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Abstract: The first total synthesis of natural (+)-sesbanimide
A (1) and (-)-sesbanimide B (2), potent antitumor alkaloids
isoclated from the seeds of the leguminous plant, Sesbania
drupesondii, has been accomplished starting from D-{+)-xylose.
This total synthesis involves efficient construction of the
optically active AB-ring system from D-(+)-xylose, introduc-
tion of the Cg-unit into the AB-ring system in a form of exo-
methylene-y-lactone, and elaboration of the labile C-ring
system at the last stage of the synthesis. The absolute con-
figurations of natura) 1 and 2 could be obviously established
by our total synthesis.

Sesbanimide A (1) and sesbanimide B (2), potent antitumor alkaloids, were isolated
from Sesbania drummondii seeds by Powell et al. in 1983.2 A number of legquminous
plants, which belong to the genus Sesbania native to the Gulf Coastal Plain of
U.S.A., are notorious for toxicity of their seeds to livestock and fowl.3 Powell
et al. had reported that alcoholic extracts of the seeds of S. drummondii, S.
vesicaria, and S. punicea were markedly cytotoxic against KB cells in vitro and
showed significant inhibitory activity against P388 murine leukemia in vivo.?

Further their investigation resulted in the isolation and structure elucidation of

1 and 2 as the antileukemic principles. Sesbanimide A (1), the major and most

active component, exhibits ICg values of 7.7 x 10-3 ug/ml against KB cells in

vitro and T/C values of 140-181% in 8-12 ug/kqg dose level against P388 murine

leukemia in vivo. Sesbanimide B (2), the C-11 isomer of 1, also shows consider-
4721
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able antitumor activity, although it was inferior to that of 1.2c

On the other
hand, 1 could be also obtained from aqueous ethanolic extracts of S. punicea seeds
native to South Africa as the toxic principle by Gorst-Allman et al., monitoring
the fractionation by biocassay for acute toxicity in 1 day-old chickens.>
Sesbanimides (1 and 2) have unique tricyclic structures in which the three
characteristic rings, glutarimide (A-ring), 1,3-dioxane (B-ring), and tetrahydro-
furan (C-ring), are linked by the two single bonds. Although the structure of 1
including its relative stereochemistry had been established by X-ray crystallo-
graphic analysis, its absolute configquration had not been determined.?@ Thus,
their remarkable antitumor activity and novel structures in addition to the lack
of determination of their absolute stereochemistry distinguished these molecules
as unusually interesting targets for total synthesis and a number of synthetic
studies on sesbanimides have been reported.6'9 We started the program directed
toward the total synthesis of 1 and 2 with an aim to determine their absolute
configurations and to explore the general synthetic route to these novel alkaloids
applicable to preparation of various structural types of congeners. These conge-
ners were anticipated to be useful for elucidating the structure-activity rela-
tionships of sesbanimides. Our efforts culminated in the first total synthesis of
natural (+)-sesbanimide A (1) and (-)-sesbanimide B (2) starting from readily
available D-(+)-xylose, concluding the absolute configurations of 1 and 2 as shown

7

above, Other two total syntheses of the antipodes of natural 1 and 2 were also

reported by Pandit et a1.8 9

and Schlessinger et al. In both of these syntheses,
the same conclusion as ours was obtained with regard to the absolute configura-
tions of sesbanimides., This paper concerns with full details of the first total

synthesis of natural 1 and 2 completed by us.7110

Synthetic Strateqgy

From retrosynthetic perspective on 1 and 2, the most logical strategy to con-
struct the five chiral centers involved in these novel alkaloids in an optically
active form was anticipated to be introduction of the three significant asymmetric
centers at the C-7, C-8, and C-9 positions, all the chiral centers present in the
B-ring, from an appropriate carbohydrate, This is because both of the C-11 iso-
mers had been isolated and the configuration at the C-10 position was expected to
be governed by an equilibrium between the two possible epimers. We selected D-
(+)-xylose as a starting material since the three asymmetric centers of D-xylose
just correspond to the three contiquous asymmetric centers (the C-7, C-8, and C-9
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positions) of sesbanimides and relatively inexpensive L-(-)-xylose can be used if
the synthesis of the antipodes is required. Information obtained from the struc-
ture determination of 1 and 2 revealed that the C-ring system is very labile under
the basic conditions and the B-ring system is most stable among the three rings.Zb
Therefore, it appeared reasonable to carry out the synthesis in the sequence of
(1) construction of the B-ring system in an optically active form from D-xylose,
(2) formation of the A-ring system, (3) introduction of the Cg-unit into the AB-
ring system, and (4) formation of the C-ring system. As mentioned below, our total

synthesis of 1 and 2 has been accomplished according to this synthetic plan.
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Results and Discussion
Construction of the B-Ring System. Since it had been well documented that
direct methylene acetalization of D-xylose did not give the desired 2,4-0-

methylene-D-xylose but 1,2:3,5-di-O-methylene-u-D—xylofurapo.e,11

appropriate pro-
tection of the four hydroxyl groups of D-xylose was necessary to construct the B-
ring system. After several preliminary experimentions,12 (-)-1,3-0-isopropylidene-
a-D-xylofuranose (3), which was readily accessible from D-xylose in 2 steps and in

a good overall yield,’5

was found to be quite suitable for this purpose among D-
xylose derivatives so far reported. Considering the subsequent synthetic scheme,
the C-3 and C-5 hydroxyl groups of 3 (the C-8 and C-10 positions of 1 and 2) were
protected in forms of benzyl ethers to afford the (~)-dibenzyl ether (4). The
acetonide group of 4 was removed by treating with concentrated hydrochloric acid
5 Wittig reaction of the resulting hemiacetal (5) with the stabi-
li1zed ylide, methoxycarbonylmethylenetriphenylphosphorane, under the strictly

defined conditions (reflux, 30 sec) resulted in simultaneous opening of the

in acetic acidﬁ

furanose ring and carbon chain elongation, producing the a,8-unsaturated ester (6)
in an excellent yield. Prolonged reflux caused intramolecular 1,4-addition of the
C-9 hydroxyl group to the a,8-unsaturated ester moiety. Exposure of 6 to tri-
methylsilyl trifluoromethanesulfonate in dimethoxymethane in the presence of 2,6-
lutidine as a base effected methylene acetalization to afford a high yield of the
(-)-1,3-dioxane (7), corresponding to the B-ring system of 1 and 2.16
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a) 18M HZSO4, CuSO‘, Mezco, rt, 25 h, 74% b) 0.12M HCl, rt, 1
h, 96% c) 1) NaH, THF, reflux, 15 min 2) BnCl, "Bu,NBr,
reflux, 5 min, 92% (2 steps) d) 12M HCl, AcOH, rt, 5 min, 73%&
e) Ph3P-CHC02Me, PhMe, reflux, 30 sec, 928 f) TMSOTf, 2,6-Lu,
(MeO),CH,, 0 °C, 15 min, 79%.

