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Abstract From methyl pheophorbide-a (MPa, 1), the pheophorbide-a derivative substituted with hydro-
pyrazol 2 was obtained by the 1,3-dipolar cycloaddition of vinyl group at 3-position with diazomethane.
Ring opening of this chlorin was performed by heating to rearrange the hydropyrzaol ring into the cyclopro-
pyl group. In basic condition the cyclopropyl-substituted chlorin 3 was converted into pyropheophorbide 4
by demethoxyformylation. The diazoethane was chosen as another dipole and reacted with chlorin 1 in
1,3-dipolar cycloaddition style to give 2-methylcyclopropyl-substituted sterecisomer chlorin 5. The treat-
ment for demethoxyformylation like chlorin 2 yielded pyropheophorbide 6. The structures of al new chlo-
rophyll-a derivatives 2~ 6 were characterized by elemental analysis, UV, IR and *H NMR spectra.
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1E565h 1197 V% (photodynamic therapy, ik PDT)H,
VF 22 Wbk S L DY bt e M 156 1R K BR TR R — B i
AT T IGR, HTH-a 2 AT RV T B A4 45
P ERARFVE DGR i 0 6 XU i 2 $ DA R AE A4 Y 3
BRI ST A, AR R PRI B A gy, RRIB R
HRR-a FlE— B 6l b 2 0 BEAR A BT A,
TETF R —RO63N Ty s 25 i b H 25 5 1R AT
T3 SR AT A R RN ER R AR B F (1
W E R, A EOH DG BON D) AL, B
SEHUIR R4k 2 SN 5 A R 3R 1 B e AT 1 4k 2%
gER AL, KR A 2 BRI Wy BEAC S 1) 18 B Ar ik
BORARGRBE S ok, JErh, KR B T BRI IY
mEm KM E W), Sk EE-a, gk E-b AR 1X
&, R LR DG A CIRIEG R, T SRR
WIIR b SR SEAT S RME M, T & i R il
FU— AN 5T 3 9 JATT 3 3o et () J B - 4 1R -a
(1) 347 LIRIE A2 S NATF I, A il — R BB AL 4
FATEW. AT RN & AT TR D1 T ik dt
Fe AP, TEN S 3 FEACER 2R b [k v S N 1 )
BRI, TCREA HE— BB A SOE nWy FR A2 S5 61
TR, TR TR R 1,318
R TN o ) 5 A D B, A SO 5 - 4 R -a R
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OCH,
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(MPa, 1) hspfBttk, I 307 LM 1,3k m)
IS, AERR Y FR E T R T bk Mk A BR 248, A
JLIIRZINE S8 B T B A R A0 27 i 0 v P (9 34 P B0
eyl i

B S -a G (L) F T A bE SRR,
HIBOCE 4 d, FE R 307 I MR ERAR P gy
M 2, 7F IR EE OISR R O 30 min, -7 HUAR
JO AR T 3430 W 0 T R AR TN 356 45 g 1 24 B b 1wy
3. TESSBRYESAT N, M3y 3 T 2,4,6- = H ALk
(collidine)rf[mlyt, Mt 2s E-FA ERREAEEESS, 735 3-2R 14
FLAECSE SRIRATAEY) 4. R ER BN T — A,
5 MPa (O)HHATHIFEI 1,3- AR s v, [FIFEAS 2
3-(4- FHEILE bk FRCAR R B I ™= 4wy 5. SR FH S5nb iy
3 ATIR AR 0 25 1327 (0 AR R B, A AR
BE 28 1R-a H R RT 424 6 (Scheme 1).
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TMS; At RIS R o Bt b i g, R & ot 1
HEAT T4, FEEMTRENR i B A T A A =) A=
AW 1 4% 30K 2] 4%
1.1 3-[3'(R,S)-(1-ML MMk ER)]-3-X T B £ B $% I 4R ER
a BEEQQMIE K

