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Abstract:
Investigation of the ichthyotoxic plant Lomatium dissectum resulted in the isolation of a mixture of
tetronic acids (17), which were responsible for the ichthyotoxicity, antimicrobial and antineoplastic
activity of the organic soluble extracts. Fourteen analogs of 17 were prepared and evaluated for their
antimicrobial, antineoplastic, and antiinflammatory properties.

From the insecticidal organic extract of the marine sponge Ulosa ruetzleri two novel metabolites,
creatine dimethylphosphate (67) and 1-methyl-2-(methylphosphatoxy)-(5-H)imidazolin-4-one (68),
were isolated. Of these, 68 was found to be toxic to the tobacco hornworn, Manduca sexta, and a
powerful inhibitor of acetylcholinesterase. Substantial investigations into the total synthesis of 68
resulted in only mono- and di- alkyl phosphate esters of
1-methyl-4-(phosphatoxy)-(5-H)imidazolin-2-one.

Recently developed methodologies involving the silver ion mediated cyclization of α-keto imidoyl
chlorides was applied toward the total synthesis of four natural products, eudistomins H,I,S, and T
(110, 113, 127, 128), originally isolated from the marine tunicate Eudistoma olivaceum. Eudistomin T
was tested for cytotoxicity, phytotoxicity, and insecticidal activity. The natural products and the three
analogs 129, 130, and 164 were also evaluated against the human immunodeficiency virus (HIV). 
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ABSTRACT
Investigation of the ichthyotoxic plant Lomatium 

dissectum resulted in the isolation of a mixture of tetrohic 
acids (17), which were responsible for the ichthyotoxicity, 
antimicrobial and antineoplastic activity of the organic 
soluble extracts. Fourteen analogs of 17 were prepared and 
evaluated for their antimicrobial, antineoplastic, and 
antiinflammatory properties.

From the insecticidal organic extract of the marine 
sponge Ulosa ruetzleri two novel metabolites, creatine 
dimethy!phosphate (67) and 1-methyl-2-(methylphosphatoxy)- 
(5-H)imidazolin-4-one (68), were isolated. Of these, 68 
was found to be toxic to the tobacco hornworn, Manduca 
sexta, and a powerful inhibitor of acetylcholinesterase. 
Substantial investigations into the total synthesis of 68 
resulted in only mono- and di- alkyl phosphate esters of 
l-methyl-4-(phosphatoxy)-(5-H)imidazolin-2-one.

Recently developed methodologies involving the silver 
ion mediated cyclization of a-keto imidoyl chlorides was 
applied toward the total synthesis of four natural products, 
eudistomins H,I,S, and T (HO, 113, 127, 128), originally 
isolated from the marine tunicate Eudistoma olivaceum. 
Eudistomin T was tested for cytotoxicity, phytotoxicity, and 
insecticidal activity. The natural products and the three 
analogs 129, 130, and 164 were also evaluated against the 
,human immunodeficiency virus (HIV).
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INTRODUCTION

Natural products are structurally diverse secondary 
metabolites which are derived biosynthetically from primary 
metabolites and are of limited distribution in nature, that 
is, being restricted to a particular taxonomic group. . These 
secondary metabolites have no apparent function in the 
producing organism's metabolism but often have an ecological 
role such as chemical communication or chemical defense 
against microorganisms, insects, higher predators, and 
plants. For example, in the case of insect defense, it has 
been speculated that phytophagous insects attack any 
available plant not containing repellant or toxic factors

« 1 » .
(As natural product chemists our interests have been 

primarily in the isolation and structure elucidation of such 
biologically active natural products. . The long range goal 
for researchers in this area is to have their findings., 
whether they be specific natural products or simply the 
knowledge obtained from the study of chemical ecology, be 
further researched and developed, the ultimate result being 
some benefit to mankind. A person might then view the 
entire process as seeing, on one hand, an observation being 
made of a sessile marine organism which apparently has some
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type of chemical defense. On the other hand is a drug, 
modeled after the biologically active substance, isolated 
from the sessile marine organism, and its use to treat a 
specific disease. The transition between the two in its 
simplest form involves isolation and identification of the 
biologically active substance followed by synthesis and 
structure optimization to produce analogs of enhanced 
potency and utility. Studies of biologically active natural 
products and the development of analogs with increased 
activity was the focus of this research.

Structure activity studies of natural products have 
resulted in a wealth of commercial products. From the 
agrochemical industry the pyrethroids stand out as models of 
commercial insecticides based on the naturally occurring 
pyrethrins (I, 2). These natural products in their 
unaltered forms are potent insecticides with low mammalian 
toxicity. However, they are limited in their use by both 
rapid photodecomposition and metabolic detoxification. From 
extensive structure activity studies pyrethroids such as

0

H3C
XC = C H
/ \R H 1 R = CH3

2 R =  CO2CH3
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permethrin (3) and decamethrin (4) have been and continue to 
be developed with improved ease in synthesis at lower cost 
with increased potency (and low mammalian toxicity), 
stability, and utility (2).

4

The penicillin antibiotics exemplify how simple analogs 
prepared from a natural substance can result in a number of 
commercial products, which encompass a broad range of 
therapeutic value. Discovery in the late 1950's of a strain 
of Penicillium chrysogenum that accumulate high 
concentrations of 6-aminopenicillanic acid (5) provided not 
only an alternate route to unusual penicillins such as
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penicillin V (6) but also, through simple chemical 
acylations, a host of new active molecules have been 
developed. Ampicillin, amoxicillin, carbenicillin, 
cloxacillin, cyclacillin, dicloxacillin, hetacillin, 
methicillin, nafcillin, oxacillin, and ticarcillin are 
therapeutically utilized semisynthetic penicillins that have 
been made for their various chemical and physical properties 
as well as biological activity (3).

Such is the case with the cephalosporin C isolated from 
Cephalosporium acremonium. The activity of cephalosporin C 
(7) is only moderate and it is not used therapeutically; 
however, it is produced by fermentation in large volumes to 
serve as starting material for the chemical production of 
the semisynthetic cephalosporin antibiotics (4).

It was my objective to evaluate a number of different
biologically active natural products for the purpose of 
preparing analogs of increased activity, either by simple
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7
chemical transformations of the natural product or through 
total synthesis starting with readily available materials. 
I chose as a source of biologically active metabolites the 
terrestrial plant Lomatium dissectum and the marine sponge 
Ulosa reutzleri. Since the active constituents of these 
two organisms had not previously been isolated or 
identified, considerable work would be required initially 
just to obtain the compounds for the structure activity 
study. Likewise, in the case of the eudistomin alkaloids, 
originally isolated from Eudistomin olivaceum, the lack of 
material available required the total synthesis of the 
natural products for both initial biological testing and 
structure activity studies.
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RESULTS AND DISCUSSION

Ichthyotoxic. Tetronic Acids from Lomatxum dissectum 
Lomatium dissectum is the only one of eighteen species 

of the genus Lomatium in the United States and Canada to be 
regarded as an untrustworthy foodstuff. Although young . 
roots and shoots were harvested and eaten prior to emerging 
from the ground, mature plants were considered highly 
poisonous by the Okanagan and Kalispel tribes (5). Despite 
the toxicity, this plant was of value. An aqueous 
preparation of the crushed root was used externally against 
lice, ticks, and gnats for both horses and humans (6). 
Internally taken, it served to reduce fever (6). The 
crushed roots were fed to horses to cure fatigue and the 
forced inhalation of smoke produced by the burned root cured 
a horse's distemper (6).

Probably a more important use of this plant was the 
direct application of its ichthyotoxic properties. Peoples 
from both the Columbia Plateau (5,7) region and the Great 
Basin (8) have been reported to use L. dissectum to aid in 
the harvesting of freshwater fish. Although techniques 
varied, fish harvesting involved the preparation of an 
infusion from crushed roots. Introduction of this milky-
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white suspension into a slow moving stream caused fish to 
float to the surface. Naturally the smaller fish were 
affected first and responses diminished rapidly upon 
dilution down stream. Other than a tendency to putrefy 
sooner, fish taken by this method were no different than 
those harvested by other methods (5).

The use of plants to aid in the harvesting of fish 
dates back to antiquity and is.known to have occurred in 
both North and South America, Australia, Indonesia, Asia, 
and parts of Europe and Africa. It is generally agreed that 
the practice started in the tropical regions of southern or 
southeastern Asia and northeastern South America where a 
wide variety of plant life and slow moving warm waters are 
abundant. Support for the independent development stems 
only from the lack of this practice in northeastern Asia or 
interior Alaska, which suggests diffusion of this custom did 
not occur across the Bering Sea (9).

The use of plants to aid in the harvesting of fish is 
not an uncommon practice. In fact, years ago a list of some 
150 species of plants used to poison fish was published 
(10). A variety of substances displaying toxicity toward 
fish have been identified, many of them.as a direct result 
of the plant's use in fish harvesting.

Species in the Euphorbiaceae family are well known for 
their toxic principles, the phorbol esters (11,12). In West 
Africa the latex of Euphorbia drupifera and E. dramaesque
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were used to procure fish (13). Phorbol esters are 
currently of interest as pharmacological tools for the 
investigation of the mechanisms of the promotion stage of 
carcinogenesis (14) and for the investigation of the 
processes of inflammation in mammalian systems (15).
Several nitrogen containing phorbol esters such as 
sapintoxin A (8) (16,17) have been isolated from the Indian 
piscicidal plant Sapium indicum, also of the Euphorbiaceae.

A well known Asiatic fish poison, the use of which 
eventually spread into Europe for the illegal harvesting of 
trout (13), is that of Anamirta cocculus. Picrotoxinin (9) 
is the compound responsible for this activity (18). 
Interestingly, picrotin, a compound closely associated with

OH

8
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picrotoxinin, which differs only by the formal addition of 
water across the isopropenyl double bond yielding a tertiary 
alcohol, is inactive toward fish.

9

In Nigeria, the roasted stems of Ophiocaulon 
cissampeloides aided in fish harvesting. Hydrogen cyanide 
from the hydrolysis of cyanogenetic glycosides is believed 
responsible for this activity (13). Hydrogen cyanide is a 
powerful inhibitor of cytochrome C, thereby blocking 
cellular respiration.

Both steroidal and triterpenoid saponins have been 
implicated as being responsible for the piscicidal activity 
of a number plants. Cucurbita foetidissima, an indigenous 
plant of the southwest United States, was used as a soap 
substitute and a fish poison by the Indians and Spanish 
Californians. Testing of the crude saponin extract 
revealed toxicity toward fish (19). Chemical investigation 
of this extract from the root of this plant (which may weigh 
as much as 50 kg) resulted in the isolation and
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characterization of a major triterpenoid saponin, 
foetidissimoside A (10) (20).

Likewise, a number of triterpenoid based saponins are 
responsible for the ichthyotoxicity associated with the 
horse chestnut (Aesculus), which has been used extensively 
throughout the southeastern United States to procure fish.

Investigation into the Indian piscicidal and medicinal 
plant Agave cantala has resulted in the isolation and 
structure elucidation of a major steroidal saponin (21), 
gitogenin-3-O-B-D-laminaribioside (11). Saponins cause 
hemolysis of red blood cells, and also, act by dramatically 
lowering surface tension between the gills and water, 
thereby inhibiting oxygen uptake.
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In South Africa a number of species of the genus 
Tephrosia are used to procure fish (13). The roots of 
"lozane" (T . macropoda) were found to be rich in a rotenoid, 
tephrosin (12), an active ingredient in a number of species 
in this genus (22).

12
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The most renowned ichthyotoxin, rotenone (13), is found

in the Peruvian plant Lonchocarpus nicou. Prior to 1910 it
was noted that toxins from the Lonchocarpus genus will
poison fish within I hour at 0.1 ppm (23). Killip and Smith
documented the use of this plant in an illegal fish harvest
near the Huallaga River in northern Peru (24):

The barbasco roots of the plant are chopped into small 
pieces with a machete and several basketfuls are 
emptied into each canoe. It is then covered with water 
until the canoe is about a quarter full. The men and 
boys tread this mixture with their feet until it 
becomes grayish white in color. Evidently it has no 
effect on external abrasions; in fact it is sometimes 
taken internally in small amounts as a medicine. When 
all is ready the canoes are distributed over the 
proposed area and at a signal, each participant empties 
his mixture into the lagoon with a calabash . . . 
gradually the quiet water takes on a milky tinge.
After a few minutes, small fish appear on the surface, 
struggling in an inebriated manner. These are 
neglected by the fishers and soon float quietly in 
death . . . soon the larger fish are affected. The 
spears, equipped with two or three metal prongs, are 
jabbed into the fish, which are dexterously flipped 
into the canoe . . .  In some way the gills cease to 
function, and the fish act as though paralyzed. Some 
observers have noted a dilation of the eyes. A fish 
which is only partly paralyzed, upon being placed in 
fresh water, will often recover.

OCH3

13
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Today a number of species of Lonchocarpus are 

cultivated in South America for the commercial use of 
rotenone as an insecticide and also for the eradication of 
non-game fish. The rotenoids act by inhibiting the 
oxidation of NADH2 in the electron transport system.

Few investigations of Lomatium dissectum have been 
undertaken. In the late 1960's the structure of the 
disaccharide, columbianin (14) was revised (25) from that of 
the originally assigned mono saccharide 15 (26).

More recently, Cox (27), based on UV spectroscopy and 
paper chromatography RF values, hypothesized that coumarin 
like compounds were responsible for the ichthyotoxicity of 
L. dissectum. Dose response studies revealed LDso values of 
365 mg/L and 200 mg/L for raw and dried roots. These values 
were obtained using the mosquito fish, Gambusia affinins, 
and coho salmon, Oncorhynchus kisutch, respectively. Cox's 
preliminary work suggests that the fish affected by the 
toxins of L. dissectum experience inhibition of sodium 
uptake at the gills (27).

Shortly after this report we efficiently isolated (28), 
using centrifugal countercurrent chromatography, three 
coumarin glycosides, columbianin (14), JB-D-glucosyl- 
columbianetin (15), 6-D-glucosyl-6'-(8-D-apiosyl) 
columbianetin (16) and one flavonoid glycoside, 7-O-B-D- 
glucosyl luteolin, from the water soluble extract of L.
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dissectum. These coumarin glycosides were inactive toward
goldfish at 10 mg/L.
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The wealth.of its medicinal properties, its use as a 

piscicide, and the lack of work done on this species made L. 
dissectum an excellent candidate to investigate as a source 
of new biologically active compounds.

It was my objective then, to use a number of 
chromatography methods (size-exclusion, adsorption, HPLC) to 
isolate the active constituent(s) of this plant. To 
accomplish this the fractionation would be guided by both 
bioassay, and 1H-NMR analysis. The structure of any purified 
biologically active component would first be elucidated by 
the use.of 1H and 13C-NMR, MS, IR, UV, and existing chemical 
degradation methods. After this, the active compound would 
be considered for structure active studies based on the 
structure, the magnitude of the activity, and the amount of 
material available.

Lomatium dissectum is a much larger plant than L. cous 
and L. macrocarpon, which are typically used as food 
sources. Although somewhat a robust plant above ground the. 
majority of the plant's weight is in the form of a large 
fibrous rhizome. A single, whole plant collected in the 
summer of 1983 yielded 162 g of dichloromethane soluble 
material (24.9% of the fresh weight) and 71 g water soluble 
material (10.9% of. the fresh weight).

Initial screening for ichthyotoxicity against goldfish 
showed no activity of the water solubles at I g/L, but 
toxicity, of the organic solubles at 10 mg/L. In vivo (PS)
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screening revealed no antineoplastic activity in the water 
solubles, but toxicity at 400 mg/kg and a slight life 
extension at lower doses (T/C H O  @ 100 mg/kg) in the 
organic solubles. Antimicrobial assays indicated antifungal 
activity in the organic solubles and inhibition of Gram
positive bacteria in both extracts.

Inspection of the 1H-NMR of the organic solubles 
revealed a spectrum typical of organic soluble plant 
extracts, that is, one composed primarily of fatty acids and 
triglycerides. Unique to the spectrum of this extract,' 
however, was a pair of doublets at 5.33 and 5.18 ppm. The 
chemical shifts and 3 Hz coupling was indicative of a 1,1 
disubstituted olefin. Solvent partitioning of this material 
between increasingly polar aqueous methanol and increasingly 
polar organic solvents (hexane, carbon tetrachloride, 
chloroform, ethyl acetate) dispersed the antifungal activity 
over the hexane, carbon tetrachloride, and chloroform 
solubles. Likewise, 1H-NMR analysis of these fractions 
revealed that they had in common the pair of doublets at 
5.33 and 5.18 ppm. It was reasonable to assume that the 
compound containing this 1,1 disubstituted olefin might be 
responsible for the antifungal activity in these fractions 
and the ichthyotoxicity of the organic extract. For this 
reason the compound containing this I,1-disubstituted olefin 
was targeted for isolation and testing.
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The carbon tetrachloride solubles had the highest 

concentration of the compound of interest and were, 
therefore, fractionated first. 1H-NMR analysis of each 
fraction was employed to guide in the separation. First, 
2.09 g of this material was permeated through Bio-Beads S-X4 
using dichloromethane-hexane-ethyl acetate (4:4:1). Ten 
fractions were collected. Fraction 6 (891 mg) was further 
chromatographed through Sephadex LH-20, using dichloro 
methane-methanol (1:1). This chromatography afforded five 
fractions in which fractions 4 (275 mg) and 5 (512 mg) were 
bisections of one large UV active peak. (It is noted here 
that this semi-pure material was later used for all 
derivatives prepared from 17). Normal phase TLC analysis of 
fractions 4 and 5 using t-butyl methylether-hexane (1:2) 
showed that they each contained primarily one large 
fluorescent spot (Rf 0.5) and a number of minor, more polar 
constituents. These two fractions were each chromatographed 
separately through silica, using this solvent system, under 
12 psi nitrogen. In each chromatography one large UV active 
fraction eluted from the column, yielding 247 and 454 mg, 
respectively. Since these were identical by 1H-NMR, TLC, 
and originated from the same fraction of the Sephadex LH-20 
chromatography, they were combined to yield 701 mg of a 
clear light yellow oil (33% of the carbon tetrachloride 
solubles). Purification in the same manner of the hexane 
and chloroform solubles revealed they also contained 30% and
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31% of this material, which in all comprised 30% of the 
organic solubles! This oil was characterized as a mixture 
of the tetronic acids 17.

The xH-NMR spectrum (Figure I) of 17 provided a number 
of part structures. The two proton multiplet at 5.33 ppm is 
indicative of a I,2-disubstituted olefin. Decoupling 
experiments revealed that this signal is coupled to the four 
proton multiplet at 1.97 ppm which, in turn, is coupled into 
the methylene envelope at 1.27 ppm. The two proton triplet 
at 2.27 ppm suggested a methylene a to a carbonyl. This 
signal is coupled to the two proton multiplet at 1.49 which, 
in turn, is also coupled into the methylene envelope at 1.27 
ppm. The methyl triplet at 0.85 ppm is also coupled into 
this methylene envelope. These signals and the single 
hydroxyl proton at 9.2 ppm were characteristic of a simple 
mono unsaturated fatty acid. Only the pair of doublets at 
5.33 and 5.18 for the I,1-disubstituted olefin suggested a 
more complicated structure.



Figure I. 1H-NMRa Spectrum of 17.

in CDCl3, 6.
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High resolution mass spectral (Figure 2) analysis 

revealed that 17 was a mixture of two homologs differing 
only by two methylenes with molecular formulas of C21H34O3 
and C19H30O3. Since each of these have five sites of 
unsaturation and only three were accounted for (from the 
1H-NMR data), an additional two olefins, two rings, or one 
of each must be present in 17. The formula CsHsO3, with ' 
four of the five sites of unsaturation, for the base peak at 
m/z 126 suggested that 17 was composed of a highly 
functionalized moiety bearing a long alkenyl side chain.

The 13C-NMR spectrum of 17 (Figure 3) revealed a number 
of important structural features. The one additional olefin 
observed meant that the additional site of unsaturation must 
come from a ring system. The chemical shifts of this olefin 
(162.9 and 105.2) and those of the I,1-disubstituted olefin 
(149.8, s, and 93.5, t) suggested they were both directly 
bonded to oxygen. The carbonyl resonance at 173.5 ppm could 
be assigned to that of a conjugated carboxylic acid but 
better fit that of an ester.

Exposure of 17 to catalytic hydrogenation conditions, 
(5% palladium on carbon under 40 psi hydrogen) afforded, 
after purification, a white waxy solid. These conditions 
failed to reduce the tetrasubstituted olefin, but 
efficiently reduced the I,2-disubstituted and 1,1- 
disubstituted olefins yielding the tetrahydro derivative 18. 
1H-NMR analysis of this material revealed a one proton



Figure 2. EIMS of 17.
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Figure 3. C-NMR Spectrum of 17
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quartet at 4.79 ppm coupled to a three proton doublet at 
1.45 ppm. This confirmed the I,1-disubstituted olefin in 
17. The resulting methylenes from the reduction of the 1,2- 
disubstituted olefin were incorporated into the large 
methylene envelope at 1.23 ppm. Low resolution mass 
spectral analysis of 18 supported the addition of two 
equivalents hydrogen.

Exposure of 17 to diazomethane gave the methoxy 
derivative 19. Inspection of the 1H-NMR of 19 revealed the 
disappearance of the hydroxyl proton at 9.2 ppm and 
appearance of a methyl singlet at 4.09 ppm. Since methyl 
esters of carboxylic acids are typically in the area of 3.7 
ppm, the original hypothesis of a carboxylic acid became 
suspect.

0

18 n = 13, 15

0
CH = CH- (CH2)n-CH3

I 9 n
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The possibility of a carboxylic acid function was ruled 

out upon inspection of the IR spectrum (Figure 4) of 17.
The characteristic C=O adsorption for carboxylic acids is 
typically in the region of 1715 to 1690 cm-1. A strong C=O 
stretch at 1777 cm-1 suggested an a,fi-unsaturated lactone 
functionality.

These discrepancies led to an alternate proposal for 
17, that of a enol O-H rather than a carboxylic acid 0-H. A 
positive ferric chloride test and the formation of a mono
acetate 20 upon exposure of 17 to acetic anhydride confirmed 
this functionality. With this, the structure of 17 quickly 
fell into place. With the enol O-H accounted for, the 13C- 
NMR resonance at 173.5 originally assigned to the carboxylic 
acid carbonyl could then be assigned to a a,B-unsaturated 
lactone which would account for both the IR adsorption (1777 
cm-1) and the remaining needed site of unsaturation.

After considering the UV maximum at 251 run, the a,fi- 
unsaturated lactone, I,1-disubstituted olefin, and the 
remaining monounsaturated alkyl chain could be combined and 
arranged into two possible structures, 17 and 21.



Figure 4. IR* Spectrum of 17.
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Structure 17 is supported from a biogenesis argument, 
that these metabolites are derived from the condensation of 
a fatty acid and pyruvate. Confirmation of structure 17 
came about quite by accident. In making additional methyl 
enol ether 19 for biological testing, the tetronic acid 
mixture was alkylated with iodomethane and potassium 
carbonate in acetone rather than using diazomethane in 
diethyl ether. These conditions yielded both 0- and C- 
alkylation products 19 and 22.

^ — CH = CH—  (CH2)n —  CH3

22 n = 5, 7

The final support for structure 17 lay in 22. 1H-NMR 
analysis of 22 revealed that the signals for the 1,1- 
disubstituted olefin had separated and shifted downfield, a

0 CH3
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pattern reminiscent of a-methylene y-lactones (29). Also a 
UV maximum of 246 nm is close in value to that of an a,B- 
unsaturated ketone bearing one a substituent (30). A C- 
alkylation product derived from structure 21 would have 
yielded the a dicarbonyl compound 23, where UV maximum may 
have been as high as 490 nm (31) depending on the dihedral 
angle of the carbonyls, but certainly not as low as 246 nm. 
The infrared absorptions near 1820 and 1750 cm-1 correlated 
with the Y,6-unsaturated y-lactone and a-methylene 
eyelopentanone moieties, respectively. The dominant mass 
spectral fragmentation of 22 was cleavage at the quaternary 
sp3 carbon.

With the structure of the tetronic acid moiety in hand, 
the position and geometry of the olefin in the alkenyl side 
chain was determined. Originally we assigned (32) the 
geometry as cis, based on the lack of a prominent adsorption 
in the IR (thin film) at 970 cm-1. A solution spectrum, 
however, clearly revealed adsorptions at both 675 and 970 
cm-1 which suggested cis and trans isomers. This was
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supported by chemical shifts in the 13C-NMR of 128.9/129.5 
and 129.8/129.9 for cis and trans I,2-disubstituted olefins. 
These resonances were in a ratio of about 1:2. Ozonolysis 
of 17, followed by reductive work up and acetylation of the 
resulting alcohols yielded a light yellow oil. GC-MS 
analysis of this material revealed the presence of 1-heptyl 
acetate, 1-nonyl acetate, and the acid 24. This acid was 
partially purified and its structure supported by 1H-NMR.

The mixture 17, then, is comprised of cis and trans 
isomers of two homologs whose biogenesis apparently proceeds 
through the condensation of pyruvate with the requisite 
fatty acid, followed by enolization and lactone formation 
(33) .

- 5, 7n
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The higher molecular weight homolog has previously been 

found and characterized along with four other tetronic acids 
25, 26, 27, and 28 by Bohlmann's group (33,34). These were 
found in three umbellifers, Peucedanum venetum, P. 
alasticum, and Seseli hippomarathrum.

A number of related tetronic acids are known from 
microbial sources, exemplified by multicolic (29) and 
multicolosic (30) acids from Penicillium multicolor (35).
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CO2H

29 R =  CH2OH
30 R =  CO2H

More distantly related compounds include the cytotoxic 
obtusilactone (31) from Lindera obtusiloba (36) with both 
olefinic bonds exocyclic to the ylactone and dihydro 
tetronic acid (32) from the gorgonian Plexaura flava (37).

32
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The fimbrolides, represented by 33, from the red alga 

Delisea frimbriata (38), would appear to be halogenated 
analogs of 17, although of a different biosynthetic pathway

H OAc

33

Although laborious, it was possible to separate the 
two homologs. Partial resolution of the acetates (20) was 
achieved using cyano bonded phase HPLC with a hexane- 
dichloromethane-isopropanol (6:1:1) mobile phase, however, 
decomposition (polymerization) quickly claimed the purified 
components. These observations of polymerization are 
consistent with literature reports on similar compounds (33 
34,36). A dramatic example of this was the fusing of two 
IR salt plates together by a thin film of material; to this 
day they remain bound! The tetronic acids and the analogs 
prepared from them are relatively stable to acidic 
conditions but readily polymerize in the presence of base. 
From laboratory observations, the tetronic acids (17), the 
acetates (20), and the methoxy derivatives (19) were all of 
the same stability, while the C-alkylated derivative (22)
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was by far the most unstable. Even the most stable 
compound, the reduced analog (18), eventually decomposed.

Due to the sensitivity of and difficulty in separating 
these homologs they were tested as a mixture, reasoning that 
the activity was obviously associated with the tetronic acid 
moiety and that the difference in two methylenes of the C-14 
and C-I6 alkyl chains would not dramatically affect the 
solubility or activity of the two.

For this reason also, all derivatives were prepared 
from the semi-purified tetronic acids (17) mentioned above. 
This material was more resistant to polymerization and, 
therefore, could be stored indefinitely.

