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INTRODUCTION

The research work presented in this Ph.D. Thesis is structured in four main parts.
The first chapter (Part A) is dedicated to the exhaustive literature investigation of the six-
membered rings spiranes — carbocycles and oxygen containing spiro-compounds. The
most important data concerning the synthesis and the stereochemistry of these derivatives
are reviewed.

The original work was developed in the field of the synthesis and the
stereochemistry of new 1,3-dioxanes derivatives (Part B), synthesis and conformational
analysis of some bis(1,3-oxathiane-2-yl) derivatives (Part C) and the synthesis of some
new amphiphilic purine nucleosides (Part D). The research for the first parts was
developed at “Babes’Bolyai” University, Cluj-Napoca, while the investigations for the last
one were conducted in the research group of Prof. J. Liebscher at Humboldt Universitaet

zu Berlin during a 12 months research stage financed by a DAAD fellowship.
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The research concerning the saturated six-membered rings heterocycles was
focused on the study of the stereochemistry of new chiral mono- (I) and dibrominated (ll)
1,3-dioxanes and the investigation of the stereochemistry and of the ring-chain
tautomerism via like-unlike equilibrium of some new derivatives lll.

The aims of the research on purine nucleosides were dedicated to the synthesis of
new amphiphilic derivatives IV and V and to the study of their applications as highly

functional biological surfaces.



PART B
SYNTHESIS AND STEREOCHEMISTRY OF SOME NEW
BROMINATED 1,3-DIOXANE DERIVATIVES

2. Synthesis and Stereochemistry of the 1,3-Dioxane Intermediates

Derivatives 4-15 (among them, six (4-9) are new compounds' and four of them
have already been described in the literature 10-1 32) were obtained by the condensation
reaction of the appropriate ketones or aldehydes with 1,3-propanediols, in acidic
conditions (PTSA) in benzene; the equilibrium was shifted towards the product by

azeotropic removal of the formed water.?

R HO Rs - R, O R
ST
-H20 R/, 0—/ R,

R3 HO R4

R;=CeHsCH., R,=H R3=R4=CHs 4
R;=CeHsCH. R,=H Rs=R,;=COOC,Hs 5
R;=CeHsCH. R,=CeHs R3=R4=CH 6
R;=CeHsCH. R,= CeHs R3=R4= COOC,Hs 7
R;=CHsCH, R,=CeHs R3=R4=CHj 8
R;=CH;CH, R,= CeHs R3=R4= COOC,Hs 9
Ry= R,=CH3CH, Rs=H Rs= CHs 10
Ri= R;=CHsCH,CH,  Rs=H Rs= CH; 1
Ry= R,=CgHsCH, Ry=H R,= CH 12
Ri+ Ry= (CHa)a Rs=H Rs= CH; 13
Ri+ Rp= (CHa)s Rs=H R,= CHs 14
Ri+ Ry= (CHa)s Rs=H Rs= CHs 15

Scheme 1

Studies on the stereochemistry of 2-alkyl-1,3-dioxanes and of 2-alkyl-2-aryl-1,3-
dioxane derivatives*>®"® showed a high conformational free enthalpy for the methyl group
— or substituted methyl groups — (AGye=3.8-3.9 kcal/mol).>*'%™ Compared to a methyl
groups, the phenyl substituent displays lower value of conformational free enthalpy
(AGpr=3.12 kcal/mol). In 2-methyl (or substituted methyl)-2-phenyl-1,3-dioxanes, the
phenyl group shows a higher preference for the axial orientation (AG°yepn= 2.42

kcal/mol)'" than calculated by simple addition of the conformational free enthalpies



measured for the two groups in monosubstituted compounds (AG°we - AG°pp= 0.8
kcal/mol).®

These data show that the conformational equilibrium for the investigated type of
compounds is shifted toward the conformer displaying the —CH»-X substituent (X= -CHjs, -
CeHs) in equatorial position and all the derivatives exhibit anancomeric structures (
Scheme 2).

X= CH,, CgHs
Ry= H, CgHs
R= CHj, COOC,Hj

R /@X
o
R —~ R} (o)
xcm%ﬁ ~— OQTR
R R

Scheme 2

The rigid structure of the compounds is illustrated in 'H-NMR spectra by the
appearance of different sets of signals for axial and equatorial protons at positions 4 and 6
of the heterocycle, as well as for protons of the axial and equatorial methyl or
ethyloxycarbonyl groups located in the aliphatic moiety of the 1,3-dioxane ring. Usually the
equatorial C4, C6 protons are more deshielded than the axial ones, while in the case of
the identical groups located at C5, the protons and the carbon atoms of the axial group are

12,13,14,15,16,

the more deshielded ones. " For the carbon atoms, situated in a to C5, the

deshielding is the result of the yan; effect.’ 92

Table 1 presents NMR data for compounds 4-9, namely the chemical shifts for the
protons at positions 4 and 6 and for the protons belonging to the groups located at position
5 of the heterocycle along with the differences in chemical shifts between equatorial and
axial orientations. It is worth noticing that the differences between the chemical shifts of
the protons at positions 4 and 6 are larger for the compounds bearing ester groups than
for the compounds with methyl group located at position 5 of the 1,3-dioxane ring. It is also
notable the ASIS effect on the Ad of the protons of the methyl groups as the solvent is

changed from chloroform-d; to benzene-ds (compounds 6 and 8 for example).



Table 1 "H-NMR data for compounds 4-9 (5 values in ppm) in CDCl; or C¢Dg (*)

Comp. OHiem OHaeeg Adareq 5 5 X 5 5 Y
(-CHz-)sax  (-CHp-)seq (-CHa)sax (-CHa)seq
341 362 019 - - - 1.21 0.71 0.50
391 471 0.80 4.32 4.15 0.17 1.30 1.23 0.07
335 342 007 - - - 1.07 0.53 0.54
6* 323 335  0.12 - - - 1.06 0.09 0.97
391 448 057 4.15 4.04 0.11 1.26 1.15 0.11
346 338  0.12 - - - 1.27 0.57 0.70
8* 326 370 044 - - - 1.24 0.16 1.08
9 393 448 055 4.35 4.06 0.29 1.34 1.16 0.18

Positions 4 and 6 are homotopic, in ">*C-NMR spectra only one signal is displayed

for those positions. Table 2 presents '*C-NMR data for the carbon atoms of the

substituents located at position 5 (also with the corresponding Adsax-5eq Values) and for the

homotopic carbon atoms at positions 4 and 6 of the heterocycle.

Table 2 >C-NMR data for compounds 4-9 (5 values in ppm) in CDCl,

Comp.  8Cyp o) 0 ¢] o) Adax-eq o) o) ABax-eq
('CO')Sax ('CO')Seq ('CHZ')Sax ('CHZ')5eq ('CH3)5ax ('CHS)Seq
4 77.34 - - - - - 23.07 21.91 1.16
5 69.34 168.0 166.9 62.03 62.03 0.00 14.09 13.98 0.1
6 71.63 - - - - - 22.77 21.90 0.87
7 63.64 167.8 166.9 61.88 61.83 0.05 14.08 13.89 0.19
8 71.61 - - - - - 22.71 22.33 0.38
9 63.64 167.0 167.0 61.98 61.98 0.00 14.21 13.90 0.31

The stronger deshielding of the equatorial protons in compounds 5, 7 and 9 is due

to the influences through space of the oxygen atoms of the axial ester group (Chart 1) that

create a deshielding area at the level of the equatorial protons of the heterocycle.

