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Abstract

Room temperature reaction of [(CO)qFe,{ u-SeC(H)=C(C=CR)Se}], with the dimetallic species, Cp,M0,(CO), and Co,(CO);,,
afforded the adducts [(CO),Fe,Se,{u-HC=C(CCRICp,Mo,(CO),] (R =Me, L. R="Bu, 2) and [(CO)Fe,Se,{p-
HC=C(CCR)JCo,(CO);] (R=Me. 3; R="Bu, 4) respectively. On reaction of Ruj(CO}, (NCMe), with KCO)sFefu-
SeC(H)=C(C=CR)Se}], the new diyne-bridged mixed-metal clusters [(CO),Fe,Se,{ ;2-HC=C(CCRIRu,(CO)o] (R = Me, 5; R ="Ba,
6) were obtained. Similarly, [(CO)gFe,Se.{ z-HC=C(CC"Bu)}Os,(CO),], 7. was isolated from the reaction of [(CO)sFe {pu-
SeC(H)=C(C=C"Bu)Se}] with 0s,(C0O),(NCMe),. Compounds 1-7 were characterized by IR and 'H., "°C and 'Se NMR spec-
troscopy. The structures of 2 and 5 were established by single crystal X-ray diffraction study. Both contain an Fe,Se, butterfly core
bridged by an HCC unit of the diyne HC=CC=CR across the two Se atoms. In 2, the ituted lenic maicty is 1y
bridged 1o the Mo—Mo bond and in §, it forms a g-//-1° bridge 1o an Ru; triangular core.

Kevwords: Iron; Molybd: Cobalt; Ruthenium; Osmium;

Carbony!; Diyne; Crystal structure

1. Introduction room temperature addition of phenylacetylene to form
(CO)4Fe,{ u-SeC(H)=C(Ph)Se} and
{(CO)4Fe, Se,},( 1-C(H)-C(Ph)} {3]. The corresponding
S, and Te, compounds, (CO)¢Fe,(x-S;) and

The class of compounds (CO),Fe,( u-E,), (E=S5,
Se, Te) have been used extensively as starting materials

for cluster growth purposes, and for the manipulation of
various organic species bonded to the E atoms of these
complexes [1}. The nature of E influences strongly the
reactivities of (CO)¢Fe,( u-E,) towards inorganic and
organic species [2]. Towards acetylenes, the Se-Se
bond appears to be the most reactive, as seen by the
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(CO),Fe,( -Te,), are inert towards such acetylenc ad-
dition under similar conditions [4]. Phenylacetylene ad-
dition serves to block the reactive Se sites of
(CO)Fe,( u-8e,) and this enables cluster growth to
occur across the Fe-Fe bond. For example, thermolysis
of (CO)Fe,{ u-SeC(H)=C(Ph)Sc} and Cp,Mo,(CO),
forms the mixed-metal cluster Cp,Mo,Fe,(CO)( us-
SeX p;-Se),, the structure of which conmsists of an
Mo, Fe, open butterfly tetrahedron core with the Fe
atoms located at the * wing-tips” [5]. Diynes coordinated
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to meta] centers have been of interest in recent times
[6]. Novel metalacumulenes containing
R.C=C=C=Ru=C=C=CR, units have been obtained
from derivatives of 1.3-butadiyne [7]. Metal-diyne
complexes have also been regarded to be of use for
obtaining novel polynuclear complexes [8].

We have previously reported the formation of an
Se-bridged complex containing an s-trans-1.3-diene lig-
and [9] and the functionalization of MeC=CC=CH on
the mixed-chalcogenide compound (CO), Fe.( u-STe)
[10]. The compounds [(CO) Fe.fu-
SeC(H)=C(C=CR)Se}] (R = Me, "Bu) have been ob-
tained by room temperature reaction of (CO),Fe.( p-
Se,) with HC=CC=CR [11] The availability of an
uncoordinated triple bond in (CO) Fe,{u-
SeC(H)=C(C=CMe)Se} has been used for the addition
of a triosmium carbonyl group and the diyne-bridged
mixed-metal complex [(CO) Fe,Se.{pu-
HC=C(CCMe)Os,(CO),,}] has been obtained {11]. In
this paper we report on the reaction of {CO),Fe.{ p-
SeC(H)=C(C=CR)Se}] (R = Me. "Bu} with
Cp.Mo,(CO),, Co,(CO)x, and (CO),,M,(NCMe), (M
=Ru. 0s). ""Se NMR of [(CO),Fe. Ap-
SeC(H)=C(C=CR)Se}] and [(CO){,FBVSC_( -
HC=C(CCMe)0s,(CO), }} are also reported.

2. Experimental section

Reactions and manipulations were carried out under
an irert atmosphere of nitrogen or argon using standard
Schienk techniques. Solvents were purified and deoxy-
genated immediately prior to use. Infrared spectra were
recorded on a Nicolet Impact 400 Fourier transform
spectrometer in NaCl cel] of Olmm path length as
hexane solutions. 'H, >C, and 7'Se spectra were ob-
tained on a Varian VXR-300S spectrometer in CDCl,
solutions using appropriate references at 25°C. The "' Se
NMR signals were referenced to Me,Se (8= Oppm)
and the spectra were obtained at an operating frequency
of 57.23 MHz; 90° pulses were used with 25 delay und
Is acquisition time. Elemental analyses were carried
out using a Carlo Erba automatic analyzer.
[(CO), Fe,{ u-SeC(H)=C(C=CR)Se}] (R =Me. "Bu)
[11], Cp.Mo,(CO), [12], Ru (CO),(CH,CN), [13] and
0s,(CO),((CH,CN), [14] were prepared as reported
previously. Co,(CO), was purchased from Aldrich
Chemicals and sublimed before use.

2.1. Reaction of Cp,Mo,CO), with [(CO), Fe,f u-
SeC(H)=C{C=C-RiSe}l (R = Me. "Bu)

To a dichloromethane solution (30ml) containing
freshly prepared Cp,Mo,(CO), (0.57 g, 0.22 mmol) was
added [(CO),Fe,{ p-SeC(H)=C(C=CMe)Se}] (0.084 ¢,
0.19mmol) in 15ml of benzene and the reaction mix-

ture was stirred at room temperature for Ph. Afier
removal of the solvent in vacuo. the residue was sub-
jected o chromatographic work-up on silica gel TLC
plates. Use of dichloromethane:hexane (1:5 v/v) solu-
tion mixture as eluent afforded trace amounts of
Cp-Mo.(CO), and [(CO) Fe.{pu-
SeC(H)=C(C= CMc)Se)] followed by u dark brown
band of [(CO)(,Fc Sc.(,u—
HC=C(CCMe)}Cp>Mo,(COY,] I (0. 0864, (65%)).

