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Synthesis of Chlorophyllous Chlorins Derivatives Substituted
by Aromatic Groups on Their Periphery
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Abstract Pyropheophorbide-a methyl ester, as a degraded product from chlorophyll-a, was used as a starting material, and
the modifications for functional group along N*'-N**-axis and reconstructions for five-membered exocyclic E-ring were com-

pleted to introduce different aromatic groups which could conjugated with macrocyclic chromophore at various degrees on the
periphery. The syntheses of 12 unreported chlorins related to chlorophyll were accomplished and their chemical structures
were characterized by elemental analysis, UV, IR, MS and 'H NMR spectra. The different effects on the physical and chemical
properties of chlorophyllous chlorins by introduction of aromatic groups were discussed.

Keywords chlorophyll-a; chlorin; chemical modification; substitution of aromatic group; synthesis
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N-GUARBEHIBE W e (NCS) AR, EFEMEHbES H 20-%04%
AP EE(2, 46%), SRR I S ORI T Wittg
SN, BAZY 3 0 1 L4 e 3b-A E/Z-RIEBUAR R £
BEH4E1 3a (8%) A1 3b (26%), [A]INF B 73 B H1 4% 1) 132-
RrAEAL I Wittg SN P2 #(3¢). 7 LiOH R HE )24k
SV, MPPa (1)1 4% E-FR i IR b 42000 A 13—
g5, P T NBS MU IR AR, TR 3 HH 5
A AR A T A 2R R, kT A Ay
(DI 3-B7 LIGEE AR 13- ISR N, 53 LA 21%
F10%I(1) 77500 B 307 SR b S AR ) — &b wy
T 5 FNLTR -8 T AE 6. AL A 1 AR E KR T
(1) Friedlaender [ N, V45 HI AR IR 13247 2840 A 13-
A7 REAk () — N AT A 7 (47%) (Scheme 1).

HHE 3b- AL SR -2 TR (8) M S 4,
ZHRAME A I S RS B A Y A (9), dkek5 4R
IR RGN S, IR R R AR B I SR R (10)
(17%) FHATE K eI 27 25 25-18 AT AE 4 11 (28%); 12-FH L
FEAE MR 4R -a FER(12)M0) C- 138 L3R AN,
F R 58K A nT R AR R, ] 4-K H R4 R
TR AT A, R B T S A S )
12-N-Z W @ BRI AL I -4 R -a HITEE 13 (38%).
LI ER-18 (14)5 52U I M IR W e Ak S5 8 e 7 e b 2y

TS o188 WEHIZAS, 71%); S/KEBNE kARG
PSR AT ARG, 193 42% 00501 o A
PR 2040 %-18 W Hk Iz (16a); 5 ERhIRIFCIE I S i P~ 1)
WP HIRRBEEUR N, 3B 56%IK N-8 F A O
2125 45 -18 BL IV 4 (16b) (Scheme 2).

1 ZFER51HE
1.1 FEHS|#HES Z SNSRI SR L F 454
ANy 2 5 AR R BRI Wittig SVZR
H—X} E/Z SR 44 3a Fi1 3b F1 A — E-FRSEAL =) 3¢, R
P e AT FEAE 3a-F0 3b-Ar U5 T A (KA A 5 4, T
DA 32 S N PE R S S84, 7 Wittig W, B4R 3a
1 3b (1 LA AT 42, (HH 3a-47 [ T AR LS M RERS R A=
e, SRR G T S N CE 45 d BLE, R
A 3a FEAT] LA AL R R A 44 3b. AW 3¢ &
E-IR 81, A S R 2 S AR ) L 2
N APENO S Wittig S N I RIS, 3e 7 S Ik
w IR, a6 S 13- MEARI R R N ) E-
IS N =), T LA, R G 1) 25 S 00 R0 46 R ik
PEIRESE2 k] LLAE — 2 FEJE LB 3¢ AT 6 1772, M
3a M1 3b (AR T LRI, BR TS5 0 2 5 LUK,

O.N O,N

Reagents and conditions: (a) OsO,4/NalO4/NCS/CH,Cly; (b) Ph3PCH,Ph/CH,Cl,/NaOH,; (c) LiOH/O,/ THF/MeOH,;
(d) p-NO,CgH4C = NOH/NBS/NaOCHyg; (e) 0-NH,CgH4CN/Pyr/TFA

Scheme 1
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16a: X—Y = N—=CH, R = CHO;
16b: X—Y =0C—=0O,R=H

Reagents and conditons; (a) LiIOH/O,/THF/MeOH; (b) Ph(NH,)./Pyr/TEA; (c) PhCOCgH3(NH,),/CH,CIo/ TFA; (d) p-Ho,NCgH4CH,NH,/ Toluene;

(€) NH,OH - HCIPyr/PhCOCI; (f) NHoNHo/CHoClo/p-CgHa(CHO),

Scheme 2

3b 1) 3a-f7 i1 R ILAEAR X K3 (0=8.29), 11 Z-A 5744
PREIATR S F U 3R sh 2 6 7.66 Ab. BT E-xRE5 10
3b-f7 bR S S ER A e, 5 T DA R R
ST, 3a-f T BE % ik S0 A 32 2ok Ay KER
ZBRVER; T 3a M ARKESE T DU IR, AH HLR) Rk
JFAEEAE W C3)—CRa)fli kA e, HoAmts
P& AT 3a- P &R 15 KR — 2 18— 1i /(&
1). Kk, SAYE IR B B i S 1 1 25 B e/ FH AR
PG5 a8 B ORFR 3b-Jit 1 32 B2 B R ALK 2 b Rk
%, FTLA 3a Al 3b (£ 3b-fo7 b5 1 W scts B ] — 7
H o (0=17.49).

