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Design and synthesis of photosensitizer ,13 ,15-cycloimides chlorin p6
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[Abstract | Objective To design and prepare 13 ,15-cycloimides chlorin p6 (1) ,a class of chlorin related antitumor photo -
sensitizers ,which contain a more stable six-membered cyclic imide comparing to the exocyclic anhydride ring of purpurin-18
(2). Compounds (1) exhibit strong absorption at long wavelengths near Aws 700 nm to take full advantage of greater tissue
penetration . Methods Pheophorbide a (3) was obtained by acid hydrolysis of chlorophyll a ,which was from crude chlorophyll
extracts of Chinese traditional herb named Silkworm excrement . Purpurin-18 (2) was prepared by air oxidation and alkali open
loop simultaneously on five-membered beta-keto carboxylic ester ring of pheophorbide a (3). Finally ,the target compounds 1a
~1j were synthesized via condensation of its anhydride ring with various amines including carboxyl-protected amino acids .
Results Target compounds 1a™~1j were successfully synthesized in yields ranged from 32.6% to 65.2% . Their structures
were confirmed by elemental analysis ,ESI-MS and ' H NMR spectra . Conclusion Treatment of purpurin-18 (2) with amines
can produce target compounds 1a~~1j. The starting raw material was inexpensive and readily available . The reaction conditions
were mild and workup was convinient .
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S B PDT R A # 2 — 0
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fBHIAZSHE T 2004 4F 4 H AR #E i, Mk,
MHERER a BEAR ) AT AR A BUEA T R B AP
JoT e A8 AREE DGO BEE T IR A
BRLLFR-18(2) LR a MR ™Y BA W
Bl PDT B 7 ac . Hf R Wl i Kk 5
698 nm*! HA AN B AR Y H A F B, HE,
HRT AR BTG Tk 2 PE 22 BRI T gk —2P
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Bl 1 ZS0MY p6-13 .15-FRBETBR 2 GT4 Y (ORISR

1 SEIEy

¥ttt E3t% ( H NMRO Bruker AVANCE %%
PEIEARASCIE L TMS SR M55 B3 (ESI-MS)
H Micromass Qtof-Micro LC/MS/MS Ji 3% {3 l
SE SR XTAA BARUE s ASGIE IR ARALIE 358
ANE GRS (U VO Varian Cary 100 436G T
SEICEMHTH MOD-1106 #IITZ 43 HHU &,
& HPLC JHl Water-600 B S0RH (A 3L (GERED
SYEIHE . ZORBAX ODS (0 .46 em X 25 ecm) ,Jish
A 6020 PUSE KW+ 10% 0.2 mol /L & fiR-
BERR AN S vh e . i . 1 ml / min, & 00 I K,
401 nm ,RHUE .0.1 AUFS, HJZHrEER H (60 1)
HI 7T SR AL T AR I A, IR It R i
BT RREE 7, Hp P G A R
AR, BT ARIR a BORLEH IR SCHER[S T
Bl eg
1.1 RadRRraE-18Q)Mam B3N
(15 ¢, HPLC ;i 4l 8 5506 ,H8 15 1 4l
8.25 g,13.94 mmoD)¥ T PUZ I (50 ml) il LTk
(500 ml) 1 2506 (W /V ) & %A 4k 81 IE N B W)
(20 mD) A SN 2 h FHZKHEHC (250 m1X3),

18% #hFRVATT pH % 56 2 ik , s ki H
FEORE B A RAK R 2(3.2 g), /5% 40.7%
HPLC ¥4l >95% ,UV-vis,' H NMR } ESI-
M S JEAFA SRR AE S5 SCRv i —3C

