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General Considerations

All chemicals were purchased from Sigma-Aldrich, Doug Discovery, Tokyo Chemical Industry
(TCI), or Strem, and were used as received without further purification. Unless otherwise stated, all
non-aqueous reactions were performed in either oven-dried or flame-dried apparatus under an atmos-
phere of argon. Solvents used in the argon-filled glovebox were dried according to standard proce-
dures and degassed with argon.

Flash column chromatography (FCC) was conducted using silica gel (230-400 mesh particle
size, 60 A pore size) as the stationary phase. Automated flash column chromatography (AFCC) was
conducted with Interchim PuriFlash XS520Plus with 30 um prepacked columns.

NMR spectroscopy data were recorded on a Bruker 400 MHz Ascend spectrometer. Chemical
shifts are reported in ppm relative to the solvent residual peak. NMR spectra are reported as: chemical
shift (peak multiplicity; J-coupling constant(s) in Hz; integration). Peak multiplicities are abbreviated
as: s = singlet, bs = broad singlet, d = doublet, t = triplet, q = quartet, quin = quintet, sext = sextet,
sept = septet, oct = octet, m = multiplet.

GC-MS spectra of solutions were recorded on an Agilent 8890 GC System equipped with Ag-
ilent5977B GC/MSD detector.

GC spectra of gases were recorded on an SRI 8610C Multiple Gas Analyzer #5 (MG#5) (TCD-
FID-Methanizer) using a 0.5-meter Hayesep D pre-column and 1.5 meter Molesieve SA column with
argon as carrier gas at 90 °C.

HRMS spectral analysis was measured with a Bruker Maxis Impact Spectrometer using ESI.

Pressure measurements were performed using a Keller Druckmesstechnik Leo Record appa-
ratus.

All hydroformylation reactions were performed in a modified two-cham-
ber system composed of two glass cylinders (chambers A (refluxing chamber)
and B (non-refluxing chamber)) connected with a glass bridge allowing for
gas diffusion between the chambers. Chamber A contains a 3.0 cm long reflux
condenser with an inner diameter of 3.2 mm and two outlets for connecting to

a cooling system. Total volume = 22 mL. The chambers were sealed with
screw caps and PTEF H-caps fitted with two O-rings (NBR70, 7.1 x 1.6 mm).
Glassware under pressure - Warning!

e Glass equipment should always be examined for damage to its surface, which may

weaken its strength.

e One must abide by all laboratory safety procedures and always work behind a shield
when working with glass equipment under pressure.

e (COware® is pressure tested to 224 psi (15 bar). However, under no circumstances the
COware® should be operated above 60 psi (5 bar).
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Optimization reactions

Selectivity of low-pressure hydroformylation

In an argon-filled glovebox, a fresh [Rh]-stock solution was prepared by I [
Rh(acac)(CO)2 (0.67 mol%) and 6-DPPon (3.3 mol%) in THF (0.3 &

mL/pmol catalyst). The catalyst solution was stirred for at least 5 minutes

before use.

To a three-chamber reactor equipped with stir bars, reactor A (CO re-

lease) was charged with SilaCOgen (x equiv) and KF (x equiv). Reactor
B (Hz release) was charged with 2,2'-bi(1,3,6,2-dioxazaborocane) (Diboron) (y equiv). Reactor C was
charged with estragole (154 pL, 1.00 mmol, 1.0 equiv) via Hamilton syringe and [Rh]-solution (2.0
mL) via syringe and the reactor was capped. At last, reactor B was added water (2 mL) via syringe
and quickly the reactor immediately capped, followed by reactor A added DMF (2 mL) via syringe
and the reactor immediately capped. The three-reactor was removed from the glovebox, placed in a
heating block, and stirred (1000 rpm) for 16 h at room temperature. The hydroformylation reaction
mixture was transferred to a round-bottomed flask using DCM, concentrated under reduced pressure,
and the obtained crude mixture was analysed by 'H-NMR spectroscopy using mesitylene as the in-

ternal standard (100 pL) added via Hamilton syringe.
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Table S1. Selectivity of low-pressure hydroformylation. Presented yields of 2a are combined
yields of the linear and branched aldehydes along linear-to-branched ratio (/:). Presented yields of

3a are combined yields of E/Z-olefins.

Reactor A
SilaCOgen (x equiv)
KF (x equiv)

DMF (2.0 mL), rt, 16 h
Reactor B

Diboron (y equiv)

/@/\/ H,0 (2.0 mL), rt, 16 h /@/\,\E,H m /@/\/
|1}
MeO Reactor C MeO' ° MeO MeO

Rh(acac)(CO), (0.67 mol%)

Y

1a (1.00 mmol) 6-DPPon (3.3 mol%) 2a 3a 4a
THF (2.0 mL), rt, 16 h
SilaCOgen/KF (x equiv) Yield [%]

Entry Diboron (y equiv) la 2a (I:b) 3a 4a

1 0.00:3.00 - - 12 89

2 0.75:3.00 - 71 (16:1) 6 26

3 1.50:3.00 5 94 (7:1) 2 Trace
4 2.25:3.00 17 81 (6:1) 3 Trace
5 3.00:3.00 35 66 (5:1) 2 Trace
6 3.00:2.25 32 67 (5:1) Trace Trace
7 3.00:1.50 41 62 (5:1) Trace Trace
8 3.00:0.75 52 49 (5:1) Trace Trace
9 3.00:0.00 100 - - -

Methanol concentration

In an argon-filled glovebox, fresh catalyst stock solutions were prepared; a [Ru]-solution of Ru-
MACHO-BH (1.0 mol%) in toluene (0.1 mL/pumol catalyst), followed by a [Rh]-solution of
Rh(acac)(CO)2 (0.67 mol%) and 6-DPPon (3.3 mol%) in THF (0.3 mL/umol catalyst). Both catalyst
solutions were stirred for at least 5 minutes before use.

To a two-reactor system equipped with magnetic stir bars, the non-refluxing reactor was charged with
estragole (154 pL, 1.00 mmol, 1.0 equiv) via Hamilton syringe and [Rh]-solution (2.0 mL) via sy-
ringe. The refluxing reactor was charged with [Ru]-solution (1.0 mL) via syringe and methanol (x
equiv) via Hamilton syringe. Both reactors were sealed immediately, and the two-reactor system was
removed from the glovebox. The refluxing reactor was placed in a heating block at room temperature
and the condenser was connected to a water-cooling system (~ 8 °C). The condenser was allowed to
cool for at least 5 minutes before heating the refluxing reactor to 150 °C while the non-refluxing
reactor remained at room temperature. Both reactors were stirred vigorously (1000 rpm) for 16 h. The

hydroformylation reaction mixture was transferred to a round-bottomed flask using DCM,

A%



concentrated under reduced pressure, and the obtained crude mixture was analysed by "H-NMR spec-
troscopy using mesitylene as the internal standard (100 pL) added via Hamilton syringe.

Table S2. Methanol concentration. Presented yields of 2a are combined yields of the linear and
branched aldehydes along linear-to-branched ratio (/:6). Presented yields of 3a are combined yields
of E/Z-olefins. Yield reported in brackets is isolated yield. [¥'Without toluene as solvent in the reflux-

ing reactor.

Non-refluxing reactor
Rh(acac)(CO), (0.67 mol%)
6-DPPon (3.3 mol%) .
/©M THF (2.0 mL), rt, 16 h /@/\,\C,H /@/\Hﬁ /@/\/
= 1]
MeO Refluxing reactor MeO o MeO! MeO

Ru-MACHO-BH (1.0 mol%)

1a (1.00 mmol) Methanol (x equiv) 2a 3a 4a
Toluene (1.0 mL), 150 °C, 16 h
Yield [%]
Entry Methanol (x equiv) la 2a (I:b) 3a 4a
1 20 - 14 (>20:1) 28 58
2 10 - 28 (>20:1) 32 39
3 10 13 42 (15:1) 12 34
4 5.0 5 62 (19:1) 19 15
5 2.5 7 89 (7:1) 3 Trace
6 2.0 4 95 (7:1) Trace Trace
7 1.5 - 98 [98] (9:1) Trace Trace
8 1.1 - 83 (>20:1) 7 10
Temperature

In an argon-filled glovebox, fresh catalyst stock solutions were prepared; a [Ru]-solution of Ru-
MACHO-BH (1.0 mol%) in toluene (0.1 mL/umol catalyst), followed by a [Rh]-solution of
Rh(acac)(CO)2 (0.67 mol%) and 6-DPPon (3.3 mol%) in THF (0.3 mL/pumol catalyst). Both catalyst
solutions were stirred for at least 5 minutes before use.

To a two-reactor system equipped with magnetic stir bars, the non-refluxing reactor was charged with
estragole (154 pL, 1.00 mmol, 1.0 equiv) via Hamilton syringe and [Rh]-solution (2.0 mL) via sy-
ringe. The refluxing reactor was charged with [Ru]-solution (1.0 mL) via syringe and methanol (61
pL, 1.5 mmol, 1.5 equiv equiv) via Hamilton syringe. Both reactors were sealed immediately, and the
two-reactor system was removed from the glovebox. The refluxing reactor was placed in a heating
block at room temperature and the condenser was connected to a water-cooling system (~ 8 °C). The
condenser was allowed to cool for at least 5 minutes before heating the refluxing reactor to the stated

temperature while the non-refluxing reactor remained at room temperature. Both reactors were stirred
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vigorously (1000 rpm) for 16 h. The hydroformylation reaction mixture was transferred to a round-
bottomed flask using DCM, concentrated under reduced pressure, and the obtained crude mixture
was analysed by 'H-NMR spectroscopy using mesitylene as the internal standard (100 pL) added via
Hamilton syringe.

Table S3. Temperature of refluxing reactor. Presented yields of 2a are combined yields of the
linear and branched aldehydes along linear-to-branched ratio (/:0). Presented yields of 3a are com-

bined yields of E/Z-olefins.

Non-refluxing reactor

Rh(acac)(CO), (0.67 mol%)

6-DPPon (3.3 mol%) .

/©M THF (2.0 mL), rt, 16 h /©/\’\C’H /@/\,ﬁ /@/\/

= 1]

Refluxing reactor o

MeO Ru-MACHO-BH (1.0 mol%) MeO MeO MeO
1a (1 .00 mmol) Methanol (1 5 equiv) 2a 3a 4a
Toluene (1.0 mL), t°C, 16 h

Yield [%]

Entry Temperature [°C] la 2a (I:b) 3a 4a
1 170 Trace 97 (7:1) 2 Trace
2 150 Trace 98 [98] (9:1) Trace Trace
3 130 - 77 (>20:1) 9 12
4 110 28 39 (>20:1) 14 15

Hydroformylation solvent

In an argon-filled glovebox, fresh catalyst stock solutions were prepared; a [Ru]-solution of Ru-
MACHO-BH (1.0 mol%) in toluene (0.1 mL/umol catalyst), followed by a [Rh]-solution of
Rh(acac)(CO)2 (0.67 mol%) and 6-DPPon (3.3 mol%) in solvent (0.3 mL/pmol catalyst). Both cata-
lyst solutions were stirred for at least 5 minutes before use.

To a two-reactor system equipped with magnetic stir bars, the non-refluxing reactor was charged with
estragole (154 pL, 1.00 mmol, 1.0 equiv) via Hamilton syringe and [Rh]-solution (2.0 mL) via sy-
ringe. The refluxing reactor was charged with [Ru]-solution (1.0 mL) via syringe and methanol (61
pL, 1.5 mmol, 1.5 equiv) via Hamilton syringe. Both reactors were sealed immediately, and the two-
reactor system was removed from the glovebox. The refluxing reactor was placed in a heating block
at room temperature and the condenser was connected to a water-cooling system (~ 8 °C). The con-
denser was allowed to cool for at least 5 minutes before heating the refluxing reactor to 150 °C while
the non-refluxing reactor remained at room temperature. Both reactors were stirred vigorously (1000

rpm) for 16 h. The hydroformylation reaction mixture was transferred to a round-bottomed flask using
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DCM, concentrated under reduced pressure, and the obtained crude mixture was analysed by 'H-

NMR spectroscopy using mesitylene as the internal standard (100 pL) added via Hamilton syringe.

Table S4. Hydroformylation solvent screening. Presented yields of 2a are combined yields of the

linear and branched aldehydes along linear-to-branched ratio (/:6). Presented yields of 3a are com-

bined yields of E/Z-olefins.

Non-refluxing reactor
Rh(acac)(CO), (0.67 mol%)
6-DPPon (3.3 mol%)

/@/\/ Solvent (2.0 mL), rt, 16 h _ /@/\,\zﬁ,H /©/\~f /@/\/
MeO Refluxing reactor MeO lo) MeO MeO

Catalyst (1.0 mol%)

1a (1.00 mmol) Methanol (1.5 equiv) 2a 3a 4a
Toluene (1.0 mL), 150 °C, 16 h
- Yield [%]

Entry Solvent, solubility

la 2a (I:b) 3a 4a
1 THEF, fully - 98 [98] (9:1) Trace Trace
2 2-MeTHF, partially Trace 96 (9:1) 3 Trace
3 Acetone, fully 25 75 (8:1) Trace Trace
4 MeOH, fully Trace 91 (12:1) 3 Trace
5 PhMe, fully 17 79 (14:1) 3 Trace
6 CPME, fully 12 87 (14:1) Trace Trace
7 1,4-Dioxane - 74 (>20:1) 11 15
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Gas Pressure Studies

In an argon-filled glovebox, fresh catalyst stock solution was pre-
pared; a [Ru]-solution of Ru-MACHO-BH (5.86 mg, 10 umol) in tol-
uene (1.0 mL), catalyst solution was stirred for at least 5 minutes be-
fore use.

To a two-reactor system equipped with magnetic stir bars, the non-
refluxing reactor was charged with THF (2.0 mL) via syringe. The
refluxing reactor was charged with [Ru]-solution (1.0 mL) via sy-
ringe and syngas surrogate (1.5 equiv). Immediately, the non-reflux- *
ing reactor was sealed with a Keller manometer and the refluxing 7
reactor with an H-cap, and the two-reactor system was removed from
the glovebox. The refluxing reactor was placed in a heating block at &= ‘
room temperature and the condenser was connected to a water-cool-
ing system (~ 8 °C). The condenser was allowed to cool for at least 5

minutes before heating the refluxing reactor to 150 °C while the non-

refluxing reactor remained at room temperature. Both reactors were & / v i
stirred vigorously (1000 rpm) for 16 h. Data from the Keller manometer was extracted via KOLIBRI

software and plotted in Excel.
Syngas composition measurements

In an argon-filled glovebox, fresh catalyst stock solution was prepared; a [Ru]-solution of Ru-
MACHO-BH (5.86 mg, 10 umol) in toluene (1.0 mL), catalyst solution was stirred for at least 5
minutes before use.

