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I General experimental

All reactions were performed under an inert argon atmosphere in oven- or flame-dried
round bottom flasks fitted with rubber septa and using magnetic stirring, unless otherwise stated.
Liquids and solutions were transferred via syringe or stainless-steel cannula under inert conditions.
Reactions were frequently monitored by thin-layer chromatography (TLC), which was carried out
on glass plates coated with 250 um of 230-400 mesh silica gel that had been saturated with F-254
indicator. TLC plates were visualized using ultraviolet light and/or by exposure to various staining
solutions followed by heating. Flash column chromatography was carried out on 230-400 mesh
silica gel (Silicycle) using reagent-grade solvents. Room temperature (rt) indicates a temperature
of approximately 22 °C.

All commercial reagents were used without further purification with the following
exceptions: tetrahydrofuran and diethyl ether were distilled from sodium/benzophenone ketyl
radical under a nitrogen atmosphere. Triethylamine was distilled from calcium hydride under a
nitrogen atmosphere. Dichloromethane was distilled from calcium hydride under a dry air
atmosphere. Pyridine, dimethylformamide, and dimethyl sulfoxide were stored over 4A molecular
sieves. Triphenylphosphine was recrystallized from methanol.

All polyene cyclization reactions were performed under air using reagent-grade solvents
out of the bottle.

IR spectra were obtained using a Perkin-Elmer Spectrum One FT-IR spectrophotometer.
NMR spectra were recorded on 400, 500 MHz Varian or 400, 500, 800 MHz Bruker spectrometers.
Some NMR experiments were recorded at the Quebec/Eastern Canada High Field NMR Facility,
supported by the Canada Foundation for Innovation, McGill University Faculty of Science and
Department of Chemistry. Chemical shifts (8) were internally referenced to the residual proton
resonance of chloroform-d (6 7.26 ppm). The following abbreviations were used for NMR peak
multiplicities: s = singlet, d = doublet, t = triplet, g = quartet, sext = sextet, m = multiplet. Coupling
constants (J) are reported in Hertz (Hz). High-resolution mass spectrometry was conducted by Dr.
Nadim Saadé and Dr. Alexander Wahba in the Mass Spectrometry Facility in the Department of
Chemistry, McGill University, using Thermo-Fisher Exactive Plus Orbitrap-APIl and Bruker
Maxis APl QqTOF mass spectrometers.

The following known compounds were synthesized following literature procedures: ethyl
1,2-diazepane-1-carboxylate! and Dess-Martin periodinane? 3.

Atom numbering for decalin compounds is based on IUPAC rules for the numbering of
steroids, except for the numbering in the compounds’ names, which uses general IUPAC
nomenclature (as assigned by PerkinEImer ChemDraw).



1. Substrate synthesis

Synthesis of (E)-iodoalkene coupling partner

\)\/\ 1. PPhs, Br, DIBAL-H
| DCM __THF
Z OH
93%

(EtO) 2F>\)LOEt 589 N
DMSO over 2 steps TBSCI, imidazole
DCM
ii. formaldehyde, K,CO3
DMSO/H,0
IN\F OTBS

93%

ethyl (E)-6-iodo-5-methyl-2-methylenehex-5-enoate

EtOZC\”/\)\/I

To a stirred solution of PPhs (3.369 g, 12.8 mmol) in DCM (10 mL) at 0 °C was added bromine
(600 pL, 11.7 mmol). The solution was stirred for 10 minutes, then a solution of (E)-4-iodo-3-
methylbut-3-en-1-ol* (2.079 g, 9.8 mmol) in DCM (40 mL) was added. The solution was stirred
for 1 h, then concentrated. The crude bromide was purified by a silica gel plug (eluted with
hexanes).

Following the procedure of Serebryakov et al®: To a stirred solution of NaH (60% dispersion in
mineral oil, 622 mg, 15.5 mmol) in DMSO (16 mL) at 0 °C was added triethyl phosphonoacetate
(3.0 mL, 15.5 mmol) dropwise. When bubbling ceased, the solution was added to the bromide
formed in the previous step. The solution was brought to 50 °C and stirred for 2 h. The solution
was cooled to room temperature and K>COs (3.248 g, 23.2 mmol) and formaldehyde (37% in
water, 3.5 mL, 47.0 mmol) were added. The mixture was brought to 60 °C and let stir for 1 h. The
solution was diluted with water and extracted with Et2O (3 x 20 mL). The combined organic layers
were washed with brine, dried with MgSOyg, filtered, and concentrated. The crude extracts were
purified by silica gel column chromatography (gradient from hexanes to 95:5 hexanes/ethyl
acetate) to obtain ethyl (E)-6-iodo-5-methyl-2-methylenehex-5-enoate, which was isolated as a
colourless oil (1.673 g, 5.7 mmol, 58% yield over 2 steps. IR (Film) 3057, 2980, 2930, 2854, 1712,
1630, 1445, 1408, 1369, 1306, 1267, 1185, 1134, 1095, 1025, 943, 888, 863, 843, 815, 780, 682,
662 cm™; 'H NMR (500 MHz, CDCls) 8 = 6.15 (d, J = 1.2 Hz, 1 H), 5.90 (q, J = 0.9 Hz, 1 H),
5.51 (d, J= 1.2 Hz, 1 H), 4.20 (qt, J = 7.1, 1.4 Hz, 2 H), 2.44 (t, J = 8.0 Hz, 2 H), 2.37 (t, J = 8.0
Hz, 2 H), 1.85 (d, J = 0.9 Hz, 3 H), 1.30 (tt, J = 7.0, 1.5 Hz, 3 H) ppm; *C NMR (125 MHz,
CDCl3) 6 = 166.8, 146.9, 139.7, 125.2, 75.5, 60.7, 38.6, 30.3, 23.8, 14.2 ppm; MS (ESI) exact
mass calculated for [M+Na] (C10H151NaO>) requires m/z 317.0009, found m/z 317.0007.



(E)-6-iodo-5-methyl-2-methylenehex-5-en-1-ol

|

To a stirred solution of ethyl (E)-6-iodo-5-methyl-2-methylenehex-5-enoate (1.553 g, 5.3 mmol)
in THF (20 mL) at 0 °C was added DIBAL-H (25 wt. % in toluene, 8 mL, 11.6 mmol) dropwise.
The solution was stirred for 3 h, then quenched with a saturated solution of Rochelle’s salt. The
mixture was extracted with EtOAc (3 x 20 mL). The combined organic layers were washed with
brine, dried with MgSQyg, filtered and concentrated. The crude extracts were purified by silica gel
column chromatography (gradient from hexanes to 80:20 hexanes/EtOAc) to obtain (E)-6-iodo-5-
methyl-2-methylenehex-5-en-1-ol, which was isolated as a colourless oil (1.237 g, 4.9 mmol, 93%
yield). IR (Film) 3378, 3058, 2979, 2914, 2853, 1712, 1653, 1629, 1446, 1409, 1374, 1290, 1268,
1189, 1138, 1094, 1065, 1024, 945, 898, 864, 815, 780, 764, 742, 665, 598, 579 cm™; *H NMR
(400 MHz, CDClI3) 6 =5.93 (d, J = 0.9 Hz, 1 H), 5.06 (s, 1 H), 4.88 (d, J = 1.1 Hz, 1 H), 4.08 (d,
J=5.9 Hz, 2 H), 2.38 (dd, J = 8.4, 7.1 Hz, 2 H), 2.22 (dd, J = 8.4, 7.1 Hz, 2 H), 1.86 (s, 3 H), 1.39
(t, J = 6.1 Hz, 1 H) ppm; 3C NMR (125 MHz, CDCl3) & = 147.8, 147.4,110.2, 75.2, 65.9, 37.9,
31.1, 23.9 ppm; MS (ESI) exact mass calculated for [M+Na] (CgH13INaO) requires m/z 274.9903,
found m/z 274.9906.

(E)-tert-butyl((6-iodo-5-methyl-2-methylenehex-5-en-1-yl)oxy)dimethylsilane

TBso/\n/\)\/ !

To a stirred solution of (E)-6-iodo-5-methyl-2-methylenehex-5-en-1-ol (1.304 g, 5.2 mmol) in
DCM (20 mL) was added imidazole (717 mg, 10.5 mmol) and TBSCI (872.5 mg, 10.3 mmol). The
resulting solution was stirred for 3 h, then concentrated and purified by silica gel column
chromatography (gradient from hexanes to 93:7 hexanes/ethyl acetate) to obtain (E)-tert-butyl((6-
iodo-5-methyl-2-methylenehex-5-en-1-yl)oxy)dimethylsilane, which was isolated as a colourless
oil (1.762 g, 4.8 mmol, 93% yield). IR (Film) 3075, 3056, 2953, 2928, 2895, 2856, 1654, 1618,
1471, 1462, 1388, 1377, 1361, 1252, 1141, 1107, 1081, 1006, 939, 899, 834, 774, 738, 705, 667,
583, 509 cm™; 'H NMR (400 MHz, CDCl3) § = 5.91 (d, J = 1.0 Hz, 1 H), 5.04 (s, 1 H), 4.82 (d, J
=1.2 Hz, 1 H), 4.07 (s, 2 H), 2.36 (dd, J = 8.8, 6.8 Hz, 2 H), 2.16 (dd, J = 8.7, 7.0 Hz, 2 H), 1.86
(d, J = 0.6 Hz, 3 H), 0.92 (s, 9 H), 0.09 (s, 6 H) ppm; *C NMR (125 MHz, CDCl3) § = 147.6,
147.6, 109.3, 75.0, 65.9, 38.0, 30.9, 25.9, 23.9, 18.4, -5.3 ppm; MS (ESI) exact mass calculated
for [M+Na] (C14H27INaOSi) requires m/z 389.0768, found m/z 389.0775.



Synthesis of vinylarenes

Phs(Me)P*Br,

/@R KO'Bu \/@ R
—» —
oHET ~F Et,0 XNN\F

57 - 96%
General procedure A

To a stirred suspension of methyltriphenylphosphonium bromide (1.82 g, 5.1 mmol) in Et20 (20
mL) at 0 °C was added potassium tert-butoxide (505 mg, 4.5 mmol). The mixture was stirred 15
minutes and became bright yellow. A solution of aryl aldehyde (3.0 mmol) in Et20 (10 mL) was
added dropwise. The reaction mixture was removed from cooling, stirred overnight, cooled to 0
°C, and quenched with saturated aqueous NH4Cl (12 mL). The aqueous layer was diluted with
water (6 mL) and extracted with Et2O (2 x 12 mL). The organic layer and ether extracts were
combined, washed with water and brine, dried with MgSOa, filtered, concentrated, and purified by
flash chromatography to give the vinylarene.

O BFK
Cs,CO3 (3 eq.)

Dy PdppACE (5 mol%) \/@
> —R
Br” 7 THF/H,0 XN\F

75 -82%

General procedure B

Following a modified procedure of Molander et al.®: To a 10 mL microwave vial containing aryl
bromide, Pd(dppf)Cl,, CsCOg, and vinyl trifluoroborate was added THF:H20 (9:1). The solution
was brought to 85 °C and let stir for 21 h. The reaction quenched with water (5 mL) and extracted
with Et2O (2 x 10 mL). The organic layer and ether extracts were combined, washed with brine,
dried with MgSOsa, filtered, concentrated, and purified by flash chromatography to give the
vinylarene.

1,3-dimethoxy-5-vinylbenzene
OMe

X t OMe

From 3,5-dimethoxybenzaldehyde (6.0 mmol), general procedure A was followed to give, after
flash chromatography (gradient from 99:1 to 97:3 hexanes/EtOAc), 950 mg (5.8 mmol) of 1,3-
dimethoxy-5-vinylbenzene as a colourless oil (96% yield). Spectroscopic data were in accordance
with previously reported literature.’



1,2-dimethoxy-3-vinylbenzene

X ; OMe

OMe

From 2,3-dimethoxybenzaldehyde (2.1 mmol), general procedure A was followed to give, after
flash chromatography (gradient from 97:3 to 90:10 hexanes/DCM), 279.4 mg (1.7 mmol) of 1,2-
dimethoxy-3-vinylbenzene as a colourless oil (80% yield). Spectroscopic data were in accordance
with previously reported literature.®

1-methoxy-2-methyl-3-vinylbenzene

X ; OMe

From 3-methoxy-2-methylbenzaldehyde (3.0 mmol), general procedure A was followed to give,
after flash chromatography (gradient from 96:4 to 92:8 hexanes/DCM), 384 mg (2.6 mmol) of 1-
methoxy-2-methyl-3-vinylbenzene as a colourless oil (86% yield). Spectroscopic data were in
accordance with previously reported literature.®

4-methoxy-1-methyl-2-vinylbenzene

OMe
\ k

From 5-methoxy-2-methylbenzaldehyde (1.6 mmol), general procedure A was followed to give,
after flash chromatography (gradient from 96:4 to 92:8 hexanes/DCM), 217 mg (1.5 mmol) of 4-
methoxy-1-methyl-2-vinylbenzene as a colourless oil (89% yield). Spectroscopic data were in
accordance with previously reported literature.°

3-methyl-4-vinylthiophene

S

From 3-bromo-4-methylthiophene (2.8 mmol), general procedure B was followed to give, after
flash chromatography (pentane), 264.7 mg (2.1 mmol) of 3-methyl-4-vinylthiophene as a
colourless oil (75% yield). IR (Film) 3087, 3008, 2971, 2946, 2920, 2862, 1622, 1444, 1381, 985
cm™; 'H NMR (500 MHz, CDCl3) 6 = 7.28 (d, J = 3.2 Hz, 1 H), 6.90 (dq, J = 3.2, 1.0 Hz, 1 H),
5.58 (dd, J =17.6, 1.4 Hz, 1 H), 5.21 (dd, J = 17.6, 1.5 Hz, 1 H), 2.27 (d, J = 0.7 Hz, 3 H) ppm;
13C NMR (125 MHz, CDCls) § = 139.5, 136.2, 130.1, 121.5, 121.0, 114.4, 15.0 ppm; HRMS
(APCI) exact mass calculated for [M+H] (C7HoS) requires m/z 125.0423, found m/z 125.04109.



1-tosyl-2-vinyl-1H-pyrrole

| \

N
Ts

A

From 1-tosyl-1H-pyrrole-2-carbaldehyde (3.0 mmol), general procedure A was followed to give,
after flash chromatography (gradient from 97:3 to 93:7 hexanes/DCM), 655.7 mg (2.7 mmol) of
1-tosyl-2-vinyl-1H-pyrroleas a colourless oil (89% yield). Spectroscopic data were in accordance
with previously reported literature.®

2-vinylfuran
| \
N0

From furan-2-carbaldehyde (12.1 mmol), general procedure A was followed to give, after flash
chromatography (90:10 pentane/Et.0), 844.5 mg (9.0 mmol) of 2-vinylfuran as a colourless oil
(57% yield). Spectroscopic data were in accordance with previously reported literature.!

3-vinylbenzofuran

V“/\b

From 3-bromobenzofuran (3.0 mmol), general procedure B was followed to give, after flash
chromatography (hexanes), 364.8 mg (2.5 mmol) of 3-vinylbenzofuran as a colourless oil (82%
yield). Spectroscopic data were in accordance with previously reported literature.*?

1,3-dimethyl-5-vinylbenzene

A

From 3,5-dimethylbenzaldehyde (3.0 mmol), general procedure A was followed to give, after flash
chromatography (gradient from 97:3 to 95:5 pentane/DCM), 323 mg (2.4 mmol) of 1,3-dimethyl-
5-vinylbenzene as a colourless oil (81% yield). Spectroscopic data were in accordance with
previously reported literature.*3



Synthesis of (E)-polyene substrates (4)

1.i. 9-BBN, THF
ii. Pd(dppf)Cl, (10 mol %), R R
NaOH (10 eq.), //| //|
X
| o rR & OTBS N N
NI - | DMP, pyr “ |
2. TBAF, THF X DCM OHC
59 - 82% 66 - 86%

over 2 steps

Synthesis of alcohol (general procedure C)

Following the procedure of Zhao et al'*: To a stirred solution of vinylarene (1.1 mmol) in
tetrahydrofuran (400 pL) at 0 °C was added a solution of 9-BBN (0.5 M in THF, 2.1 mL, 1.1
mmol). The mixture was brought to room temperature and stirred for 18 h. When the hydroboration
was complete, the reaction was cooled to 0 °C and Pd(dppf)ClI. (40 mg, 0.054 mmol), NaOH (216
mg, 5.4 mmol), and a solution of (E)-tert-butyl((6-iodo-5-methyl-2-methylenehex-5-en-1-
yl)oxy)dimethylsilane (198.0 mg, 0.54 mmol) in THF (400 pL) were added sequentially. The
mixture was brought to room temperature and stirred for 22 h. The reaction was quenched with
saturated aqueous NH4Cl and extracted with EtOAc (3 x 10 mL). The combined organic layers
were washed with brine, dried with MgSOyg, filtered, and concentrated. The crude extracts were
purified by silica gel column chromatography (gradient from hexanes to 94:6 hexanes/EtOAC) to
obtain coupling product.

To a stirred solution of coupled product in THF was added a solution of TBAF (1.0 M in
THF, 1.1 mL, 1.1 mmol) was added and the resulting solution was stirred for 1 h. The reaction
was quenched with saturated aqueous NaHCOs and extracted with EtOAc (3 x 10 mL). The
combined organic layers were washed with brine, dried with MgSQa, filtered, and concentrated.
The crude extracts were purified by silica gel column chromatography (gradient from hexanes to
70:30 hexanes/EtOAC) to obtain alcohol product.

(E)-8-(3,5-dimethoxyphenyl)-5-methyl-2-methyleneoct-5-en-1-ol
MeO OMe

HO ™

Followed general procedure C from 3,5-dimethoxystyrene on a 0.54 mmol scale and purified using
silica gel column chromatography to give 98 mg (0.38 mmol, 70% vyield over 2 steps) of (E)-8-
(3,5-dimethoxyphenyl)-5-methyl-2-methyleneoct-5-en-1-ol as a colourless oil. IR (Film) 3393,
3083, 2933, 2838, 1594, 1459, 1428, 1204, 1148, 1065, 1026, 896, 829, 736, 694 cm™; 'H NMR
(500 MHz, CDCl3) 86 = 6.36 (d, J=2.2 Hz, 2 H), 6.31 (t, J=2.2 Hz, 1 H),5.20 (t, J=6.9 Hz, 1
H), 5.02 (d, J = 1.1 Hz, 1 H), 4.86 (s, 1 H), 4.05 (s, 2 H), 3.78 (s, 6 H), 2.59 (t, J = 7.7 Hz, 2 H),
2.31 (td, J = 7.5, 6.8 Hz, 2 H), 2.15 (bs, 4 H), 2.09 (s, 1 H), 1.60 (s, 3 H) ppm; *C NMR (125
MHz, CDCl3) 6 = 160.5, 148.7, 144.6, 135.2, 123.8, 109.0, 106.5, 97.5, 65.6, 55.1, 37.7, 36.2,

8



31.4, 29.5, 15.8 ppm; HRMS (ESI) exact mass calculated for [M+Na] (C1sH26NaOs) requires m/z
313.1774, found m/z 313.1784.

(E)-8-(2,3-dimethoxyphenyl)-5-methyl-2-methyleneoct-5-en-1-ol
OMe

| OMe
HO ™

Followed general procedure C from 1,2-dimethoxy-3-vinylbenzene on a 0.81 mmol scale and
purified using silica gel column chromatography to give 187 mg (0.64 mmol, 78% yield over 2
steps) of (E)-8-(2,3-dimethoxyphenyl)-5-methyl-2-methyleneoct-5-en-1-ol a colourless oil. IR
(Film) 3418, 2930, 2856, 1689, 1584, 1475, 1267, 1076, 1009 cm™; *H NMR (400 MHz, CDCls)
8=6.97(dd, J=8.1,8.1Hz, 1 H), 6.77 (dd, J = 8.1, 2.1 Hz, 2 H), 5.23 (t, J = 6.9 Hz, 1 H), 5.00
(s, 1 H), 4.84 (s, 1 H), 4.06 (s, 2H), 3.85 (s, 3 H), 3.82 (s, 3 H), 2.64 (t, J = 7.4 Hz, 2 H), 2.28 (dt,
J=8.1,7.4Hz,2H),2.14 (s, 4 H), 1.72 (bs, 1 H), 1.59 (s, 3 H) ppm; 33C NMR (125 MHz, CDCls)
0 =152.6, 148.9, 147.1, 136.0, 135.1, 124.3, 123.6, 121.9, 110.0, 109.1, 65.8, 60.5, 55.6, 37.8,
31.4,29.9, 29.1, 15.8 ppm; HRMS (ESI) exact mass calculated for [M+Na] (C1sH26NaO3) requires
m/z 313.1774, found m/z 313.1770.

(E)-8-(3-methoxy-2-methylphenyl)-5-methyl-2-methyleneoct-5-en-1-ol
OMe

Followed general procedure C from 3-methoxy-2-methylstyrene on a 0.54 mmol scale and purified
using silica gel column chromatography to give 101 mg (0.36 mmol, 67% yield over 2 steps) of
(E)-8-(3-methoxy-2-methylphenyl)-5-methyl-2-methyleneoct-5-en-1-ol as a colourless oil. IR
(Film) 3327, 3071, 2932, 2861, 2837, 1653, 1584, 1463, 1438, 1380, 1310, 1252, 1192, 1168,
1142, 1101, 1018, 895, 835, 778, 719, 678 cm™; *H NMR (500 MHz, CDCl3) 6 = 7.12 (dd, J =
7.8, 7.8 Hz, 1 H),6.81(d,J=7.7Hz, 1 H), 6.74 (d, J =8.0 Hz, 1 H), 5.27 (t, J = 7.0 Hz, 1 H),
5.05 (s, 1 H), 4.90 (s, 1 H), 4.09 (s, 2 H), 3.84 (s, 3 H), 2.66 (t, J = 7.6 Hz, 2 H), 2.29 (td, J = 7.6,
7.1 Hz, 2 H), 2.23 (s, 3 H), 2.18 (s, 4 H), 1.83 (s, 1 H), 1.62 (s, 3 H) ppm; 3C NMR (125 MHz,
CDCI3) 6 = 157.6, 148.8, 141.7, 135.1, 125.8, 124.4, 124.1, 121.4, 109.2, 107.8, 65.8, 55.4, 37.9,
33.6, 31.4, 28.8, 15.8, 11.2 ppm; HRMS (APCI) exact mass calculated for [M+H] (C1sH2705)
requires m/z 267.1390, found m/z 267.1389.

HO ™



(E)-8-(5-methoxy-2-methylphenyl)-5-methyl-2-methyleneoct-5-en-1-ol
MeO

Followed general procedure C from 4-methoxy-2-methylstyrene on a 0.54 mmol scale and purified
using silica gel column chromatography to give 102 mg (0.38 mmol, 70% vyield over 2 steps) of
(E)-8-(5-methoxy-2-methylphenyl)-5-methyl-2-methyleneoct-5-en-1-ol as a colourless oil. IR
(Film) 3452, 3053, 1936, 2865, 2837, 1652, 1608, 1579, 1498, 1454, 1383, 1303, 1265, 1208,
1161, 1114, 1045, 896, 854, 803, 704 cm™; 'H NMR (500 MHz, CDCls3) § = 7.07 (d, J = 8.2 Hz,
1 H), 6.74 (d, J = 2.3 Hz, 1 H), 6.69 (dd, J = 8.2, 2.4 Hz, 1 H), 5.26 (t, J = 7.0 Hz, 1 H), 5.06 (s, 1
H), 4.90 (s, 1 H), 4.09 (s, 2 H), 3.80 (s, 3 H), 2.62 (t, J = 7.6 Hz, 2 H), 2.30 (m, 5 H), 2.18 (s, 4 H),
2.06 (s, 1 H), 1.62 (s, 3 H) ppm; C NMR (125 MHz, CDCl3) § = 157.6, 148.8, 141.5, 135.2,
130.6, 127.9, 123.9, 114.8, 110.5, 109.1, 65.7, 55.1, 37.8, 33.5, 31.4, 28.4, 18.3, 15.8 ppm; HRMS
(ESI) exact mass calculated for [M+Na] (CisH26NaO2) requires m/z 297.1825, found m/z
297.1815.

