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Molecules containing dimetallated hydrocarbyl groupings
are of great chemical interest!' 31, These groupings often re-
present intermediates in important catalytic processes!4l. Re-
cently, we have shown that substituted dimetallated olefins
can be formed by alkyne insertion into the metal—metal
bonds of certain dinuclear complexes!?-3. Complexes having
dimetallated hydrocarbyl groups combined with heteroatoms

are quite rarel®!. Herein is described the formation of a dimet-
allathioimidate grouping by the insertion of an organic iso-
thiocyanate into an unsupported metal—metal bond. Organic
isothiocyanates are useful reagents in organic synthesis/?],
but the organometallic chemistry of these molecules is not
yet well developed®l,

The reaction of EtO,CN=C=S with Re,(CO)(NCMe) (1)
yielded three products: Re(CO),[s-trans-pu-C,S-EtO,CN=CS}-
Re(CO)s (2), Re(CO)y[s-trans-p-C,S,N-EtO,CN=CS]Re(CO)4 (3),
and Re(CO)4[u-C,N.S5-(EtO,C),N=CNCS;]Re(CO), (4) as shown
by a combination of IR, "H-NMR and single crystal X-ray diffrac-
tion analyses (see Experimental and ref!®). The molecular struc-
tures of 2 and 3 were established by single crystal X-ray diffraction
analyses (see Figures 1 and 2). Compound 2 can be viewed as a
dirheniathioimidate complex with an s-trans conformation at the
C-S bond.
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It was formed by the insertion of the isothiocyanate molecule
into the rhenium=-rhenium bond in 1, although the mechanism of
this insertion has not yet been established. An Re(CO)s group is
bonded to the sulfur atom, and the carbon atom C(1) and the oxy-
gen atom of the carbonyl group are coordinated to a Re(CO),
group to form a five membered ring. The nitrogen atom is not
bonded to the Re(CO);s group [Re(2) N = 3.423(7)]. Compound
3 was derived from 2 by the loss of CO from the Re(CO); and
coordination of the lone pair of electrons on the nitrogen atom to
the rhenium atom. The Re(2)—N distance was reduced to 2.172(9)
A. Compound 3 was obtained independently in 81% yicld by re-
fluxing solutions of 2 in hexane for 2 h.

The molecular structure of compound 4 was also established
crystallographically, and its structure is shown in Figure 3. Com-
pound 4 was formed by the addition and coupling of two molecules
of EtO,C—-N=C=S§ to 1. Compound 4 contains a novel bridging
S,CNCN(CO,Et), grouping inserted between two Re(CO), groups.
The central carbon C(1) contains two sulfur atoms each of which
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Figure 1. An ORTEP diagram of Re(CO)ys-trans-p-C,S-
EtO,CN=CS]Re(CO)s (2) showing 50% probability thermal ellip-
soids; selected interatomic distances [A] and angles [°] are:
Re(1)-O(l) = 2.148(6), Re(1)-C(1) = 2.146(9), Re(2)-S =
2.497(3), Re(2)-N = 3423(7), C(1)-S = 1.720(9), C(1)-N =
1.33(1), C(2)—N = 1.35(1); N-C()-S= 118.8(7), Re(2)—

S—C(1) = 109.9(3), Re(1)—C(1)—S = 123.0(5)
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is bound to a different rhenium atom [C(1)—S(1) = 1.68(1) A,
C(H-SQ2)= 1.67(1) A, Re(1)-S2)= 24723) A and
Re(2)—-S(1) = 2.516(3) A]. Nitrogen N(1) is bonded to Re(2) to
form a four membered Re—N—C—S ring. The bonding in 4 can
be represented by the resonance structures 4a or the zwitterion 4b.
On the basis of observed bond distances, the latter seems to be the
more appropriate structure. N(1) is also bonded to the carbon C(2)
that can be viewed as a carbenc center (4a form) [Re(1)—C(2) =
2.13(1) ;\], and there is a N(CO,Et), group bonded to N(2)
[C)—-N(2) = 1.47(1) Al.

