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Abstract: Selective iimctiottrlisation of the chlotimine group in 3,5dicbloro-6-me&yl-W-l,4-oxaxin-2-one is 
ttsuelly realised in eppropriate cottditions, by electropbilic catalysis avoiding rcaction of the lectoae function. The 
exadieae system in the 3-sttbstihtted 5-chlo~-methyl-W-1,4-oxpzin-2-ones is shown to react easily with 
monoeubstituted pcetylenic compounds yielding polyfimctiomlixed pyridims in excellent yield vie P cycloeddition- 
elimination process. The usuelly high regioselectivity end its dependence on the neture of the 3-substituent is 
discussed. 

The synthetic potential of the 2H-1,4-oxazin-2-one skeleton was unexplored for a long time, probably 
due to the lack of efficient synthetic methods for variably substituted derivatives. 1 Recently the easy one pot 
synthesis and subsequent study of 6-substituted 3,5-dichloro-2H-l,Coxazin-Zones 12 opened some 
promising applications in heterocyclic synthesis. Their 2-azadiene system turned out to be an efficient Diels- 
Alder partner towards alkyness and alkenes4 giving high yields of pyridines 2 or thermally stable bicyclic 
adducts 3, respectively. Furthermore, on treatment with specific nucleophiles (HNEt2, -SCN) 
polyfunctionalized oxazoles 45 or polycyclic compounds of type 56 were isolated (scheme 1). This behaviour 
shows the peculiar characteristics of this skeleton which contains an azadiene system, lactone and chlorimine 
function. In this report, methods for the introduction of a variety of substituents in position 3 are described; 
the reactivity and regioselectivity in cycloadditions of the 3-substituted 2H- 1,4-oxazin-2-ones with acetylenic 
compounds yielding variably substituted pyridines is also discussed. 

RESULTS AND DISCUSSION 

As shown in a preliminary communication 6, the easily accessible 3,5-dichloro-6-methyl-2H-1,4-oxazin- 
2-one 6a has bielectrophilic character with the lactone function being more sensitive to nucleophiles than the 
chlorimine group. Activation of the latter group is usually required for selective nucleophilic attack of 
position 3. Working under acidic conditions or with Lewis acids proved to be extremely useful: the 
nucleophilic reagents now preferentially attack the imidoyl chloride function which is more reactive due to 
protonation or complexation. Typical reaction conditions (hydrogen halogenide, Lewis acid, solvent) are 
presented in table la. 

5211 
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R6 

Scheme 1 

Surprisingly, secondary amines reacted exclusively with the chlorimine function in refluxing CHCls 
whereas reaction at -78°C exclusively yielded oxazoles of type 4 originating from an initial C-2 attack.5 
Furthermore, reactions of the chlorimine with organometallic compounds was investigated. Reactions of 
3,5dichlorooxazinones with Grignard reagents, which were used in the functionalisation of the position 3 in 
3,5-dichloro-2(W)-pyrazin-2-ones,7 were unsuccessful. In the case of alkyllithium reagents, only rerf- 
butyllithium yielded the corresponding 3-alkyl substituted 2H-1,4-oxazin-2-one 6s. The reaction of lithium 
diorganocoppers and organocadmiumg reagents with the 3,5dichloro-2H-l,4-oxazin-2-one was not 
successful. However the method for carbon-carbon bond formation using a organotin compound and a 
palladium catalyst, lo gave satisfying results with the oxazinone. (table lb) 

The mentioned smooth reaction conditions gave 2H-l,Coxazin-Zones with electron-donating and 
conjugated groups in position 3. The introduction of electron-withdrawing substituents (e.g. CN) via 
classical substitution methods” or via palladium catalysed cross-coupling reactionsl*, was unsuccessful. 
However, sulfinyl or sulfonyl groups could be introduced via sulfur oxidationt3 of 6i. (table lb) 

The 3-substituted 5-chloro-6-methyl-2H-l,4-oxazin-2-ones are crystalline in most cases and show a 
typical dark violet color under UV light (366 nm). IR absorptions for the carbonyl group and for the 2- 

azadiene system are observed around 1740 and 1600 cm-l, respectively; the mass spectral data show an 
intense signal at M+-28, due to easy CO loss. The NMR data are taken up in tables 2 and 3. The methyl 
group absorbs around 2.35 (k 0.15) ppm (‘H NMR) and 17 (+ 2.5) ppm (13C NMR). The 13C NMR 
values for C-5 about 125 and C-2 about 150 are little affected by the nature of the R3, but the C-3 and C-6 
signals can be found in a wide range (135-150 ppm and 140-155 ppm, respectively). 

The pyridine nucleus is a structural unit appearing in many natural products. Because of the 
pharmacological importance of functionalized pyridines, a lot of synthetical pathways have been developed14 
including [4+2] cycloaddition reactions on cyclic 2-azadienes systems as oxazoles, 1,2,4-triazines, thiazoles, 
pyrimidines, pyrazines, 1s 2( lH)-pyrazin-2-one@ and 6H-1,3-oxazin-6-ones. 17 General synthetical 
applications of cycloadditions with many of these systems encounter one or more of the following 
disadvantages: low reactivity or yield, limited substitution pattern, low regio or site selectivity and 
substituent dependent reaction route. 

Recently, the striking high reactivity of 3,5-dichloro-2H-l,Coxazin-Zones towards acetylenic 
compounds, revealed a new versatile method towards polyfunctionalized pyridines. In this context, we have 
studied the behaviour of a selection of 3-substituted 5-chlorod-methyl-2H-oxazin-2-ones (R3 = OMe, 
SCH2Ph, 2-thienyl, 4-tolyl, S0(2)CH2Ph, Et, rert-Bu) towards four model acetylenic compounds (methyl 
propiolate, phenyl acetylene, propargyl chloride and ethoxyethyne) under comparable reaction conditions. 
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The experimental results summarized in table 4 show the excellent yields of pyridines in the reaction of 3- 
substituted oxazinones with all kinds of acetylenic compounds (electron-deficient, conjugated, non- 
conjugated). 

Table 1. S-Chloro-6-methyl-2~-1,Coxazin-2-ones generated from 6a. 

Compd. 

