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Abbreviations

AM
BLAST
CIP

2D JRES
DEPT
DFT-NMR
DTX

ECD
H2BC
HETLOC
'"H-"H COSY
HMBC
HPLC
HR-ESIMS
HSQC
HSQC-TOCSY
INADEQUATE
JBCA
KmTx
LFPs
LR-ESIMS
Me

MTPA
NCBI
NMR

NOE

PCA

PCR
PPCs
SCCCs
18S rDNA
TOCSY
UPLC-MS

Amphidinol

The basic local alignment search tool

Cahn—ingold—prelog

2D J-resolved spectroscopy

Distortionless enhancement by polarization transfer
Density functional theory-nuclear magnetic resonance
Dinophysistoxin

Electronic circular dichroism

Heteronuclear two-bond correlation

Sensitivity- and gradient-enhanced hetero (w1) half-filtered TOCSY
Proton—proton correlation spectroscopy

Heteronuclear multiple bond correlation

High performance liquid chromatography

High resolution-electrospray ionization-mass spectrometry
Heteronuclear single quantum coherence

Heteronuclear single quantum coherence-total correlation spectroscopy
Incredible natural abundance double quantum transfer experiment
J-based configuration analysis

Karlotoxin

Ladder-frame polyethers

Low resolution-electrospray ionization-mass spectrometry
Methyl

a-Methoxy-a-trifluoromethylphenylacetic acid

National center for biotechnology information

Nuclear magnetic resonance

Nuclear Overhauser effect

Principal component analysis

Polymerase chain reaction

Polyol-polyene compounds

Super-carbon-chain compounds

18S ribosomal DNA

Total correlation spectroscopy

Ultra performance liquid chromatography-mass spectrometry
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Supplemental Figures

Figure S1. Micrographs of the dinoflagellate strain (MDRC-02)

@ Amphidinium operculatum gene for 188 rRNA, partial sequence, strain: TAK-0
@ Uncultured marine dinoflagellate clone Mal31 1AS7 18S ribosomal RNA gene, partial sequence
 Prorocentrum [ukuyot strain SM39 small subunit ribosomal RNA gene, partial sequence

eukaryotes | 16 leaves

eukaryotes | 2 leaves

cukaryotes | 2 leaves
@ Uncultured eukaryote clone SGY W404 188 ribosomal RNA gene, partial sequence
E{Incnlnued marine alveolate clone North_Pole_ SW70_12 188 ribosomal RNA gene, partial sequence

eukaryotes | 5 leaves
Uncultured marine eukaryole clone 010.5 107 185 ribosomal RNA gene, partial sequence
Uncultured eukaryote clone SGUHG34 18S ribosomal RNA gene, partial sequence
¥ Uncultured eukaryote clone SGY11038 18S ribosomal RNA gene, partial sequence

7 Heterocapsa rotundarta isolate BH56_192 small subunit ribosomal RNA gene, partial sequence
tg—" Uncultured eukaryote clone SGY Y1281 18S ribosomal RNA gene, partial sequence
% Uncultured eukaryote clone SCMI6C15 188 ribosomal RNA gene, partial sequence

2 Uneultured eukaryote clone SGYN 1255 188 ribosomal RNA gene, partial sequence

7 Uncultured eukaryote clone SGYN1347 188 ribosomal RNA gene, partial sequence
? -9 Unculturcd cukarvote clone SCYN415 188 ribosomal RNA gene, partial scquence

it [ Uncultured cukaryote clone SGYN1306 185 ribosomal RNA gene, partial sequence
@ Uncultured eukaryote clone SGYN824 188 ribosomal RNA gene, partial sequence
M S Uncultured eukaryote clone SGYN504 188 ribosomal RNA gene, partial sequence
“ Uncultred cukaryote clone SGYN958 18S ribosomal RNA gene, partial sequence
@ 2 Uncultured eukaryote clone SGYN1320 188 ribosomal RNA gene, partial sequence

Uncultured eukaryote clone SGYN1456 188 ribosomal RNA gene, partial sequence

Uncultured eukaryote clone SGYTI225 188 ribosomal RNA gene, partial sequence

—9 @ Uncultured eukaryote clone SGYN1030 18S ribosomal RNA gene. partial sequence

ﬁo]’}mmidodinium atrofuscum gene for 185 ribosomal RNA gene, partial sequence, strain: HG226
2 Uncultured dinoflagellate clone 111.2SF10.47 185 ribosomal RNA gene, partial sequence

eukaryotes | 2 leaves
Uncultured cukaryote clonc SGY 0457 18S ribosomal RNA genc, partial scquence
“Unculiured marine alveolate clone North Pole SW0 127 185 ribosomal RNA gene, partial sequence
Uncultured marine eukaryote clone NA2_2ZHG 188 ribosomal RNA gene, partial sequence
Uncultured marine eukaryote clone NA1_2C2 188 ribosomal RNA gene, partial sequence
Uncultured marine eukaryote clone M1_18G07 small subunit ribosomal RNA gene, partial sequence
Pachena abriliae isolate Speranza6 small subunit ribosomal RNA gene, partial sequence
Sphaerodinium polomicum var. tatricum isolate Geres small subunit ribosomal RNA gene, partial sequence
2 hidiniopsis uroensis gene for 188 rit RNA, partial . isolate: uroBB8

=l dinoflagellates | 2 leaves

=l cukaryotes | 2 leaves

Cochlodinium polykrikoides clone GD1589bp46 185 ribosomal RNA gene, partial sequence
Prorocentrum sp. IRTA002 small subunit ribosomal RNA gene, partial sequence
Exuviaclla cassubica strain 1.B1596 small subunit ribosomal RNA gene, partial sequence

«sll cukaryotes and dinoflagellates | 4 leaves

«lll dinoflagellates | 29 Teaves

0.03
e — MDRC-02

Uncultured cukaryote clone XM.188_7 188 ribosomal RNA gene, partial sequence

Figure S2. Phylogenetic tree of selected dinoflagellates inferred from the 18S rDNA sequence alignment
using the BLAST algorithm.
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A c32-C35 f\)SQ\/M\/SS\/OH B cae~Ca9 PSP

31 33 635 37 g“z. a4 ¥ ) = 48 H 50 j
> O
Has Hasa OH OH Haro OH
Hsza Caq Cas OH 0. @ Css Hazp @ Cas Cag @ Hag Csp @ Hag
-
Cai o Haap Cs2 Cs3 Has Cus Hyg Hyza Cue Hyg' Car
Haap Hasg Hss Haza OH 0L

3J(H32, H33a) 3.0 (S)  3J(H34,H33a) 9.2 (L) 3J(H34, H35) 2.9 (S) 3J(H46, H47a) 3.1 (S)  3J(H48, H47a) 9.5 (L) 3J(H48, H49) 75 (L)
3J(H32,H33b) 9.5 (L)  3y(H34,H33b) 3.5 (S) 2J(C34,H35) 0.9 (S) 3J(H46, H47b) 9.6 (L)  3J(H48,H47b) 2.3 (S) 2J(C48,H49) -45 (L)
2J(C32,H33a) 2.0 (S)  2J(C34,H33a) 6.9 (L) 2J(C35,H34) 0.9 (S) 2J(C46, H47a) -1.6 (S) 2J(C48,H47a) 6.9 (L) 2J(C49,H48) -42 (L)
2J(C32, H33b) 5.2 (L)  2J(C34, H33b) -0.6 (S) 3J(C33,H35) 1.0 (S) 2J(C46, H4Tb) 6.5 (L)  2J(C48,H47b) -1.8 (S) 3J(C50,H48) 1.8 (S)
3J(C31,H33a) 2.6 (S)  3J(C35,H33a) 3.0 (S) 3J(C36, H34) 2.5 (S) 3J(C45,H47a) 16 (S) 3y(C49,H47a) 1.7 (S) 3J(C47,H49) 2.8 (S)

3J(C31,H33b) 2.9 (S)  3y(C35,H33b) 1.6 (S) 3J(C45, H47b) 1.8 (S)  3J(C49,H47b) 1.9 (S)
51 52 53 54 55 65 66 67 58 69
/\/\/\ W
C c52~C54 ¥ Y Y oM D ces~ces WL ;Y oM
50 o\; OH O ¢
H H H H
H. H H 66 66 67a 67a
* c = o s Heza Ces Ces He7b 0 Ceg Ceo Hes
Hsa Css 54 Hep Css @ % @ @
Csy o~ Cs o” Hsay Csz Ces T OH Ces T OH Hezs T Ces Hezs s Ces
Hsap Hs3a Hss 67b 67a 68 ~
3 3
3J(H52, H53a) 5.4 (M) 3J(H54, H53a) 8.2 (L) 3J(H66» H67a) ;’g (m) 3J(H68, H67a) ig (m)
3J(H52, H53b) 6.7 (M) 3J(H54, H53b) 4.0 (S) ZJ(HGG» H67b) i (M) ZJ(HS& H67b) b (M)
2y(C52, H53a) 24 (M) 2(C54, H53a) -6.0 (L) 2J(Cse, H67a) -5.7 (L) 2J(cse, H67a) -6.8 (L)
2j(C52, H53b) 6.9 (L) 2)(C54, H53b) 6.2 (L) SJ(CGG» H67b) P (s) 3J(068, HB7b) °e (S)
3J(C51, H53a) 2.8 (S) 3J(C55, H53a) 1.2 (S) 3J(065’ or) 5'5 ((M)) 3J(069’ Horm, 5'7 ((M))
3J(C51, H53b) 3.4 (M) 3J(C55, H53b) 7.4 (L) J(C65, HTb) - 5. J(C69, HETb) S

Figure S3. Rotamers and coupling constants for selected segments in 1A and 1B. (A) The C32-C35
segment in 1A. (B) The C46-C49 segment in 1B. (C) The C52-C54 segment in 1B. (D) The C66-C68
segment in 1B.

A

(40S)-epimer

Figure S4. The relative configuration of the ring C in 1b and model compounds for DFT-NMR
calculations
(A) The relative configuration of the ring C in 1b assigned by diagnostic NOE interactions (The C27 to
C44 moiety in 1b, including Me-74, is omitted for clarity).
(B) The absolute configurations of model compounds, viz., (34S,35S,37R,38S,39R,40R,418)-1b" and
(34S,355,37R,38S,39R,40S,41S)-1b’, representing the C34—C41 region of 1b for the DFT-NMR '3C
chemical-shift calculations.
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Figure S5. The summary of fit report for PCA
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Figure S6. Partial enlarged view of PCA score plot.

The number 1 (the red dot) is benthol A, whereas 131-134 are DTX-4, DTX-5a, DTX-5b, and DTX-5c,
respectively.
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Supplemental Tables

Table S1. The criteria of 3Jnx and 23Jc 1 values (Hz) for anti and gauche orientations in acyclic systems.

3JnnH* 2Jen* SJen*
anti gauche gauche? anti® anti gauche
oxygenation large small large small large small
none 910 12 2t04 — — 6to08 1t03
mono 8 to 11 1t04 -5t0-7 Oto-2 608 1t03
di 71010 Oto3 -4t0-6 2100 5t07 1t03

*Our manuscript refers to the criteria proposed in the reference as follows.

Matsumori, N., Kaneno, D., Murata, M., Nakamura, H., Tachibana, K. (1999). Stereochemical
determination of acyclic structures based on carbon-proton spin-coupling constants. A method of
configuration analysis for natural products. J. Org. Chem. 64, 866—-876.

Table S2. Cartesian coordinates and energies of the low-energy conformers calculated at the B3LYP/6-

31+G(d,p) level.

(34S5,35S,37R,38S,39R,40R,41S)-1b", Conf A

ITIITIITIIIIIIIITIITITITITITIOOOOOOQOOOOOOO0OOOOO

-4.350076
5.093765
3.846664

-2.832064

-2.462794

-2.302400

-2.530325

-1.586054

-0.133296
0.047422

-0.896421
1.398572

-1.789853
0.654935
2.655135
1.621994
2.989815

-2.775171

-0.109091

-4.702094

-4.664612

-4.829182
5.421870
5.919255
4.898918
4.068763
3.538816

-2.385942

-1.581211

-3.568289

-2.352928

-1.793207
0.108748
1.321087

-1.082399
1.588190

-1.222276
-0.787205
-1.220818
-1.275051
-2.653280
-0.534833
0.979738
1.722708
1.347715
-0.180663
-0.843152
-0.761367
3.119318
2.041189
-0.273413
-0.492298
1.064521
-1.002181
-0.489394
-0.211935
-1.883681
-1.567771
0.210099
-1.485621
-0.758881
-1.294070
-2.223987
-0.840198
-2.688470
1.222268
1.339065
1.452217
1.684495
-1.848469
3.566164
1.987474

-0.722706
-0.899366
-0.122989
-0.595157
-0.507524
0.649765
0.691597
-0.246251
0.047504
-0.038573
0.831907
0.427542
-0.071475
-0.912110
-0.316157
1.812551
0.099247
1.520773
-1.083543
-0.950072
-1.534702
0.199888
-0.593433
-0.728345
-1.978103
0.949023
-0.446745
-1.503617
-0.106902
0.445613
1.711816
-1.294445
1.066080
0.274270
-0.560804
-0.624779

H
H
H

2.427190
0.799152
2.966669

-0.193280
-0.697944
1.066509

-1.385178
2.280927
1.070272

B3LYP Energy = -883.820678514 a.u.

(34S,35S,37R,38S,39R,40R,41S)-1b’, Conf B

ITIIITIIIIIIIIIIIIOOOOOOO0O0O000000O0OOO
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-4.147052
4.077497
4.048168

-2.629016

-2.132713

-2.150439

-2.525998

-1.681927

-0.192839
0.139696

-0.717093
1.550263

-2.020088
0.499740
2.741038
1.766234
2.931123

-2.556469

-0.001781

-4.580135

-4.592810

-4.410335
3.878645
5.062228
3.342807
4.849528
4.239714

-2.237926

-1.242458

-3.588580

-2.361216

-1.883277

-1.551302
-2.074343
-0.677573
-1.457776
-2.789723
-0.606558
0.878254
1.661834
1.447258
-0.057826
-0.767040
-0.475393
3.038658
2.163707
0.097163
-0.113534
1.485272
-1.073974
-0.434022
-1.880170
-0.593354
-2.288130
-2.028194
-2.533057
-2.752045
-0.065598
-0.746227
-1.034736
-2.721714
1.005965
1.303505
1.318687

-0.581083
-0.778038
-0.144189
-0.480449
-0.327089
0.712839
0.689635
-0.308013
-0.035421
-0.049546
0.873439
0.417150
-0.196251
-1.050220
-0.371845
1.782717
-0.038128
1.616864
-1.074231
0.369905
-0.863295
-1.344934
-1.855453
-0.644474
-0.330219
-0.572742
0.933678
-1.419168
0.049404
0.462683
1.686385
-1.335907



H
H
H
H
H
H
H
B3

0.037997
1.575032
-1.370523
1.439440
2.498947
0.976998
2.930201

1.858481
-1.570493
3.527359
2.218269
0.086824
-0.380288
1.541754

0.958061
0.322199
-0.724310
-0.784404
-1.440487
2.277229
0.931236

LYP Energy = -883.819920345 a.u.

