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Introduction

Acidity of Alkyl & Benzyl Nitriles

CHs
H.C P
N e HsC—CN Ph”” CN Ph”” >CN
oK, 32.7 oK, 31.3 oK, 23.0 oK, 21.9

Increasing Acidity of a-Protons

Direct Functionalization of Alkyl Nitriles

Stoichiometric Strong Base

/ Weak \ /\CN
HyC—CN \ Acidity /

[M] = Pd, Ni, Mn, Cu etc.

Tom, M.-J.; Evans, P. A. J. Am. Chem. Soc. 2020, 142, 11957




Direct Functionalization of Alkyl Nitriles

In the Presence of Stoichiometric Strong Base

Pd(OAC),/BINAP or R

Br . CN Pd,dbagsCHCl4/P(t-Bu)s R
’
R)\R, base, 70-100 °C @ e

base = NaHMDS, LiHMDS, -BuOK

H
S NS ONH NH,

. HA ! > N= _ MO, N

Culkin, D. A.; Hartwig, J. F. J. Am. Chem. Soc. 2002, 124, 9330




Direct Functionalization of Alkyl Nitriles

Pd-Catalyzed Cyanomethylation of C(sp>)-H with MeCN

H O
PdX, (12-20 mol% ), L (40 mol%)
R2 N + Me—CN S >
H Cu(O,CR),, Ag,CO3, base, 130 °C
R? N
SM

L = 5,5'-dimethyl-2,2'-bipyridine
TM, 40-80% yield

SM, base base Me—CN
1 Pd”—N
Pd' %
/< —N /——N Ag'
Ag. Cu' pyo A%E

©
0]
\ cu' base
R! | | C 1c

™

Liu, Y.; Yang, K.; Ge, H. Chem Sci 2016, 7, 2804




Direct Functionalization of Alkyl Nitriles

L
Copper-Catalyzed Intermolecular Carboetherification by Alkyl Nitriles

R R OR
Cu(OTf),/1,10-Phen (S/C = 5)
VS 2 -
+ + ROH .
RZJ\ CN DTBP, 120 °C R? CN

R3 R3
TM, 25-88% yield

q cu'(OThL, Ph
MeCN H\_—N>C””(0Tf)'-n-1 ROH L >=
Cu(OTf),L, — CN oH
ROH R= Me, tBU
j Pathway B Pathway A
TfOH
TM cu'(oThL,
(RO)(TfO)CU'L,, Ph
Ph CN
‘BuO® >=
Ph @ Cu/(OTf)L,

DTBP Cu(OTf)L, %{

(RO)(TfO)CU'L,,

Chatalova-Sazepin, C.; Wang, Q.; Sammis, G. M.; Zhu, J. Angew. Chem. Int. Ed. 2015, 54, 5443




Direct Functionalization of Alkyl Nitriles

Copper-Catalyzed Dehydrogenative Coupling using Alkyl Nitriles

R1
R1
H Cu(OPiv), (S/C = 5) CN
2 + " CN itri ° > R? N
R veratronitrile, DTBP, 110 °C 5
R
R3 10-86% yield, 1:1 to >20:1 E/Z
™
MeCN
Cu'OPi I
T™ + BUCO,H Her CU (OPiv),
DTBP ‘BUOH
1y y °
BUC02 BuO PathwayA BUCOz
Pathway B
acetone (P'VO)CUH
MeCN
Il OPi
Cu"(OPiv), R/\/\/CN R 2C CN u'OPiv

Wu, X.; Riedel, J.; Dong, V. M. Angew. Chem. Int. Ed. 2017, 56, 11589




Direct Functionalization of Alkyl Nitriles

Mn-Catalyzed Michael Addition of Aliphatic Nitriles

P
0 ? o
b Nen [Mn] cat. (S/C=200) - 7 N-Mn-CO
X benzene, rt —_— /|
P

R CO
SM T™, 18-92% yield [P]=P'Bu,
™ % /P R”CN
% 4 N—yln—CO \R
: | P
co N—-Mn—-CO

Nerush, A.; Vogt, M.; Milstein, D. J. Am. Chem. Soc. 2016, 138, 6985
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Direct Functionalization of Alkyl Nitriles

