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Summary 

It has been found that interaction of n-pyrrolyltricarbonylmanganese @“-J-U 
with pick acid gives the binuclear complex I in which the central manganese 
atom is coordinated with three CO ligands, a PTM molecule, and a picrate anion; 
the latter two acting as two- and three-electron ligands, respectively. 

Introduction 

We have studied the interaction of n-pyrrolyltricarbonyhnanganese (PTM) 
with trifluoroacetic acid using spectral methods (IR and 13C and ‘H NMR), 
and concluded that both the manganese atom and the nitrogen atom of PTM 
can participate in protonation [l]. However, no complete agreement between 
the data from these methods was observed. 

To establish the site of protonation of PTM, we tried to prepare a crystalline 
product from the interaction of PTM with a protic acid in order to determine 
its structure by X-ray diffraction. We have studied the interaction of PTM with 
several acids (CF,COOH, H3P04, HBF4, and picric acid). Only in the case of 
pick acid did we succeed in isolating a crystalline compound suitable for X-ray 
diffraction analysis. 

Results and discussion 

The X-ray diffraction analysis of the product obtained shows that the inter- 
action of PTM with piric acid in CHzC12 gives the binuclear complex I, instead 

* For part IV see ref. 5. 

0022-328X/81/0000-0000/902.50, @ 1981, Elsevier Sequoia S.A. 
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of the expected PTM picrate {[(C~H~N)Mn(CO),]H)‘COC,H,(NO,),I-. 

N’02 
d”“LO O-N+ 

I I 
CO 0- (I) 

The binuclear complex I forms dark purple needle-like crystals, insoluble in 
hexane and ethanol, poorly soluble in benzene, ether, and CCL,, and somewhat 
more soluble in CHICll and acetone. 

Crystals of I are triclinic with the following lattice parameters at -120°C: 
(I 19.377(5), b 16.723(6), c 6.800(3) A., Q! 85.29(3), /3 83.66(3), y 68.57(3)“, 
V 2036(2) A3, M = 572.14 (C&H,N401,Mn,) dcalc_ 1.86 g/cm3, 2 = 4, space 
group Pi (two independent molecules). Table 1 lists the atomic coordinates 
and parameters of the temperature factors; Tables 2 and 3 * contain the bond 
lengths and angles. 

In the binuclear complex I (Fig. 1) a molecule of PTM, is N-coordinated with 
the second manganese atom via the unshared electron pair of the nitrogenatom 
of the pyrrolyl ligand, and acts as a two-electron ligand, as in the following 
complexes previously studied by us: (OC),Mn(q’-C,HeN)Mn(C4H,NCOCH,)- 
(CO), (II) PI, (OC)3Mn(-1;15-CqH4N)Re(r15-C5H5)(C0)2 (110 131, [(OChMn- 
(~5-C&4N)I~Mn(C0M (IV) t41, and (OC)3Mn(q5-C4H4N)Mn(CO)3(q5-C4H4N)- 
Mn(C0)&OC4H9 (V) [5]_ Additional coordination of the Mn(2) atom with 
three CO ligands and the formation of a 6-membered chelate metallocycle, 
involving an oxy-oxygen atom O(7) and one of oxygens O(8) of the o-nitro- 
group of the picrate anion complete its fat-octahedral coordination sphere. Thus, 
both manganese atoms in the neutral molecule I have an l&electron shell. A 
similar completion of an l&electron shell of a magnanese atom by chelate 
formation and N-coordination with a nitrogen atom in a pyrrolyl ligand of PTM 
has been established by us in the acetylation product of PTM [Z]. Although the 
metallocycle in the complex II is 5-membered, chelating ligands in both cases 
are 3-electron donors, and so in their general stereochemistry complexes I and 
II are similar to each other. 

The pyrrolyl ligand in I is planar and symmetrically bonded to the Mn(1) 
atom as is evident from the small difference between Mn-C (av. 2.13(l) A), 
Mn-N (av. 2.11(l) A) distances. The bond length distribution in the ligand 
itself indicates complete delocalization of the n-electron density. 

