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Abstract: Three new a-glucosidase inhibitors, schulzeines A—C (1—3), were isolated from the marine
sponge Penares schulzei. Their structures were elucidated by spectral analysis and chemical degradations
to be the isoquinoline alkaloids, encompassing two amino acids, and Cyg fatty acid, the last of which was
sulfated. Absolute stereochemistry of schulzeines was determined by application of the modified Mosher
analysis to fragments obtained by chemical degradation. Schulzeines A—C inhibit a-glucosidase with ICsq
values of 48—170 nM.

Introduction

a-Glucosidases not only process protein glycosylation, which
is involved in a wide range of biological processes, including
promotion of protein folding in the endoplasmic reticulum and
stabilization of cell-surface glycoproteins, but also control
oligosaccharide metabolism. Thus, inhibitorseflucosidases
are potential therapeutics for the treatment of such diseases as N
viral diseases, cancer, and diabétesin fact, imino sugars, OH N
inhibitors of these enzymes, showed considerable promise in H
the treatment of type B hepatitis, while a nojirimycin analogue 2
has been approved for the treatment of noninsulin-dependent |,
diabetes. In the course of our continuing search for potential
drug leads from Japanese marine invertebrates, we have
previously reported isolation of penarolide sulfatesafid Ay,
novel sulfated macrolides encompassing a proline residue, as OSO3Na
o-glucosidase inhibitors from a marine spongenaressp? 3
Subsequently, we found potemiglucosidase-inhibitory activity HO
in the hydrophilic extract of the marine sporigenares schulzei
and bioassay-guided isolation afforded three new tetrahydroiso-
quinoline alkaloids named schulzeines-& (1—3). Here, we
report the isolation, structure elucidation, and biological activity
of these new metabolites.
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(1) Part 122 of the Bioactive Marine Metabolites series. Part 121: Nishimura, Results and Discussion
S.; Matsunaga, S.; Shibazaki, M.; Suzuki, K.; Furihata, K.; van Soest, R.

W. M.; Fusetani, N.Org. Lett 2003 5, 225&2257. i
(2) Braun, C.; Brayer, G. D.; Withers, S. G.Biol. Chem1995 270, 26778~ The combined MeOH, EtOH',and acetone extracts of the
26781. _ frozen sponge (600 g, wet weight) were concentrated and
® I’i"e?thtféé’*é?égnigﬂgvz”-; Rudd, P. M.; Block, T. M.; Dwek, R. REBS partitioned between $0 and CHC}. The aqueous layer was
(4) Dwek, R. A.; Butters, T. D.; Platt, F. M.; Zitzmann, Nat. Re.. Drug further extracted witm-BuOH; then-BuOH layer was separated
Discavery 2002 1, 65—75. e
(5) Nakao, Y.; Maki, T.; Matsunaga, S.; van Soest, R. W.; Fusetani, N. by ODS flash chromatography, ODS MPLC’ and repetitive
Tetrahedron200Q 56, 8977-8987. reversed-phase HPLC to afford schulzeines@\(1—3).
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Table 1. 'H and *3C NMR Chemical Shift of Schulzeine A (1) in exchangeable proton (3-NH) led to connectivities of 3-NH
CD3OH and B (2) in CDsOD C-3-C-2—C-1—-C-11b, the last methine (C-11b) linked to a
schulzeine A (1) schulzeine B (2) nitrogen atom. The second spin system consisted of an ethylene
H 1 H ¢ unit (C-6 and C-7) flanked by a nitrogen atom and an aromatic
1a 1.3¢ 20.3 1.39 29.0 carbon, which was readily inferred from thid and3C NMR
13 3.06 (dg, 11.9, 3.5) 2.55 (m) chemical shift values (Table 1). The third spin system was a
20 2.10 (m) 283 155(m) 26.0  pair of metacoupled aromatic protons (H-8 and H-10); the UV
T e c1g 22o(m 405 absorption at 284 nme(1390) and*C NMR chemical shift
3-NH 8.21(d, 8.1) values were consistent withnaetadihydroxylated benzene ring.
4 170.4 171.8 HMBC data not only advocated this assignment but also
gg g:g (dt 12.3,2.3) 40.6 4'26722 m) 40.4 connected the spin systems described above; HMBC cross-peaks
7o 2.69 (dt: 23, E|_5:4) 309 2.60 (dt, 2.5,12.3) 305 H-7/C-7a, C-8, and C-1la and H-8/C-l1la connected the
78 2.52 (dt, 15.4, 2.3) 2.71 (m) nitrogenous ethyl unit to C-7a, while those between H-6/C-11b
7a 138.4 1384 and H-11b/C-11a were consistent with the presence of a
8 6.07 (d, 2.3) 107.5 6.11(d, 2.3) 107.3 ) o . .
9 157.6 157.9 tetrahydroisoquinoline substructure. The chemical shift values
10 6.17 (d, 2.3) 102.2 6.18(d, 2.3) 101.9 of C-9 (0 157.6) and C-11§ 156.6) placed hydroxyl groups at
1 156.6 156.1 these carbons. Further HMBC correlations, H-6/C-4 and H-3/
ﬂ‘;‘ ATP 15175.68 4.84(dd, 11.1, 3.8) 11551'96 C-4, aII(_)wed the_formation of an amide bond between N-5 and
1 176.0 176.1 C-4 which was in turn connected to C-3 on the basis of an
2 2.22 (dt, 4.2,7.5) 37.0 2.27(dt, 2.0,7.7) 37.0 HMBC cross-peak, H-3/C-4, thus indicating that the tetrahy-
2:_11, i-;l (m) 32533-7 lléfl (m) 35)6-8 droisoquinoline unit was fused with &-lactam. Additional
12 140 (m) 258 1.40 m) 25.9 HMBC cross-peaks, 3-NH/C-&nd H-2'/C-1', together with
13 1.71 (m) 353 1.72(m) 35.4 HOHAHA data, demonstrated the attachment of an acyl group
1.62 (m) 1.62 (m) to 3-NH. Analysis of!H—'H coupling constants and ROESY
ig‘: ‘1‘:32 Eg:)lo'& 6.5) 3811.61 1‘_‘9353(51?)" 10.4,6.2) 35_#2 data est.ablished the cpnformation of the tricyclic porti.on gnd
1.71 (m) 1.70 (m) the relative stereochemistry at C-3 and C-11b as shown in Figure
16 1.94 (m) 25.4  1.94 (m) 25.8 1B.
1.60 (m) 1.59 (m) Substructureb contains three oxymethine groups and a
g, 2:;2 Eggi?fgg 4,2.5) 7797'?5 44%54 38:8 secondary methyl group. Downfield shifts of the proton and
19 1.59 (m) 36.8 1.74 (m) 29.8 carbon signals of the oxymethines indicated that they were all
1.40 (m) 1.54 (m) sulfated, which was in agreement with the molecular formula.
gg ﬂg Emg gg'g i'g gg The connectivities within this unit were substantiated by analysis
1.30 (m) R of COSY, HOHAHA, and HSQC data. The C-2@ethine
22-26 1.3 300 1F 30 proton, which was coupled to a doublet methyl signal, was also
27 1.28 (m) 23.6 1.28(m) 23.7  correlated with two pairs of methylene protons in the COSY
28 0.87 (t, 6.9) 143 0.87(t, 7.1) 14.4

