ARG 2020 4F 1 A 25 HHE 38 &5 1Y)
52 Journal of Pharmaceutical Practice, Vol. 38, No. 1, January 25, 2020

-
— SN pe BEL BRI & R R B N LR E R 5

g, & ELKEARL I L DLIERLBREBPOLBEEEREGEREQESDOENR, i
200052; 2. 5 B BE AL 2524, 15 2004335 3. 5 B ERR 252 B8, 75 41| 750004)

[(HBE] BE ETATNHT R SN £ 3- 203 kA8 1 H AT 758 A9 6T g 3 2 1 150 T i by
P BEZGCHOGH (1), W5 HAD ARSI Uit th. ik AARIPITLEE a MELYIRR KM= P Bk SR a(5) 2808 Je 25
SAEAU R RIS 24T 22 -18(4) N 5E S, T BlK A CHLN, A SEAL A5 — 0wy pe =FHIE(2), 2 5 33% HBr JISS F
Aot S B A2 A SR AU R I AR B AR A0 (1), IEPPH Ho) B2 9% B16-F10 ARG i/ tisk)ii . &68R 6 1~ Hinfk
W) 1a-11F XHBAAFIE B16-F10 0MIAY RSN G Eh F P G 35 00 T [ S BH M HR 25 bRy 25 Ande A 2%, Hah i 2 rms
i (ESI-MS) . &% ("H NMR) | ki (°C NMR) 2 FA W55 1= 40 BEBE (ESI-HRMS) #iiE . &5 &MY pe BEZOBRIGI A
BN PR TR R | IR TR R A6 RE L) R AR A5, (B AR — 2 R R 5T

[k8EiR]  J6ah J1iRdT; SBRGR; AWy pe; BEATAE s BUipiR
[FES#£S] RIS [HkfrsfL] A [XEHS] 1006-0111(2020)01-0052-05
[DOI] 10.3969/.issn.1006-0111.201907017

Design, synthesis and antitumor activities of chlorin ps ether derivatives as

photosensitizer for photodynamic therapy

MA Fujia', MENG Zhi?, ZHANG Xingjie’, WANG Yuan’, MA Zhigiang’, YAO Jianzhong®*( 1. Department of Pharmacy, Naval
Characteristic Medical Center of PLA, Shanghai 200052, China; 2. School of Pharmacy, Naval Medical University, Shanghai
200433, China; 3. School of Pharmacy, Ningxia Medical University, Yinchuan 750004,China)

[Abstract] Objective To designe, synthesize a series of chlorin pg ether photosensitizers and preliminarily investigate
their photodynamic antitumor activity based on previous research results that alkoxyl ether derivatives of 3-vinyl on chlorin f
exhibited stronger photosensitive antitumor activity than parent compound. Methods Purpurin-18 (4) was obtained by oxidative
degradation with air and alkali on pheophorbide a (5) which was prepared through acid hydrolysis of chlorophyll a from crude
chlorophyll extracts in Chinese traditional herb named Silkworm excrement. Then, chlorin pg trimethylester (2) were formed via
basic hydrolysis of internal anhydride ring for lead compound 3 and following immediately methylation with CH,N,. The
intermediate 2 reacted with 33% HBr, following nucleophilic substitution with various alkoxyl alcohol to get six title compounds
(1). All title compounds were subjected to photodynamic antitumor activity screening for melanoma B16-F10 cell in vitro.
Results  All title compounds showed much higher phototoxicity against melanoma B16-F10 cells than talaporfin and verteporfin.
Their structures were confirmed by 'H-NMR, "C-NMR, ESI-MS and ESI-HRMS spectra. Conclusion Chlorin p, ether
compounds were promising candidate photosensitizers for PDT applications due to theirs high dark toxicity/phototoxicity ratio and
excellent phototoxicity, which were worthy of further research and development.
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A% (verteporfin) . # 5LIA 7 (temoporfin) FIAF]IH
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W G & 3% ("H NMR) 1% 3% ( °C NMR) H
Bruker MSL-300 il 600 % 4% #% 3t 4 {0 & ,
TMS iy N bk 5 HL W§ 25 T 3% ( ESI-MS) ] API-
3000LC-MS %Y Jii 3% {30 22 5 =5 43 BF ot 3% ( ESI-
HRMS) H Agilent 6538 UHD Accurate-Mass Q-
TOF LC/MS B S0 a2 . 484 (UV) H 5
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Ay BRI SRR a(5) FN 4841 K -18(4) 4% 3C
R [14] Jrikifil e o Hoa i AR 250 R 7 2 oy
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1 ZEAMNY p BEALTERIE
RFNFN £ (a) 36% HCI, Et,0, 0~5 °C, 30 min; (b) KOH, i-PrOH-Et,0,0,, 12 h; (¢c) THF-CH;0H- 0.5 M NaOH (1 : 4 : 5), 1 b;
(d) T H,S0, J75 pH % 5~6—Et,0 ZHL; (e) CH,N,-Et,0; (f) 33% HBr-HOAG, r.t., 36 h; () ROH, CH,Cl,, K,CO;, r.t., 2.5 h.
ROH: R=CHj (1a), C,H; (1b), n-C3H, (1¢), n-C4H, (1d), n-CsH,, (1e); n-C¢H, 5 (1f)



