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The bark extract of the Malayan Alstonia angustifolia Wall provided the spirocyclic alkaloids macrodasines
A—G. The structures of the new compounds were established by analysis of the spectroscopic data and in
the case of macrodasines A and B confirmed by X-ray diffraction analysis. Macrodasines A, B, C, and G
incorporate fused spirocyclic tetrahydrofuran—tetrahydrofuran rings, while macrodasines D, E, and F
incorporate fused tetrahydrofuran—tetrahydropyran rings. Macrodasines B, C, and E were found to show
moderate levels of activity in reversing multidrug-resistance in drug-resistant KB cells.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Plants of the genus Alstonia' (Apocynaceae) are fertile sources
of structurally novel as well as biologically active alkaloids.>~33
The Alstonia bisindoles in particular are known for displaying
significant in vitro antiamoebic activity against Plasmodium fal-
ciparum (the causative agent of Malaria), as well as cytotoxic ac-
tivity against several human cancer cell lines.*~'° Other bioactive
alkaloids from Alstonia include the indole alkaloid, actinophyllic
acid from the Australian Alstonia actinophylla, which was reported
to be an effective inhibitor of carboxypeptidase U (CPU),!! and the
strychnan alkaloids, alstolucines A, B, and F, from the Malayan
Alstonia spatulata, which reverse multidrug-resistance in drug-
resistant KB cells.'> We recently reported the structure of the
novel Alstonia alkaloid, bipleiophylline, a cytotoxic bisindole
constituted from the bridging of two indole moieties by an aro-
matic spacer unit,’> as well as several unusual indole alkaloid-
pyrrole, -pyrone, and -carbamic acid adducts from the stem-bark
extract of A. angustifolia Wall."® In continuation of our studies of
biologically active alkaloids from Malaysian Alstonia,>'>72% we
wish to report the structures of the novel spirocyclic alkaloids,
macrodasines A—G, isolated from the stem-bark extract of the
same plant.

* Corresponding author. Tel.: +60 3 79674266; fax: +60 3 79674193; e-mail
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2. Results and discussion

We previously reported the isolation and structure elucidation
of macrodasine A (1), which was isolated in minute amounts from
the bark extract of Alstonia macrophylla.!*'® The structure of 1 was
established based on interpretation of the NMR and MS data, which
revealed a macroline indole alkaloid incorporating a 1,6-dioxaspiro
[4,4]nonane unit fused onto the macroline residue. An alternative
structure incorporating contiguously fused tetrahydropyran and
tetrahydrofuran rings attached to the same macroline residue was
ruled out by the observation that acetylation with acetic anhydride/
pyridine gave a diacetylated derivative, 8. The relative configura-
tions at the various stereogenic centers were established by the
application of extensive NOE experiments. Since we have now
isolated more macrodasine A (1) from A. angustifolia, we were
therefore able to carry out a more detailed stereochemical study.

In general the NMR data for all seven alkaloids indicated that the
configurations of the stereogenic centers in the macroline portion of
the molecule are similar to those of a macroline indole alkaloid. In
addition, the EIMS showed mass fragments at m/z 197, 182, 181, 170,
and 144, which are typical of macroline derivatives.>* The observed
NOEs between 18-methyl and H-174. as well as H-20, fixed the E/Fring
junction stereochemistry as cis (18-Me and H-20 both a). The reso-
nance for H-20 was observed as a doublet of doublets with J 12 and
8 Hz. Decoupling experiments indicated that the splittings were due to
coupling with the two C-21 hydrogens. Since the stereochemistry of H-
20 has been fixed as a, the 12 Hz coupling must be due to coupling to
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Fig. 1. Selected NOEs of 1 (R=CH,0H).

aresult, both the o and  hydrogens at C-21 could not be distinguished.
In the previous report, it was noted that conversion of 1 to the diac-
etate derivative 8 resulted in the removal of the H-21/H-24 overlap to
some extent.'® In the present study, it was found that a further im-
provement in the spectrum could be achieved by the use of CD,Cl, in
place of CDCls, which in the case of 1 resulted in an improved sepa-
ration of the key signals, viz., H-21f (6 2.36, t, J=12 Hz) and H-24 (¢
1.80, dd, J=13.4, 7 Hz). By the use of these methods, meaningful NOEs
could now be obtained (Fig. 1). Thus, irradiation of H-23 caused NOE
enhancement of H-21f and vice versa, which allowed the assignment
of the configuration at the spirocarbon at C-22 as R.

Macrodasine A (1)
23-BOH (238) (revised)
23-aOH (23R) (previous assignment)

4 R'=0H,R2=H,R*=H (23R)
5 R'=H, R2=COH,R? =H (235)
12 R' = QAc, R?=H, R? = Ac (23R)

R R?

8 R' = Ac, R? = CH,0Ac, R* = H (238, 25R)
11R'=H, R? = H, R? = CH,OH (2385, 255)

H-21p. Examination of the structure of 1, showed that the NOE in-
teraction between H-21 and H-23 is of crucial importance in the as-
signment of the configuration at the spirocyclic center at C-22 (Fig. 1).
The 'H NMR spectrum (Table 1) of 1 was however complicated by the
overlap of some key signals, such as, for example, H-21/H-24. As

7R'=H,R?=0H, R = H (235)
9R'=0H,R?=H,R*=H (23R)
10R' =H, R? = OAc, R? = Ac (235)