spectrum. One of the methylene pairs{t9) was correlated
with H-18, which was in turn coupled with another oxymethine
a—e Signals overlapped with each othefeinterpretation of the co- (H-17); H-17 was correlated with the third oximethine (H-
occurring signals was conducted with the data in pyridige- 14)) via two methylenes in HOHAHA data. Substructere/as
a terminaln-propyl group. 2D NMR data implied that substruc-
4 - ture b was accommodated in the middle of a long acyl group
Nag established on the basis of NMR and HRFABMS data. The hich was terminated at substructure while the carbonyl
presence of the sulfate group was evident fro_m fr_agment I0NS mojety, the other terminus of the alkyl chain, was formed by
atm'z 97 (HSQ™) and 80 (S@) in the negative ion mode 5 gmide linkage with 3-NH of substructuee The location
FABMS, which was supported by an IR band at 1223°€m  an4 orientation of substructurb in the alkyl chain was
Initial analysis of NMR data indicated the presence of tWo yatermined by analysis of FAB-MS/MS data 4fone of the
carbonyl carbonsdc 176.0 and 170.4), six aromatic carbons, methanolysis products df® Prominent fragment ions observed
two of which were protonatedj( 6.17 and 6.07pc 157.6, at vz 475, 505, 533, 563, 593, 607, and 635 permitted us to
156.6, 138.4, 115.8, 107.5, and 102.2), a nitrogenous methylengyeermine the positions of hydroxyl and methyl groups (Figure
(0n 4.79 and 2.62) 40.6), two nitrogenous methine&(4.77 10).
and 4.28;0c 57.0 and 51.9), three oxygenated methings ( In addition to4, methanolysis of afforded5, 6, and7, which
4.84, 4.70, and 4.3%c 81.1, 79.8, and 77.5), a methylene ,rqqe from cleavage of the amide bond in the side chain (Scheme
envelope ¢u 1.30-1.20), a secondary methyby 0.93), a 1). Relative stereochemistry at C-35mwas unaltered from that
terminal methyl ¢ 0.87), and an exchangeable proton 8.21) of 1 as shown by 1D NOE difference experiments; irradiation
(Table 1). of H-3 enhanced H-d (6 1.39) and H-2 (6 2.10) signals, while

Inter.pretatlon of 2D NMR dafagave rise to substructures . adiation of H-11b enhanced H810 3.06) and H-B (6 1.93)
a—c (Figure 1A). Substructura was composed of three proton
spin systems; interpretation of COSY data starting from the (7) Scott, A. I. Interpretation of Ultraiolet Spectra of Natural Products

! Pergamon Press: Oxford, 1964.
(8) While the structure ol or 2 was confirmed by extensive analysis of 2D
(6) 1D and 2D NMR spectra including COSY, HOHAHA, ROESY, HSQC, NMR data except for the location of substructirrén the side chain, the
and HMBC were obtained in G®D, CD;OH, and pyridineds (see structural assignment dfwas carried out by FAB-MS data, which was in
Supporting Information). full agreement with FAB-MS/MS data.

