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o714, RE& -, -OMe = -Me & o= dhjo|t},

Y

H = o =
R [¢} = = , L
zjo]—ah—f%—zﬂ Aobd (phthalocyanine) %% % [84814] 112 EAHE 07 2-dd olz7l2BAdo|ES ¥
3}5l=
= ]

4
1,2,3 bl Eatsto| B2 Eel §EA 5as) v g Hu) Aswle] #a o,

Abz Bk Adeta G4 Ao® ¢ o Be A AEEA @t Aisy] bl Atk #ARE ARgehe
A Atst M@2 7] FAAM Fastt. 2y AP 7] VEAERY ASd Aa EARe) A4 A
S 98 mellyA AHom 3, 0,0 oF 7] 7149 AA A= folakA] @k woyA FuS T8

2]
Fule 771 7184E d3te AAAER AskA 7o, vk 3 , = g
A Fule AL el kA EA 9E] EE5H o2 Akt 00 o AMEE SFHule] AAE FHHE] H
3] W2 ETM(electron transfer mediators)E& X33l 3l o]/de] ZAgtd Ats) 3 Alx=Elo] Hg ),

Abst B 2 7] BXe E3 71 Aed SujEA AMEE ¢ u. FAee ugst 714 Aks WY, 5
2 ol At A FHul2 ALEHE A A Y &4 {7 BAolth. oE 9], Wendlandt9} Stahl2 2
2} oldly A Z?JTOr el 2 Alo]Z 9] bioinspired 1,10-phenanthroline-5,6-dione(phd)-Zn] Z7]A 4H3lH &
Mgk, YolE st 571 &3E AkslelA 71d AEE EoigA ALEHY. S

BT
o
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o

2

Aol gl A, &

= 71 E4E& AsA71a, 3dE sl=sdolnlie] 57|14 Abshe NO, Atsh 39S
Za] dojudc}t. FHLol, B = DBAD(di-tert-butyl azodicarboxylate)”} Cul®} 4-tjWdoln] w3l
(DMAP) £} *Zﬂo}oﬂ’ﬂ 1,2,3,4-HEZso|=2 A& 3714 5 43E S F dSS o, a8y
ol 4t Y A f7] A= 9YE AR S e 259 FEAY FAol AEE AstH Q7] wE
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(B E& 53 0001) Zhang, C.; Jiao, N. Angew. Chem., Int. Ed. 2010, 49, 6174.
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\ 7/

e £
2 ouge Sojge in(Po) % Y 2-(U-UESA) S sekEE el 2o EAstel T 1,2,3,4-HE
detolE A B Beh W FAstel F3aE AU YA

WS YAl AP FAF
e, A W AHAE Fal ¥ S urk PAROR AP e} o)F ot B W o) F]
A% AU W oW YUZE B AP WA o)F o2 BPHE AL ohrh,

A3

(D 49 =a

RE FHE W SuiE BE 5UE diel gt ¥ FAHoR 95F U AEF Aot BA§ WE 2
ol a9 (TL0O)E ZIZE A 7HA 60 F254 Zd0E Joll A F3d33lth. TLC 7FAI8k(Visualization) & UV

Z(254nm) 9] AHg = &= B ElAk 24 (Phosphomolybdic acid stain) @ & 71E9S Ed 359, =9
4 F=nE2# 3] (Flash chromatography)s A &7F2 60(Merck, A+ =7] 40~63 um, 230~400mesh)= A}-&3

saatdth. H 2 CC MR 2 E2S 400MHz NMR(400 MHz for H, 101MHz for C) 37 o] 7|2 Qlct.
glel Al ZE 7Fe WY HE TMS(0.00 ppm for lH) = (CDC15(77.06 ppm for 3C)Oﬂ &l ppm @2 A, ve

kol 58S HA3] A&t ¥ AZ " (Peak splitting) MBS 7)€ttt br = broad, s = singlet, d =
doublet, t = triplet, q = quartet, p = pentet, m = multiplet, dd = double of doublet, dt = double of
triplet, td = triple of doublet. #A&® A4 ()& =22 G Hz)ZE 7|58

(2) 99 2-¥ld 3=@gzFt2 B2 g EY FA

H o pyridine H\ JJ\

N
XY” "NH,; * ™ N~ "OEt
L 2 PP
RO/ cNoet cHoN RY J H

Wl whet ghashal.

