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I.  Introduction

This literature review is the eighth in a series of periodic updates to the natural halogen

literature, with a particular focus on organochlorine compounds, although all new natural

organohalogen compounds that have been identified since the last Updates are described.

The coverage is approximately from April 1998 through August 1998, with inclusions of

earlier material as appropriate.

This author has had published a review of natural organochlorine compounds (1).

II.  New Natural Organohalogens

This Updates describes 55 new natural organohalogens, bringing the total number to 3072.

Thus, the current breakdown of such naturally produced compounds reported to date is as follows:

Organochlorine: 1814

Organobromine: 1570

Organoiodine: 88

Organofluorine: 28

As in previous Updates, only newly discovered organohalogens are assigned explicit

compound numbers (in bold), for ease in counting.  Previously known organohalogens are

indicated by capital letters (in bold).

A more complete investigation of the red alga Portieria hornemannii from different

geographical regions (Philippines and Hawaii) has led to the isolation of several new monoterpenes

1-5 that are related to the antitumor compound halomon (A), which was also present (2).  In

addition, several other compounds were isolated, including 6, which was missed from an earlier

paper (3), and the absolute configuration of isohalomon (B) was established (2).
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The Antarctic red alga Pantoneura plocamioides has yielded pantoneurotriols 7 and 8 along

with compounds 9 and C (4).  The former metabolites are proposed as biogenetic precursors of

pantofuranoids and pantoisofuranoids, which were discussed in Updates #4 and #7, respectively.

Compound C was previously described in Updates #7 but without stereochemistry.
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8  R = α-OH

9  R = β-Cl
C  R = α-Cl

The earlier assignment for the red alga Laurencia cartilaginea metabolite allo-isoobtusol,

reported in Updates #5, has been revised to D and renamed cartilagineol (5).

Excavatolide A (10) is the one chlorine-containing diterpene isolated from the Formosan

gorgonian Briareum excavatum along with four nonhalogenated diterpenes (6).  The cytotoxic

bromotriterpene aurilol (11) is found in the sea hare Dolabella auricularia (7).
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The new bromine-containing fatty acids 12 and 13 have been isolated from the sponge

Oceanapia sp., in addition to a known fatty acid (8).  The novel α-chloro divinyl ethers maracens A

(14), B (15), C (16), and D (17) are produced by Sorangium cellulosum (9).  These new antibiotics

have activity against mycobacteria, which is the cause of tuberculosis.  The novel cyclopropyl-

containing grenadadiene (18) has been characterized from the blue-green alga Lyngbya majuscula

(10).
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Although organofluorine compounds are the least abundant of the naturally occurring

organohalogens, a recent examination of the seed oil of Dichapetalum toxicarium has revealed the

presence of the novel -fluorofatty acids 19-23 (11).  In addition, strong evidence was obtained for

the presence of 18-fluoro-9,10-epoxystearic acid (24) in this oil.
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19  (16-fluoropalmitoleic acid)

20  (18-fluorostearic acid)

21  (18-fluorolinoleic acid)
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22  (20-fluoroarachidic acid)

23  (20-fluoroeicosenoic acid)

O
24  (18-fluoro-9,10-epoxystearic acid)

The New Zealand ascidian Cnemidocarpa bicornuta has yielded the simple bromine-

containing phenethylamine 25 (12), and the prolific Bjerkandera sp. BO555 and B. fumosa have

yielded the two new chlorinated metabolites 26 and 27 (13).  The lichen Dimelaena cf. radiata

contains the novel 5-chlorodivaricatic acid (28) (14).  This depside had been previously synthesized

but this is the first report of its natural occurrence.  The lichen Lecanora lividocinera has yielded

three new depsides, 29-31 (15), and Lecanora jamesii has furnished 32 (16).  The structures of all

four new compounds were confirmed by total synthesis.  Lichens of the genus Byssoloma and

Sporopodium have yielded the new metabolites 33-35 (16).
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28  (5-chlorodivaricatic acid)
29  R1 = H, R2 = Cl, R3 = n-C3H7, R4 = n-C5H11
30  R1 = H, R2 = H, R3 = n-C5H11, R4 = n-C5H11
31  R1 = H, R2 = Cl, R3 = n-C5H11, R4 = n-C7H15
32  R1 = CH3, R2 = Cl, R3 = n-C5H11, R4 = n-C5H11

25
2726

           

O

CH3

R3

R4O

R5

O OH

OR1

R2

33  R1 = Me, R2 = Cl, R3 = H, R4 = H, R5 = H
34  R1 = Me, R2 = Cl, R3 = H, R4 = Me, R5 = H
35  R1 = H, R2 = H, R3 = Cl, R4 = Me, R5 = Cl

The absolute configuration of the previously described hiburipyranone (E) has been

determined as shown to be R by total synthesis of both enantiomers (17).  The new metabolites,
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cadiolides A (36) and B (37) are found in the Indonesian ascidian Botryllus sp. (18).  In addition,

the related known rubrolide A was present in this animal.
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36  X = H  (cadiolide A)
37  X = Br  (cadiolide B)

Several new bromopyrrole alkaloids, spongiacidins A (38), B (39), and D (F) have been

isolated from a Hymeniacidon sponge (19).  The latter was previously described in Updates #6.