6b 

6c 

6d 

6e 

6f 

6g 

6h 

6i 

6.i 

6k 

61 

6m 

6n 

60 

6~ 

6q 

6r 

6s 

6t 

6u 

R3 

Br 

OMe 

OEt 

2-pyrrolyl 

3-indolyl 

3-(N-methyl- 
indol yl) 

SPr 

SBn 

SPh 

4-MeOPh 

Ph 

4-MePh 

2-thienyl 

61 6b-u 

a. by Electrophilic Catalysis at room temperature 

reaction conditions (reagent, solvent, time)’ 

HBr, CHC13, 15 min 

MeOH (HCl sat.), 15 min 

EtOH (HCl sat.), 2 h 

1.1 equiv pyrrole, EtOAc (HBr sat.), 10 min 

1.1 equiv indole, EtOAc (HBr sat.), 10 min 

1.1 equiv N-methylindole, EtOAc (HBr sat.), 10 min 

1.1 equiv I-propanethiol, 1.1 equiv AlC13, CH&, 30 min 

1.1 equiv thiobenzyl alcohol, 1.1 equiv AlC13, CH.&, 30 min 

1.1 equiv thiophenol, 1.1 equiv AK&, CH$I,, 2 h 

4 equiv methoxybenzene, 4 equiv AIC13, CH$&, 2 h 

benzene, 4 equiv AlCls, 2 h 

toluene, 4 equiv AICI,, 2 h 

1.1 equiv thiophene, 2.1 equiv SnC14, CH.$&, overnight 

b. by other methods. 

NEt2 

1 -piperidinyl 

2.1 

2.1 

4-Bn-piperazin- 2.1 
l-y1 

Et 1.1 

yield (96) 

93 

91 

41 

81 

85 

87 

82 

71 

73 

91 

85 

89 

71 

equiv diethylamine, CHC13 reflux, 10 min 88 

equiv piperidine, CHCl3 reflux, 10 min 84 

equiv N-(phenylmethyl)piperazine, CHCI3 reflux, 10 min 88 

equiv SnEt4, 0.001 equiv Pd(PPh& toluene reflux, 8 days 80 

tert-Bu 8 equiv tert-BuLi, CH$I,, -78”C, 3 h 45 

SOBn /;I, !.3 equiv MCPBA, CH.$lz, rt, 30 min * 

S02Bn 6i, 3 equiv MCPBA, CH$I,, rt, 12 h * 

* Purification led to a considerable product loss. 
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In conclusion, 3-substitution of 2H-1,4-oxazin-2-ones and subsequent cycloaddition-elimination provides 
an efficient and general method for the synthesis of polyfunctionalyzed pyridines. The smooth reaction 
conditions and high yield, the regioselectivity and the broad substitution pattern at position 3 are the great 
values of this method. 

Table 5. Typical NMR data of the regioisomers. 

Compds. 6, 8, 10, 12 Compds. 7, 9, 11, 13 

‘H NMR 4-H 7.50-7.80 5-H 7.00-7.50 

13C NMR c-4 f 140 (d x q)* c-s f 120 (d)* 

‘JC_H = 160 Hz, 3Jc+, = 5 Hz lJc_H = 16OHz 

CH3 q x d* CH3 q* 

lJC_H = 130 Hz, 3Jc_H = 5 Hz ‘JC_H = 130 Hz 

* additional coupling with other substituents (e.g. R) are not presented. 

EXPERIMENTAL PART 

IR spectra were recorded as thin films between NaCl plates or as solids in KBr pellets on a Perkin-Elmer 297 
grating IR spectrophotometer and a Perkin-Elmer 1720 infrared Fourier transform spectrometer. ‘H NMR 
spectra and 13C NMR spectra were recorded on a Bruker WM 250 instrument operating at 250 MHz for lH 
and 63 MHz for 13C measurements. The tH and t3C chemical shifts are reported in ppm relative to 
tetramethylsilane or the deuterated solvent as an internal reference. Mass spectra were run by using a Kratos 
MSSOTC instrument and a DS90 data system. Exact mass measurements were performed at a resolution of 
10,000. For the chromatography analytical TLC plates (Alugram Sil GIUVzs4) and silica gel (70-230 mesh) 
from Macherey Nagel were used. Melting points were taken using a Reichert-Jung Thermovar apparatus and 
are uncorrected. Microanalyses were performed by Janssen Pharmaceutics on a Carlo Erba elemental 
analyser type 1106. The preparation of all compounds except 6ct* is described below. 

A. Synthesis of the 3-functionalized-S-chloro-dmethyl3~-l,~oxazin-2-ones. 

3-bromo- and 3-alkoxy-5-chloro-6-methyl-2H-1,4oxazin-2-ones 6b-d. General procedure. 
Dry hydrogen bromide (6b) or dry hydrogen chloride (6c,d) was led for 15 minutes through a solution of 6a 
(1 g, 5.6 mmol) in 50 ml CHC13 (6b) or 20 ml dry (m)ethanol (6c,d) at 0°C. The mixture was then stirred 
for 15 minutes (6b,c) or 2 h (6d) at room temperature. After evaporation, flash chromatography 
(CHCl3IEtOAc) yielded the crude product which was recrystallised from hexane. 
3-bromo-5-chloro-6-methyl-2H-l,4-oxazin-2-one 6b. 
Yield: 93%; m.p. 83°C; IR (KBr) cm- I: 1740, 1605; MS m/z : 223 (40, M+), 195 (54), 43 (100); exact 
mass calcd for CSH3BrClN02: 222.9035; found: 222.9028; anal calcd for CSH~BICINO~: C 26.76, H 1.35, 
N 6.24; found: C 26.54, H 1.30, N 6.19. 
5-chloro-Iethoxy-6-methyl-2H-l,4-oxazin-2-one 6d. 
Yield: 41%; m.p. 64°C; IR (KBr) cm- *: 1762, 1623; MS m/z : 189 (17, M+), 133 (49), 43 (100); exact 
mass calcd for C7HsCIN03: 189.0193; found: 189.0210. 

Synthesis of the 5-chloro-3-heteroaryl-6-methyl-2H-1,4-oxazin-2-ones 6e-f. General procedure. 
Compound 6a (1 g, 5.6 mmol) was dissolved in 50 ml of a hydrogen bromide saturated EtOAc solution. 
Then 1.1 equiv of the heteroaromatic compound (pyrrole, indole, I-methylindole) was added to the solution. 
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This mixture was stirred for 10 minutes at room temperature. Evaporation of the solvent followed by 
recrystallisation of the crude product using a EtOAc/CHC13 mixture yielded the pure yellow crystals of 
compounds 6e-I. 
5-chloro-dmethyl-3-(2-py~lyl)-2H-1,Qox~~-2-one 6e. 
Yield: 81%; m.p. 152°C; IR (KBr) cm- l: 1740, 1600; MS m/z : 210 (60, M+), 182 (39), 94 (100); exact 
mass c&d for CgH7ClN.&: 210.0196; found: 210.0212. 
5-chlo~~(3-indolyl)amethyl-2sl,Qoxazin 6f. 
Yield: 85%; m.p. 268°C; IR (KBr) cm-l: 1720, 1600; MS m/z : 260 (65, M+), 232 (100); exact mass calcd 
for Cl&,ClN~O,: 260.0352; found: 260.0347. 
5-chIor~methyI-3-(l-methyl-3-indolyI)-2~-l,~oxazin-2-one 6g. 
Yield: 87%; m.p. 226°C; IR (KBr) cm-l: 1720, 1600; MS m/z : 274 (73, M+), 246 (100); exact mass 
calcd for Ct4HttCtN202: 274.0509; found: 274.0506. 