271 wRk gzl el 100 nl F vbe EEbage] dds|s=ebd e AAHE 4o Hdd g selsg
2801 =(5.0 mmol), (1.1 equiv, 5.5 mmol, 0.45 mL) 2 CHCN(5.0 mlL)S A7}, 48 0C=

dg 2-vd s=gtzIte ol Ex

e
e

Wz 7] 3L ﬂ%ggiigz1ﬂE(11mmv 5.5 mmol, 0.52 nL)E A7} st RS EFES A2 1
VP%ﬂiM}ﬂﬁﬂ.i%ééa S CHCLE H7bete] A A171aL AN HCl &Mooz et 2709 =
< wgsta, 74 T8 (HLLE FFUT. A 77155 NS0 del Al AxA7]a, oFstar, 311 S
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(3) 98 2-7d olxFt=EAHo|ES A

H (] CuCl (5 mol %) o)
N_ DMAP (10 mol %) N -
. = NJ\OEt = o R NJ\OEt
r J H CH,Cl,, air, rt, 3 h »

oel 2-md oIt H Ao EE %zﬂ_ W] wet gtk A7 wRk Foizk F)E 100 ml <t BRE
Zaiagd e 2-dHd a2 R A Y o] E(1.0 mmol), CuCl(5 mol%, 0.05 mmol, 5.0 mg), DMAP(10 mol%,
0.1 mmol, 12.4 mg) & CH,C1,(4.0 mL)% A7 8L Th. WS EIES ALoa 75 1 EE 3 AT 59

vk Stk (mEkE s 900 rpm). CH.CL,E H7bsle] wheES 3AA7])aL NI Cle 3} Fgdoa AIA LY. 2
Aol =& Rasta, FA =S (LlLE =Z8ath. a43 4712S NS0 ol AxA 7|3, ofystar, 34

S| AolM AT, AFEe 2 ARvtEaHIE AAste] ofxitEs F58lY.

(4) 23E Zv) A 28FE o83 6-HE HEZSI|=E2AES E5ad) v JH5

catalyst (10 mol %)

H “
. 1 (10 mol %) Me N N. _co,t R=Brite
- u CF,, 1f

N solvent, O,, N7 & CN, 1g

3a H temp, 15 h 4a 1 NO,, 1h
entry Catalyst 1 Solvent (mL) | Atmosphere | Temp. (°C) | Time () Yield (%0)%?

1 Mn(Pc) 1h CHiCN Oz ot 15 70
2 Fe(Pc) 1h CHaCN (€] 1t 15 29
3 Minfacac)s 1h CHiCN On 1t 15 40
4 Muni(Pc) 1h DMF O it 15 62
5 Fe(Pc) 1h DMF O It 15 34
6 Mn(acac)s 1h DMEF (93] 1t 15 38
Te Mu(Pc) 1h toluene (93] ot IS 12
8¢ Mi(Pe) 1h CHaCN (8] 50 15 79
9 Fe(Pc) 1h CH;CN (33 50 15 53
10 Nn(acac); 1h CHiCN Oz 50 15 60
11 MniPc) 1h DAMF O 50 15 76
12 Mmnfacac)s 1h DMF On 50 15 72
13 Mn(Pc) 1h CHsCN O 70 15 90
14 Fe(Pc) 1h CHiCN (07} 70 15 63
15 Mni(Pc) 1h CH:CN o 70 12 80
16 Mu(Pc) 1h CH3CN (8} 70 9 43
17 MuniPc) 1h CHaCN open air T0 15 29
18 Mu(Pc) le CHiCN (93] 70 15 63
19 Mu(Pc) ir CHi:CN (6] 70 15 26
20 Mu(Pc) 1g CH:CN O 70 15 52
21 - 1h CH;CN (o7 70 15 0
22 Mu(Pc) = CHiCN (933 70 L5 6
23 MiPc) 1h CHsCN Na T0 15 8
23 - - CHiCN (03] 70 15 0

