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. Introduction

The number of alkaloids identified from marine organisms continues to grow at an
increasing rate, but few, if any, provide comparable sophistication in molecular architecture
or as promising a biological significance as the manzamine class. The manzamines are

a unique class of B-carboline-containing alkaloids with an unusual polycyclic system
identified from marine sponges beginning in the late 1980s. The first representative of

this class of alkaloids isolated by Higa’s group was identified as manzamine A (1) (Fig.

1) (1), and the relative, as well as absolute, configuration was considered unprecedented at
the time. X-ray diffraction crystallographic analysis of manzamine A hydrochloride (1a),
showed that apart from the g-carboline substituent, the molecule comprises a complicated
array of 5-, 6-, 8-, and 13-membered rings. The piperidine and cyclohexene ring systems
adopt chair and boat conformations, respectively, while the pyrrolidinium ring forms an
envelope. The conformation of the 8-membered Z-olefinic ring is in an envelope-boat, with
a mirror plane passing through C-32 and C-28. The two, six-membered rings of manzamine
A are bridged by a chain of eight carbon atoms constituting a 13-membered macrocycle with
a quadrangular conformation. The six bonds joining C-12 to C-19 of manzamine A form a
“convex side” and a pseudo mirror plane transfixing the double bond and the C-36 atom (1).

In recent years, the manzamines have been regarded as an intriguing group of marine
alkaloids with extraordinary biological activity, and as a result these compounds have

been the subject of several reviews regarding their chemistry and pharmacology (2-4). In
addition, the manzamines have also provoked a great deal of interest in their unprecedented
biosynthetic pathway. In 1992 Baldwin et a/. (5) first proposed a plausible biogenetic
pathway involving an intramolecular Diels-Alder reaction for manzamines A (1) and

B (2). This biogenetic scheme suggested that a macrocyclic bisdihydropyridine maybe
derived from ammonia, a C3 unit, and a C10 unit. The bisdihydropyridine could then be
converted through a Diels-Alder-type [4+2] intramolecular cycloaddition into a pentacyclic
intermediate, which, in turn, would provide manzamines A and B via a tetracyclic
intermediate. Manzamine C (3) could then easily be formed as a related product through a
straightforward process involving four units including: tryptophan, ammonia, a C3 acrolein,
and a C10 symmetrical dialdehyde (Scheme 1) (5).
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Following manzamine A (1) (1), a series of S-carboline-containing manzamine alkaloids
(2-29) (Fig. 2) (2,6-21) have been isolated from marine sponges over the past two decades,
including the fascinating unsymmetrical manzamine dimer from the Scheuer group called
kauluamine (25) (15) and a nearly symmetrical dimer called nec-kauluamine (26) (18).
Based on Scheme 1, keramaphidin C (30) (22) may be regarded as the precursor of
manzamine C (3). Keramaphidin C (30) and the closely related marine alkaloids 31 (23),
32-34 (24) (Fig. 3) are regarded as manzamine-related alkaloids due to their relationship to
manzamine C presented in Scheme 1, despite the fact that they lack both the g-carboline

and isoquinoline ring systems. From this same scheme it is also clear that ircinal A (35)

(10) maybe a key precursor to manzamine A (1). Therefore, ircinal A, as well as the related
marine alkaloids 36 (10), 37 (25), and 38 (25), are also regarded as part of the manzamine
class of alkaloids (Fig. 3). Keramaphidin B (39) (26) is considered a key precursor to ircinals
A (35) and B (36) (27), and, as a result, 39 and its related marine alkaloids 40 (28,29), 41
(28), 42 (30), 43 (30), 44 (31), 45-49 (32), 50 (33,34), 51-54 (35), and 55 (36) (Fig. 3) are
also included in this review of manzamine-related alkaloids. In addition, there is a series of
macrocyclic alkaloids isolated from marine sponges (37-52), which are similar in structure
to compounds 39-55. However, these structures are not detailed in this review due to a
diminished relationship to the manzamine alkaloids. Nakadomarin A (56) (53) is an example
of a manzamine-related alkaloid that could be biogenetically derived from ircinal A (35) (3).

The manzamine alkaloids have shown a diverse range of bioactivities including: antitumor
and cytotoxicity (1,7,9,10,12,15,16,54), anti-inflammatory (55), insecticidal (16,56), anti-
infective and antiparasitic (17,27), with the greatest anti-infective activity against malaria
and Mtb (18). The diversity of biological activity for this class of compounds provides
additional evidence that they maybe of microbial origin and ultimately a novel class of lead,
broad-spectrum, antiparasitic-antibiotics. To date, the greatest potential for the manzamine
alkaloids appears to be against malaria with manzamine A (1), ent-8 hydroxymanzamine
A (7a), as well as neo-kauluamine (26) showing improved activity over the clinically used
drugs chloroquine and artemisinin in animal models (18). The isolation of the manzamine
alkaloids from a growing number of sponge genera further implies the existence of a
sponge-associated microorganism as the actual biosynthetic source for the manzamine
alkaloids. A key tool for the study of the biosynthesis of these intriguing structures will
clearly be the identification of such a microorganism.

Isolation and Structure Elucidation from Marine Sponges

To date, there are 17 or more species belonging to 5 families of marine sponges

that have been reported to yield the g-carboline-containing manzamine and manzamine-
related alkaloids (Table I). These sponges have been collected from Okinawa, Philippines,
Indonesia, Red Sea, Italy, South Africa, and Papua New Guinea. Most species

yielded a number of g-carboline-containing manzamine and manzamine-related alkaloids.
The most productive species are those in the genera Amphimedon sp. (2,27), and
Acanthostrongylophora ((58,59)); see Table I), which to date has yielded the greatest
number of B-carboline-containing manzamine and manzamine-related alkaloids. Some
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species are particularly unusual due to their generation of enantiomers, such as 6 and 6b, as
well as 7 and 7a (18).

A. B-CARBOLINE-CONTAINING MANZAMINE ALKALOIDS

The B-carboline moiety is a distinct feature, which has been utilized in the classification of
these alkaloids since the first report of manzamine A (1). In addition to manzamine A (1)
(1), the following B-carboline-containing manzamines have since been reported and include:
B(2) (7.8),C(3) (7,8), D (4) (7.8), E (5) (9), F (6) (9), G (V) (11,27), H (8) (10), J (9)

(10), L (10) (27), M (11) (17), X (12) (14), Y (13) (12,27), 3,4-dihydromanzamine A (14)
(12), 8-hydroxy-1,2,3,4-tetrahydromanzamine A (15) (13), 8-hydroxy-2-N-methyl-1,2,3,4-
tetrahydromanzamine A (16) (13), 3,4-dihydro-6-hydroxymanzamine A (17) (17), 3,4-
dihydromanzamine J (18) (17), and 6-deoxy-manzamine X (19) (19). Manzamines A (1) and
F (6) were independently isolated almost at the same time and named as keramamine-A and
B (6), respectively. The incorrect structural assignment of keramamine-B (6a) was revised
quickly to be manzamine F (6) (9).

Manzamine G (7) (27) was first described using the name 8-hydroxymanzamine A (11),

and it was also called manzamine K at a national meeting (34th Annual Meeting of The
American Society of Pharmacognosy, July 18-22, 1993, San Diego, CA, Abstract No. P.

46) (11). 6-Hydroxymanzamine A (12) was named later as manzamine Y (13) (14,27). The
Philippine sponge Xestospongia (=Acanthostrongylophora) ashmorica Hooper is an unusual
species, which yielded the following manzamine A-oxides (16): manzamine A N-oxide (20),
manzamine J N-oxide (21), and 3,4-dihydromanzamine A N-oxide (22) (Fig. 2).

Manzamine B (2) was the first epoxy alkaloid isolated in 1986 (7,8), and more than 10 years
later the second epoxy 1,2,3,4-tetrahydromanzamine B (23) was isolated from a sponge
identified as Amphimedon sp. (19). Ma’eganedin (24) is a tetrahydro-B-carboline alkaloid
with a similar core structure to manzamine B (2), but possessing the unusual structural
features of a methylene bridge between A-2 and A-27 and a C-11, C-12 vicinal ¢/s-diol (20).
The unsymmetrical manzamine dimer kauluamine (25) (15) and the nearly symmetrical
manzamine neo-kauluamine (26) (18) were isolated from two species of Indonesian sponges
independently. Manzamines H (8) and L (10) are C-1 isomers, (10,27) which were isolated
from a single Okinawan species. Moreover, a striking feature of the manzamine series is that
the two enantiomers of the B-carboline-containing manzamines, ent-8-hydroxymanzamine A
(7a) (18) and ent-manzamine F (6b) (18) were obtained from the same sample collected in
Manado, Indonesia. Compounds 7a and 6b possess opposite absolute configurations to those
of 8-hydroxy manzamine A (manzamine G) and F. The S-carboline alkaloid keramamine

C (3a) (22,27), regarded as the precursor of manzamine C (3), was isolated from the
Okinawan sponge Amphimedon sp. Two B-carboline alkaloids xestomanzamines A (27)

and B (28) (14) were identified from another Okinawan manzamine sponge Xestospongia
sp. Hyrtiomanzamine (29) is structurally very similar to xestomanzamine A (27), and was
isolated from the phylogenetically distant Red Sea sponge Hyrtios erecta (21).

Manzamine A (1) was first isolated as the major constituent from a sponge identified
as belonging to the genus Haliclona (1). Subsequent studies with this same species have
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led to the isolation of the minor constituents manzamine B (2), C (3), and D (4) (7,8).

The cytotoxic extract was purified over Si gel by successive elution with chloroform and
acetone. The acetone eluate gave manzamine A hydrochloride (1a, 100 mg) as colorless
crystals after recrystallization from methanol: mp>240°C dec, [ « |;’ + 50° (¢ 0.28, CHCl3)

(1). Almost at the same time, the brownish Okinawan marine sponge Pellina sp. was
collected at the Kerama Islands. The chloroform soluble part of the 80% ethanol portion
was chromatographed twice on Sephadex LH-20 columns (chloroform—-methanol 1 : 1 and
ethanol), followed by Si gel column chromatography (chloroform—methanol 98 : 2) to give
pure manzamine A (called keramamine-A in the publication) hydrochloride (1a) (0.026%
from wet sponge) (6).

Manzamine E (5) and F (6) were isolated from an Okinawan Xestospongia sp. (9). Both 5
and 6 possess a ketonic carbonyl group in the eight-membered ring portion of the molecule.
Manzamine F was found earlier from a sponge, Pellinasp., and named as keramamine B
with an incorrectly assigned 1,2,3-triazacyclohexane moiety (6). Later, the unusual structure
of keramamine B (6a) was revised as 6 (9). A sample (6 kg) of Xestospongia sp. was
extracted by steeping in methanol. Purification of the fractions containing alkaloids by
HPLC (LiChrosorb—NH,, CHCI3—MeOH 30 : 1) gave the free bases of manzamine E (5, 31
mg) and F (6, 111 mg) (9).

8-Hydroxymanzamine A (7, also called manzamine G or K) was isolated from an
Indonesian sponge thought to be an undescribed species of Pachypellinaby Ichiba et al.
(11). The CH,Cl,-soluble fraction (320 mg) was separated by high-speed countercurrent
chromatography with a solvent system of hexane-MeCN-CH,Cl, (10 : 7 : 3, lower mobile
phase) providing semi-pure 8-hydroxymanzamine A, which could be further purified by
recrystallization from CH,Cl,/MeOH to furnish pure 8-hydroxymanzamine A (0.3%, based
on dry weight) (11). This sponge was recently confirmed by MK to be in the genus
Acanthostrongylophora Hooper.

Manzamines H (8) and J (9) were isolated from the Okinawan sponge /rcinia sp. (10).
From this sponge, ircinals A (35) and B (36), two plausible biogenetic precursors of the
manzamine alkaloids were also isolated. The sponge /rcinia sp. was collected off Kise
Island, Okinawa, and kept frozen until processing. The methanol extract of the sponge

was partitioned between ethyl acetate and water. The ethyl acetate soluble material was
subjected to silica gel chromatography (hexane/acetone 4 : 1, CHCl3/MeOH 95 : 5, and
hexane/acetone 9 : 1) to afford manzamines H (8, 0.0007% wet weight of the sponge) and J
(9, 0.0022%) and ircinals A (35, 0.0057%) and B (36, 0.0020%) (10).

Manzamine M (11, 0.0015% wet weight), 3,4-dihydro-6-hydroxymanzamine A (17,
0.0015%), and 3,4-dihydromanzamine J (18, 0.0004%) were isolated from the sponge
Amphimedon sp. collected off the Kerama Islands (17). Manzamine M (11) is the first
manzamine congener with a hydroxyl group on the C-13-C-20 chain. 6-Hydroxymanzamine
A (13) and 3,4-dihydromanzamine A (14) were obtained from another Okinawan sponge
Amphimedon sp. (12). The sponge (1.5 kg) Amphimedon sp. was collected from Okinawa
and kept frozen until extracted with MeOH and then evaporated under reduced pressure to
give 68.4 g of extract. A fraction eluting from Si gel with CHCI3/MeOH (95 : 5) was further
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purified with a Si gel column (cyclohexane—-Me,CO-Et,NH, 70 : 30 : 2) to give manzamine
Y, also called 6-hydroxymanzamine A (13, 0.005%, wet weight). The fraction eluting with
CHCI3/MeOH (98 : 2) was separated over a Si gel column (CgHg—Me,CO-EtoNH, 95: 5 :
2) to afford 3,4-dihydromanzamine A (14, 0.002%) (12).

8-Hydroxy-1,2,3,4-tetrahydromanzamine A (15) and its A-methylated derivatives 8-
hydroxy-2- N-methyl-1,2,3,4-tetrahydromanzamine A (16) were isolated from sponges of
the genus Petrosia (13). The sponge P, contignata was preserved immediately after collection
by immersion in an alcohol : H,O (1 : 1) solution. After approximately 24 h this solution
was decanted and discarded. The damp organisms were placed in Nalgene™ bottles and
shipped at ambient temperature. Final purification by HPLC (normal phase, hexane : EtOAC
1:1) provided 40 mg of 8-hydroxy-1,2,3,4-tetrahydromanzamine A (15) and 35 mg of
8-hydroxy-2- N-methyl-1,2,3,4-tetrahydromanzamine A (16). At the same time, compound
16 was also isolated from a Cribrochalina sp. (13). The manzamine-containing fractions
were combined and further resolved with HPLC using a Si gel column and acetone : hexane
(1:4). A less polar fraction was rechromatographed on Si gel HPLC (acetone : hexane 1 : 5)
to give 50 mg of 8-hydroxy-2- N-methyl-1,2,3,4-tetrahydromanzamine A (16) (13).

Manzamine X (12) and the B-carboline alkaloids xestomanzamine A (27) and B (28)

were isolated from an Okinawan marine sponge Xestospongia sp. (14). This sponge was
collected in the shallow water (-2 m) off Amitori Bay, Okinawa. 6-Deoxymanzamine X
(19) and the N-oxides of manzamine J (20-22) have been isolated from the Philippine
sponge Xestospongia (=Acanthostrongylophora) ashmorica (Hooper), which was collected
off the shores of Mindoro Island (16). The samples were freeze-dried prior to transport and
extraction. The 7-BuOH-soluble material was subjected to Si gel column chromatography,
and seven major fractions were obtained. The first fraction yielded 6-deoxymanzamine

X (19) together with manzamine J (9), and 6-deoxy-manzamine X (19) was obtained

from the methanolic supernatant upon precipitation of manzamine J (9) at 5 °C for 24

h. The final three polar fractions yielded the manzamine A-oxides (20-22). The presence of
manzamine N-oxides was evident in an HPLC chromatogram of the crude extract, indicating
that these alkaloids are present as natural products and not as oxidation artifacts formed
during isolation. The three N-oxides (20-22) were more polar and lack the characteristic
fluorescence on Si 60 TLC plates when compared with their parent alkaloids (365 nm).

