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Chemical Modifications of Purpurin-18 and Synthesis of
Chlorophyllous Chlorins Derivatives

Liu, Hongyao® Zhu, Guohua“ Liu, Ranran” Jin, Yingxue™*
Qi, Caixia“ Wang, Jinjun*"*
(“ College of Chemistry & Chemical Engineering, Harbin Normal University, Harbin 150025)
(® Wenjing College, Yantai University, Yantai 264005)
(“ Shandong Applied Research Centre of Gold Nanotechnology (Au-SDARC), Yantai 264005)

Abstract Purpurin-18 methyl ester and its imid ester were used as starting materials. The cycloaddition of the 3-vinyl group
in purpurin-18 with nitril oxide or azomethine as 1,3-dipole was carried up to established different five-membered heterocyclic
structures on the chlorin chromophore. Azadiene, prepared from the condensation of arylamine with aromatic aldehyde, with
double bond at 3-position of purpurin-18 conducted hetero-Diels-Alder reaction (Povarov reaction) to generate ring-opening
rearranged products substituted with aroyl or aralkyl group. The electrophilic substitution, allomerization and like-Aldol reac-
tion were accomplished making use of the reactivity of C(12)-methyl or 20-meso-hydrogen to introduce various substitutes at
12- and 20-position on the periphery of purpurin-18. The synthesis of a series of unreported chlorins related to chlorophyll was
accomplished and their chemical structures were characterized by elemental analysis, UV, IR and 'H NMR spectra. The reac-
tion mechanisms involved were also discussed accordingly.

Keywords chlorophyll-a; chlorin; purpurin-18; chemical reaction; synthesis

LI ER-18 M axa-a ZH AR RE AP P BR — P % “ENMy SE L AT AR R - AR R AR
ANELE R Y, 2 ORI T A v gy BER A Wy TR A D90 — O3l 71 8 I JT (Photodynamic
INTCHABFAMEI ST 1 AR AR A S 7 DX, [ Therapy, PDT)Z¥)IBARRT 1A, 20505 -18 NEM R
RN R RS R, 8 3R-18 W K3 PDT Z9MIOBHEGN) L T B PIN &40
UGRS3 4 e, — Wy ey MGy -pe ZLEKFR-T. b, RITLUR K18 REATEM ML AT, SR i

* E-mail: wjj1955@163.com
Received October 6, 2014; revised December 22, 2014; published online January 9, 2015.
Project supported by the National Natural Science Foundations of China (No. 21272048) and the Project of Shandong Applied Reaearch Centre of Gold Nano-
technology (2011).
I X 19 2827 3 2 (No. 21272048) A1 L AR 4 38 < TREROAR BT P0(2011 4R ) BEBNTH .

1320 http://sioc-journal.cn/ A\ ©2015 Chinese Chemical Society & SIOC, CAS  Chin. J. Org. Chem. 2015, 35, 1320~1329



Chinese Journal of Organic Chemistry

A DY R K FR 2 F I BRI R, B 2 TR R S = L
SR TSI AN AT AE I SRR R A . L5 ER-18 1
SERIB I 32 B AR TR T MR B B AR S AN 342 2
WA EAIR R Y, A% ER-18 FlR(1) i
GRIERL, dt 13BN, SRR, FREA
KRR G 55 RN . IR A5 H A A8, S/ T —
RYVBAIEZR-18 BRI 2R R R AN T4
YII& R, RGBT BB 1R G T 2R it T B
IS FH T 55 PRI A DY L s KM 54,

TERRME SR T, BAOS HEENG S NBS a1k
RG5O ER-18 Qa)KAE 1 3-ENA IR L, 145
B A=K C(3)- S EME IR B IR R-18 T
(2a~2c¢), [AWS, RO BNHS B HAD R 3-FBEERLT
K18 3); EFF 4-FHE AWML T S E RS &,
P WO Z S 13- @Mk SR 5k 1a 3547 A0 R H
WIS INER R, 73 88 H AN = 2600 M A B AR IE IR 45
ML 25 2-18 fiTEY) 4a 1 4b. Z7% Povarov J M ()35
AHLEERL 7 =S MEAL TS, ¥ 1by J7 RIS REIR
AAE—R T H IR SR R, 2R —#eik se UM R )

aR = p-CICgHy

- 1aX=0
bR= p-CHyOCqH, 1b X = NOCHj@
c R =2-Py

+ /R1 lC
N OH HO
R2
+
o ITI O
o) OCHjs o]
OCHj,
3 5

Jk-Diels-Alder [, g It AL B~ Y, 7
SAFEN T 37 75 BN 5 o J2 AR P 48 0 n s bk — 5 I i
5, (5%), 6 (7%) LA S LT 58 3R-18 RV % 7 (25%).

LI E-18 (1a)TEMERE H 52 FE BRI e 1R 46 5 = B
9 DLHRAR R 7= e 4 ) N-IIENE H R AT 0 R -18 BRI IZ (S,
69%); EAFALBMEHETN, 28 K-18 Wi 1b 55
AP B SEUR A IRNE, 12~ B R AR AN R R TR R T
ol 31%M AW EE(9); TEmEZM T, FIA 12-67
FEE R oL AR BTG T, 52K ST R4 A %
N, LA 43%77 R0 B 12-F2 K IR BUR 4048 R -18
TR RZ(10), SRJETEX HOREBERR FIMEL TS, T AL
BT R K K 12-2K SO BRI A (11, 65%).
TECATAE R, IEFE R ISR A AR B 1b
St 5 LB R B, PR AE 20-07 1 51 3E T A3,
FHLL 38% M= #4535 20-fHFEL0 L 518 AT 12; DA
N-SARHEFAME T 2 (NCS) 5 — S by % 9 HEAT SRR,
[FIFELE 20~ B 513 TR BRI, BL 49% i3k
13 20-5-12- A FL L0 R -18 W% (13).

