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Abstract The allomerization of methyl pyropheophorbide-a, used as starting material, was carried out under the alkaline
condition to separate a series of oxidized and rearranged products at exocyclic E-ring and C-12-methyl group. The same reac-
tion of chlorinated methyl pyropheophorbide-a also came through similar processes. The further oxidations of C-13% and
C-12-oxidized products gave two different results, the former reacted quickly and produced complicated compounds, the latter
basically unchanged under the same condition. The structures of all new chlorin derivatives were characterized by elemental
analysis, UV, IR and "H NMR spectra. The possible mechanisms about corresponding reactions were tentatively proposed.

Keywords chlorophyll-a; pyropheophorbide; chlorin; allomerization; mechanism

Allomerization(H g # BT 48 40) &k H T2 = 02
LR A, RIS, B 2L i 4
HBf - S AR U, W LUR AR &M
AL AT Y. Horh, FRIBEE SR IR 1) SME B-FRk
SEI) a- R A 3 a-f7(C-12-FF 58 F3EST 5 MG IRA,
10 A ECE A g M s i p R I 2 B b
IR g5 E TR = & i W R S g VA A
AU R IR SRR I B-IRBRIE KL iRk A S
B RE A1 1 B N m] DA T b A gt 45 AN ) 2 B
IR R IE ], AR B R TV 2 B n 2
AR, WANFEZ B M T a2 A= 1 e

* E-mail: wjj1955@163.com

FN A0 A SCHRE TR 9 TAEY ), AR
Bemt2Eig-a S, WFK MPPa) )2 S5k & N JEA T AF
G, BEM TR FR YA DLARIE (1) 2R 3 AR AL ) — &
MR A B

MPPa (1)7E A3 &5 A0 AT DU SR R 0 I (1) 6
BV EERPEE 6 h, AL B, HEHEGH S%MmR
I FH R A, b L ET S a3 ilde 2
132 A0 BT 4 R - FTIBR(2, 11%), 12-FR ke
B4R -a TITIE(3, 14%), £14225-18 M4, 3%), 15-T
BRI 5K 25-5 - HIR(S, 2%), 12-F% F LA i i 4R -a
FIE(6, 2%), 13%-4AR-13"-F5 L1310 ik s e - 45

Received February 5, 2012; revised March 27, 2012; published online May 16, 2012.

Project supported by the National Natural Science Foundations of China (No. 20972036) and the Natural Science Foundation of Shandong Province of China
(No. Y2008B49).

[ 5% AR 22 B4 (No. 20972036 )RR 24 AR R 5542 (No. Y2008B49) %t B 15 H .

1700 Chin. J. Org. Chem. 2012, 32, 1700~1707

http://sioc-journal.cn/ A © 2012 Chinese Chemical Society & SIOC, CAS

Sioc



Chinese Journal of Organic Chemistry

ARTICLE

-2 FIEE(T, 3%), 13%F0HISEA e 4Ri-a FITH(S,
2%) A1 3-F2 £ HE-13740A0-131, 13" 30 P A g -4
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11aR'=2H, R? = CHO
11b R'=0, R?=CH,

NCS/CH,CI
2v2 11¢ R" = 0, R? = CH(OCHs),

HyCO,C

16 R" + R? = (CH,CO), R® = CO,CH;, 1R" =2H, R? = CH;
6 R' + R2 = (CH,CO), R® = CH,OH 2R'=0,R?=CH;
17 R' = R2 = CO,CH,, R® = CHO 3R'=2H,R?=CHO
Scheme 1
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Figure 1 Aromaticity and tautomerism of methylpyropheophorbide-a
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Figure 2 Allomerization and rearrangement mechanism of methylpyropheophorbide-a
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ZRIR I 2R RN T LUK 3 2% PO R 1 B 2R 44, A
2R R IR NN T A PR AL TR [ S ik AR

