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Synthesis of Multi-ester Substitutied Chlorin Derivatives
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Abstract From methyl pheophorbide-a which was used as a starting material, purpurin-7 trimethyl ester and chlorin-ps
trimethyl ester were synthesized by hydrogation-opening ring, allomerization and rearrangement reaction. The synthesis of ten
unreported chlorin derivatives related to chlorophyll-a was accomplished by electrophilic adduction, electrophilic substitution,
1,3-dipolar cycloadduction and oxidation-rearrangement reaction to chemical modifications for C(3)-vinyl group,
20-meso-position, methyl group at 12-position and ester moieties at terminal positions. The structures of all new chlorins were

characterized by UV, IR, "H NMR spectra and elemental analysis.
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Reagents and Conditions: (a) KOH/O4/C3H;OH/CH,Ny; (b) KOH,0,/CO(CH3)o/CHaNy; (c) KOH/MeOH/CH,N,, 0 °C; (d) CHoNo/CH,Cly;

(e) PhOPh/18, °C; (f) HNO4/ACOH; (g) ArCNOH/NBS/N(Et);

Scheme 1

G 3. 7EARMELAAE T M Ab 3 IT B8, FR k5 7 LA A
FRGE AL, LD 77%I0) 77 2 459 31 &%y -ps — H iR
4. R AR A4 2 SEHtafiffh, WL 63% (1) 7= %45
H20- P A FEIUAR I L1458 -7 = G 5. (LA 4 HER
F e ] DULRI A& A 13- B 0 e e B, 4321 60% 11
C(3)-MLMembkFE IR &Ny -ps —HIHE 6. 2R )5, 4T
BT 180 C A KMk HR ik s v, LT 2
FUMR A IRINFE NNy 7. 5= LIEAFAE R, R N-R
AT BV & (NBS )Xo 2 FF I J5 I it AR R A £ 1ot i
A, BRI AR AN & 03 2 L S Ak -
pe 4 AT 13- IR N, LA 70%I0 7= 70 5 H C(3)-
(1) R A H S E MR AR 1, 3- 1 AR T =47 8.
ZREBULE) 2 W 1547 10 a- iR N A% 5 AT 5N
TR SN A T, 3% A A 3 = L 5 AT Wittig J
N, &5 BUE =R 10 50 3 AN =R, 11%); 22
FIN AL BB SR LT R -7 = WIlE 2 (1) 15-f7 3L, LA
P A = Wr-es —FIE. 25 RMNEIRTRG Y
B 21%I0 4058 55-7 TR 10. O T 3R 58 C(3)-1r
(1) LIG AR 2B P N VG, TR A SR
WERAL A 2, RIS R HA ROV T R VRAR AN
Wy, SRIMEN > B S4% NIRRT 11. 2% A H
TCAMNEE IR G5 4 1R FE I BRI SRR 1) 25 S AR e 1, 7
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] R B 25 A1 0 SNy -pg 2 SIS AL, 23
I R A 2 N 12 (11%) A1 12-FR AL 20 5Kk
k13 (3%). TEZMRIAEKM N, (B 2 5 40%I1 H
WU AR EAR S RN, 25 RHC Fir E 12-532 4
FEHUR ) — & Wr-ps 14 (Scheme 2).

1 SSES

TLE AT H Perkin-Elmer 2400 7 7025 43 WAl 5 ;
IR F| Perkin-Elmer 1730 F£L 73 H6 ' 5 A 52 (KBr s
F); UV-vis i UV-160A B4 404006 B8 vl ; 'H
NMR H] Brucker ARX-300 B AZREILIRACIE, WAR A
TMS. B HRFI A o M ai fnfb i ot fitrt-4¢iR-a
BiE 13 SCHER[11]HI 4 0% 5%-7 —FlR 2. 0% %-18
g 3 F1ZNMr-pe — FH G 4 4% SCHR[12] 0 4%
1.1 20-FHELILE-7T ZHEG)HEK

#4212 mg (0.349 mmol) 1 %% T- 50 mL S H k¢
IR 0 C, RIZIEEEE NIRRT S mL LRIT
0.2 mL ¥RASIR, N 5E 55 0 AH [ SR Bkl UV 2 h,
SRIG N 50 mL 7K, JH 5%t BR S B iz A LZ,
JEKR PR I J ool ok 233110, a4 2 AT o TR
YIVEEA: MR LER) @ VOECKD) =1 : 3143 154 mg
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14 13

