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Abstract 

The reactions of Sml,(THF), with K.&‘Mo(CO),l,Hg (Cp’ *C,H; or C,Me; 1 in THF at ambient temperature have been 
investigated. In the case of [(C,H,)MdCO),I,Hg, a new complex of KTHF),I,Sm( P-OC)MoKO),(C,H,)] 1 was afforded. However, 
in the reaction involving [(CSMeS)MdCO),],Hg the nnalog cannot be obtained, but instead the dimeric [(C,Me,)Mo(CO),], 2. Both 
complexes I and 2 have been characterized by X-my crystallography. In 1 the cooperative activation of CO between Sm3’ and Mo was 
observed. The structure of complex I is the first example containing the “Sm( c~_OC)MO” fragment. 

KQWJ~S: Samarium; Carbonyl; Molybdenum; Crystal structure 

1. Introduction 

TheE is considerable cun~nt intcrest in hetcro- 
bimet~rllic complexes due to the search for homqc- 
neous counterparts of Fischer-Tropsch cntulysts [I - 141. 
In this context, lhe preparution nnd chemistry of com- 
plexes conluining Ianthrmide and lute d-block transition 
metal &TM) have a~rructed atpprech~ble :r&ation. To 
date, many different types of LTM complex have been 
synthesized, and most of them have been structurully 
characterized [IS-213. Of LTM complexes, those with 
d-block transition metal carbonylute moiety are the 
predominant majority. Structurally characterized exam- 
ples include: [(EtOH)(H,O),Er{Mo(CO),(C,H,)],] 
[l9], [@iMPA),Yb(( p-OC)Mo(CO)~(C,H,~j,] [211, 
[(HMPA),YM ~-OC)Mo(CO),(C,H,)]l(C,H,)Mo- 
K’O),l, * THF [21], [(C,Me,),Sm( p-OC),Fe(C,Me,)], 
[22], [(C,Me,),Yb( fi-OC)Co(CO),(THF)] [23], 
[cC,Me,),Yb],[Fe,(CO), , I [24], [(C,Me,),Yb( W- 
OC),Mn(CO),], I251, [(C,Me,),Yb( p- 
OC),Mn(CO),], [25], [(C,Me,),Yb],[Co,- 
(C,H,SiMe3),( EL,-CO),] [26] and (THF),L$ E.L-OC)- 
Mo(CO),(C,H,)], n THF [27]. All of them consist of ;I 
transition metal cnrbonyl fragment and a lanthanide 
moiety bridged togeUler via Ln-G-C-M (Ln = 
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lanthanide and M - transition metal) isocarbonyl link- 
nge~. All the above complexes containing ytterbium 
metal were prepared by redox Eactiotl involvin 
lent ytterbium species and corresponding metill carbonyl 
compotmds. AS divalent samurium derivatives are 
stronger reducing agents and more oxophilic compared 
with the corresponding divalent ytterbium compounds, 
however, them are very few similar molcculrrr structures 
cankdning samarium [22]. Herein, we report un cxlrmpls 
of u molecular structure conlainin “Sm-O-C=Mo” 
isocarbonyl linkuge. 

2. Experimental details 

All manipulations were routinely conducted under a 
dinitrogen atmosphere using the vacuum line technique 
unless othetwise indicated. Solvents were thoroughly 
dried over sodium benzophenone ketyl and distilled 
under nitrogen immediately prior to use. Reagents 
Mo(CO), and C,Me,H were purchased from the Aldrich 
Chemical Co. and used as received. Compounds 
[(C,H 9 ~MO(CO),], ~g [28], SmI,(THF),K [29] and 
KC,Me, [30] were prepared by the published proce- 
dures. IR spectra were recorded on a Biorad FTS-7 IR 
spectrophotometer and ‘H and “C NMR spectra on a 
Jeol GSX 27OFI’ spectrometer with Si(CH3), as refer- 
ences. 
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2.1. Sydwsis of l(THFI, I, Smf p-OCIMdCO)JC5 Hs 11 
1 

A powder of HgtMdCO),(CSH,)], (0.24 g, 0.348 
mmol) was added to the solution of SmI, in THF (0.1 
M, 7 ml) with vigorous stirring at room temperature. 
The dark blue solution turned yellow in seconds and 
mercury metal droplets were observed. The reaction 
was stirred overnight. A bright yellow solution was 
obtained after removing the insoluble materials by cen- 
trifugation. Orange powder was isolated after evaporat- 
ing all solvent in vacua in ca. 70% yield based on 
HgJMdCO)a(C5HS&. IR (Nujol mull on NaCl): 
2027(s) and 1942(vs) cm - ’ . Crystals suitable for X-ray 
analysis wen grown from saturated THF solution at 
- 26”e. 

