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1. Plant material

Air-dried roots of D. scandens were purchased from a market of Chinese medical materials
located at Zhonghao-Luoshi-Wan of Kunming, Yunnan province, P.R. China, in February 2015.
The material was identified by Dr. Ya-Ping Liu. A voucher specimen (No. 201500208) has been

deposited at Kunming Institute of Botany, Chinese Academy of Sciences, Kunming, China.

2. Extraction and isolation

Air-dried roots of D. scandens (3.9 kg) were extracted with 80.0% MeOH/H,0O under reflux
conditions, and the solvent was evaporated in vacuo. The residue was dissolved in 0.37% HCI
(pH 2-3) and the solution was subsequently basified using 10% ammonia to pH 9-10. The basic
solution was partitioned with EtOAc, affording a two-phase mixture. The EtOAc fraction (104
g) was divided into Fr. A-F by using silica gel chromatography (CHCls/MeOH, 1:0-2:8, v/v).
Of which, Fr.C (3.5 g) was separated by RP-18 chromatography (MeOH/H-0, 35:65-100:0) to
give six portions, then Fr.C5 (0.65g) was subjected to silica gel chromatography under isocratic
conditions (Petroleum ether/Acetone, 10:1, v/v), Sephadex LH-20 (CHCl;/MeOH) and
recrystallized to yield 1 (8.9 mg) and subfractions. Among them, Fr.C5-2 (0.1 g) was eluted

through silica gel chromatography (Petroleum ether/ Acetone, 5:1, v/v) to afford 2 (8.4 mg).

Compounds 1 and 2 were further purified by HPLC equipped with a chiralphase column
(Reprosil chiral-AM, 5 um, 250mm*4.6mm r65am. S2546 (Dr. maisch)), (n-hexane/ethanol,
80:20, 1.0 mL/min; n-hexane/ethanol, 70:30, 1.0 mL/min) to give (-)-1 (2.3 mg, tr 25.5min)
and (+)-1 (2.2 mg, tr 34.8 min), (-)-2 (2.0 mg, tr 33.9 min) and (+)-2 (2.2 mg, tr 41.8 min),
respectively.

Dactylicapnosine A (1)

light yellow crystalline lumps (CH3OH), mp 171.1-172.3°C, [a]"®*p+5.90 (¢ 0.13, CH30H).;
UV (MeOH) Amax (log &) nm 211 (4.03), 264 (3.87), 294 (3.59), 394 (3.84); IR (KBr) vmax 3436,

2947, 1739, 1709, 1583, 1526, 1463, 1166cm™'; 'H, *C-NMR spectroscopic data, see Table 1;

ESIMS m/z 454 [M + Na]"; HRESIMS m/z 431.1591 [M]" (calcd for CH»sNOs, 431.1580).



(+)-1a [a]®p +115 (¢ 0.10, CHCl3)

(-)-1b [&]®p -118 (¢ 0.10, CHCl;)

Dactylicapnosine B (2)

Pale yellow powder, [a]"p -11 (¢ 0.1, MeOH); UV (MeOH) Amax (log &) nm 206 (4.12), 275
(3.73), 333 (3.56), 425 (3.60), 529 (3.65); IR (KBI) vmax 3411, 2924, 2853, 1739, 1630, 1528,
1384, 1317, 1180cm™'; 'H, 3C-NMR spectroscopic data, see Table 1; ESIMS m/z 440 [M +
Na]"; HREIMS m/z 417.1423 [M]" (calcd for C21H23NOs, 417.1424).

(+)-2a [ +42 (c 0.04, CH;OH)

(-)-2b [a]**p -47 (¢ 0.06, CH;0H).



3. Table S1.'H and **C NMR Spectral Data (§in ppm) of 1 and 2.

1s 1b 2¢
N TsaUinHn) & Sw(inHz) o 84 (J in Hz) 5
1 1441 1437 143.0
1-0H 126,
1a 127.4 126.5 121.5
1b 11838 117.9 116.8
154.0 152.0 147.5
3 7.18, s 112.7 6.93, 1116 6.90, s 1116
3a 132.0 129.5 123.9
4 3.24,1,(64) 304 318,t,(65)  29.8 3.14, 1, (6.5) 28.8
5 358, (64) 511 353, overlap  50.2 3.57,1, (6.5) 50.5
6a 154.0 152.4 154.1
7 6.48, s 96.7 641, 95.8 6.38, s 96.0
7a 15822 155.4 157.5
8 172.7 1713 170.9
9 82.8 81.1 82.4
10 103.7 101.9 101.0
11 190.7 187.6 192.2
11a 117.4 117.4 115.9
12 393, 61.7 3.97,s 61.5
13 4.02,s 56.8 401, 56.4 3.99, s 56.4
14 3.19,s 403 313, 403 321,s 40.6
15 3.65, 53.4 3.67,s 53.5 371, s 53.7
16 3.54, 52.0 3.53, s 52.0 3.52, 52.2
17 3.46, 51.9 347, s 51.6 3.51, s 51.7

21H and 13C NMR spectra were recorded at 600 and 150 MHz, respectively in CD30D;

b1H and 13C NMR data were recorded at 500 and 125 MHz, respectively in CDCl3;
¢1H and 13C NMR data were recorded at 600 and 150 MHz, respectively in CDCls.



4. Total synthesis of dactylicapnosine A

4.1 Sheme S1: Total synthesis of dactylicapnosine A
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Dactylicapnosine A (1)

4.2 Experimental details and characterization data

Melting points were measured on a XT-4 melting-point apparatus and were uncorrected. The
infrared (IR) spectra were recorded on a Nicolet iS10 FTIR spectrometer. Proton nuclear magnetic
resonance (*H-NMR) spectra were measured on Bruker Avance 300 or 400 spectrometers at 300 or
400 MHz. Carbon-13 nuclear magnetic resonance (**C NMR) spectra were recorded on Bruker
Avance 300 or 400 spectrometers at 75 or 100 MHz. Chemical shifts are reported as & values in

parts per million (ppm) relative to tetramethylsilane (TMS). High Resolution Mass spectra were



measured with an Agilent LC/MSD TOF mass spectrometer. For reactions conducted under MW
conditions, a SEM DISCOVER SP-D microwave reactor was used. Silica gel (200-300 mesh)
for column chromatography and silica GF2s4 for TLC were produced by Merch Chemicals Co. Ltd.
(Shanghai). Toluene and THF used in the reactions were dried by distillation over metallic sodium
and benzophenone. Dichloromethane was distilled from calcium hydride or P,Os. Starting materials
and reagents used in reactions were obtained commercially from Acros, Aldrich, Adamas-beta®,
and were used without purification, unless otherwise indicated. All moisture-sensitive reactions
were conducted in oven-dried glassware under a positive pressure of dry nitrogen or argon. Reagents
and starting materials were accordingly transferred via syringe or cannula. Unless otherwise stated,
all other reactions were performed under a positive nitrogen atmosphere. Reaction temperatures
refer to the external oil bath temperature.

Compound 5a

O OH
o
o o DMF, 190 °C 5

o | 93% |

Allyl ether (3.0 g) in dry DMF (4 mL) in a sealed tube allowed to stir at 190 <C for 16 h. After
this time, the reaction mixture allowed to cool to room temperature and diluted with water (80
mL). The resulting mixture was extracted with EtOAc (4 <20 mL), and the combined organic
phases were washed with brine (15 mL) and dried over anhydrous MgSOa. After being filtered
and concentrated under reduced pressure, the residue was purified by flash chromatography on
silica gel (petroleum ether/ethyl acetate = 10:1) to give phenol 5a (2.7g, 93%) as a pale yellow
syrup.

The spectral data are consistent with those reported in the literature (Bochicchio, A.; Cefola, R.;
Choppin, S.; Colobert, F.; Di Noia, M. A.; Funicello, M.; Hanquet, G.; Pisano, I.; Todisco, S.;
Chiummiento, L. Selective Claisen rearrangement and iodination for the synthesis of

polyoxygenated allyl phenol derivatives. Tetrahedron Lett. 2016, 57, 4053—4055).

