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SRS F A sp’-C—H BRI/ B R AR 6-75 FFENE

mAL MRy & e xlEEr
T TAL RS TREER SO SHORE R R SR 5 HiM 310014)

WE DL FeCl, AL, 1-50H R-4-9-1,4- B 5L Z3R[2.2.2] 3 e (VU SR E: (Selectfluor) N EALF, S8 T N-[1-
J5HE1-(2 - BRI | PR I SR TR R AL S T A sp™-C—H AL/ S IR N, — B msk. ikt a T 6-95
AR A Y. W FOE R B AR AR R AR R R R S BRI, 3RS T mR I R B A 1R
R EAGERAERE ., TR SR AT BRAR S AR S Y T 45034

SCHR Bk, C—H #EAL ik, FEnE

Synthesis of 6-Aryl Phenanthridines via Iron-Catalyzed sp*>-C—H
Bond Amination/Aromatization Reaction

Shi, Dongdong Bao, Hanyang Xu, Zheng Liu, Yunkui*
(State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology, College of Chemical Engineering,
Zhejiang University of Technology, Hangzhou 310014)

Abstract With FeCl, as a catalyst and Selectfluor as an oxidant, an efficient and highly selective synthesis of 6-aryl phenan-
thridines in one-pot manner has been achieved via an intramolecular sp>-C—H bond amination/aromatization of N-(biphenyl-
2-yl(aryl)methyl)benzenesulfonamide derivatives. The optimized reaction conditions were established through systematic in-
vestigations of solvents, temperature, catalysts, oxidants and their dosages in the reaction. The present reaction has advantages
of simple operation, easy availability of starting materials, the use of inexpensive and low-toxic iron catalyst, and good com-

NOTE

patibility of substrates.

Keywords iron catalysis; C—H activation; amination; phenanthridines
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&R C—H 84/ B REL T T D4R Tz JEng
AL G B A T AE I SRR 1 A i A H i T
FEM, BRATIIRIE —Fh FeCl, 4L 7> T sp>-C—H 8%
/75 ek S ) 3 6-75 FEFEIE ) 57k
1 ZR51HE
1.1 REEHRTKT

FATE LA N-[1-AFE-1-(2"- B A Fk ) | FE BE IRk i i
(La) NI I BT TARM (R 1), LA N
HALF, 3 equiv. Selectfluor %ALY, HiE 25 NV,
T 100 ‘CEAF TN 24 h 7T LURFIHL L 74% 50515 31
6- 7 FEFENE 2a (Entry 3, % 1). 24 Selectfluor & i/ #
2 equiv.Iif, 2a LR R %5 46% (Entry 5, £ 1). — RI)%E
FIR AL S0 2R 0, I8 25 1 v TRt s B o R
(Entry 3 vs 1~2, & 1). 8%, BATHFELE 7 AL
X IR, R I TE T & B A [Fe(0)]s Fe(I1D)ik &
F 1 N-[1-2KIE-1-(2- IR I8 ] B IR I A (1a) ek /55 4k
S 2k @

Table 1 Optimization of the reaction conditions for the amina-
tion/aromatization of N-[(1,1'-biphenyl)-2-yl(phenyl)methyl]-
benzenesulfonamide (1a)

[Fe] cataylst (15 mol%)

/SOZPh Oxidant

Solvent,100 °C, 24 h

1a

Entry Catalyst Oxidant (equiv.) Solvent Yield®/%
1 FeCl Selectfluor (3) R 0
2 FeCl, Selectfluor (3) P 0
3  FeCl, Selectfluor 3) CH3;CN 74
4 FeCl, Selectfluor (3)  CH;CN 65, 55¢
5  FeCl, Selectfluor (2) CH3;CN 46
6 FeCl,*4H,0 Selectfluor (2 CH;CN 68
7  Fe(0) Selectfluor (3) CH;CN 58
8  Fe(NOs3);*9H,0  Selectfluor (3) CH;CN 45
9  FeBr; Selectfluor 3) CH3;CN 55
10 FeCly Selectfluor (3) CH;CN 72
11 PdClL, Selectfluor 3) CH3;CN 68
12 FeCl, Selectfluor (3) CH3CN  66°
13 FeCl, Selectfluor (3)  CH,CN 70
14 FeCl, K,S,05 (3) CH;CN 0
15 FeCl, DDQ (3) CH;CN 0
16 — Selectfluor 3) CH;CN <10
17 FeCl, — CH,CN 0
18  FeCl, (>99.99%) Selectfluor (3) CH;CN 75