Tabk I 
Crystallographic data for 1 and 2 ’ 

1 2 

Empirical formula SmMoCz~H&I, $H;h2Mo,- 
(.Zolo~ habit 
Ctyslal size (mm31 
0yslal system 
space 
IJnit e ensions 

rrIW) 

B(W) 
e til, 
6, (“1 

Volume (A’) 
% 
Formula weight 

Orange; block 
0.23 x 0.28 x 0.38 
Monoclinic 
P2, /c(No. I41 

0.22 x0.22x 0.33 
Monoclinic 
P2, /rt(No. 14) 

lO,l22(1) 
IP,%9&?~ 
l6,9xW 
96,&v I) 
3132,3(7) 
4 
93=#.70 
I,988 

9,4@x3) 
9.llW) 
15.59U2) 
97,313(23 
I327,6(55 
2 
&30,4O 
1,548 

1788 636 
2-40 2-50 
I,OOKl+O.35 tan I) 0.68 i= 0.35 tan 8 
2720 2674 

2313 

I lQl(/ P W/l) 

0.034; 0.032 

I.370 
0,OL 
is4 
o&O 10 -0.40 

l-matrix leas.st-squaucs; 

Table 2 
Atomic coordinates and isotropic displacement coefficients Beq for 1 

Atom x Y z Bq (.i*) 

SlIdI) 0.9843(2) 0.19638(7) 0.36101(8) 3.00(4) 
I(I) 1.1655(2) 
I(2) 0.8272(2) 
Mo( 1) 0.6267(3) 
o(1) 1.0942) 
o(2) I. 183(2) 
o(3) 0.981(2) 
o(4) 0.798(2) 
o(5) 0.868(2) 
oI63 0.527(2) 
47) 0.773(2) 
c(I) 1.031(3) 
c(2) l.lW4) 
c(3) I .248(4) 
c(4) 1.228(4) 
c(5) I “208W 
c(6) I .349(4) 
c(7) 1.386(3) 
c(8) I .297(3) 
C(9) 0.982(3) 
CilQJ I .012(4) 
c(ll1 0*988(3) 
f&x12) 0.968(3) 
cxl3) O&74(3) 
e(l4) 0.570(3) 
CXIS~ 0.637(4) 
c(l6) 0*783(3) 
e(l7) 0.772(3) 
(Zl8) 0.561(4) 
Ctl9) O.714(3) 
a20B) O.582(3) 
gt2l) 0.5980) 
a(%21 OZWl(3, 
a23, 0*41?(3) 
gY24) 0.465Q3 

0.2478t i> 
0.1364(l) 
0.4021(l) 
0.2780(S) 
0.1332(8) 
O.O73fr(S) 
0.1888(9) 
0.3108W 
0.264(l) 
0.4400) 
0.316(2) 
0.386(2) 
0.365(2) 
0.304(2) 
O.lIXl) 
0.09si2~ 
0.067(2) 
0. I lo(2) 
0.005(2) 

- O.OSo(2) 
- 0.020(2) 

0.057(2) 
0.157(2) 
0.198(2) 
0.240(2) 
0.236(2) 
0.347(l) 
0.317(2) 
0.427( I J 
0.4560) 
0.513(11 
O.rrl3(2, 
O.457(2) 
0,422( I) 

0.2393 i, 
0.4891(l) 
0.37660) 
0.46cH9) 
0.4292(9) 
0.3059(9) 
0.2550(9) 
0.3514(S) 
0.453( 1) 
0.541(l) 
0.520(2) 
O.S28(2) 
0.515(S) 
0.458(2) 
0.515(2) 
0.52%2) 
O/44%2) 
0.389(2) 
0.347(2) 
0.291(2) 
0.21X2) 
0.221(2) 
0.270(2) 
0.2lH2) 
0.162(2) 
0,184(2) 
0.363 I) 
0.42ti2) 
O.479(2) 
0.2480) 
0.303(2) 
0.357(2) 
0.331(2) 
O*26ti%) 

