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A A o2 SOD freAlE o] &3 95 =3k 5l Aol thgh A= o2 &kl A= o, Ad dd Al
H(liposome delivery system)& ©]&3] SODE &3 313 0] A5 aL 9l o, g gt)Z(free radical) el 23k Al
AA MES &4 el SOD FEAES a5 A=5 1 9} (Miyachi Y, Imamura S, Niwa Y. Decreased skin
superoxide dismutase activity by a single exposure of ultraviolet radiation is reduced by liposomal superoxide
dismutase pretreatment. J Invest Dermatol. 1987 Jul;89(1):111-2, 1987.; Jadot G, Vaille A, Maldonado J, Vanelle
P. Clinical pharmacokinetics and delivery of bovine superoxide dismutase. Clin Pharmacokinet. Jan;28(1):17-25,
1995.; Filipe P, Emerit I, Vassy J, Rigaut JP, Martin E, Freitas J, Fernandes A. Epidermal localization and
protective effects of topically applied superoxide dismutase. Exp DermatolJun ;6(3):116-21, 1997.; Yunoki M,
Kawauchi M, Ukita N, Noguchi Y, Nishio S, Ono Y, Asari S, Ohmoto T, Asanuma M, Ogawa N. Effects of
lecithinized superoxide dismutase on traumatic brain injury in rats. J Neurotrauma. Oct;14(10):739-46, 1997;
Stab F, Wolber R, Blatt T, Keyhani R, Sauermann G. Topically applied antioxidants in skin protection. Methods
Enzymol. 2000;319:465-78.; Vorauer-Uhl K, Furnschlief E, Wagner A, Ferko B, Katinger H. Topically applied
liposome encapsulated superoxide dismutase reduces postburn wound size and edema formation, Eur J Pharm
Sci, Aug;14(1):63-7, 2001.)

g bt X5 & 9ste] SOD F A9 & %7 Hars o] It} Crapo et al.o] ol = 5 2 St WS &
F3ol7] 9 x 2313 8Hf- SOD ZHHA| 9] 8 =7} 7/fA] = o] 9lt}. [Crapo et al., 7= 53] #5,994,339% & T A
6,127,356%). Campbell et al.9] &3 ol = 24 o)z #H D3] N5 E 918t 549 vjg)gld Mn (I == 11D) 59
o] E A o] 857} /AA ] Tt [Campbell et al., 7= 53] #]6,177,419 B1&]. Leving &3 o= &u 21744 A
IAE A A7]7] 913 ROS 27T = A 9] 7hawd s 2 o] o] F24] 2 tiAMEES] 857 A E o] ot (WO 00/
07584 A2). Brownlee?] 3ol B A oSS X 53817 93 & FFA2 24804 ROS £ 24 & 7447
71 919 @3 g ERT| =02 22 v o] Sk A E o] 9tk (Brownlee, WO00/19993 A2). P4 & A ehv] 2
4-3|EFA1-2,2,6,6-HEZHE A H 2 d-1-542 F55 SOD BAl = & HEA 9 F Fad Wt S48 9
A= Ao 2 Hax o] glth [Wang et al., Res. Commun. Mol. Pathol. Pharmacol ., Vol. 89: 291-305, 1995].
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1a: R = CHy-2-pyridine

ANH; 5 WNH 4 - R = CH,-CgH,(2)OMe
Q _ 1¢ 1 R = CHy-CgH4(4)OMe
NH 1d: R =CHxCgHs(2)OTs(3)OMe

NH,
R 1e:R=CHyCgHs2)OTs

S
R, K\NHNS TsO | N/
b \\N / \ C
_— + N S NsiN_ N-Ns
NHNs N N
TsO ) !
- e}
2a-e 3
4a-e
i S 5a=L": Ry, Ry = CH,-2-pyridine
N7 5b = L2 : Ry, Ry = CgH4(2)OMe
d NH Gl 5¢ = L%: Ry, Ry = GgHa(4)OMe
Q_ _) 5d : Ry, Ry = CgH3(2)0Ts(3)OMe
N N o, L*: Ry, Ry = CgHa(2)OH(3)OMe

R ¥ R 5 : Ry, R = CgHa(2)0Ts
el - Ry, Ry = CgHg(2)OH
a) i) R-CHO, MeOH ii) NaBH;, THF b) nosylaziridine, MeCN, reflux; c¢) Cs,C0;, DMF; d)
PhSH, K.COs, DMF; e) EtOH, KOH

= RyO|T, Ry B Ry, D ME 2H2E A7)0l 4 ol whe} om] Ntz 4-UE= WAl A%
o

JER Aol

o
= N
AIdE

S T ‘ 3
| - | N/ N/
N
NH HN R3—=N N-Ry4 Ra— R4
: P (—
N N ’N N NH HBN
PMB D PMB PMB D PMB D
3 i
L 6a : Ry, Ry = CH,-2-pyridine 7a(L’) : Ry, Ry = CH,-2-pyridine

Bb : R3, Ry = CH,CsH,(2)0Ts 7b : Ry, Ry = CH,CgH,(2)0OTs
[+

L. L7 : Ry, Ry = CH,C4H,(2)OH

a) K005, MeCN, reflux: b) TFA: <) KOH, EtOH
7] Wk 2014, PMB= b} WS A] Wl o] a1, TFAS E2] S5 8.2 opA Eqts Ebdle

