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Abstract: 3,4-Dichloro-5-hydroxy-2(5H)-furanone treated with methyl chloroformate in 

the presence of diisopropylethylamine (Hünig’s base) gave the corresponding carbonate. 

The labile methoxycarbonyloxy group smoothly undergoes substitution by amino alcohols. 

The obtained 5-(ω-hydroxyalkylamino) mucochloric acid derivatives reacted with 

peracetylated glucals using triphenylphosphine hydrobromide as a catalyst to give the title 

muchloric acid glycoconjugates. 

Keywords: 3,4-dichloromucochloric acid; amino alcohol; glucals; addition; 

glycoconjugate 

 

1. Introduction 

Mucochloric acid (3,4-dichloro-5-hydroxy-2(5H)-furanone, MCA, 1) is a highly functionalized 

molecule possessing a hydroxyl group, two chlorine atoms and a lactone-like structure. A difference in 

reactivity of the two halogen atoms enables selective structural transformations [1]. Due to the 

presence of many reactive centers, MCA can be tailored into a useful building block for several 

synthetic purposes [2-4]. The 5-hydroxyl group present at C-5 position of the MCA molecule exhibits 

typical alcohol properties and enables its transformation into carbamates [5], ethers [5] and esters  

[5, 6]. Chlorination of MCA can be performed using thionyl chloride in the presence of zinc chloride 

[6]. Esterification of the 5-hydroxyl group allows for its substitution by reactive nucleophiles like 
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amines or alcohols. 5-Methoxycarbonyloxy-3,4-dichloro-2(5H)-furanone reacts with secondary amines 

at room temperature in toluene giving the corresponding 5-amino derivatives in yields of 61–79% [7]. 

The unsubstituted mucochloric acid can be coupled with aromatic thiols under acidic conditions 

furnishing 5-thiosubstituted derivatives in the 70–84% yield range [8]. MCA can be alkylated at the 

C-5 position in the aldol condensation catalyzed by Lewis acids [9]. 5-Allylation of MCA can be 

performed using allyl bromides in the presence of indium [10]. A treatment of MCA with ammonium 

formate or acetate in the presence of NaBH(OAc)3 leads to 3,4-dichloro-α,β-unsaturated butyrolactone 

[11]. O-Protected mucochloric acid reacted with appropriate amines giving 1,4-addition/elimination 

products [12, 13]. The polarity of the reaction medium has a strong influence on the reaction course. In 

aprotic solvents, e.g. DMSO, the 4-substituted derivative of MCA is formed – formally, it is a product 

of addition/elimination reaction. In turn, in CHCl3 solution, a product of the ring opening and 

recyclisation is isolated [13]. Other nitrogen-centered nucleophiles can be involved in the reactions 

with MCA. For example, MCA treated with hydrazine or its derivatives forms the corresponding 

pyridazones [14, 15]. Unsubstituted MCA condenses with racemic 2-amino-3-mercapto-3-methyl-

butanoic acid forming a bicyclic β-lactam [16], whereas with formamides the products of substitution 

at carbon C4 of the 2-(5H)-furanone moiety are obtained [17]. Mucohalic acids also react with the 

amino group of purine nucleosides forming bicyclic systems or 3-amino-2-halopropenal derivatives 

[18, 19]. 

Aliphatic or aromatic amines, amino acids and their esters may be successfully employed in a 

reductive amination of mucochloric acid [20, 21]. The reaction is carried out at room temperature in 

the presence of NaBH(OAc)3 and a catalytic amount of AcOH in one of several solvents of choice. 

The best yields (52–75%) were achieved in the case of chloroform or dichloroethane as a solvent.  

The 2(5H)-furanone moiety occurs in numerous natural products exhibiting various biological 

activities [1, 21-24]. The simple derivatives of mucochloric acid display interesting bioactivity. 5-

Butoxy-3,4-dichloro-2(5H)-furanone is cytotoxic at 3 mM concentration against MAC 13 and MAC 16 

murine colon cancer cell lines [5]. Further improvements of the leading structure furnished 3,4-

dichloro-5-(oxiran-2-ylmethoxy)-2(5H)-furanone derivatives with cytotoxicity in the nanomolar range 

on the same cancer cell lines [5]. A broad antibiotic activity against Staphylococcus aureus ATCC 

25923 and other bacteria strains has been observed in the case of 4-amino-5-hydroxy-2(5H)-furanones 

[17]. Recently, an inhibitory effect of 3,4-dichloro-5-(ω-hydroxyalkylamino)-2(5H)-furanones against 

human Trypanosomas has been published [25]. As a part of our investigation we report herein our 

initial trials of the synthesis of MCA conjugates.  

2. Results and Discussion  

A conjunction of hydrophobic and hydrophilic moieties is a known strategy applied by Nature and 

copied on a large scale by the pharmaceutical industry to increase the bioavailability of drugs. The 

hydrophilic part can be represented by a sugar ring or an acyclic linker bearing hydroxyl or carboxylic 

groups. Valacyclovir, the L-valyl ester of acyclovir is a prodrug intended to increase the bioavailability 

of acyclovir by increasing lipophilicity [26]. In zalcitabine and lamivudine the cytosine is connected 

with a sugar-like ring [26]. The others are the derivatives of (S)-2-amino-3-(uracil-1-yl)propionic acid, 

the antagonists of kainate and AMPA receptors [27]. Therefore, the desired 3,4-dichloro-2(5H)-
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furanone conjugates should possess the furanone ring connected to the sugar moiety via an  

acyclic linker.  