(34S,35S,37R,38S,39R,40R,41S)-1b’, Conf C

Cc
Cc
Cc
C
O
C
C
C
C
Cc
O
Cc
O
O
Cc
O
O
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
B3

-4.311329
4.628475
3.864372

-2.787131

-2.353480

-2.179602

-2.468289

-1.644816

-0.157593
0.077701

-0.749926
1.494199

-1.890750
0.514735
2.629026
1.832167
2.988021

-2.549845

-0.164252

-4.690344

-4.725256

-4.668876
4.009793
5.504722
4.989307
3.540310
4.539459

-2.442326

-1.438139

-3.533649

-2.217625

-1.934794
0.159465
1.457413

-1.247790
1.470064
2.232499
1.061209
3.052449

-1.337375
-1.295671
-0.959687
-1.324623
-2.686663
-0.626465
0.870508
1.709287
1.386805
-0.124555
-0.876585
-0.655674
3.082128
2.175206
-0.055697
-0.433359
1.246069
-1.161803
-0.383828
-1.755280
-0.334136
-1.967745
-1.844284
-1.908565
-0.389157
-1.886155
-0.455599
-0.822763
-2.700854
1.075322
1.183344
1.489827
1.671164
-1.737886
3.589573
2.158723
0.123127
-0.688647
1.170137

-0.516103
0.420755
-0.865770
-0.524460
-0.547208
0.709072
0.857491
-0.112787
0.030154
-0.166626
0.747568
0.137016
0.164998
-0.944562
-0.718753
1.506868
-0.221141
1.590367
-1.208681
0.422913
-0.652400
-1.334948
1.135914
0.185298
0.918078
-1.359516
-1.567713
-1.442433
-0.229546
0.716565
1.877653
-1.153379
1.044054
-0.060820
-0.353405
-0.736615
-1.724023
2.035874
0.744653

LYP Energy = -883.817998807 a.u.

(34S,35S,37R,385,39R,40R,41S)-1b’, Conf D

Cc

Cc
Cc
Cc
O
Cc

2.558197
-4.835842
-3.845151

1.437046

0.215810

1.490591

3.092299
0.727338
-0.420218
2.055566
2.777132
1.164818

-0.493741
0.600951
0.378072

-0.478048

-0.525521

0.789473
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C
C
C
C
O
C
O
O
C
O
O
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

2.680193
2.501093
1.128324
0.046591
0.265208
-1.394717
3.456403
0.896618
-2.392351
-1.763787
-2.207694
1.508189
0.118909
3.547490
2.436664
2.511023
-4.788543
-5.862038
-4.619901
-4.107811
-3.904940
1.534510
-0.540146
3.622042
2.756770
2.575197
1.074001
-1.469340
4.334840
1.646710
-2.129959
-1.047075
-2.340893

0.186470
-1.038738
-1.669820
-0.599304

0.431986
-1.111271
-2.073701
-2.730577

0.053833
-1.898821

0.951186

1.840054
-0.206784

2.627741

3.741447

3.718959

1.452615

0.350040

1.263295

-0.985326
-1.132220

1.429440

2.162584

0.695940
-0.170677
-0.754784
-2.056936
-1.705846
-1.790043
-3.340471

0.649316
-2.531059

0.439233

0.881609
-0.026302
0.189338
0.001194
0.959561
0.171147
0.251494
-0.742669
0.264178
-0.961470
-0.847279
1.651261
-1.022074
-0.547910
-1.364960
0.403617
-0.216678
0.662838
1.532935
-0.524084
1.212428
-1.380410
-0.562413
0.646894
1.914845
-1.086301
1.217841
1.095724
-0.032802
-0.688981
1.142419
-1.134936
-1.659420

B3LYP Energy = -883.817582424 a.u.

(34S5,35S,37R,38S,39R,40R,41S)-1b", Conf E

IITIIITIITITOOOO00OO0OOOOOO0OOOO0

-2.755156
5.004710
3.764007

-3.023642

-2.571335

-2.368402

-2.647411

-1.695518

-0.242450

-0.042167

-0.965328
1.317253

-1.923919
0.550685
2.565167
1.545170
2.896693

-2.802679

-0.224216

-3.129404

-3.263877

-1.683267
5.836454

-2.888590
-0.709711
-1.170679
-1.391374
-0.905596
-0.557943
0.953324
1.705064
1.355304
-0.170151
-0.831179
-0.736954
3.101806
2.065858
-0.226766
-0.479813
1.102830
-0.945573
-0.490174
-3.258380
-3.450856
-3.094741
-1.405999

-0.218138
-0.891459
-0.120712
-0.367544
-1.639651
0.749334
0.690887
-0.233041
0.087624
0.002987
0.899368
0.457902
-0.049517
-0.857885
-0.284921
1.846899
0.159609
1.678717
-1.030597
0.742880
-1.010039
-0.274144
-0.742320



H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
B3

4.804113
5.326441
3.991865
3.461027
-4.107667
-2.992074
-3.682957
-2.533588
-1.884904
-0.020848
1.251212
-1.223682
1.480331
2.328884
0.711357
2.843396

-0.655049
0.282170
-1.268884
-2.167625
-1.209670
-1.420171
1.133500
1.371933
1.430505
1.695930
-1.823484
3.558948
2.020460
-0.124691
-0.664699
1.086161

-1.968246
-0.561938
0.948164
-0.467928
-0.277535
-2.340560
0.382440
1.697866
-1.278103
1.110264
0.297473
-0.539058
-0.559972
-1.350263
2.305119
1.129673

LYP Energy = -883.817271483 a.u.

(34S,35S,37R,385,39R,40R,41S)-1b’, Conf F

Cc

Cc
Cc
Cc
O
Cc
C
C
C
C
O
Cc
O
O
Cc
O
O
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
B3

2.506896
-4.825222
-3.834226

1.467118

0.146222

1.522057

2.712874

2.515764

1.140170

0.058981

0.299307
-1.382044

3.564850

1.022940
-2.392482
-1.689459
-2.314986

1.565498

0.113342

3.525452

2.419656

2.358944
-4.812513
-5.845261
-4.579862
-4.124758
-3.864589

1.630951
-0.083559

3.654965

2.806272

2.565626

1.093838
-1.455359

3.374154

0.075792
-2.113634
-1.918450
-1.556809

3.144354
0.772136
-0.388713
2.024271
2.560457
1.147388
0.173664
-1.040112
-1.678577
-0.594599
0.430615
-1.087159
-1.964286
-2.719386
0.076562
-2.046236
0.755334
1.827283
-0.185774
2.746995
3.753066
3.796011
1.399021
0.399969
1.406682
-1.036496
-1.012761
1.410318
3.114179
0.671754
-0.185244
-0.735403
-2.094939
-1.625926
-2.768084
-2.899756
0.761969
-1.536597
1.366446

-0.452441
0.574286
0.441292

-0.477595

-0.673604

0.804023
0.874180
-0.036893
0.173923
0.033356
0.999663

0.243107
0.232178

-0.792159
0.233067

-0.782484

-1.029846

1.664864
-0.986380
-0.404138
-1.356320
0.418128

-0.321752
0.716355
1.434809

-0.393577
1.344044

-1.367946

0.086541
0.623041
1.904925

-1.094965
1.193269
1.194988

-0.273741

-0.926553
1.042615

-1.577462

-1.012537

LYP Energy = -883.817211876 a.u.

(34S5,35S,37R,38S,39R,40R,41S)-1b", Conf G

C
C
C
C
O
C
C
C
C
C
O
C
O
O
C
O
O
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
B3

2.546451
-4.837446
-3.845627

1.425676

0.203097

1.489737

2.687480

2.505719

1.132328

0.046577

0.268965
-1.394239

3.541962

0.905617
-2.393088
-1.761958
-2.207961

1.510114

0.118778

2.507919

3.534933

2.415300
-4.623028
-4.789851
-5.863357
-4.106889
-3.905841

1.516666
-0.552078

3.627072

2.769166

2.576058

1.072891
-1.469233

3.691350

1.708903
-2.131890
-1.042888
-2.343275

3.093115
0.720088
-0.426378
2.056197
2.775978
1.164140
0.193759
-1.032148
-1.669907
-0.602328
0.424715
-1.115151
-2.009857
-2.733945
0.048926
-1.901400
0.948149
1.839004
-0.206746
3.717343
2.628925
3.744614
1.254804
1.446576
0.341795
-0.990307
-1.139710
1.431529
2.161160
0.697828
-0.149552
-0.747759
-2.055448
-1.711173
-2.152721
-3.274739
0.643274
-2.528406
0.438703

-0.501625
0.601543
0.378075

-0.478529

-0.513587

0.787740
0.867197

-0.035870
0.186676
0.003583

0.966214

0.172324
0.129721

-0.739815
0.266413

-0.961585

-0.843333

1.649594
-1.018325
0.397889

-0.568232

-1.369617
1.534571

-0.214966
0.661629

-0.525222
1.211260
-1.382271
-0.559693
0.621212
1.908181

-1.091909
1.218343
1.096098
1.075541

-0.776229
1.145861

-1.143069

-1.656727

LYP Energy = -883.817154641 a.u.

(34S5,35S,37R,38S,39R,40R,41S)-1b’, Conf H

OCO0O0O00O0OOOO0OOO0O

-3.188661
4.466116
3.874598

-1.866891

-0.839410

-1.653028

-2.594304

-2.203971

-0.717548
0.096006

-0.289814
1.620384

-2.895375

-0.312762

-2.603541
0.192112
-0.584821
-1.843874
-2.820948
-0.910113
0.309334
1.422935
1.746908
0.459374
-0.458944
0.652480
2.653938
2.692264

-0.273570
1.263973
0.080519

-0.361557

-0.423226

0.857018
0.949120

-0.031945

0.089921
-0.088306
0.930848
-0.000647

0.229478

-0.905041



Cc
O
O
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

2.345469
2.097338
1.887778
-1.768523
-0.110979
-4.052090
-3.262626
-3.230790
4.133950
5.559674
4.186281
4.266400
4.183848
-1.871890
0.030225
-3.635868
-2.533305
-2.395802
-0.526396
1.858887
-3.829241
-0.910341
2.026125
1.524461
2.106952

-0.699057
1.304010
-1.586552
-1.527040
0.050644
-1.932013
-3.296729
-3.189571
-0.223305
0.143567
1.250240
-1.608562
-0.115710
-1.250449
-2.391138
0.009462
0.719584
1.115684
2.155196
1.249136
2.556744
3.452137
-1.176681
2.069171
-1.180927

0.103474
-1.178376
-0.934670

1.754267
-1.086435

-0.305429

-1.115693

0.651024
2.223087
1.245058
1.238321

0.077122
-0.860888

-1.290811
-0.522684

0.785355

1.963465
-1.070388

1.093705

0.893118

0.002812
-0.850268

1.033009
-1.351125
-1.786735

B3LYP Energy = -883.816990901 a.u.

(34S,35S5,37R,38S,39R,40S5,41S)-1b’, Conf A

ITITITTITITIITITITOOOOOOOOOOOOO0OOOOO

-4.223351
5.161877
3.926360

-2.709258

-2.266927

-2.271987

-2.601819

-1.695155

-0.219621
0.073381

-0.858598
1.449536

-1.986423
0.506687
2.679580
1.441459
2.899708

-2.742555

-0.016378

-4.632585

-4.705825

-4.471118
6.001950
4.969893
5.507253
4.133283
3.690803

-2.265823

-1.334798

-1.310376
-0.582279
-0.940391
-1.275850
-2.634811
-0.572642
0.919705
1.751519
1.464482
-0.047213
-0.778663
-0.515708
3.127401
2.221188
-0.135090
-1.939096
1.278618
-1.116160
-0.366940
-0.311843
-1.740901
-1.938339
-1.232514
-0.707968
0.446730
-0.787170
-1.999516
-0.764654
-2.640374

-0.803822
-0.676426
0.160792
-0.629590
-0.610956
0.673114
0.778391
-0.118840
0.170063
0.083224
0.907740
0.627835
0.098533
-0.790368
-0.218461
0.708462
0.000495
1.499501
-0.966560
-0.980338
0.080490
-1.663955
-0.413986
-1.748823
-0.510853
1.227366
0.032365
-1.497834
-0.350722

H
H
H
H
H
H
H
H
H
H

-3.649654
-2.456739
-1.874279
0.004091
1.586265
-1.311124
1.456299
2.451775
0.623949
3.730807

1.108630
1.243008
1.505545
1.813059
-0.082669
3.633130
2.142505
-0.298341
-2.171548
1.532275

0.527532
1.815426
-1.177759
1.190714
1.631567
-0.378379
-0.574295
-1.282832
1.174080
-0.421631

B3LYP Energy = -883.815052527 a.u.

(34S5,35S,37R,38S,39R,40S,415)-1b’, Conf B

C
C
C
C
O
C
C
C
C
C
O
C
O
O
C
O
O
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
B3

4.232896
-5.139940
-3.936054

2.718674

2.297394

2.272631

2.588431

1.679366

0.203882
-0.077491

0.860362
-1.448353

1.957807
-0.519301
-2.682671
-1.441821
-2.933368

2.746612

0.010178

4.627197

4.722795

4.488673
-6.012163
-4.926427
-5.411213
-4.180256
-3.692105

2.266539

1.362712

3.635719

2.435272

1.865229
-0.024945
-1.566341

1.289338
-1.470024
-2.456957
-0.618441
-3.328194

-1.279443
-0.587319
-0.933954
-1.266447
-2.632008
-0.564105
0.931411
1.751375
1.455096
-0.060087
-0.781371
-0.534608
3.130582
2.198894
-0.125610
-1.957484
1.289647
-1.101424
-0.386109
-0.275952
-1.698259
-1.908097
-1.181852
-0.802207
0.470146
-0.769122
-1.995323
-0.766013
-2.650962
1.129129
1.256689
1.501317
1.812189
-0.114862
3.627962
2.143062
-0.242443
-2.197121
1.445316

0.799220
0.740104
-0.143534
0.623235
0.597704
-0.676774
-0.778976
0.126398
-0.155885
-0.083386
-0.910024
-0.632569
-0.085379
0.815991
0.201345
-0.703340
0.043823
-1.505222
0.964536
0.981469
-0.086627
1.656445
0.450303
1.793514
0.667341
-1.204584
-0.053866
1.493200
0.348082
-0.532920
-1.814305
1.183074
-1.173100
-1.647698
0.409691
0.599425
1.267294
-1.1556326
-0.825991

LYP Energy = -883.815009485 a.u.

(34S5,35S,37R,38S,39R,405,415)-1b’, Conf C

C
C
C

S9

-4.233332
4.601164
3.968180

-1.336298
-0.802488
-0.841124

-0.539672
0.874271
-0.521315



Cc
O
Cc
C
C
C
C
O
C
O
O
Cc
O
O
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
B3

-2.710076
-2.245647
-2.141630
-2.480940
-1.693553
-0.190979
0.114605
-0.707437
1.550888
-1.979189
0.412566
2.665835
1.581366
2.900658
-2.508677
-0.084883
-4.676933
-4.604520
-4.566576
5.568712
4.768002
3.966176
3.763968
4.677293
-2.374950
-1.290768
-3.553071
-2.226289
-1.988078
0.139048
1.788087
-1.372244
1.381527
2.305532
0.821309
3.667836

-1.276543
-2.624509
-0.625878
0.852588
1.745038
1.474941
-0.024576
-0.813152
-0.483751
3.102342
2.289470
-0.043627
-1.909362
1.362635
-1.216990
-0.299155
-0.339455
-1.824355
-1.923276
-1.314597
0.224132
-1.308824
-1.875426
-0.445294
-0.715736
-2.620789
1.031810
1.130277
1.547858
1.781567
-0.091390
3.645659
2.222201
-0.159594
-2.184242
1.646533

-0.534057
-0.631298
0.745225
0.959088
0.008893
0.116678
-0.073926
0.812375
0.292022
0.327956
-0.880682
-0.675584
0.305888
-0.419464
1.591181
-1.121547
-0.613339
0.368132
-1.399874
0.865006
1.215807
1.606718
-0.812712
-1.264349
-1.420124
-0.473939
0.836040
1.988235
-1.034306
1.121829
1.292638
-0.197004
-0.774777
-1.707770
0.840657
-0.934434

LYP Energy = -883.814365135 a.u.

