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el HQstAY, F4 2ol SFHAY, F7e Vs fUleE AIS AMRSIAY, b 54 &
W &AM ER f§84 2 BuAdo] AgEE TAFe] AU [HLEHA: (a) Mamalis, P.; Petrow, V. J.
¢

Chem. Soc. 1950, 703. (b) Buui-Ho, N. P.; Jaquignon, P.; Long, C. T. J. Chem. Soc. 1957, 505. (c)
Bartram, C. A.; Harrison, D.; Short, W. F. J. Chem. Soc. 1958, 1158. (d) Patra, P. K.; Suresh, J. R.;
Ila, H.; Junjappa. H. Tetrahedron 1998, 54, 10167 and references therein. (e) Lysen, M.; Kristensen,
J. L.; Veds¢, P.; Begtrup, M. Org. Lett. 2002, 4, 257. (f) Pawlas, J.; Begtrup, M. Org. Lett. 2002,
4, 2687. (g) Bowman, W. R.; Lyon, J. E.; Pritchard, G. J. Synlett 2008, 2169. (h) Lamba, J. J. S.;
Tour, J. M. J. Am. Chem. Soc. 1994, 116, 11723. (i) Hilt, G.; Hess, W.; Schmidt, F. Eur. J. Org. Chem.
2005, 2526. (j) Siddiqui, M. A.; Snieckus, V. Tetrahedron Lett. 1988, 29, 5463. (k) Shabashov, D.;
Daugulis, 0. J. Org. Chem. 2007, 72, 7720. (1) Mehta, B. K.; Yanagisawa, K.; Shiro, M.; Kotsuki, H.;
Org. Lett. 2003, 5, 1605. (m) Leardini, R.; Tundo, A.; Zanardi, G. Synthesis 1985, 107. (n) Shou, W.-
G.; Yang, Y.-Y.; Wang, Y.-G. J. Org. Chem. 2006, 71, 9241].
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g FHOA 2-Fldold @ (0.15 mmol)S TFA (0.1 Mol &ahA7Iz AL = (2 F=F, 0.30 mmol)S 7}
sholth.  ofE FHO 548 ¥ g, ME EES wwkslEA 140 Colld 49 Bt 7pdsisinh. wkgo)
S5y §, §uE ol2 }ii ”FHL AFES dIFadaez AT o, 23 RIFAYEFOR 9
71gletal fERRdEo s 33 FE3 . AR Aﬂﬂo} shbrtavigoR AxA7 O Y SFAA
o RFES A 249 agu}E:LFAMM]%oMlEﬂ o|E:n-@%t = 1:10)°l o] AFAlste] FA wAe] %
A SFES FEIAT(TE: 91%).

&n (CDCls, 400MHz) 7.53-7.59 (m, 3H), 7.63 (t, J = 7.5, 1H), 7.68-7.79 (m, 4H), 7.87 (t, J = 7.5, 1),
8.12 (d, J=8.2, 1), 8.27 (d, J = 8.2, 1H), 8.63 (d, J=18.2, 1H), 8.71 (d, J = 8.2, 1H).

&c (CDCls, 100MHz) 121.9, 122.1, 123.7, 125.2, 126.9, 127.0, 128.4, 128.6, 128.7, 128.8, 129.7, 130.3,
130.5, 133.4, 139.7, 143.7, 161.2.

Viax (NaCl)/cm_1 3059, 2927, 1559, 1458, 1361, 1073, 1029, 763, 727, 701.

AAd 2: 6-p-EZHIFEZY (6-p-Tolylphenanthridine)e A|F

AddEs| = thalel] 4-wEaddus| =g AREste]l 140 TellA 5 &)t 7hdstal odotAE o] Ein-gtt =
1 ZOOE 2 ARvtEaddshs As A9stals, AAld 13 #dd rges A4 a4 g4 sdEs
Seklth(aE: 90%).

