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1. General methods and material.*

Monodimensional and/or bidimensional nuclear magnetic resonance proton and carbon spectra (*H NMR,
13C NMR, °F NMR, 3P NMR) were acquired at 25 °C on a Bruker AC-300 spectrometer (300 MHz for H,
75.5 MHz for 13C, 283 MHz for *°F and 121.5 MHz for 3!P) or a Bruker AC-500 spectrometer (500 MHz for
'H and 125.7 MHz for 13C) at the indicated temperature. Chemical shifts (8) are reported in ppm relative
to residual solvent signals? (CHCls, 7.26 ppm for *H NMR, CDCls, 77.16 ppm for *C NMR) and coupling
constants (J) in hertz (Hz). The following abbreviations are used to indicate the multiplicity in NMR spectra:
s, singlet; d, doublet; t, triplet; g, quartet; app, apparent; m, multiplet; bs, broad signal. 3C NMR spectra
were acquired on a broad band decoupled mode using DEPT experiments (Distorsionless Enhancement
by Polarization Transfer) for assigning different types of carbon environment. Selective n.O.e., NOESY,
COSY, HSQC and HMBC experiments were acquired to confirm precise molecular configurations and to
assist in convoluting complex multiplet signals.? Infrared spectra (IR) were measured in a Jasco FT/IR 4100
(ATR) in the interval between 4000 and 400 cm™ with a 4 cm™ resolution. Only characteristic bands are
given in each case. Mass spectra (MS) were recorded on an Agilent 7890A gas chromatograph coupled to
an Agilent 5975 quadrupole mass spectrometer under electronic impact ionization (El) 70 eV. The
obtained data is presented in mass units (m/z) and the values found in brackets belong to the relative
intensities comparing to the base peak (100%). High-resolution mass spectra (HRMS) were recorded on
an Acquity UPLC coupled to a QTOF mass spectrometer (SYNAPT G2 HDMS) using electrospray ionization
(ESI* or ESI'). Melting points (M.p.) were measured in a Stuart SMP30 apparatus in open capillary tubes
and are uncorrected. The enantiomeric excess (e.e.) of the products was determined by High
Performance Liquid Chromatography on a chiral stationary phase in a Waters chromatograph coupled to
a Waters photodiode array detector. Daicel Chiralpak IA, IC, AD-H, ASH, AZ-3, AY-3 and Chiralcel OD and
OD-3 columns (0.46 x 25 cm) were used; specific conditions are indicated for each case. Specific optical
rotations ([a]p 2°) were measured at 20 °C on a Jasco P-2000 polarimeter with sodium lamp at 589 nm and
a path of length of 1 dm. Solvent and concentration are specified in each case. X-ray data collections were
performed in an Agilent Supernova diffractometer equipped with an Atlas CCD area detector, and a CuKa
micro-focus source with multilayer optics (A = 1.54184 A, 250 pm FWHM beam size). The sample was kept
at 150 K with an Oxford Cryosystems Cryostream 700 cooler. The quality of the crystals was checked under
a polarizing miscroscope, and a suitable crystal or fragment was mounted on a Mitegen Micromount™
using Paratone N inert oil and transferred to the diffractometer.

Analytical grade solvents and commercially available reagents were used without further purification.
Anhydrous solvents were purified and dried with activated molecular sieves prior to use.* For reactions
carried out under inert conditions, the argon was previously dried through a column of P,0s CaCl,. All the
glassware was dried for 12 hours prior to use in an oven at 140 °C, and allowed to cool under a
dehumidified atmosphere. Reactions at reduced temperatures were carried out using a Thermo Haake
EK90 refrigerator. Reactions were monitored using analytical thin layer chromatography (TLC), in pre-
coated silica-backed plates (Merck Kiesegel 60 F254). These were visualized by ultraviolet irradiation, p-
anisaldehyde, phosphomolybdic acid or potassium permanganate stains.> For flash chromatography
Silicycle 40-63, 230-400 mesh silica gel was used.® For the removal of the solvents under reduced pressure
Blichi R-210 rotatory evaporators were used. For precision weighing Sartorius Analytical Balance Practum
224-1S was used (£ 0.1 mg).
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2. Optimization of reaction conditions.

In an initial catalyst screening, a variety of chiral Lewis bases were tested in the model reaction (Table SI-
1). As catalysts 3a and 3b, which are a chiral evolution of DMAP developed by Fu and coworkers,” were
found to be ineffective to promote the desired reaction (entries 1-2), we moved to explore the
performance of different chiral phosphines. These initial prospective reactions were carried out in EtOH
as solvent, as literature reports indicate that a proton source is required to facilitate the proton transfer
step that has to occur prior to catalyst turnover.?

Among the different phosphines tested, bifunctional phosphines 3q and 3t (entries 5 and 8 provided the
best results in terms of yield and enantiomeric excess, while catalysts 3c and 3p (entries 3 and 4) provided
the highest yields albeit with poor enantiocontrol. As performing the reaction in aprotic solvents resulted
in significantly longer reaction times (see entries 3 and 10 for catalyst 3c; 7 and 11 for catalyst 3s), we
decided to incorporate a protic additive to increase the reaction rate. When previous catalysts 3c, 3p, 3q
and 3t were tested in CHCl3 in the presence of 50 mol% of phenol as protic additive to facilitate the
protonation step of the catalytic cycle,® a remarkably positive effect in the reaction performance was
observed (Table SI-1, entries 12-15).

Table SI-1. Preliminary catalyst screening.

Catalyst (10 mol%)
/JZ/\i:/[/ Additive (50 mol%) OH

Solvent, 25 °C

1a 2a
.
CF.
NR2, Bn )Y\Pth 3
=5 " M .o N Q
Y BocHN ~PPh -
1 Fe o ocHN Y : OH N CF
R d) R o) H R 3
RPC;\FN PPh,
R1
3a (R'=Ph, R%=Me) 3c

3b (R'=Me, R?=-(CHy)4-)

e B 2L ek

S H N CF3 PPh; pPh, 1 N >
3r 3s 3t 3u
Entry Catalyst Solvent Additive Time Yield (%) e.e. (%)
(50 mol%)

1 3a EtOH -- 96 h <5 n.d.
2 3b EtOH -- 16 h 24 52
3 3c EtOH -- 24 h 49 12
4 3p EtOH -- 5h 91 -6
5 3q EtOH -- 2h 48 - 64
6 3r EtOH -- 4h 56 13
7 3s EtOH -- 17h 42 2

8 3t EtOH -- 19h 56 -46
9 3u EtOH -- 120 h 37 -20
10 3c CHCl3 -- 4d 74 -26
11 3s CHCl3 -- 4d 87 -40
12 3c CHCls phenol 16 h 86 84
13 3p CHCl; phenol 2h 99 74
14 3q CHCl; phenol 30 min 79 -48
15 3t CHCl; phenol 45 min 82 -82

2Reactions were performed at 0.06 mmol scale of 1a using 10 mol% of catalyst, in 0.8 mL of solvent until
full consumption of starting material (TLC analysis). Yields refer to isolated pure product 2a and e.e. was
calculated by HPLC on chiral stationary phase.
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Catalyst 3c was selected for further optimization and its performance was evaluated in solvents of
different nature (Table SI-2, entries 1-7) as well as with other protic additives (Table SI-2, entries 8-17).
However, CHCl; and 50 mol% of phenol remained as the best option.

Table SI-2. Screening of solvents and protic additives.

o]

o} 3c (10 mol%)
- @ @ o s
o Additive (50 mol%) OH

Solvent, 25 °C

1a 2a

Entry Solvent Additive Time  Yield e.e.
(50 mol%) (h) (%) (%)

1 toluene phenol 16 85 68
2 CH.Cl, phenol 24 95 72
3 1,2-dichloroethane phenol 18 95 60
4 tetrachloroethylene phenol 21 76 72
5 EtOAc phenol 20 84 54
6 THF phenol 144 73 38
7 CHCl3 phenol 16 86 84
8 CHCl;5 cyclohexanol 72 95 30
9 CHCl3 EtOH 96 69 12
10 CHCl; 4-methoxyphenol 18 80 76
11 CHCl; 2-aminophenol 22 n.d. 80
12 CHCl3 1-naphthol 22 79 72
13 CHCl; 4-bromophenol 7 73 74
14 CHCl; (R)-(+)-1,1’-binaphthalene-2,2’-diol 23 82 70
15 CHCls 2-nitrophenol 23 79 36
16 CHCl;5 thiophenol 48 37 44
17 CHCl; 2,4,6-(t-Bu)3CgH,0OH 96 80 24

2Reactions were performed at 0.06 mmol scale of 1a using 10 mol% of catalyst, in 0.8 mL of solvent until
full consumption of starting material (TLC analysis). Yields refer to isolated pure product 2a and e.e. was
calculated by HPLC on chiral stationary phase.

Next, we proceeded to study the effect of the amount of the protic additive and temperature in the
process. The model reaction was performed using different amounts of phenol (Table SI-3, entries 1-4)
without observing any improvement compared to the results previously obtained. On the other hand,
lowering temperature from 25 °C to 0 °C, implied longer reaction times to achieve full consumption of the
starting material with no influence in the enantiocontrol of the reaction (Table SI-3, entries 3 and 5).
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Table SI-3. Evaluation of amount of additive and temperature.

0] 3c (10 mol%)
0 Phenol (x mol%) OH
CHCl3, Temp.
1a 2a
Entry? Phenol Temp. (°C) Time (h) Yield (%) e.e. (%)

1 10 25 18 80 78
2 20 25 18 82 80
3 50 25 18 86 84
4 100 25 18 86 82
5 50 0 22 81 84
6 50 40 15 80 78

2 Reactions were performed at 0.06 mmol scale of 1a using 10 mol% of catalyst, in 0.8 mL of CHCls until
full consumption of starting material (TLC analysis). Yields refer to isolated pure product 2a and e.e. was
calculated by HPLC on chiral stationary phase.

Finally, we carried out a fine-tuning of the structure of the catalyst, first by evaluating the possible
matched/mismatched combination of effects with respect to the absolute configuration of the two
stereogenic centers present at the catalyst (Table SI-4). Indeed, diastereomeric peptide-like phosphine 3d
provided adduct 2a with a much lower enantioselectivity (entry 2) than that provided by catalyst 3c under
the optimized reaction conditions (entry 1), which indicates that both stereocenters play a significant role
in controlling the stereochemical outcome of the reaction. Next, catalysts related to 3¢ but with different
N-protecting groups at the amine moiety were surveyed, again showing that catalyst 3c was the best
performing one in terms of enantiocontrol (entries 3 and 4). Finally, we proceeded to evaluate several
catalysts with different alkyl substituents at both stereocenters. While substituting the aminophosphine
moiety did not have any important influence on the stereocontrol (entries 5-7), modifying the alkyl
substituent at the aminoacid substructure had a profound effect on the enantioselectivity of the process
(entries 8-10), reaching an excellent 90% e.e. in a reaction that, on the other hand, was remarkably faster
than the previous ones (see Table SI-4, entry 9).
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Table SI-4. Screening for best reaction conditions: catalyst structure.

(@]
o Catalyst (10 mol%)
m Phenol (50 mol%)
o CHClIj, r.t. OH

1a 2a

Bn H 32 H 3c (R:=Boc, R2=2|3n, R3=;-Er) 3p (R11=Boc, R:=Bn, R33=t—Bu)

soan ] e e, BT 3 ma

iy o R 3g (R'=Boc, R2=Bn, R®=(S)-s-Bu) 3k (R'=Boc, R?=t-Bu, R3=i-Pr)

Entry? Catalyst Time (h) Yield (%) e.e. (%)
1 3c 16 86 84
2 3d 16 87 68
3 3e 16 77 72
4 3f 16 89 76
5 3g 16 80 84
6 3h 16 87 82
7 3i 16 99 80
8 3j 16 83 86
9 3k 3 98 90

2Reactions were performed at 0.06 mmol scale of 1a using 10 mol% of catalyst, 50 mol% of phenol in 0.8
mL of CHCls until full consumption of starting material (TLC analysis). Yields refer to isolated pure product
2a and e.e. was calculated by HPLC on chiral stationary phase.

After all these experiments, we concluded that the best conditions for the reaction involved the use of
catalyst 3k together with 50 mol% of phenol as additive, using CHCI3 as solvent and working at room
temperature.
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3. Experimental procedures and characterization.
3.1. Synthesis of starting materials.

3.1.1. Synthesis of 2-hydroxy-2-vinyl ketones II.

) ZSmgBr  THF

ZMgBr
o) 9 HO \ o] 2) IBX, EtOAc, reflux \
" o) THF ) o) OH HO o
—_—
General Procedure B
Procedure A (@) (©)
1 m=0 -1 m=0 1-4 -4
-2 m=1 -2 m=1
-3 m=2 -3 m=2

Figure SI-1. General overview for the synthesis of ketones derivatives Il.

1-2 was commercially available and used without further purification. Compounds I-1%°, I-3* and 1-4'2 were
synthesized according to procedures previously described in the literature.

General Procedure A for the synthesis of compounds II: To an ice-cooled solution of the corresponding
ketone (10 mmol) in anhydrous THF (10 mL) was added dropwise a solution of vinylmagnesium bromide
(20 mmol, 1 mmol/mL in THF). After the addition, the reaction mixture was allowed to reach room
temperature and stirred overnight. It was quenched by the slow addition of ag. NH4Cl solution, extracted
with EtOAc, dried over anhydrous Na,SO,; and concentrated under reduced pressure. The residue was
purified by flash column chromatography on silica gel (hexanes/ EtOAc) to yield the desired product.

2-hydroxy-2-vinylcyclopentan-1-one (lI-1). Following the General Procedure A, compound IlI-

HO/~ 1 (0.83 g, 6.60 mmol) was isolated by FC (hexanes/EtOAc gradient from 19:1 to 8:2) starting

§ from I-1 (1.00 g, 10.20 mmol) and vinylmagnesium bromide (20.4 mL, 20.4 mmol). Yield: 64%.

Yellow oil. *H NMR (8, ppm) (300 MHz, CDCls): 5.85 (dd, J = 17.4, 10.6 Hz, 1H, CH=CH,), 5.36-

5.17 (m, 2H, CH=CH,), 2.93 (s, 1H, OH), 2.46-2.27 (m, 2H, CH,CO), 2.26-2.12 (m, 1H, CH,H,COH), 2.10-1.75

(m, 3H, CH,H,COH and CH,CH,CO). 3C NMR (8, ppm) (75.5 MHz, CDCls): 218.0 (C=0), 136.8 (CH=CH,),

116.4 (CH=CH,), 80.1 (C-OH), 35.8 (CH,CO), 34.8 (CH,COH), 17.0 (CH,CH,CO). IR (ATR) cm™: 3447 (O-H st),

1738 (C=0 st). MS (El, 70 eV) m/z (%): 126 (M*, 10), 108 (3), 98 (20), 83 (17), 70 (100), 55(48). HRMS (UPLC
MS ESI*): Calculated for [C;H10NaO,]*: 149.0579 [(M+Na)*]; found: 149.0582.

Ho ~—  2-hydroxy-2-vinylcyclohexan-1-one (II-2). Following the General Procedure A, compound 11-2

o (6.70 g, 48.00 mmol) was isolated by FC (hexanes/EtOAc gradient from 9:1 to 7:3) starting

from 1-2 (6.30 g, 56.20 mmol) and vinylmagnesium bromide (96.0 mL, 96.00 mmol). Yield:

85%. Yellow oil. *H NMR (8, ppm) (300 MHz, CDCl3): 6.12 (dd, J = 17.1, 10.6 Hz, 1H, CH=CH,),

5.38(dd, J=17.1, 1.2 Hz, 1H, CH=CHcisHtrans), 5.20 (dd, J = 10.6, 1.2 Hz, 1H, CH=CHsHtrans), 4.10 (s, 1H, OH),

2.53-2.45 (m, 2H, CH,CO), 2.25-2.16 (m, 1H, CH,H,COH), 2.13-2.03 (m, 1H, CH,H,COH), 1.83-1.57 (m, 4H,

CH,CH,COH and CH,CH,CO). 13C NMR (8, ppm) (75.5 MHz, CDCls): 211.3 (C=0), 137.4 (CH=CH,), 116.6

(CH=CH,), 79.3 (C-OH), 41.3 (CH,CO), 38.5 (CH,COH), 27.8 (CH,CH,CO), 22.4 (CH,CH,COH). IR (ATR) cm™:

3479 (O-H st), 1712 (C=0 st). MS (El, 70 eV) m/z (%): 140 (M*, 9), 122 (5), 112 (16), 97 (54), 83 (100), 70
(27), 55 (78). HRMS (UPLC MS ESI*): Calculated for [CgH12NaO;]*: 163.0735 [(M+Na)*]; found: 163.0739.

HO ~——  2-hydroxy-2-vinylcycloheptan-1-one (11-3). Following the General Procedure A, compound II-

O 3(195mg, 1.27 mmol) was isolated by FC (hexanes/EtOAc gradient from 19:1 to 9:1) starting

from I-3 (500 mg, 3.96 mmol) and vinylmagnesium bromide (7.9 mL, 7.90 mmol). Yield: 32%.

Pale yellow oil. *H NMR (8, ppm) (300 MHz, CDCls): 5.85 (dd, J=17.1, 10.5 Hz, 1H, CH=CH,),

5.36 (dd, J=17.1, 1.3 Hz, 1H, CH=CHcisHgrans), 5.12 (dd, J=10.5, 1.3 Hz, 1H, CH=CHisHtrans), 4.01 (s, 1H, OH),

2.86-2.55 (m, 1H, CH,H,CO), 2.55-2.31 (m, 1H, CH,H,CO), 2.06-1.93 (m, 2H, CH,COH), 1.93-1.71 (m, 3H,

CH,CH,CO and CHaH,CH,COH), 158-1.19 (m, 3H, CH.H,CH,COH and CH,CH,CH,CO). 3C NMR (8, ppm)

(75.5 MHz, CDCl5): 213.1 (€C=0), 138.9 (CH=CH,), 116.0 (CH=CH,), 82.3 (C-OH), 39.1 (CH,CO), 36.8

(CH,COH), 30.5 (CH,CH,CH,COH), 27.5 (CH,CH,CO), 23.7 (CH,CH,COH). IR (ATR) cm: 3483 (O-H st), 1707

(C=0 st). MS (El, 70 eV) m/z (%): 154 (M*, 2), 136 (6), 111 (24), 99 (39), 83 (100), 70 (35), 55 (61). HRMS
(UPLC MS ESI*): Calculated for [CsH14Na0,]*: 177.0892 [(M+Na)*]; found: 177.0896.
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HO — 4-hydroxy-4-vinyldihydro-2H-pyran-3(4H)-one (lI-4). Procedure B: To an ice-cooled solution
o of I-4 (710 mg, 5 mmol) in anhydrous THF (10 mL) was added dropwise a solution of
f% vinylmagnesium bromide (19 mmol, 1 mmol/mL in THF). After the addition, the reaction
0 mixture was allowed to reach room temperature and stirred until full conversion was
observed by TLC. It was quenched by the slow addition of aq. NH4Cl solution, extracted with
EtOAc (3 x 20 mL), dried over anhydrous Na,SO, and concentrated under reduced pressure. The residue
was dissolved in EtOAc (10 mL) followed by the addition of IBX (15 mmol). Then it was heated at reflux
temperature overnight. The reaction mixture was filtered through Celite to remove solids, concentrated
under reduced pressure and the unstable compound directly used to avoid decomposition.

3.1.2. Synthesis of 2-hydroxy-2-vinyl ketones V.

0 1) PIDA, KOH, MeOH, o.n. o 1) Vinylmagnesium bromide, \
2) HC|, EtOH THF, 0°Ctor.t. HO
OH  2)IBX, EtOAc, reflux, o.n. 0
R X n General Procedure C R X )n General Procedure D R X )n
-1 n=0 X=CH, V-1 n=0 X=CH, V-1 n=0 X=CH,
lI-2-7 n=1 X=CH, IV-2-7 n=1 X=CH, V-2-7 n=1 X=CH,
11-8 n=1 X=0 IV-8 n=1 X=0 V-8 n=1 X=0

Figure SI-2. General overview for the synthesis of ketones derivatives V.

lI-1-8 were commercially available and used without further purification. Compound IV-1'* was
synthesized according to the procedure previously described in the literature.

General Procedure C for the synthesis of IV: A solution of the corresponding ketone Ill (70 mmol) in MeOH
(0.2 mmol/mL) was added to a previously prepared ice-cooled solution of KOH (210 mmol) in MeOH (1.2
mmol/mL) over 5 min. Solid iodobenzene diacetate (77 mmol) was added in portions at 0 °C during 5 min
and the resulting mixture was stirred at 0 °C for 1 hour and then at room temperature overnight. Organic
solvents were removed under reduced pressure to give a residue which was dissolved in Et,0, washed
with water and evaporated. The residue was dissolved in EtOH (50 mL) and 6M HCl ag. (70 mL) was added.
It was stirred at room temperature for 30 min, then basified with K,CO3 and extracted with Et,0. The
combined organic layers were washed with brine, dried over anhydrous Na,SO, and concentrated under
reduced pressure. The crude product was purified by flash column chromatography to give the
corresponding a-hydroxy ketone IV.

General Procedure D for the synthesis of V: To an ice-cooled solution of a-hydroxyketone IV (10 mmol) in
anhydrous THF (20 mL) was added dropwise a solution of vinylmagnesium bromide (38 mmol, 1 mmol/mL
in THF). After the addition, the reaction mixture was allowed to reach room temperature and stirred until
full conversion. It was quenched by slow addition of aq. NH4Cl solution, extracted with EtOAc, dried over
anhydrous Na,SO4 and concentrated under reduced pressure. The residue was dissolved in EtOAc (20 mL)
followed by the addition of 2-iodoxybenzoic acid (30 mmol).2* Then it was heated at reflux temperature
overnight. The reaction mixture was filtered through Celite to remove solids, concentrated under reduced
pressure and purified by flash column chromatography.
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2-hydroxy-3,4-dihydronaphtalen-1(2H)-one (IV-2). Following the General Procedure C,

o IV-2 (9.64 g, 59.4 mmol) was isolated by FC (hexanes/EtOAc 8:2) starting from 11I-2 (9.0

@é/OH mL, 68.0 mmol), iodobenzene diacetate (24.10 g, 74.8 mmol) and KOH (9.42 g, 204

mmol). Yield: 87%. Orange oil. *H NMR (6, ppm) (300 MHz, CDCls): 8.04 (dd, J=7.8, 1.5

Hz, 1H, CHarom), 7.59-7.47 (m, 1H, CHarom), 7.41-7.23 (M, 2H, 2 x CHarom), 4.39 (dd, J=13.7,

5.2 Hz, 1H, H-2), 3.91 (s, 1H, OH), 3.25-2.96 (m, 2H, H-4), 2.62-2.46 (m, 1H, Ha-3), 2.16-1.94 (m, 1H, H,x-3).

BCNMR (8, ppm) (75.5 MHz, CDCls): 199.7 (C-1), 144.4 (Carom), 134.3 (CHarom), 130.6 (Carom), 129.0 (CHarom),

127.7 (CHarom), 127.0 (CHarom), 74.0 (C-2), 32.0 (C-3), 27.9 (C-4). IR (ATR) cm™*: 2940 (O-H st), 1680 (C=0 st).

MS (El, 70 eV) m/z (%): 162 (M*, 34), 144 (20), 130 (41), 118 (100), 102 (35), 90 (67), 77 (17). HRMS (UPLC
MS ESI*): Calculated for [C10H10NaO;]*: 185.0576 [(M+Na)*]; found 185.0579.

o 2-hydroxy-5,7-dimethyl-3,4-dihydronaphtalen-1(2H)-one (IV-3). Following the

OH " General Procedure C, IV-3 (9.17 g, 48.2 mmol) was isolated by FC (hexanes/EtOAc 8:2)

starting from IlI-3 (10.0 g, 57.0 mmol), iodobenzene diacetate (20.2 g, 62.7 mmol)

and KOH (9.58 g, 171 mmol). Yield: 85%. Orange solid. *H NMR (5, ppm) (300 MHz,

CDCl3): 7.68 (s, 1H, CHarom), 7.20 (s, 1H, CHarom), 4.33 (dd, J = 13.8, 5.5 Hz, 1H, H-2),

3.97 (s, 1H, OH), 2.97 (ddd, J=17.4, 5.2, 2.5 Hz, 1H, H,-4), 2.81 (ddd, /= 17.4, 12.4, 4.7 Hz, 1H, Hyp-4), 2.62

-2.44 (m, 1H, Ha-3), 2.31 (s, 3H, CHs), 2.25 (s, 3H, CHs), 1.94 (dtd, J = 13.8, 12.4, 5.2 Hz, 1H, Hyx-3). 23C NMR

(6, ppm) (75.5 MHz, CDCl5): 200.1 (C-1), 139.6 (Carom), 136.6 (CHarom), 136.5 (Carom), 136.3 (Carom), 130.5

(Carom), 125.4 (CHarom), 73.3 (C-2), 31.2 (C-3), 24.7 (C-4), 20.8 (CH3), 19.2 (CHs). IR (ATR) cm™’: 3472 (O-H st),

1673 (C=0 st). MS (El, 70 eV) m/z (%): 190 (M*, 80), 172 (46), 158 (34), 146 (100), 129 (38), 118 (83), 103

(19), 91 (22), 77 (13), 63 (7), 51 (7). HRMS (UPLC MS ESI*): Calculated for [C12H1aNaO,]*: 213.0892
[(M+Na)*]; found 213.0892. M.p.: 56-58 °C (hexanes/EtOAc).

2-hydroxy-5-methoxy-3,4-dihydronaphtalen-1(2H)-one (IV-4). Following the General

o Procedure C, IV-4 (3.44 g, 18.0 mmol) was isolated by FC (hexanes/EtOAc 8:2) starting

OH  from IlI-4 (5.00 g, 28.0 mmol), iodobenzene diacetate (9.92 g, 30.8 mmol) and KOH (4.70

g, 84.0 mmol). Yield: 63%. Orange solid. *H NMR (8, ppm) (300 MHz, CDCl3): 7.59 (dd, J

= 8.0, 1.1 Hz, 1H, CHarom), 7.28 (t, J = 8.0 Hz, 1H, CHarom), 7.08-6.96 (M, 1H, CHarom), 4.34

(ddd, J = 13.7, 5.5, 2.1 Hz, 1H, H-2), 3.93 (d, J = 2.1 Hz, 1H, OH), 3.84 (s, 3H, OCH3), 3.19

(ddd, J = 18.0, 5.0, 2.3 Hz, 1H, Ha-4), 2.73 (ddd, J = 18.0, 12.8, 4.8 Hz, 1H, Hp-4), 2.57-2.42 (m, 1H, H,-3),

2.04-1.82 (m, 1H, Hy-3). 3C NMR (8, ppm) (75.5 MHz, CDCl): 199.9 (C-1), 156.8 (Carom), 133.2 (Carom), 131.5

(Carom), 127.5 (CHarom), 118.9 (CHarom), 114.9 (CHarom), 73.5 (C-2), 55.7 (OCHs), 31.0 (C-3), 21.6 (C-4). IR (ATR)

cmt: 3479 (O-H st), 1670 (C=0 st). MS (El, 70 eV) m/z (%): 192 (M*, 100), 174 (45), 160 (34), 148 (70), 131

(27), 120 (77), 105 (30), 90 (66), 77 (43), 63 (18), 51 (21). HRMS (UPLC MS ESI*): Calculated for
[C11H12Na03]*: 215.0684 [(M+Na)*]; found 215.0684. M.p.: 109-111 °C (hexanes/EtOAc).

OMe

o 2-hydroxy-7-methoxy-3,4-dihydronaphtalen-1(2H)-one (IV-5). Following the
MeO on General Procedure C, IV-5 (5.30 g, 27.5 mmol) was isolated by FC (hexanes/EtOAc
\Cij/ 8:2) starting from IlI-5 (5.00 g, 28.0 mmol), iodobenzene diacetate (9.92 g, 30.8
mmol) and KOH (4.70 g, 84.0 mmol). Yield: 95%. Orange oil. *H NMR (8, ppm) (300
MHz, CDCl3): 7.42 (d, J = 2.8 Hz, 1H, H-8), 7.10 (d, J = 8.5 Hz, 1H, H-5), 7.03 (dd, J = 8.5, 2.8 Hz, 1H, H-6),
4.30 (ddd, J=13.5,5.4, 2.0 Hz, 1H, H-2), 4.00 (d, J = 2.0 Hz, 1H, OH), 3.77 (s, 3H, OCHs), 3.14-2.82 (m, 2H,
H-4), 2.51-2.36 (m, 1H, H,-3), 2.06-1.85 (m, 1H, Hp-3). 13C NMR (6, ppm) (75.5 MHz, CDCls): 199.5 (C-1),
158.4 (Carom), 136.8 (Carom), 131.2 (Carom), 130.0 (CHarom), 122.4 (CHarom), 109.3 (CHarom), 73.9 (C-2), 55.4
(OCHs), 32.1 (C-3), 26.9 (C-4). IR (ATR) cm™: 3482 (O-H st), 1680 (C=0 st). MS (El, 70 eV) m/z (%): 192 (M*,
50), 174 (41), 160 (26), 146 (35), 131 (11), 120 (100), 103 (9), 91 (24), 77(23), 63(14), 51(14). HRMS (UPLC
MS ESI*): Calculated for [C1;H1,NaOs]*: 215.0684 [(M+Na)*]; found 215.0682.

7-bromo-2-hydroxy-3,4-dihydronaphtalen-1(2H)-one (1V-6). Following the General

o Procedure C, IV-6 (3.47 g, 14.4 mmol) was isolated by FC (hexanes/EtOAc 7:3)

Br OH starting from 111-6 (5.00 g, 22.2 mmol), iodobenzene diacetate (7.86 g, 24.4 mmol)
and KOH (3.73 g, 66.6 mmol). Yield: 65%. Brown solid. *H NMR (8, ppm) (300 MHz,

CDCl3): 8.13 (d, J = 2.2 Hz, 1H, H-8), 7.60 (dd, J = 8.2, 2.2 Hz, 1H, H-6), 7.15 (d, J = 8.2

Hz, 1H, H-5), 4.36 (ddd, J = 13.5, 5.4, 1.8 Hz, 1H, H-2), 3.85 (d, J = 1.8 Hz, 1H, OH), 3.16-2.91 (m, 2H, H-4),
2.60-2.43 (m, 1H, Ha-3), 2.17-2.06 (m, 1H, Hy-3). 3C NMR (8, ppm) (75.5 MHz, CDCls): 198.5 (C-1), 143.1
(Carom), 137.0 (CHarom), 1321 (Carom), 130.8 (CHarom), 130.4 (CHarom), 121.0 (Carom), 73.8 (C-2), 31.6 (C-3), 27.4
(C-4). IR (ATR) cm: 3468 (O-H st), 1682 (C=0 st). MS (El, 70 eV) m/z (%): 239 (M*, 43), 242 (37), 239 (43),
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224 (32), 197 (83), 196 (100), 170 (66), 143 (18), 115 (79), 89 (69), 63 (36), 51 (15). HRMS (UPLC MS ESI*):
Calculated for [C1oH9BrNaO,]*: 262.9684 [(M+Na)*]; found 262.9670. M.p.: 115-117 °C (hexanes/EtOAc).

7-fluoro-2-hydroxy-3,4-dihydronaphtalen-1(2H)-one (IV-7). Following the General

E on Procedure C,IV-7 (4.17 g, 23.2 mmol) was isolated by FC (hexanes/EtOAc 7:3) starting

: from 111-7 (5.00 g, 30.4 mmol), iodobenzene diacetate (10.8 g, 33.4 mmol) and KOH

(5.11 g, 91.2 mmol). Yield: 76%. Orange solid. 'H NMR (&, ppm) (300 MHz, CDCls):

7.59 (dd, J = 8.8, 2.7 Hz, 1H, CHarom), 7.28-7.09 (m, 2H, 2 x CHarom), 4.34 (dd, J = 13.5, 5.4 Hz, 1H, H-2), 3.99

(s, 1H, OH), 3.15-2.89 (m, 2H, H-4), 2.46 (m, 1H, H,-3), 2.10-1.87 (m, 1H, Hp-3). 3C NMR (8, ppm) (75.5

MHz, CDCls): 198.7 (d, “Jcr = 1.9 Hz, C-1), 161.4 (d, Yer = 247.0 Hz, C-7), 140.1 (d, “Jr = 3.1 Hz, C-4a), 132.0

(d, 3Jcr = 6.3 Hz, C-8a), 130.8 (d, 3Jcr = 7.4 Hz, €-5), 121.4 (d, 2Jer = 22.1 Hz, CHarom), 113.2 (d, e = 22.0 Hz,

CHarom), 73.8 (C-2), 31.8 (C-3), 27.1 (C-4). *°F NMR (6, ppm) (282 MHz, CDCl3): -114.7. IR (ATR) cm™: 3478

(O-H st), 1683 (C=0 st). MS (El, 70 eV) m/z (%): 180 (M*, 26), 162 (39), 148 (20), 136 (62), 120 (21), 108

(100), 94 (8), 75 (10), 63 (7), 51 (5). HRMS (UPLC MS ESI*): Calculated for [CioHsFNaO,]*: 203.0484
[(M+Na)*]; found 203.0480. M.p.: 65-67 °C (hexanes/EtOAc).

3-hydroxychroman-4-one (IV-8). Following the General Procedure C, IV-8 (7.79 g, 47.4

0 mmol) was isolated by FC (hexanes/EtOAc 7:3) starting from 1lI-8 (10.0 g, 67.5 mmol),
OH  jodobenzene diacetate (23.9g, 74.2 mmol) and KOH (11.3 g, 0.20 mol). Yield: 70%. White
o solid. 'H NMR (8, ppm) (300 MHz, CDCl3): 7.83 (dd, J = 7.9, 1.8 Hz, 1H, CHaom), 7.47 (ddd,

J=8.6,7.2,1.8 Hz, 1H, CHarom), 7.07-6.91 (m, 2H, 2 x CHarom), 4.69-4.53 (m, 2H, H-2), 4.19-
4.05 (m, 1H, H-3), 3.98 (d, J = 2.1 Hz, 1H, OH). 3C NMR (5, ppm) (75.5 MHz, CDCl3): 194.5 (C-4), 162.1
(Carom), 136.6 (CHarom), 127.3 (CHarom), 121.8 (CHarom), 118.8 (Carom), 117.9 (CHarom), 70.5 (€C-2), 69.1 (C-3). IR
(ATR) cm™: 3422 (O-H st), 1691 (C=0 st), 1208 (C-O-C st). MS (El, 70 eV) m/z (%): 164 (M*, 27), 147 (4), 136
(4), 120 (100), 105 (4), 92 (69), 77 (9), 63 (16), 51 (5). HRMS (UPLC MS ESI*): Calculated for [CsHeO3]":
165.0552 [(M+H)*]; found 165.0551. M.p.: 66-68 °C (hexanes/EtOAc).

1-hydroxy-1-vinyl-1,3-dihydro-2H-inden-2-one (V-1). Following the General Procedure D,
Ho \ V-1 (1.60 g, 9.18 mmol) was isolated by FC (hexanes/EtOAc gradient from 9:1 to 8:2)
starting from IV-1 (3.06 g, 20.7 mmol), vinylmagnesium bromide (79 mL, 79 mmol) and 2-
iodoxybenzoic acid (8.68 g, 31.0 mmol). Yield: 44%. Yellow oil. *H NMR (5, ppm) (300 MHz,
CDCl3): 7.53-7.30 (M, 4H, 4 X CHarom), 5.96 (dd, J = 17.1, 10.4 Hz, 1H, CH=CH,), 5.26 (dd, J =
10.4, 0.7 Hz, 1H, CH=CHgisHtrans), 5.10 (dd, J = 17.1, 0.7 Hz, 1H, CH=CHcisHtrans), 3.70 (d, J = 21.7 Hz, 1H, H,-
3),3.51(d, J = 21.7 Hz, 1H, Hy-3), 3.11 (s, 1H, OH). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 214.3 (C-2), 141.4
(Carom), 137.6 (CH=CH5), 135.6 (Carom), 129.5 (CHarom), 128.4 (CHarom), 125.3 (CHarom), 125.0 (CHarom), 117.3
(CH=CH,), 82.0 (C-1), 40.2 (C-3). IR (ATR) cm™: 3440 (O-H st), 1756 (C=0 st). MS (El, 70 eV) m/z (%): 174
(M*, 12), 156 (32), 146 (100), 131 (67), 115 (40), 103 (12), 91 (35), 77 (14), 63 (19), 51 (14). HRMS (UPLC
MS ESI+): Calculated for [NaCi1H100,]*: 197.0579 [(M+Na)*]; found 197.0580.

1-hydroxy-1-vinyl-3,4-dihydronaphthalen-2(1H)-one (V-2). Following the General

HO\ Procedure D, V-2 (1.95 g, 10.4 mmol) was isolated by FC (hexanes/EtOAc 8:2) starting from

O V-2 (3.26 g, 20.1 mmol), vinylmagnesium bromide (76.4 mL, 76.4 mmol) and 2-

iodoxybenzoic acid (8.44 g, 30.1 mmol). Yield: 52%. Yellow oil. 'H NMR (8, ppm) (300 MHz,

CDCls): 7.61 (dd, J = 7.5, 1.7 Hz, 1H, CHarom), 7.38-7.25 (m, 2H, 2 X CHarom), 7.22-7.15 (m,

1H, CHarom), 5.89 (dd, J=17.1, 10.3 Hz, 1H, CH=CH,), 5.26 (dd, /= 10.2, 0.7 Hz, 1H, CH=CHqisHtrans), 5.11 (dd,

J=17.1, 0.7 Hz, 1H, CH=CHisHtrans), 4.25 (s, 1H, OH), 3.27 (m, 1H, Ha-3), 3.11-2.83 (m, 2H, Hyx-3 and H,-4),

2.62 (m, 1H, Hp-4). 3C NMR (6, ppm) (75.5 MHz, CDCl3): 210.4 (C-2), 138.0 (Carom), 137.5 (CH=CH,), 135.1

(Carom), 128.1 (CHarom), 127.64 (CHarom), 127.59 (CHarom), 126.4 (CHarom), 117.7 (CH=CH,), 80.1 (C-1), 33.7 (C-

3), 27.7 (C-4). IR (ATR) cm™: 3468 (O-H st), 1713 (C=0 st). MS (El, 70 eV) m/z (%): 188 (M*, 30), 168 (98),

145 (100), 131 (58), 115 (77), 103 (21), 91 (33), 77 (34), 65 (12), 55 (27). HRMS (UPLC MS ESI*): Calculated
for [C12H12Na0,]*: 211.0735 [(M+Na)*]; found 211.0730.

1-hydroxy-5,7-dimethyl-1-vinyl-3,4-dihydronaphthalen-2(1H)-one (V-3). Following
the General Procedure D, V-3 (1.50 g, 6.95 mmol) was isolated by FC (hexanes/EtOAc
o 8gradient from 9:1 to 8:2) starting from IV-3 (3.00 g, 15.8 mmol), vinylmagnesium
bromide (60.0 mL, 60.0 mmol) and 2-iodoxybenzoic acid (6.64 g, 23.7 mmol). Yield:
44%. Yellow oil. *H NMR (8, ppm) (300 MHz, CDCls): 7.26 (s, 1H, CHarom), 6.98 (s, 1H,
CHarom), 5.93 (dd, J=17.0, 10.3 Hz, 1H, CH=CH,), 5.37-5.11 (m, 2H, CH=CHy), 4.27 (s, 1H,
OH), 3.12-30.3 (m, 2H, H-3), 3.03-2.90 (m, 1H, H,-4), 2.61 (dt, J = 16.6, 6.8 Hz, 1H, Hp-4), 2.32 (s, 3H, CH3),

HO )
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2.29 (s, 3H, CHs). 3C NMR (5, ppm) (75.5 MHz, CDCls): 210.6 (C-2), 138.6 (Carom), 138.5 (CH=CH,), 137.1
(Carom), 135.0 (Carom), 130.6 (CHarom), 130.2 (Carom), 125.0 (CHarom), 117.2 (CH=CH>), 80.0 (C-1), 33.7 (C-3),
24.6 (C-4), 21.2 (CHs), 19.8 (CHs). IR (ATR) cm™: 3472 (O-H st), 1720 (C=0 st). MS (El, 70 eV) m/z (%): 216
(M*, 47), 196 (100), 183 (38), 173 (60), 159 (71), 146 (31), 128 (34), 115 (44), 103 (10), 91 (23), 77 (16), 55
(19). HRMS (UPLC MS ESI*): Calculated for [C14H16NaO,]*: 239.1048 [(M+Na)*]; found 239.1053.

