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Synthesis of Chlorophyllous Chlorin Derivatives Possessing
Stereo-isomeric Character
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Abstract Pheophorbide-a methyl ester was used as a starting material, and chiral center, cis-trans structure and atropisomic
position were established on the chromophore making use of carbon-carbon, carbon-oxygen and enol form double bond. A
series of synthesis of chlorophyllous derivatives possessing stereo-isomeric character were completed by addition, substitution,
condensation and allomerization. The part of epimers were separated from each other effectively after chemical modification
for expanding stereo-differences. The chemical structures of 11 unreported chlorins related to chlorophyll were characterized
by elemental analysis, UV, IR and "H NMR spectra. The formations of different steric isomerism and their identifications were

also discussed.

Keywords chlorophyll-a; chlorin; steric isomerism; separation; chemical reaction
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P, A A HR B 5 T 49 22 ) e Al Ak 2 JEA T 258 rL AR
BN, Sy B 24%01) 133(R)-13%- 38 H-20-fi e i 5
SRR (3a) R 17% MRS B R4 13%(S)-13°-F63%- 20-
BRI R 242 (3b); MPa (1)4E IR P B 25 13747
BIEALAY Ol BRI 4 R -a HIE(RI MK MPPa, 4), 1L 3-
P L HE 5 TR SR H N N 45 HE 3(RYS)- &b
Wy 5 (67%), 4k4E5 NBS IBRAL SN A5 2] —Xt 22 1)
FERIAR 3a(S)-20-BAR A NP EE 6a (21%)FH 3a(R)-20-
AR AN EEE 6b (24%). FIFAHRREEXS MPa (1)[f] 3-
P AR FEREATEE AL, BL 78%IK /™ a4 pl A Ry % 7,
JL 307 L S 5 SRR R I e 4 5 IR N 45 - 45% 1)
3a(E/Z)- AU 21 3= AT 424 8 (Scheme 1).

MPPa (4)7E & FACBAE AL R 1) = A AL I Y T 13
LI5S HNR9), W ILAE S A A ) R A
FE v P BCE, LA 49% [ 77 SR Bl — o) 22 ) S A4 4
FEALEKFE-18 FliB(10); 7EMfEfL , (& 4 SHiE
PR (KM ELAE FHAEAME E-3R L5130 T 87 SR IL A 4
B, TG0 22 ) AR AR SR 11 (46%)7E 132
P EFERC T SEARZE S DA A L R k) 1 1R Ah
E-FRSEtida Ak, [RIRE 19 222 1) S M AR & 1325 0
132 F 5 R4 R (12) (43%). MPa ) 3-f 442
AR S R TR SR A, o o A B B -
f-d HEE(3), H5 O R ABEAE R & AT T AT
Grignard SV, ZEFEMEMLE FFIBESE ok A SERZ Nk, BA
51%I01 77 5 AL B2 ) SRR 1-32 CIEEUC K MPa 14, 15

PRI R AL T T A R K, 45 15 2 3a(E)-3b-
IRIE A EI 2% 1R -2 FR(15) (62%) (Scheme 2).

B T M SR LA, RIS T A WS R h
JH Sk 2 AN AT AE Y A ST MPa (1)7E &
A BN L e R R AT S A R AN IR L, BT
RILLEE 18 NG 3 Hak 5 KEG MR AR, ¥
N- LT 2 5-18 WEENZ(16) 5 4 W, A p—xt
BHJE S f Ak N-2K FE 28 FE 20 58 518 WP Bt A% F R (17)
(48%).

1 HR5UE
1.1 BBENASHFENHFEEL SN TENR

4 3% -a FEACBR AL C-D B ) F3EA 3 ANFEh
O, B HAT S IR 17-1 18-07 FIAMEE E-FR ¥ 13755
J5UT, H T IR B AR ) A [ BT E RS
S HERA, DR M EC ST A YA A B 25 S B AR R
ANAZ, T 13T K TR R A, TR
PEAAE N IR L L — i R AR U, ek
HOTVERAAE, SO 45 SR 288 45t 22 ) 3 f AR VR &
PO RIREURE 1 ERRIE AT T A A A SN (]
1, @1% a), HICAMBIGRE A A, 52 PAE D
TRAMEMG IS B, WA 13°-67 LB RTFE
b, GRS AL IR RN T AL S R E C, e
THA . FRITRRIE 20 S QA 132 (RAS)-13%-

Reagents and conditions: (a) AcOH/O,/110 C; (b) HNOy/H,SO/AcOH; (c) AcOH/110 C; (d) 30% HBr in AcOH; (e) NBS/CH,Cly; (f)

TI(NO3)5/80% HCO,H; (g) NH,OH HCI/Pyr/CH,Cl,

Scheme 1
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Reagents and conditions: (a) LiOH/THF/MeOH; (b) NaOMe/MOH/CH;N,; (c) NH.SCN/I,/MeOH; (d) NaBH4/MeOH; (e) OsO4/NaSOs/NalQy; (f)
CeH13MgBI/THF; (g) CeHs/TsOH/90 °C; (h) NH,NH,/CH,ClIy; (i) PhCOCH,/Toluene/120 ‘C

