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The crystal structure of the molybdenum complex of
[70]fullerene Mo(n2-C,,)(CO),(phen)(dbm) « 2C,H,O -
2.5H,0 (phen = 1,10-phenanthroline, dom = dibutyl
maleate)

Peng Cui, Lei Li, Kaluo Tang and Xianglin Jin*

Institute of Physical Chemistry, Peking University, Beijing, 100871, P. R. China

The molybdenum complex of C,;, [Mo(n%C,,)(CO),(phen)(dbm)] (1) (phen = 1,10-phenanthroline, dbm = dibutyl
maleate) has been synthesised by heating a solution of C, with [Mo(CO),(phen)(dbm),] in toluene followed by chro-
matography over silica gel and the crystal structure has been determined.
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Since the availability of macroscopic quantities of fullerenes,solution, we obtained single crystals of comp{&x suitable

great efforts have been made in the investigation of the reader X-ray diffraction analysis and collected the diffraction data
tions of transition metal complexes with@nd a number of  at low temperature (-100°C) on a Rigaku R-AXIS RAPID
meta!-fullerene[60] C(_)mple_xes have been prepared and chaimaging plate diffractometer. Here we report the crystal struc-
acterised by X-ray diffractidn However, up to now, only a ture detail of the molybdenum complex of@).

few crystal structures of metal,Ccomplexes have been  Compared with ¢, which has only one type of carbon
reported, such as those o}, Ru®, Pt> Pd® Mo’ etc In  atom and two types of C-C bonds, there are five types of
these complexes the phosphorus-containing ligands, such &arbon atoms and eight types of C—C bonds jn(Eg. 1)}

PPh, PPhMg, and dppe (1,2-diphenylphosphinoethane), areThe results of theoretical calculation demonstrate that Ca—Ch
used to coordinate with metal atoms and stabilise the comand Cc—Cc bonds are expected to be the more active ones. On
plexes. We have prewouslyzsynthessed the molybdenum anghe other hand, it has been proved that the regiochemistry of
tungsten complexes ofg(l(n*-Cey) M(CO),(phen)(dbm)] (M ¢ is driven by the degree of pyramidalization rather than

= Mo,W) by using the nitrogen-containing ligand, 1,10-

phenanthroline , which enables the strong interaction betweefaple 1. Selected bond lengths (A) and angles () for complex

metal atoms and fullerenes and the resulting complexes ai(1)

remarkably stable in the air. Recently, with the similar

methods, we obtained the molybdenum complex7gf_[©12- mgm_g;;; f:g%ﬂg;
C,9Mo(CO), (phen)(dbm)](1) and it has showed different po(1)-N(1) 2.216(9)
characteristics from {5 in both its chemical and physical Mo(1)-N(2) 2.233(9)
properties. For example, the redox behaviour of comfdlgx  Mo(1)-C(1) 2.294(12)
is different from free G, The presence of the Mo fragment in Mo(1)-C(2) 2.281(12)
complex(1) induces a cathodic shift (0.10V) of the first two mgm:gg?; g-gggﬁ’z)
C,centered one-electron reductions followed by a singleg1)_¢c(77) 1.135(9)
two-electron reduction with respect to freg, &It has also  g(2)-c(72) 1.159(10)
been found that the compléX) performs better optical limit-

ing behaviour than G° By the method of slow diffusion  C(71)-Mo(1)-C(72) 90.4(3)

of pentane and isopropyl alcohol into a dichloromethaneC(72)-Mo(1)-N(1) 98.8(4)
C(71)-Mo(1)-N(1) 170.5(4)

C(72)-Mo(1)-N(2) 173.2(4)

. C(71)-Mo(1)-N(2) 96.4(4)

9 g Bond  xBond ) Mo(T-N(2) 74.4(4)

O Order C(72)-Mo(1)-C(85) 94.3(4)

S ¢ C(71)-Mo(1)-C(85) 103.0(4)

N(1)-Mo(1)-C(85) 78.4(4)

o d Ca-Ca 0477 N(2)-Mo(1)-C(85) 83.9(4)

Ca'Cb 0'597 C(72)—M0(1)—C(2) 1061(5)

C(71)-Mo(1)-C(2) 87.8(5)

@ e CbCc 0479 N(1)-Mo(1)-C(2) 87.7(5)

Ce- N(2)-Mo(1)-C(2) 74.5(5)

o d Ccfc oem C(85)-Mo(1)-C(2) 156.9(4)

Cc-Cd  0.469 C(72)-Mo(1)-C(1) 74.3(5)

e C Cd-Cd 0.469 C(71)-Mo(1)-C(1) 86.0(5)

Cd.C N(1)-Mo(1)-C(1) 94.5(5)

ob d-Ce 0545 N(2)-Mo(1)-C(1) 106.4(4)

Q@ g Ce-Coe 0.489 C(85)-Mo(1)-C(1) 165.7(7)

C(2)-Mo(1)-C(1) 31.9(4)

. . C(72)-Mo(1)-C(91) 86.2(5)

Figure 1 The idealized structure of C,, C(71)-Mo(1)-C(91) 72.9(4)
N(1)-Mo(1)-C(91) 109.5(4)

N(2)-Mo(1)-C(91) 95.5(5)

* To receive any correspondence. C(85)-Mo(1)-C(91) 31.3(4)
T This is a Short Paper, there is therefore no corresponding material iC(2)-Mo(1)-C(91) 157.4(8)

