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Materials and methods

Bacterial strains, plasmids, chemicals

All the strains and plasmids uesd in this study are listed in Table S1. High-fidelity Q5 DNA
polymerase (NEB) and KOD One™ PCR Master Mix (TOYOBO) were used for PCR amplification
to construct plasmids, and 2 x Taqg Plus Master Mix (Vazyme) was used for colony PCR. PCR
primers were synthesized by Tsingke (Beijing). Gibson Assembly Kit (TransGen) was purchased
from corresponding commercial suppliers and reactions were performed according to the
manufacturer’s protocols. DNA gel extraction and plasmid preparation kits were purchased from
TransGen. DNA sequencing was conducted by Majorbio. Escherichia coli Trans1-T1 was used
for routine cloning. E. coli T7 was used for gene expression and microbial production. Ampicillin
(Amp, 100 ug-mL7), streptomycin (Str, 50 pg-mL™), kanamycin (Kan, 50 pg-mL™) and
chloramphenicol (Chl, 25 yg-mL™) were used for selection in E. coli. Genes were ordered from
GenScript, and cloned into the Ndel and Hindlll sites of pET28a(+), with codon-optimized for E.
coli expression. Deuterated solvents such as CDCls, CeDs, etc. were purchased from Energy
Chemical. Media components were purchased from Genstar (tryptone, yeast extract) and
Solarbio (glycerol). Other common chemicals, biochemical, and media components were
purchased from standard commercial sources (Adamas-beta, Stronger etc.).

General procedures
E. coli strains for routine cloning and seed culture were grown in Luria-Bertani (LB) medium or
maintained on LB agar with appropriate antibiotics at 37 °C.

IR spectra were collected with a Nicolet Nexus 470 spectrometer. All H, 3C, and 2D-NMR
(HSQC, 'H,'*H COSY, HMBC, NOESY) spectra were collected at room temperature (25 °C) with
a Bruker AVANCE 11l 400 at 400 MHz for *H and 100 MHz for *3C nuclei, or a Bruker Avance Il
600 at 600 MHz for *H and 150 MHz for 3C nuclei. Chemical shifts were calibrated with the
solvent residue signals (0 CDCls: 7.26, 77.16; benzene-ds: 7.16, 128.06 for *H and 3C NMR
spectra). HRESIMS data were acquired on a Waters XEVO G2 QTOF instrument. Melting point
was recorded with a Buchi M-560 melting point apparatus. Optical rotation was recorded with a
Rudolph Autopol VI digital Polarimeter. GC—MS was performed on an Agilent 7890A series GC
system, equipped with 5975 mass spectrometry coupled with a HP-5MS column (30 m x 250 um
x 0.25 um, Agilent Technologies, Santa Clara, CA, USA). The carrier gas was helium with a
constant flow of 1 mL-min~*. Injection was in split mode (10:1) with the injector temperature set
at 250 °C. The oven initial temperature was 50 °C and hold for 4 min, increased to 280 °C at
20 °C/min, and then kept at 280 °C for 3 min. X-ray crystal was diffracted with Rigaku XtaLAB
Synergy single crystal X-ray diffractometer.

All the X-ray data reported here have been deposited to Cambridge Crystallographic Data Centre
with Deposition Number: CCDC 2470579 (for 16).

Fermentation and purification of germacrene A (5) and casbene (4)

Seed culture was prepared by inoculating a single colony of the E. coli strain XT02019 (harboring
plamids pXT02007 and pET28a-gas for producing germacrene A) or XT02020 (harboring
plamids pXT02013 and pET28a-cs for producing casbene) into the LB medium containing
streptomycin (50 ug-mL™) and kanamycin (50 ug-mL™?) followed by growing at 37 °C with
shaking at 200 rpm overnight. The seed culture (10 mL, 1% (v/v)) was innoculated to a 2 liter-
flask containing 1 L of the indicated medium (TB, TB-20, M9Y5 and AM mineral media) with the
appropriate antibiotics. The culture was incubated at 37 °C until an ODeggo value of 0.8 was
reached. The culture was then cooled to 4 °C, followed by addition of IPTG (0.1 mM for producing
germacrene A, 0.5 mM for producing casbene), 8 mM isoprenol (=800 pL) (for producing
germacrene A), or 6 mM prenol (=600 pL) and 2 mM isoprenol (=200 pL) (for producing casbene).
The resultant culture was incubated at 18 °C for 72 h.
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A mixture of the fermentation broth (1 L) and EtOAc (500 mL) was filtrated through a pad of Celite.
The aqueous phase was extracted with EtOAc (500 mL x 3). The combined organic layers were
dried over Na SO.. The solvent was removed under reduced pressure. The residue was purified
by silica gel chromatography, and eluted with petroleum ether (PE) to give germacrene A
(100 mg) or casbene (110 mg), as colorless ails.

Germacrene A (5)

Rt = 0.96 (PE);

[a]’s +20.6 (c 0.75, CCls); +42.1 (c 1.0, CCly)1;

13C NMR (100 MHz, CDCls) 6 153.9, 138.3, 131.8, 129.1, 126.5, 107.4, 51.5, 41.9, 39.7, 35.0,
33.8, 36.9, 24.5, 20.4, 20.1, 16.8, 16.4, 15.6.

Casbene (4)@

Ri=0.95 (PE);

[a]? -161 (c 1.0, CDCls);

IR (neat)vmax 2977, 2922, 2858, 1450, 1376 cm™;

'H NMR (400 MHz, CDCls3) 6 5.03 (s, 1H), 4.97 — 4.88 (m, 2H), 2.28 — 1.97(m, 8H), 1.96 — 1.84
(m, 2H), 1.69 (m, 1H), 1.61 (s, 3H), 1.55 (s, 3H), 1.49 (s, 3H), 1.12 (t, J = 8.3 Hz, 1H), 1.02 (s,
3H), 0.97 (m, 1H), 0.91 (s, 3H), 0.53 (t, J = 9.4 Hz, 1H);

13C NMR (100 MHz, CDCls) 6 136.2, 135.3, 133.3, 126.1, 124.1, 121.8, 41.0, 40.0, 39.8, 31.1,
29.2, 26.3, 25.5, 24.6(2C), 20.0, 16.8, 16.6, 16.1, 16.0.

Media for fermentation include:

Terrific Broth (TB) medium: yeast extract (24 g-L™), tryptone (12 g-L™1), glycerol (5 g-L™%), and
100 mL of phosphate buffer (0.17 M KH2PO4, 0.72 M KoHPO,).

TB-20 medium: yeast extract (24 g-L™2), tryptone (12 g-L™), glycerol (20 g-L™), and 100 mL of
phosphate buffer (0.17 M KH2PO4, 0.72 M K2HPO,).

M9Y5 medium: glucose (20 g-L™), yeast extract (5 g-L™1), MgSO4 (1 mM), CaCl, (0.3 mM), biotin
(1 pg), thiamin (1 ug), M9 salt solution [10 X, Na;HPO4-2H,0 (75.2 g-L™*), KH2PO,4 (30 g-L™),
NaCl (5 g-L™%), NH4ClI (5 g-L™*)] and 10 mL of trace elements solution [EDTA (5 g-L™), FeCls-6H.0
(0.83 g-L™Y), ZnCl; (84 mg-L™), CuCl-2H,O (13 mg-L™t), CoCl;-2H.O (10 mg-L™), H3BOs
(10 mg-L™), MnCl;-4H,0 (1.6 mg-L™)].