'H NMR (400 MHz, CDCls): § 6.4 (s,1H), 6.04-5.94 (m, 1H), 5.49 (s,1H), 5.12-5.05 (m, 2H),
3.95 (5,3H), 3.87 (s,3H), 3.80 (s,3H), 3.36 (d, J = 6.4 Hz, 2H);

5



13C NMR (100 MHz, CDCls): § 146.4, 140.9, 140.5, 140.3, 136.7, 120.1, 115.7, 108.6, 61.4,
61.1, 56.7, 34.1.

Compound 5b

= Br =
OH OCH,Ph

K,COg, acetone
) 0] - O 0]

o | 65 °C. 99% o |

5a 5b

To a solution of phenol 5a (16.95 g, 75.6 mmol) in acetone (200 mL), K,COs (52.24 g, 378
mmol) was added followed by benzyl bromide (11mL, 90.72 mmol). The resulting mixture was
stirred at 65 <C (oil bathed) for 36 h. After being cooled to room temperature, the mixture was
filtered through a short column of silica gel and washed with ethyl acetate. The filtrate was
concentrated and the residue was purified by silica gel column chromatography (petroleum

ether/ethyl acetate = 20:1) to give the product (5b, 23.51g, 99%) as a colorless syrup.

!H NMR (400 MHz, CDCl3): § 7.47-7.31 (m, 5H), 6.45 (s, 1H), 5.94-5.84 (m, 1H), 5.05 (d, J
=13.2 Hz, 2H), 4.95 (s, 2H), 3.95 (s, 3H), 3.90(s, 3H), 3.83 (s, 3H), 3.33(d, J = 6.4 Hz, 2H);
13C NMR (100 MHz, CDCls): 8 149.6, 147.4, 144.1, 141.5, 137.9, 137.3, 128.6, 128.4, 128.3,
128.1, 116.0, 107.7, 75.5, 61.4, 56.3, 34.3;

IR (KB, thin film, cm™): 2937, 1637, 1586, 1490, 1461, 1431, 1413, 1374, 1341, 1231, 1191,
1127, 1078, 1039, 999, 915, 836, 734, 698;

HRMS (ESI") m/z [M + Na]*: calcd for C1sH22NaO4: 337.1410, found: 337.1410.

Compound 6
= O3, DCM:MeOH = 10:1 o~
OCH,Ph  then CH3SCH3, -78 °C - rt, OCH,Ph
78% -
| ? T
/O -
5b

Olefin 5b (3.0 g) was dissolved in MeOH (2 mL) and CHCl; (20 mL). The solution was then
cooled to —78 °C. A stream of ozone was passed through the solution (ca. 15 min, progress was
monitored by TLC). The excess ozone was removed by a stream of oxygen (5 min), and

dimethyl sulfide (4 mL) was added. The resulting mixture allowed to stir at room temperature

6



for 12 h. After removal of the solvent, the residue was purified by flash chromatography on
silica gel (petroleum ether/ethyl acetate = 5:1) to give aldehyde 6 (2.35 g, 78%) as pale- yellow

oil.

'H NMR (400 MHz, CDCls): § 9.53 (t, J = 2.0 Hz, 1H), 7.40-7.30 (m, 5H), 6.40 (s, 1H), 4.98(s,
2H), 3.96 (s, 3H), 3.92(s, 3H), 3.81 (s, 3H), 3.52(d, J = 2.0 Hz, 2H);

13C NMR (100 MHz, CDCls): 5 199.6, 149.8, 147.5, 144.5, 142.7, 137.3, 128.6, 128.5, 128.2,
120.7, 108.5, 75.4, 61.3, 56.2, 45.2;

IR (KBr, thin film, cm™): v 2938, 2840, 2720, 1720, 1586, 1491, 1460, 1432, 1415, 1375, 1347,
1233, 1127, 1087, 1041, 997, 916, 837, 755, 699, 503;

HRMS (ESI") m/z [M + Na]*: calcd for C1gH20NaOs: 339.1203, found: 339.1201.

Compound 7
o~ NBS o~
OCH,Ph ’ B H,Ph
2 CH4COOH r OCH,
dry DCM, rt
e s 9T 9
0 _O
6 7

To a solution of aldehyde 6 (8.0 g, 25.32 mmol) in dichloromethane (150 mL) was added N-
bromosuccinimide (NBS, 4.956 g, 27.84 mmol). The resulting mixture was stirred at room
temperature for 5 min before addition of acetic acid (5 mL). After being stirred for 1h, the
reaction was quenched with water (50 mL) and the organic layer was separated. The aqueous
phase was then extracted with CH,Cl; (3 <25 mL). The combined organic phases were dried
over anhydrous MgSQO,. After removal of the solvents under reduced pressure, the residue
purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to afford

the bromide (7, 9.52g, 95%) as pale yellow oil.

!H NMR (300 MHz, CDCls): 6 9.56 (t, J = 1.2 Hz, 1H), 7.40-7.33 (m, 5H), 4.98 (s, 2H), 3.97
(s, 3H), 3.94 (s, 3H), 3.88 (s, 3H), 3.83(d, J = 1.5 Hz, 2H);

13C NMR (75 MHz, CDCls): 6 198.6, 147.8, 147.7, 147.4, 146.7, 136.8, 128.6, 128.4, 123.0,
114.6, 75.7,61.4,61.3, 61.0, 45.1;

IR (KBr, thin film, cm™): 2938, 2837, 2718, 1724, 1497, 1466, 1412, 1373, 1347, 1304, 1244,
1196, 1118, 1084, 1040, 989, 919, 794, 748, 699;

HRMS (ESI*) m/z [M + Na]*: calcd for C1gH19BrNaOs: 417.0308, found: 417.0303.



Compound 8

°| p o0
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To a solution of aldehyde 7 (9.52 g, 24.16 mmol) in dichloromethane (200 mL) was added fert-
butyl (3,4-dimethoxyphenethyl) carbamate (4a, 6.18 g, 21.96 mmol). After being stirred at
room temperature for 5 min, CF3COOH (8.2 mL, 109.8 mmol) was introduced. The reaction
mixture was then stirred for 3 h. After TLC, the reaction mixture was quenched by carefully
addition of 5% aqueous solution of NaOH, until pH = 13-14. Boc anhydride [(Boc)-0, 2.39 g,
10.98 mmol] was then added, and the resulting mixture was stirred at ambient temperature for
12 h. The resulting mixture was diluted with water (150 mL) and extracted with CH,Cl; (3 x
100 mL). The combined organic layer was dried over anhydrous MgSO4. After removal of the
solvents, the residue was purified by flash chromatography on silica gel (petroleum ether/ethyl

acetate = 5:1) to give isoquinoline 8 (12.46 g, 86%) as a syrup.

IH NMR (400 MHz, CDCls): § 7.39-7.18 (m, 5H), 6.71-6.25 (m, 2H), 5.50-5.32 (m, 1H), 5.02-
4.57 (m, 2H), 4.10-4.06 (m, 1H), 3.87-3.61 (M, 14H), 3.40-2.92 (m, 4H), 2.73-2.37 (m, 2H),
1.34-1.11 (m, 9H);

13C NMR (100 MHz, CDCls): 8 154.4, 154.2, 148.4, 148.3, 147.8, 147.5, 147.3, 147.1, 146.9,
146.6, 146.5, 146.4, 146.2,137.9, 137.6, 129.4, 129.3, 128.5, 128.0, 127.9, 127.8, 127.5, 126.9,
126.6,120.7,115.2,115.1,112.0,111.5,111.4,111.2,110.2,109.9, 79.1, 79.0, 74.8, 74.7, 6 1.5,
61.4,61.3,61.0, 55.9, 55.8, 55.7, 53.6, 52.8, 39.0, 36.9, 36.7, 28.5, 28.4, 28.3, 28.2;

IR (KBr, thin film, cm™): 3727, 3629, 2935, 1685, 1654, 1518, 1466, 1412, 1364, 1332, 1244,
1227, 1165, 1120, 1098, 1082, 1038, 1001, 937, 859, 766, 699;

HRMS (ESI*) m/z [M + Na]*: calcd for Cs3sH4BrNNaOsg: 680.1830, found: 680.1834.



