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Abstract

Nickel catalysis offers exciting opportunities for addressing unmet challenges in organic synthesis.
Herein, we report the first nickel-catalyzed radical migratory cross-coupling reaction for the direct
preparation of 2-aryl-2-deoxy glycosides from readily available 1-bromo sugars and aryl boronic
acids. The reaction features a broad substrate scope and tolerates a wide range of functional groups
and complex molecular architectures. Preliminary experimental and computational studies suggest
a concerted 1,2-acyloxy rearrangement v/a a cyclic five-membered ring transition state followed
by nickel-catalyzed carbon-carbon bond formation. The novel reactivity provides an efficient route
to valuable C-2 arylated carbohydrates mimics and building blocks, allows for new strategic bond
disconnections, and expands the reactivity profile of nickel catalysis.
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Carbohydrates, the most abundant biomolecules, play vital roles in a wide array

of biological processes, including cell-cell recognition, protein folding, neurobiology,
inflammation, and infection.! The modification of carbohydrate structure(s) to enhance

or alter the physiological properties of the parent molecule is, therefore, an attractive
strategy for the development of novel pharmaceuticals. Indeed, carbohydrates and their
mimics are present in a range of commercially available therapeutics and vaccines, and

the evolving methods for carbohydrate synthesis and modification continue to influence

the drug discovery landscape.2 Over the past few decades, tremendous progress has

been made towards C-1 modification of carbohydrates such as the O-glycosylation3 and
C-glycosylation.* Yet, a general catalytic strategy for the preparation of diverse and
valuable C-2 functionalized 2-deoxy sugars from readily available sugar precursors remains
elusive.>® Given that C-2 functionalized 2-deoxy sugars are ubiquitous in nature and are
found in medicine, molecular imaging, cell engineering, and catalysis,” the establishment of
a versatile catalytic approach for the preparation of this class of sugars is highly attractive.

Nickel catalysis has advanced as a general technology for chemical synthesis.8 Recently,
significant progress has been made in nickel-catalyzed migratory cross-coupling (MCC)
reactions? that enable a range of remote functionalization reactions of alkyl halides (Figure
1A). These include hydroarylation,10 hydroalkylation,!! alkenylation,19d acylation,2 and
carboxylation.13 In such reactions, the nickel catalyst typically migrates from the activation
site to the cross-coupling site viathe 2-electron B-hydrogen elimination/migratory insertion
sequences (Figure 1B).2 In contrast, Ni-catalyzed MCC reactions that proceed through a
radical migratory pathway such as a 1,2-spin-center shift (SCS)14 are rare.1® Inspired by
the seminal work of Surzur and Tanner, who showed that p-(acyloxy)alkyl radical could
undergo a 1,2-SCS with concomitant acyloxy migration,16 we hypothesized that such a
reactivity could serve as the basis of a nickel-catalyzed radical MCC reaction viaa 1,2-
SCS pathway (Figure 1C). The success of such a reaction could (i) provide new strategic
bond formation that leads to otherwise difficult or unobtainable molecular architecture; (ii)
expand the reactivity profile of Ni catalysis; (iii) advance fundamental knowledge in radical
chemistry; and (iv) promote new reaction design and development. Herein, we report the
establishment and application of such a reaction platform for the preparation of synthetically
challenging C-2 arylated carbohydrates from readily available 1-bromo sugars and aryl
boronic acids (Figure 1C).17

Noteworthily, catalytic C-2 arylation of readily available sugar precursors for the preparation
of saturated, fully oxygenated 2-aryl-2-deoxy sugars has not been reported.18 The existing
approaches to this class of sugar derivatives involve either the construction of carbon
skeletons by homologation of chiral aldehydes using carbonyl ene cyclization strategy?®

or epoxide ring-opening of 2,3-epoxy sugars with aryl magnesium iodides or lithium
diarylcuprates.20 These methods, however, require the multi-step synthesis of advanced
intermediates, involve harsh reaction conditions, and have limited substrate and reaction
scopes. Thus, the work described here offers rapid access to novel 2-aryl-2-deoxy sugars and
serves as the first example of a nickel-catalyzed radical MCC reaction proceeding through a
1,2-SCS pathway.
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We commenced our investigation by examining the reaction of a-glucosyl bromide (1a) and
phenylboronic acid (2a) in the presence of Ni catalysts and found that when a mixture of

