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Visible-Light Mediated Synthesis of 6H-Benzo[c]chromenes

Bai, Qifan He, Jingyao

Zhu, Xiaoqing

Feng, Gaofeng Jin, Cheng'an™

(College of Chemistry and Chemical Engineering, Shaoxing University, Shaoxing 312000)

Abstract An effective visible-light mediated Ru-catalyzed protocol for accessing 6H-benzo[c]chromenes from ben-
zyloxybenzenediazonium salt via a sequence of dediazoniation, intramolecular radical cyclization and aromaticzation has been
developed. The protocol features mild conditions, simple operation and high efficiency, providing a new approach for synthe-

sizing 6 H-benzo[c]chromenes.

Keywords visible light photoredox catalysis; Ru-catalysis; radical cycloaddition; 6H-benzo[c]chromene

6H-ZK I [c] R FF Ak /2 — R 5 | R M &
W, HorFE BREE I AFAE T RR IR B AT s
PERIZ58 5y T, B0 B SRR PR 1 A 28, K
BRIy 3L K 3 1 21 pulchrol 4P25(1& 1), 1£45 E& R
ERAEYFEEWIL Suzuki-Miyaura, Negishi, Kuma-
da-Corriu PA X Hiyama B 5 M 75 L9zB(Path 1), 4R
MX LT RMIA 5 il % B R FBOR m R M, AR T
6H-RIF[c]R I MG RAT A g G . 1
R, EESATRI I S R A C—H D7 B B!
(Path 2). 73§ SNAr [ 3% (Path 3)LA & Diels-Alder
R (Path 4) 73 SISCHL T & Fh & B 6H-E FF [ FFILIE K
L EPIHIE A %(Scheme 1), X865 VEAER RFEE L
T T 6H-AIF[c] AR I MG RAT AV & USRS, A7
EVFZ 0, R ERIMGF T E R, &Y iR
THHTEE. Kk, KRR SR 6H- AR FF[c] R
TR R A A B BOTVEATI SR B IS 7 L

A AR R B RBLAARIRA . mAaR e, B
FEARSEAL AT, A NLE REN T 3iE A0 R a2 L
SRR, BEEOGMEAL R FE R Az R, WL
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X
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a
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This work

N,BF4
@[ Ru(bpy)sCly
O/\@ 36 W CF-lamps
r.t.

HO
‘BuOK
130 °C O
O X
O Path 3 X =F,Cl,Br, |
Path 4
(0) | A\
MWI 0

150°C o7

I 0]

B 1 6H-FIF [ R I & T ik

Scheme 1 Syntheses of 6H-benzo[c]chromene

1 GRS
1.1 RMFHMHRK

e, BATUAZRECEBE R 1a (EABRKY,
A Ru(bpy):Cl, AGHEALT, HEEAE A, A REF R
P, FEEETH 36 W AT RELT RS OB, Wl Ad
PERNL. N 24 hJE,BL 56%HIUCR R Eh 4y B A3 2 B bR
FE) 2a(3R 1, Entry 1) AFIREPIEFIEAT 7445,
KIAE & FE(DCM). N EH(acetone) EFIH, MK
BAYE (£ 1, Entries 2, 3). MAE N,N-— H 3 /1t iz
(DMF). JUEFKIR (THF)  Z 5 (MeCN). LR Z BE(EtOAc)
IR, R TS (R 1, Entries 4~7).
Hop, I8 CBEE R BLR 54 N, BELL 96%
(15 BUCRRAT BRI 1, Entry 7). BEJE, VLA
CERAE N, XA R Se A R AT T ik, K
[Ru(bpy)s](PFs)>~ [Ru(phen);]Clo+ Eosin Y KL
BHACAN Ru(bpy)sCl, (3% 1, Entries 8~10). /b ai# A
IINYEAEAL T Ru(bpy)sCly, #ASF T s Bidk 47 (£ 1,
Entries 11, 12). B4k, YEREXT [ B 45 B2 KR 1,
Entries 13, 14), Kl ER ARG T, KN JLF
B RAE. A ER AL, e R A&
1% Ru(bpy);Cl, AT, LR LB, BAR
PFRIEIR T, 36 W AGREST I MR R, $iE 24 h.
1.2 RYEAMRR