IR v(COX 2067(vs). 2035(m). 2030(vs). |999(\\)
1989(m). 1977(m). 1964(m). 1939(vs). 1920(m).
1861(sh)cm™ . l:l NMR: §2.7 (s CHL 525 (s.
CsHa), 645 (s, “Jyy_s =56Hz. Uy s =8Hz, CH)

ppm: "C('H) NMR: 8 25.3(q. J =
{(m. C,H,), 1054 (s, CCH,). 113.7 (s, C=CCH)).
1224 (d. J=184Hz. CH). 1358 (s. C= CH) 210 (s
CO). 227 (s, CO) ppm: “Se NMR: 83724 (. ", |,
=356Hz). 4652 (d. “J,,_,, = 8Hz) ppm. M.p. 146°C
(decomp.). Anal. Found: C. 43.0. H. 2.6,
C.H, Fe.Mo0.,0 Se,. Calc.: C. 42.8: H, 1.99%.
The reaction of [(CO) Fe.{pu-
SeC(HY=C(C=C"Bu)Se}] with Cp, Mo (CO), yiekled
dark brown [(CO) Fe.Se.{p-
HC=C(CC"Bul}Cp.Mo(CO}, 1. 2 in 62% vyield after
work-up as described for the preparation of 1. 2: IR
v(CO): 2067(vs), 2057(m). 2030(vs). 1997(vs). 1976(w).
1965(m). 1937(s), 1920(m), 1860(sh)em™'. '"H NMR:
8 1.04 (1. CH,). 2.02 (m. CH,). 2.28 (m Ci1). 282
(1. CHy). 523 (s CoH) 645 (5. *Jy = 56Hz
s = 8Hz, CH) ppm: "CUH) NMR: 5139 (q.
J=126Hz. CH;). 26.4 (1. J = [24Hz. CH,CH,). 38.3
(. J=127Hz. CH,CH,CH;). 46.8 (1. J=130Hz
CH,CH,CH,CH,). 924 (m. C;H,). 106.9 (s. C"Bu).
114.5 (s, C=C"Bu), 122.6 (d. /= {84Hz. CH). 136.1
(s, C=CH), 209 (s. CO). 227 (s. CO) ppm: 'S¢ NMR:
8371.0 (d. “Jg,_, = 56Hz), 470.6 (d. “J,, , = 8Hz)
ppm. M.p. 152°C (decomp.). Anal. Found: C. 45.5: H.
2.88. C, H, Fe;Mo,0,,Se,. Cale.: C.45.2: H. 2.69%.

130 Hz. CH 1923

2.2. Reuction of CO(CO) with
SeClHI= C((C=CR)Sel] (R = Mc. "Bu)

[1CO), Fef p-

To a hexane solution (30 ml)
[(CO),Fe,{ u-SeC(H)=C(C=CMe)Se}] (0.084 ¢.
0.19 mmol) wus added solid Co,(CO), (0.071 g.
0.21 mmol) and the reaction mixture was stirred at room
temperature for 2h. The solvent was removed in vacuo
and the residue was dissolved in 5 ml of
dichloromethune. Chromatogruphic work-up on silica
gel TLC plates using hexane as eluent yielded truce
amounts of [(CO), Fe,{ p-SeC(H)=C(C=CMe)Se}] and
Co,(CO), followed by dark violet compound
[(CO),Fe,Se.{ pu-HC=C(CCMe)}}Cu.{CO), ] 3{0.135¢.
(98%). 3: IR v(CO) 209s). 2071(vs). 2061(vs).
2038(vs). 2031{m), 2019(m). 2001(v+). 1987(m)em™".
'H NMR: 826 (s. CH,). 7.24 (s °J, .. =53Hz.

containing
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JH se=6Hz, CH) ppm; "C('H) NMR: 5208 (q,
=130Hz, CH,), 83.5 (s, CCH,), 963 (s, CCCH,),
l'%l 2 (d, /= 184Hz, CH) 155.5 (s, CCH), 198 (s,
C0), 209 (s. CO) ppm; 7Se NMR: & 371.1 (d, .l
=353Hz), 4656 (d, “J,_, = 6Hz) ppm. Mp. IOO—
102°C (decomp.). Anal. Found: C. 28.3; H. 0.63.
CyH,Co,Fe,0,,8¢,. Calc.: C. 28.1; H, 0.55%.

The reaction of [(CO),Fe,{p-
SeC(H)=C(C=C"Bu)Se}] with Co,(CO), vielded dark
violet {{CO)¢Fe,Se,{ p-HC=C(CC"Bu)}Co,(CO)], 4,
in 929% yield after work-up as described above. 4: IR
HCO): 2095(s), 2070(vs), 205K vs), 2038(vs). 2029(m),
2017(m), 2000(vs). 1986(m)em ™", 'H NMR: 8 1.02 (¢,
CH,). 1.48 (m, CH,CH,), l6(m CH,CH,CH ).231
(t, CH,CH,CH,CH,), 7.22 (s, *J,,_s. = 53Hz, *Jy, g,
=6Hz. CH) ppm; "C('H) NMR: 6138 (g, J=
125Hz, CH;), 22.7 (t, /= 132Hz, CH,CH,), 34.1 (t,
J =133 Hz, CH,CH.CH;), 34.1 (1, J=136Hz,
CH,CH,CH.CH, D, 940(\ C"Bu), 103.2 (s. CC"Bu),
1306 (d J=185Hz. CH). 156.2 (s, CCH), 198 (s,
C0), 209 (s, CO) ppm; ""Se NMR: §371.4 (d. *J,,

=53Hz), 472.1 (d. “Jg,_, =6Hz) ppm. M.p. 106—
108°C {decomp.). Anal. Found: C, 31.5; H, 1.52.
C.,H,,Co,Fe,0,,8e,. Calc.: C, 31.3; H, 1.30%.

