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Summary: Reactions of the lightly stabilized dimetalated 
olefin complex Re(CO)4[trans-p-HC=C(COzMel/Re- 
(CO)d(NCMe) (I) withp-tolyl isothiocyanate has yielded 
the complex Re(C0)4[(E) -HC=C(CO&fe)C=N(C&- 
p-Me)S/Re(CO)4 (2,- 58% yield) by insertion of the 
isothiocyanate into the substituted Re-C bond. When 2 
is treated with 12 in the presence of UV radiation, the 
tolyl ring cyclizes with the unsubstituted end of the 
metalated olefin to yield a new substituted quinoline- 
2-thiolate ligand in the complex Rea(C0)7[p-2-S-3-C02- 
Me-6-Me-NC&/(h-I) (3; 18% yield). ComplexesZand 
3 were characterized by IR, ‘H NMR, and single-crystal 
X-ray diffraction analyses. Crystal data: for 2, space 
group P21/c, a = 10.317(1) A, b = 15.819(2) A, c = 15.448- 
(3) A, fl = 103.26(1)O, Z = 4,2415 reflections, R = 0.027; 
for 3CH2C12, Pi, a = 10.204(4) A, b = 13.733(6) A, c = 
9.877 (2) A, a = 9 1 . 1 8 ( 3 ) O ,  fl = 96.17(3)’, y = 74.78(3)’, 
Z = 2, 2746 reflections, R = 0.038. 

Metal complexes have been shown to be valuable agents 
for the activation and modification of organic isocyanates.’ 
Although organic isothiocyanates are useful reagents in 
organic synthesis: the organometallic chemistry of these 
molecules is not yet well de~eloped .~  

Recently, we have prepared the dimetalated olefin 
complex Re(CO)c[trans-p-HC----C(C02Me)]Re(C0)6 from 
the reaction of the alkyne HC=C02Me with Rez(C0)o- 
(NCMe).4 This can be converted to the more reactive 
compound Re(CO)4[trans-p-HC=C(CO2Me)lRe(CO)4- 
(NCMe) (1)6 by treatment with Me3NO in the presence 
of NCMe. Compound 1 has been found to produce facile 
head-to-tail coupling of alkynes that contain electron- 
withdrawing groups.6 We have now found that complex 
1 also reacts readily with p-tolyl isothiocyanate to yield 
the new complex Re(CO)r[(E)-HC=C(C02Me)C=N- 
(CsH4-p-Me)S]Re(CO)4 (2; 58% yield) by insertion of the 
p-tolyl isothiocyanate molecule into one of the rhenium- 
carbon bonds of the bridging alkyne ligand in 1 (eq 1).6 

(1) Braunstein, P.; Nobel, D. Chem. Rev. 1989,89, 1927. 
(2) Mukerjee, A. K.; Ashare, R. Chem. Rev. 1991,91, 1. 
(3) Werner, H. Coord. Chem. Reu. 1982,43, 165. 
(4) (a) Adams, R. D.; Chen,L.; Wu, W. Organometallics 1992,11,3505. 

(b) Adams, R. D.; Chen, L.; Wu, W. Organometallics, in press. 
(5) Adams, R. D.; Chen, L.; Wu, W. Organometallics, in press. 
(6) A 10.0-mg (0.014-”01) of amount of 1 and a 10.4-mg (0.070-”01) 

amount ofp-MeC&NCS were diesolved in 20 mL of CH&la. The solution 
waa heated to reflux for 3 h. After the mixture wae cooled, the solvent 
was evaporated under vacuum, and the residue wae separated by TLC 
by using a hexane/CH&la (4/1) solvent mixture to give 6.7 mg of pale 
yellow Re,(CO)e[C(H)~(CO*Me)C(S)=NCsH4Me-p1 (2; 58% yield). 
IR (vcoin hexane, cm-1) for 2 2099 (w), 2003 (a), 1994 (m), 1989 (m), 1952 
(2), 1591 (w). 1H NMR (6 in CDCh, ppm) for 2: 10.45 (8, lH, CH), 7.04 

(a, 3H, OMe), 2.29 (8, 3H, C u e ) .  Anal. Calcd (found) for 2: C, 28.92 
(29.12); H, 1.33 (1.21); N, 1.69 (1.47). 