R;= H,CgHy

ethyl "inside" rotamer

Chart 1 Ethyl “inside” rotamer of compounds 5, 7and 9

Compounds 6-9 exhibit axial phenyl group. The rotation of the phenyl substituent

around its bond with the heterocycle is hindered by the interactions between the aromatic



substituent and the axial hydrogen atoms at positions 4 and 6 of the 1,3-dioxane ring?' and
thus the preferred rotamer corresponds to the orthogonal arrangement that minimizes the
syn-axial interactions.

The limited rotation of the aryl group induces the influence of its magnetic
anisotropy on the protons of the heterocycle and on the groups located on it. As a result,
the differences between the chemical shifts corresponding to the equatorial and axial
protons at positions 4 and 6 for these compounds are somewhat smaller than those for the
compounds without phenyl groups in their molecule (compounds 4 and 5) — for
comparison there are taken into consideration compounds bearing the same substituents
at position 5 of the 1,3-dioxane ring (4 with 6 and 5 with 7). The situation is due, on one
hand, to the influence through space of the already mentioned anisotropic magnetic field —
that locate the axial protons at these positions in the deshielding area while the equatorial
ones are in the shielding area of the magnetic field — and, on the other hand, to the
deshielding of the axial protons in positions 4 and 6 because of the ,steric compression”
exerted by the axial aromatic group on these protons. For the methyl groups located at
position 5 the situation is reversed (as it may be observed in Table 1), the differences in
chemical shifts are higher. Also in the BC-NMR spectra the carbon atoms at positions 4
and 6 are more shielded than the same atoms in the compounds without phenyl group in

position 2 of the heterocycle.

R = CH3, COOCH,CH3

axial orthogonal orientation

EES

Chart 2 The axial orthogonal rotamer of compounds 6-9

For the monosubstituted 5-methyl-1,3-dioxane derivatives 10-15, the conformational
analysis revealed anancomeric structures, despite the small value of the conformational
free enthalpy of the methyl group located in the aliphatic part of the heterocycle (e.g.
AGyie(positions)=0.83 kcal/mol).’ The conformational equilibria are shifted towards the

conformations having the 5-methyl group in equatorial orientation (Scheme 3).



R= -CHzCH;, -CHCH,CHa,-CH,CeHs or
R+R = -(CHz)s-, -(CHz)s-, -(CHz)e-

Scheme 3

3. Synthesis and Structural Analysis of New Brominated Derivatives
3.1Monobrominated compounds 16-20

Bromination of the 1,3-dioxanes previously prepared was performed with bromine in
conditions similar to those used by Giusti in the bromination of 1,3-dioxolane
compounds.22'23 The aim of this part of the thesis was to obtain the monobrominated

derivatives. The reaction scheme is presented below.?*

Br
R o) R R o) R
y >< 2 +Br; >< 2
—_—
R{ 0—/ Ry -HBr R{ 0—/ Ry
R=CGH5; R1=H; R2=CH3 4 16
R=CGH5; R1=CGH5; R2=CH3 6 17
R=C¢Hs; Ri= CgHs; Ry= COOC,H;5 7 18
R=CH3; R1=C6H5; R2=CH3 8 19
9

R=CH3; R1= C6H5; R2= COOC2H5 20

Scheme 4

As in the case of non-brominated 1,3-dioxanes, the molecules exhibit anancomeric
structures. For compound 16 the characteristic conformational equilibrium (Scheme 5) is
shifted toward the conformer showing the substituent in position 2 in equatorial orientation,
whereas the preferred conformer of compounds 17-20 exhibits the phenyl group in axial

orientation (Scheme 6).
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The substituted methyl group [as Me-CH(Br)- or Ph-CH(Br)-] has an A value

somewhat higher than an unsubstituted methyl group.25 The methyl substituent at position

2 of the 1,3-dioxane ring has equatorial orientation, thus the aromatic substituent in

compounds 17-20 presents axial disposition.

The appearance of the chiral centre in the molecule of compounds 16-20 produces

the existence of enantiomers and the chirality introduces the diastereotopicity at the

positions 4 and 6 of the heterocycle, as observed in the 'H and ">C-NMR spectra. This

behaviour is illustrated by more complex NMR spectra, which exhibit different signals for

these positions, as well as different signals for the axial and equatorial protons because of

the anancomericity of the heterocycle (Table 3 and Table 4).

Table 3 '"H-NMR data for compounds 16-20 (3 values in ppm) in C¢Dg or CDCl; (*)

Comp.  OHyeq OHeeq Adg 4 OHjax  OHeax  Ade4 9] 9] 0 o)
('CHZ')Sax ('CHZ')Seq ('CH3)Sax ('
CHB)S@_
16 3.30 3.39 0.09 3.00 3.05 0.05 - - 1.07 0.22
17 3.30 - 3.30 - - - 1.34 0.09
17* 3.50 3.54 0.04 3.44 - - - 1.36 0.58
18 4.93 4.97 0.04 4.07 4.1 0.04 4.16 3.58 1.09 0.63
and 4.19
18* 4.63 4.67 0.04 3.89 3.92 0.03 4.32 4.06 1.37 1.17
19 3.25 3.26 0.01 3.25 3.33 0.08 - - 1.28 0.09
20 4.85 4.88 0.03 4.08 - 4.15 3.59 1.03 0.64

10



Table 4 >C-NMR data for compounds 16-20 (3 values in ppm) in C¢Dg or CDCl; (*)

Comp. oC, 0Cy Adg 4 0 ¢] o) o) o) ¢]
('CO')Sax ('CO')Seq ('CHZ' ('CHZ')Seq ('CH3)5ax ('
)Sax CH3)5@_
16 76.69 - - - - - 22.61 20.82
17 71.66 - - - - - 22.90 21.14
18 65.19 - 168.15 167.32 62.90 62.39 14.88 14.29
18* 64.07 - 167.53 163.55 62.23 62.20 14.20 13.80
19 71.93 71.97 0.04 - - - - 23.24 21.48
20 65.20 65.33 0.13 168.31 167.34 62.86 62.47 14.96 14.44

A remarkable feature is the recording in the "H-NMR spectrum of compound 18

(Figure 1) of different signals (& = 4.16 and & = 4.19 ppm) for the diastereotopic methylene

protons of the axial ester group. The pattern shows for these protons two overlapped

doublets of quartets (due to the geminal coupling between the diastereotopic protons and

to the coupling of these ones with the protons of the vicinal methyl group). The influence of

the chiral carbon atom (at a distance of eight bonds) is transmitted through space. The

lack of the same differentiation for the similar protons of the equatorial ester group (also

located at eight-bond distance of the chiral carbon atom, but showing an usual quartet)

can be considered as a proof for this supposition.

