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MERERE YA AE LR EZSAINGTERI S KX

= k3 N Y S b
wAExR  FFEEC BRERKRC ARBE
(MG R T2 B S 264005)
C IR 4 TRBAPIT R OCTEN) MG 264005)

EH

WE AN SER AR B SRR -a TR AR AR URE, R HC Sy KR b i o S X, YA NN ol g
e ReRE e, WL 13- N SN« Grignard S N ATSMEIA W45 s, 78 R3A EIANRIGL B B 13E T = ek
HEGiH, SERCT — RAUAR W a3 28 A AT AR, B 5354 UV, IR, 'H NMR, MS [ TT #4351
TUAESE, [FINARIE T 3 5L 15 100 0wy (K BRSO 7 25 ) 2 R i, 083 20 8 A & I RSB i
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Cyclopropylation of Chlorophyllous Degradation Products and
Synthesis of Chlorin Derivatives

Xu, Xisen” Li, Jiazhu“ Yin, Jungang” Qi, Caixia’ Wang, Jinjun*“?
(“ College of Chemistry and Chemical Engineering, Yantai University, Yantai 264005)
(® Shandong Applied Research Centre of Gold Nanotechnology (Au-SDARC), Yantai 264005)

Liu, Yang*

Abstract Pheophorbide-a methyl ester, as a degraded product from chlorophyll-a, was used as a starting material, and the
modifications for functional groups along N*'-N**-axis were completed by making use of reactive regions. The tri-membered
ring structures were introduced to the macrocyclic chromophore in different position by 1,3-polar cycloaddition, Grignard
reaction and reconstructions for exocyclic ring. A series of unreported chlorins related to chlorophyll were synthesized and
their chemical structures were characterized by UV, IR, 'H NMR, MS techniques and elemental analysis. The different effects
on the physical and chemical properties of chlorophyllous chlorins by introduction of cyclopropyl group were discussed and in

vitro photodynamic activities of some new compounds were determined.

Keywords chlorophyll-a; chlorin; chemical modification; cyclopropylation; synthesis
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Reagents and conditions: (a) CHaN2/CH,Cly; (b) KOH/EtOH/Pyr/PhOPh, 180 °C for 3a; (c) KOH/O,/C3H;0H/PhOPh, 180 °C for 3bs; (d)
ACOH, 110°C; () CHyCHN,/CH,Cly; (f) PhOPh/180 °C; (g) HBI/ACOH; (h) (CH,OH),/TMSC; (i) PryNRuO,/N-Me morpholine N-oxide; (j)
(CH5),CHMgBITHF; (k) TsOH/Benzene

Scheme 1

e 4 R-a WG, MPa)& AT it B 5, BT
73 3-NE bR IR 1) £ BRI 2R -2 RN 20 i,
FEBRE A5 R 23 BT E-3R EHEA A AL N, IF
A6 IRk R B ARSI C(3)- M PRI [ AR, o S
B 31%[M 3-FRNIE-3-2: 40 AN -ps — HEE(3a)
I 42%11) 3-2 IR HELTEZ-7-—HE@Gb). EHEAL
e AR R (1) 75 A BEAR IR B 27 R -2 H TG (4, MPPa), 15
B EEF= R 3-(5-FFSENEL PARbk I ) £ i B R 1R -a. VR
(5), iR B RAE 307 _LRIFERI R =T 3R 854, BL 70%
(7= oy 2 3-07 FIL IR N SE AR A 24 6. M\
MPPa (4)JF4h, Zoit 3-0 AR SE LI B-FR i dt R
ORI R 8 N, DA 38% 117 645 3] 3- £k
SEAE BT SR 1R-a HER(T), IR IEIRALEET Grignard
BV AR (8, 56%), BRI SAE N K
I25 H 3a- PR N BE £ I 2R 1R -2 HHTER(9, 64%).

FIH MPPa (4)If) C(3)- LMKk L 22 5 A N-F 3L
HRRIIAT L3RI Y, REE 3-07 FREE
TRIEms IR &R, 4 BT 15 BT =4, (H N A= RS
Vi, EEANHAY B 1370 A A MR IR 4 R ) AR Tl 4
%-a FEE(10, 11%). FEZE TG 4 I HHEAE 2Rk
HE AR, — DV AT DUARDG) e e A5 21 3-34 A 3
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FEUEEM 2¢R-a BRI, 67%), 4kek 5k LA/ dh
FRUEAT SR AR SN, DLERARUR = 54 Y 20-GUFR I %
H2R1R-a FHR(12, 74%); (LAY 11 S E RN
B 23%[ “Enhy W (13), kD A A T
WAREE, L 80%[KI M= KA ik 3-FRINFELT 28 %-18 HIfiS
(14), PRSI RGAE 2R LRI, 33 61% X4
PHEIARI 21 28 $2-18 W EN%(15).

1 HR5UE

1.1 =R AR EN ZSAMNG B LR =5%
A

PRNSERR T MGk BAT K R R AL, ok
AT A BE S R TE B SR KA 5K T, IR T 25 3R T AT 31
THABIRIARRLS (R R R BT, DI, 72 —nbwy 34 1
3 = O IA Sk, B fE 5035 DU i gt X 3R (R ) R T,
B R 5 B GBI TV AR I DI . TEE PR T
TR IR TG S I g 3 A D Sl 2 e O (A (14
%, AR L3I ok A AR, a2 B i
(K] C)-hr LR T A R N IXIK, L5 B Rk il
AT LUNGMI 3 58 SR 15 BN, A PR E TR 1 1 it Mk
o e R AL PR IR AR S5 4, 30 1T AR BT N 1 =

http://sioc-journal.cn/ 553



BHLLE

Reagents and conditions: (a) CH,O/NMeGly/CH,No; (b) CHoNo/PhOPh, 180 °C; (c) HCI/H 042/ THF; (d) LIOH/OL/THF; (€)

KOH/EtOH/O,; (f) NHyCHoCH(CHy),

Scheme 2

TCHIRIR.

