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Abstract : The synthesis of a water-soluble cationic porphyrin bearing a netropsin motif on a glycine side arm is 
repwted. Molecular modelling revealed that this molecule should exhibit good sequence-spccifz binding to DNA. 

The selective binding of a molecule to a particular sequence of nucleotides on DNA is the result of a 

combination of steric and electronic features which determine the length and sequence of the binding site. 

Studies of DNA-protein complexes for example, have shown that this specificity results from H-bonding, 

electrostatic and/or van der Waals interactions between specific atoms or groups of atoms of the base pairs and 

the ligand. Our strategy to design new molecules which are capable of specific binding to extended regions of 

DNA is to link together two different molecules which separately have shown some specificity towards limited 

(2-4) base pair sequences. 

The netropsin molecule is known to bind in the minor groove of DNA with a marked preference for 

sequences of four AT nuclwtides, e.g 5’- AATT- 3.l Adducts of netropsin (or distamycin) to intercalating 

agents (phenoxazone, oxaxolopytidocarbaxole, acridine and ellipticine) have previously been reported, resulting 

in at least one instance in an increased affinity for DNA. lb-2 We report here the synthesis, characterization and 

theoretical DNA-interaction computations of a hybrid molecule, combining the specific minor groove ligand 

netropsin to an intercalating cationic porphyrin. Cationic porphyrins, e.g. tetrakis(4- 

methylpyridinium)porphyrin, H2TMPyP-4, have been shown to bind strongly to DNA either by intercalation or 

by external binding.3 The former binding mode appears to be favored at G-C rich sequences, the latter at A-T 

rich sequences. Our hypothesis is that the linking of the two molecules should result in an increase in both the 

affinity for DNA and the nucleotide sequence specificity. 

In order to optimize the intercalation of the porphyrin moiety, theoretical computations of porphyrin- 

netropsin DNA-interactions were performed with the JUMNA (Junction Minimizations of Nucleic Acids) 

procedure.4 We will restrict the present comparisons to complexes having an intercalation site in-between the 
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pyrimidine-purine sequence d(C3pG4>d(Cs’pG1~) of the Dickerson dodecamer. d(CGCGAATKGCG)2.5 

As for netropsin, they show that the binding of the porphyrin-netropsin hybrid to DNA is stabilized by H- 

bonding interactions which involve the two DNA-strands. When comparing porphyrin-netropsin to porphyrin- 

glycine-netropsin (6, see Scheme), the present results indicate that introducing a glycine fragment between the 

polymethylenic chain and the netropsin should result in improved binding energetics to DNA as well as less 

penalizing DNA conformational rearrangement energy (see Table). Interestingly, a related conclusion was very 

recently reached in a study by Dumez er al, bearing on the binding to DNA of a netropsin-ellipticine molecule.6 

However, we observed lower values of the binding energetics of netropsin alone, compared to those of the 

porphyrin-netropsin molecule. Non-intercalative minor groove binding modes of 6 were found to be at least 10 

kcal/mole less favourable than intercalation.5 

Table : Energetic Values (in Kcal/mole) of the Binding of Neuopsin and Porphyrin-Netmpsin Molecules to 
d(CGCGAA’ITCGCG)2. 

Ligand porphyrin-glycine-nehopsin porphyrin-netropsin netropsin 

B interaction -234.4 -216.5 -162.6 

AE DNA 45.2 76.4 14 

AE ligand 19.9 9.3 7.2 

AB=Einter+AEDNA+ABlig - 169.3 -130.8 -141.4 

The synthesis of the porphyrin-glycine-netropsin is stmmuui zed in Scheme. Synthesis of 1-methyl-4~(l- 

methyl-4-nitropyrrole-2-carboxamido)-pyrido propionitrile 1 was adapted from previously 

published procedures.7 It was hydrogenated over Pd/C to give the corresponding amine, which was 

immediately coupled to CBZ-glycin in the presence of 1-ethyl-3-(3-(dimethylamino)propyl)ca&dumide @DC) 

and hydroxybenzotriazole (HOBT) to give 2 in 50% yield. Pinner’s reaction on 2 with HCl in ethanol, followed 

by ammonia gave 3 in 75% yield. After removal of the CBZ protecting group by hydrogenolysis over Pd/C in 

methanol, the coupling of the resulting amine 4 and the porphyrin (obtained from 4-pyridinecarboxaldehyde, 3- 

(ethoxycarbonyl)propyloxybenzaldehyde and pyrrole, followed by saponification to the free acid)8 was 
performed using the BOP reagent to give 5 in 80% yield. Treatment of the latter with CI-QI in DMP (50°C. 3hr), 

followed by ion exchange with a Cl- Dowex resin, yielded the desired water-soluble product 6.9 
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Scheme : Synthesis of porphyrin-glycine-netropsin 6 

Acknowlegments 

This research was supported by grant (to S. G.-R.) from the Association pour la Recherche sur le Cancer 

(ARC). One of us (G.A.H.) thanks MRT (Minis&e de la Rechemhe et de la Technologie) and lFSBM (Institut 

de Formation Sup&ieure Biomedicale) for financial support. We thank C. Merienne (from LCBB) for helpful 

discussions in NMR studies. 



7266 

REFERENCES AND NOTES 

1. 

2. 

3. 

4. 

5. 

6. 
7. 

