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Abstract : The syntheses of chlonnated 5 - hydroxy- furanones with a mono-, di-, and 

tnchloromethyl gmup at C-5 are described. The S-chlarnnethyl hydroxyfuranooes were obtained by 

chlorination of levulinic acid followed by triethylamine promoted elimination of hydrogen chloride. 

Hydrolyses of chlonnated 4 - cyclopentene 1.3 drones yielded 5dichlorometbyl hydroxyfuranones. The 

mchloromethyl group was mcorporati to malelc anhydnde through thezmai decomposhon of sodium 

rrichloroacetate. 

INTRODUCTION 

Chlorinated 5-hydroxy-2-furanones are formed during chlorine bleaching of pulp and during chlorine 

disinfection of drinking water.14 The compounds are of interest since they generate mutagenicity m the Ames 

mutagenicity assay.%’ Much attention has been paid to the compound 3-chloro-4-(dichloromethyl)-5-hydroxy- 

2(W)-furanone (MX) which is one of the most active compound ever tested in the Ames assay.“a*g In previous 

work our interest has been focused on 4-methyl substituted chloro hydroxyfuranones.4 In the present work 

we describe the synthesis of Smethyl substituted chlorohydroxyfuranones. The pure compounds are needed 

lo945 
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as standards for their qualitative and quantitative determinations in chlorinated water and for the study of their 

mutagemc potency. 

RESULTS and DISCUSSION 

5-(Chloromethyl)-5-hydroxy-2-furanone la and 4-chloro-5-(chloromethyl)-5-hydmxy-2-furanone lb 

were prepared from levulinic acid (Scheme 1). The acid was chlorinated with SO&I, and 3,5dichloro-4_oxo- 

pentanoic acid A and 5,5-dichloro-4-oxo pentanoic acid B were obtained as a 4: 1 mixture (NMR data in Tables 

III and IV). Chlorination of levulinic acid with SO&& under UV light produced 2,3.5-uichloro-4-oxo-pentanoic 

acid C, in 96% yield. NMR and MS data showed that the open chain tautomer of chlorinated levulinic acids 

is greatly favoured over the lactone form (Tables III and IV). The desired 5-chloromethyl hydroxyfuranones 

were obtained in yields of 5-78 by triethylamine-promoted elimination of hydrogen chloride from the 

chlorinated levulinic acids A and C. 

The preparation of hydroxyfuranones with a dichloromethyl group at C-5 was carried out by 

hydrolyses of various 2,2-dichlorocyclopentene-1,3-diones with O.lM K,CO, (Scheme 2).” 

x v - -P 
Cl Cl 

O.lM Ke 

+ 1OoC. 1-3frun. 

scheme 2 

x v 

Ho - L% 
a* O 

2a X=Y=H 

2b X=H,Y=CI 

2c x= Cl , Y &I 

The hydroxyfuranone 2b was prepared by hydrolysis of 2,2,4-trichlorocyclopentene-1.3-dione which in turn 

was produced by chlorination of cyclopentene-1,3-dione with Cl,. The compound 2,2,4,5- 

tetrachlorocyclopentene- 1,3-dione, needed for the preparation of 2c, was obtained by reacting Cl, under UV- 

hght with cyclopentene- 1,3-dtone. The compound 2,2-dichlorocyclopentene- 1.3-dione, used in the synthesis 

of 2a was obtained by W-promoted dechlorination “J’ of one of the chlorine atoms at the double bond in 
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2,2,4-tricblorocyclopemene-1,3-dione. The hydroxyfuranone 2a was found to be highly unstable at the 

hydrolysis conditions of the cyclopentenedione and 2a could be obtained in yields of only ca.l%. However, 

prior to qualitative and quantitative determination of the hydroxyfuranones in extracts of water the compounds 

were converted to methyl ethers by derivatization with acidic methanol. Therefore, the methyl ether 2d serves 

as a standard as well as 2a. The preparation of 2d started from succinic anhydride which was tmated with 

sodium trichlomacetate according to the method of Winston et a1..13 The product 5,5,!Gtrichloro4-oxo 

pentanoic acid D was dissolved in sulphutic acid at 100°C and the dichloromethylene 2-fiuanone 2e was 

obtained in 70% yield (Scheme 3). 

