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Summary

The photolysis of (7°-C;H;RFe(CO).). with R = H or CH,;, in the presence of
elemental sulfur, produces a mixture of organometallic tetrasulfides containing
four sulfur and two iron atoms. The structure of one of such compounds has
been determined by X-ray diffraction. It contains a core of four sulfur atoms
between two irons. One iron is symmetrically linked to four sulfur atoms and to
the cyclopentadienyl ring; the other iron is linked to only two sulfur atoms, one
carbonyl, and a cyclopentadienyl group.

Introduction

The reactions of cyclooctasulfur with transition metal complexes are known
to proceed thermally [1,2] and photochemically [3—5], but examples of reac-
tions are rather rare. Recently, Schunn and his colleagues, by reaction of cyclo-
octasulfur in presence of (7°-C;H;Fe(CO).). obtained a complex which could
be considered as a model of the active centre of the ferredoxins {1]. Because of
the importance of such complexes in numerous catalytic electron-transfer proces-
ses [6], we have attempted a photochemical approach to them.

Results and discussion

Photolysis of a saturated methanolic solution of cyclooctasulfur containing
(7°-CsH;RFe(CO),); (R = H, CH;), produces mainly a major green product. The
molecular weight in chloroform viz. ca. 400, shows that the complex is a mono-
mer. The mass spectrum shows in addition to the parent ion at M" 398, intense

‘peaks at m/e 370, 306, 241, and 176 due to successive loss of the carbonyl
group, sulfur atoms, and the cyclopentadienyl group. The elementary analysis
1s in agreement with (1r5-CsH4RFeSz)2CO (R ‘H, CH,).
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The infrared spectrum, at low frequencies, shows two bands at 438 and 415
cm™!, undoubtedly due to v(S—S) [1,7—9], and several other new bands situated
at 184, 203, 244, 314, and 370 cm™", due to the vibrations of the Fe—S bond
[10—13]. The infrared spectrum of solutions in the 1000—2100 cm ™' region
show characteristic bands of the 7°-C;H;Fe group [14] and strong bands at 1950
and 1985 cm ™! due to v{CO) vibrations of bonded carbonyl. There are no charac-
teristic bands of bridged carbonyls.

The infrared spectrum is markedly solvent dependent in the 1700—2000 cm™!
region; with non-polar solvents such as carbon disulfide, benzene, toluene, cyclo-
hexane, the v(CO) at 1985 cm™! is weak, while the »(CO) at 1950 em ™! is strong;
in more polar solvents such as carbon tetrachloride, chloroform, dimethyl sulf-
oxide, dimethyl formamide and pyridine the reverse is true.

The '’C NMR spectrum indicates that there is only one carbonyl group, sug-
gesting that there are several forms of the complex in solution. The 'H NMR
confirms this. Recrystallisation of the green complex obtained from the reaction
with methylcyclopentadienyliron dicarbonyl dimer gave crystals suitable for
X-ray studies, and the complete structure and stereochemistry of this derivative
were determined.

A perspective view of the molecule with atom numbering is shown in Fig. 1.
The atomic coordinates and thermal parameters are listed in Table 1. Tables 2
and 3 give interatomic distances and valence angles. Important planes are given
in Table 4. The salient structural feature cf this molecule is that the two Fe
atoms are in quite different environments. The non-bonding distance between
the two Fe atoms is 3.397(4) A. The six Fe—S distances have a mean value of

Fig. 1. A perspective view of the molecule. Only one statistical position of the disordered methylcyclopen-
tadienyl is shown for clarity. - : . - -
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TABLE 1

FRACTIONAL ATOMIC COORDINATES (X10%) AND THERMAL PARAMETERS WITH ESTIMATED
STANDARD DEVIATIONS IN PARENTHESES

(8ij (values X10%) are anisotropic coefficients in the expression: exp[—(By 1k~ + G22k3 + B331° + 28,28k
+ 23y 3kl + 203 3k1)]1: B is the isotropic thermal factor in A2)

