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Abstract- PMR and CD spectroscopy has been used to show that the phenyl grouping at (7” of the 
dioxolane ring in each diastereomeric benzylidene nucleoside occupies the axial position, most 
probably due to electrostatic interaction with the heterocyclic base residue. The conformation of the 
ribose moiety of benzylidene nucleosides is somewhat different from that of isopropylidene analogues; 
the G-conformation of ribose is characteristic of rrans-benzylidene uridines and of isopropylidene 
uridine and adenosine. 

Recently the conformation of 2’,3’-O-[4-(N-2-chlo- 
roethyl-N-methylamino)benzylidene]-nucleotidesl 
and -oligonucleotides *s3 has been studied in this 
laboratory in connection with the development of 
an approach to selective modification of nucleic 
acids, using these nucleotides as alkylating 
agents4* 5 

Circular dichroism spectral (CD) indicated that a 
strong electrostatic interaction takes place between 
the phenyl substituent and heterocyclic base in 
both trans- and cis-diastereomers of substituted 
benzylidene nucleosides and nucleotides A and B 
respectively). 
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Figure 1 shows CD spectra of 2’,3’-O-[4-(N-2- 
chloroethyl-N-methylamino)benzylidene]-uridine- 
5’-methyl phosphate (A3) and -adenosine-Y-methyl 
phosphate (Bl) in aqueous soIn.* The double 
Cotton effect in the longer wavelength region 
(W-W* transition) is believed to be due to the non- 
bonded intramolecular interaction between the 
aryl substitute and the base, rather than to the pre- 
sence of the dioxolane ring, since a model com- 
pound (isopropylidene uridine, A2) exhibits a CD 
spectrum similar to that of uridine-5’-methyl phos- 
phate (Al on Fig. 1) over this wavelength range. 

The conclusion is supported by the loss of the 
double Cotton effect by uracil ring cleavage in 
benzylidene uridine.’ 

Studies of molecular models reveal that conforma- 
tions with an aryl group in the normally favoured 
equatorial position do not bring together the aryl 
grouping and the base residue, in benzylidene nucleo- 
sides anJd nucIeotides. Distances between the rings 
of 3-4 A, typical of base stacking in nucleic acids,B 
are impossible even in conformations with axial 
ary I at CD’, although separation is small enough 
(5-6 A) to allow stabilising interaction of dipole 
moments. Optical activity is then due to perturba- 
tion of the symmetry of the benzene chromophore;’ 
the intensity of the double Cotton effect decreases 
with increasing temperature until it practically 
disappears at 82” (Fig. IC) suggesting that at higher 
temperatures conformations with equatorial aryl* 
are predominant. Conformations that provide the 
possibility of dipole-dipole interaction of aryl sub- 
stituents with the base residues in trans- and cis- 
benzylidene nucleosides are shown in Fig. 2. 
Studies of models revealed that the minimum dis- 
tance between the aryl group and the base residue 
can be achieved by minor change of the normally 
favoured conformations of the ribose moiety and of 
the dioxolane ring. The conformations of both the 
latter two moieties, and the aryl grouping have 
been studied in both diastereomers of 2’,3’-0- 
[4-(N-2-chloroethyl-N-methylamino)benzy~ideneJ- 
adenosin (l), 2’,3’-O-[4-(N-2-chloroethyl-N- 
methylamino)benzylidene] uridine (2) and 2’,3 ‘-O- 
benzylidene uridine (3) in comparison with the 
conformation of isopropylidene adenosine (4), 
isopropylidene uridine (5) and that of uridine and 
adenosine themselves in dimethylformamide solu- 
tion by PMR spectroscopy. 

The PMR spectra of benzylidene nucleosides in 
dimethylformamide are shown in Figs. 3 and 4. 
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Fig 1. Circular dichroism spectra of nucleoside deriva- 
tives in aqueous solution.1 20°, 1 cm cuvette, “Roussel 
Jouan” dichrograph. A - Uridine-5’-methylphosphate ( 1); 
isopropyfidene uridine (2); 2’,3’-0-[4-(N-2-Chloroethyl-N- 
methylamino)benzilylidene] uridine - 5’ - methylphosphate 
(3). B - Adenosine-5’-methylphosphate (I); 2’,3’-0-[4- 
(N-2-chloroethyl-r+methylamino)benzylidene adenosine- 
5’-methylphosphate (2). C-Temperature effect on CD 
spectra of 2’,3’-O-[4(N-2_chloroethyl-N-methylamino)ben- 

zylidenehtridine-5’-methylphosphate. 

trans-isomer cis-isomer 

Fig 2. Conformation of cis and trans isomers of benzyli- 
dene nucleosides. 

