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Esters and amides (including 'SN analogs) of I-alkoxyaziridine-2,2-dicarboxylic acids

that contain

N-alkoxy substituents (PriO, RO,CCH,0, (R,5)-RO,CCH(Me)O, or

(85)-RO,CCH{(Me)O) were synthesized. Triamide of the last-mentioned type was isolated in
the diastereomericaily pure forms. The validity of the !'H NMR criteria, which were
suggested for the determination of absolute configurations of diastercomers, was confirmed

by X-ray diffraction study of the (5,S)-form.
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With the aim of searching for compounds with a
stable chiral pyramidal nitrogen atom, esters of 1-alkoxy-
aziridine-2,2-dicarboxylic acids have been synthesized
and studied.2~7 Simple methods have been developed
for optical activation>3—10 of these esters and complete
resolution into antipodes?—12 whose absolute configura-
tions were established by X-ray structural analysis.!}12
Their reactions were carried out with retention of the
configuration of the N atom.,?—1% and the high trans-
stereoselectivity of nucleophilic substitution at the ester
group was demonstrated.19—14 This opens up consider-
able possibilities for preparing new chiral polyfunctional
synthons based on the above-mentioned esters. One
approach to these compounds involves the synthesis and
separation of diastereomeric derivatives of I-alkoxy-
aziridine-2,2-dicarboxylic acids, which contain an asym-
metrical 1-AlkO substituent with the known configura-
tion. Previously, it has been demonstrated’ that this
approach can, in principle, be used. However, in such a
case the problem of determining the configuration of the
nitrogen chiral center appears. This problem has been
solved by NMR spectroscopy for diastereomeric deriva-

* For Part 79, see Ref. 1.
* Deceased.

tives of aziridine-2-carboxylic acids, which contain chiral
N-substituents with the knmown configuration !5 3s
well as for diastereomers of 1-((1.5)-phenylethyl)-
3,3-dimethyldiaziridine and 2-((1.5)-phenylethyl)-3,3-di-
methyloxaziridine.15.16

In this work, we found criteria for determining con-
figurations from the analysis of !H NMR spectra of
racemic diastereomeric mixtures of derivatives of
(R,R/S,5)- and (S,R/R,S)-1-alkoxyaziridine-2,2-dicar-
boxylic acids 1la—d. These compounds were synthesized
by thermolysis of triazolines, which were prepared by

CORrR” CO,Me
Z& & I
] - N\ /CH(R)COR ! N\ )th
COR o] CO,Me 0O Me
1a—e, 2a,b.e 3
1 R R’ R 2 R R’ R”
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d Me OBut OMe
e Me NH2 NH2
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reactions of the corresponding O-esters of isonitroso-
dimethyl malonates with CH,N,.” Triamide le was
prepared by ammonolysis of aziridine 1a and was sepa-
rated into racemic diastereomers (R,R/S,$)-le and
(S,R/R,5)-1e by crystallization.”

Alkoxyaziridines 2a,b and 3 5 and !N-alkoxy-
aziridines >N-1a and !3N-2a were synthesized accord-
ing to analogous procedures (Scheme 1). Triamide 2e
was prepared by amidation of ester 2a.
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Alkoxyaziridine 1b and triamide le were synthesized
in the optically active forms (Scheme 2).

Alkylation of isonitrosodimethyl malonate with
(R)-(—)-ethyl- O-tosyl lactate gave O-ester of oxime
(8)-(—)-6 whose configuration was established based on

the fact that the product of acid hydrolysis was identified -

as (S5)-(—)-2-aminohydroxypropionic acid hydrochlo-
ride.!® Therefore, the reaction proceeded with inversion
of the configuration of the C(2) atom. A comparison of
the value of optical rotation of the product with that
reported previously!8 demonstrated that the optical pu-
rity of the product was no less than 92%. The reaction of
O-ester of oxime (S)-(—)-6 with an excess of CH;N,
followed by acid-catalyzed decomposition of interme-
diate triazoline yielded a mixture of (R,S5)- and
(S,8)-diastereomers of 1b, which were characterized by
the 'H NMR spectra (Table 1). Mild amidation of
aziridines 1b afforded a mixture of diastereomeric
triamides (R,S)-1e and (S,S5)-1e. Crystallization of the
resulting compounds gave diastereomerically pure (con-
trol by the 'H NMR spectra) optically active aziridines
(5,5)-(+)-1e and (R,5)-(—)-1e. The inversion barriers

Scheme 2
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of the N atom were determined from the kinetics of
their epimerization. These values and the corresponding
values obtained for aziridines 1la,c,d are of the same
order of magnitude (AG* = 30.4-—31.3 keal mol™!):?