OCHg
4a (4b)
R2
+
o) l}l o]
|
OCH;g OCHjs
OCH, OCHjg
6 7

R' = p-CH30CgH,
R2 = p-NO,CgHy4

Reagents and conditions: (a) RNOH/TEA/NBS; (b) 4-Cl-isatin/CH3NCH,CO,H/Toluene; (c) p-CH30CgH4NH,/p-NO,CgH4CHO/BF 3, Et,O/Toluene

B 1

Y118 BG 3-L 2 FE A 0 i s v

Scheme 1 The cycloaddition of the vinyl group at 3-position in purpurin-18 eater
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OCH, OCH,
13 9

Reagents and conditions: (a) PyCH,NH,/Pyr; (b) NH,OH-HCI/Pyr; (c) LIOH/THF/MeOH; (d) NaOMe/MeOH/PhCHO; (e) TsOH/CH,Cly;

(f) ACOH/HNO3; (g) NCS/MeOH/CH,Cl,

B2 8518 “ELIE AR R
Scheme 2 The reactions along the perphery of purpurin-18 imide
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R FIE KA S RS, M e S5 HIE
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HE R e R AVE R, B AR B T 7 S e Ik L A
) AN B MTAZA R A, B4 E 558 K-18 U7
AL R AR R I R4 I X0 60, Bk, B 5L
SR AR RO i Eh a, FEBRIESEE T B2 — Sk
BrRgh L L2-E AR b, HILRIALE ¢ NES S5
SSERT 13- AB AR AR, ER T R IV A AR A P40 795 3 24 R ik
T, Bk, EHRIEE LHPUIELUMO) R & & b A HliE
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Figure 1 The regioselectivity in 1,3-dipolar cycloaddition of
purpurin-18 with nitril oxide or azomethine
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3b-Hc SR b, DARIEE AN BR R 2 B TR CRE K ) 2 A A
BH

BT X v LA, R ER-18 B L R
55 1,3 (AR AR PRI Bl S5 87t A B HE A S 1) ST AR i R
PE. BT E-18 AL IR(D-TFIH)F A sp’ 24
I BB RT3 A 1, DRI S S PR 46 b e T 11 2
AeE, ETIHEMAES SRS — RN X
. T 3L T, 13- 1A AR M R T AR AT LSS
R EAE R, T R 8 25 B i B 0 3E A Re A BT A [A,
[AT S AE A A X BRI B Tk OB 14D S B2 B [ WU A T e 5. 41
HER-18 5 13RI IS A ¢ A F 2 A
SRR, 5 AR IR B RE 20 B R B o s 4
RIS(EE SIRFITLHI =W LL I # KL 8 © 7. BT Wk
TSIV i AR AW A o A K 2 T, BT A J i) 22 1) SR ik 2
[EAF7EAE R ISR Z S, [RIL, 70 o AN DU e
TSI HEAT PR S A R PR S A4 S A A

HR¥E A% -Diels-Alder [ ¥ (Povarov S W) IFE F H1EE
Ao 25 ANy (0 () ST AR GE R PR, 5 e 5
P B G A R Im s, 5 10 RAEMS S,
AT AE RGP N EXT B SRR A1 FIT A2, W R4k S
Povarov [ )20 B8 F2, U L0 5 s D 4 FH R i 4k,
HET R 75 AR R 45 U SRR 1 =&y B.
TAE 347 T A IR EAOIR 25 K4 5 BUR K 1 22 )
PEPH, RO TE L S = AL 3L R it R ZFE 3b-f7
R T, AR TEBIEIH, /£ 3b-1 LB
WHEGEM) C, Ho a - AN IE 57K 40 T4 26 R AL v
IR, et p-F2 0% D(HH LIS B4R Lk 5), F
3c-r I 2RV P 20 K MR A0 BRI 1 7 BCER 75 3]
LI 6), F Jo B A I K R B R e 2 25 AR 2 4]
F(H LS RS2 7). 2R 20 s bk S e R i 5 8] 3

A& H T 95 B = A i R B B U, i 2% D-T-34
IFHAS B S 10 A A BT B 1 R 3R, 1) 2 AE Y
FRIRT 3 S s 2 i it & AR
12 5%F-18 RELTEYIN 12-IEREMNR N
FIF A nbwy a3k i) 347 20k . 3437 Ik S A
AR I B 3 S AR 32 [ 1 25 ol A 27 S R A AR I R R
K TREE RS (HRKT 12-0 B 45 s
o E AR IE LD, AR SO TR AT E AT KB AL T
PR B4 3K-18 N R &, By @t
KRBT 1200 B REALIIIE I, 158 R-18 A%
B C(12)-HE 53 e rEE R 2-, 7-F0 18-
PR, FEEBER S NN, B Ta%ER-18
T G 0 R AT A A I R AR B 2R R O T Ay 3
%, B3 F1a e 5 &R A A R i
NEREAEE T X, RIS RUR-18- M, o5&k
TR R BT ELII S, O & AR 7 O R i
izt PRI AT DA A5 DU AHE i KA 23T 1R Y BE PR R TE R AR
A AN AN KI5 — R 7 R =R k-17-5
(1b), BAR n-K R WL 4n+2 PN EA S5 E L,
B AN B M /D o Bk, R L 55 2 4 R R ) ¢
K, 7ERH 7 BRI AP Tt R T 1a. =
BER-17-5 0 (1) B X I % A a5 C 3 g-fi, 1E
BRI 2 T, IR 20 o R B T XU 5 M2 B o A A ik
B RGBS R, 1207 FR R DU I FeR 0 T R
PSR a- DAL RSTE . TERRPE ST, 4%
F-18 HPR e L lE W L ) AMEE IR I R I T C(12)-
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B2 N-FEHELERER-18 RN 1b 5 N-RHEE LI Povarov R
Figure 2 The Povarov reaction of N-methyoxyl purpurin imide with N-phenylimide
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Figure 3 The aromatic aza-annulene structure of purpurin-18 imide and chemical activity on C(12)-methyl group

TAETERT Ree K A W B, FTAS ff Fafarid o a F0 b 7 263
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AN (9). FEREEAE & N (X=C), HEE B fifi
AT I T AN B DU TR A R (R 10, 528 R 1
e BEZKAT 12-248 1 BRI 2058 R -18 LMk (11).

