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Abstract Pyropheophorbide-a methyl ester, as a degradation product from chlorophyll-a, was used as a starting material, and
the formyl group was introduced at 12-position by allomerization. The transformations of C(12)-functional group, including
the structural rebuilding of E-ring, were carried out by classic reactions such as oxygenation, reduction, Grignard reaction,
Knoevenagel reaction, Cannizzaro reaction and 1,3-dipolar cyclocaddition. The acyl, ester and substituted alkyl groups, which
could conjugated with macrocyclic chromophore at various degrees, were established at 12-position. The synthesis of a series
of unreported chlorins related to chlorophyll was accomplished and their chemical structures were characterized by elemental
analysis, UV, IR and 'H NMR spectra. The different fluences on the chlorophyllous tetrapyrrole molecule by C(12)-

nomethylation were also discussed.
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VB B WLRAR =) (¢ 25 -a FH-b 7 12-47 F3
B IR, AR B HZ R C(12)-EH A
(i) e 5k 5 1 (1) LA [R) R B R AR =), DRI, % i 25 40T
I 1207 S5 A TAE TR e B AT R R I R . 4R
1M, A ML 2 R VYL KIR 3748 12-07 10 B A
FARTE A, BT BATTH TAELLAE, 1A & B A i e
SEIR-a S C(12)-F BE AL IIAH N SCHR, AR SCHE TR T
(SRR, B R AR AT S8 1-a (1, MPPa) it
sk, RIS AN, B 12-07 BT
SV, P I R B2 N SE R RE AL, AR
H— RVNAR ARG 12-07FE F LR 2R 22K A
N AT AR,

AR AR N T UK MPPa (1)1
1207 FR R 4 Sy EL A v ol S 7 9% P 1) P I 21 B 13
AN 2 5N BRI B LAY 12-67 ERAET
Grignard [V, L 46%[ = 242 A E ok 22 n) S f R &
(1) 12-7F 32 F L A B R 1R -a TR 3, A6 06) F R IR M
W, TR KRS E-xREE R 12-28 F L
fRI¥) MPPa 4 (55%); &) 4 HEZFLEN 13-
TN, 43 5 H 38% [ C(3)-ME MEIE RN C(12)-% H
FERUR —&nbwy 5 R 1Y) 12-07 8K & XCEERUR Y —
SNy 6 (4%). SNRWymE 2 ] DUUR) M A A
Cannizzaro [V, 735 A 16%H1 18% K] 77 5 JE 1%, 12- F 4R,
PP i i A - S IR (7)1 12-3% PR LR i 4412 (8).

HTHE 12-0% AR R 22 (R M S A A, SRR

HERALEE S AN I 2 1T Grignard [V 45 H 12-
$2 LA AR SR IR IR (2a), Ak LEAEX R AL N
7K, L 50%I 7RIk 3, 1207 W LGB 4
NNGHRTAEY 9; 78 = LR, AN 2 5N
2 2. B8 Knoevenagel [N AR A, w5 7= R g2
12-B,8- = LA TR AE A I AR Bt ¢ -a /T IR(10)
(72%), T AEMEIE 9 5 T TR PR 46 - S DU A 4 PR
M, AL 23%[0 7= 3R B Y 12-4 L I IR &5 4
M =N T AR 11.

12058 3518 B PR AR LBk, DR e 1
AT IL 1207 B, BT LA, AERIBEE SR IR 1)
C(12)-'F Re P14 4 UL S SN IR IS 2 F, 228 A it
12-f7 A FASEEUR A & 9. 158, ISk — &k
Wy 2 (1) C(12)-F B Jr s F R, I8 I i) — &by
fiE 8 MAT AN, (RIBCREHLE LT % 318 Tk
P12 (9%); EmthEd, WEY 12 58)a TR =S,
AR, 5 fa L 70%0) 77 2459 21 N-F A JE-12- F IR
ZI5-18 WEZ(13). 1+ =T 1R VY IE N 5L 54 (TPAP)
I N-F L FK N-SE AL P (N-MMO) ZG 475 2a BE{ T4 AL 75
W 2b, RS, TR S WRMEEE T SR R R
PREHL R AR TR AR B, B 36% (1 E-s R AN M 4 A
P14y ARGy 2 55 R EE Y Grignard X
N =PI 3, B B [H] TR A 4 A 7l (TPAP/N-
MMO)ATEAMN, LL S1%MI7/= 238595 12-%) R 2t
FEMEE SRR 15.

Reagents and conditions: (a) LIOH/THF/MeOH/H,0/0,; (b) THF/PhCH,MgBr; (c) TsOH/Benzene; (d) CH,Cl,/MeOH/CH,N,; (e) KOH/MeOH

Scheme 1
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2R=CHO cH, 9R=H
2a R = HOCHCH 10 R = CO,Et
N[ %hR=COCH, 12

OCH;

OCH;
13

Reagents and conditions: (a) THF/MeMgBr; (b) TsOH/CgHg; (c) CH,Clo/CH,(COLEL),/TEA; (d) Pyr/CHo(CO4oH),; (e) NaBH4/MeOH;
(f) LIOH/THF/MeOH/H,0/0,/CH,No; (g) NH,OH= HCI/Pyr/LiOH/MeOH/O,; (h) PryNRuO4/N-TMMO; (i) p-NO,CgH4CHO/BF 3/Et,0;

