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Cesium Carbonate–Promoted
Michael-Type Addition of Thiols to

Hex-1-en-3-ulose: A Practical Synthesis of
2-Deoxy-1-thio-a-hexopyranosid-3-ulose

Template

Debashis Ganguly, Haiqun Tang, and Michael J. Rodriguez

Lilly Research Laboratories, Eli Lilly & Company, Indianapolis, Indiana,

USA

Abstract: The template 2-deoxy-1-thio-a-hexopyranosid-3-ulose was synthesized in

quantitative yield and high diastereoselectivity by 1,4-addition of aryl and alkyl

thiols to hex-1-en-3-ulose promoted by cesium carbonate in THF.

Keywords: cesium carbonate, 2-deoxyglycosides, 2-deoxy-1-thio-a-hexopyranosid-3-

ulose, hex-1-en-3-ulose, Michael-type addition, thioglycoside

INTRODUCTION

2-Deoxyglycosides are found in natural products such as glycopeptide antibiotics,

antitumor anthracyclines, and unnatural synthetic sugars.[1] Many thioglycoside

precursors have claimed their popular place in carbohydrate chemistry as

glycosyl donors[2] and as precursors for anomeric sulfoxides and sulfones.

Anomeric sulfoxides serve the purpose of glycosyl donor in both solution and

solid-phase chemistry,[3] and anomeric sulfones can be a precursor of C-glyco-

sides via Ramberg–Backlund reactions.[4] Furthermore, thioglycosides are

attractive contributors to the temporary protection of the anomeric center.[5]

Although several synthetic approaches[6] have been reported to prepare

these valuable intermediates on a small scale, many methods suffer from

Received in the USA May 9, 2007

Address correspondence to Michael J. Rodriguez, Lilly Research Laboratories, Eli

Lilly & Company, Indianapolis, IN 46285, USA. E-mail: mjrodriguez@lilly.com

Synthetic Communicationsw, 37: 4219–4226, 2007

Copyright # Taylor & Francis Group, LLC

ISSN 0039-7911 print/1532-2432 online

DOI: 10.1080/00397910701575129

4219

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

es
te

rn
 O

nt
ar

io
] 

at
 0

9:
04

 0
8 

O
ct

ob
er

 2
01

4 



either low yields or lack of structural diversity for further synthetic utility. The

utilization of the Falcks procedure[7a] for the conversion of glucals to thioglyco-

sides involved use of triphenylphosphonium hydrobromide. This procedure

generated poor anomeric mixtures (45:55) of thiosugars. Pelyvas et al.[7b]

reported the use of benzyl mercaptan and a mixture of pyridine and Et3N to

promote the Michael-type addition on 1,5-anhydro-2,6-didexoy hex-1-en-3-

ulose. However the isolation of products was difficult. The first direct conversion

of O-alkyl glycoside to 1-thioglycoside was reported by Hanessian and

Guindon.[7c] This procedure reports low yields and only proceeds well with

butane thiol. Furthermore, the expansion to large-scale preparation of the

reacting species TMSSR (R ¼ Ph, Bu, Bn) could be a challenging process.

With the current drawbacks of existing procedures and not having the

flexibility of operating on a large scale, we explored a practical entry to a

unique 2-deoxy-1-thio-a-D-erythro-hexopyranosid-3-ulose template, 5

(Fig. 1) that would have built-in differentiation at C-1, 3, 4, and 6. This

template would allow access to more versatile 2-deoxyglycoside precursors

that can be used as glycosyl donors to prepare a wider range of therapeutically

novel carbohydrate molecules.

RESULTS AND DISCUSSION

As shown in Scheme 1, starting from commercially available tri-O-acetyl-D-

glucal, 4a was obtained in 97% overall yield using literature

procedures.[7e,8a – c] The use of MnO2 was reported[8d] for the oxidation of

3 but we opted to use BaMnO4 because the workup called for a simple fil-

tration through Celitew and the material recovered was used without

further purification. We have successfully prepared a few hundred grams

of this starting material using BaMnO4. After considerable experimentation,

Scheme 1. Synthesis of 4a. Reagents and conditions: (a) catalytic NaOCH3/MeOH,

258C; (b) TBDMSCl, Py, 2108C, 16 h; (c) BaMnO4, DCM, 12 h.