1-hydroxy-5-methoxy-1-vinyl-3,4-dihydronaphthalen-2(1H)-one (V-4). Following the
General Procedure D, V-4 (1.99 g, 9.12 mmol) was isolated by FC (hexanes/EtOAc 8:2)
o starting from IV-4 (3.00 g, 15.6 mmol), vinylmagnesium bromide (59.3 mL, 59.3 mmol)
and 2-iodoxybenzoic acid (6.55 g, 23.4 mmol). Yield: 58%. Yellow oil. *H NMR (6, ppm)
(300 MHz, CDCls): 7.27 (t, J = 8.0 Hz, 1H, H-7), 7.22-7.14 (m, 1H, CHjrom), 6.81 (d, J = 8.1
OMe Hz, 1H, CHarom), 5.99-5.84 (m, 1H, CH=CH,), 5.28-5.11 (m, 2H, CH=CH,), 4.33 (s, 1H, OH),
3.83 (s, 3H, OCHs), 3.25 (ddd, /= 16.2, 7.4, 5.2 Hz, 1H, H,-3), 3.11-2.85 (m, 2H, Hyp-3 and H,-4), 2.56 (dt, J =
16.9, 7.1 Hz, 1H, Hp-4). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 210.4 (C-2), 155.8 (Carom), 139.9 (Carom), 138.1
(CH=CH,), 128.1 (CHarom), 123.5 (Carom), 118.5 (CHarom), 117.1 (CH=CH,), 109.2 (CHarom), 79.8 (C-1), 55.5
(OCHs), 33.2 (C-3), 21.1 (C-4). IR (ATR) cm™: 3465 (O-H st), 1716 (C=0 st). MS (El, 70 eV) m/z (%): 218 (M*,
43), 200 (100), 190 (17), 175 (46), 161 (54), 145 (22), 128 (36), 115 (30), 103 (11), 91 (28), 77 (21), 65 (8),
55 (15). HRMS (UPLC MS ESI*): Calculated for [C13H12NaOs]*: 241.0841 [(M+Na)*]; found 241.0841.

HO

1-hydroxy-7-methoxy-1-vinyl-3,4-dihydronaphthalen-2(1H)-one (V-5). Following

Ho\ the General Procedure D, V-5 (1.36 g, 6.23 mmol) was isolated by FC (hexanes/EtOAc

MeO O gradient from 8:2 to 7:3) starting from IV-5 (3.07 g, 16.0 mmol), vinylmagnesium

bromide (60.8 mL, 60.8 mmol) and 2-iodoxybenzoic acid (6.72 g, 24 mmol). Yield:

39%. Yellow oil. *H NMR (8, ppm) (300 MHz, CDCls): 7.14 (d, J = 2.7 Hz, 1H, H-8), 7.07

(d,J=8.3 Hz, 1H, H-5), 6.81 (dd, J = 8.3, 2.7 Hz, 1H, H-6), 5.86 (dd, J = 17.0, 10.3 Hz, 1H, CH=CH,), 5.23 (dd,

J=10.3, 0.8 Hz, 1H, CH=CHcisHtrans), 5.11 (dd, J = 17.0, 0.8 Hz, 1H, CH=CHcisHtrans), 4.33 (s, 1H, OH), 3.78 (s,

3H, OCHs), 3.24-3.06 (m, 1H, H,-3), 2.99-2.78 (m, 2H, Hp-3 and H,-4), 2.56 (ddd, J = 18.0, 9.1, 7.3 Hz, 1H,

Hp-4). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 210.2 (C-2), 159.1 (Carom), 139.1 (Carom), 137.2 (CH=CH,), 128.7

(CHarom), 127.1 (Carom), 117.6 (CH=CH,), 114.6 (CHarom), 110.5 (CHarom), 80.0 (C-1), 55.4 (OCH;s), 33.8 (C-3),

26.6 (C-4). IR (ATR) cm™: 3461 (O-H st), 1713 (C=0 st). MS (El, 70 eV) m/z (%): 218 (M*, 80), 198 (100), 189

(12), 176 (76), 155 (96), 145 (39), 134 (20), 121(55), 103 (16), 91 (36), 77 (39), 65 (13), 55 (24). HRMS (UPLC
MS ESI*): Calculated for [C13H14NaOs]*: 241.0841 [(M+Na)*]; found 241.0842.

7-bromo-1-hydroxy-1-vinyl-3,4-dihydronaphthalen-2(1H)-one (V-6). Following the

HO\ General Procedure D, V-6 (1.72 g, 6.44 mmol) was isolated by FC (hexanes/EtOAc 9:1)

Br O starting from IV-6 (3.00 g, 12.4 mmol), vinylmagnesium bromide (47.1 mL, 47.1

mmol) and 2-iodoxybenzoic acid (5.20 g, 18.6 mmol). Yield: 54%. Orange oil. 1H NMR

(8, ppm) (300 MHz, CDCls): 7.76 (d, J = 2.1 Hz, 1H, H-8), 7.40 (dd, J = 8.1, 2.1 Hz, 1H,

H-6), 7.06 (d, J = 8.1 Hz, 1H, H-5), 5.85 (dd, J = 17.1, 10.3 Hz, 1H, CH=CH,), 5.28 (d, J = 10.3 Hz, 1H,

CH=CHaisHtrans), 5.12 (d, J = 17.1 Hz, 1H, CH=CHisHtrans), 4.25 (s, 1H, OH), 3.20 (dt, J = 16.9, 8.3 Hz, 1H, Ha-

3), 3.03-2.83 (m, 2H, Hp-3 and Ha-4), 2.59 (ddd, J = 18.1, 9.3, 7.4 Hz, 1H, Hy-4). 3C NMR (5, ppm) (75.5

MHz, CDCls): 209.3 (C-2), 139.9 (Carom), 136.6 (CH=CH,), 134.0 (Carom), 130.9 (CHarom), 129.3 (CHarom), 129.2

(CHarom), 121.2 (Carom), 117.9 (CH=CH,), 79.6 (C-1), 33.2 (C-3), 26.8 (C-4). IR (ATR) cm™: 3465 (O-H st), 1713

(C=0 st). MS (El, 70 eV) m/z (%): 266 (M*, 30), 248 (100), 236 (6), 223 (36), 211 (44), 196 (15), 181 (10),

168 (42), 157 (7), 144 (77), 131 (28), 115 (69), 102 (28), 89 (31), 77 (30), 55 (40). HRMS (UPLC MS ESI*):
Calculated for [C12H11BrNaO,]*: 288.9840 [(M+Na)*]; found 288.9832.

7-fluoro-1-hydroxy-1-vinyl-3,4-dihydronaphthalen-2(1H)-one (V-7). Following the

HO\ General Procedure D, V-7 (1.73 g, 8.40 mmol) was isolated by FC (hexanes/EtOAc

F O gradient from 9:1 to 8:2) starting from IV-7 (3.00 g, 16.6 mmol), vinylmagnesium
bromide (63.0 mL, 63.0 mmol) and 2-iodoxybenzoic acid (6.97 g, 24.9 mmol). Yield:

51%. Orange oil. 'H NMR (8, ppm) (300 MHz, CDCl5): 7.28 (dd, J = 9.6, 2.8 Hz, 1H,

CHarom), 7.11 (dd, J = 8.4, 5.4 Hz, 1H, CHarom), 6.91 (M, 1H, CHarom), 5.82 (dd, J = 17.1, 10.3 Hz, 1H, CH=CH,),
5.22 (d, J=10.3 Hz, 1H, CH=CHisHsrans), 5.07 (d, J = 17.1 Hz, 1H, CH=CHcisHtrans), 4.35 (s, 1H, OH), 3.25-3.08
(m, 1H, Ha-3), 2.89 (m, 2H, Hy-3 and Ha-4), 2.53 (ddd, J = 18.3, 9.4, 7.0 Hz, 1H, Hy-4). 13C NMR (5, ppm) (75
MHz, CDCls): 209.6 (C=0), 162.2 (d, Yer = 244.9 Hz, C-7), 140.1 (d, 3Jcr = 7.5 Hz, C-8a), 136.7 (CH=CH,),
130.8 (d, %Jcr = 3.2 Hz, C-4a), 129.1 (d, *Jcr = 8.1 Hz, C-5), 117.8 (CH=CH,), 114.9 (d, %Jcr = 21.6 Hz, CHarom),
113.1 (d, 2Jer = 23.2 Hz, CHarom), 79.7 (C-1), 33.4 (C-3), 26.6 (C-4). °F NMR (6, ppm) (282 MHz, CDCls): -
114.65. IR (ATR) cm™: 3468 (O-H st), 1719 (C=0 st). MS (El, 70 eV) m/z (%): 206 (M*, 37), 188 (93), 178
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(26), 159 (100), 149 (67), 133 (72), 108 (43), 95 (10), 75 (14), 55 (37). HRMS (UPLC MS ESI*): Calculated for
[C12H11FNaO,]*: 229.0641 [(M+Na)*]; found 229.0639.

4-hydroxy-4-vinylchroman-3-one (V-8). Following the General Procedure D, V-8 (1.24 g, 6.45 mmol) was
isolated by FC (hexanes/EtOAc gradient from 9:1 to 8:2) starting from IV-8 (3.75 g, 22.8
mmol), vinylmagnesium bromide (86.6 mL, 86.6 mmol) and 2-iodoxybenzoic acid (2.71 g,
9.68 mmol). Yield: 28% yield. Orange oil. *H NMR (8, ppm) (300 MHz, CDCl3): 7.55 (dd, J =
o 7.7,1.7 Hz, 1H, CHarom), 7.40-7.22 (m, 1H, CHarom), 7.13 (td, J= 7.5, 1.2 Hz, 1H, CH.rom), 7.04
(dd, J=8.1, 1.2 Hz, 1H, CHarom), 5.99 (dd, J = 17.0, 10.3 Hz, 1H, CH=CH), 5.42-5.18 (m, 2H,
CH=CH,), 4.82 (d, J = 18.6 Hz, 1H, H,-2), 4.44 (d, J = 18.6 Hz, 1H, Hyx-2), 4.16 (s, 1H, OH). 13C NMR (5, ppm)
(75.5 MHz, CDCl3): 207.6 (C-3), 153.2 (Carom), 135.8 (CH=CH3), 129.6 (CHarom), 127.2 (Carom), 125.9 (CHarom),
123.9 (CHarom), 117.6 (CHarom), 117.4 (CH=CH,), 78.6 (C-4), 70.4 (C-2). IR (ATR) cm™: 3483 (O-H st), 1734
(C=0 st). MS (El, 70 eV) m/z (%): 190 (M*, 5), 172 (29), 162 (21), 147 (48), 135 (29), 121 (100), 105 (10), 92
(16), 77 (28), 63 (13), 51 (10). HRMS (UPLC MS ESI'): Calculated for: [C11Hs03]: 189.0552 [(M-H)]; found
189.0553.

HO
0

3.1.3. Synthesis of 1,2-diketones 1.
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Figure SI-3. General overview for the synthesis of diketones derivatives 1.

General Procedure E for the synthesis of VI: To a solution of the corresponding 2-hydroxy-2-vinyl ketone Il
or V (3.20 mmol) in a 4:1 mixture of THF/H,0 (10 mL) was added indium beads (735 mg, 6.40 mmol) and
allyl bromide (0.83 mL, 9.60 mmol) and stirred overnight at room temperature. The reaction mixture was
treated with a saturated aqueous solution of KHSO,4 (5 mL). The aqueous phase was extracted with EtOAc
(3 x 10 mL), washed with brine, dried over anhydrous Na,SO,4 and concentrated under reduced pressure.
The residue was purified by flash column chromatography on silica gel (hexanes/ EtOAc) to yield the
desired product VI.

General Procedure F for the synthesis of VI: A previously prepared solution of the corresponding Grignard
reagent® (3.8 equiv.) was added under inert atmosphere to a THF solution (0.50 mmol/mL) of the
corresponding 2-hydroxy-2-vinyl ketone Il or V. It was stirred at room temperature and then heated at 40
°C for 2 hours before quenching by the addition of ag. NH4Cl solution. The reaction mixture was extracted
with EtOAc (3 x 10 mL), washed with brine, dried over anhydrous Na,SO,4 and concentrated under reduced
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pressure. The residue was purified by flash column chromatography on silica gel (hexanes/ EtOAc) to yield
the desired product VI. Note: For aromatic substrates VI 9-20, two diastereomers were obtained in almost
equimolar amounts. Although several modifications of metathesis methodology were tried, only one of
the diastereomers vyield the subsequent ring closing metathesis product. Described yields and
experimental data correspond to reactive diastereomer of VI.

General Procedure G for the synthesis of VII: Under inert atmosphere a solution of 2" generation Grubbs
catalyst (required amount indicated in each case) in anhydrous CH,Cl, (5 mL) was added via cannula to a
solution of the corresponding 1,2-diol VI in anhydrous CH,Cl, (33 mM). It was refluxed until full conversion
monitored by TLC and then opened to the atmosphere and stirred at room temperature for an additional
30 min. The reaction mixture was concentrated under reduced pressure and purified by flash column
chromatography on silica gel (hexanes/EtOAc) to yield the desired product VII.

General Procedure H for the synthesis of substrates 1a-t: To a solution of Pb(OAc)4 (4.00 mmol) in CHyCl,
(10 mL) was added a solution of the corresponding 1,2-diol (4.00 mmol) in CH,Cl, (10 mL) and it was stirred
at room temperature for 30 min. The reaction mixture was concentrated, taken up in ether and the solids
were removed by filtration through a short pad of silica gel. The filtrate was concentrated and purified by
column chromatography on silica gel (hexanes/EtOAc) to yield the desired product.

1-(but-3-en-1-yl)-2-vinylcyclopentane-1,2-diol (VI-1). Following the General Procedure
HO “on._ y FVH (390 mg, 2.14 mmol) was isolated by FC (hexanes/EtOAc gradient from 19:1 to

8:2) starting from 11-1 (545 mg, 4.30 mmol) and but-3-en-1-ylmagnesium bromide (17.2

mmol). Yield: 50%. Orange oil. *H NMR (6, ppm) (300 MHz, CDCl3) (*denotes partially
overlapped resonances): 6.09 (dd, J=17.6, 11.0 Hz, 1H, C-2-CH=CH,), 5.82 (ddt, J = 16.8, 10.3, 6.6 Hz, 1H,
CH,CH=CH,), 5.32 (dd, J = 17.6, 1.5 Hz, 1H, C-2-CH=CHsHrans), 5.22 (dd, J = 11.0, 1.5 Hz, 1H, C-2-
CH=CHcisHtrans), 5.06-4.86 (m, 2H, CH,CH=CH,), 2.28-2.13 (m, 2H, CH,CH=CH,), 2.13-1.98 (m, 1H, H.-3),
1.96-1.86 (m, 1H, Hp-3), 1.83-1.63 (m, 4H, H-5 and C-1-CH,), 1.80* (s, 1H, OH), 1.60-1.36 (m, 2H, H-4),
1.50* (s, 1H, OH). 3C NMR (8, ppm) (75.5 MHz, CDCls): 139.9 (C-2-CH=CH,), 139.3 (CH,CH=CH,), 115.4
(CH,CH=CH,), 114.4 (C-2-CH=CH,), 85.05 (C-OH), 85.01 (C-OH), 37.4 (C-5), 35.6 (C-3), 33.1 (C-1-CH,), 28.6
(C-1-CH,CH,), 19.5 (C-4). IR (ATR) cm™: 3468 (O-H st), 2974 (=C-H st). MS (El, 70 eV) m/z (%): 146 (M-2.H,0,
3), 135 (4), 127 (11), 117 (6), 111 (21), 105 (14), 98 (11), 91 (9), 83 (43), 77 (11), 70 (12), 55 (100). HRMS
(UPLC MS ESI*): Calculated for [C1;H1sNa0,]*: 205.1205 [(M+Na)*]; found: 205.1204.

HO 1-(pent-4-en-1-yl)-2-vinylcyclopentane-1,2-diol (VI-2). Following the General
" OH ~. Procedure F, VI-2 (500 mg, 2.55 mmol) was isolated by FC (hexanes/EtOAc gradient

from 19:1 to 8:2) starting from II-1 (603 mg, 4.75 mmol) and pent-4-en-1-

ylmagnesium bromide (19.00 mmol). Yield: 54%. Yellow oil. *H NMR (8, ppm) (300
MHz, CDCl3): 6.10 (dd, J=17.5, 10.9 Hz, 1H, C-2-CH=CH,), 5.79 (ddt, J=16.9, 10.2, 6.6 Hz, 1H, CH,CH=CH,),
5.50-5.16 (m, 2H, CH,CH=CH,), 5.10-4.76 (m, 2H, C-2-CH=CH,), 2.32-2.15 (m, 1H, CH,H,CH=CH,), 2.08-1.98
(m, 2H, H-3), 1.97-1.86 (m, 1H, CH,H,CH=CH,), 1.85-1.23 (m, 10H, H-4, H-5, C-1-CH,, C-1-CH,CH; and 2 x
OH). 3C NMR (6, ppm) (75.5 MHz, CDCl3): 140.0 (C-2-CH=CH,), 138.9 (CH,CH=CH,), 115.4 (CH,CH=CH,),
114.6 (C-2-CH=CH), 85.11 (C-OH), 85.05 (C-OH), 37.4 (CH,CH=CH,), 35.7 (C-5), 34.4 (C-3), 33.5 (C-1-CH,),
23.5 (C-1-CH,CH,), 19.5 (C-4). IR (ATR) cm™: 3465 (O-H st), 2973 (=C-H st), 2942 (=C-H st). MS (El, 70 eV)
m/z (%): 167 (1), 155 (12), 137 (11), 125 (23), 109 (11), 83 (58), 55(100). HRMS (UPLC MS ESI*): Calculated
for [C12H20N302]+Z 219.1361 [(M+Na)+]; found: 219.1360.

1-allyl-2-vinylcyclohexane-1,2-diol (VI-3). Following the General Procedure E, VI-3 (385

HO \ Z" mg, 2.12 mmol) was isolated by FC (hexanes/EtOAc gradient from 8:2 to 7:3) starting from

11-2 (445 mg, 3.17 mmol). Yield: 67%. White solid. *H NMR (8, ppm) (300 MHz, CDCls)

OH  (*denotes partially overlapped resonances): 6.14 (dd, J = 17.2, 10.9 Hz, 1H, C-2-CH=CH,),

5.88 (ddt, J = 17.4, 10.2, 7.4, 1H, C-1-CH,CH=CH,), 5.36 (dd, J = 17.2, 1.7, 1H, C-1-

CH,CH=CHcisHtrans), 5.12 (m, 3H, C-1-CH,CH=CHqisHrans and C-2-CH=CH3), 2.39* (s, 1H, OH), 2.36-2.25 (m,

1H, C-1-CHaH,CH=CH,), 2.23-2.13 (m, 1H, C-1-CH,H,CH=CH,), 2.20* (s, 1H, OH), 1.87-1.32 (m, 8H, H-3, H-

4, H-5 and H-6). 13C NMR (8, ppm) (75.5 MHz, CDCls): 140.1 (C-2-CH=CH,), 134.1 (C-1-CH,CH=CH,), 118.6

(C-1-CH,CH=CH,), 114.3 (C-2-CH=CH), 76.4 (C-OH), 74.7 (C-OH), 40.4 (C-1- CH,CH=CHy), 35.5 (C-6), 32.7

(€-3), 21.9 (C-5), 21.5 (C-4). IR (ATR) cm™: 3391 (O-H st), 2924 (=C-H st). MS (El, 70 eV) m/z (%): 164 (M* -

H20, 2), 123 (41), 95 (100), 79 (34), 67 (42), 55 (94). HRMS (UPLC MS ESI*): Calculated for [C11H1sNaO,]*:
205.1205 [(M+Na)*]; found: 205.1209. M.p.: 50-52 °C (hexanes/EtOAc).
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1-(but-3-en-1-yl)-2-vinylcyclohexane-1,2-diol (VI-4).16 Following the General Procedure F,
\ | VI-4 (318 mg, 1.62 mmol) was isolated by FC (hexanes/EtOAc gradient from 19:1 to 8:2)
HO starting from 1I-2 (614 mg, 4.38 mmol) and but-3-en-1-ylmagnesium bromide (17.50
mmol). Yield: 37%. White solid. *H NMR (8, ppm) (300 MHz, CDCl5) (*denotes partially
overlapped resonances): 6.10 (dd, /=17.3, 10.9 Hz, 1H, C-2-CH=CH,), 5.80 (ddt, J/=16.9, 10.1,
6.6 Hz, 1H, CH,CH=CH,), 5.34 (dd, J=17.3, 1.6 Hz, 1H, C-2-CH=CHsHtrans), 5.16 (dd, /=10.9,
1.6 Hz, 1H, C-2-CH=CHcisHirans), 5.09-4.83 (m, 2H, CH,CH=CH,), 2.34 (s, 1H, OH), 2.24-1.95 (m, 2H,
CH,CH=CH,), 2.07* (s, 1H, OH) 1.86-1.71 (m, 2H, H-6), 1.69-1.28 (m, 8H, H-3, H-4, H-5 and C-1-CH,). 13C
NMR (8, ppm) (75.5 MHz, CDCls): 140.6 (C-2-CH=CH,), 139.3 (CH,CH=CH,), 114.5 (CH,CH=CH,), 114.2 (C-
2-CH=CH,), 76.6 (C-OH), 75.2 (C-OH), 35.0 (C-6), 34.4 (C-3), 31.3 (C-1-CH,), 27.5 (C-1-CH,CH,), 21.9 (C-5),
21.6 (C-4). IR (ATR) cm™: 3425 (O-H st), 2944 (=C-H st). MS (El, 70 eV) m/z (%): 160 (M* - 2-H,0, 1), 136 (7),
124 (16), 95 (41), 79 (39), 67 (30), 55 (100). HRMS (UPLC MS ESI*): Calculated for [C1,H20NaO,]*: 219.1361
[(M+Na)*]; found: 219.1362. M.p.: 50-52 °C (hexanes/EtOAc).

OH

3-(but-3-en-1-yl)-4-vinyltetrahydro-2H-pyran-3,4-diol (VI-5). Following the General

_ | Procedure F, VI-5 (160 mg, 0.81 mmol) was isolated by FC (hexanes/EtOAc gradient from

HO 8:2 to 1:1) starting from 11-4 (400 mg, 2.80 mmol) and but-3-en-1-ylmagnesium bromide

OH (10.6 mmol). Yield: 29%. White solid. *H NMR (8, ppm) (300 MHz, CDCl3) (*denotes partially

o overlapped resonances): 6.27 (dd, J = 17.6, 10.9 Hz, 1H, C-4-CH=CHcisHtrans), 5.78 (ddt, J =

16.8, 10.0, 6.5 Hz, 1H, CH>CH=CHisH+trans), 5.36-5.18 (m, 2H, C-4-CH=CH,), 5.09-4.86 (m, 2H,

CH,CH=CH,), 3.85-3.70 (m, 3H, H-6 and H.-2), 3.57 (d, J = 11.6 Hz, 1H, Hy-2), 2.60 (s, 1H, OH), 2.31-2.10

(m, 2H, CH,CH=CH,), 2.03-1.86 (m, 1H, Hs-5), 1.59* (s, 1H, OH), 1.66-1.42 (m, 2H, Hyp-5 and C-3-CH.Hy),

1.27 (dt, J = 14.4, 2.2 Hz, 1H, C-3-CHaHb). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 141.7 (C-4-CH=CH,), 139.0

(CH2CH=CH,), 114.6 (CH,CH=CH,), 113.8 (C-4-CH=CH,), 74.4 (C-OH), 72.6 (C-OH), 70.6 (C-2), 63.6 (C-6),

35.3 (C-5), 30.1 (C-3-CH,CH,), 26.9 (C-3-CH,). IR (ATR) cm'%: 3379 (O-H st), 2959 (=C-H st). MS (EI, 70 eV)

m/z (%): 157 (1), 151 (1), 135 (2), 114 (10), 97 (12), 91 (5), 83 (80), 77 (6), 67 (13), 55 (100), 50 (2). HRMS

(UPLC MS ESI*): Calculated for [Ci1H1sNaOs]*: 221.1154 [(M+Na)*]; found: 221.1158. M.p.: 58-60 °C
(hexanes/EtOAc).

1-(pent-4-en-1-yl)-2-vinylcyclohexane-1,2-diol (VI-6). Following the General Procedure
F, VI-6 (160 mg, 0.76 mmol) was isolated by FC (hexanes/EtOAc gradient from 19:1 to
\ 8:2) starting from 1I-2 (358 mg, 2.55 mmol) and pent-4-en-1-ylmagnesium bromide (10.2
mmol). Yield: 30%. White solid. *H NMR (8, ppm) (300 MHz, CDCl3) (*denotes partially
OH overlapped resonances): 6.09 (dd, J=17.3, 10.8 Hz, 1H, C-2-CH=CH,), 5.78 (ddt, J=16.9,
10.1, 6.6 Hz, 1H, CH,CH=CH,), 5.33 (dd, J=17.3, 1.6 Hz, 1H, C-2-CH=CHisHtrans), 5.15 (dd,
J=10.8, 1.7 Hz, 1H, C-2-CH=CHcisHtrans), 5.07-4.81 (m, 2H, CH,CH=CH,), 2.34 (s, 1H, OH), 2.09-1.93 (m, 2H,
CH;CH=CH,), 2.00* (s, 1H, OH), 1.87-1.20 (m, 12H, C-1-CH,, C-1-CH,CH,, H-3, H-4, H-5 and H-6). 3C NMR
(5, ppm) (75.5 MHz, CDCls): 140.8 (C-2-CH=CH,), 138.8 (CH,CH=CH,), 114.6 (CH,CH=CH,), 114.1 (C-2-
CH=CH,), 76.6 (C-OH), 75.4 (C-OH), 35.0 (CH,CH=CH,), 34.6 (C-6), 34.3 (C-3), 31.3 (C-1-CH,), 22.4 (C-5),
22.0 (C-1-CH,CH,), 21.5 (C-4). IR (ATR) cm™’: 3418 (O-H st), 2948(=C-H st), 2862 (=C-H st). MS (El, 70 eV)
m/z (%): 192 (M* - H,0, 1), 151 (15), 138 (15), 123 (21), 109 (21), 95 (51), 84 (31), 69 (57), 55 (100). HRMS
(UPLC MS ESI*): Calculated for [Ci3H2;NaO,]*: 233.1518 [(M+Na)*]; found: 233.1519. M.p.: 51-53 °C
(hexanes/EtOAc).

=

HO

/ 1-(but-3-en-1-yl)-2-vinylcycloheptane-1,2-diol (VI-7). Following the General Procedure

N\ F, VI-7 (129 mg, 0.61 mmol) was isolated by FC (hexanes/EtOAc gradient from 19:1 to

HO oH 8:2) starting from 1I-3 (157 mg, 1.02 mmol) and but-3-en-1-yImagnesium bromide (4.08

mmol). Yield: 60% yield. White solid. "H NMR (8, ppm) (300 MHz, CDCl5) (*denotes

partially overlapped resonances): 6.06 (dd, /=17.2, 10.8 Hz, 1H, C-2-CH=CH,), 5.82 (ddt,

J=16.9, 10.2, 6.6 Hz, 1H, CH,CH=CH,), 5.34 (dd, J=17.3, 1.6 Hz, 1H, C-2-CH=CHcisHtrans),

5.16 (dd, J=10.8, 1.6 Hz, 1H, C-2-CH=CHcisHtrans), 5.08-4.86 (m, 2H, CH,CH=CH,), 2.46 (s, 1H, OH), 2.29-2.00

(m, 3H, CHCH=CH, and H,-7), 1.98-1.87 (m, 1H, Hy-7), 1.95* (s, 1H, OH), 1.85-1.39 (m, 10H, H-3, H-4, H-5,

H-6 and C-1-CH,). 13C NMR (8, ppm) (75.5 MHz, CDCls): 142.2 (C-2-CH=CH,), 139.3 (CH,CH=CH,), 114.5

(CH2CH=CH,), 113.7 (C-2-CH=CH,), 79.1 (C-OH), 78.2 (C-OH), 36.6 (C-3), 35.5 (C-7), 31.8 (C-1-CH,), 27.9

(CH,CH=CH,), 26.2 (C-5), 20.3 (C-4), 20.1 (C-6). IR (ATR) cm'’: 3386 (O-H st), 2949 (=C-H st), 2918 (=C-H st).

MS (EI, 70 eV) m/z (%): 192 (M* - H,0, 1), 176 (2), 137 (11), 109 (21), 91 (27), 83 (36), 67 (46), 55 (100).

HRMS (UPLC MS ESI*): Calculated for [C13H22Na0;]*: 233.1518 [(M+Na)*]; found: 233.1523. M.p.: 47-49 °C
(hexanes/EtOAc).
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1-(pent-4-en-1-yl)-2-vinylcycloheptane-1,2-diol (VI-8). Following the General
Procedure F, VI-8 (450 mg, 2.00 mmol) was isolated by FC (hexanes/EtOAc gradient
HO A OH from 19:1 to 8:2) starting from 1I-3 (630 mg, 4.08 mmol) and pent-4-en-1-

ylmagnesium bromide (16.3 mmol). Yield: 49%. White solid. *H NMR (8, ppm) (300

MHz, CDCl5) (*denotes partially overlapped resonances): 6.06 (dd, /=17.2, 10.8, 1H,

C-2-CH=CH,), 5.80 (ddt, J=16.9, 10.1, 6.6, 1H, CH,CH=CH), 5.35 (dd, J=17.2, 1.6, 1H,
C-2-CH=CHgisHtrans), 5.17 (dd, J=10.8, 1.6, 1H, C-2-CH=CHqisHtrans), 5.08-4.89 (m, 2H, CH,CH=CH,), 2.41 (s,
1H, OH), 2.27-1.31 (m, 16H, C-1-CH,, C-1-CH,CH,, CH,CH=CH,, H-3, H-4, H-5, H-6 and H-7), 1.80* (s, 1H,
OH). 3C NMR (8, ppm) (75.5 MHz, CDCls): 142.4 (C-2-CH=CH,), 138.8 (CH,CH=CH,), 114.7 (CH,CH=CH.,),
113.5 (C-2-CH=CH,), 79.0 (C-OH), 78.4 (C-OH), 36.5 (CH,CH=CH,), 35.6 (C-3), 34.4 (C-7), 31.6 (C-1-CH,),
26.2 (C-5), 22.7 (C-4), 20.3 (C-6), 20.0 (C-1-CH,CH,). IR (ATR) cm™: 3440 (O-H st), 3321 (O-H st), 2940 (=C-
H st), 2920 (=C-H st). MS (El, 70 eV) m/z (%): 188 (M*- 2-H,0, 2), 165 (11), 147 (8), 119 (32), 109 (), 91 (39),
79 (44), 67 (82), 55 (100). HRMS (UPLC MS ESI*): Calculated for [C14H24Na0,]*: 247.1674 [(M+Na)*]; found:
247.1678. M.p.: 54-56 °C (hexanes/EtOAc).

2-(pent-4-en-1-yl)-1-vinyl-2,3-dihydro-1H-indene-1,2-diol  (VI-9). Following the
General Procedure F, VI-9 (298 mg, 1.22 mmol) was isolated by FC (hexanes/EtOAc
Ho \ gradient from 9:1 to 8:2) starting from V-1 (1.00 g, 5.74 mmol), magnesium powder
(785 mg, 32.7 mmol) and 5-bromopent-1-ene (2.58 mL, 21.8 mmol). Yield: 21% (major
OH diastereomer). Yellow solid. *H NMR (8, ppm) (300 MHz, CDCls) (*denotes partially
overlapped resonances): 7.34-7.14 (m, 4H, 4 x CHarom), 6.23 (dd, J = 17.4, 10.9 Hz, 1H,
C-1-CH=CH,), 5.86 (ddt, /= 16.9, 10.2, 6.6 Hz, 1H, CH,CH=CH,), 5.55-5.41 (m, 2H, C-1-CH=CH,), 5.13-4.93
(m, 2H, CH,CH=CH,), 3.16 (d, J = 16.0 Hz, 1H, H,-3), 2.85 (d, J = 16.0 Hz, 1H, Hy-3), 2.21-2.04 (m, 2H,
CH,CH=CH,), 1.84* (s, 1H, OH), 1.93-1.78 (m, 1H, C-2-CH.Hs), 1.63* (s, 1H, OH), 1.78-1.57 (m, 2H, C-2-
CH.Hp and C-2-CH,CH.Hp), 1.56-1.39 (m, 1H, C-2-CH,CH.Hp). 23C NMR (8, ppm) (75.5 MHz, CDCls): 145.4
(Carom), 141.9 (Carom), 138.9 (C-1-CH=CH,), 137.6 (CH,CH=CH,), 129.1 (CHarom), 127.1 (CHarom), 125.8
(CHarom), 124.4 (CHarom), 117.3 (CH2CH=CH,), 114.7 (C-1-CH=CH), 86.4 (C-OH), 86.0 (C-OH), 42.9 (C-3), 34.4
(CH2CH=CH,), 33.4 (C-2-CH,), 23.3 (C-2-CH,CH). IR (ATR) cm™: 3526 (O-H st), 3436 (O-H st), 2930 (=C-H
st). MS (EI, 70 eV) m/z (%): 226 (M* - H,0, 8), 215 (39), 197 (15), 185 (9), 172 (33), 161 (34), 144 (38), 129
(100), 115 (59), 102 (9), 91 (34), 78 (5), 69 (38), 55 (55). HRMS (UPLC MS ESI*): Calculated for [C16H20NaO,]*:
267.1361 [(M+Na)*]; found 267.1362. M.p.: 73-75 °C (hexanes/EtOAc).

=

2-(but-3-en-1-yl)-1-vinyl-1,2,3,4-tetrahydronapthalene-1,2-diol (VI-10). Following the
| General Procedure F, VI-10 (311 mg, 1.27 mmol) was isolated by FC (hexanes/EtOAc
OH gradient from 19:1 to 8:2) starting from V-2 (845 mg, 4.49 mmol), magnesium powder
(615 mg, 25.6 mmol) and 4-bromobut-1-ene (1.73 mL, 17.1 mmol). Yield: 28% (major
diastereomer). Yellow oil. *H NMR (5, ppm) (300 MHz, CDCls) (*denotes partially
overlapped resonances): 7.46-7.40 (m, 1H, CHarom), 7.26-7.15 (m, 2H, 2 x CHaom), 7.14-
7.06 (m, 1H, CH,rom), 6.04 (dd, J = 17.1, 10.6 Hz, 1H, C-1-CH=CH,), 5.87 (ddt, J = 17.0, 10.2, 6.7 Hz, 1H,
CH,CH=CH,), 5.39-5.21 (m, 2H, C-1-CH=CH,), 5.13-4.91 (m, 2H, CH,CH=CH,), 3.02 (ddd, J=17.4, 8.9, 6.2
Hz, 1H, Ha-4), 2.89-2.72 (m, 1H, Hp-4), 2.82* (s, 1H, OH), 2.42-2.04 (m, 3H, CH,CH=CH, and Ha-3), 2.13* (s,
1H, OH) 1.99-1.73 (m, 2H, Hy-3 and C-2-CH.Hy), 1.55 (ddd, J = 14.1, 11.2, 5.3 Hz, 1H, C-2-CH.H,). 23C NMR
(8, ppm) (75.5 MHz, CDCls): 140.9 (C-1-CH=CH,), 139.7 (Carom), 139.2 (CH2CH=CH,), 135.4 (Carom), 128.9
(CHarom), 128.5 (CHarom), 127.6 (CHarom), 126.6 (CHarom), 115.4 (CH,CH=CH,), 114.8 (C-1-CH=CH,), 78.1 (C-
OH), 74.8 (C-OH), 34.7 (C-2-CH,), 28.4 (C-4), 27.8 (CH,CH=CH,), 25.7 (C-3). IR (ATR) cm™: 3468 (O-H st),
2941 (=C-H st). MS (El, 70 eV) m/z (%): 226 (M* - H,0, 8), 208 (10), 172 (24), 143 (100), 128 (65), 115 (41),
91 (16), 83 (13), 55 (20). HRMS (UPLC MS ESI*): Calculated for [C16H20NaO,]*: 267.1361 [(M+Na)*]; found
267.1360.

HO\

| 2-(but-3-en-1-yl)-5,7-dimethyl-1-vinyl-1,2,3,4-tetrahydronapthalene -1,2-diol (VI-

11). Following the General Procedure F, VI-11 (350 mg, 1.28 mmol) was isolated by FC

OH (hexanes/EtOAc gradient from 19:1 to 8:2) starting from V-3 (1.05 g, 4.85 mmol),
magnesium powder (670 mg, 27.6 mmol) and 4-bromo-1-butene (1.87 mL, 18.4

mmol). Yield: 26% (major diastereomer). Yellow oil. *H NMR (8, ppm) (300 MHz,

CDCl5) (*denotes partially overlapped resonances): 7.13 (d, / = 1.9 Hz, 1H, CHaom),

6.93 (d, J = 1.9 Hz, 1H, CHar0om), 6.05 (dd, J = 17.1, 10.7 Hz, 1H, C-1-CH=CH,), 5.88 (ddt, / = 16.8, 10.2, 6.6
Hz, 1H, CH,CH=CH,), 5.38 (dd, J = 17.1, 1.7 Hz, 1H, C-1-CH=CHsHerans), 5.27 (dd, J = 10.7, 1.7 Hz, 1H, C-1-
CH=CHqisHtrans), 5.14-4.94 (m, 2H, CH2CH=CHisHtrans), 2.82 (s, 1H, OH), 2.79-2.69 (m, 1H, H,-4), 2.70-2.54

HO )
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(m, 1H, Hy-4), 2.29% (s, 3H, CHs), 2.24* (s, 3H, CHs), 2.37-2.11 (m, 4H, CH,CH=CH,, H,-3 and OH), 1.98-1.74
(M, 2H, Hp-3 and C-2-CH,Hb), 1.64-1.47 (m, 1H, C-2-CH.Hy). 3C NMR (8, ppm) (75.5 MHz, CDCls): 140.9 (C-
1-CH=CH3), 139.4 (Carom), 139.1 (CH,CH=CH3), 135.72 (Carom), 135.67 (Carom), 130.7 (Carom), 130.0 (CHarom),
126.8 (CHarom), 115.0 (CH,CH=CH,), 114.5 (C-1-CH=CH,), 78.2 (C-OH), 74.3 (C-OH), 34.5 (C-2-CH.), 28.0 (C-
2-CH,CH,), 27.7 (C-4), 23.2 (C-3), 21.0 (CHs), 19.6 (CHs). IR (ATR) cm't: 3500 (O-H st), 2933 (=C-H st). MS
(EI, 70 eV) m/z (%): 254 (M - H,0, 5), 236 (7), 200 (18), 185 (8), 171 (100), 156 (39), 141 (28), 128 (22),
115 (20), 102 (3), 91 (10), 83 (11), 65 (3), 55 (41). HRMS (UPLC MS ESI+): Calculated for [C1sH2sNaO]*:
295.1674 [(M+Na)*]; found 295.1673.

2-(but-3-en-1-yl)-5-methoxy-1-vinyl-1,2,3,4-tetrahydronapthalene-1,2-diol  (VI-12).

\ Following the General Procedure F, VI-12 (582 mg, 2.12 mmol) was isolated by FC

HO JoH (hexanes/EtOAc gradient from 19:1 to 8:2) starting from V-4 (1.85 g, 8.48 mmol),
magnesium powder (1.17 g, 48.4 mmol) and 4-bromobut-1-ene (3.25 mL, 32.0 mmol).