ARG 2020 4F 1 A 25 HHE 38 &5 1Y)
54 Journal of Pharmaceutical Practice, Vol. 38, No. 1, January 25, 2020

H,SO, J875 pH & 5~6, ZEEFEL(50 mIx3), Jo/K
Na,SO, T, Bk T UK ER VT F5 A T M AHT it i
il 19 2.8%( w/v) B A W bt £ ik i ( CH,N,-Et,0)
(10 ml), I 5 min, filZ> i LR, Kk, 180 RHL
A, RS H A 28 R AR 2(0.92 g), 7~
% 83.2%, UV-vis A, (THF, nm): 666, 611, 530,
501, 402, 'H NMR (CDCl,, 8, ppm): 9.96 (s, 1H, 10-
H), 9.38 (s, 1H, 5-H), 8.68 (s, 1H, 20-H), 7.92 (dd,
1H, J=17.9 and 11.5 Hz, 3'-H), 6.28 (d, 1H, J=17.9 Hz,
3%.-Hp), 6.10 (d, 1H, J=11.5 Hz, 3%-H,), 4.46 (m, 2H,
17-H and 18-H), 4.24 (s, 3H, 15'-OCH3), 4.20 (s, 3H,
13'-OCHs,), 3.88 (s, 3H, 17°-CH;), 3.59 (s, 3H, 12-
CH,), 3.38 (s, 3H, 7-CHy), 3.18 (s, 3H, 2-CH3;), 3.55
(q, 2H, J=7.5 Hz, 8'-CH,), 2.51~2.10 (m, 4H, 17-
CH,CH,), 1.85 (d, 3H, J=7.2 Hz, 18-Me), 1.62 (t, 3H,
J =7.5 Hz, 8-Me). MS (ESI') m/z: 625.48 [M+H]"
(100%).
122 3-KOHH-3-(1-FF A3 43 M) pe-
13,15- g (1a) B4 1L