To a two-reactor system equipped with magnetic stir bars, the non-refluxing reactor was charged with
THF (2.0 mL) via syringe. The refluxing reactor was charged with [Ru]-solution (1.0 mL) via syringe
and syngas surrogate (1.5 equiv). Both reactors were sealed immediately using natural rubber stop-
pers (14.5/10.5 x 20 mm) allowing for gas-tight sampling, and the two-reactor system was removed
from the glovebox. The refluxing reactor was placed in a heating block at room temperature and the
condenser was connected to a water-cooling system (~ 8 °C). The condenser was allowed to cool for
at least 5 minutes before heating the refluxing reactor to 150 °C while the non-refluxing reactor re-
mained at room temperature. Both reactors were stirred vigorously (1000 rpm) for stated number of
hours. The two-reactor was cooled to room temperature and gas samples measured by GC using gas-
tight syringes.
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Scheme S5. General example of FID and TCD measurements for methanol after 1 h of reaction

time.
Dehydrogenation Catalyst Screening

In an argon-filled glovebox, fresh catalyst stock solutions were prepared; a [M]-solution of catalyst
(1.0 mol%) in toluene (0.1 mL/umol catalyst), followed by a [Rh]-solution of Rh(acac)(CO)2 (0.67
mol%) and 6-DPPon (3.3 mol%) in THF (0.3 mL/umol catalyst). Both catalyst solutions were stirred
for at least 5 minutes before use.

To a two-reactor system equipped with magnetic stir bars, the non-refluxing reactor was charged with
estragole (154 pL, 1.00 mmol, 1.0 equiv) via Hamilton syringe and [Rh]-solution (2.0 mL) via sy-
ringe. The refluxing reactor was charged with [Ru]-solution (1.0 mL) via syringe and methanol (61
pL, 1.5 mmol, 1.5 equiv) via Hamilton syringe. Both reactors were sealed immediately, and the two-
reactor system was removed from the glovebox. The refluxing reactor was placed in a heating block
at room temperature and the condenser was connected to a water-cooling system (~ 8 °C). The con-
denser was allowed to cool for at least 5 minutes before heating the refluxing reactor to 150 °C while
the non-refluxing reactor remained at room temperature. Both reactors were stirred vigorously (1000
rpm) for 16 h. The hydroformylation reaction mixture was transferred to a round-bottomed flask using
DCM, concentrated under reduced pressure, and the obtained crude mixture was analysed by 'H-
NMR spectroscopy using mesitylene as the internal standard (100 pL) added via Hamilton syringe.
Table S6. Dehydrogenation catalyst screening. Presented yields of 2a are combined yields of the
linear and branched aldehydes along linear-to-branched ratio (/:0). Presented yields of 3a are com-

bined yields of E/Z-olefins. (@ Added fBuOK (2 mol%) as activator.

Entry Catalyst Yield [%]

X



la 2a (I:b) 3a 4a
1 Ru-MACHO-BH - 98 [98](9:1) Trace Trace
2 Ru-MACHO-iPr-BH - 97 (9:1) Trace Trace
3 Ru-MACHO-iPr-HCI!?! 12 72 (>20:1) 7 9
4 Ru-Triphos-TMM 100 - - -
5 Fe-MACHO-Et-BH 6 Trace 47 47
6 Fe-MACHO-iPr-BH 11 Trace 30 58
7 Fe-MACHO-Cy-BH 6 Trace 38 55
8 Ir-MACHO-iPr-H3 17 4 (>20:1) 33 46
9 Ir-MACHO-iPr-HCI#! 45 5(>20:1) 43 7
10 Co-MACHO-Ph-C1%! 100 - - -
11 Co-MACHO-iPr-CI* 100 - - -
12 Mn-MACHO-Et-Br!? 20 6 (>20:1) 29 45
13 Mn-MACHO-iPr-Br!® 4 71 (>20:1) 15 10
14 Mn-DPA-Brl® 100 - - -
15 Ni-MACHO-Pr-C1%! 100 - - -
H / 7\ Ph H /\ Pr H /\_Pr \é\P\th‘. H. /\ Et
N:Ru:P\Ph EN:'R'u:P\ iPr I:N:'Ru:P\ iPr Ph2:$ Ru~1\:, N:F'e\:P\Et
Ph=P" | CO iPr=P" 4 €O iPr=P" ¢ €0 H 7 Et=F §_CO
Ph  “BH, iPr  “BHj iPr Ph, Et BH,
Ru-MACHO-BH RU-MACHO-Pr-BH  Ru-MACHO-Pr-HCI Ru-Triphos-TMM Fe-MACHO-Et-BH
H 7\ /P H /Y H /\ /Pr H /P H_/—\ Ph
(e NiPoey N ClfePer g 27
ipr=P" | €O cy=F 4.0 ipr= P’.!. H ipr= }”érco Ph’
pf BH3 Cy 'BHs ipf ipr

Fe-MACHO-/Pr-BH

H /N /Pr

N, $LPL
Lo
Pr=P" ¢

ipr
Co-MACHO-Pr-Cl

Fe-MACHO-Cy-BH

H N/E,\P,Et
'Mn\ Et

Et=F" &oC0
Et
Mn-MACHO-Et-Br

Ir-MACHO-/Pr-H3

H /,P_l Br
EN, \P\'Pr
iPr C(SCO

Mn-MACHO-iPr-Br

Ir-MACHO-iPr-HClI
\
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’ ~
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Scheme S7. Overview of dehydrogenation catalyst used in the screening.
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General Procedure

In an argon-filled glovebox, fresh catalyst stock solutions were prepared; a [Ru]-solution of Ru-
MACHO-BH (1.0 mol%) in toluene (0.1 mL/pmol catalyst), followed by a [Rh]-solution of
Rh(acac)(CO)2 (0.67 mol%) and 6-DPPon (3.3 mol%) in THF (0.3 mL/pumol catalyst). Both catalyst
solutions were stirred for at least 5 minutes before use.

To a two-reactor system equipped with magnetic stir bars, the non-refluxing reactor was charged with
estragole (154 pL, 1.00 mmol, 1.0 equiv) via Hamilton syringe and [Rh]-solution (2.0 mL) via sy-
ringe. The refluxing reactor was charged with [Ru]-solution (1.0 mL) via syringe and methanol (61
pL, 1.5 mmol, 1.5 equiv) via Hamilton syringe. Both reactors were sealed immediately, and the two-
reactor system was removed from the glovebox. The refluxing reactor was placed in a heating block
at room temperature and the condenser was connected to a water-cooling system (~ 8 °C). The con-
denser was allowed to cool for at least 5 minutes before heating the refluxing reactor to 150 °C while
the non-refluxing reactor remained at room temperature. Both reactors were stirred vigorously (1000
rpm) for 16 h. The hydroformylation reaction mixture was transferred to a round-bottomed flask using
DCM, concentrated under reduced pressure, and the obtained crude mixture was analysed by 'H-
NMR spectroscopy using mesitylene as the internal standard (100 pL) added via Hamilton syringe.
4-(4-Methoxyphenyl)butanal (Linear) and 3-(4-methoxyphenyl)-2-methylpro-
panal (Branched) (1)

H
(0]
MeO MeO H™ SO

Linear Branched
The title compounds 1 were prepared using the General Procedure with estragole (148 mg, 1.00
mmol). Purification via FCC (pentane/DCM 4:1 to DCM) afforded 1 as a colourless oil (173 mg,
0.972 mmol, 97%, I:b = 9:1).
Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCl3) du 9.75 (t, J = 1.6 Hz, 1.0H),
9.71 (d,J=1.5Hz, 0.1H), 7.10 — 7.08 (m, 2.2H), 6.85 — 6.82 (m, 2.2H), 3.79 (s, 3.3H), 3.02 (dd, J =
13.3, 5.6 Hz, 0.1H), 2.66 — 2.54 (m, 2.2H), 2.44 (td, J = 7.3, 1.7 Hz, 2.0H), 1.93 (quin, J = 7.3 Hz,
2.0H), 1.08 (d, /= 6.8 Hz, 0.3H).
Linear (major): 3C NMR (101 MHz, CDCIs) 8¢ 202.4, 157.9, 133.2, 129.3,113.8, 55.2,43.1, 34.1,
23.9.
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Branched (minor): *C NMR (101 MHz, CDCl3) dc 204.6, 158.2, 130.7, 129.9, 113.9, 55.2, 48.2,
35.7,13.1.

Linear and branched in accordance with literature." 2

4-Phenylbutanal (Linear) and 2-methyl-3-phenylpropanal (Branched) (2)

H
@/\/\g/ o ©/I
H™ ™0

Linear Branched
The title compounds 2 were prepared using the General Procedure with allylbenzene (118 mg, 1.00
mmol). Purification via FCC (pentane/DCM 4:1 to pentane/DCM 1:1) afforded 2 as a colourless oil
(144 mg, 0.970 mmol, 97%, I:b =9:1).
Linear (major) and Branched (minor): "H NMR (400 MHz, CDCIl3) 81 9.76 (t, J= 1.6 Hz, 0.9H),
9.73 (d, J= 1.5 Hz, 0.1H), 7.32 — 7.28 (m, 2.2H), 7.24 — 7.17 (m, 3.3H), 3.10 (dd, J = 13.3, 5.6 Hz,
0.1H), 2.73 — 2.58 (m, 2.3H), 2.46 (td, /= 7.3, 1.6 Hz, 2.0H), 1.97 (quin, J = 7.4 Hz, 2.0H), 1.10 (d,
J=6.8 Hz, 0.4H).
Linear (major): 3C NMR (101 MHz, CDCls) 6¢ 202.3, 141.3, 128.5, 128.5, 126.1, 43.2, 35.0, 23.7.
Branched (minor): *C NMR (101 MHz, CDCl3) dc 204.4, 138.9, 129.1, 128.6, 126.4, 48.1, 36.7,
13.2.

Linear and branched in accordance with literature.*
4-(4-Methylphenyl)butanal (Linear) and 3-(4-methylphenyl)-2-methylpropanal
(Branched) (3)

H
Me Me H o

Linear Branched
The title compounds 3 were prepared using the General Procedure with p-allyltoluene (132 mg, 1.00
mmol). Purification via FCC (pentane/DCM 4:1 to pentane/DCM 1:1) afforded 3 as a colourless oil
(159 mg, 0.982 mmol, 98%, I:b =7:1).
Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCl3) 81 9.76 (t, J = 1.7 Hz, 1.0H),
9.72 (d, J= 1.5 Hz, 0.1H), 7.12 — 7.06 (m, 4.6H), 3.05 (dd, J=13.4, 5.7 Hz, 0.1H), 2.70 — 2.55 (m,
2.3H), 2.45 (td, J= 7.3, 1.7 Hz, 2.0H), 2.33 (s, 3.4H), 1.95 (quin, J = 7.4 Hz, 2.0H), 1.09 (d, J = 6.8
Hz, 0.4H).
Linear (major): 3C NMR (101 MHz, CDCIs) dc 202.6, 138.2, 135.7, 129.3, 128.5, 43.3, 34.7, 23.9,
21.1.
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Branched (minor): *C NMR (101 MHz, CDCl3) dc 204.7, 136.1, 135.8, 129.3, 129.0, 48.3, 36.4,
21.1,13.3.
HRMS (ESI") m/z caled. for C11H14ONa [M+Na]*: 185.0937, found: 185.0931.
Linear in accordance with literature.’
4-(2,4,6-Triisopropylphenyl)butanal (Linear) (4)
iPr

QV\'(H
(o)
iPr iPr

Linear

The title compound 4 was prepared using the General Procedure with 2-allyl-1,3-5-triisopropylben-
zene (244 mg, 1.00 mmol). Purification via FCC (pentane/DCM 4:1 to pentane/DCM 1:1) afforded 4
as a white solid (271 mg, 0.988 mmol, 99%, /:b =>20:1).

Linear (major): 'TH NMR (400 MHz, CDCls) éu 9.83 (t, J = 1.7 Hz, 1H), 6.98 (s, 2H), 3.15 (sept, J
= 6.8 Hz, 2H), 2.86 (sept, J = 6.9 Hz, 1H), 2.69 —2.64 (m, 2H), 2.58 (td, /= 7.1, 1.7 Hz, 2H), 1.84 —
1.76 (m, 2H), 1.25 (d, J = 6.9 Hz, 18H). 13C NMR (101 MHz, CDCl3) 8c 202.4, 146.6, 146.6, 132.7,
121.1, 44.3,34.2,29.3, 27.3, 24.7, 24.4, 24.2.

Linear in accordance with literature.

4-(4-Bromophenyl)butanal (Linear) and 3-(4-bromophenyl)-2-methylpropanal
(Branched) (5)

H
Br Br H (o]

Linear Branched
The title compounds 5 were prepared using the General Procedure with p-bromoallylbenzene (197
mg, 1.00 mmol). Purification via FCC (pentane to pentane/DCM 1:1) afforded S as a colourless oil
(224 mg, 0.987 mmol, 99%, I:b = 6:1).
Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCI3) 81 9.76 (t, J = 1.5 Hz, 0.9H),
9.70 (d, J= 1.4 Hz, 0.1H), 7.42 — 7.39 (m, 2.3H), 7.06 — 7.04 (m, 2.3H), 3.04 (dd, J = 13.6, 5.8 Hz,
0.2H), 2.68 — 2.53 (m, 2.4H), 2.45 (td, /= 7.2, 1.5 Hz, 2.0H), 1.93 (quin, J = 7.4 Hz, 2.0H), 1.09 (d,
J=7.0 Hz, 0.5H).
Linear (major): 13C NMR (101 MHz, CDCl3) 8¢ 202.1, 140.3, 131.6, 130.3, 120.0, 43.1, 34.5, 23.5.
Branched (minor): *C NMR (101 MHz, CDCl3) dc 204.0, 138.0, 131.7, 130.9, 120.4, 48.0, 36.0,
13.3.
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Linear and branched in accordance with literature.” 3
4-(4-Phenyl tosylate)butanal (Linear) and 3-(4-phenyl tosylate)-2-methylpro-
panal (Branched) (6)

H
o
TsO TsO H™ ~O

Linear Branched
The title compounds 6 were prepared using the General Procedure with p-bromoallylbenzene (197
mg, 1.00 mmol). Purification via FCC (pentane/DCM 4:1 to DCM) afforded 6 as a colourless oil (286
mg, 0.900 mmol, 90%, /:b = 8:1).
Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCl3) du 9.75 (t, J = 1.6 Hz, 1.0H),
9.68 (d, J=1.4 Hz, 0.1H), 7.71 — 7.69 (m, 2.2H), 7.32 — 7.30 (m, 2.2H), 7.09 — 7.06 (m, 2.2H), 6.90
—6.88 (m, 2.2H), 3.05 (dd, J=13.4, 5.6 Hz, 0.1H), 2.65 — 2.55 (m, 2.3H), 2.50 — 2.42 (m, 5.4H), 1.91
(quin, J =7.3 Hz, 2.0H), 1.06 (d, J= 6.8 Hz, 0.4H).
Linear (major): 3C NMR (101 MHz, CDCl3) 8¢ 202.0, 147.8, 145.4, 140.4, 132.3, 129.7, 129.5,
128.4,122.2,43.0, 34.3,23.4,21.7.
Branched (minor): 3C NMR (101 MHz, CDCls) 8c 203.8, 148.1, 145.4, 138.0, 132.2, 130.1, 129.7,
129.5,122.3,47.7,35.7,21.7, 13.1.
HRMS (ESI") m/z calcd. for C17H1s804SNa [M+Na]": 341.0818, found: 341.0821.
Linear in accordance with literature.’
4-14-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]butanal (Linear) and
3-[4-(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-2-methylpropanal
(Branched) (7)

H
/©/\/\r( and /@/I
- o .
PinB PinB H™ ™0

Linear Branched

The title compounds 7 were prepared using the General Procedure with p-allylphenylboronic acid
pinacol ester (244 mg, 1.00 mmol). Purification via FCC (pentane/DCM 4:1 to DCM/acetone 19:1)
afforded 7 as a colourless oil (222 mg, 0.809 mmol, 81%, /:b = 6:1).

Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCI3) 81 9.75 (t, J = 1.6 Hz, 1.0H),
9.71 (d, J= 1.4 Hz, 0.2H), 7.75 — 7.73 (m, 2.4H), 7.20 — 7.18 (m, 2.4H), 3.11 (dd, J = 13.2, 5.5 Hz,
0.2H), 2.71 — 2.57 (m, 2.4H), 2.44 (td, J = 7.3, 1.5 Hz, 2.0H), 1.96 (quin, J = 7.4 Hz, 2.0H), 1.34 (s,
14.4H), 1.07 (d, J= 6.8 Hz, 0.6H).
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Linear (major): *C NMR (101 MHz, CDCl3) 8c 202.4, 144.7, 135.1, 128.1, 83.8, 43.2, 35.3, 25.0,
23.6.

Branched (minor): C NMR (101 MHz, CDCl;s) 8¢ 204.3, 142.3, 135.2, 128.6, 83.9, 48.1, 36.9,
25.0,13.3.

GC-MS (EI) 274.1 (IM], 4%), 259.1 (9%), 231.1 (15%), 229.2 (28%), 215.1 (36%), 214.1 (10%),
157 (15%), 146 (12%), 145 (48%), 144.1 (95%), 131 (71%), 130 (77%), 129 (34%), 118 (14%), 117
(30%), 116 (10%), 103.9 (10%), 90.9 (11%), 85 (15%).

It was not possible to obtain useful HRMS or LCMS data, thus GC-MS was conducted instead.
4-(4-Hydroxyphenyl)butanal (Linear) and 3-(4-hydroxyphenyl)-2-methylpro-
panal (Branched) (8)

H
HO HO H™ "0

Linear Branched
The title compounds 8 were prepared using the General Procedure with p-allylphenol (134 mg, 1.00
mmol). Purification via FCC (DCM to DCM/acetone 19:1) afforded 8 as a colourless oil (161 mg,
0.981 mmol, 98%, /:b =9:1).
Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCl3) du 9.75 (t, J = 1.7 Hz, 1.0H),
9.70 (d, J=1.6 Hz, 0.1H), 7.05 — 7.01 (m, 2.2H), 6.78 — 6.74 (m, 2.2H), 5.01 —4.72 (m, 1.1H), 3.00
(dd, J=13.4, 5.8 Hz, 0.1H), 2.66 — 2.55 (m, 2.2H), 2.45 (td, J = 7.3, 1.7 Hz, 2.0H), 1.92 (quin, J =
7.4 Hz, 2.0H), 1.08 (d, J = 6.8 Hz, 0.3H).
Linear (major): 3C NMR (101 MHz, CDCl3) 8c 204.4, 154.1, 132.9, 129.5, 115.3, 43.0, 34.0, 23.8.
Branched (minor): *C NMR (101 MHz, CDCl3) dc 206.4, 154.4, 130.2, 130.1, 115.4, 48.2, 35.7,
13.0.
HRMS (ESI") m/z calcd. for C1oH1302 [M+H]": 165.0910, found: 165.0913.
Linear in accordance with literature.'
4-(4-((tert-Butyldimethylsilyl)oxy)phenyl)butanal (Linear) and 3-(4-((zert-butyl-
dimethylsilyl)oxy)phenyl)-2-methylpropanal (Branched) (9)

H
TBSO TBSO H™ ~O

Linear Branched
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The title compounds 9 were prepared using the General Procedure with p-allylphenoxy(fert-butyl)di-
methylsilane (248 mg, 1.00 mmol). Purification via FCC (pentane/DCM 4:1 to pentane/DCM 1:1)
afforded 9 as a colourless oil (267 mg, 0.959 mmol, 96%, /:b = 8:1).

Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCl3) 1 9.75 (t, J = 1.7 Hz, 1.0H),
9.71 (d, J= 1.5 Hz, 0.1H), 7.03 — 7.00 (m, 2.2H), 6.77 — 6.74 (m, 2.2H), 3.01 (dd, J = 13.5, 5.8 Hz,
0.1H), 2.65 —2.52 (m, 2.2H), 2.43 (td, /= 7.3, 1.7 Hz, 2.0H), 1.92 (quin, J = 7.5 Hz, 2.0H), 1.07 (d,
J=6.8 Hz, 0.4H), 0.98 (s, 10.1H), 0.18 (s, 6.7H).

Linear (major): '3C NMR (101 MHz, CDCl3) 8¢ 202.6, 154.0, 134.0, 129.4, 120.1, 43.3, 34.3, 25.8,
24.0, 18.3,-4.3.

Branched (minor): *C NMR (101 MHz, CDCl3) dc 204.8, 154.3, 131.5, 130.0, 120.2, 48.3, 36.1,
25.8,18.3,13.3,-4.3.

HRMS (ESI") m/z calcd. for Ci16H2702Si [M+H]": 279.1775, found: 279.1777.

Linear in accordance with literature.!!

4-(3,4-Methylenedioxyphenyl)butanal (Linear) and 2-methyl-3-(3,4-methylenedi-
oxyphenyl)propanal (Branched) (10)

LY - T

Linear Branched
The title compounds 10 were prepared using the General Procedure with safrole (162 mg, 1.00 mmol).
Purification via FCC (pentane/DCM 4:1 to DCM) afforded 10 as a colourless oil (189 mg, 0.982
mmol, 98%, I:b="7:1).
Linear (major) and Branched (minor): "H NMR (400 MHz, CDCIl3) 81 9.75 (t, J= 1.6 Hz, 1.0H),
9.70 (d, J= 1.6 Hz, 0.1H), 6.75 — 6.71 (m, 1.1H), 6.67 — 6.65 (m, 1.1H), 6.62 — 6.60 (m, 1.1H), 5.93
—5.92 (m, 2.3H), 2.99 (dd, J = 13.5, 5.8 Hz, 0.1H), 2.64 — 2.51 (m, 2.3H), 2.44 (td, J= 7.3, 1.6 Hz,
2.0H), 1.91 (quin, J = 7.4 Hz, 2.0H), 1.08 (d, /= 6.9 Hz, 0.4H).
Linear (major): *C NMR (101 MHz, CDCls) &c 202.2, 147.7, 145.8, 135.0, 121.2, 108.8, 108.1,
100.8, 43.0, 34.7, 23.8.
Branched (minor): BC NMR (101 MHz, CDCls) 8c 204.3, 147.7, 146.1, 132.5, 121.9, 109.3, 108.2,
100.9, 48.2, 36.3, 13.1.
HRMS (ESI") m/z caled. for C11H1303 [M+H]": 193.0859, found: 193.0845.

Linear and branched in accordance with literature.'> 3
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4-(4-Carbomethoxyphenyl)butanal (Linear) and 2-methyl-3-(4-carbomethoxy-
phenyl)propanal (Branched) (11)

H
MeO,C MeO,C H Yo

Linear Branched
The title compounds 11 were prepared using the General Procedure with methyl 4-allylbenzoate (176
mg, 1.00 mmol). Purification via FCC (pentane/DCM 3:1 to DCM/acetone 19:1) afforded 11 as a
colourless oil (204 mg, 0.991 mmol, 99%, /:b = 5:1).
Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCl3) 81 9.76 (t, J = 1.5 Hz, 1.0H),
9.71 (d,J= 1.3 Hz, 0.2H), 7.97 — 7.95 (m, 2.4H), 7.25 — 7.23 (m, 2.4H), 3.90 (s, 3.6H), 3.15 (dd, J =
12.9, 5.2 Hz, 0.2H), 2.73 — 2.61 (m, 2.4H), 2.46 (td, /= 7.3, 1.5 Hz, 2.0H), 1.97 (quin, J = 7.4 Hz,
2.0H), 1.09 (d, J= 6.8 Hz, 0.6H).
Linear (major): 3C NMR (101 MHz, CDCls) &c 201.7, 166.8, 146.7, 129.6, 128.4, 128.0, 51.8,
42.9,34.8,23.1.
Branched (minor): 3C NMR (101 MHz, CDCls) 8¢ 203.5, 166.7, 144.4, 129.6, 128.9, 128.3, 51.9,
47.5,36.3, 13.0.

Linear and branched in accordance with literature.'* '

4-(4-Dimethylaminophenyl)butanal (Linear) and 3-(4-dimethylaminophenyl)-2-
methylpropanal (Branched) (12)

H
/@/\/\g/ o /@/I
Me,N Me,N H o

Linear Branched
The title compounds 12 were prepared using the General Procedure with p-allyl-V,N-dimethylaniline
(161 mg, 1.00 mmol). Purification via FCC (pentane/DCM 4:1 to DCM/acetone 19:1) afforded 12 as
a colourless oil (185 mg, 0.968 mmol, 97%, [:b =12:1).
Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCl3) 81 9.77 (t, J = 1.8 Hz, 1.0H),
9.75 (d, J=1.7 Hz, 0.1H), 7.10 — 7.05 (m, 2.2H), 6.75 — 6.71 (m, 2.2H), 2.95 (s, 6.4H), 2.68 — 2.52
(m, 2.2H), 2.47 (td, J="7.3, 1.7 Hz, 2.0H), 1.95 (quin, J = 7.4 Hz, 2.0H), 1.11 (d, /= 6.8 Hz, 0.2H).
Linear (major): 3C NMR (101 MHz, CDCIs) dc 202.8, 149.3, 129.3, 129.2, 113.1, 43.3,41.0, 34.1,
24.1.
Branched (minor): *C NMR (101 MHz, CDCl3) dc 205.2, 149.4, 129.8, 126.7, 113.0, 48.5, 40.9,
35.9,13.3.
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HRMS (ESI") m/z caled. for C12HisNO [M+H]": 192.1383, found: 192.1387.

Branched in accordance with literature. '

tert-Butyl (4-(4-oxobutyl)phenyl)carbamate (Linear) and zert-butyl (4-(2-methyl-
3-oxopropyl)phenyl)carbamate (Branched) (13)

H
BocHN BocHN H (o)

Linear Branched
The title compounds 13 were prepared using the General Procedure with tert-butyl 4-allylphenylcar-
bamate (233 mg, 1.00 mmol). Purification via FCC (pentane/DCM 4:1 to DCM/acetone 19:1) af-
forded 13 as a colourless oil (257 mg, 0.974 mmol, 97%, I:b = 12:1).
Linear (major) and Branched (minor): "H NMR (400 MHz, CDCI3) 81 9.74 (t, J = 1.6 Hz, 1.0H),
9.70 (d, J=1.5 Hz, 0.1H), 7.29 — 7.26 (m, 2.2H), 7.10 — 7.08 (m, 2.2H), 6.44 (bs, 1.1H), 3.03 (dd, J
=13.4,5.7 Hz, 0.1H), 2.65 — 2.56 (m, 2.2H), 2.43 (td, /= 7.3, 1.6 Hz, 2.0H), 1.92 (quin, J = 7.4 Hz,
2.0H), 1.51 (s, 10.1H), 1.07 (d, J = 6.8 Hz, 0.4H).
Linear (major): 3C NMR (101 MHz, CDCls) 8¢ 202.5, 153.0, 136.5, 135.5, 128.7, 118.7, 80.0,
42.9,34.1,28.2,23.5.
Branched (minor): 3C NMR (101 MHz, CDCls) 8¢ 204.6, 153.0, 136.8, 133.0, 129.3, 118.7, 80.0,
47.9,35.8,28.2,12.9.
HRMS (ESI") m/z calcd. for C1sH21NO3Na [M+Na]*: 286.1414, found: 286.1417.

4-(4-Nitrophenyl)butanal (Linear) and 3-(4-nitrophenyl)-2-methylpropanal
(Branched) (14)

H
O,N O,N H Yo

Linear Branched

The title compounds 14 were prepared using the General Procedure with p-allylnitrobenzene (163
mg, 1.00 mmol). Purification via FCC (pentane/DCM 4:1 to DCM) afforded 14 as a pale yellow oil
(184 mg, 0.950 mmol, 95%, I:b = 4:1).

Linear (major) and Branched (minor): "H NMR (400 MHz, CDCIl3) 81 9.79 (t, J= 1.3 Hz, 1.0H),
9.71 (d, J= 1.1 Hz, 0.2H), 8.16 — 8.14 (m, 2.5H), 7.35 — 7.33 (m, 2.5H), 3.24 — 3.17 (m, 0.2H), 2.78
—2.67 (m, 2.5H), 2.51 (td, J= 7.1, 1.3 Hz, 2.0H), 1.99 (quin, J = 7.2 Hz, 2.0H), 1.13 (d, /= 6.9 Hz,
0.7H).

Linear (major): '3C NMR (101 MHz, CDCl3) 8c 201.6, 149.3, 146.2, 129.1, 123.5, 42.7, 34.6, 22.9.
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Branched (minor): *C NMR (101 MHz, CDCl3) dc 203.1, 147.0, 146.4, 129.8, 123.4, 47.4, 35.9,
13.1.

