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Abstract

Organic molecules contain abundant C(sp3)-H bonds, and C(sp3)-H functionalization reactions serve as
an effective approach for constructing C-C bonds. These reactions can alter the structure of organic
molecules, thereby modifying reaction patterns, shortening synthetic routes, and enhancing atom
economy. Among the diverse C-H bonds in different chemical environments, heteroatom-adjacent a-
C(sp3)-H bonds exhibit higher reactivity due to inductive effects compared to other C(sp3)-H bonds.
Consequently, functionalizing heteroatom-adjacent a-C(sp?3)-H bonds bonds represents a highly prac-
tical synthetic strategy. This review systematically summarizes recent advances in transition-metal-
catalyzed functionalization of a-position C(sp?)-H bonds in nitrogen/oxygen heteroatoms.
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Figure 1. Various natural alkaloids and bioactive natural products
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a: Aryl ketones catalyze the arylation of C(sp3)-H bonds in oxygen using nickel metal catalysts.

IfdFCF3ppyla(bpy) PFg (2 mol%)
NI(NO3)2 GHQO (5 mol%)

dtbbpy (5 mol%
L)+ B by Smol%e) ()

(0] DMBP (25 mol%) o~ Ar
K2HPO4 (2 eqUiV)
26 W CFLs, rt
b: Synergistic combination of triplet-excited ketones and nickel catalysts for C(sp3)-H arylations of tetrahydrofuran

Ni(acac)2 (10 mol%) : Q .
O @— L1 (10 mol%), A1 (10 mol%) .
Na,COs (10 equv) E}“C} : ‘D ‘D :
CFL (32 W), rt : FsC A1 OMe;

c: The introduction of trifluoromethyl groups on chiral ligands stabilizes the ligands.

NiCl, DME (10 mol%)

( 5 LB L1 (15 mol%) :
0 co.g Photocatalyst PC (20 mol%) O‘@\ :l :
2 Na,COjs (2 equiv), -5°C CozEt :

PPh2
390 nm LEDs (10 W)

Figure 2. Nickel-catalyzed arylation
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Figure 3. Nickel-catalyzed alkylation
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Figure 4. N-a-C(sp?)-H arylation of azetidine rings with arylboronic acids
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Figure 5. Arylization of the a-position C(sp®)-H bond of the nitrogen atom in aliphatic sulfonamides
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C(sp’)-H B K E OB E I SN (1] 6).

j.l\ IOAC (1 equiv) @)
Pas Pd(OAc), (10 mol%
tBuO” "N” H (OAC), ( ) t-BuO)LN/\OAc
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Figure 6. The reaction of acetoxyylation at the a-position C(sp*)-H bond of N
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2011 4, Miura B[ 14438 | CuCly fiE1h N-F B 2R i 5k o 10 12 R AR I B IR G I B, 7E CuCla 1Y
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PR SR R I AR, W 7(b).
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2011 4E, SRELGFEASFR TAEMER TN, N-HEFIM N o 2 C(sp’)-H # 5 & B 175 1&
G T7 R R AE B 5 B R BL . £E SOCHRFIZEAE T, ()75 38 Csp>-H 5 BUK I C(sp®)-H R LA A
BN, DA =243 8] T N I a A C(sp®)-H 875 Z:4k = (1] 8).
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a: Copper-catalyzed alkylation of the a-Csp3-H bond between the benzylic position and the nitrogen atom

CuBr (5 mol%)
+ R2.CH,NO, > N1
N‘R“ H,0, 60 °C, 24 h

0O, (101 kPa) R2""NO,

b: CuCl, catalyzed oxidative cyclization reaction of N-methylaniline with electron-deficient alkenes
NC

N
CN
CuCly (20 molI%)  MeO Ph

| EtCN, 60 °C, 05,24 h NC CN
! |
MeO N‘Ph N
(0]
» MeO (@]
CuCl, (20 mol%) N
MeCN, rt, air, 24 h o ‘Ph