(5) Mn(Pc) B 1h A3} & &2 o] &% 1,2,3,4-HEZSo|=2AEYY 37|14 D543 kg dut
%

N

q 3
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Z71 nRE w7l FRjEa, 1,2,3,4-HEZSle| =2 =4 (0.5 mmol, Al AH$-), Mn(Pc)(10 mol%, 0.05
mmol) 2 1h(10mol%, 0.05mmol FX 30mol%, 0.15mmol)C.2 =A% 15 mm 8% AFX AFdHS v|$1 AR
AT, CHCN 0.5 nLE ¥ % 1,2,3,4-HEHso|=2A=2(0.5 mmol, A9 A-$)7} CHCON(0.5 mL)ES &
Ad = H7Fskad .

S 0, A ol 70TA 15417 ek kel & Aoz WAL, WSES EtOAcES 7t
2 A 2 A glolES B B oA, AEgt 2 A glo]E =2 Ft0AcE o]z H
S EES 3 Y] AolA sEAHY. AFRES ZY A2nEag IR gAsk %ia

o
(

(6) 6-"€ 1,2,3,4-HEZS =2 EA(1 mmol scale)?) 7|4 g4 3 e

A7] wRE gzl e Ea, 6-vwE 1,2,3,4-HEZSte| =2 =4 (0.5 mmol, 147 mg), Mn(Pc)(10 mol%, 0.05
mmol) ¥ 1h (10mol%, 0.05mmol)S. 2 ZFHH 15 mm 52 AZX AT H|$L ALZ Q). o]0}, 2.0 mL
o] CH: NS H7bshaleh. whe E3ES 0, T4 stollA 70TelA 15A1F &<t wykst Aoz WzkAF ).
WHSES EtOAcE #H7bste] s|MA7|an Azt 2 A gfo 1E4 HEE Fa ABAIZT. AEgt 2 A o]l E
HEE EtOAcE o7 W A it W 2FES 3 & FES 49 Z=2vE
T2 9] (EtOAc/ A at=1:5) = GAste] 80%(114mg) 2] 6-HE 7= 3 FE3AT.

ﬁ*

r
ON

=
N
ox
2
2
off
He
>
2
Kn}
L

ruo

(7) MR "ol

6-Methylquinoline (4a); 82% (58.7 mg), vellow oil, EtOAc/hexane=1:5, H MR (400 MHz, CDCl13) & 8.84
(d, J=3.8 Hz, 1H), 8.05 (d, J = 8.3 Hz, 1H), 8.01 (d, J = 8.5 Hz, 1H), 7.56-7.53 (m, 2H), 7.35 (dd,

J =8.2, 4.2 Hz, 1H), 2.53 (s, 3H).; lSC NMR (101 MHz, CDC13) & 149.4, 146.8, 136.4, 135.4, 131.7,
129.0, 128.3, 126.5, 121.0, 21.5.

2-Methylquinoline (4b); 77% (55.1 mg), yellow oil, EtOAc/hexane=1:3, H MR (400 MHz, CDC13) & 8.04
(t, J=7.3Hz, 20), 7.77 (d, J = 8.3 Hz, 1H), 7.68 (t, J = 7.7 Hz, 1), 7.48 (¢, J = 7.5 Hz, 1),

7.29 (d, J = 8.4 Hz, 1H), 2.76 (s, 3H); 13C NMR (101 MHz, CDC13) & 159.0, 147.8, 136.2, 129.4, 128.5,
127.4, 126.4, 125.6, 122.0, 25.3.