76 5 mL T DU SR IR A% 119 mg (0.200
mmol) L& 1 1, ARG N 25 mL %0 T ke LBk, 2
BN, SEiRECAE FBCE 3 d, B N R
A M & O, R ER TR, L5
TN 25 mL & Hgef 30 mL K, 2 HEHUZE, K2
TR, GIFA N HTCOKER RN TR, I
FEAE, F IR R AR A B IR V(2R &
fig) : VOECLEE) =2 : 5]%3 2 99 mg (0.142 mmol) 224 ¢4,
A, 7230 71%, m.p. 221~223 °C; UV-vis (CHCI,)
Jmac. 411 (1.00), 508 (0.13), 541 (0.11), 618 (0.09), 670
(0.37) nm; *H NMR (CDCl3) 6: —1.71 (brs, 1H, NH),
0.40 (br s, 1H, NH), 1.68 (t, J=7.5 Hz, 3H, 8,-CH5), 1.82
(d, J=7.3 Hz, 3H, 18-CHs), 2.10~2.18 (m, 1H, 4;-H),
2.22~2.39, 2.47~2.69 (2m, 4H, 17,+17;-H), 2.74~2.83
(m, 1H, 4;-H), 3.16 (s, 3H, 7-CHs), 3.27 (s, 3H, 2-CH,),
3.58 (s, 3H, 17-OCHg), 3.66 (q, J=7.5 Hz, 3H, 8,-CH3),
3.68 (s, 3H, 12-CHs), 3.89 (s, 3H, 13*-0CHz), 4.20~4.27
(m, 1H, 17-H), 4.43~4.53 (m, 1H, 18-H), 4.78 (dtd, J=
16.0, 6.5, 2.4 Hz, 1H, 5;-H), 5.50 (ddt, J=16.0, 5.16, 2.4
Hz, 1H, 5,-H), 6.27 (s, 1H, 13%H), 6.67 (tt, J=12.5, 2.8
Hz, 3-H), 8.61 (s, 1H, 20-H), 8.98, 8.97 (2s, each 0.5 H,
5-H), 9.52 (s, 1H, 10-H); IR (KBr) v: 3430, 2926, 1737,
1702, 1622, 1550, 1453, 1210, 1162, 1001, 928, 716 cm ™.
Anal. caled for CaHaNgOs: C 68.50, H 6.21, N 12.95;
found C 68.73, H 6.43, N 12.78.
1.2 3-AAE-3-EZHEEBEMNRER-a BEEQ)MIE K

i) 10 mL — 2K Rk A 169 mg (0.260 mmol )ik &4
2, T-160 CilyaHiHE s 20 min, MIAGE CkefiRe, of
JERR 2 TR, DUb R TR R R S, 24T
JERTEL R IFR: V(CRR 4TR) © V(ECE) =2 : 514 3
113 mg (0.182 mmol) B &k (4 [ 44, =% 70%, m.p.
197 ~199 ‘C; UV-vis (CHCl3) Amac 410 (1.00), 471
(0.05), 504 (0.11), 534 (0.10), 603 (0.09), 658 (0.45) nm;
'H NMR (CDCl3) 8: —1.61 (brs, 1H, NH), 0.82 (brs, 1H,
NH), 1.28~1.36 (m, 2-H, 32-H+ 3} -H), 1.57~1.68 (m,
2-H, 32-H+ 3-H), 1.70 (t, J=7.6 Hz, 3H, 8,-CH5), 1.79
(d, J=7.3 Hz, 3H, 18-CHj3), 2.45~2.68, 2.18~2.38 (2 m,
3H, 17.+17,-H), 2.74~2.84 (m, 2H, 3;-H+17,-H), 3.24
(s, 3H, 7-CHg), 358 (s, 3H, 17-OCHs), 3.67 (s, 3H,

12-CHg), 3.68 (q, J=7.5 Hz, 3H, 8,-CH3), 3.88 (s, 3H,
13%-OCHs), 4.16~4.22 (m, 1H, 17-H), 4.38~4.47 (m, 1H,
18-H), 6.24 (s, 1H, 13%-H), 8.45 (s, 1H, 20-H), 9.47 (s, 1H,
5-H), 9.56 (s, 1H, 10-H); IR (KBr) v: 3448, 2923, 2852,
1737, 1703, 1622, 1463, 1168, 1097, 1037, 914, 730 cm .
Ana. calcd for C3;H4N4Os: C 71.59, H 6.50, N 9.03;
found C 71.78, H 6.63, N 9.21.
1.3 3-HAE-I-EZHEEREMNFE-a FEE)HE
X

