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Synthesis of Enediyne-Chlorophyll Derivatives as Cytotoxic Conjugates
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Conventional approaches to cancer treatment such as 
alkylating agents, platinum complexes, antimetabolites, and 
antitumor antibiotics are involved in cytotoxic intervention 
at the level of DNA replication. They act to block the 
biosynthesis or transcription of nucleic acids or to prevent 
cell division by interfering with mitotic spindles.1 While 
cytotoxic drugs are most effective against rapid growing 
tumor cells, they have the undesired property of inhibiting 
the synthesis of DNA in normal cells. Thus, there still 
remains a critical need for the development of agents 
possessing selectivity against tumor cells over normal cells. 
In view of non-specific cytotoxicity of most chemother­
apeutic agents against normal cells, an efficient targeting of 
chemotherapeutic drugs to the cancerous area could be of 
great benefit. One of the interesting approaches is a dyad 
conjugate targeting delivery of drug into the desired place 
via well-known ligand, which binds to receptors on the 
cells.2 Most targeted cytotoxic conjugates, such as sidero- 
phore-^-lactam,2a LHRH-doxorubicin,2b somatostatin-pacli- 
taxel,2c and porphyrin-platinum(II) complex2d are hybrid 
molecules composed of a carrier and a cytotoxic moiety.

A wide variety of porphyrin-based photosensitizers 
including porphyrins, chlorins, and bacteriochlorins have 
been used and suggested as photosensitizers in photo­
dynamic therapy. The enigma of the selective accumulation 
of porphyrin into tumor site spurred exhaustive biomedical 
and photophysical studies.3 Such interesting biochemical 
properties of porphyrins prompted us to develop a new 
generation of enedyine-porphyrin conjugates. Over the past 
few years, intense research has been concerned with a new 
class of antibiotics, the enediynes, which are some of the 
most potent antitumor agents ever discovered. They contain 
a cis-hex-3-ene-1,5-diyne unit embedded within a strained 
10-membered ring, which is capable of undergoing a cyclo­
aromatization process to generate a benzenoid diradical.4 
This diradical is capable of abstracting hydrogen atoms from 
the sugar part of DNA, which is responsible for DNA cleav­
age. Thus, we have interests in designing the structurally 
simplified enediyne unit hanging on porphyrin in a single 
entity. We reasoned that benefits of tumor-localizing 
porphyrin molecules are able to support selective tumorcidal 
action of enediynes. Here, we'd like to report the preliminary
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Scheme 1. Reagents and conditions: i, BrMgCCH, 45%; ii, Zn(OAc)2, 98%; iii, 7a-c, Pd(PPh3)4, PPh3, Cui, n-BuNH2, 62% (9a); 58% (9b); 
60% (9c); iv, TFA, 58% (10a); 64% (10b); 67% (10c).
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Scheme 2. Reagents and conditions: i, Pd(PPh3)4, PPhs, CuI, n- 
BuNH2, 58% (7a) and 21% (8a); 53% (7b); 60% (7c).

results on synthesis of enediyne-carrying chlorophyll 
derivatives as cytotoxic conjugates, as shown in Scheme 1.

The methyl pyropheophorbide-d (MPPd, 1) was prepared 
from methyl pyropheophorbide-a (MPPa), which was 
extracted from the alga Spilurina maxima? The isolated 
MPPa was then subjected to the oxidation with osmium 
tetroxide in the presence of the catalytic amount of pyridine, 
followed by the oxidative cleavage with sodium periodate to 
afford MPPd, according to the reported procedures.6 
Grignard reaction on 3-formyl group of 1 with ethynyl- 
magnesium bromide gave the propargyl alcohol derivative 2 
as diastereomeric mixtures, in 45% yield. Then, 2 was 
readily converted to the Zn-complex 3 to prevent from a 
plausible transmetalation with the catalyst metal ions in the 
next reaction conditions. Because more vigorous conditions 
are necessary for the demetalaton of copper porphyrins,7 the 
metalation was performed with large excess of zinc acetate 
in methylene chloride to give 3 in a quantitative yield.