Linear and branched in accordance with literature.'”- '8

4-(4-Cyanophenyl)butanal (Linear) and 3-(4-cyanophenyl)-2-methylpropanal
(Branched) (15)

H
NC NC H™ ~O0

Linear Branched
The title compounds 15 were prepared using the General Procedure with p-allylbenzonitrile (143 mg,
1.00 mmol). Purification via FCC (pentane/DCM 3:1 to DCM) afforded 15 as a colourless oil (166
mg, 0.958 mmol, 96%, [:b =5:1).
Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCl3) 81 9.78 (t,J = 1.5 Hz, 1.0H),
9.70 (d, J= 1.2 Hz, 0.2H), 7.59 — 7.57 (m, 2.3H), 7.29 — 7.27 (m, 2.3H), 3.15 (dd, J = 12.9, 5.3 Hz,
0.2H), 2.73 — 2.62 (m, 2.3H), 2.49 (td, /= 7.2, 1.4 Hz, 2.0H), 1.96 (quin, J = 7.3 Hz, 2.0H), 1.11 (d,
J=6.8 Hz, 0.5H).
Linear (major): 3C NMR (101 MHz, CDCls) 8¢ 201.6, 147.1, 132.4, 129.3, 119.1, 110.2, 43.0,
35.2,23.2.
Branched (minor): 3C NMR (101 MHz, CDCls) 8¢ 203.2, 144.8, 132.4, 130.0, 118.9, 110.2, 47.7,
36.5,13.4.

Linear and branched in accordance with literature.” '°

4-(4-Methylsufanylphenyl)butanal (Linear) and 3-(4-methylsufanylphenyl)-2-
methylpropanal (Branched) (16)

H
/@/\/\”/ and /@/I
(0]
MeS MeS H o

Linear Branched

The title compounds 16 were prepared using the General Procedure with p-allylthioanisole (164 mg,
1.00 mmol). Purification via FCC (pentane/DCM 4:1 to DCM) afforded 16 as a colourless oil (178
mg, 0.917 mmol, 92%, I:b = 8:1).

Linear (major) and Branched (minor): "H NMR (400 MHz, CDCIl3) 81 9.76 (t, J= 1.6 Hz, 1.0H),
9.71 (d, J= 1.5 Hz, 0.1H), 7.21 — 7.19 (m, 2.3H), 7.11 — 7.08 (m, 2.3H), 3.04 (dd, J = 13.4, 5.7 Hz,
0.1H), 2.68 — 2.54 (m, 2.3H), 2.47 — 2.42 (m, 5.4H), 1.93 (quin, J = 7.4 Hz, 2.0H), 1.08 (d, /= 7.0
Hz, 0.4H).
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Linear (major): 3C NMR (101 MHz, CDCIs) &c 202.3, 138.4, 135.9, 129.1, 127.3, 43.2, 34.6, 23.7,
16.4.

Branched (minor): *C NMR (101 MHz, CDCl3) dc 204.4, 136.3, 135.9, 129.7, 127.1, 48.1, 36.2,
16.2,13.3.

HRMS (ESI") m/z calcd. for C1iH150S [M+H]™: 195.0838, found: 195.0833.

5-(4-Methoxyphenyl)pentanal (Linear) (17)

M90\©\/\/\
H
C/

Linear 6

The title compound 17 was prepared using the General Procedure with 4-(p-methoxyphenyl)but-1-
ene (162 mg, 1.00 mmol). Purification via FCC (pentane/DCM 4:1 to DCM) afforded 17 as a colour-
less oil (187 mg, 0.972 mmol, 93%, I:b =>20:1).

Linear (major): 'H NMR (400 MHz, CDCls) 81 9.75 (t, J = 1.8 Hz, 1H), 7.10 — 7.07 (m, 2H), 6.84
—6.81 (m, 2H), 3.79 (s, 3H), 2.58 (t, /= 7.1 Hz, 2H), 2.44 (td, /= 7.1, 1.8 Hz, 2H), 1.70 — 1.58 (m,
4H). 13C NMR (101 MHz, CDCI3) 6¢ 202.7, 157.9, 134.1, 129.4, 113.9, 55.4, 43.9, 34.8, 31.2, 21.7.

Linear in accordance with literature.*’

N-(4-((5-Oxopentyl)oxy)phenyl)acetamide (Linear) (18)

0 O\/\/\[rH
N 0

N

H Linear
The title compound 18 was prepared using the General Procedure with N-(4-(but-3-en-1-yloxy)phe-
nyl)acetamide (205 mg, 1.00 mmol). Purification via FCC (DCM to DCM/Acetone 6:1) afforded 18
as a white solid (220 mg, 0.935 mmol, 94%, /:b = >20:1).
Linear (major): "H NMR (400 MHz, CDCl3) 81 9.79 (t, J = 1.6 Hz, 1H), 7.39 — 7.35 (m, 2H), 7.14
(bs, 1H), 6.85 — 6.81 (m, 2H), 3.96 — 3.93 (m, 2H), 2.54 — 2.51 (m, 2H), 2.15 (s, 3H), 1.84 — 1.80 (m,
4H). BC NMR (101 MHz, CDCl3) 8¢ 202.4, 168.3, 155.9, 131.1, 122.0, 114.9, 67.7, 43.6, 28.8, 24.5,
18.9.
HRMS (ESI") m/z calcd. for C13H17NO3Na [M+Na]": 258.1101, found: 258.1105.

3-Phenylpropanal (Linear) and 2-phenylpropanal (Branched) (19)
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o

H and H
o

Linear Branched
The title compounds 19 were prepared using the General Procedure with styrene (104 mg, 1.00
mmol). Purification via FCC (pentane/DCM 4:1 to DCM) afforded 19 as a colourless oil (107 mg,
0.797 mmol, 80%, I:b = 1:3).
Linear (minor) and Branched (major): "H NMR (400 MHz, CDCl3) &1 9.83 (t, J = 1.4 Hz, 0.3H),
9.69 (d, J= 1.5 Hz, 1.0H), 7.41 — 7.28 (m, 3.6H), 7.23 — 7.19 (m, 2.9H), 3.64 (dq, J = 7.1, 1.4 Hz,
1.0H), 2.97 (t,J = 7.6 Hz, 0.6H), 2.81 — 2.77 (m, 0.6H), 1.45 (d, /= 7.1 Hz, 3.0H).
Linear (minor): 3C NMR (101 MHz, CDCl3) 8c 201.7, 140.4, 128.7, 128.4, 126.4, 45.4, 28.2.
Branched (major): 3C NMR (101 MHz, CDCls) 8¢ 201.3, 137.8, 129.2, 128.4, 127.7, 53.1, 14.7.

Linear and branched in accordance with literature.?!> 2

3-(6-Methoxynaphthalen-2-yl)propanal (Linear) and 2-(6-methoxynaphthalen-2-
yD)propanal (Branched) (20)

(o)
S Y
MeO MeO o
Linear Branched

The title compounds 20 were prepared using the General Procedure with 2-methoxy-6-vinylnaptha-
lene (184 mg, 1.00 mmol). Purification via FCC (pentane/DCM 4:1 to pentane/DCM 1:1) afforded
20 as a white solid (198 mg, 0.926 mmol, 93%, /:b = 1:3).

Linear (minor) and Branched (major): "TH NMR (400 MHz, CDCl3) 81 9.86 (t, J = 1.5 Hz, 0.3H),
9.75 (d, J= 1.4 Hz, 1.0H), 7.76 (d, J = 8.5 Hz, 1.0H), 7.72 (d, J = 8.9 Hz, 1.0H), 7.69 — 7.66 (m,
0.6H), 7.60 (bs, 1.0H), 7.56 (bs, 0.3H), 7.30 — 7.27 (m, 1.3H), 7.18 — 7.11 (m, 2.6H), 3.93 (s, 3.0H),
3.91 (s, 0.9H), 3.77 (qd, /= 7.1, 1.4 Hz, 1.0H), 3.09 (t, /= 7.5 Hz, 0.6H), 2.86 (td, /= 7.5, 1.4 Hz,
0.6H), 1.52 (d, J=17.1 Hz, 3.0H).

Linear (minor): ¥C NMR (101 MHz, CDCIl;) 8¢ 201.8, 157.5, 135.6, 133.3, 129.2, 129.1, 127.5,
127.3, 126.4, 119.1, 105.8, 55.4, 45.4, 28.2.

Branched (major): 3C NMR (101 MHz, CDCls) 8¢ 201.3, 158.0, 134.0, 132.8, 129.3, 129.3, 127.8,
127.2,126.9, 119.5, 105.7, 55.5, 53.1, 14.8.

Linear and branched in accordance with literature.?* 2*

Nonanal (Linear) (21)
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The title compound 21 was prepared using the General Procedure with 1-octene (112 mg, 1.00 mmol).
Purification via FCC (pentane/DCM 9:1 to pentane/DCM 1:1) afforded 21 as a colourless oil (123.8
mg, 0.870 mmol, 87%, [:b =>20:1).
Linear (major): "TH NMR (400 MHz, CDCI3) 6u 9.75 (t, J = 1.9 Hz, 1H), 2.41 (td, J = 7.4, 1.9 Hz,
2H), 1.61 (quin, J= 7.3 Hz, 2H), 1.32 — 1.24 (m, 10H), 0.86 (t, J= 6.9 Hz, 3H). *C NMR (101 MHz,
CDCl3) 6c 203.1, 44.0, 31.9, 29.4, 29.3, 29.2, 22.8, 22.2, 14.2.
Linear in accordance with literature.?
Decanedial (Linear) (22)

o

HJ\/\/\/\/\IrH

Linear fo)

The title compound 22 was prepared using the General Procedure with 1,7-octadiene (55.1 mg, 1.00
mmol). Purification via FCC (pentane/DCM 4:1 to DCM) afforded 22 as a colourless oil (81.3 mg,
0.478 mmol, 96%, [:b =>20:1).

'"H NMR (400 MHz, CDCls) 8u 9.76 (t, J = 1.8 Hz, 2H), 2.42 (td, J = 7.3, 1.8 Hz, 4H), 1.65 — 1.58
(m, 4H), 1.33 — 1.30 (m, 8H). 1*C NMR (101 MHz, CDCl3) &c 202.7, 43.7, 28.9, 28.9, 21.8.

Linear in accordance with literature.?®

(R)-4-Hydroxy-4,8-dimethylnon-7-enal (Linear) isolated as (5R)-5-methyl-5-(4-
methylpent-3-en-1-yl)tetrahydrofuran-2-ol (Lactol) (23)

=, OH _ ., 9
Mc'H Isolated as: ~ ",

Linear o Lactol

OH

The title compound 23 was prepared using the General Procedure with L-linalool (154 mg, 1.00
mmol). Purification via FCC (pentane/DCM 4:1 to DCM) afforded 23 as a colourless oil (183 mg,
0.993 mmol, 99%, [:b =>20:1).

Linear/Lactol (major): "H NMR (400 MHz, CDCI3) 8u 5.51 — 5.48 (m, 1H), 5.13 — 5.06 (m, 1H),
3.37-3.36 (m, 0.5H), 3.18 — 3.18 (m, 0.5H), 2.12 — 1.64 (m, 10H), 1.61 — 1.59 (m, 3H), 1.52 — 1.40
(m, 1H), 1.38 (s, 1.5H), 1.15 (s, 1.5H). 3C NMR (101 MHz, CDCls) 8c 131.5, 131.3, 124.5, 124.4,
98.6,98.2,85.2,84.8,43.0,41.7,34.7,34.5, 33.7,33.2, 28.2, 25.7,25.7,23.8, 23.3, 17.7, 17.6.

Linear in accordance with literature.?’
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6-(((1R,2S,5R)-2-Isopropyl-S-methylcyclohexyl)oxy)hexanal (Linear) (24)

o ", O/W\[r H
L

inear o)

The title compound 24 was prepared using the General Procedure with (1S5,2R,4R)-1-isopropyl-4-
methyl-2-(pent-4-en-1-yloxy)cyclohexane (224 mg, 1.00 mmol). Purification via FCC (pen-
tane/DCM 4:1 to DCM) afforded 24 as a colourless oil (240 mg, 0.944 mmol, 94%, [:b =>20:1).
Linear (major): "H NMR (400 MHz, CDCI3) 81 9.76 (t, J = 1.8 Hz, 1H), 3.61 (dt, J = 9.0, 6.1 Hz,
1H), 3.25 (dt,J=9.1, 6.6 Hz, 1H), 2.97 (dt, J=10.6, 4.2 Hz, 1H), 2.43 (dt,J= 7.4, 1.8 Hz, 2H), 2.18
(septd, J = 7.0, 2.6 Hz, 1H), 2.09 — 2-04 (m, 1H), 1.68 — 1.50 (m, 6H), 1.44 — 1.27 (m, 3H), 1.23 —
1.16 (m, 1H), 1.00 — 0.80 (m, 9H), 0.75 (d, J = 6.9 Hz, 3H). 1*C NMR (101 MHz, CDCls) &c 202.4,
79.1, 68.0, 48.3, 43.8, 40.4, 34.6, 31.5, 30.0, 25.9, 25.6, 23.3, 22.3, 21.9, 20.9, 16.2.
HRMS (ESI") m/z calcd. for Ci16H3102 [M+H]": 255.2319, found: 255.2316.
10,11-Dihydroquinine-11-carbaldehyde (Linear) (25)

OH H

OMe
Linear

The title compound 25 was prepared using the General Procedure with quinine (324 mg, 1.00 mmol).
Purification via FCC (Al203, DCM to DCM/MeOH 97:3) afforded 25 as a white solid (299.6 mg,
0.850 mmol, 85%, [:b =>20:1).

Linear (major): "H NMR (400 MHz, CDCl3) éu 9.71 (t, J = 1.6 Hz, 1H), 8.66 (d, J = 4.5 Hz, 1H),
7.98 (d,J=9.2 Hz, 1H), 7.49 (d, J=4.5 Hz, 1H), 7.33 (dd, J=9.2, 2.7 Hz, 1H), 7.23 (d, J=2.7 Hz,
1H), 5.51 (d, J = 4.3 Hz, 1H), 3.89 (s, 3H), 3.47 — 3.38 (m, 1H), 3.32 (bs, 1H), 3.12 — 3.03 (m, 2H),
2.65 —2.59 (m, 1H), 2.38 — 2.34 (m, 3H), 1.78 — 1.70 (m, 3H), 1.59 — 1.44 (m, 5H). 1*C NMR (101
MHz, CDCls) &c 202.3, 157.8, 148.2, 147.5, 144.1, 131.5, 126.7, 121.5, 118.5, 101.5, 72.0, 59.9,
58.4,55.8,43.3,42.0,35.1, 28.2,26.9,25.7, 21.3.