WA T T DO B T 2% B2 I RS AE AN |
WL T E/Z 5it), FLARErh vr 2 013445 H RO 1)
WA, N E/Z SR e R A 5, — 3% i Ll
K&k 502, 5 E-REALL, Z-X b R s sl
TNEEIT 13247, JEF IR AT B HE R 1 E-IR BRI ) 17-
PrAwFs, oS RERN 1 7057 5~ S5 it B k) A7 0011 25 Bt
W E R, T s H Ak 47 B & AR 35 88 51 (0= 5.24),
1M E-2X R AR SO0 U IRAE 9=5.14 &b

T V. e 5 g o 1 e B AR 41 T e 5 I T T ol 11

364 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

PSR T RE A2 B e R R (A 15 Rl
BRI sp” 244k, BT C—NEELIAN, H4h=
A sp® B I SR T ARRIEAN R, LB IR 45 Mo
JEt isF 55 AN RIE LG LARFE T ARG, AR A7 7E 25 ]
FrBEL ) . 2155 25V 9t 1%-18 16a T 5 EUHE K& sp® 24
WA T, SEEEBRIA TR T E-X C=N Wi, %
—IREE sp® B AR 0O L, AR A
R EAR R 40t AT T AR AL T A bR . RV I e it
L TEEUE T 5 ) SR IR BB, (HIN R AR
KANTIAREFHAS S8 N—N B IEH 2. W C=N X
B 07 DL Z-aREE MAE A, AR AN AR IR Hh 5 1
N—N BEGEREsE, Bk, Boa 1 p e A4 b i
R T st 2 AT E- A . Ab A4 16b Hh 7
i R R AR SE T AR, AR S IR B
55 16a KREUHIR, H 4 2% L e L 28 e 4 31 15 W0 i i
ST, BRSSP AN IR sp® HUE S5 IR
& W1 OF |V N e oo = S P 112y 95, A B
(RO BELE SR A, A GRS rh S B L F o) U £ EIE
T dmitg.
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Figure 1 The spatial configurations of aromatic groups and
their chemical shifts

1.3 FHEMSHS =SNG RIEIN-TT i
BRAM-TT WG SR ER S AN 7R R 2R A
Z N 77 T Py 2% S W B B, AN AL 5 A
1 RT LB sk G R 2 PO BRI T, REE Ry
NN Al 1) (R0 2% 45 R G Ui o 5 R T L Fr W Ag L
AR AL A& 3 th C(3)- L Wittg
NAE 3b-07 gl EARHE, § @ 1 PUntkng 73+ rh o5 FPEA
RMEIILTA R, 5 20-FACE B 28R -2 I IEAH
e 3a 1 3b (1 T GRS 408 T 3 AT 8 nm,
Ja Z BT AR A E KR Z0R8, s R my BAH &5 Ak
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T E- S M 2R 5 ORI g i i 3P 1, s 3-
PERRBRAEA R 2 T 5 ANy (L LBk &, 1
Z- R 3b-A7 F 2R IR Rt L R HE e A A
o B AL P, PR R A BE 70 7 o 5 KA LB, L&
PG wG T R WG KRR, 5 MPPa (1) K]
WIS K (668 nm), ARIEIUAR 1 Sf 22 AT E 1
Qy W K 7 1) R AEAS R FR P HERS . AL %2
AT BE W] DUE Y, BT T R 22 5 (AQy) AN R
AATE]. JLrb, 76 3b-RRIAMERS EXU ] 51N 05 1 — A
NNy 10 F1 11 [RIZ0RS BE S A K46 AT 62 nm), 171X
3b-fo7 B [m) ATEIAR K — MWy 3b, 3¢, 8 F119 1] AQy K
FELHEY 6~9 nm!' (] 2).

0.8 7

Q
[}

I
N

Absorbance/a.u.

o
[N}

350 450 550 650 750
Wavelength/nm

B2 RS -a G 1 LRI A AT )

3a, 3b, 10 A1 11 (5407 KOG

Figure 2 UV-Vis spectra of methyl pyropheophorbide-a 1 and

its phenyl-substituted chlorin derivatives 3a, 3b, 10 and 11

3b- o7 AR I (1) LN X 0 K £ S 1) Tk DU A X A
/Ny L CE)- B F RS Qy sEKME—8h )y, A
LA A PE B A 0. A NN il 55— ) C-2R
RTINSO B, FIRE AT DA i B B S KT L)
WCie K, T, AE 13207 F 1247 3 A i 45 46 )
ANy 7R3, T WIS K ik 709
A1 693 nm. 5 ANy Tl 4 ARG R 1 ARG, AH
Hiv i) K 5 RS T 32 T 28 nml'

HHES KIS 7 AR, BRI
F-18 W ELRL A b5 SE s ek 2 A i S (A,
R T 5 K RT DL FRY R MAC e A7 A B S (AN ). LA
21485218 WHLIAMEIR W L h RS 72 LA sp 24k
197 RAFAEM, (EAE Y 15 T T R
55 0 T e (1) e A OB AR PR A dze, FLAH O PR Rk ik —
A sp® AR, AR BEIE AT AT R, 3L Qy T
WA AR 706 nm, 5% ETCHUIR [A] &40 () AH N B0 (E
B HIAL(705 nm)l®), 2128 2%-18 W BEI% 16a fI4MEIL TS
SR 3o IV g ) i S U 5 I R R TR R AR,
ORI LR R, SOSEMERITA R YN sp® 2%
b, DAL o] LAVRAE MR 5 50 B D5 S — AN g 3t
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Ptk R, BRI KRG K SE A 716 nm. HHX
M5, Y8 16b (1% PTEA 14 AR 1450
AL 5 NG A ME A LB (K 2 1F, (R R e A4 L
GO T 5 R R (31, G P s T
PIE R SRS MM T (e R AR AT RO 7 e, 2%
Fetg KT WG AW K 2 711 nm.,