As has already been noted, the coordination of the Mn(2) atom is distorted 
octahedral. The six-membered metallocycle is non-planar and folded along the 
0(7)...0(8) line by 17.3 and 10-.2” in the two independent molecules, respec- 
tively_ -The nitro-group, N(2)0(8)0(9) participating in coordination with the 
Mn(2) atom is coplanar to the benzene ring, which plane also contains the 
oxy-oxygen atom O(7). Two other nitro groups, N(3)0(10)0(11) and 

* III the atom numbering the first figur& denotes the number of the molecule (1 or 2) and is not 
given in the text when denoting atoms. 
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TABLE2 

BONDLENGTHS. d(A) 

Bond d Bond d Bond d 

Mn(ll)-N(11). 
Mn(ll)-C(ll) 
Mn(ll)-c(l2) 

Mn(ll)-C<13) 
ILIn(ll)-C(113) 
Mn(ll)-c(114) 
Mn(ll)-C(115) 
Mn(ll)-C(116) 
Mn(12)-0(17) 

Mn(12)--0(18) 
Mn(l2)-N(11) 

Mn(lP)-C(l4) 
Mn(12)-C(15) 
Mn(12)-C<16) 
0(11)-c(11) 
0(12)+x2) 
0(13)-C(13) 
0<14)-c<l4) 

0(15)-C(15) 
0(16)-C(16) 
0<17)-C<l7) 

0(X3)-N(12) 
0(19)-N(12) 
O(llO)-N(13) 
O(lll)-N(13) 
0(112)-N(14) 
0<113)-N(14) 

N(ll)-C(113) 

2.10(l) 
l-75(2) 

1.79(l) 

1.80(l) 
2.12(l) 
2.15(l) 
2.15(l) 
2.11(l) 
1.989(S) 

2.020(O) 
2.09(l) 

1.79(l) 
1.77(l) 

1.79(l) 
l-19(2) 
l-15(2) 
1.14(l) 
l-18(2) 

l.17(2) 
1.16(2) 
1.23(l) 

1.26(l) 
l-26(2) 
l-23(2) 
l-24(2) 
1.18(2) 
l-26(2) 
l-39(2) 

N(ll)-C(116) 
N(12)-C(18) 
N(13)-C(llO) 

N(14)-C(112) 
c(17)--cw3) 
C(17)-C(112) 
C(lS)-C(19) 
C(19)-C(llO) 
c(110)-C(111) 

c(lll)--c(112) 
C(113)-c(114) 

c<114)--c(115) 
C(115)-C<116) 
Mn(21)-N(21) 
Mn(21)-C(21) 
Mn(21)-C(22) 
hIn(21)-C(23) 
Mn(21k-C(213) 

Mn(21)--C(214) 
Mn(21)-C(215) 
Mn(21)-C<216) 

Mn(22)-0(27) 
Mn(22)-0(28) 
Mn(22)-N(21) 
Mn(22)--C!<24) 
Mn(22)<(25) 
Mn<22)-C(26) 

l-37(2) 
1.41<2) 
1.44(2) 

l-50(2) 
l-45(2) 
Z-43(2) 
l-40(2) 
l-37(2) 
l-42(2) 

l-37(2) 
lAO(23 

l-42(2) 
l-39(2) 
2.12(l) 
l-73(2) 
l-75(2) 
l-76(2) 
2.12(l) 

2.14(2) 
2.15(2) 

2.12(l) 
1.988(9) 
2.057(9) 
2.10(l) 
1.81(l) 
1.79(l) 
1.81(l) 

0(21)-C(21) 
0(22)-C(22) 
0(23)-C(23) 

0(24)-C(24) 
0(25)-C(25) 
0(26)-C(26) 
0(27)-C(27) 
0<28)-N(22) 
0(29)-N(22) 

0(210)-N(23) 
0(211)-N(23) 

0(212)-N(24) 

0(213)-N(24) 
N(2l)-C(213) 
N(21)-C<216) 
N(22)-C(28) 

N(23)-C(210) 
N(24)-C<212) 