Construction of the A-ring System. Introduction of a Cy-unit by Michael addi-
tion reaction to the C-4 position for constructing the carbon framework of the A-
ring system was next attempted. 1,4-Addition of the sodium salt of dimethyl
malonate to 7 was found to cleanly occur in tetrahydrofuran at room temperature in
the presence of a catalytic amount of tetrabutylammonium bromide. In the absence
of the ammonium salt, long period of heating was required to complete the addition
reaction. This is probably due to decreased concentration of the malonate anion
in the reaction medium. Subsequent demethoxycarbonylation of the resulting
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a) NaCH(COZMO)z, "Bu4NBr, THP, rt, 12 h b) NacCl, HZO—DMSO, 160 °cC,
1 h, 89% (2 steps) <c) 1M KOH, rt, 48 h d) 1) MeOCOCl, Et,N, THF,
-20 °C, 3 h 2) NH3 gas, O °C, 30 min e) NaOAc, Ac,0, 100 °c, 20
min, 51% (4 steps) f) H, (5 atm), Pd-C, AcOH, MeOH, rt, 2 h, 95%.

Michael adduct in brine-dimethyl sulfoxidel? gave the (-)-diester (8), which
incorporated all the carbon framework found in the A-ring system. Conversion of 8
into the (-)-diol (12) was performed in a stepwise manner. After hydrolysis of
the two methoxycarbonyl groups of 8, activation of the diacid (9) with methyl
chloroformate in a form of the glutaric anhydride followed by ammonolysis, afford-
ed the amide acid (10) as a mixture of two diastereomers. Dehydration of 10 with
acetic anhydride in the presence of sodium acetate as a buffer smoothly produced
the glutarimide ring, giving the (+)-glutarimide (11) in a good overall yield.
Catalytic hydrogenation of 11 over palladium on charcoal effected removal of the
two benzyl groups to produce 12 in a high yield. With 12 in hand, preparation of
the AB-ring system was completed.18

Introduction of the Cg-Unit into the AB-Ring System. In order to construct the
C-ring system, introduction of a Cg~unit into the C-10 position was required. To
this end, we first examined conversion of 12 into the aldehyde (16). Thus, the
primary and secondary hydroxyl groups of 12 were sequentially protected in forms
of pivalate ester and tert-butyldimethylsilyl ether, respectively, to yield the
(-)-siloxypivalate (14) by way of the (-)-pivalate (13). While other combinations
of protective groups were also examined for protecting the two hydroxyl groups of
12, this combination only gave the satisfactory result. For example, methoxy-
methylation or 2-(trimethylsilyl)ethoxymethylation of 13 afforded a low yvield of
the product since 13 was unstable under the basic conditions of protectlon.19
Reductive cleavage of the pivalate ester of 14 cleanly occurred with diisobutyl-
aluminum hydride without any disruption of the glutarimide ring, affording the (-)
-siloxyalcohol (15). Collins oxidation of 15 readily produced 16.

Interestingly, the glutarimide carbonyl group of 14 and 15 exhibited their
absorption bands at 1670 cm~' in their IR spectra (1.0 mM chloroform solution).
In contrast, in the IR spectra of 11 and 13, absoptions due to the glutarimide
carbonyl groups appeared at the ordinary wave numbers around 1705 cm"‘. Detailed
comparisons of coupling patterns observed in the 400 MHz TH NMR spectra of 11 and
13-15 revealed that, in cases of 14 and 15, the glutarimide rings take the dis-
torted twist-boat like conformations (B) and, in contrast, the glutarimide ring of
11 and 13 are in the stable chair like conformations (A). Comparing IR (1.0 mM
chloroform solution) and 400 MHz |
16, 18, and 19-22), it became evident that the glutarimide rings of the compounds

H NMR spectra of the related compounds (1, 2,

where the C-8 hydroxyl groups are protected in forms of tert-butyldimethylsilyl
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Scheme 3
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The 'H coupling constants (Hz) for the conformations A and B.
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ethers always take the common distorted conformations (B). It is noteworthy that
the bulky silyl group distorted the remote glutarimide ring rather than the proxi-
mate 1,3-dioxane ring.zo

With 16 in hand, our synthetic efforts were next devoted to introduction of the
C5—unit. After several experimentions,21 1t was finally found that the

regioselective Reformatsky reaction?2

employing (E)-ethyl 2-(bromomethyl)crotonate
(17)23 proceeded smoothly, giving the exo-methylene-y-lactone (18) in a good
yield. The TH NMR spectrum of this sample clearly disclosed that 18 consisted of
the three diastereomers whose stereostructures could not be determined. The forma-
tion ratio of these diastereomers were roughly estimated as 1:1.3:1.5 by the HMR
spectrum. This mixture was subjected to the final synthetic steps without separa-
tion of these isomers.

Construction of the C-Ring System: Total Synthesis of Sesbanimides. Reduction
of the vy-lactone moiety of 18 was envisioned at the next stage of our synthetic
scheme. However, diréct reduction to the diol (19) with hydride reagents always
gave unsatisfactory results in terms of the chemical yields of 19. Monitoring the
reaction courses of these reductions made it clear that the conversion of 18 into
the corresponding hemiacetal took place quite readily. Accordingly, transforma-
tion of 18 into 19 was attempted in a stepwise manner. Treatment of 18 with
diisobutylaluminum hydride yielded the hemiacetal, which without isolation was
further reduced with sodium borohydride in the presence of cerfum(I1I) chloride,z4
affording 19 in a fairly good yield., The diol (19) was derived to an almost 1:1
mixture of 1 and 2 in a moderate overall yield by the sequence of (1) selective
protection of the primary hydroxyl group of 19 as a tert-butyldiphenylsilyl ether,
(2) Collins oxidation of the remaining secondary hydroxyl group of the resulting
siloxyalcohol (20), and (3) removal of the two silyl groups with tetrabutyl-
ammonium fluoride. The three diastereomers concerning the C-10 and C-11 positions
were found to exhibit considerably different reactivity in the stepwise reduction
of 18 and Collins oxidation of 20. Furthermore, the labile C-8 silyl group of one
isomer of 20 was partly cleaved during purification with silica gel chromato-
graphy. Due to these reasons, it was anticipated that the ratio of 1 to 2 being
close to 1:1 was observed.

The mixture of 1 and 2 could be readily separated by silica gel TLC. The less
polar isomer and its diacetate were identical with natural (+)-sesbanimide A (1)
and the authentic (-)-diacetate (21) prepared from natural sample of 1 by our
hands, respectively, in all respects (mp, mmp, optical rotation, 400 MHz Ty NMR,
IR, MS, and TLC mobility with several different solvent systems), Furthermore
synthetic and natural 1 exhibited almost the same magnitude of activity in P388
murine leukemia in vitro cytotoxicity assay (ICSO: synthetic 1, 4.6 x 10-5 ug/ml;
natural 1, 3.3 x 10-5 ug/ml). Accordingly, our synthesis of natural sesbanimide A
(1) obviously confirmed its absolute configuration.

On the other hand, the more polar isomer and its diacetate were found to show
the 400 MHz 'H NMR spectra identical with those of natural sesbanimide B (2) and
its diacetate (22), respectively. The TH NMR spectrum of synthetic 2 clearly
showed that it consisted of a 1:1.8 equilibrated mixture of the two epimeric
hemiacetals in a similar manner to that reported for natural 2. Other spectral
data (IR and MS) of the synthetic compounds (2 and 22) further supported their
structures. Since 2 has been isolated from the same plants as those giving 1, its
absolute configuration tan be tentatively assigned as shown. Fairly intense
cytotoxicity was also observed for synthetic 2 in P388 murine leukemia in vitro
assay (ICg4: synthetic 2, 3.1 x 10-2 ug/ml), although its activity was inferior to
that of 1. Therefore, (-)-sesbanimide B (2) synthesized by us was anticipated to
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be identical with natural 2 even if comparison of the optical rotation could not
be carried out due to the lack of the reported optical rotation value.

