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Casearia arguta was investigated as part of the ongoing search for synergistic TRAIL
(tumor necrosis factor-a-related apoptosis-inducing ligand) sensitizers. As a result of this
study, argutins A-H, eight new highly oxygenated clerodane diterpenes were isolated from
the plant, Casearia arguta, collected in Guatemala. The modified Mosher ester method was
utilized to establish the absolute configuration of argutins A and F. Each of the argutins
showed varying levels of synergy with TRAIL. Argutin B showed the highest TRAIL
sensitization; the synergistic effect of argutin B and TRAIL together was 3-fold greater than
argutin B alone.

Tumor necrosis factor-a-related apoptosis-inducing ligand (TRAIL/Apo2L) belongs to the
tumor necrosis factor (TNF) family of cytokines that triggers apoptosis when bound to death
domain-containing transmembrane receptors, death receptors 4 and 5 (DR4, DR5).1 TRAIL
has gained interest as a promising agent for cancer therapy, as it preferentially induces
apoptosis in cancer cells, while showing little to no toxicity in normal cells.1' 2 However,
when treating with TRAIL alone, the development of resistance has been widely
documented.276 There is evidence to suggest that combination chemotherapy regimens may
be more effective than traditional cytotoxic mono-chemotherapy.’~9 Based on this
supposition, a high throughput screen was developed to identify compounds that could
sensitize tumor cells to TRAIL.2 The organic extract of the plant Casearia arguta Kunth.
(Flacourtiaceae) showed promising activity in the initial screen. Clerodane diterpenes are
prevalent in the genus Casearia and the family Flacourtiaceae, with a wide range of reported
activities, including cytotoxic, antimalarial, trypanocidal, antifungal, immunosuppressive,
and antiproliferative activity.10-24 Casearia arguta had not been reported previously for
natural products, suggesting it would be an attractive source for chemical investigation. As a
result, eight new clerodane diterpenes, with varying levels of TRAIL synergism, were
isolated from C. arguta.

“To whom correspondence should be addressed. Tel: (301) 846-1943. Fax: (301) 846-6851. mckeeta@mail.nih.gov.
Molecular Targets Laboratory

SAIC-Frederick, Inc.
Laboratory of Experimental Immunology

Supporting Information Available: 1H NMR spectra of 1-9, 1S, 1R, 9S, and 9R, 13C NMR spectra for 1-5, 9, 1S, and 1R, HSQC
NMR spectra for 6-8, 9S and 9R, and a table of assignments for 1S and 1R, 9, and 9S and 9R. This material is available free of charge
via the Internet at http://pubs.acs.org.


http://pubs.acs.org

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 2

Results and Discussion

Bioassay guided fractionation of the organic extract of C. arguta, utilizing normal phase
chromatography, size exclusion chromatography, and reversed phase HPLC resulted in the
isolation of argutins A-H (1-8).

The molecular formula for argutin A (1), C34H4g0g, was derived from NMR data and the
HRESIMS ion at m/z 607.3253 ([M+Na]*; A —1.96 ppm). 1D and 2D NMR studies were
utilized

to establish the structure of argutin A (1). Initial interpretation of the NMR data (Tables 1
and 2) indicated that argutin A (1) contained seven quaternary carbons (three carbonyl), 13
methines, eight methylenes, and six methyls. The NMR data also indicated that 1 contained
three methyl singlets (8 0.77, 1.91, 2.05), one methyl doublet (5 0.88), two oxymethines
(8 3.74, 5.46), two acetal-acyloxy methines (6 6.49, 6.68), and a trisubstituted olefin
moiety (6 5.98) attributable to the clerodane diterpenoid core prevalent in compounds
isolated from Casearia.12715' 25 COSY (H-1a/H-2; H-2/H-3; H-6/H-7; H-7b/H-8, H-10/
H-1a) and HMBC (H-1 — C-2, C10; H-2 — C-3, C-4; H-3 — C-5, C-18; H-19 — C-4, C-5,
C-6; H-6 — C-5, C-7; H-7 — C-8, C-9; Me-17 — C-8; Me-20 — C-9; H-10 — C-5, C-8)
correlations further supported the basic clerodane skeleton. A six-carbon conjugated diene
side chain, comprised of a terminal olefin (6 5.04, J = 17.3 Hz; 4.88, J = 10.8 Hz), an
olefinic methine (6 6.26, J = 17.3, 10.8 Hz), an olefinic methyl (64 1.61) and a
trisubstituted olefin (5 5.36), was also present in 1. HMBC correlations (H-11 — C-12,
C13; Me-16 — C-12, C-13, C-14; H-15 — C-13, C-14) confirmed the identity of the six-
carbon chain, while the HMBC correlation between Me-20 and C-11 supported the
placement at C-9. It was clear that 1 possessed an additional C4q diene side chain,
characterized by a Z-olefin (6 5.62, J = 11.4 Hz; 6.57, J = 11.4 Hz), an E-olefin (8 7.35, J
=15.2,11.4 Hz; 6.08, J = 15.2, 7.6, 7.1 Hz), and a triplet methyl (344 0.84, J = 6.7 Hz). The
decadienoate portion of 1, located at C-2, was supported by COSY (H-2'/H-3'; H-3'/H-4';
H-4'/H-5'; H-5'/H-6"; H-6'/H-7'; H-7'/H-8") and HMBC (H-2 — C-1’; H-2' — C-1', C-4;
H-3' - C-5; H-4' — C-6'; H-5' — C-7’, H-6' — C-7', C-8'; H-7" — C-8', C-9’; H-10' —
C-8', C-9") correlations. The 2Z,4E-decadienoate side chain was identical to that of
pitumbin, isolated previously from the seeds of C. pitumba.2>

