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Abstract

The reaction of (n°-cyclopentadienylX1,2-benzenedithiolato)cobalt(I1I) (1) in quadricyclane (Q) at
90°C gives 1:1 adducts of 1 and Q. The main adduct (40% yield) has a unique structure, in which the 5-
and 7-positions of norbornene are bonded to Co and S of 1. A mechanism of the formation of the
adduct (by the use of deuterium-labeled Q), including a skeletal rearrangement of Q, is proposed.

The square-planar bis(1,2-ethylenedithiolato)metal complexes (metal: Ni, Pd,
and Pt) are known to form 1:1 adducts with dienes, such as norbornadiene (NBD)
[1], and with strained molecules, such as quadricyclane [1,2]. In these adducts, the
S atoms of different dithiolene rings are bridged by the norbornene-5,6-diyl group.
However, the study of these adduct formation of the dithiolato metal complexes
with NBD or Q has been limited only to bis(dithiolato)metal complexes, and no
investigation has been done on the mono(dithiolato)metal complexes.

Here we report the first example of a new type of insertion of strained
hydrocarbon into the metal—-sulfur bond, evidenced by the X-ray structural charac-
teristics of the adduct, and the mechanism of its formation. We found that
(n°-cyclopentadienylX1,2-benzenedithiolato)cobalt(III) (1) shows unique reactivi-
ties towards Q: The complex 1 forms 1:1 adducts with Q and catalyzes the
isomerization of Q to NBD. The manner of the addition reaction of Q to 1 is quite
different from that to bis(dithiolato)metal complexes. Under the same conditions,
1 does not react with norbornadiene (NBD).
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Preparation of 2. The free complex 1 was synthesized by Heck’s method [3].
The free complex 1 (50 mg, 1.9 X 10~* mol) was placed in a Schlenk-tube under an
argon and quadricyclane (Q) (5 cm?, 5 X 10~? mol) was added. The mixture was
then heated at 90°C for 3 h. After the reaction, excess Q was removed under
reduced pressure and the residue was chromatographed on silica-gel (Wako-gel
C-300; eluent, C;H,,/CH,Cl, =1/1, v/v). Unreacted 1 was recovered from the
first fraction (26%). The adduct 2 was obtained from the second fraction and the
other two adducts were obtained from the third fraction. After evaporation of the
solvents, 2 was obtained as brown powdery solid (27.0 mg) in 40% yield. Pure 2 was
obtained from recrystallization from ethanol-benzene (4/1, v/v) at —30°C. Dark
purple needles [m.p. 160-167°C (decomp)]. Anal. Found: C, 60.48; H, 4.99.
C,sH;7CoS, calcd.: C, 60.66; H, 4.81%.

Structure of 2. The structure of 2 was determined by single-crystal X-ray
analysis [4]. The orTEP drawing of 2 is given in Fig. 1, together with some selected
bond angles and the bond distances of 2.

Adduct 2 has a unique structure, as described in the following two points: (1)
the hydrocarbon moiety bridges between metal (Co) and sulfur (S) of the metalla-
dithiolene ring without breaking the Co—S bond (Co-S(1) = 2.201(2) A, Co-S(2) =
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Fig. 1. orTEP drawing of adduct °2 (Thermal ellipsoids at 50% probability; H atoms are omitted for
clarity). Selected bond distances (A) and bond angles (°): Co~S(1), 2.201(2); Co-S(2), 2.238(2); Co-C(5),
2.031(4); S(1)-C (1), 1.788(5); S(2)-C(2), 1.74%(5); S(1)-C(7), 1.83%4); C,(1)-C,(2), 1.390(6); C(5)-
Q(6), 1.550(7); C(2)-C(3), 1.294(8); S(1)-Co-S(2), 91.7(1); S(1)-Co-CX5), 83.3(1); S(2)-Co-C(5), 95.2(1);
Co-S(1)-C(1), 102.8(1); Co-S(2)-C,(2), 101.8(2); Co-S(1)-C(7), 100.1(2); S(1)-C ,(1)~-C,(2), 118.6(3);
S(2)-C(2)-C(1), 122.4(4); (1)-C(7)-C(4), 94.2(4).
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2.238(2) A) (This is the marked difference between the cases of 2 and of reported
bis(dithiolato)metal complexes (M = Ni, Pd, and Pt) [1,2] in which the hydrocarbon
bridges between two sulfur atoms of two different dithiolene rings), and (2) in
adduct 2, Co and S are bridged by C(5Xedge carbon) and C(7Xbridge carbon) of
C,H; in norbornene form.