Scheme 2
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Figure 1 The formations of chlorophyllous chlorin steric isomers
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HERLGR T, 5w H AR 00 2 - BT IR A it T R AR R
SRR 10, RS R-a FHIS 1 1R 131 Bl
(100375 2% 0 e i AS #8 5ke 1 Tl S0 U8k b1 5 AN 7 1) Rk 24
TR 2 G A ST I T 0, M S E BT I8 SR
SN, FREE A EE 12 1) 1307 B BT R R
o S Fy

H- 2 2 SR P2 3 AV, PRI B R SR XU 38 Dy 9
FEMITE TG, N S N P 00T H ) A A R R b
SEE TR SR, Bt C3)-M S RAL S SR L D
JSCRT 337 PR35 5 5 E U 7] 1) 26 A 00 82 9T T PR 2 T
SERIAR S RN 14, G0 A A LSRR S, &
WA LASRAT BAT EIZ SRR i S s= A o R
MR¥eNe s 3-F Ik F R B SR 1R -a HBS(T) A5 40 s Y.
AR T B E/Z S RAK 8, T 3a(R/S)- ANy
i 14 76 A FR TP B AR AR G 3b-fibi it 5 A
nhmy AL T A (B 1 A HE), DRI R
ot BAT E-E 1) 3-0 IR LA S A B 112 15,
3a-Fl 3b-JF KIS G 3(J=16.0 Hz)n] LAALIIE
LT AR .

16 52K Z W el BT TR B 2158 25 0 B et e 17
SR BE e S R R, G 2 e A R W I i P A -
GRUHEE ] PR 1R 2 (A0 B, ER 7S G S 465 4 H 118 1 Bl
ARSI AN G R BT SR 30k sp” Auth, FLEEE
JlE It b sp? P _E R T AESE N—N BRI e
5V frac e T 3% T R R 2 TR T s K T R B 2 R B
(Bl 1 BAE), METTEAMERRR F NPT T B i,
M BT A R 1] 5 E AR (1 BEL e S A I 2.

12 BAEIARSEESFENMEELE _SAINGETEYRY
LEMIFRAE

ANy 2 7 13247 BB T BT L, BT
PRS2 ) S A AR 1) E- RS BE (1 A e U7 1) IE B A s, TR
TR AR AT 5 44 T (R &0 T B T A [ R 45 ) e 1 23
N, 5 1707 343 R I g B A A RS B
TR ZES, HA R-IBVEANH) a T 17-67 i1
5 132 RS AL TA A — 0, B AR 2 (R BG5S 2
WARR R EY, HAG A BRI B0 4.69); A%, S-1)
REHR b 1 C(17)-B-RiEBE 1327 I (B B iz,
FEARAN BRI 52 30 B2 AU s v B v T i N 1 25 B i
BN, DRI HAZ SR AE 5 IAE 0 4.19 Ab, Dolphin
2 (V2 i SR PR w80 R YBAT F A R 1 7 3, 58 T R STAR S
Rk 2 1095 38 S LRI BN, A 7 3l BB ] R e i
SR T ) ARSI A, BATISEX R G 2 AT H
I, IR FEPEHAE 20-07 b5 1 3E A A R 2 ) B
S, KT Z W AR Z W SR ZE e, K TR
VIR SR AE TS A Z AT RE vl LLE K — 5 0 8. Sl
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&Y 2 kR EE, (LA 3a () 17-07 51 Wolioig
PLAE ORI 1) 2 170 S A6 A (0 4.70), BEWIILS 13247 2
FENVAZAL TR, AL IR A T 1) SR 0 5 —
) 3b (6 4.15) AN FRIEN] S C(17)-B & 5341 L R,
N AT iff 2 3G S/R 2.

A g 22 i) SR AT A 010 10 T 10 43 B7E AME R L
AL T, % RSSO B 170 R
Rer AL L BRVE ], SeAfA 10 AR A B AL AR RS
ZFESME S E 3a 1 3b 28] AS ML, TAFI4A 10
1) AS HZERD, ATREH TS0 R 15a-47 4%
FAR REEL R BE B 17-B A7 R, ASBE TS 2 it i il 55 17
SEVERLN (P 2). AR SRERAT AR 12 11 13 AR
132 AR P A L Bl ), B3 5 3 3 [ 1 1
SR IRENAR M B, 7E 0=6.71 AbHBLZL 5y &
WA S, A HECh 6.7 Hz, 15T %
M C13' A7 A7 A ) LA PR (1 1 5t A A
X0 6.61), BiER L AHARE R T Al A A S
[ A A VIAIOR, AT & 1 AR A SRR,
(IR IR (B L i e s e VA LN e N 8 7 |
AN, SRR VIO 0 AE 6 4.39 F14.50 2L
ALy I IR B S, RBP4 12b [ FF 4 PP R
FRIEL T B-ARI ] — 0, i TR mHess, (208 13-
PrEEIE I AMERE, St 1707 5 F e 2 2 BR ik 1
A 15 HAC 2 78 K AR AR I B, W27 — (0l it [
b S ) A PR T AR S R HEA T UE . 1840 - f R BRE o
SR TR S AMEIR L, IRk H T AME IR
LT8O, S N AN B Sk, PR o e ) 2 ) D 2 S ARG 2
ZIN, X R THD (1 3 3 (2 P4 R ) (PO G 5 1) S 20
T e, SRR 19-07 5T WA #0088 k3% )y
1) % 5 % 2.

