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A FACILE CONSTRUCTION OF THE 2,9-DIGXABICYCLO-[3.3.1}=
NON-7-EN-6-ONE RING SYSTEM: A MODEL FOR TIRANDAMYCIN.
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Summary:  The bieyclic oxygenated rning sysiem present in turandamycin

48 neadily cons tructed from a furan precurson.

Tirandamycin la has been shown to have antibacterial activity, inhibitory activity
toward RNA polymerase, and to 1nterfere with oxidative phosphory]atwn.1 Oxidative
degradation of tirandamycin provides tirandamycic acid 1b, which has recently been
synthesized by Ireland from D-g]ucose.z’3 Qur 1nterest 1n this problem lay in the develop-
ment of a method for the facile construction of the 2,9-dioxabicyclof3.3.1]-non-7-en-6-one
ring system inherent 1n this ant1b1ot1c.4

It 15 well recoynized that furans undergo oxidative b1s-2,5-alkoxy]at1‘on.5 When this
process 1s applied to 1-(a-hydroxy)alkylfurans, acid hydrolysis provides the 6-hydroxy-2H-
pyran-3(6H)-one ring (e.g., ;gl).6’7 Achmatowicz has noted that closure of 3 to 4 1s

6 We

incomplete (26%), even under anhydrous conditions, yielding principally hemtacetal 3b.
reasoned that closure of the 6-membered ring should be more facile than the 5-membered ring
and that a 5-alkyl substituent on the furan would help stabilize the carbonium 1on necessary
for riny closure.

Vilsmeier-Haack formylation (DMF-POC13, 0°C, 0.5 h 40°C, 1h) of 2,3-d1methy1furan8
afforded the known9 4,5-dimethylfurfural 1n 93% yi1eld. Condensation of the aldehyde with
the 11thium enolate of ethyl propionate (LDA, -78°C, THF, 97%) afforded B-hydroxyesters 5a

(erythro)w’11

and 6a (threo) as a nearly equal wmixture of diastereomers. This
intentionally prepared mixture was readily separated (Waters Prep-500, 5102, 30%

EtAc-Hexane) and the esters were readily reduced (L1A]H4, ether, 25°C) to their respective

diols. Oxidation of erythro diol 5b (Brz, MeQOH, KZCO3, -78°C, 10 min) gave rise to crude

dihydrofuran as a complex mixture of diastereomers. Hydrolysis of 7 1n 0.7N HC1 (ag. THF,
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25°C, 3 h) afforded the bicyclic enone 9 [IR(CC14) 1686 and 1630 cm'l; MS(70 eV) M+182; 1H

NMR (CDC]3, 270 MHz) & 0.72 (3H, d, J = 7.0 Hz), 1.53 (3H, s), 1.95 (3H, d, J = 1.5 Hz),
2.42 (1H, m), 3.44 (1H, t, J = 12.0 Hz), 3.78 (1H, dd, J = 12.0 and 5.5 Hz), 4.09 (1H, d, J
= 5.9 #iz), and 6.17 (1 H, ba.s); '3C NMR (CDCT,, 22.5 MHz) 194.5, 154.8, 127.4, 95.0, 78.7,
64.5, 30.5, 24.0, 19.0, and 11.4) 1n 90% yield from 5b in aqueous medium. The intermediate

pyranone 8 was observed as a mixture of hemiketal diastereomers when dihydrofuran 7 was

3

hydrolyzed 1n weakly acidic solution (1.3 x 10°°N HC1, aq. THF, 45 min, 25°C, 83%). The IR

spectrum revealed hydroxyl absorption at 3400 cm'1

..]_)

1n aadition to the enone function (1680
cm while the 1H NMR spectrum displayed a pair of methyl doublets (& 0.76 and 1.13, J =
7.0 Hz), two pairs of methyl singlets ( 6 1.80 and 2.03; &§1.53 and 1.56) and two vinylic
protons (§5.36 ana 5.86). Exposure of 8 to 0.7N HCI {aq. THF) provided the bicyclic ketone
9.

A similar set of experiments performed on the threo diol 6b gave rise to the bicyclic
enone 10 [mp 47-48°C; IR (CC]4) 1688 and 1632 cm'l; MS (70 ev), M¥182; Ly R (CDC13, 270
MHz) 6 1.41 (3H, d, J = 7.0 Hz), 1.53 (3H, s), 1.64 (1H, m), 1.95 (3H, d, J = 1.5 Hz), 3.56
(iH, bd.da, J = 12.1 Hz), 3.99 (1H, s), 4.02 (1H, dd, J = 12.1 Hz and 3.7 Hz), and 6.18 (1H,
ba.s); 13¢ awR (CDC14) 197.2, 155.1, 126.6, 95.7, 79.7, 64.0, 30.4, 24.4, 19.1, and 16.6.]

13

The mass spectra of bicyclic ketones 9 and 10 were virtually 1dentical. The ““C-NMR

spectra of the two diastereomers differed significantly in the position of the secondary
methyl yroup which suffered an upfield smift (4ppm = +5.2) in 1somer 10.

The exclusive formation of a single diastereomeric bicyclic enone from the erythro and
threo di10ls requires the absence of pyrylium salt formation in the closure of the second
ring.

The application of this high yileld, facile process to the synthesis of tirandamycic

ac1d and tirandamycin 1s under investigation.
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