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Abstract Methyl pyropheophorbide-a was used as starting material and converted into 3-formyl or 3-acetyl substituted and
E-ring protected reactive precursors. The Grignard reactions of these carbonyl groups introduced alkynyl groups at 3-position
to build the tert-alcohol or sec-alcohol structures. Further dehydrations and oxidations produced terminal eneyne and ketyne
substituted chlorins, respectively. The pyropheophorbide-a with long chain alkyl group at 3-position was obtained by Grignard
reaction with decyl magnesium bromide, protection for E-ring and oxidation of C(3)-hydroxyl group from 3-formylpyropheo-
phorbide-a, converted into chlorin containing eneyne moiety in chain by acid-catalyzed dehydration. The structures of all new
chlorin derivatives were characterized by elemental analysis, UV, IR and '"H NMR spectra. The possible mechanisms about
corresponding reactions were tentatively proposed.
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NS () 5 K034 2 LT3 2% B8, b B oA ) e
P VUL s IR R AL AN IR B (AR Ak AN SCRE TR S (A
LA e BRI e 44 12-a T iE(MPPa, 1) A #EA
J5okl, FIFEL C3)- LIk A4 4, 5 30 bRt T
P R R A 3o [ A4l P U BE A1 65400, 5 e — &R A7)
R AR 11 55 A D ik 2 e 5 A 1 A T B I SR PR -2 R
frEY, AT PDT SRRt T AT 2 W
553 10 B J A

3t 30 LIRFE S IR SR NG E- PR BEE 1
TRA R 3a- (7 BT T R SE I 440 11 =20 ) ¥, MPPa (1)
AR AW B 2, P TR BRI R A B A E s N L
56%IA 7= AL N ANy BUEE 3, £EXT ORI MEAL T
TERAAIR, — D1 20 B AR AR B AT MLk 1
AN RTA 4 (75%). 58 DU SR ACER AN v AR B o)
B JFURE 1 AT 5L, e R AR B AR I SR R-d
BE(MPPd, 5). 76 0 C4fF T E S M N L AL BEAE A,
B TG S ik FErE s R B A C3)-HEEE FIF4r EH 61%
() Z N AEE 6. LAHT N-FA bk U A Ak M0 RN DY I A
KL T 5T 2 i (TPAP) AL TR A S8 AL I L 3-47 e dk ik
1754k, RIS 3] 68%1) —Z Ny el 7. ZRIkid

1Bk MPPd (5) S I I W45 H 67% =4 8, 1&
B 2 A S B R I AR R N5 S1% 01 B W
AN ) —Z N T AEY) 9 (Scheme 1).

MPPd (5)5 S AL BALBE RS QS 45t 49% 1)K
B IEIUC I AN EE 10, 4 T8 E-BRIEXT A 4t
(RS B S P AR T, R 2 B S Ae AT AR 1 153
i 11, 5 N-FIE b A AR DY I P SR I T IR
AL SN A E] 68%I1) &Ny 12, 4k4E 55 A bk
TRALBEIEAT B G SN 1T e AL Bl B-FR i P-4 (1) — & wy
HUEE 13 (63%), LRRIEAIEKTTE] 58% 1 1E 5 K =4
14 FfceE 1) i K FEHEF=4) 15 (Scheme 2).
1 HR5E
1.1 EREM BT Grignard R & B =48I K &
v

FENE SRR (A AL I 13" A7 R 17-47 b
BIE B — AN R — AR AL, —E R
2 S AH N B BE A — SR ROV . an R T 34 b
o | 33E HLAth PR B 95 45 W 35 3E4T Grignard [V, 1E 22 A v

Reagents and conditions: (a) HBr/AcOH; (b) (HOCH,),/TMSCI; (c) n-Pr4Ru040(CH,CH,),N(O)Me; (d) CH3C=CMgBr/THF;
(e) TsOH/Benzene; (f) OsO4/NalOy; (g) HC=CMgBI/THF; (h) K,CO3/BrCH,C=CH

Scheme 1
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Reagents and conditions: (a) C1qHaMgBITHF; (b) (CH,OH)o/TMSCI; (c) n-PryRuUO4-O(CHoCH,),N(O)Me; (d) CH3C=CMgBr/THF; (€) TsOH/CqHg

Scheme 2

A7 R P AT OR X SR R R ) 22 oG L. DALtk FRATTAR
AN RIAL B EE AT R B | N4 A, AEUKK
AT, FRTHIA 1707 B A S R MR A AR AT A
IS, 1105 A I BRI S I A R AR S R PRI A
XTI, CR)-Kilki S E-I Pt [l M)k = ek, 76
HEAT Grignard VI PIANERIEHSG 2 5 Oy, FIE,
ZNTRSERT B-BrE A S ORY, A BRI 0T C(3)-Bk
R RNABEE T, 24 3-47 R 5 B- IR IL AT
B, JEE AR, KA T 1A C3)-fr R
R MR RNY, T B-PRE5 A W REEANR . B (1)
Sk, R EMGE SR 1) B FIE 2RI
Rel, (HIEFEA1E 1) RN A5 PRI B L O A, Y mT Lk #
P 5 SR T B LK) Grignard [V

