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Abstract:
An investigation of the extracts of the sea pen Ptilosarcus gurneyir the gorgonian Briareum polyanthes
and the sponge Igernella notabilis was undertaken with the objective of applying modern
chromatographic and spectroscopic techniques to the isolation and structure elucidation of biologically
active secondary metabolites.

Using a cyano-bonded phase HPLC procedure, five new briaran diterpenes were isolated and identified
from the extracts of P. gurneyi. In addition, based on difference nOe and x-ray diffraction analysis, the
stereochemistry of ptilosarcenone and ptilosarcone was revised. A study of mass spectrometry ion
production methods found that excellent molecular ion information could be obtained for halogenated
briarans by high pressure electron capture and for nonhalogenated briarans by positive chemical
ionization using ammonia as the reagent gas.

Investigation of the cyclodecane ring conformation of brianthein W by dynamic nuclear magnetic
resonance revealed an unprecedented temperature dependence that was hypothesized to be the result of
an unusual and undefined conformational process.

From the water soluble extracts of B. polyanthes,a very unusual antimicrobial pyranone was isolated by
gel permeation chromatography. The structure of bissetone was determined by spectroscopic analysis
and confirmed by x-ray crystallography. Further investigation of the polar extracts of B. polyanthes
revealed the structurally related tricyclic bisketal bissetal. The structure for bissetal was proposed on
the basis of its relationship to bissetone, NMR chemical shift analysis and molecular modeling. Both
bissetone and bissetal are novel metabolites.

Analysis of the spongian diterpene containing extracts of Igernella notabilis has resulted in the isolation
of the unique norsesterterpene alkaloids, kimbasines A and B.

Using modern methods of two dimensional NMR analysis, the structures were determined. The
structures of these compounds are unprecedented in natural products. 
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ABSTRACT

An investigation of the extracts of the sea pen 
Ptilosarcus aurneyir the gorgonian Briareum polyanthes and 
the sponge Iaernella notabilis was undertaken with the 
objective of applying modern chromatographic and 
spectroscopic techniques to the isolation and structure 
elucidation of biologically active secondary metabolites.

Using a cyano-bonded phase HPLC procedure, five new 
briaran diterpenes were isolated and identified from the 
extracts of Pj. aurneyi. In addition, based on difference 
nOe and x-ray diffraction analysis, the stereochemistry of 
ptilosarcenone and ptilosarcone was revised. A study of 
mass spectrometry ion production methods found that 
excellent molecular ion information could be obtained for 
halogenated briarans by high pressure electron capture and 
for nonhalogenated briarans by positive chemical ionization 
using ammonia as the reagent gas.

Investigation of the cyclodecane ring conformation of 
brianthein W by dynamic nuclear magnetic resonance revealed 
an unprecedented temperature dependence that was 
hypothesized to be the result of an unusual and undefined 
conformational process.

From the water soluble extracts of EL. polyanthes, a 
very unusual antimicrobial pyranone was isolated by gel 
permeation chromatography. The structure of bissetone was 
determined by spectroscopic analysis and confirmed by x-ray 
crystallography. Further investigation of the polar 
extracts of Sjl. polyanthes revealed the structurally related 
tricyclic bisketal bissetal. The structure for bissetal 
was proposed on the basis of its relationship to bissetone, 
NMR chemical shift analysis and molecular modeling. Both 
bissetone and bissetal are novel metabolites.

Analysis of the spongian diterpene containing extracts 
of Iaernella notabilis has resulted in the isolation of the 
unique norsesterterpene alkaloids, kimbasines A and B.
Using modern methods of two dimensional NMR analysis, the 
structures were determined. The structures of these 
compounds are unprecedented in natural products.
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INTRODUCTION

In 1887, with his remarkable observation that a 
distinct group of naturally occurring substances could be 
formally derived from branched five-carbon units (I), 
Wallach recognized what would become perhaps the most 
abundant and renowned class of natural products, the 
terpenoids. Wallach specifically defined the terpenoids in 
1914 (2) when he postulated the "isoprene rule", according 
to which terpenoid structures could be formally divided 
into isoprene units (2-methyl-l,3-butadiene). Classes of 
terpenoids were named on the basis of the number of 
isoprene units. Terpenoids that contained two isoprene 
units became known as monoterpenes, with three isoprene 
units as sesquiterpenes, with four isoprene units as 
diterpenes, with five isoprene units as sesterterpenes and 
with six isoprene units as triterpenes. In 1953, Ruzicka 
modified Wallach7s isoprene rule to incorporate new and 
developing biogenetic concepts that were fast becoming a 
vital part of natural products structure elucidation. 
According to the "Biogenetic Isoprene Rule" (3), the 
structures of terpenoid compounds could be rationalized or



preliminary structures deduced by employing accepted 
reaction mechanisms to hypothesized acyclic precursors.

In the case of the diterpenoids, this rule led to the 
assumption that the acyclic diterpenoid geranylgeraniol I, 
as its pyrophosphate, was the probable biosynthetic 
precursor for the more complex cyclized diterpenes (4, 5). 
Natural products chemists used geranylgeraniol as the basis 
for the biosynthetic rationale in the structure elucidation 
of new diterpenoids, even though it was not until 1966 that 
geranylgeraniol was actually found in nature (6).

I

During the 1950's, the natural products research had 
entered a new era. The development of nuclear magnetic 
resonance, conceivably the most powerful spectroscopic 
method for organic structural elucidation, combined with 
the introduction of new and more efficient separation 
techniques to produce a rapid growth in the knowledge and 
number of naturally occurring compounds. For example, in
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1951# there were only 17 known diterpenoids with 6 
different skeletal types (7). By 1970, the number of known 
diterpenoids had grown to over 650 structures representing 
over 70 skeletal types (8). Almost all of these new 
diterpenoids were from terrestrial sources. In fact, 
diterpenes were still considered rare occurrences in the 
marine biosphere. By 1973, only four marine-derived 
diterpenoids had been isolated: aplysin-20, 2, from the
sea hare Aplysia kurodai (9), crassin acetate, 3, from the

4 5
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gorgonian Plexaura crassa (10, 11), and, from the gorgonian 
Eunicea mammosa. eunicin, 4, (12, .13) and jeunicin, 5, (14,
15). However., by 1978, the number of marine-derived 
diterpenoids had grown in excess of 90 compounds and to 
more than 20 new skeletons (16).

The explosive growth in the isolation and structure 
elucidation of new diterpenoids continued in both the 
terrestrial and marine biospheres. By 1986, the number of 
known diterpenoids had grown to over 2000 different 
compounds representing more than 170 unique skeletal types 
(17). These advancements are expected to continue, with 
the marine environment likely to provide a rich source of 
unique diterpenoids and novel skeletal types.

This new era of natural products also saw considerable 
emphasis on the biological significance and biophysical 
properties of natural products. Many researchers 
endeavored to answer the question of why the vast and 
varied arrays of secondary metabolites were being 
synthesized by the host organisms. Theories explaining the 
role of these compounds ranged from:

1) simple metabolic waste products to;
2) random synthesis by the host, organism in an

't

attempt to arrive at useful compounds for a j
certain physiological function to;

3) the result of environmental stress to;
4) a means of chemical defense (17).
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While natural products researchers struggled to 

explain the role of secondary metabolites, the 
pharmaceutical and agrochemical industries were interested 
in these unique structures for different reasons. Their 
focus was on discovering novel biologically active 
compounds which exhibited some practical biophysical 
property such as antiviral, antitumor or antifeedant 
activity.

While there has been a variety of diterpenoids with 
interesting biophysical properties isolated from the marine 
environment, the focus of this study is on two distinct 
classes of biologically active marine diterpenoids: the
briarans 6, found in the subclass Octocorallia (class 
Anthozoa, phylum Coelenterata [Cnidaria]) and the spongians 
7, found in the subclass Ceractinomorpha (class 
Desmospongiae, phylum Porifera).

7



6
The Octocorallia (octocorals) are divided into three 

orders: Alcyonacea (soft corals), Gorgonacea (gorgonians)
and Pennatulacea (sea pens). Octocorals are perhaps the 
most conspicuous and easily recognized invertebrates. They 
grow in abundance at shallow depths, often in easily 
accessible places. When extracted, they provide large 
amounts of organic matter which are typically rich in 
biologically active terpenoids. As a result, the 
octocorals have been and still remain favorite targets for 
natural products chemists.

In terms of diterpenoids, the octocorals have been an 
excellent source of new and unusual structures. One 
interesting detail is that almost all of the diterpenoids 
isolated from the octocorals can be biogenetically 
rationalized as having a cembrane or cyclized cembrane 
precursor (18). As outlined in Figure I, the generally 
accepted, albeit speculative, biogenesis of the cembrane 
skeleton arises from a proton-induced olefin cyclization of 
geranylgeranyl pyrophosphate (16, 18)* This biogenesis 
would account for the two series of. cembrane diterpenoids 
which differ in stereochemistry at C1. Crassin acetate, 3, 
is typical of the 8-series cembranoids where the isopropyl 
group at C1 has S absolute stereochemistry, while similarin 
8 (19) is typical of the a-series cembranoids where the 
isopropyl group at C1 has R absolute stereochemistry. It 
is interesting to note that all of the cembrane



7

ot series /? series

Figure I. Biogenetic Origin of the Cembrane Skeleton.

diterpenoids isolated from the soft corals as well as from 
terrestrial sources are of the a-series, while all of the 
cembranoids isolated from the gorgonians are of the B- 
series (18). To date, no regular cembrane diterpenoids 
have been isolated from any of the sea pens.
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8

The suggested biosynthetic origin of the predominant 
cyclized cembrane diterpenes is outlined in Figure 2 (20). 
The eunicellin type metabolites (21) are thought to arise 
from a C2-Cu cyclization of the cembrane skeleton. At 
present, the eunicellins have been found in both soft 
corals and gorgonians (20). The asbestinins are considered 
to originate biogeneticalIy from the eunicellins via a 
methyl migration from C11 to C12. Interestingly, the 
asbestinins have only been isolated from collections of the 
gorgonian Briareum asbestinum (22, 23). The briarans, 
which are the most abundant and varied cyclized cembrane 
derivatives, are presumed to be products of a C3-C1 
cyclization. To date, the briarans are the only type of 
diterpenoids that have been isolated from all three orders 
of the subclass Octocorallia (20).



Cyclize

Cyclize

Cembrone

Eunicellin

Brioron

Asbestinin

Figure 2. Possible Biogenesis of Cyclized Cembrane Diterpenoids. (26)
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Interest in the octocorals was generated in the early 

1960's when Ciereszko and co-workers reported that several 
Octocorallia contained a number of crystalline terpenoid 
lactones (24). Then, in 1966, from his work on the 
gorgonian Briareum asbestinum, Hyde reported the isolation 
of a complex mixture of polyacylated diterpenoids which, 
according to mass spectral analysis, contained chlorine 
(25). These metabolites were again encountered in 1970 
during the isolation of the steroid gorgosterol (26). 
Additional studies of these secondary metabolites led to 
the hypothesis that they were being used by the host 
organism as a means of chemical defense against predation 
and against settling of larval forms. This theory was 
based primarily on the observations that the mixture of 
diterpenes was toxic to a variety of organisms and they 
affected the ciliary activity of protozoans and larval 
forms (27, 28, 29).

Progress on the. structure elucidation of these complex 
and highly functionalized diterpenoids was slow and 
difficult. The spectroscopic instrumentation at that time 
was inadequate to unravel the complex and intricate 
structures. In 1974, Bartholome reported the isolation of 
four novel diterpenes from the gorgonian Briareum 
asbestinum (30). From extensive chemical and spectroscopic 
analyses, he was able to determine two possible structures 
for the major compound, which he named briarein A. In the
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structure determination of briarein B, he was able to 
ascertain that it was identical to briarein A except that 
one of the acetate groups had been replaced with a 
butyrate. However, he was unable to resolve which acetate 
had been replaced. As for the structures for briareins C 
and D, the only known information is that they differ from 
A in both the number and position of the acetate groups. 
Unfortunately, even today, the structures of briarein B, C 
and D have never been completely elucidated. However, in 
1977, the definitive structure of briarein A, 9, was 
determined using single crystal x-ray diffraction (31).

A  H

Following the structure elucidation of briarein A, an 
abundance of secondary metabolites possessing the 'briaran' 
ring skeleton has been reported. In 1977, two unique 
diterpenoids, ptilosarcone, 10, and ptilosarcenone, 11, 
were reported from the sea pen Ptilosarcus gurneyi. (32)
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14 15
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Their structures were determined from spectral comparison 
to briarein A. Stereochemical differences included 
inversion of the center at C-9 based on coupling constants 
and undefined stereochemistry at C-8 and C-17. Compound 10 
was found to be mildly toxic to mice, with an LD50 (i.p.) of 
7.4 mg/kg. Also reported in 1977, from the extracts of the 
sea pen Stvlatula sp., was the x-ray crystal structure of 
stylatulide, 12 (33). This compound was found to be toxic 
to copepod larvae, (LD100) at concentrations greater than 
0.5 ppm. Further analysis of the extracts of Stvlatula sp. 
resulted in the structure elucidation of four additional 
minor metabolites which were determined to be briaran type 
diterpenoids related to stylatulide (34).

The next report of briaran diterpenes came in 1980 
when three new structures were isolated from the sea pen 
Scytalium tentaculatum (35). Structure 13 was found to 
affect cardiac output in anaesthetized cats at 150 mg/kg. 
Initially, blood pressure and heart rate increased. 
Approximately five minutes later, cardiac output became 
elevated and was sustained for 30-40 minutes, after which 
levels decreased below controls.

In 1983, three novel briaran diterpenoids were 
reported from the extracts of the gorgonian Briareum 
polvanthes (36, 37). Brianthein Y, 14, was reported to 
exhibit insecticidal activity against the grasshopper 
Melanoplus bivitattus. Subsequent analysis of this extract
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resulted in the isolation of the first relatively 
unfunctionalized briaran diterpene from a gorgonian, 
brianthein W z 15 (38).

From the gorgonian Erythropodium caribaeorum r the 
Fenical group reported the structures of erythrolide A z 16, 
and B z 17 (39). They suggested that the biogenesis of 16 
involved a di-?r-methane rearrangement of .17, the first 
observation of this photochemical rearrangement in nature. 
That same year, French scientists reported three unique 
briaran type diterpenes from a new species of sea pen, 
Pteroides laboutei (40). They also reported finding three 
novel briaran diterpenoids from the extracts of the new sea 
pen Cavernulina qrandifIora (41).

In 1986, eighteen original briaran diterpenes were 
reported. From the extracts of the sea pansy Renilla 
reniformis, the Rinehart group reported three new briaran 
diterpenes (42). One of these, renillafoulin A, 18, was 
found to inhibit barnacle settlement (ECso of 0.02 ug/ml.) 
From the extracts of the sea pen Ptilosarcus aurneyi, five 
new insecticidal metabolites (details of which are 
described in the subsequent section of this thesis) were 
isolated and identified (43). From the soft coral Minabea 
sp.. minabeins-1 to 10 were reported (20). These compounds 
are the first and, to date, the only briaran diterpenes to 
be isolated from extracts of a soft coral.



15

OAc OAc



16
In 1987, the continuing analysis of the secondary 

metabolites of octocorals revealed four new briaran 
diterpenes from the extracts of the Australian gorgonian 
Briareum steckei (44). Examination of the extracts of the 
sea pen Veretillum cvnomorium resulted in the isolation and 
structure of verecynarmin A, 19 (45). Additional 
investigation of this extract disclosed verecynarmin B, C 
and D which were found to undergo unusually slow 
conformational changes in solution (46). Verecynarmin D, 
20, is also unique in that it bears the chlorine atom on 
the six-membered ring, unprecedented in the briaran 
diterpene series.

In 1988, the Fenical group reported the isolation and 
identification of six novel briaran type diterpenes, 
solenolides A, B, C, D, E, and F, from the Indopacific 
gorgonian Solenopodium sp (47). Extensive testing of 
solenolide A, 21, revealed that it had a wide range of 
biological activity. This diverse bioactivity included 
antiinflammatory activity in the mouse ear assay, 
inhibition of cyclooxygenase and 5-lipoxygenase, toxicity 
to blowfly larvae, and antiviral activity against 
Rhinovirus, Polio III, Herpes, Ann Arbor, and Maryland 
viruses.

The latest reported epoxybriaran diterpene, 22, was 
isolated from extracts of the gorgonian Briareum asbestinum 
(48). To denote the similarity of 22 to brianthein Y, 14,
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the name brianthein V was suggested. Also similar to the 
briantheins was the proposed structure for structure 23, 
isolated from Briareum polyanthes (49). The proposed 
structure differs from brianthein W, 15, by one additional 
hydroxyl group whose stereochemistry was undefined.

COnPr

Whereas the briaran type diterpenes are distinctive 
secondary metabolites of octocorals, the spongian type 
diterpenes are characteristic secondary metabolites of 
several sponges. Specifically, spongian diterpenes have 
been found in sponges of the orders Dictyoceratida and 
Dendroceratida (subclass Ceractinomorpha, class 
Desmospongiae, phylum Porifera) (50). While both regular 
and rearranged spongian type diterpenes have been isolated
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from nudibranchs, they are generally thought to be of 
sponge origin. (51)

Among the marine diterpenoids, the spongian type 
skeleton 6 is "perhaps the most closely related to the 
majority of the terrestrially derived diterpenoids" (16). 
However, compounds based on this system are unknown from 
terrestrial sources (52). The biogenesis of the spongian 
skeleton is believed to involve stereospecific cyclization 
from a folded, all-trans-geranylgeraniol precursor as 
outlined in Figure 3 (16).

I

OH

Figure 3. Proposed Biogenesis of the Spongian Diterpenes.
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This system was first encountered in 1930 by Ruzicka 

and Hosking in the form of isoagathic acid, 24, the product 
of the acid-catalyzed cyclization reaction of agathic acid, 
25, with formic acid (53). Rather surprisingly, it was not 
until 1974, with the isolation of isoagatholactone, 26, 
from the common bath sponge Sponaia officinalis (order 
Dictyoceratida), that a naturally occurring spongian type 
diterpene was reported (54).

The structure, including absolute stereochemistry, of 
isoagatholactone was deduced solely on the basis of NHR 
spectral analysis and chemical correlation. As shown in 
Figure 4, the bicyclic diterpenoid grindelic acid, 27, was 
converted to the alcohol 28 in a process that involved 
seven intermediate steps. By using a two step 
transformation of the natural product 26 to this same 
alcohol, 28, the structure of isoagatholactone was 
painstakingly proven.
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Figure 4. Chemical Correlation of 26 and 27.

Five years later, from an extensive analysis of a 
collection of unidentified Spongia species amassed along 
the Great Barrier Reef, a series of eight spongian type 
furano-diterpenoids was isolated (55). The structure of 
the major metabolite, 29, which was initially named 
spongiatriol triacetate and later renamed 36, 17, 19- 
triacetoxyspongia-13[16],14-dien-2-one, was determined by
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29 R1 ■ Ac, R2 - OAc
30 R1 - Ac. R1 -H
31 R1 - H. R2 - OH
32 R1-R2 -H

33 R1 - Ac, R2 - OAc
34 R1 - Ac, R2 - H 
33 R1 - H, R2 - OH 
36 R1 -R2 -H

41 R - CHj



x-ray analysis. The structures of the other seven 
diterpenoids (30-36) were determined by spectroscopic 
comparisons.

The first report of a regular spongian type 
diterpenoid from the order Dendroceratida occurred in 1979. 
The triacetate aplysillin, 37, was isolated from the 
extracts of the New Zealand sponge Aplysilla rosea (56). 
Compound 37 was pyrolized to the vinyl furan 38 in order to 
allow for NMR and mass spectral comparison to the 
aforementioned furano-diterpenoids, 29-36. However, the 
final structure of 37 was determined by single crystal x- 
ray diffraction analysis.

In 1980, three less functionalized spongian furano- 
diterpenoids, 39-41, were reported from Sponaia officinalis 
(57). These metabolites differed from the previously 
isolated furano-diterpenes 29-36 in that the characteristic 
A-ring carbonyl was missing. Diterpenoids 42-45, which 
were isolated from Sjl officinalis in 1984 (58), can be 
formally derived from 41 by oxidation of the furan ring 
(59). Subsequent analysis in 1984 of this same sponge by 
Spanish researchers revealed the presence of four new 
spongian lactones, 46-49, in addition to the previously 
reported diterpenoids isoagatholactone, 26, and aplysillin, 
37 (60). Compounds 46 and 47 were found to be anti
microbial and to inhibit growth of HeLa cells, while 
compounds 26 and 37 were inactive in their biological
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screens (61). The epimeric compounds 48 and 49 were not 
tested in the assays since they were isolated and 
elucidated as a mixture.

The mildly cytotoxic spongian lactones 50-52 were 
reported by Schmitz and co-workers from the extracts of the 
Caribbean sponge Igernella notabilis (62). Structure 
determination of the major metabolite 50 was by single 
crystal x-ray diffraction. The structures of the other two 
minor metabolites were established by spectral comparison 
or by chemical conversion.

Soon after publication of the L. notabilis 
diterpenoids, an analogous diterpene lactone, 53, was 
characterized by Holinski and Faulkner from the sponge 
Aolysilla sp. (63). They also reported the isolation of 
the methyl ester 54. Since 54 can be formally derived from

0CO2Me
0

54 R1 - OH1 R2 - OCOnPr 
62 R1-R2 -H

58 R - H
59 R - OAc

R1 - R2 - OH63
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53 by "methoxide-ihitiated lactone ring opening followed by 
hydride transfer from C-15 to C-I7," 54 was considered to 
be an artifact from the methanol extraction (63).

An extensive study of the sponge Aolvsilla rosea by 
Karuso and Taylor revealed the presence of the previously 
reported lactones 50, 51 and 52, three new comparable 
lactones 55-57, as well as two new less functionalized 
diterpenoids 58 and 59 (52). The names aplyrosol-1 to 6 
were suggested for compounds 50-52 and 55-57, respectively.

