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Summary: S-Bmmo-2-pyrone, a solid prepared easily in one-flask according to 
a new route (eq. 1). has been found to undergo smooth and highly 
regiocontrolled 2+4cycloadditlons between 251OtYC with both electron-poor 
and electron-rich dienophiles; subsequent radical debrominations produced 
halogen-free bicyclic lactones, including a precursor to a vitamin D steroid, thus 
showing 5-bromo-2-pyrone to be a practical and effective synthetic equivalent of 
2-pymne in thermal Diels-Alder cycloaddition. 

Recently we discovered that 3-bromo-2-pyrone, chameleon-like, undergoes smooth and regiospecific 2 + 

4-cycloadditions between 78-90°C with both electron-rich and electron-poor dienophiles? This ambiphilic 3- 

bmmo-Zpyrone was used in the key step for total synthesis of a new biologically active vitamin D3 derivative 

having unexpected and important antiproliferative activity in mouse keratinocytes.3 Now we have found that 5- 

bmmo-2-pyrone (1)4 also is an ambiphilic diene in 2+4_cycloadditions with the following advantages over its 3- 

bromo isomer: (1) substantially higher Diels-Alder reactivity; (2) 2 + 4-cycloadditions with a much wider range 

of dienophiles; and (3) easier preparation. Herein we report details of these advantages and also use of %romo- 

2-pyrone in synthesis of A-ring synthon 5 that we have converted previously into the new antiproliferative 

vitamin D3 analog 6.3 

The higher reactivity of 5 vs. 3-bromo-2-pyrone was established by four competition experiments. In 

three separate experiments, one equivalent each of 5- and 3-bromo-2-pyrone reacted at 100°C with several 

equivalents of methyl vinyl ketone, of methyl acrylate and of diphenyl(methyl)siloxyethylene; based on the ratios 

of recovered reactants as well as on the ratios of lactone bicycloadducts. 5-bromo-2-pyrone was at least six times 

more reactive than 3-bromo-2-pyrone. A similar competition experiment using acrylonitrile as a dienophile 

showed 5-bromo-2-pyrone to be at least two times more reactive than its 3-bromo isomer. This high reactivity of 

5-bromo-2-pyrone (1) allowed unusually mild conditions to be used for successful 2 + 4-cycloadditions with 

both electron-poor and electron-rich dienophiles leading to synthetically useful, stemochemically-rich, bridged, 

bicyclic lactones (Scheme 1)s The regiochemistry and the stereochemistry of these bicyclic lactones were 

established using 400 MHz 1H NMR spectroscopy including decoupling experiments.6 For example, the 

following data am typical. 
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25 5 CqrH 100% (1oo:O) 

25 4 =3 89% (100 : 0)’ 

100 2.5 CN 83% (54:46) 

100 2 OCHzCHzCl 100% (67 : 33) 

100 2 OSiMePhz 100% (67 : 33) 

100 2.5 4aBr 89% (80 : 20) 
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E.MdO 53x0 

J1.h = 3.7 Hz; Jl,& = 1.5 HZ H J1,6a=3.7Hz:Jl,~=2.7Hz 

J5.c = 9.7 Hz; J5.a = 3.65 Hz J5.h = 5.4 Hz; J5.a = 10.8 Hz 

J4.5 = 2.7 Hz J4.5 = 2.4 Hx 

Y H. 

&mdo 

J1.e = 3.6 Hz 

J5.,6 = 9.5 Hz; Jsb.6 = 4.8 HZ J5.h = 4.8 Hz; J5.e = 9.5 HZ 

J4.5. = 2.5 Hz; J4.5, = 2.7 Hz J4.5. = 2.7 Hz: J4.3, = 2.7 Hz 

H CN 

Although 3-bmmo-2-pyronc was barely reactive toward set-alkyl acrylate esters even at lWC, Mromo- 

2-pymne underwent successful cycloadditions at SOT. Asymmetric synthesis of bicyclic lactone adducts was 

explored using chiral, non-racemic acrylate esters (Scheme II).7 The best result (9257.5 ratio of diastenzomeric 

lactone S-end0 adducts) was achieved with endo-bomyl acrylate; this high level of asymmetric induction should 

make these bicyclic synthetic intermediates valuable chirons after removal of the chii auxiliary.3 

Scheme II 
50 l C, 65 h 

+ pCqR* - C$R+ 

Yield de. R+ -- 

95% 20% F’hCH(t-Bu)- 

75% 40% MeooccH(Me)- 

70% 85% eddomeol 
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Direct, one-flask preparation of solid, 5-bromo-2-pyrone was achieved as shown in eq. 1. This 

bnnnopyrone was stable at 0°C for more than 1 yew, at 25‘C, gradual decomposition occurred after several 

weeks.4 

1) NBS (2 eq.), t-m&4 cm, reflux 

2) Et3N Br (1) 

36% 

5-Bromo2-pyrone (1) was used also in the key cycloaddition step of a formal total synthesis of our new 

biologically active la-hydtoxymethyl-25hydroxyvitamin D3 6 (Scheme III). Room temperature atmospheric 

(i.e., non-high) pressure cycloaddition with actolein followed by aldehyde reduction gave exclusively endo- 

hydmxymethyl bicyclolactone 2.68 Camphorsulfonic acid-promoted lactone methanolysis followed by alcohol 

protection and double bond conjugation produced cyclohexenyl bromide 4 as a single diastereome .S Radical 

reductive debromination8 gave regiospecifically and stereospecifically substituted cyclohexene 5 that we have 

converted previously into antiptoliferative vitamin D3 homolog 6. 3 This scheme compares favorably with the 

original one (i.e. better overall yield and lower cycloaddition temperature),3 and it illustrates for the first time that 

5-btomo-3-pymne can be used as an effective synthetic equivalent of very much less reactive 2-pymne. Even 

when 2-pyrone is coaxed into cycloadditions with electron-poor dienophiles at very high pressures, the bicyclic 

lactone adducts are mixtures of stereoisomets.tu in sharp contrast to the high degree of stereocontrol observed 

during cycloadditions of 5-bromo-2-pyrone (1) with c&unsaturated carbonyl dienophiles. Also in contrast to 

5-bromo-2-pyrone, 2-pyrone itself is essentially unreactive toward electron-rich dienophi1es.a 

Scheme III 
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In summary, easily prepared 5-bromo-2-pyrone (1) is a new and important addition to the increasing 

number of reactive and substituted 2-pyrones capable of regiospecifically and stereoselectively producing 

isolable, useful, highly functional&d bridged, bicyclic lactone synthetic intermediates via Diels-Alder 

cycloadditions under exceptionally mild conditions.~ 
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