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Room temperature reaction of [(CO),Fe,(p-SeC(H)~CtC-CRISe)l, with the dimetitic species. Ct@o,(CO), aad Co,CCO),. 
nffcmied the adducts [(CO),F~,S~,(CI-HC=C(CCR))C~~MO~(CO)~I (R = Me. 1: R =‘Bu. 2) and KCO),Fe,Sedlr- 
HC=C(CCR)]Co,VZO),] (R = Me. j; R =“Bu. 4) respectively. On reacrion of Ru&O),, (NCW, with MCO),Fe& 
SeC(H)=C(C=CRk)], the new diyne-bridged mixed-metal clusters [(CO),Fe,SeA f.e-HC=CWCR))Ru$O),,] (R = 1we, 5: R =“I(s 
6) were obtained. Similarly, [(CO),F~,S~,(~-HC=C(CC”BU))O~,(CO),,~. 7, was isolated fmm the reactiao of KCO@e~~.u- 
SeC(H)=C(C=C”Bu)Se)] with Os,(CO),,,(NCMe),. Compounds 1-7 were charanaized by IR and ‘H. ‘% aaod n”se Nh(R WC- 
trascopy. The structures of 2 and 5 were established by sin& aystal X-ray diffraction study. Roth cantain an Fe&, 
bridSed by an HCC unit of the diyne HC=CC-CR across the fw Se atoms. In 2, tk substituted xetytmk rimkly is eraSWI5ety 
bridged m the MO-MO bond and in 5. it forms a ~~-//-q’ bridge to an Ru, hiiangular cure. 

Keywords: km: Molybdenum: Ccbatl: Ruthenium: Csmium: Selenium: Carbnnyl; Diyne; Ccyrlal smtctum 

1. Introduction 

The class of compounds (CO),FeZ(~-E2), (E=S, 
Se, Te) have been used extensively as stating materials 
for cluster growth purposes, and for the manipuhttion of 
various organic species bonded to the E atoms of these 
complexes [I]. The nature of E influences strongly the 
reactivities of (CO),Fe2( p-El) 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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roam temperature addition of pbenyl;retylew to form 
(CO),Fe,( Cc-SeC(H)= C(Ph)Sel and 
(KO),Fe$e& ~-c(HWZWh)) f31 The g 
S, and Tez compounds. KO),Fe,(@,) and 
(CO&Fe& p-Te,), are inest towards such ttcetylette ad- 
dition under sit&r co5ditioos [41. Phenyktcetyk5ne ad- 
dition serves to block the reactive Se sibzs of 

KO),Fe,(~-Se,) and this enaMes chtsta growth to 
occur across the Fe-Fe bond. For example. thamolysis 

SeX,u,-Se)l, the shuctw 
Mo?Fe, open butterfly tetrAdron CorewiththeFc 
atoms located at the ‘wing-tips’ [51. DiywS Coordinated 





‘JH_sc=6Hz. CH) ppm; “C(‘H) NMR: 620.8 (q. 
J= 130Hz. CH,). 83.5 (s, CCH,), 96.8 (s, CCCHJ, 
131.2 (d, J= 184Hz. CH). 155.5 (5. CCHL 198 (s. 
CO), 209 (s. CO) ppm; “Se NMR: 6 371.1 (d. ‘.I,,_, 
= 53Hz), 465.6 (d, lJsu_H = 6Hz) ppm. M.p. IOO- 
102QC (decomp.). Anal. Found: C. 28.3: H. 0.63. 
C,,H,CO,F~,O,~S~,. Calc.: C. 28.1: H. 0.55%. 

The reaction of [(CO),FeI( Jo- 
SeC(H)=C(C-C”Bu)Se)1 with Co,(CO), yielded dark 
violet [(CO),FelSel( II;HC=C(CC~BU)ICO~(CO)~], 4, 
in 92% yield after work-up as described above. 4: IR 
v(C0): 2095(s), 207o(vs). 2059(w). 2038(w). 2029(m), 
2017(m), ?OOiXvs), 1986(m)cm-‘. ‘H NMR: S 1.02 (t. 
CH,). 1.48 (tn. CH,CH,). 1.6 ‘“?. CH,CH&H,;. 2.81 
(1, CH&H,CH,CH& 7.22 (s, -J,,_,, = 53Hz. -J,_,, 
=6Hz, CH) ppm; “C(‘H) NMR: 613.8 (q, J= 
125Hz. CH,), 22.7 (1. J= 132Hz, CH,CH,), 34.1 (1, 
J = 133 Hz. CH,CH,CH,), 34.1 (1, J = 136Hz. 
CH2CHzCHICH,), 94.0 (s. C”Bu). 103.2 (s. CC”Bu). 
130.6 (d, J= 185Hz. CH). 156.2 (s. CCH). 198 (s. 
CO), 209 (s. CO) ppm; “Se NMR: S 371 .J (d. ‘J,,_, 

Tahk I 

= 53Hz). 472.1 (d. ‘J__” =bHz) ppm. M.p. 106- 
108°C (decomp.). Anal. Found: C. 31.5; H. 1.52. 
CI,H,,,CoZFe20,,Se,. Calc.: C, 31.3: H. 1.3@%. 