Nickel-Catalyzed Cyanomethylation of Aldehydes by Acetonitriles

O—P'Pr,
O . [N cat. (S/C up to 10000) OH |
)]\H MeCN - > )\/CN Ni—CH,CN
T™, 71-95% yield O—P'Pr,
O—P'Pr,
N Ni—CH,CN
— M—CH,CN ] . _
AN 0—P/Pr, CHO
—CHO ™ ™
\ Relief of dr-pzr Repulsion
N ON \ MeCN : MeCN
_»QMD_O CH2CN_ O—P"Pr2
d O OH | /|\
Ni—0” | ~H
o o | CH,CN
Mode of Activation of Acetonitrile _
O_P,Prz

Chakraborty, S.; Patel, Y. J.; Krause, J. A.; Guan, H. Angew. Chem. Int. Ed. 2013, 52, 7523
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Direct Functionalization of Alkyl Nitriles

Nickel-Catalyzed Cyanomethylation of Aldehydes by Acetonitriles

nQ
T
_O>
>0
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o Ph o
[Ni] cat. (S/C = 50) CN
+ MeCN : - N | N
H ¢ 'BUOK, 'PrOH, -20 °C k( S—Ni<( W)
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Saito, A.; Adachi, S.; Kumagai, N.; Shibasaki, M. Angew. Chem. Int. Ed. 2021, 60, 8739
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Introduction

Summary of the Direct Functionalization of Alkyl Nitriles

[ Reactant A

Br
[M] = Pd, Ni, Mn, Cu etc. O/\/O
HyC—CN > CN

Reactant

X 0O
+ Reactant limited O)ko O/\)I\O

+ Stoichiometric bases normally required
+ Enantioselectivity difficult to control L X=0,NR y

Catalytic Allylic Cyanomethylation

LG Base ©
H;C—CN ——> H,C—CN
Hard Nucleophile
H;C—CN pK, 31.3
3 Undeveloped (Unstable)

¢ Acetonitrile carbanion difficult to form by mild base
+ Hard to control enantioselectivity in allylic substitution

© CN

LG [Rh]cat. [Rh] < CN (Soft Nucleophile)
P > | >
O then TBAF =

Tom, M.-J.; Evans, P. A. J. Am. Chem. Soc. 2020, 142, 11957




Allylic Cyanomethylation with Acetonitrile

Activation Acetonitrile with Mild Base and Neutral Silicon

MOBC /BH ® 5 R o
oM R,SiX v/
H3C—CN < \\_/—‘ H2C—CN % X—SI—CHQCN — /\CN
Mild Base R “RsSIX
pK, 31.3 Ha":u":]‘:t‘;i‘;g)h"e Soft Nucleophile

Allylic Cyanomethylation by Rh/Silane Catalysis

Bulky R
—
Higher T
}Oi’c/ + H,c—cn _[RNILYRSSIX cat.
/

\_/

Small R
lower T
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Allylic Cyanomethylation with Acetonitrile

Effect of Different Silicon Reagents

OBoc _
L1 =
+ HyC—CN [Rh(cfod)CI]Z/ (S/IC 20)>
Ar G [Si] (10 mol%), 80 °C
Ar = 4-PhCgH,

100

30

20

0
1 il J

Si-1  si-2 Si-3  Si-4  Si-5 Si-6  Si-7 m 5i-9  Si-10 Si-11 Si-12 Si-13 Si-14 Si-15

= — — L _ — fo— =t e

myield/3a myield/4a

Si-1

Si-2

Si-3

Si-4

Si-5
Si-6

spirobisilafluorene  Si-7 PhMe,SiCH,CO,Et

Si-8 I TMSCH,CN I

TMSOTY
TMSI Si-9  TBSCH,CN
Et,Si Si-10  TIPSCH,CN

TMSCF; Si-11 TMSO¢-Bu

TMSCH,CO,Et  §i-12 Et;SiH

Si-13  Ph,SiH

O

Si-14 o, N ~TMS s| Si-1

¥

Si-15  TMSNEt,
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Allylic Cyanomethylation with Acetonitrile