Y CR)-D A LR L G, TR & T
IR 2 Wi KT 15 — Ny RN SLHE DU 45 1), A&
V) 3 WIME7K SN B T, 0B K S N PRy [ B e 2
E-IRBRIE R B, 2B AT bl &5 M I B — =) 4,
MALEY 13 BIAHE RSN LG R 2%, RIAEAE A oAk ik
PR IR P, A TR 13 W LU
el B AR SR AR 13", X R R 1 fie b R B i+
e &y A, BB K REE ) T PR N I
12, 1EIEAE a th, B 2 sl BUK BERE L 1) o- S H %
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JRIE & T C, 3c-ir L MIER AR+ ()44 D, Jlid 4
F N Diels-Alder x NI & B IE T E, Ba 2T
HRNEHR DK=Y 15, L&Y 14 F115 265K I
N[ [RI, B-R PR B R 4 2 At — IR B v B (T 1).
75 3a-{7 K RNAFAEE TE K E- 3 Z-5X 450
IR AR, AEIR K R NIRRT, TR TG IERT a-(7
T-REM LA P S AL T T K (1) B 1A A B, — o
3a- b KIUARSEE I g — A0y €8 35 4030t 1 6 A8 X
X% A, Mt 3a-fr b KB Pt KR AR
PRARIT I RAE A Z B (B 2). X% A cEEg
5 DU R IR AH R Az, 2% (R BELAH LR AR AT Sk %
B N KKK, RS A MIEHR%. Nk, NiZiE
RIS AR SE ALK RN, ST AR P b A R — (1)
E-SUBE K4 14 1S 18 s N AR EIIE T I8 140 Hr
1.2 EBREMEFEEER CO)-EHinRE Tk
JEVER F 1 0T AE A 3 R 2B S 1) D DR 2 R
TR (P W G T 1) 25 BRSO, T AR A
€8 31 FR) 0 ST T BB K 52 380 5 9 W S IR 37 A2 1k
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Figure 1 Dehydration process of chlorin 13 under acid condition
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Figure 2 Anti-coplanar conformation of chlorin 13 in the dehydration process

HHAGA W) 13 ik if ) — 2Ny 14 75 6 6.40 AbH L —
ANLLJ=6.6 Hz fl & i = Fi, %Wl 5 a] LK 3b-4v
BRI E A B-2UM AL s C3)- MU LA Z-20 45
W X AEAE, JEAH N BT T I 22 A0 B — A |k 6
6.0M. WK EHE =1 15 1P AN T8 00 BT WS
S HIAEBARIAG 6.66 F1 6.34), XL Pudt—0
VLWL B4 13 ik F A2 il ko6 28 X A IR 4t
SERKIT.

RS SRR I NN il (155 B ML A R K
0y B K I L T B3k X 35, MPPa (1)1 K mT L%
WK K (Qy) A 668 nm, 24 C(3)- £ 6 jle PRk /2
B A 6 53 10 LU, Id K mT WG R fic i K 433l
Lt MPPa (1)#5 5 7 7 F1 6 nm; 4454 3 A1 13 1) 3-f7
PRI ATE Uy, TS — 2Ny 4 F0 14 185 K] W
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e KA F 664 FIl 664 nm. BT 3-f7 LM HEAE 3a
A 3b B R AR, 5 OER] 7= )7 BH
PEAEI BT BB WA, IR #1 Qy KM T
MPPa AN IR, S5A4 1 HL, MPPd (5)F11L &4
7 180 3R B AR L A i S RV, PRI I g K] ok
W i T W I 2L (AQy =26 FiT 14 nm).
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Grignard [N, 15 3-7 b5 IERRILIFIE AR 1 RE S5,
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PERIXUE REH], AMULSGE T 4 Z R AN T4
BT, & LA B AL M PDT ST
HENT T H ) S VA A5
3 ZLEES
31 MESKF

JCE M Perkin-Elmer 2400 %76 2543 B4l 52 ;
IR ] Perkin-Elmer 1730 B £1 #7360 B AN 32 (KBr Hs
Fr); UV-Vis il UV-160A HE5MM 06 v 'H
NMR Ji] Brucker ARX-300 YRz REILIRAGI E, WER N
TMS. FT R4 R o Mol g 4. B 28 1i-a
B (1) 42 SCHR[12) %, A2 BErt SR R-d W 6 (5) #4 ST ik
(L1774
3.2 3-ZEE-13-Z ZEHE-3-X T HE-E R EN
4385-a RER(2)MIE L

