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Abstract:

Structural modifications were made to the cyclodecene ring of briantheins X and Y (diterpenes
obtained from Briareum polyanthes) in order to determine effects, if any, on the insecticidal activity.
Eight of the ten modified diterpenes were evaluated for insecticidal activity utilizing the tobacco
hornworm. The results from this assay indicated that modifications around the C5, C6 and C16 carbon
atoms had no significant effect on the insecticidal activity. A search ensued for biological precursors to
the briantheins based upon a paper indicating the occurrence of both briarane and cembrane diterpenes
in the nudibranch Armina maculata, as well as the octocoral Veretillum cynomorium. A search of the
hexane soluble extract yielded no apparent precursor, but did yield an unprecedented marine natural
product. This compound, emmottene, represented the first bicyclo[5.1.0]Joctane natural product to
contain a trans-fused cyclopropane moiety.

The application and statistical treatment of data derived from gas chromatographic analysis of the fatty
acid methyl esters (FAME) obtained from microorganisms provided evidence that there are bacteria
associated with invertebrates. This evidence was obtained from bacteria collected from the encrusting
gorgonian Briareum polyanthes and the sponge Tedania ignis.

A chemical investigation of the Florida Keys sponge extract of Tedania ignis yielded two compounds.
The first of these was identified as phenylacetamide. It was spectroscopically identical to a compound
previously identified from the organic extract of the same sponge collected in Bermuda.

The second compound identified from this extract was a novel 6-lactam. As a continuation in our
group's effort to explore the production of new and unusual metabolites produced by marine bacteria
isolated from sponge tissue, a marine bacterium isolated from Tedania ignis tissues, TSM6113, was
investigated for the production of some unique alkaloids. Culture conditions were modified and five
compounds were identified, several of which were previously undescribed from a marine source.
Implications of growth and media changes to identify and culture associated bacteria have been made.
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Abstract

Structural . modifications were made to the cyclodecene ring of
briantheins X and Y (diterpenes obtained from Briareum polyanthes) in
order to determine effects, if any, on the insecticidal activity. Eight of the ten
modified diterpenes were evaluated for insecticidal activity utilizing the tobacco
hornworm. The results from this assay indicated that modifications around the
C5, C6 and C16 carbon atoms had no significant effect on the insecticidal
activity. A search ensued for biological precursors to the briantheins based
upon a paper indicating the occurrence of both briarane and cembrane
diterpenes in the nudibranch Armina maculata, as well as the octocoral
Veretillum cynomorium. A search of the hexane soluble extract yielded no
apparént precursor, but did yield an unprecedented marine natural product.
This compound, emmottene, represented the first bicyclo[5.1.0]octane natural
product to contain a trans-fused cyclopropane moiety.

The application and statistical treatment of data derived from gas

chromatographic analysis of the fatty acid vrhethyl esters (FAME) obtained from




microorganisms provided evidence that there are bacteria associated with
invertebrates. This evidence was obtained from bacteria collected from the
encrusting gorgonian Briareum polyanthes and the sponge Tedania ignis.

A chemical investigation of the Florida Keys sponge extract of Tedania
ignis yielded two compounds. The first of these was identified as
phenylacetamide. It was spectroscopically identical to a compound previously
identified from the organic extract of the same sponge collected in Bermuda.
The second compound identified from this extract was a novel §-lactam. As a
continuation in our group's effort to explore the production of new and unusual
metabolites produced by marine bacteria isolated from sponge tissue, a marine
bacterium isolated from Tedania ignis tissues, TSM6113, was investigated
for the production of some unique alkaloids. Culture conditions were modified
and five compounds were identified, several of which were previously
undescribed from a marine source. Implications of growth and media changes

to identify and culture associated bacteria have been made.
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ABSTRACT

Structural modifications were made to the cyclodecene ring of
briantheins X and Y (diterpenes obtained from Briareum pofyanthes) in
order to determine effects, if any, on the insecticidal activity. Eight of the ten
modified diterpenes were evaluated for insecticidal activity utilizing the tobacco
hornworm. The results from this assay indicated that modifications around the
C5, C6 and C16 carbon atoms had no significant effect on the insecticidal
activity. A search ensued for biological precursors to the briantheins based
upon a paper indicating the occurrence of both briarane and cembrane
diterpenes in the nudibranch Armina maculata, as well as the octocoral
Veretillum cynomorium. A search of the hexane soluble extract yielded no
apparent precursor, but did yield an unprecedented marine natural product.
This compound, emmottene, represented the first bicyclo[5.1.0]octane natural
product to contain a trans-fused cyclopropane moiety.

The application and statistical treatment of data derived from gas
chromatographic analysis of the fatty acid methyl esters (FAME) obtained from
microorganisms provided evidence that there are bacteria associated with
invertebrates. This evidence was obtained from bacteria collected from the
encrusting gorgonian Briareum polyanthes and the sponge Tedania ignis.

A chemical investigation of the Florida Keys sponge extract of Tedania
ignis yielded two compounds. The first of these was identified as
phenylacetamide. It was spectroscopically identical to a compound previously
identified from the organic extract of the same sponge collected in Bermuda.

The second compound identified from this extract was a novel é-lactam. As a
continuation in our group's effort to explore the production of new and unusual
metabolites produced by marine bacteria isolated from sponge tissue, a marine
bacterium isolated from Tedania ignis tissues, TSM6113, was investigated
for the production of some unique alkaloids. Culture conditions were modified
and five compounds were identified, several of which were previously
undescribed from a marine source. Implications of growth and media changes
to identify and culture associated bacteria have been made.
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INTRODUCTION

Folklore abounds with many descriptive uses of crude plant or animal
extracts to cure illnesses or Kill either man or beast (1-3). These extracts, known
as secondary metabolites to the chemical and biological scientific communities,
are often complex mixtures of organic compounds. While the definition of
secondary metabolites may seem obscure at this point, primary metabolites are
defined as those molecules such as amino, nucleic, and fatty acids, complex
carbohydrates, or any other biological components vital for the survival of an
organism. Secondary metabolites, in contrast, are not vital for life processes but
can be of importance to the organism. These metabolites have a limited
distribution, can be characteristic of a genus or species, and are formed along
specialized pathways (4).