Examination of models showed that the configuration of the hy-
droxy-substituted C-23 could not be established based solely on NOE
experiments due to the fact that H-218 would experience NOE in-
teraction with H-23 regardless of whether H-23 is o~ or $-oriented.
However, had H-23 been B, it would be expected (based on
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Table 1
'H (400 MHz) NMR data of 1-3, 7, and 9—11
Position 1° 1P 2° 3 7 9? 10° 11°
3 3.95 (t, 3) 4,00 (m) 3.94 (t, 3) 3.96 (m) 3.95 (m) 4,02 (m) 3.93 (m) 3.96 (m)
5 2.98 (d, 7) 3.00 (d, 7) 299 (d, 7) 298 (d, 7) 3.50 (d, 7) 3.04 (d, 7) 2.98 (d, 7) 2.98 (d, 7)
6p 2.39 (m) 2.45 (m) 2.41(d, 17) 244 (d, 17) 242 (d, 17) 242 (d,17) 240 (d, 17) 242 (d, 17)
60 3.27 3.25 3.28 3.26 3.27 3.28 3.26 3.27
(dd, 17, 7) (dd, 17, 7) (dd, 17,7) (dd, 17,7) (dd, 17,7) (dd, 17, 7) (dd, 17, 7) (dd, 17, 7)
9 7.50 7.45 7.50 7.51 7.50 7.50 7.50 7.51
(brd, 8) (d, 7.8) (brd, 8) (d, 8) (d, 8) (d, 8) (d, 8) (d, 8)
10 712 (brt,8)  7.05(t, 7.8) 712 (td, 8,1)  7.12(td, 8 7.12(t, 8) 7.12 (t, 8) 7.11(t, 8) 7.13 (td, 8, 1)
11 721(td, 8,1)  7.15(t, 7.8) 721(td, 8,1) 7.21(td, 8 7.21(t, 8) 7.21(t, 8) 7.20 (t, 8) 7.22 (td, 8, 1)
12 731 (brd,8) 7.31(d, 7.8) 731(brd,8) 7.31(d,8) 7.30(d, 8) 7.31(d, 8) 7.30 (d, 8) 7.32(d, 8)
14p 1.55 1.57 (m) 1.56 (m) 1.53 1.52 1.53 1.52 (m) 1.54
(ddd, 13, 5, 3) (ddd, 13, 5, 2) (ddd, 13, 5, 3) (ddd, 13, 5, 3) (ddd, 13, 4, 2)
140 2.39 (m) 2.45 (m) 242 (m) 240 (td, 13,5)  2.42 (m) 243 (td, 13, 5) 2.39 (m) 242 (m)
15 1.85 (m) 1.80 (m) 1.84(dt, 12,5) 1.83(dt, 13,5)  1.81(m) 1.83 (dt, 13, 5) 1.77 (m) 1.85 (m)
16 2.03 (dt, 12,5) 2.05 (m) 2.14 (m) 2.14(dt, 11,5)  2.16(dt, 12,5)  2.20(dt, 12, 5) 2.15(dt, 12,5) 2.08
(dt, 12, 5)
178 3.70 3.65 3.85 3.85 3.87 3.83 3.81 3.73
(dd, 12, 5) (ddd, 12,5, 1) (dd, 12, 5) (dd, 12, 5) (dd, 12, 5) (dd, 12, 5) (dd, 12, 5) (dd, 12, 5)
17a 4.04 (t, 12) 4,03 (m) 4.08 (t, 12) 3.98 (dd, 12, 11)  4.09 (t, 12) 412 (t, 12) 4.05 (t, 12) 407 (t, 12)
18 1.59 (s) 1.54 (s) 1.54 (s) 1.62 (s) 1.59 (s) 1.50 (s) 1.51 (s) 1.64 (s)
20 2.01 1.98 2.02 (m) 2.07 1.85 1.76 1.75 2.01
(dd, 12, 8) (dd, 12, 8) (dd, 12, 8) (dd, 12, 8) (dd, 12, 8) (dd, 12, 8) (dd, 12, 8)
21 1.85 (m) () 1.77 2.02 (m) (@) 1.75 2.00 2.09 2.00 1.87
(dd, 12, 8) (a) (dd, 13, 8) («) (dd, 13, 8) (o) (dd, 13, 12) (B) (dd, 13,8) («)  (dd, 13, 8) (o)
21 2.39 (m) (B) 236 (t, 12) (B) 2.15 2.42 2.32 243 232 2.29
(dd, 13,11) (B) (dd, 13,12)(B)  (t, 13)(B) (dd, 13, 8) (2) (t,13) (B) (t, 13) (B)
23 413 (d,5) (o) 4.06 (d, 5) — — 3.95 (m) (B) 3.69 (d, 5) () 495 (dd, 7,6) 3.96 (m) (o)
24 1.85 (m) 1.80 2.50 2,53 1.87 (m) () 1.78 2.05 (m) 1.93 (ddd,
(dd, 13.4,7) (B) (dd, 17,7) (dd, 19, 8) (dd, 14, 2.4) (B)
12,10.5, 9.5)
24 2.39 (m) 239 2.52(dd, 17,8) 2.76(dd, 19,4)  2.08 2.56 2.05 (m) 2.17
(ddd, 13.4, 8.5, 5) (o) (ddd, 13, 8,5) (B) (ddd, 14, 10, 5) (&) (dt, 12, 8)
25 442 (m) 436 (m) 4,56 (m) 449 (dtd, 8,4,2) 4.32(m) 437 (m) 447 (tt,7,5) 416 (m)
26 3.43(dd, 12,3) 3.36(d, 12) 361(dd, 12,4) 3.55(dd, 12,4) 3.43(dd, 12,4)  3.45(dd, 12, 1) 403 (dd, 12,5) 3.42(dd, 11.7, 2)
26 3,77 (dd, 12,2) 3.67 (dd, 12, 2.7) 396 (dd, 12,3) 3.86(dd, 12,2) 3.69(dd, 12,3)  3.88(dd, 12, 2) 416 (dd, 12,5) 3.71(dd, 11.7, 2)
N(1)-Me 3.63 (s) 3.61 (s) 3.63 (s) 3.63 (s) 3.62 (s) 3.63 (s) 3.63 (s) 3.63 (s)
N(4)-Me 233 (s) 235 (s) 234 (s) 236 (s) 2.35(s) 239 (s) 234 (s) 234 (s)
23-OH — — — — — — — 3.16 (br d, 8)
23-0Ac — — — — — — 2.05 (s) —
25-0Ac — — — — — — 2.06 (s) —

4 Measured in CDCls.
b Measured in CD,Cl,.

examination of models) to show NOE with both the H-21 (o and B),
whereas if H-23 is o, it is expected to show NOE with H-21f only.
Since NOE was observed with H-218 only, it might be inferred that
the orientation of H-23 is «, although positive evidence for this
conclusion is still required. Furthermore, the observed NOEs for H-23/
H-240, and H-25/H-24p indicated that H-23 and H-25 have an anti
relationship to each other, which in turn allowed the orientation of H-
25 to be assigned as f (C-25R). The present assignments therefore
indicated that while the previous assignment of the spirocenter
configuration as 22R was correct, the previous assignment of the C-23
configuration as R required amendment to 23S in view of the present
NOE data. As sufficient amounts of 1 were this time available, we
were also able to attempt crystallization to obtain suitable crystals for
X-ray diffraction. Macrodasine A (1) was found to crystallize from
ethanol as colorless plates with mp 149—154 °C. Single-crystal X-ray
diffraction analysis was carried, which confirmed the assignment of
the configuration of the spirocylic C-22 (based on NOE) as R. In ad-
dition, the X-ray data also confirmed the assignment of the config-
urations of the hydroxy-substituted C-23 and C-25, as 23S and 25R,
respectively (Fig. 2).

Macrodasine B (2) was also previously obtained from A. mac-
rophylla.® It was isolated in even lesser amounts compared to 1 and
as such, although the gross structure could be established, various
stereochemical aspects remained to be determined with certainty.
The present isolation of 2 in sufficient amounts from A. angustifolia
has allowed the stereochemical aspects to be addressed in depth.

