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Abstract: The actron of DMF-POC13 at 20 %I! on tetrahydro-4H-pyran-4-one. tetrahydro-4H- 

thiopyran-4-one, chroman-4-one. and thtochroman-4-one affords the correspondrng ft- 

chlorovlnylaldehydes However, wtth excess DMF-POC13 at 100 “C, chroman-4-one affords 3- 

(chloromethyl)chromone. and thtochromanone grves 3-formylthrochromone Mechanrstrc 

ratronaltsatrons are provided 

INTRODUCTION 

The Vrlsmeter-Haack-Arnold reactron,l a valuable means of mtroducmg a formyl 

group mto an activated aromatic nng, depends on the abtltty of the chloromethyleniminmm 

species involved to undergo attack by C-nucleophrles The action of Vtlsmeter reagents on 

ketones IS less well understood, but also mvolves attack of tmintum species by C- 

nucleophtles, the products usually contatn P-chlorovtnylaldehyde motettes 2 The products 

from those reactions are known to be influenced particularly by the cycltc2v3 or acycllc1a*2 

nature of the ketone, the presence of double bonds.3 and by certain oxygen-contamtng 

functional groups 3 

The reaction of carbocyclrc ketones with Vrlsmeter reagents IS well-documented 293~4 

With l-2 equtvalents of the Vrlsmeter reagent, cyclohexanone (2) affords the g- 

chlorovrnylaldehyde 1 tn good yield, 596 however, the reaction of excess Vrlsmerer reagent, 

followed by addttton of sodium perchlorate solutton afforded the 3-chloropentamethtnrum 

salt 3 7 
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2-cyclohexen-l-one (4) with DMF-POC13 IS more complex still, the 

formed 3 a 
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The actlon of Vtlsmeler reagents on a variety of substituted 2-cyclohexen-l-ones has 

been studled;3bvg although there 1s usually one major product, several different types of 

aldehyde can be formed Pathways to the products have been elucidated, although 

prediction of the actual products 1s not usually possible at this time Accordingly, since the 

effect of mcorporatmg a single heteroatom into a monocychc system contalnlng a carbonyl 

group capable of reactlon with a Vllsmeter reagent 1s virtually unexamined,9 we investigated 
the reactions of some monocychc six-membered 0- and S-heterocycles with DMF-POC13 Also 

reported here are new observations concermng the effect of temperature on the reactlon 01 
DMF-POC13 with polycychc ketones (e g chroman-4-oneloa) contammg one heteroatom and a 

carbonyl group In a nng fused to one or more aromatic nngs l O 

RESULTS AND DISCUSSION 

(a) S-Heterocvcles 

Tetrahydro-4H-thlopyran-4-one11 was converted by DMF-POC13 at 20 “C Into a 

mixture which after hydrolysis with aqueous sodium acetate afforded 4-chloro-5,6-dlhydro- 

2H-thlopyran-3-carboxaldehyde (6) In 52 % yield In view of the complex and anomalous 

reactions of several 2-cyclohexen- 1 -ones, as compared with cycloalkanones, with Vilsmeiex 
reagents, the behavlour of 2,3-dlhydro-4H-thlopyran-4-one (7)12 towards DMF-POC13 at 20 

“C was stuhed, 4-chloro-2H-thlopyran-3-carboxaldehyde (8) was isolated in 30% yield It 1s 

interesting that no formylatlon at C-5 was observed, and m this respect, the endocycllc 

double bond behaves as do a,a-dlalkyl substltuents to a carbonyl group, preventing 

formylatlon at the a-carbon atom, and dlrectmg formylatlon to the a’-site 

The effect of benzannelatlon on the course of the reaction was then examined the 

action of DMF-POC13 on thlochroman-4-one at 20 “C afforded P-chlorovmylaldehyde 9 using 

essentially the reactlon condltlons described by Welssenfels and co-workers lob However 
under more forcmg condltlons, (5 eq DMF-POC13, lOO“C, 4 days) we isolated 3- 