Atom x ¥ z Borpyy 8,y B33 252 813 823
Fe(1) 6636(2) 8109(2) 6009(1) 30¢3) 41(2) 19(1) —3(3) 1(2) —2(1)
Fe(2) 3501(¢(3) 8812(2) 6414(1) 36(3) 86(3) 24Q1) 14(3) —i(2) —6(1)
S(1) 5216(5) 9422(3) 5888(3) 76(7) 51¢(5) 21(2) 7(5) --5(3) 5(2)
S(2) 5005(4) 7631(4) 6618(2) 51(6) 66(5) 27(1) —6(3) 2(3) 6(2)
5@3) 5358(5) 6698(3) 5966(3) 93(7) 38(5) 38(2) —10(5) 1(3) —5(3)
S5(1) 5601(5) 8631(%) 5191(2) 105(7) 87(5) 15(1) 25(6) —5(3) —5(2)
C(Fe) 1018(21) 9500(16) 6981(10) 6.0(6)

o] 4311(14) 10030(11) 7330(7) 6.7(5)

Cc(1) 8217(19) 7560(17) 6536(9) 1.1(5)
C(2) 8485(17) 7323(13) 5935(7) 2.5(3)
C(3) 8572(19) B8242(13) 5613(7) 3.4(1)
Cc) 8357(21) 9027(15) 6021(9) 5.2(5)
C(3) 8096(19) 8617(17) 6572(9) 4.0(6)
C(6) 8068(17) 6716(11) 6982(8) 4.9¢5)

c'aa)y 1870 7957 6218
C'(2) 2196 8472 711
Cc'(3) 2074 9506 5817 <
c’t4) 1631 96143 6370
C'(5) 1481 8671 6628
c’(6) 1975 6845 6317
c'(1) 1939 8970 5890
c''(2) 2176 7930 5859
c”"(3) 1855 7509 6393
Cc(1) 1475 8266 6760
c”(5) 1536 9197 6451

c'(6) 2036 9707 5405

TABLE 2
BOND DISTANGCES IN A (e.5.d. ’s) (S - S, Fe - Fe non-bonded atoms)

Fe(l) -- Fe(2) 3.397(1) Fe(2)—C'(1) 2.03
Fe(1)—S(1) 2.273(6) Fe(2)—-C'(2) 2.15
Fe(1)—S5(2) 2.257(6) Fe(2)—C'(3) 2.20
Fe(1)—-5(3) 2.280(6) Fe(2)—C'(2) 2.17
Fe(1)—S(4) 2.293(6) Fe(2)—C'(5) 2.08 .
Fe(2)—5(1) 2.260(6) Fe(2)-C'(6) 3.05
Fe(2)—5(2) 2.230(6) Fe(2—C"(1) 2.00
Fe(2)—CFe 1.70 (2) Fe(2)—C''(2) 2.20
Cge—O 1.12 (3) Fe(2)—C"'(3) 2.39
5Q1) - 5(2) 2.953(8) Fe(2)—C''(4) 2.29
S(1)-S4) 1.980(8) Fe(2)—C''(5) 2.03
S(2)—S(3} 2.006(8) Fe(2)—C''(6) 3.03
S(3) - S(4) 3.183(8)

Fe(1)—C(1) 2.13 (2) c(1)—C(2) 1.47(3)
Fe(1)—C(2) 2.13(2) C(1)—C(5) 1.42(3)
Fe(1)—C(3) 2.14(2) C(1)—C(6) 1.55(3)
Fe(1)—C(4) 2.11(2) C(2)—C(3) 1.44(2)
Fe(1)—C(5) 2.08(2) C(3)—C(4) 1.43(3)

Fe(1)—C(6) 3.27(2) - C(4Y—C(5) 1.43(3)
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TABLE 3
VALENCE ANGLES IN DEGREES (e.s.d. 's) (S - S non-bonded atoms)

5(1)—Fe(1)—5(2) 81.4(3) Fe(2)—-S(2)—S(3) 113.3(3)

