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Abstract—The total assignment of the incomplete stereostructure of a new squalene-derived epoxy tri-tetrahydrofuran (THF) diol
(2) to the structural formula 3 has been achieved through the first asymmetric syntheses of (22S)-3 and its epimer (22R)-4. © 2002
Elsevier Science Ltd. All rights reserved.

Recently, biologically active and structurally unique
triterpene polyethers, which are thought to be biogenet-
ically squalene-derived natural products (oxas-
qualenoids), have been isolated from both marine and
terrestrial plants.1,2 Among them are glabrescol (1)3 and
an epoxy tri-THF diol (2)4 biogenetically related to
each other, isolated from the endemic Jamaican plant
Spathelia glabrescens (Rutaceae) by Jacobs et al., one of
the authors in this paper (Scheme 1). Although there is
no report on the biological activities of both com-
pounds, these polyethers containing five or three THF
rings may be expected to exhibit ionophoric functions5,6

as well as cytotoxicities,1,2 because of the recent active
research studies on remarkable interactions (membrane
transport and ion channel) of neutral oligotetra-
hydrofuranyl derivatives with metal cations in natural
products7 and artificial systems.8,9 Many types of oxas-
qualenoids have been isolated; however, it is often
difficult to determine their stereostructures only by
spectroscopic analysis, especially in systems including
acyclic quaternary carbon centers. In such cases, it is
effective to predict and synthesize the possible
stereoisomers.10–12 Although the planar structure and
partial relative configuration of 2 were also elucidated
by NMR methods as shown in 2,4 determination of the
entire stereochemistry of compound 2 has not been
reached. In this paper, we report that the stereostruc-

ture of the new squalene-derived epoxy tri-THF diol (2)
is completely assigned to 3 by its total synthesis.

There are four possible syn, syn, anti stereoisomers of
the C1–C15 fragment and attached methyl groups with
the relative stereochemistry as shown at C11, C14, and
C15, and eight for the entire molecule 2. We have
previously accomplished the total synthesis of (−)-

Scheme 1. Possible stereostructure for the natural product 2.
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glabrescol (1) by way of the tri-THF intermediate 5,
and revised the originally proposed meso structure3 to
the C2 symmetric 1.10 Considering the relative stereo-
chemistry between each A, B, and C THF ring in 2, it
is likely that 2 also possesses the same erythro configu-
ration of 1 on biogenetic grounds, because both 1 and
2 were isolated from S. glabrescens. In practice, chemi-
cal shifts observed for C1–C17 and C25–C28 in the 13C
NMR spectrum of 2 are almost identical with those of
5 (Table 1), strongly suggesting that the relative
configuration of 2 and 5 is the same. Therefore, we
decided to synthesize the two remaining possible
stereoisomers 3 and 4 by epoxidation of our synthetic
intermediate 5 to compare their spectroscopic data with
those of the natural product 2.

We adopted Shi’s asymmetric epoxidation13 as a reli-
able method to be able to predict the stereochemical
outcome of the reaction, because many examples for
trisubstituted alkene substrates similar to 5 have been
reported without exception.11,14–16 Reagent-controlled
epoxidation of the optically active diene 5, [� ]24

D −12.5
(c 1.32, CHCl3),10 with Shi’s chiral dioxirane in situ
generated from ketone 613 afforded monoepoxides endo
7 and exo 4 as an inseparable 1:1.3 mixture, respec-
tively, in 43% yield along with 52% recovery of the
starting material 5 (Scheme 2). For the purpose of
separating the two products, the mixture was treated
with camphorsulfonic acid (CSA) to give the
diastereomerically homogeneous (22R)-epoxide 4,† [� ]22

D

−13.1 (c 0.14, CHCl3), and tetra-THF 8 in 37% and

Table 1. 13C NMR data for compounds 2–5

��=�3−�2Position ��=�4−�22a 5a 2 (2.6 mM)b 3 (16 mM)b 4 (8.7 mM)b

25.370 25.386 −0.022 −0.00625.21 25.2 25.392
72.458 72.446 −0.004 −0.01672.32 72.3 72.462

−0.008−0.01986.00485.9933 86.01285.985.9
26.188 26.192 −0.011 −0.00726.04 26.1 26.199

29.8 30.0 30.0725 30.052 30.060 −0.020 −0.012
−0.003−0.00786.16686.1626 86.16986.186.1

82.7 82.9 82.8287 82.836 82.819 −0.009+0.008
28.787 28.768 −0.014 −0.00528.98 28.9 28.773

30.706 +0.026 0.00030.8 31.09 30.706 30.732
85.86285.88085.866 +0.01485.9 −0.00410 85.9

−0.00684.301 −0.00284.29784.30384.384.211
29.64229.64829.5 29.64129.512 −0.006 −0.007

−0.02126.4 −0.00926.5 26.657 26.636 26.64813
85.97985.8 +0.016 +0.00285.8 85.977 85.99314

73.058 73.077 −0.018 +0.00115 72.9 73.0 73.076
36.91536.6 −0.003 −0.04236.8 36.957 36.95416
22.354 −0.021 −0.02122.122.1 22.37517 22.354