2 Zig

A -2 3 8 ANy 55 A kKBRS L 1R 1 S b
DI, 7EFIFR NNl i) (R AN [ A b A R g | T
75 BRG] DA RO A > T AR, JF
e HL 7 o A AR A, RIS, B D7 L 5
NAEDURH I BA_E T ST IR S 02 DR, 08 T S A7 s
I PR A R IR, N EE— D AR 4R
BEM DA S gk, e mIOUEL, SLAEAEE 2 1
TRt TATRI VI T-BL

3 ZEHESHS
3.1 UESIKFH

JTCE MM Perkin-Elmer 2400 % 762 73 B A 52 ;
IR ] Perkin-Elmer 1730 21 414356 B %€ (KBr &
J); UV-Vis il UV-160A B4 300 B Hi g ; 'H
NMR ] Brucker ARX-300 FUAZREILIRACI 2, WARN
TMS; ESI-MS ] Bruker Daltonics Esquire3000 plus &%,
# Varian 500-MS IT BTGl s ; B A3 0 43 2l
b 2Rl AR SRR -a FS 1 4% SCRRT 151464 132-
AN 2R 1R -a 4. 21553518 HIJiE 14 AT 12-F BRI
FEWUEET 2R IR H -2 12 4% 3CHR[12); trans-3b-2R & FE i
BET SRR -a T 8 4 SCHR[9]M 4%
3.2 20-SEPREMFER-d FES(2)RA M

7 25 mL TR PY A % 139 mg MPPa 1
(0.253 mmol), FRIEHEPIIAN 0.5 mL HERE, SR R4
RAHR 0 C, RIZWFEAM T, MEIMABAH 110
mg PUSEALER 1) 2 mL PUSRRRE, Bk 30 min J5, THEE
U, BN 1 h, NG AR R S AN A
50% I EEVEROIEHEE 20 min, BB DTN, JEIRRE
WA T I EHAM T 15 mL g, 26558 i N il
T 15 mL 7K 500 mg NalO4 £ 1 g il fise, Ak & i i
TR B AR A e, 30 min S5 RVSEEE, A
100 mL 7KF1 80 mL —& 1 He, #Edw, 7 HANZ,
K A (15 mL X 3), & IFATHUZR IR
DRBRAN -1, PR BRI, R Y E AR T 150
mL PUSERE =4 M 220N & A 75 mg NCS
(1 10 mL HEEWR, T 1.5 h NN se e, ks v 4
h. RONEEH G, SEJEMA 30 mL KA1 20 mL — & F,
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ANV, KRBT, W4s, SrERA 20T
Y EEER: VORI © MR CER)=3 : 1], 14 68
mg WEZAE A4 2 (0.117 mmol), 7&K 46%. m.p.
236~239 C; UV-vis (CH,CL) Amax [¢/(Lemol 'ecm™')]:
422 (1.33X10%), 533 (7.74X10%), 567 (2.89X10%), 645
(1.71X10%, 703 (7.65X10* nm; 'H NMR (CDCly) ¢:
—2.12 (br, 1H, NH), 0.65 (br, 1H, NH), 1.64 (t, J=7.6 Hz,
3H, 8b-CHs3), 1.66 (d, J=7.0 Hz, 3H, 18-CH3), 2.10~2.35
(m, 2H, 17a-H+17b-H), 2.46~2.60 (m, 2H, 17a-H-+
17b-H), 3.08, 3.56, 3.68, 3.80 (each s, each 3H, CH;+
OCHj,), 3.64 (q, J=7.6 Hz, 2H, 8a-H), 4.16 (q, J=7.3 Hz,
1H, 18-H), 4.30 (d, J=7.4 Hz, 1H, 17-H), 5.25 (s, 2H,
132-H), 9.42, 10.26 (each s, each 1H, 10-H), 11.34 (s, 1H,
3-CHO); IR (KBr) v: 3433 (N—H), 2973~2870 (C—H),
1735~1695 (C=0), 1605 (C=C), 1557 (chlorin skele-
ton), 1440, 1326, 1172, 1013, 809 cm '; MS m/z: 586.3
(M~+2)". Anal. caled for C33H33CIN,O4: C 67.74, H 5.68,
N 9.58; found C 67.69, H 5.55, N 9.39.
3.3 Z-3b-FE-20-S Mt EM£RER-a B E5(3a). E-3b-
FE-20-S &R M F5-a FRES(3b)F1 E-3b-FE-13%
FR-20-RE B SEM R ER-a FEE(3C)MIE L

¥ 411 mg LAY 2 (0.703 mmol)Fl 411 mg 4L
FE ORI (1.054 mmol) #1120 mL & H b, i
PEFIIANEART 24 mL 7K1 80 mg S5 AL EN, AR,
U T AREEAEHE 30 min, PRSI OV AR R 40 mL
VKZKFT 40 mL S Hbe, F 2% b BV iR 1R S )
KIZ pH HZ 3, AN, KZEH S FEAE
(40 mLX2), &FFAHAH, ToKBBRI T, Br LA
Ji TP o B R e A B, NN R R R SN ()
HE TG, PR B, FIRWENEN S0k
R vCR iR © (LR L BR)=5 1 1], 3 E] 37
mg SEL4E(A[E K 3a (0.056 mmol, 8%), 121 mg F5 {4 [ {4
3b (0.183 mmol, 26%)F1 19 mg ¥ {1 /4 3¢ (0.028 mmol,
4%).

