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N Atom in Drugs

Most Frequently Used Ring Systems from Small Molecule Drugs Listed in

the FDA Orange Book (2012)
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Many nitrogen-containing ring systems, including pyridine, are found in drugs.

1)  Taylor, R. D.; MacCoss, M.; Lawson, A. D. J. Med. Chem. 2014, 57, 5845.




Potential Effect of N Atom

The presence of nitrogen atom can strongly influence biological and

physical properties.
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Pennington, L. D.; Moustakas, D. T. J. Med. Chem. 2017, 60, 3552.



Classic N atom Insertion Reaction

‘ \ nitrogen atom insertion : '

m Beckmann Rearangement (Beckmann, E. 1886)

I-lo\N H* or Lewis acid H,O R1
N 2
I\ > 2w - 0
R1” “R? R o)

m Curtius Rearangement (Curtius, T. 1890)

0 NaN, 0N @ A 0]  Ho
N C 2
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R X RASN ) - N, R - €O,

1. Beckmann, E. Ber. 1886, 719, 988.
2. Curtius, T. Ber. 1890, 23, 3023.
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1)  https://lwww.chem-station.com/chemist-db/2018/08/noah-z-burns.html
2) Baran, P. S.; Burns, N. Z. J. Am. Chem. Soc. 2006, 128, 3608.
3) Landry, M. L.; Burns, N. Z. Acc. Chem. Res. 2018, 51, 1260.



Key Precedent and Initial Observation
= Key Precedent (Sundberg 1972)"

N, NH,
Hg lamp, Et,NH | O N NEt,
Me then O, Me U ENjiNEtz I N\ NEt,
-
Me p/ s/
N\_7 Me Me
|
13% 31% 20% O 6%
Problem
= forming pyridine from benzene " low-yield and product mixtures

* harsh condition (Hg light source, solvent amount of Et,NH)

m Initial Observation

N3 hV, 02
-
MeO,C Et;NH

MeO,C

major product <9%
intermediate?

1. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.



Optimization of Nitrogen Insertion

N3 conditions
-
MeO,C rt., blue LEDs (440 nm)

Entry Reagents, Solvent Atmosphere Yield?

1 acridine orange (20%) N> 80%
MeOH/Et,NH (9:1)

2 MeOH/Et,NH (9:1) N, 92%

3 Et,NH (1.1 eq.), THF N, >99%

4 Et,NH (1.1 eq.), THF air 90%

3calculated by '"H NMR (1,4-dinitrobenzene was used as an internal standard.)

1.

Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.



Optimization of Carbon Deletion

NEt; N_ _NEt,

conditions N
. | P

Entry Conditions Yield?

1 0, no reaction a

2 O,, TEMPO or FeCl; or Et;B no reaction

3 O,, blue LEDs 21% acenaphthylene
(photosensitizer)

4 O,, blue LEDs, acenaphthylene (10 %) 54%

3calculated by 'H NMR (1,4-dinitrobenzene was used as an internal standard.)

Singlet oxigen rather than triplet one may be invoved in the reaction.

1. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.



One-Pot Reaction

N, Eto.NH, solvent A N NEt,
/@/ then O,, acenaphthylene, solvent B U

-

=

MeO,C rt., blue LEDs (440 nm) MeO,C

Entry Solvent A, B Acenaphthylene (mol %) Yield?

1 THF, THF 50% 2%
2 MeOH, MeOH 50% 22%
3 THF, MeOH 50% 39%
4 THF, MeOH 10% %2 57% = standard cond.

acalculated by 'H NMR (1,4-dinitrobenzene was used as an internal standard.)

. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.



Substrate Scope .

1 R>,NH, THF 1 5
R N3 then 0,, acenaphthylene, MeOH R | N\ NR>
-
R2 R4 blue LEDs (440 nm) R2 Z R4
R3 R3
o
N_ _NEt, N_ _NEt, N_ _N N N\)
® 1y 1y ®
Et,N Y o 2 ~
2 NC MeO,C MeO,C
43% 36%* 54% 51%
Me N N NEt N N NEt
3 I S 2 3 | S 2
» Z » H /
MGOzc M902C C02M9 C02M9
Me Me (0)
59% 42%

330 mol%acenaphthylene added in three portions

1. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.