Methquuinoline4 (4c); 71% (50.8 mg), colorless oil, EtOAc/hexane=1:5, HNR (400 MHz, CDCI13) & 8.78
(s, 1), 8.07 (d, J=8.5Hz, 1), 7.93 (s, 1H), 7.75 (d, J = 8.2 Hz, 1), 7.65 (t, J = 7.6 Hz, 1H),

7.52 (t, J=7.4 Hz, 1H), 2.53 (s, 3H); 13C NMR (101 MHz, CDC13) & 152.3, 146.4, 134.5, 130.3, 128.9,
128.3, 128.0, 127.0, 126.4, 18.5.

S—Methquuinoline4 (4d); 70% (50.1 mg), yellow oil, EtOAc/hexane=1:5, H IR (400 MHz, CDCI3) & 8.79
(d, J =4.2 Hz, 1), 8.11 (d, J = 8.4 Hz, 1H), 8.01 (d, J = 8.4 Hz, 1), 7.72 (t, J = 7.6 Hz, 1),

7.58 (t, J=7.6 Hz, 1), 7.25 (d, J = 4.3 Hz, 1H), 2.72 (s, 30); C MR (101 MHz, CDC13) & 150.1,
147.9, 144.3, 129.9, 129.1, 128.3, 126.3, 123.8, 121.8, 18.7.

8—Methquuinoline4 (4e); 80% (57.3 mg), pale yellow oil, CHCI3/hexane=1:1, H R (400 MHz, CDCL3) 6§
8.90 (d, J =3.9 Hz, 1H), 8.07 (d, J = 8.2 Hz, 1H), 7.61 (d, J = 8.1 Hz, 1H), 7.51 (d, J = 6.8 Hz,

), 7.38 (t, J = 7.6 Hz, 1H), 7.35-7.31 (m, 1H), 2.78 (s, 3H); 13C NMR (101 MHz, CDC13) & 149.1,
147.2, 137.0, 136.2, 129.5, 128.2, 126.2, 125.8, 120.7, 18.1.

Quinoline’ (4f): 74% (47.8 mg), yellow oil, EtOAc/hexane=1:5, H NMR (400 MHz, CDCI3) & 8.94 (d, J =
4.0 Hz, 1H), 8.20-8.10 (m, 2H), 7.84 (d, J = 8.2 Hz, 1), 7.73 (t, J = 7.7 Hz, 1H). 7.56 (t. J = 7.5

_10_
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Hz, 1H), 7.44-7.39 (m, 1H); lSC NMR (101 MHz, CDCI13) & 150.2, 148.1, 136.0, 129.3, 129.2, 128.1,
127.7, 126.4, 120.9.

6-Methoxyquinoline (4g); 75% (59.7 mg), vellow oil, EtOAc/hexane=1:5, H NMR (400 MHz, CDC13) & 8.76
(d, J=3.31Hz 1H). 8.06-7.98 (m, 2H), 7.40-7.31 (m, 2H). 7.06 (d. J = 2.5 Hz, 1H). 3.92 (s, 3H); 13C
NMR (101 MHz, CDCI3) & 157.7. 147.9, 144.3, 134.8. 130.8, 129.3, 122.3, 121.3, 105.1. 55.5.

6—F1uoroquinoline4 (4h); 80% (58.9 mg), yellow oil, EtOAc/hexane=1:5, HONR (400 MHz, CDC13) & 8.88

(d, J=2.5Hz, 1), 8.13-8.08 (m, 2H), 7.48-7.39 (m, 3H); ~C MR (101 MHz, CDCI3) & 161.5, 159.1,
149.6 (d, J=2.7 Hz), 145.3, 135.4 (d, J = 5.4 Hz), 131.9 (d, J = 9.2 Hz), 128.8 (d, J = 10.1 Hz),
121.7, 119.7 (d, J = 25.8 Hz), 110.6 (d, J = 21.6 Hz).

