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Modifications for Peripheral Structures of Purpurin-18 and Synthesis
of Chlorophyllous Chlorin Derivatives
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Abstract Purpurin-18 methyl ester was used as a starting material, and the modifications for the structure on the terminal of
its N?'-N*-axis were completed making use of electron-richous properties of C(3)-vinyl group by various reactions including
oxidation, reduction, electrophilic addition and 1,3-polar cycloaddition. The substituted groups, which could conjugated with
macrocyclic chromophore in different form, were introduce to 3-position on the periphery, respectively. The synthesis of 11
unreported chlorophyllous chlorins with basic skeloton of purpurin-18 was accomplished and their chemical structures were
characterized by elemental analysis, UV, IR and 'H NMR spectra. The influence of peripheric structure of purpurin-18 on their
electronic spectrum was discussed and the possible mechanisms about corresponding reactions were tentatively proposed.
Keywords chlorophyll-a; chlorin; purpurin-18; chemical modification; synthesis
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S, e e S PU B 2T S — BB T AR A H JUTE SR JF AR 3- L IELT 551 -18 (8), 4REL 5 80%11)

BRIl T RS A 2 Ay (A
BN I, B RS 22 LA N T S 1R DU R s R A B
W, ASCHETRIAAWE TR, DK E-18 HIE
(D) MBMN G, 56T — RINVEA A EFE-18 AR
(2R 2 AN AT A A R, R I I B Rk ) )
IR VAT 2R T Rkt S ).

e F DU S AR AN s R AN 1 4 SR A7), KR 4 S5k
1 1) 347 LRI R PRI, T A ) 3-FR IR 41 5%
#%-18 Q5 EAR T KK Tiffeneau-Demjanov WV, 43
AL H 3- LRI RN 3-H R ZEBAR I EH =4 3 (16%)
4 (28%). AW 4 1) 3N FE 5 R IR BE A% K
RIS LA e i 67 1 DY TR HE (TPAP)Y R N- LN - N-5 4
It BT R SE IR A SN, A 23% ISR 43 31 3- Lk
FILZI 318 (5). 1EMEA&E T, a1 5%k 3-
MEERE F RS 00 13- A AR I sl s A R, B 41% 07
AR 3- SRR Mk AR 1 &y (6); AR Lk
13- AR A, AF IV R BB AR o s I I A i 3- b b 56
AR 25-18 7 (36%). M T 38 f 347 LI FE Xt KPR
SR S NI T, SEATR 1 BT AR A N A,

IKEWER AR N, LL S1%17 4 liar % %-18
WV IZ(9). 5 CQR)-LMmdEE AR, 1w R R Y 4
T, 405 E-18 FlR() X LU AEE RN, LL 32%(1)
BCRIE R LN R-18 (10).

&Y 1 ERRPES A N5 B Prins V45 HIEE
TR 34754 1,3- NI 55 3218 i)
11 35%) RIS BRI~ 12 (5%). fEEEh 1L
T, U%55-18 E(2)S 2-FAENEmE KA 1,2-28 s =
N, MR AR5 B 17%00) 4-nEme B R R 240
K18 (13), 7EMEBERR 5 SRR A E I, 75 58 A
T I e A FRD TR, 3= A B 2 — 2 7 R, LA 42% %7~
RGN K %-18 BEW i (14).

1 HR5itE

1.1 dRF-18 (RINGMFHER AN F RN ENE

ZIRR-18 e Sk ER-a M ERRME ), B T4
FR AN R I LS, LAMENTOI B 1%
RIMEEDIIbRTRTESTH, RN fe R 7205 5-18 (1

Reagents and conditions: (a) Os04/NalO; (b) CHyN,/MeOH/CH,Cly; (c) CsHy4MgBrTPAP/CH3(O)N(CH,CH,),0:
(d) CsNH4C=NOH/NBS/TEA; (€) CHyCH,N,/CH,Cly; (f) Pd-C/Hy; (g) NH,NH,/CH,Cl,

Scheme 1
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Reagents and conditions: (a) HCHO/AcOH/H3POy; (b) NaH/THF; (c) NH,OH/Pyr/110 °C

Scheme 2
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Figure 1 The chemical structures and reactivities of purpurin-18 ester

