SYNTHESIS OF OPTICALLY ACTIVE 1-AZA-4-OXABICYCLO[4.1.0]-
HEPTAN-5-0NES

0. N. Krutius, A. V. Eremeev, UDC 547.717'867'464.07:541.632'634:543.422
F. D. Polyak, G. V. Shustov,

V. N. Voznesenskii, I. I. Chervin,

and R. G. Kostyanovskii

The reaction of the methyl ester of 1,2-dibromopropionic acid with chiral B- amino-
alcohols under the conditions of the Gabriel-Cromwell reaction gave epimers of
methyl 1-(B-hydroxyalkyl)aziridine-2-carboxylates, which were separated by liquid
chromatography. NMR spectroscopy and CD were used to determine the absolute con-
figuration of these products. The relative rate of conversion of epimeric esters
of trans-1-(g-hydroxyalkyl)aziridine-2-carboxylic acids to l-aza-4-oxabicyclo-
f{4.1.0]heptan-5-ones is a function of the intramolecular contacts of the reacting
OH and CO,Me groups in the lactonization of the cis isomers. The most favorable

conformation of the six-membered ring in l-aza-4-oxabicyclo[4,1,0}heptan-5-ones

x

in solution is a distorted boat. .

In previous work [1, 2], we synthesized new heterocycles, namely, l-aza-4-oxabicyclo-
[4.1.0]heptan-5-ones, from esters of 1-(g-hydroxyalkyl)aziridine-2-carboxylic acids.

In the present work, the reaction of the methyl ester of 1,2-dibromopropionic acid with
optically active aminoalcohols, namely, (R)-2-amino-l-butanol and (S)-2-amino-3-methyl-1-
butanol [(S)-valinol], gave mixtures of epimers of methyl 1-(B-hydroxyalkyl)aziridine-2-
carboxylates, which were separated using high efficiency liquid chromatography (HELC).
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The closeness of the existing chiral center and the chiral center formed provide for
stereoselectivity in this synthesis, especially in the case of hindered (S)-valinol. Analy-
tical HELC data indicated that the Ia:Ib diastereomer ratio was 1.4, while the IIa:IIb ratio
was 0.3. The difference in the intramolecular distances between the chiral centers in
diastereomers Ia and Ib and in diastereomers Ila and IIb apparently have a major effect on
their chromatographic mobility and rate of lactonization. Thus, these pairs are readily
separated by liquid chromatography (see R¢ values in Table 1) and differ significantly in
the lactonization rate in the presence of 1,8-diazabicyclo[5.4.0]Jundec-7-ene: the conver-
sion of Ib and IIb after 3 h is about 90% but the conversion of their isomers is less than 5Z.
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TABLE 1. Characteristics of Ia,b-IVa,b
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Fig. 1. CD spectra of diastereomers of 1-(g-
hydroxyalkyl)aziridine-carboxylate (Ia and Ib)
and 2-ethyl-l-aza-4-oxabicyclo[4.1.0]heptan-5-
one (IIIa and IIIb).

Pure diastereomers of l-aza-4-oxabicyclo[4.1.0]heptanones IIIa, IIIb, IVa, and IVb
(Table 2) were obtained from pure diastereomers Ia, Ib, IIa, and IIb.

In the presence of dicyclohexyl-18-crown-6, Cs,C0, in acetonitrile is a more efficient

catalyst than diazabicycloundecene and permits the lactonization of esters Ia and IIa in 3.5
h.

The CD and PMR spectra of IIIa, IIIb, IVa and IVb were studied in order to elucidate the
absolute configuration. The CD spectra show dichroic absorption bands of opp051te signs at
226 and ~220 nm (Fig. 1 and Table 2). The band at 226 nm is due to an n,, m%. transition of
the d-lactone chromophore, for which a sector rule has been reported [3, 4] relating the
absolute configuration with the sign of the Cotton effect. 1In order to use this rule in the
case of oxaazabicycloheptanones, we must determine the most populated conformation of the lac-
tone ring since the major perturbing fragment (the N(;)—C(,) bond) in the two possible con-
formations of this ring (distorted boat (A4) and half-chair (B)) falls in sectors with opposite
signs (Fig. 2). Conformation A was established for the lactone ring in an x-ray diffraction
structural analysis of 2,2-di(hydroxymethyl)-1-aza-4-oxabicyclo{4.1.0]heptan-5-one. The same

819



Fig. 2. Application of the sector rule
for the lactone chromophore of (1S,6R)-1-
aza-4-oxabicyclo[4.1.0]heptan-5-one in the
half-boat (A) and half-chair conformations
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conformation of this ring in IIIa and IVa in solutions was confirmed in our laboratory using
two-dimensional NOESY PMR spectroscopy [5]. The observed off-diagonal cross peaks due to

the nuclear Overhauser effect indicate close approximation of the 3a-H and endo-7-H protons
(Fig. 3). Indeed, judging from Dreiding molecular models, the distance between these protons
in conformation A is about 1.5 &.

The reason for the shift in the conformational equilibrium toward A is apparently, as
in the case of 1-aza- and 1,5-diazabicyclo[3,1.0]Jhexanes, the tendency to minimize the de-
stabilizing effect of the p orbital of the nitrogen atom with the occupied group ¢ orbital
of the adjacent CR'R2? group [6].