#5337 mg (0.614 mmoh) {54 1 #ifif | 35 mL &
1 30%RACE SR, ARy, Sl RPN
24 h. ¥4 RSVEEIN 200 mL K, F AU BEAEE(100
mL X 3), GIFANUAH, FEEERE R, IRV ER 7
fif# /e 80 mL TR ST e, FRIMA 7 mL & ZFEFI
0.2 mL — HEGURERE, P& e =i N s
24 h, M 15 mL 5%MA20K, 7 HKIZE, KEEHUZIt
FH TG 7K G R M -, 990 s B RS s I 3 7100 s 7 B i 1
50 mL P & B, A 20 mg N-F LG mE
MR, ERCVORY NEEEHRE 15 min, )50t
TN 30 mg =47 R VU N FE#% (TPAP), FH AR JZ BT M il 2
I, K2 h RV, A 40 mL 7K, ## 6 h J5or i
KE, AHUHIKPEE P IR, JoKBREREN T8, SR )5
FA b QTR T Ak, DR R L, IRy
FEZAT B VERR: MR LHE) - VIESkE)=1 . 415
81 mg ZL{AfE 1A 2 (0.276 mmol, 45%). Mk 5
BR[11]—%¢.
3.3 3-(1-BE-1-BE-ThR-2-%)-13"-Z Z BB 4ER-3-
K THE-ERENRER-a FEEQ)HEK

K5 157 mg (0.258 mmol) (b &4 2 ¥+ 15 mL T4
(¥ THF 1, &SR FF 0 CZEEHM 0.5 mL 1) 1
mol/L INHREEIRAEE LR, WY 20 min J5 IR VKK
W, EU NGRSE RN 0.5 h, (1] R NVAK RN 25 mL A0
SRRV, 2 HE 20 min, FEIIA 30 mL 4,
S HLZ. A &R (3 X 100 mL), &I
BUZ I JCK BN T, 454 10 mL, A FEEH
ot ST SEAE, B a0 K R R i e R R AT 4y
B (LR LR @ VOECkD) =1 : 3175 94 mg 4%
6 [ 44 3 (0.145 mmol, 56%). m.p. 178~181 “C; UV-Vis
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(CHCI3) Apmax (relative intensity): 395 (1.00), 498 (0.10),
524 (0.05), 546 (0.05), 595 (0.09), 649 (0.33) nm; 'H NMR
(400 MHz, CDCl3) : —2.64 (brs, 1H, NH), —1.71 (brs,
1H, NH), 1.65 (t, J=7.8 Hz, 3H, 8-CH3), 1.77 (d, J=17.2
Hz, 3H, 18-CH;), 1.94 (s, 3H, 3¢c-CHj3), 2.01~2.39 (m,
2H, 17a+17b-H), 2.43~2.83 (m, 2H, 17a+17b-H), 3.23
(s, 3H, CH;+OCHs), 3.53 (s, 3H, CH;+OCH3), 3.57 (s,
3H, CH;+0CH,), 3.65 (s, 3H, CH;+OCH;), 3.75 (q, J=
7.6 Hz, 2H, 8a-H), 3.71 (q, J/=7.1 Hz, 1H, 17-H), 4.37 (d,
J=8.8 Hz, 1H, 18-H), 4.40~4.62 (m, 5H, 13'-OCH,-
CH,0+18-H), 4.98 (d, J=15.8 Hz, 1H, 13°-H), 5.07 (d,
J=15.8 Hz, 1H, 13*-H), 6.92 (s, 1H, 3a-H), 8.81 (s, 1H,
meso-H), 9.59 (s, 1H, meso-H), 10.12 (10.11) (s, 1H,
meso-H); IR (KBr) v: 3389 (N—H), 2914 (C—H), 1734
(C=0), 1617 (C=C), 1547 (chlorin skeleton), 1480,
1345, 1215, 1024, 982 ¢cm '. Anal. caled for Cs3oH,N,Os:
C 72.20, H 6.84, N 8.64; found C 72.04, H 6.73, N 8.50.
3.4 3a-AREEREMFER-a BEG)REH