B2 40%%-18 Y Tiffeneau-Demjanov [ iV
Figure 2 Tiffeneau-Demjanov reaction of purpurin-18 ester
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T8 b A e B R S TN A T S
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HAT 54 (R AG e Pk, PRy AR il 2210 RE S AR LA,
7t Tiffeneau-Demjanov N HAL s SH S5 gt 2885 JE —
AN FEZ SRR, AR A 2" A s T HNR R AR
I3 BISERZ IR N (B 2 Hha ik C) i 1 C(3)-MA &
FERIILL R FE 18 ATk, HIG T Re IR L kids
RIS 3-A7 LW HE B G FR LSRR e i B KI ( BE T
FRILHIE RSO N, AR — e R BRI T RIS
M fE.
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Ab, ARG A UE M RET m, BRR T LB A
ZH A U R AR S PO 2 (M BRI RE &2, AT
AT T RIS T s R ] WG . 44
K18 10 30 IR B A AL B RS LB LS (1—~
2, 3), H Qy W4 A 734 F1 728 nm 4k, HT 4
WEHE 5 24 FJE 2 TR) A7 35 LU PR3 5 K i HE R 7R H,
HB AR S KPS — e R WA, D S
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REEHIRE T 5 KT n-RRIILPELUS, 205518 AT
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=4 8 1) 341 LHEATE S RIA LB R, L Qy
WS HE 2 42 689 nm.
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5 PRAUE 2SR B LH0AA R 5 KPR LT ila o AL 1,
Al e Sy S TIY R RV eSS 7N G S A P T
N, I Qy Wit ILAE 701 nm 4b; 5 C(3)-
CHERUR A AR R S HILL, 3-8 H 1,3- 5 N
AR R4 M (1 [R) 20 11 A0 13 19 Qy WROsE EL i 2 e
7 H15 nm, HJR AW EE T a7 EUR R A sp? 2y
AN (IO 7 5 KR LT i T — e FE B I T
BIE(K 3 B); AW 12 A 3a-fr E AR TR
B sp” 20 30 B S 0 B A, ) B 3% 5 KK -
R AT, eIt T Wb, —2Sapg s
698 nm (& 3 H C).
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nm, 1% 45 5 S W T A RS T A 0 AU T B
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IR F-18 HIL NGB AT A Z I AQy A
12~15 nm, HEATLOAEWELE 9 R &R MR f
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Figure 3 The conjugation systems of purpurin-18 derivatives and their absorption maximum band (Qy)
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2 S 1 I (D- 20 ol ST e A et g 1 24
FAT NIRRT RS LR 10 (K9 76 A AR W
ARk, e KR WL IR KK IR P A 8 684
nm. (IR E R A P e LT AR R 1 SO
FIEMEARR, RN B AP R T AR
A UE IO RESL, PRI 2w R e O A RE
SE AT I L7 ERAT

2 #ig

P R 518 1 30 LIGFE 2 W1 NG Tk,
WA )5 SR IR 13- AR N a8 45 i J2
N, FE ANy B AN R Rk 2 AR, RT BLSE K
— RN EBAT FIAL 2R SR R 405K 2518 T AE I B k.
JIT 5 L3k (35 P AR 3 A AN R 5 B2 (R A 2 s f it T
AR N X, [FIEE, B eE s 2 FE S BEER -k
2SIt L B, R ORER A I L s e AR AN )RR
(ISR, AR NEAT I 4 2 28 AU g AR 40 () .
FURAL T D EE B AR
3 ZEEMH
3.1 UESIKFH

JCE MM Perkin-Elmer 2400 7 55 2% 43 4 A
5€; IR HH] Perkin-Elmer 1730 B4 4043566 %A %2 (KBr
JE ), UV-Vis I UV-160A T4 483 66 B - &
'H NMR Jf] Brucker ARX-300 AYRZHEILARNBME, H
FaA TMS. BRI A o A ali sl fb 22 4. 4058518
FHEE() AN 3-F IR 21 58 35-18 FR(2) ¥ 4% SCR[ 1317 4%
32 3-ZEAE-3-KZIHELIEE-18 BEL(3)F1 3-FE:
RE-3-AZHEIEE-18 BHEE@Q)IEK

