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Katritzky-type Pyridinium Salts
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Deamination of Pyridinium Salts by TM Catalysis
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: Ph
Arylation
N @BF Ar-B(OH), (3 equiv.)
|@/ 4 Ph - Ni(OAC),#4H,0 (10 mol%)
NH Ph o Ph |@ o BPhen (24 mol%) A
M. P. Watson 2 > NS 2 Zgr > '
EtOH 4 KOBu (3.4 equiv.), EtOH (5 equiv.)
Ph dioxane (0.1 M), 60°C, 24 h
1 2 3
selected examples: Me o
BocHN ‘\U\
E “* ~0Bu TIPS
BocHN,, =
N Me® “Et OBn
Boc
3a, 65% 3b, 52% 3¢, 60%
From proline From isoleucine From lysine
o) o o) CN A~ T
> Me |
(o] o NN N
N o N Me
o
. E '8u0,C”
3d, 71% 3e, 62% 3f, 46%

From Mosapride intermediate
Basch, C. H.; Liao, J.; Xu, J.; Piane, J. J.; Watson, M. P. J. Am. Chem. Soc. 2017, 139, 5313.

From Lipitor intermediate



Deamination of Pyridinium Salts by TM Catalysis

Investigation of the reaction mechanism

Ph Ph Ni(OAc),e4H,0 (10 mol%) OMe

I BPhen (24 mol%)
N® ) © + MeO B(OH), e ol%
"Pent/\r Z " BF, > npent

KOBu (3.4 equiv.), EtOH (5 equiv.)

Me Ph 3 equiv. dioxane, 60 °C, 24 h Me
2a 4 3a, 54%
from (S)-2-aminooctane (>99% ee) racemic
H o)
Ni(OAc),#4H,0 (10 mol%) Me Me

TEMPO (2.0 equiv.), 24 h
5 6, 20%

Ph Ph BPhen (24 mol%) o
|®\ ° p-Tol-B(OH), KO'Bu (3.4 equiv.), EtOH (5 equiv.) Ph”” "N
+
\ NG~ y
Ph” N~ BF4 3 equiv. dioxane, 60 °C Me
Ph Me
2b
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Basch, C. H.; Liao, J.; Xu, J.; Piane, J. J.; Watson, M. P. J. Am. Chem. Soc. 2017, 139, 5313.
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Arylation

Ph X Ph Br (1 equiv.) T
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: =N N=
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. 39 examples L, ..
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Ph /V,Ph
N
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Martin-Montero, R.; Yatham, V. R.; Yin, H.; Davies, J.; Martin, R. Org. Lett. 2019, 21, 2947.
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Dicarbon functionalization

Ming Shang R’ NiBr,(DME) (10 mol%), L, (15 mol%) R' M O\/\/H\
Ph % KF (3 equiv.), (EtO),MeSiH (3 equiv.) ® n

— > Q/k.‘\\ NR1R2 ?
Ph NMP/2-MeTHF, -10 °C + kn/ or ./\"/NR1R2

®N + or v ipr Pr o o
Ph Me Me : 10 1
o) NR'R? O\/\/N\/H 0 0 : 24 examples 15 examples
BF4 o n E ,N N\ E up to 93% yield, 96% ee up to 88% yield, 92% ee
9 3 equiv. L ipr” PH Ph “iPr !
: L, ,
selected example: Me o
SI_,Me
I\
¢ Ph R Me N (\/\OAPh
:  H :  H i H . i H
H N H N N\ N\
Me/\n/ \Ph Me/\n/ \Ph Me Ph Me/\n/ Ph
fo) o) (o) (o)
10a, 75% yield 10b, 52% yieId 10c, 60% yieId 10d, 83% yieId 11a, 56% yieId
92% ee 92% ee 92% ee 84% ee 92% ee
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Borylation

BF;K
| | Ph_~ Ph then KHF, /©/\/
Shi Zhuangzhi @ Il © >  MeO 16

N NN BF4
& Q/\/ dtbpy (10 mol%), B,cat, (1.5 equiv.) Bpin
Li Shuhua MeO Ph DMA, 100°C, 6 h then pinacol /©/\/

15 >
Et;N, t MeO 17

selected examples:

Entry Variation from the standard conditions yield BFsK

1 None 84 mBF3K

2 Without Lewis base 28

_ _ 16a, 59% 16b, 59%
3 Without Lewis base, 24 h 49
_BFK
4 B,pin, instead of B,cat, 0 : _Me
D.(Me Me
5 In the dark 80 BF;K M Ve
16¢, 47% 16d, 54%
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Hu, J.; Wang, G.; Li, S.; Shi, Z. Angew. Chem. Int. Ed. 2018, 130, 15447.