The most recent reported isolation of new regular 
spongian diterpenoids from a sponge came from the 
chemotaxonomic study of the sponge Dendrilla rosea (64).
In addition to several of the aplyrosols, four new 
diterpenoids, 60-63, were isolated. Although given the 
name dendrillols, these compounds are simple analogues of 
the lactones 50-57.

From the nudibranch Ceratosoma brevicaudatum r nine 
additional regular spongian type diterpenes have been 
isolated (65). These diterpenoids are believed to 
originate from an unidentified sponge since nudibranchs are 
known carnivores of sponges. They differ from the previous 
structures only in their oxidation patterns.

A variety of unusual secondary metabolites that appear 
to be rearranged spongian diterpenoids have also been 
isolated from sponges and nudibranchs. The biosynthetic 
origin of these compounds has been formally shown to derive
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from a regular spongian skeleton. They can be arranged 
into two basic categories depending upon which ring of the 
spongian skeleton has undergone oxidative cleavage. Shown 
in Figure 5 are structures representative of C ring 
cleavage and/or rearrangements, while the structures in 
Figure 6 are characteristic B ring cleavage and/or 
rearrangements.

The first rearranged spongian was norrisolide, 64, 
isolated from the sponge Dendrilla sp. (66). The structure 
of 64 was determined by single crystal x-ray diffraction

Figure 5. Examples of mC Ring" Rearranged Spongians.
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69 R1 - H, R1 - OAc
70 R1 - OAet R1 -H

Figure 6. Examples of "B Ring" Rearranged Spongians.
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analysis. The proposed biosynthetic origin of norrisolide 
involves cleavage of the C9-C10 bond in ring C with 
concomitant contraction of the B ring (66). Compounds 
analogous to dendrillolide B, 65 (67, 68, 69), are believed 
to undergo a similar opening of ring C followed by 
migration of the C5-C10 bond to form the hydrazulene ring 
system. Oxidative cleavage of the C ring with subsequent 
methyl migration would account for the biogenesis of 
structures similar to macfarlandin D, 66 (69, 70).

The other category of rearranged spongian diterpenes 
includes compounds that possess opened B rings. The first 
compound elucidated in this series was aplysulphurin, 67, 
from the sponge Aolvsilla sulphurea (71). The structure of
67 was determined by x-ray diffraction. The proposed 
biogenesis of aplysulphurin from a spongian precursor 
invokes an oxidative cleavage of the C5-C6 bond to account 
for the characteristic opened B ring (71). Decarboxylation 
of aplysulphurin is the biogenetic rationale of the series 
of compounds analogous to the nor-diterpenoid gracilin A,
68 (72, 73, 74). Also biogenetically related to 
aplysulphurin, 67, are the aromatic diterpene epimers 
macfarlandin A, 69, and B, 70, which were isolated from the 
nudibranch Chromodoris macfarlandi (75). The 
stereochemistry of the epimeric center has been shown to 
influence antimicrobial activity. Compound 69 was found to 
inhibit only Bacillus subtilis at 10 ug/disc in the disk-
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assay, while 70 was found to be inhibit both Bjl subtil is 
and Staphylococcus aureus at 10 pig/disk.

From work on the sponge Sponaionella gracilis f the 
novel ner-diterpenoid spongionellin, 71, was isolated and 
identified by spectral and chemical evidence (73). Although 
this unusual metabolite may not appear to be a degraded 
spongian diterpene, it has been formally shown to derive 
biogenetically from a spongian precursor (73). During the 
reisolation of 71, the novel B-Iactone diterpene 
isovalerate, spongiolactone, 72, was encountered (76).
Based on the similarity to 71, it was suggested that 72 was 
derived from the same biosynthetic precursor as 71 but 
through a different, and unexplained, biogenetic pathway.

As stated previously, one of the major focal points of 
natural products research has been to find novel secondary 
metabolites with biological activity. Inspired by the vast 
array of structural analogues and by the wide diversity of 
biological activity, many natural products research groups 
have studied the briaran and spongian diterpenoids. One of 
our research group's long term objectives has been the 
study of the structure-activity relationships of 
biologically active secondary metabolites. However, in 
order to undertake such an investigation, several criteria 
must be fulfilled. First, a novel metabolite with 
interesting biological activity must be identified.
Second, an abundant series of diverse structural analogues
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must be available. These compounds may be natural 
products, modified natural products or synthetic products. 
Third, the structure of these compounds must be well 
defined. It is essential that the absolute stereochemistry 
of the structure be defined. And finally, there must be 
sufficient quantity of each compound to allow for 
biological testing.

The objective of this investigation was to introduce 
new analytical techniques to marine natural products 
research that would improve the isolation and 
characterization of biologically active secondary 
metabolites. By introducing improved chromatographic and 
spectroscopic methodology, the prospect of being able 
undertake structure-activity relationship studies of the 
briarans and the spongians would be improved. In addition 
to increasing the isolation yields of known compounds, 
improved separation techniques would increase the 
likelihood of isolating minor analogues as well as novel 
unknown metabolites. Through the application of improved 
modern spectroscopic techniques such as two dimensional 
nuclear magnetic resonance and new ion production methods 
in mass spectrometry, the structures of these trace 
metabolites could be reliably determined.

Results from the application of improved analytical 
techniques to marine natural products form the basis of 
this report.
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BRIARAN DITERPENES FROM Ptilosarcus ournevi

Background

Ptilosarcus aurneyi is a tall, brightly orange 
colored, North Pacific sea pen that is found in subtidal 
sand or mud in areas with moderate to strong currents. It 
consists of branching feather-like colonies with numerous 
polyps on the branches. Each polyp has eight tentacles.

Previous investigation of the secondary metabolites of 
Ei gurneyi yielded the toxic briaran diterpene 
ptilosarcone, 10, and the non-toxic "possible decomposition 
product" ptilosarcenone, 11 (32). The structure 
determination of these compounds was based on comparison of 
the 1H-NMR spectra to that of briarein A, 9, and by 1H-NMR 
spin-spin decoupling experiments. The relative 
stereochemistry at C-9 was proposed on the basis of the 
IH-NMR coupling constant between H9 and H10. Since the H9- 
H10 coupling constant in briarein A, 9, was small (<0.5 Hz), 
Wratten et al. assumed the larger coupling constant (5.5 
Hz) found in 11 and 12 indicated the alternate 
stereochemistry at C-9.
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However, in the course of establishing the 

stereochemistry of brianthein Y , 14, by NMR and x-ray 
diffraction studies (37), our group noted that the 1H-NMR 
coupling constant of 8.5 Hz for H9-H10 varied considerably 
from the 0.5 Hz found in 9 (31) and the 0.0 Hz found in 
stylatulide, 12 (33). Nonetheless, the x-ray diffraction 
analysis of 14 disclosed the same absolute stereochemistry 
at C-8, C-9 and C-IO as in 9 and 12. The most plausible 
explanation for this apparent discrepancy was that the H9- 
H10 coupling constant varied with ring conformational 
changes induced by substitution at C-Il and by the 
flexibility of the cyclodecane ring. Therefore, in the 
case of the briaran diterpenes, the use of coupling 
constants for determining the stereochemistry of 
substituents on the cyclodecane ring could lead to 
erroneous assignments.

Prompted by the belief that the ketone and conjugated 
ketone moieties in 11 and 12 might be responsible for an 
alteration in ring conformation, and, thus, the seemingly 
anomalous H9-H10 coupling constant, a reinvestigation of the 
Ei gurneyi diterpenoids was undertaken. Furthermore, it 
was believed that by employing better separation 
methodology, new briaran diterpenes could be isolated and 
identified. These compounds could then be employed in a 
structure-activity relationship study of the briaran 
diterpenes.
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As a result of this investigation, five new briaran 

diterpenes, [73, 74, 75, 76, and 77] have been isolated and 
identified. In addition, the stereochemical assignments of 
ptilosarcone and ptilosarcenone have been revised to give 
structures 78 and 79. As shown in Table I, both the 
Victoria and Seattle collections yielded five diterpenes, 
for a total of seven compounds. In each case 
ptilosarcenone, 79, was the most abundant diterpene.

Table I. Comparison of Diterpene Content*, Ptilosarcus 
aurneyi.

Compound Sidney, B.C. Seattle, WA

73 0.18 0.0
74 0.0 0.0082
75 0.0 0.0056
76 0.043 0.18
77 0.059 0.0
78 0.059 0.041
79 0.54 0.49

'Expressed as percent of total organic soluble extract
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Isolation of Briaran Diterpenes

Five very large specimens of £.*. aurnevi were collected 
from sites near Sidney, British Columbia in March, 1985. 
Nine months later, a second collection of 58 organisms was 
made from sites near Seattle, Washington. Following the 
general procedure outlined in Figure 7, the two collections 
of sea pens were extracted. The organic soluble extracts 
were then partitioned following a modification of a 
procedure employed by Kupchan (77). As shown in Figure 8, 
the organic soluble extract was dissolved in aqueous 
methanol and extracted with organic solvents. Through the
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addition of an appropriate amount of water, the polarity of 
the aqueous phase was increased as shown. At each step, 
the aqueous phase was partitioned against an increasingly 
polar organic solvent. By using this method, the rapid 
partitioning of compounds based on polarity could be 
readily accomplished. 1H-NMR analysis of these fractions 
indicated that the CCl4 and CHCl3 soluble fractions 
contained briaran diterpenes, based on the presence of high 
field methyl signals and down field olefinic signals.

Initial separation.of the CCl4 and CHCl3 soluble 
fractions was accomplished by using gel permeation 
chromatography. The extracts were first permeated through 
Bio-Beads S-X4. The diterpene containing fractions were 
then permeated through Sephadex LH-20. Final separation 
and purification of the highly enriched diterpene fractions 
were readily accomplished by normal phase HPLC on nitrile- 
bonded phase columns. As shown in Figure 9, baseline 
separation of diterpenes 79 and 73 could be achieved on 
Beckman/Altex Ultrasphere 5 urn Cyano bonded semipreparative 
HPLC column using a mobile phase of [2:1] hexane:2- 
propanol.

Following the acquisition of Dychrom7s ChemcoPak 7 |im 
Cyano bonded semipreparative HPLC column, attempts were 
made to separate the diterpenes using various ratios of 
hexane:2-propanol, as a mobile phase. Unfortunately, this 
solvent system failed to achieve the results of the
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79

CONDITIONS:
Column: Beckman/Altex Ultrasphere Cyano Prep
Dimensions: 1.0 X 25 cm
Mobile Phase: 67% Hexane: 33% 2-Propanol
Flow Rate: 3.0 ml/min
Detection: UV at 254 nm

Figure 9. HPLC Separation of 73 and 79 on Beckman/Altex 
Ultrasphere-Cyano Column.

Beckman/Altex column. Elution times were on the order of 
hours and peak shape was very poor. However, as shown in 
Figure 10, by employing a mobile phase of hexane-methylene 
chloride (9:11), near baseline separation of five briaran 
diterpenes could be accomplished. When the hexane- 
methylene chloride mobile phase system was applied to the
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CONDITIONS:
Column: Dychrom Chemcosorb 7CN (R)
Dimensions: 1.0 X 25 cm
Mobile Phase: Hexane-Methylene Chloride (9:11)
Flow Rate: 3.0 ml/min
Detection: UV at 254 nm

Figure 10. HPLC Separation of an Artificial Mixture of 
Five Briaran Diterpenes on a Dychrom ChemcoPak Cyano-Bonded 
Column.
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Beckman/Altex Cyano column, the elution times were on the 
order of hours with very poor peak shape.

It is interesting to note that the best mobile phase 
for each column failed to elute the diterpenes when applied 
to the other column. Although some consideration must be 
given to the particle size difference (5 urn vs. 7 nm), this 
would not account for the tremendous variation in the 
mobile phases necessary for good separations on these 
columns. One, therefore, must question if the manufac
turing process has possibly altered the nature the bonded 
phase for one of these two "cyano-bonded" columns. In any 
case, near-baseline separation can be readily achieved for 
the briaran diterpenes on either cyano-bonded column.

Structure Elucidation

The structure identification of ptilosarcone, 78, and 
ptilosarcenone, 79, was accomplished by comparison of the 
1H-NMR, Figures 11 and 12, and IR spectra with the data 
previously reported by Wratten et al. (32) The mass 
spectra are shown in Figures 13 and 14. The 1H-NMR data 
for these compounds is listed in Table 2. The unreported 
13C-NMR data for these compounds are listed in Table 3.

From the Sidney collection, a new diterpene which 
appeared to be a closely related analog of 79 was isolated.
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Figure 12. 250 MHz iH-NMR Spectrxim of Ptiloaarcenone, 79, in CDCl-,.
I



Figure 13. HPEC/CH4 Maas Spectrum of Ptilosarcone, 78.
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Figure 14. HPEC/CH^ Mass Spectrum of Ptilosarcenone, 79
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Table 2. 1H-NMR Assignments® of 78 and 79.

78 79

H2 , 6.22 (d, 9.4) 5.72 (d, 8.8)
H3 5.65 (dd, 12.7, 9.4) 5.56 (dd, 11.7, 8.8)
H4 5.91 (d, 12.7) 5.93 (d, 11.7)
H6 5.16 (br d, 3.6) 5.20 (br d, 3.7)
H7 4.89 (d, 3.6) 4.95 (d, 3.7)§IU 3.37 (s) 3.45 (s)
H9 5.46 (d, 5.4) 5.43 (d, 7.4)
H10 3.07 (dd, 5.7, 6.0) 2.74 (m)b
H11 2.76 (dd, 14.5, 5.7) 2.74 (m)b
H13 2.88 (dd, 15.1, 2.3) 5.83 (d, 10.7)
H13 2.33 (br dd, 15.1, 2.3)
H14 5.15 (br d, 2.7) 6.55 (d, 10.7)
H15 1.21 (3H, S) 1.14 (3H, S )
H16 6.10 (br s) 6.05 (br s)
H16 5.87 (br s) 5.90 (br s )
H17 2.51 (q, 7.2) 2.37 (q, 7.2)
Hia 1.20 (3H, d, 7.3) 1.16 (3H, d, 7.2)
H20 1.35 (3H, d, 7.2) 1.26 (3H, d, 7.2)
CH3COO- 2.18 (3H, s) 2.18 (3H, S)
CH3COO- 2.00 (3H, s) 2.12 (3H, S)
C3H7COO- 2.20 (2H, t) —  —  —

1.58 (2H, m)
0.92 (3H, t)

aBruker WM-250, CDCl3; reported as S (multiplicity)
^overlapping signals



Table 3 13C-NMR Assignments8 of 78 and 79

Carbon # 78b 79

I 44.72 S 43.44 S
2 76.01 d 76.58 d
3 131.06 d 129.60 d
4 128.02 d 128.63 d
5 136.56 S 136.47 S
6 62.91 d 62.07 d
7 . 72.16 d 68.85 d
8 82.85 S 83.98 S
9 77.92 d 77.72 d

10 38.86 d 38.89 d
11 48.62 d 45.80 d
12 209.72 S 202.16 S
13 37.77 t 124.06 d
14 72.52 d 154.13 d
15 13.64 q 14.67 q
16 117.79 t 118.75 t
17 46.28 d 45.07 d
18 7.07 q 6.23 q
19 174.50 S 174.25 S
20 15.49 q 14.89 q

CH3COO- 169 .82 (2C, s) 169.98 S , 169.72 S
CH3COO- 21. 69 q, 21.,08 q 21.81 q, 21.,00 q

1Bruker WM-250, CDCl3; reported as S (multiplicity)
bn-PrC00-: S 172.35 s, 36.11 t, 17 .95 t, 15.58 q
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High resolution electron impact mass spectral analysis of 
m/z 496 gave a molecular formula of C24H2935ClO9, a difference 
of one additional oxygen. Examination of Figure 15, the 
1H-NMR spectrum of the new compound, revealed subtle 
differences from 79 (see Tables 2 and 4). An exchangeable 
one proton singlet at S 5.27 indicated the presence of an 
additional hydroxyl group. In 79, H-IO and H-Il occur as 
overlapping multiplets near S 2.75, while the new compound 
featured a one proton doublet at S 2.95, which was assigned 
as H-IO on the basis of coupling to H-9. Since the methyl 
group at C-Il appeared as a singlet at 6 1.46, rather than 
a doublet at S 1.30, the new molecule had to be 11- 
hydroxyptilosarcenone, 73. Analysis of the 13C-NMR data, 
Table 5, confirmed this assignment, since C-Il was shifted 
downfield from 8 48.62 to 6 76.10.

From the Seattle collection, a new diterpene with the 
molecular formula C24H31ClO8 was isolated. Again, this 
structure was solved by 1H-NMR analysis and spectral 
comparison with 79. Examination of the IR spectrum 
disclosed the absence of the ketone absorption found in 79. 
As seen in Figure 17 and Table 4, the signal for H-Il was 
shifted upfield about 0.5 ppm compared to 79, as were the 
resonances for the olefinic protons H-I3 and H-14. The 
appearance of a new one proton doublet of doublets at 8 
3.89, which was shown to be coupled to H-Il and H-13, 
required that 74 be ptilosarcen-12-ol.
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Figure 15. 250 MHz H-NMR Spectrum of II-Hydroxyptilosarcenone, 73, in CDCl3-
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250 MHz 1H-NMR Spectrum of Ptilosarcen-12-ol, 74, in CDCl3.Figure 17.
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Table 4. 1H-NMR Assignments3 of 73 and 74.

7 3 74

H 2 5.89 (d, 9.0) 5.78 (d, 8.9)
H 3 5.54 (dd, 11.7, 8.9) 5.56 (dd, 11.7, 8.9)
H4 5.98 (d, 11.7) . 5.89 (dd, 11.7, I)
H 6 4.96 (br d, 3.2) 5.22 (m, 3.7, 2.6, 2)
H7 5.02 (br s) 4.97 (d, 3.7)
C8-OH 4.88 (S) 3.21 (S)
H 9 5.77 (d, 5.6) 5.40 (d, 8.4)
H 10 2.92 (d, 5.6) 2.84 (dd, 8.4, 3.4)
H 11 5.27 (S, OH) 2.32 (ddq, 7.1, 3.4, 2.5)
H12 — — — . 3.89 (dd, 2.5, 5.4)
H13 6.08 (d, 10.5) 5.71 (dd, 10.3, 5.4)
H 14 6.70 (d, 10.5) 5.66 (d, 10.3)
H15 1.23 (3H, s) 0.98 (3H, s)
H 16 6 . 0 0 (br s) 6 . 1 0 (dd, I, 2 )
H16 5.88 (br s) 5.95 (d, 2 .6 )
H17 2.35 (q, 7.1) . 2.37 (q, 7.0)
H18 1 . 2 1 (3H/ d, 7.1) 1.16 (3H, d, 7.0)
H 20 1.46 (3H, s) 0.95 (3H, d, 7.1)
CH3COO- 2 . 2 0 (3H, s) 2.13 (3H, s)
CH3COO- 2 . 1 2 (3H, S) 2.08 (3H, s)

aBruker WM-250, CDCl3; reported as S (multiplicity)
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Table 5. 13C-NMR Assignments8 of 73 and 76.

Carbon # 7 3 b 76°

I 43.12 42.12 s
2 76.16 77.75 d
3 130.30 130.97 d
4 127.25 127.84 d
5 136.50 136.24 S
6 60.88 62.47 d

. 7 69.22 69.18 d
8 81.55 84.92 S
9 78.87 77.85 d

1 0 30.89 36.20 d
1 1 76.10 36.31 d
1 2 199.15 70.42 d
13 121.77 120.72 d
14 156.72 141.87 d
15 13.71 12.92 q
16 117.33 . v 118.35 t
17 45.76 44.83 d
18 6.74 6.27 q
19 .174.81 174.54 S
2 0 25.17 15.65 q

CH3COO- 169.99, 169.33 170.11 S , 170.04 S
CH3COO- 21.86, 21.09 21.99 q, 21.07 q

aBruker WM-250, CDCl3; reported as S (multiplicity)
^multiplicity not available
cEtCOO-: <$ 173.68 S, 27.58 t, 9.18 q
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Structure 75, which was found only in the Seattle 

collection, had the formula C26H33ClO9. The 1H-NMR spectrum 
of 75, Figure 19 and Table 6 , was very similar to that of 
74, with the exception that the multiplet for H-12 was now 
shifted downfield to S 4.85. In addition, a methyl singlet 
appeared at S 2.01, a signal indicative of an acetate. 
Therefore, 75 had to be ptilosarcen-12-acetate.

Diterpene 76, C 27H 35ClO9, which was isolated from both 
collections of sea pens, was found to have a 1H-NMR 
spectrum almost identical to 75 (see Figure 21). However, 
instead of the methyl singlet, this new compound had an 
isolated ethyl group as indicated by the two proton quartet 
at S 2.26 and a methyl triplet at S 1.10. This diterpene 
was, therefore, required to be ptilosarcen-1 2 -propionate, 
76.

The seventh diterpene, the fifth new compound, was 
found to have the molecular formula C29H39ClO10. Comparison 
of the 1H-NMR, Table 7, with the other new diterpenes 
showed that it was quite different; however, it did look 
similar to 78 (Table 2). As in 74, examination of the IR 
spectrum revealed the absence of a ketone absorption. In 
addition, analysis of the 1H-NMR spectrum (Figure 23) 
indicated an upfield shift of H-Il and H-I3. The one 
proton multiplet near S 3.7 was found by one dimensional 
decoupling experiments to be coupled to both H-Il and H-13;
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Figure 20. HPEC/CH^ Mass Spectrum of Ptilosarcen-12-acetate, 75.
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Figure 22. HPEC/CH^ Mass Spectrum of Ptiloearcen-12-propionate, 76.