7 25 mL PYSIRIR %5 fi# 238 mg (LA 1 (0.411
mmol), FIIA 0.15 mL MERE. {ERIZUHRE T, Rrgsfdde
2 mL VUSR] 52 mg OsO, (0.205 mmol) & 18/ in
F 0 CHRMNIB A, AL RS EE 30 min. 4%
JE A, RN 2 h, I 35 mL 7E 50%
IR NaHSO; %, 15 4E 20 min, 1 3EERZ: OsO; 4T
. AR NI 1 g 400~800 H HEKE I8 2145
P, RIEHEMET S mL KH¥ 227 mg NalOy (1.061
mmol) X\ [ W AKZ, 30 min J5 i 100 mL 7K A1 80 mL
TRRREE RN, EE, SHAEVE, KRR T
WIF=4) 2 VAR T 11 3 mL PR 7 mL — 40 P e 4
(VA VA, TN\ 25 mL [ 1% 50 0 VAL, 0
CRBCE 2 he BEFE T i R NV IN S mL L85, KR
HEPEIN 50 mL K, B 50 mL =& ke, 40K
2, KJZH &R AEL(20 mLX2), AIFA NI, K
VEM IR, HITC/KR BN T8 5 bR 250 7, TR AEN
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FEZHT o S e A VIR @ V(R)=1 : 10], 133 39
mg L4 4K 3 (0.066 mmol, 16%)F1 68 mg 2L {1[E 14 4
(0.115 mmol, 28%). 3: m.p. 214~217 ‘C; UV-Vis
(CH,Cly) Amax (€): 412 (11.30X 10%, 510 (7.91 X 10%), 550
(3.01X10%, 669 (2.70X10%, 728 (4.95X10* nm; 'H
NMR (400 MHz, CDCl) 8: 0.13 (br s, 1H, NH), 0.34 (br s,
1H, NH), 1.58 (t, J=7.6 Hz, 3H, 8-CH;), 1.69 (d, J=7.2
Hz, 3H, 18-CH;), 1.90~2.04 (m, 1H, 17a+ 17b-H),
2.29~2.45 (m, 2H, 17a+17b-H), 2.61~2.75 (m, 1H,
17a+17b-H), 2.64, 3.06, 3.29, 3.57, 3.65 (each s, each 3H,
CH;+0CHS3), 3.62 (q, J=7.6 Hz, 2H, 8a-H), 4.29 (q, J=
7.2 Hz, 1H, 18-H), 5.19 (d, J=8.5 Hz, 1H, 17-H), 8.38,
9.31, 9.33 (each s, each 1H, meso-H); IR (KBr) v: 3445
(N—H), 2926 (C—H), 1741 ~1698 (C=0), 1683 (C=C),
1560 (chlorin skeleton), 1457, 1341, 1072, 1041, 971
cm '. Anal. caled for C3,HuN,Oq: C 68.67, H 5.76, N
9.42; found C 68.65, H 5.64, N 9.53. L&) 4 153 b4k
i 5 SCHER[13]— 2L
33 3-(2-8REE)I-XZZHELEE-18 FE5(5)H
B

7t 15 mL TR PU A A 119 mg 2Ny
% 4 (0.200 mmol), {EAETRIFELEMETN, T0 C
PEFETHN 1 mol/L CLIEVRALEE LBRAE, TLC BRER
M, 2] 15 min RMVER. 0] VAR R 25 mL 7L
SULERA, BEFE 10 min )5, I 20 mL & H 502,
FH SR BUKAR(15S mLX3), S AHLEHmER
it BRI RV EFHEWEAE 20 mL TRH =&
e, AR PRI 20 mg N-F LIk AL
YR HE 15 min, F/NESHEIIA 30 mg TR DY
NHEEL(TPAP), FHERRZAT I SN, HikE 1.5 h 5
MW, I 20 mL /K, §ESAGE5HKIE, KZ
F SR REAEE(15 mLX3), &HEHUEHH KRR
BT, I EZF b R, R BR 22 42 10 S A e
VAR, FEJZAT o BRI R JE I VA W) @ (&
MR ZME)=3 1], 33] 31 mg ZL¥{(a 1A 5 (0.046
mmol), 77Z 23%. m.p. 206~209 C; UV-Vis (CHCl;)
I (€): 410 (6.65X10%), 477 (7.30X10%), 504
(430X 10%, 541 (2.01X10%, 639 (6.29X 10%, 698
(4.53%10% nm; 'H NMR (400 MHz, CDCl;) : —0.17
(br s, 1H, NH), 0.16 (br s, 1H, NH), 0.82 (br s, 3H,
3f-CH3), 1.73~1.381.65 (t, J=7.7 Hz, 3H, 8-CH,), 1.74
(d, J=7.2 Hz, 3H, 18-CH;), 1.90~2.08 (m, 1H, 17a-+
17b-H), 2.40~2.51 (m, 1H, 17a+17b-H), 2.64~2.78
(m, 4H, 3c-H-+17a+17b-H), 3.16, 3.27, 3.59, 3.75 (each
s, each 3H, CH;+OCHs;), 3.63 (q, J=7.7 Hz, 2H, 8a-H),
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438 (q, J=7.3 Hz, 1H, 18-H), 4.80 (s, 2H, 3a-H), 5.18
(dd, J/=8.4 Hz, 1H, 17-H), 8.56, 9.17, 9.56 (each s, each
1H, meso-H); IR (KBr) v: 3450 (N—H), 2866 (C—H),
1739~1699 (C=0), 1637 (C=N), 1552 (chlorin skele-
ton), 1406, 1261, 1094, 1021, 801 cm . Anal. caled for
C3oHuN4Og: C 70.46, H 6.67, N 8.43; found C 70.59, H
6.76, N 8.65.
3.4 3-{5'(RIS)-[3-(3"-MLBE & )-4,5- — F FIEM £ ]}-3-
K HETLE-18 BES(6)RIA MK