i 15 mL 2,4,6-— F g hgsfi# 62 mg (0.100
mmol)tb &4 3, RIS N 30 min, Ja T B 25 K ER i
A, AR AR A Y, SR Er AR
T V(IR 4T8R) - VOIE CLEE) =2 © 5]1% 4 37 mg (0.065
mmol) AR [E AR, 72354 65%, m.p. 206~208 C;
UV-vis (CHCl3) Ama : 409 (1.00), 504 (0.09), 533 (0.09),
603 (0.07), 658 (0.31) nm; '"H NMR (CDClg) §: —1.62
(br, 1H, NH), 0.62 (br, 1H, NH), 1.26~1.38 (m, 2-H,
3 -H+ 3 -H), 1.58~1.69 (m, 2-H, 3Z-H+ 3B -H), 1.69
(t, J=7.5Hz, 3H, 8b-H), 1.79 (d, J=7.4 Hz, 3H, 18-CH,),
2.45~2.68, 2.18~2.42 (2m, 3H, 17,+17,-H) 2.72~2.98
(m, 2H, 3;-H+17H), 3.27 (s, 3H, 7-CHj), 3.38 (s, 3H,
2-CHs), 3.67 (s, 3H, OCHs), 3.70 (s, 3H, 12-CH3), 3.72 (q,
J=7.5 Hz, 8,-CH,), 419~4.32 (m, 1H, 17-H), 4.36~
452 (m, 1H, 18-H), 5.16 (d, J=19.7 Hz, 1H, 13%-H), 5.28
(d, J=19.7 Hz, 1H, 13%H), 8.4 (s, 1H, 20-H), 9.44 (s,
1H, 5-H), 9.57 (s, 1H, 10-H); IR (KBr) v: 3440, 2930,
2850, 1737, 1697, 1620, 1551, 1450, 1220, 1116, 1007,
910, 736 cm *. Anal. calcd for CgHaN,Os: C 74.71, H
6.81, N 9.96; found C 74.98, H 6.63, N 10.09.
14 3-(3(R,S)[1-(4(R,S)-FE-MMME)-3- £ 2 &
BRI 4RER-a FER(S) RIS X

7E 5 mL T USRI s iF 146 mg (0.240
mmol) L&) 1, SRIG I 25 mL A L bt LR, JE
BRNIRE, SEREDCAE FECE 18 h, W KRR R
MR OLER, FRER A 25 mL & HHEA 30
mL /K, 7 AR, KB SRR, GIFH
MUZFJEKGRIR AN T, Wk, ¥ i R &4
ENTAMLETFR: V(GIR LTR) @ VOECEE)=2: 5% 5
102 mg (0.154 mmol) x4, F=2% 64%, m.p.
235~237 ‘C; UV-vis (CHCl3) Ama: 410 (1.00), 470
(0.05), 504 (0.11), 536 (0.10), 606 (0.08), 664 (0.51) nm;
'H NMR (CDCl3) 6: —1.79, —1.75 (2br, 1H, NH), 0.30,
0.26 (2br, 1H, NH), 1.64 (t, J=7.0 Hz, 3H, 8,-CH3), 1.67
(t, J=7.4 Hz, 3H, 18-CHj), 1.82, 1.87 (2d, J=7.3 Hz, 3H,
5-CHs), 1.95~2.18 (m, 1H, 4,-H), 2.15~2.68 (m, 4H,
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17,4+ 17,-H), 2.82~2.94 (m, 1H, 4,-H), 3.02, 2.99 (2s,
3H, 7-CHg), 3.23, 3.20 (2s, 3H, 2-CH5), 3.57, 3.54 (2s, 3H,
12-CH3), 3.36~3.49 (m, 3H, 8,-CHj), 359 (s, 3H,
17-OCHj), 3.90, 3.85 (2s, 3H, 13>-OCH3), 4.15~4.32 (m,
1H, 18-H), 4.42~453 (m, 1H, 17-H), 552 (brs, 1H,
5,-H), 6.25, 6.18 (2s, 1H, 13*H), 6.68~6.86 (m, 1H,
3-H), 8.56, 8.49 (2s, 1H, 20-H), 8.98, 8.77 (2s, 1H, 5-H),
9.29, 9.23 (2s, 1H, 10-H); IR (KBr) v: 3436, 2920, 1737,
1704, 1620, 1549, 1450, 1218, 1160, 1006, 912, 728 cm *.
Anal. caled for CasHaNgOs: C 68.86, H 6.39, N 12.68;
found C 68.68, H 6.54, N 12.80.
1.5 3-[(3(R,S)-[1-(4'(R,S)-FH &Nt MM E)]-3-K 2 1%
EE PR MR -a FES(6)RIE MR