The MS and NMR data of 2 revealed the same basic skeleton as
that of 1 with the macroline portion (rings A, B, C, D, and E)
remaining essentially intact, but with changes occurring in rings F
and G. The 2-D COSY spectrum showed, in addition to the NCHCHp,
CHCH,, and NCHCH,CHCHCH,O fragments, which are common to 1,
a CH,CHCH,O0 fragment in place of the OCHCH,CHCH,0 fragment
observed in 1. Examination of the >C NMR spectrum (Table 3) of 2
revealed that while the resonances of the two oxymethylenes at
6 64.8 and 63.1, corresponding to C-17 and C-26, and that of the
oxymethine signal at ¢ 75.0 corresponding to C-25, as well as the
quaternary carbon resonance due to the spiroacetal C-22 at § 106.4,
were intact, the other oxymethine at § 77.7 corresponding to C-23
in 1 was absent in the spectrum of 2 and has been replaced by
a ketone carbonyl resonance at 6 209.4. These features indicated
that macrodasine B is the 23-oxo derivative of 1, which was also
consistent with the HMBC data. Paucity of material at the time of
the previous report precluded further experiments required for
establishment of the relative configurations of the stereogenic
centers in the spiroketal portion of the molecule, which can now be
addressed with sufficient amounts of 2 presently to hand from A.
angustifolia.

The NOE data showed that the ring junction stereochemistries
for the C/D/E rings were similar to those of 1 and correspond to that
of a typical macroline indole alkaloid. The stereochemistry of the E/
F ring junction is also cis, as in 1, from the observed 18-methyl/H-
17a, H-20 NOEs. Determination of the configuration at the
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Fig. 2. X-ray crystal structure of 1.

spirocyclic C-22 was in the present case not possible since C-23 is
a ketone carbonyl in macrodasine B (2). Macrodasine B (2) was
therefore first reduced by treatment with NaBH4/MeOH to give
a mixture of the epimeric alcohols, 7 and 9, with the former
obtained as the major epimer. Irradiation of H-23 of the major
epimer 7, resulted in NOE enhancement of H-21a and vice versa
(Fig. 3), which allowed the configuration of the spirocyclic C-22 as
well as the stereogenic center at C-23 to be assigned as S. The re-
ciprocal NOEs observed for H-2303/H-24f and H-25/H-240 indicated
that H-23 and H-25 are anti to each other, which in turn allowed the
relative configuration of C-25 to be assigned as R. Irradiation of H-
23 of the minor epimer 9, on the other hand, did not have any effect
on H-21a as expected, but resulted instead in the enhancement of
H-240 (Fig. 4). Irradiation of H-24« resulted in enhancement of H-
25, which must therefore have a-orientation (C-25R) as well (since
H-23, H-240, H-25 are all syn to each other). These results are also
consistent with those obtained from NOE experiments on the major
epimer, which showed that the configuration of C-25 is R. Attempts
to obtain crystals of 2 suitable for X-ray diffraction were not suc-
cessful. However the diacetate derivative 10 derived from treat-
ment of 7 with Ac,O/pyridine, crystallized from EtOH as colorless
needles, which on X-ray diffraction analysis (Fig. 5) provided con-
firmation of the stereochemical assignments of macrodasine B (2)
described above based on NOE experiments on the epimeric alco-
hols 7 and 9.

Fig. 4. Selected NOEs of 9 (R=CH,O0H).

Macrodasine C (3) was obtained as a light yellowish oil, with
[oz]zD5 —45 (c 0.14, CHCl3). The IR spectrum showed absorptions due
to OH (3467 cm™ 1) and five-membered cyclic ketone (1766 cm™1)

Fig. 5. X-ray crystal structure of 10.

functions, while the UV spectrum (228 and 286 nm) indicated the
presence of an indole chromophore. The EIMS showed an M* at m/z
452, which indicated that 3 was isomeric with 2. The 'H and 3C
NMR data were also generally similar to those of macrodasine B (2)
(Tables 1 and 3), except for differences in the shifts of C-18, C-20, C-
22, and C-23. The 2-D NMR data of 3 were also similar to those of 2
indicating that 3 possesses the same carbon skeleton as 2, with the
tetrahydrofuran ring G incorporating a ketone functionality at C-23
and a secondary alcohol function at C-25. Macrodasine C (3) is
therefore a stereoisomer of macrodasine B (2) and differs in the
configuration of the spirocyclic center at C-22 and/or the stereo-
center at C-25 in the tetrahydrofuran ring. As in the case of 2, de-
termination of the configuration of the spirocyclic C-22 required
reduction of 3 to the alcohol derivative. In this instance only one
product 11, was obtained upon treatment of 3 with NaBH4/MeOH.
Irradiation of H-23 of 11 caused NOE enhancement of H-21f and
vice versa only (Fig. 6), which allowed the configuration at C-22 in
11 (and 3) to be determined as R. Based on arguments presented
above in the case of 1, it could also be inferred that since NOE was
observed for H-21f only, on irradiation of H-23 (as opposed to both
H-210 and B), the configuration of H-23 in 11 is a or C-23S. The
reciprocal NOEs observed for one of the C-24 hydrogens with H-23
and H-25, indicated that H-23 and H-25 are syn to each other. This
in turn indicated that H-25 is a (or C-25S). Unfortunately in this
instance, X-ray confirmation could not be carried out due to lack of
suitable crystals as well as paucity of material. In any case, while the
assignment of the C-25 configuration is tentative, that of the spi-
rocylic center is firmly established.

CH,OH
Fig. 6. Selected NOEs of 11.

Macrodasine D (4) was obtained as a light yellowish oil, with
[4]3 —12 (c 0.10, CHCl3). The UV spectrum was characteristic of an
indole chromophore (229 and 286 nm), while the IR spectrum
showed a broad band at 3420 cm™! indicating the presence of hy-
droxy functions. The EIMS of 4 showed a molecular ion at m/z 454,
which analyzed for Cy6H34N,0s5, requiring 11 degrees of unsatura-
tion (HREIMS found m/z 454.2462, calcd for C;6H34N205, 454.2468).
As with macrodasine A (1), acetylation (AcyO/pyridine) of 4 also
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yielded a diacetate derivative 12 (EIMS m/z 538, M, C3gH3gN207).
The 3C NMR spectrum (Table 3) gave a total of 26 carbon reso-
nances comprising three methyls, six methylenes, eleven methines,
and six quaternary carbons in agreement with the molecular
formula.