FEMREEM 48R -a HIERIN 3-07 LM FE L AL A N5
I BRIV R 7 IR — 20 7K f#, 76 3a-f g —ANHr
(-1 0y, Smith 258K R H HPLC PR IR I, XA
HHE AN S RPN 22 ) SRR IF. LA 3a(R/S)
S K T £ T B I S PR AT A6 ) A A i AL i D 1% v SR 30
AR 2 5, 5 S-BUR MR LE, B R-BY IR T
TIOR3 3, R A B 2 34 I (A%
== AN i = B e B o0 A Nl T Dt S Sy N
I X 2 R, B 14E 20-47 L5130k 5 AT Bk 23 1R 45 #
MRIR T, BB ENA, FREET LUBR]
MUK AN 22 1) SR AR A3 1, 3 ARG A i R 5 [
AYIAR N IREAR AT, 3-00EST 1-F0 1 RIE A b wy
M 14 AN 22 1) SR AR I SRS A - R R I H ARBL R I
Fr, A LBIRZA N 9 07, R E B Y ST AR SR A
AN AL R 3 BT 3R =i 3.
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Figure 2 The steric structure of exocyclic rings of chlorophyllous chlorins and the chemical shifts of vicinal protones
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AL S BT L A . TR AL B R R Ak
R (] 26 5, Joils HPLC FHIBERI 7 B F B, R
Br oy B2 Tk, RENS ) AT RO I 2 38 22 1) S A
ARS8, N JlH R 3 2R SNy S AR A 1A S 3G
T BRI DN R R ADTI, $E0E T A Ay
ITIVINIELR.

3 SKIEES
3.1 UFEHHFH

JCE M Perkin-Elmer 2400 7 G 2 4 M1 Ul
7€ ; IR A Perkin-Elmer 1730 B2 214173 56 5 B A 3 (K Br
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TMS. BT FIA R Hralimifb 224, B 4iiR-a 1
B (O FEE RS2 -a (4)3% SCHR[ 15114
3.2 13%(R/S)-13*- R E Bt FE5-a BEEQ)ME M

#4909 mg (1.498 mmol) it BEMT 2R R-a HHiE(1)7E 150
mL ZR R sE 8 h, A HGEIAN 100 g ok,
A 200 mL & FEE, AN, KEH &k
U225 mLX3), &HAVAH, KBEMK, kKb,
Y BT AR AE D A Rk AT JZ M7 23 B[R TR VA ik )
NLIROTE)=3 1 1], 4 625 mg SesktalEfkr=4 2
(1.004 mmol), =% 67%. YIHLH A5 53 B 5 SCik
[16]—%L.
3.3 13%(R)-13*H-20-FE i £ M R Es-a FEE(3a)
1 13%(S)-13%- 2 2-20-F4 E Bt £ 43 B5-a FRES(3b)MI S
X

£ 10 mL H =S e i 113 mg th54 2 (0.182
mmol), ¥HIE 0 C, ZMEH A 0.5 mL iR 2 mL
ZIEFRE 1 mL RIS IR, MK THE Z =,
WEHE R 2 h, SEJEMIN 25 mL /KA1 15 mL =& %, 2
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AP, KEH ST EEZEI(15 mLX2), &AL
J2, JKUE TG FJC/K R RN T, R bR 250500, R
LRENAT JZ AT B VR V(A ig) @ MR SR =
3 11], 13 68 mg MLl A=), 4 TR &P 530
FHRS AR B FE 10 2 HTAE[m(FEAR) & m(AgNO5)=100 : 2],
VO R - MR CER)=4 1 11508, 2333 29 mg
214 [ 44 3a (0.044 mmol), 7% 24%F121 mg £ (A [E 44
3b (0.031 mmol), %% 17%.

3a: m.p. 224~227 C; UV-vis (CH,Cl,) Apayx (relative
intensity): 417 (1.00), 517 (0.10), 548 (0.13), 618 (0.06),
678 (0.49) nm; 'H NMR (CDCls) 6: —1.98 (br s, 1H,
NH), 0.51 (br s, 1H, NH), 1.57 (d, J=7.1 Hz, 3H,
18-CH;), 1.70 (t, J=7.6 Hz, 3H, 8-CHj;), 1.93~2.17,
2.47~2.56 (each m, 4H, 17a+17b-H), 3.69 (q, J=7.6 Hz,
2H, 8a-H), 3.25, 3.54, 3.60, 3.62, 3.73 (each s, each 3H,
OCH;+CHs;), 4.70 (dd, J=38.8, 2.0 Hz, 1H, 17-H), 4.82
(q, J=7.1 Hz, 1H, 18-H), 5.35 (s, 1H, OH), 6.16 (dd, J=
17.8, 1.5 Hz, 1H, trans-3b-H), 6.29 (dd, J=11.5, 1.5 Hz,
1H, cis-3b-H), 7.92 (dd, J/=17.8, 11.5 Hz, 1H, 3a-H), 9.61,
9.60 (each s, each 1H, meso-H); IR (KBr) v: 3436 (N—H),
2924, 2854 (C—H), 1726~1678 (C=0), 1622 (C=C),
1585 (chlorin skeleton), 1483, 1373, 1283, 1014, 912, 804
cmfl; Anal. caled for C;sH3;NsOg: C 64.76, H 5.59, N
10.49; found C 64.68, H 5.51, N 10.69.

