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Iminyl Radicals from Acyl Oximes by M-Heterocyclic Carbene Catalysis:
A Rapid Approach to Phenanthridines

Tang, Junhong Zhou, Congying* Wang, Chengming*
(College of Chemistry and Materials Science, Jinan University, Guangzhou 511443, Guangdong Province, China)

Abstract The phenanthridine motif is a ubiquitous feature in a wide array of natural products, medicines, and functional
compounds. Due to their remarkable pharmacological activities in medicinal chemistry, phenanthridine and its analogues
have garnered significant attention over the years. Consequently, numerous endeavors have been devoted to developing
adaptable techniques for synthesizing phenanthridines with various modifications. Notably, cyclization reactions involving
iminyl radicals have emerged as a prominent tactics, prized for their exceptional atom economy and superior catalytic effec-
tiveness. Traditionally, iminyl radicals are accessed from acyl oximes through homolytic N—O bond cleavage under harsh
conditions, including microwave heating at elevated temperatures (up to 240 ‘C) or UV irradiation. Alternatively, the N—O
bond of acyl oximes can undergo single-electron reduction to yield iminyl radicals and acyloxy anions. Despite recent break-
throughs in this field, many of these transformations rely on transition metals, which can result in problematic metal residues,
particularly in pharmaceutical applications. Furthermore, they often require extrinsic precious photosensitizers, such as
pyridyl-iridium complexes and artificially complicated compounds. These limitations render related methods less than ideal
in terms of synthetic functionality, cost-effectiveness, and environmental sustainability. Consequently, there is a pressing need
to develop more environmentally sustainable and user-friendly methods for generating iminyl radicals using low-cost and
eco-friendly catalysts. As part of our ongoing research into radical chemistry and heterocycle construction, we have recently
disclosed several metal-free, environmentally-benign intermolecular radical-addition triggered homolytic aromatic substitu-
tion (HAS) reactions to functionalize phenanthridines using N-heterocyclic carbene (NHC) catalysis from vinyl azides or
biaryl isonitriles. These promising results motivated us to further explore the possibility of constructing the phenanthridine
core structure directly from acyl oximes by more straightforward intramolecular reactions. Herein, we have developed a nov-
el and environmentally benign approach for generating iminyl radicals from acyl oximes via NHC catalysis, obviating the
need for transition metals, oxidants, or light. This methodology has enabled the expedient synthesis of a diverse range of
phenanthridines bearing various functional groups. Furthermore, the established protocol is proposed to proceed through a
single electron transfer (SET) radical process.
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(a) Prevalent examples of bioactive phenanthridines
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This work:
(Intramolecular approach)

NHC (20~40 mol%)

DMAP (0.2~1.0 equiv.) @ N-OBZ
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1,4-dioxane (0.1 mol/L) ‘
110~130 °C, N2 24~48 h @ R
22 examples,
up to 98% yield.
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Table 1 Reaction conditions optimization

O NHC A (20 mol%) O
O DMAP (1.0 equiv.) O
-di _N
/N‘OBz 1,4-dioxane (0.1 mol/L)

110 °C, Ny, 24 h

Me Me
1a 2a
Entry Variations Yield“/%
1 None 88
2 MeCN as the solvent 70
3 PhOMe as the solvent 35
4 DMSO as the solvent 76
5 K;3PO, as the base 19
6 ‘BuONa as the base 25
7 DBU as the base 58
8 NHC B as the catalyst 76
9 NHC C as the catalyst 22
10 NHC D as the catalyst 57
11 0.2 equiv. of DMAP 90
12° React for 8 h 40
13 Without NHC A N.D.

4 Reaction conditions: 1a (0.1 mmol), NHC A (0.02 mmol), DMAP (0.1
mmol), 1,4-dioxane (1.0 mL), 110 ‘C, Ny, 24 h, NMR yield; * DMAP (0.02
mmol); N.D.: Not detected. DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene.
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Figure 2 Structures of NHC catalysts A~D

22 RENRMEEMHEZER

FEREARAET, BATHE— P 7 Wi A A3 L
SN JEAIE VG (B 3). 25 A R mT 45 2 ey fig
M. BARRD, i ﬂﬂtﬁﬂ’]%¥@ﬁiﬁuﬁ i
AP P, B BUT 2, I, &L HUE,
E‘ﬁhEﬁﬁﬂﬂﬁﬁ%%ﬁﬂlﬁﬁﬁ’ﬂﬂiﬁlﬁz&EF'@%HE%B

clo;

