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Background Selected Scope:
Although the opening of epoxides with heteroatom and carbon o o "
nucleophiles is well-studied, epoxide opening with aryl nucleophiles Bu)\/Ph BnO/K/ P Ph)\/OH

typically has poor regioselectivity and affords a mixture of products. 6% 64% 5%

Aryl epoxides react predominately at the benzylic position regardless of

o OH Ar . /\(OH
o .
R/<I > o )\/ At . )\/OH + L the conditions employed!

Linear Branched Rearranged

Formation of Branched Products with Ni/Ti Catalysis:

- Epoxides have rarely been used in traditional cross-coupling reactions. NiCl,(dme) (10 mol%)

2,2"-bipyridine (10 mol%)

- Recent advances in nickel-catalyzed cross-electrophile coupling offer ° . . CpoTICl, (10 mol%) . Ar
. . . . . . r—or
regioselective epoxide opening with aryl halides. R EtN-HCI (1 equiv), Mn (2 equiv) R)\/OH
Ar-Br Ar-Br DMPU
Ar Ni/Ti Ni], Nal OH
oH i 0 i A Selected Scope:
Weix (2014) ./<J Weix (2014) r Ph Ph CeHa(p-OMe)
Branched Linear )\/OH )\/OH OH
Me CeHis Me/l\/
' = alkyl epoxides . = aryl epoxides 70% 41% 63%
Proposed Mechanism:
Ar-l, hv Ar-l, hv Ph-Br
Ar [NifTi/PC] 0 [Co/Ni] OH N
_— INT : .
.)\/OH Doyle (2020) ./Q Gryko (2021) ./K/ Ar 7 (N »Ni Linear Products:
Branched Linear o Nal OH

— (N"Niu‘x R/<I H R)\/l
Weix (2014) — Regiodivergent Epoxide Opening

( , Nil Br [Ni] OH
. . . . . . idati N” "Ph — >
Formation of Linear Products with Nickel/lodide Catalysis: oxidation R)\-
Nily*xH,0 (10 mol%) (N,. 4. Br
2,2’-bip¥ridine (10 mol%) N” Ni *CHR, Branched Products:
/<C|) +  Ar—Br pridine (20 e - )Oi/ CHR o il
R Nal (25 mol%), Zn (2 equiv) R Ar N, T ZBr S T g
Et;N-HCI (3 equiv), DMPU ( CNil R
N" ' “Ph
OH Ph
)\/Ph o )\/OH
Zhao, Y. J. Am. Chem. Soc. 2014, 136 (1), 48-51. https://doi.org/10.1021/ja410704d R R

5/13/23 Sam Barlock 1


https://pubs.acs.org/doi/10.1021/ja410704d

METHOD

— Of the week

. Cross-Electrophile Coupling of Epoxides

The
SLAH
Group

Weix (2015) — Enantioselective Arylation of meso-Epoxides

General Strategy:

[mity AI',,I.

O —

J:> [Ni](Ar)(Br)
—_—

“[TiVjo

HO

Chiral Titanium Catalysts:

o O

[Ti] (10 mol%)
NiCly(dme) (10 mol%)
bpy (10 mol%)

-
_—
Et3N-HCI (1 equiv)
Mn (2 equiv), DMPU

_cl
Cp,TiCly Tio al TiCl,
2
PN
88% yield 10 % yield 19% yield 88% yield
0% ee 32% ee 64%ee 80% ee
Ph Ph Ph
89%, 87% ee 93%, 80% ee 72%, 84% ee
HO," HO',,
MeO
MeO F
OMe

68%, 86% ee 94%, 90% ee
Zhao, Y. J. Am. Chem. Soc. 2015, 137 (9), 3237-3240. https://doi.org/10.1021/jacs.5b01909

Doyle (2020) — Ni/Ti/Photoredox Catalysis

General Strategy:

OH
_®OE -~
Ry

Blue Light !

Styrene Oxides Cyclic Epoxides Aliphatic Epoxides

tBu
NH Ph Ph
N %
B N 7\ Bu Bu
/ A X
E))\ O \ N N= I
~N N =

Ligand = Piperidyl amidine Ligand = BPhen Ligand = tBu-terpy

Different ligands afford high regioselectivity across distinct classes of
epoxides, including styrene oxides!

NiBry(diglyme) (10 mol%), ligand (10 mol%)

0 4CzIPN (5 mol%), Cp,TiCl, (25 mol%) OH @

S @ -
Ry | Et3N (5 equiv), DMF, Blue LEDs ! |
R
o

o o
Ar/<I Alkyl ~
15 examples 11 examples 13 examples

high branch selectivity trans selectivity high linear selectivity

R
= 0,
R = Me, 900/0 R = Me, 88%
R =Ph, 73% _ o OH
R -1 B8Y% R = OMe, 94%
R= F’78% R = Morpholine, 60%
R = NHAG. 40% R = CO,Et, 81% CioH21
R = BPin, 65% R=Ac 85%

OH R

Ph

Parasram, M. ACS Catal. 2020, 10 (10), 5821-5827. https://doi.org/10.1021/acscatal.0c01199
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Gryko (2021) — Regioselective Aryl Epoxide Opening to Linear Products

OH

OH
o)
+  Ph—I —@—» )\ —(Ni Y )\/Ph
Ar/<| Ar * Ar

Blue Light

The bulky vitamin By,
catalyst can only attack
an epoxide from the
less sterically hindered
side leading to linear
products!

NH,

Vitamin B4,

Selected Scope:
o [Col/NIiCly(dme) OH
R/ﬂ oA
R, dtbbpy, Zn, NH,CI !
H,0, NMP R
Blue LED
Aryl Epoxides: Aryl Halides: o
L Ly x
Ph o Ph
R 61% 60%
R=H, 60% Ts
R = tBu, 50% OH N
R=F, 58% y)
= o,
R =CN, 53% Ph
44%

Potrzgsaj, A. J. Am. Chem. Soc. 2021, 143 (25), 9368-9376. https://doi.org/10.1021/jacs.1c00659

Cross-Electrophile Coupling of Epoxides in Total Synthesis

Nil, (10 mol%), pyridine (20 mol%)
4,4’-dimethoxy-2,2’-bipyridine
Nal (25 mol%), Zn (2 equiv)

OMe
00— o
B M
_ le) r e
+
- R

brussonol

Ahmad, A. Org. Lett. 2019, 21 (15), 6079-6083. https://doi.org/10.1021/acs.orglett.9b02221

EtsN-HCI (1 equiv), DMPU

R=H, 31%
R = OMe, 25%

komaroviquinone
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