L&) 5 BAME AW 3, LB A LAY 4 7
A K. P7% K 68%, m.p. 251~253 C; UV-vis (CHCl3)
Amac. 410 (1.00), 471 (0.04), 503 (0.10), 536 (0.09), 607
(0.07), 664 (0.50) nm; *H NMR (CDCl3) 6: —1.82, 1.80
(2br, 1H, NH), 0.32, 0.23 (2br, 1H, NH),1.63 (t, J=7.4 Hz,
3H, 8,-CH3), 1.69 (d, J=7.0 Hz, 3H, 18-CH,), 1.81, 1.80
(2d, J=7.3 Hz, 3H, 5-CHs), 1.98~2.07 (m, 1H, 4,-H),
2.20~2.36 (m, 3H, 17,+ 4, -H), 2.47~2.73 (m, 2H,
17,-H), 3.13, 3.10 (2s, 3H, 7-CH3), 3.25, 3.24 (2s, 3H,
2-CHs), 3.58, 3.57 (2s, 3H, 12-CHj), 3.36~3.49 (m, 2-H,
8,-CHj), 361 (s, 3H, 17-OCHs), 4.24~4.33 (m, 1H,
18-H), 4.43~4.53 (m, 1H, 17-H), 5.09 (d, J=20.0 Hz, 1H,
13%H), 5.24 (d, J=20.0 Hz, 1H, 13*H), 5.56 (brs, 1H,
5,-H), 6.87 (t, J=9.4 Hz, 1H, 3-H), 8.59, 8.56 (2s, 1H,
20-H), 8.92, 8.91 (2s, 1H, 5-H), 9.34 (s, 1H, 10-H); IR
(KBr) v: 3429, 2925, 1737, 1697, 1618, 1552, 1458, 1222,
1166, 1006, 908, 730 cm *. Anal. calcd for CagHNeOs: C
71.50, H 6.67, N 13.90; found C 71.69, H 6.44, N 13.78.

2 HRMITE

2.1 1, 3-BHRINA0 AR AL BY X d 15 43 14

e 4RiR-a RN 317 LM HE S H A bk
AEABRRIN 1S N T B T A A e R 54, 357 LM B 1)
MK TR S T R B I g5 R LA kAR
A RZIMRIAE 6 6.67 A I HEILI) 22 H 45 e
e, AT LU A S v B KRR b b T A 3

Pz, BTN R R AR5, EE TR
RERE SR P AN T o S AR AS
PE, IR 53 DL 2 Hmg ) B 5 e 6 5.50 Al 4.78
AHEL. b sp® HUERER) 4 LA SRS 7 iz 3 X
IR 22 B DX 88, Ak S A A 43 i T B N 3 1
2.10~2.18 Fll 2.74~2.83 H B IR M RFIE X |]. 5
ALEAIEURL 1 ) meso-H FSLIRIUBORT L (2 )M, e
W 2 AN RS 5 BT A B AN AR E], BT R
RO ) 2 B Ve 43 507 meso-H 724 T 1 i A0
Wi #%(A6=0.51), 1 H & P> meso-H 55 3-f7 2B AH
A, PRI ILAR SR 5 I ARAL . [RII, 347 1)
RIS MTIKHFFAEXS 57 meso-H (K55I i, 75 o
8.98 il 8.97 b %4/ SN AN AL IR 432k 0.5 ST HL IR
o, WLEENMGy 1R 2 v B 5 Ny REERAH 4 1) IR
WCUAARL T AR IR, 247 S B ol B 3 347 %R 11
GRS IR 25 ) e Pk O, AN 2 6 B8 74 A T 8 e
K(A6=0.19), i 7~ FH 12~ HF I [ AH 0 i iR fi i) A%
B FT LA, 507 meso-Zl Al 2-007 FF L 4 23 B A ]
Pt S 3- A7 BRI 1) BV T 1,2- R 1A 2
1,5-17. AER ARG DRI 5 A AR R
JT R T IR AL, B4 T 6 1.82 i1 1.87 w] LAY JE T HUAR
ARINI F RS 1% A LAA, S5 AT LR 2 b wy 2 e
AV EDS AT PR VR

