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Aminolysis Reaction of Purpurin-18 and Synthesis of Chlorin
Derivatives Related to Chlorophyll
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Abstract The aminolysis of purpurin-18 with aliphatic amines or aromatic amines was carried out by reflux and microwave
assisted methods to obtain mono-amidated, di-amidated and carbonyl-imidizated products. The chemical modifications of
purpurin-18 imides along their N*'-N** axis produced the mixtures of purpurin-18 imides possessing atropisomeric and ano-
meric characteritics. The structures of new chlorophyll derivatives were characterized by UV, IR, 'H NMR, MS techniques and

elemental analysis. The possible mechanisms about aminization reactions were tentatively proposed.
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Reagents and conditions: (a) NH,C,H4OH/Toluene; (b) NH,OH/Pyr; (c) PhCOCI/Pyr; (d) CHoNo/MeOH/CH,Cl,; (e) PhNHo/Toluene/Microwave

Scheme 1

4 (82%), R Ji JEPER L SO SLRG R SL AT BEAL, 7593
SR H B B A BELBE AR AE ) N-2K F R AR B —
SRS, 67%). R C- 2 ) B AR T 1,3-
TR IR N, 45 R T HAr O 22 ) S A F1 N—
O BEFHBE M AN R A 6. % F A Bm i fH
MG B 37 1 PR R Jie A Ry e A 77, BAEAE R AR 1
[l 3 d AR AIATAT S IR, AR, ZERS 2 2
ZATR, HN IR B N AR BT LLSE IR, K= S 4y B
Y NV-IR IR LT 40 218 BE V% 7 (18%) AT 137 2K W 28 k41 %%
2-18 ML 1% 8 (6%) (Scheme 1).

FEMERE R, 1 515 T RemIRes s vigs e s =2
AR =W, I 230 o3 25 R EREE AN 17- )8 v B IS M
fRIRL SR 25-18 T 9. AN -pe S NEARIR S 74
10a~10b 113, 17-BEHE F R g —ZNbWr-ps T4 115
SO PR R AT 1 5T BRI, Rt S N AT 1
MRS, AN N-T FE240 8 - 18 BRI % 12 (47%);
R P 2 SN, B T 433 63%MAA4 12 LA
AR, LA T1%[0 77 5 3 B HY 13201 15747 48 25- 18 SRt F
459 13a~13b (Scheme 2).
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1 SREES
1.1 RKFI5EE

TCZE T Perkin-Elmer 2400 %762 /0B Al 5E ;
IR H] Perkin-Elmer 1730 ZIZT 4h 455606 %A 7€ (KBr [
F); UV-vis il UV-160A 5848430 6 B vl s ; 'H
NMR ] Bruker ARX-400 FURZiSLPRACM 5, Whrh
TMS; ESI-MS J] Bruker Daltonics Esquire 3000 plus 5%
Varian 500-MS IT JTili (35 ; fr 53 0 43 Hr 4l fn
thezali, 4% E-18 HER()A N-FRIEL 5K R -18 WAL
(4) 38342 FE SCHR[9] 7 7%
1.2 N-BEZEOEE-18 M ER-N-F2 2 B % (2)FA N-
BCETEE-18EBTARG)IEH

# 120 mg (0.207 mmol)Z1 58 %-18 FfE 1 %R T 5
mL 7, A 2 EFE AR, 120 CPHIVHEEE, TLC
RIS N ERE, 3 h O 58 HE el s 25 R TR, RO
Fror B IBEmA: vCa ) @ MR 2l =11 1], 739
55 36 mg L {4774 2 (0.058 mmol, 28%)#1 48 mg 41 {4
74 3 (0.077 mmol, 37%).
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n-C4HgNH2

