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Abstract 

The reaction of Rh&O& with two equivalents of Me,NO in the presence of a substituting ligand (L = NCMe, Py, P(OPh),) 
affords a mixture of isomers of the general formula Rh,(CO),,L,. The substituting ligands occupy two terminal sites in the 
structure of the parent cluster. For L = P(OPh), three isomers (I-III) were separated from the reaction mixture. The structure of 
the first isomer (I) has been established by X-ray analysis. This compound crystallizes in two polymorphic modifications, monoclinic 
and triclinic; both of which consist of identical molecules and differ only in the packing of the molecules in the crystals. It should be 
noted that both polymorphic forms contain in the unit cells the racemic mixture (RR and SS) of the Rh&CO),,(P(OPh),), 
molecules. This octahedral cluster may be considered as a derivative of the parent Rh&CO),, cluster with two terminal CO groups 
in tram positions at Rh(l) and Rh(2) atoms substituted by phosphite ligands. The structures of two other disubstituted clusters, (II) 
and (III) were established by “P NMR spectroscopy. Phosphite ligands in these compounds occupy the terminal sites at the 
adjacent rhodium atoms of the Rh, octahedron but differ in their mutual orientation. Other disubstituted derivatives (L = NCMe, 
Py) are labile compounds and exist in solution as inseparable mixtures of the isomers characterized by ‘H and 13C NMR 
spectroscopy. A mechanism of interconversion of the isomers is proposed. 
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1. Introduction 

The reactivity of coordination compounds depends 
to a great extent on the mutual disposition and mutual 
influence of ligands. The mechanisms of such influence 
are sufficiently well understood for mononuclear com- 
plexes, but for cluster compounds the same problems 
are considerably complicated by the polynuclearity of 
the metal core. Successive substitution of several car- 
bony1 ligands in homoleptic carbonyl clusters gives rise 
to the problem of preferential sites for the second and 
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further substitutions, i.e. to the problem of the influ- 
ence of the heteroligand upon reactivity of different 
coordination positions. The number of possible sites 
for substitution in the case of clusters is much greater 
than with mononuclear compounds, and mechanisms 
for the mutual influence of ligands have not yet been 
studied in detail, especially for clusters with nuclearity 
greater than four. This problem was first studied for 
Os,(CO),,L, complexes with bicapped tetrahedral 
metal core and for Os,(CO),,_,(P(OMe),}* (x = l-6) 
clusters with the plariar raft OS, framework [ll. In the 
latter case all possible isomers were obtained using 
different synthetic methods and characterized with X- 
ray analysis and 13C, 31 P NMR. Following this line in 
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the present paper we carried out the synthesis and 
structural characterization of the disubstituted deriva- 
tives Rh,(CO),,L, of the octahedral rhodium cluster 
obtained by the reaction of Rh,(CO),, with the corre- 
sponding ligands (L = NCMe, Py, P(OPh),) promoted 
by Me,NO. 

2. Results and discussion 

2.1. General dkcussion 
In previous papers [2-41 we studied CO substitution 

reactions in Rh,(CO),,. A series of the monosubsti- 
tuted derivatives Rh,(CO),,L with various N- and P- 
donor ligands has been prepared and structurally char- 
acterized. Disubstituted derivatives of Rh,(CO),, can 
easily be synthesized by the following reaction 

Rh,(CO) 16 + L 3 Rh,( CO) 14L2 
3 

L = NCMe, Py, P(OPh), 

In all cases initial chromatographic separation of the 
reaction mixture gives, as a main band, a compound 
with the stoichiometry of the disubstituted cluster Rh, 
(CO),,L2. However, the NMR spectral characteristics 
of the products obtained are too intricate to belong to 
individual compounds and indicate the presence of 
isomers of Rh,(CO),,L, in the separated bands. As 
shown earlier [2-41, two electron ligands substitute 
terminal CO groups only in the structure of the parent 
Rh&.,-CO),(CO)t, cluster. This suggests the exis- 
tence of five possible isomers with the different mutual 

disposition of two heteroligands in the twelve terminal 
sites. These isomers are schematically shown in Fig. 1, 
and at least several of them are formed in the course of 
reaction (1). It should be noted that the behaviours of 
the isomers obtained differ significantly for each kind 
of ligand used and these are discussed separately be- 
low. 

2.2. L = P(OPh), 
Careful chromatographic separation of the Rh,- 

(CO),,{P(OPh),), mixture gives two bands, one of 
which contains individual compound (I) which was 
characterized by a single crystal X-ray analysis and 13C, 
31P NMR spectroscopy. The other band contains an 
inseparable mixture of two isomers (compounds (II) 
and (III)), their structure having been determined by 
simulation of the 31P NMR spectrum of the mixture. 

An X-ray structure study has shown that monoclinic 
(IA) and triclinic (IB) crystal modifications (IA) con- 
tain molecules with very similar structures (Figs. 2-4). 
All these molecules have an idealized C, symmetry 
(the symmetry axis coincides with the Rh(3)-Rh(5) 
direction), i.e., they are chiral. Moreover, two geomet- 
ric isomers (diastereomers) of (I) are, in principle, 
possible. In the first isomer the CO and P(OPh), 
ligands at Rh(l) and Rh(2) are directed over the “free” 
faces of the Rh, octahedron (Rh(l)Rh(3)Rh(61 and 
Rh(l)Rh(4)Rh(S) at Rh(l1, Rh(2)Rh(3)Rh(4) and 
Rh(2)RhWRh(6) at Rh(21, see Fig. 2). This isomer is 
sterically more favourable and, indeed, is realized in 
the crystals of both modifications. In the second isomer 

P2 

P2 

Fig. 1. Schematic representation of the five stereochemically possible isomers of Rh6(CO),,(P(OPh),),. Only rhodium and phosphorus atoms and 
directions of terminal Rh-CO bonds are shown. 
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the ligands at Rh(1) and Rh(2) are directed towards 
the octahedron faces with p&O-bridges (Rh(l)RhO)- 
Rh(4) and Rh(l)Rh(S)Rh(6) at Rh(l), Rh(2)Rh(4)Rh(5) 
and Rh(2)Rh(3)Rh(6) at Rh(2)). This isomer, however, 
would have been much more sterically overcrowded 
and, therefore, is not observed in the crystals. 

The centrosymmetric crystal (IA) represents a race- 
mate composed of IA and IA molecules (nat- 
urally, the R and S designation are arbitrary and are 
used by analogy with the traditional nomenclature for 
chiral centres; diastereomers which are not observed 
should be named RS and SRI. Likewise the centrosym- 
metric crystal (IB) with two crystallographically inde- 
pendent molecules (a and b) may be called a “double” 
racemate of equal numbers of IBa(RR), IBa(SS), 
IBb(RR), and IBb(SS) molecules. 

