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Synthesis of Benzimidazolo-Fused Purpurin-18 Derivatives with the
Basic Skeleton of Chlorophyll
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Abstract The condensation and rearrangement reactions of methyl pheophorbide-a with 1,2-benzenediamine afforded ben-
zimidazolo[2,1-n]purpurin-18 methyl ester, benzimidazolo[1,2-o]purpurin-18 methyl ester, quinoxalino[2,3-n]-deoxopyro-
pheophorbide-a methyl ester and chlorine-pg trimethyl ester. The syntheses of benzimidazol-fused chlorins with the basic
skeleton of chlorophyll were carried out by fluorination, chlorination, bromination and iodonation for 20-meso-position and
allomerization for methyl group at 12-position. The structures of new chlorophyll derivatives were characterized by UV, IR,

'H NMR, MS spectra and elemental analysis.
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LT R 2518 FHER(3)FI(2,3-n)- W WR b - A i B - 2R 1 Y
BEA A . ARSCRAL T OV B2k, e 28 1%-a
Be(O)FF4f, 5 (MR — 88 ik, [RIRE 2 25 AT Y
B AN A 2~ 4 1 E Ny -pe- — HER(S). R
B G HAAFIE A R BT AWK C-D
AT IEA TR R ()35 P (A1 (v i 3 s i i ), (H L 4
NN AL B0 3-A7 25 20-meso-Ri AT 12-47 FIJE T
A6 77 RIFBA R AEA T (AR AL, X B yiEPE s B XI5,
TR A S A B DINA 1

IIEWRIMEIFLT R 25 -18 (3) e K ] IR e Kk
F 730 nm, L4 T VE N FLAR PDT SER80 A 1 .
H T AT E TP i S 2 2R A AT AR, B
AR IR M T 4T 458 22-18 (3)5 NCS HEAT 35 HEUAL
RN, L 58%IIF= 24y Y 20-54R40 4 %-18 #1EW 6;
EAEACBEETS, W A 2R 3 sEhsE AL,
SEOLR L 1247 RO PR L T A9 3 by i 7
(38%); HEFE N-FH LN mEmbR S0 AL AN e 57 IR DU PN i fi
JHBA AT, X 12-07 SRR LT ML, L 45%
(7= 28 0 3t 12- R IR (1) R I K e I 4148 35 -18
(8) (Scheme 1).

[FIIF, SO R TF KM I T2 2 32-18 FHR(2) A HL A i 11
SN AR AT T IRARIETT: AR IR %0 A b, 5 5
HBERT TR A b ot 2 4TS B s, (A REIE
PEMEHAE 2007 F51HE T R, (K77 2 M1 2 20-5604K
RING LR R 18T 9; EEWAMT T, IEFER =5

(1) AcOH

(2) LIOH/MeOH/air
(3) O-H2NCGH4NH2 e
PyriTFA

SRR IR 2R AE A7), AR b BB — 1) 207
AL E-18 FIEW 10 (51%). SR, LEAR R ) S Y 4
P RAINBS Ry 2 AR, 1G4 2 ITRAR s Y 25 S %)
e iR Ae, G0 IS &, 43 A3 E] C(3)-
LITFHERT C(20)-meso-Ar &k A 55 I R AN % L BUAR 1Y)
ZURART IR MR AT 2 2518 (11a, 16%) M H: 3a-fr iR
IKAEF=H) 11b (10%) L J2 C(20)-meso-Hr HULHT C(3)-*L
N R BRAR E M E 11¢ (2%) (Scheme 2).

1 XIS
1.1 RF 5SS

TCZ M7 Perkin-Elmer 2400 %762 23 B A 5E ;
IR ] Perkin-Elmer 1730 ZIZT 4h 43560 %A 7€ (KBr [
F); UV-vis il UV-160A 584830 6 B vkl s ; 'H
NMR ] Beucker ARX-400 FUAZREILHRACI &, WAR N
TMS; ESI-MS ] Bruker Daltonics Esquire3000 plus 24
Varian 500-MS IT S ACise. fr A o0 43 Hr 4l fn
fh2zali, Bemt SR -a FH IS 4% 8 STk [ 7b] il 45
1.2 (2,3-n)-FFHKMFLI%E-18 BEE(2), (2,3-0)-%
FEK M H4T 52 35-18 BREE(3), (2,3-n)-FENEMR £ Rt s M
ZRER R EE(4)F0 Z S AN -ps = BRER(5)HI & AX
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CsSO4F/CH;CNICH,Cl,

(o)

