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PHOTO-INDUCED SYNTHESID OF 3-ACYLATED
QUINOXALIN-2(1H)-ONES, PHENANTHRENES AND
THEIR DERIVATIVES WITHOUT AN EXTERNAL
PHOTOCATALYST

ABSTRACT

Compared with traditional synthetic methods, photo-induced organic
synthesis without an external photocatalyst have several advantages, such
as environmental friendliness, easy operation and good functional-group
tolerance. Photo-induced dehydrogenative coupling, electrocyclization
and cycloaddition reactions have been become as important synthesis
method and which are also one of the hot topics in current synthetic
organic chemistry. This essay focuses on photo-induced synthesis of
3-acylated quinoxalin-2(1H)-ones, phenanthrenes, naphthalene and their
derivatives without an external photocatalyst:

(1) A method for the synthesis of (C3-acylated
quinoxalin-2(1H)-ones through visible-light-promoted
cross-dehydrogenative coupling of quinoxalin-2(1H)-ones and aryl
aldehydes under mild reaction conditions was developed. Under

optimized reaction conditions, 36 desired compounds were obtained in
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34%-92% yield a lot of derivations of 3-acylated quinoxalin-2(1H)-ones
were carried out. Comparing with the existing procedures for the
synthesis of C3-acylated quinoxalin-2(1H)-ones, this protocol has several
advantages, such as no external photocatalyst needed, ambient conditions
(metal-free conditions and room temperature) and good functional group
compatibility of quinoxalin-2(1H)-ones and aryl aldehydes. Moreover, a
plausible reaction mechanism has been proposed on the basis of the
control experiments and the Stern—Volmer experiments investigations.

(2) A method for the synthesis of intramolecular cyclization of
phenanthrenes and their derivatives under mild reaction conditions was
developed. Under optimized reaction conditions, 26 desired compounds
were obtained in 73%-95% yield a lot of derivations of phenanthrenes
and their derivatives were carried out. Comparing with the existing
procedures for the synthesis of phenanthrenes and their derivatives, this
protocol has several advantages, such as without an external photocatalyst,
good functional group compatibility and ambient conditions (metal-free
conditions and room temperature) of 2-benzene-nitrostyrene. Moreover, a
plausible reaction mechanism has been proposed on the basis of the

control experiments and isotope-labeling experiments investigations.

Wang ChunMiao (Chemistry)

Supervised by Li PinHua
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KEY WORDS: without external photocatalyst, photo-induced,
dehydrogenative coupling, intramolecular cyclization, environmental

friendliness
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Hetb R RIS AR E, Bl RS AFIRA . BRAE 0 S IR 0T 1%
GG, R0 S AR R — R L 5 A R AR T T RS AL RS, O
FLE 7 BN A TR IBUR S A R ok, SRJE LR b S R AR AL
BN o T RN 75 B G AL AR B A TR S B, 76 IR T RS RERE
R, I AT R [ S DGR B KR — B, A R K Fr T L
PRI ORI B R RS AR Z IR, B RS A 4531 K75 T LA
EIE R AR EIN, I EAT DR BB, SR A

_TW§ o
1
NS Bu S NS
| N N, | Nz
Ir Ruy
’\\N/| /*N/‘\‘w/l
|
N N N N
| A tBu | N
— 7
Ru(bpy)sCl
fac-Ir(ppy)s Ir(ppY)o(dtbbpy)PFg u(bpy)sClz

e 0

Br Br CN
Lo Q N
Br Br N

O COOH SI) O

EosinY PTZ 4CzIPN

Figure 1-1 # FLRGR

FEIMARAN A B, 7T RGO A LR B C RN — Fi A 7] B8R ) &
TP SR, K 2 BCA LAY T ASRETE AT WG KR 7, W ZE IOk
AT SR SE B L 3 B8 (SET) RE B 34 B (ET) BUAE 75 8 (HAT) %L 72
L 5E %Ak 2 = BL (Figure 1.1), % F 16 % 4 46 570 60 6 1o 0% 4 8 Iid &
(fac-Ir(ppy)3, Ru(bpy)sCL %), A MYkl (Eosin Y, PTZ, 4CzIPN Z)FITEHL P
SUEE, AP, BT LD AR AN i B SR, i BAE S
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B 25 R B, ARG BN H EANGHET, sk, oAk
B 26 A R AT ARk 1 B ML R LS5 S T A A S R T2 R

20 42 HIHA, Ciamician® 7t (Science) BESC, T TGt 22 & BB RE AT
350 AN AR T BRIRAE AL 7 S N v BAT S S 2% AT AN LS R B A 500 0
TEIARA A MU Tl Hoks 4 58 A FH « e OS5 AN BT WO BOR Ik
iR &R, WA NAIEBORE %A IR EAT . £ WL T, wTRL3RMS
8 AL e 0 & U7 VE TG VR SRS SO LSRR AR OC B i B b (e ik . H2, R
053G WL R BT LG TE IR WL, R 2 A 0 A R SR A B S B EAT . AR
BRI A A R A A TR i R KR C3 AL B RE A SR BA R TE AN
G @iIF Y NS B U S R/ INFNA RS &5R T =i
1.2 EREEATEXRNEREWENR C3 LBk M

2018 4, Kim BRAEAHVOIBFL 7 Al WOLAERE. Eosin Y 4L BRI 2(1H)-
Wi C3 o757 BN B, T8 TGI8 4 J@ A AN e A6 R 26 R, AT DR HE Rl 4 3-05
LR IA-2(LH) B S HATAEY) (Scheme 1-1).

=
R
N |
= T o Z“N,BF,  DMSO, tt, 1-3h A0
R’ ,L1

blue LEDs
Scheme 1-1 7] WLYGAE3EMEMR-2(1 H)-Bi C3 o7 75 FE AL M.
2018 4, Wei BRARAMIBIFL 1 7] WOGIERE. Eosin Y fEALIIFEEME 2(1H)-HH
FIAE X A N, T & JmAAMINEAL A 644 T, BL 45%—82% [ 7=
G T 30 1] 3-Z FEENEMK 2(1H)-B (Scheme 1-2).

Eosin Y (1 mol%)

RS
X kY R3-- ! /
R2_1 A FANEAS 3 W blue LEDs PLN N\R“’
I + H3N : > R2_0
ZSN X0 THF, tt, air L
N~ -0
R

R4
R' R'=alkyl, ary, H RS = alkyl
R2=H, F, Cl, Br, CN R* = alkyl, H

Scheme 1-2 TG J& 251 T AT WG 32w bk i 52 Sl S AP K
[Fl4E, ZUREAINE KRR T Al WOGIERE 3-Fe S LA IR Ik 2(1H)- B i) T <6
J&A %, 18T Rose Bengal i 44 W W k-2 (A1) - i 5 ik 11 22 X S0 Bk ke 5
Wy A 37%-90% )7 286 il 5 A 3-28 b AL VR MR-2-(1H)-Bl (Scheme 1-3).
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3 W blue LEDs, rt

X
N -
R1_(i[ 1 X Rose Bengal (1 mol% ) R1_'\ Nf\
| _ N O + H/\_,/ | _
I
R2

DABCO (1 equiv.) N" "0
X=0, S TBHP (1 equiv.) ||22
metal-free

room temperature
simple operation
high atom economy
eco-friendly energy source

Scheme 1-3 J5 42 J& 4 {1 T 1T e AR A4 B MR -2. 1) - BRI F1 50 S o

2019 4F, Jin WREHIIHFL 1] WOGHERE . Bosin Y AL N-FRFEAT K —
P IV e A2 P (NCHLP i )5 W W8 AR - 2. 1) - 4D B PR AR R S 8t o DA &5 3R IR i
BA T 5 3-r BRI 2(1LH)-B o Z SR N B RN FEAF IR B R R
W) 5y SFAFZEAR 5. (Scheme 1-4).,

Decarboxylative

coupling 3
X N\ H 0 Nay-eosin Y, rt, TFA X N\ R
R%- + U R21C
| _ R3 O/NHP [
"o ~
R1

DMSO, white LEDs
R3 = primary, secondary, tertiary alkyl groups

Scheme 1-4 SG{EREREM-2(1H)BR 5 V-2 JE Q078 — PRIV 1% s Mt R AR B

2019 4, Yin WA T 1 AEFDGEOR G IS T, PEVRIE-2(1H)-R 55 2% 30
WA VIEBEVE R AL, 123 IR & TEAMINEA A A R IR C(sp?)-C(sp?) i -
IR LA Gy ¥ B B DI N B IME S Wb, WA ek, 2 AN E b
BEE RRAL A LA W) 11 2 T H (Scheme 1-5).

rt, Ny, 2 h

Yo H 0 Ru(bpy)sCl, (0.2 mol% ) Yapr All!
I " Ak |)ko’NPhth ] I
xS0 y xS0

X=0orNR;Y=CorN

sunlight

low catalyst loading

broad functional group tolerance

compatibility of 1°, 2°, and 3° alkyl groups

suitability of coumarins, quinolinones, and quinoxalinones

Scheme 1-5 A WL (2EAE D5 7 24 A be A AL
2019 4, He PRHSIHEFE 1 7] WG AL 3k i N2 ik 2(1H)- B 5 2R A () —
FRIRER AR e FEA T 1%, P 61%-95%I1 7 5 i 1 36 5l 3-Je HEmENZ k-2 1 H)-
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M o XA GEIE AL SR HAT R IR AL, AR AT DAE I A B9 5 (Scheme 1-6).
2019 4%, He WREAHUGLATTT 1 7] WOGIEHE. 2P B AL HIPENRE IHk-2(1H)-
M C3 FLMEIEA IR B o %A OTIE R IE M RL S 23545, 77 % R 1 (Scheme 1-7).
2019 4, ZWREEAISOR R TAEEIR TS, i R k-2 (1H)-BR 5 B AR S
B BEARES, TR T AR AR AT OGS S R 3-SR DR Ak
2-(1H)-BRE) 77k, A2 AU s s A, BP0 B AR, & o™
R 3-3 5L M R IBR-2( 1. H)- i (Scheme 1-8).

PhI(OAc),
Ru(bpy)sCl, (1 mol%) (:[ 1
3 W blue LEDs, rt
PEG 200
R2 _:@NIH ‘ K methy/at/on
=

y (1) Phl(OAc), /R3CO,H
R (2) Ru(bpy)sCl, (1 mol%)
3 W blue LEDs, rt
PEG-200

mild condition a/kylat/on

green and recyclable media
simple operation and gram scale

Scheme 1-6 FJ WLOtAE iEMERE 2(1H) -5 28 3 A (T — IR Hh Fit R e ek A e vz

H
N H 3
o + N -
Pz 'T‘ o H,N R3 3 W blue LEDs, air = T o 0]
R2 R2

1, 2-dichloroethane

Scheme 1-7 1] WG 125 14 18 bk -2 (12 Bl 5k fie A S 2

- Rhodamine B (3 mol%)

N
e f b R 3 W blue LEDs Oi I “R?
Z 0

THF, air (O,), 12 h

Scheme 1-8 ] WL g 2t W4 R -2 (1 H)- i 5 Bt I8 A2 ARy 1B
2019 5, Hu PRAEHUSEIE 1 —Fha] WO A28 B VR mk-2(1LH)BR C3 A B4%
B A T B R T3 i o AT VEAE I AR (T —3RIR 5 MRk -2(1H)-
M B RAEER, BA BRI 2 e« e Aialm B B 2 T3K45 . 77 RS540
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A A PURHE S 48 3-ke e R k-2(1 H)-B (Scheme 1-9).
PhI(OAc), + R*COOH

Ligand exchange

R2 N Ru(bpy)sCly-6H,0 R? Ny R4
N .
D[ L +  PhI(OOCR%), DMSO, rt, air Q 1
R3 N0 RS N~ 0
|
R

24 W white LEDs |

Scheme 1-9 7] %2k e VR IK-2( 1) C3 ke 54k % 2
2019 4, Cheng VAR 176 7] WOGELFHGHST T, Eosin Y 4L N
WR-2(1H)- C3 A FEE ST SN o 12 N 2R AR AT, AN T ZE AN B AN 1 I 4
AT, I FLIX S 7= 4 B 0% ] B vy sk 2 A0 Dy 25 o B 2 1) 4 HLAL & ) (Scheme
1-10).

R’ [:::[: :I; <;5;Q3 _ EosinY _ [:::I: :I:fvi/f4\CN

n=1, 2 3
R= pCF3C6H4CO

Scheme 1-10 To4x 8 4 F T 6 L3k (K W Ik-2(LH)-BR C3 o U b 1k =

2019 4, Suryavanshi BREEZHPMEIR T Eosin Y 1RG4, Hid s
R 2E B ARG, SCI R MR-2(1LH)-BA 1) C3 Bedb b S, 1% B EA B RE
RS2 JRPITERT . & B I R R = S L 2 (Scheme 1-11),

X
N . _H )
I + e
= ) HAT '
e Bl
R Metal and Oxidant Free R

White Light Mediated reaction
Beoad Substrate Scope

Scheme 1-11 JGAMIN < J& A AL TR S5 AR T 00 S a2k FR) e Wt k- 2.(1LH)- B 1 Tk 28 S S0 AR K

2019 4F, Zhu PREEHPIIT A7 —Mild A R4 AT OGO LI A F e
MRk 2(1H)-FH — 3 e B S o IR SRR AT PR B RE N S M
DGR BRI AT BRAETRT SR, AT L7 (& - FR R WBR-2 (LH)-iF C3 A — b
W=y, MeAh, FLBEREFERM, 2K A RS RE, SRR Rl
(DIPEA) 1A 1R # v kc 21 5 2245 FH (Scheme 1-12).

5
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N. _H fac-Ir(ppy)s (0.5 mol%)

CF,COR
2L I MeCN, , blue LEDs CL I 2
NN + BreCRCOR DIPEA (10 mol%)
| K,CO3 (2.0 equiv.)
R1

Photo/ Amine Cocatalysis R = OEt NR3R?

Scheme 1-12 7] Y6 33E EMRR-2(1LE)-Hi C3 7 — 5w 54k J
2019 4F, Xia P PIFF K T e it IR bk-2(1H)-BH C3 A7 b 240 = S
JiiE, I RS E RG], bR IR IR e AR [F, 1%
RN BA B RN 2R R AF . PR R SR AU(Scheme 1-13).

blue LEDs
i 0,

R C[ I + RSONa Eosin Y (5 mol%) _ gi_f @ 1
DMSO, rt, air

R'=H, halogen, alkyl, aryl
R? = H, alkyl, aryl

Scheme 1-13 1] Y6 (2 53E MENRIK-2(1 D) C3 o fe A0 = 32
2019 4, Wang PRAZH 3 T — ] 54 10 ) WOl (2 33k Fr) A e k- 2. 1LH) -l ik
Pt fe A A BT 777, B 40%—80%1 =284 i T 27 Bl 3-Je A KL e VR bk -2-(1 H)-
Ml (Scheme 1-14).

3
10 Mes-Acr-Me*CIO4 7N NyOR
R + H-OR? blue LEDs R
ITI 0]
R2

rt, air, 15 h

,and 2° alcohols
Molecular O, in air as green oxidant

Scheme 1-14 7] WG 2t -2 (1 H) - 5 B2 1) e S AL B B
2019 4, Li SR@EARPIIF R 17— Rl Rl WOt fe st i e g mk-2(1LH)-Ai 5 A
AR AT AR (E S FPANED 19 (B BRSO, %07 SRR KA, i
UEMTRLA B R/ AG BRA TR A2 (N E REFTA B AESE = (Scheme 1-15),
RB-6G (5 mol%)
o (/\[ I R? 3 W blue LEDs C[ I "Rs
CF3COOH (2.0 equiv. )

X=0,S air, rt

Scheme 1-15 7] WLYGHE MR R 11 CBRAXD) Tk b e B2
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2020 4, Yang URAHPHRIE | 4L A HUHE SR AL IR AR IR bk 2(1H)-B )
05 HACAGEIAY SR, FEZTT 2, DA BE B S A S 1 55 B B 24k
WA, i3 T R 4R 3L A HUHE 22 (2D-COF- D)/ A £ AR e ALFI(PC), %M
HMEAPEREIL S . (=R E M R, ZRMNEA BRI EE 2% 5T
JEAMHEA 7 W] 85 2 A FH A58 58 (Scheme 1-16).

1 CL 1 R- NHNHz PC: 2D-COF-1 o @:NIR
R _ i
K,COs3, air, DMSO
2 3, al = ’T‘ 0
R2

R—NHNH,"X

R = Ar, Alkyl
X = HCl or HOOCCOOH

Scheme 1-16 A WOGAEREMEMK-2(1H)-BH C3 £ 77 F AL Bk HEAL 2 B
2020 4, Xuan WREHPOMHIA | A WGIEHER) BI-OAc fEALHIENZIR-2(1H)-
B C3 Rrke LN, %M 4-fidk-1,4- S (R-DHPs){F ke [ 2 i
&, BI-OAc 1ENHEHIEZAE, LL51%-98%MI =R A M T 36 5 3-k% 3k s Uz ik
-2-(1LH)-Hf(Scheme 1-17).

R’ i:[ :\[ EtOZCj\)\/EC%Et BI-OAc SN
R I
=

Me R = Alkyl N 0O

Scheme 1-17 A WG et MEMR-2(1H) AR C3 Ak kA s
2020 4, Li RAHPTHRIE 1A 7K 0 EENR IR 2(1H)- B -5 R 5O IR 1) L%
P AR B REAL S ML o IR AR A Bl 5, BT I H AR P B A R 0% 1 GDO8-T19
WP REYE, 2R R A i & O T B A B B (Scheme 1- 18)

Iridium photocatalyst I\
L OH Base/ K;S,0g

blue LEDs X=C,N,O R

Scheme 1-18 B WG 3k ENR MR 2(1LH)-HR 5 i 107 106 7R I i 2 A 10k
2020 4, Wang UREAH P & 1 EIEMR-2(1H)-F5 2,2- —58-2-75 55 IR ATt
FRABBCIVE TV, 2R B, PR SR R, BReR sz
(Scheme 1-19).
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CF,COOK

Fo_F
SN H K,S,05 (1.0 equiv.) SN N
1 292Ug (1.U equiv. 10 2 53
R = + |\_R3 R'—— | R
NI P 420 - 425 nm AN ~F

| |
R? R2

H,0, rt, 10 h

Scheme 1-19 YL FEEENRMK-2(1LH)-FR 5 2,2- —4(-2-75 3 LB — 505 3= /1 4k [ B

2020 4F, He BRANZHPVE J& T 18 oIt % £ )8 20 1 nl WG e ks g mk-2(1 H)-
Al 55 B R A2 X SAR B S N, LS SN EALT), @Rk SERHE R T & F
3-Jot A8 L W W WK -2- (1L H) | (Scheme 1-20).

3
SN Acr*-MesCIO, (2 mol%) L NN OR
RZ—I 1 + R3OH R o
A0 MeCN, 3 W blue LEDs, air, rt = T 0
F|l1 R’

Scheme 1-20 R WL A0 e R bk -2.(1.H)- i 5 e 5 S S0 A 00k
2020 4, Xia VRAEHBOIF A T —Fiog 000 WG e 3k i v e k-2 (1 H) -1 5 3
FEWE I AR SN, 12TV F 25 5 B R e e R A A e e SR A7),
JEITEEH,  BL 45%85% IR & B 1 - M be B AL 7 ) (Scheme 1-21),

N H . N.__ORs
R1€[ I + ROH Eosin Y (5 mol%) R1—:(\>[ I
F 'Tl 0) blue LEDs Y ,Tl e}
R2 R2

Scheme 1-21 7T T {2 34k W R K21 ) -1 5 SR J5% 26 8 1 e S A J
2021 4, Lee BRARABIR & T A WOGIERE . Acr-MesClO4 i AL MENE IHR-2(1 H)-
M5 2-458AR-2- 2K SR IR ER OB, AR HINE (R 2 )1 B & iy 2
a2 I 11 v W k-2 (1 H) Bl (Scheme 1-22).

N @;10

(0]
N . PC PC N .
©: TR visible light R visible light ©: TR
N e Ar + Air N O
| 0 |
R R
Fluorescent molecular scaffolds R COH Bioactive molecular scaffolds

Scheme 1-22 7] W GAE M mk-2(1LH)-B C3 Arik #4045 hElk
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2022 4F, Murarka PRAZZHBIHRE 7R WOGAERE . Ru( )AL B PEERR-2-(1LH)
fiF C3 A B4 75 HAE N . A 24% - 85% USRS T 47 ) B HE 2 AN E
3- 75 FEEMR-2-(1H)ER » %775 BAA AR 2 RS VG B R
[ %% 2 i S5 #5.(Scheme 1-23).
@t g
1 . { Ru(bpy)sCly-6H,0 (5 mol%) N\
N" O CH4CN, rt, 24 h N X0
| @ blue LEDs (467 nm) |
R’ R

Scheme 1-23 7] WG A2 EMEmbR-2(1LH) B C3 7 75 B4k [ vi
2022 ¢, Zhu WREHBITF A T —FA 2 m] WG ALk i Vg wk-2(1 H)- i 5
R IR RIS B0 (R A 5 S I S L, 12 S MEAN TS I HAth < J AN 8L 7], DA 57
HHCT S AERIR-2(1H)-BR C3 AL E e it . BLAt, 207 R AAH BRAER
P B e AN AEAL 7 AT [ SOR FH 418 52 (Scheme 1-24).

Y
N_ _H ~. N N lil( 2
i S I o \\\IN\X mpg-CN RIS I LY
| | . ’; -~ 7/
= T o ey blue LHEDs,rt = N0 R
- “H2 |
b X.Y=C N L

Scheme 1-24 A WG AL EMEIE-2( 1 H)- B -5 2K 30K e 500 A9 it S A BBk
2022 5, Sun PREHBI A& T R efe it SERR (PQ) fEALAMENRIK-2(1H)-
B R0 R 7 O R e RN o 12 R L B 58%—8 7% 1 43 B 7= 4G B T 45 B 3-Jr ik
W W IHR-2(1 H) i (Scheme 1-25).