2.3. Rearrim of Ra,$CO),,,fNCMe), with IfCO& Fe21p 
SeC(H)= UC-CR&z/] CR = Me, “84 

A benzene solution (50ml) of freshly prepared 
Rtt,(CO),,,(NCMe), (0.16 g, 0.25 mm& and 
KCO),Fe,( p-SeC(H)=C(C~CMe)Se)1 (0.084 g, 
0.19mmol) in 15 ml of benzene was stirred at mom 
temperature for 1 h. The solvent was evaporated in 
vacua, and the residue was dissolved in 5ml of 
dichloromethane. Chmmatograpbii work-up on silica 
gel TLC plates using hexane as elwnt yielded a tnce 
amount of Ru,(CO),~ followed by red 
I(CO),Fe,Se,(~-HC=C(CCMe))Ru,fCO),,] 5 
(0.083g. (43%)). 5: IR t&O): 209%). 2085(m), 
207 I(w). 2067(m). 2055(m). 2036(w), 2018(m), 
2002(w). 1954(mj. 1888(sh)cm-‘. ‘H NMR: 6 2.29 (s, 
CHJ 6.39 (s. -./,_,,=55Hz, ‘J,,_sc=8Hz. CH) 
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ppm; ‘3C(‘H) NMR: 834.5 (q, J= 128SHz. CH,). 
120.9 (d, J= 183Hz. CH), 156.5 (s, C=CH), 163.9 (s. 
CCH& 169.9 (s, C=CCH,),,l% (s, CO), 209 (s, Co) 
pp”; _s” NMR: 6 391.1 (d, -lk_H = 55Hz). 545.8 (d, 
&a - 8Hz) ppm. M.p. l34-136°C. Anal. Found: C. 

24.9; H, 0.58. CZ,HaFe20,6R~3SeI. Cak.: C. 24.6; H. 
0.39%. 

The reaction of I(CO),Fe,( CL- 
SeC(H)=C(C-C”Bu)Se)] with Ru,(CO),,(NCMe), 
yielded rc [(C0),Fe,Sez(~- 
HC=c(CC”~u))Ru,(CO),,], 6 in 40% yield after 
work-up as for the preparation of 5. 6: IR v(C0): 
2097(vs), 2071(s), 205 l(w), 2038(m), 203 I(s), 2026(m), 
2001(s), 1985(m), 1952(m), 1889(sh)cm-‘. ‘H NMR: 
80.99 (t, CH,), $75 (m, C&J, 2;21 (m, C&j, 2.72 
(t, Cy;)I;), 6.39 (s, -JH_sL =56Ha, ‘J,_,, = 8H2, CH) 
ppm; C(‘H) NMR: 6 14.1 (q, J= 126Hz. CHJ, 22.8 
(t, J = 124Hz, CH$H,), 35.2 (t, J = 125 Hz. 
CH >CH ,CH ,I, 48.0 (t, J = 128 Hz, 
CH,CH&H,CH,), 120.9 (d. J = 183 Hz, CH), 156.2 
(s, C=CH), 164.42 (s, C”Bu), k76.2 (s, C=C’Bu), 196 
$ CO), 209 (s, CO) ppm; Se NMR: 6 389.6 (d, 

G-u =56Hz), 562.9 (d. JSe_H =8Hd ppm. M.p. 
126-128°C. Anal. Found: C, 27.4; H, 1.14. 
C,H,,Fe,O,,Ru,S.+ WC.: C, 27.0: H. 0.94%. 

2.4. Readon of OS~~CO),,~NGW)~ with IfCO), Fe,lp- 
SeC(H)=C(C-C’BuKe~l 

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

Table 2 
Selected bond disfanws and bond angles for 2 

Bond dismces (AI 
F&W&) 2.380(2) M&-C(9) 2.140(7) 
Fdl)_SdZ) 2.377(2) Mdl)-C(IO) 2.2338) 
FdJbSdl) 2.376(2) M&-C(9) 2.205(7) 
F&2-S&2) 2.375(2) Md2)-C(IO) 2.14Ci7) 
Fe(lWd2) 2.5515(2) bidI)-Md?) 2.930(l) 
Sdl)_Ct7) 1.917(S) C(S)-C(9) I .463(10) 
S&-C(S) I .982(7) C(9)-C(IO) l.WlO) 
c(7bCI8) 1.311(11) c(l6bott6) 1.130(11) 
Bond mgfes kkg) 
FdlbSe(lbFd2) 63.90) Mdl)-C(9)-Md2) 84.80) 
Fdl~SdZbFd2) 63.9(l) Mdl)bC(IO)-Md?) 84.0(3) 
Fet2bFdlbSdl) 58.0(l) Md2)-Mdl)-C(9) 48.X2) 
Fe(Z)-F&)-se(Z) 58.0(l) Md2LMdl)bC(IO) 46.6(2) 
Sdlwdl)-sd2) 81.2(l) C(9)-Mdl )-C(lO) 3X7(3) 
F&I-Fe(2bSdl) 58.W MdlbMdZ)-C(9) 46.7(2) 
Fdl)-FdZKie(2) 58.1(l) MdlbMdZkCUO) 49.5(2) 
Sdl)_FdZNd2) 81X1) C(9)-Md2)-CtIO) 36.1(3) 
.Wl bC(7)_C(8) I19.5(6) C(7)-C(S)-CW 131.5(7) 
S&2-C(Bbc(7) I14.9(6) c(S)-c(9)-C(I!N I36.4L 