Synthesis of the S-chIoro-6-methy&alkylthio- and the correspondi 3-arylthio-2H-1,4-oxazin-2-ones 
ah-j. General procedure. 
A mixture of 6a (1 g, 5.6 mmol), 1.1 equiv AlCls and 50 ml CH$l, was stirred at room temperature. 
After 15 minutes 1.1 equiv of the thioreagent (1-propanethiol, thiobenzyl alcohol, thiophenol) was added. 
This mixture was stirred at room temperature for 30 minutes (6h,i) or 2 h (6j). The mixture was poured in 
an ice bath and extracted with CHCls The combined CHCls portions were dried with MgSO4. Evaporation 
of the solvent yielded the crude products ah-j, which were further purified by recrystallisation from a 
hexane/CHCls mixture giving yellow crystals. 
5-ehIoro-6-methyl-3-(propylthio)-2&l,4-oxazIn-2-one 6h. 
Yield: 82%; oil; IR (NaCl plates) cm-r: 1750, 1610; MS m/z : 219 (32, M+), 191 (ll), 148 (99), 43 (100); 
exact mass calcd for CaHIoClNO$: 219.0121; found: 219.0124. 
S-chloro-6-methyl-3-(phenyknethylthio)-2?Z-l,4-oxazin-2-one 6i. 
Yield: 71%; m.p. 93°C; IR (KBr) cm-l: 1740, 1605; MS m/z : 267 (21, M+), 91 (100); exact mass calcd 
for C!t2HIoClN0.$: 267.0120; found: 267.0121. 
5-chlor~6metbyl-3-(phenylthio)-2H-l,4-oxazin-2-one 6j. 
Yield: 73%; m.p. 114°C; IR (KBr) cm-r: 1735, 1605; MS m/z : 253 (31, M+), 225 (23) 121 (100); exact 
mass calcd for CttHsClNC#: 252.9964; found: 252.9969. 

Synthesis of the 3-(hetero)aryl-5chloro-6-methyl-2H-1,4-oxazin-2-ones 6k-n. General procedure. 
A mixture of &I (1 g, 5.6 mmol) and 4.0 equiv AlCl, @k-m) or 2.1 equiv SnC14 (6n) in 50 ml CHzClz 
(6k,n) or 50 ml benzene (6I) or toluene (6m) was stirred during 30 minutes at room temperature. After 

addition of 4.0 equiv methoxybenzene (6k) or 1.1 equiv thiophene (an) the mixtures were stirred for another 
2 hours (6k-m) or overnight (an) and poured into a ice bath. The water layer was extracted with 3 portions 
CHCls (3x50 ml) and the combined fractions were dried with MgS04. Evaporation of the solvent gave the 
crude product, which was further purified by recrystallisation from a CHzClz/hexane mixture. 
Ichlor~3-(Qmethoxyphenyl)-6-methyl-2H-l,~oxazin3-one 6k. 
Yield: 91%; m.p. 63°C; IR (KBr) cm-t: 1760, 1730; MS m/z : 251 (100, M+), 223 (84); exact mass calcd 
for C12HloClNOs: 251.0349; found: 251.0366; anal calcd for CtzHtoClNOs: C 57.27, H 4.01, N 5.57; 
found: C 57.00,H 3.92, N 5.48. 
5-chloro-6-methyl-3-phenyl-2H-l,4-oxazin-2-one 61. 
Yield: 85%; m.p. 95°C; IR (KBr) cm-*: 1730, 1600; MS m/z : 221 (51, M+), 193(100); exact mass calcd 
for Cl tHsCIN02: 221.0243; found: 221.0243. 
5-chloro-6-methyl-3-(4-methylphenyl)-2H-l,~oxazin-2-one 6m. 
Yield: 89%; m.p. 112°C; IR (KBr) cm- i: 1755, 1605; MS m/z : 235 (41, M+), 207 (100); exact mass calcd 
for Ct2HtoClN02: 235.0400; found: 235.0403; anal calcd for Ct2HluClN02: C 61.16, H 4.28, N 5.94; 
found: C 60.87, H 4.17, N 5.83. 
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5-chloro-6-methyl-2-(2-thienyl)-2H-l,Qoxazin-2-one 6n. 
Yield: 71%; oil; IR (NaCl plates) cm- t: 1730, 1590; MS m/z : 227 (98, M+), 199 (100); exact mass calcd 
for C~H&lNO$k 226.9808; found: 226.9817. 

Synthesis of 5-chloro-faIkyIamino6-methyI-2H-l,4-oxazin-2-ones 60-q. General procedure. 
A mixture of the amine (2.1 equiv, diethylamine, piperidine, 1-benzylpiperazine) and CHC13 was added 
dropwise to a refluxing mixture of 6a (1 g, 5.6 mmol) in 50 ml CHC13. The solvent was evaporated after 
10 minutes and the residue was purified by flash chromatography (CHCl$. The obtained crude materials 
60-q were further purified by recrystallisation from a hexane solution yielding yellow crystals. 
5-chloro-3-diethyIamino-6-methyl-2H-1,4-oxazin-2-one 60. 
Yield: 88%; oil; IR (NaCl plates) cm- 1: 1736, 1624; MS m/z : 216 (30, M+), 188 (39), 43 (100); exact 
mass calcd for C9Ht3C1N20Z: 216.0666; found: 216.0666. 
5-chloro-6-methyl-3-(l-piperIdinyl)-2H-l,4-oxazin-2-one 6p. 
Yield: 84%; m.p. 42°C; IR (KBr) cm -l: 1730, 1620; MS m/z : 228 (60, M+), 200 (100); exact mass calcd 
for C@t3C1N202: 228.0665; found: 228.0666; anal calcd for Ct01-113C1N202: C 61.97, H 5.20, N 9.63; 
found: C 61.71, H 5.09, N 9.56. 
5-chloro-6-methyl-3-(4(phenylmethyl)piperazin-l-yl)-2H-1,4-oxazin-2-one 6q. 
Yield: 88%; m.p. 216°C; IR (KBr) cm- *: 1730, 1620; MS m/z : 319 (50, M+), 146 (lOO), 99 (88); exact 
mass calcd for Ct6HtsClN302: 319.1086; found: 319.1091. 

Synthesis of the 3-alkyl-5-chloro-6-methyl-2H-1,4-oxazin-2-ones 6r,s. 

5-chloro-3-ethyI-6-methyl-2H-1,4-oxazin-2-one 6r. 
A mixture of 6a (0.54 g, 3 mmol), 1.2 equiv tetraethyltin and 0.001 equiv Pd(PPh& in 6 ml toluene was 
refluxed for 8 days. The solvent was evaporated and the residue was treated for 12 hours with KF in EtOAc. 
This mixture was filtrated and evaporated. The crude material was dissolved in CH$N and extracted with 
pentane. The CH$N layer was evaporated yielding the crude product 6r, which was further puriiied by 
flash chromatography (hexane/EtOAc) and recrystallisation (diisopropylether/CHzC12). The oxazinone 6r 
was isolated in a 80% yield. 
Yield: 80%; m.p. 68°C; IR (KBr) cm-‘: 1732, 1617; MS m/z : 173 (12, M+), 144 (28), 130 (29), 43 
(100); exact mass calcd for C7HsClN02: 173.0244; found: 173.0244. 