Acta Chim. Sinica 2025, 83, 557—562

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

AE AT R A 9 AH B ) JERE =4 (2a~2Kk). 7 4b, TEH
FH S HR AL AL FE P, 5 & PR B AEAR A 1 i 2= AT LATR
IR (2h F 2q). R, MEUR T T4, 3R15
T PR [E R PR (2a I 2v). %N IE R LA,
AL B RS MR (2¢, 2k, 2m, 2q, 2r)!'2,
XL T2 AFAE T A2 430 5y T BUAEYE L &)
o R 2 7R 3R R B R AR R AR IR L BEL AT R
EAS B2, (R B AR A () 78 % A 3R B HY
R T 1) DX 30 9 1 (R 20 8 B 8 X R f 4%, Ak,
BA 7 47 R AR R Y (In~ 1p) 0] A 45 3 75 7=
Yi(2n~2p). KT HEERTE R EEE(1s A1 1u)7E AL
FRIFER RL(2s Al 2u), BAAF=REG T FREROTREZHT
FIT T B B 0 i 1 R 2 R A AN R e BB, e, T
FIN R (L) R TT A BEAT # Ak, FERL 75% 10 R A5
BT RTFEFEYI2t). SR, T A R AR ) R e M A 2= R
MR TECREE R R, A R BT 2w~2z).
23 AREIMNA

IREA AT R B R N (B 4a), X
W T IX BB MRS RIS . A, FRATHE
BT R 1 5 2 5% A D) N B R R AR W B = BR g
(Trisphaeridine) 141 A i Hh (B 4b). = EkiE 2 M A 55
BHFTEAEY) F 00 B I — Rl A8, HAG 2 Fh2) 2 4
P, B R O PURIE TR, AT A RS G T A
1R Suzuki FHBE B, CAAE AR OGS 1ab. [ )5 A Eh 2
BRI EY) 1ab, PR R SUEATHL, DLR AT
FERA RN 12 BJa, R AT E N A, @
i1z W E RIEIRE R, L 32%MPE R AT T A,
ZERNE 3, DRI T IRATT R T IETE A R A
T 5 A R
24 REHE#MZR

9T 1 R RALER, AT RE T ) S
MR R H I 2,2,6,6- VU H 3 IR IE 4646 4 (TEMPO) 5%,
1,1- R E 25 Sa, Sb), BRI K, IXEH
I RV REV S R R (R, BRAR, @RI 2,6-—
AT HE X H Ey BHT)( B Sc), HLWEE B 74k R B
(ESI-MS) R & B AH B W f% 5 B2 n &4, 351k
SE TR AR H SR R,
2.5 TFHERI R NHTE

BT DL b S0 45 SR I A ST R AR i 04-0R10-1L14-18]
BATHEH T 1% NHC AL FERE & B S I ] BE ML (B
6). B4, TENHCHALIER T, BEEEAGRY) 1a &g
TEERELE K o ) R P[] BIOG-OR10-1L14-16] 927 1 ply
HrE R B ARIE R AE 21 N B E S0 R A T/
THBEA SRR, A e =Y 2a, RS
P NHC AL FFAE.

http://sioc-journal.cn 559



NHC A (20~40 mol%) @
DMAP (0.2~1.0 equiv.) @
1,4-dioxane (0.1 mol/L) ~-N
110~130 °C, N, 24~48 h R
1 2
Me OMe SMe
oy (f (f of b
Me 2e, 84Vb° 2f, 87Wb°
2a, 89% 2b,91% 2c,76%bC 2d,82%b° ° °
oy oyt ot O
cor O CL
Me Me Me Me Me Me
29, 98% 2h, 69% 2i, 88%¢ 2j, 84%" 2K, 74%" 21, 94%
0\
Y CLD)
seticetlives b (’ 93
Me Me OMe Me
2m, 92% 2n, 80%" 20, 89% 2p, 59% 2q, 71% 2r, 50%"°
N Cl
N ! N\
O /N /N = O _N * O _N
Me Ph Me Me
2s, 42%" 2t, 75% 2u, 37%"€ 2v, 42%"¢ 2a, 22%P°
Failed examples:
S
R \
X X
_N _N
Me Me
R =H, 2w, N.D. 2y, ND
R = Ph, 2x, <5%
B3 EYEERE -

Figure 3 Substrates scope”

“4Reaction conditons: 1a (0.2 mmol), NHC A (0.04 mmol), DMAP (0.04 mmol), 1,4-dioxane (2.0 mL), 110 ‘C, Ny, 24 h, isolated yield; > NHC A (40 mol%), DMAP
(1.0 equiv.); €130 “C; 936 h; €48 h; N.D.: Not detected.
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(a) Scale-up reaction
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b) Synthesis of Tnsphaendme
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Figure 4 Synthetic applications
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Figure 5 Radical inhibition experiments
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Figure 6 Proposed mechanism
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