In all cases, the mass spectral data of the A-oxides indicate that the molecular weight

is 16 mass units higher than that expected after analysis of the NMR spectra. For each

of the NV-oxides, the 1D and 2D NMR spectra allowed signal assignments that readily
confirm the chemical shift changes found in the aromatic system. These differences between
the shifts of the A~oxides compared with those of their parent compounds appear to be
characteristic, with large upfield shifts for aromatic carbons in the ortho and para positions
to the substituent, caused by mesomeric redistribution of electron density and downfield
shifts for directly bound sp? carbon atoms. The decisive experiment for ascertaining the
N-oxide character of the SB-carboline moiety was its reduction with zinc dust and 1N HCI,
which is a specific reducing agent for the conversion of an A-oxide to its corresponding
tertiary base (16).
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Manzamine L (10, 0.0056% wet weight, [ « |5 — 15°) together with the known manzamines
A(1),B(2),C(3),D (4),G (7),H(8),Y (13), and 3,4-dihydromanzamine A (14)

were isolated from Amphimedon sp. collected off Kerama Islands, Okinawa (27). From
this sponge, keramamine C (3a), ircinals A (35) and B (36), ircinols A (37) and B (38),
keramaphidins B (40) and C (30) were also isolated.

Both enantiomers of keramaphidin B were separated by using chiral HPLC (27), of which
one may be a plausible biogenetic precursor for both ircinals as well as manzamines A
and B, while the other may be associated with the antipodes of the manzamine alkaloids,
such as ircinols A and B. Ircinols A (37) and B (38), are the first reported antipodes of
manzamine-related alkaloids and were isolated from an Okinawan sponge Amphimedon
sp. collected off the Kerama Islands, Okinawa (25). The structures were determined to be
enantiomers of the alcoholic forms at C-1 of ircinals A (35) and B (36) (10), respectively.
Treatment of ircinal A (35), which was isolated from this sponge, with DIBALH afforded
a reduced product, the spectral data of which were identical with those of ircinol A except
for the optical rotation [reduction product of ircinal A, [ « | + 20° (¢ 0.2, MeOH); ircinol

A, [a]y—19° (0.5, MeOH)]. This result revealed that ircinol A was an enantiomer of

the alcoholic derivative of ircinal A which has been shown to have the same absolute
configuration as that of manzamine A. Manzamines A ([ « |3 +46°) and B ([ « |5’ +93°) and

ircinals A ([ « ] +42°) and B ([ « ]}, + 15°) isolated from this sponge had the same absolute
configurations as those reported previously (25,27).

Manzamines H (8) and L (10) were isolated from the same sponge, and both were shown to
have the same 2D structure with a significant difference in the 13C NMR chemical shift of
C-1(8:59.9 ppm, 10: 56.1 ppm, CDCI3). The absolute configuration of C-1 of manzamine L
(10) was deduced to be 1S from a negative Cotton effect, while 8 showed the opposite sign
implying the ZR-configuration. At the same time, manzamine D (4) was also isolated from
this sponge, and showed a ZR-configuration as per a positive Cotton effect (27).

Dimeric manzamines: kauluamine (25) is the first report of a manzamine dimer, adding yet
another level of complexity to the manzamine-type of alkaloids. Kauluamine was isolated
by Scheuer’s group from an Indonesian sponge originally identified as Prianos sp. collected
in Manado Bay, Indonesia (15). The fact that just a single bond holds two of these complex
polycyclic systems together gives the molecule kauluamine the unusual appearance of being
fragile. This sponge was also recently identified as a species of Acanthostrongylophora
Hooper. The second unprecedented manzamine dimer isolated by Hamann’s group was
named neo-kauluamine (26) and was isolated from what was originally identified as an
undescribed petrosid genus, together with the new enantiomers of 8-hydroxymanzamine

A (ent-8-hydroxymanzamine A, 7a) and manzamine F (entmanzamine F, 6b) (18). neo-
Kauluamine was also isolated from a sponge collected in Manado Bay, Indonesia as
kauluamine. The relative stereochemistry of the nearly symmetric manzamine dimer neo-
kauluamine (26) was established through a detailed analysis of the NOE-correlations
combined with molecular modeling, while the enantiomers were elucidated through NOE
measurements combined with optical rotation values (18). The undescribed petrosid genus is
now known to conform to our understanding of the genus Acanthostrongylophora (63).

Alkaloids Chem Biol. Author manuscript; available in PMC 2023 May 30.
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B. MANZAMINE-RELATED MARINE ALKALOIDS

Keramaphidin C (30) was isolated from Amphimedon sp. (22). Haliclorensin (31) was
isolated from Haliclona sp. collected off Sodwana Bay, South Africa (23). Motuporamines A
(32), B (33) and C (34) were isolated as an inseparable mixture from Xestospongia exigua
collected in Papua New Guinea (24). Ircinals A (35) and B (36), two plausible biogenetic
precursors of the manzamine alkaloids, were isolated from the Okinawan sponge /rcinia sp.
(10). The antipodes of the manzamine-related alkaloids ircinols A (37) and B (38) were
obtained from another Okinawan sponge Amphimedon sp., together with keramaphidins B
(39) and C (30) (22,25-27). Ircinols A and B were determined to be enantiomers of the C-1
alcoholic forms of ircinals A and B, respectively. Xestocyclamine A (40) was first isolated
from the Papua New Guinea marine sponge Xestospongia (=Acanthostrongylophora) ingens,
and its structure was revised in the following year with the isolation of xestocyclamine B
(41) (28,29). Ingamines A (42) and B (43) (30), ingenamine (44) (31), ingenamines B (45),
C (46), D (47), E (48) and F (49) (32) were also isolated from the Papua New Guinea marine
sponge Xestospongia (=A.) ingens (Fig. 3).

Madangamine A (50) was isolated from Xestospongia sp. collected off Madang, Papua

New Guinea (33,34), and later madangamines B (51), C (52), D (53), and E (54) were

also obtained from this same sponge (35). Misenine (55), a polycyclic ‘cage-like’ alkaloid,
was isolated from an unidentified Mediterranean species Renierasp. (36). The TH-NMR
spectrum of this unusual alkaloid showed significant variations with pH and it was
concluded that the dominant species in neutral and basic solutions was 55a whereas under
acidic conditions the structure 55b was preferred. A similar transannular N/C=0 “proximity
effect” had previously been observed in saraine A (55c) although, in this case, a lowering of
pH enhanced the C-N linkage (53). Nakadomarin A (56) was isolated from Amphimedon
sp., and its structure was reported to contain an unprecedented 8/5/5/5/15/6 ring system (57).

C. RECENTLY ISOLATED B-CARBOLINE-CONTAINING MANZAMINE ALKALOIDS

Recently, a number of Indo-Pacific sponges have yielded a novel class of manzamines,
named 12,34-oxamanzamines (58). These alkaloids possess a novel ring system generated
through a new ether bridge formed between carbons 12 and 34 of the typical manzamine
structure. ent-12,34-Oxamanzamines E (57) and F (58), as well as 12,34-oxamanzamine

A (59), were obtained from three Indo-Pacific sponges. The biocatalytic transformation

of ent-8-hydroxymanzamine A (7a) to 58, using Nocardiasp. ATCC 21145 and Fusarium
oxysporium ATCC 7601, has also been achieved, suggesting that these alkaloids maybe
formed through biocatalysis by a sponge-associated microbe. In fact, the epiisomers such
as manzamines H (8, ZR configuration) and L (10, 1S configuration) were isolated from
different sponges, but at the same time the sponge samples also yielded a series of
manzamine-related compounds with Z/Rand/or 15 configuration. In 2000, Kingston’s group
reported two new epi-manzamines (60, 61) (61). These two new S-carboline containing
manzamines were isolated from a Palauan sponge, and both ep/-manzamine D (60) and 2- -
methyl-epi-manzamine D (61) possess negative optical rotation values. Most recently, two
unprecedented manzamine-related alkaloids called manadomanzamines A (62) and B (63)
have been reported from an unidentified Indonesian sponge (59). Manadomanzamines A and

Alkaloids Chem Biol. Author manuscript; available in PMC 2023 May 30.
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B represent an unprecedented rearrangement of the manzamine skeleton. In addition three
new B-carboline containing manzamines: 32,33-dihydro-31-hydroxymanzamine A (64),
32,33-dihydro-6,31-dihydroxymanzamine A (65), and 32,33-dihydro-6-hydroxymanzamine
A-35-one (66) have recently been reported (60). Based on biogenetic considerations,
compounds 64 and 65 are likely the reduced derivatives of manzamine E. Alkaloid 66 is
unique in that it possesses a ketone moiety at C-35, instead of a typical C-31 ketone as seen
in manzamine E and F (Fig. 4).

D. PHYSICAL AND SPECTRAL PROPERTIES

The physico-chemical properties of the manzamines are shown in Table Il. Manzamines

are solid powders or crystals, and most show strong UV absorption due to the g-carboline
moiety. The majority of the manzamine alkaloids possess a positive optical rotation, except
for entmanzamine F (6b), ent-8-hydroxymanzamine A (7a), manzamine L (10), ircinols

A (37) and B (38), epi-manzamine D (60), and 2- N-methyl-epi-manzamine D (61). The
structures were completed by spectroscopic methods such as HR-MS, high-field 2D NMR,
and X-ray diffraction analysis. The 13C- and 1H-NMR spectral data were recorded primarily
in CDClg, and their data are shown in Tables 111 and IV, respectively.

Biogenesis and Biosynthesis

A. BIOGENETIC PATHWAYS

Since the first representative, manzamine A (1) with a fused and bridged pentacyclic ring
system joined to a B-carboline moiety, was isolated in 1986, the manzamines have been
regarded as an intriguing group of marine alkaloids (2—4), which have provoked a great
interest in their unprecedented biosynthetic pathway. In 1992 Baldwin et al. (5) proposed

a biogenetic pathway with an intramolecular Diels-Alder reaction for manzamines A (1)
and B (2). The proposal by Tsuda et a/. suggested that the macrocyclic bisdihydropyridine
maybe derived from ammonia, a C3 unit, and a C10 unit. The bisdihydropyridine could
then be converted through a Diels-Alder-type [4+2] intramolecular cycloaddition into a
pentacyclic intermediate, which in turn could provide manzamines A and B via a tetracyclic
intermediate (Scheme 1) (5). 8-hydroxy-1,2,3,4-tetrahydromanzamine A (15) and its -
methylated derivative 8-hydroxy-2- AV-methyl-1,2,3,4-tetrahydromanzamine A (16) are of
further interest as it provides yet another intermediate in the biosynthetic path from acyclic
precursors to the fully aromatized manzamines (13).

The isolation of keramaphidin C and keramamine C, together with manzamine C (3) and
tryptamine, appears to substantiate, in part, the biogenetic path of manzamine C (3), which
may be derived from the coupling of keramaphidin C with tryptamine and a C3 unit via
keramamine C. On the other hand, keramaphidin C is probably generated from a C10 unit
and ammonia (Scheme 2) (2). The biogenesis has not yet been investigated experimentally.

The following proposed schemes have been published for the rational biogenesis of a
number of the manzamine and manzamine-related alkaloids and are shown in Schemes 3-6.
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B. INTERMEDIATES

As shown in the Scheme 1, Baldwin et a/. proposed a biogenetic pathway for manzamines
A-C, where the manzamines were presumed to be biosynthesized from an intermediate
composed of two dihydropyridine rings with an alkyl residue and a tryptophan unit (5). The
proposal was based on the isolation of several reasonable intermediates in the biosynthetic
pathway, which include structures similar to the 6/s-3-alkyldihydropyridine macrocyclic
intermediate (a) and the pentacyclic intermediate (b). While the isolation of the plausible
biosynthetic intermediates ircinals A (35) and B (36) (10), ircinol A (37) (25), ingenamine
(31), keramaphidin B (2,26), and xestocyclamine B (28) have facilitated piecing together a
reasonable biogenesis, it is noteworthy to mention that these alkaloids have been isolated
from sponges belonging to a number of different genera. As a result, the manzamines are
certain to be the key to a better understanding of the bioorganic evolution of the sponges
that produce these alkaloids, as well as the evolutionary pressures that have allowed for

the accumulation of metabolites that fit so neatly as intermediates into a sophisticated
biosynthetic scheme. In addition, it would seem clear that the microbial associations with the
manzamine-producing sponges will play a critical role in understanding the biosynthesis of
many of these manzamine or manzamine-related alkaloids.

C. A TAXONOMIC SURVEY OF SPONGES THAT PRODUCE MANZAMINES AND RELATED
ALKALOIDS

A large variety of manzamines and related alkaloids thought to be their biogenetic
precursors have been reported primarily from the Order Haplosclerida (Porifera:
Demospongiae); 15 or more species in 7 genera and 3 families have been listed as producers
(Table I). Two species in 2 genera and 2 families within the phylogenetically distant Order
Dictyoceratida have also been found to produce manzamines and related alkaloids.

Haliclona, Reniera, and Prianos (Order Haplosclerida: Family Chalinidae)-—
The first manzamine identified (A (1)) was extracted from a sponge identified as a Haliclona
sp. collected off Manzamo Island, Okinawa, in April 1985 by Higa’s group (1). Manzamines
B, C, and D (2,3,4) were subsequently extracted from possibly the same species after further
collections (8). In 1992, Kobayashi et al. (14) collected another unidentified Haliclona sp.
from Iriomote Island, Okinawa, reporting the new alkaloid manzamine Y (13) (12,27). No
taxonomic description of the sponge was given in these early papers, other than the sponge
was “brownish”, and no taxonomic authority was acknowledged for identification.

A further species of Haliclona collected from Sodwana Bay, Durban in September 1992
(23), containing haliclorensin (31), was identified as Haliclona tulearensis \acelet, Vasseur
& Lévi (62) by an unknown taxonomic authority. The sponge was described as a “fine
muddy orange laminate sponge with large oscules on ridges on the surface”, but no details
of the skeleton were given. Although this sponge appears to be somewhat similar to the
description of this type of species (62), spiculation and arrangement of the skeleton will
need to be checked to confirm the generic identification. A species of the manzamine-
containing genus Acanthostrongylophora (Table 1) is known from Pemba Island, off
Zanzibar. The sponge is a bright orange hemisphere with flush oscules, and has a Haliclona-
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like skeleton of small strongyles. To the inexperienced eye, this sponge could easily be
mis-identified as an “unusual species of Haliclona’ or a thick species of Prianos.

Misenine (55) and saraine A (55¢), the only two manzamines reported from Mediterranean
waters, were isolated from an unidentified species of Reniera (36) and Reniera sarar
Pulitzer-Finali (37), both sponges were collected from the vicinity of Naples, Italy. Neither
report contains descriptive details of morphology, skeletal architecture, or spiculation, nor
is there a taxonomic authority named. Confirmation of these identifications can only come
from examination of the vouchers that are available (36,37).

The genus Haliclona contains species that are characterized by a very simple spiculation
of small oxea spicules joined together at their ends to form a regular network. In some
species, the spicules form tracts, but the sponges are always soft, compressible and often
feel soggy and slightly velvety to the touch. Renierais considered by some taxonomists to
be a subgenus of Haliclona. These sponges are typically brightly colored and quite small;
it is doubtful whether the identifications for the material are correct, as “brownish” is not
a common chalinid color, and rather a large amount of material was harvested (8 kg) (8)
suggesting a more dense sponge of a different, perhaps petrosid genus. However, without
recourse to examination of the specimens that the compounds were isolated from (no sample
numbers were given or retained for reference), it is impossible to confirm the taxonomic
identity of these sponges.

It is now known that the sponge described as Prianos sp., from Manado, Indonesia

(15) is closely related to the sponges identified as Pachypellina (11), Xestospongia
(16,28-33,35), and to those reported as an undescribed new genus and species from the
Family Petrosiidae (18,58,59) (Table I). These taxa have all been confirmed as species of
Acanthostrongylophora Hooper, which was previously unrecognizable (63).

Amphimedon, Cribrochalina (Order Haplosclerida: Family Niphatidae): Some
22 alkaloids have been isolated from at least 8 specimens of a sponge identified as an
undescribed species of Amphimedon (see Table 1). Examination of the specimen SS-264
(17,20,57) from Kerama Island, Okinawa, kindly supplied by the original taxonomic
authority, Dr J. Fromont, Museum of Western Australia, confirms that the generic
identification is correct. Several specimens, SS-326 (12), and SS-932 (19) from Okinawa
Island, Okinawa, also appear to be correctly identified by the descriptions given of spicule
complement and skeletal arrangements in the literature. However, the remaining reports
contain no taxonomic or morphological information, other than that the specimens were
collected from Kerama Island, Okinawa. Although we cannot assume that these latter
specimens are the same undescribed species of Amphimedon, the likelihood that they are is
quite high since the material had been collected many times by the same groups. Although
no description of the sponge material, spiculation or skeletal arrangements is reported for
Cribrochalina sp. (13), the taxonomic authority was reputable and thus the identification is
most probably correct.

