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Synthesis of Chlorins with Chlorophyllous Chromophore

Fused with Nitrogenous Heterocycle
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Abstract Methyl 13%-oxopyropheophorbide-a was prepared using one pot method from chlorophyll-a, and subsequently
reacted with o-diaminobenzene to produce four chlorins fused with nitrogenous heterocycle derivatives. The hyperactive func-
tional groups such as formyl and formymethyl groups were introduced at 3-position by oxidation with thallium nitrate or os-
mium tetroxide. Friedlander condensation of C*-formymethyl group with o-aminobenzaldehyde was carried out smoothly to
build quinolinic structure. The five-membered heterocyclic rings were established at 3-position via the 1,3-dipolar cycloaddi-
tion reaction of C*-vinyl group with diazomethane and benzonitrile oxide. The structures of new chlorins with chlorophyllous
basic skeleton were characterized by UV, IR, "H NMR and elemental analysis.

Keywords chlorophyll; chlorin; chlorin fused with nitrogenous heterocycle; synthesis
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Mok 1R-a HBRQ, 6%). FEMEEM281%-a HIBE(2, 37%)
13- EAC A R 282 -a HIEG3, 11%). 5% SARE
TREIIAR G OV T 2 ORI IK M IR S 3R -18 TR
(4, 17%; 5, 2%; 6, 4%)FHnaENZ bk A5 B 6 -2 1R -a FH IR
(7, 15%) (Scheme 1).

i N S PR TR N I KD R Ry LB N
TG R R R R NS, RS EREE L S 4 11
3P XUEEREAT AL, e R MR A AN G 8,
T2 0% R AL FR 5, LA 82%MI 7= R4 H 3-F Bk £ %%
TR R M T 205 5 -18 (9), Ak 4L 5 AR A I R kAT
Friedlinder [V, 753 33%[H) 3-MsMRIEEAC I SMEFR IF
TNy 10, 3% B DY S AL ER G 55— IR O K e g 4D
#-18 (5N 3-4% LIRFIEIATE AL, AEE, HEM &
TR B 0T T 43 A8 A7 — RE S tZe oy, DL 76%1 7 %43 2|
C- LB 2 IR M 47 5 #5218 (11); HIIHIREE
ol W R K 5 A i B 4f R -2 FRBR(7)HEAT Ak, TRIRE IR
MK IL C-IRFEFA R LB S5 H, LL 719%™ 3%
25 H TR IR I AR I BE I 2R R AT 24 12 (Scheme 2).

AN RTEY) 5 1) C-L RS ER PR 1,3-
IR, Bh 34% 00772 43 125 Y 33 ik PAsibh I H
RIEZFA I ER-18 74 13, LIMLEW 7 11 3-07
LRI SRABMAR, DK NG = R N-RART
T I f Ak B TR A T TR AR R FORS A 13- R A
T AR R LA A 13- B S N, 43 )

OPhytyl

chl-a
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I3 H 28% 10 3- 5 T MR L -20- YR s R bR O A i -4
fR-a FEE(14) 10%I1] 3b-2K I EE3E-20- 78 W bk - £ i
BRI SRR -a S (15) R 4%I1) 20-RAR s I A I BE T 2
R-a HiE(16).

1 HR5TE
1.1 RRIRFZSANIETEIEY 1,3-1BHRER AN ALK L
W4 25 B Al =0 — sy K B 5 UR-18 e
I (005 A PERR AR g K, o 307 LIRS T2K 20 b )
RGN s oS, vl DURR A A2 [3+ 2] 841 13-k R
T s R A 1,3 R A ) SR P o o AR A R
RS, FEBR AR AR o B (LUMO) H R 5% J5 1~ B R i A Jit
THAE KRG RE AR AA) C-XULE 3b-
B B A R A KT a0 (A N A, A,
T C-D B ) W HL - A XUBE PRI HL 1A, 3 3b-
P AR A, DR, AR T LUMO i 2%
AR HOMO i 2 [FAH B A ARG ik Fe b i 3=
SHLA), HEEERTEYS 13- AR RN R R N T
A — [P X 3k B 7 ) 13 5# 14 (Scheme 3), BIZ%J5
THEHAT 3a-tp b, BRI T WERAE 3b-fi R+ 1.
RRUESS Vo kcd iy S QTITIE SO 7S d S ol T e
ISR T — e R Ik 22 5, Rk, 5 1,3-flp 4k
FRIIR B s 2 HH — %o 25 1) e FAg 4
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Reagents and conditions: (a) MeOH, Ti(NO;)s/NaHSOg; (b) 80% HCO;H; (c) o-aminobenzaldehyde/MeONa; (d) CH,N./CH,Cl,/MeOH; (e)
0s04/ NaOly; (f) PhCNO/NBS/TEA
Scheme 2

