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Abatxact--Cbanical comparisons of tbe closely-related Pacific gorgonians Muricea cali/onica and M. 
Jiuficosa have shown that the much less fouled M. furicosa contains four new estcrificd aminogalactosc 
saponins assigned as the mtuioin+l through -4 (14). ‘Tbc sttuoturcs of tbcsc new saponins were deftnod 
by chemical degradation yielding the aglycone pngna-5,2Odien-3j?~l, and by extensive ‘H and ‘%Z NMR 
investigations. Muricins-2, -3 and -4 wctn found to possess 2-aatamidogalactopyose components with 
unpmcedental n-butyxate ester functionalitics in the C4’. C-6’ and the C-4’ and C-6’ positions, 
mpcctively. At approximately natural conouttrations, the muticitts were found to inhibit growth of the 
marine diatom P/raeo&cr~/um rricomurum. The mtuicins did not, however, possess the ichthyotoxic, 
cytotoxic. or antimicrobial effects reported for numerous marine&rived saponins. The potential role of 
t&se compounds in contributing to the reduced fouling of M. fnrricosa is discussed. 

In tropical and subtropical marine habitats, the octo- 
corals (Subclass Octocorallia, Phylum Cnidaria) are 
among the most abundant of the marine in- 
vertebrates. Unlike the hexacorals (Subclass Hexa- 
corallia). which effectively sequester CaCO, into ex- 
tensive and ornately-patterned external skeletons, the 
octocorals are soft-bodied, colonial cnidarians which 
generally lack the physical protection aITorded by 
calcification. Of the six orders of octocorals. the 
encrusting true soft-corals (Order Alcyonacea) and 
the sea fans and sea whips or gorgonian corals (Order 
Gorgonacea) are by far the more widely distributed 
and abundant representatives. Although these latter 
two groups are ubiquitous in tropical marine habitats, 
their distributions are disjunct. In the western tropi- 
cal Atlantic Ocean, in particular the Caribbean Sea, 
and also in the Eastern Pacific, the Gorgonians are 
the dominant octocorals. In the IndoPacific region 
and in the Indian Ocean, however, the true soft-corals 
or aIcyonaceans represent the dominant octocoral 
fauna. 

Over the last two decades, considerable chemical 
interest in these unique marine invertebrates has 
become evident. More that 200 papers have appeared 
describing the isolation of novel sesquiterpenoids, 
diterpenoids and products of fatty acid metabolism.’ 
Since the majority of the octocorals contain 
significant concentrations of symbiotic dinoflagellates 
known as “zooxanthellae”, controversy over the 
plant or animal origin of these latter metabolites has 
been considerable.’ Several recent studies with se- 
lected gorgonians have, however, provided con- 
vincing evidence that terpenoids are products of 
gorgonian metabolism.2-6 

Along with our continued interest in the novel 
natural products chemistry of marine octocorals, we 
and others have more recently begun to define the 
biological properties of these unique molecules. A 
large percentage of the metabolites from marine 
octocorals have subsequently been shown to possess 

antimicrobial, cytotoxic, algatoxic and ichthyotoxic 
properties.’ Hence, considering the need for soft- 
bodied, sessile marine invertebrates to survive in 
predator-rich environments, these latter metabolites 
appear to be the foundation of a well-developed 
chemical defense adaptation. In this paper we wish to 
report on our recent investigations of California 
gorgonians of the genus Muricea. These studies pro- 
vide additional evidence that biologically active sec- 
ondary metabolites are functionally important in the 
adaptations of marine octocorals. 

Muricea californica Aurivillius and M. fmricosa 
Verrill (Plexauridae) are the major and abundant 
Muricea species in California, and they are found 
growing together in habitats with high current flow. 
M. californica is described as red-brown in color with 
yellow polyps and reaches a maximum height of cu 
4Ocm. M. fmricosa is nearly identical in size and 
color, but possesses white polyps and may be slightly 
less abundant overall than M. cali/ornicu. Other than 
the minor distinctions in morphology and polyp 
color, the similarities of these two gorgonians have 
made it difficult to distinguish them in and out of the 
water. The ecologies and life histories of these two 
species have been the subject of numerous biological 
investigations since I!%&‘-‘* In each of these studies 
distinct differences in the fouling susceptibilities of 
these two gorgonians were noted. Although found 
within the same habitat, hf. calt~ornica was consis- 
tently overgrown with typical encrusting plants and 
animals such as red algae, hydroids, ectoprocts, 
zoanthids, ascidians, molluscs and bryozoans. In 
contrast, M. fmrisocu was found virtually free of 
surface fouling organisms in all studies. 