An early premise concerning the role of secondary metabolites produced
by plants or animals assigned those compounds as the byproducts of cellular
detoxification and eventually the end products of very complex biological
pathways. Because of man's innate curiosity about the world around him,
studies in terrestrial plant and animal secondary metabolism-were initiated in
the 1800's. These early investigations led to the discovery and isolation of
secondary metabolites, as well as identification of distinct biosynthetic pathways
(-amino acids, shikimic acid, acetyl coenzyme A, mevalonic acid) (5). Natural
products produced by these pathways often display a wide range of activities
and have been generated through evolutionary adaptation by the host
organism. These "adaptive" compounds can serve as: defensive agents, where

physical attributes offer no protection; alarm mechanisms to warn other species
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of predators; offensive weapons in sequestering territory and/or nutrients from
surrounding organisms; trafl markers with which the organism can find its way to
and from shelter; and, lastly, sex attractants for propagation of the species (6-9)."

While the isolation and biological study of secondary metabolites from
the marine environment have not been as extensive as those of the terrestrial
flora and fauna (thirty-five years versus two centuries), they do have both
similarities with and differences from the terrestrial organisms. Some
similarities of the two environs are the biosynthetic pathways for the production
of secondary metabolites. Primitive marine biota produce acetogenins
(compounds derived from acetate), terpenocids (compounds derived from
isopentenyl pyro-phosphate), aromatic compounds (some derived from shikimic
acid), and alkaloids (compounds derived from amino acids) much in the same
manner as their terrestrial counterparts, with the exception that these
fundamental pathways yield unusual structure modifications (5). |

These structural modifications, derived from the differences between the
two environs (Table 1), are due to the bioavailability of elements and nutrients
(10-12). The terrestrial sources of these elements and nutrients (carbon and
nitrogen) are noticeably higher bécause the soil as well as the flora have the
ability to trap and keep these nutrients or ions from draining from the watershed
and eventually into the marine environment. Those nutrients and or essential
elements that do make it to the marine environment are often rapidly consumed
by the primary producers (algae, zooplankton, bacteria) (11). One othe_r
signiﬁcaht difference between the terrestrial and marine environments is the
high concentration of halide ions in sea water. These ions, when combined
with haloperoxidase enzymes, are thdught to promote or terminate complex

cyclization pathways that form halogenated metabolites. Thus, marine flora and




Table 1. Weight percent of selected elements or ions found in sea water and

soil.

Element or lon Sea Water Soil
Carbon 2.0 x 10-3 2.0
Nitrogen 4.0 x 106 0.1

Phosphorous 5.0x 10-6 0.8

Potassium 3.9x102 . 1.36

Iron 5.0 x 10-6 3.80
Fluoride 10x104  20x102
Chloride 1.89 - 1.0 x 1072
Bromide 7.0x 103 1.6 x 10
lodide 5.0 x 10-6 5.0 x 104

fauna have adapted to the high ion concentrations, which can be reflected by
the incorporation of bromine, chlorine, and iodine in many of the secondary
metabolites (13).

The marine environment has provided unique opportunities for marine
natural products to yield potentially useful pharmaceutical and agrochemical
products from many different phyla (14). A phyletic distribution of new
secondary metabolites for two time periods between 1977-1993 is given in
Figure 1. The distribution of novel secondary metabolites from 1977 to 1987, as
reported by Ireland and coworkers (15), showed some interesting. results when
compared to the latter five years. For the time period from 1988 to 1993, the
projected quantity of novel secondary products isolated from bryozoans and

algae, if doubled, would appear not to exceed the number isolated during the
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The Cardellina group's investigation into the chemistry and biological |
activity of secondary metabolites isolated from the marine environment has
been ongoing for the past fifteen years. As a part of that effort, Briareum
polyanthes, a Bermudian gorgonian, was found to produce a series of
diterpenes that displayed biological activity in our in-house insecticide assay. It
was our goal to seek the possible biogenic precursors of these briarane -
diterpenoids as well as to investigate structure-activity relationships (SAR's) of
chemically modified briarane diterpenes utilizing our in-house insect assay.
Currently, it is assumed by some marine natural products scientists that
the formation of secondary metabolites is largely accomplished by the
macroorganism and not by "associated" microorganisms (here the term
microorganisms can include bacteria, fungi, microalgae, or dinoflagellates). In
trying to explore the possibilities that microorganisms could be responsible for
the production of some secondary metabolites, Briareum polyanthes and
the fire sponge, Tedania ignis, were investigated for host-specific
microorganisms by using non-molecular biological techniques. The chemistry
of Tedania ignis and its associated.microorganisms collected from both the

Florida Keys and Bermuda were compared.
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BACKGROUND ON GORGONIAN METABOLITES

Gorgonians, members of the phylum Coelenterata, subclass Alcyonaria or
Octocorallia, order Gorgonacea (approximately 1200 species, Figure 2), are
comprised of sea fans and 'sea whips, as well as a few members with encrusting
or lobate morphologies. Gorgonians, being more abundant in the western
Atlantic than the soft corals (Order Alcyonacea), have also been one of the most
prolific producers of interesting and diverse diterpenoid natural products
isolated from the marine biosphere (Figure 1) (21,22).

In 1958, Paul and Lillian Burkholder reported the occurrence of interesting
antibiotic properties in various marine organiéms. Some of thése organisms
collected off of the southern coast of Puerio Rico were tested.for antibiotic
activity; the test group was comprised of the gorgonian species Antillogorgia
turgida, A. americana, Rhipidogorgia flabellum, Briareum
asbestinum, Plexaura homomalla, Plexaurella dichotoma, and
Plexauropsis crassa. Small pieces of coral or crude extracts were placed on
inoculated plates containing various strains of marine and terreétrial
microorganisms. The antimicrobial activity was found to be extractable from
either the dried or fresh gorgonians and the active components were found in
the outer but not inner cortex of the gorgonian. Paul Burkholder postulated that
the activity could be a result of the symbiosis of zooxanthellae and coral polyps
(23). |

In 1960, Ciereszko and co-workers isolated several biologically active
terpenoids from a number of gorgonians collected from the waters of Bermuda,
Bahamas, and Texas. One gorgonian species in particular, Plexaﬁra crassa,

was found to yield a crystalline terpenoid during Soxhlet extraction of the dried




Class

Subclass

Order

PHYLUM COELENTERATA

9000 species | (Cnidaria and Ctenophora)
Hydrozoa Schphozoa
(Portugnese Man-of-War) Anthozoa (elly Fish)
' (Sea Anemones and Corals)
6000 species
Zoantharia _ Alcyonaria (Octocorallia)
(Sea Aneomones) (Soft Corals)
Coenothecalia Pennatulacea
(blue coral) (Sea Pens)
Alcyonacea Gorgonacea Stolonifera
 (Soft coral) " (Sea Whips, Sea Fans) (polyps connected)
1000 species 1200 species :

Figure 2. Phylogenetic Tree of the Coelenterates.
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but also in the biotechnological potential of this new source of unusual
eicosanoids for pharmacological studies (28,29) .