2.3. Reaction af Ru ,(CO),,(NCMe), with [(CO), Fe,{ u-
SeC{H}=CIC=CRISel} (R = Me, "Bu)

A benzene solution (50ml) of freshly prepared
Ru,{(C0),(NCMe), (0.16 g, 0.25 mmol) and
[(CO),Fe,{ p-SeC(H)=C(C=CMe)Se}] (0.084 g,
0.19mmol) in ISml of benzene was stirred at room
temperature for 1h. The solvent was evaporated in
vacuo, and the residue was dissolved in Smi of
dichloromethane. Chromatographic work-up on silica
gel TLC plates using hexane as eluent yielded a trace
amount of Ru,(CO),, followed by red
[(CO),Fe,Se,{ u-HC=C(CCMe)}Ru,(CO),,] §
(0.083g. (43%)). 5: IR v{CO). 209%s), 2085(m),
2071(vs). 2067(m). 2055(m), 2036{vs), 2018(m),
2002(vs). 1954(m), 1888(sh)em™". 'H NMR: 52.29 (s,
CH,). 639 (s. °J,_, =55Hz, *J, ;. =8Hz. CH)

Table 1
Crystallographic data for 2 and 3
2 s

Crystal parameters
Formuta C . H,,0yFe. Mo, Se, C H,0,Fe,Ru,Se.
Formuta weight 9779 1085.1
Crystal system orthorhambic riclinic
Space group Phen Pl
a(A) 27.2138) 9.0202)
b(A) 10.143(3) 129044
c(A) 23.3905) 14.2845)
a (dep) — 82.04(3)
B {(deg) — 77.60(2)
v (deg) — 70.3602)
V(A) 6456(3) 1526.3(9)
Z 8 2

Dy (zem™") 2012 2361
Crystal dimensions (mm*) 032X 0.30 X 040 02x02x06
Crystal color red dark red
#(MoKa)em™") 3948 48.33
Temperature (K) 96 298
Data collecrion
Diffractometer Siemens P4
Monochromator eraphite
Radiation MoKa (A =D.71073A)
28 scan range (deg)} 4-50 4-45
Reflections collected 6433 Wi
Independent reflections 5682 3891
Independent observed reflections F, = So(F,) 3392 2963
Refinemenr *
R(F)(%) 392 6.03
ROVFI(%) 4.65 747
A/ a{max) 0.002 0o0l0
MpleA™ 0.60 207
N,/N, 85 15
GOF 10 1.53

¢ Quantity minimized = Twd?;

R=TA/LUFX Rn) =L 3" /E(Fw! ) A=UF, - F
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ppm; “C('H) NMR: 8345 (g, J=128.5Hz, CH,).
120.9 (d, J = 183 Hz, CH), 156.5 (s, C=CH), 1639 (s.
CCH ), 169.9 (s, C=CCH, ) 196 (s, CO), 209 (s, CO)

Se NMR: 5 391.1 (d .lSe « = 55Hz), 545.8 (d,
JSG,H—SHZ) ppm. M.p. 134-136°C. Anal. Found: C,
24.9; H, 0.58. C,,H,Fe,0,,Ru;Se,. Calc.: C, 24.6; H,
0.39%.

The reaction of [(CO) Fe,{p-
SeC(H)=C(C=C"Bu)Se}]l with Ru,(CO),,(NCMe),
yielded re  [(CO),Fe,Se,{u-
HC=C(CC"Bu)}Ru4(CO),,], 6 in 40% yield after
work-up as for the preparation of 5. 6: IR (CO):
2097(vs), 2071(s), 2051(vs), 2038(m), 203](5) 2026(m),
2001(s), 1985(m), 1952(m), 1889(sh)em™'. 'H NMR:
8099 (¢, CHy), 175 (m, CH,), 221 (m, CH,), 272
(t, CH,), 6.39 (s, 2Jyy_s. = S6Hz, *J,,_¢. = 8Hz, CH)
ppm: “CCH) NMR: 8 14.1 (q, J = 126Hz, CH,), 22.8
(t, J=124Hz, CH,CH,), 352 (t. J=125Hz,
CH,CH,CH,), 480 (i, J = 128 Hz,
CH,CH,CH,CH,), 1209 (d, J = 183Hz, CH), 156.2
(s, C=CH), 164.42 (s, C"Bu), 1762(5 C=C"Bu), 196
(s, CQ), 209 (s, CO) ppm; Se NMR: & 389.6 (d,
2oy ="56Hz), 5629 (d, *Js,_, = 8Hz) ppm. M.p.
126-128 °C. Anal. Found: C, 274; H, 1.14.
C,,H,oFe,0,¢Ru,5e,. Calc.: C, 27.0; H, 0.94%.

2.4. Reaction of Os;(C0),o(NCMe), with [(CO), Fe,l p-
SeC(H)=C(C=C"Bu)Sel]

To a solution of freshly prepared Os,(CO),(NCMe),
(0.21g, 0.25mmol) in benzene (50ml) was added
{(CO), Fe,{ u-SeC(H)=C(C=C"Bu)Se}] (0.092 g,
0.19 mmol) in 15 ml of benzene. The mixture was stirred
at room temperature for 8h. After removal of the
solvent, the residue was dissolved in 5mi of

Table 2

Selected bond distances and bond angles for 2

Bond distances (A)

Fe(1)-5e(1) 2.380(2) Mo(1)-C(9) 2.140(7)
Fe(1)-5¢(2) 23702) Mo(1)-C(10) 2.23%(8)
Fe(2)-Se(1) 2.376(2) Mo(2)-C(9) 2.205(7)
Fe{2)-Se(2) 2375(2) Mo(2)-C10) 2.140(7)
Fe(1)-Fe(2) 2515(2) Mo(1)-Mo(2) 2930(1)
Se(1)-C(7) 1917(8) C(8)-C(9) 1.463(10)
Se(2,-C(8) 1L982(7) C(9)-C(10) 1.346(10)
C(N-C(8) 1.311(11) c(16)-0(16) 1.130(11)
Bond angles (deg)

Fe(1)-Se(1)}-Fe(2) 639(1)  Mo(D)-C(9)-Mo(2) 84.8(3)

Fe(1)-Se(2)-Fe(2) 63.9(1)
Fe(2)-Fe(1)-8e(1) 58.0(1)
Fe(2)-Fe(1)-5¢(2)  58.0(1)
Se(1)-Fe(1)-5e(2) 81.2(1)
Fe(1)-Fe(2)-Se(1) 58.1(1)
Fe(1)-Fe(2)-Se(2) 58.1(1)