, GOOCHCH;
5
Br O COOCH,CHj
H5C6HC\%30 —/-H
2
CeHs H
-CH-Br e -COOCH:;-eq.
Nt -COOCH,-ax.
4,6-eq. _cssmmunes, 4,6-aX q:
e

Figure 1 NMR spectrum (fragment) of compound 18

3.6 ppm
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This conclusion is suggested by the rotameric behaviour of the axial ester group at
position 5 and of the chiral substituent located in the ketal part of the heterocyclic ring. The
conformer displaying the axial substituent located at C° towards the 1,3-dioxane ring is the
most representative (this orientation determines, by means of the influence of the oxygen

atoms, the observed deshielding of the protons and carbon atoms of this group).

The three rotamers (Chart 3, | — Ill) of the chiral group located at position 2 exhibit
different populations. They generate a sufficient differentiation of the average magnetic
environment for the two methylene protons of the axial ester group to permit the recording
of different signals for each of them in the 'H-NMR spectrum recorded in benzene-ds.
Because the distance between the chiral centre located at position 2 and the equatorial
group at position 5 is too large, the differences between the magnetic environments of the
diastereotopic equatorial methylene protons are too small to observe their

diastereotopicity.

Br

Chart 3 The three possible rotamers of compound 18 (regarding the C2-Ca bond)

3.2Dibrominated compounds 21-26

New 1,3-dioxane derivatives bearing two identical chiral substituents at position 2 of
the heterocycle were synthesized by the dibromination reaction of the compounds 10-15
(Scheme 7). The reactions were carried out in dichloromethane at low temperature to
provide diastereoisomers mixtures of different ratios in average yields.?® The ready
crystallization from ethanol of the major diasterecisomers allows their isolation in
diastereoisomeric pure form (meso or d,l); compound 21 is an exception being isolated as

mixture.

12



Br

R o +2 Br, o
CH; —  ~ 5 CH;

R o) -2 HBr o)

Br

R=CH,3 10 21

R=CH3CH, 11 22

R=CsHs 12 23

R+ R= (CHy)3 13 24

R+ R= (CHy)4 14 25

R+ R= (CH;)s 15 26
Scheme 7

The mechanism?’ of the bromination involves the participation of the hydrobromic
acid formed in the reaction as catalyst and the formation of cation | and enol ether Il
Further, in reaction with bromine, these cationic intermediates give the monobrominated
compound lll and then the second bromine equivalent attacks the second a position of the

molecule to give IV (Scheme 8).

R— O R— O

R o o H* >< }cm N// }cm
3 ~ R o} . R— 0O

R— O | H |

H H
| Il l+Br2
— —#
1 R— O " O}CH
o H* AN 3
R \O}CH }< }CHs ~ - Re
3 ! \
R o -HBr ' H
R%O Br ?r
mn Br
-HBr +Br, - -

Scheme 8

Compounds 21-23 exhibit anancomeric, rigid structure, as the conformational
equilibria are shifted towards the conformations displaying the methyl group at position 5

of the heterocycle in equatorial orientation (Scheme 9).

13



When dibromination takes place, two new chiral centres are formed and therefore
two configurational diastereoisomers are possible: a meso isomer (RS or SR
configurations for the chiral carbon atoms) and a racemic d,| isomer (RR or SS

configurations).

Scheme 9

The presence of the chiral centres in the molecules leads to the recording, in their
NMR spectra, of different signals for the diastereotopic positions 4 and 6, as well as
different signals for axial and equatorial orientations of the atoms at these positions
because of the anancomericity of the heterocycle. Both possible diastereoisomers would
give the same NMR pattern and the spectral data can not be used to differentiate between
them.

The possible meso isomer shows an interesting stereochemical aspect because it
can generate the stereoisomers A and B, so called “geometrical enantiomers” (Chart 4).
This type of molecular asymmetry was first predicted by Shirner et al.,?® than illustrated on

two oximes of a piperidone derivative and tropinone respectively.?°

&§CH ®

*CH
R . Br
(S) (R)
RS=CHs, CgHs, CoHs
21-23 A 21-23B

Chart 4 Geometrical enantiomers of the meso diastereoisomer of compounds 21 (R=CHj3), 22 (R=C,Hs), 23
(R=C¢Hs)

As it can be observed by analyzing their NMR spectra, the bromination reaction of
compounds 11 and 12 is also highly diastereoselective, compounds 22 (R=C,Hs) and 23
(R=CsHs) were obtained as unique diastereomers. Thus, the configuration of the first
created chiral centre influences the configuration of the second chiral centre. Compound

21 was obtained as a mixture and the ratio of the diastereoisomers was calculated from
14



the "H-NMR spectrum using specific signals intensities and it was estimated to 45:55. The
low diastereoselectivity of the dibromination reaction of compound 10 can be correlated to
the small volume of the substituent at the chiral centres (methyl for this compound).

The methylene protons at positions 3 of the ketal part of the 1,3-dioxane ring of
compound 22 are diastereotopic and appear, in the "H-NMR spectrum, between 1.75 and
2.25 ppm as two complex multiples. The ratio between the values of the integrals
corresponding to the two multiples is about 1:3 (one of the protons is more deshielded
than the other three) instead of 2:2 as expected. This fact leads us to consider that, in the
preferred conformation, one of these protons should be more in the deshielding area of the
two oxygen atoms as the other three. Data offered by the 2D Homonuclear and 2D
Heteronuclear spectra helped us attribute the deshielded multiplet to the equatorial

bromopropyl group.

Br |
H3C—H,C 0] . o -~ “-_ a .1.
H3;C—H,C (o] H &£
Br = -
) . '
¢ b afd
Val L ’ % f
= o &
= e
1% : o
I
I ‘ I '{IniI‘ Iﬁ ~ = a-l | by
p 8 W |i|)1||b fbll r
W A \ rV VWA A
L A WO W P

Figure 2 'H-NMR and COSY spectra (fragments) of compound 22

Analyzing the "H-NMR spectrum of compound 23 is noteworthy to underline the
large value of the diastereotopicity of the protons at positions 4 and 6 (Adeax-4ax=0.62 ppm
and Adgeq-46q=0.44 ppm) in comparison with the corresponding values for compound 22,
probably due to the influences exerted by the phenyl groups. The stronger deshielding of

the equatorial protons for compound 23 may have the same reason.

15



H-4 ax.

Figure 3 "H-NMR spectrum (fragment) of compound 23

The new spirane compounds 24-26 exhibit anancomeric structures, as the
conformational equilibria of the 1,3-dioxanic ring are shifted towards the conformations
displaying the methyl group at position 5 of the heterocycle in equatorial orientation

(Scheme 10). The flipping of the carbocycle is frozen due to the two bulky bromine atoms.

Scheme 10

As in the case of the monocyclic dibrominated 21-23, two new chiral centres are
formed in 24-26 and therefore two configurational diastereoisomers are, theoretically,
possible: a meso isomer (RS or SR configurations for the chiral carbon atoms) and a
racemic d,l isomer (RR or SS configurations).

In the syntheses of these spirane derivatives only the d,| diastereoisomers were
obtained, the one with a “trans” disposition of the bromine atoms. This conclusion is

supported by the NMR spectra, which present only the characteristic signals for one

16



isomer. Dreiding models investigations of these derivatives show that a “cis” disposal of

the two bromine atoms would result in a conformationally highly hindered structure.