The relative configuration of argutin A (1) was determined on the basis of the coupling
constants, ROESY data (Figure 1), and 13C NMR chemical shifts. An ROE observed
between H-12 and H-14 supported an E geometry at C-12. The large coupling constant
observed between H-6 and H-7b (J = 12.1 Hz) indicated that H-6 was axial, and an ROE
observed between H-6 and H-8 implied that H-8 was axial and Me-17 was equatorial. ROE
correlations between H-10 and Me-20; H-10 and H-12; and Me-20 and H-1b suggested that
Me-20 and H-10 (with respect to the B-ring) were equatorial, and that the A/B ring juncture
was cis. ROE correlations were observed between Me-17 and H-11a; H-11b and H-19; and
H-19 and H-7b, which indicated H-19 had a B-orientation. The allylic coupling observed
between H-3 and H-18 (J = 1.6 Hz) and the ROE correlation observed between H-18 and
H-19 suggested that H-18 also had a p-orientation. The 13C NMR chemical shift of C-2 (5¢
66.0),13: 19, 26 the narrow multiplicity of H-2 in the TH NMR spectrum, and the lack of an
ROE between H-2 and H-10 were consistent with the C-2 substituent having an a-
orientation. The modified Mosher ester method!4: 27-29 was utilized to establish the absolute
configuration of C-6 and, therefore, the rest of the molecule from the aforementioned data.
Reaction of 1 with (R)- and (S)-MTPA chloride yielded the (S)-MTPA ester (1S) and (R)-
MTPA ester (1R), respectively. The observed chemical shift differences (ASSR = 5% — 5R)
between 1S and 1R indicated that the absolute configuration of C-6 is S (Figure 2).
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Therefore, argutin A (1) was assigned as (2R,5S,6S,8R,9R,10S,18R,19S)-18,19-
diacetoxy-18,19-epoxy-2-[(2'Z,4'E)-decadienoyloxy]-6-hydroxycleroda-3,12(E),14-triene.

The molecular formula for argutin B (2), C34H4g0g was derived from NMR data and the
HRESIMS ion at m/z 607.3240 ([M+Na]*; A + 0.21 ppm). Compounds 1 and 2 were
isomeric and showed a few disparities in their 1TH NMR spectra that suggested their
substitution patterns were different. The 2D NMR data confirmed that 2 contained the 6-
carbon diene and decadienoate side chains seen in 1. Major variations between H-2 and H-6
in 1 and 2 (Table 1) suggested the decadienoate side chain in 2 was located at C-6. The C-6
location of the decadienoate portion was confirmed based on an HMBC correlation from
H-6 to C-1'. The measureable coupling constants in 1 and 2 are virtually indistinguishable
and the observed ROE correlations for 2 support argutin B (2) having the same
configuration as 1. Thus, from a biosynthetic standpoint, their absolute configurations are
the same. Therefore, argutin B (2) was assigned as (2R,5S,6S,8R,9R,10S,18R,19S)-18,19-
diacetoxy-18,19-epoxy-2-hydroxy-6-[(2'Z,4'E)-decadienoyloxy]cleroda-3,12(E),14-triene.

