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Figure 4.3 Reagents: (a) n-Bulli, ether, reflux; (b} (CcHSO,),S, ether, -70°C; {¢) 2 n-
Buli, CuCl,

Since this synthesis was time-consuming and the reaction yields were unsatisfactory, a new
synthetic route was considered, using 2,2"-bithiophene as starting material. The idea for this
synthesis originated from work done by Ohshita et a/"*. Dithienosiloles were afforded when
3,3'-dilithio-5,5-bis(trimethylsilyl)-2,2'-bithiocphene, prepared from the reaction of n-butyllithium
and 3,3-dibromo-5,5'"-bis(trimethyisilyl})-2,2'-bithiophene, was treated with
dichlorodiphenylsilane. Replacement of the silyl groups with bromine atoms vyielded
dibromodithienosilole. Lithiation and the subsequent hydrolysis of the resulting
dilithiodithienosilole afforded 4,4-diphenyldithienosilole. The prospect of utilizing this synthetic
method to synthesize dithieno[3,2-£:2°, 3'-d]thiophene by substituting dichlorodiphenylsilane for

sulfur dichloride was suggested. The proposed reaction scheme is outlined in figure 4.4.

Br Br\ Br Br
0+ e
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Figure 4.4  Reagents: {a) Br, (excess), reflux 24h; (b} Zn, reflux; (¢} 2 eq. n-Buli, SCI,,
THF, 0°C

2,2-Bithiophene was treated with excess bromine to afford 3,3'55-tetrabromo-2,2'-

% J.Ohshita, M. Nodono, T. Watanabe, Y. Ueno, A. Kunai, Y. Harima, K. Yamashita, M.
Ishikawa, J. Organomet. Chem., 553, 1998, 487.
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bithiophene'®. Reaction of this tetrabromo product with zinc dust at elevated temperatures
resulted in selective a-debromination to‘ vield 3,3'-dibromo-2,2'-bithiophene. Lithiation of 3,3'-
dibromo-2,2'-bithiophene with n-butyliithium, followed by the reaction with sulfur dichloride'®,
afforded the target product, but unfortunately the desired compound was dissolved in a viscous
oil which formed as byproduct. All attempts to separate the two products failed and this method

was also found to be unsatisfactory.

In an final attempt to synthesize dithieno[3,2-b:2", 3-d]thiophene a combination of the methods
described by De Jong ef af* and Brandsma ef al'® was employed. 3-Bromothiophene was
lithiated and the 3-lithiothiophene species was reacted with sulfur dichloride to yield di(3-
thienyl)sulphide. Ring closure of this compound, using n-butyllithium followed by CuCl,, gave
dithieno[3,2-b:2",3"-d]thiophene (1) in low yields.

Seeing that the ring closure reaction was the most problematic step in the synthesis of the
ligand, it was inferred that the lithiation of di(3-thienyl)sulphide was incomplete and that this
was the reason for the failure in obtaining the target product. To establish whether this
speculation had any credibility, a test reaction was conducted. After the dimetallation of di(3-
thienyl)sulphide, one equivalent of tungsten hexacarbonyl was added, followed by the
alkylation of the resulting dilithium salt with Et,;OBF,. A green biscarbene complex 21 (figure
4.5) was yielded, refuting the assumption. The system for numbering of the atoms for
characterization purposes is shown. Interestingly, no coordination of the linking sulfur atom
was observed whereby two five-membered rings would result in a tricarbonyl complex. The
infrared data supported a tetracarbonyl complex and a molecular ion peak at m/z = 660

confirmed a mononuclear complex.

Figure 4.5 Structure of complex 21

*8.C. Ng, H.8.0. Chan, H.H. Huang, R.S.H. Seow, J. Chem. Res. (M), 1996, 1285.

1. Brandsma, H. Verkruijsse, Preparative Polar Organometaliic Chemistry I, Springer-
Verlag, Berlin Heidelberg, 1987, p.162.
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a similar tungsten biscarbene complex prepared by Fischer ef af°. Values for the 1,4-chelated
o-phenylene tetracarbonyl tungsten ethoxy biscarbene complex are only marginally higher than
for complex 21 and are: 2032 cm™ (A,™), 1957 cm™ (A,¥), 1947 cm™ (B,) and 1896 cm™ (B,).

The carbonyl vibration frequencies of the ester groups of complexes 24 and 27 were observed
as lower intensity bands at 1650 cm™ and 1652 cm™, respectively. This band was noticeably

absent on the spectrum of complex 30.

3.1.4 Mass spectrometry

The data for the fragmentation of complexes 21-28 are presented in table 4 6.

