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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]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 δ-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 

horn worm. The results from this assay indicated that modifications around the 

CS, C6 and C l 6 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 

Veretiilum 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 .OJoctane 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 poiyanthes 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 5-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.



c m ii

APPROVAL

of a thesis submitted by 

John M. Cronan, Jr.

This thesis has been read by each member of the thesis committee and 
has been found to be satisfactory regarding content, English usage, format, 
citations, bibliographic style, and consistency, and is ready for submission to the 
College of Graduate Studies.

Approved for the Major Department

Date HeadJVajor Department

Approved for the College of Graduate Studies



Ill

STATEMENT OF PERMISSION TO USE

In presenting this thesis in partial fulfillment of the requirements for a 

doctoral degree at Montana State University, I agree that the Library shall make 

it available to borrowers under rules of the Library. I further agree that copying 

of this thesis is allowable only for scholarly purposes, consistent with "fair use" 

as prescribed in the U.S. Copyright Law. Requests for extensive copying or 

reproduction of this thesis should be referred to University Microfilms 

International, 300 North Zeeb Road, Ann Arbor, Michigan 48106, to whom I 

have granted "the exclusive right to reproduce and distribute my dissertation for 

sale in and from microform or electronic format, along with the right to reproduce 

and distribute my abstract in any format in whole or in part."

jc w j.  \t  \ C3



This dissertation is dedicated in the memory of John "Mike" Cronan.



ACKNOWLEDGMENTS

There have been many people throughout my years in graduate school 

both at MSU and at COMB whom I would like to thank for providing technical 

assistance, advice, and friendship. Foremost is to my advisor and mentor, Dr. 

John H. Cardellina II, for his patience and guidance throughout my research 

which made possible the completion of this dissertation. Secondly to Dr. Fred 

L. Singleton, for helpful advice and support at COMB, Dr. Lewis K. Pannell for 

mass spectral data analysis, Dr. Arnold Craig as my advisor “pro tempore" at 

MSU, Dr. Dan Jacobs for clarifying the mystique of converting raw data into 

dendrograms, and to all of my fellow research group members, faculty, graduate 

students, and staff who provided invaluable advice in many different ways.

Lastly, I give to my wife and lab partner, Tammy, my love and gratitude for 

her persistent support that helped me get through the rough times of graduate 

school and to achieve my goal of Ph.D.



TABLE OF CONTENTS

Page

INTRO DUCTIO N.............................................................................. 1

BACKGROUND ON GORGONIAN METABOLITES 6

Chemistry of Briareum polyanthes . 18
A Search for Biogenetic Precursors to the Briantheins 84
Associated Bacteria Isolated from Briareum polyanthes 99

BACKGROUND ON THE SPONGE Tedania ignis . 106

Fame Analyses of Bacteria collected from Tedania
ig n is . 114
Chemistry of Tedania ignis and its Associated 
Microorganisms. 161

C O N C L U S IO N ............................................................................ 182

EXPERIM ENTAL............................................................................ 195

General 195
Isolation and Culture of Microorganisms . . 196
Fame Analysis . 198
Biological Screening Procedures . 202
Extraction Protocol of Tedania ignis . 208
Extraction Protocol of the Marine Bacterium TSM6113. 209
General Reaction Conditions of Brianthein X and Y 
Derivatives. . . . 210
Isolation and Characterization of Modified Brianthein 
Derivatives. . . . . : . 212
Isolation and Characterization of Tedania Metabolites 218

R E F E R E N C E S ............................................................................ 223

v i



V l l

Table Page

1. Weight percent of selected elements or ions found in
seawater and soil. . . . . . .  3

2. 1H NMR Assignments for 10, 30, and 32. 25

3. 13C NMR Assignments for 10, 30, and 32-33. 28

4. "l H NMR Assignments for 33-35. 40

5. 13C NMR Assignments for 34-37. . 54

6. 1H NMR Assignments for 36 and 37. . 64

7. 1H NMR Assignments for 38-40. . . .  81

8. 13C NMR Assignments for 38-40. . . .  82

9. NMR Chemical Shift Assignments for 46. . . 90

10. Group average values at a Sorenson similarity
measure of 0.35. . . . . . 104

11. Bermuda collection site data. . . . . 117

12. Matreya bacterial standards with their GC retention times. 200

13. Bacteria and fungi used in the antimicrobial screen. . 207

LIST OF TABLES



V l l l

Figure Page

1. Phyletic distribution of novel secondary metabolite
reported from 1977 to 1993. . . .  4

2. Phylogenetic tree of the coelenterates . . .  7

3. 300 MHz 1H NMR spectrum of 10 in CDCI3. . 23

4. 300 MHz 1H NMR spectrum of 30 in CDCI3. . . 24

5. 75.5 MHz 13C NMR spectrum of 30 in CDCI3. 27

6. HMQC spectrum of 30 in CDCI3. . . .  29

7. A 300 MHz 1H-1 H COSY spectrum of 30. . 30

8. HMBC spectrum of 30 in CDCI3. . . .  32

9. 300 MHz 1H NMR spectrum of 32 in CDCI3. . . 35

10. 75.5 MHz 13C NMR spectrum of 32 in CDCI3. 36

11. HMQC spectrum of 32 in CDCI3. . . .  37

12. A 300 MHz 1H-1H COSY spectrum of 32 in CDCI3. . 38

13. 300 MHz 1H NMR spectrum of 33 in CDCI3. . 39

14. HMQC spectrum of 33 in CDCI3. . . .  43

15. A 300 MHz 1H-1H COSY spectrum of 33 in CDCI3. . 44

16. A computer generated structure of 33 derived from
x-ray crystallographic data. . . . 45

17. 300 MHz 1H NMR spectrum of 34 in CDCI3. . 47

18. A 300 MHz 1H-1H COSY spectrum of 34 in CDCI3. . 48

LIST OF FIGURES



Figure Page

19. HMQC spectrum of 34 in CDCIg. . . .  49

20. 300 MHz 1H NMR spectrum of 35 in CDCI3. . 51

21. A 300 MHz 1H-1 H COSY spectrum of 35 in CDCI3. . 52

22. HMQC spectrum of 35 in CDCI3. . . .  53

23. 300 MHz 1H NMR spectrum of 36 in CDCI3. . . 59

24. A 300 MHz 1H-1H COSY spectrum of 36 in CDCI3. . 60

25. 75.5 MHz 13C NMR spectrum of 36 in CDCI3. . 61

26. HMQC spectrum of 36 in CDCI3. . . .  62

27. HMBC spectrum of 36 in CDCI3. . . .  63

28. 300 MHz 1H NMR spectrum of 37 in CDCI3. . 67

29. 75.5 MHz 13C NMR spectrum of 37 in CDCI3. 68

30. A 300 MHz 1H-1 H COSY spectrum of 37 in CDCI3. . 69

31. HMQC spectrum of 37 in CDCI3. . . .  70

32. 300 MHz 1H NMR spectrum of 38 in CDCI3. . 73

33. 300 MHz 1H NMR spectrum of 39 in CDCI3. . . 74

34. 300 MHz 1H NMR spectrum of 40 in CDCI3. . 77

35. A 300 MHz 1H-1 H COSY spectrum of 40 in CDCI3. . 78

36. 75.5 MHz 13C NMR spectrum of 40 in CDCI3. 79

37. Proposed biogenesis of several marine diterpenes . 85

38. 300 MHz 1H NMR spectrum of 46 in CDCI3. . 87

ix

LIST OF FIGURES-Continued



Figure Page

39. 75.5 MHz NMR spectrum of 46 in CqDq. . . 88

40. HMQC spectrum of 46 in CDCI3. . . .  89

41. A 300 MHz 1H-1H COSY spectrum of 46 in CDCI3. . 91

42. A 300 MHz 1H-1 H ZQCOSY spectrum of 46 in CDCI3. 92

43. HMBC spectrum of 46 in CeDe- . 93

44. Observed nOe relationships for emmottene, 46. . 95

45. A map displaying the collection site at the northeastern
end of the Bermuda archipelago. . 101

46. A Sorenson similarity diagram for the bacteria collected
from Governor's Island (site 8). . . 1 0 3

47. A photograph of the common fire sponge, Tedania
ignis. . 1 1 5

48. A map of Bermuda displaying the eleven collection
sites. . . . . 1 1 6

49. A Sorenson similarity diagram for the bacteria collected
from site 1. . . . . 124

50. A Sorenson similarity diagram for the bacteria collected
from site 2. . . . 1 2 5

51. A Sorenson similarity diagram for the bacteria collected
from site 4. . . . 1 2 6

52. A Sorenson similarity diagram for the bacteria collected
from site 5. . . . . 1 2 7

53. Expansion of the Sorenson similarity diagram for the
branches I, 2, and 3 from Figure 52. . . 128

54. Expansion of the Sorenson similarity diagram for the
branches 4 and 5 from Figure 52. . . 1 2 9

X

LIST OF FIGURES-Continued



Figure Page

55. Expansion of the Sorenson similarity diagram for branch
6 from Figure 52. . . . . . . 1 3 0

56. A Sorenson similarity diagram, for the bacteria collected
from site 6. . . . . . . 1 3 1

57. A Sorenson similarity diagram for the bacteria collected
from site 7. . . . . . . . 1 3 2

58. Expansion of the Sorenson similarity diagram for the
branches 1 and 2 from Figure 57. . . 1 3 3

59. Expansion of the Sorenson similarity diagram for the
branches 3, 4 and 5 from Figure 57. . . 134

60. Expansion of the Sorenson similarity diagram for the
branches 6, 7, and 8 from Figure 57. . 135

61. A Sorenson similarity diagram for the bacteria collected
from site 9. . . . . . . 1 3 6

62. A Sorenson similarity diagram for the bacteria collected
from site 10. . . . . . ■ . 1 3 7

63. A Sorenson similarity diagram for the bacteria collected
from site 11. . . . . ■ 138

64. A Sorenson similarity diagram for the bacteria collected
from Key West (all). . . . . . 1 3 9

65. A Sorenson similarity diagram for the bacteria collected
from Harrington Sound. . . . . . 140

66. Expansion of the Sorenson similarity diagram for the
branches 1 and 2 from Figure 65. . . . 1 4 1

67. Expansion of the Sorenson similarity diagram for
branch 3 from Figure 65. . . . . 1 4 2

68. Expansion of the Sorenson similarity diagram for
branch 4 from Figure 65. . . . 1 4 3

69. Expansion of the Sorenson similarity diagram for the
branches 5 and 6 from Figure 65. . . . 144

x i

LIST OF FIGURES-Continued



X ll

LIST OF FIGURES-Continued

Figure Page

70. A Sorenson similarity diagram for the bacteria collected 
from Bermuda and the Florida Keys. 145

71. Expansion of the Sorenson similarity diagram for the 
branches I and 2 from Figure 70. 146

72. Expansion of the Sorenson similarity diagram for the 
branches 3 and 4 from Figure 70. . . . 147

73. Expansion of the Sorenson similarity diagram for 
branch 5 from Figure 70. . 148

74. Expansion of the Sorenson similarity diagram for the 
branches 6 and 7 from Figure 70. . . . 149

75. Expansion of the Sorenson similarity diagram for 
branch 8 from Figure 70. . . . . 150

76. Expansion of the Sorenson similarity diagram for the 
branches 8a - Si from Figure 75. . . . 151

77. Expansion of the Sorenson similarity diagram for the 
branches 8j - 811 from Figure 75. . . . 152

78. Expansion of the Sorenson similarity diagram for the 
branches 8mm - 8qq from Figure 75. 153

79. Expansion of the Sorenson similarity diagram for 
branch 8rr from Figure 75. . . . 154

80. Expansion of the Sorenson similarity diagram for the 
branches 8ss - 8zz from Figure 75. 155

81. Expansion of the Sorenson similarity diagram for 
branch 9 from Figure 70. . . . . 156

82. Expansion of the Sorenson similarity diagram for 
branch 10 from Figure 70. . . . . 157

83. Expansion of the Sorenson similarity diagram for the 
branches 10a - IOd from Figure 82. 158

84. Expansion of the Sorenson similarity diagram for the 
branch 10e from Figure 82. . . . . 159



X l l l

LIST OF FIGURES-Continued

Figure Page

85. Expansion of the Sorenson similarity diagram for the 
branches IOf- 10j from Figure 82. 160

86. 300 MHz 1H NMR spectrum of 68 in CD3OD. . 163

87. A 300 MHz 1H-1H ZQCOSY spectrum of 68 in CD3OD. 164

88. HMQC spectrum of 68 in CD3OD. 165

89. 300 MHz 1H NMR spectrum of 70 in CD3OD. . 170

90. 300 MHz 1H NMR spectrum of 71 in CD3OD. . 171

91. 300 MHz 1H NMR spectrum of 72 in CD3OD. . 174

92. 300 MHz 1H NMR spectrum of 73 in CD3OD. . 176

93. 300 MHz 1H NMR spectrum of 75 in CD3OD. . 179

94. A summary of the products from modification of 
brianthein Y. . . . . 183

95. A summary of the products from modification of 
brianthein Y. . 184



XIV

ABSTRACT

Structural modifications were made to the cyclodecene ring of 
briantheins X and Y (diterpenes obtained from Brlareum 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 
CS, C6 and C l 6 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 5-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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IN TR O D U C TIO N

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 

(a-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; trail 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), terpenoids (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 because 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 other 

significant 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 thought to promote or terminate complex 

cyclization pathways that form halogenated metabolites. Thus, marine flora and
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Table 1. Weight percent of selected elements or ions found in sea water and 
soil.

Element or Ion Sea W ater S o il

Carbon 2.0 x 10-3 2.0

Nitrogen 4.0 x 10-6 0.1

Phosphorous 5.0 x 10-6 0.8

Potassium 3.9 x 10-2 1.36

Iron 5.0 x 10-6 3.80

Fluoride 1.0x10-4 2.0 x 10-2

Chloride 1.89 1.0 x IQ"2

Bromide 7.0 x 10-3 1.6x10-5

Iodide 5.0 x IQ"6 5.0 x 10-4

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 I. 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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previous decade. A possible explanation for the observed result is that 

bryozoans are often hard to collect, let alone identify, while the decrease in 

algal metabolites could be explained because they were one of the first phyla to 

be heavily investigated by the marine natural products community. The other 

phyla display an opposite trend. In particular, sponges show an impressive 

gain in the number of novel metabolites, to almost double that for the previous 

decade. This large increase in novel secondary metabolites can be attributed 

to the fact that they can be easily collected and display the largest diversity of 

structural types (15-20).

13091 400  T

I 1 9 7 7 - 1 9 8 71 200  - -

□  I 9 88 - 1  9 93I 000

6 00

Figure 1. Phyletic distribution of novel secondary metabolites reported from

1977 to 1993 (15-20).
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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 (SAP'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, micrdalgae, 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

Gorgonians1 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 Iobate 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 organisms. Some of these organisms 

collected off of the southern coast of Puerto Rico were tested for antibiotic 

activity; the test group was comprised of the gorgonian species Antillogorgia 

tu rg id a , 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 terrestrial 

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, Plexaura crassa, 

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



Class

Subclass

Order

PH YLU M  COELENTERATA
9000 species

Hydrozoa

(Portuguese Man-of-War)

(Cnidaria and Ctenophora)

Anthozoa

(Sea Anemones and Corals)

6000 species

Schphozoa
(Jelly Fish)

Zoantharia
(SeaAneomones)

Alcyonaria (Octocorallia)
(Soft CMorals)

C oenot

(blue

ieca lia

coral)
Pennat

(Seal
ulacea
'ens)

A lcyonacea

(Soft coral) 
1000  species

G orgonacea

(Sea Whips, SeaFans) 
1 2 0 0  species

S to lon ifera  

(polyps connected)

Telestacea 

(Dendriform colonies)

Figure 2. Phylogenetic Tree of the Coelenterates.
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cortex with n-pentane or ether. This crystalline compound displayed cytotoxicity 

at a dilution of 1/50,000 against Entamoeba histolytica, while the volatile 

oils inhibited the growth of Clostridum feseri and Staphylococcus  

aureus. This compound, crassin acetate, I ,  was the first reported marine 

diterpene that was characterized by IR spectroscopy, optical rotation, chemical 

degradation and melting point analysis. In 1969, the structure of crassin 

acetate, was determined by x-ray diffraction studies of a p-iodobenzoate 

derivative (24,25). Subsequently, crassin acetate has been found in four other 

species, namely, Pseudoplexaura crucis, P. flagellosa, P. porosa and 

P. wagenaari (26).

In 1969, chemical investigation of the sea whip Plexaura homomalla 

yielded two prostaglandins (monocarbocyclic C-20 fatty acids), IS(R)-PGAg (2) 

and an acetate methyl ester. PGAg, 2, represented the first nonmammalian 

prostaglandin and the first one isolated from the marine environment; unlike its 

15(S)-epimer, it showed no hypotensive properties (24,27). These marine 

eicosanoids, as well others (PGA-|, PGEg), were isolated from other 

gorgonians, and from the soft coral Clavularia viridis (subclass Alcyonaria, 

order Stolonifera). Researchers developed an interest not only in the 

biogenesis and the probable implications of prostaglandins found in nature,

OH

I 2
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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 diterpenoids from B. asbestinum while studying the sterol components 

of the gorgonian (31). 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 studies, but 

the other three structures, briareins B, C, and D, were never completely 

elucidated (33),

In 1977, the organic extract of the sea pen PtiIosarcus 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-cholinesterase 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 cyclohexane 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 1H NMR and nOe data for the derivative 11-hydroxy ptilo- 

sarcenenone with other briarane diterpenes, it was determined that the relative



stereochemistry of the acetate moiety at C-9 on the bicyclo[8.4.0]tetradecane 

ring was incorrect. This acetate moiety was determined by NMR coupling 

constants to be in the (3-position (up) for 4 and 5, which was later confirmed by 

an x-ray diffraction analysis of 5 (35,36).

Stylatulide, 6, a toxin isolated from the Pacific sea pen Stylatula sp., 

showed toxicity towards the larvae of the copepod Tisbe furcata johnsonii. 

Again, the carbon skeleton was identical to briarein A and differed only in the 

number of acetate groups and the epoxide moiety on the A-ring (see 3) (37).

I  O

OAc

(3)

OAc

(5) (6 )



Like earlier interest generated by the findings of the prostaglandins and 

other terpenoids of late 1960's, more scientists were investigating diterpenes 

produced by gorgonians because of recent advances in NMR spectroscopy, 

namely higher field magnets, more sensitive probes, and new two dimensional 

experiments. This advance in instrumentation led to the identification of minute 

amounts of compounds in a short time period, and, in particular, Briareum 

asbestinum  was reinvestigated in 1980, presumably to find the other 

metabolites (briarein B, C, and D) not completely characterized by Bartholome. 

Briarein B, an analog of briarein A by the replacement of a butyrate ester for one 

of the acetate groups, was identified as one of the major constituents (0.45% dry 

weight) found in the gorgonian collected in Belize. Five other nonchlorinated 

diterpenoids co-occurring with briarein B were also identified. Asbestinin-1, 7, 

one of the five nonchlorinated diterpenes, was found to have a new carbon 

skeleton that closely represented eunicellin, 8, which was isolated in 1968 from 

the Mediterranean sea fan Eunicella stricta (38,39). There were no 

biological data supporting the isolation of the asbestinins, but one year later 

Selover and co-workers reported icthyotoxicity data. The biological assay used 

goldfish to identify two more asbestinins collected around Roatan Island, 

Honduras (40).

11

o

(7) (8)



In 1983, an investigation by Grode and co-workers of the gorgonian 

Briareum polyanthes, a species of confused taxonomy, and described as a 

possible variant of Briareum asbestinum, yielded three diterpenes with the 

briarein A skeleton. These diterpenes, briantheins X, Y, and Z (9, 10, 11, 

respectively), all contained an epoxide on the A-ring and differed in the 

substitution or deletion of acetate and butyrate moieties. Brianthein W, 12, 

encountered during the purification of briantheins Y and Z, was unusual

I 2

O

( 11 )
OAc

O
O

(12)
O

(13)



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 isolated 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 pg/mL, respectively (43).

Erythrolide A, 14, an interesting diterpene isolated from the encrusting 

gorgonian Erythropodium caribaeorum, represented the first product of a 

di-7t 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 position; such a product was not 

observed. No biological data were reported for erythrolides A and B (44).

I 3
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An apparently undescribed gorgonian, Solenopodium sp., which was 

collected in Palau (Indopacific)1 yielded the solenolide diterpenes. Solenolide 

A, 16, and solenolide E, 17, were reminiscent of those diterpenoids found in 

the gorgonian Briareum poiyanthes  and the sea pen Ptilosarcus  

gurneyi. These two compounds (solenolide A and E), were found to be potent 

antiinflammatory agents (mouse ear assay) with a 70% reduction of edema at 

15 jig doses/application. Solenolide A was also found to inhibit the arachidonic 

acid pathway enzyme 5-lipoxygenase (in vitro). Antiviral properties were also 

noted for these diterpenes; solenolide A inhibited Rhinovirus, Polio III, Herpes, 

Ann Arbor, and Maryland viruses. All of the solenolides were uniformly active 

as Iarvicides against blowfly larvae with ED10O values at 30-35 ppm (45).

(16)

o
(17)

o
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In 1991, Pordesimo and co-workers reported seven new erythrolide 

diterpenes from Erythropodium caribaeorum, as well as nine new 

diterpenes from 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 erythrolides E, 19, F, G, and I 

contained an ether bridge (C2-C9) similar to eunicellin, 2. All erythrolides, 

except H, contained chlorine in the same place as the brianthein compounds 

(C6)..

The briareolides isolated from a Briareum sp. were all non-chlorinated, 

in contrast to those derivatives isolated from previous collections. While most of 

the briareolides varied in substitution around the A-ring, with either acetates, 

alcohols, or butyrates, they all, except briareolide G, 20, contained a unique 

a,(3-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% inhibition 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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representative number of novel structures from several species with varying 

biological activity. This activity ranged from viral inhibition and icthyotoxicity to 

insecticidal activity against the grasshopper, Melanoplus bivittatus. The 

objective of the work presented in the next section was to probe the insecticidal 

activity of the briantheins X and Y (9 and 10, respectively) via structure-activity 

relationship (SAR) studies. In particular, modification of the cyclodecene ring 

was the primary focus of this effort. The comparative insecticidal screening 

would use the tobacco hornworm, Manduca sexta, as a target organism. 

Because the brianthein and ptilosarcene diterpenes have shown biological 

activity in insect assays, there is an interest in the biogenesis of these 

compounds. An earlier speculation that they were derived from a cembranoid



17
(26) led us to investigate the hexane fraction for such precursors.

In 1992, colonies of Briareum polyanthes  were injected with 

v a r i o u s " ! 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 I obtained from Briareum polyanthes is 

a continuation of this effort to isolate and identify secondary metabolites that 

have pharmaceutical 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 polvanthes

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
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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 gain was temporary. 

After 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 structural 

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, BFg-EtaO induced rearrangement to yield a ring contracted derivative,

19
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and an activated zinc reduction to open the y-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 (UAIH4), oxidations (IVInOg and O3), and BF3 catalyzed 

rearrangements to help identify five of the more abundant nonchlorinated 

asbestinin diterpenes (38).

The Finkelstein (51), 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 applied 

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-6), was used for 

the exchange reaction. This compound was known to complex the cation of 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 (I x 35 cm) using a gradient of 

iPrOH and hexane. The first compound was identified as the starting material 

by "I H NMR, and the second as the brominated product, 16-bromo-6-dechloro- 

5,16-dihydro-A5>6-brianthein Y, 30. Structure elucidation of 30 began with
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comparison of the 1H NMR spectra for brianthein Y (Figure 3) and the product 

(Figure 4). The numbering sequence given below for brianthein Y, 10, and 

other brianthein diterpenes, will be utilized throughout the discussion. The 

differences in the two 1H NMR spectra occurred in the downfield region 

between 4.0-6.5 ppm, which could be correlated to the positional assignments 

for the protons at C6, C7, C9 and C l6 for brianthein Y (Table 2). A noticeable 

change in the proton spectrum for 16-bromo-6-dechloro-5,16-dihydro-A5-6- 

brianthein Y, 30, included the disappearance of the protons assigned to H-16 in 

brianthein Y, and the appearance of two new doublets at 4.35 and 4.65 ppm. 

The upfield region for 30 was recognized as very similar to brianthein Y, and 

suggested that the A and C rings were not modified.

Carbon chemical shift data (Figure 5 and Table 3) were used in 

conjunction with the proton data to elucidate the structure of 30. The 13C NMR 

data displayed changes in both the olefinic and heteroatom regions of the 

spectrum.

o

o
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Figure 3. 300 MHz 1H NMR spectrum of 1 0 in CDCIg.



Figure 4. 300 MHz NMR spectrum of 30 in CDCI3.



Table 2. 1H NMR Assignments3 for 10, 30, and 32
25

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

5.91 (brd, J=11.8, 1) 6.36 (d, J = 11.0) 6.33 (d, J = 11.1)

6

7
g

5.25 (ddd, J = 
3.3,2.7,2.3) 

4.90 (d, J = 3.3)

5.90 (d, J = 8.9) 

5.06 (d, J = 8.9)

5.93 (d, J = 8.7) 

5.09 (d, J = 8.7)

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 = 2.5, 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)
FM C=O — — —

FM CH3 2.05 (s) c 2.06 (S) 2.04 (s)
R2 C=O — — —
R2 CH3 2.14 (s) c 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-CH2- 1.64 (sextet, J = 6.7) 1.63 (sextet, J = 7.4) 1.60 (sextet, J = 7.4)
RS-Et-CHo. 2.29 (t, J = 6.7) 2.26 (t, J = 7.4) 2.26 (t, J = 7.4)
R3 Pr-CO2- - - — ——

a) BrukerAC(F) 300.13 MHz, CDCIg; reported in 8 (multiplicity, J = Hz).
b) 1H 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 in brianthein Y was absent 

in 30, but a new olefinic methine resonance appeared 125.42 ppm. Other 

changes in the ^3C 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 appearance 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 resonance 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 CS, C6 and Cl 6 had rather substantial changes.