The similarities of these two species in morphology 
and habitat suggested to us that chemical dilTerences 
could be responsible for the observed lack of fouling 
in M. fmGcasa. Indeed, collections of M. cal;$ornica 
and M. fiuricosa were found to be chemically dissim- 
ilar. While each contained almost identical mixtures 







1060 M. hi. BANDUREAGA and W. FENICAL 

Table 2. 360 MHz ‘H NMR spectral assignments for muricin 14 and the aglycone 5’ 

H .r CI I 
- 

z 1 4 1 
6 q (J) 6 m (J) 6 n (.I) 6 mJ 6 q (J) 

20 5.76 ddd (16.11.8) 5.76 ddd (16.11.8) 5.76 ddd (16,ll.B) 5.76 ddd (16.11.8) 5.76 ddd (16.11.8) 

-w( 5.64 d (9)b 5.67 d (8)b 5.51 d (Ub 5.61 d (9)b __ 

3’ 5.41 dd (11.3) 5.41 dd (11.3) 5.41 dd (11.3) 5.40 dd (11.3.5) -- 

4’ 5.36 bd (3) 5.36 bm 0) 5.38 w (3) 5.38 bd (3.5) __ 

6 5.36 bd (3) 5.35 bm 5.36 bd (5) 5.38 bm 5.36 D (5.2) 

21 (CiS) 4.90 d (11) 4.98 d (11) 4.98 dd (11.2) 4.98 d (II) 4.98 d (II) 

21 (rrms) 4.91 d (16) 4.97 d (16) 4.97 dd (16.2) 4.97 d (16) 4.96 d (16) 

I’ 4.69 d (‘3) 4.89 d (9) 4.89 d (8) 4.89 d (‘3) __ 

6’a 4.16 dd (-11.6) 4.17 dd (-11.7) 4.17 dd (-11.7) 4.18 dd (-11.7) -- 

6’b 4.12 dd (-11.7) 4.10 dd (-11.7) 4.08 dd (-11.7) 4.08 dd (-11.7) -- 

5’ 3.93 bt (7.3) 3.93 bt (7.6) 3.93 bt (7) 3.94 bt __ 

2’ 3.81 ddd (ll,9.8) 3.82 ddd (11.9.8) 3.79 ddd (11.9.8) 3.81 ddd (11.9.8) -- 

3 3.51 q 3.51 m (11.10.6.5) 3.51 q 3.51 D 3.53 PI (II.ll.4.3) 

6” 2.14 s 2.14 # 3.38 L (7) 2.38 c (15) __ 

8” 2.04 __ s 2.27 L (7) 2.04 s 2.27 L (7) 

4” 2.00 s 2.00 8 1.99 ll 1.99 B -_ 

2” 1.97 s 1.97 m I.97 s 1.97 s -_ 

9” __ __ __ __ 1.68 q (8) 

II” __ I.62 m (7) __ 1.62 q (7) __ 

I9 0.99 ‘ 0.99 m I.00 s 1.00 s 1.02 a 

IO” __ __ 0.97 t (7) 0.98 L (8) __ 

12” __ 0.93 L (7) __ 0.94 t (7) __ 

18 0.60 s 0.60 I 0.60 . 0.60 s 0.61 s 

.A11 ‘Ii N2QI spccrr. “.t‘C run 1n II msICDc13. Asslymcnts were baaed on lli lrwR decoupling sxperlments and on comparison 

wlrh model cmpotmds. 

b 
D20 erchmsed. 

commercially available N-acetylgalactosamine (Table : 
3). A close correlation was observed between muricin- 
1 and the /3 anomer of the synthetic mixture. 

