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Abstract - Structures of the photosensitizer mono-I-aspartyl chlorin e6 (1) and its 
related compounds wereexamined by chemical studies and spectral means. It was 
clarified that L-aspartyl moiety of 1 was attached to acetic acid side chain of chlorin 
e6, therfore, the structure of 1 was established to he (2S.3.S)- 18-carboxy-20-[N- 
(S ) -  1,2-dicarboxyethyl]carhamoylmethy1- 13-ethyl-3,7,12,17-tetramethyl-8- 
vinylchlorin-2-propanoic acid. The thermal degradation product was determined to 
he an 18-decarboxylderivative of 1. In addition, ''N NMR assignment of 1 in 
DMSO-d, solution was c o n f ~ m e d  by 'H-I5N HMQC and HMBC techniques. In 
comparison with ' H  chemical shifts in D 2 0  and DMSOd,, it was deduced that 1 in 
water is not present as a free molecule, but as a complex of two or more molecules. 

The photosensitizer mono-L-aspartyl chlorin e6 (1)' is a promising candidate in the photodynamic therapy of 

neoplastic disease, especrally in early stage of lung cancer, and the clinical trials have been progre~sing."'~ 

Compound (1) is a semi-synthetic agent derived from condensation of chlorin e6 (2)24,25 with L-aspartic acid. 

However, the structural determinations of 1 itself and related compounds have not been reported to date. 

There are many literatures on the biochemical and clinical studies in which the structure of 1 was depicted a5 
23-asparty1 chlorin e6 (4) without notices on the structural  determination^.^-'^ In our present study, it was 

clarified that the actual structure of 1 was 34-aspartyl chlorin e6, a positional isomer of 4 concerning with 
the aspartyl side chain on the basis of a detailed NMR analysis of 1 and other two mono-L-aspartyl 

derivatives of chlorin e6 which were synthesized by general me th~d . ' ~ ,~ '  The abundant studies concerning 

structure of porphyrins and chlorins have been carried out by chemical means,28-" 1-Ray crystallography3'~ 
40 and other spectral analysis."~" But their detailed NMR analyses and assignments, especially in aqueous 

solution, have been little reported, because of a difficulty on measurement due to a peak broadening and a 

chemical shift change depending upon a concentration below ca. 20 m g h L  of the compounds. Therefore, the 

structure analysis of this kind of compounds should he done very carefully. In this report, we describe the 

structures of 1 and its thermal degradation product (3) on the basis of chemical studies and NMR analysis. 

The NMR assignments of related compounds including two positional isomers of 1 ,  23-aspartyl chlorin e6 

(4, previously reported structure of 1 ) and 32-aspartyl chlorin e6 (5), are also reported. 
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Figurc 1. 'H-'H COSY of 1 

Figure 2. The structures of 1 and  the  related compounds 

RESULTS AND DISCUSSION 

Compound (1) is synthesized in good yield by direct condensation of chlorin e6 with L-aspartic acid via the 
active ester with carbodiimide. In order to clarify the structures of the analogs and degradation products of 1 ,  
at first w e  performed fully examinations of the ' H  and "C NMR of 1 to determine the position o f  asparty1 
group attached to chlorin e6. The molecular formula of 1 was determined to be C,,H,,N,O, (MW 71 I) by 
the TSP (thermospray) MS spectrum [m/z 712 (M+HJ+]  and HRFAB (calcd for C,,H,,N,O,Na, o f  1 
tetraodium salt 800.2260, found 800.2246). The NMR analysis of I tetrasodium salt in D20 is described 
a\ follows. By the  ' H - ' H  COSY and 'H-"C HSQC (heteronuclear single-quantum coherence)" 
experiments, it was clarified that the sequences of 24-H, - 3-H - 2-H - 2 1 -H ,  - 22-H, ( J :  , < I Hz), 26-H - 

27-H,, 29-H, - 30-H, and 36-H - 37-Hz as shown by bold lines in Figure I .  Next, thc "C assignment o f  
chlorin e6 moiety was carried out by 'H-"C HMBC (heteronuclear multiple-hond connectivity)" technique. 
Thecorrelation peaks between 30-H, (6 1.20) and C-13 ( 6  143.9). hetween 28-H, (6  0.92) and C-l l ( 6  
150.8), C-I2  (6  135.4). C-13, and between 29-H1 ( 6  2.46, 2.85) and C-12, C-13, C-I4 ( 6  148. I )  were 

observed. Therefore, the methyl and ethyl groups were located at C- 12 and C-13 on the pyrrole ring. 
respectively. In the same way, the observation of correlation peaks between 27-H? (6  5.19, 5.28) and C-8  

(6  132.8). between 25-H, (6 2.94) and C-6 ( 6  1 3X.O), C-7 (6 129.9). C-8, and between 26-H (6 6.52) and 

2 : R1= OH, R2= OH 
4 : R1= L-Aspartyl, R2= OH 
5 : R'= OH, f12= L - ~ s p a r t y  



C-7, C-9 (6 132.3) gave a partial Structure of C-6 to C-9 

shown in Figure 2. Furthermore, owing to the long- 
range couplings of 10-H (6 6.76) and C-8, C-12, the 

two pyrrole rings mentioned above were connected to 
each other at C-9 and C-l l through the sp2 CH group. 
On the other hand, the correlation peaks between 24-H, 
(6 1.89) and C-2 (6 54.3,  C-3 (6 49.6), C-4 (6 170.5), 

and between 5-H (6 9.04) and C-3, C-6, C-7 were 

observed. Accordingly, C-4 on the dihydropyrrole ring 
and C-6 on the pyrrole ring were connected through C- 
5. Moreover, the sequence of C-13 to C-18 was 
confumed by the observation of correlation peaks 
between 31-H, (6 3.67) and C-16, C-17 (6 131.3*, 
134.3*), C-I8 (6 134.0) on a remaining pyrrole ring, 

between 15-H (6 9.27) and C-13, C-16, C-17. The 

isolated methylene protons (6 5.42, 6.03) at C-33 were 
coupled to C-19 (6 135.8), C-20 (6 103. I), C-34 (6 
175.3) and C-l (6 170.7) which was also coupled to 3- 