The molecular formula for argutin C (3), C34H4g0g, derived from the HRESIMS ion at m/z
623.3212 ([M+Na]*; A =3.69 ppm), indicated that 3 contained one oxygen atom more than 1
and 2. Comparison of the NMR data of 1 and 3 revealed that 3 contained an additional
oxymethine (8 3.54; ¢ 73.6) in place of a methylene (Tables 1 and 2). HMBC correlations
(H-7 — C-6; H-6 — C-7; Me-17 — C-7) confirmed the location of the additional hydroxy
group at C-7. The coupling constants of H-6, H-7, and H-8 could not be readily measured in
CDClj3, due to overlap, but were measurable in acetone- dg (Table 1). H-7 showed 1,2-
diaxial coupling (J = 10.7, 9.8 Hz) with H-8 and H-6, respectively. ROEs were observed
between H-7/H-19 and H-7/H-11b, which confirmed H-7 was axial. The observed ROE
correlations, coupling constants, and biosynthetic precedent supported argutin C (3) having
the same absolute configuration as 1. As a result, argutin C (3) was assigned as (2R,5S,6S,
7R,8S,9S,10S,18R,19R)-18,19-diacetoxy-18,19-epoxy-2-[(2'Z,4'E)-decadienoyloxy)-6,7-
dihydroxy]cleroda-3,12(E),14-triene.

The molecular formula for argutin D (4), C34H4809, was derived from NMR data and the
HRESIMS ion at m/z 623.3207 ([M+Na]*; A —2.63 ppm). Compounds 3 and 4 were
isomeric, and much like 1 and 2, their substitution patterns appeared to be different. Argutin
D (4) showed similarities to the substitution pattern of 2, with the addition of an oxymethine
(8 3.66; 6¢ 72.8) and loss of a methylene. HMBC correlations (H-6 — C-1'; H-7 — C-6;
H-6 — C-7; Me-17 — C-7) confirmed the C-6 location of the decadienoate moiety and the
C-7 location of the additional hydroxy group. In compound 4, H-7 also exhibited 1,2-diaxial
coupling (J = 10.7 Hz) with both H-6 and H-8. As in 3, ROEs were observed between H-7/
H-19 and H-7/H-11b, confirming that H-7 was axial. The above evidence, additional
observed ROE correlations, similar coupling constants, and biosynthetic precedent
substantiated the assignment of argutin D (4) as (2R,5S,6S,7R,8S,9S,10S,18R,19R)-18,19-
diacetoxy-18,19-epoxy-2,7-dihydroxy-6-[(2'Z,4'E)-decadienoyloxy]cleroda-3,12(E),14-
triene.

Argutin E (5), with the molecular formula, Cg4H,4g0g, derived from the HRESIMS ion at m/
7 607.3242 ([M+Na]™; A -0.16 ppm), was isomeric with 1 and 2. Compound 5 was more
similar to 1 than 2, but one of the major distinctions between 1 and 5, made apparent by the
HSQC spectra, was a methylene pair; the H-7 methylenes of 1 (34 1.69, 1.57) were very
different from the methylene pair of 5 (8 2.00, 1.44). A number of variations in the 1H

and 13C NMR chemical shifts of argutin E (5) around C-7, as compared to 1, pointed to the
hydroxy group residing at C-7 rather than C-6 (Tables 1 and 2). COSY (H-6a/H-7; H-6b/
H-7; H-7/H8) and HMBC (H-6a — C-5, C19; H-7 — C-17; Me-17 — C-7) correlations
confirmed this notion. The coupling constants of 5 were also resolved, and H-7 showed 1,2-
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diaxial coupling with both H-6b and H-8. All of these data, in addition to further coupling
constants, observed ROE correlations, and biosynthetic precedent supported the assignment
of argutin E (5) as (2R,5S,7S,8S,9S,10S,18R,19S)-18,19-diacetoxy-18,19-epoxy-2-[(2'Z,4'E)-
decadienoyloxy]-7-hydroxycleroda-3,12(E),14-triene.