To fully define the structure of muricin-l the 
absolute stereochemistry of the aminogalactose com- 
ponent was required. Hydrolysis of 1, followed by 
acctylation of the aqueous fraction, did yield mix- 
tures of a- and /3-tetra-O-acetyl-N-acetylgalactopyra- 
nose. However, the mixtures were difiicult to separate 
and we considered rotation data unreliable. Therefore, 
the method of molecular rotation differences involving 
Hudson’s Rules of isorotation was employed.21-a The 
method assumes that the molecular rotation of a gly- 
coside is the sum of all rotational contributions from 
each chiral center in the molecule. Hence in 1, the over- 
all molecular rotation should simply be the combina- 
tion of rotations of the pregnane and aminohexose 
components. Although this method is empirical, it has 
been routinely applied with good success to amino- 
hexose pyranosides. The calculated negative molecular 
rotation between mm-kin-1 and aglycone 5 ([MID - 
32”) indicated that the sugar possesses the common D 

configuration. Therefore, by spectral interpretation 
and chemical degradation, muricin-l (1) was fully de- 
fined as 3~-pregna-5,2Odienyl-2’-acetamido-2’-deoxy- 
3’,4’,6’-tri-0-acetyl-/3-o-galactopyranoside. 

Muricins-2 and -3 (2, 3) both analyzed for 
C1,HSIN09 by field desorption mass spectrometry 
and by “C NMR analysis. Comparison of the ‘H and 
13C NMR spectra also showed 2 and 3 to be isomeric 
since each compound possessed identical resonances, 
albeit at slightly different chemical shifts. The mole- 

cular formulae for muricins-2 and -3 represented the 
addition of a C2H, unit to muricin-I. Inspection of 
“C NMR data showed that this addition was in the 
form of two methylene groups. The ‘H NMR spectra 
for 2 and 3 showed only 3 acetyl Me resonances as 
compared to the 4 found in the spectrum of 1. In 2 
and 3, however, additional bands were observed, 
which fully defined the presence of one n-butyrate 
ester group in each isomer. In muricin-2, for example, 
a 2H triplet was observed at 6 2.27, and the triplet 
was found to be coupled to a 2H multiplet at 6 1.62 
(J = 7 Hz). This latter band was also coupled 
(J = 7 Hz) to a triplet methyl resonance found at b 
0.93. The same bands were also obvious in mu&in-3, 
but at slightly different chemical shifts [a 2.38 (2H, 
t,J=7Hz),61.68(2H,m,J=7Hz),60.97(3H, 
t. J = 7 Hz)]. 

The “C and ‘H NMR spectra of 2 and 3 showed 
the presence of the same aglycone as in murk&l. 
The high resolution mass spectrum also showed the 
expected fragmentation of G,H320 (m/z 300.2433) 
assigned to the aglycone 5. Consideration of these 
combined data led to the a>nclusion that muricins-2 
and -3 were isomeric mono-n-butyrate esters or am- 
ides. With these data in hand, however. it was 
impossible to determine the locations of the butyrate 
esters/amides among the 4 possible sites of amide or 
ester formation on the aminogalactose ring. 

Murkin- (4) analyzed for CjpHwN09 by electron 
impact high resolution mass spectrometry and also by 
13C NMR analysis. This formula represented the 
addition of C,H, to the formula of mu&in-l, and of 
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Table 3. ‘H NMR spectral assignments for the acctylatcd aminosugar portion of muricins 1-4 compared 
with spectral data for model compounds. the u- and A-anomcrs of mcthyl-2-aatamido-2deoxy-3.4,6(ri- 