PART C
SYNTHESIS AND CONFORMATIONAL ANALYSIS OF SOME BIS(1,3-
OXATHIANE-2-YL) DERIVATIVES

1. General Aspects Concerning the Stereochemistry of 1,3-Oxathiane

Derivatives

1,3-Oxathiane is a very interesting system due to its “schizophrenic” behaviour,*'
sometimes similar to 1,3-dioxane and other times similar to 1,3-dithiane. Data about its
geometry were mainly obtained form "H-NMR spectra on different substituted derivatives
and in a few cases from X-ray molecular structures. They all confirm that the fundamental
conformation is that of a chair with several specifics due to the coexistence of oxygen and
sulphur atoms in the same ring.

3132,33,34,35.36.37 i5 |ess studied than

The stereochemistry of 1,3-oxathiane derivatives
the stereochemistry of 1,3-dioxane®®*%4° or 1,3-dithiane®***', mainly due to the relatively
difficult access to 3-mercapto-1-propanol synthones and to the complex stereochemistry of
the heterocycles bearing different heteroatoms on the ring.

The reported investigations reveal peculiar configurational and conformational
aspects. The chirality of the chair conformation of 1,3-oxathiane has been reported, the
flipping of the heterocycle results into an enantiomeric interconversion.®'

This heterocycle — among other saturated six-membered rings with two or more
(identical or different) heteroatoms — may be considered as obtained by desymmetrization

of adamantane (Scheme 11).%2

1
8 2 Z Z z
(<
7 3 > — > — oyl =
645 i X L
Td C3v Cs
| 1 i

X
v

z

/i\c\* ,'\C*
— A p— 5& = Ry )\
L Xj L Xj YX CH2 st Y, R2 R4 R2
\Y

VI R4 Vil

Q
*

Scheme 11

17



The ring-chain tautomerism of 1,3-oxathiane derivatives was investigated by the
cis-trans isomers equilibria of some spiro-1,3-oxathianes (e.g. 9-phenyl-5-oxa-1-thia-
spiro[5.5]undecane, Scheme 12) and the kinetic parameters of the reaction were
calculated from "H-NMR spectra.***® The equilibration was performed in the presence of
residual HCI and water in the CDCl3 used in recording the "H-NMR spectra in matter of

hours or in solid state after storing for three weeks on the lab bench.

S/j\
S
o Phw\o

cis

trans

Scheme 12

The isomerisation involves the opening of the heterocycle to give the open-chain
form followed by re-closure of the ring and formation of both diastereoisomers in a ratio
determined by the different energies of the two structures. The ring-chain tautomerism is
probably reproduced in many substituted 1,3-oxathianes without being observed as the

equilibration occurs between homomeric structures with major contribution of the ring form.
2. Synthesis of New Bis(1,3-oxathiane-2-yl) Derivatives

New 1,3-oxathiane derivatives 2-11 were obtained in good to fair yields by the
condensation reaction of 2,2-dimethyl-3-mercapto-1-propanol (1) with several dicarbonyl
compounds (Scheme 13).**

The reactions were carried out in acidic conditions (PTSA), in toluene under reflux
and the equilibrium was shifted towards the desired product by azeotropic removal of the
formed water. The pure compounds were isolated by flash-chromatography using as
elution system a mixture of petroleum ether:dichlomethane:ethyl acetate= 10:5:1 (slight
modifications of the ratios of the solvents were operated for some of the compounds).
Mono-1,3-oxathiane derivatives were observed as side-products in a ratio between 1:1.7
and 1:3 (mono:bis-derivative) as it was measured from the relative intensities of the
specific signals in the NMR spectra of crude products for 2-5. Compounds 9-11 (Scheme
13) were isolated and their molecular structure was confirmed by "H-NMR spectra (Table

5). The corresponding ortho derivative could not be isolated in pure form.
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R = H, ortho 2
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R =H, para 4 10
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R= CGH51 n=3 7

R=CgHs, n=4 8

Scheme 13
2. Structural Aspects in Solution

3.1Conformational Aspects

All the investigated compounds show anancomeric structures. The conformational
equilibria for compounds 2-4 (Scheme 14 - A) and 6 (Scheme 14 - B) are shifted towards

the conformers having the substituents at positions 2(2’) - the aromatic ring or the second

1,3-oxathiane ring - in equatorial orientation for both heterocycles.
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B: R =CgHs, Z= -(CH2)-, ,n=3,4 -compounds 7,8
R =H, Z=-CH2)-,, n=0, compound 6 ~

Scheme 14 Conformational equilibria for compounds 2-8. Unlike isomer was chosen for representation.

The conformational preference is suggested by the differences of conformational
free enthalpies of the alkyl and aryl groups located in the thioacetal part of the 1,3-

oxathiane ring*>*°

and is confirmed by the analyses performed in solution and in solid
state. As an example, the ROESY spectrum of compound 6 shows important interactions
between the signals corresponding to the axial proton at positions 2 (2’) (82¢2ax = 4.80
ppm) and the signals belonging to the axial protons at positions 4 (4’) and 6 (6’) (d4@)ax =
2.87 ppm and dge)ax = 3.29 ppm), proving the equatorial disposal of the two 1,3-oxathiane
rings.

The conformational equilibria for 5, 7 and 8 are shifted towards the conformers
bearing the aromatic groups located at the thioacetal part of the heterocycles in axial

orientation (Scheme 14 — B, respectively Scheme 15 for compound 5).
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Scheme 15 Conformational equilibria for compound 5. Like isomer was chosen for representation.

The preference for the axial disposition of the aromatic ring is in accordance with
the experimental spectral data. The ROESY spectrum of compound 5 shows important
interactions between the singlet corresponding to the aromatic protons (& = 7.84 ppm) and
the signals belonging to the axial protons at positions 4’ (4”) and 6’ (6”) of the heterocycles

(64’(4”)3)( =2.58 ppm and 56‘(6”)ax =3.30 ppm).

The anancomeric structure of these derivatives in solution is confirmed by the NMR
spectra run at rt which exhibit different signals for the axial and equatorial protons of the
heterocycles and for the axial and equatorial methyl groups located at positions 5 (5’). The
equatorial protons at positions 6’ and 6” are more deshielded than the axial ones, whereas
at positions 4’ and 4” the axial protons are the more deshielded ones (Table 5). In some
cases the signals belonging to the equatorial protons exhibit a further splitting due to long

range couplings (4J4~(4~v)eq-6'(6w)eq=2.5 — 2.7 Hz; see experimental part).

21



Table 5 Selected NMR data (CDCls, 3, ppm) for compounds 2-11

Compound 4-H 6 -H 5-CH;

ax. eq. ax. eq. ax. eq.

2 3.13 2.50 3.53 3.75 1.39 0.95
3.10 2.46 3.47 3.75 1.33 0.92

4* 2.64 2.01 3.02 3.49 1.23 0.51
5 2.58 2.40 3.30 3.39 1.20 0.82
6 2.87 242 3.29 3.61 1.19 0.86
7 2.48 2.33 3.24,3.26 1.17 0.74
8 2.49 2.33 3.25,3.27 1.18 0.76
9** 3.09 2.48 3.49 3.78 1.36 0.96
10** 3.11 2.49 3.49 3.79 1.35 0.95
11** 2.55 2.33 3.24 3.37 1.27 0.78

*Spectra run in toluene-dg ** Spectra run in chloroform-d

Configurational Aspects

All the investigated compounds are chiral, the chiral elements being the carbon
atoms at positions 2’ (2”) and the virtual tricoordinated chiral centre associated with the
chirality of the unsubstituted 1,3-oxathiane rings.