C(27)-C(28j 
C(27)-C(212) 
C<28)-C<29) 

C<29)-C(210) 
C(21O)-C<211) 
C(211)-C(212) 
C<213)-C<214) . 
C<214)--c(215) 
C<215)-C(216) 

l-19(2) 
l-17(2) 
1.17(2) 

l-13(2) 
l-15(2) 
X.14(2) 
1.27(2) 
1.25(l) 
1.21(l) 

1.230) 
1.21(l) 

l-20(2) 
l-21(2) 

l-37(2) 
l-38(2) 
1.42(2) 
l-48(2) 
l-47(2) 

1.45(2) 
l-42(2) 
l-41(2) 

l-38(2) 
l-39(2) 
l-37(2) 
l-38(2) 
1.39(2) 
l-38(2) 

nO(4) 

Fig. l-The structure ofcomplex1. 
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TABLE 3 

BOND ANGLES.w(o) 

All& w Angle cd AIlgk W 

C<ll)Mn<ll)C(12) 
C(ll)Mn(ll)C(13) 
C(12)Mn(ll)C<13) 
0(17)Mn<l2)0(18) 
0(17)Mn(l2)N(ll) 
0<17)Mn(12)C(l4) 
O<l?)Mn~l2)C<l5) 
0<17)Mn<12)C(l6) 
O<lS)Mn(l2)N(ll) 
0<18)Mn(l2)C(l4) 
O(lS)Mn(12)C<15) 
0(1S)Mn(12)C<16) 
N<ll)Mn(i2)C<14) 
N(ll)Mn(12)C(15) 
N(ll)Mn(12)C(16) 
C<14)Mn<l2)C<15) 
C<14)Mn<12)C(16) 
C(l5)Mn(l2)C(16) 
Mn(l2)0(17)C<l7) 
Mn(12)0(18)N<12) 
Mn(12)M<ll)C<113) 
Mn(12)N<ll)C(116) 
C(113)N<llX!<116) 
O(lS)N(12)0(19) 
0<18)N(12)C<lS) 

O(lS)N(12)C(18) 
O(llO)N<l3)0<1ll) 
O(llO)N(13)C(ll0) 
0(111)N<13)C(110) 
0(112)N(14)0(113) 
0(112)N(l4)C(llZ) 
0(113)N(14)C(112) 

Mn(ll)C(ll)O(ll) 
Mn(ll)C<12)0(12) 

Mn(ll)C(13)0<13) 
Mn(12)C(14)0<14) 
Mn(12)C<15)0<15) 
Mn(12)C<16)0(16) 

91.4(7) 
91.4(7) 
91.6(6) 
86.2(4) 
85.7(4) 
91.4<5) 
34X(5) 

175.8(s) 

88.2(4) 
92.5(5) 

178-l(5) 
89.6<5) 

176-S(5) 

89.9(5) 
94-l(5) 
89.4(6) 

89.0(6) 
90-l(6) 

127.3(8) 
129.4(8) 
123.X8) 
127-l(8) 
107<1) 

117(l) 
125(l) 
118(l) 
122(l) 
119(l) 
118(l) 
120(l) 
119(l) 
115(l) 

179(l) 
178(l) 

179(l) 
177(l) 
177(l) 
178(l) 

0(17)C(17)C(lS) 
0(17)C(17)C(112) 
C(lS)C<17)C<ll2) 

N(12)C<l8)C<l7) 
N(12)C(lS)C(19) 
C<l?)C<lS)C(19) 
C(18)C(19)C(110) 
N(l3)C(llO)C(19) 
N(13)C(IlO)C(lll) 
C(l9)C(11O)c(ll1) 
c(1lo)c(lll)c(ll2) 
N<14)C<112)C<17) 
N<14)C<112)C<lll) 

C(17)C(112)C(lll) 
N(ll)C(113)C<114) 
c(l13)c(l14)c(115) 
C(114)C(115)C<116) 
N(ll)C(116)C(115) 
C(21)Mn(21)C(22) 