Initial testing of the tetronic acids 17 for 
ichthyotoxicity using goldfish revealed that they were 
highly poisonous. Using McBride cutthroat trout (provided 
by the Montana Fish and Wildlife Service) an LDso of 0.7 
mg/L was determined (Figure 5) for a time period of four 
hours. This time was chosen simply because no additional 
fatalities were observed.for any concentration after this 
period and up to 24 hours total. Observations on the effect 
of this toxin were consistent with those of Cox (27). Upon 
addition of the toxin the fish became hyperactive and 
displayed bursts of rapid swimming. An overexpanding gill 
motion suggested they were suffocating. Subsequently they 
would slow and sink to the bottom fighting to stay upright. 
Additional bursts of energy were always followed by a
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worsening ability to keep their equilibrium. Even after 
several minutes of floating upside down, apparently dead, a 
fish would revive and repeat the process. Fish were not 
considered dead until several prods with a glass rod 
confirmed a lifeless state.

Figure 5. Ichthyotoxicitya of 17.

0.05 0.1
Cone. mg/L

^against McBride Cutthroat Trout for 4 hour period.

A review of Cox's work revealed that the compounds she 
proposed as coumarins did have much larger UV values than 
did the tetronic acids, (325 nm versus 251 nm). Since
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Cox's tests were carried out on large quantities of 
material, in the hundred milligram scale, it is possible, 
considering the solubility of the tetronic acids, that there 
may have been a trace of them throughout the fractions. 
Alternatively, the compounds that Cox did isolate, may have, 
in fact, been toxic toward fish. However, at the large 
doses tested, these coumarin like compounds were not the 
most active ichthyotoxin in the extract of L. dissectum.

Screening of the tetronic acids 17 for antimicrobial 
activity in an impregnated disk assay revealed they were 
responsible for the antifungal and antibacterial activity 
observed in the crude organic extract. Table I illustrates 
the zone of inhibition displayed by 17 and the transforma
tion products > 19, 20, and 22 against three Gram-positive

Table I. Antimicrobial^ Data for 17, 19, 20, 22.

Microorganism 17(50)= 17(12) 19(200) 20(50) 20(12) 22(200)

S. aureus 6“ 4 0 4 2 I
C. michiganense 7 5 NTti 6 4 NT
B. cereus 6 4 0 4 3 I
X. campestris 5 I I 5' . 3 2
P. ultimum 5 3 0 5 3 2
R. solani 12 7 0 5 ' 3 I

^impregnated disk assay, l3TigZdisk, “zone of inhibition 
in mm, ^not tested.
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bacteria (Staphyloccus aureus, Corynebacterium michiqanense, 
Bacillus cereus), one Gram-negative bacteria (Xanthomonas 
campestris), and two fungi (Bhythium ultimum, Rhizoctonia 
solani). These data reveal that O- and C-alkylation of the 
tetronic acid moiety significantly reduces the activity of 
the natural product while the acetylation product 20 
retained activity comparable to that of 17.

Since obtusilactone 31, had been reported to be 
cytotoxic, the tetronic acids from L. dissectum were 
hypothesized to be responsible for the modest antineoplastic 
activity observed in the organic extract. Initially, the 
natural product 17, the acetate 20, and the 0- an4 C- 
alkylation products 19 and 22 were submitted for testing 
against human CCRF-CEM leukemia cells and the KB cell 
culture derived from a human epidermoid carcinoma of the 
nasopharynx. The results of this are summarized in Table 2.

Table 2. CCRF-CEM and KB Data for 17, 19, 20, 22.

Cpd CCRF-CEMa KBa

17 9.6 21.6
19 6.5 28
20 19.9 4.9
22 1.4 23

aIC50 in y.g/L
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As with the ichthyotoxicity and antimicrobial activity, 

these results show that the tetronic acids also explain the 
antineoplastic activity observed in the crude organic 
extract. The C-alkylated analog (22), which had no activity 
in the antimicrobial assay, displayed an increase in 
activity against the luekemia cell line over the natural 
product (17). Likewise, the acetate (20), also showed an 
increase in activity against the KB cell line versus the 
natural product.

Our interest in these compounds as leads to both new 
antimicrobial and anticancer agents focused our attention on 
the main objective of this work, the structural activity 
study, and preparing analogs of the natural product (17), 
which would display increased cytotoxicity either against

Ithe above CCRF-CEM leukemia cell line or against the 
bacteria and fungi tested above.

.A secondary priority would be to prepare an.analog of 
the natural product which would be resistent to 
decomposition (polymerization). It seems that the 
biological activity associated with these molecules is due 
to their ability to condense with nucleophiles and that any 
analog prepared with properties resistant to decomposition 
would also be devoid of biological activity. It does not 
appear, from the above biological activity, that stability 
and activity are totally related. For example, the C- 
alkylated derivative 22 would be by far a better alkylating
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agent than the natural product or the other derivatives.
This is borne out by its increased activity in the CCRF-CEM 
screen as well as its increased tendency to polymerize. In 
this case, activity and stability appear to be related. 
Reviewing the antimicrobial activity, however, the C- 
alkylated derivative 22 is inactive. These initial results 
are very promising in the fact that the analogs prepared are 
not simply broad screen cytotoxins but, rather, show either 
specific inhibition of the microbes or the cancer cell line 
but not both.

Although a vast number of analogs could be prepared 
from the tetronic acids, only a representative number of ' 
analogs were prepared with the intent of expanding the 
structure activity study around any one analog that happened 
to be substantially more active than the others. The benzyl 
(34) and 3-methyl furan derivatives (35) and (36) were 
chosen to represent the aromatic and heteroaromatic 
functionalities. The enol ether (37) from the reaction of 
17 with methyl 6-bromohexanoate was designed to mimic the 
solubility and general structure of a prostaglandin 
(antiinflammatory activity). The ethyl acetate derivatives 
(38) and (39) were prepared to test the effect of an oxygen 
functionality an additional methylene away from the tetronic 
acid ring.

Both the diethyl phosphate (40) and 4-chlorophenyl 
phosphate (41) analogs were inspired from our concurrent
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work with the hydantoin phosphate insecticides (later in 
this text) and to increase water solubility. Since a number 
of enol phosphate insecticides exist (39) it was hoped that 
these analogs would also show some insecticidal activity 
against the tobacco hornworm, Maduca sexta. These and the 
additional analogs were inactive in this assay at 250 ppm.

Both the allyI derivative (42) and the carbomethoxy 
analog (43) were prepared as intermediates to-C-alkylation 
derivatives which will be discussed later in this text.

Since the C-alkylation products showed the most promise 
for enhanced antineoplastic activity, the reaction 
conditions used were similar to those yielding the C-methyl 
derivative (22). Reactions were typically carried out by 
refluxing a solution of the tetronic acids in anhydrous 
acetone with two equivalents of anhydrous potassium 
carbonate and an excess the appropriate alkyl or acyl 
halide. After work up, the reaction mixtures were purified 
accordingly. The more polar analogs, the diethylphosphate 
(40), 4-chloropheny!phosphate (41), and carbomethoxy (43) 
derivatives were purified exclusively by size exclusion 
chromatography. The other derivatives not yielding both C- 
and O-alkylation products were purified typically by size 
exclusion followed by a low pressure silica gel 
chromatography. Mixtures of both C- and O-alkylation 
products usually required additional silica and/or size
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Table 3. Percent Yields of Tetronic Acid Analogs.

R » Me 

R -
u

37
46
82

22 27

O
R - 42 59 —

R - / x^ z 0et 
O

38 64 39 5

"^O 34 54 —

35 52 36 26

- A ue 20 54 —

0
R * ̂ O M e 43 86 —

0
R - -P-(OEt)2 40 78 —

U01 
T

 
O = CL-O

IICE 41 13 —



40
exclusion chromatographies. The relative percent yields of 
all the analogs prepared are summarized in Table 3.

The yields in all but the 4-chlorophenylphosphate case 
were good (above 50%) but, unfortunately, predominately O- 
alkylation products formed. The lack of C-alkylation 
products for the benzyl derivative may be explained by the 
use of benzyl chloride as the alkylating reagent, since C- 
alkylation is favored in the order of R-I> R-Br> R-Cl (40). 
This, however, does not explain why no C-alkylation product 
was observed in the reaction with methyl 6-bromo hexanoate. 
Perhaps, though, the larger size of both these reagents may 
contribute to only the O-alkylation product. In the case of 
the 4-chlorophenylphosphate derivative, its detergent like 
properties are attributed to the small amount of material 
recovered in working up the reaction. Quenching of the 
reaction mixture gave a foamy aqueous solution. Attempts 
to extract this material into an organic solvent (CHCl3) 
were visibly unsuccessful.

The analogs were characterized primarily by MS, 1H and 
13C-NMR. There are some discrepancies in the 13C-NMR 
assignments made by Bohlmann in his work (34) and what have 
been assigned in this text. Bohlmann assigned the lactone 
carbonyl (C-I) at 161.3 ppm and the enol carbon (C-3) at 
171.5 ppm. In this work the carbon assignments in Table 4 
for the natural product and analogs (in order of 0-acyl, 0-
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Table
Acids

4. 13C-NMRa 
(17) and the

Assignments 
Analogs.

for Ring Moieties of Tetronic

Cpd. C-I C-2 C-3 C-4 C-5

17 173.5 105.2 162.8 149.8 93.3
20to 167.7 121.2 154.0 149.1 92.2
43t> 167.4 120.9 153.8 148.5 92.5
40to 167.8 118.7 153.5

(J=7)
149.1 93.2

4 Ito 169.5 116.8 156.3
(J=7)

150.2 93.0

19° 170.2 105.7 161.2 149.7 91.0
34*= 170.2 107.2 160.6 150.0 91.4
35° 170.1 107.5 160.5 150.0 91.4
37° 170.2 106.6 160.7 150.1 90.9
38° 169.3 107.2 159.7 149.3 92.0
42° 170.2 106.7 160.4 150.0 91.2
22° 174.1 48.7 197.6 150.6 95.6
36° 173.4 55.4 198.2 150.9 95.1
39° 174.4 50.1 196.5 151.4 94.6
18° 178.2 100.6 178.1 75.5 17.8

M n  CDCl3 
analogs, '

5, toO-acyl analogs, 
^reduced analog.

°0-alkyl analogs, °C-Alkyl

alkyl and C-alkyl) are based <on the carbon-phosphorus
couplings observed in the two phosphate analogs 40 and 41.
It was these two and three bond couplings to phosphorous
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that'aided in making the assignments of the hydantoin and 
creatinine derivatives later in this text.

Antimicrobial testing of the analogs revealed (Table 5) 
that only four of the analogs prepared; the acetate (20), 
the carbornethoxy (43), the diethy!phosphate (40), and the A -  
chloropheny!phosphate (41) displayed any activity toward 
either the three Gram-positive bacteria (Staphylococcus 
aureus, Corynebacterium michiganense, Bacillus cereus) or 
the two fungi (Phythium ultimum, Rhizoctonia solani) tested. 
Only the 4-chloropheriy!phosphate analog (41) was more 
active toward the fungus R. solani than the natural product 
(17). The acetate (20), as in the original screen, was the . 
most active analog in inhibiting Gram-positive bacteria.- 
The fact that only the analogs (20, 40, 41) bearing polar 
substituents displayed activity suggested false results due 
to their water solubility and hence a greater ability to 
diffuse away from the impregnated disk, thereby giving a 
larger zone of inhibition. This could be resolved by 
testing these analogs in a broth culture versus the 
impregnated disk assay. However, if the observed activity 
were a function of polarity the 4-chloropheny!phosphate 
analog would be more active against all the microbes tested 
and the acetate, the more non-polar of the three analogs, 
would be the least active.
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Table 5. Antimicrobial^ Data for Tetronic Acid Analogs.

S. aur.to B. cer.G C. mich.d P. Ult,= R. sol £

Analog ug” mm11 ug mm ug mm ug mm ug :mm
17 2 4 5 3.5 2 5 300 0 300 3
18 500 1.5 500 2.5 500 3 200 0 1000 0
20 100 5 100 3.5 50 7 NTi 1000 0
34 1000 0 200 0 IOOO 0 200 0 1000 0
35 1000 0 NT - 1000 0 NT - . 1000 0
36 1000 I NT - 1000 0 NT - 1000 0
37 1000 0 200 0 1000 0 200 0 1000 0
38 1000 0 200 0 1000 0 200 0 1000 0
39 1000 0 200 0 ' 1000 0 200 0 1000 0
40 1000 3.5 200 3 200 3 200 0 200 0
41 100 2.5 50 3 50 4 100 3 10 3
42 1000 0 200 0 1000 0 200 0 1000 0
43 200 4 1000 3 200 4 ‘ NT - 1000 0

^impregnated disk assay, 13S. aureus, GC. michiganense, caB. 
cereus, ®P. ultimum, fR. solani, ^ug/disk, t̂mm zone of 
inhibition from disk, ^not tested.

Additional structure activity studies on these 
antimicrobial agents would logically include a variety of 
polar substituents. The mono, di, and trialkylphosphate 
esters would be an attractive route into dozens of analogs 
ranging in polarity from mono ester (44) to the 
diethylphosphate (40). The detergent-like properties of
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these analogs (44 and 41) would, in all likelihood, 
dramatically increase their toxicity toward fish.

— CH = CH- (CH2)n-CH3 

44 n = 5, 7

The activity exhibited by the tetronic acid analogs in 
the CCRF-CEM screen (Table 6) is quite different from that 
observed in the antimicrobial assay. In this assay seven of 
the nine O-alkyl or O-acyl analogs tested were more active 
than the natural product. Interestingly, the diethyl- 
phosphate (40) was the most active of the O-alkyl or O-acyl 
analogs while the more polar 4-chloropheny!phosphate was 
inactive. As predicted the C-alkyl analogs (28, 31) were by 
far the most active, two orders of magnitude more so than 
the natural product.

Efforts to pursue these C-alkyl derivatives without 
the difficulties associated in the separation of the C- and 
O-alkylation products led to a number of experiments 
modifying the reaction conditions which would yield 
exclusively, or higher yield of, the C-alkylation product.
A number of bases, solvents, and reaction conditions were 
tried and are summarized in Table 7. Reactions were
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Table 6. CCRF-CEM Activity for Tetronic Acid Analogs.
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performed on 50 mg of the tetronic acid mixture in 8 mL 
solvent, 1.05 equivalents base, and 500 uL methyl iodide. 
Methyl iodide was used for its size and for the fact that 
alkyl halides in the order of R-I> R-Br> R-Cl favor C- 
alkylation (40). The progress of the reaction was measured 
every 4 hours by silica TLC using t-butyl methylether-hexane 
(2:3) (Rf 0.83 O-alkyl, 0.75 C-alkyl, 0.48 starting 
material). After work up of the reaction the percent yields 
were obtained from 1H-NMR analysis. The differences in 
chemical shifts for the exocyclic methylenes of the two 
products (5.42 and 5.11 for C-methyl; 4.93 and 4.91 for O- 
methyl) could clearly be used to obtain an estimate of the 
percent C- versus O-alkylation. The total of these two 
versus the area of the methyl signal at 0.8 ppm give an 
estimate of the overall yield of the two, based on reasoning 
that any byproducts of the reaction will still have the 
methyl at 0.8 ppm.

It is accepted that the reaction in solution of a 
enolate anion with a alkylating agent will give the 
greatest proportion of O-alkylation product when reaction 
conditions are chosen which allow for the maximum amount of 
the free enolate anion to be present. These conditions are 
maximized by the use of large (R4N+> K+> Na+> Li+) cations 
which have a tendency to disassociate from the anion (41) 
and the use of polar aprotic solvents, such as HMPA (41).
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Table 7. Attempted Optimizations for C--alkylation.

Base Solvent Conditions Conversion3, C/0to Total Cc

Cs2CO3 COMe2 25° C 4 hrs 48 - 0
K2CO3 COMe2 25° C 8 hrs 87 .72 36
Na2CO3 COMe2 25° C 16 hrs 75 .88 39
Li2CO3 COMe2 Reflux 48 hrs 48 .72 20

O M M O O U MeCN 25° C 4 hrs 89 .69 36
Na2CO3 MeCN 25° C 16 hrs 84 .85 38
NaH CsH5Me Reflux 24 hrs 12 1.17 6
NaH Et2O Reflux 24 hrs 27 1.38 16
LiH Et2O Reflux 48 hrs 2 - 0
LiH MeCN Reflux 24 hrs 53 .56 19
TlOEt C6Hs Reflux 12 hrs 6 - 0
TlOEt Et2O Reflux 12 hrs 0 - 0
TLOEt CsH5Me Reflux 12 hrs 0 - 0
LDA ET2O -78-0° C 4 hrs 0 - 0
DBU MeCN Reflux 4 hrs 78 .64 30
C3Hv)2NEt MeCN Reflux 4 hrs 84 .67 34

atotal % of C- and O-alkylation products in reaction 
mixture, toRatio of C-alkylation product to O-alkylation 
product, “total % of C-alkylation product in reaction 
mixture.

It was hoped that by using either the smaller lithium 
or sodium carbonates, versus potassium carbonate, a 
significant shift toward C-alkylation product would be
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observed. The results only suggest a slight increase in the 
C-alkylation product using sodium carbonate instead of 
either lithium or potassium carbonate. The results of the 
carbonate bases were consistent only in the fact that the 
larger cesium cation favored exclusively the O-alkylation 
product in acetone. The dramatic increase in C-alkylation 
product for cesium carbonate in acetonitrile, unfortunately, 
was not observed with sodium carbonate.

In cases where the metal enolate is not in solution, 
any heterogeneous reaction of the alkylating agent with the 
solid enolate will involve reaction with an anion in which 
the oxygen is shielded by the associated metal atom in the 
crystal lattice. In such cases C-alkylation is favored 
(41). Reaction with sodium hydride in both toluene and 
diethyl ether showed promise with over 50% of the product 
being C-alkylated, however, the overall low yields (6%-16%) 
were a disadvantage.

The thallium (I) enolates have been reported to affect 
100% C-alkylated products of J3-dicarbonyls (42), however, 
only poor yields of O-alkylation products were recovered 
from the reaction of the tetronic acid mixture with thallium 
ethoxide followed by exposure to methyl iodide.

One approach that may possibly yield exclusively the 
C-allyl derivative (45) would be the thermal rearrangement 
of the O-allyI derivative (42). Heating of 42, however, at 
xylene reflux for 8 hours led only to insoluble polymers.
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Heating 42 as a neat sample or possibly using a more polar 
solvent (protic or aprotic) may result in success.

Another route into the C-alklyated derivatives would 
involve rearrangement of formate esters to the corresponding 
C-acylated isomer. Black et. al. reported the rearrangement 
of formate esters such as 46 to the corresponding carbon- 
acylated isomer 47 in the presence of catalytic 
dimethylamino pyridine in chlorinated solvents (43). This 
methodology could, in theory, yield the B-dicarbonyl 
compound (48) from the carbomethoxy derivative (43). 
Treatment, however, of 43 with a catalytic amount of DMAP in 
dichloromethane at 25° C afforded only insoluble polymers. 
Although these conditions failed, the methodology is still a 
viable approach to such compounds. Variations in 
halogenated solvent, temperature, and the pyridine base may 
yield the desired product and should be considered as a

42 45

reasonable route to 48.
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The tetronic acids (17) and the analogs 19, 20, 22 34, 
37, and 39 were also tested for their antiinflammatory 
properties. Testing for inhibition of phospholipase A2, 5- 
lipoxygenase, and cyclooxygenase is summarized in Table 8. 
These enzymes are responsible for the formation of a number 
of physiologically potent short-lived substances: the 
prostaglandins, the thromboxanes and the leukotrienes.
These oxidative metabolites of arachidonic acid have been 
implicated in the pathology of a variety of inflammatory and 
allergic diseases; the control of formation of these 
metabolites has attracted considerable attention (44).
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Table 8. Antiinflammatory Activity® 
Analogs. of Tetronic Acid

0
K / x

oJa or
PL-A2b S-LPOc CISd

R = H >30 4.0 I 6
R = M e <30 >30 NT

R = /^xYj/0Me <30 I 0.0 >30

R =
0

>30 30 NT

R - X e 1.4-5.2 I .0 <30

R = Me 5.4 I .2 NT

R = / \ n/ 0Me <30 0.2 NT
0

eICso in ng/L, ^phospholipase Aa, °5-lipoxygenase.
^cyclooxygenase.
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The biosynthesis of both the prostanoids 

(prostaglandins and thromboxanes) and the leukotrienes 
starts with the release of free arachidonic acid from 
membrane-bound phospholipids by phospholipase A2 (Figure 6). 
This is activated by chemical, mechanical, or immunological 
stimuli which have in common disruption of or trauma to the 
cell membrane. Several groups of drugs have been identified 
that inhibit phospholipase A2, the most important of which 
are the corticosteroids (45). Many synthetic 
corticosteroids such as cortisol (49) have been developed 
and are currently being used clinically. These are 
extremely valuable drugs but also may exhibit a number of 
harmful side effects, such as increased susceptibility to 
infection and increased bone brittleness due to the loss of 
calcium.

4 9
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Once released from the membrane, arachidonic acid is 

converted by either a cyclooxygenase enzyme to prostaglandin 
endoperoxides (which are subsequently converted into either 
prostaglandins of thromboxanes) or by a lipoxygenase enzyme 
to leukotrienes.

Figure 6. Arachidonic Acid Pathway.

Membrane Phospholipids

Phospholipase A2

Arachidonic Acid

Cyclooxygenase
Leukotrienes

Prostaglandin Endoperoxides

P r o s t a g l a n d i n s T h r o m b o x a n e s
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Drugs which inhibit cyclooxygenase are usually referred 

to as non-steroidal antiinflammatory drugs. Clinically 
useful cyclooxygenase inhibitors include mefenamic acid 
(50), indomethacin (51), and aspirin, the prototype of all 
antiinflammatory drugs. A number of natural products such 
as helenalin (52) (29) have also been discovered to possess 
potent antiinflammatory activities. The 2-methylene 
y-lactone of helenalin is essential for its activity.

These non-steroidal antiinflammatory drugs are 
typically used for one of their three pharmacological 
properties; the reduction of swelling (oedema) and redness
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(erythema) which is associated with inf lamination (the anti
inflammatory effect); the ability to lower elevated body 
temperature due to fever caused by invasion of the body by a 
foreign microorganism (anti-pyretic effect); and the ability 
to reduce the sensation of pain (analgesic effect).

Recent discoveries of the leukotrienes as potent 
bronchoconstrictors (44) and powerful chemotactic factors
(46) for leukocytes has shifted the interest in 
antiinflammatory research toward that of finding specific 
inhibitors or antagonists of the 5-Iypoxygenase pathway. 
These would be used therapeutically for inflammatory 
diseases as well as allergies without the interference in 
formation of the prostaglandins or thromboxanes. There have 
been some reports of selective lipoxygenase inhibitors. Many 
of these are structural models of the substrate, arachidonic 
acid, while others are.analogs of the leukotrienes formed
(47) . These obviously compete with arachidonic acid for 
binding to the lipoxygenase enzyme. The mechanism of other 
chemically unrelated drugs is not known but it may be 
related to their anti-oxidant ability (47). The development 
and testing of lipoxygenase inhibitors is currently limited 
to animal models.

Preliminary antiinflammatory testing of the analogs 
show (Table 8) an increase in their activity over the 
natural product. The enol ether (37), which was designed to 
mimic a prostaglandin and thereby compete with
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cyclooxygenase, showed ho activity in this assay and only 
slightly inhibited 5-lypoxygenase. As predicted from the 
CCRF-CEM assay, the better alkylating agents, the C- 
alkylation products (22 and 39) were predominately more 
active than the other O-alkylation products tested. 
Surprisingly, the acetate analog (20) was as active in both 
phospholipase A2 and 5-lipoxygenase inhibition as the C- 
alkyl derivatives. The activity of the C-alkyl derivatives 
is, however, not consistent in the PL-A2 assay where 39 is 
essentially inactive. The results suggest that simple 
variations in the C-alkyl substituents can result in analogs 
with specific activity toward the inhibition of 5- 
lypoxygenase. It is, however, hard to believe that the 
activity of one analog (39) in a group of compounds (the C- 
alkylated analogs) previously determined to be consistently 
more active in the CCRF-CEM screen and in the inhibition of 
5-lipoxygenase would, now be essentially inactive against 
phospholipase A2. Considering the instablity of these 
compounds, especially the C-alkyl analogs, inactivity due to 
decomposition cannot be ruled out.
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Insecticidal Hydantoins from Ulosa ruetzleri

A plant's resistance to attack by insects is, to a 
large extent, due to its chemical constituents, which have 
developed as a result of pressure on plants by herbivores 
over a vast period of evolutionary time (48). Likewise, 
coevolving insects are constantly under pressure to develop 
detoxification and excretion pathways to neutralize these 
harmful chemical factors. This ability of insects to evolve 
rapidly and develop resistance against a chemical agent is 
one of the major problems associated with the commercial 
development of insecticides (49).

The classic example of this ability of insects to 
become resistent to a toxin is the commercial insecticide 
DDT. This synthetic insecticide was originally used for the 
control of the floodwater mosquito, the vector of malaria, 
in the 1940's. It is believed that DDT has saved more lives 
(~3 billion) from disease and pestilence than any other 
insecticide or drug. Today, however, the floodwater 
mosquito is completely resistant to DDT and similar 
chlorinated hydrocarbons (49).

Despite the elucidation of a number of insecticidal 
principles from plants, only a few of these, the pyrethrins 
(1,2), rotenoids such as rotenone (13), and the nicotine 
alkaloids are used commercially in insecticidal preparations 
(50). In searching for new leads for models of insecticides 
a few researchers have turned to the marine biosphere. The
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reasoning is simple, considering that a number of toxins and 
antifeedents have been identified, particularly as a result 
of studies on sponge-nudibranch (51,52,53) relationships.
For example, the antifeedent nakafurans 8 and 9 have been 
isolated from both the sponge Dysidea fragilis (53) and 
specific predators, the nudibranchs Hypselodoris 
godeffroyana and Chromodoris maridadilus (53). The mollusk 
has apparently evolved the ability to accumulate these toxic 
furanosequiterpenes in its skin, the secretion of which is 
lethal to fish and crustaceans.

These prey-predator relationships make it reasonable to 
assume that toxins or antifeedents isolated from the marine 
biosphere could be extended to the corresponding terrestrial 
invertebrates. However, despite the intense investigation 
of marine chemical ecology in the last two decades, only the 
insecticide Padan, 53, has been developed as the result of a 
lead provided by nereistoxin 54, from the marine worm 
Lumbriconereis heteropoda (54).

53 54
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By our group alone a number of insecticidal 
constituents have been isolated from the marine biosphere. 
From the gorgonian Briareum polyanthes (55,56,57) and the 
sea pen Ptilosarcus gurneyi (58,59) a number of diterpenes 
have been isolated. Initial bioassays on brianthein Y (55) 
from B. polyanthes showed activity only at a high dose of 3 
mg per grasshopper (Melanoplus sp.). Three similar 
diterpenes (56, 57, 58) from P. gurneyi were tested against 
the tobacco hornworm (Manduca sexta). Ptilosarcenone (56) 
at 250 ppm induced 40% mortality in three days and 90% ■ 
mortality after 6 days. The surviving insects growth 
throughout the assay were only 20-35% of the controls. Both 
57 and 58 were tested at 125 ppm, in which no significant 
mortality was observed. However, the growth of larva 
treated with ptilosarcone (57) was inhibited to 20-25% of 
the controls (after 6 days) while those treated with 58 were 
inhibited the same (25%) after three days. Interestingly, 
the larva treated with 58 after six days had grown to 90% 
of the controls.