Figure 23. 250 MHz 1H-NMR Spectrum of Ptiloaarcol, 77, in CDCl3.
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Figure 24. HPEC/CH^ Mass Spectrum of Ptilosarcol, 77.
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Table 6 . 1H-NMR Assignments1 of 75 and 76.

75 76

H 2 5.76 (d, 8.9) 5.74 (d, 9.6)
H3 5.57 (dd, 11.6, 8.9) 5.56 (dd, 11.8, 9.6)
H4 5.91 (d, 1 1 .6 ) 5.90 (d, 1 1 .8 )
H6 5.26 (br dd, 3.4, 2.1) 5.25 (br d, 3.5)
H7 4.78 (d, 3.4) 4.97 (d, 3.5)

O S 3.17 (s) 3.13 (S)
H9 5.38 (d, 8.4) 5.37 (d, 8.3)
H 10 2.76 (dd, 8.4, 2.3) 2.74 (dd, 8.3, 3.4)
H11 2.45 (ddq, 7, 2.3, 2.3) 2.39 (ddq, 7.1, 4.1, 3.4)
H12 4.85 (dd, 5.1, 2.3) 4.88 (dd, 4.1, 2.5)
H13 5.72 (dd, 10.3, 5.1) 5.73 (dd, 9.0, 2.5)
H 14 5.74 (d, 10.3) 5.75 (d, 9.0)
H15 0.99 (3H, S) 0.99 (3H, S)
H16 6.16 (br d, 2 .1 ) 6.14 (br s )
H 16 5.93 (dd, I, I) 5.92 (br s)
H 17 2.35 (q, 7.1) 2.34 (q, 7.0)
H 18 1.17 (3H, d, 7.1) 1.15 (3H, d, 7.0)
H 20 1 . 0 0 (3H, d, 7.0) 1 . 0 1 (3H, d, 7.1)
CH3COO- 2.14 (3H, S) 2.13 (3H, S)
CH3COO- 2.09 ( 3H, s') 2.08 (3H, S)
CH3COO- 2 . 0 1 (3H, s)
C2H5COO- 2.26 (q), 1 . 1 0  (t)

aBruker WM-250, CDCl3; reported as 6 (multiplicity)
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thus the structure 77 and the name ptilosarcol were 
assigned to this compound.

Stereochemistry

The relative stereochemistry of II-hydroxyptiIo- 
sarcenone was determined by difference nOe experiments. 
Figure 25 illustrates the results of the nOe experiments. 
Upon irradiation of H10, positive enhancement of H 2 and the

Table 7. 1H-NMR Assignments6 of 77.

H2 6.17 (d, 9.7) H13 2 . 1 0 (m)b
H3 ■ 5.64 (dd, 9.7, 10.4) H13 1.85 (m)
H, 5.90 (d, 10.4) H14 5.05 (br t)
H6 5.16 (br s ) His 1.09 (S)
H7 4.86 (d, 3.7) H16 5.87 (br s)

=P I S- 3.29 (s) H16 6 . 1 1 (br s)
Hg 5.34 (d, 4.1) H17 2.69 (q, 7.1)
Hio 3.06 (dd, 4.1, 4.5) H18 1 . 2 0 (d, 7.1)
H 11 2 . 1 0 (m)b H 20 1 . 1 1 (d, 7.3)
H12

CH3COO-
3.73 (br m)c 

- 2.17 (S) C 2H 5COO- 2 . 2 > 6 (t)
1.96 (s) 1.62 (m)

0.95 (t)

aBruker WM-250, CDCl3; reported as 6, multiplicity
bUnresolved overlapping multiplets
three small, unresolved coupling constants
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hydroxyl group at Cu was observed. Irradiation of the 
methyl group at C 11 enhanced H,. Positive nOe was also seen 
between H, and His. These data correlate with a Drieding 
model representing the relative stereochemistry shown in 
Figure 25. This configuration is consistent with the 
stereochemical assignments in all of the known briaran 
diterpenes.

The stereochemistry at C12 as shown in 74, 75, and 76 
was deduced from the small coupling constant (2.5 Hz) 
between H11 and H12. This assignment was confirmed by 
difference nOe data on 76 which showed positive nOe's

OAc

Figure 25. Percent Enhancement of Selected nOe 
Correlations for 73.
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between H12 and H13 (4.7%) and between H11 and H10 (5.2%).
These data could only be accommodated by the configuration 
depicted.

Attempts to apply difference nOe experiments to the 
stereochemistry of ptilosarcenone were complicated to a 
large degree by the overlap of signals (6 2.74) for H10 and 
H11 in the 1H-NMR spectrum, see Figure 13.. However, 
irradiation of H 9 resulted in the same enhancement of H18 

and the methyl group at C 20 as in 73. Although one could 
infer the stereochemistry of 79 from these data, conclusive 
proof was needed in order to clarify the questionable 
assignments made by Wratten et al. (32). Growing a 
suitable crystal of 79 for single crystal x-ray diffraction 
analysis proved to be formidable. Numerous organic solvent 
systems were attempted. Following several months of 
continuous effort, crystals were finally grown from a 
solution of hexane-methylene chloride. Unfortunately, 
analysis of these crystals indicated the random inclusion 
of solvent molecules, thus making refinement impossible. 
Attempts to recrystallize using similar solvent 
combinations under various conditions failed to yield 
suitable crystals. Finally, by using an ethanol-water 
solution, suitable crystals were obtained. Again solvent 
was included; however this time it did not inhibit 
refinement of the x-ray data. As seen in Figure 26, the 
ORTEP drawing of 79, Wratten et al. had incorrectly



Figure 26. ORTEP drawing of ptilosarcenone, 79.
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assigned the stereochemistry of ptilosarcenone. Since 79 
had been converted to ptilosarcone, the stereochemistry of 
1 0  could also be reassigned as shown in the revised 
structure 78. Although absolute stereochemistry could not 
be determined unambiguously from the x-ray data, the 
enantiomer, shown in Figure 26 appears to be favored. This 
configuration is also consistent with the known absolute 
stereochemistry of the briaran diterpenes.

Biological Activity

Since brianthein Y, 14, had been shown to be active 
in the tobacco hornworm, Manduca sexta. bioassay (78), the. 
three more abundant diterpenes 76, 78, and 79 were studied 
using the larvae of Ji*. sexta. An appropriate amount of 
compound was combined with the diet of insect during 
approximately the fourth instar stage. Compound 79 was 
tested at 250 ppm, while compounds 76 and 78 were tested at 
125 ppm. The effect of the compound was compared to a 
control set that only had solvent added to its diet.

Compound 79 was found to be toxic to the larvae, 
inducing 40% mortality in three days and 90% mortality 
after six days. Surviving insects grew to only 20-35% of 
the weight of the controls during the test. This level of 
activity is similar to that exhibited by brianthein Y, 14.
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Neither compound 76 nor 78 exhibited significant 

toxicity. Compound 78 did, however, produce the same 
deleterious effect on weight gain as did 79. At the end of 
the six day test period, the larvae were only 20-25% the 
size of the controls. The effect of compound 76 was 
interesting and unusual. After three days, the insects had 
experienced the same reduced weight gain as above, growing 
to only 25% of controls. However, by day six, the larvae 
were about 90% the weight of the control larvae. One 
possible explanation is that the diterpenes have a 
temporary effect on weight gain. Then, as the insects grew 
the weight gain reduced the mg/kg dose below the active 
level of 76. This would suggest that 76 was more potent 
than 78. Another possible explanation could be that at 
high doses 76 is a feeding deterrent. At the reduced mg/kg 
dose, the compound may actually be a growth promoter. This 
would explain why the rapid recovery of weight compared to
the controls.
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BRIARAN DITERPENES FROM Bri ar-eum polyanthes

Background

In 1979, at the eastern end of the archipelago of 
Bermuda, a moderately large community of a new purple and 
brown encrusting gorgonian species, Briareum polyanthes f 
was found by J.H. Cardellina II. Ensuing analysis of this 
organism by members of the Cardellina group resulted in the 
isolation and identification of four briaran diterpenes. 
(36, 37, 38) The structures of brianthein W, 15, and Y,
14, were determined by x-ray diffraction, while the 
structures of brianthein X, 80, and Z, 81, were derived 
from comparison of spectroscopic data to 14. Recently, 
brianthein X has been isolated from the extracts of 
Briareum asbestinum and its structure confirmed by both x- 
ray diffraction and two-dimensional NMR. (79, 80)

In this study, a reisolation of the briantheins was 
undertaken for two reasons. First, additional, large 
quantities of compounds would be needed for a structure-
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activity study. It was hoped that the isolation procedures 
could be simplified to allow for the quick isolation of 
very large quantities of diterpenes. Second, further 
analysis of the cyclohexane and cyclodecane ring systems 
was needed in order to understand the substantial 
substituent induced conformational variations of these 
diterpenes.

A firm understanding of these influences would be 
necessary in order to assess the impact of structural 
conformation versus substituent variation on biological 
activity. It was believed that through solid state 
analysis (x-ray diffraction) and detailed HMR data, some 
general conclusions could be drawn about substituent 
induced conformational differences.
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Isolation of The Briantheins

The isolation of briantheins X, Y and Z was 
accomplished using the same methods as Grode, et al. (37) 
Following an acetone extraction, the organic crude was 
subjected to the modified Kupchan solvent partitioning 
scheme, see Figure 8 . The diterpenes were concentrated in 
the CCl4 and CHCl3 soluble fractions. These fractions were 
then subjected to step-gradient gel permeation 
chromatography on Sephadex. LH-20, a method that was 
developed by Cardellina. (81) The diterpene enriched 
fractions were then applied to Bio-Bead S-X8 . Final 
purification utilized cyano-bonded phase HPLC. For these 
compounds, attempts to replace the step-gradient LH-20 
resulted in inferior separations and increased 
chromatography steps. However, the Bio-Bead S-X8  gel 
permeation could be eliminated without negatively 
influencing later chromatographies.

For brianthein W, a two step separation procedure was 
developed. By utilizing gel permeation chromatography with 
Bio-Beads g-X4 followed by flash silica chromatography with 
40% methyl t-butyl ether in hexanes, large quantities of 15 
could be quickly isolated (135 mg from 1.0 gm of CCl4 

soluble extract). Unfortunately, when this method was 
attempted with the more polar diterpenes, such as 14 or 81,
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they were retained on the silica. Elution required very 
polar solvents and afforded poor resolution.

Cvclodecane Rina Conformational Analysis

Following the isolation of brianthein Z , crystals were 
grown from a solution of methylene chloride-methanol.
These crystals were then submitted for x-ray analysis. Ray 
Larsen, with the aid of D. Barnekow, was able to obtain the 
crystal and molecular structure depicted in Figure 27. (82) 
Examination of this structure revealed very little 
conformational difference from brianthein Y, 14. However, 
when this structure was compared to briarein A, 9, 
significant differences in conformation were observed. The 
most significant variation was centered around the G9-C10 

bond. This was supported by the differences observed in 
the 1H-NMR coupling constant for H 9-H10: 5.5 Hz in 81 versus
<0.5 Hz in 9.

Since 81 and 9 were identical in substitution on the 
ten membered ring, the conformational variation must, 
therefore, be induced by changes in the six membered ring. 
The divergence in structure for these compounds was that 
the epoxide at C11-C12 in 81 has been opened and acetyl at ed 
in 9. Consequently, either the ring strain of the epoxide



Figure 27. ORTEP drawing of brianthein Z, 81.
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or the steric bulk of the diacetate must be responsible for 
inducing the considerable changes in the cyclodecane ring.

Variable Temperature Study of Brianthein W

During the reisolation of brianthein W, 15, unusually 
broad peaks were observed for some of the resonances in the 
room temperature 13C-NMR spectrum, see Figure 28. This 
phenomenon was not observed in brianthein X, Y , or Z 
(structures 80, 14, and 81) nor in any of the Pjl aurneyi 
diterpenes (structures 73 to 79). Examination of these 
structures suggested that the removal of the cis-diene in 
the cyclodecane ring system imparted additional flexibility 
in 15. The broadening of the carbon resonances could then 
be the result of a slow interconverting ring conformational 
process. To assess this possibility, a variable 
temperature 13C-NMR study was undertaken.

According to the principles of dynamic nuclear 
magnetic resonance (dnmr), if the broadening of the 13C-NMR 
signals was due to an interconverting ring conformational 
process, then raising the temperature of the sample should 
sharpen the NMR resonances (83, 84). Conversely, lowering 
the temperature should result in two distinct peaks 
stemming from the two conformations of the ring. By
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Figure 28. 125 MHz 1 3 C-NMR Spectrum of 15 at 297*K in CDCl^.
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finding the temperature at which the two peaks coalesce, 
one can determine the rate of conformation change (83, 84, 
85). Figure 29 illustrates the typical dnmr analysis.

The presence of a conformational interconversion of 
the cyclodecane ring in the briaran diterpenes was first 
reported in the structure elucidation of the stylatulide, 
12 (33). Although detailed analysis of this process was 
not undertaken, it was found that increasing temperature 
sharpened the NMR signals (33). This phenomenon was also 
reported with erythrolide B (39), the minabeins (20), and

Figure 29. Classical Temperature Dependence of Ring 
Conformation NMR Signals. (83)
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the verecynarmins (45). . Again, when the temperature was
increased the peaks sharpened. The verecynarmins were 
unusual in that two distinct conformations were found at 
room temperature (45). Applying principles of dnmr, the 
interconversion rate of the cyclodecane in the 
verecynarmins was determined to be approximately ten times 
per second based on a coalescence temperature of 
approximately 83°C.

Variable temperature studies of brianthein W revealed 
a strikingly different behavior from the above. As the 
temperature was raised, the carbon signals became broader. 
As the temperature was lowered, the carbon resonances 
became sharper, see Figures 30 (T = 220"K), 31 (T = 280"K), 
28 (T = 297“K), 32 (T = 315“K) and 33 (T = 325°K). This 
behavior was exactly the opposite of the other diterpenes. 
Furthermore, this was the reverse temperature dependance 
expected for a ring conformational process. Additional 
analysis of this phenomenon was undertaken.

First, however, it was necessary to unambiguously 
assign the 13C-NMR resonances. During this analysis, it was 
discovered that the 13C-NMR resonance at S 53.45 had been 
mistakenly assigned to brianthein W (38). Examination of 
brianthein W indicated that a triplet at S 53.45 would be 
difficult to explain. Subsequent analysis disclosed that 
this peak was due to a methylene chloride impurity. At 
first, this was very disturbing since one carbon was now
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125 MHz 13C-NMR Spectrum of 15 at 220*K in CDCl3.
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Figure 30.
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apparently missing from the 13C-NMR. However, as seen in 
Figure. 34, when the temperature was decreased to 220"K, the 
signal at S 29.22 was found to be two carbons which 
overlapped at room temperature, thus accounting for all of 
the carbons.

In order to unambiguously assign as many carbons as 
possible, two dimensional NMR techniques were utilized.
All 2D-NMR experiments were run at 280°K, since the best 
carbons signals were observed at this temperature. Using 
proton-carbon (HETCOR) and long range proton-carbon (COLOC) 
experiments, Figures 35 and 36, the carbons were assigned 
as shown in Table 8.

Table 8. 13C-NMR Assignments3 of 15 1

Carbon «$ Carbon S

I 41.5 (s) 2 74.5 (d)
3 29.3 (t) 4 25.8 (t)
5 143.7 ( S ) 6 122.4 (d)
7 80.8 (d) 8 159.9 ( S )

9 29.3 (t) 10 37.4 (d)
11 136.2 (s) 12 116.6 (d) .
13 33.4 (t) 14 72.3 (d)
15 14.5 (q) 16 27.5 (q)
17 124.5 ( S ) 18 9.6 (q)
19 174.1 (s) 20 21.4 (q)
Acetatei 170 •8 (S ), 21.0 (q)
Acetatei2 170 •8 ( S ) , 20.9 (q)

aAM-SOO, in CDCl3, T=280 K, reported as S (multiplicity)
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Further low temperature experiments on 15 failed to 

divulge any additional insight into this unusual behavior. 
Examination of the cold temperature carbon spectra 
disclosed only some small chemical shift changes. The most 
obvious difference was at 220"K, where the two overlapping 
acetate carbonyls became resolved (Figure 30).

From the high temperature experiments, an even more 
intriguing phenomenon was revealed. As mentioned above, 
when the temperature was increased, the signals became 
broadened rather than sharpened as expected. At this point 
the solvent was changed to d5-pyridine so that higher 
temperature could be explored. As with CDCl3, when the 
temperature was increased, the carbon signals shifted 
slightly and became even broader, see Figures 37 (T =
297“K), 38 (T = 320"K), 39 (T = 340°K). However, when the 
temperature was raised to 370“K, Figures 40 and 41, the 
signals at S 72, S 74 and S 81 became doublets, a very 
unusual occurrence in temperature studies. The other 
carbon resonances appeared to sharpen, the typical dnmr 
behavior.

To determine if this phenomenon was the result of an 
unexpected or undefined chemical process, the sample was 
allowed to cool to room temperature and the experiment 
repeated. Identical results were obtained. Analysis of 
the sample by chromatography and mass spectrometry
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indicated the presence of only one compound, 15, thus 
eliminating the possibility of any of chemical change.

Since the sp3 hybridized carbons bearing oxygen appear 
to be affected the most, it seemed plausible, that the 
doubling of signals could result from a solvent-solute 
interaction with pyridine. In an effort to examine this 
possibility, the high temperature study was repeated twice, 
using d8-toluene and d2-tetrachloroethane. In both cases 
the same doubling of signals was observed at approximately 
370”K. Since the nature of the solvent had no influence on 
the appearance or splitting temperature, a solvent type 
interaction was eliminated.

Following extensive examination of the high 
temperature 13C-NMR spectra, it became apparent that the 
carbons that broadened the most were along the "top" 
portion of the molecule (carbons I, 2, 3, 4, 13, 14 and 
15). This included carbons from both rings A and B. In 
addition, examination of other braifan type diterpenes 
suggested that conformational changes in the cyclohexane 
ring would induce large changes in the cyclodecane ring. 
Analysis of a Drieding model of 15 disclosed the 
cyclodecane ring system to be quite flexible, while the 
cyclohexane ring had only two reasonable and distinct 
conformations. The atoms that varied the most were along 
the top portion of molecule, while the gamma lactone 
carbons did not appear to change significantly. This
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behavior parallels that seen by NMR, suggesting a 
conformational process is responsible this phenomenon.

A conformational process would explain most of the 
variable temperature data. The sharp signals at low 
temperature would be due to only one conformation being 
available or preferred. As the temperature was increased, 
the signals become broadened as the cyclodecane ring flips 
through many different conformations. As the temperature 
increases, either only one conformation is preferred or the 
rate of conformational change becomes faster than the NMR 
time scale so that the signal becomes averaged and appears 
sharp. This would explain the behavior of all of the 
carbons except the three oxygen bearing carbons. The best 
explanation for their behavior would be that two distinct 
environments were available at 370“, but at higher 
temperature these signals would coalesce as expected. 
Unfortunately, higher temperature studies were not 
possible.

It was suggested that increasing the rigidity of the 
molecule could lend insight into this phenomenon. It was 
postulated that by hydrolysis of the two acetates followed 
by formation of an acetonide from the resulting 1,3 diol, 
an additional ring could be introduced that would restrict 
the conformation of the molecule. Unfortunately, barium 
hydroxide hydrolysis only removed the acetate at C2, thus 
the acetonide could not be formed.
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The structure of the hydrolysis product was based upon 

spectral comparison to brianthein W. During the assignment 
of the 13C-NMR resonances for brianthein W in Table 8 , 
extensive analysis of 2D-NMR data was necessary. Based on 
COSY, HETCOR, and COLOC experiments, the broad singlet at S 
4.81 was assigned to C2, while the broad singlet at S 4.86 
was assigned to C14. Analysis of the 1H-NMR data for the 
hydrolysis product found the only significant difference to 
be that the signal at S 4.81 was shifted upfield to 5 3.85, 
thus indicating a desacetyl product. Mass spectral 
analysis confirmed the removal of only one acetate with an 
MH+ ion of 375 amu. Therefore, since only one acetate was 
removed and the signal at 4.81 shifted upfield, the 
hydrolysis product had to be C2-desacetylbrianthein W.
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MASS SPECTRAL ANALYSIS OF BRIARAN DITERPENES

Background

In the structure elucidation of a natural product, it 
is essential that reliable molecular weight and formula 
information be obtained. For many natural products, 
conventional electron impact (EI) mass spectrometry (MS) 
provides this vital data. Unfortunately, for highly 
functionalized complex natural products like the briaran 
diterpenes, EIMS commonly yields molecular ions (M+] of 
very low abundance due to facile fragmentation. 
Consequently, molecular weight determination and molecular 
formula assignment are difficult and often tenuous.

In general, molecular ion abundance depends upon the 
stability of the molecular ion (or pseudo molecular ion), 
the amount on energy required to ionize the molecule and 
the amount of energy used to ionize the molecule (8 6 ). 
"Soft” ionization techniques exploit one or more of these 
factors to increase molecular ion abundance. "Soft" 
techniques available at Montana State University include
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positive chemical ionization (PCI), negative chemical 
ionization (NCI), fast atom bombardment (FAB), and high 
pressure electron capture (HPEC). Unfortunately, no ion 
production method appears to be universally applicable. As 
a result, for many highly functionalized natural products, 
a variety of ionization techniques are often investigated 
before significant improvement in molecular ion abundance 
is realized.

During the structure elucidation of the briaran 
diterpenes from Ptilosarcus aurneyi. reliable molecular 
weight and formula information proved to be vital. 
Unfortunately, electron impact mass spectrometry failed to 
give molecular ions of sufficient intensity to yield the 
necessary information. As a result, a great deal of time 
and effort was spent attempting various ionization 
techniques. In an effort to establish a general approach 
for obtaining reliable molecular weights and formulas for 
the briaran diterpenes, an extensive study of ion 
production methods was undertaken using the eleven briaran 
diterpenes isolated from Pjt. aurneyi and Briareum 
polyanthes. The ionization methods investigated included 
El, FAB, PCI, and HPEC.