NS PQ (10 mol%) N AlkY
+ —_
Alkyl=CHO "2 "BEM. blue LEDs
N N0
Me Me

Scheme 1-25 1] WLO'GAR 32 W bR-2(1H)-F 5 118 7 12 1 Bt e Joe A e o
2022 4F, Roy URZHBSHRIE | AT WL GRS 1 A 10 WA 1 bk -2.( 1) -] £ it 2
BeHeAl S IR, 1258 LARBRAE b3 iR 70), BRI 3G i 1 &Pl
3-J5E FE I IE IWK-2 (1 H) R (Scheme 1-26).
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CeCl3 (10 mol%)

N H i 'BUOK (20 mol%) NaeR
* R7OH MeCN

N N

Me Me

blue LEDs (427 nm)

Scheme 1-26 1] WG E IR WENR IR-2(1 H)-B C3 Az it 22 Je Ak e
2022 4%, Li WRAEAHPHRIE [ AER] WOGHERE N, 2,3- Sk, VR IK-2(1H)-
e A0 S A D B B R BN o 122 e S LA iR - DU S e 1B B R (AN B4 SRS
B RER S LT i AT AR B B 5 5510 5. (Scheme 1-27).

N _H N 0
LS O TPPT 3mol%) 4 1 S 7
T ' D + RPOOH —50 4s5nm ~ R L o R

ITI 0 ITI o O

R R

DCM, rt, 2 h

Scheme 1-27 7] WG {2k MENR I-2(1H)-Fd 3 2853 5 1K e
2022 4, Li SRR 7GRN BL CHCLs Jy SR R R k-2 1 H) -
C3 P AR, PAHR R = 2l 4 1 P 3-SR Wbk -2-(LH)-Bi o 1% 77 SRR s 2
RSLZEARRA, BA R X I0E B A &5 2 T35, AR E e 5|
NI F5 AL T — Fh ] E 1) 3% 42 (Scheme 1-28).

Nt PC AN
R'—— + CHCIy RI-
= ’T‘ o AICl5, 30 W blue LEDs = ’T‘ o
R2 R2

Scheme 1-28 JtfEdEMENRMR-2(1H)-Hd C3 {7 54k S B
2022 5, Yu PRAHPSKJE T IO w2k TG et 4CZIPN fiEfb g
Wh-2(1H)-l 5 2,2- = 0585 SR I S AR SN o B B P40 B AR 3 470 r e o
P, XPPERAE R0 G BOT IR R YA AR AL T #7428 (Scheme 1-29).

3
T, s N OE
0N N\ 3 R OEt z 8 mo 0)‘ R1_'\ = OFEt
R—|/ + HO Cs,CO3 |/
N~ 0 OEt DMF, 35 °C, air 'Tl ©)
A2 R?

Scheme 1-29 YAt VR K-2(1 H)-Bi 5 2,2- . 258 3E 2R M SR B [ o7
2022 4F, Wang W@ ZH B IA | R] DGRt ) e R bR-2 (1)l 5 T 480 32 P i

10
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FACEIHOUE et RO, 3l B e B RN i C-C A N-N
(Scheme 1-30),

ON OAc
yo NO N OAc
o N H - N K ey Mo il S
R1_|(I N photo-initiated reaction R1_E\I £nCly/ MsOR_ - R'—; P
N NIO via energy transfer e NS0 O,N ITI e}
. ] R
Scheme 1-30 7] W' {2 53 F W b -2.(1 )i 5 Tt S 8 A A0 5 WD 0 A S B
2022 4F, Yang UREAUOEIRAMEI AT T, TR T — M R T oG A2t i)
WEEMR-2( LB C3 AR AL [ B A T7 V248 5 2 3R AF IR IR A A g o i
WiF, ISR BRI IR (B4R By MR NSO AN BRI
(Scheme 1-31),

N _H R?

AN . . N
N0 KsPOy4, NMP, rt N0
R'l

Scheme 1-31 7] WG AR it g 0R-2(1 ) - 1) C3 A7 340 e B2

2022 4%, Mal PREHEUHRGE T o] WOGHEEE Acr'-MesClO4 114 FENE IHk-2(1H)-
fil C3 AL A B B O A NSRS, B 72%98% U e i 2% 1 % Phge
WRIbK-2,3- M o 122 S BB AT X delade A% v A B BE BT 52 1% 47 2540 5 (Scheme 1-32).

O, ballon

H
N._H N. O
I . Acr*-MesCIO4” (5 mol%) I
o DCE, rt NS0

& R

3 W blue LEDs

Scheme 1-32 R W' A2 32 P W bk -2 LH) -l P 84 SR
2023 4F, Wu BREHWHER TR fac-Ir(ppy)s AL ERIR-2(1 H)-Fi 5
fs e B i AR ER OB, BL 30%—85% FIWSC R il 2% 1 & M35 el e 5 1 W W IR -2 L ) -
flil(Scheme 1-33).,

11
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Ph3HP—< OHT?

R1
C[ I J\ fac—lr(ppy)s (5 mol%) C[ f\g\
DMSO, rt, blue LEDs

R3

Scheme 1-33 DIt [PV MK-2(1H)-B-55 47568 £ ot 2L A 0k 2

2023 4, Xie WA FT 1 0] WOt (e St ENZmk-2(1H)-Bil C3 Azt 55
AL, 7R AR I = A AR, A R 3- Rk R -2 (1 H)-
R B4t 1 % 09772 (Scheme 1-34).,

H
Nl N‘\N Organophotocatalysis NIN
+
N" 0 N N" 0
¥ H ¥

Scheme 1-34 1] WLYGAR 1 1 W 6K -2(1H) - -5 28 I = Ze00e Jot S A B0 S o7

2023 45, Wu B MR fE 7Rl ISRt Ir AL IR R-2(1H)-lH C3 7%
M. L TMSN: AR T, 37%-80% 7= & A 1 27 1] 3- %5 35 v 1z mpk
2(1H)-Fi, ZI71EEA RN FEAHEA . Y6 B AR E 3] 5 KR 5 (Scheme

Scheme 1-35 7] WOGAEErEERk 2(1H)-Fd C3 m;z@c}i&

2023 4, Wu BB HRIE 1 R] TG 3E 1) BB 20 11 A4 v 2 hR-2- (1) - B 1)
C3 7 =5 LI RV o WENRINK-2-(1 - B RE AT S Ve 32, PR B, N
B R 3- =5 LSRN IR -2-(1 H)-B $2 4t T 20& 1% (Scheme 1-36).

N H RB(15moI% CHCF3
11

'Tl (6] DMSO rt, Ar

RZ

blue LEDs

Scheme 1-36 7] WLYGAE3EMEMK-2-(1H)-i C3 L =5 234k = W
2023 4, Liao URRHALMOR B T ANE o VE 4 8 2544 N n] WG AE 8t i s 1 5 v
W& Wbk -2-( LED) -l I I AR R, 3/ — KPS A SOLF HIMENZMk-2(LH)-FR . 1% 512048

12
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A2 N T A AR AT 259 3 1 I S R AB T T (Scheme 1-37).

o) F
\\s/:O
N FABI (2.0 equiv.) SO,F §
YR _ blueLEDs N
N *RON e noaan )_@CF
g o) N

*Me OTf

FABI

Scheme 1-37 Joid P4 J@ 25 A1 T ) WG A2 12t W Wt k-2 (1 ) - TR 45 e e ) Pt S AE K s

2023 4F, Zheng VRAHWISZIL 1 AL BERT fac-Ir(ppy)s 1 A4 W W& ibk-2(1H)- Fi
(=203 I o Reg i 5 EH 0 A s W -2 L) 0 % s e AR 2l 55—
Z 235 (Scheme 1-38).

RZ
1
o N R NHPG
NHPG fac-Ir(ppy)s AN
R1J\/R3 A DMSO, blue LEDs o R

Scheme 1-38 YAt X EENR IR-2(1 H)- B = 4170 53 3K S s
2023 4F, Jr PRGHWHRIE | AT WOGIE s ENR R -2(LH)E . ke 5 1,1,2,2-00
OIS ) =y OB X RO E B RIGM R 53A5 . ROBLRATRAT . B
Rl A A, I HONW 7 7 S izt At 1 g 42(Scheme 1-39).

: &
HCF,CF,S0,Cl + R + @ Ru -
Visible Light

R
Scheme 1-39 AJ WOG{E3EmEm-2(LHDBR . kA 1,1,2,2-DU 560 SRS SR =453 [ B

CF,CF,H

2023 4, Ke WRBHMWILL Eosin Y J9GHEALT], 7223 oA T ML R (L 1t v
W W -2 LH)- A0 3k B R Bk I A 1 MLERAR 5T R B, KI5 Eosin Y #h[RIZLME C-N
B, (RHEOR A EIE R, ARG S R Y v R R -2(LH)- T K AR B EH 2 EOR R
(Scheme 1-40).

KI (5.0 equiv.)
Eosin Y (5.0 mol%)

N _H H N
R“_(i[ I . N\NHZ K,CO3 (3.0 equiv.) R1|_\ X
2 N o EtOH: H,0 (2: 1) =
|
2

12 W blue LEDs, 10 h l\|l 0

Scheme 1-40 7] WG A2 i3k s W2 Wbk-2.( 1 H)-BH 55 £5 82 2 JIHF i S0 45 B¢ s

13
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2023 4F, Ke MRBIHPMRIE | g-CsNa ENEALF]. SAMENEMAFKUET,
AT WA R IR-2(1H) B C3 7580 [ N o X RP IR 2R {4k 77) BT DL EE &2 4 FH i
Ao i 3% K5 (Scheme 1-41).,

H
N H N 0
! = _ . e
T o n-Prsh (2.0 equiv.) = T o
R2 R2

6 W blue LEDs, air (O5), rt

R', RZ = H, alkyl, aryl, halide, ester, rtc.
Scheme 1-41 B WL 3E Wb -2( 1LH)-BR TR C3 A7 5k B

1.3 FEAMISEBGHF M TR FH AR &

RIS B 5L, RIRBEAKE, DFEa O ER, nidEe)E
L7 (fac-Ir(ppy)s, Ru(bpy)sCl) , JEHL}: F 4K (Cdse, BiaSs)%F. M4k, Mt
P LAEEAMER T AN CHGI A RO 20 . IR AL B .

2018 4%, Wang WREAPUIFR 705 R R JUREE . Hole oy 2= Ak IR — 20 /) &
WRIRE, G B A X e Bk (0 S e AT AR o RO AR rh DA DS 56 S AR 1
BT AM TR, D55 SRR A I T 2R OB A EDA L& W ik I S R AR
(Scheme 1-42).

2018 4%, Wang BAAHISLIL TESE SR . AMIEHAFIZAET, K
AR 5 R o B oI A 1) S B (Scheme 1-43).

2019 4, Wang PR ISIE KR & T E A e IR AR S AF T, Stk
RO FE AL Bt FIE BRI NY, Z 575 L 40%-T3% 172 24 B T B-Fe s
FERALY), DL 43%-86% )7 G B 1 f-FRFE AL Y)(Scheme 1-44).

2019 4F, Wang PRBZHN SR & 1 a2 i) S SN2 B On) ki FEE v #2
A AR R bR S B AR B . N2 S5 B C-C RIBA U A, 02K
ARl C=C/ C-O fHELA Hio-BilE(Scheme 1-45).

2019 4, Wang SRAEZHSIIT R T AETCCHEA TS AT T G fRE LAEER 5 N-Fr
PSR IE AR IR B, S SUE RS ST, BA B Re I SZ i o 77 4% R AN
X Jgide $3 1 = RAR A (Scheme 1-46).

14
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g
/S\
Ar”4 OH Ph .
N . ©i pyridine
DMSO/H,0
R S H NC hv (LED)
3a room temperature 4 R O

Scheme 1-42 JtfEdt SEme & HATEYN A R

Ar'-NH;, Ho§
02 _ /N
' blue LEDs, 12h AT Ar
ArP——Br ’ o)
no metal
no additive
no photocatalyst

Scheme 1-43 7] WOGfE kR0 5 KR E A e d s B2

H,0, CBr, OH
SPh blue LEDs (450-455 nm) > blue LEDs (450-455 Ph SPh
Ph Ph X Plue s (450-455 nm)
N, CH.Cl, N,, CH,Cl,

without metal, without catalyat, without oxidant, clean energy

Scheme 1-44 JToAHMIIGHEAL T2 AT AT WG AE 2t -3 58 (e S 3 B AL M0 AN FE) 45 1k

0, o)

C-0O formation OEt
Ph—=——Br blue LEDs (420 - 470 nm) Ph
o)
R
HO M N2 OH
e C-C formation Ph

blue LEDs (420 - 425 nm)
Scheme 1-45 7] WO it HeiR 55 B g #0428 e B2

Me

N\ / O LED (380 - 385 nm)
* HO’S\R3 Pyridine (2.0 equiv.)
HN\;O DCE, 1t, 8 h, air
— N\ R! Ambient conditions

Without extemal photocatalyst
Metal-free conditions

Scheme 1-46 JTCHMINGEGH AT T AT WG IEHE VIR 15 N-Hbh 7 5 4 1 P A B0k S

2019 4, Pan BREHBIT R T —FhRAMIDGRELFIZEAT T, AT Gl
WA 5 ot P S SOt SRR S 8 o 8 4 (8 SR O AL & L& b 3-
-2(1H)-F(Scheme 1-47).

BT A

15



W N = AT
N H
T under air Ny N Segs
R'w + R3SH R1|_
= 0

N @] Blue LEDs, 9 W P N 0

! |

R2 R2

Scheme 1-47 JoIGHEALTI AT AT LG 328 e Mg bk A -5 7 e At 2 B0k S

2019 4F, Jin WEASIFR TERAEMIMEEHATIN &4, =
S RN (CF3SO:Na) SWENRIR-2(1H)-l C3 7 =l 64k e b, PAH &S| R
UFRIPE 3R A BT #Fh 3- = PR S v R IR -2-( L . WLERBIF 72 32 WA S N0 48 ) i
L Z N R 2 S0 %I(Scheme 1-48).

N CF
X 3
N 0 blue LEDs = N 0
I2 |
2

ClCHzCHch air

Scheme 1-48 TEAMIIFEHEAL I T AT G AR PR -2( 1) B C3 7 = 58 FF BE 0 R B
2020 47, Wang S SSIIF R TG &8 AR &4 T, Safgit
Bk 5 TMSNs A N-it G, &0 BEFABE T e (1 =250 | B, RN T H HH
S/ B BB R, KRB C-N. C-C F1 C-x % (Cl. Br f1 I)%,

(Scheme 1-49),
N3

CN

N SN XS LED (380 - 385 nm) CN
+ +

N ’ DMF, tt, 1 h CN
AN \

R R

X
Scheme 1-49 o4 )@ 2% T e e it i = 4H 5 ) M

2020 4, Wang PR PNETF K T LEEA SN 25 A T 62 2 v N gk
2(1H)-Ji 5 S B B SSE, 1% 7 S48 FH T B (R kP 2 A S A AR, i
PG R, 7E 2T DA R A (07 3R A0 e X e B & RO SL 1Y) C3 AL Al =4 o
MUERRF7E R H, [N fe S5 F5 (ET) F1 B B 7 #4553 F2(SET)(Scheme 1-50).

H

R2
N H I N
R1+(j: I N N No Cat. added. 1 °N
Z SN0 [/\//N 390 - 395 nm
I|? R2

Scheme 1-50 JEAMIIYGHEAL T ZEAF T HeAE 2 i nde VR k-2 (1 H)- B -5 A0 A V0 0 AR B BE
2020 4, Subbarayappa BRAEACOHRIE [ EFRASRKM T, Al Bt

16
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MR AL SN o 12 N AT TR, PR R, 5 ek BT 5 IR P AR 25
PEIFZ54R A (Scheme 1-51).

|| R
N Q 0,, CHsCN PR
] + H—FI>—R —
N/ R Visible light
Scheme 1-51 A2 3 MR A IR 4K S S

2020 4, Li RO T —FERALMEAFISE S BAAE T, Tk
FEAE B EENR BR-2(1 H)- i -5 75 2 3 S8 A 0 A ot AR I S 87, S 873 st |l 2 3l R
FIFEAT, DL 36%—84% MR &/ T 3-75 KB NR k-2(1 H)-Fl (Scheme 1-52).

SN i LEDs (420
R'— I + Ar)ko/O Ar ot @ 1
_— N o \g acetone, air, rt

I
R2 under photocatalyst-, metal- and additive-free conditions R2

Scheme 1-52 JC4 & FGHEA T S AF R AT WG 3t 1 VR k-2 1L H) - C3 7 75 240 e JBL

2021 4, He PRAAICIER A &I/ AENAIFINIMCBO KT, =il T HEE
W HL25 5 3R A5 I A W = AR 55 2k A B 3 S il 3- 95 FE R BR-2(1 H)- Bl (Scheme
1-53).

N Ar
RI_ C[ 1 Ar 6 W LED (415 - 420 nm) R1_|(\:[ I
|
EtOAC, rt = NS0
2

Scheme 1-53 7E LM< @ ADERGH AT AT G it N2 k-2 (1H)-Bi C3 57 34k e i

2021 4, Wang SRAHCSITT & TR A L& BADG AR &4 T, Sl
BHEERE 2- (CHEEREED =50 F e iR 2R I I E R B o T8I N-N 4 Ji 52
filt, PRUIAR AR 5 A T B IR (Scheme 1-54).

2021 4, Wang WS A LTI 1 AEF] WOGAE3E S 70 T IR M. BA
15%-79% 77 Z R ARRT WO £ 74 . (AR, 78 RS iAW
BB LA 5 /) AL (Scheme 1-55).

2021 4, Wang WA E 7L o- B R AN AE & il — 251 3-F2 AR 5E
[9,10-c]WRIR -1 (3ED-B FIHT J7v5, EIRAIZ61E T DA R I I SRR T — R AI4E
T ZRER 4, WK, Z&NE T B B3N GE 2 (Scheme 1-56).

17



8 W YN T e VAT

o :
N TMS _ CsF, sunlight _TiCly N
H * OTf TCHCN. 1t.8h ‘_‘ THF, reflux
Scheme 1-54 FGAE S E R G R BB R

EtO,C,

NC!
N @ visible Ilght H

Scheme 1-55 E96fﬁ@%%ﬂ%#?ﬁfﬂj‘tﬁﬁ%%ﬂbﬁ M 32 3 28 T e S o

(0]
0 O oH

oy 1 =@ B

Scheme 1-56 YeiE st &l 3-F2 £ 9E[9,10-c]HkIE-1(3H)-FR

2021 4, Yang UREAOHRIE T IALMAMII AT AT, Jefedtmiz
Wbk-2(LH)-F C3 ALl S, A A FH T 8545 H 1Y) HONH, /E A2 2575 (Scheme

1'57)0
X
N X H + Rt AN NIH w or w/o catalyst INHBOC
| i
e N- = CH,Cl, (0.2 M)
X o BOC Y" O plue LEDs, it
X Y=NR', O

Scheme 1-57 JGfE IR IK-2(1H)-FR C3 £ &AL = B

2022 4, Lu BRAAHORIE T —MOGIEBEEERER . A S i e a7 =
Wy BRI B, %R N BT R RS, LRI AN 2 R LA 36%-91% 1)
PERE T &R 3- TR IR IR IR-2(1H)-FR . SZIS BT R % R N A E g
JiFE(Scheme 1-58).

© (\/[ :\[ PIFA, blue LEDs @ f\/
+ R1——
/|\ 1 4 - dioxane, Ar, 12 h

R’ = CHF,, CF,CH3, CF,CO,Et

Scheme 1-58 Yt {ie it 4 W2 Wbk-2 (1 H) - 1) = 203 S JBi

18
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2023 4, Ke PREAISRIE 116 1] HaOo 15 Iy 4% (0 A7) fHE AL 1 WE IR-2(1 ) -
WA C3 B REAG SN o 125 B FHAN R S S U5 AE ], 23 70 BL 60%-91% ) 77 e
Jl 3-HE Sk IR IR -2(1H)-F, DL 55% — 75%H1 7% 3R 45 e WE WK -2,3(1H, 4H)- . Jif

(Scheme 1-59),

N R

N
ITI O

Me

H
. N.__O
ITI 0]

Me

Scheme 1-59 JEAMIDGEBUR S A FOGALHEMENE R-2(1H)-B C3 Arit #E0E B et S5

2023 £, Yatham PRGHOTF 5 7 OCIZRERENR MR -2(1H)-BR C3 £k Ak
Rio e NiH e e NHP BRVE ket B e fibid, mlgmbk-2(LH)-BRAT A M1E b B
H AR 2 NRERT R AR BRI 2t b, o LL& RS M54
YIRS 3-Je SRR IhR-2(1 H)-Fl (Scheme 1-60).

0 0
1@N\:\[H alkyl - 390-400nm _ @[Nia'ky'
R'- * N-O o T
AN 30 C >~ T o
F|<2 ° R?

Scheme 1-60 Y& HEMER 2(1H)-FR C3 ke 34k [ B
2023 4, Adimurthy PREHTHEIR 178 5 iR 2 0] WOGIE g lg ik-2(1 H)-
M) C3 AL B IR N o 2-F2HE-2- B N FUE BRI, 2 N B Re A 32 1 R
I, FRYIRWcER S, WLERRR SR B4 1T H AR R (Scheme 1-61).

N._H

CLL
IT] o LEDs,tt
Me

N N CN
= N0 CN air, rt = 'Tl o
F|<2 R2

Scheme 1-61 A JLYGAE 3k N2 0k-2(1 H)-Bi C3 7 F AL SN

19



8 W YN T e VAT

2023 4, Wang WA T 1 — e At 1 e W k-2 (1.H)- i A1 g s i AE =
B A SR IR B SR A0 [ B o ZETCAMID A A 26 N Rt = A Al T
3-J5E FEE IZ IH-2(1 H)-B (Scheme 1-62).

N _H 0
o +
H
/’T' o >H\ "DCE, it, 16 h
2

Scheme 1-62 JofEALTIZ&AF T Ot e itk ENZ -2 (1H)- i e 5k e 3k A S

2023 4, Zhang WA K T ETLAMIMEATIT, Sl g mk-2(1H)-
Wl () BB 5 A RO o AR TTIE R R B s OSSR AT e A I L #5 AE 0 R 1 B
(Scheme 1-63),

@ 1 ‘/N\\ - 390 395 nm LEDs R1|_©[ A
i
|® CH4CN, rt = N0
2

10-20h

Scheme 1-63 T AL Z&AE N AL BE (I EIK-2(LEDER C3 7 75 HeAk [ B

2023 45, Wu SR AR T 0] WOGAR I N-Z- M 0B B 2R 5T X
IR o 75 3B AT RN & B AL I 264 S & B — R YA AE)E A
& %)(Scheme 1-64).