Compound 9

o)
80 T
~o NBoc Pd(OAC),, PPhs ~o NBoc
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150 °C, Microwave, 1h
78% o OCH,Ph
OCH,Ph

Compound 8 (1.31 g, 2 mmol), palladium acetate (45 mg, 0.2 mmol), PPh3 (534 mg, 2 mmol)
and K>CO3 (552 mg, 4 mmol) were put into a tube. N, N-dimethylacetamide (20 mL) was added
(operations were conducted in a nitrogen-filled glovebox). After being stirred at room
temperature for 1h, the sealed vessel was removed from the glovebox, and irradiated in a
microwave reactor (SEM DISCOVER SP-D, 150 W) at 150 <C for 1h. The reaction mixture
allowed to cool to room temperature, diluted with water (80 mL) and extracted with ethyl
acetate (4 x50 mL). The combined organic phases were washed with brine (30 mL), dried over
anhydrous MgSOa. After being filtered and concentrated under reduced pressure, the residue
was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 5:1) to give

aporphine 9 (0.9 g, 78%) as pale yellow solid.

Melting Point: 161-162 <C;

"H NMR (400 MHz, CDCl3): § 7.52-7.29 (m, 5H), 6.67 (s, 1H), 5.05 (d, J = 10.0 Hz, 1H), 4.93
(d, 3 =10.8 Hz, 1H), 4.49 (br s, 1H), 4.39 (br s, 1H), 3.99 (s, 3H), 3.97 (s, 3H), 3.87 (s, 3H),
3.72 (s, 3H), 3.64 (s, 3H), 3.32 (dd, J = 3.2, 13.6 Hz, 1H), 2.92-2.81 (m, 2H), 2.67-2.61(m, 1H),
2.19(t, J = 13.6 Hz, 1H), 1.46 (s, 9H);

13C NMR (100 MHz, CDCls): 6 154.8, 151.8, 149.3, 146.8, 145.9, 145.6, 144.7, 137.8, 128.5,
128.4,128.2, 128.0, 127.4, 127.3, 125.4, 120.2, 111.8, 80.1, 75.6, 61.5, 61.4, 61.2, 60.8, 56.1,
51.9, 38.9, 30.1, 29.5, 28.5;

IR (KBr, thin film, cm™): 3438, 2945, 1677, 1598, 1463, 1400, 1368, 1324, 1286, 1263, 1168,
1121, 1041, 1017, 1001, 975, 847, 824, 772, 755, 700;

HRMS (ESI*) m/z [M + Na]*: calcd for CssH3ssNNaOg: 600.2568, found: 600.2565.
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A mixture of the benzyl protected compound 9 (4.89 g, 8.47 mmol) and Pd/C (10%, 0.89g) in
MeOH and EtOAc (40 mL, 1:1) was hydrogenated in an autoclave (0.4MPa H,) for 24 h at
room temperature. The catalyst was removed by filtered through a short column of silica gel,
and the filtrate was concentrated under reduced pressure to give the crude phenol. The crude
phenol 9a was dissolved in 1,1,1,3,3,3-Hexafluoro-2-propanol and H,O (60 mL, 2:1). After
being cooled to 0 <TC, iodobenzene diacetate (3.0 g, 9.32mmol) was added in portions. The
resulting mixture allowed to stir at room temperature for 1h. The reaction mixture was then
diluted with water (50 mL) and extracted with CH,Cl, (3 <50 mL). The combined organic
layer was dried over anhydrous MgSQO,. After removal of the solvents under reduced pressure,
the residue was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate =
3:1) to give 10 (3.432g, 86%) as orange solid.

Melting Point: 171-172 <C;

"H NMR (400 MHz, CDCl5): 6 6.74 (s, 1H), 4.53 (brd, J = 11.6 Hz, 1H), 4.40 (br s, 1H), 4.06
(s, 3H), 4.02 (s, 3H), 3.87 (s, 3H), 3.86 (s, 3H), 3.27 (dd, J = 4.4, 16.4 Hz, 1H), 2.85-2.74 (m,
2H), 2.65-2.59 (m, 1H), 2.19(dd, J = 14.4, 16.0 Hz, 1H), 1.48 (s, 9H);

13C NMR (100 MHz, CDCls): 6 182.3, 182.2, 154.6, 152.2, 146.2, 145.7, 143.5, 139.3, 138.6,
129.8, 126.5, 122.5, 114.5, 80.5, 61.3, 61.2, 60.8, 56.0, 50.7, 38.5, 29.9, 28.6, 26.0;

IR (KBr, thin film, cm™): 3443, 2926, 1678, 1648, 1600, 1481, 1406, 1366, 1286, 1204, 1163,
1130, 1107, 1018;

HRMS (ESI") m/z [M + Na]*: calcd for CosH2sNNaQOg: 494.1785, found: 494.1786.
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Compound 3a

g 1
\o \O NBoc
O KZCO3, 02 _ (@)
THF:MeOH= 1:1 ‘
0 62% (|3 O
0 3a

To a Schlenk flask were added p-quinone 10 (5.23 g, 11.11 mmol), K.CO;3 (1.69 g, 12.22 mmol)
and THF (50 mL). The resulting mixture was stirred for 10 min before addition of MeOH (50
mL). The reaction mixture was then stirred under oxygen at room temperature for about 30-40
min, and the color of the mixture changed gradually from orange to red. After TLC analysis of
the reaction, the mixture was filtered, the filtrate was concentrated under reduced pressure, and
the residue was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate =

3:1) to afford the aporphine 3a (3.24 g, 62%) as red solid.

Melting Point: 68-69 <C;

"H NMR (400 MHz, CDCls): & 8.15 (s, 1H), 7.12 (s, 1H), 4.16 (s, 3H), 4.05-4.03 (m, 5H), 3.99
(s, 3H), 3.98 (s, 3H), 3.15 (t, J = 5.6 Hz, 2H), 1.56 (s, 9H);

13C NMR (100 MHz, CDCls): 6 182.4, 181.9, 153.1, 151.1, 150.0, 143.4, 142.8, 141.0, 131.2,
129.2,126.7,125.8, 122.7, 115.7, 112.5, 82.6, 61.2, 61.0, 60.5, 56.7, 43.4, 30.3, 28.4;

IR (KBr, thin film, cm™): 3435, 2943, 1701, 1683, 1661, 1614, 1509, 1458, 1404, 1370, 1335,
1305, 1249, 1212, 1161,1118,1034, 982, 933, 907;

HRMS (ESI*) m/z [M + Na]*: calcd for CsH2sNNaQOsg: 492.1629, found: 492.1632.

Compound 11 and 11a

Na|O4

MeOH

100 °C

64% —0 o\ 0. ©
3a 11a: 32%

To a sealable tube (Teflon cap) were added p-quinone 3a (1.341 g, 2.859 mmol), anhydrous

methanol (20 mL) and NalO4 (3.045 g, 14.30 mmol). The resulting mixture was sealed and
11



allowed to stir at 100 T for 24 h. After TLC analysis, the reaction mixture was cooled to room
temperature and filtered through a short column of silica gel. After removal of the solvents, the
residue was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate =
2:1— 1:1) to give the desired product (11, 473mg, 32%) as pale yellow solid. Further elution

provided structure isomer 11a (473mg, 32%) as light yellow solid.