1a (1.00 equiv), 2a (2.00 equiv), NiBr,:DME (5.00 mol%), 4,4 -di- tert-butyl-2,2” -dipyridyl
(dtbbpy, 10.0 mol%), isopropanol (+~PrOH, 0.75 equiv), and Cs,COs3 (2.00 equiv) in benzene
(0.100 M) was heated at 80 °C for 20 h, the desired C-2 arylated 2-deoxyglucoside (3a)

was produced in 84% yield with 3.6:1 axial to equatorial selectivity together with a small
amount of the C-1 arylated byproduct (Table 1, entry 1).21:22 The nature of the ligand

is critical for the success of the reaction because the replacement of dtbbpy with other
classes of (/V,M)-bidentate ligands such as phenanthroline (L1), pyridine-pyrazole (L2),

and bisoxazoline (L3) greatly reduced reaction yields (entries 2—4).23 Removal of /-PrOH,
which is known to promote the transmetallation in the nickel-catalyzed Suzuki-Miyaura
cross-coupling reaction,24 also diminished the efficiency of the reaction (entry 5). The use
of 1,4-dioxane as a solvent formed hydro-debromination side products, lowering the product
yield (entry 6). Finally, control experiments showed that NiBr,-DME, Cs,CO3, elevated
reaction temperature, and an oxygen-free environment were critical for the success of the
reaction (entries 7-10).

Next, we explored the scope of aryl and heteroaryl boronic acids (Table 2A). The

reaction tolerates a range of aryl boronic acids with different substituents such as methyl,
tbutyl, phenyl, methoxy, diphenylamino, methyl sulfide, and methyl ester, forming the
corresponding products (3b-3i) in 46-86% yields with moderate axial/equatorial selectivity.
2-Naphthyl boronic acid and heteroaryl boronic acids, including 9-phenyl-9 H-carbazol-3-yI
and 2-benzofuranylboronic acids, were viable substrates and gave the desired products
(3j-3I) with moderate yields. Examination of the generality of 1-bromo sugars revealed
that an array of sugar derivatives bearing different protecting and migratory groups were
competent under this protocol (Table 2B).2°> D-Galactoside and L-fucoside derivatives
reacted smoothly and formed the corresponding products (3m, 3n, 3p) with yields of 40—
74%. Noteworthily, these substrates gave the product with the opposite stereoselectivity.
Steric interaction between the nickel catalyst and the axial C-4 OAc appears to favor the
formation of the equatorial product. Protecting groups such as #butyldimethylsilyl, benzyl,
acetyl, pivaloyl, and benzoyl are well-tolerated. A substrate with a fused ring structure

was compatible, producing 3q. We also investigated the effect of structural modification of
the migratory ester group on the reaction efficiency and found that C-2 esters substituted
with alkyl, aryl, or heteroaryl groups successfully migrated, delivering the corresponding
products (3r-3x) in 38—-85% yields.

The synthetic utility of the reaction is further highlighted by its amenability to a late-stage
modification of functionally dense natural product- and drug-conjugated sugar derivatives
(Table 2C). For instance, a melibiose derivative and the oleanolic acid-derived a-glucosyl
bromide reacted under the standard conditions, affording the desired products (5a, 5b)

in 52% and 77% yields, respectively. 1-Bromo-glucosyl derivatives of the uricosuric

agent Probenecid, the anti-inflammatory drug Zaltoprofen, and the anti-hyperuricemic drug
Febuxostat all underwent C-2 arylation giving the corresponding products (5c-5e) in good
yields, demonstrating that the method can be used in the preparation of pharmaceutically
relevant compounds. With the anti-acne agent Adapalene (4f) as a migratory group, the
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desired product (5f) was obtained in 56% yield with 10:1 axial:equatorial selectivity. This
and earlier results, such as the formation of 3r indicated that increasing the size of the
migratory group enhances the axial selectivity. It is worth noting that our protocol (i) affords
the a-2-aryl-2-deoxy glycosides exclusively, with none of the corresponding B-isomers; (ii)
enables access to previously inaccessible C-2 arylated carbohydrate derivatives and building
blocks; and (iii) expands chemical and intellectual spaces for drug discovery.

While a detailed understanding of the reaction mechanism awaits further investigation,
preliminary mechanistic studies suggested a radical process. The addition of a radical
scavenger such as 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) completely inhibited the
reaction (Figure 2A),80: 150 and when the 1,2-trans- and 1,2-cis 2-iodo-sugars (6a, 6b) were
subjected to the reaction conditions, they both formed the desired product (3a) in excellent
yields with the same level of stereoselectivity (Figure 2B). This stereoselectivity was similar
to that observed in the standard reaction using a-glucosyl bromide (1a) as the substrate,
suggesting that these reactions proceed through a common C-2 radical intermediate. Cross-
over experiments using substrates 1a and 1u afforded only the non-cross-over products (3a,
3u), indicating that the acyloxy migration likely takes place through a concerted mechanism
(Figure 2C).