Deamination of Pyridinium Salts by LB Catalysis
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Heteroarylation

Ph X Ph
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Klauck, F. J. R., James, M. J., Glorius, F. Angew. Chem. Int. Ed. 2017, 56, 12336.



Deamination of Pyridinium Salts by Photocatalysis
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Proposed Mechanism:
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Deamination of Pyridinium Salts by Photocatalysis
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Ph Ph
R N R
©
N\ + N® BF, morpholine (1.5 equiv.) . N\
F. Glorius X Ph DMSO, blue LEDs X o

23 X = NH, NMe, O, S O 24 25

1 equiv. 1.5 equiv. 29 examples

up to 90% yield

selected examples:

Me Me Ph Ph
X COOMe COOMe COOEt COOMe
T \ \ \
Z N Me N N N
H Me Me Me
SMe
25a, 84% 25b, 76% 25¢c, 70% 25d, 78%
Ph Ph .
COOM COoOOM Ph Bpin
e e
N\ N\ COOMe N COOMe
i Ph N | N
N Pr N
Me Me o] Me Z s Me
25e, 61% 25f, 61% 259, 83% 25h, 44%

20
James, M. J.; Strieth-Kalthoff, F.; Sandfort, F.; Klauck, F. J. R.; Wagener, F.; Glorius, F. Chem. Eur. J. 2019, 25, 8240.



Deamination of Pyridinium Salts by Photocatalysis

|
meooc. N® _J ©

morpholine (1 equiv.)

Iz
_<
R

Me Ph
26 27
1 equiv. 1 equiv.
— MeO -
€ Me
Base Yield o \® Ph

. Me N~
morph. No light 8% Ph \
. \ e /
morph. + O, 0% v

N
Me Ph

B Complex A eB|=4

1:1 complex, Kgpa = 2.1 M-
&pa (455 nm) =20.2 M cm 1

James, M. J.; Strieth-Kalthoff, F.; Sandfort, F.; Klauck, F. J. R.; Wagener, F.; Glorius, F. Chem. Eur. J. 2019, 25, 8240.

DMSO, white LEDs, 18 h

Me
Me
N
Z N COOMe
28
70%
- MeO -
e Me
® Ph
o O N
Ph =
-‘\““‘ \ /
L N
“H Ph
Complex B @BF4

1:1 complex, Kgpa = 8.8 M™!

&epa (455 nm) =6.2 x 103 M cm™

21



Deamination of Pyridinium Salts by Photocatalysis

— —_ 2,4,6-triphenylpyridine

R
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° 2 Me SET _ Ph
N, )*—Ph o 2
T e A R .éo:h;?‘ o
N“= N Ph T IC+e B
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OPh Me
- - A\
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— MeO m
Me \
MeOOC Me L . o
® Ph Mo o c Me

H N
! NMe o, N= @ Ph

AT
\ Me~ “\\“‘ \ / Ph Ecaica=-0.48V
7 l AV
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L - Ecalcd =-098V

-
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Me Me
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/ e <
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James, M. J.; Strieth-Kalthoff, F.; Sandfort, F.; Klauck, F. J. R.; Wagener, F.; Glorius, F. Chem. Eur. J. 2019, 25, 8240.



Deamination of Pyridinium Salts by Electrochemical

Fluoroalkenylation and Thiolation

. F F
Wang Yi |
& R
] r
Pan Yi (+)Zn / ()NFE, | = 5 mA
DMSO, Ar
31
32 examples
2 equiv. 1 equiv. up to 85% yield

A
© + S.
BF, S
(+)Zn / (-)NFE, | = 5 mA
DMSO, Ar

2 equiv.

hod _ j ;i.