Mo(1)-C(10)-Mof2) 84.(3)
Mo(2)-Mo(1)-C(9)  48.5(2)
Mo(2)-Mo(1)-C(10)  46.6(2)
C(9-Mo(1)-C(10)  35.7(3)
Mo(1)-Mo(2)-C(9)  46.7%(2)
Mo(1)}-Me(2)-C(10)  49.5(2)

Se(1)-Fe(2)-Se(2) 81.3(1)  C(9)-Mef2)-CUI0)  36.1(3)
5e(1)-C(7)-C(8) 119.5(6) C(7N-C(8)-C(9)» 131.5(D
Se(2)-C(8)-C(7)__ 1149(6)  C(8)-C(9)-C(10) 136.4(7)

Table 3
Selected bond distances ard bond angles for §

Bond distances (A)

Fe(1)-Se(1) 2.38(3) Ru(1)-C(I8) 2.223(12)
Fe(1)-5e(2) 2.389(3) Ru(1)-C(19) 2.258(12)
Fe(2)-Se(1) 2362(2) Ru(2)-C(18) 2.088(12)
Fe(2)-Se(2) 2.394(2) Ru(3)-C(19} 21114
Fe(1)-Fe(2) 2.5153) Ru(D)-Ru(2) 2.7322)
Se(1)-C(20) 1.971(13) Ru(1)-Ru(3) 2.725(2)
Se(2)-C(21) 1.937(14) Ru(2)-Ru(3) 2.8332)
C(18)-C19} 1.372(22) €(19)-C(20) 1.454(1R).
C(20)-C(21) 1.298(18) C(10)-(K10) 1.125026)
Bond Angles ()

Fe(1)-Se()-Fe(2)  64.1(1)  Ru(2)-Ru(1)-Ru(3) 62.5(1)
Fe(1)-Se(2)-Fe(2)  63.4(1) Ru(2)-Ru(1)-C(18) 48.5(3}
Fe(2)-Fe(1)~Se(1)  57.6(1) Ru(2)-Ru(1)-C(19) 70.0(3)
Fe(2)-Fe(1)-Se(2)  58.4(1) Ru(3)-Ru(1)-C(18) 70.1(3)
Se(1)-Fe(1)-Se(2)  81.1(1) Ru(3)-Ru(1}-C(19) 49.0(3)
Fe(1)-Fe(2)-Se(1)  583(1)  C(18)-Ru(1)-C(19) 35.6(5)
Fe(1)-Fe(2)-Se(2)  582(1)  Ru(1)-Ru(2)-Ru(3) 58.6(1)
Se(1)-Fe(2)-Se(2)  81.3(1)  Ru(1)-Ru(2)-C(18) 52.9(3)

Se(1)-C(20)-C(21) 115.6(10)  Ru(3)-Ru(2)-C(18) 69.5(4)

Se(2)-C(21)-C(20) 119.3(10)
Ru(2)-C(13)-Ru(3) 81.5(1)
Ru(1)-C(18)-Ru(2) 78.6(4)
Ru(D)-C(18)-C(19) 73.6(7)

Ru(1)-Ru(3)-Ru(2) 58.9(1)
Ru(1)-Ru(3)-C{19) 53.%3)
Ru(2)-Ru(3)-C(19) 69.7(4)
Ru(1)-C(19)-Ru(3) 77.1(4)

Ru(2)-C(18)-C(19) 111.5(8)
Ru(3)-C(19)-C(18) 109.2(8)
C(18)-C(19)-C(20) 124.X11)

Ru(1)-C(19)-C(18) 70.8(7)
CU7N-CUB)-CU19) 122.5(12)

dichloromethane. Chromatographic work-up on silica
gel TLC plates using hexane as eluent gave a trace
amount of Os,(CO),, followed by orange
[(CO)(,Fe,Se»(p. HC=C(CC"Bu)}0s,(CO),,1 7
0.096g, (38%)). 7: IR (W(COM: 2101(vs), 2071(m),
2066(s), 2056(s), 2037(m), 2028(s), 2011(m), 2002(vs),
1996(m), 1984(m), 1970(m) 1954(m), 1855(sh)cm™ i
"H NMR: 6098 (t, CH,), 1.76 (m, CH,), 2. 14 (m,
C H,CH,), 2.78 (1, CH,CH,CH,CH,), 6.37 (s, *J,,_s,
=56Hz, JH se=8Hz, CH) ppm; “C(‘H) NMR:
8141 (g, J=126Hz, CH,), 22.6 (t, J=124Hz,
CH, CH ), 355 (t, J=129.5Hz, CH,CH,CH,), 49.9
(t, 126Hz CH,CH,CH,CH,), 121 6 (d J=
184Hz CH), 1327(5 C= CH) lS76(s C"Bu), 167.9
(s, C=C"Bu), 175 (s, CO) 209 (s, CO) ppm; "'Se
NMR: 63868 (d, *Js,_,, = 56Hz), 5505 (d, *Jg,_y =
8Hz). M.p. 118-120°C. Anal. Found: C, 21.8; H, 0.92.
Cy4H, Fe,0,,0s,8¢,. Calc.: C, 21.6; H, 0.75%.

2.5. Crystal structure determination of
[{COJ; Fe,Se,l p-HC = C(CCBu™)ICp, Mo,(CO), 1, 2,
and [(CO),Fe,Se,[ p-HC = C(CCMe)JRu(CO),, ], 5

Suitable crystals for single-crystal X-ray diffraction
were selected and mounted with epoxy cement on thin
glass fibers. The unit cell parameters were obtained by
the least squares refinement of the angular setting of 24
reflections(20 < 28 < 25°). Crystallographic data are
summarized in Table 1.
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The photographic data, unit-cell parameters, occur-
rences of equivalent reflections data for 2 are uniquely
consistent for orthorhombic space group Pbcn. No evi-
dence of symmetry higher than triclinic was observed
for § and the E-statistics strongly suggested the cen-
trosymmetric space group P1. The maximum in the
final difference map at 2.07eA™" is located 1.11A
from Ru(3) and has no chemical significance. The data
were comrected for absorption by semi-empirical meth-
ods. The space group choices were verified by chemi-
cally reasonable results of refinement. The structures