3b: m.p. 219~222 °C; UV-vis (CHCl;) Apay (relative
intensity): 417 (1.00), 517 (0.10), 546 (0.12), 618 (0.06),
677 (0.49) nm; 'H NMR (CDCl3) 6: —2.04 (br s, 1H,
NH), 0.50 (br s, 1H, NH), 1.48 (d, J=7.1 Hz, 3H,
18-CH;), 1.71 (t, J=7.6 Hz, 3H, 8-CHj;), 2.08~2.17,
2.27~2.36, 2.58~2.67, 2.78~2.86 (each m, 4H, 17a+
17b-H), 3.71 (q, J=7.6 Hz, 2H, 8a-H), 3.26, 3.61, 3.64,
3.67, 3.75 (each s, each 3H, OCH;+CHs;), 4.15 (dd, J=
9.7, 2.4 Hz, 1H, 17-H), 4.85 (q, J=7.0 Hz, 1H, 18-H),
559 (s, 1H, OH), 6.17 (dd, J=17.8, 1.3 Hz, 1H,
trans-3b-H), 6.30 (dd, J=11.5, 1.3 Hz, 1H, cis-3b-H), 7.94
(dd, J=17.8, 11.5 Hz, 1H, 3a-H), 9.64, 9.63 (each s, each
1H, meso-H); IR (KBr) v: 3452 (N—H), 2957 (C—H),
1730~1680 (C=0), 1608 (C=C), 1520 (chlorin skele-
ton), 1434, 1363, 1256, 1089, 989, 908 cm™'. Anal. calcd
for C3¢H37N505: C 64.76, H 5.59, N 10.49; found C 64.88,
H 5.39,N 10.27.
3.3 3a(R)-3-(1-HFEEZH)-20-R-EREM 4&iER-a B
fig(6a)FA 3a(S)-3-(1-2 £ 2 &)-20-R- £ I $£ M 4R R -a
FHEERY(6b) & X

1E 25 mL 30%[FIIRAE SRR T 7% 205 mg £5
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[ 4R -a FH S (4) (0.374 mmol), ZIRHEFE N 16 h,
B NI A EIE 120 g #FUKH, JelE N 55 mL 4
HEEAT 40 mL /K, 43 tHATHLZ, K2 SRR EL(25
mL X3), EIANLZE, Kota KR T8, ik
BRLWE . HPTARR S EREAE T 15 mL S
o EIRBRE TN 15 fFEUREM NIRRT
PV (NBS), TLC Hilll, K275 h Ja RN Eia. ¥y
RAEWEIN 20 mL 2KH, A HLZ, KEH &
FEAIN(20 mL X 2), &IFAHUZ, ORI i
FVEE IR B s, DR IR AR 5 2 AT S 4 70 B [ R M
VAR - V(SRR CBE)=5 @ 1], 13 142 mg £Lt47=
W, ¥ PTAS 22 10 SeAL AR VR G ) T F A R L AR 1) R AT AT
[m(FERL) © m(AgNO3)=100 : 2, VEMEHI: V(A1 i) -
V(LR LTE)=5 11508, 780133 51 mg £L(A[E 4K 6a
(0.079 mmol), 7% 21%KH1 58 mg ZL{A[EH 1A 6b (0.090
mmol), 73K 24%.

6a: m.p. 208~211 C; UV-vis (CH,Cl,) Ay (relative
intensity): 413 (1.00), 478 (0.12), 537 (0.13), 616 (0.006),
673 (0.40) nm; 'H NMR (CDCl;) : —2.10 (br s, 1H,
NH), 0.51 (br s, 1H, NH), 145 (d, J=7.2 Hz, 3H,
18-CH3), 1.69 (t, J/=7.6 Hz, 3H, 8-CHj), 2.11 (d, J=6.6
Hz, 3H, 3b-H), 2.12~2.39, 2.41~2.64 (each m, 4H,
17a+17b-H), 3.18, 3.23, 3.54, 3.59 (each s, each 3H,
OCH;+CHa), 3.66 (q, J=7.6 Hz, 2H, 8a-H), 4.18 (dd, J=
8.6,2.9 Hz, 17-H), 4.75 (q, J=7.2 Hz, 1H, 18-H), 5.07 (s,
2H, 13%-H), 6.51 (q, J=6.6 Hz, 1H, 3a-H), 9.52, 10.21
(each s, each 1H, meso-H); IR (KBr) v: 3327 (N—H), 2923
(C—H), 1733~1672 (C=0), 1602 (C=C), 1517 (chlorin
skeleton), 1433, 1344, 1292, 1166, 1084, 989, 925 cm "
Anal. caled for C33H3,BrN,O4: C 63.25, H 5.78, N 8.68;
found C 63.38, H 5.60, N 8.57.

