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Research progress on radical carbonylation of alkanes or alkylarenes with carbon monoxide
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Abstract: Carbonyl functional groups are widely present in the structures of natural products, pharmaceuticals, agrochemicals, and
polymer materials. The development of innovative, efficient and green carbonylation methods is one of the hottest research topics in the
field of synthetic chemistry. As important energies and chemical raw materials, alkanes and alkylarenes are widely prevalent in petroleum
and natural gas. The highly selective preparation of high value-added carbonyl derivatives through direct carbonylation of C—H bonds,
starting from simple alkanes (e.g., cyclopentane, cyclohexane) or alkylarenes (e.g., toluene, ethylbenzene), represents a challenging and
promising research area. Among the diverse carbonyl donors, carbon monoxide (CO) is the most extensively utilized carbonylation
reagent owing to its 100% atomic efficiency and cost-effectiveness. Based on the significant achievements in the field of radical

carbonylation of alkanes or alkylarenes with carbon monoxide over the past fifteen years, the progress on the synthesis of high value-added
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carbonyl derivatives such as acids, esters, amides (including acyl hydrazides, amides, a-ketoamides, f-lactams and imides) and ketones

(including chiral amino ketones) by utilizing peroxide-type compounds or photocatalysts as the initiators, and H,O, H,0,, alcohols,

arylsulfinates, azodicarboxylates, amines, imines, amides or olefins as the reaction partners was summarized. Then, the product types of

carbonylation reactions were classified and explained, and the substrate scopes and typical reaction mechanisms were discussed. Finally,

the challenges and opportunities in the field of radical carbonylation of alkanes and alkylarenes were analyzed and prospected.

Keywords: alkanes; alkylarenes; carbon monoxide; radical carbonylation; high value-added carbonyl derivatives
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Fig.1 Scope of radical carbonylation of alkanes or alkylarenes with CO in the review



% 4 3

G IRIBIR A SRS — AR B W RS AT R R 3

1 RSV 5

FRIRAE NI TR, |2 N FA ik
SR P PR X h e A IR iy Sl e A= e
C—H BRI S B I — MR IR R IR & —
ol 20 TRV ) B Re A i RIS I C—H
FRFAR S NI R FAR R S BURNBG 5  JE fEAL
£ CO.K,S,0, 1 B A 5 8 M () CF,COOH 17 7£ T i
FT00, Ry T kAl H B A SRR P (1) CF,COOH,, ik
FERFFR T — FRFILIH,0 8L H,0,1E NI 4t
WA T o, DLH,O 1B ¥ S5 1 s 9238 85 >R
F K,S,0,4F A F B2 5| & 77 A EUAL 51, H,O/CH,CN
VERIREHEF , AE 50~60 °CHA4E T HEAT . TFFLEM,
A Ak BRI A A R TR e 0 R R R RO K
RO FEAR 2 @ AL R, KV 1 2 A (D AT &
YRI5, et — R ¥ C~C, A LE S . C~C,y
WS LRI C~C B bt e B B AT PR B R
RSOl AR R R, 2R b e IR R A IE O
o 3 Mk B, 10 HR e (CCH) RN 2B i PR . X T
Cy~Cy LR PERT IR , Bl HE AN S L3872 A2 DL SCEE = 1)
NERNRED . M AEIR Co~C I IR R A R
A AR e — = 4, e v BRI e AR O 0 v 1
Fe o LA R A PR A7 B R R A s B R ) 5 e R et
W, K,S,0, 1 58 4 iR i SO3 H 3, H M BE & 1O
FH) -5 A v &P 5 Py 5 6 2, T R A — A
SR T ARG B 33, bR 1% E B S CO M
AR L 4. RIS B AE 4 TR (DA
Bk 2 BH = 7 5, F 5 H,0 [ N0 710 2B ORI
BRI 2. fEAES BTN BEEE B 2k 4 0 Bk
K,S,0, Mk il Bk 52 it 1R 56 6, B = J ik /K A A= 7 H
FRIRIR 2 (] 2)07,

CuffEfL7]

K.S,0,
R—H+ CO + HO R COOH
1 MeCN 2
50~60 °C
AL RE SR
S,0: SO; HSO,
0
A,
co N oo (0
5 AN 0 ‘
3 Rff Cu(l) Cu(l) HO  R—COOH
L e
R~ \
SO; =— 1/28,0; 5 ¥

R—H
1

B2 $HEENLKS,O,NMESMRES COMH0MNBERELEN
)4 F_‘-Z|3s-37|
Fig. 2 Copper-catalyzed K,S,04-mediated radical carboxylation
of alkanes with CO and H,0"**"
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Fig.3 Cu-MOF-catalyzed radical carboxylation of cyclohexane
with CO and H,0""
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Fig. 4 Gold-supported catalysts-catalyzed radical carboxylation

of cyclohexane with CO and H20I42-441
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Fig. 7 Nickel-catalyzed radical carboxylation of alkylarenes
with CO and H,0'*
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Fig. 8 Palladium-catalyzed radical ethoxycarbonylation of

alkylarenes with CO and ethanol®
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Fig. 9 Palladium-catalyzed radical alkoxycarbonylation of

alkanes with CO and alcohols'®
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Fig. 10 Copper-catalyzed radical alkoxycarbonylation of

alkanes with CO and alcohols!®®
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Fig. 11 Metal-free radical alkoxycarbonylation of alkanes