4.68(6) 
5.31(6) 
3.91(7) 
4.34) 
3.9(4) 
3.9(4) 
4.34) 
4.0(4) 
9.1(7) 
7.6(Q) 
6.3(8) 
9(l) 
9.1001 
9.4(10) 
5.2(7) 
8.5(9) 
7.6(9) 
6.48) 
7.2(8) 
9(l) 
8.18) 
6.9(a) 
7.3(9) 
8.7( IO) 
lo(l) 
6.481 
X0(6) 
8.0(9) 
5.47) 
5.9(8) 
4.9(7) 
6.4W 
6.7(N) 
X(7) 

This compound was prepared by the procedure of 
King and Stone [28] by substituting C$Mc,K for 
C,H,Na in en. 70 yield bused on C,Me,K. IR (Nujol 
mull on NaCl): 1947(vsb, 1889kh) and 1873(vs) cm-‘. 
’ H NMR (CDCI,): 1.57 ppm (s, CH J “C NMR 
zrzi$ 11.73 ppm (s, CH,), 104.13 ppm (s, ring 

. . . 

A powder of ~(C~ Me~~M~C~~~]~ Hg (0.208 g, 0.25 
mmol) was added to the solution of Sm12 (0.1 M, 5 ml) 
in THF at room temperature. The mixture was stirred 
overnight. A transparent orange solution was obtained 
after removing insoluble mercury by centrifugation. Af- 
ter evaporating all solvent. an oily residue was left. 
Extraction with 10 ml of dimethoxyethane (DME) pro- 
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Table 3 
Atomic coordinates and isotrooic dishcement coefficients B_. for 2 

Atom x Y ; Bq &2, 

MO(l) 0.03660(6) 0.ooo31(9) 0.39987(4) 2.57(l) 
o(I) 0.2329(7) 0.2513(7) 0.48 I 7(4) 6.0(2) 
o(2) - 0.0393(7) 0.2626(7) 0.2767(4) X7(2) 
o(3) - 0.2928(6) 0.0402(6) 0.3947(3) 4.5(2) 
c(1) 0.1549(9) 0.1582(9) 0.4578(5) 4.0(2) 
c(2) - 0.0122(9) O.l680(10) 0.3232(5) 3.3(2) 
c(3) -0.1731(9) 0.0242(9) 0.4069(5) 3.7(2) 
c(4) 0.0385(8) -0.1395(9) 0.2773(5) 3.1(2) 
c(5) 0.0103(8) -0.2nO1(9) 0.3427(5) 2.7(2) 
c(6) 0.1325(8) - 0.2468(8) 0.4058(4) 2.7(2) 
c(7) 0.2372(8) -0.1476(9) 0.38050) 2.X2) 
c(8) 0.1792(8) - 0.0837(8) 0.3008(5) 3.2(2) 
c(9) -0.053900) -0.117(l) 0.1915(5) 5.2(3) 
e(W) -0.1 l60(9) -0.3415(9) 0.33745) 4.42) 
till) 0. I !iS5(9 - 0.3526(9) 0.4793(5) 4.2(2) 
Ct12) 0.3891(9) -0.136(l) 0.4207(5) 4.7(2) 
CIl3) 0.259N9) 0.012(l) 0.2458(5) 5.2(2) 

B,,=~?r~~U,,~U~1*~*+U2*~hb~~*+U~~~~c’~*+20,~uu’hh’ 
cos y +2U,+i’cc’ cos p +2U,~hh’W’ cos cr). 

ceeded to give a red solution. The single crystals of 
[(C,Mes)Mo(CO),], suitable for X-ray analysis were 
grown from this solution at -25°C in 30% yield based 
on KC,Me,)Mo(CO)~]~lig. 

Both orange block crystals of complex 1 and red 
plate crystals of complex 2 were mounted in glass 
capillaries under &oxygenated paraffin oil. Crystal in- 
tensity data were collected at ambient temperature en a 
Riguku AKYR diffruetomctar using Mo K cy radintioc 

Table 4 
Selectrrd bond distances (A, und tm~lcs (“) in I 

(A = 0.71073 A;i>. The data were corrected for Lolentz 
and polarization effects and absorption by the JI scan 
method [31]. Structures were solved by direct methods 
(SIR 88) [32] and refined by full-matrix least-squares 
analysis. Hydrogen atoms were placed at idealized posi- 
tions and included in structure factor calculations but 
not refined. All calculations were performed on a Sili- 
con-Graphics computer using the TeXsan package from 
MSC [33]. 