6b: m.p. 206~209 C; UV-vis (CH,Cl,) Ap.x (relative
intensity): 414 (1.00), 483 (0.08), 549 (0.14), 615 (0.08),
672 (0.12) nm; 'H NMR (CDCl;) 6: —2.19 (br s, 1H,
NH), 0.30 (br s, 1H, NH), 1.38 (d, J=7.1 Hz, 3H,
18-CHj3), 1.66 (t, J=7.6 Hz, 3H, 8-CHj;), 2.20 (d, J=6.6
Hz, 3H, 3b-H), 2.02~2.13, 2.23~2.32, 2.36~2.46,
2.61~2.69 (each m, 4H, 17a+17b-H), 3.19, 3.26, 3.57,
3.59 (each s, each 3H, OCH;+CHj3), 3.74 (q, J=7.6 Hz,
2H, 8a-H), 4.08 (dd, /=38.6, 2.9 Hz, 1H, 17-H), 4.72 (q,
J=172 Hz, 1H, 18-H), 491 (d, J=18.5 Hz, 1H, 13*-H),
5.05 (d, J=18.5 Hz, 1H, 13*H), 6.42 (q, J=6.6 Hz,
3a-H), 9.38, 10.21 (each s, each 1H, meso-H); IR (KBr) v:
3438 (N—H), 2923, 2854 (C—H), 1739—1680 (C=0),
1620 (C=C), 1500 (chlorin skeleton), 1452, 1365, 1222,
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1172, 1027, 981, 906 cm !, Anal. caled for C34H;37BrN4Oy:
C 63.25, H 5.78, N 8.68; found C 63.29, H 5.88, N 8.50.
3.4 3-FELEREREMNRER-a BE(7)ME K

7650 mL 50 e 25 mL I R S PR 200
mg MPa (1) (0.330 mmol), 7£ 0 C F¥¥%fi#+ 30 mL H
BEM) 150 mg — /K AHMREE GHE I B S Mg . 78 i
BN HEFE RN 15 min, 285 DI 30 mL VAm FREL B FH
ORIV, I FHEEE 20 min 50 2 mL K L FRIR AL,
SN, AR A EDE AR, 1 8RR 2 BT A B e,
BKFI & R 2 0, o0 A HLZKBE, 15 0R R
95, B ITRAWIERT 83 mL 80%[H FH R /KW,
FARPEFE 2 h, 140 mL /KA1 100 mL & BEACI, 4
HIKIZ, AL R R0 m R AN s, P KPE—IX,
IR AR o ZE R E IR AT J2 B 43 B (e i ) VA i )
(R CHE)=4 1], 13 160 mg ZLAFE4A "9 7 (0.257
mmol), F=%h 78%. WIHLH S oA BdE S SCER[17]—
.
3.5 (E/Z)-3-BFsERELE M $EM 4R ER-a FRER(8)RIE X

¥ 70 mg 7 (0.112 mmol)i# T~ 10 mL I, IR
T 10 mL FIEERY 140 mg ERIRFEME, A 0.1 mL KRR,
SURPEHEE 1 h, SCJE 020 mL 50 EERI 20 mL /K, 43
AHLE, KEH &R A0 mLX2), 5IFANLZ,
WK TR SN A AN K DS, R IR4i 5 4
RERCHE JE M 20 B VeI A : VO Wk @ (LR 2 l8) =
3111, 19 32 mg ZLEAE 74 774)(0.051 mmol), 7% 45%.
m.p. 224~226 ‘C; UV-vis (CH,Cly) Anax (relative inten-
sity): 408 (1.00), 503 (0.08), 533 (0.07), 603 (0.06), 660
(0.38) nm; '"H NMR (CDCl3) §: —1.63 (br s, 1H, NH),
0.50 (br s, 1H, NH), 1.67 (t, J=7.6 Hz, 3H, 8-CH3), 1.80
(d, J=7.2 Hz, 3H, 18-CH;), 2.15~2.36, 2.47~2.57,
2.58~2.70 (each m, 4H, 17a+17b-H), 3.19 (3.16), 3.30
(3.31), 3.58 (3.57), 3.67 (3.66), 3.88 (each s, each 3H,
CH;+O0CHs3), 3.64 (q, J=7.6 Hz, 2H, 8a-H), 4.20 (d, J=
8.5 Hz 1H, 17-H), 4.45 (q, J=7.2 Hz, 1H, 18-H), (4.84)
4.68 (d, J=6.3 Hz, 2H, 3a-H), 6.26 (s, 1H, 13%-H), 7.18
(7.92) (t, J=6.3 Hz, 3b-H), 8.12 (7.34) (br s, 1H, 3-OH),
8.51, 9.18 (9.21), 9.48 (9.47) (each s, each 1H, meso-H);
IR (KBr) v: 3438 (N—H), 2923, 2864 (C—H), 1733~
1693 (C=0), 1610 (C=C), 1515 (chlorin skeleton), 1450,
1363, 1222, 1095, 908, 856 cm '. Anal. caled for
C36H30NsO¢: C 67.80, H 6.16, N 10.98; found C 67.67, H
6.10, N 10.89.