3 ZEESHS
3.1 UESIKFH

TCE ] Perkin-Elmer 2400 752540 Hr A il 5 ;
IR ] Perkin-Elmer 1730 21 414356 B %€ (KBr &
Fi); UV-vis il UV-160A B8040 il 'H
NMR ] Brucker ARX-400 BUZREILPRGNE, WRA
TMS; BT AR R 2 W di FiAe 44l R e 48R -a
FAE 1 3% SCHR[10] 4%
3.2 13-EREHEMFE-a BAS(2), 12-FELEER
MR -a FER(3), 15X E-18 HER(4), 15-BE RO %R
%-5 ZHE5(5), 12-F AR EM 1R -a FES(6), 13%
SR-13-BRA-BEEERENFE-a BE(®7),
13- FAEEEREM F-a BB ()1 3-(1-BHEZ
®)-13%-8 /%13 13- R E R E B EM R BE(9)
BIE R

¥ 866 mg (1.578 mmol)FE i BE 4% 1R T lE-a 1 %5l
T 280 mL PUSEmH, PRI AR 10
mL VAW, FiRBEEE 6 hy I 250 mL vk/K, BitHE R
TN ER R, 475 pH b 2~3, A 250 mL 5 5o
2, A REARIUKA 40 mLX2), &IFAHZE, K
vk, HIJC/KBRER AN T-H, 2800 L0, AR5 FB v g
T 350 mL & S%IRGRIRIT A, S HiPEt .
S5 NN 300 mL ZKF1 300 mL 554 2, 2 A HL
FHFEARGEPRIR, T 05 B 2205500, K T A i A 2 by
S EVEIRF: M(CR LHE) @ VIESHE)=1 : 4143 98 mg
WO E A 2 (0.174 mmol, 11%), 124 mg ZE{A 14 3
(0.221 mmol, 14%), 27 mg £ 4 [E 44 4 (0.047 mmol, 3%),
19 mg 24 {4 5 (0.032 mmol, 2%), 18 mg ZEA[E 1A 6
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(0.032 mmol, 2%), 28 mg £E {4 [EH 44 7 (0.047 mmol, 3%),
19 mg £ (4 & 44 8 (0.032 mmol, 2%) A1 10 mg (4,14 6
(0.016 mmol, 1%). tb&412, 4,5 F1 6 HIWFH 25 0 br
Kl 5 SCRT9, 1172

3: m.p. 212~215 °C; UV-Vis (CHCl;) Ay (relative
intensity): 410 (1.00), 556 (0.15), 580 (0.25), 633 (0.22),
690 (0.45) nm; 'H NMR (400 MHz, CDCly) o: 0.07 (br s,
1H, NH), 0.14 (br s, 1H, NH), 1.59 (t, J=7.6 Hz, 8-CH;),
1.75 (d, J=7.3 Hz, 18-CH3), 2.18~2.26 (m, 1H, 17a+
17b-H), 2.32~2.40 (m, 2H, 17a+17b-H), 2.52~2.63 (m,
1H, 17a+17b-H), 2.99 (s, 3H, CH;+OCHs;), 3.23 (s, 3H,
CH;+OCH,), 3.64 (s, 3H, CH3;+OCHj;), 3.46 (q, J=17.6
Hz, 8a-H), 4.04 (d, /=8.8 Hz, 1H, 17-H), 4.24 (q, J=17.1
Hz, 1H, 18-H), 4.95 (d, J=20.0 Hz, 1H, 13*H), 5.11 (d,
J=20.0 Hz, 1H, 13%-H), 6.12 (d, J=11.6 Hz, IH,
cis-3b-H), 6.20 (d, J/=18.0 Hz, 1H, trans-3b-H), 7.75 (dd,
J=17.9, 11.6 Hz, 3a-H), 8.17 (s, 1H, meso-H), 8.75 (s, 1H,
meso-H), 9.77 (s, 1H, meso-H), 11.28 (s, 1H, 12-CHO); IR
(KBr) v: 3377 (N—H), 2954~2862 (C—H), 1728~1700
(C=0), 1650, 1620 (C=C), 1554 (chlorin skeleton),
1433, 1346, 1168, 1005, 910 cm™'; MS m/z: 563.4 (M+
H)+. Anal. calcd for C34H34N4O4: C 72.58, H 6.09, N 9.96;
found C 72.44, H 6.23, N 9.79.