FERAE R BLAEAT T, AR T AR HURE X [ 5
ERME, SR ME 2 PR, LERE: K L&A R
BUREE, K& (2c, 2d, 2h, 2i). HIEE(2Db, 26, 2f, 2j).
AL (2) 55 B RE A1 I DI BE MR 56 U RE, LA 61%~
90% 15> BR AR R HARF=¥). ERERENE: 52
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Table 1 Optimization of the reaction conditions

N,BF, O
@ Catalyst O

0/\© 36 W CF-lamps

Solvent, Ny, RT O
1a 2a
Entry  Catalyst (mol%) Solvent Yield”/%
1 Ru(bpy);Cl, (1.0) MeOH 56
2 Ru(bpy);Cl, (1.0) DCM 25
3 Ru(bpy);Cl, (1.0) Acetone 49
4 Ru(bpy);Cl, (1.0) DMF 79
5 Ru(bpy);Cl, (1.0) THF 68
6 Ru(bpy);Cl, (1.0) MeCN 85
7 Ru(bpy);Cl, (1.0) EtOAc 96
8 [Ru(bpy);](PF¢), (1.0) EtOAc 86
9 [Ru(phen);]Cl; (1.0) EtOAc 30
10 EosinY (1.0) EtOAc 5
11 Ru(bpy);Cl, (0.5) EtOAc 70
12¢ — EtOAc 0
134 Ru(bpy);Cl, (1.0) EtOAc 0
14¢ Ru(bpy);Cl, (1.0) EtOAc 89

© 2019 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 1a (0.2 mmol), solvent (2 mL), catalyst, 36 W
CF-lamps, r.t., under N, for 24 h. bTsolated yields. ¢ Without catalyst. 4 With-
out light. 24 W CF-lamps.

REEMEPIHEEIRIREAT, 0L R AF AR A3 2R R
P2k ~2m). 57T, 73 A7 BN B 5 M
K(2f, 2j, 21, 2m). 2 NBIRAE, SENE 4430 8 5 Eh e
R TRAH SR BAR(2n), TR FEREE )
HEAR T WA B (53%7 ).
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F2  6H-FIF[IRIFMEME AL SV
Table 2 Synthesis of 6H-benzo[c]chromen-6-ones

Ny N2BF4 Ru(bpy)sCly, (1 mol%) “ 2 ge
R 36 W CF-lamps N
(0] A R1_|
| —R2 EtOAc, 2 mL -
& 24 h, Ny, r.t. o
1 2
2a, 96% 2b, 82% 2c, 66% 2d, 83% 2e, 65%

2fand2f 61% (1.16:1)

ﬁ??(fm(? t’ t? t?

2g and 29, 70% (1:7.7) 2h, 90% 2i, 83% 2j, 7% 2k, 85%

piegnssdieak «f%@?v

2n, 0% 20, 0%

2l a”d 2, 74% (1:1) 2mand 2m’, 89% (1:3.65)

“ Reaction conditions: 1 (0.2 mmol), EtOAc (2 mL), Ru(bpy);Cl, (1 mol%), 36 W CF-lamps, r.t., under N, for 24 h.

13 MR RIHLIE \oBF,
SRR R T IS, FERBEZR A L

A 2 equiv. T EH HIEHHIF 2,2,6,6-V0 F IEIRIE-1-5 5% /\© A/\©

(TEMPO)dz 2,6- T He-4- K BHT)H, KINVA ~7 7

fie 4/ (Scheme 2), KU RBIATHEZ B T H L FIFE. e stV |

*
Ru(bpy)s?* Rubpy: R g
A
TEMPO (2.0 equiv.) O Phg;glreedo o O
N

Q NoBFs 4+ o optimal conditions O P B
_— >

. (o) - J"‘dd

BHT (2.0 equiv.) visible light Q/

NR

g
H
R 2 WSS @ O
O o
O

Scheme 2 Controlled experiments for reaction mechanism

(o]

ey
KA
03]