(34S5,355,37R,38S,39R,40S,415)-1b’, Conf D

ITITOO0OOO0O0O0O0O0OOOO0OOOO

2.320779
-4.265089
-2.901499

1.1567364
-0.035953

1.225822

2.479256

2.454177

1.172886
-0.059542

0.019952
-1.371724

3.605421

1.163724
-2.641896
-1.272610
-2.635060

1.153220
-0.080768

2.116389

3.206586
1.102213
0.418563
2.222770
2.992232
1.138188
0.255496
-0.789385
-1.604542
-0.686118
0.323823
-1.483605
-1.612736
-2.564863
-0.635300
-2.450789
-0.092693
1.660731
-0.205298
4.037612

-0.241737
-0.813492
-0.963546
-0.297122
-0.124485
0.797191
0.796715
-0.315092
-0.190105
-0.261464
0.769211
-0.097000
-0.176224
-1.252802
0.119047
0.946572
1.446812
1.757298
-1.250802
-0.922206

S10

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
B3

3.261124
2.436922
-4.353158
-4.410927
-5.079822
-2.106401
-2.838227
1.140534
-0.761426
3.380882
2.540874
2.466820
1.175248
-1.497314
3.498913
0.663782
-3.483437
-1.604457
-1.805777

2.739133
3.616404
1.589787
1.859229
0.373744
1.174130
-0.072504
1.749530
2.377881
0.868734
-0.274257
-0.305510
-2.115105
-2.050303
-2.353423
-3.339428
-1.339058
-2.026739
0.405730

-0.546048
0.767540
0.161551

-1.590512

-0.896899

-0.950924

-1.944555

-1.291440
0.053898
0.715746
1.754040

-1.305616
0.778722

-1.027224

-0.791410

-0.963668
0.120197
1.754653
1.544610

LYP Energy = -883.813632620 a.u.

(34S5,35S,37R,38S,39R,40S,41S)-1b’, Conf E

I T TITITITTITTITITITTITITITIIIIIIIIOOOOOOO0OOOOOO0OOOO

2.285085
-4.326152
-2.988737

1.192601

0.010752

1.556090

2.715843

2.305056

1.025477
-0.066125

0.392192
-1.398790

3.300194

0.556812
-2.613707
-1.319743
-2.407877

1.787293
-0.258031

2.502107

1.940081

3.209615
-4.557658
-5.147553
-4.299088
-2.195574
-3.029076

1.035319
-0.700101

3.577462

3.039113

2.111634

1.226500
-1.570946

4.069432

1.291104
-3.456401

3.134118
0.384198
-0.311143
2.088693
2.790900
1.070629
0.103986
-1.021240
-1.710100
-0.652845
0.311634
-1.197273
-2.051734
-2.643283
-0.310950
-1.378086
1.058771
1.650057
-0.177003
3.651903
3.878118
2.689828
0.364165
-0.113379
1.427988
0.179522
-1.352351
1.559960
2.159753
0.649235
-0.357023
-0.624256
-2.213885
-2.185703
-1.722247
-3.240337
-0.720484

-0.595630
-1.429219
-1.148304
-0.390484
-0.032646
0.716170
0.414822
-0.543802
-0.068203
0.135222
1.091875
0.681585
-0.627509
-1.034341
0.333876
2.098074
0.727869
1.616445
-0.834738
0.344980
-1.318584
-0.976777
-2.499217
-0.900260
-1.104712
-1.726177
-1.492012
-1.345480
0.186062
0.012179
1.355059
-1.551412
0.889171
0.242212
-1.109774
-1.237358
0.910832



H
H

-0.649953
-2.303746

-0.758010
1.080100

2.427558
1.689233

B3LYP Energy = -883.813101937 a.u.

(34S5,355,37R,38S,39R,405,415)-1b’, Conf F

Cc

C
C
Cc
O
Cc
Cc
C
C
C
O
C
O
O
Cc
O
O
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H

2.280693
-4.329710
-2.991999

1.187936

0.008897

1.556929

2.719339

2.305962

1.025608
-0.066946

0.396728
-1.399063

3.349366

0.560054
-2.614494
-1.315667
-2.406581

1.791056
-0.258959

2.505955

1.930621

3.200707
-4.562404
-5.150543
-4.302159
-2.199614
-3.033025

1.024550
-0.704086

3.578754

3.045730

2.113033

1.220708
-1.572533

3.692636

1.324791
-3.456164
-0.660246
-2.316695

3.131853
0.379726
-0.3156233
2.088091
2.790198
1.069072
0.108105
-1.016098
-1.708997
-0.653704
0.306230
-1.198733
-1.976841
-2.644756
-0.312140
-1.384193
1.058468
1.648154
-0.175386
3.647620
3.877735
2.686615
0.357838
-0.116923
1.424120
0.174010
-1.357070
1.560453
2.159553
0.646340
-0.341298
-0.616713
-2.212576
-2.186477
-2.259172
-3.158027
-0.719865
-0.749815
1.086377

-0.601003
-1.424110
-1.143847

-0.389865

-0.022770

0.714113
0.402259

-0.553702
-0.073726

0.135989

1.094936

0.683243
-0.761810
-1.036859

0.337802

2.098948

0.728057

1.613714
-0.832563

0.338839

-1.319502

-0.991265
-2.493771
-0.893397
-1.101623
-1.723959
-1.485455

-1.344203

0.190039
-0.009083
1.350652
-1.556020
0.888329
0.242831
0.098404

-1.336959

0.917351

2.430145

1.690552

B3LYP Energy = -883.812865704 a.u.

(34S5,35S,37R,38S,39R,40S5,41S)-1b’, Conf G

COOOOOO0OOOO

-2.882808
3.377341
2.856805

-1.536525

-0.551027

-1.458550

-2.488987

-2.153957

-0.740645
0.266826

-0.108771

2.722403
0.659157
1.149170
2.008226
3.016315
0.942856
-0.189678
-1.210467
-1.729258
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-0.782188
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0.259816
-2.805049
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2.014716
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0.765883
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-1.669199
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0.763903
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0.846040

-0.510878

-2.015838
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LYP Energy = -883.812812136 a.u.

(34S,35S,37R,38S,39R,40S5,41S)-1b’, Conf H
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-0.509345
-3.183285

-1.388771
1.004658
1.268000
1.459458
1.808117

-0.126580
3.603218

2.191769

-0.124110

-2.201490
1.474703

2.380098
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-0.955916

LYP Energy = -883.812130630 a.u.

(34S,35S,37R,38S,39R,405,41S)-1b’, Conf |
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B3LYP Energy = -883.812080125 a.u.

(34S,35S,37R,38S,39R,40S,41S)-1b’, Conf J
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0.220810
1.065023
0.799242
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-0.815351
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LYP Energy = -883.811958378 a.u.

(34S5,355,37R,38S,39R,40S,415)-1b’, Conf K
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-1.922138
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B3LYP Energy = -883.811924888 a.u.

(34S,35S,37R,38S,39R,405,41S)-1b’, Conf L
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-2.603246
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-4.400421
-2.073980
-2.697502

1.067310
-0.375033

3.342129

2.576980

2.469224

1.268855
-1.421693

3.593018

0.775518

3.296249
1.014404
0.392496
2.224412
2.820614
1.151036
0.346730
-0.700744
-1.575025
-0.702035
0.254699
-1.532181
-1.469975
-2.511980
-0.703840
-2.512051
-0.201591
1.675762
-0.177347
2.894086
3.749435
4.085313
1.813217
0.266892
1.440383
1.172975
-0.046603
1.754215
3.309881
1.003592
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-2.105346
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-0.839882
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0.817803
0.795717
-0.316733
-0.197997
-0.236359
0.838675
-0.104437
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-1.281456
0.107392
0.926553
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0.791597
-0.932948
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-1.018980
0.153914
-0.823461
-1.936777
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0.578829
0.698318
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-1.045252
-0.801594
-1.023218
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-1.415619
-2.096289
0.362536

0.070840
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1.541098

LYP Energy = -883.811915482 a.u.



Table S3. Comparison of the '3C NMR experimental data of 1b with the mPW1PW91/6-311+G(2d,p)
/IB3LYP/6-31+G(d,p) "®C NMR calculation data of the (34S,35S,37R,38S,39R,40R,41S)-1b’' and
(34S,35S,37R,38S,39R,40S5,415)-1b’ sterecisomers. For better comparison, the Ad values over 3 ppm
were underlined.

No. Exp. Calc.40r Calc.a0s Adaor Adaos
C-34 67.10 65.42 65.34 1.68 1.76
C-35 77.80 82.44 82.16 4.64 4.36
C-36 34.10 31.58 31.73 2.52 2.37
C-37 71.10 68.96 69.25 2.14 1.85
C-38 72.70 71.46 74.61 1.24 1.91
C-39 73.07 76.81 78.03 3.74 4.96
C-40 73.03 75.20 77.19 2.17 4.16
C-41 73.13 73.14 76.89 0.01 3.76
C-42 31.20 30.05 28.26 1.15 2.94
Average N/A N/A N/A 2.14 3.12
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Table S4. The structural characteristics of 188 SCCCs for principal component analysis (PCA).

No. Compound Group Molecular Carbon Ring Hydroxy Carbon- Chiral Spiroketal The Ratio  The First References
Name Weight Numbers Numbers Numbers Carbon Carbon Carbon of Reported
of the of the of the Double Numbers Numbers Backbone Year
Backbone Backbone Backbone Bond of the of the Carbons
Chain Chain Chain Numbers Backbone Backbone to Ether
of the Chain Chain Rings
Backbone
Chain
1 Benthol A 1 1506 72 8 22 4 35 1 9.0
2 Amdigenol A Amphidinium 2169 98 3 36 1 44 0 32.7 2012 [1]
3 Amdigenol D Amphidinium 2223 101 4 36 12 46 0 25.3 2020 [2]
4 Amdigenol E Amphidinium 1811 78 2 29 8 38 0 39.0 2014 [3]
5 Amdigenol G Amphidinium 1277 57 2 19 7 24 0 28.5 2014 [3]
6 Amphezonol A Amphidinium 1243 60 3 21 2 28 0 20.0 2006 [4]
7 Amphidinol 1 Amphidinium 1489 69 2 20 8 27 0 345 1991 [5]
8 Amphidinol 2 Amphidinium 1375 65 3 22 7 30 0 217 1995 [6]
9 Amphidinol 3 Amphidinium 1327 67 2 21 9 25 0 335 1999 [7]
10 Amphidinol 4 Amphidinium 1301 65 2 21 8 25 0 325 2001 [8]
11 Amphidinol 5 Amphidinium 1371 69 2 22 9 26 0 345 1997 [9]
12 Amphidinol 6 Amphidinium 1345 67 2 22 8 26 0 335 1997 [9]
13 Amphidinol 7 Amphidinium 1231 55 2 17 7 23 0 27.5 2005 [10]
14 desulfo-Amphidinol 7 Amphidinium 1129 55 2 18 7 23 0 27.5 2006 [11]
15 Amphidinol 9 Amphidinium 1327 67 2 21 9 25 0 335 2005 [12]
16 Amphidinol 10 Amphidinium 1273 63 2 21 8 25 0 315 2005 [12]
17 Amphidinol 11 Amphidinium 1477 65 3 21 7 30 0 217 2005 [12]
18 Amphidinol 12 Amphidinium 1403 65 2 20 8 25 0 325 2005 [12]
19 Amphidinol 13 Amphidinium 1429 67 2 20 9 25 0 33.5 2005 [12]
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Supplemental Experimental Procedures

1.1 General Experimental Procedures

HR-ESIMS was obtained on a Bruker maXis ESI-QTOF mass spectrometer in the positive-ion mode.
LR-ESIMS was recorded on a Bruker amaZon SL mass spectrometer in both positive- and negative-ion
modes or a Waters ACQUITY QDa mass detector in the positive-ion mode. UPLC-MS was measured
on a Waters ACQUITY UPLC H-Class PLUS system combined with a Bruker amaZon SL mass
spectrometer. 1D and 2D NMR spectra were measured on a Bruker AV-400, 600, or 700 MHz NMR
spectrometer. UV spectra were recorded on a Waters 2998 photodiode array detector and optical
rotations determined on an MCP200 modular circular polarimeter (Anton Paar GmbH) with a 0.5 cm cell
at 25 °C. HPLC was performed on a Waters 2535 pump equipped with a 2998 photodiode array detector,
coupled with a 2424 evaporative light scattering detector, and C1s reversed-phase columns (YMC, Kyoto,
Japan; 250 mm x 4.6 mm, length x i.d., 5 pym, for analysis; 250 mm x 10 mm, length x i.d., 5 ym, for
preparation). For column chromatography, C1s reversed-phase silica gel (ODS-A-HG 12 nm, 50 ym,
YMC, Japan) was employed.

1.2 Dinoflagellate Isolation and Culture

The dinoflagellate cells of Amphidinium sp. (strain. MDRC-02, Figure S1) were isolated using
capillary pipettes under microscope observation from the sand sample, collected in October 2013 on
the sea floor at the Lingshui Bay, Hainan Province, PR China. The unialgal strain was grown in a 500
mL flask containing sterilized seawater (34%o salinity), enriched with K medium,'® and cultured at 27.0
+1 °C, with a 12 : 12 h light : dark photocycle and an irradiance of 45 umol photons:m2-s-'.

Amplification of 18S rDNA from the dinoflagellate cells was performed three times. The PCR
amplified 18S rDNA sequence of the title dinoflagellate (sequence ID: SRP311747) was compared with
those in the NCBI databases using the BLAST algorithm. The 18S ribosomal RNA gene, partial
sequence of an uncultured eukaryote clone (XM.18S_7; ENV 01-JUL-2015, Xiamen, PR China;
sequence ID: KT201583.1) was found to be the closest relative (percent identity: 99.65%), whereas that
of Amphidinium operculatum (strain: TAK-0; PLN 08-AUG-2012, Taketomi Island, Okinawa, Japan;
sequence ID: AB704006.1)'% was discovered to be the closest dinoflagellate strain (percent identity:
80.95%). Phylogenetic tree inferred from the 18S rDNA sequence alignment in the NCBI databases
suggested that the benthic MDRC-02 strain ought to be a new taxon of dinoflagellate (Figure S2). The
voucher specimen and 18S rDNA gene were deposited at Marine Drugs Research Center, School of
Pharmaceutical Sciences, Southern Medical University, PR China.

Large-scale culture of the title dinoflagellate was kept in plastic buckets (20.0 L x 40), each
containing 15.0 L of culture medium. 21 days later, 500.0 L culture medium were separated from cells
by filtration using filter paper. According to the same procedure, 100.0 L culture medium enriched with
NaH'COs (50 mg/L)'% were also separated from cells.