[Wh-&-2] 3]
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A7) AA G ] AAE &, B B fEAD 5 QT o F BW, WAT FAN ] A9t B wE Zoxzgd
e 2o EFEol AHgE = g, T S 534, pH Fol A 4PHER AzHh B AL =
ZNPATYZ 58002 YT 55 Ak FTEOE T SN YR Bol 3ol 1 I FolA|,
A, AA R EFAE Pkl AT 5 Aok AT EOE 4 £H AGARE vRE BYYRS VA B

FA47, £, MPAERe s ATGAEERA ML AER 2 W T o AEA S} 2 B Bho] BAAA Axd 5

e,

HFEA R oA 8 A Al B9l Rergefolth, el %k Pl A, AAE A1
ARAT, B9 Forg e A RelE F FRots 2PE AN F gdov], o2
d A, A4 E Bt

w o] obet 2B AT, A9, vel, AU i
o 1 LH

, TS £33 oY ARE T FolE 5 o
100 mg/kg A Z, B2 s} Al
_"

H H

491 18] Fof2e 0.1 A =17 10 mg/kg AF] M Slolw, 18] w58 2 1
o] Fol @ 4 gl e, B ARl AA Folwe Fo Am, e A8, 4 U A%, L 4] FEE 59| o
o] #& Qo] H]Fo] AR F ojof shi= Ao ofs)wlolof ahm, whebA, A7) Foj e oW WO RE K o] W
2 dqahe AL opr)

| 288 5 9or, w3}, o, Al Friels, §3, A @ 5 sk B
Aol Aol #g Hssth £H B4 B gol Lol U A8 A4S Fate] 2% Aol U vl $8Y 5 9
o SHePA Abslurg o] Sl B8E 4 qlvh 58] 24 Akl O% w8l WA PAo) 58 R} bt S Ft
2 OJOFE, S4E Sl 388 & o] oJobE AN L HAF A% AP ) {8500 ol gd 5 Ak

[AA]]

AAd 1 83HE L1-159] A4 1 #=)

[A]Z4] 1IN,N'-Bis-pyridin—2-ylmethyl-cyclohexane-1,2—-diamine(1a)

) €2 50mLol 2-3 2] FFE2H) 3] = (2-pyridine carboxaldehyde)(3.32, 22.72mmole)< = &
2H(diaminocyclohexane)(1.35mL, 11.36mmole) & A4 3] 7}alar Aol A 2A) 3 vk Al A F= )

Fu eSS 1 w55te] A nA S LA} o] AL B & oy H Ao o3 A% Al h W S 100mLol
AAE A & 1A S o] NaBH4(1.07gr, 28.30mmole)E A 3] 7}t oF 305t wt A F o vh-8-8 W31 w e
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&5 s E 8§ IN-HCI 892 23t Al7] o tlo dof Hl 2(Diethyl ether) 2 oJ &) ¥ o] =T}, o] 78
o] IN-NaOHZ 7}ato] dvtejd oz e 3 vaddlZ 2o =2 ofg] ¥ %—%6& 4 MgSO, & XA A o 3gt 5
At TEAA LA FH o Ak 2 A S AU 5 2.12g(63%)

'H-NMR(200MHz, CDCly) : 8.45(d, 2H), 7.72(t, 2H), 7.46(d, 2H), 7.20(t, 2H), 4.35, 4.09(ABq, 4H), 2.83-2.78(m,
2H), 2.18-2.11(m, 2H), 1.80-1.76(m, 2H), 1.58-1.47(m, 2H), 1.28-1.18(m, 2H)

[A] Z4] 2IN,N'-Bis—(2-methoxy-benzyl)-cyclohexane-1,2-diamine(1b)

Ao 19 HHHEE o] &3] 2-HEA M Z Y1) =(2-methoxybenzaldehyde)(6.4mL, 52.54mmoD)E &% B2 =
st BEAE At 81 82%(2.55g, A aA)

'H-NMR(200MHz, CDCly) : 7.29-7.16(m, 4H), 6.92(d, 2H), 6.83(d, 2H), 3.93, 3.66(ABq, 4H), 3.72(s, 6H), 2.27-
2.52(m, 2H), 2.23-2.02(m, 6H), 1.72-1.68(m, 2H), 1.25-0.93(m, 4H)

[A] Z4) 3IN,N'-Bis—(4-methoxy-benzyl)-cyclohexane-1,2-diamine(1c)

A ZFd 19 HHHE o] & }04 4-v| EA A £ L H 8] =(4-methoxybenzaldehyde)(2.11mL, 17.5mmole)E &% 52 = ¢
Sl B8 AT 8 82%(7.58g, 3 M a1 A))

'TH-NMR(200MHz, CDCly) : 7.32(d, 4H), 6.84(d, 4H), 4.13, 3.79(ABq, 4H), 3.77(s, 6H), 2.68(m, 2H), 2.24(m, 2H),
1.80(d, 2H), 1.43-1.17(m, 4H)

[A] Z4] 4]N,N'-Bis-(3-methoxy-2-tosyloxy-benzyl)-cyclohexane-1,2-diamine (1d)

