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ABSTRACT

citrinadin A (1)

A novel pentacyclic alkaloid, citrinadin A (1), was isolated from the cultured broth of the fungus Penicillium citrinum, which was separated
from a marine red alga, and the structure was elucidated by spectroscopic data. The relative stereochemistry of the pentacyclic core was
assigned on the basis of NOESY data and *H-H coupling constants, and the presence of an N,N-dimethyl-L-valine residue in 1 was determined
by chiral HPLC analysis of the hydrolysate.

Marine-derived fungi have proven to be a rich source of
structurally unique and biologically active secondary me-
tabolites! In our search for new metabolites from marine-
derived fung® a novel pentacyclic spiroindolinone alkaloid,
citrinadin A (1), with anN,N-dimethylvaline residue and an
a,B-epoxy carbonyl unit, was isolated from the cultured broth was extracted witm-BuOH. Then-BuOH-soluble portions
of a fungusPenicillium citrinum which was separated from  were subjected to LH-20 and Si©olumn chromatographies
a marine red alga. In this paper, we describe the isolationto afford the bis-salt of citrinadin A1} 6.5 mg, 0.0015%,
and structure elucidation df. wet weight).

The fungus Penicillium citrinum (strain N-059) was
separated from the red aldectinotrichia fragilis collected

at Hedo Cape, Okinawa Island, and grown in PYG liquid
medium containing seawater for 14 days at Z5 The

mycerium (435 g) of the culture broth (12 L) was extracted
with MeOH. The extract was partitioned between hexane
and 90% aqueous MeOH, and the MeOH-soluble portion
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The bis-salt of citrinadin A {1, [0]*% —17° (c 0.4,
MeOH)} showed the pseudomolecular ion peakrdr 625
in the FABMS, and the molecular formula was revealed to
be GsHs,0sN4 by HRFABMS [m/z 625.3964, (M+ H)*,



I  82.13,67.90, 61.72, 60.42, and 51.00), sikmethines (&

Table 1. 1H and3C NMR Data of the Bis-Salt of Citrinadin A 71.38, 68.92, 64.06, 56.12, 47.48, and 28.35), fivé sp

(1) in CDCh methylene (¢ 51.31, 41.52, 33.34, 32.70, and 31.35), and
— 10 methyls (¢ 43.14, 38.34, 30.57, 27.96, 24.31, 21.93,
position S m On m, Hz 21.37, 19.47, 18.62, and 15.21). Because six out of 12
1 9.64 s unsaturations were accounted ftwas inferred to contain
2 184.89 s six rings.
3 60.42 s 1 . )
3a 13452 < The 'H NMR (Tablell) spectrum included five ;D-
4 133.30 d 766 d.7.4 exchangeable proton signals;(d2.68, 11.27, 9.64, 5.38,
5 122.49 d 719 t,7.7 and 2.75) due to NH and/or OH groups. Opbg (1.27, NH-
6 127.64 d 7.78 d, 8.0 11) of two low-field D,O-exchangeable resonances showed
7 117.52 s cross-peaks to H-10®y 3.81), H-12 (¢ 3.69), and H-16
7a 142.67 s (0w 4.07) in the'H—'H COSY spectrum, whereas the other
8 452t 220 s (04 12.68, NH-1) correlated with a methiné{(3.77, H-2")
fo gzg‘l) ; @ 326 q114 and twoN-methyl signals &y 2.99, H-7'; oy 2.94, H-8')
' ® 381 mo in the '"H-'H COSY and the TOCSY spectra. These
1 1127 brs observations suggested that the two resonances were at-
12 56.12 d 3.69 m tributed to ammonium NH signals at N-11 and N-Bhe
13 32.70 t (o) 1.88 brd, 16.0 IH-1H COSY, TOCSY, and HSQC spectra revealed four
® 3.47 m connectivities from C-4 to C-6, from C-10 to C-17 and C-27
14 68.92 d 5.43 brs through N-11, from NH-25 to C-26, and from C# C-8'
15 33.34 t (@) 2.00 brd, 14.6 through N-3'and C-2'(Figure 1). The existence of a 1,2,3-
6)) 3.13 brt, 13.8
16 47.48 d 4.07 m
17 31.35 t (@) 1.80 brd, 12.0
®) 217 brt, 12.0
18 82.13 s
18-OH 5.38 brs
19 51.00 s
20 194.84 s
21 64.06 d 4.05 s
22 61.72 s
23 24.31 q 1.60° s 1
24 18.62 q 1.37° s — 'H-'HCOSY & TOCSY —> HMBC
25 2.75 br
26 3057 q 2.50b s Figure 1. Selected 2D NMR correlations for citrinadin A)(
27 15.21 q 1.590 d, 6.4
28 21.93 q 1.020 s
29 27.96 q 1.37° s trisubstituted benzene ring was indicated by HMBC correla-
L 166.72 s tions for H-4 (& 7.66)/C-3, H-4/C-7a (§142.67), H-5 (&
. s d o g'rf'7 7.19)/C-3a (¢ 134.52), H-5/C-7 (8 117.52), and H-6 (¢
& 28.35 d 240 m 7.78)/C-7a. HMBC correlations were observed for NH3 (
5 19.47 q 1.07 d 65 9.64)/C-2 ¢c 184.89), NH-1/C-3 ¢c 60.42), NH-1/C-3a,
6' 21.37 q 1.350 d, 6.5 NH-1/C-7a, and H-4/C-3, suggesting thhtpossessed an
7 38.34 q 2.99b brs indolinone ring (C-1—C-7a). The presence of 2,3-epoxy-3-
8 43.14 q 2.94° brs methyl-1-oxobutyl side chain (C-20—C-24) at C-7 was
aoH.b3H. deduced from HMBC correlations for H-7/C-204294.84),

