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SYNTHESIS OF ANOMERIC 5-CYCLOPROPYL-2'-DEOXYURIDINES
AND 'HNMR SPECTROSCOPIC STUDY OF THEIR CONFORMATION
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The title compounds Ia,b were prepared by ammonolysis of the corresponding p-tolyl nucleosides
Ila,b obtained by the silylation method in the yields of 26%; and 53%, respectively. Conformation
of the furanose ring in the free (Ja, b) as well as blocked (I1q, b) nucleosides was investigated by
' NMR spectroscopy.

The conjugation of cyclopropane ring! with unsaturated systems has been studied
on many compounds of various structural types. Some time ago, within the frame-
work of investigation of this interaction, we prepared several uracil derivatives
containing a cyclopropane ring?® and studied their electronic spectra and photo-
chemical behaviour*. In this paper we describe the synthesis of anomeric 5-cyclo-
propyl-1-(p-erythro-pentofuranosyl)uracils (Ia,b) and study in detail their conforma-
tion using 'H NMR spectroscopy. Compound Ib may be regarded as an analogue
of highly potent virostatics derived from 5-vinyl-2’-deoxyuridine®~7.

Reaction of silylated S5-cyclopropyluracil with 3,5-di-p-toluyl-D-erythro-pento-
furanosyl chloride in acetonitrile afforded a mixture of anomeric S-cyclopropyl-
-1-(3,5-di-p-toluyl-p-erythro-pentofuranosyl)uracils (IIa, b) in a 79% yield (the
anomer ratio o : p = 1:2). It is noteworthy that under comparable conditions the
silylated S-alkyluracils are known to react with the mentioned glycosyl chloride to
give predominantly the a-anomers®®. The free nucleosides Ia,b were prepared
by ammonolysis of the corresponding p-toluyl derivatives Ila,b. The anomeric
configuration of Ia,b and Ila,b, as determined by 'H NMR spectroscopy, agreed
with the results of CD spectral measurements on free nucleosides Ia,b.

'"H NMR Spectroscopy

The anomeric proton H-1" in the spectrum of compound Ia appears as a doublet
of doublets (“‘quartet”) and the difference between the chemical shifts of protons

* Present address: Slovak Commision for Development of Science and Investing, Bratislava.
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H-2' and H-2" is 0-58 ppm. In the spectrum of Ib the H-1' proton signal is a triplet,
and the difference between the H-2' and H-2" signals is only 0-03 ppm. These
facts!®12 clearly show that compound Ia is the a-anomer whereas compound Ib
is the B-anomer. However, neither the triplet—quartet rule*®-** nor the rule!? based
on the chemical shift differences between the protons at C, ., can be used for anomeric
configuration assignment to the blocked nucleosides Ila,b. In the spectra of both
these compounds the H-1’ proton appears as a doublet of doublets (“quartet”)
and also the difference between chemical shifts of the protons at C,. is large
(~0-45 ppm), as seen from Table I. In this case the anomeric configuration can be
ascribed only indirectly from the configuration of the free nucleosides Ia,b.
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A direct assignment of multiplets due to the individual protons H-2" and H-2"
in Ia,b and Ilg,b from their chemical shifts only is difficult. It can be, however,
done indirectly using the magnitude of the vicinal coupling constant between the
proton H-3’ and the protons H-2' and H-2" (cis and trans, respectively, relative
to H-3') in the probable conformations of the furanose ring. The pseudorotation
analysis'®, currently used for conformational description of five-membered. sugar
rings, is based, inter alia, on the concept of a dynamic equilibrium between two
conformational states. For B-2'-deoxyribosides'*, in the solid state as well as in
solution, these states are characterized by the phase angle of pseudorotation,
P ~ 0—36° in the N region of the pseudorotation cycle and P ~ 145—215° in the
S region. For these two regions the value of J,. ;. is about 5:5—7-0 Hz whereas
Jn 30 is 10—12 Hz for the N and 0—1 Hz for the S region of the pseudorotation
cycle. As seen from the spectra of compounds Ia,b and Ila,b, one of the vicinal
coupling constants between the H-3' proton and the protons at C,, is larger than
6 Hz whereas the other is smaller than 5 Hz. The multiplet with the larger coupling
constant was therefore ascribed to the H-2' proton and the other to the H-2” proton.