H. The remaining carbonyl carbons at 6 183.8 and 6 
178.4 were assigned to be C-23 coupled to 22-H, (6 
2.85, 3.00) and C-32 having no correlation peak from 

Figure 3. ' H - ' ~ c  correlations in the HMBC of 1. 

all protons, respectively. From the above-mentioned result, the main frame including the side chains from 
C-l to C-20 of 1 was confirmed. With regard to the aspartyl moiety of 1, the sequence of C-35 to C-38 
was assjgned by the observation of the common correlation peaks between 36-H (6 4.61). 37-H, (6 2.70, 

2.75) and C-35, 38 (6 179.3*, 179.9*). Also, the a-methine (36-H) of aspartic acid was long-range 
coupled to the carbonyl carbon at C-34 which was strongly coupled to the isolated methylene of 33-H,. 
Consequently, the L-aspartyl moiety was attached to acetic acid side chain at C-20 of chlorin e6, and the 
structure of 1 was determined as shown in Figure 2. Summary of 'H-"C long-range couplings is 
represented in Figure 3. The NMR data in D20 of 1 are listed in Tables 1 and 2. The structure of chlorin e6 
derived from chlorophyll a was proposed in 1940,' and the total synthesis was accomplished in 1960." The 
stereochemistry of chlorin e6 was reconfirmed by X-Ray analyses of methylpheophorbide and 
rhodochlorin XV dimethyl e~ te r , ' ~  which have the same stereochemistry at C-2 and C-3 of chlorin e6. 
In order to established strictly the structures of 1, we synthesized two positional isomers of 1. The 
structures of the two isomers wereconfirmed similarly as the structural determination of 1. Especially, the 
attached positions of aspartyi group were certified by the facts described below. In the case of 23-L-aspartyl 
chlorin e6 (4), a correlation peak between an a-methme (36-H, 6 4.55) of aspartyl group and a carhonyl 

carbon at C-23 (6 176.4) was observed in the HMBC spectrum, and C-23 was also coupled to 22-H, (6 
3.00). In an HMBC spectrum of 32-L-aspartyl chlorin e6 ( 5 ) ,  it was clarified that three carbonyl carbons at 
C-23 (6 183.8), C-32 (6 171.7) and C-34 (6 181.6) were coupled to 22-H, (6 2.85, 2.94). an a-methine 

(36-H, 6 5.17) of aspartyl group and an isolated methylene of 33-H, (6 5.16, 5.58), respectively. By 

comparison with the "C chemical shifts of chlorin e6 and those of three aspartyl derivatives, the amide 
carbons newly formed were shifted upfield by about 7 ppm as shown in Table 2. This supported the 
structures of three aspaltyl derivatives of chlorin e6, 
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Table I .  'H NMR data for 1 tetrasodium salt and related compounds in D2O. 

Proton 
la  za 3a 4= sa 

6 M J (Hz) 6 M J (Hz) 6 M J (Hz) 6 M J (Hz) 6 M J (Hz) 

2 4.65 br dd 10.7,2.0 4.49 br d 10.0 4.68 brdd 10.8, 1.7 4.52 brdd 10.7.2.0 4.43 brd 11.0 
3 4.89 brq 7.3 4.85 * 4.81 ' 4.85 brq 7.1 4.80 * 
5 9.04 s 8.99 s 8.82 s 9.1 1 s 8.87 s 

10 6.76 s 7.06 s 6.91 br s 7.03 s 6.65 br s 
15 9.27 s 9.30 s 8.50 br s 9.29 s 9.23 s 
18 - 8.92 s 
21 2.26 m 2.22 m 2.17 m 2.30 m 2.25 m 

2.68 m 2.65 m 2.70 m 2.68 m 2.66 m 
22 2.85 rn 2.84 m 2.77 m 3.00 m 2.85 m 

27 5.19 d 17.8 5.24brd 17.1 5.15 d 17.0 5.49 d 17.8 5.19 d 17.5 
5.28 d 11.7 5.28 brd 11.5 5.18d 11.0 5 .51d  11.7 5.27 d 11.5 

28 0.92 s 1.15 brs I 06 brs 1 07 s 0.91 br s 
29 2.46 dq 14.6, 7.6 2.54 m 208  rn 2.53 dq 14 9.7.6 2.43 m 

2.85 m 3.00 m 3.00 m 2.94 m 
30 1.20 1 7.6 1.24br1 7.1 0.90 t 7.4 1.23 t 7.6 1.18 brt . 7.4 
31 3.67 s 3.64 s 3.45 s 3.64 s 3.67 s 
33 5.42 d 18.3 5.24 d 18.6 5.48 d 17 5 5.21 d 18.7 5.16 d 18.6 

6 : pprn from TSP as an external reference. M : Multlplicq * : coincided with HDO. 
a : The sodium salts of 1 - S were measured at 20.0, 20.2, 20.2, 20.1, 20.2 mg/O 6 mL respectively. 

Table 2. I3c Chemical shifts for 1 tetrasodium salt and related compounds in D2O. 