29 0.93 (d, 6.5) 19.4

Schulzeine A1) had a molecular formula of ZHegN2016S3-
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Figure 1. (A) Partial structures of schulzeine A)( (B) Key ROESY cross-peaks dfin CsDsN. (C) FAB-MS/MS analysis o#.

signals. The absolute stereochemistry at C-3 was determinedpossible to assign the relative stereochemistry of this compound
by application of the Mosher analy$t&® Compoundb was first by interpretation of NMR data. Fortuitously, carbon chemical
converted to trisiR)-MTPA (o-methoxye-trifluoromethylphe- shift values of the C-140 C-18 in 7 coincided well with those
nylacetic acid) and tris§)-MTPA derivatives, which were then  of a synthetic compount, which had 14R*, 17'St, 18'S*-
saponificated to afford theR|-MTPA and §-MTPA amides  stereochemistry and differed significantly from those of three
(8 and 9, respectively) (Figure 2A). The distribution @6 other diastereomeric compouridMosher analysis of estab-
values indicated theSconfiguration. Thus, the absolute con-  |ished the 18&-configuration, thereby assigning 'R 17S
figuration of C-11b waRR ** ~ stereochemistry (Figure 2C). The 'Rdconfiguration contra-
Compound5 was found to have the structure of the acyl unit  icteq the assignment B which can be explained because the

in 1 as analyzed by NMR and FABMS data. By taking ;cina| sulfate groups ofl were hydrolyzed faster and the
advantage of the presence of a vicinal diobjrthe configuration liberated hydroxyl group on C-1Tinderwent an § reaction
of C-14 was determlned_ by Mosher analyﬁsThe friol 6 was with C-14 which still retained a sulfate group, resulting in
converted to the 1/18-O-isopropylidene derivativé0followed inversion of the C-14stereochemistry. To determine the ster-
by MTPA esterifications to afford thésj- and §)-MTPA esters . . ’ )

. . . eochemistry at C-20 schulzeine A ) was desulfated with
(11 and12, respectively). Théransrelationship for H-17and TSOHS follgwed b IC\)laIQ oxidation :;)nd NaBH reduction to
18 in 12 was determined by ROESY data; cross-peaks were ftord 16. which y tod o theRLMTPA est
observed between one acetonide methyl.34) and H-17and '?’horlH l\lll\;vRIC was CO”;/le; ed to X ! ehs er Q.?f). )
betlween another acetonide methyll(32) and H-18 Analysis (SeMTPA andSRp)e;\:/tI[IEJFTA Zster\gﬁioio(gp;rrieﬂ:;tlopseent?angle
of 'H NMR data of the MTPA estersl{ and12) led to the } - s > il 3
14 Sconfiguration (Figure 2b). Compoundhad a molecular (18and19, respectively), which disclosed the'3&onfiguration
weight that was 18 mass units smaller than th& deshielded - - - — .
carbon chemical shift values for C-1dnd C-17, which were 14 sFﬂéthtso’- \S(iE%ur&S?gh&; ?{hHKn?dSaa{h:i'; ,’Q‘tﬁé‘rﬁkg’hgr-;n*(gﬁﬁ‘fgnéir K
obtained by an HMQC experiment, suggested the formation of 22, 1175°1184. T ' ' '

i i 15) 13C NMR data for model compounds corresponding to C-2 to C-5 and
an ether linkage between these carbons. However, it was not! C-1" were as follows$ Inconsistency of chemical shifts for CXlahd C-18

between7 and the 14R*, 17'St, 18'S* isomer may be due tg (Ad —2.5)

(9) Kusumi, T.; Fukushima, T.; Ohtani, |.; Kakisawa, Hetrahedron Lett. ando (+0.3) effects by a methyl substitute at C-204R*, 17'S, 18'S*
1991 32, 2939-2942. isomer p 79.3 (C-14), 32.4 (C-15), 28.4 (C-16), 81.9 (C-17), 74.2 (C-
(10) Seco, J. M.; Latypov, Sh. K.; Qlag, E.; Riguera, RJ. Org. Chem1997, 18)], 14's, 17'S, 18'S* isomer [0 79.9 (C-14), 31.4 (C-15), 27.8 (C-
62, 7569-7574. 16), 82.2 (C-17), 74.5 (C-18)], 14R*, 17'St, 18'R* isomer [0 80.2 (C-
(11) This assignment was consistent with the CD spectrufh) which gave a 14), 32.3 (C-15), 25.0 (C-16), 81.5 (C-17), 72.0 (C-18)], 14 R*, 17'R*,
positive Cotton effect at 270 nm. The CD spectra of this class of compounds 18R* isomer [0 79.6 (C-14), 31.4 (C-15), 23.9 (C-16), 82.1 (C-17), 71.6
are dependent on the conformation of the central six-membered ring; our (C-18)1.
analysis of the conformation df and its CD spectrum was in agreement  (16) Singh, S. BTetrahedron Lett200Q 41, 6973-6976.
with a closely related compourfdl in ref 12. (17) Eguchi, T.; Kobayashi, K.; Uekusa, H.; Ohashi, Y.; Mizoue, K.; Mat-
(12) Snatzke, GAngew. Chem., Int. Ed. Endgl979 18, 363-377. sushima, Y.; Kakinuma, KOrg. Lett.2002 4, 3383-3386.
(13) Othani, I.; Kusumi, T.; Kashman, Y.; Kakisawa, Bl. Am. Chem. Soc (18) Oikawa, H.; Matsuda, |.; Kagawa, T.; Ichikawa, A.; Kohmoto, K.
1991, 113 4092-4096. Tetrahedron1994 50, 13347-13368.
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Scheme 1 @
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aReagents and conditions: (a) (§){ or (R-MTPACI, Py, (ii) 2 N NaOH, 90% aqueous MeOH; (b) (i) 2,2-dimethoxypropane, PPTS, MeOHSYii) (
or (R-MTPACI, DCM/py (1:1); (c) §- or (R-MTPACI, DCM/py (1:1); (d)p-TsOH, MeOH; (e) (i) Nal@, MeOH, and then NaBH (ii) (9- or (R)-
MTPACI, DCM/py (1:1).
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Figure 2. (A) The distribution ofA¢ values for the MTPA amide 0. MMHJL“WWMM
— T A
4.5 4.4 4