2 #ig
AT AR 4T 2 218 S HL T

INTCHMEIR IR R BN 75 B M B AR R0 0 1 B FLR
A=A T IR R, RIE— @A E R TR
T R BE V. EE 3-07 ZMFE 1,3-1m AR A 4
Diles-Alder RN N, (E 3-47 B3N F7 4430, F5 I3
FT e LS HUAREEH; FIF 20-meso-frF1 12-43 F L )
Z T, DR ANy et B IR g R LR
TREMARR Y G54 MR RN, FEE IR
12-F1 2047 b 513 T AR EE R, 3R T4 %
FRPEILE NN il ) St e [ 5 A S L, SRR
B SRR AN AT AR A T E R 1A S AR

3 SRS
3.1 X5
TLESHTH Perkin-Elmer 2400 %5125 4 WAl & ;

IR A Perkin-Elmer 1730 B4 41433656 BEA 5 (KBr &
F); UV-Vis I UV-160A B4 4043 i Bkl ; 'H
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NMR | Brucker ARX-300 ZUAZREILIRACI 5, PHARN
TMS. FrHR G350 o A ali sl fb 2 a1 58 R -18. H R
(1a) AL 58 3518 V& FH R (1) 4% SCHR[12] ) 4%
3.2 3-[5(RIS-(B-MEAFE-4 5-—ERREME)-3-%
CIHELT %18 FfiE(2a)f0 - E-3- A HELI K
#-18 HES(3)MIE MK

i) 4 120 mg (0.680 mmol) NBS [#] 2 mL T4 — 4
R R — RN 106 mg (0.700 mmol)*i 582K S 5,
FEIRPEPERN 20 min IRIGEE I, HIEA 436 mg (0.754
mmol) 1a ] 3 mL FHEM ZEF BN LIRREA T,
7E 15 min WA T 2 mL T & 51 72 mg
(0.717 mmol) = ZJi%, BSMRY, EiRmMHE24 h, MA20
mL &G 25 mL K2, 3 AU G KR IX,
ToKBREREN T, WURIRYAE, FIRVAEEEIRAEENT 75
[PEis: VAR @ VCE)=1 : 10], 2> 5155 254 mg £
[ A 2a (0.347 mmol, 46%)F1 13 mg L4 & 1A 3 (0.023
mmol, 3%). 2a: m.p. 218~221 C; UV-vis (CHCl3) Apax
[e/(Lemol 'scm™ H)]: 410 (1.15 X 10%), 476 (4.79 X 10%), 505
(5.70X10%, 541 (1.87X10%, 698 (1.06X10°) nm; 'H
NMR (400 MHz, CDCly) §: —2.49 (br s, 1H, NH),
—0.05 (br s, 1H, NH), 1.68 (1.67) (t, J=7.6 Hz, 3H,
8b-CH3), 1.87 (d, J=7.2 Hz, 3H, 18-CH;), 2.25~2.43 (m,
2H, 17a+17b-H), 2.68~2.84 (m, 2H, 17a+17b-H), 3.69
(3.68) (q, J=7.6 Hz, 2H, 8a-H), 3.14, 3.53 (3.54), 3.59,
3.78 (3.76) (each s, each 3H, OCH;+CHj), 4.10 (4.09) (d,
J=16.9 Hz, 1H, 3b-H), 4.36 (4.38) (dd, J/=16.9, 10.2 Hz,
1H, 3b-H), 4.70 (q, J=7.2 Hz, 1H, 18-H), 5.14 (d, J=8.9
Hz, 1H, 17-H), 7.23 (7.24) (t, J=10.0 Hz, 1H, 3a-H), 7.52
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(d, J=8.4 Hz, 2H, PhH), 7.89 (7.88) (d, J=8.4 Hz, 2H,
PhH), 9.01, 9.75 (9.72), 9.83 (9.82) (each s, each 1H, me-
so-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 ™' ; EI-MS m/z: 733.3 (M+H"). Anal.
calcd for C4H33CINsOg: C 67.25, H 5.23, N 9.56; found C
67.47, H 5.06, N 9.29. 3: B H 35 0 Mt 4 5 SCik
[12]—%k.
3.3 3-[5(RIS)-(3-MEREKE-4'5.-— S FIEME))-3-
KT IFELT L 3E-18 Bf5(20)F 3-HELE-3- K 2 HEHLT
£ F-18 HEEQ)HIE K

DA R AR DR P I O SOR R IS, 4% R
2a ({17934 A5 50%[1 2b AT 4% 3. 2b: m.p. 221~
224°C; UV-vis (CHCl3) Amax [¢/(Lemol 'ecm ™ )]: 409
(1.14X10°), 478 (4.12X10%), 504 (5.35X10%), 541
(1.81X10%, 698 (1.07 X10°) nm; 'H NMR (400 MHz.
CDCl3) §: —0.15 (br s, 1H, NH), —0.10 (br s, 1H, NH),
1.63 (t, J=7.6 Hz, 3H, 8b-CHs), 1.74 (d, J=7.2 Hz, 3H,
18-CH;), 1.94~2.01 (m, 1H, 17a+17b-H), 2.47~2.61
(m, 2H, 17a+17b-H), 2.72~2.77 (m, 1H, 17a-+17b-H),
3.61 (q, J=7.6 Hz, 2H, 8a-H), 3.00, 3.40, 3.59, 3.79,
3.93(each s, each 3H, OCH;+CH;), 4.28~4.32 (m, 2H,
3b-H), 4.40 (q, J=7.2 Hz, 1H, 18-H), 5.20 (d, J=8.4 Hz,
1H, 17-H), 7.00 (t, J=10.0 Hz, 1H, 3a-H), 7.04 (d, J=8.7
Hz, 2H, PhH), 7.86 (d, J=8.7 Hz, 2H, PhH), 8.59, 9.46,
9.62 (each s, each 1H, meso-H); IR (KBr) v: 3434 (N—H),
2925, 2858 (C—H), 1739, 1701 (C=0), 1623 (C=C),
1562 (chlorin skeleton), 1463, 1373, 1228, 1168, 1029,
906, 732 cm™'; EI-MS m/z: 728.4 (M+H"). Anal. calcd
for C4oH4NsO7: C 69.31, H 5.68, N 9.62; found C 69.40,
H 5.74,N 9.50.
3.4 3-[5'(RIS)-(3-2"-MtiE E-4'5-— 5 FIEME)]-3-
K IHELT L E-18 FEE(2c)F - E-3- K2 HHET
£ %£-18 FEEQ)MIE R