Figure 7. Copper-catalyzed alkylation
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N H CuB 0 I
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Figure 8. Copper-catalyzed arylation
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Figure 9. Copper-catalyzed acetylination
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Figure 10. Copper-catalyzed esterification
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2014 4, MacMillan VREEA[18]3IE 1@ 4 G AR IR K H eHAE AT A N [ o £ C H 2L, 2
B4 B ARSIl T 5 HAk I R AT, 18 11(a). £E 2016 4F MacMillan [ 193 ARZH7F s BERE B 51 N T Ak,
SEHLN B o AR BOEFEEB IR 2, B 11(b).

a: Carboxylic acid radical precursors for constructing a-position C radicals of nitrogen

O\ Br 1 mol% photocatalyst
AN 10 mol% NiCl, glyme
N7 COOH \GR 6 NiCI, gly N
Boc = 15 mol% dtbbpy, Cs,CO5 1 g

' Boc
DMF, 26 W CFL light, 23 °C

(x)-benzylic amine
b: N-alpha-enantoselective Coupling

3-acetoxyquinuclidine (1.1 equiv.)

Br 1 mol% Ir[dF(CF3)ppyl2(dtbbpy)PFg
L) N \©\ 1 mol% NiBr, 3H,0, 1 mol% 4,7-dOMe-phen Q\©\
N >
' CO,Me H,O (40 equiv.), DMSO (0.25 M) Boc CO,Me

Boc 34 W blue LEDs

Figure 11. Nickel-catalyzed arylations
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Figure 12. Nickel-catalyzed three-component and four-component arylation
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2017 4, MacMillan [21EREEZHE L 7] SR AA R o IDANZE T HAE N HAT XM E N 1) o f2 C HH
B, A B4 JE Sl Hobe AL S NE AT, LI 13(a). 2020 4, Martin [22] 3R ZH @ i 45 s JR AR N
HAT F%E N (1] o fi C H B 5E (a4, 351 5 Bh 4 Jm 4 Sl 05 B DL R e A0 I B2, LI 13(b)s

a: Constructing an a-C radical at the N-position of quinoline as an HAT reagent

1 mol% [Ir], 2 mol% [Ni]
O . Q 10 mol% quinuclidine
X Br
C-H

>
K,CO3, MeCN/H,0 X
Alkyl Blue LED
nucleophile bromide C-H alkylated

b: Halogen atoms as a-position C radicals in HAT construction of N

NiBr,-diglyme (10 mol%)

O H
PC,4/L4
Ph)LN)\/R + Q(\Br . or ’ o)
H H NiClyglyme (5 mol%) )L
PC./L, Ph

Kessil Bule LEDs, rt

N
H

Figure 13. Nickel-catalyzed alkylation
B 13, SRiEREK

3.3.3. fEEEL
2021 4, A7 B [ 23 )45 FH T M O A4 5 X0-(1,5-3F 3% @) B AL AR &, 751 = FR - 2- Rk 3k B
RBEZI N a 157 C(sp)-H 8 & A= X6 W ise P 4 Ak S S () 14) 6

; 0
Mts Ni(COD), (10 mol%) g O >
HN' Ligand (20 mol%)  Mts~\, : Prig,
ANy R R T e ooy A o 0
R1 H 3 4 mol*o R 7 R :
THF, 100 °C 1/j;\ 3
' Ligand

Figure 14. Nickel-catalyzed alkylation reaction
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1998 4, Jun A [24 1408 T 4T SR AL N-"FIE-N-(3-H JE-2-Mb e 26 i 5 25 M IR AT I OB, IS
YIN [ o 1 C(sp®)-H #E] i UK AR e B0 IR R SRAFAH R =40, DL 15(a). 2001 4, Murai [25]EREELAH
F Rus(COY i fENMEALTIAILE CO 5, N-MEng-2-3E PUEUE I Y 1) N o 7 C(sp®)-H 8 il S i@ gk 47
HIEAS 2 C(sp?)-H Kb S B~ 4, T 15(b). 2013 4, Krische iFI41[26]#KIE T 1 H Rus(CO) . fEAL
FUFIR(2- AR BT £ 58 R E A, 5 R S I BEIR A N (19 a A7 C(sp®)-H 8T 5 — 0
BT LA-IDRA A - ek, i OSDE SRR, ANTHEES T NAAE SRR R4, WE 15(c).
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a: Ruthenium-catalyzed alkylation of amines with various olefins
Me Me
\ 0,
| [+ R RuCOp(tomo)
NH R, PhMe, 130 °C,6h N

NH
kPh R1/\H\Ph
R2

b: The a-position Csp3-H bond can undergo addition with alkenes to yield Csp3-H alkylation reactions

( ) oat. Rug(COz O\/ \/O\/
N CO, H,C=CH, N N N
——
SN 2-propanol

| 140 °C, 20 h | N | N
Z ~ z

c: The a-position Csp-H bond of N can undergo 1,4-addition to isoprene to form a carbon-carbon bond.

