26.23; Br, 12_71%_ 

IR-spectrnm (CH,Ci,): v(C0) 1912m, 1948vs, 1967vs, 1981vs, 2031s, 
205Ovs, 2058s. 

PMR-spectrum (acetone-d6): S 5.80 (2H); 6.84 (1H); 7.13 (1H) ppm. 
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