RZ2—- " L \ _Ar 455 nm blue LEDs g2_L M I “Ar
EtOAc, rt

Scheme 1-64 Y2t B HH3EAS XM SR IR I 37
2023 4, Chen WA TIE B ST CBAAN KR T, v WG AE ki ik

2(1H)-Fi5 N-J# A HE-2-1R-2,2- 50 OB 2 TR AR IR IO . FEIRER 251 T 3Rk 45
49 fla,o-— %k-y-‘f‘/\i%-%é\ﬂi‘[fﬁﬂﬂ\-Z(lH)-@Iﬁl(Scheme 1-65).

L g EANNTS fiﬁ%

X=NR,Y=N
orX=0,Y=C

Scheme 1-65 JoYGHEALTIZAT T OGIEBEERIR-2(1H)-F C3 B fefb M

20
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2023 4, Yang WEHUSVR R TIETCE R AL RIS 6 1 40 750 1 2% 4
N, A R R -2 (1 H)-B L AT R I = 20 RN . % RNAE E IR
SRR OS], DL 19%-87%M =28 345 T ENEMR-2(1 )R C3 £k 5t
1k 7= #(Scheme 1-66).

R? o /@R3
st E\ 6 W blue LEDs AN %% h
©:NIO+ RZTN\\ +R3©/ OH DCE, tt, air Q:NI\KO\/ o)
R L

Scheme 1-66 7T Wi i3 (1) PR VR WhK-2(LH )~ . 475 4 0 SV T IR 1147 =2 93 3 B SR 1

1.4 NESRE

AT AL E (R E R R-2(1LH)-BR C3 7 B REACANSE R AT & BudtAT T
B4, FENOCHGHMEACFI T AN BOR S T I R B REUE . K2 HT W
R SN, 75 I 4 Je w3 HAR LU B B B KD G, AR A SR oAb A LG Ak
B ER, BRI A R Te AN GEBRI S A T O it B Bl & S M. B A B ) o
ARYME ) R B N BT 5o 52 SCHR R R AAS S5y 3 {1 AR RSl b, A SOk
SRACHMINCHOR S AT T SR A 3- 1 ne e k] A SE3A 1) T REBIT 98 A%, K
JERAN . 2RO ) 3-BR R R k-2 (1 H)- B AT SE R & BORT /725

21



ST RAERE i X
E 2T TAMNAHGIFM TR IS (RiEtrY 3-BE ErENZ A R
HI& X

2.1 ARE=

AT AR (CDC) N2 HHTAHLE L R —, & EEEIEP
ANEETHIBENA B, A=A Hao A HoO {EARIF=40680, %5758 5 AR
R TT AT ARG B IF O S T8 s REs82, fE s R LA
B, b S A A 838TL . A AL A 8889 Sl (A IOV B A 01145 5% ot 7 9 2 4 D
T CDC . REMRX—WURIAG VP2 EEB R, TR —Fhfds. SR
ST TEH 1) CDC S AT SR =2 E A b B

WERR-2(LH)-BH /& — R B Z5 BT, T2 RO T 259 MREANG sluft 7
92941, C3 AR e WE bk 2(1 A1 b 0 2 35 B AR RN 2 PR IR 51 S T A 2 R
T2 RGEDS0L, NS T I R EVR MR -2-(LE) S Fh C3 B REALIN TS, A fE bt
o TiREAL. WAL FREREEAL . BERAL . A MBI S L1058, A TR
AR S B AE VA2 A, T HLA 45 B A T e AL M R IR AT AR A LI
JHI A 104105,

2018 4F, Yuan @ISV T 7L &)@ 25 4F T, TBHP i it (s g k-2 (1 H)-
Wi 5 75 & T () B ARG, 48 T % b 3-SR MR-2(1LH)-I o 12 e I A4
WA, JRYNEHETZ, B RERI %2 ML L (Scheme 2-1).

0
N _H
Rz%:ij: il\ .\ 0 TBHP (4.0 equiv.) e Nor” A
A No ArCH e R
¥ ’ w O
R I

Scheme 2-1 WEVEIK-2(1H)ER 5 7% 7 B R k34K e N7
2020 4, Xuan BREEZH MR A AT L el 2 1 N -2 (1A)- B -5 T 1 1 il 22 P
e, B R 3-IE LR MR-2-(1LH)-FiF o 2 S SAE KA A BEAT,  Sei e dE fa] S0 HAS
i AN EHEAL ) (Scheme 2-2).
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Ly

3 o)
C[ I PIDA (4.0 equiv. ) 1 C[NﬁRS
R_
COOH '
H,0, rt p N"So
2

Scheme 2-2 ToHGAETI AR R AT WG AE 3t v bk-2(1 H) -l C3 7 [t 24k e B

2020 4F, He RIS 1 %00 F LA SOV EALF, 0T LG 31 s 0 ik

2(1H)- Bl FER R 1 B R AL S B, LA 36%—87% 77 A&/ T 32 77 ¥ (Scheme

2_3)0

©i L 3 W LED (400 - 405 nm)
COZH DCE/ H,0 (viv 1:1)

air,r.t.,, 1h

Scheme 2-3 7E TG4 J& TCAMNINGHEGR 2% 18 0T WG4k W R k-2 1LED)-T €3 o7 I FR AL, S i
2020 4, Qu RFRAUOTT & THE 60 CHM R, WAL EIEI-2 (1HD
B C3 7k Ab e BV, PA 64%-88% I 7= K & 1 1 37 ] 3- 1k 2 e bk -2(1 1) - i

(Scheme 2-4).

N H O Openflask N Q .
Ry | [« J R (NH9:8505 NS e
A HOOC™ "N - RL |
N™ "0 L, DMSO-H,0 SN0 R

¥ R 60 C |
R1

Scheme 2-4 Joit % 4 J& 24 N R MR-2(LH)-F C3 A7 FIBE S0 [ B
2021 4, Zhao MHEBIZHI% R T Bosin Y TEYefEALF, YeHE{R 3 3-fk 3w 1)

WbK-2(1H)-H 1155 B - BosinY g i4E &R 75 8 (HAT O A= st 2 H HH 25 (Scheme 2-5).
blue LEDs

Nay-eosin Y (0.5 mol%)
@E L (NH4)2S204 (20 equiv.) ©: ﬁ
CH3;CN, Ny, 16 h

Scheme 2-5 Yt MR IbR-2(1H)-B7 C3 17 B0 e B
IR RNER 22 T AR NN B A, AR TAE BER R N (4%
R 3-T9E 3 A IR -2 (L ED)- R ¥ 3 v . R R WWR-2(1L - 5 28 WS W), 15

TEAMICHGH AT, R AT W6 X g k-2 (1H)-Bil C3 L3745 2115 2 3

LINNEYP




8 W YN T e VAT

N._H

©: I . ©/CHO photocatalyst @Nm
NSO hv NS0
CH;

Solvent, rt |

Scheme 2-6 7] JLYGAEEREIR 2(1H)-Fi C3 A7t Ak s b
2.2. RMFHMKL

NTSEBOZAYE, R T RIEM-2(1H)-BR (1a) 5 PhCHO (2a) {ENBAR
Moo 7E 4CZIPN E BG4, % 1a fl2a 5 & W% (2.0 mL) INAZEH]
SN, RS N 6 LED (440 nm, 40W) BEST 16 /N, L 38% USR5
FIF=H) 3-F I (R FE ek 2(1H)-H 3a (Table 2-1, entry 1) f Eosin Y 7E )G,
FERBAAR SRS R 5 BA 27% A3 B T 75 1K 774 3a (entry 2). HIFHERKZ,
FETANMCBAZEAT T, LU 15%ICRS 21 BT 1777 3a (entry 3), R MIA R
BN N T IR EIZR AT, o RE AT T i . £ AN,
SLTE ) b F A 5 70 S RSO T o DL I B TE I, 3a (K774 88%
(entry 4), R LKE. 1,2-ZIR ke BUTHE . R ORA/ENERIE, 5
PL 53%-. 76%- 65%- 19%[1)5= 345 2| B 75 =4 3a (entries 5-8). 1M LM UE
Ik gt AR P 6 SV A0 7 B 2% S AN RE MR EEAT (entries 9—11)0 34k, 4 CH3CN:
CH2Br: (1: 1, V/V) AT LR 88% = Z T =4 3a, 1M 241¥ ] CH3CN: CH2Br2 (2:
1, VIV)FIRA BT, 7385 H 7= 248K 3a (entries 12 and 13). FF HAE RS R
J7 B G IR 80°CHEAT SOBIIN , WA W) 3a AR (entry 14), XKW
AR IZ R N R EE . BB TS, ERRTTT, B 60% M43 3 i 35
(1779 3, FEA BN T2 36 /N, RESR 7= 2R DL 85% R4 2 B 75 1K 77 )
3a (entry 15). RN EZS P RUTBATH, 3a P2 RIEA K, R, HEHA
IR AU, AR B R BT R ) 3a, I HOKE R4 AR 1a B
B0 (entry 16). TEFfIE T HIRAIWEAS ThER L RIVAH Hf DL e Bif Al J5 , 78
FHRT, B 1a f 1.5 4EN 2a £ M IR ESER (11, V/V) A
B RNV T, 7540 W B LED (440 nm) [EST RE 16 /NI 2N e
At (entries 12 and 17-20).
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Table 2-1 J W2 AL @

O
AN N
Photocatalyst N Ph
C[NLO + PhCHO hv, Solvent ©i ﬁ
(IDH air, r.t. ’Tj o
1a 73 2a CH; 3a
Entry PC Solvent Yield (%)”
1 4CzIPN CH:Cl> 38
2 Eosin Y CH:Cl, 27
3 - CH:Cl 15
4 - CH2Br> 87
5 - CH3CH2Br 53
6 - BrCH,;CH>Br 76
7 - ‘BuBr 65
8 - DCE 19
9 - CH3;CN
10 - THF 0
11 - DMSO
12 - CH3CN/CH2Br2 (1:1) 88
13 - MeCN/CH2Br, (2:1) 61
14 - CH:Br» 0°, 04
15 - MeCN/CH:Br; (1:1) 60°, 85/
16 - MeCN/CH:Br (1:1) 702, trace”
17 - CH3CN/CH:Br (1:1) 63
18 - MeCN/CH;Br: (1:1) 70/, 65*
19 - MeCN/CH:2Br: (1:1) 71, 87"
20 - MeCN/CH;Br; (1:1) 79", 85°

[4] Reaction conditions: N-Methylquinoxalin-2(1H)-one (1a, 0.2 mmol), photocatalyst
(2 mol%) and benzaldehyde (2a, 0.3 mmol, 1.5 equiv.) in solvent (2.0 mL) were
irradiated with kessil lamp (440 nm, 40 W) in a sealed tube under air atmosphere at
room temperature for 16 h, unless otherwise stated. [’ Isolated yield. [ in dark. [ in
an 80 °C oil bath and in dark.l) N> atmosphere. [l N> atmosphere, 36 h. ¢l open to air,
16 h. "1 with an oxygen balloon, 16 h. [1 (440 nm, 20 W). Ul LED (427 nm, 40 W). (I
LED (456 nm, 40 W). [1 1.0 equiv of 2a was used. [ 2.0 equiv of 2a was used. " 12 h.

[0 24 .
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2.3 RNJEYIIRRE

i,

/f:

N
N 440 nm (40 W)
R +  PhCHO it
N"So CH4CN / CH,Br (1
RZ

air,rt, 16 h
1 2a 3
(0] 0] (0] (0]
N N
X ﬁ X f @ﬁ ( Iﬁ
'Tl (0] l\ll O ITI (0] 'Tl 0]
CH3 CH2CH3 CH2Ph (_‘,H2CH:(:H2
3a, 88% 3b, 85% 3c, 88% 3d, 76%
o o) o) o)
N Cl N
'T‘ o N" o rTl o) ITI o)
|
CH,CO,Et CHj4 CHj CH3;
3e, 84% 3f, 90% 39, 86% 3h, 84%
(0] (0]
H5;C N
FsC ITI o HsC ’Tl o)
CH3
3i, 82% 3j, 87% 3k, 82% 31, 90%
O
N Os_Ph Ph

o)
UL CLLT -
N
F N" 0 N0 N W
| A ~
CH,

3m, 84% 3n, 0% 30, 0% 3p, 0%

The scope of N-heteroarenes “’: “Reaction conditions: N-heteroarene (1, 0.2 mmol) and
benzaldehyde (2a, 0.3 mmol, 1.5 equiv.) in the mixed solvent of acetonitrile and methylene
bromide (2.0 mL, V/V = 1:1) was irradiated with kessil lamp (440 nm, 40 W) in a sealed tube
under air atmosphere at room temperature for 16 h. ’Isolated yield

Scheme 2-7 KY€ 1 @b
FERACII R BLZEAT TR, BFFT T IR MR-2(1LH)-B (1) S52KHE (2a) BEBER
PRYITEE, 250 457E Scheme 2-7 1. — RFIEA N-BUCIE IR BR-2(1 H)-
fid (1), @ N-CHs. N-CoHs. N-CHzPh. N-CH,CH=CH: fl N-CH2CO:Et 1E1% %
FORARB Y, I HLEL 76%-88% 7 3 73 1 H Fir i 1) C3 ALk ALY 3a-3e. [FII,



8 W YN T e VAT

TERIRM 6 hak 7 A7 by A W i el sh T2 F] (141-OMe. F. -C1 #1-CF3) (1]
WENE MK-2(1LH)-BH /2 AT 201, AEARAL I 251 IROBIIURHEAT , BA 82%-90% ) /™
AP M=) 303k, I HLIRY) 0 B 7 R0 2 (R RO AT LA o boh, —HUAR
(P N WK-2( LH)-FRAE 1% 77 2 BRI R 4F, 7079 BA 90% AT 84% )7 A2 g fit AH
(1724 31 R 3me BRI, A N-TRA I 1 M W K2 (1) FH At 187 PR N-2% 55
K, kAR SE, 7R AT FOANREIEAT RN, BRI E) H AR, IF
IERCIT Qi /iy p s

BNk, TEARERBLGEAT T, WAL T REE R RN IR AVE ], 45 A
Scheme 2-8 fi7s o EMRALII RS T, 20 & A 5 B 1 13T i 7 BRI 1) 2K F
W B SRR, DA R4 240 S D 7 AR BAH R P24 (3q-3ab). 7, HAWRH
- 2 I 7 2R v T LU 4 T R T R 2 R, T 5 A R 1 2 ) Ao BEL 8
K38 AR S B ISR /N o [EAFER IR, 7 IR A A D5 R,
SRR, EARER TS5 RNE, FE) 3¢ A0 3u AT By LA
85%F1 92%I1 = #y BY o MeAh, IR 5 I A ZEIE AR % o h BT R i 4%
P, LL 75%-87%HI7= SRAG B FT 5 007240 3ac-3af. (H1FERE M2, MEWy-2- F R i
SRR, LL 70%0 7 AL 44 3ag, inkne-2- S AE 4 T4 N R AEIEAT %
BEAL, ARSI C3 Mtk 4 3ah, JEH[AIUL T 1a. N7 3 B IAEIX A
JNERATIE, JURIEIRIE S S T IXMEA . SR g2 5B, AU 2]
e TR C3 WAL= 3ai, 1M LA 80% 17264y 25 H LAk ) C3 KEdE Ak =4) 3ai'.
A NBEOGHIRIE, 2 N-F LR R -2 1H)- B ARSI AE 260U UR R BT OB
IR C3 BhAk ™4 3ai A1BLEK K] C3 KAl ™) 3ai' 73 7 LA 70%A0 15% )7 %55
B MR, IETRE. FTREA 2-C AT A S 5 N-FH R IR I 2(1H)-BH %
N, g3l BL 45% 43%. 28%FH 21% 7™ 245 2 ik C3 etk 3aj' i 3ak’,
AR 2 T C3 Bhik 3aj. 3ak. 3al Al 3am (R4



@
El
>+
4
=
H_
4
2
=
H,

(Y P

A o)
Ny A N
@[ l + R.CHO 440 nm (40 W) fR
NS0 CHaCN / CH,Br, (1:1)
S air, r.t., 16 h N0
3 CH3
1a 2 3

R = CF5, 3t, 85%
3 < 9 R = Br, 3y, 85%

o) o)
R = CHa, 3q, 799
N = CHs. 39, 79% N R = CH, 3v, 80%
N R = Cl, 3r, 89% N .
R = Br, 3s, 90% R=OCH;, 3w, 64%
N @) R ! ' N o R=C|, 3X, 91%
| |
CHs R

CHj R =CN, 3u, 92%
0] R
N R = CHs, 3z, 74%
R = Cl, 3aa, 84%
ITJ 0] R = Br, 3ab, 81%
CH, CH3 3ad, 87%
3ac 85%
@E fﬁ @E fi? T, fﬁ
Ha H3 CH3
3ae, 75% 3af, 85% 3ag, 70% 3ah, 0%
3 3 3
3ai, trace + 3ai', 80% Hs 3aj, trace + 3aj', 49%
3ai, 70%° + 3ai’, 15%° 3aj, trace® + 3aj', 36%°
] o]
N~ ~O N~ 0O N~ ~O N~ ~O
I | I
CH;3 CH; CH; CH,
3ak, trace + 3ak’, 47% 3al, trace + 3al', 36%
3ak, tracec + 3ak’, 43%° 3al, trace® + 3al’, 28%°

3am, trace + 3am’, 34%

Ha Hy 3am, trace® + 3am’, 21%°

The scope of aldehydes “*<:“ Reaction conditions: N-Methylquinoxalin-2(1H)-one (1a, 0.2 mmol)
and aldehyde (2, 0.3 mmol, 1.5 equiv.) in the mixed solvent of acetonitrile and methylene bromide
(2.0 mL, V/V = 1:1) was irradiated with kessil lamp (440 nm, 40 W) in a sealed tube under air
atmosphere at room temperature for 16 h. “Isolated yield. ¢ Under N> atmosphere, 24 h.

Scheme 2-8 W4 & 11 «b<
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2.4 RNHERRVERST

241 BHEFERSLE
(1) 1a FIoR FEE S N H HHEE P K SR 56

N _H i O
O: I N ©/CHO Standard conditions @Nﬁph O’N
; +
’Tl O TEMPO (2.5 equiv.) N X0
Me |

1a (0.2 mmol) 2a (1.5 equiv.) 3a, trace

Detected by HRMS!
Scheme 2-9 1a FIZK FHE S5 7 [ H 4 K S5

T R R S IR AR T AT BRI HLER , 4 Scheme 2-9 Fraw . R HU & IR ik
2(1H)-fi(1a, 32.0 mg, 0.2 mmol), ZKH % (31.9 mg, 0.3 mmol, 1.5 equiv.), 2,2,6,6,-
I H R IE ALY (TEMPO, 78.1 mg, 0.5 mmol, 2.5 equiv.), JIA Z (1.0 mL)Al
TIRHEE(1.0 mL), FARMIRE T, B RNE . 7R HOE(440 nm, 40 W) R
N, FRBEHERN 16 DI NG, TLC RMRERES, A BAny), Bk
IR R SE A AN, RIX — RN ) H A 2. F HRMS Rl 2R A v
K & A TEMPO F12& HBE &R &4 4, 45 340 Scheme 2-10 T

%10 5 |+ Scan (0.701 min) 13.d
31 262.1805 Q)L \‘/72

25-
[M + HI* Caled For C6H>,NO5" 2621802
2 Found 262.1805
1173.0125

1.5- 312.2757

1 2921893
0.5 187.0268 2149165 2%5.0224 363.1088

| ] [ | I ]327'2980 | 3832650 A0 467 4051
4l I Woadloodt, ok adhe. i, L,..,l.., 0 1 | PO e .,I,u,,,,J."_J.‘.i,L, b 0 o e e s m ,,]s,h, ) S S y

180 200 220 240 260 280 300 320 340 360 380 400 420 440 460
Counts vs. Mass-to-Charge (m/z)

Scheme 2-10 TEMPO FlIZ< H L H 3£ &%) 4
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hv (440 nm, 40 W)

N _H
©: I . o7 TENPO (25 squi) 33' o Detected by HRMS!
NN A]< CHACN : CH,Br, (1:1)
|

N,, rt., 36 h

Me
1a (0.2 mmol)  2a (1.5 equiv.) @:Nf< >L
+ _N
N“o °

3ai', 0%

(2) 1a FVRF G S B B HHEEE KSR 06

Detected by HRMS!
Scheme 2-11 1a FURF R S B [ S 2K S256
N T BE— RGN T RE G SSALEE, X 1a RO RS I R EEAT T H 3
VERKSES:, Ul Scheme 2-11 Fron. FREXER WK 2(1H)-BH(1a, 32.0 mg, 0.2 mmol),
K5 (25.8 mg, 0.3 mmol, 1.5 equiv.), 2,2,6,6,- VU H 3£ Ik B %4k #) (TEMPO, 78.1
mg, 0.5 mmol, 2.5 equiv.), M ZfE(1.0 mL)A IR FEE(1.0 mL), B AR 3 ]
R . ER] WOG(440 nm, 40 W)RR R, IR 36 /N . [NV SRS,
TLC mMURER, A HAR =R 58 i, R —RNE 7 H A
= HE B HRMS KR A RN AA &R, A TEMPO AR BRI &4 5, W
Scheme 2-12 ffrzx, TEMPO AUEUT ZEIMEY) 6, 41 Scheme 2-13 Fir.