'
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Electron Impact

In EI mass spectrometry, an incandescent filament is 
used to produce a beam of high energy (typically 70 eV) 
electrons. These electrons interact with vaporized sample 
molecules within an ion chamber to produce a variety of 
products, including positive ions (8 6 ). These ions are 
then repelled out of the ion chamber by applying a small 
potential to a plate within the ion chamber. The high 
energy imparted by electron impact ionization typically 
induces excessive fragmentation, especially for molecules 
with labile functional groups.

As seen in Figure 42, the 70 eV EI mass spectrum of 
ptilosarcol, 77, EI produced extensive fragmentation and 
resulted in no significant (<0.5%) molecular ion, m/z 570. 
Examination of Table 9 indicates that very low molecular 
ion abundance is typical for the briaran diterpenes.

For electron impact ionization, it is sometimes 
possible to increase the abundance of the molecular ion by 
lowering the energy of the bombarding electrons (87). By 
using only 14 eV, the higher-energy rearrangement and 
cleavage reactions of the molecular ion can be eliminated. 
However, lower energy tends to increase primary 
rearrangements. In addition, although the relative 
abundance of M+ is increased, the absolute abundance is
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decreased since fewer molecules have sufficient energy for 
ionization. Often, the net effect yields ho improvement in 
M+ ions, as was the case for 77. When the energy of the 
bombarding electron energy was reduced to 14 eV, no 
appreciable improvement in the relative abundance of the Mf 
ion was observed. This was found for all eleven of the 
briaran diterpenes studied.

Fast Atom Bombardment

In FAB ionization, a beam of fast moving neutral 
atoms, such as argon or Xenon, is directed at a sample film 
that has been placed on a metal support and inserted into 
the mass spectrometer. The collision of the highly 
energetic neutral atoms with the sample film produces an 
intense thermal energy spike which causes molecules to 
detach from the surface layer as a dense gas (87). This 
"sputtering" process results in the production of both 
positive and negative ions. Unfortunately, since fast atom 
bombardment utilizes highly energetic particles, it often 
produces excessive, unwanted fragmentation. In addition, 
the sample matrix influences molecular ion abundance. As 
a result, several matrices are usually examined to order to 
find one that yields a reasonable molecular ion, sometimes 
a long and tenuous process.
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Table 9. Observed Molecular Ion Abundance of Briaran Diterpenes.a

Compound Mol wt EI PCI HPEC
70 eV 
(Mt)

CO2

(Mt)
CK 4

(M+l)
i-Bu
(M+l)

NH 4  

(M+l8 )
CO2

(M-)
CH4

(M-)
NH 3

(M-)

77 570 0.5 6.7 4.7 14.0 59.3 , 1 0 0 1 0 0 1 0 0
78 568 0.4 0.7 4.1 6.3 1 1 . 0 10.4 1 0 0 41.976 . 538 0.4 0.9 15.2 55.2 57.6 1 0 0 1 0 0 1 0 075 524 0 . 0 0.7 11.4 76.3 1 0 0 1 0 0 1 0 0 1 0 073 496 0 . 2 0.7 23.5 1 0 0 2 1 . 8 25.6 29.9 53.7
74 482 0 . 2 0 . 6 1.9 13.6 1 0 0 1 0 0 1 0 0 1 0 079 480 0.3 0 . 6 7.8 39.3 1 0 0 1 0 0 70.4 1 0 014 568 0 . 0 2.4 43.1 58.6 55.0 1 0 0 1 0 0 1 0 0SI 540 > 0.3 0 . 0 49.2 1 0 0 89.0 1 0 0 1 0 0 1 0 080 498 0 . 0 0.9 2 . 0 13.1 78.7 4.2 9.8 13.415 416 0.5 0.9 1 0 0 1 0 0 1 0 0 62.5 1.3 42.5

aReported as percent relative abundance.
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For the study of the briarans, four different sample 
matrices were investigated. They were glycerol, 
thioglycerol, 3-nitrobenzyl alcohol and (1:3) 
dithioerythritol-dithiothreitol. Although pseudomolecular 
ions of approximately 2 % relative abundance have been 
reported for brianthein X, Y and Z, this investigation 
found that ion signals were either undetectable or when 
signals were observed, they were of extremely low intensity 
with very little, if any, pseudomolecular ions.

The failure of FABMS is probably due to the mobility 
of the diterpenes in the liquid matrix. If diffusion of 
the solute through the liquid medium is poor, the surface 
of the probe is insufficiently replenished, thus resulting 
in low sample ion current and high background noise. The 
failure of FAB is not surprising, in that it is a technique 
generally applicable for very polar molecules such as 
peptides or polyhydroxylated sterols (8 8 ), but often fails 
for less polar compounds (87).

Positive Chemical Ionization

Chemical ionization (Cl) mass spectrometry was 
introduced in 1966 by Munson and Field as an alternative 
technique for generating mass spectra (89). Since then, it
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has grown to perhaps the most commonly used alternative 
ionisation technique (87). The appeal of Cl is that it is 
a "soft" ionization technique that often produces molecular 
ion information when EI fails. This is because in CIMS, 
the sample molecule undergoes an ion-molecule reaction with 
energy transfers rarely exceeding 5 eV. This compares 
favorably to the ion-electron reaction of. EIMS which 
generally has much greater energy transfers and thus more 
fragmentation.

In CIMSf a relatively high pressure of reagent gas 
(typically I torr) is introduced into the ion source. This 
gas is then ionized by high energy electrons. The 
resulting reagent ion then reacts with the sample molecule 
in one of four ways (87):

I) M + BH+ — > MH+ + B Proton Transfer
2) M + X+ — > M+ + X Charge Exchange
3) M + X+ — > MX+ Electrophilic Addition
4) AB + X+ — > B+ + AX Anion Abstraction

The type of reaction is dependent upon the proton affinity 
of the reagent gas and of the sample molecule.

For this study, four gases were chosen: carbon
dioxide, methane, isobutane and ammonia. Carbon dioxide 
was chosen because its mechanism of ionization is through 
charge transfer (reaction 2 above). The choice of methane 
and isobutane as reagent gases was prompted by their proton 
transfer mechanism of ionization (reaction I above). In
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addition, to the slight difference in proton affinities for 
these two gases, protonation by isobutane is considerably 
less exothermic than by methane. Thus, isobutane should 
yield less fragmentation. Finally ammonia was included 
because it generally undergoes an electrophilic type 
addition (reaction 3 above). It was felt that these four 
gases would give a reasonable assessment of the utility of 
PCIMS for the analysis of the briaran diterpenes.

The carbon dioxide Cl spectrum of 77, Figure 43, was 
essentially devoid of an M*" ion, since the observed 
molecular ion was comparable to background. As shown in 
Table 9, this was the trend for all eleven of the briaran 
diterpenes. Therefore, carbon dioxide PCI was eliminated 
as a reasonable ion production method for the briaran 
diterpenes.

PCI using methane (Figure 44) and isbbutane (Figure 
45) did result in improvement of high mass ions, although 
in most cases the molecular ion was still relatively low in 
intensity. For brianthein W, 15, and a few other 
diterpenes, Aethane or isobutane PCI did provide reasonable 
molecular weight information, see Table 9. In all eleven 
cases, isobutane was found to yield stronger molecular ions 
than methane. These data suggest that for the briaran 
diterpenes, isobutane PCI is an ion production method that 
may yield reasonable molecular ion information.
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In the analyses using ammonia, a pseudomolecular ion, 

(M+18)*, was observed for all compounds. Close.inspection 
of Figure 46 revealed that, although the relative intensity 
of the (M+18)+ peak appeared to be high, so was background 
noise. Total ion current using ammonia PCI was very low 
compared to El. Not surprisingly, the lack of an (M+i)+ 
peak indicated that the briaran molecules are somewhat less 
basic than ammonia. In general, although the total ion and 
pseudo molecular ion currents were relatively low in 
absolute intensity, ammonia PCI appears to be a good method 
for obtaining useful molecular weight information.

High Pressure Electron Capture

During the chemical ionization process, both positive 
and negative ions and/or electrons are formed. Negative 
ions are produced through either ion-molecule or electron- 
molecule reactions. Electron-molecule reactions include 
resonance capture and dissociative resonance capture. The 
mechanism of anion production is influenced by the nature 
of the reagent gas, sample pressure and electron energy. 
For reagent gases that can form stable anions (such as OH" 
from equal amounts of methane and nitrous oxide), ion- 
molecule reactions can produce either molecular or pseudo
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Figure 43. PCI/CO2 Mass Spectrum of 77.
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Figure 44 PClZCH4 Mass Spectrum of 77.
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Figure 45. PCI/iBUTANE Mass Spectrum of 77.
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Figure 46. PCI/NH3 Mass Spectrum of 77.
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molecular anions. Molecular anions are produced by a 
charge exchange mechanism, while pseudo molecular anions 
are produced by proton transfer, to give (M-I)", or 
nucleophilic addition, to give MX" (87).

For reagent gases that cannot form stable anions (such 
as CH4), electron-molecule reactions produce the molecular 
anions. In high pressure electron capture (HPEC), 
electrons for resonance capture are generated as secondary 
electrons from the primary electron beams interaction with 
the reagent gas. These secondary electrons are thermal!zed 
by collisions within the ion chamber. Sample molecules 
then capture these thermalized electrons to form an 
energetic molecular anion. This energetic species must 
then undergo collisional stabilization with the buffer gas 
to remove the excess energy imparted by capture of the 
thermalized electron. Without this energy transfer, either 
electron autodetachment or dissociative resonance capture 
would occur, thus decreasing the molecular anion abundance 
(87).

The requirements for molecular anion formation by HPEC 
are that the sample must possess a positive electron 
affinity and that the molecular anion must be sufficiently 
long lived (IO'7 to 10"s seconds at <1 torr) to allow for 
collisional stabilization (89, 90). For compounds meeting 
these requirements, analysis on samples sizes as small as 
10'“ to 10"“ grams is possible.
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For this study, HPEC was evaluated using three types 
of buffer gases: carbon dioxide, methane, and ammonia.
Experiments were run at 0.2 torr and were not optimized.
As seen in the HPEC mass spectra of 77 (Figures 47, 48, and 
49, respectively), HPEC yielded dramatic results* For all 
three buffer gases, the molecular anion was not only the 
base peak, it was the only substantial peak in the 
spectrum. Close inspection of Table 9 and Figures 12, 14, 
16, 18, 20, 22, and 24, revealed that this method appears 
to be general for all of the chlorinated bfiarans.

For brianthein W, 15, the only non-chlorinated 
compound, HPEC did not yield the same results. As seen in 
Table 9, molecular ions were observed, but they were not as 
abundant as the other diterpenes. It would appear that the 
lack of a chlorine atom significantly decreased the 
electron affinity of 15 relative to the other briaran 
diterpenes, thus decreasing the formation of molecular 
anions. Study of the mass spectral data for 15 indicates 
that the best ionization method appeared to be ammonia PCI.

In summary, for the eleven briaran diterpenes studied, 
the best determinate of the type of ion production method 
to attempt first would appear to be the presence of a 
halogen. If a halogen is suspected, the best method to 
attempt first would seem to be HPEC. If no halogen is 
suspected, ammonia PCI appears to be the best first choice.
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Figure 47. HPEC/CO2 Mass Spectrum of 77.
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Figure 48. HPEC/CH^ Mass Spectrum of 77.
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OTHER METABOLITES FROM Briareum polyanthes

From the routine, diverse screening of all marine 
invertebrate extracts, the organic and water soluble crude 
extracts from Briareum polyanthes were found to possess 
antimicrobial activity. Bioassays of the diterpenes 
revealed that none of these was responsible for the 
antimicrobial activity. Subsequently, additional 
investigation of the crude extracts was undertaken in order 
to isolate and identify the metabolite(s) responsible for 
this activity.

Originally, T. R. James and K. P. Manfredi worked on 
these antimicrobial metabolite(s). They were able to 
isolate significant quantities of an antimicrobial compound 
from the organic soluble crude extract. The isolation 
procedure involved several chromatographies. This 
investigation of was prompted by the desire for additional 
quantities of compound and to clarify the structure of the 
active compound. Since James and Manfredi had already 
examined all of the available organic extract, the water 
soluble extract was investigated. It Was discovered that
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by partitioning the water soluble crude extract between 
ethyl acetate and water, pure active metabolite could be 
isolated from the ethyl acetate layer in a single gel 
permeation chromatography. In addition to the active 
compound, a structurally related, tentatively identified 
non-active metabolite was isolated. These compounds have 
been subsequently given the names bissetone, 82, and 
bissetal, 83.

82 83

Structure Elucidation of Bissetone

Mass spectral analysis of the antimicrobial substance, 
a colorless oil, revealed a moderately strong molecular ion 
at m/z 202, see Figure 50. High resolution analysis of m/z 
202 yielded a molecular formula of C1H14O,. The presence



1024

Figure 50. Electron Impact Mass Spectrum of Bissetonef 82.
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Figure 51. 250 MHz 1H-NMR Spectrum of Biasetone, 82, in CDCl^.
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Figure 52. 500 MHz 1 H-1H COSY of 82 in D2 O.
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of two ketones were indicated by the peaks at S 211.5 and 
210.5 in the 13C-NMR (Table 10) and by the IR absorption at 
1720 cm'1. The remaining site of unsaturation had to be due 
to a ring since there were no olefinic carbons present.

Inspection of the IR spectrum indicated the presence 
of hydroxyl functionality based on the broad absorption at 
3470 cm"1. Deuterium exchange experiments revealed that two 
alcohols were present. 1H-NMR decoupling experiments

Table 10. 13C-NMR Assignments® of 82 and 83.

Carbon # 82b CO w°

2  ■ 80.6 (d) 76.6 (d)
3 41.6 (t) 32.3 (t)
4 2 1 1 . 6 (s) 100.4 (S)

5 77.2 (S) 62.2 (s)
6 74.9 (t) 70.5 (t)
7 63.5 (t) 63.6 (t)
8 49.6 (t) 39.8 (t)
9 2 1 0 . 6 (S) 1 0 1 . 1 (S)

1 0 30.8 (q) 23.6 (q)

"reported as chemical shift (multiplicity) 
bAM-SOO, D2O 
°WM-250, CD3OD
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Figure 54. Part Structures of Bissetone, 82.

disclosed two isolated methylene AB pairs and the three 
carbon segment 82a, see Figure 54. Placement of the 
hydroxyl in 82a was based on the chemical shifts of the 
associated methylene hydrogens and on the sharpening of 
their resonances upon irradiation of the exchangeable 
proton at S 4.05. This was confirmed by conversion to the 
acetate, bromobenzoate and 2-chloro-4-nitrobenzoate. In 
each case, the OH proton disappeared along with a downfield 
movement of the methylene protons to S 4.4. These 
deductions left only two oxygens still to be assigned, yet 
there were three carbons bearing oxygen unaccounted for in 
the 11C-NMR. Therefore, an ether linkage was required in
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the structure. The 13C chemical shift, S 80.53, of the 
methine in 82a required the presence of an oxygen.

Reduction of bissetone to a tetrol, followed by 
acetylation, demonstrated the presence of an acetonyl 
rather than an acetyl appendage. Among the mixture of

I

products was a monoacetate. Decoupling of its methyl 
doublet at S 1.23 collapsed a methine multiplet at S 4.28 
to a doublet of doublets, not a singlet as would be 
required by an acetyl group, thus confirming the presence 
of the acetonyl appendage.

At this point two plausible structures remained for 
the metabolite, 82 and 84. Originally the furanone 84 was 
favored because early IR spectra of compound isolated from 
the organic crude had a shoulder at 1735 cm'1. However, at 
the same time, only one of the alcohols could be acylated, 
even under quite vigorous conditions. This extreme lack of

OH
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reactivity favored the tertiary alcohol in the pyranone,
82, over the neopentyl arrangement in 84. Further doubts 
about 84 were fostered when compound isolated from the 
water soluble crude extract proved to be devoid of the 
putative 1735 cm"1 absorption, but was otherwise identical 
to the material isolated from the organic crude extract.

When difference nOe and lanthanide induced shift 
experiments failed to offer insight into the relative 
stereochemistry, x-ray diffraction studies were undertaken 
to establish the stereochemistry of the molecule and to 
definitively resolve the question of the gross structure.

The p-bromobenzoate of bissetone was then prepared and 
crystallized from aqueous ethanol. As seen in the computer 
generated perspective drawing. Figure 55, the pyranone 
was indeed the correct structure. The 4-pyranone ring was 
found to be in a chair conformation with the 2 -propanone 
substituent axially oriented. Although the x-ray data 
indicated that the enantiomer shown in Figure 39 was 
favored, the absolute stereochemistry could not be 
determined conclusively. Fortunately, however, following 
publication of this work, the absolute stereochemistry was 
determined from a stereospecific synthesis of bissetone 
from D-glucose to be 2S, 5S (91).

Bissetone (systematic name: 2 £-hydroxymethyl-5 £-
hydroxy-5-(2-oxopropyl)tetrahydropryan-4-one) represents a
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Figure 55. X-ray Model of Bissetone, 82.

dramatic departure from all previously reported 
coelenterate metabolites. An exhaustive search of the 
literature suggests that 82 is unprecedented. The closest 
known structural analog is tetrahyrokojic acid, 85, a 
synthetic product obtained by catalytic reduction of the 
antibiotic kojic acid, 8 6  (92).
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Structure Elucidation of Bissetal

Close examination of the gel permeation chromatography 
fractions obtained during the isolation of bissetone 
revealed a closely related secondary metabolite that slowly 
decomposed to bissetone. Mass spectral analysis gave an 
electron impact spectrum (Figure 56) similar to that of 
bissetone. High resolution mass spectral analysis yielded 
a molecular formula of C6H14Os, thus confirming it as a 
structural isomer of bissetone. Examination of the 1H-NMR 
(Figure 57) disclosed the same proton bearing part 
structures as in 82 (Figure 54) but at different chemical 
shifts, see Table 11. Analysis of the 13C-NMR, see Table



Figure 56. Electron Impact Mass Spectrum of Bissetal, 83.
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Figure 57. 250 MHz 1H-NMR Spectrum of Biaaetal, 83, in CD3OD.
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Table 11. 1H-NMR Assignments® of 82 and 83.

Carbon # 82b CO w0

2 3.60 (m) 3.61 (m)
3 2.41 (dd, 13.3, 2.4) 1.56 (dd, 14.4,2.1)

4
2.74 (dd, 13.3, 11.7) 2.17 (dd, 14.4,12.4)

5-OH 3.33 (s) —  —  —

6 3.92 (d, 1 1 .2 ) 3.44 (d, 7.0)
3.15 (d, 1 1 .2 ) 3.46 (d, 7.0)

7 3.67 (dd, 11.4, 2 .6 ) 3.39 (dd, 12.2, 6.4)3.51 (dd, 11.4, 4.8) 3.50 (dd, 12.2, 2.9)
4.05 (OH, br s )

8 3.00 (d, 16.7) 1.74 (d, 14.9)

9

3.23 (d, 16.7) 2.26 (d, 14.9)

1 0 2 . 1 0 (3H, S) 1.19 (3H, S)

“reported as chemical shift (multiplicity, coupling 
constants in Hz) 
bWM-250, CDCl3 
cPfM-250, CD3OD 10

1 0 , disclosed the presence of two singlet resonances at 6 
100.4 and S 101.1, indicative of ketal or hemiketal 
carbons, as well as the absence of the two ketone 
resonances found in bissetone. Long range 1H-13C 
correlation experiments (COLOC) linked the part structures
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as in bissetone, with the exception that the ketal type 
carbons had replaced the ketone carbonyls. These data led 
to the conclusion that the structure of this new compound 
could be envisioned to result from two internal 
cyclizations of bissetone.

Using this assumption, the necessity for three rings 
and the stereochemistry of bissetone, five possible 
structures for bissetal could be conceived: 83, 87, 88,
89, and 90. The oxiran containing structures, 87 and 88, 
were eliminated on the basis of 11C-NMR chemical shift data.

89 90
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In general, the ring strain of an oxiran induces a 
significant shift to higher field relative to open-chain or 
larger cyclic ethers (93, 94). For example, the 13C-NMR 
resonances of four, five and six membered cyclic ethers are 
found at approximately 6 8  ppm, while oxirans are found at 
40-60 ppm (37, 94). In the natural product dysetherin, the 
ring strain of the oxiran shifted the epoxyacetal carbon 
upfield from the typical 100 ppm to 76 ppm (95).
Therefore, if an epoxyketal were present in bissetal, there 
should be a significant upfield shift of one of the ketal 
carbons. However, in bissetal, both ketal carbons were 
found at approximately 1 0 0  ppm, thus eliminating an 
epoxyketal. Consequently, structures 87 and 8 8  were 
rejected.

The oxetan containing structure, 89, was eliminated on 
the basis of the proton chemical shift of H8. In oxetans, 
the protons beta to the oxygen are generally found at S 2.7 
(93, 94). In bissetal, the chemical shift for H 8 was found 
to be 5 1.74 and. S 2.26. These chemical shifts are more 
typical of tetrahydrofuran compounds where these protons 
are generally found at S 1.85 (93). Thus> the H8 chemical 
shift would eliminate the oxetan, while supporting the 
remaining structures 83 and 90.

