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Abstract By using the electrophilic reaction of methyl pyropheophorbide-a with various electrophilic re-
agents, the new 20-meso-(nitro and halogen)-substituted pyropheophorbide derivatives were obtained, the
structures of which were characterized by UV, IR, "H NMR spectra and elemental analysis. The aromaticity

and reactive activity of the chlorin ring in the chlorophyll-a derivatives were discussed and the possible
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mechanism for the electrophilic reaction was tentatively proposed as well.
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meso-fr J T AL, LA A SL PR R I H B 8 1 vy 30%RIE L RE WAL TR MPPa (1) AR I 3-07 40

¥ sh, MR 20-meso-fr I SE R A%, FET E
TR T RTET W I ST AR, AR R R
o1 HLR A AR I SRR HEAT 2% PRI R Y, AR mp iy
BUORIRM 20-meso-fr_ LIRS [3E T Z R EUREER], 5¢
BT — RGP R E L 4k e TRV S
Jik.

DAFE BRI 2% -2 H R (1) A RS AR JsURE, BT #h R
A ST A A E AT, 76 80 C - DYk
[BISNY 3 h, BL 67%M %433 20-504 K0y 2; Hi
SCUOVTHR A R 2 MPPa R4k 2 S 3 4 H AL 22 o ke
R IS 2 O NVR A4, R T A7 2ot g 25 1)
H, AOCESE NBS (N-IRACHE I BE R 1wk 5, fE
CEF RS L AT R N, AL Y 3-0E SR IR Nk
H 20-meso-f HIRIAR I =1 Ny 3 KILKfEr=4) 4,
FEE RN 1 BT Y, HCR S H iR
2, U E TSRO = St £ I SR 2 BT 4 A I 75
H e SR TS 1 Ao r U SN, DASRAR )
R RARIIGY (B). 7E LMRMEAL T, LLIRANIR A i1k
7, X} MPPa (1)[f] 20-meso-{iBEAT AL, NGUR) 1y | 3EAH
FE1fi &5 Hink s 6 (Scheme 1).

N T B AR B 20-meso- {7 HL— A=), SR

1o/(F3CO2),Phl
-— e

NBS/CH,Cly

Br

HO

OCHs

HE, SEAT SE R IR B SR WD R S R by 7, FiE Y
NBS @47 AH IR 5% H A S M A= B 20-BA R 177 42
V) 8, IR K, EIWKE 307 20615 21 5
AR nR w3 7269 9, SR, A A i 7K S B ) [ I
20-meso-fr (IR R T TR, 5505 T AR I B -2
f2-a 1 lE(1) (Scheme 2).

H T AR AT N B R 2 By 10, fERRTE
Jrp LB Ak i, AHEEY) 6 BIRHEEREATIL IR, 45
RBATIF BT N8, ALy B AR AR Rk 1R 3-
P LAFHEF AN K AR =) 75 i PE S A AT
IR AR A 30 JE A A T B 2 ey, A S b 25 RS 4 Uk
MMPa (1)Fl 3-47 7 He3d J2 ) 11 (Scheme 3).

JCE M Perkin-Elmer 2400 %456 5 /3 M A3 5E ;
IR Jf] Perkin-Elmer 1730 H£1 4h 365 1 {3 % (KBr J&
F); UV-vis [l UV-160A B4 YRR T ; 'H
NMR H] Beucker ARX-400 BURZHEILIROGN 2, PIbsh
TMS. BRI A T s FAe 244l B2k SRR -a
FR(L) F SCHR[1 1] 4%