2#456 RT: 2.56 AV: 1 NL: 1.00E9

T: FTMS + p ESI Full ms [200.0000-800.0000]
100 2422115
a0

[M+H]" Caled For CyyHygNO,™ 2422115

20 Found 2422115
75
70

Relative Abundance
'3
=

243,2130

JE ERLC 2401967 | | 2462060 2622710 2621801 2672431 3732178 270.1603 2832381 208.1805

miz

Scheme 2-12 TEMPO A4 G EEE 5 tH & In&4) 5
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[M=H]" Caled For C;3H,gNO" 214 2156
Found 214 2165

22466 RT: 261 AV: 1 NL: 1.29E8
T: FTMS + p ESI Full ms [200.0000-800.0000]

100
85:

214. 2185

o0
a5
80
75
T0
B5
60
55
50

Relative Abundance

2152138

216.1958 228.1958

213.0635
203.1174 208.6673 1 i 217.1989 2230711 269512 | | ]231_1734 235.1688 240.1969
T T T T T T

T T T T T T T T T
200 205 210 215 20 22‘5 230 235 240
miz

Scheme 2-13 TEMPO A3 23 E th & In&4) 6
2.4.2 NBS {23 1 1a 12 FF RSB BE 2 B

©: 1 CHO  NBS (1.0 equiv.) ﬁPh
CH3CN (2.0 mL), N,
hv (40 W), 16 h
e 3a, 78% (390 nm)
1a (0.2 mmol) 2a (1.5 equiv.) 66% (440 nm)

Scheme 2-14 NBS {1 1] 1a A4 HI EEAR I S
3 SRR B B W Ik 2(1H)- B (1a, 32.0 mg, 0.2 mmol), 7K F % (31.9 mg, 0.3
mmol, 1.5 equiv.), N-I&f8 T L Z(NBS, 35.6 mg, 0.2 mmol, 1.0 equiv.), TIAZ
5(2.0 mL), A NBE Y, BIRS 3 ONE « 4 AIHE AP 6(395 nm, 40 W)
A (440 nm, 40 W)IEN T, SR AEFE RN 16 /M 735l BL 78% (390 nm) Al
66% (440 nm) LS ZI BT 17 3a.

2.4.3 £5h-] MIRKAE

FELAMAT WO U-4100 436G FETHIE 7 1 1a (0.1 M), 1a (0.1 M) + CH2Br2
(0.5 M), 3a (0.1 M) #13a (0.1 M) + CH2Br2 (0.5 M) SII1E 2B R W 48 Ah-1] I,
WIS, 40 Scheme 2-15 Fizs. 1a, 1a+ CHoBro, 3a 1 3a + CHaBro FIWR TG
M 360 nm F| 500 nm, X555 A LED K (440 nm)— 5.

10
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2.0
— 1a(0.1M)
—— 1a(0.1 M) + CH,Br, (0.5 M)
—— 3a (0.1 M)
—— 3a (0.1 M) + CH,Br, (0.5 M)
15 —— CH,Br,
3
<
S
]
2
S 104
£
—
=)
wl
S
=
0.5
0.0 41— . - T - i

400 450 500 550
Wavelength (nm)

Scheme 2-15 1a, 1a + CH.Br>, 3a Al 3a + CH,Bry £ ZJif T A& 4h-1] WO 61
244 RAERRELE
(D) BB BERT 1a 2GR SL5

N T BREHR T % RN AT BE I SOSHLER, FFFE T CHaBro X 1a FIZE i IE K 5256
¥ 5.0 * 102 mol / L ) 1a/CH3CN & W E TN AN F A FE A, )
1a/CH3CN ¥ A 43 NS AR B 1 — IR B (0 mM, 1 mM, 2 mM, 3 mM,
4mM, 5 mM), CFERIIRS . WELREERNT 1a 1R RER 22
1k Scheme 2-16 Fizn, A JEATLLE H 101 5 IRk E 2L R, 1F
HASH Ksv #2[0.0384 mM-1] 21 Scheme 2-17 Fim. S2864t &M, CHBr HIHIA
XF 1a B ZG IR BBV RAER, Z R — D REERE RN .

3000

—— 1a (5*10° M)

1a + CH,Br, (1¥10° M)
1a+ CH,Br, (2¥10° M)
—— la+ CH,Br, (3*10° M)
—— la+ CH,Br, (4*10° M)
—— la + CH,Br, (5*10° M)

2000

Intensity (a.u.)

1000

400 500 600 700
Wavelength (nm)

Scheme 2-16 - H LX) 1a 9K

11
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1.20

—— y =0.0384x + 1.0028
R?=0.9885

1.15

= 1104

1.05 1

0 1 2 3 4 5

Concentration (mM)
Scheme 2-17 —JRHEEXT 1a Z07A K L& 75 72

() R BT 3a (PG K S

P PRI R T IR BT 3a 1OV KSESR . ¥ 5.0 * 102 mol / L 1)
3a/CH;CN AR F A T LA I, [ 3a/CHsCN AR 43 IS
A ) IR F VA (0 mM, 1 mM, 2 mM, 3 mM, 4 mM, 5 mM), igREIKK
G o TN B A5 AR T 3a IR 3B A B A2 4 U0 Scheme 2-18, U5 5 7]
LB H 1/ 5 R RRESMEME R R, 1HES H Ksv /2[0.0380 mM] 1
Scheme 2-19. SEIGZEGLULH, IR BRI 3a 10758 Jaom B JRH B 2 10
KIEF, RN — AR 8

3a (5%10° M)

3a+ CH,Br, (1*10° M)
3a+ CH,Br, (2*10° M)
—— 3a+ CH,Br, (3*10° M)
—— 3a+ CH,Br, (4*10° M)
—— 3a+ CH,Br, (5*10° M)

3000 —

2000 —

Intensity (a.u.)

1000 4 \//

0 " 1 N 1 "
500 600 700

Wavelength (nm)
Scheme 2-18 TN 3a 7L K

12
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1.20 A
—— = 0.0380x + 0.09928 '

R%=0.9885

1.15

= 1.10

1.05 +

1.00 +

Concentration (mM)

Scheme 2-19 VR HEX) 3a 9 KL A 2
2.4.5 FFRATSEL

100

I Light off]

80

Yield (%)

0 2 4 6 8 10 12 14 16 18 20 22
Time (h)

Scheme 2-20 JT5CKT SE5G
PR HY W W2 bk 2(1H)-1 (1a, 32.0 mg, 0.2 mmol), 4 F % (31.9 mg, 0.3 mmol, 1.5
equiv.) N NE H, I CH3CN (ImL)A1 CHoBr, (1mL), F P [ Bi 8 . 780 I
J(440 nm, 40 WIS T, =EBEEE RN 2 /N, i H GC-MS K& A 54
PR, SRJEIE S A N GRS 2 /N BOREAS I . 7T DA H O BRSR1F T A i)
FEERIEHIG NN, AR SR R = 20 AR, 1t a] DAIE B REEB IR

13
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2.4.6 AIRERY /R I HLIE

1af3a%  cHyBr, i Nl
# N
h | Me
omolysis 1a

1a/3a CHaBrp*
Ph T
*CH,Br
2 . 0
@ f @Nﬁ "

l}l (0]

Me

CH Br
3a 3 Il

Scheme 2-21 AR S REALEE

AR b3 0 FE 52 36 R SRR Al -1, B T AT RE R S RE AL, A
Scheme 2-21 fi7n . B 5G, R WG T, 1a B IR 1a*, A5
5 CH:Br # AT REE %, B RS CHBro* R A2 1a A . HIUK
A CHaBro* ¥ R 2L 7= A2 5L B B (Bre) MR H 2 5 55 (BrCHae), R H
Hi & (Bre)fE 2a "PAF I H JR 7Aook B RS B (D). SR)5, 0 48 i &
B DA S N-F R 02 k-2 (1LH)- (Ta*) B3O &S, 13 2] N-H 2
HE R T [RI, B3R TR R 3 AR R T R AR T, A9
B PR 3a. B ARR, ARRCE Y 3a T DA o6 BT 52 R AL O
2N

2.5 LIGERS
2.5.1 EEREWE 2(1H)-BF (1a) AOHIE

E:[N\ K,COj3 (2.0 equiv.) @[
L + CHl L
N0 CH3CN (6 mL), 110 C
H
Scheme 2-22 WEWZME 2(1H)-BH (1a) FH]#%
R H W MR Wk -2-(1.H) (1.461 g, 10.0 mmol), i H %E (1.703 g, 12.0 mmol, 1.2

equiv.), BKIRH (2.764 g, 20.0 mmol, 2.0 equiv.)F 25 (6 mL) A1 )5 I &
HFR, TE 80 °C [ R I ZU £ M. 24 he N FERKJE, A H20 (50 mL),

14
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SKJ5 H EtOAc ZHUR G 3 IR & IFMA N TEK NaxSOs T4, MR 78K
I ZE IR 4E . A PE/EA (5:1, V/V) JEFFR, #ENTES BB &1,
2335 ([ 1A 1a (1.490g, 93% 7F2E),

2.5.2 EEREMW 2(1H)-EREt E A R YRR M FE

0]
N H
+
N~ "0 CH3CN : CH5Br5 (1:1) Ne)
! rt, 16 h l
Me
1a (0.2 mmol) 2a (1.5 equiv.) 3a (46.5 mg, 88% vyield)

Scheme 2-23 WEUEIK 2(1H)-FH T B4k s 7 (1 AR M 732
R B s W2 bk 2(1H)- B (1a, 32.0 mg, 0.2 mmol), 2 1 /% (2a, 31.9 mg, 0.3 mmol,
1.5 equiv.), ¥ A 10 mL &MNREF, I ZHE(1.0 mL)F1 R %E(1.0 mL), &
RS . AEHE (440 nm, 40 W F, SRR 16 he B TERUE,
# R B Y, FIIeE: 20 R AR 2514 . FH PE/EA (5:1, V/V) AEREITH,
HEIE D SAREY), 532 A G4 3a (46.5 mg, 88% /%),

2.5.3 TRSLL
(0]

@[ :\[ ©/CHO hv (440 nm, 40 W) N
CH3CN : CHoBr, (1:1)
rt., 60 h N™ "0
Me
1a 2a 3a
(6.5 mmol, 1.04 g) (2.0 equiv.) (1.20 g, 70% yield)

Scheme 2-24 704505
N T ISAEZ S 1 SR, EAT T SO AR IR K 2(1H)-F(1a, 1.04 g,
6.5 mmol), % F ¥ (2a, 1.38 g, 13.0 mmol, 2.0 equiv.), FEA 100 mL K MNRE F, fn
A ZHE(20.0 mL)YF1 IR £E(20.0 mL), F I RNE . 7F 1 6(440 nm, 40 W)HE S
FURTEHE RS 60 ho RILTERE, R RBREMH, FIERE 2R BOHEZ
W4 . F PE/EA (5:1, VIV) AERJETTH, HENNE S BAEEY), BIaEG
i 44 3a (1.20 g, 70% 77 %).
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2.6 FEAIRYRIERE
O

@ENfLPh

ITI O

CHj
3-Benzoyl-1-methylquinoxalin-2(1H)-one (3a). White solid; m.p. 157-158 °C; 88%
yield (46.5 mg). 'H NMR (600 MHz, CDClz): 8 = 7.96-7.94 (m, 1H), 7.87 (dd, J =
7.8, 1.2 Hz, 1H), 7.64-7.61 (m, 1H), 7.58 (t, J = 7.2 Hz, 1H), 7.44 (t, /= 7.8 Hz, 2H),

7.38-7.35 (m, 2H), 3.69 (s, 3H); *C NMR (150 MHz, CDCls): & = 191.8, 154.6,
153.3, 134.8, 134.2, 133.8, 132.1, 130.8, 129.9, 128.7, 124.2, 114.1, 29.0.

@)

N
L

ITI @)

CH,CH3
3-Benzoyl-1-ethylquinoxalin-2(1H)-one (3b). Yellow solid; m.p. 152—-153 °C; 85%
yield (47.3 mg).'H NMR (600 MHz, CDCl3): & = 7.99-7.98 (m, 2H), 7.93 (dd, J = 7.8,
1.2 Hz, 1H), 7.68-7.65 (m, 1H), 7.61 (t,J=7.2 Hz, 1H), 7.48 (t, J= 7.8 Hz, 2H), 7.43
(d, J= 8.4 Hz, 1H), 7.40-7.38 (m, 1H), 4.36 (q, J = 7.2 Hz, 2H), 1.42 (t, J = 7.2 Hz,
3H); 3C NMR (150 MHz, CDCls): & = 192.0, 154.8, 152.9, 135.0, 134.3, 133.0,
132.6, 132.1, 131.3, 130.1, 128.8, 124.1, 113.9, 37.5, 12.6.

O

sh e

ITI O

CH,Ph
3-Benzoyl-1-benzylquinoxalin-2(1H)-one (3c¢). Yellow solid; m.p. 128-129 °C; 88%
yield (59.9 mg). 'H NMR (600 MHz, CDCl3): & = 8.03-8.02 (m, 2H), 7.93 (dd, J =
7.8, 1.2 Hz, 1H), 7.64 (t, J= 7.2 Hz, 1H), 7.56-7.53 (m, 1H), 7.50 (t, J = 7.8 Hz, 2H),
7.38-7.29 (m, 7H), 5.53 (s, 2H); '3*C NMR (150 MHz, CDCl3): § = 191.8, 154.9,
153.6, 135.0, 134.9, 134.4, 133.3, 132.6, 132.1, 131.2, 130.1, 129.1, 128.8, 128.0,
127.2,124.3, 114.9, 46.0.
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C|)HZCH=CH2
1-Allyl-3-benzoylquinoxalin-2(1H)-one (3d). Yellow solid; m.p. 111-112 °C; 76%
yield (44.1 mg). 'H NMR (600 MHz, CDCls): = 7.98 (d, J= 7.2 Hz, 2H), 7.92 (d, J
= 7.2 Hz, 1H), 7.64-7.60 (m, 2H), 7.47 (t, J = 7.8 Hz, 2H), 7.39 (d, J = 7.8 Hz, 2H),
5.97-5.90 (m, 1H), 5.30 (d, /= 10.2 Hz, 1H), 5.25 (d, /= 17.4 Hz, 1H), 494 (d, J =
5.4 Hz, 2H); *C NMR (150 MHz, CDCls): & = 191.8, 154.7, 153.0, 134.9, 134.3,
133.2, 132.4, 132.1, 131.1, 130.4, 130.0, 128.8, 124.3, 118.8, 114.7, 44.6.

O
@Nﬁph
ITI O
CH,CO,Et
Ethyl 2-(3-benzoyl-2-oxoquinoxalin-1(2H)-yl)acetate (3e). Yellow solid; m.p.
133-134 °C; 84% yield (56.5 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.97 (d, J= 7.2
Hz, 2H), 7.93 (d, J = 7.8 Hz, 1H), 7.61 (q, J = 7.8 Hz, 2H), 7.46 (t, J = 7.8 Hz, 2H),
7.39 (t, J=7.8 Hz, 1H), 7.17 (d, J = 8.4 Hz, 1H), 5.05 (s, 2H), 4.24 (q, J = 7.2 Hz,
2H), 1.26 (t, J = 7.2 Hz, 3H); 1*C NMR (150 MHz, CDCls): d = 191.4, 166.7, 154.4,
152.9, 134.8, 134.3, 133.1, 132.33, 132.29, 131.3, 130.1, 128.8, 124.5, 113.6, 62.3,

43.4, 14.1.
0
MeO\C[NﬁPh
Nge

3-Benzoyl-6-methoxy-1-methylquinoxalin-2(1H)-one (3f). Yellow solid; m.p.
190-191 °C; 90% yield (53.0 mg). '"H NMR (600 MHz, CDCls): = 7.98 (dd, J = 8.4,
1.2 Hz, 2H), 7.64-7.61 (m, 1H), 7.48 (t, J = 7.8 Hz, 2H), 7.38 (d, J = 2.4 Hz, 1H),
7.34-7.29 (m, 2H), 3.88 (s, 3H), 3.75 (s, 3H); '*C NMR (150 MHz, CDCls): § = 192.0,
156.5, 155.3, 153.2, 135.0, 134.4, 133.2, 130.2, 128.8, 128.4, 121.8, 115.0, 112.1,
56.0, 29.3.
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3-Benzoyl-6-fluoro-1-methylquinoxalin-2(1H)-one (3g). Yellow solid; m.p.
160-161 °C; 86% yield (48.6 mg). 'H NMR (600 MHz, CDCl3): 8 = 7.94 (dd, J= 8.4,
1.2 Hz, 2H), 7.63-7.60 (m, 1H), 7.58 (dd, J = 8.4, 3.0 Hz, 1H), 7.46 (t, J = 7.8 Hz,
2H), 7.42-7.36 (m, 2H), 3.72 (s, 3H); '°F NMR (564 MHz, CDCl3): & = 117.7; *°C
NMR (150 MHz, CDCI3): 8 = 191.5, 158.9 (d, J = 243.8 Hz), 156.1, 153.0, 134.6,
134.5, 132.7 (d, J = 11.0 Hz), 130.6 (d, J = 1.8 Hz), 130.0, 128.8, 120.0 (d, J = 23.9
Hz), 116.2 (d, J=22.2 Hz), 115.4 (d, J= 8.6 Hz), 29.4.

O

oG

ITI O

CHs
3-Benzoyl-6-chloro-1-methylquinoxalin-2(1H)-one (3h). Yellow solid; m.p.
189-190 °C; 84% yield (50.2 mg). '"H NMR (600 MHz, CDCl3):6=7.97 (d, J = 0.6 Hz,
1H), 7.96 (d, J=1.2 Hz, 1H), 7.91 (d, J = 2.4 Hz, 1H), 7.65-7.61 (m, 2H), 7.46 (t, J =
7.8 Hz, 2H), 7.34 (d, J = 9.0 Hz, 1H), 3.73 (s, 3H); '*C NMR (150 MHz, CDCL): & =

191.4, 156.0, 153.1, 134.7, 134.5, 132.8, 132.7, 132.1, 130.3, 130.1, 129.8, 128.9,
115.3,294.

O

F3C\®[Nﬁph

ITI O

CHj
3-Benzoyl-1-methyl-6-(trifluoromethyl)quinoxalin-2(1H)-one (3i). Yellow solid,;
m.p. 172-173 °C; 82% yield (54.5 mg). 'H NMR (600 MHz, CDCl3): § =8.19 (d, J =
1.2 Hz, 1H), 7.97 (d, J = 1.2 Hz, 1H), 7.96-7.95 (m, 1H), 7.88 (dd, J = 8.4, 1.8 Hz,
1H), 7.65-7.62 (m, 1H), 7.52-7.48 (m, 3H), 3.76 (s, 3H); 'F NMR (564 MHz,
CDCl3): 8 = —62.1; *C NMR (150 MHz, CDCl3): & = 191.1, 156.2, 153.2, 136.3,
134.64, 134.56, 131.6, 130.1, 128.9, 128.5 (q, J = 3.8 Hz), 128.4 (q, J = 3.3 Hz),

126.7 (q, J = 33.7 Hz), 123.6 (q, J = 270.6 Hz), 114.9, 29.5.
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3-Benzoyl-7-fluoro-1-methylquinoxalin-2(1H)-one  (3j). Yellow solid; m.p.
169—-170 °C; 87% yield (49.1 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.95 (dd, J = 8.4,
1.2 Hz, 2H), 7.92 (dd, J = 8.4, 6.0 Hz, 1H), 7.62-7.59 (m, 1H), 7.47-7.45 (m, 2H),
7.11-7.06 (m, 2H), 3.67 (s, 3H); '°F NMR (564 MHz, CDCl;): 6 = —103.8; 1*C NMR
(150 MHz, CDCls): 6 = 191.5, 164.5 (d, J = 252.4 Hz), 153.4 (d, J = 3.8 Hz), 153.2,
135.6 (d, J=11.9 Hz), 134.8, 134.3, 133.1 (d, J/ = 10.8 Hz), 130.0, 129.0 (d, J= 1.8
Hz), 128.8, 112.3 (d, J = 23.6 Hz), 101.1 (d, J = 28.0 Hz), 29.4; HRMS (ESI) m/z:
[M+H]" Caled For Ci1sH12N202F" 283.0877; Found 283.0876.

O
isna,
FsC N“T0
CHs

3-Benzoyl-1-methyl-7-(trifluoromethyl)quinoxalin-2(1H)-one (3k). Yellow solid,;
m.p. 181-182 °C; 82% yield (54.5 mg). "H NMR (600 MHz, CDCl3): 6 = 8.04 (d, J =
8.4 Hz, 1H), 7.96 (d, J = 7.8 Hz, 2H), 7.64-7.63 (m, 3H), 7.49 (t, J = 7.8 Hz, 2H),
3.77 (s, 3H); F NMR (564 MHz, CDCl3): § = —62.6; *C NMR (150 MHz, CDCl5): &
=191.2, 157.2, 153.1, 134.7, 134.5, 134.1, 133.9, 133.4 (q, J = 32.7 Hz), 131.9, 130.1,

128.9, 123.5 (q, J = 271.2 Hz), 120.8 (q, J = 3.7 Hz), 111.6 (q, J = 3.9 Hz), 29.4;
HRMS (ESI) m/z: [M+H]" Calcd For C17H12N202F3* 333.0845; Found 333.0846.

O
Hst@[NfLPh
H4C N0

CHs

3-Benzoyl-1,6,7-trimethylquinoxalin-2(1H)-one  (31). Yellow solid; m.p.
161-162 °C; 90% yield (52.6 mg). '"H NMR (600 MHz, CDCl3): § = 7.97 (d, J = 7.2
Hz, 2H), 7.65 (s, 1H), 7.60 (t, /= 7.2 Hz, 1H), 7.46 (t, J = 7.8 Hz, 2H), 7.16 (s, 1H),
3.71 (s, 3H), 2.45 (s, 3H), 2.35 (s, 3H); 3C NMR (150 MHz, CDCl3): 8 = 192.1, 153.5,

153.4, 142.6, 135.2, 134.1, 133.4, 132.1, 131.0, 130.7, 130.1, 128.7, 114.6, 29.0, 20.9,
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3-Benzoyl-6,7-difluoro-1-methylquinoxalin-2(1H)-one (3m). Yellow solid; m.p.
185-186 °C; 84% yield (50.4 mg). '"H NMR (600 MHz, CDCls): = 7.94 (dd, J= 7.8,
1.2 Hz, 2H), 7.73 (dd, J = 9.6, 8.4 Hz, 1H), 7.63 (t, J= 7.2 Hz, 1H), 7.48 (t, J = 7.8
Hz, 2H), 7.94 (dd, J=11.4, 7.2 Hz, 1H), 3.69 (s, 3H); '°F NMR (564 MHz, CDCl;3): §
=-127.1 (d, J=24.1 Hz), —140.5 (d, J = 23.3 Hz); *C NMR (150 MHz, CDCl;): § =
191.2, 155.1 (d, J = 4.0 Hz), 153.0, 152.8 (dd, J = 255.3, 14.5 Hz), 147.1 (dd, J =
247.8,14.1 Hz), 134.7, 134.6, 131.5 (d, J = 10.3 Hz), 130.1, 128.9, 128.5 (dd, J = 9.0,
2.8 Hz), 118.6 (dd, /= 17.6, 1.9 Hz), 102.9 (d, J = 23.0 Hz), 29.7.