A 1H-1H 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 methine 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 C28H3779B rO ioNa. This formula required ten sites of



Figure 5. 75 MHz "Î C spectrum of 30 in CDCI3.



Table 3. NMR Assignments3 for 10, 30, and 32-33.
28

Position 1 0 3 0 3 2 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

Rl C=O 170.13b 170.28 170.15 170.31
Rl CH3 20.30b 20.71 20.61 20.58
R2 C=O 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-CH2- 18.26 18.43 18.41 18.44
RS-Et-CHo- 36.13 36.40 36.37 36.27
R3 Pr-CO2- 172.48 171.78 171.86 172.46

a) Bruker AC(F) 75.47 MHz, CDCI3; reported in 5.
b) Corrected resonances for brianthein Y from HMQC and HMBC experiments.
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Figure 6. HMQC spectrum of 30 in CDCI3.
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unsaturation within the molecule, and thus confirmed that 30 was the product of 

an Sn2' substitution by the bromide anion to yield 16-bromo-6-dechloro-5,16- 

dihydro-A5-6-brianthein Y.

An HMBC spectrum, Figure 8, was optimized for 2-3 bond correlations 

and confirmed the structure for 30. This inverse detected experiment provided 

new and unequivocal correlations of all carbonyl resonances to the appropriate 

acetate and butyrate moieties. It was found during the elucidation of 30 by the 

new proton detected experiments, HMQC and HMBC, that a few carbon 

assignments for brianthein Y, 10, were in error. The old technique of single 

frequency off-resonance decoupling (SFORD) was used to make the initial 

assignments, but was not able to assign the quaternary carbons. The corrected 

13C resonances for brianthein Y are presented in Table 3.

The initial yield of 30 for a two day reaction period was 16%. However, 

extending the duration reaction to nine days increased the isolated yield of 30 

to 85%. There was no indication of the bromide anion adding to C-6 (Sn2 

addition) to give 31.

OBut OBut

(30) (31)
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Figure 8. HMBC spectrum of 30 in CDCI3.
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In an effort to obtain an Sn2 addition product of a bromide anion to 

brianthein Y, the cation of the salt was changed to potassium. 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. 1H-NMR of the solid displayed a 

1:1 mixture of 30 and 16-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 1H NMR that neither 30 nor the Sn2 addition product 31 was formed. The 

residue and precipitates were unidentifiable decomposition products (each < I 

mg ) of brianthein Y.

The reaction of sodium chloride (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, 16-chloro-6-dechloro-5,16-dihydro-A5>6-brianthein Y, 32, and 

6-epi-brianthein Y, 33, were the products from an Sn2' and Sn2 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-A5>6-brianthein Y, 32 (Figures 9 and 10, respectively) 

with those of 30 (Figures 4 and 5) had shown that they were almost identical, 

except that the H-16 doublets in the 1H NMR spectrum were slightly farther 

downfield at 4.45 and 4.75 ppm. A "* 3C-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 CasHsT35CIOi oNa. A complete compilation of 

1H 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 1H-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 1H 

spectrum from 5.0 to 6.5 ppm was very different than either 30 or 32, although 

the 1H 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 13C-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 1H resonances at 5.27 and 5.61 ppm



Figure 9. 300 MHz 1H NMR spectrum of 32 in CDCI3.
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Figure 10. 75.5 MHz 1^C NMR spectrum of 32 in CDCI3 .
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Figure 11 . HMQC spectrum  of 32 in CDCIs
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Figure 12. A 300 MHz 1 H-1H COSY spectrum of 32 in CDCIg.



Figure 13. 300 MHz 1H NMR of 33 in CDCI3.
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Table 4. NMR Assignments3 for 33-35.

Position 3 3 3 4 3 5

1
2 6.21 (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) O

l b CL CL I P0 5.59 (dd,J=9.6,11.1)
4
5

6.26 (d, J = 12.0) 6.50 (d, J =11.1) 6.32 (d, J = 11.1)

6 4.72 (d, J = 10.0) 5.85 (d, J = 8.8) 5.69 (dd,J = 1.7,8.8)
7
g

4.59 (d, J = 10.0) 4.99 (d,J = 8.8) 5.10 (d, J = 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 = 3.3,5.7) 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) 4.10 (d, J = 9.7) 4.54 (dq,J=6.0,15.6)
16b 6.13 (s) 4.82 (d, J = 9.7)

COCOIl—3IO

17 2.51 (q, J = 7.2) 2.27 (q, J = 7.1) 2.25 (m)
18 1.15 (d, J =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)
Rl C=O — — —

R1 CH3 2.03 (s) 2.05 (s) 2.08 (s)
R2 C=O — — - -

R2 CH3 2.17 (s) 2.15 (s) 2.16 (s)
R3 CHS- 0.93 (t, J = 7.4) 0.91 (t, J = 7.4) 0.92 (t, J = 7.3)

RS CH3-CH3- 1.65 (sextet, J =7.4) 1.63 (sextet, J =7.4) 1.59 (sextet, J =7.3)
RS-Et-CHo- 2.29 (t, J = 7.4) 2.26 (t, J = 7.4) 2.27 (t, J = 7.3)
RS Pr-CO3- - - - - - -

a) Bruker AC(F) 300.13 MHz, CDCIg; reported in 5 (multiplicity, J = Hz).



41

were on two different carbons, while the 1H resonances at 5.60 and 6.13 ppm 

belonged to the exo-methylene, C-16. A 1H-1H COSY spectrum (Figure 15) 

displayed rather close correlations to the diagonal for three sets of 1H 

resonances in the downfield region. Two of the three sets were recognized as 

correlations between the protons H-2 thru H-4, and the second, H-16 to its 

geminal partner. The last set of observed correlations in the downfield region of 

the COSY spectrum were for the two doublets that resonated at 4.59 and 4.72 

ppm. These 1H resonances were determined to be on separate carbons by 

DEPT and HMQC experiments. The only unassigned resonances for 33 were 

H-6 and H7. Since this 1H spectrum was different from brianthein Y1 it was 

reasoned that C-6 was of the opposite configuration. HRFAB mass spectral 

data confirmed a composition of C2gH3835CIOio for the MH+ ion. A crystal of 

33, obtained from slow evaporation of a solution in CHgCIg and CHgOH at 

-20°C, was later submitted to Professor Jon Clardy (Cornell University) for x-ray 

diffraction analysis. A computer generated perspective (Figure 16) created from 

the x-ray diffraction of 6-epi-brianthein Y confirmed that C-6 was opposite in 

configuration (6R) from brianthein Y. A compilation of 13C and 1H spectral data

OBut

AcO

OBut

(32) (33)
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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 CHgCIg layer to the water layer 

(overnight (~16 hours) at O0C vs. 5 minutes at room temperature). The CHgCIg 

layer was filtered, followed by chromatography on a short (pipette) BioSiI A 

column. Isopropyl alcohol removed most of the reactants, but left a black band 

at the top of the column which was eluted with CHgClg. 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- 

h y d ro x y -A 5 >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 elucidation 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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Figure 14. HMQC spectrum of 33 in CDCIg.
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Figure 15. A 300 MHz 1 H-1H COSY spectrum of 33 in CDCIg.
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m  ci4

C28

Figure 16. A  computer generated structure of 33 derived from 
x-ray crystallographic data.

and working back upheld). These protons displayed coupling patterns of two 

isolated sets of doublets belonging to C4 and C6, respectively, and a coupling 

pattern of a doublet of doublets that belonged to C-3. A comparison of the 1H 

NMR spectrum (Figure 17) of 34 was consistent with this data. Another pattern 

that was found in the proton spectra of briantheins with halogen substituents at 

C-16 was that the allylic methylene protons flanked the C-12 resonance. In the 

case of 34, this pattern was present, but the doublets appeared to have spread 

considerably to 4.1 and 4.8 ppm when compared to the 16-bromo and 16- 

chloro analogs. The COSY (Figure 18) data had also shown that these two 

protons were isolated from any other neighboring protons, thus confirming
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that they were the allylic protons on C-16. The 1H and COSY experimental 

data for the resonances between 4.5 and 5.5 ppm revealed well resolved 

couplings. These couplings led to unambiguous assignments for the protons 

around the A-ring and the y-lactone, indicating that they were still intact.

The HMQC experiment (Figure 19) revealed a rather substantial upfield 

shift for the carbon resonance (6.14 ppm) correlated to the two protons at 4.1 

and 4.8 ppm. This resonance at 6.14 ppm was previously correlated to the 

methyl C-18 for the other brianthein derivatives, but the additional proton 

correlations at 4.1 and 4.8 ppm created some ambiguity in the data 

interpretation. Since the exo-methylene carbon resonance (olefinic region) was 

absent in both the 13C data and in the HMQC data, it was assumed, as with the 

other C-16 halogenated derivatives, that an iodine atom substituted at C-16 

would move the carbon resonance upfield as well. There were no new 

resonances in the expected methylene carbon region bearing a halogen, but a 

13C DEPT 135° experiment indicated that the carbon at 6.14 ppm had both a 

positive and a negative resonance. This information confirmed that there were

OBut

AcO

OBut

O llli A=O

AcO

OH

(34) O (35) O
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Figure 18. A 300 MHz "1H-1H COSY spectrum of 34 in CDCI3 .
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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 C28H38IO10 for the MH+ 

peak. Shielding by the iodine atom caused the upfield chemical shift in the ^3C 

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-A5 -6 

brianthein Y, 35. The I H-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 1H-1H COSY experiment (Figure 21), 

and in addition, the triplet was found to represent an exchangeable proton with 

D2O. 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 1H 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 

C28H38O11 Na. The NMR and MS spectroscopic data corroborated the 

presence of a primary alcohol moiety at C-16. A compilation of 1H 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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Figure 21. A 300 MHz 1 H-1H COSY spectrum of 35 in CDCIg.
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Figure 22. HMQC spectrum of 35 in CDCIg.
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Table 5. NMR Assignments3 for 34-37.

Position 34 3 5 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

R1 C=O 170.13 170.16 169.54 170.16
Rl CH3 20.75 20.54 20.40 21.77
R2 C=O 169.72 169.81 168.58 169.65
R2 CH3 21.66 21.74 21.69 20.55
R3 CH3- 13.60 13.67 13.64 . 13.64

R3 CH3-CHa- 18.47 18.38 18.46 18.42

RS-Et-CH2- 36.42 36.49 36.38 36.36
R3 Pr-CO2- 171.69 172.77 170.02 171.58

a) Broker 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 Rf values for 

products from the NaCI reaction with brianthein Y. Separation of the reaction 

components by HPLC and subsequent 1H-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 1H 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 than the yields for NaCI 

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 1H-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 1H-1H COSY spectrum for 36 (Figure 24) 

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

55
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minimum of four different sets of protons through out the proton spectrum. The 

C-12 resonance at 4.65 ppm could be backtracked by a correlation to C-13, and 

subsequently C-13 to C-14 to confirm the epoxide moiety. The 1H NMR 

spectrum for 36 displayed unusual resolution in the upfield region. A well 

defined connectivity was observed in the A-ring for the proton resonating at 1.41 

ppm. This proton (1.41 ppm) was coupled to a methyl group (doublet at 1.12 

ppm) and a methine at 2.43 ppm (doublet of doublets). By a process of 

elimination, the proton at 1.41 ppm was assigned as H -Il because of the 

aforementioned coupling patterns in both the 1H and COSY spectral data. The 

proton at 2.43 ppm was assigned to H-IO based upon the COSY cross peak to 

H -Il and a resonance further downfield. The downfield cross peak that 

correlated to H-IO was in the cluster of protons between 5.8 and 6.0 and 

appeared to be a doublet. Comparative 13C NMR data (Tables 3 and 5) for this 

resonance with respect to the other brianthein compounds was in good 

agreement for the assignment to be C-9. The elucidation from C-14 to C-9 has 

thus far provided evidence that no modification occurred in the A-ring or at C-9 

of the brianthein Y molecule.

The 13C NMR spectrum (Figure 25) for 36 was analogous to the 

downfield region of the 1H-NMR spectrum in terms of complexity. In all of the

ButO
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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 1H 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 1H NMR chemical shifts 

for C-8, C-17, and C l8 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 1H 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 C28H35O9 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 

correlation (HMBC) and the FAB mass spectral data, more of 36 had to 

be prepared. The isolated yield after HPLC from this second reaction was 9%. 

Compiled 13C and 1H NMR spectroscopic data for 36 can be found in Tables 5 

and 6, 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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Figure 23. 300 MHz 1H NMRspectrum of 36 in CDCIg.



60

Figure 24. A 300 MHz 1H-1 H COSY spectrum of 36 in CDCI3.



Figure 25.  75.5  MHz 1 NMR spectrum of 3 6  in CDCI3.
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Figure 26. HMQC spectrum of 36 in CDCI3.
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Figure 27. HMBC spectrum of 36 in CDCI3.
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Table 6. NMR Assignments3 for 36 and 37.

Position 36 3 7

1
2 5.91 (d, J = 9.4) 5.23 (d, J = 9.5)
3 5.52 (d, J = 9.4, 11.0) 5.54 (dd, J = 9.5, 10.9)
4 6.04 (d, J = 11.0) 6.28 (d, J = 10.9)
5 — —

6 6.54 (s) —

7 — 5.29 (s)
8 — OH 2.59 (s)
9 5.99 (d, J = 10.3) 5.17 (d, J = 7.4)
10 2.43 (dd, J = 2.9, 10.3) 2.20 (dd, J = 7.3, 7.4)
11 1.41 (m) 2.26 (dd, J = 5.5, 7.3)
12 4.65 (dd, J = 2.7, 5.3) 4.68 (dd, J = 2.2, 5:5)
13 3.58 (dd, J = 3.2, 5.3) 3.53 (dd, J = 3.3, 5.5)
14 2.96 (d, J = 3.2) 2.94 (d, J = 3.3)
15 1.19 (s) 1.14 (s)

16a 5.42 (s) 2.29 (s)
16b 5.99 (s) —

17 — 2.18 (d, J = 7.0)
18 2.07 (s) 1.14 (d, J = 7.0)
19 — —

20 1.12 (d, J = 7.2) 1.05 (d, J = 7.3)
FM C=O — —

FM CH3 1.98 (s) 2.07 (s)
R2 C=O — —

R2 CH3 2.10 (s) 2.15 (s)
R3 CH3- 0.94 (t, J = 7.4) 0.91 (t, J = 7.4)

R3 CH3-CHa- 1.66 (sextet, J = 7.4) 1.62 (sextet, J = 7.4)
RS-Et-CHo- 2.31 (t, J = 7.4) 2.24 (t, J = 7.4)
R3 Pr-COa- — —

a) Broker AC(F) 300.13 MHz, CDCI3; reported in 5 (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 1H 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 

I H 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 1H-1H 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 ppm and to the hydrogen of the hydroxyl at 2.59 ppm (an 

exchange experiment using DgO indicated that 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 resonances 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
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at 77.2 ppm. This proton (H-7) was in good agreement with the spectral data 

collected from the other derivatives, and explained the COSY correlation to the 

hydroxyl proton at 2.59. The only site not accounted for was H-16. The HMQC 

data for the only unassigned 1H NMR resonance at 2.29 ppm was correlated to 

the carbon at 18.61 ppm, and by default, was assigned as C-16. The carbon 

resonance for C-16 was indicative of a methyl group attached to an olefin, but 

the 1H resonance was downfield of the expected range. This proton resonance 

for C-16 correlated to a text value for a methyl substituted on an aromatic ring, 

but in this case the methyl group was allylic and homo-allylic, which might 

explain its position in the 1H NMR spectrum. The HMBC spectral data 

displayed good correlations from the proton on C-7 to the two quaternary 

carbons C-5 and C-6, and C-5 could be discerned from C-6 by a two bond 

correlation from the protons on C-16. The last problem to be addessed for the 

structure of 37 was to determine what functional group resided at C-6.

The substituent at C-6 was determined by HRFAB mass spectral data to 

be a chlorine atom; the observed molecular weight for the sodium adduct of 37 

was 591.1959 and correlated to the composition of C28H3735CIO-|oNa. Thus

ButO
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Figure 28. 300 MHz 1H NMR spectrum of 37 in CDCI3.



Figure 29. 75.5 MHz 13q NMRspectrum of 37 in CDCI3.



69

1 . 0

2 . 0

3.0

4.0

5 . 0

5 . 0

7 . 0

Figure 30. A 300 MHz 1 H-1H COSY spectrum of 37 in CDCIg.



70

50

100

150
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37, a product from an apparent 1,3 sigmatropic rearrangement, was the only 

compound to be identified from the reaction of sodium cyanide with brianthein 

Y. Compiled 13C and 1H NMR spectroscopic data for 37 can be found in 

Tables 5 and 6, respectively.

Due to a limitation in the quantity of brianthein Y as starting material, the 

more abundant diterpene brianthein X, 9, was also utilized for nucleophilic 

addition reactions. Because the insecticidal activities of both brianthein X and 

brianthein Y were comparable in the Manduca sexta (tobacco hornworm) 

assay, the products from the structural modifications of either brianthein Y or X 

would yield unbiased results, even though they differ by a butyrate ester and a 

hydroxyl moiety on C-2, respectively.

In order to obtain enough material for an x-ray diffraction analysis of the 

vinyl chloride derivative, brianthein X (51 mg) was reacted with sodium cyanide 

in acetonitrile. After three days of refluxing, the acetonitrile was evaporated and 

the residue worked up with CHgCIg and water. When the CHgCIg layer was 

dried, it consisted of 25% (16.2 mg) of the combined weight of brianthein X and 

sodium cyanide used in the reaction. Upon checking the water layer by ^H 

NMR, it appeared that most of the brianthein X was converted to a water soluble 

product. However, the CHgCIg solubles provided two compounds after HPLC 

on cyano and diol-bonded columns. Both compounds were separated 

(baseline resolution) on the diol-bonded HPLC column using the isocratic 

conditions of hexane-CHgCIg-iPrOH (5:1:1). The 1H NMR spectrum (Figure 32) 

for the first compound, iso-brianthein X, 38, was almost identical to that of 37, 

the brianthein Y derivative. The only noticeable difference for 38, besides the 

lack of the butyrate ester, was that the C-2 proton was further upfield in the 1H 

NMR spectrum (5.23 vs 4.17 ppm in brianthein X). This upfield proton shift is

71
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due to the structural and conformational changes within the cyclodecene ring 

(internalization of the exo-methylene, C-16, to a double bond between C-5 and 

C-6). HRFAB mass spectral data confirmed a composition of C48H6335Cl209 

for the 2M+H+ ion of 38. The 1H and 13C NMR data can be found in Tables 7 

and 8, respectively.

The second compound isolated from the diol separation was 12-hydroxy- 

iso-brianthein X, 39. The 1H NMR spectrum of 39 (Figure 33) resembled 38 

but with the exceptions that one of the acetate methyls was absent and that the 

proton on C-12 had apparently moved upfield to 3.91 ppm from the customary 

position of 4.70 ppm as found for most of the other derivatives. The upfield 

movement in the NMR and the downfield chemical shift in 13C NMR for C-12 

(from ~69 ppm for the other derivatives to 76 ppm for 39) would suggest that the 

acetate group had been hydrolyzed during the reaction with sodium cyanide to 

yield this compound. HRFAB mass spectral data for 39 indicated a composition 

of C ^H sg 33CIgOl6 for the 2M+H+ ion. The mass spectral data confirmed that 

39 differed from 38 only by the loss of an acetyl moiety. The 1H and 13C NMR 

data for 39 can be found in Tables 7 and 8, respectively.

In returning to the aforementioned water layer from the work-up of the 

sodium cyanide-brianthein X reaction, it appeared that the separation of this 

fraction was impossible. Both C-18 and cyano-bonded columns operating in a 

reverse phase mode under various solvent conditions have proven fruitless in 

the separation and isolation of the compounds from this fraction. No other work 

was done with this fraction.

Another experiment used to modify brianthein X involved sodium iodide 

and acetone (56). The solvent was changed from acetonitrile to acetone for this 

one reaction because sodium iodide was known to be soluble in acetone,



Figure 32. 300 MHz "* H NMR spectrum of 38 in CDCI3.
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Figure 33. 300 MHz 1H NMR spectrum of 39 in CDCI3 .
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whereas sodium chloride was not. This shift in the equilibrium was expected to 

produce an iodine containing derivative quickly and quantitatively. Sodium 

iodide was used in a ratio of four equivalents to one equivalent of brianthein X. 

The reaction was monitored by thin-layer chromatography, and after two days 

appeared to be complete due to the absence of brianthein X. The reaction 

mixture was evaporated to dryness and dissolved in CDCI3 for 1H NMR 

analysis. Results from these analyses indicated a complete conversion of 

brianthein X to 6-dechloro-5,16-dihydro-16-iodo-A-5,6-brianthein X, 40. The 

1H NMR spectrum (Figure 34) for 40 indicated that C-16 had been the site of 

the reaction because of the disappearance of the two olefinic methine protons. 

A new resonance at 4.01 ppm had appeared in the form of an AB pair and 

integrated for two protons. The COSY spectrum, Figure 35, displayed the usual 

connectivities around the lactone moiety and the A-ring. Both of the acetates at

OH

0
(40)
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C-9 and C-12 were present. At first it was not clear that the protons H-6 and H-7 

were present. Upon careful examination of the multiple! at 5.84 ppm, the 

pattern appeared to be the usual doublet of doublets for H-3, but the area for 

this resonance integrated for two protons. The hidden doublet at 5.82 ppm was 

assigned to H-6 based upon comparison to spectroscopic data from the other 

Sn2' products. The substituent at C-16 was determined by HRFAB mass 

spectral data. In the meantime, an HMQC experiment yielded no information 

because the sample was unstable and decomposed. However, a 13C NMR 

spectrum of 40 indicated that the substituent at C-16 was an iodide atom and 

not a hydroxyl moiety. The 13C NMR spectrum for 40 displayed a prominent 

resonance at 6.42 ppm and could not be confused with the C-18 methyl that 

resonated at 6.29 ppm. These data from 40, along with that collected from the 

iodo-brianthein Y derivative 34 supported the nucleophilic addition of an iodine 

atom at C-16. The mass spectral results on 40 were inconclusive because the 

sample had deteriorated, but NMR spectral data did indicate that the compound 

existed for a short time. A compilation of 1H and "* 3C data for 40 can be found 

in Tables 7 and 8, respectively.

The last two experiments performed to modify brianthein Y and 

brianthein X involved neither the addition of a monovalent salt nor a change in 

the solvent or temperature conditions. Heating compounds above ambient 

temperatures to cause thermal rearrangements within the molecule has been a 

procedure used by many chemists to obtain complex compounds from relatively 

simple starting materials (57,58). The premise, in regard to brianthein Y, was to 

facilitate a rearrangement or elimination of the chlorine atom on the 

cyclodecene ring via heating with and without 18-crown-6. Brianthein Y (-9.0 

mg) was added to two NMR tubes (one contained 18-crown-6, I mg) which
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Figure 34. 300 MHz "• H NMR spectrum of 40 in CDCI3 .



78

0  •

Figure 35. A 1H-1H COSY spectrum of 40 in CDCI3.
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Figure 36. 75.5 MHz 13C NMR spectrum of 40 in CDCI3.
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contained CD3CN. The tubes were kept at reflux temperatures (~81°C), with 

the exception of monitoring the progress of the reaction by 1H NMR, until there 

were no detectable traces of brianthein Y. These two thermal experiments 

yielded rather interesting results. The NMR tube containing the 18-crown-6 was 

refluxed for 53 days and found to yield 7.9 mg (88% recovery of the starting 

weight) of the two compounds 32 and 33. The HPLC separation of this mixture 

yielded 3.2 mg of 32 (41% yield) and 4.7 mg of 33 (59% yield). A solution of 

brianthein Y containing no catalyst was refluxed for 20 days. Again, the two 

compounds, 32 and 33, were isolated from the 8.5 mg of the crude (88% 

recovery). Quantification of the two compounds by HPLC yielded different 

percentages of the 16-chloro and 6-epi derivatives of brianthein Y. This time, 

32 was found to be 59% of the mixture (5.0 mg) and 33 was 41%(3.5 mg). 

While the difference in the yields from these two reactions was not very large, it 

did indicate that there was no selectivity by the chloride anion to either the C6 or 

C l 6 position of brianthein Y, and that the addition of 18-crown-6 only slowed 

the rearrangement process.

We anticipated that brianthein X would react in a similar manner, but 

when the experiments were conducted for 27 days, both with and without 18- 

crown-6, the results were not as predicted. The only compound detected in 

both experiments by 1H NMR was 38. Both reactions were combined for HPLC 

analyses to yield 6.5 mg of 38 (an 82% yield as calculated from the combined 

starting weight of 7.9 mg). The 1H NMR data was stored for each time period 

and would be used later for calculating the rate of the reaction by the 

appearance and/or disappearance of proton resonances of 38 and brianthein 

X. A log plot of the change in the integration values versus time would yield a 

slope containing the rate constant k. The 1,3 sigmatropic rearrangement for
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Table 7. 1H NMR Assignments3 for 38-40.