DA 2-REE I I B AR SR R e IS, 1= 5k 2a 1)
HEE AR 44%1) 2¢ Fl 2% 3. 2¢: mp. 224~
227 “C; UV-vis (CHCL) Amax [e/(Lemol ~'ecm™')]: 400
(1.11X10%, 474 (4.05X10%), 504 (5.17X10%), 542
(1.71X10%, 638 (4.98X10%, 698 (1.09X10% nm; 'H
NMR (400 MHz. CDCl;) 6: —0.16 (br s, 1H, NH), —
0.11 (br s, 1H, NH), 1.61 (t, J=7.6 Hz, 3H, 8b-CH,), 1.75
(d, J=7.2 Hz, 3H, 18-CH;), 1.94~2.03 (m, 1H, 17a+
17b-H), 2.42~2.48 (m, 2H, 17a-+17b-H), 2.73~2.78 (m,
1H, 17a+17b-H), 3.55 (q, J=7.6 Hz, 2H, 8a-H), 2.98,
3.37, 3.60, 3.73 (each s, each 3H, OCH;+CHs;), 4.28~
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4.32 (m, 2H, 3b-H), 4.41 (q, J=7.2 Hz, 1H, 18-H), 5.20
(d, J=8.3 Hz, 1H, 17-H), 7.02~708 (m, 1H, 3a-H), 7.90
(d, J=8.7 Hz, 2H, PhH), 8.37 (d, J=8.7 Hz, 2H, PhH),
8.61, 9.41, 9.54 (each s, each 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™'; EI-MS m/z: 699.4 (M+H"). Anal. calcd
for C4H3sN¢Og: C 68.75, H 5.48, N 12.03; found C 68.80,
H5.61,N12.21.
3.5 3-[2(S)4'(R)-1'-BE-2"-F X-5"-5-M5| WEAH-3"-42
-2'-Ak kT B ]-41 55 %18 FRfiE(4a/4b)F0 3-[2'(R),4'(R)-
1-BBE-2"-FK 5"-5-M5|PRAk-3"-48-2'- M I T B ]-4T 4%
%-18 Ffig(4b/da)I & AL

4 60 mg 21458 2-18 FE 1a (0.104 mmol)¥&f# T 5
mL PG, JBEMA 11 mg HEHZ#(0.124
mmol)F1 19 mg ¥+ & HELL(0.104 mmol), 7£ 110 CHEFER]
WThE, FRSARRFIMA 10 mL A /K 53 10 min,
A 20 mL —& R a2, KEH &R EERAS
mLX2), GHAENE, HIKEERM TR, 8RR,
T RDERE AT IENT 73 B [GEMLA: VORMEE) @ (LR
ZHER)=4 1], 7153 17 mg L A# G [E 1A 4a/4b (0.022
mmol, 21%)F1 20 mg ZLER(A[E & 4b/4a (0.026 mmol,
25%).

4a/4b: mp. 191~194 °C; UV-vis (CH,Cly) Apax
[e/(Lemol 'scm™")]: 358 (4.75 X 10%), 412 (1.08 X 10%), 508
(4.54X10%), 544 (2.59X10%, 640 (1.07X10%), 694
(6.37>X10% nm; 'H NMR (400 MHz. CDCl;) : —0.18
(br's, 1H, NH), 0.07 (br s, IH, NH), 1.62 (t, J=7.6 Hz, 3H,
8a-CHj), 1.69 (d, J=7.0 Hz, 3H, 18-CHj,), 1.84~2.08 (m,
1H, 17a+17b-H), 2.45 (s, 3H, NCH3), 2.28~2.50 (m, 2H,
17a+17b-H), 2.66~2.74 (m, 1H, 17a-+17b-H), 2.95~
3.05 (m, 1H, 3'-H), 3.48~3.62 (m, 1H, 3'-H), 3.09, 3.33,
3.59 (3.58), 3.60 (each s, each 3H, CH;+OCHs;), 3.62 (q,
J=17.6 Hz, 2H, 8b-H), 3.65~3.80 (m, 1H, 5-H), 4.33
(4.29) (q, J=7.3 Hz, 1H, 18-H), 5.13 (5.12) (d, J=7.3 Hz,
1H, 17-H), 4.07~4.18 (m, 1H, 5-H), 5.25 (br s, 1H, 4'-H),
6.23 (6.19) (d, J/=8.3 Hz, 1H, PhH), 6.78 (br s, 1H, PhH),
7.09 (7.05) (d, J=8.3 Hz, 1H, PhH), 7.89, 8.47, 9.42 (each
s, each 1H, meso-H), 9.15 (br s, 1H, NH); IR (KBr) v:
3431, 3135 (N—H), 2924, 2854 (C—H), 1695, 1736 (C=
0), 1654, 1637 (C=C), 1560 (chlorin skeleton), 1508,
1400, 1267, 1070 cm™'; EI-MS m/z: 788.3 (MH"). Anal.
caled for C44uH44CINgOg: C 67.12, H 5.51, N 10.67; found
C 67.28, H 5.32, N 10.57.