10 examples
up to 57% yield

23
Liu, Y,; Tao, X.; Mao, Y.; Yuan, X.; Qiu, J.; Kong, L.; Ni, S.; Guo, K.; Wang, Y.; Pan, Y. Nature Commun., 2021, 12, 6745.
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Electron-rich Imines By Photocatalysis e fﬁﬂk% -
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p-scission
bz + H activation . H N AR _@ :i/\R
NH, N

MeO OMe MeO OMe \

sterically hindered  electron rich aldehyde redox-active imine OMe Quaternary carbon centers
amines NC
MeO OMe
T. Rovis
‘Bu
N OMe
PC (3 mol%) N(Boc), |
N(Boc), TMG (20 mol%)
+ o COOBu
COOBu DCE, rt, 427 nm LEDs

MeO OMe |

34 35 36, 91% yield Bu
1.1 equiv.
25

Ashley, M. A.; Rovis, T. J. Am. Chem. Soc. 2020, 142, 18310.



Electron-rich Imines By Photocatalysis et fﬁﬂk X

o+

Predicted HOMO

A.Potential Modes of Activation

MeO OMe
B.Testing for Iminyl Radical Promoted Hydrogen Atom Transfer spin density
BocN
Me
N OMe BocN N(Boc),
Epp =+ 1.42V vs SCE H COO!Bu
BDE C-H ~ 96 kal/mol Me
MeO OMe 39,47%
37 N(Boc), PC (3 mol%)
0.5 equiv. TMG (20 mol%
q . COOBu ( °) .
. DCE, 427 nm LEDs
35, 1 equiv.
N(Boc),
Ep/2 =+ 1.86 Vvs SCE N
BDE C-H ~ 98 kal/mol | COOBu
36, 0%
38 °
0.5 equiv. 26

Ashley, M. A.; Rovis, T. J. Am. Chem. Soc. 2020, 142, 18310.
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C-N Bond Torsion

! SN/

N  OMe SET 37.05° L

:z \ I 3
Ir 1
activation o8 H +
- - ¥
NH
2 MeO OMe ;t

I MeO i OMe - H*, then SCS

\ o / B-scission +
v N\ XN OMe

N(Boc), +

Proposed Mechanism:

~.~f

MeO OMe

27
Ashley, M. A.; Rovis, T. J. Am. Chem. Soc. 2020, 142, 18310.
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T. Rovis
XN OM PC (0.5 mol%)
€ 5 Ni(TMHD), (10 mol%)
H R "Bu,NCI (20 mol%)
K,HPO, (1 equiv.) R
MeO OMe DMSO, rt, 456 nm LEDs
41 42
2 equiv. 1 equiv. 31 examples
selected examples: up to 94% yield
Me BocN (0)
Ve I\ CcCoOoMm
e
Me N
Me |
Zay
CN COOMe Bu BocN
BPin
423 94% 42b, 61% 42C, 33% \ previous Synthesis
Me || P 7 steps =
BocN BocN BocN OTf -«
5% overall yield N
Boc
429, 67%
MeOOC TBSO MeOOC ALK2 Inhibitor intermediate
42d, 65% 42e, 49% 42f, 65%
from TACE Inhibitor intermediate NK, antagonist analog CCRS5 antagonist intermediate
28

Dorsheimer, J. R.; Ashley, M. A.; Rovis, T. J. Am. Chem. Soc. 2021, 143, 19294,




Electron-rich Imines By Nickel/Photo-Catalyzed

Proposed Mechanism: NC

z MeO A OMe B ‘

N OMe / . 0. ~«——Outer-sphere
a :. ONi'-x Reductive /
H SET SCS Il 0 Cc Elimination