Scheme 1. Possible synthetic pathways for the synthesis of MCA conjugates. 
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3,4-Dichloro-5-(ω-hydroxyalkylamino)-2(5H)-furanones were considered as starting materials 

having the ω-hydroxyalkylamino group at carbon C-5 of the 2(5H)-furanone ring suitable for the 

addition to the double bond of peracetylated glucals. There are two possible routes for this synthesis 

(Scheme 1). In path A, protected MCA is treated with an appropriate amino alcohol followed by the 

addition to peracetylated glucal in the presence of triphenylphosphine hydrobromide (TPHB) as a 

Lewis acid. It is known that the TPHB efficiently catalyzes the addition of alcohols to glucal 

derivatives without Ferrier rearrangement [28, 29]. Path B differs in the reaction sequence: the amino 

alcohol is first added to glucal derivative forming an appropriate ω-aminoalkyl glycoside. In the next 

step, the final compounds can be obtained conveniently by the substitution of a good leaving group 

present at carbon C5 of 2(5H)-furanone, in most of the cases a protecting group. 

In this paper we investigated the strategy outlined in the path A. In the first step, mucochloric acid 

(1) was transformed into its derivative containing a labile group at the carbon C-5. Thus, 1 was treated 

with methyl chloroformate in the presence of diisopropylethylamine and the appropriate carbonate 2 

was obtained in 82% yield. Subsequently, the obtained derivative was subjected to the action of amino 

alcohols 3a-c used as the N-centered nucleophiles in the substitution reaction. In a standard procedure, 

the mucochloric acid derivative 2 (1 equiv.) was treated with 2 equiv. of the amino alcohol in 

dichloromethane at room temperature (Scheme 2). TLC indicated total consumption of the limiting 

reactant after 0.5-2 h. The excess of amino alcohol was removed from the post-reaction mixture by 

evaporation under diminished pressure and the products were isolated using column chromatography. 

The yields of the products 4a-c vary in the range of 64-76%. The disappearance of a characteristic 

signal from the carboxymethoxy group present at 3.93 ppm confirms the substitution at carbon C5 of 

2(5H)-furanone ring. 
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Scheme 2. Synthesis of 3,4-dichloro-5-(ω-hydroxyalkylamino)-2(5H)-furanones. 

 

Reagents and conditions: (a) ClCOOMe, DIPEA, CH2Cl2, -10 °C to 25 °C, 82%;  

(b) HO-R-NH2 3a-c, CH2Cl2, RT. 

 

Scheme 3. The coupling of MCA derivatives with peracetylated glucals. 

 

Reagents and conditions: (a) PPh3P HBr, CH2Cl2 anhydr., RT. 

 

Table 1. Addition of MCA derivatives to peracetylated glucals. 

Entry Conjugate Peracetylated Glucal MCA Derivative Yield [%] 

1 6a 

D-Glucal 

4a 98 

2 6b 4b 78 

3 6c 4c 78 

4 6d 
D-Galactal 

4a 89 

5 6e 4b 80 

6 6f 

L-Rhamnal 

4a 78 

7 6g 4b 60 

8 6h 4c 61 

 

The obtained 3,4-dichloro-5-(ω-hydroxyalkylamino)-2(5H)-furanones 4a-c were used in the next 

step for the synthesis of conjugates (Scheme 3). As a sugar reactant we used commercially available 

peracetylated glucals. Preliminary trials carried out using 3,4,6-tri-O-acetyl-D-glucal 5a and 5-(N-

hydroxyethyl)amino-3,4-dichloro-2(5H)-furanone (4a) indicated that the addition reaction proceeded 

efficiently in anhydrous dichloromethane at room temperature when 1 equiv. of unsaturated sugar 5a 

was treated with 1.1 equiv. of 4a, in the presence of 0.2 equiv. of TPHB catalyst. The inspection of the 

reaction mixture after 24 h (TLC, AcOEt-hexane, 1:1, v/v) indicated formation of one product 

containing a sugar ring and a complete consumption of the substrate 4a. The addition product 6a was 

obtained in very good yield (Table 1, entry 1). The same ratio of reactants was applied in other 

experiments (Table 1, entry 2-8). The obtained yields of adducts 6b-h are satisfying and vary in the 

range of 61-89%.  
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The stereochemistry of the performed reaction is very complicated. The starting 3,4-dichloro-5-(ω-

hydroxyalkylamino)-2(5H)-furanones 4a-c constitute a racemic mixture bearing a chiral centre at 

carbon C5 of the furanone ring. Racemisation is a result of equilibrium between acyclic and cyclic 

forms of MCA in most solvents. The coupling with unsaturated sugars should lead theoretically to the 

formation of two possible anomers in respect to the anomeric carbon of sugar moiety. Inspection of 
1
H- and 