Collection Czechoslovak Chem. Commun. [Vol. 51] [1986]



1766 Ba¥nak, Farka$, Zajicek, Havlas:

In the lowest field there are signals due to the H-6 proton of the base, the chemical
shifts being invariably larger for the a-anomer than for the B-anomer in both the
free and blocked series. On the other hand, the multiplets of the cyclopropane
ring protons appear at the highest field (§(CH) 1-47—1-61); (§(CH,) 0-30—0-87).
Of the seven protons in the 2-deoxyribose moiety, a doublet of doublets, or a triplet,
of the H-1’ (5 6-22—6-41) is shifted most downfield, the chemical shift for the a-
-anomer being smaller than for the B-anomer both for the free and the blocked
nucleosides. Other protons follow in the upfield direction (6 5:62—3-61) in the
order H-3', H-4/, H-5, and H-5". Most upfield (6 2-95—2-30) are signals of the
protons at C,., already discussed above. The signals of the geminal protons H-5’
and H-5" were assigned as usual®®'16,

The allylic coupling constant between the H-6 proton of the base and the methine
cyclopropane proton is approximately the same for all the measured compounds
(~12 Hz). From the conformational point of view, however, only the vicinal
coupling constants of the 2-deoxyribose protons are important (Table I). Of them,
the constant J;. ,. has the highest value. The J,. ,- constants are substantially lower
for the a- than for the B-anomers. Constants J,. ;.for all the derivatives are in the
narrow interval 6-1—6-7 Hz, being invariably higher than the J,.,. constants.
Similar relations between the vicinal constants have been found for the «- and
B-anomers of 5-ethyl-2’-deoxyuridine!”.

Conformation

Conformational properties of the furanose ring and population of rotamers about
the C5;—C-) bond have been determined from the vicinal coupling constants
of the 2-deoxyribose protons (Table I). Conformational parameters of compounds
Ia,b and Ila,b have been calculated using the program of Guschlbauer!®. The
computation procedure is described in detail elsewhere'® and the calculated values
of pucker amplitude t,,, phase angle P and populations of the individual confor-
mers NX, 8X and rotamers g, t and g_ are given in Table II.

As shown by the X values (Table II), conformational types of the S region of
the pseudorotation cycle strongly predominate both in the «- and B-anomer of the
free as well as blocked derivatives. The same results were obtained by Shugar and
coworkers!” for anomeric 5-ethyl-2’-deoxyuridines. Obviously, the conformational
equilibrium of the 2-deoxyribose ring is not influenced by configuration of the
anomeric center, being determined mainly by interactions within the ring. The
anomers differ only in the predominant conformational type: whereas the B-anomers
exist preponderantly in the 2E type, the a-anomers prefer the ;E or the ;T? type.
The g, rotamer about the C(s.,;/—C,, bond is more populated in the $- than in the
a-anomer. In all compounds, the pucker amplitude 1., is 38 —40°.