Concentrated stocks of biotin (1 mg-mL™?), thiamin (1 mg-mL™), and trace elements solution
(100 X) are sterilized by a 0.22-uM filter. They were added aseptically to the medium when used.
Mineral ‘AM’ medium: KH>PO, (4.2 g-L™), KzHPO4-3H,0 (15.7 g-L ™), (NH4)2S04 (2.0 g-L™),
citricacid (1.7 g-L™*), EDTA (8.4 mg-L™?), glycerol (30 g-L™), yeast extract (5 g-L™?). Stock solution
of 5 mL-L™* of MgSQO4-7H,0 (1 M), 1 mL-L™* of thiamine-HCI (4.5 g-L™1), and 10 mL-L™? of batch
trace metal solution were added aseptically to the medium when used. Finally, the pH was
adjusted to 7.0 by 10 M NaOH.

Batch trace metal solution contains the following ingredient and dissolved in 1 M HCI:
CoCl,-6H.0 (0.25 g-L™1), MnCl;-4H,0 (1.5 g-L™), CuCl;-2H,0 (0.15 g-L™1), H3BOs3 (0.3 g-L™),
Na:MoO4-2H,0 (0.25 g-L™), Zn(OAc)2-2H.0 (1.3 g-L™1), Fe(lll)citrate (10 g-L™1).
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Synthetic procedures and characterization data

Se0,, TBHP
CH,Cl,, 0°C

39%, 79% brsm

casbene (4) 13-hydroxy-casbene (8)

13-Hydroxycasbene (8): To a stirring solution of casbene (4, 1.10 g, 4.04 mmol, 1.0 equiv) in
CH.CI, (150 mL) at 0 °C was added SeO; (48 mg, 0.4 mmol, 0.1 equiv). The resultant mixture
was allowed to stir at 0 °C for 5 min, followed by addition of TBHP (440 pL, 5—-6 mmol in decane)
in three portions over 6 h. After completion of the additions, the reaction mixture was stirred at
the same temperature for additional 6 h before the reaction being quenched by addition of sat.
ag. Na>S»03 (50 mL). The mixture was extracted with CH2Cl» (100 mL x 3), the combined organic
layers were washed with brine (150 mL), dried over Na,SO., filtered, and concentrated in vacuo.
The crude residue was purified by flash column chromatography on silica gel (PE/EtOAc = 10:1)
to give casbene (4, 547.6 mg, 50%), and 13-hydroxycasbene (8, 460.4 mg, 39%) as a colorless
oil.

Rr = 0.35 (PE/EtOAc = 10:1);

[a]’s -128 (c 1.0, CHCIy);

IR (neat) vimax 3340, 2978, 2961, 1436, 1377, 1050 cm'%;

IH NMR (400 MHz, CDCl3) 5 5.15 (m, 1H), 4.87-4.80 (m, 2H), 3.92(dd, J = 8.4, 1.4 Hz, 1H), 2.31-
1.84 (m, 8H), 1.76 (dd, J = 13.6, 8.7 Hz,1H), 1.65 (s, 3H), 1.61 (s, 3H), 1.55 (s, 3H), 1.25-1.21(m,
2H), 1.07 (s, 3H),1.07-1.02 (m, 1H), 0.95 (s, 3H), 0.92-0.86 (m, 1H);

13C NMR (100 MHz, CDCls) 6 137.8, 137.1, 133.1, 126.2, 126.0, 120.8, 80.2, 39.4, 39.1, 32.7,
28.9, 28.0, 25.5, 24.8, 23.4, 19.7, 16.5, 15.9, 15.6, 10.7;

HR-ESI-MS m/z: 287.2372 [M - H]- (calcd. for CxoH3,0- 287.2375).

DMP, CH,Cl,

rt, 83%

13-hydroxy-casbene (8) 13-keto-casbene (9)

13-Ketocasbene (9) was prepared in a manner similar to that of reported?*: To a stirring solution
of 13-hydroxycasbene (8, 110.0 mg, 0.39 mmol, 1.0 equiv) in CHxCl, (20 mL) at room
temperature was added Dess—Martin periodinane (DMP, 182.9 mg, 0.43 mmol, 1.1 equiv). The
reaction mixture was stirred at room temperature until TLC analysis showed the full consumption
of the starting material. The reaction was quenched by addition of sat. ag. NaHCO3 solution
(20 mL), and the mixture was extracted with CH,Cl, (20 mL x 3). The combined organic layers
were dried over Na>SOg, and evaporated to dryness. The crude residue was purified with silica
gel chromatography (CH.Cl,/MeOH 25:1) to yield 13-ketocasbene (9, 93.4 mg, 83%) as a
colorless oil.

Rr = 0.61 (PE/EtOAc = 10:1);

[a]% -132 (c 1.0, CHCIy);

IR (neat) vmax 2921, 1665, 1441, 1380, 1287 cm%;

IH NMR (400 MHz, CDCls) 6 6.49 (br t, J = 6.2 Hz 1H), 4.96 (m, 1H), 4.87 (d, J = 8.2, 1H), 2.82
(dd, J = 14.6, 9.9 Hz, 1H), 2.36-2.05 (m, 9H), 1.74 (s, 3H), 1.56 (s, 3H), 1.55 (s, 3H), 1.26-1.22
(m, 1H), 1.14-1.10 (m, 1H), 1.09 (s, 3H), 0.95 (s, 3H);

13C NMR (100 MHz, CDCls) & 203.2, 143.6, 137.5 (2C), 133.1, 126.5, 120.6, 39.8, 38.2, 32.2,
28.7,26.1, 25.9, 25.6, 25.1, 19.7, 16.1, 15.9, 15.6, 11.6;

HR-ESI-MS m/z: 287.2367 [M + H]* (calcd. for C2oH3:0* 287.2375).
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NO,

H,SO,, EtOH
+ ————-
NO, 46%

NHNH,

13-keto-casbene (9)

Compound 16 was prepared in a manner similar to that of reported?: Solid 2,4-
dinitrophenylhydrazine (82.4 mg, 0.42 mmol, 4.0 equiv) and conc. H.SO4 (2.0 mL) were mixed
and stirred at room temperature for 10 min to dissolve all the solids. To the resultant reaction
mixture with stirring was added a solution of 13-ketocasbene (30.0 mg, 0.10 mmol,1.0 equiv) in
95% EtOH (3.0 mL) dropwise. The reaction mixture was allowed to stir at room temperature for
30 min until the precipitation of a brownish-yellow solid was observed. The mixture was filtered
off, and the solid was washed with EtOH (=2 mL). The solid was desiccated to afford compound
16 (22.3 mg, 0.05 mmol, 46%) as a brownish-yellow solid.