The pertinent crystallographic data for both 1 and 2 
are listed in Table 1. Coordinates of non-hydrogen 
atoms and selected bond distances and angles in 1 and 2 
are summarized in Tables 2, 3, 4 and 5 respectively. 
Complete lists of bond lengths and angles and tables of 
hydrogen atom coordinates have been deposited at the 
Cambridge Crystallographic Data Center. 

3. Results and discussion 

Samarium diiodide is a strong one-electron reducing 
agent. There have been intensive investigations on its 
application in organic synthesis [29,34,35]. Interactions 
of SmI, with transition metal complexes very often lead 
to redox reaction rather than formation of heterobimetal- 
lie complexes. Evans et al. [36] reported the reaction tii 
SmI,(THF), with Co,(CO), to give the [0’fl.F),- 
SmI,]+[CdCO),]- ion pair instead of the bimetaliic 
compound [(THF),t I 2 Sm( @KJCo(CO),], 

The reaction of Sml,(THF),V with [(CSl=l,)Mo- 
(CQ),],Mg is rapid and gives only QIE isolated product 
[(THF),l,Sm( +OC)Mo(CO),(C,H,)] 1 in high yield. 
Complex 1 is exceedingly air- and moistur+sslGtive. It 

Distant *es 
Stnt I bI( 1) 
Sm( I b-Q(2) 
Sm( I bJX5) 
Mdlk-C(l9) 
Md 1 KX22) 
o(5)-e( 17) 

At&&V 
I(I)-Sm(I)-l(2) 
I(I)-Sm(l)-8(2) 
I( I )-Sm( I )-o(4) 
I(2)-Sm( I )-Of I) 
l(2)-Sm( I )-a(3) 
l(2)-Sd I b-o(5) 
CM1 )-Sm( I )-Q(3) 
o( I)-Sm( I )-o(5) 
C(l7b-Mdlb=C(I8) 
C(18)-MdI)-C(19) 
Mdl)-C(l7)-8(S) 
Mdlb-C(19b-0(7) 

3.058(2) 
2.49(2) 
2.41(2) 
1.91(3) 
2.40(3) 
1.22(2) 

I74.35W 
86.6(4) 
89.8(4) 
88.1(4) 
87.2(4) 
94.2(4) 

145.3(5) 
7l.H(5) 
85(l) 
8til:I) 
177(l) 
176t2) 

Sm(l)-l(2) 
Sm( I )-o(3) 
Mdl,-C(l7, 
Mdlb-C(20) 
Mdlb-C(23) 
0(6&-C(l8) 

I( 1 b-Sm( I L-0( 1) 
I(I)-Sm(lbtX3) 
I( I I-Sm( I )-o(5) 
l(2)-Sm( I )-Q(2) 
1(2bSm( I J-8(4) 
o(1 b-Sm( 1 )-o(2) 
O(lbSrdlb-0(4) 
o(4)-Sm( I b=OW 
C(l7bMdlb-C(l9) 
SInl I b-o(5b-C( 17) 
MdlbC(l8bC(6) 

3.03cH2) Sm(lL8(1) %.42(2) 
2.441) Sm( I)-8(4) %.46(2) 
I .82(3) MdIbCXl8) I .93W 
2.40(3) MB(i)-C(21) 2.38(33 
2.40(3) Md I b-X(24) 2.38(3) 
l.l4(3) Q(7)-C(l9) 1.17(J) 

90.6(4) 
90.7(4) 
90.6(4) 
87.7(4) 
94.ti4) 
71.7W 

142.6(S) 
7O.W) 
8til) 

149(l) 
175(3) 
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Fig. I. A gerspecfivr view of the strucfure of [CTHF),I,Sm( p- 
OC)MdCO)&C,W,)] I with atomic numbering scheme. 