Optimazation of Reaction Conditions

Si-8, TMSCH,CN

OBoc -
+ HyG—CN [Rh((fod)CI]Z/L1 (S/C = 20) cio
% [Si] (10 mol%), 80 °C i-9, TBSCH,CN
Si-10, TIPSCH,CN
= 4-PhC6H4 3a 4a
Entry [Si] T (°C) L 3a, yield (ee) (%) 4a, yield (ee) (%)
1 Si-8 80 L1 - 93 (99) Ligand
2 Si-8 80 L1 (S/C=50) - 94 (99) .
3 Si-9 80 L1 9 (99) 88 (99) o
4 Si-10 80 L1 21 (89) 72 (86) oy N\/_/O
5 Si-10 100 L1 85 (85) 11 (83)
R'" R
6 Si-8 100 L1 6 (99) 88 (98)
7 S0 100 L2 92 (30) ; L1, R=Ph, R'=FPr
L2, R = Ph,R'= Me
8 Si-10 100 L3 86 (73) - L3.R = Ph, R = Et
9 Si-10 100 L4 71 (93) 21 (87) L4 R =Ph, R = Ph
10 Si-10 100 L5 80 (94) 15 (89) L5, R =4-MeO-3,5-t-BuCgH,, R' = i-Pr
11 Si-10 100 L6 93 (97) : | O R=3SEBUGH, R=FPr

Reaction Condition: SM (0.2 mmol), S/C = 20, and MeCN (1 mL).

16




Allylic Cyanomethylation with Acetonitrile

|
Scope of Mono-Allylation

OBoc [Rh(cod)CI],/L6 (S/C = 25)
G TIPSCH,CN (10 mol%), 100 °C =

oSN N70

L6, R'= 3,5-t—BUC6H3 \ ‘ \ /
rac-1 3 I Pr IPr
Aryl & Alkenyl
CN CN CN CN
/(/ /(/ /(/ /E/ a
Z = = —
/(/
3a, 93%, 97% ee 3i, 71%, 98% ee 3j, 90%, 92% ee 3k, 74%, 98% ee 31, 64%, 97% ee
(Gram-Scale: 88%, 97% ee) Alkyl
CN CN CN
CN 3b, 81%, 98% ee OMe E/
3c, 88%, 94% ee Me F = F
3d, 94%, 99% ee F
Z 3e,92%,91% ee ClI 3m, 89%, 98% ee?  3n, 91%, 98% ee?® 30, 88%, 98% ee?
3f, 91%, 95% ee Br Gram-Scale CN

39, 84%, 98% ee CO,Me 82%. 94% ee e
3h, 91%, 92% ee CF, ’
/ /

43/C = 50, Ph3SiH (3 mol%).
bS/C = 50, Et;SiH (3 mol%). 3q, 81%, 48% ee®  3p, 84%, 98% ee?




Allylic Cyanomethylation with Acetonitrile

OBoc

rac-1

4a, 94%, 99% ee

4b, 98%, 95% ee
4c, 96%, >99% ee
4d, 97%, >99% ee
4e, 90%, >99% ee
4f, 98%, >99% ee
49, 87%, >99% ee
4i, 91%, 98% ee

+ H3C_CN

Ph
Me

Cl

Br

CF;
OMe
CO,Me

Scope of Bis-Allylation

[Rh(cod)Cll,/L1 (SIC =50)

TMSCH,CN (10 mol%), 80 °C

Aryl Group

4k, 83%, >99% ee

41, 89%, 98% ee
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Allylic Cyanomethylation with Acetonitrile

Scope of Bis-Allylation

CN Ph
OBoc . Ho—cn [Rh(cod)CIJ,/L1 (S/C = 50) P
)\/ 3 TMSCH,CN (10 mol%), 80 °C . N y.

— X 0) N N O
rac-1 4, dr >20:1 ‘ipr iPFS;
Alkenyl & Alkyl
CN CN

4m, 72%, >99% ee 4n, 88%, 98% ee? 40, 92%, 98% ee?

CN

4p, 77%, 97% ee? 4q, 91%, 98% ee? 4r, 86%), 96% ee? 4s, 84%, 97% ee?

34, Et,SiH (3 mol%).
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Allylic Cyanomethylation with Acetonitrile

The Recovery of Silane Catalysts

CN
Rh(cod)ClI],/L1
_[ (cod)Cll > + [Si] (92% recovery)
H3;C—CN [Si] (20 mol%), 80 °C
+ [Si] = PhMeSiCH,CO,Et
OBoc 4a, 88%, 99% ee
F
[Rh(cod)Cl],/L6 CN _
1a, Ar = 4-PhCgH, - > + [Si] (96% recovery)
[Si] (10 mol%), 100 °C /

[Si] = TIPSCH,CN
3a, 93%, 97% ee

The Influence of Silyl Group on the Enantioselectivity

[Rh(cod)Cl],/L7 _ 3a [Si] = TBSCH,CN, 88%, 82% ee
[Si] (20 mol%), 100 °C [Si] = TIPSCH,CN, 91%, 62% ee