Table 3 
Selected bond distances and bond meles for 5 

Bond dirmces (A) 
F&-Se(l) 2.38ti3) R,,(l)-C(l8) 2.223(123 
F&-Se(Z) 2.38%3) RuWC(l9) 2.258( 12) 
F&-Sd I ) 2.362(2) RUG-C(I8) 2.088( 12) 
F&-Se(?) 2.394(2) R”(3)-C(l9) 2.111(11) 
Fe(l)-Fe(Z) 2.51%3) Ru(l)-R”(2) 2.732(2) 
se(l)-C(20) 1.971(13) Ru(l)-Rd3) 2.725(2) 
Sd2)-C(2I) 1.937(14) Ru(2)-Ru(3) 2.833(2) 
C(lBbC(19) 1.372(22) C(l9)-Cl20) 1.454(l8). 
CL20)_c(?I) 1.298(18) C(IO)-o(lO) I. I25(26) 
Bond Angh C) 
Fe(l)-Se(l)-Fe(Z) 64.1(l) Ru(2)bRdl )-Rd3) 62.5(l) 
FeWSe(2)-Fe(Z) 63.4(l) R&bRdl)-C(I8) 48.5(3) 
F&bFdlkSe(l) 57.6(l) Ru0-Ru( I )-Ct 19) 70-o(3) 
Fe(Z)-Fd I )-Se(2) 58.4(l) Ru(3bRu(l)-C(I8) 70.1(3) 
Se(l)-Fe(l)-se(Z) 81.1(l) RuWRuWC(I9) 49.0(3) 
FdIbFdZ)-Se(l) 58.30) C(l8)-R,,(l)-C(l9) 35.6(5) 
Fe(l)-Fe(?)-Se(Z) 58.20) Ru(l)-Ru(2bRuW 58.6(l) 
Se(l)-FdZkScU) 81.30) R”(l)-R”(2)-C(l8) 52.%3) 
SdlbC(20)-C(2 I) I 15.6(10) Ru(3)-Ru(2)-C(I 8) 69.5(4) 
Se(2)_C(2l)-C(ZO) I l9.3(10) Ru(l )-Rd3)-Ru(2) 58.9(l) 
Ru(2)-C(l3)-Rd3) 81.5(l) Ru(I)-RuObC(I9) 53.%3) 
Rut I )-Cc IS)-Rd2) 78.6(4) Ru(2)-Ru(3)-C(l9) 69.7(4) 
Ru(l)-C(l8)-C(l9) 73.M7) Ru(l)-C(I9bRuO) 77.1(4) 
R”(2)-C(lBLC(l9) I ,1.5(B) Ru( I )-C( 19)~C( 18) 70.X(7) 
Ru(3)-C(W-C(18) IW.2(8) C(i7)-C(lB)-C(19) 122.5(12) 
C(l8)-C(l9)-C(ZO) 124.%1 I) 

dichlommethane. Chmmatographic work-up on silica 
gel TLC plates using hexane as eluent gave a trace 
amount of OS,(CO),~ followed by orange 
[(Co),Fe,Se,(~r-HC=C~CC”Bu~~Os,~CO~,,l 7 
(O.O96g, (38%)). 7: IR (v(CO)): 2101(vs), 2071(m). 
2066(s), 2056(s), 2037(m), 2028(s), 201 l(m). 2002(w), 
199Mm), 1984(m), 1970(m) 1954(m), 1855(sh)cm-‘. 
‘H NMR: SO.98 (t, Cff$, 1.76 (m, CH,), 2.14 (m, 
CH,CHJ, 2.78 (t, CH,CH,CHJH,), 6.37 (s. 2Jn_Se 
= 56Hz. ‘J,_,, =SHz, CA’) ppm: “C(‘H) NMR: 
S 14.1 (q, J= 126Hz, CH,), 22.6 (t, J= 124Hz. 
CH,CH,), 35.5 (t, J= 129.5 Hz, CHJH,CH,), 49.9 
(t, J= 126Hz. CH,CH&H,CH,), 121.6 (d, J= 
184Hz. CH), 132.7 (s, C=CH), 157.6 (s, C”Bu), 167.9 
(s, C-C”Bu), 172 (s, CO) 209 (s, CO) Pam: “Se 
NMR: 6 386.8 (d, -JSe_,, = 56Hz). 550.5 (d, .JSe_” = 
8Hz). M.p. ll8-120°C. Anal. Found: C, 21.8; H, 0.92. 
C,H,,FezO,,Os,Sez. Cak.: C, 21.6; H, 0.75%. 