Rt = 0.45 (PE/EtOAC = 1:1);

m.p. 157-161°C (brownish-yellow needle, PE/CH,Cl;, 5:1);

[a]’s +196 (c 0.1, CHCly);

IR (neat) vimax 3304, 2952, 2924, 2853, 1616, 1592, 1537, 1518, 1423, 1377, 1334, 1311, 1267,
1132 cm?;

'H NMR (400 MHz, CDCls3) 6 11.39 (s, 1H), 9.15 (d, J = 2.6 Hz, 1H), 8.32 (dd, J = 9.6, 2.5 Hz,
1H), 8.02 (d, J = 9.6 Hz, 1H), 6.10 (brdd, J = 3.1, 3.4 Hz, 1H), 5.10-5.04 (m, 1H), 4.90 (d, J =
10.2 Hz, 1H), 2.61 (dd, J = 14.9, 7.2 Hz, 1H), 2.49-2.05 (m, 9H), 2.00 (s, 3H), 1.68 (s, 3H), 1.61
(s, 3H), 1.46-1.39 (m, 1H), 1.16 (s, 3H), 1.13 (s, 3H), 0.52 (brt, J = 7.3 Hz, 1H);

13C NMR (100 MHz, CDCls) & 160.1, 145.2, 137.8, 137.1, 135.5, 134.0, 133.3, 130.0, 129.6,
126.5, 123.7, 120.2, 116.9, 40.5, 38.6, 28.3, 26.3, 25.6, 25.6, 25.5, 21.2, 20.5, 15.6, 15.5, 15.4,
13.5;

HR-ESI-MS m/z: 465.2502 [M - H] (calcd. for C26H33sN4O4 465.2505).

Se0,, TBHP

CH,Cly, rt

13-keto-casbene (9)

= 'H-"H COSY correlations
/N HMBC correlations

9-hydroxy-13-keto-casbene (10, 21%)

To a stirring solution of 13-ketocasbene (9, 54.0 mg, 0.19 mmol, 1.0 equiv) and SeO; (2.1 mg,
0.02 mmol, 0.1 equiv) in CH2Cl» (20.0 mL) was added TBHP (34.0 uL, 1-1.2 mmol in decane,
0.04 mmol, 0.2 equiv). The reaction mixture was allowed to stir at room temperature for 2 h,
during which period an additional amount of TBHP (102.0 pL, 1-1.2 mmol in decane, 0.12 mmol,
0.6 equiv) was added in three portions. The reaction was quenched by addition of sat. ag.
Na2S203 (20 mL). The mixture was extracted with CH2Cl, (20 mL x 3), and the combined organic
layers were washed with brine (80 mL), dried over Na,SOy, filtered, and concentrated in vacuo.
The crude residue was purified by flash column chromatography on silica gel (PE/EtOAc 5:1) to
give 5-hydroxy-13-ketocasbene (11, 11.3 mg, 20.1%) and 9-hydroxy-13-ketocasbene (10,
11.6 mg, 21.2%), respectively.
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5-Hydroxy-13-ketocasbene (11)

Rt = 0.23 (PE/EtOACc =4 : 1);

[a]’s -118 (c 0.1, CHCIy);

IR (neat) vmax 3419, 2923, 2867, 1659, 1447, 1377, 1288, 1250, 1015 cm,;

'H NMR (400 MHz, CDClz) 6 6.43 (brt, J = 5.5 Hz, 1H), 5.13 (d, J = 8.7 Hz, 1H), 4.88(brt, J = 8.5
Hz, 1H), 4.10 (dd, J = 10.5, 5.2 Hz, 1H), 2.77 (dd, J = 14.4, 9.7 Hz, 1H), 2.39-2.09 (m, 7H), 1.76
(s, 3H), 1.62 (s, 3H), 1.59 (s, 3H), 1.29 (t, J = 8.8 Hz,1H), 1.17 (td, J = 9.8, 1.3 Hz, 1H), 1.11 (s,
3H), 0.99 (s, 3H);

13C NMR (100 MHz, CDCls) 6 203.0,143.4, 139.0, 137.5, 134.8, 124.7, 121.6, 79.3, 38.0, 33.2,
32.1, 28.6, 26.8, 25.8, 25.2, 20.3, 16.1, 15.8, 11.7, 10.5;

HR-ESI-MS m/z 325.2144 [M + Na]* (calcd. for CaoH3z002Na* 325.2143).

9-Hydroxy-13-ketocasbene (10)

Rt = 0.20 (PE/EtOAC =4 : 1),

[a]’s -126 (c 0.1, CHCIy);

IR (neat) vmax 3438, 2923, 1661, 1449, 1377, 1290, 1251, 1040 cm™,;

'H NMR (400 MHz, CDCl3) 6 6.25 (td, J = 6.7, 1.2 Hz, 1H), 5.22 (dd, J = 9.8, 3.1 Hz, 1H), 4.84(d,
J=7.9Hz, 1H), 4.17 (dd, J = 8.8, 6.8 Hz, 1H), 2.76 (dd, J = 14.6, 9.7 Hz, 1H), 2.54 (brt, J = 6.8
Hz, 2H), 2.42-2.28 (m, 2H), 2.17 (dd, J = 14.6, 1.5 Hz, 1H), 2.14-2.05 (m, 2H), 1.78 (s, 3H), 1.56
(s, 3H), 1.55 (s, 3H), 1.23 (brt, J = 8.2 Hz, 1H), 1.12-1.08 (m, 1H), 1.10 (s, 3H), 0.93 (s, 3H);
13C NMR (100 MHz, CDCl3) 6 202.9, 138.8, 138.7, 137.5, 135.9, 129.2, 120.7, 77.9, 39.4, 33.8,
32.4, 28.6, 25.9, 25.6, 25.1, 19.8, 16.2, 15.9, 11.9, 10.2;

HR-ESI-MS m/z 325.2147 [M + Na]* (calcd. for CooH3002Na* 325.2143).

TBSCI, imidazole
DMF, 60°C
———————————————
96%

1"

To a solution of 5-hydroxy-13-ketocasbene (11, 12.0 mg, 0.04 mmol, 1.0 equiv) in DMF (5 mL)
was added TBSCI (6.4 mg, 0.04 mmol, 1.1 equiv) and imidazole (3.0 mg, 0.04 mmol, 1.1 equiv).
The reaction mixture was stirred at 60 °C until TLC analysis showed the full consumption of the
starting material. The reaction was quenched by addition of sat. aq. NH4Cl solution (10 mL), and
the mixture was extracted with CH2Cl2 (15 mL x 3). The combined organic layers were dried over
Na:SOs and evaporated to dryness. The crude product was purified with silica gel
chromatography (PE/EtOAc 20:1) to yield compound 12 (15.7 mg, 96%) as a colorless oil.

Rf = 0.74 (PE/EtOAc = 10 : 1);

[a]’S -88 (¢ 1.0, CHCly);

IR (neat) vmax 2953, 2928, 2856, 1664, 1462, 1251, 1066, 836 cm™;

1H NMR (400 MHz, CDCl3) & 6.46 (t, J = 6.7 Hz, 1H), 4.96 (d, J = 9.4 Hz, 1H), 4.90(brt, J = 7.32
Hz, 1H), 3.99 (dd, J = 11.0, 4.4 Hz, 1H), 2.81 (dd, J = 13.7, 9.7 Hz, 1H), 2.39-2.04 (m, 7H), 1.76
(s, 3H), 1.60 (s, 3H), 1.59 (s, 3H), 1.29-1.17 (m,2H), 1.11 (s, 3H), 0.94 (s, 3H), 0.88 (s, 9H), 0.05-
0.00 (m, 6H);

13C NMR (100 MHz, CDCls) 6 203.3, 143.5, 138.8, 137.3, 134.4, 122.5, 122.4, 79.9, 38.0, 35.0,
32.5, 28.8, 27.4, 26.0 (3C), 25.9, 25.2, 21.0, 18.4, 16.1, 15.8, 11.7, 10.7, -4.5, -4.8;