The S;,CNCN(CO,Et), grouping appears to be derived from two
molecules of EtQ,C—N=C=8, It seems that the sulfur atom from
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Figure 2. An ORTEP diagram of Re(CO)y[s-trans-pu-C,S,N-

EtO,CN=CS]Re(CO), (3) showing 50% probability thermal ellip-

soids; sclected interatomic distances [A] and angles [°] are:

Re(1)-O(1) = 2.178(8), Re(1)-C(1)= 2.13(1), Re(2)-S=

2.534(3), Re(2)-N = 2.172(9), C(1)-S= 1.69(1), C(1)-N =

1.38(2), C(2)-N= 1.37(2); N-C(1)-S= 109.08), Re(2)—
S—C(l) = 82.5(4), Re(1)—C(1)—S = 137.3(7)
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Figure 3. An ORTEP diagram of Re(CO)y[p-C.N,S5-
(Et02C);N=CNCS,|Re(CO)s (4) showing 5)% probability thermal
ellipsoids; selected interatomic distances [A] and angles [°] are:
Re(1)—-S(2) = 2.472(3), Re(1)-C(2)= 2.13(1), Re(2)-5(1)=
2.516(3), Re(2)—-N(1) = 2.201(8), C(1)-S(1) = 1.68(1), C(1)—
S2) = 1.67(1), C(1)—~N(1) = 1.43(1), C2)-N1)= 1.28(1),
C2)-NQ@) = 147(1); S(D-C()-S(2)= 128.5(7), N(I)-
C(H)~S(1) = 109.9(7), N(1)—-C(1)-S(2) = 121.6(8), Re(2)—
N(1)—C(2) = 140.7(8), Re(1)—N(1)—C(1) = 101.6(6)
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one isothiocyanate molecule was transferred to the carbon of the
other isothiocyanate and that the CO,Et grouping from the second

486

isothiocyanate was transferred back to the nitrogen atom of the
first isothiocyanate. The coupling of isothiocyanates in the presence
of metal atoms is well known(®?. Recently, Cowie has reported an
example of a carboxylate shift in the addition of isothiocyanates,
R—N=C=§, to a bridging EtQ,C—N=C=8§ ligand!%4,

It can be anticipated that the dimetallated thioimidates such as
2 and 3 can be further modified by coupling to other unsaturated
organic molecules to yield new ligands and new organic mol-
ecules’. The insertion of heterocumulenes into metal—metal bonds
may prove to be a general method for the activation of these mol-
ecules.

This research was supported by the Office of Basic Energy Sci-
ences of the US. Dept. of Energy.

Experimental

A solution containing 20.0 mg (0.030 mmol) of Rex(CO)s-
{MeCN), and 10.6 pl (0.09 mmol) of EtO,CNCS in 40 ml of hexane
was heated to reflux for 1 h, 50 min. The products were separated
by TLC on silica gel using a hexane: CH,Cl,, 9:2, solvent mixture
to yield in order of elution: 0.4 mg of Re;(CO);q; 8.8 mg of color-
less 3, 40% yield; 1.5 mg of 2, 7% yield; 0.5 mg of Rex(CO)y-
(MeCN); and 4.3 mg of red-orange 4, 17% yield. Spectral data for
2: IR (hexane): Voo (cm™!) = 2139 (w), 2097 (w), 2076 (w), 2037
(vs), 2034 (vs), 1995 (vs), 1991 (vs), 1953 (s), 1524 (w, br.). 'H NMR
(CDCly): 8 = 4.36 (q, *Jy_n = 7.1 Hz, 2H, OCH;Me), 1.36 (1,
3Ju_u = 7.1 Hz, 3H, CH,); for 3: IR (hexane): Vg (cm 1) = 2099
(m), 2011 (vs), 1993 (s), 1964 (s), 1957 (s), 1554 (w, br.). 'H NMR
(CDCly): 6 = 4.34 (q, 3Jy_u = 7.2 Hz, 2H, OCH,Me), 1.40 (t,
3Ju_y = 7.1 Hz, 3H, CHy); for 4: IR (hexane): Vo (cm™1) = 2104
(m), 2028 (s), 2016 (s), 1998 (s), 1969 (s), 1964 (s), 1956 (sh, w),
1780 (w, br.). '"H NMR (CDCl3): 8 = 4.40 (q, 3.y = 7.1 Hz,
4H, OCH,Me), 1.37 (1, *Jy_n = 7.1 Hz, 6H, CH,). — Analytical
data: 2: C;sHsNO, Re,S (755.7): caled. C 20.66, H 0.67, N 1.85;
found: C 20.79, H 0.57, N 1.85; 3: C;,I115NO,gRe,S (727.7): calcd.
C 1981, H 0.69, N 1.92; found C 19.70, H 0.89, N 1.91; 4
C6H;oN»015Re,S, (858.8): caled. C 22.38, H 1.17, N 3.26; found
C 22.24, H 1.00, N 3.19.