Compound 11:

Melting Point: 97-98 <C;

"H NMR (400 MHz, CDCls): 6 7.62 (s, 1H), 7.10 (s, 1H), 4.08 (s, 3H), 4.07-4.03 (m, 3H), 3.99
(s, 3H), 3.66 (s, 3H), 3.56 (s, 3H), 3.47 (s, 3H), 3.15 (t, /= 5.6 Hz, 2H), 1.52 (s, 9H);

13C NMR (100 MHz, CDCls): 6 188.9, 170.9, 152.9, 152.0, 151.8, 143.7, 143.5, 130.2, 126.0,
125.1,120.9, 114.1, 111.6, 102.6, 82.6, 80.9, 61.6, 56.6, 53.6, 52.2, 51.9, 43.4, 30.6, 28.3;

IR (KBr, thin film, cm™): 3443, 2950, 1740, 1601, 1514, 1458, 1402, 1370, 1310, 1255, 1155,
1043, 896;

HRMS (ESI+) m/z [M + Na]*: calcd for C26H3:NNaO1o: 540.1840, found: 540.1839.

Compound 11a:

Melting Point: 100-101 <C;

"H NMR (300 MHz, CDCls): & 7.84 (s, 1H), 7.18 (s, 1H), 4.90 (s, 1H), 4.04-3.94 (m, 8H), 3.66
(s, 3H), 3.57 (s, 3H), 3.55 (s, 3H), 3.15 (t, J = 5.7 Hz, 2H), 1.53 (s, 9H);

13C NMR (100 MHz, CDCls): 6 194.5, 172.3, 153.2, 149.4, 142.5, 141.9, 138.5, 133.4, 130.5,
125.0, 124.4, 116.8, 111.0, 101.8, 83.8, 82.1, 61.3, 56.8, 52.8, 52.3, 52.1, 43.0, 30.8, 28.4;

IR (KBr, thin film, cm™): 3443, 2950, 1740, 1601, 1514, 1458, 1402, 1370, 1310, 1255, 1155,
1043, 896;

HRMS (ESI+) m/z [M + Na]*: calcd for C26H3:NNaO1o: 540.1840, found: 540.1839.

Compound 12

CH,CN

170 °C, Microwave
84%

To a microwave reaction tube were added 11 (200 mg, 0.387 mmol) and CHsCN (20 mL). The
resulting mixture was irradiated under microwave condtions (170 <C, 200 w) for 25 min. The
reaction mixture was then allowed to cool to room temperature. After removal of the solvent

under reduced pressure, the residue was purified by flash chromatography on silica gel
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(petroleum ether/ethyl acetate/triethylamine = 1:1:0.001—0:1:0.001) to give amine 12 (136 mg,

84%) as a yellow syrup.

TH NMR (300 MHz, CDCL3): 5 6.92 (s, 1H), 6.4 (s, 1H), 5.62 (br s, 1H), 4.02 (s, 1H), 3.98 (s,
3H), 3.95 (s, 3H), 3.63 (s, 3H), 3.51-3.44 (m, 8H), 3.09 (t, J = 6.3 Hz, 2H);

13C NMR (75 MHz, CDCls): 8 187.5, 171.4, 155.3, 152.9, 151.8, 143.6, 130.2, 127.0, 117.4,
117.1,112.0, 101.9, 98.3, 81.1, 61.6, 56.6, 53.5, 52.0, 51.6, 40.6, 29.6;

IR (KBr, thin film, cm™%): 3330, 2942, 2836, 1697, 1592, 1525, 1458, 1416, 1394, 13421306,
1256, 1161, 1041, 977, 892, 608;

HRMS (ESI*) m/z [M + Na]*: calcd for CoiH2sNNaOg: 440.1316, found: 440.1316.

Dactylicapnosine A (1)

o)
N
CHgl, K,CO3 O >
THF,100 °C 0
73% 0
e
\ 0
\

To a sealable tube (Teflon cap) were added amine 12 (136 mg, 0.326 mmol), K,CO3 (442 mg,
3.2 mmol), CHsl (454 mg, 3.2 mmol) and THF (7 mL). The sealed reaction mixture allowed to
stir at 100 <C for 36 h. After TLC analysis, the mixture was cooled to room temperature and
filtered. The filtrate was concentrated under reduced pressure and the residue was purified by
flash chromatography on silica gel (petroleum ether/ethyl acetate/triethylamine: 1/1/0.001,

1/2/0.001) to give amine 1 (101mg, 73%) as pale yellow plate.

Melting Point: 179-180 <C;

"H NMR (300 MHz, CDCl5): 8 6.91 (s, 1H), 6.39 (s, 1H), 3.99-3.94 (m, 7H), 3.65(s, 3H), 3.52-
3.45 (m, 8H), 3.15 (t, J= 6.3 Hz, 2H), 3.10 (s, 3H);

13C NMR (75 MHz, CDCls): 8 187.6, 171.4, 155.4, 152.5, 152.0, 143.7, 129.5, 126.6, 117.9,
117.4,111.7, 102.0, 95.8, 81.2, 61.6, 56.5, 53.5, 52.0, 51.7, 50.2, 40.4, 29.8;

IR (KBr, thin film, cm™): 3442, 2925, 1735, 1583, 1525, 1459, 1411, 1344, 1303, 1165, 1104,
1069;

HRMS (ESI*) m/z [M + Na]*: calcd for C2,H2sNNaQOg: 454.1472, found: 454.1472.
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5. Evaluation of anti-inflammatory activity in vitro

ICR mice of either sex (18-22 g) were purchased from Kunming Medical University (license
number SCXK 2015-0004). All animals were housed at room temperature (20-25 °C) and constant
humidity (40-70%) under a 12 h light-dark cycle in SPF grade laboratory (license number SYXK
2018-0005). The experiment was reviewed and approved by the Institutional Animal Care and Use
Committee of the Kunming Institute of Botany, Chinese Academy of Sciences. And the application
for ethical review of experimental animals was attached. All activities related to animal care and
handling were performed according to the Guide for the Care and Use of Laboratory Animals and
the policies of Association for Assessment and Accreditation of Laboratory Animal Care

International.

5.1. Effects on cell viability of RAW 264.7

We performed an MTT assay to evaluate the effect of dactylicapnosines treatment on the
proliferation of RAW 264.7 cells. Thus, cells were treated with different concentrations (i.e.
100 uM, 50 uM and 20 uM) for 24 hours; and results showed that cell survival was not
significantly inhibited following the treatment of four compounds with the present
concentrations (Table S2, p > 0.05) and demonstrated that dactylicapnosines had no effect on
cell growth at the present concentration. Next, 100 uM, 20 uM and 4 uM concentrations were

selected for subsequent in vitro experiments.

Table S2. Effect of dactylicapnosines on cell viability after 24 h treatment.

Group Concentration (uM) Survival rate (%)
Control —_— 100.00 + 3.90
0.2% DMSO — 91.05+0.79
isocorydine 100 89.70£7.05
50 104.39 £ 6.52
20 95.48 +4.13
dactylicapnosine A 100 85.23+4.53
50 96.65 + 8.05
20 97.13+2.78
(-)-dactylicapnosine A 100 9227+121
50 93.04 +£2.72

14



20 97.86 +4.38

(+)-dactylicapnosine A 100 84.48 +4.92
50 90.82 £3.33
20 96.73 £ 3.60
(-)-dactylicapnosine B 100 81.83+4.43
50 92.38 +4.25
20 87.33+7.24
(+)-dactylicapnosine B 100 101.35+2.92
50 107.73+£3.61
20 93.11+1.86

Data were expressed as mean =SEM. Statistical differences were represented as p > 0.05 vs. 0.2%
DMSO

5.2 Effect on the production of inflammatory cytokines in vitro

PGE2, IL-1B and TNF-a played an important role in the development of inflammation
and pain. To investigate the anti-inflammatory activity of dactylicapnosines, the inflammatory
cell model was constructed by LPS on RAW 264.7 cell line. As shown in Table S3, the
inflammatory cytokines of PGE2, IL-13 and TNF-a were raised after the induction of LPS
compared to the control group (p < 0.01). Whereas the productions of TNF-a. and PGE2 were
decreased by isocorydine, dactylicapnosine A, and (-)-dactylicapnosine A at the concentration
of 100 uM (p < 0.05/0.01), interestingly, lower concentrations of (#-dactylicapnosine (20 uM
and 4 uM) also were revealed the same inhibition (p < 0.05/0.01). In addition, the contents of
three cytokines were reduced by the treatment of (+)-dactylicapnosine A at the concentrations
of 100 uM, 20 uM and 4 uM (p < 0.05/0.01), and (-)-dactylicapnosine B only had an inhibitory
effect on the secretion of TNF-a at the concentration of 100 pM and 20 uM ( p < 0.05). The
anti-inflammatory effects of (3-dactylicapnosine A and (+)-dactylicapnosine A were similar
with the positive control (DXM) at the same concentration, which encouraged us to explore the

anti-inflammatory activity in vivo.