3a: mp. 210 ~213 C; UV-vis (CHyCL) Amax
[e/(Lemol 'scm™ )]: 416 (1.29 X 10%), 519 (7.90 X 10%), 551
(3.06X10%, 618 (2.70X10%, 679 (4.95X10% nm; 'H
NMR (400 MHz, CDCl;) 6: —1.85 (br s, 1H, NH), 0.07
(br s, 1H, NH), 1.67 (t, J=7.6 Hz, 3H, 8-CH,), 1.64 (d,
J=8.1 Hz, 3H, 18-CHj), 2.00~2.06 (m, 1H, 17a+
17b-H), 2.33~2.38 (m, 1H, 17a+17b-H), 2.56~2.61 (m,
2H, 17a-+17b-H), 3.12, 3.35, 3.61, 3.69 (each s, each 3H,
CH;+OCHs3), 3.67 (q, J=7.6 Hz, 2H, 8a-H), 4.25 (dd, J=
9.2, 1.7 Hz, 1H, 17-H), 4.80 (q, J=8.1 Hz, 1H, 18-H),
5.25 (d, J=3.8 Hz, 2H, 13°-H), 6.98 (dt, J=8.0, 3.2 Hz,
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3H, PhH), 7.23 (d, J/=7.2 Hz, 2H, Ph-H), 7.49 (d, /=12.3
Hz, 1H, 3b-H), 7.66 (d, J/=12.3 Hz, 1H, 3a-H), 9.47, 9.54
(each s, each 1H, meso-H); IR (KBr) v: 3446 (N—H), 2924
(C—H), 1742~1697 (C=0), 1654 (C=C), 1560 (chlorin
skeleton), 1457, 1321, 1082, 1022, 974 cm'; MS m/z:
660.4 (M+2)". Anal. calcd for C4Hso CIN,O5: C 72.88, H
5.96, N 8.50; found C 72.69, H 6.14, N 8.42.

3b: m.p. 204 ~207 °C; UV-vis (CH,Cl) Apax
[¢/(Lemol 'scm™H)]: 417 (1.74 X 10%), 510 (7.52 X 10%), 553
(2.90X10%, 662 (2.57x10%, 684 4.72X10*) nm; 'H
NMR (400 MHz. CDCls) 6: —1.87 (br s, 1H, NH), 0.64
(br s, 1H, NH), 1.70 (t, J=7.6 Hz, 3H, 8-CH3;), 1.64 (d,
J=17.0 Hz, 3H, 18-CH3), 2.15~2.30 (m, 2H, 17a+
17b-H), 2.66~2.50 (m, 2H, 17a+17b-H), 3.22, 3.60, 3.65,
3.69 (each s, each 3H, CH3;+OCH3;), 3.69 (q, J=7.6 Hz,
2H, 8a-H), 4.24 (dd, /=9.2, 2.4 Hz, 1H, 17-H), 4.82 (q,
J=7.1 Hz, 1H, 18-H), 5.21 (d, J=20.0 Hz, 1H, 13°-H),
527 (d, J=20.0 Hz, 1H, 13*-H), 7.48 (t, J=7.6 Hz, 1H,
Ph-H), 7.49 (d, J=16.5 Hz, 1H, 3b-H), 7.58 (t, J=7.5 Hz,
2H, Ph-H), 7.87 (d, J/=7.5 H, 2H, Ph-H), 8.29 (d, /=16.5
Hz, 1H, 3a-H), 9.54, 9.60 (each s, each 1H, meso-H); IR
(KBr) v: 3441 (N—H), 2925 (C—H), 1739~1690 (C=
0), 1616 (C=N), 1550 (chlorin skeleton), 1462, 1367,
1224, 1166, 1036, 908 cm '; MS m/z: 660.3 (M+2)".
Anal. caled for C4H3oCIN,O;: C 72.88, H 5.96, N 8.50;
found C 72.99, H 5.79, N 8.61.

3¢: mp. 217 ~220 ‘C; UV-vis (CH,Cly) Apax
[¢/(Lemol "scm™)]: 420 (1.51 X 10%), 513 (7.12X10°), 527
(2.08X10%, 666 (2.21X10%, 689 (5.21X10% nm; 'H
NMR (400 MHz. CDCl3) 6: —2.26 (br s, 1H, NH), 0.64
(br s, 1H, NH), 1.73 (d, J/=7.0 Hz, 3H, 18-CHs), 1.76 (t,
J=7.6 Hz, 3H, 8-CHj;), 2.23~2.43 (m, 2H, 17a+17b-H),
2.55~2.75 (m, 2H, 17a+17b-H), 3.60, 3.65, 3.71, 3.87
(each s, each 3H, CH;+OCH,), 3.79 (q, J=7.6 Hz, 2H,
8a-H), 4.97 (q, J=7.2 Hz, 1H, 18-H), 5.24 (dd, J/=38.6, 3.2
Hz, 1H, 17-H), 7.49 (t, J/=7.8 Hz, 1H, PhH), 7.54 (d, J=
16.3 Hz, 1H, 3b-H), 7.60 (t, J=7.5 Hz, 2H, Ph-H), 7.91 (d,
J=17.5 H, 2H, Ph-H), 8.38 (d, /=16.3 Hz, 1H, 3a-H),
9.86, 10.02 (each s, each 1H, meso-H); IR (KBr) v: 3344
(N—H), 2862 (C—H), 1749~1697 (C=0), 1629 (C=C),
1591 (chlorin skeleton), 1494, 1261, 1082, 1041 cm .
Anal. calced for C4oH3;CIN4O4: C 71.36, H 5.54, N 8.32;
found C 71.50, H 5.41, N 8.55.
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3.4 3-[5'(R,S)-(3-MEHEFE-45- S FIBME)-3-
(BRI EREFEH RBE-a B EG) M
3-[5'(R,S)-(B-MHEXEEA4S-—EREME)-TIXK
#-18 HER(6)HIE B

