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ABSTRACT

Bidentate complexes between [Mo,(O,CCHj,),] and suitable diols from the
sugar series show Cotton effects around 500 to 450 (CD band I), 400 (II), 350 (I1I),
and 300 nm (IV), and additional effects at still shorter wavelengths. The sign of
Cotton effect IV is identical with the sign of the torsional angle HO-C-C-OH for
vic-diols. With this rule the absolute configurations of open-chain vic-diols of the
threo-configuration and of vicinal primary-secondary diols can be determined with
small amounts of substance; for the application of the rule the torsional angle(s)
HO-C-C-C should be fixed at 180°. Cotton effect III is only strong for vic-diols
having a pyranose ring if no axial RO group is adjacent to the glycol moicty. Com-
plexes of diols of pyranose structure carrying free hydroxyls at C-4 and C-6 show
much smaller 4¢ values.

INTRODUCTION

The acetate ligands of the complex [Mo,(O,CCH,),] (1) in solution are
kinetically labile and can easily be exchanged for other acyl residues. If these are
chiral and all of same handedness the corresponding complexes are optically active
and several Cotton effects can be measured?. As we have shown, other (nonacidic)
bidentate ligands such as glycols? or amino alcohols® can form optically active com-
plexes, and even some monodentate chiral ligands (thiophosphinic and thio-
phosphonic acid derivatives?, not too sterically hindered amines?) may complex and
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generate similar c¢.d. spectra. Summaries of the chiroptical properties of such com-
plexes with 1 and the analogous Rh- or Ru-acylates have recently appeared?.

The signs of the two or three Cotton effects in the approximate range 400 to
300 nm are particularly suitable for evaluation. Sector rules have been presented
for the acyl ligands?3, and the usefulness of this in situ method for determining the
absolute configurations of simple aliphatic glycols, e.g. lipids having a 1-monosub-
stituted glycerol structure, could be shown®. Herein we describe the chiroptical
properties of such in situ complexes formed from 1 and sugar glycols having a
pyranose structure, which actually furnished the basis for the aforementioned rule.

RESULTS

Structure of the complexes. — Although a number of related crystal structures
have been determined by X-ray diffraction’; no structure of a complex with an
appropriate giycol or aminoalcohol has been elucidated. Glycols must complex
through both oxygen atoms, as optically active monoalcohols or even monoethers
of otherwise complexing glycols do not induce Cotton effects. Besides inter-
molecular binding, which at least in-dilute solutions cannot be important, one can
envisage the bidentate ligation of a glycol on reaction with 1 in one of three ways:
1) along the Mo=Mo bond (“parallel”), 2) with two neighbouring oxygen atoms
attached to one Mo atom of the original complex (“perpendicular™), and 3)
between one of these positions and the axial one of the same Mo atom. The first
two structures are illustrated in Fig. 1. The latter structure seems not very probable
since (contrary to the situation with complexes containing Rh, or Ru,) axial oxygen
is only very weakly bound in an acyl complex of type 1 (ref. 1).

The O---- O distance of a vic-glycol varies with the torsional angle. As rigid
glycols like the cholestane-2,3-diols®” form optically active complexes, and the
same is true for our vic-glycols of the sugar series, a torsional angle O-C-C-O of
about +60° must be well suited for ligation, leading to d,....o of ~340 to 350 pm,
whereas d,... o along the Mo, quadruple bond in the "stock™ complex 1 is ~220
pm, and between two neighbouring oxygens at one Mo ~300 pm. Either of the two
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Fig. 1. Structure of complex 1 (left), and schematic drawings of possible bidentate ligations of an a-
glycol in the “parallel” (middle) and “perpendicular” mode (right). In both cases a negative torsional
angle (HO-)C-C(-OH) is assumed. If the alcoholic hydrogen atoms of the glycol are retained then
these complexes would have charge +1. If in the perpendicular mode instead of one cyclic acetate
moiety two are bound in a unidentate fashion to the right Mo, then this complex would be neutral,
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mentioned ligation modes thus necessitates some deviation from the original
geometry, which could most easily be achieved by changing somewhat the C~O-Mo
bond angles. Ligation of the second type is found in the related complex
[ReCl,ReCl(H,CSCH,CH,SCH,),] (ref. 8); the torsional angle S-C-C-S is 61.1°.

