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Abstract Oxime is a widely used organic compound with numerous applications in chemistry, biology, environmental sci-
ence, medicine, pesticides, materials, and related industrial production. Among the various synthetic methods, directly con-
verting carbon-hydrogen bonds in hydrocarbon compounds into oximes is the most straightforward and practical approach for
synthesizing oximes. The oximinylations of reactive methylene and methyl C(sp*)—H bonds often involve oximinylating
reagents such as nitrous acid, nitrosyl halides, nitrite, and nitrosyl esters, with the nitrosyl cation as a crucial intermediate. In
contrast, radical-mediated oximinylations have a broader substrate scope and can even be applied to substrates containing
only unactivated C(sp*)—H bonds. Mechanistically, the reactions involve the homolytic cleavage of a nitroso compound via
light irradiation or heating, generating a heteroatom-centered radical and a nitric oxide radical. The heteroatom-centered rad-
ical subsequently abstracts a hydrogen atom from the substrate to form an alkyl radical, which then undergoes subsequent
radical reactions and finally couples with the nitric oxide radical. This coupling produces a nitroso intermediate, which isom-
erizes to oxime. This paper reviews the oximinylations of saturated C(sp*)—H bonds from the early 20th century to the pre-
sent. It categorizes the reactions based on their mechanisms, including the oximinylations of reactive methylene and methyl
C(sp®)—H bonds, radical-mediated oximinylations of C(sp*)—H bonds, and metal-mediated oximinylations of C(sp*)—H
bonds. Additionally, this paper not only elucidates the development of the C(sp?)—H oximinylation reaction but also dis-
cusses the challenges in this field and offers future perspectives with the aim of providing insights for innovative applications
in synthetic chemistry and industrial processes.
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Scheme 1 C(sp’)—H oximinylation of active methylene groups by
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Scheme 2 Oximinylation of a-CH, of aliphatic ketones by nitrites
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Scheme 3 Oximinylation of a-CH, of aromatic ketones by nitrites
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Scheme 5 Oximinylation of a-CH, of 1,3-dicarbonyl compounds
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Scheme 7 BFs-catalysis oximinylation of spirochromone a-C(sp*)—H
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Scheme 10 General mechanism of radical-mediated oximinylation of
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Scheme 11 Oximinylation of alkane C(sp*)—H bond by NOCI under
sunlight
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Scheme 14 Oximinylation and nitrosation of C(sp*)—H bond by chlo-
rine and nitric oxide

FE BRI AR RS ER G 194 B X S (R R %
VR I, ERSAG =PI P 28 1E i T BT IR 2
BRI, TREELE 0~20 CZIAm, =84 s Y
=Y. HAEE R R, JEREBEKAE 405 nm A A5 1)
TEAH A — SR A TR A T 2 f . 8 A AN R B
1) TBN BT RI, fE—e BN, RNARRF
TBN KA, RGPk s, /£ TBN KES &
B, R E] AR R R = AR KR NO H H S ATe e 5
H %, SR —2 RN A S &), A
A (SRS R T e AT S B, 38 e IR A T R
B, +-BuONO Jz MMt s-BuONO %2, ifii n-BuONO
2. RMNHLEEN: R, WA N—O #
RAEWZ, AkeE A M NO Hl%E, SR
H S C(sp®)—H, £ 238 H H 5 A B 1 I,
B O A HREM NO [ HEEBEE R LA
V), HARSFERIE I A5 (Scheme 15).

H NOH
UV (Hg |
() ron L tatere) (7 oo

BN~ - £BUO" + NO

oMot

t-BuOH

BR 15 1 hEN P TBN SCBIXHHEA Csp’)—H MIfiFik
Scheme 15 Radical mediated photocatalytic oximinylation of C(sp®)—
H using TBN
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Scheme 16 Photochemical oximinylation of methyl group of alkanes
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Scheme 17 NHPI-catalyzed oximinylation of alkanes by TBN
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H NO
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HFIP, reflux
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HO.
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EWG N° R
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Ao R N“A e L
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B 18—k SR SEEIA T b A O 28 1A A e A T
Scheme 18 One-pot reaction for the oximinylation and rearrangement
of cyclododecane to form laurolactam

A NRIRT R A, T 2 FhoAS [F] B 2-15] Wi 25 4,
35 R LA R TR 77 26 A5 B X B € £1-3- 5 (Scheme
19). 1EE KM, 1EREMH HEHEN 2,2,6,6-00
WRE-1-480% [ H 32 (TEMPO) A 2,6- L T -4 F 3L 5%
My (BHT)AALE N, oAb S B A, DRt 0 e 2 4 i
H B &S AT TBN ZEAE ST %5 | AR NO
H AL, ATEEL 2-M5] W 7 U2 iR 2k B A,
AINO H H BB TR SEL A 4, T AR 574
f5.