“ All reactions were carried out with 1a (0.2 mmol), catalyst (15 mol%), Se-
lectfluor (3 equiv.) in solvent (2 mL) at 100 ‘C for 24 h unless otherwise
noted. * Isolated yield. © At 90 °C. At 110 °C. ¢ The reaction time is 22 h.
/The reaction time is 26 h.
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PA(IT), H R POEEA WA (Entry 3 vs 7~11,
1), M FeClye4H 0 1E AR, = Ems A Bk
(Entry 6 vs 3, % 1). WFFCR I 100 C 2 b AaE B i s
T, PRAR BT = I #R AR T B [ 34T (Bntry 4,
R ). BADBEXEAFNEAT THLE, KLY KyS,05 5L
DDQ fENEMFINT, SN IIA K A (Entries 14, 15, F&
1). JEGE BRI A 24 hy b B0 hn SRz i a4
HAFN T SN [T (Entries 12, 13 vs 3, % 1). KRS
B R W AL B Selectfluor 25, N A KA 8L
WA IR AR (Entries 16, 17, % 1). 2448 F w2l () &AL T
BRI, PR R A AR, RBRTE R B R
T AF FH(Entry 18)1",
1.2 RYINIER

TEIRTF IR IR L2 A I, FRATTRT IR R A 1 3 FH Y
BT THE R 2). NER2TLLEY, — R LG ZH
EARAE (AR 18] %) RIAS ) B RO (45 FL T AT L)
Y N-[1-75 B-1-(2'- B 2R 35 ) | FH R DR Pt fie (1) R B N
RAERA D5 R S L, DA AR B RAF P2 225815 6-05
FEIENE R AW 2a~2q (45%~83%, £ 2). WKL,
TEIRY) 1 HRRA: C—H BT3B I, R4
THRPIEANIE 24, 2g, £ 2)IE W HETHEACEERD, 2¢,
2f, 2h, 3% 2), YIRENURIHAS 2] H b =9, W FC3R 0 05 30

R2 N-[1-F55-1-(2"- IR HE )] FF SR ot [l e 420 (1) 4

Table 2 Scope of the amination/aromatization of
N-([1,1'-biphenyl]-2-yl(phenyl)methyl)benzenesulfonamide

FeCl, (15 mol%)
N/SOZPhSeIectfluor (3 equiv.)

CHACN, 100 °C, 24 h R’

B——R2 | L Rre
6 5 4'
. 2

Entry R' R’ R®  Product Yield"%
1 H H H 2a 74
2 H 4'-OCF, H 2b 45
3 4-F 4-Cl H 2¢ 83
4 4-F 4'-Bu-t H 2d 76
5 5-F H H 2e 57
6 5-F 4-Cl H 2f 78
7 5-F 4'-Bu-t H 2g 69
8 H 3-Cl H 2h 51
9 H H 4"-F 2i 61
10 H H 4"-Cl 2j 65
11 4-F H H 2k 52
12 4-Cl  H H 21 50

“ Reaction conditions: 1a (0.2 mmol), FeCl, (0.03 mmol), Selectfluor (0.6
mmol) in CH;CN at 100 °C for 24 h unless otherwise noted. * Isolated yields.

http://sioc-journal.cn/ 1291
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3 SRS
3.1 X5

S BT R 773 T Aladdin 377 2 7. "H NMR Al
C NMR HJ7E# [E Bruker 24 & 500 MHz #Z i 3E3RIC L
ME, CDCL; A, TMS AR, 5 Ed i e % A
% [E Water A5 GCT Premier S AH o itt— K A7 [A] J5i 3%
1 FEENTEH 100~200 BEER, LUAHEEAT 22 2.1
HREFFH.

3.2 N-[1-FE-1-(2-BHEE)BEREE RS &

FERSAETH 25 mL P OIS, A 1.0 mmol
A 2R LML AN 10 mL PUSEIRIE(TIEK), HEEEER.
SR G BRI 2~ 3 equiv. I 05 FIRAL BE VAR, W0 oE ke,
F 65 C RN 2 h. JMsEsE, H 4 mL AL
BRSO R, TR0 mLX3)EEE, &IFE N,
FTE/KBRER AN T8, D Hh i M PRV 71, K™ &2
Pril, RIFHI B TR LER(VIV=>5/).