Reagents and Conditions: (a) CH3l/PPh3/LiBu; (b) NaBH4/MeOH; (c) HBr/AcOH; (d) LIOH/THF/MeOH/O,; (e) H3PO4/AcOH/HCI/40% HCHO

Scheme 2

(0.220 mmol)ZL (Al fA& 5. F7% K 63%. mp. 215~217
C; UV-vis (CHCL) Amax [eALemol ~'scm ~")]: 407
(120000), 507 (8400), 546 (14400), 677 (31200) nm; 'H
NMR (CDCls) 6: —2.32 (br's, 1H, NH), —2.48 (brs, 1H,
NH), 1.69 (t, J=7.6 Hz, 3H, 8-CH;), 1.70 (d, J=7.3 Hz,
3H, 18-CH3), 2.14~2.32 (m, 2H, 17a+17b-H), 2.52~
2.61 (m, 2H, 17a+17b-H), 3.76 (q, J=7.6 Hz, 2H, 8a-H),
3.37 (s, 3H, CH;+OCHs3), 3.44 (s, 3H, CH;+OCHj3), 3.56
(s, 3H, CH;+OCH,), 3.62 (s, 3H, CH;+OCHs;), 3.81 (s,
3H, CH;+OCH;), 4.82 (s, 3H, CH;+O0CHs;), 4.39 (d, J=
8.6 Hz, 1H, 17-H), 4.45 (q, J=7.3 Hz, 1H, 18-H), 5.23 (d,
J=18.9 Hz, 1H, 15a-H), 5.35 (d, J=18.9, 1H, 15a-H),
6.11 (dd, J=11.6, 1.2 Hz, 1H, cis-3b-H), 6.32 (dd, J=
17.8, 1.2 Hz, 1H, trans-3b-H), 8.02 (dd, J=17.8, 11.6 Hz,
1H, 3a-H), 9.47 (s, 1H, meso-H), 9.50 (s, 1H, meso-H); IR
(KBr) v: 3444 (N—H), 1972, 2935 (C—H), 1741—1681
(C=0), 1687, 1618 (C=C), 1562 (chlorin skeleton),
1456, 1373, 1176, 1014, 958 cm™ . Anal. caled for Cs;Hjo-
NsOq: C 63.69, H 5.63, N 10.04; found C 63.46, H 5.78, N
10.17.

1.2 3-[3'(R,S)-(1'-MLmemk £ )]-3-% Z MHEANR-ps =FR
e (6)RI & X
88 mg 4 (0.141 mmol)¥%ifi# T 3 mL & H ke,
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AN 25 mL B G QIR I, wil NG S 32 h,
BRI S mL ZFRVABR 25 2 RIVER T, AR50
A 30 mL SR 30 mL K4y )2, AU KSR =
W, s AENUE, HCKB RS T8, Wk, i
TR DAL AT S Ve A (SR 4 BR) & V(f
=1 : 3], 1951 57 mg (0.085 mmol)5l {1[# 1k 6,
FEE 60%. m.p. 225~228 ‘C; UV-vis (CHCL) Amax
[¢ALemol 'scm ~")]: 405 (121000), 500 (14520), 534
(6050), 606 (7240), 661 (45980) nm; 'H NMR (CDCl5) o:
—1.03 (brs, 1H, NH), 0.33 (br s, 1H, NH), 1.68 (t, J=7.6
Hz, 3H, 8-CH3), 1.82 (d, J=7.4 Hz, 3H, 18-CH3), 2.00~
2.82 (m, 6H, 4-H+17a+17b-H), 3.72 (q, J=7.6 Hz, 2H,
8a-H), 3.18 (s, 3H, CH;+OCHs3), 3.27 (3.26) (s, 3H, CH+
OCH,), 3.52 (s, 3H, CH;+OCH;), 3.91 (s, 3H, CH;+
OCH,), 4.17 (s, 3H, CH;+OCH;), 4.23 (s, 3H, CH;+
OCH,), 4.42 (q, J=7.0 Hz, 1H, 18-H), 5.17 (d, J=8.6 Hz,
1H, 17-H), 4.67~4.82 (m, 1H, 5'-H), 5.39~5.50 (m, 1H,
5'-H), 6.68 (t, J=8.6 Hz, 1H, 3'-H), 8.70 (s, 1H, meso-H),
9.11 (s, 1H, meso-H), 9.71 (s, 1H, meso-H); IR (KBr) v:
3458 (N—H), 2968, 2933 (N—H), 1743~1706 (C=0),
1608 (C=C), 1548 (chlorin skeleton), 1409, 1255, 1708,
908, 853 cm '. Anal. caled for C3;H;NgOg: C 66.65, H
6.35, N 12.60; found C 66.46, H 6.48, N 12.77.
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1.3 3-IHE-3-ETHEEANG-ps ZFBRER(7)RIE K

