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Abstract

The novel optically active derivatives of 2,2'-disubstituted-1-aminocyclopropane-1-carboxylic acid (—)-2 and (+)-3 were
synthesised from the spiro-azlactone (+)-1. Oxidation of the diol moiety of (4 )-3 gave by ring enlargement the racemic mixture of
2,3-dihydrofuran derivative (£ )-6. This conversion is explained by stepwise rearrangement of the initially formed tetrasubstituted
cyclopropanecarbaldehyde 4 through zwitterionic’s reactive intermediate 5. The formation of (* )-6 is preferred energetically as
established by abinitio calculations of the ground states and possible intermediates for that rearrangement. The crystal structure and
absolute configuration of the compounds (+)-1, (—)-2, (4+)-3 and (—)-7 were determined by single-crystal X-ray diffraction
method. All four compounds possess Z-configuration of the cyclopropane ring. The dioxolane ring in the structures (+)-1and (— )-2
adopts half-chair conformation, while the cyclopropane ring and geminally substituted groups in the structures (—)-2, (+)-3 and
(—)-7 possess the anticlinal conformation. The molecules of the compound (+)-1 are connected by very weak intermolecular
hydrogen bond of C-H- - -O type. In the compounds (— )-2, (+)-3 and (— )-7 inter- and intramolecular hydrogen bonds of N-H- - -O
type were observed. The spiro-compound (+ )-1 exhibited amore pronounced inhibitory activity against the proliferation of murine
leukemia and human T-lymphocytes cells than other type of tumor cell lines and normal human fibroblast cells.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cyclopropane derivatives occupy an important role
in the synthetic organic chemistry, notably in the
synthesis of several natural products [1]. Considerable
efforts were directed toward the synthesis of 1-amino-
cyclopropane-1-carboxylic acid [2] (ACC) and its
2-substituted and 2,2/-disubstituted derivatives [3].
Enantiomerically enriched ACC’s have been exten-
sively used in the design and synthesis of confor-
mational constrained peptidomimetics [4,5]. The
present study deals with the synthesis of the optically
active derivatives of 2,2'-disubstituted 1-aminocyclo-
propane-1-carboxylic acids (—)-2 and (+)-3 and it
was undertaken initially to evaluate their cytostatic
and antiviral activities. Since exact stereostructure of
these molecules were of importance for biological
activities and in particular for elucidation of the
mechanism of the [1,3]-sigmatropic rearrangement of
tetrasubstituted cyclopropane derivative (+)-3 to
2,3-dihydrofuran derivative (£)-6 (Scheme 1), the
X-ray crystal structure analyses were performed. In
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this work we also calculated the energies of the most
stable conformers for that rearrangement and com-
pared them with the oxidation of the corresponding
trisubstituted cyclopropane derivative (—)-7, which
under the same reaction condition do not rearrange [6].

2. Results and discussion
2.1. Synthesis

The synthesis of 2,2/-disubstituted-1-aminocyclo-
propane-1-carboxylic acid derivatives (—)-2 and
(+)-3 and the rearrangement of (+)-3 into
2,3-dihydrofuran derivative (% )-6 was accomplished
as described in Scheme 1. Methanolysis of the
azlactone ring of the spiro-compound (4)-1 [7]
gave l-aminocyclopropane-1-carboxylic acid deriva-
tive (—)-2 possessing geminally substituted benz-
amido and carboxymethyl ester groups. Subsequent
acid hydrolysis of the dioxolane moiety of (—)-2
afforded tetrasubstituted cyclopropane derivative
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Scheme 1. Reagents: (i) CH30Na, CH30H; (ii) HC1, CH3;0H; (iii) NalO,4, THF.
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Scheme 2. Reagent: (i) NalO4, THF.

(4)-3. Oxidation of the diol moiety of (+)-3 gave the
racemic mixture of the 2,3-dihydrofuran derivative
(*)-6. The formation of this product is explained by
the rearrangement of the initially formed tetra-
substituted cyclopropanecarbaldehyde 4 through
zwitterionic’s reactive intermediate 5. The structure
of the rearranged product (*)-6 was deduced from
their one- and two-dimensional 'H and '*C NMR
spectra (see Experimental part).

On the contrary, oxidation of trisubstituted cyclo-
propane derivative (— )-7 led under the same reaction
condition to the formation of trisubstituted cyclo-
propanecarbaldehyde (— )-8 [6] (Scheme 2).

2.2. X-Ray crystal structure study

Molecular Structures.-In order to elucidate the
mechanism of the rearrangement of (4)-3 to (*)-6
the structures of the compounds (+)-1, (—)-2, (+)-3
and (—)-7 were determined by X-ray crystallographic
analysis. The compounds (+)-1, (—)-2, (4+)-3 and
(—)-7 (Schemes 1 and 2) crystallized in the mono-
clinic space group P2, and their perspective views
with the atom numbering scheme are displayed in
Figs 1-4. The absolute configuration of the carbon
atoms C8, C6 and C5 in all four compounds was
determined to be S, R and S.

The skeleton of the spiro-compound (4 )-1 consists
of the cyclopropane, azlactone, phenyl and dioxolane
ring (Fig. 1). The values of the bond distances and
angles in the cyclopropane, azlactone and phenyl ring
are consistent with those found in structurally related
derivatives of 1-spiro-(4'(2'-phenyl-5'(4'H)-oxazolo-
ne))cyclopropane [§—10]. The dihedral angle between
the planes of the cyclopropane and azlactone ring
amounts to 88.0(2)°; that is, those rings are almost
perpendicular to each other. On the contrary, the phenyl
and azlactone ring are nearly coplanar; the dihedral
angle between the L.s. planes of those rings is 6.8(1)°.