(J) p—CH3CeH4CH2MgBr/THF, PI'4NRUO4/N—TMMO

Scheme 2

1 ZR5WE

1.1 EBEMEEEN C12)-IREMRMEEREL
oAbz i)

I FH €835 L (R 3 M s I X 3 308 474 2 46 2 R
HATH s Bt 4 22 KR 7 AR 0735, filn, @
R b dRFE . WL R AME IR IR L 1) i Re A e e, 4
BIEE 3, 7, 8, 13 Al 1547 B EE T % Flop B AL 2% 4
RO IR B b M I SEA B, 12-0 F A A A W
FEM R NG, T A MBI SR IR R e 4 S T &by
IR, B 1a e 2005 B R e S i R 1
AR AT, TR r- AR R IR R A ALY
A), HA DA ER FAT A TR, A5 KR 11
W AR S . A A Ze-18- 5 (1a) P T LLFE
i, B IR B8- R BT 5 AR R Z AL, PAIATI AR 4
A ST IR SRR T, 1T C BRIY BB~ WUBR NI 25 4E 5 75
Mk RZ W, HX5 E-RBRIEAEILY, XTI H
B H DU (1) 22 L TARFAIE, TRIE, 12— FR AR 24 T B A
T LB s b. (HAE =R %17 b)Y (TN
05 B RIR) 3 — R e J7 ), 05 & Ik B 4 X 3k g
B IEE C IR B-07, ML 734 o R i SUEE 55 B-FR B
B2 (T R TR K, e 12— L m) DL e 4 445 = P
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LI F-18 WERIIAMEINBAEIR I 2 1 T 2 T 24K
FROR BRGS0 BT R 12-07 0 B e
PUTHHIREG K -0 _E(1e), 5 1b HUG& [ & R4 E-
NI BRFEAN ], TFBRERRIE 0] AGEAE S (0 AT 1k 27
H HERE, DRI 96 BR e JE AN REJE B M 2y, 3L 12-
A7 PR IEAR AR A RIS o-E AR IS IAb 25 M . AR R S
A N L BRI, Ay 8 1 G TE E-RRIE N a-
P EEREST— AN, iR A 5 RA A TR A
RIS R TR B, TR R -5 4805 1A A
TERGE A AN IR C, Wi 57 N IR AR T Ak ik
WER R RIA D, M4 7 I A A R 5 o
FAG G AR 12- BRI L0 48 55-18 FfR(12); 4kazlidh
P ¥4 i R A RS BILT R R -18 WBEIK E, AR5, 100
PR 120 IR LRI AU 2 T F, 55K
Ao PrEMES HEG AP Ag G, wa, Mk
AR R 12-07 RS20 55 318 WAL (13). T
FIGEH AR, 15 12-( ARBRMEBR LR S B-I A3k
SRR R LI R, AMEIR LA 12-
PEEUARIE A 4k 2% B A A ke B SRR PE A, IR 12-
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Figure 1 The aromatic conjugated system of chlorophyll derivatives and structural transformation of the exocyclic ring

P75 B B T AT DA Ml e 45 P Ak 25 e e, AL EE AR
o IR LRI E WIS N, 5 AT C(12)-F
Re AR BT T B s e B S aldn, FEAR TR 4%
PR, 1247 138 L IESAA 8 L T9EFE 1) S N 5 3437 A R HY
ARIEISNVAH EL, TG T8 A S5 WV I e S W 7 56 34 A1,
Fladr, g RaT LUASE N B-FRFRILNS 12-17 frWR H 7
BN IR T 3 SR B-ER— HB RSB R
GER, 1247 I SEIR HE— D S AR R A M R e, 2 BT A
T 12 [A40ER E-18 W 13 LRI 2 AR, BT
FOAb DR 22 UAE, 13700 BRI KR4 T4 Ak 3 it fL A7 )
Pt — N EE AL

BRUGZ Ab, 12-00 80 T B A0 2 46 Kk e i ik — 20
KRR WK 2 PR, S5HADBUEE SRR — R, 8
TP, Ay T 4 (148 B-2R B S0 A A8
=W H, R — e fE LIS T 12-00 0 I
L3-fbm e, nrUEREE S TR et AT 13- hn
DGR G R 12-ME ek EE AR 1 — &by 1, 3L 1240
FICHIA PR — DI R AL &) 6; —Enbmy i
2 54 R Knoevenagel SV [i) £ B 1] B b 52 B9
FESRAZ N R BE K B B, 17 A 4k 82 5 0 A e R ) 44 g,
ARG 5T IR IEEAT ZUE TR I B & — 4y R Ak
AR R K &5, @9 FHBKEERT
12-P7 AT TR IR IF 45 K4 1) — &by 11.
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OIS RKILR R, 4 3-frek 13-A7 L H
H, 7 S P T LK 3 b T L 5 KT AL Y F Wi
PR e 2 BroR, BERER 1 C3)- LRI
HEEIELLRS, BT B BRI SRR -d. HF 8 1) 5K o] Lok
WS KA N T 28 nm, 1T 12-47 ZW 05 1) IR JE () 45
TR AQy 1 18 nm™; 12-47 ZARHEHUAR (1 £E I
BEM-45-a 1) Qy W HHIRAE 671 nm &b, M FEEEALREL 2
JHFEMAQy A 5 nm; WIHLKE MPPa (1) (1) 3-47 2473
R IR, R I Eml I 244 11 nm. L4
12-7 AR FR AL Qy IS AR Y R, H5 3477y
REAAR AL &5 A L, 36 F 7 61 O 8% B8 55 A Xk
7, HIRNATRE T C12)-BUREEA A i B 155 & Ik
RAEe I 2 AN 1b), SIEK IR 311 m] WG
WK TR BAR TR K Ty A PR L 34
EZi