55 mg LA 6 (0.083 mmol)ia T+ 25 mL A<k,
T 180 CiiHitHE & M. 20 min, JIAIE Cehike, g
B2 TR, Db TR BOR g AR A, R
JENT BIVEA: V(LR LER) © V(Ao =1 : 3], 14
48 mg (0.075 mmol) S £ (AL £ 7, 7728 90%. m.p. 199~
200 ‘C; UV-vis (CHCl3) Amax [e/ALemol 'ecm ™ ")]: 398
(118000), 496 (10620), 527 (0.04), 605 (4720), 658
(35400) nm; "H NMR (CDCl;) d: 0.56 (br s, 1H, NH), —
0.91 (brs, 1H, NH), 1.30~1.38 (m, 2H, 3b-H), 1.43~1.55
(m, 2H, 3b-H), 1.68 (t, J=7.5 Hz, 3H, 8-CHj), 1.84 (d,
J=7.1 Hz, 3H, 18-CH;), 1.98~2.08 (m, 1H, 17a+
17b-H), 2.16~2.24 (m, 1H, 17a+17b-H), 2.30~2.42 (m,
2H, 17a+17b-H), 2.70~2.78 (m, 1H, 3a-H), 3.72 (q, J=
7.6 Hz, 2H, 8a-H), 3.26 (s, 3H, CH;+OCHs3), 3.31 (s, 3H,
CH;+OCH3), 3.51 (s, 3H, CH;+OCH;), 3.62 (s, 3H,
CH;+OCH3), 4.16 (s, 3H, CH;+OCH;), 4.21 (s, 3H,
CH;+0CHs3), 4.36 (q, J=7.0 Hz, 1H, 18-H), 5.16 (d, J=
8.6 Hz, 1H, 17-H), 8.54 (s, 1H, meso-H), 9.55 (s, 1H,
meso-H), 9.64 (s, 1H, meso-H); IR (KBr) v: 3444 (N—H),
2966, 2935 (C—H), 1739~1695 (C=0), 1654 (C=C),
1566 (chlorin skeleton), 1461, 1384, 1024, 742 cm .
Anal. calcd for C3;;H4N4Og: C 69.57, H 6.63, N 8.77;
found C 69.40, H 6.68, N 8.51.
1.4 3-[5(R,S)-(3-ERFE-4'5-— S REME)-3-L&
THEI%E-7T ZBEEGB)MEH