Position 38 3 9 4 0

1

2 4.17 (d, J = 9.7) 4.12 (d, J = 9.7) 5.00 (d, J = 8.7)
3 5.73 (dd,J=9.7, 10.7) 5.72 (dd,J=9.7,10.6) 5.84 (dd,J=8.7, 10.8)
4
5

6.22 (d, J = 10.7) 6.22 (d, J = 10.6) 6.33 (d, J = 10.8)

6 — - - 5.82 (d, J = 9.8)
7 5.29 (s) 5.27 (d, J = 2.4) 4.25 (d, J = 9.8)
8 — 2.63 (s, OH) 3.47 (s, OH)
9 5.14 (d, J = 7.3) 5.14 (d, J = 7.0) 5.12 (d, J = 7.1)
10 2.06 (m, J = 7.3) 2.06 (dd, J = 4.1, 7.0) 2.06 (dd, J = 2.4, 7.1)
11 2.10 (m) 2.01 (dd, J = 2.3, 7.3) 1.87 (m)
12 4.70 (dd, J = 2.3, 5.5) 3.91 (dd, J = 2.3, 5.9) 4.72 (dd, J = 2.2, 5.5)
13 3.61 (dd, J = 3.4, 5.5) 3.55 (dd, J = 3.6, 5.9) 3.58 (dd, J = 3.4, 5.5)
14 3.20 (d, J = 3.4) 3.36 (d, J = 3.6) 3.21 (d, J = 3.4)
15 1,08 (s) 1.07 (s) 1.10 (s)
16 2.14 (s) 2.09 (s) 4.01 (q, 10.0)
17 2.21 (m, J = 7.0) 2.21 (q, J = 7.1) 2.28 (q, J = 7.1)

18 1.14 (d, J = 7.0) 1.14 (d, J = 7.1) 1.14 (d, J = 7.1)
19 — - - —

20 1.03 (d, J = 7.3) 0.97 (d, J = 7.4) 1.06 (d, J = 7.3)
Rl C=O — — —
R1 CH3 2.08 (s) 2.14 (s) 2.08 (s)
R2 C=O — — —
R2 CH3 2.15 (S) - - 2.15 (s)

a) Broker AC(F) 300.13 MHz, CDCI3; reported in 8 (multiplicity, J = Hz).
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Table 8. NMR Assignments3 for 38-40.

Position 3 8 3 9 4 0

I 40.68 40.47 40.64 .
2 75.97 76.06 75.85
3 135.12 134.90 136.05
4 127.48 127.79 126.12
5 139.63 138.90 142.91
6 123.10 123.51 125.20
7 77.01 77.20 79.28
8 83.33 83.30 82.31
9 69.18 69.61 69.49
10 32.48 31.28 32.44
11 37.86 41.04 38.18
12 70.00 76.06 70.10
13 53.05 55.40 52.76
14 62.40 64.22 62.30
15 14.80 14.59 14.68
16 20.55 21.73 6.42
17 42.80 42.87 42.96
18 6.26 6.27 6.29
19 174.93 175.08 175.64
20 12.86 13.12 13.03

Rl C=O 20.14 169.62 20.75

Rl CH3 b 170.14 22.67 170.17
R2 C=O 21.72 — 21.63

R2 CH3b 169.63 — 169.72

a) Broker AC(F) 75.47 MHz, CDCI3; reported in 5.
b) Unequivocally assigned by an HMBC experiment.



brianthein X to 38 was found to be first order, as detemined from the integrated 

values for the protons H-4 and H-6 (/c = x IO"6 sec). The 18-crown-6 did not 

facilitate a rate increase in the formation of 38. If the points that made up the 

slope were not linear, then either solvent molecules or another molecule of 

brianthein X could have participated to form the vinyl chloride derivative 38.

The results from the SAR study utilizing the tobacco hornworm assay 

indicated that all of the modified brianthein derivatives were growth inhibitors at 

100 ppm, except 36 and 40. The tobacco hornworms displayed weight 

reductions ranging from 17 to 43% of the controls. The positive controls 

briantheins X and Y, displayed a -30% weight reduction and had mortalities of 

10% and 30%, respectively, when compared to the untreated controls in this 

assay. Of the modified briantheins derivatives, 12-hydroxy-iso-brianthein X was 

the growth inhibitor with the least effect, displaying a weight reduction of 17%. 

Compound 32 was the most effective inhibitor at 43% of the controls. The 

average inhibitory effect for the rest of the compounds was comparable to 

brianthein X and Y. There were no observed deaths in the assay for the 

modified brianthein derivatives.
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A Search for Bioaenetic Precursors to the Briantheins

In 1978, Fenical (26) and others (38) suggested that the biogenesis of 

the bicyclo[8.4.0] terpenoids, such as the briaranes, asbestinins, and 

eunicellins, was derived from the cyclization of geranylgeraniol, 41, (Figure 37). 

If geranylgeraniol was cyclized from C-1 to C-14, it would yield a cembrane, 42. 

This cembrane, being a point of divergence, would yield the briaranes, 43, by 

the cyclization of C-2 to C-7, or the eunicellin carbon skeleton, 44, by a C-I to 

CIO cyclization. The asbestinanes, 45, could originate from the eunicellin 

carbon skeleton by an oxidative ring closure and methyl migration. It was not 

until 1990 that Guerriero and co-workers provided supportive evidence for the. 

proposed biogenesis of these briaranes. Both briaranes and cembranes were 

identified as constituents of the nudibranch Armina maculata and the 

octocoraI VeretiIIum cynomorium (59).

These findings prompted us to examine the hexane soluble extracts of 

Briareum poiyanthes for the presence of these putative biosynthetic 

precursors to the briaranes. During this study, we isolated and characterized a 

new diterpene which we named emmottene, 46, representing a skeletal class 

not previously encountered in marine organisms.

Emmottene, 46, was isolated by flash vacuum liquid chromatography on 

silica gel using hexane as the eluent. The 1H NMR of the colorless eluent 

indicated terpenoid material. Several gel permeation chromatographies, 

followed by HPLC on a cyano-bonded column, yielded pure 46. From the 1H 

NMR data (Figure 38), 46 provided a set of resonances upfield from the methyl

84
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Figure 37. Proposed biogenesis of several marine diterpenes.
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groups (0.27 and 0.59 ppm), indicative of a cyclopropane moiety. The 1 

NMR data (Figure 39) displayed 20 carbons, four of which were olefinic. A 

series of 13C DEPT experiments indicated that there were six methines, seven 

methylenes, four methyls, and three quaternary carbons. The HMQC data, 

Figure 40, correlated the protons to the carbon data, and confirmed the DEPT 

spectral analyses. The HMQC experiment also correlated the 1H NMR 

resonances at 0.27 and 0.59 ppm to the carbons at 23.6 and 24.4 ppm, 

respectively. These carbons were both methines and were unusual in being 

that far upfield, and comparison of these values with 1H NMR resonance tables 

indicated that they belonged to a cyclopropane moiety. Both high and low 

resolution mass spectrometry, along with 13C-DEPT spectra, established a 

molecular formula of C20H32, indicating five sites of unsaturation (See Table 9

for 1H and 13C NMR data). Two of these sites could be assigned to di- and tri- 

substituted olefins on the basis of 13C-NMR data. Emmottene was therefore, 

tricyclic, with one of the sites designated as a cyclopropane ring. The 1H-1H- 

COSY spectral data correlations, Figure 41, proved to be difficult to analyze due 

to the lack of heteroatoms, but the rarely used zero quantum COSY

/  H

4  74 6



Figure 38. 300 MHz 1H NMR spectrum of 46 in CDCI3.



Figure 39. 75.5 MHz 13C NMRspectrum of 46 in CgDg.
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Figure 40. HMQC spectrum of upfield region of 46 in CDCI3.



90

Table 9. NMR Chemical Shift Assignments for 46.

Position 13C (CeDe)3 1H (C6D6)b 1H(CDCl3)b

1 42.0 (1) 1.72 (m) 1.85 (m)

2 38.2 (1) 1.95 (m) 2.04 (m)

3 31.7 (2) 1.35 (m); 1.70 (m) 1.35 (m); 1.78 (m)

4 28.4 (2) 1.70 (m); 1.95 (m) 1.71 (m); 1.87 (m)

5 51.1 (I) 2.55 (q, J = 8.0) 2.63 (q, J = 7.9)

6 152.0 (0) — —

7 36.1 (2) 2.38 (m) 2.29 (m)

8 22.4 (2) 1.18 (m); 1.79 (m) 1.26 (m); 1.78 (m)

9 24.4 (1) 0.59 (dt, J = 6.0, 10.2) 0.59 (dt, J = 5.9, 10.1)

10 23.6 (I) 0.40 (dd, J = 10, 10.2) 0.27 (dd, J = 9.9, 10.1)

11 21.4 (0) - — —

12 43.7 (2) 1.00 (m); 1.45 (m) 1.00 (m); 1.36 (m)

13 25.7 (2) 2.12 (m) 2.03 (m)

14 125.5 (1) 5.20 (t, J = 7.1) 5.06 (t, J = 7.1)

15 130.6 (0) —

16 17.6 (3) 1.56 (s) 1.55 (s)

17 25.8 (3) 1.68 (s) 1.65 (s)

18 13.4 (3) 0.95 (s) 0.92 (s)

19 16.9 (3) 0.95 (d, J = 6.8) 0.94 (d, J = 6.7)

20 110.2 (2) 4.85 (s) 4.69 (s); 4.70 (s)

a 8 (number of hydrogens from DEPT experiment) 
b 5 (multiplicity, coupling constants in Hz)
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Figure 41. A 300 MHz 1 H-1H COSY spectrum of 46 in CDCIg.
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Figure 42. A 300 MHz 1 H-1H ZQCOSY spectrum of 46 in CDCIg.
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Figure 43. HMBC spectrum of 46 in CgDg.
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(ZQCOSY) experiment (60) (Figure 42), along with the anisotropic shifts caused 

by changing solvent from chloroform to benzene, allowed two fragments to be 

assembled. These fragments (A and B) accounted for nineteen of the twenty 

carbons. The residual methyl group (0.92 ppm, CDCIg) displayed no

multiplicity, and hence had to be placed on the quaternary carbon of the 

cyclopropane ring. The above information was not enough to solve the 

structure of 46, but the HMBC experiment, Figure 43, used various delay values 

1/(2J) for the carbon-hydrogen coupling constants to provide an unambiguous 

connection of the fragments A and B.

The relative configuration of emmottene, 46, was determined from proton 

coupling constants and by nOe difference spectroscopy at 273° and 303° K, 

Figure 44. The cis ring juncture of the perhydroazulene system was established 

from an nOe between the two ring juncture protons (H-1 and H-5, 6.6%). The H- 

1 ring juncture proton was coupled by 10 Hz to the vicinal cyclopropane proton 

and had no observable nOe with that proton; a trans relationship was therefore 

assigned. The stereochemistry at C-2 was defined by an nOe (3.3%) between 

the methyl group, C-19, and H-10. The 10.2 Hz coupling and lack of an 

observable nOe between the two cyclopropane ring protons (H-9 and H-10) 

suggested a trans relationship. This unusual geometry and the relative
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configuration of the remaining chiral centers were confirmed by additional nOe 

relationships between H-IOand the methyl group (C-18) attached to C-11 

(4.3%), between H-1 and the H-9, and between H-I and the other ring-juncture 

methine (H-5). Molecular modeling experiments (BIOSYM software) were used 

to compare energy minima for possible diastereomers. Variation of the "flap" 

carbon (methylene adjacent to the exo-methylene) from either above or below 

the plane of the cycloheptane ring provided chair and boat type conformations. 

The diastereomer 46-chair was projected to be only 0.8 Kcal/mole less stable 

than the diastereomer 47-chair. Both the 4 6 - b o a t  and 4 7 - b o a t  

diastereomers were higher in energy than the chair conformations.

While the tricyclic ring system of 46 has been observed in several 

sesquiterpenes from the coelenterates (61,62), only one report of diterpenes 

with this structural framework has been recorded. Trautman et. al. described a

3.3%

3.4%

H 6.6%

Figure 44. Observed nOe relationships for emmottene, 46.
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series of diterpenes, the cneorubines, from secretory cells on the leaves of the 

terrestrial plant Cneorum tricoccon (63). Trautman assumed, that these 

compounds all had a cis ring juncture for the cyclopropane ring.

Although emmottene was not isolated by our bioassay-guided separation 

protocols, post-isolation screening of the pure compound indicated no 

biological activity in our antimicrobial assay or our nicked-teaf assay. Weak 

activity was observed in the cytotoxicity assay utilizing brine shrimp (LD50 @ 24 

hours-1000 ppm), while the insecticidal assay revealed a 40% weight reduction 

and a 10% mortality versus untreated controls at 100 ppm.
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"Trans-chair-cis" conformation of 46.
Flap =+46.5877° VdW =21.9323

Elect. = -44.6433
Total =-22.7109 Kcal/mole

"Trans-boat-cis" conformation of 46.
Flap = -44.6042° VdW = 22.5881

Elect. =-44/2387
Total = -21.6506 Kcal/mole
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"Cis-chair-cis" conformation of 47.
Flap = +55.90° VdW = 18.302

Elect. =-41.7863
Total = -23.4843 Kcal/mole

"Cis-boat-cis" conformation of 47.
Flap = +46.5877° VdW = 20.3323

Elect. = -42.3950 
Total = -22.0627 Kcal/mole



Associated Bacteria Isolated from Briareum oolvanthes

Bissetone, 22, and its proposed biogenetic precursor bissetal, 23, were 

isolated and identified from the polar extracts of Briareum polyanthes (48). 

These compounds, presumably derived from glucose (64), are unprecedented 

because they have not been ascribed as a natural product to any source other 

than Briareum polyanthes. My interest in the biogenesis of unusual 

secondary metabolites led to the implementation of a series of experiments that 

could possibly have determined the biogenesis of these compounds. In 1992, 

colonies of Briareum polyanthes were injected with 13C-IabeIed glucose or 

acetate to study the biogenesis of bissetone and bissetal. During these 

experiments, neighboring colonies of Briareum polyanthes were also 

collected for concurrent microbial sampling. Due to the limited quantity of 

bissetone and bissetal isolated from previous gorgonian collections, bacteria 

isolated from the tissues were cultured to determine whether the associated 

microorganisms were possibly responsible for the production of the y-pyrone or 

any other interesting secondary metabolites.

Past experiences by the Cardellina lab in the collection and culture of 

bacteria associated with sponges had provided some insight for the handling of 

Briareum  microorganisms. A difficulty with the earlier work involved the 

inability to determine whether the bacteria cultured from sponges were 

associated microorganisms or belonged to the heterotrophic bacterial 

community of the water column. The method we chose to address this question 

involved monitoring the fatty acid methyl esters (FAME'S) derived from the 

bacterial cultures by capillary gas chromatography. Since 1960, the qualitative 

and quantitative determination of fatty acids has been used by microbiologists

99
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for the identification and classification of bacteria (65). The advantage of FAME 

analysis is that it can be quick and inexpensive, but has a drawback in that 

there has not been a single standard protocol promulgated and accepted for 

analyzing the fatty acids. Publications reporting the conditions (extraction 

procedures) for obtaining FAME'S for differentiation within the family 

Vibrionaceae were different than those methods found for the family 

Pseudom onadaceae  (66,67). Our efforts were patterned after the 

unpublished results of MacPherson and Singleton (68). Because much of the 

marine biosphere is comprised of Gram-negative bacteria (>90%), and largely 

comprised of the genus Vibrio, they decided to develop a standard protocol for 

identifying marine microorganisms. Their work entailed the rapid identification 

and classification of over 30 members of the family Vibrionaceae by the use 

of FAME and statistical analyses without reverting to morphological, phenotypic 

or sequencing data. These analyses included the removal of questionable 

species due to the lack of key fatty acids indicative of the Vibrios, and 

distinguished between pathogenic and nonpathogenic strains of Vibrio 

cholera, a feat provided before only by sequencing data.

The collection site for Briareum polyanthes, between Smith's and 

Governor's Islands, was at the southeastern end of the Bermudian archipelago, 

(Figure 45). Prior to sampling and possible disturbance of the sediment, a 7 mL 

water sample was collected inches above the gorgonian. This sample, once 

serially diluted and plated onto Difco 2216 marine agar, represented the 

heterotrophic water column. A small and intact colony of B riareum  

polyanthes was removed and placed in a Ziploc bag. After transport to the 

Bermuda Biological Station, a small piece (0.5 cm3) of the colony was 

aseptically removed and homogenized. Serial dilutions (1 x 10-1 to 1 x 10-5) of
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Figure 45. A map displaying the collection site at the southeastern 
end of the Bermuda archipelago.

the homogenized gorgonian were plated on to Difco 2216 agar and incubated 

for bacterial growth over a range of time periods. All bacterial colonies were 

picked from a quadrant of each plate and restreaked for colony forming units 

(cfu's). These colonies were transported back to the Center of Marine 

Biotechnology, Baltimore MD, for further purification and for FAME analyses.

Our FAME analyses varied slightly from the previous efforts of
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MacPherson and Singleton, in that more fatty acid esters were used to 

characterize individual bacterial strains. This -30% increase in the number of 

fatty acid methyl esters identified in our FAME standard allows for a more 

accurate identification of those bacteria closely related to each other. The 

FAME data were processed through the clustering and statistical analyses 

program, SAS. Sorenson similarity calculations, one of which measured 

relatedness, were used in the initial calculations for the fatty acid data collected 

for each bacterial strain, or organizational taxonomic unit (OTU) (69). Once the 

Sorenson similarities values were calculated for each pair of OTU's, they were 

clustered to form an N x N matrix to determine taxonomic relationships. OTU's 

that were merged as pairs were computed from arithmetic averages method 

UPGMA (70-73). This pairing and grouping continued until all OTU's formed 

one large group (dendrogram).

The dendrogram represented in Figure 46 was a result of the clustering 

of the Sorenson similarity values for the bacteria isolated from both the water 

column and from Briareum polyanthes  (The lettering BP and WS 

represented Briareum  and water column microbes, respectively). Inter

pretation of the Sorenson similarity diagrams had begun with the understanding 

that each branch represented a difference in the average fatty acid composition 

for a group or cluster of bacteria, and that divergence occurred from within a 

group by the absence of a fatty acid. Once a branch had been separated, a 

new series of calculations was made based upon the differences in the amount 

of fatty acids present; this drove the separation to the next branch or nodal point. 

This process continued until one obtained each individual OTU (bacteria strain) 

or groups of OTU's that had the same fatty acid profile. The values that created 

the divergence for the first two groups (a Sorenson similarity value of 0.35) can

102



D
D
D
D
DDDD
DDDD

8

B

A

* • • • • 1 • • • 1 I .........................................I ................................... ' i ........................................ i '  ,|r~r " '  ' ■ ' ' '  I ' i  ............................. I .............................................I I I I I I I I

1 . 0  0 . 9  0 . 8  0 . 7  0 . 6  0 . 5  0 . 4  0 . 3
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Table 10. The group average values at 0.35 Sorenson similarity measure as 
based upon the group cluster.

Group 1 (upper) Group 2 (lower) GPia Fatty Acid
0.025 0.342 0.463 ai C15:0 b
0.060 1.954 0.485 A Cl 7:0

2.963 0.048 0.492 A Cl 9:0

0.133 0.820 0.419 iso Cl 5:0

0.081 1.119 0.464 iso C16:0

0.000 0.655 0.500 iso Cl 7:0

0.115 0.032 0.036 Cl 1:0

0.062 0.308 0.399 C13:0

0.061 4.679 0.494 Cl 4:0

0.122 1.829 0.467 C15:0

0.823 28.85 0.486 Cl 6:1 (9)

0.055 1.497 0.482 C17:0

19.40 0.220 0.494 Cl 8:0

1.759 9.979 0.412 Cl 8:1 (9)

0.035 0.341 0.449 Cl 8:1 (9')

0.267 0.031 0.442 Cl 8:2 (9,12)

0.248 0.000 0.500 C19:0

0.061 0.017 0.360 C20:0

0.035 0.000 0.500 20H Cl 0:0

0.000 0.177 0.500 20H C12:0

4.706 0.015 0.498 20H Cl 6:0

0.259 0.014 0.472 30H C:8

0.000 0.041 0.500 unknown

a) Group partition index.

b) ai refers to ante-iso.
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be found in Table 10. The values provided under each group in Table 10 (1 or 

2) represented the average value for the 28 fatty acids (one unidentified peak) 

and, if the fatty acid was not listed (e.g., C l2:0, 3OH-C12:0, 2OH-C14:0, etc.), 

then neither of the two groups contained that acid. The GPI, or group partition 

index, was a weighted average of the percentage of the fatty acids within the 

group(s). A value of 0.5 indicated that 100% of the fatty acid was found in that 

group and not within another.

The results from the clustering of the 56 bacterial strains displayed a 

clear separation between the Bhareum  bacterial cultures and the water 

column microorganisms. This separation of the eighteen Briareum micro

organisms provides strong circumstantial evidence that supports the idea of an 

association by a group of bacteria with a host invertebrate.. While the upper two 

branches were quite distinctive, the lower branch of the dendrogram displayed 

representatives of bacteria isolated from both the Briareum tissue and the 

water column. Two possible explanations for the clustering of these bacteria 

existed. The first was that these water column bacteria were inadvertently 

trapped within the interstitial spaces of the Briareum colony, or alternatively, 

this cluster of bacteria were equally viable either in the water column or on the 

surface of Briareum polyanthes .

While this study was preliminary, further collections of bacteria isolated 

from the tissues of Briareum polyanthes and the water column are 

warranted. A change in the growth media could help isolate other bacteria not 

presently culturable by these procedures. As for the bacteria that have already 

been identified as being associated with this gorgonian, a chemical 

investigation is suggested to determine whether these bacterial strains produce 

the unique y-pyrone, bissetone, or its precursor, bissetal.
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BACKGROUND ON THE SPONGE Tedania ignis

Sponges, which belong to the phylum Porifera, contain some 5,000 living 

species and are the most primitive members of the subkingdom Metazoa. They 

contain no true tissues or organs, but instead consist of specialized cells. 

These sedentary, filter-feeding organisms have been a primary focus of marine 

natural products research for the past three decades, and, as shown by the 

numbers of novel natural products in Figure I, they appear to be increasing in 

number (74,75).

The large number of sponge metabolites that has been described in the 

many reviews can be attributed in large part to the diverse biosynthetic 

capabilities of either the sponge or its associated microorganisms 

(microorganisms can include bacteria, fungi, microalgae, or dinoflagellates) 

(15). This plethora of secondary metabolites has shown varied biological 

activities as potential pharmaceuticals [e.g., antiviral (76), anthelmintic (77), 

antitumor (78), antifungal (79) ] or as agrochemical agents [e.g., herbicides, 

insecticides (14)]. While many of the sponge families such as Spongiidae1 

Axinellidaer and Dysideidae have been intensely explored, the family 

Tedaniidae has only been studied by a few investigators (80). Studies of four 

species from the family Tedaniidae have been reported in the literature: 

Tedania charcoti, Tedania digitata, Tedania ignis, and an unidentified 

Tedania sp.

In 1955, Inskip and Cassidy looked for relationships among the free 

amino acid composition of fourteen sponges to determine whether this 

technique could be used for chemotaxonomic identification of sponges.
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Through the use of thin-layer chromatography, it was determined that there 

were no systematic patterns coincident with amino acid composition, but they 

did note a high content of peptides in two sponges, Tedania ignis and an 

Aaptos sp. (80).

Twenty years later, Okukado reported the occurrence of the carotenoid 

isotedaniaxanthin (48) in the sponge Tedania digitata (81). In the years 

following this report, Tanaka and co-workers reported other carotenoids 

associated with this same sponge. The carotenoids tedanin, 49, 

tedaniaxanthin, 50, and 7,8-didehydroapptopurpurin, 51, were the only natural 

products ever reported from Tedania digitata (82-85).

CH3 CH3

( S I )
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The nucleoside 1-methylisoguanosine, 52, isolated from an Australian 

Tedania sp. by Cook and co-workers in 1980, was reported to have biological 

activity (86). This compound, similar to adenosine, was used to characterize an 

adenosine receptor, and exhibited properties as a muscle relaxant, inducing 

hypothermia and cardiovascular effects (87,88).

Tedania ignis is found around Bermuda and throughout the 

Caribbean, Florida Keys and West Indies, and was first chemically investigated 

by Schmitz and co-workers in 1983. The sponge was known from previous 

reports to cause contact dermatitis (89). Whether the sponge spicules or the 

secondary metabolites from the sponge caused the irritation has not been 

determined, but a chemical interest in the sponge was stimulated from 

cytotoxicity and in-v/Vo tumor inhibition studies of extracts prepared from a 

collection made in the Florida Keys. Chromatographic separation of the 

extracts prepared from a large collection (586 lbs wet weight) of Tedania 

ignis  provided numerous compounds. Besides isolating the known 

compounds 5-valerolactam, p-hydroxybenzaldehyde, and batyl and chimyl 

alcohols, three novel compounds, at least to the marine environment, were the 

diketopiperazines cyclo-(L-Pro-L-Leu), 53, cyclo-(L-Pro-L-Val), 54, and cyclo-(L- 

Ala-L-Pro), 55. Compounds 53 and 54 were identified by spectral analysis and 

comparison to synthetic derivatives while 55 was identified from spectral data 

alone. Two biologically active natural products were isolated during an attempt 

to concentrate the cytotoxic metabolites. These compounds, epiloliolide, 56, 

and atisane-3p-16cc-diol, 57, exhibited mild cytotoxicity in a human carcinoma 

of the nasopharynx (KB) at an ED50 value of 21 pg/mL for both compounds (90). 

One year later, Schmitz and co-workers reported the structure of tedanolide, 58, 

from the x-ray diffraction study of a single crystal. This cytotoxic macrolide is of
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mixed acetate-propionate biogenesis and exhibited EDgo values of 2.5 x 10"4 

pg/mL in a human carcinoma cell line and 1.6 x IO'5 pg/mL in lymphocytic 

leukemia cell line (91).

