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Revised structure of kasarin, an antibacterial pyrazinone
compound from the marine microorganism Hyphomycetes sp.
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Abstract—Kasarin is an antibacterial marine alkaloid that was isolated from the microorganism Hyphomycetes sp. Its structure was
previously reported to be an azetinone compound 1. However, detailed spectroscopic analysis of the natural compound and its
related synthetic analogs revealed that the structure of kasarin should be revised to be a novel 5-malonyloxy-1-methoxy-pyrazin-
2(1H)-one derivative 2.
� 2007 Published by Elsevier Ltd.
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In our continuing search for bioactive compounds from
marine symbiotic organisms,1 an antibacterial marine
alkaloid, kasarin, was isolated from the culture broth
of the marine bacterium Hyphomycetes sp.2 This micro-
organism has a symbiotic relationship with the zoanthid
Zoanthus sp., from which several unique compounds,
such as norzoanthamine, have been isolated.3,4 Kasarin
showed antibacterial activity against the marine bacte-
rium Rhodospirillium salexigens SCRC 113 strain
(12 mm, 0.7 mg/disc) and weak cytotoxicity against the
P388 murine leukemia cell line (IC50 = 34 lg/mL). Its
planar structure was determined to be an azetinone
compound 1.2 However, based on the present detailed
spectroscopic analysis, its structure may have to be
revised.

Kasarin has a molecular formula of C15H23N3O5, as
determined by HREIMS [m/z 325.1675 (M+), D
+0.7 mmu].5 The 1H, 13C NMR, and HSQC spectra
showed the presence of five methyl carbons including
one methoxy carbon (dC 64.1), two methylene carbons,
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two methine carbons, two olefinic carbons (dC 135.0,
134.9), and four olefinic or carbonyl carbons (dC

168.0, 166.0, 161.5, 152.0). Detailed analysis of the
2D-NMR spectra (COSY, INADEQUATE, 13C, and
15N HMBC) allowed us to construct three partial struc-
tures (Fig. 1). The phase-sensitive DQF-COSY spectrum
suggested carbon–carbon connectivities on an isopropyl
group and a sec-butyl group. The HMBC correlations
H7/C5, H7/C6, H8/C6, H10/C6, and H7/N1 suggested
connectivity between C7, C5, and N1 atoms through
C6 carbon. Although the 15N HMBC correlation
OCH3/N4 was previously described, this was reassigned
to OCH3/N1. With respect to an isopropyl group,
HMBC correlations H11/C3, H12/C3, and H11/N4 sug-
gested the connectivity of C3 to C11 carbons and N4
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Figure 1. Partial structures of kasarin based on 2D-NMR correlations.
15N chemical shifts were determined by the 15N HMBC spectrum.2

mailto:uemura@ chem3.chem.nagoya-u.ac.jp
mailto:uemura@ chem3.chem.nagoya-u.ac.jp


M. Kita et al. / Tetrahedron Letters 48 (2007) 8628–8631 8629
atom as previously mentioned. Moreover, the HMBC
correlation H11/C2 was additionally assigned. Thus, it
has been confirmed that a methoxy group is connected
to N1, and that the quaternary carbonyl carbon C2
comes in direct contact with C3.

N
O

N
OMe

O

O

NH2

O

1
proposed structure

N
N

MeO
O

O

O

NH2

O

kasarin (2)
revised structure

1 2

3

4

5
679

10

11

13

12

8

1'
2'

3'

N
O

O

N
OMe

O
O

NH2

3

1

1'

6

5
4

3 2

The characteristic methylene proton and carbon signals
ðdH20 3:55; dC20 41:1Þ and the HMBC correlations H2 0/
NH

O

H
N

5

MeO

NC

MeI, K2CO3

DMF
25%

+
N

OH

O

O

CN 4

N

N
MeO

O

OH
H
N

7

Scheme 1.

