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solution was cooled until crystallization of 3 started (at -25 "C); 
yield 0.078 g (90%) of orange-yellow crystals, mp 148 "C dec. 'H 
NhfR (C6DB): 6 (ppm) 2.34 (s,6 H, CH3), 3.54 (d, ?-J(PH) = 16.61 
Hz, 4 H, PCH), 6.85-6.98 (complex multiplet, total 12 H, m / p -  
C6H5), 7.38-7.46 (multiplet, 3J(PH) = 11.60 Hz, 8 H, o - C ~ H ~ ) .  

62.62 (d X d, 'J(PC) = 110.72 Hz, V(PC) = 5.38 Hz, PCH), 
128.10-128.43 (complex multiplet, Cmeta, AXX' ), 128.92-129.95 
(pseudotriplet, CWa, AXX' ), 132.24-132.44 (complex multiplet, 
Cortho, AXX'), 135.50 (d X m, 'J(PC) = 89.5 Hz, Ci AXX'), 
164.15 (t, 'J(PC) = 6.85 Hz, C-CHB). 31P(1HJ NMflc6D6): 6 
(ppm) 1.45 (a). MS ( m / e ,  EI): 476 (M+). Anal. Calcd for 
C32H&2-0.5Eb0: C, 78.29; H, 6.76; P, 11.87. Found C, 78.01; 
H, 6.24; P, 12.09. 

Crystallography. A small part of a cubelike crystal of eth- 
er-solvated C B H a 2  was mounted in a glass capillary and directly 
examined on the diffractometer. Geometric and intensity data 
were collected with an Enraf-Nonius CAD4 diffractometer. 
Pertinent crystallographic data are given in Table I. Lattice 
dimensions and Laue symmetry were determined from reflections 
20.1 4 B 4 21.6". From systematic absences the space group waa 
uniquely determined as C2/c. Intensity data (w-scan) showed 
a significant decrease of 13.7% during the first hours (evaporation 
of EtzO until saturation inside the closed capillary was reached) 
and were reduced by routine  procedure^.'^ The two phosphorus 

(17) Calculations were done by using a Micro-Vaxatation 3100 M76 
(Micro VMS V5.3) computer with the programs SHELXS-6s (structure 
solution), s ~ ~ 1 x - 7 6  (structure refinement), DEU)S, WAGE (cell reduction), 
and the commerical package SDP/V V3.0. 

'%('HI NMR (c&): 6 (ppm) 30.61 (t, 3J(PC) = 16.63 Hz, CH3), 

atoms of the formula unit C B H a 2  were located by direct methods 
(s~nxs-es),'~ and the remaining parts of the molecule in a series 
of least squares refinementa and difference Fourier maps. The 
atoms of the solvent diethyl ether molecule (a half molecule in 
the asymmetric Unit with a site occupancy 0.5 for the oxygen atom) 
were found by an alternating sequence of least squarea refinementa 
and difference Fourier maps. All hydrogen atoms (except for those 
on the slightly disordered diethyl ether molecule) could be found, 
and nearly all of them were refined isotropically. The methyl 
group at atom C(2) was found to be disordered over two sites and 
was refined satisfactorily with two seta of three 0.5 H atoms. This 
resulted in residuals R = 0.0456 and R, = 0.0376 and an excellent 
difference Fourier map with all peaks well below 1 e A-3. The 
atomic positional parametem for the non-hydrogen atoms are listed 
in Table 11. Supplementary material has been deposited. 
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Summary: The reaction of a dinuciear tetrahydrido- 
ruthenium complex (q5-C5Me5)Ru(p-H),Ru(q5-C5Me5) (1) 
with 2 equkr of diphenylacetylene resutts In the formation 
of the dinuclear ruthenium dihydride complex (q5- 
C5Me5)Ru(p-H),(p-PhCCPh)Ru(q5-C5Me5) (2), which con- 
tains a perpendlcularly bridging diphenylacetylene ligand. 
The complex crystallizes in the triclinic system, in space 
group P1, with a = 10.284 (4) A, b = 15.871 (4) A, c = 
10.286 (3) A, a = 98.47 (3 )O,  p = 110.92 (2)O, a = 
98.22 (3 )O,  V = 1515.8 (9) A3, and 2 = 2. Anisotropic 
refinement of all atoms except hydrogen atoms con- 
verged to the residuals R = 0.0569 and R ,  = 0.0539 for 
6177 reflections. 