Amphimedonand Cribrochalina are sister taxa within the Family Niphatidae and are
characterized by the possession of small oxeas usually embedded in well-developed spongin.
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Differences in fiber size and architecture, especially at the sponge surface, and spicule
dimensions, differentiate the genera.

Acanthostrongylophora, Xestospongia, Petrosia (Order Haplosclerida: Family
Petrosiidae): All of the species listed in brackets under Acanthostrongylophora in Table

I are now considered to be species of that genus (MK, R. van Soest, University of
Amsterdam, unpublished data), recently re-described by Desqueyroux-Faundez (2002) in
(63). Along with the specimens in publications (18,58,59) (Table I), these specimens clearly
comprise several species, possibly up to five (58), and are the subject of ongoing taxonomic
evaluation. The genus is characterized by the possession of small curved to slightly sinuous
strongyles arranged in loose ladder-like tracts to large loose irregular rounded meshes. The
sponges are usually quite crumbly, soft and compressible, and have a rough surface due to
projecting tracts of spicules. They form irregular thick encrustations to massive lumps with
raised oscular chimneys, or can form columns with apical oscular vents. The color is usually
brown externally with a deep yellow interior, and the surface is frequently tinged with the
maroon of a symbiotic cyanobacteria.

One of the authors (11) considered the blackish-brown sponge that they collected in
Sulawesi, Indonesia, to be reminiscent of Xestospongia collected off the Coast of Miyako
Island, Okinawa in June, 1986 (9). The former sponge was identified as Pachypellina
(112), but has since been confirmed as a species of Acanthostrongylophora (58). Thus,

it is highly likely that the material extracted in publication (9) is also a species of
Acanthostrongylophora. However, confirmation can only be given by examination of
voucher material. It seems quite possible that the “brownish” sponge from Kerama
Island, Okinawa, identified as Pellina sp. (6) by Hoshino, may also be a species of
Acanthostrongylophora, as this genus typically possesses oxeas or strongyles in tracts.

In contrast to the above specimens, it is likely that the identification of Xestospongia
exigua (Kirkpatrick), given to the material extracted by Williams et al. (24) is correct,

as the taxonomic authority is reputable and Acanthostrongylophorais exceedingly rare

in southern Papua New Guinea, having been found in only two locations: Eastern Fields
and the Louisiade Archipelago (MK, unpublished data). The great majority of species are
found in Indonesia, with some species known from the Philippines, the northern coast of
Papua New Guinea, Micronesia, Fiji, and Tanzania (MK, unpublished data). The geographic
distribution is very similar to that of the genus Diacarnus (Poecilosclerida: Podospongiidae)
(64), but, unlike Diacarnus, Acanthostrongylophorais less common in the southern Indo-
Pacific locations such as the Great Barrier Reef and southern Papua New Guinea, and
absent, as far as is known, from New Caledonia.

The identification of Petrosia contignata Thiele (13) is probably correct, as the sponge was
described as being gray to tan, barely compressible, with oxeas in two size categories,
arranged in a dense isotropic multispicular reticulate skeleton.

Hyrtios (Order Dictyoceratida: Family Thorectidae) and Ircinia (Order

Dictyoceratida: Family Irciniidae): A manzamine alkaloid has been obtained from
Red Sea specimens of Hyrtios erecta (Keller) (21) and Okinawan specimens of /rcinia
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sp. (10), both of which would be very difficult to mistake taxonomically, as dictyoceratid
sponges do not contain spicules as haplosclerid sponges do. These sponges are fleshy and
rubbery and contain only sand-grains embedded in large spongin (collagen) fibres. These
sponges are very distantly related to the haplosclerid sponges considered above, and are in
completely different taxonomic orders. It is interesting to note that a similar situation exists
with the distribution of cytotoxic latrunculins found typically in the Red Sea sponge genus
Negombata (65a), latrunculins are also found in the dictyoceratid sponge Petrosaspongia
mycofifiensis (Bakus).

Following this survey (Table I), it now appears that manzamines and related

alkaloids are restricted to eight genera (Haliclona, Reniera, Amphimedon, Cribrochalina,
Acanthostrongylophora, Petrosia, Hyrtios, Ircinia) within five families (Chalinidae,
Niphatidae, Petrosiidae, Thorectidae, Irciniidae) in two orders (Haplosclerida,
Dictyoceratida). The isolation of these alkaloids from such a range of genera has led to the
speculation that production of these alkaloids may be due to the biosynthetic participation
of microorganisms (6,9,14). While there is an increasing level of data to support a microbial
origin, the vast majority of alkaloids are produced by petrosid species, particularly those

in Acanthostrongylophora (Table I). It may thus be interesting to investigate the potential
congruence between the producer microorganisms and sponge phylogenies once the sponge
species are confirmed and the microorganism populations are fully characterized. Future
taxonomic studies based on morphological examination and comparison of all relevant
voucher specimens should reveal the taxonomic and chemotaxonomic relationships within
Acanthostrongylophora in particular, and shed further light on the distribution of the
manzamines and related alkaloids across the Orders Haplosclerida and Dictyoceratida.

D. MANZAMINE SPONGE-ASSOCIATED MICROBES

Sixteen different species of sponges from five families have been shown to produce
manzamine-related alkaloids to date and the discovery of additional manzamine producing
sponges seems highly likely (Table I). One interpretation for the fact that these compounds
can be isolated from a diverse array of sponges is that the manzamines are produced by
common or closely related microorganism(s) present as symbionts in all of these sponges.
This possibility was proposed by Kobayashi et a/. in 1995 (14) after six species of sponges
were known to contain manzamines and appears even more likely now that an even
greater diversity of sponges are known to yield manzamines. This possibility warrants
careful investigation as the pharmaceutical potential of manzamine alkaloids continues

to grow. If these compounds are actually produced by symbiotic bacteria within the
sponge, isolation and culture of the producing bacteria may provide an efficient method
for production of the compound in fermentation systems. This could ensure a ready supply
of a particular manzamine in the high likelihood that one of these drug-leads will advance
into clinical trials and applications. Certainly, if it could be shown that manzamines are
microbial products, the pharmaceutical and biotechnology community would express a
greater interest in this group of compounds and sponge metabolites in general. The marine
natural products community in particular is highly sensitive to the difficulty associated with
the supply of sufficient quantities of invertebrate metabolites to allow the preclinical and
clinical development. Sustainable sourcing for development has been a strong justification
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for thorough microbiological evaluation of manzamine-producing sponges. In addition,
evidence that sponge-associated microbes may play a significant role in the bioconversion of
manzamines to the growing number of alkaloids found in manzamine producing sponges is
provided by the biotransformation of 8-hydroxymanzamine A (7) and the entantiomer 7a to
manzamine A (1) and ent-12,34-oxamazamine F (58), respectively (58).

The culturable microbial communities associated with two undescribed
Acanthostrongylophra species also known as 01IND35 (58) and 01IND52 (59), were
investigated to obtain isolates that could be examined for manzamine production.

A full molecular community analysis of the entire bacterial community (both culturable

and unculturable) was completed for sponge 01IND35 (Fig. 5). This molecular approach is
essential to explore the full diversity of microbes associated with sponges since typically less
than 1% of the bacteria present are culturable by conventional approaches.

Culturable isolates of heterotrophic bacteria were obtained from sponges 01IND 35 and
01IND52 and unequivocally identified by 16S ribosomal RNA gene sequence analysis. Ten
isolates were obtained and the nearest relative of each isolate was found by BLAST analysis
(Table V). Phylogenetic trees can then be inferred for selected isolates, exemplified in Fig. 5.
Homologous nucleotides were compared using the neighbor-joining, Fitch—-Margoliash and
maximum parsimony algorithms in the PHYLIP package. Tree topologies were evaluated
after 1000 bootstrap re-samplings of the neighbor-joining data. Isolates of this undescribed
Petrosiidae genus included several closely-related strains of a-proteobacteria (Fig. 5 and
Table V), a group previously found to be important in culturable sponge-associated bacteria
(65b). Interestingly, two actinomycetes (designated M41 and M42) were also present in the
culturable assemblage (Table V). Actinomycetes are recognized as a significant component
of sponge-associated microbiota (65¢) and are of particular interest considering the excellent
track-record of these microbes in production of bioactive compounds. The great diversity

of bacteria present in the total bacterial community associated with sponge 011ND35 (Fig.
5) is striking. Clearly, sponges can be a valuable source of novel microbial isolates for
biological screening if methods can be developed to culture a greater proportion of these
microbes. Microbiological analysis of manzamine-containing sponges provides valuable
insights into the potential of the bacterial communities to produce bioactive metabolites,
including manzamines, considering the diversity of these communities and the presence of
bacteria known to be producers of important compounds. The role that these microbes play
in the biosynthesis or metabolism of the manzamine alkaloids remains to be determined.

IV. Synthesis

The unusual ring system of the manzamines has attracted great interest as one of the most
challenging natural product targets for total synthesis. Synthetic studies of the manzamines
have been reported by a number of groups and this part of the review is limited to the most
recently completed total syntheses, as well as semisynthetic studies that have been the key
for the structural and stereochemical determination of these alkaloids.
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A. TOTAL SYNTHESIS

Among the more reasonable manzamine targets is manzamine C (3), which has been
synthesized by Torisawa et al. (Scheme 7) (66,67). A number of research groups have
contributed syntheses of manzamine C or its precursors (68—73).

A total synthesis of the sophisticated manzamine A (1) skeleton was not achieved until
Pandit’s group published their work in 1996 (Scheme 8) (74). They first reported a total
synthesis of the pentacyclic nuclei of manzamine A (1) (74). Before Pandit’s report,
Nakagawa et al. reported the synthesis of a tetracyclic core of manzamine A (1) (Scheme 9)
(75).

In 1998, Winkler’s group reported the first total syntheses of ircinol A, ircinal A, and
manzamines A & D (Scheme 10) (76). There are over 77 publications reporting the total
synthesis of manzamine A, related alkaloids, potential key intermediates and substructures,
attesting to the level of interest and challenge involved in the synthesis of the manzamine
alkaloids (77-153).

B. SEMISYNTHESIS

Ircinals A (35) and B (36), the biogenetic precursors of the manzamine alkaloids, were
isolated from an Okinawan sponge /rcinia sp. (10). Aldehydes 35 and 36 were successfully
converted into manzamines A (1) and J (9), respectively, through a Pictet-Spengler
cyclization (154) with tryptamine (step I, yield: 37%) followed by 2,3-dichloro-5,6-dicyano-
p-benzoquinone (DDQ) oxidation (step 11, yield: 54%) (Scheme 11) (10).

C. BIOMIMETIC METHODS

8-Methoxymanzamine A was generated from 8-hydroxymanzamine A (manzamine G,

7) by using TMSCHN5 (11). Treatment of manzamine L (10) with DDQ yielded the
corresponding manzamine J (9) (27). DDQ oxidation of 3,4-dihydro-6-hydroxymanzamine
A (17) and 3,4-dihydromanzamine J (18) yielded 6-hydroxymanzamine A (manzamine Y,
13) and manzamine J (9), respectively (17). Manzamine A (1) was shown to be generated
from 8-hydroxy manzamine A (7) in good yields using Fusarium solani and Streptomyces
seokies providing further evidence for the biogenesis of some of these alkaloids from

a sponge-associated microbe and the potential biocatalysis and biotransformations have

for the production of analogs of these complex alkaloids (58b). The 3,4-dihydro analogs

of the manzamine alkaloids, e.g., 3,4-dihydromanzamine A (14), are likely the direct
precursors which generate manzamine A through dehydrogenation (12). In fact, 14 can

be easily converted into 1 by daylight (2). Manzamines X (12) and Y (13) are examples

of 6-hydroxymanzamine-type alkaloids (12,14), and 13 is presumed to follow manzamine

A (1) via oxidation at the C-6 position. The tetrahydrofuran ring moiety in 12 is then
presumed to be biosynthesized from 13 via initial allylic oxidation at C-31 in 13, subsequent
migration of the double bond (A32 — A33), and cyclization between the hydroxyl at C-31
and C-34 as depicted in Scheme 12 (14). On the other hand, a biogenetic pathway of the
xestomanzamines A (27) and B (28) is presumed to occur as depicted in Scheme 13 (14).
That is, these alkaloids could potentially be biosynthesized from an A-methyl histidine and a
tryptamine unit.
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As discussed earlier, a species of Amphimedon sp. yielded ircinals A (35) and B (36), as
well as ircinols A (37) and B (38) (27). Ircinals A (35) and B (36) were then converted

into manzamines A (1) and J (9), respectively, through a Pictet-Spengler cyclization with
tryptamine, followed by DDQ oxidation. Treatment of ircinal A (35) with DIBALH afforded
a reductive product (35a), whose spectral data were identical with those of ircinol A (37).
However, the sign of the optical rotation was opposite {35a, [ « |5 +20° (¢ 0.2, MeOH);

37, [a]y - 19° (0.5, MeOH)} (Scheme 14) (2,25). This result revealed that compound

37 is clearly an enantiomer of the alcoholic form at C-1 of ircinal A (35) (2,25). In the
same way, 38 was shown to be an enantiomer of the alcoholic form at C-1 of 36 (2,25).
Alkaloids 37 and 38 were the first examples possessing the opposite absolute configurations
to those of the previously reported manzamine alkaloids, followed by the recently reported
new enantiomers (6b and 7a) of manzamine F (6) and 8-hydroxymanzamine A (manzamine
G, 7).

Keramaphidin B (39) is a unique pentacyclic alkaloid with an unprecedented skeleton
isolated from Amphimedon sp., and in addition, several alkaloids with similar skeletons to
that of 39 such as ingenamine, ingenamines B-F, ingamines A and B, and xestocyclamines A
and B from Xestospongia have also been reported. These structures are very close to those
of the corresponding biogenetic intermediate of manzamines A (1) and B (2) proposed by
Baldwin et al., in which a bis-3-alkyldihydropyridine macrocycle may be converted through
a Diels-Alder-type [4+2] intramolecular cycloaddition into a pentacyclic intermediate like
39, which in turn provides manzamines A (1) and B (2) via a tetracyclic intermediate such as
ircinals A (35) and B (36). This may explain the fact that manzamines A (1) and B (2) and
keramaphidin B (39) possess the same absolute configurations, and indeed, ircinals A (35)
and B (36) were found to have the same absolute configurations as those of manzamines A
(1) and B (2). Keramaphidin B (39) was optically active as mentioned previously (26,27).
However, the crystal of 39 employed for X-ray analysis was revealed to be racemic. On the
other hand, ingenamine, ingamine A, and ingenamine E were reported to be antipodal to the
manzamines and ircinals. Both enantiomers of keramaphidin B (39) were separated by chiral
HPLC [the ratio of (+)- and (-)-forms of the crystals was ca. 1 : 1], of which one maybe a
biogenetic precursor of ircinals A (35) and B (36) and manzamines A (1) and B (2), while
the other may be associated with the antipodes of the manzamine alkaloids, such as ircinols
A (37) and B (38) (27). Synthetic strategies that utilized the likely biogenesis to varying
degrees for the preparation of the manzamines are reported by a number of research groups
(155-169).

V. Pharmacology

In addition to being the first reported manzamine alkaloid, manzamine A (1,1a) has also
been the subject of the greatest number of pharmacology studies revealing a portion of the
biological activity for this complex alkaloid. Manzamine A hydrochloride (1a) showed an
ICsq of 0.07 pg/mL inhibiting the growth of P388 mouse leukemia cells (1). Keramamine-
A (manzamine A) showed antimicrobial activity against Staphylococcus aureus with a
minimum inhibitory concentration (MIC) of 6.3 pug/mL (6). Manzamine A (1) showed
significant activity against KB (1Csq 0.05 pg/mL), LoVo (ICsq 0.15 pg/mL), and HSV-11
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(MIC 0.05 pg/mL) cells in vitro (11). Manzamine A can elicit an 80% growth inhibition of
the insect Spodoptera littoralis larvae at 132 ppm (16). In addition, manzamine A exhibited
insecticidal activity toward neonate larvae of the polyphagous pest insect Spodoptera
littoralis with an EDsgq of 35 ppm when incorporated into an artificial diet and offered

to larvae in a chronic feeding bioassay.