(B) The distribution of Ao values for the MTPA ester 06. (C) The
distribution of Ad values for the MTPA ester of.

T T
4.2 4.1
Figure 3. Comparison of proton signals for,H among (A) §-MTPA

. . . ester of §-3-methyl-pentanol18), (B) (R)-MTPA ester of §)-3-methyl-
(Figure 3). Therefore, the stereochemistry of the acyl moiety pentanolS))LQ), and {C’)) R)-MTP],(A)eéte)ri?.) ® y

was determined to be 18 17S, 18S, 20S

Schulzeine B 2) had a molecular formula smaller than that doublet. Interpretation of 2D NMR data @ and FAB-MS/
of 1 by a CH unit. TheH NMR spectrum of2 was almost MS analysis of a desulfation produ2®d led to a gross structure
superimposable on that dfexcept for the absence of the methyl which was the 26desmethyl derivative ot.8 '"H NMR data
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Figure 4. (A) Key ROESY cross-peaks @fin CsDsN. (B) The distribution
of Ao values for the MTPA amide of9.

revealed significant differences in chemical shifts for the fused
o-lactam portion betweed and 2. The ROESY correlations
between H-3 and H« and between H-11b and Hx2in 2
indicated that H-3 and H-11b were on the same face of the six-
membered ring (Figure 4A). The stereochemistry2ofvas
determined by the same strategy usedlfo¥lethanolysis o
afforded fragment®1—23, which were converted to MTPA
derivatives. NMR analysis of these derivatives led $BLES,

14'S, 17S and 18S-stereochemistry fop.°

HO
N__O
11b
OH S
NH;
21
o] OH
MeO 9 14' o1g 5
OH OH
22
(¢} OH
0.,
MeO g r 18 5
23

The molecular formula of schulzeine @)(was identical to
that of 2. NMR data of the tricyclic part were superimposable
to those ofl, while those of the fatty acid portion were
indistinguishable from those @& FAB MS/MS analyses of the
desulfated product indicated that the planar structur@ wés
identical to that o2. Therefore3 is an epimer oR at C11b%°

Schulzeines AC inhibited a-glucosidase with 16 values
of 48—170 nM. It should be noted that desulfated schulzeines
A and B still retained activity (16 values of 2.5 and 1.&M,

Schulzeines encompass the 9,11-dihydroxyisoquinoline con-
stellation which is reminiscent of imbricatine4)?1:22 and
fuscusine 25),22 both isolated from starfishes. The most notable
structural difference of schulzeines from these metabolites is
the presence of a long alkyl chain whose central portion was
functionalized with three sulfate groups. Therefore, schulzeines
are a new class of marine natural products.

N HO

N

NMe NH,

NH

OH

HN® NH,

25

24

Biogenetically, schulzeines are likely derived from phenyl-
alanine (or tyrosine)L-glutamic acid, and g fatty acid.
Condensation of two amino acids after decarboxylation or
reduction is proposed for the biosynthetic route to terrestrial
isoguinoline alkaloidg# Intramolecular lactamization followed
by amide bond formation may lead to schulzeines. It is
interesting to speculate the true producers of these novel
alkaloids.

Experimental Section

General Procedure.*H, 3C NMR, and all 2D NMR spectra were
recorded on a JEOL A600 NMR spectrometer at 315 Kifand 308
K for 2. *H and**C NMR chemical shifts were referenced to the solvent
peaks: oy 4.78 for D,O, oy 3.30 anddc 49.0 for CROD, oy 7.24 and
Oc 77.0 for CDC4, o 7.19 anddc 123.3 for GDsN. Optical rotation
was measured on a JASCO DIP-1000 digital polarimeter in MeOH.
FAB mass spectra were obtained on a JEOL MS-700T tandem mass
spectrometer using either triethanolaminenitrobenzyl alcohol, or
glycerol as the matrix. Negative mode HR-FABMS spectra were
obtained at a resolution of 5000 using PEG 1000 sulfate as a marker.
IR spectra were recorded on a JASCO FT/IR-5300 spectrometer. CD
spectra were recorded in MeOH using a JASCO J-820 spectropola-
rimeter.