Naococct, I 1,2diln&oxyethane 

=o 0 0 
0 

reilux, 3h 
. 

23 % 

- 
w =c)- 0 

0 

MeoH/H+ 

5ll 
. 

>90% 

28 2d 

scheme 3 

H2s04,100°c 
45 min 

70 % 

Carbonyl absorption at 1800 cm” was present in the infrared spectra of 2e, and the “C NMR showed that the 

compound contained only one carbonyl group ( 6 = 167.5 ). Upon treatment of 2e with acidic methanol the 

S-methoxy derivative 2cl of 2a was obtained. A plausible mechanism for the formation of 2e by sulphuric acid 

treatment of the chlorinated keto acid is outlined in Scheme 4. 
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Chlorination of the carbon-carbon double bond in 3a with Cl, in the presence of aluminium chloride produced 

the pentachloro compound 3d (Scheme 6). 

Up I AK-l3 

In Ct@l2,3h 

3a - 

72 % 

Et3N / Et$ H U 
Ih 

0 - 0 

3d 3b 

Schema 6 

However, in the 13C NMR spectra two carbonyl signals at 168.3 and 182.2 ppm in addition to a carboxyl signal 

at 164.2 ppm indicated that a mixture of the ring form and the open form of 3d was obtained. Following 

triethylamine-promoted elimination of hydrogen chloride from 3d the desired compound 3-chloro-5-hydroxy-5 

(trichloromethyl)-2-furanone 3b was obtained. Although the overall yield of the compounds cannot be regarded 

as outstanding, the target compounds are obtained pure and in quantities high enough to make possible the use 

of them as analytical standards and in assays for mutagenicity. 

Discussion of the Spectroscopic data. 

The location of the chlorine at C-4 in lb was evident from the ‘H NMR spectrum of the compound. 

The signal of the p-proton was absent while a signal corresponding to the a - proton was observed at 6.27 

ppm. This signal was weakly splitted because of long-range coupling to one of the two diastereotopic protons 

in the chlommethyl group (J = 0.31 Hz, Table II). 

It is known that nearly in all a$-unsaturated carbonyl compounds the jkarbon has a higher $ value 

than the a-carbon.14S15 LaLonde et alI6 observed this same chemical shift pattern when they studied 

hydroxyfutanones with chlorine at the a - carbon and chlorine at both the a - and p - carbons. In accordance 

with this the signals at 6 120.5 - 131.5 and at 6 140.6 - 157.3 were assigned to the a - and p - carbons, 

respectively (Table I). The effect on the carbon chemical shift of hydrogen substitution by a chlorine atom at 
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a - and p carbons is mainly inductive at the C-Cl carbon while a resonance effect affects the shifts of the 

vicinal carbons.‘7*‘a These substitutions resulted in a small upfield shift for the C-5 and C-6 carbons. In the 3,4- 

dichloro substituted compounds a mutual compensation of inductive effects and resonance effects takes place 

and the shifts of C-3 and C-4 in 2c and 3c are moved towards the shifts observed for 2a and 3a, respectively. 

The lactone structure rather than the lceto acid tautomer was assigned for all studied hydroxyfuranones 

on the basis of the strong hydroxyl and lactone carbonyl absorption in the infrared spectra. In the case of 

5,5,5-trichloro-4-oxo-pentanoic acid the two carbonyl peaks in the IR spectra, one for the carbonyl group and 

the other for the carboxyl group showed that the open keto acid is the favoured tautomer. 

Table I ‘V Chemml Shifts S,, (ppm’) for 5-Methyl Chlorohydroxyfuranones 

la 170 0 125 1 152 1 105 4 46 6 

lb 167 2 120 5 157 3 104 8 44 1 

2a 168 5 126 4 149 9 105 2 729 

2b 163 8 130 8 1414 103 5 72 7 

2c 1618 125 4 147 1 102 5 711 

3a 169 2 126 1 1517 108 1 99.8 

3b 163 6 1315 140 6 105 I 994 

3c 160 5 128 0 145 3 103 3 969 

‘Relatwe to TMS at 6=0 00 ppm ’ Dissolved m CDCI, 
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Table IV ‘V Chemical ShlRs &, (ppm’) for I-oxo-pentanoic ands 