1-Methyl-3-(4-methylbenzoyl)quinoxalin-2(1H)-one (3q). White solid; m.p.
184-185 °C; 79% yield (44.0 mg). '"H NMR (600 MHz, CDCl3): & = 7.90-7.89 (m,
1H), 8.87 (d, J = 8.4 Hz, 2H), 7.66-7.63 (m, 1H), 7.39-7.37 (m, 2H), 7.26 (d, J = 7.8
Hz, 2H), 3.72 (s, 3H), 2.40 (s, 3H); 3C NMR (150 MHz, CDCl3): & = 191.5, 154.9,
153.3, 145.4,133.9, 132.4, 132.2, 132.0, 130.9, 130.1, 129.4, 124.2, 114.1, 29.1, 21.9.

3-(4-Chlorobenzoyl)-1-methylquinoxalin-2(1H)-one (3r). Yellow solid; m.p.
181-182 °C; 89% yield (53.2 mg). 'H NMR (600 MHz, CDCl3): 8 = 7.932-7.90 (m,
3H), 7.69-7.66 (m, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.42-7.39 (m, 2H), 3.74 (s, 3H); 13C
NMR (150 MHz, CDCl3): & = 190.5, 154.0, 153.3, 140.9, 134.0, 133.4, 132.4, 132.2,
131.4, 131.1, 129.1, 124.4, 114.1, 29.2.
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3-(4-Bromobenzoyl)-1-methylquinoxalin-2(1H)-one (3s). Yellow solid; m.p.
195-196 °C; 90% yield (61.8 mg). 'H NMR (600 MHz, CDClz): $ = 7.91 (d, J= 7.2
Hz, 1H), 7.84 (d, J = 8.4 Hz, 2H), 7.68 (d, /= 7.8 Hz, 1H), 7.61 (d, J = 8.4 Hz, 2H),
7.42-7.40 (m, 2H), 3.74 (s, 3H); 3C NMR (150 MHz, CDCl;): 6 = 190.8, 154.0,
153.4, 134.0, 133.8, 132.4, 132.23, 132.16, 131.5, 131.2, 129.8, 124.4, 114.2, 29.2.

1-Methyl-3-(4-(trifluoromethyl)benzoyl)quinoxalin-2(1H)-one (3t). Yellow solid;
m.p. 207-208 °C; 85% yield (56.5 mg). '"H NMR (600 MHz, CDCls): 6 = 8.10 (d, J
= 8.4 Hz, 2H), 7.93 (dd, J = 8.4, 1.8 Hz, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.72-7.69 (m,
1H), 7.44-7.42 (m, 2H), 3.76 (s, 3H); ’F NMR (564 MHz, CDCl3): § = —63.2; 3C
NMR (150 MHz, CDCls): 6 = 190.7, 153.6, 153.4, 137.8, 135.3 (q, J = 32.6 Hz),
134.1, 132.7, 132.3, 131.3, 130.4, 125.8 (q, J = 4.0 Hz), 124.5, 123.6 (q, J = 271.0
Hz), 114.2,29.2.

4-(4-Methyl-3-0x0-3,4-dihydroquinoxaline-2-carbonyl)benzonitrile (3u). Yellow
solid; m.p. 211-212 °C; 92% yield (53.2 mg). 'H NMR (600 MHz, CDCls): = 8.06
(d, J=8.4 Hz, 2H), 7.90 (dd, J=8.4, 1.2 Hz, 1H), 7.76 (d, J = 8.4 Hz, 2H), 7.72-7.69
(m, 1H), 7.43-7.41 (m, 2H), 3.74 (s, 3H); 3C NMR (150 MHz, CDCl;): § = 190.2,
153.3, 153.0, 138.1, 134.1, 132.8, 132.5, 132.1, 131.2, 130.3, 124.5, 117.9, 117.1,
114.2,29.2.
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CHs CHg
1-Methyl-3-(3-methylbenzoyl)quinoxalin-2(1H)-one (3v). Yellow solid; m.p.
146147 °C; 80% yield (44.5 mg). 'H NMR (600 MHz, CDCl3): 6 =7.92 (dd, J= 7.8,
1.2 Hz, 1H), 7.79 (s, 1H), 7.75 (d, J = 7.8 Hz, 1H), 7.68-7.65 (m, 1H), 7.43—-7.39 (m,
3H), 7.36 (t, J= 7.8 Hz, 1H), 3.74 (s, 3H), 2.39 (s, 3H); 3*C NMR (150 MHz, CDCI;):
0=192.2,155.1, 153.4, 138.7, 135.2, 135.0, 134.0, 132.3, 132.1, 131.1, 130.4, 128.7,
127.4,124.3,114.1, 29.1, 21 4.

CHs OCHjs
3-(3-Methoxybenzoyl)-1-methylquinoxalin-2(1H)-one (3w). Yellow solid; m.p.
131-132 °C; 64% yield (37.7 mg). 'H NMR (600 MHz, CDCl3): = 7.93 (dd, J= 8.4,
1.2 Hz, 1H), 7.69-7.66 (m, 1H), 7.59-7.58 (m, 1H), 7.47 (d, J = 7.8 Hz, 1H),
7.42-7.40 (m, 2H), 7.36 (t, J = 7.8 Hz, 1H), 7.18-7.16 (m, 1H), 3.86 (s, 3H), 3.75 (s,
3H); *C NMR (150 MHz, CDCl3): 8 = 191.7, 160.0, 154.8, 153.4, 136.3, 134.0, 132.3,
132.2,131.1, 129.8, 124.3, 123.4, 121.2, 114.1, 113.5, 55.7, 29.2.

CHs Cl
3-(3-Chlorobenzoyl)-1-methylquinoxalin-2(1H)-one (3x). Yellow solid; m.p.
126-127 °C; 91% yield (54.4 mg). '"H NMR (600 MHz, CDCl3): § = 7.90 (s, 1H),
7.86 (d, J=7.8 Hz, 1H), 7.81 (d, J = 7.8 Hz, 1H), 7.65-7.62 (m, 1H), 7.53 (dd, J =
7.8, 0.6 Hz, 1H), 7.37 (q, J = 8.4 Hz, 3H), 3.70 (s, 3H); 3C NMR (150 MHz, CDCI;):
0=190.4, 153.6, 153.2, 136.4, 134.9, 134.0, 133.8, 132.4, 132.0, 130.9, 130.0, 129.6,
128.1,124.3, 114.1, 29.1.
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CH; Br
3-(3-Bromobenzoyl)-1-methylquinoxalin-2(1H)-one (3y). Yellow solid; m.p.
138-139 °C; 85% yield (58.3 mg). 'H NMR (600 MHz, CDCls): & = 8.07-8.06 (m,
1H), 7.88-7.86 (m, 2H), 7.70-7.63 (m, 2H), 7.39-7.36 (m, 2H), 7.34-7.31 (m, 1H),
3.70 (s, 3H); °C NMR (150 MHz, CDCl): & = 190.3, 153.5, 153.2, 136.9, 136.6,

133.8, 132.5, 132.4, 132.0, 130.9, 130.3, 128.6, 124.3, 122.9, 114.1, 29.1.
O CHs

1-Methyl-3-(2-methylbenzoyl)quinoxalin-2(1H)-one (3z). Yellow solid; m.p.
104-105 °C; 74% yield (41.2 mg). '"H NMR (600 MHz, CDCls): = 7.90 (dd, J = 8.4,
1.2 Hz, 1H), 7.66-7.63 (m, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.45-7.42 (m, 1H),
7.40-7.38 (m, 2H), 7.32 (d, J = 7.8 Hz, 1H), 7.22 (t, J = 7.8 Hz, 1H), 3.72 (s, 3H),
2.68 (s, 3H); *C NMR (150 MHz, CDCl): & = 194.1, 155.8, 153.4, 140.8, 134.3,

133.9,133.0, 132.3, 132.1, 132.0, 131.0, 125.7, 124.2, 114.1, 29.1, 21.8.
o i

3-(2-Chlorobenzoyl)-1-methylquinoxalin-2(1H)-one (3aa). Yellow solid; m.p.
131-132 °C; 84% yield (50.2 mg). '"H NMR (600 MHz, CDCl3): & = 7.89-7.86 (m,
2H), 7.65-7.63 (m, 1H), 7.47 (td, J = 7.2, 1.2 Hz, 1H), 7.42-7.34 (m, 4H), 3.71 (s,
3H); 3C NMR (150 MHz, CDCl3): 6 = 191.6, 154.0, 153.3, 136.1, 134.2, 133.6, 133.3,
132.5,132.4, 131.6, 131.3, 130.5, 127.2, 124.2, 114.1, 29.1.
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3-(2-Bromobenzoyl)-1-methylquinoxalin-2(1H)-one (3ab). Yellow solid; m.p.
119-120 °C; 81% yield (55.6 mg). 'H NMR (600 MHz, CDCl3): 6 = 7.85 (dd, J= 7.8,
1.2 Hz, 1H), 7.80 (dd, J= 7.8, 1.8 Hz, 1H), 7.65-7.63 (m, 1H), 7.57 (dd, J= 7.8, 1.2
Hz, 1H), 7.44 (td, J = 7.2, 1.2 Hz, 1H), 7.39-7.34 (m, 3H), 3.70 (s, 3H); 3*C NMR
(150 MHz, CDCls): 6 = 192.3, 153.3, 153.2, 138.4, 134.3, 133.6, 133.4, 132.6, 132.4,
131.8,131.4,127.7,124.2, 121.4, 114.1, 29.1.

Crrorr
N~ O

CH3 CHs
3-(3,5-Dimethylbenzoyl)-1-methylquinoxalin-2(1H)-one (3ac). Yellow solid; m.p.
173-174 °C; 85% yield (49.7 mg). '"H NMR (600 MHz, CDCl3): = 7.92 (dd, J= 8.4,
1.2 Hz, 1H), 7.68-7.65 (m, 1H), 7.56 (s, 2H), 7.41-7.39 (m, 2H), 7.24 (s, 1H), 3.73 (s,
3H), 2.33 (s, 6H); 3C NMR (150 MHz, CDCl3): 8 = 192.4, 155.3, 153.4, 138.5, 136.2,
135.0, 133.9, 132.3, 132.0, 131.0, 127.7, 124.2, 114.1, 29.1, 21.3; HRMS (ESI) m/z:

[M+H]" Caled For Ci1sH17N202" 293.1285; Found 293.1280.
O Br

3-(2-Bromo-4-fluorobenzoyl)-1-methylquinoxalin-2(1H)-one (3ad). Yellow solid,;
mp 182-183 °C; 87% yield (62.8 mg). 'H NMR (600 MHz, CDCl3): = 7.89-7.86 (m,
2H), 7.67 (t, J = 7.8 Hz, 1H), 7.40-7.38 (m, 2H), 7.34 (dd, J = 7.8, 1.8 Hz, 1H),
7.19-7.16 (m, 1H), 3.72 (s, 3H); '°F NMR (564 MHz, CDCl3): 6 = —104.4; 1*C NMR
(150 MHz, CDCl3):6 = 191.1, 164.5 (d, J = 256.7 Hz), 153.4, 153.3, 134.7 (d, J=3.3
Hz), 134.3, 133.9 (d, J = 9.6 Hz), 132.7, 132.5, 131.5, 124.3, 122.6 (d, J = 9.8 Hz),
121.2 (d, J=24.4 Hz), 115.3 (d, /= 21.3 Hz), 114.1, 29.1; HRMS (ESI) m/z: [M+H]*
Calcd For C16H11N202BrF* 360.9982; Found 360.9985.
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N
CLLC
N~ O

3-(1-Naphthoyl)-1-methylquinoxalin-2(1H)-one  (3ae). Yellow solid; m.p.
176177 °C; 75% yield (47.2 mg). '"H NMR (600 MHz, CDCl3): 6 =9.15(d, J= 8.4
Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H), 7.92-7.90 (m, 2H), 7.87-7.86 (m, 1H), 7.70-7.67
(m, 1H), 7.66-7.64 (m, 1H), 7.58 (t, J = 7.2 Hz, 1H), 7.45 (t, J = 7.8 Hz, 1H),
7.40-7.38 (m, 2H), 3.73 (s, 3H); *C NMR (150 MHz, CDCl3): & = 194.1, 155.8,
153.6, 134.9, 134.1, 134.0, 133.0, 132.4, 132.1, 131.6, 131.2, 131.1, 129.0, 128.6,
126.9, 126.3, 124.32, 124.30, 114.1, 29.1.

3-(2-Naphthoyl)-1-methylquinoxalin-2(1H)-one  (3af). Yellow solid; m.p.
184-185 °C; 85% yield (53.4 mg). 'H NMR (600 MHz, CDCl3): 8 = 8.41 (s, 3H),
8.13 (d, /= 8.4 Hz, 1H), 7.95 (t, J= 9.0 Hz, 2H), 7.89 (d, J = 8.4 Hz, 2H), 7.70 (t, J =
7.8 Hz, 1H), 7.61 (t,J = 7.2 Hz, 1H), 7.52 (t, J = 7.2 Hz, 1H), 7.44-7.42 (m, 2H), 3.78
(s, 3H); 3C NMR (150 MHz, CDCl3): & = 191.9, 155.0, 153.6, 136.3, 134.1, 133.1,
132.5, 132.43, 132.40, 132.2, 131.2, 130.0, 129.2, 128.9, 128.0, 127.0, 124.6, 124.4,
114.1, 29.2.

1-Methyl-3-(thiophene-2-carbonyl)quinoxalin-2(1H)-one (3ag). Yellow solid; m.p.
142-143 °C; 70% yield (37.8 mg). 'H NMR (600 MHz, CDCl3): 6 = 7.92 (d, /= 7.8
Hz, 1H), 7.79-7.76 (m, 2H), 7.69-7.66 (m, 1H), 7.41-7.38 (m, 2H), 7.15-7.13 (m,
1H), 3.74 (s, 3H); *C NMR (150 MHz, CDCl3): & = 183.1, 153.0, 152.8, 141.7,
136.21, 136.16, 134.2, 132.6, 131.9, 131.1, 128.4, 124.3, 114.1, 29.3.
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1-Methyl-3-pivaloylquinoxalin-2(1H)-one (3ai). Yellow solid; m.p. 137-138 °C;
70% yield (34.2 mg). '"H NMR (600 MHz, CDCls): 8 = 7.87 (dd, J = 7.8, 1.2 Hz, 1H),
7.64-7.61 (m, 1H), 7.39—7.37 (m, 1H), 7.35 (d, J = 8.4 Hz, 1H), 3.70 (s, 3H), 1.36 (s,
9H); *C NMR (150 MHz, CDCI3): 6 = 208.3, 156.6, 153.1, 133.6, 132.2, 131.6, 130.8,
124.2, 114.0, 44.5, 29.0, 26.5.

3-(tert-Butyl)-1-methylquinoxalin-2(1 H)-one (3ai'). Yellow solid; m.p. 121-122 °C;
80% yield (34.6 mg). '"H NMR (600 MHz, CDCl3): 6 = 7.83 (dd, J= 7.8, 1.2 Hz, 1H),
7.52-7.49 (m, 1H), 7.32-7.30 (m, 1H), 7.27 (d, /= 7.2 Hz, 1H), 3.67 (s, 3H), 1.49 (s,
9H); *C NMR (150 MHz, CDCl3): 8 = 165.4, 153.9, 133.5, 132.3, 130.3, 129.6, 123.3,
113.4,39.6, 28.9, 28.0.

3-Cyclopentyl-1-methylquinoxalin-2(1H)-one (3aj').Yellow solid; m.p. 129-130 °C;
49% yield (22.4 mg). '"H NMR (600 MHz, CDCl3): 8 = 7.81 (d, J = 7.8 Hz, 1H), 7.49
(t, J=7.8 Hz, 1H), 7.31 (t, J = 7.8 Hz, 1H), 7.27 (d, J = 7.8 Hz, 1H), 3.67 (s, 3H),
2.09-2.04 (m, 2H), 1.95-1.90 (m, 2H), 1.84-1.80 (m, 2H), 1.74-1.70 (m, 2H); '*C
NMR (150 MHz, CDCI3): 6 = 163.8, 155.1, 133.1, 132.8, 129.8, 129.4, 123.4, 113.5,
42.8,30.9, 29.1, 26.0.

1-Methyl-3-propylquinoxalin-2(1H)-one (3ak'). Yellow solid; m.p. 101-102 °C;
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47% yield (19.0 mg). 'H NMR (600 MHz, CDCls): & = 7.84 (dd, J = 7.8, 1.2 Hz, 1H),
7.54-7.51 (m, 1H), 7.35-7.32 (m, 1H), 7.30 (d, J = 8.4 Hz, 1H), 3.71 (s, 3H), 2.93 (t,
J = 7.8 Hz, 2H), 1.86-1.80 (m, 2H), 1.05 (t, J = 7.8 Hz, 3H); '3*C NMR (150 MHz,
CDCL): 6 =161.4, 155.1, 133.3, 132.8, 129.74, 129.69, 123.7, 113.7, 36.4, 29.2, 20.4,

14.2.
CHs

N
™
N~ ~O

|
CH3

3-Isopropyl-1-methylquinoxalin-2(1H)-one (3al'). White solid; m.p. 114-115 °C;
36% yield (14.6 mg). '"H NMR (600 MHz, CDCls): & = 7.83 (dd, J = 7.8, 1.2 Hz, 1H),
7.51-7.48 (m, 1H), 7.32-7.30 (m, 1H), 7.27 (d, J = 9.0 Hz, 1H), 3.69 (s, 3H),
3.65-7.58 (m, 1H), 1.31 (d, J = 7.2 Hz, 6H); '*C NMR (150 MHz, CDCl3): § = 165.1,

154.6, 133.1, 132.9, 129.9, 129.5, 123.5, 113.6, 31.3, 29.1, 20.3.
Et

N~ "0

I
CH3

1-Methyl-3-(pentan-3-yl)quinoxalin-2(1H)-one (3am'). Yellow oil; 34% yield (15.7
mg). '"H NMR (600 MHz, CDCls): § = 7.84 (dd, J = 7.8, 1.2 Hz, 1H), 7.52-7.49 (m,
1H), 7.33-7.31 (m, 1H), 7.28 (d, J = 8.4 Hz, 1H), 3.70 (s, 3H), 3.37-7.32 (m, 1H),
1.90-1.84 (m, 2H), 1.73-1.67 (m, 2H), 0.88 (t, J = 7.8 Hz, 6H); '*C NMR (150 MHz,
CDCl): 6 =163.9, 155.2, 132.95, 132.92, 129.9, 129.5, 123.5, 113.6, 44.7, 29.2, 25.8,
12.1.

2.7 KEINEE

TFR T AEURA BORLAAT T 5 383 AT WG e a3 W R AR~ 2. 1) B AR 77 T F 58 S
ot S AR IR B 18 3- o 22 1 W AR -2-(LED A ) 7 i o 55 BLAT ) 5 ol 3- P 22 e
2-(LEERR AL, ZIHERA LML, WA T EANE AR SN 2 AF
AN UL R TR -2 (1LH)- B 5 57 8 5 e AN A R o 38 I 2 ) S0 06 K e g v )
TN S M ALVEBEAT VWP TE, SIS RERINZ N4 P B i N Pife, v
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W W2~ (1) B AT G T A 7 ) 3- i A s W k- 2- (1L i P 78 24 RE R 4 A Ol i Ak
7

28



8 W YN T e VAT

£ 38 THAMMAEFIFHE THRHERNITERREZIREG

3.1 ARER

R ZHAET EFRATY S, B THTERAHA S T Gk,
RL, ARG UL RNEZUS), 2 05 (FE) RAEMME T, BB AN R DL
o8 PR R IF S5 RE AL, RARAFEAE 1 BA B Ak 5 & L & 3E 4F FAE AWt 7 b A
AEERL, FRNERAGHE. STEEMO FLRU. FUl /M, Hidh
P #0000 R A B SR Ak D2OVRI B Ak A A 2055 24 SRR M

2014 4, Takai PRI T | =5 P BEIR BN AL 2-(2- 77 IR 5L L0
FEWEG AR o %R NIRRT R T A 2 005 R (PAHS) IR 22, WA RN
AEAE IR ZIERA R PRTAT 533 BRI RN m R
Ri(Scheme 3-1).

OMe
Bi(OTf)3 (5 mol%) OGO
(L)) oo
25 C
Scheme 3-1 2-(2-75 3 K 3% 205 FEBE AL & Bl
2015 4, Shibuya BB FT T ET AL 2- 23 — 5 B IR AL IR
2 B LR R RIS [nS-(p-cymene)RuCL(PR)IWEMEAL T AgX e, &
F= R FFE (Scheme 3-2).

// 5 mol% Ru
\ 2 PhCI _\R

R 120°C,20h
Scheme 3-2 2- 2. k3 — 57 FEIR T MAK S

2016 4, Watanabe PRERZHI2BF 5 1 BIAL SR8 AL — 2K SAB AT AV BIME SOV
SRR E BOTEM L, X R R R SN TR R, I R e, R E
AL B0 25 55 Ab BE (Scheme 3-3).,
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— Kl, 365 nm
2-6 h
cyclohexane

45-97%
R

Scheme 3-3 ﬁ;&%ﬁi{’%‘é%:i‘ﬁZi%ﬁf%%%ﬂc}i&?

2017 4, Xia BREHIZSHRGE T 3-75 2-N-(0F FE M I 55 ) P Mok A ol & 3 S L AT
T MR R, ZI R A TR . C-C B, 1,3-E5 . I
BRAINE R SR Ak, 1277 5 SO VIS P RSN e B 25 BEAT TBOR S 58 (Scheme 3-4).

300 nm O
toluene @ @
base
Scheme 3-4 3-753:-N- (7 BB L) N & B3E AT A4

2017 4, Ichikawa UR@ZHU20V% FE T Brensted ME1EAL 1,1,1,3,3,3-75 9 A JE-2-
W foi 7K 75 A A B EE B AT AE Y o Z VAR N T 2 35 55 18 A li(Scheme 3-5).