4b/4a: m.p. 192~195 C; UV-vis (CH,Cly) Amax
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[¢/(Lemol "scm™)]: 360 (4.66 X 10%), 412 (9.88 X 10%), 508
(4.45X10%), 544 (2.54X10%, 638 (9.63X10%), 694
(6.21X10% nm; 'H NMR (400 MHz. CDCl;) 6: —0.11
(br's, 1H, NH), 0.15 (br s, IH, NH), 1.60 (t, J=7.6 Hz, 3H,
8a-CHs), 1.67 (d, J=7.0 Hz, 3H, 18-CH3), 1.90~2.06 (m,
1H, 17a+17b-H), 2.52 (s, 3H, NCH3), 2.32~2.52 (m, 2H,
17a+17b-H), 2.54~2.70 (m, 1H, 17a+17b-H), 2.95~
3.05 (m, 1H, 3'-H), 3.14~3.40 (m, 1H, 3-H), 3.43 (q, J=
7.6 Hz, 2H, 8b-H), 3.09, 3.19, 3.59, 3.61 (each s, each 3H,
CH;+OCH;), 3.92~4.04 (m, 2H, 5-H), 4.34 (4.33) (q,
J=173 Hz, 1H, 18-H), 5.19 (5.14) (d, J=7.7 Hz, 1H,
17-H), 5.25 (br s, 1H, 4'-H), 6.30 (br s, 1H, PhH), 6.56
(6.54) (d, J=8.2 Hz, 1H, PhH), 6.80 (6.75) (d, J=8.2 Hz,
1H, PhH), 7.80, 8.43, 9.69 (each s, each 1H, meso-H), 9.29
(br's, 1H, NH); IR (KBr) v: 3446, 3131 (N—H), 2900 (C—
H), 1736, 1701 (C=0), 1655, 1611 (C=C) 1560, 1541
(chlorin skeleton), 1400, 1309, 1257, 1079 cm '; EI-MS
m/z: 787.7. Anal. calcd for C,sH4yCINgOg: C 67.12, H 5.51,
N 10.67; found C 67.37, H 5.70, N 10.60.

3.6 N-FHEHE-3-[1'(R/IS)-1"-ZH-3 - AF K Tz -
- FEEAE]-3-ECHEKLIANKE ZBE L FZ(5). N-FF
SE-3-[1'(RIS-1-FE-2- KRB E ZE]-3-K2
Yo B ATANH — it Y B2 ERER(6)F0 N-FR & &-3b-Xt AR
FEABRLILE-18 — BT RRES(7) AR

¥ 89 mg N-H A KL FK-18 BEIL L H F5(1b)
(0.294 mmol)¥& AT 4 mL HZEH, SN 24 mg X Ag3E 4
F£(0.160 mmol)Al 20 mg X FH A FE A H%(0.160 mmol)
DU, PRI 0.1 mL =546l ZBEEW, 110 CHid: [
W10 h, MEEH G ARSI EYIH I 15 mL A K,
SHANE, KEH &P REERAS mLX2). &IFH
BLZ, KBEJEHICKBBR N T4, D 4d, RIRMEA
FERAE BN B[P VORI @ MR 2l =
41 1], /332 14 mg AR A 5 (0.015 mmol, 5%)-
16 mg £ {614 6 (0.020 mmol, 7%)H1 55 mg S 21 ¢4 [& 44
7 (0.073 mmol, 25%).

5: 256~259 °C; UV-vis (CH,Cly) Amax [¢/(Lemol e
ecm ™ )]: 434 (9.78X10%, 492 (1.00X10%), 559
(4.89X10%, 617 (7.82X10%, 667 (1.21X10* nm; 'H
NMR (400 MHz, CDCl3) 8: —2.60 (br s, 1H, NH),
—2.40 (br s, 1H, NH), 1.78 (1.76) (t, J=7.6 Hz, 3H,
8a-CH;), 2.81~2.90 (m, 2H, 17a+17b-H), 3.32~3.40
(m, 2H, 17a+17b-H), 3.22 (3.21), 3.26, 3.56, 3.57, 3.59,
3.77, 4.41 (each s, each 3H, CH;+OCH;), 3.98 (t, J=7.6
Hz, 2H, 8b-H), 4.25~4.36 (m, 2H, 3b-H), 5.59~5.70 (m,
2H, 3a-H+PhH), 6.77~6.82 (m, 1H, PhH), 6.99 (d, J=
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8.1 Hz, 1H, PhH), 7.48~7.57 (m, 3H, PhH), 7.58~7.68
(m, 2H, PhH), 9.79 (9.75) 9.86 (9.83), 9.95 (9.92) (each s,
each 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 ';
EI-MS m/z: 878.5 (M+H"). Anal. calcd for C4H4N;Oq:
C 67.04, H 5.40, N 11.17; found C 67.11, H 5.26, N 11.29.

6: 241~243 °C; UV-vis (CH,Cly) Amax [¢/(Lemol e
em )]s 434 (1.11X10%, 490 (8.97X10%, 557 (5.01X
10%), 615 (8.81X10%), 664 (9.96X 10%) nm; 'H NMR (400
MHz, CDCl;) 8: —2.36 (br's, 1H, NH), —2.16 (brs, 1H,
NH), 1.76 (t, J=7.6 Hz, 3H, 8a-CH3), 2.33 (d, J=7.5 Hz,
2H, 17b-H), 3.30 (d, J=7.5 Hz, 2H, 17a-H), 3.33, 3.43,
3.57,3.60, 3.88, 4.34 (each s, each 3H, CH;+OCH;), 3.95
(t, J=7.6 Hz, 2H, 8b-H), 427~4.36 (m, 2H, 3b-H),
5.50~5.70 (m, 1H, 3a-H), 7.20 (d, J=7.8 Hz, 2H, PhH),
7.61 (d, J=7.8 Hz, 2H, PhH), 9.90, 9.70, 9.97 (each s,
each 1H, meso-H); IR (KBr) v: 3398 (N—H), 2960, 2927
(C—H), 1737, 1709 (C=0), 1618 (C=C), 1552 (chlorin
skeleton), 1456, 1222, 1164, 993, 729 ¢cm '; EI-MS m/z:
773.3 (M+H"). Anal. caled for C4oH4NOo: C 65.28, H
5.22, N 10.87; found C 65.49, H 5.11, N 11.01.

