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Exhaustive Reduction of Esters Enabled by Nickel Catalysis

Sekar Prakash, Adam Cook, Yan-Long Zheng, Stephen G. Newman*

Centre for Catalysis Research and Innovation, Department of Chemistry and Biomolecular Sciences, University of Ot-

tawa, 10 Marie Curie, Ottawa, Ontario K1N 6N5, Canada

ABSTRACT: We report a one-step procedure to directly reduce unactivated aryl esters into their corresponding tolyl-deriv-
atives. This is achieved by the action of a Ni/NHC catalyst and an organosilane reducing agent that is activated in situ by
stoichiometric KOtBu. The resulting conditions provide a direct and efficient alternative to multi-step procedures for this
transformation that often require use of hazardous metal hydrides. Applications in the synthesis of -CD3 containing products,
derivatization of bioactive molecules, and chemoselective reduction in the presence of other C-0 bonds is demonstrated.

Introduction

The reduction of carboxylic acids, as well as their deriva-
tives such as esters and amides, is of fundamental im-
portance in organic synthesis.! This is most commonly
achieved by the action of aggressive metal hydride reducing
agents, enabling the formation of the corresponding alcohol
product.? Exhaustive reduction - that is, reduction all the
way to the methyl oxidation state - is less readily achieved.
Reasons why one may seek to perform this reaction include
the profound effects of methyl groups on bioactivity, 32 the
ability to exploit the electronic effects of an ester group
prior to reduction,c or its ability to create deuterium-la-
belled tolyl derivatives.3d-¢ In rare cases, single step trans-
formation of an ester into a methyl group can be realized,*
for example by the use of excess lithium aluminum hydride
in refluxing ethereal solvent (Scheme 1a).> More often, this
transformation is carried out by a three-step sequence via
initial reduction to the alcohol, functional group intercon-
version to an alkyl halide, and further reduction to the me-
thyl product (Scheme 1b).6 Alternatively, catalytic hydro-
genolysis can be used to reduce an alcohol to the methyl ox-
idation state (Scheme 1c).”

Scheme 1. Contemporary methods to achieve the ester-to-
methyl transformation

A LiAlH,4 (excess), reflux, 12 -24 h
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Our group and others have recently demonstrated that Ni
catalysts are capable of catalytic activation of methyl esters,
presumably initiated by oxidative addition into the C(acyl)-
0 bond.® In the course of these studies, we hypothesized
that useful catalytic reductions of these esters may be
achievable using a similar strategy. Related work from the
Martin lab for reducing anisoles to arenes (Scheme 2a),’the

Rueping lab on the reduction of phenyl esters to arenes
(Scheme 2b),1%and the Garg lab on transforming amides to
amines (Scheme 2c),!! among others,!? served as inspira-
tion that silane reagents could act as mild hydride donors in
Ni-catalyzed reactions. With this precedent in mind, we ini-
tiated a study on the reaction of silanes with methyl esters
in the presence of Ni. To our surprise, when using 1,1,3,3-
tetramethyldisiloxane (TMDSO0)!? as a reducing agent in the
presence of Ni(cod)z, 1,3-dicyclohexylimidazolium tetra-
fluoroborate salt (ICy-HBF4), and potassium tert-butoxide,

Scheme 2. Ni-catalyzed reductions mediated by orga-
nosilane reducing agents.
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the major product was the corresponding tolyl derivative
(Scheme 2d). Given the absence of general, functional group
tolerant methods to achieve this transformation in a single
step, we further explored this reaction and report the re-
sults herein.

The Ni-catalyzed exhaustive reduction of methyl esters to
the corresponding tolyl derivative was optimized using N-
Me indole 1. Heating the substrate at 110 °C in toluene in
the presence of Ni(cod)2 (10 mol%), ICy-HBF4 (20 mol%),
TMDSO (2 equiv), and KO*Bu (1 equiv) afforded methyl-
bearing indole 2 in 84% yield (Table 1, entry 1). Running
the reaction in the absence of either KOBu or siloxane re-
sulted in no conversion (entry 2). However, removing just
the Ni(cod)z led to complete consumption of 1, with the cor-
responding benzyl alcohol as the only major identifiable
product after working the reaction up with TBAF (entry 3).
Using this alcohol as a starting material in the presence of
the Ni catalyst resulted in efficient formation of 2, suggest-
ing that the reaction proceeds through a non-catalyzed re-
duction to a silylated alcohol!4 followed by catalytic reduc-
tion of this species to form the alkane (entry 4). Alternative
ligands (entry 5, 6), bases (entry 7, 8) and organosilane re-
ducing agents (entry 9, 10) were all less efficient. Despite
being highly reducing conditions, Ni(II) precatalysts such as
NiClz (entry 11) or NiBrz-glyme (entry 12) gave poor yields.
The addition of 0.2 equiv Mn gave a moderate improvement
to 35% (entry 13), while 1 equivalent of Mn gave 78% yield
(entry 14), providing a viable alternative set of conditions
that can be performed without the use of a glovebox. Apply-
ing these conditions in the absence of TMDSO resulted in no
formation of 2 (entry 15), indicating that TMDSO is ulti-
mately responsible for the substrate reduction. Notably, the
reaction was found to be similarly efficient when starting
from the corresponding ‘Bu, Bn or Ph ester (entry 16).

With optimized conditions, we turned our attention to-
wards the reaction scope (Scheme 3). Electron-neutral and
rich methyl arenes 3-7 were formed from their correspond-
ing esters in 73-86% yield. Subjecting a styrene-bearing
methyl ester to the conditions led to partial reduction of the
olefin; however, slightly milder conditions enabled 8 to be
selectivity formed in 74% yield. Slightly milder conditions
also allowed recovery of stilbene 9 in similar yields. In con-
trast with prior work on Ni-catalyzed hydrogenolysis of an-
isoles and related compounds,®»!2¢f no C(aryl)-0 cleavage
was observed when using ethereal or phenol-containing
substrates (10-15). In many classical heterocycle-forming
reactions, ester-containing starting materials like malo-
nates or propiolates are used to facilitate cyclizations, thus
making the ester-containing products more accessible than
the corresponding methyl analogs. With this in mind, we
were excited to see that many heterocycles were tolerated,
including pyridines (16-20), morpholines (21, 22), piperi-
dines (23, 24), indoles (25-29), carbazoles (30-32), an in-
dazole (33), quinoline (34), benzofuran (35), and dibenzo-
furan (36). Derivatization of commercial pharmaceuticals
bifendatatum and probenecid successfully formed reduc-
tion products 37 and 38, respectively. Lastly, reduction of a

lactone proceeded smoothly to form alcohol-bearing tolyl-
derivative 39 upon quenching with TBAF.

Table 1. Optimization of ester reduction reaction?

standard conditions
Ni(cod), (10 mol%)

. \/ \/ ICyHBF,(20mol%)
MeO _Si. . Si. > |
l}l H™ 70" "H  Ko'Bu (1 equiv) HsC N

0] Me TMDSO PhMe, 10 h, 110 °C Me
1 (2 equiv) 2

Entry Deviation from standard reaction conditions % Yield

1 None 84

2 No base or no siloxane 0

3 No nickel ob

4 Alcohol as starting material instead of ester 73

5 IPr-HCl instead of ICy-HBF, 70

6 Xantphos instead of ICy-HBF, 35

7 KOH instead of KO'Bu 12

8 KOEt instead of KO'Bu 51

9  EtsSiH (4.0 equiv) 42

10  (EtO)sSiH (4.0 equiv) 20

11 NiCly instead of Ni(cod), 4

12 NiBry-glyme instead of Ni(cod), 7

13 NiBr,-glyme + Mn (0.2 equiv) 35

14 NiBry-glyme + Mn (1.0 equiv) 78

15 NiBr,-glyme + Mn (1.0 equiv), no TMDSO 0

16 -tBu, -Bn, or -Ph ester instead of -Me ester 73-77

aReactions ran on a 0.20 mmol scale. Yields determined by NMR
using 1,3,5-trimethoxybenzene as internal standard. » Alcohol
(1-methyl-1H-indol-6-yl)methanol observed as major product
after work-up with TBAF.

Alkyl-substituted esters, carbon-halogen containing sub-
strates, free N-H bonds, and several other functional groups
were unfortunately not tolerated (Scheme S3, Supporting
Information). Glovebox-free conditions using NiBrz-glyme
were also studied with a range of substrates - these condi-
tions were observed to give synthetically viable yields, al-
beit with slightly lower efficiency than when using Ni(cod)a.
Lastly, a gram scale reaction was performed in a round-bot-
tom flask, providing 7 in 71% yield.

Given the importance of deuterated molecules in the study
of reaction mechanisms, pharmaceuticals, and as tools for
understanding metabolic pathways,!5 we next explored the
potential of our exhaustive reduction to synthetically intro-
duce -CD3 groups. While the development of methods to
perform this transformation is of contemporary interest,®
this is commonly achieved by using LiAlD4 or LiEtsBD as a
reducing agent in the three-step procedure described in
Scheme 1.7k For instance, Salvadori and co-workers used a
three-step, three-day procedure to synthesize CDs-
containing 2,5-dimethoxy-ds-toluene (40) towards the
preparation of ds-6-tocopherol.’? Reduction of the corre-
sponding ester to alcohol with LiAlDs, halogenation with
PBrs, and a second LiAlD4 reduction afforded product in an
overall yield of 69%. Using d2.-TMDSO0?¢ alongside Ni(cod):
gave incomplete deuterium incorporation. In contrast, the



Scheme 3. Scope of substrates tolerated in the methyl ester reduction
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General reaction conditions: ester (0.20 mmol), TMDSO (0.40 mmol), KO‘Bu (0.20 mmol), ICy-HBF4 (20 mol%), Ni(cod)2 (0.02
mmol) in toluene (0.8 mL), 110 °C for 10 h. [a] NiBr2.glyme (0.02 mmol) and Mn (0.20 mmol) used instead of Ni(cod)z; reactions
setup without use of a glovebox. [b] Reaction performed on 5.58 mmol (1 g) of starting material. [c] TMDSO (0.30 mmol). [d] 90 °C

for 6 h. [e] TMDSO (0.80 mmol), KOtBu (0.40 mmol).

use of NiBrz-glyme/TMDSO/Mn in toluene-ds resulted in an
efficient 73% yield with >95%D incorporation(Scheme 4a).
This procedure was found to be general, enabling the syn-
thesis of several —-CDs-containing molecules in good yield
and high deuterium incorporation (41-43). Experiments in
non-deuterated toluene gave ~5-10% reduced deuterium
incorporation.