A Zo 12 HIHE o] &31e] 2-EASA]-3-HEA]-dl= al ]3] =(2-Tosyloxy—-3-methoxy—-benzaldehyde) (2g,
6.54mmole) & &% 24 E Yol= S AT 5 82%(1.87g, =g 1A))

'H-NMR(200MHz, CDCl,) : 7.84(d, 4H), 7.34(d, 4H), 8.18-7.07(m, 4H), 6.76(dd, 2H), 3.88, 3.66(ABq, 4H), 3.52
(s, 4H), 2.45(s, 6H), 2.11-2.00(m, 4H), 1.74-1.65(m, 4H), 1.28-0.82(m, 4H)

[A]Z 4] 5]N,N'-Bis-(2-tosyloxy-benzyl)-cyclohexane-1,2-diamine(le)

A Zd 12 HIHE o] 83l 2-EA A -l 24 d) 3] =(2-Tosyloxy—-benzaldehyde) (1.56g, 5.65mmole)& =& &2
2 d3t= 24E AT 78 67%(1.20g, =2 5L A)

TH-NMR(200MHz, CDCly) : 7.48(d, 4H), 7.46(d, 2H), 7.32(d, 4H), 7.21-7.10(m, 4H), 6.94(dd, 2H), 3.70, 3.49
(ABq, 4H), 2.44(s, 6H), 2.09-1.98(m, 4H), 1.70-1.53(m, 4H), 1.16-0.81(4H)

[A %4 6] N,N'-Bis—-(2-nosylamino —ethyl)-N,N'-bis—-pyridin—2-ylmethyl- cyclohexane-1,2-diamine(2a)
3}stE1a (2.12g, 7.16mmole)E o EYEZ 50mLel Fo]aL o 7]o] =2 obx & d(nosylaziridine)(3.59g,

15. 75mmole>‘“— 7Febar 12A4)17F B¢t 3k Wik Atk 2d 3 0k S HED ol EYEH S 79t wEsla fYdEF g
o= HetE =10 19 /L2 A F2vE I E sto] A EQ] =T IAE AT T8 70%(3.77g)

TH-NMR(200MHz, CDCly) : 8.54(d, 2H), 8.05-8.00(m, 2H), 7.71-7.59(m, 6H), 7.52(t, 2H), 7.19-7.07(m, 4H),
3.85, 3.67(ABq, 4H), 3.03(t, 4H), 2.70(bs, 4H), 2.54(bs, 2H), 1.83(bs, 2H), 1.63(bs, 2H), 1.02(bs, 4H), LC-MS
(ESD : m/z = 753.2[M+H" ]

[A %4 7] N,N'-Bis-(2-nosylamino —ethyl)-N,N'-bis—(2-methoxy-benzyl)-cyclohexane—-1,2-diamine(2b)
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o

3

fr

A Zd 6] WS o] &3lo] 33 E1b (2.53g, 7.14mmole) S WA 2
A 31.3])

242 AU 751 90%(5.22g, =&

"H-NMR(200MHz, CDCly) : 8.03-7.98(m, 2H), 7.76-7.62(m, 6H), 7.18-7.14(m, 4H), 6.81-6.74(m, 4H), 3.74(s,
6H), 3.57(s, 4H), 3.13(bs, 4H), 2.53(bs, 4H), 2.02-1.93(m, 4H), 1.67(bs, 2H), 1.02-0.99(m, 4H), LC-MS(ESD : m/
z=811.2[M+H"]

[A] %4 8] N,N'-Bis—-(2—-nosylamino —ethyl)-N,N'-bis—(4 -methoxy-benzyl)-
cyclohexane-1,2-diamine(2c)

Az 69 WHHS o] 83t 315E1c (5.97g, 16.86mmol )E 2L EZA R Yot EE S AU F8:99%(13.52g, =
A 1 A))

"H-NMR(200MHz, CDCl,) : 8.06-8.01(m, 2H), 7.76-7.65(m, 6H), 7.16(d, 2H), 6.77(d, 2H), 3.77(s, 6H), 3.64,
3.37(ABq, 4H), 3.15-3.09(m, 4H), 2.57-2.49(m, 6H), 1.98(bs, 2H), 2.67(bs, 2H), 0.99-0.93(m, 4H), LC-MS(ESD) :
m/z =811.2[M+H"]

[A]Z4] 9] N,N'-Bis-(2-nosylamino -ethyl)-N,N'-bis—(3-methoxy-2-tosyloxy-benzyl)-cyclohexane-1,2-
diamine(2d)

o

=l

i

Azd 69 WHE o] &3l 33E1c (1.86g, 2.68mmole)E SWE4 =
A 51A)

S AAT 751 92%(2.83g, =

"H-NMR(200MHz, CDCly) : 8.09-8.03(m, 2H), 7.79-7.60(m, 10H), 7.34(d, 4H), 7.13(d, 4H), 6.74(t, 2H), 5.74(bs,
2H), 3.59, 3.55(ABq, 4H), 3.47(s, 6H), 3.09(t, 4H), 2.45(s, 6H), 2.37-2.34(m, 6H), 1.86(d, 2H), 1.65-1.61(m, 2H)
, 1.04-0.85(m, 4H), LC-MS(ESD : m/z = 1152.2[M+ H" ]