Linear in accordance with literature.?®

1,2:5,6-Di-O-isopropylidene-3-0O-hexanal-a-D-glucofuranose (Linear) (26)
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The title compound 26 was prepared using the General Procedure with 1,2:5,6-di-O-isopropylidene-
3-O-pentenyl-a-D-glucofuranose (324 mg, 1.00 mmol). Purification via FCC (DCM to DCM/acetone
19:1) afforded 26 as a colourless oil (343 mg, 0.956 mmol, 96%, /:b =>20:1).
Linear (major): "TH NMR (400 MHz, CDCl3) 61 9.76 (t, J = 1.7 Hz, 1H), 5.86 (d, J = 3.7 Hz, 1H),
4.51(d,J=3.7Hz, 1H), 4.28 (dt,J=7.7, 6.0 Hz, 1H), 4.11 — 4.05 (m, 2H), 3.97 (dd, /= 8.6, 5.8 Hz,
1H), 3.83 (d, J=3.1 Hz, 1H), 3.60 (t, /= 9.3, 6.3 Hz, 1H), 3.51 (dt, J=9.3, 6.3 Hz, 1H), 2.43 (td, J
=7.3 Hz, 1.7 Hz, 2H), 1.68 — 1.54 (m, 4H), 1.48 (s, 3H), 1.43 — 1.37 (m, 5H), 1.33 (s, 3H), 1.31 (s,
3H). 3C NMR (101 MHz, CDCl3) &c 202.6, 111.9, 109.1, 105.4, 82.6, 82.3, 81.3, 72.6, 70.3, 67.4,
43.9,29.6, 27.0, 26.9, 26.4, 25.8, 25.6, 21.9.
HRMS (ESI") m/z calcd. for Ci1sH3107 [M+H]": 359.2064, found: 359.2072.
4-(Estra-1,3,5(10)-trien-3,17p-diol-17a-yl)butanal (Linear) isolated as 3-hydroxy-
17B-estra-1,3,5(10)-trien-21,17-carbolactol (Lactol) (27)

OH

B H
’ \/\Ior Isolated as:

HO HO

Linear Lactol
The title compound 27 was prepared using the General Procedure with 17a-allyl-estra-1,3,5(10)-
trien-3,17B-diol (312 mg, 1.00 mmol). Purification via FCC (DCM/acetone 9:1 to DCM/acetone 7:3)
afforded 27 as a white solid (290.6 mg, 0.849 mmol, 85%, [:b =>20:1).
Linear/Lactol (major): "H NMR (400 MHz, methanol-ds) 6u 7.02 (d, J = 8.4 Hz, 1H), 6.49 (d, J =
8.7 Hz, 1H), 6.43 (s, 1H), 4.69 (d, J=9.7 Hz, 1H), 3.27 (s, 1H), 2.79 - 2.67 (m, 2H), 2.26 —2.23 (m,
1H), 2.08 — 2.02 (m, 1H), 1.96 — 1.12 (m, 18H), 0.88 (s, 3H). 1*C NMR (101 MHz, methanol-ds4) 5c
155.9, 138.8, 132.6, 127.2, 116.0, 113.7, 94.4, 87.4, 49.8, 49.7, 48.1, 45.3, 41.0, 34.2, 33.0, 31.3,
30.7,30.1, 28.9, 27.6, 24.6, 19.9, 14.6.
HRMS (ESI") m/z calcd. for C22H3003Na [M+Na]": 365.2087, found: 365.2086.

4-(7,9-Dioxo-8-azaspiro[4.5]decan-8-yl)butanal (Linear) and 3-(7,9-dioxo-8-
azaspiro[4.5]decan-8-yl)-2-methylpropanal (Branched) (28)
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Linear Branched
The title compounds 28 were prepared using the General Procedure with 8-allyl-8-azaspiro[4.5]dec-
ane-7,9-dione (207 mg, 1.00 mmol). Purification via FCC (pentane/DCM 4:1 to DCM/acetone 19:1)
afforded 28 as a colourless oil (217 mg, 0.915 mmol, 92%, [:b = 5:1).
Linear (major) and Branched (minor): "TH NMR (400 MHz, CDCI3) 81 9.75 (t, J = 1.3 Hz, 1.0H),
9.58 (d, J=3.0 Hz, 0.2H), 4.10 (dd, J = 13.3, 8.6 Hz, 0.2H), 3.87 (dd, J = 13.4, 5.6 Hz, 0.2H), 3.80
(t,J=7.1 Hz, 2.0H), 2.68 —2.64 (m, 0.2H), 2.59 (s, 4.8H), 2.46 (td, /= 7.3, 1.4 Hz, 2.0H), 1.86 (quin,
J=7.3Hz, 2.0H), 1.73 - 1.69 (m, 4.8H), 1.51 — 1.48 (m, 4.8H), 1.11 (d, /= 7.1 Hz, 0.6H).
Linear (major): 1*C NMR (101 MHz, CDCl3) c 201.4, 172.4, 44.9, 41.4, 39.6, 38.8, 37.7, 24.3,
20.6.
Branched (minor): *C NMR (101 MHz, CDCI3) 8¢ 203.0, 172.5, 45.9, 44.8, 39.9, 39.5,37.7, 24.3,
11.8.
HRMS (ESI") m/z calcd. for C13H1903Na [M+Na]": 260.1257, found: 260.1251.

Linear in accordance with literature.?’
4-Hydroxy-4,4-diphenylbutanal (Linear) isolated as 5,5-diphenyltetrahydrofu-
ran-2-ol (Lactol) (29)

Isolated as:

ohet ®

Linear Lactol

=0

The title compound 29 was prepared using the General Procedure with 1,1-diphenylpropenol (210
mg, 1.00 mmol). Purification via FCC (pentane/DCM 1:1 to DCM/acetone 19:1) afforded 29 as a
white solid (239 mg, 0.994 mmol, 99%, [:b =>20:1).

Linear/Lactol (major): "H NMR (400 MHz, CDCI3) 8u 7.48 — 7.45 (m, 2H), 7.42 — 7.39 (m, 2H),
7.32 - 7.27 (m, 4H), 7.23 — 7.18 (m, 2H), 5.75 (td, /= 4.6, 1.7 Hz, 1H), 2.80 — 2.73 (m, 1H), 2.65 —
2.58 (m, 2H), 2.09 — 1.95 (m, 2H). BC NMR (101 MHz, CDCl3) &c 146.7, 146.0, 128.2, 127.0,
126.9, 126.4, 125.8, 98.9, 89.8, 36.9, 33.4.

HRMS (ESI") m/z calcd. for CisH1602Na [M+Na]": 263.1043, found: 263.1042.
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4-Oxobutyl 3,4-dimethoxybenzoate (Linear) and 2-methyl-3-oxopropyl 3,4-di-
methoxybenzoate (Branched) (30)

(0] (0]
MGOID)J\O/\/\H/ H and Meo:@)ko/j:
MeO 0 MeO (o) H

Linear Branched

The title compounds 30 were prepared using the General Procedure with allyl 3,4-dimethoxybenzoate
(222 mg, 1.00 mmol). Purification via FCC (pentane/DCM 1:1 to DCM/acetone 19:1) afforded 30 as
a colourless oil (242 mg, 0.960 mmol, 96%, [:b = 1.1:1).

Linear (major) and Branched (minor): 'TH NMR (400 MHz, CDCl3) 61 9.83 (t, /= 1.4, 1.0H), 9.79
(d, J=1.4 Hz, 0.9H), 7.66 — 7.61 (m, 1.9H), 7.51 (d, J = 2.0 Hz, 1.0H), 7.49 (d, J = 2.0 Hz, 0.9H),
6.89 —6.86 (m, 1.9H), 4.56 — 4.48 (m, 1.8H), 4.34 (t, /= 6.3 Hz, 2.0H), 3.93 —=3.91 (m, 11.4H), 2.89
—2.81 (m, 0.9H), 2.62 (td, /= 7.1, 1.3 Hz, 2.0H), 2.12 (quin, J = 6.7 Hz, 2.0H), 1.24 (d, /= 7.2 Hz,
2.7H).

Linear (major): 3C NMR (101 MHz, CDCl3) §c 201.4, 166.4, 153.2, 148.8, 123.7, 122.6, 112.1,
110.4, 64.0, 56.1, 56.1, 40.8, 21.7.

Branched (minor): BC NMR (101 MHz, CDCls) 8¢ 202.2, 166.2, 153.3, 148.8, 123.8, 122.2, 112.1,
110.4, 64.0, 56.1, 56.1, 46.1, 10.8.

HRMS (ESI") m/z calcd. for C13H160sNa [M+Na]": 275.0890, found: 275.0891.

6-(2-((2,6-Dichlorobenzyl)oxy)ethoxy)hexanal (Linear) (31)

@iio\/\o/\/\/\n/“

Cl (o)
Linear

The title compound 31 was prepared using the General Procedure with 1,3-dichloro-2-((2-(pent-4-
en-1-yloxy)ethoxy)methyl)benzene (289 mg, 1.00 mmol). Purification via FCC (pentane/DCM 1:1
to DCM/Acetone 19:1) afforded 31 as a colourless oil (307 mg, 0.962 mmol, 96%, [:b =>20:1).
Linear (major): "H NMR (400 MHz, CDCl3) &1 9.75 (t, /= 1.8 Hz, 1H), 7.31 — 7.29 (m, 2H), 7.19
—7.15 (m, 1H), 4.82 (s, 2H), 3.70 — 3.68 (m, 2H), 3.61 — 3.59 (m, 2H), 3.46 (t, /= 6.5 Hz, 2H), 2.42
(td, J=17.4, 1.8 Hz, 2H), 1.68 — 1.56 (m, 4H), 1.42 — 1.35 (m, 2H). 1¥*C NMR (101 MHz, CDCIs) 8¢
202.9, 137.1, 133.5, 130.0, 128.5, 71.1, 70.2, 70.1, 67.7, 44.0, 29.6, 25.9, 22.0.

Linear in accordance with literature.?’
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tert-Butyl (3,4-dimethoxyphenethyl)(4-oxobutyl)carbamate (Linear) and tert-bu-
tyl (3,4-dimethoxyphenethyl)(2-methyl-3-oxopropyl)carbamate (Branched) (32)

MeOD\/\ MeOD\/\ o
MeO l;l/\/\C’H and MeO r;l/\Hj\H
Boc o Boc

Linear Branched
The title compounds 32 were prepared using the General Procedure with tert-butyl allyl(3,4-di-
methoxyphenethyl)carbamate (321 mg, 1.00 mmol). Purification via FCC (DCM to DCM/acetone
19:1) afforded 32 as a colourless oil (339.8 mg, 0.967 mmol, 97%, /:b = 10:1).
Linear (major) and Branched (minor): '"H NMR (400 MHz, CDCl3) [rotameric mixture] 81 9.76
—9.75 (m, 1.0H), 9.65 — 9.64 (m, 0.1H), 6.80 — 6.68 (m, 3.3H), 3.87 — 3.85 (m, 6.6H), 3.49 — 3.29
(m, 2.3H), 3.24—-3.07 (m, 2.2H), 2.82 —2.70 (m, 2.2H), 2.48 —2.38 (m, 2.0H), 1.87 — 1.75 (m, 2.0H),
1.45 (s, 9.9H), 1.07 (dd, J= 7.2, 1.7 Hz, 0.3H). 3C NMR (101 MHz, CDCIl3) [rotameric mixture] &c
203.5,203.3,201.7,201.4, 155.5, 155.3, 148.8, 147.5, 131.7, 131.6, 120.7, 112.0, 111.3, 79.5, 79 .4,
55.9,55.8,50.5,49.3,49.2, 48.4, 46.7, 46.4, 41.0, 40.8, 34.7, 34.0, 28.4, 28.3, 21.0, 20.8, 11.7.
HRMS (ESI") m/z calcd. for C1oH200sNNa [M+Na]": 374.1938, found: 374.1942.
Linear in accordance with literature.*
4-(4-Methoxyphenyl)butanal-1,3-d; (Linear) (33)

D, 5%
D, 94%

meo” X-48%,° ©

Linear

The title compound 33 were prepared using the General Procedure with p-allylanisole (148 mg, 1.00
mmol) and methanol-ds (61 pL) in the syngas-releasing chamber. Purification via FCC (pen-
tane/DCM 4:1 to DCM) afforded 33 as a colourless oil (166.1 mg, 0.922 mmol, 92%, [:b = >20:1,
1.99 D-incorporation).

Linear (major): '"H NMR (400 MHz, CDCI3) 61 9.75 (t, J= 1.6 Hz, 0.06H, 94% D), 7.11 — 7.07 (m,
2.0H), 6.85 — 6.82 (m, 2.0H), 3.79 (s, 3.0H), 2.62 — 2.59 (m, 2.0H), 2.45 — 2.42 (m, 1.9H, 5% D),
1.97 — 1.88 (m, 1.05H, 48% D). 2H NMR (61 MHz, CDCI3) 8p 9.79 (bs, 1.00D), 2.43 (bs, 0.08D),
1.93 (0.88D). I3C NMR (101 MHz, CDCl3) 8¢ 202.5 —202.0 (m, D), 158.1, 133.4, 129.5, 114.0, 55 4,
43.0 —42.9 (m, D), 34.1, 24.0 — 23.4 (m, D). HRMS (ESI") m/z caled. for C11H12°’H202Na [M+Na]":
203.1012, found: 203.1012.

XXVIII



Intens.
x105

1.0

0.8

0.6

0.4

202.0950

203.1012
[M-d: + Na]"

204.1064

+MS, 0.2-0.4min #12-26

oa (B ” "[M-ds N . -

0.0 / A \ ! )\ jM-di + Na]” |[M-ds + NaJ”
4-(4-Methoxyphenyl)butanal-1-*C  (Linear) and  3-(4-methoxyphenyl)-2-
methylpropanal-1-*C (Branched) (34)

13_H
oY - OX
o) 3¢y
MeO MeO H” S0

Linear Branched

The title compounds 34 were prepared using the General Procedure with p-allylanisole (148 mg, 1.00
mmol) and methanol-1*C (61 pL) in the syngas-releasing chamber. Purification via FCC (pen-
tane/DCM 4:1 to DCM) afforded 34 as a colourless oil (175.6 mg, 0.980 mmol, 98%, I:b6 = 10:1).
Linear (major) and Branched (minor): 'H NMR (400 MHz, CDCl3) 1 9.75 (dt, J=170.7, 1.5 Hz,
1.0H), 9.71 (dd, J=169.9, 1.5 Hz, 0.1H), 7.11 — 7.07 (m, 2.2H), 6.85 — 6.82 (m, 2.2H), 3.79 (s, 3.3H),
3.05-2.99 (m, 0.1H), 2.66 — 2.53 (m, 2.2H), 2.44 (tdd, J=17.5, 6.1, 1.7 Hz, 2.0H), 1.93 (quind, J =
7.4,4.5 Hz, 2.0H), 1.08 (dd, /= 6.8, 5.3 Hz, 0.3H).

Linear (major): '*C NMR (101 MHz, CDCl3) 8¢ 202.2 (*C), 157.9, 133.2. 129.3, 113.8, 55.1, 43.0
(d, J=38.6 Hz), 34.0 (d, /= 3.6 Hz), 23.8 (d, /= 1.5 Hz).