The dioxolane ring in the compounds (4)-1 and
(—)-2 exhibits half-chair conformation twisted
around the bonds O1-C3 in (4)-1 (Fig. 1) and
C4-C5 in (—)-2 (Fig. 2). Both compounds exhibit an
almost identical conformation of the moiety consist-
ing of the cyclopropane and dioxolane ring; this is

Fig. 1. The molecular structure and labelling of the compound (4 )-
1. Displacement ellipsoids are drawn at the 20% probability level.

Fig. 2. The molecular structure and labeling of the compound (— )-
2. Displacement ellipsoids are drawn at the 20% probability level.
Disordered atoms C1 and C2 are represented in the Figure in the
positions of higher occupancy factor.
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Fig. 3. The molecular structure and labeling of the compound (+)-3.
Displacement ellipsoids are drawn at the 20% probability level.

shown by the values of the torsion angles C4-C5-
C6-C7 and 02-C5-C6-C7 amounting 156.6(2)°
and — 87.0(3) in (+)-1 appropriate and 156.0(2)° and
—88.8(2)° in (—)-2.

The bond distances between the equatorial
(C1—C3) and axial (C2-C3) bond of the dioxolane
ring in (4)-1 were found to be equal within standard
uncertainties [1.499(4) and 1.504(4) A], although the
difference between those bond distances in the similar
dioxolane substituted cyclopropanes were found to be
even 0.11 A [11].

The common structural feature of the compounds
(—)-2 (Fig. 2), (+)-3 (Fig. 3) and (—)-7 (Fig. 4) is
benzamido and methylcarboxylate group substituted
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at the atom C8 of the cyclopropane ring. Beside this,
the compounds (4)-3 and (—)-7 have the common
diol-substituent at the atom C6 of the cyclopropane
ring as well as two crystallographically independent
molecules in the unit cell. All three compounds
possess Z-configuration of the cyclopropane ring. The
values of the torsion angle N1-C8-C6-C5 only
slightly deviate from the standard value for cis-
substituted cyclopropanes (Table 1).

The cyclopropane ring has many properties which
are found to be more similar to those of the vinyl
group; e.g. the hybrid orbitals are closer to sp” than
sp’, while a conformation-dependent conjugative
ability is exhibited with m-acceptor substituents.
Thus, the carbonyl group induces distal bond short-
ening and adjacent bond lengthening of the cyclopro-
pane ring [12—14]. Such influence of the carbonyl
group was observed in the compounds (—)-2, (—)-7
and one crystallographically independent molecule of
the compound (+)-3 where the shortest bond was
found to be C6—C7 (Table 1). The values of the
endocyclic bond angles in the cyclopropane ring of
(—)-2, (+)-3 and (—)-7 are close to 60° what is in
accord with the expected ones. The smallest angle in
the cyclopropane ring of (—)-2, (—)-7 and one
crystallographically independent molecule of the
compound (+)-3 was observed at the atom C8. The
exocyclic bond angle N1-C8-C9 in (—)-2, (+)-3
and (—)-7 varies in the range from 113.3(2) to
115.4(2)°; that is, it deviates significantly from the
tetrahedral angle value (Table 1). This marked angle
deviation may be attributed to the steric congestion

032
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Fig. 4. The molecular structure and labeling of the compound (—)-7. Displacement ellipsoids are drawn at the 20% probability level.
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Table 1
Selected bond distances (A), bond and torsion angles (°) for the
compounds (—)-2, (+)-3 and (—)-7

(—=)-2 (+)-3 (=)-7
C6-C7 1.495(3) 1.498(4), 1.506(3),
1.505(4) 1.516(3)
C6-C8 1.546(3) 1.547(4) 1.533(3)
1.528(4) 1.530(3)
C7-C8 1.516(2) 1.511(4), 1.521(3),
1.496(4) 1.518(3)
C8-NI 1.434(2) 1.426(4), 1.425(3),
1.443(4) 1.431(3)
C8-C9 1.496(3) 1.498(5), 1.510(3),
1.489(4) 1.505(3)
C6-C5 1.517(3) 1.524(4), 1.515(3),
1.525(4) 1.514(3)
C6-C7-C8 61.8(1) 61.92), 60.9(1),
61.2(2) 60.6(1)
C6-C8-C7 58.4(1) 58.7(2), 59.1(1),
59.7(2) 59.7(1)
C7-C6-C8 59.8(1) 59.5(2), 60.1(1),
59.1(2) 59.8(1)
N1-C8-C9 115.4(2) 114.7(3), 113.3(2),
114.02) 113.3(2)
C5-C6-CI18 11502) - -
C5-C6-C3 - 115.73), -
115.5(3)
C7-C6-C5-C4  —156.02)  —154.9(2), —169.3(2),
—154.6(3) ~169.8(2)
N1-C8-C6-C5 —-0.3(2) 0.1(4), —5.1(3),
4.2(4) —3.903)
C8-N1-C11-C12 —179.4(2) 173.03), —179.0(2),
171.13) —175.6(2)
C8-C9-04-C10 17522)  —171.2(3), —177.5(2),
~176.2(3) —177.4(2)
C11-N1-C8-C9 65.8(2) —68.9(4), 58.0(3),
—56.4(4) 59.7(3)
N1-C8-C9-04 3.3(2) —17.14), —158.8(2),
—32.5(4) —162.7(2)
C6-C5-C4-01  —140.7(2) 63.4(3), 178.4(2),
68.9(4) — 179.02)

around the cyclopropane ring, which forces two
geminal benzamido and methylcarboxylate groups
to be remoted from each other. The torsion angles
defined by the cyclopropane ring atoms and connected
nitrogen atom N1 (C6-C7-C8-N1; C7-C6-C8-
N1) as well as the corresponding carbon atom C9 of
the carboxylate group (C6-C7-C8-C9; C7-C6—
C8-C9) in (—)-2, (+)-3 and (—)-7, respectively vary
in the range of 103.7(2) — 111.3(2)°. These values
corroborate the anticlinal conformation of those