71 2 mL T S A% 75 mg NBS (0.422
mmol), —KPEMM A 61 mg X filf 3 ZE ¥ 5 (0.280
mmol), 20 min Ji7 ARV Z5 R, BRI ROV AR R I 130
mg AN T 4 (0.231 mmol), FFHSE RS, K
FART 2 mL EA AN TR PR BE VT 80 mg — L FEAE
15 min Z WA R V. ZUORY, SRRV 16 h,
TN 20 mL & HERT 30 mL /K40 J2, o0 A HUAR G
IKPEE (20 mL X 3), Pk A4s, KT8 R A 2 AT 4
BRI VOECK) @ MLRLER) =3 1143
35 mg 2L 4A 5 (0.049 mmol, 21%)F1 16 mg £L {6 [H 44
6 (0.021 mmol, 10%). 5: m.p. 223~226 C; UV-vis
(CH5CL) Amax [e/(Lemol 'scm™)]: 414 (9.56 X 10%), 515
(1.13X10%, 548 (6.69X10%, 611 (4.78X10%), 669
(3.92%10* nm; '"H NMR (CDCl3) 6: —1.89 (br s, 1H,
NH), 0.84 (br s, 1H, NH), 1.68 (1.67) (t, J=7.6 Hz, 3H,
8a-CH3), 1.87 (d, J=7.1 Hz, 3H, 18-CH;), 2.84~2.62 (m,
2H, 17a+17b-H), 2.43~2.25 (m, 2H, 17a+17b-H), 3.69
(3.68) (q, J=7.6 Hz, 2H, 8a-H), 3.14, 3.53 (3.54), 3.59,
3.78 (3.76) (each s, each 3H, CH;+OCHs3), 4.10 (4.09) (d,
J=16.9 Hz, 1H, 3b-H), 4.36 (4.38) (dd, J=16.9, 10.2 Hz,
1H, 3b-H), 4.70 (q, J=7.2 Hz, 1H, 18-H), 5.14 (d, J=8.9
Hz, 1H, 17-H), 7.23 (7.24) (t, J=10.2 Hz, 1H, 3a-H), 7.52
(d, J=8.5 Hz, 2H, PhH), 7.89 (7.88) (d, J=8.5 Hz, 2H,
PhH), 9.00, 9.75 (9.72), 9.83 (9.82) (each s, each 1H,
meso-H); IR (KBr) v: 3438 (N—H), 2956~2888 (C—H),
1701~1738 (C=0), 1627 (C=C) 1540 (chlorin skele-
ton), 1519, 1401, 1074, 936 cm™'; MS m/z: 727.7 (M+
H)". Anal. caled for C4HyN¢O7: C 67.76, H 527, N
11.56; found C 67.60, H 5.55, N 11.49. L&) 6 (5347
Hetls 55 30k [16]— 2
35 13%ER-13-PEREFTEH3-ERRERSE
MLRER-a FRER(7)BI S B

¥ 200 mg MPPa (1) (0.364 mmol)¥#fi#T- 15 mL it
BEHT, 110 CHEOGHFE NI 140 mg QB2 E A
(0.001 mol), =i TFA, TLC Wi, 8 h J5 [ M 453, A
5 mL R ERFRVE K N, PRI 20 mL 5 FHBERIK 20
mL 43 )2, s A HUA, KA &0 B A Q20
mL X 3), &IE A, HICKRR BT, ok 28FRE
I, K e 2 )8 AT R AT Ay BIR G WIER): V(E S
fi) L M(CIR CTE)=4 © 11193] 113 mg ZLERafilfE 7
(0.171 mmol), =% 47%. m.p. 235~238 C; UV-vis
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(CH,CL) Amax [e/(Lemol 'scm™)]: 401 (9.01 X 10%), 443
(1.17X10%, 526 (1.52X10%, 612 (4.25X10%, 676
(7.02X10%, 709 (3.39 X10°) nm; 'H NMR (400 MHz,
CDCls) 0: —2.19 (—2.46) (br s, 1H, NH), 0.15 (—0.03)
(br's, 1H, NH), 1.73 (1.69) (t, J=7.6 Hz, 3H, 8-CH3), 1.90
(d, J=7.3 Hz, 3H, 18-CH;), 2.26~2.36 (m, 1H, 17a+
17b-H), 2.41~2.49 (m, 1H, 17a+17b-H), 2.66~2.75 (m,
1H, 17a+17b-H), 2.98~3.04 (m, 1H, 17a+17b-H), 3.31,
3.50, 3.51 (3.53), 3.73 (each s, each 3H, CH;+OCH,),
3.74 (q, J=7.6 Hz, 2H, 8a-H), 4.45 (4.68) (q, J=7.5 Hz,
1H, 18-H), 5.14 (5.24) (d, /=82 Hz, 1H, 17-H), 6.24
(6.22) (d, J=11.5 Hz, 1H, 3b-H) 6.34 (d, J=17.9 Hz, 1H,
3b-H), 7.29 (d, J=7.6 Hz, 1H, PhH), 7.37 (d, J=7.8 Hz,
1H, PhH), 7.68 (t, J=7.6 Hz, 1H, PhH), 7.78 (t, J=7.8
Hz, 1H, PhH), 8.08 (8.101) (dd, J=17.9, 11.5 Hz, 1H,
3a-H), 8.92 (8.96), 9.69 (9.60), 9.74 (each s, each 1H,
meso-H); IR (KBr) v: 3432 (N—H), 2921~2857 (C—H),
1740~1698 (C=0), 1623 (C=C), 1562 (chlorin skele-
ton), 1461, 1373, 1220, 1161, 1027, 908 cm™'; MS m/z:
663.4 (M+H)". Anal. caled for C4H3sNcOs: C 74.30, H
5.78, N 12.68; found C 74.39, H 5.68, N 12.92.
3.6 E-3b-FEAFP-FREFEMHREE-a BE(9).
E-3b- 7 £ -(2,3-n)- & IZ Mk £5 fit $5¢ I 4% B2 FR {5 (10) A0
E-3b-FE-(2,3-n)-FHKMF LI K E-18 HEE(11)HE
151

