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A new oxa-cage natural product daphniacetal A (1) was isolated from Daphniphyllum macropodum Miq.
Its structure and relative configuration were established based on spectroscopic data and the single-crys-
tal X-ray diffraction crystallography. Compound 1 was also synthesized for determination of its absolute
configuration and evaluation of antioxidant effects.

© 2008 Elsevier Ltd. All rights reserved.

Oxa-cage compounds have attracted great interest as challeng-
ing projects for asymmetric synthesis.! However, there was rare re-
port on natural oxa-cage compounds. In the course of our search
for Daphniphyllum alkaloids with interesting ring system,>? a
new oxa-cage natural product, daphniacetal A (1), was isolated
from the fruits of Daphniphyllum macropodum Miq. (Daphniphylla-
ceae). Herein, we describe the structural elucidation, asymmetric
synthesis, and antioxidant effects of 1.

The fresh fruits of D. macropodum (20 kg) were extracted with
95% EtOH. The extract was partitioned between EtOAc and tartaric
acid. The aqueous layer was then basified to pH 10 followed by
exhaustive extraction with CHCl;. CHCls3-soluble materials were
subjected to an amino silica gel column (CHCl3/MeOH 1:0 — 0:1),
from which a fraction, eluted with CHCI;/MeOH (10:1), was puri-
fied on normal H silica gel (CHCl3/MeOH, 25:1 — 25:2) to afford
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compound 1 (0.0001%), which gave positive reactions with the
Dragendorff reagent after being treated with 5% H,S0,4
(CH3CH,0H) at 120 °C for 2 min.

Daphniacetal A (1)* was obtained as colorless needles (ether),
mp 149-150 °C, with [a]p +90.8 (CH30H, c, 0.2). Its molecular for-
mula CgH;,03 was established by HRESIMS, indicating four degrees
of unsaturation. The IR absorption bands at 3441 cm~! showed the
presence of hydroxyl group in 1. 13C NMR spectra of 1 revealed 9
sp® signals as shown in Table 1, including two methylenes and se-
ven methines. Among them, two sp>-oxygenated carbons (¢ 110.2

Table 1

H [y (J, Hz)] and '3C [6¢] NMR data of daphniacetal A (1) in CD;0D at 300 K

No. TH (1) 13C (6¢)
1 3.18 (1H, 6.0, 12.0) 50.2
2 2.79 (1H, t, 5.5) 50.7
3 4.35 (1H, dt, 5.5, 3.0) 81.9
4a 1.70 (1H, br d, 12.0) 34.7
ab 1.50-1.56 (1H, m)

5 2.32 (1H, br s) 385
6 2.49 (1H, dd, 6.0, 12.0) 55.3
7 524 (1H, s) 101.0
9 5.70 (1H, d, 6.0) 1102
10a 1.62-1.66 (1H, m) 40.7
10b 1.52-1.56 (1H, m)
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Figure 1. Selected 2D NMR correlations (A) and single-crystal X-ray structure (B) of 1.

and 101.0) were attributable to acetal or hemi-acetal groups. With
consideration of four degrees of unsaturation, it was assumed for
the presence of quateracyclic system in 1.

Comprehensive analysis of two-dimensional NMR data, includ-
ing the results of 'H-'H COSY, HMQC, and HMBC experiments,
shown in Figure 1, enabled to establish planar structure of 1 as
an 8,11-dioxatetracyclo [4.3.1.2°1.470"%Jundecane with hydroxyl
group at C-7. The relative configuration of 1 was determined by
NOESY experiments, and was confirmed by X-ray crystallographic
analysis (Fig. 1).°

To further determine the absolute configuration of 1, asymmet-
ric total synthesis of 1 was applied. A retrosynthetic analysis
(Scheme 1) of the target molecule 1, involving the intermediate
3, led to the identification of maleic anhydride and cyclopentadi-
ene as the starting point for our synthesis. Additionally, cinchona
alkaloid-mediated opening of prochiral cyclic anhydride 2 in the
presence of methanol served as an effective stereo- and regioselec-
tive operation.®
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Scheme 2. Asymmetric synthesis of (+)-daphniacetal A (1). Reagents and condi-
tions: (a) in petrolum ether-EtOAc, rt, 4h, 55%; (b) quinidine-MeOH, in toluene/
CCl4, —55 °C, 60 h, 92%, 97% ee; (c) 12, in pyridine, 70 °C, 12 h, 88%; (d) DIBAH, in n-
CgH14, —78 °C, 1 h, 76%; (e) Bu3SnH/AIBN, in toluene, 50 °C, 1.5 h, 68%.

As described in Scheme 2, Diels-Alder reaction between maleic
anhydride and cyclopentadiene in solution of petroleum ether/
EtOAc at room temperature gave endo-bicyclo[2.2.1]hept-5-ene-
2,3-dicarboxylic anhydride (2) with the yield of 55%. Quinidine-
mediated desymmetrization of meso-anhydride (2) with MeOH in
toluene/CCl, at —55 °C for 60 h resulted in (+)-(1R,2S,5R,6S)-mono-
ester (3) with 92% yield and 97% ee.®® Treatment of 3 with iodine
in pyridine at 70 °C for 12 h gave (+)-(35,4S)-iodo-lactone (4) in
88% yield.>'° 4 was then reduced by DIBAH in THF at —78 °C for
1h to produce corresponding (+)-(7S,9S)-iodo-cage (5) in 76%
yield.>!'! Finally, hydrogenolysis of 5 with BusSnH and AIBN in tol-
uene at 50 °C for 1.5 h afforded (+)-daphniacetal A (1) as colorless
crystal with 68% yield. The physical, spectroscopic, and spectro-
metric data ('H NMR, 3C NMR, [«]P, and HRMS) of the synthetic
material were well in consistence with those of the natural prod-
uct.'? Therefore, absolute configuration of the isolated 1 was deter-
mined as 1R,2S,3S,5R,6S,75,9S.

Compound 1 showed no antioxidant effects against H,0,-in-
duced impairment in PC12 cells.
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