moieties. The methyl ester group in the compounds
(—)-2 and (4 )-3 adopts synperiplanar conformation
[the torsion angle O3—C9—-04—C10 amounting
—5.7(4)° in (—)-2 and 6.9(5) and 5.5(5)° in (+)-3]
with the carbonyl O3 atom eclipsing the cyclopropane
ring. The corresponding torsion angle M—C8-C9—
03, where M is the midpoint of the distal bond of the
cyclopropane ring (C6-C7) is 8.2(3)°. In two
crystallographically independent molecules of (4)-3
the torsion angle M-C8-C9-03 amounts to
—17.4(6)° and —31.2(5)°. Although the synperipla-
nar conformation prevails in derivatives of cyclopro-
pane, the synclinal and anticlinal conformations have
also been observed due to conjugative interactions of
the substituents with the cyclopropane ring [12,15].
Two crystallographically independent molecules of
(—)-7 exhibit the antiperiplanar, i.e. anticlinal
conformation with the oxygen atom O4 eclipsing the
cyclopropane ring. The values of the torsion angle
M-C8-C9-03 in these two independent molecules
are 164.5(3) and 147.1(3)°.

The geometries of the structures (—)-2, (+)-3 and
(—)-7 are not significantly different from the structu-
rally  related  alkyl 1-benzamido-1-cyclo-
propanecarboxylic acid derivatives [7,16—20] and
1,2-dihydroxyethyl substituted cylopropane deriva-
tives [21-22]. The methyl ester group and benzamido
moiety adopt antiperiplanar conformation, defined by
the torsion angles C8—N1-C11-C12 and C8-C9-
04-C101in all three structures (Table 1). The values of
the torsion angle N1-C8-C9-04 in (—)-7 deviate
significantly from the corresponding one of the
compounds (—)-2 and (+)-3. This torsion angle
depends on the bond angle N1-C8-C9 which is
widened in (—)-2 and (+)-3 to release close contacts
between the main chain atoms of the neighbouring
residues. Thisisin accord with that what has been found
for structurally related derivatives of cylopropanes
[8,23—-25]. The conformation of the 1,2-dihydrox-
yethyl group in the structure of the compound (—)-7
defined by the torsion angle C6-C5-C4-01 is
antiperiplanar, while the conformation of that group
in the compound (4 )-3 is synclinal.

The dihedral angles between the plane of the
cyclopropane ring and the plane defined by atoms
N1-C8-C9 in (—)-2, (+)-3 and (—)-7 are 88.6(2),
89.0(4) and 89.0(3)° [the mean values for (+)-3
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Fig. 5. Crystal packing diagram of the compound (—)-2.

and (—)-7 are given]; that is, those planes are
almost perpendicular to each other.

Crystal Structures.-In the crystal structure of the
compound (+)-1 the molecules are connected by very
weak intermolecular hydrogen bond C14---O3 with
D---A distance of 3.378(4) A and D-H---A angle of
145.5(2)° [symmetry code: X, +y + 1, + z]. The
azlactone and phenyl ring of the molecule are oriented
parallel to the crystallographic axis b with the
corresponding dihedral angles of 3.4(1) and 2.9(1)°.

In the 1-aminocyclopropane-1-carboxylic acid
derivatives (—)-2, (+)-3 and (—)-7 inter- and
intramolecular hydrogen bonds of the N H: - -O type,
characteristic for the amide bond were observed. Such
very weak intermolecular hydrogen bond in the
crystal structure of the compound (—)-2 connecting
the molecules along axis a forming infinite chains
(Fig. 5) with N1---O5 distance of 3.113(2) A and
angle of 156.5(1)° [symmetry code: x + 1, +y, + z].

In both independent molecules of the compound
(+)-3 two intramolecular hydrogen bonds of

the N-H:--O type (Table 2) build seven-membered
ring (Fig. 6). Two crystallographically independent
molecules are connected in the crystal structure by
intermolecular hydrogen bond O11---022. The mole-
cules are additionally connected by three inter-
molecular hydrogen bonds of the O-H---O type
forming three-dimensional network.

The hydrogen bonding pattern of the compound
(—)-7 (Fig. 7) is different to that of an almost similar
compound (4 )-3. Two hydrogen bonds N1- - -O3 form
ten-membered ring of the R3(10) type. Each indepen-
dent molecule is additionally bonded by hydrogen
bonds O1---02 and O2. - -O5 with its symmetry related
molecules forming two almost identical two-dimen-
sional networks. In one of these networks all hydrogen
bonds are slightly longer (Table 2). Furthermore, the
hydrogen bond pattern of the compound (—)-7 has
remarkable influence on the density, which is found to
be higher than those of the compounds (+)-1, (—)-2
and particularly comparing to the density of its
methylated derivative (+)-3.



Z. DZoli¢ et al. / Journal of Molecular Structure 655 (2003) 229-241 235

Table 2
Hydrogen-bonding geometry (A, °) for the compounds (+)-3 and (—)-7
Compound D-H---A D-- -A(A) D-H---A(°) Symmetry code
(+)-3 NI11-HIIN---Ol11 2.865(4) 143(3)
N12-HI2N---012 2.871(4) 145(4)
O11-HI11---022 2.829(4) 155(1)
O12-H12---052 2.811(4) 169(5) x+y—1,+z
021-H21---051 2.745(4) 169(3) -xX,+y—1/2, -z
022-H22---021 2.804(3) 165(1) x4+ L4y+12 —z
(—)-7 NI11-HIIN---031 3.062(3) 173(3) —x+2,+y—12, -z
O11-H11---021 2.901(3) 163(1) x4+ 1L, 4+y+1/2 —z
021-H21---051 2.771(3) 170(1) X, +y—1,+z
NI12-HI2N---032 3.023(3) 161(3) —x+1,4+y—12 —z+1
0O12-HI12---022 2.865(2) 156(1) —x+2,+y+12,—z+1
022-H22.--052 2.733(2) 175(1) X, +y—1,+z
2.3. Ab initio MO calculations of the ground states and possible intermediates for that
process and the hypothetical one of 8 to II were
To clarify the mechanism of the rearrangement of performed (Table 3). All calculations were carried out

(4+)-3 to (£)-6 (Scheme 1) the ab initio calculations on DFT [26] pBN/DN** level with the SPARTAN

Fig. 6. Crystal packing diagram of the compound (+)-3 view down the crystallographic axis b.
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Fig. 7. Crystal packing diagram of the compound (—)-7 view down the crystallographic axis b.