A more recent investigation of secondary metabolites isolated from 

Tedania ignis collected in Bermuda was reported by Dillman and Cardellina 

in 1991. Eight aromatic secondary metabolites and an unusual 

diketopiperazine were isolated from the organic soluble extracts by a variety of 

chromatography techniques (92-94). Of the eight aromatic secondary 

metabolites, phenyl acetamide, 59, 1-methyl-carbazole, 60, and 1-acetyl-p- 

carboline, 61, have been isolated as natural products from either terrestrial 

plants or microbial sources. While the indoles 62 and 63 were previously 

unknown as natural products (62 has been prepared synthetically), indole 64  

was also found in the culture extracts of a bacterium obtained from tissues of 

Tedania ignis. The last indole (65) that was identified from this investigation 

was also previously unknown. Indoles 62 and 63 were likely artifacts from an 

aldol condensation of indole-3-carboxaldehyde and indole-3-acetaldehyde with 

acetone, the solvent used to extract the sponge. Indole 65 was unusual and an 

improbable candidate for an aldol condensation. The heptadiene side chain for 

this molecule does not conform to the condensation of any known metabolic 

precursors. The last of the eight aromatic compounds identified from samples 

Tedania ignis was 66 . Even though 66 was a novel compound, there 

existed a strong possibility that it was a microbial transformation product of |3- 

ionone. All of the compounds, with the exception of 59 and 64, displayed some 

cytotoxicity at 25 ppm in a brine shrimp toxicity screen, and 63 produced 

necrotic lesions (5 jig doses) in a nicked leaf assay. The diketopiperazine cyclo 

(L-Pro-L-ThioPro) 67, identified by using accurate mass measurements and 1H



and 13C NMR analyses, and confirmed by synthesis, was isolated from the 

same extract of Tedania ignis. This relatively rare 3-thioproline was inactive 

in all in house assays (brine shrimp cytotoxicity, phytotoxicity, plant growth 

regulatory, antimicrobial, and insecticidal).

Tedania charcoti, an Antarctic marine sponge that was dredged (-439 

m at a water temperature of -2.10C) from Prydz Bay, was shown to contain 

extraordinarily high concentrations of cadmium and zinc. Atomic absorption
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analyses confirmed zinc concentrations of 108 gg/mL and 250 gg/mL, and 

cadmium concentrations were 320 jxg/mL and 95 ng/mL for aqueous ethanol 

extracts from two specimens, respectively. These measurements equated to 

concentrations of 5100 and 5000 ppm for zinc and 15,000 and 2000 ppm 

cadmium, respectively. The aqueous ethanol extract exhibited antibacterial 

activities against Staphylococcus aureus, a Micrococcus sp., a Serratia 

sp. and Escherichia coli, as well as the ability to modulate protein 

phosphorylation in chicken forebrain (95) .

The family Tedaniidae has thus shown a rather diverse biosynthetic 

capability. The low abundance of any of these compounds, such as tedanolide, 

58, might suggest a microbial origin. Schmitz himself offered this suggestion 

upon the isolation, of the diketopiperazines 53, 54, and 55. In 1988, Stierle 

and co-workers isolated these same three diketopiperazines from a culture 

broth of a bacterium (strain TSM6113), tentatively identified as a Micrococcus 

sp., cultured from the tissues of Tedania ignis (96,97).

Since 1986, numerous marine invertebrates and their associated 

bacteria have been collected, cultured and analyzed by this research group and 

others for the production of biologically important secondary metabolites. As 

discussed in the previous section on identifying microorganisms associated 

with Briareum polyanthes through the use of FAME analyses, the isolation 

and culture of bacteria from Tedania ignis was reinvestigated. In 1991, we 

collected Tedania ignis from the Florida Keys for a comparative study of 

these sponge secondary metabolites to those previously isolated from 

Bermuda. This investigation focused on the identification of novel microbial 

products as well as a search for tedanolide. While collecting Tedania ignis 

for the chemical study, sponge tissues were sampled for associated bacteria.
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This collection of bacteria, along with the cultures collected from many sites 

around Bermuda, was analyzed to determine if associated bacteria existed 

within the sponge, and whether or not the sponges from the two geographically 

distinct regions had common bacteria.

The bacterial strain TSM6113, isolated by Stierle and co-workers in 

1986, was found to produce benzothiazoles as well as the metabolite 

"tedanazine" (97,98). It was our desire to reisolate tedanazine on a large scale 

to complete the structure elucidation of this metabolite and to investigate any 

further biological activity that this compound might exhibit. Alteration of the 

growth conditions of TSM6113 was explored for the production of this novel 

alkaloid.
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FAME Analyses of Bacteria collected from Tedania ignis

Tedania ignis, also known as the fire sponge (Figure 47), belongs to 

the family Tedaniidae and can be found throughout the Caribbean, Gulf 

Coast and the temperate waters of Bermuda. The coloration of the sponge can 

vary from a bright red to a dark orange on the outside with a brownish red hue 

on the inside. The sponge appears to be encrusting and massive, with oscules 

located on conical elevations. Sponge locality can range from mangrove roots 

to rock and mud bottoms of protected inshore waters (low tide to -4m) and can 

even be found to encrust other organisms including the Tedania sponge crab. 

This sponge has been reported to cause severe dermatitis upon contact (99).

The above description of Tedania ignis and its apparent habitat have 

made it easy to identify and collect. This sponge has been reported to contain a 

number of diverse and interesting secondary metabolites. Due to a large 

amount of circumstantial evidence, it has been suggested that some of the 

secondary metabolites isolated from a few marine macroorganisms were 

produced not by the host, but by associated microorganisms living either inside 

or on the surface of the host organism (96,100-105). This evidence has 

prompted a greater effort by our research group to look into the question of 

whether there were bacteria associated with the sponge Tedania ignis.

The use of FAME and statistical analyses as presented in the last section 

was applied to the sponge Tedania ignis collected from both Bermuda and 

the Florida Keys. If associated bacteria were found, this effort would lay the 

foundation of future work to investigate whether the bacteria could be 

responsible for the production of some of the minor metabolites found in this



115

Figure 47. A photograph of the common fire sponge, Tedania ignis.

sponge. Most of our research group's past efforts have focused on the 

chemistry of, and bacteria isolated from, Tedania ignis collected in Bermuda. 

In 1992, a collection trip to Bermuda provided water column and sponge 

bacterial samples (7. ignis ) from ten sites (sites 1-9, and 11) around the 

islands. The map in Figure 48, and data in Table 11, found on the following two 

pages give an indication of what samples were collected at each site and the 

number of bacteria found in the water by an acridine orange count. In addition 

to the Bermuda collections, bacterial samples that were plated from Rodriguez 

Key, Tea Table Key, and Indian Key (Florida Keys) in September 1991 were 

added to this study for a geographical comparison. It should be noted that
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Figure 48. A map of Bermuda displaying the eleven collection sites.
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Table 11. Bermuda collection site data.

Site Area Collection3 #WSb #Ti/Bpc AOCd

I Aquarium WS 28 N F3 2.5

2 Flatts West Ti, WS 12 50 7.8

3 Green Bay WS 2 NF® 2.8

4 Church Bay WS 6 NFe 5.3

5 Ferry Reach Ti, WS 23 134 4.3

6 South Shore Harrington Ti, WS 16 11 4.7

7 Shark's Hole Ti, WS 58 37 1.6

8 Governor's Island Bp, WS 30 26 5.1

9 Shelly Bay Beach Ti, WS 18 36 4.9

10 Walsingham Pond Ti, WS 10 27 3.8

11 Spanish Point Ti, WS 27 5 4.8

a) WS- water sample, Tl-Tedania ignis, and Bp-Briareum polyanthes
b) Number of bacterial isolates (OTU's) collected from the water sample.
c) Number of bacterial isolates (OTU's) collected from Tedania ignis or 

Briareum polyanthes.
d) Acridine Orange Count (1x105 cells/mL) from a formalin fixed solution.
e) None Found.

the Florida Keys collections did not include a sampling of the water column as 

in the Bermuda collections.

As described in Table 11, not all sites contained Tedania ignis for 

sampling. Two water samples were taken at each site; one for plating the 

heterotrophic water column and the other for the acridine orange count. All
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sponge tissue samples (0.5 cm3) were homogenized and serially diluted in the 

same manner as Bhareum polyanthes, but with the exception that the ISP-2 

(an actinomycete medium) agar medium was used in conjunction with Difco 

2216 marine agar. This medium was used for obtaining other bacteria (Gram

positive) that might not otherwise grow very well on the Difco 2216 marine agar. 

A 100 pL inoculum of each serial dilution was transferred to an individual plate 

and spread over the agar. Bacterial plates were checked periodically for 

growth, and the colonies were picked, numbered, and transferred to fresh 

plates. Dry plates were used to slow the growth of the spreaders (a typical 

characteristic for the genus Vibrio) The plates were transferred to the Center of 

Marine Biotechnology where extensive isolation procedures were used to 

obtain axenic cfu's. The cfu's were transferred to fresh slants and prepared for 

FAME analyses. A more detailed description of the isolation and handling of 

the bacterial cultures as well as the FAME analyses can be found in the 

experimental section of this text.

FAME data were transferred to Dan Jacobs of Maryland Sea Grant for 

processing on the IBM mainframe, which used the statistical data package SAS 

to create the dendrograms. Each site, designated as two files, contained either 

water or sponge data so that they could be easily added or deleted for statistical 

comparison (site to site, or any other combination of areas). All of the 

dendrograms displayed in this text depict the Sorenson similarity measure (one 

of which measures relatedness and is used for quantitative data) for the data.

In preparation for reading the dendrograms, the site designation codes 

must be understood. A prefix code of B and a number (B#) referred to the 

collection site found on the map of Bermuda, Figure 48. A site code that 

contained the letters TiA (Tedania ignis-Actinomycete media) referred to
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those bacterial isolates transferred from the ISP-2 agar plates to Difco 2216 

marine broth for FAME analyses. If there is no letter A in the code, then the 

bacteria were originally cultured on Difco 2216 marine agar. Any site code that 

contained the lettering WS, Ti, or BR referred to a bacterial strain isolated from 

the water sample, Tedania ignis, or Briareum polyanthes tissue samples, 

respectively. The last numbers of any site code designated the bacterial strain 

number. For example, the site code B5TiA6 referred to strain number 6 

collected from Tedania ignis from site 5 (strain was initially raised on ISP-2 

medium). Another example, B11WS23, referred to strain 23, collected from the 

water column at site 11 (Spanish Point).

All collection sites can be found in numerical order with the exception of 

sites 3 and 8. Site 3 was not printed because there were too few bacterial 

isolates to warrant a dendrogram, and site 8 contained only Briareum  

polyanthes (see previous section for dendrogram and Table 11 for site 

statistics). The printout for the dendrograms from sites 5 and 7, (Figures 52 and 

57, respectively) contained more bacteria than could be legibly printed on a 

page. In the case of site 5 (Figure 52), the Sorenson similarity measure was 

displayed between 0.07 and 0.35. The branch points continued from 0.35 to 

1.00 on the next couple of pages. Each branch from the original dendrogram 

matched the other branch points. Following the dendrograms for the collection 

sites in Bermuda were those for the bacterial isolates plated from the tissues of 

Tedania ignis collected in the Florida Keys. The site designation codes of 

KWTT, KWTR, and KWTP refer to the Key West collection sites of Tedania 

ignis from Tea Table, Rodriguez, and Indian Key (pillar), respectively.

Because sites 1, 3, and 4 contained only bacterial information obtained 

from the water isolates, the data would be used later for a statistical comparison
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for the region. Upon examining the data for site. 2, Figure 50, a tight cluster 

appeared (bottom left-hand corner) for a series of strains. Because the 

experimental error for the FAME analyses was expected to be less than 10%, it 

was highly probable that the bacterial isolates that clustered in this region were 

either the same bacterium or of very closely related species. The clustering that 

was described for site 2 was prevalent for many other groups of bacteria found 

throughout our analyses of the various collection sites. Site 5 contained 157 

OTU's, 134 of which were isolated from sponge tissue The first branch of the 

dendrogram for this site, Figure 52, was quite unique and would be one of the 

few dendrograms that contained a large number of bacterial isolates to have a 

low homology (0.16 similarity) in relation to the other cultures. The fifth branch 

from this site (5) and a few bacterial strains from site 6 displayed a cluster of 

isolates for the bacteria initially isolated from the ISP-2 medium. This result was 

unexpected because we anticipated duplicate isolates to have grown on the 

Difco medium, but apparently the two media used for culturing the bacteria were 

very selective, with very little crossover of duplicate strains. The second largest 

site examined was Shark's Hole (site 7): it contained 95 OTU's, 37 of which 

represented isolates from sponge tissue. The dendrogram from this site, Figure 

57, displayed a greater separation between the water column and sponge 

bacterial isolates than previously observed. Four of the OTU's were found to be 

identical (water isolates) in the dendrogram. The other dendrograms, for sites 

9, 10, and 11, all displayed similar characteristics to sites 1-7. While the 

number of bacterial isolates collected from the Florida Keys was rather low, the 

dendrogram (Figure 64) for this area indicated that very few bacteria were 

closely related.

With more than half of the collecting and sampling sites around Bermuda

1 2 0
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focused on Harrington Sound (sites 1 ,2 ,3 , 4, 6, and 7), the bacterial isolates 

were combined and analyzed for consistent occurrence of certain sponge or 

water bacteria. This basin contained 208 OTU's that were distributed in a ratio 

of 2:3 for sponge and water bacterial isolates. The first dendrogram, Figure 65, 

displayed no clear differentiation among the six groups. However, looking at 

each branch separately, one could observe that most of the sponge and water 

isolates had separated into clusters (this included the bacterial isolates raised 

on the ISP-2 medium). Only a few cases existed where the sponge bacteria 

from different sites were intermingled and, therefore, might be consistently 

recurring, associated organisms.

The last dendrogram was the largest one assembled in this study and 

included all bacterial isolates (605 OTU's) collected from the Florida Keys and 

Bermuda (including isolates from Briareum polyanthes). The purpose of this 

composite dendrogram was to determine what microorganisms occurred from 

site to site, and would indicate either hosFassociated microorganisms or a 

consistent group of bacteria from the water column. Upon initial inspection of 

the Sorenson similarity diagram (Figure 70), the third branch of the dendrogram 

indicated that 13 out of 14 OTU's belonged to strains isolated from Briareum 

polyanthes. Bacterial isolates from Briareum poiyanthes can also be 

found in the fourth branch of the dendrogram, and they too display the 

analogous clustering with > 0.80 similarity. All Briareum microorganisms 

were added to the composite dendrogram in order to determine whether they 

were unique from the bacteria isolated from the sponge or water column. This 

data suggested and supported their uniqueness both in this composite 

analyses and in the previous analyses between the Briareum  cultured 

microorganisms and water column bacteria from site 8. The other Briareum
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strains appear to be mixed throughout the dendrogram in no set order or pattern 

and would suggest that they be classified as viable either in the water column or 

on host tissue. Inspection of branches 1-5, and 8 of the dendrogram indicated 

that there were no clear divisions of the sponge and water isolates until about 

0.80 similarity. However, branches 6, 7, and 10d indicated otherwise. Branch 

6, Figure 74, consisted of 19 sponge bacterial strains from rather diverse sites 

around Bermuda (sites 2, 5, 7, 9, 10). These data strongly suggested the 

possibility of consistently associated bacteria. While branch 7 contained 27 

OTU's from the water column and 4 OTlTs from the sponge, they too indicated a 

strong divisional separation early in the Sorenson similarity, and would be 

classified as water column organisms. Branch 10d, Figure 83, confirmed the 

earlier statement that the ISP-2 medium appeared to culture bacteria different 

from those isolated from the Difco 2216 marine agar. This cluster of bacteria in 

IOd represented -18% of the total number of sponge and water column 

bacteria from branch 10 that displayed this differentiation.

The results from these studies indicated that most of the bacteria 

clustered into groups, but many of these groups contained very few members 

from the other sites. Those few strains that have appeared to cross over these 

more prevalent groupings would indicate that they were associated organisms 

isolated from the sponge tissue. In a similar manner as the sponge associated 

bacteria, very few strains appeared to cross over the grouping of the water 

column bacteria from site to site, and suggested a heterogeneous community 

throughout Bermuda that could serve as a standard against which one 

compared all bacterial samples. These results gave some indication of the 

microbial biodiversity from site to site.

The regional comparison of the Bermudian and Florida Keys isolates
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indicated that many of the bacteria displayed some homology at a Sorenson 

similarity value of 0.85, but due to the limited number of isolates from the Keys, 

a more detailed investigation is warranted. This first study encompassed many 

sites, and indicated not only associated microorganisms with the sponge 

Tedania ignis , but also a rather large biodiversity of marine microorganisms 

around Bermuda and the Florida Keys. Areas that need to be addressed by 

future studies may include a more thorough examination of the previously 

identified associated bacteria over an extended time period, and a use of 

diverse media to obtain and identify those organisms not culturable on Difco 

2216 marine broth or agar. Those microorganisms that were identified as 

associated with a host could be cultured, extracted, and screened for the 

possible production of compounds that have had questionable origins in 

relation to the host organism (e.g., tedanalactam or tedanolide).
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B 1 W S 2 3  

B I  W S I  

B 1 W S 2 7  

B 1 W S 2 6  

B I  W S I 3  

B I W S 2 5  

B I W S 3 2  

B I  W S 8  

B I  W S 9

■ ' 1 I .................................. I ....................................... I . . . .  .  . . . . I . ■ . . I . I  I I I I

0 9  0.8 0.7 0.6 0.5 0.4 0.3 0.2

Figure 49. A Sorenson similarity diagram for the bacteria collected from site I
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B 2 T I1 B

827 14 B42 T 13

82mB62TU2
B 2 T M D

B 2 T M S
B 2 T U O

B 2 T U S

82̂ 2TI3,
B 2 T I2 S

B 2 T I2 S
B 2 T IB

B 2 T M I
B 2 T U 2

B 2 T M 2
B 2 T U l

B 2 W S 9
B 2 W S l

B 2 W SB
B 2 T IA B A

B 2 T I2 2
B 2 T U 3

B 2 T I3 I
82TI29

B 2 T U B

82"%T,2I
'B 2 T I2 R

B 2 W S I 2
B 2 T IA B B

B 2 T M A

82t1B32TI22 
B 2 T I2 S R  

B 2 T I3 2  
B 2 W S 14  

B 2 W S 2 
B 2 T I l 2

B 2 T i i g
B 2 W S lO

B 2 W S lB
B 2 W S lS

B 2 W SA
B 2 T I2

B 2 T I3 O
B 2 T IA A

B 2 T IA 3
B 2 T U

B 2 T I2 A
B 2 T I2 B

B 2 T I3 S
B 2 TM

B 2 T I3 3
B 2 T I3 A

B2W=Iir3
B 2 T M 3

B 2 TIS
B 2 T I3 B

B 2 T I3 2

a
Jj
— t
ZH-------

}

I----------------------

I----

?—

.................................. ... ............................. .... I '

1.0 0.9 0.8
'  * ‘ 4 '  * 4 '  '  '  '  1 ‘ '  '  '  '  '  '  J '  1 '  '  '  '  ’ '  '  '  '  » '  '  ' '  '  '  '  '  '  I ..................................................................I * ' • • I » «  I I I  T

0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0

Figure 50. A Sorenson similarity diagram for the bacteria collected from site 2
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B4WS2

B 4 W S 6

B 4 W S 3

B 4 W S 7

B  4  W S I

B 4 W S 5

1.0 0  9 0.8 0 . 7 0.6 0 . 5 0.4

Figure 51. A Sorenson similarity diagram for the bacteria collected from site 4.
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1 ( 7 SP O W S )

2 ( 4 SR O WS )

3 ( 61  SR 6 WS)

4 ( 1 SR O WS)

5 ( 1 3  SR O WS)

6 ( 4 8  SR 11 WS )

0 . 3 5 0 . 2 5 0 . 1 5
---1
0 . OS

Figure 52. A Sorenson similarity diagram for the bacteria collected from site 5.
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1 E> -i
-2

*250

I
hi
I

H

I!1

a -

!! !

i
illIs
I I s ^ -

IfiP1

I . 0 0 . 9 0  . 8 0 . 7 0.6 0 . 5 0 . 4 0 . 3

Figure 53. Expansion of the Sorenson similarity diagram for the branches 1 , 2 , and 3  from Figure 52.
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B5T 147 4

B 5 T I AS 3

BST I A3 7

BST I AS 7

BST I 2 I

BST I 82

BST 130

BST I 00

BST I A3 4

BST 137

BST I A 2 I

BST I A3 6

BST I A30- i

BST I A 3 2 J

1 . 0  0 . 9  0 . 8  0 . 7  0 . 6  0 . 5  0 . 4

Figure 54. Expansion of the Sorenson similarity diagram for the branches 4 and 5 from Figure 52.

129



B5WS10 -----

11% Io =
B5WS10 1 -----
iiwiiI =>
B 5 WS I I -----
§ 5 1 1 2 9  =

IMTIti ~

I . 0 0.9 O . B 0 . 7 0 . 6 0 . 5 0 . 4 0 . 3

Figure 55. Expansion of the Sorenson similarity diagram for branch 6  from Figure 52.
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B6WS5
B6TIA6
B6TIA7
B6TIA10
BGTIA11
B6TIABS
B6WS4

B6WSS
B6TI3
B6WS3
B6TI1

BGWS12
BGWS13

B6WS6

BGWS16
BGWS14

B GWS 7

B6WS2
B6WS9
B GWSI
B6WS10
B6TI2
BGWSI I
BGWSI 5
B6TIA4
B6TIA2
B6TI4

J

3

I

............. .............. I ............. I ............. I ........................... I •
VO 0.9 0.8 0.7 0.6 0.5 0.4

' ......................................... I '

0 3 0.2 0.1

Figure 56. A Sorenson similarity diagram for the bacteria collected from site 6



I ( 5 SR 2 WS)

2 ( O SR I 5 W S ) -------------------------------------------------------------------------------------------------------------------------—--------------------------------

3 ( O SR 21 W S ) ----------------------------------------------------------------------------------------------

4 ( 6 SR O W S ) ------

5 ( 1 6  SR O W S ) ------

6 ( 5 SR I W S ) --------------------------------

7 ( 5 SR 14 W S ) -------

8 ( O SR 5 W S ) -------

• 1 1 1 1 ' ' 1 ' ' I 1 ' 1 1 1 ' 1 ' ' I r 1 1 1 '— 1— '— '— i— i— I— I— p
0 . 4 2  0 . 3 2  0 . 2 2  0 . 1 2

Figure 57. A Sorenson similarity diagram for the bacteria collected from site 7.
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9 2 B 7 T I 2

9 2 B 7 W S 1 O

9 2 B 7 W S 5

9 2 B 7 T I 5

9 2 B 7 1 I 6

9 2 B 7 1 I 4

9 2 B 7 1 I 7

B7WS45

B7WS56

B7WSI 6
B 7 W S 1 5

B7WS52

B7WS29

B7WS57

B7WS36

B7WS41

B7WS39

B 7WS40

B7WS2

B7WS33

B 7WS44

B7WS4 9

-1

I . O O . 9 O . 8 O . 7 O . 6 O . 5 O . 4

Figure 58. Expansion of the Sorenson similarity diagram for the branches I and 2  from Figure 5 7 .