HNOz/AcOH

Scheme 1
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1.1 20- -a 2

RS, K 330 mg 1 (0.602 mmol)¥%ifiE 1~ 30
mL PUEMRIH, S35 R 3 mL 30%id S ARk
SRR A TR S VO AR ED) - VORERR) =1 1 1],
THIRZE 80 C. WL 5 h, Jo/5H 2 mL /KA1 20 mL
RPN B R NV T, H SRR UK AR (100
mL X 3); BB 100 mL 10%55 R &4k Al
100 mL A/KUEEE, FHICKGRREN T1E, )t 2%
I, WG5S R ZE T IR AR IR MRS
fig) © VAECHE)=1 : 21#F B4 ik 2 (235 mg, 67%).
m.p. 209~213 ‘C; UV-vis (CHCl3) Anax: 416 (1.00), 518
(0.08), 550 (0.12), 617 (0.05), 676 (0.42) nm; '"H NMR
(CDCl;) o: 0.48, —1.94 (each br, each 1H, NH), 1.63 (d,
J=17.0 Hz, 3H, 18-CHs), 1.69 (t, J=7.6 Hz, 3H, 8-CH,),
2.08~2.32, 2.48~2.63 (each m, 4H, 17,-H+17,-H), 3.24,
3.59, 3.60, 3.67 (each s, each 3H, CH;+OCH;), 3.69 (q,

J=17.6 Hz, 2H, 8,-H), 4.23 (dd, J/=9.0, 2.8 Hz, 1H, 18-H),
4.80 (q, J=7.0, 1H, 17-H), 5.24 (d, J=3.2 Hz, 2H, 13*-H),
6.14 (dd, J=17.8, 1.5 Hz, 1H, trans-3,-H), 6.27 (dd, J=
11.5, 1.5 Hz, 1H, cis-3,-H), 7.92 (dd, J=17.8, 11.5 Hz,
1H, 3,-H), 9.51, 9.54 (each s, each 1H, meso-H); IR (KBr)
v: 2975~2850 (C—H), 1746, 1697 (C=0), 1614 (C=C)
cm . Anal. caled for C3H3sCIN,O5: C 70.03, H 6.05, N
9.61; found C 70.24, H 6.19, N 9.82.

1.2 3-(1,2- )-20- -a (3)
3-(1-  -2- )-20- -a (4)

#4245 mg 1 1 (0.447 mmol) % 50 mL 5 FF ke
W, AHIE 0 C, IR FEEMARE 120 mg
NBS (N-Bromosuccinimide) ) 5 mL H #5320k
DS N ERE, 24 30 min MV ES R, BERE R 1) SO AR R IR
A 20 mL K, 4 thAHLUZ, H =SB KAH (100
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mLX3); AHFEHAGIE T 10%8R RN A K PEE,
FHIG/K B AN T, IR B3 29 701 e i A S A 4 s
GYETTR: CRLER) © VOECK)=1 : 33 R
i1k 3 (123 mg, 35%) A1 4 (13 mg, 4%). HAH K3t
i 55 SCHR[10]— 2L

1.3 20- -a (5)

¥ 260 mg 1) 1 (0.474 mmol)¥fi# T 50 mL & 4i,
SR 35 mg MR, AR5 ) SONAR RGN 40 mg
WG SR EE L P 25 mL &0, PR 0 1.5 mL
ntemE . WEEEIBEFE 30 min, P R 2 vA ) EdE
FEENT 2 BIRAWETFR: MCRLER) © V(IE k)=
3)1FFEE LT A [FH A 5 (198 mg , 62%). m.p. 225~228 C;
UV-vis (CHCl3) Amax: 411 (1.00), 520 (0.08), 551 (0.13),
617 (0.06), 675 (0.40) nm; 'H NMR (CDCl;) 5: —1.48
(br, 1H, NH), 0.12 (br, 1H, NH), 1.50 (t, J/=7.4 Hz, 3H,
8,-CH3), 1.67 (d, J=7.2 Hz, 3H, 18-CHj), 2.17~2.28,
2.36~2.78 (each m, 4H, 17,-H+17,-H), 3.21, 3.29, 3.55,
3.62 (each s, each 3H, CH;+OCH;), 3.60 (q, J/=7.4 Hz,
2H, 8,-H), 4.25~4.36 (m, 1H, 18-H), 4.90~5.07 (m, 1H,
17-H), 5.22 (s, 2H, 13*H), 6.09 (d, J=18.3 Hz, 1H,
trans-3,-H), 6.26 (d, J=11.4 Hz, 1H, cis-3b-H), 7.88 (dd,
J=18.3, 11.4 Hz, 1H, 3,-H), 9.47, 9.52 (each s, each 1H,
meso-H); IR (KBr) v: 2970~2854 (C—H), 1742, 1698
(C=0), 1610 (C=0) cm L. Anal. caled for C3 HssI N,O5:
C 60.54, H 5.23, N 8.31; found C 60.76, H 5.08, N 8.18.
1.4 20- -a (6)