Figure 1. 2-Deoxy-1-thio-a-D-erythro-hexopyranosid-3-ulose template, 5.
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Table 1. Reagents and conditions, yields and diastereoselectivities for thiol addition to 4 (Scheme 2) to obtain products 5

Entry Hexenulose Base (eq) RSH Solvent 8C Time Yield (%)a
Diastereoselectivity

ratio a/bb

1 4a Li2CO3 (3) BnSH 1,4 dioxane 25 24 h NR —

2 4a K2CO3 (2) BnSH 1,4 dioxane 25 36 h 45c 70/30

3 4a Na2CO3 (3) BnSH 1,4 dioxane 25 24 h NR —

4 4a CaCO3 (3) BnSH 1,4 dioxane 25 24 h NR —

5 4a BaCO3 (3) BnSH 1,4 dioxane 25 24 h NR —

6 4a Cs2CO3 (2) BnSH 1,4 dioxane 25 1 h 85 78/22

7 4a Cs2CO3 (2) PhSH 1,4 dioxane 25 2 h 70c 70/30

8 4a Et3N (0.8) BnSH Pyridine 25 8 h 80 75/25

9 4a Cs2CO3 (2) BnSH DMF 25 18 h 70 80/20

10 4a Cs2CO3 (2) BnSH ACN 25 1.5 h 60 55/45

11 4a Cs2CO3 (2) PhSH ACN 25 18 h NR —

12 4a Cs2CO3 (1) BnSH THF 0 15 min 97 100/0

13 4a Cs2CO3 (1) EtSH THF 0 10 min 97 100/0

14 4a Cs2CO3 (1) n-PrSH THF 0 10 min 98 100/0

15 4a Cs2CO3 (1) BnSH THF 0 20 min 97 100/0

16 4a Cs2CO3 (1) C6H11SH THF 0 10 min 99 84/16

17 4a Cs2CO3 (1) PhSH THF 0 35 min 98 60/40

18 4b Cs2CO3 (1) BnSH THF 0 25 min 98 100/0

19 4b Cs2CO3 (1) EtSH THF 0 15 min 96 100/0

20 4b Cs2CO3 (1) PhSH THF 0 25 min 98 100/0

21 4b Cs2CO3 (1) n-PrSH THF 0 15 min 97 100/0

22 4c Cs2CO3 (1) C6H11SH THF 0 15 min 98 99/1
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Table 1. Continued

Entry Hexenulose Base (eq) RSH Solvent 8C Time Yield (%)a
Diastereoselectivity

ratio a/bb

23 4c Cs2CO3 (1) n-BuSH THF 0 10 min 98 100/0

24 4c Cs2CO3 (1) PhSH THF 0 30 min 97 98/2

25 4c Cs2CO3 (1) n-PrSH THF 0 15 min 97 97/3

26 4c Cs2CO3 (1) n-BuSH THF 0 20 min 96 100/0

27 4d Cs2CO3 (1) PhSH THF 0 40 min 97 99/1

28 4d Cs2CO3 (1) n-BuSH THF 0 25 min 96 100/0

29 4d Cs2CO3 (1) n-PrSH THF 0 25 min 98 100/0

30 4d Cs2CO3 (1) EtSH THF 0 25 min 99 100/0

aIsolated yield.
bDiastereoselectivity ratio was determined via high-field NMR spectroscopy.
cYield was measured via NMR conversion. Other component identified as unreacted starting material. NR ¼ No reaction.
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we determined that the choice of base (Table 1, entries 1–6) and the equiva-

lents used to promote the Michael-type addition reaction with 4a was crucial

to obtain optimum yields and selectivity (Scheme 2). The results of our

experiments are summarized in Table 1.

We found 4a underwent a Michael-type addition in good yields with

modest diastereoselectivity (a/b 78/22) by using excess BnSH (4 equiva-

lents) and 2 equivalents of Cs2CO3 in 1,4-dioxane at room temperature for

1 h. We observed under these initial reaction conditions that prolonged

reaction times reproduced some starting material 4a via a b-elimination

route. In addition, these side reactions were also observed during the purifi-

cation process using silica-gel chromatography.

A dramatic improvement in diastereoselectivity was accomplished by

reducing the amount of base to 1 equivalent, conducting the experiment at

lower temperatures, and changing the solvent medium to THF. For

example, the reaction performed at 08C in THF with 1 equivalent Cs2CO3

(Table 1, entry 12) made a significant difference to both the reaction time

and to the diastereoselectivity. The reaction was completed in 15 min, and

only a single diastereomer was detected by NMR. We also noted that if the

crude reaction product (in presence of excess thiol) is stored at 2108C, no

b-elimination or ,5% elimination was observed. To address the stability

problem of 5a, we protected the free 4-hydroxyl group as triethylsilyl

(TES), triisopropylsilyl (TIPS), or t-butyldimethylsilyl (TBDMS) ether. As

expected, conducting the same reaction with 4b–d, (Table 1, entries 18, 23,

28) produced stable products 5b–d with high diastereoselectivity. In most

cases, the reaction times to completion were longer with aryl thiols, but all

the other stability issues associated with the free OH products were resolved.