In such complexes there is usnally no differentation possible between the
directions of the two nonbonding electron pairs of different MO-energies on
oxygen; for two somewhat related copper—aminoalcohol complexes the Cu—O bond
is inclined by 146° and 132°, respectively, in relation to the C~O-H plane®, and
molecular models show that similar angles could easily be possible in the glycolo-
molybdenum complexes. In a “parallel” complex the Mo,O; moiety may also
become inherently chiral by changing its “inner” torsional angle O-Mo=Mo-O
from the original value of 0° and thereby reducing its symmetry from D, to D,.
Such a twist has recently been found in a complex with chiral acylate ligands, but it
was very small'?. For complexes with a glycol as ligand this should become notice-
able only if several acetates are replaced by glycol moieties, because such a twist
will at the same time weaken the bonding to the still present acetate residues. Thus
the most probable structures remain the “paraliei” complex having a chiral six-
membered ring, or the “perpendicular” one having a chiral five-membered ring,
both containing a (practically) achiral chromophore (Fig. 1). In such molecules it is
mainly the helicity of the ring that determines the signs of the Cotton effects, and
this in turn is determined by the absolute configuration of the glycol moiety.

In the complexes each glycol replaces one acyl moiety, which dissociates into
solution, rendering the complex positively charged, although in the “perpendicu-
lar” complex one end of each of two acetate residues replaced, the complex neutral
(see Fig. 1). As we have to work in dimethyl sulfoxide (DMSO) solution because
of solubility problems the solvent could, however, set the acetate residue(s) com-
pletely free, giving rise to a charged cluster; axially solvated complexes with DMSO
are known for similar Rh compounds!!. No dramatic differences in the u.v.-visible
spectra were caused by the replacement of acylate ligands by glycol moieties. This
proves that no great changes of the chromophoric system Mo,0; accompany such
a ligand exchange; one could take this as an indication that, predominantly, only
one glycol moiety is entering the complex.

It was observed, however, that band shapes and band positions in the c.d.
spectra depend somewhat on the type of the glycol (pri-sec, sec-sec, or sec-tert).
Results obtained for one class should not be transfered uncritically to another class
for the determination of absolute configuration. Also the magnitude of the torsional
angle plays some role, as was found out by measuring the c.d., in presence of 1, of
a few furanosidic glycols. Here we confine ourselves to pyranosides.

For sec-sec vic-glycols we did not notice a marked dependence of the c.d.
curve on either the concentration ratio (“stock complex™: glycol) or on time. Only
for ligands containing a primary CH,OH moiety did the c.d. in a few cases change
shape and magnitude after the solution had stood for several hours at room
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temperature. Such solutions give final c.d. readings more quickly if the solution is
warmed to ~50° for 30 to 50 min. Such a change of the c.d. may be caused by the
existence of an equilibrium between different structures (e.g. between the
“perpendicular” and the “parallel” one), both containing only one glycol residue or
between the mono- and some oligo-glycolo complexes. Because of the several
different complexes that might be present in solution and the unknown stability
constant of each, Job’s method!? cannot be applied. What is needed is to isolate a
complex crystalline in order to have its structure determined by X-ray diffraction.
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Correlation between absolute conformation and c.d. — A. vic-Glycols. The

three related rhamnopyranosides 2-4, having the 2a, 3e conformation, in the
presence of 1 give the strongest Cotton effect around 300 nm (band IV), of positive
sign, corresponding to the sign of the respective torsional angle (Table I; see Fig. 2
for the c.d. of 4). A Cotton effect of about 1/4 the magnitude and the same sign is
recognized around 400 nm (band II), and between these two a negative band (I1I)
can just be detected. This is the typical picture found for sec-sec 1,2-glycols having
a torsional angle of about +60°. Additional c.d. bands appear between 500 and 450
nm (very small, band I) and below 270 nm (strong, maximum not reached), and
they are also positive.