The configuration at C? chiral carbon atom of the 1,3-oxathiane ring and the
conformational preference of the substituents located at it induce a specific configuration
for the virtual chiral centre. As an example for 2-phenyl-1,3-oxathiane due to the equatorial
preference of the aromatic group the S configuration (R configuration) at C-2 determines
the S configuration (R configuration) of the heterocycle in the stable conformer (Scheme
16).

AV R Ph
(R)|»
S~ HONTT N\
Ph\%o’ﬁ = o T
* R) “ \\“ //,

Scheme 16

For these reasons, the configurational aspects for compounds 2-8 are discussed in
a simpler manner, taking into account only the configuration of the chiral centres at
positions 2’ and 2”.

The presence in the molecules of two chiral centres — the C-2’ and C-2” carbon

atoms — determines the existence of two diastereoisomers. One of them exhibits the
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same configuration on both chiral centres 2’R2"R, 2’S2”S (like isomer) and the other one
has different configurations of the chiral centres 2’'R2”S (unlike isomer).

Despite the presence of two diastereoisomers, NMR spectra of compounds 2-8 run
at rt (of pure and crude products, too) shows only one set of signals. This is in
contradiction with the slight energy differences between the possible like and unlike
isomers, which should result from the synthesis as a mixture with close values of the ratios
of the two isomers.

Because there are no reasons for the reactions to occur with such a high
diastereoselectivity and to lead only to one stereoisomer, it was assumed that both
isomers are formed in the reaction but NMR spectra are not able to differentiate them. In
addition, all the attempts to differentiate the possible diastereoisomers by chromatographic
methods failed. These NMR and chromatographic data can be explained only by the rapid
equilibration (Scheme 17) of like and unlike diastereoisomers, via ring-chain tautomerism
(a similar process was already observed for cis and trans isomers of spiro-1,3-

36,43

oxathianes) and the recording in the NMR spectra of unique signals for the two

diastereoisomers at mean values of the chemical shifts.

><:S CeH3 0:>< ><:S CeHy S:><

lik R=H, CH lik
IKe 1-4 unlike

><:>\(CH2),, :><—‘><: (CHz)n :><

R=H, CgHs;n=0, 3, 4

like 5.7 unlike

Scheme 17

It was considered of interest to run variable temperature NMR experiments in order
to observe the modifications of the spectra at low temperatures, meaning separated
signals for like and unlike isomers. It is to expect that the slight structural differences
between the two diastereoisomers make difficult their NMR differentiation even if they
exhibit “frozen structures” (the equilibration of diastereoisomers should be slow enough at
low temperatures).

Despite the very close signals of the two diasterecisomers, in the low temperature

spectra of compounds 4, 7 and 8 some relevant modifications were observed.
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Unfortunately, the variable NMR experiments of compounds 3, 5 and 6 did not show
relevant changes.

The "H-NMR spectrum of compound 4 run at 270 K (Figure 4 - A) exhibits one
singlet for the aromatic protons (6 = 7.43 ppm), one singlet (6 = 5.40 ppm) for the protons
at positions 2’, 27, two doublets of doublets corresponding to the equatorial protons at
positions 6’, 6” (3¢6")eq = 3.49 ppm) and 4’, 4” (d4@aeq = 1.80 ppm), two doublets for the
axial protons of the same positions (de(6)jax = 2.92, d44")ax = 2.62 ppm) and two singlets for
the axial (3ax = 1.23 ppm) and equatorial (deq = 0.51 ppm) methyl groups at positions &', 5”.

The spectrum registered at 190 K (Figure 4- C) exhibit two set of signals with close
intensities (3/2) that can be associated with the two diastereoisomers (like and unlike) of
the compound. The differentiation of the signals of the two diastereoisomers (Smajor isomer,
dminor isomer) are observed for the signals belonging to the axial protons at positions 2’, 2”
(a: 6=5.27,5.26 ppm), 6°, 6” (b: 6 =2.85, 2.84 ppm), 4’, 4” (c: 6 = 2.47, 2.48 ppm) and for
the axial methyl groups at positions 5’, 5” (6 = 1.32, 1.33 ppm), while for the other protons

the signals of the two diastereoisomers remain undifferentiated.
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3,5 3.4 3,3 3.2 3.1 3.0 2.9 2.8 2.7 2.6 2.5 2,4 2.3 2.2 2.1 2.0 ppm

Figure 4 Variable temperature NMR experiments run on compound 4
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The "H-NMR spectra of compounds 7 and 8 run at low temperature (Figure 5)
exhibit an observable multiplication of the initial signals (recorded at rt) only for the signal
belonging to the protons of the axial methyl groups at positions 5, 5” (7, rt: 6 = 1.17 ppm,
183 K:6=1.11,1.12 ppm; 8, rt: 6 = 1.18 ppm, 180 K: 6 = 1.10, 1.12 ppm).

N
JMMM
L

Figure 5 Variable temperature NMR experiments run on compound 8

Careful inspection of the spectra recorded at low temperature for 7 and 8 reveals
two new sets of signals (with different intensities). These signals are significantly different
of those recorded at rt and suggest the freezing of the molecules in other conformers than
the major chair ones, too. The large geminal coupling constants (up to 16-17 Hz) for the
protons of the heterocycles and the very close signals recorded for the methyl groups at
positions 5’, 5” (isoclinal positions) suggest the presence of 2,5-TB conformations. The two
new sets of signals can be associated with the TB conformers of the like and unlike

isomers of the compounds.
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Table 6 Selected NMR data (CD,Cl,, 8, ppm) for the 2,5-TB conformers of compounds 7 and 8 recorded in
low temperature spectra.

Compound 6-H 4-H 5-CHs;
7 3.52 3.35 2.75 2.26 0.84
3.48 3.32 2.71 2.22 0.80

8 3.51 3.34 2.77 2.22 0.83
3.48. 3.31 2.71 2.16 0.80

The ratios between chair and twist-boat conformers (measured from the relative
intensities of the specific signals in the 'H-NMR spectra at 180K) are of about 92/8 for 7
and 91/9 for 8, respectively. From these data a difference of energy between twist boat

and chair conformers of 7 and 8 of about 3.30-3.80 kJ / mol was calculated.

As a conclusion, in solution, the investigated 1,3-oxathiane derivatives are implicated
in complex configurational and conformational equilibria. These processes involve the
equilibration of like and unlike isomers via ring-chain tautomerism and the fast equilibrium
between chair and twist-boat conformers, with an observable (in some cases) contribution

of non-chair conformers.

3. Structural Aspects in Solid State

The solid state molecular structures of compounds 4 and 5 were determined by X-ray
diffractometry. Compound 4 crystallizes as unlike isomer. The molecular structure (ORTEP
diagram, Figure 6) reveals the chair conformation for both 1,3-oxathiane rings, the
equatorial orientation of the aromatic substituent and its preference for the bisectional
rotamer [dihedral angle between the plan of the aromatic ring (C'-C°®) and the best planes
of the 1,3-oxathiane rings (C'C?C® or C*C?C®") close to 0° (4.46 °)].