The chemical shifts and the coupling constants are 
given in the Table. The PMR signals were assigned 
on basis of the proton coupling patterns suggested 
by the form of multiplets and on the basis of inte- 
grated intensities (see Figs. 3 and 4, and Table). 
The doublet in spectrum of 2 at 4.3 l-440 ppm. (HI, 
60 MC/S) is assigned to the H5 proton of uracil rather 
than to H2” of the cis- and frans- isomers of benzyli- 
dene nucleosides as proposed by Baggett ef al” be- 
cause irradiation at frequency corresponding to 
7 = 2. I 1 ppm (resonance of Hs) leads to collapse 
of the doublet mentioned into a singlet. 

The PMR spectra of 1,4 and 2,3 and 5 permitted 
assignment of the two signals specific for benzyli- 
dene nucleosides, 1 and 2. (7 = 3~8-4-1 ppm, inte- 
gral intensity 1 proton) to their HP-proton. These 
signals overlap in the spectra of 2 and 3 with the 
H”-doublet, but are well resolved in the spectrum 
of 1. The signals of aromatic protons are doubled 
(Figs. 3 and 4) and the ribose proton signals of l-3 
are complicated in comparison with that of 4 and 5. 
This phenomenon, and the existence of two HP sig- 
nals, indicate that there are mixture of cis and frans 
diastereomers. According to other authors,s-ll the 
upfield Hr signals are those corresponding to the 
c&isomers while the downfield H’ signals belong 
to protons of the trans-isomers of benzylidene nuc- 
leosides. The tram : cis ratio was 1 e7 in I, and 1 in 
2 and 3. 

Figures 3 and 4 show that the HT-signals of 1 
and 2 are shifted 0.3 ppm (Arl) downfield compared 
with the Hz-signal of 2-[4-(N-2-chloroethyl+- 
methylamino)phenyl]- 1,3-dioxalane (6) (Hz, r = 
4.41 ppm). This shift is not due to the presence of 
condensed tetrahydrofuran moiety since the H 2’- 
signals of 2,3-o-benzylidene-1,4-anhydroerythritolr* 
were observed at r = 467 (CL-) and at r = 4-36 
(frans-), whereas the chemical shift of H2-signal of 
2-phenyl- 1,3-dioxalane was r = 4.66. Observed 
Ar = 0.31 ppm (for cis H”) is close to usual axial- 
equatorial shiftingH* r2* I3 and Ar for tram H” is O-1 l- 
0.23 instead of 0.2%0.35 ppm, in good accordance 
with the above consideration. The heterocyclic 
base cannot cause the shift of HT resonance, since 
the more anisotropic benzene ring does not deshield 
protons at a similar distance more than 0.1 ppm.j4 
Thus we can conclude that H” in benzylidene nuc- 
leosides 1, 2 and 3 are equatorial due to dipole- 
dipole interaction between phenyl substituent at 
C*’ and uracil and adenine bases. 

It is seen in Fig. 3(c) that the H4’, HI’ and the 
aromatic proton signals of the cis- isomer of 1 
are all shifted downfield between 0.05 and 0.13 
ppm compared with the corresponding signals 
of the trans-isomer. On the contrary, the H*’ 
and the H”’ signals of the cis- isomer are shifted 
upfield compared with those of the tram- iso- 
mer. This chemical shift difference pattern strongly 
suggests again that in benzylidene nucleosides 
there is no fixation of the phenyl residue plane 
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Fig 3. PMR spectra of 2-phenyl-l3-dioxolane and adenosine derivatives in dimethylformamide. 
(a)- 2-[4-(r+2-chloroethyI-N-methykUnino)phenyl]dioxotane- I ,3 (6) (b)- Isopropylidene adenosine 

(4). (~)-2’.3’,-O-[4-(~-2ch~oroethyi-N-methy~amino)~nzy~dene]~enosine (1). 

similar to that characteristic ofbase stacking, where 
distance between base planes is 3-4 A and pro- 

this reason, there also ought to be an upfield shift 
of Hz’ signals of 1 compared with 4, but this is not 

hibits rotation of base residues. If such fixation observed. The above discussed dipole-dipole inter- 
were the case, the chemical shift differences would action does not prohibit free rotation of the phenyl 
be opposite because Hz’ and H3’ would be exposed residue around the P-phenyl bond since the dipole 
to the anisotropic field of the benzene ring. For moment of this grouping is oriented along this rota- 

Table. Chemical shifts and coupling constants of adenosine and uridine derivatives in dimethylformamide. 