CONCLUSION

The present method will allow for the large-scale preparation of thio-a-2-

deoxy-ulosides template (5). We have successfully prepared hundreds of milli-

grams to more than 500 g using this process. Further studies to utilize this

unique 2-deoxy-1-thio-a-D-erythro-hexopyranosid-3-ulose template are on

going.

Scheme 2. Synthesis of 2-deoxy-1-thio-a-D-erythro-hexopyranosid-3-ulose 5a–d.

2-Deoxy-1-thio-a-hexopyranosid-3-ulose 4223
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EXPERIMENTAL

General

All reactions were performed under an atmosphere of dry nitrogen.

Commercially available reagents were used without further purification. All

products were purified by flash chromatography using silica gel 60 (79–230

mesh, Merck). The products were identified with 1H and 13C NMR spectral

data on a Bruker 400-MHz-NMR. High-resolution mass spectrometric

analysis (HRMS) was obtained with a VG Analytical ZAB 2SE mass

spectrometer.

Typical Procedure for the 1,4 Michael-type Addition

Table 1, entry 21: To a dry THF solution (10 mL) of 4b (215 mg, 0.433 mmol)

at 08C Cs2CO3 (141 mg, 0.433 mmol) was added, followed by neat PrSH

(0.203 mL, 1.73 mmol) under an N2 atmosphere. The reaction was

monitored by thin-layer chromatography (TLC) until disappearance of the

starting material. After 15 min, the reaction was quenched with water and

extracted with methylene chloride. The solvent and excess propane thiol

were evaporated under reduced pressure. The crude residue was purified by

flash chromatography (20% EtOAc in hexanes) to afford 256 mg of 5b

(R55C3H7) as a white solid in 97% yield. 1H NMR (CDCl3, d) 0.02 (s, 6H,

Me), 0.47–0.58 (overlapping q, J ¼ 8.5 Hz, 6H, 3 � CH2 of Et), 0.78–0.87

(overlapping t, J ¼ 8.5 Hz, 18H, 3 � CH3 of Et and tert-butyl), 1.55–1.61

(m, 5H, CH3 and CH2 of SPr), 2.51–2.55 (m, 2H, CH2 of SPr), 2.76

(d, J ¼ 13.1 Hz, 1H, C2-H), 3.08 (dd, J ¼ 13.1, 6.6 Hz, 1H, C2-H), 3.67 (dd,

J ¼ 11.2, 3.7 Hz, 1H, C6-H), 3.73 (dd, J ¼ 11.2, 2.0 Hz, 1H, C6-H), 4.18

(ddd, J ¼ 10.1, 3.7, 2.0 Hz, 1H, C5-H), 4.36 (d, J ¼ 10.1 Hz, 1H, C4-H), 5.48

(d, J ¼ 6.7 Hz, 1H, C1-H). HRMS (FAB) calcd. for C21H44O4SSi2: 448.8184.

Found: 448.8189. Anal. calcd. for C21H44O4SSi2: C, 56.20; H, 9.88. Found: C,

56.31; H, 9.90.

REFERENCES

1. (a) Arcamone, F.; Sammes, P. G. (Eds.); Topics in Antibiotic Chemistry; Ellis
Horwood: Chichester England, 1978, Vol. 2, 99–239; (b) Arcamone, F. The devel-
opment of new antitumor anthracyclines. Med. Chem. 1980, 1–41;
(c) Arcamone, F. Antitumor anthracyclines: Recent developments. Med. Res.
Rev. 1984, 4, 153–188; (d) Sztaricskai, F.; Bognar, R. The chemistry of the van-
comycin group of antibiotics. Recent Developments in the Chemistry of Natural
Carbon Compounds 1984, 10, 91–201; (e) Nagarajan, R. (Ed.); Glycopeptide
Antibiotics; Marcel Dekker: New York, 1994, Vol. 63.

