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Abstract: A 2'-deoxyuridine derivative functionalized via an acetylenic junction with a 
Zn(II) tetraarylporphyrin has been prepared. Is also reported an unexpected in situ 

bromination of the uracil nucleic base at the C5 position, which occurs during the 
transformation of a dibromo-olefin into its corresponding acetylenic anion. 
© 1999 Published by Elsevier Science Ltd. All rights reserved. 

Multiporphyrinic devices attract more and more attention, for the synthesis of artificial light 
harvesting complexes I as well as for the elaboration of photonic and electronic wires. 2 In natural 
photosynthetic systems, the absorption of  a photon by a pigment in the antenna complexes is followed by 
migration of the excited state among the pool of pigments until the reaction center is reached. 3 
In order to mimic such systems, porphyrin-functionalized oligonucleotides with modified nucleotidic 
backbone were envisaged. The modifications of the nucleosides and the substituents on the porphyrins can 
then be chosen to provide a parallel orientation of the porphyrin moieties, as are the chromophores in the 
natural photosynthetic system. Modeling of a simplified dimer of this type (Figure 1) suggests that it seems 
reasonable to expect such a conformation. 
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Figure  1. Molecular model of a porphyrin dimer (substituents on the tetraphenylporphyrins have 
been omitted for clarity). 
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The synthesis of such porphyrin-functionalized oligonucleotides, based on the use of  monomer 8,4 will allow 
to vary as desired the metallated porphyrins within the oligomers. This would open the route to the 
elaboration of new photonic or electronic devices. In this paper, the synthesis of  the porphyrin/nucleoside 
hybrid 8 is reported, as well as an unexpected in situ bromination of  the uracil moiety. 

The preparation of  compound 8 is depicted in Schemes 1 and 2. The synthesis of the propargylic 
alcohol 4 started from protected 2'-deoxyuridine 1 which was readily accessible on large scale. 5 
Deoxyuridine 1 was protected on the NH group by treatment with p-methoxybenzyl chloromethyl ether 
(pMeOBOMC1) under standard conditions. 6 After selective deprotection of  the TBDMS-protected primary 
alcohol under acidic conditions, the dibromo-olefin 3 was obtained in 60% yield using Swern oxidation 
followed by the Wittig reaction with PhaP=CBr2. 7 Treatment of  3 with excess LDA unexpectedly resulted, 
after quenching with paraformaldehyde, in the brominated propargylic alcohol 4. In a typical procedure, a 
solution of 1.06 g of compound 3 (1.64 mmol) in dry THF under argon was treated at -78°C with 1.7 mL of 
a 2.0 M solution of  LDA in THF (3.40 mmol, 2.1 eq.). After 30 min, the cooling bath was removed and a 
large excess of formaldehyde was added, which necessitated the depolymerization of paraformaldehyde 
using a blow torch, and the introduction of  formaldehyde into the solution via a gas inlet. Despite the 
repolymerization of  a major part of  the formaldehyde into the solution, thin layer chromatography showed 
the reaction was almost complete under such conditions within two hours. The reaction was then quenched 
with a saturated solution of  ammonium chloride. After classical work-up and chromatography on silica gel 
(d~ = 2 cm, h = 19 cm, eluent: ethyl acetate/hexane 30/70) the desired brominated propargylie alcohol 4 was 
obtained in 52% yield. Although the proton NMR spectrum of compound 4 shows the disappearance of 
proton H(5) and a 0.82 ppm deshielding of  proton H(6), the nature of  the brominated propargylic alcohol 4 
was confirmed by FAB Mass Spectrometry (595.1, [M+H] ÷, talc. 595.1). s Upon treatment with LDA, the 
dibromo-olefin 3 is converted by halogen/lithium exchange into its corresponding 1-halo-l-lithioalkene. 
This halocarbenoid then undergoes an hydride shift which resulted in an LiBr elimination, and is thus 
transformed into a terminal alkyne. If an excess of  LDA is used, this alkyne is deprotonated in situ and the 
reaction with an electrophile becomes directly possible. 9 It can be reasonably postulated that during the 
halogen/lithium exchange which initiates this reaction, the formal "Br ÷'' cation released is quenched by the 
nucleic base probably via an aromatic electrophilic substitution. It is worth noting that the 52% yield 
obtained for the conversion of  dibromo-olefin 3 to compound 4 corresponds to a one-pot three-steps process. 
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Scheme I. a) pMeBOMCI (1.6 eq.), DBU (4.1 eq.), CH3CN, 0°C, 2h30, 96%. b) TFA (1.7 eq.), THF/H20 3/1, rt, 
9h30, 61%. c) Oxalyl chloride (1.6 eq.), DMSO (3.1 eq.), CH2CI2, -78°C, lh30. d) NEt~ (6.3 eq.), Ph3P=CBr2 (2.0 eq.), 
0°C to rt, 24h. e) LDA (2.1 eq.), THF, -78°C, 30rain then (CH20), (excess), 0°C to rt, 2h, 52%. 