Spongiacidin A is the 7E isomer of 3-bromohymenialdisine (Updates #3) and spongiacidin D is

the 7Z isomer of axinohydantoin.  The Australian ascidian Pseudodistoma aureum has yielded the

new ß-carboline, eudistomin V (40) along with previously known eudistomin H and I (20).  The

novel bis-indole alkaloids, rhopaladin A (41) and C (42), along with two non-brominated analogues,

were isolated from the marine tunicate Rhopalaea sp. (21).  The major component is rhopaladin C.

These are the first bis-indoles from a tunicate to possess an imidazolinone ring.
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38  R = Br  (spongiacidin A)
39  R = H  (spongiacidin B)

40  (eudistomin V)
41  R = OH  (rhopaladin A)
42  R = H  (rhopaladin C)
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A new protein phosphatase inhibitor, dragmacidin E (43), along with the known dragmacidin

D and isobromotopsentin, was characterized from the Southern Australian deep water sponge

Spongosorites sp. (22).  The Belau sponge Stylotella aurantium (formerly S. agminata) has

yielded the two bromo derivatives, 44 and 45, of the very complex palau'amine (23).
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The tripeptide alkaloid celenamide E (46) was found in the Patagonian sponge Cliona

chilensis (24), and the marine sponge Geodia sp. has yielded two new cyclodepsipeptides,

geodiamolide H (47) and I (48) (25).  Surprisingly, whereas 47 showed in vitro cytotoxicity against

several human cancer cell lines, 48 was completely devoid of activity!  Keramamide L (49) was

isolated from an Okinawan Theonella sponge, along with the previously known keramamide A

(26).
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A study has shown that the previously described hexapeptide complestatin (chloropeptin II)

(G) is converted cleanly into chloropeptin I (H), which was also described earlier as a natural

product.  In addition, this latest study has determined the absolute configuration of complestatin

(27).  The suggestion in this paper that chloropeptin I is an acid-catalyzed isolation artifact is

refuted in a subsequent study (28).
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Six new 4-oxovancosamine-containing glycopeptide antibiotics, 50-55, have been isolated

from cultures of Amycolatopsis sp. Y-86, 21022 (29) (following page).
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50  ureido-balhimycin;  R1 = glc, R2 = urvcn, R3 = H, R4 = Me
51  rhamnosyl-balhimycin;  R1 = rha-glc, R2 = urvcn, R3 = H, R4 = Me
52  methylbalhimycin;  R1 = glc, R2 = ovcn, R3 = Me, R4 = Me
53  demethylbalhimycin;  R1 = glc, R2 = ovcn, R3 = H, R4 = H
54  balhimycin V;  R1 = ovcn-glc, R2 = ovcn, R3 = H, R4 = Me
55  devancosamine-vancomycin;  R1 = glc, R2 = H, R3 = H, R4 = Me
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III.  Biohalogenation

A study of the biochlorination of the blue-green alga (Lyngbya majuscula) metabolite

barbamide (I) has revealed that the trichloromethyl group is derived from leucine, perhaps via a

novel radical chlorination pathway (30).  Using 13C-labeled leucines these authors determined that

the stereochemistry at C-2 is (S) in barbamide.
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A study of the de novo production of drosophilin A (J) and drosophilin A methyl ether (K)

by basidiomycetes fungi has revealed that hydroquinone is a possible biosynthetic precursor of

these metabolites (31).  Moreover, these metabolites were found for the first time in strains of

Bjerkandera and Peniophora, and evidence is presented that K has an antibiotic function in

Phellinus fastuosus.

Cl
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OR

Cl

Cl

OMe

J  R = H  (drosophilin A)
K  R = Me

A study of thyroxine biosynthesis supports a pathway shown in Scheme 1 (32).  Although all

of the details have yet to be established, it is clear that intermediate epoxides M and N are involved,

as is the pyruvic acid L.
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The biosynthesis of fluorinated secondary metabolites by Streptomyces cattleya, examined

using 19F NMR spectroscopy, shows that glycolate, or an activated derivative, may be the substrate

for the biosynthesis of fluoroacetate (33).  Moreover, fluoroacetate and 4-fluorothreonine are not
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significantly interconverted, suggesting that one is not a biosynthetic intermediate of the other.