133



B7WS32  
B7WS37  
B7WS38  
9 2 B 7 W S 2 7  
9 2 B 7WS 2 I 
B7WS59  
9 2 B 7 W S 2 0  
9 2 B 7 WS 4 
9 2 B 7 WS 7  
9 2 B 7 W S 1 9 
B7WS60  
92B7WS1  
9 2 B 7 WS 3  
B7WS I 7 
B 7WS I I 
B7WS8  
B 7WS 4 2 
B7WSI 2 
B7WS24  
B7WS35  
B7WS6  
B7T I 29  
B7T I 32  
B 7 T I I 8 
B7T I 23  
B7T I I O 
B7T I 20  
B 7 T I A l  
B7T I 30  
B7T I 1 
B 7 1 I I I 
B 7 T I A l  5 
B 7 1 I 2 4 
B 7 1 I A I 3 
B 7 I  I 13  
B 7 T I I 2 
B7T I 25  
B 7 I  M  4 
B7T I I 9 
B7 T  I I 7 
B7 T  I 27  
B7 T  I I 5 
B 7 I  I 9

Z3-

I----------

Z H
— I-----------------------------------1

I------ '
I-----------------------------------

-4

I— I— ,— I— I— I— I— I— I— I I I I I I I I I I I I I ' I I ' i ' i t I ' ' ' ' » 1 1 * ' I * » 1 » * 1 1 ' ' I i ' I  ' I t—r  I I— I

1 . 0  0 . 9  0 . 8  0 . 7  0 . 6  0 . 5  0 . 4

Figure 59. Expansion of the Sorenson similarity diagram for the branches 3, 4 , and 5 from Figure 5 7 .
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B 7WS50  ----------
B 7 T I A I 2 ----------
9 2 B 7 1 I 3 ----------
9 2 B 7 T  I 3 1 ----------
9 2 B 7 I  I 2 6 ----------
9 2 B 7 T I 2 8 ----------
B 7 1 I A3 ----------
B 7WS47  ----------
B7WS14  ----------
B7WS18  ----------
B 7WS46  ----------
B 7 W S 3 I ----------
B 7WS34  ----------
B 7WS53  ----------
9 2 B 7 W S 2 8 ----------
B 7 WS3 0  ----------
B 7 WS2 2  ----------
B 7WS48  ----------
B 7WS54  ----------
9 2 B 7 W S 2 5 ---------
9 2 B 7 W S 2 6 ---------
B 7 T I A 2   1
B 7 T I A 4   '

B 7 1 I AS — I___
B 7 T I A 6  — I”
9 2 B 7 W S 2 3 ----------
9 2 B 7 W S 9  ----------
B 7 W S 5 1 ----------
B 7 WS 5 5  ----------
B 7 WS 5 8  ----------

•6

-7

•8

1 . 0  0 . 9
1 I 1 1 1 ' 1 1 1 1 1 I 1 1 1 1— 1 '— '— '— '— i— ■

0 . 8  0 . 7  0 . 6 0 . 5 0 . 4

Figure 60. Expansion of the Sorenson similarity diagram for the branches 6 , 7 , and 8  from Figure 5 7 .
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B9WS22
B 9 T I1

B 9 T I2 1
B 9 T I2 9 A

B 9 T I3 1
B 9 T I4 9

B 9 T I5 0
B 9 T I4 A

B 9 T I4 B
B 9 T I3 9

B 9 T I4 6
B 9 T I4 B

B 9 T I 1 1 
8 9 7 1 1 1

B 9 T I3 6
B 9 T I1 5

8 9 7 1 1 4

B 9 7 I1 2 C
9 9 7 1 8

B 9 W S 2 0
B 9 W S 2 1

9 9 W S 1 4
B 9 W S 1 0  

9 9 W S 1 9 B  
B 9 W S B  

B 9 W S 3
B 9 W S 5

B 9 W S 1  I
B 9 W S I 2 

B 9 W S 1
B 9 W S 2

B 9 T I3 5
B 9 7 I 3 3

B 9 T I3 B
8 9 7 1 3 2

8 9 7 1 3 4
9 9 7 1 3 7

B 9 T I5 1
8 9 7 1 4 0  

B 9 T I4 7
8 9 7 1 4 1 

8 9 7 1 4 5
B 9 W S 4

B 9 7 I 2 5 D
8 9 W S 6

B 9 W S 7
8 9 7 1 1 7

8 9 7 1 1 9
B 9 W S 1 9 A

B 9 W S 9
8 9 7 1 4 2  

.8 9 7 1 1 6
B 9 7 I 2 0

8 9 7 1 1 8

' 0  0.9 OB 0.7 0.6 0.5 0.4 0.3 0.2

Figure 61. A Sorenson similarity diagram for the bacteria collected from site 9
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B 1 0 T 1 1 4
B 1 0 W S 2 1
B 1 0 T I A 7
B 1 0 T I 2 5
B 1 0 W S 1 1
B 1 0 W S 2
B 1 0 W S 2 2
B 1 0 W S 7
B 1 0 W S 2 4
B 1 0 W S 5
B I  O T 1 1 5
B 1 0 T I 7
B I O T I A G
B I O T I I O
B I O T i g
B 1 0 T I 2 B
B 1 0 T I 2 2
B 1 0 T I 1 2
B l O T I 1 1
B 1 0 T I 1 9
B 1 0 T I 8
B 1 0 T I G
B I O T U
B 1 0 T I 5
B 1 0 T I 2 3
B 1 0 W S 1 0 1
B 1 0 T 1 1 J A
B I O T I J O
B 1 0 T I 2 6
B 1 0 T I 2 6 R
B 1 0 T I 2 7
B 1 0 T I 4
B I 0 T I 2 0
B 1 0 T I 2 9

Figure 62. A Sorenson similarity diagram for the bacteria collected from site 10.
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B I  I T I I  

B 1 1 W S 1 0 9  

B 1 1 W S 1 9  

B I 1 W S 1 0 7  

B i  I W S I J  

B I 1 W S 1 0  

B I 1 W S 1 0 6  

B I  I W S 1 1 I  
B I 1 W S 2 4  

B 1 1 W S 1 0 8  

B I 1 W S 1 7  
8 1 I T I J  

B i 1 W S 2 2  

B i  I W S I  

B i 1 W S 2 6  

S i  I W S l 1 2  

B I 1 W S 5  
B I 1 W S 4  

B I 1 W S 1 0 2  

B I 1 W S 2 0  
B I 1 W S 1 4  

B I 1 W S 2 7  

B i 1 W S 2 J  

B 1 1 W S I 5  
B I  I W S 1 8  
B 1 1 W S 2 1  
B I 1 W S 2 5  

B 1 1 W S I 6  

B I  I W S J  

B 1 1 T I A I  7  

B 1 1 T I A 7  
B I  I  T l A B

I

U | “

u -

I
P ____

3-1

Figure 63. A Sorenson similarity diagram for the bacteria collected from site 1 1
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K W T T 5 4
K W T T 5 6

K W T T 4 7
K W T T 4 9  

K W T T I0 2 8
K W T T 4 3 A

K W T T 5 2 A
K W T T 8 3

K W T T 4 6
K W T T 1 0 5  

K W T T I 0 6
K W T T 4 5

K W T T 5 2 0
K W T T 6 0 A

K W P 2 A
K W T T 9 4 A  

K W P I 2 A
K W T T 7 3 A

K W T T 9 2 A
K W T T 9 2 0

K W T T 9 1 AKwngio
K W T T 9 1 C

K W T T 1 0 2 A  
K W T T I 0 2 C

K W T T 10 B A  
K W TT 7 9  8  

• K W T P I  2  
K W T P 6

K W T T 7 5
K W T P IO

K W T P 2  
K W T P I 4

K W T T 7 3
K W T T 8 8 8

K W T T 1 0 8  
K W T P I 5

K W T P 3
K W T T 7 4

K W T P lB  
K W T P I OA

K W T P 1 0 8  
K W T T 4 8

K W T T 5 1 8
K W T T 5 7

K W T T 5 7 A
K W T T 5 5

K W T T 1 0 4
K W T T 5 1 A

K W T T 5 7 8
K W T T 2 5 0

K W T T 3 5
K W T R 9

K W T R 2 6 A
K W T R 2 7

K W T R 2 6 B
K W T T 5 3

}

I_______________

H

1 . 0  0 . 9  0 . 8
' ' ' ....... 1............ I ............. I ' ‘ ...........I '

0 . 7  0 . 6  0 . 5  0 . 4  0 . 3
' I ..................... i
0.2 0.1

Figure 64. A Sorenson similarity diagram for the bacteria collected from Key West (all)
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1 ( 1 3  S P  6 W S )

2 ( 1 4  SR I 5 W S )

3 ( 6 SR 2 3  WS)

4 ( 4 0  SR 4 2  W S )

5 ( I SR 2 WS)

6 ( 2 4  SR 32  W S )

0 . 3 4 0 . 2 4 0 . 1 4 0 . 0 4

Figure 65. ASorenson similarity diagram for the bacteria collected from Harrington Sound.
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9 2 B 7 T I 5 
9 2 B 7 1 I 6 
9 2 B 7 W S 1 O 
9 2 B 7 WS 5  
B I WS 9 
B I WS 0 
B 6 W S 1 I 
B 6 W S 1 5 
B 2 1 I I 2 
B2T I 4 I 
B 6 I  I 2 
B2T I I I 
B2T I 8 
9 2 B 7 T I 2 
B 2 1 I 42  
B 2 1 I 25  
B2T I 26  
9 2 B 7 T I 4 
9 2 B 7 T I 7 
B 2 T I I 8 
B 2 1 144  
B 2 1 I 3 
B 6 1 I A4 
B 6 T I A2  
B6T I 4 
B2T I 16  
B2T I 47  
B2T I I O 
B2T I 1 5 
B2T I 40  
B2T I 45  
B2T I 35  
B 2 T I 39  
B 7WS45  
B7WS56  
B 7 WS I 6 
B 7 WS 15  
B7WS52  
B7WS29  
B7WS57  
B7WS36  
B 7 W S 4 I 
B 7WS39  
B 7WS40  
B7WS2  
B 7WS33  
B 7WS 4 4 
B 7WS49

p-

I . 0 0 . 9 O . 8 O . 7 O . 6 0.5 O . 4 0 . 3

Figure 6 6 . Expansion of the Sorenson similarity diagram for the branches I and 2  from Figure 65.
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B 7 T I 30
B2T  143
B 6 T I A l  0
BGT I A l  I
BGT I AG
BGT I A 7
B 7 WS3 5
B7WS6
B 7WS42
B7WSI 2
B 7WS24
B 7WS32
B 7WS 3 7
B 7 WS3 8
9 2 B 7 W S 2 7
9 2 B 7 W S 2 1
B 7WS59
9 2 B 7 W S 2 0
9 2 B 7 W S 4
9 2 B 7 W S 7
9 2 B 7 W S 1 9
B 7 WS6 0
9 2B7WS1
9 2 B 7 W S 3
B GWS 4
BGWS 8
B7WS1 7
B7WS1I
B7WS8

Zh
>

Z }

3

I I i— l I I I I i— I I I I I I I I I I I I r

1 . 0  0 . 9  0 . 8

T  I I I I I I I I I I I r

0 . 7  0 . 6 0.5
. , . ..................................................

0 • 4 0 . 3

Figure 67. Expansion of the Sorenson similarity diagram for branch 3 from Figure 65.
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4

I— 1 1 1 1 1 1 l— ’  1 i 1 1 1 1 1 1 r— ’  1 r- 1  1 1— 1 1 1 1 1 1 I 1 1 1 1 ■ ■ ' 1 1 I 1 1 1 1 1 1 ' ' 1 i 1 1 1 1 1 ■ 1 1 1 i 1 1 1 1 I  i — I— I— I— I 

1 . 0  0 . 9  0 . 8  0 . 7  0 . 6  0 . 5  0 . 4  0 . 3

Figure 6 8 . Expansion of the Sorenson similarity diagram for branch 4  from Figure 65.

143



2?

B6WS5 

B 6 W

g # .....
B 2 T I 2 8

I t t W 3 -
9  2  B  7  T 1 3 1 -  

B  2  T  I A  4

bbVjW  :
9 2 B 7 W S 2 3 -

:
B 7 W S 5  5

g m a i :
B 7 W S 4 6

:
B 2 W $

I B .
9 2 B 7 W S 2 5 -  
9 2 B 7 W S 2 6 -  
B  2  I  I I  
B 7 W S 2 2  
9 2 B 7 W S 2 8 -

g2?r-
B6WS

VS

3 /Wb k
W 0
VSI  2

g3V?33
B 7 T I A 2 

B 7 T i A 5IlSf6B6WS
gm

gg%gi
B7WS1 8

iD-
5 3

53-

C h

53-

• 0  0 9  0 . 8  0 . 7  0 . 6  0 . 5  0 . 4

Figure 69. Expansion of the Sorenson similarity diagram for the branches 5 and 6 from Figure 65

I

0 . 3
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I ( O S P  1 WS O B P )

2 ( 2 9  SP 2 2  WS O B P ) -----------------------------------------------------------------------------------------------

3 ( 1 SP O WS 11 B P ) ------------------------------------------------------

4 ( I 3 SP 7 WS 6 B P ) -----------------------  ------------------------------

5 ( 31 SP 11 WS 2 B P ) -----------------------

6 ( 19 SP O WS O B P ) ------------------------------------

7 ( 4 SP 2 7 WS O B P ) ---------------------------------  -------------------------------------------------

8 ( 1 5 8  SP 9 4  WS 7 B P ) ---------------------------------

9 ( 2 2  SP 10 WS 0 B P ) ------------

1 0 (  8 0  SP 5 0  WS 0 B P ) ------------

I 1 ' ' ' ' ' » * * I » * ' ' ' ’ ’ 1 « I * ' » * »----- '-----I-----»---- 1-----I----T--1------- ,-----r— ,----r-

0 . 4 2  0 . 3 2  0 . 2 2  0 . 1 2

Figure 70. A Sorenson similarity diagram for all bacteria collected from Bermuda and the Florida Keys

0.02
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err??8
B7WS36
B7WS41
B7WS39

B7W 
B7W 
B7W

W
2
33

B7WS45  
B7 WS1 5 
B7WS52  
B7WS29  
B7WS57

B S T l 66

SSII3?
B7 WS1 6 
B7WS56

P-

H - 
Z H

B9T  
B 2 T 
B 2 T 
B 2 T

2 9 A

47  I O
ie
a
Z H

B 2 T I 45  
B2 T I 35  
B 2 T I 39  
B 9 T I 31 
B 9 T I 49
e i i i t 0 —
B 6 T I A 4 -----------[IIgjjf5=P-
B 6 T I A 2  -----
B 2 T I 3 -----------
111131 = =
B9T I I -----------
B I OWS I I - 
BI  OWS2 - 
B I OWS 2 2-  
B9WS22 - 
B I OWS7 - 
B 1 OWS 2 4- 
B I OWS5 -

1

I  I  I  I  I  I  I  I  I  I  i  I  '  I I  I  I  I  I  I  I  I  I  I  I  I  I  I I  I  |  I  I  I  I  I  I  I  I  I  |  i — I— I— I — I— I — I — , — I — | — ,

1 . 0  0 . 9  0 . B 0 . 7  0 . 6  0 . 5

Figure 71. Expansion of the Sorenson similarity diagram for the branches I and 2  from Figure 70

o . 4
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BP1 4B 
B P 2 6  
B P3 6  
B P I  4A 
BP I 4C 
B P 7 
BP3 BR 
B P 4 3 C  
BPG 
B P 4 3 B  
BPGC 
KWTT 4 5 
B 9 W S I 9 A 
BST I 47  
B9WS9 
B I O T  I A 7 
B I OT I 25  
B 9 T I 39  
KWTT 5 4 
KWT TSG 
KWTT 4 7 
BI  O W S I 7 
B2WSI O 
KWTT49  
BP3C  
BBWS I 8 
B2WS1 
B2WS6 
KWT T I O 2 B 
KWT T 4 6 
KWT T 4 3 A 
B P 3 5  
B P 3 7  
B P 4 3  
B P 3 B 
B P 6 3 A  
KWT T I O S  
K W T T 1 0 6

-----4

I I I I I I I I I I I  I I I  i— i  I I I I I I I I I I  I I— I— i — f

1 . 0  0 . 9  0 . 8  O .
I

O . 6 O . 5 O . 4

Figure 72. Expansion of the Sorenson similarity diagram for the branches 3  and 4  from Figure 70.
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B 5 T I A3 O 
B 5 T I A3 2 
9 2 B 7 WS 5  
B1WS8  
B I WS 9 
BST I A3 4 
BST I 37  
BST I A 2 I 
BST I A3 6 
B6WS1I 
B 6 W S 1 5 
9 2 B 7 W S 1 O 
B 2 T I I 2 
B 2 T I 4 I 
BST I 30  
BST I 80  
9 2 B 7 T I 5 
9 2 B 7 T I 6 
B2T I 25  
B2T I 26  
9 2 B 7 T I 4 
9 2 B 7 T I 7 
BI  OWS 9 
BI  OWS21 
9 2 B 9 WS 4  
BST I AS 3 
B 9 T I 2 5 D 
B P 3 3 A  
B P 3 8 
B 6 T I 2 
BST I A3 7 
BST I A 6 7  
BST I 2 I 
B2 T  I 8 
B2 T  I I I 
BST I 82  
B 2 T I 42  
9 2 B 7 T I 2 
B9T I I 7 
B9T I I 9 
KWT T 8 3 
9 2 B 9 WS 6  
9 2 B 9 WS 7  
KWT T 5 2 A

3—

h

a
ZP

}

>
}

=ZD
T h -

>

5

i i ' ' ' ' ' i ' 1 1 1 •—'—'—I—I—I—I
1 0  0 . 9  0 . 8 0 . 7 0 . 6 0 . 5 0.4

Figure 73. Expansion of the Sorenson similarity diagram for branch 5  from Figure 70.
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B9T I 4 A 
B 9 T I 4 B 
B2T I 30  
B 5 T I 64

B7T I 29  
B7 T  I 32  
B7T I I a 
B 7 T I 23  
B7T I I O 
B7T I 20  
BI  OT I I 4 
B9T I 5 I

B 9 T I 
B 9 T I 
B7WS 
B7WS 
B7WE 
B7WE B7WS 
B7WE 
B7WS37  
B7WS3 8 
B7WS59
9 2 B 7 W S 2 I --------
9 2 B 7 W S 4  — , 
9 2 B 7 W S 7  — n  
B 7 WS6 0  - n t  
9 2 B 7 W S 1 9 — -
9 2 B7 WS1  — i 
9 2 B 7 W S 3  — ^
9 2 B 7 W S 2 0 --------
9 2 B 7 W S 2 7 --------
B6WS4 ------1_
B 6 WS 8 ------ h
B 7 WS1 7  --------
B7WS11 --------B7WS8 -----
B 5 T I I 0 --------
B 8 WS2 5  --------
B 8WS I 7 --------
B 8 WS2 4  --------B4WS2 -----
B 6 T I  AS S --------
KWTP I OA --------
K WT P I O B  --------

-6

I 1 1 1 1 1 1 1 1 1 I 1

1 . 0  0 . 9
'  I ' ' ' ' ' ' 1 1 ' I 1 1 1 ' ■ '— '— '— ■— I— ■

0 . 8  0 . 7  0 . 6
■ I I I— I

0 . 5  o . 4

Figure 74. Expansion of the Sorenson similarity diagram for the branches 6  and 7  from Figure 70.
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ill

Z Z  )

8

I----r -

0 . 8 4 0 . 7 4 0 . 6 4 0 . 5 4 0 . 4 4 0 . 3 4

Figure 75. Expansion of the Sorenson similarity diagram for branch 8  from Figure 70.
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g n i m 0:
:

2B9WS5 - 
I I W S I 9 - 
I IWS I 07  

BI I WS I 3 
BI I W S 10 
BI  I W S I 06  
BI  I WSI  I I 
B I I WS 2 4 
BI I W S I 08  
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Chemistry of Tedania ianis and its Associated Microorganisms

Schmitz suggested that some compounds in extracts of Tedania ignis 

could be of microbial origin (90). In 1991, we collected Tedania ignis from 

the Florida Keys to run a comparative study of the sponge secondary 

metabolites from Bermuda and the Florida Keys. This chemical investigation 

complemented the collection of bacteria isolated from the sponge tissue as well, 

because any natural products identified from the axenic strains of 

microorganisms could be compared to the compounds isolated from the 

sponge.

Tedania ignis (7.129 kg wet weight) was collected from Tea Table and 

Indian Keys in September 1991, and stored, frozen, in Ziploc bags until 

processing. The frozen sponge tissue was thawed and homogenized in a 

Waring Blender with CH3OH and after filtration, the sponge was extracted with 

fresh CH3OH for 24 hours. The CH3OH solubles from these two soaks were 

combined and concentrated to yield an aqueous suspension. The marc (solid 

residue) was steeped in CH2CI2, and after filtration and concentration, yielded 

CH2CI2 solubles. The aqueous and CH2CI2 solubles were combined, 

equilibrated, and separated into an aqueous and an organic extract. A modified 

Kupchan partition (106), or a solvent-solvent partitioning, of the organic extract 

yielded five fractions (hexane, CCI4, CHCI3, EtOAc, and H2O). Because of the 

group's past experiences in isolating biologically active compounds collected 

from sponges, the CHCls extract was targeted first for analysis. The CHCI3 

soluble extract was subjected to alternating size exclusion and centrifugal 

countercurrent chromatographies to yield two fractions of interest. Phenyl
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acetamide, 59, was the first of the two compounds identified, and was 

spectroscopically identical to that previously isolated from T. ignis collected in 

Bermuda (92). The 1H NMR data (Figure 86) of the second fraction indicated a 

minimum of six protons. The 13C NMR spectrum displayed four carbon 

resonances ranging from 24.3 to 54.5 ppm and one signal further downfield at 

171.3 ppm. FAB mass spectral data provided a composition of CsHgNOg for 

the MH+ ion, indicating three sites of unsaturation. One site of unsaturation was 

attributed to the carbonyl resonance, indicating that the molecule was bicyclic. 

13C-DEPT spectra indicated two methylenes and two methines; the remaining 

proton was, therefore, exchangeable. COSY and HMQC NMR data (Figures 87 

and 88, respectively) established the connectivity for the four protonated 

carbons (C2-C5). An infrared absorption at 1685 cm'1 suggested a secondary 

amide, and was further supported by an N-H stretch at 3360 cm '1. The last 

moiety to be assembled was determined to reside on the two methine carbons 

at 51.4 and 54.5 ppm. Carbon chemical shifts and the residual oxygen atom 

from the mass spectral data supported an epoxide. The stereochemistry of the 

epoxide moiety could not be determined by our spectroscopic measurements. 

The only plausible structure to accommodate this information was the novel 

a,(3-epoxy-valerolactam (107), which we have called tedanalactam, (68 ). A 

literature search disclosed a few synthetic analogs, but none were ascribed to a

(59) (68 )



Figure 86. 300 MHz "• H NMR spectrum of 68 in CD3OD.
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natural source, thus making this simple 5-lactam unique.

The separation and identification of secondary metabolites produced by 

bacteria associated with the sponge Tedania ignis has been an interest of 

this research group for almost a decade. The bacterial strain TSM6113, 

isolated by Stierle and co-workers in 1986, was found to produce 

benzothiazoles (98) as well as "tedanazine", a novel alkaloid with the proposed 

structure 69 (97). Subsequent high field 1H and 13C NMR experiments 

disclosed that the proposed structure for tedanazine was incorrect (108). It was 

our desire to reisolate tedanazine on a larger scale to complete the structure 

elucidation of this metabolite and to investigate any further biological activity 

that this compound may exhibit.

The quantities of tedanazine and benzothiazoles (e.g., 2-methyl- 

benzothiazole) reported isolated from a 200 liter fermentation were 1.7 mg and

1.8 mg, respectively (97). These very small yields suggested two approaches 

for obtaining enough material for characterization. Our first choice entailed 

optimization of the extraction protocols on either a large or small volume 

fermentation of TSM6113. In the case of early work on TSM6113, the 

fermentation was terminated by the addition of CHgOH to the culture broth. The

(69)
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CHgOH was removed under reduced pressure, and the aqueous extract was 

Iyophilized. The Iyophilized residue was extracted by CHgCN and CHgOH 

(4:1) followed by extraction with CHgCIg. The polar extract was evaporated and 

partitioned between CHgCIg and water. The quantity of organic extract had not 

previously been reported, but the yield of organic crude by this method for other 

bacteria would yield -0.5-1 grams for a 20 liter fermentation. Several problems 

with this procedure was that the CHgCN/CHgOH solvent system dissolved too 

much salt and polysaccharides from the broth, it created another separation 

step prior to gel permeation chromatography, and was very consumptive not 

only of solvent but also of time.

A new protocol utilized CHgCIg and CHgOH (9:1) for the extraction of the 

Iyophilized biomass. This step lysed the bacterial cell walls and removed most 

lipids, while the CHgOH component extracted the polar organics out of solution 

with very little solubilization of salt or polysaccharides. This method generated 

about three times the amount of CHgCIg/CHgOH solubles from a 5 liter 

fermentation of TSM6113 than the earlier protocol did for a 20 liter fermentation. 

In a continuation of the extraction procedure, other solvents used to extract the 

marc were EtOAc followed by CHgCN-CHgOH (4:1). This last polar extract was 

reduced to dryness and then triturated with acetone. This yielded two extracts, 

an acetone soluble extract and a triturated residue. The total crude yield for all 

steps for a 5 liter fermentation was 18.84 g.

Once the new procedure had been worked out, TSM6113 was cultured 

in two flasks for 21 days. Following application of the extraction protocol 

described above, the crude organics from both the CHgCIg/CHgOH and 

acetone extracts were permeated (separately) through Sephadex LH-20. All 

fractions were checked by 1 H NMR for the presence of tedanazine or
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benzothiazoles. There was no indication of the presence of the alkaloids. 

Because tedanazine was found only in relatively large fermentations (0.2 mg/ 

20 L), a 20 liter fermentation was grown and extracted in an analogous manner. 

The monitoring of fractions by  ̂H NMR spectroscopy from the first series of gel 

permeation chromatographies indicated no signs of tedanazine or the 

benzothiazoles. This extract and its fractions were abandoned for a new 

approach toward obtaining these unique alkaloids.

The lack of tedanazine from the above protocol led us to consider the 

alteration of the growth parameters of the bacterium, by both physical and 

chemical means. The bacterium, initially grown under facultative anaerobic 

conditions (flasks were swirled only once a day), was now constantly aerated by 

shaking the cultures at 125 rpm on a bench-top shaker. This approach did not 

yield tedanazine or the benzothiazoles.

Nutrient alterations were the next choice in trying to coax TSM6113 to 

produce these compounds. Strain TSM6113 was initially classified as a marine 

Micrococcus sp., based on limited phenotypic tests and morphological 

examinations. This Gram-positive bacterium, as were other Gram positive 

bacteria such as Salm onella typhi, C lostridium  tetani, and 

Corynebacterium diphtheriae, was thought to be unable to produce the 

amino acid tryptophan, an essential amino acid for many cellular processes 

(109). This amino acid, by its absence, deregulates cellular processes, and 

coupled with the fact that the 1H NMR data for "tedanazine" indicated that the 

molecule was highly cyclized and aromatic (like tryptophan), suggested 

amending the DIFCO 2216 broth with tryptophan.

A hypothesis concerning the biogenesis of benzothiazoles supported the
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addition of tryptophan to the culture broth. It is known that tryptophan can be 

metabolized to indolepyruvic acid and subsequently to indoleacetic acid (110). 

These two intermediates, if metabolized further to anthranilate would yield 

benzothiazoles, should the carboxyl group be substituted by a sulfur atom. 

Condensation by various substituted carboxylic acids could be envisioned for 

changes in the functionality of the C-2 position within the benzothiazole ring. A 

5 liter fermentation of TSM6113 was amended by the addition of Ig/L of 

tryptophan to the DIFCO 2216 broth. After 10 days on a shaking incubator (125 

rpm) at 25°C, the culture was Iyophilized and processed using the 

aforementioned extraction protocol.