formylthrochromone (lo),13 m 29%, yield, together with aldehyde 9 m 40% yield 
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The formatton of enone 10 constitutes an oxidation m the presence of a Vllsmeier 

reagent It 1s likely that the salt 12 would be m equdlbnum with the neutral heterocycle 13 

which could undergo oxldatlon by the chloromethylemmmmm species (not necessarrly direct 

hydride-transfer) to the substantially aromatic benzo[b]thlopyrylium system 14, presumably 

wtth concomitant formatlon of the methylenlmmmm species In this mechanism the 

Vilsmeier reagent is postulated as the oxidant 

HYDROLYSIS 

Scheme 3 

(b) 0-Heterocycles 

Room temperature was selected In view of the known cleavage of tetrahydropyrans by 

Vilsmeier reagents at higher temperatures 14 The action of DMF-POC13 on tetrahydropyran- 

4-one in mchloroethylene at 20 OC afforded the aldehyde 15 in 44 96 yield The reaction of 

chroman-4-one with DMF-POC13 at 25 “C for 3 h gave no &scermble products It had been 

noted that the aldehyde 16 had been formed m 36% yield under the condltlons reported by 
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Welssenfels and co-workers,lOb namely at 3.5 OC for 3 h using trlchloroethylene as the 

solvent, we formed aldehyde 16 at 65 “C 

15 16 

Treatment of chroman-4-one with 5 eqmv 

days afforded 3-(chloromethyl)chromone (17) tn 

group from a chloromethylenlmlnmm species 1s 

17 

POC13 m DMF as solvent at 100 “C for 3 

48% yield Generatton of a chloromethyl 

apparently without precedent Notably, 

treatment of o-hydroxyacetophenone with excess DMF-POC13 afforded 3-formylchromone 1 5 

A benzo[b]pyryhum system, well-known for its thermodynamic stability16 may be involved 

(scheme 4) Expulston of the ammoalkyl group would afford a stablllsed oxonmm cation 2 1 

whose converston (etther directly [R=Cl] or mdlrectly [R=Cl or differently substituted 20 or 

21) to an aromatic benzo[b]pyryltum ring 22 IS evidently favoured at temperatures around 

100 OC 

Cl Cl Cl 

NM% +2HCI 
+ H&e2 Cl- 

+ _.- 

1 7_HYDROLYSIS 

Scheme 4 

The reactlon of substituted chroman-4-ones with Vllsmeler reagents has been 

extensively investigated by other groups,loav l7 and illustrates well the Interplay of sterlc 

and electronic effects m Vtlsmeler-Haack reactions with various heterocycllc ketones, thus, 

2.2-dlmethylchroman-4-one IS converted mainly mto the 4-chloro-2H-chromene. the small 

quantity of p-chlorovmylaldehyde not being increased with prolonged reactlon times, 

Instead, formylatton at posltton-6 occurs BenzolflchromanonelOc*lg and benzo[hl- 

chromanonelg have also been converted into the correspondmg P-chlorovmylaldehydes 
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The present study shows that simple monocyclic B-chlorovtnylaldehydes containing 

either an oxygen or sulphur atom can be prepared, further formylauon was not observed 

Simtlarly, 2,3-drhydro-QH-thlopyran-4-one (7) IS converted into 4-chloro-2H-thiopyran-3- 

carboxaldehyde (8), the lack of formylatton at the Sposttion being notable Additionally, m 

the reactions of chroman-4-one and thiochromanone wtth DMF-PGC13, elevated temperatures 

have been shown to grve products constitutionally different from the usual /I- 

chlorovmylaldehydes, but formylation of the benzene nng was not observed under any of 

the condttions we employed. 

heral Detarls - All melting points were determined wrth a Kofler hot-stage apparatus and 

are uncorrected NMR spectra were run in CDC13, chemical shifts are quoted in ppm 

downfield from tnternal tetramethylsllane. line separations (J ) are expressed m Hertz lH 