has been characterized by both spectroscopic and crys- 
tallographic methods. A perspective view of complex 1 
is presented in Fig. 1. The central samarium atom is 
coordinated to five oxygen atoms, of which four come 
from THF molecules and one isocarbonyl ligand. To- 
gether with two iodide ligands, they form a pentagonal- 
bipyramidal structure surroundin the samarium atom 
with the oxygen ato s in the equatorial pentagonal 
phe und the iodide li ds in two apical positions. The 
average bond dis m-l [NM8(2) ,&] and Sm- 
8(THP) [2*45G!) ifieuntly shorter than the 
esrrespnding avenge distances in somplexcs 
Smf~oW~=~DME), [3 ) md 2.53M5) A] trtrd 
~~~~~~~~~~~~~~~~~ [I+. ) and %.571(4) A,] [IV], 
which provides further evidence thut the samarcum ion 
in 1 is trivelent. The five oxygen atoms nnd Sm’* ltre 
dmosa esplanrar, with mMnum deviution 00, A. The 

is essentially linear [17435W”], ;md 10 
es fall into u nfirrow range of 86,6(4Y- 

to 90’. The five 6-Sm-0 angles for 
adjacent oxygen atoms are in the range 70,8(5)“=- 

n value 72.W’. The bond distance 
yl2.41(2) A] is slightly shorter than 

other bond disunces Sm-g( I-4 [ranging from 2,42(2b 

to 2.49(2) .& average value 2.45(2) Al, wd the distance 
C(l7)-Ma(l) [1.82(3) A] is also shorter than C(l9)- 
Ma(l) [1.91(3) A] and C(l8)-MO(l) [1.93(3) Al. The 
distance o(S)-C( 17) [ 1.22(2) _&I is elongated compared 
with C(lS)-O(6) [1.14(3) Al and C(l9)-o(7) [1.17(3) 
A]. This suggests weakening of the CO bond upon 
coordination to both samarium and molybdenum cen- 
ters. Similar observations have been made in other 
complexes containing an isocarbonyl linkage [3,27]. The 
distance 0(5)-Q 17) is also slightly longer than the 
corresponding bond distances in [(HMP~L),Y~[@-OC) 
MdCO),(C,H,)], 3 [mean value 1.17(3) A] and 
[YMHMPAI& ~-OC~Mo(CO~~~C,H,~1~C,H,~Mo- 
(CO& - THF 4 [I. E(3) A]. probably because of the 
stronger oxophilicity of Sm” in I than that of the Yb 
ion in 3 and 4. 

To investigate if this method is applicable to other 
Cp derivatives, we have prepared the compound 
[(C,Me,)Mo(CO),],Hg by a modified procedure [28] 
and studied its reaction with SmIJlIIF),~. However, the 
reaction is relatively slow and gives [(C,Me,)- 
Mo(CO),], 2 in moderate yield (30%) instead of the 
expected isocarbonyl linked analog of 1. The homo- 
geneity of bulk material in 2 was checked by solution 
IR spectroscopy. The complex 2 has been synrhesized 
through ret;cting [(C,Me,)Ms(CO),], with carbon 
monoxide in isooctanc solution [38]. However, its crys- 
tal and molecular structure remain unknown. Therefore, 
single crystals of 2 have been subjected to X-rily unaly- 
sis. 

As shown in Fi . 2, the molecular gaomerry can 
involvir a psrurlo-sriuasr:-pyr:lmiJel configuration with 
the C, Me, ring occupying rhe trpiswl position turd ~hrec 
ccrrbonyl iipnnda :md the mebl -metal hand conrplrtiog 
the sqtuue base. The dimer is related by a crystallo- 
graphic inversion center which reyuhos an uvlfi rota- 
tional configuration between the two “(C,Me,)- 
MdCO),” units. The structural parameters of 2 arc 
essentially identical to those in ~~C~~~)~~CO~~]~ [SO], 

slightly longer Mo- 
Sflb W far [(CsM,) 

&stance 0.284( II 
O),],) and a small 

differcnse in the C(lk-Md lb-CW angle (113.5(3)@ in 



Fig. 2. The molecular structure of [(C,M~,)MO(CO),~]~ 2 
atomic numbering scheme. 

3r, 105.9(l)” in [(CsMS)Mg(CQ~,&). The formation 
grobrrbly occurs vita the combination of “[(C,H,)Mo- 
(CO),]” radicals generated by the reduction. However, 
the marked differace in reactivity between [<C, H s)- 
Mo(CO),],l-lp and [(C,Me,)Ms(CQ),],Hg is not fully 
ImderStooJ. 
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