Investigation of the gorgonian Briareum asbestinum by Hyde, in 1966,
resulted in the isolation of several monochlorinated diterpenes. These
diterpenes were tentatively identified by their loss of chlorine in mass spectral
analyses (30). Four years later, Tursch and co-workers encountered these
same diterpenoidsh from B. asbestinum while studying the sterol components
of the gorgonian (3'1). After extensive chemical and spectral analysis,
Bartholome in 1974 narrowed down the major component of four chlorinated
diterpenes to two possible structures, which he referred to as briarein A (32).
The structure of briarein A, 3, was determined by x-ray diffraction étudies, but
the other three structures, briareins B, C, and D, weré never completely
elucidated (33). |

In 1977, the organic extract of the sea pen Ptilbsarcus gurneyi
(subclass Alcyonaria, order Pennatulacea) was found to be toxic to mice. Two
compounds, ptilosarcone, 4, and the reported decomposition product,
ptilosarcenone, 5, were found to inhibit acetyl-'cholinesteravse and serum
cholinesterase. What was unusual about these two products was their similarity
to briarein A, 3. Both compounds differed in functional groups, particularly in
the cyclohexané ring (34). Because of an interest in these halogenated
diterpenes as potential insecticidal agents, a reinvestigation of Ptilosarcus -
gurneyi was conducted by Hendrickson and Cardellina (35). Five new
diterpenoids were found during the study, but in addition to these findings, the
structures of ptilosarcone, 4, and ptilosarcenone, 5, were revised. Through a
comparison of TH NMR and nOe data for the derivative 11-hydroxy ptilo-

sarcenenone with other briarane diterpenes, it was determined that the relative
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because it was non-polar and contained no epoxide moiety and very little
substitution when compared to the other diterpenes. Brianthein Y, 10, the most
abundant of the brianthein diterpenoids, was determined to be toxic to the
grasshopper Melanoplus bivittatus, a major agricultural nuisance. These
brianthein diterpenoids from Briareum polyanthes were chemically different
from the asbestinins and were analogs of briareins A and B, which were
isolated from Briareum asbsestinum. This supported the idea that
Briareum polyanthes was indeed a different species but not a new genus
(41,42).

Briantheins V, Y and Z ( 13, 10, and 11, respectively) were isblated from
Briareum asbestinum collected near Sandy Cay, Bahamas, in 1988.
Brianthein V, 13, differs from brianthein Y only by the substitution of another
butyrate ester for the acetate moiety on the A-ring. All briantheins isolated from
this gorgonian displayed antiviral activity (mouse corona-virus), and in
particular, briantheins V and Z displayed in vitro cytotoxicity in the P388
antineoplastic assay at 10 and 13 ug/mL, respectively (43).

Erythrolide A, 14, an interesting diterpene isolated from the encrusting
gorgonian Erythropodium caribaeorum, represented the first product of a
di-n methane rearrangement found in nature. Photochemical rearrangement of
erythrolide B, 15, in methanolic sea water yielded 37% (8 days) conversion to
14, while an 87% conversion was observed with benzene and a medium
pressure mercury lamp (3 hours). Photochemical rearrangement by a typical
cyclohexenone route would have generated a different product with the methyl
group not attached at the tricyclic bridgehead positioﬁ; such a product was not

observed. No biological data were reported for erythrolides A and B (44).
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In 1991, Pordesimo and co-workers reported seven new erythrolide
diterpenes from Erythropodium caribaeorum, as well as nine new
diterpenes frdm a Briareum sp. Erythrolides A and B, reported in 1984 by
Look and co-workers (44), were the only two compounds which had been
previously reported from Erythropodium caribaeorum. These new
erythrolides contained features so far unreported in the literature for diterpenes
found in gorgonians or sea pens. Erythrolide H, 18, and two other derivatives
(C, D) contained an epoxide in the B-ring while erythrolideé E,19,F, G, and |
contained an ether bridge (C2-C9) similar to eunicellin, 2. All erythrolides,
except H, contained chlorine in the same place as the brianthein compounds
(C8).

The briareolides isolated from a Briareum sp. were all non-chlorinated,
in contrast to those derivatives isolated from previous collections. While most of
thel briareolides varied in substitution around the A-ring, with either acetates,
alcohols, or butyrates, they all, except briareolide G, 20, contained a unique
o,B-epoxy y-lactone. Antiinflammatory activity was displayed by briareolides A-
E in the mouse ear assay at a concentration of 50 pg/ear and exhibited 71%,
55%, 75%, 85%, and 46% inh'ibition of inflammation, respectively (46).

Methyl briareolate, 21, isolated from Briareum asbestinum collected off
the coast of Tobago, represented the first diterpene to contain a methyl ester
instead of a lactone, as found in all other briarane diterpenes. This molecule
also contained an unusual ether linkage and two sites of unsaturation within the
B-ring. There were no biological data reported for this compound (47).

While this introduction is not comprehensive in discussing all compounds

isolated from gorgonians, sea fans, sea pens, and soft corals, it does provide a
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(26) led us to investigate the hexane fraction for such precuréors.

In 1992, colonies of Briareum polyanthes were injected with
various13C labeled derivatives of glucose and sodium acetate to study the
biogenesis of an interesting y-pyrone and its precursor. At the time of these
experiments on the gorgonians, collections of bacteria. were made from
neighboring colonies of the host organism and from the immediate water
column. These bacterial collections were made to determine if the associated -
microorganisms produced interesting secondary metabolites that have often
been ascribed to the "host" invertebrate. The collecting, culturing, and
identification of secondary metabolites from bacteria associated with sponges
has been an interest in the Cardellina lab for the past eight years. A difficulty in
the earlier work was an inability to determine whether the bacteria cultured from
the sponge were indeed an associated microorganism or from the water
column. The bacterial collection that | obtained from Briareum polyanthes is
a continuation of this effort to isolate and identify secondary metabolites that
have pharmacedutical or agrochemical value, but, in addition, I wanted to resolve
the question of whether host specific microorganisms existed with this

gorgonian.-
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Chemistry of Briareum polyanthes

Briareum polyanthes, an encrusting gorgonian described as having
large purplish-brown polyps, is restricted to the southeastern end of the
Bermuda archipelago (21). This gorgonian has been the focus of this research
group for the past fourteen years and has yielded the four novel diterpenes
briantheins W, X, Y, and Z (12, 9, 10, 11, respectively) as well as the novel
pyranone metabolite bissetone, 22, and one of its proposed precursors,
bissetal 23,(36,41,42,48). Insecticidal activity was noted for brianthein Y at a
concentration of 3 mg/insect (painted on leaves) against the grasshopper
Melanoplus bivittatus, while brianthein W, a nonchlorinated brianthein
diterpene, displayed no insecticidal activity (49).