Table 4
Atomic coordinates (X 10°) and equi
coefficients (A X 10%) for 2

x ¥y z u
Mo(1) 5967.3(3) 8803.1(7) 202.3(3) 32(1)
Mo(2) 6505.8(2) 6329.5(7) 39.5(3) 31(1)
Se(1) 7207.7(3) 8339(1) 2257.(3) 44(1)
Se(2) 9095(3) 8317.5(9) 1957.9(3) 36(1)
Fe(1) 6575.1(1) 9911(1) 2450.%5) 421

Fe(2) 6515.6(4) 755%(1) 2784.3(3) 38D
o 7185(3) 11065(8) 3356(3) 88(3)
o) 5690(3) 10984(9) 2991(3) 104(4)
o3) 6765(3) 11763(8) 1515(3) 88(4)
o) 6621(3) 4721(8) 2599(4) 93(4)

o5 7081(3) 7970(6) 3832(3) 58(3)
0l6) 5584(3) 74329) 341303) 93(4)
o(15) 5095(2) 7350(8) -37203) 71(3)
o(16) 5159(2) 9608(7) 10813) 6703)
o027 7004(3) 463X7) 1001(3) 75(3)
0(28) 7484(3) 792%(7) 91(3) 65(3)
c 6946(4) 1062010} 2993(4) 594)

<) 6027(4) 10572(10) 2768(4) 624
<) 6676(4) 11065(10) 1878(8) 58(4)
C(4) 6587(4) 5819(11) 2664(4) 554}
(5) 6586(3) 7778(9) 3430(4) 46(3)

C(6) 5951(3) 7487(9) 3173(3) 47(3)
) 7026(3) 7820(8) 1496(3) 36(3)
c(®) 6562(3) 7820(7) 1345(3) 2%2)
cO) 6324(3) 7521(3) 79%3) 28(3)
10y 5931(3) 6325(8) 625(3) 30(2)
«1n 5523(3) 6110(9) 912(4) 46(3)

«(12) 57023) 4897(10) 1229(4) 56(4)
c(13) 5298(4) 4287011) 159%(5) 9(5)
c(14) 5454(5) 299%(14) 1834(6) 125(R)

Table 5

Atomic coordinates (X 10*) and eg

coefficients (A x 10°) for 5

x ¥ z Uy *
Ruf1) 6626(1) 3053.2(9) 1710.5(8) 35(1)
Ru(2)  634K1) 3016(1) 3657.28)  40(1)
Ru(3) 4434(1) 2168.5(9) 2832.88)  3s5(1)
Se(1) TI7H2) —92%(1) 2816.49)  32(D
Se(2) 8797(2) —1476(1) 72229 35(1)
Fe(1)  6690(2) —-2013(2) 1770(1) 3D
Fe(2)  9382(2) —~243002) 2226(1) I
o2) 3951(16} -43711D) 995(10) 80(67
o3) 5088(15) ~309X1) 3414(8) 6%(6)
a4) 12025(15)  —1726(12)  2472A9) 8N
oS 11052(15) —4434(10) 127%10) 30{6)
e6) 8944(16) --3613(11) 4122%8) 80(6)
[0.9)] 6521(16) 2554(10) -27%(8) TX6)
o(8) 9741(15) 3573(11) 905(9) TI6)
o9} 424X(15) 5385i0) 1632(12) 9K7)
o\10) 8061(16) 4696(11) 2912(9) 84(7)
ol 3492017 4923(12) 4571(11) 96(7)
o 7302014) —389410)  65¥8B) 66(6)
o12) 8414(22) 2123017) 5191(11) 13811
O(13)  4653(18) 1516412) 50158, 91(8)
o(1) 138717 4105(13) 339&11) 11%8)
o(15) 3014015 348(12) 3750(10) 9K
of16) 343716) 2065(11) 976(9) 78(7)
(n 7057(17) —3171(13) 1087(10) 44(6)
«2) 4997(19) ~105K13) 1299(11) 4N
(3) 5679(18) —2659(14) 276)11) 4%7)
C) 11012(18) —~2010(13) 2365(10) 4K
(5) 10374(17) —3671(i4) 1640(11) 4H7)
C(6) 9120(18) —3154(12)  3374(12) 4N
an 6541(19) 2745(12) 466(11) L]
(uti} 8603(21) 3379(12) 18stn 567N
C(9 5124(19) 4525(14) 1644(12) 56(8)
c(10)  7435(19) 4053(14) 3104(12) 55(7)
iy 4536(22) 42515) 4264(12) 618)
c12) 7627(22) 2482(16) 46510133 T0(9)
C(13)  5016(18) 2014(14) 4321 48
c(14) 2473(20) 3385(15) 3196(13) 61(8)
o«(15) 361507 99:4(14) 34210 5K
o16)  3841(18) 2104(12) 1629(12) 47
can  960216) 123%(13) 2699(t1)  S(D)
(18> 7782114) 1763(10) 276H9) 31(5)
c19)  6883(14) 1325(10) 238(8) 25(5)
€(20) 7498(15) 303(10) 1901(9) 31(5)
Q1) 8191(16) 42011 103X10) N6

* Equivalent isotropic U defined as one-third of the trace of the
orthogonalized U;; tensor.

c(15)  5423(3) 7892(9) ~1684) 513
Cc(l6)  54623) 9258(9) 787(4) 44(3)
c(17) 5863(4) 10883(9) - 164(4) 60(4)
c(1® 6196(4) 10999(9) 305(+) 56(4)
(1) 66234) 10322(9) 15%4) 5%4)
200  656)4) 9794(9) —3894) 514)
1) 6098(4) 10137(10)  —584(4) 60(4)
C(22) 6133(4) 6130011} —87214)  55(4)
C(23) 5982(3) 5074(11) —543(4) 594)
C@3)  6398(4) 4319(9) —413(4) 59(4)
o25) 6806(4) 4914(10) —643(4) 55(4)
c(26) 66434 6036C10) -935(4)  544)
c2n 6811(3) 5253(9) 655(4) 46(3)
C(28) 712003) 73829) 82(3) 4003)

were solved by direct methods, completed by subse-
quent difference Fourier syntheses and refined by full-
matrix least squares procedures. Molybdenum, ruthe-
nium, iron, and selenium atoms were refined with
anisotropic displacement parameters. Carbon and oxy-
gen atoms were refined anisotropically. Hydrogen atoms
were. treated as idealized contributions. The largest re-

? Equivalent isotropic ¥ defined as one-thind of the trace of Lhe

orthogonalized U;; tensor.

peakmthedlffetencemapofS(Z leA™?) was
I d in a chemically nably position and was
considered as noise.
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All software and sources of scattering factors are
contained in the SHELXTL PLUS (4.2) or SHELXTL (5.1)
prograr libraries [15]. Tables 2 and 3 list the selected
bond distances and bond angles for 2 and 5§ respec-
tively. The atom coordinates and isotropic displacement
coefficients for 2 and 5 are listed in Tables 4 and 5
respectively.