Transition-metal polyhydride complexes have the po- 
tential for creating coordinative unsaturation by thermal 
induced or photoinduced reductive elimination of di- 
hydrogen.' The coordination sites are also generated upon 

*To whom correspondence should be addressed at the Depart- 
ment of Chemical Engineering, Faculty of Engineering, Tokyo In- 
stitute of Technology. 

(1) (a) Sponeler, M. B.; Weiller, B. H.; Stoutland, P. 0.; Bergman, R. 
G. J. Am. Chem. SOC. 1989,111,6841. (b) Buchanan, J. M.; Stryker, J. 
M.; Bergman, R. G. J .  Am. Chem. SOC. 1986,108, 1537. (c) Periana, R. 
A.; Bergman, R. G. J.  Am. Chem. SOC. 1986,108,7332. (d) Jones, W. D.; 
Feher, F. J. J. Am. Chem. Soc. 1986,108,4814. (e) Baker, M. V.; Field, 
L. D. J.  Am. Chem. SOC. 1986,108,7433. (0 Baker, M. V.; Field, L. D. 
J .  Am. Chem. SOC. 1986,108,7436. 
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reaction of polyhydride complexes with olefins. In such 
reactions, bulky, poorly coordinating, metalation-resistant 
olefin is used as a hydrogen acceptor. Crabtree et al. 
reported the dehydrogenation of cyclic alkanes by an I r O  
complex in the presence of tert-butylethylene as a hy- 
drogen acceptor.2 Similar reactions involving Re(VI1) 
complexes were discovered by Felkin and co-w~rkers.~ 

In the preceding communication, we reportad that a 
dinuclear ruthenium tetrahydride-bridged complex, ( T ~ -  
C,M~,)RU(~-H)~RU(T~-C~M~~),~ reacted with ethylene to 
afford a dinuclear divinyl complex, (q5-C5Me5)Ru(CH= 
CH2)2(CH2=CH2)R~(~5-C5Me5), via an activation of the 
C(sp2)-H bond of e t h ~ l e n e . ~  In the early stage of this 
reaction, the ethylene molecule accepted two hydrogen 

(2) (a) Crabtree, R. H.; Parnell, C. P. Organometallics 1984,3,1727. 
(b) Crabtree, R. H.; Mihelcic, J. M.; Quirk, J. M. J. Am. Chem. SOC. 1979, 
101, 7738. (c) Crabtree, R. H.; Mellea, M. F.; Mihelcic, J. M.; Qwk, J. 
M. J.  Am. Chem. SOC. 1982,104,107. (d) Crabtree, R. H.; Holt, E. N.; 
Lavin, M.; Morehouse, S. M. Inorg. Chem. 1986,24,1986. (e) Crabtree, 
R. H.; Dion, R. P. J. Chem. Soc., Chem. Commun. 1984,1260. 

(3) (a) Baudry, D.; Ephritikhine, M.; Felkin, H.; Holmea-Smith, R. J.  
Chem. SOC., Chem. Commun. 1983,788. (b) Baudry, D.; Ephritikhine, 
M.; Felkin, H. J. Chem. SOC., Chem. Commun. 1980,1243. (c) Baudry, 
D.; Ephritikhine, M.; Felkin, H. J. Chem. SOC., Chem. Commun. 1982, 
606. (d) Baudry, D.; Ephritikhine, M.; Felkin, H. J. Orgammet. Chem. 
1982, 224, 363. (e) Felkin, H.; Fillebeen-Khan, T.; Holmes-Smith, R.; 
Yingrui, L. Tetrahedron Lett. 1985,26, 1999. 