2

J NBS/CH,Cl,

C1oH5F6l04/CH,Cl,

Scheme 2

3h, FAIA 150 mL 7K1 200 mL 4048, FHA I 25%
IR VAT pH {Hh 2~3, 4 HAE MU, R )5 H & F
KA KT LM, IR N, TR 2507,
BRI BT 15 mLAERE T, IIA 0.2 mL =4
PR AT 150 mg A0 i, =B+ 12 h, ok 28 Hinthe f5
RENRAFY), IO\ 35 mL 7K1 30 mL — & kesr )=, H
TAFREAI(20 mL X 3), A VLUEKEE, TG
Heeds, fE AR ZAT o B RITR: vk @ (LR
ZBE)=3 1 1], 153 61 mg (0.094 mmol)# {1 [&H 14k 2, 7~
A 19%; 10 mg (0.015 mmol)FE (A [F1A 3, F=& K 3%;
50 mg (0.079 mmol)ZkiLlEfA 4, F“Zh 16%; 12 mg
(0.020 mmol)&k (L lf 14 5, F=# K 4%.

2: UV-vis (CH,Cly) Ap.x (relative intensity): 428
(1.00), 486 (0.06), 516 (0.06), 556 (0.28), 670 (0.08), 730
(0.50) nm; 'H NMR (CDCls, 400 MHz) &: 0.13 (br s, 1H,
NH), 0.17 (br s, 1H, NH), 1.65 (t, J=7.6 Hz, 3H, 8-CH;),
1.78 (d, J=7.3 Hz, 3H, 18-CH3), 2.01~2.09 (m, 1H,
17a+17b-H), 2.38~2.54 (m, 2H, 17a+17b-H), 2.72~
2.81 (m, 1H, 17a+17b-H), 3.12 (s, 3H, CH;+OCH;),
3.34 (s, 3H, CH;+OCHs), 3.59 (s, 3H, CH;+OCHj3), 3.81
(s, 3H, CH;+OCHs3), 3.59 (q, J=7.6 Hz, 2H, 8a-H), 4.38
(q, J=7.3 Hz, 1H, 18-H), 5.44 (dd, J=9.0. 2.3 Hz, 1H,
17-H), 6.16 (d, J=11.6 Hz, 1H, cis-3b-H), 6.28 (d, J=
17.6 Hz, 1H, trans-3b-H), 7.45 (t, J=7.1 Hz, 1H, Ph-H),
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7.47 (t, J=7.0 Hz, 1H, Ph-H), 7.89 (dd, /=17.6, 11.6 Hz,
1H, 3a-H), 7.94 (dd, J=7.1, 2.0 Hz, 1H, Ph-H), 8.76 (td,
J=17.0, 2.0 Hz, 1H, Ph-H), 8.56 (s, 1H, meso-H), 9.33 (s,
1H, meso-H), 9.46 (s, 1H, meso-H).

3: UV-vis (CH,Cly) Ay (relative intensity): 386
(0.86), 424 (1.00), 446 (0.82), 592 (0.28), 654 (0.18), 714
(0.58) nm; '"H NMR (CDCls, 400 MHz) J: 0.22 (br s, 1H,
NH), 0.36 (br s, 1H, NH), 1.66 (t, J=7.5 Hz, 3H, 8-CHs),
1.83 (d, J/=8.0 Hz, 3H, 18-CH;), 1.93~2.52 (m, 2H,
17a+17b-H), 2.62~2.88 (m, 2H, 17a+17b-H), 3.08 (s,
3H, CH;+0OCHS,), 3.36 (s, 3H, CH;+OCHS3), 3.67 (s, 3H,
CH;+OCH3), 3.78 (s, 3H, CH3+OCH3), 3.63 (q, J=7.5
Hz, 2H, 8a-H), 4.41 (q, J=8.0 Hz, 1H, 18-H), 5.74 (dd,
J=38.0, 1.5 Hz, 1H, 17-H), 6.20 (d, J=11.4 Hz, 1H,
cis-3b-H), 6.24 (d, J/=18.0 Hz, 1H, trans-3b-H), 7.42~
7.50 (m, 2H, Ph-H), 7.47 (t, J/=7.0 Hz, 1H, Ph-H), 7.87
(dd, J=18.0, 11.4 Hz, 1H, 3a-H), 7.90~8.01 (m, 2H,
Ph-H), 8.52 (s, 1H, meso-H), 9.22 (s, 1H, meso-H), 9.38 (s,
1H, meso-H).