(E)-5-methyl-2-methylene-8-(4-methylthiophen-3-yl)oct-5-en-1-ol
2\

A

Followed general procedure C from 2-vinylthiophene on a 0.54 mmol scale and purified using
silica gel column chromatography to give 82 mg (0.33 mmol, 62% yield over 2 steps) of (E)-5-
methyl-2-methylene-8-(4-methylthiophen-3-yl)oct-5-en-1-ol as a colourless oil. IR (Film) 3330,
3085, 2921, 2856, 1652, 1445, 1383, 1060, 1022, 896, 861 cm™; *H NMR (500 MHz, CDCls3) § =
6.90 (m, 2 H), 5.25 (t, J = 6.8 Hz, 1 H), 5.04 (d, J = 1.2 Hz, 1 H), 4.89 (d, J = 1.0 Hz, 1 H), 4.08
(s,2H), 257 (t,J=8.3Hz, 2 H), 2.33 (td, J = 8.3, 6.8 Hz, 2 H), 2.20 (s, 3H), 2.18 (bs, 4 H), 1.75
(s, 1 H), 1.63 (s, 3H) ppm; *C NMR (125 MHz, CDCl3s) & = 148.8, 141.7, 136.9, 135.3, 124.0,
120.7, 120.2, 109.3, 65.8, 37.8, 31.4, 29.0, 27.8, 15.8, 14.4 ppm; HRMS (ESI) exact mass
calculated for [M+Na] (C1sH22NaOS) requires m/z 273.1284, found m/z 273.1279.

(E)-5-methyl-2-methylene-8-(1-tosyl-1H-pyrrol-2-yl)oct-5-en-1-ol

HO N

HO A

—

A NTs

Followed general procedure C from 1-tosyl-2-vinyl-1H-pyrrole on a 0.54 mmol scale and purified
using silica gel column chromatography to give 74 mg (0.32 mmol, 59% yield over 2 steps) of (E)-
5-methyl-2-methylene-8-(1-tosyl-1H-pyrrol-2-yl)oct-5-en-1-ol as a colourless oil. IR (Film) 3555,
3373, 3155, 2922, 2855, 1652, 1597, 1448, 1362, 1185, 10990, 1053 cm™; *H NMR (500 MHz,
CDCl3) 6=7.62 (d,J = 8.8 Hz, 2 H), 7.27 (m, 3 H), 6.18 (dd, J = 3.3, 3.3 Hz, 1 H), 5.97 (m, 1 H),
511 (t,J=6.9Hz, 1 H),5.01(d,J=1.1Hz, 1H),4.85(d,J=1.0Hz 1H),4.05 (s, 2 H), 2.68 (t,

HO ™
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J=8.0 Hz, 2 H), 2.38 (s, 3 H), 2.25 (td, J = 8.0, 7.0 Hz, 2 H), 2.12 (m, 4 H), 1.78 (bs, 1 H), 1.56
(s, 3 H) ppm; 3C NMR (125 MHz, CDCl3) 6 = 148.8, 144.6, 136.4, 135.6, 135.3, 128.9, 126.6,
123.5,122.2,112.0,111.2,109.2, 65.7, 37.8, 31.3, 27.2, 27.0, 21.5, 15.8 ppm; HRMS (ESI) exact
mass calculated for [M+Na] (C21H27NNaOsS) requires m/z 396.1604, found m/z 396.1600.

(E)-8-(furan-2-yl)-5-methyl-2-methyleneoct-5-en-1-ol

U0
HO \l

Followed general procedure C from 2-vinylfuran on a 0.54 mmol scale and purified using silica
gel column chromatography to give 78 mg (0.35 mmol, 64% yield over 2 steps) of (E)-8-(furan-
2-yl)-5-methyl-2-methyleneoct-5-en-1-ol (4.43) as a colourless oil. IR (Film) 3331, 2915, 2853,
1383, 1072 cm®; *H NMR (500 MHz, CDCl3) § =7.29 (d, J = 2.2 Hz, 1 H), 6.27 (dd, J = 3.1, 2.2
Hz, 1 H),5.97 (d,J=3.1Hz, 1 H),5.18 (t, J=7.0 Hz, 1 H), 5.01 (s, 1 H), 4.86 (5, 1 H), 4.06 (s, 2
H), 2.64 (t, J = 7.2 Hz, 2 H), 2.33 (dt, J = 7.2, 7.0 Hz, 2 H), 2.14 (s, 4 H), 1.60 (s, 4 H) ppm; 3C
NMR (125 MHz, CDCl3) 6 = 156.0, 148.8, 140.7, 135.6, 123.5, 110.0, 109.3, 104.8, 65.8, 37.8,
21.4,28.1, 26.4, 15.8 ppm; HRMS (ESI) exact mass calculated for [M+Na] (C14H20NaO3) requires
m/z 243.13555, found m/z 243.13547.

(E)-8-(benzofuran-3-yl)-5-methyl-2-methyleneoct-5-en-1-ol

0]
A

Followed general procedure C from 3-vinylbenzofuran on a 0.83 mmol scale and purified using
silica gel column chromatography to give 177 mg (0.65 mmol, 79% yield over 2 steps) of (E)-8-
(benzofuran-3-yl)-5-methyl-2-methyleneoct-5-en-1-ol a colourless oil. IR (Film) 3327, 3062,
2916, 2853, 1652, 1452, 1009 cm™; *H NMR (500 MHz, CDCl3) § = 7.58 (d, J = 7.4 Hz, 1 H),
7.48 (d,J=7.9 Hz, 1 H), 7.42 (s, 1 H), 7.30 (dd, J = 7.4, 6.2 Hz, 1 H), 7.25 (dd, J = 7.9, 6.2 Hz, 1
H), 5.27 (t, J = 7.6 Hz, 1 H), 5.04 (s, 1 H), 4.88 (s, 1 H), 4.07 (s, 2 H), 2.72 (t, J = 7.3 Hz, 2 H),
2.43 (dt, J = 7.6, 7.3 Hz, 2 H), 2.17 (s, 4 H), 1.89 (bs, 1 H), 1.62 (s, 3 H) ppm; **C NMR (125
MHz, CDClz) 6 = 155.2, 148.7, 141.0, 135.5, 128.2, 123.9, 123.9, 122.0, 120.1, 119.5, 111.2,
109.2, 65.7, 37.8, 31.3, 27.3, 23.6, 15.9 ppm; HRMS (ESI) exact mass calculated for [M+Na]
(C18H22Na0») requires m/z 293.1512, found m/z 293.1514.

(E)-8-(3,5-dimethylphenyl)-5-methyl-2-methyleneoct-5-en-1-ol

HO ™

Followed general procedure C from 3,5-dimethylstyrene on a 0.54 mmol scale and purified using
silica gel column chromatography to give 119 mg (0.46 mmol, 82% yield over 2 steps) of (E)-8-

HO ™
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(3,5-dimethylphenyl)-5-methyl-2-methyleneoct-5-en-1-ol as a colourless oil. IR (Film) 3318,
3012, 2917, 2854, 1653, 1605, 1449, 1378, 1061, 1023, 895, 842, 701 cm; *H NMR (400 MHz,
CDCl3) 6 = 6.84 (bs, 1H), 6.82 (bs, 2 H), 5.22 (t, J = 7.0 Hz, 1 H), 5.02 (d, J = 1.2 Hz, 1 H), 4.88
(s, 1 H),4.07 (d, J=5.0 Hz, 2 H), 2.57 (t, J = 7.9 Hz, 2 H), 2.30 (m, 8 H), 2.16 (bs, 4 H), 1.60 (s,
3 H), 1.39 (t, J = 5.1 Hz, 1 H) ppm; ¥*C NMR (125 MHz, CDCl3) § = 149.0, 142.2, 138.0, 135.1,
127.3, 126.3, 124.3, 109.4, 66.0, 38.0, 35.9, 31.6, 30.0, 21.3, 15.9 ppm; HRMS (ESI) exact mass
calculated for [M+Na] (C1sH26NaO) requires 281.1876, found m/z 281.1867.

Synthesis of aldehydes (general procedure D)

To a solution of alcohol (0.30 mmol) in DCM (3 mL) was added pyridine (40 pL, 0.50 mmol) and
Dess-Martin periodinane® (170 mg, 0.40 mmol). The mixture was stirred for 1 h. The reaction was
quenched with saturated aqueous sodium thiosulphate and extracted with DCM (3 x 10 mL). The
combined organic layers were washed with brine, dried with MgSO, filtered and concentrated.
The crude extracts were purified by silica gel column chromatography (gradient from hexanes to
90:10 hexanes/EtOAcC) to obtain aldehyde.

(E)-8-(3,5-dimethoxyphenyl)-5-methyl-2-methyleneoct-5-enal (4a)
MeO OMe

OHC N

From (E)-8-(3,5-dimethoxyphenyl)-5-methyl-2-methyleneoct-5-en-1-ol, general procedure D was
followed on a 0.30 mmol scale to give 73 mg (0.23 mmol, 76% vyield) of (E)-8-(3,5-
dimethoxyphenyl)-5-methyl-2-methyleneoct-5-enal as a colourless oil. IR (Film) 3083, 3056,
2992, 2932, 2838, 2694, 1687, 1594, 1460, 1428, 1347, 1315, 1293, 1204, 1150, 1066, 940, 830,
694 cm™*; *H NMR (500 MHz, CDCl3) § =9.52 (s, 1 H), 6.37 (d, J=2.2 Hz, 2 H), 6.32 (t, J = 2.2
Hz, 1 H), 6.22 (s, 1 H), 5.98 (s, 1 H), 5.18 (tq, J = 7.1, 0.9 Hz, 1 H), 3.80 (s, 6 H), 2.59 (t, J= 7.5
Hz, 2 H), 2.36 (t, J=8.1 Hz, 2 H), 2.31 (td, J= 7.6, 7.3 Hz, 2 H), 2.14 (t, J = 7.9, 2 H), 1.61 (5, 3
H) ppm; *C NMR (125 MHz, CDCl3) § = 194.6, 160.7, 149.8, 144.7, 134.6, 134.2, 124.6, 106.5,
97.7, 55.2, 37.6, 36.3, 29.6, 26.3, 15.9 ppm; HRMS (ESI) exact mass calculated for [M+Na]
(C18H24Na0s) requires m/z 311.1618, found m/z 311.1622.

(E)-8-(2,3-dimethoxyphenyl)-5-methyl-2-methyleneoct-5-enal (4b)
OMe

| OMe

OHC™ X

From (E)-8-(2,3-dimethoxyphenyl)-5-methyl-2-methyleneoct-5-en-1-ol, general procedure D was
followed on a 0.64 mmol scale to give 148 mg (0.51 mmol, 80% yield) of (E)-8-(2,3-
dimethoxyphenyl)-5-methyl-2-methyleneoct-5-enal as a colourless oil. IR (Film) 2931, 2855,
2835, 2698, 1687, 1475, 1336, 1267, 1076 cm™*; *H NMR (500 MHz, CDCl3) § = 9.49 (s, 1 H),
6.95 (dd, J = 7.6, 7.6 Hz, 1 H), 6.75 (d, J = 7.6 Hz, 2 H), 6.19 (s, 1 H), 5.95 (s, 1 H), 5.20 (t, J =
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7.7 Hz, 1 H), 3.84 (s, 3 H), 3.81 (s, 3H), 2.62 (t, J=8.1 Hz, 2 H), 2.34 (t, J = 8.1 Hz, 2 H), 2.26
(dt,J=8.1,7.3Hz,2H), 2.11 (t, J = 7.3 Hz, 2 H), 1.59 (s, 3 H) ppm; **C NMR (125 MHz, CDCls)
0 =194.4, 152.5, 149.7, 147.0, 135.9, 134.3, 134.0, 124.8, 123.5, 121.8, 110.0, 60.4, 55.5, 37.5,
29.9, 29.0, 26.2, 15.6 ppm; HRMS (ESI) exact mass calculated for [M+Na] (C1sH224NaO3) requires
m/z 311.1618, found m/z 311.1631.

(E)-8-(3-methoxy-2-methylphenyl)-5-methyl-2-methyleneoct-5-enal (4c)
OMe

OHC X

From (E)-8-(3-methoxy-2-methylphenyl)-5-methyl-2-methyleneoct-5-en-1-ol, general procedure
D was followed on a 0.35 mmol scale to give 72 mg (0.26 mmol, 74% yield) of (E)-8-(3-methoxy-
2-methylphenyl)-5-methyl-2-methyleneoct-5-enal as a colourless oil. IR (Film) 2937, 2865, 2844,
2699, 1689, 1627, 1584, 1464, 1438, 1378, 1346, 1310, 1256, 1167, 1142, 1101, 1055, 1033, 1014,
942, 870, 838, 778, 720, 678 cm™!; 'H NMR (500 MHz, CDCl3) § = 9.53 (s, 1 H), 7.10 (t, 7.8 Hz,
1H),6.79 (d,J=7.6 Hz, 1 H), 6.72 (d, J=8.0 Hz, 1 H), 6.23 (s, 1 H), 5.98 (s, 1 H), 5.22 (tq, J =
7.1,1.2Hz,1H),3.83(s,3H),2.63(t,J=7.9Hz,2H), 237 (t,J=7.6 Hz, 2 H), 2.26 (td, J = 8.0,
7.2 Hz, 2 H) 2.20 (s, 3 H), 2.15 (t, J = 7.6 Hz, 2 H), 1.61 (s, 3 H) ppm; *C NMR (125 MHz,
CDCl3) 6=194.6, 157.6, 149.8, 141.7, 134.4, 134.1, 125.8, 124.7, 124.4, 121.4, 107.8, 55.4, 37.6,
33.6, 28.9, 26.3, 15.7, 11.2 ppm; HRMS (APCI) exact mass calculated for [M+H] (C1sH250>)
requires m/z 255.1743, found m/z 255.1751.

(E)-8-(5-methoxy-2-methylphenyl)-5-methyl-2-methyleneoct-5-enal (4d)
MeO

oHC™ X

From (E)-8-(5-methoxy-2-methylphenyl)-5-methyl-2-methyleneoct-5-en-1-ol, general procedure
D was followed on a 0.30 mmol scale to give 72 mg (0.24 mmol, 81% yield) of (E)-8-(5-methoxy-
2-methylphenyl)-5-methyl-2-methyleneoct-5-enal as a colourless oil. IR (Film) 3060, 2932, 2863,
2834, 2698, 1688, 1609, 1578, 1498, 1452, 1382, 1304, 1284, 1249, 1208, 1160, 1114, 1087, 1045,
997, 942, 868, 848, 801, 778, 713 cm™}; TH NMR (500 MHz, CDCl3) § =9.55 (s, 1 H), 7.07 (d, 7.8
Hz, 1 H), 6.74 (d, J = 2.8 Hz, 1 H), 6.69 (dd, 7.8, 2.8 Hz, 1 H), 6.25 (s, 1 H), 6.01 (s, 1 H), 5.24
(tq,J=7.1,1.0 Hz, 1 H), 3.81 (s, 3 H), 2.61 (t, J = 7.7 Hz, 2 H), 2.39 (t, J = 7.7 Hz, 2 H), 2.31 —
2.27 (m,5H), 2.17 (t, J=7.7 Hz, 2 H), 1.63 (s, 3 H) ppm; *C NMR (125 MHz, CDCl3) § = 194.6,
157.8, 149.9, 141.6, 134.6, 134.2, 130.8, 127.9, 124.7, 114.8, 110.8, 55.2, 37.7, 33.6, 28.5, 26.4,
18.4, 15.8 ppm; HRMS (ESI) exact mass calculated for [M+Na] (CisH22NaOz) requires m/z
295.1669, found m/z 295.1678.
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(E)-5-methyl-2-methylene-8-(4-methylthiophen-3-yl)oct-5-enal (4e)
I\

N

OHC™ X

From (E)-5-methyl-2-methylene-8-(4-methylthiophen-3-yl)oct-5-en-1-ol, general procedure D
was followed on a 0.32 mmol scale to give 58 mg (0.23 mmol, 73% yield) (E)-5-methyl-2-
methylene-8-(4-methylthiophen-3-yl)oct-5-enal as a colourless oil. IR (Film) 3083, 2922, 2855,
2699, 1688, 1627, 1444, 1383 cm; *H NMR (500 MHz, CDCl3) & = 9.53 (s, 1H), 6.89 (s, 2H),
6.22 (s, 1 H), 5.98 (s, 1 H) 5.21 (t, J= 7.0, 1 H), 2.53 (t, J = 8.2 Hz, 2 H), 2.37 (t, J = 7.5 Hz, 2 H),
2.30 (td, J = 7.6, 7.4 Hz, 2 H), 2.19 (s, 3 H), 2.14 (t, J = 7.5 Hz, 2 H), 1.62 (s, 3 H) ppm; *C NMR
(125 MHz, CDCl3) 6 = 194.5, 149.8, 141.6, 136.8, 134.6, 134.1, 124.6, 120.7, 120.1, 37.6, 29.0,
27.8,26.3,15.8, 14.4 ppm; HRMS (ESI) exact mass calculated for [M+Na] (C15sH20NaOS) requires
m/z 271.1127, found m/z 271.1127.

(E)-5-methyl-2-methylene-8-(1-tosyl-1H-pyrrol-2-yl)oct-5-enal (4f)

o NTs

OHC™

From (E)-5-methyl-2-methylene-8-(1-tosyl-1H-pyrrol-2-yl)oct-5-en-1-ol, general procedure D
was followed on a 0.28 mmol scale to give 83 mg (0.22 mmol, 80% yield) of (E)-5-methyl-2-
methylene-8-(1-tosyl-1H-pyrrol-2-yl)oct-5-enal as a colourless oil. IR (Film) 3151, 3063, 2924,
2854, 2702, 1686, 1596, 1363, 1173, 945 cm™; *H NMR (500 MHz, CDCls) & = 9.49 (s, 1H), 7.61
(d, J=7.0 Hz, 2 H), 7.27 (m, 3 H), 6.17 (m, 2 H), 5.95 (s, 2 H), 5.06 (t, J = 6.4 Hz, 1 H), 2.65 (t,
J=8.1Hz,2H),238(s,3H),2.31(t,J=81Hz, 2H),222(td, J=7.2,6.9 Hz, 2 H), 2.08 (t, J
= 7.1 Hz, 2 H), 1.55 (s, 3 H) ppm; 3C NMR (125 MHz, CDCl3) & = 194.5, 149.7, 144.6, 136.4,
135.3, 134.9, 134.2, 129.9, 126.6, 124.1, 122.2, 112.0, 111.2, 37.5, 27.2, 27.0, 26.2, 21.5, 15.8
ppm; HRMS (ESI) exact mass calculated for [M+Na] (C2:H2sNNaOzS) requires m/z 394.1447,
found m/z 394.1434.

(E)-8-(furan-2-yl)-5-methyl-2-methyleneoct-5-enal (49)

O

OHC x

From (E)-8-(furan-2-yl)-5-methyl-2-methyleneoct-5-en-1-ol, general procedure D was followed
on a 0.20 mmol scale to give 38 mg (0.17 mmol, 86% vyield) of (E)-8-(furan-2-yl)-5-methyl-2-
methyleneoct-5-enal as a colourless oil. IR (Film) 2959, 2921, 2851, 1749, 1689, 1476, 1073 cm’
1 'H NMR (500 MHz, CDCl3) 6 =9.50 (s, 1 H), 7.29 (d, J = 1.1 Hz, 1 H), 6.27 (dd, J = 3.0, 1.1
Hz, 1 H), 6.20 (s, 1 H), 5.96 (m, 2 H), 5.14 (t, J = 7.2 Hz, 1 H), 2.63 (t, J = 7.3 Hz, 2 H), 2.36 —
2.30 (m, 4 H), 2.12 (t, J = 7.3 Hz, 2 H), 1.60 (s, 3 H) ppm; *C NMR (125 MHz, CDCls3) 5 = 194.6,
155.9, 149.8, 140.7, 134.9, 134.1, 124.1, 110.0, 104.8, 37.6, 28.1, 26.4, 26.2, 15.7 ppm; HRMS
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(ESI) exact mass calculated for [M+Na] (Ci4sH1sNaO2) requires m/z 241.1199, found m/z
241.1190.

(E)-8-(benzofuran-3-yl)-5-methyl-2-methyleneoct-5-enal (4h)

O
X

OHC ~

From (E)-8-(benzofuran-3-yl)-5-methyl-2-methyleneoct-5-en-1-ol, general procedure D was
followed on a 0.45 mmol scale to give 94 mg (0.35 mmol, 77% yield) of (E)-8-(benzofuran-3-yl)-
5-methyl-2-methyleneoct-5-enal as a colourless oil. IR (Film) 2928, 2854, 2699, 1687, 1452, 1271,
1086, 942 cm™; 'H NMR (500 MHz, CDCl3) § = 9.50 (s, 1 H), 7.56 (d, J = 7.5 Hz, 1 H), 7.47 (d,
J=7.7Hz,1H),7.40(s,1H),7.29(dd,J=7.5,6.7 Hz, 1 H), 7.24 (dd, J = 7.7, 6.7 Hz, 1 H), 6.18
(s,1H),593(s,1H),522(t J=7.0Hz, 1 H),2.70 (t, J=7.3 Hz, 2 H), 2.41 (td, J = 7.3, 7.0 Hz,
2 H), 2.36 (t, J = 7.3 Hz, 2 H), 2.14 (t, J = 7.3 Hz, 2 H), 1.61 (s, 3 H) ppm; 3C NMR (125 MHz,
CDCI3) 6 = 1945, 155.2, 149.7, 141.0, 134.8, 134.0, 128.2, 124.5, 123.9, 122.1, 120.1, 119.5,
111.3, 37.6, 27.3, 26.2, 23.6, 15.8 ppm; HRMS (ESI) exact mass calculated for [M+Na]
(C18H20Na0:») requires m/z 291.1356, found m/z 291.1351.