(4) Suzuki, H.; Omori, H.; Lee, D. H.; Yoshida, Y.; Moro-oka, Y. Or- 
ganometallics 1988, 7, 2243. 

(5) Suzuki, H.; Omori, H.; Moro-oka, Y. Organometallics 1988,7,2579. 
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atoms from the tetrahydride complex to yield ethane and 
a coordinatively unsaturated species, which underwent 
oxidative addition of ethylene leading to the divinyl com- 
plex. 

We report herein the synthesis and the structure de- 
termination of a novel dinuclear ruthenium dihydride 
complex having a perpendicularly bridged diphenyl- 
acetylene ligand. 

Results and Discussion 
Treatment of the tetrahydride ( V ~ - C ~ M ~ ~ ) R U ( ~ - H ) ~ R U -  

($-C5MeJ (1) with 2 equiv of diphenylacetylene in toluene 
at room temperature produced a mixture of the 1:l and 
1:2 adducts 2 and 3, together with the hydrogenated 
products of diphenylacetylene trans-stilbene and bibenzyl, 
which were characterized by means of 'H NMR spec- 
troscopy and GC-mass spectrometry (eq 1). Formation 
of trans-stilbene and bibenzyl suggests that coordination 
sites were generated on the bimetallic complex through 
hydrogen transfer from 1 to diphenylacetylene. 

Ph Ph 

Notes 

. .  
1 2 3 

The reaction mixture was separated by column chro- 
matography on neutral alumina with toluene. Crystalli- 
zation from toluene/ pentane afforded analytically pure 
(V~-C~M~~)RU(~-H),(~-P~CCP~)RU(V~-C~M~~) (2) in a 35% 
yield as red needles. The 1:2 adduct 3 was also isolated 
as a dark brown solid in relatively low yield by chroma- 
tographic purification and subsequent crystallization from 
THF/toluene. The reaction of 1 with an excess amount 
(10 equiv) of diphenylacetylene resulted in the formation 
of a complex mixture of several products including 3 and 
a small amount of 2. From this result it can be concluded 
that the reaction rate of diphenylacetylene with the 1:l 
adduct 2 is comparable to that with 3. 

The field-desorption mass spectrum of 3 showed that 
complex 3 had the composition C&I&u,. The intensities 
of the obtained isotopic peaks agreed well with the cal- 
culated values within the experimental error. The 'H and 
I3C NMR data for 3 showed two C5Me5 ligands to be 
equivalent. The 13C NMR spectrum revealed eight signals 
for the phenyl groups and two singlets at 6 155.4 and 101.0 
for the C4 skeleton originated from acetylenic carbons. On 
the basis of these spectroscopic data, complex 3 could be 
identified as a dinuclear 1,2,3,4-tetraphenyl-l,3-butadiene 
complex in which both terminal carbons of diene ligand 
symmetrically bridged two ruthenium centers. A similar 
bisk-alkylidene) complex [ (C5H5)Cr],(p-C0) (p-C4Ph4) was 
previously reported by Knox et  al.? in which carbon- 
carbon double bond in the bridging C4 unit was coordi- 
nated to one of the chromium centers. 

The structure of complex 2 was also assigned on the 
basis of 'H and 13C NMR spectrometry, infrared spec- 
troscopy, and elemental analysis. The 'H resonance signals 
for the hydride and r15-C5Me5 ligands were observed at  6 
-14.0 and 1.62, respectively, in a 1:15 intensity ratio. 
Characteristic resonances for the bridging acetylenic car- 
bons were equivalently observed at 6 109.0 in the '3c NMR 
spectrum, and the value was comparable with those re- 
ported for Co,(PhCCPh)(CO), (6 89.2)7 and Co,- 

(6) Knox, S. A. 3.; Stansfield, R. F. D.; Stone, F. G. A,; Winter, M. J.; 

(7) Aime, S.; Milone, L.; Rwsetti, R.; Stanghellini, P. L. Inorg. Chim. 
Woodward, P. J. Chem. SOC., Dalton Trans. 1982, 173. 

Acta 1977, 22, 135. 