FERGERA =TI T o AR, HarrHuE
LTI A B, Hodw A PUE (HOMO) 0 R
P RS T 1 L B R A R, PRIk, 13- B B s
Diels-Alder W [FJHLELAH T, A& #5016 5] T 2R 0 Ak
[n*'S+m?STi fe. FEMLEEH 4 1R-a 4 1) 3-A7 LML it (4
FE i 5Ok 18- 50 BRI TR U R AL, T
E- IR0 0 4 045 1 FH R L1 2008, (2 R 3a- A1 3b-37 ik J5t
T o ST 43 S AR I A, DR U
WRAA (R B 1) SRS 1 BN e 1 77 X (G A% a), 7 3-
£ _ETE R MERER A (B); W SAR AR A4 D5 (O Rk 1) 77
KOER b)Y CQO)-LMEHEIATINRIITE, NAZH A R A
ISR TLICIR Ay (By). PH MR R PR ] L2
HICEUT R W27 (A AT ADERR =TT gt C,
RE8 18 A A BT R TR 5 (B A By ) A8 R A1 B
(D A1 Dy). HTHE B AR R IT R 0 AU s
59, T RN 5 R FA (35 AT TE R4, TR
PLIX P 7 X se e EHE, S Fn =49 By W IE kA AH %, 3a-
PR FRALTREEALT T, Freh, Dy NAfEN FZEH)
SR, SR, P b MAeIbR BRI AR s N 340 46 H B
PSR 1 Ay, 75 SN v oA e IR AT i 4 485 1)
(EEHE =4 Dy, g A () BB SRR 2 & )ik 47
a SERCE ERCE I L3RRI, AN & 1% U1 b
(15 AT ARV () R (B 1).
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5 MPPa (4) 1) 55— I b B v, 20 28
A N=FP T U A R (R IR B0 T JIE AL
KO3 B, DB R BRI N AR N AR
PaA &4 10 o B-FRPTIEANT K = JCURIR G K, T LARAE
PR 5 SMEEIR R A TR &, A6 13°0 BB T R
R AR A BB A PR 2L, DG, JI F 5
HHGER S N B TE AL G A, BIRAE 3-A7 X0 B A A
FRINSRISE, ifi5 5 HAT SR AR 1 13- S P A L
PR, DABSIAIE S (0 2CR e 1 I Ik 3, 398 11 22 At ol
FATIRIRBR AL —Znhwy 10. BRubz 4k, FIF —Znkwy
JEEA_E (VI PR S N3k [, AP AT IA A R R 1R s 1
A 2 BEATAE SN, 3 3T — T e 5 4 (AT T
%, AR 3- LB R BT SR 1R -a T T
(A% EQ S, MM PR N SR AE 3a-fir by 20585
18 (RIAMEIR T AR A S5 N A8 T ik 2 22 B At = A 6
MT7E, KRR A Y 3-FR LR 55-18 M4 &
SR, ABAESN IR B BE I R B 5 3k T I bl
Fy.

H4E 228 AN ) PDT 3545 K97 (1K i
VPR ORHE LS, 4 PDT HIDGBORI 7 1At it o
H IO T BT B ST R -a (B
WAL, C3)-F SR M TR (K Re (ELAF
B, Y LI FE 1R A IR EE AL AT LR i C-D FAdi )
IR PE, AITERAE T KFR I 1 IR k. A A B
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R=H, CH,
P = CH,CH,CO,CH;

CH,N,
H
X‘_ HN/\ffo "

CH; O

Bl AT AR 13- Ik S = e R SR TR 1K

Figure 2 The 1,3-dipolar cycloations of chlorophyllous derivatives and the formation of tricyclic alkane structure

FEIRI LGSR, [FIREB AR R T B B, i, 8 B 9
(1) 3a-fr LA L 258 35-18 Wk M AMEM AR T =0
BRI G IN, SN AR 2 A48 T S 9y 1) 43 1 i
PE.

BAM=1] WO A S 2 2K AN 7O B A A
Z N7 T 2% S B S, BRI E BRI HEER
A3, T DAAS R b 25O K ER 23 T (G B o,
BEHTE NN Al (0 G5BT 437 (R 35K T ok
WBL(Qy W) FEME = A= sk S IR ). 2 34 L3 e
WAL LLG, H1 2% 20 T BRAMB A O s B X BR f8 2
LR R, BT e ZRTAEMIN Qy AT 6~8
nm AR, REWWEY 9 1€ 307 LARER L4
5, BT 3a- IR FEERI S, 5 247 FHIERD S5-4 -
meso- A AT I Wk, 75— 2 A ERR T 340
o 5 5 DU RERR () 3P 5 8, AT e A 9 1 s K]
LG L MPPa (4) (Qy=666 nm) ¥ # T 5 nm([&l 2
A OPL 05T, 3R R RIEE T AMEE B3R L
(VIR TR e &5+ ] DLOE It FORE A Ak 22 4 2 5 3. 1)
W, Y 347 ZHEHREIE 5 LRI, BT AN R Rk
AT IR K 7 2 654 nml™, T ER YRR T (0 0
ALY 11 (A RS EI P AE 658 nm Ab, TEH 3-
PEFRTN )5 i o B 5 ORI m-K R BB T B — e AR AL 1)
H 7 (] 2 B 2, DRI L 3- S SE AR IR SRR (1)
Qy WINFHM A 7, SEW4 ML, 76 EB-5F &g

ZICIRIA GRS 10 1 Qy WEERIAFL R T 4 nm.
BARAMEIR LR Y B 2 PR m- PR R e, (H A
HAEFERI o BRI LAY B-PRIE A i Rl L0 5 R (K
27 C ), BEMTER T KI I T- P TT WG IR R
ISERS Ak 7