On the basis of these results, the known acyloxy migration,”: 26 the nickel-catalyzed
Suzuki-Miyaura coupling,8® 84 and DFT calculations (see Sl, Figure S4 for the computed
reaction energy profiles),?” a plausible catalytic cycle is shown in Figure 2D. The active
catalyst [Ni']Br (1)28 is presumably generated under the standard conditions through (i)
transmetallation of [Ni'']Br, precatalyst with two equivalents of dihydroxyisopropoxyaryl
borate (27), (i) reductive elimination of the resulting [Ni'"JAr, complex to liberate diaryl
side products and [Ni%] species, and (iii) comproportionation of [Ni%] with [Ni'/]Br5.2
[Ni']Br could undergo transmetallation with an arylboronate, forming a [Ni']Ar species (I1).
Bromine atom abstraction of a-glycosyl bromide (1) by complex 11 generates [Ni''J(Br)Ar
species and chair 1-glycosyl radical (111). This radical intermediate could directly recombine
with [Ni'"](Br)Ar and then reductive eliminate to form C-1 arylated side products (3’).22
However, DFT calculations showed that the conversion of 111 to its By 5 boat conformation
(1V) followed by a concerted 1,2-acyloxy rearrangement is more favorable under our
reaction conditions (see Sl, Figures S6 and S7). The 1-glucosy! radical prefers the B, 5 boat
conformation (1V) by 0.6 kcal/mol, which stems from the extended anomeric interaction
between the lone-pair electron of the endocyclic- O, the singly occupied molecular orbital
(SOMO), and the o*¢_g orbital of the C-2 OAc group.39 This interaction weakens the C-2
OAc bond and promotes the 1,2-SCS through a concerted 1,2-acyloxy rearrangement viaa
cyclic five-membered ring transition state (TS5),26¢ 30 affording the deoxypyranosan-2-yl
radical (V).3! Although a typical secondary alkyl radical would be less stable than an
anomeric radical, in this case, the molecular stability gained from the formation of an
anomeric C—O bond in V drives the desired 1,2-SCS32 and makes this step (IV — V)
exergonic by 2.0 kcal/mol. DFT calculations suggested that the stereoselectivity-determining
step (s.d.s.) is the addition of the [Ni''](Br)Ar species to deoxypyranosan-2-yl radical where
the axial addition is more favorable than the equatorial addition, because the equatorial
addition to square planar Ni complex is hindered by unfavorable steric interactions with
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the ¢is C-1 acetoxy group (Figures S4 and S5). These results agree with the experimentally
observed preference for the 1,2-frans product. Once intermediate V1 is formed, it undergoes
reductive elimination, liberating the desired C-2 arylated product (3) and regenerating
[Ni']Br catalyst (I). At this stage, we cannot rule out an alternative mechanism involving
bromine atom abstraction of a-glycosyl bromide by [Ni']Br, transmetallation of the resulting
[Ni'"]Br, with aryl borate to form [Ni''|Br(Ar), and then recombination of [Ni''|Br(Ar) with
2-glycosyl radical followed by reductive elimination to give 2-arylated carbohydrates and
regenerate [Ni']Br (see Figure S8 in SI for details).

In conclusion, we have developed the first nickel-catalyzed 1,2-SCS cross-coupling reaction
that enables a direct synthesis of saturated, fully oxygenated 2-aryl-2-deoxy glycosides.
The reaction features broad substrate scope, is amenable for late-stage functionalization
of natural product and drug-conjugated sugar derivatives, and allows for the formation of
C-2 arylated glycosides that cannot otherwise be easily accessed. Preliminary mechanistic
studies suggest a radical reaction pathway with a concerted acyloxy migration. It is
anticipated that this reaction will serve as the basis for the development of Ni-catalyzed
radical migratory coupling reactions and a broadly useful C-2 functionalization of
carbohydrates. This approach will eventually allow for the preparation of a wide array

of novel carbohydrate mimics and building blocks for synthesis, medicinal chemistry, and
materials science. A myriad of exciting studies and extensions of this chemistry can be
envisaged, including detailed mechanistic studies, the identification of factors that govern
the regio- and diastereoselectivities, the introduction of different functional groups at

the C-2 position, alternative transition metal catalysts, and reaction development beyond
carbohydrate functionalization. These are the subjects of an ongoing investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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143, 1728. [PubMed: 33465308]