2.5. Crystal structure determination of 
Itc0), F+S~,I~-HC = C(CCB~ N)I~p, M~,(COJ, I, 2. 
and ifcoh, F+s~,~~-Hc= c~ccM~~IRu,(coJ,, 1, 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 < 29). Crystallographic data are 
summarized in Table I. 



The photographic data, unit-cell parameters, occur- 
rences of equivalent reflections data for 2 are uniquely 
consistent for otthorhombic space group Pbcn. No evi- 
dence of symmetry higher than triclinic was observed 
for 5 and the E-statistics strongly suggested the cen- 
trosymmetric space group PI. oThe maximum in $5 
final difference map at 2.07eA-’ is located 1.11 A 
from Rut31 and has no chemical significance. The data 
were corrected for absorption by semi-empirical meth- 
ods. The space group choices were verified by chemi- 
cally reasonable results of refinement. The Sh7LCNTeS 

Table 5 
Atomic ccadinata ( X IO”) and equivalent iwimpic dirplacrrnort 
cafficienls (Lx 10’) fw 5 

I Y L “, ’ 
RutI) 6626(l) 305’$.2(9) 17105(8) 3541) 
Rd2) 
Rd3) 
Se(l) 
se(2) 
Fe(l) 
Fd2) 
M2) 
M3) 
M) 
o(5) 
‘X6) 
o(7) 
o(8) 
o(9) 
alo) 
alI) 
MI) 
o(I2) 
003) 
o(I4) 
o(l5) 
o(l6) 

6341) 
4434(i) 
7175(2) 
8197(2) 
669N2) 
938X23 
395106) 
SOWl5) 
12o2505) 
1105205) 

3016(l) 
2168.5(9) 
-927(l) 
-1476(l) 
- 2013(2) 
- 243oI2) 
-437(11) 

3657.2(8) 
2832.8(81 
2816.4(9) 
722.2(9) 
l77Ml) 
22260) 
99500) 
3414(8) 
247Z9) 
1272tlO) 

til) 
35(l) 
320) 
3511) 
32(l) 
350) 
XN6i 
646) 
8X71) 
rw(6) 
W6) 
72(6) 
7X6) 
M7) 
84(7) 
96(7) 
W6) 
l38tll) 
91(8) 
I :3!8) 
91(7) 
78(7) 

-3092(lC) 
- 1726tl2) 
-4484tlO) 
-36lUll) 
2.55-ulO) 
35730 I) 
5385(10) 
4696(11) 

8944(16) 
6521(16) 
974105) 
424205) 
8061(16) 
349207) 
7302u4) 
84M22) 
465308) 
138707) 
301405) 
343706) 
705707) 
499709) 
567908) 
1101208) 
1037407) 
912Ml8) 
654l(l9) 
8603G21) 

412268) 
-27x8) 

9OS9) 
16Ml2) 
2912(9) 
4571(10 
65&(8) 
519l(ll) 

Table 4 
Atomic cwx$nates ( x IO’) and equivalent isouopic displacement 
coefficients (A x IO’) for 2 

1 9 L “q = 
Mdl) .5967.3(3) 8803. I(7) 202.3(3) 320) 49234 12) 

-3EwMJ) 
212X17) 
1516U2) 
410%13) 

Md?) 
Se(l) 
Sd2) 
Fe(l) 
Fe(Z) 
o(l) 
o(2) 
o(3) 
o(4) 
o(5) 
o(6) 
o(I5) 
Gil6) 
o(27) 
o(28) 
C(I) 
C(2) 
C(3) 
C(4) 
c(5) 
C(6) 
C(7) 
C(8) 
c(9) 
alo) 
c(I)) 
c(l2) 
C(l3) 
c(l4) 
C(U) 
c(l6) 
c(l7) 
C(l8) 
c(19) 
C(M) 
Ci2l) 
a221 
C(23) 
C(24) 
c(25) 
C(26) 
C(27) 
C(28) 

6329.9(7) 
83390) 
8317.5(9) 
9911(l) 
755% I ) 
llo69(8) 
lG984(9) 
Il763(8) 
4721(8) 
7970(6) 
7432(9) 
73M(S) 
96iM7) 
463X7) 
7929(7) 
10620(101 
10572(10) 
1106500) 
5819(11) 
7778(9) 
7487(9) 
7820(8) 
782M73 
7521(8) 
aSZs(8) 
61 lM9) 
489700) 
4287tll) 
299704) 
789x9) 
92519) 
10883(9) 
lows(S) 
103239) 
9794t9) 
10137(10) 
613Mll) 
507401) 
431919) 
491400) 
6036(10) 
525x9) 