7t 35 mL R % 85 mg (0.131 mmol) 3 &, Fn
A5 mg X FORRR, T 90 C REEEHERERIAR Y 2 h,
S5 ) SONARZR N 30 mL /KA 35 mL S RE, 3 AT
BUZ I TR BB T, el s B v 770, o ax i
MR ENT A B UE A (LR AHER) @ VOEC kD) =1 : 4]
4 58 mg Zr Al 44 4 (0.098 mmol, 75%). m.p. 156~159
C; UV-Vis (CHCl3) A (relative intensity): 411 (1.00),
507 (0.11), 538 (0.14), 562 (0.07), 608 (0.09), 664 (0.41)
nm; '"H NMR (400 MHz, CDCl;) 6: —1.82 (br s, 1H, NH),
—0.92 (br s, 1H, NH), 1.62 (t, J=7.8 Hz, 3H, 8-CHj;),
1.74 (d, J=7.0 Hz, 3H, 18-CHj3;), 2.06 (s, 3H, 3¢c-CHj3),
2.02~2.37 (m, 2H, 17a+17b-H), 2.41~2.78 (m, 2H,
17a+17b-H), 3.17 (3H, CH;+OCHj;), 3.35 (s, 3H, CH3+
OCHs;), 3.53 (s, 3H, CH3;+OCHS3;), 3.60 (s, 3H, CH;+
OCHa), 3.58 (q, J/=7.8 Hz, 2H, 8a-H), 4.40 (q, /=7.1 Hz,
1H, 17-H), 4.22 (d, J=8.7 Hz, 1H, 18-H), 5.04 (d, J/=19.8
Hz, 1H, 13%-H), 5.18 (d, J=19.8 Hz, 1H, 13°-H), 5.99 (s,
1H, 3b-H), 6.42 (s, 1H, 3b-H), 8.49 (s, 1H, meso-H), 9.47
(s, 1H, meso-H), 9.55 (s, 1H, meso-H); IR (KBr) v: 3429
(N—H), 2915, 2847 (C—H), 1733, 1667 (C=0), 1627
(C=C), 1569 (chlorin skeleton), 1442, 1384, 1299, 1132,
1101, 1063, 982, 893 cm™'. Anal. calcd for C3;H;3gN,O5: C
75.74, H 6.53, N 9.55; found C 75.51, H 6.59, N 9.70.
35 3-(1-BETHR-3-E)3-KZHEEERMBEMRER-a
EEE(6)RIE

AR BE IR RN A I - 4 R -d HH I 5 AR AT
S BRAILE) 2, RIS 3 KRNV P RS
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. fSEEER 6. F2261%. mp. 190~193 °C; UV-Vis
(CHCI3) Anax (relative intensity): 413 (1.00), 504 (0.11),
535 (0.09), 604 (0.08), 661 (0.45) nm; 'H NMR (400 MHz,
CDCl3) 6: —2.00 (br s, 1H, NH), —0.04 (br s, 1H, NH),
1.67 (t, J=7.6 Hz, 3H, 8-CH3;), 1.75 (1.76) (d, J=7.0 Hz,
3H, 18-CHj), 2.05 (s, 1H, 3d-H), 2.02~2.39 (m, 2H,
17a+17b-H+3b-H), 2.42~2.76 (m, 3H, 17a+17b-H+
3b-H), 3.00~3.22 (m, 1H, 3b-H), 3.27 (s, 3H, CH;+
OCH3;), 3.51 (3.49) (s, 3H, CH3+OCHj3), 3.57 (s, 3H,
CH;+OCH,;), 3.62 (s, 3H, CH;+OCHj;), 3.66 (q, J=17.6
Hz, 2H, 8a-H), 4.02~4.24 (m, 1H, 17-H), 4.44 (d, J=8.8
Hz, 1H, 18-H), 5.00 (d, J=19.8 Hz, 1H, 13%H), 5.09 (d,
J=19.8 Hz, 1H, 13’-H), 6.92~7.03 (m, 1H, 3a-H), 8.57
(8.56) (s, 1H, meso-H), 9.38 (s, 1H, meso-H), 9.86 (9.88)
(s, 1H, meso-H); IR (KBr) v: 3419 (N—H), 2912, 2846
(C—H), 1728, 1687 (C=0), 1619 (C=C), 1491 (chlorin
skeleton), 1430, 1346, 1219, 1012, 884 cm'. Anal. calcd
for C36H3sN404: C 73.20, H 6.48, N 9.48; found C 73.40,
H 6.53, N 9.30.