O-acetyl-o-galactopyranoside 

methyl-2-acetamido-2-deoxy- 
3,4.6-tri-0-acetyl-D-@laC- 

ropyrenoside 

I 3 1 4 O-anomer O-B”OWr 

-NH S.64 5.67 5.56 5.76 5.95 5.09 

C-l’ 4.89 4.89 4.89 4.89 4.59 4.74 

C-2’ 3.81 3.82 3.82 3.82 4.05 4.52 

C-3’ 5.41 5.41 5.41 5.41 5.26 5.11 

c-4 ’ 5.36 5.35 5.35 5.35 5.33 5.33 

C-5’ 3.93 3.93 3.93 3.94 3.92 4.08 

C-b’ 4.12 4.10 4.08 4.08 4.12 4.08 

4.16 4.17 4.17 4. I8 4.12 4.08 

c-4’-OAC 2.14 2.,4 -- -- 2.15 2.14 

C-b ‘-Ok 2.04 -- 2.04 -- 2.05 1.96 

C-3’-Ok 2.00 2.00 1.99 1.99 2.00 2.03 

C-2’-Ntik 1.91 1.97 I. 96 1.96 I.97 1.96 

C-4’-n-buryratc methyl -- 0.97 0.97 -- _- -- 

C-b’-n-butyrace methyl __ -- 0.93 -- 0.93 -- 

GH, to those of muricins-2 and -3. Inspection of the 
NMR features of 4 yielded the predictable results. 
First, all resonances for the ester&d aminosugar 
component and for the pregnadicne aglywne were 
intact. Decoupling experiments again resulted in 
complete assignments of numerous protons including 
all those of the aminogalactose component. The new 
C atoms in 4 were, not unexpectedly, found to be 
methylenc groups. Based upon the presence of two 
sets of coupled bands in the ‘H NMR spectrum of 4 
at ca 6 2.3, d I.6 and b 0.9, muricin-4 was concluded 
to contain 2 butyrate ester/amide Bmctionalities. As 
expected, only 2 acetyl Me resonances were observed 
in this compound. Hydrolysis of murk-4 (10% 
HISO,, 35”, 2 hr) gave the aglywne 5, which was 
identical to that produced from 1 and also to the 
natural product from G. t~~51~ormis.“~” 

As with muricins-2 and -3, the unambiguous as- 
signments of the locations of the 2 a-butyrate func- 
tionalities were needed for muricin-4. Fortunately, 
prior ‘H NMR investigations of the effects of lan- 
thanide shift reagents on various methyl-Z 
acetamido-3, 4, btri-0-acetyl-2dwxy-o-pyranosides 
provided a foundation to make these assignmcntsU 
Prior studies showed that Europium shift reagents 
selectively complex with the amide CO group of 
acetylated aminosugars. This is as expected, since 
amide CO groups were previously shown to be 
stronger donors than esters toward lanthanide shift 
reagentsz5 With knowledge of the side of wmplex- 
ation. the rate of shift (db) of the acetate Me groups 
at C-3, C-4 and C-6 were reported for methyl-Z 
acetamido-3.4,6,-tri-O-acetyl-2-deoxy-j3-~-galacto- 
pyranoside. By use of these shift data, each acetate Me 
was located in space and proximity to the Europium 
atom. Extrapolation to zero concentration allowed the 

chemical shifts of all Me groups to be assigned (Table 
4). 

To confirm the earlier results and illustrate their 
compatibility with saponin aminopyranosides, the ‘H 
NMR behavior of muricin-I (1) was measured with 
incremental additions of Eu(fodh in CDCI,. Virtually 
identical results were obtained (Table 4). The ace- 
tamido Me shilted to lower field at 3 times the rate 
of C-3’ acetoxyl Me. This allowed these latter Me 
singlets to be assigned in the original spectrum at 6 
I .97 and d 2.00, respectively. Similarly, the acetamido 
Me moved at 6 times the rate of the axial C-4 
acetoxyl Me and at 50 times the rate of the acetoxyl 
Me group at C-6’. These latter measurements were in 
very close accord with those from the model amino- 
galactopyranoside and allowed the C-4’ and C-6’ Me 
resonances to be established at 6 2.14 and b 2.04, 
respectively, in mu&in-I. Not unexpectedly, the 
axial ester Me group at C4’ was the lowest field ester 
Me grou~.~ 

Once the shift behavior of muricin-l (1) under 
these latter conditions, as well as the compatibility of 
Me group chemical shifts to model compounds were 
confirmed, the ‘H NMR shift behavior of muricin-2 
(2) was measured next. Virtually identical results were 
obtained, which allowed the assignment of the three 
Me groups at C-2’. C-3’ and C-4’, based upon both 
their shift behavior (46) and their original chemical 
shifts. Since a Me group which showed the slow 
shifting behavior characteristic of C-6’ (l/50 rate of 
C-2’ methyl was clearly absent), the n-butyrate eater 
functionality in 2 was positioned at c6’. 

