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Abstract This paper reports a novel photobiocatalytic system that integrates thiamine diphosphate (ThDP) -depen-
dent enzymes with photoredox catalysis to achieve radical acylation between aromatic aldehydes and azonitrile
reagents under visible light irradiation. This method enables the efficient synthesis of B-ketonitriles via cross-coupling
of an enzyme-bound ThDP-derived ketyl radical and a photogenerated cyanoalkyl radical under mild conditions. The
reaction exhibits a broad substrate scope and good functional group compatibility. This work represents the first
example of synthesizing B-ketonitriles via photobiocatalysis, offering a new strategy for sustainable synthesis and
expanding the toolbox for non-natural enzyme catalysis.
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FEWERR M R (ThDP) K B 76 A= AR N T 12 AEAE , 35 38 1 T e 7 2 +— kmﬁ;c(Breslowqleﬂ
1) Sk C—C BRI IE sl W 24, S 0 AL 3 B S A%l R B8 5 45 e T 32 AR 22 [ 1) B el T 5
Bl S, Huang %512 325000 ThDP (R G5 YL R 25 A, SC80 T % 3k A i 2% i ok Ak S
Yang %2, Fasan %5'®/ )z Hayashi % i J5 BRIE, JERIAOGE YL CTTFRE T HHgE . N 75
F B A R, S BB IR R, KR — RGO GIR 3h (14 Al KRB L b S

B-FilE f— K A BB A LA B[ Scheme 1(A) ], 2 AE1ET 250 . A FAL22 0 . Uit
MR KR =, S 2R e 2 (0 &S [ 0 HRT, S-G9 45 i i B AL 36 S e
TEIR | FEAZFALEEEAL | SR L . U S R AL SR AL IR S S R 22, A N-2% K52 (NHC)
ALY B 3L FEAE 2 [Scheme 1(B) |, RAFC A LR A ORI BARGE , (HAERA . ATHREL A 1F T msk
A 1 G- AT T R AR
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Scheme 1 Photobiocatalytic cyanoalkyl radical acylation

(A) Representative chemical entities containing the B-ketonitrile moiety; (B) representative synthetic methods for B-ketonitrile

preparation; (C) this work and proposed mechanism.
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F) 5 FEBERRGTIZZR (ThDP) | 3-FSBk N fif ik (MOPS) MR R4 (Cs,CO,) , ZATal, gk T A bR i
A BRA 7] 5 EALENAN —[2-(2,4- " FORIE)-5- = FUHF I 1[2-27 -k (4-50 T FEmbne ) s sl iah
(Ir[dF (CF,) ppy |, (dtbbpy)PF,) , 43#r4l, g Heqie 25 RHE A FRA /5 26 . —HIEA(DMSO) |
HAT e, abral, B2 B4 B2 FL 5 200~300 H AR AT L mm #Z 2R, MHE
BT R ARG BR A B 5 B IR R AR R 3 N S5 N 2 -B-D-Bi A G UMY (IPTG) , 23 #rali, bl sapk;
JHREE 1 R RN B EE Y , Bl bt SR A YRR A BRITAE A w5 FRAGIPE N DI Dpnl, FEER K
IRBHE N F] 5 SDS-PAGE 7] &5 . Phanta Max Super-Fidelity DNA Polymerase | %52 24U Escherichia coli
DH5a. E. coli BL21(DE3)HI DNA i ISR 6, ma mtiaMERE A= R e A7 FRA A