10953 

Cmpdb 4 1 &.a 6,. L &oH 

A 36 1 53 3 195 8 45 R 174 8 

B 27 8 29 9’ 1903 69 8 177 8 

C 47 8 513 190.3 44 6 172 3 

D 28 4’ 29 0’ 189 7 95 9 176 7 

’ R&&we to TMS at 6=0 00 ppm b Dissolved m CDCI, ’ An urmmb~guous assqnment could not be made 

EXPERIMENTAL 

General. All compounds were characterized by their spectral properties. IR spectra were recorded by a 

Perkin-Elmer 297 Infrared Spectrophotometer. Designations s. m. w and br refer to strong, medium, weak and 

broad bands. The NMR spectra were recorded with a Jeol GX 400 Fourier transform NMR Spectrometer, with 

TMS added as internal standard. Full scan mass spectra were recorded using a Hewlett-Packard 597 1A Mass 

Selective Detector (MSD) coupled to a Hewlett-Packard 5890 Gas Chmmatograph. The GC was equipped with 

a HP-l fused silica capillary column (25m x 0.20 mm i.d.,film thikness 0.33pm). HRMS analyses were 

performed on a Dani 3800 capillary gas chromatograph interfaced to a VG707QE mass spectrometer. The 

ionization mode was electron impact (70 eV), and the resolving power was 1000. Low resolution accurate mass 

determination was based on reference ions 126.9045 (I), 140.9201 (U-I&. 253.8089 (13, and 267.8246 (CH& 

from diiodomethane. EIMS were also recorded for the methyl ether derivates of the hydroxyfuranones and 

Isotope Cluster Abundance Calculations were used to analyze chlorine patterns. Column chromatography 

utilized Merck (Kieselgel 60) silica gel (40 - 63 pm particle size, 230 - 400 mesh ASTM). Thin layer 

chromatography utilized Merck art. 5719 silica gel 60 Fuo pre-coated plates. Spots were visualized by UV 

radiation. Melting points were determined in capillary tubes with a Gallenkamp melting point apparatus and 

are uncorrected. 

S-(Chloromethyl)-S-hydroxy-2-furanone la Levulimc acid (5.0 g, 43.1 mmole) and SO& (15 mL) was 

stirred overnight to yield a yellow oil which upon distillation at 170°C / 9mm Hg gave 1.5g of a mixture of 
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3,5-dichloro-4-oxo-pentanoic acid and 5,5dichloro-4-oxo-pentanoic acid (41). The chlorinated 4-0x0- 

pentanoic acids (lg) were dissolved in CI-I.$l, (10 mL) and NEt, (550 mg) in CH,Cla (5 mL) was added at 

0°C over a period of 3 hours. After 24 h the solvent was evaporated to yield a brown oil which upon 

purification on SiO, with CH,Clr - n-hexane (3:1) + 0.1% acetic acid as eluent yielded 57.4 mg (7%) of pure 

la.; IR(KBr) : v = 1770 (C=O) cm’ ‘.; MS (EI), m/z (96) = 149 (3), 133 (10). 131 (5), 113 (1). 100 (5). 99 

(lOO), 87 (5), 71 (9).; HRMS : m/z, talc. for C&0$1 (W+H) 149.0005; found 149.0002. 

S-(chloromethyl)-S-merhoxy-2-furanone : MS(EI) m/z (%) = 113 (100). 131 (18). 133 (6). 

4-Chloro-5-(chloromethyl)-5-hydroxy-2-furanone lb A solution of (5.0 g, 27.2 mmole) 4- oxo-pentanoic 

acid and SOrCl, (10 mL) was UV-irradiated for lh to produce (5.7 g, 26.1 mmole) 2,3,5-trichloro-4-0x0- 

pentanoic acid (96%). The chlorinated Coxo-pentanoic acid (5.0 g. 22.9 mmole) and NEt, (4.6 g, 45.8mmole) 

were dissolved in CH,Cl,. Stirring was continued for 24 h and after removal of the solvent the crude product 

was obtained as a brown oil. Purification on SiO, with CH,CI, - diethyl ether (3:1) and 0.1% acetic acid gave 

the 157 mg of lb as a yellow oil (5% from the chlorinated 4-oxo-pentanoic acid.).; IR (KBr) : v = 3350 (br), 

1770 (br), 1630 (s), 1420 (br), 940 (m) cm-‘.; MS (EI) : m/z (96) = 183 (M+ + 1) (1), 165 (2), 164 (1), 146 

(l), 133 (100). 99 (13), 88 (12). 69 (9).; I-IRMS : m/z , talc. for qHsO,C1, W-OH) 164.9510; found 

164.9487. 