HR-ESI-MS m/z 439.3001 [M + Na]* (calcd. for C2sH4s0-NaSi* 439.3002).
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OTBS

CeCl3*7H,0, NaBH,4
MeOH, 0°C to rt

94% vyield, d.r. =5:3

13a/b

To a stirring solution of compound 12 (15.0 mg, 0.04 mmol, 1.0 equiv) in MeOH (5 mL) was
added CeCls-7H20 (17.4 mg, 0.05 mmol, 1.3 equiv) in one portion. The suspension was allowed
to stir at 0 °C for 10 min before NaBH4 (1.8 mg, 0.05 mmol, 1.3 equiv) was added. The reaction
mixture was allowed to warm to room temperature and stirred for another 2 h at the same
temperature. When TLC showed the full consumption of the starting material, aq. HCI (5 mL,
1.0 N) was added, and the mixture was extracted with ether (5 mL x 3). The combined organic
layers were washed successively with water and brine, dried over Na,SO,4 and concentrated
under vacuum. The resultant residue was purified by flash column chromatography (PE/EtOAc
10:1) to afford compounds 13a/b as a mixture of two diastereomers (14.0 mg, 94% overall yield,
dr = 5:3), which were difficult to separate from each other and used directly in the next step.

Ri = 0.42 (PE/EtOACc = 10 : 1);

'H NMR (400 MHz, CDCls), both diastereomers are shown:  5.21-5.14 (m, 1.6H), 4.91 (d, J =
9.4 Hz, 0.6H), 4.84 (d, J = 9.4 Hz, 1H), 4.78-4.70 (m, 1.6H), 4.26 (brt, J = 3.7 Hz, 1H), 3.98 (dd,
J=10.9, 4.2 Hz, 1H), 3.93 (brt, J = 6.6 Hz, 0.6H), 3.88 (dd, J = 10.7, 4.3 Hz, 1H), 2.34-1.76 (m,
12.4H), 1.68 (s, 3H), 1.64 (s, 3H), 1.63 (s, 1.8H), 1.61 (s, 1.8H), 1.59 (s, 3H), 1.57 (s, 1.8H), 1.43-
1.27 (m, 3.2H), 1.12 (s, 3H), 1.09 (s, 1.8H), 0.94 (s, 1.8H), 0.90 (s, 3H), 0.87 (s, 14.4H), 0.04—
0.01 (m, 9.6H);

13C NMR (100 MHz, CDClI3), both diastereomers are shown: 6 138.3, 137.5, 137.4, 137.0, 134.8,
134.3, 127.2, 125.9, 123.7, 123.6, 121.4, 119.8, 80.1, 79.8, 79.6, 76.8, 39.0, 38.3, 35.0, 34.8,
32.1, 31.6, 29.8, 29.2, 28.9, 28.4, 26.1(2C), 26.1(2C), 26.0, 25.3, 24.6, 24.2, 23.7, 21.3, 20.4,
18.4,18.4,17.1, 16.2, 16.0, 15.8, 12.7, 12.3, 10.8, 10.4, -4.5, -4.8.

OTBS

OTBS H 0 OMe
> H 1. AIBN, n-BuzSnH
Cl o - toluene, 90°C
—— H o ———— +
Et3N, CH,Cl,

rt, 84%

2. TBAF, THF, 60°C
o 3. DMP, CH,Cly, rt
OMe

depressin (1) 15 (39%)
29%

14alb

~_ -7

= 1H."H COSY correlations /™Y HMBC correlations ¥~ "y Key NOESY correlations

To a stirred solution of compounds 13a/b (38.5 mg, 0.09 mmol, 1.0 equiv) in CH2Cl; (5.0 mL)
was added methyl oxalyl chloride (21.0 uL, 0.18 mmol, 2.0 equiv) and EtsN (30.0 pL, 0.18 mmol,
2.0 equiv). The reaction mixture was allowed to stir at room temperature for 30 min. The reaction
was quenched by addition of sat. ag. NH4Cl solution (5 mL), and the mixture was extracted with
CH2Cl2 (10 mL x 3). The combined organic layers were dried over NazSO4, and evaporated to
dryness. The crude product was purified with silica gel chromatography (PE/EtOAc 10:1) to yield
compounds 14a/b (38 mg, 84% overall yield, dr = 5:3) as a colorless oil, which was used in the
next step as a mixture of two diastereomers.

To a solution of the compounds 14a/b (15.0 mg, 0.03 mmol, 1.0 equiv) in anhydrous toluene
(3.0 mL) was added tributyltin hydride (n-BusSnH, 54.2 uL, 0.15 mmol, 5.0 equiv) and 2,2’-
azobisisobutyronitrile (AIBN, 1.0 mg, 0.006 mmol, 0.2 equiv). The reaction mixture was heated
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to reflux for 1 h under nitrogen atmosphere. The mixture was cooled, concentrated in vacuo to
give the crude deoxygenated products (4.0 mg), which were used for the next step without further
purification.

To a solution of the crude deoxygenated products (4.0 mg, 0.01 mmol) in THF (2 mL) was added
TBAF (100 pL, 0.1 mmol). The reaction mixture was heated to reflux for 3 h until TLC analysis
showed the full consumption of the starting material. The reaction mixture was quenched by
adding sat. ag. NH4Cl solution at room temperature and extracted with ether (5 mL x 3). The
combined organic layers were washed with water and brine, dried over Na,SO4 and concentrated
under reduced pressure. The resultant residue was briefly filtered through a pad of silica gel and
washed with PE/EtOAc 10:1 to afford the crude TBS-deprotected products (2.8 mg), which were
used for the next step without further purification.

The DMP-mediated oxidation was performed in a manner similar to that of reported?: To a
stirring solution of the obtained crude TBS-deprotected products (2.8 mg) in CH2Cl2 (2 mL) at
room temperature was added Dess—Martin periodinane (DMP, 5.1 mg, 0.012 mmol). The
reaction mixture was stirred at room temperature until TLC analysis showed the full consumption
of the starting material. The reaction was quenched by addition of sat. aq. NaHCOs solution
(2 mL), and the mixture was extracted with CH2Cl2 (5 mL x 3). The combined organic layers were
dried over Na2S0Os4, and evaporated to dryness. The resultant residue was purified with silica gel
chromatography (PE/EtOAc 20:1) to yield the alkene products, which were further purified by
preparative HPLC (eluting with CH3CN/H20O 87:13, 8.0 mL/min) to yield depressin (1, 0.8 mg,
29%) and its double bond regioisomer (15, 1.1 mg, 39%), respectively.

Depressin (1)

Rr = 0.65 (PE/EtOAc = 10 : 1);

[a]’S -80 (c 0.05, CHCIy); [a]s -85 (c 0.02, CHCI5)E!;

IR (neat) vmax 3727, 2923, 2850, 2206, 1655, 1460 cm™;

!H- and *C-NMR data are listed in Tables S3-S4;

HR-ESI-MS m/z 287.2369 [M + H]* (calcd. for CoH310* 287.2369).