3.3 6-F AR dy boakad

15— 25 F S R IN 0.2 mmol N-[1-75 3 -
1-(2"- BRI ) F 2 2RI R (1) 0.03 mmol SALIE Rk
0.6 mmol Selectfluor. 2.0 mL ZJE, H& G KMNIEEY)
76100 CRHEHEN 24 h. A IEJG, [ s SO N
A 10 mL 7K, FFEHZSEFHE(10 mL X 3)EEH, A HUAHH
oK NapSO, T, RSB 225750, ML= s & AE E N
gl RIFHNA B R LB (Vv =15/1).

6- 7K Jk Ak nE 2a)?!: PR 74%. A @K, mp.
104~106 ‘CCCHERERY m.p. 104~106 C); '"H NMR
(CDCls, 500 MHz) ¢: 8.68 (d, J=8.5 Hz, 1H), 8.61 (d, J=
8.0 Hz, 1H), 8.31 (d, J=8.0 Hz, 1H), 8.13 (d, J=8.0 Hz,
1H), 7.84 (t, J=7.0 Hz, 1H), 7.79 (t, J=6.0 Hz, 1H), 7.69
(t, J=7.0 Hz, 1H), 7.63~7.54 (m, 1H); *C NMR (CDCl;,
125 MHz) §: 161.2, 143.8, 139.8, 133.4, 130.5, 130.3,
129.7, 128.9, 128.8, 128.7, 128.4, 127.1, 126.9, 125.2,
123.7,122.2, 121.9.

6- 2R FH-3- R AL IERE(2b): R 45%. A
&, m.p. 116~118 C; 'H NMR (CDCl;, 500 MHz) o:
8.56~8.53 (m, 2H), 8.15 (d, J=1.5 Hz, 1H), 8.12 (d, J=
8.5 Hz, 1H), 7.82 (t, J=7.0 Hz, 1H), 7.74 (d, J=6.0 Hz,
2H), 7.63~7.55 (m, 4H), 7.51 (d, J=9.0 Hz, 1H); “C
NMR (CDCls, 125 MHz) 6: 162.6, 149.2 (d, J=1.5 Hz),
144.4, 139.3, 132.8, 130.9, 129.6, 128.9, 128.4, 127.4,
125.0, 123.6, 122.1, 122.0, 120.70, 120.65 (d, J=1.5 Hz),
120.6 (d, J=256.3 Hz), 119.6; HRMS calcd for CaoH»-
F5NO 339.0871, found 339.0878.

6- K FE-0- G -3- W IEME2e): T7F 83%. [ (Al 14,

Chin. J. Org. Chem. 2017, 37, 1290~1294
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m.p. 181~183 ‘C; 'H NMR (CDCl;, 500 MHz) J: 8.39
(dd, J=9.5, 6.0 Hz, 1H), 8.16~8.10 (m, 2H), 7.89 (dd,
J=9.5, 2.5 Hz, 1H), 7.72~7.69 (m, 2H), 7.59~7.55 (m,
3H), 7.43~7.39 (m, 1H), 7.33~7.28 (m, 1H); *C NMR
(CDCls, 125 MHz) d: 165.0, 163.1 (d, J=247.5 Hz),
162.9, 161.8, 145.3 (d, J=12.5 Hz), 139.1, 135.6 (d, J=
10.0 Hz), 132.1 (d, J=8.8 Hz), 129.6, 129.1, 128.5, 124.1
(d, J=10.0 Hz), 121.7, 120.0, 116.1 (d, J=23.8 Hz), 114.8
(d, J=20.0 Hz), 107.1 (d, J=22.5 Hz); HRMS calcd for
C1oH,;CIFN 307.0564, found 307.0559.

3-FF T HE-6- R HE-9-FAERE(2d): TR 76%, IR
4. '"H NMR (CDCls, 500 MHz) 6: 8.40 (d, J=8.5 Hz,
1H), 8.30 (d, J=1.5 Hz, 1H), 8.23 (dd, J=10.5, 2.5 Hz,
1H), 8.09 (dd, J=9.0, 6.0 Hz, 1H), 7.79 (dd, J=8.5, 2.0
Hz, 1H), 7.60~7.53 (m, 3H), 7.32~7.28 (m, 1H), 1.40 (s,
9H); '*C NMR (CDCl;, 125 MHz) 6: 163.8 (d, J=251.3
Hz), 160.7, 153.1, 143.9, 139.5, 135.8 (d, J=8.8 Hz),
131.8 (d, J=10.0 Hz), 129.6, 128.8, 128.5, 126.3, 125.3,
122.0, 121.8, 120.9 (d, J=5.0 Hz), 115.8 (d, J=22.5 Hz),
107.1 (d, J=22.5 Hz); HRMS caled for CpHyFN
329.1580, found 329.1585.

