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Efficient and Regioselective Synthesis of γ-Lactone Glycosides 

Through a Novel Debenzylative Cyclization Reaction  

Julien A. Delbrouck,
a
 Abdellatif Tikad 

b
 and Stéphane P. Vincent *

a
 

An efficient and regioselective approach for the construction of 

synthetically important γ-lactone glycosides is reported from 

unprotected aldoses through a new debenzylative lactonization 

(DBL) reaction. The scope and limitations of this DBL reaction are 

described starting from a series of commercially available hexoses 

(L-fucose, D-galactose, D-glucose) and pentoses (D-arabinose, D-

ribose, D-lyxose, D-xylose) to afford the corresponding γ-lactones 

in good yields and without concomitant δ-lactone formation. 

Lactones are an important class of substances with 

applications in many fields such as polymer synthesis,
1
 

medicinal chemistry,
2
 fuels,

3
 solvents

4
 and building blocks 

synthesis.
5, 6

 Five-membered lactones, or γ-lactones, are 

common chemical frameworks found in many synthetic and 

natural products displaying a variety of biological properties 

(Figure 1).
7-10

 In particular, carbohydrate γ-lactones are key 

intermediates in the synthesis of major antiviral and 

anticancer nucleoside analogues such as trifluridine, 

clofarabine, cytarabine and gemcitabine.
11, 12

 

Synthetically, the preparation of protected carbohydrate γ-

lactones from their corresponding commercially available 

sugar has been accomplished by two main methods. The first 

method is based on a selective anomeric oxidation of 

unprotected aldoses with bromine, which is frequently 

followed by the persilylation of the remaining alcohols.
13-17 

The 

second method involves the multistep preparation of 

protected aldoses with a free anomeric hydroxyl group that 

can be oxidized into their corresponding aldonolactones under 

standard oxidation protocols. Unfortunately, these two 

methods are not general because their efficiency highly 

depends on the starting carbohydrate as well as on its 

protecting groups. For example, the oxidation of D-glucose 

with bromine predominantly gives a six-membered 1,5-

pyranolactone (δ-lactone) rather than a γ-lactone, although 

the five-membered form is usually considered 

thermodynamically more stable.
13, 18-22

 For these reasons, the 

development of new approaches to produce regioselectively γ-

lactones constitutes a great challenge. 
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Figure 1. Bioactive γ-lactones and some nucleosides drugs 

synthesized from the corresponding lactones.  

 Recently, we have reviewed the main synthetic 

methodologies that have been developed to construct 

tetrahydrofuran moieties involving the debenzylative 

cycloetherification reaction (DBCE).
23-28

  

This etherification occurs under slightly acidic or even neutral 

conditions when a benzyl ether is in δ position of an activated 

alcohol (sp
3
 carbon). Interestingly, this reaction is regio- and 

stereoselective and gives exclusively tetrahydrofurans in case 

of a pyran/furan competition (Figure 2, top). This 

regioselectivity is due to a favorable conformation properly 

positioning the nucleophilic benzylic oxygen for a SN reaction 

(Figure 2). We reasoned that if such a selective mechanism 

was operating with sp
2
 hybridized electrophiles such as an 
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activated carbonyl, a regioselective formation of γ-lactones 

could be envisioned, without the need of a 

protection/deprotection sequence to avoid the formation of 

the competing δ-lactone (Figure 2, bottom). 

 

Figure 2. DBCE and DBL (DeBenzylative Lactonization) 

reactions. 

Herein we report an efficient method to synthesize 

regioselectively γ-lactone glycosides in good yields through a 

new debenzylative lactonization (DBL) reaction. To the best of 

our knowledge, this type of reaction has never been exploited 

to prepare γ-lactones to date.  

Our retrosynthetic analysis of γ-lactones type I is outlined in 

Figure 3. Carboxylic acid II, the key intermediate to carry out 

the debenzylative lactonization reaction (DBL), would be 

obtained by oxidation of the aldehyde generated from the 

deprotection of dithioacetal III which would be easily 

accessible in two steps (protection and per-benzylation) from 

commercially available sugars. 

 

Figure 3 Retrosynthetic analysis. 

In order to screen the conditions of debenzylative 

lactonization, the per-benzylated acyclic carboxylic acid 3a was 

selected as a model and prepared from the commercially 

available D-arabinose in four steps.
29

 The synthesis began with 

protection of D-arabinose in the presence of ethanethiol under 

acidic conditions followed by per-benzylation of the resulting 

polyol to afford the masked aldehyde 1a in 66% yield. Selective 

deprotection of dithioacetal 1a with mercury salts and 

subsequent oxidation of aldehyde 2a with pyridinium 

dichromate provided the carboxylic acid 3a in 70% yield 

(Scheme 1). 