D. Ganguly, H. Tang, and M. J. Rodriguez4224

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

es
te

rn
 O

nt
ar

io
] 

at
 0

9:
04

 0
8 

O
ct

ob
er

 2
01

4 



2. (a) Fugedi, P.; Garegg, P. J. A novel promoter for the efficient construction of

1,2-trans linkages in glycoside synthesis, using thioglycosides as glycosyl

donors. Carbohydr. Res. 1986, 149 (1), C9–C12; (b) Mootoo, D. R.;

McDevitt, R. E.; Fraser-Reid, B. Iodonium ion generated in situ from

N-iodosuccinimide and trifluoromethanesulfonic acid promotes direct linkage of

disarmed pent-4-enyl glycosides. J. Chem. Soc., Chem. Commun. 1990, 3,

270–272; (c) Veeneman, G. H.; Van Boom, J. H. Iodonium ion-promoted

reactions at the anomeric center, II: an efficient thioglycoside-mediated
approach toward the formation of 1,2-trans-linked glycosides and glycosidic

esters. Tetrahedron Lett. 1990, 31 (9), 1331–1334; (d) Balavoine, G.;

Berteina, S.; Gref, A.; Fischer, J.-C.; Lubineau, A. Thio glycosides as potential

glycosyl donors in electrochemical glycosidation reactions, part 2: their reactivity

toward sugar alcohols. J. Carbohydr. Chem. 1995, 14 (8), 1237–1249;

(e) Fukase, K.; Kinoshita, I.; Kanoh, T.; Nakai, Y.; Hasuoka, A.; Kusumoto, S.

A novel method for stereoselective glycosidation with thio glycosides:

promotion by hypervalent iodine reagents prepared from PhIO and various

acids. Tetrahedron 1996, 52 (11), 3897–3904.

3. (a) Kahne, D.; Walker, S.; Chen, Y.; Van Engen, D. Glycosylation of unreactive

substrates. J. Am. Chem. Soc. 1989, 111 (17), 6881–6882; (b) Kim, S. H.;

Augeri, D.; Yang, D.; Kahne, D. Concise synthesis of the calicheamicin oligosac-

charide using the sulfoxide glycosylation method. J. Am. Chem. Soc. 1994, 116 (5),
1766–1775; (c) Yan, L.; Taylor, C. M.; Goodnow, R., Jr.; Kahne, D. Glycosylation

on the merrifield resin using anomeric sulfoxides. J. Am. Chem. Soc. 1994,

116 (15), 6953–6954; (d) Liang, R.; Yan, L.; Loebach, J.; Ge, M.; Uozomi, Y.;

Sekanina, K.; Horan, N.; Gildersleeve, J.; Thompson, C.; Smith, A.; Biswas, K.;

Still, W. C.; Kahne, D. Parallel synthesis and screening of a solid phase carbo-

hydrate library. Science (Washington DC) 1996, 274 (5292), 1520–1522;

(e) Crich, D.; Sun, S. Formation of b-mannopyranosides of primary alcohols

using the sulfoxide method. J. Org. Chem. 1996, 61 (14), 4506–4507;

(f) Sofia, M. J.; Kakarla, R.; Kogan, N.; Dulina, R.; Hui, Y. W.;

Hatzenbuhler, N. T.; Liu, D.; Chen, A.; Wagler, T. The efficient synthesis of a

bis-glycosylated steroid drug transport reagent: methyl 3-b-amino-7a,12-a-

di(10 a-glucosyl)-5b-cholate (TC002). Bioorg. Med. Chem. Lett. 1997, 7 (17),
2251–2254; (g) Barroca, N.; Schmidt, R. 2-Nitro thioglycoside donors: versatile

precursors of b-D-glycosides of aminosugars. Org. Lett. 2004, 6 (10), 1551–1554.

4. (a) Belica, P. S.; Franck, R. W. Benzylic C-glycosides via the Ramberg–Backlund

reaction. Tetrahedron Lett. 1998, 39 (45), 8225–8228; (b) Griffin, F. A.;

Murphy, P. V.; Paterson, D. E.; Taylor, R. J. K. A Ramberg–Backlund

approach to exo-glycals. Tetrahedron Lett. 1998, 39 (44), 8179–8182;

(c) Alcaraz, M.-L.; Griffin, F. A.; Paterson, D. E.; Taylor, R. J. K. Synthetic appli-

cations of Ramberg–Backlund derived exo-glycals. Tetrahedron Lett. 1998,

39 (44), 8183–8186.