The NMR spectral data of 4 (Tables 2 and 3) showed a general
similarity to those of macrodasine A (1) except for notable differ-
ences in the carbon shifts of C-22 to C-26 (Table 3) associated with
the seventh ring, suggesting that the tetrahydrofuranyl ring G of 1
has been altered in 4. However, the NMR data indicated that the
fragments constituting the G ring remained the same, i.e., a meth-
ylene, two oxymethines, and one oxymethylene, in addition to the
spirocarbon. This suggested a change in the structure involving the
ring G portion of the molecule involving a different connectivity of
the fragments. A possible structure is one where the fragments
have been reconnected to furnish a six-membered ring G, in the
form of a tetrahydropyranyl ring substituted by two hydroxyl
groups, as shown in structure 4. This was in fact suggested by the
13C shifts of the ring G carbons, which were shifted upfield (in
particular the spirocenter C-22 at ¢ 106.6) compared with the
corresponding shifts in 1 (Table 3), which is consistent with the
presence of a spiro[4.5]decene moiety in 4.3

S.-J. Tan et al. / Tetrahedron 67 (2011) 3830—3838

ring G. This NOE also allowed the assignment of the configuration
of the spirocyclic C-22 as R (In the case where the C-22 configu-
ration is S, the C-26 hydrogens and 18-Me would be directed away
from each other and would not be expected to show any NOE). The
configurations of the remaining two stereocenters, C-23 and C-25,
were assigned through analysis of the coupling constants and from
NOE experiments. The attribution of the H-26 resonance at 6 3.93 to
the axially-oriented H-26, allowed assignment of the other H-26
signal at ¢ 3.51 to the equatorially-oriented H-26. The axial H-26
was seen as a doublet of doublets with J values of 11 and 1 Hz. This
means that the adjacent oxymethine H-25 is equatorial, as if H-25 is
axial, trans-diaxial coupling for H-26/H-25 would have been ob-
served, which was not the case. The signal for the equatorial H-26 is
a doublet of triplets, with J=11 and 2Hz (J26-26=11Hz;
J26-25eq=J26-24eq=2 Hz). One of the 2 Hz coupling is a result of long-
range W-coupling, which was also confirmed by decoupling ex-
periments. The H-24 signal at ¢ 1.76 was observed as a ddd (J=14,
12, 3 Hz) while the other H-24 was seen as a multiplet at § 2.10. The
former must be due to the axially-oriented H-24. The oxymethine
H-23 at ¢ 3.77 was observed as a multiplet in 4, which in the
diacetate derivative 12 resolved into a doublet of doublets at ¢ 5.11
(J23-24ax=11.5 Hz, J23-24eq=5.5 Hz). Hydrogen-23 in 12 (and 4)

Table 2

H (400 MHz) NMR data of 4—6, and 12
Position 4 57 5P 6 6° 12°
3 3.96 (m) 3.96 (m) 3.67 (m) 3.94 (m) 3.88 (m) 4.04 (m)
5 2.96 (d, 7) 2.98(d, 7) 2.61(d, 7) 297 (d, 7) 2.90(d, 7) 3.04 (m)
6B 243 (d, 17) 242 (d, 17) 222 (d, 17) 2.41(d, 16) 2.36 (d, 16) 2.48 (m)
60 3.23(dd, 17,7) 3.26 (dd, 17, 7) 3.04 (dd, 17, 7) 3.26 (dd, 16, 7) 3.17 (dd, 16, 7) 3.28 (dd, 17, 7)
9 7.51 (br d, 8) 7.49 (br d, 7.5) 7.54 (br d, 7) 7.50 (d, 8) 7.37 (brd, 8) 7.51 (brd, 8)
10 7.13 (td, 8, 1) 7.11 (td, 7.5, 1) 7.17 (m) 7.11 (t, 8) 6.96 (td, 8, 1) 713 (td, 8, 1)
11 7.21 (td, 8, 1) 7.20 (td, 7.5, 1) 7.17 (m) 7.20 (t, 8) 7.06 (td, 8, 1) 7.22 (td, 8, 1)
12 7.31 (br d, 8) 7.30 (br d, 7.5) 7.09 (br d, 7) 7.30 (d, 8) 7.20 (br d, 8) 7.31 (brd, 8)
14p 1.54 (ddd, 13, 5, 3) 1.53 (m) 1.24 (m) 1.51 (m) 1.46 (m) 1.54 (m)
140, 2.46 (m) 2.45 (m) 229 (td, 13, 4) 2.39 (m) 231 (m) 2.48 (m)
15 1.85 (dt, 12.7, 5) 1.81 (dt, 13, 5) 1.68 (dt, 13, 5) 1.76 (m) 1.65 (dt, 13, 5) 1.77 (dt, 13, 5)
16 2.10 (m) 2.01 (m) 1.80 (m) 2.15 (m) 2.05 (m) 1.93 (m)
17p 3.74 (dd, 12, 5) 3.75 (dd, 12, 5) 3.65 (m) 3.83 (dd, 12, 5) 3.67 (dd, 11, 5) 3.93 (m)
170 408 (t, 12) 4.02 (m) 401 (t, 11) 4.06 (t, 12) 3.97 (t, 11) 3.97 (m)
18 1.62 (s) 1.59 (s) 1.62 (s) 1.57 (s) 1.46 (s) 1.62 (s)
20 2.00 (dd, 13, 8) 2.03 (m) 1.94 (m) 1.84 (br t, 10) 1.75 (br t, 10) 2.03 (m)
21 1.75 (dd, 13, 8) () 1.91 (dd, 12, 7) (a) 1.83 (dd, 13, 8) () 1.97 (dd, 13, 10) (B) 1.86 (dd, 13, 10) (B) 1.96 (dd, 9, 4)
21 246 (t, 13) (B) 2.11 (t, 12) (B) 2.08 (t, 13) (B) 2.13 (dd, 13, 9.5) () 2.02 (dd, 13, 9.5) () 2.05 (m)
23 3.77 (m) (ax) 3.60 (m) (eq) 3.67 (m) (eq) 3.39 (br dd, 11, 4) (ax) 3.27 (br dd, 10.5, 3) (ax) 5.11 (dd, 11.5, 5.5)
24ax 1.76 (ddd, 14, 12, 3) 1.91 (m) (eq) 1.76 (m) (eq) 1.60 (g, 11) 1.47 (g, 10.5) 2.16 (m)
24eq 2.10 (m) 2.17 (dt, 14, 3) (ax) 2.06 (m) (ax) 2.15 (m) 2.03 (m) 2.16 (m)
25 3.93 (m) (eq) 3.84 (m) (eq) 3.38 (m) (eq) 3.71 (m) 3.60 (tt, 10.5, 5) (ax) 4.97 (m)
26eq 351 (dt, 11, 2) 3.56 (dt, 12, 2.5) 3.34(dt, 12, 2.5) 3.61 (m) 3.41 (t, 10.5) (ax) 3.59 (br d, 13)
26ax 3.93(dd, 11, 1) 4.01 (dd, 12, 2) 3.85 (dd, 12, 1.5) 3.69 (m) 3.52 (ddd, 10.5, 5, 1.7) (eq) 3.97 (m)
N(1)-Me 3.63 (s) 3.63 (s) 3.09 (s) 3.61(s) 3.52 (s) 3.63 (s)
N(4)-Me 234 (s) 2.35(s) 220 (s) 234 (s) 226 (s) 242 (s)
23-OH 2.95 (br's) — — — — —
23-0Ac — — — — — 2.09 (s)¢
25-OAc — — — — — 2.11 (s)¢

eq/ax Assignments of H-24 for compounds 4 and 6 only.
eq/ax Assignments of H-26 for compounds 4 and 5 only.
2 Measured in CDCl3.
> Measured in CgDg/CDCls.
¢ Measured in CD,Cl,.
4 Assignments may be reversed.

