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Reactions of substituted 1,2,3-selena- and thia-diazoles with (q5-C,H.,R)Mn(CO),THF, R = H, Me, 

lead to isolable blue complexes in which THF is replaced by the diaxole ligand. The X-ray structure of 

the benzothiadiaxole complex is reported and shows the intact diaxole bonded via N2 to manganese. Ab 

initio calculations on 1,2,3-thiadiazole generated a structure and protonation energies that confirm N2 as 

the site of coordination, and also predict significant structural variations upon coordination. However. 

the structure of the free benxo-1,2,3-thiadiale was determined and shows no significant structural 

change upon coordination. Similarly, the structure of 4-phenyl-1.2.3~thiadiazole was determined and 

exhibits the same structural parameters as the W(CO), substituted ligand. 

Introduction 

1,2,3-Selena- and thia-diazoles have been shown to decompose thermally, and or 
photochemically, via cu-selenoketo(thioketo)carbenes to yield acetylenic compounds 
[1,2]. Under mild conditions, in the presence of transition metal complexes, the 
diazoles react to form a series of complexes that involve coordination of decomposi- 

* For part X see. ref. 15. 
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tion fragments, including selenoketocarbenes and acetylenes, Scheme 1 [3--S]. A 
variety of other complexes are also obtained including those derived from (Y- 
selenoketoketenes and a-seleno(thio)ketoimines, and in general the nature of the 
isolated complex depends upon the starting transition metal complex and the 
substituents upon the diazole ligand [9-141. 

It has been proposed that the initial interaction of the intact diazole with the 
various transition metal complexes is a u-donation of one of the lone pairs of the 

heteroatoms. Complexes of this type have been isolated, and characterized spectro- 
scopically and structurally for the system M(CO),L, M = Cr, MO, and W; L = 1,2,3- 
thiadiazole [l&16]. The assumption is that such coordination facilitates the subse- 
quent cleavage of the S(Se)-N bond. However, there is no example in the literature 
where the effect of coordination of a metal to the 1,2,3-thia(selena)diazole hetero- 
cycle has been evaluated in terms of structural modification of the ligand. 

We wish to report the synthesis of such u-bonded complexes that result from the 

reactions of (v5-C,HqR)Mn(CO),THF, R = H, Me, with 1,2,3-selena- and thia-di- 
azoles, and present, for the first time, structural data for both a complexed and free 
1,2,3-thiadiazole ligand, namely benzo-1,2,3_thiadiazole. The structure of 4-phenyl- 
1,2,3_thiadiazole has also been determined to permit comparison with the published 
structure of its Mo(CO), derivative [15]. 

Experimental 

All manipulations were performed under inert atmospheres of N, or Ar, using 
dry, oxygen free solvents. The various selena- and thia-diazoles were prepared by 

literature procedures [1,2,14,23]. (v5-C,H4R)Mn(CO),THF, R = H, Me, was pre- 
pared from ($-C,H,R)Mn(CO),, (Strem Chemicals, Newburyport, MA.), via pub- 
lished procedures [17]. Infrared spectra were recorded on a Perkin Elmer 580B 
spectrophotometer, NMR spectra on an IBM/Bruker NR200 MHz multi-nuclear 
spectrometer, and elemental analyses were performed by Galbraith Laboratories, 
Knoxville, TN. A typical reaction procedure is outlined below. 

Reaction of (q’-C,H,)Mn(CO),THF and 1,2,3-benzothiadiazole 
In a 200 mL Schlenk flask, 1.30 g (9.5 mmol) of 1,2,3-benzothiadiazole was 

stirred with a solution of (g’-C,H,)Mn(CO),THF in 80 mL THF (prepared from 
2.0 g of ($-C,H,)Mn(CO)s) for 1 h at 20°C. The solvent was removed and the 
residue purified by chromatography (2 X 25 cm silica gel), eluting the resultant royal 
blue band with a 2 : 1 CH,Cl,/hexane solvent mixture at 0 o C. After removal of the 
solvent, crystallization from dichloromethane/cyclohexane at - 40 o C yielded 
black-blue prisms of ($-C,H,)Mn(C0),(2-{1,2,3-benzothiadiazole)}, 3a, 1.24 g 
(40%) m.p. 112-114°C (dec). Spectroscopic and analytical data are recorded in 
Table 1 along with those of the other complexes synthesized by the same general 

procedure. 