13- EE T —AD =1 TR TH o AR,
HARPUGENEES S 70 7iud, e b AHud
(HOM O) Fp e} P 7 388 (1) XU AR 7], DRtk 1, 3- (AR
A Diels-Alder [ S HLERAHIE, & #4 A VR R [R] TH BRI A
[n*S+r’S il fE. M RTLE 0 FRIE RS, Mk o
AR AR AR PRV A 0 o B 455 72 [ PR 32 R H 1 DR 36 0%, AR
RESE AT J5UEE, S S 400 1) e 1 o A L1 (HOM O) AR I
B (LUMO) I g it Y | b i) X e 6. R &
WEEAT ) 13- AR IR I AN [, R e b M 4
fiz-a G T 3-10 LM FERIINS R N, TER T RS Fn &
FEY, TS 2R 0 0 1,3 R U A T B e
FITA3r=4 2 AR LS R SRR Iy 3, Wi e n
JRCE SE T S IO =) a, EFARISAE T, St
MR ER Y % FEHE N AT AR b, AR, AR RN AR R
UG EHE =), SR SRR R 14t A
HERF e 1,3 RN, mA iz @R B 17X
HEAT SN 1).

R nhwy 112 1) meso-Z AR B HEE AL B8 ()
Tablel Thechemical shifts () on meso-H and methyl group on parent ring of chlorins 1 and 2

1-meso-H 9,52 (10-H) 9.49 (5-H)

8.58 (20-H)

1-CH; 357 (12-H) 3.46 (2-H) 3.25 (7-H)

2-meso-H 9.52 (10-H) 8.98 (7) (5-H)

8.61 (20-H)

2-CH;  3.58(12-H) 3.27 (2-H) 3.16 (7-H)
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Route A

Route B

X7 R N\
\NH  N=

B 1 ERAA S 100 13- MR L B
Figurel Processof 1,3-dipolar cycloaddition of chlorin 1 with diazo compounds

EFER LK EN 13T 1,3-MEMn it 28 JiAH
ARG 72, BT S B b AR IR 25 B i s,
Ay DA A i s ) LR, sl 4) 5 117 NOE 22 i
R, TEPEIE RS AE 6 1.82 F1 1.87 (1) 5= FFY HE S0 I A 51
7-fir FRIE T T L NOE 3925, 465 5-47 1) meso-20% T
R 5 | L ARIR B 1) FH S SE RS = i3, L &5 25
HZRAE AR B8 _E 1 SRz S wy 38 B 7-0 U,
ER O S T T 1,3 k. i1
R LK LA 347 LM L R TRIEAT IR A, DA
B (ST AARER ) JeE T INGY B O STAR SR 1.

22 MBFREMTEYRIUFEMTUITER] LKL
=AU

J65 )i 2P n] WG 2 25 O BGRIYE PDT
R R AR R R — AN EE S, gk
F-a FIEI NPL-NZ il Ak 2 45 R A8 At L m] L6
W sgmm, T SHHRFIEIL T PDT o iy B 2
VR IIF RN S s N RO R S, R ORI B - 2 12 -a
(L) 7E 668 nm Ak &7 K T WG (Qy), 4R 1M,
Ny 2 0 d ] LG 0 Ly 1 AR N IR 40 %% T
2nm. — IR, 4 307 L I A S B FE AR il B )
IR T3 RelA Snbwy REZ L8, IL Qy i &
TR, HAR 3-AEIE MR IR R ik 8 T LK, (Hi%
ARFR RS n] LU by REFRTE i R LG R, [
FEEE RN LA PR IE IR R (B 2). 23 Bt 5 B

TRy 3, F 3-fL R IR N L Ny KA A AT
3L R, PRI Qy il i vk £1 658 nm &b iy /™ A= 15 4%
5RO P 664 nm W7s H KAk
Rk, WA T b e &9 2 f1 3 2Tl i T 44
f10 R 55 USRI P BT 2 TR 1 22 (W) B, A nEE M A
MR B A A WA AN BE L I BEFATAT, (A
HETTE AT R RSB, I, 55 Bt 4xiik-a
PE(L) 1) Qy WRMSAH L Mo A i A% . 3-34 Pk A i A58 -2 1% -
a HER(4) Sy 3 (Ka] WA A, W AcAT
PN IR F AR R -2 NI (e S XL
B EL.

X—NH
2 5

B2 nkwy 2 5 f R A0
Figure2 Thehomoconjugation of chlorins 2 and 5
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