Table S3. Effects of dactylicapnosines on the production of cytokines in LPS-induced RAW

264.7 cells
Concentration
Group (uM) TNF-a (ng/L) IL-1B (ng/L) PGE2 (ng/L)
n
Control  — 9.33 £0.50 2.37+£0.15 15.53 £ 0.32
LPS — 14,13 +£0.3144 3.56 £ 0.1244 22.18 +0.5644
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DXM 20 13.04 £ 0.57 2.73+0.18* 17.80 £ 0.43*

isocorydine 100 12.77 £ 0.31* 3.54+0.16 19.24 + 0.24*
20 13.67 £ 0.55 3.46 £ 0.09 20.43+0.41
4 14.94 +0.27 3.50+0.15 18.52 + 0.86
dactylicapnosine A 100 13.13 £ 0.09* 3.40+0.03 17.68 £ 0.12**
20 12.95 + 0.09* 3.29+£0.09 17.20 + 0.55*
4 13.49+0.33 3.37+£0.07 16.73 £ 0.12**
(-)-dactylicapnosine A 100 12.95 + 0.09* 3.23+£0.07 18.04 + 0.32*
20 14.31 +0.65 3.75+£0.40 19.24+£0.73
4 13.13+0.48 3.40 £ 0.07 19.00 + 0.62
(+)-dactylicapnosine A 100 12.31 + 0.09** 2.90 + 0.20* 17.32 £ 0.52*
20 12.68 + 0.09* 2.94 +0.10* 17.68 £ 0.73*
4 12.50 £ 0.16** 3.15+0.10 16.97 + 0.43**
(-)-dactylicapnosine B 100 13.04 + 0.16* 3.46+£0.12 19.00 £ 0.83
20 12.86 + 0.09* 3.33+£0.04 18.88 £ 0.63
4 13.31+0.31 3.48+0.12 19.12 +0.63
(+)-dactylicapnosine B 100 13.76 +1.13 3.46+£0.10 18.16 + 1.06
20 13.49+0.18 3.42+0.02 18.64 +1.26
4 13.22+0.18 3.58+0.15 20.55+0.84

Data were expressed as mean =SEM. Statistical differences are represented as 44p < 0.01 vs Control;
*p < 0.05, **p <0.01 vs LPS. DXM (dexamethasone) was used as a positive control.

6. Evaluation of anti-inflammatory and analgesic in vivo

6.1 Effect on xylene-induced inflammation in mice.

Edema, a typical feature of inflammatory reaction, is caused by the vasodilation and the
infiltration of inflammatory factors.® Edematous changes such as the increased weight of ear
and foot tissues can be induced by the xylene, croton oil and carrageenan. In our present work,
the auricular swelling model caused by xylene was adopted to estimate the anti-inflammatory
effect of dactylicapnosines in vivo. Results showed that intraperitoneal injection of
dactylicapnosine A (10, 2 mg/kg) elicited a sharp decrease in the swelling degree by 53.30%
and 54.98% compared with the control group (p < 0.01, Table S4), which were superior to the
positive control (Parecoxib, 10 mg/kg). Meantime, the inhibition ratio of isocorydine was 44.21%
(2 mg/kg) which was lower than the equivalent dose of dactylicapnosine A. The results

suggested that dactylicapnosine A could remarkably inhibit the formation of edema and reduce
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the weight of ear tissues, exhibiting higher inflammation-alleviating activity than isocorydine
against acute inflammation. Furthermore, the most important mediators involved in the edema
were prostaglandins, histamine and pro-inflammatory cytokines. It was assumed that at least
some of these mediators were the subject of inhibition by dactylicapnosine A, which were in

good agreement with the results previously obtiained in vitro experiments.

Table S4. Effects of dactylicapnosine A on auricle swelling induced by xylene in mice

Inhibition ratio

Group Dose (mg/kg) Auricular swelling (mg) %)
Control — 245 %23 —
Parecoxib 10 20.4 £2.7 16.76
isocorydine 10 185 +2.2 24.71
2 13.7 £2.0** 44.21
dactylicapnosine A 10 115 £1.7** 53.30
2 11.0 £2.1** 54.98

Data were expressed as mean =SEM. Statistical differences were represented as *p < 0.05, **p <

0.01 vs. control. Parecoxib was used as a positive control.

6.2 Effect on acetic acid-induced pain in mice.

Inflammation was usually accompanied by pain and oedema as a result of increased
vascular permeability and an accumulation of leukocytes and macrophages at the inflammatory
site. Most anti-inflammatory drugs work as analgesics while reducing inflammation.® In the
present study, the acetic acid induced writhing test, formaldehyde-caused assay and hotplate
experiment were performed in ICR mice to evaluate the pain-relieving effects of
dactylicapnosines. The effects of dactylicapnosine A on acetic acid-induced pain were shown
in Table S5. Intraperitoneal treatment with 10, 2 mg/kg of dactylicapnosine A caused a
significant inhibition on the number of body-twisting frequcncy from 20.3 £4.5 (control group)
to 9.3 + 2.4 and 10.2 £ 0.9 (p < 0.05), respectively, which were even comparable with

isocorydine (10 mg/kg, 7.8 + 3.0; 2mg/kg, 8.6 + 2.9) and weaker than the positive control
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(morphine). The acetic acid-induced writhing response test is classical methods widely used to
evaluate peripheral analgesic activities of drugs, which are affected by the release of
endogenous mediators such as histamine, serotonin, bradykinin and prostaglandins. Our
preliminary findings indicated that dactylicapnosine A exerted a peripheral analgesic activity,

which might be attributed to endogenous mediators like TNF-a, IL-13 and PGE2.

Table S5. The analgesic effect of dactylicapnosine A in mice induced by acetic acid

Inhibition ratio

Group Dose (mg/kg) N Number of writhing %)

0
Control — 11 203+45 -
Morphine 10 11 8.5 3.0 58.30
isocorydine 10 11 7.8 +3.0+ 61.43
2 11 8.6 +2.9+ 57.40
dactylicapnosine A 10 11 9.3+ 2.4x 54.26
2 11 105+3.0 48.43

Data were expressed as mean =SEM. Statistical differences were represented as *p < 0.05, **p <

0.01 vs. control. Morphine was used as a positive control.

6.3 Effect on formaldehyde-induced pain in mice.

The phlogistic agent——formaldehyde, injected locally into the animal paws can induce
a severe inflammation response in a biphasic response manner.'? The first phase is attributed to
the release of histamine, serotonin and similar substances from damaged tissues. The second
phase is mainly due to the enhanced production of kinin-like substances including
prostaglandins, lysosome and proteases, and the involvement of nitric oxide, free radicals and
cyclo-oxygenases in the hind paw exudate. The cumulative time of licking paws caused by
formaldehyde in mice were shown in Table S6. The licking time of control group were 126.6
+ 17.8 seconds, 188.8 + 24.0 seconds during the first phase (0-5 min) and the second phase (15-
30 mins). However, pretreatment with isocorydine and dactylicapnosine A caused a notable

reduction in hind paw licking time at both phases (p <0.05/0.01). Isocorydine at 10 and 2 mg/kg
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significantly reduced it by 38.70% and 41.79% during the first phase, and by 50.16%, 49.89%
during the second phase, respectively. Similarly, the inhibition ratios of dactylicapnosine A
were 39.10%, 32.94% in the first phase and 46.50%, 54.13% during the second phase at doses
of 10 mg/kg and 2 mg/kg, respectively. According to our results, both isocorydine and
dactylicapnosine A showed marked inhibitory activity at the first as well as second phase, which

hinted the analgesic effect of it might be related with the inhibition of inflammatory cytokines.