40 W 420~430 nm LED £T, ¥ ZAEH FRHEABRA vl 5 Agilent 1260 Infinity IT Y 55 8508 AH (415
1% . Agilent 8860 F S HH {4 14 {Y F1 Sciex ZenoTOFTM 7600 % i 43> HE A it (HRMS) , ZE4EBRHE A BR S
H] 5 B GF8SDA B iy e K i Ail—1H DHP-9162 BUTHIR K5 3540 , &5 & RV Y TR R Wl 5 Bruker
AVANCE NEO 600 M B i 4RI %L (NMR) , Hfit: Bruker 24 1] 5 3% DL-400 Y jighE 28 &AL, HBM K
WA T A ABRA A ME204E BU o0 A KO-, B LARRRE-FE R 20 vl 5 5425 RIS s 2oL, 78 E DSOS
3w 5 N30 Touch BUH G 436G EE T, T8I Implen 23 vl 5 Super(1120/750/900) B T4, KIS
ML ARAT B
1.2 XIidiE
1.2.1 SEHRAEREES  LBEFREL: FRILS o BRI, 2.5 g MERHEIUI IS ¢ NaCl, %%+ 500 mL
gk, 2 RZEVRKTE (120 °C, 15 min)J&5 , WA, ST % B . 10XBERRER 28 v . 43 7 FREX
23.1 g KH,PO, F1125. 4 g K,HPO, (5% 168 g K,HPO,*3H,0), £ B FKEMIGELRSZE 1 L, L EKHE
JE TEIRRAE . TBIEFRIE: FRIC12 gJBRER RN 24 g BERERICY), A 4 mL T A 900 mL 46K, 7
T2 K, BHEIE A K& 19 100 mL 10xBERRELZE MK , 1RG5 5 T8 IS B AT .
122 EBFkKkGaf BRIk FUR (U0 pET28a-P/BAL) [ E. coli BL21(DE3) B4 5880 T &
50 we/mLFAFE R A 6 mL LBIEFEFEA, T37 °C, 250 v/min 5500 FHRGHESE 12~14 h. BHZmh TG4
2 E AR HUAE R 1 600 mL TB B3R5, T 37 ‘CHEFR 2 0D, fH 1A 5 0. 6~0. 8. LA IPTG LMK E
0.5 mmol/L,, 25 ‘CiEF#i5 16 h. #.0>(3500 v/min, 4 °C, 15 min) IWEFHEK, 4 miBHAELF S mL
S 2% 1 (50 mmol/L Tris-HC1+300 mmol/L NaCl, pH=7. 5). Z vk B ie i , B 24T 4 C,
12000 r/min 2.0 45 min. B 235, F AKTA pure £ 48 5 HC £ 19 HisTrap FE4IALHT His bR 25 1 Bl
B WES HREAREO, #H 50 kDa #8844 1 & /) Amicon Ultra # 345, L MOPS 2% 1 i)
(50 mmol/L, pH=7. 5) 1 ¥l - v s . H2alifb)a B8 M5 H RS (ZU B 20%, (RFE0 , 405
100 wL 5507, FHR ARG F-80 “CLRAAE. B FTMR L E 1 U 280 nm Ab (MR BE B E
1.2.3  H e A R A0 SOV T, ARUOI AR (0. 1 mmol) . A 5 T (0. 2
mmol) . 3- = H 3£-5,6,7, 8-TU S -4H-3F P [ d |WEME-3- = G R %L (NHC, FEIR434120%) , PREUMA Cs,CO;
(0. 05 mmol), i FERMMAMIE. KOV EETTFEFMT, IALRAEIF B AIHF R mL, %
BT, F 80 CHA hImB MRS P2 he SOV ESH T, SEUEPR AN, DRI L8 v 46 15 B
Y. LS LA TR TRk R iR, @A 2 AT A s alidh, A5 2R ARTH B &L L T e S A R iR
P DA SO (7 B BT S1~840.
124 SEEEEAR N I B O TR A S T S} 10 (AR B0 M FE48 h ikt 7. LURY)
1a 5 2a O i A= UALE Y 3a il . 1) 25 ik 700 4 mLBEESH P, AR A 3-H LK (L&Y 1a,
0. 004 mmol) . AIBN (4L 4 2a, 0. 02 mmol) . FAEAL T Ir[dF (CF;) ppy |, (dtbbpy) PF, (BE /R 5345 2% )
MOPS 2% #hif [ 50 mmol/L, 7 2. 5 mmol/L MgSO, Fll 4% (FE /R 4340 ThDP, pH=7. 511 K Jii P/BAL4 (EE/R
IEL2.5%). RRBRF R 600 WL, Hoi DMSO 284k i 8 20% (R0, # B WA R HFE4,
FEPE A 420~430 nm [ LED XT BN, T BAHE SO 12 h OS2z 93 [0 FH XUB ¥ 50 DA AERRIRLEE ).
WEEEHE , IIAL 0 mL ZFR 215 £ 20. 0 wL AR [ 7 2% (AR EOIE T X SRR ORI ], 78
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rRiER A . B, F AR @R (GO M o A (HPLC) A 208 . H R )™ 340K
TE A+ ZhE o AR bR 2R T GCITHRRRE (AR SCSCHR (5 R S41~860) 5 XA FE(E (e, e. )il id
FEHPLC 7 Ml i (WA SCE 55 B 151 S61~866).