(d, 9Jn-n 8.0 Hz, 2H, Ca4) ,  6.73 (d, *JH-H as 8.3 Hz, 2H, Cad) ,  3.48 
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Compound 2 has been structurally characterized by 
X-ray diffraction methods,7ps and an ORTEP diagram of 
its molecular structure is shown in Figure 1. The molecule 
contains two Re(CO)4 groups that are linked by an (E)- 
N-p-tolylthioamide- and methyl carboxylate-substituted 
vinyl grouping. The thioamido group is chelated to Re(2) 
(Re(2)-N = 2.178(7) A and Re(2)-S = 2.524(3) A). The 
C(2)-C(3) bond is double (1.35(1) A), and the C(l)-C(2) 
bond is single (1.49(1) A). The methyl carboxylate group 
is coordinated by its ketonic oxygen atom to Re(1) as in 
1 (Re(1)-O(1) = 2.198(7) A). The complex was obviously 
formed by the displacement of the NCMe ligand in 1 and 
the insertion of the isothiocyanate into the carbon- 
substituted metal-carbon bond in 1. Insertion of organic 
isothiocyanates into metal-hydrogen bonds to yield thio- 
formamido ligands has been reported.9 The only previous 
report of coupling of an organic isothiocyanate to an alkyne 
ligand was for the reaction of the ynamine complex 
Fe2(CO)+MeC2NEh) with PhNCS to yield the complex 
Fe2(CO)&MeCC(NEt2)C(S)NPhl (A), in which the 
carbon atom was joined to the amine-substituted carbon.1° 

When compound 2 was treated with I2 in the presence 
of UV irradiation, the new complex Re&O)&2-S-3- 
C02Me-6-Me-NCgKI (p-I) (3) was obtained in 18% yield.” 
Complex 3 was characterized by IR, lH NMR, and single- 
crystal X-ray diffraction analyses, and an ORTEP drawing 
of its molecular structure is shown in Figure 2.12 Com- 

(7) Crystala of 2 were grown from solution in a hexane/CH&ln (1/1) 
solvent mixture at  -3 OC: space groupP21/c, a = 10.317(1) A, b = 16.819- 
(2) A, c = 15.448(3) A, = 103.26(1)O, Z = 4,2415 reflections, R = 0.027, 
R, = 0.029. 

(8) Diffraction meaeurementa a t  20 ‘C were made on a Rigaku AFC6S 
four-circle diffractometer using Mo Ka radiation. The structure solution 
and refinement WBB made by using the TEXSAN structum aolving progrm 
library (v5.0) of the Molecular Structure Corp., The Woodlande, TX. An 
absorption correction was applied to the data. 

(9) Adams, R. D.; Dawoodi, 2.; Foust, D. F.; Segmilller, B. E. 
Organometallics 1983,2, 315. 

(10) (a) Adams, R. D.; Daran, J.4.; Jeannin, Y. J. Cluster Sci. 1992, 
3,l. (b) Crocq, V.; Daran, J.-C.; Jeannin, Y. J. Organomet. Chem. 1989, 
373, 85. 
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electron configurations. The transformation of 2 to 3 is 
shown in eq 2. Compound 3 was clearly formed by the 

U 
c47 

Figure 1. ORTEP diagram of Re(CO)d[(E)-HC=C(COa- 
Me)C=N(C~H4-p-Me)S]Re(CO)4 (2) showing 35% proba- 
bility thermal ellipsoids. Selected interatomic distances (A) 
are Re(l)-C(3) = 2.149(9), Re(l)-O(l) = 2.198(7), Re(2)-N 
= 2.178(7), Re(2)-S = 2.524(3), C(l)-C(2) = 1.49(1), C(2)- 
C(3) = 1.35(1),C(l)-N= 1.3l(l),C(l)-S = 1.717(9),andC(2)- 
C(5) = 1.44(1)* 
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Figure 2. ORTEP diagram of Rez(CO),[r-2-S-3-COzMe-6- 
Me-NC&] 01-11 (3) showing 50 % probability thermal ellip- 
soids. Selected interatomic distances (A) are Re(l).-Re(2) = 
3.933(4), Re(1)-N = 2.20(1), Re(1)-S = 2.519(4), Re(2)-S = 
2.533(4), Re(1)-I = 2.785(3), Re(2)-I = 2.803(3), C(l)-C(2) 

1.76(1), and C(3)-C(4) = 1.41(2). 
= 1.41(2), C(2)-C(3) 1.40(2), C(l)-N = 1.33(1), C(l)-S = 

"E-ZEt2 
-Fe- \ / \Fbi 
' \P -s 
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pound 3 contains a Re(C0)4 group and a Re(C0)3 group 
joined by a bridging iodide ligand and a bridging sulfur 
atom of a quinoline-Bthiolate ligand that contains a COZ- 
Me group a t  the 3-position and a methyl group at  the 
6-position. The iodide ligand serves as a three-electron 
donor, and the quinoline-Zthiolate ligand serves as a five- 
electron donor by including the two electrons being 
donated by the nitrogen atom that is coordinated to Re(1) 
(Re(1)-N = 2.20(1) A). Both metal atoms achieve 18- 

Me 

2 3 
(2) 

oxidative coupling of the unsubstituted carbon of the 
alkenyl group in 2, C(3), to one of the ortho positions of 
the tolyl group. These atoms can easily approach one 
another by a rotation about the C(l)-C(2) single bond. 
One hydrogen atom of the tolyl group was eliminated, and 
one iodine atom was added to the complex at  the metal 
atoms. 