As concerns the conformation about the nucleoside bond, the anti-conformation
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in both anomers (at least for the free nucleosides Ia,b) is indicated by the following
arguments. A different conformation about the glycosidic bond should lead to
markedly different (>0-1 ppm) chemical shifts of the H-1’ proton for the anomers,
which has not been observed. Further, it is known2%:2! that a proton cis relative
to a hydroxyl group is more shielded than a trans-proton. Thus, the H-2” proton
should appear about 0-3 ppm more upfield than the H-2' proton. At the same time,
the base makes the H-2' proton in the B-anomer to appear more upfield than the
H-2" proton. Simultaneous operation of both these effects (shielding by the hydroxyl
and the base), leads then to the relation &y_,. ~ &;_,- for the B-anomer and
O—2- — B2 ~ 06 ppm for the a-anomer (Table I). Thus, conformation about
the nucleoside bond in the free nucleosides Ia,b is the same, either syn or anti. In
1-(B-p-ribofuranosyl)cyanuric acid and orotidine the base has been found to be
syn-oriented?2. In the cited case, the carbonyl group shields the H-2' proton shifting
its signal about 0-3 ppm downfield as compared with the corresponding signal in
uridine. In the free nucleosides Ia,b (Table I) the H-2' proton in the B-anomer appears
upfield showing that the conformation about the glycoside bond is anti. This is
confirmed also by the fact that the H-4' signal in the a-anomer is shifted 0-37 ppm
downfield relatively to that of the B-anomer. If the base were syn-oriented, the reverse
should be observed.

We tried to estimate the conformation of the cyclopropane ring in compounds
la,b using theoretical calculation for S-cyclopropyluracil. Rotation of the cyclo-
propane ring relatively to the uracil nucleus plane was studied by the PCILO
method®®~2¢. The suitability of this method for description of the interaction
between the cyclopropane ring and the uracil #-system was tested using vinylcyclo-
propane as the model compound. The results obtained by the PCILO method
were compared with the relative energy versus rotation angle curve, derived from

TasLE IT
Calculated conformational parameters of nucleosides Ia,b and Ila,b

] Pseudorotational C(s,)—C(4,)
Compound  Conformational parameters rotamer population
equilibrium

Th Ny Ny Sp Sx g+ t g_

Ia TP = 7?2 40 347 019 193 08l 038 031 031

Ib ‘E = 2 33 18 041 162 059 055 028 017
Ila JE = LE 39 344 018 196 0-82 045 028 027
1Ib 3k = 2E 40 18 020 162 0-80 065 022 013
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Raman spectroscopy?’, and with theoretical data, obtained by ab initio calculations?8
in the STO-3G and 4-31G bases. Since the PCILO method leads to qualitatively the
same conclusions, it is suitable for conformational studies on 5-cyclopropyluracil.

The dependence of 5-cyclopropyluracil energy on the dihedral angle H—C,—
—C sy—Cys, is depicted in Fig. 1. (For ¢ = 0 the cyclopropane ring is trans-oriented
to the double bond). As seen, the curve has two minima: for ¢ = 0° (trans) and
@ = 120° (gauche). The probability of the cyclopropyl existing in various regions
of the conformational cycle at a temperature T was estimated from the Boltzmann
distribution and from the energy data calculated by the PCILO method. Fig. 2
shows probability densities for the rotamers (defined by the dihedral angle @) at
four temperatures. In a given interval of the angle ¢, the relative number of molecules
is defined by the area below the curve in this interval. The ratio of population of the
trans-conformation (—30° < ¢ < 30°) to that of the gauche and cis conformations
(90° <@ < 270°) at temperatures 223 K, 273 K, 298 K, and 323 K is 49-2 : 50-8,
42-2 :57-8, 39-8 : 60-2, and 37-9 : 62-1, respectively. Thus, at room temperature,
conformations with the cyclopropane ring oriented toward the C ;;—Ce, bond
slightly predominate although the absolute minimum of the rotation curve is at
¢ = 0. However, the minimum is sharp and its neighbourhood is therefore less
populated.