(a)For the synthesis of unsaturated or partially oxygenated 2-arylsugars, see:Tenaglia A; Karl

F, Intramolecular Heck Reaction of Hex-2-Enopyranosides: An Easy Entry to Cis-Fused Furo-
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@7).
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(29).
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or Pyrano [2, 3b] Pyranones. Synlett1996, 1996, 327-329;(b)Cobo I; Matheu MI; Castillon

S; Boutureira O; Davis BG, Phosphine-Free Suzuki-Miyaura Cross-Coupling in Aqueous
Media Enables Access to 2-C-Aryl-Glycosides. Org. Lett2012, 14, 1728-1731; [PubMed:
22409147] (c)Kusunuru AK; Jaladanki CK; Tatina MB; Bharatam PV; Mukherjee D, Tempo-
Promoted Domino Heck—Suzuki Arylation: Diastereoselective Cis-Diarylation of Glycals and
Pseudoglycals. Org. Lett2015, 17, 3742—-3745; [PubMed: 26203894] (d)Probst N; Grelier G;
Dahaoui S; Alami M. d.; Gandon V; Messaoudi S, Palladium (li)-Catalyzed Diastereoselective
2, 3-Trans C (Sp3)-H Arylation of Glycosides. ACS Catal. 2018, 8, 7781-7786;(e)Ghouilem
J; Franco R; Retailleau P; ALAMI M; Gandon V; Messaoudi S, Regio-and Diastereoselective
Pd-Catalyzed Synthesis of C2 Aryl Glycosides. Chem. Commun2020, 56, 7175-7178.

(a)Sugimura H; Osumi K; Koyama T, A Convenient Route for the Synthesis of 2-C-

Substituted 2-Deoxyhexoses. Chem. Lett1991, 20, 1379-1382;(b)Robertson J; Green SP; Hall
MJ; Tyrrell AJ; Unsworth WP, Further Studies on Silatropic Carbonyl Ene Cyclisations: B-
Crotyl (Diphenyl) Silyloxy Aldehyde Substrates; Synthesis of 2-Deoxy-2-C-Phenylhexoses. Org.
Biomol. Chem2008, 6, 2628-2635. [PubMed: 18600284]

(a)Richards G, The Action of Grignard Reagents on Anhydro-Sugars of Ethylene Oxide Type.
Part Iv. The Behaviour of Methyl 2:3-Anhydro-4:6- O-Benzylidene-a-0-Mannoside Towards
Diphenylmagnesium. J. Chem. Soc, 1955, 2013-2016;(b)Hladezuk I; Olesker A; Cléophax J;
Lukacs G, Synthesis of 2-C- and 3-C-Aryl Pyranosides. J. Carbohydr. Chem1998, 17, 869-878.

For detailed reaction optimization, please see the Supporting Information.

(a)Gong H; Gagne MR, Diastereoselective Ni-Catalyzed Negishi Cross-Coupling Approach to
Saturated, Fully Oxygenated C-Alkyl and C-Aryl Glycosides. J. Am. Chem. Soc2008, 130,
12177-12183; [PubMed: 18698769] (b)Liu J; Gong H, Stereoselective Preparation of A-C-Vinyl/
Aryl Glycosides Via Nickel-Catalyzed Reductive Coupling of Glycosyl Halides with Vinyl and
Aryl Halides. Org. Lett2018, 20, 7991-7995. [PubMed: 30525666]

Using two equivalents of ligand w.r.t. NiBroDME is necessary for high reaction efficiency,
decreased the ligand:Ni ratio lowered the product yields (Table S10), for similar observation, see,
Zhou J; Fu GC, Suzuki Cross-Couplings of Unactivated Secondary Alkyl Bromides and lodides.
J. Am. Chem. Soc2004, 126, 1340-1341. [PubMed: 14759182]

Saito B; Fu GC, Alkyl-Alkyl Suzuki Cross-Couplings of Unactivated Secondary Alkyl Halides at
Room Temperature. J. Am. Chem. Soc2007, 129, 9602-9603. [PubMed: 17628067]

Mannose and rhamnose derivatives where the By 5 boat conformation is less favorable failed to
afford the desired C-2 arylated product s.

