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Abstract 

1,2-Bis[bis(methoxyethyl)phosphino]ethane dioxide (tmepeOz) (1) and its molybdenum(W) complex, MoOzClz (tmepeoz) (2) are 
resistant to acidic hydrolysis in ambient temperatures. The crystal structure of 2 has been determined by X-ray diffraction methods 
and refined by a full-matrix least-squares technique to R = 0.0395 for 2393 independent non-zero reflections. Crystals are 
monoclinic, sp!ce group P2,/c, with four complex molecules in the unit cell of dimensions: a = 14.655(13), b = 8.298(10), 
c = 20.644(28) A, /3 = 108.97(9)“. 

1. Introduction 

It is characteristic for moieties with two methyl- 
ene group chains to be susceptible to degradation. 
Supposedly because of the p-elimination reaction re- 
arrangements such Grignard reagents as CH ,OCH *- 
CH,MgX [ 11, XMgCH,CH,MgX [2] (where X = Cl, 
Br or I) and Ph,PCH,CH,MgCl [3] have not been 
prepared. On the other hand, Grignard reagents such 
as XMgCH,MgX [4], CH,OCH,MgCl [ll, CH,OCH,- 
CH ,CH,MgCl[6] and Ph,PCH,CH,CH,MgCl[3] are 
obtainable without difficulty. However, BrMgCH,CH,- 
CH,MgBr, not obtainable in a direct reaction, is stable 
when prepared 151. 

In a previous paper, we discussed the case of fast 
hydrolytic degradation of the CH,OCH ,CH 2 P(H)- 
moiety and concluded that the unstability of this group 
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depends probably on the intramolecular bifurcated hy- 
drogen bonds than on the carbon-carbon chain length 
[7]. To prove this, we examined the behaviour of the 
oxidized form of that unstable diphosphine, 1,2- 
bis[bis(methoxyethyl)phosphino]ethane dioxide (tmepe- 
O,), in acidic conditions. 

2. Experimental section 

1,2-Bis[bis(methoxyethyl)phosphino]ethane dioxide 
(tmepe0,) was prepared by stirring a DMSO solution 
of tmepe or [tmepeH,] (HSO,), at 60°C or by boiling 
their THF solutions when exposed on air. The product, 
a white amorphous powder, was separated only from 
THF solution by solvent evaporation. The dioxide was 
treated with HCl solutions (range from 1 to 5 N) 
directly in DMSO solution and THF suspension, and in 
the solid state, for over 24 h with stirring at room 
temperature. Solutions were then evaporated in uacu~ 
and ‘H and 31P NMR spectra were recorded on 300- 
MHz Nicolet and Varian VRX 300 spectrometers us- 
ing DMSO-d, as solvent. Pale-green crystals of the 
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compound 2 were isolated from a slowly evaporated, 
air-saturated water/ methanol solution of CsJMoCl,] 
and [tmepeH,l (HSOJ, (1: 2). Crystalline material was 
recrystalized from a 5 N HCl solution. Multi-faced 
crystals for X-ray examination were taken directly from 
the mother liquor. 

3. Crystallography 

Crystal data were (C,,H,,OsP,)C1,MoO,, M = 
557.2, a = 14.655(13), b = 8.298(10), c = 20.644(28) A, 
p = 108.97(9Y, U = 2374(5) A3, 0, = 1.559(4) g cmm3, 
F(000) = 1144, spa$e group P2,/c, Z = 4, Cu Ka radi- 
ation, A = 1.5418 A, ZL = 83.7 cm-‘, T = 293(2) K. 

A KM4 four-circle diffractometer (K-geometry) was 
used. Cell parameters were obtained from a least- 
squares fit of the setting angles of 22 reflections in the 
range 20 < 28 < 30”. The diffraction data were col- 
lected by the 8-28 scan technique with graphite 
monochromatized Cu Ka radiation; 5718 reflections 
up to 8 = 82” were collected. The intensities of three 
standard reflections, which were monitored after 100 
intensity scans, decreased by approximately 20% over 
the period of data collection. The data were resealed 
on the intensities of the standards and corrected for 
Lorentz polarization effects; 2496 reflections with Z > 
3&Z) were used for the structure analysis; Rmerg = 
0.017. The structure was solved by the heavy atom 
method and refined by full-matrix least-squares [8]. 
The H atoms from methyl groups were located from a 
difference Fourier synthesis and refined with the con- 

straint that d(C-H) = 1.08 A. All other H-atoms were 
included in geometrically calculated positions. Neutral 
atom scattering factors were utilized and were cor- 
rected for real and imaginary components [91. The 
function minimized was J$w( I F, I-I F, 1j2, where w = 
l/cr2(F,J. An absorption correction fohowing the DI- 

FABS [lo] procedure was applied; minimum and maxi- 
mum absorption corrections were 0.917 and 1.310, re- 
spectively. The final R and R, values were 0.0395 and 
0.0373 for 2393 merged reflections. For the last cycle of 
the refinement, the maximal value of the A/a ratio 
was 0.17 and the final difference map showed a general 
background within -0.66 and 0.53 e Ae3. The final 
atomic parameters are given in Table 1. 