The molecular formula for argutin F (6), C34H4g010, derived from the HRESIMS ion at m/z
639.3146 ([M+Na]*; A —1.10 ppm), indicated that 6 contained one oxygen atom more than 3
and 4. Initial interpretation of the NMR data (Tables 1 and 2) showed that argutin F (6)
contained seven quaternary carbons (3 carbonyl), 13 methines, nine methylenes, and five
methyls. The NMR data also indicated that the clerodane core was intact in 6 (three methyl
singlets (8 1.02, 1.97, 2.06), one methyl doublet (6 1.06), two oxymethines (8 3.72,
5.46), two acetal-acyloxy methines (8 6.41, 6.72), and a trisubstituted olefin (6 5.97). The
substitution pattern around the clerodane skeleton was most similar to 1 (C-2 decadienoate,
C-6 hydroxy), which suggested the six-carbon side chain at C-9 was oxygenated in 6. The
Cg side chain contained two terminal olefins (6 5.26, 5.16; 5.46, 5.15), and an unusual
oxymethine (8 4.73; ¢ 83.4) that suggested the presence of a hydroperoxy group. The
downfield 1H and 13C NMR shifts of the oxymethine,30-32 the lack of an additional
oxymethine signal, and a positive TLC spray test for peroxides (using N,N-dimethyl-1,4-
phenylenediammonium dichloride)33 all supported the presence of a hydroperoxy group in
6. COSY (H-12/H11a; H-12/H-11b) and HMBC correlations (H-12 — C-11, C-13, C-14,
C-16; H-14 — C-13, C-15) indicated the hydroperoxy was located at C-12, and confirmed
the identity of the 6-carbon diene side chain in argutin F (6), as drawn.

The observed ROE correlations, coupling constants, and biosynthetic precedent supported
argutin F (6) having the same relative configuration as 1 in the clerodane ring system (C-2,
C-5, C-6, C-8, C-9, C-10, C-18, C-19). In an effort to determine the absolute configuration
of C-12, the hydroperoxy functionality in argutin F (6) was reduced using Ph3P to give 9. As
with argutin A (1), the modified Mosher ester method!4 27-29 was utilized to establish the
absolute configuration of C-12. Reaction of 9 with (R)- and (S)-MTPA chloride yielded the
(S)-MTPA diester (9S) and (R)-MTPA diester (9R), respectively. The observed chemical
shift differences (A3SR = 85 — 5R) between 9S and 9R indicated that the absolute
configuration of C-12 is S (Figure 3). Additionally, the observed chemical shift differences
supported the absolute configuration of C-6 as S, as was seen in argutin A (1). Therefore,
argutin F (6) was assigned as (2R,5S,6S,8R,9R,10S,12S,18R,19S)-18,19-diacetoxy-18,19-
epoxy-2-[(2'2,4'E)-decadienoyloxy]6-hydroxy-12-hydroperoxycleroda-3,13(16),14-triene.

The molecular formula for argutin G (7), C34H48011, derived from the HRESIMS ion at m/z
655.3097 ([M+Na]*; A —1.42 ppm), revealed that 7 contained an additional oxygen atom
more than 6. When compared with the NMR data of 6 (Table 3), it was evident that 7 also
contained the allylic hydroperoxide (6 4.80; 6¢ 82.8), as well as two hydroxy groups.
COSY (H-6/H-7; H-7/H-8) and HMBC correlations (H-8 — C-7; Me-17 — C-7) confirmed
the additional hydroxy was located at C-7. The coupling constants of 7 were resolved, and
revealed 1,2-diaxial coupling between H-7 and both H-6 and H-8. The observed ROE
correlations, coupling constants, and biosynthetic precedent supported argutin G (7) having
the same absolute configuration as 6. As a result, argutin G (7) was assigned as (2R,5S,6S,
7R,8R,9R,10S,12S,18R,19S)-18,19-diacetoxy-18,19-epoxy-2-[(2'Z,4'E)-decadienoyloxy]6,7-
dihydroxy-12-hydroperoxycleroda-3,13(16),14-triene.

Argutin H (8) was isomeric with 7, with the molecular formula, C34H48011, derived from
the HRESIMS ion at m/z 655.3081 ([M+Na]*; A — 1.22 ppm). Argutin H (8) also contained
the allylic hydroperoxide, and showed similarities to the substitution pattern of 4 (C-2 and
C-7 hydroxyl, C-6 decadienoate). COSY (H-1/H-2; H-2/H-3; H-6/H-7; H-7/H-8) and
HMBC correlations (H-6 — C-7; Me-17 — C-7, C-8) confirmed the locations of the
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decadienoate and hydroxy groups. 1,2-diaxial coupling was also evident between H-6/H-7
and H-7/H-8 (Table 3) in 8. Following the pattern of the other argutins, taking into account
the observed ROE correlations and coupling constants, argutin H (8) was assigned as (2R,
55,6S,7R,8R,9R,10S,12S,18R,19S)-18,19-diacetoxy-18,19-epoxy-2,7-dihydroxy-6-[(2'Z,
4'E)-decadienoyloxy]-12-hydroperoxycleroda-3,13(16),14-triene.