 

Scheme 1. Synthesis of carboxylic acid 3a. 

First, the activation of 3a either with methyl chloroformate 

or 2,4,6-trichlorobenzoyl chloride in the presence of 

triethylamine gave only the starting material after work up 

(Table 1, entries 1-2).  

Table 1. Optimization of DBL reaction conditions of 3a. 

 

entry reagents (equiv.) intermediate t(h) 
Yield of 

5a
a
 (%) 

1 
ClCO2Me (2.0), 

Et3N (1.5) 
4a 1 -b 

2 
ClCOC6H2Cl3 (2.0), 

Et3N (1.5) 
4b 2.5 -b 

3 
HBTU (1.0), DIPEA 

(1.0) 
4c 2.5 -b 

4 
EDC (2.0),  

DMAP (0.1) 
4d 1 17 

5 
Tf2O (1.5),  

2,6-lutidine (3.0) 
4e 5 78 

6 
(COCl)2 (2.0), 

DMFcat 
4f 1 84 

7 
SOBr2 (2.0), 

pyridine (5.0) 
4g 1 93 

a
 Isolated yield. 

b
 Only starting material was recovered after 

work up. 
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The use of classical peptide coupling reagents did not 

efficiently promote the cyclization. When the coupling reagent 

HBTU was employed, the starting material was recovered 

unchanged, while with carbodiimide EDC a complex mixture 

was obtained and the isolated yield of 5a never exceeded 17% 

(entries 3-4). On the other hand, triflation of 3a with triflic 

anhydride in the presence of 2,6-lutidine afforded 1,4-

arabinolactone 5a in 78% yield, while its chlorination with 

oxalyl chloride improved the isolated yield to 84% (entries 5-

6). Formation of an acyl bromide 4g with SOBr2 was eventually 

found to be the best intermediate to trigger the DBL giving 

access to γ-lactone 5a in 93% yield (entry 7). It is noteworthy 

that no trace of six membered ring (δ-lactone) was observed, 

thus evidencing the high regioselectivity of this reaction. The 

reaction conditions of this debenzylative lactonization differ 

from the debenzylative cycloetherifications mentioned above. 

The two cyclizations are mechanistically different as the 

etherification proceeds through a SN2 mechanism and the 

lactonization through a stepwise addition-elimination on a sp
2
 

hybridized electrophile. 

To expand the scope of the reaction and improve the 

generation of the starting carboxylic acid II, we sought to find 

safer and greener reagents than the highly toxic mercury and 

chromium salts, commonly employed for deprotection of 

dithioacetal 1a and oxidation of aldehyde 2a (Scheme 1). After 

a careful screening of experimental conditions, it was found 

that iodine and sodium bicarbonate in a mixture of 

acetone/H2O promote the deprotection of 1a while the 

oxidation of 2a was achieved in the presence of TEMPO and 

BIAB in DCM/H2O as a mixture (Table 2).
30, 31

 Noteworthy, 

aldehyde 2a and carboxylic acid 3a do not require any 

purification using these protocols and they were thus used as 

crude materials. Therefore, under this new optimized 

sequence (Table 2) only two purifications by chromatography 

on silica gel were carried out to afford 1,4-arabinolactone 5a 

starting from unprotected D-arabinose, instead of four in the 

previous sequence (Scheme 1). The optimization process thus 

dramatically improves this synthetic strategy in terms of 

safety, time, cost and yield. 

Having established the optimal conditions for γ-lactone 

synthesis, the scope of this strategy was examined with 

various aldoses (Table 2). All dithioacetals 1b-h were prepared 

from the corresponding aldoses as previously described for D-

arabinose (Scheme 1) (see SI). The results gathered in Table 2 

show that four pentoses 1a-d and three hexoses 1e-g were 

converted into their per-benzylated γ-lactones in good yields 

(70-87%) over three steps and only one purification. 

Gratifyingly, in all cases, the regioselectivity of the process is 

once again demonstrated since, only five-membered lactones 

were isolated whatever the initial length of the carbon 

skeleton. The structures of 5a-g were fully ascertained by NMR 

spectroscopy, using 
1
H, 

13
C, 

1
H/

1
H correlations, and 

1
H/

13
C 

correlations (HSQC, HMBC). Structural proof of γ-lactones has 

been accomplished by HMBC NMR experiments and literature 

data analysis. First, the coupling between H-5 and a benzylic 

carbon indicates that a benzyloxy group is attached to C-5 

carbon, which is inconsistent with a six-membered lactone. On 

the other hand, H-4 does not show coupling with any benzylic 

carbon, which is in a good agreement with γ-lactone 

structures. 