3.6 3-WRARELE-3-FK CHEEMEIREL-a FER(7)
HIE R

7 25 mL PSP E#R 139 mg (0.235
mmol) 6, Z/TAAY NHBIA 20 mg N-F LR A4
W IFEOCHEHE 15 min, #5704k 20 mg MDY AR
EI MR NE(TPAP), TLC Ml S, BiEF 1.5 h, A 20 mL
AKIFERE R, K=, KEH R A (15
mLX3), GIFAHZ, TR T T ER L
TRV AL B, BR VAR, FAR I AT 2 BT o) i (R
#: MGRLTR) © VOECKE) =1 : 5113 94 mg ZE(afi 4
7 (0.160 mmol, 68%). m.p. 183 ~ 186 ‘C; UV-Vis
(CHCI3) Amax (relative intensity): 413 (1.00), 513 (0.10),
546 (0.10), 633 (0.05), 682 (0.35) nm; 'H NMR (400 MHz,
CDCl3) 6: —1.89 (br s, 1H, NH), 0.34 (br s, 1H, NH),
1.62 (t, J=17.6 Hz, 3H, 8-CH;), 1.75 (d, J=7.4 Hz, 3H,
18-CH3), 1.79 (d, J=6.5 Hz, 3H, 3a-CH;), 2.24 (s, 1H,
3d-H), 2.11~2.33 (m, 2H, 17a+17b-H), 2.37~2.70 (m,
2H, 17a+17b-H), 3.17 (s, 3H, CH;+OCH};), 3.27 (s, 3H,
CH;+OCH,), 3.55 (s, 3H, CH;+OCH;), 3.59 (s, 3H,
CH;+O0CH,), 3.62 (q, J=7.6 Hz, 2H, 8a-H), 4.26 (d, J=
8.8 Hz, 1H, 18-H), 4.42 (q, J=7.1 Hz, 1H, 17-H), 4.79 (s,
2H, 3b-H), 5.06 (d, J=19.8 Hz, 1H, 13°-H), 5.13 (d, J=
19.8 Hz, 1H, 13%-H), 8.48 (s, 1H, meso-H), 9.10 (s, 1H,
meso-H), 9.42 (s, 1H, meso-H); IR (KBr) v: 3428 (N—H),
2951, 2914 (C—H), 1735, 1696 (C=0), 1606 (C=C),
1506 (chlorin skeleton), 1433, 1344, 1218, 1029, 971, 896
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cm ', Anal. caled for C3H3N4O4: C 73.45, H 6.16, N
9.52; found C 73.34, H 5.98, N 9.40.

3.7 3-(1-HARERAR)-3-X T HEEE R EMRER-
a FREE(9)MIA X

# 169 mg (0.307 mmol) MPPd (5)%fi# T 15 mL T
HE THE o, 258, 0 °C 2R8I 0.5 mL ) 1
mol/L ZHELIRAEE LRV, 30 min MW S5, SEf5 N
A 25 mL WERISEAECE N 30 mL &b, Bk 20
min, 7 HANLUZE, BEBRSEER. Ko=) 8 HEw
T 20 mL TR SRR, PRI 80 mg AERE 1 JEK
BRIRATFD 0.3 mL BRAFEER, AR Y, Sl e RV
8 h, FHUKESERNKS pH {HIH 2 3, FHINA 20 mL & FlE
35 mL K, SHANZE, KZH & PRERAS
mL X 3), &G HUZ I KBRS T4, EEFHL
Pk v T Sk, R SR, R R 0 I A JE B 43 B [k
WA MR ZTHR) @ VOIE kS =1 : 5115 97 mg ZE (0
& 9 (0.157 mmol, 51%). m.p. 150~153 ‘C; UV-Vis
(CHCI3) Amax (relative intensity): 393 (1.00), 472 (0.05),
503 (0.07), 533 (0.11), 556 (0.05), 605 (0.10), 662 (0.51)
nm; 'H NMR (400 MHz, CDCl5) 6: —1.91 (br s, 1H, NH),
0.10 (br s, 1H, NH), 1.64 (t, J=7.6 Hz, 3H, 8-CH;), 1.76
(1.74) (d, J=7.3 Hz, 3H, 18-CH3), 2.10~2.38 (m, 2H,
17a+ 17b-H), 2.42~2.73 (m, 2H, 17a+ 17b-H), 2.88
(2.87) (s, 1H, 3a-C=CH), 2.66 (s, 1H, 3a-OC=CH), 3.21
(s, 3H, CH;+OCHj3), 3.46 (s, 3H, CH;+OCH3), 3.53 (s,
3H, CH;+OCHj3), 3.61 (s, 3H, CH;+0CHs3), 3.55 (q, J=
7.8 Hz, 2H, 8a-H), 4.27 (d, J=8.8 Hz, 1H, 18-H), 4.40 (q,
J=7.1 Hz, 1H, 17-H), 4.43 (d, J=12.6 Hz, 1H, 3a-OCH,),
4.65 (d, J=12.6 Hz, 1H, 3a-OCH,), 5.05 (d, J=19.8 Hz,
1H, 13%-H), 5.23 (d, J=19.8 Hz, 1H, 13*-H), 6.88 (s, 1H,
3a-H), 8.55 (s, 1H, meso-H), 9.46 (s, 1H, meso-H), 9.72 (s,
1H, meso-H); IR (KBr) v: 3400 (N—H), 2939, 2914
(C—H), 1732, 1690 (C=0), 1631 (C=C), 1524 (chlorin
skeleton), 1448, 1389, 1297, 1169, 1040, 980 cm . Anal.
caled for C;gH3gN,O4: C 74.24, H 6.23, N 9.11; found C
74.34, H 6.40, N 9.02.
3.8 3-(1-BE+—RE)3-ZZHEEEREMNFE-a
FES(10)B9 & B

