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A Synthesis of Aryl C-Glycosides via Polyketidest

Masahiko Yamaguchi,*¥ Akira Horiguchi, Chinatsu lkeura and Toru Minami
Department of Applied Chemistry, Kyushu Institute of Technology, Sensui-cho, Tobata, Kitakyushu, 804 Japan

3,5,9,11-Tetraoxotridecanedioates containing C-glycoside units on the side chain were generated from 1-hydroxy
sugars, p-ketoglutarate and acetoacetate; intramolecular condensation of the polyketide compounds gave
C-glycosidic naphthalene-1,8-diols regio- and stereo-selectively.

A number of polycyclic aromatic natural products with the
C-glycoside moiety have recently been isolated.! Taking into
account the fact that many of them are of polyketide origin,
two possible routes can be presented for the regioselective
biosynthesis of the aryl C-glycosidic linkages (Scheme 1). The
first route involves the introduction of the C-glycoside to the
aromatic nuclei (path A). The second route consists of the
aromatization of the C-glycosidic polyketide, which may be
formed by the Knoevenagel-type reaction of the B-carbonyl
compound and the sugar (path B). We have been studying the
aromatization of synthetic polyketides,2 which we have now
applied to the synthesis of aryl C-glycosides through the
‘biomimetic’ route B reaction.

The idea was first examined with a simple lactol 1a’
(Scheme 2). Racemic lactol 1a was condensed with 3-oxoglu-
tarate under Knoevenagel condition giving the pyran 2a, the
ketone moiety of which was reduced with NaBH, in ethanol at
—78°C giving the B-hydroxyglutarate 3a. The 3.5,9,11-tetra-
oxotridecanedioate 4a was generated by treating 3a with
acctoacetate dianion. Here, the use of a 1:1 mixture of THF
and HMPA as solvent is essential for the condensation; a
smaller proportion of HMPA did not give satisfactory resuits.
The polyketide intcrmediate 4a without isolation was aromat-
ized with Ca(OAc), in refluxing methanol giving the C-glyco-
sidic naphthaicne-1,8-diol 5a in 50% yield as a single isomer,
m.p. 138-139°C (from EtOAc-hexane).

t Abbreviations used: THF, tetrahydrofuran: HMPA, hexamethyl-
phosphoric triamide; MOM = methoxymethyl: NBS = N-bromosuc-
cinimide; DMSO = dimethyl sulfoxide: AIBN = azoisobutyronitrile.

i Present address: Department of Chemistry, Faculty of Science,
Tohoku University, Aoba, Sendai, 980 Japan.

Optically active sugar derivatives were next employed in the
synthesis. The 2-deoxy-1-hydroxy sugars 1b and le, con-
veniently prepared from L-rhamnal and b-glucal respec-
tively.§ were converted to the glutarates 3b and 3e. Similar
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Scheme 1

§ 1-Hydroxy sugars were synthesized from MOM protected L-rham-
nal or p-glucal: (i) NBS, DMSO, H-O. room temp.: 94% for the
former. 91% for the latter: (ii) Bum;SnH, AIBN, benzene. reflux:
95% for the former, 89% for the latter.
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procedures to those described above gave the expected
C-glycosides 5b and Sc, again as single isomers. For example,
under nitrogen, to a THF (140 ml) and HMPA (140 ml)
solution of the lithtum-sodium dianion of acetoacetate (121
mmol) was added a THF (5 ml) solution of 3b (8.1 mmol) at
0°C. The mixture was stirred for 2.5 h at room temperature,
and quenched by adding to 2 mol dm—3 HCl. The crude
polyketide obtained after normal extraction procedures was
refluxed under nitrogen in methanol (30 ml) with Ca-
(OAc),-2H,0 (12 mmol) for 2.5 h. The C-glycoside 5b was
chromatographically purified as the diacetate (Ac,O, Et3N,
CH.Cl>: 0°C; 2 h), and then 5b was regenerated (1.64 g, 40%
with K;COz-methanol, m.p. 135-136°C (from EtOAc-hex-
ane), [«]p20 =117 (¢ 1.0, CHCI3), 5¢: m.p. 109-110°C (from
EtOAc-hexane). [«]p2 +98 (c. 1.0, CHCI3).

The introduction of the C-glycosidic linkage at the 7-posi-
tion of the naphthalenediol was confirmed by 2D NMR
studies. The regioselectivity can be explained as follows
(Scheme 3). The 5- and 7-substituted products may be formed
via conformation A and B. respectively, in which the
1.3-diketone moieties exist in their enol form with intramole-
cular hydrogen bonding. The steric repulsion between the
vinylic hydrogen at the 4-position and the 6-substituents
distavour the conformation B, and preferential formation of

OMOM

Scheme 3

7-substituted products via conformation A takes place. This
type of regioselectivity could be predicted from our studies on
the polyketide condensation.?

The PB-configuration of the anomeric centres was deter-
mined from the coupling constants (J 2, 10 Hz). It is
considered that the sterecochemistry was established at the
stage of the Knoevenagel condensation as the thermodynam-
ically stable equatorial isomer. In fact, the Knoevenagel
products 2b and 2¢ were mixtures of two isomers {(13C NMR),
although two new asymmetric centres were generated from 1b
and lc. These chiral centres disappeared at the aromatization
stage giving the C-glycoside as a single isomer.