13
C-NMR spectra revealed the predominant diastereomer to be the α-D-anomer, and only 

traces of β-D-anomer were observed. In the 
1
H-NMR spectrum of compound 6a, the anomeric proton 

appears as a doublet of doublets at 4.96 ppm, with coupling constants of 1.2 Hz and 3.6 Hz, suggesting 

an axial configuration for the aminoalkyl group/linker. The small value of J reflects the equatorial-

equatorial relationship of the anomeric hydrogen with H-2b, the second 3.6 Hz one may be ascribed to 

H-2a–H-1 interaction. In all of the reactions involving MCA substrates 4a–c and glucal 5a, the main 

products possessed a trans configuration with respect to the acyl group present at carbon C-3 of the 

pyranosyl ring. For the L-rhamnose derivative, a β-L-configuration and cis in respect to the C-3 acyl 

group, was assigned. The observed stereoselectivity – in a respect to the anomeric centers – fortunately 

reduced the number of possible diastereomeric products 6 to two, apart from 6c and 6h where the 

linker had an additional stereogenic centre and another pair of diastereomers was created. 

Unfortunately, in this case the attempts to separate the diastereomers involving HPLC were 

unsatisfactory and failed. 

3. Experimental  

3.1. General 

NMR spectra were recorded at 600 MHz for 
1
H-NMR and 150 MHz for 

13
C-NMR on a Varian 600 

MHz System in CDCl3 or DMSO solutions; δ-values are in parts per million relative to 

tetramethylsilane used as an internal standard. Mass spectra were recorded at ESI Bruker-Daltonics 

Amazon Mass Spectrometer. TLC plates 60 F254 (Merck); visualized by UV light (254 nm) or using 

3% solution of vanillin in MeOH containing 10% of H2SO4 and heating. Column chromatography was 

performed on silica gel packed column (silica gel 60; 0.040–0.063 mm, Merck) using solution of ethyl 

acetate/hexane v/v 1:2 or 1:1. Solvents were distilled prior to use and dried by standard methods. 5-

Methoxycarbonyloxy-3,4-dichloro-2(5H)-furanone (2) and compounds 4a-c were obtained according 

to reported procedures [7, 25]. All reagents used were purchased from Lancaster.  

3.2. General procedure for the synthesis of 3,4-dichloro-5-( ω-hydroxyalkylamino)-2(5H)-furanones 4 

To a mixture of 3,4-dichloro-5-methoxycarbonyloxy-2(5H)-furanone (1 equiv.) in anhydrous 

CH2Cl2 (5 mL), an appropriate amino alcohol 3a-c (2 equiv.) was slowly added while stirring. The 

reaction mixture was stirred at room temperature until the TLC (10% MeOH/CHCl3) revealed 

complete consumption of the limiting reactant (approx. 0.5-2 h). Then the solvent was evaporated 

under high vacuum and the residual oil was purified on a silica gel packed column using a mixture of 

MeOH and CHCl3 (1%, 3%, 5% or 10% v/v) as an eluent. 
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3.2.1. 3,4-Dichloro-5-(2'-hydroxyethylamino)-2(5H)-furanone (4a): White powder, m.p. 98-100 °C; 
1
H-NMR (DMSO-d6): δ 3.17-3.28 (m, 2H, H-1’), 3.49-3.58 (m, 2H, H-2’), 4.40 (br s, 1H, OH), 5.47 

(s, 1H, H-5), 7.05 (s, 1H, NH). 
13

C-NMR (DMSO-d6): δ 42.20 (C-1'), 58.56 (C2'), 82.02 (C-5), 124.86 

(C-3), 144.10 (C-4), 161.57 (C-2). Anal. Calcd. for C6H7Cl2NO3 (212): C, 33.99; H, 3.33; N, 6.60. 

Found: C, 33.87; H, 3.48; N, 6.41. 

3.2.2. 3,4-Dichloro-5-(3'-hydroxypropylamino)-2(5H)-furanone (4b): White powder, m.p. 92-94 °C; 
1
H-NMR (DMSO-d6): δ 1.57-1.78 (m, 2H, H-2’), 3.26 (ddd, J = 6.1 Hz, J = 8.2 Hz, J = 14.1 Hz, 1H, 

H-1’a), 3.41 (t, J = 6.1 Hz, 2H, H-3’), 3.49 (m, 1H, H-1’b), 4.48 (s, 1H, OH), 5.43 (d, J = 9.3 Hz, 1H, 

H-5), 7.02 (d, J = 9.3 Hz, 1H, NH). 
13

C-NMR (DMSO-d6): δ 30.99 (C-2'), 37.48 (C-1'), 58.45 (C-3'), 

81.62 (C-5), 124.75 (C-3), 143.94 (C-4), 161.43 (C-2). Anal. Calcd. for C7H9Cl2NO3 (226): C, 37.19; 

H, 4.01; N, 6.20. Found: C, 37.58; H, 4.01; N, 5.85. 