/o
__ TfOH (4 mol%) 6
) HFIP, 0 “C, 20 min o
\ /\R1

Scheme 3-5 FRMEAY, 1,1,1,3,3,3-7N 90N b -2- B 05 K40 & 1 22 3105 18
2017 4, Schindler BREAHI T 1R fhE A IR F R - s B2 0 e I 82 65 il
M7, RXMOTERARER R BREBI 2 e KIEFE E A, K&
J7 3 R Hh E A R 21 S 8 []44 (Scheme 3-6).

R'I
FeCl; (cat.)

to [2+2 NN
reto [2+2] R p S

R2

R!=H, alkyl, aryl
Scheme 3-6 #: (11D EALIIE-MEE DGR EZ A5 K&

2018 4, Alabugin BHIEIF R 1 H HEML G R 77 AL SV R,
PEEIME G A T BusSn IURRIIZE L . AL & ¥)(Scheme 3-7).
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Ph SnBU3
gz SnBuj
MeO.~" BusSnH (2.0 equiv.) ~ MeO Ph -
AIBN (1.0 equiv.) ‘ .\ O
C00 meses s O QL0

Scheme 3-7 H ML EREIM UGN
2019 4F, Lin WREHIISZI |4 LM F IR A 5 57 & IR YR ER S 2 24
TIEWEYNITTE. UL 32%-86%IH - F a1 42 BIZH T ENEY), RPLEHE
B R 4T ) X ek £ % (Scheme 3-8).

o~ o =22

Pd"
Scheme 3-8 <8 MR 5 757 & RIRALYMBIR & B 3 55 FAL &)
2019 4, Lin SEA BT 1 —Fi il p-iR LM 2 95 e G IR 95 e 51
75 9% . e B R ) B 55 A A AT DL LA SR 12- I FE R 2 MY ke
(Scheme 3-9).

B

]
- ()
INeeE- el
NN I
= e 50 C, 12 h Q

2 TfO

Scheme 3-9 F5 b & i Z 75 AL &)
2022 4F, Tobisu WEARAISHRIE T ik 2- 205 FE B & iaE L HATEDI 5
%o PL 60%-94%I1 7= KA 1K T KL E 12375 &4 &Y (Scheme 3-10).

T 2
O o, (42

N\ 7/ PhCH,, 160 ‘C, 20 h _
R' R'=0Me,F,Cl

Scheme 3-10 51t 2- ZMGILIR & R EZ IMLEY)
R S K 2 S SR A A TR B RSB 2R RO XA AT
R TAE BERE LIS O R ER & BEE LT AR 5%, 2l 2-(4-H13)
REAHRIR IR AR, AETHMIDCEBG AT, RIADGRRECR OB, A FEPA
R HERA
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NO,

photocatalyst 6

Solvent, rt

Scheme 3-11 Y gt 19E & HATEM T & R
32. RMEHMK

N T SEIZARTE, R T 2- (4-FRER) BRI CARE AR SR -
7E Ru(bpy)sCla VE ARG 2644 T, K 7a 1 N, N-— F 3L FE (2.0 mL) I\ &8
i, BARY AR NE . £ FH 10W 856 LED (410 nm) fR5F 30 /N,
PL 71% R 45 21 Bl 75 (9 774 8a (Table 3-1, entry 1) 735 fac-Ir(ppy)s A1 Eosin
Y VERIGEGH, EARRII R BLZEAT T, 23 I EL 62 %A1 64 Y% RIS 345 3 i 75 11
) 8a (entries 2 and 3). 2 NRE M2, ETIMDCHGHZM T, WEELL 61 %1
St =49 2 T 7 1074 8a (entry 4), RN AA RTINS IR N T I EZ B
PR, PR AR GIR I DY 2R AT TR . SCIRILR R, R AN G R
I, B2 2 G IS S S22, SRS IR I TR, RN A 2 A
LA 56% 73%- 70%- 91%H]™ F 43 2 7 77 8a (entries 5-8). Jf HAER&
I v N B AT AR 80°C HEAT IV, A W) 8a AL (entry 9), iX
RUDCINIZ RN R BB Y AT FEATES, 8a 7 IELHN 73 %(entry
10). 3 — B 50 S BLE FRINT s L7 e (R R, R 2 O AR R 2 RS T AR AE J
R, AR RITEE T AR L2- A . R, AR, 2. A
IR gt 0 R 2RI -E ARV 0], S DA R P IR 7 3245 3 B 55 1K) 7 47) 8a (entries 11-17). 7E
MR R PE R, 4650 S SR 1) 25 24 /N Bl 2 2K S S s 11 21 36 /N, 49531 DA
78 %1 90 %I 45 EI BT 75 (74 8a (entry 18). FEFRIE T OGIRAIA K . b
IREThZR VAL NS TR =, 7E %30, R 7a (0.2 mmol) Al N, N-— F 5 12 (2.0
mL)RN R NE Y, BRI E RN, 7R 40 W S48 LED (390 nm)ESH T
S 30 NI 2 1% S S B R S5 (enty 8).
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Table 3-1 S 2L @

__NO,
Catalyst 6
Q O CHs Solvent Q O CHa
7a n 8a
Entry Photocatalyst LED (nm) Solvent Yield(%)?

1 Ru(bpy);Cl2 410 (10 W) DMF 71
2 Sfac-Ir(ppy)s 410 (10 W) DMF 62

3 Eosin Y 410 (10 W) DMF 64
4 - 410 (10 W) DMF 61

5 - 425 (10 W) DMF 56
6 - 390 (10 W) DMF 73
7 - 370 (10 W) DMF 70
8 - 390 (40 W) DMF 91
9 - In dark DMF 0¢, 04
10 - 390 (40 W) DMF 73¢
11 - 390 (40 W) CHxCL, 77
12 - 390 (40 W) CICH.CH:C1 81
13 - 390 (40 W) DMSO 80
14 - 390 (40 W) Acetone 67
15 - 390 (40 W) CH;CN 74
16 - 390 (40 W) THF 78
17 - 390 (40 W) Toluene 64
18 - 390 (40 W) DMF 78/, 90¢

“Reaction conditions: 7a (0.2 mmol), solvent (2.0 mL) and photocatalyst (2 mol%) at room
temperature in N, atmosphere under LED irradiation for 30 h. “Isolated yield. “In dark. “In dark,

80 °C. “In air atmosphere./Irradiation for 24 h. €lrradiation for 36 h.
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3.3 RNIEMHRE

Ay

A
390 nm (40 W)

DMF, Np, r.t.,, 30 h

R = CHs, 8a, 91% R =H, 8e, 92% R = Br, 8i, 81%
6 R=0OCHs 8b,89% R =1Bu, 8f, 90% R = CF3, 8j, 87%
O O R R=SCHs 8¢c,78%  R=F,8g, 88% R = CO,Me, 8K, 83%

R = Et, 8d, 88% R = CI, 8h, 82% R = COCHg, 81, 88%

R = CONH,, 8m, 79%

“ ﬁ""’ﬁﬁ

CHs CO,Et
~
8n +8n' (1:1) 87% 80+ 80 (6:4), 88%
R = CHs, 8r, 80%
R = Cl, 8s, 90%
8p + 8p (3:7), 83% 8q, 5%
aSe 2o 3Na s
0

v W, o
8t + 8t' (1:0), 92% 8u, 90% 8, 83%
R = CH,, 8a, 89%

0 EEE 00 00
R=Cl, 8, 82%
HsCO F

8w, 87% 8x, 95%
CHj
OO L~ () =
- o540 O
F
8y, 92% 8z, 81% 8aa, 92% 8ab, 0%

The scope of N-heteroarenes “’:’Reaction conditions: R-2-(2-nitrovinyl)-1,1'-biphenyl (7, 0.2
mmol) in the solvent of DMF (2.0 mL) was irradiated with kessil lamp (390 nm, 40 W) in a sealed
tube under N atmosphere at room temperature for 30 h. ?Isolated yield

Scheme 3-12 &Y 1 ob
TEARALI SR, WFFT T 2- R EOR 0% () BIRITEH], 455318
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Z51E Scheme 3-12 H1o ZEJFURM T Ay ZRIRI 4 f7 b, Toil 245 il 1510 2 IR H
TP (B In-OMe. CHs. Bu. SCHi. CO:Me. F. -Cl #-CF; Z5)#BAENF) & 4=
SRR, FH L 79%-92% 17 26 4 B H Fr 75 1 G 3R 724 8a—8m. [RIRT, FEJ5RLH
Ar RIN 4 47 b, WEEIR G . FEEORN R A ZRFR (1 1R Ar U BE BT A
PIAFAENL ST BFEME (191 1-CHs. -COLEt FI-CFs) , fEMRAL I 264 IR & A B
DL 87%- 88%FI1 83%[11 /=R A3 RN BT 75 1974 8n : 8n' (1:1)- 80 : 80' (6:4). 8p : 8p'
(3:7)0 I ZHARKIIEAE 2T B P ARBLRAF, 7351 EL 80%FH 90% 7 RS2 it AH
LA 8r A 8. X TR TT IR, o fril i E ik B A, N PR AR A
a-BI IR 8t : 8t (1:0), "M EEHFERER . EFR An 2801 2 A, FoR
Ary RIR) 5 AL 6 AL b, WMAEFERALII 25 A P IRA RN, BL 85%—95% ™ %45
BFT T =) 8q, 8w—8y, I M o025 [R50 7] L2 o AR5 i
b e b R BT [ 1 SRt BENRUR 58 S L, 73 A B 92% - 81%AH11 83% )7
SARPEAHNI 774 v 8z M 8aa. IRMZ, N AIFAIIELE YAl FARE
AT, BAARNE]E AR, IF BRI T Ak

1

o NO, /‘
390 nm (40 W)
\ R DMF, Ny, r.t., 30 h R

8ac, 88% 8ad, 85%

8ae, 86%
(2 X2 OaWat
& O o)
Cl H;CO

8af, 73% 8ag, 66% 8ah, 82%

H;CO
CH3
8ai, 80% R= OCH3 8aj 88%
R = Cl, 8ak, 90% 8al, 76%

The scope of N-heteroarenes “*:“Reaction conditions:R-1-(2-nitrovinyl)benzene (7, 0.2 mmol) in
the solvent of DMF (2.0 mL) was irradiated with kessil lamp (390 nm, 40 W) in a sealed tube
under N, atmosphere at room temperature for 30 h. “Isolated yield

Scheme 3-13 )4 & 1140
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B, FEARUER LGN, BRI T 2- M5 R IR IR YIVE L, 45
41 Scheme 3-13 ffizn. FEMRAIIRBIFAFT, ZFEAH & B M2 7 BRI
Wl SOSIR], DA R 240 5 1R 7= 2R A5 BAH B =) (Bac-8ag). % & kM2 1]
37 BELSSE RS IR I L RIS MAAR /N o P 2R ARS8 A7 BUARE (1 ORI 127 Al vt I
ML, LA 82%—80%F) 7 215 2 BT 5 7)) 8ah-8ai. HAFEENIZ, W LILIR
TFIR 77 2(76%—-90%) 42 B — B AR(8aj 8ak)F1 —HUAX(8al) {1 Z5 .

3.4 RMNHERIRS
34.1 BRERREW

NO,
Stand conditions QCO
H CH
‘ /. CHs Tempo (2.5 equiv.) 8
7a (0.2 mmol) 8a (34.6 mg, 90% yield)

Scheme 3-14 7a 5 TEMPO [ [ £33 35 5256
I H AR K SEIR AR T AT REFHLIE, 40 Scheme 3-14 iR . FREX 2- (4-
FJE ) IR IE 2F 207 (Ta, 47.9 mg, 0.2 mmol), 2,2,6,6,- VU FF & IR g 48 1k )
(TEMPO, 78.1 mg, 0.5 mmol, 2.5 equiv.), JIA N,N-—FEF (2.0 mL), AR
RO, BARPEARNE . EEIME(390 nm, 40 WY T, iR R
B30 /N o RS S, TLC RUBRERER, 201 P9 ORI R SR HEAT 3 B 4,
LA 90% (1) 243 3] (1 [l 14 8a, FIIX— RS FEAZ T B AT,

3.4.2 4] AR E

A Wt U-4100 43 66 EETE EIE 7 7a (14107 M)IEFI 8a (1%10° M)
FER) N, N-—— B S Jig i v 1R 28 AP LSO 3%, 4 Scheme 3-15 iR, 7a
IO A 340 nm AL F R ME, 8a MIMRISOLHE £E 300 nm A e KAE, Ta
8a IR SCIE HE A 275 nm £ 450 nm, X 5 5258 ) LED 3K (390 nm)—£L.
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5
i 7a (1*107 M)

1 8a (1¥10° M)
£
[+~
p — 3 —
S
g
e
w 2 -
=

1

0 i 1 . 1 . | B —

300 350 400 450
Wavelength (nm)
Scheme 3-15 K4b-1] LIRS
3.4.3 FFRATSCIE

FREL 2- (4-HJE) ZREEAHEEOR 207 (Ta, 47.9 mg, 0.2 mmol)JEN R M H, il
AN, N-—HEEREZ 2mL), FRYEHRME . £5K5M6(390 nm, 40 W)
BEORR, SIR I SON, 2 /NP EURE, 8] GC-MS il A= s, AR Ja AE BRI
AN BRI IREE [N 2 /N BUORERGT I 7] U HE OGRS AR T AR B 7 28 8
BN, WMATCRESEAT NP R B AR, T DUUE B 35 SR G RO 122 S B A o 2
i

50

0 2 4 6 8 10 12 14 16 18 20
Time (h)

Scheme 3-16 Jf 4] 5256
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3.4.4 R\ EFRICEL
(1) [FILEFRIC LN
NO,

- standard conditions 06 -
/, /,
7e-Ds (0.2 mmol) 8e-D; (37.8 mg, 94% yield)
D > 99%
D NO, D
standard conditions QGO ()
7e-D (0.2 mmol) 8e-D (33.0 mg, 92% vyield)
D > 99%
NO
D ’ D
\
O O standard conditions QCO m
7e-D (0.2 mmol) 8e-D (35.8 mg, 90% yield)
D >99%

Scheme 3-17 [FIf7 & brid L5
(2) [FI; FE AR e S50 A% W H
Phenanthrene-d, (8e-Ds) (I). White solid; 94% yield (37.8 mg). '"H NMR (600 MHz,
CDCl): 6=8.71 (d, J= 8.4 Hz, 1H), 7.92 (d, /= 7.8 Hz, 1H), 7.77 (s, 2H), 7.70-7.67
(m, 1H), 7.63 (t, J= 7.8 Hz, 1H).
Phenanthrene-9-d (8¢-D) (II). White solid; 92% yield (33.0 mg). '"H NMR (600 MHz,
CDCl): 6 =8.77 (d, J= 8.4 Hz, 2H), 7.98 (dd, /= 7.8, 1.2 Hz, 2H), 7.83 (s, 1H), 7.74
(td, J=7.2, 1.2 Hz, 2H), 7.71-7.68 (m, 2H).
Phenanthrene-9-d (8e-D) (III). White solid; 90% yield (35.8 mg). 'H NMR (600
MHz, CDClL): 6 = 8.73 (d, J = 8.4 Hz, 2H), 7.94 (d, J = 7.8 Hz, 2H), 7.78 (s, 1H),
7.71-7.68 (m, 2H). 7.66—7.63 (m, 2H).
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Ot e o o =t SO o U3 Tu Sh SO e £ ==

.........................

l HM l B H) ----- ' II HAU_I]_

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

=] a ] =3 =3 a 3 = 1 o

Scheme 3-18 [Flf7 Zbnic SEE6 % i ]

AT SR IOZRBIHLER, X 7e AT TR FALE 1 RN R BRI SE R
FERME R N AT, BN RFRICH Te-Ds (1)« 7e-D (IDF1 7e-D (II1) 7351 LA 94%.
92%F1 90% ) 7= Z 54k Ay 8e-Dy (I). 8e-D (Il 8e-D (). M %M Scheme 3-18
HETLAE Y, OB RE R ORIR Y C-D #5555 B, WU B C-D S8R J B H
AR

3.4.5 AIRERY /R M HLEE

* NO,
NO, o NO, H
M T Q Aromatization 6
I = — OO0 W
TET
7e 7e* ' 8e

Scheme 3-19 A A [ S AL EE
RYE EIRSCIS A SCHRIRIE, FEH T SRR RS, W0 Figure 3-19 For.
4%, FEERAN LED BT, Ta BBUR BIHUKES Ta*, & PIIN AR BAS 5 v ]
KT, $E T RO IEAT 2] Y) e Sl i fi Bk £ AL O AR &6, H AAHLER IS
ARt — B0 5T
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3.5 SCREERSY

3.5.1 4-FAFE-2- Q-THEZE) 1-1-BkE (7a) BIHIFE

oo PA(OAc) (5 mol%) =0
K>CO3 (2 equiv.
oo B o
Isopropanol / H,O (1:1)
Br rt 12h
1.2 equiv. - S1
NO,

CH3N02 (6 equiv.) —
Piperidine (10 mol%)

FeCl; (10 mol%
i (o
PhCHs, 110 'C, 12 h

7a

Scheme 3-20 4-F 5E-2- (2-W§2E 207D 1-1-BKFK (Ta) B

S1 MIE . FREVATIRZE S (1.8502 g, 10.0 mmol), X HZEZEHHER (1.6315
g, 12.0 mmol, 1.2 equiv.), BRIREF (2.764 g, 20.0 mmol, 2.0 equiv.)FIEEFREE (2.764
g, 20.0 mmol, 2.0 equiv.) I T 5 I R, AEIMARWNEE (6 mL) K
(6 mL). 7E =8 FE AR M 12 he TLC FMIRES, M 5ERE, I H20 (50
mL) FBES B, SRJ5 M EtOAc (50 mL) ZXBUR S 3 . &3FA ML
7K NaxSOs 452, N A& B ek I FH e 2 7% A AN Rl s 28 48k 4 - H PE/EA (100:1, V/V)
TERNFEIER, FEEMES SAIREY), TR 2R Y13 3 5 (6 14 S1(1.8847
g, 94%I 73,

Ta A FRELST (1.7662 g, 9.0 mmol), AEEH K (3.2962 g, 54.0 mmol, 6.0
equiv.),JRIE (76.6 mg, 10 mol%) M =F Ak (146.0 mg, 10 mol%) II A F-J5 5 )
MR, SRJEIIANFZE (10 mL). £E 110 °C fIHGmBt, Bl Z35 3k B0 S 8
12 he TLC RiBURER, RMSERGE, R, B2 250 mL § 05 Y, Hei
R RAIRE 2R AR . T PE/EA (50:1, V/V) AERETFH, FEMHED B aifhig
GV, R 4GS BT A Ta (1.8304 g, 85%HH7 ).,
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3.5.22- QQ-WEE-1-WHE-1-8) 1-1-BEE (7x) 89%I%E

cho  PA(OAC, (5 mol%) =0
Osom - (2 05
Isopropanol / H,O (1:1)
. Br rt 12 h
1.2 equiv. o S2
HsC NO,

CH3CH2N02 (6 eqUiV.)
Piperidine (10 mol%)

FeClz (10 mol%) O O
PhCHs, 110 °C, 12 h
7x
Scheme 3-21 2- (2-FHFE-1-AH-1-F8) 1-1-BcK (7x) FHI4

S2 & . FREUARIRAS I (1.8502 g, 10.0 mmol), KHi#R (1.4632 g, 12.0
mmol, 1.2 equiv.),BEEREF (2.764 g, 20.0 mmol, 2.0 equiv.)FIEEEZ 4D (2.764 g, 20.0
mmol, 2.0 equiv.) A T4 5 I EREH, REMARHEE (6 mL) fK (6
mL) o 7E=IR N ABEE RN 12 he TLC SAREREES, RMN5ERJE, A H20 (50
mL) RN, #RJEF EtOAc (50 mL) RBUREY 3 K. & IFHA N
7K NaxSOs 452, N A& B ek I FH e e 7% A AN Rl s 2543k 4 - ] PE/EA (100:1, V/V)
TERRITFN, AEETE B AR A, I 28 TR 445 31 38 (& 4 S2 (1.7493
g, 96% 1= 3),

7x A FREX S2 (1.6400 g, 9.0 mmol), % 2. %% (4.0536 g, 54.0 mmol, 6.0
equiv.),KIE (76.6 mg, 10 mol%) M =F ALk (146.0 mg, 10 mol%) II A F-J5 5 )
M I, RGN ZE (10 mL). £ 110 °C FIHGHA T, R 2 HE [ & 8
12h. TLC pifRER, RMSERUS, W, #B % 250 mL SR+, FbER
FERAIR T ZE R 45 . Fl PE/EA (50:1, V/IV) 1ERJEITF, FIAEEN S Bk
REY), WUEZAMRATE R AR 7x (1.9166 g, 89%IH ™ %),
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3531- Q-EECHER) 2- (EZHE) & (7ab)  BIHIE
Pd(OACc), (5 mol%)

@_// ©:CHO KsPOy (2 equiv.)
+
DMA, 140 C, 12 h

Br

5.0 equiv.

CH3NO, (6 equiv.)
Piperidine (10 mol%)
FeClsz (10 mol%)
PhCHs, 110 'C, 12 h

Scheme 3-22 1- (2-fifdE 2055 2- (HEZMHHE) 7K (Tab) &

S3 & : FREVARIRA I (1.8502 g, 10.0 mmol), K 2 (5.2076 g, 50.0
mmol, 5.0 equiv.),BEFREH (4.2452 g, 20.0 mmol, 2.0 equiv.)FIEEFZ AN (112.3 mg, S
mol%) I T4 5 T B A, SRJE NN N, N- B 3 2% (10 mL). 7E 140 °C
[P AR SN 12 he TLC RBRERES, RBSERUE, A H2O (50 mL)
e S NV, SR JE I EtOAc (50 mL) FEHURAEY) 3 k. & FFHA HUAHE Bk
NaxSOs T, NG T e i 28 R A3 R Z8 1k 4 . H PE/EA (200:1, V/V)
TERNFEIFR, FEEMESSAIREY), TR 2R 415 3 8 6 4 S3 (1.9993
g, 96%[I 73,

7ab B&K: FRELS3 (1.8743 g, 9.0 mmol), i 3E FH 4% (3.2962 g, 54.0 mmol,
6.0 equiv.),NKIE (76.6 mg, 10 mol%)F =&tk 8k (146.0 mg, 10 mol%) NN T /5
[ IR, SRS A FZR (10 mL). £ 110 °C M#GHH,  RIZ R R
.12 ho TLC SARERER, RMGERSE, W, #2250 mL SR OBEHEH, A
IR R AR 78I 45 . ] PE/EA (100:1, V/V) 1EREIFFH, HEMTE B4t
REY), WE 2RS35 (A K 7ab (2.0580 g, 91%117= %),
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3544-REE-2- QHECHEER) -1-2HEEFR (7a)  KIFIF
Pd(OAC), (5 mol%)
HsCO o PPh (10 mol%)  H,CO \
+ X BF:K  Cs,CO; (3 equiv.) \©33
Br THF /H,0 (9:1) =
1.5 equiv. 70 C,12h sS4

NH4OAc (1.2 equiv.)