[A]Z4] 10] N,N'-Bis—-(2-nosylamino —ethyl)-N,N'-bis-(2-tosyloxy-benzyl)-

cyclohexane-1,2-diamine(2e)

i)

Az 62 S o] &3lo] 3132 1c (2.29¢g, 3.62mmole) S &
A 31A)

2 Y35t B2 I 81 89%(3.50g, =

'"H-NMR(200MHz, CDCly) : 8.05-8.00(m, 2H), 7.81-7.65(m, 10H), 7.43-7.26(m, 6H), 7.11-7.07(m, 4H), 6.84~
6.79(m, 2H), 3.48, 3.36(ABq, 4H), 3.01(t, 4H), 2.45(s, 6H), 2.41-2.38(m, 6H), 1.83(d, 2H), 1.63(bs, 2H), 1.03-
0.83(m, 4H), LC-MS(ESD : m/z = 1091.2[M+ H" ]

[A]Z4] 11] 3,16-Bis-(2-nitro-benzenesulfonyl)-6,13-bis—pyridin-2-ylmethyl -3,6,13,16,22-pentaaza-
tricyclo[16.3.1.0712]docosa-1(21),18(22),19-triene(4a)

313224 (2.15g, 2.85mmole)E DMF 50mLel 0] o] 7] o] M%7 o] E(2.78¢, 8.55mmole)E 718l iyt A F
o}, of7]el 8}3HE 3(1.40g, 3.13mmole)E A3 3] 7Fg & Aol A 12A17F &<t wnk Al o), 17 $ 98-S 15
DMFE 78 554171 - WS 2ol =} 58 o] &l 33] FE3H F7]5S Bof A ER HojF1 75

MgSO, = HAZEAIA o3 g 3 2% 55 AT 29 F vdAlF 2ol = wWehg = 10: 19 A/fem=z dda=mt

B9 E ote] A=) =t A S AT &1 88%(1.91g)
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LC-MS(ESD : m/z = 856.2[M+H" ]

[AZd] 12] 6,13-bis-(2-methoxy-benzyl)-3,16-bis—(2-nitro -benzenesulfonyl)-3,6,13,16,22-pentaaza-
tricyclo[16.3.1.0712]docosa-1(21),18(22),19-triene (4b)

Alzd 119 B o] &3t sh3HE2b (2.50g, 3.09mmole)& SHEAE At E4S AUt 781 85%(2.40g, =
ZHA 31A))

LC-MS(ESD : m/z = 914.3[M+H" ]

[A %4 13] 6,13-Bis-(4-methoxy-benzyl)-3,16-bis—(2-nitrobenzenesulfonyl)-3,6,13,16,22-pentaaza-
tricyclo[16.3.1.0712]1docosa-1(21),18(22),19~triene(4c)

Az 119 Wi S o] &35} 318E2b (12g, 14.80mmoD)E S EZF R Ys}

A 31A)

iy

=45 Atk & 89%(11.03g, =7

LC-MS(ESD : m/z = 914.3[M+H" ]

[A] %4 14] 6,13-Bis-(3-methoxy-2-tosyloxy-benzyl)-3,16-bis—(2-nitro -benzenesulfonyl)-3,6,13,16,22-
pentaaza—tricyclo[16.3.1.0712]1docosa-1(21),18(22),19-triene (4d)

Az 112 S o] &-3lo] 315HE2¢ (2.80g, 2.43mmole) S ELEA 2 dte E4S AU 81 93%(2.83g, =
2 11A)

LC-MS(ESD : m/z = 1254.3[M+H" ]

[A]Z4] 15] 3,16-Bis-(2-nitro-benzenesulfonyl)-6,13-bis—2-(4-tosyloxybenzyl)-3,6,13,16,22-pentaaza-
tricyclo[16.3.1.0”2]1docosa-1(21),18(22),19-triene(4e)

Az 119 HH S o] &3l 33524 (2.00g, 1.83mmole)S U EAZ Ast= 222 A0 8 92%(2.01g, =

A SLA)

LC-MS(ESD : m/z = 1194.3[M+H"]

[AZ4) 16] 6,13-Bis-pyridin—-2-ylmethyl-3,6,13,16,22-pentaaza—tricyclo

[16.3.1.0712]docosa-1(21),18(22),19triene (L)

3}gtE4a (1.90g, 2.22mmole)E DMF 20mLol| =] a1 o] 7] 9 IEH%?}EH] 0] E(O 92g, 6.66mmole)E 7}5}aL wHk A
Zth. 7]l ¥ 23=(Thiophenol)(0.58ml, 5.55mmole) & 33| 7}s & Ao A 2413 5QF wdk A AT 19 &
H-3-& W33 DMFE 7 %%’\]ﬂ —fF IN-HCl &4 0.2 2k 3} A ]i T/I‘_}EO] Sl 0] Xﬂﬂ 2 7] dedE=
gol=® of ] H Ao =t} o] & qo] IN-NaOHE 7}sto] &7te]d o & vk j% HadlEsdol=g o H &
skl F-9= MgSO, = A1 A quJrﬁL ?‘ et FFAA =AY A E A}y 8 90%(1.08g)