WALE Y 2(100 mg, 0.16 mmol), #% 11 +HE T
SN 33% SRR VKBS R (20 ml),
G B AT B IR ARSI PV 36 ho [N 5%
B el R 2R B R SR R AN KIS R A 2R A0 AR . BT
55842 [E A% T T4 CH,CL(50 ml), A K,CO;
(100 mg) A1 EBL(2 ml), AR FHRFEEIR
R 2.5 he JNSERE, fin 3 A5 &K, s BCAHLZ,
Kk 3 W%, WU M CH,CL,, fif i H AT € 3% 23 55
(WA — G o/ FF /TN B/ 82 =100/2/2/0.1),
55840 [F A 7= ) 1a, 34.6 mg, WK 32.7%, UV-vis
Amae (THE, nm): 662, 608, 525, 497, 397, 'H NMR
(300 MHz, DMSO-dq, 6, ppm): 12.08 (s, 1H, CO,H),
9.79 (s, 2H, 10- and 5-H), 8.98 (s, 1H, 20-H), 5.97
(m, 1H, 3'-H), 4.99 (m, 1H, 17-H), 4.55 (m, 1H, 18-
H), 4.14 (s, 3H, 15'-OCHj), 4.10 (s, 3H, 13'-OCH;),
3.73 (m, 2H, 8'-CH,), 3.60 (s, 3H, 12-CHj;), 3.47 (s,
3H, 3'-OCH3;), 3.30 (s, 3H, 7-CH3), 3.21 (s, 3H, 2-
CH;), 2.35 (m, 2H, 17>-CH,), 2.15 (m, 2H, 17'-CH,),
2.00 (d, 3H, 18-CH3), 1.78 (d, 3H, 3*-CHj3), 1.61 (t,
3H, 82-CH;), -1.16 (s, 1H, NH), -1.30 (s, 1H, NH).,
MS (ESI") m/z: 643.73 [M+H]" (100%); (ESI) m/z:
641.62 [M-H] (100%); HRMS (ESI) m/z: 642.3059
[MT, caled for C3H4,N4O5 642.3053,
123 3-KKF-3-(1-2 83 23 S pe-
13,15- = HIER (1b) i G 1K

W] 1a G HHRAE, HALE9 2(100 mg, 0.16 mmol)

1 33% SRR VKBS TRV (20 ml) 275 21 1) &R
iz iR 5 T oK E (2 ml) Sz o il A5 2 0 [ R 7=
Y 1b, W% 28.2%, UV-vis Ay, (THF, nm): 662,
606, 577, 499, 398, MS (ESI") m/z: 657.50 [M+H]"
(100%), '"H NMR [300 MHz, DMSO-dg, §, ppm]:
12.07 (s, 1H, CO,H), 9.62 (s, 1H, 10-H), 9.06 (s, 1H,
5-H), 8.82 (s, 1H, 20-H), 5.91 (m, 1H, 3'-H), 4.92 (m,
1H, 17-H), 4.51 (m, 1H, 18-H), 4.32 (s, 3H, 15'-
OCH,), 4.15 (s, 3H, 13'-OCH3), 3.69 (m, 2H, 8'-
CH,), 3.58 (s, 3H, 12-CH;), 3.45 (m, 2H, 3'-
OCH,CHj3), 3.33 (s, 3H, 7-CH3), 3.22 (s, 3H, 2-CH;),
2.32 (m, 2H, 17*-CH,), 2.21 (m, 2H, 17'-CH,), 1.96
(d, 3H, 18-CH;), 1.83 (d, 3H, 3>-CH;), 1.63 (t, 3H, 8-
CHs;), 0.91 (m, 3H, 3'-OCH,CH,), -1.01 (s, 1H, NH),
-1.26 (s, 1H, NH).,
124 3-FOIHFH-3-(1-ENER) L& Sy
Pe-13,15-—F g (1¢) 95 1%

] 1a G HERAE, LG 2(100 mg, 0.16 mmol)
1 33% SRR VKSR 1 (20 ml) 5y 75 21 ) A IR
BRI A4 55 TG 7K IE B (2 mil) 2 o i 75 B e [
e 1e, WK 32.1%., UV-vis Apay (THE, nm): 661,
578, 543, 499, 400, 'H NMR (600 MHz, DMSO-d;,
S, ppm): 12.06 (s, 1H, CO,H), 9.85 (s, 1H, 10-H),
9.72 (s, 1H, 5-H), 8.97 (s, 1H, 20-H), 5.96 (m, 1H, 3'-
H), 4.99 (m, 1H, 17-H), 4.57 (m, 1H, 18-H), 4.14 (s,
3H, 15'-OCHj;), 4.12 (s, 3H, 13'-OCHj), 3.69 (m, 2H,
8'-CH,), 3.57 (s, 3H, 12-CH,), 3.38 (m, 2H, 3'-
OCH,C,Hs), 3.30 (s, 3H, 7-CH;), 3.16 (s, 3H, 2-
CH;), 2.37 (m, 2H, 17>-CH,), 2.13 (m, 2H, 17'-CH,),
1.97 (d, 3H, 18-CH;), 1.80 (d, 3H, 3>-CHs), 1.64 (t,
3H, 82-CH3), 1.56 (m, 2H, 3'-OCH,CH,CHj), 0.89 (t,
3H, 3'-OCH,CH,CHj3), -1.13 (s, 1H,, NH), -1.28 (s,
1H,, NH)., MS (ESI') m/z: 671.46 [M+H]" (100%);
MS (ESI) m/z: 669.48 [M-H] (100%).
125 3-FOIHHE3-(1-1F TE L) 25— nhwp
pe-13,15-—HIR (1d) Y5 1%

