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v. Summary

IV. Experimentals

The synthesis of both moleeules of a new DNA base pair (carbocyclic
PyADD and PuDDA) was undertaken in order to explore their chemistry and
to assess whether they would be suitable as components of a genetic
information system. This included :

- synthesis of the two moleeules ;
- search for a proteetion strategy that would allow their DNA

incorpotation by DNA automatie synthesis;
- synthesis of DNA oligonucleotides containing both molecules.

Carbocyclic pyrazine analogue

The synthetic route developed for the preparation of the carbocyclic
pyrazine Pyla is shown in Figure 74 and begins with a Diels-Alder reaction
between cyclopentadiene and trans-bromoacrylic acid. The product is then
methylated and cis-dihydroxylated to yield a ribofuranose analogue, followed
in situ by aß-elimination of the bromine group. The reaction must be buffered
to hinder direct elimination during cis-hydroxylation.
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Figure 74. Synthesis of the cyclopentyl derivative Py55.
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After acetonide protection, the norbornene compound is submitted to an
oxidative ring opening by ozonolysis, followed by an in situ reduction to yield
the racemic cyclopentyl derivative Py55.

To gain the key intermediate Py68a, a four step synthesis sequence was
performed on compound Py56, involving treatment of the ester function with
methanolic ammonia, mesylation of the alcohol function followed by
substitution with NaN 3, and reduction by catalytic hydrogenation.
Investigations showed that treatment of the ester functionality must preceed
transformation of the alcohol functionality.

The construction of the pyrazine-heterocycle from compound Py68a
occured in three steps and was based on a route developed by von Krosigk
(von Krosigk, 1993). After suitable protection of the pyrazine moiety (with
base-labile units) and of the carbocycle, the 2'-position was methylated. The
3',5'-protection was cleaved and the final phosphoramidite derivative Pyl09
was made.

R2 = TBDPS

R1 = acetonide
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Figure 75. Synthesis of the carbocyclic pyrazine analogue Pyla. The latter is
transformed into the methylated phosphoramidite building block Pyl09.
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The phosphoramidite Pyl09 was ineorporated into a DNA strand by
automatie DNA synthesis. The eoupling yield of the earboeyclie pyrazine
building bloek reaehed 80%. The DNA oligonucleotide was deproteeted in
AMA at 60°C for one hour. Standard eharaeterization proeedures (UV
speetroseopy, enzymatie digestion and MALDI-TOF MS) all showed that no
pyrazine moiety was present in the oligonuc1eotide. Investigations showed that
the heteroeyc1e was most probably degraded during the treatment with AMA.

Py68a Py114 X=H
Py115 X=OCH 3

Py116 X=H
Py117 X=OCH 3

Figure 76. Synthesis of the 5-phenyl-pyrazine analogues Pyl16 and Pyl17.

In order to improve the stability of the pyrazine moiety, the analogues
Pyl16 and Py117 were synthesized as shown in Figure 76. The preeursor
Py68a eould be reaeted with the eorresponding aldehydes to produee, after
treatment with a strong base, the desired eompounds. Compounds Py116,
Pyl17 and Pyla were ineubated over days in a 1:1 solution of aqueous
buffers at pB 4.0, 7.0 and 10.0, and methanol. The half-life at eaeh pB was
determined by UV-speetroseopy as a measurement of the degradation rate.
This eonfirmed the sensitivity of the pyrazine moiety towards aqueous alkaline
treatments.

Purine analogue

Onee silylated, the ehloropurine Pu5 is reaeted with 1-aeetyl-2,3,5
tribenzoylribose Pu9 and with a Lewis aeid to yield 82% of the proteeted
ribonucleoside Pul0. The 1atter was reaeted with an exeess of natrium azide in
hot DMF, redueed to Pu14, followed by an almost quantitative deproteetion in
methanolie ammonia.
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Figure 77. Synthesis of the 2'-deoxynucleoside phosphoramidite building
block Pu33.

Suitable proteetion of the ribonucleoside allowed the deoxygenation of
the 2'-OR funetionality under standard eonditions. The deproteeted 2'
deoxynucleoside Pu31 was then obtained and eonverted to the 5'
dimethoxytrityl-2'-deoxyphosphoramidite Pu33.

The phosphoramidite Pu33 was ineorporated in four DNA
oligonucleotides (Obl-4 listed below) by automatie DNA synthesis. Onee
ineorpotated into DNA, the nucleoside eorresponding to Pu33 was ealled Ob.

The DNA oligonucleotides were deproteeted under standard eonditions,
purified by RP-RPLC, and eharaeterized by enzymatie digestion and MALDI
TOFMS.

ObI 5'-GGA CCG GObA A GG TAC GAG
ObZ 5'-GGA CCG GObA ObGG TAC GAG
Ob3 5'-G ATG CGG ObCA CCT GGA
Ob4 5'-G ATG CGG ObCOb CCT GGA