3-fert-butyl-5-chloro-dmethyl-2H-l,4-oxazin-2-one 6s. 
7’erf-BuLi (13 ml, 1.5 M solution in hexane) was added at -78°C to a solution of 6a (3 g, 16.7 mmol) in dry 
CH,C12. This mixture was stirred for 3 hours at -78°C and evaporated. The crude material was purified by 
chromatography (hexane/CHCl$ yielding 1.51 g (45%) 6s. 
Yield: 45%; oil; IR (NaCl plates) cm-t: 1745, 1615; MS m/z : 201 (10, M+), 173 (14); exact mass calcd 
for C9Ht2C1N02: 201.0557; found: 201.0557. 

Oxidation of the 5-chloro-6-methyl-3-(phenylmethylthio)-2H-l,~oxazin-2-one 6i. 
A mixture of 6i (0.4 g, 1.5 mmol) and 3-chloroperbenzoic acid 70-75% 0.4 g for 6t or 1.65 g for 6u in 20 
(40) ml CH,CI, was stirred at room temperature for 30 minutes (6t) or 12 h (6~). Flash chromatography 
and recrystallisation (pentane) of the crude material yielded 6t or 6u as light yellow and unstable crystals. 
The corresponding 3-(phenylmethylsulfi(o)nyl)-2H-1.4-oxazin-2-ones 6t,u were used as such in 
cycloaddition-elimination reactions with acetylenic compounds. 
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B. Cycloaddition-eliiination reactions of the J-substituted oxaxinones. 

Pyridines 7-8 from the reaction of the oxazinones 6c,i,m,n,r,s,u witb methyl propioiate. General 
procedure. 
Compound bc,i,m,n,r,s,u (0.20 g) and 3 ml methyl propiolate were stirred at 80°C. Evaporation of the 
dienophile yielded a mixture of the two regioisomers, which were separated by chromatography or by 
crystallisation. (yields are given in table 4) 

methyl ~lor~2-metboxy-5-metbyl-3-pyridinecarbo~~~ 7c. 
m.p. 98°C; IR (KBr) cm-‘: 1710; lH NMR (CDCls) 8: 2.34 (s, 3H, CHs), 3.94 (s, 3H, COOCH3), 4.06 

(s,3H,OCH$, 8.07 (s, lH, PyH); t3C NMR (CDCls) 8: 18.1 (CH3), 52.3 (COOCH3), 54.7 (OCH$, 112.1 
(C-3), 124.0 (C-S), 144.3 (C-4), 151.7 (C-6), 160.3 (C-2), 164.6 (COCCH3); MS m/z : 215 (65, M+), 184 

(100); exact mass calcd for G,H&lNO3: 215.0347; found: 215.0356; anal c&d for C9HroC1N03: C 
50.13, H 4.67, N 6.50; found: C 50.00, H 4.60, N 6.45. 

methyl 6-chloro-5-metbyl-2-(phenyhnethylthio)-3-pyridmecarboxylate 7i. 
m.p. 100°C; IR (KBr) cm-*: 1713; lH NMR (CDCl,) 6: 2.33 (s, 3H, CH3), 3.90 (s, 3H, COOCH,), 4.38 
(s, 2H, CHzPh), 7.10-7.50 (m, 5H, Ph), 8.05 (s, lH, PyH); rsC NMR (CDCl,) 8: 18.6 (CH3), 35.2 

(CH2Ph), 52.3 (OCH3), 121.3 (C-3), 126.7 (C-5), 127.0 (4’~C&, 128.3 (2’~Cp,,), 129.6 (3’~Cw), 137.7 

(1’~Cph), 141.8 (C-4), 153.8 (C-6), 159.5 (C-2), 165.1 (COOCH3); MS m/z : 307 (64, M+), 91 (100); 
exact mass calcd for Ct5Ht4ClN02S: 307.0434; found: 307.0435. 

methyl dehloro-5-methyl-2-(4-methylphenyl)-3-pyridinecarboxylate 7m. 
m.p. 91°C; IR (KBr) cm-l: 1720; ‘H NMR (CDC13) 8: 2.38 (s, 6H, CH3 and ArCH,), 3.67 (s, 3H, 
COOCH3), 7.18 (d, 2H, 3’- and 5’-H&; 7,42 (d, 2H, 2’- and 6’- HAr), 7.90 (s, lH, PyH); 1sC NMR 

(CDCl,) 6: 18.8 (CH3), 21.3 (ArCH3), 52.1 (OCH3), 125.2 (C-3), 128.3 128.6 (2’-, 3’-, 5’- and 6’-CA,), 

130.1 (C-5), 135.5 (1’~CAr), 138.7 (4’~C&, 140.6 (C-4), 152.6 (C-6), 156.3 (C-2), 167.6 (COOCH,); MS 

m/z : 275 (54,M+), 260 (100); exact mass calcd for C1sH14ClN02: 275.0713; found: 275.0713. 
methyl 6-chlor~5-methyl-2-(2-thienyl)-3-pyridinecarboxylate 7n. 
m.p. 84°C; IR (KBr) cm-l: 1730; 1H NMR (CDC13) 8: 2.35 (s, 3H, CH3), 3.88 (s, 3H, COOCH,), 7.11 

(dxd, lH, 4’ HBetA,); 7.51 (S, 2H, 3’ and 5’ HBetAr), 7.88 (s, lH, PyH); 13C NMR (CDCls) 6: 18.8 
(CH3), 52.3 (OCH3), 123.9 (C-3), 127.3, 127.8 128.4 (3’-, 4’- and 5’-C&t,& 129.9 (C-5), 140.2 (C-4), 

140.7 (2’~CB,&, 148.3 (C-6), 151.9 (C-2), 167.3 (COOCH,); MS m/z : 267 (100, M+), 236 (44); exact 

mass calcd for Ct2HtoClN02S: 267.0120; found: 267.0120. 

methyl 6-chloro-2-ethyl-5-methyl-3-pyridinecarboxylate 7r. 
oil; IR (NaCl plates) cm-l: 1725; lH NMR (CDCl3) 8: 1.28 (t, 3H, CH3CH,), 2.38 (s, 3H, CH,), 3.11 (q, 
2H, CH,C&), 3.92 (s, 3H, OCH,), 8.00 (s, lH, PyH); 1’C NMR (CDC13) 8~13.7 (CH&‘H3), 18.8 (CH3), 