% 866 mg LAY 8 (1.386 mmol )i i# T 280 mL Y
SRR, BN H LiOH YA 10 mL RS A, =
IPEFE 6 hy N 250 mL ¥K/K, BERE Rk R, i
W pH b 2~3, A 250 mL S HEE R, T A P
AIOKAHE40 mLX2), &IHANZE, Kok, HILKRR
B, AATRBR V), HEPTEAET 350 mL A 5%
WA BRI T v, =g . Je 5 i 300 mL
KFI 300 mL S e 2, o AU I KDE IR,
T 5 B 22, K T AR o AT T A3 s [ A
VOECET) © MR LER)=3 : 1173 248 mg #E{G[H1L 9
(0.388 mmol, 28%). #RJ5, KT 25 mL mEwgEH,
I 0.3 mL =% 4R F1 250 mg 487K —#(2.292 mmol),
50 CHERE 2 h, JRZEHILEE, B TSR 401 R 7k
T30 mL =S, FZKPEER(30 mLX2), T EH
A, FIRDEAE AL ZHT 2 B LBE IR VOA W)
VLR LTR)=9 © 2], 43 2] 46 mg B AE{E 10
(0.066 mmol, 17%)H1 79 mg ZL{4[E 4K 11 (0.109 mol,
28%).

10: mp. 213 ~216 C; UV-vis (CHCL) Amax
[e/(Lemol 'scm™H)]: 367 (9.72X10%), 411 (1.13 X 10°), 446
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(9.27X10%, 592 (4.29X10%, 654 2.03Xx10%, 714
(6.55<10% nm; 'H NMR (400 MHz, CDCl;) 6: —0.90
(br s, 1H, NH), 0.65 (br s, 1H, NH), 1.87 (d, J=7.2 Hz,
3H, 18-CHj3), 1.65 (t, J=7.6 Hz, 3H, 8b-CH3), 2.28~2.51
(m, 2H, 17a+17b-H), 2.72~2.80 (m, 1H, 17a-+17b-H),
2.88~2.97 (m, 1H, 17a-+17b-H), 3.57 (g, J=7.6 Hz, 2H,
8a-H), 3.15, 3.41, 3.59, 3.67 (each s, each 3H, OCH;+
CH,), 4.51 (q, J=7.3 Hz, 1H, 18-H), 5.10 (d, J=8.1 Hz,
17-H), 7.45 (t, J=7.4 Hz, 1H, PhH), 7.53~7.59 (m, 4H,
PhH), 7.57 (d, J=16.4 Hz, 3b-H), 7.85 (d, J=7.5 Hz, 2H,
ArH), 8.04 (dd, J=17.3, 2.0 Hz, 3H, ArH), 8.29 (d, J=16.4
Hz, 3a-H), 8.34~8.62 (m, 2H, PhH), 8.56, 9.30, 9.42
(each s, each 1H, meso-H); IR (KBr) v: 3440 (N—H), 2929
(C—H), 1741~1690 (C=0), 1662 (C=C), 1502 (chlorin
skeleton), 1258, 1093, 1022, 806 cm ' MS m/z: 7114
(M+H)". Anal. caled for C4H4NsO,: C 77.72, H 5.96, N
11.82; found C 77.54, H 5.90, N 11.69.

11: mp. 222 ~225 °C; UV-vis (CHCL) Amax
[e/(Lemol 'scm™")]: 428 (9.72X10°), 486 (5.83 X 10%), 446
(5.83X10%, 556 (2.72X10%, 670 (7.78X10%, 730
(4.86% 10% nm; '"H NMR (400 MHz, CDCl5) J: 0.28 (br s,
1H, NH), 0.56 (br s, 1H, NH), 1.81 (d, J=7.2 Hz, 3H,
18-CHs), 1.61 (t, J=7.6 Hz, 3H, 8b-CH3), 2.01~2.10 (m,
1H, 17a+ 17b-H), 2.27~2.50 (m, 2H, 17a+ 17b-H),
2.75~2.81 (m, 1H, 17a+17b-H), 3.52 (q, J=7.6 Hz, 2H,
8a-H), 3.04, 3.32, 3.61, 3.66 (each s, each 3H, OCH;+
CH;), 4.37 (q, J=7.3 Hz, 1H, 18-H), 5.40 (dd, J=8.5, 1.7
Hz, 17-H), 7.42~7.47 (m, 3H, PhH), 7.53 (d, J=16.7 Hz,
1H, 3a-H)), 7.55 (t, J=7.5 Hz, 2H, PhH), 7.79 (d, J=7.5
Hz, 2H, ArH), 7.93 (t, J=7.5 Hz, 1H, ArH), 8.08 (d, J=
16.7 Hz, 1H, 3a-H), 8.75 (dd, J=17.5, 2.8 Hz, 1H, ArH),
8.54, 9.20, 9.31 (each s, each 1H, meso-H); IR (KBr) v:
3432 (N—H), 2924, 2860 (C—H), 1738~1682 (C=0),
1637 (C=C), 1561 (chlorin skeleton), 1508, 1400, 1082
em . MS m/zz 7274 M+ H)". Anal. caled for
C4H4NgOs: C 76.01, H 5.82, N 11.56; found C 76.10, H
6.00, N 11.70.

