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ABSTRACT. The synthesis and the stereochemistry of some new 2,4,8,10-
tetraoxaspiro[5.5]undecane derivatives are reported. The structural analysis carried out 
using NMR investigations revealed the anancomeric structure of the compounds and 
the influence of the chirality of the spirane skeleton.  

 
 
 

INTRODUCTION 
 Many spiro and polispiro compounds with saturated six-membered 
rings were studied in connection with their structural behavior.1-10 The 
investigations of these compounds revealed the helical chirality of the 
spirane skeleton and the anancomeric or flipping conformational behavior 
of the compounds in correlation with the nature of the substituents located 
at the extremity of the spirane skeleton.1-4,10 In polyspirane the helix turns 
identical with itself after each fourth six-membered ring. Many spiro 1,3-
dioxane compounds, derivatives of pentaerythritol were synthesized for 
various applications in material sciences,11 as chiral reagents,12 and drugs13.  
 We considered of interest to obtain new derivatives with larger 
aromatic moieties and to investigate the influence of the aromatic part on 
the stereochemistry of the heterocyclic compounds.  
 

RESULTS AND DISCUSSIONS 
New 2,4,8,10-tetraoxaspiro[5.5]undecane derivatives were obtained 

by the condensation reaction of pentaerythritol with appropriate aromatic 
aldehydes (Scheme 1). 
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Scheme 1 

 
 The structural analysis was carried out using NMR investigations. The 
spectra of compounds 1-4 exhibit different signals for the axial and equatorial 
protons of the 1,3-dioxane rings (Table 2) and prove the anancomeric structure 
of these compounds. On the other side positions 1(11) and 5(7) are 
diastereotopic as a consequence of the chirality of the spirane skeleton. 
 The conformational equilibrium involving the heterocycles is shifted 
toward the conformer exhibiting the aryl group in equatorial orientation and 
the stable enantiomers of the compound are shown in Scheme 2. 
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 The equatorial preference of the naphthyl groups is in agreement 
with the high conformational enthalpy of the aromatic substituents located 
at the position 2 of the 1,3-dioxane rings14-16. 
 

Table 2.  
NMR data for compounds 1-4 

 
1(11)-H 5(7)-H Compound/Solvent 

ax. eq. ax. eq. 
1/ CDCl3 3,91 4,93 3,71 3,88 

2/ (CD3)2SO 3,80 4,18 3,65 3,80 
3/ (CD3)2SO 4,25 4,80 3,98 3,98 
4/ (CD3)2SO 3,96 4,88 3,80 3,96 

 
CONCLUSIONS 
Spiranes with aromatic substituents at the extremities of the spirane 

skeleton exhibit anancomeric structures. The aromatic groups prefer the 
equatorial orientation. Despite the size of the naphtalene ring and of the 
substituents located on it, the rotation of the naphtalene unit is not hindered.  
 

EXPERIMENTAL 
1H-NMR (300 MHz) spectra were recorded at rt in CDCl3 or in 

(CD3)2SO on a Bruker 300 MHz / 400MHz spectrometer, using the solvent 
line as reference.  

Melting points were measured with a Kleinfeld melting point 
apparatus and are uncorrected. Chemicals were purchased from Aldrich or 
Acros and were used without further purification.   
 

General procedure for the synthesis of compounds 1-4 
 (25 mmol) pentaerythritol and (50 mmol) aromatic aldehyde with 
catalytic amounts of p-toluenesulphonic acid (0.1 g) were solved in 150 mL 
benzene. The mixture was refluxed and the water produced in the reaction 
removed using a Dean-Stark trap. When 80 % of the water had been 
separated, the mixture was cooled to room temperature and the catalyst 
was neutralized (under stirring 0.5 h) with Na2CO3 powder in excess (1 g). 
After filtration, the solvent was removed and the crude products were 
purified by crystallization from ethanol or methanol.  

 
3,9-Bis-(biphenyl)-2,4,8,10-tetraoxaspiro[5.5]undecane 1 
White solid, m.p.=217-219°C, yield 47.3%. C 31H28O4 (464.56), calc. 

80.15 C, 6.08 H, found 80.04 C, 6.27 H. 1H-NMR  (300 MHz,CDCl3, δ ppm  ): 
3.71 (2H, d, J = 11.5 Hz, 5,7-Hax), 3.88 (2H, dd, J = 11.5 Hz, J = 2.4 Hz, 5,7-Heq), 
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3.91 (2H, d, J = 10.4 Hz, 1,11-Hax), 4.93 (2H, dd, J =  10.4 Hz, J = 2.4 Hz, 
1,11-Heq), 5.55 (2H, s, 3,9-H), 7.20-7.80 (18 aromatic H, overlapped peaks) 
 

3,9-Bis-(5-nitro-1-naphthyl)-2,4,8,10-tetraoxaspiro[5.5]undecane 2 
Yellow solid, m.p.=255-258°C, yield 55.2%. C 29H30N2O8 (534.56), calc. 

