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Parameterization of Phosphine Ligands Demonstrates
Enhancement of Nickel Catalysis via Remote Steric Effects
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Ligand Development of Ni vs Pd

Pd Discovery Method development Ligand & catalyst design
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Ni Discovery Method development
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*Major advances in Pd cross coupling *Limited ligand set for Ni catalysis
*Expand substrate scope & catalyst compatibility *Narrow substrate scope




Rational development of a new class of ligand tailored

for Ni catalysis via molecular parameterization
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Ni-catalyzed Suzuki Coupling of Acetals (Doyle Group)
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Initial Ligand Evaluation

Ni(cod), (15 mol%)

iz Ligand (30 mol%)
OMe >
(p-F-PhBO)5 (0.6 eq) .
Toluene, 60 °C, 16 h
PPh3 PCY3 PtBU3 IMes
L1 L2 L3 L4
<2% yield 29% yield No product No product Bu
TRIP L13
CyP 67% yield
Cyf—@ CY2P‘© CYPZPO Cyp2P Bu /2
R TRIP R
L5 R = Ph L6 (JohnPhos) L8 L17 R=MeL14 17% yield
24% yield No product 28% vyield 78% yield CvoP
R = TRIP L7 (XPhos) yp CF3 L15 No product
No product R/2 BuL16 68% yield
Me
2 2 2 Me 2
L9 L10 L11 L12
10% yield 17% vyield 3% yield No product




NMR Timepoint Studies
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Computational Evaluation of Ligand Electronic Properties

s Effect of minimum electrostatic potential on yield

Yield vs. Vmin (%Vpy < 35)
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No strong correlation with yield




Sterics - Cone Angle vs %V, .

Cone angle (0)
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Cone angle: angle swept by cone
that encloses all ligand groups

%V, % volume of a sphere with
radius r occupied by ligand —
emphazies steric hindrance
proximal to metal

Pd—P distance = 2.28 A
Ni—P distance = 2.05 A




Computational Evaluation of Ligand Steric Properties

+* Effect of Tolman cone angle on vyield
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Cone angle + %V, .
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Yield = 0.24 + 0.82(6 ) - 0.67(%V,,) - 0.084(V,_

Remote Steric Effect Model

Ligand parameter regression model
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Accurate and precise model

Potential predictive ability
on new data set

Can predict ligands
featuring unique structural
motifs
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Suzuki Coupling of Acetals - Scope Investigation

Ar1
|
OMe
00
@ OMe ‘/a B.oBuy
Acetal Aryl boroxine
(0.6 equiv.)

Ni(cod), (15 mol%) OMe

L17 (30 mol%)
> Cyp2P
Toluene, 70 °C, 16 h

Ether

L17
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Suzuki Coupling of Acetals - Scope Investigation

Ar1
OR B Ni(cod); (15 mol%) OR TRIP
(o Je) L17 (30 mol%)
OR B. .B = Cyp.P
O “aAr Toluene, 70 °C, 16 h
FsC CF3 TRIP
Acetal s Aryl boroxine Ether L17
(0.6 equiv.)
Acetal Product Acetal Product Acetal Product Acetal Product
©\/'}') ©\/;0 /?:5 o ™~~OH 0/j 0" "0H iA Ph 0 >Ph
1 P 0 o A o Ph A Ph” > OCH,Ph ph A
OMe Ar
16 17 20 21 24 25 28 29
78% yield 68% yield 34% yield 54% yield
w/PCys3: no product
Me Me
N
(:QO ©:(\o O/g 0)\/OH /iFPr /Oki-Pr i t-Bu /Ok/\t-Bu
i 1 Ph”™ "OCH,t-Bu 1
Mo b o =0 N Ph” ~OkPr Ph” Ar 2 Ph” ~Ar
18 19 22* 23 26 27 30 31
67% yield 60% yield® 82% yield 85% yield
w/PCys: no product
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Conclusions

“It can be compared to a spirited horse, delicate, difficult to control, and incapable of
sustainable work..”  -Paul Sabatier (Nobel Laureate)

** New ligand class tailored for efficient Nickel catalysis was developed
s Cone angle and %V, parameters are not always equivalent
*» Remote steric hindrance concept developed from quantitative model to

predict ligand reactivity

15