4: UV-vis (CH,Cly) Anax (relative intensity): 438
(1.00), 530 (0.10), 578 (0.07), 656 (0.08), 708 (0.34) nm;
'H NMR (CDCl;, 400 MHz) §: —0.97 (br s, 1H, NH),
0.61 (br s, 1H, NH), 1.67 (t, J=7.6 Hz, 3H, 8-CH3), 1.86
(d, J/=7.3 Hz, 3H, 18-CHj), 2.27~2.49 (m, 2H, 17a+
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17b-H), 2.70~2.79 (m, 1H, 17a+17b-H), 2.86~2.98 (m,
1H, 17a+17b-H), 3.18 (s, 3H, CH;+OCHs;), 3.37 (s, 3H,
CH;+OCH3;), 3.58 (s, 3H, CH3;+OCH;), 3.69 (s, 3H,
CH;+0CH,), 3.62 (q, J=7.6 Hz, 2H, 8a-H), 4.51 (q, J=
7.4 Hz, 1H, 18-H), 5.11 (dd, J=8.9, 2.5 Hz, 1H, 17-H),
6.16 (dd, J=11.5, 1.0 Hz, 1H, cis-3b-H), 6.26 (dd, J=
17.8, 1.0 Hz, 1H, trans-3b-H), 7.55 (dt, J=7.1, 2.6 Hz,
1H, Ph-H), 7.58 (dt, J/=17.6, 1.9 Hz, 1H, Ph-H), 7.98 (dd,
J=17.8, 11.5 Hz, 1H, 3a-H), 8.02 (dd, /=7.1, 2.6 Hz, 1H,
Ph-H), 8.04 (dd, J=7.6, 1.9 Hz, 1H, Ph-H), 8.56 (s, 1H,
meso-H), 9.34 (s, 1H, meso-H), 9.43 (s, 1H, meso-H). I
BT EE S OCER[6] B (G S I AT A S SR
(8] k.
1.3 20-5-(2,3-0)-FF KM F LI L R-18 HE(6)MS
15

¥ 43 mg (0.067 mmol)fb. &4 3 WH#T 15 mL &
Higerh, S BdE N i 1.5 45 BE /R & ) NCS, TLC
WP NI, K205 h G RVESI. R IR A
PN 20 mL oK, AN, KEH &b
W20 mLX2), &IHAHUZE, WKKBRIR AN HAE
WHUKGERR, DR JE RE AL R AT 2 B T V(A
W) @ LR 4HE)=3 © 1], {4 alE 1k 26 mg (0.039
mmol) 6, =3 58%. m.p. 227~230 C; UV-vis (CH,Cl,)
Jmax (relative intensity): 376 (0.66), 432 (1.00), 576 (0.20),
658 (0.05), 742 (0.76) nm; 'H NMR (CDCl;, 400 MHz) ¢:
—0.03 (br s, 1H, NH), 0.02 (br s, 1H, NH), 1.65 (t, J=7.6
Hz, 3H, 8-CHs;), 1.60 (d, J=7.0 Hz, 3H, 18-CHj3), 1.99~
2.11 (m, 1H, 17a-+17b-H), 2.42~2.69 (m, 2H, 17a-+
17b-H), 2.91~3.04 (m, 1H, 17a+17b-H), 3.59 (q, J=7.6
Hz, 2H, 8a-H), 3.12 (s, 3H, OCH;+CHs), 3.51 (s, 3H,
OCH;+CH3;), 3.58 (s, 3H, OCH;+CH3;), 3.79 (s, 3H,
OCH;+CHs), 4.85 (q, J=7.0 Hz, 1H, 18-H), 5.81 (dd,
J=24, 9.1 Hz, 1H, 17-H), 7.48 (dt, J/=9.1, 3.3 Hz, 2H,
Ph-H), 6.13 (dd, /=17.8, 1.4 Hz, 1H, cis-3b-H), 6.24 (dd,
J=114, 1.4 Hz, 1H, trans-3b-H), 7.81 (dd, /=17.8, 11.4
Hz, 1H, 3a-H), 7.91 (dt, J=6.5, 2.7 Hz, 1H, Ph-H), 8.66
(dt, J=6.5, 2.7 Hz, 1H, Ph-H), 9.44 (s, 1H, meso-H), 9.37
(s, 1H, meso-H); IR (KBr) v: 3423, 3125 (N—H), 2954,
2854 (C—H), 1735~1693 (C=0), 1664 (C=C), 1521
(chlorin skeleton), 1400, 1173, 990 cm™'. Anal. calcd for
C4H3,CINgO5: C 70.11, H 5.44, N 12.26; found C 70.21,
H 5.33, N 12.43.
1.4 12-BHE-12-EHE-(2,3-0)-F KM FHF I LK E-
18 BRER(7)BY & X