The sea pen Ptilosarcus gurneyi was reported earlier to produce
seven novel diterpenes, which included ptilosarcone, 4, and ptilosarcenone, 5
(34,35). These compounds, 4 and 5, and 24-28, were similar to brianthein Z
11, in functionality around the cyclodecene ring, but had differences in their
substitution and functionality around the A-ring. These differences in the A-ring
offered an opportunity to conduct an SAR on the insecticidal activity using the
more abundant compounds (4, 5, and 27). The bioassay used the larvae of the
tobacco hornworm, Manduca | sexta, instead of the grasshopper,'
Melanoplus bivittatus. This change in the test insect could be explained for
two reasons. First, even though grasshoppers are a crop pest in the plains and
plateau states, a great majority of agricultural damage is done by larval stages
of insects. Secondly, this new assay allows one to measure the test

compounds as growth inhibitors or promoters, as feeding deterrents, or as




| — Ll ) O T

19

insecticidal agents all in one screening (49). Ptilosarcenone, 5, was found to
be toxic to hornworm larvae at 250 ppm, inducing 40% mortality in three days
and 90% mortality after 6 days. The surviving insects grew to 20-35% weight of
the controls. The activity of ptilosarcenone was similar to that observed for
brianthein Y, 10. Ptilosarcone, 4, and ptilosarcen-12-propionate, 27, were
tested at 125 ppm and neither exhibited significant toxicity. Both ptilosarcone
and ptilosarcen-12-propionate exhibited the same lack of weight gain as 5, but
in the case of ptilosarcen-12-propionate, this lack in weight garin was temporary.
Atfter six days, the insects were about 90% the weight of the control larvae (35).

The observed biological activity for brianthein Y and the three diterpenes
tested from Ptilosarcus gurneyi could be contributed to the structufal
variations within in the A-ring. A preliminary conclusion drawn from the above
studies was that an electrophilic site in the A-ring contributed to the toxicity (e.g.
5, 10), while the briaran structure in toto elicits reduction in weight gain (14).

Chemical modification of a secondary metabolite is not a new concept.
Prior to the development of NMR, x-ray diffraction analyses and other modern -
spectroanalytical methods, most natural products were chemically modified to
other compounds for their identification through the use of melting point, boiling
point, chemical spot test, or other chemical analyses. One objective of this work
was to probe further the biological activity of the brianthein X and Y (9 and 10)
by chemical modification of the cyclodecene ring. A structure-activity
relationship (SAR) could provide some insight as to the requisite functionalities
needed to promote or decrease the insecticidal activity.

In 1979, Wratten and Faulkner reported the modification of stylatulide 29,
a briaran diterpene, via many different reactions, which included ozonolysis to a

ketone, BF3-Et20 induced rearrangement to yield a ririg contracted derivative,
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and an activated zinc reduction to open the v-lactone. These reactions were
used to help identify some of the other minor metabolites isolated from the sea
pen Stylatula sp., and not to explore the cytotoxicity of stylatulide toward the
copepod larva Tisbe furcata johnsonii (50). Other chemical modifications
of secondary metabolites occurred with the diterpenes isolated from the
gorgonian Briareum asbestinum. Again, the Faulkner group used
reductions (LiAlH4), oxidations (MnO2 and O3), and BF3 catalyzed
rearrangements to help identify five of the more abundant nonchlorinated
asbestinin diterpenes (38).

The Finkelstein (61), or halide exchange, reaction has been used often to -
prepare bromides or iodides from the corresponding chlorides as synthetically
more useful reagents (52,53). The Finkelstein reaction conditions were apblied
to brianthein Y, 10, but with some modifications. Acetonitrile was used in the
reaction rather than methanol or carbon disulfide because the higher boiling
point could be used to shift the equilibrium to a favorable halogen exchange. A
catalyst, 1,4,7,10,13,16-hexaoxacyclooctadecane (18-crown-8), was used for
the exchange reaction. This compound was known to complex the cation ofv_a
salt to produce a more reactive nucleophile in polar aprotic solvents (54).
Brianthein Y was refluxed in acetonitrile containing' sodium bromide and 18-
crown-6 (4 and 0.2 equivalents, respectively) for 2 days. The reflux period for
the reaction was later extended to 9 days after thin-layer chromatography
indicated the presence of unreacted starting material. Two compounds were
isolated by HPLC with a cyano-bonded column (1 X 35 cm) using a gradient of
iPrOH and hexane. The first compound was identified as the starting material
by TH NMR, and the second as the brominated product, 16-bromo-6-dechloro-
5,16-dihydro-A5’G-brianthein Y, 30. Structure elucidation of 30 began with
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Table 2. TH NMR Assignmentsa for 10, 30, and 32

Position 10b 30 32
1 - - -
2 6.22 (d, J = 9.1) 5.19 (d, J = 9.6) 5.18 (d, J = 10.4)
3 5.60(dd, J=11.8, 9.1) 5.61(dd, J=11.0, 9.6) 5.61(dd,J=10.4,11.1)
4 5.91 (brd, J=11.8,1)  6.36 (d, J = 11.0) 6.33(d, J = 11.1)
5 -— - -
6 5.25 (ddd, J = 5.90 (d, J =8.9) 5.93(d,J=8.7)
3.3,2.7,2.3)
7 4.90 (d, J = 3.3) 5.06 (d, J = 8.9) 5.09 (d, J =8.7)
8 - - -
9 5.22 (br d, J = 8.5) 5.14 (d, J = 7.4) 5.17 (d, J =7.3)
10 2.15 - 2.26 (m) 2.18 (m) 2.15 (dd, J =2.8, 7.3)
11 2.15 - 2.26 (m) 1.99 (m) 1.94 (ddq, J = 7.0)
12 4.68 (dd, J = 5.5, 3.2) 4.72 (dd, J =5.5,2.4) 4.69 (dd, J =25, 5.1)
13 3.55 (dd, J = 5.5, 3.3) 3.50 (dd, J =5.5, 3.3) 3.53 (dd, J = 3.3, 5.1)
14 2.92 (d, J = 3.3) 2.95 (d, J = 3.3) 2.95 (d, J = 3.3)
15 1.07 (s) 1.15 (s) 1.17 (s)
16a 5.99 (d, J = 2.3) 4.37 (d, J = 11.9) 4.45 (d, J = 14.6)
16b 6.32 (d, J =2.7) 4.66 (d, J = 11.3) 4.75 (d, J = 14.0)
17 2.29 (q, J = 7.0) 2.20 (m) 2.28 (q, J = 1.6, 7.4)
18 1.15 (d, J = 7.0) 1.13(d, J=7.1) 1.06 (d, J = 7.4)
19 -- - -
20 1.04 (d, J =7.2) 1.05 (d, J = 7.4) 1.16 (d, J = 7.0)
R1C=0 - - -
R1 CHs 2.05 (s) © 2.06 (s) 2.04 (s)
R2 C=0 - -- -
R2 CH3 2.14 (s) ¢ 2.15 (s) 2.16 (s)
R3 CH3- 0.92 (t, J = 6.7) 0.88 (t, J = 7.4) 0.92 (t, J = 7.4)
R3 CH3-CHo>- 1.64 (sextet, J =6.7) 1.63 (sextet,J =7.4) 1.60 (sextet, J =7.4)
R3-Et-CHo- 2.29 (t, J = 6.7) 2.26 (t, J = 7.4) 2.26 (t,J =7.4)
R3 Pr-CO». - - " --