7: 205~208 °C; UV-vis (CH,Cl) Amax [¢/(Lemol '
em D]: 420 (1.05X10%, 427 (9.23 X 10%, 556 (4.78 X
10%), 667 (9.96X10%), 714 (1.13X 10*) nm; 'H NMR (400
MHz, CDCl;) d: 0.14 (br s, 1H, NH), 0.16 (br s, 1H, NH),
1.68 (t, J=7.6 Hz, 3H, 8a-CH;), 1.74 (d, J=7.2 Hz,
18-CH;), 1.90~2.06 (m, 1H, 17a+17b-H), 2.42~2.56
(m, 2H, 17a+17b-H), 2.77~2.87 (m, 1H, 17a+17b-H),
3.66 (q, J=7.5 Hz, 2H, 8a-H), 3.19, 3.47, 3.60, 3.83, 4.36
(each s, each 3H, CH;+OCH3), 4.39 (q, J=7.3 Hz, 1H,
18-H), 5.29 (d, J=8.4 Hz, 1H, 17-H), 7.54 (d, J=16.1 Hz,
1H, 3b-H), 7.58 (d, J=7.8 Hz, 2H, PhH), 7.71 (d, J=7.8
Hz, 2H, PhH), 8.47 (d, J=16.1 Hz, 1H, 3a-H), 8.80, 9.35,
9.63 (each s, each 1H, meso-H); IR (KBr) v: 3456 (N—H),
2960, 2867 (C—H), 1743, 1703 (C=0), 1645, 1608 (C=
C), 1535 (chlorin skeleton), 1461, 1402, 1309, 1143, 1074
em'; EI-MS m/z: 7574 (M+H™). Anal. caled for
C4H4NgOs: C 66.66, H 5.33, N 11.10; found C 66.80, H
5.18, N 11.20.

3.7 N-(WRE-4-FAE)-415%E-18 —E I RRES(8)E
74

# 120 mg 1b (0.198 mmol)¥&f# T 15 mL AkizEH:,
PO 1 mL 4-2 FF 2R e, SRAiRE RN 5 hJE, A
200 mL FRFR/KIE (20 mL ¥k & + 180 mL 7K), A5 H
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TARERELR0 mLX2), A IFANHIE KRR, W
ToKIRBREA TR, JREIRAE, FIRDARERAEZT 95
(BT VA @ MR B =4 : 1], 193] 91 mg
2L fE A 8 (0.136 mmol), 72% 69%. m.p. 201~203 C;
UV-vis (CH,CL) Amax [¢/(Lemol 'ecm™")]: 420 (9.78 X
10%), 511 (9.92X10%), 551 (5.04X10%), 650 (7.66%10%),
707 (3.26X10% nm; '"H NMR (400 MHz, CDCl;) §: —
0.08 (br s, 1H, NH), 0.05 (br s, 1H, NH), 1.61 (t, J=7.6
Hz, 3H, 8a-CH3), 1.71 (d, J=7.3 Hz, 3H, 18-CHj3), 1.90~
2.00 (m, 1H, 17a+17b-H), 2.33~2.43 (m, 2H, 17a+
17b-H), 2.64~2.76 (m, 1H, 17a+17b-H), 3.08, 3.32, 3.54,
3.75 (each s, each 3H, CH;+OCH;), 3.54 (t, J=7.6 Hz,
2H, 8b-H), 4.37 (q, J=7.2 Hz, 1H, 18-H), 5.33 (d, J=9.2
Hz, 17-H), 5.68 (s, 2H, NCH,), 6.13 (dd, J=11.5, 1.2 Hz,
1H, cis-3b-H), 6.25 (dd, J=17.8, 1.2 Hz, trans-3b-H), 7.58
(d, J=7.5 Hz, 2H, Pyr-H), 7.83 (dd, J=17.8, 11.5 Hz,
3a-H), 8.60 (d, J=7.5 Hz, 2H, Pyr-H), 8.54, 9.25, 9.49
(each s, each 1H, meso-H); IR (KBr) v: 3477 (N—H),
2927, 2856 (C—H), 1741, 1712 (C=0), 1633 (C=C),
1556 (chlorin skeleton), 1467, 1380, 1261, 1101, 806
cm '; EI-MS m/z: 669.3 (M+H"). Anal. calcd for C4Hy,-
N¢O,: C 71.84, H 6.03, N 12.57; found C 71.80, H 6.21, N
12.79.