Branched (minor): 3C NMR (101 MHz, CDCl3) 3¢ 204.4 (**C), 158.1, 130.7 (d, J= 3.2 Hz), 129.9,
113.8, 55.1,48.1 (d, J=38.7 Hz), 35.7, 13.0.

HRMS (ESI") m/z calcd. for C10'*CH1402Na [M+Na]*: 202.0920, found: 202.0918.
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Starting materials

p-Allyltoluene (35)

A

To a COtube was added p-bromotoluene (3.42 g, 20.0 mmol), magnesium turnings (583 mg, 24.0
mmol), and anhydrous THF (20 mL) followed by stirring for 1 h. The resulting suspension was added
a solution of allyl bromide (2.0 mL, 24 mmol) in anhydrous THF (10 mL). The reaction mixture was
refluxed overnight followed by quenching with water (20 mL). The aqueous phase was extracted with
Et20 (3 x 20 mL) and the combined organic phases were dried over MgSOs, filtered, and concentrated
in vacuo. Purification via FCC (pentane) afforded 35 as a colourless oil (841 mg, 6.36 mmol, 32%).
'"H NMR (400 MHz, CDCI3) 6 7.13 — 7.08 (m, 4H), 5.97 (ddt, J = 16.9, 10.1, 6.7 Hz, 1H), 5.11 —
5.04 (m, 2H), 3.36 (d, J = 6.7 Hz, 2H), 2.33 (s, 3H). 3C NMR (101 MHz, CDCl3) &c 137.9, 137.1,
135.7,129.2, 128.6, 115.7, 40.0, 21.2.

In accordance with literature.>

2-Allyl-1,3-5-triisopropylbenzene (36)

o7
ipr ipr

Using Schlenk technique; a three-necked 50-mL round-bottom flask fitted with a reflux condenser, a
rubber septum, and a stopcock attached to the Schlenk line was added magnesium turnings (583 mg,
24.0 mmol), anhydrous THF (20 mL), and 1,2-dibromoethane (2 drops) at room temperature. The
solution was slowly added 2,4,6-triisopropylbromobenzene (5.0 mL, 20 mmol) while the temperature
was increased to reflux. After addition, the reaction mixture was stirred at reflux for 2 h and then
allowed to cool to room temperature. A separate three-necked 100-mL round-bottom flask fitted with
areflux condenser, a rubber septum, and a stopcock attached to the Schlenk line was added anhydrous
THF (20 mL) and allyl bromide (16.9 mL, 200 mmol) at room temperature. The Grignard solution
was slowly cannulated into the allyl bromide solution. After addition, the reaction mixture was stirred
at reflux overnight. The reaction mixture was allowed to cool to room temperature and quenched with
water (20 mL). The solution was transferred to a separatory funnel, diluted with heptane (200 mL),

and the organic phase was washed with brine (2 x 100 mL). The organic phase was dried over MgSOs4,

XXX



filtered, and concentrated in vacuo. Purification via FCC (pentane) followed by distillation afforded
36 as a colourless oil (2.52 g, 10.3 mmol, 52%)).

'"H NMR (400 MHz, CDCl3) 8u 7.01 (s, 2H), 5.99 (ddt, J = 17.1, 10.7, 5.4 Hz, 1H), 5.01 (dq, J =
10.2, 1.9 Hz, 1H), 4.86 (dq, J=17.1, 2.0 Hz, 1H), 3.47 (dt, J = 5.4, 2.0 Hz, 2H), 3.14 (sept, J = 6.8
Hz, 2H), 2.89 (sept, J = 6.9 Hz, 1H), 1.27 (d, J = 6.9 Hz, 6H), 1.23 (d, J = 6.8 Hz, 12H). 3C NMR
(101 MHz, CDCls) &c 147.1, 146.8, 138.1, 130.5, 121.0, 115.1, 34.3,31.7,29.4, 24.4, 24 2.

In accordance with literature.’!

p-Allylbromobenzene (37)

JTT

To a COtube was added copper(l) iodide (1.19 g, 6.25 mmol) and anhydrous THF (115 mL), followed
by dropwise addition of vinylmagnesium bromide (1.0 M in THF, 37.5 mL, 37.5 mmol) at -50 °C.
After stirring for 10 min, a solution of benzyl bromide (6.25 g, 25.0 mmol) in anhydrous THF (30
mL) was added slowly. The resulting reaction mixture was stirred at -50 °C for 1 h and then allowed
to warm to room temperature followed by stirring overnight. The reaction mixture was filtered
through Celite®, quenched with water (50 mL), followed by evaporation of bulk THF in vacuo. The
resulting suspension was transferred to a separatory funnel and the aqueous phase was acidified with
4 M HCI. The aqueous phase was extracted with DCM (3 x 50 mL) and the combined organic phases
were dried over MgSOu, filtered, and concentrated in vacuo. Purification via FCC (pentane) afforded
37 as a colourless oil (4.29 g, 21.8 mmol, 87%).

'H NMR (400 MHz, CDCl3) &1 7.41 (d, J= 8.4 Hz, 2H), 7.07 (d, J= 8.3 Hz, 2H), 5.93 (ddt, /= 17.0,
10.5, 6.7 Hz, 1H), 5.11 — 5.04 (m, 2H), 3.34 (d, J = 6.6 Hz, 2H). *C NMR (101 MHz, CDCl3) 8¢
139.1, 136.9, 131.6, 130.1, 120.0, 116.4, 39.7.

In accordance with literature.’?

p-Allylphenol tosylate (38)

o~
TsO

To a COtube was added p-allylphenol (671 mg, 5.00 mmol), DCM (10 mL), tosyl chloride (1.43 g,
7.50 mmol), followed by triethylamine (1.4 mL, 10 mmol) at room temperature. The reaction mixture

was stirred for 1 h at the same temperature. The solution was transferred to a separatory funnel, diluted

with DCM (40 mL), and the organic phase was washed with 1 M NaOH (3 x 20 mL). The organic
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phase was dried over MgSOu, filtered, and concentrated in vacuo. Purification by AFCC (heptane to
heptane/EtOAc 15%) afforded 38 as a white solid (1.33 g, 4.60 mmol, 92%).

'"H NMR (400 MHz, CDCl3) 61 7.70 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 8.4
Hz, 2H), 6.89 (d, J = 8.5 Hz, 2H), 5.91 (ddt, J=16.9, 10.2, 6.7 Hz, 1H), 5.15 — 4.86 (m, 2H), 3.34
(d, J=6.7 Hz, 2H), 2.45 (s, 3H). 3C NMR (101 MHz, CDCl3) 8c 148.1, 145.4, 139.2, 136.9, 132.6,
129.9, 129.8, 128.7, 122.4, 116.5, 39.6, 21.9.

In accordance with literature.’

p-Allylphenylboronic acid pinacol ester (39)

o
PinB

Using Schlenk technique; a Schlenk tube was added p-allylbromobenzene (985 mg, 5.00 mmol) and
dry THF (5 mL) followed by cooling to -78 °C. n-BuLi (2.5 M in hexanes, 2.4 mL, 6.0 mmol) was
added dropwise and the reaction mixture was stirred for 1 h at -78 °C. Isopropyl pinacol borate (1.1
mL, 5.5 mmol) was added dropwise and the reaction mixture was stirred for an additional 30 min at
-78 °C. The reaction mixture was allowed to warm to room temperature and stirred overnight. The
reaction mixture was quenched with water (15 mL) and the aqueous phase was extracted with DCM
(3 x 15 mL). The combined organic phases were dried over NaxSOs, filtered, and concentrated in
vacuo. Purification via FCC (pentane to pentane/Et20 19:1) afforded 39 as a colourless oil (8§79 mg,
3.60 mmol, 72%).

"H NMR (400 MHz, CDCl3) 81 7.75 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.1 Hz, 2H), 5.96 (ddt, J = 15.8,
10.4, 6.7 Hz, 1H), 5.11 — 5.06 (m, 2H), 3.41 (d, J = 6.7 Hz, 2H), 1.34 (s, 12H). '*C NMR (101 MHz,
CDCls) éc 143.6, 137.3, 135.1, 128.2, 116.1, 83.8, 40.5, 25.0.

In accordance with literature.*?

p-Allylphenol (40)

o~
HO

To a COtube was added 4-allylanisole (741 mg, 5.00 mmol) and anhydrous DCM (5 mL), followed
by dropwise addition of BBr3 (0.52 mL, 5.5 mmol) at 0 °C. The reaction mixture was stirred for 1 h
at the same temperature. The reaction mixture was carefully quenched with water (10 mL) followed
by extraction with DCM (3 x 10 mL). The combined organic phases were dried over Na2SOs, filtered,
and concentrated in vacuo. Purification by AFCC (heptane to heptane/EtOAc 1:3) afforded 40 as a
colourless oil (408 mg, 3.04 mmol, 61%).
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TH NMR (400 MHz, CDCl3) &u 7.06 (d, J = 8.5 Hz, 2H), 6.77 (d, J = 8.5 Hz, 2H), 6.00 — 5.90 (m,
1H), 5.09 — 5.03 (m, 2H), 4.64 — 4.62 (m, 1H), 3.32 (d, J= 6.8 Hz, 2H). '3C NMR (101 MHz, CDCl)
Sc 153.9, 138.0, 132.4, 129.9, 115.6, 115.4, 39.5.

In accordance with literature.>*

p-Allylphenoxy(zert-butyl)dimethylsilane (41)

o
TBSO

To a COtube was added p-allylphenol (671 mg, 5.00 mmol), DMF (5 mL), imidazole (681 mg, 10.0
mmol), and TBSCI (1.13 g, 7.50 mmol). The reaction mixture was stirred at room temperature for 4
h followed by quenching with water (5 mL). The aqueous phase was extracted with DCM (3 x 10
mL). The combined organic phases were dried over Na2SOs4, filtered, and concentrated in vacuo.
Purification via FCC (pentane to pentane/EtOAc 9:1) afforded 41 as a colourless oil (1.11 g, 4.46
mmol, 89%).

'"H NMR (400 MHz, CDCI3) &u 7.05 — 7.02 (m, 2H), 6.78 — 6.75 (m, 2H), 5.96 (ddt, J = 15.7, 10.7,
6.7 Hz, 1H), 5.08 — 5.03 (m, 2H), 3.32 (d, J= 6.7 Hz, 2H), 0.98 (s, 9H), 0.19 (s, 6H). 3C NMR (101
MHz, CDCl3) éc 154.0, 138.1, 132.8, 129.6, 120.1, 115.5, 39.6, 25.8, 18.3, -4.3.

In accordance with literature.®>

Methyl 4-allylbenzoate (42)

O
MeO,C

A COtube charged with 4-methoxycarbonylphenylboronic acid (1.80 g, 10.0 mmol) and K2CO3 (3.46
g, 25.0 mmol) was transferred to a glovebox, where Pd(PPhs)4 (578 mg, 0.5 mmol), DME (20 mL),
and water (10 mL) was added. Outside the glovebox, allyl bromide was added via syringe (1.3 mL,
15 mmol). The reaction mixture was heated to 90 °C and stirred overnight. The mixture was diluted
with brine (50 mL) followed by extraction with Et2O (3 x 50 mL). The combined organic phases were
dried over MgSOs, filtered, and concentrated in vacuo. Purification via AFCC (heptane to hep-
tane/EtOAc 49:1) afforded the 42 as a colourless oil (1.24 g, 7.01 mmol, 70%).

'"H NMR (400 MHz, CDCl3) &u 7.98 — 7.95 (m, 2H), 7.27 — 2.25 (m, 2H), 5.96 (ddt, J = 17.0, 10.5,
6.7 Hz, 1H), 5.12 — 5.07 (m, 2H), 3.90 (s, 3H), 3.44 (d, /= 6.6 Hz, 2H). 1*C NMR (101 MHz, CDCl5)
dc 167.2,145.6, 136.5, 129.9, 128.8, 128.2, 116.7, 52.1, 40.3.

In accordance with literature.>
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p-Allylaniline (43)

O
H,N

To a COtube was added Cu20 (286 mg, 2.00 mmol), p-allylbromobenzene (1.97 g, 10.0 mmol), N-
methyl-2-pyrrolidone (6.5 mL), and NH4OH (25% in water, 6.5 mL) followed by stirring for 2 d at
80 °C. The reaction mixture was transferred to a separatory funnel and diluted with water (25 mL).
The aqueous phase was acidified with 4 M HCl and extracted with DCM (3 x 25 mL). The combined
organic phases were discarded. The aqueous phase was basified with 4 M NaOH and extracted with
DCM (3 x 25 mL). The combined organic phases were dried over MgSOu, filtered, and concentrated
in vacuo. Purification via FCC (pentane to pentane/acetone 19:1) afforded 43 as a colourless oil (853
mg, 6.40 mmol, 64%).

'"H NMR (400 MHz, CDCl3) &1 7.00 — 6.97 (m, 2H), 6.66 — 6.63 (m, 2H), 5.95 (ddt, J = 16.8, 10.0,
6.7 Hz, 1H), 5.08 — 5.01 (m, 2H), 3.57 (bs, 2H), 3.29 (d, J = 6.7 Hz, 2H). 1*C NMR (101 MHz,
CDCl3) oc 144.6, 138.3, 130.2, 129.5, 115.4, 115.3, 39.5.

In accordance with literature.’’

p-Allyl-N,N-dimethylaniline (44)

o
MezN

To a round-bottomed flask was added p-allylaniline (400 mg, 3.00 mmol), acetic acid (10 mL), par-
aformaldehyde (901 mg, 30.0 mmol), and NaBH3CN (943 mg, 15.0 mmol) followed by stirring at
room temperature overnight. The reaction mixture was quenched and basified with 1 M NaOH, and
the aqueous phase was extracted with CHCIs (3 x 25 mL). The combined organic phases were dried
over MgSOs4, filtered, and concentrated in vacuo. Purification via AFCC (heptane to heptane/EtOAc
19:1) afforded 44 as a colourless oil (352 mg, 2.18 mmol, 73%).

"H NMR (400 MHz, CDCI3) &u 7.10 — 7.07 (m, 2H), 6.74 — 6.72 (m, 2H), 5.98 (ddt, J = 16.7, 10.0,
6.7 Hz, 1H), 5.10 — 5.02 (m, 2H), 3.32 (d, J= 6.7 Hz, 2H), 2.93 (s, 6H). 1*C NMR (101 MHz, CDCl5)
dc 149.4, 138.5,129.3, 128.3, 115.1, 113.2,41.0, 39.4.