The diequatorial 2,3-diols 5-11 (positive torsional angle) all show similar c.d.
curves between 550 and 280 nm, with Cotton effect I'V always being the largest
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Fig. 2. C.d. of the complexes of 1 with 4 (—¢—), 7 (—), and 8 (--—-) in DMSO.

positive one in this wavelength range (Table I; see Fig. 2 for the c.d. of 7 and 8).
The magnitudes of the other effects vary appreciably from compound to compound
however, for 5, 7, and 9 the negative Cotton effect IIl is even stronger than Cotton
effect IV, whereas for 6 this same c.d. band is barely recognized and appears in the
spectrum only as a positive minimum instead of a negative maximum. Whenever
there is at least one axial C—O bond next to the glycol moiety then this 340 nm
Cotton effect becomes quite small. This regularity holds also for 2-4, whereas no
simple correlation between structure and the Cotton effect around 500 nm could be
found. The additional ¢.d. bands observed below 280 nm cannot be taken as
characteristic for the glycol complex because of the presence of one or more
benzenoid chromophores in the molecules studied.

The torsional angle in the axial-equatorial diol 13 is negative, and the c.d.
spectrum of its complex with 1 is indeed enantiomorphous to that of the hitherto
described curves (Table I). With the axial methoxy group at C-1 the magnitude of
the positive 350 nm Cotton effect is, as expected, less than 20% of that of band IV.
The c.d. of the diequatorial glycol 14 in presence of 1 is somewhat anomalous, as
Cotton effect II is very small and negative, but the strong positive band IV has as
usual the same sign as the torsional angle of the diol moiety. A c.d. band III cannot
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be recognized in the spectrum, in agreement with the presence of an axial RO
group at C-2. In both the equatorial-axial diols 15 and 16 the determining torsional
angle is positive, and so are the signs of Cotton effects II and IV. C.d. band III, of
negative sign, is also distinctly visible, again in agreement with the general findings.
For 16 Cotton effect I is, on the contrary, negative; as in the case of complexes
between 1 and chiral acids® a more complicated sector rule may govern this Cotton
effect.

The c.d. of the complex with the diequatorial diol 17 (Fig. 3) of negative
torsional angle HO-C—C-OH shows an anomaly similar to that of 14, although
again the sign of the c.d. band IV reflects correctly the absolute helicity of the diol
moiety. Also Cotton effect III is present with the correct (positive) sign and of
magnitude comparable to that of Cotton effect IV, although in the presence of an
unusually strong positive Cotton effect II it is observed only as a shoulder.

In each of these glycols the absolute conformation of the vic-diol moiety can
be determined unequivocally from the sign of Cotton effect IV; Cotton effect I11
gives additional information about the presence or absence of an axial RO group
next to the diol structure.

B. 1,3-Glycols. All the available 1,3-glycols were 4,6-diols in the sugar series,
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Fig. 3. C.d. of the complexes of 1 with 17 (------) and 19 (—) in DMSO. The mark on the A¢’ scale is
at 0.07 for 17 and 0.005 for 19.

being thus of the pri-sec type. Irrespective of the configuration at C-4 the ligating
unit HO-C-6-C-5-C-4-OH, including even the ring oxygen, is locally achiral. The
measured Ag’ values (Table ) are therefore relatively small, and the appearance of
the c.d. spectra in the presence of 1 differs appreciably from that of the complexes
with the vic-glycols. For the four related compounds 18 to 21 c.d. band I is always
distinctly observable and negative, Cotton effect II around 420 nm is the strongest
and is also negative, and the quite small and positive c.d. band IV appears around
284 nm. Except in the c.d. of 19 (Fig. 3) no band III was found, not even as
shoulder. Only a very small amount of benzy! 3-O-benzyl-2-O-methyl-a-D-manno-
pyranoside was at hand, but above 350 nm the same Cotton effects could be de-
tected for its complex with 1 as with 18-21.