All of the compounds described herein fall into the “synergistic/toxic” category described
previously.2 All have some toxicity alone, but synergize with TRAIL to kill cells (greater
than an additive effect in combination). In this regard, the argutins are more potent in the
presence of TRAIL than in its absence. ACHN cells are not sensitive to recombinant TRAIL
ligand at concentrations of up to 10 ug/mL, but they can be sensitized with pre-exposure to
certain chemical sensitizers (e.g. the proteasome inhibitor bortezomib).2 The TRAIL activity
of argutins A-H (1-8) is outlined in Table 4. Argutin B (2) showed the highest degree of
TRAIL sensitization of the argutins; the synergistic effect of 2 and TRAIL together was 3-
fold greater than 2 alone. Argutin H (8) showed the lowest synergistic effect, with the effect
of 8 and TRAIL combined being only 1.3 times greater than that of 8 alone. The C-9 side
chain, containing a hydroperoxide and two terminal olefin moieties, present in argutins F-H
(7-9) negatively affects potency and synergy; argutins A (1), C (3), and D (4) have higher
synergistic effects and potencies than argutins F (6), G (7), and H (8). The position of the
decadienoate appears to affect potency in ACHN cells; argutins with the decadienoate at C-2
(1, 3, and 7) are more potent (2-5.4x) than comparable argutins with the decadienoate at C-6
(2, 4, and 8). The relationship between the decadienoate position and synergy is harder to
define; argutin B (2) has a higher synergistic effect than argutin A (1), but argutins D (4) and
G (7) both have lower synergistic effects than argutins C (3) and H (8), respectively. An
additional hydroxy group at C-7 makes the synergistic effect lower; argutins A (1) and B (2)
have higher synergistic effects than argutins C (3) and D, respectively. A hydroxy group at
C-7 rather than C-6 also negatively affects synergy and potency; argutin A (1) has a higher
synergistic effect and potency than argutin E (5).

Pitumbin is the only other clerodane diterpene that contains the 2Z,4E-decadienoate side
chain seen in argutins A-H (1-8).25 However, corymbulosin A contains a 2Z,4Z-
decadienoate moiety, and there are several examples of clerodane diterpenes with decanoate
groups.12: 26, 34-36 The hydroperoxide-containing side chain present in argutins F-H (6-8)
has never been reported, but the reduced form of the side chain, with a hydroxy group at
C-12, is present in casearlucins H-K,13 and caseamembrol B.37

Experimental Section

General Experimental Procedures

Optical rotations were measured on a Perkin-Elmer 241 polarimeter. UV spectra were
acquired in spectroscopy grade MeOH using a Varian Cary 50 UV-Vis spectrophotometer.
NMR data were collected using a Bruker Avance 111 600 (*H 600 MHz, 13C 150 MHz)
NMR spectrometer (Bruker Biospin) with a 3-mm PATXI probe, referenced to residual
solvent (8 7.24, d¢ 77.24 for CDCl3). MS spectra were measured with an Agilent
Technologies 6510 Q-TOF LC-MS and an Applied Biosystems, Inc. QSTAR XL hybrid
triple-quad time-of-flight (QqTOF) mass spectrometer. Initial purification was performed on
Diol SPE cartridges (Applied Separations) and Sephadex LH-20 resin (Amersham
Biosciences). HPLC was performed on a Rainin SD-1/UV-1 system.

Plant Material

The leaves of C. arguta Kunth. (Flacourtiaceae) were collected near Puerto Barrios, 1zabal,
Guatemala (March 21, 1988) by N. Marshall of the New York Botanical Gardens under
contract to the National Cancer Institute. The plant was identified by N. Trushell, and a
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voucher specimen (collection number Q65V430) is maintained at the New York Botanical
Gardens.