7: m.p. 217~220 °C; UV-Vis (CHCl3) A,y (relative
intensity): 401 (1.00), 499 (0.05), 529 (0.05), 606 (0.05),
678 (0.19) nm; '"H NMR (CDCly) §: —2.35 (—2.10) (br s,
1H, NH), 0.60 (br s, 1H, NH), 1.73 (1.74) (t, J=7.6 Hz,
3H, 8b-CHj), 1.81 (1.88) (d, J=7.3 Hz, 3H, 18-CHj;),
2.20~2.42 (m, 2H, 17a-H+17b-H), 2.64~2.86 (m, 2H,
17a-H+17b-H), 3.32 (s, 3H, CH;+OCH;), 3.49 (3.51) (s,
3H, CH;+OCH3), 3.57 (3.59) (s, 3H, CH;+OCH;), 3.71
(3.85) (s, 3H, CH;+O0OCH;), 3.94 (3.97) (s, 3H, CH3+
OCHay), 3.77 (q, J=7.6 Hz, 2H, 8a-H), 4.59 (4.69) (q, J=
7.3 Hz, 1H, 18-H), 5.04 (5.18) (dd, J=9.9, 2.0 Hz, 1H,
17-H), 6.20 (6.27) (d, J=12.0 Hz, 1H, cis-3b-H), 6.30
(6.34) (d, J/=17.8 Hz, 1H, trans-3b-H), 8.08 (8.13) (dd,
J=17.8, 12.0 Hz, 1H, 3a-H), 8.91 (9.00) (s, 1H, meso-H),
9.69 (9.84) (s, 1H, meso-H), 9.83 (9.87) (s, 1H, meso-H);
IR (KBr) v: 3463 (N—H), 2927, 2956 (C—H), 1739 (C=
0), 1633 (C=C), 1556 (chlorin skeleton), 1465, 1398,
1147, 1118, 804 cm '; MS m/z: 595.5 (M+H)". Anal.
calced for C;35sH3sN4,Os: C 70.69, H 6.44, N 9.42; found C
70.81, H 6.58, N 9.31.

8: m.p. 185~188 ‘C; UV-Vis (CHCl3) A,y (relative
intensity): 401 (1.00), 497 (0.07), 528 (0.05), 609 (0.05),

Chin. J. Org. Chem. 2012, 32, 1700~1707
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668 (0.15) nm; 'H NMR (CDCl3) 6: —1.64 (—1.44) (br s,
1H, NH), —1.21 (—0.82) (br s, 1H, NH), 1.66 (t, J=17.7
Hz, 3H, 8b-CHj;), 1.69 (1.72) (d, J/=7.4 Hz, 3H, 18-CHj;),
1.94~2.17 (m, 1H, 17a-H+17b-H), 2.36~2.54 (m, 2H,
17a-H+17b-H), 2.58~2.74 (m, 1H, 17a-H+ 17b-H), 3.20
(s, 3H, CH;+0OCHS3;), 3.38 (s, 3H, CH;+OCHj;), 3.64 (s,
3H, CH;+OCH3), 3.80 (s, 3H, CH;+OCH;), 3.98 (4.03)
(s, 3H, CH;+OCHj;), 3.69 (3.71) (q, J=7.6 Hz, 2H,
8a-H), 4.47 (q, J=7.3 Hz, 1H, 18-H), 4.45 (4.53) (d, J=
8.0 Hz, 1H, 17-H), 6.14 (6.15) (dd, J=11.5, 1.2 Hz, 1H,
cis-3b-H), 6.27 (6.28) (dd, J = 17.8, 1.2 Hz, 1H,
trans-3b-H), 7.46 (7.70) (s, 1H, 13%-H), 7.96 (7.98) (dd,
J=17.8, 11.5 Hz, 1H, 3a-H), 8.59 (8.68) (s, 1H, meso-H),
9.42 (9.51) (s, 1H, meso-H), 9.51 (9.68) (s, 1H, meso-H);
IR (KBr) v: 3477 (N—H), 2927, 2856 (C—H), 1741, 1712
(C=0), 1633 (C=C), 1556 (chlorin skeleton), 1467,
1380, 1261, 1101, 806 cm™'; MS m/z: 579.4 (M+H)".
Anal. calcd for C;sH3sN Oy C 72.64, H 6.62, N 9.68;
found C 72.50, H 6.38, N 9.54.