(a)Giese B; Groninger KS; Witzel T; Korth HG; Sustmann R, Synthesis of 2-Deoxy Sugars.
Angew. Chem. Int. Ed1987, 26, 233-234;(b)Zipse H, [1, 2]-Acyloxy Shifts in Radicals. A
Computational Investigation of Substituent and Solvent Effects. J. Am. Chem. Soc1997, 119,
1087-1093;(c)Beckwith ALJ; Crich D; Duggan PJ; Yao Q, Chemistry of B-(Acyloxy)Alkyl

and B-(Phosphatoxy)Alkyl Radicals and Related Species: Radical and Radical lonic Migrations
and Fragmentations of Carbon—-Oxygen Bonds. Chem. Rev1997, 97, 3273-3312. [PubMed:
11851491]

DFT calculations were performed using a simplified model of glucosyl bromide (1y), where the
OMe group was used instead of OAc group at C-3, 4, and 6 positions of the sugar backbone, see
Figures S4 and S5 in SI for detailsly.

At this stage, we cannot rule out the possibility of involving a dimeric Ni(l)Br species in the
reaction.Mohadjer Beromi M; Brudvig GW; Hazari N; Lant HM; Mercado BQ, Synthesis and
Reactivity of Paramagnetic Nickel Polypyridyl Complexes Relevant to C(spz)—C(sp?’) Coupling
Reactions. Angew. Chem. Int. Ed2019, 58, 6094-6098.

(a)We detected the biaryl side product in the reaction mixture. For examples of formation of
Ni(1)-Br from Ni(I1)Br», see:Jones GD; Martin JL; McFarland C; Allen OR; Hall RE; Haley
AD; Brandon RJ; Konovalova T; Desrochers PJ; Pulay P, Ligand Redox Effects in the Synthesis,
Electronic Structure, and Reactivity of an Alkyl-Alkyl Cross-Coupling Catalyst. J. Am. Chem.
So0c2006, 128, 13175-13183; [PubMed: 17017797] (b)Wilsily A; Tramutola F; Owston NA,;

Fu GC, New Directing Groups for Metal-Catalyzed Asymmetric Carbon—Carbon Bond-Forming
Processes: Stereoconvergent Alkyl-Alkyl Suzuki Cross-Couplings of Unactivated Electrophiles.
J. Am. Chem. Soc2012, 134, 5794-5797; [PubMed: 22443409] (c)Zultanski SL; Fu GC, Nickel-
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Catalyzed Carbon—Carbon Bond-Forming Reactions of Unactivated Tertiary Alkyl Halides:
Suzuki Arylations. J. Am. Chem. Soc2013, 135, 624-627; [PubMed: 23281960] (d)Singh S;
Sunoj RB, Mechanism and Origin of Enantioselectivity in Nickel-Catalyzed Alkyl-Alkyl Suzuki
Coupling Reaction. J. Phys. Chem. A2019, 123, 6701-6710. [PubMed: 31294987]

(a)Dupuis J; Giese B; Riiegge D; Fischer H; Korth HG; Sustmann R, Conformation of Glycosyl
Radicals: Radical Stabilization by B-Co Bonds. Angew. Chem. Int. Ed1984, 23, 896-898;(b)Abe
H; Shuto S; Matsuda A, Highly a- and p-Selective Radical C-Glycosylation Reactions Using a
Controlling Anomeric Effect Based on the Conformational Restriction Strategy. A Study on the
Conformation—Anomeric Effect-Stereoselectivity Relationship in Anomeric Radical Reactions.
J. Am. Chem. Soc2001, 123, 11870-11882. [PubMed: 11724593]

Korth H-G; Sustmann R; Groninger KS; Witzel T; Giese B, Electron Spin

Resonance Spectroscopic Investigation of Carbohydrate Radicals. Part 3. Conformation in
Deoxypyranosan-2-, -3-, and -4-yl Radicals. J. Chem. Soc., Perkin Trans21986, 1461-1464.
Korth HG; Sustmann R; Groeninger KS; Leisung M; Giese B, Electron Spin Resonance
Spectroscopic Investigation of Carbohydrate Radicals. 4. 1, 2-Acyloxyl Migration in Pyranosyl
Radicals. J. Org. Chem1988, 53, 4364-4369.
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A. Ni-catalyzed migratory cross-coupling of alkyl halides

X Ni Y
| 1 I 1 activation site
R~ \I/R * R2-Z > R” \"R cross-coupling site
Y R2
B.Typical pathway: [1,2]-hydride shift 2-electron process Y=H well-known
X
[Ni]-X [Ni]-X | H X
[ 1 [ H—[Ni] | L
r- %R RN —— 7 = g~ ~INi]
| | R X I
H R Y R