¥ 41 mg (0.063 mmol)fL &4 3 %R T 30 mL PUAL
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WRAE R, FEIMAE A 5 mg ALK 1 mL FFRRA R,
AT W ZUEHE 5 hy A 50 mL VKoK, ARG Hide
W ERRR, WY pH A 2~3, ) AR (25
mL X2), &IAHLE, Kok, HICKERN T, s
B 25 KPR 7, gt v B ) B U e Ak IR 4 )
AR R 22V R, K TR Rl o A R AT O R S [
T LR TR @ VAEC kD) =1 : 4143 17 mg (0.024
mmol) LA E A4 7, 775 38%. m.p. 265~268 C; UV-
vis (CH,Cly)) Amax (relative intensity): 353 (0.83), 422
(1.00), 545 (0.14), 590 (0.31), 734 (0.67) nm; 'H NMR
(CDCl;, 400 MHz) ¢: 0.42 (br s, 1H, NH), 0.54 (br s, 1H,
NH), 1.66 (t, J=7.6 Hz, 3H, 8-CH3), 1.77 (d, J=7.3 Hz,
3H, 18-CH;), 1.97~2.08 (m, 1H, 17a+17b-H), 2.28~
2.37 (m, 2H, 17a+17b-H), 2.72~2.81 (m, 1H, 17a-+
17b-H), 3.62 (q, J=7.6 Hz, 2H, 8a-H), 3.14 (s, 3H,
OCH;+CHj3;), 3.33 (s, 3H, OCH;+CHj;), 3.59 (s, 3H,
OCH;+CHs), 4.37 (q, J=7.2 Hz, 1H, 18-H), 5.41 (d, J=
10.6 Hz, 1H, 17-H), 6.18 (d, J=11.8 Hz, 1H, cis-3b-H),
6.19 (d, J=3.6 Hz, 2H, 12-CH,), 6.29 (d, /=18.2 Hz, 1H,
trans-3b-H), 7.87 (dd, J=18.2, 11.8 Hz, 1H, 3a-H), 7.45~
7.52 (m, 2H, Ph-H), 7.89 (d, /=8.9 Hz, 1H, Ph-H), 8.77
(td, J/=8.9, 2.6 Hz, 1H, Ph-H), 8.53 (s, 1H, meso-H), 9.29
(s, 1H, meso-H), 9.52 (s, 1H, meso-H); IR (KBr) v: 3443
(N—H), 2365 (C—H), 1739, 1701 (C=0), 1630 (C=C),
1561 (chlorin skeleton), 1400, 1092 ¢cm™'. Anal. calcd for
C4H33 NgO4: C 72.05, H 5.74, N 12.60; found C 72.12, H
5.61,N 12.48.

1.5 12-FAELE-12-KFE-(2,3-0)-F FF IR F4T 55 -
18 EHEE(8)MIE AL

¥ 34 mg (0.051 mmol)fb &4 7 % ET 20 mL &
P& e, AR, IEMA 60 mg N-H3E
bk N-SE ALY, HFEEEHEEE 15 ming FEHEIIA 20 mg
FEET TR VU Z(TPAP), SEiliHid: 1 h Ja45a. mAk S
A 20 mL 7K, $idE 15 min J5EE SR, 2 HKZE, -
SR BEAIUKANRS mLX2), &IEANLZE, Kk, L
IKBRBRAN T4, 0 Bk 25 B 7 ¥ 771, K Tl 43 4l iok
ENT I ERAYMIETITR: W(LRLEE) @ VOE B k)=
14173 15 mg (0.023 mmol) L E[H A 8, =K 45%.
m.p. 236~239 C; UV-vis (CH,Cl,) Anax (relative inten-
sity): 375 (0.73), 429 (1.00), 580 (0.35), 683 (0.25), 745
(0.75) nm; 'H NMR (CDCls, 400 MHz) &: 0.01 (br s, 1H,
NH), 0.70 (br s, 1H, NH), 1.72 (d, J=6.9 Hz, 3H,
18-CH3), 1.76 (t, J=7.6 Hz, 3H, 8a-CH3), 2.00~2.12 (m,
1H, 17a+ 17b-H), 2.34~2.40 (m, 1H, 17a+ 17b-H),
2.49~2.62 (m, 1H, 17a+17b-H), 2.72~2.85 (m, 1H,
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RN