Chin. J. Org. Chem. 2012, 32, 2099~2107 © 2012 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2101
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PhCHNOH
NBS/TEA

Scheme 3
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PACHT C- S WE IR I () T IR SN, 23 ) 26 R P4
14 FIF IR =00 15, LERRPESRAE N, AU ghazt 1,3-4
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1.2 ERRF_SINMITEYRNERT LT E LI
A DL B9 22 M

-2 252 SN I N2 TN il o (o i 0 55 7 3
Pk RIE K T K Bk X (K 1 5 A),
L3R A, B R C Ty 4k 2 gk 30 Hos K mT L
TR K (Qy) = AR 5L, 76 A FIC 3R ERE R
e 2 kA e =y Qy MR &K, ifE B 35 B3
B FR g5 AT WO R AR B B AL
WA BRI A EE 28 1R -2 I ER(2)AH LE, %
HRIR L1532 R YNAT AW 1) 142 B 45 K DK i 5 b 4
TR R, o Qy MMty T 700 nm,
1M 3-7 K0 20-47 gk B it g — D Hh ol 7 K FR 3
T Qy A .

DA W IR I A ST B I 212 -2 HIR(7) (Qy =708 nm)
N, M C- 0 A R R B I A L,
Hf KT WO KRS 5 698 nm. 51L& 7 A
Lk, WAL= 16 45 20-7 12— AR, R Qy
T ) K T M B HERE T 16 nm, 20-meso-fr VR )R
T HEEFEN p-ndit P e T 71 it g, &
MEHIL R SIS R A EERNZE. 54, 6 2-00F
18-57 1T W A FR 2 ) 75 | 18 KA AR R ¥R it~ mT AT il
HH A2 R STARAEBE, AT A KBRS R AR T — e R )
Fh, XKL YAA R IR T T B A
(HOMO) I AH . RE g, FRAK T 5 BRK 2 HiE (LUMO) 2
RE 22, B 15 78 3b-Ar ' Lol 3k T 2K I EE,
b MR R, AR &by 16 5k
] WG KAEK T 6 nm.

BARA W) 14 1) 307 T LT A8 5 ANy
KINRA T S E SR, HIL Qy Mt K 51k
HW T AN EUE R 307 SEREMEIR b R % R H R
B sp” 2L E A7 LS, BT Ltk Rt s-fiik

A

A 5 SRR e s 2 TR B IR Rk vy, E— e R b
J& T KI5 71 n-H7BEGEH, KT HUMO
LOMO 2 J8] i vy T A Be 2. AT A L g K] LY
R AR (K] 1 B).

2 i

B IR T B 20 5 55-18 MR B4
A2, LE DU IR 1K) 34 b Bl 5 P AR S
W, R G 300 LG8 3-8 5 1 (005 7 s v
REM], HE—b 5 EA TR MEALE P ST 13-
Tk, B 5 AR 2K R (1) Sl Friedlander 44 R
N, FE 30 43 Sk G A R AR ISR R £ . o
FH NN )5S AR I A i A by BEA Tk 2
P&, AT DL S 3t XA DY L g K BR 43 1 R e i B v
i, A — R A KB (Qy > 700 nm)ff) 4
R AN AT .

3 LIRES
3.1 UES5KFH

TCE AT Perkin-Elmer 2400 % 762 43 M Al & ;
IR A Perkin-Elmer 1730 1403566 BE A 7€ (KBr
F); UV-vis il UV-160A 584830 6 B vl s ; 'H
NMR H Brucker ARX-300 BIZHEILIRGINE, HARN
TMS; AT AR Bralifidb 244l nh 4 %-a 48T
HR[ 7171 .