310) 
7207.7(3) 
9095(3) 
6575.1(l) 
6515.6(4) 
7185(3) 
569G.3) 
676X3) 
6621(3) 
7OW3) 
55W3) 
5095(2) 
5159i2) 
7cM3) 
74843) 
6946(43 
6027(4) 
6676(4) 
6587(4) 
6586(33 
595 l(3) 
7026(3) 
6.5620) 
63243) 
593 l(3) 
5523(3) 
5702(3) 
5298(4) 
x54(5) 
5423(3) 
5462(3) 
586343 
6196(4) 
6623(4) 
6563(4) 
&x8(4) 
6133(4) 
5982(3) 
6398(4) 
6806(4) 
6643(4) 

2257.2(3) 
1957.9(3) 
2A50.9(5) 
2784.3(3) 
3350(3) 
2991(3) 
1515(3) 
2.%x4) 
3832(3) 
341x31 
-372(3) 
1081(3) 
lOol(3) 
91(3) 
2993(4) 
2768(4) 
I878(4) 
26hU4) 
3430(4) 
317X4) 
1496x3) 
1345(3) 
7W3) 
62331 
912i4) 
1229i4) 
1597(5) 
1834(6) 
-h%(4) 
787(4) 
-K&4) 
305(‘l) 
15X4) 
- 389i4) 
-584(4) 
-87X4) 
-54X4) 
-4lN4) 
- 643(4) 
-935(4) 
655(J) 

420) 
38(l) 
W3) 
IW4) 
8M4) 
9X4) 
58i3) 
9x4) 
n(3) 
67(3) 
7H3) 
6X3) 
59(4) 
62(4) 
58(4) 
55(4) 
4M3) 
47(3) 
3M3) 
27t2) 
28(3) 
M(2) 
460) 
56(4) 
79(5) 
IW8) 
51(3) 
M(3) 
6M4) 
56(S) 
59(J) 
57(4) 
6M4) 
55(4) 
5%4) 
59(4) 
55(l) 
54t4) 
46(3) 

5015(8, 
339601) 
375alO) 
97ti9) 
!a8XiO) 
129?xll) 
276301) 
236x10) 
l64iNll) 
337402) 
46601) 
ll86(11) 
16m2) 
31Ml2) 
426Kl2) 
465Nl33 
432901) 
3196(U) 
342Nll) 
162W2) 

3ax12) 
2065tll, 
-3171(13) 
-l05l03) 
-2659fl4) 
-2OlW3) 
-367104) 
-315402) 
n4x12) 
3379( 12) 
4525043 
4053u4) 
4257( 15) 
248206) 
201404) 
338505) 
99404) 
2IO4021 
123903) 
176wO) 
1325x10) 
3ow0) 
42110 

C(l) 

::; 
45i7) 
49t7) 
4x7) 
43(7) 
49(7) 
47i7) 
5X7) 
560 
5547) 
6N81 
7c!t9) 
4an) 
6N8) 
51(7) 
4M7) 
M(7) 
31(5) 
W5) 
3x51 
37i6) 

C(4) 
c(5) 
c(6) 
c(7) 
C(8) 
C(9) 
C(IO) 
C(II) 
C(12) 
C(l3) 
C(I4) 
c(15) 
c(l6) 
a171 
c(l8) 
c(l9) 
c(2Ob 
cx2l) 

512409) 
743509) 
4536(22) 
7627(22) 
5016(I8) 
2473(m) 
36l5(17) 
3841(18) 
960206) 
7782114) 
6883(143 
7498053 
8191(16) 

269Hll) 
27670 
238iM8) 
1901(9) 
103200) 

were solved by dir& methods, completed by sobs+ 
qwnt difference Fourier symbeses and Mined by full- 
matrix least squares pmcedmes. Molybdmmm, rutbe- 
oium, iron, and seknimn atoms went refined with 
anisotropic displacement pammeters. C&bon zmd oxy- 
gen atoms were refined anisotmpicalIy. Hydrogen atoms 
were treated as idealized contribmions. Tbe @rg& re- 
mai~ingpeal;inthedifferencemapof5(2.1eA-’)was 
located io a chemically unreasonably position aad was 
considered as noise. 

681 l(3) 
712M3) 738X93 82(3) 4oc3) 



All software and sources of scattering factors are 
contained in the SHELXTL PLUS (4.2) or SHELXTL (5.1) 
pqw libraries [151. 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 
WpeCtiVely. 