To distinguish between structures 83 and 90, the 
proton chemical shift of the methyl singlet at S 1.19 was 
examined. A search of the literature revealed that the
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chemical shift of a methyl attached to the ketal carbon of 
a pentacyclic hemiketal or a penta-hexabicyclic ketal was 
in the range of S 1.3 to <S 1.45 (96, 97), thus supporting 
structure 83. Further examination of the literature 
revealed that a methyl attached to the ketal of an 
adamantane-like compound resonated at S 1.24 (98), 
suggesting that as ring size increases, the methyl 
resonance shifts upfield, thus supporting structure 83. 
Additional support for 83 can be inferred from the proton 
chemical shift of H7. The chemical shift of the alpha 
protons in a pentacyclic ether is approximately S 3.75, 
while hexacyclic ethers are approximately S 3.60 (93). The 
chemical shifts of H7, S 3.39 and S 3.50> indicates a ring 
hexacyclic or larger, as in structure 83.

Molecular modeling calculations using Alchemy II were 
performed to ascertain the most thermodynamically stable 
isomer. Although one could argue that natural products are 
not required to be the most stable isomer, this was done to 
determine if molecular modeling could aid in the structure 
elucidation of bissetal. Calculations found that 
bissetone, 82, had a relative energy of -11.8 Kcal/mole, 
while structures 83, 87, 8 8 , 89 and 90 had -5.11, +118.31, 
+118.93, +28.44 and +4.87 Kcal/mole, respectively. These 
data not only indicated that the most stable bisketal was

/
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83, but it also supported the observed slow decomposition 
of bissetal to bissetone.

Therefore, on the basis of NMR chemical shift data and 
the molecular modeling calculations, the structure of 
bissetal was determined to be 83. Using the 
stereochemistry of bissetone as a basis, the absolute 
stereochemistry of bissetal must be 2.§,4£,5S,9£. The name 
bissetal was given to 83 to denote its relationship to 
bissetone.

Biological Activity

Antimicrobial testing of these compounds disclosed 
that bissetone, 82, was mildly active against the Gram
negative bacteria Pseudomonas aeruginosa and Xanthomonas 
campestris, with minimal inhibition (2 mm zone) at 0.5 and 
0.25 mg/disk, respectively, in the impregnated disk assay. 
Antimicrobial assays of bissetal, 83, revealed it to be 
inactive against Gram-negative bacteria at 1.0 mg/disk.
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TERPENES FROM Iaernella notabilis

Background

Iaernella notabilis is a rose colored sponge. It 
currently belongs to the family Dictyodendrillidae, order 
Dendroceratida, subclass Ceractinomorpha, class 
Desmospongiae, phylum Porifera.

Investigation of the secondary metabolites from a 
Caribbean collection of Xi notabilis by Schmitz et al. 
resulted in the isolation and identification of the 
spongian lactones 50, 51, and 52. Due to the overlap of 
signals in the 1H-NMR spectrum, the structure of 50 was 
determined by x-ray diffraction. Compound 50 was tested in 
the PS cytotoxicity assay, an in vitro lymphocytic leukemia 
screen, and was found to be mildly cytotoxic, ED50 = 6.5 
|xg/ml.

When the dichloromethane soluble extract from a 
Bermudian collection of X*. notabilis was found to be active 
in the CCRF-CEM cytotoxicity assay (IC50 = 4.3. |ig/ml), 
further investigation of the sponge was warranted.
Although the cytotoxicity assays were different, it
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appeared that the level of activity exhibited by the 
Bermudian crude extract could not be accounted for by the 
activity of the previously isolated spongian diterpenes.

Analysis of the Bermudian crude extract revealed the 
presence of the three spongian diterpene lactones that had 
been isolated by Schmitz et al. , as well as the relatively 
non-functionalized diterpene 58. Additional examination of 
this extract resulted in the isolation and characterization 
of the novel hexacyclic norsesterterpene alkaloids 
kimbasines A, 91, and B, 92.

Structure Elucidation of the Soonaian Diterpenes

The structure elucidation of 50, 51, and 52, was 
accomplished by comparison of 1H-NMR and mass spectral data 
to the data published by Schmitz et al. (62). Compound 58 
was originally believed to be a novel spongian diterpene.

0

0

91 R =  n-Pr
92 R = Me
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Its structure was determined by 1H-NMR, 13C-NMR and mass 
spectral analysis. As seen in Figure 58, electron impact 
mass spectrometry failed to yield a molecular ion. The 
highest ion observed, m/z 302, was the result of the facile 
loss of acetic acid. By employing positive chemical 
ionization with isobutane. Figure 59, a moderately strong 
pseudo molecular ion (MH+), m/z 363, was observed. High 
resolution analysis of this signal yielded a molecular 
formula of C22H35O4. Inspection of the 13C-NMR data (Table 
1 2 ) revealed the presence of two carbonyls, one acetate and 
one lactone. By combining 1H-NMR spin-spin decoupling with 
the remaining 13C-NMR data, the structure of 58 was 
determined.

Following the structure elucidation of 58, a search of 
the literature revealed that 58 had previously been 
isolated from the sponge Aplysilla rosea. (52) Comparison 
of the reported EIMS and 1H-NMR data confirmed the 
structure of 58.

Isolation of Kimbasines A and B

Several specimens of Ij. notabilis were collected from 
the protected inshore waters of Bermuda. The sponges were 
placed in acetone and stored frozen prior to extraction.
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The sponges were extracted using a procedure similar to 
that shown in Figure 7. The organic crude was then 
partitioned using the modified Kupchan scheme (Figure 8 ). 
1H-NMR analysis of the CCl4 solubles indicated a fraction 
enriched in terpenoids. The CCl4 soluble extract was then 
subjected to gel permeation chromatography on BioBeads S-X4 
followed by Sephadex LH-20. Final purification was 
accomplished by reverse phase flash chromatography using a 
gradient of 1 0 % aqueous methanol to 1 0 0 % methanol.

Table 12. 13C-NMR Assignments for 58.

Carbon # S Carbon # S

C-I 39.78 (t) C-12 21.93 (t)
C-2 18.43 (t) C-13 37.23 (d)
C-3 41.78 (t) C-14 41.21 (d)
C-4 32.68 (S) C-15 67.25 (t)
C-5 51.50 (d) C-16 178.96 (S)
C- 6 23.00 (t) C-17 16.06 (q)
C-7 74.29 (d) C-18 32.93 (q)
C- 8 37.32 (S) C-19 21.31 (q)
C-9 47.64 (d) C-20 15.29 (q)
C-IO 38.78 (s) Acetate 170.19 (s)
C-Il 17.20 (t) Acetate 21.35 (q)

a(AM-500, CDCl3). Multiplicities based on DEPT experiments.



Ficrure 58. Electron Impact Mass Spectrum of Va-Acetoxyspongian-16-one, 58.
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Figure 60. 250 MHz 1 H-NMR Spectrum of 7a-Acetoxyapongian-16-one, 5 «, in CDCl.
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Structure Elucidation of Kiinbasines A and B

Electron impact mass spectrometry of kimbasine A 7 

Figure 61, revealed a strong molecular ion at m/z 487.
High resolution analysis of m/z 487 yielded the molecular 
formula C29H45NO5. Inspection of the 1H-NMR data, Table 1.3, 
suggested the presence of methyl [5 3.35 (3H, s)] and 
butyrate [<$ 2.2 (2H, t) , 1.65 (2H, sextet) , 0.86 (3H, t) ] 
esters. This was supported by a strong IR absorption at 
1735 cm'1 and by two carbonyl resonances at 6  175.1 and 5 
171.9 in the 13C-NMR (Figure 62). The presence of the 
butyrate was also supported by the loss of 87 amu in the 
mass spectrum, which, by high resolution analysis, was 
determined to differ from the molecular ion by C4H7O2. The 
absence of any other sp2 carbons required that the 
.remaining six degrees of unsaturation be attributed to 
rings.

Further analysis of the 1H-NMR spectrum was 
complicated by the overlapping signals at high field, as 
seen in Figure 63. However, by using deuterated benzene 
instead of the traditional deuterated chloroform, many of 
these signals could be distinguished (Figure 64). These 
small changes were vital to the structure elucidation. By 
application of modern two dimensional NMR techniques the 
structure could then be established.



Figure 61. Electron Impact Mass Spectrum of Kimbasine A, 90.
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Table 13. 1H-NMR Assignments8 for 91.

H 1 0.7, 1.5
H 2 1 .2 , 1 . 6

H 2 1.05 , 1.15
H 5 1.5
H 6 1 .6 , 1.9
H 7 5.93 (br d, 2.4)
H 9 1 . 6

H 11 1.7, 1.9
H 12 1.5 (in), 2.45 (m)
H13 2.80 (ddd, 13.6, 5.4, 4.0)
H 14 2.61 (br d, 4.0)

. H15 3.38 (br dd, 9.3, 3.0)
H 16 1.4 (dd), 1.5 (dd)
H 15 2.25 (d, 9.8), 2.45 (d, 9.8)
H 19 5.30 (S)
H 25 0 . 6 6 (3H, S)
H 21 0.77 (3H, S )
H 22 0.82 (3H, s)
H 24 . 1.18 (3H, S)
H 25 3.35 (3H, S)
H 27 2 . 2 2 (t, 7.6)
H 28 1.65 (sextet, 7.6)
H 29 0 . 8 6 (3H, t, 7.6)

aVXR-SOO, C6D6; reported as S (multiplicity)
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Table 14. 13C-NMR Assignments® for. 91 and 92.

Carbon # 91b 92=

I 39.3 (t) 39.4 (t)
2 18.4 (t) 18.6 (t)3 41.9 (t) 41.8 (t)4 32.4 (S) 32.7 (S)5 48.3 (d) 48.3 (d)
6 24.8 (t) 24.7 (t)
7 75.3 (d) 75.8 (d)
8 52.1 (S) 52.0 (s)
9 45.2 (d) 45.1 (d)

1 0 38.1 (s) 38.2 (S)
1 1 18.5 (t) 18.7 (t)
1 2 19.4 (t) 19.2 (t)
13 39.8 (d) 39.7 (d)
14 50.5 (d) 50.4 (d)
15 64.0 (d) 64.0 (d)
16 46.9 (t) 47.3 (t)
17 80.3 (s) 80.6 (s)
18 63.8 (t) 63.9 (t)
19 99.2 (d) 99.5 (d)
2 0 20.9 (q) 21.3 (q)
2 1 33.1 (q) 33.2 (q)
2 2 15.5 (q) 15.8 (q)23 175.1 (S) 176.0 (s)
24 14.7 (q) 15.1 (q)25 50.7 (q) 51.6 (q)26 171.9 (s) 170.5 (s)
27 . 36.5 (t) 21.4 (q)28 15.0 (t) ----—
29 13.5 (q)

“Reported as S (multiplicity), based on DEPT experiments
bWM-250, CDCl3, assignment based on HETCOR experiments 
conducted at 500 MHz
0AM-SOO, CDCl3, assignments based on comparison to 91.
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Analysis of 1H-1H COSY (Figures 65 and 6 6 ) and ZQCOSY 

spectra established three spin systems which could be 
connected using HETCOR, long range HETCOR and COLOC 
experiments (Figures 67 and 6 8 ) to give the part structure 
91a shown in Figure 69. This is the ABC ring system 
characteristic of the spongian diterpenes.

The absence of exchangeable protons in the 1H-NMR and 
the lack of IR absorptions above 3000 cm"1 required that the 
remaining heteroatoms be an ether oxygen and a tertiary 
amine. The one proton singlet at 5 5.30, associated with 
the methine carbon at 6  99.2, further restricted these last 
two heteroatoms to an aminal adjacent to a quaternary 
center. This left an ABX system, an isolated AB pair, a 
methyl singlet, and one quaternary carbon. As shown in 
Figure 69, these were combined to give 91b.

The two part structures were combined on the basis of 
long range correlations. The aminal methine was correlated 
to Ce and to C14. H9 had, in turn, a long range correlation 
to the aminal carbon. This required placement of the 
aminal adjacent to Ce. Correlations between H13 and C15, 
along with H15 and C14, confirmed the connection between C14 

and C15.
The stereochemistry of kimbasine A was assigned on the 

basis of spectroscopic data. The chemical shift of C22 [5 
15.5] signifies a trans AB ring junction (99), while the 
proton coupling constant of H7 (br d, J = 2.4) dictated an



Figure 62 250 MHz jC-NMR Spectrum of Kimbaaine A 90, in CDCl3.
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Figure 63. 250 MHz ^H-NMR Spectrum of Kimbasine A, 90, in CDClg
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Figure 64. 250 MHz 1H-NMR Spectrum of Kimbasine A, 90, in C 6D 6 .
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Figure 65. 500 MHz 1H-1H COSY of 90
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Figure 66. Expanded High Field Region of 500 MHx 1H-1H COSY of 90.
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Figure 67. 500 MHz HETCOR of 90.
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Figure 68. 500 MHz Long Range HETCOR of 90.
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Figure 69. Long Range Correlations of 9 1 .
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axial placement of the butyrate at C7. The coupling 
constants of H13 (ddd, J = 13.6, 5, 4) along with the 
observed nOe between H 13 and H9 (9%) and between H13 and H1, 
(5%), required that the carbomethoxy be equatorial at C13. 
The very strong nOe between H7 and H19 (40%), in addition to 
the very small coupling between H1, and. H15, could only be 
accommodated by the relative stereochemistry shown for C15 

and C19. This, in turn, fixed the stereochemistry at C-17.
It is reasonable to assume that the absolute 

stereochemistry of the ABC ring junctions are the same as 
those of other spongian diterpenes; therefore, the absolute 
stereochemistry of kimbasine A is probably 5S, 7E, 8 S, 9R, 
!OS, 13R, 14R, 15R,, 17R, 19R.

As shown in Figure 70, a molecular mechanics model of 
kimbasine A using Alchemy II, the A and B rings are in the 
ideal chair conformation. The C ring is in a boat 
conformation due to the cis fusion of 91b. The D, E, and F 
rings form a cup oyer the top of the C ring, as indicated 
by the nOe of 33% between H19 and one of the H12 protons, 
along with the 14% nOe between the H22 methyl and H19.

Kimbasine B, 92, was identified by spectral comparison 
to kimbasine A. The EI mass spectrum. Figure 71, yielded a 
strong molecular ion at m/z 459, which corresponded to 
C27H41NO5. Inspection of the 1H-NHR spectrum. Figure 72, 
showed the only difference to be the lack of the butyrate 
ester signals and the presence of a methyl signal at 6  1.83
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in C4D, (S 2.08 in CDCl,). A methyl signal at S 21.4 in the 
13C-NMR and a mass spectral loss of 59 a.m.u. (CJi1Oa by high 
resolution analysis) from the molecular ion confirmed the 
replacement of the butyrate in 91 with an acetate group to 
yield 92.

The kimbasines represent a new class of 
norsesterterpene alkaloids unprecedented in marine natural 
products. From a biogenetic viewpoint, these unique 
molecules seem most closely related to suvanine, 93, a 
tricyclic sesterterpene isolated from Ircinia so. (100). 
The most closely related terrestrial natural product would 
appear to be the sesterterpene cheilanthatriol, 94, which 
was isolated from the fern Cheilanthes farinosa (101).

93 94



Figure 70. Alchemy II Drawing of 90.
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Figure 71. Electron Impact Mass Spectrum of Kimbasine B, 91.

155



PPM
Figure 72. 250 HHz 1H-NMR Spectrum of Kimbasine B, 91, in CgDg.
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Table 15. 1H-NMR Assignments® for .92.

H 1 0.7, 1.5
H 2 1 .2 , 1 . 6

H3 1.05 , 1.15
H 5 1.5
H6 1 .6 , 1.9
H7 5.93 (br d, 2.4)
H9 1 . 6

H11 1.7, 1.9
H12 1.5 (m), 2.45 (m)
H 13 2.80 (ddd, 13.6, 5.
H 19 2.61 (br d, 4.0)
H15 3.38 (br dd, 9.3, 3
H 16 1.4 (dd), 1.5 (dd)
H 18 2.25 (d, 9.8), 2.45
H 19 5.30 (S)
H 20 0 . 6 6 (3H, s)
H 21 0.77 (3H, S)
H 22 0.82 (3H, S)
H 29 1.18 (3H, s)
H 25 3.35 (3H, s)
H 27 1.83 (3H, s)

aVXR-SOOz C6D6; reported as 6  (multiplicity)
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Biological Activity

Compounds 50, 58, and 91 were tested in a variety of 
bioassays. Brine shrimp toxicity assay of 50 at I mg/ml 
found that after 24 hours only 38% of the brine shrimp 
survived. Compound 91 was found to be inactive at this 
level. Antimicrobial testing of 58 showed no activity, 
while 91 was moderately active with a 7.5 mm zone of 
inhibition at 0.1 mg/disk against Staphylococcus aureus. 
Compound 50 was inactive against this bacterium. 
Phytotoxicity assay on johnsongrass found 50 and 58 to be 
inactive, while 91 was mildly active, showing necrosis and 
spreading chlorosis within 48 hours.

Using a differential DNA repair assay developed by Dr. 
G. Warren and Dr. S. Rogers at Montana State University 
(1 0 2 ), testing of these compounds yielded the results shown 
in Table 16. The compounds were assayed against eight 
strains of EU coli possessing different DNA repair 
deficiencies (Table 17) in a differential inhibition of 
growth assay. In this assay, if mutant, repair deficient 
strains are inhibited at a lower concentration than the 
wild type, repair proficient strain, the compound was said 
to have DNA damaging or DNA repair interactive capabilities 
since the strains were isogenetic, except for the DNA 
repair capabilities. By comparing minimum inhibitory
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levels and well differentials, one can glean information 
about relative levels of activity in addition to a possible 
mechanism of interaction.

Examination of Table 16 revealed that 50 had, in 
general, a slightly lower minimum inhibitory level than 91. 
Therefore, a reasonable assumption would be that cytotoxic 
analysis of 91 would find it to be slightly less active 
than 50. As for the mechanism of interaction, significant 
differences (defined as two well differential) were found 
in two cell lines, GW803 and GW902. This would indicate 
that the two compounds may interact through slightly 
different mechanisms.



Table 16. Minimum Inhibitory Concentration of 50, 58, and 
91 in the Differential DNA Repair Assay.”

Cell Line 50 58I 91

AB1157 50.0 (0 ) 125 (0 ) 125 (0 )
GW801 12.5 (2 ) 125 (0 ) 31.3 (2 )
GW802 50.0 (0 ) 125 (0 ) 62.5 (I)
GW803 50.0 (0 ) 125 (0 ) 31.3 (2 )
AB/ 8 8 6 25.0 (I) 125 (0 ) 31.3 (2 )
PAMlOO 12.5 (2 ) 31.3 (I) 31.3 (2 )
GW900 25.0 (I) 125 (0 ) 125 (0 )
GW902 12.5 (2 ) 125 (0 ) 125 (0 )

Reported as ng/ml (well differential to wild type).



Table 17. Characteristics of Repair Deficient Strains used in DNA Assay.

Cell Line RFA Repair Genotype UV Phenotype Repair Phenotype

AB1157 + NONE RES ISTANT PROFICIENT

GW801 + RECA- SENSITIVE RECOMBINATIONLESS SOS

GW802 + UVrA-RECA- ULTRA SENSITIVE EXCISIONLESS 
RECOMBINATIONLESS SCK

0^03 + LEXA-REcA- SENSITIVE RECOMBINATIONLESS

AB/ 8 8 6 + UVRA- SENSITIVE EXCISIONLESS

PAM100 + SSB- SLIGHTLY SENSITIVE SCK-, MISSING SINGLE 
STRAND BINDING PROTEIN

GN900 - ■ NONE RES ISTANT PROFICIENT

G2N902 - UVRA-REcA- ULTRA SENSITIVE EXCISIONLESS 
RECOMBINATIONLESS SOS
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SUMMARY

The marine environment has been a source of many 
diverse and unusual natural products. Among the most 
complex and highly functionalized diterpenes are the 
briarans. The wide range of biological activity, including 
insecticidal activity, associated with many of these 
metabolites has generated a great deal of interest in these 
structures. For this reason an investigation of the 
extracts of the sea pen Ptilosarcus gurneyi and the 
gorgonian Briareum polyanthes was undertaken. The 
objective was to apply new analytical techniques to the 
isolation and structure elucidation of the briaran 
diterpenes.

From this investigation, an isolation procedure using 
cyano-bonded phase HPLC was further developed. This method 
not only increased the isolation yields of the briaran 
diterpeneis which were known to be present in the extracts, 
but it also allowed for the isolation of five new 
diterpenes. The structure elucidation of these compounds 
was accomplished by spectroscopic analysis. In addition, 
from difference nOe and x-ray diffraction analysis, the
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stereochemistry of ptilosarcenone and ptilosarcone was 
revised.

In an effort to development a general approach to the 
mass spectral analysis of these compounds, several 
ionization techniques were investigated. These included 
electron impact, positive chemical ionization, fast atom 
bombardment, and high pressure electron capture. It was 
found that for the briaran diterpenes, the presence of a 
halogen atom would suggest the best ionization method for 
obtaining molecular weights and formulas. If a halogen is 
present, then high pressure electron capture provides 
excellent molecular ion information. If no halogen was 
present, then the best ion production method would be 
positive chemical ionization using ammonia as the reagent 
gas.

Investigation of the cyclodecane ring conformation of 
brianthein W by dynamic nuclear magnetic resonance revealed 
an unusual temperature dependence. At low temperature, the 
signals became sharp. As the temperature was increased, 
the signals broadened. This is exactly the opposite of 
classical behavior. In addition, at elevated temperatures, 
the three oxygen bearing sp3 carbons split into doublets. 
This unprecedented behavior was hypothesized to be the 
result of an unusual and undefined conformational process.

In addition to the analysis of the briaran diterpenes 
from gj. polyanthes. an investigation of a water soluble
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antimicrobial metabolite yielded the very unusual pyranone 
bissetone. An isolation scheme was developed that could 
produce highly purified compound in one gel permeation 
chromatography. The structure of bissetone was determined 
by spectroscopic analysis and confirmed by x-ray 
crystallography.