/ o
Pyr/CH2N2

n-C4HgNH2

OCHs
1 Toluene/110°C

10a R' = OCHj, R = NHC,H,
10b R'=NHC,Hg, R? = OCH,

13aR' = 0, R? = NC4Hy
13b R' = NC4Hg, R?=0

Scheme 2

2: m.p. 289~291 °C; UV-Vis (CH,Cl,) Apax (relative
intensity): 419 (1.00), 511 (0.06), 551 (0.19), 650 (0.07),
710 (0.34) nm; "H NMR (CDCls, 400 MHz) §: 0.16 (br s,
1H, NH), 0.25 (br s, 1H, NH), 1.66 (t, J/=7.6 Hz, 3H,
8-CH3), 1.71 (d, J=7.2 Hz, 3H, 18-CH3;), 2.38~2.53 (m,
2H, 17a+ 17b-H), 2.63~2.82 (m, 2H, 17a-+ 17b-H),
3.29~3.48 (m, 1H, 17-CONHCH,CH,0H), 3.50~3.63
(m, 1H, 17-CONHCH,CH,OH), 3.70 ~3.86 (m, 1H,
17-CONHCH,CH,OH), 3.15 (s, 3H, CH3+OCHj;), 3.33
(s, 3H, CH;+OCH3;), 3.78 (s, 3H, CH;+OCH;), 3.62 (q,
J=17.6 Hz, 2H, 8a-H), 4.18 (t, J =54 Hz, 2H,
13-NCH,CH,0H), 4.39 (q, J=7.2 Hz, 1H, 18-H), 4.72 (t,
J=5.4 Hz, 2H, 13>-NCH,CH,OH), 5.22 (d, J=9.2 Hz,
1H, 17-H), 6.17 (d, J=11.5 Hz, 1H, cis-3b-H), 6.29 (d,
J=17.8 Hz, 1H, trans-3b-H), 6.70 (br s, 17-CONH), 7.87
(dd, J=17.8, 11.5 Hz, 1H, 3a-H), 8.53 (s, 1H, meso-H),
9.32 (s, 1H, meso-H), 9.56 (s, 1H, meso-H); IR (KBr) v:
3452, 3342 (N—H), 2958, 2858 (C—H), 1737~1676
(C=0), 1608 (C=C), 1546 (chlorin skeleton), 1460,
1394, 1188, 1080, 989 cm™'; MS m/z: 651.4 (M+H)".
Anal. caled for C3;;H4NgOs: C 68.29, H 6.51, N 12.91;
found C 68.49, H 6.59, N 12.77.

3: m.p. 267~268 °C; UV-Vis (CH,Cly) Ay (relative
intensity): 362 (1.00), 419 (0.04), 508 (0.06), 551 (0.18),
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708 (0.34) nm; 'H NMR (CDCl;) 6: —0.04 (br s, 1H,
NH), 0.06 (br s, 1H, NH), 1.63 (t, J=7.6 Hz, 3H, 8-CHs;),
1.74 (d, J=7.3 Hz, 3H, 18-CH;), 1.89~2.00 (m, 1H,
17a+17b-H), 2.35~2.46 (m, 2H, 17a+17b-H), 2.69~
2.76 (m, 1H, 17a+17b-H), 3.10 (s, 3H, CH;+OCHy;),
3.33 (s, 3H, CH;+OCH3), 3.59 (s, 3H, CH;+OCH3), 3.75
(s, 3H, CH;+0OCH,), 3.56 (q, J/=7.6 Hz, 2H, 8a-H), 4.34
(q, J=7.3 Hz, 1H, 18-H), 4.21 (t, J=9.2 Hz, 2H,
NCH,CH,0OH), 4.77 (t, J=9.2 Hz, 2H, NCH,CH,0H),
5.29 (d, J=7.2 Hz, 1H, 17-H), 6.14 (dd, J=11.5, 1.0 Hz,
1H, cis-3b-H), 6.26 (d, J/=17.8 Hz, 1H, trans-3b-H), 7.85
(dd, J=17.8, 11.5 Hz, 3a-H), 8.54 (s, 1H, meso-H), 9.27
(s, 1H, meso-H), 9.50 (s, 1H, meso-H); IR (KBr ) v: 3413,
3319 (N—H), 2958, 2927 (C—H), 1724~1643 (C=0),
1604 (C=C), 1548 (chlorin skeleton), 1458, 1271, 1203,
1143, 1068, 979 cm '; MS m/z: 622.3 (M+H)". Anal.
caled for C3H39N5Os5: C 69.55, H 6.32, N 11.26; found C
69.72,H6.11, N 11.30.

1.3 N-FRBAELLERE-18 BILAR(G)HMEK

# 157 mg (0.265 mmol) N-FEHE21 45 2-18 WLV i H
P 4 5T 3 mL ERE, BERZENSR N 0.1 mL A FE
A, FHRBCRE, TLC KIS RS, [N &5, Wttt
e, A, GIAPUE, KBk, JOKBRRREA T8, k75
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R, T 500~800 H ek i il w6 RO 2= (0 i A o 125 e
TR VR - V(AR =5 1], 15 124 mg 201k 5
(0.178 mmol), FZ* 67%. m.p. 210~214 °C; UV-Vis
(CH,Cly) Apax (relative intensity): 3.69 (0.55), 419 (1.00),
509 (0.05), 550 (0.18), 565 (0.18), 707 (0.28) nm; 'H NMR
(CDCl;) 6: 0.10 (br s, 1H, NH), 0.18 (br s, 1H, NH), 1.55
(t, J=17.6 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, 1H, 17a+17b-H), 2.64~2.82 (m, 2H, 17a+17b-H),
2.98 (s, 3H, CH;+OCHj3), 3.27 (s, 3H, CH;+OCH3), 3.55
(3.53) (s, 3H, CH3+OCH3;), 3.69 (3.68) (s, 3H, CH3+
OCH;), 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, /=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, Ph-H), 7.74 (dd, J=
17.8, 11.5 Hz, 3a-H), 7.73 (d, J/=7.2 Hz, 1H, PhH), 8.46
(d, J=7.6 Hz, 2H, Ph-H), 8.49 (8.50) (s, 1H, meso-H),
9.10 (s, 1H, meso-H), 9.32 (s, 1H, meso-H); IR (KBr) v:
3440 (N—H), 2960, 2925 (C—H), 1735~1674 (C=0),
1606 (C=C), 1542 (chlorin skeleton), 1523, 1456, 1398,
1176, 1066, 906, 729 cm™'; MS m/z: 698.5 (M+H)".
Anal. caled for C4H3oNsOq: C 70.57, H 5.63, N 10.04;
found C 70.79, H 5.69, N 10.22.