125 fu&43a~3t KA A BEMEA IR SRS 0 R B A 1) T3 1, BRI IR AL
PEAN T2 [ SR S IR S Wi o B AT (LA SRR B S67). v, L5 9 3y
246 % KA TR 2o EG A IS L 3 — 6805 (ECD) S 3R T B (ILAS SO R B S68 ).

Table 1 Appearance and HRMS data of target compounds

o )

Compd. Appearance HRMS, m/: [M + H]" (caled.)
3e Colorless oil liquid 299.9872(299.9880)
3n Colorless oil liquid 299.9871(299.9880)
3q Colorless oil liquid 178.0976(178.0975)
3r Colorless oil liquid 230.1532(230.1539)
3s Colorless oil liquid 244.1692(244.1696)
3t Colorless oil liquid 220.1446(220.1445)

Table 2 'H NMR and “C NMR data of compounds 3a—3t"

Compd. 'H NMR(600 MHz, CDCL,), & C NMR(151 MHz, CDCl,), &
3a  7.98(d, J=7.6 Hz, 1H), 7.92(s, 1H), 7.42—7.37 194.3, 138.8, 134.7, 133.8, 129.9, 128.6, 126.6, 122.8, 40.9, 25.8,
(m, 2H), 2.43(s, 3H), 1.71(s, 6H) 258, 21.5
3b  821—=8.19(m, 2H), 7.17—7.14 (m, 2H), 1.69 (s, 192.3, 1659 (d, J=257.2 Hz), 132.4(d, J=9.3 Hz), 132.3(d, J=9.3
6H) Hz), 129.8(d, J=3.3 Hz), 122.6, 116.1(d, J=22.3 Hz), 116.1(d, J=
22.3Hz), 40.7, 25.6, 25.6
3¢ 8.09(d, J=8.7 Hz, 2H), 7.45(d, J=8.7 Hz, 2H), 1.68  192.7, 140.4, 131.8, 130.9, 130.9, 129.1, 129.1, 122.4, 40.8, 25.5,
(s, 6H) 25.5
3d 8.00(d, J=8.7 Hz, 2H), 7.62(d, J=8.7 Hz, 2H), 1.68 1929, 132.2, 132.1, 132.1, 130.9, 130.9, 129.2, 122.3, 40.7, 25.5,
(s, 6H) 255
3¢ 7.84(s, 4H), 1.68(s, 6H) 193.3, 138.1, 138.1, 132.8, 130.6, 130.6, 122.3, 102.2, 40.7, 25.5,
25.5
3f  8.16—8.14(m, 2H), 7.61—7.58(m, 1H), 7.50—7.47 194.0, 133.8, 133.6, 129.4, 129.4, 128.7, 128.7, 122.6, 40.8, 25.6,
(m, 2H), 1.70(s, 6H) 25.6
3¢ 7.63—7.60(m, 1H), 7.58—7.54(m, 1H), 7.28—7.25 196.3(d, J=2.1 Hz), 159.6(d, J=252.1 Hz), 134.4(d, J=8.7 Hz), 130.0
(m, 1H), 7.21—7.18(m, 1H), 1.70(s, 6H (d, J=3.0 Hz) , 125.0(d, J=15.9 Hz), 124.6(d, J=3.3 Hz), 121.7,
116.6(d, J=22.3 Hz), 44.0, 24.8(d, J=2.5 Hz), 24.8(d, J=2.5 Hz)
3h  7.98(d, Jj=8.4 Hz, 2H), 7.19(d, J=7.8 Hz, 2H), 2.32  193.3, 144.9, 130.9, 129.6, 129.6, 129.4, 129.4, 122.8, 40.6, 25.6,
(s, 3H), 1.60(s, 6H) 25.6, 21.7
3 7.79—7.78(m, 1H), 7.60—7.59(m, 1H), 7.39(1, J= 193.8, 159.8, 134.9, 129.7, 122.7, 121.8, 120.3, 113.9, 55.5, 41.0,
8.0 Hz, 1H), 7.15—7.14(m, 1H), 3.84(s, 3H), 1.70  25.7, 25.7
(s, 6H)
3j  8.00—7.98(m, 1H), 7.79—7.77(m, 1H), 7.50—7.47 192.9(d, J=2.2 Hz), 162.6(d, J=248.6 Hz), 135.5(d, J=6.4 Hz), 130.5
(m, 1H), 7.32—7.29(m, 1H), 1.70(s, 6H) (d, J=1.7 Hz) , 125.2(d, J=3.3 Hz), 122.3, 121.1(d, J=21.3 Hz),
116.3(d, J=23.4 Hz), 41.0, 25.6, 25.6
3k 8.08—8.06(m, 1H), 8.04(t, J=2.0 Hz, 1H), 7.57— 1929, 135.2, 133.8, 130.0, 129.4, 127.4, 122.2, 41.0, 25.5, 25.5
7.56(m, 1H), 7.44(t, J=7.9 Hz, 1H), 1.70(s, 6H)
31 8.19(t, J=1.9 Hez, 1H), 8.12(d, J=7.9 Hz, 1H), 7.73— 192.8, 136.7, 135.4, 132.3, 130.2, 127.8, 123.1, 122.2, 41.0, 25.5,
7.71(m, 1H), 7.37(1, J=7.9 Hz, 1H), 1.69(s, 6H) 25.5
3m  836(1, J=1.8 Hz, 1H), 8.16—8.14(m, 1H), 7.92— 192.7, 142.5, 138.2, 135.3, 130.2, 128.2, 122.2, 94.5, 40.9, 255,
7.90(m, 1H), 7.22(1, J=7.9 Hz, 1H), 1.68(s, 6H) 25.5
3n  8.10(d, Jj=8.4 Hz, 2H), 7.32(d, J=8.2 Hz, 2H), 2.71  193.4, 151.1, 131.2, 129.8, 129.8, 128.3, 128.3, 122.9, 40.7, 29.0,
(q, J=7.6 Hz, 2H), 1.70(s, 6H), 1.26(t, J=7.7 Hz,  25.7, 25.7, 15.1
3H)
30  8.19(d, J=8.6 Hz, 2H), 7.78(d, J=8.6 Hz, 2H), 1.69  193.1, 136.8, 132.5, 132.5, 129.6, 129.6, 121.8, 117.5, 116.9, 41.1,