&n (CDCls, 400MHz) 2.49 (s, 8H), 7.38 (d, J =7.9, 2H), 7.61 (t, J = 7.7, 1H), 7.65-7.69 (m, 3H),

7.76 (t, J=17.5, 1), 7.84 (t, J=7.5, 1), 8.15 (d, J = 8.2, 1H), 8.26 (d, J = 8.2, 1), 8.60 (d, J
= 8.2, 1H), 8.68 (d, J =8.2, 1H).

§c (CDClz, 100MHz) 21.4, 121.9, 122.1, 123.6, 125.2, 126.8, 127.0, 128.7, 128.9, 129.0, 129.6, 130.2,
130.5, 133.4, 136.7, 138.6, 143.7, 161.2.

Vowe (NaC1)/cm ' 3029, 2923, 1611, 1581, 1459, 1358, 761, 728.

AAd 3: 6-(4-HEAHD)HFEZ Y (6-(4-Methoxyphenyl )phenanthridine)?] A=
AL = el 4-wEA T DAEE =S AHESte] 130 ColA 52 ek 7}

g | =R,
1:2002 28 gazaEaddsts AL AYstns, AAd 13 593 whioa wda uHo T4 3eES
FESAHTE: 75%) .
&y (CDCls, 400MHz) 3.92 (s, 3H), 7.10 (d, J = 8.5, 2H), 7.64 (t, J = 7.5, 1H), 7.67-7.78 (m, 4H),

7.87 (t, J=17.5, 1), 8.17 (d, J = 8.2, 1H), 8.27 (d, J = 8.2, 1), 8.61 (d, J = 8.2, 1), 8.70 (d, J
= 8.2, 1H).

&c (CDCls, 100MHz) 55.3, 113.8, 121.8, 122.1, 123.5, 125.2, 126.6, 127.0, 128.7, 128.8, 130.1, 130.3,
131.1, 132.2, 133.4, 143.8, 160.0, 160.8.

Viax (NaCl)/cm_1 3069, 2956, 1608, 1562, 1512, 1459, 1249, 1171, 1033, 835, 762, 732.

AA 4 4: 6-(4-HEZHAL)HIEZY (6-(4-Nitrophenyl )phenanthridine)e A=

Fas, AAd

ol

Hddes= thale] 4-UEZAILHI| =S AFR3sle] 120 TolA 29 =<t 7ldsts= AL A9
19 sdgh o o] == 1A % 1 SIES FEIAT(TE: 68%).

&n (CDCl;, 400MHz) 7.67 (t, J=7.7, 1H), 7.75 (t, J=7.5, 1H), 7.81 (¢, J=17.5, 1), 7.92 (¢, J =
7.2, 1), 7.94 (d, J=8.9, 2H), 7.99 (d, J = 8.6, 1H), 8.25 (d, J=17.9, 1), 8.44 (d, J = 8.9, 2H),

_6_
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8.66 (d, J=7.8, 1), 8.75 (d, J = 8.6, 1H).

&c (CDCls, 100MHz) 122.1, 122.5, 123.7, 123.9, 124.5, 127.6, 127.7, 127.9, 129.2, 130.3, 130.9, 131.1,
133.5, 143.4, 145.9, 148.0, 158.6.

Vinax (NaCl)/cmi1 2879, 1601, 1517, 1483, 1351, 1327, 1101, 760, 726, 697.

AX el 5 6-(2-H 22 d)AFEHT (6-(2-Bromophenyl )phenanthridine) | AlZ

sdtus e gale] - A dAdEs =g ARgale] 120 TollAd 35413 E9t 7tdsla ddolAEol E:in-3]
= 18R 2 aRvtEaddsis A4S Agdstis, A 13 5Ud Yo 24 0 ¥4 AFES
FEFATHGEE: 74%).

2

&n (CDCls, 400MHz) 7.38-7.42 (m, 1H), 7.48-7.54 (m, 1H), 7.61 (t, J = 7.9, 1H), 7.68-7.81 (m, 4H),
7.87 (t, J=28.2, 1), 8.28 (d, J=7.8, 1H), 8.65 (dd, J = 1.4, 8.2, 1H), 8.71 (d, J = 8.6, 1H).