Yield: 25% (major diastereomer). Yellow oil. *H NMR (5, ppm) (300 MHz, CDCls)

OMe (*denotes partially overlapped resonances): 7.19 (t, J = 7.9 Hz, 1H, H-7), 7.05(d, /= 7.9

Hz, 1H, H-8), 6.75 (d, J = 7.9 Hz, 1H, H-6), 6.03 (dd, J = 17.1, 10.7 Hz, 1H, C1-CH=CH,),
5.86 (ddt, J = 16.8, 9.9, 6.6 Hz, 1H, CH,CH=CH,), 5.41-5.17 (m, 2H, CH,CH=CH,), 5.13-4.92 (m, 2H, C1-
CH=CH,), 3.83 (s, 3H, OCHs), 2.82* (s, 1H, OH), 2.89-2.65 (m, 2H, H-4), 2.40-2.10 (m, 3H, CH,CH=CH, and
Ha-3), 2.06 (s, 1H, OH), 1.96-1.76 (m, 2H, Hp-3 and C-2-CH.Hy), 1.61-1.47 (m, 1H, C-2-CH.Hp). 13C NMR (8,
ppm) (75.5 MHz, CDCls): 156.6 (C-5), 141.0 (C-8,), 140.8 (C-1-CH=CH,), 139.2 (CH,CH=CH,), 127.1 (CHarom),
124.5 (C-4,), 120.7 (CHarom), 115.4 (CH,CH=CH,), 114.7 (C-1-CH=CH,), 108.5 (CHarom), 78.0 (C-OH), 74.5 (C-
OH), 55.5 (OCHs), 34.6 (C-2-CHa), 27.8 (CH,CH=CH.,), 27.7 (C-4), 20.1 (C-3). MS (El, 70 eV) m/z (%): 256 (M*
- H,0, 11), 238 (11), 202 (31), 189 (18), 173 (100), 158 (52), 145 (21), 128 (35), 115 (54), 103 (7), 91 (22),
77 (15), 55 (54). HRMS (UPLC MS ESI*): Calculated for [C17H22NaOs]*: 297.1467 [(M+Na)*]; found 297.1415.

| 2-(but-3-en-1-yl)-7-methoxy-1-vinyl-1,2,3,4-tetrahydronapthalene-1,2-diol  (VI-

HO\ 13). Following the General Procedure F, VI-13 (358 mg, 1.30 mmol) was isolated by

MeO OH FC (hexanes/EtOAc gradient from 19:1 to 8:2) starting from V-5 (1.78 g, 8.15 mmol),

magnesium powder (1.13 g, 46.4 mmol) and 4-bromo-1-butene (3.14 mL, 31.0

mmol). Yield: 16% (major diastereomer). Colorless oil. *H NMR (8, ppm) (300 MHz,

CDCls) (*denotes partially overlapped resonances): 7.02 (d, / = 8.4 Hz, 1H, H-5), 6.97 (d, / = 2.7 Hz, 1H, H-

8),6.77 (dd, J = 8.4, 2.7 Hz, 1H, H-6), 6.01 (dd, /= 17.1, 10.7 Hz, 1H, C-1-CH=CH,), 5.86 (ddt, /= 16.8, 10.2,

6.6 Hz, 1H, CH,CH=CH,), 5.31 (dd, J = 17.1, 1.6 Hz, 1H, C-1-CH=CHcisHtrans), 5.24 (dd, J = 10.7, 1.6 Hz, 1H, C-

1-CH=CHeisHrrans), 5.13-4.90 (m, 2H, CH,CH=CH,), 3.76 (s, 3H, OCH3), 2.90* (s, 1H, OH), 3.01-2.83 (m, 1H,

H.-4), 2.74 (dt, J = 17.2, 5.8 Hz, 1H, Hp-4), 2.12*(s, 1H, OH), 2.40-2.05 (m, 3H, CH,CH=CH, and H,-3), 1.96-

1.76 (m, 2H, Hp-3 and C-2-CH,Hp), 1.65-1.43 (m, 1H, C-2-CH,Hs). *C NMR (8, ppm) (75.5 MHz, CDCl3): 158.3

(C-7), 140.9 (Carom), 140.7 (C-1-CH=CH,), 139.2 (CH»CH=CH,), 129.5 (CHarom), 127.4 (Carom), 115.5

(CH,CH=CH), 114.7 (CHarom), 114.5 (C-1-CH=CH,), 113.0 (CHarom), 78.2 (C-OH), 74.8 (C-OH), 55.4 (OCHs),

34.6 (C-2-CH,), 28.5 (C-4), 27.8 (CH,CH=CH,), 24.8 (C-3). IR (ATR) cm’: 3480 (O-H st), 2946 (=C-H st). MS

(El, 70 eV) m/z (%): 256 (M* - H,0, 12), 238 (M* - 2.H,0, 14), 202 (22), 189 (10), 173 (100), 158 (46), 141

(23), 128 (47), 115 (60), 102 (15), 91 (18), 77 (21), 65 (8), 55 (74). HRMS (UPLC MS ESI*): Calculated for
[C17H22NaOs]*: 297.1467 [(M+Na)*]; found 297.2467.

_ 2-(pent-4-en-1-yl)-1-vinyl-1,2,3,4-tetrahydronapthalene-1,2-diol (VI-14).
Following the General Procedure F, VI-14 (323 mg, 1.25 mmol) was isolated by FC
(hexanes/EtOAc gradient from 19:1 to 8:2) starting from V-2 (966 mg, 5.13 mmol),
magnesium powder (702 mg, 29.2 mmol) and 5-bromopent-1-ene (2.30 mL, 19.5
mmol). Yield: 24% (major diastereomer). Yellow solid. *H NMR (6, ppm) (300 MHz,
CDCls): 7.48-7.36 (m, 1H, CHarom), 7.30-7.14 (m, 2H, 2 x CHarom), 7.16-7.08 (m, 1H,

CHarom), 6.04 (ddd, J = 17.1, 10.7, 1.2 Hz, 1H, C-1-CH=CH,), 5.92-5.73 (m, 1H, CH,CH=CH,), 5.39-5.19 (m,

2H, C-1-CH=CHy), 5.11-4.92 (m, 2H, CH,CH=CH,), 3.14-2.91 (m, 1H, H,-4), 2.90-2.69 (m, 1H, Hy-4), 2.79*

(s, 1H, OH), 2.23-2.00 (m, 3H, CH2CH=CH; and H,-3), 2.03* (s, 1H, OH), 1.97-1.82 (m, 1H, Hy-3), 1.79-1.40

(m, 4H, C-2-CH, and C-2-CH,CH,). *C NMR (6, ppm) (75.5 MHz, CDCls): 140.9 (C-1-CH=CH,), 139.7 (Carom),

138.8 (CH2CH=CH3), 135.5 (Carom), 129.0 (CHarom), 128.5 (CHarom), 127.6 (CHarom), 126.6 (CHarom), 115.4

(CH,CH=CH,), 114.8 (C-1-CH=CH,), 78.2 (C-OH), 74.8 (C-OH), 35.0 (CH,CH=CH3), 34.4 (C-2-CH), 28.3 (C-4),

25.8 (€-3), 22.7 (C-2-CH,CH,). IR (ATR) cm™: 3472 (O-H st), 2940 (=C-H st). MS (El, 70 eV) m/z (%): 240 (M*

- H,0, 3), 222 (6), 171 (18), 153 (12), 143 (100), 128 (56), 115 (34), 102 (3), 91 (12), 69 (9), 55 (10). HRMS

\
HO D opy
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(UPLC MS ESI*): Calculated for [Ci7H2;NaO,]*: 281.1518 [(M+Na)*]; found 281.1524. M.p.: 67-69 °C
(hexanes/EtOAc).

5,7-dimethyl-2-(pent-4-en-1-yl)-1-vinyl-1,2,3,4-tetrahydronapthalene-1,2-diol
(VI-15). Following the General Procedure F, VI-15 (726 mg, 2.54 mmol) was isolated
by FC (hexanes/EtOAc gradient from 9:1 to 8:2) starting from V-3 (1.70 g, 7.86
OH mmol), magnesium powder (1.08 mg, 44.8 mmol) and 5-bromopent-1-ene (3.55
mL, 30.0 mmol). Yield: 32% (major diastereomer). White solid. *H NMR (5, ppm)
(300 MHz, CDCls) (*denotes partially overlapped resonances): 7.13 (s, 1H, CHarom),
6.94 (s, 1H, CHarom), 6.05 (dd, J = 17.1, 10.6 Hz, 1H, C-1-CH=CH,), 5.86 (ddt, J = 16.9,
10.2, 6.6 Hz, 1H, CH,CH=CH,), 5.44-5.21 (m, 2H, C-1-CH=CH,), 5.11-4.95 (m, 2H, CH,CH=CH,), 2.85 (s, 1H,
OH), 2.84-2.54 (m, 2H, H-4), 2.30 (s, 3H, CHs), 2.24 (s, 3H, CHs), 2.22-2.04 (m, 3H, Ha-3 and CH,CH=CH,),
2.12* (s, 1H, OH), 1.96-1.85 (m, 1H, Hp-3), 1.78-1.41 (m, 4H, C-2-CH, and C-2-CH,CH,). 3C NMR (8, ppm)
(75.5 MHz, CDCls): 141.0 (C-1-CH=CH,), 139.5 (Carom), 138.8 (CH,CH=CH,), 135.7 (Carom), 135.6 (Carom), 130.8
(Carom), 130.04 (CHarom), 126.9 (CHarom), 115.0 (CH,CH=CH,), 114.7 (C-1-CH=CH,), 78.2 (C-OH), 74.4 (C-OH),
34.8 (CH,CH=CH,), 34.4 (C-2-CH,), 27.9 (C-4), 23.3 (C-3), 22.7 (C-2-CH,CH,), 21.1 (CHs), 19.6 (CHs). IR (ATR)
cm’: 3379 (O-H st), 2947 (=C-H st), 2926 (=C-H st). MS (El, 70 eV) m/z (%): 268 (M*, 4), 250 (14), 235 (6),
221 (2), 208 (4), 195 (12), 181 (10), 171 (100), 156 (29), 141 (15), 128 (10), 115 (8), 105 (2), 91 (3), 55 (4).
HRMS (UPLC MS ESI*): Calculated for [CigH26Na0,]*: 309.1831 [(M+Na)*]; found 309.1831. M.p.: 95-97 °C
(hexanes/EtOAc).

=

=

HO

_ 5-methoxy-2-(pent-4-en-1-yl)-1-vinyl-1,2,3,4-tetrahydronapthalene-1,2-diol  (VI-
16). Following the General Procedure F, VI-16 (274 mg, 0.95 mmol) was isolated by FC
(hexanes/EtOAc gradient from 19:1 to 7:3) starting from V-4 (470 mg, 2.15 mmol),
magnesium powder (295 mg, 12.2 mmol) and 5-bromopent-1-ene (0.97 mL, 8.17
mmol). Yield: 44% (major diastereomer). Yellow oil. *H NMR (8, ppm) (300 MHz,
CDCls) (*denotes partially overlapped resonances): 7.19 (t, /= 8.0 Hz, 1H, CHarom), 7.05

OMe (dd, J=8.0, 1.1 Hz, 1H, CHarom), 6.74 (dd, J = 8.0, 1.1 Hz, 1H, CHarom), 6.02 (dd, J = 17.1,

10.7 Hz, 1H, C-1-CH=CH,), 5.83 (ddt, /= 16.9, 10.2, 6.7 Hz, 1H, CH,CH=CH,), 5.38-5.22 (m, 2H, CH,CH=CH),

5.08-4.93 (m, 2H, C-1-CH=CH,), 3.83 (s, 3H, OCHs), 2.87 (s, 1H, OH), 2.85-2.61 (m, 2H, H-4), 2.19-2.01 (m,

3H, CH,CH=CH, and H,-3), 2.05* (s, 1H, OH) 1.86 (m, 1H, Hy-3), 1.77-1.39 (m, 4H, C-2-CH,and C-2-CH,CH,).

13C NMR (8, ppm) (75.5 MHz, CDCls): 156.5 (Carom), 141.0 (Carom), 140.8 (C-1-CH=CH,), 138.8 (CH,CH=CH,),

127.0 (CHarom), 124.6 (Carom), 120.7 (CHarom), 115.3 (CH,CH=CH,), 114.7 (C-1-CH=CH,), 108.4 (CHarom), 78.0

(C-OH), 74.5 (C-OH), 55.4 (OCHs), 34.8 (CH,CH=CH,), 34.4 (C-2-CH,), 27.6 (C-4), 22.7 (C-3), 20.1 (C-2-

CH,CH,). IR (ATR) cm™: 3493 (O-H st), 2941 (=C-H st). MS (El, 70 eV) m/z (%): 288 (M*, 2), 270 (9), 252 (31),

201 (19), 173 (100), 158 (33), 128 (17), 115 (23), 91 (10), 69 (7), 55 (12). HRMS (UPLC MS ESI*): Calculated

for [C1sH24Na03]*: 311.1623 [(M+Na)*]; found 311.1614.

=

HO OH

7-methoxy-2-(pent-4-en-1-yl)-1-vinyl-1,2,3,4-tetrahydronapthalene-1,2-diol

(VI-17). Following the General Procedure F, VI-17 (572 mg, 1.98 mmol) was

HO D opy isolated by FC (hexanes/EtOAc gradient from 9:1 to 8:2) starting from V-5 (1.36

MeO g, 6.23 mmol), magnesium powder (850 mg, 35.5 mmol) and 5-bromopent-1-
ene (2.80 mL, 23.7 mmol). Yield: 32% (major diastereomer). Yellow solid. H

NMR (6, ppm) (300 MHz, CDCls): 7.06-6.93 (m, 2H, 2 X CHarom), 6.76 (dd, /= 8.4,

2.7 Hz, 1H, CHawom), 6.00 (dd, J = 17.1, 10.6 Hz, 1H, C-1-CH=CH,), 5.82 (ddt, J = 16.7, 9.9, 6.5 Hz, 1H,
CH,CH=CH,), 5.37-5.18 (m, 2H, CH,CH=CH,), 5.10-4.92 (m, 2H, C-1-CH=CHy), 3.74 (s, 3H, OCH3), 3.00 (s,
1H, OH), 2.97-2.81 (m, 1H, Ha-4), 2.71 (dt, J = 17.1, 5.9 Hz, 1H, Hy-4), 2.17 (s, 1H, OH), 2.15-2.01 (m, 3H,
CH,CH=CH, and H,-3), 1.93-1.78 (m, 1H, Hy-3), 1.79-1.37 (m, 4H, C-2-CH; and C-2-CH,CH,). 3C NMR (8,
ppm) (75.5 MHz, CDCl3) 158.2 (C-7), 140.9 (Carom), 140.7 (C-1-CH=CH), 138.8 (CH,CH=CHy), 129.5 (CHarom),
127.4 (Carom), 115.4 (CH,CH=CHy), 114.8 (C-1-CH=CH,), 114.5 (CHarom), 113.1 (CHarom), 78.2 (C-OH), 74.8 (C-
OH), 55.4 (OCH3), 34.9 (CH,CH=CH,), 34.4 (C-2-CH,), 28.4 (C-4), 24.9 (C-3), 22.7 (C-2-CH,CH,). IR (ATR) cm"
1: 3487 (O-H st), 3397 (O-H st). MS (El, 70 eV) m/z (%): 288 (M*, 5), 270 (10), 252 (22), 237 (5), 201 (24),
189 (15), 173 (100), 145 (20), 128 (32), 115 (38), 102 (7), 91 (14), 80 (1), 69 (13), 55 (27). HRMS (UPLC MS
ESI*): Calculated for [C1gH24Na03]*: 311.1623 [(M+Na)*]; found 311.1629. M.p.: 71-73 °C (hexanes/EtOAc).

=
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7-bromo-2-(pent-4-en-1-yl)-1-vinyl-1,2,3,4-tetrahydronapthalene-1,2-diol (VI-
18). Following the General Procedure F, VI-18 (527 mg, 1.56 mmol) was isolated
HO\ oH by FC (hexanes/EtOAc gradient from 19:1 to 8:2) starting from V-6 (1.72 g, 6.44
Br mmol), magnesium powder (880 mg, 36.7 mmol) and 5-bromopent-1-ene (2.90
mL, 24.5 mmol). Yield: 24% (major diastereomer). White solid. *H NMR (8, ppm)
(300 MHz, CDCls) (*denotes partially overlapped resonances): 7.57 (d, J = 2.2 Hz,
1H, H-8), 7.36-7.20 (m, 1H, H-6), 6.98 (d, J = 8.2 Hz, 1H, H-5), 5.98 (dd, J = 17.1, 10.7 Hz, 1H, C-1-CH=CH,),
5.81 (ddt, J = 16.9, 10.2, 6.6 Hz, 1H, CH,CH=CH,), 5.37-5.20 (m, 2H, CH,CH=CH), 5.09-4.89 (m, 2H, C-1-
CH=CH,), 3.01-2.87 (m, 1H, H.-4), 2.85 (s, 1H, OH), 2.72 (dt, J = 17.6, 5.8 Hz, 1H, Hyp-4), 2.17-1.99 (m, 3H,
H.-3 and CH,CH=CH,), 1.96-1.78 (m, 1H, Hy-3), 1.94* (s, 1H, OH), 1.78-1.37 (m, 4H, C-2-CH, and C-2-
CH,CH,). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 142.2 (Carom), 140.4 (C-1-CH=CH,), 138.6 (CH,CH=CH,), 134.4
(Carom), 131.9 (CHarom), 130.6 (CHarom), 130.2 (CHarom), 120.1 (Carom), 116.0 (CH,CH=CH,), 115.0 (C-1-
CH=CH,), 78.0 (C-OH), 74.6 (C-OH), 35.0 (CH,CH=CH,), 34.3 (C-2-CH,), 28.2 (C-4), 25.3 (C-3), 22.6 (C-2-
CH,CH,). IR (ATR) cm™: 3332 (O-H st), 2945 (=C-H st). MS (El, 70 eV) m/z (%): 336 (M*, 1), 320 (4), 302 (14),
252 (19), 239 (20), 221 (54), 207 (20), 191 (11), 178 (24), 165 (65), 153 (30), 141 (100), 128 (48), 115 (100),
97 (64), 82 (12), 69 (60), 55 (67). HRMS (UPLC MS ESI*): Calculated for [Ci7H2:BrNaO,]*: 359.0623
[(M+Na)*]; found 359.0618. M.p.: 110-112 °C (hexanes/EtOAc).

7-fluoro-2-(pent-4-en-1-yl)-1-vinyl-1,2,3,4-tetrahydronapthalene-1,2-diol  (VI-
19). Following the General Procedure F, VI-19 (514 mg, 1.86 mmol) was isolated
HO\ OH by FC (hexanes/EtOAc gradient from 19:1 to 8:2) starting from V-7 (1.70 g, 8.24
F mmol), magnesium powder (1.13 g, 47.0 mmol) and 5-bromopent-1-ene (3.71
mL, 31.3 mmol). Yield: 22% (major diastereomer). White solid. *H NMR (5, ppm)
(300 MHz, CDCl;3) (*denotes partially overlapped resonances): 7.13 (m, 1H,
CHarom), 7.06 (dd, J = 8.5, 5.8 Hz, 1H, CHarom), 6.89 (td, J = 8.3, 2.7 Hz, 1H, CHarom), 5.98 (dd, J = 17.1, 10.7
Hz, 1H, C-1-CH=CH,), 5.82 (ddt, J = 16.9, 10.1, 6.6 Hz, 1H, CH,CH=CH,), 5.34-5.21 (m, 2H, CH,CH=CH,),
5.08-4.92 (m, 2H, C-1-CH=CH3), 3.03-2.86 (m, 1H, H,-4), 2.92* (s, 1H, OH), 2.74 (dt, J=17.3, 5.8 Hz, 1H, H,-
4),2.19-2.02 (m, 3H, CH,CH=CH, and H,-3), 1.99 (s, 1H, OH), 1.94-1.81 (m, 1H, Hy-3), 1.81-1.37 (m, 4H, C-
2-CH, and C-2-CH,CH3). 13C NMR (8, ppm) (75.5 MHz, CDCls): 161.7 (d, Yer =243.7 Hz, C-7), 142.0 (d, 3Jcr
=6.4 Hz, C-8a), 140.5 (C-1-CH=CH,), 138.7 (CH,CH=CH,), 130.9 (d, “/cr =3.2 Hz, C-4a), 129.9 (d, 3Jcr =7.7 Hz,
C-5), 115.8 (CH,CH=CH,), 115.2 (d, ¥Jcr =21.7 Hz, CHarom), 114.91 (C-1-CH=CH,), 114.86 (d, Ycr =21.7 Hz,
CHarom), 78.1 (C-OH), 74.6 (C-OH), 35.0 (CH,CH=CH,), 34.3 (C-2-CH,), 28.4 (C-4), 25.0 (C-3), 22.6 (C-2-
CH-CH,). °F NMR (8, ppm) (282 MHz, CDCls): -116.3. IR (ATR) cm'%: 3487 (O-H st), 3349 (O-H st). MS (El,
70 eV) m/z (%): 276 (M*, 1), 258 (4), 240 (12), 197 (18), 183 (35), 161 (99), 146 (100), 133 (81), 109 (37),
97 (32), 69 (33), 55 (38). HRMS (UPLC MS ESI*): Calculated for [Ci7H2:FNaO;]*: 299.1423 [(M+Na)*]; found
299.1426. M.p.: 101-103 °C (hexanes/EtOAc).

=

3-(pent-4-en-1-yl)-4-vinylchromane-3,4-diol  (VI-20). Following the General
Procedure F, VI-20 (905 mg, 3.48 mmol) was isolated by FC (hexanes/EtOAc gradient
from 9:1 to 7:3) starting from V-8 (1.24 g, 6.52 mmol), magnesium powder (892 mg,
37.2 mmol) and 5-bromopent-1-ene (2.94 mL, 24.8 mmol). Yield: 54% (mixture of
diastereoisomers). Red solid. *H NMR (8, ppm) (300 MHz, CDCl3) (*denotes minor

9 diastereoisomer resonances): 7.34* (m, 2H, 2 X CHarom), 7.21 (m, 2H, 2 x CHaom), 6.89
(m, 2H, 2 X CHarom), 6.19 (dd, J = 17.2, 10.7 Hz, 1H, C-4-CH=CH,), 6.02* (dd, J = 17.1, 10.6 Hz, 1H, C-4-
CH=CH,), 5.83 (ddt, J = 16.9, 10.3, 6.6 Hz, 1H, CH,CH=CH,), 5.67-5.46 (m, 2H, CH,CH=CH,), 5.40-5.15* (m,
2H, CH,CH=CH,), 5.16-4.91 (m, 2H, C-4-CH=CH,), 4.23 (d, / = 11.2 Hz, 1H, H,-2), 4.12-3.97 (d, / = 11.2 Hz,
1H, Hp-2), 3.06* (s, 1H, OH), 2.61* (s, 1H, OH), 2.20 (s, 1H, OH), 2.15 (s, 1H, OH), 2.12-1.99 (m, 2H,
CH,CH=CH,), 1.75-1.55 (m, 3H, C3-CH; and C3-CH,CHHy), 1.50-1.28 (m, 1H, C3-CH,CH.H,). 13C NMR (6,
ppm) (75.5 MHz, CDCls) (*denotes minor diastereoisomer resonances): 153.2 (Carom), 153.1* (Carom),
139.9* (C-4-CH=CH;), 138.6 (C-4-CH=CH,), 138.5 (CH,CH=CH;), 129.8 (CHarom), 129.7* (CHarom), 129.3*
(CHarom), 129.2 (CHarom), 126.2* (Carom), 125.3 (Carom), 121.7* (CHarom), 121.4 (CHarom), 117.3* (CH,CH=CH.),
117.09 (CH2CH=CH,), 117.03 (CHarom), 116.3* (CHarom), 114.9*% (C-4-CH=CH,), 114.8 (C-4-CH=CH,), 75.2* (C-
OH), 74.8 (C-OH), 71.8 (C-OH), 71.6* (C-OH), 68.39 (C-2), 68.36* (C-2), 34.3 (CH,CH=CH,), 34.2*
(CH,CH=CH,), 31.4* (C-3-CH,), 30.3 (C-3-CH,), 22.3* (C-3-CH,CH,), 22.2 (C-3-CH,CH,). IR (ATR) cm'’: 3426
(O-H st), 3361 (O-H st). MS (El, 70 eV) m/z (%): 260 (M*, 1), 242 (3), 224 (2), 207 (3), 180 (2), 163 (5), 147
(100), 131 (18), 121 (38), 103 (10), 90 (1), 77 (9), 55 (20). HRMS (UPLC MS ESI*): Calculated for
[Ci6H20Na03]": 283.1310 [(M+Na)*]; found 283.1311. M.p.: 87-89 °C (hexanes/EtOAc).

=
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2,3,4,5-tetrahydro-1H-indene-3a,7a-diol (VII-1). Following the General Procedure G, VII-1
HO (447 mg, 2.90 mmol) was isolated by FC (hexanes/EtOAc 7:3) starting from VI-1 (660 mg,
3.62 mmol) and 2" generation Grubbs catalyst (77 mg, 0.09 mmol). Yield: 80%. Brown oil.
IH NMR (8, ppm) (300 MHz, CDCl3): 6.04 (dt, J =9.9, 2.2 Hz, 1H, H-7), 5.92 (dt, J = 9.9, 3.4
Hz, 1H, H-6), 2.34-2.24 (m, 2H, H-5), 2.15-1.95 (m, 2H, H-4), 1.94-1.82 (m, 4H, H-1 and H-3), 1.76-1.64 (m,
2H, H-2), 1.53 (s, 1H, OH), 1.38 (s, 1H, OH). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 131.6 (C-7), 129.0 (C-6),
80.7 (C-OH), 77.7 (C-OH), 33.2 (C-1), 32.8 (C-3), 26.0 (C-4), 22.9 (C-5), 19.5 (C-2). IR (ATR) cm™: 3354 (O-H
st), 3324 (O-H st). MS (El, 70 eV) m/z (%): 154 (M*, 2), 136 (7), 126 (5), 117 (100), 108 (6), 103 (6), 96 (18),
91 (26), 84 (11), 79 (12), 71 (15), 65 (9), 55 (8).

2,3,5,6-tetrahydroazulene-3a,8a(1H, 4H)-diol (VII-2). Following the General Procedure G,

HO VII-2 (317 mg, 1.88 mmol) was isolated by FC (hexanes/EtOAc 7:3) starting from VI-2 (500

mg, 2.55 mmol) and 2" generation Grubbs catalyst (54 mg, 0.06 mmol). Yield: 74%. Brown

OH  oil. *H NMR (8, ppm) (300 MHz, CDCl3): 6.06 (ddd, J = 11.0, 8.8, 4.2 Hz, 1H, H-7), 5.74 (dd, J

=11.0, 2.8 Hz, 1H, H-8), 2.47-2.28 (m, 1H, H,-6), 2.28-2.06 (m, 3H, Hp-6 and H-4), 1.94-1.66 (m, 8H, H-1,

H-2, H-3 and 2 x OH), 1.66-1.53 (m, 2H, H-5). 13C NMR (8, ppm) (75.5 MHz, CDCls): 137.2 (C-8), 133.6 (C-

7), 83.6 (C-OH), 81.5 (C-OH), 40.2 (C-4), 38.0 (C-1), 35.1 (C-3), 27.5 (C-6), 22.1 (C-5), 19.6 (C-2). IR (ATR)

cm™: 3379 (O-H st), 2964 (=C-H st), 2931 (=C-H st). MS (El, 70 eV) m/z (%): 168 (M*, 1), 150 (47), 132 (67),

117 (100), 104 (42), 91 (78), 79 (99), 55 (72). HRMS (UPLC MS ESI*): Calculated for [C1oH1sNaO;]*: 191.1048
[(M+Na)*]; found: 191.1041.

OH

OH 4,5,6,7-tetrahydro-1H-indene-3a,7a-diol (VII-3). Following the General Procedure G, VII-3

(230 mg, 1.49 mmol) was isolated by FC (hexanes/EtOAc gradient from 8:2 to 1:1) starting

C@ from VI-3 (300 mg, 1.64 mmol) and 2" generation Grubbs catalyst (35 mg, 0.04 mmol). Yield:

OH 90%. Brown oil. *H NMR (8, ppm) (300 MHz, CDCls): 5.86 (dt, J = 6.1, 2.3 Hz, 1H, H-2), 5.77 (dt,

J=6.1, 1.9 Hz, 1H, H-3), 2.68 (s, 1H, OH), 2.55-2.12 (m, 3H, H-1 and OH), 1.97-1.71 (m, 2H, H-

4), 1.69-1.46 (m, 4H, H-5 and H-7), 1.44-1.06 (m, 2H, H-6). 3C NMR (8, ppm) (75.5 MHz, CDCls): 138.1 (C-

3), 132.2 (C-2), 81.8 (C-OH), 79.2 (C-OH), 44.3 (C-1), 34.4 (C-7), 34.2 (C-4), 22.1 (C-6), 21.6 (C-5). IR (ATR)

cm™: 3404 (O-H st), 2930 (=C-H st), 2858 (=C-H st). MS (El, 70 eV) m/z (%): 154 (M*, 2), 136 (77), 117 (94),

108 (100), 93 (97), 79 (84), 67 (52), 55 (34). HRMS (UPLC MS ESI*): Calculated for [CoH14NaO,]*: 177.0892
[(M+Na)*]; found: 177.0888.

OH 1,2,3,4,5,6-hexahydronaphthalene-4a,8a-diol (VII-4). Following the General Procedure G,

VII-4 (400 mg, 2.40 mmol) was isolated by FC (hexanes/EtOAc 1:1) starting from VI-4 (500

(:lij mg, 2.55 mmol) and 2" generation Grubbs catalyst (54 mg, 0.06 mmol). Yield: 94%. Brown

OH oil. TH NMR (8, ppm) (300 MHz, CDCls): 5.67 (dt, J=9.9, 3.6 Hz, 1H, H-7), 5.46 (d, J=9.9, 1H,

H-8), 2.73 (s, 2H, 2 x OH), 2.27-1.93 (m, 2H, H-6), 1.84-1.06 (m, 10H, H-1, H-2, H-3, H-4 and H-

5). 13C NMR (8, ppm) (126 MHz, DMSO-d®, 60 °C): 134.2 (C-8), 127.8 (C-7), 70.8 (C-OH), 70.4 (C-OH), 36.7

(C-1), 34.1 (C-4), 31.4 (C-5), 24.3 (C-6), 22.7 (C-3), 21.8 (C-2). IR (ATR) cm™: 3422 (O-H st), 2934 (=C-H st).

MS (El, 70 eV) m/z (%): 168 (M*, 5), 150 (100), 132 (20), 107 (82), 91 (41), 79 (69), 68 (93), 55 (37). HRMS
(UPLC MS ESI*): Calculated for [C10H16Na0,]*: 191.1048 [(M+Na)*]; found: 191.1048.

oH 3,4,7,8-tetrahydro-1H-isochromene-4a,8a-diol (VII-5). Following the General Procedure G,
VII-5 (95 mg, 0.56 mmol) was isolated by FC (hexanes/EtOAc 1:1) from VI-5 (145 mg, 0.73
O(\;@ mmol) and 2" generation Grubbs catalyst (15 mg, 0.018 mmol). Yield: 77% (2:1 mixture of
OH diastereomers). Brown oil. 'H NMR (5, ppm) (300 MHz, CDCls) (*denotes minor
diastereomer): 5.87 (dt, J = 9.9, 3.6 Hz, 1H, H-6), 5.79* (dt, J = 10.0, 3.6 Hz, 1H, H-6*), 5.58
(dt, J=9.8, 2.2 Hz, 1H, H-5), 5.52* (dt, J = 9.9, 2.2 Hz, 1H, H-5*%), 3.93-3.70 (m, 4H, H-1 and H-3), 3.61* (d,
J=11.6 Hz, 2H, H-1*), 3.49-3.32* (m, 2H, H-3*), 2.86 (s, 1H, OH), 2.81* (s, 1H, OH*), 2.49-1.50 (m, 6 H, H-
4, H-7, Ha-8 and OH), 1.49-1.32 (m, 1H, Hy-8). 3C NMR (8, ppm) (75.5 MHz, CDCl;) (*denotes minor
diastereomer): 131.3 (C-5), 130.6 (C-6), 129.8* (C-5’), 72.1* (C-1’), 71.5 (C-1), 70.2 (C-OH), 70.1* (C-OH),
68.9* (C-OH), 66.9 (C-OH), 65.0* (C-3’), 63.5 (C-3), 36.9* (C-4’), 32.9 (C-4), 27.8* (C-7’), 23.9 (C-7), 23.5*
(C-8’),22.0 (C-8). IR (ATR) cm™: 3379 (O—H st), 2922 (=C-H st). MS (El, 70 eV) m/z (%) major diastereomer:
170 (M*, 1), 152 (5), 134 (33), 122 (68), 104 (72), 91 (36), 79 (100), 68 (19), 51 (27); minor diastereomer:
152 (M* - H,0, 5), 134 (29), 122 (72), 104 (61), 91 (38), 79 (100), 65 (19), 51 (27). HRMS (UPLC MS ESI*):
Calculated for [CoH14NaOs]*: 193.0841 [(M+Na)*]; found: 193.0847.
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oH 1,2,3,4,6,7-hexahydro-4aH-benzo[7]annulene-4a,9a(5H)-diol  (VII-6). Following the
General Procedure G, VII-6 (300 mg, 1.65 mmol) was isolated by FC (hexanes/EtOAc gradient
C@ from 8:2 to 1:1) starting from VI-6 (440 mg, 2.09 mmol) and 2" generation Grubbs catalyst
OH (27 mg, 0.03 mmol). Yield: 94%. Brown oil. *H NMR (8, ppm) (300 MHz, DMSO-d®): 5.65 (dft,
J=12.0, 6.0 Hz, 1H, H-8), 5.39 (dt, J = 12.2, 1.4 Hz, 1H, H-9), 4.14 (s, 1H, OH), 3.69 (s, 1H,
OH), 2.20-2.02 (m, 1H, Ha-7), 2.02-1.87 (m, 2H, Hy-7 and Ha-1), 1.82-1.61 (m, 3H, Hy-1 and H-4), 1.61-1.20
(m, 8H, H-2, H-3, H-5 and H-6). 3C NMR (8, ppm) (126 MHz, DMSO-d®, 60 °C): 138.5 (C-9), 130.5 (C-8),
76.4 (C-OH), 73.2 (C-OH), 36.8 (C-5), 36.5 (C-7), 28.2 (C-1), 28.2 (C-4), 23.0 (C-6), 22.0 (C-2), 21.8 (C-3). IR
(ATR) cmt: 3425 (O-H st), 2920 (=C-H st), 2840 (=C-H st). MS (EI, 70 eV) m/z (%): 182 (M*, 1), 146 (33), 135
(46), 120 (53), 108 (58), 93 (83), 79 (100), 67 (60), 55 (53). HRMS (UPLC MS ESI*): Calculated for
[C11H13N602]+: 205.1205 [(M+Na)+]; found: 205.1207.

1,2,6,7,8,9-hexahydro-4aH-benzo[7]annulene-4a,9a(5H)-diol  (VII-7). Following the
oH General Procedure G, VII-7 (140 mg, 0.77 mmol) was isolated by FC (hexanes/EtOAc gradient
Qij from 9:1 to 7:3) starting from VI-7 (330 mg, 1.57 mmol) and 2" generation Grubbs catalyst
(20 mg, 0.02 mmol). Yield: 50%. Brown oil. *H NMR (6, ppm) (300 MHz, CDCl5): 5.78 (dt, J =
9.9, 3.6 Hz, 1H, H-3), 5.48 (dt, J = 9.9, 2.1 Hz, 1H, H-4), 2.54 (s, 1H, OH), 2.31 (s, 1H, OH),
2.25-2.00 (m, 2H, H-2), 1.98-1.55 (m, 8H, H-1, H-5, H-6 and H-9), 1.54-1.33 (m, 4H, H-7 and H-8). 3C NMR
(6, ppm) (75.5 MHz, CDCl3): 133.7 (C-4), 128.8 (C-3), 74.2 (C-OH), 73.9 (C-OH), 35.9 (C-5), 34.5 (C-9), 34.1
(C-7), 26.8 (C-1), 23.5 (C-2), 20.2 (C-6), 19.1 (C-8). IR (ATR) cm™: 3417 (O-H st), 2921 (=C-H st), 2875 (=C-H
st). MS (El, 70 eV) m/z (%): 182 (M*, 1), 164 (92), 146 (100), 131 (63), 122 (99), 104 (88), 91 (91), 79 (94),
68 (42), 55 (28). HRMS (UPLC MS ESI+): Calculated for [Ci1H1gNaO;]*: 205.1205 [(M+Na)*]; found:
205.1203.

OH

OH 2,3,4,5,7,8-hexahydroheptalene-5a,10a(1H, 6H)-diol (VII-8). Following the General
Procedure G, VII-8 (360 mg, 1.84 mmol) was isolated by FC (hexanes/EtOAc gradient from
Q@ 7:3 to 1:1) starting from VI-8 (520 mg, 2.32 mmol) and 2" generation Grubbs catalyst (98
OH mg, 0.05 mmol). Yield: 79%. Brown solid. *H NMR (8, ppm) (300 MHz, CDCl;) (*denotes
partially overlapped resonances): 5.79 (ddd, J = 12.2, 6.9, 5.3 Hz, 1H, H-9), 5.58 (dd, J =
12.2, 1.8 Hz, 1H, H-10), 2.55 (s, 1H, OH), 2.27-1.97 (m, 4H, H-6 and H-8), 2.06* (s, 1H, OH), 1.96-1.84 (m,
2H, H-1), 1.79-1.39 (m, 10H, H-2, H-3, H-4, H-5 and H-7). 13C NMR (8, ppm) (75.5 MHz, CDCls): 139.0 (C-
10), 131.0 (C-9), 80.3 (C-OH), 76.8 (C-OH), 39.3 (C-6), 37.5 (C-1), 35.5 (C-5), 27.8 (C-8), 26.0 (C-3), 22.6 (C-
2), 20.9 (C-4), 20.5 (C-7). IR (ATR) cm: 3414 (O-H st), 2916 (=C-H st), 2855 (=C-H st). MS (EI, 70 eV) m/z
(%): 178 (M* - H,0, 17), 160 (22), 149 (50), 117 (40), 107 (54), 91 (81), 79 (100). HRMS (UPLC MS ESI*):
Calculated for [C1,H20Na0,]*: 219.1361 [(M+Na)*]; found: 219.1372. M.p.: 53-55 °C (hexanes/EtOAc).

8,9-dihydrobenzo[a]azulene-4b,9a(7H,10H)-diol  (VII-9). Following the General
HO ‘ Procedure G, VII-9 (232 mg, 1.07 mmol) was isolated by FC (hexanes/EtOAc 8:2) starting
from VI-9 (337 mg, 1.38 mmol) and 2" generation Grubbs catalyst (29 mg, 0.034 mmol).
O OH Yield: 78%. Brown solid. 'H NMR (8, ppm) (300 MHz, CDCl3) (*denotes partially
overlapped resonances): 7.37 (dd, /=6.6, 1.7 Hz, 1H, CHarom), 7.33-7.22 (m, 3H, 3 X CHarom),
6.37 (ddd, J=11.0, 8.7, 4.3 Hz, 1H, H-6), 6.22 (dd, J = 11.0, 2.7 Hz, 1H, H-5), 3.10 (d, J = 15.8, 1H, H,-10),
2.86 (d, J = 15.8 Hz, 1H, Hy-10), 2.77-2.60 (m, 1H, H,-7), 2.52 (ddd, J = 14.0, 9.9, 7.0 Hz, 1H, Hy-7), 2.22
(ddd, J = 15.3, 8.8, 4.1 Hz, 1H, H.-9), 1.99 (dt, J = 14.1, 4.0 Hz, 1H, Hp-9), 1.93* (s, 1H, OH), 1.92* (s, 1H,
OH), 1.74 (m, 2H, H-8). 13C NMR (5, ppm) (75 MHz, CDCls): 146.7 (Carom), 142.7 (Carom), 139.6 (C-5), 130.7
(€-6), 129.0 (CHarom), 127.0 (CHarom), 126.0 (CHarom), 123.0 (CHarom), 83.9 (C-OH), 82.3 (C-OH), 44.1 (C-9),
34.5 (C-10), 27.3 (C-7), 21.9 (C-8). IR (ATR) cm'%: 3551 (O-H st), 3418 (O-H st), 2915 (=C-H st). MS (El, 70
eV) m/z (%): 180 (M - 2-H,0, 88), 165 (100), 152 (29), 139 (5), 127 (4), 115 (5), 89 (11), 76 (9), 62 (4), 51
(5). HRMS (UPLC MS ESI*): Calculated for [C14H16NaO,]*: 239.1048 (M+Na)*]; found: 239.1052. M.p.: 114-
116 °C (hexanes/EtOAc).

HO Procedure G, VII-10 (203 mg, 0.94 mmol) was isolated by FC (hexanes/EtOAc 7:3) starting
O‘ OH from VI-10 (264 mg, 1.08 mmol) and 2" generation Grubbs catalyst (23 mg, 0.027
mmol). Yield: 87%. Brown oil. 'H NMR (8, ppm) (300 MHz, CDCl3) (*denotes partially

overlapped resonances): 7.65 (dd, J = 7.8, 1.5 Hz, 1H, CHarom), 7.32-7.15 (m, 2H, 2 x CHarom), 7.08 (d, /= 7.5
Hz, 1H, CHarom), 5.88 (dt, J = 9.8, 2.0 Hz, 1H, H-4), 5.74 (ddd, J = 9.8, 4.3, 2.8 Hz, 1H, H-3), 3.12 (ddd, J =
16.4,9.1, 6.8 Hz, 1H, H,-9), 2.78-2.64 (m, 1H, Hyx-9), 2.66* (s, 1H, OH), 2.62 (s, 1H, OH), 2.36-2.06 (m, 2H,
H-2), 2.05-1.91 (m, 3H, H-1 and H,-10), 1.71 (ddd, J = 13.0, 5.8, 3.9 Hz, 1H, H,-10). 23C NMR (8, ppm) (75

‘ 1,2,9,10-tetrahydrophenanthrene-4a,10a-diol  (VII-10). Following the General
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MHz, CDCl3): 140.6 (Carom), 135.4 (Carom), 133.2 (C-4), 128.2 (C-3), 128.1 (CHarom), 127.7 (CHarom), 127.1
(CHarom), 126.5 (CHarom), 71.3 (C-OH), 70.7 (C-OH), 31.5 (C-9), 29.8 (C-1), 25.3 (C-2), 23.8 (C-10). IR (ATR)
cm™™: 3404 (O-H st). MS (El, 70 eV) m/z (%): 208 (20), 179 (23), 165 (32), 143 (100), 128 (77), 115 (75), 83
(42), 55 (58). HRMS (UPLC MS ESI*): Calculated for [C14H16NaO,]*: 239.1048 [(M+Na)*]; found 239.1048.