H-21 (o4 4.05)/C-20, H-23 (o4 1.60)/C-21 (¢ 64.06), H-
23/C-22 (& 61.72), H-24 (0 1.37)/C-21, and k24/C-22.
—0.1 mmu]. The IR spectrum suggested the presence of OHAH NMR data of this G unit in 1 were similar to those of
NH (3401 cnt?) and carbonyl group(s) (1710 and 1671 the corresponding part of hopeyhopihong-range H-C
cm1). The UV absorption at 335 nm @L00) was attributed couplings for H-10a(0n 3.26)/C-9 (¢ 67.90), H-100/C-18

to a conjugated benzenoid chromophore. THe NMR (0c 82.13), and H-173 (On 2.17)/C-9 suggested the presence
(Table 1) spectrum disclosed the existence of three carbonylsof a quinolizidine ring system (N-11 and G-€-18). HMBC

((Sc 194.84, 184.89, and 16672), threé gpaternary carbons correlations for a BO-exchangeable proton (OH-18) &

(6c 142.64, 134.52, and 117.52), thre€” spethines (¢ 5.38 to C-17 and C-18 indicated that a hydroxyl group was
133.30, 127.64, and 122.49), five’spaternary carbons ¢0  attached to C-18. It was revealed that lemimethylamino
group (N-25—C-26) was connected to C-9 since an HMBC

(3) Bis-salt of citrinadin A (1): colorless oil; UV (MeOHMmax 335 (e
3100), 265 (sh.), 249 (9600), 230 (sh.), and 224 (9000); IR (meatB401,
2930, 1710, 1671, and 1602 ctnFABMS mVz 625 (M + H)*; HRFABMS (4) Dominguez, X. A.; Cano, G.; Luna, I.; Dieck, Rhytochemistry
m/z625.3964 [(M+ H)", calcd for GsHs30sN4, 625.3965]. 1977,16, 1096.
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correlation was observed forzt26 (Oy 2.50)/C-9. In the
HMBC spectrum, a singlet proton signal & 2.20 (2H,
H>-8) showed correlations to C-9, C-18, and C-289%1.00),
and both of two singlet methyl signals &t 1.02 (H:-28)
and 1.37 (H-29) were correlated to C-18 and C-19, sug-
gesting the presence of a cyclopeblglinolizidine moiety
(N-11, C-3, and C-8—C-19). HMBC correlations for-8/
C-3, H,-8/C-3a, and K29/C-3 indicated that the cyclopenta-
[b]quinolizidine moiety and the indolinone ring were con-