1.2 =Z7h% p6-13,15-FR B Az (la)di e B
RE AR 2 (0.4 g,0.71 mmol ) ¥ T MU & UK I
20 mD) JIHEIK 5 mD) FIRBEFER N ZZ 0
(TLC) W& B B () FF 51 . & - BE-H g =
30+ 120,01 J W SE RS BR FSUE R nEags 1w I
(80 ml) . FF- I TC/K B R &M (4 g ) FIZK (160 ml), T
80 TS24 h, AR E R A
(G0 mIX3), PRI K i Fl & £ 7K vk
U TOKBRIREN T4 Ll U8 L B DR Hs R 711 fs 42
RERE H A5 B AR AR K 1a(0. 16 g) 7%
40.1% , M55 .= 250 °C (43>, HPLC K 4k
JE=>95% , UV-vis Awx (CHCl,nm) (e / M '
em '):709 (4.3X10"),652(9.9X10°),551 (2.2 X
10" ),483 (6.9 X 10°),418 (1.2 X 10" ),' H NMR
(CDCls ,8,ppm ) :10. 35 (br s, 1H ,FREET i NH ),
9.70(s,1H.10-H).9. 44 (s . 1H.5-H).,8.76 (s ,1H,
20-H),7.86 (dd,1H, J=17.1,12.0 Hz.3'-H),
6.28(d,1H,J=17.1 Hz,3’-Hy),6.20(d,1H, J=
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12.0 Hz,3°-H.),5.61(d,1H,J=8.4 Hz,17-H).,
4.50(q,1H, J=17.2 Hz,18-H),3.80 (s,3H,12-
CHs),3.60(q,2H, J=7.8 Hz,8'-CH:),3.50 (s,
3H.,7-CH;).3.16 (s ,3H ,2-CH; ),2. 70~2.50 (m ,
4H,17-CH: CH:),1.92 (d,3H, J= 7.2 Hz,18
CHs),1.63 (t,3H, J= 7.8 Hz, 8 -Me)., MS
(EST™ ) m/z:564(M~+1)" (100% ), JLE4MHT (Cas
Has N5 O )3 8{H .C,70. 34 3 H ,5. 86 ;N ,12. 43 ;5L
M .C ,70. 53 ;H ,5. 88 ;N ,12. 39,

1.3 =& p6-13,15-( N-R ) 3R B T A (1b)
aga s BUhEA 20,2 ¢,0.36 mmol)¥E T MU,
MR (20 mD) I 40% KA BF(NH: NH: » H2 0,
10 mD) RPN, TLC Wil JRBIF5) 05
FE-HR =30 : 1+ 0. 0 Z W 58 ER 5 MBS RR M 5
pH % 37~4,F 80 TSN 2 12 h, [N RAH)
I N 10 FF R KRR AT AL (50 m1X4),
ST FHACRI AR A B Eh /K Ve 4 L JC /KB R 4k T
L UE BRI PSS 2R HOAE A 4
BAFERAAN AR 1b(0. 13 ¢), J7% 63.4% , #H .
=250 C (4. HPLC Kl 4tifE=95) , UV-vis
Aua (CHCL: ynm) (¢ /M 'em ') .711(4.0X10"),
554(2.3X10" ),514 (9.1 10%),421 (1.2 X 10 ),
"H NMR(DMSO-ds ,8,ppm ) :11.93 (br s ,H,CO:
H).8.94(s,1H,10-H),8.93 (s, 1H,5-H),8.78 (s,
1H,20-H),7.89 (dd,1H, J=18.0,12.0 Hz,3'-
H).6.23(d,1H,J=18.0 Hz,3"-Hy),6.06(d,1H,
J=12.0 Hz,3-H.),5.16 (d,1H, J=8.4 Hz,17-
H),4.45(q,1H, J=7.2 Hz,18-H),3.38 (s,3H,
12-CHs),3.26 (s,3H,7-CHs ),3. 14 (q,2H, J=
7.8 Hz.8'-CH:).2. 74 (s ,3H ,2-CHs ) ,2. 40~1. 80
[m.6H.,17-CH:CH2+13,15-(CO 2 N-NH: ],1. 77
(d,3H, J=17.2 Hz,18CH:s),1.57 (¢,3H, J=
7.8 Hz,8-Me), MS (ESI' ) m/z.579(M+1)"
(100% ), JCZE 4 (Css Hae No 00 )IHE{H . C,
68.51;H,5.88; N, 14.53 ; SZl {4 . C,68.69; H,
5.90 ;N ,14. 48,

1.4 =& p6-13,15-[ N-(2-R A )T KRBt
e (1e) ey & 1 1b MR A BT, e 4 2
(0.2 g,0. 35 mmol ) T-PU %KM (20 mD)FUHT i il
#IN L g — B (NH. CH: CH: NH: « HCI,
1.0 g, 10.4 mmol) JZ I i 15 5 M 5 8 °K 1c
(0. 11 g) .= 51.2% , # #5.>> 250 C (4 i),
HPLC K46 E=>95% . UV-vis Aua (CHCl: ;nm)
(e /M 'em ').710(4.2X10"),653(1.2X10"),