In accordance with literature.*®

tert-Butyl 4-allylphenylcarbamate (45)

O
BocHN
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To a round-bottomed flask was added p-allylaniline (400 mg, 3.00 mmol), triethylamine (2 mL),
methanol (8 mL), and Boc20 followed by stirring at room temperature overnight. The reaction mix-
ture was diluted with EtOAc (30 mL) and the organic phase was washed with 0.5 M HCI (15 mL)
and saturated NaOH aqueous solution (3 x 15 mL), dried over NaxSOQu, filtered, and concentrated in
vacuo. Purification via AFCC (heptane to heptane/EtOAc 9:1) afforded 45 as a white solid (519 mg,
2.23 mmol, 74%).

'H NMR (400 MHz, CDCI3) 81 7.29 — 7.27 (m, 2H), 7.11 — 7.09 (m, 2H), 6.40 (bs, 1H), 5.94 (ddt, J
=16.0, 10.6, 6.7 Hz, 1H), 5.08 — 5.03 (m, 2H), 3.33 (d, J = 6.7 Hz, 2H), 1.51 (s, 9H). 3C NMR (101
MHz, CDCl3) &c 153.0, 137.7, 136.5, 134.8, 129.2, 118.9, 115.8, 80.5, 39.7, 28.5. HRMS (ESI") m/z
calcd. for C14H19NO2Na [M+Na]*: 256.1308, found: 256.1307.

O
O,N

A three-necked round-bottomed flask was charged with 1-bromo-4-nitrobenzene (2.02 g, 10.0 mmol)

p-Allylnitrobenzene (46)

and dioxane (110 mL), and the mixture was degassed with argon for 10 minutes. Pd(PPhs)4 (289 mg,
0.250 mmol, 2.5 mol%), a solution of K2CO3 (2.76 g, 20.0 mmol) in degassed water (20 mL), and
allylboronic acid pinacol ester (1.85 g, 11.0 mmol) was added to the reaction mixture. The reaction
mixture was brought to reflux and allowed to stir overnight. After cooling to room temperature, the
reaction mixture was extracted with EtOAc (3 x 30 mL). The combined organic phases were dried
over Na2SOu, filtered, and concentrated in vacuo. Purification via AFCC (heptane) afforded 46 as a
pale-yellow oil (475 mg, 2.91 mmol, 29%).

'"H NMR (400 MHz, CDCl3) &1 8.17 — 8.14 (m, 2H), 7.36 — 7.33 (m, 2H), 5.94 (ddt, J=16.8, 10.1,
6.7 Hz, 1H), 5.18 — 5.10 (m, 2H), 3.49 (d, J = 6.7 Hz, 2H). 3C NMR (101 MHz, CDCl3) c 147.9,
146.7, 135.6, 129.5, 123.8, 117.6, 40.0.

In accordance with literature.*®

p-Allylbenzonitrile (47)

AT

A round-bottomed flask was charged with 4-cyanophenylboronic acid (2.94 g, 20.0 mmol), Na:CO3
(3.82 g, 36.0 mmol), THF (80 mL), and water (20 mL). The mixture was degassed with argon for 10
min, followed by the addition of Pd(PPhs)4 (462 mg, 0.400 mmol) and allyl bromide (2.5 mL, 30
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mmol). The flask was fitted with a reflux condenser and the reaction mixture was stirred at reflux
overnight. The reaction mixture was cooled to room temperature, diluted with brine (10 mL), and
extracted by Et20 (3 x 10 mL). The combined organic phases were dried over Na2SOs, filtered, and
concentrated in vacuo. Purification via AFCC (pentane to pentane/Et20 49:1) afforded 47 as a col-
ourless oil (564 mg, 3.94 mmol, 79%).

"H NMR (400 MHz, CDCl3) 81 7.59 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 8.2 Hz, 2H), 5.92 (ddt, J = 16.8,
10.1, 6.7 Hz, 1H), 5.19 — 5.06 (m, 2H), 3.44 (d, J = 6.7 Hz, 2H). 3*C NMR (101 MHz, CDCl3) 8¢
145.8, 135.8,132.4, 129.5, 119.2, 117.4, 110.2, 40.3.

In accordance with literature.*°

p-Allylthioanisole (48)

o
MeS

In a glovebox; to a round-bottomed flask was added 4-(methylthio)phenylboronic acid (1.68 g, 10.0
mmol), Pd(PPhs)4 (231 mg, 0.200 mmol), K2COs3 (3.46 g, 25.0 mmol), THF (20 mL), water (5 mL),
and allyl bromide (1.3 mL, 15 mmol). Outside the glovebox, the reaction mixture was heated to reflux
followed by stirring overnight. The reaction mixture was cooled to room temperature followed by
quenching with brine (25 mL). The aqueous phase was extracted with Et2O (3 x 25 mL). The com-
bined organic phases were dried over MgSOs, filtered, and concentrated in vacuo. Purification via
AFCC (heptane to heptane/EtOAc 99:1) afforded 48 as a colourless oil (782 mg, 4.76 mmol, 48%).
'"H NMR (400 MHz, CDCl3) 8u 7.23 — 7.20 (m, 2H), 7.14 — 7.10 (m, 2H), 5.95 (ddt, J = 17.8, 9.2,
6.6 Hz, 1H), 5.10 — 5.05 (m, 2H), 3.35 (d, /= 6.7 Hz, 2H), 2.47 (s, 3H). 13C NMR (101 MHz, CDCl5)
oc 137.4,137.3,135.8, 129.3, 127.3, 116.0, 39.8, 16.4.

In accordance with literature.*!

4-(p-Methoxyphenyl)but-1-ene (49)

MeO
\©\/\/

To a COtube was added 4-methoxybenzyl chloride (3.92 g, 25.0 mmol) in dry THF (50 mL) followed
by slow addition of allylmagnesium bromide (1 M in THF, 50 mL, 50 mmol) at 0 °C. The reaction
mixture was allowed to warm to room temperature followed by stirring for 4 h. The reaction mixture
was quenched with a saturated NH4Cl aqueous solution (50 mL). The aqueous phase was extracted

with Et2O (3 x 50 mL). The combined organic phases were dried over MgSOs, filtered, and
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concentrated in vacuo. Purification via AFCC (heptane to heptane/EtOAc 99:1) afforded 49 as a col-
ourless oil (3.36 g, 20.7 mmol, 83%).

'"H NMR (400 MHz, CDCl3) &u 7.13 — 7.10 (m, 2H), 6.85 — 6.82 (m, 2H), 5.83 (ddt, J=16.9, 10.2,
6.6 Hz, 1H), 5.04 (dq, J=17.1, 1.7 Hz, 1H), 5.00 — 4.96 (m, 1H), 3.79 (s, 3H), 2.66 (t, J = 7.4 Hz,
2H), 2.38 — 2.32 (m, 2H). 13C NMR (101 MHz, CDCls) ¢ 157.9, 138.3, 134.1, 129.4, 115.0, 113.8,
55.4,35.9, 34.6.

In accordance with literature.*?

N-(4-(But-3-en-1-yloxy)phenyl)acetamide (50)

o ()/0\/\/
)LH

To a COtube was added 4-acetamidophenol (1.51 g, 10.0 mmol), potassium carbonate (2.76 g, 20.0
mmol), and acetonitrile (50 ml). The mixture was refluxed for 1 h before being added 1-bromo-3-
butene (1.2 mL, 12 mmol). The reaction mixture was stirred overnight at reflux. The resultant sus-
pension was filtered through Celite® followed by concentration in vacuo. The residue was redis-
solved in EtOAc (100 mL) and the organic phase was washed with a saturated solution of sodium
carbonate (2 x 25 mL) and brine (25 mL). The organic phase was dried over MgSQOs, filtered, and
concentrated in vacuo. Purification via AFCC (heptane to heptane/EtOAc 1:4) afforded 50 as a white
solid (1.35 g, 6.59 mmol, 66%).

'"H NMR (400 MHz, CDCl3) 8u 7.41 (bs, 1H), 7.39 — 7.35 (m, 2H), 6.85 — 6.81 (m, 2H), 5.89 (ddt, J
=17.1,10.2, 6.7 Hz, 1H), 5.18 — 5.09 (m, 2H), 3.98 (t, /= 6.7 Hz, 2H), 2.4 — 2.49 (m, 2H), 2.13 (s,
3H). 3C NMR (101 MHz, CDCIs) &¢c 168.5, 155.9, 134.5, 131.2, 122.0, 117.2, 115.0, 67.6, 33.8,
24.4.

In accordance with literature.*?

2-Methoxy-6-vinylnaphthalene (51)

To a round-bottomed flask was added methyltriphenylphosphonium bromide (7.15 g, 20.0 mmol),
potassium tert-butoxide (2.24 g, 20.0 mmol), and dry THF (40 mL). The mixture was stirred for 30
min at room temperature before being added 6-methoxy-2-naphthaldehyde (1.86 g, 10.0 mmol) fol-
lowed by stirring overnight at the same temperature. The reaction mixture was quenched with a sat-

urated NH4Cl aqueous solution (30 mL) and the aqueous phase was extracted with Et2O (3 x 30 mL).
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The combined organic phases were dried over MgSOu, filtered, and concentrated in vacuo. Purifica-
tion via AFCC (heptane to heptane/EtOAc 19:1) afforded 51 as a white solid (1.78 g, 9.68 mmol,
97%).

'"H NMR (400 MHz, CDCl3) 8u 7.72 — 7.69 (m, 3H), 7.61 (dd, J = 8.8, 1.6 Hz, 1H), 7.15 — 7.12 (m,
2H), 6.85 (dd, J=17.6, 10.9 Hz, 1H), 5.82 (dd, J=17.6, 0.9 Hz, 1H), 5.28 (dd, /= 10.9, 0.9 Hz, 1H),
3.92 (s, 3H). 3C NMR (101 MHz, CDCl3) 8¢ 157.9, 137.1, 134.4, 133.1, 129.7, 129.1, 127.1, 126.3,
123.9,119.1, 113.2, 106.0, 55.5.

In accordance with literature.?’

(1S,2R,4R)-1-1sopropyl-4-methyl-2-(pent-4-en-1-yloxy)cyclohexane (52)

WINS 1N ANF

In a COtube, a stirring solution of (-)-menthol (1.56 g, 10.0 mmol) in dry DMF (20 mL) was added
NaH (60%, 800 mg, 20.0 mmol) at 0 °C. After stirring for 30 min, 5-bromopentene (1.8 mL, 15
mmol) was added and the reaction mixture was allowed to warm to room temperature. The reaction
mixture was stirred overnight followed by quenching with a saturated NH4Cl aqueous solution (20
mL). The aqueous phase was extracted with Et20 (3 x 20 mL). The combined organic phases were
dried over MgSOs4, filtered, and concentrated in vacuo. Purification via FCC (pentane to pentane/Et2O
19:1) afforded 52 as a colourless oil (706 mg, 3.15 mmol, 32%).

'"H NMR (400 MHz, CDCl3) 6u 5.82 (ddt, J= 16.9, 10.2, 6.7 Hz, 1H), 5.05 — 4.94 (m, 2H), 3.63 (dt,
J=9.1,6.2 Hz, 1H), 3.27 (dt, J=9.1, 6.8 Hz, 1H), 2.99 (td, J = 10.5, 4.1 Hz, 1H), 2.28 — 2.06 (m,
4H), 1.73 — 1.56 (m, 4H), 1.40 — 1.27 (m, 1H), 1.25 - 1.18 (m, 1H), 1.01 — 0.82 (m, 9H), 0.77 (d, J =
6.9 Hz, 3H). *C NMR (101 MHz, CDCls) &c 138.7, 114.7, 79.3, 67.9, 48.5, 40.7, 34.8, 31.7, 30.6,
29.6,25.7,23.5,22.5,21.1, 16.4.

In accordance with literature.**

1,2:5,6-Di-O-isopropylidene-3-O-pentenyl-a-D-glucofuranose (53)

e ,,,)T

In a COtube, a stirring solution of 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (2.60 g, 10.0
mmol) in dry DMF (20 mL) was added NaH (60%, 800 mg, 20.0 mmol) at 0 °C. After stirring for 30
min, 5-bromopentene (1.8 mL, 15 mmol) was added and the reaction mixture was allowed to warm

to room temperature. The reaction mixture was stirred overnight followed by quenching with a
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saturated NH4Cl aqueous solution (20 mL). The aqueous phase was extracted with Et2O (3 x 20 mL).
The combined organic phases were dried over MgSOu, filtered, and concentrated in vacuo. Purifica-
tion via FCC (pentane to pentane/EtOAc 9:1) afforded 53 as a colourless oil (2.92 g, 8.89 mmol,
89%).
'"H NMR (400 MHz, CDCI3) 6u 5.87 (d, J= 3.7 Hz, 1H), 5.79 (ddt, J= 16.9, 10.2, 6.7 Hz, 1H), 5.05
—4.95 (m, 2H), 4.52 (d, J=3.7 Hz, 1H), 4.33 — 4.28 (m, 1H), 4.12 — 4.06 (m, 2H), 3.98 (dd, J = 8.5,
5.9 Hz, 1H), 3.85 (d, J=3.1 Hz, 1H), 3.64 —3.59 (m, 1H), 3.54 — 3.49 (m, 1H), 2.15-2.10 (m, 2H),
1.66 (quin, J = 6.6 Hz, 2H), 1.49 (s, 3H), 1.42 (s, 3H), 1.34 (s, 3H), 1.31 (s, 3H). *C NMR (101
MHz, CDCl3) é¢ 138.2, 115.1,111.9, 109.0, 105.4, 82.6, 82.2, 81.3, 72.6, 69.8, 67.4, 30.3, 29.0, 27.0,
26.9,26.4,25.5.
In accordance with literature.*’
8-Allyl-8-azaspiro[4.5]decane-7,9-dione (54)
o
NN
o

To a COtube was added 8-azaspiro[4.5]decane-7,9-dione (3.34 g, 20.0 mmol), K2CO3 (5.53 g, 40.0
mmol), acetone (40 mL), and allyl bromide (8.5 mL, 100 mmol). The reaction mixture was stirred at
reflux overnight. The reaction mixture was filtered through Celite® and the filtrate was concentrated
in vacuo. Purification via FCC (pentane to pentane/EtOAc 9:1) afforded 54 as a colourless oil (1.35
g, 6.49 mmol, 32%).

'"H NMR (400 MHz, CDCl3) 8u 5.78 (ddt, J=17.1, 10.2, 5.8 Hz, 1H), 5.19 — 5.11 (m, 2H), 4.37 (dt,
J=5.7,14 Hz, 2H), 2.61 (s, 4H), 1.73 — 1.69 (m, 4H), 1.53 — 1.49 (m, 4H). '3C NMR (101 MHz,
CDCl3) 6c 172.0, 132.2, 117.5,45.0,41.7,39.7, 37.8, 24.3.

In accordance with literature.?’