Figure 1. ORTEP view of complex 2 with the atomic labeling 
scheme. 

Table I. Crystallographic Data for Complex 2 
(A) Crystal Data 

formula 
temp, "C 25 
space group Pi 
a, A 10.284 (4) 
b, A 15.871 (4) 
c ,  A 10.286 (3) 
a, deg 98.47 (2) 
6, deg 110.92 (2) 
7,  deg 98.22 (3) 
v, A3 1515.8 (9) 
mol w t  652.85 
z 2 
Pcalc, g/cm3 1.429 

(B) Measurement of Intensity Data 
radiation (A, A) 
monochromator graphite 
reflcns measd 
28 scan range, deg 2-60 
w-scan width (A  + 0.14 tan J) A 
w-scan rate, deg/min 6 
no. of reflcns collcd 9333 
no. of independent reflcns 8856 
no. of data used (F > 3 4  6177 

none abs corr 
abs coeff, cm-' 9.98 
P factor 0.01 
final residuals 

R u 2 c 34 H 4 2 

Mo Ka (0.71068) 

+ h , + k , + I 

1.3 

R 0.0569 
R w  0.0539 

(PhCCPh)(CO)5(PBun3) (6 89.6 and 91.7)7 but more 
shielded than (C5H5),Ruz(PhCCPh)(C0) (6 144.8).8 
Electron density at the bridging acetylenic carbons in 2 
would increase due to the high donating ability of the 
C5Me5 group in comparison with those in (C5H5),Ru2- 
(PhCCPh)(CO). In contrast, the strong ?r-accepting CO 
ligand in the latter complex depresses the electron density 
a t  the acetylenic carbons. 

Metal complexes containing bridging alkyne are abun- 
dant for most elements of the transition series, in which 

(8) (a) Colborn, R. E.; Dyke, A. F.; Knox, S. A. R.; Macpherson, K. A.; 
Orpen, A. G. J. Organomet. Chem. 1982,239, C15. (b) Colborn, R. E.; 
Dyke, A. F.; Gracey, B. P.; Knox, S. A. R.; Mecpherson, K. A,; Mead, K. 
A.; Orpen, A. G. J.  Chem. Soc., Dalton Trans. 1990, 761. 
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Table 11. Atomic Coordinates and Equivalent Isotropic 
Displacement Coefficients for Complex 2 

atom X Y z N e d ,  A’ 
1.01040 (0) 
0.60246 (0) 

Ru(1) 0.86918 (5) 
Ru(2) 0.69643 (5) 
C(1) 0.9233 (8) 
C(2) 0.9842 (8) 
C(3) 1.0789 (7) 
C(4) 1.0807 (9) 
C(5) 0.9850 (10) 
C(6) 0.8158 (11) 
C(7) 0.9552 (15) 
C(8) 1.1804 (12) 
C(9) 1.1799 (12) 
C(l0) 0.9555 (15) 
C(l1) 0.6036 (9) 
C(12) 0.7054 (8) 
C(13) 0.6667 (8) 
C(14) 0.5383 (11) 
C(15) 0.4984 (7) 
C(16) 0.6028 (15) 
C(17) 0.8343 (12) 
C(18) 0.7384 (17) 
C(19) 0.4390 (15) 
C(20) 0.3589 (12) 
C(2l) 0.7266 (6) 
C(22) 0.6501 (7) 
C(23) 0.7291 (8) 
C(24) 0.8526 (9) 
C(25) 0.8537 (11) 
C(26) 0.7330 (13) 
C(27) 0.6100 (11) 
C(28) 0.6045 (8) 
C(29) 0.5412 (7) 
C(30) 0.4711 (7) 
C(31) 0.3707 (9) 
C(32) 0.3407 (9) 
C(33) 0.4102 (10) 
C(34) 0.5094 (8) 
H(1) 0.876 (7) 
H(2) 0.763 (7) 