In the molecule (I) two phosphite ligands substitute 
terminal CO groups at Rh(1) and Rh(2) atoms occupy- 
ing truns-positions in the Rh, octahedron. Four of the 
remaining CO ligands are p3-bridging as in the struc- 
ture of Rh,(CO),,. General features of the molecular 
structures of (IA), (IBa), and (IBb) are very close to 
each other (see Tables 1 and 21, the molecules display- 
ing similar systematic distortions of the Rh, octahe- 

dron. The Rh(3)Rh(4)Rh(5)Rh(6) plane, that does not 
comprise the Rh atoms bound to the phosphite ligands, 
contains the shortest Rh-Rh bonds (averages 2.746 
(IA), 2.745 (IBa) and 2.748 A (IBbN, whereas the four 
longest Rh-Rh bonds are located in positions cb- to 
P(OPho), ligands (average 2.797 (IA), 2.794 (IBa) and 
2.800 A (IBb)). The corresponding truns Rh-Rh bond: 
average as follows 2.770 (IA), 2.772 (IBa) and 2.768 A 
(IBb). The elongation of Rh-Rh bonds in positions cis- 
to PPh, and P(OPh), ligands was observed earlier in 
other substituted Rh&CO),, derivatives [5,61. The 
Rh(l)-P(1) and Rh(2)-P(2) bond lengths (av. 2.248 
(IA), 2.258 (IBa) and 2.254 A (IBb)) are comparable 
with the other sim$ar distances, e.g., in Rh,(CO),{P 
(OPh& (5~. 2.23 A) [71 and in Rh&CO),,{P(OPh),) 
(av. 2.27 A) [5]. The phosphite ligands in (I) show 
average P-O and 0-Ph distances (1.593 (IA), 1.598 
(IBa), 1.599 (IBb) and 1.41 (IA), 1.42 (IBa), 1.41 A 
(IBb)) which are comparable with earlier data [2,4]. 
The local molecular C, symmetry of (I) is violated by 
phenyl rings of the triphenylphosphite ligands. 

The i3C and 31P spectra of (I) are given in Fig. 5. 
The 31P spectrum displays a doublet signal (iJ(Rh-P> 
= 241 Hz) which reveals, on treatment with a line 

Fig. 2. Molecule IA in crystal (hydrogen atoms are omitted). 
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narrowing procedure, a triplet structure of the doublet 
components (*J(Rh-P) = 8 Hz). The second order cou- 
pling is due to the interaction of the phosphorus atoms 
with only two of the four equatorial Rh atoms whose 
Rh-Rh bonds are in the truns-position to the given 
phosphorus atom (e.g., Rh(3), Rh(6) relative to P(1) 
and Rh(31, Rh(4) relative to P(2)). This observation is 
in line with the theoretical study of ‘JXMy couplings 
and a great body of experimental data [8,91. 

The idealized i3C spectrum of (I) in the carbonyl 
region should consist of two ,+-CO quartets, four 
doublets of terminal CO and one doublet of doublets 
corresponding to terminal CO groups adjacent to phos- 
phite ligands, each of the signals being of double 
intensity. In fact, the experimental spectrum (Fig. 5) 
displays two quartets of p3-C0 and the dd signal of 
C(7)0(14) and C(29)0(20) carbonyl groups adjacent to 
phosphite ligands. As for the remaining terminal CO, 
the spectrum obtained reveals a pattern corresponding 
to a lower symmetry than that of the idealized C, 
molecular structure of (I). Instead of four doublets of 
double intensity one can observe four doublets of sin- 
gle intensity and one doublet of relative intensity four. 
Such disagreement between the experimental and ide- 
alized spectra is due to the distortions in the C, 

structure of (I) which in turn are caused by short 
nonbonding contacts between terminal CO groups and 
OPh moieties of phosphite ligands. For example, in the 
molecule (IA) such contacts (C(20)-C(7) 3.008, o(ll)- 
004) 3.141, c(36)-O(9) 2.903, C(6)-O(5) 3.047, 
0(12)-O(5) 2.977 C&O(8) 3.047 and 0(13)-O(8) 
2,985 A) even give rise to Rh-C-O moiety bending: 
Rh(6)C(20)0(11) 171.0” and Rh(6)C(36)0(19) 169.6”. 
Similar distortions are observed in (IBa) and (IBb) as 
well. It should be noted that the analogous relation 
between 13C NMR spectral parameters and nonbond- 
ing contacts of CO groups has already been pointed 
out [4] for the Rh,(CO),,PPh3 cluster. 

We failed to isolate individual compounds in the 
second chromatographic band even after the careful 
separation, and to grow single crystals suitable for an 
X-ray structural study. However, the 31P COSY spec- 
trum of this band (Fig. 6) clearly displays two groups of 
signals (excluding the admixture of (I) which is marked 
with an asterisk) that correspond to two individual 
compounds, (II) and (III). Elemental analysis of the 
mixture fits well the stoichiometry of the disubstituted 
cluster Rh,(CO),,(P(OPh),),, and we attempted to 
simulate its spectrum using the isomers (2-5) (Fig. 1) 
as structural and spin coupling models. 

c49 

Fig. 3. Molecule IBa in crystal (hydrogen atoms are omitted). 
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The isomers 2 and 3 have been chosen for the 
spectrum simulation as compounds with the minimal 
sterical hindrances between the adjacent phosphite 
ligands. It should also be noted that the isomer 5 
would be expected to have a very simple 31P NMR 
spectrum due to the high symmetry of its molecule, but 
neither of the two patterns separated in the experi- 
mental spectrum corresponds to the assumed spectrum 
of 5. The application of the line narrowing procedure 
to the experimental spectrum revealed the fine struc- 
ture of the signals (Fig. 7d). The spectral features 
clearly show that they are defined not only by the first 
order [‘J(Rh-P)] couplings but also by the higher ones 
--J(Rh-P) and 3J(P - . - P). The diagrams of the spin 
couplings in the isomers 2 and 3 used in the spectrum 
simulation are shown in Fig. 8. It should be pointed 
out that the second order Rh-Rh-P couplings were 
taken into account only for tram (relative to P) Rh 
atoms as it was done in the interpretation of the 31P 
NMR spectrum of (I). The spin coupling selection for 
the isomers 2 and 3 was based upon the structural data 
for (I) assuming the similarity of the general features of 
(I) to those of 2 and 3. The results of PANIC simulation 
[lo] of the 31P spectra for 2 and 3 and the comparison 
of their superposition with the experimental pattern 
are given in Fig. 7. It is clear that the superposition of 

the simulated spectra of 2 and 3 is in excellent agree- 
ment with the experimental pattern. 