29.5 (CH$H3), 52.2 (COOCH3), 123.6 (C-3), 129.3 (C-5), 141.4 (C-4), 153.5 (C-6), 162.9 (C-2), 166.1 

(COOCH3); MS m/z : 213 (34, M+), 198 (lOO), 182 (21), 154 (18), 91 (30); exact mass calcd for 
C10H12ClN02: 213.0557; found: 213.0559. 
methyl 2-chloro-6-ethyl-3-methyl-4pyridinecarboxylate 8r. 
oil; IR (NaCl plates) cm-l: 1741; lH NMR (CDCls) 6: 1.30 (t, 3H, CH3CH,), 2.54 (s, 3H, CH3), 2.80 (q, 
2H, CH3CH2), 3.93 (s, 3H, OCH,), 7.40 (s, lH, PyH); 13C NMR (CDCls) 6: 13.6 (CH,CH3), 16.6 

(CHs), 30.5 (CH2CH3), 52.6 (COOCHs), 120.5 (C-5), 128.8 (C-3), 140.8 (C-4), 152.7 (C-2), 161.6 (C-6), 
166.6 (CoOCHs); MS m/z :213 (71, M+), 212 (lOO), 182 (16); exact mass calcd for Ct0Ht2ClN02: 
213.0557; found: 213.0557. 

methyl 6-(fert-butyl)-2-chloro-3-methyl-4-pyridinecarboxylate 8s. 
oil; IR (NaCl plates) cm-‘: 1740; lH NMR (CDCl3) 6: 1.35 (s, 9H, C(CH&), 2.52 (s, 3H, CHs), 3.93 (s, 

3H, COOCH,), 7.53 (s, lH, PyH); 13C NMR (CDCls) 6: 16.4 (CHs), 29.2 (C(CH3)3), 37.1 (C(CH,),), 
52.3 (OCH,), 117.3 (C-5), 128.2 (C-3), 140.1 (C-4), 152.2 (C-2), 166.4 (C-6), 167.3 (COOCHs); MS m/z 
: 241 (44, M+), 226 (100); exact mass calcd for C12H,&IN02: 241.0869; found: 241.0859. 
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methyl dchloro-5-methyC2-(phenylmethylsulfonyi)-3-py~di~oxy~te 7u. 
m.p. 121°C; IR (KBr) cm-l: 1742; ‘H NMR (CDCl,) 6: 2.48 (s, 3H, CH$, 3.93 (s, 3H, COOCH3), 4.78 

(s, 2H, CH2Ph); 7.20-7.50 (m, 5H, Ph), 7.86 (s, lH, PyH); t3C NMR (CDC13) 6: 19.5 (CH3), 53.5 

(OCH3), 59.0 (CH,Ph), 126.7 (1’~Cph), 127.8 (C-3), 128.6 (3’~Cph), 128.8 (4’~Cd, 131.5 (2’~Cph), 

137.4 (C-5), 140.8 (C-4), 152.0 (C-2), 152.1 (C-6), 165.0 (COOCH3); MS m/z : 339 (8, M+), 91 (100); 

exact mass calcd for Ct~Ht4C1N04S: 339.0330; found: 339.0332. 
methyl 2-chloro-3-methyl-6(phenylmethylsulrooyl)4py~din~rboxylate 8u. 
m.p. 121°C; IR (KBr) cm-l: 1735; ‘H NMR (CDCI,) 6: 2.62 (s, 3H, CH3), 3.87 (s, 3H, COOCH,), 4.60 

(s, 2H, CHzPh); 7.15-7.30 (m, 5H, Ph), 8.02 (s, lH, PyH); t3C NMR (CDC13) 6: 17.1 (CH3), 52.9 

(OCH& 57.8 (CH,Ph), 121.3 (C-5), 126.6 (I’-Cph), 128.5 (3’~C,& 128.6 (4’~Cph), 130.8 (2’~C&, 

137.7 (C-3), 141.2 (C-4), 153.3 (C-6), 153.7 (C-2), 164.2 (COOCH3); MS m/z : 339 (9, M+), 91 (100); 

exact mass c&d for Ct5H&1N04S: 339.0330; found: 339.0344. 

Pyridines 9-10 from the reaction of the oxazinones 6c,i,m,n,r-t with phenylacetylene. General 
procedure. 
Compound 6c,i,m,n,r-t (0.20 g) and 3 ml phenyl acetylene were stirred at 80°C. The dienophile was 
evaporated and the two regioisomers were separated by chromatography or by crystallisation. (yields are 

given in table 4) 
2-chloro-6-methoxy-3-methyWphenylpyridine 9c. 
oil; IR (NaCl plates) cm-t: 1610, 1590; ‘H NMR (CDCl,) 6: 2.27 (s, 3H, CH3), 3.89 (s, 3H, 0CH3), 7.25- 

7.55 (m, 6H, Ph and PyH); 13C NMR (CDC13) 6: 18.1 (CH3), 53.9 (OCH3), 122.8 (C-5), 123.9 (C-3), 
127.5 (4’~Cp,,), 128.1 128.8 (2’-, 3’-, 5’- and 6’-Cp,,), 135.5 (1’~Cph), 141.7 (C-4), 145.9 (C-2), 158.2 (C- 

6); MS m/z : 233 (100, M+); 232 (72); exact mass calcd for Ct3Ht2ClNO: 233.0607; found: 233.0605. 
2-chloro-6-methoxy-fmethyl4phenylpyridine 1Oc. 
oil; IR (NaCI plates) cm-t: 1610, 1600; ‘H NMR (CDCI,) 6: 2.19 (s, 3H, CH3), 3.94 (s, 3H, OCH,), 6.56 

(s, lH, PyH), 7.30-7.50 (m, 5H, Ph); 13C NMR (CDC13) 6: 16.4 (CH3), 53.9 (OCH,), 109.9 (C-5), 121.9 

(C-3), 128.1 (4’~Cp,,), 128.4 (2’-, 3’-, 5’- and 6’-C,h), 139.2 (I’-Cph), 148.7 (C-2), 154.9 (C-4), 161.2 (C- 

6); MS m/z :233 (96, M+), 232 (100); exact mass calcd for Ct3Ht2ClNO: 233.0607; found: 233.0600. 
2-chloro-3-methyl-5-phenyl-~(phenylmethylthio)pyridine 9i. 
m.p. 85°C; IR (KBr) cm-t: 1602, 1587; tH NMR (CDCI,) 6: 2.25 (s, 3H, CH3), 4.32 (s, 2H, CH2Ph), 

7.10-7.50 (m, 1 lH, PyH and Ph); t3C NMR (CDCl3) 6: 18.6 (CH3), 35.2 (CHzPh), 126.9 (4’~Cph), 127.0 
(C-3), 128.2 128.4 128.9 129.3 (2’-, 3’-, 5’-, 6’-CPh and 2”-, 3”-, 4”-, 5”-, 6”-CBn), 134.3 (C-5), 136.8 