3.2 13%REBEMFEE-a BEE(1). EREHERE-a
FIEE(2)#0 132 E R E Bt 4E M 42 BS-a FRES) A B

#3370 mg 4% %-a (3.772 mmol )% T 1500 mL
LR, 80 C R IF I RIZUHEFE SN 12 h. 8T B
FI, TR EFEARAE 800 mL S 1T 5% M) I,

B RO AR B SR IR AT A 1 05 B ML PR TR (A) ML L 3B SREE B (1) [ 3L 2% (B)

Figure 1 The aromatic conjugation systems (A) and homoconjugation with C>-xazole ring (B) of quinoxalinopyropheophorbide deriva-

tives
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MR

SEIRBEEE 12 h, IO 400 mL /KA 150 mL 50 T JE4
20 min, FFE S, AVUZHKEGENIR, JoKRE
Lo o O o | PR 7/ B GIB  E 5y T S RV il
VOE kD) - IR LER)=1 : 4143 166 mg &k (0 6141
(0.226 mmol, 6%). 766 mg HLEA[E{A 2 (1.396 mmol,
37%)F1 234 mg FA[E A 3 (0.415 mmol, 11%). HT14L
i 55 SCHR[8]— K.
3.3 (2,3-n)-FFHBRMFLI L E-18 BEE(4), (2,3-0)-7F
FIkM I % E-18 BES(5), 3-(1-2BE Z2E)-3-(2
IHE-(2,3-n)-FFERR M FF 4T 45 3518 BR S (6)FA(2,3-n)-1E
W2 bk £5 Bt $E M 4R B8 FR S (7) B9 & A

¥ 1265 mg A& 3 (2.248 mmol )& /i T+ 200 mL At
BEH, JAA 0.5 mL =5 L. 20 mL ZFRFI 600 mg 45
R (5.548 mmol), EBEFE 1.5 h, ORISR,
) T A SR A5 KR — S b oy 2, T SR e AT
KAH, B IANUZEFFRDE, TG RRIRAE, ERAEZ
W B URITH: Ve @ MR OE)=3 : 1], 1435
249 mg 5 {4 [ 44 4 (0.382 mmol, 17%), 29 mg %% {4 [& {4 5
(0.045 mmol, 2%), 64 mg ML [E 1A 6 (0.090 mmol, 4%)
F1214 mg #5444 7 (0.337 mmol, 15%). th&4 4, 5
7 W53 B s 5 SCR[9]— 2L

6: m.p. 208~211 ‘C; UV-vis (CHCl3) Amax [e/(Le
mol 'ecm™ ')]: 424 (1.02X10%), 482 (4.18 X 10%), 510
(5.67X10%), 552 (1.25X10%), 664 (3.01X10%), 724 (4.45
X 10* nm; 'H NMR (CDCl;) 6: —0.14 (br s, 1H, NH),
0.05 (br s, 1H, NH), 1.58 (t, J=7.6 Hz, 3H, 8-CHj), 1.82
(1.81) (d, J=7.2 Hz, 3H, 18-CHj), 1.98~2.09, 2.35~
2.57, 2.70~2.84 (each m, all 4H, 17a+17b-H), 2.18 (d,
J=8.0 Hz, 3H, 3a-CHj), 2.29 (2.27), 3.11, 3.47 (3.44),
3.40, 3.59 (each s, each 3H, CH;+OCHs;), 3.51 (q, J=7.6
Hz, 2H, 8a-H), 4.39 (q, J=7.4 Hz, 1H, 17-H), 5.45 (d, J=
7.2 Hz, 1H, 18-H), 7.20 (t, J=8.0 Hz, 1H, 3a-H), 8.59,
9.22 (9.21), 9.54 (each s, each 1H, meso-H); IR (KBr) v:
3448 (N—H), 2915, 2847 (C—H), 1732, 1686 (C=0),
1614 (C=C), 1550 (chlorin skeleton), 1496, 1360, 1220,
1166, 1110, 977 cm ' Anal. caled for C,Hy;NgOs: C
70.97, H 5.96, N 11.82; found C 71.17, H 5.77, N 11.98.
34 3-(22-ZHEHZE)-I-EKZHEE(2,3-n)-FFHK
LT R-18 BEE(8)RIE AL