3.2.3. 3,4-Dichloro-5-(2'-hydroxypropylamino)-2(5H)-furanone (4c): White powder, m.p. 86-88 °C; 
1
H NMR (DMSO-d6): δ 1.03 (d, J = 6.3 Hz, 3H, H-3'), 1.04 (d, J = 6.3 Hz, 3H, H-3'), 3.00-3.14 (m, 2 

x 1H, H-1'a), 3.34-3.46 (m, 2 x 1H, H-1'b), 3.80-3.89 (m, 2 x 1H, H-2'), 4.83 (br s, 2 x 1H, OH), 5.45-

5.51 (m, 2 x 1H, H-5), 7.00-7.05 (m, 2x1H, NH). 
13

C-NMR (DMSO-d6): δ 20.79, 21.15 (C-3'); 46.85, 

47.04 (C1'), 63.99, 64.72 (C-2'), 81.88, 82.58 (C-5), 124.84, 124.87 (C-3); 143.95, 144.21 (C-4), 

161.54, 161.81 (C-2). Anal. Calcd. for C7H9Cl2NO3 (226): C, 37.19; H, 4.01; N, 6.20. Found: C, 

36.86; H, 3.67; N, 6.17. 

3.2. General procedure for the synthesis of compounds 6a-g 

The appropriate 5-(N-hydroxyalkyl)amino-3,4-dichloro-2(5H)-furanone 4a-c (1.1 equiv., 0.1 g) was 

dissolved in anhydrous CH2Cl2 (6 mL) and then 1,2-unsaturated sugar 5a-c (1 equiv.) and TPHB (0.2 

equiv.) were added. The reaction mixture was stirred for 24 h at room temperature (TLC, AcOEt : 

Hexane, 1:1, v/v). Then the solvent was evaporated under reduced pressure, the residue was purified 

using silica gel packed column and a mixture of AcOEt and hexane (1:2, 1:1, v/v) as an eluent. The 

combined fraction-containing products 6a-g were collected and evaporated under diminished pressure. 

The products were obtained in satisfactory yield as semi-solid materials. 

2-(3,4-Dichloro-5-oxo-2,5-dihydrofuran-2-ylamino)ethyl 3,4,6-tri-O-acetyl-2-deoxy-α-D-arabinohexo- 

pyranoside (6a): 
1
H-NMR (CDCl3) δ (ppm): 1.83 (ddd, 1H, J = 3.6 Hz, 11.7 Hz, 13.1 Hz, H-2a), 2.02 

(s, 3H, CH3), 2.05 (s, 3H, CH3), 2.10 (s, 3H, CH3), 2.25 (ddd, 1H, J = 1.2 Hz, 5.6 Hz, 13.1 Hz, H-2b), 

3.59-3.66 (m, 2H, H-1’), 3.82-3.88 (m, 2H, H-2’), 4.04 (dd, 1H, J = 3.0 Hz, 4.8 Hz, H-5), 4.21 (dd, 

1H, J = 4.8 Hz, 12.3 Hz, H-6b), 4.25 (dd, 1H, J = 4.8 Hz, 12.3 Hz, H-6a), 4.96 (dd, 1H, J = 1.2 Hz, 3.6 

Hz, H-1), 5.0 (dd, 1H J = 3.0 Hz, 9.5 Hz, H-4), 5.19 (ddd, 1H, J = 5.6 Hz, 9.5 Hz, 11.7 Hz, H-3), 5.42 

(d, 1H, J = 2.7 Hz, H-5’’), NH group not observed. 
13

C-NMR (CDCl3) δ (ppm): 20.75, 20.80, 20.98 

(3×CH3), 34.82, 41.45 (C-2, C-1’), 62.45, 65.51 (C-6, C-2’), 68.39, 68.99, 69.07 (C-3, C-4, C-5), 

83.10 (C-5’’), 96.78 (C-1), 126.50 (C-3’’), 143.73 (C-4’’), 162.84 (C-2’’), 169.82, 170.73, 170.83 

(3×C=O). ESI-MS: m/z 484.0 ([M+H]
+
, C18H23Cl2NO10H

+
, calcd. 484.1). 
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3-(3,4-Dichloro-5-oxo-2,5-dihydrofuran-2-ylamino)propyl 3,4,6-tri-O-acetyl-2-deoxy-α-D-arabino-

hexo-pyranoside (6b): 
1
H-NMR (CDCl3) δ (ppm): 1.81 (ddd, 1H, J = 3.0 Hz, 12.0 Hz, 13.2 Hz, H-2a), 

1.90-1.99 (m, 2H, H-2’), 2.02 (s, 3H, CH3), 2.05 (s, 3H, CH3), 2.09 (s, 3H, CH3), 2.21 (ddd, 1H, J = 

1.2 Hz, 4.8 Hz, 13.2 Hz, H-2b), 3.42-3.46 (m, 1H, H-3’a), 3.55-3.63 (m, 3H, H-5, H-1’) 3.71-3.74 (m, 

1H, H-3’b), 4.05 (dd, 1H, J = 2.5 Hz, 12.2 Hz, H-6b), 4.27 (dd, 1H, J = 4.8 Hz, 12.2 Hz, H-6a), 4.92 (d, 

1H, J = 3.0 Hz, H-1), 4.97 (dd, 1H, J = 5.4 Hz, 10.2 Hz, H-4), 5.19-5.24 (m, 1H, H-3), 5.34 (d, 1H, J = 

5.1 Hz, H-5’’), NH group not observed. 
13

C-NMR (CDCl3) δ (ppm): 20.86 (2×C), 21.10 (3×CH3), 

28.29 (C-2’), 34.98, 38.26 (C-2, C-1’), 62.63, 65.65 (C-6, C-3’), 68.03, 69.30, 69.42 (C-3, C-4, C-5), 

82.81 (C-5’’), 97.29 (C-1), 126.62 (C-3’’), 143.52 (C-4’’), 163.01 (C-2’’), 170.06, 170.75, 171.05 

(3×C=O). ESI-MS: m/z 498.1 ([M+H]
+
, C19H25Cl2NO10H

+
, calcd. 498.1). 