R T RIS [ S RN LA, BRI 1 2 ) 4
P R SR % th 2 G BURIR 4 1 10 B 6% Rk A AR R
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Figure 2 The 1,3-dipolar cycloaddition and Knoevenagel reaction at the 12-position of chlorin 4 and 2
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RINY REREEIEAAMA; 2 CGYFI CA)hr Lo mliEH
RS, JL 2 W 4 S B0 - 6 1% i A= TR A A% 4 )
AHZE LT, 3-fr HRRHL Ay F AR 1) 45 AT Hds oK mT
HIWE W KLT# T 5 nm, 11 12 £ _EAH IR S5 AR 4k
BRI Qy AR, —FH AR LM
BUARIEAR 2, HNAQy 405124 6 F1 1 nm. 3-47[1 1-
FRlE L EARAAFAE L RIS A Al g5 4y, (IR
FE AR T 5 K n-fR R AR Y AR LA R (K
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WHRAEMBER, Wk 3 g a f b, 347
BE1) Qy Wl 694 nm, T L IERE AR I IRSCAR -5 I 22
BA 683 nm, T LML 27 FE ] R HE
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Figure 3 The functionalizations at C(3) and C(12)-positions of chlorophyll chlorins and changes about their electronic spectra
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HQy &5 LA 689 nm Ab; FEMLELM 281 2¢ 1) C(12)-
CIFE P I L BRI A AREE B T A 1 sp” B
TEAH B, B DA ECR AT WG Ko 685 nm;
AW T 1 1207 AR BEE S B-IRFRIE 2 8] (1 S A4
BHEE 4 8, Sl 5 E-MABLAR 1 2 A R
FAHEAE M, (R B 25 K, o Qy Wirig
G = A 674 nm.

2 Zi

J BRI SRR -a HIRIRT 12-57 P i i 4l b 4 FH R 1
5 E- I o- (i ARSI A 27 S NiGEPE, I Rra o
AN N A A L, il 4%k, IE )R, Grignard.
Knoevenagel. Cannizzaro Fl1 1, 3-ffy Bl 2R il 5 28 4L Jsg
BATHEBERI S, 18 C12)-fr By 15 KAk
AR L PR B IR e i e AN I AR R A A T 5 0y
12-F7 1) B e WAL A 2t 3 e 7 K3 40 1 1 3B ik &,
e B HL i 7 AR AR AR AR, AR DY KA T
IR 2 M PR 1], A — 0 e e 2R AR P ) AL
P AR PR TR BN X A

3 ZEEHESHS
3.1 U5k

JCE W Perkin-Elmer 2400 562 /3 WA & ;
IR JH] Perkin-Elmer 1730 4T 41436 B 2 (KBr &
H); UV-Vis H UV-160A FEEAMy e, 'H
NMR H] Brucker ARX-300 RUZREILHRAI &, WARA
TMS. BRI R o W limifb gl B2t 4R -a
PG (1) 2 SCRR[ 15770145 ; 12- IR £ B 2R -a (2)
FoSCHR[41 4% 12- S BEIE AR M BET 2 1R -a (2b) 4% 3Lk
L1774
3.2 12-(1-BE-2 FEZCE)EREMFER-a BE(3)8Y
aH

¥ 60 mg 12-F RS 48 R-a FEE(2) (0.107
mmol)#fi# T 5 mL Jo/K PSRRI, SRR, E
0 "C RN 0.1 mL 1 mol/L LML EE L BRAR, 8
J60 CHEFER N, TLC MM [ W RERE, [ W% 10 min {5
1k, RIE I 20 mL ORISR, B4 10 min Ji5
THEFEEAI(IS mLX3), SIFALZE, AKBEE K
TR RN T8, L8, JRZEBRE A, FIRYAERERAEZ
Mror B e (Z18 408) © V Rk =1 : 3], 535
32 mg (0.049 mmol)ffE Ay 2= ] S b A ) 5 4 €54 ] 44 = )
3(dr il 1:1), F2% 46%. m.p. 236~239 C; [a]? +
1.42 (¢ 0.55, CH,Cl,); UV-vis (CH,Cl,) Ay [¢/(Lemol e
em ")]: 422 (1.33X10%), 533 (7.74X10%), 567 (2.89X
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10%), 645 (1.71x10%, 703 (7.65X10% nm; 'H NMR
(CDCly) 6: —0.98 (—1.05) (br s, 1H, NH), 1.29 (br s, 1H,
NH), 1.65 (1.64) (t, J=7.6 Hz, 3H, 8a-CH3), 1.79 (d, J=
7.3 Hz, 3H, 18-CH3), 2.22~2.36, 2.52~2.70 (m, 4H,
17a-+17b-H), 3.70 (3.66) (q, J=7.6 Hz, 2H, 8a-H), 3.14
(3.13), 3.33, 3.64 (3.62) (each s, each 3H, CH;+OCH,),
4.23 (4.20) (d, J=8.4 Hz, 1H, 17-H), 4.42 (4.41) (q, J=
6.5 Hz, 1H, 18-H), 4.68~4.76 (m, 2H, 8-H), 5.14 (d, J=
20.0 Hz, 2H, 13%-H), 5.22 (d, J=20.0 Hz, 2H, 13%-H), 6.01
(br's, 1H, 12a-H), 6.15 (d, J=11.4 Hz, 1H, cis-3b-H), 6.24
(d, J=17.8 Hz, 1H, trans-3b-H), 7.46 (dt, J=8.5, 4.8 Hz,
1H, PhH), 7.56 (t, J=6.6 Hz, 2H, PhH), 7.58 (d, J=8.5
Hz, 2H, PhH), 7.89 (dd, J=17.9, 11.4 Hz, 1H, 3a-H), 8.42,
9.15 (9.11), 9.50 (9.48) (each s, 3H, meso-H); IR (KBr) v:
3476 (N—H), 2927, 2854 (C—H), 1741, 1685 (C=0),
1633 (C=C), 1556 (chlorin skeleton), 1464, 1355, 1261,
1101, 806 cm . Anal. caled for C4H,N,O,: C 75.20, H
6.47, N 8.56; found C 75.30, H 6.50, N 8.39.
3.3 Z12 FRXELEREMFRER-a BEs(4)HE K