Manzamine A was also active (antibacterial) against the Gram-positive bacteria Bacillus
subtilis and Staphylococcus aureus. Manzamine A exhibited cytotoxicity against L1578y
mouse lymphoma cells with an EDsq 1.8 pg/mL. Among the most promising activities

of manzamine A is the fact that it inhibits the growth of the rodent malaria parasite
Plasmodium berghei in vivo. More than 90% of the asexual erythrocytic stages of A2
bergheiwere inhibited after a single intraperitoneal injection of manzamine A into infected
mice. A remarkable aspect of manzamine A treatment is its ability to prolong the survival
of highly parasitemic mice, with 40% recovery 60 days after a single injection. Oral
administration of an oil suspension of manzamine A or (-)-8-hydroxymanzamine A (2 x
100 pM/kg) produced a significant reduction (90%) in parasitemia. The plasma manzamine
A concentration peaked 4 h after injection and remained high even at 48 h. Morphological
changes of P bergheriwere observed 1 h after treatment of infected mice. Manzamine A also
induced 98-99% inhibition of Mycobacterium tuberculosis (H37Rv) with an MIC < 12.5
pg/mL, and it exhibits an MIC endpoint of 1.56 pg/mL (18,170).

Initial /n vivo studies of manzamine A against 2. berghei provided a number of intriguing
characteristics for this drug-lead as compared with either chloroquine or artemisinin. At
dosages of 50 and 100 pmol/kg (i.p.) manzamine A (and 8 hydroxymanzamine A) showed
significant improvements in survival times over mice treated with either chloroquine or
artemisinin (170). In addition, it was observed that manzamine A possessed a rapid onset
of action (1-2 hours) against malaria in mice and provided a continuous and sustained level
of the drug in plasma when measured as long as 48 hours after administration. Manzamine
A and chloroquine were both shown to be toxic to mice at an intraperitoneal (i.p.) dose

of 500 umol/kg. However, the toxicity of manzamine A is slower acting than chloroquine
suggesting that the /n vivotoxicity of manzamine A may be associated with its cytotoxicity.
The fact that mice treated with a single 100 umol/kg dose of manzamine A could survive
longer carrying fulminating recurrent parasitemia and in some cases clear the parasite lead to
speculation that manzamine A induced an immunostimulatory effect.

In order to further evaluate the effect that manzamine A may have on the immune system

of P, berghei infected mice the serum concentrations of immunoglobulin G (IgG), interferon-
¥ (IFN-%), interleukin-10 (I1L-10), and tumor necrosis factor-a (TNF-a) were evaluated
(18). Thl-mediated immunity was found to be suppressed in mice infected with 2 bergher
and treated with manzamine while Th2-mediated immunity was found to be up-regulated.
IL-10 and IgG concentrations did not increase with manzamine A alone suggesting that the
immune-mediated clearance of malaria in mice maybe a product of the long half-life of
manzamine A resulting in a delayed rise of the parasitemia. This delayed rise in parasitemia
may provide the infected animal the time needed to up-regulate a Th2-mediated response.
In addition, the possibility that manzamine A and the other active manzamines form a
conjugate with a malaria protein may also help explain the Th2-mediated immune response.
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Manzamine A was also selected for /in vivotesting against 7oxoplasma gondii because it
was the most effective /in vitro of the manzamines assayed. A daily i.p. dose of 8 mg/kg of
manzamine A, for 8 consecutive days, beginning on day 1 following the infection prolonged
the survival of Swiss Webster (SW) mice to 20 days, as compared with 16 days for the
untreated control. These data indicate that the manzamines are valuable candidates for
further investigations and development as leads against several serious infectious diseases,
and in particular manzamine A is quite clearly a new and promising antimalarial agent
(18,170). The effectiveness of manzamine A against malaria in laboratory mice, as well as
tuberculosis /n vitro suggests that they could have an extraordinary impact on infectious
diseases in developing countries. The fact that manzamine A is found in a diversity of
organisms and in reasonable high yields would facilitate the potential development of cost-
effective antimalarial drugs in regions of the world that are saddled with the disease burden.
In addition, the diversity of biological activity associated with this molecule further supports
the growing possibility that these alkaloids are broad-spectrum antiparasitic-antibiotics
generated ultimately by the sponge-associated microbial communities.

Manzamine B (2) with the C-11,12 epoxide group exhibited an ICsq of 6 pg/mL against
P388 leukemia cells /n vitro (7). In the above assay, manzamines C (3) and D (4) exhibited
ICsq values of 3 and 0.5 mg/mL (7).

Manzamine E (5) showed an ICsq of 5 pg/mL against P388 murine leukemia cells (9).
Manzamine F (6, keramamine-B) showed antimicrobial activity against Staphylococcus
aureus with a minimum inhibitory concentration (MIC) of 25 pg/mL (6). Manzamine F (6)
also showed an 1Cgq of 5 ug/mL against P388 murine leukemia cells (9), 50.6% growth
inhibition of the insect S. /ittoralis larvae (dose = 132 ppm), and cytotoxicity against L5178
mouse lymphoma cells of an EDgg of 2.3 pg/mL. Manzamine F did not exhibit antimalarial
activity. However, entmanzamine F (6b) induced 98-99% inhibition of Mycobacterium
tuberculosis (H37Rv) with a MIC of < 12.5 pg/mL (18).

(+)-8-Hydroxymanzamine A (7, also known as manzamine G or manzamine K) was
relatively active in the KB (ICsq 0.30 pg/mL), LoVo (ICsq 0.26 pg/mL), and HSV-1I (MIC
0.1 pg/mL) assays (11). (-)-8-Hydroxymanzamine A exhibits improved activity against
P388 with an 1Csq of 0.25 ug/mL. This enantiomer displayed antimalarial activity /n

vivo, which was assayed against 2 berghei with a single intraperitoneal (i.p.) dose of

100 pM/kg and no apparent toxicity. It efficiently reduced parasitemia with an increase

in the average survival days of P, bergher-infected mice (9-12 days), as compared with
untreated controls (2-3 days). Three 50 pmoles/kg i.p. doses were found to be curative
and totally cleared the parasite and two oral doses (100 umoles/kg) provided a notable
reduction of parasitemia. (-)-8-Hydroxymanzamine A (7a) induced 98-99% inhibition of
Mycobacterium tuberculosis (H37Rv) with MIC < 12.5 pg/mL, and it exhibits a MIC
endpoint of 3.13 pg/mL (18).

Manzamines H (8) and J (9) exhibited cytotoxicity against L1210 murine leukemia cells
with ICsq values of 1.3 and 2.6 pg/mL, and KB human epidermoid carcinoma cells with
ICsq values of 4.6 and > 10 pg/mL in vitro, respectively (10). Manzamine L (10) exhibited
cytotoxicity against murine lymphoma L1210 cells and human epidermoid carcinoma KB
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cells (ICsq 3.7 and 11.8 pg/mL, respectively) and antibacterial activity against: Sarcina lutea,
Staphylococcus aureus, Bacillus subtilis, and Mycobacterium 607 (MIC 10, 10, 10, and 5
pg/mL, respectively) (27).

Manzamine M (11) showed cytotoxicity against murine leukemia L1210 cells (ICsg 1.4
pg/mL) (17). Manzamine X (12) exhibited weak cytotoxicity against KB cells with an 1Csq
of 7.9 ug/mL (14). Manzamine Y (6-hydroxymanzamine A, 13) and 3,4-dihydromanzamine
A (14) showed antibacterial activity against the Gram-positive bacteria Sarcina lutea (MIC
value, 1.25 and 4 pg/mL, respectively). Alkaloids 13 and 14 were cytotoxic against L-1210
(ICsq values, 1.5 and 0.48 pg/mL, respectively) and KB cells (ICsq 2.5 and 0.61 pg/mL,
respectively) in vitro (12). 8-Hydroxy-2- N-methyl-1,2,3,4-tetrahydromanzamine A (16) was
cytotoxic to P388 leukemia cells, and exhibited an EDsg of 0.8 pg/mL (13). 3,4-Dihydro-6-
hydroxymanzamine A (17) and 3,4-dihydromanzamine J (18) showed cytotoxicity against
murine leukemia L1210 cells (ICsq 3.1 and 12.5 pg/mL, respectively) (17). The N-oxides
(19, 21) showed cytotoxicity /n vitro against L1578y mouse lymphoma cells with an EDsy
value of 1.6 pg/mL (16).

Kauluamine (25) was inactive against tumor cell lines, but showed moderate
immunosuppressive activity (MLR 1C5q 1.57 pg/mL, LcV ICgg L > 25 pg/mL, LcV/IMLR >
16) in the mixed lymphoma reaction (15). neo-Kauluamine (26) possesses cytotoxicity with
an 1Csq of 1.0 g/mL, against human lung and colon carcinoma cells (18). It also displayed
significant antimalarial activity /n vivo, which was assayed against Plasmodium berghei
with a single intraperitoneal (i.p.) dose of 100 pM/kg and no apparent toxicity. It efficiently
reduced parasitemia with an increase in the average survival time of P berghei-infected mice
(9-12 days), as compared with untreated controls (2-3 days).

Xestomanzamine B (28) exhibited weak cytotoxicity against KB cells with an 1Cgy 14.0
ug/mL (14). Ircinals A (35) and B (36) exhibited cytotoxicity against L1210 murine
leukemia cells with IC50 values of 1.4 and 1.9 ug/mL and KB human epidermoid carcinoma
cells with 1Cgq values of 4.8 and 3.5 pg/mL in vitro, respectively (10). Ircinols A (37) and B
(38) were cytotoxic against L1210 cells (ICsq values: 2.4 and 7.7 pg/mL, respectively) and
KB cells (1C5q values: 6.1 and 9.4 pg/mL, respectively). Ircinol A (37) showed inhibitory
activity against endothelin converting enzyme (I1Csq: 55 pg/mL) (25).

Keramaphidin B (39) was cytotoxic against P388 murine leukemia and KB human
epidermoid carcinoma cells with an 1Csq of 0.28 and 0.3 pg/mL, respectively (26).
Xestocyclamine A (40) was moderately potent against PKC (ICsg 4 ug/mL) and also
exhibited activity in a whole cell IL-1 release assay with an ICsq of 1 M. This action
appeared to be selective, as compound 40 was inactive against other cancer-relevant targets,
including PTK and IMPDH. Finally, compound 40, at doses as high as 100 pM, did not
show /n vitro growth inhibition effects against cancer cells in the NCI’s disease oriented
screening program (29). Ingamines A (42) and B (43) both showed /n vitro cytotoxicity
against murine leukemia P388 with an EDg of 1.5 pg/mL (30). Ingenamine (44) showed
cytotoxicity against murine leukemia P388 (EDsg 1 pg/mL) (31). Madangamine A (50)
showed significant cytotoxic activity toward a number of tumor cell lines, including
murine leukemia P388 (EDsgq 0.93 pg/mL) and human lung A549 (EDsgq 14 ug/mL), brain

Alkaloids Chem Biol. Author manuscript; available in PMC 2023 May 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hu et al.

Page 19

U373 (EDsg 5.1 pg/mL), and breast MCF-7 (EDsg 5.7 ug/mL) cancer cell lines (33).

The saraines, such as saraine A (55c), generally display significant biological properties
including, vasodilative, antineoplastic, and cytotoxic activities (53). Nakadomarin A (56)
showed cytotoxicity against murine lymphoma L1210 cells (IC5q 1.3 pg/mL) and inhibitory
activity against cyclin dependent kinase 4 (1C5p 9.9 pg/mL). Compound 56 exhibited
antimicrobial activity against a fungus ( 7richophyton mentagrophytes, MIC 23 ug/mL) and a
Gram-positive bacterium (Corynebacterium xerosis, MIC 11 mg/mL) (57).

ent-12,34-Oxamanzamines E (57) and F (58), as well as 12,34-oxamanzamine A (59)

were isolated from three Indo-Pacific sponges (58). The biocatalytic transformation of ent-8-
hydroxymanzamine A (7a) to 58, using Nocardia sp. and Fusarium oxysporium ATCC 7601,
has also been achieved (58). Eleven heterotrophic bacterial isolates, including actinomycetes
and a-proteobacteria, were isolated from one of these sponges in a preliminary investigation
to identify a possible microbial origin for these alkaloids. The potent /n vitro activity

of the manzamines against malaria and the AIDS opportunistic infection (Ol) pathogen,
Mycobacterium tuberculosis, is also presented. The /n vitro activity of manzamines against
Mycobacterium tuberculosis (H37Rv) and the malaria parasite Plasmodium falciparum is
reported with most manzamines showing activity against M. tuberculosis with MICs <

12.5 g/mL. (+)-8-Hydroxymanzamine A had an MIC 0.91 pg/mL, indicating improved
activity for the (+) over the (=) enantiomer. The significant activity of ircinol A (1.93
pg/mL) indicates that the S-carboline moiety is not essential for activity against Mtb /n

vitro. This result suggests the candidacy of ircinol A as a possible antituberculosis lead for
further development since it showed minimal toxicity and reduced structural complexity.
The decreased activity of 57, 58, and 59 against M. tuberculosis and P. falciparum is clearly
associated with the changes in the molecule that result during the formation of the new C-12,
C-34 oxygen bridge. This data provides significant improvements in the understanding of
the SAR against malaria and Mtb (58).

A crude extract of an unidentified Palauan marine sponge showed initial inhibitory
bioactivities in a yeast assay for inhibitors of methionine aminopeptidase-2 (Met AP-2).
Bioassay-directed fractionation indicated that the activity was concentrated in the CH,Clo-
soluble fraction, and chromatography on silica gel led to the isolation of two new bioactive
alkaloids ep/-manzamine D (60) and A-methyl-gp/-manzamine D (62) (61). The author’s
initial interest in the extract was due to its potential antiangiogenic activity, the differential
activity observed between the Amapl and Amap2 yeast strains was not significant for
either compound 60 or 61, and the authors thus conclude that neither compound has anti-
angiogenic activity. Both 60 and 61 did, however, show cytotoxic activity against HeLa and
B16F10 cell lines. The greatest potency (ICsg 0.1 ug/mL) was observed for 61 against the
B16F10 cell line (61).

The two novel manzamine-related alkaloids, manadomanzamines A (62) and B

(63), were obtained from an Indonesian species of Acanthostrongylophora (59). The
manadomanzamines 62 and 63 represent an unprecedented rearrangement of the manzamine
skeleton and exhibit significant activities against Mtb and human immunodeficiency virus
(HIV-1), with moderate cytotoxicity (59).
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Both 62 and 63 exhibited strong activity against Mtb with MIC values of 1.86 and 1.53
ug/mL, indicating that the manadomanzamines are a new class of antituberculosis leads.
Manadomanzamines A and B exhibited modest cytotoxic activity against human tumor
cells. Manadomanzamine A is active against human lung carcinoma A-549 and human
colon carcinoma H-116 with 1Cgq values of 2.5 and 5.0 pg/mL while manadomanzamine
B is only active against H-116 with an ICsg value of 5.0 pg/mL. Manadomanzamines A
(62), B (63), and xestomanzamine A (27) are active against human immunodeficiency virus
(HIV-1) with ECsq values of 11.4, 62.7, and 42.7 pM, respectively. Manadomanzamine

B and xestomanzamine A are active against the fungus Cryptococcus neoformans with
ICsq values of 3.5 and 6.0 ug/mL. Manadomanzamine A was active against the fungus
Candida albicans with an ICsq of 20 pg/mL. It is worthy to note that manadomanzamines
A, B, and xestomanzamine A, unlike manzamine A, 8-hydroxymanzamine A, and neo-
kualuamine which are extraordinarily active antimalarial agents (18,170), only exhibited
marginal activity against the malaria parasite indicating that the polycyclic ring system of
the manzamine structure is important for antimalarial activity (59).