Carbon la 4' Sa Carbon 1' 

170.2 170.0 20 103.1 
54.8 54.6 21 33.2 
49.6 49.7 22 36 7 

169.6 170.6 23 183.8 
95 3 94.9 24 24.2 

137.7 138.2 25 11.6 
129.9 130.1 26 128.5 
132.9 132.8 27 121.0 

6 : pprn frnm TMS using dioxane (67.4 ppm) as an external reference. *. ** : Inlerchangeablc. 
a :  The sodium salls of 1 - S were measured at 20.0, 20.2, 20.2, 20.1, 20.2 mgl0.6 mL,respectively. 
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Next, we carried out the structural determination of a thermal degradation product (3) of 1 .  The molecular 
weight of 3 was determined to be 667 by TSP-MS [mlz 668 (M+H)'], which is 44 mass units less than that 
of 1. In a 'H NMR spectrum of 3 sodium salt in 4 0 ,  an additional sp2 proton (6 8.92) was observed, and 

one carbonyl carbon at about 6 178 disappeared on the "C NMR spectrum. The proton newly formed at 6 
8.92 was correlated to C-I7 (6 132.3*), C-19 (6 140.0) and C-31 (6 13.4) in the HMBC spectrum. Other 
long-range 'H-'3C correlation pattern of 3 closely resembled that of 1. Accordingly, the structure of 3 was 
determined to be an 18-decarboxyl 1 (34-Laspartyl isochlorin e4) as shown in Figure 2. 
By the way, a tetrapyrrole ring skeleton such as 
chlorins is possible to be several conjugate form. In 26 ?H3 
order to clarify the conjugate form in an aprotic 

25 
,& 9 /  <,a x C02CH3 

solvent, long-range 'H-I3C couplings of four methyl cH3 7 Asp : HN", 
\",, $H3 

esters shown in Figure 4 were examined. The NH 5 
COzCH3 

protons on pyrrole ring of the methyl esters (6, 7 ,  8 >, a -N HN ,I6 ,, 
and 9) resonate around 6 -1.4 in CJXI,, which are cH3"'3 @ , , 17 cH3 6 : R1= OCH~, R2= Asp 

strongly shielded by the secondary magnetic field due 22  CQCH~ 7 : R'= oCH~, R ~ =  O C H ~  

C O R ~  8 : R'= ONa. R2= 0CH3 
to a magnetically induced ring current in a tetrapyrrole COR' 9 : R'= Asp, R'= OCH3 
macrocyclic ring." In a 'H-"C HMBC spectrum of 

e6 trimethyl ester (7), an NH proton at - 
figure 4 Methyl esters of 1 and the related compounds. 

1.47 was correlated to C-16, C-17 and C-18, so 
which was assigned to be 16-NH. However, no correlation peak from 6-NH proton was observed in the 
HMBC spectrum. The HMBC spectra of other methyl esters were much the same as that of 7. The NMR 
data in CDCI, of the methyl esters are listed in Tables 3 and 4. 
Subsequently, we measured the 'H-I5N HMQC (heteronuclear multi-quantum coherence)" and HMBC 
spectra in order that the "N chemical shifts of 1 (free acid) in DMSOd, may be assigned. F~rst,  by means 
of 'H-I3C HMBC method, the NH protons at 6 -1.69 and -1.97 were assigned to be 6-NH and 16-NH, 
respectively, because of the observation of clear correlation peaks between 6-NH and C-6, C-7, C-8 andlor 
C-9, and between 16-NH and C-16, C-18, C-17 and/or C-19. Moreover, an exchangeable proton at 6 8.27 

coupled to 36-H (6 4.60) was assigned to be 34-NH proton. In a ' H - ' ~ N  HMQC spectrum, three 

correlation peaks at 6 -245.6, -247.3 and -258.6 for ISN chemical shift were observed, and assigned to be 
16-N, 6-N and 34-N (amide), respectwely. On one hand, in a 'H-"N HMBC spectrum, the long-range 
couplings were observed between 5-H (6 9. lo), 10-H (6 9.71) and 6-N, and between 15-H (6 9.79) and 
16-N. In addition, two new nitrogen peaks appeared at 6 -93.6 (I-N) and -135.8 (11-N), which were 
coupled to 5-H and 10-H, 15-H, respectively. Accordingly, all nitrogen atoms of 1 in DMSOd, were 
detected and assigned completely as shown in Table 5. It is reasonable that the aromatic nitrogen (1 1-N) 
resonates at ca 110 ppm lower field than the standard pyrrole nitrogens bearing hydrogen (6-N and 16-N), 
and that the sp2 nitrogen (I-N) appears further in the lower field by 42.2 ppm from I I-N. The "N chemical 
shifts are very important to consider a conjugate form of tetrapyrrole macrocyclic compounds such as 
chlorins and porphyrins. The result of I5N NMR for 1 also indicates that the conjugate form is an 18 atom 
path way4' as shown in Figure 2, which is one of two possible tautomeric forms. It is of interest that the 
NH protons for 1 and related compounds in an aprotic solvent are localized at the same positions as those of 
a crystalline state of bacteriochl~rophylls.~~~~~~~~ 
The outer protons of the macrocyclic ring in DMSOd, were strongly deshielded due to a magnetically 
induced ring ~ur ren t , '~  and resonate at 6 9.10 - 9.79 for meso-protons and at 6 3.30 - 3.59 for the methyl 
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Proton 6' 
6 M J (Hz) 

2 4.49 br d 9.8 
3 4.45 q 7.3 
5 8.74 s 
6-NH -1.30 br 
10 9.53 s 
15 9.67 s 
16-NH -1.43 br 
21 1.81 m 

34-OCH) - 
34-NH 6.34 br 
35-0CH3 3.08: br s 
36 4.82 ddd 8.1,4.9,4.4 
37 2.83 dd 16.8,4.4 

2.85 dd l6.8,4.9 
38-OCHj 3.38*s 

Table 3. 'H NMR data for methyl esters of 1 and related compounds in CDCl3. 

78 !an or " , 
S M J (Hz) 6 M J (Hz) S M J (Hz) 

4.25 s 
5.23 brd 18.8 
5.34 d 18.8 
3.76 s 

4.22 s 
5.24 brd 18.8 
5.31 d 18.8 
3.71 s 

. 
4.77 ddd 8.1. 4.6.4 6 
2.65 dd 17.2,4.6 
2.88 dd 17.2.4.6 

S : ppm from TMS as an inlernal reference. M . Multiplicity. * : Interchangeable. nd : No1 detected 
a : Compounds 6 - 9 were measured at 20.2, 20.3, 20.2.20.1 rngI0.6 mL, respectively. 