Table S6. The analgesic effect of dactylicapnosine A in mice induced by formaldehyde

Group Dose (mg/lkg) N Firstphase (s)  Inhibition (%) Second phase (s) 'r':t‘iisi(ti/:;
Control — 10 1266+17.8 — 188.8 + 24.0 —
Morphine 10 10 30.0+9.7** 76.30 22.6 4+ 9.2%* 88.03
isocorydine 10 10 77.6+14.7* 38.70 94.1 +22.0%* 50.16
2 10 737+11.3* 41.79 94.6 + 14.0%* 49.89
dactylicapnosine A 10 10  77.1+10.1* 39.10 101.0 + 22.9* 46.50
2 10 849+152 32.94 86.6 & 12.9%* 54.13

Data were expressed as mean =SEM. Statistical differences were represented as *p < 0.05, **p <
0.01 vs. control. Morphine was used as a positive control.

6.4 Effect on hotplate-induced pain in mice.

Hot plate test, a classical method, was used to inflict heat-induced pain in mice for
measurement of pain threshold. Results of the effects of dactylicapnosines on hotplate pain
were depicted in Table S7. The basal threshold was approximately 20 seconds and it was
recorded at 30 min, 60 min, 90 min and 120 min following the intraperitoneal administration
of dactylicapnosines. There was no significant change at all-time points except that it was
prolonged from 18.2 £ 1.2 to 29.7 £ 3.3 seconds at 60 min after the intervention of
dactylicapnosine A at the dose of 10 mg/kg (p < 0.01). The positive morphine at 10 mg/kg
manifested its maximum thresholds of 41.5 seconds, 33.9 seconds at 30 min and 60 min,
respectively. The mechanism of the licking reaction to this nociceptive stimulus is closely

related with the prostanoid system including the increased peritoneal fluid level of PGE2 and
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and Prostaglandin F2a (PGF2a).!! It was speculated that dactylicapnosine A might play a role

in the inhibition of prostaglandin synthesis, which had been confirmed by our inflammatory

cell model caused by LPS and the level of PGE2 decreased significantly.

Table S7. The analgesic effect of dactylicapnosine A in mice induced by hotplate

Pain thresholds (seconds)

Group Dose (mg/kg) N
0 min 30 min 60 min 90 min 120 min

Control — 13 211+16 198+11 182412 247+26 255+28
Morphine 10 13 212413 415+28% 339+41* 253+37 26.7+19
isocorydine 10 13 199+16 223+14  225+3.1 257426 259+22
2 13 205+13 220+18 20814 205+16 23.8+20
dactylicapnosine A 10 13 200+08 172412  29.7+33* 199+19 327x41
2 13 192412 17.9+14  228+21  225+25 256+39

Data were expressed as mean x=SEM. Statistical differences were represented as *p < 0.05, **p <

0.01 vs. control. Morphine was used as a positive control.
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6.5 Ethical approvals of experimental animals.
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7. Supplementary Figures

Figure S01. The HPLC profiles of separation of (+)-1 and (-)-1.

Chromatogram condition: Reprosil chiral-AM, 5 pm, 250mm*4.6mm r65am. S2546 (Dr. maisch),

n-hexane: ethanol= 80:20 as mobile phase.
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Figure S02. The HPLC profiles of separation of (+)-2 and (-)-2.

Chromatogram condition: Reprosil chiral-AM, 5 pm, 250mm*4.6mm r65am. S2546 (Dr. maisch),

n-hexane: ethanol= 70:30 as mobile phase.
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Figure S03. The overlapped experimental CDs of compounds (+)-2 and (-)-2.
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Figure S04. '"H NMR spectrum of compound 1 (CDCl3/CD;0D)
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Figure S05. *C NMR and DEPT spectra of compound 1 (CDCl3/CD;0D)
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Figure S06. HSQC spectrum of compound 1 (CD;0OD)
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Figure S07. HMBC spectrum of compound 1 (CD3;0OD)
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Figure S08. HREIMS spectrum of compound 1

Elemental Composition Report Page 1

Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min =-10.0, max = 120.0
Setected filters: None

Monoisotopic Mass, Odd and Even Electron lons

17 formula(e) evaluated with 1 results within limits {up to 51 closest results for each mass)
Elements Used:

C:0-200 H: 0400 N:1-1 0O:7-9
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Figure S09. ESIMS spectrum of compound 1

Acquired by
Date Acquired
Sample Name
Data File
Method File

<Spectrum>
Retention Time:0.400(Scan#:81)
Spectrum: Averaged 0.340-0.460(69-93)

Sample Information
: Admin
12015/12/28 9:42:23
s wd32
s wd32.led
« LB —%£20151028-100-1500.Icm

<<Instrument>> : LC-IT-TOF

Background:Averaged 0.060-0.347(13-71) MS Stage:MS Polarity:Pos Segment! - Event] Precursor:—--- Cutoff:

=== LCMSsolution Data Report ====

System Configuration

2015/12/28 09:44:44 1 / 1

1600000
1500000~

1400000-]

1300000
1200000

1100000

1000000

374

|362

437

454

488

€ et
360 370 380

390 400 410 420 430

30

T
430

490

500

510

Bos)
520 530
miz
E:¥DATA¥20151228¥wd32.lcd



Figure S10. IR spectrum of compound 1
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Figure S11. UV spectrum of compound 1
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Figure S12. CD spectrum of compound (+)-1
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File: CD WD32B-1mm(195-600)16041415.dsx
ProBinaryX

Attributes :

- Time Stamp :Thu Apr 14 18:53:32 2016

- File ID : {5041B49F-5661-494f-A9F9-0DFOEAOE8FE3}
- Is CFR Compliant : false
- Original unaltered data
Remarks:
- HV (CDDC channel): 0 v
- Time per point: 1 s
- Description: Sample 1
- Concentration: 0.2000mg/mL MeOH
- Pathlength: 1 mm

Settings:
- Time-per-point: 1s (25us x 40000)
- Wavelength: 195nm - 600nm
- Step Size: Inm
- Bandwidth: 1nm
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Figure S13. CD spectrum of compound (-)-1
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File: CD WD32A-1mm(195-600)16041414.dsx
ProBinaryX

Attributes :

- Time Stamp :Thu Apr 14 18:42:39 2016

-File ID: {5822A986-1FE7-46eb-B6DA-85D3F35E2B6A }
- Is CFR Compliant : false
- Original unaltered data
Remarks:
- HV (CDDC channel): 0 v
- Time per point: | s
- Description: Sample 1
- Concentration: 0.2000mg/mL MeOH
- Pathlength: 1 mm

Settings:
- Time-per-point: 1s (25us x 40000)
- Wavelength: 195nm - 600nm
- Step Size: Inm
- Bandwidth: 1nm
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Figure S14. '"H NMR spectrum of compound 2 (CDCls)
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Figure S15. 3C NMR and DEPT spectra of compound 2 (CDCls
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Figure S16. HSQC spectrum of compound 2 (CDCls)
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Figure S17. HMBC spectrum of compound 2 (CDCls)
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Figure S18. HREIMS spectrum of compound 2

Elemental Composition Report Page 1

Single Mass Analysis (displaying only valid results)
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Selected filters: None

Monoisotopic Mass, Odd and Even Electron lons

14 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-200 H:0-400 N:1-1 0:7-9

-34 25-Nov-201913:47:23 Autospec
M191125EA-01AFAMM 32 (2.938) Voltage El+
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T T T T T T T T T T T T T T T miz
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Minimum: -1.5
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Figure S19. ESIMS spectrum of compound 2
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Figure S20. IR spectrum of compound 2
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Figure S21. UV spectrum of compound 2
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Figure S22. CD spectrum of compound (+)-2
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File: CD WD34B-1mm(195-600)16041909.dsx
ProBinaryX