Animal Material. The sponge was collected by hand using SCUBA
at depths of 1520 m off Hachijo-kojima Island, 300 km south of
Tokyo, was immediately frozen, and was kept frozer-a0 °C until
processed. The sponge was identifiedPasares schulzdihiele (order
Astrophorida, class Ancorinidae). A voucher specimen (ZMA POR
16998) was deposited at the Zoological Museum, University of
Amsterdam.

Isolation and Purification of Schulzeines A-C. The frozen sponge
(600 g) was homogenized and extracted with MeOH, EtOH, and
acetone. The combined extracts were partitioned betwegh ahd
CHCls, and the aqueous layer was further extracted WiBuOH. The
n-BuOH layer was separated by ODS flash chromatography with
aqgueous MeOH. The 70% MeOH eluate was separated by ODS MPLC

reSpeCtiVQ'y). Thus, the detergent—like nature of the SChUlzeineS(50 x 1000 mm) using a stepwise gradient from 45% to 50% MeCN

may not be important for the activity, although it contributes to
the activity to some extent. Schulzeines were also inhibitory
against viral neuraminidase with 4¢values of 6QuM.

(19) The 11ls-configuration was consistent with the CD spectruna#12
(20) Because of a limited amount &, its degradation studies were not
performed.

containing 0.2 M NaCIl@ The active 45% MeCN fractions were

(21) Burgoyne, D. L.; Miao, S.; Pathirana, C.; Andersen, RCan. J. Chem.
1991, 69, 20—-27.

(22) Ohba, M.; Nishimura, Y.; Kato, Y.; Fujii, Tletrahedronl999 55, 4999-
5016.

(23) Kong, F.; Harper, M. K.; Faulkner, D. Nat. Prod. Lett1992 1, 71-74.

(24) Samanani, N.; Facchini, P.J. Biol. Chem2002 277, 33878-33883.
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purified by reversed-phase HPLC (Develosib@G5; 20 x 250 mm)
with MeCN/PrOH/HO (25:10:65) containing 0.2 M NaCl@o afford
schulzeines AL, 40 mg, 6.7x 10-3% based on wet weight) and B,(

25 mg, 4.2x 10% based on wet weight). Schulzeine & (.8 mg,

3.0 x 107%% based on wet weight) was finally obtained by reversed-
phase HPLC (Phenomenex LUNA«FPHENYL-HEXYL; 10 x 250
mm) with MeCN/PrOH/HO (25:10:65) containing 0.2 M NaClO

Schulzeine A (1):white powder; §t]?% +40° (c 0.10, MeOH); IR
(film) vmax 3584, 2924, 2852, 1631, 1548, 1464, 1361, 1222, 1103,
949, 839, 625 cmt; UV (MeOH) Amax 209 nm € 27 500), 284 (1390);
CD Ae (MeOH) —(220 nm),+(240 nm),+(270 nm);*H NMR data,
see Table 1; HR-FABMS$1/z 999.3608 (M— Na) [CaHeoN2016S5-

N& (A +0.3 mmu)]. HMBC correlations (CiDH) H-1a/C-3, 11a,
11b; HIp/C-2, 3, 11b; H-2/C-1, 4, 11b; H-B/C-1, 3, 11b; H-3/C-2,
4, 1; H-6a/C-4, 7, 11b; H-B/C-4, 7; H-7/6, 7a, 8; H-B/ C-6, 7a, 8,
11a; H-8/C-7, 9, 10, 11a; H-10/C-8, 9, 11, 11a; H11b/C-1, 7a, 11a;
H-2'/C-1, 3, 4; H-3/C-1, 2, 4; H-12/C-11, 13; H-13/C-12, 14,
H-14/C-12, 13, 15, 16; H-15/C-13, 14, 16, 17; H-16/C-15, 17,
H-17/C-18, 16, 18, 19; H-18/16, 17, 19, 20; H-19/C-17, 18,
20, 21, 29; H-21/C-20, 22; H-27/C-26, 28; H-28/C-26, 27; H-29/
C-19, 20, 21'; ROESY (GDsN) H-1a/H-18, 3; H-18/H-2a,, 28; H-20/
H-24, 3; H-26/H-11b; H-6/H-64, 7o, 76; H-70/H-8; H-75/H-8; H-2/
H-3'; H-20/H-29.

Schulzeine B (2):white powder; §]?% —23° (¢ 0.10, MeOH); IR
(film) vmax 3584, 2924, 2852, 1631, 1548, 1467, 1365, 1221, 1099,
937, 839, 625 cmt; UV (MeOH) Amax 209 nm € 20 800), 281 (1500);
CD Ae (MeOH) —(225 nm),—(270 nm);*H NMR data, see Table 1;
HR-FABMS m/z 985.3477 (M— Na)~ [CaiHeN:0165N& (A +2.9
mmu)]. HMBC correlations (CBOH) H-1a/C-3, 11a, 11b; HA/C-2,