(E)-8-(3,5-dimethylphenyl)-5-methyl-2-methyleneoct-5-enal (4i)

OHC X

From (E)-8-(3,5-dimethylphenyl)-5-methyl-2-methyleneoct-5-en-1-ol, general procedure D was
followed on a 0.46 mmol scale to give 78 mg (30 mmol, 66% yield) of (E)-8-(3,5-dimethylphenyl)-
5-methyl-2-methyleneoct-5-enal as a colourless oil. IR (Film) 3435, 3012, 2921, 2860, 1715, 1605,
1451, 1377, 1265, 1161, 1084, 1038, 946, 845, 734, 702 cm™*; *H NMR (500 MHz, CDCls) & =
9.54 (s, 1 H),6.85(s, 1 H), 6.83 (s, 2 H), 6.23 (d,J=0.7 Hz,1 H), 6.00 (d, J =0.5 Hz, 1 H), 5.21
(tq, J=7.1,1.1 Hz, 1 H), 257 (t, J = 7.8 Hz, 2 H), 2.37 (t, J = 7.6 Hz, 2 H), 2.32 — 2.27 (m, 8 H),
2.15 (t,J=7.4 Hz, 2 H) 1.62 (s, 3 H) ppm; 3C NMR (125 MHz, CDCl3) 5 = 194.6, 149.9, 142.2,
137.7,134.4,134.1,127.4,126.2, 124.9, 37.6, 35.9, 30.0, 26.4, 21.3, 15.8 ppm; HRMS (ESI) exact
mass calculated for [M+Na] (C1sH24NaO) requires m/z 279.1719, found m/z 279.1712.
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I11.  Catalyst synthesis

Note: due to restricted bond rotation, some catalyst intermediates display multiple rotamers and
broad peaks in their H and **C NMR spectra.

ethyl 1,2-diazepane-1-carboxylate hydrochloride

N
” CO,Et

HCI

Ethyl 1,2-diazepane-1-carboxylate was synthesized according to literature.! Gaseous hydrochloric
acid was bubbled through a stirred solution of freebase ethyl 1,2-diazepane-1-carboxylate in
hexanes, causing an oil to crash out. The solvent was removed in vacuo, the residue was dissolved
in a hexanes/dichloromethane mixture, and the solvent was again removed. After three repetitions
of this cycle, the oil was left under high vacuum for several days until all the material had
solidified, giving an off-white powder.

dibenzyl (R)-1-(6-bromo-1-hydroxyhexan-2-yl)hydrazine-1,2-dicarboxylate

Br\\//\\,/\T\\\\OH

NQ
HN Cbz

Cbz
Following a modified procedure of Hamada et al.® '8 To a stirred solution of 6-bromohexanal
(1.908 g, 10.7 mmol) and dibenzylazodicarboxylate (2.130 g, 7.1 mmol) in MeCN (50 mL) at 0
°C was added (S)-proline (181 mg, 1.6 mmol) and the resulting reaction mixture was stirred at -5
°C for 17 h. EtOH (50 mL) and NaBH4 (320 mg, 8.5 mmol) were added and the reaction mixture
was stirred at 0 °C for 30 min. The reaction was quenched with saturated aqueous NH4Cl and
extracted with EtOAc (3 x 50 mL). The combined extracts were washed with brine, dried with
Na>SOs, filtered, concentrated, and purified by flash chromatography (gradient from 80:20 to
60:40 hexanes/EtOAc) to give dibenzyl (R)-1-(6-bromo-1-hydroxyhexan-2-yl)hydrazine-1,2-
dicarboxylate (2.20 g, 4.6 mmol, 64% vyield) which was isolated as a colourless oil.
Enantioselectivity was 97:3 to >99:1 er (when run at 0 °C or on larger scale, enantioselectivity
was decreased, resulting in variations in final catalyst er) as determined by HPLC analysis using
a CHIRACEL OD column (10% 'PrOH in hexanes 40 min — tr 13.3 and 25.7 min). IR (thin film)
v 3272, 3033, 2956, 1712, 1252 cm™; *H NMR (500 MHz, CDCls) § 7.43 — 7.20 (m, 10H), 6.64 —
6.48 (m, 1H), 5.35 - 5.02 (m, 4H), 4.55 — 4.00 (m, 2H), 3.64 — 3.21 (m, 4H), 1.96 — 1.60 (m, 2H),
1.48 — 1.16 (m, 4H) ppm; ¥C NMR (125 MHz, CDCls) & = 157.2, 156.2, 135.8, 135.1, 128.8,
128.8,128.7, 128.4, 128.2, 127.9, 68.8, 68.4, 62.3, 33.7, 33.4, 32.1, 27.0, 24.5 ppm; HRMS (ESI)
exact mass calculated for [M+Na] (C22H27N2BrNaOs) requires m/z 501.0996, found m/z 501.0975.
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dibenzyl (R)-3-(hydroxymethyl)-1,2-diazepane-1,2-dicarboxylate

OH
Oull\\/
_N_
N™ “Cbz

(Ilbz

To a stirred solution of dibenzyl (R)-1-(6-bromo-1-hydroxyhexan-2-yl)hydrazine-1,2-
dicarboxylate (1.85 g, 3.8 mmol) in tetrahydrofuran (90 mL) was added tetrabutylammonium
fluoride hydrate (1M in THF, 11.4 mL, 11.4 mmol). After 48 hours, saturated aqueous ammonium
chloride was added, and the mixture was extracted with ethyl acetate. The combined extracts were
washed with brine, dried with sodium sulfate, filtered, concentrated, and purified by flash
chromatography (gradient from 80:20 to 65:35 hexanes/EtOAc) to give dibenzyl (R)-3-
(hydroxymethyl)-1,2-diazepane-1,2-dicarboxylate (1.422 g, 3.6 mmol, 92% yield) which was
isolated as a colourless oil. Spectroscopic data were in accordance with previously reported
literature.t’

ethyl (R)-3-(hydroxymethyl)-1,2-diazepane-1-carboxylate
OH

o..l\\/
-NH

N
CO,Et

A stirred solution of dibenzyl (R)-3-(hydroxymethyl)-1,2-diazepane-1,2-dicarboxylate (1.504 g,
3.8 mmol) in MeOH (40 mL) was submitted to three cycles of vacuum/argon. AcCl (1.1 mL, 15.2
mmol) and 10% Pd/C (454 mg, 0.43 mmol) were added. Argon flow was removed, and a needle
attached to a hydrogen-filled balloon was inserted through the septum and into the reaction
mixture. A second needle was inserted through the septum to allow gas efflux and the hydrogen
was allowed to bubble through the mixture, with the balloon being refilled as needed. After 1 h,
the balloon was removed and the mixture was filtered through diatomaceous earth, rinsing with
MeOH. The filtrate was concentrated to give crude (R)-(1,2-diazepan-3-yl)methanol
hydrochloride as a yellow solid. (Note: benzyloxycarbonyl removal is performed under acidic
conditions as the unprotected freebase is highly unstable to air oxidation.)

To a stirred suspension of crude (R)-(1,2-diazepan-3-yl)methanol in DCM (4.5 mL) at 0 °C was
added EtzN (1.6 mL, 11.4 mmol) and EtO,CCI (340 pL, 3.6 mmol). After 1 h, saturated aqueous
NaHCO3z was added, and the mixture was extracted with DCM (3 x 5 mL). The combined extracts
were washed with water, dried with MgSOs, filtered, concentrated, and purified by flash
chromatography (gradient from 70:30 to 20:80 hexanes/EtOAc). ethyl (R)-3-(hydroxymethyl)-1,2-
diazepane-1-carboxylate was isolated as a colourless oil (582 mg, 2.9 mmol, 76% yield over two
steps). IR (Film) v = 3430, 3329, 2981, 2928, 2864, 1672, 1410, 1380, 1211, 1096, 1034 cm™; *H
NMR (500 MHz, CDCI3) 6 =4.93 (bs, 1 H), 4.17 (q, J = 7.5 Hz, 2 H), 3.73 - 3.70 (m, 1 H), 3.49
(bs, 2 H), 3.37 - 3.32 (m, 2 H), 3.03 (bs, 1 H), 1.80 - 1.61 (m, 5 H), 1.28 (t, J = 7.6 Hz, 3 H), 1.22
—1.20 (m, 1 H) ppm; C NMR (125 MHz, CDCl3) & = 157.7, 156.7, 64.0, 61.8, 61.4, 49.2, 30.7,
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28.1, 27.4, 23.7, 14.4 ppm; HRMS (ESI) exact mass calculated for [M+Na] (CoH1sN2NaOs)
requires m/z 225.1210, found m/z 225.1200.

2-benzyl 1-ethyl (R)-3-(hydroxymethyl)-1,2-diazepane-1,2-dicarboxylate

o.n\\/
-N

'}l “Cbz

CO,Et
To a stirred solution of ethyl (R)-3-(hydroxymethyl)-1,2-diazepane-1-carboxylate (582 mg, 2.9
mmol) and NaHCO3 (874 mg, 10.4 mmol) in CHCIz (30 mL) was added benzyl chloroformate
(0.020 mL, 0.21 mmol). After 19 h, the reaction was quenched with water and extracted with DCM
(3 x 30 mL). The combined extracts were dried with MgSOsa, filtered, concentrated, and purified
by flash chromatography (gradient from 70:30 to 90:10 hexanes/EtOAC) to give 2-benzyl 1-ethyl
(R)-3-(hydroxymethyl)-1,2-diazepane-1,2-dicarboxylate (947 mg, 2.8 mmol, 95% vyield) as a
colourless oil. IR (Film) v=23429, 2935, 1693, 1320, 1212, 1051 cm™; *H NMR (500 MHz, CDCl5)
67.36—7.28 (m,5H),529-512 (m, 2 H), 4.27 — 4.13 (m, 3 H), 4.12 — 3.87 (m, 2 H), 3.74 —
3.36 (M, 2 H),3.11-2.92 (m, 1 H), 1.88 — 1.40 (m, 6 H), 1.32 — 1.11 (m, 3H) ppm; *C NMR (125
MHz, CDClz) 6 158.1, 157.5, 155.0, 155.0, 136.0, 135.7, 68.0, 67.6, 63.1, 63.0, 62.9, 62.8, 61.5,
61.3, 50.8, 49.7, 28.5, 28.4, 28.2, 27.9, 24.6, 24.3, 14.3, 14.2, 14.0 ppm; HRMS (ESI) exact mass
calculated for [M+Na] (C17H24N2 NaOs) requires m/z 359.1577, found m/z 359.1577.

2-benzyl 1-ethyl (R)-3-(bromomethyl)-1,2-diazepane-1,2-dicarboxylate

Br
o.nl\/
_N_
N™ “Cbz

c':ozEt
To a stirred solution of PPhz (357 mg, 1.4 mmol) in THF (10 mL) at 0 °C was added CBr4 (412
mg, 1.2 mmol). After 15 minutes, 2-benzyl 1-ethyl (R)-3-(hydroxymethyl)-1,2-diazepane-1,2-
dicarboxylate (325 mg, 0.97 mmol) was added in THF (5 mL). The solution was brought to room
temperature and stirred for 17 h. The reaction was quenched with the addition of saturated aqueous
NaHCOs and extracted with EtOAc (3 x 10 mL). The combined extracts were washed with brine,
dried with Na>SOs, filtered, concentrated, and purified by flash chromatography (gradient from
90:10 to 80:20 hexanes/EtOAc). 2-benzyl 1-ethyl (R)-3-(bromomethyl)-1,2-diazepane-1,2-
dicarboxylate was isolated as a colourless oil (367 mg, 0.92 mmol, 95% yield). IR (Film) v =2934,
2857, 1705, 1350, 1229, 1210, 1078 cm™; *H NMR (400 MHz, CDCl3) § = 7.37 — 7.28 (m, 5 H),
5.30 -5.07 (m, 2 H), 4.30-3.90 (m, 4 H), 3.85 - 3.54 (m, 1 H), 3.33 -3.14 (m, 1 H), 3.02 - 2.81
(m, 1 H), 256 -2.34 (m, 1 H), 1.95-1.88 (m, 1 H), 1.70 — 1.50 (m, 2 H), 1.40 — 1.29 (m, 2 H),
1.29 — 1.04 (m, 3H) ppm; *C NMR (100 MHz, CDCl3) § = 156.2, 156.1, 155.9, 155.7, 154.7,
154.6, 154.2, 154.0, 135.9, 135.8, 135.7, 135.6, 128.4, 128.4, 128.3, 128.3, 128.1, 128.1, 127.8,
127.7,127.6, 127.3, 68.0, 68.0, 67.6, 62.4, 62.4, 62.2, 61.6, 61.2, 61.1, 60.7, 51.0, 50.4, 50.0, 49.4,
34.2, 33.7, 33.6, 33.3, 30.3, 30.0, 29.8, 29.6, 28.5, 28.3, 28.2, 28.0, 24.4, 24.3, 14.4, 14.4, 14.2,
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14.2 ppm; HRMS (ESI) exact mass calculated for [M+Na] (C17H23BrN2NaOas) requires m/z
421.0733, found m/z 421.0734.

Synthesis of m-terphenyls

ArB(OH), (2.5 equiv.),
Pd(PPh3)4 (10 mol%),

Br Nach3 Ar
/@\ toluene/H,0O /@\
Br Br Ar Br

18 - 74%

General procedure E

Toluene and 1M aqueous Na>COs were degassed by bubbling argon through for 1 h. To a solution
of 1,3,5-tribromobenzene (1 mmol) and aryl boronic acid (2.2-2.5 mmol) in toluene (4 mL) was
added Pd(PPhz)s (0.1 mmol) then 1 M aqueous Na,COz (3.0 mL). The solution was brought to
reflux and let stir for 17 h before it was cooled, diluted with water and extracted with DCM (3 x
10 mL). The combined extracts were washed with brine, dried with MgSOs, filtered, concentrated,
and purified by flash chromatography (hexanes).

5'-bromo-1,1":3",1""-terphenyl

-
o

From phenylboronic acid (695 mg, 5.6 mmol), general procedure E was followed to give, after
flash chromatography (hexanes), 5'-bromo-1,1":3",1"-terphenyl (227 mg, 0.44 mmol, 18% yield)
as a white foam. Spectroscopic data were in accordance with previously reported literature.®
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5'-bromo-3,3",5,5"-tetramethyl-1,1':3",1"'-terphenyl

o

From 3,5-dimethylphenylboronic acid (741 mg, 4.9 mmol), general procedure E was followed to
give, after flash chromatography (hexanes), 5-bromo-3,3",5,5"-tetramethyl-1,1":3",1"-terphenyl
(347 mg, 0.95 mmol, 43% vyield) of a white foam. Spectroscopic data were in accordance with
previously reported literature.*®

5'-bromo-3,3",5,5"-tetra-tert-butyl-1,1":3",1""-terphenyl

From 3,5-tert-butylphenylboronic acid (458 mg, 1.9 mmol), general procedure E was followed to
give, after flash chromatography (hexanes), 5'-bromo-3,3",5,5"-tetra-tert-butyl-1,1":3',1"-terphenyl
(187 mg, 0.35 mmol, 37% vyield) as a white foam. Spectroscopic data were in accordance with
previously reported literature.?

5'-bromo-4,4"-di-tert-butyl-1,1":3",1""-terphenyl

‘Bu

-
A

From (4-(tert-butyl)phenyl)boronic acid (732 mg, 4.1 mmol), general procedure E was followed
to give, after flash chromatography (hexanes), 5'-bromo-4,4"-di-tert-butyl-1,1":3",1"-terphenyl
(326 mg, 0.77 mmol, 47% yield) of a white foam. Spectroscopic data were in accordance with
previously reported literature.?

Bu
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(5'-bromo-[1,1":3",1""-terphenyl]-3,3",5,5""-tetrayl)tetrakis(tert-butyldimethylsilane)
TBS l TBS
s .,

TBS

From (3,5-bis(tert-butyldimethylsilyl)phenyl)boronic acid (717 mg, 2.0 mmol), general procedure
E was followed to give, after flash chromatography (hexanes), (5'-bromo-[1,1":3",1"-terphenyl]-
3,3",5,5"-tetrayl)tetrakis(tert-butyldimethylsilane) (166 mg, 0.22 mmol, 26% vyield) as a white
foam. IR (Film) v =3026, 2952, 2927, 2884, 2955, 1470, 1249, 860, 767cm™; *H NMR (500 MHz,
CDCl3) § =7.72—7.70 (m, 9 H), 0.93 (s, 36 H), 0.35 (s, 24 H) ppm; 1*C NMR (125 MHz, CDCls)
o =144.5, 140.4, 137.8, 137.2, 133.7, 128.8, 125.6, 123.2, 26.5, 16.9, -6.2 ppm. HRMS (APCI)
(CH3CN adduct formed with loss of 'Bu) exact mass calculated for [M+H] (C40Hs3sBrNSis) requires
m/z 748.3221, found m/z 748.3207.

1,1°,1",1""-(5"-bromo-[1,1":3",1""-terphenyl]-3,3",5,5" - tetrayl)tetrakis(adamantane)
Ad i Ad
s .

Ad

From (3,5-di(adamantan-1-yl)phenyl)boronic acid (732 mg, 1.9 mmol), general procedure E was
followed to give, after flash chromatography (hexanes), 1,1'1",1™-(5-bromo-[1,1"3"1"-
terphenyl]-3,3",5,5"-tetrayl)tetrakis(adamantane) (489 mg, 0.58 mmol, 62% vyield) as a white
foam. IR (Film) v = 3062, 2900, 2847, 1589, 1449, 1344, 1103 cm™; *H NMR (500 MHz, CDCls)
8="7.69 (s, 1 H), 7.66 (s, 2 H), 7.44 (s, 2 H), 7.39 (s, 4 H), 2.12 (s, 12 H), 2.00 (s, 24 H), 1.80 (s,
24 H) ppm; C NMR (125 MHz, CDCl3) & = 151.6, 145.1, 139.6, 128.9, 127.4, 125.8, 121.6,
121.2, 43.3, 36.8, 29.0 ppm; HRMS (APCI) exact mass calculated for [M+H] (CssH70Br) requires
m/z 845.46554, found m/z 845.46425.

21



2,2'-(5-bromo-1,3-phenylene)dinaphthalene

L,
L

From 2-naphthylboronic acid (493 mg, 2.9 mmol), general procedure E was followed to give, after
flash chromatography (98:2 to 95:5 hexanes/EtOAc), 2,2'-(5-bromo-1,3-phenylene)dinaphthalene
(123 mg, 0.30 mmol, 25% vyield) as a white foam. Spectroscopic data were in accordance with
previously reported literature.??

5'-bromo-4,4""-dimethoxy-1,1':3",1""-terphenyl
OMe

®

From (4-methoxyphenyl)boronic acid (510 mg, 3.4 mmol), general procedure E was followed to
give, after flash chromatography (95:5 to 85:15 hexanes/EtOAc), 5'-bromo-4,4"-dimethoxy-
1,13, 1"-terphenyl (104 mg, 0.28 mmol, 30% yield) as a white foam. Spectroscopic data were in
accordance with previously reported literature.?®

5'-bromo-3,3",4,4",5,5"-hexamethoxy-1,1":3",1""-terphenyl
OMe

MeO ! OMe
MeO l O Br
MeO

OMe

From (3,4,5-trimethoxyphenyl)boronic acid (144 mg, 0.68 mmol), general procedure E was
followed to give, after flash chromatography (90:10 to 70:30 hexanes/EtOAc), 5'-bromo-
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3,3",4,4"5,5"-hexamethoxy-1,1":3',1"-terphenyl (70 mg, 0.15 mmol, 74% vyield) as a white foam.
IR (Film) v = 3050, 2935, 2838, 1718, 1508, 1407, 1344, 1124, 1006 cm™; *H NMR (500 MHz,
CDCl3) 8 =7.64 (s, 2 H), 7.59 (s, 1 H), 6.76 (s, 4 H), 3.93 (s, 12 H), 3.90 (s, 6 H) ppm; *C NMR
(125 MHz, CDClz) 6 = 153.6, 143.9, 138.2, 135.6, 128.9, 124.8, 123.0, 104.6, 61.0, 56.3 ppm;
HRMS (ESI) exact mass calculated for [M+Na] (C24H2sBrNaOe) requires m/z 511.07267, found
m/z 511.07275.

5'-bromo-3,3",5,5"-tetrakis(trifluoromethyl)-1,1":3',1""-terphenyl
FsC O O Br

CF3

From 3,5-bis(trifluoromethyl)phenylboronic acid (999 mg, 3.9 mmol), general procedure E was
followed to give, after flash chromatography (hexanes), 5'-bromo-3,3",5,5"-
tetrakis(trifluoromethyl)-1,1":3',1"-terphenyl (252 mg, 0.43 mmol, 43% vyield) as a white foam.
Spectroscopic data were in accordance with previously reported literature.?*

Synthesis of m-terphenyl catalysts

1. ArBr
Nil5 (9 mol %),
1,10-phenanthroline (9 mol %),
Br Ar

/ Nal (25 mol %), Zn dust (2 eq.), /
o-n\\ DMPU, 60 °C o.nl\
-N > _NH

N""Cbz 2. Hy, Pd(OH),/C (10 mol %) N
CO,Et THF Co,Et
13-27%

over 2 steps

General procedure F

Following a modified procedure of Weix et al.?®>: To a 1 mL HPLC vial containing bromo-m-
terphenyl (0.25 mmol), Nil2 (0.025 mmol), 1,10-phenanthroline (0.025 mmol), and Nal(0.063
mmol) was added a solution of 2-benzyl 1-ethyl (R)-3-(bromomethyl)-1,2-diazepane-1,2-
dicarboxylate (0.25 mmol) in DMPU (1 mL). Zn dust (0.50 mmol) was added, vial was capped,
and the solution was brought to 60 °C. After 72 h, the reaction was purified by flash
chromatography (gradient from 95:5 to 85:15 hexanes/EtOAC) to give coupled product which was
isolated as a mixture with the dehalogenated hydrazide.

A stirred solution of the isolated mixture in THF (2.0 mL) was submitted to three cycles of
vacuum/argon and 10% Pd(OH)2/C (0.050 mmol) was added. Argon flow was removed, and a
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needle attached to a hydrogen-filled balloon was inserted through the septum and into the reaction
mixture. A second needle was inserted through the septum to allow gas efflux and the hydrogen
was allowed to bubble through the mixture, with the balloon being refilled as needed. After 6 h,
the balloon was removed and the mixture was filtered through diatomaceous earth, rinsing with
DCM. The filtrate was concentrated and purified by flash chromatography (gradient from 80:20
to 50:50 hexanes/EtOAC) to give desired product.

ethyl (R)-3-([1,1":3",1""-terphenyl]-5'-yImethyl)-1,2-diazepane-1-carboxylate (3a)

Prepared according to general procedure F from 5'-bromo-1,1":3',1"-terphenyl (82 mg, 0.26 mmol).
ethyl (R)-3-([1,1:3',1"-terphenyl]-5-ylmethyl)-1,2-diazepane-1-carboxylate was isolated as a
colourless oil (22 mg, 0.053 mmol, 22% yield). IR (Film) v = 3325, 2058, 3033, 2927, 2854, 1688,
1596, 1261, 1028 cm™; 'H NMR (500 MHz, CDCl3) & = 7.68 — 7.64 (m, 5 H), 7.48 — 7.44 (m, 6
H), 7.38 — 7.36 (t, J = 7.5 Hz, 2 H), 4.62 (bs, 1 H), 4.15 (bs, 1 H), 3.82 (bs, 2 H), 3.39 — 3.14 (m,
2 H), 2.93 - 2.65 (m, 2 H), 1.84 — 1.76 (m, 4 H), 1.42 — 1.26 (m, 3 H), 0.84 (bs, 2 H) ppm; *C
NMR (125 MHz, CDCl3) 6 = 156.8, 156.0, 142.0, 141.0, 139.6, 128.8, 127.4, 127.2, 127.1, 124.3,
62.1, 61.3, 60.5, 48.3, 47.4, 41.2, 37.1, 35.0, 27.5, 26.9, 23.8, 14.4 ppm; *H NMR (400 MHz,
DMSO-ds, 80 °C) 6 =7.75-7.72 (m,5H), 7.51 - 7.46 (m, 6 H), 7.38 (t, J = 7.2 Hz, 2 H), 4.82 (s,
1H),3.95(q, J=6.6 Hz, 2 H), 3.73 - 3.66 (m, 1 H), 3.26 — 3.18 (m, 2 H), 2.83 — 2.73 (m, 2 H),
1.81-1.67 (m, 4 H), 1.41 — 1.35 (m, 2 H), 1.05 (t, J = 6.6 Hz, 3 H) ppm; 1*C NMR (100 MHz,
DMSO-dg, 80 °C) & = 155.4, 140.6, 140.0, 139.9, 128.3, 127.0, 126.5, 126.3, 122.6, 60.2, 47.9,
40.0, 34.5, 26.6, 23.0, 13.9 ppm; HRMS (ESI) exact mass calculated for [M+Na] (C27H30N2NaO3)
requires m/z 437.2199, found m/z 437.2200.

ethyl (R)-3-((3,3",5,5"-tetramethyl-[1,1':3",1"'-terphenyl]-5'-yl)methyl)-1,2-diazepane-1-
carboxylate (3b)

Prepared according to general procedure F from 5'-bromo-3,3",5,5"-tetramethyl-1,1"3",1"-
terphenyl (94 mg, 0.26 mmol). ethyl (R)-3-((3,3",5,5"-tetramethyl-[1,1":3",1"-terphenyl]-5'-
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yl)methyl)-1,2-diazepane-1-carboxylate was isolated as a colourless oil (38 mg, 0.080 mmol, 31%
yield). IR (Film) v = 2927, 2865, 1696, 1593, 1447, 1408, 1380, 1336, 1212, 1112, 1025 cm™; H
NMR (500 MHz, CDCl3) § = 7.65 (s, 1 H), 7.41 (s, 2 H), 7.28 (s, 4 H), 7.02 (s, 2 H), 4.89 — 4.50
(m, 1 H), 4.18 (bs, 1 H), 3.85 (bs, 2 H), 3.41 — 3.15 (m, 2 H), 2.89 — 2.64 (m, 2 H), 2.41 (s, 12 H),
1.95—1.69 (m, 4 H), 1.47 — 1.24 (m, 3 H), 0.87 (bs, 2 H) ppm; **C NMR (125 MHz, CDCls) § =
156.8, 156.0, 142.0, 141.1, 139.3, 138.2, 129.0, 126.9, 125.1, 124.3, 62.2, 61.3, 60.4, 48.2, 47 .4,
41.2, 37.1, 34.9, 27.5, 27.1, 26.9, 23.8, 23.5, 21.4, 14.7, 14.4 ppm; HRMS (ESI) exact mass
calculated for [M+Na] (Ca1H3sN2NaO>) requires m/z 493.2825, found m/z 493.2822.

ethyl (R)-3-((3,3",5,5"-tetra-tert-butyl-[1,1':3",1""-terphenyl]-5'-yl)methyl)-1,2-diazepane-1-
carboxylate (3c)

Prepared according to general procedure F from 5'-bromo-3,3",5,5"-tetra-tert-butyl-1,1":3',1"-
terphenyl (171 mg, 0.32 mmol). ethyl (R)-3-((3,3",5,5"-tetra-tert-butyl-[1,1":3',1"-terphenyl]-5'-
yl)methyl)-1,2-diazepane-1-carboxylate was isolated as a colourless oil (65 mg, 0.10 mmol, 37%
yield). IR (Film) v = 2962, 2865, 1697, 1590, 1476, 1464, 1408, 1248, 1111 cm™*; *H NMR (500
MHz, CDCl3) & = 7.64 (bs, 1 H), 7.47 — 7.46 (m, 6 H), 7.39 (bs, 2 H), 4.66 (bs, 1 H), 4.16 (bs, 1
H), 3.84 (bs, 2 H), 3.44 — 3.24 (m, 2 H), 2.89 — 2.67 (m, 2 H), 1.85 — 1.77 (m, 4 H), 1.43 — 1.40
(m, 39 H), 0.87 (bs, 2 H) ppm; 3C NMR (125 MHz, CDCl3) § = 156.8, 156.0, 151.2, 143.3, 140.8,
139.2, 127.2, 125.2, 121.9, 121.6, 62.2, 61.2, 60.1, 48.2, 47.4, 41.1, 37.1, 35.0, 31.5, 27.6, 26.9,
23.8, 14.6 ppm; *H NMR (400 MHz, DMSO-ds, 80 °C) & = 7.58 (s, 1 H), 7.47 — 7.46 (m, 4 H),
7.45-7.43 (m, 4 H), 4.80 (s, 1 H), 3.97 (q, J= 7.5 Hz, 2 H), 3.74 — 3.67 (m, 1 H), 3.28 (bs, 1 H),
3.23-3.17(m,1H),2.85-2.73 (m, 2 H), 1.82 - 1.65 (m, 4 H), 1.42 — 1.37 (m, 38 H), 1.06 (t, J
=7.5Hz, 3 H) ppm; 3C NMR (100 MHz, DMSO-ds, 80 °C) 6 = 155.4, 150.5, 141.9, 139.8, 139.5,
126.3, 123.4, 120.8, 1206, 60.2, 60.0, 47.8, 40.0, 34.7, 34.2, 30.9, 26.6, 23.0, 14.0 ppm; HRMS
(ESI) exact mass calculated for [M+Na] (Cs3He2N2NaOz) requires m/z 661.4703, found m/z
661.4710.