Com- T k- 10° AGE f.s
pound /°C /51 /kcal mol™!  /h
(5,9-1e 124 8.5t1.1 30.840.1 2.25
(R,S)-1e 102 1.7x1.1 30.31+0.1 11.54

In the thermodynamical equilibrium, the content of
the predominant diastereomer increases slightly in the
series of diastercomeric alkoxyaziridines 1 under study
as the volume of the N-alkoxy substituent increases (see
Table 1). Analysis of the parameters of the !H NMR
spectrum (see Table 1) demonstrated the following facts.
In most cases, the chemical shifts of the Hy and H,
protons are almost identical for each diastereomeric
pair, whereas the shifts of the H, and MeC protons
differ substantially. This differenice remains virtually un-
changed throughout the series. In the predominant dia-
stereomer, the protons of the M eC group are shielded to
a greater extent, and the absolute values of the spin-spin
coupling constant ZJH g, are 0.3 Hz larger. The shield-
ing of the H,, H,, and lMeC protons increases and the
absolute value of the spin-spin coupling constant ZJHaﬂb
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Table 1. Parameters of the lH NMR spectra of the diastereomeric derivatives of 1-alkoxyaziridine-2,2-dicarboxylic acids la—e %

CO,Mey CONM,
fa H Ma H
< cop ¢ CONH,
t N\ X ] N\ :
b, COMe 0 e b, CONHz "0 e
1a—d 1e
Com- R Confi- Equilibrium § (J/Hz) A3(H Hp) oy,
pound guration content of MeC? H, H, Me,O MegO R H, /Hz
the dia-
stereomer

1a Me RR/S.S 58 113 245 283 369 374 3.69 4.37 0.38 -3.1
la Me S,R/R,S 42 1.32 239 284 364 373 3.64 4.40 0.45 —238
1b Et 5.5 60 1.20 256 298 372 376 1.25,420(3 =75) 4.44 0.42 -3.0
1b Et RS 40 1.38° 249 296 363 369 1.26;4.17 3J =715) 4.47 0.47 —-28
I Pi  RR/SS 62 112 243 283 368 374 L.18; 1.19; 500 (J=6.0) 430 040  —30

S,R/R.S 38 130 237 283 367 373 1.20;4.96 (°/ = 6.0) 4.33 0.46 -2.7
1d But R.R/S.S 63 1.10 243 283 369 373 1.42 4.23 0.40 ~2.8

S.R/R,S 37 1.27 237 283 367 373 1.39 4.27 0.46 -23
le - S8 54 1.26 251 297 —_ — - 437 0.46 =37

RS 46 1.30 253 279 - - —_ 4.42 0.26 -3.5

2 Solutions (5 mol %) in CCl, and CD;0D (le). ¢ Doublet (7 = 7.0 Hz).

Table 2. Parameters of the !H NMR spectra of alkoxyaziridines 2a,b.e, and 3 (2a,b and 3 in CCl,4 and 2e in CD;,0D)

COMe, CONH, COMe,
e He COA tia He GONH, ta He Me
"' = ) =7
' \ { N\ I N\ /\
COMe, O Hy CONH, O H4 COMe, O Me
Hy Hp Hy
2a.b 2e 3
R = Me (a), Et (b)
Com- 5 (J/Hz) AS(Hng) 2JHaHb 2JHcHd
pound MeCH,0 H, Hy Mey O MegO CH,0 Hy H. Hz
{MeC] (MeO} :
2a 2.57 297 3.78 383 [3.76] 4.28 4.45 0.40 —-3.2 ~16.1
2b 1.3 (7 =75) 245 286 367 373 412 416 432 0.4} -34 ~16.0
2e 253 288 - — — 4.30 430 0.35 -34
3 [0.99 and 1.15] 2.35 270 366 3.70 — ~— 4.02 0.35 -2.3
(3J =6.0)

decreases as the volume of the alkoxy substituent in-
creases. The difference between the chemical shifts of
the protons of the ring A3(H_H,) remains virtually un-
changed.