Conclusion

The first total synthesis of natural (+)-sesbanimide A (1) and (-)-sesbanimide
B (2), potent antitumor alkaloids isolated from leguminous plant, Sesbania
druamondii, has been accomplished starting from D-{+)-xylose and their absolute
configurations have been obviously established. This total synthesis consists of
the following novel aspects: (1) efficient construction of the AB-ring system in
an optically active form from readily available D-(+)-xylose, (2) introduction of
the Cg-unit into the AB-ring system in a form of exo-methylene-y-lactone employing
the regioselective Reformatsky reaction, and (3} effective elaboration of the
labile C-ring system from the resulting y-lactone. With completion of the total
synthesis of 1 and 2, preparation of the partial structures of 1 and 2 such as the
AB-, C-, and BC-ring systems was attempted to disclose the role of each ring of 1
and 2 in their prominent antitumor activity. This is the subject of a separate

paper.'0

Experimental Section?®

(-)-1,2-0-Isopropylidene-a-D-xylofuranose (3). Acetalization of D-{+})-xylose,
mp 154-156 °C, (algo +17.9° (c 10.0, H,0}, with acetone in the presence of 18M
H;50, and anhydrous CuSO, (74%)15 followed by selective hydrolysis with 0.12M HC1
(96&),15 gave 3 via (+)}-1,2:3,5-di-0O-isopropylidene-a-D-xylofuranose, mp 42-43 °C
[l1it. 44-45 °c263), [a122 413.3° (c 2.00, H,0) [lit. [a]@? +13.0° (c 2.00,
H,0)282), The diol (3) showed [al3? -20.6° (c 2.00, H,0) [lit. [a]2? -19.9° (c
2.00, H,0)26P),

(-}-3,5~-Di-0O-benzyl-1,2-0-isopropylidene-a-D-xylofuranose {4). A solution of
3 (25 g, 0.13 mol) in THF (340 ml) was added to a suspension of NaH (39 g, 50%
dispersion in oil, 0.81 mol) in THF (170 ml) with stirring in an ice bath under an
argon atmosphere. The mixture was heated at reflux for 15 min and cooled to room
temperature. Benzyl bromide (88 g, 0.70 mol) and BuyNBr (7.4 g, 23 mmol) were
added and the mixture was heated at reflux for 5 min. After coeoling to 0 °C,
water was added dropwise and the mixture was extracted with ether. The combined
ethereal extracts were washed with brine, dried {MgSO,), filtered, and concen-
trated in vecuo. The residue was purified by column chromatography (s10,, 10%
AcOEt in hexane) to afford pure 4 as a pale yellow oil (45 g, 92%). Purification
by bulb-to-bulb distillation gave an analytical sample of 4 as a colorless oil,
(010 -48.4° (c 1.00, cHCl4). 'H NMR (90 MHz, CDCl) § 1.30 (3H, s, Me), 1.47 (3H,
s, Me), 3,76 {(2H, d, J = 6 Hz, CS-Hz), 3.97 (14, 4, J = 3 Hz, Cz—ﬂ), 4.4-4.6 (2H,
m, C3-H, Cy-H), 4.55 (2H, s, PhCH,), 4,56 (1H, 4, J = 12 Hz, PhCH), 4.60 (1H, 4, J
= 12 Hz, PhCH), 5.94 ('H, 4, J = 3 Hz, Cy~-H), 7.29 (5H, s, aromatic protons),
7.31 (5H, 8, aromatic protons); IR (film) 1500, 1070 cn"; NS m/z 370 (M), 279
(M*-PhCHy). 4nal. Calcd for CpyHye0g: C, 71.33; H, 7.08. Found: C, 71.33; H,
7.14.

(B,4'8,5'R,6'R)~(~)-Methyl 3-5'-Benzyloxy-6'-benzyloxymethyl-1',3'-dioxan-4'~
yl-acrylate (7). 12M HCl (300 ml) was added to a solution of 4 (15 g, 41 mmol) in
AcOH (150 ml) at room temperature, After stirring for 5 min, brine was added and
the mixture was extracted with AcOEt. The combined organic extracts were washed
successively with saturated aqueocus NaHCO; and brine, and dried {MgsSO4)}. Filtra-
tion and concentration in vacuo, followed by separation by column chromatography
(8105, 30% AcOEt in hexane), gave pure 5 (a 1:1 mixture of the two anomers by NMR)
as a colorless caramel (9.7 g, 73%). T4 NMR (90 MHz, CDCl3-D,0) § 3.6-4.8 (9H, m,
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Cp-H, Cq-H, C,-H, Cg-H,, PhCHy x 2), S5.11 (0.5H, d, J = 12 Hz, C-H), 5.50 (0.5H,
J = 5 Hz, Cy-H), 7.32 (10H, s, aromatic protons).

A solution of 5 (3.6 g, 11 mmol) and methoxycarbonylmethylenetriphenyl-
phosphorane (7.5 g, 22 mmol) in toluene (70 ml) was heated at reflux for 30 sec
and cooled to ambient temperature., After concentration in vacuo, the residue was
disgsolved in AcOBt. The solution was washed successively with 1M HCl, saturated
agqueous NaHCO3, and brine, dried (Mgso4), filtered, and concentrated in vacuo.
The resulting oil was purified by column chromatography (Si0,, 20% AcOEt in
hexane) to afford pure 6 as a colorless caramel (4.0 g, 92%). TH wMr (90 MHz,
CDC13-020) 6 3.5-3.8 (4H, m, CS—H, CG-H, C-,-Hz), 3.78 (3H, 8,'C02Me), 3.8-4.1 (1H,
m, C4-H}, 4.55 (2H, s, PhCH,}, 4.65 (2H, 8, PhCH,), 6.20 (1H, 44, J = 2 and 16 Hz,
Cp-H), 7.06 (1H, ad, J = 4 and 16 Hz, C3-H), 7.33 (5H, s, aromatic protons), 7.35
(5H, s, aromatic protons); IR (film) 3450, 1720, 1660, 1500 cem-1,

Trimethylsilyl trifluoromethanesulfonate (17 g, 78 mmol) was added to a solu-
tion of 6 (7.4 g, 19 mmol) and 2,6-1utidine (4.6 g, 43 mmol) in dimethoxymethane
{150 ml) cooled at 0 °C under an argon atmosphere. After stirring for 15 min,
saturated agqueous NaHCO; was added and the mixture was allowed to warm up to room
temperature and extracted with AcOEt. The organic extracts were combined, washed
successively with saturated aqueous CuSO,, saturated aqueous NaHCO,, ‘and brine,
and dried (MgSO4). Filtration and concentration in vacuo, followed by purifica-
tion by column chromatography (S10;, 20% AcOEt in hexane), gave pure 7 as a pale
yellow solid (6.0 g, 79%). Further purification by recrystallization from ether-
AcOEt gave an analytical sample of 7 as colorless crystals, mp 103-104 °C,
(a13% -38.4° (c, 1.00, CHCl;). 'H NMR (90 MHz, CDClj) 6 3.57 (1H, brs, Cgi-H),
3.62 (2H, 4, J = 5 Hz, PhCH,0CH,), 3.77 (1H, 8, CO,Me), 3.95 (1H, dt, J = 2 and 5
Hz, Cge-H), 4.34 (1H, dt, J = 4 and 2 Hz, C,4v-H), 4.52 (2H, 8, PhCH,), 4.53 (1H,
d, J = 12 Hz, PhCH), 4.56 (1H, d, J = 12 Hz, PhCH), 4.86 (1H, 4, T = 6 Hz, Cyr_, -
H), 5.25 (t1H, 4, J = 6 Hz, C2'-eq'H)' 6,20 (14, dd, J = 2 and 15 Hz, C,-H), 6.75
(14, 4d, J = 4 and 15 Hz, C3-H), 7.29 (5H, 8, aromatic protons), 7.35 (5H, s,
aromatic protons); IR (Nujol) 1720, 1670, 1500 cm"; MS m/z 398 (M*), 307 (M*-
PhCHz). Anal. Calcd for C23H26°6: C, 69.33; H, 6.58. Pound: C, 69.40; H, 6.64.