1.4  N-EPRELEE-3-(MEME-1)-41 53518 B A%
(B)HIE X

# 105 mg (0.151 mmol) N-Zk FFEE L 41 45 25-18 WP
Jle i S %fd T 10 mL — S0 ged, IiA 20 mL HE 4
Tt BRI, =il MR B, TLC R s R,
8 h W&o, Hidk A 5 mL 418, UUBRZEZ R E
FLE, ARG A &P HERIK S 30 mL AH, A LA
FKPEE(30 mLX3)LABR LIS SR, 7 HAHLE,
FTC/KBR RN T4, R 78 B 71, 500~800 H ARl
HHE OB IR VOR) D VAE)=10 : 1], 5
66 mg £ {414 6 (0.089 mmol), /7&K 58%. m.p. 246~
249 °C; UV-Vis (CH,Cly) Anax (relative intensity): 410
(1.00), 479 (0.04), 528 (0.06), 566 (0.18), 707 (0.34) nm;
'H NMR (CDCl;) 8: 0.14 (br s, 2H, NH), 1.59 (1.58) (t,
J=7.0 Hz, 3H, 8-CHs), 1.71 (1.72) (d, J=7.1 Hz, 3H,
18-CH3), 1.92~2.09 (m, 2H, 17a+17b-H), 2.20~2.52
(m, 2H, 17a+17b-H), 2.66~2.80 (m, 2H, 3b-H), 3.04,
3.20 (3.19, 3.17), 3.54 (3.53), 3.70 (each s, each 3H,
OCH;-+CHj3), 3.49 (q, J=7.6 Hz, 2H, 8a-H), 4.35 (q, J=
7.2 Hz, 1H, 18-H), 4.69~4.78 (m, 1H, 3c-H), 5.23 (5.21)
(d, J=9.1 Hz, 1H, 17-H), 5.45 (5.46) (dd, J=14.1, 10.0
Hz, 3c-H), 6.53 (br s, 1H, 3a-H), 7.76 (t, J=7.5 Hz, 1H,
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Ph-H), 7.62 (d, J/=7.6 Hz, 2H, Ph-H), 8.45 (d, J=7.6 Hz,
2H, Ph-H), 8.55, 8.95 (8.93, 8.91, 8.90), 9.43 (9.40) (each
s, each 1H, meso-H); IR (KBr) v: 3445 (N—H), 2978,
2850 (C—H), 1654~1739 (C=0), 1655 (C=C), 1527
(chlorin skeleton), 1400, 1286, 1189, 1094, 881 cm s MS
m/z: 740.2 (M+H)".

156 N-FELTEXZ-18 BB (7)FNLEER-
18-13"-(N-Z £ ) R ELT 2 (8) A9 & AL

115 mg (0.199 mmol) £ 4§ %5-18 H IR (1)55 2 mL 2R fi%
VT 10 mL FERT 3 mL PUSIRRIG KR AW, 25 W
W 75 CIREI 14 h, WOHEZEBREHI, KR — 5 be
R, AKTEAWUAH, ToKB R T8, WsR4E, mEk
FEZEHT R TFR: VCa i) @ M CR OEg)=4 1 1],
PR RVL K 5-18 R th, FRESERERAE, i
VRS JE NN 10 mL LRI, 256 LR
I, R R S R IR VOR) D MR =10 :
1], 4 12 mg ZL A [F 44 7 (0.018 mmol), 7% 18%; 8 mg
214 [ 44 8 (0.012 mmol), 7% 6%.