H ]NOH
R'§ b o S RS b o)
I H,0, r.t. T
- o “N
NOH R'=H, R2=H, 96% yield

R'=Cl, R2=H, 89% yield
R'=MeO, R? = Me, 68% yield
\ R"=H, R? = Boc, 45% yield

B=X 19 TBN KAty 2-15] W ) 46 2-3- M5
Scheme 19 Synthesis of isatin oximes from oxindoles and TBN in
water

2018 4F, Schaub ZEIIF R T —HFolufidl C(sp®)—H
Fak 59, 164t LED 4Tk TBN, BIh5e Rt
WOk, E# RIER O LA TBN Y5 & 2
EE 10 1, GV K N 405 nm, KSIEE N 50 C, @]
DALt A ) A B A0 5 B — SR =, DU
7= 23R A3 PR CUl 5 (Scheme 20).
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O/ + tBUONO 5 o0 O
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B 20 " WL TBN W3k St a2 R
Scheme 20 Visible light-catalyzed oximinylation of cyclohexane by
TBN

3.2 FARNKRNERIHT C(sp®y—H IR N

H T NOCI A = ag « o Ji vl B DA A7 A4 A,
DRI S E S 56 =5 R A FH 1 25 3 7 21 2019 4F, Kappe
LI NaNO, 5 HCl 1E 3 [ 3 2% A7 7= A
NOCI, #1f5 ¥ Cbe e N BN B B i 5, &
J AL AT DO HUBL ) % JE Je-6. 1E& ([ NaNO,
HC1 75U S35 P 1) 3% PR OB, AR i NOCI JE il
TR ARG LA T, A0 & L B A AT
53 85 (Scheme 21). [ WAE 5 75 1% SR ) B 4 o S8
THER NOCI IR EELR M, FFR T — M % 4]
/) C(sp®)—H f5b e B 7 vk

o}
NaNo2 HCl ¥
O O =
OH n
55% Nylon 6

B 21 FI ARSI S NaNO, 55 HCL W3R Sk Ak s
Scheme 21 Flow chemical oximinylation of cyclohexane using NaNO,
and HCI

2020 4, Baxendale S5 8 B 5| A # TBN
WHES C(sp®)y—H B RRBL EETER BN 5N
TINI S ZE AL B A AR R R PR ) SR I A
A AR R I TR G, 2RO S Tl
S B 1) IS 49 B 3T 9 3l 21 I B4 &R HH (Scheme 22).

e
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H NOH
SO "N /i)
& +  tBuONO
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NOH NOH NOH
59% 7% 68% 40%

B 22 R30S RN B ek P R 2 C(sp®)—H
Scheme 22  Selective oximinylation of C(sp*)—H bond using TBN by
flow reaction-distillation tandem
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ZIR AR R AT PLSE B AE A Et C(sp®)—H HIH5
th, XFFRAL C—H #AEALL C—H M5t iie 1
IREFI =R AL R E, IR AHF O WA ZEE R
I, BB E S MAE C—H WA IEAER, AT DAEE
PEYEH A B R . BT EREREE, (1R,65)-3-%
I SN R 2o AR G 1 X SR ST ARG B, (HAE R
B2, HTAE R E B R e R ], AU 8% 38 45 TR 22 HH
B A )t o
3.3 HFA C(sp’y—H BB K

B 1 IV A 2 i Y A S N A — R A L TN E

31 C(sp®)—H BB, TEIIIEE AT,
Eﬁﬁ@&@'ﬁ”ﬁﬁiﬁiﬂﬂp Lo EHHFEF NO, £ H HIEiET
FR AN TCIL IS 5 AR T, S AR R IR H B
H 5 NO H H I, iﬁﬁﬁﬁ%@%ﬁiﬂ?(Scheme 23)1771,

3NO

ON~ H R

R
wU hv/A \/T [51HAT U

Barton nitrite ester
HON. R

JJ

B 23 CUUIE A A IR O il A S B
Scheme 23 Mechanism of photolysis of Barton's nitrite

ECL o fs 7 S UL 1 STV Y T S 1 A 9 A e e 5 67 o
EHAeAML, IR ER A AR p-Fdt G, ROV
@ NO ¥ A B HH RN SEB, 45 %0 3 AR
1,5-E R HUR R de kA Bilin, 3p- LBt 2E-5a-4 4 -
208- B i i 5 A Ik SR ML e Fp AR B, A0 AR R 1)
THIRER, Jo & AR IOGIT R AT G N, e LA
34%I =R AR T M R B 5 P29 (Scheme  24)1781,
i, 7 HAAL S 3a- B IE-11-A5)5-204-
P (LA B T 38- £, Tt A JE A £ -6 8- 11 SV A IR 16 7
AR AR R L, AN A Z AAET, 53 o 2 A BT Al