EXPERIMENTAL

Analytical samples were dried at 25°C/7 Pa for 8 h. Melting points were determined on a Kofler
block and are uncorrected. CD spectra were measured on a Roussel-Juan Dichrographe CD 185,
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Barrier to rotation in 5-cyclopropyluracil,' Probability densities for conformer popula-
calculated by PCILO method tion in S-cyclopropyluracil at various tem-
peratures (in K). Curve 1 223; 2 273; 3 298;
4323
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Model 11, in a 0-2 ¢m cell at room temperature. 1 H NMR spectra were taken on a Varian XL-200
(200 MHz) instrument at 25°C; 10 mg sample/0-5 ml solvent, in deuterium oxide (Aldrich,
99-8% 2H) for Ia, b and deuteriochloroform (Aldrich, 99-8% 2H) for Ila,b; internal standard
sodium disilapentanesulfonate (DSS) and tetramethylsilane (TMS), respectively. Signals were
ascribed to the individual protons on the basis of chemical shifts, multiplicities and decoupling
experiments. The complete set of accurate chemical shifts and coupling constants for the sugar
part was determined for each nucleoside by the simulation-iterative procedure (accord between
the experimental and calculated spectra +0-01 ppm for &, and 4-0-1 Hz for J).

5-Cyclopropy!l-1-(3,5-di-O-p-toluyl-p-erythro-
-pentofuranosyluracils (a- and B-Anomer, I1a,b)

A solution of 5-cyclopropyl-2,4-bis(trimethylsilyloxy)pyrimidine2® (0-8 g; 2:70 mmol) in aceto-
nitrile (5 ml) was mixed with 3,5-di-O-p-toluyl-D-erythro-pentofuranosyl chloride®?31 (1-03 g;
2:65 mmol). After stirring for 3 h at room temperature, the mixture was taken down in vacuo
ard the residue was chromatographed on a column (2 X 40cm) of silica gel in toluene—ethyl
acetate (2 : 1). Crystallization of the faster fraction from ethanol afforded 7-712 g (53%) of the
B-anomer IIb, crystallization of the slower fraction from the same solvent gave the a-anomer Ila
(0-315 g; 26%;; the yields refer to the starting halogenose). a-Anomer: m.p. 164— 166°C (ethanol).
For C,gH,gN,0, (504:5) calculated: 66-65%; C, 5-59%; H, 5:55%; N; found: 66:45%; C, 5-48% H,
5-45% N. B-Anomer: m.p. 178—179°C (ethanol). Found: 66-:22% C, 5-48% H, 5:45%, N.

S-Cyclopropyl-1-(a-D-erythro-pentofuranosyluracil (Ia)

Compound Ila (0-160 g) was added to 3-3 mol ™! methanolic ammonia. After stirring for 3 h
at room temperature, the compound dissolved and the solution was set aside for 3 days at room
temperature. The solvent was evaporated invacuo and the residue extracted three times with
a mixture of acetone and ethyl acetate (1:1; & 25 ml). The insoluble portion was crystallized
from 90%; ethanol at +5°C overnight; yield 68-9 mg (81%), m.p. 213—214°C. CD spectrum
(methanol, ¢ 0-14 mg/ml, 0-2 cm cell): @,,7; —5290, ©,,, +9 342. For C;,H (N, (268:3)
calculated: 53-72% C, 6-01%, H, 10-42%, N; found: 54-07% C, 5-99% H, 10-52% N.

5-Cyclopropyl-1-(B-D-erythro-pentofuranosyl)uracil (Ib)

Compound IIb (0-480 g) was ammonolyzed as described for IIa. The extraction gave 0-248 g
(97%%) of the crude nucleoside which was crystallized from 90% ethanol at -4 5°C overnight;
yield 0-160 mg (63%:) of Ib, m.p. 211—212°C. CD spectrum (methanol, ¢ 0-18 mg/ml, 0-2 cm cell):
©,-6.5 17861, O,,5 —2457. For C,,H;(N,05 (2685) calculated: 53-72% C, 6-01% H,
10-44% N: found: 53-47% C, 5-99% H, 10-38%; N.

REFERENCES

. De Meijere A.. Angew. Chem. 91, 867 (1979).

. Basnak 1., Farka$ J.: This Journal 41, 311 (1976).

. Ba3nak 1., Farka$ J.: This Journal 44, 2426 (1979).