More recently, Fenical et. al. isolated six new but 
related diterpenes (solenolides A-F) from a new species of 
gorgonian of the genus Solenopodium (60). Testing of these 
metabolites against Blowfly larva confirmed our 
observations. Solenolides A-F displayed ED100 values 
between 30-35 ppm.

59
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The sponge Dysidea etheria and the nudibranch 
Hypselodoris zebra have yielded a number of sesquiterpenes,
the more abundant of which, furodysinin (59), 5-acetoxy and
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5-hydroxy-nakafuran-8 (60, 61), have been tested against 
insects (61). Furodysinin is the most potent and rapid 
acting, being toxic to grasshoppers at I mg per insect.
This compound was not toxic to the tobacco hornworm at 250 
ppm, but, rather, induced molting difficulties in all 
insects tested. Ecdysis inhibition results in the loss of 
feeding, excretory, and locomotive functions, and leads 
eventually to death. The acetate 60 was toxic to 
grasshoppers at 3 mg per insect and an antifeedant at I mg 
per insect, while the alcohol 61 was an antifeedant at both 
doses. The acetate 60 exhibited no activity against the 
tobacco hornworm.

Recently, Ireland et. al., isolated an extremely potent 
insecticide from a sponge of the genus Jaspis. Jaspamide 
(62) exhibited an LCso value of 4 ppm against tobacco 
budworm, Heliothis virescens (62). It is noted that 
azadirachtin, one of the most potent naturally occurring

59 60 R = Ac

61 R = H
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insecticides from a terrestrial plant, had an LC50 value of 
I ppm in the same assay.

Despite our success in isolating compounds with such 
insecticidal activities, questions were raised as to whether 
or not activity was being missed, first of all, from not 
testing the crude extracts specifically for insect activity, 
or by using exclusively 1H-NMR guided fractionation in the 
isolation process.

It was my objective first to screen the crude extracts 
of a representative number of marine organisms specifically 
for insecticidal activity against the tobacco hornworm, 
Manduca sexta. An extract would then be chosen for
investigation based on the insecticidal activity displayed.
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as well as any other biological activity in the extract, the 
previous or current work being done on the organism, and the 
amount of available material to work with. My second 
objective would deal with the isolation of the active 
constituent(s), and more specifically, the use of bioassay 
guided fractionation in conjunction with 1H-NMR guided 
fractionation. Upon the isolation and structure elucidation 
of the active component(s), the third objective would focus 
on the overall objective of this research, the structure- 
activity study. Modifications of an active natural product 
would be based on the activity, its structure, and the 
amount of material available.

Manduca sexta was obtained, as eggs, from Carolina 
Biological Supply and raised to third instar larvae on an 
artificial pre-mixed black cutworm diet, obtained from Bio- 
Serv Inc.. Bioassays were performed by adding 150 mg of 
either the water soluble extract dissolved in I mL water or 
the organic soluble extract dissolved in I mL dichloro- 
methane to 50 g of the warm agar based diet. After 
stirring, the diet was cooled to 25° C and allowed to 
solidify at 5° C. ' The diet was then divided into two 
individual cups with five insects each. The percent weight 
gain, versus controls, was calculated after the diet had 
been consumed (12 days).

The crude organic and.water soluble extracts of a 
number of Bermudian marine organisms were tested in this
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manner at 3000 ppm, the results of which are summarized in 
Table 9. The ratio under each column represents the 
mortality of insects tested. The number in parentheses is 
the percent weight gain of the insects (survivors) versus 
the controls. No substantial activity was observed in any 
of the water soluble extracts. This can be explained by 
reasoning that chemicals used as a defensive mechanism would 
not be soluble in water, where they could easily diffuse

Table 9. Insecticidal Activity of Bermudian Marine 
Organisms.

Organism Aqueous Organic

Leucetta microraphis3 3/10to(110)° NTti
Pseudoceratina Crassaa 2/10 (114) 3/10 (2)
Dysidea etheria3 . 4/10 (145) NT
Ircinia felix= 0/10 (73) 0/10 (60)
Cinachyra alloclada3 NT 3/10 (0)
Ulosa ruetzleri3 2/10 (64) 0/10 (10)
Tedania ignis3 NT 1/10(89)
Terpios aurantiaca3 8/10 (80) 4/10(160)
Spheciospongia othella3 NT 7/10 (5)
Callysponia vaginalis3 1/10 (82) 0/10(110)
Neofibularia sp.3 2/10 (113) NT
Igernella ndtabilis3 4/10 (140) 2/10 (98)
Lissodendoryx isodictyalis3 4/10 (146) 2/10 (20)
Pseudaxinella explicata3 1/10 (115) 2/10 (92)
Haliclona hogarthi3 2/10 (146) 2/10 (15)
Dasyopis spinuligera3 3/10 (HO) NT
Ascidia nigra^ 2/10 (118) NT
Ecteninascidia turbinatafc 2/10 (144) NT
Eudistoma Olivaceumt 0/10 (100) NT
Briareum Polyanthest 4/10 (76) . NT

fsponge, aalga, ^tunicate, ^mortality, °% growth inhibition, 
^not tested.
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away, but would rather be insoluble and closely associated 
with the producing organism. The higher weight gains of 
test larvae versus controls, particularly the aqueous 
extracts, might be due to a higher nutrient content of 
these extracts.

At the time of this research five extracts showed 
promise for investigation; S. othella. C. alloclada, H. 
hogarthi, L. isodictyalis, and U. ruetzleri (P. crassa was 
collected and tested after this investigation began). Only 
S. othella showed any degree of toxicity, killing 70% of the. 
insects. All displayed feeding inhibition or weight loss on 
the order of 0 to 20% that of the controls. Of these U. 
ruetzleri had over five times the available extract (50 g) 
to work with.

Only three other investigations of the secondary 
metabolites of U. ruetzleri have been reported in the 
literature, two of them from the Cardellina group. U. 
ruetzleri (formerly Dysidea crawshayii) was originally 
investigated from reports that it was a nickel concentrator 
(63). From the organic extract 17Z-tetracosenyl glycerol-1- ' 
yl ether (63) and batyl alcohol, the 1-glycerol ether of 
octadecanol, were identified (64). These compounds did not 
display any antimicrobial or insecticidal activity; on the 
contrary, indications of similar glycerol ethers acting as 
growth promoters (65) suggests that 63 and batyl alcohol 
serve similar functions as growth factors in sponge tissue.

s, I
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These compounds may also explain the nickel concentration 
since reports in the literature on the formation of glycerol 
ether complexes with metals, including nickel, do exist

In another report a small quantity of the plant growth 
regulating indole 64 was found from the organic extract of 
U. ruetzleri (67). This indole proved to be active in 
promoting root growth in lettuce seedlings, the lengths of 
which were 121-122% those of the controls at 10-a/10-9M.

(66) .

OH

63

OH

N
H
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The lack of optical rotation of 64 suggest that it is an 
acetone condensation product formed during the extraction 
process. This indole (64), indole-3-acetamide, and indole- 
3-carboxaldehyde were also found in the sponge D. etheria 
(67) .

Wratten and Faulkner (68) reported the isolation of two 
unstable isomeric enol antibiotics 65 and 66 from a species 
of Ulosa. These metabolites were unstable to silica gel and 
Florisil chromatographies and were, therefore, purified in 
low yield by precipitation from methanol using chloroform.

Beside the insecticidal activity of U. ruetzleri, the 
organic extract also showed toxicity at NCI (200 mg/kg) as 
well as antineoplastic activity, inhibiting 50% of a 
population of human leukemia (CCRF-CEM) cells at 12.4 
ug/mL. This additional biological activity, the lack of 
work done on this organism, and the large amount of material
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available to work with made U. ruetzleri an ideal prospect 
to find novel biologically active natural products.

Ulosa ruetzleri was collected in June of 1983 from the\
inshore waters of Harrington Sound, Bermuda, and stored in 
acetone at -5° C for one year. Extraction of the sponge 
yielded 53 g of organic solubles and 103 g of water 
solubles.

Solvent partitioning between increasingly polar aqueous 
methanol and increasingly polar organic solvents (hexane, 
carbon tetrachloride, chloroform, ethyl acetate) 
concentrated 97% of the organics in the hexane and carbon 
tetrachloride washes. These results were somewhat 
disheartening since 1H-NMR analysis of these two fractions 
revealed that.they were composed primarily of triglycerides 
in the hexane wash and: the glycerol ether, 17z-tetracosenyl 
1-glycerol ether (63), in the carbon tetrachloride wash. It 
was hoped that the weight of the organics would be more 
evenly distributed over all the partition fractions to have 
enough material to bioassay each fraction.

The chloroform solubles (770 mg) were first 
fractionated by permeation through Bio-Beads S-X4 (4 x 95 
cm) using hexane-dichloromethane-ethyl acetate (4:3:1).
Ten fractions were collected from this chromatography, the 
last of which (60 mg) was the only interesting fraction by 
1H-NMR. Most prominent in the spectra of this material was 
a series of signals from 3 to 4 ppm. This material was
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further fractionated through Sephadex LH-20 (2.7 x 193 cm), 
using methanol-dichloromethane (1:1). Seven fractions were 
collected, the second of which (35 mg) contained by 1H-NMR 
the signals of interest. Upon inspection of the 1H-NMR of 
this fraction, the differences in intensities of the pairs 
of singlets at 3.94 and 3.87 ppm and the pairs of doublets 
at 3.80 and 3.68 suggested a mixture of two closely related 
compounds.

Attempts to separate this mixture with Bio-Beads S-X8 
using dichloromethane-cyclohexane (3:2), a column previously 
used to separate more closely related compounds, only served 
to remove aliphatic impurities from the mixture. Doubt was 
cast upon the ability of these size exclusion chromatogra
phies to separate such similar compounds. A final attempt, 
however, through the above Sephadex LH-20 column completely 
resolved the two components, yielding 11 mg of creatinine 
dimethy!phosphate (67) and 11 mg of the hydantoin 
derivative, I-methyl-2-(methyIphosphatoxy)-(5-H)-imidazolin- 
4-one (68). Figure 7 shows the UV trace of the chromatogra
phy separating the two compounds.

6 7 68
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Figure 7. Sephadex LH-20a Chromatography13 of 67 and 68.

a(2.7 x 193 cm) using dichloromethane-methanol (1:1), ^total 
run time 7.5 hours.
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The lack of couplings between proton systems in the 

1H-NMR spectra (Figure 8) of both 67 and 68 proved 
problematic in their structure elucidation. A number of 
part structures could, however, be hypothesized simply on 
the basis of the chemical shift of each resonance. The part 
structures and the chemical shifts of both 67 and 68 are 
summarized in Table 10. Both 67 and 68 have one downfield

Table 10. Part Structures of 67 and 68 from 1H-NMRa Data.

67 68

- X - H 9.8 I H 1 s 9.6 I H1 s

0
3.90 2H, s 3 .94 2H, s

3.03 3H, s 3 .05 3H, s
/

N - C H 3

0Il
3.70 6H, d 3.82 3H, d 

J = I I
—  P - O C H 3I

OR
J =

X = N or 0 

67 R = CH3 
68 R = -

ain CDCl3
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proton on a heteroatom, evidenced by their exchangeability 
with deuterated solvents (CD3OD). Both have one isolated 
methylene in the area of 3.8 ppm, the chemical shift of 
which suggests it resided between carbonyl and heteroatom 
functionalities. Each also have one N-methyl resonance near 
3.0 ppm. The only obvious differences in these spectra are 
that 67 contains a dimethyl ester (3.70 ppm) and 68 a mono 
methyl ester (3.82 ppm), the 11 Hz multiplicity of each 
being indicative of coupling to phosphorous.

HRMS analysis confirmed the presence of phosphorus and 
provided the molecular formulas of C6H12N3O4P (MT) for 67 
(Figure 9) and C5HxoN2O5P (MtH+) for 68 (Figure 10), each 
with four sites' of unsaturation. Considering the additional 
methyl ester on 67 these compounds only differ in their 
base structure by an nitrogen in 67 versus an oxygen in 68.

The 13C-NMR resonances (Table 11) of 67 and 68 were 
also nearly identical and supported the part structures 
hypothesized above. Methyl resonances near 30 ppm are 
typical of those bonded to nitrogen, the range being 45-15 
ppm. Carbonyls in the area of 168 ppm could be assigned as 
either amide or ester functionalities. Methylenes near 52 
ppm are typical of those bonded to nitrogen. The chemical 
shift of the methyl resonances at 53.3 ppm for 67 and 54.4 
ppm for 68 are consistent with methyls bonded to oxygen, 
the 5 Hz coupling of each confirmed their link to 
phosphorous through oxygen.

72
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Figure 8. 1H-NMRa Spectra for 67 and 68.
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Table 11. 13C-NMRa Resonances for 67 and 68.

Carbon 67 68

C-2 156.2 J=7 156.9 J=8
C-4 168.8 168.3
C-5 52.1 52.2
O-Me 53.3 J=6 54.4 J=5
N-Me 30.3 30.4

ain CDCl3 6.

In both compounds a methy!phosphate ester, an imine 
coupled (two bond coupling) to phosphorous, and the lack of 
any other carbons coupled (three bond coupling) to 
phosphorous allowed us to formulate the part structure 69 
for both 67 and 68.

C-X-P-OCH3 '/ I-N OR

69

X = N or 0 

67 R = CH3

68 R
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In considering the above part structures and molecular 

formula for 67, three structural possibilities existed, 70, 
71, and 72. X-Ray diffraction analysis confirmed the 
structure (Figure 11) as dimethyl creatinine phosphate (67), 
a previously unknown compound.

0
IlP-OCH3I JOCH3

N-P-OCH

H 0

In combining the part structures above for 68 even 
more structural isomers existed. However, with the 
structure of 67 assigned, only one other reasonable 
structural possibility existed for 68, that of the lactone 
73. A strong C=O stretch of 1783 cm-1 in the IR supported 
the lactone functionality; however, a weak fragment of 97 
corresponding to a loss of C4H5N2O pointed toward the lactam
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68. These inconsistencies required an X-ray analysis to 
confirm structure 68 (Figure 12) as l-methyl-2-(methyl- 
phosphatoxy)-(5-H)imidazolin-4-one, also a previously 
unreported natural product.

Figure 11. Ortep Drawing of 67.

Figure 12. Ortep Drawing of 68.

0(51

0(21
0(11



11T
T A

NC
E

5 Figure 13. IRa Spectrum of 67.

immy. yie

4 •ain CCl



Figure 14. IRa Spectrum of 68.
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The fact that 68 exists as a zwitterion explains the 
lack of a phosphorous O-H stretch in the IR (Figure 13) and 
accounts for the N-H stretch (3320 cm-3-) similar to that 
(3300 cm-3-) observed for 67 (Figure 14). The inductive 
effect (69) of the protonated imine of 68 may also explain 
the shift of the C=O stretch to a frequency (1783 cm-3-) 
higher than that of the C=O stretch of 67 (1778 cm-3-).

With the structures of 67 and 68 assigned they were 
tested for insecticidal activity. The small amount of 
material available (<11 mg of each) required the use of 
second instar larvae. By using these, one-fifth the amount 
artificial diet (10 g) and compound (2.5 mg) was necessary 
for the bioassay. The disadvantages in using the smaller 
insects lay only in the difficulty in handling them and 
making observations.

Initial screens at 250 ppm revealed that compound 67 
was inactive after 24 hours while compound 68 was toxic 
after this time period. Additional dose response studies on 
68 provided an LD30 value of 6 ppm over a 144 hour period. 
Figure 15 graphically displays.the results of seven 
different concentrations between 0.5 and 20 ppm. The number 
in brackets represents the percent weight gain compared to 
controls, showing that survivors, depending on the 
concentration, also experienced some weight reduction. At 
concentrations below 2 ppm the insects appeared unaffected 
and normal as controls. Insects applied to the higher

81
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concentration diets all became inactive after a few hours 
and died between 24 and 36 hours.

Figure 15. Insecticidal* Activity of 68.

I 0.0 12.0 20.0 40.0

Cone. ppm

*against tobacco hornworm for 144 hour period.

This insecticide was also tested for the inhibition of 
acetylcholinesterase by the Rohm and Haas Agrochemical Co. 
They reported inhibition at 10-9 M; a concentration as low 
as those of commercially available insecticides in the same 
assay. Acetylcholinesterase is essential for the 
transmission of nerve impulses, where rapid hydrolysis of
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acetylcholine 74 (a neurotransmitter) by this enzyme is 
necessary for the restoration (the polarized state) of 
postsynaptic membranes (70). Acute poisoning by 
acetylcholinesterase inhibitors results in death by 
respiratory paralysis (71). A number of organic phosphate 
derivatives have been synthesized for use as warfare 
agents, where sarin (75) is the most toxic of the three 
nerve gases; tabun, soman, and sarin. This mammalian 
toxicity is also the disadvantage in using the carbamate 
insecticides, such as aldicarb 76 (modeled after the 
structure of acetylcholine 74). The development of 
specificity of these agents toward insect toxicity (and 
reduced toxicity to mammals) involves such factors as 
penetration, binding, and biochemical conversions. For 
example, the persistence and high systemicity of aldicarb 
are attributed to sufficient lipophilicity to afford good 
penetration of the insect cuticle and retention due to its 
biotransformation to the hydrophilic sulfoxide (72).
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Experience suggested'that these compounds (67 and 68) 

might be methanolysis byproducts from the extraction 
process. To test this hypothesis a second collection of u. 
ruetzleri was made and extracted using acetone instead of 
methanol. Fractionation and 1H-NMR analysis of fhe 
chloroform and ethyl acetate washes of the organic solubles 
revealed the presence of the hydantoin derivative 68 but not 
that of dimethylcreatinine phosphate (67). Since the 
hydantoin derivative 68 was polar enough to partition into 
the ethyl acetate wash, the water soluble extract was also 
investigated for additional material. Extensive washing of 
the water soluble extract with ethyl acetate removed only 
687 mg of material. This material was, however, rich enough 
in 68 that it could be detected by 1H-NMR without the need 
for further separation. Since this material had not come in 
contact with methanol it was concluded that l-methyl-2- 
(methylphosphatoxy)-(5-H)-imidazolin-4-one (68) is, in fact, 
a naturally occurring substance.

The water solubles, the ethyl acetate wash of the water 
solubles, and the organic solvent partitions were all tested 
for insecticidal activity prior to being fractionated. The 
water solubles and the hexane and carbon tetrachloride 
partitions were all inactive at 3000 ppm while the ethyl 
acetate wash of the water solubles, the chloroform, ethyl 
acetate, and water partitions of the organic solubles were 
all toxic at 3000 ppm. The hydantoin derivative 68 was
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found in all the toxic fractions except the water solubles 
of the organic solubles. Fractionation of this material 
through Sephadex LH-20 using water-methanol (1:4) revealed 
that 53% of this was composed of 2-amino ethyl sulfonate 
(77) which, when tested pure, had no activity against the 
tobacco hornworm.

Hydantoin and its derivatives possess a wealth of 
biological activities (73). Allantoin (78), one of several 
naturally occurring hydantoins, is known to be a tissue 
growth promoter (73). This, and the finding of allantoin in 
maggot secretions, was believed (in earlier times) to be the 
reason that maggot-infested wounds heal faster than other 
wounds (73). Today allantoin is used extensively in medical 
and veterinary ointments.
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Phenytoin (79), and many of the 5,5-disubstituted 

hydantoins are used extensively as anticonvulsants in the 
treatment of epilepsy and to a lesser extent as hypnotics 
(74). Dantrolene (80) is used as a muscle relaxant and is 
also effective in the treatment of muscle twitch (75). 
Derivatives of 1-amino hydantoins are also used as muscle 
relaxants as well as for urinary tract infections and 
bactericides (75).

Several 5-alkyl hydantoins such as 81 have been 
proposed as slow release growth promoters. Chicks fed small 
amounts of 81 exhibited a 5-10% increase in growth over 
controls (75).

81 8 2
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It has been found that I-methylhydantoin 82, from a 

species of Streptomyces, acts synergistically with 
diketopiperazines (ie. L-prolyl-L-valine) as a germination 
promotant in rice (76). Interestingly, 3-methyl hydantoin 
and a series of N-3 alkyl and aryl hydantoins have been 
patented for their use as herbicides (77).

A number of patents have also been filed on N-I and N-3 
substituted hydantoin derivatives possessing potent 
insecticidal activity (78,79,80,81,82). These are 
represented by 83-86. The hydantoinphosphothioate 84 at 
0.025 ppm was reported as killing 12% of a population of 
houseflies and 70% of a population of southern armyworms.
At 0.001 ppm 84 was reported as being 100% toxic to pea 
aphids (80). Biological data on the hydantoin-pyrethroid 
analogs 85 and 86 is reported as a function of their 
knockdown time (KT30) against house flies. At 0.25 g/L the 
two isomers of 86 had KT30 values of 2.8 and 1.0 minutes 
(82) while that of 85 was 0.60 minutes (81).

8 3 8 4
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Because of the potent insecticidal activity of 68, we 
became interested in synthesizing it both for providing 
additional material for testing and for developing 
synthetic methodologies, which would be valuable for analog 
preparation and subsequent structure activity studies.

Enol phosphates can be prepared by a number of methods 
(83). These include, primarily, the Perkow reaction, 
phosphorylation of enolates, and dehydrohalogenation of 2- 
haloalkyl phosphates. Whether these methodologies were 
amendable to the formation of an imine phosphate in the 
synthesis of 68 was not known, but one substantial review 
on hydantoin and its derivatives stated that "In general, 
the C-2 or C-4 hydantoin oxygen atoms do not react" (84), 
cast considerable doubt toward the outcome of the synthesis 
of 68.

We explored the Perkow reaction (involving an N- 
haloamides), the phosphorylation of a hydantoin enolates.
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and a new approach, the phosphorylation of N-3 trimethyl- 
silyl hydantoins.

The Perkow reaction is exemplified by Whitesides’ (85) 
approach to synthesizing phosphoenoIpyruvate (87). Here, 
bromopyruvic acid 88 was treated with trimethylphosphite to 
give, in high yield, the dimethyl intermediate 89.
Subsequent hydrolysis of 89 afforded 87. For our purposes 
treatment of a N-halogenated hydantoin derivative with a 
trialkyl phosphite could, in theory, yield the corresponding 
dialkyl hydantoin phosphate. As a model compound, N- 
bromosuccinimide (90) was carefully exposed to 
trimethylphosphite. Even at very cold temperatures (-78° C) 
the result of this combination was a very rapid forming, 
insoluble black tar.
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Prior to the bioassay work, dimethylcreatinine 
phosphate (67) was synthesized in 20% yield by treating 
creatinine with dimethyl chlorophosphate in refluxing 
chloroform-pyridine.

It was conceivable that this approach could also be 
used toward the synthesis of 68, where treatment of 1- 
methylhydantoin (82) with methyl dichlorophosphate in the 
presence of pyridine would yield the intermediate 
phosphorylchloride (91). Subsequent hydrolysis of 91 would 
then yield the natural product (68).
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This was tried at reflux in a number of different 

solvents (CHCl3, CH2Cl2, CH3CN, THF) in combination with 
either pyridine or triethylamine. The result of these 
conditions were the recovery of a large amount of starting 
material and minor intractable products.

An alternative approach to this method would be to 
treat either the potassium or lithium salt of I-methyl- 
hydantoin (82) with methyl dichlorophosphate to yield 91. 
Treatment of 1-methylhydantoin with potassium hydride in THF 
yielded the potassium salt. Exposure of this salt to methyl 
dichlorophosphate at 25° C for 48 hours, followed by work . 
up, again, gave only starting material.

Similarly, treatment of 82 with n-butyllithium at 
-78° C in THF yielded the lithium salt. The lithium salt 
was treated with methyl dichlorophosphate in THF (-78° C) in 
the presence of a catalytic amount of dimethylaminopyridine 
and warmed to -20° C for 48 hours. After work up, 13C-NMR 
analysis of the reaction mixture revealed the presence of a 
small amount of starting material (~12%) and a major 
phosphorylated hydantoin (~88%). Table 12 compares the 
carbon resonances of this compound in D2O to those of the 
natural product (68) in CDCl3.

It was reasonable to assume that the natural product 
was in hand and that the differences in chemical shift were 
due to the solvent (D2O versus CDCl3) and the pH, which was 
acidic as a result of the reaction.
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Table 12. x3C--NMR Data of 68a and 9213.

68 92 pH 3 92 pH 7

168.3 172.7 173.1
156.9 J=8 155.9 J=6 156.3 J=6

mIlLD 51.7 J=5 51.9 J=3
52.2 52.5 48.6
30.5 28.5 28.6

ain CDCl3, toin D2O.

The pH.of the x3C-NMR sample was adjusted to neutral 
and extracted thoroughly with ethyl acetate. The natural 
product 68, under these conditions, should have partitioned 
into the organic wash while the unreacted starting material 
remained in the aqueous phase. Only starting material, 
however, partitioned into the ethyl acetate wash while the 
hydantoin phosphate derivative remained in the water phase. 
This was confirmed by x3C-NMR (Table 12). Lyophilization of 
this water phase gave a white solid which decomposed over a 
period of 72 hours. Although no three bond phosphorous 
couplings to the C-5 methylene of this compound were 
observed in the x3C-NMR (Table 12) its physical properties 
(solubility and instability) suggested that the phosphate 
had added to the C-4 carbonyl giving I-methyl-4-(methyl- 
phosphatoxy)-(5-H)imidazolin-2-one (92). Due to its
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instability this compound was not tested for its 
insecticidal properties.

A similar approach using this methodology would be to 
treat 1-methylhydantoin (82) with a dialkyl chlorophosphate, 
yielding the corresponding dialkylhydantoin phosphate. The 
subsequent cleavage, then, of one alkyl group would yield 
the natural product. For example, the methyIbenzyl 
derivative (93) could be made, in theory, by treatment of 82 
with methyIbenzyl chlorophosphate.
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The benzyl ester could then be selectively removed by 
catalytic reduction. The obvious drawback of this approach 
would be in minimizing the reduction of the imine bond. 
Another approach would be to simply make the dimethyI- 
hydantoin phosphate analog (94) by treating 82 with dimethyl 
chlorophosphate and selectively remove one methyl group by 
treatment with one equivalent of trimethylsilyliodine. This 
approach also has limitations in selectivity. We suspected 
that these reaction conditions would undoubtedly give 
mixtures of product, starting material, and hydantoin 
phosphate.

CH3 0 CH3 0

TMSI
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As a model we first tried making I-methyl-2-(diethyl- 

phosphatoxy)-(5-H)imidazolin-4-one (95) using diethyl 
chlorophosphate. Reaction conditions (chloroform/pyridine 
reflux) that failed above in using methyl dichlorophosphate, 
afforded, I-methyl-4-(diethyIphosphatoxy)-(5-H)imidazolin-2- 
one (96), in 23% yield. Even exposure of 82 to diethyl 
chorophosphate under aprotic solvent conditions (THF/KH 
base) afforded the wrong phosphorylated product (96, 58 %). 
Evidence for the phosphate on the C-4 carbonyl came from 
13C-NMR analysis, and the three bond phosphorous coupling to 
the adjacent C-5 methylene (J=5).

|sj Q - P  — O C H 2 C H 3
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Dose response studies of 96 against the tobacco 

hornworm provided an LD50 value of 75 ppm. At this point, 
a number of factors could contribute to the significant loss 
in activity of 96 over that of the natural product 68: the 
phosphate being on the C-4 carbonyl, the phosphorous being 
dialkylated, and ethyl alkyl substituents versus methyl 
alkyl substituents of the natural product. We believed that 
either a C-4 monoalkylated hydantoin phosphate or a C-2 
dialkyl hydantoin phosphate would have insecticidal activity 
levels between that of 68 (6 ppm) and 96 (75 ppm). Since 
our synthesis methods thus far had failed to yield any 
products with phosphates to the C-2 carbonyl we attempted to 
selectively remove one ethyl ester from the phosphate of 96, 
using TMSI to afford the mono alkyl phosphate derivative 97.