X-ray Structure Analyses: For 2: ReZSOuNCnHS, =755, 66,
triclinic, space group = P1, a = 10.476(2) A b= 14. 386(2) A c=
6.865(1) A, a = 91.68(1)°, B = 92.19(1)°, v = 109.30(1)°, Z = 2,
wWMoge) = 125.75 cm ™!, T = 293 K, 2252 independent reflections,
R = 0.027, R, = 0.034; for 3: Re,SO(NC,Hs, M, = 727.65, tri-
clinic, space group = Pl a=10.132Q2) A b= 10.417(2) A, c=
9.994(1) A, a = 98.06(1)°, B = 94.38(1)°, y = 62.03(1)°, Z = 2,
p(Mog,) = 132.80 cm™!, T = 293 K, 2087 independent reflections,
R = 0.035, R, = 0.042; for 4; Re,S,0,,N;C¢H,, M, = 858.80,
triclinic, space group = P1,a=10.703(3) Ab= 12.365(4) Ac=
10.271(3) A, o = 108.46(2)°, P = 109.44(2)°, v = 89.84(3)°, Z = 2,
p(Mog,) = 102,52 cm ™!, T = 293 K, 2825 independent reflections,
R = 0.034, R, = 0.036. Empirical absorption corrections (psi
scans). All structures were solved by direct methods (MITHRIL).
Further details of the crystal structure analyses are available from
the Fachinformationszentrum Karlsruhe, D-76344 Eggenstein-Leo-
poldshafen (Germany) on quoting the depository number CSD-
59264.

(1 W, Beck, B. Niemer, M. Wieser, Angew. Chem. 1993, 105, 969;

Angew. Chem. Int. Ed. Engl 1993, 32, 923,

21 R. D. Adams, Chem. Soc. Rev. 1994, 335.

B3] J T Mague, J Cluster Sci. 1995, 6, 217.

@ Bal'S A R. Knox, J Cluster Sci. 1992, 3,385, — MW [, S, Saez,
D. G. Andrews, P. M. Maitlis, Polyhedron 1988, 7, 827. — [ J.
C. Jeffrey, M. J. West, Polyhedron 1988, 7, 775.

Chem. Ber. 1996, 129, 485—397



The Synthesis of Stabilized Dimetallated Thioimidate Complexes

B 549 R, D. Adams, L. Chen, W. Wu, Organometallics 1993, 12,
1257. — BYM R, D. Adams, L. Chen, Organometallics 1994, 13,
1264. — B! R. D. Adams, M. Huang, Organomerallics 1995,
14, 506, — BI R, D, Adams, M. Huang, Organometallics 1995,
14, 2887.

tel f6al j A, E. Gibson, M. Cowie, Organometallics 1984, 3, 984. —
51 Y.-W. Ge, P. R. Sharp, Tnorg. Chem. 1992, 31, 379, — (6 G.
van Koten, K. Vrieze, Adv. Organomet. Chem. 1982, 21, 151.

Chem. Ber. 1996, 129, 485397

SHORT COMMUNICATION

1 A. K. Mukerjee, R. Ashare, Chem. Rev. 1991, 91, 1.

81 H, Werner, Coord. Chem. Rev. 1982, 43, 165.

P1 %21 M, Cowie, J. A. Ibers, Inorg. Chem. 1976, 15, 552. — Y1 K|
Itoh, I. Matsuda, F. Ueda, Y. Ishii, J. A. Ibers, J Am. Chem.
Soc. 1977, 99, 2118. — Bl M. Werner, S. Lotz, B. Heiser, J.
Organomet. Chem. 1981, 209, 197.

[96029]

487