Shift studies with the isomeric monobutyrate 
mm-kin-3 (3) were not completed due to the limited 
quantities of this isomer. We can suggest, however, 
that the n-butyrate functionality should be placed at 
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Tabk 4. Results for the ~~jd~~~ ~E~f~)~ shift study and a&y1 methyl chemiad &iRs for 
mu&ins X-1 compared with the model compounds, the (II- and &anomem of m@hyl-2~do2- 

deoxy-3,4,~tri-aaatyl-~~p~~de 

methyl-2-scctiaido-2-deny-3&b- 
trl_O-acetyl-D-~lectopyranosldc 

c-Z’(-Nmcf 1.97 1.9 1.97 4.2 1.97 -- 1.96 8.3 2.00 7.2 2.03 14.7 

C-3’ (-0Ac.c) 2.00 0.6 2.00 1.3 1.99 -- 1.99 3.0 1.97 1.9 1.96 3.0 

c-4 ’ (-ok) 2.14 0.3 2.13 0.7 -- -- -- -- 2.15 0.2 2.14 0.6 

C-b’(-OAc) 2.04 0.1 “- -- 2.04 - -- -- 2.05 0.8 1.96 1.9 

‘A6 vaXues measured at 0.25 molar cquiveltnts Eu(fodf3 

bA6 values llrasured at 0.15 molar equivalents Eu(fodf3 

‘A6 vslucs wer’e not measured. Methyl @aup chemical shift assijjnltunts .re evident baaed on 
comparison with murkins 1-2 and 6 and with the model compounds 

d 24 
values are quotations of literature reports 

the C-4’ axial position in this moiocule, since the 
characteristic Me resonance at 6 2.14 conlirmcd that 
this position was lacking in the ‘H NMR spectrum of 
3. 

Lastly, the positions of the two n-butyratc esters in 
muricin-4 (4) were ass&ncd in identicai fashion. Two 
methyl groups, the C-2’ acetamido group and the C-3’ 
acctoxyl Me, were found to be intact by analysis of 
Europium shift data. Thus the n-butyratc esters were 
positioned at C-4’ and C-6’ in this metabolitc. 

The isoiation of the mu&ins rtpnsents the fust 
isolation of saponin derivatives from invertebrates of 
the Phylum Cnidaria. Saponins arc, of course, com- 
mon components of marine asteroids (starfish) and 
holothurians (sea cucumb~rs).“~ Thcsc organisms 
am the Phylum Echinodcrmata, where saponins are 
thought to provide a function in chemical defense. 
Echinoderm saponins arc known to exhibit cytotoxic, 
hemolytic, ichthyotoxic, antiviral and antimicrobial 
activities, and apparently also induce escape reactions 
in certain mollusca.” While aminosugars are virtuaily 
ubiquitous components of nature, and found in the 
marine environment in structural polysaccharides 
such as chitin (polyglucosaminc), aminosaponins 
have not been previously isolated from marine 
so~rces.~ While this work was in progress we learned 
that several aminoglucose saponins had been de- 
scribed as the active components of the defensive 
secretion from the Japanese sole Paradachirw paw 
o~inus.~ Like the Red Sea sole P. marmoratw, the 
secretions from these fishes appear to be highly 
repugnant to predatory animals and their repellent 
effects on predatory sharks have been well documtn- 
ted.)’ Amino~ycosid~ from terrestrial sources an: 
also known for their generaLly potent physiological 
effccts.32~‘3 The cytotoxic and antifungal mctabolite 
septacidin, for example, contains the aminosugar 
4-amino-4dcoxy-L-ghlcose.Y 

It is clear that them is ample precedent to predict 
biological activity from aminosaponins such as the 
mu&ins. In an attempt to establish a fitnctional basis 

for these metabohtcs in reducing fouling on M. 
fkuticosa, we measured the effects of 1-4 in several 
bioassays. Ich~yoto~~ty against the marine pom- 
acentrids Dascyllur aruanus and Pomacentrur co- 
en&us ~8s measured, as previously dcscribai,” at 
concentrations of IOppm for I hr. None of the 
mu&ins were found to be toxic. Similarly, the muri- 
tins were found not to be efTective when either their 
cytotoxic effects (fertilized sea urchin egg assay)36 or 
antimicrobial properties (standard agar plate-assay 
disk method) were asses&. In contrast, the mu&ins, 
at 100 ppm concentrations, wem found to effectively 
inhibit growth (70% inhibition) of the petmate di- 
atom P~o~ctyl~ tr~o~ut~. 