BAR ORI FA LG 2 i rEm s 5 k4
INE N, A5 347 LRI LA RN S, e g 2e
UMY ()55 HE S A f SE AR E 20-meso-fir, 313
N FE R I — 2 AR e 1, 78 25 BN TR 1R S N 46 A
', CQR)-FANIEIRFEAAL; 7655 A3 e ke B
—RANME RN 2 )5, EY 10 1E AR e ™
L/ NFINA LS LS %%E%EEHW%@L
LI AR, DR, RS IE AR TR
SN Tk, RISk 2 IR L R R TR e 65 44 St idk — 25
(TP S
1.2 RAERKZSANGLTEM BRI S HTETE
{E

IS S S NI NV ) AR e B 7 S (0L
SRR, FEAEERAE N2 NSl AR
SER, AT LGE I S TR 1R 7 R 258 R 25 % DY
e KR 4> T 10 PDT Uy 2807 A A R R BE (1 s .
R 3ATIRN LSS IR, 42 AIEFE 2, 3a, 3b,
11, 12 F1 15 DL RAE R 28 1R -a FIR(4) A Frilifb &4,

B2 by A B = o R RN SRR Ah=r] LG ) 5
Figure 2 The substituent effects of tri-carbocycles on the periphery of chlorins and the effection on their UV-Vis spectra
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MRIEX

LU IR Y63l 71 i 24 ) 6 U 25 (Photofrin) FI 1 A7 meso-
DU 22K A0y (mTHPC) by 6 JE S, 756 IR 41,
KH MTT eyt BiRtb &9/ A9 S-180 411
(PRSI E) 7S T REAT I . DA A A R B TR 0 5
o DRAZ S, DL i 0 o 2 Y AR B A SR A R
(ICsp). MFE 1 WTLAE L, B Itk &40/ B R 98
S-180 41 Mt LA BRI aah Jigt, 1L 1Cs HIET
0.400 pmol/L, 9953 4fl M 1y F il g g iz iy T 26 — ARl
REI63) 1 PUE 29 Photofring RELEW) 3a, 3b, 11,
12, 15 1¥) PDT 35 PRAR T 0F HE 25900 H 117 I AR S FH 280K f
(1) PDT 254 mTHPC, {H¥3 5 T4 4 28 v e fid =
PR FE IR D 2R R -a FYER(4), 1) 30738 A TLoe A ) —
ZNbwy 2 A AN IR ) %2 5 T mTHPC 2.4 £5.
MG 4 1) 3L LIRFEFALIA N EE LG, BTE
B RFR 37 11 %5/ L ATIRE S-180 41 A 11 J10 ) 25 148 5,
1M 2007 &R AR &by 12 KIEE g T
PDT i& . b4 2228 Ay I AMEIME M B AE IL 1Cs
SR R 2k, LA FRBE S5 R 1) — &My -pe
= HlEGa)L % R-7 = EGb) T £IL R &k 6s)
DI, T AT A A Al A (1) £E R I SR R (4) R AL
2-18 (AS)FAMHHIA ICs MIAHXALAIC. X/ C-D P
] FRTAK 2% gl A ] DURCIIL, T 3% 52 1R BUAR 356 AT 1 A 12k
i, SOCEN U TR, (E 1307 F0 1547 by g
A A BSR4 4 BRI 3b 119 1Cs (HAA 0.124,

T LA e /KR PR (R 2148 2518 AT AR W 15 TR VI 2 {2 )
551 0.268.
2 Zig

A - 3 8 AN Wy 55 A kKBRS L IR 1 S b
D, JH I B RGN 13- AR I, Bl
FEMEHANER LG ERS 5 RN, 438
NN il i) (R [ 07 7R g A5 [k T = e Rt 4.
= ICHMB AT LA RO G KA 1 KR, I e
JRIHL PG P AR AR AL, RTINS AR DY R 3R L A
TR RN XK, Ryt 2D R AR R B AL
gik, sEBR O, Je YRS 2V IR OE TR
NIELR.

3 SLOEY

3.1 UESiKH
TEE TR Perkin-Elmer 2400 78 7025 /WAl 5 ;

IR Jf] Perkin-Elmer 1730 H£1 &h 3565 1 A3 %2 (KBr [k
J7); UV-Vis il UV-160A B AN e g ihilse; 'H
NMR H Brucker ARX-300 BUZREILHRACI &, WAR A
TMS; ESI-MS ] Bruker Daltonics Esquire3000 plus
8 Varian 500-MS IT BTl 000, i HR A3 0 40
g bz ol, WSt SRR-a IR (1) R AR I BE I 2R 1R -a
()T SCHER[1011 4% 3- L BEHE-13"-(1.4- 53R IR IE)-3-%
IR FE R 2R P liR-a (7) 3% SCHR 1145
3.2 3-HAER-3-EZZHEE_SANG-ps ZFREE(3a)HIE
X