1.3 Isolation of Benthol A

The filtrate (500.0 L) was loaded onto a macroporous resin column (DIAION, HP-20, 120 cm x 15
cm i.d.), eluted with freshwater to remove sea salt. Then, the loaded sample was successively eluted
with 25%, 50%, 75%, and 95% aqueous ethanol. All the eluates were concentrated under vacuum to
afford the resultant solid (3.8 g), which was separated by a C+s reversed-phase column (45.0 x 5.0 cm
i.d.), eluted with aqueous methanol (20% to 100%), to yield 63 fractions. UPLC-MS (Waters ACQUITY
UPLC BEH C1s 150 x 2.1 mmi.d., 1.7 ym, MeCN/H20, from 5:95 to 98:2) was employed for the detection
of SCCCs in fractions. The resultant fractions 32 and 33 were combined (116.5 mg) and further purified
by preparative HPLC (YMC-Pack 250 x 10 mm i.d., MeOH/Hz0, 50:50) to afford benthol A (1) (20.0 mg,
tr = 22.8 min). According to the same procedure, '*C-enriched 1 (4.0 mg) was obtained from 100.0 L
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filtrates that were enriched with NaH'3COs.

Benthol A (1):
Colorless solid, [a]3® =+ 60.0 (¢ = 0.1, methanol); UV (MeCN) Amax (log €) 194.5 (4.2) nm (Figure S4);
HR-ESIMS m/z [M + Na]* (calcd for C7sH126NaOso, 1529.8226, found 1529.8234).

H NMR (CD30D, 700 MHz) data for 1: 5 5.69 (m, 1H, H-16), 5.65 (m, 1H, H-64), 5.54 (dd, 1H, J = 15.4,
7.0 Hz, H-17), 5.50 (dd, 1H, J = 15.4, 7.0 Hz, H-65), 5.29 (br d, 1H, J = 9.1 Hz, H-45), 5.21 (br d, 1H, J
= 8.4 Hz, H-61), 4.81 (br s, 1H, H-73b), 4.72 (br s, 1H, H-73a), 4.67 (td, 1H, J = 9.1, 3.5 Hz, H-46), 4.45
(m, 1H, H-50), 4.37 (m, 1H, H-62), 4.25 (m, 1H, H-66), 4.18 (m, 1H, H-22), 4.18 (m, 1H, H-30), 4.18 (m,
1H, H-34), 4.1 (m, 1H, H-52), 4.10 (m, 1H, H-48), 4.08 (m, 1H, H-32), 4.05 (m, 1H, H-18), 4.01 (m, 1H,
H-56), 4.00 (m, 1H, H-70), 3.90 (m, 1H, H-2), 3.90 (m, 1H, H-14), 3.87 (m, 1H, H-12), 3.86 (m, 1H, H-
58), 3.83 (ddd, 1H, J = 9.1, 9.1, 4.9 Hz, H-6), 3.76 (m, 1H, H-37), 3.75 (m, 1H, H-24), 3.69 (m, 1H, H-
39), 3.69 (m, 1H, H-72b), 3.67 (m, 1H, H-4), 3.63 (m, 1H, H-41), 3.62 (m, 1H, H-40), 3.62 (m, 1H, H-35),
3.61 (m, 1H, H-72a), 3.59 (m, 1H, H-54), 3.56 (m, 1H, H-29), 3.56 (m, 1H, H-68), 3.53 (m, 1H, H-21),
3.49 (m, 1H, H-38), 3.48 (m, 1H, H-1a), 3.48 (m, 1H, H-1b), 3.42 (dd, 1H, J = 7.7, 4.2 Hz, H-49), 3.27
(dd, 1H, J = 8.4, 2.1 Hz, H-55), 3.22 (dd, 1H, J = 9.1, 2.8 Hz, H-69), 3.01 (t, 1H, J = 9.1 Hz, H-5), 2.42
(m, 1H, H-31b), 2.38 (m, 1H, H-23b), 2.36 (m, 1H, H-51b), 2.27 (m, 1H, H-43b), 2.26 (m, 1H, H-63b),
2.24 (m, 1H, H-9a), 2.24 (m, 1H, H-9b), 2.22 (m, 1H, H-11b), 2.21 (m, 1H, H-15a), 2.21 (m, 1H, H-15b),
2.20 (m, 1H, H-63a), 2.18 (m, 1H, H-59b), 2.15 (m, 1H, H-3b), 2.11 (m, 1H, H-43a), 2.10 (dd, 1H, J =
12.6, 4.9 Hz, H-7b), 2.04 (m, 1H, H-59a), 2.03 (m, 1H, H-36b), 1.99 (m, 1H, H-42b), 1.99 (m, 1H, H-
53b), 1.98 (m, 1H, H-11a), 1.96 (m, 1H, H-67b), 1.88 (m, 1H, H-47b), 1.88 (m, 1H, H-53a), 1.83 (m, 1H,
H-71b), 1.82 (m, 1H, H-33b), 1.82 (m, 1H, H-57b), 1.74 (m, 1H, H-71a), 1.72 (m, 1H, H-36a), 1.72 (d,
3H, J = 1.4 Hz, Hs-74), 1.71 (m, 1H, H-20b), 1.71 (m, 1H, H-25b), 1.70 (d, 3H, J = 1.4 Hz, H3-75), 1.67
(m, 1H, H-13b), 1.64 (m, 1H, H-20a), 1.64 (m, 1H, H-28a), 1.64 (m, 1H, H-28b), 1.64 (m, 1H, H-51a),
1.63 (m, 1H, H-19a), 1.63 (m, 1H, H-19b), 1.63 (m, 1H, H-67a), 1.58 (m, 1H, H-47a), 1.56 (m, 1H, H-
25a), 1.55 (m, 1H, H-31a), 1.52 (m, 1H, H-33a), 1.51 (m, 1H, H-57a), 1.50 (m, 1H, H-42a), 1.50 (m, 1H,
H-7a), 1.49 (m, 1H, H-23a), 1.48 (m, 1H, H-26b), 1.48 (m, 1H, H-27b), 1.46 (m, 1H, H-3a), 1.40 (m, 1H,
H-27a), 1.38 (m, 1H, H-26a).

13C{'"H} NMR (CDsOD, 175 MHz) data for 1: & 143.1 (qC, C-10), 138.1 (qC, C-44), 137.0 (CH, C-17),
136.3 (CH, C-65), 135.9 (qC, C-60), 130.9 (CH, C-61), 129.6 (CH, C-45), 129.1 (CH, C-64), 128.8 (CH,
C-16), 111.2 (CHa, C-73), 99.8 (qC, C-8), 86.1 (CH, C-49), 84.7 (CH, C-29), 84.5 (CH, C-21), 79.1 (CH,
C-24), 77.8 (CH, C-35), 77.3 (CH, C-5), 76.5 (CH, C-52), 75.4 (CH, C-32), 75.0 (CH, C-68), 74.3 (CH,
C-54), 73.8 (CH, C-18), 73.54 (CH, C-4), 73.49 (CH, C-50), 73.33 (CH, C-69), 73.30 (CH, C-30), 73.22
(CH, C-22), 73.22 (CH, C-39), 73.15 (CH, C-55), 73.1 (CH, C-40), 73.0 (CH, C-2), 72.8 (CH, C-38), 72.5
(CH, C-41), 71.8 (CH, C-66), 71.1 (CH, C-37), 70.96 (CH, C-58), 70.1 (CH, C-6), 69.2 (CH, C-62), 68.9
(CH, C-56), 68.7 (CH, C-12), 68.3 (CH, C-14), 68.2 (CH, C-48), 68.1 (CH, C-70), 67.1 (CH, C-34), 67.0
(CHz, C-1), 66.2 (CH, C-46), 62.6 (CHz, C-72), 46.6 (CH2, C-59), 44.9 (CH2, C-9), 44.0 (CHz, C-7), 43.8
(CHa, C-13), 43.3 (CHa, C-47), 42.70 (CH2, C-31), 42.66 (CHa, C-15), 42.4 (CHz, C-23), 41.9 (CHz, C-
63), 41.73 (CHz, C-33), 41.73 (CHz, C-51), 41.2 (CH2, C-11), 41.0 (CH2, C-67), 39.63 (CHz, C-57), 39.61
(CHz, C-53), 37.4 (CHz2, C-25), 36.8 (CHz, C-43), 36.4 (CHz, C-3), 35.1 (CHz2, C-19), 34.2 (CHa, C-36),
33.8 (CHz, C-71), 33.5 (CH2, C-42), 30.2 (CH2, C-28), 27.68 (CHz, C-26), 27.64 (CHz, C-27), 26.2 (CHz,
C-20), 17.5 (CHs, C-75), 16.8 (CHs, C-74).

1.4 Periodate Degradation

A solution of benthol A (1, 10.0 mg, 0.0066 mM) of '3C natural abundance in 1.0 mL water was
added with NalO4 (7.2 mg, 0.03 mM). The reaction mixture was stirred at room temperature for 30.0 min.
When the solution was cooled to 0 °C, excess amount of NaBHs was added and kept for 1.0 h. The
reaction mixture was separated by a C1s reversed-phase silica gel column (Daisogel, SP-120-50-ODS-
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B, 5g, 6.5 cm x 1.0 cm i.d.), eluted with 15.0 mL of water, followed by 20.0 mL of MeOH, to yield three
fractions. The second fraction was purified by HPLC (YMC-Pack 250 cm x 4.6 mm i.d., MeCN/Hz0,
15:85) to afford two products, viz., fragments 1A (1.5 mg, tr = 28.8 min) and 1B (2.0 mg, tr = 22.5 min).

1A: Colorless oil; HR-ESIMS m/z [M + Na]* (calcd for C40H70NaO1s, 829.4556, found 829.4566).

'H NMR (CDsOD, 700 MHz) data for 1A: 6 5.68 (m, 1H, H-16), 5.53 (dd, 1H, J = 15.4, 7.0 Hz, H-17),
4.77 (br s, 1H, H-73b), 4.69 (br s, 1H, H-73a), 4.17 (m, 1H, H-22), 4.16 (m, 1H, H-30), 4.04 (m, 1H, H-
18), 4.01 (m, 1H, H-32), 3.90 (m, 1H, H-14), 3.84 (m, 1H, H-34), 3.81 (m, 1H, H-6), 3.80 (m, 1H, H-12),
3.73 (m, 1H, H-24), 3.73 (m, 1H, H-37b), 3.68 (m, 1H, H-2a), 3.68 (m, 1H, H-2b), 3.68 (m, 1H, H-37a),
3.62 (m, 1H, H-38b), 3.62 (m, 1H, H-39), 3.60 (m, 1H, H-40a), 3.60 (m, 1H, H-40b), 3.59 (m, 1H, H-35),
3.58 (m, 1H, H-38a), 3.57 (m, 1H, H-4), 3.53 (m, 1H, H-29), 3.52 (m, 1H, H-21), 2.99 (t, 1H, J = 9.1 Hz,
H-5), 2.40 (m, 1H, H-31b), 2.37 (m, 1H, H-23b), 2.22 (m, 1H, H-9a), 2.22 (m, 1H, H-9b), 2.20 (m, 1H, H-
15a), 2.20 (m, 1H, H-15b), 2.18 (m, 1H, H-11b), 2.10 (m, 1H, H-3b), 2.08 (dd, 1H, J = 12.6, 4.8 Hz, H-
7b), 1.97 (t, 1H, J = 11.9 Hz, H-11a), 1.88 (ddd, 1H, J = 14.0, 9.1, 2.1 Hz, H-33b), 1.84 (m, 1H, H-36b),
1.70 (m, 1H, H-20b), 1.70 (m, 1H, H-25b), 1.66 (m, 1H, H-28b), 1.65 (m, 1H, H-13b), 1.65 (m, 1H, H-
33a), 1.64 (m, 1H, H-20a), 1.64 (m, 1H, H-36a), 1.62 (m, 1H, H-19a), 1.62 (m, 1H, H-19b), 1.60 (m, 1H,
H-28a), 1.55 (m, 1H, H-25a), 1.55 (m, 1H, H-31a), 1.53 (m, 1H, H-3a), 1.48 (m, 1H, H-7a), 1.47 (m, 1H,
H-23a), 1.46 (m, 1H, H-26b), 1.46 (m, 1H, H-27b), 1.44 (m, 1H, H-13a), 1.40 (m, 1H, H-27a), 1.37 (m,
1H, H-263a) .

13C{'H} NMR (CDsOD, 175 MHz) data for 1A: 5 143.1 (qC, C-10), 136.9 (CH, C-17), 128.8 (CH, C-16),
110.6 (CHz, C-73), 99.2 (qC, C-8), 84.6 (CH, C-29), 84.5 (CH, C-21), 82.3 (CH, C-39), 81.0 (CH, C-35),
79.1 (CH, C-24), 77.2 (CH, C-5), 75.8 (CH, C-32), 73.8 (CH, C-18), 73.3 (CH, C-22), 73.2 (CH, C-30),
71.9 (CH, C-34), 71.1 (CH, C-4), 70.5 (CH, C-6), 68.4 (CH, C-14), 68.3 (CH, C-12), 63.4 (CHz, C-40),
63.2 (CHz, C-38), 60.5 (CHa, C-2), 59.7 (CHa, C-37), 44.8 (CHz, C-9), 44.2 (CH2, C-7), 43.9 (CHa2, C-13),
42.8 (CHz, C-31), 42.39 (CHz, C-15), 42.39 (CHz, C-23), 41.3 (CHz, C-11), 40.4 (CHz, C-33), 37.4 (CH,
C-25), 35.7 (CHz, C-3), 35.1 (CH2, C-19), 34.6 (CHz, C-36), 30.1 (CHz, C-28), 27.7 (CHz, C-26), 27.6
(CH2, C-27), 26.2 (CHa, C-20).

1B: Colorless oil; HR-ESIMS m/z [M + Na]* (calcd for C3sHes2NaO+3, 701.4083, found 701.4088).

"H NMR (CDs0D, 400 MHz) data for 1B: & 5.66 (m, 1H, H-64), 5.51 (dd, 1H, J = 15.2, 7.2 Hz, H-65),
5.26 (dd, 1H, J = 8.4, 1.2 Hz, H-45), 5.23 (d, 1H, J = 8.8 Hz, H-61), 4.67 (id, 1H, J = 9.6, 3.2 Hz, H-46),
4.42 (m, 1H, H-50), 4.36 (m, 1H, H-62), 4.17 (m, 1H, H-66), 4.12 (ddd, 1H, J=9.2, 7.6, 2.8 Hz, H-48),
3.97 (m, 1H, H-52), 3.83 (m, 1H, H-58), 3.73 (m, 1H, H-71b), 3.68 (m, 1H, H-69b), 3.65 (m, 1H, H-55b),
3.65 (m, 1H, H-56a), 3.65 (m, 1H, H-56b), 3.63 (m, 1H, H-71a), 3.61 (m, 1H, H-54), 3.60 (m, 1H, H-72b),
3.54 (m, 1H, H-55a), 3.54 (m, 1H, H-69a), 3.53 (m, 1H, H-41a), 3.53 (m, 1H, H-41b), 3.52 (m, 1H, H-
72a), 3.41 (m, 1H, H-68), 3.40 (dd, 1H, J=7.6, 4.0 Hz, H-49), 2.38 (m, 1H, H-51b), 2.36 (m, 1H, H-59Db),
2.24 (m, 1H, H-63a), 2.24 (m, 1H, H-63b), 2.06 (m, 1H, H-43a), 2.06 (m, 1H, H-43b), 2.06 (m, 1H, H-
59a), 1.91 (m, 1H, H-53b), 1.87 (m, 1H, H-47b), 1.77 (m, 1H, H-57b), 1.76 (m, 1H, H-70a), 1.76 (m, 1H,
H-70b), 1.75 (m, 1H, H-53a), 1.75 (m, 1H, H-67b), 1.72 (d, 3H, J = 1.2 Hz, H3-75), 1.70 (d, 3H, J=1.2
Hz, H3-74), 1.65 (m, 1H, H-42a), 1.65 (m, 1H, H-42b), 1.62 (m, 1H, H-67a), 1.59 (m, 1H, H-51a), 1.54
(m, 1H, H-57a), 1.53 (m, 1H, H-47a).