a) Bruker AC(F) 300.13 MHz, CDCIs; reported in & (multiplicity, J = Hz).
b) TH NMR assignments were transcribed from reference 41.
c) Corrected resonances for brianthein Y from HMQC and HMBC experiments.
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The exo-methylene carbon assigned at 118.8 ppm m brianthein Y was absent
in 30, but a new olefinic methine resonance appeared 125.42 ppm. Other
changes in the 13C NMR spectral data were noted around the B ring, especially
with the disappearance of the carbon atom bearing the chlorine atom (62.38
ppm) in the heteroatom region of spectrum, and the abpearance of a new
carbon resonance at 32.96 ppm. The olefinic region in the carbon domain for
30 had shown a correlation to three of the downfield methines ”by the HMQC
experiment, Figure 6. The new carbon resbnance at 32.96 ppm was correlated
to two protons at 4.35 and 4.65 ppm (1H NMR spectrum). Carbons C2-C4 of
brianthein Y displayed a negligible change in their chemical shifts, while the
resonances of carbons C5, C6 and C16 had rather substantial changes.

A TH-TH correlation spectrum (COSY) for 30 (Figure 7) confirmed that
the proton connectivities around the A and C rings and portions of the B ring
were identical to those of brianthein Y. The methine at 5.9 ppm (1H) displayed
a correlation to the H-7 proton and to the methylene protons at 4.35 and 4.65
ppm. Based upon this information, this rhethine at 5.9 ppm (125.42 ppm for
13C) was assigned to H-6, while the methylene protons at 4.35 and 4.65 ppm
were assigned to H-16, but with an unknown substituent that influenced the two
diastereotopic protons to move upfield.

The substituent at C-16 that influenced the separation of the
stereoheterotopic protons was determined by high resolution FAB (fast atom
bombardment) mass spectral data. The positive ion data displayed M and M+2
peaks in a 1:1 ratio. This information indicated the presence of a bromine atom.
The molecular weight of 635.1494 determined by ionization of 30 yielded a
composition of CogH3779BrO1gNa. This formula required ten sites of
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Table 3. 13C NMR Assignmentsa for 10, 30, and 32-33.

Position 10 30 32 33
1 40.78 40.51 40.58 41.29

2 75.34 77.72 77.43 75.50
3 131.09 131.58 132.14 131.32
4 127.86 128.25 127.89 126.30
5 136.75 142.26 142.56 140.03

6 62.38 125.42 123.60 64.57

7 77.41b 78.88 78.49 81.80

8 84.58 82.02 81.90 83.67

9 68.99b 69.02 69.06 69.29

10 32.69 32.07 32.08 31.93

11 36.71 37.93 37.83 37.20

12 69.38b 69.59 69.58 69.51

13 52.64 52.35 52.50 52.42

14 61.80 61.77 61.89 61.74
15 15.28b 15.77 15.84 15.45
16 118.80 32.96 44.38 120.46

17 44.75 42.96 42.91 45.50

18 6.22b 6.30 6.37 6.17
19 174.40 175.70 175.42 174.24

20 12.35 12.88 12.73 12.35
R1C=0 170.13b 170.28 170.15 170.31
R1 CH3 20.30P 20.71 20.61 20.58
R2 C=0 169.98b . 169.75 169.72 170.31
R2 CH3 21.82b 21.69 21.71 21.89
R3 CH3- 13.45 13.60 13.61 13.58
R3 CH3-CHo- 18.26 18.43 18.41 18.44
R3-Et-CHo. 36.13 36.40 36.37 36.27
R3 Pr-CO»- 172.48 171.78 171.86 172.46

a) Bruker AC(F) 75.47 MHz, CDCI3; reported in .
b) Corrected resonances for brianthein Y from HMQC and HMBC experiments.
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In an effort to obtain an Sy2 addition product of a bromide anion to
brianthein Y, the cation of the salt was changed to botassium. Potassium
bromide was used because 18-crown-6 complexes potassium better than the
sodium cation due to its larger diameter. This complexation should make for a
stronger nucleophilic anion. Analogous reaction conditions were used to test
this hypothesis. After nine, days, the reaction mixture was worked up in the
same manner as that for the NaBr reaction. TH-NMR of the solid displayed a
1:1 mixture of 30 and 186-chloro-6-dechloro-5,16-dihydro-A-5,6-brianthein Y, 32
(the elucidation of this compound will be described with the addition of sodium
chloride to brianthein Y). HPLC analyses on a Rainin cyano-bonded column
gave no separation of the two compounds. It was therefore decided to convert
the mixture into 30 in order to have enough material for crystallization and
subsequent x-ray diffraction analyses. Ten equivalents of NaBr were used
along with 0.2 equivalents of 18-crown-6 for the conversion of 32 to 30. After
nine days, the reaction was worked up and separated by HPLC. The isolated
yield of 30 was 89% (18.8 mg).

