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Novel cyclic tetraselenides of mannose: synthesis
and mechanistic studies
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Abstract—In this Letter, we disclose the synthesis of novel cyclic tetraselenides starting from mannose which are very unusual and
rare and have been synthesised for the first time. The structures are confirmed by X-ray analysis. The reactivity of the reagent
tetraethylammonium tetraselenotungstate, (Et4N)2WSe4 has been compared with the well-known selenium transfer reagents Li2Se2

and Na2Se2. A tentative reaction mechanism has been proposed.
� 2007 Elsevier Ltd. All rights reserved.
Selenium-containing compounds have found interesting
and important roles as new generation pharmaceuticals,
antioxidants, anti-inflammatory agents, etc.1 Selenium-
containing glycosides have also been identified as effi-
cient antiviral and antitumour compounds.2 In addition
to the above, selenoglycosides have been efficiently used
as glycosyl donors in various oligosaccharide syntheses.3

Polychalcogenides are very attractive due to their chem-
ical reactivity, oxidative properties and their occurrence
in marine natural products.4 There are only a few
reports on the synthesis of polychalcogenide derivatives
in aliphatic and aromatic systems.5,6 To the best of
our knowledge, there are no reports on polychalco-
genide derivatives of carbohydrates. In this Letter, we
report a class of novel cyclic tetraselenides 5, 6 and 12
synthesised from DD-mannose using tetraethylammonium
tetraselenotungstate 1, (Et4N)2WSe4 as an efficient
selenium transfer reagent.7

DD-Mannose 2 was initially converted into its correspond-
ing anomeric esters 3a–c which on treatment with HBr/
AcOH under standard conditions led to the formation
of the corresponding bromides 4a–c.8 The mannosyl
bromides 4a,b were treated with tetraselenotungstate 1
(2 equiv, CH3CN, 28 �C, 8 h) to furnish the novel, cyclic
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tetraselenides9 5a and 5b, respectively (Scheme 1).10 The
1,5-trans-substituted structures of 5a and 5b were con-
firmed by X-ray crystallography (Fig. 1).11

These tetraselenides 5a and 5b are unusual and the first
cyclic tetraselenides reported with a carbohydrate back-
bone. In the reaction of benzoyl-protected anomeric
bromide 4c with tetraselenotungstate 1, apart from the
formation of tetraselenide 6 as the major product, the
formation of selenolevomannosan 7 (19%) as a minor
product was also observed (Scheme 1).

A tentative mechanism for the formation of tetrasele-
nide 5a is given in Scheme 2. Participation of the axial
acetate group in 4a can lead to the formation of interme-
diate oxonium ion 8. Nucleophillic attack of tetraseleno-
tungstate 1 from the axial side results in the formation of
intermediate 9. It is possible to visualise displacement of
the tosylate at C-5 with another molecule of 1 to give
rise to the bis-alkylated species 10.

It is believed that this intermediate 10, in an internal
redox process,12a–d can lead to the formation of 1,5-
trans-substituted tetraselenide 5a. A related cyclisation
to form a polyselenide chain has been reported previ-
ously by Harpp et al.5

The reaction of bromo compound 11 synthesised from
mannose 213 (lacking neighbouring group participation)
with 1 (CH3CN, 28 �C, 8 h) gave exclusively the 1,5-cis-
substituted cyclic tetraselenide 12 (Scheme 3) and not
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Figure 1. ORTEP diagrams of 5a and 5b (hydrogens are not shown for clarity).
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product 13. The proposed mechanism for the formation
of 12 is given in Scheme 4. The 1,5-diaxially substituted
structure of 12 was supported by the B3LYP method 6-
31G* (6-31G(d)) level calculations.14 Structure 12 was
more stable than the equatorial structure 13 by 6 kcal/
mol. The 77Se NMR chemical shift value of the signifi-
cant anomeric selenium atom (Se1) of the axial structure
12 is very similar to that of the other tetraselenides (Ta-
ble 1). The selenium attached to the anomeric carbon in
12 shows a 77Se NMR absorption at d 714 which is close
to the anomeric 77Se signals for compounds 5a; d 720,
5b; d 716 and 6; d 720.

Reaction of mannosyl bromide 4c with one equivalent
of tetraselenotungstate 1 (CH3CN, 4 h, 28 �C) led to
the formation of a relatively unstable diselenide 1615

(Scheme 5). In order to compare the reactivity of the
selenium transfer process, it was decided to react the
mannosyl bromide 4c with other selenium transfer re-
agents such as Na2Se2

16 and Li2Se2.17 When bromide
4c was treated with freshly prepared Li2Se2

17 (2 equiv,
THF, 28 �C, 10 min) in the presence of a catalytic
amount of t-BuOH, only diselenide 1615 (Scheme 5)
was obtained, which was not very stable under the reac-
tion conditions.