Adduct 2 has a piano-stool structure. The central metal is coordinatively
saturated, in contrast with the penta-coordinative structure of the free complex 1.
The dithiolatometal ring is folded at two sulfur atoms and the angle of the planes
consisting of metal-S—S and of S-S-C-C is 16° for 2.

Spectral data of 2. The following spectral data of adduct 2 can be reasonably
assigned according to the structure determined by single-crystal X-ray analysis. 'H
NMR(270 MHz, CDCl;, TMS): 8 =1.46 (dd, 1H, H .40, Js.cndo.s = 6.8, Joom =
14.3 Hz), 2.09 (dd, 1H, He,,,, Jo cz0.1 = 4.6, J,.,, = 14.3 Hz), 2.70 (d, 1H, H,, J,,
=19 Hz), 277 (ddd, 1H, H,, J,; =15, J,,=3.0, J, 4.,,, = 4.6 Hz), 3.40 (br.
s, 1H, H,), 3.70 (dd, 1H, Hs_,,.4,, J5s.a = 1.1, J54 cnso = 6.8 Hz), 4.98 (s, 5H, C;H,),
5.65 (dd, 1H, H;, J, ,=3.0 J;,=5.7 Hz), 594 (dd, 1H, H,, J,, =3.0, J,;,=5.7
Hz), 6.77 (td, 1H, H at C,(4), J = 7.5 Hz, J =1 Hz), 6.96 (td, 1H, H at C(5), J =
7.5 Hz, J=1 Hz), 7.28 (dd, 1H, H at C,(3), /=75 Hz, J=1 Hz), and 7.55
(dd, 1H, H at C,(6), /= 7.5 Hz, J = 1 Hz). *C{'HINMR (67.94 Hz, CDCl,): § =
27.0 (s, C(5) of C,Hy), 39.9 (C(6) of C,Hy), 46.6 (C(1) of C,Hy), 58.5 (C(4) of
C,Hy), 77.2 (((7) of C,Hy), 87.2 (CsHy), 1213 (C(4)), 128.5 (C(5)), 129.3
(C(3Xolefinic) of C,Hy), 1294 (C(6)), 130.7 (C,(3), 133.3 (Cy (1), 134.6
(C(2Xolefinic) of C,Hy), and 159.5 (C,(2)). MS (70 eV): m/z 356 (M, 4%), and
264 (M*— C,Hg, 100%). UV-Vis (CH,Cl,): A, (nm) (log €) 235 (4.17), 278
(4.25), 323 (4.02), 435 (3.07), and 519 (2.96).

Mechanism of adduct formation. Skeletal carbon rearrangement or shift of
hydrogen (or hydride) should take place to form 2 from Q. For the elucidation of
the reaction mechanism we prepared deuterium-labeled quadricyclane as follows:
the compound was prepared by a Diels—Alder reaction of cyclopentadiene-d
(deuterium-content, 60%) with trans-1,2-dichloroethylene [5], followed by dechlo-
rination [6] and cyclization [7] according to literature methods. The deuterated Q
has 70% of 'H content (averaged content) at the edge positions (marked as O in
Scheme 1), and 39% 'H content (averaged content) at the bridge and the
bridgehead positions (marked as A in Scheme 1). The analysis of 'H NMR spectra
of the adducts from deuterated Q and 1 gives the following results: (1) two gemninal
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Scheme 1.
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hydrogens at the edge (bonded to C(6)) in adduct 2 have the same 'H content as
that at the bridge in the deuterated Q and (2) two bridgehead hydrogens have
different 'H contents. These results strongly suggest that only one skeletal rear-
rangement is involved and that no hydrogen atom shift takes place in the forma-
tion of the adducts. The addition of Q to 1 can be described as the following
stepwise process (Scheme 2): (1) the nucleophilic attack of Q to the metal results
in the formation of Co—C bond, carbenium ion in the C,Hy moiety, and negatively
charged metalladithiolene ring; and (2) the skeletal carbon rearrangement occurs
to form a more stabilized carbenium ion, which forms a bond with a negatively
charged sulfur atom of the dithiolene ring. The mechanism in which Q approaches
1 from the 4-membered ring-side can be excluded, as the 4-membered ring-side
approach requires the shift of a hydrogen atom to produce 2.
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