B-Carboline containing manzamines 32,33-dihydro-31-hydroxymanzamine A (64), 32,33-
dihydro-6,31-dihydroxymanzamine A (65), and 32,33-dihydro-6-hydroxymanzamine A-35-
one (66) were isolated from an Indonesian sponge (60). Additional data regarding the

in vitro activity of the manzamines against Mtb (H37Rv), £ falciparum, and Leishmania
donovani, the causative agent for visceral leishmaniasis, is reported. Most manzamines were
active against M. tuberculosis with MICs < 12.5 pg/mL. Although alkaloids 64 and 66 were
inactive against malaria and leishmania, these results provide valuable information on the
structural moieties required for activity against malaria and leishmania. This observation
further supports the previous report (18), which indicates that reduction of the C32—-C33
olefin and oxidation of C-31 also significantly reduces the antimalarial activity for the
manzamine alkaloids /77 vivo. These combined data strongly suggest that the ability of the
C-34 allylic carbon to form a stabilized carbocation after oxidation both in cell culture and
in animals, followed by the inherent nucleophilic attack, may play a critical role in the
biological activity of the manzamine alkaloids against the malaria parasite. The significant
difference in biological activities of manzamine A, manzamine E, and their corresponding
12,34-oxa-derivatives indicate that the C-12 hydroxy, the C-34 methine, or the conformation
of the lower aliphatic rings play a key role in the antimalarial and leishmanicidal activity and
provides valuable insight into the structural moieties required for activity against malaria and
leishmania parasites. The significant leishmanicidal activity of ircinol A (IC5¢ 0.9 pg/mL
and 1Cqq 1.7 pg/mL) indicates that the S-carboline moiety is not essential for activity
against the leishmania parasite /n vitro. The cytotoxic values of 6-deoxymanzamine X

and manzamine X against A-548, HT-29, H-116, and MS-1 cell lines with ICgq (ug/mL),
respectively, are as follows.1, 5.1; 0.5, 0.5; 0.5, 5.1; 1, 5.1. The anti HIV (ECsp) activity

of manzamine A, 8-hydroxymanzamine A, and 6-deoxymanzamine X against human PBM
cells acutely infected with HIV-1/LAL is 0.59, 4.2, and 1.6 UM, respectively (60).

Conclusions

The manzamine alkaloids are unique and viable, leads to the treatment of malaria, as well
as other infectious or tropical parasitic diseases, based on their significant activity in animal
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models. In addition, the relatively wide range of biological activity for the manzamines /n
vitroraises the question that perhaps these molecules maybe broad-spectrum antiparasitic
antibiotics generated by a sponge-associated microbe. The ecological relationship between
the microbial communities and the sponge in the case of the manzamines is particularly
intriguing due to the structural complexity of these alkaloids.

In spite of the necessity of the S-carboline moiety for /n vitro antimalarial activity, it has
little effect on the antituberculosis activity /in vitro, suggesting that several different possible
mechanisms of action are likely to exist. Although further investigations are required

to completely understand the SAR for this class of compounds, the absence of activity
associated with the C-12, C-34 oxygen bridge system provides valuable insight into the
structural moieties required for activity against Mtb and malaria. In addition, the formation
of this new oxygen bridge and its reduced biological activity suggests that this alkaloid
maybe a potential intermediate in the development of resistance to this class of bioactive
alkaloids. The significant reduction in biological activity observed against 2 falciparum for
the C-12, C-34 oxygen bridge system indicates that the C-12 hydroxy, C-34 methine, or

the conformation of the lower aliphatic rings, plays a key role in the antimalarial activity.
The reduction of the C32 © C33 olefin and oxidation of C-31 also significantly reduces the
antimalarial activity for the manzamine alkaloids /7 vivo. These data combined suggest that
the ability of the C-34 allylic carbon to form a stabilized carbocation after oxidation both in
cell culture and in animals, followed by the inherent nucleophilic attack, may play a critical
role in the biological activity of the manzamine alkaloids.

Few classes of alkaloids are as unique and intriguing as the manzamine class. The
biological activity of the manzamines against infectious diseases, cancer, and inflammatory
diseases, combined with their unusual structure, strongly suggests that these alkaloids

will ultimately yield useful clinical candidates. In addition, the manzamine alkaloids

are clearly a key to understanding the sophisticated, but poorly understood, ecological

and phylogenetic relationships between a diverse group of sponges and their associated
microbial communities. Understanding the biosynthesis of this group of alkaloids, and the
role that invertebrates and their microbial association play, will certainly provide a better
understanding of the bioorganic evolution of these complex secondary metabolites and the
evolutionary pressures required to ultimately produce them.
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manzamine A (1) manzamine A hydrochloride (1a)

Figure 1.
The structures of manzamine A (1) and its hydrochloride (1a).
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Figure 2.
B-Carboline-containing manzamines.
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Figure 3.
Manzamine-related marine alkaloids.

Alkaloids Chem Biol. Author manuscript; available in PMC 2023 May 30.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hu et al. Page 35

ent-12,34-oxamanzamine E (57):R=H
ent-12,34-oxamanzamine F (58): R =0H

manzamine D (4): R = RZ= H, 1R manadomanzamine A (62): 223-H
epi-manzamine D (60): R'=R%=H, 1S manadomanzamine B (63): 22u-H
N-methyl-epi-manzamine D (61): R' =Me, R =H, 1S

R4

32,33-dihydro-6-hydroxy-
manzamine A -35-one (66)

32,33-dihydro-31-hydroxymanzamine A (64): R' = H
32,33-dihydro-6,31-dihydroxymanzamine A (65): R' = OH

Figure 4.
Recently isolated g-carboline manzamine alkaloids.
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Unascribed

Neighbor-joining phylogenetic tree from analysis of ca. 500 bp of 16S rRNA gene sequence
from clones obtained from Acanthostrongylophora sp. (01INDO035) (58). The scale bar
represents 0.1 substitutions per nucleotide position. Culturable isolates from the sponge

are boxed. Sequences shown in bold are those whose nearest relatives, based on BLAST

searches, are also from sponges.
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CHO

"/ SN (\
CHO Z
NH3 9 | Q N
OHC CHO —
NH, —
CHO J
S OHC \

manzamine A (1) manzamine B (2) c b
CO,H
l N l + NHZ ~ |
H J Ny N
H

NH3

. |:'.> N
OHC CHO Q
Cio —

manzamine C(3)

Scheme 1.
Biogenetic path of manzamines A (1), B (2), and C (3) proposed by Baldwin et al. (5).
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O':ﬂH NH

N 2 N

H += H

Cs H

H v F > N !

Q Q
keramaphidin C keramamine C
Scheme 2.

Biogenetic Pathway for Manzamine C (3) Proposed by Tsuda et al. (2).
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4 + 2 Cycloaddition

=

N Proposed Biogenesis

OH

Scheme 3.
Biogenesis of ingenamine (44), proposed by Kong et al. (31).
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ircinal A (35)

nakadomarin A (56)

Scheme 4.
Biogenesis of nakadomarin A (56) from ircinal A (35) (3,57).
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N

Enzyme catalyzeg;r \i; N
SN'
0]
Scheme 5.

Biogenesis of the 12,34-oxaether bridge in alkaloid 58 (58).
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Oxidation

62: 22p-H
63: 220-H

Scheme 6.

Biogenetic pathway of manadomanzamine A (62) and B (63) (59).
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]
Na N
H
COOK
+
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N
6 steps DPPA
Li + - - > ol
DMF

Scheme 7.
Synthesis of Manzamine C (3) by Torisawa et al. (66,67).
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& t-C4HgS CqHot

( ’“6 CO,CH, Tfo\l/t\,gQS!H

N || AgoTf i )
TBDPSO Cbz W N

+ TBDPSO Cbz N

N—Cbz

OTBDPS

5 steps
QHZOMEM

Ru Catalyst

Ru Catalyst

Ru Catalyst
A —————

Scheme 8.
Synthesis of the pentacyclic core of manzamine A (1) by Pandit et al. (74).

Alkaloids Chem Biol. Author manuscript; available in PMC 2023 May 30.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hu et al. Page 45

1). TFA
e F
2). DMAP, A
F

Scheme 9.
Synthesis of the tetracyclic core of manzamine A (1) by Nakagawa et al. (75).
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 ©
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2 =
© H\\\C)
manzamine A (1) manzamine D (4) R = CHO (ircinal A, 35)
R = CH,OH (ircinol A, 37)

R = COOMe
Scheme 10.

The Total Synthesis of Ircinal A (35), Ircinol A (37), Manzamines A (1) and D (4) by
Winkler et al. (76).
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tryptamine, toluene, r.t.
trifluoroacetic acid, stirring

manzamine D (4
ircinal A (35) Yield: 37% @
DDQ Oxidation
) EtOH + CHCI;, stir, r. t.
yield: 54% | 2 3-dichloro-5,6-dicyanobenzo-

quinone

ircinal B (36)

tryptamine

manzamine H (8) manzamine J (9) manzamine B (2)
Scheme 11.
Semisynthesis of Manzamines A (1), D (4), H (8) and J (9) v7a Pictet-Spengler Cyclization
(2,10).
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Manzamine Y (13) Manzamine X (12)

Scheme 12.
Biomimetic Transformations among Manzamines A (1), X (12), and Y (13) (14).
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N X
\__NCH,
xestomanzamine A (27) xestomanzamine B (28)

Scheme 13.
Biogenetic Pathway of Xestomanzamines A (27) and B (28) (14)
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ircinal A (35) 35a ircinol A (37)
(yield: 42%)
[a]p'® +20° (¢ 0.2, MeOH) [alp'® -19° (¢ 0.5, MeOH)

ircinal B (36) 36a ircinol B (38)
(vield: 46%)

[a]p'® +4.2° (¢ 0.2, MeOH) [a]p'® -2.8° (¢ 0.12, MeOH)

Scheme 14.
Conversion of Ircinals A (35) and B (36) into their Alcohol Forms (35a and 36a) (2,25).
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TABLE Il

13C-NMR Data of Manzamine-type Alkaloids in CDCl5.

Alkaloids 1-8

Atom 19  2(8) 3@ 4 2?4 (7)b 5(9) 6@ 7(11) 8(10,27)
1 143.6s 146.2s  145.8s 53.9d 60.0d 14285 14255  143.3s 59.9d
3 137.5d 137.0d 137.4d 42.1t 66.9t 138.4d 137.8d 137.9d 43.2t
4 113.8d 113.7d  113.0d 21.7t 43.6t 1134d 113.7d  114.7d 22.4t
4a 129.3s  129.2s  128.1s 109.5s 127.7s  1294s  130.2s  129.8s 109.0s
4b 121.1s  121.1s  121.9s 128.0s 109.4s  121.6s 122.8s 123.2s 127.8s
5 120.9d 121.3d 121.6d 119.0d 119.2d  121.3d 112.0d 112.6d 118.0d
6 119.2d 118.8d 119.0d 120.3d 118.0d 119.9d 120.9d 120.7d 119.3d
7 127.9d 128.8d 127.6d 123.1d 129.8d  128.3d 113.0d 114.3d 121.4d
8 112.8d 111.3d 111.8d 112.2d 111.0d 111.9d 143.4s  143.8s 111.0d
8a 141.4s  140.5s  140.6s 138.1s 141.0s  140.6s 1299s  130.6s 135.5s
9a 133.3s  134.9s  135.5s 115.9s 133.8s  133.3s 133.2s  132.9s 134.2s
10 141.2s 44.5d 34.7t 27.7t 135.4s  140.3s  1409s 141.9s 143.9s
11 135.1d 60.2d 52.8t 52.9t 1345d 138.0d 137.3d 134.6d 130.1d
12 71.3s 60.4s 69.8s 68.4s 69.0s 71.2s 70.1s
13 39.1t 18.6t 48.9t 48.9t 40.9t 40.5t 39.9t 39.2t 40.6t
14 20.6t 22.7t 26.0t 23.0t 21.9t 21.2t 21.4t 20.7t 21.9t
15 126.8d 127.7d 23.3t 25.0 128.7d  127.9d 127.9d 126.7d 129.4d
16 132.8d  131.8d 24.9t 26.8t 132.2d 132.0d 130.1d 133.0d 129.1d
17 24.9t 235t 130.9d 132.1d 33.3t 25.2t 25.5t 24.7Tt 29.1t
18 26.4t 26.7t  130.9d 132.1d 27.1t 26.3t 26.6t 26.5t 28.6t
19 24.5t 24.3t 24.9t 26.8t 22.7t 24.8t 25.0t 24.5t 29.2t
20 53.3t 50.8t 23.3t 25.0t 53.6t 52.5t 52.8t 53.4t 53.4t
21 26.0t 23.0t 23.0t

22 49.1t 47.5t 48.9t 48.9t 49.8t 49.3t 49.6t 49.1t 49.6t
23 33.5t 32.3t 32.0t 33.2t 34.0t 33.4t 32.3t
24 41.0d 32.5d 37.9d 41.7d 42.3d 41.3d 44.6d
25 46.9s 44.0s 47.6s 46.5s 47.3s 47.1s 43.5s
26 78.0d 59.7d 75.5d 80.8d 81.7d 78.3d 59.2d
28 53.3t 39.4t 55.1t 52.6t 53.0t 53.7t 59.2t
29 26.2t 23.4t 26.2t 32.4t 32.7t 26.4t 29.2t
30 24.2t 18.1t 25.9t 44.3t 45.1t 24.2t 29.2t
31 28.3t 27.9t 28.4t 2148s  216.2s 28.4t 25.0t
32 142.3d  132.3d 136.4d 38.7t 38.8t 142.8d 131.6d
33 123.5d 131.3d 121.4d 24.4t 24.4t 123.3d 131.1d
34 57.0d 27.3t 51.0t 63.2d 63.6d 57.4d 26.2t
35 44.7t 44.7t 448t 46.5t 46.6t 44.8t 37.3t
36 70.3t 56.6t 68.8t 68.4t 69.0t 70.2t 65.7t
Alkaloids 9-17
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Alkaloids 1-8
Atom 1(9) 2(8) 38 4 @? 4 (7)b 5(9) 6 (9) 7(11) 8(10,27)
Atom 9(10) 10(27) 11(17) 12(14) 13(14) 14(12) 15(13) 16(13) 17(17)
1 144.1s 56.1d  145.6s 142.9s 143.3s  158.9s 60.8d 69.5d 158.8s
3 138.6d 413t 139.6d 137.9d 137.0d 48.8t 43.9t 53.0t 48.8t
4 113.4d 21.7t  115.3d 113.4d 113.9d 19.1t 22.3t 21.9t 19.2t
4a 129.4s  109.7s  123.5s 129.0s 129.1s  117.1s 110.3s  110.3s 116.2s
4b 1219s 126.6s 132.1s 122.3s 121.7s  1255s  129.5s  129.0s 126.0s
5 121.6d 117.1d 123.1d 106.7d 106.0d 119.7d  109.5d  109.3d 103.4d
6 120.0d 118.6d 121.7d 150.3s 149.8s 120.2d 119.9d 119.9d 149.8s
7 129.4d 120.6d  130.3d 118.5d 118.4d 124.3d 106.8d  106.9d 114.5d
8 111.7d  110.0d 114.1d 112.3d 113.3d 121.1d 143.0s  143.1s 112.9d
8a 140.2s  134.8s  135.7s 134.7s 136.2s 136.1s 125.1s  125.3s 135.2s
9a 133.8s 132.6s 141.3s 134.3s 134.0s  127.6s 144.8s 144.9s 128.3s
10 14255 143.3s  143.5s 139.8s 1413s  139.0s 132.8s 131.6s 138.9s
11 131.7d 128.6d 138.4d 136.6d 1349d 140.8d 132.7d 132.1d 140.2d
12 70.4s 68.9s 70.7s 69.4s 71.2s 69.9s 70.6s 71.1s 69.9s
13 40.9t 39.6t 50.5t 41.7t 39.2t 40.5t 39.6t 39.8t 40.3t
14 22.2t 21.0t 128.3d 21.8t 20.8t 21.6t 20.6t 20.6t 21.4t
15 128.2d 128.4d  140.6d 128.5d 126.9d 1284d 127.6d 126.8d 128.9d
16 131.2d  127.9d 74.4d 132.3d 132.8d 132.3d 131.7d  132.9d 132.4d
17 32.5t 28.1t 37.2t 26.1t 25.0t 25.9t 24.9t 24.8t 25.5t
18 28.7t 27.5t 27.4t 26.3t 26.4t 25.8t 26.4t 26.3t 26.2t
19 29.2t 28.2t 22.5t 22.9t 24.6t 25.6t 24.4t 24.4t 25.1t
20 53.5t 52.8t 55.9t 53.2t 53.4t 53.4t 53.3t 53.2t 53.4t
22 49.7t 48.6t 45.3t 49.8t 49.2t 49.5t 49.1t 49.1t 49.4t
23 29.2t 31.7t 33.3t 32.5t 33.4t 32.5t 33.7t 33.4t 32.6t
24 46.7d 46.2d 42.2d 39.3d 40.8d 40.8d 37.5d 37.4d 38.2d
25 43.5s 42.9s 49.1s 45.4s 47.0s 46.9s 46.7s 44.6s 46.8s
26 59.2d 58.1d 74.7d 75.2d 78.0d 75.1d 78.9d 78.9d 75.2d
28 37.5t 58.1t 53.1t 55.3t 53.4t 50.9t 53.5t 53.3t 51.2t
29 26.2t 28.2t 34.5t 28.0t 26.4t 31.3t 26.3t 26.3t 29.6t
30 25.1t 28.2t 27.2t 26.8t 24.3t 25.6t 24.0t 24.0t 28.2t
31 29.2t 24.1t 30.1t 79.6d 28.3t 28.1t 28.6t 28.7t 25.8t
32 131.0d 130.6d 136.9d 40.7t 142.4d 1349d 1425d 142.1d 135.2d
33 129.4d  130.0d 131.4d 36.9t 123.6d 129.6d 123.6d 123.6d 128.2d
34 59.2t 25.1t 57.3d 103.9s 57.1d 55.0t 57.5d 57.5d 55.2d
35 29.2t 37.0t 45.3t 51.4t 447t 44.5t 43.2t 42.5t 44.6t
36 65.6t 64.9t 65.6t 66.5t 70.3t 68.6t 70.9t 70.9t 68.9t
N-Me 44.4q
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Alkaloids 18-22, and 25