3. Results and discussion

3.1, Svathesis and spectroscopic characterization of

[(CO} Fe,Se { u-HC=CICCR)IM} (R=Me, "Bu; M
= CpﬁMo,(CO) or Ca,(CO)}

The room temperature reaction of [(CO) Fe.{ u-
SeC(H)=C(C=CR)Se}] (R = Me, "Bu) with
Cp,Mo,(CO), in dichloromethane—benzene solvent
mixture yielded the adducts [(CO),Fe,Se,{ u-
HC=C(CCR))Cp.Mo,(CO),] (1, R =Me, 65%; 2. R
="Bu, 62%) (Scheme 1). Clusters 1 and 2 were charac-
terized by IR and "H. '*C and 7’Se NMR Spectroscopy.
and their compositions were confirmed by elemental
analysis. The sclution IR spectra of 1 and 2 show an
almost ldenncal sn'etchmﬂ pattern in the terminal car-
bonyl region. 'H and ' C( H) NMR spectra confirm the
presence of HC,R groups. Short-range (56Hz) and
long-range (8 Hz) H-Se couplings are within the ranges

Cp2Mo2(COl
CHzCi2/CeHp

~N) s

e H
XY

~F c

N ¢ Cemc-r

Haxane

Co2(COJs

observed previously in complexes of the form
[(CO) Fe{ n-SeC(H)=C(PR)E}] and [(CO)¢Fe,f pu-
EC(H)=C(Ph)Se}] (E =S, Se, Te) (short-range Ty se
=50-60Hz, long-range J,_g, =7-9Hz). "Se NMR
spectra of 1 and 2 (Table 6) show two signals each, in
the range observed in complexes containing the
Fe,( p£3-Se)C moieties [16].

Room temperature reactions of [(CO)Fe,( p-
SeC(H)=C(C=CR)Se}] with Co,(CO), in hexane sol-
vent afforded the clusters [(CO),Fe,Se,{ -
HC=C(CCR)) C0,(CO),] (3. R = Me, 98%:; 4, R ="Bu,
92%) (Scheme 1). The IR spectra of 3 and 4 dlsplay
Peaks due to terminal carbonyl groups and the 'H and

*O('H) NMR spectra confirm the presence of HC,Me
dnd HC}Bu groups in the two clusters respecuve]y

"Se NMR spectra show two signals for each cluster and
each signal is split into a doublet due to Se—H coupling.
On the basis of the Jg,_y values, the high field signal is
assigned to the Se atom which is attached to =CH
group and the low ficld signal to the one which is
bonded to the =C-CCR group. The chemical shifts of
the signals in 3 and 4 show little variation from those in
T and 2. In all four compounds, the signal due to the Se
atom attached to the CH group is found to shift down-
field by 12-14 ppm, whereas the signal due to the Se
atom further away from the CH group is found to shift
upfield by 48—52 ppm relative to the chemical shift of
the Se signals in [(CO), Fe,{ u-SeC(H)=C(C=CR)Se}].

1. R=Me, 2 R=Bun

C——C—R

. \N

—Co —

3. ReMs, 4. R=Bun

Secheme 1. Formation of {(CO}, Fe, Se,{ - HC=C(CCRIM] (R = Me or "Bu: M = Cp. Mo,(CO), or Co,(CO),).
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Table 6
“Se NMR data tor (CO), Fe.Se { u-CtH)=CICCRIM)

M
h /Fe/ \ /H ’T‘\ \C/H
|
] 1
~K ~
/1 \Se/ t“C Me s /C\(EC— B
M b
Two hond- Three bond- Two bond- Three band-
distance worl distance w.r.t distanee w.r.t. distance w.r.t.
CH CH CH CH
Nil d. 6 3584 ppm gd. 3 517.2ppm d. 3 3589 ppm td. 8320.6ppm
Ao g = S3Hz ooy =6Hz by =53Hz Ysoon=bHz
oy =3Hz oo n=3Hz
Cp, Mo {CO), d. 8 3724 ppm d. 463.2ppm d. 8 371.0ppm d. 3470.6ppm
Sl = 36Hz Ugon = 8H2 *Jge-n = 36Hz gy = 8Hz
Co fCO}, d. & 3701 ppm d. S463.6ppin d 83714 ppm d. 3472.1 ppm
Ao = 53H. g, = 6H2 u=33Hz Joo.n = 6Hz
Ru (COY,, & 3911 ppm d. 83458 ppm d. 3 389.6 ppm d. 83629 ppm
Ay = 35Hz s, y=8Hz g,y =36Hz s =8Hz
Os (CO),,, d. 4 3899ppm . 35353 ppm d. & 336.8 ppm d. 8 550.5 ppm
“h 4 =55Hy Ueoon=7Hz ey =56Hz Jsen=8Hz

3.2, Molecular  structure  of [(CO), Fe.Se.ip-
HC=C(CC"Bu)}Cp. Mo{COJ, ] 2

Red colored. air-stable single crystals of 2 were
grown from its hexane—dichloromethane solution at
—10°C und an X-ray diffraction study was undertaken,
An ORTEP diagram of the molecular siructure of 2 is
shown in Fig. |. The structure of 2 can be described as
consisting of an Fe,Se, bunerfly core. whose wing-tip
Se atoms are bonded to the HCC unit of the diyne

Ci26}

cra ci25)
ons) Qi28)
S

cen <
e S

Fig. 1. structure  of

Molecular
HC = CICC"BwICp, Mo,{COY] showing the  atom-numhering
scheme.

