Supplementary materials for

Isolation of Sesquiterpenoids and Steroids from the Soft
Coral Sinularia brassica and Determination of their
Absolute Configuration

Giang Nam Pham?, Da Yeun Kang!, Min Ju Kim?, Se Jong Han??3, Jun Hyuck Lee** and MinKyun Na'*

1 College of Pharmacy, Chungnam National University, Daejeon 34134, Republic of Korea; nampg@cnu.ac.kr
(P.G.N); dykang@o.cnu.ac.kr (D.Y.K.)
2 Division of Life Sciences, Korea Polar Research Institute, Incheon 21990, Republic of Korea;
mjkim1113@kopri.re.kr (M.J.K.); hansj@kopri.re.kr (S.J.H.)
3 Department of Polar Sciences, University of Science and Technology, Incheon 21990, Republic of Korea
* Research Unit of Cryogenic Novel Material, Korea Polar Research Institute, Incheon, 21990, Republic of Korea;
junhyucklee@kopri.re.kr (J.H.L.)

* Correspondence: mkna@cnu.ac.kr; Tel.: +82-42-823-6566 (M.N.)

Contents

Figure S1. HRESIMS Of T......c.coiiiiiiiiiiiccitesct st 4
Figure S2. "TH NMR spectrum of 1in CDCls........ccccviiiiiiiiiiiiiiiiiiccees 5
Figure S3. 'H NMR spectrum of 1in CDCls (expanded)..........c.coovvvreieininiiccninncceeeecennens 6
Figure S4. 3C NMR spectrum of 1in CDCls ... 7
Figure S5. COSY spectrum of 1in CDCls........cccoiiiiviiiiiiiiiiiiiicic e 8
Figure S6. HSQC spectrum of 1in CDCls........coooiiieiiiiiiiiicicieicci s 9
Figure S7. HMBC spectrum of 11in CDCls........cccouiiiiiiiiiiiiiiiiiiciicsns 10
Figure S8. HMBC spectrum of 1 in CDCls (expanded).........c.cocouvvvrrcininiiiniccneccceecscccines 11
Figure S9. 1TH NMR data of 1in DMSO-de........cccceuiiviniiiiiiiiiiiiiiiiciiiiccisssns 12
Figure S10. '"H NMR data of 1in DMSO-ds (expanded) ...........cccoevreinniiiniicnniicceecscceines 13
Figure S11. 3C NMR data of 1in DMSO-ds......ccccoeiviviiiiiiiiiiiiiiiicciccis s 14
Figure S12. COSY spectrum of 1in DMSO-d6.......ccccvuriiiiiiniiiiiniiiiiiiiccicecees 15
Figure S513. HSQC spectrum of 1in DMSO-@6 .........ceueuereriiiiiiiiiice s 16
Figure S14. HMBC spectrum of 1in DMSO-d6 ........cccocvuiuiiiniiiiiiiniiiiiiiiiiicceeecsas 17
Figure S15. HMBC spectrum of 1in DMSO-ds (expanded) .........cccocoevvvviiiiiininininiieiieiecccccce, 18
Figure S17. NOESY spectrum of 1in DMSO-ds (expanded) ..........cccccveiiiinniiiniiiiiniicicine, 20
Figure S18. HRESIMS Of 2.......cooioiiiiiiiiiicisi ettt 21



Figure S19.
Figure S20.
Figure S21.
Figure 522.
Figure 523.
Figure 524.
Figure S25.
Figure S26.
Figure S27.
Figure S28.
Figure S29.
Figure S30.
Figure S31.
Figure S32.
Figure S33.
Figure S34.
Figure S35.
Figure S36.
Figure S37.
Figure S38.
Figure S39.
Figure 540.
Figure S41.
Figure S42.
Figure 543.
Figure S44.
Figure 545.
Figure S46.
Figure 547.
Figure 548.