The diacetylene 5 (Scheme 2) was synthesized by a palladium-catalyzed coupling involving 4 and 
triethylsilylacetylene. 1° After protection of the propargylic alcohol under standard conditions, the 
triethylsilyl group was cleaved with potassium carbonate in a 1/I mixture of  THF/methanol below 10°C. 
Such a control of the temperature is necessary to limit the formation of  a by-product resulting from the 
addition of methanol to the triple bond substituted by a protected primary alcohol. The condensation of 3,5- 
di-tert-butylbenzaldehyde and p-iodobenzaldehyde with pyrrole under Lindsey's conditions II gave, after 
metallation via a standard procedure, lIb the Zn(II) porphyrin 7. The synthesis of  compound 812 was then 
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finally achieved in 40% yield by palladium-catalyzed coupling between the terminal alkyne 6 and the iodo- 
porphyrin 7.1b" 13 The non-reacted Zn(II) porphyrin 7 was recovered quantitatively, but it was not possible to 
isolate any remaining free acetylene 6 which may decompose during the course of  the reaction. 
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Scheme 2. a) HCCTES (3.9 eq.), Cul (0.60 eq.), Pd(PPh3)2CI2 (0.24 eq.), NEt3, rt, 24h, 86%. b) TBDMSCI (1.3 eq.), 
imidazole (3.2 eq.), DMF, rt, 18h, 89%. c) K2CO3 (4.6 eq.), THF/MeOH 1/1, 3h30 at 0°C and 4h at 10°C, 77%. 
d) BF3.OEt2 (1.9 eq.), CHCI3, rt, lh then chloranil (3.0 eq.), CHC13, reflux, lh, 5%. e) Zn(OAc)2.2H20 (1.9 eq.), CHCI3, 
reflux, lh30, 91%. f) Cul (0.86 eq.), Pd(PPh3)2CI2 (0.47 eq.), NEt3, rt, 24h, 40%. 

A more convergent route has been tried through the reaction of 1 equivalent of  compound 4 and 1.1 
equivalent of 5-(4-ethynylphenyl)-lO,15,20-tris(di-tert-butylphenyl)porphyrin with Pd(PPh3)C12 and copper 
iodide in refluxing deoxygenated triethylamine under argon.I I b,14 The 4,4'-bis[zinc(II)-5,10,15-tris(di-tert- 
butylphenyl)-20-porphyrinyl]diphenylbutadiyne, resulting from a homocoupling reaction, was obtained in 
75% yield, I°a but no desired product could be detected. 

An unexpected regioselective in situ bromination of the nucleic base of a 2'-deoxyuridine derivative 
is described in this paper. It occurs at the C5 position of the uracil moiety during the transformation of the 
dibromo-olefin 3 to its corresponding acetylenic anion. Advantage was taken of  this reaction for the further 
synthesis of a nucleoside/porphydn hybrid. Functionalizing with a porphyrin the nucleic base of a 2'- 
deoxyuridine derivative via a palladium-catalyzed coupling will allow the easy preparation of many analogs 
of monomer 8 depending on the nature of  the metallated porphyrin involved in the coupling reaction. Such a 
strategy opens the route to the synthesis of functionalized oligomers in which the sequence of metallated 
porphyrins can be chosen as desired, and thus to the possible elaboration of new photonic or electronic wires. 
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