Compound 15

Rr = 0.65 (PE/EtOAC = 10:1);

[a]’S +60 (c 0.05, CHCls);

IR (neat) vimax 3723, 2921, 2850, 1699, 1656, 831 cm;

H NMR (600 MHz, CDCls) & 6.54 (d, J = 10.9 Hz, 1H, H3),5.16 (qt, J = 4.9, 1.4 Hz, 1H, H13),
5.13 (m, 1H, H7) 3.83 (dd, J = 14.1, 10.2 Hz, 1H, H6a), 2.92 (d, J = 14.2 Hz, 1H, H6b),2.15 (td,
J=13.0, 3.4 Hz, 1H, H11a), 2.12 (dd, J = 12.9, 3.3 Hz, 1H, H9a), 2.07 (dd, J = 14.6, 5.1 Hz, 1H,
H14a), 1.94 (m, 1H, H14b), 1.89 (td, J = 12.9, 3.2 Hz, 1H, H9b), 1.85 (d, J = 1.2 Hz, 3H, H18),
1.70 (s, 3H, H19), 1.69 (t, J = 1.4 Hz, 3H, H20), 1.67 (m, 1H, H10a), 1.51 (dd, J = 10.9, 8.4 Hz,
1H, H2), 1.43 (ddd, J = 13.1, 6.4, 6.3 Hz, 1H, H11b), 1.29 (m, 1H, H10b),1.16 (s, 3H, H17), 1.08
(s, 3H, H16), 1.06 (brt, J = 1.4 Hz, 1H, H1);

13C NMR (150 MHz, CDCls) 6 200.7, 143.9, 137.1, 135.7, 135.0, 123.3, 122.3, 40.5, 38.6, 34.3,
30.0, 29.2, 28.2, 25.5, 25.4, 23.8, 23.2, 16.2, 16.1, 11.7;

HR-ESI-MS m/z 287.2365 [M + H]* (calcd. for CaH31:0* 287.2369).

Co(acac),
PTSA PhS|H3
/ CHZC|2 Oz i-PrOH

cryptomerldlol 4-epi- cryptomendlol

germacrene A (5 17alb 31%

Cryptomeridiol (2) and 4-epi-cryptomeridiol (3): To a solution of germacrene A (5, 204 mg,
1 mmol, 1.0 equiv) in CH2Cl; (10 mL) was added PTSA (8.6 mg, 0.05 mmol, 0.05 equiv), the
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reaction mixture was stirred at room temperature until the TLC indicated the full consumption of
the starting material. The reaction was quenched by sat. aq. NaHCO3; and extracted with CH,Cl,
(10 mL x 2). The combined organic phases were washed with brine, dried with Na>SO4 and
concentrated in vacuo to give a mixture of two double-bond isomers 17a/b, which were used
directly for the next step without further purification.

The crude product obtained above was dissolved in iPrOH (50 mL) and Co(acac): (25.7 mg,
0.1 mmol, 0.1 equiv) was added at room temperature. The mixture was fitted with a balloon of
O2 and purged with sonication for 5 min before PhSiHs (212.1 mg, 1.96 mmol, 2.0 equiv) was
added. The reaction mixture was stirred at room temperature under O, atmosphere for 36 h. After
the TLC indicated the full consumption of the starting material, PPh3(130 mg, 0.49 mmol,
0.5 equiv) was added, and the mixture was stirred for an additional 2 h. The solvent was removed
and the residue was purified by flash column chromatography (PE/EtOAc 3:1 to 1:2) to afford 4-
epi-cryptomeridiol (3, 48 mg, 20%) and cryptomeridiol (2, 74 mg, 31%) as colorless solids.

4-epi-Cryptomeridiol (3)

Rt = 0.25 (PE/EtOACc = 1: 1);

[a]> +4.0 (c 1.7, CHCl); [a]3’ +26.1 (c 0.82, CHCI3)“!

IR (neat): 3406, 2930, 2845, 1457, 1376, 1185 cm;

'H NMR (400 MHz, CDClg) 6 1.90-1.77 (m, 2H), 1.72-1.64 (m, 1H), 1.62-1.53 (m, 2H), 1.47-1.30
(m, 6H), 1.25 (s, 1H), 1.21 (d, J = 1.9 Hz, 6H), 1.17 (s, 3H), 1.15-1.03 (m, 4H), 1.02 (s, 3H);

13C NMR (100 MHz, CDCl3) 6 73.2,72.2,51.8,50.1, 44.0, 41.7, 41.5, 33.8, 30.4, 27.6, 26.9, 22.6,
21.5,18.8, 18.2;

HR-ESI-MS m/z 223.2062 [M - OH]* (calcd. for C1sH2;O* 223.2056).

Cryptomeridiol (2)

Rt =0.20 (PE/EtOAC =1 : 1),

[a]> =-19.9 (c 3.3, CHCl3); [a]’s -25.3 (¢ 1.11, CHCl3)“;

IR (neat): 3368, 2970, 2928, 2866, 2848, 1457, 1382, 1181, 1139, 1124, 1091, 1059 cm,

'H NMR (400 MHz, CDCl3) 6 1.93 (dq, J = 12.6, 3.4, 2.9 Hz, 1H), 1.79 (dtd, J = 12.4, 3.2, 1.6 Hz,
1H), 1.64-1.53 (m, 3H), 1.51 (t, J = 3.2 Hz, 1H), 1.48-1.32 (m, 5H), 1.31-1.25 (m, 1H), 1.23 (m,
1H), 1.20 (s, 6H), 1.19-1.15 (m, 1H), 1.12 (s, 3H), 1.09-0.97 (m, 2H), 0.86 (s, 3H);

13C NMR (100 MHz, CDClg) 6 73.1, 72.4,54.9, 50.0, 44.7, 43.5, 41.1, 34.6, 27.5, 27.1, 22.7, 22.6,
21.6, 20.3, 18.8;

HR-ESI-MS m/z 258.2433 [M + NHg4]* (calcd. for C1sH32NO,* 258.2433).
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Protein and DNA sequences of related enzymes used in this study

Protein sequence of casbene synthase from Ricinus communis (accession number:
NP_001411127.1)
MALPSAAMQSNPEKLNLFHRLSSLPTTSLEYGNNRFPFFSSSAKSHFKKPTQACLSSTTHQEV
RPLAYFPPTVWGNRFASLTFNPSEFESYDERVIVLKKKVKDILISSTSDSVETVILIDLLCRLGVS
YHFENDIEELLSKIFNSQPDLVDEKECDLYTAAIVFRVFRQHGFKMSSDVFSKFKDSDGKFKES
LRGDAKGMLSLFEASHLSVHGEDILEEAFAFTKDYLQSSAVELFPNLKRHITNALEQPFHSGVP
RLEARKFIDLYEADIECRNETLLEFAKLDYNRVQLLHQQELCQFSKWWKDLNLASDIPYARDR
MAEIFFWAVAMYFEPDYAHTRMIIAKVVLLISLIDDTIDAYATMEETHILAEAVARWDMSCLEKLP
DYMKVIYKLLLNTFSEFEKELTAEGKSYSVKYGREAFQELVRGYYLEAVWRDEGKIPSFDDYL
YNGSMTTGLPLVSTASFMGVQEITGLNEFQWLETNPKLSYASGAFIRLVNDLTSHVTEQQRGH
VASCIDCYMNQHGVSKDEAVKILQKMATDCWKEINEECMRQSQVSVGHLMRIVNLARLTDVS
YKYGDGYTDSQQLKQFVKGLFVDPISI*