128 mg (0.211 mmol)¥%fi#+ 2 mL 5 B A BBk
H4E -2 FHER(D)IIAS] 15 mL & e, A 25 mL
H I E R e OB, =i N EE S EE 3 d )5,
BFE NS mL S/, PR30 mL /K532, A AT
IKPEER(25 mL X 3), JEikds 2+ K pris B i iiy)
FF T 10 mL THF 1, I 5 mL 25%[ &5 102
K, EEBEFE4 b, H OB pHE IS 3, AL
EHmgE T, BJaMmA 10 mL MEBER 15 mL 25%
(m/VIE AR SR, AR, Sl 1 h )5
AR 1.5 b, 7 ) )SAR R 60 mL 7K, H 10%(1)
TR ] pH & 3, H =S AN (25 mL X 2), JTo/KAi
BRI 5 IEE NI, B2 H 7, 2% g
FEAb, WAESE N 5 mL 2Kk, 160 C FHEHE 1.5 h, 0
NIE CUERRe, b EkR 25 KH0 0 Kk, ks 5 Skl
FEZHT /B VR VCa ) - M(CRR OER)=4 @ 1],
3 42 mg BELLEE A4 3a (0.065 mmol), 7= 31%.
m.p. 199~201 ‘C; UV-Vis (CH,Cly) Amax [¢/(Lemol e
em )] 398 (1.32X10%), 496 (1.19X10%), 527
(5.28X10%, 605 (5.28%X10%), 658 (3.96X10% nm; 'H
NMR (CDCl3) 6: —0.91 (br s, 1H, NH), 0.56 (br s, 1H,
NH), 1.43~1.55 (m, 2H, 3b-H), 1.30~1.38 (m, 2H,
3b-H), 1.68 (t, J=7.5 Hz, 3H, 8-CH3), 1.84 (d, J=7.1 Hz,
3H, 18-CH;), 1.98~2.08 (m, 1H, 17a+17b-H), 2.16~
2.24 (m, 2H, 17a+17b-H), 2.30~2.42 (m, 1H, 17a+
17b-H), 2.70~2.78 (m, 1H, 3a-H), 3.72 (q, J=7.6 Hz, 2H,
8a-H), 3.26, 3.31, 3.51, 362, 4.16, 4.21 (each s, each 3H,
OCH;+CHj), 4.36 (q, J=7.0 Hz, 1H, 18-H), 5.16 (d, J=
8.6 Hz, 1H, 17-H), 8.54, 9.55, 9.64 (each s, each 1H,
meso-H); IR (KBr) v: 3449 (N—H), 2956 (C—H), 1740~
1701 (C=0), 1654 (C=C), 1560 (chlorin skeleton), 1458,

R BRI NN /N B IR 180 2 I AR -

Table 1 ICsq results of chlorophyllous chlorins on mouse sarcoma S-180 cell line

Compd. Photofrin mTHPC 2 3a 3b 4 11 12 15
ICs0/(umol<L ") 0.736 0.057 0.025 0.171 0.124 0.363 0.192 0.098 0.268
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1400, 1073, 669 cm '; MS m/z: 639.3 (M+H)". Anal.
calced for C;7;H4N4Og: C 69.57, H 6.63, N 8.77; found C
69.69, H 6.55, N 8.99.
33 3 MAE-I-KZHEELLE-7 ZHEQGL)MEK

¥ 111 mg SRR FER(1) (0.183 mmol)#iE T
10 mL & gerb, I 25 mL [ i B 40 e 2Bk
W, I NEDOEEECE 3 d, HEE NI 5 mL 4FR,
PN & e 30 mL /K902, AN KPS @QS
mL X 3) 7 A HLZE, HIIC/KGR BR80T 45 5 98 4 45 22
T, SEJE A 100 mL Bk &1 12 g A 15 mL
IENWER 15 mL niere, WAZSSRIZIGEEE 2 h 5, HK
AU SR S Tk Z T Akt (BRR 35 mL), & /KA,
PL 25%[KfR BR R Y pH (4 2~3, B S K E
IKIZ sk, LRI E A PR EEA HIAH, 10 min J5
TR R, NN 10 mL —ZEBEE BTk B i,
HT 160 CRFHF: 1.5 h, IIAIE KMk, gk k
T KWK, WeAn 5 SRR JE T B R A V(£
fit) ©: M(LBRLT8)=3 © 1], 1951 mg REZL (a5 7474 3b
(0.077 mmol), F*F 42%. m.p. 213~215 ‘C; UV-Vis
(CH,CL) Amax [/(Lemol 'ecm™)]: 402 (9.12X10%), 502
(821X 10%), 540 (7.30X10%), 627 (547X10%), 658
(2.28X10% nm; 'H NMR (CDCls) 6: 0.03 (br s, 1H, NH),
0.05 (brs, 1H, NH), 1.48~1.56 (m, 2H, 3b-H), 1.28~1.31
(m, 2H, 3b-H), 1.65 (t, J=7.5 Hz, 3H, 8-CH;), 1.79 (d,
J=17.3 Hz, 3H, 18-CHj), 2.30~2.41 (m, 2H, 17a+
17b-H), 2.02~2.18 (m, 2H, 17a-+17b-H), 2.67~2.76 (m,
1H, 3a-H), 3.63 (q, J=7.5 Hz, 2H, 8a-H), 3.16, 3.27, 3.53,
3.61, 3.87, 4.13 (each s, each 3H, OCH;+CHj;), 4.26 (q,
J=17.2Hz, 1H, 18-H), 4.67 (d, J=7.5 Hz, 1H, 17-H), 8.36,
9.37, 9.52 (each s, each 1H, meso-H); IR (KBr) v: 3451
(N—H), 2925 (C—H), 1737~1700 (C=0), 1616 (C=C),
1548 (chlorin skeleton), 1460, 1223, 1034, 906, 746 cm
MS m/z: 667.2 (M+H)+. Anal. caled for C;3Hy4N,O7: C
68.45, H 6.35, N 8.40; found C 68.61, H 6.50, N 8.31.
3.4 3-[(3(R,S)-[1-(4'(R,S)-B E-Mtmemt £)]-3-F% 2 1
B EREMFER-a FES(5)RIA R

7t 5 mL TR0 DY S0 i fi# 146 mg (0.266
mmol) i EEI 2R R-a HIR(4), 2R A 25 mL FEE L
Yot ORI, JE SN, ST 4 1 N BUE 18 h,
WA I N () R e 2 IR, B fE AN 25
mL HHGER 30 mL K, AN, KEH &
FEAE(15 mLX3), HIFANLZE, H TGRS T4,
TR ARG, FTS R R Y& 2 s [De a7 VR
fit) : LR LTE)=5 2], 3 93 mg Bl ik 5
(0.154 mmol), =%k 58%. m.p. 250~253 ‘C; UV-Vis