TH-NMR (200MHz, CDCl,): 8.33(d, 2H), 7.57(t, 1H), 7.44(d, 2H), 7.07(t, 2H), 6.99-6.92(m, 4H), LC-MS (ESD :
m/z = 486.3[M+H" ]

[A %4 1716,13-Bis-[2-methoxy-benzyl]1-3,6,13,16,22-pentaaza-tricyclo
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[16.3.1.0712]docosa-1(21),18(22),19-triene (L2)

A Z o 169 WHL o] &3lo] 3eE4b (2.20g, 2.41mmole)E HLEA 2

A 3LA])

o

=l

rle

24& A0Th S5 90%(1.18¢, &

TH-NMR(200MHz, CDCly) : 7.58(t, 1H), 7.28(d, 2H), 7.10-6.97(m, 4H), 6.72(d, 2H), 6.41(t, 2H), 3.83(s, 4H),
3.67(s, 6H), 3.53, 3.48(ABq, 4H), 2.86-2.58(m, 10H), 2.05(bs, 2H), 1.72(bs, 2H), 1.10-1.07(m, 4H), LC-MS(ESI)
‘m/z = 544.3[M+H" ]

[A] %4 1816,13-Bis—[4-methoxy-benzyl]1-3,6,13,16,22-pentaaza-tricyclo

[16.3.1.0712]docosa-1(21),18(22),19-triene (L)

A Zd 162 WS o]g3lo] 33t E4c (6g, 7.4mmoD)E L EA R Yot 48 AU 481 75% (3.15g 34 11
A))

"TH-NMR(200MHz, CDCl,) : 7.56(t, 1H), 7.19(d, 4H), 6.98(d, 2H), 6.54(d, 4H), 3.86-3.63(m, 12H), 3.17(d, 2H),
2.87-2.81(m, 4H), 2.73-2.47(m, 6H), 2.16-2.14(m, 2H), 1.70(bs, 2H), 1.08-1.03(m, 4H), LC-MS(ESI) : m/z =
544.3[M+H"]

[A]Z4] 1916,13-Bis-[3-hydroxy-2-methoxy-benzyl]-3,6,13,16,22-pentaaza-

tricyclo[16.3.1.0712]docosa-1(21),18(22),19-triene (L*)

Az 169 WS o] &3t 33E4d (1.00g, 0.80mmole)E = EA 7 318dE 5dE A}, o &2 20mLe] 3=
5dE o]l o] KOHE 7h8tal Ao Al 1A st ik AJ AT 28 & 98-8 W o eheS 4 &5 A7 &
2 AZAA A 3 F AdESH Al A A

e S 2ol 29} =5 o] &efA o M FE3kal 7715 - MgSO,
[e]
TE

IAE A &1 85%(0.39g)

'H-NMR(200MHz, CDCly) : 7.43(t, 1H), 6.86(d, 2H), 6.70-6.51(m, 6H), 3.88-3.49(m, 14H), 3.03-2.51(m, 10H),
2.06-2.02(m, 2H), 1.74-1.71(m, 2H), 1.23-1.01(m,4H), LC-MS(ESD : m/z = 576.3[M+ H" ]

[AZ<] 2016,13-bis-2-hydroxybenzyl-3,6,13,16,22-pentaaza-tricyclo
[16.3.1.0"2]docosa-1(21),18(22),19-triene (L5)
A Zof 169 WHS 0] 835}o] 313HE 4e (1.95g, 1.63mmole)E EHEA 2 313HE 52 AT} 48 88%(0.74g)

'"H-NMR(200MHz, CDCly) : 7.56(t, 1H), 7.09-6.97(m, 6H), 6.73(t, 2H), 6.65(d, 2H), 3.85(bs, 6H), 3.28(bs, 2H),
3.01-2.40(m, 10H), 2.09(bs, 2H), 1.78(bs, 2H), 1.13(bs, 4H), LC-MS(ESD : m/z = 516.2[M+ H" ]

A 2: 3FE L6-L79 FAH (T4 2 FF)

[A]Z4] 2116,13-Bis—-(4-methoxy-benzyl)-3,16-bis-pyridin-2-ylmethyl-

3,6,13,16,22-pentaaza-tricyclo[16.3.1.0712]1docosa-1(21),18(22),19-triene (6a)
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ol EYEHY 20mLol 7= L3(0.37g, 0.68mmol)E o]l o] 7]o] E£EHE7IH U] E(0.23g, 1.70mmol) S 7}8FaL L

HE AT, of 7)ol 2-T] & E F2elo] = &l EEEEE} ] =(2-picolyl chloride hydrochloride) (0.25g, 1.50mmol)&
7he = 12A17F E<F 3R Rk A T O 3 9kg-S WA oA EYEY S ISt ES A & Uﬂ‘aﬂiia}ol o &
o]&al A 33 F=oAL Ul S Bol AvE E"“Oi AL - MgSO, &= AFAIA o3} 3 5 Zhs= A7t 21 5
HEdSEZ2gol= i WghE =10: 19 A/Em= AHAZvETHE 5t AFES] 82 AE QAT &

0.20g(41%)