Within this series, the only limitation that we found was the 

formation of the more challenging γ-mannonolactone 5h. The 

reaction yielded a complex mixture of products from which the 

desired lactone 5h could not be isolated pure. This particular 

problematic reactivity likely arises from the steric repulsions 

between the two benzyloxy groups of the ring and the C5-C6 

chain, which are all-cis, in the oxonium intermediate (Table 2). 

A similar observation was previously reported by Nicotra for 

the iodocycloetherification of benzylated hept-1-enitols.
32

 

However, the debenzylative lactonization worked very 

satisfayingly with the gluco derivative 1g in which a single 1,2-

cis relationship is present (molecule 5g, Table 2).  

Table 2. Synthesis of various γ-lactones. 

 

 

 
a
 Complex mixture was obtained. 

In addition, the γ-lyxonolactone 5c was synthesized 

efficiently despite the cis-relationship between all the 

substituents of the pentose (Table 2). These results show that 

in all-cis structures, the additional steric hindrance of the 

primary CH2-OBn group of the precursor of 5h is responsible of 

the differential reactivity compared to 5c. 
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Globally, all these results highlight the advantages of the DBL 

reaction in term of regioselectivity and efficiency allowing an 

easy and general access to a broad range of per-benzylated γ-

sugar lactones from their commercial aldoses. 

In conclusion, we have developed a new, efficient and 

regioselective debenzylative lactonization reaction starting 

from per-benzylated acyclic aldoses bearing a carboxylic acid 

giving access to various γ-lactone glycosides. This reaction 

could be applied to the substrates derived from widely used 

commercially available hexoses (L-fucose, D-galactose, D-

glucose) and pentoses (D-arabinose, D-ribose, D-lyxose, D-

xylose), to produce the corresponding γ-lactones in good yields 

without the need of a protection/deprotection sequence of 

the starting polyol. Furthermore, the findings described herein 

represent a significant advance in regioselective synthesis of γ-

lactone glycosides and will create new opportunities for the 

generation of original nucleosides and natural compounds. 

Conflicts of interest 

There are no conflicts to declare. 

Notes and references 

1. T. Moore, R. Adhikari and P. Gunatillake, Biomaterials, 

2005, 26, 3771-3782. 

2. C. Zhao, K. P. Rakesh, S. Mumtaz, B. Moku, A. Asiri, H. M. 

Marwani, H. M. Manukumar and H.-L. Qin, RSC Advances, 

2018, 8, 9487-9502. 

3. J. Q. Bond, D. M. Alonso, D. Wang, R. M. West and J. A. 

Dumesic, Science, 2010, 327, 1110-1114. 

4. D. M. Alonso, S. G. Wettstein and J. A. Dumesic, Green 

Chemistry, 2013, 15, 584-595. 

5. S. Kara, D. Spickermann, J. H. Schrittwieser, A. 

Weckbecker, C. Leggewie, I. W. C. E. Arends and F. 

Hollmann, ACS Catalysis, 2013, 3, 2436-2439. 

6. S. Serra, C. Fuganti and E. Brenna, Trends in 

Biotechnology, 2005, 23, 193-198. 

7. R. A. Fernandes and M. B. Halle, Tetrahedron Lett., 2016, 

57, 3694-3700. 

8. J. S. Yadav, V. V. Chinnam, B. B. M. Krishna, K. L. S. Rao 

and S. Das, Tetrahedron Lett., 2015, 56, 1661-1663. 

9. H. M. C. Ferraz, F. I. Bombonato, M. K. Sano and L. S. 

Longo Jr., Quim. Nova, 2008, 31, 885-900. 

10. A. C. Araújo, F. Nicotra, B. Costa, G. Giagnoni and L. 

Cipolla, Carbohydr. Res., 2008, 343, 1840-1848. 

11. K. Brown, M. Dixey, A. Weymouth-Wilson and B. Linclau, 

Carbohydr Res, 2014, 387, 59-73. 

12. Y. Cen and A. A. Sauve, Nucleosides, Nucleotides and 

Nucleic Acids, 2010, 29, 113-122. 

13. N. M. Xavier, A. P. Rauter and Y. Queneau, in 

Carbohydrates in Sustainable Development II, eds. A. P. 