G £ S0 55 R 5% SR [Ba, 1], B T ATREA e
Jifhﬂ‘ﬂiﬂi Ui Scheme 3 fizs. B 4E/E W WOLHRET T, Ru- EX 3 mRENI R
(bpy) 5Cl, F&Wj‘ﬁ?}[ 7'3 b?‘i 7/;\ Fih] *Ru(bpy)32+, HR IS 47%( 7/{ Scheme 3 Plausible reaction mechanism
B *Rubpy)y” B E R B EHEER A HIE A M 2
Ru(bpy);™, EHIZEE A 25T WML E S d 4k B,
ik B B E =S Rubpy)s 8L, EAL52 A I8 ARG, BT A R R 2 R
IR IR C, C 24 TEUR T35 6H-253F B 6H-RFE[c]R FEME R SR A WA T 1. RN AT
[c]2E I R4 T BHELE. ZNEFMAEM. S, B

AU IRPIE Y, N 6H-ZKF ()R ML R &)
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I AR 1T RS

3 X
3.1 UEFE5HF

'H NMR A1 *C NMR ##: Brucker ARX 400 74 4% f5 1
PR TEAL, STARE IR, TMS AW bR, S G-
R, 5 6890N/5975 MSD. &4 i ik
(60~90 C)FI LR .18, +)JZHTiERL(200~300 H). AT
R R AT B 2 aisli A all, B, EX
ERHEE SCER[5c, 1215155,

3.2 ZWHE

£ 10 mL FM 8 A AR # 2 #5(0.2 mmol),
Ru(bpy);Cl, (1.3 mg, 0.002 mmol), Z.FE .0 2 mL, 7E4
ST, H 36 W BT REST RS RN, SRR R
TEEHHE 240, RNERGE, H R CEEMRE, Kik3
R, AN TEKBRBR AT, SR )5 Dk e 28 IR 48, T
JEHT 7 B AR R H AR 2a~2n.

6H-ZFE[c] K I 2a): Tk, WE 96%.
'H NMR (400 MHz, CDCly) 6: 7.77 (dd, J=7.7, 1.6 Hz,
1H), 7.73 (d, J=7.7 Hz, 1H), 7.41 (td, J=7.7, 1.2 Hz,
1H), 7.31 (td, J=7.5, 1.2 Hz, 1H), 7.29~7.24 (m, 1H),
7.18 (dd, J=17.5, 0.6 Hz, 1H), 7.09 (td, J=7.6, 1.2 Hz,
1H), 7.03 (dd, J=8.1, 1.1 Hz, 1H), 5.15 (s, 2H).

9-Fi 36 H- 7 I [c] R FEME Il 2b): TE ik, Uk
# 82%. '"H NMR (400 MHz, CDCl3) 6: 7.76 (dd, J=17.6,
1.6 Hz, 1H), 7.55 (s, 1H), 7.28~7.24 (m, 1H), 7.14~7.06
(m, 3H), 7.02 (dd, J=8.0, 1.2 Hz, 1H), 5.12 (s, 2H), 2.44
(s, 3H).

9- S -6H-F I [c] R I ML (2e): i, Yok
66%. "H NMR (400 MHz, CDCl3) &: 7.70 (d, J=8.2 Hz,
1H), 7.69 (d, J=1.7 Hz, 1H), 7.33~7.24 (m, 2H), 7.12~
7.07 (m, 2H), 7.02 (dd, J=8.1, 1.1 Hz, 1H), 5.10 (s, 2H).

9-1R-6H-7K H:[c] R FF ML 2d): vk 3k ik, Ik
# 83%. 'H NMR (400 MHz, CDCLy) J: 7.84 (d, J=1.7
Hz, 1H), 7.69 (dd, J=7.8, 1.4 Hz, 1H), 7.42 (dd, J=8.0,
1.8 Hz, 1H), 7.35~7.28 (m, 1H), 7.13~6.99 (m, 3H), 5.08
(s, 3H).