7: UV-Vis (CH,Cly) Amax (relative intensity): 416
(1.00), 508 (0.06), 547 (0.18), 705 (0.36) nm; 'H NMR
(CDCly) 8: —0.10 (br s, 1H, NH), 0.14 (br s, 1H, NH),
1.69 (t, J=7.5 Hz, 3H, 8-CH;), 1.71 (d, J=7.2 Hz, 3H,
18-CH3), 2.54~2.68 (m, 2H, 17a+17b-H), 2.74~2.82
(m, 2H, 17a+17b-H), 3.67 (g, J=7.6 Hz, 2H, 8a-H), 3.17
(s, 3H, OCH;+CHs), 3.36 (s, 3H, OCH3;+CHs), 3.47 (s,
3H, OCH;+CHs), 3.82 (s, 3H, OCH;+CHs), 4.33 (q, J=
7.4 Hz, 1H, 18-H), 5.32 (d, /=9.0 Hz, 1H, 17-H), 6.17
(dd, J=11.5, 1.2 Hz, 1H, trans-3b-H), 6.30 (dd, J=17.8,
1.2 Hz, 1H, cis-3b-H), 7.51~7.68 (m, 4H, Ph-H), 7.15 (d,
J=7.0 Hz, 1H, Ph-H), 7.91 (dd, J/=17.8, 11.5 Hz, 1H,
3a-H), 8.58 (s, 1H, meso-H), 9.37 (s, 1H, meso-H), 9.66 (s,
1H, meso-H); IR (KBr) v: 3424, 3133 (N—H), 1735~
1694 (C=0), 1664 (C=C), 1522 (chlorin skeleton), 1492,
1400, 1174, 1508, 989 cm '; MS m/z: 654.3 (M+H)".
Anal. calcd for C4H39NsO4: C 73.49, H 6.01, N 10.71;
found C 71.66, H 6.14, N 11.60.

8: UV-Vis (CH,Cly) Amax (relative intensity): 412
(1.00), 510 (0.06), 549 (0.18), 699 (0.40) nm; 'H NMR
(CDCl3) 8: —0.72 (br s, IH, NH), —0.45 (br s, 1H, NH),
1.70 (t, J=7.6 Hz, 3H, 8-CH), 1.79 (d, J=7.3 Hz, 3H,
18-CH3), 2.02~2.12 (m, 1H, 17a+17b-H), 2.39~2.48
(m, 1H, 17a+17b-H), 2.64~2.82 (m, 2H, 17a+17b-H),
3.71 (q, J=17.6 Hz, 2H, 8a-H), 3.23 (s, 3H, OCH3+CHs),
3.41 (s, 3H, OCH;+CHy), 3.51 (s, 3H, OCH;+CH,), 3.84
(s, 3H, OCH;+CHs), 4.44 (q, J=7.2 Hz, 1H, 18-H), 5.55
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(dd, J=9.2, 2.2 Hz, 1H, 17-H), 6.18 (d, J=11.6 Hz, 1H,
cis-3b-H), 6.33 (d, /=17.8 Hz, 1H, trans-3b-H), 7.49~
7.55 (m, 5H, Ph-H), 7.96 (dd, J=17.8, 11.6 Hz, 1H, 3a-H),
8.70 (s, 1H, meso-H), 9.45 (s, 1H, meso-H), 9.69 (s, 1H,
meso-H); IR (KBr) v: 3449 (N—H), 2924 (C—H), 1742,
1736 ~ 1708 (C = 0), 1696 (C = C), 1563 (chlorin
skeleton), 1470, 1339, 1096, 1036, 889, 669 cm '; MS
m/z: 654.3 (M+H)". Anal. calcd for C4H3oNsO4: C 73.49,
H 6.01,N 10.71; found C 73.30, H 6.19, N 10.51.

16 N-T E % E-18 Bk ke -N-T & B iz (9),
13(15)-N-T E Z SN -ps — B Fig B EEAR(10a~10b)F0
13,15-N,N-Z= T £ Z S AN -ps BEREENELAR(11)H9 5
151

7 15 mL I AR 120 mg 465471 (0.207 mmol),
RGN 1 mL IE T %, il NHidER 12 h, TLC Rl Js
BHE RGN 200 mL BRI 20 mL iRk EEHR),
F & BRI (100 mL X 3), A A HUH, A HIARIZK
VeV, Jo/KBRER AN T, EEUF b AL, DR TR S
TR AEJEMT 2 B R TFA: VO i) @ (LR L) =
11 1], 733 58 mg LA {E 9 (0.085 mmol, 41%), 12
mg 404 [F 4K 10a~10b (0.012 mmol, 9%), 17 mg 44T
64K 11 (0.023 mmol, 11%).

