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Summary 

The preparation and properties of new polynuclear carbonylhydrido com- 
plexes (NEt?),[H,Re,(OCH,)(CO),~] (I) and (NEt,)1[H4Re4(C0)15] (II) are report- 
ed. Infrared and NMR spectra of these compounds are presented and discussed. 
The structure of compound II has been established by X-ray crystallographic 
analysis. 

Introduction 

The metal carbonyls are especially reactive towards methanolic potassium 
hydroxide, with which they give various compounds containing C.r-alkoxo 
groups, hydridic hydrogen atoms, or cluster metal atoms [1] _ We thought it 
likely that decacarbonyldirhenium might react with methanolic potassium hy- 
droxide in a similar way, and indeed from the reaction mixture we have previ- 
ously isolated some p-alkoxo compounds [Z] . However, we were more interest- 
ed in obtaining cluster compounds, and we have now accomplished this as de- 
scribed below. 

Results and discussion 

The decacarbonyldirhenium is boiled for a short time with methanolic pot- 
assium hydroxide. Addition of a salt of bulky cation, such as (NEt,)I, thengives 
an off-white, microcrystalline, diamagnetic compound, corresponding to (NE&),- 
[H_,Re,(OCH,)(CO),,] (I). This is an hydridocarbonyl electrolyte, which in the 
IR spectrum shows four bands in the C-C stretching region (Fig. 1, Table l), 
and in the NMR spectrum (Table 2) gives a signal centered at r 17.2 ppm, indi- 
cating the presence of hydridic hydrogen. In agreement with the proposed for- 
mula, the intensity ratio of the methoxyl, methylenic and hyclridic hydrogens 
signals is 3/24/4. The compound I is very unstable in the solid state and in solu- 
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Fig. 1. IR spec~m of [H.tRe.&OCH3)(C0)t~13in acetone solution. 

Fig. 2. IR spectrum of [H~Re~fC0)~~1~-in acetone solution_ 

TABLE 1 

IR SPECTRA IN ACETONE 

Compound I’(C-0) 
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20513~. 2000~s. 1960s. 1920m. 1890m. 188O(sh) 

TABLE 2 

NMR SPECTRA IN DEUTEROACETONE AT 38% 

Compound 
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II 

Proton Relative 
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tion, and we have been unable to determine its structure. We think that it is not 
a cluster compound, because there is no evidence of carbonyl or hydrogen 
bridging, and the large total number of elections in the molecule is not con& 
tent with a tetrahedral disposition of the rhenium atoms_ Ethanol solutions of 
compound I gave on standing yellow crystals, corresponding to (NEt,),- 
[H,Re,(CO),S] (II). This is also a hydridocarbonyl electrolyte, which in the IR 
spectrum shows several bands in the C-O stretching region (Fig. 21, and in the 
NMR spectrum shows two signals, one broad centered at T 20.57, and one sharp 
centered at 7 26.93 ppm, indicating the presence of hydridic hydrogen atoms. 
The intensity ratio of the methylenic and hydridic hydrogen atoms is 8/1/l. It is 
clear that the four hydridic hydrogen atoms are not equivalent but that there 
were two groups of two equivalent atoms, respectively terminal (7 20.57) and 
bridging (7 26.93). 

X-ray crystallographic analysis (which will be described in detail later) 
shows that compound II has two equivalent bridging hydrogen atoms in the 
plane of three rhenium atoms, which give rise to the signal at 7 26.93 ppm, with 
the other non-equivalent. They behave as equivalent nuclei in the NMR spec- 
trum at 7 20.57 ppm probably because of rapid intramolecular exchange in so- 
lution. This exchange occurs at the relatively high temperature at which the 
spectrum is recorded, but it seemed likely that at lower temperatures it would 
be possible to detect by NMR the presence of two types of hydrogen as reveal- 
ed by the X-ray structure. This was, indeed, the case; the broad signal at T 20-57 
ppm is split into two signals at -39”C, one at lower field (7 15.04) characteristic 
of a terminal hydrogen, and one at higher field (T 25.95 ppm) characteristic of a 
bridging hydrogen [ 3) . We decomposed compound II in boiling solvents which 
gave several other hydridocarbonyl cluster compounds which will be reported 
later- 

Description of the structure 
The structure of the anion [H,Re,(CO),,]2-is shown in Fig_ 3_ The more 

Fig. 3. 
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important bonding parameters are reported in Table 3. The metal-atom cluster 
is a novel arrangement consisting of an isosceles triangle of rhenium atoms, 
Re(l) Re(2) Re(3), with the fourth metal atom apically bound to Re(1) and ly- 
ing in the plane perpendicular to the basal triangle and bisecting the Re(Z)- 
Re(3) edge- This plane is approximately a symmetry plane for the whole anion, 
so that we can assign to it an idealized C, symmetry_ All fifteen carbonyl groups 
are terminally bound, four to each of the Re(2), Re(3) and Re(4) atoms and 
three to Re(l)_ 