The proposed structure is in complete agreement with the
HMBC data, in particular the observed three-bond correlation from
H-26 to C-22 (Fig. 7). The NOE/NOESY data were similar to those
obtained for macrodasines A—C (1—3), confirming the same relative
configurations at C-3, C-5, C-15, C-16, C-19, and C-20. This left the
configurations of the spirocyclic center C-22 and the stereocenters
C-23 and C-25 in the tetrahydropyranyl ring to be determined.

The observed NOE interaction between 18-Me and the H-26
signal at ¢ 3.93 (Fig. 8) indicated that this H-26 is axially-oriented in
the preferred chair conformation adopted by the tetrahydropyranyl

must therefore also be axially-oriented. These assignments are also
consistent with the observed H-24ax/H-26ax, H-25eq, and H-23/H-
21p, H-21a. NOEs. Based on these observations, the configurations
at C-23 and C-25 are assigned as 23R and 25R, respectively.
Macrodasine E (5) was obtained as a light yellowish oil with
[a]%s +20 (c 0.28, CHCls3). The UV, IR, MS, and NMR data were similar
to those of macrodasine D (4) indicating a similar structure with
a six-membered ring G, in the form of a tetrahydropyranyl ring
substituted by two hydroxyl groups. This was also confirmed by the
observed three-bond H-26 to C-22 correlation in the HMBC
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Table 3
13C (100 MHz) NMR data of 1-7 and 9—12 in CDCl*
C 1 2 3 4 5 6 7 9 10 1 12
2 132.8 1315 1327 R 1324 1327 1325 1325 1329 b 1326
3 533 533 53.2 53.6 53.2 533 533 533 53.7 53.5 533
5 54.8 54.7 55.4 54.8 55.2 54.9 54.7 55.0 55.0 54.7 56.2
6 225 226 223 225 223 224 225 22.7 229 227 227
7 106.4 106.5 106.6 106.4 106.3° 106.6° 106.5 106.4 106.9 106.7 106.4°
8 1264 1262 1263 126.1 126.1 1263 1262 1262 126.6 126.4 1263
9 118.0 118.0 118.1 118.1 1179 118.0 118.0 118.1 1183 1182 1182
10 1189 1189 1189 1192 1188 1189 1189 119.0 1192 119.1 119.1
11 121.0 121.0 121.0 1211 1208 1209 121.0 121.1 1212 1212 1212
12 108.0 108.8 108.8 108.8 108.6 108.8 108.8 108.9 109.0 109.0 108.9
13 1369 137.1 1369 137.0 136.8 1369 1369 137.0 1372 137.1 137.1
14 319 319 32.2 31.6 32,0 32.1 319 319 323 319 324
15 26.5 27.1 26.7 262 262 272 27.0 27.0 27.1 265 262
16 36.9 36.6 36.0 36.8 36.6 36.4 36.5 36.9 37.0 36.9 36.8
17 64.3 64.8 64.8 64.2 64.0 64.5 64.7 643 64.9 64.5 63.7
18 242 235 25.9 238 25.0 24.1 236 23.9 234 2338 26.5
19 105.5 106.1 106.8 105.4 106.1¢ 106.5° 105.3 104.9 105.4 105.0 106.3¢
20 443 45.8 442 43.6 432 46.0 45.6 45.1 45.2 44.8 425
21 347 35.9 35.6 36.9 38.2 39.8 382 33.0 39.6 35.7 36.6
22 1148 1064 1042 106.6 105.6 1053 112.0 116.6 111.9 1115 103.8
23 77.7 209.4 207.1 64.1 70.2 70.1 75.7 74.1 76.6 743 66.7
24 33.0 347 34.0 36.1 324 37.9 342 343 321 316 29.1
25 792 75.0 75.5 67.1 65.1 65.0 77.0 76.9 74.6 77.7 69.4
26 63.9 63.1 64.0 65.5 66.1 66.6 64.6 633 65.9 64.0 62.4
N(1)-Me 29.0 29.0 29.0 29.0 2838 29.0 29.0 29.0 293 29.2 29.7
N(4)-Me 416 41.7 418 415 41.6 41.7 41.6 41.6 420 41.8 41.8
23-0Ac — — — — — — — — 212 — 21.3¢
1709 170.6°
25-0Ac — — — — — — — — 212 — 21.4°
171.1 170.8¢

2 Assignments based on COSY, HMQC, HETCOR, and HMBC.
P Not detected.
¢ Assignments may be reversed.

A
N ~nH<- R

Fig. 8. Selected NOEs of 4 (R=0OH).

spectrum. As in the preceding compound 4, the configurations of
the spirocyclic center C-22, and the stereocenters C-23 and C-25 in
the tetrahydropyranyl ring, were determined by analysis of the
coupling constants and from NOE/NOESY experiments. As with 4,
the observed NOE between 18-Me/H-26ax allowed the configura-
tion of the spirocenter at C-22 to be assigned as R. The 'H NMR
spectrum (Table 2) of 5 in CDCl3 showed overlap of the H-170. and
H-26ax signals (6 4.01—4.02, 2H). Fortunately these signals were

resolved when the "H NMR spectrum (Table 2) was recorded in C¢Dg
with a few drops of CDCl3 added (6 4.01, t,J=11 Hz, H-17a; 6 3.85, dd,
J=12,1.5 Hz, H-26ax). The use of CgDg/CDCl5 as solvent for NMR has
therefore allowed clear observation of both the 18-Me/H-170, H-
26ax, as well as the H-23eq/H-21 NOEs, which are consistent with
the assignment of the C-22 spirocylic center as R (Fig. 9).

Fig. 9. Selected NOEs of 5.