(I’-Cph), 137.7 (1”-CBn), 140.0 (C-4), 149.1 (C-2), 154.0 (C-6);MS m/z : 325 (63, M+); 91 (100); exact 
mass calcd for C19H&INS: 325.0692; found: 325.0695. 
2-chlor~3-methyl-6-(4-methylphenyl)-5-phenylpyridine 9m. 
m.p. 93°C; IR (KBr) cm-l: 1610, 1590; IH NMR (CDCI,) 6: 2.26 (s, 3H, CH3), 2.40 (s, 3H, ArCH,), 

7.00-7.40 (m, 9H, Ph and HAM), 7.51 (s, lH, PyH); 13C NMR (CDCi3) 6: 18.9 (CH3), 21.0 (ArCH,), 

127.3 (4’~Cph), 128.3 128.5 129.3 129.7 (2’-, 3’-, 5’-, 6’-Cph and 2”-, 3”-, 5”-, 6”-CA,), 130.2 (C-3), 

134.7 (C-5), 135.8 (I”%&, 137.7 (4”-CA,), 139.0 (1’~C,,), 141.8 (C-4), 149.7 (C-2), 154.7 (C-6); MS 

m/z : 293 (69, M+), 292 (100); exact mass calcd for C19H16ClN: 293.0969; found: 293.0971. 
2-chloro-Imethyl-6-(2-thienyl)-S-phenylpyridine 9n. 
m.p. 93°C; IR (KBr) cm-‘: 1590, 1540; IH NMR (CD(&) 6: 2.33 (s, 3H, CH,), 6.40-6.85 (m, 2H, 
HHetAr), 7.20-7.30 (m, 7H, PyH, HtlrtAr and Ph); 13C NMR (CDC13) 6: 18.9 (CH3), 127.1 127.5 128.0 
(3”-, 4”- and S”-CH~.~~ and 4’.Cph), 128.6 129.0 (2’-, 3’-, 5’- and 6’-C,,), 129.7 (C-3). 133.3 (C-5), 
138.7 (I’+,), 141.9 (C-4), 142.5 (2”-CHatAr), 147.9 (C-6), 149.3 (C-2); MS m/z : 285 (100, M+), 270 
(3); exact mass calcd for C,6H,2CINS: 285.0379; found: 285.0372. 
2-chore-6-ethyl-3-methyl-S-phenylpyridine 9r. 
oil; IR (NaCI plates) cm-l: 2874-3083; ‘H NMR (CDCI,) 6: I. 16 (t, 3H. CH2CH3). 2.34 (s, 3H, CH,), 
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2.70 (q, 2H, CH$H$, 7.2-7.5 (m, 6H, Ph and PyH); 13C NMR (CDCl,) 6: 13.9 (CH2CH3), 18.9 (CH3), 
27.9 (CH2CH3), 127.5 (4’~Cph), 128.2 128.8 (C-3, 2’-, 3’-, 5’- and 6’-Cp,,), 135.4 (1’~0, 138.7 (C-5), 
140.7 (C-4), 149.6 (C-2), 158.6 (C-6); MS m/z : 231 (30, M+), 230 (100); exact mass calcd for 
C14H&lN: 213.0815; found: 231.0790. 

2-chl~6ethyl-3-m~yl4phenylpyridine 10r. 
oil; IR (NaCl plates) cm-l: 2871-3060; 1H NMR (CDC13) 6: 1.30 (t, 3H, CH2CH3), 2.26 (s, 3H, CH3), 

2.78 (q, 2H, CH2CH3), 7.2-7.4 (m, 5H, Ph), 6.96 (PyH); 13C NMR (CDCl,) 6: 13.7 (CH2CH3), 16.7 
(CH3), 30.5 (CH2CH3), 121.8 (C-5); 126.7 (C-3), 128.0 (4’~Cw), 128.3 128.4 (2’-, 3’-, 5’- and 6’-C&, 
139.2 (I’+,), 151.7 (C-4), 152.6 (C-2), 160.7 (C-6); MS m/z : 231 (81, M+), 230 (100); exact mass 
c&d for C14H14C1N: 213.0815; found: 231.0804. 

6-(tcrC-butyl)-2-chloro-3-methyl4phenylpyrldine 10s. 
oil; IR (NaCl plates) cm-l: 1588, 1531; lH NMR (CDCl,) 6: 1.36 (s, 9H, C(CH3)3), 2.26 (s, 3H, CH3), 

7.10 (s, lH, PyH), 7.20-7.50 (m, 5H, Ph); 13C NMR (CDC13) 6: 16.8 (CH3), 30.0 (C(C’H,),), 37.0 
(C(CH3)3), 118.9 (C-5), 126.3 (C-3), 127.9 (4’~Cph), 128.3 128.5 (2’-, 3’-, 5’- and 6’-Cw), 139.6 (l’- 
C,), 151.4 (C-2), 152.2 (C-4), 166.7 (C-6); MS m/z : 259 (52, M+), 244 (100); exact mass calcd for 
C16HlsClN: 259.1125; found: 259.1133. 
2-chlor&-methyl-S-phenyl-6-(phenylnu?thylsulfllyl)pyridine 9t. 
oil; IR (NaCl plates) cm-l: 1580, 1535; ‘H NMR (CDCl,) 6: 2.48 (s, 3H, CH3), 4.20 (d, lH, CHzPh), 

4.50 (d, lH, CHZPh), 6.70-7.40 (m, lOH, Ph), 7.48 (s, lH, PyH); 13C NMR (CDCl,) 6: 19.6 (CH3), 59.2 
(CH,Ph), 128.2 (4’~Cph), 128.4 128.7 (2”-, 3”, 4”-, 5”- and 6”+,), 129.4 130.3 (2’-, 3’-, 5’- and 6’- 

C,& 129.5 (I”-C,,) , 134.4 (C-5), 135.6 (C-3), 138.3 (1’~C&, 141.3 (C-4), 151.9 (C-2), 155.3 (C-6); 

MS m/z : 341 (13, M+), 91 (100); exact mass calcd for C19H1,$!lNOS: 341.0640; found: 341.0651. 

2-chloro-3-methyl4phenyl-6(phenylmethylsulflnyl)pyrldine lot. 
oil; IR (NaCl plates) cm-l: 1575, 1525; lH NMR (CDCl3) 6: 2.36 (s, 3H, CHJ), 4.17 (d, lH, CHzPh), 

4.40 (d, lH, CH2Ph), 7.00-7.50 (m, 1 lH, Ph and PyH); 13C NMR (CDC13) 6: 17.3 (CH3), 51.8 (CH2Ph), 
120.4 (C-5), 128.2, 128.1 128.2 (2”-, 3”-, 5”-, 6”-CB, and 4’-C&), 128.4 130.2 (2’-, 3’-, 5’- and 6’-Cph), 
128.6 (4”~0, 129.0 (1”~C&, 131.3 (C-3), 137.6 (l’-Cph), 152.1 (C-6), 153.6 (C-4), 160.0 (C-2); MS 

m/z : 341 (12, M+), 91 (100); exact mass calcd for C19H&lNOS: 341.0640; found: 341.0641. 