76 1 mL T &R, A 98 mg (0.562 mmol)
NBS, — &I 70 mg (0.582 mmol) 7K IG5, Ak,
20 min Ja &5 AN, ARJE AN 361 mg (0.578 mmol) 4
NNWy-pe 4, Fr LS8 WIS, FRREIRAE 1 mL 5
HI1) 70.4 mg (0.704 mmol) = Z & 7E 15 min AV
W, JARY, ERBCERN 24 h, A ZEFRERIK
AU, AHUAKYE, T, H 500~800 H it
Jiz il 4 2 B B[R VOR) L VAR =10 : 1],
43133 333 mg LR a4k 8 (0.405 mmol), F=F 70%.
m.p. 241~244 °C; UV-vis (CHCl3) Apax [e/(Lemol e
cm )]: 398 (119000), 498 (9520), 527 (5950), 605 (5950),
667 (48790) nm; 'H NMR (400 MHz, CDCl;) §: —0.91
(br's, 1H, NH), —1.16 (br s, 1H, NH), 1.63 (t, J=7.6 Hz,
3H, 8-CHs), 1.87 (d, J=6.8 Hz, 3H, 18-CH3), 2.03~2.12
(m, 1H, 17a+17b-H), 2.17~2.28 (m, 1H, 17a+17b-H),
2.35~2.46 (m, 2H, 17a+17b-H), 3.06 (s, 3H, CH;+
OCH,), 3.42 (s, 3H, CH;+OCH3), 3.52 (s, 3H, CH;+
OCH3), 3.64 (s, 3H, CH;+OCH;), 4.18 (s, 3H, CH;+
OCH,), 4.23 (s, 3H, CH;+0OCH,), 3.63 (q, J=7.6 Hz, 2H,
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8a-H), 4.19 (dd, J=18.0, 10.7 Hz, 1H, 4"-H), 4.43 (q, J=
7.4 Hz, 18-H), 4.46 (dd, /=18.0, 10.7 Hz, 1H, 4'-H), 5.19
(d, J/=7.8 Hz, 17-H), 7.16 (t, J=10.7 Hz, 5-H), 7.33
(7.32) (d, J=7.7 Hz, 1H, Ph-H), 7.84 (7.83) (dt, J=7.7,
3.2 Hz, 1H, Ph-H), 8.34 (8.32) (d, J=7.7 Hz, 1H, Ph-H),
8.62 (8.61) (s, 1H, Ph-H), 8.70 (s, 1H, meso-H), 9.48 (s,
1H, meso-H), 10.18 (s, 1H, meso-H); IR (KBr) v: 3439
(N—H), 2972~2888 (C—H), 1713~1728 (C=0), 1618
(C=C), 1548 (chlorin skeleton), 1521, 1410, 1071 876
cm” !, Anal. caled for CisHuuBrNsO-: C 62.77, H 5.39, N
9.71; found C 62.54, H 5.53, N 9.90.
1.5 15°-TRE-15%-KFAEKE-7 ZREEOQ)MA K
P RV B RV <+ 25 mL = i n
A 15 mL I DY, AR5 N 100 mg AL
ORI, AU AT 1 mL T AEE Ok
V(2.2 mol/L), [ /A58 A AR 5 Pt S min. SRS,
PEEE R WA R T 25 mL JG/AKPUSE R ) 165 mg
(0.253 mmol) 2, 4RELHEFER N 4 h 5, 12N 35mL
KA 35 mL &G, W8, A PUE, KIZR &
(25 mLX2), GIHANZ, Bk G LAIOKIR R
B B ES P AU, TR R LR, R
TR Y@ AL E N SR EWPEF: ML o
fig) : VOUEC %H)=1 : 4]7% 18 mg (0.028 mmol)ZL &[]
19, 77Z 9%, m.p. 202~205 °C; UV-vis (CHCls) Amax
[¢/Lemol 'scm )]: 398 (108000), 498 (8640), 527 (5400),
605 (5400), 667 (44280) nm; 'H NMR (400 MHz. CDCl;)
5. —1.60 (br's, 1H, NH), —1.77 (br s, 1H, NH), 1.72 (t,
J=17.6 Hz, 3H, 8-CH,), 1.81 (d, /=6.9 Hz, 3H, 18-CH),
1.77~1.90 (m, 1H, 17a+17b-H), 2.00~2.14 (m, 2H,
17a+17b-H), 2.20~2.35 (m, 1H, 17a-+17b-H), 3.80 (q,
J=7.6 Hz, 2H, 8a-H), 3.33 (s, 3H, CH;+OCH3), 3.40 (s,
3H, CH;+OCHs;), 3.49 (s, CH;+OCH;), 3.59 (s, 3H,
CH;+OCHs;), 3.89 (s, 3H, CH;+OCH;), 4.07 (s, 3H,
CH;+OCH;), 4.07 (d, J=9.2, 3.4 Hz, 1H, 17-H), 4.44 (q,
J=7.1 Hz, 1H, 18-H), 6.16 (d, J=11.5 Hz, 1H, cis-3b-H),
6.36 (d, J=17.8 Hz, 1H, trans-3b-H), 6.10 (s, 1H, 15a-
C=CH), 7.3 (s, 1H, 15a-C=CH), 8.09 (dd, J=17.8, 11.5
Hz, 3a-H), 8.83 (s, 1H, meso-H), 9.67 (s, 1H, meso-H),
9.74 (s, 1H, meso-H); IR (KBr) v: 3458 (N—H), 2929
(C—H), 1743~1695 (C=0), 1623 (C=C), 1504 (chlorin
skeleton), 1467, 1384, 1226, 1031, 1018, 912 cm™'. Anal.
calced for C3;sH4N4,Og: C 70.13, H 6.51, N 8.61; found C
69.97, H 6.48, N 8.79.