1-(3,4-Dichloro-5-oxo-2,5-dihydrofuran-2-ylamino)propan-2-yl 3,4,6-tri-O-acetyl-2-deoxy-α-D-arab- 

inohexopyranoside (6c): 
1
H-NMR (CDCl3) δ (ppm): 0.93 (d, 3H, J = 6.0 Hz, CHCH3), 1.79-1.86 (m, 

1H, H-2a), 2.02 (s, 3H, CH3), 2.06 (s, 3H, CH3), 2.10 (s, 3H, CH3), 2.18-2.24 (m, 1H, H-2b), 3.55-3.63 

(m, 3H, OCH, H-2’), 3.77-4.13 (m, 2H, H-5, H-6b), 4.27 (dd, 1H, J = 4.8 Hz, J = 12.3 Hz, H-6a), 4.93-

5.03 (m, 2H, H-1, H-4), 5.17 (ddd, 1H, J = 5.2 Hz, J = 9.4 Hz, 11.5 Hz, H-3), 5.31 (d, 1H, J = 8.4 Hz, 

H-5’’), NH group not observed. 
13

C-NMR (CDCl3) δ (ppm): 20.76 (2×C), 20.97, 21.61 ((3×CH3, C-

1’), 34.60 (C-2), 55.94, 62.37, 67.27 (C-6, C-2’, C-3’), 68.12, 69.03, 69.35 (C-3, C-4, C-5), 83.26 (C-

5’’), 97.52 (C-1), 125.92 (C-3’’), 143.54 (C-4’’), 163.82 (C-2’’), 169.95, 170.34, 170.82 (3×C=O). 

ESI-MS: m/z 498.0 ([M+H]
+
, C19H25Cl2NO10H

+
, calcd. 498.1). 

2-(3,4-Dichloro-5-oxo-2,5-dihydrofuran-2-ylamino)ethyl 3,4,6-tri-O-acetyl-2-deoxy-α-D-lyxohexo- 

pyranoside (6d): 
1
H-NMR (CDCl3) δ (ppm): 1.87 (dd, 1H, J = 3.0 Hz, 12.6 Hz, H-2a), 2.00 (s, 3H, 

CH3), 2.07 (s, 3H, CH3), 2.08-2.13 (m, 1H, H-2b), 2.14 (s, 3H, CH3), 3.58-3.66 (m, 2H, H-1’), 3.77-

3.86 (m, 2H, H-2’), 4.05 (dd, 1H, J = 1.8 Hz, 13.5 Hz, H-6b), 4.09 (dd, 1H, J = 1.8 Hz, 6.6 Hz, H-5), 

4.12 (dd, 1H, J = 6.6 Hz, 13.5 Hz, H-6a), 5.05 (d, 1H, J = 4.8 Hz, H-4), 5.18 (dd, 1H, J = 3.0 Hz, 4.8 

Hz, H-3), 5.23 (d, 1H, J = 3.0 Hz, H-1), 5.45 (d, 1H, J = 7.9 Hz, H-5’’), NH group not observed. 
13

C- 

NMR (CDCl3) δ (ppm): 20.71, 20.76, 20.92 (3×CH3), 30.03, 41.00 (C-2, C-1’), 62.46, 65.71 (C-6, C-

2’), 66.19, 66.46, 67.14 (C-3, C-4, C-5), 83.10 (C-5’’), 97.48 (C-1), 126.59 (C-3’’), 143.63 (C-4’’), 

162.86 (C-2’’), 170.24, 170.78, 170.87 (3×C=O). ESI-MS: m/z 484.0 ([M+H]
+
, C18H23Cl2NO10H

+
, 

calcd. 484.1). 

3-(3,4-Dichloro-5-oxo-2,5-dihydrofuran-2-ylamino)propyl 3,4,6-tri-O-acetyl-2-deoxy-α-D-lyxohexo- 

pyranoside (6e): 
1
H-NMR (CDCl3) δ (ppm): 1.83 (dd, 1H, J = 3.6 Hz, 12.6 Hz, H-2a), 1.91-1.96 (m, 

2H, H-2’), 1.99 (s, 3H, CH3), 2.06 (s, 3H, CH3), 2.07-2.11 (m, 1H, H-2b), 2.14 (s, 3H, CH3), 3.45-3.49 

(m, 1H, H-3’a), 3.52-3.66 (m, 2H, H-1’), 3.70-3.75 (m, 1H, H-3’b), 4.07 (ddd, 1H, J = 1.8 Hz, 4.8 Hz, 