7F 35 mL T4 %% 85 mg 3 (0.131 mmol),
A5 mg X HZEREIR, 1-90 ‘C FREGMHI RN 2 h, sE)5
) [ N AK 200 30 mL ZKH1 35 mL S HkE, A A HLE
I /KBBR8, ol Hs B v 0, R+ =
Broy B (GRRAHER) @V (IECkE)=1 © 4143 46
mg ZEEEE 1A 4 (0.072 mmol), 753 55%. m.p. 265~268
“C; UV-vis (CH,Cly) Amax [¢/(L*mol 'ecm™")]: 410
(1.06 X 10%), 510 (9.54X10%), 542 (9.54X10%), 663
(9.12X10%), 680 (3.92X10* nm; 'H NMR (CDClL3) o:
—1.09 (br's, 1H, NH), 0.82 (br s, 1H, NH), 1.67 (t, J=7.6
Hz, 3H, 8-CH3), 1.81 (d, J=7.3 Hz, 3H, 18-CH;), 2.62~
2.73, 2.51~2.61, 2.25~2.36 (each m, 4H, 17a+17b-H),
3.64 (q, J=7.6 Hz, 2H, 8a-H), 3.63, 3.34, 3.17 (each s,
each 3H, OCH;+CH,), 4.23 (dd, J=11.8, 6.3 Hz, 1H,
17-H), 4.41 (q, J=7.3 Hz, 1H, 18-H), 5.09 (d, J=19.7 Hz,
1H, 13%-H), 5.24 (d, J=19.7 Hz, 1H, 13*-H), 6.14 (dd, J=
11.5, 1.0 Hz, 1H, cis-3b-H), 6.25 (dd, J=17.9, 1.0 Hz, 1H,
trans-3b-H), 7.42 (t, J=7.3 Hz, 1H, PhH), 7.55 (t, J=17.5
Hz, 2H, PhH), 7.91 (dd, J=17.9, 11.5, 1H, 3a-H), 7.98 (d,
J=17.5 Hz, 2H, Ph-H), 8.46 (d, J=15.8 Hz, 1H, 12b-H),
9.10 (d, J=15.8 Hz, 1H, 12a-H), 8.41, 9.19, 9.45 (each s,
each 1H, meso-H); IR (KBr) v: 3505 (N—H), 2964 (C—
H), 1731, 1696 (C=0), 1608 (C=C), 1545 (chlorin
skeleton), 1409, 1256, 1178, 1070, 907 cm” L. Anal. caled
for C4 HyoN4O5: C 77.33, H 6.33, N 8.80; found C 77.50,
H 6.45,N 8.97.
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3.4 3-[3'(R,S)-MMME)-12- K2 HE-3-LEHEEE
Ft £t 43 BL -a BRES(5)FN 12-(1-FEE ZHE)-13%-8K
E RN 4RER-a FRER(6)HIE X

¥ 150 mg L5 4 (0.236 mmol)i% T 15 mL 50
Lo, PN 12 mL B 00 585 b SRR (2
15.000 mmol), ZEI % FIMCE 20 h, MIA 5 mL &FRLLER
SRR R EE LG, PN 15 mL KR 15 mL 50
fi. A NUZE I HKBER PR, #4d, TRy
JENT O BV (LR LER) © VOECkE) =1 : 5145
81 mg HFH{O[H 1A 5 (0.090 mmol, 38%)F1 6 mg L4 [H 14 6
(0.009 mmol, 4%).

5: UV-vis (CH,Cly) Amex [¢/(Lemol 'ecm™)]: 432
(1.18X10%), 523 (8.77X10%), 569 (1.89X10%), 634
(1.77X10%, 693 (8.26X10% nm; '"H NMR (CDCl3) o:
—1.12 (br s, 1H, NH), 0.04 (br s, 1H, NH), 1.68 (t, J=7.7
Hz, 3H, 8-CH;), 1.81(d, J=7.2 Hz, 3H, 18-CHj,), 2.03~
2.14, 2.26~2.36, 2.52~2.62, 2.66~2.86 (each m, 6H,
17a+17b-H+3b-H)_ 3.67 (q, J=7.7 Hz, 2H, 8a-H), 3.15,
3.22, 3.63 (each s, each 3H, OCH;+CHs), 4.24~4.28 (m,
1H, 17-H), 4.43 (q, J=7.2 Hz, 1H, 18-H), 4.78 (dtd, J=
18.1, 10.0, 2.8 Hz, 1H, 3c¢-H), 5.12 (d, J=19.4 Hz, 1H,
13%-H), 5.27 (d, J=19.4 Hz, 1H, 13%-H), 5.48 (dd, J=
18.1, 10.0 Hz, 1H, 3c-H), 6.63 (t, J=9.6 Hz, 1H, 3a-H),
7.42 (t, J=7.3 Hz, 1H, PhH), 7.55 (t, J=7.5 Hz, 2H,
Ph-H), 8.00 (d, J=7.6 Hz, 2H, PhH), 8.51 (dd, J=15.8,
2.2 Hz, 1H, 12b-H), 9.13 (d, J=15.7 Hz, 1H, 12a-H), 8.47,
8.82 (8.83), 9.54 (9.55) (each s, each 1H, meso-H); IR
(KBr) v: 3443 (N—H), 2957 (C—H), 1731, 1701 (C=0),
1623 (C=C), 1560 (chlorin skeleton), 1462, 1232, 1170,
1031, 916 cm™'. Anal. caled for C4»H4NgO5: C 7431, H
6.24, N 12.38; found C 74.27, H 6.15, N 12.50.