Numerical results of the simulation given in Table 3 
fit well the specific features of the structures of the 
isomers. In the structure of 2 the dihedral angle 
P(l)Rh(6)Rh(2)P(2) is very close to zero, whereas the 
same angle for 3 is approximately equal to 45”. In 
accordance with this difference 3J(P-P) falls to 18.7 Hz 
for 3 as compared with 182 Hz for 2. This is in 
agreement with the general relation between the values 
of third order coupling constants and the dihedral 
angles formed by the corresponding bonds [9,11]. 
Moreover, the calculated first order ‘J(Rh-P) coupling 
constants for 2 and 3 are typical of the Rh&CO),, 
phosphite derivatives: 241 Hz for (I), 240 Hz for Rh, 
(CO),,P(OPh), [12] and 250 Hz for Rh&CO),,{P 
(OPh),& [13]. The indirect determination of the second 
order [‘J(Rh-PI] coupling constants for 2 and 3 gives 
the values which are very close to the value of 8 Hz 
determined directly for (I). Attempts to simulate the 
spectra of 4 and 5 gave pictures that do not reproduce 
the corresponding parts of the experimental pattern. 
These results unambiguously show that the compound 
(II) and (III) formed in reaction (1) correspond to the 
possible isomers 2 and 3. 

It should be noted that the isomer (I) is more 

Fig. 4. Molecule IBb in crystal (hydrogen atoms are omitted).) 
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thermodynamically stable than (II) and (III). Heating 
of the (I + II + III) mixture results in the irreversible 
conversion of (II) and (III) into (I) as shown in Fig. 9. 
However, the distribution of the isomers in the course 
of reaction (1) is not governed by thermodynamic fac- 
tors. Analysis of the 31P spectrum of the isomeric 
mixture obtained after initial separation has shown 
that relative amounts of the isomers (I), (II) and (III) 
are approximately 1: 2 : 1 (24.0%, 55%, and 21%). An 
explanation can be based on the stepwise character of 
the reaction and the nature of the reaction intermedi- 
ates. A monosubstituted species formed in the first 
stage of the reaction is then attacked by Me,NO with 
the formation of coordinatively unsaturated intermedi- 
ate: 

Rh,(CO),SP(OPh)3 + Me,NO - 

{Rh,(CO),,P(OPh),}‘*‘+ Me,N + CO, (2) 

The position of the second ligand with respect to the 
first is controlled by the stereochemistry of the unsatu- 
rated intermediate (*), i.e., by the position of the coor- 
dination vacancy generated. The almost statistical dis- 
tribution of the disubstituted products formed suggests 
either that there is no priority for the attack of Me,NO 
on terminal CO or the intermediate (*) is highly stereo- 
chemically nonrigid. Both these factors lead to the 
obtained distribution of the isomers but the latter 
seems to be more important because, for example, 

substitution of two NCMe ligands by P(OPh), in Rh, 
(CO),,(NCMe),, which easily generates a coordination 
vacancy via NCMe dissociation, results in the same 
product distribution. The mechanism of the nonrigidity 
of the CO environment in the coordinatively unsatu- 
rated intermediate (*) apparently includes the coordi- 
nation vacancy migration via p3-C0 * t-CO w p3-C0 
rearrangement that is very natural for the coordination 
vacancy and adjacent bridging CO. Thus, the vacancy is 
statistically distributed in (*) between eleven terminal 
sites three of which, corresponding to the isomers 4 
and 5, are sterically inaccessible and the remaining 
eight sites give rise to the isomers l-3 with statistical 
weightings 1: 2 : 1. The conversion of the isomers 2 and 
3 into 1 is thought to be governed by a similar dissocia- 
tion of CO ligands on heating and a consequent t-p-t 
migration of phosphite ligands. 

2.3. L =4, 
The disubstituted pyridine derivative of Rh&CO),, 

was synthesized according to reaction (1). Preliminary 
chromatographic separation yielded a wide band con- 
taining a mixture of products with Rh,(CO),&Py), stoi- 
chiometry. We failed to isolate the individual com- 
pounds from the mixture due to their ability to inter- 
convert at ambient temperature. An arbitrary separa- 
tion of this wide band into two parts gave mixtures with 
different PMR spectral characteristics (Fig. lo(b), 

lOli.0 lOS.0 
PPM 

dUl*rrw*h 
1 ” ” c ” ” I ” 

240.0 235.0 

PPM 

1 I I I I 

184.0 183.0 182.0 181.0 

PPM 

Fig. 5. The 13C and 31P NMR spectra of the compound I (CDCI?, 25”C, ppm, relative to 85% H3P04 for 6 31P). The inset 31P spectrum was 
obtained using line-narrowing procedure (LB = 21.0, GB = 0.751, J(Rh-P) = 241 H z, 2J(Rh-P) = 8 Hz. The values of coupling constants in the 
13C spectrum: mean ‘J(Rh-C) = 25 Hz for p3-CO, mean *J(Rh-C) = 69 Hz for t-CO, 2J(P-C) = 11 HZ. 
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TABLE 1. Selected Bond Lengths (A) in Compounds IA and IB TABLE 2. Selected Bond Angles (deg) in the Compounds IA, IB 

Bond IA IBa IBb Angle IA IBa IBb 

Rhl-Rh3 2.756(2) 2.750(l) 2.756(l) 
Rhl-Rh4 2.785(2) 2.7960) 2.786(l) 

Rhl-Rh5 2.810(2) 2.788(l) 2.789(l) 
Rhl-Rh6 2.778(2) 2.808(l) 2.789(l) 
Rh2-Rh3 2.769(2) 2.765(l) 2.7680) 
Rh2-Rh4 2.780(2) 2.767(l) 2.759(l) 
Rh2-Rh5 2.790(2) 2.809(l) 2.841(l) 
Rh2-Rh6 2.802(2) 2.781(l) 2.783(l) 
Rh3-Rh4 2.752(2) 2.761(l) 2.7620) 
Rh3-Rh6 2.756(2) 2.754(l) 2.771(l) 

Rh4-Rh5 2.741(2) 2.7341) 2.740(l) 

Rh5-Rh6 2.735(2) 2.732(l) 2.71901 
Rhl-Pl 2.254(5) 2.263(2) 2.261(2) 
Rh2-P2 2.243(5) 2.253(2) 2.248(2) 
Rhl-C3 2.105(22) 2.141(7) 2.130(7) 
Rhl-C4 2.151(21) 2.190(8) 2.194(g) 
Rh2-Cl 2.154(16) 2.124(7) 2.150(8) 
Rh2-C2 2.162(18) 2.154(7) 2.166(7) 
Rh3-C2 2.244(21) 2.211(8) 2.220(7) 
Rh3-C4 2.227(17) 2.222(8) 2.228(g) 
Rh4-Cl 2.288(18) 2.300(8) 2.316(7) 
Rh4-C4 2.182(15) 2.153(9) 2.140(7) 
RhS-Cl 2.201(18) 2.183(8) 2.151(7) 
Rh5-C3 2.225(19) 2.197(8) 2.177(7) 
Rh6-C2 2.156(21) 2.187(7) 2.134(8) 
Rh6-C3 2.22809) 2.221(7) 2.236(8) 