The absence of cytotoxicity, ichthyotoxicity and 
antimicrobial activity exhibited by the mu&ins is in 
strong contrast to other marine saponins. It appears 
that esterification grcatIy reduces the toxic effects of 
saponins. To determine if the uncstcrified “free sapo- 
nins” were present in hf. fnrrimsa, the aqueous 
fraction was examined. The aqueous phase was 
freeze-dried and acetylatcd and the organic soluble 
portion was fractionated as aheady described. No 
trace of the peracctyl saponin mu&in-l (1). nor any 
other agiycone-cootaining metabolitc, could be de- 
te.ct#i. 

The presenti of diatom inhibition activity in the 
muricins may, however, play a significant role in 
reducing fouling on M. frtcticosa. Numerous in- 
vestigators have shown that marine fouling is a 
complex process involving the establishment of a 
preliminary microbiological film which is generally 
composed of diatoms, protozoa, bacteria and other 
~~oor~is~.37~ Macro invertebrate fouling is 
then thought to occur only after this primary process 
has become fully established. Hence, it may be that 
inhibition of photosynthetic (autotrophic) marine 
microorganisms is an important component in rcduc- 
ing overall fouling phenomena. Indeed, similar te- 
subs and conclusions were recently reported in con- 
nection with investigations of the Atlantic gorgonians 
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Luptogorgia virgulata and L. setacea.” These gor- 
gonians were found to produce significant quantities 
of homarine (N-methyl-2carboxypyridine), which 
was also shown to inhibit diatom replication. 

-AL 

General. JR and UV slxctra were recorded on 
Perkin-Elmer model 137 and Pcrkin-Elmer model I24 dou- 
ble beam spectrophotomcters. Optical rotations were 
recorded on a Perkin-Elmer model I41 polarimeter using a 
IOcm microccll (I ml). Proton NMR spectra were recorded 
at 360 MHz on an Oxford Magnetica-Nicolet computer 
instrument and “C spectra were recorded at 50 MHz on a 
Nicolet multinuclear, wide-bore instrument. All spectra were 
recorded with intmnal TMS as standard with d = 0. High- 
resolution electron impact and field desorption mass spectra 
were provided by the Bioorganic Biomedical Mass Spcc- 
trometry Resource Center, University of California. San 
Francisco. Melting points (uncorrected) were obtained using 
a Fisher-Johns apparatus and all solvents were purified by 
distillation from glass prior to use. 

Co//ccrions, exrmctions: Muricca califomica and M. fru- 
ticosa were collected simultaneously at four separate south- 
em Californian locations between January 1979 and June 
1980. After collection, samples were stored in either ethyl or 
isopropyl alcohol. The alcohol was decanted and the whole 
animal was repeatedly extracted with 70% CHrClr in MeOH. 
The combined solvents were next removed under vacuum. 
The resulting aqueous residue was partitioned several times 
between CH,CI, and water. The organic layer was concen- 
trated and dried over MgSO, to give a crude extract (usually 
2-3x of the dry weight of the animal). Extracts of Muricea 
cali/omica and M. fruticoso were fractionated by rapid 
filtration chromatography using TLC grade silica gel in a 
sintered glass funnel. Fractions were eluted with mixtures of 
isooctanc. CH,Cl, and EtOAc. 

Comparison of rhe organic extrac:s of Murka califomica 
Md M. fruticosa 

Muricea colifomica was collected in La Jolla, Catalina and 
Los Coronados Islands (southern California). A total of 
5.7~ crude dichloromethane extract was obtained from 
200g dry weight of M. culi/omica (collected in Catalina in 
June, 1980) (2.90/, dry wt). The aqueous residue was set aside 
for further study. Separation of the dichloromethane extract, 
as described above. resulted in the isolation of 5Omg of 
ergosterol peroxide from a fraction eluted in 25% EtOAc- 
CH,Cl, (0.90/, extract, 0.03% dry wt). Ergosterol peroxide, a 
sterol peroxide previously isolated from marine4.” and ter- 
restrial organisms” was the only secondary metabolite 
found in the extract of M. cnlifornica. 