37 12-2-"]E-AS-FRHFETIE)-12-KFEEMR
T 4RER-a FEE(13)B9E A

¥ 70 mg 12-F I AR I BE - 28 R -2 FRE 12 (0.124
mmol)F1 104 mg 3,4 2 K H(0.491 mmol)% /i
T 5smL kg, AN 0.1 mL = LM, 50 CREGHiHE
RN T hy PR ZERRILIE, BT IR G R T 30
mL TR, KRS G0 mLX2), T mkYE, B
FIRAE D AR AL 2T 40 S [VEIR A VO ahEE) @ (&
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MR M) =2 : 1], 5% 36 mg ¥{{A[E {4 13 (0.047 mmol),
FEE 38%. m.p. 225~228 C; UV-vis (CHyCl) Amax
[¢/(Lemol 'scm™)]: 439 (1.29 X 10%), 506 (1.72 X 10%), 576
(3.52X10%), 634 (2.71X10%, 693 (7.74X10% nm; 'H
NMR (CDCl;) 6: —0.85 (br s, 1H, NH), —0.58 (—0.55)
(br's, 1H, NH), 1.52 (1.56) (t, J=7.4 Hz, 3H, 8-CH3), 1.88
(1.87) (d, J=7.3 Hz, 3H, 18-CH;), 2.34~2.49 (m, 2H,
17a+17b-H), 2.57~2.77 (m, 2H, 17a+17b-H), 3.43~
3.55 (m, 2H, 8a-H), 3.06 (3.08), 3.17 (3.10), 3.69 (3.68)
(each s, each 3H, OCH;+CHj;), 3.98~4.08 (m, 17-H),
4.17~4.26 (m, 1H, 18-H), 4.90 (4.62) (d, J=19.6 Hz, 1H,
13%-H), 4.83 (4.53) (d, J=19.6 Hz, 1H, 13%-H), 6.10 (6.12)
(dd, J=11.5, 1.0, 1H, 3b-H), 6.17 (6.20) (dd, J=17.9, 1.0,
1H, 3b-H), 7.48~7.79 (m, 5H, Ph-H), 7.89~8.00 (m, 5H,
meso-H+3a-H+Ph-H), 8.82 (8.83), 9.79 (9.81) (each s,
each 1H, meso-H), 11.93 (11.81) (s, 1H, 12a-H); IR (KBr)
v: 3454 (N—H), 2925 (C—H), 1739~1687 (C=0), 1654,
1618 (C=C), 1561 (chlorin skeleton), 1448, 1380, 1253,
1172, 1083, 1010, 800, 729 cm™'; MS m/z: 653.3 (M+
H)'. Anal. caled for C;7HuNgO,: C 74.58, H 5.86, N
11.10; found C 74.41, H 6.03, N 11.20.
3.8 N-MEEFTHE-IKE-18 TERRPE(15)895 K
#4200 mg 2058 %18 HIES 14 (0.345 mmol)¥fiE T
15 mL FF2EH, I 200 mg 2 0E W%, Sl 120 CHi
PRI, TLC A s N ERE, 7 h [V 5Ese, IR %
I, B IRAEY AT 30 mL & BE, FKBESG0
mL X2), TR, FlRYE AT Z AT 7 B e
F: VAR @ V(R CBE)=3 : 1], 14 168 mg 1 {4 [i]
& 15 (0.245 mmol), /=% 71%. m.p. 231~233 C,
UV-vis (CHyCl) Amax [¢/(Lemol 'ecm ™ H]: 382 (4.11X
10%), 437 (9.78 X 10%, 530 (5.87X10%), 569 (1.76X10%,
706 (3.42X10% nm; '"H NMR (CDCl3) 6: —0.21 (br s,
1H, NH), —0.12 (br s, 1H, NH), 1.64 (t, J=7.6 Hz, 3H,
8-CH3), 1.75 (d, J=7.3 Hz, 3H, 18-CHj;), 1.92~2.08 (m,
1H, 17a+ 17b-H), 2.32~2.48 (m, 2H, 17a-+ 17b-H),
2.63~2.73 (m, 1H, 17a+17b-H), 3.13, 3.34, 3.58, 3.80
(each s, each 3H, CH;+OCHs3), 3.63 (q, J=7.6 Hz, 2H,
8a-H), 4.35 (q, J=7.3 Hz, 1H, 18-H), 5.41 (dd, /=8.4, 2.9
Hz, 1H, 17-H), 5.52 (br, 2H, PhNH,), 5.54 (d, J=14.0 Hz,
1H, NCH,Ph), 5.64 (d, J=14.0 Hz, 1H, NCH,Ph), 6.15
(dd, J=11.5, 1.0 Hz, 1H, 3b-H), 6.27 (dd, J=17.9, 1.0 Hz,
1H, 3b-H), 6.70 (d, J=8.4 Hz, 2H, PhH), 7.62 (d, J=8.4
Hz, 2H, PhH), 7.88 (dd, J=17.9, 11.5 Hz, 1H, 3a-H), 8.56,
9.33, 9.57 (each s, each 1H, meso-H); IR (KBr) v: 3449
(N—H), 2924 (C—H), 1740~1689 (C=0), 1654 (C=C),
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1535 (chlorin skeleton), 1458, 1400, 1073, 883 cm '; MS
m/z: 683.4 (M—|—H)+. Anal. calcd for C4;HyoNgOy4: C 72.12,
H 6.20, N 12.31; found C 72.03, H 6.33, N 12.19.