Pyridines 11-12 from the reaction of the oxazinones 6c,m,n,s,u with propargyl chloride. General 
procedure. 
Compound 6c,m,n,s,u (0.20 g) and 3 ml propargyl chloride were stirred at 60°C. The dienophile was 
evaporated and the two regioisomers were separated by chromatography or by crystallisation. (yields are 

given in table 4) 

2-chloro-5-chloromethyl-Qmethoxy-3-methylpyridine llc. 
m.p. 61°C; IR (KBr) cm-l: 1610, 1567; 1H NMR (CDC13) 6: 2.29 (s, 3H, CH3), 3.90 (s, 3H, OCH3), 4.52 

(s, 2H, CH2Cl), 7.50 (s, lH, PyH); 13C NMR (CDC13) 6: 18.3 (CH3), 40.0 (CH2Cl), 54.2 (OCH,), 118.5 
(C-5), 124.1 (C-3), 141.9 (C-4), 147.5 (C-2), 159.0 (C-6); MS m/z : 205 (23, M+), 170 (100); exact mass 

calcd for CsH&l,NO: 205.0061; found: 205.0066. 
2-chloro-5-chloromethyl-3-methyl-6(4methylphenyl)pyridine llm. 
m.p. 94°C; IR (KBr) cm-l: 1610, 1590; IH NMR (CDC13) 6: 2.36 (s, 6H, CH3 and ArCH,), 2.38 (s, 3H, 
CH3), 4.50 (s, 2H, CH,Cl), 7.23 (d, 2H, 3’- and 5’-HA,), 7.48 (d, 2H, 2’- and 6’-HA,), 7.67 (s, lH, 

PyH); 13C NMR (CDCl,) 6: 19.0 (CH3), 21.2 (ArCH3), 42.9 (CHzCl), 128.8 129.0 (2’-, 3’-, 5’- and 6’- 
CA,), 129.5 (C-5), 131.1 (C-3), 134.8 (l’-C&, 138.7 (4’-CA,), 141.7 (C-4), 150.7 (C-2), 156.0 (C-6); MS 
m/z : 265 (73, M+), 230 (100); exact mass calcd for C14H13C12N: 265.0425; found: 265.0424. 

2-chloro-5-chloromethyl-3-methyl-6-(2-thienyl)pyridine 1111. 
m.p. 87°C; 1R (KBr) cm-l: 1590, 1540; ‘H NMR (CDCl3) 6: 2.35 (s, 3H, CH3), 4.70 (s, 2H, CHzCI), 

. 7.15 (dxd, lH, 4’ HHrtAr), 7.40-7.70 (m, 2H, 3’- and 5’ HH~~,&, 13C NMR (CDCl,) 6: 18.9 (CH3), 43.3 

(CH@), 127.5 127.7 128.4 (3’.,4’- and ~‘-CH&, 128.0 (C-5), 131.0 (C-3). 140.9 (2’~CHelAr), 142.1 
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(C-4), 149.1 (C-6), 150.4 (C-2); MS m/z : 257 (14, M+); 222 (100); exact mass calcd for CttH&NS: 

256.9832; found: 256.9834. 
6-(te~-butyl)-2-chlor+4-cblorometbyl-3-methylpyridine 12s. 
oil; IR (NaCl plates) cm-t: 1590, 1550; ‘H NMR (CDCl,) 6: 1.33 (s, 9H, C(CH&), 2.40 (s, 3H, CH3), 
4.52 (s, 2H, CH$l), 7.22 (s, lH, PyH); t3C NMR (CDC13) 6: 14.8 (CH3), 29.8 (C(CH3)3), 37.1 

(C(CHs)s), 43.3 (CH$l), 118.4 (C-5), 127.4 (C-3), 146.3 (C-4), 151.4 (C-2), 167.7 (C-6); MS m/z : 231 
(27, M+), 216 (100); exact mass calcd for CttHtsC12N: 231.0581; found: 231.0570. 
2-cblo~3-chlorometbyl-5-methyl-6(~eny~~by~ulfonyl)pyridine llu. 
oil; IR (NaCl plates) cm-t: 1587, 1542; tH NMR (CDCl,) 6: 2.45 (s, 3H, CH,), 4.76 (s, 2H, CH,Ph), 4.85 
(s, 2H, CH,Cl), 7.20-7.40 (m, 5H, Ph), 7.82 (s, lH, PyH); 13C NMR (CDC13) 6: 19.4 (CHs), 39.2 

(CH2Cl), 58.7 (CH2Ph), 126.9 (1’~Cph), 128.5 (3’- and 5’-C,,,), 128.7 (4’~CN,), 131.3 (2’- and 6’-Cpt,), 

132.2 (C-5), 137.7 (C-3), 142.9 (C-4), 149.8 (C-2), 150.7 (C-6); MS m/z : 329 (8, M+); 91 (100); exact 
mass c&d for Ct4Ht3Cl2O#: 329.0044; found: 329.0048. 
2-chloro-Qchloromethyl-lmethyl-6-(pheny~ethy~lfonyl)py~~me 12~. 
m.p. 117°C; IR (KBr) cm-l: 1570, 1550; tH NMR (CDCl3) 6: 2.52 (s, 3H, CH3), 4.50 (s, 2H, CH,Cl), 

4.60 (s, 2H, CHzPh), 7.20-7.40 (m, 5H, Ph), 7.72 (s, lH, PyH); l3C NMR (CDC13) 6: 15.7 (CH3), 41.9 

(CH2Cl), 58.2 (CH2Ph), 121.9 (C-5), 126.9 (1’~Cph), 128.6 (3’- and 5’-Cph), 128.7 (4’~Cph), 131.0 (2’- 
and 6’-Cpn), 136.3 (C-5), 148.5 (C-4), 152.3 (C-2), 153.6 (C-6); MS m/z : 329 (8, M+), 91 (100); exact 
mass calcd for Ct4Ht3Cl202S: 329.0044; found: 329.0061. 

Pyridines 13-14 from the reaction of the oxazinones 6c,s with ethoxyethyne. General procedure. 
Compound 6c,s (0.20 g) and 50% ethoxyethynelhexane were heated at 80°C in a sealed tube. The 
dienophile was evaporated and the two regioisomers were separated by chromatography. (yields are given in 

table 4) 

2-chloro-S-ethoxy-3-methyl&methoxypyridine 13~. 
oil; lH NMR (CDCl3) 6: 1.43 (t, 3H, OCH2CH3), 2.28 (s, 3H, CH3), 4.00 (s,3H,0CH3), 4.03 (q, 2H, 
OCH$H$, 6.98 (s, lH, PyH); MS m/z : 201 (100, M+),172 (66), 143 (49); exact mass calcd for 
C9Ht2CIN02: 201.0556; found: 201.0571. 