9: m.p. 198~201 ‘C; UV-Vis (CHCl3) A,y (relative
intensity): 398 (1.00), 495 (0.06), 525 (0.05), 603 (0.05),
661 (0.21) nm; 'H NMR (CDCl;) 6: —2.25 (br s, 1H,
NH), —0.12 (br s, 1H, NH), 1.71 (t, J/=7.7 Hz, 3H,
8b-CH3), 1.82 (1.78) (d, J=7.4 Hz, 3H, 18-CHj;), 2.15 (d,
J=6.6 Hz, 3b-CH3), 2.19~2.42 (m, 2H, 17a-H+ 17b-H),
2.63~2.82 (m, 2H, 17a-H+17b-H), 3.34 (s, 3H, CH;+
OCH3), 3.46 (3.47) (s, 3H, CH3+OCH3;), 3.56 (3.57) (s,
3H, CH;+O0OCHs), 3.71 (s, 3H, CH;+OCHS3), 3.95 (s, 3H,
CH;+OCH3), 3.97 (s, 3H, CH3;+OCH3), 3.77 (q, J=17.6
Hz, 2H, 8a-H), 4.58 (q, J/=7.4 Hz, 1H, 18-H), 5.04 (d, /=
8.8 Hz, 1H, 17-H), 6.42~6.52 (m, 1H, 3a-H), 8.86 (8.87)
(s, 1H, meso-H), 9.69 (s, 1H, meso-H), 10.17 (10.18) (s,
1H, meso-H); IR (KBr) v: 3479 (N—H), 2935~2894
(C—H), 1743~1703 (C=0), 1627 (C=C), 1558 (chlorin
skeleton), 1473, 1386, 1226, 950 cm™'; MS m/z: 627.3
(M—|—H)+. Anal. caled for C3H4oN4Og: C 68.99, H 6.75, N
8.94; found C 69.16, H 6.82, N 9.17.

3.3 20-|AEREMRER-a FRER(10)B9 & A

¥ 214 mg (0.390 mmol) JFEEEH 2¢/#2-a H i MPPa
()W T 300 mL PUZREmGh, SRJ5, Flh A 0F 11812
& 123 mg NCS (¥ 10 mL FIEEA, T 1.5 h 3N
SebE, MHAREE N 4 h NSRS, Sefa A 35 mL K
25 mL HEUTERE, A LZ, THICKBRIR N T4,
WAH, AR RN 2 B BR: vCaThEE) @ M CR &
BE)=3: 1], 43 177 mg WL 4K~ 9 10 (0.304
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mmol), 73 78%. ILAHELH K5 o M A 5 STk 12a)
—3.
3.4 20-5-12-PEEERENFER-a FEs(11a), 20-
S-13%- SR EREM -2 FE(11b), 20-8-13%-F
R-12-— RE AR E R EM4RER-a Bf5(11¢), 20-5-4T
%£E-15 ZHEE(12)F0 20-R41 4% %18 HEE(13) A& X

2L 388 mg b &4 10 (0.665 mmol)EE{t MPPa (1),
S 3.2 WP RIAT A A E AL RN, 135 44 mg
gEEfE A 11a (0.073 mmol, 11%), 36 mg ZL (A [FH {4 11b
(0.060 mmol, 9%), 9 mg ZL & [ 44 11¢ (0.013 mmol, 2%)+
13 mg ZL{AE A 12 (0.020 mmol, 3%)F1 26 mg 2L {4 [ {4
13 (0.040 mmol, 6%). tb54 13 FIMIELH K05 4 s
53k 12b]— 3.