64% 50% 51%

B 24 U RTE $S R0 A I FE B R AL P (¥ 5
Scheme 24 Application of the photolysis of Barton's nitrite to the re-
mote functionalization of steroidal compounds
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EEL T Js T §8§ 44RF 2 1 1 C(sp)—H I PRI M 1k
SR T TZRE. 1971 4F, Masamune SFBORFTT [ B 44
3-0,11-0- . LW 3 AR ﬁs%yﬂwmuﬁﬂﬁ
FRIE/E = 7R KT (150 W) NI B, R 20a-BE ()
TEAH R B RE LA 15% (1) 77 2245 2] 18-z F L4 F5 40 (1) 7 4.
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FNTCIT VE AR E S R 18-47 B 3L I i AU G AL 3,
I H HEER NO B H AR I 74946 5 (Scheme
25). MR, 0T 208-BER T ASEREE, WK A TCIETE AL
BRI TSP, 7 NWERDU N TG EA 8K
A, MECAS B 18- FE A ik 1 7= 4.

PRIl R B AL R, 5]

ONO

B 25 BEWRRBH Csp)—H F5HA mi i #EE
Scheme 25  Site-selectivity of C(sp’)—H oximinylation in the photoly-
sis of Barton's nitrite

Corey BRI BRI S WA Ry S B B G AE P
SAHRAR TR, BRI CLRE A R, {3 A
SACH AR RO AH TR R, FROCREREAT W B, SEBL TR
R 147 C(sp®)—H WIfi5tk. B 54T w2 EHEE 5
SLIAL R AT 75 209 e ) 4 A H 2 R B % (Scheme 26).

HO~N

H H
I, ) NOCI ", ) sun lamp ) I, .
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C4Hg C4Hg C4Hg
20%
B 26 ExPAESEHEIR SRS RN A

Scheme 26 Application of Barton's nitrite photolysis in the synthesis of
perhydrohistrionicotoxin

2005 4F, Kharisov ZEBA7ER T B RRER(Z8 B RRIH
FEHOGR) AT A A S R R B, H 6 22 4l — 2 I
(3S)- -3 ) 4% A B O WA R T, 7T ARt B 4k

Acta Chim. Sinica 2025, 83, 390—400

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

RN, 133 (3S)-6- 2 T -3-FE R RAK, JEE IR
Mg AR T p-F2 25 (Scheme 27).

ONO OH

() hv
EtWEt () heat
H

NOH
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 38% ..
H H
Et/\L/cﬂ\‘o hv Et/\R/(')\ Et/ﬁ'\)O\H
Et -NO Et Et

OH
B 27 SRR B A0 A R 1 A 2 R

Scheme 27 Barton reaction of nitrites from chain alcohols

2023 4, XBREEHST K 7 —M e N-TV A
W% C(sp®)—H B RefbHims, LA N-TEAHIER A B REAE R
DRFE[1,20 08011, &5 rp ] 5 EH 42 F 9 C(sp®)—H
5tk s N 45 5 (Scheme 28). S M AT W OG%E N-TF
TEEER ) N—NO Sk, 7= EBRAS I E: [ B B A4
AINO B, BE/E, N HHEMM o O B #IER T,
A B ASRR 0 B R, ARJE S NO H T A ik

N HN
R1;\ o AcOH R1_' =
L H 450 nm L NOH _ N

(ji Blue lights
R1
(0]
Et Q
R1 : N H -EtNH2 R.];\ Q
= NOH ! AN
R? R2

B 28 W WOGAEAL N-EAIE N JEORE AR R 1, 2] R R - 1 -
Scheme 28 Visible light-catalyzed generation of benzo[1,2]oxazin-1-
one from N-nitrosamides
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Scheme 29 NiCl,*6H,0 and a-CH, oxime to form o-dioxime complexes
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Cu(OAc), (10 mol%)
NHP!I (30 mol%)

TBN (3 equiv.), 80 °C

CH;,

“NOH
R_
CH CH CH H
3 3 3
R=H, 78%
Co e o
R =OCHg, 85% ‘= N7
CH,

R =NOy, 79% 75% 76% 35%

CH;

0 £BUOH
(j:‘éN—OH N-O
< OO CHé CHz'Cu”H
'H

Bz 30 Cu(OAc)/NHPI 1L F %KL & liE1k
Scheme 30 Cu(OAc),/NHPI-catalyzed oximinylation of toluene analogs
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