3.6 15a(RIS)-15a-BHE H-15a-EF I % E-18 Hg
(10)BI& BX
# 90 mg FLIESCHR[ 111451 15- LR 4T 55-5

1144 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

FIFE(9) (0.151 mmol)iE T 5 mL & ke, FInA 15
mL I, T 0 CAERIZABERE RN 15 mg R, =
WPERE 12 h, e/ A 5 mL BEfZ. 20 mL 50 e Al
40 mL 7K, 20 A AL G T =& H b A 0K 2 (30
mLX3), HIFEHZ, HARVESRE R, KM T
B, MG VS I B A P CRFE(Z 1 min), PO
UK OTRVE R, IKPEWIR, L ICKER IR T, W4,
TR ARERAEE N> BIVER: VA M) @ (L
LHE)=3 1], 1§ 44 mg &[4 10 (0.074 mmol), 7~
# 49%. m.p. 202~205 “C; UV-vis (CH,Cly) Amax (relative
intensity): 404 (1.00), 500 (0.08), 531 (0.06), 628 (0.18),
668 (0.34) nm; 'H NMR (400 MHz, CDCl;) :  —0.80
(—1.13) (br s, 1H, NH), —1.37 (—1.66) (br s, 1H, NH),
1.68 (1.66) (t, J=7.6 Hz, 3H, 8b-CH3), 1.72 (1.73) (d, J=
7.3 Hz, 3H, 18-CHj), 1.95~2.18, 2.37~2.56, 2.58~2.79
(each m, 4H, 17a+17b-H), 3.21 (3.19), 3.42 (3.38), 3.65
(3.74), 3.87 (3.80), 4.05 (4.00) (each s, each 3H, CH;+
OCHs,), 3.68 (3.66) (q, J=7.6 Hz, 1H, 8a-H), 4.47 (4.49)
(q, J=7.6 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) (dd, J=17.8, 1.1 Hz, 1H, frans-3b-H), 7.72
(7.48) (s, 1H, 15a-H), 7.98 (7.94) (dd, J=17.8, 11.5 Hz,
1H, 3a-H), 9.67 (9.60), 9.49 (9.40), 8.69 (8.60) (each s,
each 1H, meso-H); IR (KBr) v: 3421 (N—H), 2958, 2925
(C—H), 1733—1691 (C=0), 1610 (C=C), 1542 (chlorin
skeleton), 1452, 1363, 1222, 1172, 1029, 979, 908 cm .
Anal. caled for C3sHyN,Os: C 70.69, H 6.44, N 9.42;
found C 70.80, H 6.49, N 9.59.
3.7 13%(RIS)-13%- B H-13%-Fr B B £ A Fit 4 43 S -
a BEE(11)89& A

110 mg FEMEETTSER-a HIE(4) (0.201 mmol)#¥
fid ;> 10 mL HIEEH, SRJEIIA 38 mg A RE%(0.500
mmol)Fl 51 mg f1(0.202 mmol), HiFEFNR N 4 h, ¥
HJG N 45 mL & FHERT 40 mL /K, M HEHLUZ, K
EH AR ZEEL (15 mLX2), SIFENLZE, KuEE
TCKBRER BN T, WORBR L7, BIRYAERERAEZE T
BRI VOR) @ V(N =10 © 1], 1459 mglF4r s
AR 774 11 (0.092 mmol), %% 46%. m.p. 195~
198 C; UV-vis (CH,Cly) Ana (relative intensity): 368
(0.61), 418 (1.00), 510 (0.11), 540 (0.10), 615 (0.08), 669
(0.47) nm; 'H NMR (CDCly) 6: —1.77 (br s, NH), 0.35
(br s, 1H, NH), 1.58 (d, J=7.2 Hz, 2H, 18-CH;), 1.63 (t,
J=17.6 Hz, 3H, 8-CHj), 2.02~2.39, 2.42~2.64, 2.77~
2.85 (each m, 4H, 17a+17b-H), 3.21, 3.39, 3.57 (3.54),
3.69 (3.67), 3.70 (3.72) (each s, each 3H, CH;+OCH;),
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3.68 (q, J=7.6 Hz, 2H, 8a-H), 4.17 (4.47) (d, J=7.2 Hz,
1H, 17-H), 4.48 (4.50) (q, J=7.3 Hz, 1H, 18-H), 6.20 (d,
J=11.5 Hz, 1H, cis-3b-H), 6.30 (d, J=17.8 Hz, 1H,
trans-3b-H), 7.97 (dd, J=17.8, 11.5 Hz, 1H, 3a-H), 8.57,
9.39 (9.38), 9.55 (9.54) (each s, each 1H, meso-H); IR
KBr) v: 3458 (N—H), 2956, 2925 (C—H), 1737—1697
(C=0), 1627 (C=C) 1562 (chlorin skeleton), 1465, 1373,
1228, 1179, 1033, 991 cm™ . Anal. caled for C36H3,N50,S:
C 68.01, H 5.87, N 11.02; found C 68.13, H 5.98, N 10.91.
3.8 13'(RIS)-13-BH- 13- L GREM REB-a FRE
(12)M& M