0.66133 (0) 
0.83918 (0) 
0.71426 (2) 
0.78576 (2) 
0.6013 (5) 
0.6778 (6) 
0.7318 (5) 
0.6890 (6) 
0.6067 (6) 
0.5241 (7) 
0.6959 (9) 
0.8176 (7) 
0.7225 (10) 
0.5355 (8) 
0.8991 (5) 
0.8930 (5) 
0.8122 (6) 
0.7695 (5) 
0.8221 (6) 
0.9760 (6) 
0.9633 (9) 
0.7802 (10) 
0.6821 (7) 
0.8030 (9) 
0.7889 (4) 
0.7116 (4) 
0.8610 (4) 
0.9269 (5) 
0.9978 (5) 
1.0018 (6) 
0.9359 (6) 
0.8656 (5) 
0.6393 (4) 
0.5740 (5) 
0.5026 (5) 
0.4987 (6) 
0.5642 (6) 
0.6336 (5) 
0.796 (5) 
0.704 (5) 

0.90022 (0) 
0.48908 (0) 
0.80354 (5) 2.75 (1) 
0.63089 (5) 2.77 (1) 
0.8977 (9) 4.6 (3) 
1.0037 (8) 4.9 (3) 
0.9673 (9) 4.4 (2) 
0.8391 (11) 6.5 (3) 
0.7934 (9) 5.4 (3) 
0.8954 (16) 10.3 (5) 
1.1387 (11) 10.6 (6) 
1.0614 (15) 10.1 (5) 
0.7601 (17) 13.2 (7) 
0.6658 (12) 10.5 (5) 
0.5766 (7) 4.4 (2) 
0.5163 (9) 4.7 (3) 
0.4192 (8) 5.1 (3) 
0.4187 (8) 5.4 (3) 
0.5147 (9) 5.1 (3) 
0.6827 (10) 9.5 (5) 
0.5427 (15) 11.4 (6) 
0.3246 (13) 13.9 (7) 
0.3191 (12) 9.8 (5) 
0.5471 (15) 10.9 (6) 
0.8496 (6) 2.8 (2) 
0.7751 (6) 3.1 (2) 
0.9593 (7) 3.6 (2) 
1.0293 (8) 4.4 (2) 
1.1289 (9) 5.8 (3) 
1.1597 (9) 6.8 (4) 
1.0900 (10) 6.1 (3) 
0.9893 (8) 4.4 (2) 
0.7708 (7) 3.2 (2) 
0.6476 (9) 4.3 (2) 
0.6467 (11) 5.7 (3) 
0.7675 (13) 6.7 (4) 
0.8910 (11) 6.2 (3) 
0.8933 (8) 4.6 (2) 
0.711 (7) 2.28 
0.614 (7) 2.28 

the alkyne lies either perpendicular to or parallel to the 
metal-metal axis (structure A or B).8*9 The X-ray dif- 

e 

R 

A B 

fraction study of 2 confirmed the structure with the per- 
pendicularly bridged alkyne ligand. Single crystals of 2 
were grown from the mixed solvent of toluene and pentane. 
The results of the single-crystal X-ray diffraction study 
are displayed in Figure 1. Experimental parameters are 
given in Table I, and positional and thermal parameters, 
in Table 11. Tables I11 lists some of the relevant bond 
distances and angles. 

The diruthenium unit in complex 2 was bridged tran- 
sversely by a diphenylacetylene ligand and also by two 
hydrides 80 that the central Ru,C&, core had approximate 

Table 111. Selected Bond Distances (A) and Angles (deg) 
for Complex 2 

CP(l)’-Ru(l) 1.835 CP(2)-Ru(2) 1.836 
Ru(l)-Ru(2) 2.552 (1) Ru(2)-C(21) 2.150 (7) 
Ru(l)-C(21) 2.146 (7) Ru(2)-C(22) 2.162 (7) 
R~(l)-C(22) 2.159 (7) Ru(2)-C(11) 2.205 (8) 
Ru(l)-C(l) 2.207 (8) Ru(2)-C(12) 2.217 (9) 
Ru(l)-C(2) 2.186 (8) Ru(2)-C(13) 2.200 (9) 
Ru(l)-C(3) 2.159 (7) Ru(2)-C(14) 2.158 (7) 
Ru(l)-C(4) 2.179 (10) R~(2)-C(15) 2.171 (8) 
Ru(l)-C(5) 2.227 (10) Ru(2)-H(l) 1.70 (7) 
Ru(l)-H(l) 1.73 (8) Ru(2)-H(2) 1.57 (8) 
Ru(l)-H(2) 1.83 (7) C(21)-C(22) 1.315 (8) 
H(1)-H(2) 1.65 (9) 