Hs-27. Because ROESY correlations were observed for
H-104/H-12, H-15/H-170, and H-11/Hs-28, H-10b, H-12,
H-15a, and H-17a were considered to have equatorial
orientations. The broad singlet pattern of H-14 suggested that
the oxygen atom at C-14 wasaxially oriented. Therefore,
the relative configuration of the cyclopenéquinolizidine
moiety in1 was elucidated to be anti/syn/anti and chair forms
for two six-membered rings. On the other hand, it was
difficult to elucidate unambiguously the relative configuration

nected to each other through the spiro carbon (C-3). The of the epoxide ring at C-21—C-22.

presence of aN,N-dimethylvaline residue was deduced from
the HMBC correlation for H-2C-1' (6c 166.72). The'*C
chemical shift at C-1were close to those of th#él,N-
dimethylvaline ester in 14N,N-dimethyl+-valyloxy)paspali-
nine rather than those of thé\,N-dimethylvalinamide
terminus in dolastatin 19indicating thatl possessed &ax,N-
dimethylvaline ester. The relatively low-field chemical shift
of H-14 (0n 5.43) suggested that the,N-dimethylvaline
residue was attached to C-14 via an ester linkgdgis was
supported by high-field shift of H-14 by hydrolysis of the
N,N-dimethylvalyl ester (vide infra).] Therefore, the gross
structure of citrinadin A was concluded to ke

The absolute configuration at C4& the N,N-dimethylva-
line residue was determined on the basis of chiral HPLC
analysis of the hydrolysate of citrinadin A){ Hydrolysis
of 1 with 1 N aqueous HCI afforded 1 mol oN,N-
dimethylvaline. TheN,N-dimethylvaline residue was identi-
fied asL-form by chiral HPLC analysis using authentie
andL-N,N-dimethylvaliné.

Citrinadin A (1) is a novel pentacyclic spiroindolinone
alkaloid with anN,N-dimethylvaline ester and an3-epoxy
carbonyl unit. There are only two prior reports of the natural
occurrence of th&l,N-dimethylvaline residue describeed in
14-(NN-dimethyl+ -valyloxy)paspalineand dolastatingwhich

The relative stereochemistry of the pentacyclic core of were isolated from fungi and sea hares, respectively.
citrinadin A (1) was elucidated on the basis of ROESY data Although several spiroindolinone alkaloids such as brevi-

and'H—H coupling constants (Figure 2). ROESY correla-

Figure 2. Relative stereochemistry for the pentacylic ring core of
citrinadin A (1).

tions for H-4/H-26 and H-4/H-29 indicated that one (C-
29) of two methyl groups at C-19, the C-&8-3a bond, and
the methylamino group (C-25C-26) weres-oriented. Axial
orientations for thegs-protons at C-13, C-15, and C-17 were
implied from ROESY correlations for H-B3H-153, H-155/
H-173, and H-1B/Hs-29 and proton signal patterns for
H-154 (brt, J = 13.8 Hz) and H-17 (brt, J = 12.0 Hz). On
the other hand, ROESY correlations for HellBls-27,
H-100/OH-18, H-16/0OH-18, H-16/k27, and OH-18/k28
suggested:-axial orientations for H-1€, H-16, OH-18, and

(5) Staub, G. M.; Gloer, K. B.; Gloer, J. Betrahedron Lett1993,34,
2569—2572.

(6) Pettit, G. R.; Kamano, Y.; Herald, C. L.; Tuinman, A. A.; Boettner,
F. E.; Kizu, H.; Schmidt, J. M.; Baczynsky, J. L.; Tomer, K. B.; Bontems,
R. J.J. Am. Chem. S0d.987,109, 6883—6885.

(7) The corresponding proton of the 2-dihydro form of myrtine resonated
atoy 3.99 in CDC4. Solsse, P.; Hootéle€€. Tetrahedronl 981,37, 4287—
4292.
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anamide$,paraherquamidé8marcfortines; sclerotamidé?

and asperparalifd have been isolated from fungi of the
generaPenicillium or Aspergillus, the pentacylcic skeleton
such adl is unique. Citrinadin A (1) exhibited cytotoxicity
against murine leukemia L1210 and human epidermoid
carcinoma KB cells (16 6.2 and 1Qug/mL, respectively).
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