The Activation of Acetonitrile by Rhodium

t-BuOLi (1 eq.
uoLi(1 eq.) >  TIPSCX,CN 99% recovery
THF, 80 °C

TIPSCH,CN 2D:2H:HD=0:1.00:0

+

CD5CN
[Rh(cod)Cl]; (2.5 mol%)L1

t-BuOLi (1 eq.), THF, 80 °C

TIPSCX,CN 99% recovery
2D:2H:HD =0.63:0.06: 0.31
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Allylic Cyanomethylation with Acetonitrile

Mechanistic Proposal

QBoc Rh'(CI)L + R3SiX
)\/ " / ’

\

co,
® R R ©
[Rh"'] X—Sli—N=C=CH2
® 0O R
Rh"(CI)L,, ! t-BuO 1
el = [Rh"]-BuO o
R R
[Rh' X—Sli—CHZCN
R
CH3CN---Rh!
Rh' + t-BuOH [Rh'"] necH, R5SiX
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Allylic Cyanomethylation with Acetonitrile

Synthetic Applications

NH, - NH,
B LiAIH,, EtMgBr, Ti(0-iPr),
BF3°EtZO
5, 96%, 93% ee CN 6, 78%, 94% ee
E/ Boc
E Z N N
| 3m, 94% ee
E AN
CO(BF4)2'6H20 | I1) L|A|H4, 2) BOCZO _
= L1, Ph,SiH, 3) Pd(OAc),, DPEphos, Cs,CO; CO,Me
E —
7, 89%, 94% ee E>< L BI'_@—COzMe 8, 68%, >20:1 dr
E = CO,Me =

Grubbs Il (5 mol%) l

4a, 99% ee, >20:1 dr 10, 91%, 99% ee, >20:1 dr
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Summary

Activation Acetonitrile with Mild Base and Neutral Silicon

R R ©
R,SiX
Mild Base IlQ -R3SiX
pK, 31.3 Hard Nucleophile Soft Nucleophile

(Unstable)

Allylic Cyanomethylation by Rh/Silane Catalysis

BquyR
ngherT
EiDC/ + HyC—CN [Rh]/L*/R3SiX cat.

Z >20:1 b/l or dr
up to 99% ee Small R

lower T

¢ First Direct Allylic Cyanomethylation of Readily Available Acetonitrile
¢ Rh/Silane-Cocatalyzed Regio- and Enantioselective Allylic Cyanomethylation

¢ Mono- and Bis-Allylation Products Swithable
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Writing Strategies

O The First Paragraph

The importance of
direct functionalization

of alkyl nitriles

Few reports about

asymmetric catalysis

The necessity to

develop new approach

v

v

Compared with methods from cyanide and activated nitriles,
the direct functionalization of alkyl nitriles (especially aceto-
nitrile) provides a less-toxic and more atom-economic strategy

to prepare substituted nitriles.

However, the direct utilization of acetonitrile in asymmetric
catalysis is still very limited. Only the enantioselective addition

to aldehydes, ketones, and imines have been reported.

The development of new acetonitrile activation and steric
control strategy in asymmetric catalysis is of great value.
Direct allylic cyanomethylation of readily available acetonitrile

IS never reported.
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Writing Strategies

O The Last Paragraph

v In summary, we have reported a highly branched and enantio-

Summary . . . o -
_ selective allylic alkylation of acetonitrile directly by synergistic
of this work
rhodium and silane catalysis.
v A catalytic amount of moderately polarized silane is the key to
realize the high reactivity of acetonitrile. A five-coordinated
highlights of silicate intermediate was proposed by trapping the acetonitrile

the current method anion. The silane catalyst can not only enhance the reactivity,

but also switch the mono- and bis-allylation pathways by its

size effect.
Qutlook v' The extension of the catalytic silicate formation strategy to
of this work other nucleophiles is ongoing in our group.
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Representative Examples

v We envisioned that the addition of R;SiX may trap and tame (v. 3li{&; 3l

Bi; #=#l) the acetonitrile anion.

v Herein, we present a highly branched and enantioselective allylic
cyanomethylation from acetonitrile directly by synergistic (adj. tiE#; 1

{EAY) rhodium and silane catalysis.

v In light of the relatively poor efficiency, we elected to explore (elect to

do sth. JREMESE) the impact of base on the reaction.
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