Table 4. I3C Chemical shifts for methyl esters of 1 and related compounds in CDC13 

Carbon 6¶ 7a Sa 9= Carbon 6a 7a tIa 9= 

1 166.9 166.8 166.7 166.6 23 173.5 173.6 177.8 172.1 
2 53.1 52.9 52.9 52.8 24 23.1 22.9 22.9 23.0 
3 49.2 49.4 49.3 49.5 25 12.1 12.1 12.1 121 
4 1700 169.5 169.4 169.8 26 129.3 129.3 129.3 129.3 
5 93.7 93.5 93.5 93.5 27 121.9 121.7 121.7 121.7 
6 139.7 139.4 139.5 139.5 28 11.2 11.3 11.3 11.3 
7 130.7 130.5 130.5 130.6 29 19.6 19.6 19.6 19.6 
8 134.9 134.7 134.8 134.8 30 17.6 17.7 17.6 17.7 
9 135.6 135 3 135.4 135.4 31 12.3 12.4 12.4 12.4 
10 98.9 98.6 98.7 98.6 32 169.4 169.5 169.4 169.5 
11 $55.1 154.8 154.8 154.8 33 40.5 38.6 38.6 38.5 
12 136.1 135.9 135.9 135.9 34 171.9 173.0 173.2 173.3 
13 145.1 145.0 145.0 145.0 35 170.7 - - 171.0** 
14 149.0 148.9 148.9 148.8 36 48.7 - 48.2 
15 102.2 102.1 102.1 102 1 37 35.8 - 35.9 
16 129.3' 129.3* 129.3* 1293* 38 170.7 - - 171.4 ** 
17 136.1. 136.4' 136.4* 1363% 23-OCH) 5 1 6  51.6 - 
18 123.8 123.3 123.4 123.4 32-OCH) 53.2 53.0 53.0 53.0 
19 135.0 135.4 135.4 135.3 34-OCH, - 52.1 52.1 52.1 
20 101.7 102.2 102.2 102.4 35-OCHj 51.3** - - 52.7 '** 
21 29.6 29.5 29.2 30.2 38-OCH, 52.3'* - - 51.9 *** 
22 31.2 31.1 30.7 32.4 

6 : ppm from TMS using CDCI) (77.0 ppm) as an inlemal reference. *, **. *** . Interchangeable. 
a : Compounds 6 - 9 were measured at 20.2, 20.1.20.2, 20.1 mgl0.6 mL respectively. 
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Table 5. NMR data for 1 in DMSO-d6 

I3c I H  'H "N 13c 
lSN Position Position 

6 M 6 M J(Hz) 6 6 M 6 M J(Hz)  6 

21 29.9 t 1.71 m 
-93.6 2.18 m 

4.44 br dd 9.5.2.0 22 31.2 t 2.29 ddd 
4.58 brq  7.3 2.61 ddd 

23 174.2 s 
9 1 0  s 24 23.0 q 1.63 d 

27 121.9 t 6.16 dd 
6.44 dd 

28 10.9 q 3.30 s 
9.71 s 29 18.9 t 3.81 brq  

30 17.7 q 1.68 1 
-135.8 3 1 12.0 q 3.59 s 

32 169.8 s 
33 38.9 1 5.17 b rd  

5.38 b rd  
9.79 s 34 171.1 s 

34-NH 8.27 d 
-1.97 s -245.6 35 172.4 s 

36 48.8 d 4.60 ddd 
37 36.1 t 2.68 dd 

2.78 dd 
38 171.8 s 

6-"C : ppm from TMS using DMSO-d6 (39.5 ppm) as an internal reference. &"N . ppm from N H ~ ' ~ ~ o ~ ( o  ppm) as 
an external reference. M : Multiplicily. Compound 1 was measured at 20.0 mg10.6 ml. 

Figure 5. Proposed dimer of 1 tetrasodium salt in water 

protons attached to the P-pyrrole carbon. This evidence suggests that 1 is present as a free molecule in 

DMSOd, without an interaction with other molecules of 1. Whereas, in the case of D 2 0  solution, it is 
different from this phenomenon. By comparison with the ' H  chemical shifts of 1 tetrasodium salt in D 2 0  
and those of the free acid in DMSOd,, 10-H, 26-H, 27-H,, 28-H, and 29-H, in D 2 0  appear considerably 
in the upper field by 2.95, 1.77, 0.97 - 1.16, 2.38 and 0.96 - 1.35 ppm, respectively, from those in 
DMSO-d,. While 21-H,, one of 22-H, and one of 33-H, in D20resonate slightly in the lower field by 0.50 
- 0.55, 0.56 and 0.65 ppm, respectively. Especially, 10-H and 28-H, in D20 showed the unusual chemical 
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shifts at 6 6.76 and 0.92, respectively. These results imply that the molecule of 1 aggregates to form a 
dimer or a complex of more molecules in 40. If the shielding effect to the protons on a quarter molecule 
from C-8 to C-13 is caused by a macrocyclic ring current of other molecule, the protons might be closely 
located above the center of other tetrapyrrole ring as shown in Figure 5. This phenomenon has been found 
in high concentrated chloroform solution of pheophytins and methyl pheophorbides.47 The molecular 
packings of chlorophyll derivatives in the crystalline state were reported that neighboring layers are related 
by x overlap of the pyrrole rings I (C-6 - C-9) and I11 (C-16 - C-19) in the different  molecule^,^'^^^ and that 
adjacent molecules are connected by hydrogen bonds between the hydroxyls of the side chain on the ring I 
and the keto groups (corresponding to C-32) on the ring V in the bacteriochlorophylls d.I9 The aggregation 
pattern of 1 in water is deduced to differ from those of related compounds in the crystalline state. 