Extraction and Isolation

The leaves of C. arguta (0.91 kg) were extracted successively with DCM/MeOH (1:1) and
MeOH.38 The combined extracts were reduced to dryness in vacuo to give 85.05 g of crude
extract. A portion of this extract (0.7 g) was separated by six Diol SPE cartridges (2 g resin
each), and the equivalent fractions were combined to give five fractions; Fraction A = 9:1
hexanes/DCM, Fraction B = 20:1 DCM/EtOAc, Fraction C = EtOAc, Fraction D =5:1
EtOAc/MeOH, Fraction E = MeOH. Size exclusion chromatography of the active fraction B
on Sephadex LH-20 (2.5 x 90 cm) using hexanes/DCM/MeOH (2:5:1) yielded eight
fractions (102A-102H). Fraction 102E was chromatographed on Cqg (3.0 x 35 c¢m) using a
step gradient of 70% CH3CN/H,0 (+ 0.1% AcOH) to 100% CH3CN in 5 % steps, to yield
argutin E (1.5 mg) and 10 other fractions (104B-104K). Fractions 104C and 104D were
purified by HPLC using a Rainin Dynamax Cyg column (250 x 10 mm) employing a
gradient of 78% CH3CN/22% H,0 (+0.1% AcOH) to 100% CH3CN at 4.5 mL/min over 15
min, followed by 7 min of 100% CH3CN to yield argutins A (12.0 mg), B (6.1 mg), D (2.5
mg), and F (2.1 mg). Fraction 104B was purified by HPLC utilizing the same method to
yield argutin C (12.6 mg), as well as fraction 83B. Fraction 83B was further purified by
HPLC using a Rainin Dynamax C4g column (250 x 10 mm) employing a gradient of 75%
CH3CN/25% H,0 (+0.1% AcOH) to 100% CH3CN at 4.5 mL/min over 15 min to yield
argutins G (0.9 mg) and H (0.7 mg).

The biological activity of the extract, chromatographic fraction, or pure compound was
monitored using the screening assay described previously.2 Briefly, ACHN cell numbers
were assessed after 20-24h treatment with varying concentrations of extract, fraction, or
pure compound in the absence or presence of 40 ng/mL TRAIL.

Argutin A (1): [0]%5p +11.8 (¢ 0.20, MeOH); UV (MeOH) Amay (log €) 265 (4.31) 233
(4.42) 205 (4.20) nm; IH NMR and 13C NMR data, see Table 1 and 2; HRESIMS m/z
607.3253 [M+Na]* (calcd for Cz4Hsg0gNa, 607.3241).

Argutin B (2): [0]%°p +9.8 (¢ 0.20, MeOH); UV (MeOH) Amay (log €) 267 (3.70) 232 (3.75)
205 (3.49) nm; 1H NMR and 13C NMR data, see Table 1 and 2; HRESIMS m/z 607.3240 [M
+Na]* (calcd for Ca4H4g0gNa, 607.3241).

Argutin C (3): [a]%°p +25.5 (¢ 0.20, MeOH); UV (MeOH) Anax (109 €) 265 (4.26) 232
(4.40) 205 (4.08) nm; IH NMR and 13C NMR data, see Table 1 and 2; HRESIMS m/z
623.3212 [M+Na]* (calcd for Cg4H4g09Na, 623.3191).

Argutin D (4): [0]%5p +10.0 (¢ 0.10, MeOH); UV (MeOH) Amay (log €) 266 (3.57) 232
(3.65) 205 (3.58) nm; IH NMR and 13C NMR data, see Table 1 and 2; HRESIMS m/z
623.3207 [M+Na]* (calcd for Cz4Hsg09Na, 623.3191).

Argutin E (5): [0]%°p +6.7 (¢ 0.20, MeOH); UV (MeOH) Amay (log €) 265 (3.77) 232 (3.90)
204 (3.75) nm; 1H NMR and 13C NMR data, see Table 1 and 2; HRESIMS m/z 607.3242 [M
+Na]* (calcd for Ca4H4g0gNa, 607.3241).

Argutin F (6): [0]%p +15.0 (c 0.20, MeOH); UV (MeOH) Amax (10g £) 265 (4.00) 226

(3.87) 206 (3.96) nm; IH NMR and 13C NMR data, see Table 3; HRESIMS m/z 639.3146
[M+Na]* (calcd for C34H4g019Na, 639.3140).
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Argutin G (7): [a]?°p +21.7 (¢ 0.20, MeOH); UV (MeOH) Amax (log €) 265 (4.15) 225
(4.00) 204 (4.12) nm; IH NMR and 13C NMR data, see Table 3; HRESIMS m/z 655.3097
[M+Na]* (calcd for C34H4g011Na, 655.3089).