6,8-dimethyl-1,2,9,10-tetrahydrophenanthrene-4a,10a-diol (VII-11). Following the

HO ‘ General Procedure G, VII-11 (300 mg, 1.23 mmol) was isolated by FC (hexanes/EtOAc

gradient from 7:3 to 1:1) starting from VI-11 (350 mg, 1.28 mmol) and 2"¢ generation

O‘ OH " Grubbs catalyst (27 mg, 0.032 mmol). Yield: 96%. Brown oil. *H NMR (8, ppm) (300

MHz, CDCls) (*denotes partially overlapped resonances): 7.38 (s, 1H, CHarom), 6.95 (s,

1H, CHarom), 5.93 (dt, J = 9.9, 2.0 Hz, 1H, H-4), 5.74 (dt, /= 9.9, 3.5 Hz, 1H, H-3), 3.04

(s, 1H, OH), 2.89* (s, 1H, OH), 2.86-2.78 (m, 1H, H.-9), 2.60 (dt, J = 17.2, 5.5 Hz, 1H, Hp-9), 2.37 (s, 3H, CHs),

2.25* (s, 3H, CH3), 2.33-2.24 (m, 1H, H,-2), 2.19-2.05 (m, 1H, Hy-2), 2.04-1.92 (m, 3H, H-10 and H,-3), 1.70

(ddd, J=13.0, 5.9, 4.0 Hz, 1H, Hp-3). **C NMR (5, ppm) (75 MHz, CDCl3): 140.4 (Carom), 135.6 (Carom), 135.4

(Carom), 133.4 (C-4), 130.9 (Carom), 129.7 (C-3), 127.5 (CHarom), 126.1 (CHarom), 71.4 (C-OH), 70.3 (C-OH), 31.3

(€-9),29.5(C-1), 23.8 (C-2), 22.6 (C-10), 21.1 (CHs), 19.6 (CHs). IR (ATR) cm™: 3408 (O-H st), 2921 (=C-H st).

MS (EI, 70 eV) m/z (%): 208 (M* - 2:H,0, 100), 193 (93), 178 (58), 165 (19), 151 (8), 139 (2), 127 (2), 115

(3),95(8), 82 (4), 63 (5), 51 (3). HRMS (UPLC MS ESI*): Calculated for [C16H20Na03]*: 267.1361 [(M+Na)*];
found 267.1359.

HO General Procedure G, VII-12 (192 mg, 0.78 mmol) was isolated by FC (hexanes/EtOAc

‘ 8-methoxy-1,2,9,10-tetrahydrophenanthrene-4a,10a-diol  (VII-12). Following the
O‘ OH 7:3) starting from VI-12 (220 mg, 0.80 mmol) and 2™ generation Grubbs catalyst (17 mg,

0.02 mmol). Yield: 98%. Brown oil. 'H NMR (8, ppm) (300 MHz, CDCl;) (*denotes partially
overlapped resonances): 7.32-7.14 (m, 2H, 2 x CHarom), 6.73 (dd, J = 6.7, 2.4 Hz, 1H,
CHarom), 5.87 (d, J = 10.0 Hz, 1H, H-4), 5.70 (dt, J = 10.0, 3.4 Hz, 1H, H-3), 3.81 (s, 3H,
OCHs), 3.06 (s, 1H, OH), 2.80* (s, 1H, OH), 2.94-2.62 (m, 2H, H-9), 2.38-2.15 (m, 1H, H,-2), 2.17-1.78 (m
4H, Hp-2, H-1 and H,-10), 1.76-1.55 (m, 1H, H,-10). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 156.2 (C-8), 141.8
(C-4b), 133.0 (C-4), 127.7 (€C-3), 127.0 (CHarom), 124.6 (C-8a), 119.9 (CH.rom), 108.2 (C-7), 71.2 (C-OH), 70.4
(C-OH), 55.3 (OCH3), 31.2 (C-9), 29.2 (C-1), 23.8 (C-2), 19.4 (C-10). MS (EI, 70 eV) m/z (%): 210 (M* - 2-H,0,
100), 179 (87), 165 (29), 151 (11), 121 (12), 88 (12), 62 (8), 51 (4). HRMS (UPLC MS ESI*): Calculated for
[CisH1sNaOs]*: 269.1154 [(M+Na)*]; found 269.1163.

OMe

MeO HO General Procedure G, VII-13 (270 mg, 1.10 mmol) was isolated by FC
O OH (hexanes/EtOAc gradient from 7:3 to 1:1) starting from VI-13 (350 mg, 1.29 mmol)
and 2" generation Grubbs catalyst (27 mg, 0.032 mmol). Yield: 85%. Brown oil. *H
NMR (6, ppm) (300 MHz, CDCl3) (*denotes partially overlapped resonances): 7.17 (d, J = 2.7 Hz, 1H, H-5),
6.98 (d, / = 8.4 Hz, 1H, H-8), 6.76 (dd, J = 8.4, 2.7 Hz, 1H, H-7), 5.84 (d, / = 10.0 Hz, 1H, H-4), 5.71 (dt, J =
10.0, 3.5 Hz, 1H, H-3), 3.78 (s, 3H, OCH3), 3.00* (s, 1H, OH), 3.11-2.92 (m, 1H, H,-9), 2.78 (s, 1H, OH), 2.62
(dt, J=16.6, 5.2 Hz, 1H, Hp-9), 2.34-1.81 (m, 5H, H-2, H-10 and H,-1), 1.71-1.57 (m, 1H, Hp-1). 13C NMR (5,
ppm) (75 MHz, CDCl3): 158.3 (C-6), 141.7 (Carom), 133.1 (C-4), 129.3 (CHarom), 128.0 (C-3), 127.6 (Carom),
114.0 (CHarom), 112.5 (CHarom), 71.5 (C-OH), 70.7 (C-OH), 55.4 (OCH3), 31.6 (C-9), 30.0 (C-1), 24.5 (C-2), 23.9
(€-10). IR (ATR) cm™: 3401 (O-H st), 2926 (=C-H st). MS (El, 70 eV) m/z (%): 210 (M* - 2.H,0, 63), 208 (100),
193 (8), 176 (4), 162 (6), 85 (5), 70 (4). HRMS (UPLC MS ESI*): Calculated for [CisH1gNaOs]*: 269.1154
[(M+Na)*]; found 269.1157.

‘ 6-methoxy-1,2,9,10-tetrahydrophenanthrene-4a,10a-diol (VII-13). Following the

5,6,8,9-tetrahydro-6aH-cyclohepta[a]naphthalene-6a,11a(7H)-diol (VII-14). Following

HO ‘ the General Procedure G, VI-14 (260 mg, 1.13 mmol) was isolated by FC
(hexanes/EtOAc gradient from 7:3 to 1:1) starting from VI-14 (320 mg, 1.24 mmol) and

O‘ OH " ond generation Grubbs catalyst (26 mg, 0.031 mmol). Yield: 91%. Brown oil. 'H NMR (8,
ppm) (300 MHz, CDCl3) (*denotes partially overlapped resonances): 7.57 (dt, /=7.2, 3.5

Hz, 1H, CHarom), 7.19 (dt, J = 7.2, 3.5 Hz, 2H, 2 X CHarom), 7.10 (dd, J = 5.6, 3.5 Hz, 1H, CHarom), 5.93 (dt, J =
12.2, 6.1 Hz, 1H, H-10), 5.72 (dt, J = 12.0, 1.4 Hz, 1H, H-11), 3.03 (dt, / = 17.7, 6.9 Hz, 1H, H,-5), 2.95-2.76
(m, 1H, Hp-5), 2.92* (s, 1H, OH) 2.32 (s, 1H, OH), 2.29-1.69 (m, 7H, H-6, H-7, H,-8 and H-9), 1.54 (m, 1H,
Hp-8). 3C NMR (8, ppm) (75 MHz, CDCls): 142.3 (Carom), 136.3 (C-11), 135.1 (Carom), 133.3 (C-10), 128.6
(CHarom), 127.4 (CHarom), 126.9 (CHarom), 126.4 (CHarom), 78.0 (C-OH), 74.0 (C-OH), 38.9 (C-7), 32.0(C-9), 28.0
(C-5), 26.0 (C-8), 22.2 (C-6). IR (ATR) cm™’: 3440 (O-H st), 2922 (=C-H st). MS (El, 70 eV) m/z (%): 212 (M* -
H,0, 100), 194 (18), 183 (75), 169 (31), 155 (23), 141 (71), 128 (32), 115 (42), 102 (4), 89 (13), 76 (9), 63
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(8), 51 (6). HRMS (UPLC MS ESI*): Calculated for [CisH1sNaO,]*: 253.1205 [(M+Na)*]; found 253.1207. M.p.:
85-87 °C (hexanes/EtOAc).

2,4-dimethyl-5,6,8,9-tetrahydro-6aH-cyclohepta[a]naphthalene-6a,11a(7H)-diol

HO ‘ (VII-15). Following the General Procedure G, VII-15 (500 mg, 1.93 mmol) was isolated

by FC (hexanes/EtOAc gradient from 7:3 to 1:1) starting from VI-15 (700 mg, 2.45

O‘ OH " mmol) and 2™ generation Grubbs catalyst (52 mg, 0.060 mmol). Yield: 79%. Brown

solid. *H NMR (8, ppm) (300 MHz, CDCls) (*denotes partially overlapped resonances):

7.30 (d, J = 2.0 Hz, 1H, CHarom), 6.92 (d, J = 2.0 Hz, 1H, CHarom), 5.92 (dt, J = 12.0, 6.1

Hz, 1H, H-10), 5.74 (d, J = 12.0 Hz, 1H, H-11), 2.89* (s, 1H, OH), 2.86-2.56 (m, 2H, H-5), 2.33* (s, 1H, OH),

2.30 (s, 3H, CHs), 2.21* (s, 3H, CHs), 2.18-1.70 (m, 7H, H-6, H-7, Ha-8 and H-9), 1.55 (m, 1H, Hy-8). 3C NMR

(8, ppm) (75 MHz, CDCls): 142.2 (Carom), 136.8 (C-11), 135.9 (Carom), 135.6 (Carom), 132.9 (C-10), 130.3 (Carom),

129.9 (CHarom), 125.1 (CHarom), 78.1 (C-OH), 73.6 (C-OH), 38.8 (C-7), 31.8 (C-9), 28.0 (C-5), 23.6 (C-6), 22.2

(C-8), 21.1 (CHs), 19.6 (CHs). IR (ATR) cm: 3361 (O-H st), 3278 (O-H st), 2932 (=C-H st). MS (El, 70 eV) m/z

(%): 240 (M* - H,0, 100), 225 (10), 211 (31), 197 (27), 183 (20), 169 (32), 155 (15), 141 (12), 128 (12), 115

(10), 91 (5), 77 (5). HRMS (UPLC MS ESI*): Calculated for [Ci7H22NaO,]*: 281.1518 [(M+Na)*]; found
281.1518. M.p.: 114-116 °C (hexanes/EtOAc).

4-methoxy-5,6,8,9-tetrahydro-6aH-cyclohepta[a]naphthalene-6a,11a(7H)-diol  (VII-
‘ 16). Following the General Procedure G, VII-16 (236 mg, 0.91 mmol) was isolated by FC
(hexanes/EtOAc 7:3) starting from VI-16 (274 mg, 0.95 mmol) and 2" generation Grubbs
O‘ OH catalyst (20 mg, 0.024 mmol). Yield: 96%. Brown oil. 'H NMR (8, ppm) (300 MHz, CDCls):
7.23-7.12 (m, 2H, 2 X CHarom), 6.73 (dd, J = 6.6, 2.6 Hz, 1H, CHarom), 5.89 (dt, J = 12.1, 6.1
Hz, 1H, H-10), 5.70 (dt, J = 12.0, 1.2 Hz, 1H, H-11), 3.81 (s, 3H, OCHs), 2.99 (s, 1H, OH),
2.94-2.60 (m, 2H, H-5), 2.36 (s, 1H, OH), 2.29-1.66 (m, 7H, H-6, H-7, H-9 and H,-8), 1.76-1.55 (m, 1H, Hy-
8). 13C NMR (8, ppm) (75.5 MHz, CDCls): 156.6 (Carom), 143.5 (Carom), 136.4 (C-11), 133.0 (C-10), 127.0
(CHarom), 123.9 (Carom), 118.8 (CHarom), 108.4 (CHarom), 77.8 (C-OH), 73.6 (C-OH), 55.3 (OCHs), 38.7 (C-7),
31.4(C-9),27.9 (C-5), 22.1 (C-8), 20.4 (C-6). IR (ATR) cm™: 3447 (O-H st), 2930 (=C-H st). MS (El, 70 eV) m/z
(%): 242 (M* - H,0, 100), 224 (11), 213 (45), 199 (20), 185 (11), 171 (25), 141 (16), 128 (21), 115 (22), 91
(4), 77 (5), 63 (3), 51 (3). HRMS (UPLC MS ESI*): Calculated for [C16H20NaOs]*: 283.1310 [(M+Na)*]; found
283.1310.

OMe

2-methoxy-5,6,8,9-tetrahydro-6aH-cyclohepta[a]naphthalene-6a,11a(7H)-diol

HO ‘ (VII-17). Following the General Procedure G, VII-17 (460 mg, 1.77 mmol) was

MeO isolated by FC (hexanes/EtOAc 7:3) starting from VII-17 (570 mg, 1.98 mmol) and

O OH  2nd generation Grubbs catalyst (42 mg, 0.050 mmol). Yield: 89%. Brown oil. H

NMR (6, ppm) (300 MHz, CDCl3) (*denotes partially overlapped resonances): 7.16

(d, J=2.8 Hz, 1H, H-1), 7.03 (d, J = 8.4 Hz, 1H, H-4), 6.78 (dd, J = 8.4, 2.8 Hz, 1H, H-3), 5.95 (ddd, J = 12.1,

6.7, 5.5 Hz, 1H, H-10), 5.73-5.64 (m, 1H, H-11), 3.79 (s, 3H, OCHs), 3.02-2.77 (m, 2H, H-5), 2.75 (s, 1H, OH),

2.36-2.14 (m, 2H, H-9), 2.14-1.70 (m, 5H, H-6, H-7 and H,-8), 2.08* (s, 1H, OH), 1.66-1.49 (m, 1H, Hy-8). 3C

NMR (8, ppm) (75 MHz, CDCl3): 158.4 (Carom), 143.9 (Carom), 136.0 (C-11), 133.7 (C-10), 129.6 (CHarom), 126.9

(Carom), 113.9 (CHarom), 111.4 (CHarom), 78.0 (C-OH), 74.1 (C-OH), 55.4 (OCHs), 39.1 (C-7), 32.0 (C-9), 28.0 (C-

5), 25.0 (C-8), 22.4 (C-6). IR (ATR) cm™: 3443 (O-H st), 2926 (=C-H st). MS (El, 70 eV) m/z (%): 242 (M* -

H,0, 100), 224 (9), 213 (39), 199 (18), 185 (9), 171 (31), 152 (9), 141 (13), 128 (21), 115 (17), 102 (4), 91

(4), 77 (5), 63 (3), 51 (3). HRMS (UPLC MS ESI*): Calculated for [Ci6H20NaOs]*: 283.1310 [(M+Na)*]; found
283.1311.

2-bromo-5,6,8,9-tetrahydro-6aH-cyclohepta[a]naphthalene-6a,11a(7H)-diol (VII-

HO ‘ 18). Following the General Procedure G, VII-18 (415 mg, 1.34 mmol) was isolated by

Br FC (hexanes/EtOAc 7:3) starting from VI-18 (525 mg, 1.56 mmol) and 2" generation
O OH " Grubbs catalyst (33 mg, 0.039 mmol). Yield: 86%. Brown solid. 'H NMR (6, ppm) (300
MHz, CDCl3) (*denotes partially overlapped resonances): 7.72 (d, J = 2.1 Hz, 1H, H-

1), 7.36-7.23 (m, 1H, H-3), 6.99 (d, J = 8.2 Hz, 1H, H-4), 5.96 (dt, J = 12.2, 6.3 Hz, 1H, H-10), 5.66 (dt, J =
12.0, 1.4 Hz, 1H, H-11), 2.98 (dt, J = 17.5, 7.2 Hz, 1H, Ha-5), 2.86-2.72 (m, 1H, Hp-5), 2.78* (s, 1H, OH), 2.33-
2.14 (m, 2H, H-9), 2.14-1.92 (m, 4H, H-7, Hy-6 and OH), 1.92-1.69 (m, 2H, Hy-6 and H,-8), 1.67-1.51 (m, 1H,
Hp-8). 13C NMR (8, ppm) (75.5 MHz, CDCls): 144.9 (Carom), 135.7 (C-11), 134.2 (Carom), 134.1 (C-10), 130.4
(CHarom), 130.3 (CHarom), 129.9 (CHarom), 120.1 (Carom), 77.7 (C-OH), 73.9 (C-OH), 39.3 (C-7), 31.6 (C-9), 28.0
(C-5), 25.5 (C-8), 22.3 (C-6). IR (ATR) cm™’: 3368 (O-H st), 3303 (O-H st). MS (El, 70 eV) m/z (%): 290 (M* -
H,0, 100), 272 (18), 261 (59), 248 (11), 236 (10), 221 (15), 193 (27), 178 (51), 165 (40), 153 (40), 141 (51),
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128 (31), 115 (34), 89 (14), 76 (14), 63 (13), 51 (9). HRMS (UPLC MS ESI*): Calculated for [C1sH17BrNaO,]*:
331.0310 [(M+Na)*]; found 331.0303. M.p.: 120-122 °C (hexanes/EtOAc).

2-fluoro-5,6,8,9-tetrahydro-6aH-cyclohepta[a]naphthalene-6a,11a(7H)-diol  (VII-
HO ‘ 19). Following the General Procedure G, VII-19 (438 mg, 1.77 mmol) was isolated by
F FC (hexanes/EtOAc 7:3) starting from VI-19 (514 mg, 1.86 mmol) and 2" generation
O OH " Grubbs catalyst (40 mg, 0.046 mmol). Yield: 95%. Brown oil. *H NMR (8, ppm) (300
MHz, CDCl3): 7.31-7.19 (m, 1H, H-1), 7.04 (dd, J = 8.4, 5.8 Hz, 1H, H-3), 6.86 (td, J =
8.4, 2.7 Hz, 1H, H-4), 6.01-5.84 (m, 1H, H-10), 5.61 (dt, J = 12.0, 1.4 Hz, 1H, H-11), 3.11 (s, 1H, OH), 2.95
(dt,J=17.1, 7.2 Hz, 1H, Ha-5), 2.78 (dt, J = 17.3, 6.8 Hz, 1H, Hy-5), 2.37 (s, 1H, OH), 2.29-2.07 (m, 2H, H-9),
2.06-1.86 (m, 3H, H-6 and H,-7), 1.87-1.66 (m, 2H, Hy-7 and Ha-8), 1.62-1.45 (m, 1H, Hy-8). 13C NMR (8,
ppm) (75.5 MHz, CDCls): 161.6 (d, YUer = 243.2 Hz, C-2), 144.7 (d, 3Jcr = 6.4 Hz, Carom), 135.6 (C-11), 133.9
(€-10), 130.6 (d, “Jcr = 3.2 Hz, Carom), 129.9 (d, 3Jcr = 7.7 Hz, C-4), 114.4 (d, 2Jer = 21.5 Hz, CHarom), 113.4 (d,
2Jep = 22.1 Hz, CHarom), 77.6 (d, “Jcr = 28.8 Hz, C-11a), 73.8 (C-4a), 39.2 (C-7), 31.8 (C-9), 28.0 (C-5), 25.2 (C-
8), 22.2 (C-6). 1°F NMR (8, ppm) (282 MHz, CDCl3): -116.4. IR (ATR) cmt: 3353 (O-H st), 3289 (O-H st), 2944
(=C-H st). MS (EI, 70 eV) m/z (%): 230 (M* - H,0, 100), 212 (41), 196 (64), 183 (43), 170 (28), 159 (77), 146
(48), 133 (52), 120 (6), 109 (15), 98 (8), 81 (7), 72 (1), 63 (5), 51 (4). HRMS (UPLC MS ESI*): Calculated for
[CisH17FNa0,]*: 271.1110 [(M+Na)*]; found 271.1118.

3-(pent-4-en-1-yl)-4-vinylchromane-3,4-diol (VII-20). Following the General Procedure

HO ‘ G, VII-20 (207 mg, 0.89 mmol) was isolated by FC (hexanes/EtOAc gradient from 8:2 to

7:3) starting from VI-20 (430 mg, 1.65 mmol) and 2" generation Grubbs catalyst (70

O OH mg, 0.082 mmol). Yield: 54%. Brown solid. *H NMR (8, ppm) (300 MHz, CDCls) : 7.50 (dd,

(¢] J=7.4,1.7Hz, 1H, H-4), 7.20 (ddd, J = 8.4, 7.4, 1.7 Hz, 1H, H-2), 6.95 (td, /= 7.4, 1.2 Hz,

1H, H-3), 6.83 (dd, /= 8.4, 1.2 Hz, 1H, H-1), 5.95 (dt, /= 11.0, 5.3 Hz, 1H, H-10), 5.80 (d, /= 11.0 Hz, 1H, H-

11), 4.20 (d, J = 10.8 Hz, 1H, H.-6), 4.01 (d, J = 10.8 Hz, 1H, Hu-6), 2.80 (s, 1H, OH), 2.57 (s, 1H, OH), 2.39-

2.20 (m, 1H, Ha-9), 2.20-2.07 (m, 1H, Hy-9), 2.02-1.84 (m, 2H, H-7), 1.64-1.46 (m, 2H, H-8). 13C NMR (8,

ppm) (75.5 MHz, CDCl3): 152.7 (Carom), 134.3 (C-11), 133.8 (C-10), 129.6 (CHarom), 128.4 (Carom), 128.0

(CHarom), 121.5 (CHarom), 116.6 (CHarom), 74.7 (C-OH), 72.0 (C-6), 70.8 (C-OH), 36.2 (C-7), 28.6 (C-9), 20.8 (C-

8). IR (ATR) cm™’: 3447 (O-H st), 2934 (=C-H st). MS (EI, 70 eV) m/z (%): 214 (M* - H,0, 17), 185 (15), 171

(33), 158 (17), 145 (41), 131 (28), 115 (16), 91 (8), 77 (11), 55 (5). HRMS (UPLC MS ESI*): Calculated for
[C14H16Na0s]*: 255.0997 [(M+Na)*]; found 255.1004. M.p.: 102-103 °C (hexanes/EtOAc).

(Z)-cyclodec-2-ene-1,6-dione (1a). Following the General Procedure H, compound 1a (680

Q mg, 4.10 mmol) was isolated by FC (hexanes/EtOAc 1:1) starting from VII-4 (750 mg, 4.46

Cb mmol) and Pb(OAc)4(1.98 g, 4.46 mmol). Yield: 92%. White solid. *H NMR (8, ppm) (300 MHz,

CDCls): 6.09 (d, J = 12.0 Hz, 1H, H-2), 5.75 (dt, J = 12.0, 8.4 Hz, 1H, H-3), 2.73 (m, 2H, H-10),

2.41-2.24 (m, 6H, H-4, H-5 and H-7), 1.73 (m, 4H, H-8 and H-9). 3C NMR (5, ppm) (75.5 MHz,

CDCl3): 211.1 (C-6), 208.3 (C-1), 136.9 (C-3), 132.0 (C-2), 44.1 (C-10), 42.0 (C-5), 36.0 (C-7), 23.7 (C-4), 23.3

(C-9), 23.0 (C-8). IR (ATR) cm'%: 1699 (C=0 st), 1678 (C=0 st). MS (El, 70 eV) m/z (%): 166 (M", 3), 148 (53),

128 (65), 115 (38), 104 (71), 91 (100), 79 (53), 68 (35), 55 (65). HRMS (UPLC MS ESI*): Calculated for
[C10H14Na05]*: 189.0892 [(M+Na)*]; found: 189.0889. M.p.: 85-87 °C (hexanes/EtOAc).

o

o (2)-4,5,9,10-tetrahydro-2H-oxecine-3,8-dione (1b). Following the General Procedure H,

Xy compound 1b (35 mg, 0.21 mmol) was isolated by FC (hexanes/EtOAc 1:1) starting from VII-

0o 5 (90 mg, 0.53 mmol) and Pb(OAc), (230 mg, 0.53 mmol). Yield: 40%. White solid. *H NMR
0 (6, ppm) (300 MHz, CDCl3): 6.09 (d, J = 12.2 Hz, 1H, H-7), 5.87 (dt, /= 12.1, 7.3 Hz, 1H, H-6),

3.94 (s, 2H, H-2), 3.87 (t, J = 5.5 Hz, 2H, H-10), 2.74-2.56 (m, 6H, H-4, H-5 and H-9). 3C NMR (8, ppm) (75.5
MHz, CDCl3): 209.4 (C-3), 205.9 (C-8), 136.5 (C-6), 131.7 (C-7), 76.3 (C-2), 68.3 (C-10), 43.6 (C-9), 40.0 (C-
4),24.2 (C-5). IR (ATR) cm™: 1691 (C=0 st). MS (El, 70 eV) m/z (%): 150 (M* - H,0, 8), 140 (8), 126 (77), 110
(28), 95 (64), 82 (63), 68 (100), 54 (85). HRMS (UPLC MS ESI*): Calculated for [CoH1» Na Os]*: 191.0684
[(M+Na)*]; found: 191.0691.

(2)-8,9,11,12-tetrahydrobenzo[10]annulene-5,10-dione (1c). Following the General

O o Procedure H, compound 1c (185 mg, 0.86 mmol) was isolated by FC (hexanes/EtOAc
gradient from 7:3 to 1:1) starting from VII-10 (205 mg, 0.95 mmol) and Pb(OAc)4 (420 mg,

“ 0.95 mmol). Yield: 90%. White solid. *H NMR (8, ppm) (300 MHz, CDCls): 7.36 (td, J = 7.2,
2.0 Hz, 1H, CHarom), 7.28-7.15 (m, 3H, 3 x CHarom), 6.38 (dt, J = 12.1, 1.0 Hz, 1H, H-6), 6.23
(dt, J = 12.1, 8.6 Hz, 1H, H-7), 3.06-2.95 (m, 2H, H-12), 2.71-2.55 (m, 2H, H-11), 2.46-2.33
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(m, 2H, H-9), 2.20-2.10 (m, 2H, H-8). 33C NMR (8, ppm) (75.5 MHz, CDCls): 210.6 (C-10), 199.0 (C-5), 142.9
(C-7), 141.6 (Carom), 138.6 (Carom), 133.6 (CHarom), 130.6 (CHarom), 130.5 (CHarom), 126.8 (CHarom), 126.6 (C-6),
44.0 (C-11), 43.4 (C-9), 29.1 (C-12), 22.1 (C-8). IR (ATR) cm™: 1699 (C=0 st), 1645 (C=0 st). MS (El, 70 eV)
m/z (%): 214 (M*, 7), 196 (45), 180 (39), 167 (45), 157 (10), 144 (28), 128 (51), 115 (48), 103 (31), 89 (31),
77 (45), 63 (21), 51 (22). HRMS (UPLC MS ESI*): Calculated for [C14H14NaO;]*: 239.1048 [(M+Na)*]; found
239.1049. M.p.: 58-60 °C (hexanes/EtOAc).

(2)-1,3-dimethyl-8,9,11,12-tetrahydrobenzo[10]annulene-5,10-dione (1d). Following

the General Procedure H, compound 1d (235 mg, 0.97 mmol) was isolated by FC

O o (hexanes/EtOAc 7:3) starting from VII-11 (300 mg, 1.23 mmol) and Pb(OAc)4 (545 mg,

1.23 mmol). Yield: 79%. Yellow solid. *H NMR (8, ppm) (300 MHz, CDCl5): 7.07 (s, 1H,

“ CHarom), 6.83 (s, 1H, CHarom), 6.40 (d, J = 12.2 Hz, 1H, H-6), 6.25 (dt, J = 12.2, 8.5 Hz, 1H,

o H-7), 3.05-2.96 (m, 2H, H-12), 2.62-2.52 (m, 2H, H-11), 2.45-2.37 (m, 2H, H-9), 2.31 (s,

3H, CHs), 2.28 (s, 3H, CHs), 2.25-2.14 (m, 2H, H-8). 3C NMR (8, ppm) (75.5 MHz, CDCls): 210.9 (C-10),

199.7 (C-5), 142.9 (C-7), 142.4 (Carom), 136.9 (Carom), 136.0 (Carom), 134.0 (CHarom), 133.10 (Carom), 133.09

(CHarom), 124.0 (C-6), 43.6 (C-11), 42.3 (C-9), 25.0 (C-12), 21.7 (C-8), 20.7 (CH3), 19.6 (CH3). IR (ATR) cm™:

1701 (C=0 st), 1645 (C=0 st). MS (El, 70 eV) m/z (%): 242 (M*, 4), 223 (51), 185 (100), 140 (7), 115 (43), 79

(5), 53 (13). HRMS (UPLC MS ESI*): Calculated for [C1sH1sNaO,]*: 265.1205 [(M+Na)*]; found 265.1215.
M.p.: 119-122 °C (hexanes/EtOAc).

(Z)-1-methoxy-8,9,11,12-tetrahydrobenzo[10]annulene-5,10-dione (1e). Following

O o the General Procedure H, compound 1e (90 mg, 0.37 mmol) was isolated by FC

MeO (hexanes/EtOAc gradient from 7:3 to 1:1) starting from VII-12 (196 mg, 0.80 mmol)

“ and Pb(OAc)4 (355 mg, 0.80 mmol). Yield: 46%. White solid. *H NMR (8, ppm) (300

o) MHz, CDCls): 7.31-7.22 (m, 1H, CHarom), 6.96 (d, J = 8.2 Hz, 1H, CHarom), 6.79 (d, /= 7.6

Hz, 1H, CHarom), 6.38 (d, J = 12.3 Hz, 1H, H-6), 6.28 (dt, J = 12.3, 8.3 Hz, 1H, H-7), 3.88 (s, 3H, OCH3), 3.02-

2.93 (m, 2H, H-12), 2.68-2.58 (m, 2H, H-11), 2.49-2.38 (m, 2H, H-9), 2.26-2.11 (m, 2H, H-8). 13C NMR (5,

ppm) (75.5 MHz, CDCl5): 211.6 (€C-10), 198.7 (C-5), 157.5 (C-1), 144.0 (C-7), 143.6 (Carom), 133.8 (CHarom),

128.1 (C-6), 126.8 (Carom), 118.2 (CHarom), 112.0 (CHarom), 55.8 (OCH3), 44.0 (C-11), 42.8 (C-9), 23.0 (C-8),

21.8 (C-12). IR (ATR) cm™: 1702 (C=0 st), 1645 (C=0 st). MS (El, 70 eV) m/z (%): 244 (M*, 46), 243 (100),

227 (27), 209 (42), 186 (42), 171 (65), 145 (42), 142 (38), 128 (35), 120 (42), 89 (58), 51 (23). HRMS (UPLC

MS ESI*): Calculated for [CigH1703]*: 245.1178 [(M+H)']; found 245.1187. M.p.: 138-140 °C
(hexanes/EtOAc).

OMe (Z)-3-methoxy-8,9,11,12-tetrahydrobenzo[10]annulene-5,10-dione (1f). Following the
General Procedure H, compound 1f (170 mg, 0.70 mmol) was isolated by FC
O o (hexanes/EtOAc gradient from 7:3 to 1:1) starting from VII-13 (270 mg, 1.10 mmol) and

Pb(OAc)s (488 mg, 1.10 mmol). Yield: 64%. White solid. *H NMR (8, ppm) (300 MHz, CDCl3):

“ 7.16 (d, J = 8.5 Hz, 1H, H-1), 6.94 (dd, J = 8.5, 2.8 Hz, 1H, H-2), 6.76 (d, / = 2.8 Hz, 1H, H-4),

o} 6.41 (d, /= 12.0 Hz, 1H, H-6), 6.28 (dt, J = 12.0, 8.4 Hz, 1H, H-7), 3.80 (s, 3H, OCH3s), 3.04-

2.95 (m, 2H, H-12), 2.71-2.61 (m, 2H, H-11), 2.50-2.39 (m, 2H, H-9), 2.28-2.15 (m, 2H, H-8). 13C NMR (5,

ppm) (75.5 MHz, CDCl5): 210.9 (C-10), 198.7 (C-5), 158.4 (C-3), 143.4 (C-7), 142.6 (Carom), 133.5 (CHarom),

132.0 (€-6), 130.7 (Carom), 116.9 (CHarom), 111.5 (CHarom), 55.6 (OCH3), 44.3 (C-11), 43.7 (C-9), 28.4 (C-12),

22.4 (C-8). IR (ATR) cm™: 1688 (C=0 st), 1641 (C=0 st). MS (El, 70 eV) m/z (%): 244 (25, M*), 226 (33), 187

(100), 173 (22), 159 (14), 144 (34), 128 (40), 115 (70), 91 (74), 77 (65), 63 (53), 51 (53). HRMS (UPLC MS
ESI+): Calculated for [C15H1703]*: 245.1178 [(M+H)*]; found 245.1177. M.p.: 94-96 °C (hexanes/EtOAc).

(2)-cycloundec-7-ene-1,6-dione (1g). Following the General Procedure H, compound 1g

(166 mg, 0.92 mmol) was isolated by FC (hexanes/EtOAc 1:1) starting from VII-6 (215 mg,

CD 1.18 mmol) and Pb(OAc)4 (520 mg, 1.18 mmol). Yield: 78%. Colorless oil. 'H NMR (8, ppm)

o) (300 MHz, CDCl5): 6.11 (d, J=11.9 Hz, 1H, H-2), 5.96 (dt, J=11.9, 8.5 Hz, 1H, H-3), 2.60-2.51

(m, 2H, H-11), 2.49-2.32 (m, 6H, H-4, H-6 and H-8), 1.95-1.80 (m, 4H, H-5 and H-9), 1.79-

1.65 (m, 2H, H-10). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 211.4 (C-7), 205.6 (C-1), 144.7 (C-3), 129.6 (C-2),

43.8 (C-6),43.2 (C-8), 41.3 (C-11), 28.0 (C-4), 22.8 (C-5), 22.66 (C-9), 22.66 (C-10). IR (ATR) cm™: 1707 (C=0

st), 1685 (C=0 st). MS (El, 70 eV) m/z (%): 180 (M*, 7), 162 (21), 144 (27), 133 (49), 120 (56), 95 (78), 81

(100), 68 (94), 55 (89). HRMS (UPLC MS ESI*): Calculated for [C11H170,]*: 181.1229 [(M+H)*]; found:
181.1231.
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(2)-9,10,12,13-tetrahydro-5H-benzo[11]annulene-5,11(8H)-dione (1h). Following the

O 0 General Procedure H, compound 1h (245 mg, 1.07 mmol) was isolated by FC

“ (hexanes/EtOAc gradient from 8:2 to 7:3) starting from VII-14 (260 mg, 1.13 mmol) and

Pb(OAc), (500 mg, 1.13 mmol). Yield: 95%. White solid. *H NMR (8, ppm) (300 MHz,

0o CDCls): 7.41-7.28 (m, 2H, 2 x CHarom), 7.28-7.14 (m, 2H, 2 x CHarom), 6.37 (dt, /=12.1,1.3

Hz, 1H, H-6), 6.14 (dt, J = 12.1, 8.8 Hz, 1H, H-7), 3.14 (t, /= 6.9 Hz, 2H, H-13), 2.70 (dd, /= 7.5, 6.3 Hz, 2H,

H-12), 2.33-2.18 (m, 2H, H-10), 1.94-1.80 (m, 2H, H-8), 1.65 (m, 2H, H-9). 13C NMR (5, ppm) (75.5 MHz,

CDCl3): 211.3 (C-11), 199.2 (C-5), 146.3 (C-7), 141.5 (Carom), 137.0 (Carom), 132.2 (CHarom), 130.7 (CHarom),

130.4 (CHarom), 127.2 (CHarom), 126.7 (C-6), 44.8 (C-12), 38.2 (C-10), 27.8 (C-8), 27.6 (C-13), 22.3 (C-9). IR

(ATR) cm™: 1705 (C=0 st), 1639 (C=0 st). MS (El, 70 eV) m/z (%): 228 (M*, 6), 210 (51), 192 (44), 178 (69),

165 (52), 152 (39), 132 (49), 115 (44), 93 (100), 77 (62), 63 (22), 51 (22). HRMS (UPLC MS ESI*): Calculated
for [CisH1sNaO,]*: 251.1048 [(M+Na)*]; found 251.1051. M.p.: 66-68 °C (hexanes/EtOAc).

(2)-1,3-dimethyl-9,10,12,13-tetrahydro-5H-benzo[11]annulene-5,11(8H)-dione (1i).

Following the General Procedure H, compound 1i (445 mg, 1.74 mmol) was isolated by

O o] FC (hexanes/EtOAc gradient from 8:2 to 7:3) starting from VII-15 (500 mg, 1.93 mmol)

“ and Pb(OAc)4 (858 mg, 1.93 mmol). Yield: 90%. White solid. *H NMR (8, ppm) (300 MHz,

CDCls): 7.03-6.98 (s, 1H, CHarom), 6.87 (s, 1H, CHarom), 6.34 (dt, J = 12.0, 1.2 Hz, 1H, H-

o 6), 6.14 (dt, J = 12.0, 9.0 Hz, 1H, H-7), 3.18 (t, / = 7.1 Hz, 2H, H-13), 2.61 (t, J = 7.1 Hz,

2H, H-12), 2.33 (s, 3H, CH3), 2.30-2.22 (m, 2H, H-10), 2.20 (s, 3H, CHs), 1.95-1.84 (m, 2H, H-8), 1.66-1.53

(m, 2H, H-9). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 210.9 (C-11), 199.7 (C-5), 145.4 (C-7), 141.9 (Carom),

138.3 (Carom), 135.8, (Carom) 133.6 (CHarom), 132.6 (CHarom), 132.2 (Carom), 125.4 (C-6), 42.0 (C-12), 38.1 (C-

10), 27.1 (C-8), 24.1 (C-13), 21.6 (C-9), 20.7 (CHs), 20.0 (CHs). IR (ATR) cm™: 1707 (C=0 st), 1632 (C=0 st).

MS (EI, 70 eV) m/z (%): 256 (M*, 3), 238 (24), 220 (13), 207 (14), 193 (10), 178 (13), 163 (100), 147 (12),

128 (10), 115 (17), 105 (7), 93 (43), 77 (18), 65 (6), 51 (5). HRMS (UPLC MS ESI*): Calculated for
[C17H20Na0,]*: 279.1361 [(M+Na)*]; found 279.1365. M.p.: 97-99 °C (hexanes/EtOAc).

(Z)-1-methoxy-9,10,12,13-tetrahydro-5H-benzo[11]annulene-5,11(8H)-dione (1j).

O 1) Following the General Procedure H, compound 1j (205 mg, 0.79 mmol) was isolated

by FC (hexanes/EtOAc gradient from 7:3 to 1:1) starting from VII-16 (235 mg, 0.90

“ mmol) and Pb(OAc)4 (400 mg, 0.90 mmol). Yield: 88%. White solid. *H NMR (6, ppm)

o) (300 MHz, CDCl3): 7.19 (dd, J = 8.2, 7.7 Hz, 1H, H-3), 6.92 (d, J = 8.2 Hz, 1H, H-4),

6.83 (d, J = 7.7 Hz, 1H, H-2), 6.35 (d, J = 12.2 Hz, 1H, H-6), 6.21 (dt, J = 12.2, 9.0 Hz, 1H, H-7), 3.88 (s, 3H,

OCHs), 3.16 (t, J = 6.9 Hz, 2H, H-13), 2.74 (t, J = 6.9 Hz, 2H, H-12), 2.33-2.19 (m, 2H, H-10), 1.82 (m, 2H, H-

8), 1.69-1.53 (m, 2H, H-9). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 211.4 (C-11), 199.2 (C-5), 158.8 (C-1),

146.3 (C-7), 143.1 (Csrom), 132.6 (CHarom), 127.8 (€C-6), 125.2 (Carom), 119.0 (CHarom), 112.5 (CHarom), 55.8

(OCHs), 41.4 (C-12), 37.6 (C-10), 27.6 (C-8), 23.3 (€-9), 21.0 (C-13). IR (ATR) cm™: 1699 (C=O st), 1633 (C=0

st). MS (EI, 70 eV) m/z (%): 258 (M, 6), 240 (16), 222 (8), 207 (9), 197 (4), 178 (10), 165 (100), 153 (30),

128 (8), 115 (12), 105 (2), 91 (33), 77 (23), 65 (8), 51 (8). HRMS (UPLC MS ESI*): Calculated for
[C16H1sNaOs]*: 281.1154 [(M+Na)*]; found 281.1152. M.p.: 145-147 °C (hexanes/EtOAc).