¥4 150 mg (0.843 mmol) NBS &% T2 mL T4 —
A EEH, — KA 93 mg 3-MEBEREH5(0.762 mmol),
TRAL R N HERF 20 min, 1] R VAR RIIA 126 mg 20455 -
18 HIfiE(1) (0.218 mmol), FFH BRI EIG, KHEET 2
mL SN R ) 76 mg — Z%(0.753 mmol)
7615 min Z WA RN, ZUAGRYT, iAo 16
h, BIA 20 mL & FHif1 30 mL K52, 4G
KPS (20 mL X 3), ok il4n, 43 4 o 42 5
SFEREYIEIFR: MLRLER) @ V(IEC kD) =1 : 3]
% 62 mg REEA 1A 6 (0.089 mmol ), 77F 41%. m.p.
235~238 °C; UV-Vis (CHCly) Amax (€): 410 (9.47X10%,
504 (5.68%10%), 541 (1.33X10%, 637 (5.68%10%), 701
(3.13X10% nm; 'H NMR (400 MHz, CDCl;) §: —0.29
(br's, 1H, NH), —0.33 (br s, 1H, NH), 1.58 (1.56) (t, J=
7.6 Hz, 3H, 8-CHs), 1.74 (d, J=7.2 Hz, 3H, 18-CH3),
1.87~1.98 (m, 1H, 17a+17b-H), 2.36~2.51 (m, 2H,
17a-+17b-H), 2.71~2.81 (m, 1H, 17a+ 17b-H), 3.11,
3.41, 3.52 (3.49), 3.61 (each s, each 3H, CH;+OCH,),
3.51 (q, J=7.6 Hz, 2H, 8a-H), 4.01 (dd, J=11.7, 11.5 Hz,
1H, 3b-H), 4.13 (4.11) (dd, J=17.4, 11.5 Hz, 1H, 3b-H),
4.39 (4.38) (q, J=7.4 Hz, 1H, 18-H), 5.14 (d, J=9.3 Hz,
1H, 17-H), 7.13 (7.10) (t, J=11.5 Hz, 1H, 3a-H), 7.73
(7.71) (d, J=7.8 Hz, 1H, Py-H), 7.85 (t, J=7.8 Hz, 1H,
Py-H), 7.92 (7.95) (d, J=7.8 Hz, 1H, Ph-H), 8.16 (8.18)
(s, 1H, Py-H), 8.60, 9.29 (9.24), 9.47 (9.49) (each s, each
1H, meso-H); IR (KBr) v: 3442 (N—H), 2925 (C—H),
1739~1988 (C=0), 1614 (C=N), 1550 (chlorin skele-
ton), 1461, 1367, 1222, 1166, 1037, 906 cm™". Anal. calcd
for C4H3sN¢Os: C 68.75, H 5.48, N 12.03; found C 68.68,
H 5.30, N 12.27.
3.5 3-{3'5(R,S)-[3-(5-FEMMIHE)}-3-K T HEE
T4 F-18 RER(7)IE B

£ 15 mL A FHEAR 120 mg (59 1 (0.208
mmol), JIA 30 mL HfIER b QR %55
FRM 8 h. R R RN ER LRI, S
A 25 mL &R 30 mL /K4y 2, JKJEH AU AR

