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METALLOCENIC THIOKETONES AS TWO-ELECTRON LIGANDS 

III *. 13C NMR SPECTRA AND STRUCTURE OF A CYMANTRENE 
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13C NMR spectra of cymantrenylphenylthioketone and a binuclear complex 
($-CsHs)(CO),Mn + S=C(Ph)C,H,Mn(CO), (I), produced by substitution of the 
CO ligand in cymantrene by this thioketone, have been studied. A complete 
X-ray structural investigation of complex I has been performed_ It is suggested 
that in solution both E and 2 isomers of complex I are present. 

Introduction 

We have shown earlier [l] that metallocenyl thioketones are capable of form- 
ing a donor-acceptor bond with a transition metal atom and this ability has been 
used for the synthesis of binuclear complexes. In the present paper the results of 
a study of the 13C NMR spectra and an X-ray structural investigation of the 
binuclear complex ($-C,H,)(CO),Mn + S=C(Ph)(C,&Mn(CO), (I), obtained by 
substitution of the CO ligand in cymantrene by cymantrenylphenylthioketone 
(II) via a tetrahydrofuran derivative (Scheme l), are given. 

Results and discussion 

The IR spectrum of complex I in the range of carbonyl frequencies reveals 5 
absorption bands of different intensities: 19OOs, 1942vs, 196Ovs, 1955w and 
2022s cm-’ (in CC4), while for the starting thioketone II and cymantrene in the 
same solvent two absorption bands are recorded for each: 196Ovs, 2034s cm-’ 

* For part n see ref. 2. 
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and 1945vs, 20309 cm-‘, respectively. The reduced local symmetry of the 
CpMn(CO)2 c S=C-Ph fragment results in splitting of the low-frequency v(C0) 
band of the E mode in complex I into two components (1960 and 1942 cm-‘). 
It should be noted that the carbonyl frequencies of thioketone II remain sub- 
stantially unchanged upon coordination to the cymantrenyl moiety. 

II-I the mass spectrum of complex I the peak of the molecular ion (P’) (m/e = 
499.96-500.95) with au intensity of X3%, as well as peaks of fragment ions 
typical for carbonyl-containing r-complexes of transition metals (P” - 2 CO, 
P’- 5 CO, etc.) are present. The most intense peak (100%) corresponds to the 

APh 
fragment ion S=C,_ (m/e = 240). It is significant that the spectrum 

GH,)Mn 
contains intense peaks of &agment ions wherein the metal atom is directly 

Ph 
bonded to the sulphur atom Mn + S=C>C,H,)Mn (11.2%), (C,H,)MnS 
(40.9%), MnSC& (41%), MnSH (10.9%), indicatingafairly stable Mn 4 S bond. 

In order to study the structure and the electron density distribution in the 
binuclear complex I and the metallocenyl thioketone II, the 13C NMR spectra 
of these compounds have been investigated. The parameters of 13C-C1H) NMR 
spectrum of complex I and thioketone II are shown in Table 1. In the spectrum 

S 
of thioketone (CO),Mn($-C&.&~ 

‘Ph 
) recorded at 0°C in CH,Cl, signals of all 

the non-equivalent carbon nuclei of this system are present (three signals from 
C(l), C(2,5) and C(3,4) of the Cp fragment, four from C(7), C,, C,, C!, of the 
Ph fragment and one signal from each of the CS and CO groups)_ The signals of 
the nuclei C(1) and C(7), just as in the spectrum of ferrocenylphenylthioketone 
121, are shifted downfield as compared with the signals of the remaining carbon 
nuclei of the corresponding fragments. In the downfield region signals of the 
CO and CS groups are found (S = 223.22 ppm and 231.73 ppm, respectively). 
As expected, the acceptor Ph-C=S substituent caused a deshielding of the Cp 
ring in cymanbene (As(C(2,5) -3.8 ppm) and increased shielding of the CO 
ligands (As(C0) = +1.7 ppm). 

The 13C-11H) NMR spectrum of complex I recorded under the same condi- 

(Continued on P. 188) 
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tions as the spectrum of thioketone II reveals not eleven signals as it would be 
expected, but only seven signals. It was found that the signals of C,, C, and C, 
of complex I are seen as one broad singlet with a chemical shift of 128.32 ppm, 
coinciding in fact with the average chemical shift of the same nuclei in uncoor- 
dinated II (x(C,, C,, C,) = 128.26 ppm). Instead of two signals from the Cp- 
ring carbon nuclei c(2,5) and C(3,4) observed in the spectrum of II, only one 
signal (6 = 82.93 ppm) shifted upfield by 3.94 ppm is se?, as compared to the 
average value of chemical shift for the same nuclei in II (S(C(2,5)(C(3,4)) = 
86.87 ppm), while the signal of C(1) is not detected at all. Furthermore, in the 
coordinated thioketone II insignificant increase in the shielding of the CS group 
carbon nuclei (As(CS) = 0.7 ppm) and deshielding for CO ligands (As(C0) = 
-1.3 ppm) are observed. In contrast, in the case of substitution of the CO 
ligand in cymantrene by the thioketone ligand II a strong increase in shielding 
of the remaining CO groups (A6(CO) = t11.7 ppm) and deshielding of the car- 
bon nuclei of the r-Cp ring (Aa = -2.5 ppm) are found, thus demonstrat- 
ing the acceptor character of the phenylcymantrenylthioketone ligand. From 
the 13C NMR data it follows that substitution of the CO ligand in cymantrene 
by thioketone II is accompanied by a redistribution of the electron density in 
this binuclear system between cyclopentadienyl and carbonyl ligands, whereas 
the phenyl fragment is not involved in this process. 