75 50 mL 50 B 25 mL F S R A H VAR 207
mg &4 4 (0.318 mmol), 7£0 C FIH T 30 mL H
BEIR 150 mg —/KAHEREE I N 31 S By A Ik
BERHEFE RN 15 min, 285 DI 30 mL VAm FR A8 FH I
MR, S FPEEE 20 min J5iR N 2 mL KRG FRIR,
AR A OYUE AR, 18R 25T AR e, Kl

2104 http://sioc-journal.cn/
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CTRBEA, ar AHLE IR, TS O 4,
Tl RAE T S IUE R VOB - (LR LR =
3 :1], 192 177 mg FELx A A {4 8 (0.248 mmol), f=ZH
78%. m.p. 201 ~203 °C; UV-vis (CHCL) Apex [e/(Le
mol 'eem™ ')]: 374 (2.41 X 10%), 422 (1.07 X 10°), 484
(3.17 X 10%), 552 (4.11 X 10%), 664 (2.89 X 10%), 720
(5.32%10% nm; '"H NMR (400 MHz, CDCl5) J: 0.04 (br s,
1H, NH), 0.11 (br s, 1H, NH), 1.63 (t, J=7.8 Hz, 3H,
8-CH;), 1.84 (d, J=7.0 Hz, 3H, 18-CH;), 1.98~2.12,
2.40~2.58, 2.64~2.76 (each m, all 4H, 17a+17b-H),
3.10, 3.30, 3.49 (2CH;), 3.64 (2CH3) (each s, each 3H,
CH;+OCHj;), 3.55 (q, J=7.6 Hz, 2H, 8a-H), 4.01 (d, J=
4.8 Hz, 2H, 3a-H), 4.42 (q, J=7.0 Hz, 1H, 17-H), 4.97 (t,
J=4.8 Hz, 1H, 3b-H), 5.47 (d, J=8.4 Hz, 1H, 17-H), 7.47
(dd, J=7.6, 4.1 Hz, 2H, ArH), 7.96 (d, J=7.6 Hz, 1H,
ArH), 8.66 (d, J=7.6 Hz, 1H, ArH), 8.57, 9.24, 9.31 (each
s, each 1H, meso-H); IR (KBr) v: 3419 (N—H), 2911,
2854 (C—H), 1733, 1686 (C=0), 1606 (C=C), 1502
(chlorin skeleton), 1492, 1360, 1218, 1087, 970, 905 cm ™.
Anal. calcd for C4,HuNgOs: C 70.77, H 6.22, N 11.97;
found C 70.64, H 6.13, N 12.02.

3.5 B-FAEEFRE2,3-n)-FFHKMIFLIKER-18 BEE(9)
BIE B

¥ 78 mg 1L &4 8 (0.110 mmol)%f#T- 10 mL 80%
(1) R K, AP 4 h, 0 10 mL ZKF1 25 mL
TR, K, R R AN MR
FRKVE— IR, T4 fa PR g A J2 BT 43 [0 I 71 -
VCR ) @ MR TR =2 1], 193] 60 mg BF4L 4[]
& 9 (0.090 mmol), f“#F A 82%. m.p. 214~217 C;
UV-vis (CHCL3) Amax [¢/(Lemol 'ecm™ ')]: 418 (1.41X10%),
484 (8.67X10%), 512 (3.77X10%), 552 (4.44X 10", 666
(2.11X10%, 722 (1.07X10°) nm; '"H NMR (CDCL) ¢:
—0.60 (br s, 1H, NH), —0.14 (br s, 1H, NH), 1.47 (t, J=
7.6 Hz, 3H, 8-CHs), 1.88 (d, J=7.3 Hz, 3H, 18-CH3), 1.99
(dd, J=20.0, 9.9 Hz, 1H, 17a-H), 2.48 (dd, J=20, 9.9 Hz,
2H, 17a+17b-H), 2.81 (t, J=9.9 Hz, 17b-H, 1H), 2.91,
3.05, 3.24, 3.65 (each s, each 3H, CH;+OCH3;), 3.32 (q,
J=17.6 Hz, 2H, 8a-H), 4.40 (q, J=7.4 Hz, 1H, 18-H), 4.68
(s, 2H, 3b-H), 5.41 (d, J=8.1 Hz, 1H, 17-H), 7.42 (dd, J=
7.5, 4.3 Hz, 2H, ArH), 7.81 (dd, J=17.5, 4,3 Hz, 1H, ArH),
8.69 (dd, J=7.5, 4.3 Hz, 1H, ArH), 8.59, 8.80, 8.87 (each
s, each 1H, meso-H), 10.11(s, 1H, 3b-CHO); IR (KBr) v:
3428 (N—H), 2916, 2847 (C—H), 1736, 1708, 1695 (C=
0), 1603 (C=C), 1533 (chlorin skeleton), 1433, 1358,
1217, 1084, 977, 893 cm ™ '. Anal. caled for CqoH3sNgO,: C

Chin. J. Org. Chem. 2012, 32, 2099~2107
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72.05,H 5.74, N 12.60; found C 72.24, H 5.90, N 12.55.