Pl-05 1.570) 1.603(6) 1.607(5) 
Pl-06 1.590) 1.605(5) 1.601(5) 
Pl-07 1.610) 1.593(5) 1.602(5) 
P2-08 1.5901 1.594(6) 1.591(5) 
P2-09 1.60(l) 1.585(5) 1.588(5) 
P2-01 1.590) 1.609(5) 1.608(5) 

Selected Average Bond Lengths 

Rh-C(O),,, 2.880 
Rh-C(O),, 2.194 

C-O,,, 1.13 
c-o,, 1.17 
Rh-P 2.248 

1.904 1.904 
2.172 2.187 
1.14 1.13 
1.17 1.18 
2.258 2.255 

lo(c)), and consequently with a different isomeric com- 
position, but re-equilibration of the separated fractions 
in solution occurred on standing. A comparison of the 
spectrum given in Fig. 10(a) with that of the monosub- 
stituted Rh,(CO),,Py cluster [21(6, ppm, 7.45 (t, 2H& 
7.84 0, H,), 8.98 (d, 2HJ) clearly shows that the well 
resolved lowfield set of doublets corresponds to the H, 
protons of coordinated Py in Rh6(C0)14@y)2. This 
pattern can be assigned in the following way. The 
doublets cxi and (us are likely to be the signals of two 
individual isomers with equivalent pyridine ligands, 
whereas two doublets of equal intensity ((Y*, (Y;> are 
presumably the signals of inequivalent Py ligands in 
isomer 3. A similar picture is observed in the 13C NMR 
spectrum of the isomeric mixture. In the region of 
pyridine carbons (125-155 ppm), Fig. 11, three groups 
of signals appear, each containing four resonances that 

RHl-C7-014 174.3(16) 177.0(7) 177.1(7) 
RH2-C29-020 174.7071 173.6(g) 174.9(6) 
RH3-C27-016 175.6(19) 178.3(g) 177.7(6) 
RH3-C28-015 176.709) 178.0(7) 178.6(8) 
RH4-C34-017 176.608) 173.5(8) 175.5(71 
RH4-C39-018 178.306) 177.7(9) 173.6(7) 
RH5-C5-013 178.1(17) 173.6(7) 176.7(7) 
RH5-(X-012 177.4091 178.0(7) 177.8(6) 
RH6-C20-011 171.0(21) 178.9(7) 178.0(8) 
RH6-C36-019 169.9061 178.8(6) 177.9(7) 
RHZ-Cl-01 134.803) 137.0(6) 138.6(6) 
RH4-Cl-01 132.6(14) 130.4(6) 128.5(5) 
RHS-Cl-01 132.1(14) 132.1(6) 131.3(6) 
RH2-C2-02 136.7(14) 137.6(7) 134.6(6) 
RID-C2-02 130.506) 129.X6) 130.0(5) 
RH6-C2-02 131.107) 131.0(6) 132.8(5) 
RHl-C3-03 136.806) 135.2(6) 134.5(5) 
RH5-C3-03 131.705) 133.2(6) 132.2(5) 
RH6-C3-03 129.4(15) 129.9(5) 131.9(5) 
RHl-C4-04 136.903) 137.6(6) 135.1(6) 
RH3-C4-04 130.1(14) 128.5(5) 130.6(6) 
RH4-C4-04 132.004) 132.5(6) 133.3(5) 
RH3-RHl-Pl 152.0(2) 150.00) 151.5(l) 
RH4-RHl-Pl 103.7(l) 102.20) 103.5(l) 
RHS-RHl-Pl 102.0(l) 102.2(l) 101.4(l) 
RH6-RHl-Pl 147.2(2) 149.1(l) 147.30) 
RH3-RH2-P2 150.4(l) 150.9(l) 150.30) 
RH4-RH2-P2 149.3(l) 147.70) 149.1(l) 
RHS-RH2-P2 103.4(l) 101.7(l) 104.4(l) 
RH6-RH2-P2 103.8(2) 102.20) 103.9(l) 

106.0 

107.0 

106.0 

109.0 

110.0 

PPM 

110.0 109.0 106.0 107.0 106.0 

PPM 

Fig. 6. The 202.458 MHz COSY 90 31P spectrum of the mixture of 

(II) and (III) (CDCl,, 6 relative to 85% H,PO,, 25°C). The asterisk 
denotes the signals due to the admixture of (I). 
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(a) 

(b) 

Cd) 

I ‘I I r I 

110.5 110.0 109.5 109.0 108.5 109.0 107.5 107.0 106.5 106.0 105.5 
PPM 

Fig. 7. PANIC simulation of the 31P spectra of the isomers 2 (a) and 3 
(b). (cl Superposition of the (al and (b) spectra. (dl Experimental 
spectrum of the mixture of (II) and (III) treated with the line-narrow- 
ing procedure (LB = - 5.0, GB = 0.5). The asterisk denotes the sig- 
nals due to the admixture of (I). 

can be assigned in a manner similar to that of ‘H 
spectrum. The process of the reequilibration men- 
tioned above is most likely to be connected with the 
formation of a coordination vacancy via Py ligand dis- 
sociation, and the vacancy migration into another ter- 
minal position. This process makes the complete sepa- 
ration of the isomers impossible but its rate is not very 
high and some enrichment of the fractions with the 
different isomers can be obtained in chromatographic 
separation. 

2.4. L = NCMe 
The behaviour of the disubstituted Rh&CO),, 

(NCMe), derivative differs significantly from that of 
the Rh,(CO),,(Py), and Rh,(CO),,{P(OPh),)~ clusters. 
The main product obtained in reaction (1) with the 
Rh,(CO),,(NCMe), stoichiometry shows no tendency 

2 3 

Fig. 8. Schematic representation of the spin couplings for the isomers 
2 (five spin A,X,Y system) and 3 (seven spin system). - P-Rh 
and w Rh-Rh bonds, - - - - - - directions of the spin couplings 
taken into account. 

TABLE 3. Results of PANIC simulation of the 31P spectra for the 
isomers 2 (five spin system) and 3 (seven spin system) (J in Hz) 

Isomer 2 Isomer 3 

‘J(Rh,-PJ = ‘J(Rh,-P,) ‘J(Rh,-Pal= 245.0; ‘J(Rh,-P,) 
= 244.0 = 244.0 

*J(Rh,-P,) =‘.l(Rh,-P,) = 7.4 2J(Rh,-P2) = *J(Rh,-P21 = 8.3 
2J(Rh,-P,)=2J(Rh,-Pzl=7.4 2J(Rh,-P,1=2J(Rh3-P,1=9.4 
3J(P2 -Pi) = 182.0 3J(P2-P,) =i 18.7 

to chromatographic separation into the fractions con- 
taining the individual isomers in spite of the clear 
spectroscopic evidence for the presence of a few com- 
pounds in the separated band. The 13C NMR spectrum 
in the carbonyl region (Fig. 12) reveals a very complex 
pattern corresponding to the mixture of at least two 
compounds. Moreover, decreasing the temperature to 
210 K changes the relative intensities of the signals, 
pointing to a shift in the equilibrium between the 
components of the mixture. However, on the basis of 
the data obtained it is hard to estimate the number of 
the Rh,(CO),,(NCMe)2 isomers that prevail in solu- 
tion. The rate of equilibration is sufficient to display 
the shift even at very low temperatures. This fact, 
along with the impossibility of chromatographic separa- 
tion, suggests that the rate of interconversion of the 
compounds (isomers) is lower than the characteristic 