(s, 6H)

252,252
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Continued
Compd. '"H NMR(600 MHz, CDCL,), 8 BC NMR(151 MHz, CDCL,), 8

3p  7.68—7.66(m, 1H), 7.65—7.63 (m, 1H), 7.09 (1, J= 1952(d, J=2.5 Hz), 158.6 (d, J=252.4 Hz), 137.1(d, J=8.7 Hz) ,

3q

3r

3s

3t

9.3 Hz, 1H), 1.67(s, 6H)

7.37(d, J=2.5 Hz, 1H), 6.80(d, J=2.4 Hz, 1H), 3.95
(s, 3H), 1.71(s, 6H)

8.09(d, J=8.4 Hz, 2H), 7.34(d, J=8.2 Hz, 2H), 2.98
(m, 1H), 2.25(dq, J=14.8, 7.4 Hz, 1H), 1.89(dq, J=
14.8, 7.4 Hz, 1H), 1.68 (s, 3H), 1.27(d, J=7.0 Hz,
6H), 1.09(t, J=7.4 Hz, 3H)

8.10(d, J=8.6 Hz, 2H), 7.51(d, J=8.6 Hz, 2H), 2.26
(dq, J=14.8, 7.4 Hz, 1H), 1.89(dq, J=14.8, 7.4 Hz,
1H), 1.68(s, 3H), 1.34(s, 9H), 1.10(t, J=7.4 Hz, 3H)
7.38(d, J=2.4 Hz, 1H), 6.84(d, J=2.4 Hz, 1H), 3.97
(s, 3H), 2.48—2.40(m, 1H), 1.86—1.79 (m, 2H) ,
1.77 (s, 3H), 0.96(d, J=6.4 Hz, 3H), 0.87(d, J=6.5
Hz, 3H)

132.6(d, J=3.2 Hz), 126.6(d, J=18.0 Hz), 121.3, 118.5(d, J=24.1
Hz), 117.4(d, J=3.2 Hz), 44.2, 24.8(d, J=2.7 Hz), 24.8(d, J=2.7 Hz)