i) 1a G RERAE, ik &4 2(100 mg, 0.16 mmol)
1 33% SRR VKB RV (20 ml) S A5 21 () & 15
i A 55 TG K OE T B (2 mil) S R il 75 8 6 [
) 1d, R 27.8%. UV-vis Ay, (THE, nm): 661,
579, 545, 498, 400, 'H NMR (600 MHz, DMSO-dj,
8, ppm): 12.02 (s, 1H, CO,H), 9.83 (s, 1H, 10-H),
9.66 (s, 1H, 5-H), 8.98 (s, 1H, 20-H), 5.88 (m, 1H, 3'-
H), 5.05 (m, 1H, 17-H), 4.58 (m, 1H, 18-H), 4.16 (s,
3H, 15'-OCHj), 4.15 (s, 3H, 13'-OCHj), 3.58 (m, 2H,
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8'-CH,), 3.55 (s, 3H, 12-CH;), 3.47 (m, 2H, 3'-
OCH,C3H,), 3.35 (s, 3H, 7-CH3), 3.10 (s, 3H, 2-
CH;), 2.40 (m, 2H, 17°-CH,), 2.12 (m, 2H, 17'-CH,),
1.92 (d, 3H, 18-CH;), 1.83 (d, 3H, 3°-CH3), 1.68 (t,
3H, 8%-CH3), 1.60-1.30 (m, 4H, 3'-OCH,(CH,),CH,),
0.72 (t, 3H, 3'-OCH,CH,CH,CHj;), -1.13 (s, 1H,
NH), -1.25 (s, 1H, NH), "“C NMR (600 MHz,
DMSO-dg, 8, ppm): 174.91, 174.38, 170.22, 167.59,
166.58, 145.46, 141.12, 140.85, 137.70, 136.20,
135.17, 134.73, 132.66, 129.09, 112.95, 104.73,
103.70, 101.03, 94.46, 72.41, 68.82, 53.24, 52.90,
52.73, 48.81, 41.72, 34.11, 32.22, 31.91, 29.23,
24.83, 23.89, 21.82, 19.49, 19.09, 17.90, 14.13,
12.49, 11.09, MS (ESI') m/z: 68549 [M+H]'
(100%); MS (ESI) m/z: 683.43 [M - H] (52%),
1367.12 [2M - H] (100%).
1.2.6 3-£ 25 -3-(1-1F JRE L) 23— A b wp
Pe-13,15- i (1e) 1Y G Al