We were intrigued by the similarity between our conditions
to reduce methyl esters and those which Martin and co-
workers used to reduce anisole derivatives.? Notably, these

methods differ primarily in the choice of ligand and the
presence of base. To directly probe the selectivity, esters
44-47 were subjected to both sets of reaction conditions
(Scheme 4b). Using a Ni/ICy catalyst in the presence of
KO®Bu resulted in chemoselective formation of the ester re-
duction products 48-51 in 54-82% yield Using base-free
conditions with a Ni/PCys catalyst resulted in a complete
switch, cleaving of the ethereal bond while leaving the me-
thyl ester untouched in products 52-54. The Ni/PCys sys-
tem has been proposed to act via a Ni(I)- SiRs active cata-
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lyst;°® the contrasting chemoselectivity in our system sug-

gests that both a different active catalyst and different

mechanistic pathway are operative.
Scheme 4. Applications of exhaustive reduction of esters
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To gain further mechanistic information, the method of var-
iable time normalization analysis was applied to the reduc-
tion of methyl naphthoate 53 (Scheme 5).1° Positive appar-
ent first order kinetics were observed for all studied species
- the Ni catalyst, substrate, siloxane, and base. While the ex-
act nature of reducing agent is not clear, the rate depend-
ency on the base and literature precedent both support a
hypervalent O'Bu-siloxane species being involved in the key
hydrogen transfer.20 We tentatively propose that this hy-
pervalent siloxane reduces the ester into a silylated alcohol,
which reacts with a Ni(0) catalyst by oxidative addition to
form a benzylic Ni(II) intermediate that is reduced in a rate-

determining hydride transfer.

Scheme 5. Apparent rate law determination by variable
time normalization kinetic analysis
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In summary, we have developed a new method to convert
methyl esters into the corresponding tolyl derivative. In
contrast to established multi-step sequences for this trans-
formation, the reaction takes place under a single set of con-
ditions, comprised of a rapid, non-catalyzed siloxane-medi-
ated reduction to a silylated alcohol followed by subsequent
Ni-catalyzed reduction to the corresponding -CHs group.
We believe this reaction will be particularly useful in the
synthesis of methyl-bearing heterocycles, where the corre-
sponding esters are more readily abundant, as well as in re-
ductive deuteration as a method to install -CDs groups. This
transformation sharply contrasts previous reports of Ni-
catalyzed reductions with siloxanes of, e.g., amides, ethers,
and phenyl esters. The inclusion of a KO‘Bu is proposed to
be a key feature, which generates a more aggressive silox-
ane reducing agent in situ.
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1. General considerations

1.1 General experimental details

Unless otherwise indicated, reactions were conducted under an atmosphere of nitrogen in 8 mL screw
capped vials that were oven dried (120 °C). Column chromatography was either performed manually using
Silicycle F60 40-63 um silica gel or by using a Combiflash Rf+ automated chromatography system with
commercially available Biotage normal-phase Silica Flash columns (35-70 um). Analytical thin layer
chromatography (TLC) was conducted with aluminum-backed EMD Millipore Silica Gel 60 F254 pre-coated
plates. Unless otherwise noted, visualization of developed plates was performed under UV light (254 nm)

and/or using KMnQ, stain.

1.2 Instrumentation

'H NMR and **C NMR were recorded on a Bruker AVANCE 400 MHz spectrometer. *H NMR spectra were
internally referenced to the residual solvent signal (e.g., CDCls = 7.27 ppm). 3C NMR spectra were
internally referenced to the residual solvent signal (e.g., CDCls = 77.00 ppm). Data for *H NMR are reported
as follows: chemical shift (6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quin =
quintet, m = multiplet), coupling constant (Hz), integration. NMR vyields for optimization studies were
obtained by *H NMR analysis of the crude reaction mixture using 1,3,5-trimethoxybenzene as an internal
standard. GC data was obtained via a 5-point calibration curve using FID analysis on an Agilent
Technologies 7890B GC with 30 m x 0.25 mm HP-5 column. Accurate mass data (El) was obtained from an

Agilent 5977A GC/MSD using MassWorks 4.0 from CERNO Bioscience.
1.3 Materials

Organic solvents were purified by rigorous degassing with nitrogen before passing through a PureSolv
solvent purification system. Low water content was confirmed by Karl Fischer titration (<20 ppm for all
solvents). Unless otherwise noted, starting materials were obtained commercially from Sigma Aldrich, Alfa
Aesar or Combi-Blocks and used as received. ds-Toluene was purchased from Sigma Aldrich (99 %D).
Ni(cod), was purchased from Sigma Aldrich. Ni(OTf), (96% purity) was purchased from Alfa Aesar.
NiBr,-glyme (97% purity) was purchased from Sigma Aldrich. Granulated Mn was purchased from Alfa
Aesar (99.6% purity, < 10 micron). D, (g) was purchased as a 458 mL cylinder from Sigma Aldrich (99.8%

D). ICy-HBF4 was made according to the literature.!



2. Synthesis of starting materials

The following ester starting materials were prepared from the corresponding carboxylic acid through acid
catalyzed esterification reactions: methyl [1,1'-biphenyl]-4-carboxylate (3), methyl 2-naphthoate (4),
methyl phenanthrene-9-carboxylate (5), methyl 4-((1s,4r)-4-butylcyclohexyl)benzoate (6), methyl 4-
(dimethylamino)benzoate (7), methyl 4-vinylbenzoate (8), methyl 3,4,5-trimethoxybenzoate (10), methyl
3,5-di-tert-butyl-4-hydroxybenzoate (15), methyl 2,6-di-tert-butylisonicotinate (16), methyl 4-
morpholinobenzoate (20), methyl 1-methyl-1H-indazole-3-carboxylate (33), methyl quinoline-6-

carboxylate (34) and methyl 4-(N,N-dipropylsulfamoyl)benzoate (39).

Esters including methyl 1-methyl-1H-indole-6-carboxylate (25), methyl 7-methoxybenzofuran-2-
carboxylate (35), isochroman-1-one (37) and Bifendatatum (38) were purchased commercially and used

as such for the reduction reaction.

The following ester starting materials were synthesized according to the noted citations: methyl 4-
(phenoxy)benzoate  (11),> methyl  4-(4-methoxyphenoxy)benzoate  (12),®> methyl  4-(4-
phenoxyphenoxy)benzoate (13), methyl 2'-hydroxy-[1,1'-biphenyl]-4-carboxylate (14),° methyl 6-
phenylnicotinate (17),° methyl 6-(2-methoxyphenyl)nicotinate (45),° methyl 4-(pyridin-2-yl)benzoate
(18),° methyl 6-morpholinonicotinate (20),” methyl 4-(4-(pyridin-2-yl)piperazin-1-yl)benzoate (19),”
methyl 2-morpholinobenzoate (21),2 methyl 4-(1,4-dioxa-8-azaspiro[4.5]decan-8-yl)benzoate (24)2
methyl 2-(4-methylpiperidin-1-yl)benzoate (23),% methyl 4-(1H-indol-1-yl)benzoate (26),° methyl 9-
benzyl-9H-carbazole-3-carboxylate (30),° methyl 6-(tert-butyl)-9-methyl-9H-carbazole-3-carboxylate
(32),%° methyl 6-methoxy-9-methyl-9H-carbazole-3-carboxylate (31), methyl 8-

methoxydibenzo[b,d]furan-2-carboxylate (36)*2.



3. Reaction optimization

TMDSO (2 equiv)

Ni(cod), (10 mol%)
| ICy-HBF, (20 mol%) | + : |
MeO R;SiO
© N HsC N s>l N

J Mo KOBu (1.0 equiv) Me Me
1 PhMe, 110 °C, 10 h 2 $1

Scheme S1. General method for the reduction of esters

To an oven dried 8mL screw-top test-tube, 0.20 mmol of methyl ester starting material is added
alongside an oven dried micro-stir bar. The screw-top test-tube is subsequently brought into a
nitrogen-filled glovebox. Once under the inert atmosphere, 0.04 mmol ICy-HBF4, 0.02 mmol Ni(cod);
and 0.20 mmol of KO'Bu are added. 0.8 mL of toluene is added to the test-tube, followed by 0.4 mmol
of 1,1,3,3-tetramethyldisiloxane. The reaction vessel is quickly sealed with a Teflon-septa equipped
cap and brought outside of the glovebox, where it is stirred inside of a mineral-oil bath at 600 rpm for
10 hours at 110 °C. After 10 hours, the reaction vessel is allowed to come to room temperature before
being opened to the atmosphere. 0.80 mmol of tetra-n-butylammonium fluoride is added slowly as a
1.0 M solution in tetrahydrofuran and the resulting solution is heated to 65 °C and stirred for 2 hours.*
The reaction solution is filtered through a short plug of silica before 100 pL of 1,3,5-
trimethoxybenzene in toluene is added to act as an internal standard. Solvent is removed via rotary
evaporation, yielding crude product which is subsequently dissolved in 0.75 mL of CDCls before being
submitted for NMR analysis. All yields are obtained via *H-NMR, setting the integral value of the peak
corresponding to the three methyl protons at 2.54 ppm to 3.00 and referencing it with respect to the

peak at 6.08 ppm for 1,3,5-trimethoxybenzene.

*S1is initially formed as a mixture of silylated species — TBAF is added to the reaction solution in order

to deprotect these species so that the alcohol can be quantified.



3.1 Control Experiments

Table S1. Control experiments for the ester to methyl reduction

TMDSO (2 equiv)

Ni(cod), (10 mol%)

. o,
MeO N | ICy-HBF, (20 mol%)
' KOBu (1.0 equiv)

(0] Me Me Me
1 PhMe, 110 °C, 10 h 2 S1
entry deviation from standard conditions yield 2 (%) yield S1 (%)
1 No deviation 84 0
2 remove KO'Bu 0 0
3 remove TMDSO 0 0
4 remove Ni(cod), trace 52
5 remove ICy-HBF4 14 0
6 remove all except TMDSO and KO'Bu trace 66
7 remove all except Ni(cod); 0 0
8 room temperature 14 61
9 1h 13 67




3.2 Optimization of reaction conditions

Table S2. Organosilane optimization for the ester to methyl reduction

organosilane
Ni(cod), (10 mol%)

| ICy-HBF,4 (20 mol%) |
MeO N KOBu (1.0 equiv) HaC N

0 Me PhMe, 110 °C, 10 h Me
1 2
entry organosilane yield 2 (%)
1 EtsSiH (4.0 equiv) 42
2 'Pr3SiH (4.0 equiv) 5
3 (EtO)sSiH (4.0 equiv) 20
4 PMHS (10.0 equiv) trace
5 PhSiHs3 (2.0 equiv) trace
6 [(MesSiO),SiHMe] (4.0 equiv) 48
7 [(CH3),SiHO),Si(CHs)] (4.0 equiv) 65
8 TMDSO (1.0 equiv) 52
9 TMDSO (1.5 equiv) 76
10 TMDSO (2.0 equiv) 84
11 TMDSO (2.5 equiv) 74




Table S3. Base optimization for the ester to methyl reduction

TMDSO (2 equiv)
Ni(cod), (10 mol%)
ICy-HBF, (20 mol%)