Figure 6 ORTEP diagram of compound 4

Compound 5 crystallizes as a “solid solution”, the obtained crystals being a mixture of

like (RR, SS) and unlike (RS) isomers. The molecular structure of 5 (Figure 7) reveals the
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axial orientation of the aromatic group for both 1,3-oxathiane rings and the preference of

the aromatic substituent for the orthogonal rotamer.

An important “disorder” (due to the presence of several isomers in the crystal) at the
level of sulphur and oxygen atoms is observed (if these atoms interchange their positions,
the configuration of chiral carbon atoms is also changed). The structure could be refined
only if specific individual site occupation factors (sof, Table 7) were considered for each of
the four locations X2, X°, X® and X* (X = O or S).

Figure 7 ORTEP diagram of compound &

Table 7 Individual site occupation factors (sof) for the molecular structure of 5.

Position x? Xx° X°© X

Sof (0/S) 0.543/0.457 0.554/0.446 0.614/0.386 0.423/0.577

4. Synthesis of Oxides of Bis(1,3-oxathiane-2-yl) Derivatives

For more structural information, we tried to synthesize the corresponding S-oxides
derivatives. We supposed that the newly formed bond will significantly change the
magnetic environment in different diastereoisomers leading to major differences in NMR
spectra.

There is a limited number of methods for the oxidation of the sulphur atom of 1,3-
oxathiane derivatives in the literature.*’*34°*% We chose the m-chloroperoxybenzoic acid

t*/*% and compounds 4 and 8 were first subjected to this reaction. All

as oxidizing reagen
our attempts have led to the recovery of the starting 1,3-oxathiane derivatives, despite the

variation of main reaction parameters.

The new sulfoxide derivatives 12 and 13 were obtained from the oxidation reaction

of compound 6 with 2 equivalents of m-chloroperoxybenzoic acid (MCPBA) (Scheme 18).
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In spite of our expectations, NMR spectra of compound 12, run at rt, show only one
set of signals, quite similar with the spectra of compound 6, indicating a symmetrical
structure with the same disposal of the oxygen atom at both sulphur atoms.

'H-NMR spectrum of this compound shows the equatorial protons at positions 4(4’)
(D44)eq = 3.44 ppm) more deshielded than the axial ones (d44)ax = 2.62 ppm). Introduction
of the S-oxide group causes a deshielding of the equatorial protons of about 1.00 ppm
compared to the chemical shift of the same protons of the starting compound. This fact,
along with the possible 1,3-syn axial interactions with the axial methyl group at positions 5,
5’, suggests the equatorial disposition of the S—O bond in both heterocycles (Chart 5).
The equatorial preference of the oxygen in the sulfoxide group was previously observed

for 2-methyl-4-propyl-1,3-oxathiane derivative.*®*°

CH;
H H
S
o« CH;
o%\éo
H3c\%8,0
H H

CH;
unlike

Chart 5 Structure of compound 12. Unlike isomer was chosen for representation

PART D — SYNTHESIS OF NEW AMPHIPHILIC PURINE NUCLEOSIDES

1. General Introduction. Scopes and Strategies

Synthesis of nonnatural nucleosides has attracted significant interest over the past
25 years due to the central role that oligonucleotides play in biochemical systems.

Nucleotides, respectively nucleosides are the constituting monomers of nucleic
acids. From a chemical point of view, one DNA strand is a “random” copolymer formed by
four different nucleotides. Each strand is coupled through H-bonding to a “complementary”

one, that is, to another copolymer that contains a complementary base sequence.
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Starting from this biochemical background, we were interested in developing
combined structures consisting of the normal acid building blocks, i.e. nucleobases and
ribose or desoxyribose, and lipophilic substituents as long chained alkyl or alkenyl
substituents. Such amphiphilic nucleosides reveal interesting supramolecular behaviour.
Thus they can arrange as Langmuir-Blodgett films,*"°°*%* [iposomes,*® vesicles,® gels®’
and can modify the transport characteristics through lipid membranes. Furthermore, the
lipophilic group of amphiphilic nucleosides can anchor in biomembranes® and thus cause
hemifusion of giant unilamellar vesicles by pairing of complementary nucleobases.”® This
ability shall be used to fix functions to the supramolecular structures. Combining
amphiphilic nucleic acid building blocks with biological or biocompatible membranes
directs the polar nucleobases to the polar side of the membrane. The amphiphilic
components float in the membrane and shall be organised in defined assemblies by
bringing them into contact with monostranded DNA or PNA. This principle can be used to

structure and functionalise such membranes (Figure 8).
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Figure 8

Such derivatives have also a number of other possible applications because
nucleoside analogues exhibit interesting pharmaceutical and biochemical properties.

Antileukemic,?®®" immunosuppresive®® or antitumor agents,®’®? kinase inhibitors®®, A3

6265 \vere found in this series. Such

adenosine receptor antagonists64 or antiviral products
compounds could also be incorporated into oligonucleotides.®

Of this class of compounds, we focused our interest on the synthesis of lipophilic
purine nucleosides which later on allow the formation of oligonucleosides on one hand and
exhibit the ability of complementary base coupling on the other hand. Purines bearing
carbon substituents in positions 2, 6 and 8 were fairly underdeveloped, due to their limited

availability by conventional chemistry. Introduction of a carbon substituent in position 8 of
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the purine ring should preserve their base-pairing properties, with the additional
substituent pointing into the major groove of DNA, thus influencing triplex formation and/or
DNA-protein interactions. Another important feature of the C-C purines is their expected
stability towards enzymatic degradation.

Among reported methods, Sonogashira palladium-catalyzed cross-coupling reaction
proved to be a robust and versatile C-C coupling reaction, which could also be applied to
C-8 substituted purine nucleoside and nucleobases.®’ Remarkably, protective groups are
not necessary in most cases, making this reaction very attractive ®46°6869.70.71.72
Sonogashira coupling was also applied to provide linkers for groups that allow the

application as nucleic acid structural probes.”®"

2. Synthesis of Some New C-8 Purine Derivatives

Since the C-8 substitution on adenosine and guanosine has been investigated on
analogues possessing low lipophilicity, we were interested in developing a study of the
synthesis of derivatives bearing long chain alkynyl or alkyl substituents at the position 8 of
the heterocycle.

The new compounds 3 - 8 were obtained by the Sonogashira coupling reaction
between 8-bromoadenosine 1 or 8-bromo-2’-deoxyadenosine 2 at one side and terminal
alkynes with long alkyl chains (commercially available 1-tetradecyne, 1-hexadecyne and 1-
octadecyne) at the other side (Scheme 19). Applying the appropriate method, the products
were obtained in high yields as crystalline solids or foams."*

We chose 8-bromoadenosine as a starting material which can be readily prepared
using lkehara’s method, in ca. 70% yield”®, by direct bromination of commercially available
adenosine. For the bromination of 2°-deoxyadenosine, the method described by lkehara’®
was improved by stabilizing the pH of the mixture at 5, optimization of the bromine
concentration and of the reaction time and temperature. Structure of the compounds 1 and
2 was confirmed by elemental analysis and NMR spectra. These properties were identical

with those reported previously.
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Scheme 19

The alkynyl group in amphiphilic nucleosides can serve as precursor for a
corresponding alkyl group, as could be shown by hydrogenation of compound 5 to the 8-
octadodecyl-adenosine 9 (Scheme 20). Thus the sequence of a Sonogashira coupling of
nucleosides followed by hydrogenation allows the overall introduction of lipophilic alkyl

groups into nucleosides.
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Scheme 20

Taking into consideration the obtained results at this stage of our project, we
extended the research target by performing the coupling reaction on the guanosine
derivatives, too.