4chloro-5-(chloromerhyhyl)J-methoxy-2-firanone : MS (EI) m/z (?4) = 147 (lOO), 149 (31), 165 (1 l), 167 (7), 

169 (2). 

5-(Dichloromethyl)-S-hydroxy-2-furanone 2a 2,2-dichloro-4cyclopentene-1.3~dione was obtained by UV- 

irradiation of 2,2,4-trichloro-4-cyclopentene-1.3~dione in ethylacetate/CCC. After evaporation of the solvent 

the residue was redissolved in diethyl ether (20 mL). The hydroxyfuranone 2a was prepared by shaking the 

diethyl ether solution with O.lM K&Or (20 mL) for 1 minute. Purification on a TLC-plate with 

dichloromethane - diethyl ether - acetic acid (50:50:0.1) as eluent gave pure 2a in low yield (cl%) as a 

semicrystalline oil.; MS (EI) : m/z (96) = 183 (l), 167 (lo), 165 (8), 133 (12), 99 (lOO), 71 (8), 54 (8), 43 

(30).; HRMS : m/z, talc. for C,H,O,Cl, (M+-OH) 164.9510; found 164.9515. 

5-(dichloromethyl)-5-methoxy-2-firanone 2d : MS (EI) m/z (%) = 113 (lOO), 165 (6), 167 (4), 169 (2). 

3-Chloro-5-(dichloromethyl)-5-hydroxy-2-furanone 2b (876 mg, 4.4mmole) 2,2,4-uichloro-4cyclopentene- 

1,3dione (85%) was obtained by chlorination of 4-cyclopentene-1,3dione (500 mg, 5 mmole) in CH,Cl, (20 

mL) for 5 h. After evaporation of the solvent the chlorinated Ccyclopentene-1,3dione in diethyl ether (20 ml) 

was vigorously shaken with O.lM K&O, solution (1OOmL) at +lO”C for 1 mmute. Following acidification and 
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extraction with diethyl ether the solvent was evaporated to yield the crude product which was fractionated on 

SiO, eluting with CH,Cl,-diethyl ether (1:l) and 0.1% acetic acid. Evaporation of the solvent yielded 185 mg 

(20%) of white crystals, 2b: mp 95 - 97°C ; IR (KBr) : v = 3350 (br), 2990 (w), 1780 (s). 1630 (m), 1390 (m), 

1160 (m), 1075 (m), 970 (m) cm”.; MS (EI) : m/z (46) = 217 (1). 199 (l), 167 (ll), 133 (100). 87 (6).; HRMS 

: m/z , talc. for C.&O,Cl, (M+-OH) 198.9120, found 198.9114. 

3-chloro-5-(dichloromerhyl)-5-~r~~-2-furanone : IbE3 @I) m/z (%) = 147 (lOO), 149 (31), 199 (3.2). 201 

(3.0), 203 (1). 205 (0.3). 

3,4-DichloroG-(dichloromethyl)-5-hydroxy-2-furanone 2~ Dry chlorine was bubbled through a mixture of 

4-cycle-penten-1.3-dione (200 mg, 2 mmole) in CC& (10 mL) until saturation. The reaction flask was then 

irradiated with UV-light for approximately 6 hours to yield (310 mg, 1.3 mmole) 2,2.4,5-tetrachloro-4- 

cyclopentene-1,3-dione (75%). 3,4-dichloro-5-(dichloromethyl)-5-hydroxy-2-furanone 2c was prepared 

according to the same sequence that yielded compound 2a from the chlorinated 4-cyclopentene-1,3-dione. 

Purification on SiO, with C&Cl,-diethyl ether (1:l) and 0.1% acetic acid gave 60mg (18%) of the 

hydroxyfuranone 2c.;IR (KBr) : v = 3360 (br). 1780 (br), 1630 (s), 1380 (m). 930 (m) cm’.; MS (RI) : m/z 

(%) = 251 (l), 227 (l), 179 (l), 167 (XXI), 122 (a), 95 (11). 87 (28).; HRMS : m/z, talc. for C,HO,Cl, (M+- 

HCl) 213.8991; found 213.8995. 