Experimental 

General: MS spectra were measured on a JEOL JMS-700 (fast atom bombardment mass spectrometry, 
FAB-MS) and a Hewlett Packard HP5989A (thermospray mass spectrometry, TSP-MS) mass 
spectrometers. NMR spectra were recorded on a JEOL JNM-LA400 spectrometer equipped with a field 
gradient unit using TSP (D20) and TMS (CDCI,, DMSO-d,) for 'H NMR (400 MHz), and using dioxane 
(67.4 ppm) in 4 0 ,  CDCI, (77.0 ppm) and DMSO-d, (39.5 ppm) for I3C NMR as a chemical shift standard. 
"N chemical shifts were measured by 'H-',N HMQC and HMBC techniques using NH,"NO, (0 ppm) as 
an external reference. All HMBC data were obtained using a mixing time of 60 msec. Digital resolution for 
',N chemical shift is 0.48 ppm. Twenty to twenty-one mgl0.6 mL of sample solutions were used for NMR 
measurement. Chemical shift change is negligible above a concentration of 15 mg/0.6 mL in 4 0 .  The 
numbering of 1 skeleton for NMR analysis is used as shown in Figure 2. The NMR data of 1 and the 
related compounds are shown in Tables 1-5. TLC was done on a silica gel plate [Merck Silicagel 60 F,,, 
5715 (TLC I), Merck HPTLC 1.05642 Kieselgel 60F (TLC 2)] and a reverse-phase silica gel plate (J.T. 
Baker C-18, TLC 3). A phosphate buffer for TLC was made with 0.01 M NaH,P04 which was adjusted to 
pH 6.85 with 0.01 M Na,HPO,. 

Chemicals: Authentic samples of mono-L-aspartyl chlorin e6 (1) tetrasodium salt and chlorin e6 trisodium 
salt were provided by Porphyrin Products, Inc., Logan, UT, USA The free acids of these compounds 
were prepared by acid treatment of the sodium salts. I-Ethyl-3-(3-dimethylaminopropyl)carbodiimide 
(EDAC), dicyclohexylcarbodiimide (DCC) and 1-hydroxybenzotriazole (HOBT) were purchased from 
Sigma Chemical Co. Silica gel (Wakogel C-300, Wako Pure Chemical Industries, Ltd.) and reverse-phase 
silica gel (DMS DM2035 and ODS DM2035MT, Fuji Silysia Chemical, Ltd.) were used for column 
chromatography. Other chemicals were purchased from Kokusan Chemical Works, Ltd. 

Formation and isolation of  the degradation product (3): Compound (I) tetrasodium salt (100 mg, 
0.125 mmol) was dissolved in water (20 mL), the solution was adjusted to pH 6.7 with 1 M HCI and 
refluxed at 110T for 12 h. After cooling at rt, the reaction mixture was precipitated at pH 2 with 1 M HCI, 
and the precipitate was collected by centrifugation. The precipitate was suspended in a small amount of 
water, adjusted to pH 9 with 1 M NaOH, and the solution was applied to a column of DMS gel (200 mL). 
The column was eluted with 20% aqueous methanol, and the fractions containing a degradation product as 
detected by TLC were concentrated to give 30.2 mg of crude material. In the same way, the crude sample 
was further purified by an ODs column chromatography (100 mL) developed with 40% aqueous methanol 
to afford 21.0 mg (22.9% powder) of pure degradation product as a sodium salt. The free acid (3) was 
prepared by acid treatment of the sodium salt. [3: TSP-MS; mlz 668 (McH)'] The Rf values of 3 and 1 on 
TLC (TLC 1, chloroform - n-butanol - pyridine - water = 4:4:7:2) were 0.36 and 0.15, respectively. 
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Compound 1 tetramethyl ester  (6): To a suspension of 1 tetrasodium salt (50.0 mg, 0.0625 mmol) in 
dimethyl sulfoxide (0.45 mL) was added methyl iodide (32 pL, 0.514 mmol) at rt in the dark. The mixture 
was stirred for 2 h and then poured into water (7.5 mL), and the resultant precipitate was collected by 
centrifugation. The precipitate was purified by a column of silica gel (10 g) developed with a 40:l mixture 
of dichloromethane and methanol to give 27.0 mg (56.2%) of 1 tetramethyl ester as a powder 16: FAB-MS; 
mlz 768 (M+H)+, Rf 0.45 (TLC 2, dichloromethane - methanol = 40:1), Rf 0.33 (TLC 3, acetonitrile - 
phosphate buffer = 9: I)]. 

Chlorin e6  trimethyl es te r  (7): To asuspension of chlorin e6 trisodium salt (39.0 mg, 0.0589 mmol) 
in dimethyl sulfoxide (0.4 mL) was added methyl iodide (28 pL, 0.450 mmol) at n in the dark. The mixture 
was stirred for 2 h and then poured into water (7.5 mL), and the resultant precipitate was collected by 
centrifugation. The precipitate was purified by column chromatography on silica gel (I0 g) developed with a 
100:l mixture of dichloromethane and methanol to give 24.0 mg (63.8%) of chlorin e6 trimethyl e~ te r '~ . ' ~  
as a powder 17: FAB-MS; mlz 639 (M+H)', Rf 0.50 (TLC 2, dichloromethane - methanol = 100:1), Rf 
0.25 (TLC 3, acetonitrile - phosphate buffer = 9: I)]. 

Chlorin e6  32,34-dimethyl ester  monosodium sa l t  (8): The trimethyl ester (7, 75.0 mg, 0.117 
mmol) was dissolved in 50% H,SO, (3 mL) at rt in the dark. After stirring for 2 h, the reaction mixture was 
poured into cold saturated aqueous NaHCO, (70 mL) and extracted twice with chloroform (30 mL). The 
extract was washed with brine, dried over N+SO, and evaporated to dryness. The residue was purified by 
column chromatography on silica gel (20 g) developed with a 15:l mixture of dichloromethane and 
methanol to give 50.0 mg (65.9%) of chlorin e6 32,34-dimethyl ester monosodium saltz6 as a powder [8: 
TSP-MS; mlz 625 (M+H)+ for free acid, Rf 0.13 (TLC 2, dichloromethane - methanol = 40:l), Rf 0.38 
(TLC 3, acetonitrile - phosphate buffer = 9: I)]. 