From the data in table 4.6 it is evident that the monocarbene complexes, biscarbene
complexes and decomposition complexes have different fragmentation patterns respectively.
The monocarbene complexes show initial fragmentation of five carbonyl groups followed by
the loss of the ethyl group and eventually the elimination of the carbene carbonyl group. On
the spectra of the biscarbene complexes the M* peaks were not observed. Instead, on all three
spectra the M* - 4CO fragmentation peak was the peak observed at highest m/z-value. A
definite fragmentation pattern for the biscarbene complexes could not be distinguished.
However, certain discernable fragments could be identified which were present on all three
spectra. The first meaningful peak was identified as the M" ion of the decomposition product
i.e. one metal carbonyl fragment was replaced by an ester group. After this the consecutive
loss of five carbonyl groups is observed and the peaks associated with these fragments could
be assigned. Interestingly, the principal ion on all three spectra is found at a m/z value of 340,
which corresponds to a fragment ion where both carbene fragments are replaced by ester
groups. The fragmentation patterns of the decomposition products are very similar to that of
the monocarbene complexes. The molecular ion peak was observed in all three cases and the
fragmentation started with the stepwise loss of three carbonyl groups. In the spectrum of 24
the consequent loss of carbonyl groups ensued, while the elimination of the ethyl group

preceded the further loss of the carbonyl groups in the spectrum of 27.

2 E O, Fischer, W. Roll, N. Hoa Tran Huy, K. Ackermann, Chem. Ber., 115, 1982, 2951.
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Figure 4.13 Bond lengths (&) and bond angles (°) of dithieno[3,2-b:2',3"-d]thiophene

3.1.5.1 Crystal structure of complex 22

Figure 4.14 Ball-and-stick plot of complex 22

The Cr metal is in the centre of an octahedral ligand environment in complex 22. The
heteroaromatic ring system in the structure is planar and in the same plane as the carbene
carbon and the metal atom. The metal moiety is orientated away from the sulfur atom on the
opposite side of the ring, similar to the structures obtained for complexes 1, 19 and structures
of similar thiophene complexes reported in literature'®. The bond lengths of the ring system in
complex 22 are all longer or similar to the bond lengths determined for the same bonds in the
structure of the dithienothiophene?’. It is therefore assumed that the effect of delocalization is
present in this structure as was indicated for the structures of the complexes discussed in
Chapter 3. Bond angles of the dithienothiophene ring in the complex differ slightly from the
literature values for DTT, indicating distortion of the rings on coordination to the carbene

moiety.
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In literature®, the value obtained for a C(sp?)-C(aryl) bond for a conjugated arene was 1.470

A and for an unconjugated arene 1.488 A.
The angles O(1)-C(1)-C(2), O(1)-C(1)-Cr(1) and C(2)-C(1)-Cr(1) of 104.2(7)°, 130.1(6)° and
125.7(6)° respectively are typical for Fischer carbene complexes®. These values are similar

to the values obtained for chromium complexes 8, 8, 19 and 22.

3.1.5.3 Crystal structure of complex 27

Figure 4.17 Ball-and-stick plot of complex 27

The ethoxy group of the ester functionality in complex 27 is orientated towards the sulfur atom
of the ligand, similar to the position inhabited by the ethoxy group on the carbene carbon. The
bond angles surrounding C10, the carbon associated with the ester moiety, were determined
as O(2)-C(10)-C(8) 123.5(8)°, O(3)-C(10)-C(9) 111.8(7)° and O(2)-C(10)-O(3) 124.9(8)° while
the similar bond angles around the carbene carbon C(1) were found to be O(1)-C(1)-C(2)
105.2(7)°, O(1)-C(1)-W 130.2(5)° and C(2)-C(1)-W 124.6(6)°.

Delocalization of the electron density is evident in the lengthening of the C(2)-C(3) and C(4)-

#F H. Allen, O. Kennard, D.G. Watson, L. Brammer, A.G. Orpen, R. Taylor, J. Chem.
Soc., Perkin 2, 1987, S1.

2% . Schubert, Coord. Chem. Rev., 55, 1884, 261.






Iron complexes of

Thiophene derivatives

1. General

Organometallic complexes in which two metal-containing fragments are bridged by arene or
heteroarene ligands can serve as models for repeating units in related organometallic polymers™?.
By increasing the number of fused aromatic rings in the bridging group of such material, the
degree of intermetallic conjugation is expected to increase in complexes having two metal centres
o-bonded to the rings®. To determine the magnitude of this effect, Hunter et a/* studied fused
heteroarene ligands substituted by FeCp(CO),-moileties and derivatives thereof. Heteroarene
ligands used in this study included quincline, quinazoline and quinoxaline, all compounds
containing a nitrogen atom in the aromatic system. The new complexes were prepared by reacting
Na[FeCp(CO),] with the heterocyclic compounds containing halide substituents at low
temperatures. Nucleophilic displacement takes place as the more activated chlorine atoms bonded

to the heteroarene ring is displaced by the strong [FeCp(CO),] nucleophiles (figure 5.1).

