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Abstraek Treatment of a nicktel benzochlorin iminium salt with cont. sulfiuic acid generates thefrec 

base analogs and their su&mated derivatives. Insertion of zinc kad w the formation of metdo- 

benzmhlorins with improved photo&namic activities. 

We have reported that the copper octaethylbenxochlorin iminium salt 1 demonstrated unexpected 

oxygen dependent photoactivity following irradiation with light from either an Alexantite laser or a 

xenon arc Iamp.l We also reported that this activity suggested a use for 1 as a photosensitizer in 

photodynamic therapy. This is a treatment modality in which a 

sensitixer is selectively localized in neoplastic tissue and the 
target site then irradiated with light at a wavelength at which 

the sensitizer absorbs. The subsequent generation of species 

such as superoxide, hydtoxyl radicals and/or singlet oxygen 

could Iead to irreversible cell damage and hence to necrosis of 

the lesion. In mote recent studies it was proposed that the 
photochemical process did not involve singlet oxygen 

generation (Type II mechanism) but rather an electron transfer 

(Type I mechanism).2 It was also reported that the presence of 
both the copper and the iminium functionality of 1 are 1 

necessary for photodynamic activatiou3 In this Iattcr 

study however, only nickel and copper complexes were evahtated. We reasoned that the preparation of 

the metal-free analog of 1. or indeed of metallo-derivatives such as xinc would result in a longer lived 

triplet excited state which may react by a Type II mechanism rather than a Type 1 mechanism. Sine 
Type II mechanisms involve energy transfer rather than electron transfer, the absorbing molecule is 

regenerated and can then absorb mom photons to produce additional singlet oxygen. Assuming that the 

sensitizer is not itself destroyed by singlet oxygen, lower concentrations may be used to generate an 

equivalent amount of oxidative damage. 

We here report that nickel octaethylbeaxochlorin iminium salt 3. prepared by reaction of nickel 
octaethylbenxochlorin 24 with Viieier reagent can be demetakmd by prolonged treatment with 

5347 



5348 

concentrated sulfuric acid. Two products wete formed. The fimt was eluted from a silica gel column 

with 8% methanol/dicbloromethane and the second, with 12% methanol/ dicblorometbane. Tbe first 
fraction was shown to be the expected metal-free analog 4 by 1H NMR spectroscopy whete resonances 
for the inner -NH protons were observed at 6= 599ppm as expected due to the ring electron withdrawing 

properties of the iminium group. Qf pa&&r interest was tbe UV/vis spectrum of 4 which included two 

major absorption bands at 795~1 (Q band) and 387nm (&ret band), both of similar intensity. Thus, 

these benzochlorin iminium salts behave as typical c&tins when mefallated, i.e. incorporation of a 

metal results in a blue shift of tbe Q band, rather than as benzocblorins wbem the opposite trend is 

observed.~ The second fraction 5 gave a similar 1H NMR specnum to tbat of 4 except that one 

benxenoid proton resonance was absent while the remaining two exhibited a very weak long range 
coupling. We have previously reported that this is consistent with the presence of a sulfonate group in 

the pum-position.5 In the present case, mass spectrometry data were also consistent with the formulation 

of the product as iminium salt 5. 

Tmatment of 4 with nickel (II)acetate regenerated 3 in good yield white the corresponding 
sulfonated analog 8 (Amax 778~1) could be prepared either by nickel insertion into the sulfonated free- 

base iminium salt 9 or by sequential neatment of the nicker salt 2 witb sulfuric acid, nickel acetate and 

Vilsmeier reagent, thus providing chemical proof of tbe structures of these derivatives. Qf greater 

importance for the generation of potential photosensitizing agents was the pmparation of tbe zinc 
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derivatives 6 and 7 of the free-base and sulfonated imiium salts 4 and 5 mspectively. Both wereeasily 

prepared in good yield by tmatment of tbe freebsse iminium salts with itinc acetate As expected, in 

eachcpseziacinserrioawasacwmpaniedbyablueshiftoftbeQ~dinthevisiblespectnun,from 

79Snm to 738nm in the case of zinc oc~y&enzochlorin hninim salt 4 and from 795nm to 721~1 in 

thecaseofthesulfonatedanalog7. 
Attempts were also made to prepate iminium salts with visible absorptiona further red shifted by 

using the modifii Vilsmeier reagent generated from phosphorus oxychloride and dimethyl amino- 

acrolein. Reaction of the nickel benzochlorin 2 with this reagent generated the expected iminium 

complex, as evidenced by the appearance of a visible absorption band at 8 16nm, red shifted due to 

increased conjugation. However all attempts to isolate and purify the product were accompanied by 