6- 7K I -8- L AEIE (2e): T7F 57%. HEE A, mp.
129~131 ‘C; '"H NMR (CDCls;, 500 MHz) J: 8.54 (dd,
J=9.0, 5.0 Hz, 1H), 8.52(d, J=8.5 Hz, 1H), 8.29 (dd, J=
8.0, 0.5 Hz, 1H), 7.78~7.74 (m, 4H), 7.69 (t, J=7.0 Hz,
1H), 7.61~7.55 (m, 4H); *C NMR (CDCl;, 125 MHz) ¢:
161.2 (d, J=246.3 Hz), 160.3 (d, J=3.8 Hz), 143.4, 139.1,
130.4, 130.1 (d, J=1.3 Hz), 129.0, 128.7, 128.6, 127.3,
126.4 (d, J=17.5 Hz), 124.5 (d, J=7.5 Hz), 123.3, 121.7,
119.7 (d, J=23.8 Hz), 113.3 (d, J=22.5 Hz); HRMS calcd
for C1oH,FN 273.0954, found 273.0960.

6- A -8 -3- S AEE (2): PR T8%. [ [l 4k,
m.p. 159~161 ‘C; 'H NMR (CDCl;, 500 MHz) J: 8.60
(dd, J=9.0, 5.5 Hz, 1H), 8.43 (d, J=8.5 Hz, 1H), 8.26 (d,
J=1.5 Hz, 1H), 7.77~7.72 (m, 3H), ,7.63~7.56 (m, 5H);
BC NMR (CDCls, 125 MHz) §: 161.5 (d, J=3.8 Hz),
161.3 (d, J=247.5 Hz), 144.0, 138.7, 134.4, 129.8 (d, J=
1.5 Hz), 129.6, 129.5, 129.3, 128.7, 127.9, 126.4 (d, J=17.5
Hz), 124.8 (d, J=8.8 Hz), 123.1, 121.8, 120.3 (d, J=23.8
Hz), 113.5 (d, J=22.5 Hz); HRMS calcd for C;oH;FCIN
307.0564, found 307.0568.

30T He-6- KL -8- T AENE (2g): TEE 69%. L[
&, m.p. 104~106 C; "H NMR(CDCls, 500 MHz) §: 8.63
(dd, J=9.0, 5.5 Hz, 1H), 8.47 (d, J=9.0 Hz, 1H), 8.30 (d,
J=1.5 Hz, 1H), 7.79 (dd, J=8.5, 2.0 Hz, 1H), 7.75~7.71

Chin. J. Org. Chem. 2017, 37, 1290~1294
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(m, 3H), 7.61~7.54 (m, 4H), 1.49 (s, 9H); *C NMR
(CDCLs, 125 MHz) d: 160.9 (d, J=246.3 Hz), 160.3 (d,
J=3.8 Hz), 152.2, 143.4, 139.3, 130.1 (d, J=1.3 Hz),
129.5, 128.9, 128.6, 126.4, 126.2 (d, J=7.5 Hz), 125.6,
124.6 (d, J=8.8 Hz), 121.4, 120.9, 119.8 (d, J=23.8 Hz),
1133 (d, J=21.3 Hz), 35.0, 31.3; HRMS calcd for
Ca3Hy0FN 329.1580, found 329.1587.

6- K B -4-FHENE (2h): FE 51%. HEFEEK, mp.
162~164 °C; '"H NMR (CDCl;, 500 MHz) 6: 8.62 (d, J=
8.5 Hz, 1H), 8.58 (d, J=2.5 Hz, 1H), 8.22 (d, J=9.0 Hz,
1H), 8.14 (d, J=8.5 Hz, 1H), 7.91~7.88 (m, 1H), 7.76~
7.74 (m, 2H), 7.71 (dd, J=9.0, 2.5 Hz, 1H), 7.69~7.65
(m, 1H), 7.61~7.54 (m, 3H); “C NMR (CDCl;, 125
MHz) §: 161.5, 142.0, 139.2, 132.9, 132.5, 131.7, 131.0,
129.8, 129.4, 129.1, 129.0, 128.5, 127.9, 125.4, 124.9,
122.3, 121.6; HRMS calcd for CoH;,CIN 289.0658, found
289.0663.