65.16 C, 5.66 H, 5.24 N, found 64.70 C, 5.90 H, 4.90 N. 1H-NMR (300 MHz, 
(CD3)2SO, δ ppm  ): 3.65 (2H, d, J = 11.0 Hz, 5,7-Hax), 3.80 (4H, overlapped 
peaks, 1,11-Hax, 5,7-Heq), 4.80 (2H, d, J = 11.0 Hz, 1,11-Heq), 5.60 (2H, s, 3,9-H), 
7.50-8.40 (12 aromatic H, overlapped peaks) 
 

3,9-Bis-(8-nitro-1-naphthyl)-2,4,8,10-tetraoxaspiro[5.5]undecane 3 
Yellow solid, m.p.=178-180°C, yield 60.8%. C 29H30N2O8 (534.56), calc. 

65.16 C, 5.66 H, 5.24 N, found 65.30 C, 5.70 H, 5.10 N. 1H-NMR  (300 MHz, 
(CD3)2SO, δ ppm  ): 3.98 (4H, overlapped peaks, 5,7-Hax, 5,7-Heq), 4.25 (2H, d, 
J = 10.4 Hz, 1,11-Hax), 4.80 (2H, d, J = 10,4 Hz, 1,11-Heq), 6.25 (2H, s, 3,9-H), 
7.70-7.80 (12 aromatic H, overlapped peaks). 
 

3,9-Bis-(5-nitro-2-naphthyl)-2,4,8,10-tetraoxaspiro[5.5]undecane 4 
White-yellow solid, m.p.=210-212°C, yield 48.8%. C 29H30N2O8 (534.56), 

calc. 65.16 C, 5.66 H, 5.24 N, found 65.20 C, 5.50 H, 5.10 N. 1H-NMR (400 
MHz, (CD3)2SO, δ ppm  ): 3.80 (2H, d, J = 11.2 Hz, 5,7-Hax), 3.96 (4H, 
overlapped peaks, 1,11-Hax, 5,7-Heq), 4.88 (2H, d, J =  11.4 Hz, 1,11-Heq), 
5.71 (2H, s, 3,9-H), 7.75 – 8.78 (12 H, overlapped peaks). 

 
 

REFERENCES 
 
 

1. Grosu I., Mager S., Plé G., Horn M., J. Chem. Soc. Chem. Commun. 1995, 
167-168 

2. Grosu I., Mager S., Plé G., J. Chem. Soc. Perkin Trans. 2 1995, 1351-1357 
3. Grosu I., Mager S., Plé G., Mesaroş E., Gegö C., Dulău A.,  Rev. Roum. Chim.  

1999, 44, 467-473 
4. Grosu I., Mager S., Plé G., Mesaros E., Tetrahedron 1996, 52, 12783-12798 
5. Grosu I., Plé G., Mager S., Martinez R., Mesaros C., Camacho B., 

Tetrahedron 1997, 53, 6215-6232 
6. Grosu I., Mager S., Plé G., Turos I., Mesaros E., Schirger I., Monatsh. Chem. 

1998, 129, 59-68 
7. Opris D., Grosu I., Toupet L., Plé G., Terec A., Mager S., Muntean L., J. Chem. 

Soc. Perkin Trans. 1 2001, 2413-2420 
8. Grosu I., Bogdan E., Plé G., Toupet L., Ramondenc Y., Condamine E., 

Peulon- Agasse V., Balog M., Eur. J. Org. Chem. 2003, 3153-3161 



SYNTHESIS AND STEREOCHEMISTRY OF SOME NEW … 
 
 

 169 

9. Balog, M., Grosu, I., Plé, G., Ramondenc Y., Toupet, L., Condamine, E., 
Lange, C., Loutelier, C., Peulon-Agasse, V., Bogdan, E., Tetrahedron 2004, 
60 (22), 4789-4799 

10. Cismaş, C., Terec, A, Mager, S., Grosu, I., Curr. Org. Chem. 2005, 9, 14, 
1287-1314 

11. Lemcoff, N. G., Fuchs, B., Org. Lett. 2002, 4, 731-734 
12. Böhm, U., Voss, G., Möller, G., Gerlach, H., Tetrahedron: Asymmetry 1994, 5, 

1281-1290 
13. Séller, J., Barr, J., Ng, S. Y., Shen, H. -R., Schwach-Abdellaoui, K., Gurny, R., 

Vivien-Castioni, N., Loup, P. J., Baehni, P., Mombelli, A., Biomaterials  2002, 
23, 4397-4404 

14. Anteunis M.J.O., Tavernier D., Borremans F., Heterocycles 1976, 4, 293-371 
15. Kleinpeter E., Adv. Heterocycl. Chem. 1998, 69, 217-269 
16. Kleinpeter E., Adv. Heterocycl. Chem. 2004, 86, 41-127 