6.0 Hz, H-5), 4.09-4.19 (m, 2H, H-6), 4.95 (t, 1H, J = 4.8 Hz, H-4), 5.22 (dd, 1H, J =1.8 Hz, 4.8 Hz, 

H-3), 5.28 (d, 1H, J = 3.6 Hz, H-1), 5.33 (d, 1H, J = 7.2 Hz, , H-5’’), NH group not observed. 
13

C- 

NMR (CDCl3) δ (ppm): 20.73, 20.90, 21.06 (3×CH3), 28.47 (C-2’), 30.11, 38.55 (C-2, C-1’), 60.46, 

62.51 (C-6, C-3’), 65.47, 66.30, 66.53 (C-3, C-4, C-5), 82.75 (C-5’’), 97.66 (C-1), 126.68 (C-3’’), 

143.28 (C-4’’), 162.92 (C-2’’), 170.36, 170.90, 171.19 (3×C=O). ESI-MS: m/z 498.0 ([M+H]
+
, 

C19H25Cl2NO10H
+
, calcd. 498.1). 



Molecules 2011, 16                            

 

 

1018 

2-(3,4-Dichloro-5-oxo-2,5-dihydrofuran-2-ylamino)ethyl 3,4-di-O-acetyl-2,6-dideoxy-β-L-arabino-

hexopyranoside (6f): 
1
H NMR (CDCl3) δ (ppm): 1.17 (d, 3H, J = 7.2 Hz, H-6), 1.77-1.83 (dt, 1H, J = 

3.0 Hz, 10.5 Hz, 12.6 Hz, H-2a), 2.02 (s, 3H, CH3), 2.05 (s, 3H, CH3), 2.21 (ddd, 1H, J = 1.8 Hz, 4.8 

Hz, 12.6 Hz, H-2b), 3.57-3.64 (m, 2H, H-1’), 3.78-3.87 (m, 2H, H-2’), 4.12 (q, 1H, J = 7.2 Hz, H -5), 

4.73 (dd, 1H, J = 4.8 Hz, 7.2 Hz, H-4), 4.92 (d, 1H, J = 3.0 Hz, H-1) 5.18 (ddd, 1H, J = 1.8 Hz, 4.8 Hz, 

10.5 Hz, H-3), 5.43 (d, 1H, J = 7.1 Hz, H-5’’), NH group not observed. 
13

C-NMR (CDCl3) δ (ppm): 

17.54 (C-6), 20.84, 21.04 (2×CH3), 35.11, 40.88 (C-2, C-1’), 65.48, 66.36, 68.99, 74.33 (C-2’, C-3, C-

4, C-5), 83.38 (C-5’’), 96.75 (C-1), 126.48 (C-3’’), 143.77 (C-4’’), 162.83 (C-2’’), 170.08, 170.69 

(2×C=O). ESI-MS: m/z 426.0 ([M+H]
+
, C19H25Cl2NO10H

+
, calcd. 426.1). 

3-(3,4-Dichloro-5-oxo-2,5-dihydrofuran-2-ylamino)propyl 3,4-di-O-acetyl-2,6-dideoxy-β-L-arabino-

hexopyranoside (6g): 
1
H-NMR (CDCl3) δ (ppm): 1.17 (d, 3H, J = 6.6 Hz, H-6), 1.79 (ddd, 1H, J = 1.8 

Hz, 4.8 Hz, 12.6 Hz, H-2a), 1.90-1.97 (m, 2H, H-2’), 2.01 (s, 3H, CH3), 2.06 (s, 3H, CH3), 2.21 (ddd, 

1H, J = 1.2 Hz, 5.4 Hz, 12.6 Hz, H-2b), 3.43 (ddd, 1H, J = 4.5 Hz, 8.0 Hz, 11.3 Hz, H-3’a), 3.68-3.75 

(m, 2H, H-1’), 3.77-3.84 (m, 1H, H-3’b), 4.11 (dd, 1H, J = 6.6 Hz, 9.6 Hz, H-5), 4.73 (dd, 1H, J = 1.8 

Hz, 9.6 Hz, H-4), 4.84 (dd, 1H, J = 1.2 Hz, 4.8 Hz, H-1), 5.13 (ddd, 1H, J = 1.8 Hz, 5.4 Hz, 9.6 Hz, H-

3), 5.35 (d, 1H, J = 6.1 Hz, H-5’’), NH group not observed.  
13

C-NMR (CDCl3) δ (ppm): 17.55 (C-6), 

20.86, 21.04 (2×CH3), 28.32 (C-2’), 35.18, 38.51 (C-2, C-1’), 65.39, 65.98, 69.22, 74.51 (C-3’, C-3, 

C-4, C-5), 82.68 (C-5’’), 96.87 (C-1), 126.62 (C-3’’), 143.40 (C-4’’), 162.91 (C-2’’), 170.19, 170.74 

(2×C=O). ESI-MS: m/z 462.1 ([M+Na]
+
, C19H25Cl2NO10Na

+
, calcd. 462.1). 