J Chem. Research (M). C(1)-Mo(1)-C(91) 151.2(4)
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Figure 2 Perspective view of the structure of [Mo(r]z-Cm)(CO)z(phen)(dbm)] (1)

bond length or bond ord&rWith a higher degree of pyrami- plexes, such an eclipsed orientation is more stable than the
dalization of Ca—Cb bond at the poles, we believe that thestaggered one and the energy barrier between the two config-
Ca—Cb bond is the most active bond in thg i@olecule  urations is ca 7-10 kcal/m8l. The N-Mo—-CO units are
although itstebond order is smaller than that of the Cc—Cc almost linear and the average angle is 1%7ich is very
bond. Among the reactions of transition metal complexes witfclose to that of compleg), 170.3. The bite angles of the
C, most additions occur at the Ca—Cb bond. Only in somephen ligand, N(1)-Mo—N(2), are almost identical in the two
cases, for example, in the osmylation of & the isomers complexes, fo(1) 74.4 and for(2) 74.7.

(addition products at Ca—Cb and Cc—Cc bonds) have been

observed and the ratio is 2.1:1. By studying e NMR . )

spectrun?, Shapley also observed the existence of an additiorTabIe 2. Crystal data and details of refinement of complex (1)
product occurring at the Cc—Cc bond as the minor form. C02H4gMON, O,

Empirical formula

The molecular structure of complék) is shown in Fig. 2  Formula weight 1566.47
and selected bond lengths and angles are reported in Tablego"’t“rI descrioti gled kBrOW”
As expected, the Mo atom binds in af-fashion to the sztgl Ssse(/:rr:fr’n'on O_é’go x 0.18° x 0.10
Ca—Cb bond of ¢ (C(1)-C(2)) and the distances of the crystal system Monoclinic
Mo—-C(1) and the Mo—C(2) bonds are very close (2.294A ancSpace group C2/c
2.281A). These distances are in the typical range found ia/A 27.5026(12)
other molybdenum complexes of fullerenes. For example, th&/A 28.1043(11)
distances of Mo—C(1) and Mo—C(2) are 2.312A and 2.323A ing//ﬁ 58'9666(8)
the complex [Mo 1§>-C;)(CO),(phen)(dbm)(2),'* 2.32 and g 122.195(1)
2.313A in [Mof1-C,))(CO),(dppb)] 4 2.309A and 2.306A in  yo 90
[Mo(n?-C,)(CO),(dppe)] § 2.290A and 2.278A in [Mo V/A3 13060.0(9)
(n%C,,) (CO)(dppe)]” The crystal structure analysis indi- £ ; 8
cates that the molecular configuration of complExis simi- E(%/go‘):m (13450982
lar to that of the Mo—§; complex(2). In the molecule ofl), /mm-! 0.282
the Mo atom co-ordination is distorted octahedral with the twoz g range/ 5.50-50.00

CO groupscis to each other, but each timnsto a nitrogen  Index ranges
atom of phen. The Mo atom, two CO groups and phen are iiMax. and min transmission

0<h<32, 0<k<33,-23</<20
1.2570 and 0.8232

the equatorial plane, coplanar to within 0.04A, and in comple{}jﬂem{ons collected / unique 84433/11459
(2), it is also within 0.04A. The Mo atom also binds in an ge;ghxr':gﬁ[c;z?gf) Ea(g"?s;flr 0.1791
n?-fashion to the C(85)-C(91) bond of dbm. The two C-C p_ (F 2. 2F2) /3

bonds [C(1)-C(2) and C(85)-C(91)] are almost mutuallyR1 = y(IF_-IF I}/ 3 IF | 0.0953
orthogonal and each alkene ligands eclipses a N—Mo—C(wRZ:{Z[w(FE,Z—FCZ)?]/Z[W(F(,Z)zl}”2 8.5?4213

vector. It has been reported that in octahedral olefin com@oodness of fit on F?
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The other important feature of the complei®&sand(2) is refined anisotropically for all non-hydrogen atoms (except some
that the ligand dbm, which has long alkyl groups, hasatoms in the solvent molecules) by full-matrix least-squares calcula-

increased the solubility of the complexes greatly. It has pro-tioni_ on ?-_Jr‘e hydrtogerlw aton:s .Wteredi”‘:'f‘.’deg.i””t]hei.rd?:a'w'aée?
; . : - ositions with geometrical constraint and refined in the riding model.
vided us with a good way to synthesise a series of new tran he thermal vibration of the atoms in the crystal is large and it was

tion metal—fullerene complexes because the complexes could;nq that in the refinement the bond lengths and angles of two CO
be the precursors for the further reactions. For example, if thgroups and phen were reasonable and the bond distancgs diie
dbm were replaced by another fullerene molecule, we couldnd (CH),CHOH covered a wide range. So 58 bond distances,jin C
obtain the dumb-bell complexes with novel structures andsix in dom and eight in (CHLCHOH were restrained to a reasonable

properties. The work is in process. range.
CCDC reference number 154683.

E"Pe"i“Te“ta' We wish to express our gratitude for the financial support of
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(phen)(dbm)] (39mg, 0.05mmol) was added to a solution gf C No. 29873001)

(42mg, 0.05mmol) in benzene (25YmThe mixture was heated ' '

under reflux for 1h, and then concentrated to %cnfihe . .

resulting  red-brown  solution was separated by column Received 27 December 2000; accepted 10 February 2001

chromatography (silica gel) using toluene—acetone (12:1) as eluenf’aper 00/683

The main chromatographic band was collected. The solvents were
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