Attributes :

- Time Stamp :Tue Apr 19 19:08:25 2016

- File ID : {184D3ECE-8820-4651-B469-727BD7A6F198}
- Is CFR Compliant : false
- Original unaltered data
Remarks:
-HV (CDDC channel): 0 v
- Time per point: 1 s
- Description: Sample 1
- Concentration: 0.2800mg/mL MeOH
- Pathlength: 1 mm

Settings:
- Time-per-point: 1s (25us x 40000)
- Wavelength: 195nm - 600nm
- Step Size: Inm
- Bandwidth: Inm

46



Figure S23. CD spectrum of compound (-)-2
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File: CD WD34A-1mm(195-600)16041910.dsx
ProBinaryX

Attributes :

- Time Stamp :Tue Apr 19 19:19:20 2016

- File ID : {06ABF8EQ-F8C9-4217-A0F6-017379DA01A1}
- Is CFR Compliant : false
- Original unaltered data
Remarks:
- HV (CDDC channel): 0 v
- Time per point: 1 s
- Description: Sample 1
- Concentration: 0.2760mg/mL MeOH
- Pathlength: 1 mm

Settings:
- Time-per-point: 1s (25us x 40000)
- Wavelength: 195nm - 600nm
- Step Size: Inm
- Bandwidth: 1nm
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Figure S24. Copies of NMR spectra of compounds in Total synthesis

2016042§
OH
70
_0
2,3,4-trimethoxyphenol
J_Jh ol TP U S
I
T T I T - T T T T T 1
3 8 7 3 5 3 2 1 S P
20160426
L
| |
s B
L1
T T | PR kS | e | T | T T T T T i T T T T
165 150 140 230 120 118 18¢ 30 80 70 60 50 40 30 20 10 0 ppn

49



201635430

B N
0.0
LAO3C0000
£ :
O\/\
7 7
/O
5
] JL ! " ]
g g2 g[8
g 32 g g
T T T T ¥ T T T T 1
8 7 € 5 4 3 2 5 0 P
1 il ||
‘ |
8 P
& a8
i o 8
i
T T | P32 oy T T j Blas T ¥ T Y i } T | ks T ¥ T " T T
178 160 150 140 230 123 a0 30 80 70 €0 50 40 30 20 10 0 ppm

50



201635501

OH
%
_0
5a
& ) L |
ENE
T T = 1- - Nl T T T T 1
8 7 6 5 ¢ 3 2 i 0

@ ro) ~
= — ‘,
- - w0
w o ©
o © o
pik - -

51

ppm



201612.3

22026300178

-¢.00¢

20061117
1

OCH,Ph

5b

ﬂ
| 0] st
2109

2061~
03
30083
52,
i
085

1.000

2

w a
I3 onw " 3
] o o.

: & &
” i !
& ® 4

— 119.622

——115.97.

— 61,780
4

—
&\
(=3
[
&
o
'
s
[
-
o
<
i
o
(=]
=
]
«©
—
(=3
o
w
5
@
o
-
o
oy
<
1
<
I~
<>
w
o
[N
(=]
[
o
©
et
T
El

52



e g =
Zas g 5 2ae071
oo E [ 7.1%
i
0.0 K
1.00200000 ==
T i
OCH,Ph .
q00.1
1o,
O (@] 400.150005,
_O
6
1
@ & 2]
& 3 1Y
3 7 =
T T T T T T T T 1
10 9 8 7 ) 5 i 0 pPpm
201635728
I
T
i | I ‘
« ot @
g N & 2 o -
e 2= S = S o= =
. . . A N3 &
o a I~ o 1 78 1
A = < S S 0 “
2 5 = 3 G o <
| I
T T T T T R T T T T T T T T T T T T
210 200 1%0 180 170 160 150 14 30 120 1138 = t a0 70 €0 ) 40 30 20 10 0 ppm

53



ZYJ-7-3RQUAN

HAME 12013301120
a5z

Time
INSTRCM
2aCEED
>U1PROG
P

i
Br OCH,Ph
o
Q. 3‘} He
(0] (0] 1.00
_O
7
o o
5
5 &
T T T T T T T
1 10 9 8 7 6 3
7YJ-7-3RQUAN
L |
. -
= :
] = 2
T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 50 30 20 10 0 ppm

54



e S s

NBoc
o

oo0 K
100300000
o :
| Br

SEANNEL F1
4001

o OCH,Ph

LNV "\»AJV\WLA_)U

/ ' ‘

g )z EREEEERER: g

4 o = o sl |4 b o S
T T T T T T T T T T 1
3 g 7 & 5 4 3 2 1 < k==

zyj—-8-weiguanhuan
I |
L T s

MJM, |

T T T
190 180 170 16C 150 40 13C 1

o
&
a~
&
w
o
[N
o

55



zyj-grarhaan

NEME 22016300178
798

N\

~
\O NBoc
1)
o OCH,Ph
()\\
9

J it ) UUA__JU«HJTJ%\J_%

0 P

zyj-guarhuan

AR T
Il
| } ‘ | l \ K

T T T
172 168 15¢ 140 130 128 11T 130 30 30 70 60 50 40 30 20 10 0 ppm

56



zyj-ll-shuangtorg

ﬁ_
1.000 =

zyj-ll-shtargteng

o4

Dpr

——38.532

T T T T
210 2090

180 180 170 160 150 140

T T T
13¢ 120 11t

57

T
Z60

T
9z



zy:i-12-fznggouaua

| H
NBoc
3a
l i A e

ﬁ_
1.000 =

T
1.042 =

3 8 7 é 5, 2 1 S P
zyj-lZ-faaggouhua
L
L ||
I I
V |
ram “ |
T T T ) T T T T T T T T T T T T T T T T T T
210 200 130 180 .70 160 150 140 13¢ 120 11¢ 2¢0 9C 80 7C &0 30 40 30 20 10 0 ppm

58



zyj-13-chongoal

NNV

1.521

NEME

——
1000 =

ﬁ
9.159 = =

b
R ITED=

o4

8 5 P
zyj-13-chongoal
© -
2 3 1
@ S i
B E: S
2 3 2R

o Ll

WV

i

T T T T T T T T T T T T
210 200 130 180 270 160 150 140 13C¢ 120 11T 200

59

20

10

0 ppm



20181223-2
. .

—4.298

T
1.0 05 0.0 ppm

94,48

1
—01.87

VRNV

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

60



ZYJ-_4-TJOBCC

T
_0O
\O NH
°< Lon
/Oo o
\ o\
12

—5.911

618

s

2aCEED
>U1PROG
P

12013301120

A . i
ju))
o
T T T = T T T T T T T T T T 15
85 8.0 75 6.0 55 5.0 4.0 3.5 3.0 25 2.0 15 1.0 05 0.0
ZYJ-_4-TJOBCC
| ;
| | i L“ [ ]
o 2 = fretn e £ ol
‘ ‘
. [ - HHJ \ HH’ |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

61



ZUIZHCNGCEANWU oot
12013301120
a1

1
20130821

17T
_0
~o N
°< Lon
/Oo o
\ O\

1: Synthetic
dactylicapnosine A

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 ppm

ZUIZHCNGCEANWU

« @ n w0
k4 - naa & @

o 3 i w o

% e S & = 4

b1 by = S 3

—122,
1

“ b ‘J l 1J\w Jl " :

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

62



8. Crystal data and structure refinement for dactylicapnosine A (1).

project data
Identification code cu_wd32 0m
Empirical formula C22 H2s N Og
Formula weight 431.43
Temperature 100(2) K
Wavelength 1.54178 A
Crystal system Monoclinic
Space group P2i/c

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

a=10.5170(10) A
b=127338(12) A

Cc =14.6646(14) A
1963.8(3) As

4

1.459 Mg/ms

0.937 mm-1

912

0.380 x 0.350 x 0.170 mms
4.204 t0 70.294<

-12<=h<=12, -15<=k<=15, -17<=I<=16

14698

3500 [R(int) = 0.0423]
95.50%

Semi-empirical from equivalents
Full-matrix least-squares on F2
3500/0/ 287

1.069

R1 = 0.0408, wR2 = 0.1061
R1 =0.0420, wR2 = 0.1078
n/a

0.294 and -0.347 e.A3

0=90°
B=90.699(3)°
y=90%

9. ECD Calculation of dactylicapnosine A (1)

Conformational analysis was initially performed using Confab [5] at MMFF94 force
field for the R-configuration of compound 1. Room-temperature equilibrium
populations were calculated according to Boltzmann distribution law (eq.1). The
energies and populations of all conformers were provided in Table 1. The conformers

with Boltzmann-population of over 1% were chosen for ECD calculations.
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where N, is the number of conformer i with energy E; and degeneracy @, at temperature 7, and

ks 1s Boltzmann constant.