Cl FeCp(CO),
O O +  Na[FeCp(CO),] %g» NaCl + O
Cl N cl N

Figure 5.1 Synthesis of a monosubstituted quinoline complex

" R. McDonald, K.C. Sturge, A.D. Hunter, L. Shilliday, Organometaliics, 11, 1992, 893.
2 X.A. Guo, K.C. Sturge, A.D. Hunter, M.C. Williams, Macromolecules, 27, 1994, 7825.
3 A.D. Hunter, D. Ristic-Petrovic, J.L. Mclernon, Organometaliics, 11, 1992, 864,

4 A.D. Hunter, R. Chukwu, B.D. Santarsiero, 8.G. Bott, J.L. Atwood, J. Organomet. Chem.,
526, 1996, 1.
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Silylthiophenes have recently received considerable attention due to several reasons. Firstly they
have been recognized as starting materials for the preparation of polythiophenes®. Furthermore,
the presence of a trimethyisilyl group on the 2-position serves as a protecting group towards
metallation® directed at the 3-position specifically. 2-Trimethylsilylthiophene was synthesized by
Deans and Eaborn?®, while the 2 5-bis(trimethylsilyl)thiophene was prepared by Sauvajol (65%
yield)® as well as by Van Pham (89% vield)'® but by using different silylation methods. Both
complexes were synthesized via the appropriate bromothiophene precursor. Although many
studies of polycarbosilanes have appeared in literature, their germanium backbone analogues
have been neglected until recently. The polymer [2,5-(dimethylgermylthiophene], was prepared
by Barrau et al*® by poly-condensation between 2 5-dilithiothiophene and
dichlorodimethylgermanium (80% vield). The formation of [2,5-bis(chlorodimethylgermyl)thiophene]

(20% vyield) was also observed in the same reaction.

Nesmeyanov and co-workers reported the syntheses of o-complexes of manganese
pentacarbonyl with furan, benzofuran and thiophene®. The monosubstituted o-complexes of
perchlorothiophene with nickel, iron and manganese derivatives have also been synthesized
previously®. Iron complexes of the type [FeCp(CO),R], with R = 2-thienyl, 2-furyl, 5-methyl-2-furyl
and 4,5-benzo-2-furyl were synthesized by the initial reaction of Na[FeCp(CO),] with 2-
thiophenecarbony! chloride (in the case of the thiophene product), followed by photochemical

decarbonylation of these acyl complexes to yield the target products® (figure 5.4).

2 H. Masuda, Y. Taniki, K. Kaeriyama, Synfh. Met., 55, 1993, 1246,
2D, Habich, F. Effenberger, Synthesis, 1979, 841.
% F B. Deans, C. Eaborn, J. Chem. Soc., 1859, 2803,

% J.L. Sauvajol, C. Chorro, J.P. Lére-Porte, R.J.P. Corriu, J.J.E. Moreau, P. Thépot, M.
Wong Chi Man, Synth Met., 62, 1994, 233.

% J. Barrau, G, Rima, A. Akkari, J. Satge, /norg. Chim. Acta, 260, 1997, 11.

27 A.N. Nesmeyanov, K.N. Anisimov, N.E. Kolobova, /zv. Akad. Nauk SSSR, Ser. Khim.,
1356, 1864, 2247.

# M.D. Rauch, T.R. Criswell, A.K. Ignatovicz, J. Organomet. Chem., 13, 1968, 419,

* A.N. Nesmeyanov, N.E. Kolobova, L.V. Goncharenko, K.N. Anisimov, /zv. Akad. Nauk
SSSR, Ser. Khim., 1, 1976, 153,
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observed. The suggested mechanism for the formation of these two products is outlined in figure
5.6. The bis complex 33 is unstable and very reactive and we therefore conclude that it facilitated
the formation of complexes 34 and 35. It comprises the reaction of a diiron complex 33 and a
mono-iron complex 32 to form complex 34 and the reaction between two bis-iron complexes 33
to form complex 35. These reactions are thermodynamically favoured by the formation of the iron
dimer [{FeCp(CO).},]. The insertion of a carbonyl group stabilizes the Fe-thienyl bond and thus
the molecule. This proposed mechanism is supported by the presence of the dimer [{FeCp(CO),},]
inthe final reaction mixture. The same observation regarding the stability of these complexes were
made as for the thiophene analogues. This reaction was also performed using the metal complex

[IMoCp(CQ),Cl, but no organometallic products were formed during the reaction.

({COYCpFe

S
\ [\ L FeCp(CO) ﬁ S
338 ’ (CO)CpFe—C

> +CO_ \ /N S/

. T

\ / ~FeCp(CO),
s

FeCpy(CO)4
33

R=H 34
R = FeCp(CO) 35

Figure 5.6  Reaction route for the formation of complexes 34 and 35

It was obvious from the yields of the reaction products that these reactions had not gone to
completion. It was suggested that the reason for the low reactivity between the two reagents could
be ascribed to the relative strength of the Fe-| bond. By substituting the iodine ligand for a more
labile leaving group on the metal, a higher yield of target products was envisaged. Therefore it was
contemplated to repeat the reactions, but instead of reacting the lithio species with [FeCp(CO), 1],
[FeCp(CO),(O,SCF,)] was used, containing a triflate leaving group. This method, however, proved

to be unsuccessful since only the mono-iron complex was obtained for both ligands.
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carbene complexes where the complexes with the condensed rings were more stable than the
analogous thiophene complexes. Pauson suggested that the Fe-C_ ... bond is stabilized by the
effect of the condensed ring®®. This same trend was observed by Nesmeyanov et af®, who
observed the stability of the [FeCp(CO),(2-benzofuryl)] complex compared to the iron complexes

containing five-membered heterocyclic ligands.