NMR spectra were determined on a Perkm Elmer R-34 spectrometer operating at 220 MHz, 

and I3C (and some 1~) NMR spectra on a Bruker AM-250 instrument operatmg at 62 9 and 

250 MHz respectively The followmg abbreviations are used to describe NMR signals s, 

singlet, d, doublet, dd double doublet, t, tnplet, q, quartet, m, multlplet, b, broad Mass 

spectra were obtained on a Kratos MS-25 Instrument, operating tn chemical iomsatton (CI) or 

electron impact (EI) mode, as specified Infra-red spectra were obtained on Perkm-Elmer 

684 or 157G instruments as a thm film or m chloroform solutton Mtcroanalytlcal data were 

obtained on a Perkm-Elmer 2400 CHN instrument Yields are for material assessed as 

homogeneous by thin-layer chromatography and lH NMR spectroscopy Thin-layer 

chromatography was performed on Merck 0 2 mm alumtntum-backed slllca plates and 

visualtsed using ultra-violet light, or developed using certc sulphate spray Column 

chromatography was performed using Merck stltca gel 60 (230-400 mesh) under gravity 

Petroleum ether (40-60 fraction) and ethyl acetate were dtsttlled prior to use Evaporatton 

refers to the removal of solvent under reduced pressure, unless otherwise stated Ketomc 

starting matenals were purchased from Aldrich, wnh the exception of thropyranone 7 

4-Chloro-5,6-drhydro-2H-thlopyran-3-carboxaldehyde (6) -Phosphorus oxychlorlde (1 5 g, 

9 8 mmol) was added to an me-cold, well-stirred solutton of DMF (0 65 g, 9 8 mmol) in 

tnchloroethylene (10 ml) The mixture was stirred at 5 ‘C for a further 5 mm, then allowed 

to warm to room temperature over 10 mm, tetrahydrothtopyran-4-one (0 25 g, 0 21 mmol) 

was added, and the mixture stirred at 20 ‘C for 16 h Aqueous sodium acetate solution (50 

ml, 20%) was added, the organic layer separated, and the aqueous layer extracted with 

dtchloromethane (3 x 50 ml) The combined organic layers were washed with sodturn 

hydrogen carbonate solutton, dried (magnesium sulphate), and the solvent evaporated to 

grve a brown oil which was purtfted by column chromatography using ethyl acetate- 

petroleum ether (1 9) as eluant to give the afdehyde 6 (160 mg, 52%) as a colourless 011 

(Found C, 4447, H, 4 15, Cl, 21 41 C6H7ClOS requires C, 44 44, H, 4 31, Cl, 21 60 %), 
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vmax (film) 1675. 1624 and 905 cm -1, 6H 10 2 (IH, s. CHO). 3 36 (2H. s, H-2), and 2 84 (4H, 

m, H-5 and H-6), 6~ 189.4 (d). 152 1 (s). 132.3 (s), 37 0 (t). 25 7 (t), and 24 9 (t). m/z (EI) 162 

(M+, 100%). 151(22). 133(22), 127(50), and 99 (61), 2,4-DNP denvatlve, reddlsh-brown 

pnsms, m.p 258-260 ‘C (from acettc acid-water) (Foun& C, 41 93, H, 3 11, N, 15 81, Cl, 10 27 

C12H11ClN404S reqmres C, 42 05; H, 3 23, N, 16 35, Cl, 10 34%) 

2,3-Dlhydrothropyran-4-one (7) -2,3-Dlhydrothlopyran-4-one was prepared by a 

modlflcation of the method as described by Chen, Reynolds, and Van Allan l2 In our hands, 

preclpltatlon of the succmlmlde with dlethyl ether was incomplete, however, column 

chromatography was found to elute a small quantity of tetrahydrothlopyran-4-one, followed 

by a pure sample of 2,3-dlhydrothtopyran-4-one N-Chlorosucclmmlde (0 6 g, 0 43 mmol) 

was added over 10 mm to a well-stmed solution of tetrahydrothtopyran-4-one (0 5 g, 0 43 

mmol) and pyndtne (0 34 g) In dlchloromethane (50 ml) maintained at 5 OC, and stlmng was 

continued for a further 2 h, then at 20 “C for 12 h The bulk of the solvent was evaporated, 

and the remaining v1sc0us 011 was purlfled by column chromatography using 

dlchloromethane as eluant to give the ketone 7 (0 35 g. 71%) as a colourless oil, 6~ 7 5 (lH, d, 