188.5, 147.1, 131.6, 122.4, 109.2, 42.4, 39.8, 24.9, 249

194.0, 155.5, 132.1, 129.7, 129.7, 126.9, 126.9, 122.3, 46.6, 34.4,

31.8,23.7, 23.7, 235, 9.5

1939, 157.7, 131.7, 129.4, 129.4, 125.8, 125.8, 122.3, 46.6, 35.3,

31.8, 31.1, 31.1, 31.1, 23.4, 9.5

189.42, 147.7, 131.4, 122.0, 109.5, 48.5, 459, 39.9, 26.1, 24.6,
23.5,232

# Characterization using deuterated chloroform as solvent for "H NMR and "*C NMR.

2

21

RSt
= Rz SR RAL

IR UE AT Y B AE AL B R B- B SRS B T A Pk, DA 3-H IR (b & 1a) SRR
i (AIBN, 1k &% 2a) 1B WA ABY R 9 (36 3) , 7E ik )6 (420~430 nm LED) B8 &F &2 N, <A F, LU
Ir[ dF (CF;)ppy |, (dtbbpy) PE R IEHEALT, ThDP MR F, -7 TN AR R . |t, M= AH

Table 3 Study of parameters for radical acylation”

Chem. J. Chinese Universities, 2026, 47(8), 20260029

Entry Variations from the above conditions Yield(%)
1 LIKdcA <5
2 EcMenD <5
3 EcTK <5
4 PpBFD <5
5 CDH <5
6 PBAL 5
7 PfBAL2 30
8 PfBAL3 41
9 P/BALA 82
10 Eosin Y instead of Ir[dF(CF;)ppy 1,(dthbpy)PF, <5
11 Ir(ppy), (dtbpy)PF, instead of Ir[ dF(CF,)ppy 1,(dthbpy) PF, 31
12 CH,OH instead of DMSO 50
13 No enzyme 0
14 No blue LED 0
15 No Ir[dF(CF,)ppy ], (dtbbpy) PF, <5
16 Air 0

* NC ThDP-dependent enzyme(2.5%, molar fraction) 0
)L ~N Ir[dF(CF3)ppy]2(dtbbpy)PF(2.0%, molar fraction)
N G MOPS buffer(pH=7.5) CN
DMSO, r. t., blue LED, 12 h
la 2a 3

20260029(68/71)
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[ ThDP A5 B ZE A TR0 A5 0 1k , 2 T PABALA BELL 829% (7 5 A4 il H AR = 3. HE—EXH Bk ) | 1%
. ASFEIZEEY buffer FpH, DL LED AT B SE A ARUL AL 2 B, St AR e 0 S iy 350 1A ¢
HERZIR (R S1~S5, WA H:55 B « i Ir(ppy), (dtbpy) PF, 58 Eosin Y B, Y fb R RmE R R it
A, 1) SR R FR SN A S R N 2 R B0 R RN 2 50%. — RANFEHISLRESS, B, JGRE Obfi
N A IR T s B R, S8 1O SRR U R AL E AR &R rh A% O R
22 KWEEMRE

TEARIH IR N A5 FIG , 558 T PBALAMEAL F fr LML AL S b A9 IS 135 FHYE [l (Scheme 2). 455304
B, AL B L S B RS P, AT RS IR 2 Fh o5 A 5 ATBN BOMBER N . F7 38 EIJGie4E . ]
SO B AT L IR AN L | 23 | FR A0 ) sl R -6 1T (gt L 4 TSR ) 1 1 2 IS 34 e IR
S5 RN, VA A 200 R 2645 2 AH N (1) B-F G 7= 91 (LA 3a~3d Fl1 3g~3n). Firr, 3-F LI HE
MR (82% , AL AW 3a). (HARERRIE, SARBUCAZR I (b G 30 AL, KR i B
PRSI IV )0 3 92 L B R S ™ 58 A, A0 TR SEC A T W 800 % 2 g SE R /), INRE LA R AT
FERIIEFAL (LB 3q). E— AT R EMA S, 5 4-FNIOE PR 4807 3
AR SWISE , BB LA R G X il e A5 I AE N ) (A5 3 A 3s ). RIS A 24 () o7 BHL B R A B 28—
SEBEVE RN, BN R BRBE B SRS LAORFE (B G0 30 AL5 9 3r, 3s 01 3 A 4 X 44 BUAR 11
S ECD BE gy ST

PBAL4(2.5%, molar fraction)

Rl

)OL Bl M )<CN It[dF(CF:)ppy |-(dtbbpy)PFs(2.0%, molar fraction) &Rl
SN 2

R OH  ° ne T, & MOPS buffer(pH=7.5) R e

R DMSO, . t., blue LED, 12 h
1 2 3
o 0 0 O O
F Cl Br I
3a: 82% yield 3b: 40% yield 3c: 50% yield 3d: 32% yield 3e: 5% yield
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Scheme 2 Substrate scope of radical acylation
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