Interesting changes in the 13C NMR spectrum of complex I are observed with 
decreasing temperature. Thus, in the spectrum recorded at -6O”C, in addition 
to a slight increase in shielding of all carbon nuclei (both in the thioketone 
ligand and in the cymantrenyl moiety), a signal from C(1) appears, which is 
absent at O”C, and also two signals from the cyclopentadienyl C(2,5) and C(3,4) 
(6 = 82.76 ppm and 82.97 ppm), instead of one (6 = 82.93 ppm) at 0°C and 
two signals from C,, C,, C!, (6 = 127.03 ppm and 128.00 ppm), instead of one 
(6 = 128.32 ppm) at O”C, are recorded. It was found that the carbon nuclei of 
CO ligands of two types with chemical shifts of 224.5 ppm and 213.2 ppm are 
shielded differently with decreasing temperature. Thus, on lowering the tempera 
ture form 0 to -6O”C, the signal at 6 = 224.55 ppm is shifted upfield by only 
0.42 ppm while the less intense signal at 6 = 213.2 ppm is shifted further up- 
field (As(C0) = 11.65 ppm). 

These changes in the 13C NMR spectrum of complex I are completely reversi- 
b1e with changing temperature_ This fact suggests that the binuclear complex I 
can exist in solution in two isomeric forms. 

A complete X-ray structural investigation of the binuclear complex I has 
been carried out to establish its structure objectively and to determine all the 
geometrical parameters of the molecule. 

CrystaIs of I are tricbnic, at -120°C a = 10.007(3), b = 10.009(3), 
c = 11.729(3) A, 01 = 92.26(3), p = 109.19(3), y = 112.56(3)“, V = 1006(l) A3; 
d CalC. = 1.65 g/cm3 for 2 = 2, space group Pi_ Atomic coordinates and tempera- 
ture factors are given in Table 2 and bond angles in Table 3. The molecular geo- 
metry with bond lengths is shown in Fig. 1. 

The molecule contains two coordination centres, viz. the Mn(1) and Mn(2) 
atoms linked by the bridging thiobenzoylcyclopentadienyl ligand. The Mn(2) 
atom interacts with the r-system of cyclopentadienyl ring and the sulphur atom 
participates in the donor-acceptor bond to another metal atom Mn(1) with its 
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TABLE3 

BONDANGLESw (dwrees) 

An&? w Angle w Angle w 

SMn<l)C<l) 90.6(2) C(7)C<6)C(lO) 107.7<6) SC<lG)C<ll) 119.2<4) 

SMn<l)C(2) 103-l(2) C<6)C<7)C<8) 108.4<6) SC<16)C(17) 123-l(4) 

C(l)Mn(l)CX2) 89.7<3) C<7)CX8)C<9) 107_7(6) C<ll)C(16)C(17) 117.5(5) 

C<3)Mn(2)C<4) 93.7<3) C<S)C<S)C<lO) 107.8(6) C(16)C(17)C<lS) 122.X5) 

C(3)Mn<2)C<5) 92.5(3) C<6)C<lO)C<9) 108.4<6) C<16)C<17)C(22) 119.2(5) 

C<4)Mn<2)C<5) 93.4<3) C(12)C<ll)C<15) 106.3(5) C(lS)C(17)C(22) 118.2<5) 

Mn<l)SC<lG) 123-l(2) C(12)Ctll)C(16) 129.2<5) C<l7)C<18)C<19) 119.9(6) 

Mn<l)CU)O(l) 178.5<6) C<15)C(ll)C(l6) 124.6(5) C(lS)C(19)C(20) 121.4(6) 

Mn<l)C<2)0(2) 172.9<6) C(ll)C<12)C<l3) 108.9<5) c(19)c<2o)c<21) 119.2(6) 

Mn<2)C<3)0(3) 178.2(6) C(12)C<13)C(14) 108.5<6) C(2O)C(21)C<22) 120.5<6) 

Mn<2)C(4)0(4) 177.2<6) C(13)C(14)C(15) 107-S(6) C(17)C<22)C(21) 120.8(6) 

Mn<2)C(5)0(5) 178.4(6) C<ll)C(l5)C<14) 108.5(5) 

lone pair electrons. On the other hand, molecule I can be regarded as an example 

APh 
of a system where a rr-complex, in the present case ($‘-C,l&CN )Mn(CO),, 

S 
acts as a n-ligand to the second Mn atom. 

