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DIRECT SYNTHESIS OF PYRAN-LACTONES RELATED TO NAPHTHOQUINONE ANTIBIOTICS

M.F. Semmelhack,* Christina Bodurow,1 and Mary Baum
Department of Chemistry, Princeton University, Princeton, New Jersey 08544

Abstract. Simple benzopyrans with a fused y~lactone unit are prepared from an o~
disubstituted arene by direct intramolecular alkoxycarbonylation/lactonization promoted by
palladium diacetate; the process gives high yields and moderate stereoselectivity, favoring the

cis lactone over trans by a factor of 5:1.

The fused pyran-y-lactone structural feature appears in a number of interesting natural
structures such as kalafugin2 and granaticin.3 Utilizing the efficient pyran and furan ring-
forming process termed alkoxy-carbonylation,4’5 and based on the direct metalation techniques of

Seebach,6 a simple strategy presents itself for a two-step generation of the
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typical pyran-lactones (Scheme 1). Important technical questions need to be resolved concerning

efficient trapping of the aryllithium from ] with acrolein, diastereoselectivity in formation of
2 and possible sensitivity of the allylic hydroxyl toward cleavage. A central question is the
influence of the allylic hydroxyl and the methyl at C-1 on the configuration of the new chiral
center (C-3) in 237 In simple pyran ring formation, a preference toward a cis arrangement of
the 2,6-substituents has been noted.%»5

The first model (4) was obtained in one step from o-bromobenzyl alcohol by lithiation and
quenching with acrolein (77% yield). Under the standard conditions for catalytic alkoxycar-
bonylation (0.1 mol-eq. of PdCly, 3.0 mol-eq. of CuCly, CO at 1.1 atm) but in THF instead of
methyl alcohol, the only product isolated (74% yield) was the rearranged chloride, 5. The
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desired cyclization was successful using 1.0 mol-eq. of palladium diacetate ia THF with 1.1 atm
of CO. A single isomer (6) was obtained in 68% yield after chromatography.8’9 The skeleton and
configuration (cis ring fusion) were verified by i NMR double resonance experiments in com—

parison with natural product structures.l0
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In order to test for the influence of remote substituents on the stereoselectivity, the
diastereomeric diols 7A and 7B were prepared. Lithiation® of a-phenethyl alcohol with n-
butyllithium followed by addition to acrolein produced a mixture of ZA/ZE_(SO:SO) which was
easily separated by column chromatography. The isomers were obtained in greater than 98%
diastereomeric purity.8 Cyclization of 74 (configuration assigned in retrospect, from the
structure of the product) with 1.0 mol-eq. of palladium diacetate, as before, gave two products,
in isolated yields of 64% and 13%. The major product was identified as the cyclization product
with a cis-fused y-~lactone (§A)8’11 while the minor product showed general similarity but key
differences in the spectral data, and is assigned as the trans-lactone (25).8»11 The primary
structure elucidation technique i1s proton NOE measurement. For example, the configuration and
conformation for 8A follows directly from the NOE results shown in figure 1. The cyclization of
diastereomer 7B also led to two products, with isolated yields of 707 and 14Z. The major isomer
again bears the cis-fused y-lactone (§§)8’12 now with a trans-methyl group at C-1, while the
minor isomer shows spectral data comsistent with the trans—lactone, 23}8,12 For the NOE evi-

dence concerning 8B, see fig. 1.
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FIGURE 1. ©Nuclear Overhauser Enhancements

To assay the possibility that the stereoselectivity in cyclizations of 8A and 8B is the
result of coordination of the allylic hydroxyl group, the diastereomeric monomethylethers
(10A/10B) of diols 8A/8B were prepared and separated. Cyclization of 10A (stoichiometric
palladium diacetate, but methyl alcohol solvent) produced a 100:94 mixture of pyrano-esters
(11A, 12A; 94% yield) which could be separated by careful chromatography. The isomers showed
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nearly identical spectral data, but relative configurations could be assigned from NOE
studies.8,13 Cyclization of diastereomer 10B gave a mixture of pyran-esters (118, 12B) in the
ratio 6:5 (91% yield together). After tedious chromatographic separation, samples of each
isomer in high purity were obtained. Parallel with the analysis for 11A and 12A, the structures
were assigned as shown above.8,14