DNA sequence of casbene synthase (codon-optimized for E. coli expression)
ATGGCTCTACCCTCAGCGGCAATGCAAAGTAACCCGGAAAAATTGAACCTTTTCCACCGG
CTGAGCTCCCTGCCGACGACCAGCCTTGAATACGGCAACAACCGCTTTCCGTTTTTTTCTT
CTTCGGCTAAGTCTCACTTTAAGAAACCGACCCAGGCATGTCTGAGCTCGACGACCCACC
AGGAGGTTCGTCCGCTGGCCTACTTCCCTCCGACTGTTTGGGGTAACCGCTTCGCTAGCC
TGACCTTCAATCCGTCCGAATTCGAGAGCTATGATGAGCGCGTGATAGTGCTGAAGAAAA
AGGTCAAGGACATCCTGATCAGCTCTACGAGCGACAGCGTTGAAACCGTGATCCTAATCG
ACTTGCTCTGCCGCTTAGGTGTTTCTTACCATTTTGAAAATGACATCGAAGAACTGCTGTC
GAAAATTTTCAACAGCCAACCGGATTTGGTTGATGAAAAGGAGTGCGATCTGTACACCGC
GGCTATTGTGTTCCGCGTTTTCAGACAGCACGGTTTTAAAATGTCCTCCGATGTGTTTAGT
AAGTTTAAGGACAGCGATGGCAAGTTCAAAGAAAGCCTGAGAGGCGATGCAAAGGGTATG
CTGAGCCTGTTCGAGGCCAGCCACTTGTCCGTGCATGGTGAAGACATCTTGGAGGAGGC
GTTTGCCTTCACCAAGGACTACCTGCAATCCTCTGCGGTGGAATTGTTCCCCAACTTGAAG
CGTCACATCACCAATGCACTGGAGCAGCCGTTTCACAGCGGCGTGCCGCGTCTAGAGGC
GCGTAAATTTATCGACCTGTATGAAGCGGATATCGAATGCCGTAATGAGACCCTGCTGGA
GTTCGCCAAGCTGGATTACAACCGTGTTCAGCTGTTACATCAGCAAGAACTGTGCCAGTTT
AGCAAATGGTGGAAAGACTTAAATCTTGCTAGCGACATCCCGTATGCGCGTGATCGTATG
GCTGAGATCTTCTTTTGGGCAGTCGCTATGTATTTCGAGCCGGACTATGCCCATACCCGC
ATGATCATTGCAAAGGTGGTACTGCTGATTTCTTTGATTGATGATACCATTGATGCCTATGC
GACCATGGAAGAGACGCATATTCTGGCGGAAGCGGTGGCGCGTTGGGATATGAGCTGCT
TGGAGAAGCTGCCGGACTACATGAAAGTGATCTACAAATTGTTGCTCAACACCTTTTCGGA
ATTCGAGAAGGAGTTGACTGCGGAAGGTAAAAGCTACAGCGTGAAATATGGTCGTGAAGC
GTTCCAAGAGCTGGTTCGTGGCTACTATCTGGAGGCGGTTTGGCGTGATGAGGGGAAAAT
CCCGTCCTTCGATGACTACCTGTACAATGGTTCAATGACCACGGGTCTGCCACTGGTTTC
CACCGCATCCTTTATGGGTGTTCAAGAGATTACCGGCCTCAACGAGTTCCAGTGGCTGGA
GACAAACCCAAAATTGAGCTATGCGAGCGGTGCTTTCATTCGTCTAGTGAACGATCTGAC
CAGCCATGTTACCGAACAACAACGTGGCCACGTAGCGAGTTGTATTGACTGCTATATGAA
CCAGCATGGTGTTTCAAAGGACGAAGCAGTCAAAATCCTCCAAAAAATGGCTACCGACTG
TTGGAAAGAGATTAACGAAGAATGCATGCGTCAAAGCCAAGTCTCCGTCGGTCACCTGAT
GCGTATCGTGAATCTGGCGCGCCTCACTGACGTATCGTACAAATACGGCGACGGCTATAC
GGACAGCCAGCAGCTTAAGCAGTTCGTGAAGGGCCTGTTTGTTGACCCGATCAGCATTTA
A
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Protein sequence of germacrene A synthase GAS from Tanacetum parthenium (accession
number: F8ULS80.1)
MAAVQATTGIQANTKTSAEPVRPLANFPPSVWGDRFLSFSLDKSEFERYAIAMEKPKEDVRKLI
VDSTMDSNEKLGLIYSVHRVGLTYMFLQEIESQLDKLFNEFSLQDYEEVDLYTISINFQVFRHLG
YKLPCDVFKKFKDAISGTFKESITSDVRGMLGLYESAQLRIRGEKILDEASVFIEGKLKSVVNTL
EGNLAQQVKQSLRRPFHQGMPMVEARLYFSNYEEECSSHDSLFKLAKLHFKYLELQQKEELR
IVTKWYKDMRFQETTPYIRDRVPEIYLWILGLYFEPRYSLARIATKITLFLVVLDDTYDAYATIEEI
RLLTDAMNKWDISAMEQIPEYIRPFYKVLLDEYAEIGKRMAKEGRADTVIASKEAFQDIARGYLE
EAEWTNSGYVASFPEYMKNGLITSAYNVISKSALVGMGEIVSEDALAWYESHPKPLQASELISR
LQDDVMTYQFERERGQSATGVDAYIKTYGVSEKKAIDELKIMIENAWKDINEGCLKPRQVSMD
LLAPILNLARMIDVVYRYDDGFTFPGSTLKEYINLLFVDSLPV*