CH3 CH3
Q TMSI
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The treatment of 96 with one equivalent TMSI in CD3CN 
(O0 C) was observed by 1H-NMR. This procedure resulted in 
the rapid formation (<5 min.) of ethyliodide and three 
hydantoin species of approximately equal concentration. 
These were undoubtedly the diethy!phosphate hydantoin 
derivative 96, the monoethy!phosphate hydantoin derivative 
97, and 1-methyl-4 - (phosphatoxy) - (5-H) imidazolin-2-one. 
Despite careful work up and chromatography of this reaction 
mixture, only starting material, 96, and I-methy!hydantoin 
(82) were recovered in a ratio of about 1:2.

A second attempt at this reaction was done in order to 
try and isolate 97 as the corresponding potassium salt.
The reaction was again verified by 1H-NMR and the resulting 
sample poured over ice (5 g) containing one equivalent of 
potassium carbonate. After warming to 20° C the basic (pH 
8) solution was extracted vigorously with chloroform, 
removing 0.25 equivalents of the unreacted diethy!hydantoin 
phosphate derivative 96. 13C-NMR analysis of the remaining 
aqueous phase showed the presence of three hydantoins, one 
of which was phosphorylated. Reverse phase (C-18) and P-2 
chromatographies of this material afforded only I-methyl 

hydantoin (82).
A final attempt in making the potassium salt of 97 was 

done by refluxing 96 (0.89 mmol) in acetonitrile with one 
equivalent potassium iodide for 8 hours. Evaporation of 
the solvent followed by 13C-NMR analysis (in CD3CN) of the

97

I
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reaction mixture revealed the presence of one phosphorylated 
hydantoin with downfield resonances at 175.2 and 159.6 (d). 
Despite the solubility of the reaction mixture in 
acetonitrile, fractionation of this material through 
Sephadex LH-20 (using acetonitrile) afforded only 96 (0.09 
mmol) and 82 (0.08 mmol). Washing the Sephadex gel with 
aqueous methanol afforded only 82 (~0.65 mmol).

Since both N-alkylation and N-acylation is reportedly 
favored in these hydantoin systems (84), a more novel 
approach was conceived which involved the intermediate N-3 
trimethylsilyl hydantoin derivative 98. It was hypothesized 
that any complexation and bonding of methyl dichlorphosphate 
(hopefully to the C-2 carbonyl) with 98 would be followed 
by the subsequent attack of chloride ion to the trimethyl
silyl group, yielding trimethylsily!chloride and the 
intermediate hydantoin chlorophosphate 91. Hydrolysis, 
then, of 91 would yield the natural product 68.

00
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The extremely air sensitive trimethylsilyl intermediate 
98 was prepared by the action of n-butyllithium on I-methyl 
hydantoin (82) followed by exposure of the resulting lithium 
salt to trimethylsily!chloride. Treatment of this material 
(in CDCl3) with methyl dichlorophosphate at 25° C for 24 
hours resulted in two phosphorylated hydantoins ("1:1 ratio) 
by 13C-NMR. The chemical shifts of these two intermediates, 
the TMS derivative (98), and those of I-methylhydantoin 
(82) are summarized in Table 13. Although this data



100
suggests that both C-2 (91) and C-4 methylchlorophosphate 
hydantoin intermediates were present, quenching the reaction 
mixture by exposure to 2 equivalents of aqueous sodium 
bicarbonate yielded only starting material (82).

Table 13. 13C-NMRa Data for the Reaction of 98 with Methyl 
dichlorophosphate.

Reaction mixture 9 Sto 82to

168.3 167.1 175.1 170.2
152.8 J = I 151.7 J=6 159.8 156.6
52.4 52.3 53.1 52.9
28.9 28.6 29.0 29.0
55.1 J=6 54.5 J=6 -0.8

aCDCl3 6 totrace amounts in reaction mixture.

Since failure to obtain the natural product by this 
route lay in the hydrolysis of the phosphoryl chloride 
intermediates, milder (lower temperature) hydrolysis 
conditions might be successful. One method that may result 
in success would be to replace the chloride ligand of the 
phosphate with a dimethylaminopyridine ligand prior to 
exposure to aqueous base. The displacement, then, of this 
ligand by water would be favored over the displacement of 
the imine (1-methylhydantoin). Of the approaches made 
toward the synthesis of 68, only the reaction of I-methyl N-
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3 trimethylsilyl hydantoin (98) with methyl dichloro- 
phosphate yielded a C-2 phosphorylated intermediate. 
Overcoming the problems associated with the hydrolysis of 
the intermediate phosphoryl chloride should be considered 
the most reasonable approach to synthesizing the natural 
product (68).

Synthesis of the Antiviral 8-Carboline Alkaloids 
from Eudistoma olivaceum

The alkaloids, as a group of over five thousand known 
compounds, comprise one of the most structurally diverse 
classes of natural products. Traditionally, alkaloids were 
defined as complex nitrogen containing heterocycles, 
displaying significant pharmacological activity, derived 
from a terrestrial plant source. Morphine, from the opium 
poppy Papaver somniferum, the first pure alkaloid isolated, 
and coniine, from poison hemlock Conium maculatum, the toxin 
responsible for the death of Socrates, are typical examples 
of universally accepted "true alkaloids". Man's efforts to 
find natural products with potential pharmaceutical or 
agrochemical value has resulted in the isolation and 
identification of a wealth of compounds possessing alkaloid 
type structures from animal, fungal, and bacterial sources. 
These findings have redefined alkaloids as being any cyclic 
organic compound containing nitrogen in its negative 
oxidation state which is of limited distribution in nature 
(86) .
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The marine biosphere is a rich source of alkaloids 
(87). Unlike their terrestrial counterparts, marine 
organisms do not have a long history of medical 
applications. However, a number of biologically active 
alkaloids were isolated from the marine environment as a 
result of the producing organism's hazard to man. The red 
tides of the Atlantic consist of high concentrations of 
toxic dinoflagellates, particularly Gonyaulax tamarensis and 
G. catanella. Consumption of shellfish, which concentrate 
these toxins, can lead to extreme poisoning or death. 
Saxitoxin and the gonyautoxin's I and II are the alkaloids 
responsible for this activity (88,89,90). Investigation of 
the blue-green alga Lyngbya majuscula, resulted in the 
isolation of lyngbyatoxin A, a potent inflammatory and 
vesicatory agent, the first indole alkaloid isolated from a 
marine alga (91). One of the most toxic low molecular 
weight compounds, tetrodotoxin, was originally found in the 
prized puffer fish, Spheroides rubripes (92,93) a culinary 
delicacy of Japan. It has subsequently been found in the 
gobi fish, Gobius criniger (94,95), and in a number of newts 
and frogs of the genus Taricha and Ateopus (96,97). 
Tetrodotoxin is a specific sodium ion channel blocker and 
has a lethal dose in mice of about 0.01 y-g/kg. Both 
tetrodotoxin and saxitoxin are valued as physiological tools 
for the study of excitable membranes (98).

102
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The naturally occuring B-carboline alkaloids and the 

analogs modeled after them in this work can be considered 
"simple" B-carboline alkaloids, belonging to a group of 
compounds composed of a tricyclic B-carboline ring system 
bearing C1 substituents. This definition traditionally 
excludes compounds containing additional fused-ring systems 
of which the most common are terpenoid in origin and are 
closely related to the penta-cyclic B-carboline alkaloids. 
Yohimbine (99), an adrenergic blocker and reported 
aphrodisiac from Corynanthe johimbe (99) and reserpine 
(100), from Rauvolfia serpentina, which is used as a 
tranquilizer and antihypertensive agent (100), are typical 
examples of penta-cyclic B-carbolines.

100 OCH3
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A number of simple J3-carbolines (Figure 16) do exist in 

nature as combinations of the three basic ring systems 
involving different hydrogenation states of the C ring with 
an array of C1 substituents.

Pharmacological investigations of the tranquilizing 
effects of the passion flower, Passiflora spp., show this 
activity to be related to a number of such B-carbolines, 
harman (101), harmine (102), harmol (103), harmaline (104), 
and harmalol (105) (101). Extracts of this plant have also 
been used for capillary fragility (102) and for the 
treatment of arthritis and rheumatism in combination with 
diazepam (103). These simple B-carbolines have also been 
used therapeutically in the treatment of post-encephalitic 
Parkinsonism (104), a practice now discontinued.

The hallucinogenic properties of snuffs and decoctions 
prepared by South American Indian tribes owe their 
biodynamic properties to a number of tryptamines, N,N- 
dimethyltryptamine, N-methyltrypamine, and 5-methoxy-N,N- 
dimethyltryptamine from the Virola genus, as well as to the 
B-carbolines harmine, harmoline, and tetrahydroharmine 
(106), possibly from other genera in the mixture (105). 
Apparently the B-carbolines act as monamine oxidase 
inhibitors, serving to activate the hallucinogenic 
properties of the tryptamines. The tryptamines by 
themselves are inactive but, when smoked, sniffed, or 
injected with these B-carbolines, produce an essentially
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instantaneous high within two minutes which lasts less than 
an hour.

Figure 16. Representative Simple JB-Carbolines.
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In addition to their natural occurrence in plants, the 

simple B-carbolines harman and norharman (107) have been 
found in tobacco smoke (106) and charred foodstuffs (107). 
These findings, along with reports of harman and norharman 
potentiating mutagenicity of mutagens such a.s benzo[a]pyrene 
(108) and nonmutagens such as aniline (109), has stimulated 
interest in attempting to correlate mutagenicity with 
carcinogenicity and with binding of reactive metabolites to 
DNA. It has been demonstrated that harman inhibits both 
DNA-synthesis and DNA-repair, which may play a role in its 
co-mutagenic activity (HO).

In contrast to the occurrence of JB-carboline alkaloids 
in terrestrial plants, there are few examples from marine 
sources. These compounds range in complexity from the 
simple B-carbolines, harman and norharman, found in the 
dinoflagellate Noctiluca miliaris (111) to an extremely 
complex series of alkaloids, manzamines A, B, and C isolated 
from a species of Okinawan sponge Haliclona (112,113).
Apart from the B-carboline unit, manzamine A (108) comprises 
a complicated array of 5-, 6-, 8-, and 13 membered rings. 
Manzamine A also displays antitumor activity by inhibiting 
50% of the growth of P388 mouse leukemia cells at 0.07 
ug/mL.
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Work on B-carboline alkaloids from marine tunicates 
began in the late seventies. From a Bermudian collection of 
Eudistoma olivaceum, Cardellina et. al. isolated two novel * I,
G-carbolines 109 and H O  (114). During the same time period 
the collaborative work of Rinehart and Kobayashi et. al. 
resulted in the isolation and characterization of an 
additional fifteen G-carbolines from a Caribbean collection 
of E. olivaceum (115,116,117). These G-carboline alkaloids 
were named the eudistomins. Eudistomins A and M (111,112) 
were shown to be pyrrolocarbolines while eudistomins G, H ,
I, P, and Q (109,110,113-115) were the corresponding 
dihydro derivatives. Eudistomins D, J, N, and O (116-119) 
were various hydroxyl and bromine substituted isomers of the 
parent carboline nucleus and the eudistomins C, E, K, and L
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Figure 17. Eudistomins A-Q.

111  OH Br

1 1 2  OH H

R

H

R R'  R*

1 1 6  Br OH H

1 1 7  H OH Br

1 1 8  H Br  H

1 1 9  H H Br

1 0 9  H Br

1 1 0  Br  H

1 1 3  H H

1 1 4  OH Br

1 1 5  OH H

R

1 2 0  H OH Br

121 Br  OH H

1 2 2  H H Br

1 2 3  H Br  H



Jl

109
(120-123) were the most potent antiviral components, unique 
in their novel oxathiazepine ring.

Eudistomins K and L inhibited the growth of Herpes 
simplex virus. Type I (HSV-I), at 250 and 100 ug/disk, 
respectively (116). These eudistomins also displayed 
antimicrobial activity (118). Some of the eudistomins were 
active against Bacillus subtilis (D, I, and Q) or 
Saccharomyces cerevisiae (H) or both (P) while others were 
active against Escherichia coli and Penicillium atroventum 
(C, K, L, and N/0), in addition to B. subtilis and S. 
cerevsiae. Most interesting is the synergism displayed by 
the natural mixture of N and 0. After purification, N and 0 
were essentially inactive at 100 ug per disk. When 
recombined, activity of the natural mixture was observed.

Additional work by Kobayashi et. al. on the Okinawan 
tunicate E. glaucus resulted in the isolation of 
eudistomidin-A (124) (119). This novel B-carboline was 
isolated as a caImoIduIin antagonist. At 2 X IO-5 M, this 
compound exhibited a 50% inhibition concentration of 
calmoldulin-activated brain phosphodiesterase, fifteen times 
more potent than W-7, a well known calmodulin antagonist.

At the time of this writing, eudistomin K sulfoxide 
(125) was isolated from the New Zealand tunicate Ritterella 
sigillinoides (120). This compound displayed in vitro 
activity against Herpes simplex Type I and Polio vaccine 
Type I viruses.
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Shortly after the report of eudistomins A-Q, Kenneth 
Kinzer, of the Cardellina group, working on E. olivaceum, 
isolated eudistomins G, H, I, and P along with three novel 
phenylacetyl S-carbolines, eudistomins R, S, and T (126-128) 
(121). The small quantity of these metabolites isolated (.3 
mg of eudistomin T) prevented not only complete chemical 
analysis but, more importantly, failed to provide adequate 
material for biological testing.



Ill
Our interest in these compounds as potential 

agrochemical or pharmaceutical agents (122) led us to 
synthesize eudistomin T by existing methods, the requirement 
of this method being that it be amendable to the synthesis 
of the other eudistomins as well as any analogs desired to 
be made of the parent fi-carboline system. My objective 
would first be to synthesize enough eudistomin T (30 mg) for 
inhouse insecticidal, phytotoxicity, and antimicrobial 
screens as well as general (RNA, DNA) and specific (AIDS) 
viral screens. My second objective would be to investigate 
the activity associated with the phenylacetyl side chain of 
eudistomin T. One could envision the preparation of dozens 
of analogs; however, useful information can be obtained by 
simply comparing the activity against that of eudistomin I 
which contains a dihydropyrrolidine side chain. More 
specific modifications of eudistomin T would logically be to 
decrease the length of the side chain by one carbon, the 
benzoyl derivative 129, and increase the length of the side 
chain by one carbon, adding n character, with the cinnamoyl 
derivative 130. Bromination of these analogs would yield
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6-bromo B-carboline derivatives, which would provide some 
insight into activity associated with halogenation.

A number of synthetic methodologies toward the B- 
carboline ring system were developed prior to 1960. These 
undoubtedly were the result of the developments in the 
chemistry and pharmacology of the Rauwolfia and related 
alkaloids (i.e. yohimbine, 99, and reserpine, 100).

The Fischer indole synthesis (123) has been used as a 
route to both tetra and pentacyclic 1,2,3,4-tetrahydro-B- 
carbolines and to some extent the 5,6,7,8-tetrahydro-B- 
carbolines. The starting material for these reactions are 
typically piperidine phenylhydrazones which are prepared 
from a pheny!hydrazine and a 2-oxo-piperidine exemplified by 
131. Treatment of these compounds with hydrochloric acid or 
zinc chloride yield the corresponding tetrahydro-B-carboline 
derivatives 132.
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The intramolecular enamine addition (124) is another 

route into the penta and tetracyclic 1,2,3,4-tetrahydro-B- 
carbolines. Intermediates such as 133 derived from the 
catalytic reduction of the corresponding pyridinium salt 
undergo acid catalyzed cyclization to tetracyclic-B- 
carbolines 134.

The earliest general route to the 1,2,3,4-tetrahydro-B 
carbolines is the Mannich reaction (125), modeled after the 
Pictet-Spengler tetrahydroisoquinoline synthesis (126). In 
its simplest form, Schiff1s base intermediates such as 135, 
derived from the condensation of tryptamine with various 
aldehydes, undergo the Mannich cyclization in the presence 
of catalytic acid to the corresponding I,2,3,4-tetrahydro-B 
carboline 136.
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Likewise, treatment of tryptamine with a-keto acids 
such as pyruvic acid, phenyIpyruvic acid, a-ketoglutaric 
acid and glyoxylic acid all yield the corresponding 
tetrahydro-fi-carboline-I-carboxylic acid 137. These can 
readily be decarboxylated upon treatment with ethanolic 
hydrachloric acid to yield the corresponding 1-alkyl- 
tetrahydro-B-carboline 138.

Although these Mannich reactions take place readily in 
the presence of dilute mineral acid, at pH I, it has also 
been demonstrated that in many cases cyclization occurs 
under "pseudo-physiological" conditions (25° C, pH near 
neutral) (127), which supports their formation in vivo.
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Rinehart et. al., in 1987, applied the Mannich reaction 

toward the synthesis of eudistomins H, I, M, 0, and Q (118). 
For example, eudistomin I (113) was prepared from the 
condensation of tryptamine with glyoxylic acid and the 
subsequent cyclization to the I,2,3,4-tetrahydro-B-carboline 
(139) (Figure 18). The preparation of the I nitrile-8- 
carboline (140) from 139 involved esterification, conversion 
to the carboxamide, catalytic dehydrogenation, and 
dehydration with phosphorous oxychloride. Treatment of 140 
with the Grignard 141 followed by sodium borohydride 
reduction of the intermediate imine formed gave the ketal 
142. Deprotection with perchloric acid and subsequent 
cyclization gave 143. Failure to isomerize 143 
to eudistomin I (113) by acid, base, or metal catalyst 
required three additional steps, borane-triethylamine 
reduction, sodium hypochlorite oxidation, and 
dehydrohalogenation using sodium carbonate. The overall 
yield for eudistomin I in this nine step synthesis was 14%.

Another versatile route leading to 3,4-dihydro-6- 
carbolines is an adaptation of the Bischler-Napieralski 
synthesis of 3,4-dihydroisoquinolines (128). In this 
reaction Ns-acyltryptamines 144, prepared from the 
condensation of tryptamine with the appropriate acid, 
undergo dehydrative cyclization upon exposure to phosphorous
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Figure 18. Rinehart's Synthesis of Eudistomin I.

140
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Figure 18. (Continued)
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pentoxide, phosphorous oxychloride, or polyphosphoric acid 
to yield the corresponding l-alkyl-3,4-dihydro-B-carbolines
145.

In considering a synthetic approach to eudistomin T, a 
retrosynthetic analysis (Figure 19) revealed that the target 
molecule could, in principle, be obtained using the 
Bischler-Napieralski reaction. Bond connection "a" of the 
3,4-dihydro-B-carboline intermediate 146 revealed an Nb- 
acyltryptamine (147) that could be derived (bond 
disconnection "b") from the condensation of tryptamine with 
phenyIpyruvic acid. Since a-keto acids condense and cyclize 
with tryptamine to yield the corresponding tetrahydro-B- 
carboline-l-carboxylic acids (137), the a-ketone of the 
phenyIpyruvic acid would need to be protected.

Prior to Rinehart's publication, Namkyu Lee, of the 
Cardellina group, attempted a number of experiments to 
condense tryptamine with a variety of protected or masked 
phenylpyruvic acid chlorides. Attempts to utilize this 
approach met with failure (129).
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Figure 19. Retrosynthetic Approach to Eudistomin T Using 
Bischler-Napieralski Methodology.

\ j n



120
In 1985 and 1986 Westling and Livinghouse et. al. 

reported a novel approach to the synthesis of 3,4- 
dihydroisoquinolines, 3,4-dihydrofurano pyridines, and 3,4- 
dihydro-6-carbolines and related heterocycles which relied 
on a silver ion mediated cyclization of a-ketoimidoyl 
chlorides bearing internal nucleophiles 148 (130,131). The 
imidoylchlorides utilized in this approach are derived from 
the acylation of the requisite isonitrile 149 with an acyl 
chloride. I

I 48 I 49

This methodology was considered ideal for the synthesis 
of eudistomin T (128) or any 1-acyl-B-carboline (Figure 20). 
Bond disconnection "a" of the protected N-carbomethoxy-3,4- 
dihydro-B-carboline 150 yield a a-ketoimidoyl intermediate 
(151). Dissection of this intermediate (bond "b") reveal 
that eudistomin T could be derived from the condensation of 
the N-carbomethoxy isonitrile 152 and phenylacetyl chloride. 
This approach would thereby alleviate the problems 
associated with the use of protected phenyIpyruvyI chlorides 
in the Bischler-Napieralski reaction attempted by Lee.
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Figure 20. Retrosynthetic Approach to Eudistomin T Using the 
Silver Ion Mediated Cyclization of a-Ketoimidoyl Chlorides.
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Figure 21. Retrosynthetic Approach to Eudistomin I Using the 
Silver Ion Mediated Cyclization of a-Ketoimidoyl Chlorides.
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Eudistomin I (113) would also be available by this 
route (Figure 21). Disconnection of•the imine bond "a" 
expose the 1-acyl intermediate (153). Subsequent bond 
disconnections "b" and "c" of the protected 3,4-dihydro • 
intermediate (154) reveal that eudistomih I could also be 
obtained from the N-carbomethoxy isonitrile 152 and a 
suitably protected amino butyryl chloride. In the 
synthesis, removal of the amine protecting group would be 
followed by internal cyclization, yielding the natural 
product directly.. In contrast, deprotection of the ketal 
142 in Rinehart's synthesis (Figure 19) gave the imine 143, 
which required an additional three steps just to isomerize 
to the natural product.

It was with this methodology that the eudistomins 
H,I,S,T, and two analogs of eudistomin T, the benzoyl (129) 
and cinnamoyl (130) derivatives were prepared.

Westling's and Livinghouse's general route to,the 
isonitrile 152 was followed with the modification of the 
gramine methyl iodide used as starting material. Geissman 
et. al. (132) reported the reaction of gramine with methyl 
iodide yielded a mixture consisting largely of 3,3'-bis- 
indoylmethyl-dimethylammonium iodide and tetramethyl 
ammonium iodide. The small amount of gramine methyl iodide 
in this mixture could, however, be recovered by a number of 
recrystallizations. This laborious route did give a small 
amount (<10%) of crystalline material with physical

123
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properties characteristic of the reported gramine methyl 
iodide, but spectral analysis of this material by 1H-NMR 
revealed a lack of purity.

An alternative approach was to use N-(3-indolylmethyl)- 
trimethy!ammonium trifluoromethanesulfonate (gramine methyl 
triflate, 155) for the starting material (133). Toward this 
end, slow addition of gramine (156) in diethyl ether to a 
stirred solution of methyl trifluoro methanesulfonate at 0°
C produced a heavy white precipitate. Recrystallization of 
this material from hot methanol gave 155 as large crystals. 
1H-NMR analysis of this material revealed signals typical 
those of a 3-substituted indole. A two proton singlet at 
5.59 and a nine proton singlet at 2.97 ppm were appropriate 
for, and confirmed, the quaternary amine. Although these 
large crystals were aesthetically pleasing, they were not 
used as such in the synthesis for fear of protic solvents 
trapped in the crystalline lattice. Instead, 155 was 
recrystallized from hot ethanol as very fine, short needles, 
which were used directly.

H H
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Initial reaction of 155 (250 mg, 0.75 mmol) with 2.2 

equivalents lithio isocyanomethane in THF at -78° C for I 
hour, followed by work up and chromatography, gave 2-(3- 
Indolyl)-1-isocyanoethane (157) in 75% yield. A number of 
attempts to scale this reaction up to 5 grams (14.8 mmol) 
resulted in yields of only 54%.

The lithio isocyanomethane used was produced in-situ by 
the action of n-butyllithium on isocyanomethane in THF at 
-78° C. Although not commercially available, isocyano
methane could be prepared by a number of methods, the safest 
of which involved the Hofmann carbylamine reaction (134). 
Mechanistically, dibromocarbene, produced by the action of 
potassium hydroxide on bromoform, adds to the methylamine in 
solution; B-elimination of one molecule hydrogen bromide, 
followed by a-elimination of another, yields the isonitrile. 
A phase transfer catalyst, benzyltriethylammonium chloride, 
is required to achieve even the relatively poor yields of 
34%. Alternatively, a procedure reported by Casanova et. 
al. (135), involving the dehydration of methylformamide upon

1 5 5
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exposure to p-toluene sulfonyl chloride in quinoline 
afforded isocyanomethane in 80% yield.

As with Westling's work (131), the sensitivity of the 
electron rich indole nucleus to trace amounts of hydrogen 
halides involved in the a-keto imidoyl cyclization required 
the conversion of the isonitrile 157 to the corresponding N- 
carbomethoxy derivative 152. This was achieved in 97% yield 
by the deprotonation of the indole N-H by n-butyllithium in 
THF at -78° C, followed by exposure to excess methyl 
chloroformate. Addition of methyl chloroformate to the 
isonitrile functionality was minimized at temperatures below 
-20° C.

1)  n - B u L i

2) CICO2Me
I 57 -------------------- -

T H F  - 2 0  C

Cyclizations were typically carried out by the 
treatment of the isonitrile 152 in dichloromethane with 1.05 
equivalents of the appropriate acyl chloride for 16 hours at 
25° C. The appearance of a light red solution after this 
time seemed to indicate (especially in the case of the 
benzoyl cyclization intermediate, which required 60 hours)



127
that formation of the a-ketoimidoyl chloride was complete. 
After this time, the reaction mixtures were cooled to -78° C 
and treated with 1.1 equivalents silver tetrafluoroborate in 
nitromethane. Immediate precipitation upon addition of 
AgBF4 suggested rapid cyclization; however, highest yields 
were obtained when the reaction mixtures were allowed to 
stir overnight at -20° C.

Enroute to eudistomin T, treatment of the isonitrile 
152 with phenyl acetyl chloride, followed by exposure to 
silver tetrafluoroborate, provided the I-(2-phenylethanoyl- 
9-carbomethoxy-3,4-dihydro-B-carboline (158) in 93% isolated 
yield.

A number of dehydrogenating reagents were considered 
for the aromatization of the 3,4-dihydro-B-carboline 158.
The more commonly used catalyst, palladium, was used by 
Rinehart to convert a 1,2,3,4-tetrahydro-B-carboline to the 
corresponding aromatic analog in 75% yield (118). Following 
this procedure, 158 was refluxed in xylene for 4 hours in

1 5 2
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the presence of a catalytic amount of palladium on carbon. 
After this time 1H-NMR analysis showed only 41% conversion 
to l-(2-phenylethanoyI)-9-carbomethoxy-B-carboline (159). 
Yields of 75% were obtained only after an additional 12 
hours of reflux. The requirement for longer reaction time 
may be attributed to the deactivating nature of the N- 
carbomethoxy protecting group. Inspection of the proton 
NMR of the purified product 159 revealed it existed in the 
enol form as evident by the disappearance of the two proton 
singlet at 4.45 ppm and the appearance of two one-proton 
singlets at 10.2 (br) and 6.60 ppm.