3,4-dichloro-5-(dichloromethyl)-.5-merhoxy-2-furunone : MS (EI) m/z (%) = 181 (100). 183 (64), 185 (12) 

233 (1.3) 235 (1.6), 237 (0.7), 239 (0.2). 

5-(Dichloromethyl)-5methoxy-2-furanone 2d (1.0 g, 4 mmole) 5,5,5-trichloro-4-oxo-pentanoic acid in 

H,SO, (10 mL) was heated at 1OOT for 45 minutes. The reaction mixture was cooled, diluted with ice-water 

and extracted with three portions of ethyl acetate. The combined extract was evaporated to dryness to yield 

a brown oil. Purification on SD, with CH,Cl,-ether (1:l) as eluent gave 520 mg (70%) of white crystals of 

2e: mp 92 - 94”C;IR (KBr) : v = 1800 (GO) cm-‘.; ‘H NMR(CDC1,) 6 6.34 (lH,d,3J = 5.49 Hz,H), 7.72 

(lH,d:J = 5.49 Hz,lH).; 13C NMR(CDC1,) 6 147.5 (C6), 111.4 (C5), 121.5 (C3), 139.9 (C4), 167.5 (G?).; MS 

(EI, 70eV) : m/z (%) = 164 (lOO), 136 (63). 117 (16), 110 (42), 99 (63). 82 (35) 73 (42), 54 (49); HRMS 

: m/z , talc. for GH,O,Cl, (M’) 163.9432; found 163.9424.2e was methylated by 2% (v/v) H,SO, in methanol 

for 5h at 70°C. The mixture was neutralized by addition of aqueous NaHCO, and extracted three times with 

n-hexane to yield 2d. 

5-Hydroxy_5-(trichloromethyl)-2-furanone 3a A mixture of maleic anhydride (10.3 g, 0.11 mole) and solid 

sodium trichloroacetate (19.5 g, 0.11 mole) in 1,2dimethoxyethane (65 mL) was heated under reflux for 3 
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hours after which the solvent was removed The solid was then extracted several times with ether and washed 

with ~~JSZOUS sodium bicarbonate and water. Evaporation of the ether left a black solid which upon 

recrystallisation ftom toluene and cyclohexane gave 1.4g (5%) of 3a: mp 128 - 129°C (liti mp. 137 - 138Q; 

IR WBr): v = 3250 (br), 2860 (w), 1770 (s), 1450 (m). 1250 (m), 1210 (m), 1075 (m), 950 (m) cm’.; MS (RI) 

: nJz = 217 (1). 199 (2), 117 (3). 110 (2), 99 (100). 89 (8). 82 (4). 71 (6).; HRMS : m/z , talc. for c~-&cl, 

(M+-OH) 198.9120, found 198.9065. 

5-merhoxy-S-frrichloromerhyl)-2-~a~~ : MS @I) m/z = 113 (100). 199 (4.1). 201 (4.0). 203 (1.6), 205 

(0.4) 

3-Chloro-S-hydroxy-S-(trichlwomethyl)-2-t 3b To a solution of 3a (200 mg, 0.9 mmole) in 

CH& (10 mL) was added AlCl, (20 mg). Chlorine was bubbled through the resulting mixture. After 

approximately 3 hours the reaction mixture was evaporated to yield 195mg (72%) of yellow oil 3d.; MS (RI) 

: m/z (%I = 269 (1). 233 (2). 169 (3). 149 (2). 133 (lOO), 105 (16).; HRMS : m/z , talc. for C&IO&I, (M+- 

(H@Cl)) 232.8731; found 232.8742. 

To the chlorination product 3d dissolved in diethyl ether (15 mL) was added droppwise over a period of 2 

hours niethylamine (70 mg, 0.7 mmok) dissolved in dietbylether (10 mL). After 1 hour the solution was 

washed with 0.5M HCl, dried, filtered and evaporated. Purification on SiO, with CH$$-diethyl ether (1:l) 

and 0.1% acetic acid as eluent gave 104mg (43% total yield) of 3b.; IR (KBr) : v = 3300 (br), 1790 (br), 1635 

(s), 1380 (m). 1260 (w). 1170 (m), 1000 (s), 909 (w) cm-‘.; MS (RI) : adz (%) = 251 (3), 233 (2) 217 (l), 

199 (1) 151 (4), 133 (100). 117 (4), 105 (4).; HRMS : m/z , talc. for (;Ho,Cl, @P-OH) 232.8731; found 

232.8768. 