TH NMR data Of 2 100 CDCIB ettt ettt e e e e ee et e e e e e e eesaaaeeeeeeeeesasssnreeeeees 22

'"H NMR data of 2 in CDCls (expanded) ...........ccovuviririniciniciiiiiccciiines 23
BCNMR data 0f 21in CDCls ..o 24
COSY spectrum of 2 in CDCls.........ccooiueiiiiiiiiicieiecc s 25
HSQC spectrm of 2in CDCls ..o 26
HMBC spectrum of 2 in CDCls (expanded - 1)......c.cccccciiiiiiiiiiiiininninnines 27
HMBC spectrum of 2 in CDCls (expanded - 2).......cccccviiiiiiiiiiiiiiiniies 28
NOESY spectrum of 2 in CDCli.......ccooviiiiiiiiiieiiieicicecccccccce e 29
"H NMR spectrum of 2 in DMSO-e.........cccouvururiminiiiiicieieinicciee s 30
"H NMR spectrum of 2 in DMSO-ds (expanded)...........cceeueueciciiiiinniniiiieiies 31
13C NMR spectrum of 2 in DMSO-ds........cvviiurieiiiniiicieieinsccccie s 32
COSY spectrum of 2 in DMSO-ds ........cccocuiviiiiiiiiiiiiiiiiiiiiciccs s 33
HSQC spectrum of 2 in DMSO-d6 ........coviiurieiniiiicinieieici e 34
HMBC spectrum of 2 in DMSO-ds (expanded — 1).......ccccccverciiininininininiinieeines 35
HMBC spectrum of 2 in DMSO-ds (expanded - 2)........ccccovceiiviiininininniiinneieieieines 36
NOESY spectrum of 2in DMSO-s .........ccccueieiiiiiiiicieiciiiecci s 37
HRESIMS Of 3ottt 38
"H NMR data of 31in CDCls.....ccuoviiiiicieiiiicciciie s 39
BBC NMR data of 31N CDCls ... 40
COSY spectrum of 3 in CDCls.........ccoviueiiiiiiiici s 41
HSQC spectrum of 3 1in CDCls.......coouiiiiiiiiiiiiiiiii s 42
HSQC spectrum of 3 in CDCls (expanded)..........ccoceueiriniiiiinciniiiccceeeccce e 43
HMBC spectrum of 3 in CDCls.......ccoouiiiiiieiniiiciec e 44
HMBC spectrum of 3 in CDCls (expanded - 1).......cccccovviiiniiiiniiiiniccicccen, 45
HMBC spectrum of 3 in CDCls (expanded- 2).........coeueuericiiiieniiinnnneeees 46
NOESY spectrum of 3 in CDCls.......ccoiiiiiiiiiiininiciii s 47
NOESY spectrum of 3 in CDCls (expanded)..........ceeueueurircciiiieiiinseees 48
HRESIMS Of 4.....ouiiiiiiicieiee ittt 49
"H NMR spectrum of 4 in CDCls.....cooiiiiiiiiiiiceeeccccccc e 50
13C NMR spectrum of 4 in CDCls .......ccooiiiiiiiiiiiiiiiii s 51



Figure 549. COSY spectrum of 4 in CDCls..........ccoeueiiieieiciniiiic e 52

Figure S50. HSQC spectrum of 4 in CDCls........cccoiiiiiiiiiiiicieiccc s 53
Figure S51. HMBC spectrum of 4 in CDCls.........cccoeuiieieiciniiciin e 54
Figure S52. NOESY spectrum of 4 in CDCls.........cccooiiiiiiiiiiieiiiicc s 55
Figure S53. ESI-MS Of 5 ..ottt 56
Figure S54. "H NMR spectrum of 5 in CDCls........ccccouiiiiiiicieiiiiccic s 57
Figure S55. 3C NMR spectrum of 5 in CDCls .......coveiiiiiciiieiiiccce s 58
Figure S56. ESI-MS Of 6 ......c.cviiiiiiiiic s 59
Figure S57. "H NMR spectrum of 6 in CDCls.........ccccoiiiiiiiiieiinccecce s 60
Figure S58. 3C NMR spectrum of 6 in CDCls........ccccvuiiiiiiiiiiiiiiiiiiinccc 61
Figure S59. "H NMR spectrum of 7 in CDCls........ccccoiiiiiiiiieiiiiicc s 62
Figure 560. 3C NMR spectrum of 7 in CDCls .........cccoueeiiiiiiiiii e 63
Figure S61. "H NMR spectrum of 8 in CDCls........cccceuiiiiciiieiiiccse s 64
Figure 562. 3C NMR spectrum of 8 in CDCls ..........ccceiiiricciii s 65
Figure S63. Isolation scheme Of T — 8........ccccoiiiiiiiiiiiiiiii s 66
Figure S64. Antimicrobial activity of T —8........ccccoiiiiiiiiiii s 67
Table S1. Gibbs Free Energy and Boltzmann Population of 1a (1R, 2S5, 6R, 7R, 10R) and 1b (1S,