In model alkoxyaziridines 2, one of the methylene
protons H, of the alkoxy substituent is similar in the
parameters of the {H NMR spectrum (Table 2) to the
H, protons of the diastercomers of series 1 (see Table 1).
This is convincingly confirmed by the results of studies
of !5N-alkoxyaziridines (Table 3). Previously, the cal-
culated angular dependences!?2? of the spin-spin cou-
pling constants 2Jyisy and 3Jygisy Wwere successfully
used for assigning the protons of the aziridine ring?! and
for determining the H—C—O-—N torsion angles in

isoxazolidines,?? respectively. The H.~C—O—N dihe-
dral angles in the molecules of the diastereomers of
aziridines 1a and 2a, which are calculated based on the
data in Table 4, are almost identical (are in the range of
15—20°), whereas the Hy—C—O—N dihedral angle in
molecule 2a differs substantially (~135°).

Based on the obtained data, it can be suggested that
the effective conformations of the predominant and
minor diastereomers of aziridines 1 correspond to struc-
tures A and B, respectively. The effective conformations
of aziridines 2 correspond to form C. _

The H, proton in all these conformers and the MeC
group in structure B are located in the vicinity of the
plane of the ring, which is the deshielding region of
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aziridine. Correspondingly, the H, proton in the mol-
ecules of aziridines 2 is shiclded to a greater extent
(A8(H.Hy) = 0.16—0.17 ppm, see Table 2), and the
protons of the MeC groups in the predominant diastereo-
mers of 1 are shielded to a greater extent than those in
the minor diastereomers (A8 = 0.17—0.19 ppm, see
Table 1). For the Me groups of the alkoxy substituent in
aziridine 3, A8 = 0.16 ppm (see Table 2). Therefore,
the diastereomers of aziridines 1 that are characterized
by relatively high-field and low-field signals of the MeC
group adopt conformations A and B, respectively. Hence,
the optically active predominant diastereomer of aziridine
tb, which contains the carbon asymmetric center with
the unambiguous S-configuration, has the S-configura-
tion of the nitrogen chiral center because this diastereo-
mer is characterized by the high-field signal of the MeC
group (see Table 1).

The validity of the above-discussed 'H NMR crite-
ra was confirmed as follows. The assignment of the
configurations of the diastereomers of triester 1b and
triamide le was carried out by complete amidation of an
equilibrium mixture of the diastereomers of 1b to
triamides le with retention of the predominance of one

Table 3. Spin-spin coupling constants Jigs5 of the pro-
tons of the ring and the alkoxy substituent for SN-alkoxy-
aziridines (in 9 : | CCly—CDCIl; mixture)

COMe, COMe,
Hy Hay

He come

A

I

co

by Meg 'C TRy
15N-2a

Com-  Confi- ZJHalSN ZJHLJSN 3JH115N SJH,QSN
pound guration Hz
ISN-1a R,R/S,S 9.5 0.5 3.4 -

’N-1a S,R/RS 98 0.5 3.2 —
I’N-2a 9.5 0.3 39 5.

N(3)

C( 003)

o
c3) C@)

Fig. 1. Molecular structure of triamide (.5,5)-1e.

Fig. 2. Projection of the molecule of triamide (S,5)-1e along
the C(5)—0(1) axis.

of the diastereomers (see Scheme 2). After their separa-
tion, it was demonstrated by 'H NMR spectroscopy
that the higher-melting diastereomer predominates in
the initial mixture. Its absolute configuration
[(S,8)-(+)-1e] was established by X-ray diffraction study
with respect to the asymmetric carbon center with the
known S-configuration (Fig. !, Tables 4—7). The con-
formation of the molecule is close to the above-consid-
ered form A (Fig. 2). The principal geometric param-
eters (see Tables 5 and 6) are almost equal to the values
observed in the derivatives of 1-alkoxyaziridine-2,2-di-
carboxylic acids studied previously.11:13.14 The crystal
structure is characterized by a network of intra- and
intermolecular H bonds as in the case of diamides of
unsubstituted 2,2-dicarboxylic acid and l-phenyl-
aziridine-2,2-dicarboxylic acids.?3

Taking into account the obtained structural data, the
causes of the change in the spin-spin coupling constant
2y LHp, Can be considered. By analogy with the known
decrease in the values of 2Jyn in the spectra of deriva-
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Table 4. Coordinates of nonhydrogen atoms (x10%) and iso-
tropic thermal parameters (Ueq) in the molecule of (S,5)-1e