3. Results and discussion 

The mom temperature reaction of [(CO&Fe,{@- 
SeC(H)=C(C=CR)Se)] (R = Me, “Bu) with 
cp, MOJCO), in dichloromethane-benzene solvent 

mixture yielded the adducts [(CO),Fe,Se,{ p- 
HC=C(CCR))Cp,Mo,(CO),] (I, R = Me. 65%; 2. R 
=“Bu, 628) (Scheme I). Clusters 1 and 2 were chamc- 
terized by IR and ‘H, “C and nSe NMR spectroscopy. 
and their compositions were confirmed by elemental 
analysis. The solution IR spectra of I and 2 show an 
almost identical stretching pattern in the terminal car- 
bony1 region. ’ H and ‘“C(’ H) NMR spectra confirm the 
presence of HC,R groups. Short-range (56H~) and 
long-range (8Hz) H-Se couplings are within the ranges 

observed previously in complexes 01 the form 

[(CO),Fe2{ p-SeC(H)=C(Ph)E)I and [(CO&Fez{ p- 
EC(H)=C(Ph)Se)l (E = S, Se. Te) (short-range &. 
= 50-60 Hz, long-range J, -se = 7-9 Hz). 77Se NMR 
spectra of 1 and 2 (Table 6) show two signals each, in 
the range observed in complexes containing the 
Fe,( p$eK: moieties [16]. 

Room temperature reactions of [(CO),Fe,( p- 
SeC(H)=C(C-CR&}] with Co2(CO), in hexane sol- 
vent afforded the clusters [(CO),Fe,Se,( p- 
HC=C(CCR)) Coz(CO),l (3. R = Me. 98%; 4, R = ” Bu, 
92%) (Scheme I). The IR spectra of 3 and 4 display 

& 
eaks due to terminal carbonyl groups and the ‘H and 

C(‘H) NMR spectra confirm the presence of HC,Me 
and HC;Bu groups in the two clusters respectively. 
“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 J,,_, values, the high field signal is 
assigned to the Se atom which is attached to =CH 
group and the low field 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 
1 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 12-14ppm, whereas the signal due to the Se 
atom further away from the CH group is found to shift 
uplield by 48-52 ppm relative to the chemical shift of 
the Se signals in [(CO),Fe,( @eC(H)=C(C-CR&e)]. 

Scheme I RmeAiwa ufl(CO),Fe:Se:l~-HC-C(CCRllM1 (R = Me or “Bu: M = Cp, Mo,(CO), UT Co,(CW,,). 



Red colored. air-stable Gngle crystals of 2 were 
grown from its henane-dichloromethanc solution at 
- 10°C and an X-ray diffraction study was undertaken. 
An ORTEP diqrllm of the molccul~~. aucture of 2 ih 
shown in Fig. I. The structure of 2 an be drxribed a\ 
consisting of an Fe,Sel buttrrtly core. whose Pinn-tip 
Se atoms are bonded to the HCC unit of the diyne 

ligand HC=CC=C” Bu. and the substituted acetyknic 
moiety of the diyne is bonded transver.sely wirh respect 
to the MO-Mo bond. forming a dim&late 
type MO&Y, core. Over4 half of the di 
brid_eed by the Fe,Se, butterfly core and 
by the MO: core. The bond parameters of dw 
(CO),Fe,Se, butterily core in 2 are almost identical fo 
those in [(CO),FeJ ~-SeC(H)=C(C=CMeO&)] [I I]. 
The C(7)-C(8) bond distance of 1.311(1 I)A indicates 
an oletinic bond order. The MO-MD bond distance of 
2.930(l) i in 2 is shoner than 3.267(6) A in 
CplMol(CO), [171. It is similar to the corresponding 
bond distances in complexes containing an M$, core: 
Cp,MoJCO),( $-HC,H) (2.18011) 4) [I81. 
Cp,Mol(CO),( p-EtC>Et) (2.977(l) 4) [i9], 
Cp,Mo2(CO),( p-PhC,Ph) (2.956(l) A., [ZO], 
Cp,Mo,(CO),( p-Me,SiC,SiMe,) (2.952(l)\) [21k 
(Cp,Mo,(CO),( p-HC,CH,)l, (2.981(l) A] [221, 
Cp, Mo,(CO),( cL_cp(CO), FeC, H) (2.972(1)A) 1231 
Cp,Mo,(CO),(~-(Me,SiCjH+)(CO),FeC,H) 
(2.984 I) A) 1231 and cationic co~mplex 

Cp,Mo,(CO),( p-HC,CH,PEt,)- (2.9570(8)!$ [2#. 
The CWC(IO) bond disknc;r uf I, 
;nd;calcz the .edu,i;.x of ti wetyk 
olrtinic bond order. It is Gmilar to the 
bond distance of the coordinated acetyleoig b+md in 
+Mo,($O)+( p-RC.R) (Rr H. 1.337(5)8: R = $ 
1.335(8)A: R = Ph. lr3246)A: R = SiMe:. 1.337(6)A) 
and in (Cp,Mo,(CO),( p-HC,CH,)& (1.?37(6)A) [221 
The Mo(lkC(9) and MoW-C(IO) bur.d disrilnces in 
the tetrahedral Mo,C, core of compound 2 ar$ equal 
but are shorter than hldl)-C(lO) (2.23%8)A) and 
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Md2)-C(9) (2.205(7)&. indicating a slight skewness 
in the bridge. The average C-Mdl)-Md2) angle of 
47” is similar to the average C-MO(Z)-Md I ) angle of 
48”. 