(4'S,5'R,6'R)~(~)-Dimethyl 3-5'-Benzyloxy-6'-benzyloxymethyl~1',3'-dioxan-4'-
yl-glutarate (8). Dimethyl malonate (8.5 g, 64 mmol) was added to a stirred
suspension of NaH (2.7 g, 508 dispersion in oil, 56 mmol) in THF (180 ml) at room
temperature under an argon atmosphere. The mixture was heated at reflux for 15
min and cooled to room temperature. BuyNBr (0.68 g, 2.1 mmol) and a solution of 7
(1.7 g, 4.3 mmol) in THF (10 ml) were added and the resulting mixture was stirred
at ambient temperature for 12 h. After addition of AcOH (3.5 g, 58 mmol), the
mixture was concentrated in vacuo. The residue was dissolved in ether and the
ethereal solution was washed with brine, dried (Mgso4), and concentrated in vacuo.
The residue was dissolved in DMSO (70 ml), and NaCl (0.41 g, 7.0 mmol) and water
(0.3t g, 17 mmol) were added to the dimethyl sulfoxide solution. The mixture was
heated at 160 °C for 1 h. After being cooled to room temperature, the mixture was
diluted with brine and extracted with ether. The combined ethereal extracts were
washed with brine, dried (Mgso4), filtered, and concentrated in vacuo. The resid-
ual cil was chromatographed (SiO,, 20% AcOEt in hexane) to give pure 8 as pale
yellow crystals (1.8 g, 89%), mp 49-52 °c, [a)20 -7.8 °C (1.00, CHClj). 'H NMR
(400 MHz, CDC1l,) § 2.28 (2H, 4, J = 6.2 Hz, Cy-Hy), 2.43-2.52 (1H, m, C4-H), 2.66-
2.80 (2H, m, C3-H, C4-H), 3.59 (1H, brs, Cgi-H), 3.63 (3H, s, CO,Me), 3.64 (3H, s,
COzMe), 3.64-3.70 (34, m, C4--H, PhCH20Cﬂz), 3.88 (1H, brt, J = 6,7 Hz, Csu—H),
4.52 (1H, d, J = 11.8 Hz, PhCH), 4,56 (1H, 4, J = 11,8 Hz, PhCH), 4.6 (1H, d, J =
11.2 Hz, PhCH), 4.68 (1H, 4, J = 11.2 Hz, PhCH), 4.72 (1R, @, J = 6.2 Hz, Cyr_,,-
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H), 5.13 (1H, d, J = 6.2 Hz, Cy1_g o-H), 7.24-7.38 (10H, m, aromatic protons); IR
(film) 1740, 1730, 1500 cm'1; MS m/z 473 (MTH), 472 (M%), 381 (M*-PhCHz), High-
resolution MS 472,2078 (472.2097 caled for C,gH340g).
{§°'5,5°'R,6'R)~{+)-4-5°-Benzyloxy-6'-benzyioxymethyl-i',3'-dioxan-4'-y1-2,6-

piperidinedione (11). 1M KOH (1.6 ml) was added to a solution of 8 (0.24 g, 0.51
mmol) in MeOH (1.6 ml) at room temperature. After stirring for 48 h, the mixture
was acidified to pH 1 with 1M HCl, concentrated in vacuo, and diluted with AcOEt.
The ethyl acetate solution was dried (MgSO4), filtered, and concentrated in vacuo
to give crude 9 as a caramel. Methyl chloroformate (87 mg, 0.80 mmol) was added
to a stirred solution of crude 9 and triethylamine (0.17 g, 1.7 mmol) in THF (2.0
ml) cooled at -20 °C under an argon atmosphere, After stirring for 3 h, NH4 gas
was bubbled through the solution for 30 min. After being allowed to warm up to
room temperature, the mixture was filtered through a pad of celite, and the
filtrate was concentrated ia vacuo to afford crude 10 as a mixture of the two
diastereomers (by TLC). A mixture of crude 10, sodium acetate (0.33 g, 4.0 mmol),
and Ac,0 (1.6 ml) was heated at 100 °C for 20 min. After being cooled to ambient
temperature, the mixture was concentrated in vacuo, and the residue was dissolved
with AcOEt. The ethyl acetate solution was washed successively with saturated
agueous NaHCO, and brine, dried {HMgS50}, and filtered. Conceéntration of ths
filtrate in vacuo, followed by purification by column chromatography (Si0;, 50%
AcCOEt in hexane), gave pure 11 as a pale yellow solid (0.11 g, 51%). Recrystalli-
zation from ether-AcOEt afforded an analytical sample of 11 as colorless crystals,

mp 138-139 °c, [a13% +54.4° (0.50, cHCl;). 'H NMR (400 MHz, CDC1;) § 1.99 (1H, 44,

1T - 100 A 17 7 U~ I [TRY 2 A8 (14 AAA Y = 1. £ 4 7 amAdA 17 1 o
U = UV aund /.2 nz, L3 ax B7r €.UC vl GGG, U = 1.0y e,y EUG 17.5 iz, »3_eq-

H), 2.33-2.48 (2H, m, C4-H, Cg_,,-H), 2.83 (1H, ddd, J = 1.6, 4.7, and 17.3 Hz,
Cs_eq-H), 3.26 (1H, 44, J = 1.2 and 8.1 Hz, C4-H), 3.53 (1H, brs, Cgi-H), 3.67
(1H, 44, J = 5.9 and 9.2 Hz, PhCH,0CH), 3.75 (1H, t, J = 9.2 Hz, PhCH,OCH), 3.87
(14, ddd, J = 1.1, 5.9, and 9.2 Hz, Cg:-H), 4.49 (1H, d, J = 11.7 Hz, PhCH}, 4.57