Atom x y z Upqx103/A2
O(1) —4235(8) -—3930(13) —2149(3) 2.3(1)
Q(2) —2001(10) 846(195) —719(4) 3.4(2)
O(3) —5107(10) —8483(15) —3555(4)  3.5(1)
0O(4) —-972(9) —5277(14) —~4549(4) 2.8(H
N(l) —2326(10) ~3472(0) —2541(4) 2.0(1)
N() ~1779(12) —3547(17)  —608(5)  2.9(2)
N(3) —6151(12) —4477(18) —4067(5) 3.8(2)
N@) —949(11) —1267(19) —3951(4) 3.2(2)
C(1) —4737(13) —6158(20) ~3658(5) 2.3(2)
C(2) —1457(12) -—3815(18) —~4010(4) 1.8(2)
C(3) —1213(12) —6024(19) —2587(3) 2.5(2)
C(4)y —2576(12) —4914(17) ~3349(5) 1.6(2)
C(3) —4471(12) ~—1605(i8) —1663(5) 2.1(2)
C(6) —2634(12) —-1364(21 —934(3) 2.2(2)
C(7) —6638(16) ~—1985(22) ~1335(6) 4.0(2)

Table 5. Bond lengths (d) in the molecule of (§,5)-1e

Bond d/A Bond d/A
O(1)—N() 1.454(8) N(3)—C(1) 1.332(12)
O(—C(5) 1.441(11) N4)—C(2) 1.334(13)
O(2)--C(6) 1.233(12) C(H)—C(4) 1.506(11)
03)—-C(1) 1.221(13) C(2)—C(4) 1.477(11)
O{4)—C(2) 1.222(10) C(3)—C(4) 1.502(10)
N(1)—C(3) 1.480(10) C(5)—C(6) 1.502(10)
N(1)—C(4) 1.492(9) C(5)—-C(7) 1.541(13)
N(2)}—-C(6) 1.320(13)

Table 6. Bond angles (w) in the molecule of (5,5)-1e

Angle w/deg Angle o/deg
N(D—0(1)—C(5) 105.5(5) C(1)—~C4)—C(3) 118.9(7)
O(1)—N(1)—C(4) 108.9(4) C(1)—C(#$)—-C(2) 114.7(6)
O()—N(H~C(3) 107.8(4) N(H—-C#H—C(3) 59.34)
C(3)—N(1)—C(4) 60.7(4) N(1)—C(4)—C(2) 117.1(6)
03)—-C(1)—N(3) 124.4(9) N1)—CH)—C(1) 117.8(6)
NG3)—C(H—C(4) 112.9¢8) O(—C(5)—C(7) 104.8(N
0(3)—-C(1H—C(4) 122.7(8) O(1)—C(5)—C(6) 110.9(7)
0(4)—~C(2)~N(4) 124.0(7) C(6)—C(5)—C(7) 110.8(6)
N(4)—C(2)—C(4) 116.7(7) N@2)—C(6)—C(5) 118.0(9)
O(4)~C(Q)—C(4) 119.2(8) O()—C(6)—C(5) 119.0(9)
N(1)—C(3)—C(4) 60.0(3) O2)—C(6)—N(2) 123.0(9)
C(2)—C(4)—C(3) 118.0¢6)

Table 7. Selected torsion angles (x) in the molecule of (S,5)-1e

tives of ethylene H,C=CHX as the electronegativity of
the B-substituent X decreases,?4 a decrease in the abso-
lute value of Jy g, in the serics of aziridines la—d is,

apparently, causcd by a decrease in the effective elec-
tronegativity of the N-alkoxy substituent as the +/ effect
of the R substituent in the CO,R group increases.
Apparently, the systematic decrease in the absolute value
of 2Jy p, in the case of the (S,R/R.S)-diastereomers
compared to (R,R/S,S)-aziridines la—e is also deter-
mined by a decrease in the effective electronegativity of
the N-alkoxy substituent.

To verify this suggestion, let us consider possible
stabilizing interactions, which lead to an increase in the
effective electronegativity of the oxygen atom (n,(0)—
o*(C—COX), ny(0)—o*(C—Me), and n (O)—s*(C—H)
for the (R,R/S,S)-diastereomers and n,(0)—c*(C—Me).
n4,(0)—c*(C—COX), and ny(O)—oc*(C—H) for the
(S,R/R,S)-diastereomers) based on the preferred confor-
matjons of the N-alkoxy groups. In these cases, inter-
actions between the maximum overlapping orbitals, which
have the minimum energy gap, are the governing inter-
actions. The effective overlapping of orbitals increases as
the values of the torsion angles between them approach 0°
or 180°.