76 10 mL & Ffe it 280 mg LAY 4 (0.510
mmol), A 15 mL HEERRE. 750 CHAMF N80
W& 93 mg BHEALENT 5 mL R, et
FERN 18 h 5, SEfa mR-EH IIA 25 mL — & fe
40 mL /K, 7 HANLE, AHUZEKBERQ2S mLX2),
TR IR, BRBR Z ), RIRYEERATJZ T
AYBVEBER: VORI - MR =3 : 1], 13 134
mg SELE 0 [E AR 12 (0.219 mmol), 773 43%. m.p. 204~
207 C; UV-vis (CHyCly) Amax (relative intensity): 397
(1.00), 499 (0.09), 538 (0.06), 617 (0.08), 653 (0.26) nm;
'H NMR (CDCls) 6: —1.27 (1.29) (br's, IH, NH), —3.24
(3.18) (br s, each 1H, NH), 1.74 (1.73) (t, J=7.6 Hz, 3H,
8-CH3), 1.85 (1.88) (d, J=7.2 Hz, 3H, 18-CHj), 2.02~
226, 2.23~2.32, 2.38~2.56, 2.58~2.68 (each m, 4H,
17a+17b-H), 3.80 (3.78) (q, J=7.6 Hz, 2H, 8a-H), 3.89
(3.82), 3.60 (3.58), 3.53, 3.50 (3.37), 3.36 (3.10) (each s,
each 3H, OCH;+CHs), 4.39 (4.50) (dd, J=8.5, 2.1 Hz,
1H, 17-H), 4.58 (4.55) (qd, J=7.4, 1.4 Hz, 1H, 18-H),
5.91 (br s, 0.3H, 13'-H), 6.14 (6.13) (d, J=11.5 Hz, 1H,
trans-3b-H), 6.31 (d, J=17.8, 1H, cis-3b-H), 6.34 (d, J=
6.7 Hz, 0.7H, 13'-H), 6.61 (br s, 0.3H, 13*-H), 6.71 (d, J=
6.7 Hz, 0.7H, 13%-H), 8.17 (8.16) (dd, J=17.8, 11.5 Hz,
1H, 3a-H), 9.85 (9.83), 9.65 (9.62), 8.92 (8.91) (each s,
each 1H, meso-H); IR (KBr) v: 3423 (N—H), 2927, 2860
(C—H), 1739~1704 (C=0), 1612 (C=C), 1556 (chlorin
skeleton), 1453, 1373, 1259, 1176, 1066, 985 cm'. Anal.
calcd for C3;sHyoN4Os: C 71.03, H 6.62, N 9.20; found C
71.17,H 6.67, N 9.04.
3.9 3a(RIS)-3-(1-FE K E) R EMFER-a FE(14)
BIE X

7E 25 mL PUEWEm g 212 mg A9 1 (0.349
mmol), U 0.15 mL MERE. 7RI ZUEHE TS, R id o
2 mL PYEMEIE ) 52 mg OsO4 (0.205 mmol )18 in
F 0 CHIRMNIBH, HAEIEIE FRFSEBAE 30 min, 4%
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S TFE S, FERE RN 2 h, I 35 mL 7 50% T EE
MR A NaHSOs ¥, HtFE 20 min, 3T 3EER 2 0sO; 4L
W ETTE. NI 1 g 400~800 H e I 214
P, REHEAET 5 mL KK 227 mg NalO, (1.061
mmol)f#] N [ W AA &, 30 min J&5 i 100 mL 7K1 80 mL
TRTREER RN, G E, AU, W A
T BRI 13 AT 15 mL T4 P SRR
RARY, T 0 CHELZMH I 1 mol/L 1E L IEHALEE
LR, TLC BREZ N, £ 20 min VS5, (7] W
PRI 25 mL FHORI SACEE A, HiPE 20 min J5,
A 20 mL ) &R, 0 AN, H =S AE
KAH, B IFFAHUZE IR, K P 1536 R & ik AT
JENT B IUEIR A V(AT - (R ClE)=4 1 1], 15
F] 124 mg O [E 1K 14 (0.178 mmol), P73 51%. m.p.
198~201 °C; UV-vis (CHCl3) Ay (relative intensity):
409 (1.00), 503 (0.16), 533 (0.15), 605 (0.14), 661 (0.46)
nm; 'H NMR (CDCLy) 6: —1.87 (—1.85) (br s, 1H, NH),
0.38 (br s, 1H, NH), 0.81 (t, J=6.6 Hz, 3H, 3f-CH,), 1.69
(1.67) (t, J=7.6 Hz, 3H, 8-CH;), 1.78 (1.77) (d, J=7.2
Hz, 3H, 18-CH;), 1.56~1.80, 2.11~2.52 (each m, all
14H, 17a+17b-H+ 3b-3f-H), 3.31 (3.20), 3.37 (3.34),
3.59 (3.57), 3.60, 3.87 (3.86) (each s, each 3H, CH;+
OCHs,), 3.68 (q, J=7.6 Hz, 2H, 8a-H), 4.05~4.12 (m, 1H,
18-H), 4.37~4.50 (m, 1H, 17-H), 6.07 (q, J=6.6 Hz, 1H,
3a-H), 6.18 (6.14) (s, 1H, 13%-H), 8.49 (8.47), 9.36, 9.59
(9.58) (each s, each 1H, meso-H); IR (KBr) v: 3448
(N—H), 2923, 2854 (C—H), 1737~1703 (C=0), 1623
(C=C), 1504 (chlorin skeleton), 1465, 1384, 1226, 1166,
1037 cm™ . Anal. caled for C4HsoN4Og: C 70.87, H 7.25,
N 8.06; found C 70.69, H 7.37, N 8.01.
3.10 E-3b-KEEREMFEE-a BES(15)ME K
525 mL 2K P % 120 mg 14 (0.173 mmol), F 1A
3 mg X ZEAER, 190 ‘C N#EER MV 1.5 h, o5 e
MAKZ DN 25 mL ZKF1 25 mL 5 ke, 2 A HUZE I
TCKBRIRAN T, R BR 255570, TS R R LRI
FEJEMT 3 B VA VORI @ M(CR 4BR)=3 : 1],
2 66 mg LK 15 (0.107 mmol), P73 62%. m.p.
179~181 C; UV-vis (CHCl;) An. (relative intensity):
413 (1.00), 508 (0.10), 538 (0.10), 564 (0.06), 607 (0.09),
665 (0.34) nm; 'H NMR (CDCl;) 6: —1.75 (br s, 1H,
NH), 0.46 (br s, 1H, NH), 0.98 (t, J=7.0 Hz, 3H, 3f-CH),
1.61 (t, J=7.6 Hz, 3H, 8b-CH3), 1.76 (d, J=7.3 Hz, 3H,
18-CH3), 1.40~1.75, 2.11~2.37, 2.40~2.78 (each m,
12H, 17a-H~+ 17b+3c-f-H), 3.14, 3.28, 3.55, 3.57 (cach s,
12H, CH;+OCH3), 3.68 (q, J=7.6 Hz, 2H, 8a-H), 4.20
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(d, J/=8.2 Hz, 1H, 17-H), 4.38 (q, J=7.2 Hz, 1H, 18-H),
5.05 (d, J=20.0 Hz, 1H, 13*-H), 5.25 (d, J=20.0 Hz, 1H,
13%H), 6.67 (dt, J=16.0, 6.9 Hz, 1H, 3b-H), 7.56 (d, J=
16.0 Hz, 1H, 3a-H), 8.43, 9.23, 9.37 (each s, each 1H,
meso-H); IR (KBr ) v: 3443 (N—H), 2832 (C—H), 1736~
1688 (C=0), 1653 (C=C), 1527 (chlorin skeleton), 1400,
1287, 1189, 793 cm '. Anal. caled for C3;oHyN,O5: C
75.70, H 7.49, N 9.05; found C 75.77, H 7.33, N 9.13.