2R, 65, 7S, 10S) for ECD compPuUtation..........ccccucuiiiiiiiiiiciciiccc s 68
Table S2. Gibbs Free Energy and Boltzmann Population of 2a (1R, 25, 6S, 7R, 10S) and 2b (1S,

2R, 6R, 7S, 10R) for ECD computation .........ccccccuviiiiiiiiiiiiiiiiicciiiccicnss s 69

Table S3. Gibbs Free Energy and Boltzmann Population of 24S isomer of 3 for NMR
COMPUEATION ...oeviiiicicic bbb 70

Table S4. Gibbs Free Energy and Boltzmann Population of 24R isomer of 3 for NMR
COMPUEALION ...ttt bbbt 71

Table S5. Experimental and calculated NMR chemical shift values (ppm) of compound 3 with
diastereomers 245 and 24R ...........cccouiiiiiiiiiiiii e 72



20190513_SC542322_CNU_HRP_2 7 (0.155) AM2 (Ar,30000.0,0.00,0.00); ABS; Cm (7:11)

100

%

226.9519 251.1813
251420 237.0804249.1471
[ FZ ; S

277.1782

278.1815

282.2048 301.1417

283.1632 295‘3339 Po1.z125 ?09.2043
. bl py [

266.1737275.1625
263 1625|. el Ll

323 l1732
. L

1. TOF MS ES+
4.05e5

332 J2932 339.14
. L
T

94
T 1 m/z

[ =}

20

260 265 270 275 280 285 200 205 300 305 310 315 320 325

Figure S1. HRESIMS of 1

335 340



+8500

+8000

+7500

+7000

6500

+6000

+5500

+5000

+4500

+4000

+3500

+3000

+2500

+2000

+1500

1000

L L

AQL A

CFLCOOI DRSO IO

QO OO N®©K®Y ®©®©
~N+r+-N+~+~-N+~~N~NN

32

1 (ppm)

Figure 52. "TH NMR spectrum of 1 in CDCls
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Figure 54. 3C NMR spectrum of 1 in CDCls
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Figure 511. 3C NMR data of 1 in DMSO-ds
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Figure 528. "TH NMR spectrum of 2 in DMSO-ds (expanded)
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Figure S61. "H NMR spectrum of 8 in CDCls
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Figure 562. 3C NMR spectrum of 8 in CDCls
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SCH

(220.8g)
VLC silicagel
(20 x 20 cm)
v A\ v v v v v v v v
Frl Fr2 Fr3 Fr4 Fr5 Fré Fr7 Fr8 Fr9 Fr10
(124g) (17.1g) (5.9g) (50.3g) (29.7g) (26.4g) (11.0g) (85g)
VLC silicagel
(12x15cm)
v v v A\ v v v v v
Fr5.1 Fr5.2 Fr5.3 Fr5.4 Fr5.5 Fr5.6 Fr5.7 Fr5.8 Fr5.9
(33g) (7.88) (9.68) (5.2g) (12.1g) (2.2g8) (6.1g) (15g) (5.7¢g)
MPLC, Biostage C18 100g, MPLC, Biostage 120g,
MeOH : H,0 60:40 -> 100:0 n-hexane : EtOAc 80:20 -> 0:100
¥ A\ v v v
Fr5.4.2 Fr5.4.6. Fr5.6.3 Fr5.6.4  Fr5.6.7
(181 mg) (907 mg) (120 mg) (154 mg) (120 mg)
A
B C A
v
v v ¥ v
Fr5.4.2.1 Fr5.4.2.2  Fr5.4.6.2 Fr5.4.6.8 v Fr5.6.7.2
(40 mg) (126 mg)  (39mg) (102 mg) 7 g (120mg)
E (26.0mg)  (10.0 mg) |
F G H
A\
v A v W v 3
1 2 5 6 4 (6.6 mg)
(2.0 mg) (2.5 mg) (4.0 mg) (6.5 mg) (5.1 mg)