Compound 

Uridine 

Coupling 
Index Conflg- Chemical shifts, ppm constants, 

in ura- on 7-scale cps The ribose 
text tion HI’ H*’ H3’ H4’ Hr J1.,. J2,3S J3,.,, conformation 

4.03 5.75 580 6.01 - 4.5 4.8 3.0 Cl’-exo,O-endo(weak) 
(rp,) 

2’,3’-O-Isopropyli- 
dene uridine 

2’,3’-0-Benzylidene 
uridine 

C4’-exo (weak) 
5 4.08 5-11 5.16 5.88 - - 2.2 6-3 3.0 (V,*) 

CiS- 2.2 planar 
3 fr4Ins- 4-O C1’-exo (V,.) 

2’,3’-O-[C( N-2- 

Chloroethyl-N-methyl- aminojbenzylidenel- 
uridine 

cis- 3.91 5.65 4.09 2.4 2.5 planar 

2 4-% 5.02 * tram- 3*% 5.78 3.95 2.3 3.8 C4’-exe (VI,) 

2’,3’-O-lsopropyli- 
dene adenosine 

4 - 3.72 4.62 4-94 568 - 3.2 6.2 2.2 C”-exe (V,.) 

2’,3’-O-[4(r+2-Chloro- cis- 3-63 4.54 4.89 5.53 4.07 3.3 6-6 I-8 C*‘.endo (V*‘) 
ethyl-N-methylaminr>- 1 
benzylideneladenosine trans- 3.67 4-51 4.83 5.66 3-85 3-1 6.6 3-9 C”-exo,O-endo(weak) 
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Conformation of substituted benzylidene and 

Fig 5. Conformation of dioxolane ring of benzylidene nucleosides. 

trans-isomer 

isopropylidene nucleosides 
1 

cis-isomer 

tion axis. Hence, it seems that the free rotation 
averages out the anisotropic field of the phenyl 
residue. 

The coupling of ribose protons in 4,5, adenosine 
and uridine, were considered in relation to the con- 
formations of the isopropylidene derivatives 4 and 
5. The cyclic ribose protons in uridine and its deriva- 
tives represent a system of interacting nuclei of the 
type A,CLMX, where A, = 2H5’, C = H4’, L = H3’, 
M = Hz’, X = HI’, while the ribose protons of 
adenosine are a system of the type A,CKMX, 
where A = 2H5’, C = H4’, K = H3’, M = HP’ and 
X = HI’. Relative range of chemical shifts is 7x < 
T&U s TL,K < ?c < T k (Figs 3,4). The PMR spectra 
of uridine and 5 in DMF are simple, and all the 
coupling constants of ribose protons can be dis- 
cerned. There is a significant difference between 
the coupling constants J 1v2r of uridine (4-5 cps) and 
those of 5 (2.2 cps). The H2’ and H3’ signals of uri- 
dine (5.75 and 5.80 ppm) are two overlapping quar- 
tets having external lines slightly relaxed (system 
AB). The H2’ and H3’ signals of 5 are shifted down- 
field on average 0.65 ppm compared with uridine, 
the shift being largely due to formation of dioxalane 
ring. The coupling constants Jf131, J1121, and Jap4, 
were found from the coupling patterns of the signals 
of HI’, H2’, H3’ and H4’. The H4’ sextet is typical of 
coupling of 3 protons two of which are equivalent 
( H6’-protons). The Jat4+ value for uridine and S are 
equal to 3 cps. 

The conformations of nucleosides and of iso- 
propylidene nucleosides were finally deduced on 
basis of the coupling constant values of ribose pro- 
tons and of the dihedral angles between adjacent 
C-H-bonds calculated from these Jr,,-constants. 