. Ba3¥ndk L., Farkas J.: Tetrahedron Lett. 1976, 4379.

. De Clercq E., Descamps J., De Somer P., Barr P. J., Jones A. S., Walker R. T.: Proc. Natl.
Acad. Sci. U.S.A. 76, 2947 (1979).

. Hardewijn P., De Clercq E., Balzarini J., Vanderhaeghe H.: J. Med. Chem. 28, 550 (1985).

7. Goodchild J., Porter R. A., Raper R. H,, Sim I. S., Upton R. M., Viney J., Wadsworth

H. J.: J. Med. Chem. 26, 1252 (1983).

[ R S

<2}

Collection Czechoslovak Chem. Commun. [Vol. 51} [1986]



Anomeric 5-Cyclopropyl-2’-deoxyuridines 1771

8.
9.
10.
11.
12.

13.
14.

15.
16.
17.
18.
19.

20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.

Otvos L., Szaboles A., Sagi J., Szemzo L.: Nucleic Acid Res. Spec. Publ. 1, 49 (1975).
Szabolcs A., Sagi J., Otvés L.: J. Carbohydrates, Nucleosides, Nucleotides 2, 197 (1975).
Jardetzky C. D.: J. Amer. Chem. Soc. 83, 2919 (1961).

Robins M. J., Robins R. K.: J. Amer. Chem. Soc. 87, 4934 (1965).

Srivastava P. C., Robbins R. K., Takusagawa F., Berman H. M.: J. Heterocycl. Chem. 18,
1659 (1981).

Altona C., Sundaralingam M.: J. Amer. Chem. Soc. 94, 8205 (1972).

Davies D. B. in the book: Progress in Nuclear Magnetic Resonance Spectroscopy (J. W.
Emsley, J. Feeney, L. H. Sutcliffe, Eds), Vol. 12, p. 135. Pergamon Press, Oxford 1978.
Remin M., Shugar D.: Biochem. Biophys. Res. Commun. 48, 636 (1972).

Davies D. B., Rabczenko A.: J. Chem. Soc., Perkin Trans. 2, /1975, 1703.

Remin M., Ekiel 1., Shugar D.: Eur. J. Biochem. 53, 197 (1975).

Guschlbauer W.: Biochim. Biophys. Acta 610, 47 (1980).

Masojidkova M., Zaji¢ek J., Budé&insky M., Rosenberg I., Holy A.: This Journal 50, 1899
(1985).

Durette P. L., Horton D.: Carbohyd. Res. 18, 289 (1971).

Remin H., Shugar D.: J. Amer. Chem. Soc. 95, 8146 (1973).

Hruska F. E.: J. Amer. Chem. Soc. 93, 1795 (1971).

Diner S., Malrieu J. P., Claverie P.: Theor. Chim. Acta /3, 1 (1969).

Malrieu J. P., Claverie P., Diner S.: Theor. Chim. Acta 13, 18 (1969).

Diner S., Malrieu J. P, Jordan F., Gilbert M.: Theor. Chim. Acta 15, 100 (1969).

Jordan F., Gilbert M., Malrieu J. P., Pinocelli U.: Theor. Chim. Acta 15, 211 (1969).
Carreira L. A., Towns T. G., Malloy T. B. jr: J. Amer. Chem. Soc. 100, 385 (1978).

Hehre W. J.: J. Amer. Chem. Soc. 94, 6592 (1972).

Basnak L., Farka$ J.: This Journal 41, 3635 (1976).

Hoffer M.: Chem. Ber. 93, 2777 (1960).

Bhatt C. C. in the book: Synthetic Procedures in Nucleic Acid Chemistry (W. W. Zorbach,
R. Tipson, Eds), Vol. 1, p. 521. Wiley, New York 1968.

Translated by M. Tichy.

Collection Czechoslovak Chem. Commun. [Vol. 51] [1986]