Reports by Blum et. al. (136) of the homogeneous 
dehydrogenation of 9,10-dihydroanthracene with tris- 
triphenylphosphine rhodium chloride to anthracene in 95% 
yield was an attractive alternative to heterogeneous 
catalysis. Exposure, however, of 158 to a catalytic amount 
of Wilkinson's catalyst at xylene reflux for 24 hours 
resulted in only 8% isolated yield of 159. Incomplete

Pd/C
Xylene

1 5 8
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reaction along with the formation of numerous byproducts 
prompted us to investigate other dehydrogenating reagents.

The quinones such as 2,3-dichloro-5,6-dicyano- 
benzoquinone DDQ have long been used for dehydrogenations 
(137). Typically reactions are monitored by the 
disappearance of the red quinone or formation of the 
insoluble yellow dihydroquinone. Alternatively, the lack of 
protons on these agents allow for clear observation of 
reaction progress by zlH-NMR. in CsD6, 158 was treated with 
I. I equivalents DDQ and monitored by zlH-NMR every 5 minutes 
for I hour. Signals corresponding to the starting material 
had completely shifted within 45 minutes at 25° C. It 
appeared that the starting material had only quantitatively 
enolized in the presence of DDQ as evident by the 
disappearance of the 2 proton methylene at 4.48 with the 
appearance of a I proton singlet at 7.61. Also the C-3 and 
C-4 methylene protons, had only shifted from 3.62 and 2.09 
ppm to 3.73 and 1.95 ppm rather than being converted to 
aromatic protons, which would have appeared in the region of 
8.6 and 8.1 ppm, respectively. Along with the lack of 
physical appearance of the dihydroquinone, no formation of 
protons corresponding to enol O-H or dihydroquinone O-H was 
obvious. Addition of more DDQ (1.1 equivalents) failed to 
produce any change even with heating for 4 hours at 80° C. 
Interestingly, EIMS (dip) analysis of the reaction mixture 
gave a spectrum identical to the dehydrogenation product 159
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from the palladium aromatization. Since the unreacted DDQ 
was not separated prior to analysis, it is possible that 
dehydrogenation may have occurred at the elevated 
temperatures associated with the MS analysis. Despite 
indications of one transformation product by 1H-NMR, 
attempts to separate this material from the excess DDQ led 
only to intractable products.

Another approach to these dehydrogenations would be 
treatment with elemental sulfur or selenium at elevated 
temperatures, typically 230-290° C (138). Milder approaches 
(xylene reflux) were of no avail. Much to our delight, 
however, exposure of 158 to 3 equivalents sulfur at 200° C 
for 4 minutes resulted not only in dehydrogenation but also 
removal of the N-carbomethoxy protecting group, thereby 
giving the natural product, eudistomin T (128), in 73% 
isolated yield. It was subsequently found that 
dehydrogenation occurred at temperatures as low as 130° C 
but efficient deprotection required temperatures no lower 
than 190° C.

158
Se, 200' C
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Mechanistically, the sulfur could displace the methyl 

of the carbornethoxy group to yield methyl sulfide in the 
same manner as exposure of N-carbomethoxy protecting groups 
to TMSI which yield methyliodide (139). Decarboxylation 
upon work up would yield the deprotected indole N-H.

Perhaps the greatest advantage in using this method was 
in the clean up following the reaction. Typically, gel 
permeation and solid phase extraction techniques were 
employed in all cases. This was, in fact, the reason why 
this method was chosen versus deprotection of the 
dehydrogenation product 159 from the palladium 
dehydrogenation. Removal of the N-carbomethoxy protecting 
group from 159 using either NaCl in wet DMF (140) or lithio 
ethy!mercaptan in HMPA (141) appeared (by MS and 1H-NMR) to 
proceed in high yields, but the above chromatography methods 
failed to remove trace amounts of aromatic impurities.

Deprotection of 158 followed by aromatization was not 
tried but would be considered a logical option to maximize 
yields. Eudistomin T was fully characterized by IR, MS, 1H- 
NMR (Figure 22), and 13C-NMR (Figure 23).

A single attempt at bromination of eudistomin T (128) 
afforded eudistomin S (127) in 39% isolated yield. This was 
accomplished by exposure of eudistomin T in tetrahydrofuran 
at 25° C to excess Br2, monitoring the reaction process with 
EIMS (dip) analysis after 20 and 45 minutes. The reaction
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Figure 23. 13C-NMRa Spectrum of 128.
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mixture was quenched after this time (with sodium 
thiosulfate) due to the observation of the formation of a 
dibromination product (m/z 442). Eudistomin S and T (16%) 
were resolved from the reaction mixture using Bio-Beads S-X8 
and Sephadex LH-2O chromatographies. The dibromination 
product was separated from T and S but was not completely 
purified.

Prior to this, bromination was attempted on the N- 
carbomethoxy 3,4-dihydro intermediate 158 using NBS in DMF 
(142) and bromine in both THF and acetonitrile (118). No 
addition of bromine was observed by MS.

Eudistomin I was prepared (113) by the treatment of the 
isonitrile 152 with 4-(phthalimido)-butyryl chloride (160) 
followed by exposure to silver tetrafluoroborate. This 
afforded the N-carbomethoxy 3,4-dihydro-fi-carboline 161 in 
52% yield. The acid chloride 160 was prepared by treatment 
of 4-amino butyric acid with phthalic anhydride (143). The 
resulting 4-(phthalimido)-butyric acid was then treated with 
thionyl chloride at 50° C; the resulting product was 
purified by sublimation.

0

1 52

I 61X = Phthalimidimino



135
Exposure of the N-carbomethoxy derivative 161 to excess 

sulfur at 200° C afforded the B-carboline 162 in 34% yield. 
Removal of the phthalimide protecting group and subsequent 
cyclization to eudistomin I (113) (36% isolated yield) was 
accomplished by treating 162 with excess methanolic 
hydrazine (1%) for 8 hours (143).

Sg 200° C 
I 61 ----------

H2NNH2 I %

I 62 ------------
MeOH

I I 3

Exposure of the B-carboline 162 to excess bromine gave 
a single bromination product by MS (m/z 521). Treatment of 
the reaction mixture with hydrazine, as above, afforded 
eudistomin H (HO) in 14% yield.

The benzoyl (129) and cinnamoyl (130) analogs of 
eudistomin T were prepared in similar fashion, with the 
exception of the increased reaction time required for the 
addition of benzoyl chloride to the isonitrile 152. A 
summary of the yields for the preparation of these compounds 
is provided in Table 14.
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Table 14. Percent Yields for Reactions Leading to HO, 113, 
127-130.

Product Reogent Cyclizotion S1 Br2 H2N2

^includes bromination, ^reaction time: 60 hours

The percent yields for the cyclization intermediates 
leading to the benzoyl analog and eudistomin I were on the 
order of Westling's (131). The yield of 93% obtained in 
route to eudistomins T and S was considered excellent, and 
was the result of a number of trials done to optimize the
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time requirement of the cyclization. In reality, most of 
the cyclizations done on eudistomin T were on the order of 
50% to 60%. Optimization, possibly using 1H-NMR to monitor 
reaction progress, of the cyclization conditions for the 
benzoyl analog and eudistomin I and H intermediates would 
undoubtedly increase their reported yields. In the case of. 
the cinnamoyl cyclization, the low yield did not appear to 
reflect the cyclization process, but rather decomposition 
occurring in the purification. Methods reducing the 
exposure of this intermediate to air (chromatography 
solvents saturated with nitrogen) and light may increase the 
yield.

The sensitivity of the cinnamoyl intermediate was also 
borne out by the low yields obtained in the sulfur 
dehydrogenation process. We expected that Michael addition 
of sulfur to the cinnamoyl residue would claim all or most 
of the product. Whether this is happening or not would need 
to be resolved, depending on the resulting biological 
activity.

The yields for the other dehydrogenations may be 
considered good in light of the harsh conditions of this 
reaction. The high yield of 75% reported for the 
dehydrogenation leading to eudistomin T is the result of a 
number of reactions done to optimize the reaction time and 
temperature. Further optimization of the reaction 
conditions yielding the other dehydrogenation products would
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undoubtedly increase their yields also. Recently, Dodd et. 
al. (144), in reporting on the synthesis of JB-carbolines as 
ligands for the benzodiazepine receptor, used sulfur (2 eg.) 
in DMSO at 100° C for 48 hours to convert I,2,3,4,- 
tetrahydro-fi-carbolines to the corresponding JB-carbolines in 
94% yield. Although dehydrogenations attempted with sulfur 
in nonpolar solvents (benzene or xylene reflux) failed, the 
use of more polar solvents, such as DMSO, should be 
considered an alternative route in any further preparation 
of analogs.

Removal of the carbornethoxy group by the use of NaCl 
in wet DMF (140), lithio ethy!mercaptan in HMPA (141), or 
TMSI in acetonitrile (139), followed by dehydrogenation was 
not tried but should also be considered an alternative route 
for the synthesis of these analogs. Removal of the 
deactivating carbornethoxy protecting group may allow for 
dehydrogenation under milder conditions (Pd/C, DDQ, 
Ph3P3RhCl).

Reported yields for bromination of B-carbolines (118) 
as well as those for removal of N-phthalimide protecting 
groups (143) are both on the order of 75%. Since these 
reactions were only performed once, it is likely that 
optimization of these processes would most likely greatly 
enhance the yields.

Prior to the initial bioassays of eudistomins T and I, 
we hypothesized an analog containing a side chain with
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properties reflecting both natural products. The analog 163 
derived from the nitrogen containing heterocycle, nicotinyl 
chloride, would be such a candidate. Nicotinyl chloride was 
prepared by the method of Wingfield et. al. (145), whereby a 
suspension of potassium nicotinate in benzene is treated 
with oxalyl chloride. The insoluble byproducts of this 
reaction are filtered away and the nicotinyl chloride is 
used as a solution in benzene.

Treatment of the starting isonitrile 152 with 
nicotinoyl chloride followed by exposure to silver 
tetraflouroborate gave a reaction mixture rich (by 1H-NMR 
and MS m/z 333) in the cyclization product. Attempts to 
purify this reaction mixture were extensive, and 
decomposition eventually led to intractable products. In a 
second attempt, the cyclization reaction mixture was exposed 
to the sulfur dehydrogenation conditions. Mass spectral 
analysis of this reaction mixture revealed a weak ion two 
mass units less (m/z 271) than the expected product. 
Purification of this material was also laborious but
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spectral analysis (MS and 1H-NMR) suggested that the 
compound sought was resistent to decomposition. It is noted 
that none of the fractions in the isolation scheme displayed 
ions corresponding to the expected molecular formula of 273. 
After a number of gel permeation and solid phase extraction 
chromatographies the pentacycle 164 was isolated in low 
yield. High resolution mass spectral analysis confirmed the 
molecular formula, C17H9N3O, two hydrogens less than the 
desired product. 1H-NMR analysis revealed three aromatic 
proton systems, two corresponding to the parent B-carboline 
system and one suggesting a 3,4-disubstituted pyridine 
moiety. This and the lack of an indole N-H allowed us to 
make a bond connection from the indole nitrogen to the 4 
position of the nicotinyl pyridine moiety.

0
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Acquired immunodeficiency syndrome (AIDS) is a fatal

disease which has reached epidemic proportions among certain 
high-risk groups. It is caused by a human pathogenic 
retrovirus known commonly as human immunodeficiency virus
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(HIV). Although there is no effective therapy for AIDS a 
number of compounds are currently under study as HIV 
inhibitors, both in clinical trials and in model systems.
Of these, nucleosides, such as 3'-azido-3'-deoxythymidine 
(AZT, 165), have historically been among the best drugs for 
treating DNA and RNA viral infections. AZT, which has been 
determined to produce positive clinical improvement (146), 
has an ED50 value (concentration that inhibits 50% of viral 
replication) of 0.002 uM in human peripheral blood mono
nuclear cells (147).

0

Initial studies of eudistomin T (and the analogs) in an 
in vitro anti-HIV assay were preformed at the National 
Institute of Health. The results of preliminary screening 
against four different human cell lines exposed to the HIV 
virus (Figure 24) and cell free HIV virus (Figure 25) show 
significant protection by eudistomin T below the level of 
cytotoxicity. Eudistomin I gave no protection to the cell
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lines, while the benzoyl derivative appeared to be active. 
Further testing of these analogs is currently underway.

Figure 24. Activity of Eudistomin T in Four Human Cell Lines 
Exposed to HIV Virus Infected Human Cells.
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Figure 25. Activity of Eudistomin T in Four Human Cell Lines 
Exposed to Cell Free HIV Virus.
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In other assays, eudistomin T was inactive toward both 

johnsongrass (250 ppm) and the tobacco hornworm, Manduca 
sexta, (250 ppm). Antimicrobial impregnated disk assays at 
500 ug/disk revealed inhibition of the fungus Aspergillus 
terreus (6 mm) and Gram-positive bacteria Staphylococcus 
aureus (2.5 mm), Bacillus cereus (2.5 mm), and 
Corynebacterium michiganensis (2 mm).



SUMMARY
The objectives of this thesis, involving structure 

activity studies of biologically active natural products, 
were accomplished through either analog preparation or total 
synthesis.

From the ichythyotoxic plant Lomatium dissectum a 
mixture of tetronic acids 17 were isolated and identified. 
These tetronic acids, not coumarin glycosides, were 
responsible for the ichthyotoxicity of the plant. An LD50 
of 0.7 mg/L was determined for McBride cutthroat trout. As 
well as their toxicity toward fish, these compounds were 
also responsible for the antimicrobial and cytotoxic 
activity observed in the crude organic extract. Because of 
the large amount of material available (30% of the organic 
extract) the natural product was used directly as a semi
synthetic intermediate, as a route to a number of analogs. 
These were 0-alkyl, C-alkyl, or 0-acyl analogs formed by the 
treatment of the tetronic acids with the appropriate alkyl 
or acyl halide in acetone using potassium carbonate as.a 
base. In three cases, treatment of the tetronic acids with 
alkyl halides yielded both 0- and Oalkyl analogs. Not only 
were these C-alkyl derivatives essential for the final 
structure determination of the natural product but they were
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also significantly more active than the natural product in 
inhibiting human leukemia (CCRF-CEM) cells and in their 
antiinflammatory activity.

The increased activity of the C-alkyl analogs led to 
the study of reaction conditions which would afford higher 
yields of the C-alkylated products. Only the reaction of 
the tetronic acids with sodium hydride and methyliodide in 
either toluene or diethyl ether gave higher proportions of 
the C-alkylated product versus the O-alkylation product 
(I.2-1.4:1.0); however, the overall yield (6-16%) was a 
disadvantage. Alkylations performed with sodium carbonate 
gave the highest overall yield of C-alkylation product (39%) 
with the third highest C- to O-alkylation ratio (0.9:1.0). 
Alternative routes toward the synthesis of C-alkylation 
analogs were investigated and involved the thermal 
rearrangement of the O-allyI derivative 42 to afford the 
corresponding C-allyl derivative 45, and the rearrangement 
of O-formyl esters such as 43 in the presence of DMAP to the 
corresponding C-acyl formyl ester 48. Initial attempts at 
these reactions yielded insoluble polymers in the first two 
cases and no reaction in the third case.

The tetronic acid analogs were not found to be broad 
screen cytotoxins, but, depending on their structural type, 
exhibited specific activities. The polar acyl analogs all 
displayed some degree of antimicrobial activity, (the 4- 
chlorophosphate analog 41 being more active than the natural
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product in inhibiting the fungus Rhizoctonia solani) but 
were substantially less active in the CCRF-CEM cancer screen 
(the exception being the diethylphosphate derivative 40).
On the other hand, the C-aIkyl derivatives were, two orders 
of magnitude more active than the natural product in the 
CCRF-CEM cancer screen but were devoid of antimicrobial, 
activity.

The tetronic acid analogs also display specificity in 
their antiinflammatory properties, the C-alkylation analogs, 
as predicted, being the most active. Both the natural 
product and the C-alkyl ethyl acetate derivative 39 
specifically inhibited 5-lipooxygenase, but showed no 
activity toward the inhibition of phospholipase A2. The 0- 
acetate and C-alkyl methyl derivative were active against 
both these enzymes. The methyl hexanoate analog 37, 
designed specifically to a mimic the size and solubility of 
a prostaglandin, showed essentially no activity in these 
assays.

Screening of a number of Bermudian marine organisms 
specifically for activity against the tobacco hornworm, 
Manduca sexta, prompted the investigation of Ulosa 
ruetzleri. Bioassay and 1H-NMR guided fractionation led to 
the isolation of two novel metabolites, creatinine 
dimethy!phosphate (67) and 1-methyl-2-(methylphosphatoxy)- 
(5-H)imidazolin-4-one (68). X-Ray diffraction studies were 
essential in confirming both structures. Of these, only 68



147
had insecticidal properties, yielding an LDso value of 6  ppm 
for the tobacco hornworm. The hydantoin derivative 6 8  was 
also found to be a potent inhibitor.of acetylcholinesterase 
and is currently being evaluated for its insecticidal . 
properties by Rohm and Haas Agrochemical Company.

Synthetic approaches toward 6 8  resulted only in the 
preparation of stable C-4 dialkyl phosphorylhydantoins or 
instable C-4 monoalkyl phosphorylhydantoins. Testing of 1- 
methylhydantoin-4-diethy!phosphate (96) against the tobacco 
hornworm revealed that it was significantly less active 
(LD50Z 75 ppm) than 67. A novel approach to 67 involving 
the treatment of I-methyIhydantoin-N-trimethylsilane (98) 
with methyl dichlorophosphate gave both C-2 and C-4 ■ 
chlorophosphoryl hydantoins; however, hydrolysis of these 
intermediates during workup afforded only starting material.

A great deal of progress has been made in this area, 
considering that the current literature states that O- 
alkylation or O-acylation does not occur in these hydantoin 
systems.

Initial findings of three minor 8 -carbolines 
(eudistomins R, S, T) from the marine tunicate, Eudistomin 
olivaceum, led to the total synthesis of these metabolites 
(S and T) for additional biological testing  ̂ Structure 
activity studies involved comparing the activity of these 
compounds with that of eudistomins H, I and two analogs, the
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benzoyl and cinnamoyl derivatives, also synthesized by this 
route.

Traditional routes to the JB-carbo.line ring system were, 
in the past, proven unsuccessful for the synthesis of 
eudistomin T. However, a recently developed approach,
: involving silver ion mediated cyclization of imidoyl halides 
proved ideal for the synthesis of these compounds.

The key intermediate in the synthesis of these natural 
products and analogs was derived from graminemethyl 
trifluoromethanesulfonate (155). Treatment of 155 with two 
equivalents of lithiomethyl isonitrile afforded the 
isonitrile 157 in 75 % isolated yield. Deprotonation of 157 
by the action of n-butyllithium followed by exposure to 
. methylchloroformate afforded 152 in 97% isolated yield. The 
condensation and subsequent cyclization of acyl chlorides 
with the intermediate isonitrile 152 to the corresponding N- 
carbomethoxy 3,4 dihydro-8 -carbolines ranged from 16%, for 
the cinnamoyl intermediate, to 93% for the eudistomin T 
intermediate. Both dehydrogenation and deprotection of the 
N-carbornethoxy 3,4 dihydro-G-carbolines was accomplished by 
exposure of these intermediates to elemental sulfur at 2 0 0 ° 
C f or 4 minutes; the yields ranging from 17%, for the 
cinnamoyl analog, to 73% for eudistomin T. Eudistomin T 
was neither insecticidal or phytotoxic, but did inhibit the 
growth of fungi and Gram-positive bacteria. Screening of 
these compounds in an in vitro anti-HIV assay revealed that
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eudistomin T was active while eudistomin I was not. Initial 
testing of the analogs suggest that the benzoyl analog (129) 
may be the most active compound in this series; however, 
further studies are necessary and are currently underway at 
the National Institutes of Health.
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EXPERIMENTAL 

General Methods

Physical Measurements
NMR spectra were obtained with Bruker WM-250 and AC-300 

spectrometers using CDCl3, CD3 ODz CD3 CNz and D2O as solvent 
and internal standards. Chemical shifts are reported in ppm 
( 6  units) relative to tetramethylsilane ( 6  = 0). Mass 
spectra were obtained on VG Instruments MM16F and 7070 EHF 
mass spectrometers. IR were recorded with a Nicolet 5DX 
spectrophotometer and UV were determined with a Varian G634 
spectrophotometer. X-Ray structures were determined on a 
Nicolet R3mE four circle diffractometer. Melting points 
were determined on a Fisher Johns apparatus and are 
uncorrected.

Chromatography
Column chromatography was accomplished with the 

packings listed in Table 15. Elutants were monitored with 
ISCO UA-5 (operating at 254 run and 280 nm) and ISCO V 4  

(variable wavelength) detectors. Solid phase extraction 
chromatography was accomplished with Supelco Inc-LC^NH 2  3mL 
cartridges. All centrifugal countercurrent chromatography 
was done with a P.C. Inc. Multi-Layer Coil Separator-



151
Extractor, using a semipreparative 255 mL capacity column 
(1.6 mm i.d. x 130 m).

Table 15. Chromatography Packing Materials.

Material Mesh Manufacturer

Bio-Beads S-X4 200-400 Bio-Rad Laboratories
Bio-Beads S-X8 200-400 Bio-Rad Laboratories
Sephadex LH-20 25-lOOu Pharmacia Fine Chemicals
Silica gel 32-63u Woelm Pharmaa
Silica gel 1 0 0 - 2 0 0 Bio-Rad Laboratories1 3

afor tetronic acid analog separations, ^for eudistomin 
separations

Ichthyotoxicity Screening
The crude extracts of Lomatium dissectum were tested 

against goldfish. Ten fish (1.4 g average) in 2 L water 
were initially given either 2 0  mg of the organic soluble 
extract in 0.5 mL ethanol or 20 mg of the water soluble 
extract in I mL water. Controls (10) were given 0.5 mL 
ethanol. Air was gently bubbled into the containers over 
the course of an observation period of 24 hours. No 
toxicity was observed for the water soluble extract after 
this time, even at concentrations as high as I g/L. The 
organic soluble extract proved toxic after 9 hours, with 50%
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mortality observed at 3.5 hours. The coumarin glycoside 15 
was tested at 60 mg/L in this assay with no activity being 
observed.

Dose response studies on the tetronic acids (17) were 
performed at the Montana State Fish Hatchery in Bozeman 
Montana. Nine 4 L flasks with ten McBride cutthroat trout 
(1.2 g average) each in 2 L water were placed in a stainless 
steel trough with continuous running cooling water. The 
test fish were treated with solutions of 17 in ethanol (not 
exceeding I ml ethanol) to yield concentrations of 5.0, 1.0, 
0.8, 0.6,0.4, 0.2, 0.1, 0.05 mg/L. Controls were given I 
mL ethanol. Observations were made over the course of 4 
hours. Oxygen levels were measured and had dropped over 
this time period but not to a hazardous level. For the next 
20 hours air was gently bubbled through each container. No 
additional fatalities were observed after this time.

Insecticidal Screening
The tobacco hornworm, Manduca sexta, was obtained as 

eggs from Carolina Biological Supply. They were hatched and 
raised on an artificial premixed diet obtained from Bio-Serv 
Inc. The diet was prepared by adding a mixture of 100 g 
black cutworm diet and 13.5 g agar to 400 mL boiling water 
and .blending (using a Waring blender) to a smooth 
consistency. In doing crude assays, 50 g of this hot diet 
was weighed out (into 200 mL plastic cups) and the extract
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(150 mg) added in I mL dichloromethane (organic soluble 
extracts) or I mL water (water soluble extract). Control 
diets were treated with either dichloromethane or water. 
After stirring, the diet was allowed to solidify at 5° C. 
Crude extracts were tested against ten fourth instar 
insects, which were distributed into two 200 mL plastic 
cups. After 12 days both the test and control insects were
weighed. Purified compounds were tested in a similar

\

manner. For example, 2.5 mg of 6 8  in 200 yiL dichloromethane 
was added to 10 g hot diet (in a 50 mL beaker). After 
stirring and solidification the test diet was divided into 
ten 4 mL plastic cap vials. One second instar insect was 
added to each vial. After six days the insects were 
weighed.

Antimicrobial Screening
This in-house assay was performed by transferring the 

test compound in the appropriate solvent (dichloromethane, 
methanol, water) to 1/4 inch sterile paper disks. After 
evaporation of the solvent, the disks were transferred by 
sterile methods to a pre-inoculated agar plate. Zones of 
inhibition were recorded (after 24 hours for bacteria and 48 
hours for fungi) from the outside of the disk to the edge of 
the growth.
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Phytotoxicity Screening

This in-house assay was performed by transferring a 
known concentration of the test compound in a 2 % ethanol 
solution (l-5y.L) to the punctured center vein of johnson- 
grass leaf blades. The test leaf blade and control leaf 
blade (treated in the same fashion with 2 % ethanol) were 
then placed on a moist filter paper and sealed in a Petri 
dish. Observations of varying degrees of chlorosis and 
necrosis were recorded between 24 and 72 hours.

Isolation and Characterization

Collection and Extraction of Lomatium dissectum
In July of 1982 a single whole plant was collected on a 

ridge (6500 ft.) near the Olsen Creek/Skunk Creek divide in 
the Bridget Mountains, about sixteen miles north of Bozeman, 
Montana. After eight months in cold storage (-5° C) the 
plant (1.878 kg fresh weight) was chopped and then 
homogenized in methanol using a Waring blender. After 
filtration, the marc was soaked an additional 24 hours with 
methanol and the combined methanol extractions were reduced 
to an aqueous suspension. The marc was then soaked twice 
for 24 hours with dichloromethane. After vacuum filtration, 
each dichloromethane soak was equilibrated with the aqueous 
suspension and subsequently separated into water and organic 
soluble fractions. Lyophilization of the water solubles
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gave 71.06 g (10.9% dry weight) of a' tan solid. Evaporation 
of the dichloromethane solubles gave 162.39 g (24.9% dry 
weight) of a dark green oil. The marc was dried and weighed 
for calculations of percent yield.