11a: m.p. 234~237 C; UV-Vis (CHCl3) Ay (rela-
tive intensity): 414 (1.00), 514 (0.11), 547 (0.12), 591
(0.06), 693 (0.42) nm; '"H NMR (CDCl;) 6: —1.04 (br s,
1H, NH), 0.68 (br s, 1H, NH), 1.57 (t, J=7.6 Hz, 3H,
8b-CHj), 1.66 (d, J=7.2 Hz, 3H, 18-CHj), 2.04~2.16 (m,
2H, 17a-H+17b-H), 2.23~2.32 (m, 1H, 17a-H+17b-H),
2.46~2.57 (m, 1H, 17a-H+17b-H), 3.00 (s, 3H, CH;+
OCH,), 3.31 (s, 3H, CH;+OCH;), 3.56 (s, 3H, CH;+
OCHs,), 3.48 (q, J=7.6 Hz, 2H, 8a-H), 4.06 (d, J=8.4 Hz,
1H, 17-H), 4.51 (q, J=7.0 Hz, 1H, 18-H), 5.04 (d, J=19.6
Hz, 1H, 13*H), 5.14 (d, J=19.6 Hz, 1H, 13%-H), 6.13 (d,
J=17.8 Hz, 1H, trans-3b-H), 6.14 (d, J=11.6 Hz, 1H,
cis-3b-H), 7.70 (dd, J=17.8, 11.6 Hz, 1H, 3a-H), 8.91 (s,
1H, meso-H), 9.86 (s, 1H, meso-H), 11.27 (s, 1H,
12-CHO); IR (KBr) v: 3479 (N—H), 2937~2887 (C—H),
1741~1695 (C=0), 1666 (C=C), 1469 (chlorin skele-
ton), 1384, 1180, 1132, 941 cm'; MS m/z: 598.3 (M+
2)". Anal. caled for C3H;3CINGO4: C 68.39, H 5.57, N
9.38; found C 68.54, H 5.83, N 9.33.

11b: m.p. 211~214 °C; UV-Vis (CHCl3) Apay (rela-
tive intensity): 412 (1.00), 516 (0.14), 536 (0.07), 641
(0.08), 683 (0.56) nm; '"H NMR (CDCls) §: —2.21 (br s,
1H, NH), —0.25 (br s, 1H, NH), 1.64 (t, J=7.6 Hz, 3H,
8b-CH3), 1.73 (d, J=7.4 Hz, 3H, 18-CHj), 2.11~2.20 (m,
2H, 17a-H+17b-H), 2.28~2.38 (m, 1H, 17a-H+17b-H),
2.51~2.73 (m, 2H, 17a-H+17b-H), 3.28 (s, 3H, CH;+
OCH,), 3.56 (s, 3H, CH;+OCH;), 3.65 (s, 3H, CH;+
OCHs,), 3.82 (s, 3H, CH;+OCH;), 3.74 (q, J=7.6 Hz, 2H,
8a-H), 4.96 (q, J=7.0 Hz, 1H, 18-H), 5.24 (dd, J=9.1, 3.6
Hz, 1H, 17-H), 6.19 (dd, J=17.8, 1.5 Hz, 1H, trans-3b-H),
6.35 (dd, J=11.5, 1.5 Hz, 1H, cis-3b-H), 7.96 (dd, J=
17.8, 11.5 Hz, 1H, 3a-H), 9.92 (s, 1H, meso-H), 9.78 (s,
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1H, meso-H); IR (KBr) v: 3517, 3334 (N—H), 2962, 2952
(C—H), 1737~1695 (C=0), 1687 (C=C), 1577 (chlorin
skeleton), 1444, 1251, 1076, 999 cm™'; MS m/z: 598.2
(M+2)". Anal. calcd for C34H33CIN,O,: C 68.39, H 5.57,
N 9.38; found C 68.12, H 5.67, N 9.11.