9: m.p. 231~233 C; UV-Vis (CHCl;) A (relative
intensity): 412 (1.00), 480 (0.04), 508 (0.07), 548 (0.22),
647 (0.09), 700 (0.42) nm; 'H NMR (CDCl3) §: —0.10 (br
s, 1H, NH), 0.16 (br s, 1H, NH), 0.91 (t, J=7.3 Hz, 3H,
NCH,CH,CH,CH3), 0.98 (t, J=7.3 Hz, 3H, NCH,CH,-
CH,CH3), 1.20~1.55 (m, 4H, NCH,CH,CH,CH3), 1.59 (t,
J=7.6 Hz, 3H, 8b-CHj3), 1.70 (d, J=7.3 Hz, 3H, 18-CH,),
1.70~1.94 (m, 4H, NCH,CH,CH,CH;), 2.01~2.73 (m,
4H, 17a+17b-H), 3.25~3.35 (m, 4H, NCH,C;H,), 3.51
(q, J=7.6 Hz, 2H, 8a-H), 3.62 (s, 3H, CH;+OCH;), 3.31
(s, 3H, CH;+OCHs3), 3.07 (s, 3H, CH;+OCH;), 4.42~
4.45 (m, 1H, 18-H), 5.07 (d, J=8.1 Hz, 1H, 17-H), 6.16
(d, J=11.6 Hz, 1H, cis-3b-H), 6.23 (t, J=5.3 Hz, 1H,
17-CONH), 6.26 (d, J=17.6 Hz, 1H, trans- 3b-H), 7.81
(dd, J=17.6, 11.6 Hz, 1H, 3a-H), 8.53 (s, 1H, meso-H),
9.22 (s, 1H, meso-H), 9.36 (s, 1H, meso-H); IR (KBr) v:
3449, 3280 (N—H), 2980 (C—H), 1745~1691 (C=0),
1657 (C=C), 1540 (chlorin skeleton), 1508, 1400, 1210,
1056, 1032, 971 cm '; MS m/z: 677.3 (M+H)". Anal.
calcd for C4Hs,NgO;5: C 72.75, H 7.74, N 12.42; found C
72.93, H 7.50, N 12.55.

10a~10b: 'H NMR (CDCly) 0: —1.58 (br s, 1H,
NH), —1.47 (brs, 1H, NH), 1.04 (0.96) (t, J=7.4 Hz, 3H,
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NCH,CH,CH,CH3;), 1.49~1.59 (m, 2H, N-CH,CH,CH,-
CHay), 1.69 (1.71) (t, J=7.3 Hz, 3H, 8b-CH;), 1.85 (1.85)
(d, J/=7.2 Hz, 3H, 18-CH3), 1.92~2.44 (m, 6H, 17a+
17b-H + NCH,CHCH,CH3;), 3.73 (q, J=17.3 Hz, 2H,
8a-H), 3.68~3.80 (m, 2H, NCH,C;H>), 4.24 (4.22) (s, 3H,
CH;+OCH;), 3.66 (s, 3H, CH;+OCH;), 3.60 (s, 3H,
CH;+OCH3;), 3.46 (s, 3H, CH;+OCH;), 3.26 (3.27) (s,
3H, CH;+OCHs;), 4.40~4.50 (m, 1H, 18-H), 5.06 (d, J=
8.9 Hz, 1H, 17-H), 6.15 (d, J=11.5 Hz, 1H, cis-3b-H),
6.25 (t, J=5.3 Hz, 1H, CONHCH,), 6.33 (d, /=17.8 Hz,
1H, trans-3b-H), 8.03 (d, J=17.8, 11.5 Hz, 1H, 3a-H),
8.79 (s, 1H, meso-H), 9.60 (9.57) (s, 1H, meso-H), 9.70
(9.73) (s, 1H, meso-H); MS m/z: 666.3 (M+H)".

11 (31 mg, 0.044 mmol), /=3 21%. UV-Vis (CHCl;)
Amax (relative intensity): 402 (1.00), 498 (0.12), 530 (0.05),
614 (0.05), 666 (0.41) nm; '"H NMR (CDCl3) 6: —1.49 (br
s, 1H, NH), —1.29 (br s, 1H, NH), 0.99 (t, /=7.4 Hz, 3H,
17-NCH,CH,CH,CHj;), 1.03 (t, J=7.4 Hz, 3H, 13-N-
CH,CH,CH,CH;), 1.49~1.59 (m, 4H, NCH,CH,CH,-
CHs), 1.70 (t, J=7.3 Hz, 3H, 8a-CHj3), 1.83 (d, J/=7.3 Hz,
3H, 18-CHj;), 1.90~2.78 (m, 6H, 17a-+17b-H+NCH,-
CH,CH,CHj;), 3.62 (s, 3H, CH;+OCHj;), 3.46 (s, 3H,
CH;+O0CH,), 3.29 (s, 3H, CH;+OCHj;), 3.75 (q, J=17.3
Hz, 2H, 8b-H), 3.65~3.92 (m, 4H, NCH,C;H;), 4.19 (s,
3H, 15-OCH;), 4.42~4.49 (m, 1H, 18-H), 4.72 (t, J=5.2
Hz, 1H, 17-CONHC4Hy), 5.02 (d, /=8.9 Hz, 1H, 17-H),
6.17 (d, J=11.6 Hz, 1H, cis-3b-H ), 6.35 (d, J=17.8 Hz,
1H, trans-3b-H), 6.43 (t, J/=5.3 Hz, 1H, 17-CONHCH,),
8.04 (d, J=11.6, 17.8 Hz, 1H, 3a-H), 8.76 (s, 1H,
meso-H), 9.61 (s, 1H, meso-H), 9.72 (s, 1H, meso-H); IR
(KBr) v: 3450, 3344 (N—H), 2925 (C—H), 1741~1704
(C=0), 1649 (C=C), 1529 (chlorin skeleton), 1460,
1396, 1245, 1168, 1030, 900 cm™'; MS m/z: 723.3 (M+
H)'. Anal. caled for C,HsNeOs: C 69.78, H 7.53, N
11.63; found C 69.70, H 7.66, N 11.48.
16 N-TEOIEKE18 BT R(12)FIE =-
18-13"(15")-(N-T )BT f2(13a~ 13b) I & KX