The last condition to be varied with respect to sodium bromide reacting
with brianthein Y was to eliminate the use of the catalyst. Sodium bromide (4
eq) was added to brianthein Y and refluxed for nine days. During the reaction
period, it was noted that the solution changed from clear to dark brown and
precipitation occurred. After work-up of the reaction mixture, it was determined
by TH NMR that neither 30 nor the Sn2 addition product 31 was formed. The
residue and precipitates were unidentifiable decomposition products (each < 1
mg ) of brianthein Y. '

The reaction of sodium chlbride (4 eq) with brianthein Y and 18-crown-6

(0.2 eq) yielded two compounds besides starting material after HPLC. These
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two compounds, 1‘6-chloro-6-dechloro-5,16-dihydro-A5,6-brianthein Y, 32,-and
6-epi-brianthein Y, 33, were the products from an Sy2' and Sy2 addition of a
chloride anion to brianthein Y. |

Comparison of both the 1H and. 13C NMR spectra of 16-chloro-6-
dechloro-5,16-dihydro-AS,8-brianthein Y, 32 (Figures 9 and 10, respéctively)
with those of 30 (Figures 4 and 5) had shown that they were almost identical,
except that the H-16 doublets in the TH NMR spectrum were slightly farther
downfield at 4.45 and 4.75 ppm. A 13C-DEPT experiment displayed a new
methylene resonance at 44.38 ppm. The HMQC spectrum for 32 correlated the
protons at 4.45 and 4.75 to the carbon at 44.3 ppm (Figure 11). A 1H-1H COSY
spectrum, Figure 12, was used to indicate quickly that the rest of the molecule
remained intact. HRFAB mass spectral data confirmed the presence of a
chlorine atom by the M+2+Na peak which was 38.9% of the M+Na peak. The
observed molecular weight for the sodium adduct of 32 was 591.1959 and
correlated to a composition‘of C28H3735CIO1oNa. A complete compilation of
TH and 13C NMR data can be found in Tables 2 and 3, respectively.

The elucidation of the structure of 33 was somewhat more complicated
than that of 32. The TH-NMR (Figure 13) displayed another set of doublets at
4.59 and 4.72 ppm similar to those of 32. The downfield portion of the TH
spectrum from 5.0 to 6.5 ppm was very different than either 30 or 32, although
the TH resonances at 5.27 and 5.61 ppm were identical to the C-9 and C-3
positions of brianthein Y (Tables 2 and 4). A 13G-DEPT (135°) experiment on
33 confirmed the presence of a methylene carbon in the olefinic region of the
spectrum, indicating that the exo-methylene found in brianthein Y was not the
site of nucleophillic attack as in the case of 32. A 1H-13C correlation spectrum

(Figure 14) did show that the TH resonances at 5.27 and 5.61 ppm
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Table 4. TH NMR Assignments? for 33-35.

Position 33 34 35
2 8.21 (d, J=9.1) 5.21 (d,J =9.8) 5.29 (d, J=9.6)
3 5.61 (dd,J=4.1,12.0) 5.61 (dd,J=9.8,11.1) 5.59 (dd,J=9.6,11.1)
4 6.26 (d, J=12.0) 6.50(d,J =11.1)  6.32(d,J=11.1)
5 - - -—
6 4.72 (d, J = 10.0) 5.85(d,J=8.8) 5.69(dd,J =1.7,8.8)
7 4.59 (d, J = 10.0) 4.99 (d,J = 8.8) 5.10 (d, J = 8.8)
8 -— - -
9 5.27 (d, J = 8.0) 5.12 (d, J = 7.4) 5.18 (d, J = 7.6)
10 2.43 (dd,J =2.7,8.0) 2.18 (dd,J =3.0,7.3) 2.21 (dd,J=2.7,7.6)
11 1.88 (ddq, J=7.3)  1.97 (m,J=7.3) 2.08 (m)
12 4.72 (dd,J =2.6,5.7) 4.72 (dd,J =2.3,5.5) 4.70 (dd,J=2.5,5.5)
13 3.52 (dd,J = 8.3,5.7) 3.48 (dd,J =3.3,5.5) 3.53 (dd,J=3.3,5.5)
14 2.93 (d, J =3.3) 2.94 (d, J = 3.3) 2.97 (d, J = 3.3)
15 1.08 (s) 1.15 (s) 1.16 (s)
16a 5.60 (s) 410(d,J=9.7)  4.54 (dq,J=6.0,15.6)
16b 6.13 (s) 4.82 (d,d =9.7) OH (,J=6.8) °
17 2.51(q,J=7.2) 227 (q,J=7.1) 2.25 (m)
18 1.15(d,d=7.2) = 1.12(d,J=7.1) 1.13 (d, J = 6.5)
19 -- - -
20 1.06 (d, J =7.3) 1.04 (d, J = 7.5) 1.07 (d, J = 7.4)
R1C=0 - -- -
R1 CHa 2.03 (s) 2.05 (s) 2.08 (s)
R2 C=0 - -- -
R2 CHg 2.17 (s) 2.15 (s) 2.16 (s)
R3CH3-  0.93(t,J=7.4) 0.91 (t, d=7.4) 0.92 (t,J=7.3)
R3 CH3-CH>- 1.65 (sextet, J =7.4) 1.63 (sextet, J =7.4) 1.59 (sextet, J =7.3)
R3-Et-CHo. 2.29 (t, J = 7.4) 2.26 (1, J =7.4) 2.27 (t, J =7.3)
R3 Pr-COo. -- -- -

) Bruker AC(F) 300.13 MHz, CDCIg; reported in & (multiplicity, J = Hz).
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can be found in Tables 3 and 4, respectively. The isolated yields of 32 and 33
were 17% and 21%, respectively, for the reaction of excess chloride ion with
brianthein Y. _ |

The next halide salt that was reacted with brianthein Y was sodium
iodide. This reaction, -like the one with sodium bromide and no catalyst,
progressed in coloration from a very pale yellow to dark brown during the nine
days of refluxing. The work-up for this reaction was different from the previous
reactions by the extended exposure of the CH2Cl2 layer to the water layer
(overnight (~16 hours) at 0°C vs. 5 minutes at room temperature). The CH2Clo
layer was filtered, followed by chromatography on a short (pipette) BioSil A
column. Iéopropyl alcohol removed most of the reactants, but left a black band
at the top of the column which was eluted with CH2Cl2. HPLC separations of
these two fractions yielded chromatograms that contained‘.a‘ minimum of 7
peaks. Three of the peaks were identified as starting material, 6-dechloro-5,16-
dihydro-16-iodo-A5.6 brianthein Y, 34, and 6-dechloro-5,16-dihydro-16-
hydroxy-A%:6 brianthein Y, 35. The yields for 34 and 35 in the nine day
reaction were 27 and 25%, respectively, but were later found to vary by
controlling the reflux time period. A decrease in the reaction time led to an
increase in the 16-iodo derivative, 34, but decrease in the amount of 35. The
highest isolated yield of 34 was 91% with brianthein Y refluxing for 6 hours
under standard reaction conditions. The alcohol 35 was not detected during
HPLC fractionation of all the other side reaction products. All other fractions
from the chromatogram were not identified because of insufficient quantity.

A trend had emerged from the structure eluci'dation of the previous two
compounds (30 and 32) that were substituted at the former exo-methylene.