Gel permeation chromatography of the EtOAc solubles (101.1 mg) from 

the five liter fermentation yielded six fractions from a Sephadex LH-20 column 

using CHgCIg and CHgOH (1:1). This last fraction was further separated by an 

Ito centrifugal countercurrent separation and two gel permeation 

chromatographies to yield 5.7 mg of 70 (further purification of the other fractions 

yielded 6.6 mg of 70). The 1H NMR1 Figure 89, for this aromatic compound 

displayed a coupling pattern indicative of a 1,2 disubstituted benzene. Because 

there were no other proton resonances in the spectrum, all substituents had to 

contain exchangeable sites. The 13C NMR spectrum for 70 indicated seven 

carbons, only four of which were olefinic methines, and two were quaternary 

carbons. The 13C NMR resonance for the carbon atom of one unknown

(70)



Figure 89. 300 MHz 1H NMR spectrum of 70 in CD3 OD.
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substituent was at 171.99 ppm. A low resolution El mass spectrum and 

subsequent NBS library search on the fragmentation pattern indicated that the 

molecule was 2-amino-benzoic acid (anthranilic acid). Due to the rather large 

amount of anthranilic acid (-12.1 %) in the EtOAc extract, and the fact there 

were no reports of it from earlier investigations, it was hypothesized that this 

compound was a by-product of tryptophan metabolism. The previous 

chromatographic separation of anthranilic acid used four isolation steps to 

obtain the pure compound. A faster and more efficient method of quantifying 

the amount of anthranilic acid present in the other organic extracts was 

discovered (111). The first step of this new procedure utilized a solvent-solvent 

partition in which diethyl ether was partitioned against a buffered aqueous 

solution. The diethyl ether layer was evaporated to dryness and resuspended 

in CH3OH for HPLC separation. The separation was performed on a phenyl 

bonded phase column operating in a reversed phase mode to yield pure 70. 

This two step method quantified the amount of anthranilate present in the 

CH2CI2/CH3OH and acetone extracts as 2.6% and 0.4%, respectively.

The investigation of the CH2CI2-CH3OH solubles from the 5 liter 

fermentation of TSM6113 (contained tryptophan at 1g/L) identified 

unmetabolized tryptophan and the two diketopiperazines 71 and 72. A 

literature search disclosed that extracts from the sponge families Tedaniiadae 

and Jaspidae, and from some marine bacteria, were found to contain this 

class of compounds (90,93,96,97,112-114). The 1H NMR spectrum (Figure 90) 

for the diketopiperazine cyclo[Gly-Pro], 71, indicated that the molecule had a 

ring structure due to the highly coupled and unresolved proton resonances. 

The 13C NMR spectrum displayed two downfield resonances at 166.42 and 

171.99 ppm. Without considering the 1H NMR data, these two carbonyl
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Figure 90. 300 MHz 1H NMR spectrum of 71 in CDgOD
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resonances fell into the chemical shift range of ester, amide, or carboxylic acid 

moieties. The HRFAB mass spectral data for 71 gave a composition of 

C7H11O2N2 for the observed MH+ peak. The 13C DEPT NMR spectral data 

indicated that 71 contained four methylene, one methine, and two quaternary 

carbons. The calculation for the number of sites of unsaturation for 71 was four, 

and two could be attributed to the carbonyls. This left the other two sites of 

unsaturation for rings. The 13C NMR and mass spectral data also confirmed 

there was one exchangeable proton on 71. The 1H-1H COSY and HMQC 

spectral data indicated three methylene and one methine carbon atoms were 

consecutively attached, leaving one isolated methylene. The above data 

suggested the presence of proline and glycine residues. Proline would account 

for the third site of unsaturation, and a cyclization of the two amino acids, the 

fourth site of unsaturation.

The last diketopiperazine, 72, was easily identified because a majority of 

the spectroscopic data matched with other previously identified compounds 

from this class (114). The HREI data indicated a composition of C8H12O3N2 

for the molecular ion at m/z 184.0854. There were four sites of unsaturation for

72. The comparison of the 1H (Figure 91) and 13C NMR data with other known 

diketopiperazines (112-115) indicated that a fragment of the molecule consisted

O O

O O

71 72



Figure 91. 300 MHz "• H NMR spectrum of 72 in CD3OD.
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of 4-hydroxyproline. The 1H-1H COSY spectrum confirmed the 4-hydroxy- 

proline fragment, and indicated a correlation of the methyl doublet to the 

methine at H-3. This data suggested the other portion of this molecule was an 

alanine residue. Two sites of unsaturation could be accounted for by the 

carbonyl resonances, and the other two sites could be attributed to the 

cyclization of the two amino acid residues to form 72. While the GH2CI2- 

CH3OH extract did not indicate the presence of tedanazine or the 

benzothiazoles previously isolated by Stierle, this work did identifiy the 

compounds 70-72 from the fermentation broth of TSM6113.

Because the tryptophan amended culture broth of TSM6113 did not yield 

the desired alkaloids, a new broth was utilized in trying to coax the bacterium to 

produce these compounds. Tryptic soy broth (DIFCO) was found to support the 

growth of TSM6113 without the addition of sea salts. A one liter fermentation of 

TSM6113 was grown for 10 days on a shaker incubator at 25°C. The 

Iyophilized culture was extracted with CH2CI2-CH3OH (9:1) and CH3CN- 

CH3OH (4:1) to yield 1.79 and 9.95 grams of crude extract, respectively. A gel 

permeation chromatography of the CH2CI2-CH3OH solubles followed by a 

countercurrent chromatography separation on the ninth fraction yielded 6.8 mg 

of 73. The 1H NMR spectrum, Figure 92, for 73 was simplistic. An integration 

of the 1H resonances for the two doublets of doublets and the singlet was 2:2:3, 

thus indicating that two methylenes and one methyl group comprised the non

exchangeable protons of 73. The I 3C NMR spectrum indicated a carbonyl 

resonance at 176.42 ppm. The possibility of a methyl ester present within the 

molecule was eliminated because the 1H NMR chemical shift for the methyl 

group was too far upfield for this functionality. This left the last carbon as either 

a carboxylic acid or an amide moiety. The low and high resolution El mass



Figure 92. 300 M H z1H NMRspectrum of 73 in CD3 OD.
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spectrum indicated a molecule with the molecular weight of 120. High 

resolution data for the observed mass to charge ratio (m/z) of 120.0243 

corresponded to an elemental composition of C4H8O2S for M+ ion. The mass 

spectral data eliminated the amide moiety and indicated that one of the protons 

was exchangeable with CD3OD. The carbonyl at 176.42 ppm had to belong to 

either an acid moiety or an acetyl moiety on 73. The above information left two 

possible structures, 73 and 74. Structure 74 was eliminated because the 

methylene resonance adjacent to the acetyl group should display a chemical 

shift around 4.1 ppm in the 1H NMR spectrum. This was not observed. The 

only structure that corresponds to all of the NMR data was, 73, the p-methyl- 

mercaptopropionic acid. As a control to determine whether this compound was 

an artifact of either the medium or the growth conditions, a 1 liter culture was 

prepared and treated in the same manner as the original, but with the exception 

that no inoculum of TSM6113 was introduced. Gel permeation of the organic 

extract from this control indicated no signs of 73, thus showing this compound 

to be produced by TSM6113.

Because DIFCO 2216 marine broth has been described by some 

microbiologists as being a very "rich" and unnatural medium for marine 

bacterial species, we sought to provide TSM6113 a minimal amount of the 

basic nutrients to promote growth. The reason for this change in the media 

conditions was the possibility that microorganisms grown under nutrient limited

O O

(73) (74)
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conditions could be triggered to activate genes to provide additional cellular 

processes responsible for the production of secondary metabolites. Bacterial 

cultures grown under "rich" nutrient conditions lack some proportion of the 

environmental stresses found within the marine environment, and therefore may 

have no need for the production of secondary metabolites under these 

conditions.

The minimal media developed in our laboratory utilized Instant Ocean (2 

g/L; Aquarium Systems), K2HP04 (0.2 g/L), glucose (5g/L), and yeast extract 

(0.2 g/L; DIFCO) (116). A I liter fermentation of TSM6113 grown in this minimal 

medium did not yield the alkaloids we had been searching for in the other 

fermentations.

With the isolation of anthranilic acid from the tryptophan-amended media 

of TSM6113, there existed a possible biochemical pathway to the 

benzothiazoles. It was perceived that the amino group within the 

benzothiazoles could conceivably come from either indole or anthranilic acid. If 

anthranilic acid was the source, nucleophilic (ipso) displacement of the 

carbonyl by sulfur could be envisioned to form the benzothiazole ring. To test 

this hypothesis we used the minimal medium conditions, anthranilic acid (I g/L), 

and sodium thioglycolate as the sulfur source, to grow a 1 liter fermentation of 

TSM6113. The amount of CH2CI2-CH3OH extract obtained from this culture 

was small (174.6 mg). A gel permeation chromatography yielded six fractions. 

The fourth fraction (135.1 mg) was partitioned against diethyl ether and a 

buffered aqueous solution. The diethyl ether layer was further separated by 

centrifugal countercurrent chromatography using the solvent system of CHCI3- 

CH3OH-H2O (25:34:20) in the descending mode. The fractions from this 

separation indicated no signs of benzothiazoles, though the sixth fraction was
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Figure 93. 300 MHz 1H NMR spectrum of 75 in CD3 OD.
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.COOH

found to contain 1.9 mg of 75. The 1H NMR spectrum (Figure 93) of 7 5 

indicated a 1,2 disubstitution on a benzene ring, and also a quartet and a triplet 

in the upfield portion of the spectrum. The two upfield proton resonances were 

found to be integrated for two and three protons, respectively. A 13c NMR 

spectrum of 75 displayed two carbonyl resonances at 171.65 and 170.67 ppm. 

Chemical ionization of 75 utilizing NHg and NDg indicated two sites were 

exchangeable within 75, and HRFAB mass spectral data indicated a 

composition of C ioH igN O g (MH+). The six sites of unsaturation calculated 

from the molecular formula of 75 could be attributed to the presence of a 

benzene ring and two carbonyls. Both NMR and mass spectral evidence 

suggested that 75 was a derivative of anthranilic acid.

Two possible structures existed for 75. The first possibility was that the 

carboxyl group was converted to an ethyl ester. This choice was eliminated 

because the 1H NMR shift for the methylene group was too far upfield. The 

methylene group of an ester of this type would normally resonate around 4.1 

ppm, and in our 1H NMR spectrum it was around 2.4 ppm. The second possible 

structure indicated that the methylene was attached to the other carbonyl which 

formed an amide linkage. The 1H NMR data was in agreement with this latter 

choice. The structure of 75 was also confirmed by the low resolution El mass
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spectral fragmentation pattern. The peak at m/z 137 indicated that the 

propionate moiety of the amide had been fragmented from 75. Further 

fragmentations were observed at m/z 119 and 92, which corresponded to the 

hydroxyl and carbonyl groups of the carboxylic acid cleaving from the benzene 

ring.

The compounds 70-72 were not tested in any of the biological assays, 

but 72 would probably have indicated growth promotion in the lettuce seed 

assay based upon previous experiences with hydroxyproline derivatives 

isolated from a bacterium cultured from tissues of a Palythoa sp. (114). The 

nicked-leaf assay was negative for 73 and 75, but both displayed biological 

activity in the insecticidal assay. In this test, 73 displayed a mortality of 30% 

and a weight reduction of 50% as compared to controls at 100 ppm for ten 

insects. A weight reduction of 25% versus the control was observed for 75.
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C O N C L U S IO N

Some earlier efforts by our research group discovered insecticidal 

activity in several diterpenes isolated from the sea pen Ptilosarcus gurneyi 

(35) and the encrusting gorgonian Briareum poiyanthes (41). These 

compounds were practically identical in all respects with the exception that they 

varied in substitution around the A-ring. The results from that first study 

concluded that biological activity was dependent upon an electrophilic site 

within the A-ring. An effort to further probe the biological activity of these 

compounds consisted of an SAR investigation, with structural modifications 

around the B-ring of briantheins X and Y.

The modifications of brianthein X and Y were accomplished by a 

nucleophilic halide exchange reaction to yield ten new briaranes (a diagram 

summarizing these reactions can be found in Figures 94 and 95). These 

modified briaranes were characterized primarily by NMR and mass 

spectroscopy, but included IR and UV measurements. Of these ten new 

compounds, eight were tested (compounds 36 and 40 were unstable and 

decomposed prior to testing) and all displayed a reduction in growth ranging 

from 17 to 43% of the controls at 100 ppm. The positive controls briantheins X 

and Y displayed a -30% weight reduction and caused mortalities of 10% and 

30%, respectively. Of the modified brianthein derivatives, 12-hydroxy-iso- 

brianthein X, 39, was the growth inhibitor with the least effect, displaying a 

weight reduction of 17%. Compound 32 was the most effective inhibitor at 43% 

of the controls. The inhibitory effect for the rest of the compounds was 

comparable to brianthein X and Y. There were no mortalities associated with

1 8 2



ButO ButO ButO

Figure 94. A summary of the products from modification of brianthein Y.
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Figure 95. A summary of the products from the modification of brianthein X.
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the modified brianthein derivatives. This information indicated either the halide 

substitution around the B-ring was not of significant importance to the biological 

activity. Further work in this area might include the chemical modification of the 

C-ring of brianthein Y to determine if changes would elicit biological activity.

In our efforts to prepare new briarane derivatives by the nucleophilic 

halide displacement reaction (Finkelstein reaction), we initially anticipated that 

a nucleophilic addition would occur at C-6. Instead, we isolated from the 

various reactions a combination of Sn2, Sn2', dehydrohalogenation, and 

intramolecular rearrangement products. One could rationalize the formation of 

these dehydration and rearrangement products because of the excess of 

nucleophile present and because of the high temperatures used in the reaction. 

There were two possible reasons for the predominant formation of the Sn2' 

products in this reaction. The first possibility was steric hindrance around the C- 

6 atom. X-ray diffraction analyses indicated that the cyclodecene ring had 

adopted a boat conformation around C-6, the atom bearing the chlorine atom, 

thus making this site difficult to approach for nucleophilic displacement. The 

exomethylene carbon, on the other hand, was considerably less hindered and 

offered many approach angles for a nucleophile. The second reason that 

supports Sn2' addition to the briantheins, and probably the predominant driving 

force for the reaction, was the endocyclization of the double bond from the 

exomethylene. X-ray diffraction analysis of brianthein Y indicated that the 

conjugated diene was non-planar. Endocyclization of the double bond might 

relieve this out of plane strain, and would lead to a lower energetic state for the 

product.

However, there existed one case in which endocyclization of the double 

bond from the exomethylene competed with nucleophilic addition at C-6. The
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thermal rearrangement of brianthein Y indicated that there may be other 

reaction mechanisms involved in the formation of and Sn2' products. 

Brianthein Y was heated in an NMR tube without the presence of a nucleophile 

or 18-crown-6 to yield the products 32 and 33. These products could not have 

formed by an Sn2 or Sn2' mechanism without a nucleophile, and the only way 

to initiate this reaction would had to have been through an E l or SnI reaction 

mechanism or a concerted reaction. The precise reaction mechanisms involved 

in these reactions remain unknown at this point, and any further work with these 

reactions might benefit from molecular modeling studies of the reactant and 

products to determine the relative energies and possible sites of reactivity.

While it is not known why gorgonians produce complex diterpenes, there 

has been some speculation that they act either as antifeedants to fish and other 

carnivorous creatures of the reef (8), or in preventing the settlement of 

biofouling organisms (117,118). The early premise of our research group 

related to the antifeedant approach for testing diterpenes. Those compounds 

that tested positive represented a potential new source of crop agrochemicals, 

protecting plants from boring or feeding insect larvae. The testing of these 

various modified diterpenes was a continuation of earlier efforts to try and 

understand which features were prerequisite for eliciting insecticidal activity. It 

is interesting to note that none of our modified diterpenes had ever been found 

in nature. During a literature search, gemmacolide E (119) and erthyrolide H 

(46) were found to be analogous only around the carbons C3 to C6 of 16- 

hydroxy-brianthein Y. These analogs indicate a possibility that nature could 

prepare these diterperioids through Sn2‘ intermediates.

Since nature uses many biosynthetic routes to prepare complex
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diterpenes, in all probability they must serve a purpose to the host organism. It 

would be of interest to explore their actual applications in the environment. One 

area that has not been adequately addressed is the issue of biofouling. 

Diterpenes (natural and possibly modified) may play an important role by 

preventing or mediating the surface biofouling by other macro and 

microorganisms (117). This process, if present, would give the gorgonian an 

advantage in competition for space and food on a crowded reef, and such 

studies could benefit man through the ability to control surface biofouling.

Fenical (26) and Faulkner (38) suggested that biogenesis of many of the 

gorgonian diterpenes proceeded through or from cembranes, but it was not until 

a report by Guerriero in 1993 that provided evidence supporting their idea (59). 

This information, along with a strong interest in the biogenesis of biologically 

active natural products, led us to examine the hexane soluble extracts of 

Briareum polyanthes for a possible biological precursor to the briantheins. 

Even though we did not find any cembranes, we did discover an interesting 

marine natural product never previously described. Emmottene was the first 

trans-bicyclo[5.1.0]octane natural product ever isolated. This compound was 

characterized extensively by various one and two dimensional 1H and 13C 

NMR spectroscopic experiments. Although emmottene was not discovered by 

our usual bioassay-guided separation protocols, post-isolation screening of the 

pure compound indicated no biological activity in our antimicrobial or nicked- 

Ieaf assays. However, weak activity was observed in the brine shrimp 

cytotoxicity assay (LD50 @ 24 hours-10OO ppm), and the insecticidal assay 

indicated a 40% weight reduction and a 10% mortality versus the untreated 

controls at 100 ppm.

The tricyclic hydrocarbon skeleton of emmottene has been observed in
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several sesquiterpenes from the coelenterates (61,62), but only one report of 

diterpenes with this structural framework has been recorded. Trautmann et. al. 

described a series of diterpenes, the cneorubines, from secretory cells on the 

leaves of the terrestrial plant Cneorum tricoccon (63). While Trautmann and 

co-workers never discussed the stereochemistry of the cyclopropane, they 

assumed that it would be in the cis conformation. In 1994, Zubia and co

workers reported the isolation of a prenylbicyclogermacrene skeleton from the 

Mediterranean octocoral, Alcyonium palmatum (120). This compound was 

important because it represented first the prenylbicyclogermacrene skeleton 

with a ring-fused trans-cyclopropane. While the number of naturally occurring 

trans-fused cyclopropane natural products remains small, the numbers of 

literature references to the trans-bicyclo[5.1.Ojoctanes as synthetic materials are 

quite uncommon as well; two recent communications from the Smith group 

(121,122) followed by two decades a paper from Pirkle and Lunsford (123).

Since 1986, numerous associated bacteria from marine invertebrates 

have been isolated, cultured and analyzed by this research group and others 

for the production of biologically important secondary metabolites. In trying to 

explore the possibility that microorganisms may be responsible for the 

production of some secondary metabolites, Briareum poiyanthes and 

Tedania ignis were investigated for host-specific microorganisms by using 

non-molecular biological techniques. This technique was based upon the 

analyses of fatty acid methyl esters (FAME) and statistical analyses to rank and 

group each strain of bacteria collected from the host organism. The 

dendrograms, a result from this statistical treatment of the FAME data, provided 

a guide for classifying bacteria as either associated with the host organism or 

belonging to the water column. In the case of bacteria collected from Briareum
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polyanthes, the dendrogram indicated a definitive clustering of bacteria into 

three groups. These groups represented the bacteria collected from the 

gorgonian, the bacteria collected from the water column, and bacteria common 

to both. The third branch is probably a representation of bacteria that were 

either trapped within the interstitial space of the gorgonian or that this cluster of 

bacteria was equally viable either on the surface of Briareum polyanthes or 

in the water column. The significance of these analyses is that they represent 

the first evidence that strongly supports the idea that there are bacteria 

associated with invertebrates.

The determination of whether associated bacteria existed with the 

sponge Tedania ignis was more complex because the study encompassed 

ten sites from Bermuda and three sites from the Florida Keys. Many of the 

dendrograms exhibited the same type of clustering patterns with the sponge 

bacteria separating from the water column. While these dendrograms were not 

as clear-cut as the Briareum polyanthes case, they did indicate associated 

bacteria. The small number of associated bacteria could be attributed to two 

factors. The first is that the interstitial space in the sponge is immensely greater 

than that of an encrusting gorgonian. This larger volume of water containing 

water column bacteria would decrease the numbers of sponge associated 

bacteria upon serial dilution efforts. Generally the faster growing water 

microorganisms can eliminate the slower growers by depletion of surrounding 

nutrients or by possibly producing an antibiotic compound that would kill other 

bacteria. This effect of isolating more water column organisms would tend to 

skew or complex the data interpretation. The second, and probably most 

important factor for the small number of apparently associated bacteria, was that 

only two types of media (DIFCO 2216 marine broth; ISP 2) were used to
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cultivate these organisms. Associated bacteria isolated from invertebrates may 

be difficult to culture because they require an important nutrient or component 

found only within the invertebrate. More importantly, it has been reported that 

only a small percentage of viable marine bacteria can be cultured under 

standard laboratory conditions (124), and this could apply to bacteria 

associated from the sponge.

Areas that need to be addressed for improving the identification of 

associated bacteria can include, but are not limited to: I) identification of the 

remaining unknown FAME peaks within the chromatogram; 2) use of a wide 

assortment of media to cultivate host bacteria; and 3) selection of one or two 

areas for study and gradual expansion to cover other areas, once an associated 

community has been discovered using an assortment of media.

However, these reported FAME and statistical analyses of marine 

bacteria have several ramifications for future research in marine natural 

products. First, this technique would allow us to investigate those associated 

microorganisms for the production of minor metabolites previously isolated from 

the host organism. Second, this technique would eliminate the random 

selection of bacteria (shotgun approach) for biological screening. Only one or 

two bacteria from a given cluster would need to be cultured, and this would 

save time and money for investigating the potential applications of marine 

bacteria for pharmaceutical or agrochemical use. Third, this technique may 

provide a rapid method for establishing a biodiversity index for microorganisms 

of the water column. This index would be a summation of the relative number of 

microorganisms that have been identified by the FAME protocol. The 

importance of such an index is that it could indicate the condition of the local 

aquatic community. In general, when there are only a few types of surviving
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microorganisms, it is a sign of an imbalance in the natural succession within a 

community. There are numerable possibilities of utilizing a biodiversitiy index, 

but one example would include health and safety issues of the water quality 

around shellfish beds. An index might be easily utilized by the aquaculture 

industry for determining which antibiotics to use when unwanted bacteria are 

damaging or killing fish, and an index can be used to measure pollution, 

whether it is chemical or biological.

In 1991, we collected Tedania ignis from the Florida Keys to compare 

its secondary metabolites to those previously isolated from Bermudian 

Tedania ignis. The chloroform soluble extract obtained from Tedania ignis 

collected in the Florida Keys yielded two compounds. The first compound 

identified from this extract was phenylacetamide, 59. It was spectroscopically 

identical to that previously reported from the Bermuda collection of Tedania 

ignis (92). The second compound, tedanalactam, 63, was identified by NMR 

and mass spectroscopy as a novel epoxylactam (107). Both compounds were 

not tested for biological activity because phenylacetamide was previously 

tested by Dillman et. al (92) and, unfortunately, tedanalactam decomposed after 

spectroscopic identification. Searching the literature for structures related to 

tedanalactam yielded only a few synthetic analogs that were prepared as 

potential drugs (125,126), or used as intermediates to synthesize complex 

lycopodium alkaloids (127) and castanospermine (128). In 1983, Schmitz et. al. 

isolated a small amount of valerolactam from Tedania ignis collected in the 

Florida Keys (90). This compound was the only comparable analog ever 

isolated from the marine environment.

The Florida Keys collection of Tedania ignis has thus far provided 

only one natural product common to Bermudian specimens, phenyl acetamide.
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The quantities of tedanalactam (4x10-5oZo wet weight) isolated would suggest 

the possibility of a microbial origin. Once the associated microorganisms from 

Tedania ignis have been found in the Florida Keys collections, an 

investigation would be warranted to search' for the possible production of 

tedanalactam.

The bacterial strain TSM6113, isolated by Stierle and co-workers in 

1986, was previously found to produce benzothiazoles as well as the 

metabolite tedanazine (97,98). It was our desire to reisolate tedanazine on a 

large scale to complete the structure elucidation of this metabolite and to 

investigate any further biological activity that this compound may exhibit. The 

alteration of the growth conditions of TSM6113 was explored for the production 

of this novel alkaloid. However, neither the benzothiazoles nor "tedanazine" 

was ever found in any of the cultures. Based on a hypothesis that "tedanazine" 

is biosynthetically derived from tryptophan, an amended medium containing 

that amino acid at a concentration of Ig/L was prepared. Several compounds 

were identified from the organic extract of the amended fermentation broth of 

TSM6113. Anthranilic acid, 70, was found to be ~1% of the extract weight, and 

the diketopiperazines 71 and 72 were found to be ~0.2 and 0.3% of the total 

extract, respectively. Upon changing the fermentation conditions of TSM6113 

from DIFCO 2216 marine broth to DIFCO tryptic soy agar, we isolated (3-methyl- 

mercaptopropionate, 73, in a yield of 0.4% of the total organic extract. Because 

it was speculated that anthranilic acid could be the biogenetic precursor to the 

benzothiazoles, a minimal media was prepared that included a sulfur source 

and anthranilic acid. The only compound identified from the organic extract was 

75, and it comprised 1% of the total organic extract. Neither the benzothiazoles 

nor "tedanazine" was ever found.
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A literature search on the occurrence of compounds 70-73 , and 75, 

provided very little information. There were no indications or suggestions from 

the literature that Gram-positive microorganisms metabolized tryptophan to 

anthranilic acid. Most other organisms (eukaryotes) were found to degrade 

tryptophan to indoleacetic acid, tryptamine, serotonin, kynurenic acid or to other 

alkaloids (110). As for the diketopiperazines 71 and 7 2 , they were not 

searched in the literature, but references to diketopiperazines containing 

proline and hydroxyproline were noted from previous work with a bacterium 

collected from a Palythoa  sp. (114) and Tedania ignis (96). The |3- 

methylmercaptopropic acid, 73, was found to be a constituent of the pineapple, 

Ananas sativus Lindl, at 1 ppm (129). There were no other reported uses of 

this compound, but a close analog, dimethylsulfoniopropionate, was reported to 

be produced by several species of marine phytoplankton (130). As for the 

occurrence of 75, either synthetically or as a natural product, there was no 

literature information. Chemical Abstracts did indicate that numerous 

chlorinated derivatives of 75 were used both medically as anesthetics, and 

agrochemically as herbicides.