23-L-Aspartyl chlorin e6  tetramethyl ester (9): The dimethyl ester monosodium salt (8, 39.0 mg, 
0.0603 mmol) was treated with 0.1 M hydrochloric acid to convert the corresponding free acid. To a 
solution of the free acid (37.5 mg) in chloroform (20 mL) was added EDAC hydrochloride (16.0 mg, 
0.0835 mmol) and L-aspartic acid dimethyl ester hydrochloride (14.0 mg, 0.0708 mmol) at O T  in the dark. 
After stirring for 2 h, the solution was washed with brine, dried over N+SO, and concentrated to dryness. 
The residue was purified by column chromatography on silica gel (20 g) developed with a 40: 1 mixture of 
dichloromethane and methanol to give 28.5 mg (61.5%) of 23-L-asparty1 chlorin e6 tetramethyl ester as a 
powder [9: FAB-MS; mlz 768 (M+H)+, Rf 0.48 (TLC 2, dichloromethane - methanol = 40:1), Rf 0.37 
(TLC 3, acetonitrile - phosphate buffer = 9: I)]. 

23-L-Aspartyl chlorin e6  (4): The tetramethyl ester (9, 51.0 mg, 0.0664 mmol) dissolved in 
tetrahydrofuran (1 mL) was added to 0.5 M KOH in ethanol (50 mL). After stirring for 3 h at rt, the mixture 
was adjusted to pH 2 with 1 M HCI and concentrated to a small volume. The resultant precipitate was 
collected by centrifugation and washed with water. The crude sample was suspended in a small amount of - 
water, adjusted to pH 9 with 1 M NaOH, and the solution was purified by an ODs column chromatography 
(I00 mL) developed with 40% aqueous methanol to afford 20.5 mg (38.6%) of 23-L-aspartyl chlorin e6 (4) 
tetrasodium salt as a powder [TSP-MS; mlz 7 12 (M+H)+ for free acid, Rf 0.12 (TLC 1, chloroform - n- 
butanol - pyridine - water = 4:4:7:2)]. 

Chlorin e6  23,34-dimethyl-32-diphenylmethyl ester  (11): To a suspension of chlorin e6 (1.0 g, 
1.68 mmol) in acetone (100 mL) was added diphenyldiazomethane (360 mg, 1.85 mmol). The suspension 
was stirred at rt for 12 h. After removal of the solvent, water (100 mL) and NaHCO, (700 mg) were added 
to the residue. The solution was washed with ethyl acetate (I00 mL). After the aqueous layer was adjusted 
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to pH 2.0 with I M HCI, the precipitate was collected by centrifugation and washed with water to give 286 
mg of crude chlorin e6 32-diphenylmethyl ester 110, FAE-MS; m/z 763 (M+H)', Rf 0.46 (TLC 1, 
chloroform - methanol = 10:1)]. To a solution of the crude sample in a 2:l mixture of acetone and methanol 
(15 mL) was added trimethylsilyldiazomethane (10% in hexane, 1.8 mL, 1.58 mmol) and the mixture was 
stirred under darkness at rt for 12 h. The reaction mixture was concentrated under reduced pressure and 
purified by silica gel column chromatography (30 g, hexane -ethyl acetate = 5:l) to give 157 mg (1 1.8%) 
of 11 as a powder [FAE-MS; m/z 791 (M+H)+, Rf 0.26 (TLC 1, hexane - ethyl acetate = 3:l); 'H NMR 
(CDCI,) 6 4.32 (br dd, J  = 10.5, 2.2 Hz, 2-H), 4.41 (q, J  = 7.3 Hz, 3-H), 8.72 (s, 5-H), -1.30 (br, 6- 

NH), 9.54 (s, 10-H), 9.65 (s, 15-H), -1.46 (br, 16-NH), 1.76 and 2.17 (m, 21-H,), 2.13 and 2.50 (m, 
22-H,), 3.58 (s, 23-OMe), 1.70 (d, J =  7.3 Hz, 24-H,), 3.45 (s, 25-H,), 8.05 (dd, J =  17.8, 11.5 Hz, 26- 
H), 6.13 (dd, J  = 1 1.5, 1.5 Hz, 27-H), 6.34 (dd, J  = 17.8, 1.5 Hz, 27-H), 3.28 (s, 28-H,), 3.75 (q, J  = 

7.6 Hz, 29-H,), 1.69 (t, J =  7.6 Hz, 30-H,), 3.40 (s, 31-H,), 5.03 (hr d, J =  18.8 Hz, 33-H), 5.21 (d, J =  
18.8 Hz, 33-H), 3.50 (s, 34-OMe), 7.54 (s, CH-Ph,), 7.66 and 7.70 (m, ortho of CH-a,) ,  7.44 and 7.48 
(m, meta of CH-a,) ,  7.37 and 7.40 (m, para of CH-Ph,); "C NMR (CDCI,) 6 168.8 (s, C-I), 52.9 (d, 
C-2). 49.3 (d, C-3), 169.5 (s, C-4). 93.5 (d, C-5). 139.4 (s, C-6), 130.5 ( s ,  C-71, 134.7 (s, C-8). 135.4' 
(s, C-9). 98.6(d. C-101, 154.8(s, C-ll),  135 .9 (~ ,  C-12). 145.0(s, C-13). 148.9(s, C-14), 102.1 (d, C- 
1 3 ,  129.3" (s, C-16), 136.3"(s, C-17), 123.2(s, C-18), 135.7'(s, C-19), 102.3(s, C-20), 29.6(t, C- 
21). 31.1 (I, C-22), 173.5 (s, C-23), 22.9 (q, C-24), 12.1 (q, C-25), 129.4 (d, C-26), 121.7 (t, C-27), 
11.3 (q, C-281, 19.6 (I, C-29), 17.7 (q, C-30). 12.5 (q, C-311, 168.0 (s, C-32), 38.4 (t, C-33), 172.9 (s, 
C-34), 51.6 (q, 23-OMe), 51.9 (q, 34-OMe), 78.8 (d, CH-Ph,), 127.6 and 127.7 (d, ortho of CH-a,) ,  
128.6 and 128.7 (d, metaof CH-a,),  128.10 and 128.14 (d, paraof CH-&,), 128.6 and 128.7 (s, bridge 
of CH-a,),  *, ** interchangeable]. 