Figure S563. Isolation scheme of 1 -8

66

Fril
(49g) (12.9g) (19.9g) (9.7g) (3.2g)

Each 8L, n-hexane : ethyl acetate (100:0, 50:1, 30:1, 10:1, 8:1, 5:1, 2:1, 1:1);
Ethyl acetate : Methanol : H,0 (15:1:0.1, 8:1:0.2, 4:1:0.3, 2:1:0.3); Acetone (100%); Methanol (100%)

v v v

Fri2 Fri3 Fri4
(5.0g)

Each 3L, Dichloromethane : Methanol (100:0, 50:1, 20:1, 10:1, 8:1, 5:1, 2:1, 1:1);
Methanol (100%)

A: Chromatography column (CC), Sephadex LH20, 1.5 x
60cm, DCM - MeOH (2:1)

B: CC, Silicagel 60, 3 x 60cm, n-hexane — EtOAc (90:10,
75:25)

C: HPLC, YMC C18 250 x 21.2 mm, MeOH — H,0 (80:20
->100:0), 6 mL/min

E: HPLC, YMC C18 250 x 21.2 mm, MeOH - H,0
(60:40), 6 mL/min

F: HPLC, YMC C18 250 x 21.2 mm, MeOH - H,O
(55:45), 6 mL/min

G: HPLC, YMC C18 250 x 21.2 mm, MeOH - H,0 (75:25
->100:0), 6 mL/min

H: HPLC, YMC C18 250 x 21.2 mm, MeOH — H,0 (98:2),
6 mL/min

I: HPLC, YMC C18 250 x 21.2 mm, MeOH - H,0
(90:10), 6 mL/min



C. albicans S. aureus E. coli

+: Nystatin 0.05 mM, 0.5 ug +: Kanamycin 0.51 mM, 3 ug +: Kanamycin 0.51 mM, 3 ug
-:50% DMSO -:50% DMSO -:50% DMSO

Figure S64. Antimicrobial activity of 1 -8
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Table S1. Gibbs Free Energy and Boltzmann Population of 1a (1R, 25, 6R, 7R, 10R) and 1b (15, 2R, 6S, 75,
10S) for ECD computation

Conformer Gibbs Free Energy (Hartree) Boltzmann Population (%)
lac3 -812.608773 38.83
lacl -812.608670 34.82
lac2 -812.607879 15.06
lacs -812.607050 6.26
lac4 -812.606843 5.03
1bc3 -812.608773 38.83
1bcl -812.608670 34.82
1bc2 -812.607879 15.06
1bc5 -812.607050 6.26
1bc4 -812.606843 5.03
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Table S2. Gibbs Free Energy and Boltzmann Population of 2a (1R, 25, 65, 7R, 10S) and 2b (15, 2R, 6R, 75,
10R) for ECD computation

Conformer Gibbs Free Energy (Hartree) Boltzmann Population (%)
2acl -812.613471 46.41
2ac3 -812.613091 31.03
2ac2 -812.612714 20.82
2ac4 -812.610039 1.22
2ach -812.609219 0.51
2bcl -812.613471 46.41
2bc3 -812.613091 31.03
2bc2 -812.612714 20.82
2bc4 -812.610039 1.22
2bc5 -812.609219 0.51
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Table S3. Gibbs Free Energy and Boltzmann Population of 245 isomer of 3 for NMR computation

Conformer Gibbs Free Energy (Hartree) Boltzmann Population (%)
3ac6 -1780.569451 39.64
3ac3 -1780.568842 20.80
3ac -1780.568122 9.70