Chin. J. Org. Chem. 2014, 34, 552~560

© 2014 Chinese Chemical Society & SIOC, CAS

(CH,Cly) Amax [e/(Lemol 'ecm™H]: 410 (1.31X10°), 471
(5.24X10%, 504 (1.13X10%, 536 (1.18X10%, 607
(9.17X 10%), 664 (6.55% 10* nm; '"H NMR (CDCl3) 9: —
1.78 (br, 1H, NH), 0.50 (br, 1H, NH), 1.67 (t, J=7.6 Hz,
3H, 8b-CH3), 1.71 (d, J=7.1 Hz, 3H, 18-CHj,), 1.81 (d,
J=7.3 Hz, 3H, 4-CH;), 2.03 (dd, J=7.0, 3.0 Hz, 1H,
3'-H), 2.23~2.39 (m, 2H, 17a-H+17b-H), 2.31~2.37 (m,
1H, 4-H), 2.51 ~2.74 (m, 1H, 17a-H+ 17b-H), 3.18
(3.16), 3.30 (3.26), 3.61, 3.64 (each s, each 3H, CH;+
OCH,), 3.67 (q, J=7.6 Hz, 2H, 8a-H), 4.31 (4.29) (d, J=
8.6 Hz, 1H, 17-H), 4.75 (4.50) (q, J=7.2 Hz, 1H, 18-H),
5.27 (d, J=19.8 Hz, 1H, 13*-H), 5.12 (d, /=19.8 Hz, 1H,
13%-H), 5.53~5.64 (m, 1H, 5'-H), 6.91 (6.89) (6.88) (6.50)
(t, J=7.0 Hz, 1H, 3'-H), 8.59 (8.58), 8.95 (8.94), 9.48
(9.47) (each s, each 1H, meso-H); IR (KBr) v: 3433 (N—
H), 2973~2870 (C—H), 1735~1695 (C=0), 1605 (C=
C), 1557 (chlorin skeleton), 1440, 1326, 1172, 1013, 809
cm s MS m/z: 605.4 (M+H)". Anal. caled for CssHyNg
Os: C 71.50, H 6.67, N 13.90; found C 71.69, H 6.41, N
13.75.

3.5 31'(RS)-1-(2'(R,S)-HEISRAR)-I-LEZHEE
Pt SEM 4R ER-a EREE(6)RI & A
" 10 mL —2KEE A 105 mg tb&54 5 (0.174
mmol), 1160 CyliE#HE MY 20 min, JIAIE CLeH:
T, b UERR 22 ZORTE, LL/b B T G b AR T A
REW, AL AL [PE R VR E) @ MCR S
B)=4: 1], £ 70 mg EBEEA[E{E 6 (0.122 mmol), f=3
- 70%. m.p. 215~217 C; UV-Vis (CHyCL) Amax
[e/(Lemol 'scm™)]: 415 (2.55 X 10%), 528 (3.67 X 10%), 565
(3.38X10%, 599 (4.16X10%, 659 (2.06X10* nm; 'H
NMR (CDCl3) 0: —1.62 (—1.69) (br, 1H, NH), 0.50 (br,
1H, NH), 1.66 (t, J=7.6 Hz, 3H, 8b-CH3), 1.77 (d, J=17.3
Hz, 3H, 18-CH3), 1.38~1.45 (m, 1H, 3b-H), 1.51~1.65
(m, 2H, 3b-H), 2.18~2.30 (m, 3H, 17'-H+17%-H), 2.32~
2.40 (m, 1H, 17a-H+17b-H), 2.46~2.70 (m, 2H, 17a-H+
17b-H+3a-H), 3.21 (3.20), 3.34 (3.38), 3.60, 3.61 (each s,
each 3H, CH;+OCH,), 3.62 (q, J=7.6 Hz, 2H, 8a-H),
423 (d, J=8.0 Hz, 1H, 17-H), 4.41 (q, J=7.3 Hz, 1H,
18-H), 5.20 (d, J=19.8 Hz, 1H, 13%-H), 5.05 (d, J=19.8
Hz, 1H, 13%-H), 8.42 (8.39), 8.38 (8.34), 9.41 (9.39) (each
s, each 1H, meso-H); IR (KBr) v: 3432 (N—H), 2800 (C—
H), 1735~1689 (C=0), 1654, 1618 (C=C), 1560 (chlo-
rin skeleton), 1400, 1251, 1163, 1082 cm™'; MS m/z: 577.4
(M+H)". Anal. caled for C3¢H4N4O5: C 74.97, H 6.99, N
9.71; found C 74.69, H 7.17, N 9.69.
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3.6 3[1'(R,S)-(1-BE-1"FHZE)-13"-(1.4- =5
XE)-3-E T HEEREMNERER-a BEE(8)IIE K