11c: m.p. 204~207 C; UV-Vis (CHCl3) Ayay (rela-
tive intensity): 406 (1.00), 497 (0.07), 577 (0.17), 609
(0.17), 623 (0.20), 686 (0.41) nm; 'H NMR (CDCl;) o:
0.61 (br s, 1H, NH), 0.82 (br s, 1H, NH), 1.51 (d, J/=7.0
Hz, 3H, 18-CH3;), 1.63 (t, J=7.6 Hz, 3H, 8b-CHj3), 1.90~
2.05 (m, 1H, 17a-H), 2.41~2.36 (m, 1H, 17a-H), 2.79
(ddd, J=15.7, 10.3, 5.3 Hz, 1H, 17b-H), 2.55 (ddd, J=
15.7, 10.3, 5.3 Hz, 1H, 17b-H), 3.07 (s, 3H, CH;+OCHs;),
3.43 (s, 3H, CH3+OCHj3), 3.60 (s, 3H, CH;+OCHS3), 3.80
(s, 3H, CH;+OCH3;), 3.82 (s, 3H, CH;+OCH;), 3.69 (q,
J=17.6 Hz, 2H, 8a-H), 4.71 (q, J=7.0 Hz, 1H, 18-H), 5.26
(dd, J=8.9, 2.5 Hz, 1H, 17-H), 6.10 (d, J/=17.8 Hz, 1H,
trans-3b-H), 6.24 (d, J=11.5 Hz, 1H, cis-3b-H), 7.30 (s,
1H, 12a-H), 7.72 (dd, J=17.8, 11.5 Hz, 1H, 3a-H), 9.25 (s,
1H, meso-H), 10.24 (s, 1H, meso-H); IR (KBr) v: 3506
(N—H), 2966, 2894 (C—H), 1731~1703 (C=0), 1608
(C=0C), 1548 (chlorin skeleton), 1409, 1257, 1178, 1070,
908 cm '; MS m/z: 6582 (M+2)". Anal. caled for
Cs3¢H37,CIN4Og: C 65.80, H 5.68, N 8.53; found C 66.03, H
5.49, N 8.59.

12: m.p. 235~238 °C; UV-vis (CHCI3) Ay (relative
intensity): 401 (1.00), 422 (0.89), 519 (0.15), 668 (0.15),
698 (0.55) nm; '"H NMR (CDCl5) 6: 0.05 (br s, 1H, NH),
0.79 (br s, 1H, NH), 1.72 (t, J/=7.6 Hz, 3H, 8b-CH3), 1.74
(d, J=7.4 Hz, 3H, 18-CH3;), 2.08~2.20 (m, 1H, 17a-H+
17b-H), 2.24~2.39 (m, 1H, 17a-H+17b-H), 2.49~2.78
(m, 2H, 17a-H+17b-H), 3.14 (s, 3H, CH;+OCH3), 3.46
(s, 3H, CH;+OCH3;), 3.51 (s, 3H, CH;+OCHj;), 3.57 (s,
3H, CH;+0CH,), 4.19 (s, 3H, CH;+OCH;), 3.66 (q, J=
7.6 Hz, 2H, 8a-H), 4.83 (q, J=7.0 Hz, 1H, 18-H), 5.05
(dd, J=9.6, 3.1 Hz, 1H, 17-H), 6.10 (dd, J=17.8, 1.5 Hz,
1H, trans-3b-H), 6.21 (dd, J=11.5, 1.5 Hz, 1H, cis-3b-H),
7.78 (dd, J=17.8, 11.5 Hz, 1H, 3a-H), 9.39 (s, 1H,
meso-H), 9.43 (s, 1H, meso-H), 11.44 (s, 1H, 15-CHO); IR
(KBr) v: 3517 (N—H), 2966, 2883 (C—H), 1733~1701
(C=0), 1616 (C=C), 1554 (chlorin skeleton), 1392,
1307, 1189, 1101, 1027, 925 cm™ '; MS m/z: 630.4 (M+
2)". Anal. caled for C3sH;;,CIN,Os: C 66.82, H 593, N
8.91; found C 67.05, H 5.70, N 8.77.
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3.5 4I4%%-18 HEg4), 13%-EKR-12-Z B R AR 40T
#Bs-a BEs(14)50 13°%-REE-13-FRHEE S
FHEE(15)R & B

# 471 mg (0.837 mmol) &Ny i 2 % T 220
mL DU, TN 10 mL (RSB v A i R i
WL, TR 12 h )5, Bl Rk SRR U
pH 4 2~3, FMA 300 mL 7KF1 300 mL & F ke, 4
HAHUZ, H SR REAERUKA(70 mLX2), &I
=, KUE, MK T, &ML 90%% 7,
NI S (1 7 SR o T 0 AR O S Ak 3 R (= d
P 5 min) AL, PR 5 AL IR & P04 =6
SEENA: MR CTR) @ VOE Ok =1 : 4], 75lf
131 mg 2L (4[5 44 4 (0.226 mmol, 27 %), 10 mg 475 £ ¢4 [
14 14 (0.017 mmol, 2%), 15 mg {4 44 15 (0.025 mmol,
3%). B 4 I ECS o B B S SR 1]— 2L