#4200 mg Y 1 (0.365 mmol )% T 50 mL & 4t
o, WEIR 0 C, RIZIBEEE P IEAE T 5 mL SR
0.2 mL IRAHER, T8 058 5 5 Ao AH R R i HE SO 2h,
SRJFIMN 50 mL 7K, H S% IR B s pLZ,
JC/KUR R AN 5 5 O B 20550, Sl AT 2T 4 RS
PIETTHH): M(LHR LR @ VOECHD) =1 3175 RERt[H]
£ 6 (104 mg , 48%). m.p. 253~257 ‘C; UV-vis (CHCI;)
Jmax: 412 (1.00), 480 (0.04), 510 (0.08), 546 (0.11), 624
(0.06), 678 (0.44) nm; '"H NMR (CDCly) 6: —1.96 (brs,
1H, NH), —1.92 (brs, 1H, NH), 1.50 (d, J=7.2 Hz,
18-CH3), 1.59 (t, J=7.4 Hz, 3H, 8,-CHj), 2.42~2.82,
2.03~2.24 (each m, 4H, 17,+17,-H), 3.07, 3.12, 3.54,
3.59 (each s, each 3H, CH3;+OCH3;), 3.47 (q, J=7.7 Hz,
8a-H), 4.22 (dd, J=8.9, 3.2 Hz, 1H 18-H), 4.72~4.81 (m,
1H, 17-H), 5.12 (d, J=20.0 Hz, 1H, 13’-H), 5.18 (d, J=
20.0 Hz, 1H, 13%H), 6.11 (dd, J=17.8, 1.2 Hz
trans-3,-H), 6.20 (dd, J=11.5, 1.2 Hz, cis-3,-H), 7.76 (dd,
J=17.8, 11.5 Hz, 3,-H), 9.33, 9.45 (each s, each 1H,
meso-H); IR (KBr) v: 2974~2852 (C—H), 1741, 1706

(C=0), 1643 (C=N), 1614 (C=C) cm ". Anal. calcd for
C34H3sNsOs: C 68.79, H 5.94, N 11.80; found C 68.59, H
5.79, N 11.68.

1.5 3-(1- )-20- -3- -a

(8)

71 5 mL 30%R40 S SRR R 150 mg (L&)
1(0.273 mmol ), =i HiFE SN 8 h, IRJ5 In] e AR ZR 0
A 100 mL 40 HEE 80 mL KEEAT20 2 SEJE T 10%
T R AN VRN K R DT A5 A HLAH, oK BR 114,
PR A 45 I T A 2 AT 2 BIREIE T (SR &

B) - VUEC)=1 1], fHBEAFEE 7 (105 mg , 68%),
LB oy A 5 SCHR9]— 3K

FEIEAL A 5 1A O, X TN Gy 7 St H
TRAC S N A5 B4t (0 [H 4K 8 (63%). m.p. 234~236 C;
UV-vis (CHCL3) Anax: 412 (1.00), 478 (0.07), 522 (0.12),
554 (0.13), 620 (0.06), 674 (0.40) nm; "H NMR (CDCl;) 6:
—2.28 (br, 1H, NH), —1.81 (br, 1H, NH), 1.51 (t, J=7.2
Hz, 3H, 8,-CH3), 1.59 (d, J=7.2 Hz, 3H, 18-CH3), 2.02~
2.36, 2.40~2.63 (each m, 4H, 17,-H+17,-H), 3.14, 3.25,
3.54, 3.68 (each s, each 3H, CH;+OCH;), 3.58 (q, J=7.2
Hz, 8,-H), 4.09~4.22 (m, 1H, 17-H), 4.62~4.78 (m, 1H,
18-H), 5.02 (s, 2H, 13%-H), 6.10~6.24 (m, 1H, 3,-H), 9.33,
9.89 (each s, each 1H, meso-H); IR (KBr) v: 2970~2847
(C—H), 1731, 1696 (C=0), 1614 (C=C) cm '. Anal.
calcd for C3,H37,Br N4,O4: C 63.25, H 5.78, N 8.68; found C
63.44, H 5.93, N 8.49.