The compounds 70-72 were not tested in any of the biological assays, 

but 72 would probably have produced growth promotion in the lettuce seed 

assay, based upon previous experiences with hydroxyproline derivatives 

isolated from a bacterium from a Paiythoa sp. (114). The nicked-leaf assay 

was negative for 73  and 75, but both displayed biological activity in the 

insecticidal assay. In this test, 73 caused 30% mortality and 50% weight 

reduction, at 100 ppm compared to controls. A weight reduction of 25% versus 

the controls was observed for 75.
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While our efforts to find benzothiazoles and "tedanazine" appeared to 

have been futile, we did discover that slight alterations of the fermentation 

media could significantly alter the production of secondary metabolites. Some 

of these products (73 and 75) have never been reported as constituents of 

either marine invertebrates or bacterial cultures. We have not abandoned our 

quest to find the TSM6113 alkaloids, but new approaches must be developed. 

These approaches can include the use of FAME and statistical analyses to 

search for TSM6113-like microorganisms. This approach may be of value, 

because the original culture has been sustained in the laboratory for more than 

eight years on DIFCO 2216 marine agar, and may have lost the capability to 

produce these interesting alkaloids. Another approach would be to use 13C 

isotopic labels of the suspected precursor(s) of the benzothiazoles or 

"tedanazine". The labels would provide a rapid method for determining the 

biosynthetic route to these alkaloids by monitoring the 13C NMR for their 

expected chemical shifts. Lastly, an approach to consider would be to develop 

new media that would more closely approximate the nutrient levels found in the 

field, for either the host invertebrate or water column bacteria.

This approach of investigating marine bacteria as producing potential 

new sources of pharmaceutical or agrochemical compounds has some 

similarities to the development of the antibiotic penicillin. It will take many 

investigators, microbiologists, geneticists and chemists decades to develop this 

source to its full potential because there is so little known about the 

microorganisms that inhabit our marine environment.
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E XP E R IM E N TA L

General

Instrumentation.

NMR spectral data were obtained in both normal and inverse detection 

modes on Bruker Instruments Inc. AC(F) 300 or AM 500 spectrometers. The 

NMR solvents (CDCI3, CD3OD, benzene-de, CD3CN, acetone-de) were 

purchased from Cambridge Isotopes, Inc. Chemical shifts were reported in ppm 

(8 units) relative to tetramethylsilane (TMS, 8 = 0). Low resolution mass spectral 

data were recorded on either a Hewlett Packard Model 5890 Series Il gas 

chromatograph with a Supelco SBP-1 column (0.25 mm x 30 m, i.d.) coupled to 

a Hewlett Packard 5970 mass selective detector, or on a VG MM16F. Accurate 

mass data were recorded on a VG 7070EHF for high pressure electron capture 

(HPEC) mass analyses and on a JEOL SX102 using FAB with NOBA or glycerol 

matrixes. The IR spectra were recorded on a Perkin Elmer 1320 Infrared 

Spectrometer, a Nicolet 5DX FT-IR spectrometer and a BioRad 2340 FT-IR 

spectrometer. Optical rotation data were measured on a Perkin Elmer 241 MC 

polarimeter or on an Optical Activity LTD instrument.

Chromatography.

HPLC separations were accomplished on one of three systems: two 

ISCO 2350 series pumps operated by a ChemResearch chromatographic data 

management/system controller (Version 2.4), on Beckman 114M pumps 

controlled by a 421A pump controller, or on Beckman 11OM pumps connected 

to a Model 626 UV detector controlled by an IBM PS2 workstation operating on
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System Gold software. An Ito Multi-Layer Coil Separator-Extractor (coil i.d. 1.6 

mm) was operated at an approximate rotation speed of 800 rpm and flow rate of 

4 mUrnm for countercurrent separations. !SCO's V4 (variable wavelength) or 

UA-5 detectors with 254 and 280 nm filters were used in HPLC, Ito 

countercurrent chromatographic separations or gravity flow column 

chromatography.

The following solid supports were used in gel permeation 

chromatography: BioBeads S-X4 (200-400 mesh), BioBeads S-X8 (200-400) 

were from BioRad, Inc., and Sephadex LH-20 (25-100 (i) from Pharmacia Fine 

Chemicals. BioSiI A (silica gel; 100-200 mesh) was from BioRad, Inc.

Isolation and Culture of Microorganisms

A small piece of tissue (~0.5 cm3) was aseptically cut from a host 

organism (sponge or gorgonian) and placed in a sterile tissue grinder 

containing 4.5 mL of 32 ppt sterile artificial sea water (Instant Ocean, Aquarium 

Systems). After homogenization, a 0.5 mL volume of fluid was removed from 

the tissue grinder and diluted in 4.5 mL of sterile sea water to yield 5 mL of 

homogenized host tissue at a 10“2 dilution. Sequential dilutions (1:10) were 

carried out four more times until five separate test tubes, ranging from IO'2 to 

IO'6 dilutions of the host organism, were obtained. A 100 p i  aliquot from each 

of the IO"3 to IO'6 dilutions was added to individual Marine Agar 2216 (DIFCO) 

agar plates (60 x 150 mm) and spread evenly over the surface of the agar. Pre

dried agar plates were used to prevent rapid spreading by swarming bacteria 

(Vibrio sp.) and allowed the slower growing bacteria to develop individual 

colony forming units (CPU's). Plates were checked between



8-12, 16-24, and 48-72 hours for CPU's. Those individual colonies were 

transferred to new agar plates and transported back to the Center of Marine 

Biotechnology (COMB) for more careful and extensive microbiological 

examination. The CPU's were transferred and streaked into quadrants on 

DIFCO 2216 plates. Once an isolate was deemed "pure" by homogeneous, 

single colony formation, the culture was labeled according to the area collected 

and queued sequentially for storage on a room temperature slant, as well as in 

15% glycerol-broth for -SO0C cryopreservation.

Bacterial Growth and Extraction Conditions for Fame Analysis.

Individual colony forming units (CPU's) of the bacterial strains were 

transferred two days prior to FAME analysis to DIFCO 2216 agar plates as 

streaked quadrants. Exponential log phase cultures were transferred from 

streaked quadrants via inoculum loop to a flask containing 45-50 ml_ of DIFCO 

2216 marine broth. The culture broth was agitated on a shaker at 250 rpm for 

16-20 hours at 25-26°C, after which time the culture was transferred to 

polycarbonate Oakridge centrifuge tubes (28.5 x 104 mm). Centrifugation of the 

culture in a Beckman J2-21 centrifuge at 10,000 rpm and 0°C for 15-18 minutes 

formed the bacterial pellet. The supernatant was decanted quickly without 

disturbing the bacterial pellet. The pellet (50-120 mg) was transferred via 

spatula, or if suspended via pipette, to a 13 x 100 mm test tube fitted with a 

Teflon cap. The bacterial pellet was lysed with 1.25 ml_ of reagent 1 (45 g of 

NaOH in 150 ml_ of CHgOH and 150 ml_ of Milli Q water) and transferred to a 

IOO0C water bath for five minutes. After five minutes the sample was vortexed 

and placed in the IOO0C water bath for an additional 25 minutes. The test tubes 

containing the bacterial free fatty acid extracts were then
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removed from the bath and cooled rapidly. Methylation of the free fatty acids 

was achieved with 3.25 m l of reagent 2 (325 m l of 6N HCI and 275 m l of 

CHgOH). After the addition of reagent 2, the samples were again vortexed, and 

placed in an SO0C bath for 10 minutes (± I minute). Since this methylation step 

was based upon an equilibrium between the free acid moiety and the methyl 

ester, consistency of elapsed time was required for reproducible results. The 

samples were cooled immediately to room temperature or colder (freezer) prior 

the addition of reagent 3 (1.25 m l of hexane-MeOtBu-1:1). This solvent 

combination extracted the fatty acid methyl esters (FAME'S). The next 

procedure consisted of back-washing the methyl esters with a 1.2% aqueous 

sodium hydroxide solution (10.8 grams NaOH in 900 m l of Milli Q water) to 

remove any non-esterified fatty acids. The hexane-MeOtBu layer was carefully 

removed (top layer) and added to a vial and sealed for analysis. Samples were 

queued for the autoinjector.

FAME Analysis

Instrumentation for FAME Analysis.

Fatty acid methyl ester (FAME) analyses of marine bacteria collected 

from Bermuda and Florida were obtained on a Hewlett Packard Model 5890 

Series Il gas chromatograph installed with an FID detector and an autosample 

injector (HP Model 7673). The 0.25 mm x 30 m GC capillary column used in the 

analysis was purchased from J & W Scientific [DB-5, 25p.m coating of a 

(5%phenyl)-methyl polysiloxane]. Gas chromatographic data were collected in 

tandem by both a Hewlett Packard 3396A Integrator/Chart recorder and an IBM 

PS-2 computer operating Beckman's System Gold software (Version 5.10)
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Digitization collection rate by the System Gold software was set at 2 Hz. FAME 

data collected from bacteria were compared to a peak identification table based 

upon known retention times of a bacterial acid methyl ester standard (Matreya 

Inc, Pleasant Gap, PA-Cat# 1114). A listing of the bacterial acid methyl esters 

used in the FAME analyses and their retention times can be found in Table 12. 

Data collected from the bacterial FAME'S were transferred as ASCII files and 

downloaded to the University of Maryland, College Park campus IBM 9021 

mainframe for statistical analyses using SAS. A series of SAS macro programs 

entitled SASTAXAN, written by Dr. Dan Jacobs, Maryland Sea Grant, provided 

rapid data analysis to cluster and generate the dendrograms. Individual 

bacterial species were designated as organizational taxonomic units (OTU's) 

for data analyses. Each OTU was compared to other OTU's for their presence 

of the fatty acid methyl esters listed in Table 12. A Sorenson similarity measure 

using quantitative data generated a matrix (N x N), where N equals the number 

of OTU's for the site or combined sites. A Sorenson similarity value of one 

means that both OTU's being compared for the presence of twenty-nine fatty 

acid methyl esters were similar in all respects, while a value of zero represents 

no similarity between the two OTU's. The formula for the Sorenson similarity 

measurement is given below:

Cn — 2jN/(aN + bN)

where Cn was the Sorenson value given as a percentage. Multiplied by two, 

the numerator jN equals the sum of the lower of the two abundances recorded 

for fatty acids found in both OTU's. The denominator value aN equals the total 

number of fatty acids found in one bacterial strain while bN represents the total 

number of fatty acids found in the other bacterial strain that was being



200

Table 12. Matraya bacterial standards with their GC retention times.

Component R. T. (min)a Component R. T. (min)a

3 OH C:8 8.30 Cl 6:1 (9) 24.78

C l 1:0 12.51 C16:0 25.29

2 OH C10:0 12.77 iso C l7:0 26.80

C12:0 14.94 A C17:0 27.41

C13:0 17.50 C17:0 27.77

20H C12:0 17.96 20H C16:0 28.26

30H C12:0 18.63 ‘ C l 8:2 (9,12) 29.42

C14:0 20.13 Cl 8:1 (9‘) 29.56

iso C15:0 21.79 C l 8:1 (9) 29.73

anti-iso C l5:0 22.01 C18:1 (11) 29.85

C15:0 22.74 C18:0 30.12

20H Cl 4:0 23.18 A Cl 9:0 32.14

30H C l4:0 23.92 C19:0 32.46

iso Cl 6:0 24.36 C20:0 34.67

a) Retention Time of the FAME'S.
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compared (69). The data matrix created by the Sorenson similarity 

measurements were then clustered using the unweighted pair-group methods 

by arithmetic averages (UPGMA) to produce the dendrograms. The UPGMA 

cluster algorithm began by locating the two OTUs that were most similar, 

followed by the computation of the average Sorenson similarity for this two 

member cluster. This process continued to group OTUs and/or clusters together 

in this manner until all OTUs were in one cluster. The result of this procedure 

gave rise to the plotted dendrogram with Sorenson values (131,132).

FAME Run Parameters and Column Conditions.

HP integrator settings: Beckman System Gold settings:

Attenuation 2 Digitization rate 2 Hz

Chart Speed 0.2 Linear Calibration Curve

Threshold 2.0 Minimum peak height = 0.0075

Area Rejection 3000 Integration Suspended from

Peak width 0.04 0.00 minutes to 8.00 minutes

Column injector Temp 250°C FID DetectorTemp SOO0C

Helium flow rate 1.8 mL/min Purge flow rate 3.9 mL/min

Hydrogen flow rate 44 mL/min Column head pressure 19-19.5 psi

Compressed air flow rate CIEOCDCM
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Column Separation Conditions.

Initial Time 1.0 minutes Initial Temp SO0C

Ramp 1 1 S0CZminute

Final Temp 1 125°C Final Time I 0.0 minutes

Ramp 2 

Final Temp 2 255

4°C/minute

Final Time 2 0.0 minutes

Total Run Time 37.66 minutes

FAME samples (IpL) were injected onto the column (cold trap) in a splitless 

mode. An eight minute delay in actuating the integrator from the time of 

injection was utilized to prevent integration of the solvent peaks and lower 

molecular weight fatty acids from skewing the data.

Brine Shrimp Toxicity Screen.

The brine shrimp nauplii bioassay is an inexpensive and rapid method 

for the determination of whether compounds have cytotoxicity activity (133). 

The assay method has been used for years and has been reliable in predicting 

and correlating brine shrimp mortality experiments with antineoplastic activity 

with several cancer cell lines (134).

The first step in setting up the bioassay involves dissolving ~35 grams of 

"Instant Ocean" (Aquarium Systems) in distilled deionized water to a volume of 

I liter. This salt solution was adjusted to a concentration of 32 ppt as measured

Biological Screening Procedures
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by a refractometer. About 1/2 of a teaspoon of brine shrimp eggs (Carolina 

Biological Supply-Cat # L610) was added to a 500 mL volume of the above salt 

solution and aerated. Brine shrimp nauplii hatched in 36-48 hours. Two tubes 

were used as controls (with and without solvent) while the rest of the tubes were 

labeled accordingly for the fractions in a dose-dependent study. All tubes were 

filled with 2 mL of the 32 ppt salt solution. A 1 mL volumetric pipet was used to 

withdraw 15-25 brine shrimp from the hatching beaker with this volume added 

to the labeled tubes. The volumetric pipet allowed for a rapid and accurate 

assessment of the number of brine shrimp nauplii prior to start of the 

experiment.

Samples were prepared by dissolution in 15-25 jllL  of either DMSO or 

EtOH. A I mL volume of unadulterated 32 ppt Instant Ocean was added to the 

vial containing the solvent. The sample was sonicated for 5-10 minutes in a 

Branson sonicator and then transferred to the test vial containing the brine 

shrimp (total volume is 4 mL). Yeast powder (3-5 mg/10 mL), the food source 

for the developing young nauplii, was dissolved in warm water prior to the 

addition of 1-2 drops per screening vial.

Brine shrimp survivability was recorded at 1-4, 8, 16-24, and 48 hours. 

Typical test concentrations were 1000 ppm (Tmg /1 mL) for crude extracts and 

250 ppm for pure compounds if there were no prior testing data. If a compound 

was isolated via this bioassay technique, a dose-dependent study was 

conducted to determine the LD50 value for the active metabolite.

Insecticidal Screen.

The insecticidal screen used the tobacco hornworm Manduca sexta. 

The eggs were purchased from Carolina Biological Supply and placed on
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artificial black cutworm agar diet from Bio-Serv Inc. (cat # F9240). Two days 

after hatching, the insects were used for the bioassay.

Diet preparation involved the addition of 400 mL of boiling water to 100 g 

of the black cutworm diet and 13.5 grams of agar. This mixture was 

homogenized in a blender and distributed in 10 gram aliquots to beakers for 

each test compound. Compounds being tested were dissolved in 200 pL of 

either water, EtOH or CHgCIg and added to the warm diet with stirring. Once 

the solvent had evaporated the diet was distributed at ~1 gram per insect into 

plastic cups with lids (SweetHeart Paper Co.). Ten hornworms were used per 

test compound. Crude extracts were assayed at 1000 ppm, pure compounds at 

100 ppm, and dose-response experiments were conducted at 250, 125, 75, 50 

and 25 ppm to determine LD50 values. The assay was conducted on a 12 hour 

diurnal cycle with the temperature maintained between 24-26°C. Insects were 

checked on a daily basis for feeding activity and on days three and seven the 

insects' weight and overall health were recorded. Mortality and relative growth 

rate statistics were calculated for the test compounds versus the controls (with 

and without solvent) in order to ascertain whether the compounds were growth 

inhibitors or promoters, toxins, or feeding deterrents.

Plant Growth Regulatory Screen.

For the germination and root growth test, lettuce seeds (Lactuca sativa, 

Black-Seed Simpson variety) were used with no prior conditioning. Germination 

of the seed stock was checked prior to assay and found to be > 98%. Test 

concentrations of 1000 ppm were used for crude extracts while pure 

compounds were tested at either 250 or 100 ppm. If the compound(s) showed 

any biological activity, stock solutions were prepared with an initial
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concentration of IO-3M and diluted sequentially (1:10) to a concentration of 

10"9 M for development of a dose response curve. Each solution was prepared 

with distilled-deionized water and sonicated for 10 minutes prior to dilutions. 

Indole acetic acid was used as a positive control and diluted in the same 

manner. Each test solution (5 mL) was added to the Pyrex Petri dishes 

containing 20 lettuce seeds on a square of nylon screen supported by a Teflon 

ring. The temperature of the growth chamber ranged from 24-26°C with a 12 

hour diurnal photosynthetic period. The assay was conducted for 72 hours and 

afterward the root radicals and coleoptiles were measured and compared to 

controls.

Phytotoxicitv Assay.

The nicked leaf assay, as described by Sugawara et al (135)., was 

conducted on velvet leaf {Abutilon theophrasti) and Johnson grass 

(Sorghum halapense). Samples tested in the bioassay were dissolved in a 

2% ethanol to a concentration of 250 ppm. If samples showed bioactivity, lower 

concentrations were used to find the minimal dose responsible to elicit either 

chlorosis (discoloration via loss of chlorophyll) and/or necrosis. Two leaves 

used in the experiment (one leaf was the control) were placed in 60 x 150 mm 

disposable Petri dishes with a piece of filter paper moistened with water. The 

leaves were nicked with a 10 |iL syringe or a small glass capillary and a 5 pL 

droplet of the sample was applied to the wound. This procedure was repeated 

three times on each leaf; the Petri plate was then sealed with parafilm to prevent 

desiccation. A twelve hour diurnal light cycle and constant temperature (24- 

26°C) were maintained for the three day experiment. Leaves were observed on 

a daily basis for signs of chlorosis or necrosis.
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Antimicrobial Bioassay.

The antimicrobial assay consisted of 1/4" discs loaded with various 

concentrations of test compounds and placed on agar plates that contained 

either Gram positive or Gram negative bacteria, or a human/plant fungal 

pathogen. Table 12 represents the various organisms used in the bioassays.

An inoculum of microbial culture was added to approximately 4 mL of 

either Marine Broth 2216 (DIFCO), Sabouraud broth (DIFCO), or tryptic soy 

broth (DIFCO) and incubated for 24-48 hours to a cell density greater than IO6 

cells/mL. Incubation temperatures for the microorganisms were 25-27°C except 

for Mycobacterium smegmatis and Mycobacterium phiei (37°C). A 

100 |iL aliquot from each culture was spread as a smooth lawn on the 

appropriate growth medium prior to the addition of the paper disk. Sterile paper 

discs (1/4") were impregnated with the test compound and allowed to air dry. 

Concentrations of 1000 ppm were used for crude extracts, but purified 

compounds not previously screened were tested at 100 ppm. The Petri plates 

were sealed with Parafilm to prevent desiccation after the impregnated disks 

were placed on the surface of the agar. Five disks could be loaded on the plate, 

including the control. The cultures were incubated at 25-27°C for two days 

except for the Mycobacterium cultures (37°C, 2-3 days). Plates were monitored 

for biological activity at both 24 and 48 hours. Activity was measured as a clear 

zone (zone of inhibition) or halo (area of reduced growth) around the disk. The 

diameter of the zone was recorded for both days for each compound and the 

control. Compounds exhibiting zones of inhibition 1-2 mm from the disc were 

recorded as weak antimicrobial agents, 2-6 mm as moderate agents, and 

greater than 6 mm as strong antimicrobial agents. Some of the microorganisms
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Table 13. Bacteria and fungi used in the antimicrobial screen.

Organism Gram Stain Source

Staphylococcus aureus positive ATCC 25923

Enterococcus facaelis positive ATCC 29212

Listeria monocytogenes positive Strain EDGa

Bacillus subtilus positive ATCC 6633

Escherichia coli negative ATCC 25922/ MKb

Vibrio campbellii negative ATCC 25920

Pseudomonas aeruginosa negative ATCC 10145

Candida albicans NAc ATCC 25920/CBSd

Geotrichium candidum NAc CBSd

Mycobacterium smegmatis positive ODUe

Mycobacterium phlei positive ODUe

a) Obtained from Dr. R. Cowart, COMB
b) Clinical strain obtained from Martek Biosciences.
c) Not applicable
d) Obtained from Carolina Biological Supplies
e) Obtained from Old Dominion University, VA

used in the bioassay were tested against various commercial antibiotics 

(positive controls); negative controls consisted of sterile disks loaded with the 

solvent from the test compound.
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Extraction Protocol of Tedania ignis

The frozen tissue was thawed and homogenized in a Waring Blender 

with CH3OH, and after filtration the sponge was soaked in fresh CH3OH for an 

additional 24 hours. The methanol extracts were combined and concentrated 

(in vacuo) to yield an aqueous suspension. The marc (solid residue) was 

steeped in CHgCIg for 24 to 48 hours, twice, followed by filtration. The aqueous 

Suspension and CHgCIg fraction were partitioned against one another and 

separated. The water layer was extracted twice more with fresh CHgCIg. This 

partition yielded an organic (4.188 g) and an aqueous crude (301.75 g) extract. 

A modified Kupchan extraction utilized an increasing polar solvent-solvent 

partitioning scheme to separate compounds (106). This solvent-solvent 

partitioning scheme of the organic extract yielded five fractions, and began with 

the dissolution of the organic extract in CH3OH and HgO (9:1). The extract was 

extracted with hexane several times, and upon combination and concentration 

in vacuo yielded the hexane soluble fraction (3.598 g; 85.9% of the organic 

crude). The percentage of water within the aqueous methanol was increased to 

20%, followed by partitioning with CCI4 in the same manner as the hexane 

solubles. Concentration of these fractions in vacuo yielded the CCI4 solubles 

(0.279 g; 6.6% of the organic crude). The concentration of water was increased 

to 35%. Partitioning of this extract with CHCI3 yielded the CHCI3 solubles 

(0.247 g; 5.9% of the organic crude). The CH3OH was removed from the water 

layer under reduced pressure to yield an HgO suspension that was further 

partitioned against EtOAc. Separation of these two phases yielded the ethyl 

acetate solubles (36 mg; 0.9% of the organic crude) and water solubles.



The water layer was Iyophilized and weighed prior to storage (28.6 mg; 0.7% of 

the organic crude).

Extraction Protocol of the Marine Bacterium TSM6113

The following extraction protocol was developed to obtain the maximum 

amount of organic crude from the fermentation broth of the bacterial strain 

TSM6113 which was cultured from the tissues of the sponge Tedania ignis. 

The yields for the various extracts originated from a 5L fermentation of 

TSM6113 in Difco 2216 marine broth that was amended with tryptophan (1g/ 

liter). The 5 liter fermentation of TSM6113 was Iyophilized to dryness. This 

powder was extracted with 500 m l of CH2CI2 and CH3OH (9:1) three times. 

The last soaking of the filtrate in CH2CI2 and CH3OH was for 24-48 hours. The 

solubles were combined and concentrated under reduced pressure to yield a 

CH2CI2/CH3OH fraction that was 35% of the organic crude (6.6 grams). The 

marc was extracted thrice with 500 ml_ of EtOAc. The EtOAc solubles consisted 

of 0.6% of the total mass of the organic extract (112 mg). Extraction of the marc 

by CH3CN and CH3OH (4:1) with three 500 mL volumes removed more of the 

polar organic compounds. After this last extraction the marc was discarded and 

the CH3CN/CH3OH solubles were triturated with acetone. This step removed 

the polysaccharides and salts due to their low solublities in this solvent. The 

acetone extract and the acetone precipitates consisted of 62.6% (11.8 grams) 

and 1.8% (0.33 grams), respectively, of the total mass of the organic extract.
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General Reaction Conditions of Brianthein X  and Y  DerivativAs

General. CHgCN (HPLC Grade) was dried over 4 A molecular sieves 

prior to use. Reactions used four equivalents of the halide salt per equivalent of 

brianthein diterpene. The catalyst 18-crown-6, (1,4,7,10,13,16-hexaoxacyclo- 

octadecane), was added at 0.2 equivalents per equivalent of the diterpene. A 

2.0 mL microconical vial fitted with a reflux condenser and a CaCIg drying tube 

was dried in a vacuum oven (80° C) for thirty minutes prior to use. Brianthein X, 

9, or brianthein Y, 10, was added to the conical vial. To this was added dry 

CHgCN (0.5-1.5 mL) followed by the salt and catalyst. The reaction mixture was 

heated to reflux temperatures (-82° C). Aluminum foil was wrapped around the 

vial and sand bath to maintain reflux temperatures.