Rauter, P. Vogel and Y. Queneau, Springer Berlin 

Heidelberg, Berlin, Heidelberg, 2010, vol. 295, pp. 19-62. 

14. V. Lemau de Talancé, E. Thiery, G. Eppe, S. E. Bkassiny, J. 

Mortier and S. P. Vincent, J. Carbohydr. Chem., 2011, 30, 

605-617. 

15. P. Cao, Z.-J. Li, W.-W. Sun, S. Malhotra, Y.-L. Ma, B. Wu 

and V. S. Parmar, Natural Products and Bioprospecting, 

2015, 5, 37-45. 

16. S. Enck, P. Tremmel, S. Eckhardt, M. Marsch and A. Geyer, 

Tetrahedron, 2012, 68, 7166-7178. 

17. A. Caravano, D. Mengin-Lecreulx, J. M. Brondello, S. P. 

Vincent  and P. Sinaÿ, Chem. Eur. J., 2003, 9, 5888-5898. 

18. R. Madsen, in Glycoscience, eds. B. O. Fraser-Reid, K. 

Tatsuta and J. Thiem, Springer, Berlin Heidelberg, 2008, 

pp. 179-225. 

19. M. Bierenstiel and M. Schlaf, Eur. J. Org. Chem., 2004, 

1474-1481. 

20. B. Tang, W. Bi and K. H. Row, Applied Biochemistry and 

Biotechnology, 2013, 169, 1056-1068. 

21. M. Hrapchak, B. Latli, X.-J. Wang, H. Lee, S. Campbell, J. J. 

Song and C. H. Senanayake, J. Labelled Compd. 

Radiopharm., 2014, 57, 687-694. 

22. K. Cao, J. A. Brailsford, M. Yao, J. Caceres-Cortes, R. Espina 

and S. J. Bonacorsi, J. Labelled Compd. Radiopharm., 2017, 

60, 150-159. 

23. A. Tikad, J. A. Delbrouck and S. P. Vincent, Chem. Eur. J., 

2016, 22, 9456-9476. 

24. G. R. Gray, F. C. Hartman and R. Barker, J. Org. Chem., 

1965, 30, 2020-2024. 

25. A. Tikad and S. P. Vincent, Eur. J. Org. Chem., 2013, 7593-

7603. 

26. O. R. Martin, Y. Feng and X. Fang, Tetrahedron Lett., 1995, 

36, 47-50. 

27. R. Cribiù, K. Eszter Borbas and I. Cumpstey, Tetrahedron, 

2009, 65, 2022-2031. 

28. Y. Jiang, Z. Fang, Q. Zheng, H. Jia, J. Cheng and B. Zheng, 

Synthesis, 2009, 2756-2760. 

29. D. B. Smith, W. Zhaoyin and S. L. Schreiber, Tetrahedron, 

1990, 46, 4793-4808. 

30. M. T. C. Walvoort, D. Sail, G. A. Van der Marel and J. D. C. 

Codée, in Carbohydrate Chemistry : Proven Synthetic 

Methods, ed. P. Kováč, CRC Press, 2011, vol. 1, pp. 99-106. 

31. B. Wang, T. M. Hansen, T. Wang, D. Wu, L. Weyer, L. Ying, 

M. M. Engler, M. Sanville, C. Leitheiser, M. Christmann, Y. 

Lu, J. Chen, N. Zunker, R. D. Cink, F. Ahmed, C.-S. Lee and 

C. J. Forsyth, J. Am. Chem. Soc., 2011, 133, 1484-1505. 

32. F. Nicotra, L. Panza, F. Ronchetti, G. Russo and L. Toma, 

Carbohydr. Res., 1987, 171, 49-57. 

 
 

 

 

Page 4 of 5ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
1 

A
ug

us
t 2

01
8.

 D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Su
ss

ex
 o

n 
8/

11
/2

01
8 

11
:3

6:
20

 A
M

. 

View Article Online
DOI: 10.1039/C8CC05523H

http://dx.doi.org/10.1039/c8cc05523h


Journal Name  COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5 

Please do not adjust margins 

Please do not adjust margins 

 

Graphical abstract: 

 

 
 

 
 
 

 

Page 5 of 5 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
1 

A
ug

us
t 2

01
8.

 D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Su
ss

ex
 o

n 
8/

11
/2

01
8 

11
:3

6:
20

 A
M

. 

View Article Online
DOI: 10.1039/C8CC05523H

http://dx.doi.org/10.1039/c8cc05523h