MeO | base /@U
N PhMe, 110 °C, 10 h HsC N
o Me Me
2
entry base yield, 2 [%]
1 NaOH (1.0 eq) 4
2 LiOH (1.0 eq) 0
3 KOH (1.0 eq) 12
4 EtsN (1.0 eq) 0
5 Cs,C0O3 (1.0 eq) 0
6 K2COs (1.0 eq) 3
7 NMe4OH-5H,0 (1.0 eq) 37
8 KHF; (1.0 eq) 0
9 NaOMe (1.0 eq) 56
10 KOEt (1.0 eq) 51
11 LiO'Bu (1.0 eq) trace
12 NaO'Bu (1.0 eq) 75
13 KO'Bu (1 eq) 78
14 KO'Bu (0.5 eq) 69
15 KO'Bu (1.5 eq) 74
16 KO'Bu (2.0 eq) 68




Table S4. Optimization of metal source for the ester to methyl reduction

N

TMDSO (2 equiv)
metal source (10 mol%)
ICy-HBF,4 (20 mol%)
KO'Bu (1.0 equiv)

PhMe, 110 °C, 10 h

|
HsC N

Me
2
entry Metal source yield, 2 [%]

1 Ni(cod), 84
2 NiCl, 4
3 Ni(P(OPh)3)a 0
4 NiCly(PCys), 67
5 Ni(OAc); trace
6 Ni(OTf), 5
7 NiBry-glyme 7
8 PdCl, 29
9 Pd(OAc), 28
10 Pd,dbas 34
11 RhCI(PPhs); trace
12 Pt/C 11
13 Ir(cod).Cl, 13
14 [Ru(p-cymene)Cl,], 7
15 Cul 0
16 FeCls 0
17 Ni(cod), (5 mol%) 62
18 Ni(cod), (20 mol%) 86
19 Ni(cod), (30 mol%) 82




Table S5. Optimization of reaction with air stable Ni(ll) salts

TMDSO (2 equiv)
catalyst (10 mol%)

ICy-HBF, (20 mol%)
t .
N PhMe, 110 °C, 10 h HsC N

o Me Me
1 2
entry catalyst deviation from standard procedure yield, 2 [%]
1 Ni(OAc); none trace
2 Ni(OAc), added Mn (1 eq) 56
3 Ni(OAc); added Mn (20 mol%) 13
5 Ni(OAc); added Mn (1 eq)/no TMDSO 0
6 Ni(OAc); added Mn (1 eq)/no TMDSO/no base Oxx
7 Ni(OAc); added Mn (1 eq)/0.2 eq base 27
8 Ni(OAc); added Mn (1 eq)/no base trace
9 Ni(OAc); added Mn (1 eq)/no ICy 33
10 NiBry-glyme none 7
11 NiBry-glyme added Mn (1 eq) 78

12 NiBry-glyme added Mn (20 mol%) 35




Table S6. Ligand optimization for the ester to methyl reduction

N

TMDSO (2 equiv)
Ni(cod), (10 mol%)
ligand (20 mol%)
KO'Bu (1.0 equiv)

PhMe, 110 °C, 10 h

|
HsC N

o Me Me
1 2
entry ligand yield, 2 [%]
1 PCys; 53
2 PPh; 15
3 JohnPhos 16
4 Xantphos 35
5 N-Xantphos 29
6 dppf 27
7 dcype 44
8 dppent 35
9 IMes-HCI 3
10 SIPr-HCI 53
11 IPr-HCI 70
12 ICy-HCI 77
13 ICy-HBF4 84
14 I'Bu-HBF,4 73
15 ICyp-HBF, 60

11
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Scheme S2. Structures of ligands
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Table S7. Miscellaneous optimization for the ester to methyl reduction

Ni(cod), (10 mol%)
MeO | ICy-HBF4 (20 mol%) |
N H,C N

TMDSO (2 equiv)

Me KOBu (1.0 equiv)

o Me
PhMe, 110 °C, 10 h 2
entry deviation from standard conditions yield, 2 [%]
1 temperature = 80 °C 51
2 temperature = 100 °C 71
3 temperature =120 °C 81
4 temperature = 150 °C 67
5 reactiontime =3 h 25
6 reactiontime=6h 54
7 reaction time=9h 79
8 reaction time =10 h 84
9 reaction time =16 h 81
10 solvent = xylene 71
11 solvent = DMF 0
12 solvent = benzene 78

13



3.3 Work-up

| D - [ree O e (1]
MeO N E— ch ’}l 39l N N
h | h
o) Me Me Me Me
1

2 s1 s2

The major side products in the reduction of esters to tolyl derivatives are the corresponding silylated
alcohol (e.g. S1) and various siloxane derivatives arising from the TMDSO. While the quantity of silylated
alcohol is minimized by running the reaction to completion, purification can still be hindered by the
siloxane byproducts. This is particularly true when purifying non-polar products by silica gel
chromatography. We found that quenching the reaction with 8 equivalents of 1.0 M TBAF in THF and
stirring for 2 h at 65 °C (or alternatively, 6 h at room temperature) prior to isolation was beneficial. While
not mandatory, this work-up procedure was followed throughout to ensure the products obtained were

spectroscopically pure.
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4. Reaction scope

4.1. General procedures

General procedure A

To an oven dried 8 mL screw-top test-tube, 0.20 mmol of methyl ester starting material is added alongside
an oven dried micro-stir bar. The screw-top test-tube is subsequently brought into a nitrogen-filled
glovebox. Once under the inert atmosphere, 0.04 mmol ICy-HBF4, 0.02 mmol Ni(cod), and 0.20 mmol of
KO'Bu are added. 0.8 mL of toluene is added to the test-tube, followed by 0.40 mmol of 1,1,3,3-
tetramethyldisiloxane. The reaction vessel is quickly sealed with a Teflon-septa equipped cap and brought
outside of the glovebox, where it is stirred inside of a mineral-oil bath at 600 rpm for 10 hours at 110 °C.
After 10 hours, the reaction vessel is allowed to come to room temperature before being opened to the
atmosphere. 0.80 mmol of tetra-n-butylammonium fluoride is added slowly as a 1.0 M solution in
tetrahydrofuran and the resulting solution is heated to 65 °C and stirred for 2 hours. The crude reaction
solution is subsequently added directly to a 10 g Biotage SNAP silica-packed column where it is purified

on a CombiFlash Rf+ automated chromatography instrument using a mixture of ethyl acetate in hexanes.

General procedure B — glovebox free conditions

To an 8 mL screw-top test-tube, 0.20 mmol of methyl ester starting material is added alongside a micro-
stir bar. 0.20 mmol Mn, 0.02 mmol NiBry-glyme, 0.04 mmol ICy-HBF; and 0.20 mmol of KO'Bu are
subsequently added. 0.8 mL of toluene is introduced to the test-tube, followed by 0.40 mmol of 1,1,3,3-
tetramethyldisiloxane. The reaction vessel is quickly sealed with a Teflon-septa equipped cap and stirred
inside of a mineral-oil bath at 600 rpm for 10 hours at 110 °C. After 10 hours, the reaction vessel is allowed
to come to room temperature before being opened to the atmosphere. 0.80 mmol of tetra-n-
butylammonium fluoride is added slowly as a 1.0 M solution in tetrahydrofuran and the resulting solution
is heated to 65 °C and stirred for 2 hours. The crude reaction solution is subsequently added directly to a
10 g Biotage SNAP silica-packed column where it is purified on a CombiFlash Rf+ automated

chromatography instrument using a mixture of ethyl acetate in hexanes.
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4.2 Reaction products and characterization data
O CH3

4-Methyl-1,1'-biphenyl (3) was prepared according to general procedure A. Purification was performed

using a gradient of 1->5% ethyl acetate in hexanes to afford (3) as a yellow liquid (30 mg, 86% yield). The
reaction was repeated according to general procedure B (24 mg, 73% vyield). Characterization data
matched those previously reported.’* 'H NMR (400 MHz, CDCls): § 7.62-7.60 (d, J = 7.8 Hz, 2H), 7.54-7.42
(t,J = 8.4 Hz, 2H), 7.37-7.33 (d, J = 7.8 Hz, 2H), 7.29-7.27 (d, J = 7.8 Hz, 2H), 7.25 (m, 1H) 2.47 (s, 3 H); 3C
NMR (100 MHz, CDCl5): 141.1, 138.3, 136.9, 129.4, 127.6, 126.9, 126.8, 126.9, 21.0.

2-Methylnaphthalene (4) was prepared according to general procedure A. Purification was performed
using a gradient of 1->5% ethyl acetate in hexanes to afford (4) as an off-white solid (26 mg, 76% yield).
The reaction was repeated according to general procedure B (22 mg, 70% yield). Characterization data
matched those previously reported.’* *H NMR (400 MHz, CDCls): § 7.80-7.78 (d, J = 8.0 Hz, 3H), 7.79 (m,
1H), 7.45-7.41 (m, 2H), 7.37-7.34 (d, J = 8.4 Hz, 1H), 2.51 (s, 3H); *C NMR (100 MHz, CDCls): 135.4, 133.6,
131.7,128.0,127.6,127.5,127.1, 126.0, 125.7, 124.9, 21.6.

9-Methylphenanthrene (5) was prepared according to general procedure A. Purification was performed

CHj

using a gradient of 1->5% ethyl acetate in hexanes to afford (5) as a faint yellow solid (32 mg, 73% yield).
Characterization data matched those previously reported.’® H NMR (400 MHz, CDCls): 6 8.77-8.67 (m,
3H), 8.11-8.09 (m, 1H), 7.94-7.57 (m, 5H), 2.77 (s, 3H) ;3C NMR (100 MHz, CDCls): 141.2, 138.4, 137.0,
129.5,128.7,127.0,127.0, 21.1.
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©/CH3

1-(trans-4-Butylcyclohexyl)-4-methylbenzene (6) was prepared according to general procedure A.
Purification was done using a gradient of 1->5% EtOAc in hexane to afford (6) as colourless liquid (35 mg,
76% yield). *H NMR (400 MHz, CDCl3): 6 7.11-7.10 (m, 4H), 2.46-2.39 (m, 1H), 2.32 (s, 3H), 1.90-1.85 (m,
4 H), 1.49-1.38 (m, 2H), 1.34-1.21 (m, 7H), 1.10-1.00 (m, 2H), 0.93-0.89 (m, 3H); *C NMR (100 MHz, CDCls):
144.9, 135.1, 128.9, 126.7, 44.2, 37.3, 37.1, 34.4, 33.7, 29.2, 23.0, 20.9, 14.1; Accurate mass (El):
Theoretical: 230.2035. Found: 230.2029. Spectral Accuracy: 98.5%. Melting Point: 164-167 °C.