&c (CDCls, 100MHz) 122.0, 122.1, 122.8, 124.0, 125.2, 127.30, 127.33, 127.5, 128.5, 128.9, 130.1,
130.3, 130.8, 131.0, 132.8, 133.0, 140.4, 143.5, 160.5.

Viax (NaCl)/cm_1 3065, 2963, 2927, 1572, 1454, 1433, 1363, 1262, 1026, 799, 762, 728.

HREIMS m/z 333.0152 (M)+, calcd for CyoH;2BrN 333.0153.

AN 6: 9-HISA-6-HEHIFER D (9-Methoxy-6-phenylphenanthridine) 2] A=

2-ddoldd glale] 2-(3-wEAAY)old AL ALE3Fe] 120 ColA 29 FQF 7tdsta ool g o] En-sAk
= 1:3022 724 a2uleaddsis 2SS A9stas, AAd 13 U3 oz R uAe] A4 IFgES
FESFIF TGS 70%).

Sy (CDCls, 400MHz) 4.04 (s, 3H), 7.20 (dd, J = 2.6, 9.1, 1H), 7.51-7.58 (m, 3H), 7.65 (t, J = 8.2,

1), 7.71-7.76 (m, 3H), 8.00 (s, 1H), 8.01 (d, J = 10.3, 1H), 8.22 (d, J = 8.2, 1H), 8.52 (d, J = 8.2,
1H).

&c (CDCls, 100MHz) 55.5, 102.7, 117.1, 120.1, 121.9, 123.5, 126.3, 128.3, 128.5, 128.8, 129.6, 130.2,
130.7, 135.5, 139.9, 144.1, 160.6, 161.1.

Viax (NaCl)/cm_1 3059, 2934, 1614, 1461, 1374, 1234, 1138, 1035, 762, 736, 696.

AAd 7: 8-HEA-6-HEHIEZY (8-Methoxy-6-phenylphenanthridine)®] A|Z

2-Fdotddl giald 2-(4-wSAH D)ot dAE AHEste] 140 CollA 54 5<t 7HEsta ddolA el o] En-34t
= 1:200.2 Z¢ A2vlEaIste AS AQstae, AAld 13 593 WHoR A odo iA IIFE
S FESIIFH (S 59%) .

&y (CDCls, 400MHz) 3.83 (s, 3H), 7.47 (s, 1H), 7.49-7.59 (m, 4H), 7.67 (quintet, J = 8.2, 2H), 7.75
(d, J=7.8, 2l1), 8.22 (d, J=7.9, 1), 8.52 (d, J=7.9, 1), 8.61 (d, J=8.9, 1H).

§¢ (CDCl;, 100MHz) 55.4, 108.9, 120.9, 121.4, 123.8, 123.9, 126.5, 127.0, 127.8, 128.5, 128.6, 128.7,
129.5, 130.3, 139.9, 143.0, 158.4, 160.4.

Vo (NaCl)/cm 3060, 2934, 1617, 1532, 1481, 1461, 1374, 1289, 1245, 1215, 1040, 762, 732, 703.
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HREIMS m/z 285.1153 (M) alcd for CgHsNO 285.1154.

AA 4 8: 10-HEA-6-H DA FEFY (10-Methoxy-6-phenylphenanthridine)$] A=

2-ddopd®l ialel 2-(2-vISA ) obd RS ARg-ake] 120 TolA 5 &<k 7Hdsth= AS A9
o 13 A WHom b uAe] #A4) SFES FEIATH(GE: 23%).

ol

pa, 4

)

&y (CDCl;, 400MHz) 4.19 (s, 3H), 7.35 (d, J = 7.5, 1H), 7.50-7.57 (m, 4H), 7.67-7.71 (m, 4H), 7.75
(td, J=1.5, 7.8, 1), 8.24 (d, J=8.5, 1H), 9.54 (d, J=8.5, 1H).