3.6 3-(3-MEMKEL)(2,3-n)-FIFRMFLI L E-18 Hifs
(10)B9 & B

¥ 214 mg tb&9 9 (0.321mmol)i% T 3 mL PI4&
MR A, NN 15 mL W4/ LR TR (EE 15 mL /K 4
BEH I 300 mg 428 4H), SRS 121 mL 482 58
B RV N S IERE 4 d, IS 20 mL 25%0 2
BRI pH 4 2~3), FIIA 30 mL & ke, /K
ST Z O IR, T, R, Js ik
A o R EIRAT JZ AT 43 B R V(A k) - M(C RS
fig)=3 : 1], 3 80 mg L [f {4 10 (0.106 mmol), /=
O 33%. mp. 221 ~224 ‘C; UV-vis (CHCl;) Amax
[¢/(Lemol 'scm™ ')]: 372 (4.89X10%), 424 (1.02X10%),
480 (7.14X10%), 556 (3.26X10%, 672 (1.42X10%), 738
(5.92%10% nm; 'H NMR (400 MHz, CDCl3) : —1.02
(br's, 1H, NH), 0.07 (br s, 1H, NH), 1.61 (t, J=7.6 Hz, 3H,
8b-CH3), 1.79 (d, J=7.2 Hz, 3H, 18-CH;), 1.95~2.05,
2.15~225, 2.29~2.34, 2.50~2.80 (each m, all 4H,
17a+17b-H), 2.64, 2.72, 3.52, 4.65 (each s, each 3H,
CH;+O0CHs3), 3.23 (q, J=7.6 Hz, 2H, 8a-H), 4.35 (q, J=
7.2 Hz, 1H, 18-H), 5.53 (d, J=8.4 Hz, 1H, 17-H), 7.45~
7.59 (m, 6H, Qu-H+ArH), 7.95 (d, J=7.2 Hz, 1H, ArH),
8.76 (d, J=7.6 Hz, 1H, ArH), 8.01~8.18 (br s, 2H,
Qu-H), 8.25, 8.54, 9.32 (each s, each 1H, meso-H); IR
(KBr) v: 3427 (N—H), 2933, 2929 (C—H), 1719, 1705
(C=0), 1600 (C=C), 1578 (chlorin skeleton), 1435,
1382, 1234, 1161, 1067, 975 cm '. Anal. caled for
C4H4N,05: C 75.08, H 5.50, N 13.04; found C 75.14, H
5.73,N 13.25.
3.7 3-FEE-3-KZHE(2,3-0)-FF KM FLI L E-
18 HEE(11)RIE AL