[27] program. The results in Table 3 show that the
zwitterionic’s intermediate 5 is more stable than
the ground state of the molecule 4. Furthermore, the
methyl-substituted dihydrofuran derivative 6 has
lower energy than the reactive intermediate 5 by
0.00493 atomic units. The zwitterionic’s reactive
intermediate I is less stable than the ground state of
the molecule 8 by 0.00100 atomic units and II is less
stable than 8 by 0.00325 atomic units. This means that
formation of 6 is energetically preferred what is in
agreement with our experimental finding. The mech-
anism of this rearrangement is also in accord with the
reported one for 1,2-aminocyclopropane alcohol

[28], trialkylsiloxy substituted vinylcyclopropane-
carbaldehydes [29] and Cram’s work on cis/trans
isomerizations of substituted cyclopropane deriva-
tives via 1,3-zwitterions. [30-31].

Comparison of the calculated ab initio HF/6-31G*
and DFT pBN/DN** selected geometrical parameters
for (4)-3 and (— )-7 with the experimental X-ray data
are displayed in Table 4. The average absolute error of
the differences between the experimental bond lengths
and those obtained by HF/6-31G* basis set are
0.013 and 0.014 A for two independent molecules of
(4+)-3 and 0.013, i.e. 0.012 A for two independent
molecules of (—)-7. DFT geometry is also in a very
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Table 3
DFT calculated energies of the most stable conformers of the tetra- and trisubstituted cyclopropanecarbaldehydes 4 and 8, zwitterionic’s
intermediates 5 and I and 2,3-dihydrofurane derivatives 6 and II (in atomic units)

5 R
R._ A % _COOCH; R>/\<COOCH3
= >/ )

OHC NHCOPh H(|3 NHCOPh / COOCH;

° o NHCOPh
4 (R = CH3) —898.50236 5 (R = CH3) —898.50665 6 (R = CH3) —898.51158
8 R=H) —859.18432 I (R=H) —859.18332 II (R =H) —859.18107
Table 4

Selected bond distances (A) of (+)-(3) and (—)-7 derived from X-ray crystallography and ab initio (HF/6-31G* and DFT pBN/DN**)
calculations. For numbering of the atoms see Fig. 3 and Fig. 4

Bond + -3 =)=

Experimental® HF/6-31G* DFT Experimental® HF/6-31G* DFT
011-C41 1.427(4) 1.409 1.442 1.417(3) 1.409 1.445
012-C42 1.419(4) 1.417(3)
021-C51 1.438(3) 1.407 1.438 1.433(3) 1.405 1.439
022-C52 1.436(3) 1.431(3)
031-C91 1.203(4) 1.190 1.221 1.200(3) 1.192 1.221
032-C92 1.209(4) 1.209(3)
041-C91 1.339(4) 1.321 1.359 1.329(3) 1.319 1.356
042-C92 1.331(4) 1.329(3)
041-C101 1.453(5) 1.416 1.449 1.449(3) 1.417 1.451
042-C102 1.447(4) 1.447(3)
051-Cl111 1.233(4) 1.201 1.236 1.235(3) 1.200 1.235
052-Cl112 1.244(3) 1.233(3)
N11-C111 1.347(4) 1.361 1.378 1.352(3) 1.361 1.378
N12-Cl112 1.342(4) 1.354(3)
N11-C81 1.426(4) 1.426 1.438 1.425(3) 1421 1.433
N12-C82 1.443(4) 1.431(3)
C31-C61 1.508(4) 1.521 1.520 - - -
C32-C62 1.514(4) -
C41-Cs51 1.523(4) 1.521 1.531 1.514(3) 1.521 1.532
C42-C52 1.512(4) 1.513(3)
C51-C61 1.524(4) 1.530 1.536 1.515(3) 1.514 1.518
C52-C62 1.525(4) 1.514(3)
C61-C71 1.498(4) 1.497 1.512 1.506(3) 1.491 1.507
C62-C72 1.505(4) 1.516(3)
C61-C81 1.547(4) 1.525 1.550 1.533(3) 1.513 1.532
C62-C82 1.528(4) 1.530(3)
C71-C81 1.511(4) 1.498 1.515 1.521(3) 1.500 1.513
C72-C82 1.496(4) 1.518(3)
C81-C91 1.498(5) 1.507 1.514 1.510(3) 1.502 1.514
C82-C92 1.489(4) 1.505(3)
Cl11-CI121 1.493(4) 1.502 1.509 1.490(3) 1.502 1.510
Cl12-C122 1.483(4) 1.497(3)

# X-ray crystallograhic determination.
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good agreement with the X-ray data; average absolute
errors for pBN/DN** calculated bond distances are
0.015 A, i.e. 0.018 A for (+)-3and 0.015, i.e. 0.014 A
for (—)-7. The results of ab initio calculations show
that both, HF/6-31G* and DFT pBN/DN** agree
quite well with the X-ray structure data.