Both Mn atoms are bonded symmetrically to the planar cyclopentadienyl 
ligands, the average Mn-C distances of 2.142 (7) and C-C of 1.414 (9) a 
are consistent with those found in cymantrene, ($-C,H,)Mn(C0)3 [3], and its 
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Fig.2.TheEandZi.SomesofcomplexI. 

derivatives, though a noticeable difference is found in the geometry of the Mn- 
(CO), and Mn(CO)2S fragments. While the Mn(CO)3 moiety is almost undistorted _ 
and has a CsV local symmetry (the bond angles (O)C-Mn<(O) are in the range of 
92.5-93.7”), in the second fragment the bond angle S-Mn(l)-C(Z) is increased 
to 103.1 (2)” and both other angles are close to 90”. This difference is explained : 
by the presence of figands of different volumes in the coordination sphere of : 
Mn(1) and, hence, a steric stress resulting in short intramolecular contacts, in 
parrcular between the C(2) atom of the carbonyl group and the C(17) atom of 
the phenyl ring at a distance of 3.282(8) _% (Fig. 1). 

‘ The above-mentioned steric crowding is also increased by the unusually short 
&h--S bond of 2.193(2) A which is smaller not only than the sum of the covalent 
radii of Mn (1.38 A 143) and S (1.04 A 151) by 0.23 A, but also than the lengths 
of normal Mn-S bonds (2.3-2.4 A) found in manganese complexes with sulphur- 
containing ligands 161. This decrease in bond length indicate an increased Mn-S 
bond order, which is also supported by a noticeable elongation of the S=C bond 
to l-656(6) A, whereas the length of a typical double S=C bond (e.g. in C&) is 
equal to 1.553 A [73. 

The thiobenzoylcyclopentadienyl ligand is as a whole not planar: the phenyl 
and cyclopentadienyl rings form dihedral angles of 83.5” * and 15.6”, respectively, 
with the SC(16) C(11) C(17) plane **; the Mn(1) atom is displaced from this 
plane by 0.385 A. Only the cyclopentadienyl ring is likely to take part in conju- i 
gation with the double C=S bond, which is also in agreement with the shorten; 
ing of the C(16)-C(ll) bond to l-453(8) A as compared to the C(16)-C(17) ; 
bond of l-494(8) A (the latter is even longer than the standard value for a nor- j- 
mal C(.sp’)-C(sp2) bond length of 1.476 A 171). 

The geometry of the metal carbonyl fragments is quite unexceptional with i 
the normal bond length Mn-C of 1.797(S) and C-O of 1.154(9) A. f 

Comparing data from the X-ray structural analysis and the results obtained 3 
from the 13C NMR spectra of complex I, we come to the conclusion that in G 

1 
f 
: 

* This large dihedral angle corresponds fully to the NMR data (see above) excluding participation of j 
tbisrubstiti~entin redieiiution of electron density- 

** The C(16)atomhasamaximumd'eviationfEomthisme~squaresplane(0.027<6)A~. 
i 
i 
3 
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solution isomers of this compound exist as a result of different positions of the 

substituents relative to the doubIe C=S bond (E, 2 isomers) (Fig. 2). 
The data from the X-ray structuraI analysis show that in the crystalline state 

the more stable E isomer is present. However, definite conclusions about the 
isomeric behaviour of the complex studied necessitate further experimental 

substantiation. 

Experimental 

Thioketone II and complex I were prepared following the previously described 
procedures [S and 1, respectively]. All solvents were distilled under argon 
before use. IR spectra were recorded with a JR-20 spectrophotometer in Ccl4 solu- 
tion. Mass spectra were measured with a AE MS-30 mass-spectrometer using a 
DS-50 automatic data-processing system at an ionization voltage of 70 V. 13C 
NMRZ {‘H} spectra were recorded with a Bruker HX-90 spectrometer with the 
working frequency of 22.63 MHz in the Fourier transform mode under proton 
decoupling and noise modulation. 

The X-ray structural study of I was carried out with an Syntex P2, automatic 
diffractometer (XMo-K,, graphite monochromator, 6/28 scan, 2’ < 28 < 50”, 
without absorption correction, @MO-&) = 14.5 cm-‘, 2418 reflections with 

1 Z 20 measured at -120%). The structure was determined by the heavy-atom 
method and refined by the least squares method in the full-matrix anisotropic 
approximation (isotropic for H atoms with geometrically calculated positions), 
R = 0.049, R, = 0.945. 
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