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" Synthesis of Bakkenolide A -

Bakkenolide A is a spirolactone isolated from flower stems of Pefasites japonicus Max.
subsp. giganteus KrramV A study of its chemical and spectral properties indicated the
structure and absolute stereochemistry depicted as 1. The lactone is a member of sesquiter-
penes, perhaps derived from eremophilane-type group.? Kitahara, et al. suggested its biogene-
sis as epoxidation and subsequent Favorskil rearrangement of fukinone® (2) and further
oxidation to give the lactone.®

We describe here a biomimetic synthesis of bakkenolide A (1). Treatment of pulegone
p-epoxide® (8) with NaOH in aqueous EtOH by Cavill’s procedure® afforded the rearranged
product (4) in 89%, yield which was protected as the methyl ester (5) and subjected to dehydra-
tion with SOCl, in pyridine to give the unsaturated methyl ester (6), [o], +5.0° (¢c=0.97,
MeOH); IR »fm cm—1: 1730, 1640, 890; NMR (in CCly) d: 4.82 (2H, multiplet). Oxidation of
(6) with SeO, in aqueous AcOH? afforded the lactone (7) in 389, yield, [«], —20.3° (c=0.54,
MeOH), IR »fi= cm~1: 1780, 1670, 900.

These results were applied to the synthesis of 1 from fukinone (2) isolated form Cacalia
hastata L. subsp. orientalis Kiram.®  Epoxidation of 2 with 309, H,0, in an alkali condition:
gave two epoxides separated by column chromatography over silica gel, named epoxide A
(8 or 9), mp 64.0—66.0°? [«], +24° (¢=0.50, MeOH), IR »}&' cm-1: 1720; NMR (in CCl,)
d: 0.98 (3H, doublet, /=6 Hz), 1.13 (6H, singlet), 1.32 (3H, singlet), in 30.69, yield and
epoxide B (9 or 8), mp 83.0—83.5°% [«], +21° (c=0.51, MeOH), IR »}# cm-1: 1730; NMR
(in CCly) é: 0.90 (8H, doublet, /=6 Hz), 0.96 (3H, singlet), 1.12 (3H, singlet), 1.35 (3H, singlet)
in 88.49, yield. The former showed a positive Cotton effect while the latter showed a nega-
tive Cotton effect on optical rotatory dispersion measurement.!® Both epoxides gave the
same reaction mixture detected by thin-layer chromatography and gas-liquid chromato-
graphy when treated with NaOH in aqueous EtOH. Therefore, the epoxide mixture without
separation was refluxed under the same condition. Extraction of the acidic fraction from the
reaction mixture and isolation as methylester over silica gel column gave (10), (11), and (12)
in 42, 42, and 169, yield of the acidic products, respectively. Dehydration of 10 with SOCly
in pyridine gave the unsaturated ester'® (13), [«], +17° (c=0.56, MeOH), IR pfim cm—1; 1735,
1650, 900; NMR (in CCl,) d: 3.60 (3H, singlet), 4.75 (1H, multiplet), 4.84 (1H, multipet), in
899, yield, which was oxidized with SeO, in aqueous AcOH to give 1 in 339, yield, and the
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a,f-unsaturated aldehyde (14), IR »§¢* cm—1: 1740, 1700, 1630; NMR 4: 3.51 (3H, singlet),
5.90 (1H, multiplet), 6.21 (1H, multiplet), 9.42 (1H, singlet); UV 22% nm(e): 219 (6970), 333
(660), in 57%, yield. Reduction of the aldehyde with NaBH, yielded 1 in 479, yield. The
synthesized 1, mp 79.0—80.5°, [«], --18° (¢=0.56, MeOH), showed the following spectroscopic
data: TR »3&" cm~1: 1780, 1675, 905; NMR (in CDCl;) 6: 0.84 (3H, doublet, /=6 Hz), 0.96
(3H, singlet), 4.75 (2H, multiplet), 5.02 (1H, multiplet), 5.09 (1H, multiplet); Mass Spectrum

mle: 234 (M*), 124, 123, 111, 109 (base peak). These data completely agreed with those of
natural bakkenolide A® and no depression of mp occurred by mixed fusion.

oD Qo Qe

CO.Me //\/O

1 2 3 4:R= 6 7 : 8,9
5:R=
MeO,C O OMe MeO,C
oH H MeOO H Me0,é H OHC/\ H
10 14

Acknowledgement The authors are grateful to Misses H. Kakizaki, T. Obara, and A. Maeda for ele-
mental analyses, to Mrs Ohnuma for NMR measurement, and to Miss M. Takahashi for mass spectral mea-
surement.

Faculty of Phaymaceutical Sciences, Koyt HavAsHI
Hokkaido University, HiRoyURL NAKAM
Kita 126, Nishi 6 chome, Kitaku, Hrossr M SUHAURA
Sapporo, 060, Japan I 1 Mt SHI

Received August 21, 1973

. P , Bull, ‘ , .
chéféi’zswh_azréélg<19‘és> UDC 547.466.1°546.15.09 : 615. 36.033

Absorption Route of '®lI-Labeled Lysozyme in Rats

It has recently been suggested that a small amount of enzyme proteins are absorbed
from the mammalian small intestine.?? However, the route in intestinal absorption of enzyme
proteins has not yet been clarified. This paper deals with investigations on the intestinal
absorption of 13!-labeled hen egg white lysozyme (abbreviated as 31I-EWL) and on the role
in the absorption of lymphatics in comparison with the portal vein in rats.

1BI[-EWL was prepared by the modified method of Hansen, ¢f al.2 The specific radio-
activity of BI[-EWL was 97—123 uCi/mg. The radiochemical purity checked by electro-
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