2.1.1 'H NMR spectroscopy

All NMR spectra were recorded in deuterated chloroform as solvent unless otherwise specified.
The "M NMR data for complexes 31-33 are summarized in table 5.1, while table 5.2 contains the

data of complexes 34 and 35. The data of complexes 36-38 are reported in table 5.3.

Table 5.1 "H NMR data of complexes 31, 32 and 33

Chemical shifts (5, ppm) and Coupling constants (J, Hz)
Proton 3 Ss s
fOOWF?@“"FeCP(OO)z ?6\ 5/ 8\32 FeCp(CO), <CO}2chMFeCp(CO)?
RY 32 33

0 J 5 J 0 J
H3 6.83 () - - - ) _
H4 6.83 (s) - - - - -
H7 - - 6.68 (@) 1.0 - -
Me3 - - 2.31(s) - 2.25 (s) -
Me6 - - 2.27 (d) 1.0 2.25(s) -
Cp 4.95 (s) - 5.01 (s) - 4.95 (s) .

From the peaks observed on the spectra of the three complexes it is clear that '"H NMR
spectroscopy does not provide exclusive means for the characterization of these products. The
protons observed do, however, indicate that both the metal fragment as well as the ligand are

present in all of the complexes. The data for [FeCp(CO),(2-thienyl]*® were found to be: 6.59 ppm

% p L. Pauson, A.R. Quazi, B.W. Rockett, J. Organomet. Chem., 7, 1967, 325.
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2.1.2 "“C NMR spectroscopy

The *C NMR data of complexes 31, 32, 34, 36 and 37 are given in table 5.4.

Table 5.4 *C NMR data of complexes 31, 32, 34, 36 and 37
Chemical shifts (3, ppm)
Carbon 31 32 34 36 37
¢] 8 b e) 8]
c2 150.0 1458 n.o. 1454 1476
C3 140.7 142.8 136.7 136.8 136.5
c4 140.7 n.o. n.o. 142.4 134.9
| C5 150.0 n.o. n.o. 1347 134.9
ce - 138.3 135.9 122.1 136.5
C7 - 129.6 n.o. 130.1 147.6
Co - - 132.1 - -
c12 - - 125.3 - -
C13 - - 130.4 - -
Me3 . 17.3 17.3 16.3 16.4
Mes - 14.8 1587 14.7 16.4
Me9 - - 15.2 - -
Me12 - - 148 - -
Cp 85.5 85.8 85.9 - -
| M(CO), 215.2 214.4 213.9 - -
| SnMe, - - - -8.25 -8.33

Recording of *C NMR spectra proved to be problematic since the complexes were unstable at

room temperature and even more so in solution. Decomposition occurred in several cases and

made the unambiguous assignment of resonance peaks impossible. The fact that nearly all the

carbons in the structure of the complexes are quaternary carbons, made the situation even worse.

For complexes 33, 35 and 38 only the distinguishable chemical shift values will be reported.

Resonance peaks (ppm) were observed on the spectrum of 33 as follows: 214.2 (M(CQ),), 85.8
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(Cp), 17.2 (Me3, Meb). The resonance peaks on the spectrum of complex 35 were found at the
following chemical shift values (ppm): 213.7 (M(CQ),), 85.7 (Cp), 17.4 (Me3), 14.7 (Me6), 14.1
(Me9), 15.6 (Me12).

2.1.3 Infrared Spectroscopy

The infrared data of complexes 31-35 and complex 38 are outlined in table 5.5. All the spectra

were recorded in dichloromethane as solvent.

Table 5.5 Infrared data of complexes 31, 32, 33, 34, 35 and 38
Stretching vibrational frequency (veq cm™)
Band 31 32 33 34 35 38
A0 2025 2026 2023 2029 2053, 2028 1941
A 1972 1974 1972 1978 2007, 1978 -
c=0 : - - 1655 1656 -

Two bands were observed for the M(CO), moieties while the inserted carbonyl band was observed

at a characteristic value of 1656 cm™ for both products containing this group.

2.1.4 Mass spectrometry

The fragmentation patterns of complexes 31, 32, 34, 35, 36 and 37 are presented in table 5.6. The
molecular ion peak was observed on all the spectra except for the spectrum of complex 35. The
fragmentation pattern of these iron complexes constitute the elimination of the carbonyl groups
of the metal moiety, followed by the loss of the inserted carbonyl (if present) and the loss of the

cyclopentadienyl ring.
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Co

C5

Figure 5.8  Ball-and-stick plot of complex 37

Table 5.7 Selected bond lengths and angles of complex 37

37 Bond lengths (A) 37 Bond angles (°)
Sn-C(1) 2.152(3) CE#I-S()-C() 92.50(16)
SM)-C(1) 1.757(3) C(2)-C(1)-8(1) 111.8(2) |
C(1)-C2) 1.369(5) C)-C(2)-C(3) 111.3(3) |
C@)-C(3) 1.438(5) C#1-C(3)-C(2) 114.7(4)
C@)-C(4) 1.513(5)
C(3)-C(3)#1 1.395(7)
C)-S()#1 1.730(4)