Solvent Partitioning of the Organic 
Solubles of Lomatium dissectum

The organic solubles (38.5 g) were dissolved in 500 mL 
10% aqueous methanol. This was washed three times with 300 
mL hexane and the combined washes were reduced to an oil, 
28.76 g (74.8% of the organic solubles). The remaining 
aqueous phase was then increased in polarity to 25% by the 
addition of 95 mL H 2 O. This was then washed three times 
with 300 mL carbon tetrachloride and the combined washes 
were reduced to an oil, 6.11 g (15.9% of the organic 
solubles). The remaining aqueous was increased further in 
polarity to 35% by the addition of 100 mL H2 O* This was 
then extracted three times with 300 mL chloroform and the 
combined washes were reduced to a solid, 2.65 g (6.9% of the 
organic solubles). The remaining aqueous phase was then 
reduced to 100% water (240 mL) and subsequently extracted 
with three 300 mL volumes of ethyl acetate. These washes 
were combined and reduced to yield 409 mg (1.1% of the 
organic solubles) of solid. The remaining water was reduced 
to yield 500 mg (1.3% of the organic solubles) of solid.
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Isolation of the Tetronic Acid Mixture 17

The carbon tetrachloride solubles (2.09 g) from the 
above partitioning scheme were permeated through Bio-Beads 
S-X4 (4 x 78 cm) using CsH1 4 -CH2 Cl2-EtOAc (4:4:1). Ten 
fractions were collected. Fraction 6  (891 mg) was further 
fractionated by permeation through Sephadex LH-20 (2.3 x 142 
cm) using CH2 Cl2-MeOH (1:1). Five fractions were collected. 
Fractions 4 (275 mg) and 5 (512 mg) were chromatographed 
separately through Bio-Sil A (100-200 mesh) silica (2.5 x 38 
cm) using MeOtBu-C6 H 1 4  (1:2) under 12 psi nitrogen. In each 
chromatography one major fraction was collected to yield 247 
and 454 mg, respectively. These two fractions were combined 
to yield a clear pale yellow oil, the tetronic acid mixture 
17: UV Xma3c (CH2 Cl2) , 251 ran (e 9200) ; IR Vmsi3c (CCl4) 3140
(br), 3010, 2965, 2930, 2860, 1730, 1625, 1460, 1270, 1060, 
970, 880, 830 cm-3-; MS(EI) : m/z (rel. int.) 334/306 (M+
1/4) 126 (100) HRMS(EI): obs'd. 334.2525, calc'd. for
C2 1 H 3 4 O3, 334.2505, obs'd. 306.2186, calc'd. for C1 9 H3 0 O3, 
306.2193, obs'd. 126.0333, calc'd. for C6 H 6 O3, 126.0316; 
1 H-NMR (CDCl3): 5 9.5 (1H, br s), 5.33 (2H, m), 5.18 (1H,
d, J=3), 5.09 (IH, d, J=3), 2.77 (2H, t, J=5), 2.27 (2H, t, 
J=7.5), 1.97 (4H, m), 1.49 (2H, m), 1.34-1.20 (XH, m), 0.85 
(3H, t, J=6 .9); 1 3 C-NMR (CDCl3): 5 173.3, 162.8, 149.8,
130.0 (IH), 129.6 (IH), 105.2, 93.3 (2H), 31.7-21.2 (XC,
2H), 14.0 (3H).
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Catalytic Reduction of 17

In a 200 mL thick-walled flask, a solution of 300 mg 
17, 50 mL absolute ethanol, and a catalytic amount (50 mg) 
of 1 0 % palladium on charcoal were vigorously stirred under 
40 psi hydrogen for 45 minutes. The reaction mixture was 
then filtered through Celite ( 2 x 4  cm), washing with 50 mL 
of dichloromethane. The solution was reduced to yield a 
white solid (278 mg). This material was chromatographed on 
silica (2.5 x 38 cm) using MeOtBu-CsH 1 4  (1:2) under 12 psi 
nitrogen. The chromatography, monitored at 230 nm, afforded 
one large fraction, 260 mg, the reduced tetrahydro 
derivative 18: mp 54-58° C; UV \ mSLX (CH2 Cl2) , 219 nm (e
4100); IR Vmax (CCl4), 3050 (br), 2950, 2925, 2860, 1720, 
1650, 1450, 1400, 1075 cnT1, MS(EI) m/z (rel. int.) 338/310 
(M+ 4/5), 128 (32); IH-NMR (CDCl3): 6  4.83 (1H, q, J=6.3), 
2.18 (2H, t, J=6 .5), 1.49 (3H, d, j=6 .3), 1.42 (2H, m), 
1.35-1.14 (XH, m), 0.86 (3H, q, J=7); x3 C-NMR (CDCl3): 5
178.2, 178.1, 100.6, 75.5 (IH), 31.2-21.0 (XC, 2H), 17.8 
(3H), 14.1 (3H).

Acetylation of 17
In a 50 mL flask, equipped with magnetic stir bar and 

reflux condenser, a. solution of 93 mg of 17, 2 mL pyridine, 
0.5 mL acetic anhydride, and one crystal of 4-N,N-dimethyl- 
aminopyridine were refluxed under nitrogen for 6  hours. The 
reaction mixture was then reduced to a dark solid and passed.
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through a small ( 2 x 4  cm) silica plug using MeOtBu-CsH 1 4  

(1:2). After evaporation the residue was permeated through 
Sephadex LH-20 (2.5 x 142 cm) using MeOH-CH2 Cl2  (1:1). Five 
fractions were collected. Fraction E afforded, in 54% yield 
(58 mg), the 0-acetate analog 20: UV Xmax (CH2 Cl2), 260 nm
(e 20800); IR Vmax (CCl4), 3010, 2950, 2930, 2850, 1790, 
1650, 1370, 1175, 1060, 1010, 860 CirT3-; MS(EI) m/z (rel. 
int.) 376 (MT, 2), 348 (MT, I), 334 (10) 306 (12), 126 (37); 
126 (33); IH-NMR (CDCl3) : 6  5.32 .(2H, m) , 5.06 (1H, d,
J=3.2), 4.76 (IH, d, J=3.2), 2.33 (3H, s), 2.33 (2H, t,
J=7.3), 1.97 (4H, m), 1.48 (2H, m), 1.40-1.26 (XH, m), 0.86 
(3H, q, J=6.7); 1 3 C-NMR (CDCl3): 6  167.7, 165.7, 154.0, 
149.1,130.1, 129.6, 92.2, 31.8-23.3 (XC), 20.4, 14.1.

Reaction of 17 with Diazomethane
In a 100 mL flask, a solution of 283 mg 17 in 35 ml 

diethyl ether was treated with diazomethane until a faint. 
yellow color persisted. The solution was then reduced to 
yield a light yellow oil, 290 mg. Chromatography of this 
material through silica gel ( 3 x 4 9  cm) using CsH 1 4 -MeOtBu- 
EtOAc (8:3:1) under 12 psi nitrogen afforded 127 mg of 
unreacted 17 and, in 46% yield (102 mg), the O-methyl analog 
19: UV Xm a x  (CH2 Cl2), 255 ran (e 14500); IR Vmax (CCl4), .
3010, 2960, 2930, 2860, 1780, 1640, 1460, 1275, 1065, 990, 
860 cm-3-; MS(EI) m/z (rel. int.) 348/320 (MT; 8/1) 140 
(100); 1 H-NMR (CDCl3): 6  5.31 (2H, m), 4.93 (1H, d, J=2.4),
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4.91 (IH, d, J=2.4), 4.09 (3H, s), 2.42 (2H, t, J=7.7), 2.00 
(4H, m), 1.27 (XH, in), 0.98 (3H, t, J=6 .8 ); x3 C-NMR (CDCl3): 
6  170.2, 161.2, 149.7, 130.0, 129.5, 105.7, 91.0, 58.7,
31.7-22.6 (XC), 14.0.

Reaction of 17 with K^CO3/MeI
In a 100 mL flask, equipped with magnetic stir bar and 

reflux condenser, a solution of 341 mg 17, 40 mL anhydrous 
acetone, 294 mg potassium carbonate, and 0.5 mL methyl 
iodide were refluxed gently under nitrogen for 1 0  hours.
The reaction was then reduced and partitioned between 40 mL 
H2O and three 40 mL portions of dichloromethane. The 
combined organic washes were filtered through anhydrous 
sodium sulfate and evaporated to a light orange oil, 365 mg. 
Chromatography of this material through silica ( 3x49  cm) 
using MeOtBu-CsH x 4  (1:500) under 12 psi nitrogen yielded two 
major fractions. Fractions A (142 mg) and B (174 mg) were 
both further purified by permeation through Sephadex LH-20 
(2.5 x 143 cm) using MeOH-CH2 Cl2  (1:1). Fraction B yielded 
162 mg of 19 and fraction A afforded, in 27% yield (135 mg), 
the C-methyI derivative 22: UV Xmax (CH2 Cl2), 246 nm (e
5800); IR Vmax (CCl4), 3010, 2930, 2860, 1823, 1754, 1650, 
1380, 1270, 1095, 1050, 970, 890 cm"x; MS(EI) m/z (rel. 
int.) 348/320 (MT; 3, 7), 140 (100.0); xH-NMR (CDCl3):
5 5.42 (2H, d, J=2.7), 5.33 (2H, m), 5.11 (1H, d, J=2.7), 
1.97 (4H, m), 1.78 (2H, m), 1.32 (3H, s), 1.24 (XH, m), 0.86
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(3H, t, J=6 .6 ); 1 3 C-NMR (CDCl3): 5 197.6, 174.1, 150.6,
130.1, 129.4, 95.6, 48.7, 36.4, 31.7-22.6 (XC), 19.7, 14.1.

Ozonolysis of 17
In a 100 mL flask, equipped with magnetic stir bar and 

reflux condenser, a solution of 130 mg of 17 in 30 ml 
anhydrous dichloromethane was treated with ozone for 5  hours 
at -15° C. To the resulting sky blue.solution were added 30 
mL ethanol and 125 mg of sodium borohydride. The mixture 
was refluxed gently for 2 hours, after which 10 mL acetone 
were added and refluxed an additional 0.5 hour. The 
reaction mixture was then evaporated to dryness and 
dissolved in 50 mL H 2 O. This basic solution was acidified 
(to pH 3) with 5 M HCl and extracted with four 20 mL 
portions of dichloro methane. The combined organic washes 
were filtered through anhydrous sodium sulfate and reduced 
to a thin clear oil. This reaction mixture was then 
acetylated by treatment with I mL pyridine and 0.5 mL acetic 
anhydride at reflux for 2 hours. The solution was reduced 
to a dark brown oil. This oil was passed through a silica 
plug (2 x 4 cm) using MeOH-CH2 Cl2  (1:9) to yield 64 mg of a 
light yellow oil. GC-MS (EI) analysis of the mixture 
revealed the presence of n-heptyl acetate: m/z 157 (M-I"*", 
2%), 97 (15), 43 (100); n-nonyl acetate: m/z 185 (M-l+, 7%), 
143 (29), 43 (100); and the acid 24: m/z 272 (MT, 9%), 271 
(M-l+, 50) 211 (3), 151 (9), 95 (59), 43 (100); Purification
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of this material through BioBeads S-X8  using CH2 Cl2 -CsHx 2  

(3:2) afforded several fractions. Fraction D, 23 mg, was 
the partially purified acid 24: 1 H-NMR (CDCl3): 6  9.2 (IH,
s) 4.99 (IH, t, J=7), 4.10 (2H, t, J=7), 2.28 (2H, dt, J=7), 
2.13 (3H, s), 2.02 (3H, s), 1.32 (XH, m).

Reaction of 17 with Methyl chloroformate
In a 100 mL flask, equipped with magnetic stir bar and 

reflux condenser, a solution of 298 mg 17, 40 mL acetone,
257 mg potassium carbonate, and 0.5 mL methyl chloroformate 
were refluxed under nitrogen for 4 hours. The solution was 
then reduced and partitioned between 35 ml H2O and three 40 
ml portions of dichloromethane. The organic washes were 
combined, filtered through sodium sulfate, and reduced to an 
oil, 327 mg. Permeation of this material through Bio-Beads 
S-X8  (2.5 x 115 cm) using CH2 Cl2 -CsH x 2  (3:2) afforded three 
fractions. Fraction B , 308 mg, was purified further by 
chromatography through Bio-Beads S-X4 (4 x 95 cm) using 
C6 Hx4 -CH2 Cl2-EtOAc (4:3:1) to afford, in 8 6 % yield (291 mg), 
the O-carbomethoxy derivative 43: UV Xma3c (CH2 Cl2), 259 nm
(e 16200); IR Vma3c (CCl4) , 3010, 2960, 2930, 2860, 1787, 
1655, 1440, 1230, 1070, 970, 930, 860 cm"1; MS(EI) m/z (rel. 
int.) 392/364 (M+ 0.5/2), 184 (41), 139 (33), 125 (24); xH- 
NMR (CDCl3) : 5 5.29 (2H, m) , 5.07 (IH1, d, J=3.2) , 4.85 (1H, 
d, J=3.2), 3.93 (3H, s), 2.26 (2H, t, J=8 ), 1.97 (4H, m), 
1.50 (2H, m), 1.34-1.20 (XH, m), 0.84 (3H, t, J=7); 1 3 C-NMR
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(CDCl3): 6  167.4, 153.8, 150.8, 148.5, 129.8, 129.5, 120.9,
92.5, 56.5, 31.7-22.5 (XC), 14.0.

Reaction of 17 with 3-(bromomethyI)furan
In a 100 mL flask, equipped with, magnetic stir bar and 

reflux condenser, a solution of 410 mg of 17, 40 ml 
anhydrous acetone, 354 mg potassium carbonate, and 410 mg 
3-(bromomethyI)furan were refluxed gently under nitrogen for 
4 hours. The reaction mixture was then reduced and 
partitioned between 50 ml H2O and three 50 ml portions of 
dichloromethane. The combined organic washes were filtered 
through anhydrous sodium sulfate and evaporated to yield 595 
mg of a dark thin oil. Permeation of this material through 
Bio-Beads S-X4 (4 x 95 cm) using CsHi4 -CH2 Cl2-EtOAc (4:3:1) 
yielded five fractions. Fraction C (515 mg) was then 
chromatographed through silica M 2 . 8  x 31 cm) using a 
gradient of C6 Hi4  (100%) to MeOtBu (100%) under 12 psi 
nitrogen. Five fractions were collected. Fraction A (450 
mg) was rechromatographed through silica in the same manner 
using C6 Hi4 -MeOtBU-EtOAc (3:1:1) and afforded four 
fractions. Fractions A, 154 mg, and B, 278 mg, were both 
permeated separately through Sephadex LH-20 (2.8 x 136 cm) 
using CH2 Cl2 -IproH-MeOtBu (1:1:1). Fraction A afforded, in 
26% yield (128 mg), the C-3-methylfuran derivative 36:
UV Xmei3c (CH2 Cl2), 246 nm (e 4700), shoulder 227 nm (e 4600); 
IR Vma3c (CCl4) , 3010, 2960, 2930, 2860, 1820, 1753, 1650,
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1260, 1210, 1030, 970, 860 cm"1; MS(EI) m/z (rel. int.) 
414/386 (M+ 2/2), 331 (8 ), 305 (4), 192 (6 ), 125 (7), 81 
(100); 1 H-NMR (CDCl3): 5 7.24 (1H, s), 7.10 (1H, s), 6.11
(IH, s), 5.29 (2H, m), 5.93 (IH, s), 4.92 (1H, s), 2.90 (2H, 
s), 1.97 (4H, m), 1.85 (2H, m), 1.34-1.23 (XH, m), 0.87 (3H, 
t, J=7); 1 3 C-NMR (CDCl3): 5 198.2, 173.4, 150.9, 143.3,
141.0, 130.2, 129.5, 117.5, 111.1, 95.1, 55.4, 36.1, 29.7-
22.7 (XC), 14.1. Fraction B afforded, in 52% yield (258 
rag), of the 0-3-methylfuran derivative 35: UV Xmax
(CH2 Cl2), 252 nra (e 14100), shoulder 228 ran (e 9000);
IR Vmax (CCl*), 3010, 2960, 2930, 2860, 1778, 1635, 1280, 
1070, 970 era-1; MS(EI) m/z (rel. int.) 414/386 (MT, 1/1),
331 (4), 305(1), 125 (5), 81 (100); 1 H-NMR (CDCL3): 5 7.49
(IH, s), 7.44 (IH, s), 6.44 (1H, s), 5.32 (2H, m), 5.20 (2H, 
s), 4.95 (IH, d, J=2.3), 4.92 (1H, d, J=2.3), 2.40 (2H, t, 
J=7.4), 2.00 (4H, m), 1.52 (2H, m), 1.40-1.20 (XH, m), 0.86 
(3H, t, J=7.2); 1 3 C-NMR (CDCl3): 5. 170.1, 160.5, 150.0,
144.0, 141.1, 130.1, 129.6, 120.1, 109.7, 107.5, 91.4, 65.3,
31.7-22.6 (XC), 14.1.

Reaction of 17 with Diethyl chlorophosphate
In a 100 mL flask, equipped with magnetic stir bar.and 

reflux condenser, a solution of 198 rag 17, 40 mL acetone,
170 rag potassium carbonate, and 0.5 mL diethyl chlorophos
phate were refluxed gently under nitrogen for 4 hours. The 
reaction mixture was then reduced and partitioned between 50
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mL H2O and three 50 mL portions of dichloromethane. The 
organic washes were combined, filtered through anhydrous 
sodium sulfate, and reduced to an oil, 397 mg. Permeation 
of this material through Bio-Beads S-X4 ( 4 x 9 5  cm) using 
C6 H1 4 -CH2 Cl2-EtOAc (4:3:1) afforded six fractions. Fraction 
D, afforded, in 78% yield (220 mg), the 0-diethy!phosphate 
derivative 40: UV Xmei3c (CH2 Cl2) , 258 nm (e 14100); IR Vma3c 
(CCl4), 3010, 2960, 2930, 2860, 1790, 1650, 1290, 1250,
1215, 1030 cm-1; MS(EI) m/z (rel. int.) 470/442 (M+ 0.1/1) 
262 (76), 155 (100), 127 (35); 1 H-NMR (CDCl3): S 5.28 (2H,
m), 5.09 (IH, d, J=2.9), 4.21 (1H, d, J=2.9), 4.21 (4H, m), 
2.36 (2H, t, J=6 .9), 1.96 (4H, m), 1.52 (2H, m), 1.33 (6 H, 
t, J=8 ), 1.34-1.20 (XH, m), 0.86 (3H, t, J=7.I); 1 3 C-NMR 
(CDCl3): 5 167.8, 153.5 (d, J=7.1), 149.1, 130.0, 129.5,
118.7, 93.2, 65.5 (d, J=5.5), 31.7-22.6 (XC), 16.0 (d,
J=5.9) 14.0.

Reaction of 17 with 3-bromopropene
In a 100 mL flask, equipped with magnetic stir bar and 

reflux condenser, a solution of 297 mg 17, 40 mL acetone,
256 mg potassium carbonate, and 0.5 mL 3-bromopropene were 
refluxed gently under nitrogen for 8  hours. The reaction 
mixture was then reduced and partitioned between 50 mL H2O 
and three 50 mL portions of dichloromethane. The combined 
organic washes were filtered through anhydrous sodium 
sulfate and reduced to an oil, 333 mg. Permeation of this
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material through Bio-Beads S-X4 (4 x 95 cm) using C6 Hi4- 
CH2 Cl2-EtOAc (4:3:1) afforded five fractions. Fraction. C, 
255 mg, was chromatographed through silica (2.5 x 38 cm) 
using a gradient of C6 Hi4  (100%) to MeOtBu (100%) under 12 
psi nitrogen. Three fractions were collected. Fraction B 
afforded, in 59% yield (197 mg), the O-allyl derivative 42: 
UV Xmax (CH2 Cl2), 252 nm (e 10800); IR Vmax (CCl4), 3010, 
2960, 2930, 2860, 1780, 1634, 1275, 1070, 980, 860 CitTx; 
MS(EI) m/z (rel. int.) 374/346 (M+ 1/2), 332 (4), 305 (9), 
125 (29); xH-NMR (CDCl3): 5 5.98 (2H, m), 5.38 (1H, dd,
J=18.3, 1.3), 5.32 (2H, m), 4.96 (2H, s), 4.78 (2H, dd, 
J=5.18, 1.3), 2.37 (2H, t, J=7.8 ), 1.99 (4H, m), 1.50 (2H, 
m), 1.34-1.20 (XH, m), 0.85 (3H, t, J-7.0); x3 C-NMR (CDCl3) 
5 170.2, 160.4, 150.0, 131.6, 130.1, 129.6, 118.7, 106.7,
91.2, 71.8, 31.8-22.6 (XC), 14.1.

Reaction of 17 with Ethyl 2-bromoacetate
In a 100 mL flask, equipped with magnetic stir bar and 

reflux condenser, a solution of 467 mg 17, .40 mL acetone, 
403 mg potassium carbonate, and 0.8 mL ethyl 2-bromoacetate 
were refluxed gently under nitrogen for eight hours. The 
solution was then reduced and partitioned between 50 mL H2O 
and three 50 mL portions of dichloromethane. The organic, 
washes were combined, filtered through anhydrous sodium 
sulfate and reduced to an oil, 658 mg. Permeation of this 
material through Bio-Beads S-X4 using C6 H1 4 -CH2 Cl2-EtOAc
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(4:3:1) afforded six fractions. Fraction E, 493 mg, was 
chromatographed through silica (2.4 x 37 cm) using a 
gradient of CsH 1 4  (100%) to MeOtBu (100%) under 12 psi 
nitrogen. Fractions A, 34 mg, and B, 394 mg, were 
rechromatographed through silica in the same fashion. 
Fraction A afforded, in 5% yield (27 mg), the C-ethyl-2- 
acetate 39: UV Xma3c (CH2 Cl2), 246 nm (e 7100) ; IR vma3C
(CCl4), 3000, 2980, 2930, 2860, 1823, 1756, 1732, 1651,
1265, 1210, 1096, 1030,. 890 cm-1; MS(EI) m/z (rel. int.) 
420/392 (M+ 1/5), 199 (12), 109 (21), 95 (37); 1 H-NMR 
(CDCl3): 6  5.43 (1H, d, J=3), 5.31 (2H, m), 5.13 (1H, d,
J=3), 4.06 (2H, q, J=6 .9), 2.99 (2H,s), 1.95 (4H, m), 1.67 
(2H, m), 1.40-1.20 (XH, m), 1.24 (3H, t, J=6.9), 0.86 (3H, 
t, 3 = 1 . 2 ) }  1 3 C-NMR (CDCL3): 6-196.5, 174.4, 170.3, 151.4,
130.2, 129.5, 94.9, 62.0, 50.1, 39.5, 35.5, 31.8-22.7 (XC) 
14.1, 13.8. Fraction B afforded, in 64% yield (378 mg), the
O-ethyl-2-acetate 38: UV Xma3c (CH2 Cl2), 256 nm (e 7100);
IR vma3C (CCl4) , 3010, 2960, 2930, 2860, 1778, 1770, 1640, 
1250, 1205, 1009, 975 cm"1; MS(EI) m/z (rel. int.) 418/392 
(3/18), 331 (2), 305 (21), 212 (100), 125 (59); 1 H-NMR 
(CDCl3): 6  5.31 (2H, m), 5.08 (1H, d, J=2.7), 4.78 (2H, s), 
4.26 (2H, q, J=7.I), 2.28 (2H, t, J=7.8 ), 1.97 (4H, m), 1.48 
(2H, m), 1.41-1.20 (XH), 1.28 (3H, t, J=7.I), 0.86 (3H, t, 
J=7.6 ). 1 3 C-NMR (CDCl3): 6  169.6, 167.0, 159.7, 149.3,
130.0, 129.5, 107.5, 92.0, 67.3, 61.9, 31.7-22.6 (XC), 14.1,
13.8.
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Reaction of 17 with Methyl 6 -bromohexanoate

In a 100 mL flask, equipped with magnetic stir bar and 
reflux condenser, a solution of 175 mg 17, 30 mL acetone,
151 mg potassium carbonate, and 459 mg methyl 6 -bromo- 
hexanoate were refluxed gently under nitrogen for 8  hours. 
The solution was then reduced and partitioned between 40 mL 
H2O and three 40 mL portions of dichloromethane. The 
organic washes were combined, filtered through anhydrous 
sodium sulfate, and reduced to an oil, 623 mg. Permeation 
of this material through Bio-Beads S-X4 (4 x 95 cm) using 
CsH 1 4 -CH2 Cl2-EtOAc (4:3:1) afforded four fractions. Fraction 
C afforded, in 82% yield (184 mg), the O-methyl 6 -hexanoate 
derivative 37: UV X m a x  (CH2 Cl2), 256 nm (e 8600), 238 nm (e
10000); I R v m a x  (CH2 Cl2), 3010, 2930, 2850, 1780, 1634,
1280, 1070, 970 cm-1; MS(EI) m/z (rel. int.) 462/434 (1/2), 
129 (100); 1 H-NMR, (CDCl3); 5 5.33 (2H, m), 4.91 (1H, d,
J=2.3), 4.89 (IH, d, J=2.3), 4.27 (2H, t, J=6.2), 3.64 (3H, 
s), 2.36 (2H, t, J=7.4), 2.35 (2H, t, 3 = 1 . 2 ) ,  1.96 (4H, m), 
1.76 (2H, m), 1.64 (2H, m), 1.51 (2H, m), 1.41-1.20 (XH, m), 
0.85 (3H, t, J=6 .9); 1 3 C-NMR (CDCl3): 5 173.7, 170.3,
160.7, 150.1, 130.0, 129.6, 106.0, 90.9, 71.3, 51.5, 33.7,
31.7-22.6 (XC), 14.1.

Reaction of 17 with Benzyl chloride
In a 100 mL flask, equipped with magnetic stir bar and 

reflux condenser, a solution of 348 mg 17, 40 mL acetone.
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300 mg potassium carbonate, and 0.5 mL benzyl chloride were 
refluxed gently under nitrogen for 8  hours. The solution was 
then reduced and partitioned between 50 mL H2O and three 50 
mL portions of dichloromethane. The organic washes were 
combined, filtered through anhydrous sodium sulfate, and 
reduced to an oil, 713 mg. Permeation of this material. 
through Bio-Beads S-X4 (4 x 95 cm) using CsHi4 -CH2 Cl2-EtOAc 
(4:3:1) afforded six fractions. Chromatography of fraction 
E, 289 mg, through silica (2.5 x 37 cm), using a gradient of 
CeHx 4  (100%) to MeOtBu (100%), under 12 psi nitrogen 
afforded three fractions. Fraction B afforded, in 54% yield 
(288 mg), the O-benzyl derivative 34: UV Xma3c (CH2 Cl2) , 254
nm (e 12900) ; IR Vma3c (CCl4) , 3010, 2930, 2860, 1776, 1743, 
1665, 1635, 1270, 1170, 1060, 970 CirTx; MS(EI) m/z (rel. 
int.) 424/396 (1/1), 125 (4), 91 (100); 1 H-NMR (CDCl3): 5 
7.38 (5H, m), 5.33 (2H, m), 5.33 (2H, s), 4.98 (2H, s), 2.38 
(2H, t, J=7.3), 1.99 (4H, m), 1.47 (2H, m), 1.41-1.23 (XH, 
m), 0.86 (3H, t, J=7.I); 1 3 C-NMR (CDCl3): 5 170.2, 160.6,
150.0, 135.2, 130.1, 129.6, 128.8 (2C), 128.0, 127.3 (2C),
107.2, 91.4, 73.2, 31.8-22.6 (XC), 14.1.

Reaction of 17 with Dichloro 4- 
chlorophenyl Phosphate

In a 100 mL flask, equipped with magnetic stir bar and 
refulx condenser, a solution of 454 mg 17, 40 mL acetone,
392 mg potassium carbonate, and 0.5 mL dichloro 4-chloro- 
phenyl phosphate were refluxed gently under nitrogen for 8
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hours. The solution was then reduced and quenched with 50 
mL H 2 O. This basic solution was acidified (to pH 3) with 5 
M HCl, and extracted four times with 50 mL chloroform. The 
organic washes were combined and reduced to yield 376 mg of 
an oily solid. Permeation of this material through Sephadex 
LH-20 ( 4 x 5 0  cm) using MeOH-CH2 Cl2  (1:1) afforded five 
fractions. Fraction E afforded, in 13% yield (97mg), the 4- 
chlorophenyl phosphate derivative 41: UV Xmax (CH3 OH-
CH2 Cl2), 261 nm (e 16200), 228 nm (e 13200); 1 H-NMR 
(CDCl3 /CDOD): 6  7.02 (4H, m), 5.14 (2H, m), 5.00 (1H, d,
J=2.6 ), 4.86 (IH, d, J=2.6 ), 2.09 (2H, t, J=7.4), 1.78 (4H, 
m), 1.24 (2H, m), 1.18-1.01 (XH, m), 0.67 (3H, t, J=6 .8 ); 
1 3 C-NMR (CDCI3 /CH3 OH): 5 169.5, 156.3 (d, J=6.5), 150.7
(d,J=6 .2), 150.2, 130.0, 129.6, 129.3 (2C), 127.8, 121.2 
(2C), 116.8, 93.0, 31.6-22.6 (XC), 13.9.