The reaction was monitored by thin-layer chromatography using cyano- 

bonded silica plates (Merck). The plates were cleaned with methanol and 

CHgCIg (1:1) and dried in a vacuum oven prior to use. A spot of brianthein X or 

brianthein Y was co-developed along with a spot from the reaction solution for 

comparative Rf values. Hexane-iPrOH (1:1) solvents were used to separate the 

components, and a combination of UV light and vanillin/sulfuric acid developed 

the plate for the calculation of the Rf values. After cooling the vial to room 

temperature, the reaction was quenched by the evaporation of the solvent using 

a stream of Ng gas. The residue was further dried under vacuum to remove any 

CHgCN prior to the addition of CHgCIg and HgO (0.5 mL each). The water 

layer was removed and discarded only after it was determined that it contained 

no end product or starting material. The CHgCIg layer was backwashed with 

water (0.5 mL) to remove any salt and compIexed crown ether, this procedure 

was followed by concentration under reduced pressure. The solid
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was resuspended in dry CHgCIg for filtration through a Whatman 0.4 pm nylon 

membrane filter in preparation for HPLC analysis.

The crude reaction product was subjected to HPLC chromatography on 

Rainin cyano-bonded silica support using a 1 x 10 cm guard connected directly 

to a I x 25 cm semi-preparative column. A gradient of iPrOH-hexane at 3 

mL/min, described below in programs I, 2, and 3, was used to elute the reaction 

mixture. The separation was monitored at 230 nm by an ISCO V4 variable 

wavelength detector.

Program I . (Flow rate 2 mL/min)
Tim e % IPA Duration fmin)

0.00 50 0
5.00 100 25
30.00 50 10
40.00 50 10

Total Run Time 50 minutes

Program 2.
Tim e % IPA Duration (min)

0.00 50 2
2.00 75 5
7.00 100 20
32.00 50 10.0
42.0 50 1.0

Total Run Time 43 minutes
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Program 3.

Time % IPA Duration fmin)

0.00 50 2
2.00 75 3
5.00 100 25
43.00 50 5.0

Total Run Time 48 minutes

Isolation and Characterization of Modified Brianthein Derivatives

16-Bromo-6-dechloro-5.16-dihvdro-A-5.6-brianthein Y. 30.

A reaction mixture consisting of 21.1 mg of brianthein Y, 15.3 mg of NaBr, 

and 1.8 mg of 18-crown-6 was refluxed in CHgCN for nine days. The 

chromatogram from HPLC program I displayed a single peak at 35 minutes. 

Evaporation of the solvent from this fraction yielded 19.5 mg of 30, for an overall 

yield of 86%.

Absolute configuration 1S,2S,7R,8R,9S,10S,11R,12S,13R,14R,17R.

[a]D = -26.8° (c= 0.56, CHgOH); UV Xmax (CHgOH) 232 nm (e = 3400); IR vmax 

3465, 3005, 2960, 2935, 1775, 1730, 1455, 1425, 1365, 1215 cm-1 (thin film on 

CaFa); HRFABMS-positive ion (Matrix: NOBA/PEG/EF): (M+) m/z (%)635.1494 

(24), (C28Hg779BrOioNa requires 635.14577); See Table 2 and Table 3 for 

1H and 13C NMR assignments.

16-Chloro-6-dechloro-5.16-dihydro-A-5.6-brianthein Y. 32.

A reaction mixture consisting of 20.3 mg of brianthein Y, 5.9 mg of NaF, 

and 1.9 mg of 18-crown-6 was refluxed in CHgCN for nine days. The 

separation of 32 used HPLC program 2. The fourth peak (retention time ~30
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minutes) was evaporated to dryness to yield 7.4 mg of 32, an overall yield of 

36%. When brianthein Y was reacted with NaCI in a similar manner, the 

highest obtainable yield for 32 was 17% (3.3 mg).

Absolute configuration 1S,2S,7R,8R,9S,10S,11R,12S,13R,14R,17R.

M d = -32.9° (c= 1.21, CH3OH); UV Xmax (CH3OH) 224 nm (e = 2,000); IR 

vmax 3465, 3010, 2960, 2930, 1775, 1730, 1455, 1425, 1370, 1220, 1030 cm-i 

(thin film on CaFg); HRFABMS-positive ion (Matrix: NOBA/REG/EF): (M+) m/z 

(%)591.1959 (12), (C28H3735CIOioNa requires 591.1962); See Table 2 and 

Table 3 for and 13q NMR assignments.'

6-Epi (6RVbrianthein Y. 33.

A reaction mixture consisting of 18.5 mg of brianthein Y, 5.5 mg of NaF, 

and 1.8 mg of 18-crown-6 was refluxed in CH3CN for nine days. The 

separation of 33 used HPLC program 2. The sixth peak (retention time -34 

minutes) was evaporated to dryness to yield 4.3 mg of 33, an overall yield of 

23%. When brianthein Y was reacted with NaCI in a similar manner, the 

highest obtainable yield for 33 was 21% (4.2 mg).

Absolute configuration 1S,2S,6R,7R,8R,9S,10S,11R,12S,13R,14R,17R. 

[a]D = -25.3° (c= 1.12, CH3OH); UV Xmax (CH3OH) 234 nm (e = 3,300); IR vmax 

3470, 3010, 2955, 1775, 1735, 1455, 1365, 1250 cm-1 (thin film on CaFg); 

HRFABMS-positive ion (Matrix: NOBA/PEG/EF): (MH+) M/Z (%) 569.2125 (28), 

(Cg8H3735ciOio requires 569.2143); See Table 4 and Table 3 for 1H and 

13c NMR assignments, respectively.
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16-lodo-6-dechloro-5.16-dihvdro-A-5.6-brianthein Y. 34.

A reaction mixture consisting of 12.8 mg of brianthein Y, 13.7 mg of Na I, 

and 1.2 mg of 18-crown-6 was refluxed in CH3CN for six hours. The separation 

of 34 used HPLC program 3. The fourth peak (retention time ~21 minutes) was 

evaporated to dryness to yield 13.6 mg of 34, an overall yield of 91%.

Absolute configuration I S,2S,7R,8R,9S, 10S, 11R, 12S, I SR, 14R, 17R. 

HRFABMS-positive ion (Matrix: NOBA): (MH+) m/z (%) 661.1483 (16),

(C28H37127IO io requires 661.1528); See Table 4 and Table 5 for 1H and 13C 

NMR assignments, respectively.

6-Dechloro-5.16-dihvdro-A-5.6-16-hydroxv-brianthein Y. 35.

A reaction mixture consisting of 18.7 mg of brianthein Y, 20.3 mg of Nal, 

and 1.7 mg of 18-crown-6 was refluxed in CHgCN for seven days. The 

separation of 35 used HPLC program 3. The third peak (retention time ~23 

minutes) was evaporated to dryness to yield 4.6 mg of 35, an overall yield of 

25%.

Absolute configuration 1 S,2S,7R,8R,9S,IOS1IIR , 12S, 1 SR,14R,17R.

[a]D = -23.4° (c= 0.64, CHgOH); UV Xmax (CHgOH) 234 nm (e = 3,100); IR vmax 

3470, 3005, 2980, 2960, 2935, 2920, 1770, 1730, 1450, 1370, 1220, 1025 cm-i 

(thin film on CaFg); HRFABMS-positive ion (Matrix: NOBA/PEG/EF): (M+H+Na) 

m/z (%) 573.2310 (5), (CgsHsgOi 1 Na requires 573.2300); See Table 4 and 

Table 5 for 1H and 13C assignments, respectively.
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A reaction mixture consisting of 15.6 mg of brianthein Y, 6.4 mg of KF, 

and 1.4 mg of 18-crown-6 was refluxed in CHgCN for nine days. The 

separation of 36 used HPLC program 3. The fifth peak (retention time ~20 

minutes) was evaporated to dryness and reinjected for further purification. The 

third fraction (retention time ~14 minutes) yielded 1.2 mg of 36, an overall yield 

of 9%.

Absolute configuration 1 S,2S,9S, 10S, 11R, 12S, I SR, 14R. 

HRFABMS-positive ion (Matrix: NCSA: (MH+) M/Z (%) 515.2252 (11),

(C28H35O9 requires 515.2271); See Table 6 and Table 5 for 1H and 13C NMR 

assignments, respectively.

Iso-brianthein Y. 37.

A reaction mixture consisting of 44.3 mg of brianthein Y, 15.3 mg of 

NaCN, and 4.1 mg of 18-crown-6 was refluxed in CHgCN for three days. The 

separation of 37 used HPLC program 3. The fifth peak (retention time ~17 

minutes) was evaporated to dryness to yield 8.0 mg of 37, an overall yield of 

18%.

Absolute configuration 1S,2S,7R,8R,9S,10S,11R,12S,13R,14R,17R.

M d = -38.8° (c= 0.39, CHgOH); UV Xmax (CHgOH) 228 nm (e = 3000); IR vmax 

3560, 3440 (br), 2960, 2930 (sh), 2870 (sh), 1780, 1735, 1600, 1450, 1365, 

1215 cm-1 (thin film on CaFg); HRFABMS-positive ion (Matrix: PEG): (M+) M/Z 

(%) 591.1959 (8), (C28Hg735CIOioNa requires 591.1962); See Table 6 and 

Table 5 for 1H and 13C NMR assignments, respectively.
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Iso-brianthein X. 38.

A reaction mixture consisting of 51.1 mg of brianthein X, 20.2 mg of 

NaCN1 and 5.5 mg of 18-crown-6 was refluxed in CHgCN for 24 hours. The first 

separation of 38 used HPLC program 3. The fourth peak, consisted of 8.3 mg 

(retention time ~21 minutes), was rechromatographed on a YMC diol-bond 

HPLC column using hexane-CHgCIg-i-PrOH (5:1:1) as the eluent. The third 

fraction from this isocratic separation was evaporated to dryness to yield 5.6 mg 

of 38, an overall yield of 11%.

Absolute configuration 1 S,2S,7R,8R,9S, 10S, 11R, 12S, I SR, 14R, 17R.

[a]D = -15.0° (c= 0.33, CHCIg); UV Xmax (CHgOH) 226 nm (e = 2700); IR vmax 

3430, 3340, 2905, 2835, 1765, 1735, 1365, 1215 cm-i (thin film on CaFg); 

HRFABMS-positive ion (Matrix: NOBA/PEG/EF): (2M+H+) m/z (%) 997.3367 

(100), (C4gH6235C l20 i8  requires 997.3374); See Tables 7 and 8 for 1H and 

13 C NMR assignments, respectively.

12-Hydroxy-iso-brianthein X. 39.

A reaction mixture consisting of 58.1 mg of brianthein Y, 22.8 mg of 

NaCN, and 6.2 mg of 18-crown-6 was refluxed in CHgCN for 24 hours. The first 

separation of 39 used HPLC program 3. The fifth peak, consisted of 11.5 mg 

(retention time ~22 minutes), was rechromatographed on a YMC diol-bond 

HPLC column using hexane-CHgCIg-i-PrOH (5:1:1) as the eluent. The sixth 

fraction from this isocratic separation was evaporated to dryness to yield 5.4 mg 

of 39, an overall yield of 10%.

Absolute configuration I S,2S,7R,8R,9S, 10S,11 R,12S, 1 SR,14R, 17R.

N d = -32.6° (c= 0.30, CHgOH); UV Xmax (CHgOH) 226 nm (e = 2800); IR vmax 

3410, 2905, 2835, 1775, 1730, 1590, 1450, 1365, 1215 cm-1 (thin film on
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CaF2); HRFABMS-positive ion (Matrix: NOBA/PEG/EF): (2M+H+) m/z (%) 

913.3190 (100), (C44H5935QI2O16 requires 913.3164); See Tables 7 and 8 

for "I H and "I^C NMR assignments, respectively.

16-lodo-6-dechloro-5.16-dihvdro-A-5.6-brianthein Y. 40.

A reaction mixture consisting of 20 mg of brianthein X and 30 mg of Nal 

was refluxed in acetone for two days. The separation of 40 used HPLC 

program 3. The fifth peak (retention time ~19 minutes) was evaporated to 

dryness to yield 14.2 mg of 40, for an overall yield of 60%. The compound 

decomposed upon further purification attempts (i.e., no ocd , IR, UV, or MS 

measurements were obtained).

Absolute configuration I S,2S,7R,8R,9S, 10S, 11R, 12S, 13R, 14R, 17R.

See Tables 7 and 8 for and 13c NMR assignments, respectively.

Emmottene. 41.

Extraction and solvent-solvent partition was performed by R. L. 

Hendrickson in the same manner as that given for the extraction of Tedania 

ignis (36). The hexane soluble portion of the crude extract (24.62 g) of 

Briareum polyanthes was separated by flash vacuum chromatography on 

silica gel (124 g) with hexane. The colorless eluate preceeding the first yellow 

band was further separated by a sequence of gel permeation chromatography 

steps, BioBeads S-X8 (2.5 x 115 cm), using CHgCIg-hexane (3:2), and S-X4 

(2.5 x 115 cm), with CH2Cl2-hexane-EtOAc (4:3:1). Final purification required 

HPLC on a cyano-bonded phase column with hexane as the eluent to yield 

emmottene, 41 (fraction I - 111.5 mg), as a colorless oil; [afo -2.3°, (c. 1.10, 

CHCI3); vmax (CCI4) 2926, 2870, 1454, 885 and 658 cm"I; HREIMS m/z
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272.2493, (M+ calculated for C20H32 - 272.2456 (58), 229 (33), 190 (76), and 

147 (100). See Table 9 for 1H and 13c NMR assignments, respectively.

Isolation and Characterization of Tedania Metabolites 

Tedanalactam. 42.

The CHCI3 solubles from the modified Kupchan partition (0.2472 g) were 

permeated through BioBead S-X4 resin using hexane-CH2Cl2-EtOAc (3:4:1). 

The eighth fraction (34.7 mg) was injected on the countercurrent chromatograph 

using hexane-CHaCla-CHsCN (10:3:7) in a descending mode. Fraction three 

(37.0 mg) was then permeated through a Sephadex LH-20 column using 

CH2Cl2-i-PrOH-MeOtBu (1:1:1). The third fraction (11.4 mg) was separated on 

the Ito countercurrent chromatograph using CHCI3-CH3OH-H2O (25:34:20) in 

the ascending mode. Fraction eleven was further purified by a short Sephadex 

LH-20 column (2.5 cm x 25 cm) using CH2Cl2-i-PrOH-MeOtBu (1:1:1) to yield 

tedanalactam, (1), 3.4 mg, a colorless oil; [ajo -8.9° (c. 0.3, CH3OH); HRFABMS: 

[MH+] m/z 114.0550 (C5H8O2N requires 114.0553); IR (CHsCN)Vmax 3360, 

1685, 1355, 1105, 985 cm -1; 1h  NMR (300 MHz, CD3OD) 5 1.97 (1H, dddd, 

J=14.7, 12.6, 6.2, 0.6 Hz, H-4ax), 2.25 (1H, m, J=I4.7, 4.4, 1.3 Hz, H-4eq), 3.00 

(1H, ddd, J=12.6, 6.2, 1.3Hz, H-Seq), 3.19 (1H, dt, J=4.4, 12.6 Hz, H-Sax), 3.26 

(1H, d, J=3.6Hz, H-2), 3.64 (1H, m, J=3.6, 0.6 Hz, H-3); 13c NMR (75.5 MHz, 

CD3OD) 5 171.3 (C-1), 51.4 (C-2), 54.5 (C-3), 24.3 (C-4), 35.9 (C-5).

Phenylacetamide. 59.

Fraction three (37.0 mg) from the countercurrent chromatographic 

separation (hexane-CHsCIs-CHsCN; 10:3:7) was then permeated through a
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Sephadex LH-20 column using CHgCIg-i-PrOH-MeOtBu (1:1:1). The third 

fraction (11.4 mg) was separated on the Ito countercurrent chromatograph using 

CHCI3-CH3OH-H2O (25:34:20) in the ascending mode. Fraction eight 

consisted of phenyl acetamide, 5 mg. Spectroscopic data were in excellent 

agreement with the literature.(92)

2-Amino-benzoic acid. 70.

The EtOAc solubles (112 mg), extracted from a 5L fermentation (Difco 

marine broth amended with 1g/L tryptophan) of TSM6113, were permeated 

through a Sephadex LH-20 column using 1:1 CH2CI2-CH3OH. The ninth and 

tenth fractions were combined (33.0 mg) for separation using the Ito counter- 

current chromatograph. The chromatograph was set up in the descending 

mode with the solvent system CHCI3-CH3OH-H2O (25:34:20). The fifteen 

fraction (11.6 mg) was further purified by HPLC using a step gradient of 

methanol and water. The second fraction from this separation yielded 70 (6.6 

mg, 6% of the EtOAc solubles). The fourteenth fraction from the countercurrent 

separation was further purified by a gel permeation and another countercurrent 

chromatography (ascending) to yield more of 70. The total yield of 70 from 

both separations was 12.3 mg (total yield for the EtOAc solubles was 11%).

LREIMS-positive ion: m/z 137 (M+, 71), 119 (100), 92 (72), 65 (39); 1H 

NMR (300 MHz, CD3OD) 8 7.80 (1H, d, J = 1.6, 8.1 Hz, H-6), 7.20 (1H, dd, J = 

1.6, 8.3 Hz, H-4), 6.70 (1H, d J = 1.1, 8.3 Hz, H-3), 6.55 (1H, t, J = 1.1,8.1 Hz, H- 

5); 13C NMR (75.5 MHz, CD3OD) 5 171.99 (C-7), 152.67 (C-1), 134.80 (C-4), 

132.66 (C-6), 117.76 (C-3), 116.62 (C-5), 112.41 (0-2).
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CvcIorGIv-Pro]. 71

A gel permeation chromatography of 927 mg of CH2CI2-CH3O H 

solubles from a 5L fermentation of TSM6113 (Difco marine broth amended with 

1g/L tryptophan) was performed on a Sephadex LH-20 column using CH2CI2- 

CH3OH (1:1) as the eluent. The eight fraction (52.5 mg) was further separated 

by HPLC with a phenyl-bond column operating in a reverse phase mode (8:2 

H2O-CH3OH). The sixth fraction yielded 1.8 mg of 71 from 927 mg of CH2CI2- 

CH3OH extract, a 0.2% yield. The estimated amount of 71 in toto for the 

CH2CI2-CH3OH extract was calculated to be 12.2 mg.

[«]□ = -58.6° (c= 0.43, CH3OH); UV Xmax (CH3OH) 228 nm (e = 440); IR 

Vmax 3210 (br), 2950, 1660, 1600 (sh), 1445, 1325, 1300, 1225, 1160, 1105 

cm-"1 (thin film on CaP2); HRFABMS-positive ion (Matrix: glycerol): (MH+) m/z 

(%) 155.0818 (100), (C7H11O2N2 requires 155.0818); ^H NMR (300 MHz, 

CD3OD) 8 3.73 (1H, d, J = 16.9 Hz, H-3), 4.85 (1H, d, J = 16.9 Hz, H-3), 4.21 

(1H, m, H-6), 1.98 (1H, m, H-7), 2.31 (1H, m, H-7), 1.98 (2H, m, H-8), 3.53 (2H, 

m, H-9); 13c NMR (75.5 MHz, CD3OD) 5 171.99, 166.46, 47.01 (C-3), 59.86 (C- 

6), 29,38 (C-7), 23.3 (C-8), 46.31 (C-9).

CycIofAIa-^-OH-ProI]. 72.

A gel permeation chromatography of 927 mg of CH2CI2-CH3O H 

solubles from a 5L fermentation of TSM6113 (Difco marine broth amended with 

1g/L tryptophan) was performed on a Sephadex LH-20 column using CH2CI2- 

CH3OH (1:1) as the eluent. The seventh fraction (52.5 mg) was further 

separated by HPLC with a phenyl-bond column operating in a reverse phase 

mode (8:2 H2O-CH3OH). The third and fourth fractions (3.4 mg) were 

combined with fractions 2-4 (6.2 mg) from the HPLC separation for 71, to be
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rechromatographed on the phenyl bond HPLC column. The seventh fraction 

was found to contain 2.8 mg of 72 from 972 mg of CH2CI2-CH3OH solubles 

from TSM6113, 0.3% yield. The estimated amount of 72 in toto for the CH2CI2- 

CH3OH extract was calculated to be 19 mg.

M d = -30.0° (c= 0.33, CH3OH); UV Xmax (CH3OH) 226 nm (e = 440); IR 

vmax 3215 (br), 2930, 2860, 1660, 1590 (sh), 1430, 1300, 1090 cm-1 (thin film 

on CaF2); HREI-positive ion (MH+) m/z (%) 184.0845 (99), (C8H12O3N2 

requires 184.0845); ^H NMR (300 MHz, CD3OD) 5 1.97 (1H, q, J = 7.4 Hz, H-3), 

2.25 (1H, dd, J = 1.4, 6.4 Hz, H-6), 2.15 (1H, dddd, J = 4.3, 12.2 Hz, H-7), 2.35 

(1H, ddt, J = 6.4, 12.2 Hz, H-7), 4.50 (1H, dd, J = 4.3 Hz, H-8), 3.45 (1H, d, J = 

12.7 Hz, H-9), 3.65 (1H, dd, J = 4.3, 12.7 Hz, H-9), 1.40 (3H, d, J = 7.4 Hz, H-10); 

13C NMR (75.5 MHz, CD3OD) 5 172.84, 169.17, 52.10 (C-3), 58.91 (C-6), 38.27 

(C-7), 69.10 (C-8); 55.20 (C-9); 15.68 (C-10)

P-Methylmercaptopropionic acid. 73.

The 1.33 grams of crude extract isolated from TSM6113 (crude obtained 

from a 9:1 CH2CI2-CH3OH extraction of a IL  tryptic soy broth fermentation) 

was permeated through a Sephadex LH-20 gel column and generated thirteen 

fractions. The ninth fraction was separated on the Ito countercurrent 

chromatograph in a descending mode using CHCI3-CH3OH-H2O (25:34:30) to 

yield 24 fractions. The seventh fraction consisted of 6.8 mg of 73. The isolated 

yield as calculated from the 1.33 g of crude extract was 0.4%.

UV Xmax (CH3OH) 224 nm (e= 670); IR v max 2955, 2920, 1560 cm-1 

(thin film on CaFa); HREI-positive ion (Direct insertion): (MH+) m/z (%) 120.0243 

(100.0), (C4H8O2S requires 120.0243); LREI-positive ion m/z 120 (100), 103 

(13), 87 (15), 74 (45); 1H NMR (300 MHz, CD3OD) 5 2.72 (2H, dd, J = 7.25 Hz,
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H-2), 2.51 (2H, dd, J = 7.25 Hz, H-3), 2.09 (3H, s, H-4); 1Sc NMR (75.5 MHz, 

CD3OD) 5 176.42 (C-1), 30.24 (C-2), 35.73 (C-3), 15.28 (C-4).

2-(N-propionamido1benzoic acid 75

The CH2CI2-CH3OH solubles (174.6 mg) from the extraction of a I liter 

fermentation of TSM6113 (culture was grown on a minimal media, 

anthranilicacid, and sodium thioglycolate) were permeated through a 

Sephadex LH-20 with CH2CI2-CH3OH (1:1) as the eluent. The fourth fraction 

(138.3) was partitioned between 40 ml_ of diethyl ether and 20 ml_ of a 0.5 mM 

sodium acetate buffer (pH 4.5). The diethyl ether layer was separated and dried 

to yield 33.7 mg of extract. The extract was further separated by the Ito 

countercurrent chromatograph with CHCI3-CH3OH-H2O (25:34:30) in a 

descending mode. The sixth fraction was found to contain 1.9 mg of 75. This 

yield corresponded to 1% of the crude CH2CI2-CH3OH solubles.

UV Xmax (CH3OH) 262 nm (e = 11,300), 252 nm (e= 8,700), 302 nm (e= 

2,600); IR vmax 2905, 1660, 1600 (sh), 1575, 1500, 1435, 1370, 1285 cm-1 (thin 

film on CaF2); HRFABMS-positive ion (Matrix: glycerol): (MH+) m/z (%) 

194.0816 (100), (C10H12O3N requires 194.0814); LREIMS-positive ion m/z 

(%) 193 (M+, 60), 146 (20), 137 (100), 119 (99), 92 (48); 1H NMR (300 MHz, 

CD3OD) 5 8.46 (TH, dd, J=  1.1, 8.0 Hz,), 8.02 (I H, dd, J = I .7, 7.5 Hz), 7.34 (I H, 

dd, J = 1.7, 8.0 Hz), 7.02 (1H, dd, J = 1.1, 7.5 Hz), 2.42 (2H, q, J = 7.6 Hz), 1.23 

(3H, t, J = 7.6 Hz); 13c NMR (75.5 MHz, CD3OD) 8 171.65 , 170.67, 142.44, 

135.08, 132.52, 123.85, 121.40, 99.95, 32.28, 9.94.
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