CH3NO, (6.0 equiv.)  H3CO X NO2
CH3COOH, 90 C, 12 h pZ

7ai

Scheme 3-23 4-F%(JE-2- (2-TH2E ZJF 28D -1-ZIRHEIK (Tai) %

S4 A FREL 2G5 = S B AT (443.9 mg, 3.0 mmol), 2-7R-5- FH A FL K
i (967.7 mg, 4.5 mmol, 1.5 equiv.), BEEZHL (11.2 mg, 5 mol%), — 7
(78.7 mg, 10 mol%) FELIRH: (2.9324 g, 9.0 mmol, 3.0 equiv.) I T 5 HITH &
e, SR PUERRIE (9 mL) FI7K (1 mL) o 7E 70 °C [ #6235 P4 FE
N 12 he TLC miMERER, KMSERUE, I HO (20 mL) ke B, R)a
F EtOAc (20 mL) FHUREY) 3 K. &HFA HIAH K NasSOs T4, IAE
BRI T et 2% AR 28 1k 4ii . ] PE/EA (200:1, V/V) VENJEIFH, KEMT
A EAAGIR G, U 2T A 19 2 5 L[ 8 S4(447.6 mg, 92%H1 77 %)

7ai )& %: FREL S4 (324.4 mg, 2.0 mmol), fE#E L (732.5 mg, 12 mmol,
6.0 equiv.), FIEEFRE: (185.0 mg, 2.4 mmol, 1.2 equiv.) IOIATH /G HOm B A+,
RIGIMAN IR (2 mL). £E 90 °C HyFGh o B FE RN 12 he TLC RRERER,
RBLFERUE s N H20 (20 mL) FiBE B, 485 A EtOAc (20 mL) REHUR A
Y3 k. & I IA NI 67K NaaSOa )6, F e 25 KAl s 2518k 4 - F PE/EA
(200:1, V/V) {ERJEIFFI, MJENTES BAGIR G, Tk 2RISR 15 31 35 (4[]
14 7ai (266.8 mg, 65%H)77 %),
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355 Mk 2- Q-EEZHEE) -1, 1-BEEK (7ae-Ds) BIHIE

cHo  Pd(OAc), (5 mol%) =0
T K5CO3 (2 equiv.) -
X B(OH), + N2
Ds B Isopropanol / HyO (1:1) 7 Ds
r rt. 12 h
1.2 equiv. S5
CH3NO, (6 equiv.) __No:
Piperidine (10 mol%)
FeCl; (10 mol%) —
/,
PhCHj, 110 C, 12 h \ 7p,
7ae-Ds

Scheme 3-24 5iifX 2- (2-fif2E 2R3 -1, 1-BEFK (Tae-Ds) [l %

S5 M4 al: FREVARIRZE S (1.8502 g, 10.0 mmol), A Hi#Z-Ds (1.7644 g, 12.0
mmol, 1.2 equiv.), B R4 (2.764 g, 20.0 mmol, 2.0 equiv.) FIES FR 4T (112.3 mg, S
mol%) I AT J5 HO i e, SR S5 I N EE (6 mL) F17K (6 mL) o 7E=iR
RN 12 he TLC mMEREE, RN FERUE, M H20 (50 mL) ik
BB, 285 I EtOAc (50 mL) ZEHURE S 3 K. & 1A HIAHFIJE/K NaxSO4
Wi, NN IE SR B e e 28 I AU 25 T A - FH PE/EA (100:1, V/V) {ENJETE
M, HEENTRSBAIR G, DR 2R TGRS 2D 14 85 (1.9696 g, 95% K
PR,

Tae-Ds [ & . FREUTARHE 2K 2K B (1.8659 g, 9.0 mmol), filj 3
(3.2962 g, 54.0 mmol, 6.0 equiv.),JKIE (76.6 mg, 10 mol%)Fl = F Ak (146.0 mg,
10 mol%) iA1= I A, ARSI 2K (10 mL). ££ 110 °C A H
JEIZAFRFE R R . 12 he TLC MBUIRER, ROMSERUE, Wi, % 250 mL
CURei R, e 28 R SO R 28 18Ik 4 . ] PE/EA (50:1, V/IV) 1ERABIFA, #
R  B ARG YD, D AR 445 2 51 (L[ K Tae-Ds (1.8701 g, 83%[1)7™
#)o
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3.5.6 ik 2- Q-HEZHEE) -1, 1-BEXK (7ae-D) BIHIE

0 o)
OH OCHjs CD,OH
O O SOCl, (2.0 equiv.) O O LIAID4 (1.0 equiv.)
CH3OH, 65 C,24 h CH3CH,OCH,CH;
S6 rt, 48 h S7
CDO
PCC (2.0 equiv.)
CH,Cly, rt, 24 h
7ae-D

Scheme 3-25 5iUfR 2- (2-ffE ZJHHEL) -1, 1-BE2K (Tae-D) (il 4

S6 14 1 FREX 1,1-BRK-2-FR 2 (3.9644 g, 20.0 mmol) FIZ AL VA (4.7588 g,
40.0 mmol, 2.0 equiv.) MIATUEE B R, SR IMAHEE (30 mL). 7£ 65 °C
IR R FE SOV, 24 he TLC mUARERER, KRV FERE, TIA H20 (50 mL)
Wi BE | N, K5 FH EtOAc (50 mL) ZEHUR &) 3 K. & 1A HUHEH K
NaxSOq T4, IIN & B I e e 28 A AR T 28 RV 4« ] PE/EA (5:1, V/V) 1E
NIRFER, FEENTES S AR G, D 2413 5 B 6 14 S6 (4.1600 g,
988%™ %)

S7 (& k: FREL S6 (2.1225 g, 10.0 mmol)II N T 5 (R Fe i, 4R 5
A CHE (20 mL), VKK 4 =M A IRARE A2 (0.4198 g, 10.0 mmol, 1.0
equiv.). TEZ IR T B HHEER N 12 he TLC SBUREE, RN SERG, I B
K, BEIEIIN 1M BRI RN AR REER Y. IINZBE (50 mL) ik [ M,
SR )5 H BtOAc (50 mL) ZEHUR AW 3 . & IFMA MUK NaSOs T4, H
Jire s 75 R SO 78 R 4« FH PE/EA (4:1, V/IV) AERJETTHI, HEEM S B4l
REY), WEZARRAT B AE A ST (0.9313 g, 50%077 %),

7ae-D 14 i FREL S7 (0.7450 g, 4.0 mmol) FI 5% BRI IE (2.3794 g, 8.0
mmol, 2.0 equiv.), MIAF-HRE MRS, REMAZZH S (40 mL). £
TEABRE R 24 he TLC RUMERER, JN58 UG BLAEHIDE, A & bekik.
IRV oK NaxSOs T4, I & Ak JI FH Jie e 28 R A 2 Tt 4« H
PE/EA (5:1, V/V) YEREIFH, A EMES BaABEY, 5B RS E
G [EH 4K Tae-D (0.7036 g, 96%[17 %),
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35.7 Wik 2- Q-EEZHEE) -1, 1-BEXK (7ae-D) BIHIE

CHO Pd(OAc), (5 mol%) =0
@B(OH)Z . @ KoCOs (2 equiv.) O O
Br Isopropanol / H,O (1:1)
i t 12h
1.2 equiv. r S8
D NO,

CD3N02 (6 equiv.)
Piperidine (10 mol%)

FeCls (10 mol%) O O
PhCH3, 110 C, 12 h

7ae-D

Scheme 3-26 At 2- (2-ffFE 2G5 -1, 1-BEK (Tae-D) I &

S8 & . FREUARIRA I (1.8502 g, 10.0 mmol), KH#R (1.4632 g, 12.0
mmol, 1.2 equiv.), BB (2.7640 g, 20.0 mmol, 2.0 equiv.) M EL AL (112.3 mg, 5
mol%) I AT J5 HO i e, SR S5 I N EE (6 mL) F17K (6 mL) o 7E=iR
NE AR 12 he TLC FARGERER, SMFERUE, A HO (50 mL) Fike
R, #RJE FH EtOAc (50 mL) ZHUREY) 3 k. &IFHIAHAHH LK NaxSOs T
W, e 28 R AR 2R8Ik 45 . F PE/EA (100:1, V/V) TERBIFH, HEENTIL

TEAMLIREY), TR ZERIR4A1S 2 B A [E A S8 (1.7493 g, 96%I1I =5,

Tae-D 114 B FREUECIE A HEE (1.6400 g, 9.0 mmol), SV FHEE (3.2962
g, 54.0 mmol, 6.0 equiv.), WRFE (76.6 mg, 10 mol%)F =5 L&k (146.0 mg, 10
mol%) IIAFH 5 I i, SREIMAHZR (10 mL). £E 110 °C f#qtia,

JEIZAR R AL R N, 12 he TLC SBCGRER, RMNTERUE, Wi, ¥ % 250 mL
Uiy, e 28 R AR 28 Tk 48 . H PE/EA (50:1, V/V) TERBTFA], #
JENTIE T AR GV, DR 2R 4 15 21 3 L[l 4 Tae-D (1.6494 g, 81%[1] 7™

).
3.5.8 IEMMEREI—RRTTIE
NO,
‘:/’ hv (390 nm, 40 W)
O O CHs TDMF N, rt, 30 h O CH,
7a (0.2 mmol) 8a (35.0 mg, 91% vyield)

Scheme 3-27 FEIRE AT — M7 12
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FREX 2- (4-FR3E) ZRFLRYIETR 2,04 (7a, 47.9 mg, 0.2 mmol), AN N,N-—H 3
FER%(2.0 mL), #E 10 mL Je BORE H, BARY 3 I S, 722540 6(390 nm,
40 WHHES N, =N 30 he MV TERUE, TIA HaO (20 mL) #fE SRR, 2R
J& F EtOAc (3*20 mL) ZHBURE &Y 3 K. & IFA NI /K NaxSOs T4, e
B AR T 2R A . AR E R R ITAR, A Sk SR &9, Jk
ARIBIRAES 2] A [ 14 8a (35.0 mg, 91%[I7=5K),

3.5.9 REKLW

NO,

hv (390 nm, 40 W) QO
Q O CHs “DMF, Ny 1t 60 h CHa
1a (4.5 mmol, 1.08 g) 2a (0.67 g, 78% yield)

Scheme 3-28 7% SL46

AT BAEZSER I SE R E, BEAT T R . R 2- (4-FREE) RIEAHELOR
ZJ%(Ta, 1.08 g, 4.5 mmol), SN NN-—HEHFFEENZ(20.0 mL), #A 100 mL M
g, BRI E P RNE, EEIMEG90 nm, 40 WIS T, SR 60 ho
RBLSERUE s I H20 (50 mL) FBE R, 485 EtOAc (3%50 mL) #EHUIR
B3 Ko G IFHIANIAHFHTEK NaSOs T, e 28 RAIR 28 T4 . A
TR A JETER, R JE Mo B iR S, V8 78 TR 4 45 31 (3 ([ 44 8a (0.67
g, 718%™ 3),
3.6 FYIHIRIEEE
3.6.14,5-FFH3E (8p) BY x GHELEBSEIE (CCDC: 2286088)

= [ Pro
Te

- (60723)

™ PLATON-Rug 1 10:01:02 2023

-9 10 Cl2cl R = 0.06 RES= 0 29 X
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Bond precision: cC-C = 0.0024 A Wavelength=0.71073
Cell: a=22.777(3) b=6.2101(6) c=8.3690(8)
alpha=90 beta=96.609(6) gamma=390
Temperature: 273 K
Calculated Reported
Volume 1175.9(2) 1175.3(2)
Space group c 2/c G Zhedl:
Hall group -C 2yc -C 2yc
Moiety formula Cl18 H12 Ccl8 H12
Sum formula Cl8 H12 C18 H12
Mr 228.28 228.28
Dx,g cm-3 1.289 1.289
z 4 4
Mu (mm-1) 0.073 0.073
F0O00 480.0 480.0
Fooo* 480.18
h,k,1lmax 2%,8,10 29,8,10
Nref 1355 1355
Tmin, Tmax 0.991,0.993 0.413,0.746
Tmin’ 0.991

Correction method= # Reported T Limits: Tmin=0.413 Tmax=0.746
AbsCorr = NONE

Data completeness= 1.000 Theta(max)= 27.483

wRZ (reflections)=

R(reflections)= 0.0555( 957) 0.1703( 1355)

S = 1.058 Npar= 82

Scheme 3-29 4,5-ZKJ£9E (8p) I x H£& i1 5 Hdis
3.6.2 FPHIEE . B RIS RITHEIE

2-Methylphenanthrene (8a). White solid; m.p. 57-58 °C; 91% yield (35.0 mg). 'H
NMR (600 MHz, CDCL3): & = 8.78 (d, J = 8.4 Hz, 1H), 8.69 (d, J = 8.4 Hz, 1H), 8.03
(dd, J= 7.8, 0.6 Hz, 1H), 7.86 (d, J = 9.0 Hz, 1H), 7.82-7.77 (m, 3H), 7.75-7.72 (m,
1H), 7.60 (dd, J = 8.4, 1.8 Hz, 1H), 2.70 (s, 3H); 3C NMR (150 MHz, CDCls): & =
136.3, 132.3, 131.8, 130.5, 128.6, 128.4, 128.3, 128.2, 127.0, 126.8, 126.5, 126.2,
122.63, 122.55, 21.5.

ate =

2-Methoxyphenanthrene (8b). White solid; m.p. 93-94 °C; 89% yield (37.1 mg). 'H
NMR (600 MHz, CDCls): 6 = 8.61 (dd, J = 8.4, 3.0 Hz, 2H), 7.91 (d, J = 7.8 Hz, 1H),
7.77 (d, J=9.0 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.67 (t, J= 7.8 Hz, 1H), 7.59 (t, J =
7.2 Hz, 1H), 7.33 (dd, /= 9.0, 2.4 Hz, 1H), 7.30 (d, J = 2.4 Hz, 1H), 3.98 (s, 3H); 13C
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NMR (150 MHz, CDCls): 6 = 158.4, 133.5, 131.1, 130.5, 128.7, 127.6, 126.8, 126.6,
125.7,124.7,124.4, 122.2, 117.1, 108.7, 55 .4.

Ao ="

Methyl(phenanthren-2-yl)sulfane (8c¢). White solid; m.p. 97-98 °C; 78% yield (35.0
mg).'"H NMR (600 MHz, CDCl3): & = 8.62 (d, J = 8.4 Hz, 1H), 8.57 (d, J = 8.4 Hz,
1H), 7.88 (d, J = 7.8 Hz, 1H), 7.74 (d, J = 9.0 Hz, 1H), 7.69 (d, J = 1.8 Hz, 1H),
7.67-7.64 (m, 2H), 7.60~7.55 (m, 2H), 2.63 (s, 3H); *C NMR (150 MHz, CDCls): & =
137.0, 132.7, 131.8, 130.3, 128.7, 127.9, 127.8, 126.9, 126.5, 126.3, 125.8, 124.9,
123.3, 122.5, 16.0.

ales

2-Ethylphenanthrene (8d). White solid; m.p. 90-91 °C; 88% vyield (36.3 mg). 'H
NMR (600 MHz, CDCl3): 6 = 8.72 (d, J = 8.4 Hz, 1H), 8.66 (d, J = 8.4 Hz, 1H), 7.95
(d, J=7.8 Hz, 1H), 7.80-7.76 (m, 3H), 7.71 (t, J = 7.2 Hz, 1H), 7.65 (t, /= 7.2 Hz,
1H), 7.58 (d, J = 8.4 Hz, 1H), 2.94 (q, J = 7.8 Hz, 2H), 1.45 (t, J = 7.8 Hz, 3H); °C
NMR (150 MHz, CDCls): 6 = 142.7, 132.4, 131.9, 130.5, 128.6, 128.5, 127.4, 126.99,
126.97, 126.9, 126.6, 126.2, 122.8, 122.6, 28.9, 15.7.

Phenanthrene (8¢). White solid; m.p. 98-99 °C; 92% yield (32.8 mg). '"H NMR (600
MHz, CDCL): & = 8.75 (d, J = 8.4 Hz, 2H), 7.96 (dd, J = 7.8, 0.6 Hz, 2H), 7.80 (s,

2H), 7.73-7.70 (m, 2H), 7.68-7.65 (m, 2H); '*C NMR (150 MHz, CDCL): & = 132.2,
130.4, 128.7, 127.0, 126.7, 122.8.

ates
2-(tert-Butyl)phenanthrene (8f). White solid; m.p. 103—104 °C; 90% yield (42.2 mg).
'"H NMR (600 MHz, CDCls): 6 = 8.69 (d, J = 8.4 Hz, 1H), 8.65 (d, J = 8.4 Hz, 1H),

791 (d, J= 7.8 Hz, 1H), 7.89 (d, J = 1.8 Hz, 1H), 7.78-7.75 (m, 3H), 7.67 (t, J = 7.8
Hz, 1H), 7.60 (t, J = 7.2 Hz, 1H), 1.50 (s, 9H); 3C NMR (150 MHz, CDCl;): & =
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149.6, 132.1, 132.0, 130.4, 128.6, 128.3, 127.3, 126.9, 126.6, 126.3, 125.0, 124.4,
122.7,122.6,34.9, 31.5.

-0

2-Fluorophenanthrene (8g). White solid; m.p. 100-101 °C; 88% yield (34.5 mg). 'H
NMR (600 MHz, CDCls): 6 = 8.64 (dd, J=9.0, 5.4 Hz, 1H), 8.60 (d, J = 8.4 Hz, 1H),
791 (d, J=7.8 Hz, 1H), 7.78 (d, J = 9.0 Hz, 1H), 7.69-7.66 (m, 2H), 7.63-7.61 (m,
1H), 7.54 (dd, J = 9.6, 3.0 Hz, 1H), 7.41 (td, J = 8.4, 2.4 Hz, 1H); "°F NMR (564 MHz,
CDCl3): 8 = —115.11; ®C NMR (150 MHz, CDCl3): & = 161.4 (d, J = 244.8 Hz),
133.5 (d, J = 8.8 Hz), 131.6, 130.2, 128.8, 128.3, 127.1, 127.0 (d, J = 1.7 Hz), 126.5,
126.2 (d, J=4.0 Hz), 125.1 (d, J = 8.7 Hz), 122.5, 115.4 (d, J = 23.2 Hz), 112.7 (d, J
=20.5 Hz).

ales

2-Chlorophenanthrene (8h). White solid; m.p. 84-85 °C; 82% yield (37.9 mg). 'H
NMR (600 MHz, CDCl3): 6 = 8.58 (d, /= 8.4 Hz, 1H), 8.55 (d, /= 9.0 Hz, 1H), 7.89
(d,J=7.8 Hz, 1H), 7.86 (d, /= 1.8 Hz, 1H), 7.75 (d, /= 8.4 Hz, 1H), 7.67 (t, J=7.2
Hz, 1H), 7.64-7.61 (m, 2H), 7.59 (dd, J = 9.0, 2.4 Hz, 1H); 13C NMR (150 MHz,
CDClz): 6 = 133.1, 132.4, 132.0, 130.0, 128.8, 128.7, 128.3, 127.5, 127.1, 127.0,
126.9, 125.9, 124.4, 122.6.

ates

3-Bromophenanthrene (8i). White solid; m.p. 93-94 °C; 81% yield (41.7 mg). 'H
NMR (600 MHz, CDCl3): 6 = 8.57 (s, 1H), 8.48-8.45 (m, 1H), 8.02 (s, 1H), 7.88 (d, J
= 7.8 Hz, 1H), 7.76-7.70 (m, 2H), 7.68-7.59 (m, 3H); '*C NMR (150 MHz, CDCL):

o =133.5, 132.0, 130.7, 130.0, 129.7, 129.0, 128.8, 128.2, 127.1, 127.0, 125.8, 124.5,
122.6, 120.6.

e
2-(Trifluoromethyl)phenanthrene (8j). White solid; m.p. 108-109 °C; 87% yield

(42.8 mg). 'H NMR (600 MHz, CDCl): & = 8.68-8.61 (m, 2H), 8.15 (s, 1H),
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7.91-7.90 (m, 1H), 7.82-7.76 (m, 2H), 7.71-7.66 (m, 3H); '9F NMR (564 MHz,
CDCL): § = —61.9 (d, J = 7.6 Hz ); 3C NMR (150 MHz, CDCL): 5 = 132.8, 132.4,
131.4, 129.6, 128.8, 128.41, 128.39 (q, J = 32.2 Hz), 127.7, 127.2, 126.7, 125.9 (q, J
= 4.1 Hz), 124.6 (q, J = 270.8 Hz), 123.6, 123.1, 122.4 (q, J = 3.1 Hz).

(Y= p

O,

Methyl phenanthrene-2-carboxylate (8k). White solid; m.p. 96-97 °C; 83% yield
(39.2 mg). 'H NMR (600 MHz, CDCl3): & = 8.69 (t, J = 7.8 Hz, 2H), 8.60 (d, /= 1.8
Hz, 1H), 8.24 (dd, J = 8.4, 1.8 Hz, 1H), 7.91 (dd, J=7.8, 1.2 Hz, 1H), 7.79 (q, J = 7.2
Hz, 2H), 7.70-7.64 (m, 2H), 4.00 (s, 3H); *C NMR (150 MHz, CDCl3): & = 167.3,
133.4, 133.0, 131.5, 131.0, 129.8, 128.8, 128.0, 127.9, 127.8, 127.3, 127.1, 126.5,
123.4, 123.0, 52.4.