SN

N,N,4-Trimethylaniline (7) was prepared according to general procedure A. Purification was performed
using a gradient of 1->15% ethyl acetate in hexanes to afford (7) as a yellow liquid (28 mg, 73% yield). The
reaction was repeated in a 50 mL heavy-walled pressure tube using 5.58 mmol (1.0 g) methyl 4-
(dimethylamino)benzoate, 11.2 mmol (1.97 mL) TMDSO, 5.58 mmol (626 mg) KO'Bu, 0.558 mmol (153
mg) Ni(cod); and 1.12 mmol (357 mg) ICy-HBF4 in 22 mL toluene — purification was performed using
column chromatography with a gradient of 1->15% ethyl acetate in hexanes to afford (7) as a white solid
(708 mg, 71% vyield). Characterization data matched those previously reported.’* *H NMR (400 MHz,
CDCls): 6 7.07-7.05 (d, J = 8.8 Hz, 2H), 6.79-6.68 (d, J = 8.8 Hz, 2H), 2.92 (s, 6H), 2.26 (s, 3H); *C NMR (100
MHz, CDCl3): 129.5,129.2,113.3,41.1, 21.2, 21.1.

CHj
\/©/

1-Methyl-4-vinylbenzene (8) was prepared according to a modified general procedure A using 1.5

equivalents of TMDSO, a reaction temperature of 90 °C and a reaction time of 6 h. Purification was
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performed using a gradient of 1->5% ethyl acetate in hexanes to afford (8) as a colourless liquid (26 mg,
74% yield). Characterization data matched those previously reported.’” *H NMR (400 MHz, CDCl;): § 7.38-
7.36(d, J=8.2 Hz, 2H), 7.24-7.21 (d, J = 8.0 Hz, 2H), 6.79-6.72 (dd, J = 18.0, 11.4 Hz, 1H), 5.78-5.74 (dd, J =
18.0, 1.4 Hz, 1H),5.26-5.23 (dd, J=10.8, 1.4 Hz, 1H), 2.40 (s, 3H) ; ®*C NMR (100 MHz, CDCl5): 137.6, 136.7,
134.9,129.2,126.1, 112.7, 21.2.

: CH;
o

1-Methyl-4-(2-phenylethenyl)benzene (9) was prepared according to a modified general procedure A
using 1.5 equivalents of TMDSO, a reaction temperature of 90 °C and a reaction time of 6 h. Purification
was performed using a gradient of 1->5% ethyl acetate in hexanes to afford (9) as a white solid (22 mg,
71% yield). Characterization data matched those previously reported.'® *H NMR (400 MHz, CDCl;): § 7.53-
7.51 (m, 1H), 7.51-7.50 (m, 1H), 7.36-7.28 (m, 4H), 7.26-7.24 (m, 3H), 7.18-7.11 (m, 2H), 2.35 (s, 3H); *C
NMR (100 MHz, CDCls): 131.1, 130.0, 129.0, 128.9, 128.7, 128.3, 127.5, 126.7, 126.3, 125.3, 21.4.

0 CHj

|o\

1,2,3-Trimethoxy-5-methylbenzene (10) was prepared according to general procedure A. Purification
was done using a gradient of 1->5% EtOAc in hexane to afford (10) as colourless liquid (25 mg, 69%
yield). Characterization data matched those previously reported.'® *H NMR (400 MHz, CDCls): 6 6.40 (s,
2H), 3.82-3.79 (m, 9H), 2.29 (s, 3H); 3C NMR (100 MHz, CDCls): 152.9, 135.7, 133.5, 105.9, 60.8, 55.9,
21.8.

18



oL

1-Methyl-4-phenoxybenzene (11) was prepared according to general procedure A. Purification was
performed using a gradient of 1->5% EtOAc in hexane to afford (11) as colorless solid (28 mg, 71% yield).
Characterization data matched those previously reported.?’ *H NMR (400 MHz, CDCl3): 6§ 7.41 (t, J = 8.3
Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 7.13-7.10 (m, 3H), 6.91-6.88 (d, J = 8.0 Hz, 2H), 2.33 (s, 3H); ¥*C NMR (100
MHz, CDCl3): 158.8, 155.3, 132.4, 130.1, 129.8, 123.2, 120.4, 118.6, 20.7.

(@)

1-Methoxy-4-(p-tolyloxy)benzene (12) was prepared according to general procedure A. Purification was
performed using a gradient of 1->5% EtOAc in hexane to afford (12) as colourless liquid (26 mg, 63% yield).
Characterization data matched those previously reported.?’° *H NMR (400 MHz, CDCl3): 6 7.10-7.07 (d, J =
8.2 Hz, 2H), 6.96-6.92 (d, J = 8.8 Hz, 2H), 6.87-6.82 (m, 4H), 3.78 (s, 3H), 2.30 (s, 3H); *C NMR (100 MHz,
CDCls): 156.0, 155.6, 150.7, 132.0, 130.0, 120.3, 117.8, 114.7, 55.6, 20.6.

pevene

1-Methyl-4-(4-phenoxyphenoxy)benzene (13) was prepared according to general procedure A.
Purification was performed using a gradient of 1-> 5% EtOAc in hexane to afford (13) as a colourless liquid
(23 mg, 72% vyield). The reaction was repeated according to general procedure B (17 mg, 64% yield).
Characterization data matched those previously reported.?’ *H NMR (400 MHz, CDCl3): § 7.34-7.29 (m,
2H), 7.14-7.05 (m, 2H), 7.05 (t, J = 1.2 Hz, 1H), 7.01-6.95 (m, 6H), 6.93-6.89 (m, 2H), 2.33 (s, 3H); 3*C NMR
(100 MHz, CDCls): 157.9, 155.2, 153.3, 152.3, 132.6, 130.2, 129.7, 122.9, 120.4, 119.9, 118.5, 118.1, 20.7.
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O CHs
‘ OH

4'-Methyl-[1,1'-biphenyl]-2-ol (14) was prepared according to general procedure A. After the TBAF
workup, the reaction solution was quenched with 1.0 M HCI. A liquid-liquid extraction was performed
with 2 x 5 mL of ethyl acetate — the resulting organic fractions were collected and solvent was evaporated
via rotary evaporation. The subsequent crude mixture was redissolved in 0.8 mL of dichloromethane and
purified on a Combiflash Rf automated chromatography instrument using a gradient of 1->5% EtOAc in
hexane to afford (14) as yellow liquid (19 mg, 66% yield). Characterization data matched those previously
reported.?! TH NMR (400 MHz, CDCl3): & 7.35-7.32 (m, 2H), 7.29-7.27 (m, 2H), 7.25-7.19 (m, 2H), 6.98-
6.94 (m, 2H), 5.18 (s, 1H), 2.39 (s, 3H); **C NMR (100 MHz, CDCls): 152.4, 137.7, 133.9, 130.1, 130.0, 129.0,
128.9,128.0, 120.7, 115.6, 21.2.

CHs

HO

2,6-Bis(1,1-dimethylethyl)-4-methylphenol (15) was prepared according to the general procedure A,
modified to use a reaction temperature of 90 °C and a reaction time of 6 h. After the TBAF workup, the
reaction solution was quenched with 1.0 M HCI. A liquid-liquid extraction was performed with 2 x 5 mL of
ethyl acetate — the resulting organic fractions were collected and solvent was evaporated via rotary
evaporation. The subsequent crude mixture was dissolved in 0.8 mL of dichloromethane and purified on
a Combiflash Rf automated chromatography instrument using a gradient of 1->5% EtOAc in hexanes to
afford (15) as an off-white solid (23 mg, 81% yield). The reaction was repeated according to general
procedure B (15 mg, 67% yield). Characterization data matched those previously reported.??*H NMR (400
MHz, CDCl3): § 7.06 (s, 2H), 5.08 (s, 1H), 2.36 (s, 3H), 1.52 (t, J = 7.8 Hz; 0.8 Hz, 18H); **C NMR (100 MHz,
CDCls): 151.6, 135.8, 128.3, 125.6, 34.3, 30.4. 21.3.
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CHj
7\

2,6-Bis(1,1-dimethylethyl)-4-methylpyridine (16) was prepared according to general procedure A.
Purification was performed using a gradient of 1->5% EtOAc in hexane to afford (16) as a brown solid (23
mg, 71% yield). Characterization data matched those previously reported. *H NMR (400 MHz, CDCl3): 6
6.94 (s, 2H), 2.33 (s, 3H), 1.37 (s, 18H); *C NMR (100 MHz, CDCls): 167.4, 146.4,116.2, 37.4,30.2, 21.4.

CHj

7

5-Methyl-2-phenylpyridine (17) was prepared according to general procedure A. Purification was
performed using a gradient of 1->5% EtOAc in hexane to afford (17) as colorless solid (29 mg, 73% vyield).
Characterization data matched those previously reported.?* *H NMR (400 MHz, CDCls): § 8.50 (d, J = 2.0
Hz, 1H), 7.95-7.92 (m, 2H), 7.62-7.60 (m, 1H), 7.55-7.53 (m, 1H), 7.46-7.41 (m, 2H), 7.39-7.34 (m, 1H), 2.35
(s, 3H); 13C NMR (100 MHz, CDCls): 154.7, 150.0, 139.3, 137.4, 131.7, 128.7, 128.6, 126.7, 120.1, 18.2.

X
—
N

CHj;

2-(p-Tolyl)pyridine (18) was prepared according to the general procedure A. Purification was performed
using a gradient of 1->5% EtOAc in hexane to afford (18) as colorless liquid (26 mg, 78% vyield).
Characterization data matched those previously reported.? 'H NMR (400 MHz, CDCls): 6 8.67-8.65 (d, J =
8.4 Hz, 1H), 7.89-7.86 (m, 2H), 7.77-7.67 (m, 2H), 7.27-7.24 (d, J = 8.0 Hz, 2H), 7.19-7.16 (m, 1H), 2.39 (s,
3H); 3C NMR (100 MHz, CDCls): 157.4, 149.5, 138.9, 136.7, 136.6, 129.4, 126.7, 121.7, 120.2, 21.2.
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1-(4-Methylphenyl)-4-phenylpiperazine (19) was prepared according to general procedure A. Purification
was performed using a gradient of 1->5% ethyl acetate in hexanes to afford (19) as a white solid (28 mg,
67% yield). Characterization data matched those previously reported.?®*H NMR (400 MHz, CDCls): § 8.20
(m, 1H), 7.51-7.47 (m, 1H), 7.10-7.07 (m, 1H), 6.90-6.88 (m, 2H), 6.70-6.62 (m, 3H), 3.70-3.68 (m, 4H),
3.25-3.21 (m, 4H), 2.27 (s, 3H) ; *C NMR (100 MHz, CDCl3): 159.4, 149.2, 147.9, 137.5, 129.7, 116.7, 113.5,
107.2,49.8, 45.3, 30.9, 20.4.