2.4. Cytostatic and antiviral activity

Compounds (+)-1, (—)-2, (4+)-3 and ( = )-6 were
evaluated for their cytostatic activity against malig-
nant tumor cell lines: murine leukemia (L.1210/0),
human T-lymphocyte (Molt4/C8 and CEM/0), cervi-
cal carcinoma (HeLa), breast carcinoma (MCF7),
colon carcinoma (CaCo-2), pancreatic carcinoma
(MIAPaCa-2) and laryngeal carcinoma (Hep-2), as
well as human fibroblast cells (WI-38). The spiro-
azlactone (+)-1 exhibited the most pronounced
antiproliferative activity against murine leukemia
(L1210/0; I1Cs50—41 pM) and human T-lymphocyte
cells (Molt4/C8; ICso=42 pM; CEM/O;
IC50=40 LLM)

Compounds (4)-1, (—)-2, (4+)-3 and (*)-6 were
also evaluated against varicella-zoster virus (VZV)
and cytomegalovirus (CMV) in human embryonic
lung (HEL) cells and against human immuno-
deficiency virus type 1 (HIV-1) and HIV-2 in
human limphocyte CEM cells. None of the com-
pounds showed appreciable antiviral activity at
subtoxic concentrations, except for some very slight
activity of (4)-1 against CMV.

3. Conclusions

The aims of the presented work were to evaluate
the novel 2,2-disubstituted-1-aminocyclopropane-1-
carboxylic acid derivatives (—)-2 and (+)-3, the
spiro-azlactone (4)-1 and 2,3-dihydrofuran deriva-
tive (£)-6 on cytostatic and antiviral activities and
to elucidate the mechanism of the rearrangement of
(+)-3 to (*)-6. For these reasons the exact
stereostructures, particularly the absolute configur-
ation of (4)-1, (—)-2, (4+)-3 and the related
trisubstituted cyclopropane derivative (—)-7 were
determined by X-ray crystal structure analysis.
Additionally, the ab initio HF/6-31G* and DFT
pBN/DN** calculations were performed to clarify

the mechanism of that process. The result of these
calculations support the predicted mechanism of the
rearrangement of (+)-3 to (*)-6 via the zwitter-
ionic’s reactive intermediate. The DFT method is
also shown to be a valuable tool for predicting
structure-reactivity relationship. The evaluated com-
pounds didn’t show significant cytotoxic and anti-
viral activities of the examined cell lines; the
exception being the spiro-compound (+)-1 which
showed a more pronounced inhibitory activity
against the proliferation of murine leukemia and
human T-lymphocytes cells than other type of tumor
cell lines and normal human fibroblast cells.

4. Experimental

Melting points were determined on a Kofler micro
hot-stage apparatus (Reichert, Wien) and are uncor-
rected. Precoated Merck silica gel 60F-254 plates
were used for thin-layer chromatography (TLC) and
the spots were detected under UV light (254 nm).
Column chromatography was performed using silica
gel (0.05-0.2 mm, Merck); glass column was slurry-
packed under gravity. The electron impact mass
spectra were recorded with an EXTREL FT MS 2001
instrument with ionizing energy of 70 eV. The IR
spectra were recorded on a Nicolet-Magna IR 760
spectrometer and UV spectra on a Hewlett-Packard
8452 spectrometer. Optical rotations were measured
with an Optical Activity AA-10 Automatic Polarimeter
in a 1dmecell; ¢ in g/100 ml, at r.t. (ca.20°).
Elemental analyses were performed by the Central
Analytical Service, Ruder Boskovi¢ Institute, Zagreb.
The 'H- and >C- NMR spectra were recorded on a
Bruker AMX-300 ('H 300.13; °C 75 MHz). Chemi-
cal shifts in NMR spectra are given in ppm relative to
internal TMS (8 scale), Jin Hz; the chemical shifts
assignments of (*)-6 (c.f. Scheme 1) are based on
two-dimensional ('H,"H(- DQF-COSY, and long
range ('H,"*C(-HSQC and HMBC experiments at
500 MHZ ('H) frequency.

4.1. Compounds preparation

Methyl(— )-(1S, 2R)-1-benzamido-2-methyl-2-((S)-
2,2-dimethyl-1,3-dioxolan-4yl(cyclopropanecarboxy-
late (2). A suspension of (4-)-1[7] (0.86 g, 2.85 mmol)
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in a solution of sodium metoxide (0.02 g) in absolute
methanol (50 ml) was stirred at room temperature for
30 min. The solvent was then evaporated, the residue
dissolved in dichloromethane, washed with water and
the organic layer dried over MgSO,. After removal of
the solvent a colourless solid of (— )-2 was obtained in a
quantitative yield. mp 133-134 °C (from MeOH);
[a]p — 24.0 ° (c 0.25 in MeOH); vq (KBr)/em ™!
3350, 1733, 1644; A.x MeOH) 204 (log € 4.13) and
228 (log € 4.14); 6y (CDCl3) 1.25 (s, 3H), 1.34 (s, 3H)
and 1.41 (s, 3H) (2 X CH3), 1.40 (d, J 5.67, 1H,
CHoeyclopro)s 1.81 (d, J 5.67, 1H, CHacyclopro)s 3.70 (s,
3H, OCHs), 3.89 (dd, J 7.12 and 8.54, 1H, CH,), 4.10
(dd, J6.50 and 8.57, 1H, CH,), 4.23 (t,J 6.78, 1H, CH),
7.19 (s, 1H, NH), 7.39-7.75 (m, 5H, C¢Hs); 8¢ 14.16
(C2—CHs;), 24.18 (C3), 25.16 and 26.19 (2 X C2'—
CH,), 31.4 (C2), 42.93 (C1), 52.48 (OCHy), 67.68
(C5'),78.15(C4'),109.37(C2/),126.95,128.48,131.72
and 133.71 (C-Ph), 168.17 (CO—amide), 170.48 (CO-
ester); m/z(E)333.4(M™); Anal. calcd for C,gH,3NOs:
C, 64.85; H, 6.95; N, 4.20. Found: C, 64.92; H, 7.02;
N, 4.12.