DLZS AL S RN AR I B SR R -d G 5 AR P e 3
BB G4 2, BRI AT 3 1 RN R B
BeE @ E AR 10 (49%). mp. 196~199 C; UV-Vis
(CHCl;) Amax (relative intensity): 410 (1.00), 505 (0.11),
536 (0.10), 604 (0.10), 662 (0.47) nm; "H NMR (400 MHz,
CDCl;) 6: —1.88 (br s, 1H, NH), 0.40 (br s, 1H, NH),
0.78 (t, J=6.7 Hz, 3H, 31-CH3), 1.66 (t, J=7.6 Hz, 3H,
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8-CH3), 1.77 (1.74) (d, J=7.3 Hz, 3H, 18-CHj3), 1.60~
1.82 (m, 14H, 3b-j-H), 1.90 (m, 4H, 3b-j-H+ 17a+
17b-H),, 2.24~2.75 (m, 4H, 3b-j-H+17a+17b-H), 3.21
(s, 3H, CH;+OCHS;), 3.36 (3.35) (s, 3H, CH;+OCHj;),
3.60 (3.59) (s, 3H, CH;+ OCHz3), 3.63 (3.61) (s, 3H,
CH;+OCH,), 3.67 (q, J=7.6 Hz, 2H, 8a-H), 4.20~4.26
(m, 1H, 18-H), 4.42 (q, J=7.3 Hz, 1H, 17-H), 5.04 (5.03)
(d, J=19.8 Hz, 1H, 13*H), 5.20 (5.18) (d, J=19.8 Hz,
1H, 13%H), 6.13 (6.12) (t, J=6.7 Hz, 1H, 3a-H), 8.48
(8.47) (s, 1H, meso-H), 9.41 (s, 1H, meso-H), 9.62 (9.61)
(s, 1H, meso-H); IR (KBr) v: 3411 (N—H), 2916, 2847
(C—H), 1736, 1729 (C=0), 1653 (C=C), 1525 (chlorin
skeleton), 1429, 1384, 1255, 1165, 1054, 787 cm™'. Anal.
calcd for C43HsgN4O4: C 74.53, H 8.15, N 8.09; found C
74.41, H 8.06, N 8.25.
3.9 3-(1-BE+—IEH)-13"-Z ZE4EHR-3-%X 2 HE-
ERREM 2RER-a BEE(11)MIE X

179 mg (0.258 mmol)ft &4 10 ##AE 70 mL
PR SR BT, ARSI S mL £ ZFEF1 0.2 mL =
SEERERE, S FRBEHE 24 h, HIN 100 mL 5%[%
Kb, A NUZE, KBEWIR, FHIJCKBRRR T8, B
ZWA, FARYE SRR SR MZR S
fi5) : V(EC D) =1 : 4149 147 mg SO 11 (0.199
mmol, 77%). m.p. 178~183 ‘C; UV-Vis (CHCl3) Apax
(relative intensity): 394 (1.00), 495 (0.12), 592 (0.05), 618
(0.05), 646 (0.34) nm; '"H NMR (400 MHz, CDCl;) ¢:
—3.20 (br s, 1H, NH), —1.47 (br s, 1H, NH), 0.79 (t, J=
6.7 Hz, 3H, 31-CH3), 1.70 (t, J/=7.6 Hz, 3H, 8-CHs;), 1.80
(d, J=17.2 Hz, 3H, 18-CHj3), 1.58~1.81 (m, 14H, 3b-j-H),
2.24~2.36 (m, 4H, 3b-j-H+17a+17b-H), 2.48~2.71 (m,
4H, 3b-j-H+ 17a+17b-H), 3.36 (s, 3H, CH;+ OCH,),
3.50 (s, 3H, CH3+OCHj;), 3.57 (s, 3H, CH;+OCHS3), 3.61
(s, 3H, CH;+OCHs), 3.80 (q, J/=7.6 Hz, 2H, 8a-H), 4.45
(d, J=8.4 Hz, 1H, 17-H), 4.53~4.67 (m, 5H, 13'-OCH,-
CH,0+18-H), 5.01 (d, J=15.8 Hz, 1H, 13%-H), 5.16 (d,
J=15.8 Hz, 1H, 13*-H), 6.31 (t, J=6.9 Hz, 1H, 3a-H),
8.81 (s, 1H, meso-H), 9.66 (s, 1H, meso-H), 10.00 (s, 1H,
meso-H); IR (KBr) v: 3402 (N—H), 2931, 2916 (C—H),
1720 (C=0), 1598 (C=C), 1540 (chlorin skeleton), 1432,
1228, 1160, 1059, 979 cm ™ '. Anal. caled for CysHgoN,Os:
C 73.34,H 8.21, N 7.60; found C 73.38, H 8.17, N 7.86.