4-(5-Methyl-2-pyridinyl)-morpholine (20) was prepared according to general procedure A. Purification
was performed using a gradient of 1->5% ethyl acetate in hexanes to afford (20) as a white solid (28 mg,
78% yield). Characterization data matched those previously reported.?®'H NMR (400 MHz, CDCl3): & 8.02
(m, 1H), 7.35-7.32 (m, 1H), 6.68-6.56 (m, 1H), 3.81 (m, 4H), 3.43 (m, 4H), 2.20 (s, 3H); **C NMR (100 MHz,
CDCl5): 158.1, 147.5, 138.4, 122.8, 106.8, 68.7, 46.1, 17.1.

N
Lo
4-(2-methylphenyl)-morpholine (21) was prepared according to general procedure A. Purification was
performed using a gradient of 1->5% ethyl acetate in hexanes to afford (21) as a white solid (25 mg, 73%
yield). Characterization data matched those previously reported.?’ *H NMR (400 MHz, CDCl3): § 7.21-7.18

(m, 2H), 7.05-6.98 (m, 2H), 3.87-3.85 (m, 4H), 2.93-2.91 (m, 4H), 2.33 (s, 3H); *C NMR (100 MHz, CDCls):
167.0, 153.9, 138.4, 137.6, 131.2, 120.1, 113.6, 107.1, 51.6, 47.2, 44.8.
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4-(p-Tolyl)morpholine (22) was prepared according to general procedure A. Purification was done using
a gradient of 1->5% EtOAc in hexanes to afford (22) as off-white solid (27 mg, 77% yield). The reaction
was repeated according to general procedure B (21 mg, 71% yield). Characterization data matched those
previously reported.?”” *H NMR (400 MHz, CDCl5): 6 7.08 (d, J = 6.8 Hz, 2H), 6.83 (d, J = 8.4 Hz, 2H), 3.85 (m,
4H), 3.10 (t, J = 4.8 Hz, 4H), 2.27 (s, 3H); 3C NMR (100 MHz, CDCl5): 149.1, 129.6, 129.5, 115.9, 66.9, 49.8,

20.3.
@CH3
L
4-Methyl-1-(o-tolyl)piperidine (23) was prepared according to general procedure A. Purification was
done a gradient of 1->5% EtOAc in hexane to afford (23) as colorless liquid (24 mg, 72% yield).
Characterization data matched those previously reported.?® 'H NMR (400 MHz, CDCls): § 7.16-7.11 (m,
2H), 7.00-6.91 (m, 2H), 3.09-3.06 (t, J = 8.4 Hz, 2H), 2.64-2.57 (dt, J = 8.6, 3.4 Hz, 2H), 2.28 (s, 3H), 1.72-

1.69 (m, 2H), 1.63-1.58 (m, 1H) 1.41-1.33 (m, 2H), 0.99-0.96 (s, 3H); **C NMR (100 MHz, CDCl;): 168.8,
152.9,131.4,123.8,120.5, 118.7, 53.1, 51.9, 34.5, 30.7, 21.9.

@@g

8-(4-Methylphenyl)-1,4-dioxa-8-azaspiro[4.5]decane (24) was prepared according to general procedure
A. Purification was performed using a gradient of 1->5% ethyl acetate in hexanes to afford (24) as a white
solid (31 mg, 68% yield). Characterization data matched those previously reported.?®*H NMR (400 MHz,
CDCl3): 6 7.07-7.06 (m, 2H), 6.89-6.87 (m, 2H), 3.99 (s, 4H), 3.29-3.26 (m, 4H), 2.28 (s, 3H), 1.87-1.84 (m,
4H); *C NMR (100 MHz, CDCls): 148.4, 129.5, 128.7, 116.3, 106.9, 65.3, 48.2, 24.5, 20.1.
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T
1,6-Dimethylindole (25) was prepared according to general procedure A. Purification was performed
using a gradient of 1->5% EtOAc in hexanes to afford (25) as colorless liquid (26 mg, 79% yield). The
reaction was repeated according to general procedure B (24 mg, 76% vyield).Characterization data
matched those previously reported.3 *H NMR (400 MHz, CDCls): 6 7.55 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.15

(s, 1H), 7.00-6.98 (m, 2H), 6.48-6.46 (m, 1H), 3.77 (s, 3H) 2.54 (s, 3H); 3C NMR (100 MHz, CDCls): 137.0,
131.1, 128.1, 126.2, 121.0, 120.4, 109.1, 100.6, 32.6, 21.8.

Me
N
Y

CHj

1,4-Dimethylindole (26) was prepared according to general procedure A. Purification was performed
using a gradient of 1->5% EtOAc in hexanes to afford (26) as colorless liquid (22 mg, 70% yield).
Characterization data matched those previously reported.3! 'H NMR (400 MHz, CDCl3): & 7.18-7.16 (m,
2H), 7.11-7.03 (d, / = 3.2 Hz, 1H), 6.92-6.89 (m, 1H), 6.50-6.49 (d, J = 3.2 Hz, 1H), 3.80 (s, 3H), 2.56 (s, 3H);
13C NMR (100 MHz, CDCls): 136.4, 130.3, 128.36, 128.12, 121.6, 119.5, 106.8, 99.4, 33.0, 18.7.

N
C
CH3
1,3-Dimethylindole (27) was prepared according to general procedure A. Purification was performed
using a gradient of 1->5% EtOAc in hexanes to afford (27) as colorless liquid (16 mg, 53% vyield).
Characterization data matched those previously reported.! *H NMR (400 MHz, CDCls3): 6 7.65-7.62 (d, J =

7.5 Hz, 1H), 7.34 (m, 1H), 7.34-7.29 (m, 1H), 7.21-7.18 (t, J = 6.4 Hz, 1H), 6.87 (m, 1H), 3.79 (s, 3H), 2.41 (s,
3H); *C NMR (100 MHz, CDCls): 137.1, 128.9, 126.7, 121.5, 119.2, 118.4, 110.1, 109.4, 32.4, 9.5.

24



Me

N

1,2-Dimethylindole (28) was prepared according to general procedure A. Purification was performed
using a gradient of 1->5% EtOAc in hexanes to afford (28) as colorless liquid (12 mg, 41% vyield).
Characterization data matched those previously reported.3! *H NMR (400 MHz, CDCl3): 6§ 7.61 (d, J = 7.8
Hz, 1H), 7.34 (d, J = 5.4 Hz, 1H), 7.21-7.16 (m, 2H), 6.34-6.31 (s, 1H), 3.71 (s, 3H), 2.43 (s, 3H); 3C NMR
(100 MHz, CDCls): 137.4, 136.8, 127.8, 120.4, 119.7, 119.4, 108.7, 99.7, 29.5, 12.7.

CHs

1-(p-Tolyl)-indole (29) was prepared according to general procedure A. Purification was performed using
a gradient of 1->5% EtOAc in hexane to afford (29) as yellow liquid (28 mg, 67% yield). Characterization
data matched those previously reported.3? *H NMR (400 MHz, CDCl3): 6 7.68 (d, J = 7.6 Hz, 1H), 7.53 (d, J
= 8.0 Hz, 1H), 7.40-7.38 (m, 2H), 7.32-7.30 (m, 3H), 7.23-7.14 (m, 2H), 6.67 (d, J = 3.2 Hz, 1H), 2.43 (s, 3H);
13C NMR (100 MHz, CDCls): 137.2, 136.2, 135.9, 130.1, 129.1, 128.0, 124.3, 122.1, 121.0, 120.1, 110.4,
103.1, 21.0.

HsC

N

9-Benzyl-3-methylcarbazole (30) was prepared according to general procedure A. Purification was
performed using a gradient of 1->5% EtOAc in hexanes to afford (30) as white solid (39 mg, 72% yield).
Characterization data matched those previously reported.3® *H NMR (400 MHz, CDCl5): 6 8.07 (d,/=7.6
Hz, 1H), 7.91 (s, 1H), 7.41-7.36 (m, 1H), 7.33-7.30 (m, 1 H), 7.25-7.18 (m, 6H), 7.12-7.10 (m, 2H), 5.48 (s,
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2H), 2.52 (s, 3H); *C NMR (100 MHz, CDCl3): 140.8, 138.9, 137.3, 128.7, 128.5, 127.3, 127.1, 126.3, 125.6,
123.1,122.8, 120.3, 120.2, 118.9, 108.8, 108.5, 46.5, 21.3.

3-Methoxy-6,9-dimethyl-9H-carbazole (31) was prepared according to general procedure A. Purification
was performed using a gradient of 1->5% EtOAc in hexanes to afford (31) as off-white solid (29 mg, 65%
yield). Characterization data matched those previously reported.3* 'H NMR (400 MHz, CDCls): 6 7.84 (s,
1H), 7.55 (d, J = 2.4 Hz, 1H), 7.28-7.23 (m, 3H), 7.09 (dd, J = 8.8, 2.4 Hz, 1H), 3.92 (s, 2H), 3.77 (s, 3H), 2.53
(s, 3H); 3C NMR (100 MHz, CDCls): 153.4, 139.9, 136.4, 127.5, 127.0, 122.8, 122.6, 120.1, 114.6, 109.0,
108.2, 103.3, 56.1, 29.2, 21.3.

3-(tert-Butyl)-6,9-dimethyl-carbazole (32) was prepared according to general procedure A. Purification
was performed using a gradient of 1->5% EtOAc in hexanes to afford (32) as brown solid (35 mg, 68%
yield). Characterization data matched those previously reported.3* *H NMR (400 MHz, CDCls): 6 8.06 (d, J
= 2.0 Hz, 1H), 7.89 (s, 1H), 7.52 (dd, J = 8.4, 2.0 Hz, 1H), 7.29 (d, J = 8.8 Hz, 1H), 7.25 (s, 2H), 3.79 (s, 3H),
2.53 (s, 3H), 1.43 (s, 9H); 3C NMR (100 MHz, CDCls): 141.5,139.7, 139.4, 127.7, 126.7, 123.3, 123.0, 122.2,
120.1, 116.3, 108.0, 107.8, 34.6, 32.0, 29.1, 21.4.
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1,3-Dimethylindazole (33) was prepared according to general procedure A. Purification was performed
using a gradient of 1->5% EtOAc in hexanes to afford (33) as yellow liquid (17 mg, 59% yield).
Characterization data matched those previously reported.® 'H NMR (400 MHz, CDCl3): 6 7.63 (dt, J = 8.4,
0.8 Hz, 1H), 7.37-7.28 (m, 2H), 7.11-7.07 (m, 1H), 3.98 (s, 3H) 2.56 (s, 3H); ¥*C NMR (100 MHz, CDCls):
141.2, 140.8, 126.1, 123.2,120.3, 119.5, 108.7, 35.0, 11.8.

N CH3

| P
6-Methylquinoline (34) was prepared according to general procedure A. Purification was performed using
a gradient of 1->5% ethyl acetate in hexanes to afford (34) as a yellow-green oil (23 mg, 63% vyield).
Characterization data matched those previously reported.?> *H NMR (400 MHz, CDCls): 6 8.86 (m, 1H),
8.08-8.01 (m, 2H), 7.58-7.55 (m, 2H), 7.38-7.35 (m, 1H), 2.59 (s, 3H); 3C NMR (100 MHz, CDCls): 149.1,
146.7,136.3, 135.1, 130.2, 128.1, 127.5, 125.9, 120.8, 21.6.