5] 1a GRERE, k&4 2(100 mg, 0.16 mmol)
H1 33% SRR VKBS PRI W (20 ml) K A5 21 Y IR
P& i B 5 TE /K IE G (2 m) 52 7 il 75 2 € [ 44
W) 1e, YK 26.7%. UV-vis Ao, (THE, nm): 661,
581, 542, 499, 401, 'H NMR (600 MHz, DMSO-dj,
o, ppm): 12.01 (s, 1H, CO,H), 9.87 (s, 1H, 10-H),
9.78 (s, 1H, 5-H), 8.97 (s, 1H, 20-H), 5.96 (m, 1H, 3'-
H), 4.99 (m, 1H, 17-H), 4.56 (m, 1H, 18-H), 4.15 (s,
3H, 15'-OCH;), 4.12 (s, 3H, 13'-OCHj), 3.66 (m, 2H,
8'-CH,), 3.60 (s, 3H, 12-CH3), 3.49 (m, 2H, 3'-
OCH,C,Hy), 3.38 (s, 3H, 7-CH3), 3.19 (s, 3H, 2-
CHj3), 2.36 (m, 1H, 17>-CH,), 2.06 (m, 2H, 17'-CH,),
1.99 (d, 3H, 18-CHj3), 1.80 (d, 3H, 3*-CHj3), 1.66 (t,
3H, 8-CH;), 1.60-1.28 (m, 6H, 3'-OCH,(CH,);CHj;),
0.74 (t, 3H, 3'-OCH,CH,CH,CH,CHj;), -1.14 (s, 1H,
NH), -1.27 (s, 1H, NH), "“C NMR (600 MHz,
DMSO-dq, 8, ppm): 174.91, 174.34, 170.17, 167.49,
166.57, 145.71, 140.90, 137.69, 136.40, 135.20,
132.73, 129.02, 12.91, 104.92, 103.60, 101.11, 94.43,
72.44, 7239, 69.14, 5324, 52.81, 52.72, 48.72,
34.16, 31.68, 31.33, 29.84, 29.39, 28.57, 25.61,
24,55, 23.47, 22.10, 19.19, 18.06, 14.24, 12.54,
11.30, 11.12, MS (ESI') m/z: 699.52 [M+H]'
(100%); MS (ESI) m/z: 697.41 [M-H] (67%),
1395.16 [2M-H] (100%).
12.7 3-FLHmFE-3-(1-1E & A3k 2% &by
Pe-13,15-HIER (1) 1 G Al

[F] 1a & RERE, RIEEH 2(100 mg, 0.16 mmol)
1 33% SIRFR VKBS TRV (20 ml) J2 45 211 &R
PR i B0 55 TG 7K IE B (2 mil) 2 7 i £5 B e ] 4
FEY) A, R 36.3%. UV-vis A,y (THF, nm): 660,
582, 544, 498, 401, 'H NMR (600 MHz, DMSO-dj,
S, ppm): 12.07 (s, 1H, CO,H), 9.81 (s, 1H, 10-H),
9.67 (s, 1H, 5-H), 8.95 (s, 1H, 20-H), 5.87 (m, 1H, 3'-
H), 5.02 (m, 1H, 17-H), 4.56 (m, 1H, 18-H), 4.15 (s,
3H, 15'-OCHj), 4.13 (s, 3H, 15'-OCHj;), 3.55 (s, 3H,
12-CH;), 3.51 (m, 2H, 8'-CH,), 3.37 (m, 2H, 3'-
OCH,CsH,)), 3.34 (s, 3H, 7-CH;), 3.11 (s, 3H, 2-
CH3), 2.40~2.10 (m, 4H, 17-CH,CH,), 1.93 (d, 3H,
18-CH,), 1.81 (d, 3H, 3*-CH;), 1.68 (t, 3H, 8°-CHj3),
1.52 (m, 3H), 1.52~1.47 (m, 8H, 3'-OCH,(CH,),CH;),
0.56 (t, 3H, 3'-O(CH,)sCHj3), -1.13 (s, 1H, NH), -1.27
(s, 1H, NH), "*C NMR (600 MHz, DMSO-d, 3,
ppm): 173.84, 173.48, 169.72, 166.87, 166.10,
154.25, 148.25, 145.10, 140.48, 137.06, 135.85,
134.65, 134.00, 132.10, 128.50, 122.41, 104.30,
103.11, 100.67, 93.80, 71.90, 68.61, 53.24, 52.70,
52.38, 48.28, 31.24, 30.95, 29.54, 28.76, 25.44,
24.41, 23.36, 21.85, 18.61, 17.45, 13.57, 11.97,
10.57, MS (ESI") m/z: 713.45 [M+H]" (100%).
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DU 5 ) 2P 80 o B A R B (IG5 1B o
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FEL, 4% 2.1 17 SRR IR, I © R BE A R DU A
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