13C{'"H} NMR (CDsOD, 100 MHz) data for 1B: & 137.5 (qC, C-44), 136.6 (CH, C-65), 136.0 (qC, C-60),
131.7 (CH, C-61), 129.8 (CH, C-45), 129.0 (CH, C-64), 86.6 (CH, C-49), 79.2 (CH, C-68), 77.2 (CH, C-
54), 76.3 (CH, C-52), 75.3 (CH, C-58), 73.2 (CH, C-50), 71.2 (CH, C-66), 69.0 (CH, C-62), 68.0 (CH, C-
48), 67.6 (CHz, C-69), 66.0 (CH, C-46), 65.2 (CHz, C-55), 64.6 (CHa, C-72), 62.6 (CH2, C-41), 60.3 (CHz,
C-56), 59.8 (CHz, C-71), 46.4 (CHz, C-59), 43.3 (CH2, C-47), 42.4 (CHa, C-51), 41.7 (CHz, C-63), 40.3
(CHz, C-67), 40.0 (CHa, C-53), 37.9 (CHa, C-57), 36.9 (CH2, C-43), 34.1 (CHz2, C-70), 31.8 (CHa, C-42),
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17.6 (CHs, C-75), 16.6 (CHs, C-74).

1.5 Ozonolysis

Benthol A (1) (4.0 mg, 0.0027 mM) of "*C-enriched abundance was dissolved in the mixture of
CH2Cl2-MeOH (1:1, each 7.5 mL). Ozone was bubbled into the above solution at —78 °C for 5.0 min.
Excess amount of NaBH4 was then added and stirred at —78 °C for 3.0 h. The reaction mixture was
purified by a C+s reversed-phase silica gel column (Daisogel, SP-120-50-ODS-B, 5g, 6.5 cm x 1.0 cm
i.d.), eluted with 15.0 mL of water followed by 20.0 mL of MeOH, to afford three fractions. The second
fraction was purified by HPLC (YMC-Pack 250 cm x 4.6 mm i.d., MeCN/Hz0, linear-gradient elution
from 5% to 100% MeCN within 35 min) to afford five products, viz., fragments 1a (0.8 mg, tr = 14.9 min),
1b (1.4 mg, tr =17.1 min), 1¢ (0.9 mg, tr = 15.8 min), 1d (0.2 mg, tr = 3.0 min), and 1e (0.4 mg, tr = 6.1
min).
1a: Colorless oil; LR-ESIMS m/z 389.2 [M + Na]*.
"H NMR (CDsOD, 600 MHz) data for 1a: & 4.31 (dddd, 1H, J=9.9, 9.8, 5.0, 2.0 Hz, H-12), 4.04 (m, 1H,
J=5.4,2.5Hz, H-10), 4.03 (m, 1H, H-14), 3.92 (m, 1H, H-2), 3.82 (ddd, 1H, J = 9.0, 9.0, 5.2 Hz, H-6),
3.74 (td, 1H, J=9.6, 9.6, 2.0 Hz, H-4), 3.71 (m, 1H, H-16b), 3.70 (m, 1H, H-16a), 3.47 (dd, 1H, J=10.8,
6.0 Hz, H-1b), 3.42 (dd, 1H, J = 10.8, 5.4 Hz, H-1a), 2.97 (dd, 1H, J = 9.3, 9.3 Hz, H-5), 2.17 (dt, 1H, J
=144, 4.8 Hz, H-3b), 1.97 (dd, 1H, J = 12.6, 4.8 Hz H-7b), 1.81 (dt, 1H, J = 14.4, 2.4 Hz, H-9b), 1.69
(m, 1H, H-15b), 1.66 (m, 1H, H-11b), 1.64 (m, 1H, H-9a), 1.64 (m, 1H, H-15a), 1.59 (m, 1H, H-13b), 1.50
(m, 1H, H-11a), 1.49 (m, 1H, H-13a), 1.48 (m, 1H, H-7a), 1.42 (m, 1H, H-3a).

13C{'"H} NMR (CDsOD, 150 MHz) data for 1a: & 99.1 (qC, C-8), 77.3 (CH, C-5), 74.3 (CH, C-4), 73.6
(CH, C-2), 69.9 (CH, C-6), 67.5 (CH2, C-1), 66.0 (CH, C-14), 65.3 (CH, C-10), 61.9 (CH, C-12), 60.2
(CHz, C-16), 44.7 (CH2, C-13), 44.5 (CH2, C-7), 42.1 (CH2, C-15), 40.6 (CHz, C-9), 39.2 (CHz, C-11),
36.3 (CH2, C-3).

1b: Colorless oil; LR-ESIMS m/z 611.3 [M + HJ".

H NMR (CD30D, 600 MHz) data for 1b: & 4.18 (m, 1H, H-22), 4.17 (m, 1H, H-30), 4.17 (m, 1H, H-34),
4.07 (m, 1H, H-32), 3.76 (m, 1H, H-37), 3.75 (m, 1H, H-24), 3.75 (m, 1H, H-44), 3.75 (m, 1H, H-44"),
3.69 (dd, 1H, J = 9.6, 1.2 Hz, H-39), 3.62 (m, 1H, H-40), 3.62 (m, 1H, H-41), 3.61 (m, 1H, H-18), 3.60
(m, 1H, H-35), 3.55 (m, 1H, H-29), 3.54 (m, 1H, H-21), 3.49 (dd, 1H, J = 11.4, 4.2 Hz, H-17b), 3.48 (dd,
1H, J = 9.6, 9.6 Hz, H-38), 3.44 (dd, 1H, J = 11.4, 6.6 Hz, H-17a), 2.40 (m, 1H, H-31b), 2.37 (m, 1H, H-
23b), 2.03 (ddd, 1H, J = 12.3, 5.0, 1.4 Hz, H-36b), 1.98 (m, 1H, H-42b'), 1.94 (m, 1H, H-42b), 1.82 (m,
1H, H-33b), 1.81 (m, 1H, H-20b), 1.70 (m, 1H, H-25b), 1.70 (m, 1H, H-36a), 1.67 (m, 1H, H-19b), 1.67
(m, 1H, H-43b), 1.67 (m, 1H, H-43b')1.65 (m, 1H, H-20a), 1.64 (m, 1H, H-28a), 1.64 (m, 1H, H-28b),
1.56 (m, 1H, H-25a), 1.54 (m, 1H, H-31a), 1.52 (m, 1H, H-43a), 1.52 (m, 1H, H-43a"), 1.52 (m, 1H, H-
33a), 1.49 (m, 1H, H-42a'), 1.49 (m, 1H, H-23a), 1.48 (m, 1H, H-26b), 1.48 (m, 1H, H-27b), 1.47 (m, 1H,
H-42a), 1.43 (m, 1H, H-19a), 1.40 (m, 1H, H-27a), 1.38 (m, 1H, H-26a), 1.17 (d, 3H, J = 6.6 Hz, H3-74),
1.17 (d, 3H, J = 6.6 Hz, Ha-74").

13C{'H} NMR (CD3s0D, 150 MHz) data for 1b: & 84.7 (CH, C-29), 84.6 (CH, C-21), 79.0 (CH, C-24), 77.8
(CH, C-35), 75.3 (CH, C-32), 73.5 (CH, C-18), 73.3 (CH, C-30), 73.13 (CH, C-39), 73.13 (CH, C-22),
73.07 (CH, C-40), 73.0 (CH, C-41), 72.7 (CH, C-38), 71.1 (CH, C-37), 68.9 (CH, C-44), 68.7 (CH, C-
44'), 67.3 (CHz, C-17), 67.1 (CH, C-34), 42.6 (CH2, C-31), 42.3 (CH2, C-23), 41.7 (CH2, C-33), 37.3 (CH,
C-25), 36.5 (CHa, C-43'"), 36.4 (CHa2, C-43), 34.1 (CHa, C-36), 31.54 (CH2, C-42), 31.54 (CHa, C-42'),
31.2 (CHz, C-19), 30.1 (CH2, C-28), 27.62 (CHz2, C-26), 27.59 (CHz, C-27), 26.1 (CHz, C-20), 23.7 (CHs,
C-74"), 23.4 (CHs, C-74).
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1c: Colorless oil; LR-ESIMS m/z 381.2 [M + H]*.

"H NMR (CD30D, 600 MHz) data for 1c: 6 4.43 (m, 1H, H-50), 4.13 (ddd, 1H, J= 9.5, 7.0, 2.4 Hz, H-
48), 4.03 (m, 1H, H-52), 3.99 (ddd, 1H, J = 5.8, 3.2, 2.0 Hz, H-56), 3.95 (m, 1H, H-60), 3.89 (m, 1H, H-
46), 3.88 (m, 1H, H-58), 3.64 (td, 1H, J = 9.6, 9.6, 2.4 Hz, H-54), 3.51 (dd, 1H, J = 11.4, 4.8 Hz, H-45b),
3.47 (dd, 1H, J = 11.4, 6.6 Hz, H-45a), 3.43 (dd, 1H, J = 7.2, 4.2 Hz, H-49), 3.25 (dd, 1H, J=9.8, 3.2
Hz, H-55), 2.37 (m, 1H, H-51b), 2.05 (ddd, 1H, J = 15.0, 6.0, 2.4 Hz, H-53b), 1.81 (m, 1H, H-53a), 1.81
(m, 1H, H-57b), 1.80 (m, 1H, H-47b), 1.63 (m, 1H, H-47a), 1.62 (m, 1H, H-51a), 1.60 (m, 1H, H-59b),
1.56 (m, 1H, H-57a), 1.44 (dt, 1H, J = 14.4, 4.8 Hz, H-59a), 1.14 (d, 3H, J = 6.0 Hz, H3-75).

13C{'H} NMR (CD3s0D, 150 MHz) data for 1c: & 86.6 (CH, C-49), 77.7 (CH, C-52), 75.4 (CH, C-54), 73.2
(CH, C-50), 72.9 (CH, C-55), 71.8 (CH, C-58), 70.2 (CH, C-46), 68.6 (CH, C-56), 68.2 (CH, C-48), 68.1
(CHz, C-45), 67.6 (CH, C-60), 45.4 (CH2, C-59), 42.4 (CH2, C-51), 40.0 (CHz, C-57), 39.6 (CHz, C-53),
39.0 (CHz, C-47), 23.3 (CHs, C-75).

1d: Colorless oil; HR-ESIMS m/z [M + Na]* (calcd for CsH10NaOs, 129.0522, found 129.0525).

"H NMR (CDs0D, 600 MHz) data for 1d: & 3.75 (m, 1H, H-62), 3.69 (m, 1H, H-64a), 3.69 (m, 1H, H-
64b), 3.53 (dd, 1H, J=10.8, 5.4 Hz, H-61b), 3.47 (dd, 1H, J=10.8, 4.8 Hz, H-61a), 1.73 (m, 1H, H-63b),
1.60 (m, 1H, H-63a).

BC{'H} NMR (CDs0OD, 150 MHz) data for 1d: & 70.8 (CH, C-62), 67.5 (CH2, C-61), 60.0 (CH2, C-64),
37.2 (CHz, C-63).

1e: Colorless oil; LR-ESIMS m/z 215.1 [M + Na]".

"H NMR (CD30D, 600 MHz) data for 1e: 6 4.00 (dd, 1H, J = 5.8, 2.8 Hz, H-70), 3.87 (m, 1H, H-66), 3.73
(ddd, 1H, J=12.4, 9.6, 2.4 Hz, H-72b), 3.66 (td, 1H, J = 9.6, 9.6, 3.0 Hz, H-68), 3.62 (ddd, 1H, J=12.4,
5.4, 1.5 Hz, H-72a), 3.53 (dd, 1H, J = 11.4, 4.8 Hz, H-65b), 3.45 (dd, 1H, J = 11.4, 6.0 Hz, H-65a), 3.24
(dd, 1H, J = 9.6, 3.0 Hz, H-69), 2.02 (ddd, 1H, J = 14.4, 5.4, 3.0 Hz, H-67b), 1.84 (dddd, 1H, J = 12.4,
9.8,5.4,2.6 Hz, H-71b), 1.75 (dddd, 1H, J = 12.4, 5.6, 3.8, 2.0 Hz, H-71a), 1.53 (ddd, 1H, J=14.4, 9.0,
6.6 Hz, H-67a).

13C{'"H} NMR (CD3sOD, 150 MHz) data for 1e: & 75.5 (CH, C-68), 73.4 (CH, C-69), 71.8 (CH, C-66), 68.1
(CH, C-70), 66.9 (CHz, C-65), 62.7 (CH2, C-72), 37.1 (CHz, C-67), 33.8 (CHz, C-71).

1.6 Mosher’s MTPA Esters 1As/r, 1Bs/r, 1as/r, 1bs/r, 1cs/r, and 1es/r

The fragment 1A (0.5 mg) was treated with (R)-MTPACI (16.0 pL) in dried pyridine (0.6 mL) at room
temperature for 12h. The reaction mixture was concentrated and purified by HPLC (YMC-Pack 250 cm
x 4.6 mm i.d., MeCN/H20, 99:1) to afford the 2,5,6,14,18,22,30,34,37,38,40-O-undeca- (S)-MTPA ester
of 1A, namely 1As (1.7 mg, tr = 18.2 min). The 2,5,6, 14,18,22,30,34,37,38,40-O- undeca-(R)-MTPA
ester of 1A, namely 1Ar (1.8 mg, fr = 18.3 min) was prepared in the same way. Similarly, fragments 1B,
1b, and 1c¢ were esterified with (R)- and (S)-MTPACI, respectively, to yield 1Bs (1.5 mg)/1Br (1.6 mg),
1bs (1.4 mg)/1br (1.3 mg), and 1¢cs (0.9 mg)/1cr (1.0 mg).

The fragment 1a (0.4 mg) was dissolved in pyridine (0.6 mL) and then added with pivaloyl chloride
(6.0 uL) at 0 °C. The reaction mixture was stirred for 30.0 min and then added with water (50.0 pL). The
mixture was concentrated and dried under vacuum for 8h, and then treated with (R)-MTPACI (8.0 pL) in
dried pyridine (0.6 mL) at room temperature for 2h. The reaction mixture was concentrated and purified
by HPLC (YMC-Pack 250 cm x 4.6 mm i.d., MeCN/H:20, 92:8) to afford the 2,6,10,14-O-tetra-(S)-MTPA
ester of 1a, namely 1as (1.0 mg, tr = 15.3 min). The 2,6,10,14-O-tetra-(R)-MTPA ester of 1a, namely
1ar (1.1 mg, tr = 15.2 min) was prepared in the same way. Similarly, the fragment 1e was esterified with
pivaloyl chloride and then treated with (R)- and (S)-MTPACI, respectively, to yield 1es (0.5 mg) and 1er
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(0.5 mg). With the aid of key '"H-'"H COSY or 'H-'H TOCSY correlations, '"H NMR spectroscopic data
of the above products were assigned.