260 mg LAY 7 (0.427 mmol)iE AT 20 mL T4
PIPU SRR T, FERVORT T 0 CHERE T &A% N 1
mL ¥ 1 mol/L ¥ PRV BE DU S v, Ak sLdiidt:
10 min, AR AR, EBOGRNEZ 1 h 5 RNEER; W
SNARZ I 25 mL A GE AR, BEFE 15 min,
A 20 mL () & W, A PUZE, H 8 RiAs
WOKAH(15 mLX3), & IHAVZIHmIERE, K P15
REFEZHTADEIR A VO @ MCRCER)=
3:1], 4 156 mg FLxElE £k 8 (0.239 mmol), /~#H
56%. m.p. 224~227 ‘C; UV-Vis (CHyCl,) Amax [¢/(Le
mol 'eem ™ ]: 413 (8.98X10%, 497 (1.62X10%, 524
(8.08X10%), 593 (8.97X10%, 610 (8.08X10%), 646
(4.49X10% nm; 'H NMR (CDCly) §: —3.18 (br, 1H,
NH), —1.38 (br, 1H, NH), 1.65 (t, J=7.6 Hz, 3H,
8b-CH3), 1.75 (d, J=7.0 Hz, 3H, 18-CH3), 1.46~1.60 (m,
4H, cyclopropyl-2'-H), 1.90~2.40 (m, 3H, 17a+ 17b-H),
2.35 (s, 3H, 3a-CHj), 2.50~2.78 (m, 2H, 17a+17b-H+
cyclopropyl-1'-H), 3.33, 3.52, 3.55, 3.56 (each s, each 3H,
CH;+OCH;), 3.68 (q, J=7.6 Hz, 2H, 8a-H), 4.20~4.67
(m, 6H, 17-H+18H+ 13'-OCH,CH,0), 4.94 (d, J=19.0
Hz, 1H, 13*H), 5.09 (d, J=19.0 Hz, 1H, 13*-H), 8.88,
9.59, 10.57 (each s, each 1H, meso-H); IR (KBr) v: 3409
(N—H), 2960 (C—H), 1726~1701 (C=0), 1647 (C=C),
1550 (chlorin skeleton), 1460, 1380, 1201, 1143, 1070
cm '; MS m/z: 651.4 (M~+H)". Anal. caled for C3oHyeN,-
Os: C 71.97, H 7.12, N 8.61; found C 71.79, H 7.30, N
8.53.
3.7 3a-AEEMEMEZER-a BEEO)ME

7 25 mL AP %# 123 mg 1A Y) 8 (0.189 mmol),
FEIAAN 3 mg X HOREER, T 90 C RERHRE MY 1.5
h, SGJ5 A VAR Z N 25 mL 7K A1 25 mL & F ke, 40
AHLZ I ICK BGRB8, JHs B 2295500, I 42
WA KE R a4 [ 70 VO TR @ (LR Lk =
4:1], 4 71 mg BEEEE A 9 (0.121 mmol), f=ZH
64%. m.p. 201~203 C; UV-Vis (CH,Cl) Amax [e/(Le
mol 'eem ™ H]: 410 (1.15X10%), 507 (8.05X10%), 539
(6.90X10%), 607 (2.53X10%, 661 (5.52X10% nm; 'H
NMR (CDCls) §: —1.68 (br, 1H, NH), 0.45 (br, 1H, NH),
1.48~1.62 (m, 4H, 3a-(2-H)), 1.68 (t, J=7.6 Hz, 3H,
8b-CHj3), 1.77 (d, J=7.0 Hz, 3H, 18-CH;), 2.15~2.38 (m,
2H, 17a-H+17b-H), 2.43~2.64 (m, 2H, 17a-H+17b-H),
2.70~2.82 (m, 1H, 3a-(1'-H)), 3.19, 3.26, 3.58, 3.69 (each
s, each 3H, CH;+0OCH,), 3.67 (q, J=7.6 Hz, 2H, 8a-H),

558 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

427 (d, J=7.4 Hz, 1H, 17-H), 4.44 (q, J=7.2 Hz, 1H,
18-H), 5.13 (d, J=19.0 Hz, 1H, 13%-H), 5.25 (d, J=20.0
Hz, 1H, 13%-H), 5.53 (s, 1H, 3b-H), 5.93 (s, 1H, 3b-H),
8.49, 9.17, 9.48 (each s, each 1H, meso-H); IR (KBr) v:
3323 (N—H), 2925 (C—H), 1739~1687 (C=0), 1602
(C=C), 1500 (chlorin skeleton), 1450, 1263, 1089, 1041,
902, 700 cm'; MS m/z: 589.4 (M+H)". Anal. caled for
C37H4oN4O3: C 75.48, H 6.85, N 9.52; found C 75.61, H
6.80,N 9.31.

3.8 IE[IRFEE-113%-EHEMFEE-a BEE(10)ME
B

¥ 223 mg 1k &4 4 (0.406 mmol). 40 mg N-FFET
Z1R(0.449 mmol)F1 40 mg £ 5K F Wi T 40 mL FIK
W BUSRY R RIGE RN 6 h, JORRR R, BT s 4y
WA REJE T AL [ VR VO k) @ (LR L) =
3:1], 19 26 mg HLEEE K 10 (0.045 mmol), f=2h
11%. m.p. 207~210 ‘C; UV-Vis (CH,CL) Amax [/(Le
mol 'eem ™ ]: 414 (1.52X10%), 516 (1.37X10%, 548
(2.02X10%, 612 (9.12X10%, 670 (7.14X10% nm; 'H
NMR (CDCl;) 6: —1.28 (br, 1H, NH), 0.62 (br, 1H, NH),
1.70 (t, J=7.6 Hz, 3H, 8b-CH3), 1.68 (d, J=7.0 Hz, 3H,
18-CH3), 1.77~1.96 (m, 4H, 13%-CH,CH,), 2.05~2.13
(m, 1H, 17a-H+ 17b-H), 226 ~2.44 (m, 2H, 17a-+
17b-H), 2.53~2.60 (m, 1H, 17a+17b-H), 3.22, 3.38, 3.63,
3.67 (each s, each 3H, CH;+OCH;), 3.68 (q, J=7.6 Hz,
2H, 8a-H), 3.82 (dd, J=9.8, 1.2 Hz, 1H, 17-H), 4.34 (q,
J=17.3 Hz, 1H, 18-H), 6.34 (dd, J=17.8, 1.3 Hz, IH,
trans-3b-H), 6.16 (dd, J=11.5, 1.3 Hz, 1H, cis-3b-H), 7.98
(dd, J=17.8, 11.5 Hz, 1H, 3a-H), 8.48, 9.30, 9.48 (each s,
each 1H, meso-H); IR (KBr) v: 3454 (N—H), 2858 (C—
H), 1708 ~1787 (C=0), 1618 (C=C), 1461 (chlorin
skeleton), 1448, 1380, 1253, 1172, 1083, 1010, 801 cm ';
MS m/z: 575.4 (M+ H)". Anal. calcd for C3sH3sN,05: C
75.24, H 6.66, N 9.75; found C 75.40, H 6.58, N 9.69.
39 3-HAE-I-EZHEEREMEFER-a BE(11)89
=304