Chin. J. Org. Chem. 2013, 33, 2357 ~2366

© 2013 Chinese Chemical Society & SIOC, CAS

(20 mLX2), &IFAPUZITH KRR T4, s
Wi, BT RYAEFEATZT B Ve SR C
) : VAR =1 4], 19 48 mg KL A[E{E 7 (0.075
mmol), 7%} 36%. m.p. 230~233 ‘C; UV-Vis (CHCls)
Jmax (8): 410 (1.21X10%), 478 (6.05X 10%), 506 (1.01X
10%), 542 (2.58X10%, 661 (1.51X10%, 699 (5.26X 10%
nm; 'H NMR (400 MHz, CDCl3) 6: —0.25 (br s, 1H, NH),
—0.08 (br s, 1H, NH), 1.37 (s, 3H, 5'-CH3), 1.61 (1.62) (t,
J=7.4 Hz, 2H, 8a-CH3), 1.72 (d, J=7.0 Hz, 3H, 5'-CH;),
1.77 (d, J=7.2 Hz, 3H, 18-CHs), 1.94~2.12 (m, 1H, 4"
H+ 17a+ 17b-H), 2.26 ~2.36 (m, 2H, 4-H+ 17a+
17b-H), 2.41~2.52 (m, 1H, 4-H+17a+17b-H), 2.71~
2.79 (m, 1H, 4-H), 3.10 (3.12), 3.20 (3.23), 3.60, 3.68
(3.69) (each s, each 3H, CH;+OCH;), 3.56 (q, /J=7.2 Hz,
2H, 8a-H), 4.36~4.43 (m, 1H, 18-H), 4.99 (dd, J=16.8,
8.3 Hz, 1H, 17-H), 5.19 (d, J=9.4 Hz, 1H, 5'-H), 5.60 (d,
J=9.4 Hz, 1H, 5'-H), 6.78 (dd, J=12.5, 2.6 Hz, 1H, 3'-H),
8.59, 8.98 (9.01), 9.46 (9.48) (each s, each 1H, meso-H);
IR (KBr) v: 3424 (N—H), 1735~1684 (C=0), 1662 (C=
C), 1520 (chlorin skeleton), 1491, 1400, 1173, 1508, 989
cm . Anal. caled for CyHssNgOs: C 68.12, H 6.03, N
13.24; found C 68.05, H 6.14, N 13.38.
3.6 3-TEH-3-KZIWHI%%E-18 BES(8)MIEHK
% 396 mg LA 1 (0.684 mmol )i fi# T 25 mL —
AWk, RGN 100 mg HURR, EEIRMPESMET,
BGIBUECIPAN FAIA i) IR = B G AN R W R W D =
RNARZR, BEPE N S h ROV G SE R, L8, H AU B
VERIEDE, &I UEMIANGEIRI, BRI, FIRYEHE
AR JENT o B R (IR LER) & V (i )=1:
5], 3 373 mg KR A[H 1A 8 (0.643 mmol), 7=F Ny 94%.
m.p. 221~224 °C; UV-Vis (CHCl3) Ay (€): 410 (1.27X
10%), 478 (6.335X10%), 506 (1.14X 10%), 542 (2.92X 10%,
661 (1.52X10%), 689 (5.97X 10*) nm; 'H NMR (400 MHz,
CDCly) 6: —2.78 (br s, 1H, NH), —0.35 (br s, 1H, NH),
1.50 (d, J=7.7 Hz, 3H, 3a-CH;), 1.73 (t, J=7.6 Hz, 2H,
8a-CH3), 1.90 (d, J=7.4 Hz, 3H, 18-CH;), 2.27~2.43 (m,
2H, 17a+ 17b-H), 2.69~2.76 (m, 1H, 17a+ 17b-H),
2.78~2.87 (m, 1H, 17a+17b-H), 3.11, 3.33, 3.37, 3.60
(each s, each 3H, CH;+OCH3), 3.36 (q, J=7.6 Hz, 2H,
8a-H), 3.82 (q, J=7.7 Hz, 2H, 3a-H), 4.67 (q, J=7.4 Hz,
1H, 18-H), 5.13 (dd, J=9.1, 2.2 Hz, 1H, 17-H), 8.90, 9.10,
9.37 (each s, each 1H, meso-H); IR (KBr) v: 3435 (N—H),
2926 (C—H), 1739~1689 (C=0), 1612 (C=C), 1550
(chlorin skeleton), 1453, 1371, 1257, 1175, 1066, 983
cm . Anal. caled for C3,H36N,Os C 70.33, H 6.25, N 9.65;
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found C 70.18, H 6.35, N 9.49.
3.7 N-8E-3-ZE-3-KT/HEI5%E-18 TEIIZRES(9)
BIE X