S(1)—Fe(1)-S(3) 106.7(3) S(1) -~ S(2)-S(3) 92.9(3)
S(1)—Fe(1)-S(1) 51.4(3) Fe(1)—S(3)-S(2) 63.2(3)
S(2)—Fe(1)—5(3) 52.5(3) Fe(1)—S(3) -->w1) 16.1(3)
S(2)—Fe(1}—5(1) 107.2(3) S(2)—S€3) - S(1) 86.6(3)
5(3)—Fe(1)-S(4) 88.2(3) Fe(1)—S(4)—S(1) 63.8(3)
S5(1)—-Fe(2)—S(2) 82.3(3) Fe(1)—S(4) - S(3) 45.7(3)
S(1)—Fe(2)—C(Fe) 90.3(3) S5(1)-S(4) - S3) 86.8(3)
S(2)--Fe(2)--C(Fe)  90.8(3) Fe(2)—Cpa—0O 173(2)
Fe(1)—S(1)—Fe(2) 97.1(3) C(2)—C(1)—C(5) 107(2)
Fe(2)-5(1) - S(2)» 18.4(3) C(—C(1)—C(6) 121(2)
Fe(2)—S(1)—S(4) 113.1(3) C(5)—C(1)—C(6) 133¢2)
5(2) 7T S(1)—S44) 93.8{(3) C{1)—C(2)—C(3) 109(2)
Fe(1)—S(2)—Fe(2) 98.4(3) C(2)—C(3)—C(3) 106(2)
Fe(1)—S(2)—S(3) 63.3¢3) C(3)—C41)—C(5) 110(2)

Fe(2)—S(2) - S(1) 49.3(3) C(1)—CB)—C1) 108(2)

2.266(21) A, and appear to be equivalent. The four sulfur atoms are coplanar
within 0.005 A. The Fe atoms are respectively 1.352 [Fe(1)] above and 1.480 A
[ Fe(2)}] below this plane. The two S—S bonds S(1)—S(4) 1.980(8) and S(2)—
S(3) 2.006(8) A with an average value of 1.993(8) A | are shorter than the normal

TABLE 1
PRINCIPAL LEAST-SQUARES PLANES

Equations of the plances: Ix + my + nx + p = 0:x. » and =z are orthogonal coordinates in A along thea. b
and c axes.

Plane A (S(1) —-S(2)—S(3)—S(41)} 0.9800 x + 0.0478 y + 0.1931 z — B.368B4 =0

Plane B[C(1) - C(5)] 0.9806 x + 0.0468 » + 0.1903 : —11.4026 =0
Flane C[C’(1) ~ C"(5)] 0.9494 x + 0.0450 ¥ + 0.3107 : — 6.7676 =0
Plane DIC''(1) - C"(6)} 0.9516 x + 0.1254 y + 0.2804 2z — 7.2352=0
Plane E[(A). (B). Fe(1). Fe(2)] 0.0732x +0.8192 y —0.5688 * — 1.3576 =0

{A) and (B) being the midpoints of S(1) --- S(2) and $(3) --- S(4) and (C) the centre of the cyclopenta-
dienyl linked to Fe(l).

Deviations (in A) of atoms from these planes (*: atom included in the plane calculation)

A B C D E
Fe(l) 1.352(2) —1.728(2) 4.380 4.371 —0.007(3) = Fe(1)
Fe(2) —1.480¢3) —4.566(3) 1.752 1.784 —0.006(3) * Fe(2)
S(1) —0.005(5) * —3.088(5) 3.027 3.165 0.012 = (A)
S5(2) 0.005(5) * —3.080(4) 3.252 3.145 0.001 * (B)
S(3) —0.005(5) = —3.084(5) 3.054 2.894 —0.004 «©)
5(%) 0.005(5) * | —3.071(5) 2.836 2941 0.025(22) C(Fe)
cQ)y 0.02(2) * 0.02(2) * 0.165(15) o
<(2) —0.01(2) *
) ) —0.01(2)*
C3) 0.01(2) *
C(5) —0.02(2) *

C(6) 0.02(2)
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Fig. 2. Projection along the g axis illustrating the disorder of the methyleyclopentadienyl linked to Fe(2).