17a+17b-H), 3.28 (s, 3H, CH;+OCH;), 3.60 (s, 3H,
CH;+OCH3;), 3.81 (s, 3H, CH;+OCHj;), 3.92 (t, J=7.6
Hz, 2H, 8b-H), 4.33 (q, J/=7.2 Hz, 1H, 18-H), 5.39 (d, J=
8.4 Hz, 1H, 17-H), 6.19 (d, J=11.6 Hz, 1H, cis-3b-H),
6.36 (d, J=18.0 Hz, 1H, trans-3b-H), 7.48 (dd, J=17.2, 3.6
Hz, 1H, Ph-H), 7.84 (dt, /=8.2, 2.0 Hz, 1H, Ph-H), 7.95
(dt, J/=6.8, 2.0 Hz, 1H, Ph-H), 8.74 (dd, /=18.0, 11.6 Hz,
1H, 3a-H), 8.46 (s, 1H, meso-H), 9.50 (s, 1H, meso-H),
10.23 (s, 1H, meso-H), 11.09 (s, 1H, CHO); IR (KBr) v:
3430 (N—H), 2924 (C—H), 1740~1700 (C=0), 1654
(C=C), 1560 (chlorin skeleton), 1400, 1071, 890 cm .
Anal. caled for C4H36NgO4: C 72.27, H 5.46, N 12.64;
found C 72.00, H 5.69, N 12.58.
1.6 20-&-(2,3-n)-F I FTEE-18 BE(ME
154

4 57 mg (0.088 mmol)fb &4 2 HET 60 mL 4t
SR CIE R 101, RS = R
BHESAE R, 6 1 h ZWEIN5ER iR T 40 mL 41
220 mg iR, ARG5S 0.1 mol/L BRI A A1 /K
VRV RN, o A ALR, TJCKBRRRA T4, H BR
ZRIB KT R P A R AT RS W JETT
fl: MCRLHR) - VOIECEE)=1 : 4% 11 mg (0.017
mmol)£L (A [E 14 9, 7% 19%. m.p. 196~199 ‘C; UV-vis
(CH,Cly) Amax (relative intensity): 401 (1.00), 504 (0.13),
628 (0.18), 658 (0.25), 725 (0.25) nm; '"H NMR (CDCl,
400 MHz) o: —1.81 (br s, 1H, NH), 0.02 (br s, 1H, NH),
1.64 (t, J=7.6 Hz, 3H, 8a- CH;), 1.83 (d, J/=7.2 Hz, 3H,
18-CH3), 2.27~2.36 (m, 1H, 17a+17b-H), 2.39~2.49
(m, 1H, 17a+17b-H), 2.62~2.80 (m, 2H, 17a+17b-H),
3.20 (s, 3H, CH;+OCHs;), 3.47 (s, 3H, CH;+OCHz), 3.58
(s, 3H, CH;+0CHj3), 3.70 (s, 3H, CH;+OCH3), 3.63 (t,
J=17.6 Hz, 2H, 8b-H), 4.78 (q, /=7.2 Hz, 1H, 18-H), 5.14
(d, J=8.8 Hz, 1H, 17-H), 6.22 (d, J=12.4 Hz, 1H,
cis-3b-H), 6.28 (d, /=17.8 Hz, 1H, trans-3b-H), 7.46~
7.53 (m, 2H, Ph-H), 7.50~7.60 (m, 2H, Ph-H), 7.90~8.04
(m, 3H, Ph-H+3a-H), 9.58 (s, 1H, meso-H), 9.34 (s, 1H,
meso-H); IR (KBr) v: 3446, 3131 (N—H), 2300 (C—H),
1736, 1701 (C=0), 1655, 1611 (C=C), 1560, 1541 (chlo-
rin skeleton), 1400, 1309, 1257, 1079 cm™'. Anal. calcd for
C4oH37FNgO3: C 71.84, H 5.58, N 12.57; found C 71.60, H
5.36, N 12.40.
1.7 20-##-(2,3-n)-FFFRRMEF LT 4K =18 —HEE(10)HY
am

112 mg (0.172 mmol)fb. &4 2 %A T 15 mL — &
HgErR, SeinA 10 mg Mg +E 2 min, SR )5 IHE N A %