Collection and Extraction of Ulosa ruetzleri
Two collections (12 L) of U. ruetzleri were made from 

the inshore waters of Harrington Sound, Bermuda, and stored 
in acetone at -5° C prior to extraction. The acetone of the 
first collection ( 6  L) was filtered off and the sponge 
homogenized in methanol. After filtration, the methanol 
extraction was combined with the acetone wash and reduced to 
an aqueous suspension. The remaining marc was soaked three 
times with dichloromethane for 8  hours. Each dichloro- 
methane extraction was subsequently equilibrated with the
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aqueous suspension and separated into water and organic 
solubles. Reduction of the organic solubles yielded 53.0 g 
(-9.4% dry weight) of a dark oil. Lyophilization of the 
water solubles yielded 102.7 g (18.1% of dry weight) of a 
tan solid.

The second collection ( 6  L) of U. ruetzleri was 
filtered and homogenized in acetone (versus methanol) three 
times. The combined acetone extracts were reduced to an 
aqueous suspension, equilibrated with the subsequent (three) 
dichloromethane extractions, and separated (into water and 
organic solubles). The water solubles were partially 
reduced and partitioned four times with an equal volume of 
ethyl acetate (I L). Reduction of the combined ethyl 
acetate partitions yielded .687 mg (0.1% of dry weight) of a 
solid. Lyophilization of the remaining water solubles 
yielded 162.7 g (33.7% of dry weight) of a tan solid. 
Reduction of the organic solubles yielded 55.7 g (9.9% dry 
weight) of a dark oil.

Each organic extract (50.3 g from the methanol extract 
and 52.3 g from the acetone extract) was dissolved 
separately in 500 mL 10% aqueous methanol and extracted 
three times with 300 mL hexane. The remaining aqueous phase 
was then increased in polarity to 2 0 % and extracted three 
times with 300 mL carbon tetrachloride. The remaining 
aqueous phase was increased further in polarity to 40% and 
extracted three times with 300 mL chloroform. The remaining
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aqueous methanol phase was then partially reduced to 1 0 0 % 
water and extracted three times with an equal volume of 
ethyl acetate. The individual partitions were reduced. The 
weights and percentages for the above extracts and 
partitions are displayed in Table 16.

Table 16. Weight (g) and Percentage of Extracts and 
Partitions from U. ruetzleri Collections (methanol and 
acetone).

Extract Methanol Acetone

Water 102.7 (18.1) 162.7 (33.7)
Organic 53.0 (9.4) 55.7 (9.9)
Ethyl acetate .687 (.1)

Partition

Hexane 47.3 (94.1) 47.1 (90.1)
Carbon tetrachloride 1 . 6 (3.2) 3.2 (6 .1 )
Chloroform .770 (1.5) 1 . 2 (2.3)
Ethyl acetate .157 (.3) .155 (.3)
Water .470 (.9) .630 (1 .2 )

Isolation of 67 and 6 8

The chloroform solubles (770 mg) from the methanol 
extracted sponge were first fractionated by permeation 
through Bio-Beads S-X4 ( 4 x 9 5  cm) using CsHx4 -CH2 Cl2-EtOAc 
(4:3:1). Fraction 10 (60 mg), of ten fractions collected, 
was further chromatographed through Sephadex LH-20 (2.7 x 
193 cm) using MeOH-CH2 Cl2  (1:1). The second fraction (35 
mg), of seven fractions collected, was further permeated
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through Bid-Beads S-X8  (2.5 x 115 cm) using CH2 Cl2 -CsH1  ̂
(3:2). Fraction five (24 mg), of six fractions collected, 
was rechromatographed through the above Sephadex LH-20 to 
afford two fractions: Fraction I (11 mg) contained
creatinine dimethy!phosphate (67), a crystalline solid,- mp 
154-155° C; UV Xmax (MeOH) 223 nm (e 5200); I Rvmax (CDCl3) 
3294 (br), 2990, 2950, 2930, 2850, 1778, 1754, 1670, 1495, 
1450, 1410, 1315, 1220, 1185, 1060, 1040 cm”1; MS(EI) m/z 
(rel. int.) 221 (MT, 100), 191.(20), 163 (12), 150 (47), 120 
(38), 109 (48), 95(14), 79 (36); HRMS(EI) obs'd. 221.0563, 
calc'd. for C6 H1 2 N 3 O 4 P, 221.0561; xH-NMR (CDCl3): 6  9.8
(IH, br s), 3.90 (2H, s), 3.70 (6 H, d, J=Il), 3.03 (3H, s); 
1 3 C-NMR (CDCl3): 5 168.8, 156.2 (d, J=7), 53.3 (d, J=6 ),
52.1, 30.3. Fraction 2 (11 mg) contained I-methyl-2-' 
(methylphbsphatoxy)-(5-H)imidozolin-4-one (6 8 ), an 
amorphorous solid. Recrystallization from acetone-isopctane 
afforded crystals; mp 127-128° C; UV Xmax (CH3 OH) 224 nm (e 
500); IR Vmax (CDCl3) 3321 (br), 2955, 2930, 2855, 1783, 
1760, 1660, 1500, 1455, 1415, 1320, 1296, 1250, 1240,.1190, 
1070, 1050; MS(EI) m/z (rel. int.) 209 (M + H-, 100), 179 
(11), 165 (11), 151 (12), 139 (52), 108 (25), 97 (14), 81 
(13); HRMS(EI) obs'd. 209.0326, calc'd. for C 5 H 1 0 N 2 O 5 P, 
209.0325; 1 H-NMR (CDCl3); 6  9.6 (1H, br s), 3.94 (2H, s),
3.82 (3H, d, J=Il), 3.05 (3H, s); 1 3 C-NMR (CDCl3): 5 168.3,
156.9 (d, J=8 ), 54.4 (d, J=5), 52.2, 30.5. Pertinent X-Ray 
data for 67 and 6 8  are listed in Tables 17 through 26.



Table. 17. Atomic Coordinates (x IO4) and Isotopic Thermal
Parameters (A x IO3) for 67.

X Y Z Ua

P 1611(1) 3013(1) 2438(1) 36(1)Cd) .4463(1) 3140(2) 1063(2) 33(1)
Nd) 6299(2) 3950(2) 902(2) ■ 41(1)C(2) 6650(3) 2825(3) -441(2) 43(1)C(3) 4677(3) 1176(3) -1149(2) 44(1)
Nd) 3479(2) 1462(2) -188(2) 38(1)
C( 4) 7796(2) 5736(3) 1951(3) 46(1)
0 (1 ) 4225(2) -167(2) -2321(2) 71(1)Nd) 3817(2) 3859(2) 2204(2) . 40(1).
0 (2 ) 96(2) 1797(2) 978(2) 50(1)
0(3) 1320(2) 4733(2) 3239(2) 46(1)
0(4) 1500(2) 2140(2) 3857(2) 53(1)
C(5) 2670(3) 6260(3) 4611(3) 55(1).
C( 6 ) 1865(4) 568(3) 3646(3) 64(1)
aThe equivalent isotropic U is defined as one third of the
trace of the orthogonalised Ui-, tensor •

Table 18. Bond Lengths (A) for 67.
P-N(3) 1.616(2) P-0(2) 1.469(1)
P-0(3) 1.568(2) P-O(4) 1.578(2)
C(I)-N(I) 1.339(2) C d ) -N(2) 1.394(2)
N( I)-C(4) 1,448(2) N(l)-C(2) 1.442(3)
C(I)-Nd)- 1.368(3) C(I)-O(I) 1.215(2)
N(2)-H(2) 
0 (4)-C(6 )

0.774(20)
1.447(4)

0(3)-0(5) 1.439(2)
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Table 19. Bond Angles (°) for 67.

N(3)-P-0(2) 116.9(1) N(3)-P-O(3) 105.7(1)0(2)-P-0(3) 109.6(1) N(3)-P-0(4) 107.3(1)0(2)-P-0(4) 114.5(1) 0(3)-P-0(4) 101.4(1)N(I)-C(I)-N(2) 107.5(2) N(I)-C(I)-N(3) 123.5(1)
N(2)-C(I)-N(3) 129.0(1) C(I)-N(I)-C(2) 112.3(1)
C(I)-N(I)-C(4) 124.9(2) C(2)-N(I)-C(4) 1 2 2 .8 (1 )
N(I)-C(2)-C(3) 102.3(2) C(2)-C(3)-N(2) 106.4(1)
C(2)-C(3)-0(I) 127.4(2) N(2)-C(3)-0(I) 126.2(2)
C(2)-N(2)-C(3) 111.5(1) C(I)-N(2)-H(2) 121.9(17)
C(3)-N(2)-H(2) 126.4(17) P-N(3)-C(I) 126.5(1)
P-0(3)-C(5) 122.9(2) P-0(4)-C(6 ) 119.0(2)

Table
67.

20. Anisotropic Thermal Parameters (A2  x IO3 )a for

Uxx U 2 2 U 3 3 U 2 3 U 1  3 Ux =

P 28(1) 36(1) 38(1) 3(1) 8 (1 ) 13(1)
Cd) 27(1) 36(1). 35(1) 9(1) 5(1) 14(1)
Nd) 28(1) 38(1) 47(1) 9(1) 1 2 (1 ) 1 1 (1 )
0 (2 ) 37(1) 47(1) 50(1) 16(1) 19(1) 2 2 (1 )
0(3) 43(1) 47(1) 45(1) 9(1) 14(1) 24(1)
N( 2) 29(1) 38(1) 40(1) 4(1) 7(1) 1 2 (1 )
0(4) 29(1) 42(1) 54(1) 1 2 (1 ) 4(1) 8 (1 )
0 (1 ) . 60(1) 69(1) 61(1) -13(1) 17(1) 28(1)
N( 3) 28(1) 42(1) 39(1) 2 (1 ) 6 (1 ) 1 2 (1 )
0 (2 ) 31(1) 46(1) 50(1) -5(1) 2 (1 ) 1 0 (1 )
0(3) 40(1) 43(1) 49(1) 0 (1 ) 8 (1 ) 2 2 (1 )
0(4) 59(1) 54(1) 54(1) 2 0 (1 ) 25(1) 29(1)
0(5) 63(1) 45(1) 45(1) -2 (1 ) 1 0 (1 ) 23(1)
0 (6 ) 60(1) 51(1) 83(2) 26(1) 2 2 (1 ) 25(1)
aThe anisotropic temperature factor exponent takes the form: 
-2Tt2 (h2 a*2 Uxl + ... + 2hka*b*U12) .
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Table 21. 
Parameters

H-Atom 
(A x 1 0

Coordinates 
3) for 67.

(x IO4) and Isotropic Thermal

X Y Z U

H(2a) 7172 3553 1304 52
H(2b) 7674 2408 -36 52
H( 2) 2405 778 -261 46
H(4a) 8339 6681 1253 56
H(4b) 8959 5567 2491 56
H(4c) 7206 6292 2890 56
H(Sa) 4061 7268 4953 67
H(Sb) 4061 6909 4299 67
H(Sc) . 2804 5751 5610 67
H(6 a) 3247 910 3315 78
H(6 b) 744 -615 . 2703 78
H(Gc) 1875 234 4763 78

Table 22. Atomic Coordinates (x 
Parameters (A2 x 103) for 6 8 .

104) and Isotropic: Thermal

X Y Z Ua

P 1301(2) 5825(2) 2463(2) 66(1)
C(I) 3573(8) 4537(6) 1696(8) 52(2)
Nd) 5077(7) 4134(5) 1886(6) 59(2)
C( 2) 5285(8) 3259(6) 838(8) 64(2)
C( 3) 3726(9) 3325(7) -196(8) 65(2)
N( 2) 2806(7) 4093(6) 439(6) 61(2)
C( 4) 6214(9) 4343(8) 3175(9) 85(2)
0 (1 ) 3354(7) 2796(5) -1312(7) 92(2)
0 (2 ) -23(8) 5437(7) 1502(8) 87(2)
0(3) 999(8) 6102(7) 4106(7) 87(2)
C( 5) -559(9) 6643(9) 4444(11) 107(2)
0(4) 1666(10) 7025(7) 1941(11) 113(2)
0(5) 3080(7) 5306(5) 2569(7) 90(2)
0 (2 ') 498(21) 5101(10) 3402(17) 87
0(3' ) 1359(19) 7012(5) 2984(23) 87
0(4' ) 162(24) 5969(18) 935(15) 113
C( 5' ) -70(23) 7504(12) 3594(28) 107
0 (2 " ) 5(16) 5070(12) 2406(22) 87
0(3' ' ) 1311(19) 6722(11) 3643(16) 87
0(4' ' ) 1019(30) 6585(13) 1011(14) 113
aThe equivalent isotopic U is defined as one third of the 
trace of the orthogonalised Ui-, tensor.
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Table 23. Bond Lengths (A) for 68.

P-0(2) 1.415(7) P-O(3) 1.525(7)P-O-(4) 1.596(9) P-O(S) 1.590(6)C(I)-N(I) 1.329(9) C(I)-Nf2) 1.354(9)C(I)-O(S) 1.308(10) N(l)-C(2) 1.445(10)N(I)-Cf4) 1.443(9) C(2 )-C(3) 1.519(10)C(3)-N(2 ) 1.361(10) C(3)-0 (I) 1.206(10)N(2)-H(2) 0.754(33) 0 (3 j-C(5) 1.490(11)
C(S)-H(Sa)
C(S)-H(Sc)

0.960(16)
0.960(22)

C(S)-H(Sb) 0.960(20)

Table 24.  Bond Angles (A) for 68.

0(2)-P-0(3) 118.6(4) 0(2)-P-O(4) 107.3(5)
0(3)-P-0(4) 96.2(5) . 0(2)-P-O(5) 123.9(4)
0(3)-P-0(5) 104.1(3) 0(4)-P-0(5) 102.0(4)
N(U-C(I)-NU) 108.8(6) N(I)-C(I)-O(S) 121.5(6)
N(2)-C(I)-0(5) 129.4(6) C(U-N(I)-CU) 110.6(5)
C(I)-N(I)-C(4) 125.0(6) . C(2)-N(I)-Cf 4) 1 2 2 .8 (6 )
N(I)-C(2)-C(3) 102.3(6) C(2)-C(3)-N(2) 104.9(6)
Cf 2)-C(3)-0(I) 128.0(7) N(2)-C(3)-0(I) 127.1(7)
C(I)-N(2)-C(3) 1 1 2 .6 (6 ) C(I)-Nf2)-H(2) 134.8(31)
C(3)-N(2)-H(2)' 112.5(32) P-Of 3)-C(5) 119.2(5)
0(3)-C(5)-H(5a) 109.5(13) 0(3)-C(5)-Hf 5b) 109.5(10)
H(5a)-C(5)-Hf 5b) 109.5(22) 0(3)-C(5)-H(5c) 109.5(13)
H(5a)-C(5)-H(5c) 109.5(17) H(5b)-C(5)-Hf 5c) 109.5(21)
P-O(S)-C(I) 125.5(5)
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Table 25.  Anisotropic Thermal Parameters (A x  IO3) for 68.

U1 1 U2 2 U3 3 U2 3 U 1 3 U 1 2

P 45(1) 8 6 (1 ) 63(1) 2 (1 ) -9(1) 4(1)Cd) 42(3) 65(3) . 49(3) 8(3) 6(3) 3(3)Nd) 42(3) 74(3) 60(3) 2(3) -5(2) 1(3)
C(2) 44(3) 86(4) 63(3) 12(3) 3(3) 6(3)C(3) 53(3) 89(4) 55(3) 8(3) 17(3) 3(3)
N(2) 42(3) 87(3) 52(3) 2(3) -9(2) -7(3)C( 4) 50(3) 124(4) 76(3) 3(4) -24(3) 4(3)
0 (1 ) 80(3) 121(3) 75(3) -32(3) -7(3) 20(3)
0 (2 ) 52(3) 136(4) 67(3) -51(3) -37(3) 39(3)
0(3) 76(3) 132(4) 49(3) -42(3) -19(3) 48(3)
0(5) 89(4) 131(4) 99(4) -64(4) -11(4) 28(4)
0(4) 81(4) 80(4) 180(4) 51.(4) 25(4) 15(3)
0(5) 63(3) 113(3) 92(3) 4(3) -11(3) 3(3)

I
CUe anisotropic temperature factor exponent takes the form:

-2n2 (h2 a*2 Uxl + ... + 2hka*a*b*U12).

Table 26. H-Atom Coordinates (x IO4) and Isotropic Thermal 
Parameters (A x IO3) for 6 8 .

X Y Z U

H(2a) 6357 3377 208 77
H(2b) 5376 2497 1425 77
H( 2) 1832(251) 4197(311) -65(299) 73
H(4a) 5949 5118 3654 1 0 1

H(4b) 7448 4342 2812 1 0 1

H(4c) 6096 3727 4022 1 0 1

-Reaction of Creatinine with Dimethyl
chlorophosphate

In a 100 mL flask, equipped with magnetic stir bar
and reflux condenser, a solution of 50 mL freshly distilled 
chloroform (previously washed three times with sulfuric 
acid, three times with water, and distilled from calcium
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chloride), 1 0 0  mg (0.89 mmol) creatinine, and 256 mg (1.78 
mmol) dimethyl chlorophosphate was refluxed under nitrogen, 
adding I mL of dry pyridine over the course of 48 hours.
The resulting solution was cooled, quenched with 50 mL 
water, and the organic layer separated. Centrifugal 
countercurrent chromatography of the organic soluble 
material, 178 mg, using CHCl3 -MeOH-H2O (25:34:40) yielded 
three fractions. Chromatography of fraction two, 56 mg, 
through Sephadex LH-20 (2.3 x 140 cm) using CH2 Cl2 -IPrOH- 
MeOtBu afforded, in 20% yield, 39 mg of creatinine dimethyl 
phosphate 67. It is noted that failure to use purified 
chloroform (removing the ethanol used as a preservative) 
results only in the formation of;small amounts (1 %) of 
creatinine ethyl methyl phosphate. 1 H-NMR (CDCl3) 6  9.8
.(IH, br s) , 4.20 (2H, m) , 3.95 (2H, s), 3.90 (3H, d, J=Il) , 
3.05 (3H, s), 1.25 (3H, t, J=6 ).

Reaction of I-Methylhydantoin (82) with
Diethyl chlorophosphate in Chloroform-Pyridine

In a 100 mL flask, equipped with magnetic stir bar and 
reflux condenser, a solution of 40 mL freshly distilled 
chloroform, 350 mg (3.07 mmol) 1-methylhydantoin (82), and 
504 mg (3.22 mmol) diethyl chlorophosphate were refluxed 
under nitrogen adding 1.6 mL pyridine over the course of 60 
hours. The resulting solution was then cooled, quenched 
with 50 mL water, and the organic solubles separated. 
Centrifugal countercurrent chromatography of the organic ■
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soluble material using CHCl3-MeOH-H2O (25:34:20) afforded 
four fractions. Chromatography of fraction one, 1.44 g, 
through Sephadex LH-20 (2.8 x 185 cm) using MeOH-CH2Cl2 
(1:1) afforded four fractions. Further chromatography of 
fraction two (828 mg) through Bio-Beads S-X8 (2 x 123 cm) 
using CH2Cl2-CH3CN (1:1) afforded five fractions. A final 
chromatography of the combined fractions, three and four 
(570 mg), afforded in 23% yield, 175 mg of l-methyl-4- 
(diethylphosphatoxy)-(5-H)imidazolin-2-one (96): an oil;
UV Xmax (CH3OH) 224 (e 300); IR Vmax (CCl4) 2985, 2935, 
1740, 1620, 1310, '920 cnr3-; MS(EI) m/z (rel. int. ) 250 (MT, 
21), 178 (13), 152 (31), 124 (77), 115 (68), 105 (14); =lH- 
NMR (CDCl3) 6 4.30 (4H, m), 3.90 (2H, s), 2.96 (3H, s),
1.38 (6H, m) ; 13O-NMR (CDCl3) : 6 168.6, 154.1 (d, J=5) ,,
65.6 (d, J=6), 52.4 (d, J=7), 29.6, 16.1.

Reaction of I-Methylhydantoin (82) Potassium 
Derivative with Diethyl chlorophosphate in 
Tetrahydrofuran

In a 100 mL flask, equipped with magnetic stir bar and 
reflux condenser, a solution of 50 mL tetrahydrofuran, 495 
mg (4.34 mmol) I-methylhydantoin (82), and 174 mg (4.35 
mmol) potassium hydride were gently refluxed under nitrogen 
for I hour. The resulting solution was then cooled to 0° C 
and treated with 750 mg (4.35 mmol) of diethyl chloro
phosphate, warming to 25° C over the course of 12 hours.
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The reaction was then quenched with I mL water and reduced 
to a solid. Centrifugal countercurrent chromatography of 
this material using CHCl3-MeOH-H2O (25:34:20) afforded 
(fraction one), in 58% yield, 635 mg of l-methyl-4- 
(diethy!phosphate)-(5-H)imidazolin-2-one (96).

Reaction of I-Methylhydantoin (82), Lithium 
Derivative, with Methyl dichlorophosphate in 
Tetrahydrofuran

In a 250 mL flask, equipped with magnetic stir bar, a 
solution of 100 mL tetrahydrofuran and 500 mg (4.39 mmol) 1- 
methylhydantoin (82) were cooled to -78° C and treated with 
(4.39 mmol) n-butyllithium (2.5 M in hexane). After 20 
minutes, 20 mg dimethylaminopyridine and 685 mg (4.61 mmol) 
of methyl dichlorophosphate were added and the resulting 
solution warmed to -5° C for 48 hours. The reaction mixture 
was then treated with 85 iiL water and reduced to a solid.
13C-NMR (D2O) 6 see text. After NMR analysis, the acidic 
solution (ph 3) was neutralized with potassium carbonate and 
extracted with three volumes of ethyl acetate. The ethyl 
acetate partitions were combined and reduced to yield 62 mg 
of 82. Lyophilization of the water partition yielded a 
white solid. * 13C-NMR (D2O) 6, see text. MS(EI) m/z (rel. 
int.) 207 (M-H+, 2), 193 (2), 165 (4), 151 (4), 123 (7),
114 (70), 109 (7), 97 (33).

I
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Reaction of I-Methylhydantoin (82) , Lithium'Derivative ,' 
with Trimethylchlorosilane / Methyl dichlorophosphate

In a 100 mL flask, equipped with magnetic stir bar, a 
solution of 50 mL tetrahydrofuran and 500 mg (4.39 mmol)
I-methylhydantoin were cooled to 0° C and treated with (4.39 
mmol) n-butyllithium (2.5 M in hexane). After 20 minutes 
the resulting heavy white suspension was treated, at 25° C, 
with I mL trimethylchloro silane. The resulting clear 
solution was then cooled to 0° C and reduced under vacuum to 
yield an oily solid.. This solid was then suspended in 2 mL 
CDCl3 and filtered under nitrogen. 13C-NMR (CDCl3) 5, see 
text. After NMR analysis, the solution was treated with 685 
mg (4.61 mmol) methyl dichloro phosphate for 24 hours, at 
25° C. 13C-NMR (CDCl3) 5, see text.

Reaction of l-methyl-4-(diethyIphosphatoxy)- 
(5-H)-imidazolin-2-one (96) with Trimethyl- 
iodosilane

In a 5mm NMR tube 150 mg (0.60 mmol) of 96 in I mL 
CD3CN was treated with 120 mg (0.60 mmol) trimethyliodo 
silane at 0° C for 10 minutes. 1H-NMR analysis showed the 
formation of two additional C-5 hydantoin methylenes near 
3.92 ppm and the formation of ethyliodide,- 5 3.24 (2H, q,
3 = 1 ) ,  1.80 (3H, t, 3 = 1 ) .  Chromatography of the reaction 
mixture through Sephadex LH-20 (2.8 x 190 cm) using CH2Cl2- 
MeOH (1:1) afforded two major fractions. Fraction two was 
I-methylhydantoin (82), 47 mg. Further chromatography of
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fraction one, through Bio-Beads SX-8 (2.5 x 142 cm) using 
CH2Cl2-CsH12 (3:2), afforded 46 mg of (96).

N-(3-indolylmethyl)-trimethy!ammonium 
trifluoromethane-sulfonate- (155)

A l L  two-necked flask, equipped with addition funnel, 
nitrogen inlet and magnetic stir bar, was charged with a 
solution of 10.0 g (60.94 mmol) methyl trifluoromethane- 
sulfonate in 200 mL diethyl ether. The reaction mixture was 
cooled to 0° C, and a solution of 10.41 g (59.72 mmol) 
gramine, 156, in 500 mL diethyl ether was added dropwise.
The resulting suspension was stirred vigorously for I hour 
at 0° C after which the precipitate was collected and dried. 
Recrystallization of this material (17.78 g) from hot 
ethanol afforded N-(3-indolylmethyl)-trimethy!ammonium 
trifluoromethane-sulfonate 155: mp 153-154° C; UV Xma3c
(CH3OH) 285 nm (e 6100), 278 nm (e 7000), 270 nm (e 7000), 
220 nm (e 11500); MS(EI) m/z (rel. int.) 173 (M+-IS, 9),
149 (14), 144 (6), 130 (29), 58 (68), 44 (100); xH-NMR 
(CD3OD): 6 7.64 (1H, d, J=8), 7.52 (1H, m), 7.38 (1H, d,
J=8), 7.11 (2H, m), 4.59 (2H, s), 2.97 (9H, s).

Isocyanomethane
A 2 L four-necked flask equipped with a 250 mL 

pressure-equalizing funnel, sealed mechanical stirrer, 
thermometer, and receiver trap (-78° C) was charged with 
1034 g (8.0 mol) quinoline and 572 g (3.0 mol) p-toluene-
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sulfonyl chloride. After heating the solution to 75° C and 
evacuating the system to a pressure of 15 mm, 118 g (2.0 
mol) N-methylformamide was added dropwise over the course of 
75 minutes. The collected material (120 mL) was then 
distilled under reduced pressure from calcium hydride, to 
afford, in 80% yield (65 g), isocyanomethane: bp 59-60° C 
(760 mm).