A study of the white rot basidiomycete fungus Hypholoma fasciculare, which is one of the

most common higher fungi in The Netherlands and in Germany, reveals that the maximum

production rate of chlorinated aromatic compounds ranges from 0.63-3.23 mg per gram of dry

fungus per day (34).  The major compounds are the previously known 3,5-dichloro-p-anisyl

alcohol and 3,5-dichloro-p-anisic acid.

A review of the biogenesis and metabolic role of halomethanes in fungi and plants has

appeared (35).  This important document focuses mainly on chloromethane.

Several important advances have been made in the investigation of haloperoxidase enzymes.

A thesis on the structure and function of fungal vanadium chloroperoxidase has been published

(36), and the four genes necessary for the biosynthesis of pyrrolnitrin have been isolated from

Pseudomonas fluorescens (37).  Subsequent work by this same group has identified the four

reaction steps that the enzymes encoded by these four genes carry out (38).  A chloroperoxidase

that has been isolated from the marine worm Notomastus lobatus is the first histidine-ligated heme-

containing peroxidase capable of chlorinating substrates using chloride (39).  Lignin peroxidase

from the basidiomycete fungus Phanerochaete chrysosporium, which catalyzes the oxidation of a

variety of lignin model compounds, is capable of oxidizing bromine and iodide but not chloride in

the presence of hydrogen peroxide (40).  This same fungus also contains a manganese peroxidase

that exhibits haloperoxidase activity (41).

IV.  Other Natural Sources of Organohalogens

For the first time, several fungi (Mycena metata, Peniophora pseudopini, and Caldariomyces

fumago) have been shown to produce chloroform (42).  The average production rates are 0.0007-70

µg/L culture fluid/day.  The authors suggest that fungi are important sources of airborne

chloroform.

An extensive review of the production of chloromethane by wood-rotting fungi has appeared

(43).  These authors estimate that the annual global input of chloromethane to the atmosphere from

this source is 160,000 tons, of which 75% is released from tropical and subtropical forests and 86%

is attributable to the fungal species Phellinus.
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The importance of sea-salt aerosol in the marine boundary layer as a source of reactive

chlorine gases (Cl2, HOCl, ClNO2) has been reiterated in a brief review (44).

V.  Biodegradation

The chemistry and mechanism of environmental biodehalogenation has been reviewed (45),

and a theoretical study of the active site of Xanthobacter autotrophicus haloalkane dehalogenase,

with 1,2-dichloroethane as a substrate has been performed (46).  The marine acorn worm

Amphitrite ornata contains a dehaloperoxidase capable of catalyzing peroxide-dependent

defluorination reactions (39, 47).  One of the natural substrates of this animal is 2,4,6-

tribromophenol, which is degraded initially to a dibromobenzoquinone.  Thus, natural

bromophenols may be biodegraded and recycled in this fashion.

VI.  Function

The extraordinary paper reported in Updates #7 on the production of chlorophenols by the

Japanese edible lily in direct response to attack by the pathogenic fungus Fusarium oxysporum has

now been published (48).

The marine metabolite tambjamine E binds DNA very efficiently and cleaves DNA in the

presence of Cu(II) and oxygen (49).  The in vitro activity of the Ras farnesyltransferase inhibitor

pepticinnamin E has been reported (50).  This paper, which describes the synthesis of

pepticinnamin E, also establishes the absolute configuration as shown in O.
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The mode of action of the glycopeptide antibiotic vancomycin continues to receive intense
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interest (51), and a tris-vancomycin analogue binds a peptide ligand with very high affinity

(dissociation constant of 4 x 1017) (52).  Similarly, a dimer of the antitumor calicheamicin binds to

a DNA duplex with very high affinity (53).

The role of chloromethane as a methyl donor in the biosynthesis of veratryl alcohol

biosynthesis has been probed, and labeling studies reveal that the chloromethane is derived from

methionine and not S-adenosylmethionine (54).

Biological activities of 69 marine natural products, many of which contain halogen, have been

reviewed and all but 13 possess biological activity in at least one of the three assay systems

(cytotoxicity, antimalarial, antimicrobial) (55).  Using the frog metabolite epibatidine as a model,

Abbott Pharmaceutical Co. chemists have synthesized an analogue, ABT-594, which possesses the

analgesic properties of epibatidine but not its toxicity (56).  Both epibatidine and ABT-594 contain

a 2-chloropyridine unit.
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