(a) 

(b) 

(cl 

(d) 

I I I I I I I 

110 109 108 107 106 105 

PPM 

Fig. 9. Variable-temperature 31P NMR spectrum of the mixture of 
the (I), (II) and (III) compounds, CDCls. (al 297 K; (b) 313 K; (cl 323 
K, (d) the sample (cl cooled to 303 K. 
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,.““““I ““““l”“““‘l...“_ 
9.00 8.50 8.00 7.50 

PPM 

Fig. 10. The ‘H NMR spectra of the mixture of Rh&CO),,@y), 
isomers, CDCl,, 298 K, asterisk denotes the signal of the solvent 
protons. (a) The mixture after initial separation; (b) and (c) the 
signals of the H, pyridine protons in the bands obtained after 
chromatographic separation of the (a) mixture into two parts. 

NMR time scale but much higher than the “separation 
time scale”, e.g., TLC spot test. A suitable mechanism 
of interconversion is presumably the same as that pro- 
posed above including the principal stage of NCMe 
dissociation and formation of coordination vacancy. 
This is consistent with the well known lability of the 
acetonitrile ligand in carbonyl clusters and with the 
results of independent spectroscopic study of NCMe 
dissociation from the Rh,(CO),,NCMe cluster [161. 

Thus, the synthesis of the disubstituted derivatives 
Rh,(CO),,L, using Me,NO yields in the case of L = 
P(OPh), a mixture of three isomers of the possible five, 
the content of the isomers obtained being governed by 
pure statistical factors. The other two isomers are 
sterically crowded and are not formed in the reaction. 
In the case of L = NCMe and Py the disubstituted 
compounds obtained are labile and are able to inter- 
convert each other. 

3. Experimental section 

3.1. Reagent and solvents 
Reagent grade P(OPh),, pyridine, and Me,NO - 

2H,O were used without further purification. Rh, 
(CO),, was obtained by refluxing for 5 h a hexane 
solution of Rh,(CO),, which was synthesized according 

140 
PPM 

Fig. 11. The 13C NMR spectrum of the mixture of Rh,(CO),&‘y), isomers in the pyridine carbons region, CDCl,, 298 K. 
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I , 

250.00 240.00 

PPM 

210 K 

r-- 1 

250.00 240.00 

PPM 

I’.““‘I”““‘I”‘I”‘I ‘7’ 

184.00 182.00 180.00 178.00 

PPM 

I”““‘I”““‘I”““‘(“‘I’ 

l84.qO 182.00 180.00 178.00 

PPM 

Fig. 12. Variable-temperature 13C NMR spectrum of Rh,(C0)14(NCMe), in the carbonyl region, CDCI,. 

to the published procedure [15]. Corresponding i3C0 
labelled products were obtained from Rh,(CO),, (20% 
enriched). All solvents were dried over appropriate 
reagents and distilled prior to use. Products were sepa- 
rated in air by column chromatography on silica 
(Silpearl). The iH, 13C and 31P NMR spectra were 
recorded on a Bruker AM-500 instrument. The 13C 
spectra were recorded using 13C0 enriched samples 
and Cr(acac), as a relaxation agent. The 31P NMR 
study of the phosphite derivatives was performed using 
the samples with the natural abundance of 13C0 to 
avoid ‘3C-31P coupling. The IR spectra were mea- 
sured on a Specord M80 spectrophotometer. 

3.2. Synthesis of Rh,(CO),,{P(OPh),}, 
Rh&CO),, (50 mg, 0.047 mmol) and 0.03 ml (0.12 

mmol) of P(OPh), were dissolved in 60 ml of chloro- 
form. A solution of Me,NO .2H,O (11 mg, 0.1 mmol) 
in CHCl,/MeOH (lo/O.5 ml) mixture was added 
dropwise under vigorous stirring to the cluster solution. 
The mixture was allowed to stand for an additional 15 
min. The solution was then reduced in volume to about 
5 ml under vacuum, diluted with hexane (10 ml) and 
transferred to chromatographic column (3 x 6 cm, Sil- 
ica 40-100 mesh). Elution with hexane/ether (2/l) 
gave the following bands in the order of elution: 1) 
trace of Rh,(CO),,P(OPh), 2) the main dark brown 

band containing Rh&CO),,{P(OPh),},, 3) trace of 
polysubstituted derivatives. Heptane was added to the 
second fraction, and the solvents were removed under 
reduced pressure until precipitation of the product. 
The precipitate was washed with pentane and dried in 
an air flow. A mixture of the Rh,(CO),,{P(OPh),}~ 
isomers was obtained as a dark brown crystalline pow- 
der. Yield 46 mg, 60%. 

This mixture was subjected to careful separation on 
a chromatographic column (10 X 3 cm) with hexane/ 
ether (4/l) as the eluant. Two closely eluted brown 
bands were separated: the first contained the individ- 
ual compound (I) and the wide second band proved to 
be the mixture of two compounds (II and III) of the 
Rh,(CO)l,{P(OPh)3}, composition. The IR spectra (V 
CO, cm-‘, CHCI,); (I) 2094w, 2061s, 2037m, 1783m,br; 
(II + III) 2094w, 2062s, 2038m, 1783m,br. The compo- 
sition of (II + III) mixture: found,: C 37.01, H 2.11; 
calculated for C,,H300,,P,Rh6, C 36.84, H 1.86%. 

3.3. Synthesis of Rh,(CO),,(Py), 
Rh,(C0)16 (50 mg, 0.047 mm00 and 0.01 ml (0.12 

mmol) of pyridine were dissolved in 75 ml of chloro- 
form. A solution of Me,NO * 2H,O (11 mg, 0.1 mmol) 
in CHCI,/MeOH (lo/O.5 ml) mixture was added 
dropwise under vigorous stirring to the cluster solution. 
The mixture was allowed to stand for an additional 15 
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min. The solution was then reduced in volume to about 
5 ml under vacuum, diluted with hexane (10 ml) and 
separated on a chromatographic column (3 x 6 cm, 
Silica 40-100 mesh). Elution with hexane/ether (2/l) 
gave the following bands in the order of elution: 1) 
trace of Rh,(CO),,Py, 2) the wide dark brown band 
containing Rh,(CO),,(F’y), 3), trace of polysubstituted 
derivatives. The solvents were removed from the sec- 
ond fraction under reduced pressure. The mixture of 
the Rh&CO),&), isomers was obtained as a light 
brown powder. Yield 34 mg, 62%. Found, C 25.80, H 
1.43, N 1.99. Calculated for CMH1,,N20i4Rh6, C 24.68, 
H 0.86, N 2.40%. The IR spectra (V CO, cm-‘, CHCl,); 
209Ow, 2056s, 2028m, 1776m,br. 