According to the values of 3Jy 15y (see Table 3), the
N-—O~—C—H torsion angles in the diastereomers of
aziridine !N-1a and in molecules la—e are ~20°. As-
suming that the n (O) orbital is in an ant/ orientation
with respect to the lone electron pair of the N atom, and
the n,(O) orbital is parallel to the plane of the aziridine
ring, the np(O)—O-C—COOR, n,(0)—0—C—~Me, and
n,(0)—O—C—H torsion angles in the molecules of the
(R,R/S,S)-diastereomers and the n,(0)—0—-C—Me,
n,(0)—-0—C—COOR, and n,(0)—0O—C—H torsion
angles in the molecules of the (S,R/R,S)-diastereomers
are ~10°, ~40°, and ~160°, respectively. In view of the
equality of the torsion angles and the energy gaps, the
n(0O)—oc*(C—H) interaction in both diastereomers is
virtually identical and has no effect on the change in the
effective electronegativity of the O atom. The n(O)
orbital is a weaker inner donor compared to the nP(O)
orbital. The conditions of overlapping are worse for the
n,(0)—o*(C—C) interactions than for the n,(0)—
o*(C—C) interactions. Therefore, the n (O)—
o*(C—Me) and n,(0O)—c*(C—COOR) interactions are
substantially less efficient than the n,(0)—o*(C—~COOR)
and np(O)——o-*(C——Me) interactions, and they may be
ignored. The o*(C—COOR) orbital is a stronger inner

Angle t/deg Angle t/deg Angle t/deg

N(1)—0(1)—C(5)—C(6) 67.0(6) O(D—N()—C(3)—C(4) —102.1(6) N@—-C(2)—C4)—C(1) —122.4(8)

N(D—-O()—C(5)—C(7) —173.7(6) C(3)—N(1)—C(4)—C(1) —108.8(8) N(#)—C2)—C(4)—N(1) 22.0¢10)

CG3)—O()—N(H—C4) 150.4¢6) 0(3)—C(1)—C(4)—N(1) 97.7(10) O(1)—C(5)—C(6)—N(2) 32.8(11)

O(1)—N(1)—C(4)—C(1) —8.5(8) NG3)—C(D)—-C(4)—N(1) —84.0(9) O(1)~C(5)—C(6)—0(2) —147.6(8)

O(1)—N(1)—C(4)—~C(2) —151.8(6) O(3)—C(1)-—-C(4)—-C(2) —118.1(9) C(7)—C(5)—C(6)—0(2) 96.5(10)
0(4)—C(2)—C(4)—N(1) 155.0(7)
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acceptor than the o*(C—Me) orbital. Therefore, the
n,(0)—a*(C—COOR) interaction causes a more sub-
stantial increase in the effective electronegativity of the
O atom compared to the np(O)——c*(C—-Mc) interaction.
Correspondingly, the observed absolute decrease in the
value of ZJH_.,H for the (S,R/R,S)-diastereomers com-
pared to (R,R/bS,.S")—aziridines la—e may be due to a
decrease in the effective electronegativity of the N-alkoxy
substituent.

The occurrence of the np(O)—-c*(C—COX) and
n4(0O)—oc*(C—Me) interactions is evidenced by the data
of X-ray structural analysis of aziridine (S5,5)-le (see
Table 7). The small values of the torsion angles between
the interacting orbitals (the n,(0)—O—C—CONH, and
1,(0)—0-—C—Me angles are 23.7° and 6.3°, respectively,
because the N—O—~—C—Me angle is 173.7°) provide their
efficient overlapping and cause the corresponding changes
in the bond lengths (see Table 5), namely, the shortening
of the O(1)—C(5) bond (1.441 A compared to 1.459—
1.489 A for the comresponding bonds in the CO,Et
groups!423), the elongation of the C(5)—C(6) bond
(1.502 A compared to 1.490 A for the corresponding
bond in diamide of adipic acid), and the elongation of the
C(5)—C(7) bond (1.541 A compared to 1.390--1.493 A
for the corresponding bonds in the CO,Et groups).