7t 15 mL S e h %% 128 mg 8 (0.220 mmol),
TN 2 mL 80%I7K-AF, $HiHE RNV 4 h, Ze)E A 20
mL KA 15 mL —& e, 0 HANLZ, KIERIREX20
mL), BREWR, FET SRR IR VA
if) - ML LHR)=2 1], 33| 67 mg ZLafE {4k 9
(0.112 mmol), /=3 51%. m.p. 219~222 C; UV-Vis
(CHCL3) Amax (€): 419 (1.16X10%), 511 (4.41X10%, 551
(5.80X10%), 650 (1.97x10%, 703 (1.07X 10 nm; 'H
NMR (400 MHz. CDCl;) 6: 0.24 (br s, 1H, NH), 0.42 (br s,
1H, NH), 1.64 (t, J=7.6 Hz, 3H, 8b-CH;), 1.68 (t, J=7.7
Hz, 3H, 3b-CH,), 1.71 (d, J=7.4 Hz, 3H, 18-CH3), 1.90~
2.04 (m, 1H, 17a+17b-H), 2.37~2.46 (m, 1H, 17a+
17b-H), 2.67~2.78 (m, 2H, 17a+17b-H), 3.19, 3.40, 3.59,
3.76 (each s, each 3H, CH;+OCH;), 3.61 (q, J=7.6 Hz,
2H, 8a-H), 3.72 (q, J=7.7 Hz, 2H, 3a-H), 4.30 (q, J=7.4
Hz, 1H, 18-H), 5.25 (d, J=7.8 Hz, 1H, 17-H), 5.71 (br s,
2H, NNH,), 8.41, 9.12, 9.49 (each s, each 1H, meso-H); IR
(KBr) v: 3434 (N—H), 2925 (C—H), 1739~1688 (C=
0), 1623 (C=C), 1562 (chlorin skeleton), 1452, 1373,
1228, 1152, 1021, 905 cm ™ '. Anal. caled for Cs,HzgNgO,:
C 68.67, H 6.44, N 14.13; found C 68.59, H 6.68, N 14.27.
3.8 K4LIAMWE-18 FRES(10)E0 & B

7t 25 mL [fJ Schlenk S N45H, 127 mg (L&Y
1 (0.220 mmol)%fi# 1 8 mL T-HynttErh, FhA 0.3
mL =AM, SRR NEIEZE, 100 C TR 1.5
h. #E 30 min JGIETTHEZE, ¥R MNAEIAN 20 mL K
FEFEFE 10 min, SRJG N 30 mL & k2, 2 HEHLZ,
AWLZHKBERE IR, ToKBR RN T, ok B 230 71,
Pl R AN AT JZ M 4y B DR A VORI @ V(oK)=
1:10], 432] 41 mg ZLEA[E{E 10 (0.070 mmol, 32%),
m.p. 198~201 ‘C; UV-Vis (CHCl3) Amax (€): 409 (1.23X
10%), 437 (6.14X10%), 536 (2.82X10%), 604 (1.01X10%),
666 (5.12X10% nm; 'H NMR (400 MHz, CDCl;) o:
—3.92 (brs, 1H, NH), —3.50 (br s, 1H, NH), 1.77 (t, J=
7.6 Hz, 3H, 18-CH;), 3.51, 3.52, 3.57, 3.63, 3.84 (each s,
each 3H, CH;+OCH;), 4.00 (q, J=7.6 Hz, 2H, 8a-H),
3.19-3.38 (m, 2H, 17b-H), 4.18~4.26 (m, 2H, 17a-H),
6.21 (d, J=11.6 Hz, 1H, cis-3b-H), 6.30 (d, J=18.4 Hz,
1H, trans-3b-H), 8.95 (dd, J=18.4, 11.6 Hz, 3a-H), 9.72,
9.74, 9.88 (each s, each 1H, meso-H); IR (KBr) v: 3445
(N—H), 2985 (C—H), 1739~1690 (C=0), 1637 (C=C),
1561 (chlorin skeleton), 1468, 1082, 982 cm ™ '. Anal. calcd
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for C34,H3,N4Os: C 70.82, H 5.59, N 9.72; found C 70.70,
H 5.81, N 9.96.

3.9 3-[4(RS)-4-(1'3-ZERIHE)-3-EHEIE
E-18 BEE(11)F1 3-[1'(R,S)-1-CEBE R C&)-3-X 2%
EITEF-18 HES(12)ME K

¥ 219 mg 215 %-18 HIEK(1) (0.379 mmol) A 255
A 3mL L. 10 mL ZFF. 2 mL J&EFRFN 1 mL #KA%
IRIFIRA T, 760 CHIFEFAE I 5 mL 40%[1)
A, R IET 40 CREGHRE 3 h, A 20
mL A/KFRE, BN 30 mL 5 T2, KA
A BEAIN(100 mL X 3), &I HUZEIKEE, BRI
SR, FHER PP AEY), NG LR FR 23
REVER T, R R ERA, A0 SRRyt
B s V(AT - VCR)=1: 7], 13 85 mg L [E AL
A4 11 (0.133 mmol, 35%)F1 12 mg SELE A AL AY)
12 (0.019 mmol, 5%).