Argutin H (8): [0]%°p +13.3 (¢ 0.10, MeOH):; UV (MeOH) Amax (l0g €) 265 (3.78) 226
(3.39) 204 (3.50) nm; IH NMR and 13C NMR data, see Table 3; HRESIMS m/z 655.3081
[M+Na]* (calcd for C34H48011Na, 655.3089).

MTPA Esterification of Argutin A (1)

DMAP (cat.) and (R)-MTPA chloride (3 pL, 16 umol) were added to a solution of 1 (1.2

mg, 2.1 umol) in anhydrous pyridine (200 pL), which was allowed to stir under N, at room
temperature overnight. The solution was dried, concentrated in vacuo, and purified by HPLC
(C1g, 250 x 10 mm) using a gradient of 50% CH3CN/50% H,0 (+0.1% AcOH) to 100%
CH5CN at 4.5 mL/min over 27 min to yield the (S)-MTPA ester 1S (1.5 mg, 91%). IH NMR
and 13C NMR data, see Supplemental Table 1; HRESIMS m/z 823.3653 [M+Na]* (calcd for
Cy4Hs5F3010Na, 823.3640).

Another aliquot of 1 (1.2 mg, 2.1 umol) was treated with (S)-MTPA chloride, following the
procedure outlined above, to give the (R)-MTPA ester 1R (1.4 mg, 85%). 1H NMR and 13C
NMR data, see Supplemental Table 1; HRESIMS m/z 823.3662 [M+Na]* (calcd for
Cy4Hs55F3019Na, 823.3640).

Reduction of Argutin F (6)

PPh3 (1.84 mg, 7.0 umol) was added to a solution of 6 (1.0 mg, 1.6 umol) in anhydrous
DCM (500 pL), which was allowed to stir under N5 at room temperature overnight. The
solution was dried, concentrated in vacuo, and purified by HPLC (C1g, 250 x 10 mm) using
a gradient of 78% CH3CN/22% H,0 (+0.1% AcOH) to 100% CH3CN at 4.5 mL/min over
15 min to yield 9 (0.8 mg, 82%). 1H NMR and 13C NMR data, see Supplemental Table 2;
LRESIMS m/z 623.5 [M+Na]*.

MTPA Esterification of Deoxoargutin F (9)

DMAP (cat.) and (R)-MTPA chloride (3 pL, 16 umol) were added to a solution of 9 (0.4

mg, 0.7 umol) in anhydrous pyridine (200 pL), which was allowed to stir under N, at room
temperature overnight. The solution was dried, concentrated in vacuo, and purified by HPLC
(C18, 250 x 10 mm) using a gradient of 78% CH3CN/22% H,0 (+0.1% AcOH) to 100%
CH3CN at 4.5 mL/min over 15 min, followed by 7 min of 100% CH3CN to yield the (S)-
MTPA ester 9S (0.6 mg, 87%). H NMR and 13C NMR data, see Supplemental Table 3;
HRESIMS m/z 1055.3993 [M+Na]* (calcd for Cg4HgoFsO13Na, 1055.3987).

Another aliquot of 9 (0.4 mg, 0.7 umol) was treated with (S)-MTPA chloride, following the
procedure outlined above, to give the (R)-MTPA ester 9R (0.5 mg, 72%). 1H NMR and 13C
NMR data, see Supplemental Table 3; HRESIMS m/z 1055.3950 [M+Na]* (calcd for
Cs4HgoFgO13Na, 1055.3987).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Key ROE correlations supporting the configuration of argutin A (1).
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Figure 2.
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Table 4

Biological Effect of Argutins A-H (1-8) with and without TRAIL

Compound

ECso W/ TRAIL (uM)

ECso W/o TRAIL (uM)

Synergistic Effect®

argutin A (1)
argutin B (2)
argutin C (3)
argutin D (4)
argutin E (5)
argutin F (6)
argutin G (7)
argutin H (8)

24
4.6
1.6
8.7
2.2
7.1
2.8

9.8b

5.4
13.8
31
143
3.3
10.4
4.2

12.6b

2.3
3.0
1.9
1.6
15
15
15
13

aSynergistic effect is defined as the ratio of the two half-maximal (EC50) values obtained from cell killing curves.
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ECs0 is estimated. Argutin H contains impurities and was isolated in small quantities; further purification would have resulted in loss of material.
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