&¢ (CDClz, 100MHz) 55.9, 111.5, 121.4, 123.5, 126.7, 127.1, 127.5, 127.9, 128.1, 128.3, 128.5, 129.6,
130.0, 140.4, 144.3, 158.2, 161.1 (1 carbon is missing due to overlapping).

Vinax (NaCl)/cmi1 3059, 2963, 2844, 1434, 1450, 1366, 1266, 1225, 1076, 991, 767, 726, 701.

HREIMS m/z 285.1153 (M) alcd for CgHsNO 285.1154.

AAd 9: 9-v|EA-2-vE-6-d | FEZ YD (9-Methoxy-2-methyl-6-phenylphenanthridine) ] A|Z

p-sldobdel  gllel  2-(3-elEAN)-4-obdAS  Abgslel 120 TN 7R F% Adsa
ARebtlol = ozt = L2007 2 AmelEdsshs A% ASldns, Add 15} FAE PRow b
e 3A o) A HIEE FEAATHGE T99).

&y (CDCly, 400MHz) 2.64 (s, 3H), 4.04 (s, 3H), 7.18 (dd, J = 2.4, 9.2, 1H), 7.48-7.58 (m, 4H), 7.72
(d, J=17.9, 20), 7.96 (d, J=2.4, 1), 7.99 (d, J=8.9, 1), 8.12 (d, J = 8.2, 1H), 8.28 (s, 1H).
§c¢ (CDCls, 100MHz) 21.9, 55.5, 102.6, 117.1, 120.2, 121.4, 123.3, 128.3, 128.5, 129.6, 129.9, 130.6,
130.7, 135.2, 136.2, 139.9, 142.4, 159.8, 161.0.

Vinax (NaCl)/cmi1 3059, 2917, 1563, 1445, 1364, 1236, 1031, 829, 767, 733, 704.

HREIMS m/z 299.1309 (M) aled for CyHirNO 299.1310.

A 10: g-vE-6-sdslFEZ Y (8-Methyl-6-phenylphenanthridine) 8] A=

2-ddopd® tialell 2-(4-vE ) obd®S AREsto] 140 Tl 59 &<t 7HEshs As A9
13 Fdd os s o] 34 sES ST (E 86%).

ol

Fale

&n (CDCls, 400MHz) 2.51 (s, 8H), 7.52-7.59 (m, 3H), 7.65-7.75 (m, 5H), 7.87 (s, 1H), 8.23 (d, J =
7.8, 1H), 8.58 (d, J=7.8, 1H), 8.59 (d, J= 8.2, 1H).

§c¢ (CDCl3, 100MHz) 21.7, 121.7, 122.0, 123.8, 125.3, 126.8, 128.1, 128.3, 128.4, 128.5, 129.6, 130.2,
131.2, 132.2, 137.0, 139.9, 143.4, 160.9.

Vinax (NaCl)/cmi1 3059, 2920, 1579, 1562, 1460, 1363, 1234, 764, 733, 703.

HREIMS m/z 269.1206 (M) alcd for CgoHsN 269.1204.

AN 11: 2,8-tvE-6-dHdHFEZ Y (2,8-Dimethyl-6-phenylphenanthridine) e A|F
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2-Fldoeld A thald] 2-(4-W g d)-4-w|dold S AFLSte] 120 T4 5¢ <t 7ldsta o &olAE o]
Enqp-dt = 1:2002 29 I2ulEaddsts AS AYstas, AAld 13 53 WHoz vk 3139
EA AT ES FESAT(FE: 64%).

Sy (CDCls, 400MHz) 2.50 (s, 3H), 2.64 (s, 3H), 7.50-7.60 (m, 4H), 7.66 (dd, J = 1.6, 8.4, 1H), 7.73

(dd, J=1.4, 7.9, 21), 7.85 (s, 1H), 8.12 (d, J = 8.5, 1), 8.36 (s, 1H), 8.57 (d, J = 8.5, 1H).