1.6 15"-41%%-7 RES—HBS(10)M9A K
# 120 mg (0.184 mmol) ~ZNIy-pe 2 WA T 8 mL
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AR 8 mL HEEINRAE T, T 0 CHUFE MR
T 5 mL FEEH 1) 40 mg AL B 2 I, TLC HE
SV HERE, K130 min [N 45 1) VAR R F AN 25
mL 7KF 20 mL &, A NUZE, oK T
PRIFWAE, TEIRALENT /SR ITR: VR @ (&
B 2. 08)=3 1 1], 0B 24 mg (0.039 mmol)ZL {4 [ {4
10, 7=% 21%. m.p. 217~220 ‘C; UV-vis (CHCl3) Apax
[¢/(Lemol 'scm™")]: 404 (121000), 500 (9680), 531 (7260),
628 (21780), 668 (41400) nm; 'H NMR (CDCl;) 6: —1.37
(—1.66) (br s, 1H, NH), —0.80 (—1.13) (br s, 1H, NH),
1.70 (t, J=7.6 Hz, 3H, 8-CHj3), 1.68 (1.66) (d, J=7.3 Hz,
3H, 18-CH3), 1.73 (1.72) (d, J=7.3 Hz, 3H, 18-CH,),
1.99~2.18 (m, 1H, 17a+17b-H), 2.37~2.56 (m, 1H,
17a+ 17b-H), 2.58~2.79 (m, 2H, 17a+ 17b-H), 3.68
(3.66) (q, J=7.6 Hz, 1H, 8a-H), 3.21 (3.19) (s, 3H, CH;+
OCHs3), 3.42 (3.38) (s, 3H, CH;+OCHs;), 3.74 (3.65) (s,
3H, CH;+OCHs3), 3.80 (3.87) (s, 3H, CH;+OCH3), 4.05
(4.00) (s, 3H, CH;+OCH;), 4.49 (4.47) (q, J=17.6, Hz,
1H, 18-H), 4.54 (4.46) (d, J=8.0 Hz, 1H, 17-H), 6.14
(6.11) (dd, J=11.6, 1.1 Hz, 1H, cis-3b-H), 6.28 (6.26) (d,
J=17.8, 1.1 Hz, 1H, trans-3b-H), 7.72 (7.48) (s, 1H,
15a-H), 7.98 (7.94) (dd, J=17.8, 11.6 Hz, 1H, 3a-H), 8.69
(8.60) (s, 1H, meso-H), 9.49 (9.40) (s, 1H, meso-H), 9.67
(9.60) (s, 1H, meso-H); IR (KBr) v: 3396, 3317 (N—H),
2958, 2927 (C—H), 1726~1697 (C=0), 1643 (C=C),
1542 (chlorin skeleton), 1461, 1269, 1068, 973, 732 cm .
Anal. caled for CigH3sN,Og: C 69.44, H 6.15, N 9.00;
found C 69.62, H 6.03, N 9.23.
1.7 3-(1-BEZE)-TLE-7 NE=BREE(11)HEK
# 96 mg (0.147 mmol)ZI K %-7 = HIfiE 2 % T 10
mL [F175 4 30% HBr [ SZEHH T, 50 CA A N El
FE. TLC KXW SIS T), [ K295 4 h. [n) [ B AR R0
A 30 mL /K, #RJ5 FH S BEAR (50 mL X 3), &I
HUZ, SR e R U v RO e A8 v e b o, oK
DR T e LA U e A, R4, TR A2 0T 7
B URITA: VO WE) @ M(CIR CBE)=2 © 1], 71 Esth 53
mg (0.079 mmol)4E 4 [ 44 11, 773 54%. m.p. 266~269
C; UV-vis (CHCL) Amax [eALemol ~'ecm ~")]: 414
(120000), 519 (9600), 551 (15600), 622 (600), 681
(44400) nm; 'H NMR (CDCl;) 6: —0.16 (br s, 1H, NH),
0.07 (br s, 1H, NH), 1.66 (t, J=7.6 Hz, 8b-CHs), 1.79
(1.77) (d, J=7.2 Hz, 3H, 18-CH;), 2.04~2.14 (m, 1H,
17a+17b-H), 2.32~2.42 (m, 2H, 17a-+17b-H), 2.50~
2.59 (m, 1H, 17a+17b-H), 2.19 (d, J=6.6 Hz, 3H,
3b-CHs), 3.18 (s, 3H, CH;+OCH;), 3.33 (3.32) (s, 3H,
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CH;+O0CHs3), 3.53 (3.52) (s, 3H, CH;+OCHj;), 3.60 (s,
3H, CH;+OCHs,), 3.88 (s, 3H, CH;+OCH3), 4.14 (s, 3H,
CH;+OCHj;), 3.62 (q, J=7.6 Hz, 2H, 8a-H), 4.31 (q, J=
7.3 Hz, 1H, 18-H), 4.67 (d, J=8.64 Hz, 1H, 17-H), 630 (q,
J=6.6 Hz, 1H, 3a-H), 8.45 (s, 1H, meso-H), 9.59 (s, 1H,
meso-H), 9.60 (s, 1H, meso-H); IR (KBr) v: 3469, 3369
(N—H), 2964, 2931 (C—H), 1739~1693 (C=0), 1633
(C=C), 1544 (chlorin skeleton), 1402, 1309, 1120, 1033,
912 cm'. Anal. caled for C3;HyN,Og: C 66.25, H 6.31, N
8.35; found C 66.23, H 6.42, N 8.58.