14: m.p. 200~203 C; UV-Vis (CHCI3) Ay (relative
intensity): 418 (1.00), 482 (0.05), 510 (0.06), 648 (0.18),
705 (0.34) nm; '"H NMR (CDCly) 6: —1.45 (br s, 1H,
NH), 0.50 (br s, 1H, NH), 1.72 (t, J=7.6 Hz, 3H, 8b-CH3),
245 (d, J=7.2 Hz, 3H, 18-CH;), 1.95~2.19 (m, 1H,
17a-H + 17b-H), 2.21~2.36 (m, 2H, 17a-H+ 17b-H),
2.74~2.83 (m, 1H, 17a-H+17b-H), 2.93 (s, 3H, CH;+
OCH3), 3.30 (s, 3H, CH;+OCHs;), 3.51 (s, 3H, CH;+
OCHs3), 3.63 (s, 3H, CH;+0CHs;), 3.74 (q, J=7.6 Hz, 2H,
8a-H), 4.42 (q, J=7.3 Hz, 1H, 18-H), 5.57 (dd, J=9.1, 2.7
Hz, 1H, 17-H), 6.21 (d, J=11.5 Hz, 1H, cis-3b-H), 6.35
(d, J=17.8 Hz, 1H, trans-3b-H), 8.09 (dd, J=17.8, 11.5
Hz, 1H, 3a-H), 8.85 (s, 1H, meso-H), 9.56 (s, 1H, meso-H),
9.57 (s, 1H, meso-H); IR (KBr) v: 3541, 3365 (N—H),
2927, 2879 (C—H), 1739~1699 (C=0), 1604 (C=C),
1519 (chlorin skeleton), 1440, 1392, 1188, 1041, 748
em~'; MS m/z 5915 (M + H) . Anal. calcd for
C3sHyuN4Os: C 71.17, H 5.80, N 9.49; found C 71.02, H
5.89, N 9.30.

15: m.p. 204~207 C; UV-Vis (CHCI3) Ay (relative
intensity): 376 (0.78), 428 (1.00), 514 (0.11), 547 (0.06),
582 (0.27), 736 (0.51) nm; '"H NMR (CDCl3) §: —2.05 (br
s, 1H, NH), —0.12 (br s, IH, NH), 1.56 (t, J=7.6 Hz, 3H,
8b-CHs), 1.70 (d, J=7.2 Hz, 3H, 18-CH3), 1.78~1.89 (m,
1H, 17a-H+17b-H), 2.24~2.36 (m, 2H, 17a-H+ 17b-H),
2.41~2.52 (m, 1H, 17a-H+17b-H), 2.95 (s, 3H, CH;+
OCH3), 3.16 (s, 3H, CH;+OCHs;), 3.45 (s, 3H, CH;+
OCHs), 3.60 (s, 3H, CH;-+OCHs3), 3.44 (q, J=7.6 Hz, 2H,
8a-H), 4.07 (q, J=7.0 Hz, 1H, 18-H), 4.36 (s, 3H,
13°-OCH3), 4.74 (d, J=8.6 Hz, 1H, 17-H), 6.09 (d, J=
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11.5 Hz, 1H, cis-3b-H), 6.18 (d, J=17.8 Hz, 1H,
trans-3b-H), 6.80 (s, 1H, 13°-H), 7.68 (dd, J=17.8, 11.5
Hz, 1H, 3a-H), 8.15 (s, 1H, meso-H), 8.87 (s, 1H, meso-H),
9.15 (s, 1H, meso-H); IR (KBr ) v: 3494 (N—H), 2970,
2935, 2894 (C—H), 1737~1697 (C=0), 1618 (C=C),
1544 (chlorin skeleton), 1463, 1365, 1224, 1101, 991, 912
em~'; MS m/z 5912 (M + H) . Anal. caled for
C36H3sN404: C 73.20, H 6.48, N 9.48; found C 73.44, H
6.29, N 9.39.

3.6 12-HAFHELEENREMGRER-a BHEE(16)F0 12-H
Bt — SANS-ps =R EE(17) 895 A

L 344 mg A& 3 (0.611 mmol) AL S iy i
2, ZHH 3.4 LRI TSN, 53] 22
mg SEEE A 16 (0.037 mmol, 6%). 4 mg LEafEH A 6
(0.006 mmol, 1%)A1 8 mg £E (A [l 14 17 (0.012 mmol, 2%).