¥4 52 mg 5 (0.080 mmol)#Hfi#TE 15 mL PYS MR,
BN 0.5 mL kB, AEIF0 C, RIZIREAAE FInAS
A 60 mg (0.236 mmol) U5 Ak 8 mL PYZHRIE K,
AW 0 CHEFERNY 30 min, R)5EIBFER N 2 h,
I EIAE 50% H R KA AT NaHSOs %,
AREEEEE 40 min, 9E, PR E I RERUKALEL, A
P 5 0. K IRAY AR T 30 mL R,
[ I5EF 400 mg NalO, (1.868 mmol)#fi# 1= 20 mL 7K,
TN 1 g il KGR G I, RNAR R BT R
T AR A O AR R AT EA (G, 30 min Jo RNV SEEE, TN 150
mL JKF1 180 mL & FHe, ohg, HENE, T,
PR SR A, FHRE AT 2 M IR AR W03 A T 2 S [ I 5
VA MEE) @ MR LER)=3 1], 73 40 mg K51 (6 [E] 44
11 (0.061 mmol), /=* J 76%. m.p. 235~238 C;
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UV-vis (CHCL3) Apax [e/(Lemol 'scm™ ")]: 426 (1.50 X 10),
552 (3.76 X10%, 670 (1.21X10%), 728 (6.45X10%, 758
(2.55%10%) nm; '"H NMR (CDCl;) 6: —0.36 (br s, 1H,
NH), 0.13 (br s, 1H, NH), 1.53 (t, J=7.6 Hz, 3H, 8b-CHs),
1.84 (d, J=7.2 Hz, 3H, 18-CH;), 1.90~2.04, 2.20~2.32,
2.41~2.51, 2.72~2.83 (each m, all 4H, 17a+17b-H),
3.00, 3.43, 3.60 (2CH3) (each s, each 3H, CH;+OCH,),
3.40 (q, J=7.6 Hz, 2H, 8a-H), 437 (q, J=7.2 Hz, 1H,
18-H), 5.41 (d, J=8.4 Hz, 1H, 17-H), 7.37 (t, J=6.9 Hz,
1H, ArH), 7.53 (d, J=7.3 Hz, 1H, ArH), 8.07 (br s, 1H,
ArH), 8.68 (br s, 1H, Ph-H), 8.67, 9.08, 9.88 (each s, each
1H, meso-H), 11.28 (s, 1H, CHO); IR (KBr) v: 3407 (N—
H), 2915, 2847 (C—H), 1736, 1707, 1696 (C=0), 1665
(C=C), 1520 (chlorin skeleton), 1384, 1303, 1168, 1066,
983 cm . Anal. caled for C3oH3¢NgO,: C 71.76, H 5.56, N
12.87; found C 71.65, H 5.70, N 13.03.
3.8 3-(22-—HEHEZH)-I-EKEZHEE-(2,3-n)-FEIEMWH
FEREM R PEE(12)895 X

DIMLEY 7 AU 4, 1L IREISLEY 8 1y
AR, 77 71%. mp. 205~208 C; UV-vis (CHCI)
Jmax [€/(Lemol 'scm™")]: 422 (1.58 X 10°), 432 (1.56 X
10%), 526 (2.37X10%, 570 (1.11X10%), 648 (1.74X10%,
698 (9.48X10% nm; '"H NMR (400 MHz, CDCl3) d: —
1.03 (br s, 1H, NH), 0.50 (br s, 1H, NH), 1.68 (t, J=7.0
Hz, 3H, 8-CH3), 1.91 (d, J=6.8 Hz, 3H, 18-CH3), 2.33~
241, 2.72~2.81, 2.90~3.00 (ecach m, all 4H, 17a-+
17b-H), 3.29, 3.33, 3.61, 3.62 (each s, each 3H, CH;+
OCHj,), 3.60 (q, J=7.0 Hz, 2H, 8a-H), 4.10 (d, J=4.9 Hz,
2H, 3a-H), 4.54 (q, J=7.0 Hz, 1H, 18-H), 5.02 (t, J=4.9
Hz, 1H, 3b-H), 5.15 (d, J=8.6 Hz, 1H, 17-H), 7.53~7.64
(m, 2H, ArH), 8.02 (d, J=7.1 Hz, 1H, ArH), 8.16 (d, J=
7.1 Hz, 1H, ArH), 8.57, 9.27, 9.35 (each s, each 1H,
meso-H); IR (KBr) v: 3410 (N—H), 2937, 2918 (C—H),
1731 (C=0), 1622 (C=C), 1554 (chlorin skeleton), 1435,
1228, 1165, 1065, 985 cm ™ '. Anal. caled for CyHuNgOs:
C 72.39, H 6.36, N 12.06; found C 72.18, H 6.74, N 12.19.
3.9 3-[3(R,S)-(1-MtmMemkE)]-3-% Z 15 £ (2,3-0)-FF
DKIE FF2T 45 2-18 FRES(13)89 5 X