2 M AnFATTVE: K 128 mg (0.221 mmol)ZI 45 %-18
HlR 1T 5 mL R, I 23 1E T i, 120 ClA|
TAFE, TLC AT S SERE, 3 h e b5 BRI o 26
A, WERKEJE M B VR A VO iR D (LR &
fig)y=1: 1], 5 M55 66 mg ZLE 74 12 (0.104 mmol,
47%)A1 10 mg £L 474 13a~13b (0.016 mmol, 7%)).

12: m.p. 234 ~237 C; UV-Vis (CHyCly) Apax
(relative intensity): 419 (1.00), 511 (0.06), 551 (0.19), 650
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(0.07), 706 (0.34) nm; '"H NMR (CDCl;) 6: —0.15 (br s,
NH), —0.07 (br s, NH), 0.87 (t, /=6.5 Hz, NCH,CH,CH,
CHj), 1.66 (t, J=7.6 Hz, 1H, 8-CHj3), 1.62~1.82 (m, 2H,
NCH,CH,CH,CH), 1.76 (d, J/=7.3 Hz, 18-CH3), 1.95~
2.07 (m, 1H, NCH,CH,CH,CH;3+17a+17b-H), 2.30~
2.49 (m, 4H, NCH,CH,CH,CH;3+ 17a+17b-H), 2.66~
2.74 (m, 1H, NCH,CH,CH,CH;+17a+17b-H), 3.16 (s,
3H, CH;+OCHj;), 3.35 (s, 3H, CH3+OCH3;), 3.56 (s, 3H,
CH;+OCH3), 3.81 (s, 3H, CH;+OCH;), 3.63 (t, J=7.6
Hz, 8a-H), 4.35 (q, J=7.2 Hz, 18-H), 4.49 (t, J=7.4 Hz,
2H, NCH,CH,CH,CH3), 5.38 (dd, /=8.6, 2.4 Hz, 17-H),
6.15 (d, J=11.6 Hz, cis-3b-H), 6.26 (d, J=17.9 Hz,
trans-3b-H), 7.90 (dd, /=17.9, 11.6 Hz, 3a-H), 8.57 (s,
1H, meso-H), 9.35 (s, 1H, meso-H), 9.84 (s, 1H, meso-H);
IR (KBr) v: 3444, 3346 (N—H), 2952, 2927 (C—H),
1731 ~ 1674 (C = 0), 1606 (C = C), 1537 (chlorin
skeleton), 1458, 1174. 1060, 985 cm™'; MS m/z: 636.2
(M+H)+. Anal. calced for CsgHysNsOy4: C 71.79, H 7.13, N
11.02; found C 71.60, H 7.25, N 11.18.

13a~13b: UV-Vis (CH,Cly) Ay (relative intensity):
411 (1.00), 504 (0.06), 542 (0.14), 641 (0.06), 698 (0.39)
nm; '"H NMR (CDCl;) 5: —0.33 (—0.24) (br s, 1H, NH),
—1.06 (—0.93) (br s, 1H, NH), 1.10 (1.13) (t, J/=7.4 Hz,
NCH,CH,CH,CHj), 1.57 (1.59) (t, J=7.7 Hz, 3H, 8-CH,),
1.77 (1.78) (d, J=7.2 Hz, 3H, 18-CH3;), 1.60~1.76 (m,
2H, NCH,CH,CH,CHj;), 1.89~2.07 (m, 2H, NCH,CH,-
CH,CH3), 2.29~2.57 (m, 2H, 17a+17b-H), 2.67~2.82
(m, 2H, 17a-+17b-H), 3.46 (4.52) (q, J=7.7 Hz, 2H,
8a-H), 3.00 (3.37) (s, 3H, OCH;+CH3), 3.30 (3.57) (s, 3H,
OCH;+CHs), 3.59 (s, 3H, OCH3+CHj;), 3.72 (3.67) (s,
3H, OCH;+CH;), 4.47 (4.08) (t, J=7.0 Hz, 2H, C=
NCH,), 4.46 (4.35) (q, J=7.2 Hz, 1H, 18-H), 5.39 (5.31)
(d, J=8.4 Hz, 1H, 17-H), 6.08 (6.10) (d, J/=11.5 Hz, 1H,
trans-3b-H), 6.20 (6.24) (d, J=17.8 Hz, 1H, cis-3b-H),
7.87 (dd, J=17.8, 11.5 Hz, 1H, 3a-H), 8.55 (8.72) (s, 1H,
meso-H), 9.16 (9.40) (s, 1H, meso-H), 9.37 (9.48) (s, 1H,
meso-H); MS m/z: 634.3 (M+H)".