rapid hydrolysis of the imii salt to the 2-formylvinyl derivative 9. Evidence for this transformation 

includedashiftintheQbandt732nmandthepresence,inthelH~specnumofare~~~ 

(doublet) attributable to the formyl proton at 6e 9.55ppm.6 

ZPJ vitro and irr viw studies with the free-base and zinc derivatives 4,5 and 6 are currently in 

progress and will be reported elsewhere. However it is encouraging to note that a determination of the 

intracellular concentrations of each sensitizer needed to cause a 50% decmase in the viability of mouse 

leukemic L1210 cells upon irradiation were: 1: 210Ot1.M; 4: 13.5pM; 5: 2-, 6: 385pM.7 Thus our 

original premise that removal’of the coordinated copper should increase the potential for photodamage 

appears to be correct with the free-base iminium salts 4 and 5 some 20 times as active as the copper salt 

1. 
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SELEC~D SPINX’ROSCOPIC DATA: 

4: lH NA@t (CDC13f. 6- 9.93 6% 1H. CH=NI; 8.72 (d. lH, beuzeuoid-H); 8.47,8_22 (s, 2H, meso- 

HI; 7.78 (m, 2H, bewenoid-H); 5.98 (br s, 2H, -NH); 4.10 (s. 3H. N-CH3): 3.~0-3.00 (m, 12I-i. ring 

m); 2.85,2.40 (m. 4H, gemiual ethyl CH2); 2.75 (s, 3H, N-CH3); 1.8-1.5 (m, 1gH. riug ethyl 

CH3k O-15, -0.10 (t, 6H, gemimd ethyl CH3). UWVis (CH2CI2) 388,606,79&m; E (M-km-l) 

52,310; 9,670; 49,000. Mass m/e 628. Anal. calcd for Gq2H55NgSO4_H20: C, 67.75; H, 7.66; N, 9.41. 

Found: C, 67.39: H, 7.49: N, 9.48. 

5: lH NMR (M&D), b 9.78 (s, IH, CH=N); 9.62 (d, 1H. benzenoid-H); 8.50.8.32 fs, W, mcso_ 

H); 8.60 (d, 1H, benzuoid-H); 6.00 (s. 28, -NH); 4.20 (s, 3H, N-CH3); 3.60-3.15 (m, 12H, ring ethyl 

CH2); 3.00 0% 2H, gemti CH2); 2.78 (s, 3H. NCH3); 2.70 (m. 2H. gemiuai CH2); 1.70-1.35 (m, 

218 ring efltyl CH3); 0.15. -0.05 ft. 6H, geminal CH3). Wit% (MOH) 388,614 ~; o (~-km- 

I) 55.44% 9.887; 33,802. Mass m/e 708. Anal. c&d for Cq2HSys;S2@Na: C, 60.92; H, 6.57; N, 8.46. 

Found: C, 60.99; H, 6.46; N, 8.47. 

6: lH N?vfR (CDCi3). 65 9.41 (s, 1H, CH=N); 8.31 (d. 1H. benzenoid-H); 7.98,7.72 (s, 2H, meso- 

H); 7.65 ft. lH, benzenoid-H); 7.58 (d, lH, benzenoid-H); 3.87 (s, 3H, N-CH3); 3.20-2.80 (m. 12H, ring 

ethyl CH2); 2.70 (s, 3H, N-CH3); 2.65-2.20 (m. 4H, geminal CH2); 1.50-1.10 (m, 18H. ring ethyl CH3); 

0.05 (m. 6H, geminal CH3). WA& (CH2Cl2) 384,449,575,740, E (M-km-l) 65,083; 37,697; 7,720; 

43,697. Mass m/e 691. Anal. calcd for C42Hg2N5SQZn: C, 64.00, H, 6.65; N, 8.88. Found: C, 64.42; 

H, 7.01; N, 9.00. 

7: lH NMR {MeOD), & 9.35 (s, lH, CH=N); 8.85 (d, lH, bcuzenoid-H); 8.15.8.11 Is, 2H, mcsb 

H); 7.95 (d, lH, benzenoid-H): 3.65 (s, 3H, N-CH3); 3.20-3.00 (m, 12H. ring ethyl CH2); 2.80 (s, 3H, 

N-CH3); 2.80-2.30 (m. 4H, geminal CH2); 1.52-1.10 (m, 18H. ring ethyl CH3); 0.2QO.10 (t, 6H, 

germinal CH3). UV/Vis (MeOH) 382,444,722; E (M-km-‘) 55,901; 33,450; 36,482. Mass m/e 770. 

Anal. calcd for Cq2H5lN5S207NaZn: C, 56.66; H, 5.77; N, 7.87. Found: C, 56.39; H. 5.78; N, 7.44. 
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