Mechanism Studies

77%
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indicating the ortho carbons are not deleted
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indicating the reaction proceeds via arenium ion.

1. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.



Proposed Reaction Mechanism (1) :

N©
H@ forming nitrene IN
1 hv
N . L.
/©/ - N; MeO,C MeO,C
M902C
61T electrocyclic
reaction
releasing ring strain
by opening cyclopropane
H
N. _NEt N
Y - AR
—_ = Et,NH
M902C M902C

1. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.



Proposed Reaction Mechanism (2) "

£0 Diels Alder .
0% NN _NEt,  reaction N_ NEt
\ Do 0, + H* HO < /
> > \O '5
MGOzc MGOzc
61T electrocyclic
reaction {
N_ _NEt N_ Y_NEt
~ I 2 — OH- Ho) \( 2
MeO,C X = Z
2 _ H\n/OMe CO,Me MeO,C

o) delocalized cation

1. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.



Limitations (1)

m Nitrogen insertion step did not go well when electron donating group was
substituted at the para position.

N NEt2 N3
EtzNH f \ Et,NH
blue LEDs MeO™\ __ MeO blue LEDs

81%

M%NHM%’ﬁrN | wNHM%ﬁ"

match the electrostatic potential don't match the electrostatic potential

. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.




Limitations (2) a

m Carbon deletion step went well only when electron withdrawing group was
substituted at the para or ortho position.

T O O

Nitrogen insertion: 81%  Nitrogen insertion: 62% Nitrogen insertion: 72%  Nitrogen insertion: 66%
Carbon deletion: 9% Carbon deletion: 10% Carbon deletion: <6% Carbon deletion: 0%

” NEt,

HO( 9° duct
o y —— 3 produc

N3
o —
MGOzc

MGOZC V MGOzc
stablized by carbonyl group

1. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.



Limitations (3)
m Substitiution of alcohols for nucleophiles was unsuccessful.

N
* ROH instead of Et,NH
>
MeO,C blue LEDs (440 nm)

N OR
O,, acenaphthylene N
'S |
blue LEDs (440 nm)  peo,c” N

not obtained

MGOZC

poor electron pushing?

N
" + <
oo\ :H-> HO < 4 _ HO N\ OR
) oA <= o
Z
MGOzc MGOzc MeOZC

poor electron pushing?

1. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.
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Research topic: Synthetic methodology, Total synthesis of natural
products, Heterocyclic chemistry

m Directed Decarbonylation of Unstrained Aryl Ketones?
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21

1)
2)

http://www.cailiaoquan.com/forum.php?mod=viewthread&tid=16970
Zhao, T. T,; Xu, W. H,; Zheng, Z. J.; Xu, P. F.; Wei, H. J. Am. Chem. Soc. 2018, 740, 586.



Concept of This Paper

forming
aziridine

nitrogen atom insertion
>

oxidative

dehydrogenation,

oxdative
ring-opening

1.

Wang, J.; Lu, H.; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



Optimization of the Reaction (1)

Ph Co(acac), (10 mol%) OH N3
b L1 (15 mol%), NH4OAc U )]\/\/ U
+ TMSN;
DME/H,0 (25: 1)
air, 80 °C
A B C D
standard cond. byproduct

Entry Variation from standard cond. Toal yield B:C+D

1 none 92% 10:1
2 CoCl, instead of Co(acac), 70% 5:1

PPh PPh
3 Co(OAc), instead of Co(acac), 69% 6:1 2 2
4 Pd(OAc), instead of Co(acac), trace N/A
MeO\/\
i OMe
5 RhCl(cod), instead of Co(acac), trace N/A
DME

1. Wang, J.; Lu, H.; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



Ph

Ligand

trace

Optimization of the Reaction (2)