17a-Allyl-estra-1,3,5(10)-trien-3,17p-diol (55)

In a COtube, a stirring solution of estrone (1.35 g, 5.0 mmol) in dry THF (40 mL) was added al-
lylmagnesium bromide (0.7 M in Et20, 21 mL, 15 mmol) dropwise at -78 °C. The reaction mixture

was allowed to slowly warm to room temperature over 4 h before being stirred at room temperature

XXXIX



for 2 h. The reaction mixture was quenched with a saturated NH4Cl aqueous solution (50 mL). The
aqueous phase was extracted with Et20 (3 x 50 mL). The combined organic phases were dried over
MgSO0s4, filtered, and concentrated in vacuo. Purification via AFCC (heptane to heptane/EtOAc 1:1)
afforded almost pure 55. Recrystallization from heptane/methanol afforded 55 as a white solid (1.00
g, 3.21 mmol, 64%).

'"H NMR (400 MHz, methanol-ds) du 7.16 (d, J = 8.4 Hz, 1H), 6.63 (dd, J = 8.4, 2.8 Hz, 1H), 6.56
(d, J=2.7Hz, 1H), 6.02 (ddt, J=17.2, 10.2, 7.1 Hz, 1H), 5.23 — 5.16 (m, 2H), 4.60 (s, 1H), 2.89 —
2.77 (m, 2H), 2.40 — 2.24 (m, 3H), 2.18 — 2.12 (m, 1H), 2.04 — 1.97 (m, 1H), 1.91 — 1.86 (m, 1H),
1.69 — 1.58 (m, 4H), 1.54 — 1.27 (m, 6H), 0.93 (s, 3H). 13C NMR (101 MHz, methanol-ds) 8¢ 155.9,
138.8, 136.9, 132.6, 127.2, 117.8, 116.0, 113.7, 83.9, 51.0, 48.0, 45.2, 42.8, 41.3, 34.1, 32.7, 30.7,
28.8,27.6,24.4,15.1.

HRMS (ESI") m/z calcd. for C21H2802Na [M+Na]": 335.1982, found: 335.1981.

In accordance with literature.*¢

1,1-Diphenylpropenol (56)

C o

O =
In a COtube, a stirring solution of benzophenone (1.82 g, 10.0 mmol) in dry THF (10 mL) was added
vinylmagnesium bromide (1 M in THF, 15 mL, 15 mmol) at 0 °C. The reaction mixture was allowed
to warm to room temperature followed by stirring for 2 h. The reaction mixture was quenched with
water (20 mL) and bulk THF evaporated under reduced pressure. The suspension was transferred to
a separatory funnel, acidified with 1 M HCI, and extracted with DCM (3 x 20 mL). The combined
organic phases were dried over MgSQs, filtered, and concentrated in vacuo. Purification via FCC
(pentane to pentane/Et2O 7:1) afforded 56 as a colourless oil (2.02 g, 9.61 mmol, 96%).
'"H NMR (400 MHz, CDCl3) n 7.41 — 7.39 (m, 4H), 7.36 — 7.33 (m, 4H), 7.30 — 7.27 (m, 2H), 6.57
—6.50 (m, 1H), 5.37 — 5.35 (m, 1H), 5.32 (bs, 1H), 2.30 (bs, 1H). 1*C NMR (101 MHz, CDCls) &c
145.9, 143.6, 128.3, 127.4, 127.0, 114.2, 79.5.
In accordance with literature.*

Allyl 3,4-dimethoxybenzoate (59)

XL



o) o} NaClO, NaH,PO,

MeO Mel, K,CO3 MeO Trimethylethylene
H > H
Acetone THF/tBuOH/H,O
HO MeO

57
(o) DCC, DMAP (o)
Allyl alcohol
MeO OH y - MeO 0/\/
DCM
MeO MeO
58 59

To a COtube was added vanillin (2.28 g, 15.0 mmol), K2COs (3.11 g, 22.5 mmol), acetone (60 mL),
and Mel (1.4 mL, 23 mmol) at room temperature and the reaction mixture was refluxed for 1 h. The
reaction mixture was cooled to room temperature and the suspension filtered through celite® using
acetone. The filtrate was concentrated in vacuo and the resultant oil was filtered through a short silica
plug using Et20. The filtrate was concentration in vacuo to afford crude 57 as a colourless oil that
was used in the next step without further purification. The crude 57 was added THF (80 mL), tert-
butanol (20 mL), and 2-methyl-2-butene (12.7 mL, 120 mmol). In a separate flask, sodium chlorite
(6.78 g, 75.0 mmol) and sodium dihydrogen phosphate monohydrate (16.6 g, 120 mmol) were dis-
solved in water (50 mL). Once fully dissolved, the aqueous solution was poured into the stirring
organic solution and the resultant reaction mixture was stirred for 4 h. The solution was transferred
to a separatory funnel and diluted with EtOAc (250 mL). The aqueous phase was made acidic with 4
M HCI and the organic phase was washed with 1 M HCI (2 x 100 mL). The organic phase was dried
over MgSOs, filtered, and concentrated in vacuo. The obtained off-white solid was briefly sonicated
in Et20 (10 mL) and crude 58 (2.46 g, ~13.5 mmol, ~90% over two steps) was collected as a white
solid by vacuum filtration. The crude 58 was dissolved in dry DCM (45 mL) followed by the addition
of DCC (3.34 g, 16.2 mmol), DMAP (165 mg, 1.35 mmol), and allyl alcohol (1.4 mL, 20 mmol). The
reaction mixture was stirred overnight at room temperature. The suspension was filtered through
Celite® using DCM and the filtrate was concentrated in vacuo. Purification via FCC (pentane/DCM
1:1 to DCM) afforded 59 as a colourless oil (2.06 g, 9.27 mmol, 62% over three steps).

'"H NMR (400 MHz, CDCl3) én 7.71 (dd, J = 8.4, 2.0 Hz, 1H), 7.56 (d, J= 2.0 Hz, 1H), 6.89 (d, J=
8.4 Hz, 1H), 6.04 (ddt,J=17.3, 10.5, 5.6 Hz, 1H), 5.40 (dq, J=17.3, 1.6 Hz, 1H), 5.28 (dq, /= 10.4,
1.3 Hz, 1H), 4.81 (d, J = 5.6 Hz, 2H), 3.95 — 3.92 (m, 6H). 13C NMR (101 MHz, CDCls) &c 166.2,
153.2, 148.7, 132.6, 123.8, 122.8, 118.2, 112.1, 110.4, 65.6, 56.2, 56.1.

In accordance with literature.*’
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1,3-Dichloro-2-((2-(pent-4-en-1-yloxy)ethoxy)methyl)benzene (60)

Cl

Cl

To a COtube was added NaH (90%, 413 mg, 15.5 mmol), dry THF (25 mL), and ethylene glycol (7.2
mL, 0.13 mol) dropwise at 0 °C. The mixture was allowed to reach room temperature followed by
stirring for 30 minutes. The mixture was then cooled to 0 °C and 2,6-dichlorobenzyl bromide (3.10
g, 12.9 mmol) was added dropwise using dry THF (5 mL). The reaction mixture was heated to reflux
and stirred overnight. After cooling to room temperature, the reaction mixture was quenched with a
saturated NH4Cl aqueous solution (30 mL) and the aqueous phase was extracted with EtOAc (3 x 30
mL). The combined organic phases were dried over MgSOs, filtered, and concentrated in vacuo. The
resultant residue was filtered through a short silica plug (heptane/EtOAc 7:3) to afford crude 2-((2,6-
dichlorobenzyl)oxy)ethan-1-ol as a colourless oil (2.70 g, ~12.2 mmol, ~95%) which was used in the
next step without further purification. A COtube charged with crude 2-((2,6-dichloroben-
zyl)oxy)ethan-1-ol (2.67 g, ~12.1 mmol) was added dry DMF (15 mL) followed by NaH (90%, 436
mg, 18.2 mmol) using DMF (5 mL) at room temperature. The mixture was stirred for 30 min before
being added 5-bromopentene (2.9 mL, 24 mmol) at room temperature. The reaction mixture was
stirred overnight before being quenched with a saturated NH4Cl aqueous solution (25 mL). The aque-
ous phase was extracted with Et20 (3 x 25 mL) and the combined organic phases were dried over
MgSOs4, filtered, and concentrated in vacuo. Purification via AFCC (heptane to heptane/EtOAc 9:1)
afforded 60 as a colourless oil (2.60 g, 8.99 mmol, 74%).

'"H NMR (400 MHz, CDCl3) &u 7.32 — 7.30 (m, 2H), 7.19 — 7.15 (m, 1H), 5.81 (ddt, J=16.9, 10.2,
6.6 Hz, 1H), 5.04 — 4.93 (m, 2H), 4.83 (s, 2H), 3.72 — 3.69 (m, 2H), 3.62 — 3.60 (m, 2H), 3.47 (t,J =
6.6 Hz, 2H), 2.14 —2.08 (m, 2H), 1.71 — 1.64 (m, 2H). 3C NMR (101 MHz, CDCl3) 8¢ 138.3, 136.9,
133.4, 129.8, 128.3, 114.6, 70.6, 70.1, 70.0, 67.5, 30.2, 28.9.

In accordance with literature.?’

tert-Butyl (3,4-dimethoxyphenethyl)carbamate (61)
MeO NHBoc
To a round-bottomed flask was added 3,4-dimethoxyphenethylamine (1.82 g, 10.0 mmol), dry THF

(20 mL), Boc20 (2.40 g, 11.0 mmol), and triethylamine (4.2 mL, 30 mmol) at 0 °C. The reaction

mixture was allowed to warm to room temperature followed by stirring for 2 h. The reaction mixture

XLIT



was diluted with EtOAc (50 mL) and the organic phase was washed with 1 M HCI (3 x 25 mL),
saturated NaHCO3 (25 mL), and brine (25 mL). The organic phase was dried over MgSOs, filtered,
and concentrated in vacuo. Purification via AFCC (heptane to heptane/EtOAc 1:1) afforded 61 as a
white solid (2.67 g, 9.50 mmol, 95%).

'"H NMR (400 MHz, CDCl3) 81 6.80 (d, J = 8.0 Hz, 1H), 6.73 — 6.70 (m, 2H), 4.56 (bs, 1H), 3.86 (s,
3H), 3.85 (s, 3H), 3.34 (q, J = 6.8 Hz, 2H), 2.73 (t, J = 7.1 Hz, 2H), 1.43 (s, 9H). 1*C NMR (101
MHz, CDCls) éc 156.0, 149.1, 147.7, 131.6, 120.8, 112.1, 111.4, 79.3, 56.0, 55.9, 42.0, 35.9, 28.5.

In accordance with literature.?’

tert-Butyl allyl(3,4-dimethoxyphenethyl)carbamate (62)

Boc

A round-bottomed flask was added ters-butyl (3,4-dimethoxyphenethyl)carbamate (2.67 g, 9.50
mmol), toluene (40 mL), allyl bromide (2.4 mL, 29 mmol), K2CO3 (1.71 g, 12.4 mmol), KOH (1.60
g, 28.5 mmol), and TBAB (306 mg, 0.950 mmol). The reaction mixture was stirred at 80 °C for 6 h.
After cooling to room temperature, the reaction mixture was diluted with water (40 mL) and neutral-
ized with 4 M HCI. The aqueous phase was extracted with toluene (3 x 40 mL) and the combined
organic phases were dried over MgSOQs, filtered, and concentrated in vacuo. Purification via AFCC
(heptane to heptane/EtOAc 4:1) afforded 62 as a colourless oil (2.66 g, 8.28 mmol, 8§7%).

'"H NMR (400 MHz, CDCI3) [rotameric mixture] 8u 6.79 (d, J = 8.1 Hz, 1H), 6.75 — 6.64 (m, 2H),
5.82 —-5.68 (m, 1H), 5.16 — 5.03 (m, 2H), 3.86 (s, 3H), 3.85 (s, 3H), 3.82 — 3.68 (m, 2H), 3.43 — 3.28
(m, 2H), 2.82 — 2.68 (m, 2H), 1.45 (s, 9H). *C NMR (101 MHz, CDCl3) [rotameric mixture] d¢
155.5,149.0, 147.6, 134.4,132.1,120.9, 116.5, 116.0, 112.2, 111.4, 79.6, 56.0, 55.9, 50.4, 49.7, 48.8,
34.8,34.3, 28.5.

In accordance with literature.?’
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10 ['H NMR (400 MHz) and *C NMR (101 MHz) in CDCl]
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12 ['H NMR (400 MHz) and *C NMR (101 MHz) in CDCl]
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18 ['"H NMR (400 MHz) and *C NMR (101 MHz) in CDCl]

08T —
¥8'T
STz —
15T~
vsz”

£6'E~
96c”

189~
5897
PTL~
SEL~
6cL”

66
mh.mw.

086

e

u(o.N

/11T

*860

2.0 1.5 1.0 0.5 0.0

2.5

3.0

4.5

5.5

5 [ppm]

68T
ST~ —Ag
8'8C~ [

9'er — —

L49— -

6'PTT —

0cer — I

TIET — I

6'SST — 3

€891 — T

+'20C — —

& [ppm]

LXVI



19 ['H NMR (400 MHz) and *C NMR (101 MHz) in CDCl]

PP T
A

R.N/
18°C
mm.NM
1621
66'C \
19°€
9
€9°€
€9°€
S9°€
S9'€
L9°€
L9°€

61°L
€TL V
8T,
WL /

696
0L'6

£8°6
mw.mw

£8'6

o
[o
n
[o
Ly —
o
[~
B rooe | 2 87—
o
F e
P'Sp—
n
[ 1°€5 —
~ m 190
~ == Ws.o e
n
el
_J —_— H_”lmmo
o
<
n
<
ok
'8
w
0 .
Lo v9zT
rLen
° v'8eT
Fe v'8eT
18217
n N.mﬁ\
ro 8°LET ~
Y OpT —
o
F
—_— 8T
D 9°€ | 1n
FN
o
F o
wn
o
o
Fa
L g10z~
— F96°0 1077
o kezo| o
=3
S

oY

& [ppm]

LXVII



20 ['"H NMR (400 MHz) and *C NMR (101 MHz) in CDCl3]

986

I/

"

U

k190
F190

0'T
Kom.o

6'C

¥56'0

2.0 1.5 1.0

2.5

3.0

S [ppm]

8PT —

8C—

P'Sh~
T'eS
¥'SS
§'SS V

£°50T
8'50T
61T
S'6TT /
$'9zT

6'9¢T

e A
€21
s /21
8'/21
1621
76T |
€°6CT
£6CT
8'ZET
£'€ET |
0'bET |
9'GET
/ST
0'8ST

L

€702~
8'10c”

5 [ppm]

LXVIII
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