;: 

(a) Kissinger, K.; Krowicki, K.; Dabrowiak. J.C.; Lawn. J.W. Biochemisfry 19117,26.5590-5595; (b) Duvan,P. Scirncc 

1986.232.464471. 

it; 
Eiis; A.; Philips, DR.; Reiss. J.A.; Skwobogaty. A. 1. Chem. Sec. Cheat. Commun. 1988, 1049-1052; (b) S&a, 
1650; (c) BaiBy. C.; CoUynd’Hooghe, hf.; Lantoine. D.; Founder, C.; Hecquet, B.; Fame, P.; Saucier. J.M.; CoBon. 

P.; Houssier, C.; H6nichart. J.P. Biochem. Pharmacol.1992.43.457466 and rcfucnw therein; (d) Bailly, C.; OHuigin. 
C.; Houssin, R.: Colson, P.; Houssier, C.; RivaEe. C.: Bisagni. 8.; H&i&art, J.P.: Waring, MJ. Mol. Pharmuco1.1992, 
41.845-855. 
(a) Fiel, RJ. J. Bbnwl. Srrucf. Dyn. 1989,6, 1259-1274; (b) Gibbs, EJ.; Pastem& R.F. Semiaurs in Hemat. 1989. 
26.77-85; (c) MacziEi. L.G. New J. Chem. 1998.14.409-420. 
(a) Lavery, R. in DNA Bending and Curvature (Olson, W.; SundatUngam. M.; Saoua. M.H. and Satma, R.H. Bds, 
Academic Pmss, New-Yak) 1988.191-211; (b) Lavery. R. in f/M DNA Srrucrwes (Harvey. S. and Wells. R. Eds. 
Springer Valag, Pqamon Press, New-York) 1988.189-205. 
othu prospective wtiun sites and extaual bii modes have been also inves@ted for the porphyrin ring. The 
results of this study will be discussed in greater detail in an a&litional papa together with the fmt physicochemical data of 
the DNA-inter&on of compound 6. 
Dumex, A.; Helissey, P.; Sun, J.S.; Gicrgi-Renault, S. (tu be publish@. 
(a) Lown, J.W.; Krowicki, K. J. Org. Chem. 19llS.50.3774-3779; (b) Atcamone. F.; Pence. S.; DeEe Mona&e, F.; 
Garr. Chim. Ital. 1969.99, 620-629. 
Tarnaud, E.; Annebeim-Herbelin. G.: Per&-Fauvet, M.; Gaudemer. A. (to be published). 
Spectroscopic data of 5 and 6 : 

. . l_ 

5 : PorphY~~c pro~om : 9.02 (d, J = 5.3 Hz, 8R. pyridyl). 8.85-8.93 (m. SH, pyrrohc), 8.24 (d, J = 5.3 HZ 6H pyridyl), 
7.75-7.78 (d + s, J = 7.5 Ha. 2H. phenolic), 7.70 (t, 1 = 7.5 Ha. IH, phenolii). 7.41 (d, J = 7.5 HZ, lH, &M&), 4.18 
0. J = 7.2 Hz, 2W. 2.39 (1. J = 7.2 Hz, 2H), 2.04 (m, 2H). -3.05 (s, 2NH); giycine P~O~OUS : 8.48 (m, ~NH), 3.30 (under 
HDQ 2H) ; nctroptin pofom : 9.84 (s, 2NH). 8.48 (m. INH), 8.21 (s, 2NH2). 7.12.7.06,6.92 and 6.84 (d, J = 11 HZ, 

1.2 Hz. 1.5 Hx, 1.5 Ha, 4xlH. pyrrolic). 3.77 and 3.70 (s, WH). 3.30 (under HDG. 2H). 2.57 (t, J I 6.3 Ha, 2H). 
6 : povhyfitic protom : 9.51 (d, J = 5.9 Hz. 6H, pyridyl), 9.04-9.14 (m, 8H. pynolic). 9.08 (a, J = 5.9 HZ, 6~. pyridyl), 
7.79 (t+d + s, J = 7.5 Hz. 3H. phenohc). 7.49 (d. J = 7.5 Ha, H-J. phenol&), 4.72 (s, 9H), 4.22 (t, J = 7.2 HZ, w), 2.40 
(1. J = 7.2 Hz. W. 2.07 (m, 2H), -3.05 (s. 2H, NH); glycine protonr : 8.29 (m. 1NH). 3.79 (d, J = 6.4 HZ, 2~) ; nclropsh 
Protons : 9.99 b. 1NW, !UO (s, INH), 8.97 (s, lNH2). 8.73 (s, 1NH2). 8.29 (m, INH). 7.16.7.05.6.91 and 6.84 

(d, J = !-? Hz. 1.2 H;s. I.5 Hz, 4xlH, pyuobc). 3.78 and 3.67 (s. 2x3H), 3.47 (m. 2H), 2.65 (t, J = 6.3 Hz, 219. 
v VI_ 

5 (&'z, : 417 (180%). 513 (7.6%). 547 (3.8%). 588 (2.7%). 648 (1.6%). 

6 (H2G) : 305 (14%). 428 (100%). 522 (86%). 561(5.1%). 588 (4.9%). 649 (3.6%). The ratio of the optical dcnsitie.s at 
428 nm and 305 nm is CbSZ t0 the IdO of the extinction coeffiiienu at 422 nm and 296 nm for unbound ~tiomc 
porphyrins and netropsin respectively. 
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