AR T35 104 mg (0.180 mmol) £1*45%-18
fig 15 45 mg (0.625 mmol) IE T f&#%+ 10 mL H g, 25
Wi 70 “CIElAR 1 h, 28R TR, AN 10 mL 2%
P s G RE 5 h, ZKBR SRR S IN/K AN S e As
W, M, REIRAEEMT 20 BRI VCArhEE) @ (L1
lE)=3 : 1], 13 72 mg £L A fE 1A 12 (0.113 mmol, 63%)
F1 13 mg ZL [ 44 13a~13b (0.020 mmol, 11%).
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2 ZR5WE
2.1 IR FE-18 BIBRARI AR

ZUERFR-18 ()P R =N EREE AT LUK A e A S 1
H TR T AR R 18 P AL 10 ST AR BAR 55 5 1) 5 3
R RIS, BT, IS 13N E s o R
PRIV (a-184%), PTERITH R A U5 7 LR
T AR RIE T B ol R A B,
i — o PR AL 13405 R R JE(C) (d-1&
12); AETIHMY e-@ 12, A PR TS ITH PR RN
MRARGUA B T A B A NN -pe FTAEY) D, fR220)

FNRIRIEIRMIA A IR K %-18 WP AR E, )5
RIK G A A 2K 25 -18 BRI IE(F) (Scheme 3). H:4Kk, 17-

A7 i T 25 et 7% 2 R A A N I et S B, AR I
NS AR T IR, AHS ARG T R N LT BT % T
Bhfegi e, 5 13RI, R 15" AL b-
AR AT LA B 8 157 At 1) — &y -pe T 4240
L1883 18 WD AN 15 - N3 U R 41 4K 22-18 7 W 1k
Jige, AR ) 1 ) 2 T v BEL A K i B T 5 95 bl R A A
WA . N

TV ML T ROV I8 J& [N 18, a-IR 1R JCBE &
Je RS AT S A B B AR 7 3. R SR B2 d-A1 e-
AR A I S5 2 — 03 T /KT B 0 B RN i, (H
A S P B R U B T i S U B T RS T ) Rt S AR AN [,
T . iz 1) 0 ot R I 12 2 B vy 1) IR N Vs AL RE. BT LA,
Jie 52155 2518 1 2R P [l B 7R (R it 4 B
WA AT R -18 BRI AT, AR SR e,
AR, R FR-18 HRLGWINE e-IB10K 58 M Il
JNE, A NEE R (1) 5 3 S DY A7 R B I ) S P
AT A=)
2.2 41%3%E-18 RENTEYBIIMEIRILIREG

2158 218 [N AME /N U B R K BT AT S8R 138 D sp?
Fetb oy X Are, Hrp g 15 7 P p-#udnf L
LS 3R, RN NYND B SO R T 5 R
PERFR I B AR R

T JE i SN BT T BRI A ) R e b K v, B LA
sp” Z4tb RS FRAREUR it 13-R1 15" A7 Bk
FEAHE. HTRR TR AT AR 7, 3 p-fhid
HREERE LTI AR 2R S, E— e IR BT
KIE G 1 10 d 5 A1 B E (HOMO) B 85 fIK 77 i
(LUMO)Z IR [P RELR 22, WU (1) A et B ] 58 Bl L Fl
TR, FTLA, 4082518 Wk i 1 76 S5kl DLy i i
P — ety w705 nm. FE B BENE X BET i 4 A
RIS P AL, ORI N—C B HA
B S (POOCBEE P T, R m) DA T H AN /S TC A ER L)
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Scheme 3

1T R ke A R

N-FRFELTERZR-18 WAL 4 F 5 K AT WG e 1K
EF 714 aml, ST IE NI A R O,
Bk, TR IR IR RR g BSR4 B AR AU (I B
4a), 4EFRAT sp” JA MR SEAUR T ¥ p-BhilE 55 KK m-14
FBAHE AT, P RO EE JE T RIA 1 LBk &
WA N—O BEIEss 90° TR At % 4b J&, ks 1
B L U 5 20 I AT AN BE B KA BB
R, 5% 4atHILL, T4 4b (F5: 1 A REAIXT A, (R
W, A BRI R AR A R T L 0 5 S B A A 4 1
(Scheme 4).

MILEFR-18 WEVIZ 5 MR LA BRI 2R

00

7——OCH3
NFOSN  #EeN—Omlipsto0°

H AE!