It appeared that the ribose residue of uridine in 
dimethylformamide solution is in the Cl’-exo, O- 
endo (weak) conformation (-Ql’we”k’-conformation). 

The value of the coupling constant J1p,21 of5 equal 
to 2.2 cps suggests that compared with uridine, the 
ribose moiety of 5 is more planar. The dihedral 
angle between Cl’-H and C*‘-H that follows from 
this value is equal to 120” suggesting that HI’ and 
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H2’ in 3 are in the bisectral position. As for the &t4t, 
it appeared somewhat greater than 120”. Hence, 
it was concluded that the ribose moiety in 5 is in the 
C4’-exo conformation (V41 weak). With adenosine 
and isopropylidene adenosine (4), formation of the 
dioxalane cycle involving C2’-C3’ results in flatten- 
ing of the ribose moiety as indicated by decrease of 
Jl,2r from 7.5 cps to 3.2 cps and by Jsp4* of 4 equal 
to 2.2 cps. The conformation of ribose in 4 has 
CL’-exo (V,,-conformation). 

The J192t-constant values for the two isomers of 
1 appeared very close (3.3 and 3.1 cps, respective- 
ly), whereas the J 3+4t constants were different (1.8 
cps for l-cis and 3-9 cps for I-truns). It follows 
that the conformation of ribose in the trans-benzyli- 
dene nucleoside 1 is C, (C4’-exe, 0-endo (weak), 
i.e., T!& (weak)), while in the c&isomer of 1 it is 
C, (C2’-endo, i.e. V2’). Unfortunately, it appeared 
impossible to measure directly the coupling con- 
stants of the benzylidene nucleoside 2. 

Considerable difficulties have been encountered 
in the interpretation of the PMR-spectrum of 2 
(Fig. 4) since the HI’-doublet of the trans-isomer 
partially overlaps the signals of Hr. Moreover, the 
small difference of the chemical shifts of H2’ and 
H3’ signals of the cis- and tram- isomers results in 
an unresolved multiplet in the corresponding region 
of the spectrum. The coupling constants were esti- 
mated as follows: Jl12# -from the coupling of HI’; 
J 3p4a -from the width of the H4’-sextet (12 and 10.5 
cps) and from the J41sI-constant estimated in its 
turn from the coupling of HS’. The J41,r-values ofthe 
two isomers appeared close (about 4 cps), and thus 
J 3f4p (tram) = 12 - 2 x 4 = 4 cps, and J3+4, (cis) = 
10.5 - 2 x 4 = 2.5 cps. 

In cis-2, ribose is in an almost planar conforma- 
tion ( J,p2p = JJ14,, all ribose protons are bisectral). 
The JIf2# of tram 2 are the same as that of 5 and 
cis 2, but J3p4, seems to be more than Jat4* of 5, i.e. 
the C4’ in tram 2 is out of the ribose plane. Thus, 
+sp4p and consequently J3,4, change because of dis- 
placing C4’ in regard to other carbon atoms of ri- 
bose. Analogous changes in coupling constants and 
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dihedral angles are observed for diastereoisomers 
of 3. The ribose moiety of cis isomers of 2 and 3 
seems to be in the planar conformation while it is 
C4’-exo, i.e. Vqr - conformation in ~runs 2 and 3. 
Changing from cis 1 to fruns 1, as for cis and trans 
2 and 3, alters $J~,~,, but does not affect &92,. In the 
case of 1 C3’ moves, and C4’ is brought out of the 
plane in 2 and 3. 

Thus. ribose conformation of benzylidene nucleo- 
sides is different for cis- and trans-configurations. 
The ribose conformational changes from isopropyli- 
dene to benzylidene nucleosides are small but op- 
positely directed for cis- and truns-configurations. 
Maximal change of dihedral angles is about IO”. 

The ribose conformation of cis 1 and 2 is closer 
to that of 4 and 5 than that of rrans 1 and 2, as seen 
from similarity of .Ise4# for cis isomers. Probably, the 
dipole-dipole interaction is more effective in the 
cis isomer of a benzylidene nucleoside. 