25



ethyl (R)-3-((3,3",5,5"-tetrakis(tert-butyldimethylsilyl)-[1,1":3",1"*-terphenyl]-5'-yl)methyl)-
1,2-diazepane-1-carboxylate (3d)

TBS

TBS O

Prepared according to general procedure F from (5'-bromo-[1,1"3',1"-terphenyl]-3,3",5,5"-
tetrayl)tetrakis(tert-butyldimethylsilane) (224 mg, 0.29 mmol). ethyl (R)-3-((3,3",5,5"-
tetrakis(tert-butyldimethylsilyl)-[1,1":3',1"-terphenyl]-5-yl)methyl)-1,2-diazepane-1-carboxylate
was isolated as a colourless oil (52 mg, 0.059 mmol, 22% yield). IR (Film) v = 3027, 2952, 2927,
2884, 2856, 2698, 1597, 1470, 1361, 1249, 1176 cm™; *H NMR (500 MHz, CDCl3) § = 7.74 (s, 4
H), 7.68 (s, 2 H), 7.62 (s, 1 H), 7.40 (s, 2 H), 4.70 — 457 (m, 1 H), 4.16 — 4.13 (m, 1 H), 3.92 —
3.76 (m, 2 H), 3.50 — 3.12 (m, 2 H), 2.97 - 2.66 (m, 2 H), 1.95-1.75 (m, 4 H), 1.48 - 1.22 (m, 3
H), 0.92 — 0.86 (m, 38 H), 0.33 (s, 24 H) ppm; *3C NMR (125 MHz, CDCl3) § = 156.8, 156.0,
142.8,139.8, 139.6, 139.0, 137.0, 133.8, 126.9, 125.2, 62.3, 61.2, 60.1, 48.3, 47.4,41.1, 37.0, 35.0,
26.5, 23.8, 23,5, 16.9, 14.5, -6.2 ppm; HRMS (ESI) exact mass calculated for [M+Na]
(Cs1HgsN2NaSi4sO2) requires m/z 893.56586, found m/z 893.56383.

ethyl (R)-3-((3,3",5,5""-tetra(adamantan-1-yl)-[1,1":3",1""-terphenyl]-5'-yl)methyl)-1,2-
diazepane-1-carboxylate (3e)
Ad

v

Ad

Prepared according to general procedure F from 1,1'1",1"-(5'-bromo-[1,1":3',1"-terphenyl]-
3,3",5,5"-tetrayl)tetrakis(1-adamantane) (198 mg, 0.23 mmol). ethyl (R)-3-((3,3",5,5"-
tetra(adamantan-1-yl)-[1,1":3',1"-terphenyl]-5'-yl)methyl)-1,2-diazepane-1-carboxylate was
isolated as a colourless oil (52 mg, 0.054 mmol, 23% yield). IR (Film) v=2979, 2905, 2950, 1731,
1588, 1450, 1374, 1178, 1154 cm™; *H NMR (500 MHz, CDCl3) § = 7.66 (bs, 1 H), 7.43 (s 6 H),
2.08 (s, 2 H), 4.60 (bs, 1 H), 4.16 (bs, 1 H), 3.84 (bs, 2 H), 3.44 — 3.23 (m, 2 H), 2.93 - 2.65 (m, 2
H), 2.13 (s, 12 H), 2.01 (s, 24 H), 1.83 — 1.78 (m, 28 H), 1.44 — 1.41 (m, 2 H), 1.27 - 1.25 (m, 1
H), 0.86 (s, 2 H) ppm; 3C NMR (125 MHz, CDCl3) § = 156.8, 156.0, 151.4, 143.4, 140.9, 139.0,

26



127.0, 126.2, 125.4, 121.6, 120.6, 62.1, 61.3, 60.5, 48.5, 47.3, 43.3, 41.1, 36.8, 29.0, 23.8, 14.6
ppm; HRMS (APCI) exact mass calculated for [M+H] (Ce7Hs7N20g) requires m/z 951.67621,
found m/z 951.67554.

ethyl (R)-3-((4,4"-di-tert-butyl-[1,1":3",1""-terphenyl]-5’-yl)methyl)-1,2-diazepane-1-
carboxylate (3f)

Bu

Bu

Prepared according to general procedure F from 5'-bromo-4,4"-di-tert-butyl-1,1":3',1"-terphenyl
(106 mg, 0.25 mmol). ethyl (R)-3-((4,4"-di-tert-butyl-[1,1":3",1"-terphenyl]-5'-yl)methyl)-1,2-
diazepane-1-carboxylate was isolated as a colourless oil (18 mg, 0.034 mmol, 13% vyield). IR
(Film)v=13307, 3031, 2933, 2862, 1709, 1597, 1322, 1308, 1080, 1063 cm™; *H NMR (500 MHz,
CDCl3) 6=17.68 (s, 1 H), 7.58 (d, J =8.0 Hz, 4 H), 7.48 (d, J = 8.0 Hz, 4 H), 7.40 (s, 2 H), 4.61
(bs, 1 H), 4.16 (bs, 1 H), 3.84 (bs, 2 H), 3.37 - 3.12 (m, 2 H), 2.86 — 2.63 (m, 2 H), 1.83 — 1.77 (m,
4 H), 1.38 — 1.25 (m, 21 H), 0.84 (bs, 2 H) ppm; *3C NMR (125 MHz, CDCls) § = 156.8, 156.0,
150.4, 141.7,139.5, 138.2, 126.8, 125.7, 124.0, 62.2, 61.3, 48.3, 47.4,41.2, 37.1, 34.5,31.4, 27.1,
26.9, 24.0, 23.8, 14.4 ppm; HRMS (ESI) exact mass calculated for [M+Na] (CzsHasN2NaO>)
requires m/z 549.3451, found m/z 549.3475.

ethyl (R)-3-(3,5-di(naphthalen-2-yl)benzyl)-1,2-diazepane-1-carboxylate (3g)

Prepared according to general procedure F from 2,2'-(5-bromo-1,3-phenylene)dinaphthalene (103
mg, 0.25 mmol). ethyl (R)-3-(3,5-di(haphthalen-2-yl)benzyl)-1,2-diazepane-1-carboxylate was
isolated as a colourless oil (30 mg, 0.059 mmol, 24% yield). IR (Film) v=3053,3017,2929, 2854,
1693, 1593, 1506, 1447, 1408, 1212, 1112 cm™; *H NMR (800 MHz, CDCl3) § = 8.10 (s, 2 H),
7.92-7.91(m,5H),7.87-7.86(m,2H),7.79 (s, 2 H), 7.63 (s, 2 H), 7.52 — 7.48 (m, 4 H), 4.28
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—3.99 (m, 4 H), 3.84 — 3.46 (m, 2 H), 3.19 (bs, 1 H), 2.00 — 1.92 (m, 4 H), 1.58 (bs, 2 H), 1.28 —
1.18 (m, 3 H) ppm; °C NMR (200 MHz, CDCls) § = 155.2, 153.6, 142.3, 137.9, 133.6, 132.7,
128.5,128.2,127.6, 127.3, 126.3, 126.0, 126.0, 125.5, 64.2, 63.6, 47.2, 38.8, 30.6, 26.6, 22.9, 14.4
ppm; HRMS (ESI) exact mass calculated for [M+Na] (CssH3sN2NaO2) requires m/z 537.2512,
found m/z 537.2534.

ethyl (R)-3-((4,4"-dimethoxy-[1,1":3",1"'-terphenyl]-5"-yl)methyl)-1,2-diazepane-1-
carboxylate (3h)

MeO

MeO

Prepared according to general procedure F from 5'-bromo-4,4"-dimethoxy-1,1":3',1"-terphenyl
(104 mg, 0.23 mmol). ethyl (R)-3-((4,4"-dimethoxy-[1,1":3",1"-terphenyl]-5'-yl)methyl)-1,2-
diazepane-1-carboxylate was isolated as a colourless oil (24 mg, 0.12 mmol, 22% yield). IR (Film)
v=2930, 2836, 1687, 1608, 1512, 1451, 1440, 1247, 1177,1032 cm™; *H NMR (500 MHz, CDCl5)
$7.58(d,J=7.9Hz,5H),7.35(s, 2 H), 6.99 (d, J = 7.9 Hz, 4 H), 4.71 — 455 (m, 1 H), 4.15 (bs,
1 H),3.86 —3.78 (m, 8 H), 3.39 — 3.13 (m, 2 H), 2.85 - 2.61 (m, 2 H), 1.83 — 1.77 (m, 4 H), 1.41
—1.26 (m, 3 H), 0.84 (bs, 2 H) ppm; *C NMR (125 MHz, CDCl3) § = 159.2, 156.8, 156.0, 141.4,
139.5, 133.6, 128.2, 126.1, 123.4, 114.2, 62.2, 61.3, 60.4, 55.3, 48.2, 47.4, 41.2, 37.1, 34.9, 27.5,
26.9, 23.8, 14.6 ppm; HRMS (ESI) exact mass calculated for [M+Na] (C29H3sN2NaOs) requires
m/z 497.2411, found m/z 497.2408.

ethyl (R)-3-((3,3",4,4" 5,5"-hexamethoxy-[1,1":3",1""-terphenyl]-5'-yl)methyl)-1,2-
diazepane-1-carboxylate (3i)

MeO

MeO

OMe

Prepared according to general procedure F from 5'-bromo-3,3",4,4",5,5"-hexamethoxy-1,1"3",1"-
terphenyl (202 mg, 0.45 mmol). ethyl (R)-3-((3,3",4,4",5,5"-hexamethoxy-[1,1":3',1"-terphenyl]-
5'-yl)methyl)-1,2-diazepane-1-carboxylate was isolated as a colourless oil (42 mg, 0.071 mmol,
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14% yield). IR (Film) v =2933, 2865, 1691, 1581, 1430, 1409, 1240, 1127 cm™; *H NMR (500
MHz, CDCl3) & =7.54 (s, 1 H), 7.40 (s, 2 H), 6.83 (s, 4 H), 4.71 (bs, 1 H), 4.12 (bs, 1 H), 3.94 —
3.84 (m, 20 H), 3.48 —3.23 (m, 2 H), 2.84 - 2.67 (m, 2 H), 1.84 — 1.75 (m, 4 H), 1.45 - 1.39 (m,
2 H), 1.27 — 1.24 (m, 2 H), 0.91 (bs, 1 H) ppm; 1*C NMR (125 MHz, CDCls3) § = 156.8, 156.0,
153.5, 142.2, 139.3, 137.8, 137.2, 127.1, 124.3, 104.7, 61.9, 61.4, 60.9, 59.5, 56.3, 48.1, 47.5,
41.0, 36.9, 35.7, 27.4, 23.6, 14.6 ppm; HRMS (ESI) exact mass calculated for [M+Na]
(C33H42N2NaOg) requires m/z 617.2833, found m/z 617.2812.

ethyl (R)-3-((3,3",5,5"-tetrakis(trifluoromethyl)-[1,1':3",1""-terphenyl]-5'-yl)methyl)-1,2-
diazepane-1-carboxylate (3J)

Prepared according to general procedure F from 5'-bromo-3,3",5,5"-tetrakis(trifluoromethyl)-
1,13 1"-terphenyl (114 mg, 0.20 mmol). ethyl (R)-3-((3,3",5,5"-tetrakis(trifluoromethyl)-
[1,1:3',1"-terphenyl]-5-yl)methyl)-1,2-diazepane-1-carboxylate was isolated as a colourless oil
(34 mg, 0.050 mmol, 17% yield). IR (Film) v = 3029, 2933, 1692, 1600, 1410, 1299, 1172, 1130
cm™; 'H NMR (500 MHz, CDCl3) & = 8.13 (s, 4 H), 7.91 (s, 2 H), 7.62 (s, 3 H), 4.63 (bs, 1 H),
4.17-3.76 (m, 3H),3.55-3.22 (m, 2 H), 3.02-2.95(m, 1 H), 2.83 - 2.75 (m, 1 H), 1.90 - 1.73
(m, 4 H), 1.50 — 1.20 (m, 4 H), 1.00 — 0.78 (m, 1 H) ppm; *C NMR (125 MHz, CDCl3) & = 156.8,
142.8, 140.4, 139.7, 132.2 (q, J = 34.7 Hz), 128.8, 127.6, 124.5, 123.5 (q, J = 253.1 Hz), 121.3,
61.6,59.4,47.7, 40.7, 36.6, 27.2, 23.7, 14.6 ppm; HRMS (ESI) exact mass calculated for [M+Na]
(Cs1H26F12N2NaO2) requires m/z 709.1695, found m/z 709.1668.
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IV. Polyene cyclizations: optimization

MeO OMe  catalyst.HX MeO OMe
(20 mol%)
solvent
OHC X OHC
H
4a 5a

General polyene cyclization procedure during optimization

General procedure for asymmetric polyene cyclization optimization

To a 1.8-mL vial containing aldehyde 4a (0.035 mmol) was added a solution of catalyst (0.0070
mmol, as the salt or 1:1 freebase:salt) in solvent (140 pL, 0.25M in substrate). The mixture was
briefly swirled to homogenize and let stand at the specified temperature until complete. The
reaction mixture was concentrated and purified by silica gel column chromatography (gradient
from 97:3 to 90:10 hexanes/ethyl acetate) to obtain aldehyde 5a as a mixture of diastereomers.
Where alcoholic solvents were used, the following acetal-cleavage sequence was performed after
concentration and prior to chromatography: the material was redissolved in chloroform (0.5 mL);
water (0.25 mL) and trifluoroacetic acid (0.25 mL) were added; and the biphasic mixture was
stirred for 2 hours, added dropwise to a saturated solution of sodium bicarbonate (5 mL), extracted
with dichloromethane (5 mL), and concentrated.

To determine product enantiopurity (where applicable), excess sodium borohydride was
added to a stirred sample of the aldehyde product in methanol. After one hour, the reaction was
quenched with 1M hydrochloric acid. The resulting mixture was extracted with a small amount of
dichloromethane and the extract was purified directly by flash chromatography (gradient from
85:15 to 75:25 hexanes/ethyl acetate) to give a diastereomeric mixture of alcohols. This mixture
was submitted to chiral HPLC analysis. For (E) cyclizations: Daicel Chiralcel OJ-H, 1 mL/min,
94:6 hexanes/isopropanol, 220 nm: 10.4 min (4aR,10aR-a), 11.9 min (4aR,10aR-f), 15.3 min
(4aS,10aS-B), 23.4 min (4aS,10aS-a).) Catalyst 3a, 3d-3J had an er of >99:1 for screening. Catalyst
3b and 3c had an er of 97:3 for screening reactions. Reported er of product 5a were adJusted
accounting for catalyst enantiopurity, assuming no non-linear effects.
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V. Polyene cyclizations: scope

QCOzEt
N

*HCI
//| |-(|20 mol%
0)

| 5% HFIP/DCM
OHC OHC

Racemic polyene cyclization (general procedure G)

To a 1.8-mL or 4 mL vial containing aldehyde was added a solution of ethyl 1,2-diazepane-1-
carboxylate hydrochloride (0.2 equiv.) in 5% HFIP/DCM (0.25 M in substrate). The mixture was
briefly swirled to homogenize and let stand for 5 hours. The reaction mixture was concentrated
and purified by silica gel column chromatography (gradient from hexanes to 93:7 hexanes/EtOAc)
to obtain trans-decalin products as a mixture of diastereomers.

t (20 mol%)
Bu 0,
2y TFA (20 mol%)
| EtOH
™ >
| ii. CSA, THF/H,O
™ OHC

OHC
Asymmetric polyene cyclization (general procedure H)

To a 4 mL vial containing aldehyde (0.15 mmol) was added a solution of catalyst 3c (99:1 er,
0.030 mmol, as the premixed 1:1 TFA salt) in ethanol (600 pL, 0.25M in substrate). The mixture
was briefly swirled to homogenize and let sit for 24-30 h. Once complete, the reaction mixture
was concentrated and redissolved in THF (0.6 mL). Water (0.3 mL) and camphorsulfonic acid
(0.30 mmol) were added and the biphasic mixture was stirred for 3 hours, then purified by flash
chromatography to obtain aldehyde 5 as a mixture of diastereomers. The enantiomeric excess of
the product was determined by reduction to the corresponding alcohol (following the general
procedure used for the corresponding racemic product, vide supra) and chiral HPLC analysis (see
section IX for chromatographic conditions).

'H and 3C peaks for the a diastereomer of trans-decalin products are reported with an asterisk (*)
where possible to distinguish from the B diastereomer peaks. The integrations are reported as a
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proportion of the total signal (i.e. 1 H x 0.8 for a signal that corresponds to one proton of one of
the two diastereomers).

Stereochemical nomenclature for polyene cyclization products:

- trans and cis refer to ring fusion
- o and B refer to stereochemistry at C3

OHC OHC oHCY™ OHC

H H

H

trans cis a B

Reduction and separation of polyene cyclization products (general procedure 1)

To a stirred sample of aldehyde 5 in methanol was added excess sodium borohydride. After one
hour, the reaction was quenched with 1M hydrochloric acid. The resulting mixture was extracted
with a small amount of dichloromethane and the extract was purified directly by flash
chromatography to give a diastereomeric mixture of alcohols. The mixture of alcohols was
submitted to semi-preparative normal phase HPLC to give pure trans-a and trans-f alcohols. Due
to the small amounts of alcohol obtained, complete characterization was done for the maJor trans-
B alcohols.

(4aR,10aR)-5,7-dimethoxy-4a-methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-
carbaldehyde (5a)

MeO OMe

OHC

Racemic:

Prepared according to general procedure G from (E)-8-(3,5-dimethoxyphenyl)-5-methyl-2-
methyleneoct-5-enal (49 mg, 0.17 mmol). The reaction was run for 5 h and (4aRS,10aRS)-5,7-
dimethoxy-4a-methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde was isolated as
a colourless oil (35 mg, 0.12 mmol, 72% yield, trans:cis 95:5, trans-a:f 6:1).

Asymmetric:

Prepared according to general procedure H from (E)-8-(3,5-dimethoxyphenyl)-5-methyl-2-
methyleneoct-5-enal (43 mg, 0.15 mmol). The reaction was run for 24 h and (4aR,10aR)-5,7-
dimethoxy-4a-methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde was isolated as
a colourless oil (28 mg, 0.097 mmol, 65% yield, 89:11 er, trans:cis 99:1, trans-a.:3 6:1).
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IR (Film) 2988, 2928, 2861, 2837, 2709, 1721, 1604, 1580, 1459, 1419, 1341, 1325, 1309, 1289,
1268, 1230, 1212, 1194, 1150, 1132, 1119, 1085, 1065, 1046, 1023, 941, 829, 736, 702 cm™*; H
NMR (500 MHz, CDClI3) 6 =9.73* (s, 1 Hx 0.2), 9.66 (d,J=15Hz,1 Hx0.8),6.30 (d, J =24
Hz, 1 H x 0.8), 6.30* (d, J = 2.4 Hz, 1H x 0.2), 6.22 (d, J =2.4 Hz, 1 H x 0.8), 6.21* (d, J = 2.4
Hz, 1 H x 0.2), 3.78 (s, 3 H x 0.8), 3.77 (s, 3 H x 0.8), 3.75* (5, 3 H x 0.2), 3.75* (s, 3 H x 0.2),
3.17 (dt,J=13.4,3.5Hz,1Hx0.8),2.99-2.91 (m, 1 H x 0.8), 2.99 — 2.91* (m, 2 H x 0.2), 2.77
(dd,J=17.4,45Hz,1Hx0.8), 2.74* (dd, J=17.3,55Hz,1 Hx0.2),2.43* (t, J=6.2Hz, 1 H
x 0.2), 240 -2.34 (m, 1 Hx0.8),2.13* (d, J =14.8, 1 H x 0.2), 2.01* (d, J = 14.0, 1 H x 0.2),
1.96 — 1.88* (m, 1 H x 0.2), 1.86 (m, 1 H x 0.8), 1.82 — 1.74* (m, 1 H x 0.2), 1.74 — 1.39 (m, 6 H
x0.8),1.74 - 1.39* (m, 3H x 0.2), 1.25 (td, J = 13.4, 3.8 Hz, 1 H x 0.8), 1.20* (s, 3 H x 0.2), 1.17
(s,3Hx0.8), 1.13* (td, J = 14.1, 4.2, 1 H x 0.2) ppm; 1*C NMR (125 MHz, CDCl3) & = 206.0%,
204.7,160.0, 159.8*, 158.0, 158.0*, 138.8, 138.8*, 127.6*, 127.5, 105.0, 105.0*, 97.4, 97.4*,55.1,
55.1*, 55.0, 55.0*,50.8, 46.6*, 44.2, 41.5*, 37.4, 37.3*, 34.7, 32.8*, 32.2, 32.0*, 28.2, 27.4*, 25.7,
25.7*, 22.0, 21.0*, 16.6, 16.1* ppm; MS (ESI) exact mass calculated for [M+Na] (C1sH24NaO3)
requires m/z 311.1618, found m/z 311.1611.

((2R,4aR,10aR)-5,7-dimethoxy-4a-methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-
yl)methanol

MeO OMe

HO\\\\\‘

H

From (4aR,10aR)-5,7-dimethoxy-4a-methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-
carbaldehyde, general procedure | was followed to give, after flash chromatography (gradient from
85:15 to 75:25 hexanes/ethyl acetate) and semi-preparative HPLC (99:1 hexanes/isopropanol), a
white solid.