#4125 mg #11 (0.194 mmol )% T~ 50 mL T4,
DI 15 mg X FARAPR M SN 2 h, ¥ #1525 mL
K, TR S%ImBREMAKIEGANLZ, ToKER
PR B0 05 P Bk 25 R, T AR AT A TR S
R MGEROTHE) - VAE kD) =1 © 31/3 Beptafilfk 1
(83 mg , 78%).

1.6 20- -a (6)

T80 mL & AR 120 mg iEIENNW 6
(0.202 mmol), FEEMEAMT, BFEMA 1 g BJZEN,
SRIG, PeEER IR SRR T TLC Kyl e b Fe. [ 3 58 e
JE I 50 mL UKK i k43 )2, o A HUE S T KRR
T, WR4Gh, KN BRAVIRIER: V(GIRLHR) -
VOE k=1 : 215 A3 3 B a 44 1 (52 mg , 47%)
M7 (18 mg, 16%).

FE A 102 mg ALY 6 (0.172 mmol)ff) 25 mL Z,
RO AAE] 50 °C, RGN 50 mg Wk, 2%
183 0.5 mL /KA B2, PRI 30 mg ALk fb ), i
FEMIG 1 b, JEHAEATR, 7 sNARFR DA 30 mL KK Al
50 mL &L, o HANUZE, FJCKBRIREN T, W
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45, HENT SIRGWRITH: MCR L) @ V(ED
$e)=1 1 215 nl15 2| R Ex A [ 4 1 (14 mg, 15%)H111 (37
mg , 39%), HAH Lo B 8ds S Somk[12]— 2

2

MRS FH TP RS PR BE DY L B 4 R FR 207, L
IR 25 A R LA T FH AN BB OSUBERTR 1) — R A% [18]
BRI 0 0 A G5 R), A — AL BRI A A A AT
MOLH S JRF 6 T 5 AR, A g s B4
meso- P [ HLAr 73 AR AR [F] (B 1 Ag-By). EH T IR 34
eH IR DY A B Js Ak T SRR R B 2 5 R e A ) SR T
DUBR A HLer,  PEERS PG FUA I I By B R B
fr R AERF LTS A E, R T 0l v AR B A S 38 B 1)
BT AT 1, As). SRR SR -a FTS 5 — MR
NMIRAS ), L D-FR A3 JU 1) — S g 1 T s A &
H T Iy o ()3 S s - BR AN AR D5 A PR, X AR 45T
FHEE b 11 R A 0 A Tt I s i), DT ok R A 1T Sk 11
DXl PE TE 57 A8 R I LA 23 A, B SR IT IR () meso-fir
s A A AR 2 I HAT 2 T (B 1, Ba), S5 HAD meso-fir
FHEL, LA A B8 B St A AR 3.

T AR 44 IR-a F S D-2F . 17-18 7B B SUEE (1)
LR, Iy KBRS BE A ] n bk — R B B — SR [ 1815
(AR 05 B g, (U LS DR 245 b TE LR
RRE 1, ArBy). ik Jttig D FRFIEAED A& A B, (16
Ji7 18 P REAREC A k) Ak oK o BRI 2 a1, IR
T4 20-meso-fr AR e ) FLT 25 1, — RAISR LU R
IR R AR 70y SR 20057 B L 4% ML AR [ 05 IR AR )
S N AL

I 2% Z2 AT AR 0 11 558 HUERUAR S I B L3 Jsg 1 ] e 22
JILLU R R (B 2): 20-47 meso-B 18 G HEBUE AR T
THRAR ISR I T a, MR A by KRR S