CP(l)-Ru(l)-Ru(2) 168.07 (3) CP(~)-RU(~)-RU(~) 167.11 (3) 
Ru(l)-C(21)-Ru(2) 72.9 (2) Ru(l)-C(22)-Ru(2) 72.4 (2) 
Ru(l)-H(l)-Ru(2) 96 (4) Ru(l)-H(2)-Ru(2) 97 (4) 
C(21)-R~(l)-C(22) 35.6 (2) C(21)-Ru(2)-C(22) 35.3 (2) 
Ru(l)-C(21)-C(23) 139.3 (4) Ru(2)-C(21)-C(23) 129.6 (5) 
R~(l)-C(22)-C(29) 129.3 (5) Ru(2)-C(22)-C(29) 138.6 (4) 
Ru(l)-C(21)-C(22) 72.8 (5) R~(2)-C(21)-C(22) 72.7 (4) 
Ru(l)-C(22)-C(21) 71.7 (4) Ru(2)-C(22)-C(21) 71.8 (4) 
C(21)-C(22)-C(29) 143.0 (7) C(22)-C(21)-C(23) 140.6 (7) 

a CP(x) is the centroid of the C6Me6 ligand. 

Czv symmetry. The Ru-Ru distance of 2.552 (1) A is 
shorter than that for a Ru-Ru single bond and is close to 
the value of 2.505 (1) A found in the molecule (v5-C5H5)- 
Ru(p-CO)(p-PhCCPh)Ru(v5-C5H,!.B The metal-metal 
bond distance cannot be a rigid criterion for determining 
the metal-metal bond order, but we tentatively adopted 
a structure having Ru-Ru double bond for the complex 
2, as the 18electron rule applied to the complex 2 required 
a metal-metal double bond between ruthenium centers. 
The C(21)-C(22) distance of 1.315 (8) A was normal for 
alkynes that lie perpendicular to metal-metal bond in 
dinuclear complexes, in which typical C-C distances range 
from 1.3 to 1.4 A.8 The H(l)-H(2) distance of 1.65 (9) 8, 
shows that there is no bonding interaction between the 
hydride ligands. The average Ru-C bond distance of 2.154 
8, between acetylenic carbons and ruthenium atoms is 
consistent with those for +bonded carbon-metal bonds. 
The C(21)4(22)4(29) and C(22)4(21)-C(23) angles are 
143.0 (7) and 140.6 ( 7 ) O ,  respectively, and the two phenyl 
groups on the acetylenic carbons are bent away from the 
ruthenium centers. 

While the bridging alkyne ligand in {(C,H,’O),PJ,Rh(p- 
H)z(p-PhCCPh)Rh(P(OC3H,93)2 readily inserted into a 
Rh-H bond to result in the formation of a p-a,.lr-vinylic 
complex,l0 such an alkyne insertion reaction did not occur 
even when complex 2 was heated in toluene at  40 OC for 
2 h. 

Experimental Section 
Materials and Methods. All manipulations were carried out 

under an argon atmosphere with use of standard Schlenk tech- 
niques. Toluene and pentane were purified and distilled under 
argon prior to  use according to established procedure.” Benz- 
ene-d8 was dried over 4A molecular sieves under an atmosphere 
of argon and was vacuum-transferred into a storage vessel. Di- 
phenylacetylene was purchased from commerical sources and used 
without further purification. Celite and the neutral alumina 
(Merck Art. 1097) used for column chromatography were deox- 