IR (Film) 3423, 2924, 2858, 2838, 1685, 1597, 1460, 1117 cm™; *H NMR (500 MHz, CDCl3) § =
6.29 (d, J =3.3 Hz, 1 H), 6.21 (d, J = 3.3 Hz, 1 H), 3.76 (s, 3 H), 3.76 (s, 3H), 3.51 (td, J = 5.7,
2.3 Hz, 2 H), 3.06 (dt, J = 12.1, 3.7 Hz, 1 H), 2.96 — 2.89 (m, 1 H), 2.73 (dd, J =12.1, 5.1 Hz, 1
H), 1.67 — 1.56 (m, 3 H), 1.45-1.41 (m, 1 H), 1.30 - 1.22 (m, 4 H), 1.15 (s, 3H), 0.90 — 0.84 (m,
2 H) ppm; *C NMR (125 MHz, CDCl3) & = 160.0, 157.9, 139.0, 128.3, 105.0, 97.4, 68.7, 55.1,
55.0,44.7,40.9, 37.8, 35.3,32.4, 31.9, 31.6, 26.0, 25.4, 22.6, 16.9, 14.1 ppm; MS (ESI) exact mass
calculated for [M+Na] (C1sH26NaO3) requires m/z 313.1774, found m/z 313.1780.
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(4aR,10aR)-7,8-dimethoxy-4a-methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-
carbaldehyde (5b)

OMe

OMe

OHC

Racemic:

Prepared according to general procedure G from (E)-8-(2,3-dimethoxyphenyl)-5-methyl-2-
methyleneoct-5-enal (32 mg, 0.11 mmol). The reaction was run for 5 h and (4aRS,10aRS)-7,8-
dimethoxy-4a-methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde was isolated as
a colourless oil (26 mg, 0.089 mmol, 81% yield, trans-a: 4:1).

Asymmetric:

Prepared according to general procedure H from (E)-8-(2,3-dimethoxyphenyl)-5-methyl-2-
methyleneoct-5-enal (43 mg, 0.15 mmol). The reaction was run for 5 h and (4aR,10aR)-7,8-
dimethoxy-4a-methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde was isolated as
a colourless oil (33 mg, 0.12 mmol, 77% yield, 93:7 er, trans-a:3 6:1).

IR (Film) 2928, 2857, 2709, 1721, 1598, 1489, 1451, 1375, 1151, 1077 cm™; *H NMR (500 MHz,
CDCl3) 6=9.72* (s, 1 Hx 0.2),9.68 (s, ] Hx 0.8), 6.99 (d, J=8.7 Hz, 1 Hx 0.8), 6.94* (d, J =
85Hz,1Hx0.2),6.77 (d, J=8.6 Hz, 1 H x 0.8), 6.73* (d, J=8.5Hz, 1 Hx 0.2), 3.84 (s, 3 H X
0.8), 3.82* (s, 3H x0.2), 3.80 (s, 3H x 0.8), 3.78* (s, 3H x 0.2), 2.99 — 2.89 (m, 1 H), 2.80 — 2.67
(m,1H),2.39-231(m,2Hx0.8),2.29 -2.21* (m, 1 Hx 0.2),2.17 - 2.10* (m, 1 H x 0.2), 2.08
—2.01*(m, 1 Hx0.2),2.00 -1.94 (m, 1 H x 0.8), 1.80 — 1.55 (m, 5 H), 1.49 — 1.39 (m, 2 H),
1.08* (s, 3 H x 0.2), 1.05 (s, 3 H x 0.8) ppm; *C NMR (125 MHz, CDCls) & = 205.4*, 204.3,
150.1, 150.0*, 146.4, 146.3*, 140.8*, 140.7, 130.0, 130.0*, 119.8, 119.7*, 109.8, 109.8*, 59.6,
59.6*, 55.6, 55.6*, 50.5, 46.4*, 40.9, 38.2*, 36.8, 36.2, 36.0*, 34.7*, 28.3, 27.4*, 25.1*, 25.0, 23.3,
23.2*,21.9, 21.7, 21.2*, 20.8* ppm; MS (ESI) exact mass calculated for [M+Na] (C1sH24NaOs)
requires m/z 311.1618, found m/z 311.1618.

((2R,4aR,10aR)-7,8-dimethoxy-4a-methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-
yl)methanol

H

From (4aR,10aR)-7,8-dimethoxy-4a-methyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-
carbaldehyde, general procedure | was followed to give, after flash chromatography (gradient from
85:15 to 75:25 hexanes/ethyl acetate) and semi-preparative HPLC (99:1 hexanes/isopropanol), a
white solid.
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IR (Film) 3411, 2923, 2855, 1598, 1489, 1273, 1083, 1031 cm™; *H NMR (500 MHz, CDCl3) § =
7.00 (d, J=8.6 Hz, 1 H), 6.75 (d, J = 8.6 Hz, 1 H), 3.83 (s, 3 H), 3.80 (s, 3 H), 3.53 (dd, J =5.8,
5.8 Hz, 2 H),2.96 — 2.91 (m, 1 H), 2.78 — 2.71 (m, 1 H), 2.28 — 2.24 (m, 1 H), 1.80 - 1.75 (m, 1
H), 1.65 — 1.56 (m, 4 H), 1.47 — 1.29 (m, 3 H), 1.17 — 1.09 (m, 1 H), 1.04 (s, 3 H) ppm; *C NMR
(125 MHz, CDClI3) 6 =150.0, 146.3, 141.5, 130.2, 119.8, 109.7, 68.5, 59.6, 55.7, 41.2, 40.6, 37.5,
36.5, 31.9, 25.4, 25.2, 23.4, 21.9 ppm; MS (ESI) exact mass calculated for [M+Na] (C1sH26NaOs)
requires m/z 313.1774, found m/z 313.1779.

(4aR,10aR)-7-methoxy-4a,8-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-
carbaldehyde (5c)

OMe

OHC

Racemic:

Prepared according to general procedure G from (E)-8-(3-methoxy-2-methylphenyl)-5-methyl-2-
methyleneoct-5-enal (48 mg, 0.18 mmol). The reaction was run for 5 h and (4aRS,10aRS)-7-
methoxy-4a,8-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde was isolated
as a white solid (36 mg, 0.13 mmol, 75% yield, trans:cis 96:4, trans-a:3 4:1).

Asymmetric:

Prepared according to general procedure H from (E)-8-(3-methoxy-2-methylphenyl)-5-methyl-2-
methyleneoct-5-enal (41 mg, 0.15 mmol). The reaction was run for 30 h and (4aR,10aR)-7-
methoxy-4a,8-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde was isolated
as a white solid (30 mg, 0.11 mmol, 73% yield, 92:8 er trans:cis >99:1, trans-a:f 6:1).

IR (Film) 3083, 3040, 2928, 2858, 2833, 2709, 1721, 1596, 1583, 1483, 1464, 1438, 1375, 1337,
1291, 1260, 1214, 1192, 1170, 1148, 1109, 1088, 1023, 999, 930, 899, 844, 802, 738, 706 cm™;
'H NMR (500 MHz, CDCl3) § =9.72* (s, 1 Hx 0.2),9.70 (d, J= 1.2 Hz, 1 Hx 0.8), 7.15 (d, J =
8.6 Hz, 1 Hx 0.8), 7.09* (d, J=8.6 Hz, 1L H x 0.2), 6.75 (d, J = 8.6 Hz, 1 H x 0.8), 6.72* (d, J =
8.6 Hz,1H x0.2),3.81(s,3Hx0.8),3.80* (s, 3H x 0.2),2.84 -2.62 (m, 2 Hx 0.8), 2.84 — 2.62*
(m,2Hx0.2),251* (t, J=6.0Hz, 1 Hx0.2),2.42 -2.32 (M, 2H x 0.8), 2.30 — 2.23* (m, 1 H X
0.2),2.20 - 2.14* (m, 1 Hx 0.2), 2.11 (s, 3 H x 0.8), 2.08* (s, 3 H x 0.2), 2.08 — 2.04* (m, 1 H x
0.2),2.02-195(m,1Hx0.8),195-188*(m, 1 Hx0.2),1.83-157 (m, 5Hx0.8), 1.83 -
1.57* (m, 3 H x 0.2), 1.50 - 1.39 (m, 2 H x 0.8), 1.50 — 1.39* (m, 1 H x 0.2), 1.35* (td, J = 13.6,
4.2Hz,1Hx0.2),1.11* (s, 3H x 0.2), 1.08 (s, 3 H x 0.8) ppm; 3C NMR (125 MHz, CDCl3) § =
205.4*, 204.3, 155.2, 155.1*, 139.7*, 139.6, 135.2, 135.1*, 124.4, 124.4*, 122.3, 122.2*, 108.0,
108.0*, 55.5, 55.5*, 50.5, 46.4*, 40.7, 38.0*, 37.1, 36.2, 36.0*, 34.9*, 28.3, 27.4*, 27.3, 27.2*,
25.6%*, 25.6, 22.0, 21.8, 21.3*, 20.8*, 11.1, 11.0* ppm; MS (APCI) exact mass calculated for [M-
H] (C18H2302) requires m/z 271.1703, found m/z 271.1701.
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((2R,4aR,10aR)-7-methoxy-4a,8-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-
yl)methanol

OMe

H O\\\\\‘

H

From (4aR,10aR)-7-methoxy-4a,8-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-
carbaldehyde, general procedure | was followed to give, after flash chromatography (gradient from
85:15 to 75:25 hexanes/ethyl acetate) and semi-preparative HPLC (99:1 hexanes/isopropanol), a
white solid.

IR (Film) 3355, 2925, 2856, 1595, 1483, 1463, 1262, 1096 cm™; *H NMR (500 MHz, CDCl3) § =
7.14 (d,J=8.5Hz,1H), 6.73 (d, J =85 Hz, 1 H), 3.80 (s, 3 H), 3.53 (dd, J = 5.9, 5.9 Hz, 2 H),
2.78 —2.64 (m, 2 H), 2.30 — 2.28 (m, 1 H), 2.09 (s, 3 H), 1.79 — 1.56 (m, 6 H), 1.46 — 1.26 (m, 3
H), 1.14 (m, 1 H), 1.09 (s, 3 H) ppm; **C NMR (125 MHz, CDCl3) § = 155.1, 140.4, 135.4, 124.4,
122.4,107.9, 68.6, 55.5, 41.1, 40.6, 37.8, 36.5, 31.9, 27.5, 25.8, 25.5, 22.0, 11.1 ppm; MS (ESI)
exact mass calculated for [M+Na] (C1sH26NaOz) requires m/z 297.1825, found m/z 297.1812.

(4aR,10aR)-5-methoxy-4a,8-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-
carbaldehyde (5d)

MeO

OHC

Racemic:

Prepared according to general procedure G from (E)-8-(5-methoxy-2-methylphenyl)-5-methyl-2-
methyleneoct-5-enal (48 mg, 0.17 mmol). The reaction was run for 5 h and (4aRS,10aRS)-5-
methoxy-4a,8-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde was isolated
as an off-white solid (34 mg, 0.12 mmol, 72% yield, 85:15 er, trans:cis 94:6, trans-o.:3 4:1).

Asymmetric:

Prepared according to general procedure H from (E)-8-(5-methoxy-2-methylphenyl)-5-methyl-2-
methyleneoct-5-enal (41 mg, 0.15 mmol). The reaction was run for 30 h and (4aR,10aR)-5-
methoxy-4a,8-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde was isolated
as an off-white solid (26 mg, 0.095 mmol, 63% yield, trans:cis 98:2, trans-a.:f3 6:1).

IR (Film) 2927, 2861, 2833, 1708, 1721, 1582, 1461, 1437, 1406, 1374, 1340, 1289, 1244, 1223,
1190, 1166, 1144, 1107, 1085, 1057, 1034, 1007, 948, 922, 907, 888, 801, 736, 722, 702 cmt; 1H
NMR (500 MHz, CDCl3) 8 =9.73* (s, 1 Hx 0.2), 9.67 (d, J = 1.6 Hz, 1 H x 0.8), 6.97 (d, J = 8.1
Hz, 1 H x 0.8), 6.95* (d, J = 8.1 Hz, 1 H x 0.2), 6.68 (d, J = 8.1 Hz, 1 H x 0.8), 6.64* (d, J = 8.1
Hz, 1 Hx0.2),3.79 (s, 3H x 0.8), 3.77* (s, 3 H x 0.2), 3.26 (dt, J = 13.4, 3.3 Hz, 1 H x 0.8), 3.05*
(dt, J=13.7, 3.5 Hz, 1 H x 0.2), 2.70 — 2.64 (m, 2 H x 0.8), 2.65 — 2.60* (m, 2 H x 0.2), 2.46* (t,
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J=6.5Hz, 1Hx0.2),2.41-2.33 (m, 1 Hx0.8),2.15 (5, 3H x 0.8), 2.13* (s, 3 H x 0.2), 2.05 —
2.00* (M, 1 Hx 0.2), 1.99 — 1.90* (m, 1 Hx 0.2), 1.90 — 1.83 (m, 1 H x 0.8), 1.84 — 1.76* (m, 1 H
X 0.2), 1.77 — 1.54 (m, 6 H x 0.8), 1.77 — 1.54* (m, 3 H x 0.2), 1.48 — 1.39* (m, 1 H x 0.8), 1.27*
(s,3Hx0.2),1.26—1.20 (m, 1 H x 0.8), 1.23 (s, 3 H), 1.12* (td, J = 13.7, 4.1 Hz, 1 H x 0.2) ppm;
13C NMR (125 MHz, CDCl3) § = 206.0%, 204.7, 157.2, 157.2*, 136.5, 136.5%, 134.9, 134.8*,
128.9, 128.9*, 127.7, 127.6*, 109.0, 109.0*, 55.1, 55.0*, 50.8, 46.5*, 43.5, 40.8*, 38.0, 37.9*,
34.6, 32.6*, 29.4, 29.2*, 28.2, 27.4*, 25.6, 25.6*, 22.0, 21.0*, 19.5, 19.5*, 16.4, 15.8* ppm; MS
(ESI) exact mass calculated for [M+Na] (CisH2aNaOz) requires m/z 295.1669, found m/z
295.1667.

((2R,4aR,10aR)-5-methoxy-4a,8-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-
yl)methanol

MeO

HO\\\\\‘

H

From (4aR,10aR)-5-methoxy-4a,8-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-
carbaldehyde, general procedure | was followed to give, after flash chromatography (gradient from
85:15 to 75:25 hexanes/ethyl acetate) and semi-preparative HPLC (99:1 hexanes/isopropanol), a
white solid.

IR (Film) 3514, 2927, 2855, 1688, 1452, 1222, 1085 cm™’; *H NMR (500 MHz, CDCls3) § = 6.95
(d, J=8.2 Hz, 1 H), 6.65 (d, J = 8.2 Hz, 1 H), 3.77 (s, 3 H), 3.51 (td, J = 6.1, 1.7 Hz, 2 H), 3.12
(dt, J =12.9, 3.5 Hz, 1 H), 2.66 — 2.63 (m, 2 H), 2.14 (s, 3 H), 1.68 — 1.55 (m, 4 H), 1.29 — 1.23
(m, 4 H), 1.21 (s, 3 H), 0.90 — 0.87 (m, 2 H) ppm; *C NMR (125 MHz, CDCls) § 157.4, 136.8,
135.6, 128.9, 127.5, 109.0, 68.7, 55.1, 44.0, 40.8, 38.4, 35.2, 31.9, 29.6, 25.8, 25.4, 19.6, 16.6
ppm; MS (ESI) exact mass calculated for [M+Na] (C1sH26NaO>) requires m/z 297.1825, found
m/z 297.1824.

(5aR,9aR)-3,9a-dimethyl-4,5,5a,6,7,8,9,9a-octahydronaphtho[1,2-b]thiophene-7-
carbaldehyde (5e)

OHC

Racemic:

Prepared according to general procedure G from (E)-5-methyl-2-methylene-8-(4-methylthiophen-
3-yloct-5-enal (49 mg, 0.20 mmol). The reaction was run for 5 h and (5aRS,9aRS)-3,9a-dimethyl-
4,5,5a,6,7,8,9,9a-octahydronaphtho[1,2-b]thiophene-7-carbaldehyde was isolated as a white
powder (21 mg, 0.084 mmol, 43% yield, trans-a:p 4:1).
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Asymmetric:

Prepared according to general procedure H from (E)-5-methyl-2-methylene-8-(4-methylthiophen-
3-yl)oct-5-enal (43 mg, 0.17 mmol). The reaction was run for 30 h and (5aR,9aR)-3,9a-dimethyl-
4,5,53,6,7,8,9,9a-octahydronaphtho[1,2-b]thiophene-7-carbaldehyde was isolated as white
powder (34 mg, 0.14 mmol, 81% vyield, 94:6 er, trans-a.:p 4:1).

IR (Film) 3087, 2964, 1928, 1857, 2708, 1724, 1462, 1450, 1438, 1374, 1018 cm™; *H NMR (500
MHz, CDCl3) 6=9.71* (s, 1 Hx 0.2),9.67 (s, 1 Hx 0.8), 6.72 (s, | Hx 0.8), 6.68* (s, 1 Hx 0.2),
2.62-2.48(m, 2 H), 2.44-2.36 (m, 1 H), 2.10 - 2.06 (m, 4 H), 1.96 — 1.89 (m, 1 H), 1.82 — 1.59
(m, 6 H), 1.52 — 1.42 (m, 1 H), 1.20* (s, 3H x 0.2), 1.16 (s, 3 H x 0.8) ppm; **C NMR (125 MHz,
CDClI3) 6=205.2*%,203.9, 148.1*%, 147.9, 136.2, 136.2*, 133.1, 133.0*,116.9, 116.8*, 50.8, 46.8*,
42.7,40.0*, 38.6, 36.6, 36.6*, 36.5*, 27.4, 26.5*, 25.5*, 25.5, 24.7, 24.6*, 21.9, 21.6, 21.4*, 20.4*,
14.2, 14.2* ppm; MS (ESI) exact mass calculated for [M+Na] (C1sH20NaOS) requires m/z
271.1127, found m/z 271.1127.

((5aR,7R,9aR)-3,9a-dimethyl-4,5,5a,6,7,8,9,9a-octahydronaphtho[1,2-b]thiophen-7-
yl)methanol

From (5aR,9aR)-3,9a-dimethyl-4,5,5a,6,7,8,9,9a-octahydronaphtho[1,2-b]thiophene-7-
carbaldehyde, general procedure | was followed to give, after flash chromatography (gradient from
85:15 to 75:25 hexanes/ethyl acetate) and semi-preparative HPLC (99:1 hexanes/isopropanol), a
white solid.

IR (Film) 3424, 2925, 2856, 1685, 1641, 1594, 1460, 1429, 1150, 1058 cm™*; *H NMR (500 MHz,
CDCl3) 3 =6.70 (s, 1 H), 3.53 (dd, J =5.2,5.2 Hz, 2 H), 2.58 — 2.48 (m, 2 H), 2.08 (s, 3 H), 2.02
—1.98 (m, 1 H), 1.75 - 1.57 (m, 6 H), 1.41 — 1.25 (m, 3 H), 1.20 — 1.12 (m, 4 H) ppm; *C NMR
(125 MHz, CDCl3) 6 = 148.7, 136.2, 133.1, 116.7, 68.4, 43.1, 41.0, 39.2, 36.9, 31.0, 25.6, 25.0,
24.8, 22.1, 14.3 ppm; MS (ESI) exact mass calculated for [M+Na] (C1sH22NaOS) requires m/z
273.1284, found m/z 273.1273.

(5aR,9aR)-9a-methyl-3-tosyl-4,5,5a,6,7,8,9,9a-octahydro-3H-benzo[e]indole-7-carbaldehyde
(5f)

OHC

Racemic:

Prepared according to general procedure G from of (E)-5-methyl-2-methylene-8-(1-tosyl-1H-
pyrrol-2-yl)oct-5-enal (48 mg, 0.13 mmol). The reaction was run for 5 h and (5aRS,9aRS)-9a-
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methyl-3-tosyl-4,5,5a,6,7,8,9,9a-octahydro-3H-benzo[e]indole-7-carbaldehyde was isolated as a
white powder (31 mg, 0.084 mmol, 65% yield, trans-a:f 4:1).

Asymmetric:

Prepared according to general procedure H from (E)-5-methyl-2-methylene-8-(1-tosyl-1H-pyrrol-
2-yl)oct-5-enal (42 mg, 0.11 mmol). The reaction was run for 24 h and (5aR,9aR)-9a-methyl-3-
tosyl-4,5,5a,6,7,8,9,9a-octahydro-3H-benzo[e]indole-7-carbaldehyde was isolated as a white
powder (38 mg, 0.10 mmol, 90% vyield, 93:7 er, trans-a:p 4:1).

IR (Film) 3147, 3058, 2933, 2857, 2713, 1721, 1597, 1365, 1265, 1171, 1139, 1124, 1090, 1037,
813 cm™; 'H NMR (500 MHz, CDCl3) § = 9.65* (s, 1 Hx 0.2),9.63 (s, 1 Hx 0.8), 7.65 — 7.61 (m,
2H),7.29-728(m,2H),7.16(d,J=3.9Hz, 1 Hx0.8),7.13* (d,J=3.9Hz, 1 Hx0.2),6.12
(d,J=39Hz,1Hx0.8),6.06 (d,J=3.9Hz,1 Hx0.2),290-2.81(m, 1H),265-257(m,1
H x 0.8), 2.51 — 2.46* (m, 2 H x 0.2), 2.41 (s, 3H), 2.35-2.28 (m, 1 Hx 0.8), 2.12 - 1.96 (m, 1
H), 1.96 — 1.83 (m, 1 H), 1.71 — 1.52 (m, 4 H), 1.48 — 1.21 (m, 3 H), 0.99* (s, 3 H x 0.2), 0.95 (s,
2 H x 0.8) ppm; 3C NMR (125 MHz, CDCls3) & = 205.5%, 204.0, 144.6, 144.5*, 136.5, 136.4*,
134.3*, 134.3, 130.0*, 129.9, 127.2(*), 126.8(*), 121.1, 121.0*, 108.3, 108.2*, 50.7, 46.7*, 41.9,
39.2*, 36.3, 34.2*, 33.6, 33.5*, 27.0, 26.1*, 25.4*, 25.3, 23.3, 23.0%, 21.6, 21.2, 20.4(*), 20.0*,
19.9* ppm; MS (ESI) exact mass calculated for [M+Na] (C2:H2sNNaOsS) requires m/z 394.1447,
found m/z 394.1431.

((5aR,7R,9aR)-9a-methyl-3-tosyl-4,5,5a,6,7,8,9,9a-octahydro-3H-benzo[e]indol-7-
yl)methanol

From ((5aR,9aR)-9a-methyl-3-tosyl-4,5,5a,6,7,8,9,9a-octahydro-3H-benzo[e]indole-7-
carbaldehyde, general procedure | was followed to give, after flash chromatography (gradient from
85:15 to 75:25 hexanes/ethyl acetate) and semi-preparative HPLC (99:1 hexanes/isopropanol), a
white solid.

IR (Film) 3388, 2925, 2854, 1453, 1412, 1261, 1141, 1090 cm™*; *H NMR (500 MHz, CDCls) §
7.64 (d, J=8.5Hz, 2 H),7.28 (d, J =8.5Hz,2 H),7.15(d, J=3.2 Hz, 1 H), 6.12 (d, J = 3.2 Hz,
1 H), 3.49 (dd, J = 6.4, 6.4 Hz, 2 H), 2.84 — 2.79 (m, 1 H), 2.61 — 2.55 (m, 1 H), 2.41 (s, 3 H), 1.95
—1.90 (m, 1 H), 1.68 — 1.54 (m, 4 H), 1.50 — 1.26 (m, 4 H), 1.12 — 1.03 (m, 1 H), 0.95 (s, 3 H)
ppm; BC NMR (125 MHz, CDCl3) § = 144.4, 136.6, 135.0, 129.9, 127.3, 126.8, 121.0, 108.5,
68.5,42.3,41.0, 36.9, 33.9, 30.6, 25.6, 24.6, 23.4, 21.6, 20.6 ppm; MS (ESI) exact mass calculated
for [M+Na] (C21H27NNaOsS) requires m/z 396.16039, found m/z 396.16057.
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(5aR,9aR)-9a-methyl-4,5,5a,6,7,8,9,9a-octahydronaphtho[2,1-b]furan-7-carbaldehyde (5g)

OHC

Racemic:

Prepared according to general procedure G from of (E)-8-(furan-2-yl)-5-methyl-2-methyleneoct-
5-enal (10 mg, 0.045 mmol). The reaction was run for 5 h and (5aRS,9aRS)-9a-methyl-
4,5,53,6,7,8,9,9a-octahydronaphtho[2,1-b]furan-7-carbaldehyde was isolated as a colourless oil
(2.9 mg, 0.013 mmol, 29% vyield, trans-a:p 4:1).