2-chloro-4-ethoxy-3-methyl-6-methoxypyridine 14c. 
oil; tH NMR (CDCl3) 6: 1.43 (t, 3H, OCH&H,), 2.15 (s, 3H, CH,), 3.90 (s, 3H, 0CH3), 4.03 (q, 2H, 

OCH,), 6.09 (S, lH, PyH); “C NMR (CDCl3) 6: 11.7 (CH3), 14.4 (OCH,CH3), 53.7 (OCH3), 64.3 
(OC&CH3), 91.5 (C-5), 114.1 (C-3), 147.9 (C-2), 162.6 (C-4), 166.4 (C-6) MS m/z : 201 (23, M+), 172 
(22), 44 (100); exact mass calcd for C9Ht2ClN02: 201.0557; found: 201.0553. 
6-(fert-butyl)-2-chloro-4-ethoxy-3-methyipyridine 14s. 
oil; IR (NaCl plates) cm-l: 1590, 1550; tH NMR (CDCI,) 6: 1.32 (s, 9H, C(CH3)3), 1.42 (t, 3H, 

OCH,CH,), 2.20 (s, 3H, CH3), 4.15 (q, 2H, OCH,), 6.73 (s, lH, PyH); l3C NMR (CDC13) 6: 11.8 

(CH3), 14.5 (OCH2CH3), 29.9 (C(CH3)3), 37.3 (C(CH3)3), 64.0 (OC’l$CH3), 101.1 (C-5), 117.3 (C-3), 
150.9 (C-2), 164.5 (C-4), 168.1 (C-6); MS m/z : 227 (70, M +), 212 (100); exact mass calcd for 
Ct;?H,sClNO: 227.1077; found: 227.1070. 

Acknowledgements: 
The authors are indebted to the “Instituut ter aanmoediging van Wetenschappelijk Onderzoek in Nijverheid 
en Landbouw (IWONL)” for a predoctoral fellowship (K.V.A., G.L., G.D., L.M.), to the K.U.Leuven 
(K.V.A., CD., L.M.) and to the F.K.F.O. and the “Ministerie voor Wetenschapsbeleid-IUAP” for financial 

support. They are also grateful to R. De Etoer, P. Valvekens, Dr. P. Delbeke and Dr. S. Toppet for mass 

measurements, chromatography and NMR measurements and to Janssen Pharmaceutics for CHN analyses 
performed. 



5224 K. J. VAN AKEN et al. 

REFERENCES 

1. (a) Biekert, E.; Sonnenbichler, J. Chem. Ber. 1%2, 95, 1460. 
@) Schulz, G.; Steglich, W. Chem. Ber. 1977, 110, 3615. 
(c) Bartholomew, D.; Kay, I.T. Tefruhedron Lett. 1979, 20, 2827. 

2. (a) Meerpoel, L.; Hoomaert, G. Tetrahedron L&t. 1989, 30, 3183. 
(b) Meerpoel, L.; Hoomaert, G. Synthesis 1990, 905. 

3. Meerpoel, L.; Deroover, G.; Van Aken, K.; Lux, G.; Hoomaert, G. Synthesis 1991, 765. 
4. Fannes, C.; Meerpoel, L.; Toppet, S.; Hoomaert, G. Synthesis 1992, 705. 
5. Van Aken, K.; Hoomaert, G. J. Chem. Sot., Chem. Commun. 1992, 895. 
6. Van Aken, K.J. ; Meerpoel, L. ; Hoomaert, G.J. Tetrahedron Len. 1992, 33, 2713. 
7. Loosen, P.K.; Tutonda, M.G.; Khorasani, M.F.; Compemolle, F.; Hoomaert, G.J. 

Tetrahedron 1991, 47, 9259. 
8. (a) Posner, G.H.; Whitten, C.E. Tetrahedron Lett. 1970, II, 4647 

(b) Posner, G.H. Organic Reactions, John Wiley & Sons, Inc., New York, 1974, 253. 
9. Jones, P.R.; Desio, P.J. Chem. Rev. 1978, 78, 491. 
10. (a) Kalinin, V.N. Synthesis 1992, 413. 

(b) Mitchell, T.N. Synthesis 1992, 803. 
(c) Stille, J.K. Angew. Chem. 1986, 98, 504. 
(d) Kosugi, M.; Koshiba, M.; Atoh, A.; Sano, H.; Migita, T. Bull. Chem. Sot. Jpn. 1986, 59, 

677. 
11. (a) Friedman, L.; Shechter, H. J. Org. Chem. 1961, 26, 2522. 

(b) Newman, M.S.; Boden, H. J. Org. Chem. 1961, 26, 2525. 
(c) House, H.O.; Fischer, W.F.Jr. J. Org. Chem. 1969, 34, 3626. 
(d) Anzalone, L.; Hirsch, J.A. J. Org. Chem. 1985, 50, 2128. 
(e) Christopfel, W.C.; Miller, L.L. J. Org. Chem. 1986, 51, 4169. 

12. Akita, Y.; Shimazaki, M.; Ohta, A. Synthesis 1981,974. 
13. Block, E. The Chemistry of Functional Groups, Supplement E, T?te Chemistry of Ethers, 

Crownethers, Hydroxyl Groups and Their Sulfur Analogues, Patai, Wiley, New York, 1980, 
539. 

14. (a) Yates, F.S. Comprehensive Hererocyclic Chemistry, Boulton, A.J.; MC Killop, A. Fds.; 
Pergamon Press, Oxford, 1984; Vol. 2, 5 11. 

(b) Jones, G. Comprehensive Heterocyclic Chemistry, Boulton, A.J.; MC Killop, A. Eds.; 
Pergamon Press, Oxford, 1984; Vol. 2, 359. 

(c) Barluenga, J.; Fustero, S.; Gotor, V. Synthesis 1975, 191. 
(d) Guzman, A.; Romero, M.; Maddox, M.L.; Muchowski, J.M. J. Org. Chem. 1990, 55, 5793. 
(e) Barluenga, J.; Gonzalez, F. J.; Carl6n, R. P.; Fustero, S. J. Org. Chem. 1991, 56, 675 1. 

15. Boger, D.L.; Weinreb, S.M. Hetero Diels-Alder Methodology in Organic Synthesis, 
Academic Press, Inc., New York, 1987. 

16. Tutonda, M.G.; Vandenberghe, S.M.; Van Aken, K.J.; Hoomaert, G.J. J. Org. Chem. 1992, 
57, 2935. 

17. Steglich, W.; Jeschke, R.; Buschmann, E. Gau. Chim. Ital. 1986, 116, 361. 
18. Meerpoel, L.; Joly, G.J.; Hoornaert, G.J. Terruhedron 1993, 49, 4085. 

(Received in UK 24 January 1994; accepted 25 February 1994) 