322 http://sioc-journal.cn/

© 2012 Chinese Chemical Society & SIOC, CAS

T 5 mL =& 70 mg W =5 L ERA TSR, =il
BFE 1.5 h 5 V. B IREPIEIA 20 mL %7K
o AHLE, KZEH SRR I(20 mLX2), &
HAPUZ KBS, KRN T8, 80k k4s 5k
JRREJZHT o SR IFR: VA ) - (LR LR =3 -
17, 73 69 mg (0.089 mmol)ZL (4 [E 1A 10, /K 51%. m.p.
208~211 C; UV-vis (CH,Cly) Ana (relative intensity):
370 (0.47), 432 (1.00), 504 (0.13), 564 (0.17), 658 (0.25),
730 (0.56) nm; "H NMR (CDCls, 400 MHz) §: —0.57 (br
s, 1H, NH), —0.27 (br's, 1H, NH), 1.65 (t, J=7.6 Hz, 3H,
8a-CH3), 1.74 (d, J=7.2 Hz, 3H, 18-CH3), 1.95~2.05 (m,
1H, 17a+ 17b-H), 2.18 ~2.30 (m, 1H, 17a-+ 17b-H),
2.42~252 (m, 1H, 17a+17b-H), 2.75~2.84 (m, 1H,
17a+17b-H), 3.84 (s, 3H, CH;+OCH;), 3.59 (s, 3H,
CH;+OCH3), 3.43 (s, 3H, CH;+OCH;), 3.14 (s, 3H,
CH;+OCHs3), 3.61 (t, J=7.6 Hz, 2H, 8b-H), 4.68 (q, J=
7.2 Hz, 1H, 18-H), 5.47 (d, J=8.8 Hz, 1H, 17-H), 6.21 (d,
J=11.6 Hz, 1H, cis-3b-H), 6.24 (d, J=17.6 Hz, 1H,
trans-3b-H), 7.44~7.57 (m, 2H, Ph-H), 7.88 (dd, J=17.6,
11.6 Hz, 1H, 3a-H), 7.95 (dd, J=8.4, 2.0 Hz, 1H, Ph-H),
8.76 (dd, J=8.4, 2.0 Hz, 1H, Ph-H), 9.50 (s, 1H, meso-H),
9.49 (s, 1H, meso-H); IR (KBr ) v: 3448 (N—H), 2960,
2927 (C—H), 1741~1718 (C=0), 1645, 1606 (C=C),
1533 (chlorin skeleton), 1400, 1307, 1132, 1066, 989
cm . Anal. caled for C40H37INgO5: C 61.86, H 4.80, N
10.82; found C 62.06, H 4.63, N 10.99.
1.8 3-(1,2-ZRZ#)-20-R-3-k T HE-(2,3-n)-FH
DKM FF41% &-18 —HE5(11a), 3-(1-BE-2-ZRZ
H)-20-8-3-E 2 HH-(2,3-n)- KM LT % E-18 =
REE(11b), 3-(1-F & Z £)-20-;R-3-% Z 1 #-(2,3-n)-
EFHKMFLIEE-18 ZHES(11c)BIE K

LIS 2 1 NBS BAUL S 3 M1 NCS, 1Z&
WAL A 6 B JTiE4 K.

1a: 20 [E K, P73 16%. mp. 235~238 C;
UV-vis (CH,Cl,) Anax (relative intensity): 434 (1.00), 539
(0.11), 569 (0.12), 628 (0.18), 703 (0.45) nm; '"H NMR
(CDCls, 400 MHz) §: —0.69 (br s, 1H, NH), 0.84 (br s,
1H, NH), 1.65 (1.66) (d, J=7.2 Hz, 3H, 18-CH3), 1.67 (t,
J=7.6 Hz, 3H, 8a-CHj), 2.27~2.45 (m, 2H, 17a+
17b-H), 2.62~2.74 (m, 2H, 17a+17b-H), 3.22 (s, 3H,
CH;+OCH3), 3.57 (3.56) (s, 3H, CH;+ OCH;), 3.61
(3.58) (s, 3H, CH;+OCH;), 3.66 (3.68) (s, 3H, CH;+
OCHs;), 3.64 (q, J=17.6 Hz, 2H, 8a-H), 4.06 (4.00) (dd, J=
10.9, 4.9 Hz, 3b-H), 4.40 (4.35) (dd, J=10.9, 8.4 Hz, 1H,
3b-H), 4.87 (4.96) (q, J=7.0 Hz, 1H, 18-H), 5.21 (br s,
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1H, 18-H), 7.58 (dd, J=7.6, 2.0 Hz, 2H, Ph-H), 8.04 (dd,
J=1.9, 1.6 Hz, 2H, Ph-H), 10.00 (9.99) (s, 1H, meso-H),
9.32 (9.32) (s, 1H, meso-H); IR (KBr) v: 3432, 3250 (N—
H), 2870 (C—H), 1740~1700 (C=0), 1655 (C=C),
1500 (chlorin skeleton), 1400, 1282, 899 cm™'. Anal. calcd
for C4H;3/BrsNgO;: C 54.01, H 4.19, N 9.45; found C
54.15,H4.31,N 9.33.