1As: White, amorphous solid; HR-ESIMS m/z [M + Na]" calcd for C1s0H147F33NaO3s 3205.8936, found
3205.8930.

"H NMR (CDCls, 700 MHz) data for 1As: 6 5.60 (m, 1H, H-16), 5.54 (m, 1H, H-6), 5.40 (m, 1H, H-17),
5.38 (m, 1H, H-14), 5.26 (m, 1H, H-30), 5.23 (m, 1H, H-18), 5.23 (m, 1H, H-34), 5.21 (m, 1H, H-22), 5.11
(t, 1H, J = 9.8 Hz, H-5), 4.79 (br s, 1H, H-73b), 4.75 (br s, 1H, H-73a), 4.35 (m, 1H, H-2b), 4.26 (m, 1H,
H-37b), 4.26 (m, 1H, H-38b), 4.26 (m, 1H, H-40b), 4.18 (dd, 1H, J = 11.2, 7.0 Hz, H-40a), 4.14 (m, 1H,
H-37a), 4.12 (m, 1H, H-2a), 4.03 (dd, 1H, J = 11.9, 4.9 Hz, H-38a), 3.86 (m, 1H, H-4), 3.81 (m, 1H, H-
39), 3.65 (m, 1H, H-24), 3.59 (m, 1H, H-35), 3.52 (m, 1H, H-21), 3.49 (m, 1H, H-29), 3.48 (m, 1H, H-12),
3.38 (m, 1H, H-32), 2.47 (dd, 1H, J = 12.6, 5.6 Hz, H-7b), 2.44 (m, 1H, H-23b), 2.38 (m, 1H, H-15b),
2.30 (m, 1H, H-15a), 2.22 (d, 1H, J = 13.3 Hz, H-9b), 2.18 (m, 1H, H-31b), 2.16 (m, 1H, H-9a), 2.10 (d,
1H, J=12.6 Hz, H-11b), 1.83 (t, 1H, J = 12.6 Hz, H-11a), 1.73 (m, 1H, H-3b), 1.73 (m, 1H, H-13b), 1.72
(m, 1H, H-36b), 1.71 (m, 1H, H-3a), 1.67 (m, 1H, H-13a), 1.66 (m, 1H, H-33b), 1.63 (m, 1H, H-19b),
1.63 (m, 1H, H-33a), 1.60 (m, 1H, H-7a), 1.57 (m, 1H, H-19a), 1.57 (m, 1H, H-36a), 1.48 (m, 1H, H-20b),
1.48 (m, 1H, H-25b), 1.47 (m, 1H, H-23a), 1.47 (m, 1H, H-28b), 1.37 (m, 1H, H-31a), 1.36 (m, 1H, H-
28a), 1.35 (m, 1H, H-20a), 1.32 (m, 1H, H-25a), 1.24 (m, 1H, H-26b), 1.24 (m, 1H, H-27b), 1.12 (m, 1H,
H-26a), 1.12 (m, 1H, H-27a).

1Ar: White, amorphous solid; HR-ESIMS m/z [M + Na]* calcd for C1s0H147F33NaQOazs 3205.8936, found
3205.8926.

"H NMR (CDCIs, 700 MHz) data for 1Ar: 6 5.64 (m, 1H, H-16), 5.55 (m, 1H, H-6), 5.46 (dd, 1H, J=14.7,
6.3 Hz, H-17), 5.38 (m, 1H, H-18), 5.29 (m, 1H, H-14), 5.29 (m, 1H, H-30), 5.25 (m, 1H, H-22), 5.16 (m,
1H, H-34), 5.10 (t, 1H, J = 9.8 Hz, H-5), 4.69 (br s, 1H, H-73a), 4.69 (br s, 1H, H-73b), 4.43 (m, 1H, H-
2b), 4.18 (m, 1H, H-37b), 4.17 (m, 1H, H-38b), 4.17 (m, 1H, H-40a), 4.17 (m, 1H, H-40b), 4.10 (m, 1H,
H-2a), 4.10 (m, 1H, H-38a), 3.99 (m, 1H, H-37a), 3.86 (m, 1H, H-39), 3.73 (m, 1H, H-4), 3.69 (m, 1H, H-
32), 3.65 (m, 1H, H-24), 3.63 (m, 1H, H-29), 3.60 (m, 1H, H-21), 3.60 (m, 1H, H-35), 3.37 (m, 1H, H-12),
2.45 (m, 1H, H-15b), 2.40 (m, 1H, H-23b), 2.37 (m, 1H, H-15a), 2.37 (m, 1H, H-31b), 2.32 (m, 1H, H-
7b), 2.16 (d, 1H, J = 13.3 Hz, H-9b), 2.08 (d, 1H, J = 13.3 Hz, H-9a), 1.90 (d, 1H, J = 12.6 Hz, H-11b),
1.77 (m, 1H, H-19b), 1.74 (m, 1H, H-11a), 1.71 (m, 1H, H-19a), 1.69 (m, 1H, H-3b), 1.65 (m, 1H, H-20b),
1.64 (m, 1H, H-13b), 1.62 (m, 1H, H-3a), 1.60 (m, 1H, H-13a), 1.56 (m, 1H, H-28b), 1.52 (m, 1H, H-20a),
1.49 (m, 1H, H-7a), 1.46 (m, 1H, H-28a), 1.46 (m, 1H, H-33b), 1.45 (m, 1H, H-36b), 1.43 (m, 1H, H-33a),
1.42 (m, 1H, H-31a), 1.38 (m, 1H, H-23a), 1.33 (m, 1H, H-36a), 1.32 (m, 1H, H-25b), 1.20 (m, 1H, H-
26b), 1.20 (m, 1H, H-27b), 1.18 (m, 1H, H-25a), 1.09 (m, 1H, H-26a), 1.09 (m, 1H, H-27a).

1Bs: White, amorphous solid; HR-ESIMS m/z [M + Na]* calcd for C13sH132F30NaO33 2861.8064, found
2861.8070.

"H NMR (CDCls, 700 MHz) data for 1Bs: 6 5.71 (m, 1H, H-46), 5.70 (m, 1H, H-64), 5.56 (m, 1H, H-62),
5.49 (dd, 1H, J = 15.4, 7.7 Hz, H-65), 5.43 (m, 1H, H-66), 5.29 (m, 1H, H-48), 5.21 (m, 1H, H-50), 5.04
(brd, 1H, J = 8.4 Hz, H-61), 4.94 (br d, 1H, J = 9.1 Hz, H-45), 4.44 (dd, 1H, J = 11.9, 3.5 Hz, H-69b),
4.34 (m, 1H, H-56b), 4.33 (m, 1H, H-70b), 4.28 (m, 1H, H-41b), 4.25 (m, 1H, H-55a), 4.25 (m, 1H, H-
55b), 4.25 (m, 1H, H-70a), 4.20 (m, 1H, H-41a), 4.08 (m, 1H, H-56a), 3.92 (dd, 1H, J = 11.9, 5.6 Hz, H-
69a), 3.88 (m, 1H, H-52), 3.69 (dd, 1H, J = 7.0, 2.8 Hz, H-49), 3.61 (m, 1H, H-54), 3.53 (m, 1H, H-58),
3.34 (m, 1H, H-72b), 3.24 (m, 1H, H-68), 3.20 (m, 1H, H-72a), 2.43 (m, 1H, H-51b), 2.42 (m, 1H, H-63b),
2.28 (m, 1H, H-63a), 2.26 (m, 1H, H-47b), 2.19 (dd, 1H, J = 14.0, 4.2 Hz, H-59b), 1.96 (m, 1H, H-43a),
1.96 (m, 1H, H-43b), 1.94 (m, 1H, H-47a), 1.89 (m, 1H, H-67b), 1.88 (m, 1H, H-59a), 1.78 (m, 1H, H-
71a), 1.78 (m, 1H, H-71b), 1.76 (m, 1H, H-53b), 1.74 (m, 1H, H-42b), 1.71 (m, 1H, H-42a), 1.64 (m, 1H,
H-57b), 1.64 (m, 1H, H-67a), 1.63 (br s, 3H, H3-75), 1.62 (br s, 3H, H3-74), 1.55 (m, 1H, H-53a), 1.47
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(m, 1H, H-51a), 1.44 (m, 1H, H-57a).

1Br: White, amorphous solid; HR-ESIMS m/z [M + Na]* calcd for C134H132F30NaO33 2861.8064, found
2861.8057.

"H NMR (CDCls, 700 MHz) data for 1Br: 6 5.70 (m, 1H, H-46), 5.57 (m, 1H, H-64), 5.54 (m, 1H, H-62),
5.40 (m, 1H, H-66), 5.30 (dd, 1H, J = 15.4, 7.7 Hz, H-65), 5.15 (m, 1H, H-48), 5.14 (m, 1H, H-50), 5.11
(m, 1H, H-45), 5.10 (m, 1H, H-61), 4.46 (dd, 1H, J=11.9, 3.5 Hz, H-69b), 4.31 (m, 1H, H-70b), 4.31 (m,
1H, H-70a), 4.27 (m, 1H, H-56b), 4.26 (m, 1H, H-41b), 4.23 (m, 1H, H-41a), 4.12 (dd, 1H, J=11.9, 2.8
Hz, H-55b), 4.08 (dd, 1H, J = 11.9, 4.9 Hz, H-55a), 4.04 (m, 1H, H-56a), 4.02 (dd, 1H, J=11.9, 5.6 Hz,
H-69a), 3.86 (m, 1H, H-52), 3.71 (m, 1H, H-49), 3.43 (m, 1H, H-58), 3.42 (m, 1H, H-72b), 3.36 (m, 1H,
H-68), 3.34 (m, 1H, H-54), 3.25 (m, 1H, H-72a), 2.37 (m, 1H, H-63b), 2.26 (m, 1H, H-51b), 2.21 (m, 1H,
H-47b), 2.19 (m, 1H, H-59b), 2.19 (m, 1H, H-63a), 2.00 (m, 1H, H-43a), 2.00 (m, 1H, H-43b), 1.87 (m,
1H, H-47a), 1.87 (m, 1H, H-67b), 1.86 (m, 1H, H-59a), 1.82 (m, 1H, H-71a), 1.82 (m, 1H, H-71b), 1.76
(m, 1H, H-42a), 1.76 (m, 1H, H-42b), 1.64 (m, 1H, H-67a), 1.60 (m, 1H, H-57b), 1.59 (br s, 3H, H3-74),
1.59 (brs, 3H, H3-75), 1.42 (m, 1H, H-53b), 1.41 (m, 1H, H-57a), 1.26 (m, 1H, H-51a), 1.14 (m, 1H, H-
53a).

1as: Colorless oil; HR-ESIMS m/z [M + H]* calcd for CesH7sF 12019 1399.4705, found 1399.4731.

"H NMR (CD30D, 600 MHz) data for 1as: 6 5.48 (m, 1H, H-2), 5.38 (m, 1H, H-14), 5.35 (m, 1H, H-10),
5.28 (m, 1H, H-6), 4.40 (dd, 1H, J = 12.6, 1.8 Hz, H-1b), 3.99 (m, 1H, H-12), 3.96 (m, 1H, H-1a), 3.96
(m, 1H, H-16b), 3.80 (m, 1H, H-16a), 3.64 (m, 1H, H-4), 3.28 (t, 1H, J = 9.6 Hz, H-5), 2.14 (dd, 1H, J =
12.0, 4.8 Hz, H-7b), 2.00 (m, 1H, H-15b), 1.98 (m, 1H, H-11b), 1.91 (m, 1H, H-3b), 1.90 (m, 1H, H-9b),
1.86 (m, 1H, H-15a), 1.83 (m, 1H, H-3a), 1.80 (m, 1H, H-13a), 1.80 (m, 1H, H-13b), 1.73 (m, 1H, H-11a),
1.72 (m, 1H, H-9a), 1.51 (t, 1H, J = 12.0 Hz, H-7a).

1ar: Colorless oil; HR-ESIMS m/z [M + H]* calcd for CesH75F 12019 1399.4705, found 1399.4719.

"H NMR (CDsOD, 600 MHz) data for 1ar: & 5.44 (m, 1H, H-2), 5.37 (m, 1H, H-10), 5.28 (m, 1H, H-6),
5.19 (m, 1H, H-14), 4.09 (m, 1H, H-16a), 4.09 (m, 1H, H-16b), 3.91 (dd, 1H, J = 12.6, 1.8 Hz, H-1b),
3.86 (dd, 1H, J = 12.6, 4.8 Hz, H-1a), 3.68 (m, 1H, H-12), 3.50 (m, 1H, H-4), 3.38 (t, 1H, J = 9.6 Hz, H-
5), 2.08 (dd, 1H, J = 12.0, 4.8 Hz, H-7b), 2.07 (m, 1H, H-3b), 2.06 (m, 1H, H-15b), 1.96 (m, 1H, H-9b),
1.90 (m, 1H, H-15a), 1.88 (m, 1H, H-3a), 1.86 (m, 1H, H-9a), 1.78 (m, 1H, H-13a), 1.78 (m, 1H, H-13b),
1.75 (m, 1H, H-11b), 1.57 (m, 1H, H-11a), 1.50 (t, 1H, J = 12.0 Hz, H-7a).

1bs: White, amorphous solid; HR-ESIMS m/z [M + H]* calcd for C119H118F27031 2555.7220, found
2555.7216.

"H NMR (CDCls, 700 MHz) data for 1bs: 6 5.33 (m, 1H, H-30), 5.26 (m, 1H, H-34), 5.25 (m, 1H, H-22),
5.21 (m, 1H, H-18), 5.19 (m, 1H, H-37), 5.11 (m, 1H, H-38"), 5.09 (m, 1H, H-38), 4.92 (m, 1H, H-44"),
4.89 (m, 1H, H-44), 4.81 (m, 1H, H-41"), 4.80 (m, 1H, H-41), 4.48 (dd, 1H, J=11.9, 2.1 Hz, H-17b), 4.18
(dd, 1H, J=11.9, 5.6 Hz, H-17a), 4.08 (m, 1H, H-35), 3.68 (m, 1H, H-24), 3.66 (m, 1H, H-39'"), 3.58 (m,
1H, H-39), 3.53 (m, 1H, H-29), 3.51 (m, 1H, H-21), 3.50 (m, 1H, H-40'"), 3.48 (m, 1H, H-40), 3.47 (m, 1H,
H-32), 2.48 (m, 1H, H-23b), 2.36 (m, 1H, H-31b), 1.90 (m, 1H, H-36b), 1.79 (m, 1H, H-33b), 1.73 (m,
1H, H-36a), 1.70 (m, 1H, H-19b), 1.65 (m, 1H, H-33a), 1.59 (m, 1H, H-42a'), 1.59 (m, 1H, H-42b'"), 1.58
(m, 1H, H-42a), 1.58 (m, 1H, H-42b), 1.54 (m, 1H, H-19a), 1.50 (m, 1H, H-31a), 1.49 (m, 1H, H-23a),
1.47 (m, 1H, H-28b), 1.43 (m, 1H, H-25b), 1.42 (m, 1H, H-20b), 1.41 (m, 1H, H-28a), 1.38 (m, 1H, H-
43a), 1.38 (m, 1H, H-43b), 1.33 (m, 1H, H-20a), 1.33 (m, 1H, H-25a), 1.29 (m, 1H, H-43a"), 1.29 (m, 1H,
H-43b"), 1.28 (m, 1H, H-27b), 1.25 (m, 1H, H-26b), 1.16 (d, 3H, J = 6.3 Hz, H3-74), 1.15 (m, 1H, H-26a),
1.13 (m, 1H, H-27a), 1.06 (d, 3H, J = 6.3 Hz, H3-74").
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1br: White, amorphous solid; HR-ESIMS m/z [M + HJ* calcd for C119H118F27031 2555.7220, found
2555.7240.