The metal moiety is pseudotetrahedral, evident from the bond angles around the tin atom the bond
angles of C(7)-Sn-C(6) 109.9(2)°, C(7)-Sn-C(1) 112.4(2)°, C(6)-Sn-C(1) 107.0(1)°, C(7)-Sn-C(5)
110.1(2)°, C(6)-Sn-C(5) 111.4(2)° and C(1)-Sn-C(5) 105.9(2)° are marginally different from the
normal value of 109° for tetrahedral arrangements. The Sn-C(thienyl) bond length is the same
(2.15 (1) A) as those recorded for the same bonds in Sn{thienyl),* and the 2.14 (1) A recorded

¥ A, Karipides, A.T. Reed, D.A. Haller, F. Hayes, Acta Cryst. B, 33, 1977, 950.
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for the analogous Sn(phenyl),*°. These distances are similar to the average bond length of 2.14
A found for Sn-C(Me) bonds. The Sn-C(1) bond length of 2.152(3) A can not be compared to Sn-C
bond lengths of organotin halides. The Sn-C bond length in SnMe,F,*! and SnMe,CL,* is 2.08 A
and 2.21 A respectively. The variation in Sn-C bond lengths can be correlated with the

electronegativity and size of the halogens.

0V K. Belsky, A.A. Simonenko, V.O. Reikhsfeld, L.E. Saratov, J. Organomet. Chem., 244,
1983, 125.

T E.Q. Schlemper, Inorg. Chem., 5, 1966, 507, 511.
“2 A G. Davies, J. Chem. Soc. (A), 1970, 2862.
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2. Electronic spectra

Three intense bands are present on the UV-spectrum of thiophene in the gas phase, at 240 nm,
207 nm and 188 nm. Two bands, at 215 nm and 231 nm, are observed on the spectrum of
thiophene in solution. Substituents on the ring have an influence on the position of these bands,
depending on the ring position of the substituent. As the number of conjugated thiophene units
increases’, the maxima of the absorption bands shift to longer wavelengths and the intensity of
the absorbance increases with the lengthening of the thiophene annelation. This trend was also
observed for the elongation of a C=C bridging ligand? as well as for oligothiophenes. Cn
increasing the number of thiophene moieties from one to three, an energy difference of ca. 100
nm was observed®. Four bands can be distinguished on the spectrum of thieno[3,2-b]thiophene,
at253 nm, 261 nm, 270 nm and 280 nm. On the spectrum of dithieno[3,2-b:2', 3'-d]thiophene three
bands are distinguished at 282 nm, 292 nm and 304 nm.

The UV-spectra of a few of the novel complexes were recorded in dichloromethane. The electronic
data of the series 22, 23 and 24 and the series 13 and 27 are produced in table 6.1 and the
electronic spectrum of complex 23 is presented in figure 6.1. All the complexes exhibit strong
ligand-based absorption bands between 223 and 245 nm. Intense characteristic absorption bands
with A, in the range 330 to 390 nm are assigned to the thiophene-based m-* transitions.
Coordination to metal fragments shift these bands to higher wavelengths, indicating interaction
of the metal carbene r-system with that of the thiophene substituent. The energies of the r-rm*
transitions in the thiophene are reduced. For example, compare the bands in the range 282-304
nm for thienothiophene with a range of 320-388 nm observed for complex 23. Also, bands are
more intense in the spectra of the biscarbene complexes as the corresponding bands for the
monocarbene complexes. The energy of the transition shifts to higher energy as the number of
thieny! fragments in the complexes increases. This is demonstrated in going from 13 to 24 to 27.

The absorption band at lowest energy is assigned to a d-p metal-to-ligand charge transfer

'Y. Mazaki, K. Kobayashi, Tefrahedron Lett., 30, 1989, 3315.

2C. Hartbaum, E. Mauz, G. Roth, K. Weissenbach, H. Fischer, Organometallics, 18, 1999,
2619.

%Y. Zhu, D.B. Millet, M.O. Wolf, S.J. Rettig, Organometallics, 18, 1999, 1930.




































Experimental

1. General

All reactions were performed in an inert atmosphere of either nitrogen or argon by using
standard Schlenk techniques and vacuum-line. Solvents were dried and distilled under nitrogen
prior to use. Column chromatography was carried out under nitrogen using either silica gel
(particle size 0.063-0.200 nm) or neutral aluminium oxide as resin. Most chemicals were used
directly without prior purification. Thiophene was purified as described by Spies and Angelici’.

Trimethylamine N-oxide was azeotropically distilled from benzene and stored under argon.

1.1 Preparation of starting compounds

The following compounds were prepared using known literature methods: 3,6-
Dimethylthieno[3,2-blthiophene?, 2 3 5-tribromothiophene®, 3-bromothiophene®, ethyl(3-
thienothio)acetate®, ethyl(2-formyl-3-thienothio)acetate®, thieno[3, 2-blthiophene carboxylic acid,

thieno[3,2-b]thiophene®, cyclopentadienyliron dicarbonyl iodide’, triethyl oxonium

T G.H. Spies, R.J. Angelici, Organometallics, 6, 1987, 1902,

2 K.S. Choi, K. Sawada, H. Dong, M. Hoshino, J. Nakayama, Heterocycles, 38, 1994,
143,

° L. Brandsma, H.D. Verkruijsse, Synthetic Comm., 18, 1988, 1763.
4 S. Gronowitz, T. Raznikiewicz, Org. Synth. Coil., 5, 1973, 149.