N—CHj
e

_0

7-methoxy-2-methylbenzofuran (35) was prepared according to a modified general procedure A using a
reaction temperature of 90 °C and a reaction time of 6 h Purification was done by CombiFlash column
chromatography followed by preparatory TLC using a gradient of 1->5% EtOAc in hexanes to afford (35)
as colourless liquid (21 mg, 63% yield). Characterization data matched those previously reported.*® H
NMR (400 MHz, CDCls): 6 7.10-7.04 (m, 2H), 6.71 (dd, J = 7.2, ) = 1.6 Hz, 1H), 6.34 (s, 1H), 3.98 (s, 3H), 2.45
(s, 3H); *C NMR (100 MHz, CDCls): 155.5, 144.8, 143.7, 130.7, 123.0, 112.6, 105.3, 102.9, 55.9, 14.0.
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2-Methoxy-8-methyl-dibenzofuran (36) was prepared according to general procedure A. Purification was
performed using a gradient of 1->5% ethyl acetate in hexanes to afford (36) as a white solid (26 mg, 81%
yield). Characterization data matched those previously reported.3” *H NMR (400 MHz, CDCl3): § 7.71-7.69
(s, 2H), 7.46-7.38 (m, 3H), 7.06-7.01 (m, 1H), 3.91 (s, 3H), 2.51 (s, 3H); 3C NMR (100 MHz, CDCls): 155.7,
155.2,151.1, 131.8, 128.2, 124.6, 124.4, 120.5, 114.9, 112.0, 111.2, 103.6, 56.0, 21.3.

/=0
o!

0]
CHj O ~
O CH
~o S

o\/O
7,7'-Dimethoxy-5,5'-dimethyl-4,4'-bibenzo[d][1,3]dioxole (37) was prepared according to a modified
general procedure A using 4.0 equivalents of TMDSO and 2.0 equivalents of KO'Bu. Purification was
performed using a gradient of 1->10% ethyl acetate in hexanes to afford (37) as a white solid (38 mg, 76%
yield). 'H NMR (400 MHz, CDCl3): & 7.43-7.31 (m, 2H), 6.08-6.07 (m, 4H), 3.82 (s, 6H), 2.51 (s, 6H); 3C NMR
(100 MHz, CDCls): 147.1, 142.3, 138.1, 137.7, 110.9, 102.2, 56.3, 51.7, 21.3. Accurate mass (El):
Theoretical: 212.0832. Found: 212.0837. Spectral Accuracy: 96.3%. FT-IR: v (cm™) 1718, 1626, 1489, 1422,
1389, 1220, 1085, 1010. mp: 148-151 °C.

4-Methyl-N,N-dipropylbenzenesulfonamide (38) was prepared according to general procedure A.
Purification was done using a gradient of 5->10% EtOAc in hexane to afford (38) as yellow liquid (19 mg,
36% yield). Characterization data matched those previously reported.3* *H NMR (400 MHz, CDCl3): 6 7.66
(d,J=8.0 Hz, 2H), 7.26 (dd, J = 8.4, 0.2 Hz, 2H), 3.05-3.01 (m, 4H), 1.57-1.47 (m, 4H), 0.84 (m, 6H); **C NMR
(100 MHz, CDCls): 142.8, 137.2, 129.5, 127.0, 50.0, 22.0, 21.4, 11.1.
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2-(Methylbenzene)ethanol (39) was prepared according to a modified general procedure A using 0.2
mmol of iso-chromanone as the starting material, a reaction temperature of 90 °C and a reaction time of
6 h. After the TBAF workup, the reaction solution was quenched with 1.0 M HCI. A liquid-liquid extraction
was performed with 2 x 5 mL of ethyl acetate — the resulting organic fractions were collected and solvent
was evaporated via rotary evaporation. The subsequent crude mixture was redissolved in 0.8 mL of
dichloromethane and purified on a Combiflash Rf automated chromatography instrument using a gradient
of 1->5% EtOAc in hexanes to afford (39) as an off-white solid (21 mg, 74% yield). Characterization data
matched those previously reported.3 *H NMR (400 MHz, CDCls): § 7.29-7.17 (m, 4H), 3.71-3.66 (m, 2H),
3.22 (m, 2H), 2.37(s, 3H); 3C NMR (100 MHz, CDCls): 137.7, 128.9, 128.8, 128.1, 125.9, 125.1, 57.7, 21.2,
18.0.
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5. Troubleshooting

5.1. Scope Limitations

Several substrates, particularly those with free OH or NH bonds, were found to be inert to the reaction
conditions, instead giving recovery of starting material (Scheme S3A). Substrates with other reducible
carbonyl functionalities such as aldehydes, ketones and aliphatic esters were found to over-react (Scheme
S3B). Lastly, esters bearing carbon-halogen bonds, carbon-sulfur bonds and select other functional groups

were found to give intractable mixtures of products (Scheme S3C).
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Scheme S3. Unsuccessful scope examples
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5.2. Improving moderate yields

Several substrates afforded relatively low yields when subjected to the ‘optimal’ conditions. In general,
yields could be improved by increasing the catalyst loading. In many cases, substrate-specific optimization
resulted in improved yields without necessitating more catalyst. For instance, Substrate S3, bearing a
stilbene backbone, was found to give desired product 9 upon reaction with 1.5 equivalents TMDSO at 90
°C for 6 h. Upon treatment with the general reaction conditions, product S4 could be recovered. Further,

S4 could be recovered from substrate S3 upon reaction with 3 equivalents of TMDSO.

o TMDSO (1.5 equiv)

o~ Ni(cod); (10 mol%) CHs
O ICy*HBF,4 (20 mol%)
X KO'Bu (1 equiv)
s3 PhMe, 90 °C, 6 h 719 2

+9% reduced olefin

@ TMDSO (3 equiv) CHj3
Ni(cod), (10 mol%) O
ICy*HBF, (20 mol%) O

KO™Bu (1 equiv) General
PhMe, 110 °C, 10 h A: 76% procedure A
B: 88%

Scheme S4. Depicting control over olefin-containing ester substrates

CHj;

1-Methyl-4-(2-phenethyl)benzene (S4) was prepared according to general procedure A. Purification was
performed using a gradient of 1->5% ethyl acetate in hexanes to afford (S4) as a white solid (22 mg, 61%
yield). Characterization data matched those previously reported.*® H NMR (400 MHz, CDCls): 6 7.46-7.44
(d, J = 8.2 Hz, 2H), 7.34-7.32 (d, J = 8.0 Hz, 2H), 7.14-7.11 (m, 3H), 7.01-6.93 (m, 2H), 2.92-2.89 (m, 4H),
2.31 (s, 3H); *C NMR (100 MHz, CDCls): 143.4,137.6, 134.3, 128.3, 128.1, 127.3, 125.7, 39.4, 36.1, 20.5.
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Substrate-specific optimization was performed on esters S5, S7, S8 and S9 after noting their modest yields
upon exposure to the general procedure A. Higher yields could be obtained upon lowering the reaction

temperature to 90 °C and shortening the reaction time to 6 h.

O @ General procedure A )
/ COzMe / CH3
S5

S6 A: 43%

B: 76%
Ni(cod), (10 mol%), ICy-HBF4 (20 mol%)
TMDSO (2 equiv), KOBu(1 equiv)
PhMe, 90 °C, 6 h

OMe tBu CO,Me 0

COzMe 0

HO

A: 17% Bu A:46% A: 47%

s7 B:41% S8 B: 81% S9 B: 74%

Scheme S5. Improved yields at reduced temperature and time

5.3. General comments

The quality of reagents was observed to be particularly important for reproducibly obtaining the yields
reported. In the conditions using Ni(cod),, any exposure to oxygen was highly detrimental. The age of the
Ni(cod), was also found to be important — in one instance, replacing an old (>6 month) bottle of Ni(cod),
with a new source resulted in substantially improved yields. While somewhat lower yielding, reactions

performed using general procedure B (NiBr,-glyme/Mn) were found to be more robust.
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6. Additional experimental information

6.1. Catalytic deuteration

CHy CHy RuClyH,0 CHs  CHs
Si._.Si Si Si
s SA7 ~ D 7 | ~N /I ~
H3C |_|| (0] |l| CH3 2(9) H3C D (0] D CH3
d,-TMDSO

In order to transform TMDSO into its deuterated analog, a modified literature procedure was used.*
Inside of a nitrogen-filled glovebox, 10 mg RuCls-H,0 is crushed into a fine powder and added alongside
3.0 mL of TMDSO to a 25 mL heavy-walled vacuum Schlenk tube. The tube is connected to a Buchi
“tinyclave” pressure reactor and sealed. The reaction vessel is subsequently brought outside of the
glovebox. D, (g) is introduced to the pressure tube through a deuterium gas regulator via a T-shaped
vacuum stopcock to a gauge pressure of 10-12 psi. The reactor is sealed and stirred rapidly for 1 h at room
temperature. After 1 h, the reaction vessel is placed in a liquid nitrogen bath until the TMDSO solution
freezes, at which point the vessel was placed under vacuum for 10 seconds. After evacuating, the pressure
tube is brought out of the liquid nitrogen bath and allowed to return to room temperature. Once at room
temperature, D, was reapplied at the same pressure. This cycle (pressurize vessel, stir, freeze-pump-thaw)
was repeated 6 times until analysis of an aliquot by *H NMR showed >95% deuterium incorporation. The
spectroscopically pure d>-TMDSO (61% yield) can be purified by distillation to remove remaining RuCls;*

however, this was not found to be necessary. The crude material was thus used in subsequent reduction

reactions without further purification as a black, translucent liquid.
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(ds)-2,5-Dimethoxy-2-methylbenzene (41) was prepared according to general procedure B using ds-
TMDSO in ds-toluene (use of non-deuterated toluene provides slightly reduced deuterium incorporation).
Purification was performed using a gradient of 1->5% ethyl acetate in hexanes to afford (41) as a white
solid (23 mg, 68% yield, >95% D). Characterization data matches the literature for the analogous non-
deuterated compound.*> *H NMR (400 MHz, CDCl3): 6 6.69-6.59 (m, 3H), 3.71 (s, 3H), 3.67 (s, 3H), 2.26 (s,
<0.08 H); *C NMR (100 MHz, CDCls): 153.1, 152.8, 152.7,129.2, 114.5, 110.7, 58.3, 58.2, 18.6 (m, CD3).