H-2), 6 15 (1H. d, H-3), 3 25 (2H, t, H-6), and 2 71 (2H, t, H-5), m/z (EI) 114 (M+, 40%), 86 

(100). 58 (51). and 45 (12) 

4-Chloro-2H-thropyran-3-carboxaldehyde (8) - Phosphorus oxychlonde (1 2 g, 7 8 mmol) 

was added to an Ice-cold, well-stlrred solution of DMF (0 58 g, 7 8 mmol) m mchloroethylene 

(10 ml) The mixture was stlrred for an addItIona 5 mm, then allowed to warm to room 

temperature over 10 mm, 2,3-dthydrothlopyran-4-one (0 3 g, 0 26 mmol) was added and the 

mixture stlrred at 20 ‘C for 15 h Aqueous sodmm acetate solution (50 ml) was added, the 

organic layer separated, and the aqueous layer extracted with dlchloromethane (3 x 50 ml) 

The combined organic layers were washed with sodium hydrogen carbonate solutlon, dried 

(magnesium sulphate), and the solvent evaporated to give a brown 011, which was purlfled by 

column chromatography using ethyl acetate-petroleum ether (1 9) as eluant, to give the 

aldehyde 8 (110 mg, 30%) as a bnght yellow 011 which rapldly decomposed (Found C, 45 37, 
H, 3 48 C6H50SCl requires C, 44 86, H, 3 ll%), vmax 2870, 1665, 1585, 1510, and 985 cm-1, 

BH 10 1 (IH, s, CHO), 698 (IH, d, J=lO Hz), 633 (lH, d, J =I0 Hz), and 3 70 (2H, t, H-2), 6c 

184 4 (d), 145 1 (s), 138 1 (d), 124 7 (d), 115 9 (s), and 23 2 (t), m/z (EI) 160 (M+, 55%), 131 

(lOO), 97 (54), and 45 (53). 2,4-DNP denvatlve, orange-red pnsms, m p 216-218 ‘C (from 

acenc acid-water) (Found C, 41 96, H, 2 60, N, 16 31, S, 9 75, Cl, 10 26 C12HgClN404S requtres 

C, 42 30, H. 266, N, 1645, S , 941, Cl, 1041 %) 

3-Formylthrochromone (10) -Phosphorus oxychlorlde (2 5 g, 16 2 mmol) was added slowly to 

ice-cold, stirred DMF (1 2 g) over 5 mm The mixture was allowed to warm to room 

temperature over 10 mm, thlochroman-4-one (0 5 g, 3 2 mmol) was then added, and the 

mixture heated at 100 ‘C for 4 days Aqueous sodium acetate solution (50 ml) was added, 

the organic layer separated, and the aqueous layer extracted with dlchloromethane (3 x 50 

ml) The combmed orgamc layers were washed with sodium hydrogen carbonate solution, 
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dried (magnesium sulphate), and the solvent evaporated to give a brown 011 which was 

punfied by column chromatography using ethyl acetate-petroleum ether (1 4) as eluant to 

elute first 4-chloroth~ochromon-3-carboxaldehyde (9) (300 mg, 40%) obtamed as a bnght 

yellow 011 and then 3-formylthaochromone (10) (170 mg. 29%) obtamed as brown prisms, 

m p 162-163 ‘C (from 1 PrOH) ht.. 19 165 ‘C (Found C, 62 67, H. 3 13, S, 17 06 ClOH602S 
requlRs C, 63 14, H, 3 17; S, 16 85%), vmax 1680, 1625, and 1210 cm-l, 8~ (250 MHz) 1042 