76 5 mL FHRI ZOREE R 188 mg (b &Y 4
(0.343 mmol), ZRJE NN 25 mL H% Tl LBFETR, %€
R NI, B N RCE 24 h, FIE TRARR
MR E R bz I, FRPAE 160 °C R HidE OV
1.5 h, IOAIECRERRE, IUERR £ OKmE, Wedn ) 2t
JREAEZAT A B Ve VORI - (LR LTR)=4 ©
1], 3 129 mg BEZLEA 44 7-4) 11 (0.230 mmol), f=ZH
67%. WELH Sy BB S SCER[12]— 3L
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310 3-HAH-20-]-3-FZZ2HEEREM -2 B
BE(12)H9& A

¥ 68 mg &M 11 (0.121 mmol)¥#f#ET- 30 mL
PUSmemgrh, =AM NSRRI 2 mL 30%id %Ak
ZUF1 30 mL 5 2R 2(0.5 mol/L)4 R A9, 80 “CIHlii
K1 h, BiFE R RNVARRIIA 80 mL /K, AL
2, T A& AABUKA RS mLX3); &IFAHMH, &
S FH 10%B R AN AV KSR, JL/KBRER A T4, 18Uk
bR LR, AR SRRV [P VOR )
LR TE)=5 2], 13 53 mg BE4L 4L 12 (0.089
mmol), 7= % N 74%. mp. 235~237 C; UV-Vis
(CH,CL) Amax [/(Lemol 'ecm™)]: 411 (1.65X10%), 508
(3.30X10%, 536 (4.95X10%, 610 (4.95X10%), 668
(6.27%10% nm; '"H NMR (CDCl3) 0: —1.97 (br, 1H,
NH), —0.92 (br, 1H, NH), 1.24~1.29 (m, 2H, 3b-H),
1.62~1.68 (m, 2H, 3b-H), 1.61 (d, J=7.2 Hz, 3H,
18-CH3), 1.67 (t, J=7.6 Hz, 3H, 8b-CHj;), 2.10~2.22 (m,
2H, 17a-H+17b-H), 2.45~2.61 (m, 2H, 17a-H+ 17b-H),
2.71~2.78 (m, 1H, 3a-H), 3.27, 3.58, 3.62, 3.64 (each s,
each 3H, CH;+OCH,), 3.67 (q, J=7.6 Hz, 2H, 8a-H),
420 (dd, J=8.5, 2.8 Hz, 1H, 17-H), 4.77 (g, J=7.1 Hz,
1H, 18-H), 5.18 (d, J=19.8 Hz, 1H, 13*-H), 5.24 (d, J=
19.8 Hz, 1H, 132-H), 9.47, 9.86 (each s, each 1H, meso-H);
IR (KBr) v: 3436 (N—H), 2925 (C—H), 1704~1788
(C=0), 1674 (C=C), 1539 (chlorin skeleton), 1519,
1400, 1176, 1054, 906, 730 cm™'; MS m/z: 598.2 (M+2)".
Anal. caled for CssH;3;CIN4O;: C 70.40, H 6.25, N 9.38;
found C 70.60, H 6.41, N 9.31.

3.11 3-IRAHR-13-FR-3-5 T HEEREM R -a
FAES(13)B A X

IR 7w, ¥ 187 mg tb& 4 11 (0.332
mmol)¥% - 15 mL PYSMEmH, BN 0.425 ¢ LIOH(%
fit T4 mL K, 4 8 mL MeOH Fik), ‘&I e i 21
Bk 6 h, BiPE T H AcOH % pH 4 2~3, JiIA 100 mL
AP 150 mL K42, KM & FEEAIAS
mL X 3), HIANLE, KEERKERF M, JoK6R R
FHe, WOEZET. M2 5 mL ST ERRR, IR T
SR ER T, IR G LR KRN, 8 BR
SR, FEJZAT o BRI AR BE A VAR - (&
R =3 1], 13 44 mg Ak 13 (0.076 mmol),
AN 23%. mop. 227~230 C; UV-Vis (CH,Cly) Amax
[¢/(Lemol 'scm™H)]: 410 (1.21X0%), 507 (8.47 X 10%), 535
(1.45X10%, 610 (3.99X10%, 643 (2.78X10% 670
(4.11X10% nm; '"H NMR (CDCl3) : —2.39 (br, 1H,
NH), —0.09 (br, 1H, NH), 1.24~1.36 (m, 2H, 3b-H),
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1.52~1.68 (m, 2H, 3b-H), 1.76 (t, J=7.6 Hz, 3H,
8b-CHs), 1.84 (d, J=7.4 Hz, 3H, 18-CHj), 1.94~2.09 (m,
1H, 17a-H+17b-H), 2.26~2.38 (m, 2H, 17a-H+17b-H),
2.62~2.83 (m, 2H, 17a-H+ 17b-H+3a-H), 3.18, 3.39,
3.58, 3.88 (each s, each 3H, CH;+OCH;), 3.82 (q, J=7.6
Hz, 2H, 8a-H), 4.66 (q, J=7.2 Hz, 1H, 18-H), 5.17 (d, J=
9.3 Hz, 1H, 17-H), 8.91, 0.90, 10.09 (each s, each 1H,
meso-H); IR (KBr) v: 3449 (N—H), 2924 (C—H), 1742~
1686 (C=0), 1637 (C=C), 1560 (chlorin skeleton), 1459,
1341, 1086, 669, 536 cm '; MS m/z: 577.4 (M+H)".
Anal. caled for C3sHyN,O4: C 72.90, H 6.29, N 9.72;
found C 72.79, H 6.50, N 9.69.
312 3-IAE-I-KZHEELILE-18 BE(14)ME K