Asymmetric:

Prepared according to general procedure H from (E)-8-(furan-2-yl)-5-methyl-2-methyleneoct-5-
enal (47 mg, 0.22 mmol) with catalyst The reaction was run for 24 h and (5aR,9aR)-9a-methyl-
4,5,53,6,7,8,9,9a-octahydronaphtho[2,1-b]furan-7-carbaldehyde was isolated as a colourless oil
(22 mg, 0.10 mmol, 47% yield, 90:10 er, trans-B:a. 4:1).

IR (Film) v=2929, 2854, 1721, 1614, 1368, 1279, 1138 cm™; *H NMR (500 MHz, CDCl3) § 9.70*
(s,1Hx0.2),9.67(s,1Hx0.8),7.23(s,1Hx0.8) 7.19* (s, 1 Hx 0.2), 6.23 (s, 1 Hx 0.8), 6.18*
(s,1Hx0.2),2.68—2.65(m, 2H),2.40-2.33 (m, 1 H), 2.05-2.00 (m, 1 H), 1.92 - 1.86 (m, 1
H), 1.84 — 1.56 (m, 5 H), 1.47 — 1.37 (m, 2 H), 1.06* (s, 3 H x 0.2), 1.02 (s, 3 H x 0.8) ppm; *C
NMR (125 MHz, CDCls) 6 = 205.4*, 204.1, 148.9, 148.8*, 140.7, 140.6*, 128.0, 127.9*, 107.1,
107.0*, 50.9, 46.8*, 42.8, 40.1*, 36.4, 34.4*, 33.3, 33.1*, 27.1, 26.2*, 25.6*, 25.5, 23.4, 23.3*,
21.2,20.2,20.0*%, 19.7* ppm; HRMS (APCI) exact mass calculated for [M+H] (C14H1902) requires
m/z 219.13796, found m/z 219.13728.

((5aR,7R,9aR)-9a-methyl-4,5,5a,6,7,8,9,9a-octahydronaphtho[2,1-b]furan-7-yl)methanol

H

From (5aR,9aR)-9a-methyl-4,5,53a,6,7,8,9,9a-octahydronaphtho[2,1-b]furan-7-carbaldehyde,
general procedure | was followed to give, after flash chromatography (gradient from 85:15 to 75:25
hexanes/ethyl acetate) and semi-preparative HPLC (99:1 hexanes/isopropanol), a white solid.

IR (Film) 3435, 2928, 2854, 1683, 1594, 1460, 1429, 1149, 1060 cm™; *H NMR (500 MHz,
CDCl3) 8 7.23 (m, 1 H), 6.24 (d, J=1.9 Hz, 1 H), 3.54 (t, J = 4.5 Hz, 2 H), 2.67 — 2.64 (m, 2 H),
1.94 (dt, J=12.3,29Hz, 1 H), 1.79 - 1.61 (m, 4 H), 1.44 — 1.26 (m, 4 H), 1.17 — 1.10 (m, 1 H),
1.01 (2, 3 H) ppm; 3C NMR (125 MHz, CDCls3) § = 149.0, 140.5, 128.4, 107.2, 68.5, 43.2, 41.1,
36.9, 33.5, 30.6, 25.7, 24.5, 23.5, 20.3 ppm; MS (ESI) exact mass calculated for [M+Na]
(C14H20Na0:>) requires m/z 243.1356, found m/z 243.1346.
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(4aR,11cR)-11c-methyl-1,2,3,4,4a,5,6,11c-octahydronaphtho[2,1-b]benzofuran-3-
carbaldehyde (5h)

OHC

Racemic:

Prepared according to general procedure G from (E)-8-(benzofuran-3-yl)-5-methyl-2-
methyleneoct-5-enal (31 mg, 0.11 mmol). The reaction was run for 5 h and (4aRS,11cRS)-11c-
methyl-1,2,3,4,4a,5,6,11c-octahydronaphtho[2,1-b]benzofuran-3-carbaldehyde was isolated as a
colourless oil (27 mg, 0.10 mmol, 89% vyield, trans-o:p 4:1).

Asymmetric:

Prepared according to general procedure H from (E)-8-(benzofuran-3-yl)-5-methyl-2-
methyleneoct-5-enal (43 mg, 0.16 mmol). The reaction was run for 30 h and (4aR,11cR)-11c-
methyl-1,2,3,4,4a,5,6,11c-octahydronaphtho[2,1-b]benzofuran-3-carbaldehyde was isolated as a
colourless oil (35 mg, 0.13 mmol, 81% vyield, 92:8 er, trans-a.:3 9:1).

IR (Film) 3058, 2930, 2858, 2709, 1721, 1612, 1244, 1153 cm™; *H NMR (500 MHz, CDCl3) § =
9.73*(s,1Hx0.1),9.69 (s,1 Hx0.9), 7.42 - 7.37 (m, 2 H), 7.23 - 7.17 (m, 2 H), 2.72 — 2.53 (m,
2 H),246 -2.36 (m,2Hx0.9),2.28-222*(m, 1 Hx0.1),2.19-2.14* (m, 1 Hx0.1), 2.11 -
2.06* (m,1Hx0.1),2.00-1.96 (m, 1 Hx0.9), 1.84 — 1.64 (m, 5H), 1.60 — 1.49 (m, 2 H), 1.23*
(s, 3H x 0.1), 1.19 (s, 3 H x 0.9) ppm; *C NMR (125 MHz, CDClz) § = 205.1%*, 203.8, 161.0,
161.0*, 154.4, 154.4*, 128.8, 128.8*, 123.1, 123.0*, 122.1, 122.1*, 118.6, 118.6*, 111.0, 110.9*,
110.4, 110.4*, 50.7, 46.7*, 43.4, 40.6*, 35.6, 35.4*, 33.6, 31.7*, 26.6, 26.6*, 25.7*, 25.5, 20.9,
20.4, 20.3*, 19.7*, 18.2, 17.7* ppm; MS (ESI) exact mass calculated for [M+Na] (C1sH20NaO>)
requires m/z 291.1356, found m/z 291.1348.

((3R,4aR,11cR)-11c-methyl-1,2,3,4,4a,5,6,11c-octahydronaphtho[2,1-b]benzofuran-3-
yl)methanol

HO_

From (4aR,11cR)-11c-methyl-1,2,3,4,4a,5,6,11c-octahydronaphtho[2,1-b]benzofuran-3-
carbaldehyde, general procedure | was followed to give, after flash chromatography (gradient from
85:15 to 75:25 hexanes/ethyl acetate) and semi-preparative HPLC (99:1 hexanes/isopropanol), a
white solid.
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IR (Film) 3373, 2926, 2856, 1690, 1596, 1452, 1152, 1051 cm™; *H NMR (500 MHz, CDCls) & =
7.40-7.39 (m, 2 H), 7.26 — 7.16 (m, 2 H), 3.56 — 3.54 (m, 2 H), 2.68 — 2.60 (m, 2 H), 2.29 — 2.26
(m, 1 H), 1.81 —1.60 (m, 6 H), 1.58 — 1.51 (m, 1 H), 1.43 — 1.35 (m, 1 H), 1.30 — 1.26 (m, 1 H),
1.18 (s, 3 H) ppm; °C NMR (125 MHz, CDCl3) § = 161.9, 154.4, 128.9, 122.9, 122.0, 118.5,
110.9, 110.3, 68.4, 43.8, 41.0, 35.8, 34.2, 30.2, 25.7, 24.3, 20.6, 18.3 ppm; MS (ESI) exact mass
calculated for [M+Na] (C1sH22NaO.) requires m/z 293.1512, found m/z 293.1507.

(4aR,10aR)-4a,5,7-trimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde
(51)

OHC

Racemic:

Prepared according to general procedure G from (E)-8-(3,5-dimethylphenyl)-5-methyl-2-
methyleneoct-5-enal (48 mg, 0.18 mmol). The reaction was run for 5 h and (4aRS,10aRS)-4a,5,7-
trimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde was isolated as a colourless
oil (36, 0.14 mmol, 75% yield, trans:cis 94:6, trans-a.:3 5:1).

Asymmetric:

Prepared according to general procedure H with catalyst as the HCI salt, from (E)-8-(3,5-
dimethylphenyl)-5-methyl-2-methyleneoct-5-enal (9.0 mg, 0.035 mmol). The reaction was run for
19 hand (4aR,10aR)-4a,5,7-trimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-2-carbaldehyde
was isolated as a colourless oil (3.6 mg, 0.014 mmol, 36% yield, 66:34 er, trans:cis 96:4, trans-
a:p 4:1).

IR (Film) 3050, 2973, 2926, 2860, 2712, 1722, 1611, 1463, 1440, 1382, 1266, 1166, 1044, 1016,
911, 849, 734, 703, 611 cm™; *H NMR (500 MHz, CDCl3) § = 9.73* (s, 1 Hx 0.2), 9.68 (d, J =
1.5Hz,1Hx0.8),6.79 (s,1Hx0.8),6.78 (s, L Hx 0.8), 6.76* (5, 1L Hx 0.2), 6.75* (s, 1L H x 0.2),
3.02-291* (m, 1 Hx0.2),2.99 (ddd, J = 16.9, 12.2, 7.6 Hz, 1 H x 0.8), 2.87 (dt, J = 13.4, 3.4
Hz, 1 H x 0.8), 2.80 (dd, J = 17.0, 6.0 Hz, 1 H x 0.8), 2.80 — 2.74* (m, 1 H x 0.2), 2.66* (dt, J =
13.5,2.7Hz, 1 H x 0.2), 2.50 (s, 3H x 0.8), 2.47* (s, 3H x 0.2), 2.40 — 2.33 (m, 1 H x 0.8), 2.40
—2.31*(m,2Hx0.2),2.24(s,3Hx0.8),2.23 -2.17* (m, 1 Hx0.2), 2.22* (s, 3 H x 0.2), 2.06
—2.02*(m,1Hx0.2),1.95-1.88* (m,1Hx0.2),1.94-1.89(m,1Hx0.8), 1.84 - 1.46* (m, 3
Hx0.2),1.78—-1.50 (m, 6 H x 0.8), 1.39 (ddd, J =13.5, 13.5, 3.6 Hz, 1 H x 0.8), 1.31 — 1.27* (m,
1Hx0.2),1.27* (s, 3H x 0.2), 1.24 (s, 3 H x 0.8) ppm; C NMR (125 MHz, CDCls) § = 205.5*,
204.4, 142.0*, 141.9, 136.8, 136.8*, 136.2, 136.1*, 134.9, 134.8*, 131.8, 131.7*, 128.8, 128.7*,
50.3,46.1*,44.4,41.6*, 38.5, 38.4*, 35.3, 33.2*, 31.7, 31.5*, 28.7, 27.8*, 25.8, 25.7*, 24.3, 24.2*,
22.0, 20.9*, 20.3, 20.3*, 17.4, 16.9* ppm; MS (ESI) exact mass calculated for [M+Na]
(C18H24NaO) requires m/z 279.1719, found m/z 279.1713.
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V1. Additional derivatization and determination of absolute stereochemistry of polyene
cyclization products

Absolute stereochemistry of trans-decalin via circular dichroism:

OMe

(4aR,10aR)-5,7-Dimethoxy-4a-methyl-3,4,4a,9,10,10a-hexahydrophenanthren-2(1H)-one ~ was
derived from enantioenriched 4a (66:34 er).?® A sample was dissolved in methanol and submitted
to circular dichroism spectroscopy:

300 325 350 375

N
N
(03]
N
N
~
(03]

CD (mdeg)
o U h Gh A LN A o R

Wavelength (nm)

The negative Cotton effect near 275 nm is consistent with that of a trans-2-decalone with the
absolute stereochemistry shown, as deduced by performing an octant-rule analysis?’:

Megative Cotton effect (CD):

+ m OMe
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This octant-rule determination was further supported by calculation (td/aug-cc-pvdz//M06-2x/6-

311g(d,p) with SCRF=MeOH):

ECD Spectrum
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VI1I. NMR characterization of new compounds

1

D ko
el el el e

=
&

—_—— O
M d

v
“

8l

[sla]
o
o1 el

ISR
ai el

S e
LI'F
8T'Y
8I'r
6I'F
6T
ocy
oy
jraz
iray
wr
wr
wr
1Y
F:r.v
68°C
mw.wv
<o
mﬁov.

9T L—

'H, CDCls, 500 MHz

EtO,C

8.5 8.0 7.5 7.0 6.5 6.0 5.5 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 -05 ppm

2.0

L9099 —

L¥'CL
FLOL ./

SRW_
CTLL

LISl —

TLeEl —

€6'OF1 —

78991 —

13C, CDCls, 125 MHz

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

180

45



Le'T
8¢l W
oF'l
98'l

0¢e
—N.ﬂ/
FUT~X
9T
hm.NN
8¢T
6E'T

LOF
wo.vv

83t
g5 p—>
90°¢—~

we
ws v.

9L —

A

HO

1H, CDCls, 400 MHz

ppm

-0.5

1.5 1.0 0.5 0.0

2.0

85 8.0 75 70 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25

9.0

€T —
T11E—
jp—
=860 S —
e
0t
~TTtT
~I0%T
88'69—
61°SL
8L°9L
mc,RW.
6TLL
—
0%
e
01
B
01
CTOIT—
=Iot
9E LFT ~_
8Ly

13C, CDCls, 125 MHz

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

46



0 O Wy ok 00\ o 1)
Rt == =g
(o I o Bt B oV ot B oV oV LI ]

et

7.26
591
591

——5.04
482
431

—4.06

<4

— 091
0.07

<5

TBSO

H, CDCls, 400 MHz

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 3.0 45 4.0 3.5 3.0 25 20 1.5 1.0 0.5 00 -05 -1.0 ppm

g pos Il s =1 T S = v
[ =) R a S ad o o
= = < ~ =~ > o o X v
v | NV R |
3C, CDCls, 125 MHz
A . "
T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

47



17T
17—

ors
0TS

199
09~
069
069
069
169
169
9L
8TL
8TL

-0.5 ppm

0.0

0.5

15 1.0

2.0

|

(3]

|

2.5

50 45 40 35 3.0

5.5

6.0

6.5
)
<

ol

[=3}

H, CDCls, 400 MHz

85 80 75 7.0

9.0

100 95

96+ —

9L
mo.SW.
€TLL

6EPIT—
86'0TT ~_
6r 1Tl —
ZI0ET —
PTOET —
LF6ET —

Ppm

70

90 80
48

100

110

120

T T T T
160 150 140 130

170

13C, CDCls, 125 MHz
180

190

WWMWMWWMWWWWM

200



9T L—

OMe

MeO
1H, CDCls, 500 MHz

S

HO

ppm

10 05 00 -05

1.5
e
el

25 2.0
SEEE
cilleil el =

v

35
wj
]
v=;

Al

4.0
&

5.5
ro
&
=]

6.0
ol

8.5 8.0 7.5 7.0 6.5
:
(o]

9.0

9.5

IF6T~_
LETE—
819t —_
PLLE—"

80°¢C—

19°€9 —

PL9L
00°LL W.
STLL

6F L6 —

6+'90T —
0601 —

P8¢ —

81I'CEl —

LEYPT —
PL'8FT —

67091 —

LA

13C, CDCls, 125 MHz

ppm

180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10

190

49



OMe

OMe
T

'H, CDCls, 400 MHz

o

—

o

-

C

o,

ppm

b1
660 FI60T ~__
66601 "

68121~
- T9ETT —

R v

80SET ~_
LU 86'T SOOLT —
00°1
E =
LOLPT —_
88'8F[ —
9T —

Ppm

10

20

30

a0

50

70

90
50

100

110

120

130

140

160 150

170

13C, CDCl3, 100 MHz
190 180

200




L9

WB/

089
o

89
OT'L—

ME\
9TL

ppm

05 00 -05

1.0

o
ol

|

k=a)
N
f=}

)

1

f=a)
[=}

I

N

25
o

|

3.0

35

)

]

i

F

4.5

£

(=}

5.0

It

b=l

r

=

OMe
[=]

55

6.0

'H, CDCls, 500 MHz
6.5
g

A

™~

7.0
e
JRE=]

F

HO
80 75

8.5

2.0

oU'rrL—
18°Cl —

S8 8T~
e IE—
Foee—"
LYLE—

oFeE—

LL'S9—

PL9L
00°LL W.
STLL

SLLOT —~_
L1601 —

sric
L0bT1

_w.wﬂu\
8L°CCl e

el —
09 I¥[ —

C8°8FT —

8CLET —

ppm

10

20

30

sl

40

50

60

70

90 80
51

100

110

120

130

140

150

13C, CDCl3, 125 MHz
170 160

180

190




199
89'9
69'9
699
$9
¥L9
00'2 \.
LOL \

9L

0.0 -05 ppm

0.5

1.0

1.5

~

o

r@
<
+

25
o |=
cil v

3.5 3.0

]

|

o

4.0
2| (e

)f

—_

|

4.5

5

=23
=)

!

&

<

N

6.0

H, CDCls, 500 MHz
65

MeO

A

HO
80 75

8.5

9.0

9L’ CT —
8T/l —

CE'8T —
6£TE——
Lrgg—"
08'LE—

607601 ~_
eSO —"
8PIT—

FOETI —
8RLCL —
Po0El —

el —
oF ¥l —

8L8YT —

8C°LET —

ppm

10

20

30

40

50

60

70

80

52

90

100

110

120

130

140

150

13C, CDCls, 125 MHz
160

170

180

190



(=R W-CTS I s Wt W)
&
Alelelel o1 — — —

689
689
oa.ov
169

9T L—"

“ | u

S
A

'H, CDCls, 500 MHz

A

HO

1.0 0.5 ppm

15

2.0

A |

60 55 50 45 40 35 30 25

6.5

7.0

95 90 85 8.0

10.0

OE Pl —_
PRCT—

vror
==
=l

-7

9L LT~
66'8T —
£ IE—"
SRLE—

:1

o
o]
(o]

2
o

8LC9—

YL9L
Do'LL W
STUiL

Sr
o

|

|

ol
'rQQ
==

—
<
=

|

LT601 —

90T~ _

12021 —

—~—— 0¥l —
00T

6TSEl —_

/8°9ET —

69" 1F —

08'3F1 —

13C, CDCls, 125 MHz

ppm

10

180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30

190

53



—

™ NTs

H, CDCls, 500 MHz

x>

HO

L

ppm

-~

—d

10

€8eT —
HIT—
90'LT

oriT—>
T —

|

=
(=]

OL'LE—

e

|

TLe9—

vL9L
cc.n__.W.
—777 STLL

€601 ~_
T —
p—y -
<
™~
Sopsraa
€0’
~hcgr
8591 —
9%'6Cl —
0g'cel
LS6El W
ZITE99¢T
D
~opgpT—

13C, CDCls, 125 MHz

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

190

54



09T —
—m.m/
e
e
€9'C
#9'C
99T

9Wtr—

AN

S

HO

S

\

'H, CDCl3, 500 MHz

VI

| J y

L

a

ppm

5

£5'90~_
60'8T—
PIE—
CyLE—

P8C9—

bLOL
S.RW.
STLL

ILHOT —
CEG0T ~_
10011—"

€Sl —

el —
69°0F —

18°8F1 —

L6'CET —

13C, CDCls, 125 MHz

T T
120 110

130

150

90 80

100

140

190 180 170 160

200

55



€01 —
681 —
17—
T

P>

ILe
[ V

L0 —

e

H.

'H, CDCls, 500 MHz

I L]LJ MJUWL

-0.5 ppm

0.0

o 9T —
-2 PELT—
€616 —

- 8LLE—

i

=
-

:

o
—
=t

n

f

3.0

3.5

£L9L
- o 669L W.
VTLL

g

4.5

o Z00T
M8 =T0T 17601 ~_
—Z07 LTTIT —
W T 8Foll
10 TIOTT -
SOTTN —
o 68°€T1
© 6ET1
€781
- ﬁ CCCEl —
00 THT —

|

o
Fe /60
€60
Z6L0
Lo OL0 gpger —
N S\E80

88°0

CL8FT —

L2
o

0
©

9.0

9.5

13C, CDCls, 125 MHz

Ppm

40 30 20 10

50

70

180 170 160 150 140 130 120 110 100 90

190

56



LET
1
0F'1
091"
91T
wm.m./
0T
wT-"

PCT—F
om.m\
8CT

T80~
€80~

9CL—

ppm

0.0 -05

0.5

1.0

=l

) dh

15

2.0

I~
Wy
o

|

!

[
I~
~

A

F

40 35 3.0

4.5

5.0
Y Ty
=S

’

=)

3
S

‘

6.0

'H, CDCls, 400 MHz

6.5

E

A

HO
80 75 70

8.5

2.0

S6'ST —
60 IT—
96'6T ~_
09I —
WH'eE—
86 LE—"

LE60T —

6THTT ~_
8T9TT —
veLer "
£1°6ET —
69°LET ——
STTHl —

L6'8PT —

ppm

10

20

Ul

30

40

50

60

70

100 90 80
57

110

120

130

13C, CDCl3, 125 MHz
180 170 160 150 140

190




£
o
o
- @
6L°S1 —
651 L -
0I'tc Y9t —
e 166 —
€1 —_— PT TT9E -
Lee 9GLE—"
8T'T Lo i
om.NW — <561
1€C = 10
£6T — G
FE'T ~—  CI'SS
9¢'T L e
€T
LST
8C'T ¥LIL
8L'E— — 786 aEV
o mw,R\
(NS
<T'¢ )
LINY | o 1916 —
or’e — =560
LTG 90T —
LIRS
96°¢
79 /660
09 2l - ©
0£9 660
om.ow — Z30T €SIl —
1£9 £
P9 ﬂ rel
cE9 ° L~ 0Svel
9T L— = - e
o S 8O
L6k —
T
.
= 19001 —
o
R
@] <
: 3
> L
(=
/ 8
056— - =60
(@] -
% Lo CEHEL —

ppm

10

20

30

40

50

60

70

90 80

100
58

120 110

130

150 140

3¢, CDCls, 125 MHz
180 170 160

190

210 200




o65°1

oF'6—

_A_J'm

Wi
d
IS

4b

OMe
OMe

-,

s
T

[

/
|

OHC"J;‘

'H, CDCl3, 500 MHz

[

T
ppm

o

WSl —

LI9Z~_
8687 —
S6'67 "

b

oF'LE —

1

< LE

o~

Tér
3
iled

=
[ag]
o

oF'ss —
109 —

PLOL
9TE oo.EW.
e ¢TiL

:

SETS1I—

3¢, CDCls, 125 MHz

180

Ppm

40 30 20 10 0

70 50

160 150 140 130 120 110 100 90

170

200 190

59



]
e oo ol
ol el el el

ETO~

L9
E.e/
8L'9

69"

60°L
orL
L

9T'L

€56 —

W

OMe

4c

S

OHC

'H, CDCl3, 500 MHz

ULL‘. |

ppm

] [
& S|
il— re\j

ol

20

an
=
(]

—
=2|=
il

E

4

LUTL—
PL'CT —

LC9C—
98'8C—
€O —
[9°L —

Free—

8LL01 —

ar
1++Tl W
e
TeSTl

90FET —.
ovFEl
L9THT—

worT —

COLET —

CCrel —

ol

3¢, CDCls, 125 MHz

210 200

ppm

120 110 100 ©0 80 70 60 50 40 30 20 10

130

180 170 160 150 140

190

60



19°1
€I'e
¥I'e
9I'cT

€T
hN.mW
6C'C
ST
LE'T
8¢'C

09'C
6LE—

wo—

MeO

4d

OHC

'H, CDCl3, 500 MHz

ppm

98°C

o
<
v

f=
|)C_
ol

1

—
<
[

E

!

vy
f=))
=

o

3

!