3.8 N-BEHE-12-FfEI%E-18 — BT AZEFES9)
B & B

¥ 79 mg L1583 -18 T4 1b (0.130 mmol )i fE T
20 mL HEEH, HidE S IIANE S KB R0.4 g LiOH
+5mL /K), &M T ORZGEE 4 h 5, HRE
SN TR M R 2 pH E A 3, NN 50 mL & H e 5
mL K52, AN, KA & bR (S0
mL X 3), &GP, KEEfE, FHIKEERM T,
W4E 2 10 mL, IR A HEE T, REEE 1
min) PR FH UK 2GR A 3 A s 7 1) B 50 HR o, 997 75 R
A, FR R RAT JZ M 4 B[R VO i)
WGBR TEE)=9 1 2], 155 25 mg 4L 9 (0.040
mmol, 31%). m.p. 253~256 ‘C; UV-vis (CH,CL) Apax
[¢/(Lemol 'scm™H)]: 379 (8.54 X 10%), 423 (1.22 X 10%), 585
(3.29X10%, 659 (2.93Xx10%, 715 (5.37X10% nm; 'H
NMR (CDCLy) §: —0.06 (br s, 1H, NH), 0.80 (br s, 1H ,
NH), 1.60 (t, J=7.6 Hz, 3H, 8-CH3), 1.67 (d, J=7.3 Hz,
3H, 18-CH3), 1.85~1.95 (m, 1H, 17a+17b-H), 2.36~
245 (m, 1H, 17a+17b-H), 2.48~2.58 (m, 1H, 17a+
17b-H), 2.76~2.86 (m, 1H, 17a+17b-H), 2.97, 3.22, 3.62,
4.35 (each s, each 3H, CH;+OCH;), 3.49 (q, J=7.6 Hz,
2H, 8a-H), 4.18 (q, J=7.4 Hz, 1H, 18-H), 5.07 (d, J=9.1
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Hz, 1H, 17-H), 6.16 (d, J=11.5 Hz, 1H, cis-3b-H), 6.23
(d, J=17.8 Hz, 1H, trans-3b-H), 7.68 (dd, J=17.8, 11.5
Hz, 1H, 3a-H), 8.16, 8.79, 10.21 (each s, each 1H, me-
so-H), 11.78 (s, 1H, CHO); IR (KBr) v: 3458 (N—H),
2926 (C—H), 1739, 1700 (C=0), 1616 (C=C), 1551
(chlorin skeleton), 1461, 1226, 1039, 993 cm '; EI-MS
m/z: 622.3 (M+H"). Anal. calcd for C35H35NsOq: C 67.62,
H 5.67,N 11.27; found C 67.79, H 5.50, N 11.14.
3.9 N-BHgE-12-2-#FH-2-FEZE)I%F-18 =
it I BR(10)H9 & AR

% 46 mg &BNEMT 10 mL HEET, 265 I
£ 128 mg 1b (0.211 mmol)fJ 5 mL FEEF1 0.4 mL ¥7%
TRIZE HEE, BUSRY, 35 CRAERER, 6 h Mgk
W, Jela A ONAR RN 20 mL KA1 25 mL & R,
S AN, & BEAERUKA (15 mLx3), AHHFF
WL I T KRB AT, DR IR 4E, 4 BT S RG FRIR VR
B FHEER AL ZHT MR VR @ VAR =10 : 115
&, 53 65 mg L E K 10 (0.091 mmol). 773 43%,
m.p. 217~220 C; UV-vis (CH,Cly) Apax [8/(L’1’1’10171'
cm D] 410 (1.04X10%), 513 (6.36X10%), 554 (8.78 X
10%), 640 (7.15X10%, 706 (4.94%X10% nm; 'H NMR
(CDCLy) d: 0.46 (br s, 1H, NH), 0.61 (br s, 1H, NH), 1.60
(1.59) (t, J=7.6 Hz, 3H, 8-CH,), 1.72 (d, J=7.2 Hz, 3H,
18-CH;), 1.90~2.05 (m, 1H, 17a+17b-H), 2.35~2.56
(m, 1H, 17a+17b-H), 2.72~2.86 (m, 1H, 17a+17b-H),
2.74~2.83 (m, 1H, 17a+17b-H), 3.09, 3.30, 3.60 (3.59),
4.39 (each s, each 3H, CH;+OCH;), 3.46 (t, J=7.6 Hz,
2H, 8a-H), 4.32 (q, J=7.2 Hz, 1H, 18-H), 5.23 (d, J=8.6
Hz, 1H, 17-H), 6.15 (d, J=11.6 Hz, 1H, cis-3b-H), 6.26
(d, J=17.8 Hz, 1H, trans-3b-H), 7.18~7.26 (m, 1H,
PhH), 7.32 (7.29) (t, J=7.3 Hz, 2H, PhH), 7.60 (7.66) (d,
J=17.4 Hz, 2H, PhH), 7.82 (dd, J=17.8, 11.6 Hz, 1H,
3a-H), 8.45, 9.19 (9.14), 9.20 (each s, each 1H, meso-H);
IR (KBr) v: 3454 (N—H), 2962 (C—H), 1728, 1693 (C=
0), 1610 (C=C), 1552 (chlorin skeleton), 1450, 1222,
1153, 1039, 840 cm™'; EI-MS m/z: 714.4 (M~+H"). Anal.
caled for C4Hy3NsO6: C 70.67, H 6.07, N 9.81; found C
70.51, H 6.27, N 9.97.
310 N-BEE-12-FHEXELTER-18 Z I EZFES
(1MHERK

#5 40 mg 10 (0.056 mmol)¥ T 10 mL TR — 5
Fserh, FIIABFRERT 20 mg X H 2868, T 35 CF
PEPE N 24 h, IO 15 mL ¥ /K FEHE 5 min, 23 G HL
2, FKBE—R, FICKREREN T, BT B 259 7,
TR AE E STV VER) @ MAB)=10 : 1]
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R REY, 1525 mg A [E4E 11 (0.036 mmol ),
FEER 65%. m.p. 212~215 C; UV-vis (CHyCly) Amax
[e/(Lemol 'scm™")]: 432 (1.21 X 10°), 545 (1.11 X 10%), 569
(1.38X10%, 656 (1.69X10%, 730 (6.23X10* nm; 'H
NMR (CDCls) 6: 0.47 (br s, 1H, NH), 0.53 (br s, 1H, NH),
1.55 (t, J=7.6 Hz, 3H, 8-CH;), 1.73 (d, J=7.3 Hz, 3H,
18-CH;), 1.90~2.01 (m, 1H, 17a+17b-H), 2.43~2.58
(m, 2H, 17a+17b-H), 2.80~2.87 (m, 1H, 17a-+17b-H),
3.02, 3.26, 3.60, 3.62, 4.36 (each s, each 3H, CH;+
OCH,), 3.38 (q, J=7.6 Hz, 2H, 8a-H), 4.31 (q, J=7.4 Hz,
1H, 18-H), 5.25 (dd, J=9.6, 2.2 Hz, 1H, 17-H), 6.12 (d,
J=11.5 Hz, cis-3b-H), 6.22 (d, J=17.5 Hz, trans-3b-H),
7.44 (t, J=7.3 Hz, 1H, PhH), 7.53 (t, J=7.3 Hz, 2H,
PhH), 7.72 (d, J=16.5 Hz, 12b-H), 7.78 (dd, J=17.8, 11.5
Hz, 1H, 3a-H), 7.81 (t, J=7.3 Hz, 2H, PhH), 8.68 (d, J=
16.5 Hz, 1H, 12a-H), 8.42, 9.32, 9.42 (each s, each 1H,
meso-H); IR (KBr) v: 3436 (N—H), 2924 (C—H), 1726,
1678 (C=0), 1622 (C=C), 1585 (chlorin skeleton), 1373,
1283, 1014, 912 cm ™ '; EI-MS m/z: 696.3 (M—H"). Anal.
calcd for C4H4 N5O5: C 72.50, H 5.94, N 10.07; found C
72.77, H 6.05, N 10.19.
311 N-RFE-20-HELI K F-18 ZLEREFHER(12)
B & B