11b: 2L [ K, F= % 10%. m.p. 242~245 C;
UV-vis (CH,Cl,) Anax (relative intensity): 362 (1.00), 419
(0.05), 508 (0.06), 558 (0.18), 708 (0.34) nm; 'H NMR
(CDCl;, 400 MHz) ¢: 0.09 (br s, 1H, NH), 0.07 (br s, 1H,
NH), 1.61 (1.46) (t, J=7.6 Hz, 3H, 8-CH3), 2.11 (1.80) (d,
J=17.3 Hz, 3H, 18-CH;), 1.80~1.92 (m, 1H, 17a+
17b-H), 1.95~2.18 (m, 2H, 17a+17b-H), 2.25~2.38 (m,
1H, 17a+17b-H), 3.56 (3.38) (s, 3H, CH;+OCHj), 3.40
(s, 3H, CH;+O0CHj;), 3.30 (3.24) (s, 3H, CH;+OCHj;),
2.64 (3.21) (s, 3H, CH3;+OCH3), 3.64 (q, J=7.6 Hz, 2H,
8a-H), 3.96 (4.22) (q, J/=7.5 Hz, 1H, 18-H), 4.12~4.02
(m, 1H, 3b-H), 4.31 (4.43) (dd, /=104, 8.4 Hz, 1H,
3b-H), 5.31 (d, J/=9.6 Hz, 1H, 17-H), 6.01 (6.32) (dd, J=
9.2, 4.5 Hz, 1H, 3a-H), 8.08 (7.99) (d, J=7.2 Hz, 1H,
Ph-H), 7.48~7.62 (m, 2H, Ph-H), 8.77 (8.75) (d, J=17.0
Hz, Ph-H), 9.24 (8.56) (br s, 1H, 3a-OH), 8.18 (8.43) (s,
1H, meso-H), 9.77 (9.61) (s, 1H, meso-H); IR (KBr) v:
3404, 3315 (N—H), 2958, 2925 (C—H ), 1724 (C=0),
1643 (C=C), 1548 (chlorin skeleton), 1458, 1269, 1068,
979 cm” . Anal. caled for C4H3sBraNgOy: C 58.12, H 4.63,
N 10.17; found C 58.10, H 4.88, N 10.33;

e O [EAR, P7% 2% mp. 246~249 C;
UV-vis (CH,Cly) . (relative intensity): 419 (1.00), 482
(0.05), 514 (0.06), 550 (0.19), 655 (0.08), 709 (0.34) nm;
"H NMR (CDCl;, 400 MHz) 6: —2.30 (br s, 1H, NH), —
1.33 (brs, 1H, NH), 1.49 (d, /=6.9 Hz, 3H, 8a-CHj3;), 1.63
(d, J/=7.2 Hz, 3H, 18-CHj3), 1.72~1.86 (m, 1H, 17a+
17b-H), 1.96~2.08 (m, 1H, 17a+17b-H), 2.14~2.40 (m,
2H, 17a+17b-H), 2.29 (2.30) (s, 3H, CH;+OCHj), 2.54
(s, 3H, CH3+OCH3), 3.39 (s, 3H, CH;+ OCH;), 3.66
(3.68) (d, J=5.4 Hz, 3H, 3b-CHj;), 3.92 (4.12) (t, J=17.6
Hz, 2H, 8b-H), 4.50 (q, /=7.0 Hz, 1H, 18-H), 5.31 (dd,
J=8.4, 3.2 Hz, 1H, 17-H), 5.98 (t, J=5.4 Hz, 1H, 3a-H),
7.52~7.63 (m, 2H, Ph-H), 8.79~8.15 (m, 1H, Ph-H), 8.79
(d, J=7.2 Hz, 1H, Ph-H), 9.85 (s, 1H, meso-H), 8.42 (s,
1H, meso-H); IR (KBr) v: 3449, 3167 (N—H), 2963 (C—
H), 1740~1704 (C=0), 1672 (C=C), 1542 (chlorin
skeleton), 1510, 1400, 1223, 1075, 1021, 980, 799 cm .
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Anal. calcd for C4H30BrNgO,4: C 64.26, H 5.26, N 11.24;
found C 64.11, H 5.49, N 11.38.