{(CO), Fe. Se [ p-

ligand HC=CC=C"Bu. and the substituted acetylenic
moiety of the diyne is bonded transversely with respect
10 the Mo-Mo bond, forming a dimetallatetrahedrane-
type Mo-C. core. Overull, half of the diyne ligand is
bridged by the Fe,Se, butterfly core and the other half
by the Mo, core. The bond parameters of the
(CO),Fe,Se, bunerfly core in 2 are almost identical to
those in [(CO),,Fc:{p—SeC(H)=C(C2CMeQSe}] [l
The C(7)-C(8) bond distance of 1.311(11) A indicates
an olefinic bond order. The Mo-Mo bond distance of
293(1)A in 2 is shorler than 3.267(6) A in
Cp,Mo.(CO), [17]. Tt is similar to the correspondinv
bond distances in complexes containing an Mo,C, core:
Cp,Mo,{(CO),( u-HC,H) (2. |80(1)A) [18].
Cp,Mo, (CO) ( u-EtC, JED (2. 977(1)A) [19],
Cp. MD»(CO)([L PhC,Ph) (2.956(1) A) [20].
Cp.Mo,{CO),{ u-Me,SiC,SiMe,) (2. 957(1)A) [21}
{Cp,Mo0,(CO),{ p-HC,CH,)}, (2.981(1)A) [22],
Cp.Mo,(CO){ u-CpCO),FeC H) (2. 972(1)A) [23]
Cp,Mo,(CO),{ u- (Me»SxC H ,XCO),FeC,H}
(2.984(1) A) [23] and c.momc complex
Cp,Mo,(CO){ u-HC,CH,PEt;))~ (2. 9570(8)A) [24}
The C(9)-C(10) bond distance of LME(INA in 2
indicates the ceduction of the meetylenic bopd 1o an
olefinic bond order. It ic cimilar to the corresponding
bond distance of the coordinated acetylenic bond in
Cp- Mo (CO)(pu-RC.R) (R=H, 1.33(A; R= Et.
l. 1?\(8)A R=PFh L 179(6).‘\ R = SiMe;, 1. 337(6)A)
and in {Cp.Mo,(CO)( u-HC ,CH, )}, (1.337(6) A) [22

The MK 1)-C(9) and Mo(2)-C(10) bord distances in
the tetrahedral Mo.C, core of compound 2 arg equal
but are shorer than Mo(1)-C{10) (2.23%8)A) and
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Mo(2)-C(9) (2.205(7) A). indicating a slight skewness
in the bridge. The average C-Mo{(1)-Mo(2) angle of
47° is similar to the average C~Mo(2)-Mo(1) angle of
48°.

3.3. Synthesis and spectroscopic characterization of
{(CO)s Fe,Se,f u-HC=CI(CCR)IM] (R = Me, "Bu, M =
Ru (CO),,; R="Bu, M= 05,(CO),y)

Room temperature stirring of benzene solutions con-
taining Ru4(CO),o(NCMe), with [(CO) Fe,f p-
SeC(H)=C(C=CR)Se}] (R = Me, "Bu) afforded
{(CO)Fe, Se{ x-HC=C(CCR)Ru,(CO), }1 (5, R = Me,
43%:; 6, R ="Bu, 40%) (Scheme 2). Similarly, reaction
of [(CO) Fe,{ p-SeC(H)=C(C=C"Bu)Se}] with
05,(C0),(NCMe), in benzene yielded
[{(CO)¢Fe, Se,{ u-HC=C(CC"Bu)0s(CO), (7. 38%).
Compounds 5-7 were characterized by IR, and 'H, 7C
and "'Se NMR spectroscopy. The IR spectra of § and 6
display almost identical CO stretching patterns in the
region 2100-1888 cm™'. The 'H NMR spectrum shows
a signal at & 6.39 ppm with two pairs of "'Se satellites,
with H-Se couplings of 55Hz and 8 Hz, due to short-
range and long-range coupling respectively. In addition,
it shows a signal for the Me group in § and signals for
the "Bu group in 6. The “C(*H) NMR spectra of § and
6 show a doublet at & 120.9 ppm with a C~H coupling
of 183Hz, signals for respective R groups and two
signals for each compound in the carbonyl region. The
77Se NMR spectra display two signals each for 5 and 6

Ru3(CO)10{NCMe)2
CH2CI2/ CgHg

~d s
,T>< \T _H
TR /’l\

S¢ C=sxC-R

0s3(COHa{NCMe)2

CH2Cla I CgHg

with Se—H couplings within the ranges expected for 1y
and *J values. Like the ""Se NMR spectra of 1~4, in
5-7 also, the signal due to the Se atom which is bonded
to the CH group is shifted downfield, relative to
[(CO)Fe,{ p-SeC(H)=C(C=CR)Se}] [11], by approxi-
mately a magnitude of 28-33 ppm. However, in con-
trast to 1-4, the signals due to the second Se atom in
5-7 are seen to shift downfield by 18-42ppm relative
to the chemical shift of the corresponding signal in the
free diyne complex [(CO)GFez(#-
SeC(H)=C(C=CR)Se]] [11]. Fig. 2 shows the ''Se
NMR spectra of [(CO)qFe,{ u-SeC(H)=C(C=CR)Se}]
(R = Me and "Bu). It is seen that the downfield signal
in each case can be assigned to Se(C=CR), on the basis
of the multiplet nature of the signal due to coupling of
Se with the R groups. a doublet of quartets for R = Me
and doublet of lriPlers for R ="Bu. In contrast, in 1-7,
the lower field ’Se NMR signal occurs as a doublet
(Fig. 3), consistent with the removal of conjugation on
complexation of metal carbonyl specics to the triple
bond of [(CO),Fe,{ u-SeC(H)=C(C=CR)Se}], and ab-
sence of coupling between Se atoms and R groups in
[(CO)4Fe,Se,{ u-C(H)=C(CCRIM].

The IR spectrum of [(CO) Fe,Se.{u-
HC=C(CC"Bu)0s,;(CO),,}], 7, in hexane shows a car-
bonyl stretching pattern in the region 2100-1855cm ™',
similar to that of the previously reported
[(CO) Fe, Se.f n-HC=C(CCMe)Os,(CO), 1 [11], indi-
cating the presence of bridging CO groups, as well as
terminally bonded carbonyl groups. The 'H and "*C

7.ReBur  §

Scheme 2. Formation of [(CO)Fe, Se.{ u-HC=C(CCR)}M] (R = Me or "Bu; M = Ru,(CO),, or 0s4(CQ),,).
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NMR spectra confirm the presence of HC}Bu group in
7. The chemical shift of the CH proton is shifted
towards higher field by the coordination of the
0s,(CO),, group on the substituted acetylenic moiety,
whereas the signals for the "Bu group are shifted down-
field relative to the chemical shift of the corresponding
signal in [(CO),Fe,{ u-Se(H)YC=C(C=C"Bu)Se}].