4. Results and discussion 

1,2-Bis[bis(methoxyethyl)phosphino]ethane dioxide 
was easily obtainable by direct oxidation of the diphos- 
phine but such a product was always impure and “P 
NMR spectra, in spite of the signal characteristic for 
phosphine oxides [ill, showed several small signals 
belonging to impurities. Clear spectra (‘H, 31P NMR) 
were obtained when diphosphine or its hydrosulfate 
had been oxidized in DMSO at 60°C and/or in boiling 
THF. The resulting dioxide showed one resonance 
peak in the 31P NMR spectrum at 46.7 ppm. When the 
solution (DMSO) or suspension (ether) of tmepe0, 
was treated at room temperature with diluted and 
moderately concentrated HCl solution, no changes were 
observed after 24 h. When 1 was treated with concen- 

Fig. 1. The molecular structure of the Mo02CI, (tmepe0,) complex. 
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trated hydrochloric acid (12 N) for over 24 h, some 
unsoluble (DMSO) white material appeared which was 
apparently a hydrolytic product. Solutions and/or sus- 
pensions of tmepe0, remained unchanged when satu- 
rated with gaseous HCl for a prolonged period of time. 
‘H NMR spectra registered from tmepe0, before and 
after HCl treatment were identical [7, Fig. l(c)] and 
confirm that the compound is resistant to hydrolysis 
(acidolysis). Compound 1 is also resistant to hydrolysis 
when coordinated to the metal. The complex MOO-&I, 
(tmepe0,) does not undergo hydrolysis and could be 
recrystallized from HCl solution (5 N) in order to 
improve crystalline features. 

Compound 2 is a monomeric cis-dioxo molybde- 
num(W) complex with a distorted octahedral coordina- 
tion sphere. The overall view of one molecule is shown 
in Fig. 1. The chlorine atoms are mutually frans with 
MO-Cl distances of 2.390(3) and 2.378(31 A (Table 21, 

typical for cis-dioxomolybdenum(V1) complexes [ 121. 
The Cl-MO-Cl angle is 166.0(l)“. This distorsion from 
180” in an ideal octahedron is caused by the repulsive 
influence of a bulky ligand. The bond lengths of Mo- 
O(3) and MO-O(~) are short, 1.719(5) and 1.753(5) A, 
respectively, and correspond well with terminal Mo- 
0(0x0> fragments [12-141. These bond lengths as well 
as the O(3)-Mo-O(4) angle [102.4(3Y] are typical for 
ci.r-dioxomolybdenum(VII) complexes [15-171, where 
they usually have magnitudes of 1.68(3)-1.77(3) A and 
102(l)“, respectively. The remarkable angle widening is 
caused by a strong repulsion of shortly bonded termi- 
nal oxygen atoms [15]. The terminal MO-0(0x0) bonds 
have a strong fruns influence on the MO-O(l) and 
MO-O(~) bond lengths, 2.149(4) and 2.157(7) A, re- 
spectively. There are also examples of even greater 
bond elongation [18]. 

The P-O bonds (Table 2) are of typical length for 

TABLE 2. Selected bond lengths (A), bond angles (“1 and torsion angles for Mo0~C1~~~CH,0CH~CH,~,P~O)CH,CH,P~OXCH~CH,0CH3~21 