1.8 12-BEEE-12-FX B E = SANY-ps- = B EE(12)F0
12-FAERE-12- K R E LT AMNIK(13) B9 & A

7 35 mL 5 H b H % i# 380 mg (0.608 mmol) 4
Ny -pe —HIlE 4, SRS N LiOH HEE/KEW (0.4 ¢
LiOH+5 mL /K, Fhi 20 mL MeOH), % &1 FIF 1
FIZIERE 4 h 5, HIESERR R SR R R, SEla A
20 mL &R 40 mL K432, A NG &
F B A EUKAH (150 mL X 3), & IFE MU, AR KPR —
R, TORBRIREN T4, FHE R BT SRk AL 3, 8%
ZABRVE A, FERAEJENT o BRI V(A W) - (&
1% 2R =4 : 1], 5543 mg (0.067 mmol)ZE{h [l {4 12
AT 11 mg (0.018 mmol)£T {7 [# 44 13.

12: % 11%. m.p. 234~237 °C; UV-vis (CHCls)
Jmax [&/(Lemol 'scm ™ 1)]: 393 (105000), 421 (95550), 517
(13650), 644 (6300), 679 (66150) nm; '"H NMR (CDCl;)
d: —0.81 (br's, 1H, NH), —0.04 (br s, 1H, NH), 1.66 (t,
J=17.6 Hz, 3H, 8-CH3), 1.80 (d, J=7.2 Hz, 3H, 18-CHj3),
2.01~2.06 (m, 1H, 17a+17b-H), 2.07~2.16 (m, 1H,
17a+17b-H), 2.25~2.45 (m, 2H, 17a+17b-H), 3.62 (q,
J=17.6 Hz, 2H, 8a-H), 3.06 (s, 3H, CH;+OCH;), 3.24 (s,
3H, CH;+OCH;), 3.55 (s, 3H, CH;+OCH3), 4.13 (s, 3H,
CH;+OCHs3), 4.23 (s, 3H, CH;+OCHs), 4.19 (q, J=7.5
Hz, 1H, 18-H), 4.96 (d, J=8.7 Hz, 1H, 17-H), 6.13 (d, J=
11.6 Hz, 1H, trans-3b-H), 6.24 (d, J=17.6 Hz, 1H,
cis-3b-H), 7.77 (dd, J=17.6, 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, CHO); IR (KBr) v: 3458, 3375 (N—H),
2960, 2885 (C—H), 1747~1703 (C=0), 1635 (C=C),
1529 (chlorin skeleton), 1406, 1311, 1081, 910 cm
Anal. calcd for C;4H33N,O;: C 67.70, H 6.00, N 8.77;
found C 67.53, H 5.91, N 8.86.