C(21)Mn(2l)C<23) 
C<22)Mn<21)C<23) 
0(27)Mn(22)0!28) 
0(27)Mn(22)N(21) 
0<27)Mn(22)C(24) 
0(27)Mn(22)C(25) 
0<27)Mn<22)C(26) 
0<28)Mn(22)N(21) 

0(28)Mn(22)C<24) 
0(28)Mn(22)C(25) 
0(28)Mn(22)C(26) 
N(21)Mn(22)C(24) 

N(21)Mn(22)C(25) 
N<21)Mn(22)C(26) 
C(24)Mn<22)C(25) 

C(24)Mn<22)C(26) 
C(25)Mn(22)C(26) 
Mn(22)0(27)C(27) 

128(l) 
121(l) 
110(l) 
119(l) 
115(l) 
125(l) 
118(l) 
119(l) 

118(l) 
123(l) 
116(1) 
117(l) 
115(l) 
128(l) 
110(l) 
106(l) 
108(l) 
109(l) 
88.6(7) 

90.1(8) 
92.8(8) 
85.7(3) 
86.1(4) 
93.0(5) 
93.0(5) 

l76.4<5) 
87.9(4) 
94.3(5) 

177.6(5) 
90.9(5) 

177.5(6) 

90.0(6) 
95.1<5) 
87.8(7) 
.86-l(7) 
90.5(7) 

128.8(S) 

Mn<22)0(28X’W22) 
Mn(22)N(21)C(213) 
Mn(22)N(21)C(216) 
C(213)N<21)C(126) 
0(28)N(22)0(29) 
0(28)N(22)C(28) 
0(29)N(22)C(28) 
Oi21b)N(23)0(211) 
0(210)N(23)C(210) 
0(211)N<23)C(210) 
0(212)N(24)0(213) 
0<212)N(24)C(212) 
0<213)N<24)C(212) 
Mn(21)C(21)0<21) 
Mn<21)C(22)0<22) 
Mn(21)C<23)0<23) 
Mn<22)C(24)0<24) 

Mn(22)C(25)0<25) 
Mn(22)C(26)0(26) 

0(27)C<27)C(28) 
0(27)C(27)C(212) 
C<2S)C<27)C<212) 
N<22)C(28)C(27) 
N(22)C<28VX29) 
C(27)C(28)C(29) 
c<28)c<29)c<210) 
N<23)C(210)C(29) 
N(23)C(210)C(211) 
C(29)c(210)c(211) 
c(210)c<211)c<212) 

N(24)C(212)C(27) 
N(24)C(212)C(211) 
C(27)C(212)C(211) 
N(21)C(213)C(214) 
C<213)C<214)C<215) 
C(214)C<215)C(216) 
N(21)C<216)C(215) 

132.3(S) 

124.6(g) 
126-t?(9) 
106(l) 
118(l) 
123(l) 
119(i) 
123(l) 
118(l) 
119(l) 
126(l) 
117(l) 
118(l) 
179(l) 
178(l) 
179<2) 
178(l) 

179(l) 
178(l) 
128(1) 
119(l) 
113(l) 
121(l) 
117(l) 
122(l) 
118(l) 

119(l) 
117(l)- 
124(l) 
115(l) 
116(l) 

117(l) 
127(l) 
109(l) 
108(l) 
105(l) 
111(l) 

N(4)0(12)0(13), form angles of 6.8 and 8.2”, respectively, with the benzene 
ring plane. The planar fragment 0(7)C(7)C(S)N(2)0(8) of the metallocycle 
forms a dihedral angle of 68.4” (average) with the pyrrolyl ligand plane, close 
to the similar angle in complex II (67.0”). In contrast to complex II, where the 
Ei-membered metallocycle is ideally planar, the chelate cycle in I is non-planar, 
due to a higher conformational flexibility of 6-membered metallocycles. 

The lengths of the Mn(2)-N(1) bond (av. 2.10(l) A) is almost the same as 
that found in the structures of II (2.104 _&) and IV (2.115 and 2.118 A). This 
bond in I, as in the molecules of II and IV, is non-coplanar with the pyrrolyl 
l&and plane, forming with it an angle of 12.1” (average value). 