The assignment of the oxymethine C-23 and C-25 configurations
were carried out following the same approach as that used in the
case of 4 above, i.e., via analysis of the coupling constants and from
the NOE data (in CgDg/CDCl3 unless otherwise stated). As in 4, the
axially-oriented H-26 (from the 18-Me/H-26 NOE) was in 5 observed
at 0 3.85 as a doublet of doublets (J26-26=12 Hz, J26ax—25¢q=2 Hz),
which in turn indicated that H-25 was equatorial. The observed re-
ciprocal NOEs between the axial H-26 and the H-24 signal at 6 2.06
require these hydrogens to be in a 1,3-diaxial relationship in the
preferred chair conformation adopted by the six-membered ring.
The other H-24 signal at 6 1.76 is therefore due to the equatorially-
oriented hydrogen. Both these H-24 signals were seen as multiplets
in CgDg/CDCl3, whereas in CDCl3, while the equatorial H-24 signal
remained as a multiplet, the axial H-24 was observed as a doublet of
triplets (Jo4-24=14 Hz; J24ax—25¢q=J24ax—23eq=3 Hz). The observed
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coupling behavior is thus consistent with the assignment of both
H-23 and H-25 as having an equatorial orientation (or C-23S and
C-25R). In the case of 4, the axially-oriented H-23 showed NOE in-
teractions with both H-21a. and H-21f. In 5 on the other hand, the
equatorially-oriented H-23 showed NOE interaction with H-218
only, providing additional support for the equatorial orientation of
H-23. Compound 5 is therefore the C-23S epimer of macrodasine
D (4).

Macrodasine F (6) was obtained as a light yellowish oil with [o)3°
—51 (¢ 0.40, CHCl3). The UV, IR, MS, and NMR data were similar to
those of macrodasines D (4) and E (5) indicating that 4, 5, and 6 are
stereoisomers. In the case of 6, it was found that the use of CD,Cl,
was best suited for the extensive NOE experiments required as it
provided clear and well resolved signals for the hydrogens on C-25,
C-26, and N(1)-Me, compared to spectra obtained in CDCls. In the
previous two alkaloids, 4 and 5, the observed NOE between 18-Me
and the axial H-26 was diagnostic of C-22R configuration. In the
present compound 6, NOE was not observed between the C-26 hy-
drogens and 18-Me, suggesting that the configuration of the spi-
rocyclic C-22 is S (the C-26 hydrogens and 18-Me are directed away
from each other). Instead, in the case of 6, NOE was observed be-
tween the oxymethine H-23 and H-21a (Fig. 10). Examination of
models showed that this is only possible when the C-22 configura-
tion is S and H-23 is axially-oriented. This NOE therefore allowed the
simultaneous assignment of both the spirocyclic C-22 and the oxy-
methine C-23 as S (H-23 axial). Irradiation of H-23 also resulted in
the enhancement of the oxymethine H-25 signal at ¢ 3.60 and vice
versa. Since H-23 is axial, this NOE requires H-25 to be axial as well
(1,3-diaxial arrangement of H-23 and H-25 in the preferred chair
conformation for the tetrahydropyranyl ring G), leading to the as-
signment of C-25 as R. These conclusions are also entirely consistent
with the observed vicinal coupling constants. The axially-oriented
H-23 was seen at 6 3.27 as a doublet of doublets (J=10.5, 3 Hz). This is
coupled to the axial H-24, which was seen as a quartet (J=10.5 Hz) at
0 1.47. This requires Jog4ax—23ax=J24—24=J24ax—25ax=10.5 Hz, which is
consistent with the equatorial orientation of the C(25)—O0H (or C-
25R).In addition, the observed NOE between H-24ax (6 1.47) and the
H-26 signal at 6 3.41 indicated that this H-26 is axially-oriented,
which is consistent with the observed coupling pattern for the H-26
resonance (t, J=10.5 Hz; i.e., J26—26=J26ax—25ax=10.5 Hz). In addition,
this coupling behavior is also in agreement with the presence of an
equatorially-oriented OH at C-25. The signal due to H-25ax (¢ 3.60)
was seen as a triplet of triplets with j=10.5 and 5Hz
(J25ax—26ax=J25ax—24ax=10.5 HZ; J25ax—26eq=J252x—24eq=5 Hz) while
the equatorial H-26 at ¢ 3.52 (ddd, J=10.5, 5, 1.7 Hz) showed in ad-
dition to geminal coupling, and coupling to H-25ax, evidence of
long-range W-coupling (1.7 Hz) to the equatorial H-24 at ¢ 2.03.

18

OMe

\

O |l| 26 %

Fig. 10. Selected NOEs of 6.

Macrodasine G was obtained as a light yellowish oil, with [a}ZDS
—59 (¢ 0.27, CHCl3). The UV and IR spectra were similar to those of
macrodasine A (1), indicating the presence of similar functional-
ities. The EIMS showed a molecular ion peak at m/z 454, and
HREIMS measurements gave the molecular formula CogH34N50s5,
indicated that macrodasine G was isomeric with 1. The NMR data

showed a close resemblance to those of 1, except for minor varia-
tions in the chemical shifts involving the rings F and G. Examination
of NMR data of macrodasine G showed that it corresponded to
those of compound 7, the major product (epimer) from NaBH4 re-
duction of macrodasine B (2). Macrodasine G (7) is therefore the
22(S) diastereomer of macrodasine A (1).

The macrodasines A—G (1-7), represent the first members of an
unusual class of macroline compounds, which have incorporated
additional novel structural features, in the form of fused spirocyclic
tetrahydrofuran—tetrahydrofuran and tetrahydrofuran—tetrahydropyran
rings. Compounds 2, 3, and 5 were found to show moderate levels of
activity in reversing multidrug-resistance in drug-resistant KB cells (KB/
VJ300)% with ICsg values of 12.8, 6.7, and 11.8 pg/mL, respectively.

3. Experimental
3.1. General

Optical rotations were determined on a JASCO P-1020 digital
polarimeter. IR spectra were recorded on a Perkin—Elmer RX1 FT-IR
spectrophotometer. UV spectra were obtained on a Shimadzu UV-
3101PC spectrophotometer. 'H and 13C NMR spectra were recorded
in CDCl3, CD,Cly, and CgDg using TMS as an internal standard on
JEOL JNM-LA 400 and JNM-ECA 400 spectrometers at 400 and
100 MHz, respectively. X-ray diffraction analysis was carried out on
a Bruker SMART APEX Il CCD area detector system equipped with
a graphite monochromator and a Mo Ka fine-focus sealed tube
(1=0.71073 A), at 100K. The structure was solved by direct
methods (SHELXS-97) and refined with full-matrix least squares on
F? (SHELXL-97). EIMS and HREIMS were obtained at Organic Mass
Spectrometry, Central Science Laboratory, University of Tasmania,
Tasmania, Australia. All air-moisture-sensitive reactions were car-
ried out under N, in oven-dried glassware. MeOH was freshly
distilled from magnesium turnings. All other reagents were used
without further purification.