3, 11b; H-21/C-3, 4, 11b; H-B/C-3, 4, 11b; H-3/C-2, 4,'1H-6a/C-
4,7, 11b; H-®/C-4, 7, 7a; H-®/6, 7a, 8, 11a; H3/ C-6, 7a, 8, 11a;
H-8/C-7, 9, 10, 11a; H-10/C-8, 9, 11, 11a; H11b/C-1, 2, 7a, 11, 11a;
H-2'/C-1, 3, 4; H-3/C-1, 2, 4; H-12/C-11; H-13/C-12, 14; H-14/
C-18, 16; H-15/C-13, 14, 16, 17; H-16/C-17; H-17/C-16, 18,

19; H-18/16, 17, 19; H-19/C-17, 18, 20; H-27/C-286, 28; H-28/
C-26, 27; ROESY (GDsN) H-la/H-1f, 3, 11b; H-2uH-23, 3,
11b; H-3/H-11b; H-&/H-6p, 7a, 7f; H-70/H-8; H-75/H-8; H-19/H-

20.

Schulzeine C (3):white powder; §]*% +33° (c 0.10, MeOH); IR
(film) vmax 3584, 2924, 2852, 1612, 1548, 1464, 1363, 1224, 1101,
951, 839 cm?; UV (MeOH) Amax 209 nm € 27 800), 284 (1500)H
NMR (CDsOD) ¢ 6.18 (d, 2.3, H-10), 6.08 (d, 2.3, H-8), 4.80 (H-6),
4.78 (H-11b), 4.67 (H-19, 4.66 (H-17), 4.35 (q, 5.76, H-13, 4.26
(dt, 11.9, 7.3, H-3), 3.06 (dq, 13.5, 3.5, H-1a), 2.70 (dt, 15.0, 2.3, H-7a),
2.62 (dt, 12.3, 2.3, H-6b), 2.52 (dt, 15.0, 2.3, H-7b), 2.22 (dt, 4.2, 7.5,
H-2), 2.09 (m, H-2a), 1.97 (m, H-18), 1.95 (m, H-1%), 1.93 (m,
H-2b), 1.75 (m, H-1%), 1.72 (m, H-1%), 1.71 (m, H-1%), 1.65 (m,
H-13b), 1.61 (m, H-3), 1.60 (m, H-16b), 1.54 (m, H-1%), 1.42 (m,
H-20), 1.38 (m, H-4b), 1.3 (H-3—H-12, H-21'—H-27), 0.87 (t, 7.1,
H-28); 13C chemical shifts (HMQC) 107.6 (C-8), 102.2 (C-10), 81.3
(C-14), 80.0 (C-17), 80.0 (C-18), 57.1 (C-11b), 52.0 (C-3), 40.7 (C-
6), 37.1 (C-2), 35.4 (C-13), 31.8 (C-15), 31.0 (C-7), 29.4 (C-1), 28.3
(C-2), 26.7 (C-3), 25.8 (C-12), 25.7 (C-16), 23.9 (C-27), 14.4(C-
28). HR-FABMS mvz 985.3426 (M — Na) [CaiHe7N2016S:Na
(A —2.2 mmu)].

Methanolysis of 1.A 10 mg portion of1 was dissolved in 5 N
HCI/MeOH (1:4), the solution was heated at 1T for 1 h, and the
reaction mixture was cooled and dried in a stream p§&&. The residue

6: 'H NMR (CDsOD) 6 3.63 (OMe), 3.51 (H-14, 3.50 (H-18),
3.32 (H-17), 2.30 (H-2), 1.70 (H-16a), 1.68 (H-1%), 1.68 (H-20),
1.59 (H-3), 1.50 (H-1%), 1.41 (H-1%), 1.40 (H-1@0), 1.16 (H-1%),
1.30-1.20 (H-4—H-12, H-21—H-27), 0.89 (H-29), 0.89 (H-28);
FABMS (NBA) m/z 501 (M + H)*, 523 (M + Na)".

7:'H NMR (CDCl) 6 3.85 (H-14), 3.75 (H-17), 3.63 (OMe), 3.34
(H-18), 2.28 (H-2), 1.99 (H-1%a), 1.93 (H-16a), 1.73 (H-20, 1.58
(H-3'), 1.56 (H-13a), 1.55 (H-16&0), 1.47 (H-1%), 1.41 (H-1%), 1.38
(H-13b), 0.98 (H-1%), 0.88 (H-29), 0.85 (H-28); *C NMR ¢ 82.5
(C-17), 79.3 (C-14), 72.0 (C-18), 51.4 (OMe), 40.6 (C-19, 35.7 (C-
13), 34.2 (C-2), 32.4 (C-15), 29.0 (C-20), 28.5 (C-16), 25.0 (C-3),
19.0 (C-29), 14.0 (C-28); FABMS (NBA) m/z 483 (M + H)*, 505
(M + Na).

Preparation of (R)- and (S)-MTPA Amides of 5 (8 and 9). A
half portion of5 was treated with®-MTPACI in pyridine (50uL) at
room temperature for 1 h, and the reaction mixture was partitioned
between HO and CHC} to give tris-R)-MTPA derivative, which was
saponified wih 2 N NaOH in MeOH/HO (9:1) for 1 h. The reaction
mixture was desalted with GL-Pak PLS-2 and purified by RP-HPLC
(Develosil C30UG-5; 10x 250 mm) with aqueous MeOH to afford
(R-MTPA amide8. The §-MTPA amide9 was prepared in the same
way.