Methyl(+ )-(1S, 2R)-1-benzamido-2-methyl-2-((S)-
1,2-dihydroxyethyl( cyclopropanecarboxylate (3). 3M
Hydrochloric acid (1.2 ml) was added to a solution of
(—)-2 (0.6 g, 1.80 mmol) in methanol (50 ml) and the
mixture was stirred at room temperature for 24 h. The
solvent was evaporated to afford (4 )-3 as a white solid
in quantitative yield. Mp 143—146 °C (from water);
[a]p + 26.7° (¢ 0.34 in MeOH); v (KBr)/cm ™ ' 3444,
3352,3315, 1736, 1651; Apmax (MeOH) 204 (log € 4.00)
and 230 (log € 4.00); 6 (DMSO-dy) 1.09 (d,J5.27, 1H,
CHoeyclopro)s 1.70 (d, J 5.25, TH, CHpcyclopro), 347 (t,
1H, CH, superimposed with CH,OH), 3.48 (1H) and
3.59 (1H) (2 X dd, CH,, superimposed with OCH3 and
CH,OH), 3.58 (s, 3H, OCHj3), 5.07 (d, J 4.37, 1H,
CHOH), 5.61 (t, J 3.65, 1H, CH,OH), 7.48-7.74 (m,
5H,CgHs),8.86 (s, 1H,NH); 6c (DMSO-dy) 10.89 (C2—
CHs), 28.36 (C3), 32.18 (C2), 42.39 (Cl1), 52.07
(OCHs3), 61.93 (C5'), 73.49 (C4"), 126.72, 128.09,
131.74 and 133.69 (C-Ph), 166.33 (CO—amide), 171
(CO—ester); m/z (EI) 294.3 (MH™); Anal. calcd for
C5HoNOs: C, 61.42; H, 6.53; N, 4.78. Found: C,
61.34; H, 6.59; N, 4.68.

(x)-Methyl-2-benzamido-2,3-dihydro-4-methyl-2-
furancarboxylate.(6) A suspension of NalOy4
(0.133 g, 0.621 mmol) in water (3 ml) was added
dropwise to a stirred solution of (+)-3 (0.174 g,

0.594 mmol) in THF (50 ml). The mixture was then
stirred at room temperature for 6 h and the resultant
suspension was filtered. The solvent was removed
and the resulting residue was dissolved in dichlor-
omethane, washed with water, dried over MgSQ,,
filtered and concentrated in vacuo. Purification of
the residue by silica gel column chromatography
(ethyl acetate: dichloromethane 3: 2) afforded (*)-
6 (0.112g, 72.2%) as a white solid. mp 162—
163 °C (from EtOH); v (KBr)/em ' 3321, 1739,
1650, 1530 cm™'; Amax (MeOH) 204 (log € 4.06)
and 228 (log € 4.02); &y (CDCl3) 1.71 (s, 3H,
CH;), 2.97 (d, J 16.4, 1H, CH,), 3.24 (d, J 16.4,
1H, CH,), 3.86 (s, 3H, OCH3), 6.12 (s, 1H, CH),
7.27 (s 1H, NH), 7.43-7.83 (m, 5H, Cg¢Hs); dc
10.45 (C4—-CHs;), 43.65 (C4), 53.26 (OCH3), 91.60
(C5), 109.47 (C3), 127.20, 128.57, 132.14 and
133.11 (C-Ph), 138.09 (C2), 166.81 (CO-—amide),
169.49 (CO-ester); ('H,"H( DQF-COSY (CDCl),
cross peaks between: C4—CH; and CH, Hg (CH,);
C4-CH; and CH; CH and CHpHg (CH,);
(lH,13C(-HSQC (CDCl3), cross peaks between:
CHx\Hp (CH,) and C4; CH and C2; (‘H,*C(-
HMBC (CDCl;), cross peaks between: CHs (CH»)
and C4-CHj; CH and C4; NH and C4; CHju
(CH,) and C5; NH and C5; CH and C3; NH and
C¢Hs; C4-CH; and C2; CHsHg (CH,) and C2;
NH and CO-amide; CgHs and CO—amide; NH and
CO-ester; OCH; and CO-ester; CHpHg (CH,) and
CO-ester; m/z (EI) 261.3 (M'); Anal. calcd for
Ci4sH5NO,: C, 64.36; H, 5.79; N, 5.36. Found:
C, 64.30; H, 5.89; N, 5.45.

Methyl (-)-(1S, 2R)-1-benzamido-2-((S)-1,2-dihy-
droxyethyl(cyclopropanecarboxylate (7T) and methyl
(—)-(1S, 2R)-1-benzamido-2-formylcyclopropane-
carboxylate (8) were prepared following the
procedure given in the literature [6]. The spectro-
scopic data were in agreement with the reported
ones.

4.2. X-ray structure determination

Single crystals suitable for X-ray structure
analysis were prepared by growth under slow
evaporation at room temperature of a very dilute
ethanol solution for the compounds (4)-1 and (—)-
2 and water solution for the compounds (4 )-3 and
(—)-7. The intensities were collected at room
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temperature on a Philips PW1100 diffractometer
updated by Stoe and Cie [32,33] using Mo-K,
radiation. The crystal structures of all compounds
were solved by direct methods using SHELXS86
[34] program. All non-hydrogen atoms were refined
anisotropically by full-matrix least-squares calcu-
lations based on F? by application of SHELXL97
[35] program. The coordinates of hydrogen atoms
were included in structure factor calculations. The
carbon atoms Cl1 and C2 of the compound (—)-2
are disordered. The site occupancy factors are 57(4)
and 43(4)% for the atom C1 and 53(4) and 47(4)%
for the atom C2. The distances between occupation
sites of the disordered atoms C1 and C1’ and atoms
C2 and C2' are 0.72(4) and 0.77(4) A, respectively.

The molecular and crystal structure drawings were
prepared by ORTEP-3 [36] and PLUTON93 [37]
programs. Crystal data, data collection and refine-
ment for the compounds (4)-1, (—)-2, (4+)-3 and
(—)-7 are summarized in Table 5. Crystallographic
data excluding structure factors for the structures
(+)-1, (—)-2, (4+)-3 and (—)-7 reported in this
paper have been deposited with the Cambridge
Crystallographic Data Centre as supplementary
publication numbers CCDC-167403, CCDC-
167404, CCDC-167405 and CCDC-167406. Copies
of data can be obtained, free of charge, on
application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK (fax: 4 44-(0)1223-336033 or e-
mail: deposit@ccdc.cam.ac.uk].