0

H n:

9]

J

LC-MS (ESD): m/z = 726.4[M+H" ]

[A Z4) 2216,13-Bis—(4—methoxy-benzyl)-3,16-bis—2-(4 -tosyloxybenzyl)-

3,6,13,16,22-pentaaza—tricyclo[16.3.1.0712]docosa-1(21),18(22),19-triene (6b)

SN EYEH 40mLol EVJE L3(1g, 1.84mmol)E 0]l o 7)o LelE7FE 0] E(0.64g, 4.60mmol)E 7}&laL vk
A ZTh o 7)o EFd-4-4¥E4 2-B 22 WY -3 o ~8 Z(Toluene- 4 Sulfonic acid 2-bromomethyl-phenyl
ester) (1.38g, 4. O5mmol)§ 7hek 3 12A17F & SRt Al Zi ok, 79 $ RES-S HF AL oM EYE- S 7ok S A
7 FWddlE 2ol =of 55 o] &34 33] FEFsaL 715 S Bof & E AolFaL F-= MgS0, = AEA A o3}
L R T - 4= A uﬂaggia}cﬂ roFolAH o] E = 10: 19 AU/ Em= AP AZnET Y E 5l
A= A A E DA &1 0.94g(48%)

LC-MS (ESD: m/z = 1064.5[M+H"]

[A] %4 2313,16-Bis—pyridin—2-ylmethyl-3,6,13,16,22-pentaaza-tricyclo

[16.3.1.0"12]docosa-1(21),18(22),19-triene (L)

31g% 6a (0.15g, 0.21mmoDE TFA 10mLoll o]t Ad-&el A 641t &2t ik Al Zvh, 13 § 9h-g-& W33 TFAS
A FFAR 5 IN-HCL 7845 H7bshar Fabzo] A7 & wj7hx] vidl g 2efe] =2 of2f ¥ Ao} FUt}. o] 48
Ao IN-NaOHE 7}ete] &otejd o= AZAA o 13k

WE S g ZRetol B2 ofe] W 33 4 MgS0, 2
F 49 $5AA 09 Felel A8 44 A4S Aeh 78 100%(0.108)

=1

"TH-NMR(200MHz, CDCl,) : 8.53(d, 2H), 7.61(t, 2H), 7.45(t, 1H), 7.32(d, 2H), 7.14(t, 2H), 6.71(d, 2H), 3.87(s,
4H), 3.80(s, 4H), 3.23-3.14(m, 2H), 2.95-2.79(m, 6H), 2.64(m, 2H), 2.15(m, 2H), 1.76(m, 2H), 1.26-1.16(m,4H),
LC-MS (ESD: m/z = 486.3[M+H" ]

[A]Zd] 24]13,16-bis-2-(2-hydroxybenzyl)-3,6,13,16,22-pentaaza-tricyclo

[16.3.1.0712]docosa-1(21),18(22),19-triene (L7)

Hﬂ‘ﬂ{ 3}0159} = 19~6H*1 0431 il %‘“% }51 %71%% T4 MgS0,

DA E DAY, 55 95%(0.42¢g)

"H-NMR(200MHz, CDCly) : 7.48(t, 1H), 7.13(t, 2H), 7.01(d, 4H), 6.80-6.71(m, 4H), 4.00, 3.73(ABq, 4H), 3.77(s,
4H), 2.93-2.62(m, 8H), 2.19-2.14(m, 2H), 1.97(d, 2H), 1.66(d, 2H), 1.20-0.89(m, 4H), LC-MS (ESD): m/z = 516.3
[M+H"]
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A 3: 18, L9 3FE9 A (g2 3 FX)
[A] Z 4] 25]IN,N'-Bis—(2-tosylamino—ethyl)-N,N'-bis—(4 -methoxy-benzyl)
-cyclohexane-1,2-diamine(8)

00mLel =o]aL o 7]of EAobX 8] (tosylaziridine)(9.28g, 47.08mmole)=

3} & 1c (7.58g, 21.40mmole)=E o EH2 1
o RESEo A A7 A H AL, o] AS oSt o eERE o W Ao £ B

7¥etaL 12 A13F &<t k7 alRk A7)
Az A AT F8194%(152)

"H-NMR (200MHz, CDCl,): 7.78(d, 4H), 7.31(d, 4H), 7.01(d, 4H), 6.74(d, 4H), 6.07(bs, 2H), 3.79(s, 6H), 3.53,
3.28(ABq, 4H), 3.00-2.96(m, 4H), 2.41(s, 6H), 2.34-2.27(m, 6H), 2.04(d, 2H), 1.62(bs, 2H), 0.93-0.89(m, 4H),
LC-MS (ESD): m/z = 749.3[M+H" ]

[A %4 26]13,16-Bis—(toluene-4-sulfonyl)-3,6,13,16,22-pentaaza-tricyclo

[16.3.1.0712]docosa-1(21),18(22),19-triene(9)

3}3HE8 (4.0g, 5.35mmole)E DMF 50mLel o] a1 of 7)o A&7 o] E(5.23g, 16.04mmole)E 7}3}aL w gk A%

th o] 719l 3}3HE 3(2.63g, 5.88mmole) & 33| 7hek & Ao A 12A1F EF Wik A FTh 19 & 9hgS WAl