3.4. Molecular structure of [(CO),Fe,Se,{p-
HC=C(CCMe)Ru (CO),, ). 5

Dark red, hexagonal shaped, air-stable crystals of 5§
were grown from its dichloromethane—hexane solution
at —10°C and an X-ray analysis was undertaken. Fig. 4
shows the molecular structure of 5. It can be described
as consisting of an Fe,Se, butterfly core bridged to the
HCC unit of the diyne HC=CC=CMe, whereas the
substituted acetylenic moiety is coordinated in a 4
/ /-1 mode to a triangular array of ruthenium atoms
such that the acetylenic bond is parallel to the Ru(2)-
Ru(3) bond of the triangular core. The bond parameters
of the (CO)(Fe,Se, unit in 5 are almost identical with
those in [(CO),Fe,{ u-SeC(H)=C(C=CMe)Se}] [i1].
Each Ru atom has three terminal CO groups. The
Ru(2)~Ru(3) edge of the triangular core is bridged by a
carbonyl group. Overall, the CO groups, bridging-al-
kyne moiety, and metal-metal bonds define a distorted
octahedral geometry around each Ru atom in 5. The
metal-metal edge bearing the bridging carbonyl group
and o-bonded to the acetylenic unit forms the longest of

(CO)sFex{p-SeC(H)=C(C=CBu")Se}

(CO)sFe{u-SeC(H)=C(C=CMe)Se}

Z80 S2C 480 442 420 ppm
Fig. 2. 7S¢ NMR spectra of {(CO),Fe,{ pn-SeC(H)=C(CCR)Se}]
(R = Me and "Bu).

380 320 48C 440 400 pom
Fig. 3. "’Se NMR specura of (a) [CO)¢Fe.{n-
SeC(H)= CIC=CMe)Se}l. (b) [(CO)Fe,Se.{pn-
HC=C(CCMe)}Cp,Mo.{C0),]. (c) [{CO) Fe,Se.{u-
HC=C(CCMe)Co.(CO),]. (4) [(CO),Fe,Se {p-
HC:: C(CCMe)}0s,(CO),, ), (e) [(CO) Fe.Se.{n-
HC=C(CCMe)IRu,(C0)

the three metal-metal bonds in the Ru,C, triangular
core, with a Ru(2)-Ru(3) distance of 2.833%2)A. It is
comparable with the Ru-Ru bond distances in related
compounds, as in (CO)mRuJ( Hy-n -CH,CCCH )
(2. 8304(7)A) [25] and in (CO),Ru, (p;-n':n*imp'-
PRCCPhX1%-C xH () (2. 8006(13) A) [26]. The shortest
separation between metal atoms in the Ru; triangle is
2725(2) A, observed for the Ruf1)-Ru(3) bond. The
two Ru-Co-bonds, Ru(2)-C(18)=2088(12)A and
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09
Fig. 4. Molecular structure of [(CO), Fey Se { p-HO = CLCOMENRU ACO), ] showing the atom-numbering schere

Ru(3)-Ru(19) = 2.111(1DA are shorter than the Ru-

Ca-bonds (Ru(1)— C(18) = 22231 A, Ru(1)-C(19)
=2.258(12) A). consistent with similar differences ob-
served between Ru—-Co and Ru-Cw bonds in other
compounds: (COJ,Ru( pu,-7°-CH.CCCH.) (av. Ru-
Co = 2005() A, av. Ru-Cm= 22630 A) [25)
(PP’\}{(CO)‘,RU L O -y “-PhCCPh)} (av. Ru-Co
= 2.1156) A, av. Ru-Cw =1 247N A [25)
(CO);Ru( p-H) o p-7-EICCEXPPh ), Gav, Ru-Cor
=2 I’O(S)A av. Ru Cm = 2316(8) A) [27%
(CONRu( g-H) o s -0 -EtCCEIXPPh ), (av. Ru-Cor
= 2.1i8(6) A. av. Ru-Cm=2300(7) A) [27] und
(CO);RuL( py-n'iy i -PhCCPhLR"-C  H ) (av.
Ru-Co=220(9A. av. Ru— C7—2.226(9)A) [26].
The CU18)-C(19) bond distance of 1.372Q22) A indi-
cates reduction of the free acetylenic bond to an olelinic
bond order consistent with the activity of the acetylenic
moiety as a formal four electron donor to the triruthe-
nium unit. It is comparable with the corresponding bond
distunces of the mnrdin.ned acetylenic bond in
(CO);Ru { p-H).(p,-n -EICCENPPh,),
(1%47(11)A} (C())(,Ru(y. HY,Cu -0’
EfCCEt(PPh,). (1.3G8(10) A), ((O)“,Ruz(# 11 -
CH.CCCH,) (1.359(7) A). (CONRu{ p-HN gy n’-
CH,CC’ Pr) p-PPh, ) (13116} A) ["h] (CO)Ru ( p-
HXY p-m~-CC' Bu)(PMuPh) (1.3045) A) ["‘~)] but is
shorter thun the Lurrupnndm" bond distances in the
following compounds: (CO),Ru,( u,-n°-PhCCPh) p-
n’-Ph PCH.PPh,) (I A09(6YA) [30]. (COY,Ru p-
n'iqint —PhC( Ph)7"-C, H ) (1.409(13) A).
(COLRu{ pr-71° (PhCCPh) )G J00(5) A) [25] and
((CO) Ru p-C{ pt - -PRCCPHPPN} (1.412(8) A)
{25

In this paper we have described the facile synthesis
of divne-bridged mixed-metal clusters. Investigations

are in progress to extead the scope of such syntheses to
mixed-chalcogenide systems.

4. Supplementary information

Complete tables of atomic coordinates, bond lengths.
bond angles. and anisotropic thermat parameters for 2
and 5 (14 pages) are available. Ordering information is
given on any current masthead page.
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