7-F -6 H-2R I [c] R FF LI (2e): il 44, fiee
65%. m.p. 48~50 C; 'H NMR (400 MHz, CDCl;) o:
7.74 (dd, J=17.7, 1.0 Hz, 1H), 7.59 (d, J=7.8 Hz, 1H),
7.36~7.21 (m, 2H), 7.14 (d, J=7.5 Hz, 1H), 7.07 (t, J=
7.5 Hz, 1H), 7.01 (d, J=8.0 Hz, 1H), 5.19 (s, 2H), 2.33 (s,
3H); *C NMR (100 MHz, CDCly) ¢: 154.4, 133.1, 130.1,
129.8, 129.6, 129.3, 127.8, 123.5, 123.1, 122.1, 119.8,
117.2, 65.6, 18.5. HRMS (ESI) calcd for C;,H,;50 [M+H]"

530 http://sioc-journal.cn/
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197.0966, found 197.0963.

10-F -6 H- A I [c] 2R FEME IR 2 T 8- F -6 H-2K JF:
[c)ZEFEMEIR 21 (2f @ 2 =1.16 : 1): [k, U
61%. m.p. 43~48 ‘C; '"H NMR (400 MHz, CDCl3) ¢
7.84 (dd, J=8.3, 1.5 Hz, 1H), 7.75 (dd, J=7.7, 1.5 Hz,
1H), 7.64 (d, J=7.9 Hz, 0.88 H), 7.36~7.19 (m, 5.8H),
7.17~6.98 (m, 5.8H), 5.12 (s, 1.7H), 5.00 (s, 2H), 2.68 (s,
3H), 2.40 (s, 2.59H); *C NMR (100 MHz, CDCly) ¢
156.5, 154.5, 137.6, 134.5, 134.2, 132.2, 131.4, 129.3,
129.2, 128.9, 128.7, 127.9, 127.3, 127.1, 125.3, 124.5,
123.1, 123.0, 122.7, 122.1, 121.9, 121.5, 117.4, 117.3,
69.8, 68.5, 23.1, 21.3. HRMS (ESI) calcd for C;,H;;0 [M
+H]" 197.0966, found 197.0961.

10- A AU BE -6 H- 2 I [] R FF: 1k i (2g) AT 8- FF 4 2k -
6H-F I [c] K I IRI(2g") (2g @ 2g'=1: 7.7): Wi
&, ULZE 70%. m.p. 52~58 ‘C; 'H NMR (400 MHz,
CDClL3) 6: 7.69~7.64 (m, 2H), 7.21 (d, J=1.0 Hz, 1.2H),
7.08~7.06 (m, 1.4 H), 7.01~6.99 (m, 1.1H), 6.93 (d, J=
8.6 Hz, 1H), 6.71 (d, J=2.6 Hz, 1 H), 5.11 (s, 2H), 5.03 (s,
0.26H), 3.96 (s, 0.39H), 3.86 (s, 3H); '*C NMR (100 MHz,
CDClL3) 6: 159.4, 156.5, 155.2, 153.9, 134.5, 133.0, 129.5,
128.7, 128.6, 128.4, 123.5, 123.0, 122.9, 122.6, 122.2,
121.7, 118.8, 117.3, 117.2, 116.8, 114.8, 113.9, 111.4,
111.0, 68.9, 68.5, 55.6, 55.4. HRMS (ESI) caled for
C14H30, [M+H]213.0916, found 213.0910.

3- B -6H- 7K I [c] K FF L G (2h): 0 Ak, o
90%. 'H NMR (400 MHz, CDCly) d: 7.75~7.59 (m, 2H),
7.38 (t, J=7.7 Hz, 1H), 7.29 (dd, J=7.5, 0.9 Hz, 1H), 7.15
(d, J=7.4 Hz, 1H), 6.87~6.62 (m, 2H), 5.13 (s, 2H); "*C
NMR (100 MHz, CDCly) &: 163.3 (d, J=247 Hz, 1C),
1559 (d, J=12.1 Hz, 1C), 130.5, 129.5, 128.6, 127.6,
124.7, 124.4 (d, J=10.0 Hz, 1C), 121.7, 119.3 (d, J=3.1
Hz, 1C), 109.3 (d, J=22.0 Hz, 1C), 104.9 (d, J=24.3 Hz,
1C), 68.7. HRMS (ESI) caled for Cj3H;o)FO [M+H]
201.0716, found 201.0709.