[=a
(=)}
[=]

B

CLST—
0E81 —
€TIT~
€8T —
8Fee —
8¢ Le—

0ree—

FOOIL —
99FTT —

BCHTL ~_
18721~
89°0¢T —
COHET —

0SHEL <

SF ¥l —
9L 6FT —

OL'LST —

IS0 —

it

Aodl

3¢, CDCls, 125 MHz

210 200

ppm

120 110 100 ©0 80 70 60 50 40 30 20 10

130

180 170 160 150 140

190

61



W@l
€1'e
It
91°C
61t

8T
0£'T
1e¢
££°C
S

LE'T
/€T
15T
£€'T
€t

61°C
ﬁ.mw
s

86'C—
Twwo—

68°9—

9T L—

€6 —

OHC

'H, CDCl3, 500 MHz

£
(-3
I o
- o
REHT ~
9L¢l—
979z
F - 9117
1687
o sciE—
6%
L fTT
N Jgoe
=T
07
0Tz
— ™
€L9L
SEV
e
- <
L]
=160
STOTI~_
CLOT]—

Lo Z90°T T+ —
—S0Toorpen
LCHET >
SgoeT "
— T SO TPl —
P 6T

8L'6FT —

— 00T ISH6T —

10

13C, CDCls, 125 MHz

T T
190 180 170

210 200

ppm

10

70 60 50 40 30

140 130 120 110 100 90 80

150

160

62



Sy |
90T
80°C
60T
1ce
Wi
€T
€T
0E'e
1£¢
€T
8T
9T
€9
L9T

==\l

S0'¢
BAW
80°S
66~

L9
:,oW.
619

9TL
LTL
19°L
WL

6F'6—

[’.yi
D
\
- S
w ¥ h,
T
4 N
T
W, = |
S A
_/ 8 )
/ =}
[a)]
Q
o T
I
o
-

ppm

— D

- ©

e~

81T —
0§ 1T~
0z9T
0'LT—>
LT'LT

I€Le—

bL9L
66°9L W.
STLL

o1

T
oTi—=
LT
MARTA
—= 00971 V
T o
“C L9867~
SEC TR~
LRPET—7
9TCET \
179€1
cotb1 "
OE € 0L 6T~

)

=]
—
ol

—00° PSH6T —

13C, CDCls, 125 MHz

ppm

70 60 50 40 30 20 10

130 120 110 100 90 80

180 170 160 150 140

190

210 200

63



091
or'e
e
€I
0t'e
1£¢
€T
PE'T
9T
19T
€9'T

=

0€6—

L

U0

4g

X

OHC

H, CDCls, 500 MHz

(—

]

=+
ol
ol

W

f=x)
f=)
[=]

ppm

|

17

(=)
A
-+

|

F

r‘j
i

Y

8

Cret —
7T
€597
8087~

9C'LE —

FLOL
oo.ﬁW.
STLL

61701 —
€0°01T —
FIHC —
PIHET ~_
16+ET—"

69°0F1 —

L 6¥T —
16'66T —

RCHOI —

3¢, CDCls, 125 MHz

ppm

10

64



191
£Ie
¥I'T
9I't
FET
9€T
LET
3y
e
we
T
69T
oL'e
we

N

I7$
€78 W
vTs

£6'S —
8T9~__
£TL
¥oL
9L
9L
8TL
6T'L

€L
oi\
9L
8L

9S°L
LSL

056 —

T
ppm

ol |t:"[% ~ 4h

'H, CDCl3, 500 MHz

I

-0

J

Eo~

— e

w8eT—
TOET~_
1797 —
reLT-"

SCLE—

) 4

FFHN
el elblbie
ool eal e

|

€L°9L
66'9L V
YTLL

[N
T 6T~
05611
1ozt /
BT 80721
BT SOETL —=
s i | e
crgel
FOHEL —7
.\ﬂ PRPEI 7
T
N
Z10T .
S LOGFT —

N00T
\9UT TTS8T —

3¢, CDCls, 125 MHz

Ppm

60 50 40 30 20 10

70

190 180 170 160 150 140 130 120 110 100 90

200

65



6S'T
e
e
FI'e
€T
97T
8T'T

67T
€ET
€T
9¢'C
€T
124
9¢'CT

w

91°¢
91°¢
RS
sI°¢
61°¢
61°¢
96°¢
96°¢
179
179
08°9~_
€89

9TL—

VR

16—

4i

A

OHC

H, CDCls, 500 MHz

ppm

98'C1 —
6T 12—
9¢'97 —

. se6t—

66T g~
99°L§ —

TT

O]

0T

~81¢
LL9L
S_RW.
RT'LL

=01

=011

=101

~— 83_/
9T'9T1 ~ X

e SELI-—

) .
EIPEl
e
80'L€1~"
0TTHI "

066kl —

SIP6T —

3¢, CDCls, 125 MHz

L

210 200 190

Ppm

140 130 120 110 100 90 &80 70 60 50 40 30 20 10

150

170 160

180

66



“NoH
“Cbz

_N
Cbz

Br

'H, CDCls, 500 MHz

ppm

"

i

10

[l
~t
o
o

L6t

f

F6'LTT
¥T8CI
1+'8C1
89'8C1
10T SL8TT

18°8CT
Preel \.
6L'CET

€S0l

81981 —__
6ULET—"

|| kl\ |

3¢, CDCl3, 125 MHz

ppm

T
20

T
40

50

67



o'l
w1
w1
L
L
9Tl
LTl
/T
ot'l
19°1

0
e

SIUTESSNNEEST TR

9Ll
08’1
€0t
we
£€T'e
e
SR
o't
LE'E
6F'e
re
€L'e
Iy
or'y
8I'v
6I'F
€6F

9L—

-1 ppm

OH
u\\\/
N” NH

CO,Et
1H, CDCl3, 500 MHz

10

14

wlle e
===
===

|

[al]
(=]
—

g |

|

f

w00

7

eFFT —

89'€T~_
€ LT~
s

€L0g-"

LI'6F—

9E'19
8119

16'€9—"

oL
wo.o__lW.
€TLL

ELOST ~_
TULET "

ppm

0

10

30

40

50

60

70

T T T T
150 140 130 120 110 100 90 80
68

Jn,

3¢, CDCls, 125 MHz
160

T
180 170

190

200




€11
€Tl
Tl
9Tl
6’1
1e7l
wl
eF'1
8¢'1
091
09°1
19'1
1971
€91
€91
¥9'1 \
<l
181
w1
€8l
€81

s \
6T
or's
e
e

16'¢
w't
o'
S
o0'F
LOY
60F
ory
8T
61F
1Tt
jrayd
wr
wr
€Y
vor
Sa 4
YA 4
Prad
9Tr
8T°C
8¢
16
e
9T'L
ot'L
0L
1eL
L
€L
€L
oL
L
9t'L
9t'L

OH
u\\\/
N
N™ “Cbz
CO,Et
1H, CDClz, 500 MHz

ppm

|

[=)
(=]
o

)

IT

M

[z

v
(]
ol

o
N
(]

lg

pLrSET
c6cel

LEFET
FOCST

16181 —7
60861 v

13C, CDCls, 125 MHz

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

69



Br
u\\\/

“Cbz

N’N

CO,Et
H, CDCls, 400 MHz

W J%MJMJLWNM&

J

ft

ppm

0.0

0.5

[

(=]
o

/

]
(=)
—

2.0

(|

—|
[=]
—

ﬁ"

40 35

4.5

95 90 85 80 75 70 65 6.0 55

10.0

|4/l

g

)

9L el
So'sel
CO'EST
8TFET
9C¥Cl
cLrEl
0L°¢CT
S6'CCT
60°9€T
9T9c1

13C, CDCls, 100 MHz

10 ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

200

70



—093
—0.35

<o

7.72
771
7.70
—17.26

TBS E TBS
B O
T

TBS 1y, cpcls, 400 MHz

r

T
10 9 8 7 6 5 4 3 2 1 0 -1 ppm
[=a) wy =t
o o
SO M~\D IO~
o D 01 T — (e =] (=) [l %
+ S0 o8 e R = =) —
T T en ol ol el ~ =g X1 =] v
N\ N T
3¢, €DCls, 100 MHz
T T T T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 L] =10 Ppm

71



£ £
- a -9
o -5
=
i
F o
e
=1
o
— |
K 66'8T— 3 o <Fr6
< X Feo ~——
\IUW 08°9¢ 4 \NJ%:
08'T— = 9C+C P — =76
00T— Lo Z09%C =
T — =o0ct L e
-8
=
R
£L9L P
. :
> . 69> S G
< m ~ C =
W =
(=1
o
o
o
O O n 1
o =
o O I
< T O L2
< © — ] -
T SIS °
- 61T — - FY —700
M Lo 08'6TT—_ B —
SFLTT—F = o
xx.xm_\\ N -
9C6E 1 — = — LS
" =
. L~ 60°ShT — ~N —
9T L~ i — o
o = g 100
) (@]
00— 4 8T S o
7 \880 () Fe
69°L -
(- >
& °
- =~
=
[=3
-
Ll
[~
(=1
- &
id
(=3
FR
[ ©
=4
o
L2
o

72



06€ ~_
£§6'E—"

LL9—

oTL—
66 L~
P9'L—"

OMe

OMe

MeO

£
o
- o
- o
~ &
[~
/679
= N\EICl
[~ o
- @
=96t
Fr~
/00T
\EG'T
F
—
m
L
N
=
o
O S
= 0 -2
O =
(@]
ot
3 o >
o 19 T =
= =

98—
L6'09 —

£L°9L
wm.ﬁw
YULL

8CYO1 —

COECT —_
8LFCl—
06'8C1 —
O el —
TTeel —
68°ebl —

09°eST —

13C, CDCl3, 125 MHz

B 11 T

ppm

73



9T'L
€L

LE'L
8¢'L
WL
L
9L
L¥L
L
99°L
89°L

-1 ppm

-1

[

| f

f 2

—
|

W

o

RN

|

o |z

H, CDCls, 500 MHz

=)
S|S
Cled

I
e

2

:

10

SHFFPL—

08'€T ~_
06'9C ~_
1cz-"
LEPE~
LOLE—
91 T —

T L~
{T8r—

19—
md.No\

PLOL
66'9L W.
STLL

6T
OTLZ1 N\
€T LTl v
izl
LL8T
29°6€1
o0 b1
96 1b1

L6CET ~_
SN T

60 50 40 30 20 10 0 ppm

70

100 90 80
74

110

120

3¢, CDCls, 125 MHz
180 170 160 150 140 130

190

200



LO'T
el
LET
8¢l
ot'l

%0 s =
o e

oLl

ol
o

181
05T
€LT

LL'T
8L°C

[=]
oc
i

1

it

ol
g %0
[

o
o

PO

%
S el

Nachogmm—<owr-r-vz<rm—a\
el B B B AR R R R A R R Eo R
TN AN

ppm

:

o

m}
i

j

e

=)

|

(]

|

1

'H, DMSO-ds, 400 MHz, 80 °C

S

—

!

b=l

UL
ol

—

F

wi

10

£6°€1 —
00°€C
09T
8HbE /
68'3€
60°6€
0E'6€
15°6€
TL6E
£6'6€

soov
FIor
16°LY

09—

Tl
0E9TI
LFOTT
L69T1 \
SE8eT
266€1

96'6€1
geort

0F" 66T —

0 ppm

20 10

30

90 80 70 60 50 40

75

100

110

120

13C, DMSO-ds, 100 MHz, 80 °C

140 130

150

170 160

180

v

190

200




COSY, DMSO-ds, 80 °C

jmw-10-145 80 15 1 C:\BrukerTopSping.0.5\data e
Gleason F ;-5
2d_COSY DMSO D\l wain-gle 1371 L w
Co ® . B r
" a L
’ & - &b &
' L
¢ 8
§ g L r
ot @
o 2 r
g, > &8 & = W@
i L
= =] o we
[ é -] b
.
8 L
: L
Lo
m
Lo
a T T T T T T T T T T T T T T T r
8 a 2 F2 [ppm]
o
HSQC, DMSO-ds, 80 °C
O
Jmw-10-145_80 16 1 C:\BrukerTopSpind.0.5\data [E
Gleason L ‘_5
2d HSQC_13C OMSO DMwarn-gle 131 L
i - L
] - - r&
— wri— . B
— - - Leg
] - - B 8
s
g
S - [
- s
n T T T T T T T T T T T T T T I
8 4 2 F2Z [ppm]

76



HMBC, DMSO-dg, 80 °C

jmw-10-145_80 17 1 C:iBrukerTopSpind.0.5\data

Gleason

2d_HMBC_13C DMS0 D\ warm-gle 131
— "
] - -
] - o

..
— - .
_ = -
— L]
== ] - -
T T T T T T T T T T T T T T T T T
8 [ 4 2 F2 [ppm]

77



0L~
9T'L
8TL
e
o ——

_/‘J.HJ‘\_LJ"L -

3b

H, CDCls, 500 MHz

S AN ,J\/_/\'u-qjh ,/\'\

Jﬁ\. .JU 'L__J{ -

ppm

L~ — 1
~ =Z06°1

10

a4
1Ll /
81T

E...mm/
ww.mNV
L8°9T

oo.ﬁmw
01T

S6rE—
0T'L€

E,;\
9 Ly —7
cﬂ#\
SH09~

619
€779

bL9L
S.RV
TLL

LTFT
11\
£6°071 —
66871
$T8E1

beBEl
ol Iyl —7
0Tl 7
86'6ST ~_
T

l l@ﬂh .

13C, CDCls, 125 MHz

L

T T T T T
150 140 130 120 110

160

170

ppm

20

100

120 180

200

78



L80—

or'l
Wi
&l
LT —
o8 1"

LYT—~_

8T—
68T

toeE—
Sre—
P8e—
oTtr—

99—

9T'L
66°L
opL—x

LFL
a.h\

Bu

f V\ML; U.WPL L

H H
S x }
O < )
N\ > s
\ 8 ?
ZT » )

o0 <

(&)
. 3 )
(42 (@)
ES /
g ,
() -

[ |
5 |
o |
> |
sl f
|

J

_ — 3

=

3

T

00 -05 ppm

0.5

20 15 1.0

25

45 40 35 3.0

5.0

55

6.0

6.5

7.0

w
~

85 80

9.0

100 95

e80T
= 16'¢
=001

SL9L
S.RV
9TLL

96 1Tl
2811

1T6T1 —
orzi—"

TTOET ~_
98°0pT —
6TERT—

6I'IST—
€0'9ST ~—_
187981 "

L M &Jl Lt A J

13C, CDCls, 125 MHz

N ST U_Il

79



A
o1
o'l
L91
89'1
oLl
vLT
9Ll
[
oLl
6L'1
wl
6¥'T
0s'e
08T
08¢
16¢
€LT
CL'T

08'C

66t
08t
€L
L
WL
S
SFL
oL
L¥L
8€°L

_,MLJL

'H, DMSO-ds, 400 MHz, 80 °C

]

L

ppm

ST

=t

86'¢l
C0'€T
9¢°9T
98°0¢
6TFE
89FE
68'8¢
016t
T€°6%
e6E
TL6E
£6°6¢
£0or
¥rov
8Ly
+0°09
€009

A

09°0T1
80Tl

THETT—"
€e9t1—"

PCBET
£8°6€1

6"
6¥DST —
THECT —

13C, DMSO-ds, 100 MHz, 80 °C

NN ST g

Ll

T
ppm

50

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80

T
200

80



EE0~_

980
S.o/
60~
9T
LT

Wl
et N
S
8L \
98T

0LT—
167T—
CTE
roE—
FrE—
98'€~_
€I

E.*,W
9Tt

LEt—
1Lh—

IPIVIR

N

H, CDCls, 500 MHz

./\'\_JLJJ'\_/\_JJ

e N e

10

)

66°1
001
=0T
0t

e

819~ —

61°Czl
£60T1
Z8°EEl

96'9¢1 ”
HOBET
65°6€1

FR6E

T 7
9661 ~_
9L°961—

A

(S

A

-

3¢, CDCls, 125 MHz

MLJ

ppm

40 30 20 10

50

70

190 180 170 160 150 140 130 120 110 100 90

200

81



p-

-y

)l J \

'H, CDCl3, 500 MHz

S N N S,

|
UL

ppm

10

%0
*®
—_

|

=
3
—

ol
Iy
el

|

fea =1
«ley
il o6
clle

()
]
=

W &

~
<
i

—
=
=]

=
™~
S

|

o0
S
e

19°021
912l I/...
9ECTT ~_
61971 —7
F0'LTT 7
TO6ET ~_
L80PT —
TFEPT —
FIST —
098] ~_
08°96T "

U e

R

o

13C, CDCl3, 125 MHz

l_J_u JUJ

T
ppm

T
10

40

T
70

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

82



ppm

[}

El

TH ¥

[}

A

3f

1

el
(=]

)

'H, CDCl3, 500 MHz

==
3 e

0|
s

d

:

(2]

r
had
=}

Bu

10

SOETT~_
0L'STT —
+89T1 "
TCRET~
6L —
€LIRT—"

£F0CT —

66'S6T ~_
€g'9cT—

ppm

I M Ji LAk A

83

il

13C, CDCl3, 125 MHz

il




611
2._”/
9Tl
8TT
8¢ 1"

61—

61—
[6€~—
09¢—
10F~_
LTr—
Yo"

9T'L

8¥L
6L
osL
1L

'L
€9'L—"

6L'L—"¢
9%°L
LEL
16°L
WL

or's

-1 ppm

3g

'H, CDCl3, 800 MHz

(=)

ﬁ
1]
1l =r

(=]
s

VU

®|S
—hA

AW

0%

10

Pl —
£6'CC—
£9'9C—
¥o'0E —
88—
ir—

F9€E9~_
1T "

T89L
ma.ﬁv
e

6¥' €T
10921
€09CT
£€'9C1

Te'LTT
—c.hN_V
mm‘wm_\
—m‘wm_\
FLCEL
—c‘mm_\
Nm.hm_.\
eyl

T9ECT —
617661~

0 0 ppm

20

60 50 40

70

80

0 90
84

10

110

120

3¢, CDCls, 200 MHz
180 170 160 150 140 130

190

200




P80~
9T
9T

oF'1
W1 W
i
LT

mx._\

19T~
€LT—
T—
€rE—o
€Te—"
6EE—"

9%'E—
SI'r—

P —
Ly —

869
0L
9T L~
cE'L—

LS L—
mhh\\

3h

!H, CDCl3, 500 MHz

Il

0

10

ppm

=)
'\

| |

wy
e

o |

| e el

15

=
~
=

|

wrl
forb1 —
18°€T~_
18'9T
1cg-"
PEHE ~
60°LE—
9 Tp—
CE" L~
STy —"
TEEE~_
SH09

08 19—

oﬁmo\\w

oL
86'9L V
€TLL

9rFll —

EFETT ~_
80971 —
07821 —"
09°€ET —
SF6ET
9 b1 —

96'6ST
€890t =
0T6ST "

A Vﬂ*ﬂmﬂﬂ&ﬁtwunﬂﬁmﬂhiﬁmﬂJLi

3¢, CDCls, 125 MHz

ppm

9 80 70 60 50 40 30 20 10 0

130 120 110 100

190 180 170 160 150 140

210 200

85



£89—
9T L~
o L—
eL—

'H, CDCl3, 500 MHz

A

S

ppm

10

6901 —

THTT —
90°LTT —
91 LET

08'LET AN
TE6EL "
Nk i
6V EST ~_

666ST —_
6L98T "

125 MHz

L H { ) L__}ML&__U |

13C, CDCls,

|

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

86



880
06°0
Il
9Tl
S|
S
L¥'1
L1
9Ll
8L'1
(S
98’1
L8°1
[
9L'C
8L°T
6L'C
18°C
96'C
L6'T
66'T
66T

0~ = O
— 30 7 ol
< e e

BSESSS s

£

9T L—
wWL—

16'L—
el'g—

ppm

3j

-1

| 14 2

e

|

:W

o
(=]
—

|

[=]

H, CDCls, 500 MHz

[u]

|

(=]
ol

? )

|

J

=
(=2
(o]

|

2z
el e

W

10

Wl —

89'¢C—
LULL—

LE9E —
69'0F —
€LY —

P68 —
w19

£L9L
66'9L W.
VTLL

S00Tl
FEITT
£TTTl
oFHTT
6 FTI
95927
6S LTI~
LLSTT—

£8°1€1
orzet
9¢'Cel
el
L9'6ET
6t'0FL
€8Pl

€8°9ST —"

60 50

I

70

s

90
87

100

110

i
150 140 130 120

160

3¢, CDCls, 125 MHz
180 170

190

200




IK _)KJ‘. \S M__MA'MIHJ.. J’"K._ﬁ

o
=
o

OHC

'H, CDCls;, 400 MHz

J

ppm

T T
2 1

T
3

18T
09°0

ojwjm
2 ==
slalelsia

o\oﬁf‘ﬁc
=2 =2 =
Slols

o
]
=t

(=l =]

051zl
8CLTT
LLBEl —

86'LCT
CO'8¢CIL
#8651
TO'6ST

69F0C ~_
L6SOT—"

L

13C, CDCls, 125 MHz

Ll

210 200

ppm

120 110 100 90 80 70 60 50 40 30 20 10

130

180 170 160 150 140

190

88



£T1
ST
9z
LT
871
g
£
e
w1
a
S0
LS'1
05’1
19°1
wl
€01
o'l
99°1
L9l
107
wt W
T
SLT
687
067
16T
£67
¥6'C
6T
96'C
o't
SOt
S0t
L0t
L0t
80°€
6
0S°€
15°€
IS¢
e
st
9Lt
LLE
179
179
6C'9
67’9

cm;...\\

'H, CDCl3, 500 MHz

JL_,"\__._M_&_M__“._.__J“ .JU'/(\. J‘\ {

J (L

[

|

0.5 ppm

1.0 0.5 0.0

15

2.0

25

3.0

4.0

0
<t
]
]
]
0
]
©
]

o

Q
~

7.5

8.0

8.5

9.0

T
&.BM
97T
:..mNW
86'ST~\

(T 85716~

— T6TE—X

Loty et

g S

Do 1L A

~EL o
wtk
£0°SE
orss =

50T

ZE0T 1089 —

=860 ¢rgp
oqtv.

0T STLL

~ 009
op'16—

HS01 —
0£'821 —

/760

<160

N o6el —

£6°LST ~—_
$0091 —

13C, CDCl3, 125 MHz

MWWWW

0 ppm

40 30 20 10

50

70

180 170 160 150 140 130 120 110 100 90

190

89



<SO'1
8071
8T
ol
e
£
T
o'l
91
|F'1
oF'1
9¢1
9]
8T
65T
65T
09']
197
9T
€91
SOl
991
LO1
L0
89T
60T
691
oL
10T
Ll
60T
Sl
S6'1
€ET
T
T
€7
7
%7
97
167
LT
b2 N
s N
2 It
6T

6T
6T
867
80§
0g's
€
o€
b9
9,94
L9
3694
002

9L
896
A

ML _M%LJKWMMUMJL& e

OMe
OMe

®)
I
o

'H, CDCl3, 500 MHz

ppm

0.0

0.5

4.0

80 75 70 65 60 55 50 45

8.5

s Oy
wr—ﬁq—
ciololo

62601
£5°601 =
L9611
oL'6TT
06621
0001
o0
L0
0501
oE0bT —>
SO0ST
£1'05T

6TF0T ~_
SFSOT—"

13C, CDCl3, 125 MHz

T .