&c (CDCls, 100MHz) 21.7, 22.0, 121.3, 122.0, 123.6, 125.3, 128.0, 128.3, 128.4, 129.7, 129.9, 130.0,
131.0, 132.0, 136.6, 136.8, 140.0, 141.7, 159.9.

Viax (NaCl)/cm_1 3057, 2936, 1614, 1585, 1504, 1464, 1372, 1284, 1230, 1140, 1033, 821, 767, 736, 701.

HREIMS m/z 283.1361 (M)+, calcd for CyHpZN 283.1361.

AN 12: 6-HdHM=X[k]#FEZ YD (6-Phenylbenzolklphenanthridine) o A=

2-Fldold A thale] 2-(1-YZE)opd @S AFR3te] 120 CTolA 7¢€ ¢t 71dsta o dolAE o] E n-3At =
1:2002 28 gazaEaddsts AL AYstns, AAd 13 593 whior wda uAo T4 3eES
FEIIF (& 83%).

§y (CDCls, 400MHz) 7.22 (t, J = 7.9, 1H), 7.30-7.60 (m, 4H), 7.65 (m, 2H), 7.70 (t, J = 7.7, 1H),

7.80 (m, 2H), 7.93 (d, J=7.9, 1), 8.15 (d, J=8.9, 1), 8.29 (d, J = 8.2, 1), 8.63 (d, J = 8.9,
2H).

&§¢ (CDCls, 100MHz) 119.8, 121.4, 122.4, 123.5, 125.8, 126.3, 126.8, 128.3, 128.4, 128.6, 128.8, 129.0,
129.9, 130.2, 132.2, 133.1, 134.3, 144.0, 144.5, 159.2 (1 carbon is missing due to overlapping).

Viax (NaCl)/cm_1 3058, 2963, 1610, 1573, 1557, 1467, 1360, 1263, 1075, 1028, 802, 760, 697.

HREIMS m/z 305.1204 (M)+, calcd for CosHisN 305.1204.

AAd 13: 6-#HdHAGEZY (6-Phenylphenanthridine) 2] A=
2-sdoldd tAlo

Aotz AS AlQlstas

N-EA-2-Hdold & (N-tosyl-2-phenylaniline)S AF&3}e] 120 ColA 35 Az &<k 7}
, AAd 17 FUg o RE ¥A SEES FESATH(STE: 80%).

Hlad) 1: 6-HdHFEZ Y (6-Phenylphenanthridine)? A=

2-gdoldd o] N-ofAE-2-dldeldyE AREsle] 120 CellA 35 AIF 5%
AAjel 13 43 W er 34 =S FESATHSE: 50%).

k.
N

)
e
ol
s
P
o
2
fo
ol
k!

s

Hlad) 2: 6-HdHFEZ Y (6-Phenylphenanthridine)? A=

TFA thAlol]l o}lNEALS AL&3l= AL
S 15%).

Aslshats, Axel 133 FAF PHow BA HYBL 5

By
2L
32
X
>

e 3: 6-HdHFEZ Y (6-Phenylphenanthridine)? A=

TFA thale] T2yl 248 AlE3le AS
(8 45%).

Aelstarz, Al 133 $UdF WRoew 34 FFES F

By
ol
ol
32
v}
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[0106] Hlad) 4: 6-HdHFEZ Y (6-Phenylphenanthridine)? A=

[0107] TFA tialell 13k 4h(98%) 5 AH&shs A Alelstals, AAld 133 $Ud3 URe=

rﬂ‘.
olo
o
-
o2,
ol
38,
o
=

[0108] Hlad) 5: 6-HdHFEZ Y (6-Phenylphenanthridine)? A=
[0109] TFA thAlel A4k F&M(37%) S AHEatE 2e AQstas, AAld 139 §93 Wyoz wes Fagsigiont
XA eSS 5T & flT.
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