PR R IR b, WS LR R %5 B e W 4 A4
A3 B N TS a ISl DUR IR, S B i o 1
149 25 ) /N FEAR SRS b FR Ay 1) 23 PR D 2 5% i Jsg 12 3
FER= R E M B 2. 2o el A n gy K ERAH
Bt A o 51 a b, 3ET 20-A7A1 18-£7 L (1)
4 NIRRT EB IS, S8 a0 7% ) 45 14 8
RIS RS a (T BB, B s 2Tk T
NNy (1 5% B PR TR A T b, BURIEHRTE 5 18-47 F LT
SRR M B R ALAA SRR, LR EP AL a it
SEFEPIEE R b, BURIE T A s TR RS, R
o1 FEL AR RV (18 3 R e I ) #4881 — > e 2 1)
YER.

20-meso->% HLUAR (130 Js W 1] REZ8 1l DA R i A7 (]
2): MR b LG, BTSRRI AN, 3L 20-47
2 WO A EAAAE, I EBREEH] E 75 meso-fir
P B SEARRRAS, ME T AR A0 4% 05 B 1k ) i 4
T, RS o 4Er W) a il & AR AR N IR SEAZ 1 30 s Y.
I SEAT T REAES Bk R P (R R B, I EUA QLA £
FALAr 23 iC (AN S8 A PR T A (B IR A R Bl b B, 14
HL A R 2R DO HU R U [, I3 87 Ay [ e 7 20-
REAPAT T I RIR P sp” BUIE L, TR 5 1rh
(A ¢, TP -5 0 45 A Rl B G J5U0RE 1. 3 Fpiii i
AR [ 42 e AR S Ak O T 25 o v R T i) S N 7,
REBAT R ERF I 1R 05 B A 454, A B e b
BHIER e 25 E P a. 1 H, 55— M p PuE&Z X ¥
() SRR B AR LL, oxt H A e sp® 28k BuE bR 61
BT R A ¢ V% B AR B AR e

20-FHHENNWY 6 FERRBRIE S5 A IR Ji S I B 743 3]
B4R 5L MPPa (L) S B4 S, UE S T Iy 26 BB AR
VAT IR, AERR IS E T, 20-A7 A 5E 158
SR R a4 d, AR5 7K 5T IO 7 0 g 3

B1 nhwATnh g 3Pk &
Figure 1 Conjugated system of porphyrin and porphine
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B2 AR SR IR-a TR 556 IO B N b L0 e 1 () ] REATL B

Figure 2 Possible mechanism of the electrophilic substitution reaction of methy pyropheophorbide-a

b AME e, W EFIE R EZ IR AN |, 05
=0T HFIERE H Ak T ¢, e S RT
T 45 A W e UG sk 1. A, FERRCIE IR % ia
Ji s Wb, S AR B S T SN A S U B
ERARNE T 9, i TR HIR T Y
TREST c, SR <R MR 1) o 58 il Ha AR s b (&
3).

WS i AWy (1) 23 fif S N vl LRI, B T it
FioxE 20-47 AR AT 19255 FAE FHLAAR, 2-47 FT 18- F 2

-HNO;

I EIUTES AN A0 A VG R JE I DI PN N oS
MIKkz) )y, SARNRYY 2 78 80 C FEEAANK AR, R
ARNRWY 8 FEAT RIS T AR /K B ) 4 8 8 25 20~ 9
J5U e, MM CRRG 5 FEA RIS T A A F R R R
LT e A B JsURE. AR EAR, BUREE T BT A 25 )
TR, U Ty Iy KBRS 8 5 i A A3 1) S, 5y
5, BT AT AL B T R AR RGE L, LA
SR SRR BB 2 S8, L, AL SRR
IR R A AR .

B3 RAM AT T 20-A7 Aifj2k 12 25 (K m] R S B AL BE

Figure 3 Possible mechanism for the leaving of nitro group of 20-nitro porphine at acid and base condition
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