The OH at C-4 is axially arranged in 22, and only a very weak positive Cotton
effect I could be observed for its complex with 1. The reversal of sign with respect
to the corresponding band of 18-21 might be due to the opposite configurations and
conformations at C-4, but with only a single example available we would not like
to generalize this observation.

C. Some other related diols. Open chain sec-sec vic-diols can adopt two con-
formations having a torsional angle HO-C-C-OH of +60° in one the torsional



158 A. LIPTAK. J. FRELEK, G. SNATZKE, I. VLAHOV

angle C-C-C-C is 180°, in the other +60°. It is the latter, which is preferred in
complexes with 1 as has been found experimentally®. that seems reasonable when
deducing steric interactions in the complex from molecular models. With the xylitol
derivative 23 this preferred conformation ieads to a negative torsional angle HO-
C—C-OH, and in accord with this Cotton effects I1 and IV are negative. and 11
(observed only as a minimum) is positive (Table 1). C.d. band I is negative for this
complex.

Also pri-sec chiral vic-diols give c.d. effects in presence of 1, and again it is
Cotton effect IV from which the stereochemistry can be deduced®. The preferred
conformation in the complex is the one for which the torsional angle HO-CH.~-C-C
is about 180°. For both diols 24 and 25 the configuration at C-5 is R. The conforma-
tional requirements select a positive torsional angle HO-C-C--OH. and the positive
Cotton effect 1V is in agreement with this. C.d. bands II are for both complexcs of
negative sign. A c.d. band III cannot be identified in the spectrum of the complex
from 25; in case of 24 a positive band il might perhaps be present as indicated by

a shoulder.
In conclusion, the circular dichroism of complexes between 1 and glycols in
the pyranoside series is a very useful tool for the determination of stereochemistry

wnth ¢ 51
il diua

EXPERIMENTAL

C.d. measurements and presentation of results. — The c.d. spectra were
measured between 800 and 230 nm with a dichrograph Mark 1II (ISA-Jobin-Yvon),
connected on-line to a PDP-8/¢ computer (computer resolution 1 data point per
nm). To a stock solution of ~6.4 mg of 1 in 10 mL of DMSO (stable at least 3 days
when stored at 4°) solid sugar was added so that the molar ratio of the stock
complex to the glycol was ~1:0.8 to 1:2.5. As the true concentrations of the
individual optically active complexes are not known we give here apparent As'
values, calculated for the total ligand concentration. Severely sterically hindered
glycols or those which for other reasons complex only weakly will show much
smaller A’ values than the better complex formers. Quantitative interpretation of
these Az’ values is anyway not necessary for the purpose of determining absolute
configuration, but semiquantitative correlations are possible for glycols of very
similar structures. The values are summarized in Table 1.

Comparison of ¢.d. curves of related compounds reveals that occasionally a
maximum between two others of opposite sign appears only as a ¢.d. minimum.
Interpretation of a c.d. curve in such cases is often assisted by concomitant
inspection of its first derivative (cf. Fig. 4 of ref. 6). This was obtained with the help
of the Golay-Savitzky algorithm (cf. e.g. ref. 13), which was also used for curve
smoothing.