Atom 18 (17) 1906° 2006° 21(16° 2206° 2509 2509

UnitA UnitB
1 159.8s 143.8s 135.0s 135.0s 136.6s 147.6s 57.5d
3 48.8t 137.8d 132.9d 133.1d 61.9t 136.6d 38.4t
4 19.1t 1135d  1152d  115.3d 20.3t 113.6d 23.3t
4a 117.1s 129.4s 120.5s 120.3s 108.3s 129.3s  107.7s
4b 125.5s 122.1s 122.5s 122.5s 126.5s 120.9s  127.2s
5 119.7d 121.8d 121.2d 121.2d 119.1d 121.0d 117.9d
6 120.1d 120.3d 121.3d 121.4d 121.0d 118.5d 118.2d
7 124.2d 129.0d 127.8d 127.8d 123.5d 127.4d  120.2d
8 112.0d 112.0d 112.0d 111.9d 112.0d 110.6d  110.5d
8a 136.1s 140.5s 141.3s 141.1s 137.8s 140.7s  135.9s
9a 127.7s 133.9s 136.8s 136.9s 129.9s 13585  135.3s
10 140.1s 140.0s 141.3s 137.8s 134.5s 53.0d 38.8d
11 133.5d 138.8d 140.8d 134.6d 141.1d 58.8d 74.7d
12 70.2s 69.7s 70.0s 70.5s 69.9s 60.3s 64.2s
13 40.7t 41.9t 41.3t 41.0t 41.2t 40.1t 311t
14 21.9t 22.2t 22.0t 26.5t 21.9t 24.0t 18.7t
15 129.3d 128.6d 128.8d 131.1d 128.8d 130.8d  130.2d
16 129.2d 132.6d 132.9d 132.4d 132.9d 132.2d  130.8d
17 29.1t NR NR NR NR 24.9t 24.9t
18 28.6t NR NR NR NR 28.2t 27.6t
19 29.1t NR NR NR NR 26.1t 26.9t
20 53.4t NR NR NR NR 52.8t 46.8t
22 49.5t NR NR NR NR 127.3d 62.0d
23 32.3t NR NR NR NR 116.3s 23.0t
24 45.0d NR NR NR NR 34.6d 40.3d
25 43.2s NR NR NR NR 35.6s 45.2s
26 59.2d 78.8d 75.3d 59.4d 75.1d 60.6d 66.8d
28 59.2t 55.8t 51.4t 54.8t 51.3t 47.7t 48.3t
29 29.1t 23.2t 33.7t 29.8t 33.9t 26.9t 27.6t
30 29.1t 37.4t 26.0t 29.0t 26.0t 28.1t 26.6t
31 25.0t 79.8d 28.4t 32.9t 28.4t 23.4t 24.2t
32 131.0d 28.4t 134.7d 130.0d 134.8d 129.5d  130.6d
33 131.4d 41.0t 130.4d 129.5d 130.3d 1325d 131.2d
34 26.2t 104.2s 55.7d 25.4t 55.0d 18.4t 20.9t
35 37.4t 51.9t 43.9t 22.8t 44.1t 32.9t 32.7t
36 65.6t 67.1t 69.3t 65.8t 63.9t 49.9t 56.3t

13C-, I5N-NMR Data of Manzamine-type Alkaloids 26, 57-59 in CDCI3d

Atom 26 (18) 26 (18) 57 (58) 58 (58) 59 (58)
Unit A Unit B
1 142.8s 143.0s 143.9s 142.6s  143.8s
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13C-, I5N-NMR Data of Manzamine-type Alkaloids 26, 57-59 in CDCI3d

Atom 26 (18) 26 (18) 57 (58) 58 (58) 59 (58)
Unit A Unit B

N2 273.7s 273.7s 298.0s 299.0s ND

3 138.7d 138.8d 138.8d 138.3d  138.2d
4 113.4d 113.5d 114.2d 114.3d  113.9d
4a 129.3s 129.4s 129.9s 130.1s  130.1s
4b 121.8s 121.8s 122.0s 123.4s  112.0s
5 121.6d 121.6d 121.8d 111.9d 122.1d
6 120.1d 120.1d 120.4d 120.9d  120.6d
7 128.4d 128.4d 128.8d 113.6d  128.4d
8 111.5d 111.5d 112.3d 143.6s  111.9d
8a 139.8s 139.9s 140.8s 130.6s  140.3s
N9 83.6p 83.6p 109.0p 105.4p ND

9a 133.5s 133.6s 133.8s 133.2s  133.2s
10 139.8s 140.8s 142.8s 140.1s  142.9s
11 137.2d 137.2d 132.7d 132.2d  135.5d
12 70.8s 69.3s 80.5s 80.3s 80.4s
13 40.4t 41.6t 40.3t 39.8t 41.4t

14 21.7t 21.8t 23.1t 22.5t 23.6t

15 128.0d 128.3d 129.9d 129.3d  127.8d
16 132.5d 132.8d 129.8d 129.4d  133.2d
17 25.9t 25.8t 25.4t 25.0t 24.6t

18 26.7t 26.7t 30.0t 29.7t 29.7t

19 25.6t 26.1t 30.1t 29.6t 30.1t

20 44.6t 53.1t 59.3t 58.9t 58.8t

N21 13.5s 13.0s 36.1s NO ND

22 49.6t 49.7t 50.1t 49.7t 49.3t
23 32.4t 32.2t 32.1t 32.8t 33.8t
24 39.8d 39.2d 46.3d 45.9d 43.2d
25 45.3s 45.3s 38.6s 38.0s 39.9s
26 75.5d 75.9d 67.2d 66.8d 68.8d
N27 57.4s 37.4s 73.5s 73.2s ND

28 47.2t 44.6t 54.1t 53.7t 54.1t
29 29.7t 30.0t 23.3t 22.7t 22.4t
30 72.2d 72.7d 33.1t 31.7t 33.9t
31 84.4d 67.2d 206.2s 205.1s 29.6t
32 39.5t 22.8t 30.9t 30.5t  133.4d
33 26.5t 26.6t 30.5t 30.0t 124.1d
34 89.7s 104.5s 101.8s 101.6s 94.9s
35 53.1t 51.2t 47.4t 47.2t 49.1t
36 68.7t 67.0t 66.3t 66.0t 69.9t
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13C-NMR Data of Manzamine-related Natural Alkaloids 27, 28, 30, 35-39 in CDCl5.

Atom 27 (14) 28 (14) 30 (222 35 (10) 36 (10) 37(25) 38(25) 39(26)
1 136.4s 155.8s 193.3d 194.3d 66.0t 65.2t 64.3d
2 42.8t

3 137.9d 49.1t 23.8t 53.6t
4 118.4d 18.8t 25.1t 38.0d
4a 131.5s 118.0s 43.3d
4b 120.6s 124.7s

5 121.7d 120.3d 26.5t 27.6t
6 120.5d 119.9d 132.2d 47.4t
7 129.6d 125.1d 132.2d

8 111.8d 112.2d 26.5t 50.8t
8a 140.8s 136.9s 45.1s
9 25.1t 141.8s
9a 136.5s 125.1s

10 184.2s 182.9s 23.8t 142.6s 144.7s 144.3s  143.8s  122.6d
11 129.7s 126.3s 42.8t 157.6d 151.7d 130.4d  126.8d 54.1t
12 70.2s 69.9s 71.6s 70.6s 26.1t
13 143.6d 144.2d 38.9t 40.4t 42.1t 41.2t 25.6t
14 21.0t 21.4t 23.0t 22.6t 22.9t
15 143.3d 144.2d 127.9d 129.3d 129.1d 130.5d  131.2d
16 132.5d 131.4d 134.6d 128.9d 130.9d
17 25.6t 29.2t 27.1t 30.0t 21.0t
18 26.7t 29.2t 28.6t 29.6t 41.6t
19 25.3t 26.2t 26.9t 25.5t 56.2t
20 53.5t 37.1t 55.0t 59.4t 21.1t
21 27.2t
22 49.4t 49.5t 51.2t 49.9t 25.0t
23 31.6t 31.4t 33.6t 30.2t  131.5d
24 34.0d 40.2d 39.9d 441d  132.0d
25 46.4s 42.6s 48.7s 43.9s 25.6t
26 76.3d 59.8d 78.8d  60.3d  37.0t
28 51.4t 53.5t 54.5t 52.4t

29 29.8t 29.2t 30.1t 29.4t

30 25.3t 25.0t 26.5t 29.7t

31 28.2t 28.6t 29.7t 23.0t

32 137.1d 131.2d 141.5d  130.9d

33 127.7d 129.2d 127.6d  132.0d

34 55.4d 59.3d 55.8d 29.7d

35 44.6t 29.2t 46.3t 37.5t

36 69.2t 65.6t 71.3t 65.3t

N-Me 35.2q 35.2q
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13C-, I5N-NMR Data of Manzamine-type Alkaloids 60-66 in CDCI3d

Atom 60 (61) 61 (61) 62 (59) 63(59) 64(60) 65(60) 66 (60)
1 61.3 69.2 53.5 60.1 143.1s 143.5,s 13945
N2 ND ND 46.3 404  ND ND ND

3 43.7 53.0 49.3 230 137.7d 1367d  116.2d
4 222 22.0 23.0 1083  1137d 1136d 129.5d
4a 109.4 109.4 108.7 1274 13035 129.9s 134.8s
b 136.2 136.5 127.4 1182  1216s 122.2s 1235s
5 117.4 117.4 118.2 111.9 121.3d 105.3d  105.6d
6 120.8 120.8 119.0 1189  1199d 1514s 15325
7 1185 1186 121.3 1213 1285d 1185d 123.1d
8 112.0 111.9 111.3 111.3 112.3d 113.0d 114.1d
8a 127.0 126.7 136.1 1361 1411s  1347s  139.4s
N9 ND ND 1238 ND ND ND ND
% 1325 1433 1347 1349 13385 136.1s 13695
10 1441 1433 430 404 1417s 13955  143.7s
1 1325 1334 745 747 1372 1369d  143.7d
12 70.7 71.0 64.7 646  686s 6995 7255
13 395 39.6 31.0 314 405t 410t 412t
14 20.6 206 186 187 217t 219t 216t
15 127.2 127.0 130.0 1301  127.8d 1287d 134.8d
16 1328 1329 131.1 1310 1327d 132.0d  127.5d
17 24.9 24.9 25.0 250 257t 263t 236t
18 26.4 26.4 216 276 269t 271t 264t
19 245 245 27.0 270 250t 228t 228t
20 53.3 53.2 46.6 467 528 535t  53.2t
N21 ND ND 36.9 ND ND ND ND
22 49.1 493 57.9 586 498t 502t 497t
23 33.9 336 26.8 279 334t 325t 315t
24 371 375 336 394  424d  401d  39.5d
25 46.8 46.9 452 453 4595 4555 42.7s
26 78.8 788 66.9 667  819d 756d  79.7d
N27 ND ND 32.6 ND ND ND ND
28 53.3 53.3 48.0 481 535t 535t  53.2t
29 26.2 26.2 273 274 317t 324t 381t
30 24.4 24.4 26.2 262 482t 482t 412t
31 28.3 283 243 243 706d  799d 258t
32 141.9 1418 1311 1308 368t  37.2t 236t
33 124.1 124.1 130.8 130.6 25.0t 26.3t 31.5t
34 57.1 57.2 214 212 6384 654d  66.9d
35 431 426 333 331 462t 473t 197.2s
36 708 711 575 572 689t 669t 635t
37 44.2 452 496

38 208.6 207.4
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13C-, I5N-NMR Data of Manzamine-type Alkaloids 60-66 in CDCI3d
Atom 60 (61) 61 (61) 62 (59) 63(59) 64 (60) 65(60) 66 (60)

39 30.9 30.6

Recorded in CD30D.
b .
Recorded in CgDg+CD30D

019—22 were recorded in CD2ClI2. NR = not reported in the original literature.