Ru3CO15 (3 mol%) O
triphos (12 mol%) HNJ(

THF, 140°C,48h  Me g

Figure 15. Ruthenium-catalyzed alkylation
B 15, sTREfREW
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£ 2006 4, Sames UL [27)48 FHAT 4 @ HEAL AN IR C(sp®)-H 753240 SO RE, T4y v it g mig s i
A T 1) i A A AE T ROSL RSB 7 BE WIS s e Rt i AR AE U T IR B, L] 16(a). 2010
4, Maes YRBAH[28 [#IE T FEMEALE 1 Rus (CO) 1o FEEW I 1) & 1) 3- L HE-3- R EAELESRAF T, LAS 30
FRTEAT 1-(NHmE-2- ) IRIE NI, S S ] LUBURI M 7R R R 1 R T o A B R AR, C(sp®)-H BT B3
BEAT 7R, LI 16(b).

a: Ruthenium-catalyzed Csp3-H arylization of saturated cyclic amines

t-BuCOMe (5 equiv) D\
B—Ar Ru3(CO)12 (3.3 mol%) . RN\~ Ar
150°C, 4~19h
SN

b: Arylboronic acid esters undergo arylation at the a-position of the nitrogen atom in the saturated amine ring

O Ru3(CO)1 (4 mol%)
140°C,24h
- N
\N
| N
P
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3.5. #EASERAK

3.5.1. SEUBREMN

Murai L [29]7E 2000 SE52H 1 AE A2 L FI[RhCl(cod) |2 FEAE N B4R AL C(sp?)-H 42t B 334k
SN o A TFUG 5 Rl AT VE ML, (HRETh . 2/ NS TR R 5 R IUE F B84 S E N
MEALTIR 2-TH B NI ST IR efA, 193] TARESE B, A2 22 b I MR TRl K (4 17)

[N> [RhCl(cod)], Q\‘(\
CO, H,C=CH, O

ﬁN i-PrOH, 160 °C ﬁN

/\/ /\/

R R

Figure 17. Rhodium-catalyzed carbonylation
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3.5.2. R EN

1999 4, Davies WL 3011 FHEEAE AL Rhy (S-DO-SP)4 X N-Boc {457 (IR f& HEAT AN X BRI N SN o
2 N I B 4 B R 5 P TRASE N I a7 C(sp?)-H 4 5 — R 51 5% Jik 55 508 () AT 8 B 1k 4 NS, 1593
75 3R H BE AT AE = (1] 18)s

N, Boc Ehz(S'DC:)i)é Boc o, Me
N exane, -
Ar)j\COQMe * ( 7 > — ~Ar

(e

H

Figure 18. Rhodium-catalyzed cycloamine alkylation

B 18, sEEIRER AL

2018 4F, Schniirch VR3] HILIE N TR B, TFR 1B MEAG R i 5 b B IR Bl e A] () e B4k,
(] 19).

alkyl” >Br X

| —~ [RhCI(cod)], (5 mol%) l z
N~ "NH r N~ "NH

K2COg3 (4.5 equiv.), toluene  giky|
160 °C, 22 h

Figure 19. Rhodium-catalyzed chain alkylation
B 19, SRR R
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{1 C(sp®)-H 75— R ANMACTT e A A I Bi (14 20).
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t-Bu.__S [Rh(C2H,4)Cl] (5 mol%) t-Bu.__S
Y L1 (30 mol%) ¥ Ph "
NQH + /J:::] LiOt-Bu (3 equiv.) N Phi O Q
> - >( P-Ph
| THF, 100 °C, 14 h R NG
: Ph™ Ph

Figure 20. Rhodium-catalyzed arylization
B 20. SEEFEK
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