TABLE 4. Atom coordinates in IA (X 104) 

3.4. Synthesis of Rh 6 (CO),, (NCMe), 
Rh,(CO),, (100 mg, 0.094 mmol) was dissolved in 

the mixture of chloroform (120 ml) and acetonitrile (10 
ml). The solution of trimethylamine N-oxide (Me,NO * 
2H,O) (22 mg, 0.2 mmol) in 10 ml of MeOH was 
added dropwise under vigorous stirring to the cluster 
solution. The mixture was allowed to stand for an 
additional 15 min. The solution was then reduced in 
volume to about 30 ml under vacuum, diluted with 
heptane (20 ml) and concentrated again to 30 ml. This 
mixture was transferred to chromatographic column 
(3 x 8 cm, Silicagel 40-100 mesh) and eluted with hex- 
ane/chloroform/ acetonitrile (15/15/l) mixture. The 
following bands were separated in the order of elution: 

x Y z x Y z 

RhW 
Rh(2) 
Rh(3) 
Rh(4) 
Rh(5) 
Rh(6) 

P(l) 
P(2) 
o(l) 
o(2) 
o(3) 
O(4) 

o(5) 
o(6) 
o(7) 
O(8) 
O(9) 
o(10) 
001) 
002) 
003) 
004) 
005) 

006) 
007) 
008) 

009) 
o(20) 
C(1) 
c(2) 

c(3) 
C(4) 

c(5) 
C(6) 
C(7) 
c(8) 
c(9) 
c(10) 
C(11) 

8296(2) 
7029(2) 

6710(2) 
6138(2) 
8651(2) 
9238(2) 
8605(6) 
7780(6) 
6367(14) 
7748(14) 

11183(14) 

5495(14) 
9766(13) 
7354(13) 
8986(13) 
827703) 
9018(12) 
6800(13) 

10606(20) 
9041(16) 

10555(15) 
9290(17) 

7386(17) 
3983(17) 
5591(15) 
3195(14) 

1141704) 
4278(14) 
6760(19) 
7711(23) 

10071(21) 
6212(21) 
9825(20) 
8869(20) 
8966(21) 
7649(21) 
6266(24) 
7623(28) 
4891(29) 

75120) 
83620) 

86090) 
7329(l) 
7251(l) 

85190) 
6463(2) 
8686(2) 
6979(6) 

9837(6) 
7347(7) 
7550(7) 

6040(6) 
5975(5) 
6371(5) 
8073(6) 
9196(6) 

9040(6) 
9314(9) 

5723(6) 
7359(7) 
8255(7) 
9601(8) 
9188(10) 
5808(7) 

7604t7) 
8943(8) 
8771(8) 
7288(8) 
9242(9) 
750700) 
7643(9) 
7330(10) 
6277(a) 
7953(8) 
410900) 

10123(12) 
7462(17) 

10901(13) 

593(l) 
-722(l) 

2610) 

- 1400) 
-4000) 

40) 
941(2) 

- 1428(2) 
- 1255(4) 
- 327(4) 

391(5) 

927(5) 
757(4) 
807(5) 

1533(4) 
- 174ti4) 
- 1330(4) 
- 1861(4) 

875(6) 
- 318(5) 

- 1154(5) 
1535(4) 
llON5) 

3x8) 
- 135(S) 

- 404(6) 
- 572(5) 

- 1144(5) 
- 898(6) 
- 27x7) 

271(7) 
635(5) 

- 867(7) 
- 347(6) 
1192(6) 

694(7) 
- 1464(8) 
- 321x8) 
- 196002) 

C(12) 
c(13) 
c(14) 
C(15) 
C(16) 

c(17) 
C(18) 
c(19) 
cc201 
C(21) 
cc221 
c(23) 

C(24) 
C(25) 
Cc261 
c(27) 
c(28) 
Cc291 
C(30) 
c(31) 
Cc321 
C(33) 
C(34) 
U35) 

C(36) 
cc371 
C(38) 
C(39) 

Ct40) 
C(41) 
Cc421 
cc431 
CW 
c(45) 
C(46) 
C(47) 
C(48) 
U49) 
c(50) 

474327) 
7670(24) 

5428(24) 
7502(28) 

806309) 
5578(26) 
6805(21) 

805426) 
9999(23) 

6161(21) 
8207(24) 
7147(24) 
670@22) 
7750(22) 
7338(20) 
5042(20) 
7134(23) 
5333(19) 
9797(23) 

10891(28) 
9475(26) 

10900(25) 
5798(21) 

10214(29) 
10503(20) 
11675(26) 

11400(31) 
4292(18) 
6759(24) 

13153(30) 
13043(34) 
9390(22) 

12063(35) 

10736(23) 
7667(32) 
8476(26) 
7168(26) 

1186334) 
8961(23) 

10461(15~ 
7232(11) 

9833U 1) 
7027(13) 

789100) 
1073501) 
5056(9) 
814604) 

904cKlO) 
967700) 
8335(11) 

387400) 
436102) 

4788(9) 

5264(8) 
8992(U) 

921901) 
8641(9) 
943400) 
9038(12) 

1003601) 
567400) 
638N9) 

1029%12) 
878NlO) 
9346u4) 
9956(14) 

7506(9) 
7280(10) 
537807) 
490905) 
6966(10) 
5758(12) 
5202(11) 
74990 1) 
6757(9) 

6906(9) 
4817(14) 

7335(9) 

- 235201) 
-2353(g) 
- 2320(8) 
- 284301) 
- 2248(6) 
- 1525(10) 

1345(7) 
- 3105(8) 

555(7) 
- 1866(7) 
- 2622(7) 

1121(8) 
1427(g) 
591(7) 
913(6) 

125(S) 
805(7) 

- looo(6) 
- 1694(6) 
- 1782(g) 

- 1933(7) 
988(7) 

- 121(7) 

-2280(S) 

- 390(7) 
- 2107(9) 
-2344(g) 
- 312(6) 
2272(9) 
965(12) 

135202) 
2293(7) 

809(S) 

1348(8) 
2670(9) 
1902(7) 
1881(7) 
152600) 
2673(6) 
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TABLE 5. Atom coordinates in IBa and IBb (primed) (X 104) 

x Y z X Y I 

- 7228(l) 10568(l) 
81350) 
9027(l) 
9469(l) 
9700(l) 
92260) 

118550) 
7222(l) 

8489(3) 
75343) 

10957(3) 
10375(3) 
12665(3) 
11836(3) 
12246(3) 
6428(3) 
768x3) 
6784(3) 
9818(4) 