This trend concerned the three farthest downfield protons (starting from 6.5 ppm
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two carbons overlapping one another, and that the new substituent had greatly
shielded the carbon bearing the two protons.

High resolution FABMS data confirmed that the identity of the substituent
present at C-16 was an iodine atom. A molecular weight of 661.1483 produced
by the ionization of 34 matched a composition of C2gH38l01¢0 for the MH*
peak. Shielding by the iodine atom caused the upfield chemical shift in the 13C
NMR resonance for C-16. | |

The last compound that was identified from the reaction of sodium iodide
reacting with brianthein Y was 6-dechloro-5,16-dihydro-16-hydroxy-A®:8
brianthein Y, 35. The TH-NMR downfield resonances for 35 (Figure 20) were
similar to 34, but 35 differed by the presence of a triplet and a pair of doublet of
doublets at 3.12 and 4.54 ppm, respectively. These three sets of resonances
were found to be mutually coupled in the TH-1H COSY experiment (Figure 21),
and in addition, the triplet was found to represent an exchangeable proton with
D20. HMQC (Figure 22) and carbon chemical shift data confirmed the absence
of the olefinic exo-methylene and the emergence of a new resonance at 63.4
ppm. The correlation of this carbon resonance to the pair of doublets of
doublets at 4.54 ppm in the TH NMR spectrum, along with the deuterium
exchange data, indicated that this moiety was a primary alcohol. The ionization
of 35 by FAB using a matrix of polyethylene glycol (PEG) and nitrobenzyl
alcohol (noba) generated an M+H+Na+ ion corresponding to a composition of
028'H3‘8011Na. The NMR and MS spectroscopic data cofroborated the
presenbe of a primary alcohol moiety at C-16. A compilation of TH and 13C
data for 34 and 35 can be found in Tables 4 and 5, respectively.

As a continuation of the building of a library of test compounds for the

tobacco hornworm (Manduca sexta) insecticide assay, various salts
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Table 5. 13C NMR Assignmentsa for 34-37.

Position 34 35 36 37
1 40.50 40.61 40.11 40.47
2 77.42 79.04 76.04 77.81
3 131.14 131.14 129.58 131.14
4 128.87 128.93 131.97 129.56
5 143.79 147.63 147.29 122.75
6 124.26 120.57 115.91 140.72
7 78.87 78.65 137.70 77.20
8 82.03 85.37 145.05 83.09
9 69.65 69.11 65.44 68.94
10 32.14 32.07 35.53 32.14
11 38.01 37.72 34.44 37.66
12 69.21 69.64 68.87 69.58
13 52.33 52.61 52.46 52.63
14 61.75 62.02 60.87 61.98
15 15.64 15.82 15.73 . 16.09
16 6.14 63.42 123.70 18.61
17 42.94 42.97 133.80 42.81
18 6.14 6.41 9.93 6.29
19 175.50 175.66 172.57 174.90
20 12.94 12.67 12.84 12.85
R1C=0 170.13 170.16 169.54 170.16
R1CHz 20.75 20.54 20.40 21.77
R2 C=0 169.72 169.81 168.58 169.65
R2 CHg 21.66 21.74 21.69 20.55
R3 CH3- 13.60 13.67 13.64 13.64
R3 CH3-CHp- 18.47 18.38 18.46 18.42
R3-Et-CHp. ~  36.42 36.49 36.38 36.36
171.58

R3 Pr-CO2. 171.69 172.77 170.02

a) Bruker AC(F) 75.47 MHz, CDCIg; reported in 8.
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containing the fluoride anion were reacted with brianthein Y. The first reaction

used sodium fluoride under standard reaction conditions. During the nine day

reflux period, TLC monitoring of the reaction indicated that two compounds had -
identical Rf values (0.35 and 0.40) when compared to the TLC R values for

products from the NaCl reaction with brianthein Y. Separation of the reaction -
components by HPLC and subsequent TH-NMR analysis confirmed that the two
products formed during the course of the reaction were 32 and 33. There was

no indication by HPLC nor by TH NMR that a fluoride anion had added to

branthein Y. The average isolated yields for 32 and 33 (two reactions) were

32% and 22%, respectively, and were marginally better thaﬁ the yields for NaCl

reacting with brianthein Y.

A switch from sodium fluoride to potassium fluoride in the reaction with
brianthein Y yielded a yellow colored solution after 15 minutes that after five
days, was dark brown. Thin-layer chromatography after one hour into the
reaction showed a minimum of four products plus starting material. The
reaction was stopped after five days to prevent further decomposition as in the
case of NaBr reacting with brianthein Y and no catalyst. Separation of the
reaction mixture by HPLC revealed a minimum of eleven peaks in the
chromatogram. The only product to be identified from this reaction was the
tetraene 36. The TH-NMR spectrum for 36, Figure 23, displayed a significant
change in the downfield region between 5.0 and 6.6 ppm. The only
recognizable signal in this region of the spectrum was the doublet of doublets at
5.52 ppm which represented the proton at C-3. The upfield region of the proton
spectrum indicated that both the acetate and butyrate esters were still intact, as
well as the epoxide moiety. The TH-TH COSY spectrum for 36 (Figure 24)

showed correlations in the downfield region between 5.0 and 6.5 ppm to a




06

o ( % #% " % ( ( "& %

9.H E&BO (" ' 11?2 2 | 9.>
'y 9> 9E "% (7 " & % .2
(™ >6 ( ' ! % '( # & 3
1 311 % 9 # % ( # &E.
(& % ( B5&E (3 "% #'(5" &.H
(«; " % H&E> ((* 5 " &, (
" % ( &E. ("3 # 29 1'%
" '( #( 1% % 2+ ( & %
( H&E> ("3 # 29 ! '( % + (?
29 "% 3 & % 3 (? %
29 3 % ( '3 0& 6&C
(( o1& (1> 51 > 0 %
3% ( % % ! % (" 3 #
# " % #" ! 9& % "9.E 9%
% (1 1 % " ' % 9 # 9l

%! % +" '&
% > ( "5# HO; >63 #' %
3 # %2 (" " "7 & %

6+



57

previous molecules studied, there had been only two sets of double bonds, but
now 36 displayed four extra olefinic resonances. The four carbonyls confirmed
the presence of the butyrate and acetate moieties, as well as the y-lactone (C-
ring). One carbon resonance that occurred in every spectrum for the various
compounds was absent in 36. This assignment, usually between 81 and 84
ppm, had always been correlated to C-8. It also was observed that the methyl
group, C-18, had moved from 6.2 ppm in the other compounds to 9.93 ppm in
36. The chemical shift difference was more dramatic in the TH NMR, because it
moved from 1.13 ppm to 2.07 ppm, which was indicative of a methyl group
attached to an olefin. The carbon resonance for C-17, usually between 42 and
45 ppm, was absent in the carbon spectrum, and was suspected of being one of
the new olefinic resonances. The change in 13C and TH NMR chemical shifts
for C-8, C-17, and C18 supported the idea that a dehydration had occurred to
form the double bond between C-8 and C-17.