8: IH NMR (CDsOD) 6 7.64, 7.44, 6.19 (H-8), 6.13 (H-10), 4.81
(H-5), 4.79 (H-13a), 4.34 (H-2), 3.44 (OMe), 3.09 (H-4a), 2.70 (H-
13b), 2.64 (H-12a), 2.54 (H-12b), 2.08 (H-3a), 2.04 (H-3b), 1.41 (H-
4b); FABMS m/z 465 (M + H)*.

9: IH NMR (CDs;OD) 6 7.64, 7.42, 6.19 (H-8), 6.13 (H-10), 4.79
(H-13a), 4.78 (H-5), 4.34 (H-2), 3.44 (OMe), 3.06 (H-4a), 2.71 (H-
13b), 2.64 (H-12a), 2.54 (H-12b), 2.07 (H-3a), 1.94 (H-3b), 1.39 (H-
4b); FABMS m/z 465 (M + H)*.

Preparation of the Acetonide 10 from 6.The mixture of 0.9 mg
of 6, 2,2-dimethoxypropane (1 mL), and PPTS (pyridiniyoa
toluenesulfonate) (cat.) in GBI, (2 mL) was stirred at OC for 1 h,
and the reaction mixture was dried in a stream efgs. The residue
was purified on silica gel with CHGIto yield the acetonidé&O.

10: H NMR (CsDsN) 6 3.92 (H-14), 3.92 (H-18), 3.81 (H-17),
3.61 (OMe), 2.32 (H-2, 2.18 (H-16a), 2.07 (H-1%), 1.85 (H-20),
1.83 (H-13b), 1.83 (H-16h), 1.66 (H-1%), 1.61 (H-3), 1.50 (3H, Me),
1.50 (3H, Me), 1.29 (H-19), 1.30-1.20 (H-4 to H-12, H-21 to
H-27), 0.95 (H-29), 0.84 (H-28); FABMS m/z 541 (M + H)*.

Preparation of (R)- and (S)-MTPA Ester of the Acetonide 10
(11 and 12).A half portion of the acetonid&0 was treated with)-
MTPACI in CH,Cl,/pyridine (1:1, 10QuL), and the reaction mixture
was partitioned between B and CHCI, (2 mL x 3). The organic
layer was purified by RP-HPLC (Cosmosil &ARII; 10 x 250 mm)
with aqueous MeOH to afford th&}-MTPA esterll The ©)-MTPA
esterl2 was prepared in the same way.

11:*H NMR (CDsOD) ¢ 7.42, 7.30, 5.12 (H-1¥ 3.64 (OMe), 3.57
(H-18), 3.54 (OMe), 3.42 (H-17, 2.30 (H-2), 1.82 (H-16a), 1.61
(H-20), 1.59 (H-15%a), 1.45 (H-1%), 1.59 (H-3), 1.31 (6H, Me), 1.39
(H-15b), 1.31 (H-16b), 1.30-1.20 (H-4b to H-12, H-21' to H-27),
1.08 (H-19b), 0.89 (H-29), 0.89 (H-28); FABMS m/z 779 (M+ Na)".

12: NMR (CDsOD) 6 7.42, 7.28, 5.14 (H-1%, 3.66 (H-18), 3.64
(OMe), 3.54, (OMe), 3.51 (H-1Y, 2.30 (H-2), 1.86 (H-16a), 1.70
(H-15a), 1.63 (H-20, 1.60 (H-15b), 1.49 (H-16b), 1.51 (H-1%),
1.59 (H-3), 1.34 (3H, Me), 1.32 (3H, Me), 1.19 (H-19, 1.30-1.20
(H-4' to H-12, H-21' to H-27), 0.89 (H-29), 0.89 (H-28); FABMS

was separated by ODS flash chromatography with 20%, 60%, and 100%mz 779 (M + Na)'.

MeOH containing 0.1% TFA, followed by reversed-phase HPLC with
aqueous MeOH containing 0.1% TFA to affofd5, 6, and7.

5: 'H NMR (D20) 6 6.25 (d, 2.3), 6.24 (d, 2.3), 4.78 (dd, 10.5, 1.4,
H-11b), 4.56 (dd, 8.8, 2.7, H-6a), 3.94 (dd, 12.7, 6.6, H-3), 3.06 (ddd,
14.2, 7.3, 3.5, H-1a), 2.66 (m, H-6b), 2.66 (m, H-7a), 2.56 (m, H-7b),

2.25 (m, H-2a), 1.92 (ddd, 13.4, 12.3, 2.7, H-2b), 1.42 (ddd, 13.9, 11.5,

2.7, H-1b); FABMS (NBA)mz 249 (M + H)*.
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Preparation of (R)- and (S)-MTPA Ester of 7 (13 and 14).A
half portion of7 was treated with®-MTPACI in CH.Cl,/pyridine (1:
1, 100uL), and the reaction mixture was partitioned betwee@dnd
CHCI, (2 mL x 3). The organic layer was purified by RP-HPLC
(Cosmosil 5Gg ARII; 10 x 250 mm) with aqueous MeOH to yield
(R)-MTPA esterl3. The ©-MTPA esterl4 was prepared in the same
way.
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13: NMR (CDsOD) 6 7.41, 7.30, 5.16 (H-18 3.95 (H-17), 3.78
(H-14), 3.64 (OMe), 3.54 (OMe), 2.30 (HR 1.97 (H-16a), 1.88 (H-
15a), 1.72 (H-1%), 1.59 (H-3), 1.52 (H-16b), 1.46 (H-20), 1.38 (H-
15b), 1.27 (H-1%), 1.30-1.20 (H-4 to H-12, H-21 to H-27), 0.93
(H-29), 0.89 (H-28); FABMS m/z 483 (M + H)*.