6 UV-vis (CH,Cly) Amax [¢/(L*mol™'scm™")]: 433
(9.93X10%), 5.44 (4.97X10%, 571 (1.59X10%, 636
(1.39X10%, 694 (5.86X10%) nm; '"H NMR (CDCl3) o:
—1.65 (br s, 1H, NH), —0.05 (br s, 1H, NH), 1.69 (t, J=
7.7 Hz, 3H, 8-CH;), 1.84 (d, J=7.3 Hz, 3H, 18-CH,),
1.90~2.00, 2.26~2.38, 2.65~2.74, 2.76~2.86 (each m,
4H, 17a+17b-H), 3.73 (q, J=7.7 Hz, 2H, 8a-H), 3.03 (s,
3H, 12b-CH3), 3.32, 3.46, 3.58 (each s, each 3H, OCH;+
CH;), 4.57 (q, J=17.6 Hz, 1H, 18-H), 5.10 (d, J=8.5, 1H,
17-H), 6.19 (d, J=11.5 Hz, 1H, cis-3b-H), 6.31 (d, J=
17.9, 1H, trans-3b-H), 7.54 (t, J=7.6 Hz, 1H, PhH), 7.62
(t, J=7.6 Hz, 2H, PhH), 8.11 (dd, J=17.8, 11.5 Hz, 1H,
3a-H), 7.83 (d, J=7.4 Hz, 2H, PhH), 8.17 (s, 1H, 12a-H),
8.84, 9.50, 9.81 (each s, each 1H, meso-H); IR (KBr) v:
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2962 (C—H), 1737, 1699 (C=0), 1616 (C=C), 1552
(chlorin skeleton), 1455, 1375, 1224, 1161, 1002, 897
cm ', Anal. caled for CyHyN,O4: C 75.88, H 6.06, N
8.43; found C 75.70, H 6.15, N 8.49.

3.5 12-HAE B EREMGFER-a BEs(7)F0 12-12H
B EREMFER-a FES(8)RIA K

¥ 86 mg AN 2 (0.153 mmol)#fi# T 3 mL
AW, BPE RN 20 mL SR B AT PN
W, FWEECHCRE, TLC WM, 8 h 5 R IMVEH. A S
mL LK, ARG 20 mL S FHER 20
mL K, A HUHE, AHH & LRI (20 mL X 3),
G NI, KPP G oK R T8, 98 2605
WA, BR R EEAE)EZT S BERR: NSRS
i) - V(EC%E)=1 : 3143 15 mg ZLER A 7 (0.025
mmol, 16%)F1 16 mg Z& 4 [ 44 8 (0.028 mmol, 18%).

7: mp. 235~238 ‘C; UV-vis (CH,Cly) Anax [e/(L*
mol 'scm™")]: 401 (9.01X10%), 443 (1.17X10%, 526
(1.52X10%, 612 (4.25X10%), 674 (7.02X10%) nm; 'H
NMR (400 MHz. CDCl;) 6: —0.81 (br s, 1H, NH), 0.02
(br s, 1H, NH), 1.65 (t, J=7.6 Hz, 3H, 8-CH3), 1.75 (d,
J=17.3 Hz, 3H, 18-CH;), 2.07~2.39, 2.40~2.50, 2.52~
2.67 (each m, all 4H, 17a+17b-H), 3.06, 3.25, 3.65, 4.35
(each s, each 3H, CH;+OCH3), 3.55 (q, J=7.6 Hz, 2H,
8a-H), 4.20 (q, J=7.4 Hz, 1H, 18-H), 4.09 (d, J=8.7 Hz,
1H, 17-H), 4.98 (d, J=19.8 Hz, 1H, 13*-H), 5.12 (d, J=
19.8 Hz, 1H, 13%-H), 6.14 (d, J=11.7 Hz, 1H, cis-3b-H)
6.22 (d, J=18.1 Hz, 1H, trans-3b-H), 7.80 (dd, J=18.1,
11.7 Hz, 1H, 3a-H), 8.21, 8.86, 10.07 (each s, each 1H,
meso-H); IR (KBr) v: 3419 (N—H), 2915, 2848 (C—H),
1738, 1726, 1709 (C=0), 1619 (C=C), 1578 (chlorin
skeleton), 1445, 1374, 1161, 983 cm . Anal. caled for
C5sH3N4Os: C 70.93, H 6.12, N 9.45; found C 70.79, H
5.98,N 9.39. 1b&54 8 WM HE A0 5 0 M B 5 SCHR[4]
—

3.6 12-Z/EE-12-KXBEEREMNLZRER-a FE(9)8Y
B

# 68 mg AN 2 (0.121 mmol)#fE T 10 mL
T A AL B R DU SRR, DK/KYA ], N 0.2 mL 1 mol/L
(1) SR EE, TLC MR e N ERE, 2493 20 min J& 0
A5 mL FEERCK, AN 1 mL LRBRILIGFIAN 25 ¢
fEpk, RS FH =S A (15 mL X 3), &IFAL
FH, JoKBRERAN T, TR ZEBRVE I, M) 2a B
BT THE AW, N 2 mg X FRRERR, U,
85 Cllyi/x M, TLC Wil N itfe, thidfE R4 1 h,
PR ZEBRER], NN 20 mL K3 SRR (15
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mL X3), SIFAAHAH, ToKBBRMN T, W4, TRy
SRERAEENTIVENR: VOR) L V=20 : 1], 13 34
mg ZEE =4 9 (0.060 mmol), 753 50%. m.p. 186~188
C; UV-vis (CHCly) Amax [€/(Lemol 'scm™")]: 404
(1.04X10%), 418 (9.46X10%), 556 (1.46X10%), 645
(5.21X10%, 671 (5.51X10%) nm; '"H NMR (CDCLy) o:
—1.07 (br s, 1H, NH), —0.12 (br s, 1H, NH), 1.67 (t, J=
7.6 Hz, 3H, 8-CH;), 1.79 (d, J=7.4 Hz, 3H, 18-CH;),
2.25~2.36, 2.52~2.59, 2.64~2.71 (each m, 4H, 17a+
17b-H), 3.18, 3.35, 3.62 (each s, each 3H, CH;+OCHo;),
3.67 (q, J=17.6 Hz, 2H, 8a-H), 423 (d, J=8.1 Hz, 1H,
17-H), 4.41 (q, J=17.5 Hz, 1H, 18-H), 5.09 (d, J=19.6 Hz,
1H, 13%-H), 5.24 (d, J=19.6 Hz, 1H, 13*-H), 6.16 (d, J=
11.3 Hz, 2H, 3b-+12bH), 7.62 (d, J=17.2 Hz, 12b-H),
7.92 (dd, J=17.8, 11.5, 3a-H), 8.21 (dd, J=17.2, 11.0 Hz,
12a-H), 8.42, 9.21, 9.49 (each s, each 1H, meso-H); IR
(KBr) v: 3403 (N—H), 2966 (C—H), 1726, 1700 (C=0),
1647 (C=C), 1550 (chlorin skeleton), 1461, 1380, 1271,
1205, 1143, 1071 cm ', Anal. caled for CysH3oN4O;: C
74.98, H 6.47, N 9.99; found C 74.89, H 6.68, N 10.11. #
FE) 2a AliAk 5 (AL H A0S 2 B B S Sk — 3
37 12-BR-ZZEHEZHE)12-FHEERENH
£38%-a RER(10)B9 S B