3.9 N-3HEFREXRE-IKE-18 TEIZFE(16a)
BIE B

¥ 189 mg 2145 %-18 14 (0.326 mmol)#fi# T~ 50 mL
Mg, RPN 0.3 mL 80%[1/K A Ik
ZA0.2 mL =4, EilfiEE 4 h, /KPEGO mLX3), H
HUAHH JCK R BRa 15, wokik4s 21, A 25 mL =45
FRBER AR T AR 468, e NI 6 80 mg X K —H
WEM 2 mL —SCHUBEAR, PRI 15 mg 6 FHORMNR, %5
PEFE RN 12 h, KPE80 mL X 3), FITC/KERREN T3
Je Uk R A A6, T A A 46 ) 40 e s A 2 T 43 [ i 71 -
VORI @ MR ATER)=3 : 2], 135 97 mg K4 oy~
) 16a (0.137 mmol), j~# 42%. m.p. 217~220 C;
UV-vis (CHyCl) Amax [¢/(Lemol 'ecm™H]: 420 (1.17X
10%), 522 (5.85X10%), 552 (9.36X10%), 649 (9.36X10%),
716 (3.74X10% nm; '"H NMR (CDCl3) §: 0.19 (br s, 1H,
NH), 0.06 (br s, 1H, NH), 1.59 (t, J=7.6 Hz, 3H, 8-CH),
1.61 (d, J=7.3 Hz, 3H, 18-CH;), 1.96~2.02 (m, 1H,
17a+17b-H), 2.38~2.48 (m, 2H, 17a+17b-H), 2.71~
2.78 (m, 1H, 17a+17b-H), 3.08, 3.32, 3.52, 3.71 (each s,
each 3H, CH;+OCH,), 3.54 (q, J=7.6 Hz, 2H, 8a-H),
433 (q, J=17.3 Hz, 1H, 18-H), 5.29 (dd, J=8.4, 2.9 Hz,
1H, 17-H), 6.14 (dd, J=11.5, 1.0 Hz, 1H, 3b-H), 6.27 (dd,
J=17.9, 1.0 Hz, 1H, 3b-H), 7.84 (d, J=8.4 Hz, 2H, PhH),
8.14 (d, J=8.4 Hz, 2H, PhH), 7.88 (dd, J/=17.9, 11.5 Hz,
1H, 3a-H), 8.05, 9.02, 9.24 (each s, each 1H, meso-H),
9.44 (s, IH, N=CH), 10.14 (s, 1H, PhCHO); IR (KBr) v:
3421 (N—H), 2958 (C—H), 1739~1689 (C=0), 1612
(C=C) 1552 (chlorin skeleton), 1463, 1375, 1259, 1211,
1114 ecm™ 'y MS m/z: 709.4 (M+H)". Anal. calcd for
C4HyNgOs: C 71.17, H 5.69, N 11.86; found C 71.29, H
5.80, N 11.68.
310 N-FHEBEE-I5%E-18 TERRFE(16b)AE
X

76 15 mL AEmE M 120 mg (LAY 14 (0.207
mmol), A 350 mg WFAN K SRR R I, =il B i S
5h, FHIOAN 5%I1EhER K 200 mL, G0 BEAR TR
(80 mLX3), /KLEAVIAHBRER, HIC/KB R T, sk
BRI, HRIRPEHRT 3 mL kg, 2218
T 0.2 mL AR MRS, S EHRE, TLC Al 5 Rk, 1
h AR, NN 30 mL & FHEERT 30 mL /K402, K
FFH SRR A E(20 mL X 3), &AM, FEH 100
mL KPEHE PR, TR Tk, DR Z5BRs 7, FTfs
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IRAF ZAE AT JZ AT o B LUE R VO i) & V(SR
LlgY=1:2], %] 77 mg LG4 16b (0.110
mmol), =% 53%. m.p. 210~214 C; UV-vis (CH,Cl,)
Jmax [€/(Lemol 'ecm™)]: 413 (1.23 X 10%), 508 (2.21 X 10%),
545 (6.15X10%), 645 (2.46X10%, 711 (8.17X 10" nm; 'H
NMR (CDCl3) d: 0.10 (br s, 1H, NH),, 0.18 (br s, 1H, NH),
1.55 (t, J=7.6 Hz, 3H, 8-CH;), 1.71 (d, J=6.3 Hz, 3H,
18-CH;), 1.90~2.05 (m, 1H, 17a-+17b-H), 2.37~2.51
(m, 2H, 17a+17b-H), 2.64~2.82 (m, 1H, 17a+17b-H),
2.98, 3.27, 3.55 (3.53), 3.69 (3.68) (each s, each 3H,
CH;+OCHs3), 3.42 (q, J=7.6 Hz, 2H, 8a-H), 4.33 (q, J=
7.2 Hz, 1H, 18-H), 5.28 (5.20) (d, J=8.4 Hz, 1H, 17-H),
6.09 (d, J=11.5, 1.0 Hz, 1H, cis-3b-H), 6.20 (d, J=17.8
Hz, 1H, trans-3b-H), 7.62 (t, J=7.6 Hz, 2H, PhH), 7.74
(dd, J=17.8, 11.5 Hz, 3a-H), 7.73 (d, J=7.2 Hz, 1H,
Ph-H), 8.46 (d, J=7.6 Hz, 2H, Ph-H), 8.49, 9.50, 9.10,
9.32 (each s, each 1H, meso-H); IR (KBr) v: 3446 (N—H),
2960, 2927, 2858 (C—H), 1737, 1704 (C=0), 1674 (C=
C), 1542 (chlorin skeleton), 1523, 1458, 1398, 1174, 1068,
1051 cm ™ '; MS m/z: 689.3 (M+H)". Anal. caled for
C4H30N;0: C 70.57, H 5.63, N 10.04; found C 70.79, H
5.69,N 10.22.
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