3acl5 -1780.568011 8.63
3ac4 -1780.567883 7.53
3acl -1780.567422 4.62
3ac2 -1780.566631 2.00

3acl2 -1780.566557 1.85
3ac9 -1780.566516 1.77
3acl?7 -1780.565881 0.90
3acl0 -1780.56577 0.80
3acll -1780.565443 0.57
3ac7 -1780.565428 0.56
3acl6 -1780.564737 0.27
3ac8 -1780.564565 0.22
3acl3 -1780.563256 0.06
3acl4 -1780.563225 0.05
3acl8 -1780.562573 0.03
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Table S4. Gibbs Free Energy and Boltzmann Population of 24R isomer of 3 for NMR computation

Conformer Gibbs Free Energy (Hartree) Boltzmann Population (%)
3bcl0 -1780.569204 27.46
3bc6 -1780.568771 17.36
3bcl2 -1780.568587 14.29
3bc8 -1780.568109 8.61
3bc9 -1780.567985 7.55
3bcl6 -1780.567874 6.71
3bc7 -1780.567576 4.90
3bcll -1780.567352 3.86
3bc2 -1780.567044 2.79
3bcb -1780.566549 1.65
3bc4 -1780.566374 1.37
3bcl3 -1780.56625 1.20
3bcl -1780.566182 1.12
3bc3 -1780.565383 0.48
3bcl4 -1780.565293 0.44
3bcl15 -1780.564574 0.20
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Table S5. Experimental and calculated NMR chemical shift values (ppm) of compound 3 with
diastereomers 245 and 24R

(a) Original excel file for the experimental and calculated NMR chemical shift values (ppm) of

compound 3

= DP4+ analysis.xisk - Excel Giang Nam Pham
File Home  Insert  Pagelayout  Formulas  Data  Review  View  Help  ChemOfficels  Q Tell me what you want to do G Share
F15 i E 2
A B C D E F G H [} J K L M N -
1 Functional Solvent? Type of Data
2 mPW1PW91 PCM 6-311+G(d,p) scaled Shifts
3
12 DP4 il 0.00% [l 100.00% - - [ - I - I - [ - 1] - - -
14 Nuclei ‘ sp2? i al| Isomer 1 ‘ Isomer 2 Isomer 3 Isomer 4 | Isomer 5 ‘ Isomer 6 ‘ Isomer 7 ‘ Isomer 8 | Isomer 9 | Isomer 10 ‘ Isomer 11
15 Cc 36.78 40.12 40.00]
16 C 28.18 3L21 3122
17 C 76.75 81.05 80.96
18 C 75.29 80.35 80.37
19 Cc X 142.16 153.02 153.13
20 c X 117.94 127.02 126.95
21 C 31.56 35.28 35.30
22 C 31.66 35.48 35.44
23 C 50.59 54.38 54.40
24 Cc 38.18 44.54 44.52
25 Cc 21.04 24.60 24.61
26 Cc 39.82 43.30 43.28
27 C 42.44 48.35 48.38
28 C 56.83 60.15 60.13
29 C 24.43 28.06 28.07
30 Cc 28.39 32.41 32.50
31 c 55.82 60.52 60.58
32 C 12 12.94 1293
33 C 20.39 22.08 22.06
34 C 36.26 42.69 4234
35 Cc 18.89 19.16 19.16
36 Cc 28.97 30.88 31.22
37 Cc 31.09 31.12 36.00
38 C 75.4 80.58 79.89
39 C 33.12 39.41 37.35
40 C 16.85 16.95 17.67
a1 Cc 17.18 18.52 17.94
42 c 51.68 64.15 65.18
43 H 113 119 118
44 H 1.84 1.88 1.88
a5 H 1.6 1.62 1.62
46 H 1.9 1.83 1.83
a7 H 3.27 3.20 3.21
48 H 4.06 4.09 4.08
49 H X 5.74 6.09 6.10 -
Main Detailed Results < >
Ready EH m - | + 95%
A B C D E F G H 1 1 K L M N
1 Functional Solvent? Type of Data
2 mPW1PW91 PCM 6-311+G(d,p) Unscaled Shifts
3
4 Isomer 1 Isomer 2 Isomer 3 Isomer 4 Isomer 5 Isomer & Isomer 7 Isomer 8 Isomer S | Isomer 10 | Isomer 11 | Isomer 12
5 sDP4+ (H data) il 0.25% |gil 99.75% - - - - - - - - - -
6 sDP4+ (C data) il 12.83% |4 87.17% - - - - - - - - - -
7 sDP4+ (all data) jil 0.04% |l 99.96% - - - - - - - - - -
8 uDP4+ (H data) il 0.39% |4l 99.61% - - - - - - - - - -
9 uDP4+ (C data) il 253% |4l 97.47% - - - - - - - - - -
10 uDP4+ (all data) il 0.01% |l 99.99% - - - - - - - - - -