3.10 3-+—MEBEtE-13"-7 ZEE4ERR-3-5 AR
HATERER-a FRER(12)RE B

4 168 mg (0.228 mmol)fb &4 11 #Hi# T 30 mL [
TR S e, RN 20 mg N-F LN nfmbk 4 48 Ak
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W, AEERY FRESHEE 15 min, FFMEIIA 25 mg
BT R VY TN HEFE (TPAP), FIAR =T U S B, 1.5 h Jis
A 30 mL /K, ##& 6 h 7y HKIZE, APUHAKGEM X, H
ToKT BB 1, B VR, Ryl ad A R e
[WEEA): LR AES) @ VIEC kD=1 : 5]1F 114 mg &¢
@ [E A 12 (0.155 mmol, 68%). m.p. 185~188 C;
UV-Vis (CHCl;) Amax (relative intensity): 404 (1.00), 503
(0.13), 608 (0.07), 661 (0.34) nm; 'H NMR (400 MHz,
CDCl;) 6: —3.08 (br s, 1H, NH), —1.37 (br s, 1H, NH),
0.80 (t, J=6.7 Hz, 3H, 31-CH;), 1.69 (t, J=7.6 Hz, 3H,
8-CH3), 1.78 (d, J=7.2 Hz, 3H, 18-CHj;), 1.50~1.81 (m,
14H, 3b-j-H), 2.00~2.38 (m, 4H, 3b-j-H+17a+17b-H),
2.44~2.83 (m, 4H, 3b-j-H+17a+17b-H), 3.34 (s, 3H,
CH;+OCHs;), 3.54 (s, 3H, CH;+OCHj;), 3.57 (s, 3H,
CH;+OCH3;), 3.64 (s, 3H, CH3;+OCH3), 3.74 (q, J=17.6
Hz, 2H, 8a-H), 4.06 (d, /=8.4 Hz, 1H, 17-H), 4.52~4.76
(m, 5H, 13'-OCH,CH,0+ 18-H), 5.03 (d, J=15.8 Hz, 1H,
13%-H), 5.10 (d, J=15.8 Hz, 1H, 13%-H), 8.90 (s, 1H,
meso-H), 9.59 (s, 1H, meso-H), 10.11 (s, 1H, meso-H); IR
(KBr) v: 3419 (N—H), 2939, 2917 (C—H), 1728, 1704
(C=0), 1660 (C=C), 1586 (chlorin skeleton), 1432,
1365, 1238, 1130, 1197, 981 cm ! Anal. caled for
C4sHs5sN4Os: C 73.54, H 7.95, N 7.62; found C 73.44, H
8.09, N 7.84.
311 3-(1-BE1-FR+—k%)-13"-Z Z B 45 -3-
£ CHEEREMRER-a BER(13)B9 A X

DA 12 (104 me) A& 2, Ha il 1k
Y 3 MRNZTRE K. 1Faalg 13 (63%). mp.
213~216 °C; UV-Vis (CHCl3) Ay (relative intensity):
396 (1.00), 498 (0.10), 524 (0.05), 541 (0.05), 593 (0.06),
646 (0.31) nm; 'H NMR (400 MHz, CDCl;) §: —3.22 (br
s, IH, NH), —1.30 (br s, 1H, NH), 0.82 (t, J/=6.7 Hz, 3H,
31-CH3), 1.66 (t, J=7.6 Hz, 3H, 8-CHj3), 1.77 (d, J=7.2
Hz, 3H, 18-CHj;), 2.09 (s, 3H, 3a-C=CCHj3;), 1.30~1.80
(m, 14H, 3b-j-H), 2.01~2.40 (m, 4H, 3b-j-H+ 17a+
17b-H), 2.42~2.78 (m, 4H, 3b-j-H+17a+17b-H), 3.33
(s, 3H, CH;+OCHa), 3.52 (s, 3H, CH;+OCH3), 3.56 (s,
3H, CH;+0CH,), 3.65 (s, 3H, CH;+OCH;), 3.76 (q, J=
7.6 Hz, 2H, 8a-H), 4.37 (d, /=8.4 Hz, 1H, 17-H), 4.40~
4.72 (m, 5H, 13'-OCH,CH,0+18-H), 5.01 (d, J=15.8
Hz, 1H, 13%-H), 5.08 (d, J=15.8 Hz, 1H, 13°-H), 8.81 (s,
1H, meso-H), 9.60 (s, 1H, meso-H), 10.61 (s, 1H, meso-H);
IR (KBr) v: 3409 (N—H), 2932, 2912 (C—H), 1734 (C=
0), 1642 (C=C), 1522 (chlorin skeleton), 1432, 1383,
1249, 1165, 1039, 962 cm ', Anal. calcd for C4sHeaN4Os:
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C 74.39, H 8.06, N 7.23; found C 74.51, H 7.90, N 7.41.
312 E-3a-WME-3b-FEE KM RER-a BEE(14)
1 2-BE-3-TTBREIRDHF4,5-b-2-KBHE-3-%
CIHE BRI EREL-a FRER(15)895 A

