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Abstract: Several porphyrin-chlorambucil hybrid molecules have been 
synthesized and their light induced DNA cleavage activity studied. 

Photodynamic therapy (PDT), mediated through a combination of light with a 
photosensitizing drug, is emerging as a promising alternative to the conventional 
radio- and chemotherapy in the treatment of malignant tumors.1 In this context, por- 

phyrins as photosensitizers have acquired a pivotal role and world-wide efforts are 
underway to modify them to achieve good tumor selectivity, better tissue penetration, 
increased singlet oxygen quantum yield, etc. and enhance their therapeutic efficacy 

as PDT agents.1 Among various modifications, an interesting variation that has been 
attempted is to combine porphyrin sensitizers with an intracellular recognition ele- 

ment e.g., an intercalator moiety to impart ‘dual action’ capabilities.* In a recent 

study, we have shown that porphyrin-acridone (intercalator) hybrid molecules exhibit 
light induced nuclease activity.2 As an amplification of this dual action theme, we 
thought of synthesizing new hybrid molecules in which a porphyrin is linked to a 
clinically used anti-cancer drug chlorambucil, which is known as a DNA crass-linking 

agent, and is used in the treatment of lymphomas and ovarian carcinoma. We reasoned 
that such conjugates could function both as a conventional chemotherapeutic agent as 
well as light-switched PDT agent, thereby enhancing the overall efficacy of the drug. 
Herein, we describe the synthesis of several hybrid molecules employing 5-(4-hydroxy- 
phenyl)-10.15,20-tris(p-tolyllporphyrin 1 and chlorambucil 2, joined through flexible 
-_(CH2)n- linkers and report on their light induced DNA cleavage abilities. 

Previously described a-bromoalkoxy derivatives 3a_d,3 obtained from 1 on hydro- 
lysis in K2CO3-moist DMP milieu furnished the o-hydroxyalkoxy porphyrins 4a-d in 70- 
80% yield, Scheme. Reaction of 4a_d with the acid chloride b of chlorambucil 2 in 
the presence of pyridine readily furnished the hybrid molecules 
yie1d.l 

5a_a in 60-70X 
Similarly, _ 64 was synthesized from 1 and 2h in good yield with a direct link - 

between the porphyrin r and chlorambucil a. A hybrid molecule g4 having an amide 
linkage instead of the ester moiety, was synthesized from the o-aminoalkoxy deriva- 
tive 12c and chlorambucil via the mixed anhydride method. All porphyrin drug conju- 
gates were characterized through their W-Vis., 1~ ?DI~ data and elemental analyses. 

The fluorescence and singlet oxygen quantum yields of 5a_d. 5 and 8 are presen- 
ted in the Table. The @f and the 6(102) values of all these compounds are in the same 
range as that of 1. This implies that there exists no additional pathway(s) for the 
decay of the porphyrin excited states apart from the usual IC and ISC. In principle. 
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wrOhyrin excited states can be quenched via electron transfer from the amine func- - 
tionality of the chlorambucil sub-unit but apparently t&Is ,does not happen in the 
present case. There are no major changes observed in either Bbc absorption or elec- 

trochemical redox properties of w, 5 and 8 compared to the precursors 1 and a. 
The for&ing data indicates that porphyrin and chlorambucil moieties in the hybrid 

molecules retain their intrinsic characteristics that could be exploited in a comple- 
mentary manner. 

Tablea 

___.__._-- __ -__-_-.-- 

(a) Error limits for both *f and +(102) are 2 10%. (b) Rxci- 

tation wavelength is 420 run (solvent CH2C12). (c) Measured 

in DIYF by the steady-state photolysis method using 1,3- 
diphenylisobenzofuran (DPBF) as the 102 acceptor.3 All 

samples were irradiated at 555 nm using a 150 U Xe arc lamp 
as the light source. 