¥ 76 mg 12-F BRI AR B BE 28 iR -a FIER(2) (0.135
mmol)%fi# T 10 mL PYSERE, I 0.4 mL = ZJE)5,
M2 IS AR T 5 mL PUSIEEIR ¥ 30 mg N 1R — 41,
FEBEFE 24 h, Yol RNAEFR N 20 mL 7K 20 mL
TR, A ANE, KEH & PR AERS
mL X 3), KFEMIX, FICKIREREN T, W8, FIRY
SRR TR R VOR) L V() =20 1 1], 13 69
mg (6 [E 1A 10 (0.097 mmol), 773 72%. m.p. 152~153
C; UV-vis (CH,CL) Amax [¢/(L*mol 'ecm™)]: 407
(1.25X10%), 504 (1.11X10%, 568 (2.25X10%, 626
(2.31X10%, 684 (4.88x10% nm; 'H NMR (CDCLy) o:
—0.50 (br s, 1H, NH), 0.80 (br s, 1H, NH), 1.15 (t, J=7.2
Hz, 3H, 12b-CH;), 1.49 (t, J=7.2 Hz Hz, 3H, 12b-CH,),
1.63 (t, J=7.6 Hz, 3H, 8a-CH;), 1.73 (d, J=7.2 Hz, 3H,
18-CH3), 2.20~2.37, 2.51~2.79 (each m, 4H, 17a+
17b-H), 3.12, 3.30, 3.64 (each s, each 3H, CH;+OCH;),
3.57 (q, J=17.6 Hz, 2H, 8a-H), 4.16 (d, J=10.0 Hz, 1H,
17-H), 434 (q, J=7.1 Hz, 1H, 18-H), 4.35 (q, J=7.2 Hz,
2H, 12b-CH,), 4.51 (q, J=7.2 Hz, 2H, 12b-CH,), 4.97 (d,
J=19.8 Hz, 1H, 13%-H), 5.15 (d, J=19.8 Hz, 1H, 13*-H),
6.15 (d, J=11.6, 1.0 Hz, 1H, cis-3b-H), 6.23 (dd, J=17.8,
1.0 Hz, 1H, trans-3b-H), 7.85 (dd, J=17.8, 11.6Hz, 1H,
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3a-H), 8.32, 9.03, 9.31 (each s, each 1H, meso-H); IR
(KBr) v: 3450 (N—H), 2925 (C—H), 1743, 1689 (C=0),
1604 (C=C), 1531 (chlorin skeleton), 1404, 1311, 1131,
905 cm '. Anal. caled for C4HuN,O5: C 69.87, H 6.29, N
7.95; found C 69.97, H 6.18, N 8.08.
3.8 12-(4-K ERETE)E R KM ZER-a FEE(11)ME
X

¥ 90 mg 12-F AL A e eS¢ 1R -a FE(2) (0.160
mmol) % fi# T 6 mL i, RN 0.3 mL /NENERE,
FHFE I 60 mg H 2(0.577 mmol), #HE5ME FE
BRSOV, TLC Y s WBERE, [ 12 h Ja4sw. i
FENIIA 10 mL ¥ ERPR, PN 20 mL 7K #1120 mL —

ez, mHANZEE, Kz2H @ PR (S

mL X 3), G HFAHAHFEKIEP IR, JoKBRRE T4, ik
AR, TR AEIRAE)Z T 3 SR VOR)
V(B =20 : 1], 3 24 mg 2&(a[H{A 11 (0.037 mmol),
FEE 23%. mup. 235~237 ‘C; UV-vis (CH,Cly) Amax [€/
(Lemol "secm™H]: 395 (1.07X10%), 504 (8.56X10%), 637
(1.07X10%, 609 (1.07X10%, 668 (4.49X10% nm; 'H
NMR (CDCls) 6: —0.74 (br s, 1H, NH), 0.68 (br s, 1H,
NH), 1.62 (t, J=7.6 Hz, 3H, 8a-CH3), 1.77 (d, J=7.2 Hz,
3H, 18-CH3), 1.91~2.00, 2.12~2.36, 2.51~2.68 (m, 8H,
12b+17a+17b-H), 3.12, 3.30, 3.60 (each s, each 3H,
CH;+O0CHs3), 3.58 (q, J=7.6 Hz, 2H, 8a-H), 3.74~3.81
(m, 1H, 12a-H), 4.12~4.19 (m, 1H, 17-H), 4.36 (q, J=7.1
Hz, 1H, 18-H), 5.02 (d, J=19.9 Hz, 1H, 13*H), 5.12 (d,
J=19.9 Hz, 1H, 13°-H), 6.14 (dd, J=11.5, 1.0 Hz, 1H,
cis-3b-H), 6.22 (dd, J=17.8, 1.0 Hz, 1H, trans-3b-H), 7.86
(dd, J=17.8, 11.5 Hz, 1H, 3a-H), 8.35, 9.07, 9.53 (each s,
each 1H, meso-H); IR (KBr) v: 3448 (N—H), 2926 (C—
H), 1739, 1690 (C=0), 1654 (C=C), 1551 (chlorin
skeleton), 1412, 1080, 780 cm '. Anal. calcd for CigHag-
N,4Oq: C 70.57, H 5.92, N 8.66; found C 70.39, H 5.88, N
8.59.
3.9 12-FHEEREMNFEE-a BES(8)BIE K