1-(3,4-Dichloro-5-oxo-2,5-dihydrofuran-2-ylamino)propan-2-yl 3,4-di-O-acetyl--2,6-dideoxy-β-L- 

arabino-hexopyranoside (6h): Mixture of diastereoisomers: 
1
H-NMR (CDCl3) δ (ppm): 1.10-1.30 (m, 

6H, H-6, H-1’), 1.76-1.82 (m, 1H, H-2a), 2.03 (s, 3H, CH3), 2.06 (s, 3H, CH3), 2.08-2.16 (m, 1H, H-

2b), 3.56-4.20 (m, 4H, H-5, H-2’, H-3’), 4.68-4.73 (m, 1H, H-4), 5.03-5.05 (m, 1H, H-1), 5.11-5.18 (m, 

1H, H-3), 5.49 (d, 1H, J = 7.1 Hz, H-5’’), NH group not observed. 
13

C-NMR (CDCl3) δ (ppm): 17.36, 

18.95 (C-6, C-1’), 20.82, 21.09 (2×CH3), 35.90 (C-2), 45.73, 66.72, 69.02, 69.40, 74.12 (C-3, C-4, C-

5, C-2’, C-3’), 83.27 (C-5’’), 97.35 (C-1), 126.42 (C-3’’), 143.86 (C-4’’), 163.15 (C-2’’), 170.07, 

170.97 (2×C=O). ESI-MS: m/z 462.1 ([M+Na]
+
, C19H25Cl2NO10Na

+
, calcd. 462.1). 

4. Conclusions  

We have synthesized a novel group of 3,4-dichloro-5-hydroxy-2(5H)-furanone glycoconjugates by 

the reaction of 3,4-dichloro-5-(ω-hydroxyalkylamino)-2(5H)-furanones with appropriate unsaturated 

sugars using TPHB as the condensing agent. The formation of conjugates proceeded stereospecifically 

in respect to the sugar ring. The final compounds will be tested for antiprotozoal activity within the 

framework of the Drugs for Neglected Diseases initiative (DNDi). 

Acknowledgements 

This work was supported by a grant from the Ministry of Science and Higher Education  

No N N507 415537. 



Molecules 2011, 16                            

 

 

1019 

References and Notes 

1.  Bellina, F.; Rossi,R. Mucochloric and mucobromic acids: inexpensive, highly functionalised 

starting materials for the selective synthesis of variously substituted 2(5H)-furanone derivatives, 

sulfur- or nitrogen-containing heterocycles and stereodefined acyclic unsaturated dihalogenated 

compounds. Curr. Org. Chem. 2004, 8, 1089-1103. 

2.  Bellina, F.; Anselmi, Ch.; Martina, F.; Rossi, R. Mucochloric acid: a useful synthon for the 

selective synthesis of 4-aryl-3-chloro-2(5H)-furanones, (Z)-4-aryl-5-[1-(aryl)methylidene]-3-

chloro-2(5H)-furanones and 3,4-diaryl-2(5H)-furanones. Eur. J. Org. Chem. 2003, 2290-2302. 

3.  Sulikowski, G. A.; Agnelli, F.; Corbett, R. M. Investigation into a biomimetic approach toward 

CP-225,917 and CP-263,114. J. Org. Chem. 2000, 65, 337-342. 

4.  Angell, P.; Zhang, J.; Belmont, D. T.; Davidson, J. G. Mucohalic acid in Lewis catalyzed 

Mukaiyama aldol reaction: a concise method for highly functionalized γ-substituted γ-butenolides. 

Tetrahedron Lett. 2005, 46, 2029-2032. 

5.  Lattmann, E.; Kinchington, D.; Dunn, S.; Singh, H.; Ayuko, W. O.; Tisdale, M. J. Cytotoxicity of 

3,4-dihalogenated 2(5H)-furanones. J. Pharm. Pharmacol. 2004, 56, 1163-1170. 

6.  Mowry, D. T. Mucochloric acid. I. Reactions of the pseudo acid group. J. Am. Chem. Soc. 1950, 

72, 2535-2537. 

7.  Blazecka, P. G.; Belmont, D.; Curran, T.; Pflum, D.; Zhang, J. Further utilizaton of mucohalic 

acids: Palladium-free, regioselective etherification and amination of α,β-dihalo γ-

methoxycarbonyloxy and γ-acetoxy butenolides. Org. Lett. 2003, 5, 5015-5017. 

8.  Kurbangalieva, A. R.; Devyatova, N. F.; Bogdanov, A. V.; Berdnikov, E. A.; Mannafov, T. G.; 

Krivolapov, D. B.; Litvinov, I. A.; Chmutova, G. A. Phosphorus, sulfur, silicon. 2007, 182,  

607-630. 

9.  Zhang, J.; Sharma, K. D.; Curran, T. T.; Belmont, D. T.; Davidson, J. G. Efficient synthesis of 

novel γ-substituted γ-butenolides by Lewis acid catalyzed addition of metal enolates of active 

methylene compounds to mucohalic acids. J. Org. Chem. 2005, 70, 5890-5895. 

10.  Zhang, J.; Blazecka, P. G.; Berven, H.; Belmont, D. Metal-mediated allylation of mucohalic 

acids: facile formation of γ-allylic α,β-unsaturated γ-butyrolactones. Tetrahedron Lett. 2003, 44, 

5579-5582. 

11.  Zhang, J.; Blazecka, P. G.; Belmont, D.; Davidson, J. G. Reinvestigation of mucohalic acids, 

versatile and useful building blocks for highly funtionalized α,β-unsaturated γ-butyrolactones. 