DMFE ¢t 5413 §- vddlF 2eto] =9 =& o] &3llA 33] FE8tal 77|58 Bot &u = M5

MgSO, &= AZEAIA o3} g 5 2 55 AT 21 5 A S A &2 o] 318&3 TFA 50mLell 0] aL &=l A 24]

F ok wuk Al F T 98-S W33 TFAS 74 55 21713 0.1N NaOH = °ﬂ7]H§} Al71a vd A& 2ol =2 of

=3l 7] Hol AgwE AolFaL ¥4 MgSO, & A A o 3 3 w5 A AY. 29 F wedER
1

o
&
=ovgE of NGz A ARty E sto] =] DA A E AT 81 87%(3.27g)

™
>~
3

o of
ol, 1
tlo
o o
—{0\

o

SLI )

10

TH-NMR (200MHz, CDCly): 7.74(t, 1H), 7.71(d, 4H), 7.46(d, 2H), 7.31(d, 4H), 4.47, 4.31(ABq, 4H), 3.50-3.33(m,
2H), 3.04-2.70(m, 4H), 2.41(6H), 2.40-2.28(m, 2H), 1.87(m, 4H), 1.09-1.04(m, 2H), 0.84(m, 2H), LC-MS (ESD):
m/z =612.2[M+H"]

[A]| Z4] 271 Toluene-4-sulfonic acid 2-[3,16-bis-(toluene-4-sulfonyl)

-3,6,13,16,22-pentaaza-tricyclo[16.3.1.0712]docosa-1(22),18,20-trien-6-ylmethyl ] -phenyl ester(10)

ol EY EH 20mLoll 5}3]’:' 9(0.51g, 0.84mmol)E =o]11 o 7|9 LEFEZIH W ©]E(0.58¢g, 4.18mmol)=E 7}3}a uyt
AN AT 7)o EFA-4-LFEA 2-H 2R dE-Hd o ~H Z(Toluene-4-sulfonic acid 2-bromomethyl-phenyl

ester) (0.85g, 2. 50mmol)e 7}k 3 12A17F EBoF A 2o A uyk AT I8 T 9SS "R ol EYEHE 7Heks
Al F e SR etol =9t 58 o &aA 33 FE8taL 771 5E Bof AFERE HolFaL F5 MgSO, = XA A

o7 3 = AdEFAZ T 19 5 100% otES AAEviZ Al a=2vE 0o E sto] A= dAe] uAE 4

o} 428 0.36g(50%)

ITH-NMR (200MHz, CDC13)3 7.76=7.64(m, 7TH), 7.41-7.27(m, 9H), 7.18-7.10(m, 2H), 6.87(d, 1H), 4.48-4.36(m,

2H), 4.17(d, 2H), 3.45(s, 2H), 3.38-3.33(m, 2H), 2.80-2.63(m, 4H), 2.44-2.42(m, 11H), 2.03-1.67(m, 6H), 1.01-

0.73(m, 4H), LC-MS (ESD): m/z = 872.3[M+ H" ]

[A =) 2812-(3,6,13,16,22-Pentaaza-tricyclo[16.3.1.0"12]docosa-1(22),18,20-trien-6-ylmethyl)-phenol (L)
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==

=53] 10-0724586

3}¢HE- 10(0.3g, 0. 34mmole)E 33% HBr/AcOH 50mLel =o]aL o 7] o] PhOH(1.6g, 17.22mmole)< 7}3sFx 90T Oﬂ/ﬂ
10A]17F 37 Rk Al AT WESS HE T 0CE I Al 3 EtherE A 2HA 71 81t} 24 dxo] P4 =3

o] AL o Fata A% A7) F o ehS 10mLol| o] #Ee] KOHE H7bshal ALo 4] 1A 7F B¢t wwk Al 7At). o EL}%
SRS EF AN F = Uﬂ%ﬂ%ia}ﬂt g ol &3l o W %%o}ﬂ F715& ot g &R HojFa F4
MgSO, = AZAA A3} ¢ F dsF & e 148 AArh+8:0.11g(90%)

LC-MS (ESD: m/z = 410.2[M+ H" ]

[AZo] 29]113-(1H-Imidazol-4-ylmethyl)-3,16-bis—(toluene-4-sulfonyl)

-3,6,13,16,22-pentaaza-tricyclo[16.3.1.0712]1docosa-1(21),18(22),19-triene(11)

W ghS 10mLel 35 9(0.12g, 0.20mmole)S o] il Suff o] of | EAT} 4(5)-o] vtk 72| 8Fo] =(4(5)-
imidazole carboxaldehyde)(57mg, 0.59mmole)S 7}3}aL nWHA] AT}, o] 7] 9 NaCNBH3(74mg 1.18mmole)=E 7}3l
2’\]7}50} @fe WRE A AT 9SS HE I W E S S Qa‘%%’\]ﬂ = A S 2 eto]|=E o] &34 o ¥ —ir
Skl f7] & Hob AgERE A ojFal ¥4 MgSO, 2 A XAIA © %ﬁ AZFT 29 5 g Z2eto| =
gk = 8: 14 A/NEm =2 AP A2 E IS gt A EQ] H A9 AA. & 90mg(65%)

mm

LC-MS (ESD: m/z = 692.2[M+H" ]

[A] %4 30]113-(1H-Imidazol-4-ylmethyl)-3,6,13,16,22-pentaaza-tricyclo

[16.3.1.0712]docosa-1(21),18(22),19-triene(L?)