125.711125.650125.678 −0.028124.7 +0.03318 125.3
−0.039134.010 −0.010133.981134.020134.9133.919

36.48936.51239.7 36.53136.220 −0.023 +0.019
−0.02427.3 −0.04726.7 27.645 27.621 27.59821

64.05664.1 +0.017 +0.017124.3 64.039 64.05622
58.051 58.041 +0.029 +0.01923 58.4 131.3 58.022

18.77318.7 −0.009 −0.00217.6 18.775 18.76624
25 −0.013−0.02227.99027.98128.00327.827.8

−0.00625.19825.197 −0.00525.20325.225.226
23.4 23.302 +0.010 −0.00223.3 23.30427 23.314

24.25224.27224.124.028 −0.043−0.02024.229
29 16.0 −0.045−0.00715.98016.01815.9 16.025
30 −0.006 +0.00224.89024.88224.88825.724.8

a The data for 2 and 5 were cited from Refs. 4 and 10, respectively.
b The spectra were recorded at 300 K and the indicated concentrations in 60%CDCl3/40%C6D6 on a Bruker AVANCE 600 (150 MHz)

spectrometer. Chemical shifts are in ppm down field from the peak of TMS as an internal standard.

† Compound 4: 1H NMR (600 MHz, 60%CDCl3/40%C6D6) � 5.21 (1H, t, J=6.7 Hz), 4.43 (1H, br s), 4.04 (1H, t, J=7.7 Hz), 3.88 (1H, dd,
J=10.9, 4.9 Hz), 3.79 (1H, dd, J=8.4, 3.5 Hz), 3.71 (1H, dd, J=9.6, 6.2 Hz), 3.42 (1H, br), 2.61 (1H, t, J=6.2 Hz), 2.47 (1H, dt, J=11.7, 9.6
Hz), 2.27–1.96 (6H, m), 1.88–1.67 (5H, m), 1.64–1.47 (4H, m), 1.61 (3H, s), 1.37–1.26 (4H, m), 1.29 (3H, s), 1.24 (3H, s), 1.20 (3H, s), 1.16 (3H,
s), 1.07 (3H, s), 1.04 (3H, s), 1.00 (3H, s); IR (neat) 3422, 1650, 1067 cm−1; FAB-HRMS calcd for C30H53O6 [(M+H)+] 509.3842, found 509.3860.
Compound 3: 1H NMR (600 MHz, 60%CDCl3/40%C6D6) � 5.21 (1H, t, J=6.6 Hz), 4.45 (1H, br s), 4.04 (1H, t, J=7.7 Hz), 3.88 (1H, dd,
J=10.9, 4.9 Hz), 3.79 (1H, dd, J=8.4, 3.5 Hz), 3.71 (1H, dd, J=9.7, 6.1 Hz), 2.61 (1H, t, J=6.2 Hz), 2.47 (1H, dt, J=11.6, 9.6 Hz), 2.27–1.96
(6H, m), 1.88–1.67 (5H, m), 1.64–1.47 (4H, m), 1.61 (3H, s), 1.37–1.26 (4H, m), 1.29 (3H, s), 1.24 (3H, s), 1.20 (3H, s), 1.16 (3H, s), 1.07 (3H,
s), 1.04 (3H, s), 1.00 (3H, s); IR (neat) 3420, 1650, 1067 cm–1; FAB-HRMS calcd for C30H53O6 [(M+H)+] 509.3842, found 509.3826.
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Scheme 2. Synthesis of the two possible stereoisomers 3 and
4.

Figure 1. Chemical shift differences (��) observed for the
carbons of ���=�4−�2�>0.03 ppm in 3 and 4. The x and y
axes represent carbon number and �� in ppm, respectively.

���=�4−�2�>0.03 ppm are an experimental error and
unambiguously differentiate the synthetic 4 from the
natural 2, 150 MHz 13C NMR spectrum of a 1.3:1
mixture of 4 and 2, respectively, was measured at 300 K
and 6.1 mM in 60%CDCl3/40%C6D6. Seven distin-
guishable peaks with ��=�4−�2 indicated in parenthe-
ses were observed for the carbons C16 (−0.025), C18
(+0.052), C19 (−0.029), C20 (+0.037), C21 (−0.030),
C28 (−0.027), and C29 (−0.042), still in the region
linking between C15 and C22 chiral carbons and with
the same signs as those of �� independently measured
(Table 1). From these facts, we judged that the spectral
characteristics including the optical rotation of the syn-
thetic (22S)-3 are identical to those of the natural
product 2. Thus, it has been found that the hitherto
unknown relative and absolute configuration of the
epoxy tri-THF diol (2) is as indicated in the structural
formula 3, which possesses the same absolute stereo-
chemistry as glabrescol (1).

In conclusion, we have accomplished complete assign-
ment of the stereostructure of the new squalene-derived
epoxy tri-THF diol (2), which is difficult to determine
the stereochemistry only by spectroscopic methods,
through its first asymmetric total synthesis. This will be
useful to deduce the biogenetic relationships not only
between epoxy tri-THF diol (2) and glabrescol (1) but
also among the relevant oxasqualenoids, and evaluate
biological activities of 2.
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