(lH, s, CHO), 8 81 (lH, s. H-2), 8.68 (lH, m. H-5), and 7 7 (3H, m, H-6, H-7 and H-8), 6~ 187 3 

(d), 178 6 (s), 146 0 (d), 135 6 (s), 133 3 (s), 132 4 (d), 129 1 (s). 129.0 (d), 128 9 (d), and 

127 2(d). m/z (CI) 191 (M+l, 100 8). 162 (72). and 134 (12) 

4-Chloro-5.6-dlhydro-2H-pyran-3-carboxaldehyde (15) -Phosphorus oxychlorlde (1 14 g, 

0 74 mmol) was added to an ice-cold, well-stlrred solution of DMF (0 54 g, 0 74 mmol) in 

mchloroethylene (10 ml) The mixture was allowed to stn at 5 ‘C for a further 5 mm, then 

allowed to warm to room temperature Tetrahydropyran-4-one (0 5 g, 0 5 mmol) was then 

added and the mixture was stirred at 20 ‘C for 16 h Aqueous sodium acetate solution (50 

ml, 20%) was added, the organic layer separated, and the aqueous layer extracted with 

dlchloromethane (3 x 50 ml) The combined organic layers were washed with sodium 

hydrogen carbonate solution, dried (magnenum sulphate), and the solvent evaporated to 

give a brown 011 which was purified by column chromatography using ethyl acetate- 

petroleum (1 9) as eluant to yield the afdehyde 15 (320 mg, 44 %) as a colourless 011 which 

rapidly decomposed (Found C. 48 43, H, 4 57 C6H7C102 reqmres C, 49 17, H, 4 81%), vmax 

2970, 1730, 1675, 1645, 1250. and 900 cm-l, 6~ 10 07 (lH, s, CHO), 4 31 (2H, s), 3 82 (2H, t, .J 

=5 Hz), and 2 65 (2H, m), 6~ 188 4 (d), 147 2 (s), 132 5 (s), 64 4 (t). 64 0 (t), and 34.6 (t), m/z 

(EI) 146 (M+, 62%), 117 (78), and 53 (loo), 2,4-DNP denvatlve, reddish-brown pnsms, m p 

198-200 ‘C (from acetic acid-water) (Found C, 44 05, H, 3.32, N, 17 08 C12HllClN405 

requires C, 44 12, H, 3 39, N, 17 15%) 

3-(Chloromethyl)chromone (17) -Phosphorus oxychlorlde (2 2 g, 14 3 mmol) was added 

slowly to DMF (3 g) at 5 “C over 5 mm The mixture was allowed to warm to room 

temperature over 10 mln, chroman-4-one (0 5 g, 3 3 mmol) was added and the mixture 

heated at 100 ‘C for 3 days Aqueous sodmm acetate solution (50 ml) was added, the orgamc 

layer separated, and the aqueous layers extracted with dlchloromethane (3 x 50 ml) The 

combined organic layers were washed with sodium hydrogen carbonate solution, dried 

(magnesium sulphate), and the solvent evaporated to yield a brown 011 which was purified 

by column chromatography using ethyl acetate-petroleum ether (1 9) as eluant to give 3- 

(chloromethyf)chromone 17 (311 mg, 48%) as pale yellow plates, m p 109-110 “C (lit ,20 

m p 108 5-109 “C, vmax 3020, 1650, 1465, and 1210 cm-l ,8~ 8 20 (IH, dd, J =6 and 0 5 HZ), 

8 08 (lH, s), 7 65 (lH, t, J =6 Hz), 7 5-7 3 (2H, m), and 4 51 (2H, s), 6~ 175 9 (s), 156 4 (s), 

154 6 (d), 133 9 (d), 125 9 (d), 125 5 (d), 123 7 (s), 121 5 (s), 118 1 (d). and 37 5 (t), m/z 
194 0135 C10H70235C1 requires 194 0136 
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