DNA sequence of gas (codon-optimized for E. coli expression)
ATGGCGGCAGTACAAGCTACTACAGGAATACAAGCCAACACCAAGACCAGCGCGGAACC
GGTTCGTCCACTGGCGAACTTCCCGCCTTCCGTTTGGGGTGATCGTTTTCTGAGCTTCAG
CTTGGACAAATCGGAATTCGAGCGTTACGCCATTGCTATGGAAAAACCGAAAGAGGACGT
TCGTAAACTGATCGTGGATTCTACGATGGACAGCAACGAAAAGCTGGGCCTCATCTATAG
CGTTCACCGCGTGGGTCTCACGTACATGTTTTTGCAAGAGATCGAAAGCCAGCTGGATAA
GCTGTTCAACGAGTTCTCATTGCAGGATTATGAGGAGGTTGACCTGTATACCATTTCTATT
AATTTTCAGGTGTTTCGTCACCTGGGCTACAAACTTCCGTGCGATGTGTTCAAGAAATTCA
AGGACGCCATCAGTGGCACCTTCAAAGAGAGCATTACGTCCGACGTTCGCGGTATGCTG
GGTTTGTACGAAAGTGCGCAGCTGCGTATTCGTGGCGAAAAGATCCTTGACGAGGCGTCC
GTCTTCATCGAGGGCAAACTGAAGAGCGTTGTAAATACCCTGGAAGGCAACCTGGCTCAG
CAGGTGAAACAGAGCCTGCGTCGTCCGTTTCATCAAGGTATGCCGATGGTTGAAGCGCG
CCTGTACTTTTCTAACTATGAGGAAGAGTGTAGCAGCCATGATAGCTTGTTCAAGCTCGCA
AAATTACACTTTAAGTATTTGGAACTGCAACAGAAGGAGGAGCTGCGGATTGTCACCAAAT
GGTATAAGGACATGCGTTTCCAAGAAACCACCCCGTATATCCGCGATCGCGTGCCGGAGA
TTTATCTGTGGATCCTGGGTTTGTACTTCGAGCCGCGTTACTCTCTGGCGCGCATCATCG
CTACCAAGATCACGCTGTTTTTGGTTGTGCTGGACGACACGTACGATGCGTACGCGACCA
TTGAGGAGATTCGCCTGCTGACCGATGCAATGAATAAATGGGATATCTCGGCAATGGAGC
AAATTCCGGAATATATTAGGCCATTTTATAAAGTCCTGTTAGACGAATATGCTGAAATTGGC
AAACGTATGGCAAAAGAGGGCCGTGCAGATACGGTCATTGCGAGCAAAGAGGCATTTCAA
GATATCGCGAGAGGCTACTTGGAAGAAGCTGAGTGGACCAATTCCGGTTACGTGGCGAG
CTTCCCGGAATATATGAAGAACGGTCTGATCACCTCTGCCTACAATGTTATTAGCAAAAGC
GCTCTGGTTGGTATGGGTGAAATCGTGTCCGAGGATGCGCTGGCGTGGTACGAATCCCA
CCCGAAGCCGCTGCAAGCGAGCGAGCTGATCTCTCGACTGCAAGACGACGTAATGACCT
ACCAGTTCGAACGTGAACGCGGTCAGTCCGCGACTGGCGTGGATGCGTATATTAAAACCT
ATGGCGTCTCCGAGAAGAAGGCGATCGATGAGCTTAAAATTATGATCGAGAACGCATGGA
AAGACATCAACGAAGGGTGCCTGAAGCCGCGTCAGGTTAGCATGGACTTGTTAGCCCCTA
TTTTGAATCTCGCTCGTATGATCGACGTCGTGTATCGTTACGACGATGGTTTTACCTTTCC
GGGTAGCACTCTGAAGGAGTACATCAACCTGCTGTTCGTGGACAGCCTTCCGGTTTAA
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Table S1: Plasmids and strains used in this study.

Plasmids/Strains  Descriptions Source
plasmids
PET28a-cs pI_E'I_'28a—der|ved 'plasmld containing gene cs coding casbene synthase from Genscript
Ricinus communis for producing casbene
PET28a-gas pET28a-derived plagmld containing gene gas coding germacrene A synthase from Genscript
Tanacetum parthenium for producing germacrene A
PXT02007 pQDFDu_et-l dgrlved plqsmlq for producing FPP, contained genes Ecthim, Mjipk, [5]
idi, ispA in multiple cloning site-2
pCDFDuet-1 derived plasmid for producing GGPP, contained genes Ecthim,
PXT02013 Mijipk, idi, ispA, crtE in multiple cloning site-2 (6]
Bacterial strains
E. coli Trans1-T1 E. coli host for general cloning B_eijing TransGen
: : Biotech Co., Ltd
. . . . Beijing TransGen
E. coli T7 E. coli host for protein expression Biotech Co., Ltd
XT02019 E. coli T7 with plasmids pXT02007 and pET28a-gas, for producing germacrene A This study
XT02020 E. coli T7 with plasmids pXT02013 and pET28a-cs, for producing casbene This study

S12



Table S2: Screening the conditions for the allylic oxidation of casbene (4).2

coditions

casbene (4) Hoinale tareomer)
Entry conditions ResultsP
1" NazCrOa, Ac20/AcOH, NaOAc, CeHs, 60 °C complex mixtures
218l NazCr.07, NOS, acetone, 50 °C complex mixtures
30 PCC, NaOAc, Celite, CsHs, 95 °C complex mixtures
400 PDC, TBHP, CsHs, 1t complex mixtures
504 Cr(CO)s, CH2Cl2, 1t complex mixtures
6112 CrOs, AcCOH, rt complex mixtures
7 CrQOs, 3,5-DMP, CH2Cl2, =20 °C complex mixtures
gl 4CzIPN, NHPI, 456 nm, CH3sCN/H20, —20°C complex mixtures
o3l 4CzIPN, O2, 456 nm, CH3sCN/H20, —20°C complex mixtures
1003 Naz-eosin Y, O2, 456 nm, CHsCN/H20, —20 °C complex mixtures
1104 CuBr, TBHP, CsHs, 60 °C no reaction
120191 Cul, TBHP, CHsCN, 50°C no reaction
13061 PIFA, TBHP, Cs2COs, O2, EtOACc, —15°C no reaction
1407 Pd(OH)2, TBHP, Cs2C0Os, CH2Cly, rt no reaction
1508 Co(acac)z, NHPI, Oz, CHsCN, 50°C no reaction
16019 Rhz(cap)s, TBHP, K2COs, CH2Cly, rt no reaction
17120 Mn(OAc)s, TBHP, Oz, CH3COOCH2CHs, rt no reaction
1824 RuCls, TBHP, CICH2CH2ClI, rt no reaction
19 Se0:2 (1.2 equiv), CH2Cly, rt 16%
20 SeO:2 (0.5 equiv), TBHP (0.6 equiv), CH2Cl, rt 15%
21 gle_gél(zor% equiv), TBHP (1.0 equiv), pyridine (1.0 equiv), 129%
22 gle—i?(zjl(zor% equiv), TBHP (1.0 equiv), Na2HPO4 (1.0 equiv), 13%
23 Se0; (0.1 equiv), TBHP (1.0 equiv), CHzClz, rt 19%
24 SeO:2 (0.1 equiv), TBHP (1.0 equiv), 1,4-dioxane, rt 12%
25 Se0:2 (0.1 equiv), TBHP (1.0 equiv), Acz20, rt 5%
26 Se0; (0.1 equiv), TBHP (1.0 equiv), CHsCN, rt 13%
27 SeO:2 (0.1 equiv), TBHP (1.0 equiv), toluene, rt 13%
28¢ Se0; (0.1 equiv), TBHP (1.0 equiv), CICH2CH2Cl, 45°C 6%
29 Se02 (0.1 equiv), TBHP (3 x 0.2 equiv), CH2Cl>, rt 33%
30¢ Se02 (0.1 equiv), TBHP (3 x 0.2 equiv), CHzClz, 0 °C 48%; [39% (79% brsm)Je
31 Se0:2 (0.1 equiv), TBHP (3 x 0.2 equiv), CH2Cl2, —20 °C 26%
32 Se0: (0.1 equiv), TBHP (5 x 0.2 equiv), CHzClz, 0 °C 27%

aGeneral conditions: 0.02 mmol of casbene (4) in indicated solvent (2.0 mL) was treated with
indicated oxidant under air for 1 h; Pisolated yield; ‘reaction for 15 min; %reaction for 12 h; égram-
scale yield; reaction for 18 h.
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Table S3: 'H NMR data (in CDCls) of depressin (1) in comparison with those of reported.