551(2.310"),512(9.1X10%),484 (7.2 10" ),
419(1.2X10")," H NMR (CDCls , 8, ppm ) : 9.79
(s,1H,10-H),9.52(s,1H,5-H),8. 75 (s, 1H ,20-
H).7.90(dd,1H, J=17.4,12.0 Hz,3'-H).6.32
(d.,1H, J=17.4 Hz,3-H.),6.23 (d,1H, J=
12.0 Hz,3 -H.),4.80~4.18[m ,4H ,17-H+18-H
-+13,15-(CO 2 N-CH:CH:NH: 1,3.72(q,2H , J=
7.5 Hz,8-CH:),3.84 (s,3H ,12-CHs ), 3. 34 (s,
3H,7-CHs),3.23(s,3H ,2-CHs ),2.40~1.80[m,
8H ,17-CH:CH:+13,15-(CO 22 N-CH:CH:NH: |,
1.87(d,3H, J=6.6 Hz,18-CH;),1. 66 (t,3H, J=
7.3 Hz,8-Me), MS (ESI ) m/z:607(M+1)"
(100% )., JCZ 4 (Css Hss No O )i 1{H . C,
69.31;H,6.27 ;N ,13.86; SZiMi{H . C,69.50; H,
6.29;N,13.81,

1.5 =&rb% p6-13,15-[ N-C-#HX)H TRk BT
Fe Ad)#g &% 4% 1b AHIR B G B 6 44 2
(0.3 g,0. 53 mmol YFIZFfE (1. 0 g ,16. 4 mmol )2
NS AR R 1d (0.17 g) 7% 52.7% . 1
M. > 250 °C (4 fi ), HPLC A il 4 B = 95%% ,
UV-vis Awsx (CHCL: ,nm) (¢ /M 'em ').709 (4.1
X10"),654(1.2X10"),552(2. 410" ),513(8. 9%
10°),483 (6.9 X 10°),420 (1.2 X 10" ),' H NMR
(CDCls ,&,ppm): 9.73(s,1H,10-H),9. 60 (s, 1H,
5H),8.72(s,1H,20-H),7.88(dd,1H, J=17.8,
12.0 Hz,3'-H).,6.21(d,1H, J=17.8 Hz,3’-H) ),
6.08(d.1H,J=12.0 Hz,3-H.).5.32(d,1H, J=
7.8 Hz.17-H).4.58 [m .2H ,13,15-(CO ): NCH:
CH:0H 1,4.35(q,1H,,J=7.2 Hz,18-H),3.81
(s,3H.12-CH5),3.79[m ,2H ,13,15-(CO )2 NCH:
CH:0H],3.60(q,2H, J=7.2 Hz,8'-CH:),3.30
(s,3H,7-CH:),3.15(s,3H,2-CHs ), 2. 40~ 1. 80
(m,4H,17-CH:CHz),1.75(d,3H ., J=7.2 Hz .18
CH:),1.62 (t,3H, J= 7.2 Hz,8-Me), MS
(ESI" ) m/z:608(M~+1)" (100% ), JCE5MHT (Cs
Har N5 05 )i8{H .C,69. 19 ;H ,6. 10 ;N ,11. 53 ;5
M .C ,69.40;H ,6. 12 ;N ,11. 49,

1.6 =Zh% p6-13.,15-(N-T A )IRBEIE M (1e)89
Ak 1% la MHFE G O A 2.(0.5 g,
0. 89 mmol)FIZ % (2.0 g,45. 5 mmol ) i il 1545
KR 1e(0. 32 ¢) J2F 61, 1% , I .=>250 C
(o f# ), HPLC K 26 = 9506, UV-vis Aun
(CHCIs ,nm) (¢ /M 'em '):709(4.0X<10"),653
(9.7X10"),551 (2.0 10" ),513 (9.1 X 10° ),483
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(7.1X10*),420 (1.0 10" ),' H NMR (CDCl; , &,
ppm):9.43 (s ,1H,10-H),9. 20 (s ,1H ,5-H),8. 52
(s, 1H.20-H).7.78(dd,1H,J=18.0,12.0 Hz.3'-
H).6.91(d.,1H,J=18.0 Hz,3’-H,).6.07(d.1H,
J=12.0 Hz.3-H.).5.31(d.,1H ., J=7.8 Hz.17-
H),4.08[m,2H,13,15-(CO ) NCH: CHs J,4. 32
(q-1H,,J=7.2 Hz,18H),3.71(s,3H,12-CHs ),
3.50(q,2H, J=7.2 Hz,8'-CH:),3.27 (s ,3H,7-
CH:),3.03(s,3H,2-CHs),2.70~1. 90 (m ,4H ,17-
CH:CH:).1.72(d.3H ., J=7.2 Hz,18CH:).1.55
[m,6H ,8"-Me—+ 13,15-(CO ). NCH: CHs Jo MS
(EST™ ) m/z:592(M+1)" (100% ), JCE4MT (Cas
Har Ns O )FFE(H .CL,71.07 5 H ,6. 26 ;N ,11. 84 ;5%
& .C,71. 27 ;H ,6. 28 ;N ,11. 78,