Table S8 Conformational population of R-1 at MMFF94 force field.

Conformer Energy (kcal/mol) Population (%)
241.1804 100

258.4439
266.6176
272.2226
276.3893
278.1886
284.1819
738.8263

oI e Y B S S R S
S O O O o o O

The theoretical calculation of R-configuration 1 were carried out using Gaussian 09
[6].First,the chosen conformer was optimized at B3LYP/6-311G* using Density
functional theory (DFT) (Table ).Then, it was further optimized in MeOH using the
CPCM polarizable conductor calculation model. The optimized geometry of R-1 was
provided in Zable S10. The theoretical calculation of ECD was conducted using Time-
dependent DFT (TD-DFT) method at B3LYP/6-311G* in methonal. Rotatory strengths
for a total of 50 excited states were calculated. The ECD spectrum is simulated in
SpecDis [7] by overlapping Gaussian functions for each transition according to (eq. 2):

1 L1 3 2
2.297x10°%* " 270 4

Aeg(E) =

where o represents the width of the band at 1/ height, and AE, and R, are the excitation energies

and rotatory strengths for transition i, respectively. o =10.25 €V and UV-Shift = -1 nm and Rvelocity
have been used in this work.

Table S9 Standard orientation of R-1 at B3LYP/6-311G* level in gas phase.

Center Atomic  Atomic Coordinates (Angstroms)
Number Number  Type X Y Z
1 6 0 3.418579 -1.366049 0.117328
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2.042999
1.237069
1.869915
3.275511
4.027780
5.096739
1.090171
1.749566
3.013420
3.441966
2.870311
3.945623
4.209965
4.863812
4.113214
1.469276
1.491149
0.809764
1.143298
2.487122
5.508698
5.836290
5.814778
5.967756
0.964416
1.635465
0.342177
0.326614
-0.202592
-0.875495
-0.265658
-0.882400
-1.206131
-2.504831
-2.382115
-1.146734
-2.460930
-3.596994
-3.085486
-2.935029
-2.755774
-4.047579
-2.485265
-3.095151
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-1.476297
-0.322732
0.943938
1.025076
-0.107840
-0.023820
2.144095
3.351620
3.477298
4.440276
3.444092
2.367291
2.525132
2.397872
-2.517056
-2.699354
-3.469888
-4.290071
-2.888050
-3.845044
-2.509072
-2.060431
-3.544065
-1.987287
4.561063
5.398491
4.749485
4.512970
-0.356534
0.789749
2.040290
2.886128
-1.410416
-0.946586
0.604457
-2.401925
-1.281764
-1.474608
1.150895
1.240577
0.701756
1.840778
0.740584
1.074846

0.093124
-0.008246
-0.138365
-0.087430
0.054028
0.086634
-0.389464
-0.501939
0.200575
-0.042795
1.281668
-0.240582
-1.283082
0.336732
0.190799
0.053792
1.238424
1.079382
2.080824
1.427525
0.088877
-0.842675
0.110406
0.921972
-0.622611
-0.753735
0.251371
-1.494954
-0.082051
-0.381380
-0.549363
-0.770948
0.193187
-0.507543
-0.470983
0.842512
-1.857173
0.127640
0.776993
-1.568512
-2.330409
0.760431
1.877056
3.110984



46 1 0 -4.093550 0.665419 3.157801
47 1 0 -3.139064 2.147571 3.230957
48 1 0 -2.473143 0.634408 3.873539
49 6 0 -2.231102 -2.639983 -2.175667
50 1 0 -2.833366 -3.290070 -1.556423
51 1 0 -1.186013 -2.892601 -2.048955
52 1 0 -2.508696 -2.759613 -3.212872
53 6 0 -4.857902 -1.279562 -0.478366
54 1 0 -4.942327 -1.850763 -1.393928
55 1 0 -5.045434 -0.235967 -0.689119
56 1 0 -5.586138 -1.639247 0.233473
Table S10 Standard orientation of R-1 at B3LYP/6-311G* level in solvent phase.

Center Atomic Atomic Coordinates (Angstroms)

Number  Number Type X Y V4

1 6 0 3.459708 -1.339564 0.119903

2 6 0 2.065508 -1.470828 0.081172

3 6 0 1.239205 -0.324623 -0.013760

4 6 0 1.868680 0.963901 -0.147621

5 6 0 3.277361 1.062049 -0.103194

6 6 0 4.052424 -0.070980 0.049239

7 1 0 5.129393 0.028868 0.072863

8 6 0 1.074717 2.155705 -0.402464

9 7 0 1.691897 3.376491 -0.470137

10 6 0 3.011374 3.526458 0.147677

11 1 0 3.415035 4.495366 -0.146169

12 1 0 2.921274 3.519437 1.244115

13 6 0 3.929042 2.406116 -0.311306

14 1 0 4.152683 2.540913 -1.376832

15 1 0 4.878640 2.459331 0.226453

16 8 0 4.168772 -2.497895 0.185067

17 8 0 1.507474 -2.717059 0.010065

18 6 0 1.597416 -3.539384 1.187532

19 1 0 1.033507 -4.443197 0.964040

20 1 0 1.133450 -3.035409 2.036795

21 1 0 2.635934 -3.791540 1.404840

22 6 0 5.595367 -2.436724 0.191535

23 1 0 5.977980 -1.974222 -0.723042

24 1 0 5.931547 -3.470361 0.240801

25 1 0 5.967868 -1.892103 1.064184

26 6 0 0.895385 4.586502 -0.629241

27 1 0 1.569393 5.433110 -0.749388
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28 1 0 0.245230 4775218 0.235249
29 1 0 0.272507 4.523125 -1.523215
30 6 0 -0.200502 -0.378492 -0.091685
31 6 0 -0.896394 0.781080 -0.416390
32 6 0 -0.302062 2.024928 -0.593455
33 1 0 -0.925155 2.877159 -0.819714
34 6 0 -1.178444 -1.428433 0.212338
35 6 0 -2.511650 -0.989067 -0.474748
36 6 0 -2.405069 0.577732 -0.481842
37 8 0 -1.098847 -2.438164 0.880690
38 8 0 -2.502749 -1.337406 -1.848810
39 8 0 -3.591481 -1.541010 0.206401
40 6 0 -3.109855 1.157029 0.760857
41 8 0 -2.995641 1.180048 -1.608780
42 1 0 -2.838738 0.563323 -2.339056
43 8 0 -4.110385 1.826933 0.729421
44 8 0 -2.467533 0.808927 1.880685
45 6 0 -3.074778 1.226067 3.122073
46 1 0 -4.070045 0.791265 3.217452
47 1 0 -3.143840 2.313242 3.161852
48 1 0 -2.418160 0.853633 3.903659
49 6 0 -2.277619 -2.723079 -2.149862
50 1 0 -2.916469 -3.362764 -1.537481
51 1 0 -1.230593 -2.992760 -1.989171
52 1 0 -2.529838 -2.846794 -3.201813
53 6 0 -4.884941 -1.332826 -0.388349
54 1 0 -4.964998 -1.848553 -1.347602
55 1 0 -5.094791 -0.270923 -0.529607
56 1 0 -5.601217 -1.757180 0.313382
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