Table 5

The crystal data, data collection and refinement for the compounds (4)-1, (—)-2, (4)-3 and (—)-7

Compound (+)-1 (—)2 (+)-3 (=)-7
Formula C17HoNO, C;3H23NO5 C5HoNOs C14H7NOs
Formula weight 301.33 333.37 293.31 279.29
Temperature [K] 295 295 293 295

Crystal size [mm]

0.50 X 0.45 X 0.40

0.70 X 0.50 X 0.45

0.89 X 0.42 X 0.15

0.50 X 0.40 X 0.35

Crystal colour colourless colourless colourless colourless

Crystal system monoclinic monoclinic monoclinic monoclinic

Space group P2, P2, P2, P2,

alA] 5.725(1) 5.239(1) 11.078(6) 13.530(3)

b[A] 10.609(2) 14.998(3) 7.570(4) 6.479(1)

c[A] 13.186(3) 11.377(2) 18.544(12) 15.489(3)

BI°] 93.15(1) 100.56(1) 102.57(6) 90.43(1)

VA% 799.7(3) 878.8(3) 1517.8(15) 1357.7(5)

z 2 2 4 4

Deare[gem 3] 1.251 1.260 1.284 1.366

p[mm™' 0.089 0.092 0.097 0.104

F(000) 320 356 624 592

Scan-mode [3) w—0 ® ®

0 range for data collection [°] 3.09 to 28.98 2.27 to 27.91 3.23 to 28.04 3.01 to 29.01

Index ranges —7=h=7 —6=h=6 —l4=h=14 —18=h=18
—l4=k=14 -19=k=19 -9=k=9 —8=k=8
-17=1=17 —l4=1=14 —21=1=24 -21=1=21

Collected reflections 4410 4302 7727 7785

Independent reflections/R;,,. 4197/0.0739 4147/0.0833 7226/0.0535 7167/0.0761

Reflection number I = 20(]) 2183 3407 2917 4658

Refinement method Full-matrix least-squares on F?

Data/restrains/parameters 2183/1/200 3407/1/239 2917/1/400 4658/1/372

Weighting parameters a,b" 0.1000, 0 0.0803, 0.1136 0.0697, 0 0.1000, 0

Goodness-of-fit on F> 0.935 1.018 0.824 1.108

RI[I = 20(D] 0.0581 0.0449 0.0437 0.0630

WR 0.1350 0.1205 0.1020 0.1518

Max.min. elect. dens. [eA ] 0.315/ — 0.268 0.220/ — 0.176 0.219/ = 0.177 0.479/ — 0.444

* w= [oX(F2) + (aP)* + bP), where P = (F2 + 2F2)/3.



Z. DZoli¢ et al. / Journal of Molecular Structure 655 (2003) 229-241 241

Acknowledgements

This study was performed in the framework of the
COST Chemistry Action D-13 Programme: New
molecules towards human health. We are grateful to
the Ministry of Science and Technology of Croatia for
support of this work through a grant to M.M.(Project
Number 0125003). M. M. is also grateful to Prof. Gerd
Folkers and Prof. Leonardo Scapozza for giving him
the opportunity to spend a sabbatical stay at the
Institute of Pharmaceutical Sciences ETH Ziirich.

References

[1] EJ. Corey, P.L. Fuchs, J. Am. Chem. Soc. 94 (1972) 4014. S.
Danishefski, R. McKee, R.K. Singh, J. Am. Chem. Soc. 99
(1977) 4783. C.K. Murray, D.C. Yang, W.D. Wulff, J. Am.
Chem. Soc. 112 (1990) 5660. A.S. Kende, Y. Fujii, J.S.
Mendoza, J. Am. Chem. Soc. 112 (1990) 9645. M. Kabet,
J. Kiegiel, N. Cohen, K. Toth, P.M. Wovkulich, M.R.
Uskokovic, Tetrahedron Lett. 32 (1991) 2343.

[2] For recent reviews see.K. Burges, K.-K. Ho, D. Moye-

Sherman, Synlett (1994) 575. A. Alami, M. Calmes, J. Daunis,

R. Jacquier, Bull. Soc. Chim. Fr. 130 (1993) 5. C.H. Stammer,

Tetrahedron 46 (1990) 2231.

K. Burgess, C.-Y. Ke, Synthesis (1996) 1463. N. De Kimpe, P.

Sulmon, P. Brunet, J. Org. Chem. 55 (1990) 5777. N. De

Kimpe, P. Sulmon, C. Stevens, Tetrahedron 47 (1991) 4723.

A.B. Charette, B. Cote, J. Am. Chem. Soc. 117 (1995) 12721.

J.M. Jimenez, J. Rife, R.M. Ortuno, Tetrahedron: Asymmetry

7 (1996) 537. C. Cativiela, M.D. Diaz-de-Villegas, A.L

Jimenez, Tetrahedron: Asymmetry 6 (1995) 177.

[4] K. Burgess, K.-K. Ho, B.M. Pettitt, J. Am. Chem. Soc. 116

(1994) 799. Y.F. Zhu, T. Yamazaki, J. Tsang, S. Lok, M.

Goodman, J. Org. Chem. 57 (1992) 1074. Y. Shimohigashi, T.

Costa, T.J. Nitz, H.C. Chen, C.H. Stammer, Biochem.

Biophys. Res. Commun. 121 (1984) 966. C. Mapelli,

H. Kimura, C.H. Stammer, Int. J. Pept. Protein Res. 28

(1986) 347. K. Burgess, K.-K. Ho, B.M. Pettitt, J. Am. Chem.