(9) (a) Hoffman, D. M.; Hoffmann, R.; Fisel, C. R. J. Am. Chem. SOC. 
1982,104,3858 and references cited therein. (b) KBlle, U.; Fuss, B. Chem. 
Ber. 1986,119,116. (c) Dickson, R. S.; Oppenheim, A. P.; Pain, G. N. J. 
Orgammet. Chem. 1982, 224, 377. (d) Dickson, R. S.; Fallon, G. D.; 
Jenkins, S. M.; Nesbit, R. J. Organometallics 1987, 6, 1240. (e) Bixler, 
J. W.; Bond, A. M.; Dickson, R. S.; Fallon, G. D.; Nesbit, R. J.; Pateras, 
H. Organometallics 1987,6,2508. (0 Gagnb, M. R.; Takats, J. Organo- 
metallic8 1988, 7, 561. 
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ygenated under vacuum prior to use. 
Infrared spectra were recorded on a Hitachi 260-50 spectro- 

photometer. 'H and 13C NMR spectra were recorded on a JEOL 
GX-270 instrument. Field-desorption mass spectra were measured 
on a Hitachi GC-MS M8O high-resolution mass spectrometer. 

Elemental analysis was performed by the Analytical Facility 
at the Research Laboratory of Resources Utilization, Tokyo In- 
stitute of Technology. 
(q5-C5Me5)Ru(p-H),Ru(q5-C5Me5) was prepared according to 

the previously published m e t h ~ d . ~  
Crystallographic Data  Collection and Structure  Refine- 

ment. A crystal was mounted on a glass fiber. Unit cell constants 
were determined from 25 machine-centered reflections. Data were 
collected with graphite-monochromated Mo KCY radiation at am- 
bient temperature with a Rigaku AFC-5 diffractometer. Data 
in the range of 2O < 28 < 60' were collected. Data processing 
was performed on a FACOM A-70 computer using the R-CRYSTAN 
structure solving program library obtained from the Rigaku Corp. 
The crystal of 2 belongs to the triclinic crystal system. The 
positions of the metal atoms were determined by heavy-atom 
methods. All non-hydrogen atoms and two bridging hydrogen 
atoms were located by subsequent difference Fourier synthesis. 
Ru and C atoms were refined anisotropically by full-matrix 
least-squares techniques. Hydrogen atoms were refined iso- 
tropically. 

Reaction of (q5-C5Me5)R~(p-H)4R~(q5-C5Me5) (1) with 
Diphenylacetylene. Preparation of (q5-C5Me5)Ru(p-H)z(p- 
PhCCPh)Ru(q5-C5Me5) (2) a n d  (q5-C5Me5)Ru(p- 
PhCPhCCPhCPh)Ru(q5-C5Me5) (3). To a solution of (q5- 
C5Me5)Ru(p-H),Ru(q5-C5Me5) (1) (0.405 g, 0.85 mmol) in toluene 
(5 mL) was added diphenylacetylene (0.303 g, 1.70 "01) at room 
temperature. After being stirred for 12 h, the resulting reaction 
mixture was passed through a short column packed with Celite. 
Solvent was removed from the filtrate under reduced pressure 
to leave a dark brown solid. The lH NMR (60 MHz) spectrum 
of the residual solid in CsDs showed the formation of complexes 
2 and 3 in a 1.3:l ratio, which was determined on the basis of the 
intensities of two singlet peaks a t  6 1.62 and 1.54 ascribed to the 

C5Me5 ligands. Purification of the dark brown residual solid by 
column chromatography on neutral alumina with toluene afforded 
2 and 3 as maroon and dark brown solids, respectively. Crys- 
tallization from the mixed solvent of toluene and pentane gave 
2 (0.193 g, 35%) as maroon needlea. 2 mp 196 OC; IR (KBr) 3063, 