Further investigation of the polar extracts of B. 
polyanthes revealed the structurally related tricyclic 
bisketal bissetal. From its relationship to bissetone, 
five structures for bissetal were envisioned. Based on NMR 
chemical shift analysis, the structure for bissetal was 
proposed. Molecular modeling calculations support this 
structure. Both bissetone and bissetal are novel 
metabolites. The only known structurally related compound 
was the synthetic product, tetrahydrokojic acid.

Analysis of the spongian diterpene containing extracts 
of Iaernella notabilis has resulted in the isolation of the 
unique norsesterterpene alkaloids, kimbasines A and B.
Using modern methods of two dimensional NMR analysis, the 
structures were determined. Kimbasine A appears be 
moderately antimicrobial and possibly cytotoxic. The 
structures of these compounds are unprecedented in natural 
products.
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EXPERIMENTAL

General

Instrumentation
NMR spectra were obtained with a Bruker WM-250, Bruker 

AC-300, Bruker WM-300, Nicolet NT-300, Varian VXR-500 and 
Bruker AM-500 spectrometers,. using chloroform-di, benzene- 
d6, methanol-d,, pyridine-d5, toluene-d8 and 
tetrachloroethane-d2 as solvents and internal standards. 
Chemical shifts are reported in ppm (S units) relative to 
tetramethyIsiIane (S = 0). Mass spectral analyses were 
performed on VG Instruments MM16F and.7070 EHF mass 
spectrometers. LC/MS was performed an a VG Instruments 
TRIO-2 equipped with a thermospray/plasmaspray HPLC 
interface. IR spectra were recorded with a Nicolet 5DX FT- 
IR spectrophotometer. UV spectra were determined with a 
Varian G34 spectrophotometer. Optical rotations were 
obtained with a Perkin-Elmer 24IMC polarimeter. X-ray 
analysis at Montana State University was on a Nicolet R3mE 
four circle diffractometer. Melting points were determined 
on a Fischer-Johns apparatus and. are uncorrected.
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Chromatography
Gel permeation and flash chromatography were 

accomplished using the packings in Table 18. Column 
eluants were monitored with ISCO UA-5 (operating at 254 nm 
and 280 nm) and ISCO V 4 (variable wavelength) detectors. 
HPLC separations were performed on a Beckman Model 112 
pump, Beckman Model 114M pumps with a Model 421A controller 
and a Shimadzu Model 6 A pumps with a model SCL-6 A 
controller. HPLC eluants were monitored with a Beckman 
Model 160 UV monitor (operating at 254 nm) or an ISCO V4 

(variable wavelength) detector with a 3.5 p.1 HPLC flow 
cell.

Table 18. Chromatography Packing Materials.

Material Mesh Supplier

Bio-Beads S-X4
Bio-Beads S-X8

Sephadex LH-20 
Chemicals
Silica gel
Cia Bonded Silica

200-400 
200-400 
25-100 (Am

Bio-Rad Laboratories 
Bio-Rad Laboratories 
Pharmacia Fine

32-63 nm Universal Scientific
40 nm J. T. Baker Chemical
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Bioassay Procedures

Antimicrobial Assay
Compounds were tested against Gram-positive bacteria. 

Gram-negative bacteria and fungi. Sterile paper disks were 
impregnated with compound and allowed to air dry. A single 
test organism was suspended in sterile distilled water and 
spread across the surface of a Petri dish containing 
mycological agar until a smooth lawn was formed. The 
impregnated disks were placed on this surface. After 24-48 
hours the plates were observed. Inhibition, if any, was 
measured by the zone devoid of growth radiating from the 
edge of the disk. Microorganisms used for this test 
included Bacillus cereus. Staphylococcus aureus, 
Corynebacterium michicranensis . Escherichia coli .
Pseudomonas aeruginosa. Candida albicans. Aspergillus 
terreus, and Rhizoctonia solani.

Phytotoxicity
A simple nicked-leaf assay was conducted using 

johnsongrass, Sorghum halapense L. (103). The compound to 
be tested was dissolved in 2 % aqueous ethanol and applied 
to the nicked surface of a leaf in a 5 p.1 droplet. The 
leaf was sealed in a Petri dish containing moistened,
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sterile filter paper and incubated. After 72 hours the 
leaves were observed for signs of necrosis or spreading 
chlorosis.

Insecticidal Bioassay
Eggs of the tobacco hornworm, Manduca sextaf were 

obtained from Carolina Biological Supply.. They were 
hatched and raised on an artificial premixed diet obtained 
from Bio-Serv Inc. Compounds tested were dissolved in 200 
ixl of CH2Cl2 and added to 10 g of hot diet mix. After 
stirring and solidification, the test diet was divided and 
placed in four 200 ml plastic containers. Ten fourth 
instar insects were placed in these cups. The insects were 
counted and weighed after three and six days . Death and 
growth rate was compared to control insects whose diet was 
treated with CH2Cl2.

Differential DNA Repair Assay
Compounds were tested against eight strains of E. coli 

possessing different DNA repair deficiencies (Table 17) in 
a differential inhibition of growth assay run by Dr. Guylyn 
R. Warren, Montana State University (102). Methodology 
involved serial dilution of the test compound into eight 
wells of a test plate containing 50 ixl of the bacterial 
strain which had been diluted to I x IO6 CFU/ml. The 
plates were sealed with sterile plate sealers and incubated
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at 37“C for 24-48 hours. Plates were then observed for 
differential bacterial growth.

Brine Shrimp Bioassay
The brine shrimp assay is a non-specific, simple 

lethality test that appears to be a good indicator of 
cytotoxicity. (103, 104) Approximately 20-30 brine shrimp 
eggs, were placed into 5 ml test tube containing 4 ml of 
Instant Ocean and Red Star yeast. After 48 hours the 
nauplii were counted. An appropriate amount of compound, 
in 2 0  Lil ethanol, was introduced to give the desired 
concentrations. The number of surviving nauplii were 
counted after 8  and 24 hours.

Cytotoxicity Bioassay
The CCRF-CEM cell line and appropriate protocol was 

used for this assay. Analysis was performed by Dr. Gerald 
Grindey, Lilly Research Laboratories. Results are reported 
as IC50 in M.g/ml.
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Isolation and Characterization of Compounds

Collection and Extraction of 
Ptilosarcus aumeyi

In March, 1985, near Sidney, British Columbia, Canada 
several specimens (114.7 g dry weight) of Ptilosarcus 
gurneyi were collected at depths of 5-7 meters from areas 
with strong currents and sandy ocean floors. The specimens 
were stored and frozen in acetone for three days prior to 
extraction. The acetone was decanted, and the sea pens 
were macerated in a Waring blender with methanol. The 
combined, filtered extracts were reduced in vacuo to an 
aqueous suspension. The marc was then extracted twice in 
CH2Cl2 for 12 hours each. After vacuum filtration, the 
aqueous suspension and the CH2Cl2 extract were equilibrated 
and subsequently partitioned into water and organic soluble 
fractions. Lyophilization of the water solubles yielded 
18.38 g (16.0% dry weight) of a white powder. In vacuo 
evaporation of the CH2Cl2 phase gave 8.776 g (7.65% dry 
weight) of a thick orange oil. The marc was dried and 
weighed (87.55 g) for calculations of percent dry weight.

A second collection of 58 organisms (690.3 g dry 
weight) was made from Alki Beach and Richmond Beach near 
Seattle, Washington in December, 1985. The sea pens were

170
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stored in acetone for 2 days. Extraction of this 
collection was similar to the Sidney collection with the 
exception that the marc was soaked for 6  hours in CH2Cl2 

followed by filtration, again soaked in CH2Cl2 for 18 hours 
and filtered and then soaked in CH3OHrCH2Cl2 (2:1) for 3 
hours and filtered in an attempt to increase extraction of 
the polar metabolites. This treatment yielded 110.3 g 
(16.0% dry weight) of a white powdered water soluble 
fraction, 66.0 g (9.8% dry weight) of a CH2Cl2 soluble thick 
orange oil and 514.0 g of dried marc.

Solvent Partitioning of the Organic 
Solubles of Ptilosarcus gurneyi

The crude organic extract from the Sidney collection 
(8.78 g) was dissolved in 500 ml 10% aqueous CH3OH and 
extracted twice with 300 ml of hexane. The hexane Soluble 
fractions were combined and reduced to an oil, 5.22 g. The 
polar phase was increased to 20% H2O by addition of 62.5 ml
of H2O and subsequently extracted twice with 300 ml of CCl4.

tCombination and reduction of the CCl4 phase yielded 1.21 g 
of an oil. The polar phase was then increased to 40% H2O 
by the addition of 85 ml of H2O. This was extracted twice 
with 300 ml of CHCl3. Combination and reduction of the 
CHCl3 phase yielded 0.740 g of an oil. The polar phase was 
reduced to remove the CH3OH and subsequently lyophilized to 
yield 0.452 g of a white powder.
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The crude organic extract from the Seattle collection 

(66.0 g) was dissolved in 1000 ml 10% aqueous CH3OH and 
extracted three times with 500 ml of hexane. The hexane 
soluble fractions were combined and reduced to an oil, 48.5 
g. The polar phase was increased to 20% H2O by addition of 
125 ml of H2O and subsequently extracted three times with 
500 ml of CCl4. Combination and reduction of the CCl4 phase 
yielded 6.75 g of an oil. The polar phase was then 
increased to 40% H2O by the addition of 170 ml of H2O . This 
was extracted three times with 500 ml of CHCl3.
Combination and reduction of the CHCl3 phase yielded 4.11 g 
of an oil. The polar phase was reduced to remove the CH3OH 
and subsequently lyophiIized to yield 0.280 g of a white 
powder.

Isolation of Ptilosarcenonef 78. and 
Il-Hydroxyptilosarcenonef 73

The CHCl3 soluble extract from the Sidney collection 
was permeated through a 4.0 x 90 cm column of Bio-Beads 
S-X4 with hexane-CH2Cl2-EtOAc (4:3:1). This yielded nine 
fractions. Fraction six (123 mg) was then permeated 
through Sephadex LH-20 (column 2.7 x 181 cm) with CH2Cl2- 
CH3OH (1:1). The third (94 mg) of seven fractions was 
subjected to HPLC on an Beckman 5|i Ultrasphere-Cyano column 
(1.0 x 25.0 cm). Elution with hexane-iPrOH (2:1) gave five 
fractions. The fourth (47.2 mg) was ptilosarcenone, 78. 
Crystallization from EtOH-H2O gave needles, mp 153-155VC:
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[«]d -72.4° (c 1.01, CH2Cl2 ); UV Xmax (EtOH) 224 nm (e = 
12600); IR Vnax (CCl4) 3542, 2980, 1798, 1750, 1694, 1381, 
1369 cm"1; MS (EI): m/z (relative intensity) 480/482 (<1),
438/440 (2, I), 342/344 (2, I), 231 (4), 191 (6 ), 123 (45), 
107 (8 ), 79 (8 ), 43 (100); HRMS (El): m/z 480.1551
(C24H 2935ClO8 requires 480.1550), 438.1449 (C22H 2735ClO7 requires 
438.1445); HRMS (HPEC-CO2) : m/z 480.1524 (C24H2935ClO8

requires 480.1550); 1H-NMR: see Table 2; 13C-NMR: see
Table 3.

The fifth fraction (15.8 mg) from the HPLC separation 
was 11-hydroxyptilosarcenone, 73: [a]D -62.5° (c 0.74,
CH2Cl2); U V X nax (EtOH) 219 nm (e = 11700); IR Vnax (CCl4)
3347, 2997, 1795, 1754, 1697, 1379, 1369 cm"1; MS (EI) : m/z
(relative intensity) 496/498 (<1), 478/480 (<1), 453/455 
(2, I), 235 (3), 151 (7), 107 (9), 43 (100); HRMS (El): 
m/z 496.1497 (C24H 2935ClO9 requires 496.1500), 478.1434 
(C24H2735ClO8 requires 478.1394), 453.1310 (C22H2635ClO8 requires 
453.1316); HRMS (HPEC-CO2) : m/z 496.1484 (C24H2935ClO9

requires 496.1500); 1H-NMR: see Table 4; 13C-NMR: see
Table 5.

X-rav of 78
X-ray analysis was done by Ray Larsen at Montana State 

University. Pertinent X-ray and crystal data for 
ptilosarcenone, 78: C 24H 29O8Cl XH2O , x » I, FW = 499.0,
Orthorohombic, P212121, a = 9.949(3) A, z = 8 , Dcalc = 1.26
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gem-3, I = 0.71069 (MoKa) , n (MoKa) =1.88 cm'1, 5776 total 
reflections, 3343 observed at I > 2a(I), R = 0.079, RW = 
0.084.

Table 19. Atomic Coordinates (xlO4) and isotropic thermal 
parameters (A2XlO3) for 78.

X Y Z Ua

C(I) 9442(8) 5477(7) 7428(2) 38(3)C( 2 ) 8289(8) 5642(7) 7144(2) 40(3)C( 3 ) 6842(9) 5610(7) 7251(2) 40(3)C (4 ) 6064(9) 6369(7) 7329(2) 45(3)C(5) 6430(8) 7423(7) 7355(2) 42(3)
C( 6 ) 5941(8) 7896(6) 7681(2) 38(2)C( 7) 6178(8) 7290(6) 8010(2) 39(3)
C( 8 ) 7616(8) 7070(6) 8154(2) 34(3)
C( 9) 8337(7) 6135(6) 8015(2) 31(2)
C(IO) 9337(7) 6304(6) 7718(2) 30(2)
C(Il) 10734(8) 6556(7) 7877(2) 39(3)
C( 1 2 ) 11733(8) 6862(7) 7605(2) 46(3)
C( 13 ) 11654(9) 6332(7) 7287(2) 49(3)
C( 14 ) 10693(8) 5684(7) 7226(2) 44(3)
C(IS) 9459(9) 4403(6) 7557(2) 43(3)
C( 16) 7042(9) 7911(8) 7104(2) 57(3)
C(17) 7250(9) 6947(7) 8534(2) 48(3)
C( 18 ) 8385(12) 7052(9) 8796(2) 72(4)
C( 19) 6085(9) 7654(7) 8583(2) 51(3)
C( 20) 11410(9) 5719(8) 8087(3) 59(4)
C( 21) 8111(9) / 4911(8) 6592(2) 50(3)
C( 22 ) 8201(15) 3981(10) 6406(3) 90(5)
C( 23 ) 7118(7) 4620(6) 8137(2) 32(2)
C (24) 6067(9) 3943(7) 7990(2) 48(3)
0 (2 ) 4898(7) 4800(5) 6915(1) 50(2)
0(7) 5506(6) 7831(5) 8278(2) 52(2)
0 (8 ) 8532(5) 7864(4) 8106(1) 37(2)
0(9) 7327(5) 5396(4) 7936(1) 33(2)
0 (1 2 ) 12619(6) 7464(6) 7672(2) 65(3)
0(19) 5678(8) 8010(6) 8848(2) 76(3)
0 (2 1 ) 7734(6) 5701(6) 6477(1) 58(2)
0(23) 7687(6) 4479(5) 8407(2) 49(2)
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Table 19. Continued.

Cl 6473(3) 9167(2) 7726(1) 60(1)
C(V) 6243(9) 4095(7) 9503(2) 46(3)C(2') 7722(10) 4356(8) 9593(2) 52(3)C(3') 8664(11) 3512(8) 9661(2) 55(4)0(4') 9554(9) 3133(7) 9460(2) 44(3)
0(5') 9819(8) 3408(7) 9108(2) 41(3)
0 (6 ') 9880(9) 2516(7) 8878(2) 42(3)
0(7') 8774(8) 1723(6) 8940(2) 36(3)
0 (8 ') 7241(8) 1906(7) 8869(2) 37(3)
0(9') 6392(8) 2344(6) 9154(2) 37(3)
C(IO') 6234(8) 3505(7) 9157(2) 37(3)
C(ll') 4968(9) . 3747(8) 8934(2) 51(3)
C (12 ' ) 4852(10) 4849(8) 8869(3) 58(4)
C( 13 ' ) 5049(11) 5487(8) 9171(3) 67(4)
C( 14') 5581(11) 5113(8) 9458(3) 60(4)
C(15 ' ) 5511(12) 3580(8) 9807(2) 62(4)
0(16') 10047(10) 4325(8) . 9011(3) 62(4)
C( 17') 6822(9) 845(7) 8806(2) 41(3)
C( 18') 5551(10) 663(7) 8590(3) 59(4)
C(19') 8048(9) 318(7) 8658(2) 43(3)
C( 20') 3595(10) 3396(9) 9068(3) 70(4)
C(21' ) 8540(14) 5704(9) 9938(3) 85(5)
C(22 ' ) 8403(18) 6210(10) 10289(3) 108(6)
C(23' ) 6096(10) 1230(7) 9624(2) 45(3)
C(24' ) 6826(11) 812(9) 9923(2) 62(4)
0 (2 ') 7645(8) 4947(6) 9914(2) 69(3)
0(7') 9146(6) 864(4) 8741(1) 43(2)
0 (8 ') 7.040(6) 2413(5) 8559(1) 45(2)
0(9') 6871(5) 1913(4) 9467(1) 41(2)
0 (1 2 ') 4569(8) 5205(6) 8599(2) 80(3)
0(19') 8143(7) -429(5) 8499(2) 61(2)
0 (2 1 ') 9355(11) 5907(8) 9720(3) 122(4)
0(23') 4960(7) 1033(5) 9541(2) 60(3)
Cl' 10067(3) 2810(2) 8436(1) 56(1)
O(Iw) 2057(10) 875(8) 9252(2) 83(4)
0 (2 w) 9709(18) 9698(19) 9483(4) 114(9)
0(3W) 7072(25) 8747(26) 9425(6) 174(15)
0(4w) 9993(47) 7970(23) 9872(8) 149(18)

aThe equivalent isotropic U is defined as one third of the 
trace of the orthogonalized Uij tensor.
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Table 20. Anisotropic thermal parameters” (A2 x IO3) for 78.

U11 U23 U 31 U 23 U13 U12

C d ) 35(4) 34(5) 46(5) -1(4) -44(4) 7(4)
C(2) 43(5) 51(6) 24(4) -11(4) -5(4) 3(5)
C(3) 45(5) 37(5) 37(5) -8(4) -6(4) -8(4)
C(4) 40(5) 61(6) 34(5) 4(5) -11(4) 2(5)
C( 5) 25(4) 49(5) 52(5) 4(4) -8(4) 9(4)
C(6) 29(4) 25(4) 61(5) 2(4) -6(4) -3(4)
C(7) 32(4) 33(5) 51(5) -4(4) 4(4) 1(4)
C(8) 37(4) 25(4) 40(4) -2(4) 2(4) -1(4)
C(9) 22(4) 38(5) 31(4) -0(4) -1(3) -9(4)
C(IO) 25(4) 36(5) 29(4) -1(4) 0(3) 6(4)
C(II) 29(4) 41(5) 46(5) -2(4) 1(4) -0(4)
C(12) 20(4) 53(6) 63(6) 11(5) 6(4) -0(4)
C(13) 40(5) 63(6) 42(5) 6(5) 21(5) -1(5)
C( 14) 26(4) 67(7) 39(3) -1(5) 1(4) 3(5)
C(15) 48(5) 40(5) 42(5) -15(4) 1(4) 9(5)
C(16) 38(5) 64(7) 66(6) 20(6) 7(5) 12(5)
C( 17) 56(6) 51(6) 38(5) -7(5) 12(5) 1(5)
C(18) 89(8) 88(8) 39(5) -7(6) -16(6) 20(8)
C( 19) 45(5) 52(6) 56(5) -7(5) 8(5) -8(5)
C( 20) 34(5) 71(7) 73(7) 13(6) -13(5) 4(6)
C( 21) 35(5) 81(7) 35(5) -14(5) 2(4) 8(5)
C(22) 104(10) 101(10) 67(7) -27(7) -1(8) 15(9)
C(23) 24(4) 31(4) 40(4) 2(4) 2(4) 2(4)
C(24) 41(5) 49(6) 53(5) 12(5) -13(5) -8(5)
0(2) 60(4) 57(4) 35(3) -20(3) 0(3) 7(4)
0(7) 41(3) 63(4) 53(4) 15(4) 8(3) 12(4)
0(8) 42(3) 34(3) 35(3) -1(3) 5(3) 4(3)
0(9) 34(3) 30(3) 35(3) -2(3) -3(3) -5(3)
0(12) 37(3) 83(5) 76(4) 6(4) 0(3) -18(4)
0(19) 88(5) 85(6) 54(4) -22(4) 29(4) 9(5)
0(21) 47(4) 99(6) 28(3) -5(3) -10(3) 7(4)
0(23) 59(4) 50(4) 39(3) 8(3) -11(3) -10(4)
Cl 62(2) 41(1) 77(2) 2(1) -22(1) 0(1)
C d ' ) 49(5) 45(5) 44(5) -1(5) 4(4) 4(5)
C(2' ) 61(6) 60(7) 34(5) -7(5) 2(5) -8(6)
0(3') 69(7) 63(7) 33(5) 9(5) -17(5) -12(6)
C(4') 39(5) 60(6) 33(4) -5(4) -6(4) -1(5)
0(5') 24(4) 48(6) 50(5) -1(5) -6(4) -1(4)
0(6') 36(5) 53(6) 38(4) 7(4) -2(4) -1(5)
C(7') 38(5) 39(5) 31(4) -4(4) 6(4) 3(4)
0(8') 31(4) 39(5) 39(5) 3(4) -0(4) -0(4)
C(9') 27(4) 47(5) 37(4) -8(4) -1(4) 1(4)
C(IO') 34(5) 44(5) 32(4) -7(4) 1(4) 0(5)
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Table 20. Continued.
C ( I V ) 40(5) 71(7)
0(12') 36(5) 71(7)
0(13') 56(6) 48(6)
0(14') 64(6) 59(7)
0(15') 79(7) 60(7)
0(16') 47(6) 80(8)
0(17') 41(5) 38(5)
0(18') 51(6) 47(6)
0(19') 41(5) 66(6)
0(20') 36(5) 77(8)
0(21') 96(9) 65(8)
0(22") 132(13) 67(8)
0(23' ) 51(6) 54(6)
0(24') 57(6) 78(8)
0(2') 77(5) 78(5)
0(7') 46(3) 38(3)
0(8') 50(4) 55(4)
0(9') 39(3) 54(5)
0(12') 90(6) 78(5)
0(19') 75(5) 48(4)
0(21') 136(8) 107(7)
0(23') 51(4) 79(5)
Cl' 50(1) 75(2)
O(Iw) 85(7) 98(8)
0(2w) 73(12) 191(22)
0(3w) 111(18) 308(36)
0(4w) 235(44) 86(21)