The above observations reveal that tungsten participates
in the formation of tetraselenides 5 and 6. In the reac-
tion of 4c with the reagents such as Na2Se2 and Li2Se2,
not even a trace of tetraselenide 6 was detected in the
product. To gain further insight into the reactions with
tetraselenotungstate 1, the reagent before and after reac-
tion was studied by XPS, which showed the presence of
at least two different oxidation states of tungsten [W(V)
and W(VI)]. Since the powder patterns and XPS did not
give any clear indications, there could possibly be
formation of some kind of polymeric species derived
from 1 after the reaction.

In summary, a new class of novel, cyclic tetraselenides
has been synthesised in high yields using tetraseleno-
tungstate 1 as an efficient selenium transfer reagent.
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Table 1. 77Se NMR Chemical shifts (76 MHz, CDCl3)

Tetraselenide 77Se NMR (d ppm)

5a 720.2, 635.9, 472.8, 468.4
5b 715.6, 633.8, 469.7, 468.8
6 719.6, 634.1, 470.9, 466.8
12 714.0, 638.1, 472.4, 462.2

(Et4N)2WSe4 1,
1 equiv, CH3CN

4 h, 74%

4c Complex mixture

Li2Se2/ THF

t-BuOH, 1 h, 
72%
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Scheme 5.
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These tetraselenides are the first of their kind where all
four selenium atoms are arranged in a cyclic manner
as the backbone of mannose. The utility of these tetra-
selenides in carbohydrate chemistry is currently under
investigation.
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density 0.661/�0.362 e Å�3. CCDC number 287584. Crys-
tallographic data (excluding structure factors) for the
structures in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supplemen-
tary publications. Copies of these data can be obtained,
free of charge, on application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44(1223)336033 or
e-mail: deposit@ccdc.cam.ac.uk or via www.ccdc.cam.
ac.uk/conts/.

12. (a) Pan, W. H.; Harmer, M. A.; Halbert, T. R.; Stiefel, E.
I. J. Am. Chem. Soc. 1984, 106, 459–460; (b) Coyle, C. L.;
Harmer, M. A.; George, G. N.; Daage, M.; Stiefel, E. I.
Inorg. Chem. 1990, 29, 14–19; (c) Boorman, P. M.; Wang,
M.; Parvez, M. J. Chem. Soc., Chem. Commun. 1995, 999–
1000; (d) Kruhkak, N. L.; Wang, M.; Boorman, P. M.;
Parvez, M. Inorg. Chem. 2001, 40, 3141–3148.

13. Sondheimer, S. J.; Eby, R.; Schuerch, C. Carbohydr. Res.
1978, 60, 187–192.

14. Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G.
E.; Robb, M. A.; Cheeseman, J. R.; Zakrzewski, V. G.;
Montgomery, J. A., Jr.; Stratmann, R. E.; Burant, J. C.;
Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin, K. N.;
Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,
M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.;
Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.;
Cui, Q.; Morokuma, K.; Rega, N.; Salvador, P.; Dannen-
berg, J. J.; Malick, D. K.; Rabuck, A. D.; Raghavachari,
K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Baboul,
A. G.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.;
Komaromi, I.; Gomperts, R.; Martin, R. L.; Fox, D. J.;
Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara,

http://www.ccdc.cam.ac.uk/conts/
http://www.ccdc.cam.ac.uk/conts/


K. Sivapriya et al. / Tetrahedron Letters 48 (2007) 2091–2095 2095
A.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen,
W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.; Head-
Gordon, M.; Replogle, E. S.; Pople, J. A. GAUSSIAN 98GAUSSIAN 98,
Revision A.11.3; Gaussian: Pittsburgh, PA, 2002.

15. Diselenide 16 was characterised by 77Se NMR (d 329)
and HR-MS and was found to be unstable and gave rise to
a complex mixture of products on storage at room
temperature (28 �C).

16. Klayman, D. L.; Griffin, S. T. J. Am. Chem. Soc. 1973, 95,
197–199.

17. Gladsz, J. A.; Hornby, J. L.; Garbe, J. E. J. Org. Chem.
1978, 43, 1204–1208.


	Novel cyclic tetraselenides of mannose: synthesis and mechanistic studies
	Acknowledgements
	References and notes