Mwicea fmficosa was collected simultaneously with M. 
cali/ornica. A total of 3.0 g crude extract was obtained from 
200 g dry wt of M. fruticosa (collected in Catalina in June. 
1980) (1.5% dry wt). The aqueous residue was set aside for 
further study. Separation of this extract also gave 30mg 
ergosterol peroxide (eluted with 25% EtOAc-CH2Cl2). ‘H 
NMR analysis of the fraction eluted with 50% EtOAc- 
CH,CI, showed a mixture containing both fatty acids and 
compounds 14 (0.5% extract, 0.01% dry wt for each com- 
pound). Collections of M. fmticosa from other locations 
yielded similar results with varying mixtures of the muricins 
(14). These compounds were rechromatographed by HPLC 
on silica with 60-75% EtOAc-isooctane. Reverse p&e (Crs) 
HPLC usinx 90-95% MeOH-water was also emoloved to fi- 
nally sepa&te 14 from mixtures containing fatty acids. The 
compounds were eluted from silica HPLC in tbe following 
order of increasing polarity: 4-3-Z-l. 

Muricin- I, 3/3-pregna-5.2Odienyl-2’-acetamido-2’-deoxy- 
3’.4’.6’-lri-0-ocervl-B-D-aalacro~Manosi& (1). Comwund 1 
was purified by sika HPLC with-75% EtOAc’isoo&e. Com- 
pound 1 showed [a]$ = 26.3” (c = 1.6, CHCI,;; IR (CHCIs): 
3367-3546 (w). 2967.1754 (s). 1686 (s). 1462. 1374,1247,I134, 

1079. 1045. 1018 cm-‘. Field desorption mass spcctromctry 
(FDMS) gave: M + I 630 (100) (M’ 629 for CrsHrrNO& 571 
(IS) (M+-OAc), 338 (IS), 332 (IO) (M+-Cs,H~), 315 (IO), 
301 (IO) (CrtHsrO). 259 (13). Tbc absolute stereochemistry of 
the aminosugar moiety in 1 was obtained using Hudson’s rules 
of isorotation:sa-u [M]o (sugar) - AIMlo = [Ml0 saponin- 
(M]&glycone) where [M]o = [a]o x MW/lOO. For muricin- 
I. [MJo (1) = -26 x 62!NlOO = - 164. For the aglycone 5. 
lMln (9 = -44 x 3OWlOO = - 132. Therefore, AIMlo = 
i - i64) 1 ( - 132) = - 32. Since the [Ml0 of the B_r+anometic 
sugaris -6l(- I7 x 36l/lOO)and the [M]oofthea-r+anomer 
is + 325 (+!%I x 36l/lOO). the aminosugar in 1 was assigned 
as the j8-n-anomer. The corresponding [Mlo for the /k-anti- 
nosugars would have been +6l and - 325. respectively. 

Mu&in-2. 3-~pregna-5.2Odienyl-2’-acetamido-2’-deoxy- 
3’,4’-di-O-aceryl-6’-O-n-buryryl-~~-galactopyranoside(2). 
Compound 2 was purified from extracts of Mu&co fruticosa 
by silica HPLC with 70% EtOAc-isooctane. Compound 2 
showed la]&’ = - 29.7 (c = I .4, CHCI,); IR (CHCIr): 3340- 
3520 (w). 2960, 1745, 1680. 1370. 1240, 1870 cm-‘. Field de- 
somtion mass snectral measurement (FDMS): M + I 658 (100) 
&H&Q), ‘M’657 (23) (C,,Hr;NO& .367 (IO) (M’- 
Cr,H&. 283 (45) (Cr,H,,), 205 (42). I71 (12). I53 (20). Hud- 
son’s rules of isorotation were used as described above for 1 
to determine the absolute stereochemistry of the aminosugar. 
For muricin-2, [M]o = -30 x 657/lOO = - I97 and A[M]o 
= (- 197) - (- 132) = -65, close to the (M]o value of -61 
for the &o-anomeric sugar. 