3}¢% 11(70mg, 0.10mmole)S A3k 3HAF 5mLe] o] 100TCo A 64 7F Fot ﬂ% A AT -2 W5
0C=E W7t A7) & Ether® A2~ 7 A7) skl 3] e Ao AA = N
= FldAI | =R ofef 1 %—% Sl f7] T ol 2FER Ao F

ez AlA Mo A S AT & 38mg(90%)
LC-MS (ESD): m/z = 384.0[M+H" ]

AAd 4 L1 e 35 FE 4 (184

)
>
D)"‘.':
)

[AZ<) 311 [MnLDCIICIY &4

2 2F=L1(90mg, 0.19mmole)& ¥ EH-&5mLe]l 0] 3L o] 7] o] MnCl,(35mg, 0.28mmole) & 7}8kaL 2417k 5k 8 sk
A ZTE Wb WAL eSS Y 5 AU F g S = do] =9k 23} NaCl ﬁ%“% o]- &3l A ofe] W = shar
7] S& 79 MgSO, = AxAA o3 3 5 s F A7 D4 Al S AT 8 88%(75mg)

LC-MS (ESD: m/z = 577.3[M-Cl]*
[Az¢) 32] [Mn(L2)CLICIY] &4
27+ =14(120mg, 0. 22mmole)% W EFE 5 mlof Fo]al o 7)o Mn(OAc) (50mg, 0.29mmole)E 7}3FaL 2A]3F &<t 3

S Y w5 A T vEAER o] =9 38} NaCl 84S o] &34 ole] |l =&
gk & 7S 17% A2 A E QAT & 87%(127mg)



LC-MS (ESD: m/z = 633.3[M-CI]"

[A]Z¢] 331 [MnL3)CLICIY &4

A Zof 329 W o whel 2 F=1L3(100mg, 0.18mmole)S Z3F

91%(110mg)
LC-MS (ESD: m/z = 633.3[M-CI]"

[AZd] 341 [Mn(LH ]2 &4

A Zof 329 W o] w2 7F=L4(100mg, 0.17mmole)S &9 242 A

£ 89%(95mg)
LC-MS (ESD: m/z = 628.4[M+H" ]

[A =) 351 [Mn(L2)]19] &4

A Zof 329 W o whel 2 ZF=1L2°(100mg, 0.19mmole)S Z1

£ 92%(99mg)
LC-MS (ESD: m/z = 569.3[M+ H" ]
[AZd) 361 [MnLOClICLY) &4

Az 329 W o] wpet 2] 7F=1.5(60me, 0.12mmole)S =19+
(72mg)

LC-MS (ESD: m/z = 575.2[M-CI]*

[A=) 371 [MnL.7)]9 A

A Z o 329 W o wpa} g 7 =L7(100mg, 0.19mmole)S &2+

41 89%(89mg)

LC-MS (ESD: m/z = 569.2[M+ H+ ]

[A]Z4¢] 381 [Mn(L8)C1]1¢) A

A Zof 329 W o] w2 7=18(52mg, 0.13mmole) S Z4 &4

95%(66mg)
LC-MS (ESD: m/z = 498.8[M-C1]*

[# =4 391 [MnLH)ClICIY &4
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A Zof 329 W o wal 2 7F=L2(30mg, 0.08mmole) S Z4k A2 3] wrlo] w9 2L AY
(39mg)

LC-MS (ESD: m/z = 472.8[M-CI]*

AA e 6 SEE FPE AY

1) 9 EAFo] = vl 2 H-EFAl (Superoxide Dismutase) 24 &4

$H2- 2= o] 2¥l (xanthine)? A&l £ A thAl (xanthine oxidase)dl] ©]8te] 423 % Alo] =7} QA o] Hw, o] A o]

&
NBTE &9 (reduction) A 714 ¥ =t], SOD &/d2 o] ¥h-3-&q& £l H7lste] & SOD mimic(chemical)©] 3 5A}L
o]=o] 2|3 NBT 39S JAst+= AR SAHFITH(SOD &4 1 unitE 2= 7+ 31829 umol 3224 21 S S

(% 2]
=3 SOD activity
Mn(L")C1, 177
Fe(L)Cly 10.2
Wn (L") 8.70
Cu(L”) 29,9
Mn(L®)CI 10.33
Mn(L%)C1s 15,21

7] & 29 Aol A o 5 o], 3gHE Mn(LDCL, o) 49 S SOD &4 o] %A, 3§% Fe(LDHCL,, Mn(LY),

Mn(LE)Cl, 2 Mn(LI)CL, 5ol A 2 SOD &4 o] 215 e},

2ol W SOD ARl &4 Aba 475 o] Hojuhar Aoy Fahgo] A2 SOD A= d - =8, o, 2| v,
FUHE 2, &5, A S S o] datach ddd Ao o e A RE Al 24 E T Alxd ol &E 5 dn
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