6-(4-F IR IL)FERE (21): F7F 61%. AMEMA, mp.
133~135 ‘C; '"H NMR (CDCl;, 500 MHz) 6: 8.69 (d, J=
8.5 Hz, 1H), 8.61 (dd, J=8.0, 1.0 Hz, 1H), 8.26 (dd, J=
8.0, 1.0 Hz, 1H), 8.08 (dd, J=8.5, 0.5 Hz, 1H), 7.88~7.84
(m, 1H), 7.79~7.73 (m, 3H), 7.71~7.68 (m, 1H), 7.65~
7.61 (m, 2H); *C NMR (CDCls, 125 MHz) J: 163.2 (d,
J=246.3), 160.1, 143.7, 135.8 (d, J=2.5Hz), 133.5, 131.7,
131.6 130.7, 130.3, 128.9, 128.6, 127.2, 127.1, 125.1,
123.7, 122.3, 122.0, 115.5, 115.4; HRMS calcd for
C1oH,,FN 273.0954, found 273.0959.

6-(4- FUAR IR FENE (25)* FEE 65%. Ak,
mp. 160~162 C(CHREP mp. 160~161 C); 'H
NMR (CDCls, 500 MHz) 6: 8.71 (d, J=8.0 Hz, 1H), 8.62
(dd, J=8.5, 1.5 Hz, 1H), 8.26 (dd, J=8.0, .0 Hz,), 8.08
(dd, J=8.5, 0.5 Hz, 1H), 7.89~7.86 (m, 1H), 7.80~7.77
(m, 1H), 7.73~7.69 (m, 3H), 7.66~7.62 (m, 2H); "*C
NMR (125 MHz, CDCl;) 6: 159.9, 143.7, 138.2, 134.9,
133.5, 131.2, 130.7, 130.3, 129.6, 129.0, 128.7, 128.5,
128.4,127.3,127.2, 125.0, 123.8, 122.3, 122.0.

6- -9 G IEME(2K): FUE 52%. A AFEK, mop.
131~133 °C; '"H NMR (CDCl;, 500 MHz) 6: 8.43 (d, J=
7.5 Hz, 1H), 8.27~8.22 (m, 2H), 8.11 (dd, J=9.0, 6.0 Hz,
1H), 7.79 (t, J=7.0 Hz, 1H), 7.73 (dd, J=8.0, 1.5 Hz,
2H), 7.67 (t, J=8.0 Hz, 1H), 7.60~7.53 (m, 3H), 7.34~
7.30 (m, 1H); *C NMR (125 MHz, CDCls) é: 163.7 (d,
J=250 Hz), 160.5, 144.0, 139.5, 135.8 (d, J=8.8 Hz),
131.8 (d, J=8.8 Hz), 130.3, 129.6, 129.4, 128.8, 128.4,
126.9, 123.2 (d, J=3.8 Hz), 122.1, 122.0, 116.1 (d, J=
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23.8 Hz), 107.3 (d, J=2.3Hz); HRMS calcd for C;oH,FN
273.0954, found 273.0958.

6-ZKHE-9-F ke 2D 2R 50%. (A&, m.p.
145~147 “CCCHREPY 123~124 C); "H NMR (CDCl,,
500 MHz) 6: 8.62 (d, J=2.0 Hz, 1H), 8.49 (d, /=8.0 Hz,
1H), 8.26 (d, J=8.0 Hz, 1H), 8.04 (d, J=8.5 Hz, 1H),
7.80~7.77 (m, 1H), 7.73 (d, J=6.5 Hz, 1H), 7.60~7.53
(m, 4H); C NMR (125 MHz, CDCLy) 6: 160.6, 144.1,
139.3, 137.1, 134.7, 130.5, 130.4, 129.5, 128.9, 127.7,
127.2,123.5,122.7,121.9, 121.9.

4 BT KL(Supporting Information) 774 2a~21 %
Sl < IS v < i ST I N/ VN NI Y
(http://sioc-journal. cn/)_F F %K.
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