¥ 78 mg A& 13 (0.135 mmol)¥& T~ 15 mL PUE Ik
Wb, N 5 mL & 25 mg RN ) RS, = et
ek 2 h, Bk N AcOH 4 pH b 2~3, I 45
mL S LR 50 mL /K43 )2, KA =S TR (15
mLX3), FIFHENZE, K=K, KBBR8, #
474 5 mL ARG IIANE R L, PR 5 g
CPRVER I, PR BRIEE I, A 2B 40 25 38 R P [
5 V) @ (LR LBE)=4 © 1], 13 64 mg ¥l
&4 14 (0.108 mmol), ;=24 80%. WJHLH H I o 4L
i 55 SCHR[13] 2L
3.13 N-HRARE-3-HRAE-3-IKE-18 TEAZFRES
(15)H& M

F§ 120 mg £1 5 38-18 (14) (0.203 mmol)¥#¥fi# 1* 5 mL
R, I 2 AN L, 120 CRITRBEHE SN,
TLC £l s BEdERE, 3 h RVSEHE, Uk ZEBR R, 42
Mo BRI AR VA ) @ (LR LR =3
11, 73 80 mg £ {4k 15 (0.124 mmol), =% N 61%.
m.p. 235~237 “C; UV-Vis (CHyCl,) Amax [&/(Lemol 'e
em ~ D]: 413 (1.43X10°), 422 (1.09X10%, 508
(1.46 X 10%, 544 (3.40X10%, 695 (0.527%X10%) nm; 'H
NMR (CDCly) : —0.25 (br, 1H, NH), —0.03 (br, 1H,
NH), 1.67 (t, J=7.6 Hz, 3H, 8b-CH3), 1.75 (d, J=7.3 Hz,
3H, 18-CHj), 1.22~1.34 (m, 2H, cyclopropyl-CH,CH,),
1.37~1.48 (m, 2H, cyclopropyl-CH,CH,), 1.53~1.75 (m,
2H, cyclopropyl-CH,CH,), 1.92~2.05 (m, 3H, cyclopro-
pyl-CH,CH,), 2.28~2.45 (m, 2H, 17a-H+17b-H), 2.64~
2.78 (m, 3H, 17a-H+ 17b-H+3a-H), 3.20, 3.32, 3.56, 3.83
(each s, each 3H, CH;+OCH3), 3.66 (q, J=7.6 Hz, 2H,
8a-H), 4.32 (q, J=7.0 Hz, 1H, 18-H), 5.37 (d, J=7.6 Hz,
1H, 17-H), 8.49, 9.53, 9.61 (each s, each 1H, meso-H); IR
(KBr) v: 3433 (N—H), 2973~2870 (C—H), 1735~
1695 (C=0), 1605 (C=C), 1557 (chlorin skeleton), 1440,

http://sioc-journal.cn/ 559



BHLLE

1326, 1172, 1013, 809 cm™'; MS m/z: 646.4 (M+H)".
Anal. caled for C30H4NsO4: C 72.53, H 6.71, N 10.84;
found C 72.71, H 6.58, N 10.97.
314 {RINK N H AR F RN E
FREOURE SR RS 2 ERRL &) 2, 3a, 3b, 4,
11, 12 F1S W FRFAGE D), IEFEIGIR S I Pus 2596
B 2 (Photofrin) F1 W1 7. meso- WU ¥ 7K & — & np Wy
(MTHPC) A% HE SRR it R0 I 75 20% 385 %
FHIERAR M B BRI 1) 7 T s i
WE T EMTT e aAillyk): 78 37 °C, 5% CO,, 1
AR R, /ANRUAE S-180 i Ml BE £ 7% T4 10 mL 5¢
REFEW (0-MEM, 7 10%37 422 13, L- ﬁ;&@z‘ii“ H
B LR ) A R IR ARl
RiFRHEM 96 FLANMukiFetih, RLAIRE N 5><103
ANAL. 37 CHEj iﬁ%ﬁﬁ)ﬁ%ﬂ/\”um)\fﬂ«w‘ﬁ’]
Fe, A AR 00 10, 1, 0.1, 0.05, 0.01
pmol/L, EWE AL 37 CYkLLE M RE TR 24 h. 7E 6 AL B FT
ANEHYR TR AL MR FRE, K5 H
670~700 nm [ 4IE 20 min, SOGHFIEN 8.4 1.
MIALERT AL T 37 C YL R % 48 h. {ER R4 T 4
S MAEREFL NN 10 pL 4.0 mg/mL ) 3-[2'-(4',5"-—
FH R I IR ) -2, 5- 2R U M Ak A (M T T ) 5 PR 2 b 5 T
4 h G R FREEF MTT, A 100 uL DMSO % i Ff ¥
4k ot F B AR X (Titertek Multiscan Plus MK II; Miles
Inc.) & S FLAE 560 nm FIWEE. MRS ER 3 X,
FRUEDR2ZE(SEMs)/N T 10%, RRREEK 3 5 MEEFL. DL
ARG AE AR 4 A 25 F I, DO
) 3 I E A S T A W B ST S AR G RBRH B A I A
BRI ICs (H. &5 BT S G 1Cso 15 L
1.
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