'
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Hz, Cy1_s4-H), 4.81 (1H, d, J = 11.7 Hz, PhCH), 5.15 (1H, d, J = 6.2 Hz, Cy1_gq-
H), 7.28-7.41 (10H, m, aromatic protons), 7.78 (1H, brs, NH); IR (Nujol) 3280,
1725, 1700, 1500 cm™'; MS m/z 426 (M*H), 425 (M*), 334 (M*-PhCH,). 4nal. Calcd
for C24H27O6N: c, 67.75; H, 6.40; N, 3,29, Found: C, 67.78; H, 6.50; N, 3.49.
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piperidinedione (12 A mixture of 11 (1.0 g, 2.4 mmol) and 10% Pd-C (0.50 g) in
a mixture of MeOH (20 ml) and AcOH (2.0 ml) was stirred for 2 h at room tempera-

warn_ 4V _»1_2 £_
> ATd g S

ture under a hydrogen atmosphere (5 atm). The catalyst was filtered off and
washed with hot water. The combined filtrates were concentrated in vacuo to give

pure 12 as a colorl

“ ag a

a eplid (0,558 g, a5s) Recrvetallization fro
o

ess id (0.55 g, 958). Recrystallization
an analytical sample 12 as colorless crystals, mp 214-216
0.50, DMSO). 'H NMR (400 MHz, DMSO-dg-D,0) & 2.29-2.67 (5H, m, Cy-H,, C4-H, Cg-
Hy), 3.35 ('H, brd, J = 6.9 Hz, Cy v-H), 3.42 (1H, brs, Cgi-H), 3.43-3.57 (3H, m,
Cg'-H, HOCH;), 4.65 (1H, 4, J = 6.1 Hz, Cyi_,,-H), 4.97 (1H, d, J
eq'"" IR (Nujol) 3320, 1705 cm 1; MS m/z 246 (M*H)., Anal. Calcd for C
C, 48.98; H, 6.17; N, 5.71. Found: C, 49.17; H, 6.22; N, 5.69.
(4'S,5'R,6'R)~-(-)-4-5'-Hydroxy-6"'-pivalyloxymethyl-1',3'-dioxan-4'-yl-2,6-

piperidinedione (13). Pivalyl chloride (0.31 g, 2.6 mmol) was added to a stirred
suspension of 12 (0.64 g, 2.6 mmol) in pyridine (13 ml) cooled in an ice bath
under an argon atmosphere. After stirring for 30 min, another portion of pivalyl

n
N
.
e
N

-
[¢]
N

chloride (0.63 g, 5.2 mmol) was added to the reaction mixture and the stirring
was further continued for 2 h. After addition of MeOH (3.2 ml), the mixture was
allowed to warm up to room temperature, concentrated in vacuo, and diluted with
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ACOEt. The ethyl acetate solution was washed successively with saturated aqueous
CusSO, and brine, dried (Mgg04), filtered, and concentrated in vacuo to yield pure
13 as a colorless solid (0.78 g, 91%). This was recrystallized from ether-MeOH to
give an analytical sample of 13 as colorless crystals, mp 189-191 *C, [a]%o -3.6°
(c 0.50, CHCl,). TH NMR (400 MHz, CDCl3) & 1.21 (9H, s, cotBu), 2.36 (1H, ad, J =
10.0 and 16.9 Hz, C3_,,-H), 2.47 (1H, dad, J = 10.0 and 17.3 Hz, Cg_,4-H), 2.52
(1H, 4, J = 11.4 Hz, OH), 2.64 (1H, Att, J = 8.5, 4.5, and 10.0 Hz, C4-H), 2.75
(1H, ddd, J = 1.6, 4.5, and 16.9 Hz, C3_eq-H), 2.93 (1H, d4d4, J = 1.6, 4.5, and
17.3 Hz, Cs_eq-H), 3.38 (14, a4, J = 1.0 and 8.5 Hz, C4+-H), 3.39 (1M, brd, J =
11.4 Hz, Cg.-H), 3.83 (1H, add, J = 1.0, 5.9, and 6.7 Hz, Cgi-H), 4.27 (1H, aa, J
= 6,7 and 11.7 Hz, CO,CH), 4.29 (1H, dd, J = 5.9 and 11.7 Hz, CO,CH), 4.73 (1H, 4,
J = 6.4 Hz, Czu_ax-H), 5.12 (1H, 4, J = 6.4 Hz, sz_eq-ﬂ), 7.9% (1H, brs, NH); IR
{Nujol) 3530, 1730, 1695 cm'1; MS m/z 328 (M*-H), 314 (M*-Me). Anal. Calcd
for Cy5H,309N: C, 54.70; H, 7.04; N, 4.25. Found: C, 54.563 H, 7.05; N, 4.21,

(4*S,5'R,6'R)-(-)-4-5"-tert-Butyldimethylsiloxy-6'-hydroxy-methyl-1',3*'-dioxan-
4'-yl1-2,6-piperidinedione (15). tert-Butyldimethylsilyl trifluoromethanesulfonate
(0.24 g, 0.91 mmol) was added to a stirred mixture of 13 (85 mg, 0.26 mmol) and
2,6-1lutidine (0.24 g, 2.2 mmol) in CH2C12 (1.7 ml) at room temperature under an
argon atmosphere., After stirring was continued for 10 min, the mixture was di-
luted with AcOEt. The ethyl acetate solution was washed successively with satu-
rated aqueous NaHCO4 and brine, dried (MgSO,), filtered, and concentrated in
vacuo. The residue was chromatographed (Si0,, 20% AcOEt in hexane) to give pure
14 as a colorless caramel (98 mg, 86%), [0}%0 -13.6° (0.50, CHC13). TH NMR (400
MHz, CDCl,) 6 0.20 (3H, s, SiMe), 0.26 {3H, s, SiMe), 0.89 (9H, s, sitBu), 1.20
(9H, s, CotBu), 1,76 (1H, 44, J = 2.9 and 12.5 Hz, C3-ax'H)' 2.23 (1H, brd, J =
18.6 Hz, Cs_eq-ﬂ), 2.42 (1H, 4dt, J = 3.6, 12.5, and 1.8 Hz, C3_eq-H), 2.52 (14,
brdq, J = 7.2 and 3.6 Hz, C,-H)}, 2.68 (1H, 4d, J = 7.2 and 18.6 Hz, Cg_,,-H), 3.44
(14, brs, C41-H), 3.59 (1H, brs, Cgr-H), 3.92 (1R, ddd, J = 2.0, 5.4, and 7.3 Hz,
Cgr-H), 4.15 (1H, 44, J = 5.4 and 12.5 Hz, CO,CH), 4.27 (1H, dd, J = 7.3 and 12.5
Hz, CO,CH), 4.77 ('H, d, J = 6.3 Hz, Coi_ay-H), 5.13 (IH, 4, J = 6.3 Hz, Cz'-eq'
H), 5.92 (1H, brs, NH); IR (film) 3340, 3220, 1730, 1680 cm"; MS m/z 444 (M*H),
443 (M*), 428 (M*-Me), 386 (M*-Bu), 342 (M*-0CO'Bu).