MeO

(Z)-3-methoxy-9,10,12,13-tetrahydro-5H-benzo[11]annulene-5,11(8H)-dione (1k).

QVe Following the General Procedure H, compound 1k (410 mg, 1.59 mmol) was isolated by
O o FC (hexanes/EtOAc gradient from 7:3 to 1:1) starting from VII-17 (500 mg, 1.92 mmol)
and Pb(OAc), (850 mg, 1.92 mmol). Yield: 83%. White solid. *H NMR (8, ppm) (300 MHz,

“ CDCls): 7.18 (d, J = 8.6 Hz, 1H, H-1), 6.87 (dd, J = 8.6, 2.8 Hz, 1H, H-2), 6.69 (d, J = 2.8 Hz,

o 1H, H-4), 6.30 (dt, J = 12.1, 1.2 Hz, 1H, H-6), 6.10 (dt, J = 12.1, 8.8 Hz, 1H, H-7), 3.69 (s,

3H, OCHs), 3.02 (t, J = 6.8 Hz, 2H, H-13), 2.72-2.58 (m, 2H, H-12), 2.25-2.14 (m, 2H, H-10), 1.90-1.75 (m,
2H, H-8), 1.68-1.53 (m, 2H, H-9). 3C NMR (8, ppm) (75.5 MHz, CDCl5): 211.3 (C-11), 198.6 (C-5), 157.9 (C-
3), 146.5 (C-7), 142.3 (Carom), 131.9 (CHarom), 131.4 (C-6), 128.6 (Carom), 116.6 (CHarom), 111.7 (CHarom), 55.3
(OCHs), 44.7 (C-12), 38.0 (C-10), 27.6 (C-8), 26.9 (C-13), 22.0 (C-9). IR (ATR) cm™: 1698 (C=0 st), 1637 (C=0
st). MS (El, 70 eV) m/z (%): 158 (M*, 4), 240 (8), 222 (4), 207 (4), 194 (2), 178 (6), 165 (100), 153 (3), 139
(3), 121 (6), 109 (3), 91 (8), 77 (9), 65 (3), 51 (3). HRMS (UPLC MS ESI*): Calculated for [Ci¢H1sNaOs]*:
281.1154 [(M+Na)*]; found 281.1150. M.p.: 104-106 °C (hexanes/EtOAc).
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(2)-3-bromo-9,10,12,13-tetrahydro-5H-benzo[11]annulene-5,11(8H)-dione (al).
Following the General Procedure H, compound 1l (245 mg, 0.80 mmol) was isolated by
FC (hexanes/EtOAc gradient from 8:2 to 7:3) starting from VII-18 (329 mg, 1.03 mmol)
and Pb(OAc)4 (458 mg, 1.03 mmol). Yield: 78%. White solid. *H NMR (8, ppm) (300 MHz,
CDCls): 7.51 (dd, /= 8.3, 2.2 Hz, 1H, H-2), 7.39 (d, /= 2.2 Hz, 1H, H-4), 7.22 (d, / = 8.3 Hz,
1H, H-1), 6.39 (d, J = 12.2 Hz, 1H, H-6), 6.22 (dt, J = 12.2, 8.7 Hz, 1H, H-7), 3.12 (t, J = 6.9
Hz, 2H, H-13), 2.72 (t, J = 6.9 Hz, 2H, H-12), 2.35-2.24 (m, 2H, H-10), 2.03-1.87 (m, 2H, H-8), 1.81-1.06 (m,
2H, H-9). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 211.2 (C-11), 197.4 (C-5), 147.4 (C-7), 143.2 (Carom), 136.1
(Carom), 133.7 (CHarom), 132.3 (CHarom), 131.8 (CHarom), 130.0 (C-6), 120.6 (C-3), 44.6 (C-12), 38.4 (C-10), 28.0
(C-8), 27.5 (C-13), 22.5 (C-9). IR (ATR) cm'%: 1702 (C=O st), 1649 (C=0 st) cm™. MS (El, 70 eV) m/z (%): 306
(M*, 4), 288 (62), 258 (20), 207 (58), 178 (63), 152 (48), 131 (9), 115 (14), 93 (100), 77 (32), 51 (10). HRMS
(UPLC MS ESI*): Calculated for [CisHisBrNaO3]*: 329.0153 [(M+Na)*]; found 329.0148. M.p.: 85-88 °C
(hexanes/EtOAc).

Wa
O&O

(2)-3-fluoro-9,10,12,13-tetrahydro-5H-benzo[11]annulene-5,11(8H)-dione (1m).
Following the General Procedure H, compound 1m (305 mg, 1.24 mmol) was isolated by
FC (hexanes/EtOAc gradient from 7:3 to 1:1) starting from VII-19 (500 mg, 2.01 mmol)
and Pb(OAc)4 (893 mg, 2.01 mmol). Yield: 62%. White solid. *H NMR (8, ppm) (300 MHz,
CDCls): 7.25 (dd, J = 8.6, 5.2 Hz, 1H, H-2), 7.03 (m, 1H, H-4), 6.89 (dd, J = 8.6, 2.8 Hz, 1H,
H-1), 6.31 (dt, J = 12.1, 1.2 Hz, 1H, H-6), 6.15 (dt, J = 12.1, 8.8 Hz, 1H, H-7), 3.06 (t, /= 6.9
Hz, 2H, H-13), 2.64 (t, J = 6.9 Hz, 2H, H-12), 2.29-2.14 (m, 2H, H-10), 1.91-1.76 (m, 2H, H-8), 1.71-1.57 (m,
2H, H-9). 3C NMR (8, ppm) (75 MHz, CDCls): 211.0 (C-11), 197.4 (d, “Jcr = 1.9 Hz, C-5), 161.0 (d, Yer = 247.9
Hz, C-3), 147.1 (C-7), 142.9 (d, 3Jcr = 6.0 Hz, C-4a), 132.6 (d, *Jcr = 3.5 Hz, C-13a), 132.3 (d, 3Jcr = 7.7 Hz, C-
1), 131.6 (C-6), 117.6 (d, Ucr = 21.3 Hz, CHarom), 113.7 (d, Ycr = 22.5 Hz, CHarom), 44.6 (C-12), 38.0 (C-10),
27.6 (C-8), 27.0 (C-13), 22.2 (C-9). *°F NMR (8, ppm) (282 MHz, CDCls): -115.1. IR (ATR) cm'%: 1706 (C=0 st),
1636 (C=0 st). MS (El, 70 eV) m/z (%): 246 (M*, 7), 228 (26), 196 (32), 171 (15), 146 (33), 121 (13), 93 (100),
55 (9). HRMS (UPLC MS ESI*): Calculated for [CisH1sFNaO3]*: 269.0954 [(M+Na)*]; found 269.0948. M.p.:
102-104 °C (hexanes/EtOAc).

()
O&O

(2)-5,6-dihydrobenzo[b][1]oxacycloundecine-3,9(2H,4H)-dione (1n). Following the

0 General Procedure H, compound 1n (150 mg, 0.65 mmol) was isolated by FC

= (hexanes/EtOAc 7:3) starting from VII-20 (188 mg, 0.81 mmol) and Pb(OAc), (359 mg,

o 0.81 mmol). Yield: 80%. White solid. *H NMR (8, ppm) (300 MHz, CDCls): 7.53-7.32 (m,
o 2H, 2 x CHarom), 7.17-6.93 (m, 2H, 2 x CHarom), 6.35 (dt, J = 12.1, 1.5 Hz, 1H, H-8), 5.90 (dt,

J=12.1, 8.1 Hz, 1H, H-7), 4.47 (s, 2H, H-2), 2.72-2.44 (m, 2H, H-4), 2.25-2.05 (m, 2H, H-6), 1.97-1.79 (m,
2H, H-5). 3C NMR (8, ppm) (75.5 MHz, CDCls): 208.4 (C-3), 197.1 (C-9), 155.7 (Carom), 142.2 (C-7), 133.0
(CHarom), 132.6 (Carom), 132.4 (CHarom), 128.8 (C-8), 123.2 (CHarom), 115.6 (CHarom), 75.6 (C-2), 37.2 (C-4), 28.2
(C-6), 24.9 (C-5). IR (ATR) cm™: 1720 (C=0 st), 1635 (C=0 st), 1628 (C=0 st). MS (El, 70 eV) m/z (%): 230
(M*, 9), 212 (13), 174 (86), 157 (34), 144 (100), 131 (32), 121 (86), 105 (36), 93 (94), 77 (71), 63 (40), 51
(26). HRMS (UPLC MS ESI*): Calculated for [C14H1505]*: 231.1021 [(M+H)*]; found 231.1023. M.p.: 83-85 °C
(hexanes/EtOAc).

0 (Z)-cycloundec-7-ene-1,6-dione (10). Following the General Procedure H, compound 1o

(117 mg, 0.65 mmol) was isolated by FC (hexanes/EtOAc 1:1) starting from VII-7 (140 mg,

0.77 mmol) and Pb(OAc), (340 mg, 0.77 mmol). Yield: 84%. White solid. *H NMR (8, ppm)

o (300 MHz, CDCl3): 6.26 (dt, J=11.8, 1.6 Hz, 1H, H-3), 5.94 (dt, J=11.7, 8.1 Hz, 1H, H-2), 2.89-

2.67 (m, 2H, H-11), 2.54-2.23 (m, 6H, H-4, H-5 and H-7), 1.76-1.46 (m, 4H, H-8 and H-10), 1.40-1.18 (m,

2H, H-9). 13C NMR (8, ppm) (75.5 MHz, CDCls): 211.2 (C-6), 205.4 (C-1), 140.7 (C-3), 131.1 (C-2), 43.2 (C-7),

42.8 (€-11), 39.1 (C-5), 25.2 (C-4), 24.5 (C-10), 23.2 (C-8), 21.4 (C-9). IR (ATR) cm™: 2937 (=C-H st), 1687

(C=0 st), 1628 (C=0 st). MS (EI, 70 eV) m/z (%): 180 (M*, 3), 162 (14), 134 (16), 109 (32), 95 (100), 81 (60),

68(28), 55 (91). HRMS (UPLC MS ESI*): Calculated for [C11H16NaO,]*: 203.1048 [(M+Na)*]; found: 203.1048.
M.p.: 58-60 °C (hexanes/EtOAc).

o (Z)-cyclododec-2-ene-1,7-dione (1p). Following the General Procedure H, compound 1p

(300 mg, 1.55 mmol) was isolated by FC (hexanes/EtOAc 1:1) starting from VII-8 (320 mg,

C@ 1.63 mmol) and Pb(OAc)4 (720 mg, 1.63 mmol). Yield: 95%. Yellow solid. *H NMR (5, ppm)
0 (500 MHz, CDCl5): 6.26 (dt, J=11.8, 1.9 Hz, 1H, H-2), 5.76 (dt, J/=11.8, 7.6 Hz, 1H, H-3), 2.46-

2.31 (m, 8H, H-4, H-7, H-8 and H-12), 1.88-1.73 (m, 2H, H-5), 1.75-1.52 (m, 4H, H-9 and H-

11), 1.25-1.11 (m, 2H, H-10). *3C NMR (8, ppm) (75.5 MHz, CDCls): 211.2 (C-7), 204.5 (C-1), 143.1 (C-3),
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131.4 (C-2), 41.6 (C-6), 41.5 (C-8), 38.7 (C-12), 26.9 (C-4), 25.1 (C-9), 23.4 (C-5), 23.2 (C-11), 21.8 (C-10). IR
(ATR) cm™: 1941 (=C-H st), 1700 (C=0 st), 1677 (C=0 st). MS (El, 70 eV) m/z (%): 194 (M*, 6), 176 (9), 151
(10), 133 (26), 109 (25), 95 (51), 81 (100), 68 (43), 55 (69). HRMS (UPLC MS ESI*): Calculated for
[C12H18Na0,]*: 217.1205 [(M+Na)*]; found: 217.1208. M.p.: 63-65 °C (hexanes/EtOAc).

(Z)-cyclodec-6-ene-1,5-dione (1q). Following the General Procedure H, compound 1q (230

Q mg, 1.38 mmol) was isolated by FC (hexanes/EtOAc 1:1) starting from VII-2 (300 mg, 1.79
mmol) and Pb(OAc)s (790 mg, 1.79 mmol). Yield: 77%. Orange oil. *H NMR (8, ppm) (300
o MHz, CDCls): 6.17 (d, J=12.0 Hz, 1H, H-3), 5.76 (dt, J=12.0, 8,8 Hz, 1H, H-2), 2.49-2.28 (m, 8H,

H-4, H-6, H-8 and H-10), 2.22-2.05 (m, 2H, H-5), 1.79-1.66 (m, 2H, H-9). 13C NMR (§, ppm)
(75.5 MHz, CDCls): 212.3 (C-7), 204.8 (C-1), 141.1 (C-3), 132.3 (C-2), 43.8 (C-6), 43.4 (C-8), 39.0 (C-10), 25.0
(C-4), 22.5 (C-5), 22.0 (C-9). IR (ATR) cm™: 1703 (C=0 st), 1686 (C=0 st). MS (El, 70 eV) m/z (%): 166 (M",
2), 148 (21), 130 (18), 120 (33), 104 (67), 95 (79), 81 (100), 68 (66), 55 (70). HRMS (UPLC MS ESI*):
Calculated for [CioH14Na0,]*: 189.0892 [(M+Na)*]; found: 189.0896.

(2)-9,10-dihydrobenzo[10]annulene-5,11(8H,12H)-dione (1r). Following the General

O ? Procedure H, compound 1r (108 mg, 0.50 mmol) was isolated by FC (pentane/Et,0

‘ gradient from 100:0 to 1:1) starting from VII-9 (180 mg, 0.83 mmol) and Pb(OAc), (369

mg, 0.83 mmol). Yield: 60%. White solid. *H NMR (8, ppm) (300 MHz, CDCl3): 7.54-7.44

(m, 2H, 2 x CHarom), 7.43-7.37 (m, 1H, CHarom), 7.32 (d, J = 7.5 Hz, 1H, CHarom), 6.31 (d, J =

12.2 Hz, 1H, H-6), 6.10 (dt, J = 12.2, 8.9 Hz, 1H, H-7), 3.72 (s, 2H, H-12), 2.47-2.32 (m, 2H, H-10), 1.96-1.82

(m, 2H, H-8), 1.74-1.60 (m, 2H, H-9). *3C NMR (5, ppm) (75.5 MHz, CDCl3): 210.8 (C-11), 198.4 (C-5), 144.8

(C-7), 142.4 (Carom), 142.4 (Carom), 132.45 (CHarom), 132.39 (CHarom), 131.8 (CHarom), 128.2 (CHarom), 128.1 (C-

6), 51.1 (C-12), 38.5 (C-10), 28.1 (C-8), 24.7 (C-9). IR (ATR) cm™: 1692 (C=0 st), 1645 (C=0 st). MS (El, 70

eV) m/z (%): 214 (M*, 6), 196 (19), 186 (20), 167 (8), 158 (100), 145 (18), 132 (39), 115 (40), 103 (7), 89

(32), 77 (10), 63 (14), 51 (7). HRMS (UPLC MS ESI*): Calculated for [C14H1502]*: 215.1072 [(M+H)*]; found
215.1074. M.p.: 68-70 °C (hexanes/EtOAc).

(Z)-cyclonon-6-ene-1,5-dione (1s). Following the General Procedure H, compound 1s (138

? mg, 0.91 mmol) was isolated by FC (hexanes/EtOAc 1:1) as starting from VII-1 (187 mg, 1.21

Cb mmol) and Pb(OAc)4 (526 mg, 1.21 mmol). Yield: 75%. Yellow oil. *H NMR (8, ppm) (300 MHz,

CDCl5): 6.23 (dt, /= 12.6, 8.5 Hz, 1H, H-7), 6.12 (d, J = 12.6 Hz, 1H, H-6), 2.79-2.69 (m, 2H, H-

4), 2.67-2.48 (m, 6H, H-2, H-8 and H-9), 2.06-1.94 (m, 2H, H-3). 13C NMR (8, ppm) (75.5 MHz,

CDCl3): 212.3 (C-1), 204.0 (C-5), 139.1 (C-7), 134.4 (C-6), 44.2 (C-2), 41.9 (C-9), 39.4 (C-4), 23.6 (C-8), 21.9

(C-3). IR (ATR) cm™: 2971 (=C-H st), 1703 (C=0 st), 1652 (C=0 st). MS (El, 70 eV) m/z (%): 152 (M*, 1), 134

(35), 124 (50), 117 (7), 105 (39), 96 (100), 91 (24), 82 (45), 77 (21), 68 (29), 63 (7), 55 (40). HRMS (UPLC
MS ESI*): Calculated for [CsH12NaO,]*: 175.0735 [(M+Na)*]; found: 175.0735.

0]

(Z)-cyclonon-2-ene-1,5-dione (1t). Following the General Procedure H, compound 1t (210

mg, 1.38 mmol) was isolated by FC (hexanes/EtOAc gradient from 7:3 to 1:1) starting from
d} VII-3 (355 mg, 2.30 mmol) and Pb(OAc)4(1.02 g, 2.30 mmol). Yield: 58%. Yellow oil. 'H NMR

(6, ppm) (300 MHz, CDCls): 6.15 (d, J=12.0 Hz, 1H, H-2), 5.90 (dt, J=12.0, 7.9 Hz, 1H, H-3), 3.18
(d, J=7.9 Hz, 2H, H-4), 2.50-2.21 (m, 4H, H-6 and H-9), 1.86-1.54 (m, 4H, H-7 and H-8). 13C
NMR (8, ppm) (75.5 MHz, CDCl3): 208.5 (C-5), 207.3 (C-1), 134.7 (C-3), 128.8 (C-2), 42.8 (C-6), 42.5 (C-9),
42.3(C-4), 24.6 (C-8), 23.9 (C-7). IR (ATR) cm™: 2937 (=C-H st), 1704 (C=0 st), 1691 (C=0 st). MS (El, 70 eV)
m/z (%): 152 (M*, 4), 133 (34), 124 (18), 107 (51), 95 (41), 79 (40), 68 (100), 55 (47). HRMS (UPLC MS ESI*):
Calculated for [CoH130,]*: 153.0916 [(M+H)*]; found: 153.0919.

@)
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3.2. Synthesis of Morita-Baylis-Hillman adducts 2.

General Procedure I: (See Table 2) To a solution of substrate 1 (0.2 mmol) in anhydrous CHCls or CCl, (2
mL) was added phenol (0.1 mmol) and catalyst 3k (0.02 mmol) under inert atmosphere. The reaction
mixture was stirred at the indicated temperature in each case until consumption of the starting material
was observed by TLC. The product was isolated directly by flash column chromatography (FC) with the
indicated eluent, obtaining the Morita-Baylis-Hillman adducts 2. The racemic standards for HPLC
separation conditions were prepared under the same reaction conditions, using 4-dimethylaminopyridine
(DMAP) (0.04 mmol) as catalyst.

0 (R)-8a-hydroxy-2,5,6,7,8,8a-hexahydroazulen-4(1H)-one (2a). Following the General
Procedure I, compound 2a (31.5 mg, 0.19 mmol) was isolated by FC (hexanes/EtOAc 1:1)
after 5 hours at room temperature, starting from 1a (33.2 mg, 0.20 mmol) in the presence
of phenol (9.40 mg, 0.10 mmol) and catalyst 3k (9.70 mg, 0.02 mmol) using dry CHCl3 (2 mL)
as solvent. Yield: 95% (e.e.: 90%). Yellow oil. *H NMR (8, ppm) (500 MHz, CDCl5): 6.83 (t, J =
2.7 Hz, 1H, H-3), 2.80 (ddd, J = 14.7, 13.1, 1.9 Hz, 1H, Ha-5), 2.58-2.47 (m, 2H, Hy-5 and Ha-2), 2.38 (dddd,
J=19.2,8.1,5.2,2.7 Hz, 1H, Hy-2), 2.20-2.12 (m, 2H, H,-1 and H,-8), 2.10-2.02 (m, 1H, Hp-1), 2.02-1.89 (m,
2H, Ha-6 and H,-7), 1.82-1.74 (m, 2H, Hy-7 and OH), 1.72-1.59 (m, 1H, Hyx-8), 1.46-1.35 (m, 1H, Hy-6). 13C
NMR (8, ppm) (75.5 MHz, CDCls): 201.5 (C-4), 149.0 (C-3a), 144.2 (C-3), 83.1 (C-8a), 43.8 (C-5), 43.2 (C-1),
41.1 (C-8), 29.2 (C-2), 25.4 (C-7), 24.7 (C-6). IR (ATR) cm™: 3411 (O-H st), 2926 (=C-H st), 1665 (C=0 st),
1604 (C=0 st). MS (El, 70 eV) m/z (%): 166 (M*, 4), 148 (81), 137 (37), 120 (24), 105 (63), 91 (100), 78 (27),
65 (17). HRMS (UPLC MS ESI*): Calculated for [CioH14NaO,]*: 189.0892 [(M+Na)*]; found: 189.0896. The
e.e. was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0
mL/Min; Tmajor = 8.14 MiN, Tminor = 9.52 Min (90% e.e.). [a]p?: + 93.2 (c=1.60, CHCls).

OH

Large Scale Protocol: Following the General Procedure |, compound 2a (326 mg, 1.96 mmol) was isolated
by FC (hexanes/EtOAc 1:1) after 5 hours at room temperature, starting from 1a (332 mg, 2.00 mmol) in
the presence of phenol (94.1 mg, 1.00 mmol) and catalyst 3j (97.0 mg, 0.20 mmol) using dry CHCl3 (27 mL)
as solvent. Yield: 98% (e.e.: 90%).

(R)-8a-hydroxy-1,3,4,7,8,8a-hexahydro-5H-cyclopenta[cloxepin-5-one (2b). Following the

0 General Procedure I, compound 2b (31.2 mg, 0.19 mmol) was isolated by FC (hexanes/EtOAc
gradient from 7:3 to 3:7) after 2 hours at room temperature, starting from 1b (33.6 mg, 0.20
mmol) in the presence of phenol (9.40 mg, 0.1 mmol) and catalyst 3k (9.70 mg, 0.02 mmol)

(0]

OH using dry CHClz (2 mL) as solvent. Yield: 93% (e.e.: 95%). White solid. *H NMR (8, ppm) (500
MHz, CDCl3): 6.93 (t, J = 2.7 Hz, 1H, H-6), 4.14 (ddd, J = 13.0, 4.5, 3.1 Hz, 1H, H,-3), 4.00 (d, J
=12.4 Hz, 1H, H,-1), 3.59-3.50 (m, 1H, Hy-3), 3.44 (d, J = 12.4 Hz, 1H, Hp-1), 3.15 (s, 1H, OH), 3.06 (ddd, J =
16.1,11.9, 3.1 Hz, 1H, H,-4), 2.67-2.59 (m, 1H, Hy-4), 2.58-2.53 (m, 1H, H,-7), 2.39 (dddd, /= 19.6, 9.1, 3.9,
2.8 Hz, 1H, Hp-7), 2.07 (ddd, J = 14.3, 8.8, 3.9 Hz, 1H, H,-8), 1.91 (ddd, J = 14.5, 9.1, 5.7 Hz, 1H, Hp-8). 13C
NMR (8, ppm) (75.5 MHz, CDCl5): 197.7 (C-5), 147.1 (C-5a), 145.8 (C-6), 82.4 (C-8a), 78.7 (C-1), 67.6 (C-3),
46.8 (C-4), 36.0 (C-8), 29.7 (C-7). IR (ATR) cm™: 3343 (O-H st), 3260 (O-H st), 1673 (C=0 st), 1607 (C=0 st),
1253 (C-O-C st). MS (EI/70 eV) m/z (%): 168 (M*, 2), 150 (53), 138 (43), 122 (44), 109 (100), 93 (47), 82
(56), 65 (52), 53 (26). HRMS (UPLC MS ESI*): Calculated for [CosH12NaOs]*: 191.0684 [(M+Na)*]; found:
191.0687. M.p.: 64-66 °C (n-hexane/EtOAc). The e.e. was determined by HPLC using a Chiralpak AD-H
column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; Tmajor = 15.83 Min, Tminor = 19.00 min (95% e.e.).
[a]p?: + 114.9 (¢=0.90, CHCls).

o (S)-10a-hydroxy-2,9,10,10a-tetrahydrobenzo[flazulen-4(1H)-one (2c). Following the
General Procedure |, compound 2c (37.8 mg, 0.18 mmol) was isolated by FC

O.‘ (hexanes/EtOAc 7:3) after 2 hours at room temperature, starting from 1c (43.0 mg, 0.20
OH mmol) in the presence of phenol (9.4 mg, 0.10 mmol) and catalyst 3k (9.7 mg, 0.02

mmol) using dry CHCls (2 mL) as solvent. Yield: 88% (e.e.: 84%). Yellow oil. *H NMR (8,

ppm) (500 MHz, CDCl5): 7.81-7.76 (m, 1H, H-5), 7.46 (td, J = 7.5, 1.5 Hz, 1H, H-7), 7.35 (td, J = 7.6, 1.2 Hz,
1H, H-6), 7.24 (dd, J = 7.5, 1.2 Hz, 1H, H-8), 7.03 (t, J = 2.6 Hz, 1H, H-3), 2.94 (ddd, J = 14.1, 12.5, 5.9 Hz,
1H, H.-9), 2.79 (ddd, J = 14.2, 4.8, 3.3 Hz, 1H, Hp-9), 2.60-2.52 (m, 1H, H.-2), 2.46 (dtd, /= 18.9, 7.5, 2.4 Hz,
1H, Hy-2), 2.37-2.19 (m, 3H, Ha-1 and H-10), 2.14-2.04 (m, 1H, Hp-1), 1.69 (s, 1H, OH). 3C NMR (5, ppm)
(75.5 MHz, CDCl3): 192.5 (C-4), 149.0 (C-3a), 144.2 (C-3), 141.4 (C-8a), 138.5 (C-4a), 132.8 (C-7), 129.7 (C-
8), 129.4 (C-5), 127.2 (C-6), 83.9 (C-10a), 42.6 (C-1), 40.8 (C-10), 31.3 (C-9), 29.2 (C-2). IR (ATR) cm™: 3436
(O-H st), 1634 (C=0 st), 1594 (C=0 st). MS (El, 70 eV) m/z (%): 196 (M* - H,0, 100), 181 (33), 167 (73), 152
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(30), 139 (8), 128 (7), 118 (39), 105 (5), 90 (33), 83 (11), 76 (5), 63 (11), 51 (9). HRMS (UPLC MS ESI*):
Calculated for [Ci4H14NaO3]*: 237.0892 [(M+Na)*]; found: 237.0893. The e.e. was determined by HPLC
using a Chiralpak AD-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; Tmajor = 14.71 min, Tminor
=13.92 min (84% e.e.). [a]p?°: - 39.5 (c=1.00, CHCls).

(S)-10a-hydroxy-6,8-dimethyl-2,9,10,10a-tetrahydrobenzo[flazulen-4(1H)-one

Q (2d). Following the General Procedure I, compound 2d (44.3 mg, 0.18 mmol) was

‘ isolated by FC (hexanes/CH,Cl,/EtOAc gradient from 1:1:0.1 to 1:1:0.2) after 6 hours

O. oH at room temperature, starting from 1d (49.0 mg, 0.20 mmol) in the presence of

phenol (9.4 mg, 0.10 mmol) and catalyst 3k (9.7 mg, 0.02 mmol) using dry CHCls (2

mL) as solvent. Yield: 90% (e.e.: 88%). White solid. *H NMR (8, ppm) (500 MHz,

CDCls): 7.37 (d, J = 2.0 Hz, 1H, CHarom), 7.17 (d, J = 2.0 Hz, 1H, CHarom), 7.10 (t, J = 2.7 Hz, 1H, H-3), 2.96

(ddd,/=14.4,5.0, 2.6 Hz, 1H, H,-9), 2.73-2.64 (m, 1H, Hp-9), 2.55 (ddt, /=19.0, 8.9, 2.7 Hz, 1H, H,-2), 2.51-

2.41 (m, 1H, Hp-2), 2.37 (s, 3H, CHs), 2.34 (s, 3H, CHs), 2.32-2.22 (m, 2H, H,-1 and H,-10), 2.18 (td, J = 13.7,

5.0 Hz, 1H, Hp-10), 2.11-2.02 (m, Hyp-1), 1.42 (s, 1H, OH). 3C NMR (5, ppm) (75.5 MHz, CDCls): 193.0 (C-4),

148.5 (C-3a), 144.0 (C-3), 139.7 (Carom), 136.6 (Carom), 135.7 (Carom), 135.5 (Carom), 135.3 (CHarom), 127.5

(CHarom), 83.9 (C-10a), 42.0 (C-1), 40.2 (C-10), 29.1 (C-2), 25.7 (C-9), 20.9 (CHs), 19.6 (CHs). IR (ATR) cm™:

3432 (O-H st), 1640 (C=0 st), 1595 (C=0 st). MS (El, 70 eV) m/z (%): 226 (3, M* - H,0), 224 (65), 196 (72),

165 (100), 115 (54), 78 (79), 50 (18). HRMS (UPLC MS ESI*): Calculated for [CigH1sNaO,]*: 265.1205

[(M+Na)*]; found 265.1212. M.p.: 90-92 °C (n-hexane/EtOAc). The e.e. was determined by HPLC using a

Chiralpak AD-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; Tmajor = 9.53 Min, Tminor = 10.86
min (88% e.e.). [a]p?°: - 110.6 (c=1.70, CHCls).

(S)-10a-hydroxy-8-methoxy-2,9,10,10a-tetrahydrobenzo[f]azulen-4(1H)-one (2e).

Following the General Procedure I, compound 2e (49.1 mg, 0.20 mmol) was isolated by
.‘ FC (hexanes/CH,Cl,/EtOAc gradient from 1:1:0.2 to 1:1:0.4) after 6 hours at room

temperature, starting from 1e (50.2 mg, 0.20 mmol) in the presence of phenol (9.4 mg,
0.10 mmol) and catalyst 3k (9.7 mg, 0.02 mmol) using dry CHCl; (2 mL) as solvent. Yield:
98% (e.e.: 87%). Yellow solid. *H NMR (8, ppm) (500 MHz, CDCls): 7.33 (dd, J=7.7, 1.4
Hz, 1H, CHarom), 7.28 (t, J = 7.8 Hz, 1H, H-6), 7.07 (dd, J = 3.1, 2.3 Hz, 1H, H-3), 7.04 (dd, J = 8.0, 1.4 Hz, 1H,
CHarom), 3.86 (s, 3H, OCH;s), 3.38 (ddd, J = 14.0, 5.0, 2.8 Hz, 1H, H,-9), 2.58-2.40 (m, 3H, H-2 and Hy-9), 2.31-
2.22 (m, 2H, Ha-1 and H,-10), 2.17 (ddd, J = 14.3, 13.0, 5.0 Hz, 1H, H,x-10), 2.09-2.01 (m, 1H, Hy-1), 1.60 (s,
1H, OH). 3C NMR (6, ppm) (75.5 MHz, CDCl3): 192.5 (C-4), 156.4 (Carom), 148.7 (C-3a), 144.2 (C-3), 140.4
(Carom), 129.2 (Carom), 127.8 (CHarom), 121.0 (CHarom), 114.5 (CHarom), 84.0 (C-10a), 56.0 (OCHs), 42.3 (C-1),
40.2 (C-10), 29.1 (C-2), 21.7 (C-9). IR (ATR) cm™: 3487 (O-H st), 2941 (=C-H st), 1641 (C=0 st), 1579 (C=0
st). HRMS (UPLC MS ESI*): Calculated for [CisH1sNaOs]*: 267.0997 [(M+Na)*]; found 267.1007. M.p.: 134-
136 °C (hexanes/EtOAc). The e.e. was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-
PrOH (80:20)]; flow rate 1.0 mL/min; Tmajor = 21.38 MiN, Tminor = 12.13 min (87% e.e.). [a]p?: - 75.4 (c=1.95,
CHCl3).

OCH,

(S)-10a-hydroxy-6-methoxy-2,9,10,10a-tetrahydrobenzo[f]azulen-4(1H)-one

(2f). Following the General Procedure I, compound 2f (43.2 mg, 0.18 mmol) was
H3CO isolated by FC (hexanes/EtOAc 1:1), starting from 1f (49.0 mg, 0.20 mmol) in the
O. oH  Presence of phenol (9.4 mg, 0.10 mmol) and catalyst 3k (9.7 mg, 0.02 mmol)
using dry CHCls; (2 mL) as solvent. Yield: 88% (e.e.: 78%). Colorless oil. *H NMR
(8, ppm) (500 MHz, CDCls): 7.31 (d, J = 2.9 Hz, 1H, H-5), 7.14 (d, J = 8.3 Hz, 1H, H-8), 7.03-6.97 (m, 2H, H-3
and H-7), 3.83 (s, 3H, OCH3s), 2.86 (ddd, J=14.4, 12.5, 5.7 Hz, 1H, H,-9), 2.73 (ddd, J = 14.4, 5.0, 3.2 Hz, 1H,
Hyp-9), 2.54 (ddt, J = 18.9, 8.6, 2.9 Hz, 1H, H,-2), 2.44 (dtd, J = 18.9, 7.6, 2.3 Hz, 1H, H-2), 2.33-2.23 (m, 2H,
H.-1 and H.-10), 2.19 (ddd, J = 14.3, 12.5, 5.0 Hz, 1H, Hp-10), 2.12-2.03 (m, 1H, Hp-1), 1.82 (s, 1H, OH). 23C
NMR (8, ppm) (126 MHz, CDCl3): 192.3 (C-4), 158.8 (C-6), 149.0 (C-3a), 144.3 (C-3), 139.3 (Carom), 133.6
(Carom), 131.1 (C-8), 119.7 (C-7), 113.1 (C-5), 84.1 (C-10a), 55.6 (OCHs), 42.4 (C-1), 41.0 (C-10), 30.4 (C-9),
29.2 (C-2). IR (ATR) cm™: 3443 (O-H st), 2937 (=C-H st), 1644 (C=0 st), 1599 (C=0 st). MS (El, 70 eV) m/z
(%): 226 (100), 211 (32), 198 (22), 183 (24), 165 (34), 152 (42), 120 (50), 78 (46), 63 (19), 51 (19). HRMS
(UPLC MS ESI*): Calculated for [CisH16NaOs]*: 267.0997 [(M+Na)*]; found 267.1001. M.p.: The e.e. was
determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min;
Tmajor = 16.95 Min, Tminor = 20.49 min (78% e.e.). [a]p®: - 22.8 (¢=2.40, CHCl3).
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(R)-9a-hydroxy-1,2,3,6,7,8,9,9a-octahydro-5H-benzo[7]annulen-5-one (2g). Following the

General Procedure I, compound 2g (32.4 mg, 0.18 mmol) was isolated by FC

(hexanes/EtOAc gradient from 8:2 to 1:1) after 20 hours at 0 °C, starting from 1g (36.0 mg,

0.20 mmol) in the presence of phenol (9.4 mg, 0.10 mmol) and catalyst 3k (9.7 mg, 0.02
OH mmol) using dry CCls (2 mL) as solvent. Yield: 90% (e.e.: 82%). Yellow oil. *H NMR (6, ppm)
(500 MHz, CDCls): 6.64 (t, J = 3.9 Hz, 1H, H-4), 2.89-2.76 (m, 1H, Ha-6), 2.46 (dd, J = 14.4, 6.7 Hz, 1H, Hy-6),
2.22-2.05 (m, 2H, H-3), 2.00-1.89 (m, 1H, H,-8), 1.89-1.81 (m, 2H, H.-1 and H,-7), 1.76-1.58 (m, 6H, Hy-1,
H-2, Hp-8 and H-9), 1.53 (s, 1H, OH), 1.44-1.28 (m, 1H, Hy-7). 3C NMR (8, ppm) (75.5 MHz, CDCls): 205.0
(C-5), 144.6 (C-4a), 137.9 (C-4), 70.0 (C-9a), 43.7 (C-6), 42.0 (C-1), 41.5 (C-9), 25.9 (C-3), 25.1 (C-8), 24.9 (C-
7), 18.9 (C-2). IR (ATR) cm'!: 3418 (O-H st), 2934 (=C-H st), 1670 (C=0 st), 1607 (C=0 st). MS (EI/70 eV) m/z
(%): 180 (M, 8), 162 (63), 133 (41), 105 (57), 91 (100), 77 (35), 55 (19). HRMS (UPLC MS ESI*): Calculated
for [C11H16NaO,]*: 203.1048 [(M+Na)*]; found: 203.1048. The e.e. was determined by HPLC using a
Chiralpak AD-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min; Tmajor = 8.98 mMin, Tminor = 8.17
min (82% e.e.). [a]p®°: + 84.8 (c=2.50, CHCls).

(S)-11a-hydroxy-1,2,3,10,11,11a-hexahydro-5H-dibenzo[a,d][7]annulen-5-one (2h).

Following the General Procedure I, compound 2h (45.1 mg, 0.20 mmol) was isolated by

O O FC (hexanes/EtOAc 7:3) after 3.5 hours at room temperature, starting from 1h (45.6

oH M8, 0.20 mmol) in the presence of phenol (9.4 mg, 0.10 mmol) and catalyst 3k (9.7 mg,

0.02 mmol) using dry CHCl3 (2 mL) as solvent. Yield: 99% (e.e.: 98%). White solid. H

NMR (8, ppm) (500 MHz, CDCls): 7.83 (dd, J = 7.8, 1.4 Hz, 1H, H-6), 7.43 (td, J = 7.5, 1.4 Hz, 1H, H-8), 7.33

(t, J = 7.8 Hz, 1H, H-7), 7.22 (d, J = 7.5 Hz, 1H, H-9), 7.00 (t, J = 3.9 Hz, 1H, H-4), 3.02 (td, J = 13.8, 5.4 Hz,

1H, H,-10), 2.75 (ddd, J = 14.1, 4.5, 3.0 Hz, 1H, Hp-10), 2.39-2.18 (m, 3H, H-3 and H,-11), 2.01 (td, /= 13.9,

4.5 Hz, 1H, Hp-11), 1.88 (M, 2H, Ha-1 and Ha-2), 1.74-1.54 (m, 2H, Hp-1 and He-2), 1.40 (s, 1H, OH). 3C NMR

(6, ppm) (75.5 MHz, CDCls): 194.5 (C-5), 143.8 (C-4a), 141.5 (C-9a), 139.03 (C-5a), 138.97 (C-4), 132.6 (C-

8), 129.30 (CHarom), 129.28 (CHarom), 127.2 (C-7), 72.4 (C-11a), 41.9 (C-11), 38.5 (C-1), 31.8 (C-10), 25.8 (C-

3),19.9(C-2). IR (ATR) cm™:3443 (O-H st), 2937 (=C-H st), 1654 (C=0 st), 1611 (C=0 st). MS (IE, 70 eV) m/z

(%): 228 (M*, 7), 210 (100), 195 (39), 178 (47), 165 (46), 152 (27), 141 (14), 133 (22), 115 (20), 103 (14), 89

(24), 77 (20), 63 (10), 51 (9). HRMS (UPLC MS ESI*): Calculated for [CisH16NaO,]*: 251.1048 [(M+Na)*];

found: 251.1046. The e.e. was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH

(90:10)]; flow rate 1.0 mL/min; Tmajor = 13.54 Min, Tminor = 14.82 min (98% e.e.). [a]p®®: -128.7 (c=2.35,
CHCls).

(S)-11a-hydroxy-7,9-dimethyl-1,2,3,10,11,11a-hexahydro-5H-dibenzo[a,d][7]

0 annulen-5-one (2i). Following the General Procedure I, compound 2i (50.8 mg, 0.20
O mmol) was isolated by FC (hexanes/EtOAc 1:1) after 7 hours at room temperature,
O. starting 1i (51.3 mg, 0.20 mmol) in the presence of phenol (9.4 mg, 0.10 mmol) and
OH catalyst 3k (9.7 mg, 0.02 mmol) using dry CHCI3 (2 mL) as solvent. Yield: 99% (e.e.:
>98%). White solid. *H NMR (8, ppm) (500 MHz, CDCls) (*denotes partially overlapped
resonances): 7.43 (s, 1H, H-6), 7.16 (s, 1H, H-8), 7.10 (t, J = 3.7 Hz, 1H, H-4), 2.99 (dt, J = 14.4, 3.7 Hz, 1H,
H.-10), 2.73 (td, J = 14.1, 5.0 Hz, 1H, Hy-10), 2.34 (m, 1H, Ha-3), 2.36*(s, 3H, CHs), 2.33* (s, 3H, CHs), 2.32-
2.21 (m, 2H, Hp-3 and H.-11), 1.94-1.84 (m, 3H, Ha-1, Ha-2 and Hp-11), 1.73-1.57 (m, 2H, Hy-1 and Hy-2),
1.52 (s, 1H, OH). 3C NMR (8, ppm) (75.5 MHz, CDCls): 194.7 (C-5), 143.2 (C-4a), 140.0 (C-9a), 139.2 (C-4),
136.4 (Carom), 136.1 (Carom), 135.24 (Carom), 135.21 (C-8), 127.7 (C-6), 72.3 (C-11a), 41.0 (C-11), 38.0 (C-1),
25.9 (€-10), 25.7 (C-3), 20.9 (CHs), 19.9 (C-2), 19.7 (CHs). IR (ATR) cm™: 3422 (O-H st), 2934 (=C-H st), 1659
(C=0 st), 1597 (C=0 st). MS (El, 70 eV) m/z (%): 256 (M", 2), 238 (100), 223 (33), 209 (23), 195 (25), 178
(28), 165 (28), 152 (13), 141 (8), 128 (12), 115 (20), 103 (9), 91 (16), 77 (12), 63 (5), 51 (5). HRMS (UPLC
MS ESI*): Calculated for [Ci7HoNaO,]*: 279.1361 [(M+Na)*]; found: 279.1359. M.p.: 100-102 °C
(hexanes/EtOAc). The e.e. was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH
(90:10)]; flow rate 1.0 mL/min; Tmajor = 8.89 MiN, Tminor = 9.94 min (>98% e.e.). [a]p?%: -99.7 (c=0.57, CHCIs).