11045(4) 
9346(4) 

11363(4) 
9494(4) 
7828(4) 

10572(4) 
8447(5) 
8426(4) 
6882(4) 
8715(5) 
8062(5) 

10488(5) 
10112(5) 
9428(5) 

10552(5) 
11071(5) 
13247(6) 
5312(6) 
5345(7) 
4269(6) 
4902(7) 
6391(6) 
5751(6) 
6Olti8) 
6078(5) 
4459(6) 

13015(6) 
5009(6) 
9589(5) 
5929(5) 
.5379(6) 

1373x6) 
13616(5) 
126246) 
12526(5) 
8270(5) 
93145) 
7317(5) 
7288(5) 
7230(6) 
7040(5) 

126845) 
10212(5) 

49940) 
5242(l) 
4111(l) 

54480) 
6151(l) 
4838(l) 
5605(l) 
57570) 
6790(3) 
3753(3) 
5778(3) 
419ti3) 

5200(3) 
5919(3) 
6320(3) 
6038(3) 
6497(3) 
5297(3) 
3632(3) 

7390(3) 
7111(3) 
3791(3) 
2721(3) 
3287(3) 

6640(3) 
5016w 
544ti3) 
46243) 
6269(4) 
4207(4) 
5580(4) 
4512(4) 
6746(4) 
6918(4) 
4250(4) 
7536(5) 
5355(5) 
5664(7) 
4235(5) 
3829(5) 
6349(5) 
4183(5) 
6201(7) 
5888(4) 
4995(5) 
6013(5) 
5210(6) 
4083(4) 
4937(4) 
5331(5) 
7211(5) 
6457(5) 
7106(4) 
6359(4) 
3602(4) 
3236(4) 

4880(4) 
70044) 
6923(4) 
7581(4) 
4480(4) 
6196(4) 

7610(l) 
7566(l) 
72970) 
6587(l) 
7901(l) 
8613(l) 
7243(l) 
8244(l) 
6861(3) 
8382(3) 
9088(3) 
6082(3) 
7260(3) 
6431(3) 
7705(3) 
7882(3) 
8621(3) 
8929(3) 
9513(3) 
7337(3) 
9181(3) 
8307(3) 
7951(3) 
6155(3) 
5677(3) 
5217(3) 
9930(3) 
6386(3) 
71Oti4) 
81344) 
8606(4) 
6561(4) 
8692(4) 
7549(4) 
8024(4) 
5693(4) 
9093(4) 
5834(6) 
9069(5) 
895x6) 
661x5) 
8892(5) 
593X5) 
7182(4) 
913ti5) 
5609(4) 
6407(6) 
9168(4) 
8957(4) 
7102(5) 
5224(4) 
5181(4) 
61144) 
6053(4) 
6573(4) 
7695(4) 
6841(4) 
9021(4) 
9762(5) 
8657(5) 
7017(4) 
6027(4) 

Rh(l’) 
Rh(2’) 
Rh(3’) 
Rh(4’) 
Rh(5’) 
Rh(6’) 
PW 
P(2’) 
ow 
O(2’) 
O(Y) 
O(4’) 
O(5’) 
ow 
O(7’) 
O(8’) 
O(9’) 
000’) 
O(11’) 
002’) 
003’) 
004’) 
005’) 
OU6’) 
007’) 

008’) 
009’) 
O(20’) 

cw 
c(Z) 
C(3’) 
Ct4’) 
C(5’) 
C(6’) 
c(7’) 
Ct8’) 
(C9’) 
C(10’) 
cc1 1’) 

Cil2’) 
c(13’) 
C(14’) 
C(15’) 
c(l6’) 
C(17’) 

c(l8’) 
C(19’) 
C(20’) 

c(21’) 
C(22’) 

Cu.3’) 
C(24’) 
C(25’) 

c(26’) 
c(27’) 
C(28’) 
C(29’) 
C(30’) 
C(31’) 

c(32’) 
C(33’) 
C(34’) 

-16327(l) 
- 138080) 
- 150860) 
- 149000) 
- 150790) 
- 152210) 
- 17327(l) 
-12769(l) 
- 13501(3) 
- 13925(3) 
- 16680(3) 
- 16225(3) 
- 18305(3) 
- 17095(3) 
- 17497(3) 
- 11797(3) 
- 12968(3) 
- 12632(3) 
- 16301(4) 
- 15804(4) 
- 14457(3) 
- 17634(4) 
- 1614ti4) 
- 14088(4) 
- 15385(4) 
- 13503(4) 
- 14338(3) 
- 12562(3) 
- 13937(5) 
- 14259(5) 
- 16196(5) 
- 15888(5) 
- 14665(5) 
- 15544(5) 
- 17151(5) 
- 17878(6) 
- 11516(5) 
- 10645(6) 
- 10834(6) 
- 11338(6) 
- 11682(5) 
- 11921(5) 
- 11263(6) 
- 11433(5) 
- 10929(6) 
- 18227(5) 
- 10387(5) 
- 15916(5) 
- 12004(5) 
- 10795(5) 
- 18525(5) 
- 18690(5) 
- 17396(5) 
- 17593(5) 
- 14442(5) 
- 15758(5) 
- 13019(5) 
- 12411(5) 
- 12399(6) 
- 11971(6) 
- 18660(5) 
- 15239(5) 

- 106220) 
- 10363(l) 
-11447(l) 
- 10014(1) 
-9508(l) 

- 109090) 
-9966(l) 
- 99850) 
- 8699(3) 

- 11941(3) 
- 10033(3) 
- 11156(3) 
- 10362(3) 
- 9547(3) 
- 9324(3) 
- 9762(3) 
- 9287(3) 

- 10536(3) 
- 12285(3) 

- 8185(3) 
- 8694(3) 

- 11973(3) 
- 12971(3) 
- 12078(3) 

- 8695(3) 
- 10098(3) 
- 10415(3) 
- 10912(3) 

- 9261(4) 
- 11462(4) 
- 10173(4) 
- 10931(4) 

- 9003(4) 
- 8691(4) 

- 11460(4) 
- 7871(4) 

- 10962(5) 
- 9176(5) 

- 11911(5) 
- 11923(5) 
- 9015(4) 

- 11467(4) 
- 8825(4) 
- 9567(4) 

- 11431(5) 
- 9384(4) 
- 9731(5) 

- 11774(4) 
- 10982(4) 

- 9937(4) 
- 8169(5) 
- 8924(5) 
- 8328(4) 
- 9083(4) 

- 11833(4) 
- 12397(4) 
- 10672(4) 

- 8864(4) 
- 9107(4) 
- 8189(4) 

- 11031(4) 
- 9197(4) 

-7462(l) 
-6926(l) 
-6410(l) 
-7792(l) 
-8319(l) 
-6873(l) 
-8271(l) 