6 7.75-7.23 (m, 10 H, Ph), 1.62 (8, 30 H, CJ4e6), -13.98 (e, 2 H, 

= 159.0 Hz, Ph), 109.0 (8, acetylenic), 89.9 (8,  C5Me5), 11.7 (9, 
JCH = 125.4 Hz, C5Me5). Anal. Calcd for C34H4zR~2: C, 62.55; 
H, 6.48. Found C, 62.64, H, 6.75. Complex 3 obtained by means 
of column chromatography was inevitably contaminated by a small 
amount of 2. Crystallization from the mixed solvent of tetra- 
hydrofuran and toluene afforded 3 (0.099 g, 14%) as dark brown 
powder. 3 'H NMR ( c a s ,  TMS) 6 7.64-6.71 (m, 20 H, Ph), 1.54 
(s, 30 H, C&e5); 13C NMR (c,& TMS) 6 155.4 (8, Ru-C- 
(Ph)C(Ph)-), 147.6 (8, Ph-ipso), 138.5 (8, Ph-ipso), 131.4 (d, JCH 
= 157.6 Hz, Ph), 131.3 (d, JCH = 157.6 Hz, Ph), 127.5 (d, JCH = 
161.6 Hz, Ph), 127.1 (d, Jm = 163.8 Hz, Ph), 126.0 (d, JCH = 160.7 
Hz, Ph), 124.8 (d, JCH = 159.7 Hz, Ph), 101.0 (8,  Ru-C(Ph)-C- 

2959,2887, 1694,1587,1488,1379 cm-'; 'H NMR (Cas ,  TMS) 

Ru-H-Ru); 13C NMR (Cas ,  TMS) 6 141.4 (8, Ph-ipso), 130.0 (d, 
JCH = 159.0 Hz, Ph), 128.3 (d, JCH = 157.3 Hz, Ph), 125.1 (d, JCH 

(Ph)-), 88.1 (8, C,Me5), 11.2 (4, JcH = 125.4 Hz, C5Me5). Anal. 
Calcd for C48H&u2: C, 69.56; H, 6.04. Found C, 69.23; H, 6.34. 
In the field-desorption mass spectrum of 3, intensities of the 
obtained isotopic peaks for C a & u z  agreed with the calculated 
values within the experimental error. 
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Acetylene Insertion Reactions of the C,S and q4 Isomers of 
Cp* Ir(2,5-dimethylthiophene) with MeSC=CSMe and MeSCGCMe. 

Formation of Novel Chelated Bicyclocarbene Complexes 

Jiabi Chen and Robert J. Angelici' 
Department of Chemistty and Ames Laboratoty, ' Iowa State Un/vers@, Ames, Iowa 500 1 1 

Received August 26, 199 1 

Summary: The reactions of Cp+Ir(C,S-2,5-Me2T) (2) with 
the acetylenes M e S m S M e  and MeS-Me give the 
bicyclocarbene insertion products 3 and 4. The same * 

A N M e  Y 

$J MeS-Ci;-SMe ~ 0 MeS-CEC-Me 

2 3 (Y = SMe), 4 (Y = Me) 

products are obtained from the reactions of these ace- 
tylenes with Cp' Ir(q4-2,5-Me,T) (1). The carbene-diene 
structure of 3 was established by an X-ray crystallo- 
graphic study. 

As part of our interest in the mechanism of thiophene 
hydrodesulfurizaton on heterogeneous catalysts,2J we have 

0276-7333 f 92 f 23l1-0992$03.00 f 0 

examined various modes of thiophene coordination and 
reactivity in model transition-metal complexes. In one of 
these studies, we o b ~ e r v e d ~ ~ ~  that Cp*Ir(~~-2,5-Me~T)~+, 
where Cp* = q6-C5Me5 and 2,5-Me2T = 2,5-dimethyl- 
thiophene, undergoes a 2-electron reduction to the neutral 
complex Cp*Ir(2,5-Me2T) which has been isolated in two 
isomeric forms (eq 1); isomer 1, Cp*Ir(q4-2,5-Me2T), re- 
arranges in the presence of bases to the more thermody- 
namically stable 2, Cp*Ir(C,S-2,5-Me2T). The sulfur in 
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by Iowa State University under Contract W-7406-w-82. This research 
was supported by the Office of Basic Energy Sciences, Chemical Sciences -. 
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