GLYCOL COMPLEXES WITH [Mo,(O,CCH,),] 159

REFERENCES

1 N. BEROVA, B. KURTEV, AND G. SNATZKE, Croat. Chem. Acta, in press.
2 G. SNATZKE, U. WAGNER, AND H. P. WoLFF, Tetrahedron, 37 (1981) 349-361.
3 J. ENGEL, R. GEIGER, G. SNATZKE, AND U. WAGNER, Chem.—Ztg., 105 (1981) 85-87.
4 J. OMELANCZUK AND G. SNATZKE, Angew. Chem., 93 (1981) 815-816; Angew. Chem., Int. Ed.
Engl., 20 (1981) 786-787.
S J. FRELEK, A. PERKOWSKA, G. SNATZKE, M. TiMA, U. WAGNER, AND H. P. WoOLFF, Spectrosc. Int.
J., 2 (1983) 274-295; J. FRELEK, Zs. MAJER, A. PERKOWSKA, G. SNATZKE, 1. VLAHOV, AND
U. WAGNER, Pure Appl. Chem., 57 (1985) 441-451; W. DIeNER, J. FRELEK, M. GERARDS,
Zs. MAIER, A. PERKOWSKA, G. SNATZKE, AND U. WAGNER, Proc. FECS Int. Conf. Circular
Dichroism, Sofia, Sept. 21-25, 1985, Vol. 6, p. 10.
6 J. FRELEK AND G. SNATZKE, Fresenius’ Z. Anal. Chem., 316 (1983) 261-264.
7 cf. F. A. CorToN AND R. A. WALTON, Multiple Bonds between Metal Atoms, Wiley, New York,
1982.
8 M. J. BENNETT, F. A. CoTTON, AND R. A. WALTON, Proc. R. Soc. London, Ser. A, 303 (1968)
175-192.
9 J. A. BERTRAND, E. FunTa, AND D. G. VANDERVEER, Inorg. Chem., 19 (1980) 2022-2028.
10 F. A. CottON, L. R. FALVELLO, AND C. A. MURILLO, Inorg. Chem., 22 (1983) 382-387.
11 F. A. CorroN AND T. R. FELTHOUSE, Inorg. Chem., 19 (1980) 2347-2351.
12 P. JoB, Ann. Chim. Phys., 9 (1928) 113-203.
13 D. Ziessow, On-line Rechner in der Chemie, de Gruyter, Berlin, 1973, p. 345.
14 A. LipTAK, P. NANASI, A. NESZMELYI, AND H. WAGNER, Tetrahedron, 36 (1980) 1261-1268.
15 A. H. HaNgs, Carbohydr. Res., 10 (1969) 466-467.
16 A. LipTAK, P. FOGEDI, AND P. NANASI, Carbohydr. Res., 65 (1978) 209-217.
17 F. MICHEEL, A. KLEMER, AND R. FLITSCH, Chem. Ber., 91 (1958) 663-667.
18 A. LIPTAK, unpublished result.
19 A. KLEMER, Chem. Ber., 92 (1959) 218-226.
20 T. D. INcH AND G. 1. LEws, Carbohydr. Res., 22 (1972) 91-101.
21 J. R. TURVEY AND T. P. WiLLIAMS, J. Chem. Soc., (1962) 2119-2122.
22 A. LipTAK, 1. JODAL, J. HARANGI, AND P. NANASI, Acta Chim. Acad. Sci. Hung., 113 (1983) 415
422,
23 A. LIpTAK AND P. FUGEDI, Angew. Chem., 95 (1983) 245-246; Angew. Chem., Int. Ed. Engl., 22
(1983) 255-256.
24 G. J. ROBERTSON AND R. A. LaMB, J. Chem. Soc., (1934) 1321-1322.
25 A. LIPTAK, L. JANOSSY, J. IMRE, AND P. NANAsI, Acta Chim. Acad. Sci. Hung., 101 (1979) 81-92.
26 J. HirscH AND P. KovAc, Chem. Zvest, 27 (1973) 816-820.
27 P. NANASI AND A. LIPTAK, Magy. Kém. Lapja, 80 (1974) 217-225.
28 E. J. BOURNE AND S. PEAT, Adv. Carbohydr. Chem., 5 (1950) 145-190.
29 R. E. REEVES, J. Am. Chem. Soc., 70 (1948) 3963-3964.
30 A. LipTAK, A. NESZMELYI, P. KOVAC, AND J. HIRrscH, Tetrahedron, 37 (1981) 2379-2382.
31 A. LietAK, Carbohydr. Res., 107 (1982) 296-299.
32 R. B. DUFF AND E. G. V. PERCIVAL, J. Chem. Soc., (1947) 1675-1678.