(S)-11a-hydroxy-9-methoxy-1,2,3,10,11,11a-hexahydro-5H-dibenzo[a,d][7] annulen-

Q 5-one (2j). Following the General Procedure I, compound 2j (51.1 mg, 0.20 mmol) was
O isolated by FC (hexanes/EtOAc 7:3) after 7 hours at room temperature, starting from
O. 1j (51.7 mg, 0.20 mmol) in the presence of phenol (9.4 mg, 0.10 mmol) and catalyst 3k
OH (9.7 mg, 0.02 mmol) using dry CHCl; (2 mL) as solvent. Yield: 99% (e.e.: 97%). White
OCHjz solid. *H NMR (8, ppm) (500 MHz, CDCls) (*denotes partially overlapped resonances):

7.41 (dd, J = 7.8, 1.2 Hz, 1H, H-6), 7.30-7.27 (m, 1H, H-7), 7.07 (td, J = 3.2, 1.5 Hz, 1H, H-4), 7.04* (dd, J =
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8.2, 1.2 Hz, 1H, H-8), 3.87 (s, 3H, OCH3s), 3.44 (ddd, J = 14.1, 4.4, 3.0 Hz, 1H, H,-10), 2.54 (td, J=13.9, 5.1
Hz, 1H, Hp-10), 2.41-2.32 (m, 1H, H,-3), 2.32-2.18 (m, 2H, Hp-3 and H,-11), 1.96 (dd, J = 14.0, 4.4 Hz, 1H,
Hy-11), 1.93-1.84 (m, 2H, Ha-1 and Ha-2), 1.75-1.65 (m, 1H, Hp-2), 1.65-1.57 (m, 1H, Hyp-1), 1.48 (s, 1H, OH).
13C NMR (8, ppm) (75.5 MHz, CDCls): 194.4 (C-5), 156.2 (C-9), 143.5 (C-4a), 140.9 (C-5a), 139.2 (C-4), 129.7
(C-9a), 127.6 (C-7), 121.2 (C-6), 114.4 (C-8), 72.4 (C-11a), 56.1 (OCHs), 41.1 (C-11), 38.2 (C-1), 25.9 (C-3),
21.7 (C-10), 19.9 (C-2). IR (ATR) cmt: 3465 (O-H st), 2934 (=C-H st), 1657 (C=0 st). MS (El, 70 eV) m/z (%):
258 (M*, 4), 240 (100), 225 (29), 212 (12), 202 (18), 178 (16), 165 (37), 152 (17), 128 (9), 115 (15), 91 (16),
77 (14), 51 (7). HRMS (UPLC MS ESI*): Calculated for [C16H1sNaOs]*: 281.1154 [(M+Na)*]; found: 281.1148.
M.p.: 96-98 °C (hexanes/EtOAc). The e.e. was determined by HPLC using a Chiralpak AD-H column [n-
hexane/i-PrOH (85:15)]; flow rate 1.0 mL/min; Tmajor = 16.22 Min, Tminor = 21.08 min (97% e.e.). [a]p®®: -
134.3 (¢=0.95, CHCl3).

0] (S)-11a-hydroxy-7-methoxy-1,2,3,10,11,11a-hexahydro-5H-dibenzo[a,d][7]
H;CO 0 annulen-5-one (2k). Following the General Procedure I, compound 2k (51.2 mg,
O. 0.20 mmol) was isolated by FC (hexanes/EtOAc gradient from 8:2 to 1:1) after 4
OH  hours at room temperature, starting from 1k (51.7 mg, 0.20 mmol) in the
presence of phenol (9.4 mg, 0.10 mmol) and catalyst 3k (9.7 mg, 0.02 mmol) using dry CHCl5 (2 mL) as
solvent. Yield: 99% (e.e.: >98%). White solid. *H NMR (8, ppm) (500 MHz, CDCls): 7.38 (d, J = 2.8 Hz, 1H, H-
6), 7.14 (d, J = 8.3 Hz, 1H, H-9), 7.02-6.97 (m, 2H, H-8 and H-4), 3.84 (s, 3H, OCH3), 2.96 (td, J = 13.9, 5.3
Hz, 1H, H,-10), 2.72 (ddd, J = 14.2, 4.6, 2.9 Hz, 1H, H,-10), 2.40-2.20 (m, 3H, H-3 and H,-11), 1.99 (td, J =
14.0, 4.6 Hz, 1H, Hp-11), 1.94-1.83 (m, 2H, H,-1 and H,-2), 1.77-1.64 (m, 1H, Hyp-2), 1.64-1.59 (m, 1H, Hy-
1), 1.59 (s, 1H, OH). 13C NMR (8, ppm) (75.5 MHz, CDCls): 194.3 (C-5), 158.7 (C-7), 143.8 (C-4a), 139.7 (C-
5a), 138.9 (C-4), 133.8 (C-9a), 130.6 (C-9), 119.5 (C-8), 112.9 (C-6), 72.4 (C-11a), 55.5 (OCHs), 42.0 (C-11),
38.4 (C-1), 30.8 (C-10), 25.8 (C-3), 19.9 (C-2). IR (ATR) cm'%: 3422 (O-H st), 2937 (=C-H st), 1654 (C=O st).
MS (70 eV) m/z (%): HRMS (UPLC MS ESI*): Calculated for [Ci¢H1sNaOs]*: 281.1154 [(M+Na)*]; found:
281.1161. M.p.: 108-110 °C (hexanes/EtOAc). The e.e. was determined by HPLC using a Chiralpak AD-H
column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/mMin; Tmajor = 17.98 mMin, Tminor = 22.43 min (>98% e.e.).
[a]p?: -108.8 (c=1.58, CHCl3).

(S)-7-bromo-11a-hydroxy-1,2,3,10,11,11a-hexahydro-5H-

Q dibenzol[a,d][7]annulen-5-one (2l). Following the General Procedure I, compound
Br 0 21 (58.4 mg, 0.19 mmol) was isolated by FC (pentane/Et,0 gradient from 2:1 to 1:2)
SH after 2 hours at room temperature, starting from 11 (61.4 mg, 0.20 mmol) in the

presence of phenol (9.4 mg, 0.10 mmol) and catalyst 3k (9.7 mg, 0.02 mmol) using
dry CHCl3 (2 mL) as solvent. Yield: 95% (e.e.: 97%). White solid. *H NMR (8, ppm) (500 MHz, CDCls): 7.93
(d, J=2.2 Hz, 1H, H-6), 7.53 (dd, /= 8.0, 2.2 Hz, 1H, H-8), 7.10 (d, J = 8.1 Hz, 1H, H-9), 7.01-6.97 (m, 1H, H-
4),2.96 (td, J = 13.8, 5.4 Hz, 1H, H,-10), 2.74 (ddd, J = 14.2, 4.5, 2.9 Hz, 1H, Hy-10), 2.42-2.32 (m, 1H, H,-
3), 2.33-2.19 (m, 2H, Hy-3 and H,-11), 2.00 (td, J = 14.0, 4.5 Hz, 1H, Hp-11), 1.95-1.85 (m, 2H, Ha-1 and Ha-
2),1.76-1.63 (m, 1H, Hy-2), 1.60-1.53 (m, 1H, Hy-1), 1.53 (s, 1H, OH). 3C NMR (8, ppm) (75.5 MHz, CDCls):
193.4 (C-5), 143.5 (C-4a), 140.6 (Carom), 140.4 (Carom), 139.7 (C-4), 135.1 (C-8), 131.8 (C-6), 131.0(C-9), 120.9
(C-7), 72.2 (C-11a), 41.3 (C-11), 38.8 (C-1), 31.3 (C-10), 25.8 (C-3), 19.9 (C-2). IR (ATR) cm'%: 3462 (O-H st),
1651 (C=0 st). MS (El, 70 eV) m/z (%): 288 (M* - H,0, 100), 273 (14), 258 (25), 209 (29), 194 (19), 178 (69),
165 (28), 152 (25), 128 (16), 115 (14), 102 (10), 89 (26), 76 (23), 63 (15). HRMS (UPLC MS ESI+): Calculated
for [CisH1sBrNaO,]*: 329.0153 [(M+Na)*]; found: 329.0148. M.p.: 156-158 °C (hexanes/EtOAc). The e.e.
was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH (90:10)]; flow rate 1.0 mL/min;
Tmajor = 9.66 MIN, Trminor = 14.33 min (97% e.e.). [a]p®®: -135.4 (c=1.70, CHCl3).

o (S)-7-fluoro-11a-hydroxy-1,2,3,10,11,11a-hexahydro-5H-dibenzo[a,d][7]annulen-

F O 5-one (2m). Following the General Procedure |, compound 2m (48.8 mg, 0.20 mmol)
was isolated by FC (hexanes/EtOAc gradient from 8:2 to 1:1) after 1,5 hours at room

O. oH  temperature, starting from 1m (49.3 mg, 0.20 mmol) in the presence of phenol (9.4
mg, 0.10 mmol) and catalyst 3k (9.7 mg, 0.02 mmol) using dry CHCl; (2 mL) as

solvent. Yield: 99% (e.e.: 98%). White solid. *H NMR (8, ppm) (500 MHz, CDCl3): 7.56-7.50 (m, 1H, H-6),
7.20 (dd, J=8.3, 5.3 Hz, 1H, H-9), 7.12 (td, J = 8.2, 2.8 Hz, 1H, H-8), 7.00 (t, / = 3.7 Hz, 1H, H-4), 2.99 (td, J
=14.0, 5.1 Hz, 1H, H,-10), 2.81-2.72 (m, 1H, H,x-10), 2.42-2.20 (m, 3H, H-3 and H,-11), 2.01 (td, J = 14.0,
4.4 Hz, 1H, Hp-11), 1.97-1.85 (m, 2H, Ha-1 and H,-2), 1.76-1.64 (m, 1H, Hy-2), 1.58 (td, J = 12.7, 2.7 Hz, 1H,
Hy-1), 1.46 (s, 1H, OH). 13C NMR (8, ppm) (75.5 MHz, CDCls): 193.6 (d, “Jcr = 1.9 Hz, C-5), 161.8 (d, Ycr =
245.8 Hz, C-7), 143.5 (C-4a), 140.7 (d, 3Jcr = 6.4 Hz, C-5a), 139.6 (C-4), 137.3 (d, “Jcr = 3.2 Hz, C-9a), 130.9
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(d, 3Jcr = 7.4 Hz, €-9), 119.2 (d, %Jcr = 21.4 Hz, C-8), 115.6 (d, = 22.6 Hz, C-6), 72.3 (C-11a), 41.6 (C-11),
38.8 (C-1), 31.0 (C-10), 25.8 (C-3), 19.9 (C-2). °F NMR (6, ppm) (282 MHz, CDCls): -115.5. IR (ATR) cm™:
3467 (O-H st), 2946 (=C-H st), 1656 (C=0 st). MS (El, 70 eV) m/z (%): 246 (M*, 4), 228 (100), 213 (27), 196
(51), 183 (37), 170 (23), 159 (15), 146 (16), 133 (20), 121 (5), 107 (15), 91 (9), 75 (8), 63 (7), 51 (7). HRMS
(UPLC MS ESI+): Calculated for [CisH1sFNaO,]*: 269.0954 [(M+Na)*]; found: 269.0946. M.p.: 110-112 °C
(hexanes/EtOAc). The e.e. was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH
(90:10)]; flow rate 1.0 mL/min; Tmajor = 10.58 mMin, Tminor = 13.84 min (98% e.e.). [a]p?®: -102.5 (c=1.35,
CHCl3).

0 (R)-6a-hydroxy-6a,7,8,9-tetrahydrodibenzo[b,e]oxepin-11(6H)-one (2n). Following
O the General Procedure I, compound 2n (22.8 mg, 0.10 mmol) was isolated by FC
O (hexanes/EtOAc gradient from 8:2 to 1:1) after 1 hour at room temperature, starting
o~ OH  from 1n (23.0 mg, 0.10 mmol) in the presence of phenol (4.7 mg, 0.05 mmol) and
catalyst 3k (4.8 mg, 0.01 mmol) using dry CHCI3 (1 mL) as solvent. Yield: 99% vyield (e.e.: 97%). Colorless
oil. *H NMR (8, ppm) (500 MHz, CDCls) (*denotes partially overlapped resonances): 7.93 (dd, /= 7.9, 1.8
Hz, 1H, H-1), 7.46 (ddd, J = 8.5, 7.2, 1.8 Hz, 1H, H-3), 7.19-7.11 (m, 1H, H-2), 7.09 (dd, / = 8.2, 1.2 Hz, 1H,
H-4), 6.78 (t, J = 3.9 Hz, 1H, H-10), 4.30 (d, J = 12.2 Hz, 1H, Hs-6), 4.17 (d, J = 12.2 Hz, 1H, Hp-6), 2.40* (s,
1H, OH), 2.44-2.21 (m, 2H, H-9), 2.04-1.92 (m, 1H, H,-8), 1.92-1.85 (m, 1H, H,-7), 1.82-1.71 (m, 2H, Hy-7
and Hp-8). 3C NMR (8, ppm) (75.5 MHz, CDCls): 192.2 (C-11), 160.7 (C-4a), 143.6 (C-10a), 139.3 (C-10),
134.4 (C-3), 130.8 (C-1), 129.1 (C-11a), 123.4 (C-2), 121.1 (C-4), 80.4 (C-6), 71.0 (C-6a), 34.5 (C-7), 25.7 (C-
9), 18.2 (C-8). IR (ATR) cm™: 3411 (O-H st), 2937 (=C-H), 1656 (C=0). MS (El, 70 eV) m/z (%): 230 (M*, 18),
212 (58), 200 (60), 181 (54), 165 (19), 144 (32), 131 (14), 121 (100), 105 (19), 91 (25), 77 (34), 63 (29), 51
(19). HRMS (UPLC MS ESI*): Calculated for [C14H24Na0Os5]*: 253.0841 [(M+Na)*]; found 253.0841. The e.e.
was determined by HPLC using a Chiralcel OD column [n-hexane/i-PrOH (98:02)]; flow rate 1.0 mL/min;
Tmajor = 26.29 MiN, Tminor = 22.17 min (97% e.e.). [a]p?®: + 65.7 (c=0.98, CHCl5).

(R)-9a-hydroxy-1,2,5,6,7,8,9,9a-octahydro-4H-cyclopenta[8]annulen-4-one (20).

O Following the General Procedure I, compound 20 (26.6 mg, 0.15 mmol) was isolated by FC

(hexanes/EtOAc gradient from 8:2 to 1:1) after 8 hours at room temperature, starting from

10 (36.0 mg, 0.20 mmol) in the presence of phenol (9.4 mg, 0.10 mmol) and catalyst 3k (9.7

OH mg, 0.02 mmol) using dry CHCl3 (2 mL) as solvent. Yield: 73% (e.e.: 74%). Yellow oil. H NMR

(8, ppm) (300 MHz, CDCls): 6.64 (t, J = 2.7 Hz, 1H, H-3), 3.25 (td, J = 12.1, 5.3 Hz, 1H, Ha-5),

2.52-2.37 (m, 1H, H5-2), 2.38-2.26 (m, 2H, Hp-2 and Hy-5), 2.21-1.98 (m, 4H, H-1, H,-9 and OH), 1.91-1.78

(m, 1H, Ha-6), 1.75-1.59 (m, 5H, Hyp-6, H-7, Ha-8 and Hy-9), 1.36-1.18 (m, 1H, Hy-8). 23C NMR (8, ppm) (75.5

MHz, CDCls): 205.0 (C-4), 148.3 (C-3a), 141.7 (C-3), 84.8 (C-9a), 43.9 (C-1), 41.4 (C-9), 39.2 (C-5), 28.5 (C-

2),26.5(C-6), 26.0 (C-8), 21.9 (C-7). IR (ATR) cm*: 3440 (O-H st), 2934 (=C-H st), 2862 (=C-H st), 1705 (C=0

st), 1637 (C=0 st). MS (EI/70 eV) m/z (%): 180 (M*, 6), 162 (61), 147 (9), 137 (95), 119 (71), 105 (61), 91

(100), 78 (38), 65 (20), 55 (19). HRMS (UPLC MS ESI*): Calculated for [C11H1sNaO,]*: 203.1048 [(M+Na)*];

found: 203.1047. The e.e. was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH

(95:05)]; flow rate 1.0 mL/min; Tmajor = 15.13 MiN, Tminor = 17.12 min (74% e.e.). [a]p®: + 60.7 (c=1.29,
CHCls).

o) (S)-4a-hydroxy-3,4,4a,5,6,7-hexahydronapthalen-1(2H)-one (2q). Following the General
Procedure I, compound 2q (23.9 mg, 0.14 mmol) was isolated by FC (pentane/Et,0 gradient
from 100:0 to 1:1) after 5 hours at room temperature, starting from 1q (33.2 mg, 0.20 mmol)

OH in the presence of phenol (9.4 mg, 0.10 mmol) and catalyst 3k (9.7 mg, 0.02 mmol) using dry
CHCl3 (2 mL) as solvent. Yield: 72% (e.e.: 92%). White solid. *H NMR (5, ppm) (300 MHz,
CDCl3): 6.71 (dd, J = 4.9, 2.7 Hz, 1H, H-8), 2.68-2.51 (m, 1H, H,-2), 2.38-2.08 (m, 4H, Hy-2, Ha-3 and H-7),
2.05-1.78 (M, 4H, Hy-3, Ha-4, Ha-5 and OH), 1.78-1.47 (m, 4H, Hu-4, Hu-5 and H-6). 13C NMR (8, ppm) (75.5
MHz, CDCl3): 201.6 (C-1), 140.6 (C-8a), 138.6 (C-8), 69.4 (C-4a), 40.3 (C-2), 37.4 (C-4), 37.3 (C-5), 26.3 (C-
7),18.2 (C-3),17.2 (C-6). IR (ATR) cm™*: 3404 (O-H st), 2940 (=C-H st), 1677 (C=0 st), 1615 (C=0 st). MS (El,
70 eV) m/z (%): 166 (M*, 9), 148 (77), 138 (37), 120 (50), 110 (38), 91(100), 77 (26), 65 (16). HRMS (UPLC
MS ESI*): Calculated for [CioH14NaO,]*: 189.0892 [(M+Na)*]; found: 189.0902. M.p.: 57-59 °C
(hexanes/EtOAc). The e.e. was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH
(90:10)]; flow rate 1.0 mL/Min; Tmajor = 13.52 Min, Tminor = 10.86 min (92% e.e.). [a]p?: +108.6 (c=0.46,
CHCls).
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9] (S)-4a-hydroxy-3,4,4a,10-tetrahydroanthracen-9(2H)-one (2r). Following the General
Procedure I, compound 2r (35.3 mg, 0.16 mmol) was isolated by FC (hexanes/EtOAc
O“ gradient from 8:2 to 1:1) after 10 hours at room temperature, starting from 1r (43.0 mg,
OH 0.20 mmol) in the presence of phenol (9.4 mg, 0.10 mmol) and catalyst 3k (9.7 mg, 0.02
mmol) using dry CHCl3 (2 mL) as solvent. Yield: 82% (e.e.: 70%). Yellow solid. *H NMR (8,
ppm) (500 MHz, CDCls): 8.13 (dd, J = 7.8, 1.4 Hz, 1H, H-8), 7.54 (td, J = 7.5, 1.5 Hz, 1H, H-6), 7.42-7.37 (m,
1H, H-7), 7.33-7.29 (m, 2H, H-1 and H-5), 3.17 (d, J = 16.1 Hz, 1H, H,-10), 3.11 (d, J = 16.1 Hz, 1H, Hyx-10),
2.55-2.42 (m, 1H, Ha-2), 2.37-2.25 (m, 1H, Hy-2), 2.18-2.11 (m, 1H, Ha-4), 1.95 (s, 1H, OH), 1.89-1.72 (m,
4H, Hp-4 and H-3). 13C NMR (8, ppm) (75.5 MHz, CDCl5): 185.8 (C-9), 141.5 (C-1), 140.2 (Carom), 137.80 (C-
9a), 133.7 (C-7), 132.3 (Carom), 129.3 (C-5), 128.0 (CHarom), 127.2 (CHarom), 68.9 (C-4a), 42.8 (€-10), 37.0 (C-
4),26.5(C-2),17.3 (C-3). IR (ATR) cm™: 3418 (O-H st), 2940 (=C-H st), 1659 (C=0 st). MS (EI/70 eV) m/z (%):
214 (M*, 3), 196 (100), 181 (53), 165 (58), 139 (10), 115 (8), 98 (5), 82 (13), 63 (7). HRMS (UPLC MS ESI*):
Calculated for [C14H150,]*: 215.1072 [(M+H)*]; found: 215.1075. M.p.: 126-128 °C (hexanes/EtOAc). The
e.e. was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH (95:05)]; flow rate 1.0
mML/Min; Tmajor = 17.28 Min, Tminor = 25.11 min (70% e.e.). [a]p?®: -33.1 (c=1.9, CHCls).

o 3,5,6,7-tetrahydro-4H-inden-4-one (2s).'” Following the General Procedure I, compound 2s

(20.1 mg, 0.15 mmol) was isolated by FC (hexanes/EtOAc 7:3) after 28 hours at room

é@ temperature, starting from 1s (30.3 mg, 0.20 mmol) in the presence of phenol (9.4 mg, 0.10

mmol) and catalyst 3k (9.7 mg, 0.02 mmol) using dry CHCl; (2 mL) as solvent. Yield: 73%.

Colorless oil. *H NMR (8, ppm) (500 MHz, CDCls): 6.79 (dt, J = 5.2, 1.3 Hz, 1H, H-1), 6.52 (dt, J = 5.3, 1.5 Hz,

1H, H-2), 3.29-3.24 (m, 2H, H-3), 2.66-2.59 (m, 2H, H-7), 2.49-2.41 (m, 2H, H-5), 2.10 (p, J = 6.2 Hz, 2H, H-

6). 13C NMR (8, ppm) (75.5 MHz, CDCl3): 195.1 (C-4), 164.4 (C-7a), 141.8 (C-1), 139.1 (C-3a), 134.3 (C-2),
38.8 (C-3), 37.9 (C-5), 25.5 (C-7), 24.2 (C-6).

0 (3aR,7aS)-7a-hydroxy-1,2,3,3a,7,7a-hexahydro-4H-inden-4-one (2t).!8 Following the General

';l Procedure I, compound 2t (26.2 mg, 0.17 mmol) was isolated by FC (hexanes/EtOAc gradient
from 7:3 to 3:7) after 96 hours at room temperature, starting from 1t (30.5 mg, 0.20 mmol) in
é)H the presence of phenol (9.4 mg, 0.1 mmol) and catalyst 3k (9.7 mg, 0.02 mmol) using dry CHCl;

(2 mL) as solvent. Yield: 86% (d.r.: 17:1 and e.e.: 87%). Colorless oil. *H NMR (&, ppm) (300
MHz, CDCls) (*denotes partially overlapped resonances): 6.83 (dt, J = 10.0, 4.2 Hz, 1H, H-6), 6.02 (dt, J =
10.1, 2.2 Hz, 1H, H-5), 2.73-2.63 (m, 2H, H-7), 2.62-2.52 (m, 1H, H-3a), 2.24-2.05 (m, 2H, H-3), 2.19* (s, 1H,
OH), 1.93-1.56 (m, 4H, H-1 and H-2). 13C NMR (8, ppm) (75.5 MHz, CDCl3) (*denotes minor diastereomer):
200.9 (C-4), 200.1* (C-4*), 146.5 (C-6), 145.6* (C-6*), 130.4* (C-5*), 128.3 (C-5), 82.7* (C-7a*), 81.5 (C-
7a), 57.9* (C-3a*), 57.7 (C-3a), 39.5* (C-1*), 39.0* (C-7%*), 38.3 (C-1), 36.1 (C-7), 26.4 (C-3), 21.3* (C-3*),
21.2 (C-2),20.2* (C-2*). IR (ATR) cm™: 3412 (O-H st), 2956 (=C-H st), 1663 (C=0 st). MS (EI/70 eV) m/z (%):
152 (M*, 22), 133 (53), 123 (14), 117 (20), 110 (7), 105 (15), 96 (6), 91 (18), 84 (100), 77 (21), 69 (41), 63
(6), 55 (37), 51 (14). HRMS (UPLC MS ESI*): Calculated for [CoH1oNaO,]*: 153.0916 [(M+Na)*]; found:
153.0915. The e.e. was determined by HPLC using a Chiralpak AD-H column [n-hexane/i-PrOH (90:10)];
flow rate 1.0 mL/min; Tmajor = 8.38 MinN, Trminor = 10.16 min (87% e.e.). [a]p?°: -12.6 (¢=0.75, CHCl3).

H o] (3aR,7aS)-7a-hydroxyoctahydro-4H-inden-4-one (2t’). Palladium on carbon (10%, 3.0 mg)

B was added to a solution of compound 2t (30.0 mg, 0.20 mmol) in ethanol (2.0 mL) and the

<:© heterogenous mixture was stirred under H, atmosphere for 30 min. The reaction mixture

(in was filtered through celite and eluted with ethanol. Volatiles were evaporated and the

residue was purified by FC (petroleum ether/EtOAc 1:1) to afford hydrogenated 2t’ (26.0 mg,

0.17 mmol). 85% yield. Colorless oil. 'H NMR (8, ppm) (300 MHz, CDCls): 2.60-2.51 (m, 1H), 2.45-2.28 (m,

2H), 2.24-2.09 (m, 1H), 2.10-1.55 (m, 10H). 13C NMR (6, ppm) (75.5 MHz, CDCls): 211.5, 84.7, 61.1, 39.6,
38.2,35.0, 24.6, 21.4, 21.3.
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3.3. Synthesis of catalysts 3.

Catalysts 3p*®, 3g%°, 3r?%, 3522, 3t>3 and 3u®* were prepared following procedures previously described in
the literature. NMR spectra of the obtained products matched the reported data. The experimental
procedure for the synthesis of catalysts 3¢c-3n was based on previously described literature procedures.?>

Bu H
Boc., .~ N~
HoN_ o~ BOCHN/H( ﬁ PPh2 or N " >PPh,
PPy : iPr ‘ﬁo( jPr
R3 HBTU (1.1 equiv.)
NEt; or 3d 3m
DIPEA (2.0 equiv.)
+ T, or or
; CH,Cly, rt. R? g B |
OH General R1*NHW N PPh, or BOC\NW ~"" > PPh,
R'-HN Procedure J o R® Pr
o
(1.1 equiv.) 3¢ (R'=Boc, R%Bn, R3%=-Pr)  3i (R'=Boc, R?=Bn, R%=Ph) sn

3e (R'=Fmoc, R?=Bn, R3=i-Pr)
3f (R'=Ts, R%=Bn, R%=/-Pr)

3j (R'=Boc, R?=i-Pr, R%=i-Pr)
3k (R'=Boc, R?=t-Bu, R%=i-Pr)

3g (R'=Boc, R?=Bn, R®=(S)-s-Bu) 3l (R'=Boc, R?=Ph, R®=i-Pr)
3h (R'=Boc, R?=Bn, R%=t-Bu)

Figure SI-4. General overview for the synthesis of catalyst 3.

General Procedure J for catalysts synthesis: To a solution of the corresponding phosphine (0.6 mmol) in
anhydrous CH,Cl, (2 mL) was added the corresponding aminoacid (0.66 mmol), HBTU (0.66 mmol) and
NEts (1.2 mmol) or N,N-diisopropylethylamine (1.2 mmol) under inert atmosphere. The reaction mixture
was degassed by bubbling argon through the solution and it was stirred at room temperature for three
days. After that time, the reaction mixture was washed with brine, dried over anhydrous Na,SO,4 and
concentrated under reduced pressure. The residue was purified by flash column chromatography on silica
gel (hexanes/ EtOAc) to yield the desired product 3b-j, which was stored under inert atmosphere to avoid
oxidation.

tert-butyl ((R)-1-(((S)-1-(diphenylphosphanyl)-3-methylbutan-2-yl)amino)-1-

_Ph oxo-3-phenylpropan-2-yl)carbamate (3c). Following the General Procedure J,

CUNL e catalyst 3¢ (205 mg, 0.40 mmol) was isolated by FC (hexanes/EtOAc 8:2) as a
BOCHN/\H/ J\ PPh2  \white solid starting from (S)-1-(diphenylphosphino)-3-methyl-2-butylamine
o (175 mg, 0.65 mmol), Boc-D-phenylalanine (190 mg, 0.72 mmol), HBTU (275

mg, 0.72 mmol) and NEt3 (0.18 mL, 1.30 mmol) in 62% yield. *H NMR (8, ppm) (300 MHz, CDCl3): 7.62-7.08
(m, 15H, 15 X CHarom), 5.71 (s, 1H, NH), 4.69 (s, 1H, NH), 4.22-4.16 (m, 1H, CHCO), 4.06-3.92 (m, 1H,
CHCH,PPh,), 3.05 (dd, J = 13.9, 6.9 Hz, 1H, CH,H,CHCO), 2.98-2.86 (m, 1H, CH,H,CHCO), 2.28-2.10 (m, 2H,
CH,PPh,), 1.93-1.81 (m, 1H, CH(CHs),), 1.40 (s, 9H, OC(CH3s)s), 0.75 (d, J = 6.7 Hz, 6H, CH(CHs),). 13C NMR
(6, ppm) (75.5 MHz, CDCl3): 170.4 (NHCO), 155.3 (COOC(CHs)s), 138.7 (d, Yep = 13.4 Hz, Carom), 138.5 (d,
Yep = 12.9 Hz, Carom), 137.0 (Carom), 132.9 (d, %ep = 19.4 Hz, Carom), 132.8 (d, 2Jcp = 19.3 Hz, Carom), 129.3
(CHarom), 128.8 (CHarom), 128.8 (CHarom), 128.7 (CHarom), 128.6 (CHarom), 128.5 (CHarom), 126.9 (CHarom), 80.1
(OC(CHs)s), 56.1 (CHCO), 52.4 (d, %Jcp =14.8 Hz, CHCH(CHs),), 38.3 (CH,CHCO), 32.2 (d, ¥Jcr = 8.4 Hz,
CH(CHs)), 31.6 (d, Yep = 15.0 Hz, CH,CHCH(CH3),), 28.3 (C(CH3)3), 18.8 (CH(CH3),), 17.5 (CH(CH3),). 3P NMR
(8, ppm) (121.5 MHz, CDCl3): -23.3. IR (ATR) cm™: 3307 (N-H st), 1687 (C=0 st), 1652 (C=0 st), 1529 (N-
C=0 st), 1497 (N-C=0 st). HRMS (UPLC MS ESI+): Calculated for [C3;H4oN>05P]*: 519.2777 [(M+H)*]; found:

519.2800. M.p.: 108-110 °C (hexanes/EtOAc). [a]p?’: + 22.0 (¢=0.83, CHCls).
white solid starting from (S)-1-(diphenylphosphino)-3-methyl-2-butylamine

BocHN/E”/ J\ PPh;
(202 mg, 0.75 mmol), Boc-L-phenylalanine (218 mg, 0.82 mmol), HBTU (310

mg, 0.82 mmol) and NEt3 (0.21 mL, 1.50 mmol) in 52% yield.*H NMR (§, ppm) (300 MHz, CDCl3): 7.52-7.12
(m, 15H, 15 x CHarom), 5.81 (d, J = 9.2 Hz, 1H, NH), 5.03 (s, 1H, NH), 4.18 (m, 1H, CHCO), 3.87 (m, 1H,

tert-butyl ((S)-1-(((S)-1-(diphenylphosphanyl)-3-methylbutan-2-yl)amino)-1-
oxo-3-phenylpropan-2-yl)carbamate (3d). Following the General Procedure J,
catalyst 3d (200 mg, 0.39 mmol) was isolated by FC (hexanes/EtOAc 8:2) as a
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CHCH,PPh,), 3.03 (d, J = 7.1 Hz, 2H CH,CHCO), 2.08 (d, J = 7.2 Hz, 2H, CH,PPh,), 1.94 (m, 1H CH(CHs),),
1.40 (s, 9H, OC(CHs)3), 0.79 (d, J = 6.7 Hz, 3H, CH(CH3)), 0.76 (d, J = 6.8 Hz, 3H, CH(CH3),). *C NMR (8, ppm)
(75.5 MHz, CDCl3): 170.6 (NHCO), 155.6 (COOC(CHs)3), 138.5 (d, “Jep = 12.7 Hz, Carom), 138.2 (d, *Jer = 12.0
Hz, Carom), 137.2 (Carom), 133.2 (CHarom), 132.9 (CHarom), 132.6 (CHarom), 129.5 (CHarom), 128.9(CHarom), 128.8
(CHarom), 128.7 (CHarom), 128.6 (CHarom), 128.5 (CHarom), 126.9 (CHarom), 80.1 (OC(CHs)s), 55.9 (CHCO),
52.1(d, 2Jcp =14.9 Hz, CHCH(CHs),), 38.1 (CH,CHCO), 32.0 (CH(CH3)), 31.8 (d, Yep = 7.3 Hz, CH,CHCH(CHs),),
28.4 (C(CHs)s), 19.2 (CH(CH3),), 17.0 (CH(CHs),). 3P NMR (8, ppm) (121.5 MHz, CDCls): -23.71. IR (ATR) cm
1: 3280 (N-H st), 1685 (C=0 st), 1630 (C=0 st), 1540 (N-C=0 st). HRMS (UPLC MS ESI+): Calculated for
[C31H40N,03P]*: 519.2777 [(M+H)*]; found: 519.2804. M.p.: 163-165 °C (hexanes/EtOAc). [a]p?%: + 20.52
(c=0.65, CHCl3).

(9H-fluoren-9-yl)methyl ((R)-1-(((S)-1-(diphenylphosphanyl)-3-
R methylbutan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl) carbamate (3e).
FmocHN/\n/N “‘\\Pth Following the General Procedure J, 3e (205 mg, 0.32 mmol) was isolated by
Io) J\ FC (hexanes/EtOAc gradient from 8:2 to 2:8) as a white solid starting from (S)-
1-(diphenylphosphino)-3-methyl-2-butylamine (170 mg, 0.63 mmol), Fmoc-
D-phenylalanine (265 mg, 0.69 mmol), HBTU (265 mg, 0.69 mmol) and N,N-diisopropylethylamine (0.2
mL, 1.26 mmol) in 51% yield. *H NMR (8, ppm) (300 MHz, CDCls): 7.79 (d, J = 7.6 Hz, 2H, 2 X CHarom), 7.62-
7.50 (m, 2H, 2 x CHarom), 7.46-7.11 (m, 19H, 19 x CHarom), 5.54 (d, J = 9.3 Hz, 1H, NH), 4.95 (d, J = 8.1 Hz,
1H, NH), 4.50-4.29 (m, 2H, CH,OCONH), 4.31-4.10 (m, 2H, CHCH,OCONH and CHCO), 3.98 (qt, /=9.3, 5.0
Hz, 1H, CHCH,PPh,), 3.12-2.81 (m, 2H, CH,CHCO), 2.31-2.06 (m, 2H, CH,PPh;), 1.92-1.74 (m, 1H, CH(CHs),),
0.74 (d, J = 6.9 Hz, 6H, CH(CH3),). 3C NMR (8, ppm) (75.5 MHz, CDCls): 169.8 (NHCO), 156.0 (COOCH,),
143.9 (Carom), 143.8 (Carom), 141.44 (Carom), 141.42 (Carom), 138.6 (d, Yep = 13.5 Hz, Carom), 138.5 (d, Yepr =
12.8 Hz, Carom), 136.8 (Carom), 132.9 (d, Zp = 19.3 Hz, CHarom), 132.8 (d, Zep = 19.3 Hz, CHarom), 129.4 (CHarom),
128.9 (CHarom), 128.83 (CHarom), 128.80 (CHarom), 128.74 (CHarom), 128.66 (CHarom), 128.56 (CHarom), 127.85
(CHarom), 127.84 (CHarom), 127.19 (CHarom), 127.16 (CHarom), 127.0 (CHarom), 125.11 (CHarom), 125.06 (CHarom)
120.1 (CHarom), 66.9 (CH,0), 56.4 (CHCO), 52.8 (d, 2Jcp = 14.4 Hz, CHCH(CH3),), 47.2 (CHCH,0), 38.4
(CH,CHCO), 32.4 (d, 3Jcp = 8.6 Hz, CH(CH3),), 31.5 (d, Yep = 15.0 Hz, CH,CHCH(CHs),), 18.8 (CH(CHs),), 17.8
(CH(CH3),). 3P NMR (6, ppm) (121.5 MHz, CDCl3): -23.07. IR (ATR) cm™: 3297 (N-H st), 1690 (C=0 st), 1647
(C=0st), 1528 (N-C=0 st). HRMS (UPLC MS ESI+): Calculated for [C41H42N203P]*: 641.2933 [(M+H)*]; found:
641.2949. M.p.: 135-138 °C (hexanes/EtOAc). [a]p?®: + 13.34 (c=1.33, CHCl3).

_Ph

(R)-N-((S)-1-(diphenylphosphanyl)-3-methylbutan-2-yl)-2-((4-methylphenyl)
SO sulfonamido)-3-phenylpropanamide (3f). Following the General Procedure J,
TsHN/\[]/N “pph, catalyst 3f (340 mg, 0.59 mmol) was isolated by FC (hexanes/EtOAc gradient

o J\ from 7:3 to 1:1) as a white solid starting from (S)-1-(diphenylphosphino)-3-
methyl-2-butylamine (250 mg, 0.92 mmol), N-Tosyl-D-phenylalanine (320 mg,
1.01 mmol), HBTU (380 mg, 1.01 mmol) and NEt; (0.26 mL, 1.84 mmol) in 64% yield. *H NMR (5, ppm)
(300 MHz, CDCls): 7.52-7.26 (m, 12H, 12 X CHarom), 7.21-7.04 (m, 5H, 5 X CHarom), 6.94-6.84 (m, 2H, 2 x
CHarom), 6.48 (d, J = 9.5 Hz, 1H, NH), 4.80 (d, J = 6.4 Hz, 1H, NH), 4.10-3.98 (m, 1H, CHCO), 3.87-3.78 (m,
1H, CHCH(CHs),), 3.02 (dd, J = 14.1, 5.2 Hz, 1H, CH.H,CHCO), 2.67 (dd, J = 14.1, 8.4 Hz, 1H, CH,H,CHCO),
2.35 (s, 3H, CHs), 2.22 (d, J = 7.2 Hz, 2H, CH2PPh,), 2.04-1.84 (m, J = 6.7 Hz, 1H, CH(CHs),), 0.88 (d, J = 6.7
Hz, 6H, CH(CHs)). **3C NMR (8, ppm) (75.5 MHz, CDCl3): 169.4 (NHCO), 143.6 (Carom), 138.6 (d, Yep = 13.8
Hz, Carom), 138.5 (d, 3Jcp = 12.8 Hz, Carom), 135.6 (Carom), 135.5 (Carom), 132.9 (d, Zcp = 20.1 Hz, CHarom), 132.6
(d, Ycp = 19.6 Hz, CHarom), 129.7 (CHarom), 129.1 (CHarom), 128.8 (CHarom), 128.7 (CHarom), 128.58 (CHarom),
128.55 (CHarom), 128.46 (CHarom), 127.0 (CHarom), 126.9 (CHarom), 58.0 (CHCO), 52.8 (d, ¥cp = 15.0 Hz,
CHCH(CH3),), 38.0 (CH,CHCO), 32.5 (d, 3Jcp = 8.3 Hz, CH(CH3),), 31.5 (d, Ycp = 14.7 Hz, CH,CHCH(CH3),), 21.5
(CHs), 18.8 (CH(CHs),), 17.4 (CH(CHs),). 3P NMR (8, ppm) (121.5 MHz, CDCls): -22.9. IR (ATR) cm™: 1655
(C=0 st), 1522 (N-C=0 st). HRMS (UPLC MS ESI+): Calculated for [Cs3H3sN20sPS]*: 573.2341 [(M+H)"];
found: 573.2360. M.p.: 58-60 °C (hexanes/EtOAc). [a]p®®: + 54.6 (c=1.00, CHCls).