In this case, the starting material was 8-bromoguanosine (Scheme 21), product
obtained in 70% yield by direct bromination’” of the commercially available guanosine.

The first attempts for the cross-coupling reaction were not successful when
unprotected 8-bromoguanosine (as for 8-bromoadenosine) was used. Working with the
unprotected derivative gave low yields and the brominated starting material or Glaser-
coupled diynes.

Thus, the synthetic strategy had to include the protection of the hydroxyl groups in

the ribose, as well as the protection of the amino group of the heterocycle (Scheme 21).
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Introduction of TBDMS groups by slightly modified method”® in the molecule leads to a
decrease in the polarity of the compound, which allowed us the purification of the products
by column chromatography on silica. Compounds 11 and 12 are already described in the
literature, but the method had to be slightly modified to obtain satisfactory yields. The
spectral data of these products agree with the reported ones.”®
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PG = TBDMS (tert-butyldimethylsilyl)
10 1 12

Scheme 21

Having the 8-bromo protected guanosine 12 in hand, the utility of this intermediate
in palladium-catalyzed cross-coupling reaction was explored in the reaction with 1-
tetradecyne (Scheme 22). The reaction of bromo compound 12 with the terminal alkyne in
the presence of a catalytic amount of (PPh3),PdCl,, Cul proceeded smoothly at rt in 85%
yield when diisopropylamine was used not only as a base, but also as solvent®. The
purification of the crude reaction product was afforded by column chromatography on silica
using 5% EtOH in CHCI; as eluent.
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Scheme 22

The structure of the new compound 13 was unambiguously determined by means
of NMR and mass spectra (ESI-MS).
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The ability to anchor, as well as the localization in membranes of compound 5 has
been investigated with regard to nanobiotechnological applications.?’

The investigated lipophilic nucleoside incorporate well into membranes (1-palmitoyl-
2-oleoyl-sn-glycero-3-phosphocholine - POPC and 1,2-dimyristoyl-sn-glycero-3-
phosphocholine — DMPC), even at high molar ratio of 20 mol%, without destroying the
bilayer structure or the formation of non-lamellar phases. The membrane structure
maintained its lamellar liquid-crystalline character, as detected by *'P NMR.

The NMR-results of membrane anchored lipophilic nucleoside 5 indicate that the
structure of the membrane is hardly disturbed by these hosts as compared with steroidal
derivatives. There were registered somewhat broadened *'P and H-NMR spectra of the
membrane. These broadenings could be related to an influence of 5 on the headgroup
mobility of the phospholipids.

Besides the stable anchoring of lipophilic nucleoside in membranes, the exposition
of the nucleobase in the aqueous phase is important for the recognition and binding to
external patterns. If this part of the molecule is not sufficiently hydrophilic, it will be buried
in the membrane and resist binding to the external complementary DNA patterns.
Therefore, the localization of the nucleobase and ribose moieties with respect to the lipid
membranes by 'H MAS NOESY NMR was also studied.

A preferential localization in the glycerol/headgroup region of the membrane has
been found. Due to the accumulation of hydrophilic functional groups, these molecular
segments exhibit a propensity for the more polar environment. The interface location of the
ribose/nucleobase moiety exposes the adenine to the aqueous phase, where an
interaction with external molecular patterns can take place, such as single stranded RNA

of DNA, for instance via Watson-Crick base pairing.

3. Attempts on Synthesis of Derivatives Bearing more Lipophilic Substituents

The main target of the project was the preparation of some purine nucleosides
bearing lipophilic groups at position 8 of the heterocycle. The next phase involved a study
on the synthesis of derivatives bearing more than one lipophilic chain in the substituent at
this position.

We considered a synthetic strategy having as key compound the 8-allyl substituted

adenosine derivative 16 (Scheme 23).
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For the synthesis of the 8-allyl-derivative 18, the literature presents only few

6348283848586 )| of them involving

procedures that could be taken into consideration,
reactions with the protected adenosine. Since the next steps for the target molecules
would anyway require the protection of the sugar hydroxyl groups we chose to perform the
reaction of compound 1 with excess of TBDMS-CI and imidazole (in DMF and THF as co-
solvent (5:2) at room temperature for 2-3 days, Scheme 24). It is quite known that the
glycosidic bond of purine nucleosides undergo acid-catalyzed hydrolysis, so the TBDMS
group met our requirements concerning this problem because of its stability under strongly
basic conditions and its easy cleavage under neutral conditions with fluoride anion.

Compound 16 was obtained in 60% yield after column chromatography and the
spectral data are similar with those already reported.87 We obtained the mono-silylated
amino derivative 17 as side-product, which was also fully characterized by means of NMR
spectra.

NH, NHPG

k ¥Br 10 equiv.TBDMSCI k)j: ¥Br >‘Br
HO > PGO + PGO

20 equiv. imidazole
DMF, THF
rt, 2-3 days

OH OH OPG OPG OPG OPG

1 16 17
PG =TBDMS (tert-butyldimethylsilyl)

Scheme 24

Having the desired protected bromoadenosine 16, we than examined the
introduction of allyl group at 8 position of the heterocycle. Table 1 presents the results

(main products after the flash-chromatography) of the synthesis experiments (Scheme 25).
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Some of them were repeated several times, changing the reaction time for each step, but
no satisfactory results were achieved. The obtained mixture of compound 18 and its
isomerisation product 18a could not be separated by flash-chromatography, because of
the similarities of their R; values in all the considered eluent mixtures. In all reactions, also

the starting material 16 was also recovered to some extent.

NH NH NH NH,
N/ N N7 | N>_/= N7 | N>_//_ N7 | N>
N see Table 1 PGO k\N N + PGO k\N N . PGO k\N N
o
OPG OPG OPG OPG OPG OPG OPG OPG
16 18 18a 18b

PG =TBDMS (tert-butyldimethyisilyl)

Scheme 25

The structures of compounds 18, 18a and 18b were determined by means of their

NMR spectra.