3.3. Symhesis and spectroscopic characterization of 
,tCO), FeJe,~jdK = CtCCR)lMI (R = Me. “Bu, M = 
RuJCO),,; R = “BE, M = Os,fCO),,) 

Room temperature stirring of benzene solutions con- 
taining Ru,(CO),,(NCMe), with [(CO),Fe2{ p- 
SeC(H1=CtC=CR)Se)] (R = Me, “Bu) afforded 
[(CO),F+,~ EL-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)l witb 
0s,(CO),,(NCMe)2 in benzene yielded 
I(C0)6FezSez~~-HC=C(CC”Bu)Os,(CO),,ll (7;. 38z). 
Cornponds 5-7 were characterized by IR, and H, C 
and Se NMR spectroscopy. The IR spectra of 5 and 6 
display almost identical CO stretching patterns in the 
region 21C@-1888cm-1. The ‘H NMR spectrum shows 
a signal at 6 6.39ppm witi two pairs of “Se satellites, 
with H-Se couplings of 55 Hz and 8 Hz, due to shott- 
mnge and long-range coupling respectively. in addition, 
it shows a signal for the Me group in 5 and signals for 
the “Bu group in 6. The ‘“C(‘H) NMR spectra of 5 and 
6 show a doublet at 6 120.9ppm with a C-H coupling 
of 183Hz. signals for respective R groups and two 
signals for each compound in the carbonyl region. The 
“Se NMR spectra display two signals each for 5 and 6 

with Se-H couplings within the ranges expected for ‘J 
and ‘J values. Like the “Se NMR spectra of L-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),FeZ[~-SeC(H)=C(C-CR)Se)] [I I], by appmxi- 
mately a magnitude of 28-33ppm. However, in con- 
trast to 1-4, the signals due to the second Se atom in 
5-7 are seen to shift downfield by IS-42ppm relative 
to the chemical shifi of the corresponding signal in the 
free diyne corn plex [(CO),Fe,(#- 
SeC(H)=C(C-CR)Se)] [Ill. Fig. 2 shows the Se 
NMR spectra of [(CO&Fe,{ cl-SeC(H)=C(C-CR&l] 
(R = Me and “Bu). It is seen that the downfield signal 
in each case can be assigned to Se(C&R), 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 tri 
the lower field ,P 

let< for R =“Bu. In contrast, in l-7, 
Se NMR signal occurs as a doublet 

(Fig. 3), consistent with the removal of conjugation on 
complexation of metal carbonyl species to the triple 
bond of [(CO),FeZ(~-SeC(H)=C(C~CR)Se)], and ab- 
sence of coupling between Se atoms and R groups in 
[(CO),FezSez( p-C(H)=C(CClR))M]. 

The IR spectrum of [(CO),Fe,Se,{p- 
HC=C(CC”Bu)Os,(CO),,)], 7, in hexane shows a car- 
bony1 stretching pattern in the region 2 IOO- 1855 cm-‘, 
similar to that of the previously reported 
[(CO),Fe,Se,( ~-HC=C(CCMe)Os,(CO),,,}] [I 11, indi- 
cating the presence of bridging CO groups, as well as 
terminally bonded carbonyl groups. The ‘H and “C 

Scheme ?. Fomxmon of[(CO),Fe,Se,lp-HC=C(CCR)}MI (R = Meor”Bu; M = Ru,(CO),,~ orCk,(CO),,,). 



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 
Os,(CO),,, group on the substituted acetylenic moiety, 
whereas the signals for the ” Bo group are shifted down- 
field relative to the chemical shift of the corresponding 
signal in [(CO),Fe& ~-Se(HK:=C(C~C”Bu)Se)]. 

3.4. Molecular structure of [(CO,, Fe,Se,ip- 
HC= C(CCMeJRu,(COJ,,Il, 5 

Dark red, hexagonal shaped, air-stable crystals of 5 
were grown from its dicblorometbane-hexane solution 
at - 10°C and an X-ray analysis was undertaken. Fig. 4 
shows the molecular structore of 5. It can be described 
as consisting of an FezSe2 butteffly core bridged to the 
HCC unit of the diyne HC=CC=CMe, whereas the 
substituted acetylenic moiety is coordinated in a cam- 
//-‘I’ mode to a triangular array of ruthenium atoms 
such that the acetylenic bond is parallel to the Ru(Z)- 
Ru(3) bond of the triangular core. The bond parameters 
of the (CO),Fe,Se, unit in 5 are almost identical with 
those in f(CO)cFe’e,( r-SeC(H)=C(C-CMe)Sel] [I I]. 
Each Ru atom has three terminal CO groups. The 
Ro(2)-Ru(3) edge of the triangular core is bridged by a 
carhonyl 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 carbony group 
and u-bonded to the acetylenic unit forms the longest of 

560 520 480 .445 430 ppm 

Rg. 2. “Se NMR rpecm of I(CO),F~,II~-S~C(H)=C(CCR)S~)I 
(R = Me nnd “Bu). 

b 

a 

I I 

197 

,.. 