3.2. Plant material and extraction of alkaloids

Plant material was collected in Johor, Malaysia (June 2003) and
was identified by Professor K. M. Wong, Institute of Biological Sci-
ences, University of Malaya, Malaysia. Herbarium voucher speci-
mens (K665) are deposited at the Herbarium of the University of
Malaya. The ground stem-bark material was extracted with EtOH
and the concentrated EtOH extract was then partitioned with dilute
acid to provide a basic fraction, as has been described in detail
elsewhere.>’

3.3. Isolation

The alkaloids were isolated by initial column chromatography
on silica gel using CHCl; with increasing proportions of MeOH
followed by rechromatography of the appropriate partially resolved
fractions using centrifugal TLC. Solvent systems used for centrifugal
TLC were Et,0, Et;0/MeOH (25:2) (NHs-saturated), CHCl3/hexane
(NH3-saturated) (1:1), CHCl3/MeOH (100:1), CHCl3 (NHs-satu-
rated), and EtOAc/hexane (NHs-saturated). The yields (g kg~ !) of
the alkaloids were as follows: 1 (0.003), 2 (0.006), 3 (0.002), 4
(0.001), 5 (0.0007), 6 (0.001), and 7 (0.002).

3.3.1. Macrodasine A (1). Colorless plates from ethanol; mp
149-154 °C; [0]¥ +36 (c 0.36, CHCl3); UV (EtOH) Amax (log &) 230
(3.88), 287 (3.17) nm; IR (dry film) vmax 3411 cm™!; 'H NMR
(400 MHz, CDCls, and CD,Cly), see Table 1; 3C NMR (100 MHz,
CDCl3), see Table 3; EIMS m/z (rel int) 454 [M]" (78), 439 (4), 424
(44),367 (7),197 (100),182 (27),181 (16),170 (34), 144 (13), 70 (26),
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57 (16), 43 (36); HREIMS m/z 454.2462 (calcd for CogH34N205 [M],
454.2468).

3.3.2. Macrodasine B (2). Light yellowish oil; [o]3° +149 (c 0.07,
CHCl3); UV (EtOH) Amax (log €) 230 (3.95), 287 (3.23) nm; IR (dry
film) ymax 1765, 3435 cm™'; 'H NMR (400 MHz, CDCls), see Table 1;
13C NMR (100 MHz, CDCl3), see Table 3; EIMS m/z 452 [M]* (64),
437 (3), 421 (12), 366 (11), 322 (17), 293 (4), 237 (6), 197 (100), 182
(26), 181 (19), 170 (29), 144 (9), 85 (13), 70 (19), 57 (16), 40 (35);
HREIMS mjz 452.2326 (calcd for CoH3,N205 [M]*, 452.2311).

3.3.3. NaBH4 reduction of macrodasine B (2). To a mixture of ketone
2 (17 mg, 0.038 mmol) in 5 mL of MeOH at 3 °C was added NaBHy4
(1.7 mg, 0.045 mmol) and the solution was stirred for 15 min. Ex-
cess solvent was removed under reduced pressure. Saturated NH4CI
solution (10 mL) was then added and the mixture was extracted
with CH,Cl, (3x10 mL), dried (NazSO4), and then chromatographed
(SiOy, centrifugal TLC, 3% MeOH/CH,Cl;) to give a mixture com-
prising the alcohols, 7 {major epimer} (11.8 mg, 69%) and 9 {minor
epimer} (1.9 mg, 11%), and unreacted macrodasine B (2) (1 mg,
5.9%). Compound 9: colorless oil; [2]%° —60 (c 0.13, CHCl3); UV
(EtOH) Amax (log €) 229 (4.52), 286 (3.81) nm; IR (dry film) vpax
3358 cm™!: 'H NMR (400 MHz, CDCl3), see Table 1; '3C NMR
(100 MHz, CDCl3), see Table 3; EIMS m/z 454 [M]" (21), 436 (4), 423
(8), 394 (5), 367 (3), 321 (6), 321 (6), 282 (5), 267 (8), 237(6), 197
(100), 170 (42), 144 (13), 128 (7), 83 (6), 70 (14), 57 (6), 44 (14);
HREIMS m/z 454.2464 (calcd for CogH34N205 [M]F, 454.2468).

3.3.4. Macrodasine C (3). Light yellowish oil; [a}ZDS —45 (c 0.14,
CHCl3); UV (EtOH) Amax (log ¢) 229 (4.46), 286 (3.77) nm; IR (dry
film) ymax 3467, 1766 cm~'; TH NMR (400 MHz, CDCl3), see Table 1;
13C NMR (100 MHz, CDCl3), see Table 3; EIMS m/z 452 [M]* (35),
421 (11), 366 (15), 322 (11), 237 (5), 197 (100), 170 (26), 144 (8), 70
(17), 49 (17); HREIMS m/z 452.2315 (calcd for CagH32N205 [M]F,
452.2311).

3.3.5. NaBH, reduction of macrodasine C (3). To a mixture of ketone
3 (10 mg, 0.022 mmol) in 5 mL of MeOH at 3 °C was added NaBHy4
(1.0 mg, 0.026 mmol) and the solution was stirred for 15 min. Ex-
cess solvent was removed under reduced pressure. Saturated NH4Cl
solution (10 mL) was then added and the mixture was extracted
with CH,Cl3 (3x10 mL), dried (NapS04), and then chromatographed
(SiOy, centrifugal TLC, 2% MeOH/EtOAc, NHs-saturated) to give
a mixture comprising the alcohol 11 (3.6 mg, 36%) and unreacted
macrodasine C (3) (1 mg, 10%). Compound 11: light yellowish oil;
[4]3 —6 (c 0.06, CHCl3); UV (EtOH) Amax nm (log ¢) 228 (4.39), 286
(3.72); IR (dry film) vmax 3439 cm~'; TH NMR (400 MHz, CDCl3), see
Table 1; 3C NMR (100 MHz, CDCl3), see Table 3; EIMS m/z 454 [M]*
(17), 436 (3), 423 (8), 394 (4), 367 (3), 321 (5), 278 (2), 237 (5),197
(100),170 (48), 144 (10), 129 (7), 83 (7), 70 (15), 44 (30); HREIMS m/
7 454.2465 (calcd for CyH34N205, 454.2468).

3.3.6. Macrodasine D (4). Colorless oil; [a}ZDS —12(c0.10, CHCl3); UV
(EtOH) Amax (log ¢) 229 (4.20), 286 (3.47) nm; IR (dry film) rmax
3420cm~'; 'H NMR (400 MHz, CDCl3), see Table 2; *C NMR
(100 MHz, CDCl3), see Table 1; EIMS m/z 454 [M]" (28), 423 (5), 367
(19), 354 (2), 322 (5), 293 (3), 251 (5), 237 (8), 211 (11), 197 (100),
182(32),181(21),170 (40),144 (14),128 (7),98 (5), 70 (13), 44 (14);
HREIMS m/z 454.2464 (calcd for CogH34N205 [M] 1, 454.2468).