Page 64

d.. . .
Nitromethane was used as external standard for 15N—NMR, s = quaternary, p = protonated nitrogens. NO = not observed. ND = not determined.
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TABLE V.
1H-NMR Data of Manzamine-type Alkaloids in CDCl5.
Alkaloids 1-4
Atom 1(9) 2 (8) 3(8) 3a (22)a 4 (7)b
1 451,s
3 8.34,d,5.1-53 826,d,5 8.26,d,5 3.36,m 2.35,2H, m
3.13,m
4 7.85,d,51-53 7.84,d,5 7.81,d,5 2.83, m 2.98,2H, m
2.88, m
5 8.08,d, 7.9 8.07,d,7.8 8.11,d,7.8 7.43,d,7.8 7.49,d, 7.6
6 7.23,1,79 7.46,dd,7.8,7.8 751, m 7.02,1,7.8 7.08,t, 7.3
7 7.52,1,7.9 7.18,dd, 7.8,7.8 7.34m 7.11,1,7.8 7.14,1,7.5
8 7.83,d,7.9 7.40,d,7.8 751m 7.32,d,7.8 7.42,d,7.9
10 3.80,dd, 9.5, 4.5 2.90,dd,2H,5.1,5.1 222, m
231, m
11 6.52, s 3.52,d,4.4 3.31dd,2H,5.1,51 3.04,m 5.71,s
292, m
13 2.15,m1.75,m  2.6-1.4, overlapped 2.82dd,2H,7.5,75 299, m 2.2-1.2, overlapped
2.95 m
14 21-2.2,m 2.6-1.4, overlapped 2.32,2H, m 1.68,2H, m 2.2-1.2, overlapped
15 557, m 5.62, ddd, 10.8, 10.8, 5.4 1.75,2H, m 1.52,2H, m 5.85, m
16 557, m 5.47, ddd, 10.8, 10.8, 4.3 1.52,2H, m 2.27,2H, m 552, m
17 2.50,m1.60,m  2.6-1.4, overlapped 547, m 543, m 2.2-1.2, overlapped
18 1.45,m1.20,m  2.6-1.4, overlapped 5.47, m 5.43, m 2.2-1.2, overlapped
19 1.81,m1.45 m  2.6-1.4, overlapped 1.52,2H, m 2.27,2H, m 2.2-1.2, overlapped
20 2.58,m2.38, m 2.6-1.4, overlapped 1.75,2H, m 152,2H, m 2.62,2H, m
21 2.32,2H, m 1.68,2H, m 2.2-1.2, overlapped
22 293, m;1.88,m 2.80,2H, m 2.82,dd,2H,75,75 299,m;295 m 281,2Hm
23 295, m1.78, m 5.3651.4, overlapped 1.30, dd, 13.2, 2.2-1.2, overlapped
24 2.55;m 2.6-1.4, overlapped 2.2-1.2, overlapped
26 3.72,s 2.95,s 3.40,s
28 4.03, m 3.47, m 3.16, m
3.27, m 3.09, br 251, m
29 2.60,m2.00,m  2.6-1.4, overlapped 2.2-1.2, overlapped
30 1.95,m1.45 m  2.6-1.4, overlapped 2.2-1.2, overlapped
31 230, m 2.6-1.4, overlapped 2.2-1.2, overlapped
32 6.29, m 5.30, brs 5.64, m
33 5.39,t,7 5.30,brs 5.20,dd, 9.3,9.8
34 4.94, m 2.6-1.4, overlapped 4.18,t,7.8
35 2.40,m 1.85, m 1.14,d, 13.9 2.2-1.2, overlapped
0.92,dd, 13.9,7.9
36 2.88,m2.32,m 2.6-1.4, overlapped 2.2-1.2, overlapped
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Alkaloids 5-10

Atom 5(7,9) 6(7,9) 7(11) 8 (10) 9 (10) 10 (27)

1 4.64,s 4.65, m

3 8.42,d,5.1 8.38,d,5.3 8.33,d,5.1 3.40-3.10 overlapped  8.44,d5.4 3.6-1.0,m

4 7.83,d,5.1 7.80,d,5.3 7.83,d,5.1 3.40-3.10 overlapped  7.83,d,5.1 3.6-1.0,m

5 8.10,d,7.9 7.62,d,7.7 7.62, brd, 7.2 7.48,d,7.6 8.11,d,7.8 7.48,d,7.7

6 7.26,dt,7.9,1.1 714, m 7.15,1,7.2 7.14,m 727, m 7.14,1,8.0

7 7.53,dt,7.9,1.1 714, m 7.09,dd,7.5,09 7.09,m 7.53, m 7.09,1,8.0

8 7.59,d,7.9 7.33,d,7.8 7.53, m 7.31,d,8.1

11 6.50, s 6.65,s 6.46,s 5.61,s 6.24,5 5.64,s

13 1.88, m 2.05, m 2.06, m 3.40-3.10 overlapped 3.6-1.0, m
173, m 187, m 1.80, m

14 2.2-2.1,m 2.3-2.1,m 2.23,m 3.40-3.10 overlapped 3.6-1.0, m

15 5.54,dt, 10.6, 7.8 5.63,dt, 10.3,7.9 5.59, m 5.62, m 5.64, brt, 11.1 5.58, m

16 5.45,td,10.8,4.6 5.52,ddd, 10.8,10.8,4.4 555 m 5.45,m 5.46, brtd, 5.43, m

11.1,3.8

17 2.50, m 250, m 247, m 3.40-3.10 3.6-1.0,m

1.64, m 2.50, m 247, m 3.40-3.10 overlapped 3.6-1.0,m
1.64, m 1.64,m

18 142, m 142, m 1.54, m 3.40-3.10 overlapped 3.6-1.0, m
1.30, m 1.30,m 1.23, m

19 1.70, m 1.75, m 1.85, m 3.40-3.10 overlapped 3.6-1.0, m
1.35,m 1.40, m 1.50, m

20 2.60, m 2.60, m 262, m 3.40-3.10 overlapped 3.6-1.0, m
238, m 238, m 243, m

22 2.80, m 2.80, m 2.97, m 3.40-3.10 overlapped 3.6-1.0, m
1.90, m 1.90,m 1.88, m

23 2.03, m 2.25, m 2.97, m 3.40-3.10 overlapped 3.6-1.0, m
1.45, m 1.56, m 1.86, m

24 3.20,m 3.20,m 253, m 3.40-3.10 overlapped ~ 3.33, brd, 11.0 3.6-1.0,m

26 3.53,s 3.70, s 3.77,d,6.9 3.71, brs 3.85, brs 3.74, brs

28 3.23,m 3.32, m 4.03,dd, 12.06.9  3.40-3.10 overlapped 3.6-1.0, m
2.65, m 2.75, m 3.32,q,10.1

29 1.90, m 2.05, m 2.50, m 3.40-3.10 overlapped 3.6-1.0, m
1.80, m 1.95, m 2.30,m

30 2.48, m 249, m 2.03, m 3.40-3.10 overlapped 3.6-1.0, m
223, m 222, m 154, m

31 2.35, m 3.40-3.10 overlapped 3.6-1.0, m

32 2.35,m 2.63,m 6.34,dt, 10.8,6.8 5.31,m 5.36, brt, 9.9 5.32,m
2.15,m 233, m

33 1.95, m 210, m 5.42,1,9.8 5.20,m 5.25, brt, 10.7 5.19, m
1.60, m 1.70, m

34 2.85, m 2.98, m 4.98, brg, 6.9 3.40-3.10 overlapped 3.6-1.0, m

35 1.60, m 1.65, m 2.39, m 3.40-3.10 overlapped 3.6-1.0, m
149, m 157, m 1.92, m

36 2.50, m 2.49, m 2.92, m 3.40-3.10 overlapped 3.6-1.0, m
2.35,m 2.30,m 2.40, m

Alkaloids 11-15

Atom 1472 12 (14) 13 (14) 14 (12) 15 (13)

1 4.80,brs
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Alkaloids 11-15

Atom 11 (17)a 12 (14) 13 (14) 14 (12) 15 (13)
3 8.35,d,5.2 8.31,d,5.1 8.13,d,4.8 3.96, m 3.27, brd, 11.0 2.94, dt,
3.84,m 11.0
4 8.00,d, 5.2 7.59,d,5.1 7.48,d,4.8 2.82,2H, m 2.81, m 2.62, brd, 13.8
5 8.19,d,7.7 7.49,d,2.5 7.39,d,2.4 7.60,d,7.9 6.96, d, 8.0
6 7.30,dd,7.7,7.1 7.13,1,7.9 6.91,dt,8.1,4.0
7 7.59,dd, 7.1, 8.2 7.13,dd, 2.5, 8.6 7.08,dd,2.4,7.5 7.28,1,7.9 6.63,d,8.1
8 7.72,d,8.2 7.26,d, 8.6 7.54,d,7.5 7.41,d,7.9
11 6.54, s 6.45, s 6.51, s 6.32,s 5.84,s
13 295 m 2.13,m 2.02,2H, m 1.93, m 2.00, m
2.73,dd, 10.0, 14.4 1.68, m 1.67,m 1.52, m
14 5.73, ddd, 14.8, 10.0, 4.3 2.36,m 2.26,2H, m 2.35,m 2.13,2H, m
2.13,m 2.13,m
15 5.65, dd 5.64, m 551, m 5.63, m 555 m
14.8,8.3
16 4.06, brt, 7.5 5.53, m 551, m 5.53, dt, 10.6, 4.7 553, m
17 1.72, m 2.58, m 2.47, m 253, m 2.38, m
152, m 1.70,m 157, m 1.70,m 142, m
18 1.68, m 1.44,2H, m 1.42, m 1.70,m 1.38, m
145 m 1.24-1.17, m 1.33,m 1.13,m
19 1.66, m 1.69, m 1.83, m 1.73,m 1.85,m
1.45, m 1.43, m 1.42, m 1.42, m 142, m
20 2.60, tt, 4.4, 8.6 2.30, m 2.67, m 255 m 2.60,dt, 13.2,5.22.44, 2.27, m 2.45, dd, 12.0,
245 m 242, m m 5.1
22 281, m 271, m 2.86, m 2.76, brd, 10.81.95,m  2.77,m
2.18, m 1.95, m 1.86, m 167, m
23 1.98, m 193, m 2.86, m 197, m 2.16, m
1.72,m 151, m 1.74,m 1.45, m 1.33,m
24 293, m 3.00, dd, 12.0, 6.0 2.55,m 2.00, m 1.97, m
26 4.20, s 3.62,s 3.67,s 3.44,s 3.55,s
28 2.95,2H, m 3.34,m 2.88,dd, 11.1, 3.98,m 3.17,2H, m 3.82,m
10.3 321, m 3.16,1,11.4
29 1.99, m 1.70,m 2.60, m 1.96, m 2.45'm
1.67,m 1.58, m 1.24-1.17, m 1.62, m 1.84,m
30 195 m 193, m 195, m 187, m 1.90,m
1.45, m 1.44, m 142, m 1.34,m 142, m
31 2.34,m2.22, m 455, m 2.26, m 2.35,m 2.32, m (2H)
213, m
32 5.98, dt, 10.9, 7.1 2.40,m 6.20, m 5.95 m 6.14, m
2.13,m
33 5.36, brt, 8.8 1.44, m 5.30, m 5.26, brd, 10.6 5.18,1,9.9
34 4.32, brt, 8.3 4.89, m 419, m 4.70,t,8.7
35 2.41,dd, 8.6,13.21.68,m  2.40, d-like, 12.7 2.34, 2.45,m 1.83, m 2.14,m 1.69, m 171, m1.42, m
d-like, 12.7
36 2.95,d,11.6 3.14,d, 12 2.86, m 2.78,d,11.6 278, m
1.95,d,11.6 2.27,d, 12 2.40, m 2.27,d,11.6 2.10,m
Alkaloids 16-20
Atom 16 (13) 17 (17) 18 (17) 19 (16)C 20 (16)C
1 3.92,s
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Alkaloids 11-15

Atom 11 (17)a 12 (14) 13 (14) 14 (12) 15 (13)
3 3.00, dd, 11.0, 4.0 2.44, 393, m 345, m 8.42,d,5.1 8.06,d, 6.7
dd, 12.0, 3.0 3.89, m 3.35,;m
4 2.85,t,12.0 2.65, brd, 2.81, m 2.88, m 7.87,d,5.2 7.77,d,6.7
15.0 2.79,m 2.86, m
5 6.96, d, 8.0 6.97, brs 7.59,d,7.7 8.16,d,7.8 8.04,d, 8.0
6 6.91, dt, 8.0, 4.0 7.14,dd,7.7,7.1 7.33,m 7.32,1,8.0
7 6.64,d, 8.0 6.86, brd, 8.2 7.26,dd,7.1,8.2 757, m 751, m
8 7.29,d,8.2 7.40,d, 8.2 7.57, m 754, m
11 5.91,s 6.36, s 6.15,s 6.41,s 6.07,s
13 1.92, m 1.92, m 2.05, m 2.10,m 2.15, m
1.75,m 1.72,m 1.48, m 1.69, m 1.85,m
14 2.17,2H, m 1.73,m 227, m 2.40, m 2.40, m
143, m 1.98, m 2.14, m 2.10, m
15 5.56, dt, 8.0, 3.0 5.63, ddd, 7.3, 8.3, 5.32,ddd, 7.0, 8.3, 5.68, g, 10.0 572, m
10.8 10.6
16 5.54, dt, 11.0, 4.0 5.54,dt, 10.8, 7.3 5.28, dt, 10.6, 7.6 5.58, dt, 10.8, 5.0 5.60,dt, 7.9, 4.7
17 2.36, m 177, m 293, m 2.64, m 255 m
1.55, m 1.43, m 2.90, m 1.86-1.76, m 1.75,m
18 1.45,m 191, m 190, m 151,2H, m 141, m
1.14,m 143, m 1.55, m 1.30,m
19 1.72,m 1.73,m 1.70, m 1.47,2H, m 181, m
140, m 143, m 1.20,m 141, m
20 2.48,dd, 13.0,5.02.26,m 2.61,m 291, m 278, m 2.80, m
2.43, m 2.82, m 254, m 238, m
22 2.75,m 2.78, m 2,95, m 2.80, m 2,98, m
1.61, brd, 11.0 1.95 m 1.94, m 2.01, m 2.50, m
23 2.16, m 2.01, m 217, m 1.58,2H, m 3.15,m
143, m 1.48, m 1.72, m 1.75,m
24 1.86, m 278, m 2.45'm 3.01,dt, 93,64 3.00,dd, 11.5,7.3
26 3.56,d,7.5 3.47,s 3.78,s 3.62,s 3.72,s
28 3.88, m 3.19,m 262, m 3.36,m 3.96, m
3.16, g, 10.0 3.08, s 2.35;m 2.89, m 3.20,m
29 244, m 193, m 1.78, m 1.86-1.76, 2H, m 2.84, m
191, m 1.27, m 1.70, m 1.98, m
30 197, m 229, m 1.78, m 1.86-1.76, m 191, m
1.42, m 2.16, m 1.28, m 1.66, m 1.38, m
31 2.34, m 1.74,m 1.74,m 4.54,brd, 7.9 2.30,2H, m
220, m 1.48, m 1.48, m
32 6.17, dt, 12.0, 6.0 5.97,1,10.4,7.6 5.61, dt, 10.9, 7.1 3.20,d,11.9 5.95 m
2.05, m
33 5.18,t, 10.0 5.25, brt, 9.5 5.36, brt, 8.8 2.25-2.16, m 5.35 m
1.63, m
34 473,q9,8.1 4.30, m 272, m 429, m
219, m
35 1.69, dd, 14.0, 8.0 1.30, 278, m1.72, m 2.18,m1.45 m 2.33,d,139 243, m
brd, 14.0 1.94,d,13.9 1.68, m
36 2.74,brd, 12.1 2.80,m 3.30,d,12.1 2.27,d,11.9 2.80,d,11.6
2.09, brd, 12.0 237, m 2.08,d,12.1 2.33,d,11.3
N-Me  2.26,s
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Alkaloids 21, 22, 25 and 26
Atom 21 (16)c 22 (16)C 25 (15) 25 (15) 26 (18) 26 (18)
unit A unit B unit A unit B
1 243, m
3 8.08,d, 6.6 4.36, m 8.17,d,5.0 257, m 8.45,d,5.1 8.46,d,5.1
421, m 2.34, m
4 7.79,d, 6.2 3.22,2H, m 7.62,d,5.0 213, m 7.83,d,5.3 7.83,d,5.3
1.89, m
5 8.04,d,7.5 751,d,7.8 727, m 6.84, brd, 8.0 8.10,d,7.9 8.10,d, 7.9
6 7.32,m 7.15,d, 8.0 6.51, brt, 8.0 6.78, brt, 8.0 7.29,dd, 8.0,7.9 7.29,dd, 8.0,7.9
7 751, m 7.21,dt,7.6,1.1 711, m 6.97,1,8.0 7.55,dd, 8.3,8.0 7.55,dd, 8.3,8.0
8 7.51, m 7.41,d,8.0 7.17, brd, 8.0 7.14,d, 8.0 7.51,d,84 7.51,d,84
10 3.50, m 1.22, m
11 6.06, s 5.97,s 3.44,d,4.2 3.07, brs 6.37,s 6.41,s
13 2.08, m 2.02, m 2.48, m 2.33,m 2.11,2H, m 213, m
1.59, br 1.75,m 1.30,m 1.11, dt, 14.5,5.0 1.70, m
14 2.18, 2H, br 241, m 2.49, m 251, m 237, m 237, m
2.14, m 2.16, m 1.68, m 2.09, m 211, m
15 5.66, dt, 10.8,4.4  5.69, m 5.24,m 5.44, dt, 11.0, 6.5 5.64, m 5.64, m
16 5.47,d, 10.9 5.59, dt, 10.8, 4.7 5.34, brt, 11.0 5.25, m 5.58, m 5.58, m
17 252, m 249, m 2.64, m 1.78, m 1.77, m
1.85, m 191, m 1.78, m 159, m 1.55, m
18 1.70, m 157, m 1.67, m 1.44,2H, m 1.44,2H, m
1.34, m 151, m 1.08, m
19 1.20, brd, 10.1 1.70, m 1.73,m 1.24, m 1.76, m 1.77,m
1.34,m 153, m 1.24,m 1.39,m 141, m
20 2.59, brd, 11.6 2.63,dt, 11.7, 4.8 2.75,dt, 14.0, 4.5 2.33,m 2.64, m 2.46, m
2.38, br 242, m 347, m 1.85,m 249, m 1.96, m
22 2.88, br 1.81, br 279, m 5.47, brs 2.88, m 2.75,m 2.76, m
195 m 1.98, m 1.99, m
23 197, m 1.29,m 1.88, mm 1.89,m
1.60, m 0.96, m 154, m 1.53, m
24 2.90, brs 2.98,m 2.81,d,85 1.36, m 3.06, m 3.05,m
26 3.77, brs 3.45,s 3.13,s 2.91, brs 3.85,s 3.66, s
28 2.98, m 3.19,2H, m 3.41,m 3.15,m 3.15,2H, m 357, m
2.88, m 247, m 2.62, m 3.18, m
29 1.70, m 1.95 m 1.82, m 2.05,m 227, m
1.55, m 1.62, m 157, m 1.56, m 212, m
30 150, m 1.85,m 1.82, m 1.63, m 3.76, brd, 6.1 4.14,d,7.5
134, m 1.67,m 1.54, m
31 1.75,m 2.35,m 2.50, m 2.26, m 4.41,d,8.7 3.69, brd, 6.1
1.59, br 2.15, m 2.07, m 195 m
32 5.35, m 5.94, m 5.53,1d, 11.0, 3.5 5.63, m 2.07,m 212, m
155, m 1.52, m
33 5.50, m 5.30,t,9.5 5.69, td, 11.0, 4.0 5.65, m 1.75,m 1.78, m
1.45,m 1.40, m
34 1.48, m 421, m 2.40, m 2.24,m
1.94, m 192, m
35 2.47,br 295 m 234, m 1.74,m 2.65, m 2.36,d,13.1
2.19,br 1.65, m 091, m 1.26, m 2.45 m 2.05,d,129
36 2.80,d, 11.6 2.30, d, 2.98,d,10.52.69,d, 2.86,d,9.52.07,d, 3.42,dd,11.3,2.0 3.10,dd, 11.8,2.1
11.6 10.5 9.5 2.30,m 2.28,d,11.9
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Alkaloids 27, 28, 30 and 39