The HMQC experiment for 36 (Figure 26) displayed correlations for the
exo-methylene protons, which confirmed that the A5,16 olefin was unchanged'.
The HMQC experimental data nicely correlated the carbons to protons for the
jumble of resonances found between 5.8 and 6.0 ppm and, when used in
conjunction with the COSY experimental data (Figure 24), the positions C-2
through C-5 of the cyclodecane ring of brianthein Y could be assembled. 'The
last problem to be addressed for 36 was the placement of the last double bond
in the structure. By default, this bond had to be placed between C-6 and C-7.
The TH NMR resonance at 6.54 ppm was a singlet and displayed a correlation
to the exo-methylene protons at C-16. This resonance had to belong to C-6.

Final assignments of the three new quaternary carbons had to be made

by the HMBC experiment. It was fortunate that the C-18 methyl (Figure 27)
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displayed two and three bond correlations to the two quaternary carbons C-17
and C-8, respectively, leaving the last quaternary carbon C-7 to be assigned by
default.

Mass spectral data for 36 were generated by FAB to yield a composition
of C2gH3509 for the MH* peak. Being highly unsaturated, 36 was found to be
unstable and decomposed over several days. A yield calculation from the first
reaction was not determined, but in order to collect data for both the long range
1H-13C correlation (HMBC) and the FAB mass spectral data, more of 36 had to
be prepared. The isolated yield after HPLC from this second reactidn was 9%.
Compiled 13C and 1TH NMR spectroscopic data for 36 can be found in Tables 5
and 8, respectively. '

The premise behind the chemical modification of the B ring of brianthein
Y has been to determine what functional groups were prerequisite to elicit
insecticidal activity. The next series of compounds presented were from a
reaction that employed the nucleophilic addition of a cyanide anion to
~ brianthein Y. The cyanide anion, a much better nucleophile than bromide or
chloride anions, was anticipated to be a divergence point for the preparation of
other derivatives, such as amines, carboxylic acids, ketones etc, (55). The
conditions for the reaction of sodium cyanide with brianthein Y were analogous
to the previous reactions. The reaction, monitored by TLC for the presence of
brianthein Y, was halted after four days when there was none detected. HPLC
of the crude organics displayed a minimum of nine peaks in the chromatogram.
The seventh peak was the most abundant (~4.3 mg) and the only one identified
from the chromatogram. After recognizing that the amount of organic crude from
the first reaction was less than half of the starting weight of brianthein Y, a

second reaction was run to obtain more material for characterization
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Table 6. TH NMR Assignments? for 36 and 37.

Position

36

37

—t ek e ek ek L
O R MOS0 NO O N ON

16a
16b
17
18
19
20
R1C=0
R1 CH3
R2 C=0
R2 CH3
R3 CH3-
R3 CHz-CHo-
R3-Et-CHo.
R3 Pr-COo.

5.91 (d, J = 9.4)
5.52 (d, J = 9.4, 11.0)
6.04 (d, J = 11.0)
6.54 (s)

5.99 (d, J = 10.3)
2.43 (dd, J = 2.9, 10.3)
1.41 (m)

4.65 (dd, J = 2.7, 5.3)
3.58 (dd, J = 3.2, 5.3)
2.96 (d, J=3.2)
1.19 (s)

5.42 (s)

5.99 (s)

2.07 (s)
112 (d,J=7.2)
1.98 (s)
2.10 (s)
0.94 (t, J=7.4)
1.66 (sextet, J =7.4)
2.31(t,J=7.4)

5.23 (d, J = 9.5)
5.54 (dd, J = 9.5, 10.9)
6.28 (d, J = 10.9)

5.29 (s)

OH 2.59 (s)
5.17 (d, J = 7.4)
2.20 (dd, J=7.3, 7.4)
2.26 (dd, J=5.5,7.3)
4.68 (dd, J = 2.2, 5.5)
3.53 (dd, J = 3.3, 5.5)
2.94 (d, J = 3.3)
1.14 (s)

2.29 (s)

2.18 (d, J=7.0)
1.14 (d, J =7.0)

1.05 (d, J = 7.3)

2.07 (s)
2.15 (s)
0.91 (t,J=7.4)
1.62 (sextet, J =7.4)
224 (t,J=7.4)

a) Bruker AC(F) 300.13 MHz, CDCI3; reported in & (multiplicity, J = Hz).
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and possible biological testing. The work-up from the second reaction yielded
an organic crude weight that was in excess of the starting weight of brianthein
Y, and when chromatographed, produced an abundant number of peaks. Effort
was concentrated on the seventh fraction because of the amount of material
isolated from the separation (~4.8 mg). The combination of the seventh fraction
from the first and second reactions was rechromatographed to yield 3.8 mg of
iso-brianthein Y, 37. Comparison of the TH NMR data for 37 (Figure 28) with
the other C-16 substituted derivatives indicated some similarity with the
downfield region of the spectrum. There were three notable differences in the
TH NMR spectrum. These were the absence of the protons that correspond to
H-6 and H-16, and the appearance of a proton resonance at 2.29 ppm. The
13C NMR spectrum for 37 (Figure 29) displayed four carbonyls, indicating that
the lactone, two acetates and butyrate esters were still present. The olefinic
region had an even number of carbon resonances between 140 and 122 ppm,
and therefore the data eliminated consideration of addition of a nitrile moiety to
brianthein Y. The TH-TH COSY spectrum, Figure 30, displayed correlations
from H-9 to H-14, indicating that the reaction did not occur at the epoxide, on the
A ring, or around H-9. The sharp 'singlet at 5.29 ppm correlated to a new
resonance at 2.29 prim and to the hydrogen of the hydroxyl at 2.59 ppm (an
‘exchange experiment using D20 indicated thét the resonance at 2.59 ppm was
exchangeable). Other correlations indicated that the protons from C-2 to C-4
were intact and unmodified. This new product appeared to have undergone
change at C-16, C-5, or C-6, based upon the 1H, 13C and COSY NMR data.
The HMQC experiment for 37 (Figure 31) confirmed the correlation of the 13C
olefin resdnances to H-3 and H-4. This left C-5 and C-6 as quaternary carbons.

The sharp singlet at 5.29 ppm was correlated to the carbon resonance































































































































































































































































































































































































































































































