16: m.p. 194~196 °C; UV-Vis (CHCI;) Ap.x (relative
intensity): 405 (1.00), 514 (0.06), 566 (0.15), 621 (0.14),
674 (0.35) nm; '"H NMR (CDCl;) 6: 0.05 (br s, 1H, NH),
0.62 (br s, 1H, NH), 1.65 (t, /=7.6 Hz, 3H, 8b-CHj3), 1.74
(d, J=17.3 Hz, 3H, 18-CHj;), 1.98~2.06 (m, 1H, 17a-H+
17b-H), 2.15~2.36 (m, 1H, 17a-H+17b-H), 2.50~2.67
(m, 2H, 17a-H+17b-H), 3.07 (s, 3H, CH;+OCHj3), 3.25
(s, 3H, CH;+OCH3;), 3.63 (s, 3H, CH;+OCH;), 4.34 (s,
3H, CH;+0OCHs), 3.56 (q, J=7.6 Hz, 2H, 8a-H), 4.08 (d,
J=9.0 Hz, 1H, 17-H), 4.29 (q, /=7.3 Hz, 1H, 18-H), 4.97
(d, J=20.0 Hz, 1H, 13*H), 5.13 (d, J=20.0 Hz, 1H,
13%H), 6.14 (d, J=11.6 Hz, 1H, cis-3b-H), 6.22 (d, J=
17.9 Hz, 1H, trans-3b-H), 7.80 (dd, J/=17.9, 11.6 Hz, 1H,
3a-H), 8.20 (s, 1H, meso-H), 8.87 (s, 1H, meso-H), 10.08
(s, 1H, meso-H); IR (KBr ) v: 3552, 3423 (N—H), 2968,
2935, 2906 (C—H), 1731~1704 (C=0), 1621 (C=C),
1550 (chlrin skeleton), 1396, 1103, 906, 742 cm '; MS
m/z: 593.3 (M+H)". Anal. calcd for C3sH3¢N,Os: C 70.93,
H 6.12, N 9.45; found C 71.11, H 6.29, N 9.50.

17: m.p. 203~207 C; UV-Vis (CHCl3) A (relative
intensity): 396 (1.00), 422 (0.89), 519 (0.15), 653 (0.06),
698 (0.55) nm; 'H NMR (CDCl;) 0: —0.81 (br s, 1H,
NH), —0.04 (br s, 1H, NH), 1.66 (t, J=7.6 Hz, 3H,
8b-CH3), 1.80 (d, J/=7.2 Hz, 3H, 18-CHj3;), 2.01~2.06 (m,
1H, 17a-H+17b-H), 2.08~2.16 (m, 1H, 17a-H-+ 17b-H),
2.25~2.45 (m, 2H, 17a-H+17b-H), 3.06 (s, 3H, CH;+
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OCH3), 3.24 (s, 3H, CH;+OCH;), 3.55 (s, 3H, CH;+
OCHs;), 4.13 (s, 3H, CH3;+OCHS3;), 4.23 (s, 3H, CH;+
OCHa), 3.62 (q, J/=7.6 Hz, 2H, 8a-H), 4.19 (q, /=7.5 Hz,
1H, 18-H), 4.96 (d, J/=8.7 Hz, 1H, 17-H), 6.13 (d, J=11.6
Hz, 1H, cis-3b-H), 6.24 (d, J=17.8 Hz, 1H, trans-3b-H),
7.77 (dd, J=17.8, 11.6 Hz, 1H, 3a-H), 8.27 (s, 1H,
meso-H), 8.93 (s, 1H, meso-H), 10.39 (s, 1H, meso-H),
11.28 (s, 1H, 12-CHO); IR (KBr) v: 3417 (N—H), 2933,
2906 (C—H), 1735~1689 (C=0), 1664 (C=C), 1587
(chlorin skeleton), 1382, 1216, 1062, 914 cm '; MS m/z:
639.2 (M+H)". Anal. caled for C3HisN4O-: C 67.70, H
6.00, N 8.77; found C 67.89, H 6.26, N 8.55.
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