with CO and alcohols'®”!
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Fig. 12 lodine-catalyzed radical thiocarbonylation of alkanes
with CO and alky arylsulfinates'”!
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Fig. 13 Photocatalytic radical carbonylation of cycloalkanes

to acyl hydrazides'™!
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Fig. 14 Palladium-catalyzed radical aminocarbonylation of

alkylarenes with CO and amines'™!
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Fig. 15 Palladium-catalyzed radical aminocarbonylation of

alkanes or alkylarenes with CO and arylamines'™
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Fig. 16 Copper-catalyzed radical

alkanes with CO and amines'™®
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of alkanes with CO and amines'””!
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Fig. 18 Transition metal-catalyzed radical selective oxidative
mono or double carbonylation of alkanes with CO

and amines'™!

2023 4, DING 25, DTBP 5| & 7,1,2,2,6,6-
T H B R IE (PMP) N A% , 7 Pd(CH,CN),CL,/Xantphos
AR T, SEIL T — KA E T B 5 CO Mg T
[t 49 IR FE AL N, B B T 48 il B- N Tk e Ak
EW50, HARP= W07 2 ik 94% (B 19) o R N RE
MR — RBNH (FO T5 W 5 N5 17 i 05 5 Jie T -1 i
GG . 15 RZ GO T , )RV 2 I TE
A1 e 3k B O X5 == 0 i i) & oK T
20:1). BRI, 2430 & & B A KA B AT FEBUCHT
FEM IR AR O . (R RS, X B 2R
Pk e A7 A2 R W R PR 2 NS 5 R B %
LR He A — FR B 45 F T B0 H T EOA ) R OR
RN LR V1-H 28 2-F L ZE DL I 45 2,5- - H
FERJE (2,5~ FF M) A1 3- FH S5 WA P 1) FR 2 %
it NS BRI R T I IR C—H BG4k«
T C—H S S A AE il 1 el 2 s 28 Ik C—H 8
AR CAE AR R A A . BB 19 AT %1, DTBP
e EPRASBUT S B3, AR — AU T 5 E
NG Jsz 87 s R AR R A (0) AR AR (T) P )4 5
F—NBUT R E B AR 172 B — AN AR
TR B L 21, BH)E AR (R 51 F1 2
FE I 21 45 5 2E i S A PR R) 44 52, S8 5 2 B L I
NZE R JE A AR ()44 53, BhAh, 3L [ B & 2138 A
5 CO KA H HEREAL R B A R 1 HH AL 25,
FLF S5 (L) R A 51 45 A A R 2 £ o JA) 4 53
b J , 75 PMP BORCT T & 7RI hBh R, I S

[B) 44 53 A58 — IR AL C—H fiE A AR 1 2 Js A R
v a) 44 54, H 5 eV I 49a HEAT SEAZ 0 2R B
PEBS TR Ak S5, IR, TS 7 e 44 55
R S 4 Ak g o E) A4 56, I IS B R AR R 2K -
I i 50a - FAE S 2ROV FP . R0, H LA L
AELERALBRAC T JHUARTE R, 9 14 B8 1 ) 44 55 57
FAL R R AR 56 i A2 52 B, B 246 T BUm = B- N 9t fi
A i

Pd(CH,CN),Cl, [5%]

H . Xantphos 30 [7.5%] B, 9
ALH + CO +  p A NGR ——— R ;}i
H DTBP (2.0 eq.) s
z
17,20mL 3.0 MPa 49, 0.5 mmol PMPHO%] 50, 19900
¥ My, > 2001
?%%}4%%;Lﬁ 7777777777777777777777777777777777777777777777777777777777
Ph,ﬂ ):f o
Ph* ph’ T Ph
EC 50¢, 48/
502, 71% 50b, 52% 50¢, 38% 50d, 0% i
SN e e
& gl .
ol e
o \A I‘KA BN,
50f, 41%
Oy =1L110) ?‘3?,‘fé,f,,,,,,,,,,,,5?1‘,,571,,,,,,,,,,,Sf'!fs,f ,,,,,
AT B SN :
M o Pd(iI)L‘
-Bu0.  DIBP
PA(O)L. #+-BuO!
Pif S0a B © ‘\< \/Q\
. +-BuO’
- PdL, Pd(1)Or-BuL,
ofPdL oL 51
PhCH,
17a
+BuOH

dor: AERT SRR L] s R AR N AR EH o

19 BEANRESRES COMBEILRN B BHEREIRMAK
&E[WI

Fig. 19 Palladium-catalyzed radical carbonylative cycloaddition

of alkylarenes with CO and aldimines'™"
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Fig. 20 Copper-catalyzed radical carbonylative coupling of

alkanes with CO and amides'®"
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Fig. 21 Metal-free radical carbonylative coupling of alkanes
with CO and amides'*”
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Fig. 22 Nickel-catalyzed radical carbonylative coupling of

alkanes or alkylarenes with CO and amides®"!
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Fig. 23 Radical carbonylation of alkanes with CO and
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Fig. 24 Photocatalyzed radical carbonylation of alkanes with

CO and electron-deficient alkenes'®!
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Fig. 26 Continuous-flow photocatalyzed radial carbonylation of alkanes with CO and electron-deficient alkenes'’!
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Fig. 27 Synthesis of chiral f-aminoketones and a-aminoketones
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