Page 70

Atom 27 (14) 28 (14) 20 (22)° 39 (26)

1 3.01s

2 3.08,2H,t,7.6

3 8.55,d, 5.0 4.16,dd, 9.0,9.0 1.76,2H, m 2.86, dd, 8.5, 1.5 2.91, dd, 20.7, 9.7 1.64, dd, 9.0, 2.3

4 8.09,d, 5.0 2.97,dd, 9.0,9.0 1.58,2H, m 222, m

4a 0.93, ddd, 11.6, 5.6, 1.9

5 8.12,d, 8.2 7.60,d, 7.9 2.30,2H, m 1.36, m 1.17, ddd, 13.0, 8.7, 4.4

6 7.30,dd,8.2,6.2 7.13,dd,7.9,70 546, m 2.75,m 2.63, dt, 12.3, 3.6

7 7.55,dd,7.3,6.2 7.29,dd,7.3,70 546, m

8 7.57,d,7.3 7.40,d,7.3 2.30,2H, m 2.23,d,12.32.08, d, 10.7

9 1.58,2H, m

10 1.76,2H, m 5.81, brd, 6.3

11 3.08,2H,t,76 223, m

12 145, m1.24, m

13 8.93,s 8.37,s 1.58, m 1.46, m

14 2.35,m1.57, m

15 7.66, s 7.63,s 5.64, ddd, 13.6, 10.1, 5.2

16 5.69, ddd, 13.6, 10.1, 6.3

17 227, m1.78, m

18 1.88,dt,12.3,7.6 1.61, m

19 3.07,m2.24, m

20 1.55,m1.34, m

21 148, m1.32, m

22 2.14, m 1.96, brd, 15.2

23 5.24, brd, 10.8

24 5.36, brd, 10.8

25 229, m2.12, m

26 2.33,m2.25,m

Alkaloids 35-38

Atom 35 (10) 36 (10) 37 (252 38 (25)

1 9.45,s 9.50, s 4.00, s (2H) 3.88,'s (2H)

11 6.75, s 6.53,s 5.68, s 5.70, s

13 1.77, m 3.10-1.0 (overlapped) 1.80,m1.61, m 2.18, brd, 10.8 1.64, m
1.61, m

14 224, m 3.10-1.0 (overlapped) 2.26, m 215, m
211, m 1.96, m 191, m

15 5.56, m 5.58, m 5.49, m 542, m

16 220 dddd 10.7, 10.7, 10.7, 5.44, m 552, m 529, m

17 2.43, m1.63, m 3.10-1.0 (overlapped) 252, m 2.98, brt, 12.7 1.74, m

1.63, m

18 141, m 3.10-1.0 (overlapped) 1.42, m 1.65, m

1.25 m 1.22,dt,9.2,4.3 119, m
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Atom 35(10) 36 (10) 37 (25)a 38 (25)
19 171, m 3.10-1.0 (overlapped) 177, m 1.36, m
1.38, m 1.46, m 1.34, m
20 257, m 3.10-1.0 (overlapped) 2.67,dt,12.0,5.22.34, m 2.49, dt, 12.1, 1.3 2.25, ddd,
239, m 16.9, 11.6, 4.6
22 277, m 3.10-1.0 (overlapped) 2.87,dd, 11.3,551.83, m 2.77,dd,9.4,471.74, m
1.86, m
23 1.78, m 3.10-1.0 (overlapped) 1.90, m 1.68, m
1.22, m 141, m 1.59, m
24 2.58,dd, 12.2,6.8 3.10-1.0 (overlapped) 2.05, dd, 12.0, 6.8 171, m
26 3.44,s 3.71,s 3.59, s 3.66, s
28 3.38,m 3.25m 3.56, dt, 12.7, 7.0 3.00,m
3.04, m 3.10-1.0 (overlapped) 3.32,m 2.90, m
29 1.93, m 3.10-1.0 (overlapped) 1.98, m 1.61, m
173, m 1.58, m 147, m
30 1.89, m 3.10-1.0 (overlapped) 177, m 1.65, m
1.35,m 145 m 1.34,m
31 229, m 3.10-1.0 (overlapped) 2.36, m 2.55,m
214, m 224, m 1.94, m
32 6.03,dddd 11.0,7.1,7.1,1.5 527,m 6.18, dt, 10.7, 7.1 5.32, brt, 10.1
33 5.26, ddd 10.5, 10.3, 1.2 519, m 5.40, dd, 10.7,9.4 5.54, brt, 10.8
34 4.36, brt, 8.1 3.10-1.0 (overlapped) 452, brt, 7.9 1.99, m
1.96, m
35 1.86, m 3.10-1.0 (overlapped) 2.11,dd, 13.6,8.01.71, m 2.23, m
167, m 1.08, brt, 12.7
36 2.81,d,11.2 3.10-1.0 (overlapped) 2.94,brd,11.52.29,d, 11.5 3.30, brd, 11.9 1.84, d, 11.9
2.29,d,11.2

Alkaloids 57-59 and 61

Atom 57 (58) 58 (58) 59 (58) 61 (61)
1 3.97,s
3 8.41,d,5.2 8.39,d,5.6 8.46,d, 5.0 2.49, m 3.03, ddd, 12.9, 4.7, 1.4
4 7.84,d,5.2 7.82,d,5.6 7.84,d,5.0 2.73, ddd, 14.9, 12.9, 1.5 2.89,
m
5 8.08,d,7.8 7.63,d,7.7 8.12,d,7.7 7.43,d,7.6
6 7.26,1,8.0 7.13,dd, 7.8, 7.7 7.29,1, 7.5 7.09,d,7.6
7 751,1,7.4 7.02,d,7.8 753,1,7.6 7.02, dt, 7.6, 1.1
8 7.55,d, 8.0 - 7.49,d, 7.6 7.59,d, 7.6
N9 885 9.12,s
11 6.24,s 6.33,s 6.58, 594,
13 2.35,m 227, m 2.25,m 1.75,m, 1.92,m
1.66, m 2.09, m 2.12,m
14 2.85,m, 2.45, m 2.24,m,1.83, m 2.31,m,2.01, m 217, m
15 5.34, brs 5.33, brs 5.65, m 5.59, dt, 3.1, 7.4
16 5.29, brs 5.30, brs 557, m 5.54, dt, 10.6, 4.0
17 1.86,m, 1.73, m 1.61, m, 1.49, m 1.65,m, 1.53,m 159, m, 2.41, m
18 152, m, 1.24, m 1.81,m, 1.63, m 1.64,m,1.73,m 1.15,m, 1.45,m
19 1.46,m 1.38, m 1.79, m 160, m 1.81, m1.67,m 1.40,m, 1.72,m
20 271, m2.28, m 2.67, m2.36, m 2.65,m2.34, m 2.26,m 2,53, dd, 12.2, 5.7
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Alkaloids 35-38

Atom 35 (10) 36 (10) 37 252 38 (25)

22 3.02, m2.04, m 3.03, brd, 9.32.07, m 3.05,m2.15, m 2.76, m

23 259, m2.67, m 2.59,m2.20, m 2.46,m2.31, m 1.43, m, 2.16, m

24 2.52,dd, 11.8,5.5 2.57,dd, 12.0,5.6 2.47,dd, 12.0,5.4 1.84,dd, 7.0, 11.9

26 4.36,s 4.39,s 4.38,s 3.53, brs

28 3.38,dd, 12.5,11.32.84,dd,  3.37,dd, 12.8, 11.9 2.84, dd, 3.35,dd,1 2.7, 11.6, 2.83, dd, 3.12,dd, 9.6, 11.4 3.94, m

12.5,4.4 12.8,4.7 12.8, 4.6

29 1.72, m1.76, m 157, m1.48, m 1.63, m1.46, m 191, m, 2.48, m

30 1.64,m1.78, m 1.83,2H, m 1.58, m1.82, m 142, m, 1.97, m

31 - - 2.32,m1.86, m 2.34,m

32 3.20,m2.75, m 1.79,m151, m 5.37, brs 6.18,dt,9.9, 7.1

33 2.25,m,2.15,m 2.53,m, 1.57, m 5.38, brs 5.21,dd, 9.9,9.7

34 4.68, m

35 2.27,d,1252.34,d, 125 2.34,d,12.42.24,d,124 2.35,d,1252.21,d,12.3 1.26, dd, 12.5, 1.3 1.69, m

36 3.15,d,11.0 2.24,d, 11.0 3.16,d,11.12.30,d, 11.1 3.14,d,11.22.26,d, 11.1 2.09,d,11.32.76,d, 12.3

37 2.30,s

Alkaloids 62-66

Atom 62 (59) 63 (59) 64 (60) 65 (60) 66 (60)

1 4.16,d, 9.6 4.13,d,9.3

3 3.25,m, 2.84,m 2.96, m 8.30,d,5.2 8.22,d,5.3 8.44,d,5.3
290, m

4 2.80,2H, m 2.77,2h, m 7.93,d,5.2 7.84,d,5.3 8.35,d,5.3

5 7.46,d,7.6 7.45,d,7.6 8.14,d,8.14 7.49,d,23 7.63,d,2.3

6 7.04,t,7.6 7.03,t,7.6 7.24,1,8.0

7 7.11,t,7.6 7.10,t,7.6 7.53,1,8.0 7.09,dd, 2.3,8.8 7.33,dd, 2.3,8.8

8 7.31,d,8.0 7.30,d,7.6 7.66,d,85 7.52,d,88 7.68,d,8.8

N9 9.17,s 9.04, s

10 1.58, m 1.63, m

11 352, m 3.39,m 6.44,s 6.29, s 6.65, s

13 248, m,1.37, m 2.45'm 1.83, m, 1.88, m 1.81, m, 1.89, m 1.85, m, 1.99, m
1.20, m

14 2.63, m, 1.80, m 2.54, m 2.15,m, 2.18, m 2.11, m, 2.20, m 2.11-2.20, m
1.73, m

15 5.48, m 5.46, m 5.63, q, 12.08 5.65, dt, 4.7,11.38 5.62,q,9.8

16 529, m 5.30, m 5.52,dt,4.4,10.8 5.52,q,9.09 5.66, g, 10.1

17 2.70,m, 1.81, m 2.68,m, 1.82, m 1.64, m, 2.49, m 1.66, m, 2.48 m 1.65,m, 251, m

18 1.15,m, 1.77, m 1.16, m 1.35,m, 1.42, m 1.35,;m, 1.41, m 1.32, m, 1.40, m
1.76, m

19 1.73,m,1.41, m 1.37, m 1.36, m, 1.69, m 1.34,m, 1.71, m 1.42,m, 1.73, m
1.74,m

20 254, m, 212, m 252, m 2.39, m, 2.60, m 237, m,2.62,m 2.36,m, 2.59, m
2.08, m

22 3.75,m 354, m 1.82, m, 2.70, m 1.83,m, 2.71, m 1.93,m, 2.81, m

23 143, m 149, m 148, m, 1.95; m 1.46,m, 1.85, m 155, m, 2.75, m

1.78, m 1.74,m
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Alkaloids 62-66

Atom 62 (59) 63 (59) 64 (60) 65 (60) 66 (60)
24 211, m 1.98, m 3.15,dt,6.4,93  3.15,dd, 7.3,11.2  3.05,dd, 7.1, 10.8
26 2.93,s 2.95,s 3.79, s 3.64,s 5.01,s
28 3.07, m 3.10, m 2.66,m,3.56,m  2.66, m, 3.56, m
270, m 269, m
29 1.74,2H, m 1.65,2H, m 1.83, m, 1.90, m 1.83, m, 1.90, m 1.83, m, 2.10,m
30 147, m 1.46, m 2.65,m,2.98,m  2.65,m, 298 m 2.45,m,2.87, m
1.86, m 172, m
31 222, m 2.25,m 4.05,m 4.05,m 2.05,m
2.03, m 1.98, m
32 553, m 555 m 1.80,m, 2.21, m 1.80,m, 2.21, m 1.98, m, 2.3, m
33 553, m 5.55,m 1.60, m, 1.79, m 1.60, m, 1.79, m 1.70, m, 2.10, m
34 2.05,m 2.26,m 3.05,m 3.2,m 413, m
224, m 2.00, m
35 1.50, m 1.63, m 1.35,m, 142, m 1.34,m, 142, m
1.60, m 144, m
36 2.89,d,10.02.39,d,10.0 293,d,9.62.28,d,9.6 2.30,m,2.65m 231, m, 2.65 m 2.33,m, 255, m
37 3.06, m 2.54,dd, 15.8,7.6 2.89, m
2.63,m
39 2.17,3H,s 2.27,s

aRecorded in CD30D

bRecorded in CgDp+CD30D

DRecorded in CD2Cl2

dRecorded in CD30H

Alkaloids Chem Biol. Author manuscript; available in PMC 2023 May 30.

Page 73



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Hu et al.

TABLE V.

Page 74

Nearest Relatives of Isolates from Two Undescribed Sponges from Acanthostrongylophora sp. (0LIND035)
(58) and (01IND052) (59) Based on BLAST.

Strain designation

Source sponge

Closest relative from BLAST analysis

Accession no. of closest relative

M28
M29
M30
M31
M34
M36
M37
M39
M40
M41
M42
M44
M45
M46
M47
M52
M53
M56

01IND35
01IND35
01IND35
01IND35
01IND35
01IND35
01IND35
01IND35
01IND35
01IND35
01IND35
01IND52
01IND52
01IND52
01IND52
01IND52
01IND52
01IND52

Bacillus sp. strain VAN35
Staphylococcus arlettae

Brevibacillus borstelensis

Alpha proteobacterium MBIC3368
Unidentified firmicute strain HTE831
Alpha proteobacterium strain NW001
Pseudomonas sp. strain PB1
Unidentified eubacterium clone BS\V04
Bacillus sp.strain VAN35
Microbacterium barkeri
Micromonospora sp. strain IM-7416
Shewanella alga

Alpha proteobacterium strain NW001
Alpha proteobacterium strain NW001
Alpha proteobacterium MBIC3368
Shewanella wooadyi

Alpha proteobacterium NW001

Pseudomonas sp. strain PB1

AF286486
ABO009933
AF378230
ABO012864
AB010863
AF295099
AF482708
AJ229178
AF286486
XT77446
AF131427
u91547
AF295099
AF295099
AB012864
AF003549
AF295099
AF482708
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