¥ 123 mg AR 2 (0.217 mmol )i fi# T 15 mL
THEHRE, M2 mL A4, 0 'C R T 15 min I
A 230 mg BIEACE; THE 2 SRR RN 1 hy 0
A 100 mL WA SAER BT FE 2 min, 2RJG I 120
mL R AT 2, KB S KT AR (30
mL X2); &GP I H K PE%, CLIC KGR R 11,
R B LA, BRVAE)ZNAES BN LR LB -
VA E#) =1 : 3], 1531 50 mg &% (4] 14 8 (0.089 mmol),
FEER A%, IR RS A B S SR [4]— 2L
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310 12-HEEE-TXE-18 HES(12)ME K

¥ 168 mg 1L4 1) 8 (0.298 mmol) %% - 50 mL PUE,
W, FEIIN B LiOH A1) 10 mL HEEVR W, =i
FFEHEEE 6 hy I 250 mL VKoK, ke Sk g,
WA pH AR 2~3, WA 50 mL & FHe 2, &
A TUKA (20 mLX2), &IFHAHLZE, Kok, HIEK
DRIRAN -1, ZETRBR 2507, FIRWEARERATIZHT 7 88
(e AL V(AhEE) @ SRR OHR)=9 : 2], £33 16 mg
HEE A 12 (0.027 mmol), 75%F 9%. m.p. 213~216;
UV-vis (CH,Cly) Amax [¢/(L*mol 'ecm™")]: 367 (4.85X
10%), 419 (9.89X10%, 555 (2.18X10%), 652 (4.94X10%),
708 (3.66X 10" nm; 'H NMR (CDCl;) d: 0.45 (br s, 1H,
NH), 0.65 (br s, 1H, NH), 1.64 (t, J=6.7 Hz, 3H, 8-CH3),
1.74 (d, J=6.4 Hz, 3H, 18-CHj), 1.90~2.00, 2.48~2.54,
2.62~2.85 (each m, 4H, 17a+17b-H), 3.09, 3.29, 3.59,
3.76, 4.40 (each s, each 3H, CH;+OCH;), 3.58 (q, J=6.7
Hz, 2H, 8a-H), 4.32 (q, J=6.8 Hz, 1H, 18-H), 5.23 (d, J=
8.5 Hz, 1H, 17-H), 6.03 (d, J=15.2 Hz, 1H, 12a-H), 6.07
(d, J=152 Hz, 1H, 12a-H), 6.17 (d, J=11.5 Hz,
cis-3b-H), 6.17 (d, J=17.8 Hz, 1H, trans-3b-H), 7.82 (dd,
J=17.7,11.9 Hz, 1H, 3a-H), 9.94, 9.18, 8.45 (each s, each
1H, meso-H); IR (KBr) v: 3398 (N—H), 2926 (C—H),
1731, 1688 (C=0), 1672 (C=C), 1502 (chlorin skeleton),
1465, 1305, 1168, 1081, 992 cm '. Anal. caled for
C35H3eN,Og: C 69.06, H 5.96, N 9.20; found C 69.15, H
5.88,N 9.29.

311 N-BHEHE-12-FERE-12-5FRITEE-18 T
BEEREE(13)RYA R

¥ 45 mg 21555518 1424 12 (0.074 mmol )% T
15 mL ftemer, IR Ao 350 mg SRR E, il
PFER Y. 6 h, SR, IIANZ ALK A (0.4 g LIOH+
SmL 7K, Fiin20 mL ), ST T IF O R 2R 4
h. Bk N H K SO YR A pH (B2 3, A
50 mL —SUHHEH 5 mL /K4y 2, 4 A HUAH, KA =
ARLEAI(GS0 mLX3), GIFANAH, Kk,
TOKBRIREN T, W45 % 10 mL, IR B HER
e, PPES5(Z 1 min) P K SRR AR FR AR J Y. (1) 5
HHPE, WR AR, TR R A E AT 4 B (VR
7 VCH ) @ (LR CBE)=9 1 2], 9% 32 mg 40
#4413 (0.052 mmol, 70%). m.p. 253~256 C; UV-vis
(CH2CL) Amax [¢/(Lemol 'scm™")]: 379 (8.54X10%), 423
(1.22X10%), 585 (3.29X10%, 659 (2.93%X10%, 715
(5.37X10% nm; 'H NMR (CDCl;) 6: —0.06 (br s, 1H,
NH), 0.80 (br s, 1H, NH), 1.60 (t, J=7.6 Hz, 3H, 8-CH3),
1.67 (d, J=7.3 Hz, 3H, 18-CH,), 1.85~1.95, 2.36~2.45,
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2.48~2.58, 2.76~2.86 (each m, 4H, 17a+17b-H), 2.97,
3.22, 3.62, 4.35 (each s, each 3H, CH;+OCH;), 3.49 (q,
J=17.6 Hz, 2H, 8a-H), 4.18 (q, J=7.4 Hz, 1H, 18-H), 5.07
(d, J=9.1 Hz, 1H, 17-H), 6.16 (d, J=11.5 Hz, 1H,
cis-3b-H), 6.23 (d, J=17.8 Hz, 1H, trans-3b-H), 7.68 (dd,
J=17.8, 11.5 Hz, 1H, 3a-H), 8.16, 8.79, 10.21 (each s,
each 1H, meso-H), 11.78 (s, 1H, CHO); IR (KBr) v: 3458
(N—H), 2926 (C—H), 1739, 1700 (C=0), 1616 (C=C),
1551 (chlorin skeleton), 1461, 1226, 1039, 993 cm .
Anal. calcd for C;5H3sNsOq: C 67.62, H 5.67, N 11.27;
found C 67.50, H 5.88, N 11.40.