2 ZR5WE

21 F|AEREMFANEZSIN EE R KT LRI
RYET 1L
HAMGRERBYE M Ay R GYE
NZLNZ il g CFR Q, il 11 ) D 455 Ay B A K 3% 5% 1 K 3A
ST I WG A FZ A ) A-FRRT C-FR 1
AR IE A5 (B T IR K B KA 2 AR e K 7
SR R, s s A PUE (HOMO) Al s 1% 25 i
(LUMO) 1 BB 2 AR X B, F 730K 14 e = Rl SR
A 53 B B R AT DL GRS 217 (O WRBCAY ). EH DYk
JEUF- 15 = AN S R R — A S A I 4 ST A e -
FH AN IR, fEAEE 18/18 m TR RN R Ik
(18148 M5 A 1 18/16 m TR R TURZL[ 1615645 B [H
AN EMEERE 1), T LT Bl FHE 2 L4 5
T AT DA RERE, WE A T )5 . meso-
e T AT 1 A3 ml LA ISl P AN S 4% 58 045 BT L 2%, T
13-80#% 12-42 11 B-HARIE I 5 18/18 = K R iE
e HEITKMRIE LT 42 2518 FREFIY) n-iliel % o1 H
MG, JEmaliEs T 13 M0ek# 15 At . 5 meso-frHL
RIEAALL, EHAE C T3 AL LA L RS fy T LA
Bhnse s S & O, M RIS ILH. 151 m)
IR FEIR A FE B 1 7 A A K R 3L AR 52) 5 0, Bili(x %)
FIEE R HSGERAE meso-fr b, 5K EIEARTIIL
R RN L B e R AN BOEBEAE 13-4 B (AR S X
BEORE, RIEBRMEIF LR R 3 K] LGRS
730 nm, 11 H A4 2 1) Oy B WAH N MBI T 16 nm.
M2 T, WUk If &R e S iR-a HlE4) 5 &4
FFER n-11 53 AIEAE 13-B-6LF1 15-meso-fi, SPA™
FEMRIA AR R R A ILHRE B AL, T AN I
B BT AR R, O A B s I L PR (1
SN, DAL e e K K SR A A 708 nm.
ANy B I G5 R AN ], T AR
ABAHIE AL T N BT S e . TRIE, D7 A MR R
DK A 5 K B €8 RSP THT PRI AF G AV B FEACRAS, R AR%e
IR ZARFFILHOC R, PRI T AR BB K P B KT L
M K. (HIE BT R e AR R g5 F A B
AR C(3)-Z45E], B 100 (¥ AH HHE % vT LA#E L p-
B 5 ORPR - A — 2 f R, AT o il ok T
RIS RE ). b T x i B A-F C-3F 1
PR EAR 3 [ 1) H 7 2 % T LA A R 8 e 4 e KA 3L
R, MERT y 3 B-JA LB IS S, 76
FRRR R o] DU AN B R R A S AR R,
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Figure 1 Aromatic conjugated structures of chlorophyll-a derivatives
2R ER-b 1) 70 TSRS T BUKT 2 7 I B K RO L5 NBS (2R RIS N, 20438 -18 HINRAE 13-H11 15-

MRS A ) S g 2= A,
22 RABAREMFAFANEZSINGBEIUFER
FORA HLCE R H B SR KIF A R T —
Y NN 1 BES IR N S 2 B 1o BN L e e
[ SRR B TR BEAR T 3R R r . MR, 13a-7
B 15-FRAEP R E I LU, 7RI
JE BS540 T IRANPARTE W HL 7 RE 1, o PR EL
B TE) TR HL 5 e B 20N e AT W A S T B ik gy
20-meso-fLAZRZRES). BN, 5B 2kiR-a (1) (13-
REEAT TR AU ML 58 31 -18 FHR(13 A 15 (LA iR
XUBE)AR EL, 8 K I 2158 38 (2) A 23 L IR e 1o i
Mg U e 15 E A PR A e R P
SRT AR it s, (HAL 54 3 mT LR S e il

P B AT PR T ERIE, 20-meso-Ai7 IR 55 A% 35 M 52 3]
e RFH, R S HRF NBS A AEIRAC e w2,
S bIa s, AN AR HAC . SRFIIARLE P It oAt i
b T Dbk M AR 2047 L IR 5 ik

FRIFBRIEIFLT R FR-18 3 1 C(12)- 3, ik S &
PRS2 H 13-FRIEFT 15457 T 10K M A s S0 00 BRI, L 1
YER, 78 i s R B SR 7 I IR Ik, e Ssm ok 4%
PR AT BUSR 25 - T TR R i -, e W i RN A
e & 15a-07 EIAR T b, TR i i mE X4
AR Cld ks T 5 A0 T 456, kiR
I AR B A T AR D, S EE AR TR
SRR IR N, S e el C(12)-F8 F LR AT
BRI 2158 - 18 1T 2EW 7 (] 2).

B2 ZIFPRMEIFLI5 318 (1) C(12) R 4k
Figure 2 Allomerization of C(12)-methyl group of benzimidazopurpurin-18
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