S—S bond of 2.06 A [15]. The methylcyclopentadienyl linked to Fe(1) is
planar with a mean value of 1.44(3) A for the C—C bonds and 108(2)° for the
internal angles. It is interesting to note that the molecule has an overall C, sym-
metry, the plane of symmetry passing through the Fe(1) and Fe(2) atoms, the
carbonyl group, the midpoints of S(1)---5(2) and S(3)---S{(4) and the centre of
the methylcyclopentadienyl! linked to Fe(l), as shown in Table 4. In the crystal,
the methylcyclopentadienyl linked to Fe(2) appears to be disordered. The two
statistical orientations, illustrated in Fig. 2 as obtained from the refinement, are
symmetrical with respect to this approximate plane of symmetry. The dihedral
angle between these two positions is 5.5°. Distances between statistical atoms
are given in Table 5.

Experimental

The IR spectra were taken in solution (4000—625 em™'), with KBr disc
(4000—250 em™!) and in polythene (400—40 cm ™), respectively, on Perkin—
Elmer 257, 357 and Beckman RIIC FS 720 Interferometer Model Instruments,
the 'H and '3C NMR spectra were taken in CDCIl, or toluene solution on Varian
T60, AGOA and Bruker WP60 model instruments respectively, with tetramethyl-
silane as internal reference, and the mass spectra on an AEI MS9 instrument.

TABLE 5

SHORTEST DISTANCES (A) BETWEEN THE TWO ORIENTATIONS OF THE DISORDERED METHYL.-
CYCLOPENTADIENYL RING

c'ay — ') 0.90 c't3) - Cc”"() 0.75
c'a)-c”@)- 0.73 clia) - c''(5) 0.63
Cc’(2) - c"(2) 0.80 Cc'(5) - C"@) . 0.62

. C@ - c') 0.83 . C5) -~ C"(5) 0.82
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We used GF 254 (Merck) silicagel for the thin-layer chromatographic separa-
tion and CHCI, for elution.

;-

sulfur we add 1. 5 X 1()" M of purified cyclopentadienyliron (.arbonyl dlmer
derivatives (from Alfa). The mixture is irradiated with visible light from an
OSRAM Model X BF-Xe 2.5 k\V arc lamp with copper sulfate solution as filter
[16]. After the irradiation the solution is deep green. The solvent is removed
under vacuum. The green mixture is chromatographed on a thin-layer apparatus
to give a large green band (R, 0.7). The yield of the green powder is about 35%.
The compound is characterised by its elemental analysis and its 'H and '*C NMR
and IR spectra.

Photolysis of evelopentadienyliron carbony! dimner

When the photolysis is carried out with cyclopentadienyliron carbonyl dimer
we obtain a mixture of the corresponding bis(cyclopentadienyliron)monocar-
bonyl tetrasulfide; elemental analysis: Found: C, 33.22; H, 2.54; S, 30.13.
C H, oFe.S.0 caled.: C, 33.16: H, 2.51:8, 32.16%. '*C NMR (CHCI,) 6(ppm):
CO 83.38 (s), 7°-CsH: 86.69 (s). 'H NMR 6 (ppm) 7""-C5Hs large (m) centered at
4.60.

Photolvsis of methylcyclopentadienyliron carbonyl dimer

The photolysis was carried out as described above. Elemental analy51s Found:
C. 36.78: H, 2.51: 8, 28.37. C,;H,,Fe.O0S; calcd.: C, 36.62;: H, 3.28; S, 30.04%.
13C NMR § (ppm): CH; 12.081 (s); CO 85.967 (s); w-CsH, 86.45, 86.75, 87.24
(m). '"H NMR & (ppm): CH; 1.6 (m), 7-CsH 2 (m) centered at 4.2.