Chlorin e6 23,34-dimethyl ester (12):To a solution of 1 l(132 mg, 0.167 mmol) indi~hloromethan~ 
(4 mL) were added anisote (1 80 pL, 1.66 mmol) and trifluoroacetic acid (1.04 mL, 13.5 -01) under ice 
cooling, and the mixture was stirred for 1 h. After concentration of the solvent, the residue was purified by 
silicagel column chromatography (15 g, dichloromethane - methanol = 20:l) to give 84.0 mg (80.5%) of 
1 2  as a powder [FAE-MS; m/z 625 (M+H)+, Rf 0.30 (TLC 1, dichloromethane - methanol = 20:l); 'H 
N M ~  (CDCI,) 6 4.40 (br d, J  = 9.8 Hz, 2-H), 4.44 (q, J = 7.1 Hz, 3-H), 8.74 (s, 5-H), -1.36 (br, 6-NH 

or 16-NH), 9.46 (s, 10-H), 9.60 (s, 15-H), 1.69 and 2.12 (m, 21-H,), 2.19 and 2.56 (m, 22-H,), 3.61 (s, 
23-OMe), 1.81 (d, J =  7.1 Hz, 24-H,), 3.45 (s, 25-H,), 8.00 (dd, J  = 17.8, 11.5 HZ, 26-H), 6.13 (dd, J  
= 11.5, 1.2 Hz, 27-H), 6.32 (dd, J  = 17.8, 1.2 Hz, 27-H), 3.21 (s, 28-H,), 3.68 (q, J  = 7.6 Hz, 29-H,), 
1.64 (t, J =  7.6 Hz, 30-H,), 3.59 (s, 31-H,), 5.23 (brd, J =  18.6 Hz, 33-H), 5.50 (d, J =  18.6 Hz, 33-H), 
3.82 (s, 34-OMe); "C NMR (CDCI,) 6 167.8 (s, C-I), 52.9 (d, C-2). 49.6 (d, C-3). 170.3 (s, C-4), 93.9 

(d, C-5), 140.1 (s, C-6), 130.9 (s, C-7), 135.1 (s, C-8), 135.6 (s, C-9), 98.5 (d, C-lo), 153.8 (s, C-l I), 
135.6(s, C-12), 144.96, C-13), 147.7 (s, C-14), 102.3 (d, C-15), 129.4' (s, C-16), 137.5' (s, C-17), 
122.4 (s, C-la), 136.4 (s, C-19), 102.5 (s, C-20), 29.3 (1, C-21), 31.2 (t, C-22), 173.6 (s, C-23), 51.7 
(q, 23-OMe), 22.8 (q, C-24), 12.1 (q, C-2% 129.2 (d, C-26), 122.1 (t, C-27), 11.2 (q, C-28). 19.6 (t, 
C-291, 17.5 (q, C-30), 12.7 (q, C-311, 172.3 (s, C-32), 39.1 (t, C-33), 173.7 (s, C-34). 52.4 (q, 34- 
OMe)]. 

Active ester of 1 2  (13): To a solution of 12  (40.0 mg, 0.0640 mmol) in dichloromethane (4 mL) were 
added I-hydroxybenzotriazole (21.6 mg, 0.160 mmol) and 4-methylmorpholine (35.2 pL, 0.320 mmol), 
and then dicyclohexylcarbodiimide (33.2 mg, 0.161 mmol) was added under ice cooling with stirring. After 
stirring for 13 h, the reaction was quenched by acetic acid. The reaction mixture was diluted with ethyl 
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acetate (40 mL) and washed with 5% aqueous citric acid, saturated aqueous NaHCO, and brine. The 
organic layer was concentrated to dryness, the residue was purified by silica gel column chromatography (5  
g, dichloromethane - methanol = lo:])  to give 32.0 mg (67.4%) of 13 as a powder [FAB-MS; m/z 742 
(M+H)', Rf 0.44 (TLC I ,  hexane- ethyl acetate = 1.1) ; ' H  NMR (CDCI,) 64 .39  (br d, J =  9 .8  Hz, 2-H), 
4.37 (q, J =  7.3 Hz, 3-Hi, 8.57 (s, 5-H), -0.44 (br, 6-NH), 9.34 (s, 10-H), 9.65 (s. 15-H), -0.44 (br, 16- 
NH), 1.76 and 2.23 (m, 21-H,), 2.23 and 2.56 (m, 22-H,), 3.63 (s, 23-OMe), 1.73 (d, J =  7 . 3  Hz, 24- 
H,),3.39(~,25-H3),7.95(dd, J =  17.8, 11.5Hz.  26-H), 6.13(dd, J = 1 1 . 5 ,  1.5Hz.27-H),  6.31 (dd, J 
= 17.8, 1.5 Hz, 27-H), 3.22 (s, 28-H,), 3.73 (q, J =  7.6 Hz, 29-H,), 1.70 (t, J =  7.6 Hz, 30-H,), 3.92 (s ,  
31-H,), 5.33 (br d, J =  18.2 Hz, 33-H), 5 .45 (d, J = 18.2 Hz, 33-H), 3.67 (s, 34-OMe), benzotriazole 
moiety 8.00 (br d, J =  8.3 Hz, 4'-H), 7.71 (ddd, J = 8.3, 6.8,  1.0 Hz, 5'-H), 7.54 (ddd, J =  8.3, 6.8, 1.0 
Hz, 6'-Hi, 8.20 (brd,  J = 8.3  Hz, 7'-H); "C NMR (CDCI,) 6 167.1 (s, C-I) ,  52.7 (d, C-2). 49.6 (d, C- 