Friedel-Crafts-type reactions of aromatic compounds with
sugar derivatives have been extensively studied for the
synthesis of aryl C-glycosides.* The diverse reactivities of
aromatic compounds towards electrophilic substitution,
however, have prevented the development of gencral
methods with a wide applicability. Highly reactive electron-
rich aromatic nuclei tend to give polyalkylated products, and
aromatic rings which possess strongly electron-withdrawing
groups such as quinones arc inert to the reaction. Some
organometallic approaches have been reported utilizing either
mctallated sugars or metallated arenes.® Another type of
C-glycoside synthesis involves the construction of aromatic
nuclei from precursors containing the C-glycoside moiety.©
The utilization of C-glycosidic polyketides is a promising
approach in this category. In fact, Sb has bcen used in the
synthesis of a natural benz{«]anthracene antibiotic.”

It should also be noted that the above reactions suggest the
possibility of the presence of C-glycosidic polyketides in
biological systems.

We thank Professor Yutaka Watanabe (Ehime University)
for NMR studies. Financial support from the Asahi Glass
Foundation is gratefully acknowledged.

Received, 6th January 1992; Com. 2/00069E



436

References

1 Recent examples of C-glycosidic benz[a]anthracene antibiotics.
Saquayamycins: T. Uchida, M. Imoto, Y. Watanabe, K. Miura, T.
Dobashi, N. Matsuda. T. Sawa, H. Nakagawa, M. Hamada, T.
Takeuchi and H. Umezawa, J. Antibiot., 1985, 38, [171. Capoamy-
cin: Y. Hayakawa, T. Iwakiri, K. Imamura, H. Seto and N. Otake,
J. Antibiot., 1985, 38, 957. Benzanthrins: R. R. Rasmussen, M. E.
Nuss, M. H. Scherr., S. L. Mueller and J. B. McAlpine. J. Antibiot.,
1986. 34, 1515. OM-4842: S. Omura. A. Nakagawa, N. Fukamachi.
S. Miura, Y. Takahashi, K. Komiyama and B. Kobayashi,
J. Antibiot.. 1988, 41, 812. Urdamycins: H. Drautz, H. Zihner, I.
Rohr and A. Zeeck. J. Antibiot., 1986, 39. 1657. J. Rohr and A.
Zeeck, J. Antibiot.. 1987, 40, 459. J. Rohr, A. Zeeck and H. G.
Floss. J. Antibiot., 1988, 41, 126. T. Henkel, T. Ciesiolka, J. Rohr
and A. Zeeck, J. Antibior.. 1989, 42, 299.

M. Yamaguchi. K. Hasebe. H. Higashi, M. Uchida, A. Irie and T.
Minami, J. Org. Chem., 1990, 55, 1611.

3 H. A. Bates and P.-N. Deng. J. Org. Chem.. 1983, 48, 4479.

For recent examples: R. R. Schmidt and M. Hoffmann, Terrahed-
ron Letr.. 1982, 23, 409: R. M. Williams and A. O. Stewart, J. Am.
Chem. Soc.. 1985, 107, 4289: P. Allevi, M. Anastasia, P. Ciuffreda.

()

4=

J. CHEM. SOC., CHEM. COMMUN., 19092

A. Fiecchi and A. Scala, J. Chem. Soc., Chem. Commun.. 1987,
1245: G. Casiraghi, M. Cornia, L. Colombo, G. Rassu. G. G. Fava.
M. F. Belicchi and L. Zetta, Tetrahedron Letr., 1988, 29, 5549: T.
Matsumoto, M. Katsuki and K. Suzuki. Tetrahedron Lett., 1989,
30, 833; D.-1. Kwok and G. D. Daves, Ir., J. Org. Chem., 1989, 54.
4496. A novel rearrangement from an O-aryl glycoside to a C-aryl
glycoside has also been reported: T. Matsumoto., M. Katsukiand K.
Suzuki, Tetrahedron Lett., 1988, 29, 6935; T. Kometani, H. Kondo
and Y. Fujimori, Synthesis, 1988, 1005.
For recent examples: G. A. Kraus and M. T. Molina, J. Org.
Chem., 1988, 53, 752: G. Casiraghi, M. Cornia and G. Raau.
J. Org. Chem., 1988, 53, 4919: R. A. Outten and G. D. Daves. Jr..
J. Org. Chem., 1987, 52, 5064; 1989, 54, 29; K. Tatsuta. H. Ozeki,
M. Yamaguchi, M. Tanaka and T. Okui, Tetrahedron Letr., 1990,
31, 5495: M. Tius. X. Gu and J. Gomez-Galeno. J. Am. Chem.
Soc., 1990, 112, 8188.
For example: S. J. Danishefsky, B. J. Uang and G. Quallich,
J. Am. Chem. Soc.. 1985, 107, 1285; A. P. Kozikowski and X.-M.
Cheng. J. Chem. Soc., Chem. Commun.. 1987. 680.
7 M. Yamaguchi, T. Okuma, A. Horiguchi, C. Ikeura and T.
Minami, J. Org. Chem., in press.

N

[o))