The hydridic hydrogen atoms were not directly located. Their positions 
can, however, be deduced from the values of the Re-Re distances and from the 
coordination geometries of the carbonyl groups. In the metal-atom triangle the 
Re(2 jRe(3) distance, 3_032(8) K, has a value typical for a normal Re-Re sin- 
gle bond, very simihtr to the values found in Re2(CO),, (3.02 A) [43 and in 
[Re,(CO),,]‘-(2.96-3.02 Jo [5]. The other two distances, Re(l)-Re(2) and 
Re(l)-Re(3) are markedly larger (3.192(8) and 3.211(8) a respectively). This 
effect has been attributed to the presence of bridging hydrogen atoms on the 
two longer edges of the triangle. Comparable bond Iengths have been found in 

TABLE 3 

BONDDISTANCES(X)AND ANGLES(=,I~THEAE;IOS [H.gRe&O)&- 

Bond distances 

Re<l)_Re(Z) 
Re<l)_Re<3) 
Re<lPRe<-l) 
Re(2FRe<3> 

Bond angles 

Re(P)-_Re<lI-Re(3) 

Re<lI-RtiP+Re<B) 
Re<lI-RetBfiRM2) 
Re(2)-_Re<l)_Re(4) 
Re(J")_Re<l)_Re(4) 

Re<2I-ReW-C<ll) 
Re<2+Re<l&C<L2) 

Re~2)_Rc%l)--C(l3> 
Re<3J--ReU)--C(ll> 
Re(3)-Re<lI-C(12) 
Re<3?-Re(l)--C~13) 
Re<l+Re<l~(ll> 
Re<4)_Re<l)--C<12~ 

Re<4~Re(l)-C<13) 
C<ll)_Re<lFC<l2~ 
C<ll)_Re(U-C<13) 
C(12)-Re<l)-_C<13) 
Re<lI-Rc(2I-CX21) 
Re(l)-Re(ZWCZZ> 
Re<l)-Re<2)--C<23) 
Re<l)-_Re<2+C<24> 

Re<3FRe<2I-C(21) 
Re<3)-Re<2-(221 

3.192(S) 
3.211<8) 
3.288(g) 
3.032(S) 

56.5(2) 
62-O(2) 
61.4<2) 

103.6(2> 
103.5(3) 

103(3) 
90<2) 

171<2) 
159<3) 

33(2) 
116<2) 

80(3> 
166<2) 

81<2) 
92(4) 

86<3) 
86(3) 
89<2) 

158<2) 

91<2) 
lll(l> 

9fW 
96(2> 

86<2) 
173(l) 

87(3) 
l77(3) 

91(2) 

9x31 
9x31 
92(2) 

149t.2) 

38<2) 
92(3) 

122<2) 

97<2) 
36(2) 
97c2> 

174(2) 
8513) 

97<4> 
S9(3) 

177(3) 

90(3) 
83(3) 
S2(3) 

173(2) 

37(2) 
92(2) 
91<4) 

lOS(3) 
lOl(3) 

9x3) 
90(3) 

154(3) 
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other hydridocarbonyl clusters in which edge-bridging hydrogens have been pos- 
tulated, e.g. in [H6Re4(C0),2]2-(3.160 -4, average of six values) [6], in 
[H,Re,(CO),,] - (3.177 A, average on two values) [7 3 and in [HRe,(CO),J2- 
(3.144 K) [S] . The bridging geometry for hydrogen ligands has been experimen- 
tally demonstrated in the X-ray structure of H,Mn,(CO),r [9]. 

The anion [H4Re4(C0), ,-]“- can be formally derived from the anion 
IH,Re,(C0),2]- by replacement of an axial CO ligand bound to Re(1) by a 
[H,Re(C0)4]- group. The geometries of the two metal triangles are strictly 
comparable and the dispositions of the carbonyl groups are also very simi- 
lar, and show similar enlargement of the Re-Re-C, angles when the long 
hydrogen-bridged edges are involved, due to steric repulsions between H and CO 
ligands. Two hydridic hydrogen atoms must, therefore, be placed on the basal 
triangle plane, nearly trans to equatorial carbonyls (see Fig. 3), as also indicated 
by the structure of H,Mn,(CO),Z_ 