Ppm

20 10

50 30

190 180 170 160 150 140 130 120 110 100 90 80 70

210 200

90



=
=
ppm

-0.5

g
T
0.5
f&
P
//

wl
el
el

T
1.0
o
o1
L@
=

1.5
<fe
i
R
b
\/

—
uy
o g
=
=+

Oj
p
<

y
N

| |

| |2

2.0

25
o
=]

|

<
=+
)
oo
=]

T

3.5 3.0
i
.o
RS
[~ I~
W

~
x
o

J‘Jl i m"( JM}UML

OMe
OMe
4.0

4.5

5.0

€£L°60T —

986IT —

6.0

STOET —

'H, CDCl3, 500 MHz
6.5

\DW
&
S

Il —
SEOFT —
€00ST —

&

" J. J
wr

v
<
o
-
T

8.0

o
=
ol
—_—
8.5

9.0

9.5

3
=

T
10.0

Ppm

10

20

30

a0

50

70

90
91

100

110

160 150 140 130 120

170

3¢, CDCls, 125 MHz
190 180

200




80°1
1
'l
'l
Sl
91
L¥'1
8F'1
6F'1
091
191
91
€91
91
¥l
99°1
L9'1
89'1

L6'1
80°C
11e
€E'T
9T
9t'T
LETH
8€'TH
680
[
0LCH
TL'TH
LT
LL'TH
LL'TH
LT
8LT
08¢
18'¢
¥L9
9L9
1L
NE

e el

—r

9T L
696
oL'e
L6

b «Kw M‘“KML.L |

@)
I
O

H, CDCls, 500 MHz

JL

T
ppm

10

/OL0
STo

R N

96°L0T —

91°CTI
9TCTI
LEFTT
SFFCL
ereel
L1'Gel V.
6Ll
oL'6tl

st
61 esr =

FEPOT ~_
SPe0T—"

PTIP

B

Wi WL

™

3¢, CDCls, 125 MHz

o

.|
TR TR

"

{

ki

S

o

210 200

ppm

120 110 100 90 80 70 60 50 40 30 20 10

130

180 170 160 150 140

190

92



1t
L !
STT
8Tl
oC'1
0g'l
@'l
£E'T
£l
2!
sE°1
LET
LE7]

oF'1
Ol
w
A
Sl
SET
LE'1
8¢l
8¢'1
3|
091
091
w1
£l
o1
<ol
991
991
Lol
891
891
o1
oLl
101
il
SOT
9Ll
8L1
8L1
6L'T
60T
87T
0€°TH
L9TH
69T
0LTH
1£7TH

PLT
SLT
253

€67 4
S
08t 4
TL9A
L9
FI'LA
ST'L4

9TLA

%

/
o
I

H, CDCls, 500 MHz

J\__J-”)'MU.MM

~

[

i

ppm

0.0

0.5

75 70 65 60 55 50 45 40 35 30 25 20 15 10

8.0

8.5

9.0

10.0 95

€Ul —

e
hw.mm/n
_30% DmAmmV
T [
S G6TE—
— 8Ot —
c6¢ SLLE—
- 3.2...&

—Tg7 SUTP

8589 —
—R61 SLOL
— %.Rv
58T oz

S6'L01 —

LETTI —
eFFTT —

P60 cpreer —
o IOPT —

00T

1rsst —

3¢, CDCls, 125 MHz

L

T T T T T T T
170 160 150 140 130 120 110

180

190

0 ppm

10

20

100

200

93



)
I
o

!H, CDCl3, 500 MHz

JLJ_JL_J‘R A L,MJU\J b .

ppm

T
2

10

>

L

E

€8°CL
LE9L
0s6l1
reol
96°0T
96°1C
LE'CT
LELT

e

10601 —

1£H0T ~—_
96'507 —

13C, CDCls, 125 MHz

o 11

210 200

ppm

120 110 100 90 80 70 60 50 40 30 20 10

170 160 150 140 130

180

190

94



L8O
880
060
171
£l
9Tl
9Tl
6Tl
|
951
8¢l
191
£l
Fo'1
<ol
891
FI'T
£9C
£9C
¥oT
99T
e
e
¥
PIe
05t
[USEY
1€t
w«we
£S5t
LLE

NP

B S

99
999>
69

969"
9L —

i

'H, CDCl3, 500 MHz

T
ppm

891 —
L6l —

PFST
D RIS
@ wm.mm!f

= 06'T€—
S e —
— 9% rege—

w0k —"
o 86k —"

06T E1'Ss—

8989 —

T Lot
~ SKW
STLL

SO'601 —

<001 L~
E 200 gz —

€9CET ~_
9L9ET—"

9 LS —

3¢, CDCls, 125 MHz

0 ppm

40 30 20 10

70 50

170 160 150 140 130 120 110 100 90

180

95



8L°1
oLl
oL'1
0%'l
181
18°1
'l
o'l
6’1
90T
90T
80°C
60T
o1'c
ore
6t'C
or'T
or'c
I+
(e as
LFTA
6¥'T
06T
16T
ST
6T
29 |
P&
LETH
8€'CH
8€TH
09°CH
19T
89794
L9

—n

oL
96
U6

@)
I
o

H, CDCls, 500 MHz

ppm

~

crl
9TFI1

3
<
IS

eF'1c
8C'TT
06'1¢
19'%C
cLre
LY'ST
e
£€°9T
¥Lc
8F°9¢

2

)
2|0
o

96’
€9'9¢
LE8E
66'6€
L'ty
08'9F
[0

o [
CHF:'
=l

~
o
(o]

F

g
3
S N =

PLOL
00°'LL
STLL

N/

08911
16911

SOEEl
_zregl
L8109 va

NELOprg¢1

16° b1
608P1—

F\
=
[=-]

16€0T—_
61°C0T—"

3¢, CDCls, 125 MHz

N

ppm

130 120 110 100 9 80 70 60 50 40 30 20 10

180 170 160 150 140

210 200 190

96



€11
Sl
LTT
ozl
ST1
LTl
oC'1

ALY T T =D
MoennanQ

o1
<ol
9T
991
L91
Lol
891
oLl
121
141
(74
€L
€L
SOT
8671
66'T
661
00T
10T
0T
LOTH
80T
8T
oF'T4
05T
16T
[y
T
¥
5T
ST
LSTH
86T
X%
JASER
FEE
0L'94
9TLA

~
-
J
1
N
T
=
o
o
n
/3
Z o
/ o
o T
T - B
N
2

T
ppm

I

(TP —
9027

|

8677
v
960 —
£6'9€ ~_
ﬁ%ﬂn
O TE

3#\.

ele)se

'

.

1F89 —

00T 119,
hgﬁv
wiL

I

89911 —

_¥o0zreer —
€961 —

£8Pl —

13¢, CDCl3, 125 MHz

T
120

T T T J
170 160 150 140

180

190

Ppm

100 9 80 70

110

130

200

97



ppm

661
96°61
8E°0T
crie
[ o 651T
€0'€T
8TET
FECT
LE'CT
LTT 60'9T

3

O
I
©]

H, CDCls, 500 MHz

M

wrLe
L¥'EE
o'ee
e
LT9%
LT6E
88T
SL9¥
€L'0S

R EEES
EEECIE|
cilSl ==l o

|

TSSO

cnﬁ-
e
Slo

;
E

N\

SL9L
00°LL
STLL

<801
FE'801

60T
- w [AR 4l
6L°9T1
c:m_/
16'6T1
s6'601 >
Lo _/OT06THEL
SELOLETE]
LEOET
0C9¢ 1
SSHrl
= LCFh]
L~ /610
=99
6L
3L

<

£

£0F0T ~
/EGp 0SS0t
i

L o
-

13C, CDCl3, 125 MHz

T T T T T T T T T T
180 150 140 130 120 110 100

220 210 200 190

170 160

98



'H, CDCl3, 500 MHz

L UL

ppm

10

8189 —

PLOL
66'9L W.
STLL

SS80L —

00'1T1 —
vl

£1T1 >
68671 —
SGPET —
PO9ET —

PR —

3¢, CDCls, 125 MHz

.

Ppm

40 30 20 10

50

70

180 170 160 150 140 130 120 110 100 90

190

99



w0l
901
LET
ot'l
1
A
1
oF'1
L¥'1
9¢'1
LE1
8¢€'1
091
19'1
€91
¥9'1
99°'1
L9'1
89'1
891
69°1
oLl
11
€L
Ll
LT
L1
oL'T
LU
8L1
6L°1

8T

99T

L9CH
89'74
8974
819
€094
€L
9T LA
L9'6

L6

O

X

5g

QUL

OHC

'H, CDCl3, 500 MHz

h)._
|

[
(=]
sl

L M

T
ppm

10

=
=
IS

|

%
=)}
—_

£

e N

I

I

=
[=}
[}

F

o‘ﬁ
bt !
Sla

30| e
==

L0

cl

¢

1261
9661
L10C
crre
0e'te
I#'€C
LT

=2}
wy
e}

€29
or

=t

r~ ]
[ ]

oo
0=
o ed

e enen

[0 2
9¢'9¢
rrov
PRk
£8°9F
16'0¢

L6901
80°L01 v.

16'LCT
86'LT1

FOpT
FLORT =

98T
gr

O1'+H0C —_
TweoT—"

3¢, CDCls, 125 MHz

._L___J.J...__d.....mm

230 220 210 200 190 180

70 60 50 40 20 10 0 ppm

100 90 80

150 140 130 120 110

160

170

100



ppm

'H, CDCl3, 500 MHz

L AL

El=Ee

b

:

E

j

=N
=)}

f

+E'89 —

SL9L

S.RW.

9TLL
17001 —
THSTT —

£SO —

SO6FI —

3¢, CDCls, 125 MHz

Ppm

40 30 20 10

50

70

180 170 160 150 140 130 120 110 100 90

190

101



'H, CDCl3, 500 MHz

A.JL.'L'U‘M)UM

ppm

89°LT

91'81

8961

6T0C

907

8807

1554

gz IUST
=750 S99C
JrE S99
~10°% |91€
g e
ENLL L
- 9g'r
et 899

o
LA

SRS

SL9L
00'LL
9TLL

SE'0TT
68011
€0°011
66'011T
8811
98Il
90Tl
el
86°TCL
LOETT
9L8T1
9L'8T1

\om; cﬂ.?m—

XL e >

2L porer
9091~

b=
[+

/g0 TRE0T—_
=oro cl'suz—"

A0T0

3¢, CDCls, 125 MHz

210 200

Ppm

70 60 50 40 30 20 10

140 130 120 110 100 90 80

170 160 150

180

190

102



oIl
£l
STT
8Tl
8TT
ozl
€T
LET
8¢°1
OF'1
1

161
w«'l
ST
191-=
Fo'1
¥l
L91

'H, CDCl3, 500 MHz

L_M__MUJML .

Il

ppm

I~
o

s

) @

(=]
[=]

I

[}
[=}
o

|

w89 —

Lot
S.RW
STLL

8TOIT ~_
FOOIT—"
SE8IT ~_
€072 —
(87Tl "
£6'871 —

eFPsT —

L8191 —

3¢, CDCls, 125 MHz

RTION 1

ppm

190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10

200

103



owi
€Ll
€L
Pl
vLT
€Ll
L1
LLT
LL1
LLT
68'1
06'1
16’1
£o'l
e
T
177
LETH
08T
8L°TH
0874
8T
€8T
98T
L8'TH
LT
68T
68T
6T
L6TH
L6'TH
66T
8L'94
61794
9T L
896
896
€L’6

—

|
_J
—=
I
=
)
3
=
—=.
=
N
u
>
o
Q J
I = —
v] _
()
(@)
T
i
O
I
o

T
ppm

60

N== e
l“'l“:O
R
o ofy oy
]

F8'9¢1
1611
SOTFI

9E€ 0T ~_
0 c0T—"

13C, CDCls, 125 MHz

210 200

ppm

120 110 100 90 80 70 60 50 40 30 20 10

130

180 170 160 150 140

190

104



VI11. Diastereomeric ratios of decalin products

racemic

i i

\ OHC

T T T T T
9.70 9.65 9.60 9.55 9.50 pPPM

'H NMR (800 MHz, (CD3),CO)
trans:cis 95:5, trans-p:a 6:1

racemic
[ i
|
\
‘\
OHC
|
|
9.‘75 9.|70 9.:55 s.gn 9‘55 9.‘50 ppm
WA :

'H NMR (800 MHz, (CD3)2CO)
trans:cis 94:6, trans-p:a 4:1
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asymmetric
\ N A
OMe }
1
|
I \
[
I h
T T T T T T
9.75 9.70 9.65 9.60 9.55 Ppm
(

L) o !

'H NMR (800 MHz, (CD3)2CO)
trans:cis 99:1, trans-B:a 6:1

asymmetric

o [ - - oo
\ NV V

|

i
| ‘
| |
\‘ | ‘
H B!
A AR - -

T T T T
9.75 9.70 9.65 9.60 9.55 ppm

14.42

'H NMR (800 MHz, (CD3).CO)
trans:cis 98:2, trans-f:a 6:1



racemic
oy i
[
OHC
|
|
|
! |
et Wt L, - P
575 5.70 065 080 055 550 ppm
ok :

'H NMR (800 MHz, (CD3).CO)
trans:cis 96:4, trans-p:a 4:1
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asymmetric

Bn 2% g
VY

T T T T T T T
98.75 9.70 9.65 9.60 9.55 9.50 9.45 ppm

8 s e

'H NMR (800 MHz, (CD3).CO)
trans:cis >99:1, trans-f:a 6:1



IX. HPLC chromatograms of asymmetric polyene cyclization products

In all cases, HPLC was run on either a Daicel Chiralcel OJ-H or Chiral OD column, flow
rate was 1 mL/min and UV absorbance was observed at 220 nm.

Aldehydes were derivatized to the corresponding o and B alcohols by reduction with
NaBH4 in MeOH. As the enantiomeric ratio differed between the o and B alcohols in some cases,
the overall enantiomeric ratio was calculated as follows:

Enantiomeric excess = [(area of maJor HPLC peak of a alcohol x *H NMR ratio of o
aldehyde) + (area of maJor HPLC peak of B alcohol x 'H NMR ratio of B aldehyde)) - (area of
minor HPLC peak of a alcohol *H NMR ratio of a aldehyde) + area of minor HPLC peak of B
alcohol x *H NMR ratio of p aldehyde))]/total peak area

OMe

HO_

H

95:5 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min
Racemic:

DAD1 A, Sig=220 4 Ref=off JOSIEUMW-0-400HMAJ D)
A
2

# _ Time Area Height Width __Area% Symmetry
AT 1525 T 195 82 | 07337 | .48 | 065 |
[T 20m | 1sena | 33 | ormss | sse2 | o

Asymmetric:

DADT A, S1g=220.4 Raf=off (JOSIEUMW-11-440HMAJIOR3 D)
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OMe

93:7 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

[ DAD1 A, Sig=220.4 Ref=off (JOSIEUMW-6-400HMIN2.D)

R 4
g5 &
g
&
T
15 20 25
Kl
= #  Time Area Height Width __Area% Symmetry
= [t ] 1177 [ e013 [ 173 0.5796 | 51.072 | 0.837
| 2| 23021 | smw1 | 7.6 | 12665 | 48.928 | 0914
-
|
[ DAD1 A, Sig=220.4 Ref=off (JOSIEUMW-11-44OHMINOR4.0)
may |
100
s 5
ZM—__/\_/L b
o
s 10 18 20 28

Time Area Height Width

= # Area% S
- [t 11483 5673.2__ | 163.2 | 0.5316 88.607 | 0.75% |
1] 21 23757 7294 | 9.1 | o.s48 11,393 0.851
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90:10 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

DAD1 A, Sig=220,4 Ref=off (JOSIEUNVI-11-970HMAJIOR3 D)

0
7 £ i
L=
=
2
e —
25 H s o0 25 1 s 225
o
* Time Area Height ‘Width Area% Symmetry
[t ] 13300 342 | 873 05895 [ s0.262 | 0666 |
[2] 1794 33133 | 635 0.7587 | #.73% 0.55
DADT A, SIg=220.4 Ref=off (JOSIEUMW-11-950HMAJOR D)
e
100 e
80
@
3 5
202 2
o
] 25 s 7 10 128 i 175 28

# Area
[ ] 1337 534 I 14
L2 | 17355 6605.1 | 127.7

Width _Area% Symmetry
0.5%3 [ 7480 [ 075 |
07633 [ 9250 | o047 |
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95:5 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

IT DADT A
o g @
ot 4
B
0
20
23
10
o]
| : ® s =
IEi
* Area Height Width Area% netr
[L] 2219 | 723 | 06084 | 4430 [ o701 ]
| 27 | 61 | ompe [wsw]| o7s |
I SADT A, Sige220 4 Refeall UGSIEUNI-1 - SECRNGR 5]
e
20| 2
25
20°
187
10-] g
83 g
oA I\ "
25 5 78 0 125 1" 175 2 25
[ ]
Time

Area Height Width __ Area% met:
[ ] 12 224 T 35 T oa24
[21 16554 1697 | 353 | 0654
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95:5 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

DADT A H_MAS2 D)
- 2
202 e 3
20
10
X | — . S
H » 25
[
# Time Area Width Area% etry
[(A ] 8573 | 21547 [ 417 | 07286 | #.325 | 0697 |
21 2a8 | 2137 | 37 | o827
[ DAD1 A Sig=220,4 Ref=off (JOSIEUMW-11-810HMAJ D)
mi .
2
E R
%0
20- 5
o
s i 2 28
G
% # _ Time Area Height Width __Area% Symmetry
] [T 16463 69 1 75 T o051
i) 2| 23604 3733, | 64.1 1__o.865 92.402 0.649
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95:5 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

DAD1 A Sig=220.4 Ref=off (JOSIEUMW-11-380H_MIN D)

o 3
203 ° b3
154 e 3
104
A
o
15

Asymmetric:

Symmetry
[ 5103 [ 0827 |
6782 | 8,961 | 0.794

[ DAD A, Sig=220 4 Refeofl (JOSIEUMW-11-01OHMIN D)

AT
20|
20|
10|
o] _ . - h

- r
5 10

LI»

6.522 1.03
93.478 | 0.7




95:5 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

[

DAD1 A, Sig=220,4 Ref=off (JOSIEUMW-11-880HMAJOR4.D)

mA.
80
50
40
20
20
: .
0\
T T T T T T T
25 5 7.5 10 125 15 175
[
# Time Area Height Width  Area% Symmetry
1| 1 11054 | 21031 | 714 0.4595
| 2 12245 | 21093 | 644 | 0.5098 50.073 | 0.785

Asymmetric:

[

i

DAD1 A, Sig=220 4 Ref=off (JOSIEUMW-11870HMAJOR D)

120
1265
1002
783
P
255

0

272

| o547
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97:3 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

I DAD1 A, Sig=220,4 Ref=off (JOSIEWMW-11-880HMINOR2.D)

[

= # Time Area Height Width Area% S
j [1] 802 [ 4353 | 16.8 [ 0.40%8 49,887 0.861
2

| 1048 | 4373 | 13.1 | 0.5088 50.113 | 0.855

~
Asymmetric:
?Ei 3 &
5 o

# Time. Area Height Width _ Area%
[FT 804 T 258 [ 316 [ 04355 [e6525 [ o0s1s
[2] w54 | w86 | 3¢ | ose1 1545 ] osss |
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H O \\\\\‘

99.4:0.6 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

T DADTA. Y MAITE D)

“',“‘?‘Tz.

#  Time Area Height Width __Area%
1
2

Symmetry
[T 572 5577 | 6 [ 1w Tsan] o7 |
2] #3263 5929 | 49 | 1984 | s1s: | oenn |

Asymmetric:

DAD? A, Sig=220.4 Ref-off (JOSIEUMM-11-070HMAJOR4 )

wé v

[T

2 Time Area Height Width __Area% Symmetr
[ ] %022 4311 | 62 | _o0.8285
[2] s 2479 | 34 | 128 | se62 | o816 |
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99.4:0.6 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

Asymmetric:

£
&Y ¢
§,' il
)

[ DAD1 A, Sig=220.4 Ref=off (JOSIEUMW-11-67MINOHO805 D)

—
125
100
7
28 o
o V4 : S

LI

# _ Time Area Width __Area%
[T 20.413 82257 | 1449 [ o0.8%04 96.022 0.491
2] 3318 3408 5.7 | 0.9%01 3978 | 073 |
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80:20 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

DADTA.

202
25
s
15
10

T A

2s i 7s 10 128 1 s n
G D}
Time Area Width Area% Symmetry
1131 1648.9 35.4 07764 | 50.583 [ 0.72 |
2 [ wam 16109 21 1277 | w17 | 075
] DADY B. S
mAl-
28
20
®
10 -
: §
o\
- -
25 s 75 10 125 18 178 25 m
Gl i
# Time Area Width Area% Symmetry
[L ] 1251 [ 147 35 05615 | 6683 | 0.8%
2 14385 277 | 329 0933 | 93317 | 0732
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95:5 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

Width __Area% Symmetry
0.7262 9.3% | 082
08453 | s0.674 | 0.6%2

I 0AD1B.

# Time Area Height Width Area% S tr
[[1 1 23834 | =83 11 [ _o8%s 6311 0.723
2] 194 | 866 128 [ 1128 93.689
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97:3 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

DADT A, $ig=220,4 Refeoff (JOSIE\NV-10-800HPREP4 D)
-
00 6 &
0
2
0 -
o 25 5 £ 125 s s 225
o
# Time. Area Height Width __Area% Symmetry
[T w52 T 21559 80.4 [ 04135 | %853 | 0816 |
[2] m.sss | 285 | 814 | 0414 | 50147 | o082 |
DAD1 A, Sig=220,4 Ref=off (JOSIEUMW-11-480HMAJOR O]
U
s0-| (-
-
w 2
20- X
ol T - - ; ; ;
2 e 3 o 2 14 18 1
# _ Time Area Width __Area% Sym:
[[A] 12921 | 26995 | 1016 | o441 | 90.3% | o815 |
[21 13001 | ass | 1035 [ o316 [ o654 [ o0ses |
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97:3 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

25 s 75 0 25

# _ Time Area Height Width __Area% Symmetry
[ 2sar 6534 | 253 | 099 | 333 [ o084 |
2] 179 6711 | 225 | o042 50.667 | 0915 |

Asymmetric:

[ DAD1 A, Sig=220.4 Ref=off (JOSIEMW-11-480HMINOR D)

150 ia
100

2
2
o
L T T T
5 10 15 20 25
[T
= # Time Area Width __Area% Symmetry
= [t ] 1141 [ 52585 | 2128 | 03843 | 90.397 | 07584 |
= 2 12.889 558.6 2 0.3%07 9.603 | 0.8%9
=
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95:5 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

[ DAD B, 5ig254.4 Ref-off (JOSIEUINW.11-500HMAJOR D)

mA | 03
E PR
- -4 L
L
e
20
o]
5 0 ®
[
2 Time Area Height Width __Area%
[ 13243 3508.7 | 1055 | 0.554 49.566 0.745
21 21567 55m1 | 734 | osws |04 o745 |
[ DADTA.
U |
%00- P
20
20
E 8
100-] a
H 10

2
1
2

Time Area Height Width __Area% etry
[2 T 13255 7979 | 512 | 055 7.635
21 2137 | 2517 | 4357 | o7e05 | 92365 | 0.5 |
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95:5 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Racemic:

[ DAD A, Sige220,4 Refecll (10SIEUNIY-11-S6ORMINGR )

A 1
e 8
5 o
w0
E
20
> e
0N
28 s 7 10 125 i
I
# Time Area Height Width _Area% Symmetry
1] 1278 2116.4 67.4 04686 | 49.511 | 0.677
15.224 2158.2 57.7 0.5766 | 50.489 |

Asymmetric:

DADT A,

osuesres k

5214

>

# _ Time Area Height Width __Area% Symmetry
[T 2m 2736 | 74 [ oami [essw] o6 |
2] 15214 1645 | 46 | o.a3s 6.480 0.849
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97:3 hexanes/iPrOH, Daicel Chiralcel OJ-H, 1 mL/min

Enantiomeric excess = (area of maJor HPLC peak of o alcohol - area of minor HPLC peak of a
alcohol)/total peak area

Racemic:

# Time Area Height width _ Area% Symmetry

1] 88 | #8312 | 156.1 | 0.5264 53.84L 0.388
2 | 15015 | 4e27.7 | 83.3 | o084 46,153 0.851

Asymmetric:

#  Tme Area Height width __Area% Symmetry
[1] esss [ smrs [ 132 | oame [eniss | o |
2 1a257 | 545 | 47.3 | 08057 | 32813 | o881 |
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