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In the course of our continuing search for novel anti-

microbial agents,1,2) we have isolated a new antibacterial

compound Sch 575948 (1) along with a known alkaloid

ptilomycalin A (2) from a marine sponge Ptilocaulis
spiculifer (or Crambe crambe). Sch 575948 was identified

as a bicyclic bis-guanidine type of alkaloid, a homolog of

crambescin A (or crambine A (3)), identified as a major

component of the homolog complex.3,4)

Several compounds with biological activity have been

discovered from extract of P. spiculifer and related

sponges.3,5) The biological activities were found to be

derived from a guanidine family of alkaloids. Many of

these alkaloids possess unique structures. These polycyclic-

guanidine type alkaloids, isolated from related sponges,
could be represented by the following compounds:

ptilomycalin A, ptilocaulin,6) crambescidins, bazel-
ladines,7) and crambescins A, B,4) C1 and C2.8) Among

them, ptilomycalin A, a pentacyclic guanidine alkaloid,

possesses potent antitumor, antiviral, and antifungal
activities.9) Its analog, crambescidin 816, has been

discovered as a potent calcium channel blocker.5) These

guanidine-type alkaloids with a wide range of biological
activity, including anti-HIV properties, have drawn a lot of

research interest in the biological and synthetic areas.10)

Crude sponge sample (-20g) was ground and extracted

with ethanol.11) The dried organic extract (710mg) was

fractionated on a CG161 column (-200ml) to generate 100

fractions by eluting with an aqueous methanol step-wise

gradient solution (10%, 20%, 30%, 40%, 60%, 80%, and
100%), followed by elution with methanol-EtOAc. Two

pure compounds, 1 (0.9mg) and 2 (2.6mg), were obtained

in fractions 14 and 81, respectively.

Mass spectral data and the detailed NMR analysis

identified 2 as ptilomycalin A, which had been isolated

previously from the same species.9)
The structure of 1 was determined based on extensive

NMR and HRMS analyses.12) From the high-resolution

ESI-MS, the molecular formula of 1 was established as

C18H32N6O2 (found m/z 365.2665; calcd. m/z 365.2659 for

[M+H]+). The high number of nitrogen atoms and the
history of this marine sponge, P. spiculifer, indicated the

existence of guanidine functionalities. Proton signals in 1H

NMR can be interpreted and assigned to their attached

carbons by HSQC analysis. The connectivities of

protonated fragments were determined primarily by
HSQC-TOCSY data (Table 1). Thus three fragments A, B,

and C were established (Figure 1). In the fragment A, a

nitrogen and an oxygen atoms were attached to C-2 (δ

40.2) and C-5 (δ 63.5), respectively, based on their carbon

chemical shifts. In the HMBC spectrum, H2-5 (δ 4.11) and

C-6 (δ 164.3) long-range correlation indicated an ester

group adjacent to C-5. Since the rest of the hetero-atoms
were all nitrogen atoms, C-2 was assigned adjacent to a

guanidine group on the basis of a long-range correlation of
H2-2 (δ 3.13) to C-1 (δ 156.9), which had no correlations

with any other protons.

In the fragment B, C-11 was connected to a nitrogen

atom due to the downfield carbon chemical shift (δ 47.8).

Long-range correlations of H2-9 (δ 2.88 and 3.15) and H-

13 (δ 4.28) to C-7 (δ 100.8) and C-8 (δ 151.5) allowed us

to assign the double bond position between C-9 (δ 30.6)

and C-13 (δ 49.0), which was adjacent to a nitrogen atom

and connected to the fragment C. The downfield chemical

shift of olefin C-8 (δ 151.5) indicated the attachment of a

nitrogen atom. At this point, the only unassigned carbon C-

12 (δ 151.1) could only be identified as a guanidine group

connecting N-8 and N-13, cyclizing a 6-member ring.

Hence, the fragment A with an ester group can only be

located to quaternary olefin C-7 (δ 100.8). With an

additional degree of unsaturation, fragment B should be

cyclized to fbrm a 5-member ring with N-8 nitrogen. This

was supported by the evidence of the unegivalence of α and

β methylene proton resonances of H2-9, H2-10, and H2-11

observed in the NMR spectrum due to a rigid formation of

a five-membered ring fused with a six-membered ring

carbon skeleton.

The identified structure 1 is a new member of

crambescin A (3) class of compounds with a shorter alkyl
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side chain. Crambescin A (3) and its homologs, n=9-12,

have been identified previously but were not isolated in

pure form based on the literature.3)
The stereochemistry at C-13 position could not be

defined by NMR methods. Determination of the chiral

center at C-13 position was not pursued due to the limited

amount of compound available.

Compound 1 exhibited antibacterial activity against a

super sensitive strain of Staphylococcus aureus. This super

sensitive strain is a genetically engineered S. aureus

(RN4220) with the knockout gene of the NorA efflux pump
which is a member of the major facilitator superfamily. The

resistance markers were inserted to this strain for MLS 

(macrolides, lincosamides, streptogramins), aminoglyco-
sides, tetracyclines, chloramphenicol, and β-lactams.

Therefore, the microorganisms only producing these known

classes of antibiotics would be excluded due to the inserted

resistance genes during the primary screening. The

inhibition zones of 13, 15, and 18mm in diameter, were

observed at 25, 50, and 100μg of 1 impregnated on the

paper disc (8mm), respectively, in an agar diffusion assay.

The standard disc with gentamicin (10μg) showed a 16mm

inhibition zone. Compound 1 did not show antifungal

Table 1. NMR spectral data for compound
Sch 575948 (1) in DMSO-d6.

δ in ppm; J in Hz

Sch575948 (1)

Ptilomycarin (2)

Crambescin A or crambine A (3)
major homolog, n=10
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activity at 60μg in a disc agar assay against Saccharomyces

cerevisiae. IC50 values were not obtained due to the limited

amount of isolated material. Ptilomycalin A (2) showed

antifungal activity with inhibition zones, 10, 11, 12, and

13mm, in a disc agar diffusion assay against S. cerevisiae

at 10, 20, 40, and 80μg, respectively.
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Fig. 1. Fragments A, B, and C determined by
HSQC-TOCSY.

Fig. 2. Key HMBC correlations of 1.

→ Correlations observed in HMBC (H to C)

⇔ Correlations from both directions
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