C. This work: [1,2]-spin-center shift (SCS)  1-electron process Y = OAc  unknown

- [Ni]—X
[I\III] X 1 © 1 1,2-SCS (I)AC 1 (I)AC 1
R N _R RZUN <R — QR = R R
6Ac d)llic S i -X
[Ni]-X [Ni]

Establishment of nickel-catalyzed 1,2-SCS reactivity offers
a new catalytic platform for the synthesis of challenging 2-aryl-2-deoxy sugars

PGO 5 Ni PGO Aro
(PGO)n Ac\a\ *  ArB(OH)2 > (PGO)n -

Br 1,2-SCS Cipens
readily available valuable
1-bromo sugars 2-aryl-2-deoxy sugars

Figure 1.

Ni-catalyzed migratory cross-coupling reaction enables the catalytic synthesis of challenging
2-aryl-2-deoxy sugars.
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A. Radical trapping experiment

Ph

AcO = !
AcO Standard conditions o) A\ |0
AcO ——— AcO
~0. Ac

TEMPO 3a' 0%

= |mplication’ The reaction likely proceeds through a radical mechanism

B. Studies of stereochemical outcome using 2-lodo sugar

AASO __ Standard conditions ACO Ph N Aﬁéo
AcO T o0% 3910 AcO.
ACO Standard conditions AZO
AcO
AcO 84%. 3.9:1.0

AcO:
AcO-
= Implication: The reaction involves the formation of a common C-2 radical species

qAC

C. Cross-over experiments

AcO AcO AcO
AcO AcO +  AcO
AcO: AcO AcO

9 o
Standard conditions 39,84%, (3'1'1'0) 74, 0%
BzO BzO. BzO
BzO BzO BzO
BzO. BzO BzO
3u, 85%, (4.5.1,0) 3s, 0%

= Implication: Acyloxyl migration undergoes a concerted mechanism

Figure 2.
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. D. Proposed reaction mechanism

Active [Ni'|Br catalyst formation

transmetallation reductive elimination comproportionation

I, I, 0, -
Ni'B Ni'JA N ——> 2NijB
[Ni"]Br2 2 INTJAr2 - ——— [Ni*] Ny, [Ni1Br

O'Pr
B2
P ‘OH
Ar Bu Bu
[Nl]—Br iPro— B(OH)Z /_\ \_/
S
G 0 0 keal/mol bl
[N.'” p [Ni]
RO [Ni]—Ar
VI 1
Ac 0.4 kcal/mol RO o
Nickel RO.
s.d.s; Catalytic Cycle 1A° r
RO ' [rRO &
Ro%;;l Ro%%&
AcOY™H
Br-[Ni'"}-Ar OAC Br-[Ni"]-Ar i
1.0 keal/mol 1.6 kcal/mol B
= 25055
RO d RO g Mo
o}
RO. RON_( SOMO
¢ “co jI.
AN Oaty Ac [Ni"|-Ar
Br \Sle o Br
TS5 v
10.5 kcal/mol 1.0 kcal/mol

Mechanistic studies and proposed reaction mechanism. See Sl for experimental and
computational details. s.d.s. = stereoselectivity-determining step.
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Table 1.
.. . . a
Selected optimization experiments.
NiBir, DME (5.00 mol%)
dibbpy (10.0 mol%) : Ph

DR -PrOH (0.75 equiv.)
Aco N~ Br'l : 5,04 (2.00 equiv.) MOA'L\
1a

2a Benzene (0.10 M), 80 °C, 20 h 3a
1.0 equiv 2.0 equiv “standard conditions”

Entry  Deviation from standard conditions  Yield of 3a (%) (ax:eq)

1 - 84 (3.6:1)
2 L1 instead of dtbbpy 0
3 L2 instead of dtbbpy 10 (2.9:1)
4 L3 instead of dtbbpy <1
5 Without ~PrOH 63 (3.5:1)
6 1,4-Dioxane as solvent 40 (3.4:1)
7 Ni(cod), instead of NiBr,:DME 35(3.8:1)
8 DIPEA instead of CS,CO3 0
9 Room temp instead of 80 °C <1
10 With air 0
‘Bu
Y i & NT;\> ,S‘”N "~
N B Bu
dtbbpy L1 L2 L3

Page 12

aSee Supporting Information (SI) for experimental details. Yields of 3a and axial:equatorial (ax:eq) ratios were determined by 14-NMR using
dibromomethane as the internal standard.
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