5. (a) Chu, S.-H. L.; Anderson, L. Oligosaccharide synthesis by the thioglycoside

scheme on soluble and insoluble polystyrene supports. Carbohydr. Res. 1976,

50 (2), 227–238; (b) Pozsgay, V.; Jennings, H. J. Synthesis of glycosyl esters

and glycosyl hemiacetals from methylthioglycosides. Carbohydr. Chem. 1990,
9 (2–3), 333–343; (c) Lubineau, A.; Auge, J.; Lubin, N. New strategy in the

synthesis of 3-deoxy-D-manno-2-octulosonic acid (KDO), 2-deoxy-KDO and thio-

glycoside of KDO. Tetrahedron 1993, 49 (21), 4639–4650; (d) Motawia, M. S.;

Marcussen, J.; Moeller, B. L. A general method based on the use of N-bromosuc-

cinimide for removal of the thiophenyl group at the anomeric position to generate a

2-Deoxy-1-thio-a-hexopyranosid-3-ulose 4225

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

es
te

rn
 O

nt
ar

io
] 

at
 0

9:
04

 0
8 

O
ct

ob
er

 2
01

4 



reducing sugar with the original protecting groups still present. J. Carbohydr.
Chem. 1995, 14 (9), 1279–1294; (e) Khan, A. T.; Ahmed, W.; Schmidt, R. A
method for the synthesis of C-(2-deoxy-b-glycosyl) arenas. Carbohydrate Res.
1996, 280 (2), 277–286.

6. (a) Sherry, B. D.; Loy, R. N.; Toste, F. D. Rhenium(V)-catalyzed synthesis of
2-deoxy-a-glycosides. J. Am. Chem. Soc. 2004, 126 (14), 4510–4511;
(b) Paul, S.; Jayaraman, N. Catalytic ceric ammonium nitrate mediated synthesis
of 2-deoxy-1-thioglycosides. Carbohydr. Res. 2004, 339 (13), 2197–2204;
(c) Sabesan, S.; Neira, S. Synthesis of 2-deoxy sugars from glycols. J. Org.
Chem. 1991, 56 (18), 5468–5472; (d) Kirschning, A.; Hary, U.; Plumeier, C.;
Ries, M.; Rose, L. Simple oxidation of 3-O-silylated glycals: Application in
deblocking 3-O-protected glycols. J. Chem. Soc., Perkin Trans. 1, 1999, 519–528.

7. (a) Bolitt, V.; Mioskowski, C.; Lee, S.-G.; Falck, J. R. Direct preparation of
2-deoxy-D-glucopyranosides from glucals without Ferrier rearrangement. J. Org.
Chem. 1990, 55 (23), 5812–5813; (b) Pelyvas, P.; Hasegawa, A.;
Whistler, R. L. Synthesis of N-(trifluoroacetyl)-L-acosamine, N-(trifluoroacetyl)-
L-daunosamine, and their 1-thio analogs. Carbohydr. Res. 1986, 146 (2),
193–203. For large scale preparation, workup became complicated because of
the presence of large volume of pyridine and TEA in the reaction mixture;
(c) Hanessian, S.; Guindon, Y. Chemistry of the glycosidic linkage: Direct conver-
sion of glycosides into 1-thioglycosides by use of [alkyl(or aryl)thio]trimethylsi-
lanes. Carbohydr. Res. 1980, 86 (2), C3–C6; (e) Katja, M.; Kessler, H.
Michael-type additions in the synthesis of a-O- and -S-2-deoxyglycosides. Tetra-
hedron Lett. 1996, 37 (20), 3453–3456.

8. (a) Halcomb, R. L.; Danishefsky, S. J. On the direct epoxidation of glycals: appli-
cation of a reiterative strategy for the synthesis of b-linked oligosaccharides.
J. Am. Chem. Soc. 1987, 111 (17), 6661–6666; (b) Pelyvas, I.; Sztaricskai, F.;
Bognar, R. A convenient new route to methyl N,O-diacetyl-a-L-ristosaminide.
Carbohydr. Res. 1979, 76, 257–260; (c) Becker, B.; Thimm, J.; Thiem, J.
Synthesis of functionalized thiodisaccharides by conjugate addition.
J. Carbohydr. Chem. 1996, 15 (9), 1179–1181; (d) Fraser-Reid, B.;
Walker, D. L.; Tam, S. Y. K.; Holder, N. L. Rapid route to hex-1-enopyran-3-
uloses. Can. J. Chem. 1973, 51 (23), 3950–3954.

D. Ganguly, H. Tang, and M. J. Rodriguez4226

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

es
te

rn
 O

nt
ar

io
] 

at
 0

9:
04

 0
8 

O
ct

ob
er

 2
01

4 