6—Bromoquinoline3 (4i); 62% (64.5 mg), yellow oil, EtOAc/hexane=1:5, HONR (400 MHz, CDCL3) & 8.96-
8.91 (m, 1H), 8.07 (d, J = 8.3 Hz, 1), 7.99 (m, 2H), 7.79 (m, 1H), 7.43 (m, 1H); 13C NMR (101 MHz,
CDC13) & 150.7, 146.8, 135.0, 132.9, 131.2, 129.8, 129.3, 121.9, 120.4.

9-Phenylquinoline (4j); 85% (87.2 mg), white solid, CHCI3/hexane=1:1, H NMR (400 MHz, CDCI3) & 8.18
(m, 4H), 7.86 (d, J = 8.6 Hz, 1), 7.81 (d, J = 8.0 Hz, 1), 7.72 (t, J = 7.7 Hz, 1H), 7.56-7.43
(m.40); “C MR (101 MHz, CDCI3) & 157.3. 148.3. 139.7. 136.7. 129.3, 128.8, 127.6, 127.4, 216.3.
119.0.

2-(4-Methoxyphenyl)quinoline (4k); 91% (107.1 mg), yellow solid, EtOAc/hexane=1:10, 1H NMR (400 MHz,
CDCI3) & 8.13 (d, J = 8.5 Hz, 4H), 7.82-7.75 (m, 2H), 7.73-7.66 (m, 1), 7.47 (t, J = 7.1 Hz, 1H),
7.06-7.00 (m, 2H), 3.85 (s, 3H); C NMR (101 MHz, CDCI3) & 160.8, 156.9, 148.3, 136.6, 132.2,
129.5.128.9, 127.4, 126.9, 125.9, 118.5, 114.2, 55.4.

2-(4-Methylphenyl )quinoline (41); 92% (100.9 mg), vellow solid, EtOAc/hexane=1:5, 1H NMR (400 MHz,
CDC13) & 8.16 (d, J = 8.5 Hz, 2H), 8.06 (d, J = 7.9 Hz, 2H), 7.83 (d, J = 8.6 Hz, 1), 7.78 (d, J =
8.0

Hz, 1H), 7.70 (t, J=7.7 Hz, 1H), 7.49 (t, J=7.4 Hz, 1H), 7.32 (d, J= 7.8 Hz, 2H), 2.42 (s, 3H);
13C NMR (101 MHz, CDC13) & 157.3, 148.3, 139.4, 136.8, 136.6, 129.6, 129.6, 127.4, 127.1, 126.1,
118.8, 21.4.

2-(4-Trifluoromethylphenyl)quinoline (4m); 82% (112.0 mg), white solid, EtOAc/hexane=1:5, 1H NMR (400
MHz, CDC13) & 8.30-8.21 (m, 3H), 8.18 (d, J=8.5Hz, 1H), 7.84 (t, J=9.0 Hz, 2H), 7.75 (t, J=9.2
Hz, 3H), 7.55 (t, J = 7.5 Hz, 1H); C NMMR (101 MHz, CDC13) & 155.6, 148.2, 142.9, 137.1, 131.0 (q, J
= 32.7 Hz), 130.0, 129.8, 127.8, 127.5, 127.4, 126.8, 125.7 (q, J = 4.0 Hz), 124.2 (q, J = 273.7 Hz),
118.7.

2-(4-Cyanophenyl )quinoline (4n); 78% (89.8 mg), white solid, EtOAc/hexane=1:5, 1H NMR (400 MHz, CDCI13)
§ 8.31-8.24 (m, 3H), 8.17 (d, J = 8.5 Hz, 1H), 7.89-7.83 (m, 2H), 7.81-7.74 (m, 3H), 7.57 (t, J=7.5

Hz, 1H); “CONIR (101 MHz, CDC13) & 154.8, 148.2, 143.6, 137.2, 132.6, 130.1, 129.9, 128.0, 127.5,
127.4, 127.1, 118.8, 118.6, 112.7.