3.3.7. Acetylation of macrodasine D (4). Macrodasine D (4) (4.5 mg,
0.010 mmol) was added to a mixture of acetic anhydride/pyridine
(1:1; 1 mL) and the mixture stirred under N, at room temperature
for 2 h 30 min, after which a further portion of DMAP (0.12 mg,
0.001 mmol) was added, and the mixture stirred for another
30 min. The mixture was then poured into saturated Na;CO3

solution (5 mL) and extracted with CH,Cly (3x5 mL). Removal of
the solvent, followed by purification by centrifugal TLC over SiO,
(2% MeOH/EtOAc) afforded 3 mg (56%) of the diacetate derivative
12 as a colorless oil; [0]% +12 (c 0.095, CHCl3); UV (EtOH) Amax
(log ¢) 230 (4.23), 288 (3.39) nm; IR (dry film) rmax 1738 cm™!; 'H
NMR (400 MHz, CDCl3), see Table 2; >*C NMR (100 MHz, CDCl3), see
Table 3; EIMS mjz 538 [M]' (87), 495 [M—COMe]|" (25), 479
[M—OCOMe]" (10), 448 (2), 409 (3), 367 (5), 350 (17), 322 (8), 290
(4), 237 (8),197 (100), 182 (21), 170 (23), 144 (12), 70 (13), 43 (17);
HREIMS m/z 538.2681 (calcd for C30H3gN207 [M]*, 538.2679).

3.3.8. Macrodasine E (5). Colorless oil; [a}ZDS +20 (¢ 0.28, CHCl3); UV
(EtOH) Amax (log ¢) 230 (3.50), 289 (2.55) nm; IR (dry film) vmax
3436 cm~'; 'H NMR (400 MHz, CDCl3, and CgDg/CDCl3), see Table 2;
13C NMR (100 MHz, CDCl3), see Table 3; EIMS m/z 454 [M]* (73),
436 [M—H,0]" (6), 423 (15), 394 (5), 367 (19), 197 (100), 182 (31),
181 (17), 170 (39), 144 (14), 70 (23), 57 (7), 43 (13); HREIMS m/z
454.2473 (calcd for CogH34N>05 [M] T, 454.2468).

3.3.9. Macrodasine F (6). Colorless oil; [0]% —51 (c 0.40, CHCl3); UV
(EtOH) Amax (log ¢) 229 (4.52), 287 (3.77) nm; IR (dry film) vmax
3394 cm™'; 'H NMR (400 MHz, CDCl3, and CD,Cl,), see Table 2; 3C
NMR (100 MHz, CDCl3), see Table 3; EIMS m/z 454 [M]" (58), 436
[M—H20]" (6), 423 (10), 394 (4), 367 (29), 351 (2), 321 (8), 277 (4),
237(8),197 (100), 182 (23), 181 (14),170 (35), 129 (5), 97 (5), 70 (15),
57 (7), 43 (12); HREIMS m/z 454.2468 (calcd for CogH34N205 [M]*,
454.2468).

3.3.10. Macrodasine G (7). Colorless oil; [a}ZDS —59 (c 0.27, CHCl3);
UV (EtOH) Amax (log €) 206 (4.50), 229 (4.50), 286 (3.79) nm; IR (dry
film) ¥max 3424 cm~!; 'H NMR (400 MHz, CDCl3), see Table 1; 13C
NMR (100 MHz, CDCl3), see Table 3; EIMS m/z 454 [M]" (40), 436
(5),423 (12),394 (6), 367 (3), 321 (7), 277 (3), 237 (6),197 (100),170
(44), 144 (10), 128 (7), 98 (5), 70 (13), 55 (5), 44 (20); HREIMS m/z
454.2469 (calcd for CogH34N205 [M]T, 454.2468).

3.3.11. Acetylation of macrodasine G (7). Macrodasine G (7) (9.7 mg,
0.021 mmol) was added to a mixture of acetic anhydride/pyridine
(1:1; 1 mL) and the mixture stirred under N, at room temperature
for 2 h. The mixture was then poured into saturated Na;COs3 solu-
tion (5 mL) and extracted with CHyCl, (3x5 mL). Removal of the
solvent, followed by purification by centrifugal TLC over SiO; (2%
MeOH/CH,Cl,) afforded 6 mg (52%) of the diacetate derivative 10.
Compound 10: colorless needles from ethanol, mp 186—188 °C;
[4]3 —46 (c 0.09, CHCl3); IR (dry film) max 1738 cm™; UV (EtOH)
Amax (log ¢€) 203 (3.86), 230 (3.86), 254 (3.67), 286 (3.14) nm; 'H
NMR (400 MHz, CDCl3), see Table 1; >C NMR (100 MHz, CDCl3), see
Table 3; EIMS m/z 538 [M]" (55), 495 (14), 465 (11), 393 (5), 350 (4),
307 (4), 277 (5), 251 (8),197 (100), 182 (23), 144 (13), 129 (4), 98 (3),
70(11),55(3), 43 (19); HREIMS m/z 538.2678 (calcd for C3gH3gN207
[M]*, 538.2679).

3.4. X-ray crystallographic analysis of 1

A single crystal of 1 was obtained from ethanol;
C26H34N205-5H0, M;=544.63, monoclinic, space group P2,
a=7.5783 (3) A, b=9.2235 (4) A, c=19.5949 (9) A, 8=92.252 (3)°;
V=1368.6 (10) A3,Z=2, Dcaleq=1.322 cm 3. The structure was solved
by direct methods and refined by the least squares method. The
final R value is 0.0709 (Rw=0.1974) for 5046 reflections [I>2a(I)].

A single crystal of 10 was obtained from ethanol; C3gH3gN>0>,
M;=538.62, orthorhombic, space group P2i221, a=7.626 (5) A,
b=17595 (10)A, ¢=20.657 (15)A, V=27718 (3)A3, Z=4,
Dealca=1.291 cm 3. The structure was solved by direct methods and
refined by the least squares method. The final R value is 0.0628
(Rw=0.1791) for 2428 reflections [I>2a(I)].
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Crystallographic data for the structures 1 and 10 reported in this
paper have been deposited with the Cambridge Crystallographic Data
Center (deposition number: CCDC 806140 and 806141, respectively).
Copies of the data can be obtained, free of charge, on application to the
Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44 (0)
1223 336033 or e-mail: deposit@ccdc.cam.ac.uk).

3.5. Cytotoxicity assays

Cytotoxicity assays were carried out following the procedure
that has been described previously.83°
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