311 N-FELI%%E-18 IEpEFE(16)F0 N-ZF BRI
BEOEKE-18 IEAZRES(17)ME B

76 50 mL S B E 302 mg AR 1
(0.498 mmol), FFIMAETF 20 mg FEEHNT 20 mL FEE
WO, FIBFERN. 6 h, FH 25%1) LK N IR A )
() pH {E R 3, FEEIA 120 mL (JokKH, A 50 mL
TR, A NUZE I KRR T, B PR &
B, K PTAR TR E R T 50 mL Sk, &
SRPTF I 0.3 mL 80%[FI/K S BAZE A 0.2 mL = 4%,
SWBEFE Y 4 b, F 25%01) £k SN R A4 () pHL{E
W 3 JE, i RNVIRADEIRE 60 mL K, 43 AL
2, KVEWIR, ARG FHICKBR RN T4, R PR 239 771,
K5 BT A9 T R ) 0 E AL 2 M 43 B LB AU V(A
fit) : (LR ATE)=2 1], 3 183 mg ZL{a[H 1k 16
(0.309 mmol, 62%). FHHF 16 %fiE T 10 mL F 7, 15
AN 1.5 mL = Z &R 1.5 mmol B LW, R RN 6
h J&, BEE 20 mL UK, B G0 e 25 520
mL X 3), KPEWIR, SR )5 FHCKBR RN T4, d0H Bk 2
WA, KT R AR AL E T 4 B TVE R V(£
fit) : (LR LTR)=4 1 1], 14 103 mg 2[4k 17
(0.148 mmol), =% 48%. m.p. 235~239 C; UV-vis
(CH,Cly) Amax (relative intensity): 381 (0.44), 436 (1.00),
530 (0.05), 569 (0.19), 708 (0.34); '"H NMR (CDCl3) §: —
0.27 (—0.21) (br s, 1H, NH), —0.12 (—0.02) (br s, 1H,
NH), 1.46 (t, J=7.6 Hz, 3H, 8-CH;), 1.74 (1.76) (d, J=7.2
Hz, 3H, 18-CHj), 1.95~2.08, 2.40~2.53, 2.70~2.76)
(each m, 4H, 17a+17b-H), 2.59 (2.56), 2.79 (2.80), 3.22,
3.52 (3.58), 3.61 (3.69) (each s, each 3H, OCH;+CH,),
433 (4.37) (d, J=7.3 Hz, 1H, 18-H), 5.26 (5.42) (d, J=
8.4 Hz, 1H, 17-H), 5.98 (d, J=11.5 Hz, 1H, cis-3b-H),
6.08 (d, J=17.8 Hz, 1H, trans-3b-H), 7.61 (dd, J=17.8,
11.5 Hz, 1H, 3a-H), 7.50~7.59 (m, 3H, Ph-H), 8.27 (8.23)
(d, J=7.4 Hz, 2H, PhH), 8.49 (8.50), 8.89, 9.15 (9.20)
(each s, each 1H, meso-H); IR (KBr) v: 3409, 3303
(N—H), 2960, 2929, 2866 (C—H ), 1726~1689 (C=0),
1647 (C=C), 1550 (chlorin skeleton), 1460, 1380, 1271,
1205, 1143, 1070 cm ! Anal. caled for C4pHpNgOy: C
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72.60, H 6.09, N 12.10; found C 72.75, H 6.19, N 12.31.
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