° Y.L. Goldfarb, V.P. Litvinov, S.A. Ozolin, izv. Akad. Nauk. SSR, Otd. Khim Nauk,
1965, 510.

8 A. Bugge, Chem. Scand., 22, 1968, 66.
" R.B. King, F.G.A. Stone, Inorg. Synth., 7, 1963, 110,
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tetrafluoroborate®, 3,3-dithienyl sulfide®, 2 5-bis(trimethyltin)thiophene' and dithieno[3,2-
b2 3-djthiophene™. Cyclopentadienyliron triethylphosphino iodide was prepared by two
separate syntheses. The first method comprised the irradiation of cyclopentadienyliron
dicarbonyl! iodide in toluene in the presence of triethyl phosphine, The second synthesis was
effected according to a method described by Moreno et al'®, using cyclopentadienyliron
dicarbonyl iodide and trimethylamine N-oxide in THF in the presence of triethyl phosphine. it

was concluded that the second preparation method afforded the highest yield of product.

1.2  Characterization of complexes

1.2.1 NMR spectroscopy

All NMR spectra were recorded in deuterated chioroform, unless stated otherwise, using the

chloroform peak as standard on a Bruker ARX-300 spectrometer.

1.2.2 Infrared spectroscopy

Infrared spectra were recorded on a BOMEM FT-IR spectrophotometer using dichloromethane

or hexane as solvent.

1.2.3. Mass spectrometry

Mass spectra were recorded at 70 eV on a Finnigan Mat 8200 instrument using the electron

impact method.

® H. Meerwein, Org. Synth., 46, 1966, 113,

° L. Brandsma, H.D. Verkruijsse, Preparative Polar Organometalfic Chemistry 1,
Springer-Verlag, Berlin Heidelberg, 1987, p.1862.

°C.van Pham, R.S. Macomber, H.B. Mark, H. Zimmer, J. Org. Chem., 49, 1984, 5250.
" F. de Jong, M.J. Janssen, J. Org. Chem., 36, 1971, 1645.
2 P.M. Treichel, D.A. Komar, J. Organomet. Chem., 206, 1981, 77.

¥ C. Moreno, M. Macazaga, R. Medina, D.H. Farrar and S. Delgado, Organometallics,
17, 1998, 3733.
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1.2.4 X-ray crystallography

Data collection and structure determinations were done by Dr. Helmar Gérls, University of
Jena, Germany. Experimental details for the X-ray analyses, listing of the experimental
crystallographic parameters and tables of atomic coordinates, bond distances and angles, and

anisotropic thermal parameters are available from the author on request.

2. Synthesis of Organometallic compounds

2.1 Thiophene carbene complexes

2.1.1 Synthesis of molybdenum complexes 1, 2, 3,4 and 5

16.8 ml (26.8 mmole) of n-butyl lithium (15% solution in hexane) was added to a solution of
0.99 mi (12.4 mmole) of thiophene and 3.7 ml (24.7 mmole) of TMEDA in 50 mi of hexane at
room temperature. The mixture was refluxed for 30 minutes during which time the lithium
chloride salt precipitated as a white solid. This suspension was cooled to 0°C and 30 mi of
THF was added. The mixture was then further cooled to -20°C and 5.99 g (22.7 mmole) of
Mo(CO), was added gradually. The reaction was kept at this temperature for 15 minutes,
stirring vigorously, and then allowed to rise to room temperature. Stirring was continued for
another hour, during which time the colour of the reaction mixture changed to a dark red-
brown. After completion of the reaction, the solvent was evaporated in vacuo. 4.55 g (24.7
mmole) of triethyl oxonium tetraflucroborate was dissolved in 20 mi of dichloromethane. This
was added to the residue of the reaction mixture at -20°C and the solution, purple-coloured,
was stirred for an hour while the temperature was allowed to rise to RT. The mixture was
filtered through silica gel with dichloromethane and the solvent removed under reduced
pressure. Column chromatography was used to purify the mixture of carbene products. Hexane
was employed as starting eluent and the polarity was gradually increased by adding
dichloromethane to separate the different compounds. Four compounds were isolated. The
first yellow-orange product (yield: 1.53 g; 32%; mp.. 155°C dec.) was identified as the
monocarbene complex1, while the second purple product (yield: 1.41; 17%) was characterized
as the biscarbene complex 2. This product decomposed with time to form the red
decomposition product 3, yield: 0.67 g (12%). The third product , also purple-coloured, was

identified as complex 4, yield: 2.08 g (20%). The last compound, isolated using pure
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dichloromethane as eluent, was red and identified as complex 5, yield:1.38 g (18%). The

biscarbene complex 2 can be decomposed more rapidly on stirring in acetone or THF.