2-(3-Indolyl)-1-isocyanoethane (157)
A 100 mL two-neck flask, equipped with nitrogen inlet, 

rubber septum, and magnetic stir bar, was charged with a 
solution of 67 mg (1.63 mmol) methyl isonitrile in 75 mL 
tetrahydrofuran and cooled to -78° C. To this was added 
dropwise 654 y.L (1.63 mmol) of n-butyllithium (2.SM in 
hexane). The resulting white suspension was stirred for 10 
minutes. After this time 250 mg (0.74 mmol) of 155 was 
added as a solid and stirred for I hour at -78° C. The 
solution was then carefully neutralized by the slow addition 
of 5% acetic acid (1.63 mmol) in tetrahydrofuran. Then 50 
mL 5% sodium bicarbonate was added and the resulting 
solution extracted three times with 75 mL diethyl ether.
The combined ether washes were filtered through anhydrous 
sodium sulfate and reduced to a tan solid (167 mg). 
Chromatography of this material through silica (2.7 x 30 cm) 
using CH2Ci2 under 12 psi nitrogen afforded, in 75% yield 
(94 mg), 2-(3-Indolyl)-1-isocyanoethane (157): mp 73-74° C;
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UV Xma3c (CH2Cl2) 289 run (e 5400) , 278 nm (e 6600) , 272 run (e 
6600) , 229 nm (e 10700); IR vma3C (CCli) 3490, 3130, 2955, 
2860, 2150 cm”1; MS(EI) m/z (rel. int.) 170 (MT, 23), 130 
(100), HRMS(EI) obs'd. 170.0850, calc'd. for C11H10N2 
170.0844; 1H-NMR (CDCl3): 6 8.23 (IH, s), 7.65 (1H, d,
J=8), 7.45 (IH, d, J=8), 7.27 (2H, m), 7.16 (1H, s), 3.74 
(2H, t, J=7), 3.26 (2H, t, J=7).

2 [ 3-(I-Carbomethoxyindoyl) ]-rl-isocyanoethane (152)
A 25 mL two-necked flask, equipped with nitrogen inlet, 

rubber septum, and magnetic stir bar was charged with a 
solution of 34 mg (0.20 mmol) 157 in 10 mL tetrahydrofuran 
and cooled to -78° C. To this was added dropwise 80 iiL 
(0.20 mmol) of n-butyllithium (2.5 M in hexane) and the 
resulting yellow solution was stirred for 10 minutes, after 
which I mL methyl chloroformate was added. After 2 hours at 
-20° C the reaction mixture was quenched with 10 mL 5% 
sodium carbonate and extracted with three 25 mL portions 
chloroform. The combined organic washes were filtered 
through anhydrous sodium sulfate and reduced to an oily 
solid (51 mg). Chromatography of this material through 
silica (2.7 x 30 cm) using CH2Gl2-CsH14 (5:1) under 12 psi 
nitrogen afforded, in 98% yield (45 mg), 2[3-(I-Carbomethoxy 
indoyl) ]-1-iSocyanoethane (152): mp 98-99° C; UV Xma3c
(CH2Cl2) 292 nm (e 5100), 284 nm (e 5000), 261 nm (e 10000), 
258 nm (e 10000), 231 nm (e 20800); IR Vma3c (CCl4) 3130,
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2955, 2860 > 2150, 1750 cm x; MS(EI) m/z (rel. int.) 228 (M+, 
40), 188 (100 j , 144 (45), HRMS(EI) obs.'d. 228.0905, calc'd. 
for C13H12N2O2 228.0899; 1H-NMR (CDCl3): 6 8.10 (1H, d,
J=8), 7.39 (IH', . s ) , 7.42 (1H, d, J=8) , 7.27 (1H, t, J=8) , 
7.23 (IH, t, J=8) ,. 3.95 (3H, s), 3.60 (2H/ t., J=7) , 3.02 
(2H, t, J=7).

I-(2-Phenylethanoyl)-9-carbomethoxy-3,4-dihydro- 
B-carboline (158)

A 25 mL two necked flask equipped with nitrogen inlet, 
rubber septum, and magnetic stir bar was charged with a 
solution of 194 mg (0.85 mmol) of 152 in 8 mL tetrahydro- 
furan and treated with 114.^L (0.86 mmol) of phenylacetyl 
chloride at 25? C. After 16 hours the reaction mixture was 
cooled to -78° C and treated with 183 mg (0.94 mmol) silver 
tetraflouroborate in I mL nitromethane and allowed to warm 
to -20° C. After. 8 hours the resulting suspension was 
quenched with 20 mL 5% sodium bicarbonate and extracted with 
three 25 mL portions of chloroform. The combined organic 
washes were filtered through anhydrous sodium sulfate and 
reduced to a solid (530 mg). Chromatography of this 
material through silica (2.7 x 30 cm) using a gradient of 
CH2Cl2 (100%) to CH2Cl2-MeOH (19:1) under 12 psi nitrogen 
afforded, in 93% yield (273 mg), the cyclization product 
158: mp 124-125° C; UV Xma3c (CH2Cl2) 314. nm (e 8500), 258
nm (e 9500), 230 nm (e 16000); IR Vma3c (CCl4) 3070, 3030, 
2955, 2930, 2850, 175.0, 1720 cm"1; MS(EI) m/z (rel. int.)
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346 (M-, 100), 317 (23), 227 (15), 183 (55), 168 (28), 91 
(40), HRMS(EI) obs'd. 346.1325, calc'd. for C21H18N2O 
346.1320; 1H-NMR (CDCl3): 6 8.05 (1H, d, J=8), 7.56 (1H, d,
J=8), 7.43 (IH, t, J=8), 7.39-7.29 (5H, m), 7.29 (1H, t, 
J=8), 4.38 (2H, s), 4.00 (2H, t, J=8), 3.72 (3H, s), 2.80 
(2H, t, J=8).

I-(2-Phenylethanoyl)-9-carbomethoxy-B-carboline (159)
A 50 mL flask equipped with reflux condenser was 

charged with a solution of 123 mg (0.36 mmol) 158 and 50 mg 
10% palladium on charcoal in 25 mL xylene. After refluxing 
under nitrogen for 16 hours the solution was cooled and 
filtered through Celite, washing with CH2Cl2-MeOH (1:1). 
Chromatography of this material through silica (2.7 x 30 cm) 
using a gradient of CH2Cl2 (100%) to CH2Cl2-MeOH (8:1) under 
12 psi nitrogen afforded, in 75% yield (92 mg), the 
dehydrogenation product 159: UV Xmau3c (CH2Cl2) 264 nm (e
7000), 252 nm (e 7000), 229 nm (e 13000); IR Vmau3c (CCl4) 
3445, 3065, 3035, 2960, 1745, 1675, 1630, 1600 CirT1; MS(EI) 
m/z (rel. int.) 344 (MT, 36), 312 (30), 285 (19), 256 (13), 
195 (25), 167 (100); 1H-NMR (CDCl3): 5 10.2 (1H, s), 8.54 
(IH, d, J=5), 8.13 (IH, d, J=5), 8.11 (1H, d, J=8), 7.57 
(2H, m), 7.53 (2H, m), 7.41-7.30 (3H, m), 7.31 (1H, t, J=8), 
6.51 (IH, s), 3.74 (3H, s).
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I-(2-Phenylethanoyl)-B-carboline (Eudistomin T , 128)

A 50 mL flask equipped with reflux condenser was 
charged with 50 mg (0.15 mmol) 158 and 14 mg (0.45 mmol) 
sulfur. After heating for 4 minutes at 200° C under 
nitrogen the reaction mixture was cooled and the material 
filtered through a Sephadex LH-20 column (0.5 x 5 cm) using 
CH2Cl2-MeOH (1:1). This material was then applied to a 
solid phase (amino) extraction column (I x 2 cm) and washed 
with 12 mL CsHx4-CH2Cl2 (9:1) to afford, in 73% yield (32 
mg), eudistomin T (128): mp 134-135° C; UV Xniax (CH2Cl2)
380 nm (e 7000), 280 nm (e 56000), 227 (e 24000); IR Vmax 
(CDCl3) 3440, 3060, 3030, 2930, 1670, 1630, 1600 cm"1;
MS(EI) m/z (rel. int.) 286 (MT, 65), 256 (39), 167 (100), 91 
(18), HRMS(EI) obs'd. 286.1085, calc'd. for C19H14N2O
286.1116; xH-NMR (CDCl3): 6 10.3 (IH, s) , 8.58 (IH, d, J:
8.14 (1H, d, J=5), 8.12 (IH, d, J=8), 7.55 (2H, m), 7.39

h>-P1—
1 =8), 7.40-7.25 (5H, m), 4.47 (2H, s) ; x3C-NMR,

300MHz, (CDCl3): 6 202.6, 141.1, 138.2, 135.9, 135.5, 135.1,
131.6, 130.0,(2C), 129.2, 128.4 (2C), 126.7, 121.7, 120.7,
120.6, 119.0, 111.9, 43.8.

6-Bromo-I-(2-Phenylethanoyl-B-carboline 
(Eudistomin S, 127)

A 25 mL two-necked flask equipped with nitrogen inlet, 
rubber septum and magnetic stir bar was charged with a 
solution of 34 mg (0.12 mmol) eudistomin T (128) in 10 mL 
tetrahydrofuran and treated with bromine (0.24 mmol) for 45
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minutes at 25° C. After this time the reaction mixture was 
quenched with 10 mL 5% sodium thiosulfate and extracted with 
three 15 mL portions of chloroform. The organic washes were 
combined, filtered through anhydrous sodium sulfate, and 
reduced. Chromatography of the resulting material through 
Bio-Beads S-X8 ( 4 x 4 5  cm) using CH2Cl2-CH3CN (1:1) and 
Sephadex LH-20 (2.8 x 175 cm) using CH2Cl2-MeOH (1:1) 
afforded, in 16% yield (7 mg), eudistomin S (127): MS(EI) 
m/z (rel. int.) 366/364 (96/100), 275/273 (11,10), 247/245 
(42/42) 166 (33), 91 (17); HRMS(EI) obs'd. 364.0234, 
calc'd. for C19Hx3N2OBr 364.0211; 1H-NMR (CDCl3): 6 10.3
(IH, s), 8.60 (IH, d, J=5), 8.26 (1H, d, J=2), 8.11 (1H, d, 
J=5), 7.65 (IH, dd, J=2,8.6), 7.40 (1H, d, J=8.6), 7.40-7.25 
(5H, m), 4.72 (2H, s).

4-(Phthalimido)-butyric Acid
A 500 mL flask equipped with reflux condenser and 

magnetic stir bar was charged with a solution of 5 g (48.5 
mmol) 4-aminobutyric acid and 7.2 g (48.5 mmol) phthalic 
anhydride in 200 mL dichloromethane. After refluxing 4 
hours the solution was filtered and reduced to a white 
solid, 11.8 g. Recrystallization of this material from hot 
CH2Cl2-CsHx2 afforded 4-(phthalimido)-butyric acid as large 
needles: mp 110-111° C; IR vma3C (CCl4) 3300-2500, 2970,
2940, 2880, 1775, 1718, 1395, 1260 cm"1; MS(EI) m/z (rel. 
int.) 233 (MT, 6), 215 (19), 187 (14), 174 (62), 160 (100),

188
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130 (12), 104 (20), 76 (25); 1H-NMR. (CDCl3) : 6 11.0 (1H, s.) ,
7.82 (2H, m), 7.70 (2H, m), 3.75 (2H, t, J=7), 2.40 (2H, t, 
J=7), 2.00 (2H, m).

4-(Phthalimido)-butyryI chloride (160)
A 50 mL flask, equipped with magnetic stir bar and 

reflux condenser, was charged with a solution of 2 g (8.58 
mmol) 4-(phthalimido)-butyric acid in 10 mL thionyl 
chloride. After stirring for 6 hours at 50° C the reaction 
mixture was reduced to an oily solid. Sublimation of this 
material afforded 4-(phthalimido)-butyryI. chloride (160) as 
fine needles: mp 94-95° C; IR vma3C (CCl4) No O-H stretch,
3090, 3060, 2942, 1790, 1776, 1722 CirT1; MS(EI) m/z (rel. 
int.) 253/251 (MT, .3/1), 216 (25), 187 (23), 173 (38), 160 
(100), 104 (17), 76 (23); 1H-NMR (CDCl3): 6 7.83 (2H, m), 
7.73 (2H, m), 3.75 (2H,t, J=7), 2.97 (2H, t, J=7), 2.07 
(2H, m).

I-[4-(Phthalimido)-butyryI]-9-carbomethoxy- 
3,4-dihydro-B-carboline (161)

A 25 mL two-necked flask equipped with nitrogen inlet, 
rubber stopper and magnetic stir bar was charged with a 
solution of 187 mg (0.82 mmol) 152, in 8 mL dichloromethane 
and treated with 216 mg (0.86 mmol) of■4-(phthalimido)- 
butyryI chloride (160) at 25° C. After 16 hours the 
reaction mixture was cooled to -78° C and treated with 176 
mg (0.90 mmol) silver tetrafluoroborate in I mL nitro-
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methane, and allowed to warm to -20° C over 8 hours. After 
this time the reaction was quenched with 10 mL 5% sodium 
bicarbonate and extracted with three 20 mL portions of 
chloroform. The combined organic washes were filtered 
through anhydrous sodium sulfate and reduced to a foam (570 
mg). Chromatography of this material through silica (2.7 x 
30 cm) using a gradient of CH2Cl2 (100%) to CH2Cl2-MeOH 
(8:1) under 12 psi nitrogen afforded, in 52% yield (189 mg), 
the cyclization product 161: MS(EI) m/z (rel. int.) 443
(MT, 35), 386 (53),282 (40), 255 (34), 228 (100), 188 (38), 
160 (74), HRMS(EI) obs'd. 443.1464, calc'd. for C2sH21N3O5 
443.1448; 1H-NMR (CDCl3): 6 8.03 (1H, d, J=8), 7.82 (2H, m),
7.68 (2H, m ) , 7.55 (1H, d, J=8), 7.42 (1H, t, J=8), 7.30
(IH, d, J=8), 3 . 9 2  (3H, s), 3.87 (2H, t, J=8), 3.12 (2H, t,
J=8), 3.10 (2H, t, J=8), 2.76 (2H, t, J=8), 2.11 (2H, m).

I-(4-Phthalimido)-butyryl]-B-carboline (162)
A 50 ml flask, equipped with magnetic stir bar and 

reflux condenser was charged with 123 mg (0.27 mmol) of 161 
and 27 mg (0.83 mmol) sulfur. After heating for 4 minutes 
at 200° C under nitrogen the reaction was cooled and 
chromatographed through Bio-Beads S-X8 (2 x 121 cm) using 
CH2Cl2-CH3CN (1:1). Application of fraction 3 (25 mg) to a 
solid phase (amino) extraction column (I x 2 cm) washing 
with 12 mL CsH14-CH2Cl2 (4:1) afforded, in 34% yield (38 
mg), the dehydrogenation product 162: MS(EI) m/z (rel.
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int.) 383 (M+, 14), 355 (5), 327 (25), 223 (61), 195 (30), 
168 (100), HRMS(EI) obs'd. 383.1270, calc'd. for C23H17N3O3 
383.1269; 1H-NMR (CDCl3); 6 10.3 (1H, s), 8.49 (1H, d, J=5), 
8.14 (IH, d, J=5), 8.13 (IH, d, J=8), 7.78 (2H, m), 7.63 
(2H, m), 7.55 (1H, t, J=8), 7.32 (1H, t, J=8), 3.88 (2H, t 
J=7), 3.51 (2H, t, J=7), 2.23 (2H, m).

I- (l-pyrrolin-2-yl) -J3-carboline 
(Eudistomin I, 113)

A 50 mL two-necked flask, equipped with nitrogen inlet, 
rubber septum, and magnetic stir bar, was charged with 19 mg 
(0.05 mmol) of 162 and treated with 25 mL methanolic 
hydrazine (1%) at 25° C. After 12 hours the solution was 
reduced to a solid (24 mg). Chromatography of this material 
through Bio-Beads S-X8 (2 x 121 cm) using CH2Cl2-CH3CN (1:1) 
afforded, in 36% yield (6 mg), eudistomin I (113): MS(EI)
m/z (rel. int.) 235 (100), 206 (33), 193 (44), 167 (15); 1H- 
NMR (CDCl3): 6 10.9 (1H, s), 8.48 (1H, d, J=5), 8.12 (1H, d 
J=8), 8.00 (IH, d, J=5), 7.56 (2H, m), 7.31 (1H, tt, J=8,7), 
4.25 (2H, t, J=7), 3.33 (2H, t, J=7), 2.07 (2H, m).

6-Bromo-l-(l-pvrrolin-2-yl)-8-carboline 
(Eudistomin H, HO)

A 50 mL two-necked flask equipped with nitrogen inlet, 
rubber septum, and magnetic stir bar was charged with a 
solution of 43 mg (0.11 mmol) 162 in 25 mL acetonitrile and 
treated with excess bromine at 25° C. After 12 hours the
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reaction mixture was quenched with sodium thiosulfate and 
extracted with three 25 mL portions of dichloromethane. The 
combined organic washes were reduced and treated with 25 mL 
methanolic hydrazine (1%) at 25° C for 12 hours. Chromato
graphy of this material through two Sephadex LH-20 columns 
(2.7 x 142 cm using CH2Cl2-MeOH and 2.2 x 115 cm using 
CH3CN-MeOH 4:1) afforded, in 14% yield (6 mg), eudistomin H 
(HO) : MS(EI) m/z (rel. int.) 315/313 (MT, 17/100) , 285
(13), 271 (15), 233 (22) , 205 (15), 103 (28); HRMS(EI)
obs'd. 313 .0179 , calc'd. for CX3Hx2N3Br 313.0215; * 1H-NMR
(CDCl3): 6 10.9 (IH, s), 8.50 (IH, d, J=5), 8.25 (IH, d,
J=2), 7.93 (IH, d, J=5), 7.62 (IH, dd, J=8,2), 7.44 (1H, d,
J=8) 4.25 (2H, t, J=7), 3.30 (2H, t, J=7), 2.07 (2H, m).

l-Benzovl-9-carbomethoxy-3,4-dihydro- 
B-carboline

A 25 mL two-necked flask equipped with nitrogen inlet, 
rubber septum, and magnetic stir bar was charged with a 
solution of 180 mg (0.79 mmol) 152 in 8 mL dichloromethane 
and treated with 93 mg (0.80 mmol), benzoyl chloride at 25°
C. After 60 hours the solution was cooled to -78° C, and 
treated with 169 mg (0.87 mmol) silver tetrafluoroborate in
I mL nitromethane, and allowed to warm to -20° C over 8 
hours. After this time the resulting suspension was 
quenched with 20 mL 5% sodium bicarbonate and extracted with 
three 25 mL portions of chloroform. The combined organic 
washes were filtered through anhydrous sodium sulfate and
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reduced. Chromatography of this material through silica 
(2.7 x 30 cm) using a gradient of dichloromethane (100%) to 
CH2Cl2-MeOH (8:1) afforded, in 59% yield (155 mg), the 
cyclization product: UV Xmax (CH2Cl2) 310 nm (e 9300), 284
nm (e 11000), 245 nm (e 13300), 229 nm (e 17200); MS(EI) m/z 
(rel. int.) 332 (MT, 34), 303 (29), 271 (16), 226 (13), 105 
(91), 77 (100) , HRMS(EI) obs'd. 332.1162, calc'd. for 
C20H16N2O3 332.1161; 1H-NMR (CDCl3): 5 8.19 (1H, d, J=8), 
8.09 (2H, br d, J=7), 7.65 (1H, m), 7.62 (1H, d, J=8), 7.52 
(3H, m), 7.35 (IH, t, J=8), 4.02 (2H, t, J=8), 3.49 (3H, s), 
2.88 (2H, t, J=8).

1-Benzoyl-B-carboline (129)
A 50 mL flask, equipped with magnetic stir bar and 

reflux condenser was charged with a solution of 42 mg (0.13 
mmol) of l-benzoyl-9-carbomethoxy-3,4-dihydro-B-carboline 
and 13 mg (0.39 mmol) sulfur. After heating for 4 minutes 
at 200° C under nitrogen the reaction was cooled and 
filtered through a Sephadex LH-20 plug (0.5 x 5 cm) using 
CH2Cl2-MeOH (1:1). Chromatography of this material (47 mg) 
through Sephadex (2.3 x 142 cm) using the above solvent 
system afforded six fractions. Application of fraction 5 
(18 mg) to a solid phase (amino) extraction column ( 1 x 2  
cm) and washing with 12 mL C6H14-CH2Cl2 (9:1) afforded, in 
44% yield (15 mg), the l-benzoyl-6-carboline (129): UV Xm a x  
(CH2Cl2) 390 nm (e 10100), 295 nm (e 21700), 260 nm (e
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14100), 229 ran (e 28900) ; IR Vmax (CCl4) 3440, 3065, 1640, -
1620, 1595, 1500, 1430 cnr1; MS(EI) m/z (rel. int.) 271 (M+- 
1, 100), 243 (55), 186 (4), 167 (4), 105 (23), 77 (52), 
HRMS(EI) obs'd. 271.0913, calc'd. for C13H12N2O 271.0871;
1H-NMR (CDCl3): 5 10.5 (IH, s), 8.60 (IH, d, J=5), 8.30 (IH
d, J=7), 8.16 (IH, d, J=8), 8.15 (IH,d, J=5), 7.63-7.49 (5H
m), 7.33 (IH, m) .

I-(E-3-phenylprop-2-en-l-oyl)-9-carbomethoxy- 
3,4-dihydro-B-carboline

A 25 mL two-necked flask equipped with nitrogen inlet, 
rubber septum, and magnetic stir bar was charged with a 
solution of 201 mg (0.88 mmol) 152 and treated with 143.3 mg 
(0.89 mmol) cinnamoyl chloride in 8 mL dichloromethane at 
25° C. After 16 hours the reaction mixture was cooled to 
-78° C, and treated with 189 mg (0.97 mmol) silver tetra- 
fluoroborate in I mL nitromethane and allowed to warm to 
-20° C for 8 hours. After this time the resulting 
suspension was quenched with 25 mL 5% sodium bicarbonate and 
extracted with three 25 mL portions of chloroform. The 
combine organic washes were filtered through anhydrous 
sodium sulfate and reduced. Chromatography of this material 
through silica (2.7 x 30 cm) using a gradient of CH2Cl2 
(100%) to CH2Cl2-MeOH (8:1) under 12 psi nitrogen afforded, 
in 16% yield (50 mg), the cyclization product: mp 154-155°
C; UV Xmax (CH2Cl2) 308 ran (e 20000), 228 (e 16000); IR Vmax 
(CCl4) 3060, 3030, 2960, 2890, 2840, 1750, 1680, 1655, 1610,
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990 cm-1; MS(EI) m/z (rel. int.) 358 (M+,. 77), 327 (27), 297 
(27), 269 (19), 226 (68), 167 (48), 131 (56), 103 (53), 77 
(26), HRMS(EI) obs'd. 358.1315, calc'd. for C22HlaN2O3 
358.1317; 1H-NMR (CDCl3): 5 8.16 (1H, d, J=8), 7.86 (1H, d,
J=16), 7.67 (2H, m), 7.58 (1H, d, J=8), 7.51 (1H, d, J=16), 
7.45-7.37 (4H, m), 7.29 (1H, t, J=8), 4.02 (2H, t, J=8),
3.82 (3H, s), 2.82 (2H, t, J=8).

I-(E-3-phenylprop-2-en-l-oyl)-6-carboline (130)
A 50 mb flask equipped with reflux condenser was 

charged with 45 mg (0.13 mmol) I-(E-3-phenyIprop-2-en-I- 
oyl)-9-carbomethoxy-3,4,dihydro-B-carboline and 12 mg (0.38 
mmol) sulfur. After heating for 4 minutes at 200° C under 
nitrogen the reaction mixture was cooled and filtered 
through solid phase (amino) extraction columns (I x 2 cm), 
using dichloromethane. Chromatography of the resulting 
material (48 mg) through Sephadex LH-20 (2.8 x 175 cm) using 
MeOH-CH2Cl2 (1:1) afforded, in 17% yield (6 mg), 130:
UV Xma3c (CH2Cl2) 400 nm (e 8500), 317 nm (e 17200) , 230 nm 
(e 26300) ; IR Vma3c (CCl4) 3436, 2960, 2930, 2855, 1750,
1600, 970 cm-1; MS(EI) m/z (rel. int.) 298 (23), 269 (20), 
221 (7), 168 (17), HRMS(EI) obs'd. 298.1100, calc'd. for 
C20H14N2O 298.1106, obs'd. 268.1028, calc'd. for C19H12N2O 
268.1000; 1H-NMR (CDCl3): 5 10.6 (1H, s), 8.64 (1H, d,
J=16), 8.62 (IH, d, J=5), 8.19 (1H, d, J=5), 8.16 (1H, d,
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J=8), 7.99 (1H, d, J=16), 7.80 (2H, m), 7.61 (2H, d, J=4), 
7.43 (3H, m), 7.35 (1H, m).

3-Pyridinecarbonyl chloride
A solution of 16.0 g (0.13 mol) 3-pyridinecarboxylie 

acid and 7.29 g potassium hydroxide in 100 mL methanol- 
water (9:1) were stirred for 10 minutes. After this time 
the solvent was evaporated and the resulting solid ground 
finely with heating at 100° C. The resulting fine powder 
was then suspended in 75 mL anhydrous benzene in a 250 mL 
two-necked flask equipped with addition funnel and drying 
tube. After cooling to 0° C in an ice bath, 15.23 g (0.12 
mol) of oxalyl chloride in 50 mL benzene were added dropwise 
over the course of 45 minutes. The resulting clear solution 
was reduced under nitrogen to the point that a precipitate 
formed (~50 mL). This solution was then filtered under 
nitrogen and used as a solution of 3-pyridinecarbonyl 
chloride.

Synthesis of the Pentacycle 164
A 25 mL two-necked flask equipped with nitrogen inlet, 

rubber septum, and magnetic stir bar was charged with a 
solution of 238 mg (1.04 mmol) 152 in 10 mL dichloromethane 
and treated with I mL of the 3-pyridinecarbonyl chloride 
solution at 25° C. After 4 hours the resulting solution was 
then cooled to -78° C and treated with 225 mg (1.15 mmol)
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silver tetraflouroborate in I mL nitromethane and allowed to 
warm to -20° C over 12 hours. After this, the resulting 
suspension was quenched with 50 mL 5% sodium bicarbonate and 
washed with three 50 mL portions of chloroform. The 
combined organic washes were filtered through anhydrous 
sodium sulfate and reduce to a brown solid (770 mg). MS(EI) 
analysis (dip) of the reaction mixture revealed a number of 
prominent ions; m/z (rel. int.) 333 for C19H15N3O3 (M"1", 31), 
228 (36), 188 (100), 144 (51), 106 (64), 78(58). A 50 mL 
flask equipped with reflux condenser was charged with this 
material and 100 mg (3.13 mmol) sulfur. After heating for 8 
minutes at 200° C under nitrogen the reaction mixture was 
cooled. Chromatography of this material through three 
Sephadex LH-20 columns (4 x 45 cm using CH2Cl2-MeOH 1:1; 2.7 
x 142 cm using CH2Cl2-MeOH 1:1, 2.3 x 115 cm using MeOH- 
CH3CN 4:1) afforded 10 mg of solid. Application of this 
material to a solid phase (amino) extraction column ( 1 x 2  
cm) washing with 12 mL dichloromethane afforded, in 3% yield 
(8 mg), the pentacycle 164: MS(EI) m/z (rel. int.) 271 (M"1",
88), 243 (19), 108 (13), 44 (100); xH-NMR, 300MHz (CDCl3): 6 
9.8 (IH, s), 9.05 (IH, d, J=5), 8.88 (1H, d, J=5), 8.76 (1H, 
d, J=8), 8.56 (IH, d, J=5), 8.13 (1H, d, J=8), 8.03 (1H, d, 
J=5), 7.75 (IH, t, J=8), 7.55 (1H, t, J=8).
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