X-Ray methods

The crytal data are: C,;H,;Fe.OS;, mol. wt. 426, orthorhombic space group
Pbca, cell dimensions: a 9.964(6), b 13.346(26), ¢ 23.470(24) A, V3121 A°,
eight molecules in the unit cell (Z = 8), D. = 1.81, AM(Mo-K,) 0.7107 A.

The intensities were measured with graphite monochromated Ao-K_, radiation
on a2 PW 1100 diffractometer using the 8 — 20 scan. Cell constants were obtained
by least-squares refinement of the seiting angles of 20 reflexions. Of the 2229
collected reflexions only 859 having I > 2.0 ¢([), 6(I) being the standard devia-
tion derived from counting statistics, were used for the structure analysis. The
intensities were corrected for Lorentz and polarisation effects but not for ab-
sorption.

Scattering factors were taken from the International Tables for X-Ray Crys-
tallography (1974) [17]. A three-dimensional Patterson synthesis yielded the
position of the two iron atoms. Five successive Fourier syntheses gave the loca-
tion of all the non-hydrogen atoms, but the cyclopentadienyl ligand linked to
Fe(2) was found to be disorded. Full-matrix least-squares refinement was fol-
lowed by a difference Fourier synthesis, which clearly revealed the presence of
two methyl groups for the disordered methyl cyclopentadienyl ring along with
unresolved positions for the ring atoms. Therefore in subsequent refinements
(program ORION {18]) this ring was treated as a rigid group with two equally
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weighted orientations and having the same dimensions as those in a (7°-methyl-
cyclopentadienyl)cobait—iron complex [18]. The temperature factors were
anisotropic for the Fe and S atoms, and isotropic for C and O: those of the rigid
groups were fixed (B = 5 A%).

The function minimized was Sw(F, — F¢)° where w = 1/5(F,)*. The final R

factors were 0.08 and R, = 0.07 *.

References

0O U e

R.A. Schunn, C.J. Fritchie and C.T. Prewitt, Inorg. Chem.. 5 (1966) 892,

ALP. Ginsberg and W.E Lindsell. Chem. Commun., (1971) 232

C. Giannotti. C. Fontaine, B. Septeé and D. Doué, J. Organometal. Chem.. 39 (1972) C71.

E. Samuel and C. Giannotti, J. Organometal. Chem., 113 (1976) C17.

C. Giannotti and G. Merle, J. Orpanometal. Chem., 113 (1976) 45.

\V. Lovenberg. Iron—Sulfur Proteins, Vol. 1 and I, Academic Press, Inc., 1973,

T.S. Piper and G.W. Wilkinson, J. Amer. Chem. Soc.. 78 (1956) 900.

K. Nakamoto. Infrared spectra inorganic and coordination compounds 2nd ed., (Wilev-Interscience.
New-York/London/Sydney/Toronto, 1370, p. 148

C. Perrin-Billot. A. Perrin and J. Prigent, J. Chem. Soc. Chem. Commun.. (1970) 676.

D.AL Adams, Metal- ligand and related vibrations, Edward-Armold, London. 1967, p. 319.
F.Y. Petillon and J.E. Guerchais, Canad. J. Chem., 19 (1971) 2598..

B.P. Kennedy and A.B. Lever, Canad. J. Chem.. 50 (1972) 3488. |

N. Cherremis and S.V. Lariouot, lev, Akad. Nauk SSR Ser. Klim. 10 (1971) 2150.

T.S. Piper. F.A. Cotton and G. Wilkinson, Inorg. Nucl. Chem. 3 (1956) 165.

J. Donohue, The Structure of the Elements. Wiley. New York/London/Sydney{Toronto, 1974.
Al. Kasha, J. Opt. Soc. Amer.. 38 (19.19) 919.

Internationa! Tables for X-Rayv Cryvstallography. Vol. [V, Kynoch Press, Bimingham. 1974.

D. André. R. Fourme and M. Renaud, Acta Cryst., B, 27 (1971) 2371.

* Tables of structure factors inay be obtained from the authors.