Other geometrical parameters of I are unexceptional. The lengths of the 
(J bond Mn(2)-0(7) ( av. l-989(9) A) and of the donor-acceptor bond Mn(2)--0(8’1 
(av. 2.039(19) A) are significantly different. 
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Data of elemental analysis, IR and 13C.NMR spectra are in a full agreement 
with the X-ray crystallographic structure of the complex I. The IR spectrum of 
I (in Cl&Cl,) in the region of carbonyl vibrations has five absorption bands at 
1950(sh), 1965s, 1975(sh), 2044s, and 2059s cm-‘. By analogy with the 
complex II [2], we assign the 13C NMR signals of I (in CH,Cl,) at 6 109.19 and 
87.13 ppm to the a! and fl carbon atoms of the n-coordinated PTM molecule, 
respectively, and the multiplet signal at S 220.29 ppm to the carbons of the 
six carbonyl groups. The signals at 6 165.49,158.62,149.66, and 127.10 ppm 
are assigned to picrate anion carbons. 

Considering the possible routes of formation of the binuclear complex I, it 
can be assumed that this process comprises several stages, protonation of PTM 
molecule being the flit one (the site of proton addition is as yet unknown *). 

Nb, (A) 

te1 (I) 

If we assume that the unstable protonated complex A decomposes further with 
formation of pyrrole ** and the 16-electron intermediate B, stabilization of the 
latter via coordination with a molecule of initial PTM will yield the binuclear 
complex I. This route for the formation of the complex I is similar to that 
previously proposed by us for the formation of the trinuclear complex V, 
which is a product of the metallation of PTM with n-butyllithium [5]_ 

Thus, the interaction of PTM with picric acid represents one more example 
of the ready splitting of the x-bond between a pyrrolyl ligand and a manganese 
atom and is a specific feature of this n-heterocyclic complex. This splitting 
results in the formation of coordinatively unsaturated manganese carbonyl 
fragments, which are capable of interacting with the initial PTM yielding poly- 
nuclear complexes with a completed 18-electron shell on the central manganese 
atom [2,4,5,7]. 

* In one of the first papers on azaferrocene it was noted that. on interaction with picric acid, this 
complex was protonated at the nitrogen atom of the IT-pyrmlyl ligand [S]. but neither the 
synthesis nor the characteristics of the isolated crystalline picrate were described. 

**Evidently underthereactionconditions used.pyrroleispolymerized~andsocannotbeidentified. 
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Experimental 

PI’M was prepared according to the method given in ref. 8. A mixture of 0.1 
g (0.49 mmol) PTM and 0.11 g (0.48 mmol) of picric acid in 15 ml CH&lz was 
kept at room temperature for three days. The solvent was removed under argon, 
and the solid residue washed several times with water (to sepamte unreacted 
picric acid) and then with hexane (to separate unreacted PTM), dried in vacua, 
and recrystallized from CH,Cl,. Dark purple crystals with a decomposition 
temperature about 150°C were obtained (O-75 g or 54% as calculated for 2 
PTM molecules). Elemental analysis. Found: C, 33.60; H, 1.09; N, 10.06; Mn, 
18.70. C1&16N401~Mnz calculated: C, 33.57; H, 1.05; N, 9.79; Mn, 19.23%. 

Lattice parameters of crystals of I and intensities of 3309 reflections with 
I >, 20 were measured at -120°C with an automated 4-circle Syntex P2, diffracton 
eter (hCu-K,, graphite monochromator, 6/20 scan, 20 < 42”); absorptions were 
not taken into account. The structure was solved by the direct method using 
the MULTAN program and refined by the least-squares method in a full-matrix 
isotropic (anisotropic for manganese atoms) approximation. No attempts were 
made to localize II atoms. Finally, R = 0.086, Ro = 0.088. 

The IR spectrum was obtained with an UR-20 spectrophotometer and the 
13C NMR spectrum with a Bruker HX-90 spectrometer (2263 MHz). 
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