(ds)-1-(trans-4-Butylcyclohexyl)-4-methylbenzene (42) was prepared according to general procedure B
using d>-TMDSO in ds-toluene. Purification was performed using a gradient of 1->5% ethyl acetate in
hexanes to afford (42) as a white solid (31 mg, 72% yield). '"H NMR (400 MHz, CDCl3): § 7.11-7.10 (m, 4H),
2.46-2.39 (m, 1H), 2.32 (s, <0.08 H) 1.90-1.85 (m, 4 H), 1.49-1.38 (m, 2H), 1.34-1.21 (m, 7H), 1.10-1.00 (m,
2H), 0.93-0.89 (m, 3H); *C NMR (100 MHz, CDCls): 144.9, 135.1, 128.9, 126.7, 44.2,37.3,37.1, 34.4,33.7,
29.2,23.0, 20.9, 14.1 (m, CDs).

(ds)-2 methylnapthalene (43) was prepared according to general procedure B using d>-TMDSO in ds-
toluene. Purification was performed using a gradient of 1->5% ethyl acetate in hexanes to afford (43) as
a white solid (23 mg, 68% yield). Characterization data matches the literature for the analogous non-
deuterated compound.'* *H NMR (400 MHz, CDCls): 6 7.80-7.78 (d, J = 8.0 Hz, 3H), 7.79 (m, 1H), 7.45-7.41
(m, 2H), 7.37-7.34 (d, J = 8.4 Hz, 1H), 2.51 (s, <0.07 M); **C NMR (100 MHz, CDCls): 135.4, 133.6, 131.7,
128.0,127.6, 127.5,127.1,126.0, 125.7, 124.9, 21.6 (m, CD3).
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(ds)-N-methyl-6-methylindole (44) was prepared according to general procedure B using d>-TMDSO in ds-
toluene. Purification was performed using a gradient of 1->5% ethyl acetate in hexanes to afford (44) as
a white solid (23 mg, 65% yield). Characterization data matches the literature for the analogous non-
deuterated compound.3® *H NMR (400 MHz, CDCls): § 7.55 (dd, J = 7.8, 1.4 Hz, 1H), 7.15 (s, 1H), 7.00-6.98
(m, 1H), 6.48-6.46 (m, 1H), 3.77 (s, 3H), 2.53 (s, <0.07 H); 3C NMR (100 MHz, CDCls): 137.0, 131.1, 128.1,
126.2,121.0, 120.4, 109.1, 100.6, 32.6, 21.8 (m, CD3).
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6.2. Chemoselectivity between ester reduction and ethereal cleavage

Both conditions Conditions A Conditions B
Ni(cod), (10 mol%) ICy-HBF, (20 mol%) PCys3 (20 mol%)
TMDSO (1 equiv or 2 equiv) KO'Bu (1 equiv) no base

PhMe (0.5 M), 110 °C, 12 h

Ester reduction using the Ni/TMDSO/ICy/KO'Bu system was done according to a modified general
procedure A using 0.20 mmol of starting material, 0.4 mL of toluene and a reaction time of 12 h, affording

products 48-51.

Ether cleavage procedure (adopted from the method used by Martin and coworkers*?)

To an oven dried 8 mL screw-top test-tube, 0.20 mmol of starting material is added alongside an oven
dried micro-stir bar. The screw-top test-tube is subsequently brought into a nitrogen-filled glovebox. Once
under the inert atmosphere, 0.04 mmol PCy; and 0.02 mmol Ni(cod), are added. 0.4 mL of toluene is
added to the test-tube, followed by 0.20 mmol of 1,1,3,3-tetramethyldisiloxane. The reaction vessel is
quickly sealed with a Teflon-septa equipped cap and brought outside of the glovebox, where it is stirred
inside of a mineral-oil bath at 600 rpm for 12 hours at 110 °C. After 12 hours, the reaction vessel is allowed
to come to room temperature before being opened to the atmosphere. 0.80 mmol of tetra-n-
butylammonium fluoride is added slowly as a 1.0 M solution in tetrahydrofuran and the resulting solution
is heated to 65 °C and stirred for 2 hours. The crude reaction solution is subsequently added directly to a
10 g Biotage SNAP silica-packed column where it is purified on a CombiFlash Rf+ automated

chromatography instrument using a mixture of ethyl acetate in hexanes, affording products 52-55.

CO-,Me CH
= | 2 Ni(cod), (10 mol%) = | s
\N TMDSO (2 equiv) \N
ICy-HBF4 (20 mol%)
OMe KO™Bu (1 equiv) OMe
44 48

2-(2-Methoxyphenyl)-5-methylpyridine (48) was prepared according to a modified general procedure A
using 0.2 mmol of starting material, 0.4 mL of toluene and a reaction time of 12 h. Purification was
performed using a gradient of 1%—>5% EtOAc in hexane to afford (48) as colorless solid (23 mg, 69% vyield
[76% vyield via *H-NMR]). Characterization data matched those previously reported.* *H NMR (400 MHz,
CDCls): 6 8.50 (d, J = 2.4 Hz, 1H), 7.72-7.66 (m, 2H), 7.49 (dd, J = 8.4, 2.4 Hz, 1H), 7.35-7.31 (m, 1H), 7.04
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(t,J=7.6Hz, 1H),6.97 (d, J = 8.0 Hz, 1H), 3.83 (s, 3H), 2.34 (s, 3H); *C NMR (100 MHz, CDCl3): 156.9, 153.4,
149.8, 136.3, 131.1, 131.0, 129.6, 129.2, 124.5, 121.0, 111.3, 55.6, 18.2.

Ni(cod), (10 mol%) CH
COMe  TMDSO (2 equiv) 3
\o ICy-HBF4 (20 mol%) o
t .
45 KO'Bu (1 equiv) 49

2-Methoxy-6-methylnaphthalene (49) was prepared according to a modified general procedure A using
0.2 mmol of starting material, 0.4 mL of toluene and a reaction time of 12 h. Purification was done a
gradient of 1->5% EtOAc in hexanes to afford (49) as off-white solid (27 mg, 73% yield [88% yield via *H-
NMR]). Characterization data matched those previously reported.* *H NMR (400 MHz, CDCls): 6 7.64 (dd,
J=8.4,3.2 Hz, 2H), 7.54 (s, 1H), 7.28 (dd, J = 8.4, 2.0 Hz, 1H), 7.13-7.10 (m, 2 H), 3.90 (s, 3H), 2.48 (s, 3H);
13C NMR (100 MHz, CDCl5): 157.0, 133.0, 132.6, 129.1, 128.7, 128.5, 126.7, 126.5, 118.6, 105.6, 55.2, 21.4.

coMe  Ni(cod); (10 mol%) CHj
TMDSO (2 equiv)
g ~
o~ ICy-HBF, (20 mol%) 0
KO'Bu (1 equiv
46 (1 equiv) 50

2-Methoxy-3-methylnapthalene (50) was prepared according to a modified general procedure A using
0.2 mmol of starting material, 0.4 mL of toluene and a reaction time of 12 h. Purification was performed
using a gradient of 1->5% ethyl acetate in hexanes to afford (50) as an off-white solid (19 mg, 63% yield
[78% vyield via *H-NMR]). Characterization data matched those previously reported.*® *H NMR (400 MHz,
CDCls): 6 7.73-7.69 (dd, J = 8.2, 3.4 Hz, 2H), 7.58 (m, 1H), 7.41-7.33 (m, 2H), 7.10-7.08 (m, 1H) 3.95 (s, 3H),
2.39 (s, 3H); *C NMR (100 MHz, CDCl5): 155.8, 131.1, 128.7, 126.8, 126.1, 125.3, 123.4. 104.3, 55.2, 16.8.
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o Ni(cod), (10 mol%) 0
CO,Me TMDSO (2 equiv)= CHs
ICy-HBF, (20 mol%)
/O KOBu (1 equiv) /O
47 51

1,3-Dimethoxy-2-methylbenzene (51) was prepared according to a modified general procedure A using
0.2 mmol of starting material, 0.4 mL of toluene and a reaction time of 12 h. Purification was performed
using a gradient of 1->5% EtOAc in hexanes to afford (51) as colourless solid (19 mg, 62% yield [73% yield
via 'H-NMR]). Characterization data matched those previously reported.*” *H NMR (400 MHz, CDCls): §
7.12-7.08 (m, 1H), 6.52 (d, J = 8.4 Hz, 2H), 3.81 (s, 6H), 2.09 (s, 3H); *C NMR (100 MHz, CDCl5): 158.3,
126.1,114.5,103.5,55.7, 8.1.

CO,Me
“ Ni(cod), (10 mol%) - C02Me
N TMDSO (1 equiv) ~ |
N - N
PCys (20 mol%)
OMe H
44 52

Methyl 5-phenylpyridine-3-carboxylate (52) was prepared according to the aforementioned ether
cleavage procedure to afford (52) (25 mg, 68% vyield [76% yield via 'H-NMR]). Characterization data
matched those previously reported.*® *H NMR (400 MHz, CDCls): 6 9.30 (s, 1H), 8.38-8.32 (dd, J = 8.4, 2.0
Hz, 1H), 8.08-8.02 (dd, J = 9.0, 1.6 Hz, 2H), 7.83-7.80 (d, J = 8.4 Hz, 1H), 7.53-7.48 (m, 3H), 3.97 (s, 3H); *C
NMR (100 MHz, CDCl5): 166.0, 160.8, 150.9, 138.1, 137.7, 129.8, 127.9, 124.1, 119.7, 52.3.

CO,Me  Ni(cod); (10 mol%) CO,Me
TMDSO (1 equiv)
o ] H

PCys3 (20 mol%)

45 53

Methyl-2-napthoate (53) was prepared according to the aforementioned ether cleavage procedure to
afford (53) (15 mg, 57% yield [60% vyield via *H-NMR]). Characterization data matched those previously
reported.*® *H NMR (400 MHz, CDCl3): § 8.62 (s, 1H), 8.08-8.04 (dd, J = 8.6, 1.6 Hz, 1H), 7.58-7.53 (m, 2H),
3.98 (s, 3H); ®C NMR (100 MHz, CDCls): 167.1, 135.3, 132.4, 129.2, 128.0, 127.7, 126.3, 124.8, 51.7.
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COy,Me  Ni(cod), (10 mol%)
CO,M
OO TMDSO (1 equiv) 2Me
o~ g

PCys (20 mol%) H
46 53

Methyl-2-napthoate (53) was prepared according to the aforementioned ether cleavage procedure to
afford (53) (28 mg, 79% yield [90% vyield via 'H-NMR]). Characterization data matched those previously
reported.”* *H NMR (400 MHz, CDCls): 6 8.62 (s, 1H), 8.08-8.04 (dd, J = 8.6, 1.6 Hz, 1H), 7.58-7.53 (m, 2H),
3.98 (s, 3H); 3C NMR (100 MHz, CDCl3): 167.1, 135.3, 132.4, 129.2, 128.0, 127.7, 126.3, 124.8, 51.7.