1.7 =&~ p6-13,15- (N-3E & 25 O)ZRBE T A (1)
e ¥ la MHFAY G T AR 20,3 ¢,
0.53 mmoD)FIIEIE (1. 6 g,27. 1 mmol ) SV il 15
R K 1£(0.21 g), 75 65.2% , M. >
250 °C (43f# ). HPLC il 4l fE > 950, UV-vis
Awo (CHCL: ysnm) (¢ /M 'em ') .708 (4.1X10"),
653(9.8 % 10°),551 (2.1X10"),513(9.2X10"),
483(7.2>10°),420(1.1X10°),' H NMR (CDCl: ,
d,ppm):9.57 (s, 1H,10-H),9.33 (s, 1H,5-H),
8.56(s,1H,20-H),7.88 (dd ,1H, J=18.0,12.0
Hz.3'-H).6.25(d,1H,J=18.0 Hz,3’-H,).6.15
(d,1H,J=12.0 Hz,3’-H.),5. 18 (d,1H, J=7.8
Hz.17-H),4.38[m ,3H,13,15(CO > NCH: C: Hs
+18-H ,3.78 (s ,3H,12-CHs ),3. 60 (q,1H, J=
7.5 Hz,8'-CH:),3.32(s ,3H ,7-CHs ) ,3. 13(s ,3H ,
2-CHs),2.40~1.95[m ,6H ,17-CH: CH: + 13 ,15-
(CO)»:NCH:CH:CH: ],1.73(d,3H, J=7.2 Hz,
18-CH;),1.63(t,3H,J=7.5 Hz,8-Me),1.15[t,
3H,13,15-(CO 2 NC2 Hi CHs ], MS (ESI" ) m/z:
606 (M—+1)" (100% ),628 (M—+ Na)™ (100% ). JC
F 53T (Css Hao N5 O OTHAE .C ,71. 40 5 H ,6. 455N,
11.57 ;52 .C ,71. 40 ;H ,6. 45 ;N ,11. 53,

1.8 = Z."h» p6-13,15-( N-2F T & ) 2R BE T
Ag) ey & 1% 1a AHIE Y G W7 2, )ik 2
(0.3 g,0. 53 mmoDHIF % (2. 7 g,27. 3 mmol )
O il 15 A BE 45 K K 1g (0. 20 @), F7 3R 58.3% , &
> 250 °C (50 f# ), HPLC K 2 i = 95% ,
UV-vis A (CHCL: ynm) (¢ /' M 'em ' ). 707
(4.1X10"),649 (1.0 10" ),550 (2.1 X 10" ),512
(0.89X10°),483 (7.1 10°),420(1.1X10°),' H

NMR(CDCI: ,8,ppm):9. 57 (s ,1H,10-H),9. 30 (s,
1H.5-H).8.58 (s, 1H.20-H),7.83 (dd,1H, J=
18.0,11.1 Hz,3'-H),6.24(d,1H, J=18.0 Hz.,3"-
H.),6.10(d,1H, J=11.1 Hz,3-H.),5.38 (m,
2H, 17-H+ ¥ & Bk A ), 4.33 (q, 1H, J=
7.2 Hz,18-H),3. 78 (s ,3H ,12-CH: ) ,3. 56 (q.2H ,
J=7.5 Hz.,8'-CH:).3.30(s,3H ,7-CHs ).3. 10 (s ,
3H.2-CH:).,2.90~1.40 (m ,14H ,17-CH: CH: + ¥
c LR %),1. 73 (d,3H, J=7.2 Hz,18-CH:),
1.60 (t.3H, J= 7.5 Hz,8 -Me), MS (ESI')
m/z 646 (M—+1)" (62% ),668 (M-+Na)" (100% ),
JCESIHT (Cso Has N5 O ) HEE .C,72. 56 3 H ,6. 67 ;
N ,10. 85 ;SZ{E .C ,72. 78 s H ,6. 69 3N ,10. 81,