11: m.p. 207~210 °C; UV-Vis (CHCl;) Ay (¢): 41
(8.89X10%, 476 (3.56X10%), 506 (4.45%X10%), 542
(1.60X10%, 636 (7.11X10%, 696 (3.47X10% nm; 'H
NMR (400 MHz, CDCl;) 6: —2.41 (br s, 1H, NH), 0.14
(br s, 1H, NH), 1.68 (t, J=7.6 Hz, 3H, 8-CHj), 1.87 (1.86)
(t, J=7.2 Hz, 3H, 18-CH;), 1.97~2.08 (m, 1H, 17a-+
17b-H), 2.26~2.63 (m, 3H, 17a+17b-H), 2.76~2.86 (m,
1H, 5-H), 2.97~3.10 (m, 1H, 5-H), 3.40, 3.55, 3.58
(3.57), 3.87 (each s, each 3H, CH;+OCH;), 3.81 (q, J=
7.6 Hz, 2H, 8a-H), 4.31 (4.28) (t, J=14.0 Hz, 1H, 6-H),
4.54 (4.52) (d, J=11.4 Hz, 1H, 6'-H), 4.69 (q, J=7.3 Hz,
18-H), 5.18 (dd, J=8.8, 2.7 Hz, 1H, 17-H), 5.37 (d, J=6.5
Hz, 1H, 2'-H), 5.71 (d, J=6.5 Hz, 1H, 2'-H), 6.22 (d, J=
9.7 Hz, 3b-H), 8.99, 9.90, 10.32 (each s, each 1H, meso-
H); IR (KBr) v: 3445 (N—H), 2926 (C—H), 1745~1689
(C=0), 1668 (C=C), 1500 (chlorin skeleton), 1259,
1022, 801 cm™'. Anal. caled for CsgH;3sN,O-: C 67.70, H
6.00, N 8.77; found C 67.58, H 5.85, N 8.50.

12: m.p. 202~205 “C; UV-Vis (CHCL) Ay (£): 367
(4.41X10%, 398 (1.16X10%), 498 (5.80%X10%), 527
(1.97%10%, 698 (1.07X10% nm; 'H NMR (400 MHz,
CDCly) 6: 0.12 (br s, 1H, NH), 0.65 (br s, 1H, NH), 1.69 (t,
J=17.6 Hz, 3H, 8b-CH;), 1.77 (1.76) (d, J=7.2 Hz, 3H,
18-CH3), 1.99~2.10 (m, 1H, 17a+17b-H), 2.34~2.51
(m, 2H, 17a+17b-H), 2.73~2.79 (m, 1H, 17a-+17b-H),
3.68 (q, J=7.6 Hz, 2H, 8a-H), 3.21, 3.39, 3.58, 3.94 (each
s, each 3H, OCH;+CHs), 4.40 (q, J=7.2 Hz, 1H, 18-H),
5.46 (d, J=8.4 Hz, 17-H), 7.10 (t, J=6.8 Hz, 1H, 3a-H),
7.46 (7.45) (t, J=17.0 Hz, 1H, Py), 7.96 (d, J=7.2 Hz, 1H,
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Py-H), 8.78 (8.76) (d, J=7.2 Hz, 2H, Py-H), 8.59, 9.60,
9.61 (each s, each 1H, meso-H); IR (KBr) v: 3425 (N—H),
2928 (C—H), 1739~1690 (C=0), 1622 (C=C), 1544
(chlorin skeleton), 1448, 1303, 1152, 904 c¢cm '. Anal.
calced for C;sH3sN,O7: C 67.70, H 6.00, N 8.77; found C
67.92, H6.17, N 8.70.
3.10 3a(R/S)-3a-FAE £-3b-(4-MEE)-3-X 2 HEH
414%-18 HER(13)M9E AKX