3),171.8 (5, C-4). 93.3 (d, C-5). 141.2 (s, C-6), 131.8 (s, C-7). 135.6 (s, C-8). 137.2 (s, C-9). 98.4 (d, 
C-101, 156.9(s, C - l l ) ,  136.0(s, C-12). 145.9(s, C-l3),  149.0(s, C-14). 103.6(d,C-15),  128.5'(s. C- 
16). 137.8. (s, C-17), 114.6 (s,  C-181, 136.7 (s, C-19). 102.3 (s, C-20), 29.6 (t, C-21). 31.2 (t, C-22), 
173.5 (s, C-23). 51.7 (q, 23-OMe), 22.6 (q, C-24), 12.0 (q, C-25). 129.0 (d, C-26). 122.3 (t, C-27). 
11.2 (q, C-28). 19.6 (t, C-29). 17.6 (q, C-30). 13.5 (q, C-31), 164.6 (s, C-32), 38.6 (t, C-33), 173.1 (s, 

C-34). 52.2 (q, 34-OMe), benzotriazole moiety 129.3 (s, C-3'a), 109.3 (d, C-4'). 128.8 (d, C-5'). 124.9 
(d, C-6'). 120.5 (d, C-7'1, 143.7 (s, C-2611. 

32-L-Aspartyl chlorin e6 tetramethyl ester (14) :  To a solution of 13 (1 12 mg. 0.151 mmol) in 
DMF (3 mL) were added L-aspartic acid dimethyl ester hydrochloride (105 mg, 0.531 mmnl) and 4- 
methylmorphnline (58 pL, 0.528 mmol), and the mixture was stirred at 50 OC for 11 h. After cooling, the 
reaction mixture was diluted with ethyl acetate (20 mL), and washed with 5% aqueous citric acid and brine. 
After removal of the solvent, the residue was purified by silica gel column chromatography (12 g, hexane - 
ethyl acetate = 1.1) to give 88.0 mg (75.9%) of 14 as a powder LFAB-MS; m/z 768 (M+H)'. Rf 0.31 (TLC 
1, hexane -ethyl acetate= I:]);  'H NMR (CDCI,) 6 4.39 (hr dd, J =  9.8, 2.2 Hz, 2-H), 4.46 (q, J = 7.2 

Hz, 3-H), 8.79 (s, 5-HI, -1.56 (br, 6-NH), 9.63 (s, 10-H), 9.71 (s, 15-Hi, -1.74 (br, 16-NH), 1.83 and 
2.26 (m, 21-H2), 2.16 and 2.55 (m, 22-H,), 3.61 (s, 23-OMe), 1.69 (d, J =  7.2  Hz, 24-H,), 3.49 (s, 25- 
H , ) , 8 . 0 9 ( d d , J = 1 7 . 8 ,  11.5Hz, 2 6 - H ) , 6 . 1 5 ( d d , J = 1 1 . 5 ,  1 5 H z ,  27-H) ,6 .36(dd , J=17 .8 ,  1.5Hz. 
27-H), 3.32 (s, 28-H,), 3.81 (q, J =  7.7 Hz, 29-H,), 1.72 (t, J =  7.7 Hz, 30-H,), 3.61 (s, 31-H,), 7.49 (d ,  
J = 8.1 Hz, 32-NH), 5.23 (br d, J = 18.8 Hz, 33-H), 5.57 (d, J = 18.8 Hz, 33-H), 3 .65 (s, 34-OMe), 
3.96'(s,  35-OMe),5.48(ddd, J = 8 . 1 , 4 . 6 ,  4 .6Hz ,  36-H), 3 .33(dd,  J = 1 7 . 6 ,  4 .6Hz ,  37-H) ,339(dd ,  
J =  17.6, 4.6 Hz, 37-H), 3.76' (s, 38-OMe); "C NMR (CDCI,) 6 166.7 (s, C-I),  53.0 (d, C-2), 49.1 (d, 
C-31,168.9 (s, C-4). 93.7 (d, C-5). 138.9 (s, C-6). 130.2 (s, C-7). 134.5 (s, C-8), 134.9 (s, C-9), 98.8 
(d, C-10). 154.3 (s, C- I ] ) ,  136.1 (s, C-121, 144.8 (s, C-13), 149.0 (s, C-14). 101.5 (d, C-IS), 129.8'(s, 
C-161, 135.2'(s ,  C-17). 127.1 (s, C-181, 134.9 (s, C-19), 102.3 (s, C-20) 29.7 (1, C-21) 31.1 (I, C-22), 
173.5 (b, C-231, 51.6 (q, 23-OMe), 23.1 (q, C-24), 12.2 (q, C-25). 129.5 (d, C-26), 121.7 it, C-271, 
11.4 (q, C-28). 19.7 (t, C-29). 17.7 (q, C-30). 11.9 (q, C-31). 169.1 (s, C-321, 38.1 (I, C-33), 173.4 (s, 
C-341, 52.1 (q, 34-OMe), 171.1'- (s, C-35) , 53.0.'' (q, 35-OMe), 49.3 (d, C-36). 36.0 (t, C-37). 
171.8" ( 5 ,  C-38). 52.2"' (q, 38-OMe)]. 

32-L-Aspartyl chlorin e6 (5):  To a solution of 1 4  (88.0 mg, 0.1 I5 mmol) in 25% aqueous DMF (4  
mL) was added I M NaOH (1.4 mnL) and the mixture was stirred at rt for 12 h. The reaction mixture w a  

diluted with water (20 mL) and washed with dichloromethane (20 mL). The aqueous layer w a  adjusted pH 
2 with aqucous citric acid. After collecting by centrifugation, the obtained black powder was washed with 
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water and dried at 40Y: to give a crude powder (64.0 mg). The powder was suspended in a small amount of 
water, to which was added 1 M NaOH (0.36 mL), and the solution was purified by an ODS column 
chromatography (50 mL) developed with 40% aqueous methanol to afford 62.9 mg (68.6%) of 32.~- 
aspartyl chlorin e6 (5) tetrasodium salt as a powder [TSP-MS; mlz 712 (M+H)Ifor free acid, Rf 0.23 (TLC 
1, chloroform - n-butanol - pyridine - water = 4:4:7:2)]. 
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