MO-Cl(l) 
MO-O(~) 
MO-O(~) 
P(l)-o(l) 
P(l)-Cm 
Pw-c(11) 
P(l)-cx14) 
o(5)-C(12) 
Ow-C(13) 
0(7)-X(22) 
0(7)X(23) 
Cl(l)-MO-Cl(2) 
Cl(l)-MO-O(~) 
Cl(l)-MO-O(~) 
Cl(l)-MO--O(~) 
ClWMo-O(4) 
OWMo-0(3) 
0(l)-MO-O(~) 
O(3)-MO--O(~) 
MO-00)-P(l) 
Ow-Pwc(1) 
o(l)-P(l)-c(11) 
Ow-Pw-c(14) 
c(l)-P(l)-c(11) 
C(l)-PWC(lQ 
c(11)-Pw-c(14) 
P(1)-cx1)-c(2) 
C(12)-OWCX13) 
C(22)-O(7)-C(23) 
c(13)-0(5)-C(12)-C(ll) 
C(23)-0(7)-c(22)-c(21) 
0(5)-c(12)-c(11)-P(1) 
0(7)-C(22)-c(21)-P(2) 
c(12)-c(11)-Pw-o(1) 
c(22w.x21)-P(2)-0(2) 
ow-Pw-Cw-c(2) 
Pm-Cm-C(2)-P(2) 

2.390(3) 
2.149(4) 
1.71X5) 
1.498(5) 
1.799(7) 
1.791(6) 
1.808(8) 
1.413(9) 
1.422(11) 
1.372(12) 
1.39701) 

166.0(l) 
85.5(2) 
84.1(2) 
95.2(2) 
92.4(2) 

169/l(3) 
88.2(2) 

102.4(3) 
156.1(3) 
112.4(3) 
109.5(3) 
112.4(3) 
109.2(4) 
105.1(4) 
108.0(4) 
114.4(5) 
112.0(6) 
111.5(g) 
179.1(11) 
177.6(14) 

- 70.8(10) 
- 69.9(22) 
- 43.002) 
-44.709) 
- 39.2(15) 

74.703) 

MO-Cl(2) 2.378(3) 
MO-O(~) 2.157(7) 
MO-O(~) 1.75X5) 
P(2)-o(2) 1.517(7) 
P(2)-C(2) 1.794(g) 
P(2Kx21) 1.792(8) 
P(2kCX24) 1.819(8) 
o(6)-C(15) 1.379(12) 
o(6)-c(16) 1.337(14) 
O(8)-c(25) 1.381(16) 
0(8)X(26) 1.441(16) 
0(l)-MO-0(2) 79.6(2) 
Cl(2)-MO-O(I) 83.5(2) 
C1(2)-MO-0(2) 85.2(2) 
Cl(2)-MO-O(~) 93.9(2) 
C1(2)-MO-O(~) 96.0(2) 
O(2)-MO-O(~) 89.9(3) 
O(2)-MO-O(~) 167.5(3) 

145.0(5) 
115.8(4) 
110.3(4) 
111.2(5) 
106.7(4) 
104.4(4) 
108.1(5) 
117.3(5) 
115.8(9) 
113.5(10) 

- 83.4(17) 
179.409) 

- 66.3(16) 
- 82.107) 
- 47.904) 
- 56.806) 
- 81.2(13) 
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Fig. 2. The crystal packing of MoO,Cl,~~CH~OCH~CH~~~P~O)CH~~~P~O~CH~~~OCH~~~~. 

phosphine oxides coordinated to the metal centres and 
the small elongation in respect of free phosphine oxide 
is a result of coordination [19,20]. 

The diphosphine dioxide is a bidentate ligand which, 
when not coordinated, may have been centrosymmetri- 
cal, similar to the isostructural ethanediylbis(diphenyl- 
phosphonium)-PH, P’H’ cation described earlier [211. 
In complex 2, the structure of tmepe0, is strongly 
deformed to be capable of bidentate coordinating. The 
degree of the deformation can be judged by a compari- 
son of suitable torsion angles. Thus, the P(l)-C(l)- 
C(2)-P(2) torsion angle of 74.703)’ shows the extent of 
the ethylene bridge twist, while the others, 0(1)-P(l)- 
C(l)-C(2) of - 39.2(15)0 and O(2)-P(2)-C(2)-C(1) of 
-81.203)” show the direction and extent that P-O 
moieties are bent up to adjacent octahedral corners. It 
is interesting that the greater torsion angle of the latter 
is related to the greater bend of the P-O-MO frag- 
ment [smaller angle, 145.OW] whereas the smaller one 
refers to the smaller bend of P-O-MO [wider angle, 
156.1(3)“1. In the diphosphine dioxide, three of its four 
methoxyethyl substituents are structurally similar hav- 
ing local truns geometry. The last one has a methyl 
group perpendicular to the plain defined by three 
atoms, O(6), C(15), and C(14) [torsion angle c(16)- 
o(6)-C(15)-C(14) -83.4(17)“1 (see also Fig. 1). This 

may be caused by ligand-ligand interactions and crys- 
tal packing forces (see Fig. 2). 
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