76 15 mL T DYSM s i 97 mg 4-FH 3Ltk
WE(1.042 mmol), ZSLRY, BT 0 CHIA 36 mg
ALY, FRRINE A 279 mg AN 2 (0.481 mmol)
(1) 5 mL THF %, TLC BRER RV, 3 h R VS5, 0] [ b,
ERSIEIA 25 mL —& e 30 mL 7K, $ii#E 10 min
i, NS, SRR ARUKAAS mLX3), &
FEAVZIEBR LW, TR Y B 25 mL 5FH
5% B 1) BB o, IR RN 12 h, R R InA
120 g WK, 7K, FH 82030 mLX3),
KO R AN T R B SR, AR AT o ST AR D[ BE
5 V) @ (LR 4BE)=3 © 1], 5% 56 mg £
B 44 13 (0.082 mmol), 773 17%. m.p. 212~215 C;
UV-Vis (CHCl) Amax  (6): 388 (4.41X10%, 421
(1.16X10%), 554 (5.81X10%, 634 (1.01X10%, 665
(1.96X10%, 694 (1.05X10% nm; 'H NMR (400 MHz,
CDCly) 6: 0.02 (br s, 1H, NH), 0.62 (br s, 1H, NH), 1.68 (t,
J=17.6 Hz, 3H, 8-CH;), 1.84 (1.83) (d, J=7.2 Hz, 3H,
18-CH;), 1.98~2.02 (m, 1H, 17a+17b-H), 2.31~2.51
(m, 2H, 17a+17b-H), 2.76~2.82 (m, 1H, 17a+17b-H),
3.20, 3.41, 3.63, 3.66 (3.68), 3.85 (3.84) (each s, each 3H,
CH;+0CHs3), 3.67 (q, J=7.6 Hz, 2H, 8a-H), 4.08 (dd, J=
11.2, 3.6 Hz, 1H, 3b-H), 4.36 (dd, J=11.2, 8.6 Hz, 1H,
3b-H), 4.41 (q, J=6.8 Hz, 1H, 18-H), 5.50 (d, J=8.8 Hz,
1H, 17-H), 5.85 (5.84) (t, J=8.6 Hz, 1H, 3a-H), 7.47~
7.51 (m, 2H, py-H), 7.95 (dd J=17.6, 2.4 Hz, 1H, Py-H),
8.77 (dd, J=8.4, 2.4 Hz, 1H, Py-H), 8.65, 9.55 (9.54), 9.65
(9.64) (each s, each 1H, meso-H); IR (KBr) v: 3439 (N—
H), 2958 (C—H), 1739~1688 (C=0), 1620 (C=N),
1560 (chlorin skeleton), 1462, 1361, 1228, 1168, 1022,
910 cm'. Anal. caled for CqoHsNsOq: C 69.85, H 6.01, N
10.18; found C 70.03, H 6.18, N 10.38.
311 N-BSEE-3b-(4-MIEE)-155%-18 Bl iz s
(14)HE& M

76 20 mL THRIILEE PE M 50 mg & 13
(0.073 mmol), HEFE RN 2.5 {5400 Eh RR P2 1,
100°CHEFER M. 10 h, RV BIZKTEMIR, 80 BR 25857,
FEZNT A BRI A YIEI R v @ MR LER)=
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4 1], 3521 mg £L 4 [E 44 14 (0.031 mmol), 773 42%.
m.p. 224 ~227 C; UV-Vis (CHCL) A (¢): 428
(1.16X10°), 486 (5.81X10%, 516 (5.81X10%), 556
(1.96X10%, 730 (8.79X10% nm; 'H NMR (400 MHz,
CDCl3) 8: 0.14 (br s, 1H, NH), 0.15 (br s, 1H, NH), 1.68 (t,
J=7.6 Hz, 3H, 8-CH;), 1.74 (d, J=7.2 Hz, 3H, 18-CHj3),
2.01~1.96 (m, 1H, 17a+17b-H), 2.38~2.51 (m, 2H,
17a+17b-H), 2.76~2.87 (m, 1H, 17a+ 17b-H), 3.19,
3.45,3.59, 3.83, 4.38 (each s, each 3H, CH;+OCHj3), 3.66
(q, J=17.6 Hz, 2H, 8a-H), 4.39 (q, J=7.4 Hz, 1H, 18-H),
5.28 (d, J=8.0 Hz, 1H, 17-H), 7.71~7.73 (m, 2H, py-H),
7.58 (d, J=16.5 Hz, 1H, 3b-H), 7.72 (d, J=7.6 Hz, 2H,
Py-H), 8.49 (d, J=16.5 Hz, 1H, 3a-H), 8.79~8.80 (m, 2H,
Py-H), 8.60, 9.28, 9.61 (each s, each 1H, meso-H); IR
(KBr) v: 3344 (N—H), 2927 (C—H), 1747~1703 (C=
0), 1629 (C=C), 1591 (chlorin skeleton), 1491, 1263,
1087, 1041 cm™". Anal. calcd for C4H4NgOs: C 70.16, H
5.89, N 12.27; found C 70.29, H 5.88, N 12.09.
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