88 mg b &) 5 (0.135 mmol )i i 1 3 mL & H ¢
WO 20 mL R L ATRAW, EaT EE B
B 32h, HiidE TN 10 mL LR VAR 2 2 2 10 E A H e,
SRIGININ 30 mL & BER 30 mL 7K 43 2, UK
VR =R, A NLZ, HIGKBR RN T8, 180 K4,
JIT AR A ) AR AT S AT 0 B R JF . V(A k)
V(IR OTR)=3 1], 33 32 mg BG4 (A [H 44 13 (0.046
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mmol, 34%). m.p. 226~229 C; UV-vis (CHCl3) Apax
[¢/(Lemol 'scm™ ')]: 420 (1.15X10%), 582 (3.34 X 10%,
620 (5.75X 10%), 680 (2.19X 10%, 733 (6.79X 10*) nm; 'H
NMR (CDCls) 6: 0.07 (br s, 1H, NH), 0.17 (br s, 1H, NH),
1.66 (t, J=7.6 Hz, 3H, 8-CH;), 1.78 (d, J=7.3 Hz, 3H,
18-CH3), 2.01~2.10, 2.33~2.52, 2.74~2.81 (each m, all
4H, 17a+17b-H), 3.11, 3.22 (3.21), 3.59, 3.89 (3.88) (each
s, each 3H, CH;+0OCH,), 3.63 (q, J=7.6 Hz, 2H, 8a-H),
4.40 (q, J=7.2 Hz, 1H, 18-H), 4.77 (dtd, J=15.2, 9.6, 2.8,
1H, 3c-H), 5.46 (d, J=8.8 Hz, 1H, 17-H), 5.48 (q, J=9.6
Hz, 1H, 3c-H), 6.54~6.61 (m, 1H, 3a-H), 7.44~7.49 (m,
2H, ArH), 8.75~8.78 (m, 1H, ArH), 7.94~7.96 (m, 1H,
ArH), 8.62, 9.03 (9.01), 9.55 (9.56) (each s, each 1H,
meso-H); IR (KBr) v: 3419 (N—H), 2940, 2917 (C—H),
1709, 1686 (C=0), 1669 (C=C), 1526 (chlorin skeleton),
1424, 1388, 1252, 1174, 999 cm ™' Anal. caled for
C4H4oNgO5: C 71.08, H 5.82, N 16.17; found C 71.27, H
5.99, N 16.38.

3.10 3-[5'(RIS)-(3-&K%-4,5- — S HIEM £)]-20-8-3-
& T £ (2,3-n)-FE WE Mk £ B SR T 4R BR FR BB (14)
trans-3b-7k B Bt £ -20-7R-(2,3-n)-FE 0 W+ £ it 35 R 47
B FREE(15)F0 20-78-(2,3-n)-EENZME £ Bt $£ I 43 B4 B
BE(16)HI & A

# 300 mg NBS (1.685 mmol)&iF T 2 mL T 1) —
A EEF, —EEA 185 mg ZKHEEH5(1.529 mmol),
20 min Jo R4 R N EE R, TR RNV AR R 260 mg L.
EW 7 (0.410 mmol), FFHERWIRG, HHHT 2 mL
SEAMNANEF BT 152 mg — 4JKE(1.505 mmol)
7F 15 min Z WA RNV, ZURY, Sl v 16
h, BIA 20 mL & FHif1 30 mL K52, A NUA)G
FH/KPER (20 mL X 3), R IKRYE, KTl x4 0a A 2 b
S EIRAYIVERA: VOECH) @ MR LT =3 © 11/3
96 mg RSO [E 44 14 (0.115 mmol, 28%), 34 mg % {1 [
£ 15 (0.041 mmol, 10%)F1 12 mg 540 {4 & 14 16 (0.016
mmol, 4%).

14: m.p. 220~223 °C; UV-vis (CHCls) Anax [&/(Le
mol 'eecm™ ')]: 444 (1.12X10%), 578 (1.01 X 10%, 658
(7.84%10%), 708 (2.58 X 10*) nm; "H NMR (CDCls) §: —
0.80 (br's, IH, NH), —0.02 (br s, 1H, NH), 1.69 (t, J=7.0
Hz, 3H, 8b-CHj3), 1.71 (d, J=7.0 Hz, 3H, 18-CH3), 1.95~
2.20, 2.30~2.47, 2.60~2.78 (each m, all 4H, 17a-H),
3.41,3.56, 3.62, 3.79 (each s, each 3H, CH;+OCHj3), 3.67
(q, J=7.0 Hz, 1H, 18-H), 4.17~4.25 (m, 1H, 4'-H), 4.86
(q, J=7.0 Hz, 2H, 8a-H), 5.19 (d, J=8.6 Hz, 1H, 17-H),
5.23~5.44 (m, 1H, 4-H), 7.32 (7.31) (t, J=10.4 Hz , 1H,
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5'-H), 7.35~7.53 (m, 3H, ArH), 7.62~7.89 (m, 2H, ArH),
7.56 (t, J=7.9 Hz, 2H, ArH), 7.96 (d, J=7.2 Hz, 1H,
ArH), 8.01 (d, J=7.2 Hz, 1H, ArH), 9.25 (9.21), 9.92
(9.88) (each s, each 1H, meso-H); IR (KBr) v: 3418 (N—
H), 2917, 2846 (C—H), 1719 (C=0), 1600 (C=C), 1500
(chlorin skeleton), 1432, 1393, 1252, 1158, 1080, 893, 827
cm . Anal. caled for C4;7HpBrN,O;: C 67.78, H 5.08, N
11.77; found C 67.63, H5.11, N 11.59.