2-F-6H- I [c) A Mg (20): K amiik, R
83%. 'H NMR (400 MHz, CDCl3) d: 7.59 (d, J=2.6 Hz,
1H), 7.55 (d, J=7.6 Hz, 1H), 7.32 (t, J=7.6 Hz, 1H), 7.23
(dt, J=7.6, 1.0 Hz, 1H), 7.06~7.10 (m, 2H), 6.84 (d, J=
8.6 Hz, 1H), 5.10(s, 2H).

2-FAIE -6 H-Z8 I [c) R ML (2j): Totaimifhk, e
77%. '"H NMR (400 MHz, CDCl;) 6: 7.73 (d, J=7.7 Hz,
1H), 7.58 (d, J=1.6 Hz, 1H), 7.41 (t, J=8.2 Hz, 1H), 7.31
(td, J=7.5, 1.1 Hz, 1H), 7.18 (dd, J=17.5, 0.6 Hz, 1H),
7.08 (dd, J=82, 1.5 Hz, 1H), 6.94 (d, J=8.2 Hz, 1H),

Chin. J. Org. Chem. 2019, 39, 527~531
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5.12 (s, 2H), 2.40 (s, 3H).

2,9- = F -6 H- 2 FF [c] 2 FE ML IR e 2k): 4 3 3
%, W% 85%. "H NMR (400 MHz, CDCls) d: 7.55~7.48
(m, 2H), 7.11~6.99 (m, 2H), 6.88 (d, J=8.2 Hz, 1H), 5.04
(s, 2H), 2.40 (s, 3H), 2.35 (s, 3H).

2,10- = -6 H-ZR I [c] A FF b 2D A 2,8-— H
Fe-6H-FH[c]ZEIFMEmERIY 211 2I'=1: 1) REOH
&, W& 74%. "H NMR (400 MHz, CDCls) d: 7.64~7.59
(m, 2H), 7.54 (d, J=1.6 Hz, 1H), 7.27~7.17 (m, 3H),
7.12~6.96 (m, 5H), 6.91 (d, J=8.2 Hz, 1H), 5.08 (s, 2H),
4.97 (s, 2H), 2.69 (s, 3H), 2.44~2.36 (m, 9H); °C NMR
(101 MHz, CDCl3) 0: 154.3, 152.4, 137.5, 134.5, 134.1,
132.1, 131.6, 131.3, 130.5, 129.9, 129.6, 129.4, 129.2,
129.1, 128.4, 127.5, 127.0, 125.3, 124.3, 123.4, 122.8,
122.7, 121.9, 116.9, 69.8, 68.5, 23.1, 21.2 (d, J=3.6 Hz,
2C), 20.9. HRMS (ESI) caled for CysH;sO [M+H]'
211.1124, found 211.1132.

2- I 5E-10-F A k-6 H- R I [c] AR FE ML (2m) £l 2-FF
H:-8- A B -6 H- R IF[c] R IFMER (2m') 2m : 2m'=1 :
3.65): R G, UE 89%. 'H NMR (400 MHz,
CDCly) 6: 7.60 (d, J=8.6 Hz, 1H), 7.44 (d, J=1.7 Hz,
1H), 7.25~7.19 (m, 0.4H), 7.03~6.83 (m, 4H), 6.78 (d,
J=7.9 Hz, 0.3H), 6.67 (d, J=2.6 Hz, 1H), 5.03 (s, 2H),
4.95 (s, 0.6H), 3.91 (s, 0.8H), 3.81 (s, 3H), 2.36 (s, 0.8H),
2.34 (s, 3H); ®C NMR (101 MHz, CDCl3) 6: 159.3, 156.5,
153.1, 151.2, 134.7, 1332, 131.4, 130.7, 129.9, 129.2,
129.0, 128.3, 123.4, 123.1, 122.7, 121.9, 118.9, 117.4,
116.9, 116.5, 114.7, 113.9, 111.4, 110.1, 68.9, 68.6, 55.6,
55.4,21.3,21.0. HRMS (ESI) calcd for C,sH;s0, [M—+H]"
227.1072, found 227.1076.

%5 Bh#1 %} (Supporting Information) H ¥5/=#)1f) 'H
NMR. "C NMR BRERAE . X 2tk a] DL 2 A
TIP3 (http://sioc-journal.cn/) b T %
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