AN AN
) . O
Ni(cod), (10 mol%)
CO,Me  TMDSO (1 equiv) CO,Me
PCy; (20 mol%)

0 H

/
47 54

Methyl-2-methoxybenzoate (54) was prepared according to the aforementioned ether cleavage
procedure to afford (55) (21 mg, 68% yield [78% yield via *H-NMR]). Characterization data matched those
previously reported.*® 'H NMR (400 MHz, CDCls): 6 7.74-7.69 (dd, J = 7.5, 1.5 Hz, 1H), 7.44-7.38 (m, 1H),
6.97-6.93 (m, 2H), 3.87 (s, 3H), 3.85 (s, 3H); 3C NMR (100 MHz, CDCls): 164.7, 158.6, 133.1, 130.8, 118.9,
117.6, 111.3,54.7,51.4.
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6.3. Kinetic experiments

TMDSO (2 equiv)
0] Ni(cod), (10 mol%)
OMe ICy-HBF,4 (20 mol%) CHj
KO'Bu (1.0 equiv)
PhMe, 110 °C, 10 h
53 © 4

All individual kinetics experiments were performed according to general procedure A. Ten reactions were
set up in parallel and stopped after 10 min, 20 min, 30 min, 1 h,2h,3 h,5h, 7 h,9 hand 10 h. Yields were
obtained via 'H-NMR using 1,3,5-trimethoxybenzene as internal standard. Variable time normalization
analysis was conducted on the obtained time vs. yield data based on the method described by Bures and

co-workers®°in order to determine the observed rate equation.

Standard reaction conditions were 0.25 M 2-methyl naphthoate (53), 0.25 M KO'Bu, 0.50 M TMDSO, 0.025
M Ni(cod); and 0.05 M ICy-HBF4. Scheme S9 was generated by setting [catalyst] (Ni(cod), + ICy-HBF4, 1:2
ratio) to 0.025 M (standard conditions), 0.050 M and 0.075 M. Scheme S10 was generated by varying
[TMDSO], setting it to 0.50 M (standard conditions) and 1.0 M. Scheme S11 was generated by varying [53],
setting it to 0.25 M (standard conditions) and 0.5 M. Scheme $12 was generated by varying [KO'Bu],
setting it to 0.025 M (standard conditions) and 0.050 M.
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Scheme S12. Variation in KO'Bu: Variable time normalization plots suggest first order dependency. Poor
overlay was observed at higher concentrations of KO'Bu further, possibly due to sparing solubility of KO'Bu

in toluene.

6.4. Reduction of proposed intermediates

To probe the catalytic reaction of benzyl alcohols, various indole-bearing alcohol derivatives were
subjected to the reducing conditions to determine if this step of the reaction behaved differently in
isolation (Table S9). Using 1.0 equivalents of TMDSO provided indole 2 in 58% yield (entry 1). Use of 0.6
equivalents TMDSO (formally 1.2 equivalents of hydride) gave a slightly lower yield (entry 2). As was the
case in the direct reduction starting from the ester, both Ni and KO'Bu were required for conversion (entry
3). In contrast to when using ester as a starting material, the base was only required in catalytic quantity
(entry 4). Reactions performed using TBS, TMS, and Me protected alcohols led to a higher yield than that
which was obtained when using the unprotected analog (Table S9, entries 5-7). These species are more

analogous to the mixture of silyl-alcohol species that are believed to form in situ via ester hydrosilylation.
Table S9. Reduction of a benzyl alcohol intermediate

TMDSO (1 equiv)

Ni(cod), (10 mol%)
RO | ICy-HBF, (20 mol%) |
N H,C N

Me KO'Bu (1.0 equiv) Me
PhMe, 110 °C, 10 h 2

entry R deviation from standard conditions yield, 2 [%]
1 R=H 1.0 equiv TMDSO 58
2 R=H 0.6 equiv TMDSO 46
3 R=H No Ni(cod), or no KO'Bu 0
4 R=H 20 mol% KO'Bu 48
5 R=TBS 1.0 equiv TMDSO 74
6 R=TMS 1.0 equiv TMDSO 71
7 R =Me 1.0 equiv TMDSO 77
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6.5. Reduction of other alkyl and aryl esters

The following esters were reduced according to general procedure A, confirming that the reaction is not
limited to just the reduction of methyl esters (Scheme S14). Both ester-bearing naphthalene species (S11-

$13) and ester-bearing indole species (S14-S16) were tested.

Other successfully reduced esters

senaslssnalisons

S11. 66% $12. 72% $13.76%
0. D ¢ :
i 7 h ° N Oj<
/ o o) / o)
S14. 75% $15.73% $16.77%

Scheme S14. Depicting the types of esters that could be reduced according to general procedure A
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8. NMR Spectra

1-Methyl-4-phenylbenzene 3 (CDCls, 400 MHz for *H NMR, 100 MHz for *3C NMR)
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2-Methylnaphthalene 4 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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9-Methylphenanthrene 5 (CDCls, 400 MHz for *H NMR, 100 MHz for *3C NMR)
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1-(trans-4-butylcyclohexyl)-4-methylbenzene 6 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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1-Methyl 4-dimethylamino benzene 7 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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1-Methyl-4-vinylbenzene 8 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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1-Methyl-4-(2-phenylethenyl)benzene 9 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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1,2,3-Trimethoxy-5-methylbenzene 1 (CDCls, 400 MHz for *H NMR, 100 MHz for *3C NMR)
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1-Methyl-4-phenoxybenzene 11 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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1-Methoxy-4-(4-methylphenoxy)benzene 12 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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1-(4-Methylphenoxy)-4-phenoxybenzene 13 (CDCls, 400 MHz for *H NMR, 100 MHz for *3C NMR)
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4'-Methyl-[1,1'-biphenyl]-2-ol 14 (CDCl3, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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2,6-Bis(1,1-dimethylethyl)-4-methylphenol 15 (CDCls, 400 MHz for *H NMR, 100 MHz for **C NMR)
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2,6-Bis(1,1-dimethylethyl)-4-methylpyridine 16 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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5-Methyl-2-phenylpyridine 17 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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2-(p-Tolyl)pyridine 18 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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1-(4-Methylphenyl)-4-phenylpiperazine 19 (CDCls, 400 MHz for *H NMR, 100 MHz for *C NMR)
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4-(5-Methyl-2-pyridinyl)-morpholine 20 (CDCls, 400 MHz for *H NMR, 100 MHz for *C NMR)
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4-(2-Methylphenyl)-morpholine 21 (CDCls, 400 MHz for *H NMR, 100 MHz for *C NMR)
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4-(p-Tolyl)morpholine 22 (CDCl3, 400 MHz for *H NMR, 100 MHz for 3C NMR)

CHa

Feoe

Fore

Fav

Froz
Fooz

85 8.0 7.5 70 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

9.0

9.5

ueme—

68'6h—

SE6'99—

789'9L
Sm.wnv
agu

686'STT—

005°621
659'621 >

EST'6HT—

180 170 160 150 140 130 120 110 100
f1 (ppm)

190

65



4-Methyl-1-(o-tolyl)piperidine 23 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)

Exosma= SERI2HE =808
ar S588g%z EBEEshy mEhEE
nan i N

X

—Y

T T T
10 E 8 3
f1 (ppm)

66



8-(4-Methylphenyl)-1,4-dioxa-8-azaspiro[4.5]decane 24 (CDCls;, 400 MHz for *H NMR, 100 MHz for 3C
NMR)
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1,6-Dimethylindole 25 (CDCls;, 400 MHz for *H NMR, 100 MHz for *C NMR)
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1,4-Dimethylindole 26 (CDCls;, 400 MHz for *H NMR, 100 MHz for *C NMR)
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1-(p-Tolyl)-indole 27 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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1-Methyl-3-hydroxy-4-isopropylbenzene 29 (CDCls, 400 MHz for *H NMR, 100 MHz for *C NMR)
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9-Benzyl-3-methylcarbazole 30 (CDCls, 400 MHz for *H NMR, 100 MHz for **C NMR)
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3-Methoxy-6,9-dimethyl-9-carbazole 31 (CDCls, 400 MHz for *H NMR, 100 MHz for **C NMR)
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3-(t-Butyl)-6,9-dimethyl-carbazole 32 (CDCls, 400 MHz for *H NMR, 100 MHz for *3C NMR)
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1,3-Dimethylindazole 33 (CDCls, 400 MHz for *H NMR, 100 MHz for **C NMR)
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6-Methylquinoline 34 (CDCls, 400 MHz for *H NMR, 100 MHz for **C NMR)
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7-Methoxy-2-methylbenzofuran 35 (CDCls, 400 MHz for *H NMR, 100 MHz for *C NMR)

GE8BBBITIRNRRANER 8 §.
HERRRREREEESAUE S a 3
P R A S |
CH
-
i | -
LR S e o -
8 3 8 a 8
2§ B 8 8
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.C
f1 (ppm)
o~ ” =
g8 B B § AR 858 7 i
2 5 S & 8 ad } 3 ,
@ I8 8 g 3 8§ RR S 7 5
| 7 [ (R - |
T ,
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

77



2-Methoxy-8-methyl-dibenzofuran 36 (CDCls, 400 MHz for *H NMR, 100 MHz for **3C NMR)
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7,7'-Dimethoxy-5,5'-dimethyl-4,4'-bibenzo[d][1,3]dioxole 37 (CDCls, 400 MHz for *H NMR, 100 MHz for

3C NMR)
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4-Methyl-N,N-dipropylbenzenesulfonamide 38 (CDCls, 400 MHz for *H NMR, 100 MHz for *3C NMR)
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2-(Methylbenzene)ethanol 39 (CDCls, 400 MHz for *H NMR, 100 MHz for **C NMR)
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d?-2,5-Dimethoxy-2-methylbenzene 40 (CDCls, 400 MHz for *H NMR)
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d?-1-(trans-4-butylcyclohexyl)-4-methylbenzene 41 (CDCls, 400 MHz for *H NMR)
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d?-2-Methylnapthalene 42 (CDCls, 400 MHz for *H NMR)
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2-(2-Methoxyphenyl)-5-methylpyridine 48 (CDCls, 400 MHz for *H NMR, 100 MHz for *3C NMR)
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2-Methoxy-6-methylnaphthalene 49 (CDCls, 400 MHz for *H NMR, 100 MHz for 3*C NMR)
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2-Methoxy-3-methylnapthalene 50 (CDCls, 400 MHz for *H NMR, 100 MHz for *C NMR)
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1,3-Dimethoxy-2-methylbenzene 51 (CDCls, 400 MHz for 'H NMR, 100 MHz for 3C NMR)
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Methyl 5-phenylpyridine-3-carboxylate 52 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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2-Methyl naphthoate 53 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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Methyl-2-methoxybenzoate 54 (CDCls, 400 MHz for *H NMR, 100 MHz for *C NMR)
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4,4'-Oxybis(methylbenzene) 55 (CDCls, 400 MHz for *H NMR, 100 MHz for 3C NMR)
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