1.9 = &= p6-13,15-( N-F ) ZR B I B (1h)
e T la MFE AL PR 20.3 ¢,
0.53 mmo)FIEE (2.9 g,27. 1 mmol ) 1545
AR Th(0. 22 g) 73 63. 3% , A .=>250 °C
(o f# ), HPLC K 26 = 9506, UV-vis Aun
(CHCls ;nm) (¢ / M 'em '):708(4.2X10"),653
(1.2X10"),550 (2.2 10" ),512 (9.3 X 10" ),483
(7.2X10°),420 (1.3X10°),' H NMR (CDCl: , 5,
ppm):9.43(s,1H,10-H),9.20(s,1H ,5-H),8. 52
(s, 1H.,20-H),7.82~7.17[m,6H,3'-H+5 (Ph-
H)].6.21 (d,1H, J=17.7 Hz,3"-H,),6.10 (d,
1H, J=11.4 Hz,3-H.),5.85 (s,2H,PhCH: ),
5.35(d,1H, 17-H),4.30 (q,1H, J=7.2 Hz,18
H),3.75(s,3H,12-CH: ),3.47(q.2H , J=7.5 Hz,
8'-CH:),3.28 (s,3H,7-CHs ), 3.03 (s, 3H, 2-
CH:),2.80~1.93(m ,4H ,17-CH2 CH: ),1.73 (d ,
3H,J=7.2 Hz,18CH:),1.56(t,3H ,J=7.5 Hz,
8-Me), MS (ESI' ) m/z.654(M+1)" (100% ),
676 (M+Na)™ (1626 ), JGE ST (Co Ha Ns 00 )3T
B H.C,73.51; H,5.97; N,10.72; sl {4 . C,
73.723H,5. 99 ;N ,10. 68,

1.10 =&h p6-13,15-[ N-(F A L) 7 & 50
Be i (LDW AR i 1a MR 7 Al Ak
2(0.3 g,0.53 mmol ) FIHr fif i & i H 2 2 1 Mg
(0.5 g,5.6 mmol ) J I il 15 £ & {4 By oK 1i
(0.11 g), =2 32.6% , ¥ 1.>>250 C (4 fif),
HPLC #imatiE=>95% . UV-vis Ama (CHCL ,nm)
(e /M "em ').710(4.2X10"),654 (1.1 X 10" ),
551(2.3X10"),513 (9. 1X10°),484 (7.3 X 10%),
419(1.2X10°)," H NMR (CDCls , &, ppm ) 10. 01
(s,JH,10-H),9.71 (s,1H ,5-H),8. 96 (s ,1H ,20-
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H),7.88 (dd,1H, J=18.0,9.0 Hz,3'-H),6.36
(d,1H, J=18.0 Hz,3-H»),6.30 (d,1H, J=
9.0 Hz,3"-H.).5.75(d,1H, J=7.8 Hz,17-H),
5.31[dd,2H ,13,15-(CO 2 NCH:CO:Me],4. 60 (q ,
1H.J=7.2 Hz,18H).4.32(s,3H,0CH:),3.91
(s,3H,12-CHs ),3.80 (q,2H, J= 7.5 Hz,8'-
CH:),3.30(s,3H,7-CH3 ),3.25(s,3H,2-CH3 ),
2.57(m, 4H, 17-CH: CH: ), 1.92 (d, 3H, J=
7.2 Hz,18-CH:),1.66(t,3H, J=7.5 Hz.8 -Me),
MS (ESI") m/z:636(M+1)" (100% ), TCE/MHr
(Css Hsr N5 Os )i12448 .C ,68. 03 ;H ,5. 83 ;N ,11. 02 ;
S .C L68. 23 3H ,5. 85 ;N ,10. 98,

1.11 =& vF" p6-13,15-[ N-(5-F & 3 5%
FORA PRBE R B A8k 1% 1a MR B9 & AL
753 HAIA 2(0. 3 g,0. 53 mmol JHIHTEEH] £ 0 #5
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