The changes of conformation concern both ribose 
and dioxolane ring. Since the ribose conformation 
can change rather little, the interaction of phenyl 
ring and heterocyclic base seems mainly to cause a 
conformational change of dioxolane ring. Con- 
formations** of the latter can vary from an envel- 
ope (C,) or halfchair (C,).*O In the envelope con- 
formation the dioxolane ring is puckered in the 
O1’_C’-O:v region’s and flattened in the C2’-C”’ 
region because P-C3 is involved in a rigid con- 
densed sing system. Dihedral angles &, and equa- 
toriality of I-F”, assist interpretation of the dioxalane 
conformation. The & ,3, angles of 1 and 2 are no 
more than 5- 10”. The CT-exo-conformation is pos- 
sible for the rrans-configuration (with the Cr top 
of the envelope directed opposite the C*‘-C” and 
C3’-C4’) and Fendo-conformation for cis-con- 
figuration of 1 and 2. These conformations of diox- 
olane ring are stabilised by interactions between the 
benzene ring and heterocyclic base. The halfchair 
conformation of dioxolane ring allows the same 
interaction (favoured for 1 ,3-dioxolane10*15) C”- 
exo, Ol’-endo- for trans (T!J and Cr-endo, OL’-exo- 
conformations for cis 1 and 2 (v) where the angle 
C*‘-O’“-CF is less than one of C”‘-03*-CF. The 
contribution of 01”-endo or 0”-exo conformations 
is not too large since the conformation allotted to 
the ribose moiety restricts these possibilities, as 
do the requirements of the tetrahedral angles of 
C” or C3’ atoms. But nevertheless, proximity of the 
benzene ring and heterocyclic base is promoted, if 
0” and CT are pointed on the opposite sides of the 
P, P, OT plane even slightly (Fig. 5). 

EXPERIMENTAL 

The compounds are prepared by cited methods 1,5 2,16, 
3 ” , 4 19 5.18 . 2-[4-(N-2-ChloroethyI-N-methylamino)- 
phenyl]dioxolane-I,3 (6) was obtained by treatment of 
4 -(N - 2 -chloroethyl -N - methylamino)benzaldehyde with 
ethyleneglycol in the presence of ethyl orthoformate. 
ethanol and HCI. Separation of dioxolane is carried out 

by means of thin layer chromatography on A&O, after 
neutralization of the reaction mixture by triethylamine 
and vacuum evaporation of excess reagents. Yield 30%; 
R, = 0.50 [petroleum-diethyl ether (3 : 7)], A,, 262 nm 
(dioxan). 6 is quantatively hydrolyzed to the initial alde- 
byde (A,,,, 245 and 348 nm) in O-02 N HCI. Some hydroly- 
sis of 6 is observed at neutral pH, also. 

Adenosine and uridine were obtained from “Reanal” 
and are recrystallized. DMF was refluxed over PzOJ, dis- 
tilled and dried over “Linde 4A” molecular sieves. 

PMR spectra were measured at 37” using a “Varian 
H- 100” spectrometer. (Hexamethyldisoloxane as internal 
reference.) The concentrations of the solutions were IS- 
20%. The accuracy of the JI,, values was about +O, 1 cps; 
dihedral angles are estimated by application of Karplus 
equation,” 

J = JO cos* 4 -0-28 cps, 

where the constant JO = 8.5 cps, if0 s 4 s 90 
or J,, = 9.5 cps, if 90” < 4 5 180”. 

These JO magnitudes are used for ribose protons.*l 
There is some discrepancy between the dihedral angles 

+1s3t in benzylidene and isopropylidene nucleosides, cal- 
culated from Jza3, by Karplus equation with these JO, and 
the angles &,, obtained from models on the basis of the 
angles $,,p, and &,,, obtained from JIt4, and Jst4#. This may 
be accounted for by reducing J,, values for H4’ and Ha’ in 
Karplus equation, when C*’ and C3’ of ribose entered in 
condensed dioxolane ring. Jo change for protons entering 
the rigid rings is shown 2s for I ,2-O-isopropylidene-cr-D- 
xylofuranose derivatives. Therefore the J2131 were not 
taken for consideration of the ribose conformation. b13! 
were estimated from models of compounds constructed 
on the basis of r#~~~. and &v4e. If some JO change had oc- 
curred for &, and +3,4, calculation also, it should not be 
important for conclusions obtained in this work because 
the conclusions were based on the comparison of chang- 
ing coupling constants of protons for isopropylidene and 
benzylidene nucleosides, i.e. compounds with the same 
rigid condensed rings. 
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