Co(acac), (10 mol%) oH N3
L1 (15 mol%), NH,OAc )j\/\/
+ TMSN; >
DME/H,0 (25:1)
air, 80 °C
B C D
standard cond. byproduct
Entry Variation from standard cond. Toal yield B:C+D
1 without H,0 84% 9:1
2 toluene instead of DME 58% 1:2
Pth PPh,
3 dioxane instead of DME 67% 3:1
o
4 Ligand instead of L1 below 92 A” (10'1)
L.
7 N\_¢/ \ PPh,
=N N= PPhy Ph,P”~PPh, OO Ph P PPh:
trace 65% (5:1) 63% (6:1) 73% (7:1) 84% (8:1)

. Wang, J,; Lu, H,; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



Substrate Scope (1)

Ar Co(acac), (10 mol%)
L1 (15 mol%), NH,OAc
+ TMSN; r

DME/H,0, air, 80 °C

Ar

63% 46%

53% 88%

N
N
y/
(o) N—
N\ //
65%
N—
aVs:
N
7/ \
76%

25

1.

Wang, J.; Lu, H.; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



Substrate Scope (2)

m Application to arylcyclobutene

H
Ar standard cond. Ar N f; s’: ?:
— y I / Ar =
Cl OMe t-Bu

Pyrrole 81% 56% 78%

m Application to arylcyclohexene

ZL

Ph o Ph

standard cond. )j\/\/\ H,0,, K,CO3 /
™ ph CN -

then p-TsOH

Azepine skeleton
52% (2 steps)

1. Wang, J.; Lu, H.; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



Mechanism Studies

Ph Ph Ph Ph
\ standard cond. NN standard cond. NN
D > | ‘ > |
= Z

D
D

77% D 78%
77% 56% D

indicating highlighted carbons are retained

Ph Ph_ _N
b standard cond. | ~
+ TMSN; . _
atmosphere
air 82%
O, 73%
N, no reaction

indicating O, is necessary

1. Wang, J.; Lu, H.; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



Proposed Reaction Mechanism

© .
@ i
Ph r\ N\\ ’]‘
T8 T
"N; aryl radical
/\ .0-0-
Co' » Col _O-
O TMS—N;,
V _Nz
cobalt
catalytic cycle
Co'l _OTMS Y
oxidative .
Ph N\ dehydrogenationl::.h N\ / Ph N-)
e T+
= - TMSOOH

aryl radical

1. Wang, J.; Lu, H.; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



Proposed Mechanism of Side Reaction

‘ byproduct

byproduct

1. Wang, J.; Lu, H.; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



Limitation

m Unsuccessful substrate

Ph_ Q o 0
™ o "o

Only 'aryl' C-C double bond could be applyed to this N atom insertion reaction.

Ph
N Ph N
Ph (\ 3 Ph N — y/\ 3 N
N . 3 N {’ . { 3
y y
stable allyl radical

table b | radical
stable benzyl radica but side reaction?

1.

Wang, J.; Lu, H.; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



Accomplishment of N Atom Insertion

m Noah Z. Burns' group

N, EtoNH, THF
then O,, acenaphthylene, MeOH
-
EWG

blue LEDs (440 nm)

m Hao Wei's group

Ar Co(acac),, NH,OAc

DME/H,0, air
+ TMSN3 y

o)
PPh,  PPh,

/N I NEt,
EWG X
Ar N
| N
~

1. Patel S. C.; Burns. N. Z. J. Am. Chem. Soc. 2022, 144, 17797.
2. Wang, J,; Ly, H.; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



Strong Advantage of N Atom Insertion

m Derivatization of bioactive compounds by direct skeletal modification

I:O Z N
|
o Co(acac),, NH,OAc o) NS
E .‘ O OMe DME/H,0, air
o y
OMe
RO

@0

PPh,  PPh,
from PDE4 inhibitor" 83%2)

m New synthetic strategies based on nitrogen atom insertion

Alkaloids | > e Net | > c—c

1 . . -
I I nitrogen atom insertion

1. Ochiai, H.; Odagaki, Y.; Ohtani, T.; Ishida, A.; Kusumi, K.; Kishikawa, K.; Yamamoto, S.; Takeda, H.; Obata, T.; Kobayashi, K.; Nakai, H.; Toda, M. Bioorg.
Med. Chem. 2004, 12, 5063.
2. Wang, J.; Lu, H.; He, Y.; Jing, C.; Wei, H. J. Am. Chem. Soc. 2022, 144, 22433.