# 117 mg 1b (0.193 mmol)¥Afi# T 10 mL — & F )z
W RINAAT 2 mL LRI 0.5 mL RMARER, =i
PESh, KSR EEIN 150 g ok, 2 ERH &
P50 mLX3), &IHAHZ, KBEPR, HIGKR
B BN T8, BOE B 0 R, A TR JE AT (R R
VOE) @ V(R =10 : 1135 X NIREY), 19 48 mg 41
& 44 12(0.073 mmol), 753 38%. m.p. 202~205 C;
UV-vis (CH,CL) Amax [¢/(Lemol 'ecm™")]: 420 (1.17X
10%), 535 (1.21X10%, 561 (1.40X10%), 646 (1.77X10%,
715 (5.23X10% nm; 'H NMR (CDCl;) §: —1.78 (br s,
1H, NH), 0.04 (br s, 1H, NH), 1.75 (d, J=7.3 Hz, 3H,
18-CH3), 1.76 (t, J=7.6 Hz, 3H, 8-CH;), 2.19~2.24 (m,
1H, 17a+ 17b-H), 2.33~2.41 (m, 1H, 17a+ 17b-H),
2.56~2.64 (m, 1H, 17a+17b-H), 2.68~2.76 (m, 1H,
17a-+17b-H), 3.40, 3.60, 3.64, 3.65 (each s, each 3H, CH;
+O0CH,), 3.81 (q, J=7.6 Hz, 2H, 8a-H), 4.91 (q, J=7.4
Hz, 1H, 18-H), 5.20 (dd, J=9.0, 2.5 Hz, 1H, 17-H), 6.25
(d, J=17.9 Hz, trans-3b-H), 6.39 (d, J=10.3 Hz,
cis-3b-H), 7.99 (dd, J=17.9, 10.3 Hz, 1H, 3a-H), 9.62,
9.97 (each s, each 1H, meso-H); IR (KBr) v: 3517 (N—H),
2966, 2883 (C—H), 1733, 1701 (C=0), 1616 (C=C),
1554 (chlorin skeleton), 1392, 1307, 1189, 1101, 1027, 925
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em'; EI-MS m/z: 6533 (M+H"). Anal. caled for
C35H36N6O7: C 64.41, H 5.56, N 12.88; found C 64.36, H
5.40, N 12.79.

3.12 N-BEHE-12-HEtE-20-F§ 405 %-18 —TELR
FAEE(13)MI & R

+ 80 mg 9 (0.129 mmol)¥Af#E T 15 mL & ki,
PR T EMINESE 50 mg N-EAST ML #Z(0.374
mmol)ff] 5 mL FEEVATR, 1.5 h N5 5, TLC Wil vk e
SONIE A, 234 h JEER. S5 A SONAR R TN 25 mL
KA 25 mL & e, HANZ, KEH & R A
(10 mLX2), &IANE, HIKMBRATE, #HE
B 22V, FRERAEZMT BT VOR) @ () =38 :
11705 B S, 153 41 mg 20 ([ 44 13 (0.063 mmol),
PR 49%. mp. 226~229 C; UV-vis (CHyCl) Aumax
[e/(Lemol 'scm™")]: 424 (9.95 X 10%), 532 (1.01 X 10%), 576
(1.49X10%, 661 (2.13X10%, 722 (4.76X10% nm; 'H
NMR (CDCl5) 6: 0.05 (br s, 1H, NH), 0.82 (br s, 1H, NH),
1.52 (d, J=7.0 Hz, 3H, 18-CH3), 1.60 (t, J=7.6 Hz, 3H,
8-CH3), 1.89~1.02 (m, 1H, 17a+17b-H), 2.25~2.37 (m,
1H, 17a+ 17b-H), 2.52~2.63 (m, 1H, 17a+ 17b-H),
2.77~2.87 (m, 1H, 17a+17b-H), 2.99, 3.39, 3.60, 4.38
(each s, each 3H, CH;+OCH,), 3.51 (q, J=7.6 Hz, 2H,
8a-H), 4.68 (q, J=7.0 Hz, 1H, 18-H), 5.12 (dd, J=9.2, 2.8
Hz, 1H, 17-H), 6.10 (dd, J=17.8, 1.4 Hz, trans-3b-H),
6.25 (dd, J=11.5, 1.4 Hz, cis-3b-H), 7.65 (dd, J=17.8,
11.5 Hz, 1H, 3a-H), 8.90, 10.22 (each s, each 1H, meso-H),
11.78 (s, 1H, CHO); IR (KBr) v: 3409, 3303 (N—H),
2960, 2866 (C—H), 1726, 1703 (C=0), 1647 (C=C),
1550 (chlorin skeleton), 1460, 1380, 1271, 1205, 1143,
1070 cm™ '; EI-MS m/z: 657.4 (M+H"). Anal. calcd for
C3sH34CINsOq: C 64.07, H 5.22, N 10.67; found C 64.16,
H 5.30, N 10.74.

HBh#1 Bl (Supporting Information) #7144 i A% fif
4R T AT U L I ek R T A A B AR T R
(http://sico-journal.cn/) I N #k.
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