Soc. 117 (1995) 54. K. Burgess, K.-K. Ho, B. Pal, J. Am.

Chem. Soc. 117 (1995) 3808.

T. Ogawa, H. Yoshitami, H. Kodama, M. Waki, C.H.

Stammer, Y. Shimohigashi, FEBS Lett. 250 (1989) 227. C.

Mapelli, L.F. Elrod, E.M. Holt, F.L. Switzer, C.H. Stammer,

Biopolymers 28 (1989) 123.

[6] C. Cativiela, M.D. Diaz-de-Villegas, A.L. Jimenez, Tetrahe-
dron: Asymmetry 6 (1995) 2067.

[7] C. Cativiela, M.D. Diaz-de-Villegas, A.I. Jimenez, F. Lahoz,
Tetrahedron Lett. 35 (1994) 617.

[8] G. Valle, M. Crisma, C. Toniolo, E.M. Holt, M. Tamura, J.
Bland, C.H. Stammer, Int. J. Peptide Protein Res. 34 (1989) 56.

[9] L. Wick, C. Tamm, M. Neuburger, M. Zehnder, Tetrahedron
51 (1995) 10219.

3

—

[5

—_

[10] M.L. Martinez, F.H. Cano, S. Garcia-Blanco, Acta Crystal-
logr. B34 (1978) 593.

[11] C. Cativiela, M.D. Diaz-de-Villegas, J.A. Galvez, A.L
Jimenez, M.P. Lopez, Acta Crystallogr. C52 (1996) 3210.

[12] F.H. Allen, Acta Crystallogr. B36 (1980) 81.

[13] F.H. Allen, Acta Crystallogr. B37 (1981) 890.

[14] K. Otocan, M. Mintas, F. Kastner, A. Mannschreck, J.A. Golen,
P.G. Williard, Monatshefte fiir Chemie 123 (1992) 1193.

[15] B. Rozsondai, The chemistry of cyclopropyl group, in: Z.
Rappoport (Ed.), Structural chemistry of cyclopropane
derivatives, 2, Wiley, New York, 1995, Chapter 3.

[16] K.I. Varughese, A.R. Srinivasan, C.H. Stammer, Int. J. Peptide
Protein Res. 26 (1985) 242.

[17] J.T. Slama, R.K. Satsangi, A. Simmons, V. Lynch, R.E.
Bolger, J. Suttie, J. Med. Chem. 33 (1990) 824.

[18] C. Cativiela, M.D. Diaz-de-Villegas, A.I. Jimenez, Tetrahe-
dron 51 (1995) 3025.

[19] A.L Jimenez, P. Lopez, L. Oliveros, C. Cativiela, Tetrahedron
57 (2001) 6019.

[20] M. Cetina, A. Hergold-Brundi¢, D. Mrvos-Sermek, Z. DZoli¢,
M. Mintas, Z. Kristallogr, New Crys. Struct. 216 (2001) 595.

[21] E. Muray, A. Alvarez-Larena, J.F. Piniella, V. Branchadell,
R.M. Ortuno, J. Org. Chem. 65 (2000) 388.

[22] Y. Zhao, T. Yang, M. Lee, D. Lee, M.G. Newton, C.K. Chu,
J. Org. Chem. 60 (1995) 5236.

[23] E. Benedetti, Di. Blasio, V. Pavone, C. Pedone, A. Santini, M.
Crisma, G. Valle, C. Toniolo, Biopolymers 28 (1989) 175.

[24] E. Benedetti, B. Di Blasio, V. Pavone, C. Pedone, A. Santini,
V. Barone, F. Fraternali, F. Lelj, A. Bavoso, M. Crisma, C.
Toniolo, Int. J. Biol. Macromol. 11 (1989) 353.

[25] T. Ashida, Y. Tsunogae, I. Tanaka, T. Yamane, Acta
Crystallogr. B43 (1987) 212.

[26] Reviews of density functional methods.R.O. Jones, O.
Gunnarsson, Revs. Mod. Phys. 61 (1989) 689. J.M. Seminario,
P. Politzer,Modern Density Functional Theory. A Tool for
ChemistryElsevierAmstersdam (1995).

[27] PC SPARTAN Pro, Wave function, Inc., 18401 Von Karman,
Suite 370, Irvine, California 92612

[28] J. Rife, R.M. Ortuno, Tetrahedron: Asymmetry 10 (1999)
4245.

[29] B. Hofmann, H.-U. ReiBig, Chem. Ber. 127 (1994) 2327.

[30] N.E. Howe, E.W. Yankee, D.J. Cram, J. Am. Chem. Soc. 95
(1973) 4230-4235.

[31] A.B. Chmurny, D.J. Cram, J. Am. Chem. Soc. 95 (1973)
4237-4244.

[32] Stoe and Cie: STADI4. Diffractometer Control Program,
version 1.05B, Stoe and Cie, Darmstadt, Germany, 1995.

[33] Stoe and Cie: X-RED. Diffractometer Reduction Program,
version 1.05B, Stoe and Cie, Darmstadt, Germany, 1995.

[34] G.M. Sheldrick, SHELXS86. Program for the Solution of
Crystal Structures, University of Gottingen, Germany, 1986.

[35] G.M. Sheldrick, SHELXL97. Program for the Refinement of
Crystal Structures, University of Gottingen, Germany, 1997.

[36] L.J. Faruggia, ORTEP-3, University of Glasgow, Dept. of
Chemistry, United Kingdom, 1996.

[37] A.L. Spek, PLUTON93. Molecular Graphics Program,
University of Utrecht, Netherlands, 1993.



	Molecular structures and ab initio molecular orbital calculations of the optically active derivatives of 1-aminocyclopropane-1-
	Introduction
	Results and discussion
	Synthesis
	X-Ray crystal structure study
	Ab initio MO calculations
	Cytostatic and antiviral activity

	Conclusions
	Experimental
	Compounds preparation
	X-ray structure determination

	Acknowledgements
	References