4-Phenylquinoline (40); 52% (53.4 mg), yellow oil, EtOAc/hexane=1:5, " NMR (400 MHz, CDCl13) & 8.93
(d, J=4.3 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1), 7.91 (d, J = 8.4 Hz, 1H), 7.70 (t, J = 7.6 Hz, 1H),

7.52-7.45 (m, 5H), 7.31 (d, J = 4.3 Hz, 1H); C NMR (101 MHz, CDCI3) & 149.8, 148.5, 148.4, 137.8,
129.7, 129.4, 129.2, 128.5, 128.3. 126.5, 125.7, 121.2.

6-Methyl-4-phenylquinoline (4p); 72% (78.9 mg), yellow oil, EtOAc/hexane=1:5, 1H NMR (400 MHz, CDC13)
§ 8.86 (d, J = 4.3 Hz, 1H), 8.08 (d, J = 8.6 Hz, 1H), 7.66 (s, 1H), 7.57-7.43 (m, 6H), 7.27 (d, J =
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4.3 Hz, 1H), 2.45 (s, 3H); 13C NMR (101 MHz, CDC13) & 149.0, 147.8, 147.2, 138.2, 136.5, 133.9,
131.6, 129.5, 129.5, 128.5, 128.3, 126.7, 124.5, 123.3, 121.4, 21.8.

8-Methyl-4-phenylquinoline (4q); 56% (61.4 mg), yellow oil, CHCl13/hexane=10:1, HONR (400 MHz, CDCI13)
§ 8.97 (d, J=4.3 Hz, 1H), 7.76 (d, J = 8.5 Hz, 1H), 7.58 (d, J = 6.8 Hz, 1H), 7.54-7.45 (m, 5H),

7.38 (t, J=7.7Hz, M), 7.33 (d, J =4.3 Hz, 1H), 2.87 (s, 3H); e MR (101 MHz, CDC13) & 148.7,
147.7, 138.4, 137.3, 129.6, 129.5, 128.4, 128.2, 126.7, 126.2, 123.9, 121.2, 18.6.

Acridine (4r); 100% (89.1 mg), yellow solid, EtOAc/hexane=1:5, HONR (400 MHz, CDCI3) & 8.74 (s,
1H), 8.24 (d, J = 8.8 Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H), 7.82-7.74 (m, 2H), 7.52 (t, J = 7.5 Hz, 2H);
13C NMR (101 MHz, CDC13) & 149.0, 136.0, 130.3, 129.4, 128.2, 126.5, 125.6.

7-Trifluoromethylquinoline (4s); 27% in H MR yield, H NMR (crude, 400 MHz, CDC13) & 9.03 (s, 1H),

8.43 (s, 1H), 8.23 (d, J=8.1Hz, 1H), 7.96 (d, J = 8.3 Hz, 1H), 7.74 (d, J = 8.5 Hz, 1), 7.55-7.53
(m, 1H).

7-Nitroquinoline (4t); 10% in H R yield, T NR (crude, 400 MHz, CDCI3) & 9.10 (s, 1H), 9.02 (s,
1h), 8.35-8.28 (m, 2H), 7.99 (d, J = 9.0 Hz, 1), 7.62-7.59 (m, 1H).

PADN oql
(1) 6-v2-1,2,3,4-F| Ed8lo| =25 g3 is

H 1 : "
N. -2e’, - 2H Ns
R N)kOEt - il N/U\OEt
R H R

R = OMe, Me, F, H, Br, CF3, CN, NO;

NG 2-9d S cetzsteRAdelE()E G
14 (D& Sz Abgsteln Awde. $4
Gl A 2-9d oprstE B Ao E(2)) WS 6-WE-1,2,3,4-H| Eetelo] = 2] ¢ (3a) )
| ggash WA 2ASRATGE D).