DIBAL (0.91 ml, 1.0 M hexane solution, 0.91 mmol) was added to a solution of 14
(98 mg, 0.22 mmol) in CH,Cl, (2.0 m}l) cooled at -78 °C under an argon atmo-
sphere. After stirring was continued for 1 h, the reaction was quenched by the
addition of MeOH (0.37 ml). The mixture was warmed up to ambient temperature,
diluted with 20% MeOH in AcOEt, and filtered through a pad of celite. The fil-
trate was concentrated in vacuo and the residue was chromatographed (Si0O,, 5% MeOH
in CHC13) to afford pure 15 as a colorless solid (69 mg, 87%). Recrystallization
from ether—CHC13 yielded an analytical sample of 15 as colorless crystals, mp 176-
178 °c, [a]2% -10.4° (c 0.50, CHCl3). 'H NMR (400 MHz, CDC13-D,0) § 0.19 (3H, s,
SiMe), 0.26 (3H, s, SiMe), 0.89 (9H, s, sitBu), 1.75 (1H, dd, J = 2.9 and 12.5
Hz, C3_px-H), 2.33 (1H, brd, J = 18.6 Hz, Cg_gq-H), 2.41 (1H, ddt, J = 3.6, 12.5,
and 1.7 Hz, C3_eq-H), 2.52 (1H, brdq, J = 7.2 and 3.6 Hz, C, -H), 2.67 (1H, dd, J =
7.2 and 18.6 Hz, Cg_,,-H), 3.42 (1H, brs, C,»-H), 3.59 (1H, brs, Cge-H), 3,63 (1H,
dd, J = 4.0 and 11.4 Hz, HOCH), 3.78 (1H, dad, J = 1.9, 4.0, and 7.7 Hz, Cgi-H),
3,89 (1H, dd, J = 7.7 and 11.4 Hz, HOCH), 4.80 (1H, d, J = 6.3 Hz, Cyi_,4-H), 5.16
(14, 4, J = 6.3 Hz, c2'-eq‘H)7 IR (Nujol) 3450, 3310, 1665 cm’1; MS m/z 359 (m*),
344 (M*-Me), 302 (M*-tBu). Anal. Calcd for CqgHpgOgNSi: C, 53.46; H, 8.13; N,
3.90, Found: C, 53.20; H, 8.18; N, 3.64.

(4'S,5'R,6'R)—4-5'—tert—Butyldi-ethylslloxy—G’-3'—-othyl—4'-lothylene—5”-oxo-
tetrahydrofuran-2"-yl-1',3'-dioxan-4'-yl1-2,6-piperidinedione (18). Pyridine (1.6
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g, 20 mmol) was added to a stirred suspension of anhydrous CrO, (0.75 g, 7.5 mmol)
in CH2C12 {11 ml) at room teﬁperature under an argon atmosphere., After stirring
for 20 min, dry celite (1.5 g} and a solution of 15 (0.17 g, 0.47 mmol) in CH,Cl,
{3.4 ml) were added and stirring was further continued for 15 min. The mixture
was diluted with e‘ther, fi{ltered through a pad ._df celite, and concentrated in
vacuo. The residue was dissolved in AcOEt. The ethyl acetate solution was washed
with water, dried (ugso4), and concentrated Iin vacuo to give crude 16 (ca. 95%
pure by NMR) as a colorless foam (0.15 g, 84%). 'H NMR (90 MHz, CDClj) 6§ 0.10
(3H, s, SiMe), 0.21 (3H, s, SiMe), 0.86 (9H, s, Si‘Bu), 1.6-3.0 (5H, m, C3-H,, C,-
H, Cg-Hp), 3.51 (1H, brs, Cg-H), 4.07 (1H, brs, Cg:-H), 4.17 (14, d, J = 2 Hz,
Cs'-!ﬂ, 4.7% (1H, 4, J = 6 Hz, Czr_ax-!l), 5.29 (14, 4, J = 6 Hz, CZ'-eq‘H)' 6,03
(1H, brs, NH), 9.59 (1H, s, COH); IR {Nujol) 3320, 1725, 1680 cm'1. This compound
(16) was unstable to chromatographic purification. Thus, it was directly used for
the next step without further purification.

A mixture of 16 {0.15 g, G.42 mmol), powdered 2Zn {(0.27 g, 4.1 mmol), and 17
(0.13 g, 0.63 mmol}23 in THF (6.0 ml) was heated at reflux for 6 min. After being
cooled to ambient temperature, the mixture was concentrated In vacuo. The residue
was diluted with AcOEt and filltered through a pad of celite., The filtrate was
washed successively with saturated agqueous NaHCO3 and brine, dried (Mgs04), fil-
tered, and concentrated in vacuo. Column chromatography {8105, AcOEt) of the
crude product yielded pure 18 {a 1:1.3:1.5 mixture of the three diastereomers by
NMR) as a colorless caramel {(0.13 g, 73%). H NMR {90 MHz, CDC13) § 0.20, 0.24,
0.29 (total 6H, each s, SiMe,}, 0.90 (9H, s, stFBu), 1.22, 1.32, 1.34 (total 3H,
each 4, J = 7 Hgz, C3yn-Me), 1.6-3.4 (6H, m, C3-Hy, C4-H, Cg-H,, C3n—H). 3.4-3.9
(3H, m, C,ue-H, Cgi-H, Cgi-H), 4.2-4.7 (1H, m, Cyu-H), 4.80, 4.82 (total 1H, each
d, J = 6 Hz, Cye_, -H}, 5.16, 5.18, 5.25 (total 1H, each 4, J = 6 Hz, cz‘_eq-m,
5.65 {(1H, m, olefinic proton), 6.10 {1H, brs, NH)}, 6,32 (1H, m, olefinic proton};
IR (£ilm) 3210, 1770, 1675 cm™'; M5 m/z 439 (M*), 382 (M*-TBu); High-resolution MS
439.2012 (439.2026 calcd for CyqH3,04NSi),

(4'S,5'R,6'R)-4-6"-1",4"-Dihydroxy-2"-methyl-3"-methylene-butyryl-5'-tert-
butyldimethylsiloxy-1',3'-dioxan-4'-y1-2,6-piperidinedione (19). DIBAL (0.64 ml,
1.0 M hexane solution, 0.64 mmol) was added to a solution of 18 (80 mg, 0.18 mmol}
in CHyCl, (1.9 ml) cooled at -78 °C, After stirring for 1 h, the mixture was
diluted with MeOH (1.9 ml), allowed to warm up to room temperature, and concen-
trated in vacuo. The residue was dissoclved in MeOH (3.8 ml). A solution of
Cec13-7}l20 {0.16 g, 0.43 mmol) in MeOH (0.30 ml) and a solution of NaBH4 (17 mg,
0.45 mmol) in MeOH (0.5 ml) were successively added to the methanolic solution,
and the mixture was stirred for 10 min, After addition of 5% aqueocus NH,Cl, the
mixture was diluted with AcOEt, dried (MgSO,), filtered through & pad of celite,
and concentrated in vacue. The crude product was separated by column chromato-
graphy (Si0,, 10% MeOH in AcOEt) to afford pure 19 (a mixture of the three dia-
stereomers by NMR)} as a colorless caramel (59 mg, 73%). TH NMR {90 MHz, CDCI3-
D,0) & 0.20, 0.22. 0.27 {total 6H, each s, SiMe,), 0.90 {3H, s, sitBu), 1.07,
1.21, 1.23 (total 3H, each d, J = 7 Hz, CZ:--Me), 1.5-3.2 (6H, m, C3—H2, Cy-H, Cs—
Hy, Cyu-H), 3.2-4.5 (6H, m, Cy4-H, Cgi1~H, Cgi~H, Cyu-H, Cyn-Hy), 4.67, 4.78, 4.81
(total 1H, each 4, J = 6 Hz, Cor_ax-H), 4.9-5.4 (3H, m, CZ'—eq"H' olefinic pro-
tons); IR (film) 3350, 1660 cm"; NS m/z 443 (M*), 386 (M"-"‘Bu); High-resolution
MS 443.2314 (443.2339 calcd for CpqH340,NSi).