The nuclease activity of 5a-d _, 6 and 8 was studied using the supercoiled plasmid 
DNA pBR 322. While no noticeable nicking was observed in the absence of light, on 

irradiation by visible light the supercoiled form I was relaxed (40-70215 to form II 

under the experimental conditions employed (Fig.%, Lanes 2-71.6 There was no obvious 

trend in the nicking efficiency as a function of the linker group. The model 
porphyrins 1. 3 6 1 (Fig.&) under similar conditions caused 120% relaxation.5 

Chlorambucil a alone also effects such minor relaxation with or without light (Fig. 
&. Lane 8). The results indicate that combination of a chemotherapeutic drug with a 

photosensitizer enhances DNA cleavage proclivity under the influence of light. We 
propose to study the response of these new hybrid molecules at cellular level against 

human cancer cell lines. 
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Form 11 

Form I 

Fig.h (From left to right) Lane 1: Untreated pBR 322; Lanes 2.3.4,5,6 & 7: pBR 322 + 
_, 5a, 5b, 6 5~. s 

Fs.lJ (From 
6 8, respectively. Lane 8: pBR 322 + 2. Lane 9: DRA mol. wt. 

marker. left to right) Lane 1: Untreated pBR 322; Lanes 2.3 b 4: pBR 322 
+ 1. 
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1H RMR (200 MHZ, cDc13). g: 6 -2.77 (2H, s), 1.92 (tH, q), 2.31 (ZH, q), 2.42 

(ZH, t), 2.61 (2H. t), 2.7 (VII, 6). 3.55 (871, m), 4.34 (2H. t). 4.44 (2R, t), 
6.59 (ZR, d). 7.1 (2H, d), 7.26 (2H, d>. 7.55 (6H, d), 8.1 (8H. d), 8.85 (8H, 

s). 3: 8 -2.78 (2H, s). 1.97 (6H. m), 2.37 (2H. t). 2.59 (2H, t), 2.7 (9H. s), 
3.59 (8H, ml, 4.27 (4H, t). 6.6 (2H, d), 7.1 (OH, d), 7.26 (2H, d), 7.54 (6H, 

d), 8.1 (8H. d). 8.85 (8H, 8). &: 6 -2.77 (2H. s), 1.76 (2H, ml. 1.99 (6H. m), 

2.38 (2~. t), 2.59 (2H. t), 2.7 (9H, s), 3.59 (8H, m). 4.2 (2H. t), 4.25 (2H, 

t1, 6.6 (2H, d). 7.08 (2H, d), 7.25 (2H, d), 7.55 (6H. d). 8.1 (8H. d). 8.85 

(8H, s). z: 6 -2.75 (ZR, s), 1.69 (4H. m), 1.95 (6H. ml. 2.36 (2H. t), 2.58 

(2H, t), 2.7 (9H, s), 3.61 (8H, ml, 4.16 (2H, t), 4.23 (2H, t), 6.6 (2H. d), 

7.07 (2H, d), 7.25 (2H, d), 7.54 (6H, d). 8.1 (8H, d), 8.85 (8% s). 6: 6 -2.78 

(2H. 6). 2.16 (2H. q), 2.61-2.81 (4H, ml, 2.7 (9H. 61, 3.67 (8H. m). 6.65 (2H. 

d), 7.14 (2H. d). 7.38 (2H, d), 7.54 (6H, d). 8.1 (6H, d). 8.13 (2H, d). 8.85 

(8~. s). g: 6 -2.76 (2H, s), 1.99 (2X, q), 2.17 (2H, t). 2.26 (ZH. 4). 2.65 (2H, 

t), 2.7 (9~. s), 3.49 (8H, m), 3.63 (2H, ml. 4.31 (2H. t). 6.57 (PH, d). 7.1 

(2H, d). 7.22 (2H, d), 7.55 (6H, d), 8.1 (8H, d). 8.85 (8H, s). 

Quantification of DNA cleavage was done using WP gel documentation system GDS 

2000. 
PBR 322 DNA (0.1 mtd) in tris-HCl buffer (pH 8) was treated with an equimolar 

concentration of the porphyrin dissolved in the same buffer containing 10% (v/v) 
DHF.~C This mixture was incubated for lh at 25.C and then was irradiated (lh) 

with visible light (A> 400 nm) by keeping the sample at a distance of lm. from 
a 150 w Xe-arc lamp (UV-light was cut off using filters). The samples were 

analyzed by 0.8% agarose gel electrophoresis (tris-acetate buffer, pR 8) at a 
constant voltage. The gel was photographed after staining with ethidium bromide. 
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