Thus, the positive long-wavelength Cotton effect in the CD spectra of IIIa and IVb
according to the sector rule (Fig. 2) corresponds to the (1R, 68) absolute configuration,
while the negative sector on the spectra of IIIb and IVa corresponds to the (1S, 6R) abso-
lute configuration. The observed ®J coupling constants in the PMR spectra are in accord with
this assignment (Table 3) and show that the orientation of 2-H in (1R, 2R, 6S)-IIIa and (1S,
2S, 6R)-IVa is axial, while this orientation in (1S, 2R, 6R)-IIIb and (1R, 2S, 6S)-IVb is
equatorial. \

Hence, we determine the absolute configuration of the starting hydroxyesters (1S, 2S)-
Ia and IIb and (1S, 2R)-Ib and IIa. We should note that, as in the case of other
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diastereomeric derivatives of aziridine-2-carboxylic acids [7], (1S, 2S, aR)-Ia and (1R, 2R,
aS)-IIa have a greater difference in the chemical shifts of aziridine ring protons Hp and
Hp (Avpp) than for their isomers, (1R, 2R, oR)-Ib and (1S, 2S5, aS)-IIb (Table 3).

Knowledge of the absolute configuration of aziridinecarboxylates Ia, Ib, IIa, and IIb
permits us to explain the higher rate of lactonization of diastereomers Ib and IIb in comp-
parison with Ia and IIa. The conformation, in which the aziridine ring is eclipsed by the
least bulky substituent (hydrogen atom), is most favorable at the N—C, bond for three-
membered heterocycles containing an asymmetric CHRR! N-substituent [8]. The reacting OH and
CO,Me in the conformations (C and D) in cis-esters Ib and IIb are closely approximated,
while these groups in cis esters Ia and Ila are far from each other. If conformations E and
F with the most closely approximated reacting groups are occupied, then, in the first case,
the steric interaction of the a-alkyl group R with the aziridine ring facilitates an even
closer approximation of the OH and CO,Me groups, while in the second case, this interaction
leads to the removal of these groups from each other.

cis-1b, IIb cia-la, 118
H H
CO,Me Me0,C,

R T + R f ?

H HOOA :

[ \
S CC,Me Me0,%,
H R i R
. E F

Conformers C—F of only the cis-esters® were examined in the scheme, since lactonization
of the trans-invertomers is sterically impossible. However the trans form is occupied pre-
dominantly for most 1,2-disubstituted aziridines [9]. Thus, the transformation of (hydroxy-
alkyl)aziridinecarboxylates to azaoxabicycloheptanones involves inversion of the nitrogen atom.
Previously, this step in the isomerization of 1,2-divinylaziridines and azepines was shown not
to be rate-limiting due to the low inversion barrier of the nitrogen atom [10]. The data
on the inversion barriers in N-alkylaziridines (about 18 kcal/mole [11]) indicate that in-
version cannot be the rate-limiting step in the case of the cyclization of I and II.

EXPERIMENTAL

The PMR spectra were taken on a Bruker WM-400 spectrometer in CDCl; with TMS as the
internal standard. Optical rotation was determined on a Perkin—Elmer 141 polarimeter and
the CD spectra were taken on a JASCO 500A spectropolarimeter with a DP 500N processor. The
IR spectra were taken on a Perkin—Elmer 580B spectrophotometer. The synthesis and lactoniza-
tion of the esters of 1-(hydroxyalkyl)aziridine-2-carboxylic acids was monitored by gas-liquid
chromatography on a Chrom 5 chromatograph using a 3.5 x 1200-mm column packed with SE-30 on
Chromosorb W/AW (100-120 mesh) at 110°C. The mixtures of the diastereomers of I and II were
analyzed on a Du Pont 830 Prep chromatograph on a 4.6x 250-mm Zorbax Sil column using 15:85
dioxane-hexane as the eluent. The preparative separation of the mixtures was carried out on
a 21.2 x 250-mm Zorbax Sil column. The Rf values were found on Merck UV-254 plates using
ethyl acetate as the eluent with development by iodine vapor.

Esters of 1-(B-hydroxyalkyl)aziridine-2-carboxylic acids (Ia, Ib, IJa, and IIb). A
mixture of 5.7 mmoles aminoalcohol and 1.54 ml (11 mmoles) triethylamine was added dropwise
with stirring to a solution of 0.63 ml (5 mmoles) methyl 1,2-dibromopropionate in 30 ml dry
acetonitrile at from =5 to 0°C. The mixture was stirred for 1 h at 60°C. After removal of
the solvent in vacuum, the residue was extracted with absolute ether. The extract was passed
through a 3 x 5-cm column packed with silica gel (40-100 um). Ether was evaporated in vacuum
and the mixture of the epimeric hydroxyesters was separated by HELC.

*The scheme is given for IIb and IIa. The elements of the scheme for Ib and Ia should be
represented as mirror antipodes.
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1-Aza-4-oxabicyclo[4.1.0]heptanones (IIIa, IIIb, IVa, and IVb). A sampleof 1.4 g
cesium carbonate and 0.15 g dicyclohexyl-18-crown-6 were added to a solution of 1 mmole
hydroxyester in 5 ml1 dry acetonitrile and then the mixture was stirred for 3.5 h at room
temperature. The solution was evaporated in vacuum and the residue was purified as described
in the above procedure.

Comparison of the lactonization rates of the epimers was carried out relative to their
conversion to lactones over a given time using an equimolar amount of diazabicycloundecene.
For this purpose, 0.152 g (1 mmole) diazabicycloundecene was added to 5 ml of a solution of
the hydroxyester (0.2 mole/liter) in acetonitrile and the mixture was stirred at room
temperature. The conversion of the hydroxyester to the lactone was evaluated by gas-
liquid chromatography.
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