(4'8,5'R,6'S,3"R}~(+)-4-5"'-Hydroxy-6'-2"-hydroxy-3"-methyl-4"-methylene-tetra-
hydrofuran-2"-yl-1',3'-dioxan-4'-y1-2,6-piperidine-dione [(+)-Sesbanimide A] (1)
and (4'8,5'R,6'S)-(-)-4-5"'-Hydroxy-6'-2"-hydroxy-3"-methyl-4"-methylene-tetra-
hydrofuran-2"-yl-1‘,3'-dioxan-~4'-yl-2,6-piperidinedione [(-)-Sesbanimide B} (2).
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tert-Butyldiphenylsilyl chloride (95 mg, 0.35 mmol) was added to a stirred solu-
tion of 19 (94 mg, 0.21 mmol) and imidazole (53 mg, 78 mmol) in DMF (0.18 ml) at
room temperature under an argon atmosphere. After being stirred for 40 min, the
mixture was diluted with AcOEt, washed with saturated aqueous NaHCOj, and dried
(MgSO4). Filtration and concentration in vacuo, followed by separation by column
chromatography (Si0,, 50% AcOEt in hexane), afforded 20 (ca. 90% pure by NMR) as a
colorless caramel (0.13 g, 90%). T NMR (90 MHz, CDCl3-D,0) § 0.17,.0.20, 0.24
(total 6H, each s, SiMez), 0.86, 0.88 (total 9H, each s, SitBu), 1.05 (9H, s,
SitBu), 1.12, 1.17, 1.25 (total 3H, each'd, J = 7 Hz, CZ---—Me), 1.6-3.0 (64, m, C3-
HZ' C4—H, C5-H2, C2u—H), 3.0-5.4 (8H, m, C41-H, C5--H, C6n-H, C1"-H«, C4u-H2,
olefinic protons), 7.3-7.6 (6H, m, aromatic protons), 7.6-8.0 (4H, m, aromatic
protons); IR (film) 3330, 1680 cm™'.

Pyridine (1.3 g, 16 mmol) was added to a stirred suspension of anhydrous CrOj
(0.59 g, 5.9 mmol) in CH,Cl, (11 ml) at room temperature under an argon atmo-
sphere. After stirring was continued for 20 min, dry celite (1.2 g) and a solu-
tion of 20 (0.13 g, 0.19 mmol) in CH2C12 (7.2 ml) were successively added to the
reaction mixture. The mixture was stirred for 30 min, diluted with ether, fil-
tered through a pad of celite, and concentrated in vacuo. The residue was dis-
solved in THF (4.0 ml) and BuyNF (0.40 ml, 1.0 m THF solution, 0.40 mmol) was
added at room temperature under an argon atmosphere. After being stirred for 10
min, the mixture was diluted with AcOEt, washed with brine, dried (Mgso4), fil-
tered, and concentrated in vacuo. Column chromatography (Si0;, 1% MeOH in AcOEt)
of the crude product gave an almost 1:1 mixture of 1 and 2, which was separated by
PTLC (SiO,, 10% MeOH in AcOEt) to yield pure 1 as a colorless solid (11 mg, 18%)
and pure 2 (a 1:1.8 equilibrated mixture of the epimeric hemiacetals by NMR) as a
colorless caramel (13 mg, 21%).

Sesbanimide A (1): Recrystallization of pure 1 from ether—CHzclz gave colorless
crystals, mp 156-157 °C {lit. mp 158-159 °c,2P 155-156 °c5}, [a]Z0 +55.3 ° (c
0.17, CHCly) [1lit. [a)Z0 +54.7° (c 0.17, CHC13)5]. 'H NMR (400 MHz, CDC13-D,0) §
1.21 (34, d, J = 6.8 Hz, Cyw-Me), 2.40 (1H, dd, J = 9.6 and 16.9 Hz, Cy_ax~H)»
2.49 (1H, 44, J = 9.6 and 17.2 Hz, Cg_,,~H), 2.62 (1H, m, Cyu-H), 2.65 (1H, dtt, J
= 8.7, 4.5, and 9.6 Hz, C4-H), 2.78 (1H, ddd4, J = 1.5, 4.5, and 16.9 Hez, C3_eq-H),
2.92 (14, 444, J = 1.5, 4.5, and 17.2 He, Cs_eq-l-l), 3.36 (14, 44, J = 1.2 and 8.7
Hz, C4v-H), 3.60 (1H, 4, J = 0.8 Hz, Cgi-H), 4.02 (1H, brs, Cgi~H), 4.49 (1H, 12.9
and 2.2 Hz, Csn-H), 4,56 (1H, dq, J = 12,9 and 2.2 Hz, Csu-l{), 4.79 (1H, 4, J =
6.2 Hz, Cor_,,-H), 4.97 (1H, g, J = 2.2 Hz, olefinic proton), 5.03 (1H, &t, J =
3.0 and 2.2 Hz, olefinic proton), 5.24 (1H, 4, J =« 6.2 Hz, Czu_eq-H); IR (Nujol)
3370, 3330, 3230, 1750, 1670 cm'1; MS m/z 327 (M%), 309 (M"-Hzo). This sample
showed no depression on mixed melting point measurement with authentic 1, mmp 155-
157 °C. The spectral {400 TH NMR, IR, MS) and chromatographic {(TLC) behavior of
this sample were identical with those of authentic 1. The authentic sample of 1,
mp 157-158 °C, [a]%o +56.5° (c 0.17, CHCl3), was prepared by recrystallization of
natural 1, provided by Dr. R.G. Powell (U.S. Department of Agriculture), from
ether-CH,Cl,.