5% 520 :EG 440 400 porn 
Fig. 3. “Se NMR rpecrra of (a) [(CO),Fel(,.+ 
SeC(H)=CtC=CMe)Se)l. (b) f(CO),Fe,Se~I,‘- 
HC=C(CCMe))CplMo,(CO),l. (c) I(CO),Fe~Se,(,.+ 
HC=C(CCMe))Co,tCO),I. (cl) KCO),Fe,Se,(p- 
HC-~t(CChIe))Os,(CO),,l. (e) I(CO),Fe,Sel(p- 
HC=C(CCMe))Ru,WO),,1. 

the three metd-metal bonds in tbe Ru,Cz ti~gutar 
core. with a Ru(2)-Ru(3) distance of 2.8332)A. It is 
comparable with the Ru-Ru bond distances in related 
compoundsa as in (CO),,Ru,( P~-~)‘-CH,CCCH,) 
(2.8304(7)A) 12.51 and in (CO),jZu, (fi3-$:$:$- 
PhCCPhX$-C,,H,,) (2.8006(13)A) 1261. The sbmtest 
separation between metal atoms in the Ru, triangle is 
2.725(2)A, observed for the Ru(l)-Ra(3) boa& The 
two Ru-C&o&s. Ruf2)_C(18) = 2.088(12)A and 



Ru(3)-Ru( 19) = 2. I 1 I( I I ,i are \ho,tcr than tbc Ru- 
Cii-bond\ (Ru(l)-C( 18) = 2.223 I?) k Ru( I )-C( 1’)) 
= 2.2553 12) k. consiwm with Gmilar differencei oh- 
sewed brrwren Ru-Cn and Ku-CT~ bonds in odw 
compounds: (C’q),,,Ru;( p,-$CH :CCCH :) (a. Ru- 
Co = 1.095(1) A. a\. Ru-Cr = 7.26.3(-L) A) [25]. 

(PPN){(CO)<,Ru;( p*-CI)( @;-+PhCCPh)) (a\.. Ru-Cu 
= 2.1 136) A. av. KU-CT = 2.247(7) a&, [‘5]: 
(CO),Ru,( p-H&( p,-q’-EfCEtXPPh 1): (;I\~; Ku-Crr 
= 2.120(8) A. a\. Ru-C;s = 1.316(R) A) [271: 

(CO),Ru,( /.-H)$ PI-+3CCE,)(PPh;); (a\. Ru-Crr 
= 2.1 18(6) .k a~. Ru-Crr = 2.3011(7) ,i, [27] and 

(CO),Ru;( ~:-‘7’:‘21:‘li-FhCCPh)(?l’-C,,,H,B) (a\. 
Ru-C~r=~.11)1~‘)):2. :,I. Ru-C~;=2.226(Y)A) [Xl. 
The C( I X)-C( 19) hond dihtancc of I .273(?2) A isd- 
cater rcducrwn of thr free acetyknic bond ,o an okl’ini~ 
bond order conrklent ui,h rhe acti\ ity of rhc acc,ylenic 
moiety as a formal four electron donor to ibc ,riru,hc- 
nium unit. It k comparablr wirh the cornpondinp hnnd 
distance* of the coordinated ;~cr~ylcn,c bond in 
(CO),Ru,( c”-H)>( /L:-~‘-E~CCEI)(PPII ~!> 
(1.342(1 I) Aj. (CO),,Ru ?( p-H):( fi,-q_- 
EtCCEMPPh;): (1.36X(l,I) A). ((‘O),,,Ru,( /L:-‘I-- 
CH,CCCH,) (l.WX7) .i,. (C,O),Ru;( g-H)( CL,-+ 
CH;CC’PrM I*-PPh,) (I.31 I(h [ZX]; (CO),Ru;( FL- 
HH /l,-l)‘-CC’Bu)(Pl\lclPh) (1.30-1(5)A) [2Y]. hut i\ 
bhoner than the corrchpoading bond dihtancr\ in the 
following compoundx (CO),+ ,( p,-q’-PhCCPhX p”- 
q’-Ph,PCH2PPh2) (1.409(6)A) [XJ]. (CO),Ru,(~>- 

3- 
11’:11-:‘1~-PhC(‘PhJ(ll”-C,,,H,,) Cl.$JYCl3, A). 
(CO),Ru,[ ha-+(PhCCPb),) (1 .-IOU(S) A) [2S] aqd 
{(COh,Ru:( /.-CM p:-+-PhCCPb,)(PPN] ( I .-II 7(X) A) 
[251. 

In this paper we h;nu drxrihcd the txilc \ynthcG\ 
of diyne-bridged mixed-met;al clu~rs. Invratig;ltion\ 
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