312 12-MHEFRX CEBHE-12-KXREEREM &
B2-a FABS(14)B9 & A

¥ 50 mg 12- LRI AR R 28 1R -a FE(2D) (0.087
mmol)¥%i# T 3 mL T 5 N, BRI 20 mg X
filf F& 2K F % (0.140 mmol), 4X 5 /- fit in A 0.6 mL
BF;-Et,O b7, fEZ A Mstiise, TLC Ml
M, 12 h Ja A5, SeJE A 10 mL KA1 10 mL &4
a0z, o K)Z R K BEAE FUAH, K AH & 2 HL(20
mL X3), &IAHAH, oK T, K45, FRD
SAERCFE T B IVEI R v ) @ MR LER)=
9 :2], f42121 mg & (AL[E {4 14 (0.030 mmol), =34 36%.
m.p. 213~216 C; UV-vis (CH,Cly) Apax [a/(L'molfl'
em D] 411 (9.93X10%, 588 (2.19X10%, 628 (1.99X
10%, 636 (2.19X10%, 694 (3.77X10% nm; 'H NMR
(CDCLy) 8: 0.37(br s, 1H, NH), 0.80 (br s, 1H, NH), 1.63 (t,
J=17.5 Hz, 3H, 8-CH;), 1.75 (d, J=7.3 Hz, 3H, 18-CH;),
2.16~2.37, 2.56~2.66 (each m, 4H, 17a-+17b-H), 3.01,
3.20, 3.64 (each s, each 3H, CH;+OCHs), 3.52 (q, J=7.5
Hz, 2H, 8a-H), 4.05 (d, J=9.0 Hz, 1H, 17-H), 4.22 (q, J=
7.2 Hz, 1H, 18-H), 4.99 (d, J=20.0 Hz, 1H, 13*-H), 5.16
(d, J=20.0 Hz, 1H, 13*H), 6.12 (d, J=11.5 Hz, 1H,
cis-3b-H), 6.19 (d, J=17.9 Hz, 1H, trans-3b-H), 7.72 (dd,
J=179, 11.5 Hz, 1H, 3a-H), 7.46 (d, J=7.8 Hz, 2H,
Ph-H), 7.90 (d, J=7.8 Hz, 2H, Ph-H), 8.00 (d, J=15.6 Hz,
1H, 12¢-H), 9.29 (d, J=15.6 Hz, 1H, 12b-H), 8.12, 8.74,
10.24 (each s, each 1H, meso-H); IR (KBr) v: 3449 (N—
H), 2963 (C—H), 1740, 1704 (C=0), 1672 (C=C), 1548
(chlorin skeleton), 1510, 1401, 1223, 1075, 989 cm .
Anal. calcd for C4H30NsOq: C 71.07, H 5.54, N 9.87;
found C 71.20, H 5.68, N 9.98.

313 12-WHEREBZE-12-FREEREMHFH-a
FES(15)B9 A& B

¥ 118 mg —ANMYEE 2 (0.210 mmol )i fi# T 10 mL
TR AL HE R DU S, VKOKYAHI, AN 0.3 mL 1 mol/L
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[P0 H IR IRALEE, TLC Wil s v ERE, Z9R Y 20
min J5 A 5 mL FIEEAK, FEIIA 2 mL ZIRIBRIE, 2
JE¥ SOV 25 g wEvkeh, RS H S Be AL
(15 mLX3), GIHAVAH, TR T4, kbR
WA, FIRYEFH 25 mL TR0 ST g, R
RPN, IMEINA 20 mg N- I IRAR 1k 4 IR
PEFE 15 min, FF/NEREIIA 30 mg 47 BR VU 11 N R4
(TPAP), HIFERRZHT WIS ™, $idE 3 h J5 OV EER,
PN 20 mL K, #FEER, KR, KR &R
FEAHL(15 mL X 3), & IFATHLZ I oK B B 144,
B L0 AR 2N o R R DR (LR OB -
VAEC kD) =1 : 4143 71 mg RA[E{A 15 (0.107 mmol),
FEH 51%. m.p. 235~239 C; UV-vis (CH,CL) Apax [/
(Lemol "secm™ H]: 412 (1.12X10%), 440 (4.37X10%, 517
(5.15X10%, 578 (1.70X10%, 630 (1.70X0%, 686
(3.47%10% nm; '"H NMR (CDCly) 8: —1.77 (br s, 1H,
NH), —0.04 (br s, 1H, NH), 1.62 (t, J=7.7 Hz, 3H,
8a-CH;), 1.63 (d, J=7.3 Hz, 3H, 18-CHj), 1.96~2.05,
2.27~2.43 (m, 4H, 17a+17b-H), 2.18 (s, Ph-CH3;), 3.03,
3.22, 3.64 (each s, each 3H, CH;+OCHs), 3.77 (q, J=17.7
Hz, 2H, 8b-H), 4.02 (d, /=8.4 Hz, 1H, 17-H), 4.18~4.30
(m, 1H, 18-H), 4.98 (d, /=20 Hz, 1H, 13%-H), 5.16 (d, J=
20 Hz, 1H, 13%-H), 5.28 (s, 2H, 12b-H), 6.17 (d, J=11.6
Hz, 1H, cis-3b-H), 6.20 (d, J=17.6 Hz, 1H, trans-3b-H),
7.37 (d, J=7.2 Hz, 2H, Ph-H), 7.53 (d, J=7.6 Hz, 2H,
Ph-H), 7.75 (dd, J=17.6, 11.6 Hz, 3a-H), 8.15, 8.80, 10.05
(each s, each 1H, meso-H); IR (KBr) v: 3423 (N—H), 2958
(C—H), 1740, 1700 (C=0), 1671 (C=C), 1506 (chlorin
skeleton), 1401, 1256, 1084, 924 cm . Anal. caled for
CpHppN4Oy: C 75.65, H 6.35, N 8.40; found C 75.59, H
6.49, N 8.28.
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