The Re(l)-Re(4) bond distance, 3.288(g) K, is even longer than the two 
hydrogen-bridged triangular edges, but is shorter than the Re-Re distance in 
HRe,Mn(CO),, (3.39 a) for which a linear Re-H-Re bridge was suggested [lo] _ 
Another bridging hydrogen, associated with the Re(l)-Be(4) bond, is thus in- 
volved. The coordination geometry around the Re(4) atom ciearly indicates the 
presence and location of the fourth hydridic hydrogen, terminally bound to the 
metal. Since hydrido ligands occupy definite coordination sites, their positions, 
when not directly known, have been assigned in many structures, e.g. in 
[HW(OH)(CO),], [II], by inspection of bond angles among the other ligands. 
In the present case the disposition of the equatorial carbonyl groups CO(41), 
CO(43) and CO(44) shows that the hydrogen atom very probably lies Pans to 
the CO(41) group, the C(43)-Re(4)-C(44) angle being much larger, 154(3)“, 
than the other two, 105(3)“, lOl(3)“. 

Because of the poor quality of the intensity data (see Experimental), the 
Re-C distances are too scattered (average 1.84 5) and subject to too great un- 
certainties to be discussed in detail. 

Experimental 

IR spectra were recorded on a Beckman IR 33 spectrometer with Nujol 
mulls and acetone solutions (Table 1). NMR spectra were recorded on a Varian 
NV 14 instrument at 60 MC/S, by using saturated solutions in deuterioacetone, 
with TLMS as internal standard, at 38°C. The data and conditions of measure- 
ments are given in Table 2_ 

Tetraethylammonium tetrahydridoesadecacarbonyl-p-methoxotetrarhenate (I) 
1 g of decacarbonyldirhenium was treated with 10 ml of methanolic potas- 

sium hydroxide solution (3N), and reflwed for a short time (15 min). On addi- 
tion of 5 ml of water, white crystaIs of unchanged Re,(CO),, (42%) separated, 
these were filtered off, and 5 ml of methanolic tetraethylammonium iodide 
(400 mg in 5 ml of methanol), was added to the filtrate and the yellow solution 
was concentrated, until.white crystals of (NEt,)[(CO),Re(OCH,),Re(CO),] [2] 
separated (yield 36%). These were filtered off, and from the filtrate off-white mi- 
crocrystals of (NE&), [H,Re,(OCH,)(CO),,] (yield 14%) were obtained- 
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TABLE 4 

ANALYTICAL DATA 

Compound 

I 

II 

Colour M-p- Analysis found (cakd-) (%) 

C’O 
C H N 

Cream 62 30-4 4.40 2-78 

(30.4) (4.15) (2-60) 

YdIOlX 100 <dec-) 26-4 3.30 2.00 

(26.4) (3.00) (1.93) 

Tefmefh ylammonium tetrah ydridopen tadecacarbon yltetrarhenate (II) 
‘Fo OS g of compound I in 10 ml of ethanol at room temperature was added 

1 ml of water_ On standing, yellow crystals slowly separated, and were shown to 
be (NEt& [H4Re4(C0)15] (II) (40%). The compound is soluble in acetone but in- 
soluble in other common organic solvents_ 

X-ray analysis 
The compound (NEt,), [H,Re,(CO),, 1, lU = 1430.8, gives yellow mono- 

clinic crystals- The crystal data are: a = 11.60(l), b = 20.68(Z), c = 17.97(Z) 8, 
fl= 95”54’(6’), U = 4287.9 K3, Dm = 2.20(2), DC = 2.22 g/cm3, 2 = 4, MO-K, ra- 
diation h = 0.7107 A, ~(Mo-K,) = 119.9 cm-‘_ Space group P2,/c (No. 14) from 
systematic absences_ 

The intensity data were coijected on a Pailred linear equi-inclination diffrac- 
tometer by the w-scan technique at a rate of 2.5” min-* (scan ranges 2.8-3.4”) 
with background counts of 24 set on each side of the scan range. Measurements 
were made in the reciprocal Iattice levels OH-7hZ within the limit 20 < 46”, giv- 
ing a total of 4402 collected reflections_ Three standard reflections were me.uured 
at the end of each layer collection and Showed a strong decay of the crystal up- 
on X-ray irradiation (more than 60% during the whole data collection)_ The in- 
tegrated intensities were correcti for Lorentz, polarization, absorption and de- 
cay effects. A final set of 777 independent reflections, all having o(l)/1 d 0.30, 
was used in the solution and refinement of the st-ructure. The structure solu- 
tion was based on Patterson and Fourier methods. The refinements were carried 
out by the least-squares method with the carbonyl groups constrained in a linear 
Re-C-0 geometry, with a fixed C-O distance of l-16 A_ -4nisotropic thermal 
factors were assigned to the rhenium atoms. The value of the conventional R 
factor is 0.087. 
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