2.2 Aminolysis reactions of complex 1

2.2.1 Reaction with NH,

0.55 g (1.5 mmole) of the molybdenum monocarbene compiex 1 was dissolved in 50 mi of
diethyl ether. Ammonia was bubbled through the solution for 5 hours. The solvent was
removed under reduced pressure and the residue purified using column chromatography. Two
bands were separated: unreacted starting complex 1 (yield: 0.23 g; 41%) and a yellow product
6, (vield: 0.24 g; 46%).

2.2.2 Reaction with 1,4-phenylene diamine

0.55 g (1.5 mmole) of the molybdenum monocarbene complex 1 was dissolved in 50 ml of
diethyl ether. A solution of 0.33 g (3.0 mmole) of 1,4-phenylene diamine in 10 mi of THF was
added while stirring. The mixture was stirred for 24 hours. The solvent was removed under
reduced pressure and the crude product purified on a silica column. Two bands were
distinguished. The first yellow-orange band yielded the starting material 1, (yield: 0.29 g; 51%).
The second yellow product isolated was identified as the aminocarbene complex 7, yield: 0.28
g (42%).

2.3. 3,6-Dimethyithieno[3,2-b]thiophene and Thieno[3,2-b]thiophene carbene

complexes

2.3.1 Synthesis of chromium complexes 8, 9 and 10

0.67 g (4.0 mmole) of DMTT was dissolved in 50 ml of hexane. 1.2 ml (8.0 mmole) of TMEDA
and 5.5 mil (8.8 mmole) of n-butyl lithium were added at room temperature. The mixture was
refluxed for 45 minutes and then cooled to 0°C. Lithium chloride precipitated as a white solid.
After the addition of 50 ml of THF, 1.76 g (8.0 mmole) of Cr(CO), was added and the
suspension stirred for an hour. The colour of the reaction changed to dark brown. After

completion of the reaction, the solvent was removed in vacuo. 1.50 g (8.1 mmole) of triethyl


http:yield:1.38
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2.3.4 Synthesis of manganese complexes 16, 17 and 18

(i) Mn(CsH:)(CQO)s

The reaction was carried out according to the general method described in 2.3.1 with the
addition of 5.5 ml (8.8 mmole) of n-butyl lithium and 1.2 mi (8.1 mmole) of TMEDA to a solution
of 0.67 g (4.0 mmole) of DMTT in 50 ml of hexane. 1.63 g (8.0 mmole) of Mn(C;H}(CO), was
added to the dimetallated species. The reaction was effected with the addition of 1.5 g (8.0
mmole) of triethyl oxonium tetrafluoroborate and the subsequent purification on a silica gel
column. Two products were isolated: the first reddish-brown monocarbene complex 16 (yield:

0.43 g; 27%) and the second purple-brown biscarbene complex 17 (yield: 1.49 g; 59%).

(i) Mn(C;H,Me)(CO),
The metailation of DMTT was performed according to the method described in 2.3.1, using
0.67 g (4.0 mmole) of DMTT. 0.92 g (8.0 mmole) of Mn(C;H,Me)(CO), was added to the

dilithiated species and alkylation was done with 1.5 g (8.0 mmole) of triethyl oxonium

tetrafluoroborate. Column chromatography yielded mainly the biscarbene complex 18, yield:
1.64 g (62%).

2.3.5 Synthesis of chromium complexes 19 and 20

Thieno[3,2-blthiophene (0.56 g, 4.0 mmole) was dissolved in 30 mi of hexane. THF (100 ml)
was added together with 1.2 ml (8.0 mmole) of TMEDA and 5.5 ml (8.8 mmole) of n-
butyllithium. The mixture was refluxed for 45 minutes and cooled to 0°C after which 100 mi of
THF was added. 1.7 g (8.0 mmole) Cr(CO), was introduced and the mixture was stirred for an
hour at room temperature. The solventwas evaporated and 1.5 g (8.0 mmole) triethyl oxonium
tetrafluoroborate, dissolved in 30 mi of dichloromethane, was added at-30°C. The mixture was
stirred for 15 minutes in the cold and for a further 45 minutes at room temperature after which
it was filtered and the soivent evaporated. The residue was column chromatographed with a
hexane: dichloromethane (1:1) solution to yield two products. The first purple-pink product was
identified as 19, yield: 0.79 g, 42% . The second orange product was characterized as 20 with
a yield of 0.34 g, 14%.
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2.4.3 Synthesis of tungsten complexes 25, 26 and 27

1.4 mi (2.2 mmole) of n-butyllithium and 0.3 mi (2.0 mmole) of TMEDA were added to a
solution of 0.19 g (1.0 mmole) of DTT in 30 mi of hexane. The reaction was effected in the
same manner as described for the chromium analogue in 2.4.2. with the addition of 0.70 g (2
mmole) tungsten hexacarbonyl and subsequent alkylation with 0.4 g (2.0 mmole) triethyl

oxonium tetrafluorcborate.

Three products were isolated with column chromatography. The first orange product was
identified as the monocarbene complex 25, yield: 0.24 g (42%). The second purple was the
biscarbene complex 26 which was formed in a yield of 0.25 g (26%). The third product had an
brown-orange colour and was characterized as the decomposition product 27, yield: 0.19 g
(30%).