"H NMR (CDCls, 700 MHz) data for 1br: 6 5.32 (m, 1H, H-30), 5.31 (m, 1H, H-18), 5.24 (m, 1H, H-22),
5.21(dd, 1H, J = 9.8, 4.9 Hz, H-38), 5.20 (dd, 1H, J = 9.8, 4.9 Hz, H-38'), 5.12 (m, 1H, H-37), 5.02 (m,
1H, H-34), 5.00 (m, 1H, H-44"), 4.96 (m, 1H, H-44), 4.83 (m, 1H, H-41), 4.78 (m, 1H, H-41"), 4.50 (dd,
1H, J = 11.9, 2.1 Hz, H-17b), 4.17 (dd, 1H, J = 11.9, 5.6 Hz, H-17a), 3.67 (m, 1H, H-39), 3.67 (m, 1H,
H-24), 3.66 (m, 1H, H-35), 3.66 (m, 1H, H-39'), 3.63 (m, 1H, H-32), 3.61 (m, 1H, H-29), 3.56 (m, 1H, H-
21), 3.16 (m, 1H, H-40), 3.12 (m, 1H, H-40"), 2.50 (m, 1H, H-31b), 2.42 (m, 1H, H-23b), 1.76 (m, 1H, H-
19b), 1.73 (m, 1H, H-36b), 1.71 (m, 1H, H-19a), 1.67 (m, 1H, H-42a), 1.67 (m, 1H, H-42b), 1.64 (m, 1H,
H-42a"), 1.64 (m, 1H, H-42b"), 1.63 (m, 1H, H-33b), 1.59 (m, 1H, H-20b), 1.59 (m, 1H, H-28b), 1.54 (m,
1H, H-43a'), 1.53 (m, 1H, H-43a), 1.52 (m, 1H, H-33a), 1.49 (m, 1H, H-20a), 1.48 (m, 1H, H-28a),1.47
(m, 1H, H-31a), 1.46 (m, 1H, H-36a), 1.41 (m, 1H, H-43b'), 1.39 (m, 1H, H-23a), 1.39 (m, 1H, H-43b),
1.29 (m, 1H, H-25b), 1.29 (m, 1H, H-27b), 1.25 (d, 3H, J = 6.3 Hz, H3-74'), 1.23 (m, 1H, H-25a), 1.22
(m, 1H, H-26b), 1.16 (d, 3H, J = 6.3 Hz, H3-74), 1.13 (m, 1H, H-26a), 1.12 (m, 1H, H-27a).

1cs: Colorless oil; HR-ESIMS m/z [M + H]" calcd for Cs7Hg2F21023 1893.4906, found 1893.4936.

"H NMR (CD3OD, 400 MHz) data for 1¢s: 6 5.55 (m, 1H, H-56), 5.40 (m, 1H, H-46), 5.26 (m, 1H, H-48),
5.26 (m, 1H, H-50), 5.12 (dd, 1H, J = 10.4, 2.8 Hz, H-55), 5.09 (m, 1H, H-60), 4.54 (dd, 1H, J = 12.8,
2.8 Hz, H-45b), 4.12 (dd, 1H, J=12.8, 5.2 Hz, H-45a), 4.05 (m, 1H, H-52), 3.74 (dd, 1H, J=7.2, 3.2 Hz,
H-49), 3.67 (m, 1H, H-54), 3.10 (m, 1H, H-58), 2.54 (m, 1H, H-51b), 2.18 (m, 1H, H-47b), 2.06 (m, 1H,
H-47a), 1.87 (m, 1H, H-53b), 1.80 (m, 1H, H-57b), 1.80 (m, 1H, H-59b), 1.68 (m, 1H, H-53a), 1.44 (m,
1H, H-51a), 1.43 (m, 1H, H-57a), 1.42 (m, 1H, H-59a), 1.00 (d, 3H, J = 6.4 Hz, H3-75).

1cr: Colorless oil; HR-ESIMS m/z [M + H]* calcd for Cs7Hs2F21023 1893.4906, found 1893.4932.

"H NMR (CDs0D, 400 MHz) data for 1cr: 6 5.61 (m, 1H, H-56), 5.32 (m, 1H, H-46), 5.20 (m, 1H, H-60),
5.13 (m, 1H, H-50), 5.12 (m, 1H, H-48), 4.96 (dd, 1H, J = 10.4, 2.8 Hz, H-55), 4.54 (dd, 1H, J = 12.8,
2.8 Hz, H-45b), 4.17 (dd, 1H, J = 12.8, 5.2 Hz, H-45a), 3.78 (m, 1H, H-52), 3.74 (dd, 1H, J=7.2, 3.2 Hz,
H-49), 3.51 (m, 1H, H-58), 3.41 (m, 1H, H-54), 2.38 (m, 1H, H-51b), 2.04 (m, 1H, H-47b), 2.00 (m, 1H,
H-47a), 1.86 (m, 1H, H-57b), 1.77 (m, 1H, H-59b), 1.67 (m, 1H, H-57a), 1.59 (m, 1H, H-59a), 1.26 (d,
3H, J = 6.4 Hz, H3-75), 1.24 (m, 1H, H-53b), 1.16 (m, 1H, H-51a), 0.96 (m, 1H, H-53a).

1es: Colorless oil; LR-ESIMS m/z 956.6 [M + CIJ~.

'"H NMR (CD3OD, 600 MHz) data for 1es: & 5.56 (m, 1H, H-70), 5.47 (m, 1H, H-66), 5.03 (dd, 1H, J =
9.6, 2.4 Hz, H-69), 4.39 (dd, 1H, J = 12.6, 2.4 Hz, H-65b), 4.10 (dd, 1H, J = 12.6, 6.0 Hz, H-65a), 3.76
(td, 1H, J =10.2, 2.4 Hz, H-68), 3.55 (ddd, 1H, J = 12.0, 4.8, 1.2 Hz, H-72b), 3.05 (td, 1H, J = 12.0, 2.4
Hz, H-72a), 2.01 (m, 1H, H-71b), 1.96 (m, 1H, H-67b), 1.84 (m, 1H, H-67a), 1.75 (m, 1H, H-71a).

1er: Colorless oil; LR-ESIMS m/z 956.6 [M + CIJ.

"H NMR (CDsOD, 600 MHz) data for 1er: § 5.75 (m, 1H, H-70), 5.30 (m, 1H, H-66), 5.04 (dd, 1H, J =
9.6, 2.4 Hz, H-69), 4.08 (dd, 1H, J = 12.6, 2.4 Hz, H-65b), 3.82 (dd, 1H, J = 12.6, 6.0 Hz, H-65a), 3.76
(ddd, 1H, J=12.0, 4.8, 1.2 Hz, H-72b), 3.63 (td, 1H, J = 10.2, 2.4 Hz, H-68), 3.50 (td, 1H, J=12.0, 2.4
Hz, H-72a), 2.18 (m, 1H, H-71b), 1.97 (m, 1H, H-71a), 1.72 (m, 1H, H-67b), 1.53 (m, 1H, H-67a).

1.7 Relative Configurations of Segments Established by JBCA.

For the C32-C34 segment in 1A, the anti orientations between H32/H33b and H34/H33a were
suggested by the large 3Jns2h3sb (9.5 Hz) and 3Jhsamsza (9.2 Hz), respectively, while the gauche
orientations between H32/H33a and H34/H33b were provided by the small 3Jus2H33a (3.0 Hz) and
3Jn3aH33o (3.5 Hz), respectively (Figure S3A). The anti orientations between 32-O/H33a and 34-OH/H33b
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were deduced from the small 2JcazH33a (-2.0 Hz) and 2Jcssnssp (-0.6 Hz), respectively, whereas the
gauche orientations between 32-O/H33b and 34-OH/H33a were assigned by the large 2Jcs2Hazb (-5.2
Hz) and 2JcssH3sa (-6.9 Hz), respectively. The gauche orientations between C31/H33a and C31/H33b
were assigned by the small *Jcs1,H33a (2.6 Hz) and 3Jcs1H33b (2.9 Hz), respectively. Similarly, the gauche
orientations between C35/H33a and C35/H33b were established by the small 3Jc3s H3sa (3.0 Hz) and
3Jcss,H33b (1.6 Hz), respectively. Thus, the relative configuration between 32-O and 34-OH was concluded
to be anti (Figure S3A). For the C34-C35 segment in 1A, the gauche orientation between H34/H35 was
supported by the small 3Jn34,H3s (2.9 Hz). The anti orientations between 34-OH/H35 and 35-O/H34 were
indicated by the small 2Jcaamss (0.9 Hz) and 2Jcsshaa (0.9 Hz), respectively, whereas the gauche
orientations between C33/H35 and C36/H34 were established by the small 3Jcssss (1.0 Hz) and 3Jcas H34
(2.5 Hz), respectively. Therefore, the relationship between 34-OH and 35-O was assigned as syn. Finally,
the relative configuration of the C32-C35 segment in 1A was determined to be (anti/syn) along the
direction of the wedge-shaped carbon chain (Figure S3A).

For the C46-C49 segment in 1B, the anti orientations between H46/H47b and H48/H47a were
indicated by the large 3Jnas a7 (9.6 Hz) and 3Jhas,Haza (9.5 Hz), respectively, while the gauche orientations
between H46/H47a and H48/H47b were assigned by the small 3Jnas H47a (3.1 Hz) and 3Jnas Haro (2.3 HZz),
respectively. The gauche orientations between 46-OH/H47b and 48-OH/H47a were elucidated by the
large 2Jcae Hatb (-6.5 Hz) and 2Jcas Haa (-6.9 Hz), respectively, whereas the anti orientations between 46-
OH/H47a and 48-OH/H47b were indicated by the small 2JcasHaza (-1.6 Hz) and 2Jcasrar (-1.8 Hz),
respectively. The gauche orientations between C-27/H-29a, C-27/H-29b, C-31/H-29a, C-31/H-29b were
supported by the small 3Jcas Haza (1.6 Hz), 3Jcasrar (1.8 Hz), 3Jcagnaza (1.7 Hz), and 3Jcag narb (1.9 Hz),
respectively. Thus, the orientation between 46-OH and 48-OH was assigned as anti (Figure S3B).
Similarly, the anti orientation between H48/H49 was indicated by the large 3Jnas Hao (7.5 Hz), while the
gauche orientations between 48-OH/H49 and 49-O/H48 were assigned by the large 2Jcss Hag (-4.5 Hz)
and 2Jcagnas (-4.2 Hz), respectively. The gauche orientations between C50/H48 and C47/H49 were
suggested by the small 3Jcsonas (1.8 Hz) and 3Jcaz,mae (2.8 Hz), respectively. Therefore, the orientation
between 48-OH and 49-0O was assigned as anti. Based on the above results, the (anti/anti) relationship
was concluded for the relative configuration of the C46-C49 segment in 1B (Figure S3B).

For the C52-C54 segment in 1B, the moderate 3Jus2 Hs3a (5.4 Hz) and 3Jns2,Hs3p (6.7 Hz) suggested
two interconverting conformations for both H52/H53a and H52/H53b. Similarly, the 2Jcs2,Hs3a (-2.4 Hz)
and 3Jcs1,Hs3b (3.4 Hz) indicated two alternating conformations for both 52-O/H53a and C51/H53b. The
large 2Jcsz,Hs30(-6.9 Hz) and the small 3Jcs1,Hs3a (2.8 Hz) revealed that both 52-O/H53b and C51/H53a
remained in a gauche orientation. Thus, two alternating conformers were assigned for the C52-C53
segment (Figure S3C). The anti orientations between H54/H53a and C55/H53b were determined by the
large 3Jhs4,Hs3a (8.2 Hz) and 3JcssHsaw (7.4 Hz), respectively, whereas the gauche orientations between
H54/H53b, C55/H53a, 54-0O/H53a, and 54-0O/H53b were supported by the small 3Jus4 Hs3b (4.0 Hz) and
3JcssHs3a (1.2 Hz), and the large 2JcsaHssa (-6.0 Hz) and 2Jcsans3n (-6.2 Hz), respectively. Finally, the
relative configuration between 52-0 and 54-0O in 1B was assigned as syn (Figure S3C).

For the C66-C68 segment in 1B, the intermediate 3JuesHeza (7.0 Hz) and 3JnesHs7o (7.0 Hz)
suggested two interconverting conformations for both H66/H67a and H66/H67b. Similarly, the moderate
2Jces,He7a (-3.8 Hz) and 3JcesHero (5.5 Hz) indicated two alternating conformations for both 66-OH/H67a
and C65/H67b. The large 2JcesHe7o (-5.7 Hz) and the small 3JcesHe7a (2.2 Hz) revealed that both 66-
OH/H67b and C65/H67a remained in a gauche orientation. Thus, two alternating conformers were
assigned for the C66—-C67 segment (Figure S3D). Similarly, the intermediate 3JuesHe7a (5.0 Hz) and
3Jnes.He7b (4.9 Hz) indicated two interconverting conformations for both H68/H67a and H68/H67b. The
2Jces He7a (-2.3 Hz) and 3Jcesome7s (5.7 Hz) suggested two alternating conformations for both 68-O/H67a
and C69/H67b. The large 2JcesHe7b (-6.8 Hz) and the small 3JcsoHera (1.2 Hz) revealed that both 68-
O/H67b and C69/H67a were in a gauche orientation. Therefore, two alternating conformers were
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assigned for the C67-C68 segment. Based on the above results, the relative configuration between 66-
OH and 68-0 in 1B was determined as syn (Figure S3D). To sum up, the relative configurations of the
C32-C35 segment in 1A, and the C46-C49, C52-C54, and C66—-C68 segments in 1B were assigned
as (anti/syn), (anti/anti), syn, and syn, respectively, by application of JBCA.

In conclusion, the relative configurations of the C32-C35 segment in 1A, and the C46-C49,
C52-C54, and C66-C68 segments in 1B were assigned as (anti/syn), (anti/anti), syn, and syn,
respectively, by application of JBCA (Figure S3).

1.8 Computational Details

Mixed torsional/low-mode conformational searches were carried out by means of the Macromodel
10.8.011 software using the MMFF with an implicit solvent model for CHCIz applying a 21 kJ/mol energy
window.'%” Geometry re-optimizations of the resultant conformers [B3LYP/6-31+G(d,p) level in vacuo]
and DFT-NMR calculations [MPW1PW91/6-311+G(2d,p)] were performed with Gaussian 09 package.'®®
Computed NMR shift data were corrected with | = 185.6277 and S = —1.0175 for MeOH.'%%"10 Boltzmann
distributions were estimated from the B3LYP energies. Model compounds for DFT-NMR calculations
were shown in Figure S5B.