The results with the free allylic hydroxy compound compared to the corresponding methyl
ethers suggests a strong directing effect of the allylic hydroxyl, favoring formation of a cis-
lactone irrespective of the configuration of the methyl group at C-1. The directing effect
observed here could arise through coordination of the hydroxyl with Pd(II) as in 13, of alkoxide
(as in 14), or of alkoxyacyl (as in 15). Intermediate 15 requires a reductive-elimination of an

acyl-alkyl palladium intermediate in the final step rather than the proposed hydroxy—acyl

coupling.15
H H
H7Y =Ry \lid\L \gzP{i—L
13 )|< “ X 15 X

L= neutral donor ligand
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For 8A: 1y NMR(CDC1l3): & 1.58 (d, 3H, J=6.5 Hz, CH3), 2.86 (2H, AB part of an ABX system
with § (SA—Z 76, 6&g=2.96, Jpp=17.5 Hz, Jpx=0.0 Hz, Jgx=5.0 Hz, 2H at C-3), 4.50-4.58 (m, 1H,
H-3), 4.71 (q, 1H, J=6.3 Hz, H-1), 5.18 (d, 1H, J=3.1 Hz, H-4), 7.2-7.5 (m, 4H, Ar-H). The
signal at § 1.58 was irradiated and the following signal enhancements observed
(multiplicity and relative intensity in parentheses): 4.71 (m, 0.8), 7.22 (m, 1.0). Mp
109-110°C.

For 9A‘ 1y NMR(CDC13): & 1.56 (d, 3H, J=6.8 Hz, CH3), 2.61-2.86 (2H, AB part of an ABX
system, 2H at C-3), 3.91-4.02 (m, 1H, H-3), 4.88 (d, 1H, J=9.1 Hz, H-4), 5.14 (q, 1H, J=6.8
Hz, B-1), 7.04-7.08 (m, 1H, H-8), 7. 18 -7.46 (m, 3H, H-5,6,7). Irradiation of the signal at
§ 1.56 resulted in peak enhancements at 4.00, 5.14, and 7.06. Irradiation of the signal at
4.00 resulted in peak enhancement at 2.7. Irradiation of the signal at 4.88 resulted in
peak enhancement at 2.7. Irradiation at § 5.14 resulted in peak enhancement at 1.56 and
7.06.

For 8B: 1lu NMR(CDC13): & 1.51 (d, 3H, J=7.0 Hz, CH3), 2.75(2H, AB part of an ABX system
with §, 8p=2.64, &g=2.97, Jpp=17.8 Hz, Jpx=0.9 Hz, Jgx=5.1 Hz, 2H at C-3), 5.02 (q, 1H, J=7.0
Hz, H-1), 5. 17 (4, lH, J=3.3 Hz, H-4), 7.0-7.5 (m, 4H, Ar-H). Irradiation at 1.51 gave
selective signal enhancement (multiplicity and relative intensity in parentheses): 4.77
(m, 0.70), 5.02 (m, 1.0), 5.17 (d, 0.3). Mp 109-110°C.

For 9B: 1a NMR(CDC1l3): § 1.49 (4, 3H, J=6.6 Hz, CH3), 2.68-2.86 (2H, AB part of an ABX
system, 2H at C-3), 3.88-3.99 (m, 1H, H—3), 4.92(d, 1H, J=9.1 Hz, H-4), 5.13 (q, lH, J=7.0
Hz, H-1), 7.02-7.06 (m, 1H, H-8), 7. 18 -7.33 (m, 3H, H-5,6,7). Irradiation at § 1. 49
resulted in enhancement of the signals at 5.13 and 7.0&. Irradiation at § 3.9 resulted in
enhancement at 2.75 and 5.13. Irradiation at § 4.92 resulted in enhancement of the signal
at 2.75. Irradiation at § 5.13 resulted in enhancement of the signals at 1.49, 3.9 and
7.04.