Sesbanimide B (2): [a)20 -22.4° (c 0.17, CHCl;). 'H NMR (400 MHz, CDCl3-D,0) &
1.08 (1.08H, 4, J = 7.3 Hz, C3n-Me, minor epimer), 1.14 (1,924, 4, J = 6.8 Hz,
Can-Me, major epimer), 2.37 (0.36H, 44, J = 10.0 and 16.9 Hz, C3_,.-H, minor
epimer), 2.43 (0.64H, @3, J = 9.9 and 16.8 Hz, Cy_ax~H, major epimer), 2.46
(0.36H, dd, J =.10.0 and 17.2 Hz, Cg_,,~H, minor epimer}, 2.51 (0.64H, da, J = 9.9
and 17.4 Hz, Cg_,,~H, major epimer), 2.61 (0.36H, dtt, J = 4.3, 8.0, and 10.0 Hz,
C4-H, minor epimer), 2.73 (0.64H, dtt, J = 4.5, 8.3, and 9.9 Hz, C4-H, major
epimer), 2.75 (0.36H, m, Cynw-H, minor epimer), 2.76 (0.36H, ddd, J = 1.6, 4.3, and
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16.9 Hz, C3-—eq"ﬂ' minor epimer}), 2.78 (0.64H, ddad, J = 1.6, 4.5, and 16.8 Hz, Ca_
eq"H' major epimer), 2.91 (0.36H, 4ddd, J = 1.6, 4.3, and 17.2 Hz, Cs—éq‘H' minor
epimer), 2.95 (0.64H, ddd, J = 1.6, 4.5, and 17.4 Hz, Cs-eq‘H' major epimer), 2.96
(0.64H, m, C3n-H, major epimer), 3.34 (0.64H, dd, J = 1.2 and 8.3 Hz, C4i-H, major
epimerx), 3.40 (0.36H, dd, J = 1.1 and 8.0 Hz, C4:~H, minor epimer), 3.59 (0.36H,
4, J = 1.0 Hz, Cg:~H, minor epimer), 3.61 (0.64H, d, J = 1.2 Hz, Cg1-H, major
epimer), 3.96 (0.64H, brs, Cg1-H, major epimer), 4.08 (0.36H, brs, Cgi-H, minor
epimer), 4.48 (0.36H, dd, J = 12.8 and 2.2 Hz, Cgn-H, minor epimer), 4.51 (0.64H,
dg, J = 12.8 and 2.2 Hz, Cgn-H, major epimer), 4.56 (0.64H, dq, J = 12.8 and 2.2
Hz, Cgn-H, major epimer), 4.58 (0.36H, ddt, J = 1.2, 12.8, and 2.2 Hz, Cgn~H,
minor epimer}, 4.77 {(0.36H, 4, J = 6.2 Hz, Co1_ax-H, minor epimer), 4.79 (0.64H,
d, J = 6.2 Hz, Cyr_ax-H, major epimer), 4.98 (0.34H, g, J = 2.2 Hz, olefinic
proton, minor epimer), 5.01 (0.64H, g, J = 2.2 Hz, olefinic proton, major epimer),
5.05 (0.34H, dt, J = 2.2 and 4.1 Hz, olefinic proton, minor epimer), 5.08 (0.64H,
dt, J = 3.0 and 2.2 Hz; olefinic proton, major epimer), 5.19 (0.34H, 4, J = 6.2
Hz, cz._eq-x, minor epimer}), 5.22 {0.64H, 4, J = 6.2 Hz, Cz-_eq-x, major epimer);
IR (film) 3470, 3250, 1700 cm"; MSs m/z 327 (M%), 309 (M"’—HZO). The 400 MHz 'H
NMR spectrum of this sample was identical with that of natural sesbanimide B (2)
reported by Powell et al.Zb

(4'S,5'R,6'S,3"R)~(-)-4~5'-Acetoxy-6'-4"-acetoxy-2"-methyl-3"-methylénebutyryl-
1',3'-dioxan~-4'-yl-2,6-piperidinedione {(21).

a) Preparation from Synthetic 1. A solution of synthetic 1 (9.0 mg, 28 umol)
and Acy0 (0.10 ml) in pyridine (0.20 ml) was stirred at room temperature for 12 h,
The mixture was diluted with AcOEt, washed successively with saturated aqueocus
CusO, and brine, dried (MgsSOy), filtered, and concentrated in vacuo. The crude
product was purified by PTLC tSioz, 80% AcOEt in hexane) to give pure 21 as a
colorless solid (6.0 mg, 53%). Recrystallization of 21 from ether afforded color-
less crystals, mp 120-121 °C [1lit. mp 128-129 °C2b] [a] 0 _g9.2° (c 0. 13, CHCly)
(lit. (213 -86° (c 0.38, CHC1;)'P]. "H NMR (400 MHz, CDCl3) § 1.18 (3H, 4, J =
6.9 Hz, Cyun-Me), 2.09 (3H, s, OAc), 2.10 (3H, s, OAc), 2.29 (1H, d4tt, J = 8.6,
4.6, and 9.3 Hz, C‘-H), 2.46 (1H, dd, J = 9.3 and 17.3 Hz, C3_,,-H), 2.53 (1H, d4d,
J = 9.3 and 17.3 Hz, Cg_,,-H), 2.79 (1K, ddd, J = 1.3, 4.6, and 17.3 Hz, C3_eq-fi).
2.89 (1H, 4dd, J = 1.3, 4.6, and 17.3 Hz, cS-—'eq'H)' 3.51 {(1H, d4d, J = 1.1 and 8.6
Hz, C4c-H), 3.71 (1H, q, J = 6.9 Hz, Czu«}l), 4.31 (1H, 4, J = 1.8 Hz, C6~-H), 4.61
(2H, brs, Cyn-H,), 4.81 (iH, d, J = 6.4 Hz, Cyi.ax-H)» 4.96 (1H, brs, olefinic
proton), 5.17 (1H, brs, olefinic proton), 5.28 (14, 4, J = 6.4 Hz, C2'~eq‘m' 5.43
(1H, brs, Cgi-H}, 7.91 (14, brs, NH); IR (Nujol) 3200, 3100, 1755, 1705 cm": MS
m/z 352 {M*-0Ac). This sample was identical with authentic 21 prepared from
natural 1 [see b)], on the basis of spectral (400 MHz Ty NMR, IR, and MS) and
chromatographic (TLC) coinparisons and mixed melting point measurement, mmp 121-122
°C.

b} Preparation of Authentic ‘21 from Natural 1. The same acetylation of natural
1 (11 mg, 34 umol) as that described for synthetic 1 gave pure 21 as a colorless
solid (6.0 mg, 43%) after purification by PTLC {810,, 80% AcOEt in hexanej.
Recrystallization of this sample from ether afforded an authentic sample of 23 asg
colorless crystals, mp 121-122 °c, (a]3 -87.7° (c 0.13, cucly).

(4's,5'R,6'S,3"S)-(+)-4-5'-Acetoxy-6"'-4"-acetoxy-2"-methyl-3"-methylenebutyryl-
1',3'-dioxan-4'-yl-2,6-piperidinedione {22). The same acetylation of 2 (13 mg, 40
umol) as that described for 1 followed by purification by PTLC (8102, 80% AcOEt in
hexane), yielded pure 22 as a colorless caramel (10 mg, 61%), (a] +55.6° (¢
5.00, CHCl3). 'H NMR (400 MHz, CDCly) 6 1.23 (3H, d, J = 7.0 Hz, Cu-Me), 2.08
(3H, s, OAc), 2.09 (3H, s, 0Ac), 2.37 (1H, dtt, J = 8.5, 4.4, and 9.3 Hz, C4"H)r
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2.43 (1H, 44, J = 9.3 and 17.3 Hz, C3_py-H), 2.53 (1H, dd, J = 9.3 and 17.3 Hz,
Cy_ax-H), 2.77 (1H, ddd, J = 1.4, 4.4, and 17.3 Hz, C3_eq-H), 2,83 (1H, ddd, J =
1.4, 4.4, and 17.3 Hz, Cs_eq—ﬂ). 3.54 (1H, dd, J = 1.2 and 8.5 Hz, C4:-H), 3.63
(1H, 9, 3 = 7.0 Hz, Cyu-H), 4.42 (1H, 4, J = 1.7 Hz, Cgi-H), 4.57 (1H, 4, J =-13.6
Hz, C4u-H), 4.62 (1H, 4, J = 13.6 Hz, Cyn-H), 4.81 (1H, d, J = 6.4 Hz, Cyv_, -H),
5.05 (1H, brs, olefinic proton), 5.24 (1H, brs, olefinic proton), 5.30 (1H, 4, J =
6.4 Hz, sz_eq-ﬁ), 5.37 (14, brs, Cg:-H), 7.88 (1H, brs, NH); IR (film) 3230,
1735, 1795 cm'1; MS m/z 372 (M*-OAc). The 400 MHz Tn NMR spectrum of this sample
was identical with that provided by Dr. R.G. Powell (U.S. Department of Agricul-
ture).
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