X-Ray structure determination 
The structure determination of 3a was performed using an Enraf-Nonius CAD-4 

diffractometer at room temperature with graphite monochromated Cu-K, radiation 
(A = 1.5418 A). Crystal data, data collection, and least squares parameters are 
summarized in Table 2. The intensities of three check reflections were recorded 
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same manganese complex, ($-C,H,)Mn(CO),(THF), with a-diazocarbonyl com- 
pounds, the ring opened 0 analog of the Se and S diazoles, from which Herrmann 
reported complexes containing carbene, ketene, and imine fragments (20-221. As 
noted in the introduction, stabilization of such fragments from Se and S diazoles 
with other transition metal complexes has been observed, however, apparently the 
nature of the metal is of key importance. The ($-C,H,)Mn(CO), system does not 
support such chemistry possibly due to the lower affinity of Mn for S or Se 
compared to 0. 

We have obtained crystals of 3a suitable for X-ray analysis, and the structure of 
this complex is illustrated in Fig. la. The structure shows the diazole ligand to be 
intact and bonded to the manganese atom via the nitrogen atom adjacent to sulfur, 
N2. This parallels the results obtained by Bltzel and Boese, and ourselves, when the 
diazoles react with M(CO),THF, M = Cr, MO, and W [15,16]. The unit cell contains 
two molecules of the complex, and the geometry is identical for both. The main 
difference between the two enantiomeric molecules is the degree of rotation about 
the Mn-N bond. The torsion angles are S-Nl-Mn-C7 = - 56” (molecule 1) and 
78O (molecule 2, -78” after inversion), and S-Nl-Mn-C8 = 37 (molecule 1) and 
- 13O (molecule 2; 13O after inversion). The structure of 3a shows the manganese 
possesses a distorted trigonal pyramidal rather than a pseudo-tetrahedral geometry, 
a structural feature reported for similar manganese complexes [19]. 

We have suggested that coordination of a metal atom via the nitrogen, N2, lone 
pair of the 1,2,3-selena(thia)diazoles is the first step in the activation of the 
heterocyclic ring which leads to the ring opening observed from the reactions of 
other metal complexes. We have attempted to verify this suggestion by ab initio 

calculations performed on the parent 1,2,3&iadiazole and its protonated forms, and 
also by determining the structural and energetic differences between the complexed 
and uncomplexed 1,2,3-thiadiazoles, complexed at both N2 and N3. 

The results of the ab initio study are presented in Fig. 2. Calculation of the 
protonation energies for the 1,2,3-thiadiazole, show that N2 is the preferred site of 
protonation by almost 9 kcal/mol, a result that parallels the site of coordination of 
the metal center in the present study and those previous studies noted above [15,16]. 
The bond lengths calculated for the protonated forms of the 1,2,3_thiadiazole, are 
significantly different to those of the unprotonated species, exhibiting an elongated 
N=N bond length, but shortened S-N and C-N bond lengths. This result unfor- 
tunately contrasts with our suggestion that it is the initial coordination at N2 that 
begins the process of ring opening and decomposition of the heterocycle via 
elongation of the S-N bond. 

The results of the single crystal X-ray analysis of the ligands benzo-1,2,3-thia- 
diazole and 4-phenyl-1,2,3-thiadiazole and comparison of their structures with the 
manganese complex reported here, and the Mo(C0),(2-{4-pheny1-1,2,3-thiadiazo1e}) 
complex reported by Batzel and Boese [15] also provide no support for the suggested 
activation. The data in Tables 2, 3, and 4 show that the structures of the free ligands 
are essentially unaltered upon complexation of either the ($-C,H,)Mn(CO), or 
W(CO), group. Whatever effect the metal may have upon the subsequent chemistry 
of the 1,2,3-thia(selena)diaoles is not reflected by any measureable structural 
changes upon coordination. The torsional angle between the phenyl aud 1,2,3-thia- 
diazole units in 4-phenyl-1,2,3-thiadiazole and its W(CO), complex are 24.9 and 
6.9” respectively. This rather large variation is probably due to crystal packing 
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effects since it is well established that barriers to rotation about the C-C bond in 
various biphenyls is low, and indeed biphenyl itself has a torsional angle of 0 0 in 
the solid state [24]. 

The cyclopentadienyl manganese dicarbonyl group appears to be an intermediate 
within the various metal complex systems that have been shown to react with the 
selena- and thia-diazoles. It forms the relatively unstable, but isolable, complexes in 
which the ligand is intact. These complexes do not lead to stable fragmented 
product complexes. Such behaviour may be contrasted to the Fe,(CO), system 

where no intact diazole ligands have been observed, but, probably due to the 
affinity of Fe for both S and Se, various fragmentation products are readily isolated. 
On the other hand, in the case of the group 6 metal carbonyl complexes, LM(CO),-, 
M = Cr, MO, W, the intact ligand complexes are very stable. 
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