1.9 Principal Component Analysis (PCA)

The structural characteristic data of SCCCs were imported into the SIMCA-P software package
(v14.1, Umetric, Umea®, Sweden) for PCA analysis."'""'2 The normalized data were used to categorize
benthol A (1) and previously reported 187 known SCCCs from marine dinoflagellates of eight genera,
viz., Amphidinium, Gambierdiscus, Karenia, Karlodinium, Ostreopsis, Prorocentrum, Protoceratium, and
Symbiodinium. The summary of fit report was shown in Figure S6, whereas partial enlarged view of PCA
score plot of 1 and previously reported 187 SCCCs was shown in Figure S7.

1.10 Bioassay
1.10.1 In vitro Antiplasmodial Assay

P. falciparum 3D7 (drug-sensitive) was cultured according to the method described by Trager and
Jensen."3 Parasites were maintained in fresh human erythrocytes at 2% hematocrit in complete culture
medium (Thermo Fisher Scientific Cat# 22400089) containing 0.5% AlIbuMAX Il (Thermo Fisher
Scientific Cat# 11021045). In vitro drug screening was performed using the SYBR green | fluorescence
assay.'" Synchronous ring-stage parasites (> 80%) were plated in triplicate at 2% hematocrit and 0.5%
parasitemia in 100.0 yL and treated with serial dilutions of compounds at 37°C for 72 h. In vitro
antiplasmodial activity was expressed as the compound concentration that inhibited parasite growth by
50%. The experiments were repeated three times.

1.10.2 In vitro HIV-1-Inhibitory Assay

293 T cells (2 x 10%) were co-transfected with 0.6 pg of pNL-Luv-E™-Vpu~ and 0.4 ug of pHIT/G.
After 48h, the VSV-G pseudotyped viral supernatant (HIV-1) was harvested by filtration through a 0.45
pm filter and the concentration of viral capsid protein was determined by p24 antigen capture ELISA
(Biomerieux). SupT1 cells were exposed to VSV-G pseudotyped HIV-1 (MOI = 1) at 37 °C for 48 h in
the absence or presence of the test compounds. Efavirenz was used as the positive control. The
inhibition rates were determined by using a firefly Luciferase Assay System (Promega)."'®
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Supporting Information-l|

Supplemental Figures S7-S222, including copies of HR-ESIMS for compound 1 and
fragments 1A, 1B, 1d, 1As/r, 1Bs/r, 1as/r, 1bs/r and 1cs/r; LR-ESIMS for fragments
1a-1c, 1e, and 1es/r; and 1D and 2D NMR spectra for compound 1 and fragments 1A,
1B, 1a-1e, 1As/r, 1Bs/r, 1as/r, 1bs/r, 1cs/r, and 1es/r.

(1A, 1B, 1As/r, and 1Bs/r are chemical entities of '3C natural abundance, whereas 1a—-1e

and 1as/r—1es/r are those of 13C-enriched abundance, except for MTPA ester groups)
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Figure S42. 13C (100 MHz) NMR spectrum of compound 1 in CD;0D
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Figure S80. NOESY (400 MHz) spectrum of the fragment 1B in CD,0D
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Figure S185. HR-ESIMS for the fragment 1bs
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- 0

" — 20
‘QIA...
- =

- - - 40

- 60

, 8:" " [ []

v

— 80

—~100

—120

—140

—160

—180

—200

220

I I I I I I I I I I

8 7 6 5 & 3 2 1 0 -1 ppm

Figure S200. HSQC (700 MHz) spectrum of the fragment 1br in CDClI, 5200



Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date 3/29/2021 3:21:11 PM
Analysis Name D:\Data\MS\data\202103\yuyi_AX-1-03-4-R_pos_6_01_10275.d

Method LC_Direct Infusion_pos_100-3000mz.m Operator SCSIO

Sample Name yuyi_AX-1-03-4-R_pos Instrument maxXis 255552.00029
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset ov Set Dry Gas 4.0 /min
Scan End 3500 m/z Set Charging Voltage oV Set Divert Valve Waste
Set Corona 0nA Set APCI Heater 0°C
Intens. +MS, 0.6min #38
x104
51
5,
4] [M + H]"’ 1894 497218955000
3] 1896.5033
1893.4936
2] 1897.5077
1898.5088
17 1899.5117
. j\ 1900/-\51551 901.52041902 5152
1888 1890 1892 1894 1696 1898 1900 ' 1902 1904 miz
Meas. m/z # lon Formula Score m/z err[ppm] err[mDa] mSigma rdb e Conf N-Rule
18934936 1 C87H82F21023 100.00 1893.4906 -1.6 -3.0 4032 365 even ok

R = (S)-MTPA

yuyi_AX-1-03-4-R_pos_6_01_10275.d
Bruker Compass DataAnalysis 4.1 printed: 3/29/2021 5:31:58 PM by: SCSIO Page 1 of 1

Figure S201. HR-ESIMS for the fragment 1cs 5201



Generic Display Report

Analysis Info Acquisition Date 3/29/2021 3:21:11 PM
Analysis Name D:\Data\MS\data\202103\yuyi_AX-1-03-4-R_pos_6_01_10275.d

Method LC_Direct Infusion_pos_100-3000mz.m Operator SCSIO

Sample Name yuyi_AX-1-03-4-R_pos Instrument maXis

Comment

Intens. i AX-1-03- . i
il yuyi_AX-1-03-4-R_pos_6_01_10275.d: +MS, 0.6min #38
104 1895.5000

11 1660.4450
R = (S)-MTPA

1013.2477
3401146 623.6979 it ol 14004753 2390.6728 2907.7376

NN
500 1000 1500 2000 2500 3000 miz
Intensii +MS, 0.6min #38|
X104 1894.4972 1895,5000

E 1893,4936 1896.5033

1897.5077

1898.5088
17 1899,5117
A 19005165 19015204 1902,5152

1838 1890 1892 1894 1896 1898 1900 1902 miz
+MS, 0.6min #38

x104

1911.5216
2.01
1913.5259

1.51
1910.5181
1.0 1914.5207
19155151
1917.4944
1905.4740 ) N /\ Lo
1905.0 1907.5 1910.0 19125 1915.0 1917.5 1920.0 19225 1925.0 1927.5 miz

0.5

0.0

Bruker Compass DataAnalysis 4.1 printed: 3/29/2021 3:26:16 PM by:  SCSIO Page 1 of 1

Figure S202. HR-ESIMS for the fragment 1cs 202



000~
vee6”
0TO"
88¢c"”
XA
ery”
8S¥”
eLv”
08%"
Z89”
669"
oTL"®
gL’
018"
880°
66’
cog’
Loe”
BRE
Sve”
09¢e”
LTV
cov”
a4 h
€0T”
6scC’
862"
8TIE"
pet’
orE”
FGE”
0sg”’
FLE®
9g8¢”
T0%°
LO¥ "
AR
0Ew”
0S¥%"
€9r”
TLY®
c0g”
gcs”’

0

= N\

e et et a el el el el el el el el e e S TH - e it et e e M N Ae B e I ot B o IR B B R e B B B B B B e B e

(S)-MTPA

R=

L
S ST S N

0 ppm

10

11

SL'vE

S203

Figure S203. 'H (400 MHz) NMR spectrum of the fragment 1cs in CD;0D



880°

662C°
€0¢e”
Log"
0TE”"
ave”
09¢”
LT%"®
eV’
219"
0%9°
0L9"
oL’
EEL”
TwL”
6¥L”

9€0°
€60°
TLO”
880°
T0T"
LT
CET”
A7

9zse
€ES”
8e&"
796°

7ve”

680"
£0T"
80T"
LZT"
€ET”
6G6C”
89c"
Lge:
€6¢°

crs”
8¥G”

(S)-MTPA

R=

[ ——) Sl I i i i i i i el i e ) it b e i ! ke T
Ppm

56 55 54 53 52 51 5.0 49 48 4.7 46 45 44 43 42 41 4.0 39 3.8 3.7 36 3.5 34 3.3 3.2 31

|

(]
-]
o

|

W

Figure S204. 'H (400 MHz) NMR spectrum of the fragment 1cs in CD;0D

S204



766"
010~

9¢T”
99T~
SLT*
c6T”
LEEC"
88¢"

A4
erv”
8eb -’
ELY "
08¥ "

8v9 -
89"
669°
OTL"
€6L”
018"
8r8”
£98°
088"
668"
916"
0TO"
0€0”
Eade
T90"
8LO"
AN
GeT”
LT,
€8T

g80s8”
LeG"
SPS°
798"
T8G”

(S)-MTPA

R =

G/-°H

egG-H BLG-H
BlG-H

BegG-H

a6G9-H 9.S-H

qes-H

Bly-H

qLG-H

1.3 1.2

2

Sy’

20 19 18 17 16 15
Figure S205. 'H (400 MHz) NMR spectrum of the fragment 1cs in CD;0D

e

2.1

vet

2.2

W

24 23

-

2.6

28 27

S205



| ppm

1 wlad

. Ny -1
» F
[l " v E
- '_‘. L
et ~2
a E
HIO »
ot g
o e 4
. . ¢
. L] » [ ._5
. L ] ) " F
[] [ . ! g
i
i
! S
o = é
! -8
|
. -9
""" it R ki R D) Pl R | ||||
9 8 7 6 5 4 3 2 1 ppm

Figure S206.

"H-'H COSY (400 MHz) spectrum of the fragment 1cs in CD,0D

S206



Mass Spectrum SmartFormula Report

Analysis Info Acquisition Date 3/29/2021 3:24:36 PM
Analysis Name D:\Data\MS\data\202103\yuyi_AX-1-03-4-S_pos_7_01_10276.d

Method LC_Direct Infusion_pos_100-3000mz.m Operator SCsIO

Sample Name yuyi_AX-1-03-4-S_pos Instrument maxXis 255552.00029
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 4500 vV Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset ov Set Dry Gas 4.0 I/min
Scan End 3500 m/z Set Charging Voltage ov Set Divert Valve Waste
Set Corona 0nA Set APCI Heater 0°C
Intens. ] +MS, 0.6min #36
x104
5]
4
] + 18944972
3] M+ H] 1895 5012
2} 1893.4932 s
1897.5054
1] 1898.51061899 -
0: || 199051451901 516519025165
1888 1890 1892 1894 1896 1898 1900 1902 1904 miz
Meas. m/z # lon Formula Score m/z err[ppm] err[mDa] mSigma rdb e Conf N-Rule
1893.4932 1 C87H82F21023 100.00 1893.4906 -1.4 -2.6 3598 365 even ok

R = (R)-MTPA

yuyi_AX-1-03-4-S_pos_7_01_10276.d
Bruker Compass DataAnalysis 4.1 printed: 3/29/2021 5:31:36 PM by: SCSIO Page 1 of 1

Figure S207. HR-ESIMS for the fragment 1cr
S207



Generic Display Report

Analysis Info Acquisition Date 3/29/2021 3:24:36 PM
Analysis Name D:\Data\MS\data\202103\yuyi_AX-1-03-4-S_pos_7_01_10276.d

Method LC_Direct Infusion_pos_100-3000mz.m Operator SCsIO

Sample Name yuyi_AX-1-03-4-S_pos Instrument maxis

Comment

Intens. i ~1-03- . i
yuyi_AX-1-03-4-5_pos_7_01_10276.d: +MS, 0.6min #36
X1 O;'_ 1894.4972 RQ RO

1 1013,2478 1661,4473 R = (R)-MTPA

239.6653 529,3340 721.6705 L 1301.0858 L 2581.9702 2908.7415 3122,9335
500 1000 ‘ 1500 2000 ‘ 2500 3000 miz

Intens. +MS, 0.6min #36

1894.4972
3 1895.5012

1893.4932 1896.5031

1897.5054
11 1898.5106

B 1600,5145

"1s02 183 18e4 1895 18e%e  1se7  1se8 1899 1900 1901 miz

x104 +MS, 0.6min #36
201 1912.5262

1.5 1913.5265

1.0 1910.5181 1914,5290

- 1915.5134 R

0,01 1906.9844 > A A LN A A A 1922.4704

1908 1910 1912 1914 1916 1918 1920 1922 1924 miz

Bruker Compass DataAnalysis 4.1 printed: 3/29/2021 3:28:10 PM by: SCSIO Page 1 of 1

Figure S208. HR-ESIMS for the fragment 1cr 5208



000~
PLT®
91c*”
LSZ"
elLe”
L8Z"
TL9"
68L"
0€0”
CET”
geec-
coe”
g0e”
RILE *
AR
go¢c-
PLE"
9Fb -
g1e”
6FG”
LEL”
62G°
LESB”®
£re”
92T’
g6c”
eTE”
EeE"
LeE”
gog”
cLe”
06€-
LOF "
LTF "
x4
TER”
A
8o¥% "
78F "
A=
240
096~
696"
6LG”

0 ppm

1

|
4 .
o«

o
-

R = (R)-MTPA
10

11

ol i el Gl G Sl G Sl Gl il Sl el Gl Sl vl Sl il e vl T B U R R e B e el R 0 B uh IRt S L R B B B o B I e o (e B B L)

EEEE———. S Ve

L0°
(444

©O|lo
QR
-0

o«
(=]
o

st

=
=]
o

|

Figure S209. 'H (400 MHz) NMR spectrum of the fragment 1cr in CD;0D

S209

(]



GET
862"
coe”
90¢g"
0TE”
FIE”
got”’
pLE”
9FF "
eT1S”
6FS"
6CL”’
el
LvL-”
qoL’
T8L”
geL”

SPT®
8ST"
9L T’
T6T”

628
PGG”
T9S”
865"

LES”
£ve”
g6’
896"
PLE"
g9eT"
L8T"
T0g”
L1E°
vez”
9TE"

019~

(R)-MTPA

R=

ppm

5.7 5.6 55 54 53 5.2 5.1 5.0 49 48 4.7 46 45 44 43 42 4.1 4.0 3.9 3.8 3.7 3.6 3.5 34 3.3 3.2 3.1

|

LS'E

|

-f

|

Figure S210. 'H (400 MHz) NMR spectrum of the fragment 1cr in CD;0D

8€'L

S210



296"
PLe”
0€0”
L60"
AN
PET”
CST”
PLT"
68T
9Te"
LET”
LsZ"’
gLe”
L8Z"
7l
0Ze”"
elv”
EER"
9%G-
geg”
185"
S66°
019~
T4 N
6€9°
e
EOL"
98L”®
i,
68L”
808"
A
788°
Zeg”
0L6”"
866"
600°
0€E0”
LY0"
L80"

ecs-H . -

eLG-H ﬁ
qes-H s [

1 1%

G/-°H

2 NI\

[

=l

0L

o o P B B B e
1.7 1.6

IS )

R = (R)-MTPA
1.8

1.9

2.0

EERAR S

2.1

NANANNAAAAAAAAA

1
23 22

"

Figure S211. 'H (400 MHz) NMR spectrum of the fragment 1cr in CD;0D

TvE”
09¢g”
9LE”
tEE"
AN

™~

N

N

T
2.5

2.6

S211



W
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Figure S219. 'H (600 MHz) NMR spectrum of the fragment 1er in CD;0D
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Figure S221. 'H (600 MHz) NMR spectrum of the fragment 1er in CD;0D
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