15: m.p. 218~221 °C; UV-vis (CHCl3) Apax [e/(Le
mol leem™ ')]: 436 (1.24X10%), 522 (9.92 X 10%), 566
(6.2 10%, 648 (9.92 X 10%), 720 (4.84 X 10* nm; 'H
NMR (CDCls) 6: —0.74 (br s, 1H, NH), 0.65 (br s, 1H,
NH), 1.58 (t, J=7.0 Hz, 3H, 8b-CHj3), 1.68 (d, J=7.2 Hz,
3H, 18-CHj), 2.25~2.36, 2.37~2.50, 2.65~2.80 (each m,
all 4H, 17a+17b-H), 3.51 (q, J=7.0 Hz, 2H, 8a-H), 3.08,
3.47, 3.52, 3.58 (each s, each 3H, OCH;+CHs), 4.83 (q,
J=17.2 Hz, 1H, 18-H), 5.19 (d, J=8.4 Hz, 1H, 17-H), 7.03
(d, J=14.1 Hz, 1H, 3b-H), 7.53~7.58 (m, 5H, ArH),
7.70~7.74 (m, 2H, ArH), 7.98 (d, J=7.6 Hz, 2H, ArH),
8.16 (d, J/=14.1 Hz, 1H, 3a-H), 9.12, 9.27 (each s, each
1H, meso-H); IR (KBr) v: 3428 (N—H), 2913, 2848 (C—
H), 1743, 1702 (C=0), 1601 (C=C), 1523 (chlorin
skeleton), 1428, 1388, 1304, 1122, 1076, 1011, 974, 892
cm . Anal. caled for C4;7HyBrNOs: C 69.03, H 5.05, N
10.28; found C 69.23, H 5.21, N 10.25.

16: m.p. 198~201 C; UV-vis (CHCl3) Amax [6/(Le
mol 'eecm™ ')]: 424 (1.33 X 10%), 446 (1.09 X 10%), 592
(3.72X 10%, 654 (2.39X10%, 714 (7.71X10* nm; 'H
NMR (CDCl3) 6: —0.73 (br s, 1H, NH), 0.65 (br s, 1H,
NH), 1.61 (t, J=7.0 Hz, 3H, 8b-CHj), 1.68 (d, J=7.2 Hz,
3H, 18-CHjy), 2.25~2.36, 2.37~2.50, 2.65~2.80 (each m,
all 4H, 17a+17b-H), 3.55 (q, J=7.0 Hz, 2H, 8a-H), 3.11,
3.50, 3.57, 3.65 (each s, each 3H, CH;+OCH3;), 4.86 (q,
J=7.0 Hz, 1H, 18-H), 5.19 (d, J=8.6 Hz, 1H, 17-H), 6.07
(d, J=17.8 Hz, 1H, trans-3b-H), 6.35 (d, J/=11.5 Hz, 1H,
cis-3b-H), 7.83 (dd, J=17.8, 11.5 Hz, 1H, 3a-H), 9.17,
9.48 (each s, each 1H, meso-H); IR (KBr) v: 3409 (N—H),
2935, 2912 (C—H), 1737 (C=0), 1605 (C=C), 1525
(chlorin skeleton), 1383, 1305, 1256, 1166, 1077, 892, 778
cm . Anal. caled for C4H3,BrNsO,: C 67.32, H 5.23, N
11.78; found C 67.51, H 5.33, N 11.90.
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