Org. Lett. 2002, 4, 4559-4561. 

12.  Arayarat, P.; Singh, H.; Lattmann, E. Solid phase synthesis of substituted 4-amino-5-hydroxy-

2(5H)-furanones. Sci. Asia 2001, 27, 121-125. 

13.  Jähnisch, K.; Duczek, W. Chemistry of mucohalic acid IV. Reactions of mucochloric acid 

derivatives with aniline, J. Prakt.Chem. 1990, 332, 117-121. 

14.  Lattmann, E.; Ayuko, W. O.; Kinchinaton, D.; Langley, Ch. A.; Singh, H.; Karimi, L.; Tisdale, M. 

Synthesis and evaluation of 5-arylated 2(5H)-furanones and 2-arylated pyridazin-3(2H)-ones as 

anti-cancer agents. J. Pharm. Pharmacol. 2003, 55, 1259-1265. 

15.  Estevez, I.; Raviña, E.; Sotelo, E.; Pyridazines. XV. Synthesis of 6-aryl-5-amino-3(2H)-

pyridazinones as potential platelet aggregation inhibitors. J. Heterocycl. Chem. 1998, 6,  

1421-1428. 



Molecules 2011, 16                            

 

 

1020 

16.  Moore, H. W.; Arnold, M. J.; Photolysis of 4-diazopyrrolidine-2,3-diones. A new synthetic route 

to mono- and bicyclic β-lactams. J. Org. Chem. 1983, 48, 3365-3367. 

17.  Lattmann, E.; Dunn, S.; Niamsanit, S.; Sattayasai, N.; Synthesis and antibacterial activities of 5-

hydroxy-4-amino-2(5H)-furanones. Bioorg. Med. Chem. Lett. 2005, 15, 919-921. 

18.  Asplund, D.; Kronberg, L.; Sjoholm, R.; Munter, T. Reaction of mucochloric acid with adenosine: 

formation of 8-(N
6
-adenosinyl)ethenoadenosine derivatives. Chem. Res. Toxicol. 1995, 8,  

841-846. 

19.  Kronberg, L.; Asplund, D.; Maki, J.; Sjoholm, R. Reaction of mucochloric and mucobromic acids 

with adenosine and cytidine: formation of chloro- and bromopropenal derivatives. Chem. Res. 

Toxicol. 1996, 9, 1257-1263. 

20.  Zhang, J.; Blazecka, D.; Davidson, J. G. First direct reductive amination of mucochloric acid: a 

simple and efficient method for preparing highly functionalized α,β-unsaturated γ-butyrolactams. 

Org. Lett. 2003, 5, 553-556. 

21.  Sarma, K. D; Zhang, J.; Huang, Y.; Davidson, J. G. Amino acid esters and amides for reductive 

amination of mucochloric acid: synthesis of novel γ-lactams, short peptides and antiseizure agent 

Levetiracetam (Keppra*). Eur. J. Org. Chem. 2006, 3730-3737. 

22.  Miao, S.; Andersen, R. J. A.  Rubrolides A-H, metabolites of the colonial tunicate Ritterella 

rubra. J. Org. Chem. 1991, 56, 6275-6280. 

23.  Ortega, J. J.; Zubia, E.; Ocaña, J. M.; Naranjo, S.; Salva, J. New rubrolides from the ascidian 

synoicum blochmanni. Tetrahedron 2000, 56, 3963-3967. 

24.  Surivet, J. P.; Vatale, J. M. Concise total synthesis of (+)-goniofufurone and goniobutenolides A 

and B. Tetrahedron Lett. 1996, 37, 4373-4376. 

25.  Gondela, E.; Walczak, K. Z. Synthesis and preliminary bioactivity assays of 3,4-dichloro-5-(ω-

hydroxyalkylamino)-2(5H)-furanones. Eur. J. Med. Chem. 2010, 45, 3993-3997. 

26.  Jain, K. S.; Chitre, T. S.; Miniyar, P. B.; Kathiravan, M. K.; Bendre, V. S.; Veer, V. S.; Shahane, 

S. R.; Shishoo, C. J. Biological and medicinal significance of pyrimidines. Curr. Sci. 2006, 90, 

793-803. 

27.  Dolman, N. P.; More, J. C. A.; Alt, A.; Knauss, J. L.; Troop, H. M.; Bleakman, D.; Collingridge, 

G. L.; Jane, D. E. Structure-Activity Relationship Studies on N3-Substituted Willardiine 

Derivatives Acting as AMPA or Kainate Receptor Antagonists. J. Med. Chem. 2006, 49,  

2579-2592. 

28.  Bolitt, V.; Mioskowski, Ch. Direct Preparation of 2-Deoxy-D-glucopyranosides from Glucals 

without Ferrier Rearrangement. J. Org. Chem. 1990, 55, 5812–5813. 

29.  Pierwocha, A.; Walczak, K. The use of tri-O-acetyl-D-glucal and -D-galactal in the synthesis of ω-

aminoalkyl 2-deoxy- and 2,3-dideoxy-D-hexopyranosides. Carbohydrate Res. 2008, 343,  

2680-2686. 

Sample Availability: Samples of the compounds 4a-c are available from the authors. 

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