14: NMR (CD;OD) ¢ 7.39, 7.30, 5.15 (H-1§ 3.96 (H-17), 3.89
(H-14), 3.64 (OMe), 3.54 (OMe), 2.30 (HR 2.05 (H-16a), 2.03 (H-
15a), 1.59 (H-16b), 1.59 (H-3), 1.53 (H-1%), 1.48 (H-1%), 1.30-
1.20 (H-4 to H-12, H-21 to H-27), 1.11 (H-20), 0.89 (H-28), 0.87
(H-19b), 0.84 (H-29); FABMS m/z 483 (M + H)*.

Preparation of (+)-MTPA Ester of 3-Methyl-1-undecanol 17.A
2.0 mg portion ofl was desulfated witlp-TsOH (cat.) in MeOH (2
mL) at room temperature for 1 h. After neutralization with 10%
NaHCGQ;, the reaction mixture was desalted on GL-Pak PLS-2. The
triol 15 was treated with Nal@(cat.) in 75% MeOH/HO at room
temperature for 1 h, followed by reduction with NaBf0 mg), and
the reaction mixture was quenched with LWDOH and extracted with
CH_CI; to afford 3-methyl-1-undecan&b, which was treated withg}-
(+)-MTPACI in CH.Cly/pyridine (1:1, 10QuL). The reaction mixture
was partitioned between;B and CHCI,, and the organic phase was
purified by RP-HPLC (Cosmosil 56ARIl; 10 x 250 mm) with
aqueous MeOH to afford théx[-(+)-MTPA esterl7.

17: *H NMR (CD;0D) 6 7.48, 7.44, 4.44 (H-1), 3.52 (OMe), 1.69
(H-3), 1.46 (H-2a), 1.281.24 (H-5 to H-10), 1.24 (H-4a), 1.12 (H-
4b), 0.89 (H-11), 0.87 (H-12); FABMS (NBA)z 403 (M + H)*.

Preparation of (R)-(+)- and (S)-(—)-MTPA Ester of (S)-3-Methyl-
1-pentanol 18 and 19.The commercially available§-3-methyl-1-
pentanol was converted tB)-(+)- and §-(—)-MTPA esters following
the same procedure used for the preparatioh7of

Methanolysis of 2.A 10 mg portion of2 was hydrolyzed with 5 N
HCI/MeOH (1:4). Following the same procedure for the methanolysis
of 1, compound<0, 21, 22, and23 were prepared.

21: *H NMR (D;0) 6 6.26 (d, 2.3), 6.25 (d, 2.3), 4.72 (dd, 11.5,
3.9, H-11b), 4.41 (dt, 11.7, 3.5, H-6a), 4.10 (dd, 10.7, 7.3, H-3), 2.34

(m, H-1a), 2.71 (m, H-7a), 2.63 (m, H-6b), 2.63 (H-7b), 2.34 (m, H-1a),
2.34 (m, H-2a), 1.66 (m, H-2b), 1.41 (m, H-1b); FABMS (NBA)z
249 (M + H)*.

23: 'H NMR (CDCl) 6 3.84 (H-14), 3.75 (H-17), 3.64 (OMe),
3.34 (H-18), 2.28 (H-2), 1.99 (H-1%a), 1.93 (H-16), 1.58 (H-160),
1.58 (H-3), 1.56 (H-13a), 1.48 (H-20), 1.48 (H-15b), 1.38 (H-12),
1.35 (H-19), 0.85 (H-28); *3C NMR ¢ 82.0 (C-17), 79.3 (C-14), 74.2
(C-18), 51.4 (OMe), 35.7 (C-13 34.1 (C-2), 33.3 (C-19), 32.5 (C-
15), 28.5 (C-16), 25.8 (C-20), 25.0 (C-3), 14.0 (C-28); FABMS
(NBA) m/z 469 (M + H)*, 491 (M + Na)'.

Enzyme Inhibition Assay. a-Glucosidase inhibition assay was
performed according to the method of Cannell et>akith a slight
modification. To the mixture ofr-glucosidase (Sigma Type V from
Yeast, G0660, 9QquL: 5.0 x 1072 unit/mL in 0.1 M potassium
phosphate including 3.2 mM Mgg&lpH 6.8) and a sample (2L in
MeOH) was addeg-nitrophenylo-b-glucopyranoside (9@L: 5.0 x
102 mg/mL in the same buffer as described above), and the mixture
was incubated at 37C for 30 min. The absorbance at 410 nm of the
reaction mixture was measured.
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