Ph

~

tert-butyl ((R)-1-(((25,35)-1-(diphenylphosphanyl)-3-methylpentan-2-

_/Ph yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (3g). Following the General

: H o~ Procedure J, catalyst 3g (340 mg, 0.64 mmol) was isolated by FC
BOCHN/\ﬂ/ - PPh (hexanes/EtOAc gradient from 9:1 to 8:2) as a white solid starting from
0 (2S,35)-1-(diphenylphosphino)-3-methylpentan-2-amine (225 mg, 0.79

mmol), Boc-D-phenylalanine (230 mg, 0.87 mmol), HBTU (330 mg, 0.87 mmol)

and NEt3 (0.22 mL, 1.58 mmol) in 81% yield. *H NMR (8, ppm) (300 MHz, CDCls): 7.59-7.10 (m, 15H, 15 x
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CHarom), 5.79 (d, J = 9.2 Hz, 1H, NH), 4.78 (s, 1H, NH), 4.29-4.12 (m, 1H, CHCO), 4.12-3.93 (m, 1H,
CHCH,PPh,), 3.14-3.00 (m, 1H, CH,H,CHCO), 2.99-2.82 (m, 1H, CH,H,CHCO), 2.32-2.02 (m, 2H, CH,PPh;),
1.70-1.52 (m, 1H, CHCHCH,PPh,), 1.41 (s, 9H, OC(CHs)s), 1.38-1.22 (m, 1H, CHaH,CHCHCH,PPh,), 1.07-0.84
(m, 1H, CH,H,CHCHCH,PPh,), 0.88-0.68 (m, 6H, 2 x CHs). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 170.2
(NHCO), 155.2 (COOC(CHs)3), 138.7 (d, Yep = 13.0 Hz, Carom), 138.5 (d, Yep = 13.7 Hz, Carom), 137.0 (Carom),
132.9 (d, Uer = 19.6 Hz, CHarom), 132.7 (d, Ycp = 19.3 Hz, CHarom), 129.2 (CHarom), 128.8 (CHarom), 128.7
(CHarom), 128.6 (CHarom), 128.5 (CHarom), 128.4 (CHarom), 126.8 (CHarom), 79.9 (OC(CH)3), 56.0 (CHCO), 51.5
(d, 2Jcp = 14.8 Hz, CHCH,PPh;), 38.8 (d, Jcr = 7.8 Hz, CHCHCH,PPh;), 38.3 (CH,CHCO), 30.6 (d, Ycp = 14.9
Hz, CH,PPh,), 28.3 (OC(CHs)3), 24.8 (CH,CHCHCH,PPh,), 14.8 (CHsCH), 11.6 (CH3CH,). 3'P NMR (5, ppm)
(121.5 MHz, CDCls): -23.0. IR (ATR) cm’: 3270 (N-H st), 1645 (C=0 st). HRMS (UPLC MS ESI+): Calculated
for [C32Ha2N203P]*: 533.2933 [(M+H)*]; found: 533.2952. M.p.: 133-135 °C (hexanes/EtOAc). [a]p?%: + 25.4
(c=0.95, CHCl3).

Ph tert-butyl ((R)-1-(((S)-1-(diphenylphosphanyl)-3,3-dimethylbutan-2-
;/ H yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (3h). Following the General
BocHN/\n/N “*pph, Procedure J, catalyst 3h (245 mg, 0.46 mmol) was isolated by FC
o) J\ (hexanes/EtOAc gradient from 9:1 to 8:2) as a white solid starting from (S)-1-
(diphenylphosphino)-3,3-dimethylbutan-2-amine (235 mg, 0.82 mmol), Boc-D-
phenylalanine (240 mg, 0.90 mmol), HBTU (340 mg, 0.90 mmol) and NEt; (0.29 mL, 1.64 mmol) in 56%
yield. *H NMR (8, ppm) (300 MHz, CDCls): 7.57-7.12 (m, 15H, 15 x CHarom), 5.87 (d, J = 10.3 Hz, 1H, NH),
4.66 (s, 1H, NH), 4.30-4.18 (m, 1H, CHCO), 4.17-3.90 (m, 1H, CHCH,PPh,), 3.15 (dd, J = 14.2, 6.5 Hz, 1H,
CH,H,CHCO), 3.01-2.85 (m, 1H, CH,H,CHCO), 2.32 (dt, J = 13.9, 2.9 Hz, 1H, CH.H,PPh3), 2.11-1.94 (m, 1H,
CH.H,PPh;), 1.40 (s, 9H, OC(CHs)s), 0.80 (s, 9H, CH(CH3)s). *C NMR (8, ppm) (75.5 MHz, CDCls): 170.4
(NHCO), 155.3 (COOC(CHs)s3), 139.2 (d, Yep = 13.9 Hz, Carom), 138.5 (d, Yep = 14.6 Hz, Carom), 137.2 (Carom),
133.0 (d, 2Jcp = 19.3 Hz, CHarom), 132.6 (d, 2Jcp = 19.2 Hz, CHarom), 129.2 (CHarom), 128.69 (CHarom), 128.65
(CHarom), 128.61 (CHarom), 128.57 (CHarom), 128.47 (CHarom), 128.4 (CHarom), 126.7 (CHarom), 80.0 (OC(CH3)s),
56.0 (CHCO), 55.1 (d, 2Jcp = 14.5 Hz, CHC(CH3)3), 37.8 (CH,CHCO), 35.4 (d, 3/c» = 6.8 Hz, C(CHs)s), 30.3 (d,
Yep=14.0 Hz, CH,CHC(CHs)s), 28.2 (OC(CHs)3), 26.0 (C(CH3)s). 3P NMR (8, ppm) (121.5 MHz, CDCls): -21.4.
IR (ATR) cm™: 3300 (N-H st), 1685 (C=0 st), 1652 (C=0 st). HRMS (UPLC MS ESI+): Calculated for
[C32H42N203P]*: 533.2933 [(M+H)*]; found: 533.2939. M.p.: 108-110 °C (hexanes/EtOAc). [a]p?’: +29.6
(c=1.0, CHCIs).

Ph tert-butyl ((R)-1-(((S)-1-(diphenylphosphanyl)-1-phenylethyl)amino)-1-oxo-
2 H 3-phenylpropan-2-yl)carbamate (3i). Following the General Procedure J,
BOCHN/\[]/N\l-‘\\\PPhZ catalyst 3i (214 mg, 0.39 mmol) was isolated by FC (hexanes/EtOAc gradient
O Ph from 7:3 to 1:1) as a white solid starting from (S)-2-diphenylphosphino-1-
phenylethylamine (165 mg, 0.54 mmol), Boc-D-phenylalanine (155 mg, 0.59
mmol), HBTU (225 mg, 0.59 mmol) and NEt3 (0.15 mL, 1.08 mmol) in 72% yield. *H NMR (8, ppm) (300
MHz, CDCl3): 7.53-7.02 (m, 20H, 20 X CHarom), 6.28 (d, J = 7.9 Hz, 1H, NH), 5.14-5.04 (m, 1H, CHCH,PPh,),
494 (s, 1H, NH), 4.32-4.17 (m, 1H, CHCO), 2.99 (d, J = 6.5 Hz, 2H, CH,CHCO), 2.64 (dd, /= 13.9, 8.5 Hz, 1H,
CH.HuPPh,), 2.50 (dd, J = 13.9, 6.4 Hz, 1H, CH.H,PPh.), 1.43 (s, 9H, OC(CHs)s). 3C NMR (8, ppm) (75.5 MHz,
CDCl3): 170.2 (NHCO), 155.4 (COOC(CHs)s), 141.9 (d, 3Jcp = 5.6 Hz, Carom), 138.3 (d, Yer = 13.1 Hz, Carom),
137.9(d, Yep = 12.9 Hz, Carom), 136.8 (Carom), 133.0 (d, 2cp = 20.2 Hz, CHarom), 132.8 (d, 2cp = 20.2 Hz, CHarom),
129.4 (CHarom), 129.1 (CHarom), 128.83 (CHarom), 128.80 (CHarom), 128.73 (CHarom), 128.66 (CHarom), 128.57
(CHarom), 127.6 (CHarom), 126.9 (CHarom), 126.5 (CHarom), 80.2 (OC(CHs)s), 56.0 (CHCO), 51.9 (d, Zcp = 18.0 Hz,
CHCH,PPh,), 38.5 (CH2CHCO), 36.4 (d, YUep = 16.0 Hz, CH,PPh,), 28.4 (OC(CHs)s). 3P NMR (8, ppm) (121.5
MHz, CDCl): -23.4. IR (ATR) cm'®: 3278 (N-H st), 1688 (C=0 st), 1651 (C=0O st). HRMS (UPLC MS ESI+):
Calculated for [C3sH3sN»03P]*: 553.2620 [(M+H)*]; found: 553.2635. M.p.: 140-142 °C (hexanes/EtOAc).
[a]p®: + 24.8 (c=0.75, CHCl3).

-

~ tert-butyl ((R)-1-(((S)-1-(diphenylphosphanyl)-3-methylbutan-2-yl)amino)-3-

H H . methyl-1-oxobutan-2-yl) carbamate (3j). Following the General Procedure J,
BocHN/\n/ ““>pph, catalyst 3j (370 mg, 0.79 mmol) was isolated by FC (hexanes/EtOAc gradient
(o] J\ from 9:1 to 8:2) as a white solid starting from (S)-1-(diphenylphosphino)-3-
methyl-2-butylamine (330 mg, 1.22 mmol), Boc-D-Valine (290 mg, 1.34 mmol),

HBTU (510 mg, 1.34 mmol) and NEts (0.35 mL, 2.44 mmol) in 65% yield. *H NMR (8, ppm) (300 MHz, CDCls):
7.50-7.28 (m, 10H, 10 X CHarom), 5.78 (d, J = 9.2 Hz, 1H, NH), 4.86 (s, 1H, NH), 4.04-3.90 (m, 1H, CHCH,PPh,),
3.82-3.71 (m, 1H, CHCO), 2.31-2.09 (m, 3H, CH,PPh, and CH(CHs),), 2.07-1.87 (m, 1H, CH(CHs),), 1.45 (s,
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9H, OC(CH3)s), 0.99-0.80 (m, 12H, 4 x CH(CH3)3). 3C NMR (8, ppm) (75.5 MHz, CDCl3): 170.8 (NHCO), 155.8
(COOC(CHs)3), 138.5 (d, Yep = 13.7 Hz, Carom), 138.4 (d, Yep = 12.6 Hz, Carom), 133.0 (d, Hep = 19.4 Hz, CHarom),
132.6 (d, 2Jop = 19.0 Hz, CHarom), 128.8 (CHarom), 128.7 (CHarom), 128.60 (CHarom), 128.56 (CHarom),
128.52(CHarom), 128.47 (CHarom), 79.7 (OC(CHs)3), 60.2 (CHCO), 52.1 (d, Zcp = 14.5 Hz, CHCH,PPh;), 32.1 (d,
3./cp =84 HZ, CH(CH3)3), 31.8 (d, lfcp =84 HZ, CHzPth), 304 (CHCHCO), 28.4 (OC(CHg)g), 19.5 (CHa), 19.0
(CHs), 17.7 (CH3), 17.4 (CH3). 3P NMR (8, ppm) (121.5 MHz, CDCl3): -23.7. IR (ATR) cm™: 3318 (N-H st),
1686 (C=0 st), 1649 (C=0 st), 1517 (N-C=0 st). HRMS (UPLC MS ESI+): Calculated for [Cy7H40N,03P]*:
471.2777 [(M+H)*]; found: 471.2798. M.p.: 76-79 °C (hexanes/EtOAc). [a]p: + 28.8 (¢=0.95, CHCls).

\l/ tert-butyl ((R)-1-(((S)-1-(diphenylphosphanyl)-3-methylbutan-2-yl)amino)-
T H 3,3-dimethyl-1-oxobutan-2-yl) carbamate (3k). Following the General
BocHN/\n/N “pph, Procedure J, cataly§t 3k (400 mg, 0.83 mn@ol) \{vas |sc?lated by FC
o J\ (hexanes/EtOAc gradient from 8:2 to 7:3) as a white solid starting from (S)-1-
(diphenylphosphino)-3-methyl-2-butylamine (300 mg, 1.10 mmol), Boc-D-
tert-leucine (280 mg, 1.21 mmol), HBTU (459 mg, 1.21 mmol) and NEt3 (0.31 mL, 2.2 mmol) in 76% yield.
IH NMR (8, ppm) (300 MHz, CDCls): 7.61-7.21 (m, 10H, 10 X CHarom), 5.65 (d, J = 9.1 Hz, 1H, NH), 5.24 (d, J
=9.1 Hz, 1H, NH), 4.00-3.86 (m, 1H, CHCH(CHs),), 3.71 (d, J = 9.1 Hz, 1H, CHCO), 2.39-2.10 (m, 2H, CH2PPh,),
2.06-1.93 (m, 1H, CH(CHs),), 1.45 (s, 9H, OC(CHs)s), 0.98 (s, 9H, C(CHa)s), 0.87 (d, J = 6.8 Hz, 6H, CH(CHs),).
13C NMR (8, ppm) (75.5 MHz, CDCl3): 170.4 (NHCO), 155.9 (COOC(CHs)s), 138.5 (d, Yep = 12.5 Hz, Carom),
138.4 (d, Yep = 13.7 Hz, Carom), 133.1 (d, Ycp = 19.6 Hz, CHarom), 132.7 (d, Ucp = 18.9 Hz, CHarom), 128.9
(CHarom), 128.70 (CHarom), 128.67 (CHarom), 128.62 (CHarom), 128.57 (CHarom), 79.7 (OC(CHs)3), 63.0 (CHCO),
52.3 (d, Yep = 14.6 Hz, CHCH(CHs),), 34.5 (C(CHs)s), 31.9 (d, Ycp = 14.8 Hz, CH,CHCH(CHs),), 31.8 (d, 3Jep =
8.3 Hz, CH(CHs)3), 26.8 (C(CHs)3), 19.2 (CH(CHs),), 17.5 (CH(CHs)2). 3P NMR (8, ppm) (121.5 MHz, CDCl3): -
23.7. IR (ATR) cm™%: 1700 (C=O st), 1661 (C=0 st), 1506 (N-C=0 st). HRMS (UPLC MS ESI+): Calculated for
[C28H42N,03P]*: 485.2933 [(M+H)*]; found: 485.2957. M.p.: 58-60 °C (hexanes/EtOAc). [a]p®®: + 6.90
(c=0.83, CHCl5).

Ph tert-butyl ((R)-2-(((S)-1-(diphenylphosphanyl)-3-methylbutan-2-yl)amino)-
R H ~ 2-oxo-1-phenylethyl)carbamate (3l). Following the General Procedure J,
BOCHN/\H/ J\ PPhy  catalyst 31 (200 mg, 0.40 mmol) was isolated by FC (hexanes/EtOAc gradient
% from 9:1 to 8:2) as a white solid starting from (S)-1-(diphenylphosphino)-3-
methyl-2-butylamine (165 mg, 0.61 mmol), Boc-D-phenylglycine (168 mg, 0.67 mmol, HBTU (254 mg, 0.67
mmol) and NEt3 (0.17 mL, 1.2 mmol) in 65% yield. *H NMR (8, ppm) (300 MHz, CDCl3): 7.54 — 7.27 (m, 15H,
15 X CHarom), 5.81 (s, 1H, NH), 5.37 (s, 1H, NH), 4.84 — 4.63 (m, 1H, CHCO), 4.05 — 3.88 (m, 1H, CHCH,PPh,),
2.31-2.21 (m, 2H, CH,PPh,), 1.87 — 1.73 (m, 1H, CH(CH),), 1.41 (s, 9H, OC(CHs)s), 0.65 (d, J = 6.8 Hz, 2H,
CH(CH3),), 0.60 (d, J = 6.8 Hz, 3H, CH(CH3s),). *C NMR (8, ppm) (126 MHz, CDCls): 169.2 (NHCO), 155.0
(COOC(CHs)s), 138.5 (d, Yep = 12.9 Hz, Carom), 132.96 (d, 2Jep = 19.3 Hz, CHarom), 132.92 (d, 2Jep = 19.2 Hz,
CHarom), 129.1 (CHarom), 129.03 (CHarom), 129.00 (CHarom), 128.80 (d, 3Jcp = 6.6 Hz, CHarom), 128.68 (d, 3Jcp =
6.8 Hz, CHarom), 128.3 (CHarom), 127.3 (CHarom), 79.9 (OC(CHs)3), 58.8 (CHCO), 52.9 (d, e = 14.3 Hz,
CHCH(CHs),), 32.6 (d, 3Jer = 8.5 Hz, CH(CHs),), 31.7 (d, Yer = 14.8 Hz, CH,PPh,), 28.4 (C(CHs)s), 18.8
(CH(CHs)3), 17.2 (CH(CHs),). 3P NMR (8, ppm) (202.0 MHz, CDCls): -23.2.

tert-butyl ((R)-1-(((S)-1-(diphenylphosphanyl)-3-methylbutan-2-yl)amino)-3,3-
\l/ H dimethyl-1-oxobutan-2-yl)(methyl)carbamate (3m). Following the General
\N/\H/N "‘\\Pth Procedure J, catalyst 3m (166 mg, 0.33 mmol) was isolated by FC (hexanes/EtOAc
Boc J\ gradient from 19:1 to 9:1) as a colorless oil starting from (S)-1-
(diphenylphosphino)-3-methyl-2-butylamine (100 mg, 0.37 mmol), (R)-N-Boc N-
methyl-tert-leucine (120 mg, 0.49 mmol), HBTU (186 mg, 0.49 mmol) and NEt; (0.14 mL, 1.0 mmol) in 68%
yield. H NMR (8, ppm) (300 MHz, CDCls): 7.52 — 7.29 (m, 10H, 10 X CHarom), 5.90 (d, J = 9.2 Hz, 1H, NH),
4.44 (s, 1H, CHC(CHs)s), 3.97 — 3.74 (m, 1H, CHCH,PPh,), 2.98 (2, 3H, N-CHs), 2.34 — 2.22 (m, 1H, CH(CHs),),
2.06 —1.79 (m, 2H, CH,PPh;), 1.45 (s, 9H, OC(CHs)s), 1.08 (s, 9H, C(CHs)s3), 0.84 (d, J = 6.8 Hz, 6H, CH(CH3)3).
13C NMR (8, ppm) (126 MHz, CDCls): 169.5 (NHCO), 157.5 (COOC(CHs)s), 138.9 (d, Yer = 12.4 Hz, Carom),
138.11 (d, Ycp = 14.8 Hz, Carom), 133.2 (d, 2Jep = 19.9 Hz, CHarom), 132.4 (d, Ycp = 18.4 Hz, CHarom), 128.9
(CHarom), 128.52 (CHarom), 128.46 (CHarom), 128.40 (CHarom), 128.37 (CHarom), 79.9 (OC(CHs)s), 64.9 (CHCO),
51.2 (d, Zep = 13.8 Hz, CHCH(CHs)), 35.3 (NCHs), 33.3 (C(CHs)s), 32.55 (d, Yep = 13.7 Hz, CH,PPh,), 32.36
(d, 3Jep = 7.9 Hz, CH(CH3)2), 28.4 (OC(CHs)s), 27.7 (C(CHs)s), 19.0 (CH(CHs)2), 17.6 (CH(CHs),). 3P NMR (8,
ppm) (202.0 MHz, CDCls): -23.5.
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tert-butyl ((R)-1-(((S)-1-(diphenylphosphanyl)-3-methylbutan-2-
\l/ | yl)(methyl)amino)-3,3-dimethyl-1-oxobutan-2-yl)carbamate (3n). Following
N o~ the General Procedure J, catalyst 3n (90 mg, 0.18 mmol) was isolated by FC
BocHN™ J\ PPNz (hexanes/EtOAC gradient from 19:1 to 9:1) lorless oil starting from (S)-
5 gradient from 19:1 to 9:1) as a colorless oil starting from
N,3-dimethyl-1-(diphenylphosphino)-2-butylamine (100 mg, 0.37 mmol), Boc-
D-tert-leucine (73 mg, 0.32 mmol), HBTU (133 mg, 0.35 mmol) and NEt3 (0.09 mL, 0.64 mmol) in 56% yield.
1H NMR (8, ppm) (300 MHz, CDCls): 7.52 = 7.43 (m, 2H, 2 x CHarom), 7.40 = 7.29 (m, 8H, 8 X CHarom), 5.34 (d,
J=9.8 Hz, 1H, NH), 4.51 (d, J = 9.8 Hz, 1H, CHC(CHs)s), 3.08 — 2.92 (m, 4H, N-CH3 and CHCH,PPh;), 2.62 -
2.46 (m, 1H, CH(CHs)), 1.80 — 1.70 (m, 2H, CH2PPh,), 1.49 (s, 9H, OC(CHs)s), 1.02 (s, 9H, C(CH3)3), 0.85 (d,
J=6.5 Hz, 6H, CH(CHs),). 3C NMR (8, ppm) (126 MHz, CDCls): 172.9 (NCHsCO), 156.0 (COOC(CHs)s), 140.0
(d, 1./cp =13.7 HZ, carom), 138.1 (d, 1./cp =15.0 HZ, Carom), 1334 (d, Z./cp =20.2 HZ, CHarom), 132.5 (d, Z./cp =18.6
Hz, CHarom), 129.0 (CHarom), 128.6 (CHarom), 128.54 (CHarom), 128.49(CHarom), 128.4 (CHarom), 79.4 (OC(CHs)s),
57.1 (CHCO), 56.9 (CHCH(CHs),), 36.1 (C(CHs)s3), 35.6 (N-CHs) ,31.7 (d, 3Jcp = 5.4 Hz, CH(CHs),), 31.1 (d, Yer
=16.8 Hz, CH,PPh;), 28.7 (OC(CHs)s3), 26.8 (C(CH3)3), 20.3 (CH(CHs)2). 3P NMR (8, ppm) (202.0 MHz, CDCl3):
-23.4.
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3.4. Synthesis of y-gurjunene.

3.4.1. Synthesis of racemic substrate 4.

General General | General General

(0] Procedure HO ,— Procedure | Procedure Procedure o
o A >v< o) F HO G HO H
—_— —_— —_— —_—
OH OH A
1-5 11-5a / lI-6b Vi-21 VII-21 4

Figure SI-5. General overview for the synthesis of racemic 4.

Substrate 4 was prepared following the same synthetic strategy employed for the synthesis of substrate
1a-t, starting from commercially available 3-methylcyclohexane-1,2-dione.

HO — 2-hydroxy-6-methyl-2-vinylcyclohexan-1-one (lI-5). Following General Procedure A

o compounds lI-5a and II-5b were isolated by FC (hexanes/EtOAc gradient from 19:1 to 8:2)

i/cl starting from 3-methylcyclohexane-1,2-dione (1.50 g, 12.0 mmol) and vinylmagnesium
bromide (24.0 mL, 1.0 M in THF, 24.0 mmol) in 98% vyield (d.r.:2:1).2

Yellow oil. Major diastereoisomer (lI-5a): *H NMR (8, ppm) (300 MHz, CDCls): 6.10 (dd, J = 17.0, 10.5 Hz,
1H, CH=CH), 5.36 (dd, J =17.0, 1.3 Hz, 1H, CH=CHisHtrans), 5.16 (dd, J = 10.5, 1.3 Hz, 1H, CH=CHgisHtrans),
4.21 (s, 1H, OH), 2.74-2.55 (m, 1H, H-6), 2.26-2.15 (m, 1H, H.-3), 2.15-1.99 (m, 1H, Hp-3), 1.90-1.54 (m, 3H,
H-5 and H,-4), 1.44-1.23 (m, 1H, Hy-4), 1.00 (d, J = 6.4 Hz, 3H, CHs). 3C NMR (5, ppm) (75.5 MHz, CDCls):
212.7 (C-1), 137.6 (CH=CH,), 116.3 (CH=CHy), 79.3 (C-2), 41.9 (C-6), 41.8 (C-3), 36.7 (C-5), 21.8 (C-4), 14.3
(CHs). IR (ATR) cm™: 3479 (O-H st), 2934 (=C-H st), 1713 (C=0 st). MS (El, 70 eV) m/z (%): 154 (M*, 6), 136
(24), 131 (3), 126 (5), 121 (36), 111 (61), 96 (38), 91 (14), 83 (100), 77 (13), 70 (80), 65 (7), 55 (79), 50 (3).
HRMS (UPLC MS ESI+): Calculated for [CoH1sNO,]*: 172.1338 [(M+NH,)*]; found: 172.1333.

Yellow oil. Minor diastereoisomer (lI-5b): *H NMR (8, ppm) (300 MHz, CDCl5): 6.19 (dd, J = 17.4, 10.8 Hz,
1H, CH=CH,), 5.32 (dd, J = 17.4, 1.1 Hz, 1H, CH=CH¢isHrans), 5.20 (dd, J = 10.8, 1.1 Hz, 1H, CH=CHcisHtrans),
3.11-2.97 (m, 2H, H-6 and OH), 2.06-1.79 (m, 4H, H-3 and H-5), 1.76-1.60 (m, 1H, H,-4), 1.51-1.35 (m, 1H,
Hy-4), 1.02 (d, J = 6.8 Hz, 3H, CH3). 13C NMR (8, ppm) (75.5 MHz, CDCl3): 213.6 (C-1), 139.5 (CH=CH,), 114.5
(CH,=CH), 78.3 (C-2), 41.4 (C-6), 40.2 (C-3), 35.6 (C-5), 19.8 (C-4), 15.4 (CHs). IR (ATR) cm: 3479 (O-H st),
2934 (=C-H st), 1715 (C=0 st). MS (El, 70 eV) m/z (%): 154 (M*, 6), 136 (M*-H,0, 32), 121 (39), 111 (55), 96
(34), 83 (100), 70 (81), 55 (84). HRMS (UPLC MS ESI+): Calculated for [NaCsH1sNO,]*: 177.0892 [(M+Na)*];
found: 177.0886.

2-(but-3-en-1-yl)-3-methyl-1-vinylcyclohexane-1,2-diol  (VI-21). Following  General

| Procedure F, compound VI-21 (445 mg, 2.12 mmol) was isolated by FC (hexanes/EtOAc 9:1)

OH starting from II-5a (650 mg, 4.22 mmol) and but-3-en-1-ylmagnesium bromide (12.7 mmol).

Yield: 50%. White solid. *H NMR (8, ppm) (300 MHz, CDCl3) (*denotes partially overlapped

resonances): 6.24 (dd, J = 17.1, 10.9 Hz, 1H, C-1-CH=CH,), 5.74 (ddt, J = 16.8, 10.1, 6.6 Hz,

1H, CH,CH=CH,), 5.42 (dd, J = 17.1, 1.8 Hz, 1H, C-1-CH=CHcisHtrans), 5.14 (dd, J = 10.9, 1.8 Hz,

1H, C-1-CH=CHisHtrans), 4.92 (m, 2H, CH,CH=CH), 2.183* (s, 1H, OH), 2.176* (s, 1H, OH), 2.23-2.08 (m, 2H,

CH,CH=CH,), 1.96-1.79 (m, 1H, H,-6), 1.77-1.35 (m, 8H, Hyp-6, H-4, H-5, CHCHsz and C-2-CH;), 0.98 (d, J = 6.7

Hz, 3H, CHs). 3C NMR (8, ppm) (75.5 MHz, CDCls): 139.9 (C-1-CH=CH,), 139.5 (CH,CH=CH,), 114.1

(CH2CH=CH,), 113.5 (C-1-CH=CH,), 77.7 (C-OH), 76.3 (C-OH), 37.6 (C-6), 37.0 (CHCHs), 35.0 (C-4), 30.0 (C-

2-CH,), 29.6 (CH,CH=CH,), 21.9 (C-5), 15.9 (CHs). IR (ATR) cm™: 3368 (O-H st), 2937 (=C-H st). MS (El, 70

eV) m/z (%): 192 (M*- H,0, 1), 174 (2), 159 (2), 150 (5), 138 (13), 125 (11), 109 (38), 95 (17), 83 (39), 67

(36), 55 (100). HRMS (UPLC MS ESI+): Calculated for [C13H2,0,Na]*: 233.1518 [(M+Na)*]; found: 233.1515.
M.p.: 80-82 °C (hexanes/EtOAc).

HO

4-methyl-1,2,3,4,5,6-hexahydronaphthalene-4a,8a-diol (VII-21). Following General
HO Procedure G compound VII-21 (695 mg, 3.82 mmol) was isolated by FC (hexanes/EtOAc
gradient from 8:2 to 1:1) starting from IV-21 (920 mg, 4.38 mmol) and 2"¢ generation
Grubbs catalyst (56 mg, 0.066 mmol). Yield: 87%. Brown oil. *H NMR (8, ppm) (300 MHz,
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CDCls) (*denotes partially overlapped resonances): 5.87 (dt, / = 9.8, 3.6 Hz, 1H, H-7), 5.57 (dt, /=9.8, 2.3
Hz, 1H, H-8), 2.35-2.07 (m, 2H, H-6), 2.04-1.88 (m, 1H, H-4), 1.88-1.62 (m, 4H, H-1 and H-5), 1.46* (s, 1H,
OH), 1.56-1.36 (m, 4H, H-2 and H-3), 1.34 (s, 1H, OH), 0.88 (d, J = 6.9 Hz, 3H, CHs). 1*C NMR (8, ppm) (75.5
MHz, CDCls3): 132.4 (C-8), 130.4 (C-7), 73.1 (C-OH), 69.4 (C-OH), 33.4 (CHCHs), 32.2 (C-1), 29.5 (C-4), 25.3
(C-6), 22.4 (C-5), 20.2 (C-2), 14.6 (CH3). IR (ATR) cm™: 3479 (O-H st), 2930 (=C-H st). MS (El, 70 eV) m/z (%):
164 (M* - H,0, 26), 146 (34), 131 (100), 122 (12), 115 (25), 109 (26), 91 (31), 79 (24), 68 (13), 62 (2), 55
(10). HRMS (UPLC MS ESI+): Calculated for [C11H180>Na]*: 205.1205 [(M+Na)*]; found: 205.1209.

0] (2)-7-methylcyclodec-2-ene-1,6-dione (4). Following General Procedure H compound 4 (325

mg, 1.80 mmol) was isolated by FC (hexanes/EtOAc 1:1) starting from VII-21 (340 mg, 1.87

mmol) and Pb(OAc)s (822 mg, 1.86 mmol). Yield: 96%. White solid. *H NMR (8, ppm) (300

o MHz, CDCl3): 6.12 (d, J = 12.0 Hz, 1H, H-2), 5.83 (td, J = 12.0, 5.2 Hz, 1H, H-3), 3.39-3.18 (m,

1H, Ha-4), 2.87 (dqd, J = 11.7, 7.0, 3.0 Hz, 1H, H-7), 2.73 (dt, J = 13.5, 4.2 Hz, 1H, Ha-5), 2.52 (ddd, J = 14.5,

7.6, 2.6 Hz, 1H, H,-10), 2.36-2.11 (m, 3H, Hp-4 and Hp-5 and H,-10), 1.99 (dddd, J = 14.3, 11.7, 5.0, 2.9 Hz,

1H, Ha-8), 1.91-1.67 (m, 2H, H-9), 1.36-1.18 (m, 1H, Hyx-8), 0.97 (d, J = 7.0 Hz, 3H, CHs). 3C NMR (8, ppm)

(75.5 MHz, CDCls): 215.2 (C-6), 208.5 (C-1), 137.5 (C-3), 131.8 (C-2), 44.6 (C-10), 40.0 (C-5), 39.8 (C-7), 33.1

(C-8), 23.8 (C-4), 22.8 (C-9), 19.8 (CHs). IR (ATR) cm™: 2937 (=C-H st), 1699 (C=0 st), 1675 (C=0 st). MS (EI,

70 eV) m/z (%): 180 (M*, 8), 162 (32), 152 (21), 131 (22), 119 (31), 109 (47), 95 (100), 82 (71), 68 (49), 55

(74). HRMS (UPLC MS ESI+): Calculated for [C13H160,Nal*: 203.1048 [(M+Na)*]; found: 203.1045. M.p.: 72-
74 °C (hexanes/EtOAc).
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3.4.2. Optimization of the kinetic resolution.

A set of reactions were performed simultaneously and stopped at different times by the addition of
aqueous solution of H,0,.2” Previously optimized conditions (CHCls, 50 mol% of phenol, r.t.) did not
provide satisfactory results; fortunately, after a short survey, CCls at 5 °C was found to provide satisfactory
results in terms of yield and enantioselectiviy. A more comprehensive evaluation of the reaction time
parameter, showed that after 30 minutes, adduct 5 could be obtained as a single diastereomer in good
yield and enantiomeric excess (Table SI-5, entry 2). Longer reaction times enhanced the isolated yield for
adduct 5, but the enantiomeric excess and the diastereomeric ratio were negatively affected.

Table SI-5. Optimization of the kinetic resolution.

Ny
NS
BocHN/ﬁo(J\ PPh,
o]
Q (10 mol%) 9
+
(;:ij Phenol (50 mol%) OH qﬁ
o CCly, 5°C : 0
rac-4 (8S,8aS)-5 (R)-4
Entry® Time Yieldprod (%) d.r. €.€.prod (%) Yieldsm (%) e.e.sm(%)

1 24 min 37 >20:1 90 58 70
2 30 min 42 >20:1 20 56 76
3 35 min 47 >20:1 88 46 86

@Reactions were performed at 0.8 mmol scale in CCl4 (0.1 mmol/mL).

Experimental procedure: To a cooled solution (5 °C) of substrate 4 (150 mg, 0.83 mmol) in anhydrous CCl,
(8.0 mL) was added phenol (39.0 mg, 0.41 mmol) and catalyst 3k (40.5 mg, 0.083 mmol) under inert
atmosphere. The reaction mixture was stirred at this temperature for the indicated minutes in each case.
The reaction was stopped by the addition of 30% aq. H,0, (0.1 mL) and stirred for a further 1 minute.
Then the reaction mixture was diluted with CH,Cl,, washed with brine and dried with anhydrous Na,SO,.
The solvent was removed under reduced pressure and product (8S,8aS)-5 and unreacted starting material
(R)-4 were isolated by flash column chromatography (hexanes/Et,0 1:1).

(85, 8aS)-8a-hydroxy-8-methyl-2,5,6,7,8,8a-hexahydroazulen-4(1H)-one (5). Following the
o previously described procedure, adduct 5 was isolated by FC (hexanes/Et,0 1:1) after 30 min
as a single diastereomer (64.0 mg, 0.35 mmol). Yield: 42% (e.e.: 90%). White solid. 'H NMR
(8, ppm) (500 MHz, CDCl3): 6.90 (t, J = 2.6 Hz, 1H, H-3), 2.72 (t, J = 13.4 Hz, 1H, H,-5), 2.48 (m,
2H, Hy-5 and H,-2), 2.40 — 2.30 (m, 1H, Hy-2), 2.22 (ddd, J = 14.6, 8.4, 6.5 Hz, 1H, H,-1), 2.01
—1.87 (m, 2H, Hp-1 and H,-6), 1.87 — 1.78 (m, 1H, H.-7), 1.76 — 1.64 (m, 3H, Hy-7 and H-8 and
OH), 1.44 (m, 1H, Hy-6), 1.07 (d, J = 6.4 Hz, 3H, CHs). 13C NMR (8, ppm) (75.5 MHz, CDCls): 201.4 (C-4),
149.5 (C-3a), 145.5 (C-3), 85.1 (C-8a), 43.3 (C-5), 43.1 (C-8), 40.9 (C-1), 34.5 (C-7), 28.8 (C-2), 24.0 (C-6),
17.8 (CH3). IR (ATR) cm™: 3443 (O-H st), 2930 (=C-H st), 1670 (C=0 st). MS (El, 70 eV) m/z (%): 180 (M*, 7),
162 (58), 147 (21), 137 (47), 129 (5), 119 (67), 105 (52), 91 (100), 83 (3), 77 (24), 65 (23), 55 (14). HRMS
(UPLC MS ESI*): Calculated for [C11H16NaO,]*: 203.1048 [(M+Na)*]; found: 203.1044. M.p.: 58-60 °C
(hexanes/EtOAc). The e.e. was improved up to a 98% by recrystallization in n-hexane (79% yield). The e.e.
was determined by HPLC using a Chiralcel OD3 column [n-hexane/i-PrOH (97:03)]; flow rate 1.0 mL/min;
Tmajor = 16.6 MinN, Trinor = 13.77 min (98% e.e.). [a]p®: + 53.0 (¢=0.77, CHCl3).

OH

Following the previously described procedure, unreacted starting material (R)-4 was isolated (85.0 mg,
0.47 mmol) in 56% yield (e.e.: 76%) as a white solid. The ee was determined by HPLC using a Chiralpak
AD-H column [n-hexane/i-PrOH (99:01)]; flow rate 1.0 mL/min; Tmajor = 14.78 Min, Tminor = 14.07 min (90%
ee). [a]p?°: +136.5 (¢=5.60, CHCls).
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3.4.3. Synthesis of y-gurjunene (Scheme 4).

(85,8aS)-8-methyl-8a-((trimethylsilyl)oxy)-2,5,6,7,8,8a-hexahydroazulen-4(1H)-one

(6). Chlorotrimethylsilane (2.5 mL, 20.0 mmol) was added to a solution of alcohol 5 (901

mg, 5.0 mmol) in 1-(trimethylsilyl)imidazole (2.2 mL, 15.0 mmol) under argon and the

oTMs resulting heterogeneous mixture was stirred at rt until consumption of starting material

(1-2 h, TLC). Volatiles were thoroughly removed under a stream of air and the residue

was purified by FC (petroleum ether/EtOAc 40:1) to afford pure compound 6 (669 mg, 2.7 mmol). 53%

yield. Colorless oil. *H NMR (8, ppm) (300 MHz, CDCls): 6.83 (t, J = 2.7 Hz, 1H, H-3), 2.66 (t, J = 13.3 Hz, 1H,

H,-5), 2.52-2.26 (m, 3H, Hy-5 and H,-2), 2.25-2.13 (m, 1H), 2.13-1.99 (m, 1H), 1.93-1.70 (m, 2H), 1.67-1.50

(m, 2H), 1.50-1.32 (m, 1H), 1.00 (d, J = 6.4 Hz, 3H, CH3), 0.06 (s, 9H, SiC(CHs)3). 13C NMR (8, ppm) (75.5

MHz, CDCI3): 201.6 (C-4), 150.2 (C-3a), 143.8 (C-3), 87.9 (C-8a), 44.8 (C-8), 43.4 (C-5), 39.0 (C-1), 34.9 (C-

7),29.2 (C-2), 24.2 (C-6), 18.0 (CH3), 1.9 (SiC(CHs)3). IR (ATR) cm™: 2924 (=C-H st), 1681 (C=0 st). MS (El, 70

eV) m/z (%): 252 (M*, 1), 237 (M* - CH3, 100), 223 (7), 209 (28), 195 (12), 181 (21), 105 (12), 91 (26), 75

(100), 73 (77), 55 (14). HRMS (UPLC MS ESI+): Calculated for [Ci2H150]*: 163.1123 [(M-0Si(C(CH3)3)*];
found: 163.1128. [a]p?%: + 211.3 (¢=1.30, CHCls).