DMEE 13 (98 me)BAUL &) 3, 1t &
Y 4 10 ARG . A4k (LB 14 (58%) A& (h ] 74
15 (2%). 14: m.p. 148~151 C; UV-Vis (CHCI3) Apax
(relative intensity): 412 (1.00), 507 (0.14), 538 (0.15), 562
(0.05), 607 (0.13), 663 (0.44) nm; 'H NMR (400 MHz,
CDCl;) 0: —1.78 (br s, 1H, NH), 0.47 (br s, 1H, NH),
0.89 (t, J/=6.6 Hz, 3H, 31-CHj;), 1.63 (t, J=7.6 Hz, 3H,
8-CH3), 1.75 (d, J=7.2 Hz, 3H, 18-CH;), 2.10 (s, 3H,
3a-C=CCHs;), 1.40~1.83 (m, 14H, 3c-j-H), 2.01~2.38
(m, 4H, 3c-j-H+17a+17b-H), 2.40~2.80 (m, 2H, 17a+
17b-H), 3.16 (s, 3H, CH;+OCH;), 3.31 (s, 3H, CH3+
OCHs3), 3.54 (s, 3H, CH3;+OCH;), 3.61 (s, 3H, CH;+
OCHa), 3.64 (q, J/=7.6 Hz, 2H, 8a-H), 4.20 (d, /=8.2 Hz,
1H, 17-H), 4.39 (q, J/=7.2Hz, 1H, 18-H), 5.02 (d, /=19.8
Hz, 1H, 13%-H), 5.15 (d, J=19.8 Hz, 1H, 13*-H), 6.43 (t,
J=17.3 Hz, 1H, 3b-H), 8.46 (s, 1H, meso-H), 9.45 (s, 1H,
meso-H), 9.43 (s, 1H, meso-H); IR (KBr) v: 3438 (N—H),
2936, 2912 (C—H), 1733, 1697 (C=0), 1608 (C=C),
1549 (chlorin skeleton), 1487, 1432, 1343, 1203, 1153,
1081, 981 cm ', Anal. caled for CyHseN4Os: C 77.49, H
7.92, N 7.86; found C 77.36, H 8.11, N 7.68.

15: m.p. 130~133 °C; UV-vis (CHCI3) Ay (relative
intensity): 402 (1.00), 509 (0.14), 539 (0.12), 608 (0.11),
665 (0.48) nm; '"H NMR (400 MHz, CDCl;) 6: —1.71 (br
s, 1H, NH), 0.48 (br s, 1H, NH), 0.83 (t, J=7.4 Hz, 3H,
31-CH3), 1.67 (t, J=17.6 Hz, 3H, 8-CH3), 1.77 (d, J=17.2
Hz, 3H, 18-CHj;), 2.15 (s, 3H, 3a-CH;C=C), 1.45~1.83
(m, 14H, 3c-j-H), 1.90~2.18 (m, 4H, 3c-j-H+ 17a+
17b-H), 2.80~2.95 (m, 2H, 17a+17b-H), 3.21 (s, 3H,
CH;+0OCH3;), 3.36 (s, 3H, CH3+OCH3;), 3.66 (s, 3H, CH;
+OCHa), 3.67 (q, J=7.6 Hz, 2H, 8a-H), 4.20 (dd, J=7.4,
17.6 Hz, 1H, 2a-CH,), 422 (dd, J=7.4, 17.6 Hz, 1H,
2a-CH,), 4.29 (d, J=8.2 Hz, 1H, 17-H), 4.50 (q, J=7.2
Hz, 1H, 18-H), 5.10 (d, J=19.5 Hz, 1H, 13%H), 5.27 (d,
J=19.8 Hz, 1H, 13%-H), 6.16 (t, J=7.6 Hz, 1H, 3b-H),
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6.52 (t, J=7.4 Hz, 1H, 2b-H), 8.52 (s, 1H, meso-H), 9.49
(s, 1H, meso-H), 9.48 (s, 1H, meso-H); IR (KBr) v: 3419
(N—H), 2917, 2847 (C—H), 1709, 1692 (C=0), 1669
(C=C), 1599 (chlorin skeleton), 1433, 1344, 1215, 1120,
1082, 969 cm™'; EI-MS m/z: 713.4 (M+H"). Anal. calcd
for C4Hs56N4O5: C 77.49. H 7.92, N 7.86; found C 77.66,
H 8.03, N 7.74.
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