In general, the Pd/Cu-catalyzed coupling between sp- and 
sp2-carbon centers is particularly valuable as a method for 
the construction of the 3-ene-1,5-diyne moiety. The required 
vinyl chlorides, 7a and 7b, were prepared from cis-1,2- 
dichloroethylene (5) with 1-pentyne (4a) and 3-butyn-1-ol 
(4b), respectively, in the presence of catalytic amounts of 
Pd(PPh3)4 and CuI in n-butylamine (Scheme 2). During the 
preparation of 7a, the bis-coupled alkene 8a was isolated in 
21% yield. The eneyne fused with aromatic compound 7c 
was also obtained from 2,3 -dichlorothiophene (6) in 
moderate yield.

The final installation of enediyne was preformed with the 
terminal alkyne on the zinc-chlorin 3 with Z-chloroeneynes 
7a-c under the previously described Sonogashira coupling 
conditions. The removal of zinc in 9a-c with TFA was 
smoothly proceeded to afford the enediyne-chlorophyll 
derivatives 10a-c, respectively, as the inseparable diastereo- 
meric mixtures.8

It is noteworthy that the enedyine-chlorin conjugates 
prepared in this study are jointed them in the single entity 
not by the aid of connecting spacers. It is expected that 
benefits of tumor-localizing porphyrin molecules are able to 
support selective tumorcidal action of enediynes. Further 

synthesis of different kinds of enediyne-porphyrin conju­
gates is still undergoing and photochemical and biochemical 
studies will be reported in due courses.
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8. Representative procedure for 10b. To a solution of 3 (0.2 mmol) 

in benzene (10 mL) was added Pd(PPh3)4 (45 mg), n-butylamine 
(0.3 mmol), and 7b (0.3 mmol) under nitrogen atmosphere. And 
then, CuI (925 mg) was introduced into the solution. After the 
reaction mixture was allowed to stir for 8 hr at room temperature, 
quenched with a saturated NH4Cl solution. The mixture was 
extracted with Et2O. The organic layer was washed with water and 
brine, and dried over anhydrous Na2SO4 and concentrated. The 
concentrated was purified by column chromatography (eluent: 
hexane/EtOAc = 3/1) to give 9b in 58% yield. The Zn-chlorin 9b 
was dissolved in CH2Cl2 (15 mL), and then treated with 30% aq. 
TFA (15 mL). The solution was allowed to stir for 4 hr at room 
temperature. The organic layer was washed with water and 5% 
NaHCO3 solution, and then dried over Na2SO4 and concentrated. 
The concentrated was purified by column chromatography 
(eluent: hexane/EtOAc = 3/1) to afford 10b in 64% yield. UV/Vis 
(CHCb)為ax (rel absorbance) nm 317 (0.38), 410 (1.82), 473 
(0.10), 506 (0.22), 537 (0.21), 608 (0.18), 665 (0.98); 1H NMR 
(CDCb) S 9.80, 9.27, 8.52 (s, each 1H), 7.07 (m, 1H), 5.68 (brs, 
2H), 5.14-4.95 (m, 2H), 3.62 (q, 2H, J = 7.2 Hz), 3.60, 3.45, 3.44, 
3.20 (s, each 3H), 2.56 (m, 2H), 2.20 (m, 2H), 2.18 (m, 2H), 1.82­
1.50 (m, 2H), 1.79 (t, 3H, J = 7.2 Hz), 1.68 (d, 3H, J = 7.5 Hz), 
-0.13 (brs, 1H), -2.07 (brs, 1H); Anal. Calcd for C41H42N4O5： C, 
73.40; H, 6.32; N, 8.35. Found: C, 73.56; H, 6.51; N, 8.53%.