Table 1. Comparison of spectroscopic data for natural kasarin and syntheti
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Compound 13C NMR (d in CDCl3)

C2 C3 C5

Natural kasarin 152.0 161.5 134.9
8 152.0 155.4 131.5
9E c 163.3 159.9 153.7
9Z c 163.6 156.9 134.5

N.A., not applicable.
a In CHCl3.
b In EtOH.
c See Ref. 6.
C1 0 and H2 0/C3 0 indicated the presence of a malonyl
group. The structure of the primary amide moiety in
C3 0 was elucidated based on the HMBC correlations
NH2/C3 0, H2 0/NH2, and NH2/NH2. The presence of a
malonyl amide group was supported by IR (3500 and
3380 cm�1) and mass fragment ion [m/z 240
(M�C3H3NO2)+] data. The molecular formula sug-
gested that kasarin has another heterocyclic ring in addi-
tion to the three partial structures as mentioned above.
Thus, either the oxygenated pyrazinone 2 or oxazolone
3 was suggested as a proper structure of kasarin.

To compare the spectroscopic data (especially for the
quaternary carbons in the heterocyclic rings), model
compound 8 was synthesized (Scheme 1). Condensation
of oxime acid 4 and a tryptophan derivative 57a followed
by thiolate-mediated cyclization7b and the removal of the
amide protecting group afforded pyrazine 6.7c,d Methyl-
ation of 6 using an excess amount of iodomethane
(2 equiv) provided the 1-methoxy-pyrazin-2(1H)-one
derivative 7. Finally, treatment of 7 with acetyl chloride
in the presence of DMAP afforded the desired enol ace-
tate 8.8

Representative 13C NMR, IR, and UV data of pyrazi-
none 8, oxazolone derivatives 9,6 and natural kasarin
are shown in Table 1. The IR bands of the lactone
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112.4 1785, 1659 N.A.



NH3

CH2Cl2
2

N

N
MeO

O

O

10

NH20ºC, 1.5 h

selected
HMBC1 2

3

4
5

6

Scheme 2. Ammonolysis of kasarin.
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and imine moieties in both compounds 9E and 9Z were
nearly equal to those of natural kasarin. However, the
chemical shifts of the lactone moiety (C2) of oxazolones
9 (d 163.3, 163.6) differed substantially from those of the
natural compound (d 152.0). Meanwhile, all of the
chemical shifts of the quaternary carbons C2, C3, C5,
and C6 in 8 were almost identical to those of the natural
compound. Furthermore, the IR spectrum of 8 (1765,
1690, and 1664 cm�1) was nearly equal to that of the
natural compound. The IR band at 1760 cm�1 in natu-
ral kasarin can be assigned as an enol acetate moiety.
Similarly, the IR band between 1690 and 1660 cm�1

can be assigned as a pyrazinone moiety. The UV spec-
trum of 8 (mmax 330 nm) was identical to that of natural
kasarin, and was close to that of OPC-15161, a 5-meth-
oxy-2(1H)-pyrazinone 4-oxide derivative (mmax 354 nm).9

Thus, the gross structure of kasarin was revised to be a
5-malonyloxy-1-methoxy-pyrazin-2(1H)-one derivative,
as shown in 2.

To obtain further structural information, the degrada-
tion of natural kasarin (2) was carried out (Scheme 2).
Treatment of 2 with ammonia in CH2Cl2 at 0 �C gave
a mixture of several degradation products, one of which
was identified as compound 10 (�10% yield).10,11 The
degraded product 10 lost a malonyl group, whereas it
still possessed a methoxy group. The HMBC correlations
from the isopropyl group protons H11, H12, and H13,
and from the amine protons NH2 to C3 (dC 88.3) indi-
cated that one molecule of ammonia was added to the
imine carbon atom C3. Moreover, the chemical shift of
the carbon C6 in 10 was significantly shifted to a lower
field (d 176.2) compared to 2, which suggested the forma-
tion of an iminium cation moiety at C6. This result also
strongly supported the notion that kasarin has an oxy-
genated pyrazinone ring structure.

In summary, the structure of kasarin, an antibacterial
marine alkaloid from Hyphomycetes sp., was revised to
be a novel 5-malonyloxy-1-methoxy-pyrazin-2(1H)-one
derivative 2. Further biological studies on kasarin,
including an exhaustive antibacterial spectrum analysis,
are in progress. To determine its absolute stereochemis-
try, synthetic studies of kasarin are currently underway.
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