13: 7% 3%. mp. 209~211 ‘C; UV-vis (CHCL)
Jmax [€/ALemol ™ 'ecm™)]: 393 (110000), 421 (100100), 517
(14300), 644 (6600), 679 (69300) nm; '"H NMR (CDCl;) 6:
—3.86 (br s, 2H, NH), 1.86 (t, J=7.6 Hz, 3H, 8-CH;),
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226 (q, J=7.1, 2H, 17b-H), 3.32 (t, J=7.8 Hz, 2H,
17a-H), 3.62 (s, 3H, CH;+OCHs;), 3.65 (s, 3H, CH;+
OCH3), 3.66 (s, 3H, CH;+OCH;), 3.95 (s, 3H, CH;+
OCH,), 4.11 (g, J=7.6 Hz, 2H, 8a-H), 6.14 (dd, J=11.4,
1.5 Hz, 1H, cis-3b-H), 6.39 (dd, J=17.8, 1.5 Hz, 1H,
trans-3b-H), 8.21 (dd, J=17.8, 11.4 Hz, 1H, 3a-H), 9.98
(s, 1H, meso-H), 10.04 (s, 1H, meso-H), 10.11 (s, 1H,
meso-H), 11.06 (s, 1H, 12-CHO); IR (KBr) v: 3446 (N—
H), 2931 (C—H), 1743~1704 (C=0), 1633 (C=C),
1558 (chlorin skeleton), 1475, 1384, 1228, 1168, 1078,
948 cm™'. Anal. caled for C34H3oN4Og: C 69.14, H 5.12, N
9.49; found C 69.29, H 5.32, N 9.73.
1.9 12-8 ZE-12- KB EINS-ps =HEE(14)HIE K
¥ 212 mg (0.339 mmol) —ZNMBY-ps — HITE 4 % T
10 mL KSR, SRJEHFE T SEE A 8 mL KR 15
mL WK ERFRH 20 mL 40% 1) /KA. FdiHE 3d )5,
A 25 mL /K, H =S HEEAEE(50 mLX3), &I
FH, KVEERIERIR, 20K RN 55 A 3 0 e FF O
b, R ZEBRE A, RERAEE T S R IR V(A
i) : V(LR LWiR)=4 : 1], 192] 40 mg (0.061 mmol)Zk
AR 14, 77 18%. m.p. 246 ~249 °C; UV-vis
(CHCL3) Amax [¢ALemol ~'scm ™ ")]: 393 (102000), 421
(92820), 517 (13260), 644 (6120), 656 (64260) nm; 'H
NMR (CDCls) 6: —0.81 (br's, 1H, NH), —0.04 (brs, 1H,
NH), 1.66 (t, J=7.6 Hz, 3H, 8-CH;), 1.80 (d, J=7.2 Hz,
3H, 18-CH3), 2.01~2.06 (m, 1H, 17a-+17b-H), 2.07~
2.16 (m, 1H, 17a+17b-H), 2.25~2.45 (m, 2H, 17a+
17b-H), 3.62 (q, J=7.6 Hz, 2H, 8a-H), 3.06 (s, 3H, CH;+
OCH3), 3.24 (s, 3H, CH;+OCH;), 3.55 (s, 3H, CH;+
OCH,), 4.13 (s, 3H, CH;+OCH;), 4.23 (s, 3H, CH;+
OCHs3), 4.19 (q, J=7.5 Hz, 1H, 18-H), 4.96 (d, J=8.7 Hz,
1H, 17-H), 6.13 (d, J=11.6 Hz, 1H, trans-3b-H), 6.24 (d,
J=17.6 Hz, 1H, cis-3b-H), 7.77 (dd, J=17.6, 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, CHO); IR (KBr) v:
3446 (N—H), 2927, 2860 (C—H), 1743~1726 (C=0),
1633 (C=C), 1558 (chlorin skeleton), 1463, 1396, 1099,
800 cm '. Anal. caled for C3,H,;,N,O5: C 67.87, H 6.47, N
8.56; found C 67.59, H 6.42, N 8.44.