0]

(3R,8S,8aS)-3a-bromo-3,8-dimethyl-8a-((trimethylsilyl)oxy)octahydroazulen-4(1H)-one
O pr: (7). A solution of methyllithium (3.4 mL, 1.6 M in Et,0, 5.4 mmol) was added dropwise
to a suspension of copper(l) iodide (539 mg, 2.8 mmol) in dry THF (13 mL) at 0 °C and the
mixture was stirred for 15 min. The resulting colorless solution was cooled to -78 °C and
a solution of enone 6 (650 mg, 2.6 mmol) in THF (13 mL) was slowly added, followed by
EtsN (distilled from NaOH, 1.4 mL, 10.3 mmol) and TMSCI (distilled from CaH,, 0.98 mL,
7.7 mmol). The reaction mixture was stirred at -78 °C until completion (30 min, TLC) and it was diluted
with Et,0 (100 mL). While still cold, a saturated solution of NH4Cl (50 mL) was added and the biphasic
mixture was transferred to a separation funnel and vigorously shaken. The phases were separated and
the organic layer was washed with sat. ag. NH4Cl solution (4 x 50 mL) until disappearance of blue color
from ag. phase. The combined organic layers were dried over anhydrous Na,SO,, filtered and
concentrated in vacuo. The crude silyl enol ether (870 mg, 2.6 mmol) was dissolved in dry THF (30 mL)
and N-bromosuccinimide (481 mg, 2.7 mmol) was added in one portion at 0 °C. The colorless solution was
stirred at 0 °C for 1 h and then poured onto sat. ag. NaHCOs; solution (50 mL). The organic layer was diluted
with petroleum ether (50 mL), the phases were separated and the ag. phase was extracted with petroleum
ether (3 x 50 mL). The combined organic layers were dried over anhydrous Na,SO,, filtered and
evaporated. The residue was purified by FC (petroleum ether/EtOAc 30:1) affording pure compound 7
(670 mg, 1.9 mmol). 75% yield. Colorless oil. *H NMR (8, ppm) (300 MHz, CDCl3): 2.88-2.70 (m, 2H, H-5),
2.62-2.47 (m, 1H), 2.47-2.28 (m, 2H), 2.12-1.97 (m, 1H), 1.92-1.74 (m, 2H), 1.73-1.61 (m, 1H), 1.59-1.35
(m, 3H), 1.12 (d, J = 6.3 Hz, 3H, CH3), 0.92 (d, J = 6.8 Hz, 3H, CH3s), 0.12 (s, 9H, Si(CHs)s). 3C NMR (8, ppm)
(75.5 MHz, CDCls): 203.4 (C-4), 91.8 (C-8a), 84.6 (C-3a), 42.3 (C-5), 41.4 (CH), 40.0 (CH), 35.1 (C-1), 32.8 (C-
7), 27.7 (C-2), 22.0 (C-6), 18.8 (CH3), 18.7 (CH3), 2.3 (Si(CHs)3). IR (ATR) cm™: 1698 (C=0 st), 1102 (C-Br st),
837 (C-Br st). MS (El, 70 eV) m/z (%): 348 (M*, 2), 309 (4), 267 (M*-Br, 40), 197 (11), 177 (84), 159 (65), 135
(27), 121 (20), 107 (25), 93 (32), 73 (100), 55 (22). [a]p?°: -76.0 (c=1.00, CH,Cly).

OTMS

(8S,8a5)-3,8-dimethyl-8a-((trimethylsilyl)oxy)-2,5,6,7,8,8a-hexahydroazulen-4(1H)-
0 one (VIII). Lithium bromide (3.33 g, 38.3 mmol) and lithium carbonate (2.83 g, 38.3
mmol) were sequentially added to a solution of compound 7 (665 mg, 1.9 mmol) in dry
DMF (192 mL, 0.01 M) at r.t. The heterogeneous mixture was heated to 130 °C for 14 h
until full conversion was observed. After cooling, the mixture was diluted with EtOAc
(200 mL) and aq. sat. NaHCOs (100 mL). The phases were separated and the aqueous
phase was extracted with EtOAc (3 x 100 mL). The combined organic layers were washed with H,O (75
mL) and brine (3 x 75 mL) dried over anhydrous Na,SOj,, filtered and evaporated. The residue was purified
by FC (petroleum ether/EtOAc 40:1) to afford pure compound VIl (344 mg, 1.3 mmol). 68% yield. Yellow
oil. 'H NMR (8, ppm) (300 MHz, CDCls): 2.75-2.59 (m, 1H, Ha-5), 2.49-2.28 (m, 3H, Hp-5 and H-2), 2.14-
2.04 (m, 1H), 2.02 (s, 3H, CH3-C), 1.94-1.68 (m, 3H), 1.64-1.53 (m, 2H), 1.50-1.35 (m, 1H), 0.98 (d, J = 6.3
Hz, 3H, CH3-CH), 0.05 (s, 9H, Si(CHs)3). 23C NMR (8, ppm) (75.5 MHz, CDCls): 204.0 (C-4), 155.1 (C-3), 142.6
(C-3a), 89.6 (C-8a), 44.1 (C-5), 43.6 (C-8), 37.3 (CHa), 36.2 (CHa), 35.0 (CH,), 24.2 (C-6), 18.3 (CHs), 17.4
(CHs), 1.8 (Si(CH3)s). IR (ATR) cm™: 1673 (C=0 st). MS (El, 70 eV) m/z (%): 266 (M*, 9), 251 (83), 223 (99),
209 (30), 195 (38), 176 (47), 161 (23), 147 (16), 133 (53), 119 (28), 105 (59), 91 (44), 75 (100). HRMS (UPLC

OTMS
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MS ESI*): Calculated for [CisH26NaSiO2]*: 289.1600 [(M+Na)*]; found: 289.1601. [a]p?%: +148.4 (c=1.00,
CH,Cl,).

(35,3a8,8S,8a5)-3,8-dimethyloctahydroazulen-4(1H)-one (8). Palladium on carbon (10%, 36
mg) was added to a solution of enone VIII (340 mg, 1.3 mmol) in methanol (25 mL), and the
heterogenous mixture was stirred under H, atmosphere (balloon pressure) for 12 h. The
reaction mixture was filtered through celite and eluted with methanol. Volatiles were
evaporated and the residue was purified by FC (petroleum ether/EtOAc 30:1) to afford
compound 8 (143 mg, 0.8 mmol). 62% yield. Colorless oil. *H NMR (8, ppm) (300 MHz, CDCl3): 2.79 (t, J =
7.9 Hz, 1H, H-3a), 2.48-2.35 (m, 1H), 2.40-2.19 (m, 3H), 2.04-1.65 (m, 6H), 1.62-1.44 (m, 2H), 1.46-1.29 (m,
1H), 0.98 (d, J = 7.1 Hz, 3H, CH3), 0.95 (d, J = 7.1 Hz, 3H, CHs). 3C NMR (8, ppm) (75.5 MHz, CDCls): 215.2
(C-4), 62.3 (C-3a), 46.0 (C-8a), 44.9 (C-5), 38.6 (C-3), 35.3 (C-8), 32.5 (CH,), 31.4 (CH,), 25.6 (CH,), 24.0 (C-
8-CH3), 22.7 (C-1), 16.2 (C-3-CH3). IR (ATR) cm™: 1691 (C=0 st). MS (El, 70 eV) m/z (%): 180 (M*, 3), 165 (3),
137 (7), 125 (42), 109 (37), 95 (19), 81 (100), 67 (87), 55 (73). HRMS (UPLC MS ESI*): Calculated for
[C12H20NaO]*: 203.1412 [(M+Na)*]; found: 203.1414. [a]p?°: +90.6 (c=1.00, CH,Cl,).

o

(35,3aS,5R,8S,8aS)-5-(2-hydroxypropan-2-yl)-3,8-dimethyloctahydroazulen-4(1H)-
one (IX). A solution of butyllithium (1.2 mL, 1.6 M in hexanes, 1.9 mmol) was added
dropwise to a solution of diisopropylamine (distilled from NaOH, 0.33 mL, 2.3 mmol)
in dry THF (2 mL) at -78 °C. The reaction mixture was stirred at 0 °C for 30 min and the
resulting colorless solution was cooled down to -78 °C. A solution of ketone 8 (140 mg,
0.8 mmol) in dry THF (3 mL) was then slowly added and stirred at -78 °C for 1 h, then it
was warmed to -40 °C and a solution of ZnCl, (1.3 mL, 0.7 M in THF, 0.9 mmol) was added, followed by
dry acetone (0.63 mL, 8.5 mmol). The mixture was stirred at that temperature for 60-90 min (full
conversion was not achieved). The reaction was quenched by addition of aq. sat NH4Cl (5 mL) and diluted
with EtOAc (10 mL). The phases were separated and the aq. layer was extracted with EtOAc (4x5 mL). The
combined organic layers were dried over anhydrous Na,SO,, filtered and evaporated. The residue was
purified by FC (petroleum ether/EtOAc 15:1 to 8:1) to afford compound IX (111 mg, 0.5 mmol). 60% yield.
Colorless oil. *H NMR (8, ppm) (500 MHz, CsDs) (*denotes partially overlapped resonances): 3.31 (s, 1H,
OH), 2.81 (td, J=7.1, 2.4 Hz, 1H, H-3a), 2.30 (dd, J = 11.3, 2.4 Hz, 1H, H-5), 2.11-1.94 (m, 3H, H-3 and H,-6
and H-8a), 1.87-1.76 (m, 1H, Ha-2), 1.72-1.51 (m, 4H, H-1 and Hy-2 and H-8), 1.46-1.28 (m, 3H, Hy-6 and H-
7), 1.39* (s, 3H, C(CHs),), 1.32* (s, 3H, C(CHs),), 1.19 (d, J = 7.1 Hz, 3H, C-3-CH3), 0.89 (d, J = 6.9 Hz, 3H, C-
8-CHs). 3C NMR (8, ppm) (126 MHz, C¢Ds): 217.8 (C-4), 72.1 (C-OH), 63.3 (C-5), 62.6 (C-3a), 46.8 (C-8a),
40.6 (C-3), 35.8 (C-8), 32.1 (C-2), 31.6 (C-7), 29.5 (CH3), 28.14 (C-6), 28.10 (CH3), 23.4 (C-8-CH3), 22.4 (C-1),
16.5 (C-3-CHs). IR (ATR) cm™: 3451 (O-H st), 2954 (C-H st), 1676 (C=0 st), 1458 (C-O st), 1378 (C-O st). MS
(El, 70 eV) m/z (%): 220 (M* - H,0, 2), 205 (2), 180 (9), 163 (12), 149 (9), 137 (16), 125 (26), 109 (74), 98
(77), 81 (100), 67 (71), 55 (53). HRMS (UPLC MS ESI*): Calculated for [C1sH2sNaO,]*: 261.1831 [(M+Na)*];
found: 261.1838. [a]p?%: +68.5 (c=1.00, CH,Cl,).

(3S5,3aS$,5R,8S,8aS)-3,8-dimethyl-5-(prop-1-en-2-yl)octahydroazulen-4(1H)-one (9).
Burgess reagent (333 mg, 1.4 mmol) was added to a solution of alcohol IX (111 mg, 0.5
mmol) in benzene (4 mL), and the solution was heated to 60 °C until full conversion (30
min, TLC). Volatiles were evaporated in vacuo and the residue was purified by FC
(petroleum ether/EtOAc 30:1) to afford pure compound 9 (94 mg, 0.4 mmol). 92% yield.
Colorless oil. *H NMR (8, ppm) (300 MHz, CDCl3) (*denotes partially overlapped resonances): 4.85 (d, J =
1.6 Hz, 1H, C=CH,Hy), 4.78-4.68 (m, 1H, C=CH,Hy), 3.03-2.92 (m, 1H, H-3a), 2.84 (t, J = 7.0 Hz, 1H, H-5),
2.33-2.12 (m, 2H), 1.98-1.67 (m, 5H), 1.76* (s, 3H, CH3C=), 1.65-1.56 (m, 1H), 1.55-1.41 (m, 2H), 0.99-0.90
(m, 6H, 2 x CHCHs). 3C NMR (75 MHz, CDCls) (8, ppm): 214.2 (C-4), 144.7 (C=CH,), 111.8 (CH=CH,), 61.0
(CHCO), 60.8 (CHCO), 46.9 (C-8a), 39.4 (CH), 36.0 (CH), 31.8 (CH.), 30.8 (CH,), 30.6 (CH.), 23.2 (CH3), 22.8
(C-1), 22.3 (CH3), 16.5 (C-3-CHs). IR (ATR) cm™: 2953 (=C-H st), 2928 (=C-H st), 1696 (C=0 st). MS (El, 70 eV)
m/z (%): 220 (M*, 1), 205 (2), 177 (1), 163 (13), 149 (9), 137 (7), 121 (13), 109 (49), 95 (16), 81 (74), 67
(100), 55 (53). HRMS (UPLC MS ESI*): Calculated for [CisH24NaO]*: 243.1725 [(M+Na)*]; found: 243.1727.
[a]o: +151.7 (c=1.00, CH,Cl,).

(35,3a$,5R,8S,8a$)-3,8-dimethyl-5-(prop-1-en-2-yl)decahydroazulen-4-ol (10/10’). A solution of DIBAL-H
(1.3 mL, 1 M in CH,Cl5, 1.3 mmol) was added to a solution of ketone 9 (94 mg, 0.4 mmol) in dry CH,Cl, (4
mL) at -78 °C. The mixture was stirred at that temperature until full conversion (30 min, TLC). The reaction
was quenched by addition of water (5 mL) and 1 M HCI (approx. 1 mL) and diluted with CH,Cl, (5 mL). The
phases were separated and the aqg. phase was extracted with CH,Cl, (4x5 mL). The combined organic
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layers were dried over anhydrous Na,SO,, filtered and evaporated. The resulting residue was determined
to be a 1:1 mixture of diastereomeric alcohols (*H-NMR), which could be separated by FC (toluene) to
afford pure products 10 (46 mg, 0.2 mmol) and 10’ (45 mg, 0.2 mmol) in overall 96% yield.

Product 10: 49% yield. Colorless oil. *H NMR (8, ppm) (500 MHz, CDCl3): 4.76 (s, 1H,
C=CH_.Hp), 4.74 (s, 1H, C=CH_,Hy), 3.92 (broad signal, s, 1H, H-4), 2.39-2.28 (m, 1H), 2.25
(td, J = 8.4, 2.4 Hz, 1H), 2.22-2.08 (m, 2H), 2.04 (d, J = 12.0 Hz, 1H), 2.00-1.86 (m, 1H),
1.80 (s, 3H, CH3C=CH,), 1.77-1.67 (m, 1H), 1.68-1.54 (m, 2H), 1.50 (s, 1H, OH), 1.49-1.38
(m, 3H), 1.33-1.21 (m, 1H), 1.05 (d, J = 7.1 Hz, 3H, CHsCH), 0.91 (d, J = 7.0 Hz, 3H,
CHsCH).23C NMR (126 MHz, CDCls) (8, ppm): 151.2 (C=CH,), 109.8 (C=CH,), 72.7 (C-4),
51.7 (CH), 50.3 (CH), 48.7 (CH), 38.8 (CH), 34.0 (CH), 33.4 (CH,), 31.8 (CH,), 27.2 (CH,), 24.4 (CHs), 23.7
(CH,), 23.3 (CHs), 16.6 (C-3-CHs). IR (ATR) cm™: 3472 (O-H st), 2950 (C-H st), 1455 (O-H &§). MS (El, 70 eV)
m/z (%): 222 (M*, 1), 204 (M* - H,0, 18), 189 (18), 161 (23), 149 (18), 139 (30), 123 (23), 109 (100), 93 (39),
81 (72), 67 (47), 55 (45). HRMS (UPLC MS ESI*): Calculated for [CisH2s]™: 205.1956 [(M-H,0+H)*]; found:
205.1956. [a]o2°: -41.2 (c=0.3, CH,Cl,).

Product 10’: 47% yield. Colorless oil. *H NMR (8, ppm) (500 MHz, CDCl3): 4.88 (s, 1H,
C=CH_Hp), 4.80 (s, 1H, C=CH,Hy), 3.89 (ddd, J = 9.7, 4.8, 3.2 Hz, 1H), 2.75-2.63 (m, 2H),
2.42-2.33 (m, 1H), 2.32-2.22 (m, 1H), 1.82-1.78 (m, 1H), 1.76 (d, J = 3.4 Hz, 1H), 1.74 (s,
3H, CHsC=CH,), 1.72-1.66 (m, 1H), 1.65-1.59 (m, 1H), 1.58-1.49 (m, 2H), 1.49-1.31 (m,
4H), 1.17 (d, J = 7.4 Hz, 3H, CHsCH), 0.92 (d, J = 7.0 Hz, 3H, CHsCH). 3C NMR (126 MHz,
CDCl5) (6, ppm): 148.9 (C=CH,), 112.6 (CH=CH,), 74.8 (C-4), 51.5 (CH), 47.6 (CH), 45.3
(CH), 38.1 (CH), 35.9 (CH), 34.7 (CH,), 34.3 (CH,), 30.8 (CH>), 25.4 (CH,), 23.8 (CH3), 20.1 (CH3), 19.2 (CHs).
IR (ATR) cm™: 3479 (O-H st), 2951 (C-H st), 2922 (C-H st), 1455 (O-H &). MS (El, 70 eV) m/z (%): 222 (M*,
2),207 (22), 204 (M* - H20, 19), 189 (22), 161 (21), 149 (25), 139 (36), 123 (29), 109 (100), 93 (40), 81 (67),
67 (44), 55 (39). HRMS (UPLC MS ESI*): Calculated for [CisH3s]*: 205.1956 [(M-H,0+H)*]; found: 205.1949.
[a]p®: +18.5 (¢=0.3, CH,Cly).

(-)-y-gurjunene.?®?° Burgess reagent (95 mg, 0.4 mmol) was added to a solution of
alcohol 10’ (22 mg, 0.1 mmol) in chloroform (1 mL) and the solution was heated to 60 °C
until full conversion (1 h, TLC). The solution was filtered through a pad of silica gel and
eluted with pentane. Solvents were evaporated below room temperature due to the
volatility of the target product. The residue was purified by column chromatography
using silver nitrate-impregnated silica gel3*3(pentane as eluent for column chromatography;
pentane/Et,0 20:1 for TLC monitoring) to afford pure y-gurjunene (12 mg, 0.06 mmol). 61% yield.
Colorless oil. 'H NMR (8, ppm) (500 MHz, CDCls) (*denotes partially overlapped resonances): 5.39 (ddd, J
=5.2,2.4,2.4 Hz, 1H, H-6), 4.78 — 4.73 (m, 2H, C=CH,), 2.95 — 2.86 (m, 1H, H-7), 2.85 — 2.78 (m, 1H, H-1),
2.54—2.47 (m, 1H, H-4), 1.95 — 1.89 (m, 1H, H-10), 1.87 — 1.76 (m, 2H, Ha-8 and H,-9), 1.75 — 1.66 (m, 3H,
Ha-2, Ha-3, and Hy-8), 1.72* (s, 3H, CHsC=), 1.58 — 1.55 (m, 1H, Hp-2), 1.43 — 1.35 (m, 1H, Hp-9), 1.25-1.19
(m, 1H, Hy-3), 1.01 (d, J = 6.9 Hz, 3H, C4-CHs), 0.84 (d, J = 7.0 Hz, 3H, C10-CHs). 3C NMR (126 MHz, CDCl5)
(6, ppm): 150.7 (C-5), 147.2 (C=CH,), 122.3 (C-6), 110.7 (C=CH), 47.6 (C-7), 45.9 (C-1), 41.2 (C-4), 33.93 (C-
10), 33.90 (C-3), 33.4 (C-9), 30.1 (C-2), 25.8 (C-8), 21.5 (CHsC=), 19.8 (C-4-CHs), 15.7 (C-10-CHs). [alo®: -
121.1 (c=0.1, CHCl3).
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4. X-Ray Analysis.

Compound 2k: Crystal Data for CisH1s03 (M =258.30 g/mol) (2k): monoclinic, space group P2, (no. 4),

a=9.33848(14) A, b=17.41455(12) A, ¢ =9.70640(15) A, = 91.6489(14)°, V' =671.799(18) A3, Z=2,
T=150.00(10) K, u(CuKa) = 0.703 mm™, Dcalc = 1.277 g/cm?, 6922 reflections measured (12.98° <20
<132.96°), 2251 unique (Rin = 0.0170, Rgigma = 0.0154) which were used in all calculations. The final R,
was 0.0245 (>2sigma(I)) and wR, was 0.0653 (all data).

Figure SI-6. Structure of compound 2k.

Table SI-6. Crystal data and structure refinement for 2k.

Identification code a20160444 RMS97A
Empirical formula Ci6H1303
Formula weight 258.30
Temperature/K 150.00(10)
Crystal system monoclinic
Space group P2,
a/A 9.33848(14)
b/A 7.41455(12)
c/A 9.70640(15)
a/° 90.00
pre 91.6489(14)
y/° 90.00
Volume/A3 671.799(18)
zZ 2
Pealeg/cm’ 1.277
wmm-! 0.703
F(000) 276.0
Crystal size/mm? 0.5757 x 0.2967 % 0.2109
Radiation CuKa (A =1.54184)
20 range for data collection/° 12.98 to 132.96
Index ranges -11<h<11,-8<k<7,-11<1<11
Reflections collected 6922
Independent reflections 2251 [Rine = 0.0170, Rgigma = 0.0154]
Data/restraints/parameters 2251/1/175
Goodness-of-fit on F? 1.047
Final R indexes [I>=2c (I)] R;=0.0245, wR, = 0.0651
Final R indexes [all data] R1=10.0246, wR, = 0.0653
Largest diff. peak/hole / ¢ A~ 0.16/-0.12
Flack parameter 0.00(14)
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Table SI-7. Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement Parameters
(A?x10°) for 2k. U, is defined as 1/3 of of the trace of the orthogonalised Uy; tensor.

Atom

03
01
02
C4
Cs
Cé
C7
C8
C9
C10
Cl1
Cl2
CI13
Cl4
CI5
Cle6
C17
C18
C19

X

4243.9(9)
-1399.7(9)
1252.0(9)

935.

777

-1181

-1338

-4186

-2463

6(12)

-9(13)
383.
2310.
-3(12)
138.
2904.
2139.
-1655.
.1(14)
4868.
-2143.
.6(14)
-3539.
-3170.
-9(13)

0(12)
0(12)

9(13)
2(12)
2(13)
1(14)

7(14)
0(12)

4(14)
6(15)

y

4493.8(14)
2852.7(12)
5186.4(13)
5556.3(15)
6807.1(17)
5241.0(17)
4936.0(17)
4974 .7(16)
6503.4(17)
5209.7(18)
6162.8(18)

5240(2)
7209.1(17)

4730(2)
4289.7(17)
4780.6(19)
3531.7(19)

4963(2)
5726.1(18)

z

4086 .4(9)
2289.1(8)
-172.8(8)

2197
4453

751.
2530.

435

3170.
3842.
4808.
-860.

2828

5435.

1561
-166
926
-1355
2646

8(11)
-4(12)
6(11D)
8(1D)
.8(11)
5(11)
8(12)
2(12)
9(12)
.0(13)
9(12)
5(12)
0(15)
3(14)
8(14)
9(13)

U(eq)
31.

24

24

22

22

26

37

29

8(2)

-3(2)
27.
20.
-1(3)
21.
22.

9(2)
5(3)

8(2)
3(3)

-5(3)
21.

9(3)

-8(3)
24.
30.
-4(3)
31.
24.
-9(3)
30.
38.
-8(3)

1(3)
3(3)

2(3)
1(3)

8(3)
8(3)

Table SI-8. Anisotropic Displacement Parameters (A2x10%) for 2k. The Anisotropic displacement factor
exponent takes the form: -2n’[h?a*?U;;+2hka*b*U ,+...]

Uss

Atom

03
01
02
C4
Cs
C6
C7
C8
C9
C10
Cl1
Cl12
CI13
Cl4
CI5
Cle6
C17
C18
C19

Un
24

23

25

37

24

-9(4)
27.
32.
-8(6)
28.
29.
23.
27.

6(5)
4(4)

1(6)
2(6)
7(5)
9(6)

-6(6)
21.
28.
-9(7)
30.
29.
21.
29.

2(5)
6(6)

5(6)
6(6)
7(5)
8(6)

07N
44 .
22.

7(8)
9(6)

U2
42

18

18

24

26

.2(6)
23.
32.
-9(7N)
23.
16.
22.
16.

6(5)
7(5)

2(7N)
8(6)
3(6)
6(6)

-9(6)
23.
25.
-1(7
22.
36.
23.
29.

4(6)
9(7)

5(7)
3(9)
0(6)
2(8)

A0
29.
32.

8(8)
0(8)

27

21.
18.

18

20.
19.
21.
22.

21

23.
17.

28

26.
27.
27.
53.

41

40.
34.

-8(4)
6(4)
7(4)
.6(5)
9(6)
2(5)
0(5)
6(5)
-0(6)
7(5)
6(5)
.2(6)
0(6)
1(6)
3(6)
5(8)
-6(7)
3(7)
3(7N
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Uzs
-5
2.
-0.
0
-4.
0.
-2.
-0.
0
0.
-0.
3
-5.
0.
0.
-4.
-2
3.
-6.

-3(4)

2(3)
4(4)

D)

6(5)
5(5)
1(4)
8(4)

-8(4)

6(5)
3(5)

-1(5)

2(5)
7(5)
5(5)
8(6)

-4(6)

5(6)
3(5)

Uz
-7
-0.
2.
-0
1.
-1.
2.
-5.
-0
-1.
-3.
-9
-2.
-9.
-3.
-18.
-4
-24.
0.

.2(3)

7(3)
6(3)

-8(4)

4(5)
0(5)
44
44

2(4)

8(4)
4(4)

-0(5)

3(5)
5(5)
7(5)
5(6)

-2(5)

5(6)
5(5)

Uz

5

-4

-2

-4

-2

94

0.
-3.
-2(4)

0.
-1.
-2.

0.
-1(5)
-1.
-3.
-1(5)
4.
0.
2.
2.
-2(5)
-0.

3.

9(4)
34

0(5)
3(5)
6(5)
3(5)

8(5)
6(5)

2(5)
9(6)
3(5)
2(6)

1(6)
3(5)



Compound 5: Crystal Data for C;1Hi60, (M =180.24 g/mol) (5): orthorhombic, space group P2,2,2; (no.
19), a =7.12324(7) A, b = 8.00568(7) A, c = 17.09534(15) A, V'=974.886(16) A3, Z=4,T=
150.00(10) K, w(CuKa) = 0.660 mm', Dcalc = 1.228 g/cm?, 18092 reflections measured (13.46° <20 <
143.88°), 1905 unique (Rint = 0.0433, Ryiegma = 0.0168) which were used in all calculations. The final R;
was 0.0279 (>2sigma(I)) and wR, was 0.0730 (all data).

Table SI-9. Crystal data and structure refinement for 5.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o/°

pr°

¥/°

Volume/A3

Z

Pealcg/cm’

wmm'!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A3
Flack parameter

SI-47

Figure SI-7. Structure of compound 5.

a20170096_RM689
C11Hi1602

180.24

150.00(10)

orthorhombic

P212121

7.12324(7)

8.00568(7)

17.09534(15)

90.00

90.00

90.00

974.886(16)

4

1.228

0.660

392.0

0.542 x 0.4597 x 0.0514
CuKo (A= 1.54184)

13.46 to 143.88
-8<h<7,-9<k<9,-21<1<20
18092

1905 [Rin = 0.0433, Rigma = 0.0168]
1905/0/121

1.028

R; =0.0279, wR, = 0.0725
R; =0.0284, wR, = 0.0730
0.21/-0.14

-0.11(19)



Table SI-10. Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement Parameters
(A?x103) for 5. U, is defined as 1/3 of of the trace of the orthogonalised Uy tensor.

Atom X

03 -1788.3(12)
Cl -1510.5(15)
Cé6 -2755.7(17)
C8 -2333.7(19)
C5 -1400.6(16)
C2 -1463.9(17)
C7 -2274.0(18)
C3 -1382.5(19)
C12 -2838(2)
C10 -1412.3(16)
C4 -1862.8(19)
C9 -846.8(18)
02 458.3(11)

y

-313.
-3188.
-4606.
-1447.
-4(14)
-3700.
-3282.
.6(15)
-6312.
-1396.
-6139.

-934.
.3(11)

-4665

-5559

-4785

9(10)
8(14)
9(15)
8(16)

0(14)
0(16)

(17
4(14)
8(15)
4(15)

z

-4966.
-4695.
-3429.
-3062.
-8(6)
-5439.
-2815.
-9(7)
-3025.
-4487 .
-4683.
-3666.
-9(4)

-4130

-5514

-3807

6(5)
8(6)
1(6)
8(7)

6(7)
(N

2(8)
5(6)
7(7)
8(6)

U(eq)
28.
20.
25.
29.
.2(2)
23.
29.

22

28

21

27

8(2)
3(2)
5(3)
9(3)

8(2)
1(3)

.6(3)
35.

0(3)

-6(2)
29.
26.

-4(2)

5(3)
9(3)

Table SI-11. Anisotropic Displacement Parameters (A?x10%) for 5. The Anisotropic displacement factor
exponent takes the form: -2n?[h?a*?U;;+2hka*b*U,+...].

Atom Un U2
03 32.2(5) 22.
Cl 17.3(5) 21.
Co6 22.3(5) 30.
C8 30.9(6) 34.
C5 21.9(5) 22.
C2 23.5(5) 25.
(oy) 28.7(6) 38.
C3 34.3(6) 25.
Cl12 36.1(7) 37.
C10 18.0(5) 22.
C4 37.3(7) 20.
C9 27.9(6) 25.
02 21.2(4) 36.

8(4)
7(5)
3(6)
8(6)
1(5)
2(6)
1(7N
8(6)
1(7)
1(5)
4(5)
9(6)
8(5)

Uss

31.
-9(5)
24
24
22.
22.

21

20

24

5(4)

0(5)
0(5)
5(5)
7(5)

-5(5)
25.
31.
-6(5)
30.
27.
24.

8(6)
6(6)

8(6)
0(6)
2(4)

SI-48

Uz

.6(3)
4D
-5(5)
.3(5)
2(4)
.04
.6(5)
.6(5)
.4(5)
A
.2(5)
3D
14

ORAOOOUIORLNOOWOW

Uz
-4.9(3)
-0.9(4%)

0.7(4
0.3(5)
-1.7(4)
-2.2(4)
3.0(5)
-2.5(5)
3.4(6)
-0.3(4%)
-2.0(5)
-3.4(5)
0.1(3)

Unz
-1.
14
-2(5)
4.
0.
2.

-0
-1

0

-0

03

1(5)
2(5)
9(4)

-7(5)

3.
-4.
-9(4)
-0.
-1.

4.

7(5)
8(6)

1(5)
7(5)
3(H)



Compound (R)-4: Crystal Data for C,1H60, (M =180.24 g/mol) (4): monoclinic, space group P2, (no. 4),
a=5.36038(10) A, b=7.31242(10) A, c = 12.53807(18) A, f=90.2082(15)°, V' =491.456(13) A3, Z=2,
T=150.00(10) K, w(CuKa) = 0.654 mm!, Dcalc = 1.218 g/cm?, 9066 reflections measured (7.06° <20 <
148.48°), 1932 unique (Rint = 0.0325, Ryigma = 0.0218) which were used in all calculations. The final R;

was 0.0307 (>2sigma(I)) and wR, was 0.0801 (all data).

Table SI-12. Crystal data and structure refinement for 4.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o/°

pr°

Y/°

Volume/A3

V4

Peatcg/cm’

wmm'!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A7
Flack parameter

SI-49

Figure SI-8. Structure of compound (R)-4.

220180028 RMsmresolB
C11H160,

180.24

150.00(10)

monoclinic

P21

5.36038(10)

7.31242(10)

12.53807(18)

90.00

90.2082(15)

90.00

491.456(13)

2

1.218

0.654

196.0

?7x?x?

CuKa (A =1.54184)

7.06 to 148.48
-6<h<5,-8<k<8,-15<1<15
9066

1932 [Rin = 0.0325, Rigma = 0.0218]
1932/1/119

1.056

R;=0.0307, wR, = 0.0796
R;=0.0312, wR, =0.0801
0.15/-0.13

0.0(2)



Table SI-13. Fractional Atomic Coordinates (x10*) and Equivalent Isotropic Displacement Parameters
(A?x10°) for 4 .U, is defined as 1/3 of of the trace of the orthogonalised Uy tensor.

Atom
01
03
C2
C4
C5
Co6
C7
C8
C9
C10
Cl1
Cl12
Cl13

X

-4998.8(18)
-446(2)
-5588(3)
-1300(3)
-2984(3)
-3866(3)
-3977(2)
-672(3)
-409(3)
-1933(2)
-2608(3)
-4214(3)
-2963(2)

y

-6867.3(13)
-696.2(14)
-2902.2(19)
-6248.7(19)
-3249.9(19)
-1911.0(19)
-4398.7(18)
-4344(2)
-6633(2)
-5203.4(17)
-1196.9(17)
-1118.5(19)
-6151.2(17)

z

-2732.5(7)
-2783.9(9)

-1533.
-3707.
.6(10)
-3760.
-1034.
-8(10)
-1118.
-1740.
-2783.
-1800.

-4369

-4169

2(1D)
1(10)

5(10)
7(10)

2(10)
8(10)
1(10)
1(11)

-2735.3(9)

U(eq)
31.
38.
28.
27.

32

31

23

9(2)
2(3)
7(3)
9(3)

-0(3)
30.
26.

0(3)
2(3)

-1(3)
30.
23.
27.
31.

7(3)
7(3)
8(3)
9(3)

-7(3)

Table SI-14. Anisotropic Displacement Parameters (A%x10%) for 4. The Anisotropic displacement factor
exponent takes the form: -2n?[h?a*?U;;+2hka*b*U;+...]

Uss

Atom
01
03
C2
C4
C5
C6
C7
C8
C9
C10
Cl11
Cl12
C13

Un

30.
-9(6)
27.
32.
42.
34.

35

29

23

5(5)

6(7)
2(7)
7(8)
3(7)

-0(7)
37.
30.
-6(6)
33.
39.
25.

4(8)
9(7)

3(7N)
0(8)
6(6)

U2

30.
-2(5)
28.
25.
30.
27.

27

26

22

2(5)

3(7)
0(6)
4(7)
5(7)

-0(6)
30.
31.
-9(6)
16.
23.
18.

6(7)
2(7)

2(6)
4(7N)
9(6)

34.

51

30.
26.
22.
28.

23

25.
29.

24

34.
33.
26.

9(5)
-5(6)
3(6)
6(6)
9(6)
3(6)
.7(6)
3(6)
9(6)
-5(6)
on
2(7N
7(6)

SI-50

NNPAPRLPRAROONO

40D
-0
-1(5)
-3(5)
-0(5)
-2(5)
-1(5)
-7(5)
-5(5)
-6(5)
-3(5)
-8(6)
-5(5)

Uz
-1.0(4)
-1.5(5)

4.0(5)
2.1(5)
-2.5(5)
-3.7(5)
0.8(5)
7.0(5)
-4.8(5)
0.0(5)
-2.5(5)
-0.3(5)
-2.8(5)

Uz
-8.
-8(4)

0.
0.
-2.
-0.

-7

-4

-4

4(8)

5(6)
7(6)
8(6)
8(6)

-8(6)
-2.
1.
-4(5)
0.
0.
-0.

6(6)
1(6)

4(6)
5(6)
2(5)
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Figure SI-24. NMR spectra of compound V-6.
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Figure SI-25. NMR spectra of compound V-7.
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Figure SI-26. NMR spectra of compound V-8.
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Figure SI-28. NMR spectra of compound VI-2.
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Figure SI-41. NMR spectra of compound VI-15.
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Figure SI-44. NMR spectra of compound VI-18.
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Figure SI-45. NMR spectra of compound VI-19.

SI-87



ve

S—

////// s/

JS

OH

HO

VI-20

Fero

Lozt
To8'0

bore

Ut
w\ 0T
0
%w.o
Feoe

0°C
0

110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

11.5

T¢ce
ceee
6C°0€
SY'IE V
YTbe
0€PE

9£°89
mm.wo/
09°TZ~
v8'1L 7
m?%
€T'sL

P8 HTT

b6 HTT

€€°9TT

€0°LTT

60°L1T

8T'LTT

SHTZIA
65121 7,
ze'seT
€2°9¢1
61°62T
€€°6CT
12621
€8'6¢T
05°8€ET
£9'8€T
66'6ET
Z1°€ST
€T°EST

—— e o

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

Figure SI-46. NMR spectra of compound VI-20.
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Figure SI-56. NMR spectra of compound VII-10.
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SI-100



1/

VA

HO,
OH

MeO

VII-13

ot
Fe60
Tes1

86'0
860

o001
F66'0
=60

110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 05
1 (ppm)

11.5

06'€7
0svT
00'0€ —
6515/

eSS —

€L0L~
wir”

LPTIT~
86'€TT 7

b9 LTI~
86'L2T w
L7621
L0°EET
LT

PE8ST —

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

Figure SI-59. NMR spectra of compound VII-13.
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Figure SI-60. NMR spectra of compound VII-14.
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Figure SI-61. NMR spectra of compound VII-15.
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Figure SI-62. NMR spectra of compound VII-16.
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Figure SI-63. NMR spectra of compound VII-17.
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Figure SI-65. NMR spectra of compound VII-19.
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Figure SI-72. NMR spectra of compound 1f.
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Figure SI-74. NMR spectra of compound 1h.
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Figure SI-75. NMR spectra of compound 1i.
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Figure SI-76. NMR spectra of compound 1;j.
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Figure SI-77. NMR spectra of compound 1k.
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Figure SI-79. NMR spectra of compound 1m.
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Figure SI-80. NMR spectra of compound 1n.
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Figure SI-81. NMR spectra of compound 1o.
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Figure SI-82. NMR spectra of compound 1p.
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Figure SI-83. NMR spectra of compound 1q.
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Figure SI-84. NMR spectra of compound 1r.
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Figure SI-88. NMR spectra of compound 2b.
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Figure SI-96. NMR spectra of compound 2j.

SI-138



va

L B e

—

J

o
OH

MeQ

2k

/660

(44}
wwﬁ.w
0T
[

801
801

0T
=90'1
00T

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

0.0

-

10.5

11.0

¢S'SS —

oL —

68711 —
bS 61T —
8G°0ET
€8'€ET ~
£6'8ET
€617
v8epT

69'8ST —

8C'P6T —

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

Figure SI-97. NMR spectra of compound 2k.
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Figure SI-113. NMR spectra of compound 3g.
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Figure SI-116. NMR spectra of compound 3j.
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Figure SI-118. NMR spectra of compound 3.
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Figure SI-126. NMR spectra of compound 5.
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Figure SI-127. NMR spectra of compound 6.
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Figure SI-128. NMR spectra of compound 7.
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Figure SI-129. NMR spectra of compound VIII.
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Figure SI-130. NMR spectra of compound 8.
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Figure SI-131. NMR spectra of compound XI.
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Figure SI-132. NMR spectra of compound 9.
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Figure SI-133. NMR spectra of compound 10.
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Figure SI-136. HPLC traces for racemic and chiral compound 2a.
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Figure SI-137. HPLC traces for racemic and chiral compound 2b.
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Figure SI-138. HPLC traces for racemic and chiral compound 2c.
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Figure SI-139. HPLC traces for racemic and chiral compound 2d.
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Figure SI-140. HPLC traces for racemic and chiral compound 2e.
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Figure SI-141. HPLC traces for racemic and chiral compound 2f.

SI-183



1 & N
0,40 o
4 (o2
a5 i
< J h
0,20+ A ||
| I
0'[1}_ T T T [ T _I‘JI_I T T T I_ T T T [ l. T \lm_] T T I T T T F T T T '| T T I T T T
0,00 2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00 20,00
Mnutes
Peak Results
RT | Area | Height | % Area
18,251 | 3387847 | 345741 | 49,96
29,172 3393303 | 311795 | 50,04
2,00
] o}
1CD ‘
2 10(}— OH
] 29 ~ |
0,50 o
] o |
4 }k I |
0,00 LA
. VAN ) (AN
T T T | T T T I T T T [ T T T | T T T I T T T l T T T [ T T T I T T T I T T T
0,00 2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00 20,00
Mnutes
Peak Results
RT Area Height | % Area
18,167 | 1639471 160823 | 9,02
2| 8,083 | 16543282 | 1462027 | 90,98
Match Plot Match Plot
{ 2329 1507 2329
015 Peak #1 Peak #2
] 1,001
0,10 T
- | 1 |
< ] < .
0,05 0,50+
] 313,7 1 317.3
0,00 0,00+
] ] ] [ [ ] ] [ | ] ] ] ] | ] [ ] [ ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ]
250,00 300,00 350,00 250,00 300,00 350,00
nm nm

Figure SI-142. HPLC traces for racemic and chiral compound 2g.
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Figure SI-143. HPLC traces for racemic and chiral compound 2h.
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Figure SI-144. HPLC traces for racemic and chiral compound 2i.
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Figure SI-145. HPLC traces for racemic and chiral compound 2j.
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Figure SI-146. HPLC traces for racemic and chiral compound 2k.
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Figure SI-147. HPLC traces for racemic and chiral compound 2I.
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Figure SI-148. HPLC traces for racemic and chiral compound 2m.
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Figure SI-149. HPLC traces for racemic and chiral compound 2n.
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Figure SI-150. HPLC traces for racemic and chiral compound 2o.
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Figure SI-151. HPLC traces for racemic and chiral compound 2q.
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Figure SI-152. HPLC traces for racemic and chiral compound 2r.
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Figure SI-153. HPLC traces for racemic and chiral compound 2t.
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Figure SI-154. HPLC traces for racemic and chiral compound 5.
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Figure SI-155. HPLC traces for racemic and chiral compound (R)-4.
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Preparation of silica gel impregnated with silver nitrate: An aqueous solution of silver nitrate (5.5 g in 30 mL water) was mixed
with 50 g silica gel. The mixture was ground for 5 min in a mortar and the wet solid was dried in an oven at 150 °C for 1 h and
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with aluminum foil. Preparation of TLC plates impregnated with silver nitrate: Regular TLC plates were developed once with an
aqueous solution of silver nitrate (1.0 g in 10 mL water) and reactivated in an oven at 110 °C for 1-2 h. The resulting TLC plates
were protected from light with aluminum foil.
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