DP4+ (H data) X 100.00% - - - - - - - - - -
DP4+ (C data) .. dll 99.62% - - - - - - - - - -
DP4+ (all data) X 100.00% - - - - R R - B B _
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(b) Reorganized table for the experimental and calculated NMR chemical shift values (ppm) of
compound 3

Number Experimental = Diastereomer 245 Diastereomer 24R
C-1 36.78 40.12 40.00
C-2 28.18 31.21 31.22
C-3 76.75 81.05 80.96
C-4 75.29 80.35 80.37
C-5 142.16 153.02 153.13
C-6 117.94 127.02 126.95
C-7 31.56 35.28 35.30
C-8 31.66 35.48 35.44
C9 50.59 54.38 54.40

C-10 38.18 44.54 44.52
C-11 21.04 24.60 24.61
C-12 39.82 43.30 43.28
C-13 42.44 48.35 48.38
C-14 56.83 60.15 60.13
C-15 24.43 28.06 28.07
C-16 28.39 32.41 32.50
C-17 55.82 60.52 60.58
C-18 12.00 12.94 12.93
C-19 20.39 22.08 22.06
C-20 36.26 42.69 42.34
C-21 18.89 19.16 19.16
C-22 28.97 30.88 31.22
C-23 31.09 31.12 36.00
C-24 75.40 80.58 79.89
C-25 33.12 39.41 37.35
C-26 16.85 16.95 17.67
C-27 17.18 18.52 17.94
C-28 51.68 64.15 65.18
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H-1a
H-1b
H-2a
H-2b
H-3

H-6
H-7a
H-7b

H-9
H-11a
H-11b
H-12a
H-12b

H-14
H-15a
H-15b
H-16a
H-16b

H-17
H-18a
H-18b
H-18c
H-19a
H-19%
H-19c

H-20
H-21a
H-21b
H-21c

1.13
1.84
1.60
1.90
3.27
4.06
5.74
1.58
2.10
1.44
0.99
1.49
1.49
1.16
2.02
1.00
1.10
1.62
1.27
1.89
1.14
0.69
0.69
0.69
1.02
1.02
1.02
1.40
0.95
0.95
0.95

1.19
1.88
1.62
1.83
3.20
4.09
6.09
1.67
2.14
1.56
1.01
1.46
1.54
1.24
2.04
1.10
1.19
1.60
1.37
1.90
1.15
0.57
0.67
1.04
0.88
0.92
1.35
1.35
0.43
0.96
1.24
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1.18
1.88
1.62
1.83
3.21
4.08
6.10
1.66
2.13
1.56
1.00
1.46
1.54
1.25
2.05
1.09
1.18
1.59
1.34
1.92
1.15
0.57
0.66
1.04
0.87
0.89
1.36
1.33
0.61
1.00
1.07



H-22a
H-22b
H-23a
H-23b
H-25
H-26a
H-26b
H-26¢
H-27a
H-27b
H-27c
H-28a
H-28b

1.07
1.42
1.41
1.70
1.95
0.93
0.93
0.93
0.94
0.94
0.94
3.56
3.68

0.78
1.82
1.35
1.52
2.00
0.82
0.73
1.45
0.75
0.93
0.98
3.94
3.94

0.81
1.54
1.40
1.73
1.92
0.80
0.81
1.48
0.73
0.96
1.00
3.78
4.00
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