2.4.4 Synthesis of molybdenum complexes 28, 29 and 30

0.19 g (1.0 mmole) of DTT was dissolved in 30 ml of hexane after which 1.4 ml (2.2 mmole)
of n-butyllithium and 0.3 mi (2.0 mmole) were added. The same reaction procedure was
followed as described in 2.4.2 for the dilithiation of DTT. The addition of 0.53 g (2.0 mmole)
of Mo(CO), fed to a dark brown colour change of the reaction mixture. Quenching the reaction
with 0.4 g (2.0 mmole) triethyl oxonium tetrafluoroborate resulted in a purple-pink colour for
the final reaction solution. Three products were purified on a column and isolated in the
following order: the orange monocarbene complex 28, yield: 0.13 g (26%); the purple
biscarbene complex 29, yield: 0.27 g (35%) and the pink-purple complex 30, yield: 0.34 g
(31%).

2.5. Alkyl complexes of Thiophene derivatives

2.5.1 Synthesis of iron complex 31

Dilithiation of thiophene was accomplished by adding 17.0 mi (27.3 mmole) of n-butyllithium
and 3.7 ml (24.8 mmole) of TMEDA to a solution of 0.99 ml {12.4 mmole) of thiophene in 50

ml of hexane and refluxing the mixture for 30 minutes. The reaction mixture was cooled to 0°C,
30 ml of THF was added and it was further cooled to -20°C. 6.9 g (22.7 mmole) of FeCp(CO),|
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was added with vigorous stirring which was maintained for a further two hours while the
temperature was allowed to gradually raise until room temperature was reached. After filtration
through silica gel and anhydrous sodium sulphate, the solvent was removed and the residue
purified using column chromatography. Four bands were distinguished on the column. The first
yellow band was identified as the mono-iron complex previously synthesized by Nesmeyanov
etal"®. The second brown product was the starting compound FeCp(CQO),l. The third red band
was isolated and identified to be the iron dimer complex [FeCp(CO)l,. The fourth orange
compound was characterized as the diiron complex 31, yield: 1.13 g (21%). This compound

is very polar and could only be collected by using pure dichloromethane as eluent.

2.5.2 Synthesis of iron complexes 32, 33, 34 and 35

Dimetallation of 3,6-dimetylthieno[3,2-blthiophene was accomplished by dissolving 0.34 g (2.0
mmole) of the ligand in 30 m! of dry diethyl ether and adding 1.4 ml (2.2 mmole) of n-butyl
lithium while cooling the mixture on an ice bath. The mixture was stirred for two hours at this
temperature and for a further 30 minutes at room temperature. The reaction mixture was
cooled to -40°C after which 0.6 g { 2.0 mmole) of [FeCp(CO),l] was added. The reaction was
stirred for 15 minutes at this temperature and for a further two hours at room temperature.
Filtration through silica gel and the subsequent evaporation of the solvent in vacuo afforded
a brown residue. Six products were isolated using column chromatography. The first organic
product isolated was the starting material, DMTT, yield: 0.03 g (8%). The second yellow
product was characterized as the mono iron complex 32, yield: 0.13 g (18%). The third brown
product was identified as the iron starting material [FeCp(CO).l}, yield: 0.16 g (27%). The
following two orange-yeliow products were found to be complexes 34 and 35, which were
isolated with yields of 0.17 g (16%) and 0.16 g (11%), respectively. The sixth orange product,
complex 33, was isolated using dichloromethane as eluent. This product was formed in a yield

of 0.12 g (12%) and was characterized as the diiron complex.

2.5.3 Synthesis of tin complexes 36 and 37

Dilithiation of DMTT was effected as described in 2.3.1. The reaction was performed using

0.674 g (4.0 mmole) of DMTT. The solution containing the dilithiated species was cooled to -

* AN. Nesmeyanov, N.E. Kolobova, L.V. Goncharenko, K.N. Anisimov, fzv. Akad.
Nauk, SSSR, Ser. Khim., 1, 1976, 153,
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40°C and 1.594 g (8.0 mmole) of SnMe,Cl was added. The mixture was stirred at this
temperature for 15 minutes and a further two hours at room temperature. The solvent was
removed in vacuo. 100 mi of water was added to the residue and extracted with three 30 mi
portions of diethyl ether. The ether extracts were combined, dried over sodium sulphate and
filtered. After evaporation of the solvent, the residue was washed with hexane after which an
oily residue remained. All the hexane extracts were combined, the solution was concentrated
and the product left to crystallize. Complex 37 crystallized as colourless, cubic crystals from
this solution, yield: 1.50 g (76%). The oily residue left in the initial flask was distilled and the

mono tin complex, 36, was afforded as a colourless oil, vield: 0.28 g (21%).

2.5.4 Synthesis of iron complex 38

Complex 37 (0.99 g; 2.0 mmole) and [FeCp(CO)}PEt,)I] (1.6 g; 4.0 mmole) were dissolved in
20 ml of DMF. The palladium catalyst Pd{CH,CN),Cl, (0.025 g; 0.1 mmole) was added to the
solution and the mixture was stirred for 12 hours at room temperature. Complex 38 was
isolated using column chromatography (yield: 0.37 g; 24%), after collecting the green iron
starting material.
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