- 7ooo(3) 
-8120(3) 
- 8744(3) 
- 5615(3) 
- 6787(3) 
-6llti3) 
- 7412(3) 
- 80343) 
- 8703(3) 
- 8922(3) 
- 8988(3) 
- 7250(3) 
- 9191(3) 
- 7585(3) 
- 7181(3) 
- 5746(3) 
- 5622(3) 
- 5314(3) 
- 9741(3) 
- 6461(3) 
- 7145(4) 
- 7891(4) 
- 8297(4) 
- 6160(4) 
- 8676(4) 
- 744ti4) 
- 7434(4) 
- 5550(4) 
- 9544(4) 
- 6046(4) 
- 9033(5) 
- 8423(4) 
- 6945(4) 
- 8368(4) 
- 6283(4) 
- 7341(4) 
- 9596(5) 
- 5302(4) 
- 6460(5) 
- 8739(4) 
- 893ti4) 
- 7115(4) 
- 5085(4) 
- 4955(4) 
- 5902(4) 
- 5783(4) 
- 6183(4) 
- 7085(4) 
- 6829(4) 
- 9212(4) 
- 9919(4) 
- 8989(4) 
- 6456(4) 
- 5922(4) 

Rh(2) 
Rh(3) 
Rh(4) 
Rh(5) 
Rh(6) 
P(l) 
P(2) 
o(1) 
O(2) 
o(3) 
o(4) 
O(5) 
O(6) 
O(7) 

O(8) 
O(9) 
000) 
001) 
002) 
003) 
004) 
005) 
006) 
007) 
008) 
009) 
O(20) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
c(7) 
C(8) 
C(9) 
c(10) 
C(11) 
C(12) 
C(13) 
C(14) 
C(15) 
c(16) 
C(17) 
C(18) 
c(19) 
cc201 
cx21) 
C(22) 
C(23) 
Cc241 
C(25) 
c(26) 
C(27) 
C(28) 
C(29) 
c(30) 
C(31) 
C(32) 
c(33) 
c(34) 
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TABLE 5 (continued) 

X Y z X Y z 

c(35) 6707(6) 8097(5) 9062(6) C(35’) - 11481(6) - 7743(5) -9492(S) 

Ci36) 8727(5) 5227(4) 944Ot4) C(36’) - 14683(5) - 10599(4) - 9214(4) 

Ct37) 6890(6) 7434(5) 10152(5) Cf37’) - 11922(7) - 8657(5) - 10413(4) 

U38) 6624(6) 8026(5) 9806(6) c(38’) - 11452(6) - 7986(5) - 10206f5) 

cc391 8816f6) 5184(5) 5737(4) (x39’) - 14055(5) - 10082(4) - 5690(4) 

C(40) 14527(6) 6863(5) 8161(6) c(40’) - 19356(7) - 8528(6) - 7901(7) 

C(41) 12273(8) 3472(6) 6204(7) c(41’) - 18679(6) - 11982(4) - 5574(41 

Ct42) 12743(9) 3064(6) 65 J4(9) C(42’) - 19453(6) - 12333(4) - 5837(4) 

cc431 12954(6) 6572(5) 8832(5) C(43’ ) - 18599(6) - 9713(51 - 8293(4) 

cc441 12231(6) 4185(5) 6404(5) C(44’) - 18265(5) - 11321(4) - 5881(4) 

c(45) 13184(6) 4085(5) 7402(5) C(45’) - 19436(5) - 11379(4) - 6735(4) 

C(46) 14474(7) 6955(5) 8892(6) C(46’) - 19697(7) - 898x7) - 8442(6) 

cc471 13025(5) 6499(4) 8095(41 C(47’ ) - 18267(5) - 9233(4) - 7751(4) 

c(48) 13796(6) 6643(5) 77445) ‘.X48’) - 18631(6) - 8649(5) - 7542(5) 

C(49) 13199(8) 3347(7) 7168(81 C(49’) - 19832(5) - 12025(5) - 6413(4) 

cc501 13681(7) 6816(5) 9237(5) Ct50’1 - 19335(5) - 95945) - 8644(4) 

1) trace of Rh,(CO),,NCMe 2) the main dark brown 
band containing Rh,(CO),,(NCMe), 3) trace of poly- 
substituted derivatives. Heptane was added to the sec- 
ond fraction and the solvents were removed under 
reduced pressure until precipitation of the product. 
The precipitate was washed with pentane and dried in 
air flow. Rh,(CO),,(NCMe), was obtained as dark 
brown crystalline powder. Yield 68 mg, 69%. Found: C 
19.51%, H l.OO%, N 2.26%. Calculated for C,,H,N, 
O,,Rh,: C 19.91%, H 0.56%, N 2.58%. The IR spectra 
(V CO, cm-‘, CHCI,); (I) 2092w, 2056s, 2028m, 
1776m,br. 

3.5. Crystal structure study of 0) 
From the ether-hexane solution at 2°C compound 

(I) crystallizes simultaneously in two distinct forms (IA) 
and (IB). The X-ray single crystal diffraction experi- 
ments for (IA) and (IB) were carried out with an 
automated four-circle Siemens P3/PC diffractometer 
at 273 K for (IA) and 144 K for (IB) with the graphite- 
monochromated MO Ka radiation. All calculations 
were performed using SHELXTL PLUS programs [141. 

Crystal data for (IA): C,,H,,O,P,Rh,, Fw 1630, 
monoclinic, space group P2,/n, a = 10.164(4), b = 
19.466(4), c = 27.117(5) A, p = 97.49(3)“, I’= 5319.5(6) 
A3, 2 = 4, dcalc = 2.07 g cme3, ~(Mo Ka) = 19.26 cm-‘. 

Crystal data for (IB): C,,H,,O,P,Rh,, Fw 1630, 
triclinic, space group Pl, a = 15.952(4), b = 18.362(4), 
c = 18.408(3) A, ar = 90.05(2), p = 90.19(2), y = 
100.31(2)“, V = 5304.8(7) A3, z = 4, (two crystallograph- 
ically independent molecules IBa and IBb), dcalc = 2.04 
g cmm3, ,u(Mo Ka) = 19.60 cm-‘. 

Intensities of 7612 (IA) and 12036 (IB) reflections 
were measured by 13/28 scan technique (28 < 54” (IA); 
28 < 44” (IB)); 3469 reflections with I > 3.05~ (I) for 

(IA) and 9046 reflections with Z > 20 (I) for (IB) were 
used in calculations. The structure was solved by direct 
method. Least squares anisotropic refinement of all 
non-hydrogen atoms (hydrogen atoms were placed in 
the calculated positions and refined isotropically) with 
the weighting scheme w = l/[a2(F0tJ + 0.0003 F&l 
for (IA) and w = l/[a2(F)] for (IB) converged at R = 
0.065, R,=0.52, GOF= 2.17 and R =0.0328, R,= 
0.0291, GOF = 1.73 for (IA) and (IB) respectively. 
Atomic coordinates are given in Tables 4 and 5. 
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