41(5) -11(5) 7(4)
66(6) 12(6) 14(5)
98(9) -7(7) 4(7)
56(6) -14(6) 11(6)
46(5) -17(5) 24(5)
57(6) -8(6) -0(5)
44(5) 5(4) -3(4)
79(7) -15(6) -0(6)
23(4) 14(4) 4(4)
98(9) -8(7) 0(6)
94(9) -31(7) -24(8)

124(9) -37(9) 4(11)
29(4) 1(4) 12(5)
50(6) 17(6) 4(5)
52(4) 31(4) 1(4)
44(3) -3(3) 8(3)
29(3) 6(3) 1(3)
28(3) 7(3) 3(3)
71(5) 24(4) 4(5)
60(4) -29(3) 19(4)

124(8) -30(7) 10(7)
48(4) 14(4) 5(3)
44(1) 0(1) 21(1)
67(6) 4(6) -27(6)

78(11) 20(14) 8(10)
103(16) -167(21) -24(14)
126(26) -52(20) 75(30)

“The anisotropic temperature factor exponent takes 
-27r3(h2a * 2U 11 + ... + 2hka*b*U12)

9(5)
17(5)
21(6)
13(6)
1(6)

-6(7)
-2(5)

-13(5)
-6(5)
3(6)

- 20( 8 )
7(10)
5(5)

13(6)
-2(4)
5(3)
2(3)
-1(3)
26(5)
5(4)

-70(7)
-17(4)
-KD
5(7)

-7(15)
37(22)

-121(28)

the form
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Table 21. Average®

C(2)-C(I)-C(10) 
C(IO)-C(I)-C(14) 
C(IO)-C(I)-C(IS) 
C(I)-C(2 )-C(3)C(3)-C(2)-O(2)
C (3)-C(4)-C(5) 
C(4)-C(5)-C(16) 
C(S)-C(S)-C(7)
C(7)-C(6 )-Cl 
C(S)-C(7)-O(7) 
C(7)-C(8 )-C(9)
C(9)-C(8)-C(17) 
C(9)-C(8)-0(8)
C(8 )-C(9)-C(10) 
C(IO)-C(9)-O(9) 
C(I)-C(IO)-C(Il) 
C(IO)-C(11)-C(12) 
C(12)-C(11)-C(20) 
C(Il)-C(12)-0(12) 
C(12)-C(13)-C(14) 
C(8)-C(17)-C(18) 
C(18)-C(17)-C(19) 
C(17)-C(19)-0(19) 
C (2 2)-C(21)—0(2) 
0(2)-C(21)-0(21) 
C(24)-C(23)-0(23) 
C (2)-0(2)-C(21)
C (9)-0(9)-C(23)

Bond Angles of 78.

1 1 1 (1 )
109(1)
115(1)
118(1)
107(1)
127(1)
123(1)
116(1)
112(1)
106(1)
117(1)
1 1 0 (1 )
109(1)
116(1)
114(1)
112(1)
111(1)
107(1)
122(1)
121(1)
118(1)
113(1)
129(1)
111(1)
123(1)
125(1)
116(1)
120(1)

C (2)-C(I)-C(14) 
C(2)-C(l)—C(IS)
C(14)-C(I)-C(15) 
C (I)—C (2 )-0 (2 )
C(2)-C(3)-C(4)
C (4)-C(5)-C(6 )
C (6)-C(5)-C(16) 
C(S)-C(6 )-Cl 
C (6 )-C(7)-C(8 )
C (8 )-C(7)-0 (7)
C(7)-C(8)-C(17)
C (7)-C(8 )-0 (8 )
C (17)-C(8)-0(8)
C (8 )-C(9)-0 (9) 
C(I)-C(10)-C(9)
C(9)-C(10)-C(11) 
C(IO)-C(11)-C(20) 
C(Il)-C(12)-C(13) 
C(I3)-C(13)-0(12) 
C(I)-C(14)-C(13) 
C(8)-C(17)-C(19)
C(I7)-C(19)-0(7) 
0(7)-C(19)-0(19) 
C(22)-C(21)-0(21) 
C(24)-C(23)-0(9) 
0(9)-C(23)-0(23)
C (7)-0(7)-C(19)

102(1)
111(1)
108(1)
104(1)
128(1)
112(1)
124(1)
114(1)
123(1)
105(1)
99(1)

112(1)
109(1)
107(1)
119(1)
107(1)
117(1)
116(1)
122(1)
128(1)
105(1)
108(1)
122(1)
126(1)
1 1 0 (1 )
124(1)
lll(l)

‘Average of the two molecules in the unit cell.
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Table 22. Average3 Bond Lengths (A) for 78.

C(I)-C(2 ) 1.58(1) C(I)-C(IO) 1.58(1)
C(I)-C(14) 1.51(1) C(I)-C(IS) 1.54(1)
C(2)-C(3) 1.50(1) C (2 )- 0 (2 ) 1,48(1)
C (3)-C(4) 1.31(1) C (4)-C(5) 1.46(1)
C (5)-C(6 ) 1.51(1) C(5)-C(16) 1.32(1)
C (6 )-C(7) 1.55(1) C (6 )-Cl 1.79(1)
C(7)—C (8 ) 1.57(1) C(7)—0(7) 1.44(1)
C( 8 )-C(9) 1.53(1) C (8 )-C(17) 1.53(1)
C(8 )-0(8) 1.41(1) C(9)-C(10) 1.56(1)
C(9)-0(9) 1.44(1) C(IO)-C(Il) 1.57(1)
C(Il)-C(12) 1.51(1) C(Il)-C(20) 1.54(1)
C(12)-C(13) 1.46(1) C(12)-0(12) 1 .2 1 (1 )
C (13)-C(14) 1.33(1) C(17)-C(18) 1.54(1)
C(17)-C(19) 1.52(1) C(19)-0(7) 1.35(1)
C (19)-0(19) 1 .2 0 (1 ) C(21)-C(22) 1.50(2)
C(21)-0(2) 1.35(1) C(21)-0(21) 1 .2 1 (1 )
C(23)^C(24) 1.50(1) C (2  3)-0(9) 1.34(1)
C(23)-0(23) 1 .2 1 (1 )
“Average of the two molecules in the unit cell.

Isolation of Ptilosarcol. 77 -
and Ptilosarcone. 79.

Fraction two (24.6 mg) from the above Sephadex LH-2O 
separation was subjected to the same HPLC conditions and 
yielded four fractions. Fraction two (5.2 mg) was 
ptilosarcol, 77: [a]D -55.8° (c 1.46, CH2Cl2); UV-Xnax (EtOH)
218 nrn (e = 5100) ; IR K nx (CCl4) 3594, 3551, 2964, 1796, 
1745, 1368 cm'1; MS (EI): m/z (relative intensity) 570/572
( C l ) , 528/530 ( C l ) ,  492/494 ( C l ) ,  475(1), 440 (2), 344 (3), 
327 (3), 309 (3), 107 (19), 71 (56), 43 (100); HRMS (El): 
m/z 570.2240 (C28H 3935ClO10 requires 570*2231), 528.2123 
(C26H3735ClO9 requires 528.2126), 422.1495 (C22H2735ClO6 requires



180
422.1496); HRMS (HPEC-CO2): m / z 570.2215 (C28H3935ClO10 

requires 570.2231); 1H-NMR: see Table 8 .
Fraction three (5.2 mg) was ptilosarcone, 79: [a]B

-76.7° (c 0.64, CH2Cl2) ; UV X aax (EtOH) 218 (e = 5100); IR 
I^max (CCl4) 3549, 2963, 1797, 1745, 1712 (sh), 1381, 1369 
cm'1; MS (El): m/z (relative intensity) 568/570 (<1), 526
(2), 438 (5), 402 (5), 360 (5), 378 (5), 360 (5), 343 (6 ), 
307 (3), 123 (33), 71 (45), 43 (100); HRMS (El): m/z
568.2089 (C28H 3735ClO10 requires 568.2075), 526.1971 (C26H 3535ClO9 

requires 526.1969), 438.1444 (C22H2735ClO7 requires 438.1445); 
HRMS (HPEC-CO2) : m/z 568.2059 (C28H3735ClO10 requires
568.2075); 1H-NMR: see. Table 2; 13C-NMR: see Table 3.

Isolation of Ptilosarcen-
12-propionate 76

The CHCl3 soluble extract of the Seattle collection 
was divided into three fractions and permeated through a 
4.0 x 90 cm column of Bio-Beads S-X4 with Iiexane-CH2Cl2- 
EtOAc (4:3:1). Each separation yielded seven fractions. 
The identical fractions from the three runs were combined 
to form seven fractions. Fraction four (555 mg) was then 
permeated through Sephadex LH-20 (column 2.7 cm x 181 cm) 
with CH2Cl2-CH3OH (1:1) and gave four fractions. Fraction 
three was subjected to HPLC on the same Ultrasphere-Cyano 
column as above; elution was with hexane-iPrOH (2:1). The 
third fraction (2 1 . 0  mg) of four was ptilosafcen-1 2 -
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propionate, 76: [o]D -117.0° (c 0.90, CH2Cl2); UV X aax (EtOH)
218 (e = 5500); IR Pnax (CCl4) 3555, 2985, 1797, 1744, 1381, 
1369 cm'1; MS (EI) m / z (relative intensity) 538/540 (<1), 
496/498 (Cl), 422/424 (10, 4), 380/382 (7, 3), 362 (2), 344 
(2) 327 (2), 309 (4), 253 (5), 135 (37), 107 (67), 57 (36), 
43 (100) ; HRMS (EI) : m/z 496.1864 (C25H3335ClO8. requires
496.1864) ; 422.1495 (C22H 2735ClO6 requires 422.1496) ; HRMS 
(HPEC-CO2) : m/z 538.1975 (C27H3535ClO9 requires 538.1961); 1H-
NMR: see Table 6 ; 13C-NMR: see Table 5.

Isolation of Ptilosarcen- 
12-acetate. 75

Fraction five (549 mg) from the above Bio-Beads S-X4 
separation of the Seattle collection was permeated through 
Sephadex LH-20 (column 2.7 x 181 cm) with CH2Cl2-CH3OH (1:1) 
and gave six fractions. Preparative HPLC on fraction three 
(517 mg), using the Ultrasphere-Cyano column (1.0 x 25.0 
cm), 20-30 mg injections and a solvent system of C6H^-IPrOH 
(2:1), gave five fractions. Fraction two (50.6 mg) was 
then subjected to HPLC on a Dychrom Chemcopak-7|i-Cyano 
column (1.0 x 25.0 cm); elution with C6H14-CH2Cl2 (11:9) 
yielded six fractions. Fraction five (3.7 mg) was 
ptilosarcen-12-acetate, 75: [a]D -82.4° (c 0.40, CH2Cl2);
UV X max (EtOH) 218 nrn (e = 4900) ; IR Vmax (CCl4) 3555, 2983, 
1798, 1744, 1382, 1370 cm'1; MS (El): m/z (relative
intensity) 482/484 (<1), 422/424 (5, 2), 380 (3), 309 (3)y
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135(23), 107 (48), 43 (100); HRMS (EI): m/z 422.1498
(C22H2735ClO6 requires 422.1496); 1H-NMR; see Table 6 .

Isolation of Ptilosarcen- 
12-ol. 74

The third fraction (22.2 mg) from the preparative-HPLC 
above was subjected to HPLC on a Chemcopak-Cyano column 
(1.0 x 25.0 cm); elution with C6H 14-CH2Cl2 (9:11) yielded 
three fractions. Fraction one (5.4 mg) was ptilosarcen-12- 
Ol, 74: [a]D -62.9° (C 0.56, CH2Cl2), UV X nax (EtOH) 218 (e =
4900); IR V max (CCl4) 3555, 3542, 2982, 1798, 1765, 1744,
1382, 1369 cm'1; MS (EI): m/z (relative intensity) 440/442 
(2, I), 380 (2), 362 (I), 344 (2) 327 (2), 309 (2), 107 
(40), 43 (100); HRMS (El): m/z 440.1605 (C22H2935ClO7

requires 440.1601), 422.1499 (Ĉ 2H2735ClO6 requires 422.1496) ; 
HRMS (HPEC-CO2) : m/z 482.1694 (C24H3135ClO7 requires
482.1707); 1H-NMR: see Table 4.

Collection and Extraction of 
Briareum polyanthes

A very large collection (6.3 kg dry weight) of 
Briareum polyanthes was made in July 1986 from the shallow 
waters of Bermuda. The organism was frozen and stored in 
acetone prior to extraction. The collection was divided 
into approximately equal parts. In one case, the acetone 
was decanted. Next, the gorgonian was placed in an Waring
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blender and macerated using acetone as the solvent. The 
acetone was filtered, combined with the other acetone and 
reduced in vacuo to an aqueous suspension. The marc was 
extracted for 12 hours three times with CH2Cl2. Finally, 
the aqueous suspension and the CH2Cl2 phase were 
equilibrated and partitioned. The H2O soluble crude 
extract weighed 180 g (5.1% dry weight), the organic 
soluble crude extract weighed 392.2 g (11.0% dry weight) 
and the marc weighed 2.99 kg.

The second half was extracted in a similar manner 
except that the pH was adjusted to 7.0 using NH4OH. The 
H2O soluble crude extract weighed 204.0 g (7.43% dry 
weight), the organic soluble crude weighed 274.3 g (9.99% 
dry weight) and the marc weighed 2.27 kg.

Solvent Partitioning of the 
Organic Solubles of Rriarmum 
polyanthes

The first organic soluble crude extract (392.2 g) was 
dissolved in 2000 ml of 10% aqueous CH3OH and extracted 
three times with 700 ml of C6H14. The polar phase was 
increased to 20% H2O by the addition of 250 ml H2O. This 
was. then extracted three times with 700 ml of CCl4. 
Addition of 750 ml of H2O to the polar phase made the 
solution 40% aqueous CH3OH which was then extracted three 
times with 700 ml of CHCl3. The polar phase was then 
reduced in vacuo to remove the CH3OH. The remaining H2O
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Table 23. Mass (g) and Percentage Dry Weight of Solvent 
Partitioning of the Organic Extracts of Briareim polyanthes.

Solvent Extract I Extract 2 (pH=7.0)
grams percent grams percent

C6H 14 331.5 9.3 250.0 9.1
CCl4 34.5 0.98 25.0 0.91
CHCl3 23.6 0 . 6 6 19.3 0.70
EtOAc 0.5 0.015 0.4 0.014
H2O 1.9 0.053 4.1 0.15

phase was then extracted three times with 700 ml of EtOAc. 
The water phase was frozen and lyophilized.

The second organic soluble crude extract (274.3) was 
treated identically. The weights and percentages of the 
solvent partitioning are given in Table 23.

Hydrolysis of Brianthein W. 15
A solution of containing 9 mg of brianthein W and 12 

mg of Ba (OH)2-SH2O in 10 ml 20% aqueous ethanol was stirred 
at room temperature. After 72 hours, the ethanol was 
removed. The aqueous suspension was acidified to pH 6  with 
dilute HCl and extracted with CHCl3 (4 x 5 ml). The CHCl3 

fraction was dried over Na2SO4 for 12 hours. The CHCl3 was 
removed to give 7.8 mg of a yellow glass. The reaction



185
mixture was then subjected to silica HPLC (NOVA-PAK 8  mm x 
10 cm Radial-PAK cartridge) using a 20 minute linear 
gradient from 100% hexane to 100% 2-propanol. The first of 
two compounds was brianthein W, 3.2 mg. The second was the 
C2 monohydrolysis product of brianthein W 7 4.4 mg: MS
(FD) : m/z 375 (MH+, 44), 333 (M-C2H3O, 30), 314 (M-C2H4O2,
100) , 298 (35); 1H-NMR (CDCl3) , S 5.47 (1H, br d, 7), 5.18 
(IH, br d, 8 ), 5.12 (IH, br d, 10), 4.88 (1H, br s), 3.85 
(IH, t, 7), 3.35 (IH, br S ), 2.85 (1H, br d, 13), 2.65 (1H, 
br s ), 2.55 (IH, m), 2.48 (1H, dd, 13, 7), 2.2-2.4 (2H, m),
I.6-2.I (3H, m), 2.03 (3H, s), 1.91 (3H, s), 1.85 (3H, s), 
1.58 (3H, S ), 1.00 (3H> s).

Isolation of Bissetal, 83
The EtOAc soluble extract from the first extraction 

was permeated through Sephadex LH-20 (column 2.7 x 180 cm) 
with CH2Cl2-CH3OH (1:1) and yielded 11 fractions. To 
separate 83 from 82, the decomposition product, the sixth 
fraction (25.4 mg) was permeated again through Sephadex LH- 
20 (column 2.0 x 144 cm), this time using CH2Cl2-MeOtBu- 
iPrOH (1:1:1). The third fraction (6 . 6  mg) was bissetal 
83: [a]D -71.4“ (c 0.21, EtOH)? MS (EI): m/z (relative
intensity) 202 (5), 172 (4), 166 (4), 153 (12), 149 (11), 
135 (12), 111 (20), 100 (40), 85 (49), 58 (62), 43 (100),
41 (44); HRMS: m/z 202.0845 (C9H 14O 5 requires 202.0841);
11C-NMR: See Table 10; 1H-NMR: See Table 11.
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Isolation of Bissetone. 82
The fifth fraction (54.4 mg) from the first Sephadex 

chromatography of the EtOAc extract above was bissetone, 
82: [a]D -43.6° (C 4.25, EtOH) ; IR Vmax (CHCl3) 3470, 2985,
1720, 1362 cm'1; MS (El): m/z (relative intensity) 202
(13), 184 (I), 172 (7), 129 (11), 117 (23), lOO (69), 99 
(40) 85 (69), 58 (100), 57 (61), 43 (100), 41 (44); HRMS: 
m/z 202.0843 (C9H14O9 requires 202.0841); 13C-NMR: See Table
10; 1H-NMR: See Table 11.

Reaction of 82 with p-Bromo- 
benzoyl Chloride

Into a 25 ml pear shaped flask containing 32.1 mg of 
bissetone and 5 ml of dry, distilled pyridine, 1.2 
equivalents of p-bromobenzoyI chloride (36 mg) were added. 
The reaction was heated at 40-50^C. After six hours the 
mixture was reduced in vacuo. This was then permeated 
through Sephadex LH-20 (column 2.5 x 180 cm) with CH2Cl2- 
CH3OH (1:1). The third (56.6 mg) of six fractions was the 
desired product, (90.1% yield.) MS (EI): m/z (relative
intensity) 384/386 (<1, <1), 324/326 (Cl, <1), 310/312 (2, 
2), 240/242 (4, 4), 202 (3), 183/185 (61, 58), 166 (16), 
153 (27), 124 (13), 85 (27), 43 (100).
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X-ray of p-Bromobenzoyl- 
bissetone

The X-ray of p-bromobenzoylbissetone was done by Mr. 
Scott A. Strobel and Professor Jon Clardy at Cornell 
University* The compound crystallized from ethanol:water 
in the monoclinic space group P Z 1l with unit cell dimensions 
of a = 12.6096 (26), b = 8.6166(26), c = 15.7099(40) A and 
B = 99.022(19)0. Density considerations indicated that two 
molecules of composition C16H17BrO7 formed the asymmetric 
unit (z = 4). All unique intensity data with 26 < 114“ 
were collected On a computer controlled four circle 
diffractometer using graphite monochromated CuK‘“ radiation 
(1.54178 A) and variable speed, I" w - scans. Of the 2055 
reflections collected in this fashion, 1189 (54%) were 
judged observed (F0 > Str(F0)). Reflections with h = 2n + I 
were much weaker (average E2 = 0.73) than reflections with 
h = 2n (average E2 = 1.21). A phasing model was found by 
standard heavy atom methods and extended by Fourier 
refinement. Hydrogens were found on a F-synthesis 
following partial refinement. Block diagonal least-squares 
refinements with anisotropic nonhydrogen atoms and 
isotropic hydrogens converged to a conventional 
crystallographic residual of 0.077 for the observed 
reflections.
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Atomic coordinates for the structure have been 

deposited with the Cambridge Crystallographic Data Centre.

Collection and Extraction of 
Igemella notahi Iis

In June, 1984, from the protected inshore waters of 
Bermuda, 115.7 g total dry weight of the sponge was 
collected, placed in acetone and stored frozen. In 
October, 1985, the sponge was extracted by D. Barnekow. 
First, the acetone was decanted. The sponge was then 
macerated in a large Waring blender with CH3OH. The 
extracts were reduced in vacuo and combined. The marc was 
soaked overnight twice in CH2Cl2. Following vacuum 
filtration, the CH2Cl2 extract and the aqueous suspension 
were equilibrated and partitioned into water and organic 
soluble fractions. Lyophilization of the water solubles 
yielded 35.50 g (30.69% dry weight) of a tan-white powder. 
Evaporation of the CH2Cl2 fraction yielded 7.255 g (6.27% 
dry weight) of a dark green oil. The air dried marc 
weighed 72.9 g.