oAb ddrle) s ¢1Ad gl NAvE ze dd
3 2,3 4-HlEgsol R Ede] 574 BFast v

c
ah)
o 1o
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(¥ 1]
Mo 22equiv) Mo o | N. _COE
u A | CH4CN, N, “w:fj-uNf-'-J R% [ 5
3a H temp, 12 h 4a
yield (%)°
S 5 rt 70°C
1 OMe 2a 0 7
2 Me 2b | 16
3 F 2¢ 3 34
4 H 2d 4 37
5 Br 2e 11 74
6 CF; 21 36 99
7 CN 2g 98 99
8 NO: 2h 100 99
SHEARE, (2)9 gast @4 Hdre] ATl A &, dAA-11e A7 B (29 By
< FES U, dE 5o oY 2-(4-HERIAL)okx 7}—515%1 J ol E(2h) 9] AME2 A2ox ek &
H2 (3a)9] "gFistE gaddoR w3 8). olHd Ay 1,23 4-HEHSo| =25 315
23 &d5480t 2w ol 33E9 I dAAd (electrophilicity)ol o8] FA d&S wEvhs 2 Ueld
t}.

(2) T8 24 22 ohd (phthalocyanine) ] uj&4y

el (2h)E AHE3te] 1,2,3 4-HEZSto| =275 37|44 5438 2437 98, dds 55 =
22 Aol (phthalocyanine) #HES ¥ 2-(4-UEZF )| =gfxzst2 52 o|E(1h) 9] 714 Atslel s
ZAFSHATH(GE 2).

[ 2]
H
/©/N~NfCOzEt catalyst (10 mol %) /@rNeN,COzEt
H
ON" T n “erns N
entry catalyst yield (%)°
1 Mn(Pc) 94
2 Fe(Pc) 93
3 Co(Pc) 0
4 Mn(acac), 88
6 MnQO, 1
7 FeCl, 0
8 - 0
Mn(Pc)ot Fe(Pe)= 53 Fuf 24

dS YUeRTH; 28y Co(Po)& (1h)e] 714 Akste Suid 4 itk
(3} 1-3). Mn(acac)g% Al =85S 1A o4 Mn(0Ac), - 4H,0 =& Mn0,E A& (1h)9] 7143 Ateles =
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2 Qolkeh(R% 4-6). FolzAel FeClid] AHge () 5714 sk S35 ArH@E 7). 1247
TG (10)9] AP 2behs ¥ A S (@ 8).

(3) Mn(Pc)E I3 HA o 2w A|2" AR
2 w2l Mn(Pe), Fe(Pe), Mn(acac);& ¥383t 371% 78 ZulE AL43le] (2h)d] 93] wisEs 1,2,3,4-
HEZso|cghsale gaastsl (2h)Y 574 AHs A4 Alole @HL xAEATHE 3).

(% 3]
catalyst (10 mol %)
i 1 (10 mol %) Me o
\C(Nj solvent, O, \©\/Nj
3a H temp, 15 h 4a
entry catalyst hydrazine 1 solvent temp (°C) yield ( n)
1 Mn(Pc) 1h CH,;CN rt 70
) Fe(Pc) 1h CH,CN rt 29
3 Mn(acac), 1h CH;CN rt 40
4 Mn(Pc) 1h DMF rt 62
5 Mn(Pc) 1h toluene rt 12
6 Mn(Pc) 1h CH;CN 50 79
7 Mn(Pc) 1h CH,CN 70 90
8 Mn(Pc) 1f CH,CN 70 26
9 Mn(Pc) Ig CH,CN 70 52
10°  Mn(Pc) 1h CH,CN 70 29
11 - 1h CH;CN 70 0
12 Mn(Pc) - CH;CN 70 6
13 Mn(Pc) 1h CH,CN 70 8

w21 A, (1h), Ma(Pe) R 0,5 EFste 23 Fv A2"S 1,2,3 4-HEDGS|ERF5de] G4is)
S-S X319, Fe(Pe), Mn(acac);= Eo3 F3HIAE YENAT(EE 1-3). CH,CN thalel DMFY &4
I Ze e S Al *3*“ o FE&S& TVHIIA HAT(dHE 4 2 5). e &L 9g 217 Ut
1 TEZ