\'
MeO OMe / \
‘Bu ‘Bu TR
Ty photoredox SET é ‘il § C |||
1
t

cycle
E X Br or CI

( % ) |rIII /
= TS~ CO\N.I Oxidative
v Lo Addition

D

Br X
| —r
~

Dorsheimer, J. R.; Ashley, M. A.; Rovis, T. J. Am. Chem. Soc. 2021, 143, 19294,
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M. D. Levin Anomeric amide Anomeric amide
o 0]
l " (1.5 equiv.) ' l 2, (1.2 equiv.)
F.C pivo OBn : FsC pivo OBn
Bn_ .Bn Ph ¢ NH H
N >  pp” N\ X [ 4 2 o > [
H THF. 45 °C CH3CN, 25 °C
- In-cage : ) .
_AcOH Nu;le&pr.lllc radical : -PivOH H
substitution coupling :
_ - - . - [ o T i ] I ]
0] H H .
.. (:N2) — )@ : )I\ : -ArCO,Bn N©O -N=N
Ph)I\N -PhCO,Bn . ( | ) -N=N Ph : Ar (N’ — H@ —_—
7 N > - N ©OBn @ H
Bn—N OBn Reductive |g,7 Opn| Homolytic %Ph : H™
‘Bn elimination extrusion H H ' * isodiazene L i
Kennedy, S. H.; Dherange, B. D.; Berger, K. J.; Levin, M. D. Nature 2021, 593, 223. 31

Berger, K. J.; Driscoll, J. L.; Yuan, M.; Dherange, B. D.; Gutierrez, O.; Levin, M. D. J. Am. Chem. Soc. 2021, 143, 17366.
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Comparison with the Myers allene synthesis

OH :
Ppr,]\fégEAD ~ _— _/—NX2 anomeric amide |4\ _/_HID
Me A > Me” Ne. H 59:60 : |/\N > N
AN Ph THF Y 140 + 30 E N~/ N~/
44 via N”NH] 46 Ph : 48 49
I '
R '
+ ‘
. X Product
NH, y : 2 Solvent u
- : X=H MeCN-d; 0% D
Me X anomeric amide !
S - > Me A 829:636 ; X=D MeCN 63+9%D
Ph 5 10. y
45 Hoo s 47 Ph : X=H 96:4 MeCN/D,0 73+7%D
a (]
e 1o : X =D 96:4 MeCN/D,O 101 + 4% D
Radical clock experiments
NH, H H
Ph anomeric amide Ph
X - " + O_é
MeCN Ph
Ph Ph
50 51, 7% 52, 41%

32
Berger, K. J.; Driscoll, J. L.; Yuan, M.; Dherange, B. D.; Gutierrez, O.; Levin, M. D. J. Am. Chem. Soc. 2021, 143, 17366.



Direct Deaminative Functionalizations

-PhCO,Bn

N
H Me” SN° Q
Me\/ E
F TS-E-C
AGY = +1.7
TS-B-E AG = -27.5

HAT  chain Propagation

AGt = +8.4

Me>€ N=N
H H
N A e\ A
Initiation Termination
TS-B-D \ HoN _ \
AGE = +24.3 N QO (barrierless) H
G =-100.7 Me
AG = +19.4 A ~/
F

33

Berger, K. J.; Driscoll, J. L.; Yuan, M.; Dherange, B. D.; Gutierrez, O.; Levin, M. D. J. Am. Chem. Soc. 2021, 143, 17366.



Direct Deaminative Functionalizations
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l " (1.2 - 1.5 equiv.)
pivo OBn

NH, F5C Br
+ CBr4 -
MeCN, 23 °C

2 equiv.
53 54
25 examples
selected examples: up to 86% yield
o) Brl,'. COzEt
/Br . ‘
) | oS OMe  AcHN"
Cl Br

HN Z OCHELt,
54a, 78% 54b, 55% 54c, 58% 54d, 59%

Br :: _Br (o)
NH
M Né\N Br (o)
e Me Br \;’

54e, 84% 54f, 86% 549, 83% 54h, 77%

34
Dherange, B. D.; Yuan, M.; Kelly, C. B.; Reiher, C. A., Grosanu, C.; Berger, K. J.; Gutierrez, O.; Levin, M. D. J. Am. Chem. Soc. 2023, 145, 17.
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Direct Deaminative Functionalizations

CIII
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