2 ZR5UHE
21 BEEEZSAMNGRY C-D ik EESE SLFERRNE
{E3

1T SNy -pe BCE LD 5T 1 13- 15-A7 11
FERTDAGA e TR A S B B e, AT I
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AR [ H R A U 55 R A ) SR P AR AR, %K
03 DA ST n 1R s B AN AR A, BL 154
BEEE A AR T ) C(15)-BR B S KIS
17, DEI 58 35000 05 1R R U L etk &,
RHE C(15)-C(15a)4hiEss 90°)5, FrERIMIME I
(R SE OB I 5 BERR P TAH LR B, AR RA
R - PR (B 1), 52058 % RV AEW RIS
BEFRILAA L, RUEAE C-D B i) [RIRE AT P BRI,
{H = E NNy -pe = FIE 2 FNZ045R 25-7 =W 4 (Hdckn]
WGBS 5K 669 F 676 nm, TAHMN (K41 482518
B 3 (KA Kk 2] 700 nml™, B0 1 O, W iie i K
WA, WY NN Gl (6 o2 B A RR A BE
LIRBFIRAE S KIS R R E R,

15-Jdk b5 L I i

15- B S R

BT &by 2~4 [ 13- 15-A2 B3R 5 ORI 1 3L i
4t

Figure 1 The conjugation structures of the substitutes at 13-
and 15-position of chlorins 2~4

P b TR R HL - C=O XUBE IR L 1 RO AR T
I BRI L, RO Ny A 5 S A
PAAEARH WIS R AR B KR 3 (SR FE
AR, A LU AR PR O 58 A JSE /), BB AT vl e AE
20-f7 BRAESR B RV, HE058R-8 IR 3 AL, 40
BR-T =W 2 BOR AL S R AN 25 5, TR A
BE b R AR IRAR S R B, K e T R B
C(3)-LMFEM m-BE LT 22 (L 1 RN, AT RASe v
13- M AR TN RSP S BT E . AR SC AR Wy -ps. — TR
4 HEEUT LIPSO N 2 32 b, A AR 26
N, 5 ER-18 3 KA I T T BLSE A (4L
i,

X BE 28 3K MR-a 110075, HUAA— DR
AR ORI OIEANIE, LA Ayt A 3 T AR By T4
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BHlLE

-7 2 &My -ps 4. HTJREE A C=0 XL
RIS TR 1) 5 B R Z 0t 0V v - 00, PR LG B YRR
BT 20-meso- 1 ()58 HL R NS M. AERRPEIR B
Ji B H- S5 R -a G ] LA 40% 1) HEEAE 20-meso-ir LI
FIb5E R T 25 Lk Blane S IR M. fb& ) 4 7
WA T EI AT T A R TR AR D R, T2 e 12-
PEITHE B AR T /LT Aldol FREE4R G N
22 ZEAMNS-ps ZHERRY C(12)-HEM U FER RN
5ILA B AR AMER SR 4k % -a RTE—
Ff, MYy -pe — G 4 10 12-07 AL FIRE AT —2 1)
TR PED), e 2 A N, SRR 1347 B
SEMEIEALL R A S T A, RE 5P
I3 F R AE I LT A O A T AR AR ) TR R A4 B 12-
A7 B EEAR [ 4% A1 1 P 2 25 01 56 BGER — IR0 It 5
¥, FTERAIR A C Zond 738 ALk — Sy g
12, HL 13-PEfRIE AR L Az B A I L5 AR A Bk i, HE
ML 12-F R RE 408 2-18 D. il T i% 4 F4E 12-, 13-

14

B2 N r-pe =R 4 1)

547 EBNEA KL, AR B3 T 17 AR
T, TEaENETFIERN T, BT b %
Ja SLAMEIREFE B T MRtk B, B2 525580 T
RN A AR 18 WAL AR A R, B, T
LTI A RAUR N 13, R, fh
W 4 W I3-RIEEIREE B P AR G, ZERRT S
(B P R AR ke FH ) (A R JE T 5 i L e g, T =X S
1A H 5 R EEEAT S IR B, M A4 2 Hh i 3 5
TR 2] 12-58 ZIEHAR I AN B 14(1 2).

Z BRHEEHUAR R - AT AR R S T AR R
AR 25, T B B A e oK ] o'
I K4 Ak TR T i fia T & M, 3 C-D B
I () 22 Be R £5 0 BT BLAT S K P RE, 5 A-B BRG] 16 i
TR R T R R I W SRR b, e — e R BolcE
T VUL KRS TR R T, Bk mr LK B 52
SERGRI B D) P D3k,

(O 0]

LA Aldol 2 N ALEE

Figure 1 The allomerization and aldol reaction of chlorine-p4 trimethyl ester 4
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