3-chloro-S-methoxy-S-(trichloromethyl)-2-jimnone : MS (EI) m/z (%) = 147 (100). 149 (27). 229 (3.7), 231 

(3.6). 233 (l.l), 235 (lo), 237 (0.5), 239 (0.2). 

3,4-Dichloro-5-hydroxy-5-(trichIoromethyl)-2-furanone 3c (Z)-2,3dichlorobutene-dioic acid (ox-MCA) 

was obtained by oxidation of commercially available mucochloric acid (MCA) with fuming nitric acid at 70°C. 

After 24h. the mixture was cooled, diluted with ice-water and extracted with diethyl ether. The combined 

extract was washed with O.OlM HCl and evaporated to dryness. Recrystallisation from CH$lcl, gave ox-MCA 

(50%): mp 115- 116°C.; IR (KBr) : v = 3150 (br)(COOH). 1710 (br)(C=O) cm-‘.; ‘H NMR (CDCl, + acetone- 

&) 6 8.3 (lH,br.s,2xoOH).; r3C NMR (CDCl, + acetone- dJ 6 162.1 (C5 and C2), 130.6 (C4 and C3).; MS 

(RI) : m/z (96) = 184 (1). 166 (lo), 140 (13) 122 (12). 105 (31). 87 (56). 60 (59) 44 (10(l).; HRMS : m/z , 

talc. for C,O,Cl, (M+-&O) 165.9225; found 165.9240. 

2,3-Dichloromaleic anhydride was prepared from ox-MCA by refluxing with an excess of acetic anhydride 
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for 3 hours. After evaporation the crystals were washed with diethyl ether to yield pure 2.3-dichlonnaleic 

anhydride (66% total yield from MCA). Preparing of 3c was achieved using the same procedure as that 

employed to produce S-hydroxy-5-(trichloromethyl)-2-furanone 3a except that 2,fdichloromaleic anhydride 

was used instead of maleic anhydride. Purification on SiQ with CH,Cl,-diethyl ether (1:l) and 0.1% acetic 

acid as eluent gave the compound 3c as a yellow oil. (16% total yield from MCA after purification).; IR 

(KBr) : v = 3420 (m), 2970 (w). 1810 (s), 1640 (s), 1380 (m), 1200 (s), 1120 (s), 1010 (s), 970 (s), 930 (s) 

cm-‘.; MS @I) : m/z (%) = 267 (I), 234 (14), 232 (8), 213 (16). 167 (lOO), 142 (23). 122 (15), 87 (73).; 

HRMS : m/z , talc. for C@,Cl, (M+-(OH+Cl)) 231.8652; found 231.8649. 

3,4-dichioromethyl-5-mefho~-5+richlorotnerhyl~-2-&ztwne : MS (EI) m/z (96) = 181 (IOO), 183 (66). 185 

(12), 263 (0.3). 265 (0.4). 267 (I), 269 (1.6), 271 (1). 273 (0.4). 

S~J-Trichloro-49xo-pntanoic acid D Succinic anhydride O.lOmole (9.Og) and solid sodium 

trichloroacetate O.lOmole (18.Og) in 5OmL of 1,2dimethoxyethane was heated under reflux over a period of 

3 hours. The mixture was poured into 1OOmL of water after which the aqueous solution was extracted three 

times with diethyl ether. The combined extracts were dried and evaporated to yield a brown solid. 

Recrystallisation from ligroin gave 5g (23%) of white crystals of A : mp 73 - 75°C (lit” 78 - 79.5”(J).; NMR 

data in Tables III and IV.; IR (KBr) : v = 3050 (br), 2950 (br), 1770 (m), 1720 (s) cm-‘.; MS (EI) : m/z (8) 

= 201 (2). 166 (2), 119 (8), 110 (6), 101 (lOO), 82 (6), 73 (25), 55 (40).; HRMS : m/z , cak. for C&O+& 

(M+-OH) 200.9277; found 200.9266. 
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