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Abstract

B-Ketonitriles, bearing both carbonyl and cyano functional groups, are highly valuable multifunc-
tional intermediates in organic synthesis. This article summarizes the major synthetic strategies
for f-ketonitriles, including classical non-radical approaches such as a-acylation of nitriles, electro-
philic cyanation of ketone enolates or their equivalents, direct a-cyanation of 8-keto carbonyl com-
pounds, transition-metal-catalyzed carbonylative coupling, and oxidative coupling reactions. Par-
ticular attention is given to recent advances in radical and photochemical strategies, especially hy-
droacylation reactions of activated alkenes enabled by acyl radicals generated from aldehydes, ben-
zothiazolines, 4-acyl Hantzsch esters, and acyl chlorides. Although significant progress has been
made with existing methodologies, limitations remain. Developing novel methods for constructing
PB-ketonitriles using readily available aromatic aldehydes as direct substrates under milder and
simpler conditions, without requiring metals or complex precursors, continues to hold important
methodological significance and practical value.
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Scheme 1. Applications of S-ketonitriles in transformations
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Scheme 2. Under the action of KOt-Bu, acetonide anion is generated
and the esterification occurs with the lactone in the ether solvent
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Scheme 3. Electrophilic cyanation of boron enolates
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Scheme 4. Catalytic electrophilic cyanation of silane ethers
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Scheme 5. Asymmetric electrophilic cyanation of boron enolates
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Scheme 6. Direct electrophilic cyanation of s-ketones and amides with cyano-benzoxazole
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B ) Y RE R A AN R 3 s B (15 7))

| 4.0 mol% {(2-Me-allyl)PdCl}, O
A | 10 mol% CuBr. N CN
R + Si__CN il RA
ZnF, (0.6 equiv.) %%
10 atm
13 14 15

DMF, 80°C, 12 h
R: Me, Et, OMe, F, CI, Br,
CN, COZMG, COMG, NH2
(Naphthyl, Thionyl)

Scheme 7. Pd-catalyzed carbonylation of aryl iodides and trimethylsilyl ethanone
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Scheme 8. Pd-catalyzed carbonylation of a-arylation to S-ketonitriles
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C-H 1S ALIZHT RN T RE——JGHEAL B HAT REALFIBERS AR I AN 26 1 T e e VE A O B C-H B, A
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LR, p-WAfiE &k O AL e 1 R R NAE (R 5 B R E AR R o AR, — B IR
MEAE B 2, SR HAE AR A BN, SRR B TR B & R RS 2 H b p-Hi i [35]-
[39]. S 4EE A th S A ARSI 5 5 [ p 2k A0 s RE N8 A2 B A PR 25 A T 5 B 1 1 U S2 AR P e AL
I B R TRE e A6 A [40]-[45], PRI BEA 12 ST 4 SR ) F LRI 58 77 171

31 HBEHRTEBRESRE

WEe 5 AT Z SRR 28 SCBIRRT 2 F e R A, 2 B H A 5 v AR o 10 2 v ) A [46]-
[49] B3 A sl E B AR 2 BORTE, OSSR JEOR HA RIE S & AR BIC M S5 1) 281 45
Rl B RES EAEAE AL L R: C-H B8, W]k S AT A il 4%, BRIk $R s 2D BREE B I A R - 22 5 £ [50] -
[52].
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Sakaguchi %5 DL N-¥25: — FISE e (NHP ) AR SR AR, Se s 7RI e ¥ 1) B = i [53] R
A RIS B 51 R, AR5 FIE A U0 B 1 FR ISR C-H B BB NS AE3E 2 55 1R NI A ik B 5t

B 7R EE E R AL, ARy - A SR AL T X T S A E AL TR . 2014
T, XCHTREE R R T A DT BT S OIS A SR BB R R, PSRN i S8 A T EL R AT B- I
G[64]. fEMER T, HRHEEE AR W, 40Tl 5 C 05 R AR U Al IRt — 0 A A i H A e
Y. fEEIN, ftsS CEERTTRIRAHE pKa, JFEASS S TGRSR, dEm syt
A p-HERAC (K 9). Z TAEZHMA C-C MK EEAE 2 p-HHiE 4L, el 17 P i 4 S5 A 1
R, R T AR SO

MDA 1 2B 22 (1] 9), S BRI T L K 05 A RE M ToiR R AT 45 v A A (o R
HAAER) IR R REAT AR, 3B A IR R T (A IR 3 = R IO A B R R, 359 ] IR
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Scheme 9. Copper-catalyzed aerobic oxidation coupling of aromatic alcohols and acetonitrile to form g-ketonitriles
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FEREC AL E AR A2 (HAT) L AR B, B 1 EL06E 1 ROV I A B b 26 2 i) B 2808 42
[55]-[60]. 2007 4, Esposti~ Dondi A1 Fagnoni <5 F 45 B2 £ 't (A0 58 R 17 BT 25 R I AR PO 9L A B 1o
[61]. A aS TBADT M HEECEUR 725 sRIBEAE B A, 4101 B gl AR R, I R E
AR HAsr (15 10). 2B ORI ELEIRAABEAE B A AL S MBS B B R R b 2 501 IR
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Scheme 10. Acetylation of electrophilic alkenes by ten tungstate-photocatalytic activa-
tion of aldehydes
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Scheme 11. Photocatalytic hydrogenation acylation of trifluoromethyl alkenes
E 11, =smREG Rt mEitiL