Photoinduced cyclization is an effective method of 
converting diary1 compounds into polynuclear aromatic 
compounds.'3 Quinoline-2-thiolatel4 and its single-ring 
cousin pyridine-2-thiolate15 have recently attracted at- 
tention as ligands due to their ability to adopt several 
different multidentate coordination modes. By varying 
the substituents on the alkyne and the aryl group, it should 
be possible to construct a variety of new substituted 
quinoline-2-thiolate ligands. Efforts to achieve this are 
in progress. 
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(11) A 50.0-mg (0.060-"01) amount of 2 and a 50.0-mg (0.197-"01) 
amount of 12 were dissolved in 80 mL of hexane, and the eolution waa 
exposed to UV irradiation a t  25 OC for 1 h. After the solvent waa removed 
under vacuum, the residue waa separated by TLC using a hexanelCHzCl2 
solvent mixture to give 3.5 mg of starting material and 10.1 mg of pale 
yellow Rez(CO),[p-2-S-CO2Me-GMe-NCoHJ-I) (3) in 18% yield. IR 
(VCO in hexane, cm-1) for 3: 2110 (w), 2035 (s), 2014 (m), 2003 (m), 1967 
(m), 1958 (w), 1937 (m), 1925 (m), 1740 (w, br). 1H NMR (8 in CDCg, 
ppm) for 3: 9.04 (e, lH, CH),8.12 (d, ~ J H - H  = 8.0 Hz, lH, C a s ) ,  7.89 (d, 
s J ~ - ~  = 8.0 Hz, lH,  C&, 7.79 (e, lH, Cas ) ,  4.04 (s,3H, OMe), 2.63 (e, 
3H, C&I&e). The maas spectrum showed the parent ion m/e 929 (for 
'We) with ions corresponding to the loes of 1,3,4,5,6, and 7 CO ligands. 

(12) Compound 3 was crystallized from a solution in CHsCl2 solvent 
by cooling to -14 OC. Crystal data for $.CH&lS: epace group Pi, a = 
10.204(4) A, b = 13.733(6) A,c = 9.877(2) A, a = 91.18(3)O, f l =  96.17(3)O, 
y = 74.78(3)', Z = 2, 2746 reflections, R = 0.038, R, = 0.057. 

(13) (a) De Keukelleire, D.; He, S.-L. Chem. Rev. 1993,93,359. (b) 
Mallory, F. B.; Mallory, C. W. Org. React. 1984,30,1. 

(14) (a) Fanwick, P. E.; Qi, J.-S.; Walton, R. A. Inorg. Chem. 1990,29, 
3787. (b) Fanwick, P. E.; Qi, J.-S.; Wu, Y.-P.; Walton, R. A. Inorg. Chim. 
Acta 1990,168,159. (c) Padilla, E. M.; Yamamoto, J. H.; Jenaen, C. M. 
Inorg. Chim. Acta 1990, 174, 209. 

(15) (a) Ciriano, M. A.; Perez-Torrente, J. J.; Viguri, F.; Lahoz, F. J.; 
Oro, L. A.;Tiripicchio, A.;Tiripicchio-Camellini,M. J.  Chem. Soc., Dalton 
Trans. 1990,1493. (b) Ciriano, M. A.; Viguri, F.; Perez-Torrente, J. J.; 
Lahoz, F. J.; Oro, L. A.; Tiripicchio, A.;Tiripicchio-Camellini, M. J. Chem. 
Soc.,Dalton Trans. 1990,25. (c) Yamamoto, J. H.; Yoshida, W.; Jenaen, 
C. M. Inorg. Chem. 1991,30,1353. (d) Ciriano, M. A.; Viguri, F.; Lahoz, 
F. J.; Oro, L. A,; Tiripicchio, A.;Tiripicchio-Camellini,M. Angew. Chem., 
Znt. Ed. Engl. 1987,26,444. (e) Deeming, A. J.; Meah, M. N.; Bates, P. 
A.; Hursthouse, M. B. J. Chem. SOC., Dalton Tram. 1988, 2193. (f) 
Deeming, A. J.; Karim, M.; Batee, P. A.; Hursthouse, M. B. Polyhedron 
1988,1401. (g) Deeming, A. J.; Meah, M. N.; Bates, P. A.; Hursthouse, 
M. B. J. Chem. SOC., Dalton Tram. 1988, 235. (h) Pramanik, A.; Bag, 
N.; Chakravorty, A. Znorg. Chem. 1993,32,811. 
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