In July, 1986, a second collection (100.8 g dry 
weight) of the sponge was made. The sponge was stored 
frozen in acetone for seven weeks. The acetone was 
decanted and the sponge macerated in a Waring blender with 
acetone. The acetone was reduced to an aqueous suspension
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The marc was soaked twice (4 hours and 24 hours) in CH2Cl2. 
The aqueous suspension and the CH2Cl2 extract were 
equilibrated and partitioned. Lyophilization of the water 
solubles yielded 26.8 g (26.5% dry weight) of a tan-white 
powder. Evaporation of the CH2Cl2 fraction yielded 4.93 g 
(4.89% dry weight) of a dark green oil. The dried marc 
weighed 69.1 g.

Solvent Partitioning of the 
Organic Solubles of 
Igemella notahilis

The organic extract from the 1984 collection was 
combined with the organic extract from previous small 
collections (8.772 g total weight) and dissolved in 500 ml 
10% aqueous CH3OH and extracted twice with 300 ml of 
hexane. The hexane soluble fractions were combined and 
reduced to an oil, 4.538 g. The polar phase was increased 
to 20% H2O by addition of 62.5 ml of H2O and subsequently 
extracted twice with 300 ml of CCl4. Combination and 
reduction of the CCl4 phase yielded 2.221 g of an oil. The 
polar phase was then increased to 40% H2O by the addition 
of 85 ml of H2O. This was extracted twice with 300 ml of 
CHCl3. Combination and reduction of the CHCl3 phase yielded 
1.338 g of an oil. The polar phase was reduced in vacuo to 
100% H2O. This was extracted twice with 250 ml EtOAc. 
Evaporation of the EtOAc gave 0.619 g of an oil. The polar 
phase was lyophiIized to yield 0.280 g of a white powder.
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The crude organic extract (4.93 g) from the acetone 

extraction, the second collection, was partitioned in the 
same manner as above, except that there was no EtOAc 
extraction. The yields were: 2.213 g C6H14 solubles, 1.096
g CCl4 solubles, 0.927 g CHCl3 solubles and 0.368 g water 
solubles.

I

Isolation of Kimbasine A, 91
The CCl4 soluble extract from the 1984 extraction 

(2.221 g) was permeated through Bio Beads S-X4 (column 4.0 
x 93.5 cm) with Iiexane-CH2Cl2-EtOAc (4:3:1). Fraction four 
(636.6 mg, orange foam) of six was then permeated through 
Sephadex LH-20 (column 2.5 x 185 cm) with CH2Cl2-CH3OH (1:1) 
to give two fractions. Fraction one (154.55 mg, yellow 
foam) was then permeated through Bio-Beads S-X8  (column 2.3 
x 137 cm) with CH2Cl2-Iiexane (3:2). The third fraction of 
three was then subjected to low pressure reverse phase 
flash silica chromatography. Using a solvent of 10% 
aqueous CH3OH followed by 100% CH3OH under 4-6 psi nitrogen 
on a column 2.3 x 39.5 cm, eight fractions were obtained. 
The seventh.fraction (60.1 mg, white solid) was kimbasine 
A, 91: [tt]D -69.1° (C 1.10, CHCl3); IR Pmx (CCl4) 2951,
1734, 1444, 1258, 1245, 1196, 1178; MS (El): m/z (relative 
intensity) 488 (M+l, 16), 487 (M+,48), 472, (10), 456 (3), 
444 (15), 432 (8 ), 416 (14), 401 (29), 400 (100), 384 (4),
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316 (9), 288 (3), 250 (6 ), 100 (9), 43 (51); HRMS: see
Table 24. 1H-NMR: See Table 13; 13C-NMR: . See Table 14.

Table 24. High Resolution Mass Spectral :Data of 91.

m/z Observed m/z Calculated C H O N

487.3303 487.3326 29 45 5 I
472.3061 472.3060 28 42 5 I
456.3109 456.3112 28 42 4 I
444.3101 444.3111 27 42 4 I
416.2782 416.2719 25 38 4 I
400.2848 400.2849 25 38 3 I
384.2529 384.2538 24 34 3 I
342.2429 342.2431 2 2 32 2 I
316.1920 316.1911 19 26 3 I
288.1618 288.1597 17 2 2 3 I

Isolation of Kimbasine B f 92
Fraction 5 (153.9 mg) from the kimbasine A S-X4 

separation was permeated through Sephadex LH-20 (column 2.5 
x 183 cm) with CH2Cl2-CH3OH (1:1) and yielded, six fractions. 
The first (70.2 mg) was then subjected to low pressure 
reverse phase flash silica chromatography. Using a 
gradient of 20% aqueous CH3OH to 100% CH3OH under 4-6 psi 
nitrogen on a column 2.7 x 40 cm, 11 fractions were
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obtained. Fraction 8 (4.4 mg) was kimbasine B, 91: [a]D
-64.1° (C 1.00, CHCl3); IR Vnax (CCl4) 2955, 1735, 1448,
1249, 1198, 1160; MS (EI): m/z (relative intensity) 460
(M+l+, 24), 459 (M\ 75), 444 (9), 428 (5), 416 (34), 401 
(39), 400 (100), 384 (6), 342 (13) > 316 (9), 286 (10), 271 
(12), 137 (14), 43 (100) ; HRMS: m/z 459.3000 (C27H41NO5
requires 459.2984), 400.2869 (C25H38NO3 requires 400.2851); 
1H-NMR: See Table 15; 13C-NMR: See Table 14.

Isolation of 7a-Acetoxysponaian- 
16-one. 58

The CCl4 soluble extract from the acetone extraction 
was permeated through Bio-Beads S-X4 (column 4.0 x 94.5) 
with hexane-CH2Cl2-EtOAc (4:3:1) to yield six fractions.
The fourth fraction (7.5 mg) was added to the fourth 
fraction (16.2) from the reverse phase flash silica 
chromatography that yielded kimbasine B since spectral 
comparison indicated the fractions to be similar. This was 
then subjected to flash silica, 4-6 psi nitrogen, on a 
water jacketed column (2.7 x 35 cm) using a gradient of 20% 
MeOtBu in C6H14 to 100% MeOtBu, followed with an EtOAc 
flush. The fifth fraction of seven yielded 8.8 mg of 7a- 
acetoxyspongian-16-one, 58: [a]D -39.8° (c 0.83, CHCl3); MS
(EI): m/z (relative intensity) 302 (100), 287 (55), 259
(15), 246 (9), 232 (14), 217 (36), 205 (11), 179 (20), 137 
(71), 123 (45), 109 (25), 82 (39), 69 (39), 43 (64); MS
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(PCI/i-butane): m/z (relative intensity) 405 (3), 363 (MH+, 
26), 345 (3), 319 (3), 303 (100); HRMS (PCI/i-Butane): 
363.2528 (M+l, C22H35O4 requires 363.2535) , 303.2297 
(C20H31O2 requires 303.2324); 13C-NMR; See Table 12.

Mass Spectral Study of Briaran Diteroenes

Positive Chemical Ionization 
- CO-

Ptilosarcol, 74: m/z 595 (2), 570 (M+, 7), 555 (4), 
528 (6), 522 (6), 491 (6), 475 (7), 404 (16), 362 (24), 344 
(32), 309 (43), 154 (74), 137 (100).

Ptilosarcone, 79; m/z 568 (M+, I), 555 ( I ) , 526 (I), 
438 (6), 421 (6), 402 (8), 378 (11), 343 (18), 219 (47),
191 (71), 123 (100).

Ptilosarcen-12-propionate, 76: m/z 553 (I), 539 (MH+,
I), 422.(9), 405 (7), 380 (8), 309 (20), 215 (51), 175 
(54), 135 (100), 119 (60).

Ptilosarcen-12-acetate, 75: m/z 528 (2), 515 (2), 482
(2), 466 (3), 422 (7), 405 (6), 309 (18), 215 (42), 175 
(69), 135 (100), 119 (68).

Il-Hydroxyptilosarcenone, 73: m/z 497 (MH+, I), 479
(I), 453 (5), 340 (5), 333 (18), 315 (25), 235 (100), 163 
(69).
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(4), 362 (6), 309 (11), 221 (22), 202 (31), 175 (88), 160
(50), 136 (100), 118 (85).

Ptilosarcenone, 78: m/z 482 (I), 438 (6), 421 (3),
402 (5), 378 (9), 365 (9), 360 (9), 343 (14), 305 (21), 219 
(50), 191 (81), 160 (66), 135 (54), 123 (100).

Brianthein W, 15: m/z 417 (MH\ 3), 374 (I), 356 (4),
314 (14), 296 (30), 281 (24), 271 (26), 228 (37), 216 
(100), 190 (45), 171 (40), 157 (53), 119 (47).

Brianthein X, 80: m/z 498 (M+, I), 480 (I), 438 (2),
403 (3), 361 (5), 343 (7), 237 (15), 219 (19), 207 (21),
191 (31), 163 (49), 135 (100), 123 (68).

Brianthein Y, 14: m/z 568 (M+, 2), 534 (4), 499 (4),
462 (5), 403 (8), 343 (14), 295 (18), 231 (22), 191 (31), 
151 (36), 135 (100), 123 (73).

Brianthein Z, 81: m/z 534 (3), 512 (6), 499 (11), 458
(12), 438 (13), 414 (16), 343 (19), 191 (35), 163 (42), 151 
(62), 135 (100), 123 (27).

Ptilosarcen-12-ol, 74: m/z 483 (MH+, I), 429 (3), 405

Positive Chemical Ionization 
- CH-

Ptilosarcol, 74: m/z 609 (6), 587 (6), 570 (M+, 8),
563 (9), 511 (25), 475 (39), 423 (45), 405 (86), 387 (57), 
363 (71), 45 (100), 327 (76), 309 (62), 209 (26).
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Ptilosarcone, 79: m / z 597 (3), 569 (MH+, 4), 533 (9),

509 (12), 465 (23), 421 (84), 405.(62), 387 (71), 369 (61), 
345 (77), 317 (100), 123 (40).

Ptilosarcen-12-propionate, 76: m/z 595 (4), '567 (13),
554 (M+CH/, 7), 539 (MH+, 15), 423 (14), 405 (100), 363 
(20), 345 (55), 327 (23), 309 (29).

Ptilosarcen-12-acetate, 75: m/z 567 (7), 539 (M+CH3+,
4), 525 (MH+, 11), 509 (7), 493 (9), 465 (13), 429 (17),
405 (100), 345 (50), 327 (28), 309 (28).

Il-Hydroxyptilosarcenone, 73: m/z 525 (16), 497 (MH+,
24), 479 (23), 453 (19), 419 (42), 401 (32), 377 (26), 359 
(97), 341 (100), 235 (53).

Ptilosarcen-12-ol, 74: m/z 465 (9), 447 (10), 429
(51), 405 (90), 387 (30), 363 (28), 345 (100), 327 (81),
309 (58), 119 (45).

Ptilosarcenone, 78: m/z 545 (3), 521 (5), 509 (10),
481 (MH+, 8), 463 (9), 445 (14), 421 (61), 403 (34), 385 
(58), 361 (84), 343 (100), 325 (58), 219 (30), 123 (37).

Brianthein W , 15: m/z 445 (24), 417 (MH+, 100), 357
(27), 315 (21), 297 (72).

Brianthein X, 80: m/z 481 (17), 463 (14), 445 (19),
421 (38), 403 (38), 361 (100), 343 (93), 325 (61), 219
(55) , 135 (59), 123 (44).

Brianthein Y , 14: m/z 627 (6) , 597 (33) , 569 (MH+,
43), 509 (29), 481 (100), 447 (40), 421 (75), 379 (50), 361
(71) , 343 (74), 327 (68), 309 (58), 135 (47).
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Brianthein Z, 81: m/z .569 (45), 541 (MH+, 49) , 481 

(100), 445 (36), 421 (78), 379 (53), 361 (77), 343 (72), 
325 (70), 309 (34), 297 (31), 135 (32).

Positive Chemical Ionization 
- iButane

Ptilosarcol, 77: m/z 605 (9), 571 (MH+, 14), 553
(13), 538 (34), 511 (100), 477 (71), 423 (71), 405 (58), 
389 (45), 363 (45), 345 (48), 329 (50).

Ptilosarcone, 79: m/z 569 (MH+, 6), 535 (10), 509
(24), 481 (24), 447 (64), 421 (100), 387 (89), 345 (60), 
327 (40), 301 (27).

Ptilosarcen-12-propionate, 76: m/z 581 (4), 567 (3),
540 (57), 461 (33), 431 (45), 405 (100), 371 (49), 345 
(35), 329 (35), 311 (42).

Ptilosarcen-12-acetate, 75: m/z 567 (4), 540 (13),
525 (MH+, 76), 493 (94), 461 (26), 431 (39), 405 (100), 371 
(35), 345 (30), 329 (23), 311 (24).

Il-Hydroxyptilosarcenone, 73: m/z 497/499 (MH+, 100,
38), 479 (44), 463 (27), 419 (39), 403 (31), 385 (32), 359 
(69), 341 (50), 325 (32), 299 (27), 235 (27), 127 (40).

Ptilosarcen-12-ol, 74: m/z 483 (MH+, 14), 465 (25),
449 (19), 431 (27), 405 (100), 389 (29), 371 (35), 345
(52), 329 (29), 311 (32).
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(26) , 447 (75), 421 (100), 403 (48), 387 (87), 361 (52),
345 (84), 327 (43), 301 (39).

Brianthein W, 15: m/z 459 (4), 417 (MH+, 100), 357
(27) , 315 (4), 297 (14).

Brianthein X, 80: m/z 499 (MH+, 13), 481 (73), 465
(100), 447 (29), 421 (59), 403 (59), 361 (76), 343 (74),
325 (37), 299 (34), 135 (32), 123 (32).

Brianthein Y , 14: m/z 569 (MH+, 59), 551 (17), 535
(40), 481 (63), 447 (100), 421 (38), 387 (56), 345 (34),
327 (59), 309 (50), 113 (36).

Brianthein Z, 81: m/z 541/543 (MH+, 100, 43), 507
(28) , 481 (68), 448 (73), 421 (30), 403 (26), 387 (41), 361 
(19), 343 (24), 327 (33), 309 (26).

Ptilosarcenone, 79: m/z 519 (6), 481 (MH4", 39), 463

Positive Chemical Ionization 
- NH,

Ptilosarcol, 77: m/z 588/590 (M+NH/, 59,28), 554
(31), 496 (28), 464 (23), 406 (26), 304 (31), 214 (40), 136 
(62), 122 (59), 105 (100).

Ptilosarcone, 79: m/z 586 (M+NH/, 11), 569 (MH+, 7),
498 (90), 464 (100), 422 (43), 406 (37), 270 (49), 136 
(74).

Ptilosarcen-12-propionate, 76: m/z 586 (6), 556
(M+NH/, 58), 542 (18), 522 (40), 506 (16), 186 (24), 136 
(26), 122 (57), 108 (100).
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40), 522 (8), 508 (62), 494 (7), 464 (11), 448 (14), 371 
(13).

Il-Hydroxyptilosarcenone, 73: m/z 514 (M+NH/, 22),
498 (2), 480 (13), 464 (4), 420 (5), 186 (27), 108 (100).

Ptilosarcen-12-ol, 74: m/z 500/502 (M+NH/, 100, 43),
466 (82), 4.50 (13), 424 (15), 406 (22), 272 (19), 214 (27),
186 (31), 136 (33), 122 (36), 108 (36).

Ptilosarcenone, 78: m/z 498/500 (M+NH/, 100, 33),
464/466 (96, 32), 422 (40), 404 (36), 270 (48), 214 (37), 
186 (31), 152 (33).

Brianthein W, 15: m/z 434 (M+NH/, 100), 417 (MHf,
14), 401 (4), 374 (4), 359 (4).

Brianthein X, 80: m/z 516/518 (M+NH/, 78, 37), 482
(100), 466 (21), 358 (26), 330 (28), 272 (41), 253 (34),
196 (39), 160 (52), 126 (50).

Brianthein Y , 14: m/z 586 (M+NH/, 55), 570 (16), 552
(71), 524 (20), 482 (32), 466 (29), 453 (25), 274 (30),
160 (47), 136 (66), 122 (55), 105 (100).

Brianthein Z , 81: m/z 558/560 (M+NH/, 90, 40),
524/526 (100, 33), 482 (11), 464 (15), 448 (9), 420 (9),
237 (11),186 (15), 160 (20).

Ptilosarcen-12-acetate, 75: m/z 542/544 (M+NH/, 100,
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High Pressure Electron Capture 
Chemical Ionization - CO.

Ptilosarcol, 77: m/z 570/572 ( W , 100, 40), 553 (12),
535 (13), 510 (22), 480 (15), 475 (16), 384 (11).

Ptilosarcone, 79: m/z 568/570 (M", 10, 4), 480/482
(100, 40), 420 (30), 402 (27), 384 (79), 324 (42).

Ptilosarcen-12-propionate, 76: m/z 569 (M", 8),
538/540 (100, 40), 524 (31), 503 (16), 481 (14), 443 (11), 
384 (13).

Ptilosarcen-12-acetate, 75: m/z 524/526 (MT, 100,
39), 481 (15), 428 (11), 384 (15), 324 (12).

Il-Hydroxyptilosarcenone, 73: m/z 496/498 (M*, 30,
11), 480 (4), 460 (27), 400 (100), 340 (19).

Ptilosarcen-12-ol, 74: m/Z 482/484 (MT, 100 , 38), 464
(10) , 428 (9), 404 (8), 386 (14), 368 (16), 300 (3), 249
(11) .

Ptilosarcenone, 78: m/z 480/482 (M", 70/26), 465 (4),
444 (10), 436 (15), 420 (21), 402 (17), 384 (100), 324 
(38).

Brianthein W , 15: m/z 432 (3), 414 (3), 370 (7), 354
(5), 328 (7), 312 (100), 58 (38).

Brianthein X, 80: m/z 498 (IT, 10), 462 (100), 402
(17), 384 (15), 358 (14), 218 (23), 206 (31), 190 (25), 178 
(25), 151 (31), 59 (55).
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Brianthein Y, 14: m/z 568/570 (IT, 100, 41), 533

(10), 480 (6), 444 (9), 59 (14).
Brianthein Z, 81: m/z 540/542 (M*, 100, 38), 505

(10), 480 (3), 444 (8), 384 (3).

High Pressure Electron Capture 
Chemical Ionization - CH1

Ptilosarcol, 77: m/z 570/572 (MT, 100, 37), 556 (3),
534 (22), 510 (11), 480 (11), 474 (11), 446 (10 ), 384 (8), 
326 (8).

Ptilosarcone, 79: m/z 568/570 (MT, 100, 40), 554 (5),
534 (8), 508 (12), 480 (35), 384 (17), 326 (16).

Ptilosarcen-12-propionate, 76: m/z 538/540 (M", 100,
39), 524 (36), 502 (28), 442 (10).

Ptilosarcen-12-acetate, 75: m/z 524/526 (If, 100,
39), 489 (14), 481 (10), 446 (6), 430 (10).

Il-Hydroxyptilosarcenone, 73: m/z 496/498 (If, 26,
10), 460 (26), 436 (14), 418 (13), 400 (100), 384 (28), 340 
(19).

Ptilosarcen-12-ol, 74: m/z 482/484 (If, 100, 38), 446
(15), 386 (21), 326 (8).

Ptilosarcenone, 78: m/z 480/484 (MT, 100, 39), 446
(21), 402 (20), 384 (39), 324 (23), 280 (12).

Brianthein W, 15: m/z 430 (10), 416 (If, 63), 400
(40), 370 (18), 356 (41), 310 (100), 296 (28), 59 (58).
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Brianthein X 7 80: m/z 498 (IT, 9), 462 (100), 430

(8), 402 (15), 358 (17), 340 (9), 125 (15).
Brianthein Y , 14: m/z 568/570 (M", 100, 40), 541

(13), 532 (17), 504 (4), 446 (7), 87 (8), 59 (7).
Brianthein Z, 81: m/z 540/542 (IT, 100, 39), 504

(15), 481 (3), 446 (6), 386 (4), 59 (6).

High Pressure Electron Capture 
Chemical Ionization - NH.

Ptilosarcol, 77: m/z 588 (I), 570/572 (MT, 100, 39),
552 (4), 536 (18), 511 (9), 481 (10), 446 (8), 326 (9).

Ptilosarcone, 79: m/z 568/570 (M", 42, 17), 480 (57),
446 (100), 404 (84), 386 (49), 326 (81), 282 (33), 59 (71).

Ptilosarcen-12-propionate, 76: m/z 538/540 (M", 100,
39), 524 (28), 504 (35), 444 (17), 388 (10), 310 (10).

Ptilosarcen-12-acetate, 75: m/z 524/526 (M", 100,
38), 490 (23), 430 (14), 310 (5).

Il-Hydroxyptilosarcenone, 73: m/z 496/498 (M", 54,
27), 480 (9), 460 (34), 446 (21), 418 (17), 400 (82), 384 
(100), 340 (30), 161 (22), 126 (33).

Ptilosarcen-12-ol, 74: m/z 482/484 (IT, 100, 38), 448
(17), 432 (4), 404 (4), 388 (17), 326 (10).

Ptilosarcenone, 78: m/z 480/482 (M*, 100, 39), 446
(59), 436 (16), 386 (36), 326 (69), 282 (24).

Brianthein W, 15: m/z 428 (5), 415 (M-H", 43), 373
(8), 354 (18), 312 (11), 59 (100).
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Brianthein X, 80: m/z 498 (MT, 13), 462 (100), 446

(7), 404 (15), 384 (12), 192 (12), 59 (86).
Brianthein Y , 14: m/z 568/570 (M", 100, 40) , 534

(37) , 506 (4), 481 (8), 446 (10), 386 (7), 87 (23), 59
(38) .

Brianthein Z, 81: m/z 540/542 (IT, 100, 39), 507
(19), 444 (29), 402 (5), 386 (8), 59 (27).
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