HAT AT BTt e it 7207 MBI R & . 2020 4, Ohmatsu. Suzuki Al Furukawa % & f& 7 5 14 55
T 123-=MRRERL AR, TR AT R G R IE FUR I R & HAT i A2[63]. ik RZH
HANGIE JF T FE A B S 1 R, 4RI C-H IR F 20 ik A B2, 5B FImeinmk, m&
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B, FeE BRI e S5 M e B VR N A R HAT P&
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+
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Scheme 12. Zwitterionic 1,2,3-triazolium amide acts as a catalyst for photo-induced hydrogen atom transfer radical
alkylation
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2022 4, Matsumoto. Yamamoto Fl Maruoka /< Ji& | FH &1 DABCO & HAT 4L 7], Femk 1 7 sk
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-di i . 0
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35 36 blue LED, 11 h 37

Scheme 13. Cationic DABCO catalyst achieves site-selective C-H alkylation through photo-
induced hydrogen atom transfer
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TR HIZE, Bk E R BIEE— B A TOLIR . 2025 4F, X FIBR R RS K e 1 05 &
P I I B N B Ak S, 1% S S AE SRR HE AN EDA &8 T Al T I e &4 i AT [65] A E A A,
. 5 BN IA G A NaOH TE A (4 EDA EA Y5, RIRAESr 110 SET M HAT i #2, A sk B A0
o-THE IR, ARfTE B BRI A5 2 p-BIE (K 14). X — 25 RERH, p-ElE R E
MAE G EAIE AR R Y B H 2R S 728 2 B R B =X

MBI 0] 73 N EL R I SREEETR: 1) EDA B AV K: 76 NaOH 2 1F R, B8 255 7 4h A i i
TS (R HME), SR RIS (BTS2 EAEH, T2 EDA 6. 2) HH T (SET):
EDA HAME R WOt s#EdE, KA 18] SET, MIGEE ST 10 75 NGRS — N ET, EREH
SEBAIFHES 7%F . 3) PCET/HAT: SET iR & i 7oA R T8, BBURBE A RES o-F I A
HAEEP A BV E R . 4) H 2L - B B EEEG: BRD B BRI OE N S AU ER, TR BGE C-C B, 14
i p-EANEE S, B) T4k BEEASE TR TGS RIS A T SN AT A I AT SR
BB JER, AR EE OB S ST EDA E-aYaRsh, & H aT s fiG r p-Biis & kg 2 —.

l‘/_\\ . Na*,
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\ N i i I
NaOH : SET AN » Radical coupling CN
38 —_— 5 Na A "2 oo T
+ , -H0 H,0, - NaOH U
: CcN Ary

39 40 4

Scheme 14. EDA complex facilitates the direct hydrogenation of aryl acrylates
[E 14. EDA E & BN A ERERB ARSI

SRS, B EESRGIE B R R R 515 BRAEVHELF LR TR A R EGEEI . A,
ST — L2 Rl A HE C-H SRR FR VRS LB B W Z G I HAT LA JeBoR siios 251
PRV [FIN, Bk B d R R R TR R A R Bl S BB FRE TR . DRIE, RFEFERRE. SEAT
2 (R BRI ) 2 S BT By BB T ANEL
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W EBEWAHE S, R Ot PR EE R U TS e A N TR TR IR, B H B A AR, ARG, FAEK
FIE JF A MR B R, R — RN I s 2 HAHR &) TR 45 10 5 g [66]-[76] - %7121 HAR
A EERIUE, B HBEEEATARLE, TERRRE . TIAPIRES N7, e ERRR, FIE
ST AN B pR A AR R g D S E AT AR [77]-[82]

IR EMEIR AL B )& I AR AR ME R E S B fR AR AT 4. 2019 4F, AREHREARE T UL C2-Bi
AR 2R - ME PR A I 5 1) Pl SRR 1) SRS [83] 124 RAE AT WO, &t I7 Mtk IRBhH) C-C fib e
AR R 2, RSP T A AL R IR ORI 15) . 1% AR ORI I bk
12 H AR R 5, WORIRFI AR T B RS 5 1) C-C @ g4t 137 ik

[{4, Uchikura. Moriyama il Toda Z5 K T 2-Bb3E HUAR IR IR MEMRINAT Sy B F SR R0, 7GR
ZAE T PG R I A RN e B [84]. TEZIR R, ZRFRMEMEMR S S S AL SR AL 7T SET 4L
JE R sl et 2, E BRI E R G A SET R AR FAb S 2= (14 16). 1% 7 vER 45
AR PR R S MR PR IR RRE T ) R, sl D T s R A K 2 A A
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Scheme 15. C2-acyl-substituted benzothiazolinol generates an acyl radical
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Scheme 16. Benzothiazolin as an acyl radical transfer reagent

16. FFHIEMHAE AR B B 24 I

2020 4, Uchikura 45— #SE T RATHERR A, {ETE)6, TERRIIARIZR P T SC3 el TR 0 I A
e AL RUAILIBE] () 17). SXARWIZIFVEREUKBEAESS VAR e R RO, (4 2% P L
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DD e -
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Scheme 17. Radical hydrogen alkylation and hydrogen acylation of benzo-
thiazolin under thermal conditions
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Scheme 18. 4-Acyl Hantzsch ester generates an acyl radical
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IEEAE, BESCBA TBEEE B bR, 2024 4F, B, (MEREARRE 7B R R
ARG N ABEAL SR [87] . 2 2R LA = (= F B Ak ) fek g (TTMSS) [R] I A Dy S Ji - (AR R 1~ (it £
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