Table 8
Reagents used Products mixture
2 eq. BuLi (-78° C)

0.2 eq. Cul (-35° C)
3eq. allyl-bromide (-25° C)
4 eq. BuLi (-78° C)

0.2 eq. Cul (-35° C) About 20 % of the mixture 18 with 18a, and the reduction product 18b
3eq. allyl-bromide (-25° C)
5 eq. BuLi (-78° C)
3eq. allyl-bromide (-78° C)

5 eq. LDA (-78° C) Only traces from the desired compound 18, we isolated approximately 50% of
3eq. allyl-bromide (-78° C) the reduction product 18b
5 eq. (CH,=CH-CH3)SnBuj;
PdCI,(PPh3), 5 mol%
Reflux (HMPA)

20% compound 18 and as side products: 18b and one compound that showed
in NMR spectra the loss of one of the TBDMS groups

About 20 % of the mixture 18 with 18a, and as side product 18b

Approximately 30% mixture of 18 with 18a and as side products 18b and

decomposition products

We considered the yields of these experiments unsatisfactory and unpractical

because the 8-allyl derivative would be only the first step from a multi-step strategy.
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The encountered problems and low yields when trying to introduce the allyl
substituent at the adenine ring led to a new strategy. Thus, we next examined the
synthesis of 8-vinyl adenosine derivative as key intermediate (Scheme 26) for obtaining
the target molecules. Using our previous experience, we performed the Sonogashira
cross-coupling reaction of the protected protected 8-bromoadenosine with 1,1-dimethyl-
propargyl alcohol. We considered more practical to work with the compound 16 in order to
avoid the hydroxyl protection step later. Also, the better solubility of this adenosine
derivative permitted the use of the base as solvent, too. First, the reaction carried out in
diisopropylamine and with (PhsP),PdCl, as catalyst led to the recovery of the starting
material.

The new compound 21 (Scheme 26) was obtained, by performing the Sonogashira
reaction in piperidine with catalytic amount of (PhsP)sPd, in moderate yield, about 40%
(unoptimized) after flash-chromatography. The new product gives satisfactory NMR
spectra and can be used for the further steps.

This strategy can be continued with the reaction of the new obtained product 21
with KOH and the reduction of the triple bond to the double bond by using Lindlar catalyst

in order to obtain the 8-vinyl substituted adenosine derivative for the bis-hydroxylation

reaction.
NH, NH,
N N
N7 N7
N [ e = }>0H EI >+’>OH
PGO_ SN N PGO_ SN~ N
(Ph3P)4Pd, Cul
piperidine, rt
OPG OPG OPG OPG
16 21
PG =TBDMS (tert-butyldimethylsilyl
( y yisilyl 1. KOH, reflux
2. Hy/Lindlar catalyst
NH,
N7& ‘ N\ //
N Wa
PGO N N
o
OPG OPG
key intermediate - planned to be obtained
Scheme 26
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4. Attempts on the Synthesis of Protected 8-Modified-2’-deoxyadenosine

Derivatives — for their Use in Automated DNA Synthesis

There is a growing interest in synthetic modified oligonucleotides containing
nucleoside-analogues. The incorporation of modified bases into oligonucleotides may
produce useful changes in physical and biological properties of the resulting DNA
fragments, which can be used as effective for investigation of nucleic acids structures.
Non-canonical DNA structures (hairpins, three and four-way junctions, triplexes, etc.)®®°
are currently the subject of extensive investigations because of their important biological
implications.

In this frame we studied the synthesis of the protected deoxy-adenosine derivatives
of compounds 6-8 in order to introduce them into oligonucleotides by means of automated
synthesis.

Efficient groups for the protection of exocyclic amino function and hydroxyl groups
from the sugar moiety had to be chosen (Chart 6). These groups should allow a gain of
time in the preparation of DNA fragments and they have to be stable enough during the
assembling steps and easily and totally removable from the oligomer after synthesis,
within few hours, in mild reaction conditions. Thus, the phenoxyacetyl (PAC) amine-
protecting group was chosen, since it is well-known to undergo deprotection under less
harsh conditions, as compared with other known protective groups.90 To protect the 5'-
hydroxyl of the deoxy-ribose residue, the 4,4 -dimethoxytrityl group (DMT) was preferred,
because is more labile in acidic conditions.

NHPAC

N
N/
A
DMT—O N N
0 PAC: -CO-CHQ-O-CsHs
(‘36H4OCH3(D)
DMT: -(‘3—06H5
.t CeH4OCHy(p)

/P\ PN
NCCH,CH,0~ N~ ™

Chart 6

First, it was considered the synthesis of amino protected derivatives of compounds
6-8 with the phenoxyacetyl group. The experiments results were not satisfactory, there
were encountered some problems and it was necessary to change the synthetic strategy

by performing first the protection of the 5’-hydroxyl group with the 4,4’-dimethoxytrityl

37



group. Thus, compound 8 was reacted with 4,4’-dimethoxytrityl chloride (DMT-CI)
according to a known procedure (Scheme 27).%

NH,

NH,
N
N= N
C=C-—CqgH N7
Ho k\N | N¥ 16133 k\ | > C=C—CycHss
1.2 eq. DMT-CI DMTO N N
anh.Py,0C, 3 h
and 5 C, overnight
OH
OH
8 23

DMT = 4,4'-dimethoxytrityl

Scheme 27

The new compound 23 was obtained in 60% yield (unoptimized) after column
chromatography purification on silica, previously treated with 1% Et3N, using a 3%EtOH in
CHCI3 eluent mixture.

The structure of this derivative was confirmed by NMR spectra. 'H-NMR spectrum
shows the signals corresponding to the methoxy protons of the newly introduced
substituent at 3.72 ppm. The next step will be to perform the protection of the exocyclic

amino group of the heterocycle on the new synthesized compound 23.
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CONCLUSIONS

1. The complete review of spiro compounds with six-membered rings — carbocycles
and oxygen containing heterocyclic spiranes was elaborated. The stereochemical features
of these compounds were discussed taking into consideration both configurational and
conformational aspects. The synthesis, structure and applications of the main classes of
spiranes, classified by the nature of the constitutive six-membered rings were described.

2. The synthesis and stereochemistry of 5 new mono- and 6 new dibrominated 2,5-
substituted-1,3-dioxane derivatives were discussed. The regio- and stereoselectivity of the
bromination reaction, as well as the anancomeric nature of the investigated derivatives
were highlighted.

3. The synthesis and stereochemistry of 6 new 1,3-dioxane derivatives, as
intermediates for the bromination reaction, were studied.

4, The synthesis of 9 new bis-1,3-oxathiane derivatives (among them two are S-
oxides) was accomplished. Complex structural analysis by means of X-ray diffraction in
solid state (2 structures) and variable NMR experiments in solution have established the
anancomeric structures of the derivatives and the conformational preferences of the
substituents at position 2 of the heterocycle.

5. The investigations have shown that the like and unlike structures are in equilibrium
through the open-chain forms and the ring-chain tautomerism is very rapid for these
derivatives.

6. In case of two of the 1,3-oxathiane compounds, the low temperature NMR spectra
have illustrated the significant contribution of the twist-boat conformers (8-9%).

7. 8 New amphiphilic purine nucleosides with lipophilic alkinyl substituents attached to
the N-heterocyclic ring were obtained in a straightforward manner by Sonogashira-
coupling of 8-bromoadenosine, 2’-deoxy-8-bromoadenosine and protected 8-bromo-
guanosine. Hydrogenation of one of the new compounds was also performed.

8. The ability to anchor, as well as the localization in membranes of one of the
adenosine derivatives has been investigated with regard to nanobiotechnological

applications.
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9. The study for the introduction of suitable protective groups for automated DNA
synthesis was accomplished on the new deoxy-adenosine derivatives.
10. 4 New additional purine derivatives from the (deoxy)ribose series were obtained for

further studies.
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