Maricin - 3.3 - /? - pregM - II,20 - dieayl - 2’ - aceranddo - 2’ - deoxy - 
3’,6’-di-O-ace~l-4’-0-n-buryryl-~-o-galcto~ra~side~3~. 
Compound 3 was puriiied by silica HPLC with 65% EIOAC- 
isooctane. Compound 3 showed [a]F = -30.3” (c = 1.2, 
CHCI,); IR (CHCI3): 3350.2960.17500.1680,1520,1490.1370, 
1270.~1170, 1080[ 1040 cm-‘. FDMS: M + I 658 (20) 
fC.,HuNOo). M’ 657 (24) (C,,HI~NOP). 377 (3). 376 (42) .~_. __ .,. 
(M+-Cs,H29). 283 (37); 282 (Iti, (C;;H&; HRMS: mlz 
MO.2433 (0.4) (Calc 300.2453 for C2rHs20). 282.2344 (61.4) 
(Calc 282.2348 for C12H~), 267.2108 (26.4) (talc 267.21 I3 for 
CrlHn). For muricin-3. [M]o = -30 x 657/loO = - I97 and 
A[M]o = (- 197) - (- 132) = -65, close to the [M]n value 
of - 61 for the #I-n-anomeric sugar. 

Muricin-4,3-8-pngM-520_dicnyl-t’-afctami-2’-~- 
3’-O-acery~-4’.6’-di-O-n-buryry/-~-D-galortopyranoJide(4). 
Compound 4 was purified by silica HPLC with 70”/, EtOAc- 
isooctane. Compound 4 showed m.p. 119-121”. [a]$? = 35.8” 
(c = 0.8, CHCI,); JR (CHCI,): 3500 (w), 2980, 1740, 1680, 
1460, 1370,1300, I 160, 1090, IOSO cm-‘. ‘H NMR (MeXO- 
4): 6 7.10 [I H, d(9) (DrO exchanged)], 5.80 [I H, ddd (16, 
Il. 8)]. 5.35 (I H. bd (3.5)], 5.35 (I H. m). 5.19 [I H, dd (II. 
3.5)]. 4.96 II H, d (II)]. 4.95 [I H. d (16)], 4.89 [I H, d (8)], 
4.18 (I H. m), 4.08 (I H. m). 4.06 (I H, m). 4.02 [I H. ddd 
(II, 9, 8)]. 3.55 (I H. m). 2.40 (2 H. t (9)], 2.26 [2 H. 5 (7)], 
1.90 (3 H. s), 1.85 (3 H, s), 1.59 [2 H, m (7)], 1.48 (I H. m), 
1.0s (3 H, s), 0.98 [3 H, t (8)]. 0.91 [3 H. 5 (7)], 0.64 (3 H, 
s).“C NhIR (50 MHz, Me&D-d& 173.1 (s), 172.9 (s), 170.2 
(s) x 2. 141.5 (s), 140.3 (d, Ja = 44.7), 122.2 (d, 46.6). 115.0 
(1). 100.7 (d. 45.8). 79.8 (d. 35.0). 71.4 (d. 44.1). 71.2 (d, 37.7). 
67.5 (d. 46.9). 62.1 (1). 56.6 (d, 27). 56.1 (d, 17.6). 51.6 (d, 
38.0). 51.4 (d). 44.0 (s). 39.6 (1). 38.1 (t), 37.5 (s). 36.3 (1). 32.7 
(1). 27.8 (I), 25.4 (1). 32.1 (q, 26.0). 21.3 (0, 26.6 (q), 19.7 (q), 
19.2 (1). 18.9 (0, 13.8 (q, 20.8). 13.0 (q. 29.9) ppm. HRMS: 
M’ 685.4152 (0.1) (Calc 685.4190 for C&9NOs). 300.2455 
(2.1) (Calc 300.2453 for C2,Hs20), 2X5.2204 (1.0) (Calc 
285.2218 for C&i&) 282.2350 (48.7) (Calc 282.2345 for 
CstH&, 267.2105 (19.3) (Calc 267.2113 for C&Jn). 231.1742 
(I.81 (Calc 231.1479 for GHvO). 229.1939 (3.5) (Calc ._ __ 
229:19&i for Cr7HU). Hudson’s rules of isorotation were em- 
ployed for muricin-4: [Mjn (4) = -36 x 685/100 = -247, 
A[M]o = (-247) - (-132) = -115,closertothe]M]ovahte 
for the /3-r+anomcr (-61) than for the a-n-anomer ( + 325). 

Hyakolysis of mu&in-1. Compound 1, 24.5mg 
’ (3.9 x IO-’ mole), in 2ml EtOH was treated with I ml of 

1.0 N HCl and heated for 3 hr at 40”. The product was 
partitioned several times between CH,CI, and water and the 
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