55 ZUIATH(EE 6 2 7). FvlE (1h) diale] (1f) & (1g)S AMEsHAE 27 266 £+ 52%9
(4a)7F BAEATH(FE 8 2 9). A AdFd Fuf A =wlo] F7] FollA Fdd u, 29%°] F=dvto] Ay
ATHEE 10). Ch)-viEE @9ast 2 (2h) 9] 74 Aol SHHo® FPHA=A Gsr] A dx
APE FYTt. Mn(Pe)o] e A9 FA=de] Aol HFHA GUATH(FE 11). =gl e 0,5 AHE
kAl 9831 (3a)9] 443t WS FAEH, (4a)9] RIGEo] #AHJU(IE 12 2 13). o AxE= (1h)9
g Abslrt O‘OMXl %S YERAT; Mn(Po)-Fmishe (3a)9] 23 Abshe & dojuA] et} 1gla &
Zb AkAE FeAe Wk AskAloltt, 1,2,3,4-HlEdgslo|lE2Amae] MuE 74 geistd digk dast
g wAYFo] [Wh2] 110 HARE o] t}.

[ 1]

N -CO2Et
O Mn(Pc) 120,

3 N O:N -

H CO,Et

RS ~nl” 2
N [MN(Pe)]ox HRO
s

N O:N 1h
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ol AR So) A=E(E 3, 5 NS ASEhe 12,3 4-HERSe|ERFEe] 1 Wl (e

Mn(Pc) (10 mol %)

% 1h (10 mol %) i
R Ry
Z N CH4CN, 0, PN
3 H 70°C, 15h 4

4a, 6-Me, 82%

O pepipagenin R N, 4 R=H, 4%, 74%°
Me—— | 4g, R = OMe, 62%, 75%¢
P 4c, 3-Me, 41%, T1%° -~
N7 P piagtiagiind N~ 4h, R=F, 21%, 80%°
g - ' ' Q =
e Bk O TORG 4i R = Br, 30%, 62%¢
v ™ ¥ .DT o
™ 4j, R =H, 85% Ph
O ! 4k, R = OMe, 91% PN 4o, R = H, 28%, 52%°
N 41, R = Me, 92% b _| 4P, R = 6-Me, 45%, 72%°
R 4m. R = CFj, 53%, 82%" ZSNZ 4q, R = 8-Me, 38%, 56%°

4n, R = CN, 50%, 78%°

-~
N m 4s, R = CF;, 27%°¢
N £
R N

4t, R = NO,, 10%°¢
4r, 100%

(32 2 (30 574 Grishs e Awde Fud @@aﬂi,ﬂ%$ﬁwlﬂ%ﬂ%;%f
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o
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>~
=
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Q

Lq] Aol 4 9tde-de). B FAmd 2 = FET FERE ﬁﬁéﬂ by 57401] Sk
AEATHAf-41). e 2-dd HEZso|m2FEde] /e @42 vk dFEAN. S EAE
X electron donating)”}t

Flf é—a O.l..
[\

sidzle] Ag]7b v vpeblel wEFTh shek 9
€}

<l
A HEfGEREAe B wro) F(4j-41), (3m) 2 (3n)

gﬁﬁggwmwm
s

Fa3E 78 e FES F5I] 98 (1h)e] F7hE dol 3?5]9114. A4 ofvx3t F A 1

3ol o3 TAE 4-dd HEFso|=2F o] 30mol%e] (1h) EA3 st FAxdoz Ay A

A2t (4o-4q). o} 8 U (Acridine)& 9,10-dihydroacridine(4r)d] F714 €543l o8] sz o=

Fdd = Aok Bs) B Br)et #E AA-AY HE#GS|=2Fmde gaaste (1h)9 ats o o 24}

T Jse A% dPor doret dAES UEehilth(3set 3t A #FE 47 919 96%). [ 119 vl

9} Ak, oy AFE ofx FFEY HAA AT 1,2,3 4-HEZHSo|EE2FEde] HFdo] B A
gpdste] AAAS GAlgt.
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