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STUDIES ON THE TOTAL SYNTHESIS OF ANTIBIOTIC X-14547A
THE PENTAENE APPROACH

William R. Roush*] and Steven M. Peseckis
Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

Summary A nine-step synthesis of X-145474 model compound 14 1s deseribed.

X-14547A (1), an unusual antibiotic of the polyether c]ass,2 has attracted much interest
since 1ts structure was first reported 1n 1978.3 One total synthes1s4 and a number of syntheses
of "left" and "right" hand fragments have now been recorded.5 A1l approaches to the right-hand
perhydroindene ring system have utilized intramolecular Diels-Alder reactions as the key trans-
formation, whereas the syntheses of the left hand tetrahydropyranyl fragment have relied on the
principle of 1nternal asymmetric 1nduct1on6 to control 1ndependently the stereochemical rela-
tionship between C 2-C 3 and C.6-C.7. The problem of coupling of the two halves has not been
adequately solved, however.
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Our solution to this problem has 1ts genesis in the hypothes1s5C that the biosynthesis of
1 might 1nvolve an internal cyclization of a pentaene intermediate such as 2 (Scheme I).7 Not
only did we 1magine that 2 would be a suitable synthetic precursor to 1, we also recognized
that this 1ntermediate could be assembled from precursors 3, 4, and 5 by a sequence 1n which
all of the functionality of 2 (and hence 1) would be fully differentiated and be mutually

compatible at every stage of the synthesi1s. We 1llustrate the viability of this approach by
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describing a short (8 step) synthesis of pentaene 13 and 1ts facile cyclization to X-14547A
model compound 14 (Scheme II).
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Treatment of aldehyde 6 with the 1ithium anion of triethylphosphonocrotonate at -40°C with
warming to room temperature afforded diene ester _9a,b 1n 95% y1eld. Reduction of ZA(L1A1H4,
Et,0, 0°C, 92% yeld) afforded alcohol 8,%3*® bromnation ((CgHg) PBr,, CHCH, 0°C) of which
provided the expected bromide 1n excellent yield. The latter compound was then treated with
trimethylphosphite 1n hot toluene {110°C) to give phosphonate _?a,b in 78% yield from 8. A
mixture of 9 (1.0 equiv.) and aldehyde 19}0 (1.0 equiv.) 1n DME was added dropwise to a

solution of KOtBu (2.0 equiv.) 1n DME at 0°C and the resulting solution was stirred at this
9a
1,

a 95 5 mixture of stereoisomers with
respect to the newly formed double bond, was obtained in 95% yield. This olefination procedure
" It should be noted as
well that the sensitive nature of 11 towards radical induced polymerization reactions necessi-
tated that all subsequent transformations be performed in the presence of BHT. Hydroboration
of 11 with 9-BBN in THF at 0°C (alkaline H202 workup) afforded the expected primary a]coho]9a
as the sole reaction product (84% yield after chlr'omatogr'aphy).]2’]3 This 1ntermediate was then
ox1dized with a Swern reagent (TFAA, DMSO, diisopropylethylamine, CH2012, ~78° » 23°C) to afford
aldehyde 1g?a n 80% y1e]d.]4 Finally, treatment of 12 with phosphorane §§C ma 21 CHyCT,-
CH3OH cosolvent mixture (39 h, 40°C) afforded X-14547A mode;5compound lﬂ?a’b directly 1n 53%
y1eld together with 17% of a mixture of cis-fused products.

temperature for 1.5 h. In this manner pentaene

proved to be far superior to all of the alternative methods examined.
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Only one trans-fused cycloadduct was 1solated from this Diels-Alder reaction. The stereo-

16 ]H and 13C NMR data to that

of X-14547A and the perhydroindene fragments reported in our previous commumcatmn.5C The

chemystry of this compound, 14, ~ was assigned by comparison of 1ts

diastereoselectivity of the thermal cyclization of 13, therefore, appears to parallel the
simpler cases previously reported.5 Attempts to suppress the formation of the cis-fused by-
products, however, by use of Lewis acidic reagents (EtAlC]Z, CH2C12, 0°c, MgCl2 or CaC]2 n
aqueous CH30H, etc.) 1n the cyclization step (using purified l§)15b have thus far proven unsuc-
cessful. In spite of this shortcoming, we believe that the sequence outlined in Scheme II 1s
1deally suited for use 1n a synthesis of 1. Such studies are 1n progress and will be reported
upon 1n due course.
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longer and less convergent (especially 1f applied to 3) than the route outlined 1n Scheme
I1.
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(a) The solub1T1ty problems previously noted5C for 5 are avoided by using a CH,O0H-CH,Cl,
cosolvent mixture. Remarkably, the reagent dissolves readily in this mixture gt 40°%

give homogeneous solutions (0.1M) but not in either solvent alone. (b) The w1tt§g reac-
tion of soluble 5 with 12 at room temperature (17 h) afforded 47% of pentaene 13°¢ together
with 25% of cycloadducts and 10% of recovered 12. The longer reaction time and higher
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Spectroscopic data for 14 ]H NMR (270 MHz, CDCl3) & 9. 33 (br s, 1H, NH), 7.00, 6.92, 6.29
(3H, pyrrole CH), 5.97 Tm, 2H), 5.65 (d, J = 10. i Hz, 1H), 5 51 {dt, J = 9.9, 2.8 Hz, 1H),
5.40 (dd, J = 8.3, 7.2 Hz, 1H) 3.41 (m, 2H), 0.94 (t, J = 7.2 Hz, 3H, CH3), 13c NMR
(62.8 MHz, CDC13) § 191.1, 142.0, 132.6, 130.5, 129.6, 129.1, 127.1, 124.15 121.9, 115.2,
1]0 3, 52.5, 50.2, 44.8, 43 7, 40 7, 37.1, 29.7, 29.1, 28.3, 27.6, 27.3, 27.0, 26.8, 12.4,

(CH2C] ) 3425, 3010 2925, 2850, 1640 (br), 1540 cm'1 UV (EtOH) A 291 (e15,300), 244
(e30 500), mass spectrum, m/e 363 (parent 10n}.
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