ZEN—OREie 44 180°

BRI, BT 2RI 13'-F0 15 - BR A 0
Z IR P AR A s e R A, BRI, 2R R AE S A DL &
da PREL AR IDRES. A LR H
B ) T 96 N—O BRhER: 9001 5 &by -1
H, BT A0 TNRERIMIS Sa. i JE28 F i O
RS ) 180°, MR R T 55 BEFAT-TH 1 .1 ) —Fa e
MG SR Sb. NS A S IR RES LR & ) DL
RIN, TE617.m 5.28 F15.20 &b HE I T AN 253 20 XU EE U 1)
V7457 T WO 55 B 30 2R R Ik AU R 280 1 A PG
AN [R5 1 52 B G e K (R 5200, JEUAS Sy R U FE S
W 43 0 2 7 P AS BRI AE 5 [617.0m, = 369 (3.68),
S17.cn,=3.55 (3.53)].

ﬁﬂﬂ!;
I

[

—

AE?

I ﬁ%
M

T T
5.0

Scheme 4
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gE BRATR, 404582518 MR L 5 VA% i — X g
SRR Sa F1Sb FTALK. oK AL T T i A g e
JER 13" BRE s 15 - IERGIE, D508 AIRAR N R 55 5
AER2(AE) A BEW 53 N—O B3, % 5a hIER
TSR IR 1707 JR8 v i A A e aze, - b bt vy T2 Bl Y 2 1)
gk AR AN, AR TR R R AR C-17-WE AR )
IR RS b 5, B8 N A% KR T I A 4.
Sa 1) C-17-H 4T 2K R RE (1) BE kX 35, 177 Sb 1 4H
ST DU 7 52 B AH K B 55 R A ) e R RN BTLA, Sa
(F) C-17-HAKA# 5 T 60.08, ~HMELBL K211, 7
SIUESE T HAARN I FRE Y Sa & B EMAEE Ty
A AEFEAMHT, OREBUE 4 PRI LA
IEANREGEE N—O 3l [ e, H% 4a je LR ZA7EAE
D7k, W AR A S 4b, — 7 TR RO T
SV, RIS EDINT T R LRIk 5 ORI SE R I 2R T 45
RIHIRE. FTLA, R ETWIE 4 N IRE22(AE) Bk
T AE,, HAE I UE 52k R — ik S .

ANy 5 ER EXUEES FA R 13- AR
BN AE 307 B R — AN MR IR R 45K, (A e 3a
TE R — A F R 7, Bk, &k 6 & i PUA[H
Iy SRR T Ry, FE A A — ) 2 ) S A A DA R AT
5 B P A BETIE A 1.

Chin. J. Org. Chem. 2012, 32, 368~375

© 2012 Chinese Chemical Society & SIOC, CAS

References

[11 (a) Bellnier, D. A.; Greco, W. R.; Loewen, G. M.; Nava, H.;
Oseroff, A. R.; Pandey, R. K.; Tsuchida, T.; Dougherty, T. J. Cancer
Res. 2003, 63, 1806.

(b) Steruberg, E. D.; Dolphin, D. Tetrahedron 1998, 54, 4151.

[2] Wang, J.-J. Chin. J. Org. Chem. 2005, 25, 1353 (in Chinese).
(EHZE, FHALFE, 2005, 25, 1353)

[3] Pavlov, V. Y.; Ponomarev, G. V. Chem. Heterocycl. Compd. 2004,
40, 393.

[4] Wang, J.-].; Zhang, P.; Wang, P.; Chen, G.-L.; Li, F.-G. Chin. J. Org.
Chem. 2010, 30, 1192 (in Chinese).

CEREZE, 5k, EM, MR, 2418, Az, 2010, 30,
1192.)

[51 Ji, J.-Y.; Li, J.-Z.; Wang, H.; Li, F.-G; Hang, G-F.; Shen, R.-J;
Wang, J.-J. Chin. J. Org. Chem. 2006, 26, 1714 (in Chinese).
(A, 25k, TR, ZTE, B, ok, TUEE, A
MALE, 2006, 26, 1714.)

[6] Wang, J.-J.; Li, F.-G.; Li, Y.-W. Chin. J. Org. Chem. 2011, 31, 68 (in
Chinese).

(CEBEZE, AT, 2815, A AU, 2011, 31, 68.)

[71 Wang, J.-J.; Zhao, L.-L.; Li, J.-J. Chin. J. Org. Chem. 2009, 29,
1598 (in Chinese).

(CEREZE, BARNEN, 2=5KAE, A A3, 2009, 29, 1598.)

[8] Wang, J.-J.; Li, J. Z.; Li, Y.-W.; Jakus, J.; Shim, Y.-K. J. Porphyrins
Phthalocyanines 2010, 14, 859.

[91 Li,J.-Z. M.S. Thesis, Yantai University, Yantai, 2007 (in Chinese).
EEFH, AL, ME K%, ME, 2007)

[10] Han, G.-F.; Wang, J.-J.; Xu, Y.; Shim, Y.-K. Chin. J. Org. Chem.
2006, 26, 43 (in Chinese).
(EOEYE, TURE, B, TRIREL, A AULE, 2006, 26, 43.)

(Qin, X.; Fan, Y.)

http://sioc-journal.cn/ 375




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