(Y= p
Sava
1-(Phenanthren-2-yl)ethan-1-one (81). White solid; m.p. 139-140 °C; 88% yield
(38.8 mg). 'H NMR (600 MHz, CDCl3): & = 8.69 (t, J = 9.6 Hz, 2H), 8.46 (d, J = 1.8
Hz, 1H), 8.18 (dd, J= 8.4, 1.8 Hz, 1H), 7.91 (dd, /= 7.8, 1.2 Hz, 1H), 7.79 (t,J = 9.6
Hz, 2H), 7.70-7.65 (m, 2H), 2.74 (s, 3H); '*C NMR (150 MHz, CDCl3): & = 198.1,

135.0, 133.5, 133.1, 131.5, 129.9, 129.8, 128.8, 128.0, 127.9, 127.4, 127.1, 125.2,
123.4,123.2,26.9.

(Y=
Sava
Phenanthrene-2-carboxamide (8m). White solid; m.p. 226-227 °C; 79% yield (35.0
mg). 'H NMR (600 MHz, DMSO-d6): & = 8.02 (dd, J= 12.0, 9.0 Hz, 2H), 7.68 (d, J =
1.8 Hz, 1H), 7.35 (s, 1H), 7.30 (dd, J = 8.4, 1.8 Hz, 1H), 7.15 (dd, J = 7.8, 1.2 Hz,
1H), 7.04 (s, 2H), 6.87-6.81 (m, 2H), 6.67 (s, 1H); 3*C NMR (150 MHz, DMSO-d6):
0=177.1,141.7, 141.5, 140.8, 140.3, 138.6, 137.9, 137.5, 137.4, 136.8, 136.7, 136.4,
134.7,132.7, 132.3.
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1-Methylphenanthrene and 3-methylphenanthrene (8n, 1:1). White solid;
m.p.137-138 °C; 87% yield (33.5 mg). 'H NMR (600 MHz, CDCl3): 8 = 8.73 (dd, J =
12.6, 8.4 Hz, 2H), 8.62 (d, J = 8.4 Hz, 1H), 8.51 (s, 1H), 7.99 (d, J = 9.0 Hz, 1H),
7.93 (dd, J=17.8, 0.6 Hz, 1H), 7.91 (dd, J= 7.8, 0.6 Hz, 1H), 7.82 (d, /= 2.4 Hz, 1H),
7.81 (d, J=3.6 Hz, 1H), 7.75-7.55 (m, 7TH), 7.49-7.46 (m, 2H), 2.79 (s, 3H), 2.66 (s,
3H); *C NMR (150 MHz, CDCI3): 6 = 136.4, 135.0, 132.3, 131.8, 130.9, 130.8, 130.5,
130.2, 130.1, 128.7, 128.6, 128.5, 128.4, 127.9, 126.9, 126.8, 126.7, 126.5, 126.4,
126.3, 126.1, 123.1, 123.0, 122.8, 122.5, 121.0, 22.3, 20.1.

(=0
O - O

CO,Et
Ethyl phenanthrene-1-carboxylate and ethyl phenanthrene-3-carboxylate (8o,
6:4). Colorless oil; 88% yield (44.1 mg). 'H NMR (600 MHz, CDCl3): § = 9.43 (s,
0.4H), 8.88 (d, /= 8.4 Hz, 0.6H), 8.79 (d, /= 9.0 Hz, 1H), 8.67 (d, /= 8.4 Hz, 0.5H),
8.23-8.21 (m, 1H), 7.92-7.90 (m, 1.5H), 7.87 (d, J = 9.0 Hz, 0.6H), 7.83 (d, /= 9.0
Hz, 0.4H), 7.75-7.70 (m, 1H), 7.68-7.62 (m, 1H), 4.54-4.49 (m, 2H), 1.51-1.48 (m,
3H); 3C NMR (150 MHz, CDCl3): 8 = 168.1, 167.0, 134.9, 132.2, 131.7, 131.0, 130.7,
130.1, 129.8, 129.7, 129.5, 128.80, 128.75, 128.7, 128.6, 128.3, 127.3, 127.2, 127.1,
127.0, 126.9, 126.6, 126.4, 125.4, 125.2, 123.8, 123.0, 122.9, 61.32, 61.29, 14.6, 14.5.

1-(Trifluoromethyl)phenanthrene and 3-(trifluoromethyl)phenanthrene (8p, 3:7).
Colorless oil; 83% yield (40.9 mg). 'H NMR (600 MHz, CDCls): 8 = 8.95 (s, 0.7H),
8.88 (d, J = 7.8 Hz, 0.3H), 8.69-8.67 (m, 1H), 8.12 (d, J = 9.0 Hz, 0.3H), 7.98-7.96
(m, 1H), 7.92 (d, J = 7.8 Hz, 1H), 7.88 (d, J = 9.0 Hz, 0.3H), 7.84 (d, J = 9.0 Hz,
0.7H), 7.79 (d, J = 8.4 Hz, 0.7H), 7.74 (d, J = 9.0 Hz, 0.7H), 7.72-7.69 (m, 1H),
7.68-7.65 (m, 1.3H); ’F NMR (564 MHz, CDCl3): § = —58.8, -61.7; 13C NMR (150
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MHz, CDCl): § = 134.0, 132.3, 131.6, 131.3, 130.2, 130.0, 129.9, 129.41, 129.37,
129.0, 128.9, 128.8, 128.5, 128.3 (q, J = 32.2 Hz), 127.52, 127.49, 127.39, 127.36,
127.0, 126.8 (q, J = 30.5 Hz), 126.2, 125.2, 125.0 (q, J = 273.9 Hz), 124.8 (q, J =
272.1 Hz), 124.9 (q, J = 6.2 Hz), 122.9, 122.8, 122.6 (q, J = 3.2 Hz), 122.2 (q, J= 3.0
Hz), 120.3 (q, J = 4.2 Hz).

&Sy

HaC
4-Methylphenanthrene (8q). White solid; m.p. 50-51 °C; 85% yield (32.7 mg). 'H
NMR (600 MHz, CDCL3): 5 = 8.95 (d, J = 8.4 Hz, 1H), 7.95 (dd, J = 7.8, 1.8 Hz, 1H),
7.82-7.80 (m, 1H), 7.77-7.73 (m, 2H), 7.68-7.62 (m, 2H), 7.54-7.51 (m, 2H), 3.19 (s,
3H); *C NMR (150 MHz, CDCl3): 6 = 135.7, 133.9, 133.6, 131.8, 131.4, 130.2, 128.8,

128.1, 127.64, 127.58, 127.2, 126.0, 125.9, 125.7, 27.5.
CHj

-0
CHs

1,3-Dimethylphenanthrene (8r). White solid; m.p. 73-74 °C; 80% yield (33.0 mg).

"H NMR (600 MHz, CDCls): 6 = 8.72 (d, J = 8.4 Hz, 1H), 8.40 (s, 1H), 7.93 (d, J =

9.0 Hz, 1H), 7.90 (d, J = 7.8 Hz, 1H), 7.74 (d, J = 9.0 Hz, 1H), 7.66-7.64 (m, 1H),

7.60 (t, J=7.2 Hz, 1H), 7.31 (s, 1H), 2.75 (s, 3H), 2.61 (s, 3H); *C NMR (150 MHz,

CDCl): 6 = 135.9, 134.8, 132.0, 130.6, 130.5, 129.7, 128.9, 128.6, 126.42, 126.40,

125.8,123.1, 122.9, 120.7, 22.2, 19.9.
Cl

&y
Cl

1,3-Dichlorophenanthrene (8s). White solid; m.p. 103—104 °C; 90% yield (44.5 mg).

'"H NMR (600 MHz, DMSO-d6): 6 = 8.11 (d, J = 1.8 Hz, 1H), 8.08-8.06 (m, 1H),

7.26 (d, J = 9.0 Hz, 1H), 7.23-7.20 (m, 2H), 7.10 (d, J = 1.8 Hz, 1H), 6.94-6.90 (m,

2H); 13C NMR (150 MHz, DMSO-d6): 6 = 141.7, 141.5, 141.0, 140.7, 138.4, 138.0,

137.8, 137.6, 137.2, 136.4, 136.3, 133.1, 131.5, 130.5.
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Q O ' Q

Tetraphene and chrysene (8t, 1:0). White solid; m.p. 242-243 °C; 92% yield (42.0
mg). 'H NMR (600 MHz, DMSO-d6): & = 8.13 (s, 1H), 8.12 (s, 1H), 8.08 (s, 1H),
8.06 (s, 1H), 7.31 (s, 1H), 7.30 (s, 1H), 7.29 (d, J = 0.6 Hz, 1H), 7.27 (s, 1H),
6.94-6.92 (m, 2H), 6.89-6.86 (m, 2H); '3C NMR (150 MHz, DMSO-d6): § = 141.1,
139.3, 137.8, 137.0, 136.7, 136.3, 136.0, 132.7, 130.7.

Benzo[c]phenanthrene (8u). White solid; m.p. 64-65 °C; 90% yield (41.1 mg). 'H
NMR (600 MHz, CDCl3): 6 =9.19 (d, J = 8.4 Hz, 2H), 8.06 (dd, J = 7.8, 0.6 Hz, 2H),
7.93 (d, J = 8.4 Hz, 2H), 7.86 (d, J = 8.4 Hz, 2H), 7.74-7.71 (m, 2H), 7.66 (t,J = 7.2
Hz, 2H); 3C NMR (150 MHz, CDCls): § = 133.6, 131.1, 130.4, 128.7, 128.0, 127.6,
127.5,127.0, 126.2, 126.0.

a%s
O
Naphtho[1,2-b]furan (8v). White solid; m.p. 107-108 °C; 83% yield (27.9 mg). 'H

NMR (600 MHz, CDCls): § = 8.33 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.78
(d, J= 1.8 Hz, 1H), 7.67 (s, 2H), 7.62-7.59 (m, 1H), 7.52-7.49 (m, 1H), 6.92 (d, J =
1.8 Hz, 1H); 3C NMR (150 MHz, CDCL): & = 150.6, 144.1, 131.4, 128.3, 126.3,
125.1, 123.4, 122.9, 121.5, 120.0, 119.7, 107.6.

&y
HsCO
3-Methoxyphenanthrene (8w). White solid; m.p. 54-55 °C; 87% yield (36.2 mg). 'H
NMR (600 MHz, CDCl3): 6 = 8.59 (d, J = 8.4 Hz, 1H), 8.03 (d, /= 2.4 Hz, 1H), 7.85
(dd,J=7.8,1.2 Hz, 1H), 7.78 (d, J= 8.4 Hz, 1H), 7.66 (d, J = 8.4 Hz, 1H), 7.62-7.55
(m, 3H), 7.23-7.22 (m, 1H), 3.99 (s, 3H); '3*C NMR (150 MHz, CDCl3): & = 158.6,
132.5, 131.7, 130.1, 129.9, 128.7, 126.9, 126.73, 126.69, 126.2, 124.7, 122.8, 116.8,
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104.1, 55.6.

any

F

3-Fluorophenanthrene (8x). White solid; m.p. 71-72 °C; 95% yield (37.3 mg). 'H
NMR (600 MHz, CDCl;): 6 = 8.55 (d, /= 7.8 Hz, 1H), 8.30 (dd, /= 10.8, 2.4 Hz, 1H),
7.92-7.90 (m, 1H), 7.87 (dd, J = 6.0, 9.0 Hz, 1H), 7.71 (q, J = 6.6 Hz, 2H), 7.68-7.63
(m, 2H), 7.37 (td, J = 16.8, 2.4 Hz, 1H); '°F NMR (564 MHz, CDCls): 6 =-113.4; 13C
NMR (150 MHz, CDCl3): 6 = 161.7 (d, J = 243.9 Hz), 132.3, 131.9 (d, J = 8.5 Hz),
130.7 (d, J = 9.1 Hz), 129.8 (d, J = 4.3 Hz), 128.8, 128.7, 127.3, 126.7, 126.4, 126.3
(d,J=2.9 Hz), 123.0, 115.7 (d, J=23.7 Hz), 107.9 (d, J = 22.4 Hz).

-0
F

4-Fluorophenanthrene (8y). White solid; m.p. 68-69 °C; 92% yield (36.1 mg). 'H
NMR (600 MHz, CDCl3): § = 9.15-9.14 (m, 1H), 7.92 (dd, J = 7.8, 1.2 Hz, 1H), 7.77
(d, J=9.0 Hz, 1H), 7.74-7.63 (m, 4H), 7.55-7.52 (m, 1H), 7.40-7.36 (m, 1H); '“F
NMR (564 MHz, CDCI3): 8 = 109.8; 1*C NMR (150 MHz, CDCl3): 6 = 161.6 (d, J =
251.4 Hz), 134.9 (d, J = 4.8 Hz), 132.7, 128.6, 128.5 (d, J = 4.8 Hz), 128.4, 127.9 (d,
J =244 Hz), 127.3 (d, J = 2.0 Hz), 126.9 (d, J = 1.8 Hz), 126.7 (d, J = 10.1 Hz),
126.6 (d, J=3.2 Hz), 124.6 (d, J = 3.8 Hz), 119.7 (d, J = 8.8 Hz), 113.5 (d, J = 24.9
Hz).

S0

Naphtho|2,1-b]thiophene (8z). White solid; m.p. 112-113 °C; 81% yield (29.9 mg).
"H NMR (600 MHz, CDCI3): & = 8.35 (d, J = 8.4 Hz, 1H), 8.00 (dd, J = 5.4, 0.6 Hz,
1H), 7.96 (d, J = 7.8 Hz, 1H), 7.90 (d, J = 9.0 Hz, 1H), 7.76 (d, J = 9.0 Hz, 1H),
7.64-7.60 (m, 2H), 7.56-7.53 (m, 1H); *C NMR (150 MHz, CDCl3): & = 137.5,
136.0, 131.1, 129.5, 128.6, 126.6, 125.9, 125.4, 125.2, 123.7, 122.1, 120.8.
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CH3

»

9-methylphenanthrene (8aa). White solid; m.p. 61-62 °C; 92% yield (35.4 mg). 'H
NMR (600 MHz, CDCl;): 6 = 8.75-8.74 (m, 1H), 8.68 (d, J= 7.8 Hz, 1H), 8.09-8.08
(m, 1H), 7.84-7.82 (m, 1H), 7.71-7.66 (m, 2H), 7.63-7.58 (m, 3H), 2.76 (s, 3H); 13C
NMR (150 MHz, CDCl3): 6 = 132.6, 132.22, 132.16, 130.5, 129.8, 128.0, 126.9,
126.71, 126.65, 126.4, 125.9, 124.8, 123.1, 122.6, 20.2.

2-Phenylnaphthalene (8ac). White solid; m.p. 100101 °C; 88% yield (36.0 mg). 'H
NMR (600 MHz, CDCls): 6 = 8.06 (d, J = 0.6 Hz, 1H), 7.94-7.91 (m, 2H), 7.88 (d, J
= 7.8 Hz, 1H), 7.78-7.74 (m, 3H), 7.54-7.48 (m, 4H), 7.41-7.39 (m, 1H); '3C NMR
(150 MHz, CDCl3): 6 = 141.3, 138.7, 133.8, 132.8, 129.0, 128.6, 128.3, 127.8, 127.6,
127.5,126.4, 126.1, 125.9, 125.7.

aTavas

2-(p-Tolyl)naphthalene (8ad). White solid; m.p. 95-96 °C; 85% yield (37.1 mg). 'H
NMR (600 MHz, CDCl3): 6 = 8.04 (s, 1H), 7.91 (t, /= 5.4 Hz, 2H), 7.87 (d, J = 8.4
Hz, 1H), 7.77-7.75 (m, 1H), 7.65-7.64 (m, 2H), 7.52-7.47 (m, 2H), 7.31 (d, J = 7.8
Hz, 2H), 2.44 (s, 3H); 3*C NMR (150 MHz, CDCl3): & = 138.6, 138.4, 137.3, 133.9,
132.6, 129.7, 128.5, 128.3, 127.8, 127.4, 126.4, 125.9, 125.7, 125.6, 21.3.

aTava

2-(4-Chlorophenyl)naphthalene (8ae). White solid; m.p. 127-128 °C; 86% yield
(41.1 mg). 'H NMR (600 MHz, CDCl): & = 8.03 (s, 1H), 7.92 (q, J = 9.0 Hz, 3H),
7.72 (d, J = 8.4 Hz, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.57-7.53 (m, 2H), 7.48 (d, /= 7.8
Hz, 2H); 3C NMR (150 MHz, CDCls): & = 139.6, 137.3, 133.7, 133.6, 132.8, 129.1,
128.7, 128.3, 127.8, 126.6, 126.3, 125.8, 125.3.
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2-(2-Chlorophenyl)naphthalene (8af). Yellow oil; 73% yield (34.9 mg). 'H NMR
(600 MHz, CDCl3): 6 = 7.95-7.88 (m, 4H), 7.62 (d, J = 8.4 Hz, 1H), 7.54-7.46 (m,
4H), 7.41-7.32 (m, 2H); 3C NMR (150 MHz, CDCl;): 6 = 140.6, 137.1, 133.3, 132.9,
132.8, 131.8, 130.1, 129.0, 128.8, 128.5, 128.3, 127.8, 127.7, 127.6, 127.2, 126.4.

aoas

2-(2-Methoxyphenyl)naphthalene (8ag). Yellow oil; 66% yield (30.9 mg). 'H NMR
(600 MHz, CDCl3): 6 = 8.01 (d, J = 6.0 Hz, 1H), 7.91-7.89 (m, 3H), 7.75-7.73 (m,
1H), 7.53-7.46 (m, 3H), 7.41-7.38 (m, 1H), 7.12 (q, J= 6.6 Hz, 1H), 7.06 (dd, J = 8.4,
3.0 Hz, 1H), 3.86 (s, 3H); *C NMR (150 MHz, CDCl3): & = 156.8, 136.4, 133.6,
132.6, 131.3, 130.8, 128.9, 128.2, 127.7, 127.3, 126.0, 125.9, 121.1, 111.5, 55.7.

o
oo

2-Methoxy-6-(p-tolyl)naphthalene (8ah). White solid; m.p. 140-141 °C; 82% yield
(40.7 mg). '"H NMR (600 MHz, CDCl3): & = 7.98 (s, 1H), 7.81 (t, J = 4.8 Hz, 2H),
7.74-7.72 (m, 1H), 7.62 (dd, J = 7.8, 1.8 Hz, 2H), 7.31-7.30 (m, 2H), 7.20-7.17 (m,
2H), 3.95 (s, 3H), 2.44 (s, 3H); 3C NMR (150 MHz, CDCl3): § = 157.8, 138.4, 137.0,
136.5, 133.8, 129.8, 129.7, 129.4, 127.3, 127.2, 126.1, 125.4, 119.2, 105.7, 55.5, 21.2.

ﬂCH3

2-Chloro-6-(p-tolyl)naphthalene (8ai). White solid; m.p. 147-148 °C; 80% yield
(40.4 mg). '"H NMR (600 MHz, CDCl3): 8 = 7.99 (s, 1H), 7.83 (t, J = 10.2 Hz, 3H),
7.77 (dd, J= 8.4, 1.2 Hz, 1H), 7.61 (d, /= 7.8 Hz, 2H), 7.44 (dd, J = 8.4, 1.8 Hz, 1H),
7.31 (d, J= 7.8 Hz, 2H), 2.44 (s, 3H); *C NMR (150 MHz, CDCl3): & = 139.0, 137.9,
137.6, 133.2, 132.1, 131.5, 129.82, 129.80, 127.7, 127.32, 127.28, 126.8, 126.5, 125.4,
21.3.
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2-Methoxynaphthalene (8aj). White solid; m.p. 73-74 °C; 85% yield (26.9 mg). 'H
NMR (600 MHz, CDCl3): 6 = 7.82 (d, J = 8.4 Hz, 1H), 7.80 (s, 1H), 7.78 (d, J = 1.8
Hz, 1H), 7.51- 7.48 (m, 1H), 7.41-7.38 (m, 1H), 7.22 (dd, J = 9.0, 2.4 Hz, 1H), 7.19
(d, J = 2.4 Hz, 1H), 3.96 (s, 3H); 1*C NMR (150 MHz, CDCl3): 8 = 157.7, 134.7,
129.5, 129.1, 127.8, 126.9, 126.5, 123.7, 118.8, 105.9, 55.4.

oo

2-Chloronaphthalene (8ak). White solid; m.p. 59-60 °C; 83% yield (27.0 mg). 'H
NMR (600 MHz, CDCl3): 6 = 7.83 (d, J = 11.4 Hz, 2H), 7.78 (t, J = 9.0 Hz, 2H),
7.53-7.48 (m, 2H), 7.44 (dd, J = 9.0, 1.8 Hz, 1H); *C NMR (150 MHz, CDCL): 8 =
134.1, 131.8, 131.7, 129.6, 127.9, 127.2, 127.0, 126.9, 126.7, 126.2.

CHs

2-Methoxy-6-methylnaphthalene (8al). White solid; m.p. 77-78 °C; 51% yield (17.6
mg). 'H NMR (600 MHz, CDClz): & = 7.65 (dd, J = 8.4, 6.0 Hz, 2H), 7.54 (s, 1H),
7.28 (dd, J=8.4, 1.8 Hz, 1H), 7.12-7.11 (m, 2H), 3.91 (s, 3H), 2.48 (s, 3H); *C NMR
(150 MHz, CDCl): 6 = 157.2, 133.2, 132.8, 129.3, 128.9, 128.7, 126.8, 126.7, 118.8,

105.8, 55.4, 21.6.
3.7 KB
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B4E EXRE

AR SCRTC T MG EGRI A TSI A NG BN, KR T AN
FERIGR & F AT LR 23k ) 3 55 e et AR T £ 45 i LA 2 T M e BT % 1R e
(R SRR S 28R 1
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X 3
SN0 CH3CN/CHzBrZ 11)
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air, r.t., 16 h

36 examples, 34%-92% yield

Scheme 4-1 JCAMIMGEEGR SFA T AT WL AR a2 Y 3P 5 e Ve bk L 14 55 &
(2) KJE T IRIMICHON AT T 2- AN IR LI 00 T R G REE . %
7715, L 78% - 95%IIF= A 1 T 27 BIFEIR K ILATAEY, L 66%-90% 117~
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