depressin
NoO &n, multi (J in Hz)? S, multi (J in Hz)® 64, multi (J in Hz)®
' Isolated[?? Synthetic?® Our synthetic sample
1 1.15 m 1.14, m 1.14, m
2 1.50, dd (10.2,8.7)  1.49, dd (10.2, 8.7) 1.49, dd (10.0, 8.7)
3 6.37, d (10.2) 6.38, dq (1.3, 10.2) 6.37, d (10.2)
4 - - -
5 - - -
6a  3.55,dd (13.8,5.7) 3.55, dd (13.9, 8.6) 3.55, dd (13.8, 8.6)
6b  2.97,dd (13.8,5.7) 2.98, dd (13.8,5.7) 2.98, dd (13.7, 5.5)
7 5.08, t (6.6) 5.07, ddt (8.7, 5.9, 1.4) 5.07, td (6.8, 1.4)
8 - - -
9a 2.15,m 2.09, m 2.09, m
9b 2.00, m 2.00, m 2.00, m
10a 2.17,m 2.16, m 2.16, m
10b 1.96,m 1.98, m 1.98, m
11  4.84,1(5.4) 4.84, dd (9.0, 5.1) 4.84, dd (8.4, 5.1)
12 -- -- --
13a  2.20,m 2.20, d (12.8) 2.20, m
13b  1.75,m 1.75, ddd (12.8, 9.9, 2.9)  1.75, ddd (12.8, 9.9, 2.9)
l4a 2.05,m 2.06, m 2.06, m
0.86, 0.86,
14b  0.80, m dddd (13.8, 12.6, 9.6, 2.9)  dddd (14.8, 12.4, 9.6, 2.9)
15 -- -- -
16 1.16,s 1.16, s 1.16, s
17 1.09, s 1.09, s 1.09, s
18  1.87,s 1.87,d (1.3) 1.87, d (1.1)
19 1.56,s 1.57,t1(1.2) 157, brs
20 1.56, s 1.56, s 1.56, s

a400 MHz; °600 MHz.
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Table S4: 13C NMR data (in CDCIls) of depressin (1) in comparison with those of reported.

NoO o2 &P &cP
Isolated??  Synthetic?®  Our synthetic sample

1 35.2 35.2 35.3
2 27.6 27.7 27.7
3 143.1 143.2 143.2
4 136.6 136.6 136.7
5 199.9 199.9 199.9
6 39.4 394 394
7 1194 1194 1194
8 137.1 137.1 137.2
9 39.0 39.0 39.1
10 23.9 23.9 23.9
11 124.4 124.4 124.4
12 135.9 135.9 135.9
13 39.9 39.9 39.9
14 26.3 26.3 26.3
15 254 254 254
16 29.0 29.0 29.0
17 15.8 15.9 15.9
18 11.6 11.6 11.7
19 15.6 15.6 15.6
20 15.3 15.3 15.3

a100 MHz; 150 MHz.
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Figure S1. Production of casbene (4) and germacrene A (5) using the isopentenol utilization
pathway. a) Gas chromatogram of the EtOAc extract of the fermentation for producing
germacrene A. b) EI mass spectrum of germacrene A. ¢) Effect of the fermentation medium on
the production of germacrene A. d) Effect of the ratio of isoprenol and prenol on the production
of germacrene A. e) Gas chromatogram of the EtOAc extract of the fermentation for producing
casbene. f) El mass spectrum of casbene. g) Effect of the fermentation medium on the production
of casbene. h) Effect of the ratio of isoprenol and prenol on the production of casbene.
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Figure S3. 13C NMR spectrum of casbene (4, 100 MHz, CDCls)

~ \O <

4

[QVIRNe]

N L N WO WS AN s Y3y
O™ oy o L T S R T T
oY oo NN NN o~ ™~ \O O YOy O OO 0 s OY O O 0 10
o — o~ o~ SO 00T N NN N A

AARARRRE [RARRARARN [ARRARRRAN | RARRARRR [RARRARRA [ARRARRRRN AARRARRRN [ARRARRRAN RARRARRRN [AARRARRAN RARRRRAR [RARRRRAR RRRRRARAN RARRRRAR RARRRARAN RARRRRAR [RARRRARRY "
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S18



7.15

MR spectrum of casbene (4, 6

N 0
A M~ s NN @O
()] (]
= ™~

6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0 pPpm
d e T
| RN ™ NMMor-molNo

S19



Figure S5. 13C NMR spectrum of casbene (4, 150 MHz, CsDg)
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Figure S6. *H NMR spectrum of compound 8 (400 MHz, CDCls)
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Figure S7. 13C NMR spectrum of compound 8 (100 MHz, CDCls)
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Figure S8. *H NMR spectrum of compound 9 (
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Figure S9. 13C NMR spectrum of compound 9 (100 MHz, CDCls3)
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Figure S11. 3C NMR spectrum of compound 16 (100 MHz, CDCl3)
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Figure S13. 3C NMR spectrum of 5-hydroxy-13-ketocasbene (11, 100 MHz, CDCls)
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Figure S14. H,'H COSY spectrum of 5-hydroxy-13-ketocasbene (11, 400 MHz, CDCl3)
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Figure S15. HSQC spectrum of 5-hydroxy-13-ketocasbene (11, 100 MHz, CDCls)
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Figure S16. HMBC spectrum of 5-hydroxy-13-ketocasbene (11, 100 MHz, CDCls)
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Figure S18. 13C NMR spectrum of 9-hydroxy-13-ketocasbene (10, 100 MHz, CDCls)
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Figure S19. 'H-'H COSY spectrum of 9-hydroxy-13-ketocasbene (10, 400 MHz, CDCls)
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Figure S20. HSQC spectrum of 9-hydroxy-13-ketocasbene (10, 100 MHz, CDCls)
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Figure S21. HMBC spectrum of 9-hydroxy-13-ketocasbene (10, 100 MHz, CDCls)
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Figure S22. 'H NMR spectrum of compound 12 (400 MHz, CDCl5)
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Figure S23. 13C NMR spectrum of compound 12 (100 MHz, CDCls)

3
3

VNV A\ s\
OTBS
l . Lol t R —

S38



NODOWMUOMMOXMEWOMHOOXME A OO MLWU) N 0@ AW ™M O N
ANWO=NNNDNARNNOEONMM NN A A A AD OO NWWOWWOWWOLW

OTBS

| o o

N L e e e e | T L
7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 ppm
- O LIl =1E=1k ] ‘N_MMFFM‘-MNF‘-M‘E = | <

S39



Figure S25. 13C NMR spectrum of compounds 13a/b (dr = 5:3) (100 MHz, CDCl5)
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Figure S27. 3C NMR spectrum of depressin (1, 150 MHz, CDCl3)
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Figure S28. 'H NMR spectrum of compound 15 (600 MHz, CDCl5)
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Figure S29. 13C NMR spectrum of compound 15 (150 MHz, CDCl3)
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Figure S30. *H-'H COSY spectrum of compound 15 (600 MHz, CDCls)
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Figure S31. NOESY spectrum of compound 15 (600 MHz, CDCls)

ppm

1.0
1.5

2.0

-
s® wp ©

2.5

3.0

3.5

- 4.0

4.5

5.0

5.5

- 6.0

65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

S46



Figure S32. HSQC spectrum of compound 15 (150 MHz, CDCls)
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Figure S33. HMBC spectrum of compound 15 (150 MHz, CDCl5)
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Figure S35. 13C NMR spectrum of germacrene A (5, 100 MHz, CDCls)
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Figure S36. 'H NMR spectrum of 4-epi-cryptomeridiol (3, 400 MHz, CDCl5)
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Figure S37. 13C NMR spectrum of 4-epi-cryptomeridiol (3, 100 MHz, CDCls)
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Figure S38. 'H NMR spectrum of cryptomeridiol (2, 400 MHz, CDCls)
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Figure S39. 13C NMR spectrum of cryptomeridiol (2, 100 MHz, CDCls3)
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