For 11A: IH NMR(CDCl3): 6 1.56 (d, 3H, J=6.5 Hz, CH3), 2.87 (d, 2H, J=6.7 Hz, 2H at
c-3), 3.34 (s, 3H, OCH3), 3.73 (s, 3H, COOCH3), 4.13-4.19 (m, 2H, H—3 H-4), 4.84 (q, 1H,
J=6.5 Hz, H-1), 7.17 (4, 1H, J=7.5 Hz, H-8), 7.17-7.35 (m, 2H, H—6 H—7), 7.35-7.40 (m lH
H-5). Irradiation at § 3.34 resulted in enhancement of peaks at 4.18, 7.35. Irradiation
at § 4.84 resulted in signal enhancement at 4.18, 7.17 and 1.56. Irradiation at § 2.87
resulted in signal enhancement at 4.18. Irradiation at & 1.56 resulted in signal enhan-
cement at 7.17 and 4.84.

For 12A: 1x NMR(CDCl3): & 1.54 (d, 3H, J=6.6 Hz, CH3), 2.65 (2H, AB of an ABX system with
84=2.59, &g=2.71. Jpp=15.0 Hz, Jxx=10.0 Hz, Jgx=5.0 Hz, 2H at C-3), 3.48 (s, 3H, OCH3), 3.73
(s, 31, COOCH3), 4.17 (4, 1H, J=6.1 Hz, H~-4), 4.44-4.52 (m, 1H, B-3), 4.94 (q, 1H, J=6.6

Hz, H~1), 7.03-7.06 (m, 1H, H-8), 7.24~7.28 (m, 2H, H-6, H-7), 7.37-7.40 (m, 1H, H-5).
Irradiation at 6§ 3.48 resulted in the enhancement of signals at 7.38, 4.48 and 4.17.
Irradiation at &§ 1.54 resulted in the enhancement of signals at 7.05, 4.94, 4.48.

Irradiation at § 4.17 resulted in the enhancement of the signal at 7.38 and 2.65.

For 11B: Iy NMR(CDC13): & 1.48 (d, 3H, J=6.8 Hz, CH3), 2.76 (m, 2H, C-3), 3.38 (s, 3H,
OCH3), 3.73 (s, 3H, COOCH3), 4.19 (d, 1H, J=2.6 Hz, H-4), 4.49 (dt, 1H, J=6.7 Hz, 2.5

Hz, H-3), 5.08 (q, 1lH, J=6.7 Hz, H-1), 7.08 (d, 1H, J=7.8 Hz, H-8), 7.20-7.30 (m, 2H, H-6,
H~7), 7.30-7.35 (m, 1H, H-5). Irradiation at § 4.19 resulted in peak enhancements at 7.31,
3.38, and 2.76. Irradiation at & 3.38 resulted in enhancements of the signals at 7.31,
4.19. Irradiation at & 1.48 gave peak enhancements at 7.08, 5.08, and 4.49.

For 12B: 1y NMR(CDC13): 6 1.48 (d, 3H, J=6.5 Hz, CH3), 2.75 (2H, AB of an ABX system with
6a=2.62, &g=2.89, Jap=17.5 Hz, Jpx=10.0 Hz, Jpx=2.5 Hz, 2H at C-3), 3.44 (s, 3H, OCH3), 3.74
(s, 3H, COOCH3), 4.13 (dt, 1H, J=9.0 Hz, 3.7 Hz, H-3), 4.37 (d, 1H, J=9.2 Hz, H-4), 4.88

(q, 14, J=6.7 Hz, B-1), 7.05-7.09 (m, 1H, H~8), 7.22-7.30 (m, 2H, H-6, H-7), 7.43 (m, 1H,
H-5). 1Irradiation at & 4.37 resulted in an enhancement of the signals at 7.37, 3.44 and
2.75. Irradiation at 6§ 3.44 resulted in an enhancement of the signals at 7.34, 4.37, 4.13.
Irradiation at § 1.48 resulted in enhancement of the signals at 4.88 and 7.07.
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