It is known that introduction of p-acceptor substitu-
ents into the cyclopropane or aziridine ring causes an
elongation of the vicinal bonds because of delocalization
of the electron density from the bonding MO of the
o-donor to the antibonding MO of the p-acceptor. The
efficiency of delocalization increases as the torsion angle
between the interacting MOs increases. For aziridine
(S5,5)-1e, the C(3)—C(4) bond is 0.018 A longer than
that in unsubstituted aziridine (1.484 A), and the
C(4)—C(2) bond is 0.013 A shorter than that in diamide
of adipic acid (1.490 A), which may be due solely to the
occurrence of the ¢(CC)—p*(C=0) interaction because
of the favorable arrangement of the orbitals (the
C(3)—C(4)—C(2)—p*(C=0) torsion angle is smaller
than 8°).

Experimental

The 'H NMR spectra were recorded on Tesla BS-487C,
Varian HA-100, and Bruker WM-400 spectrometers (80, 100,
and 400 MHz) with Me,Si and HMDS as internal standards.

The melting temperatures were determined on a Boetius
microtable. The optical rotation was measured on a Polamat A
polarimeter in a 1-dm cell. Dimethyl ethers of (}4N)- and
(\3N)hydroxyiminomalonic acids were prepared according to a
procedure reported previously.S

O-Potassinm salt of dimethyl hydroxyiminomalonate. A
solution of KOH (3.82 g, 68 mmol) in MeOH (150 mL) was
added slowly to a solution of dimethyl hydroxyiminomalonate
(10 g, 62 mmol) in MeOH (50 mL). The reaction mixture
was kept at 20 °C for ~24 h. The precipitate that formed was
filtered off and crystallized froma 1 : 1 MeOH—Pr'OH mix-
ture. The salt was obtained as yellow crystals in a yield of 11 g
(90%), m.p. 290 °C (with decomp.).

(R)-(—)-Ethyl O-tosyl lactate. A mixture of a cooled
solution of R-(+)-ethyl lactate (5.0 g, 42 mmol)} in anhydrous
pyridine (35 mL) and a cooled solution of TsCl (16.]1 g,
85 mmol) in anhydrous pyridine (35 mL) was kept at 0 °C for
12 h. Then the reaction mixture was poured onto ice (150 g)
and extracted with Et;O. The extract was stirred with an
activated carbon for 0.5 h, filtered off, and concentrated. The
residue was crystallized from n-hexane. Tosylate was obtained
as white crystals in a yield of 9.5 g (83%), m.p. 34—35 °C
{with decomp.), {a]p?? —32.2° (¢ 6.36, MeOH). Found (%):
C, 57.65; H, 7.72. C{;H;40;3. Calculated (%): C, 57.69;
H, 7.69. 'H NMR (CDCly), &: 1.21 (t. 3 H, MeCH,, 3J =
7.0 Hz); 1.51 (d, 3 H, MeCH, 3/ = 7.0 Hz); 2.45 (s, 3 H,
MeCgHy); 4.11 (dq, 2 H, CH,0, ABX; spectrum, Av = 35 Hz,
2sg = =104 Hz, 3,y = 3Jgx = 7.0 Hz); 492 (g, 1 H,
CHMe, 3J = 7.0 Hz); 7.34 (d, 2 H, H arom.); 7.82 (d, 2 H,
H arom.).

Dimethyl (5)-(—)-(1-ethoxycarbonylethoxyimino)malonate
((8)-6). 18-Crown-6 (0.05 g) and a solution of (R)-(—)-ethyl
O-tosyl lactate (7.5 g. 36 mmol) in MeCN (50 mL) were
added to a suspension of O-potassium salt of dimethyl
hydroxyiminomalnate (7 g, 35 mmol). The reaction mixture
was stirred for 5 h and filtered off. The solvent was evaporated
in vacuo. The residue was purified by column chromatography
(L 40/100 silica gel, benzene as the eluent). O-Ester (5)-6 was
obtained as a colorless oil in a yield of 6.1 g (65%), np 1.4562,
[a]p?? —7.8° (¢ 3.6, MeOH). 'H NMR (CDCl;), 5: 1.28 (t.
3 H, MeCH,0. 37 = 7.0 Hz); 1.55 (d, 3 H, MeCH, 3/ =
7.1 Hz); 3.88 (s. 3 H, MeQ); 3.92 (s, 3 H, MeO); 4.21 (dq,
2 H. CH;0, ABX; spectrum, Av = 45 Hz, 2/, = —10.7 Hz,
Sax = ¥px = 7.0 Hz); 4.93 (g, 1 H. MeCH, ¥/ = 7.1 Hz).

Determination of the optical purity of O-ester (5)-6. A
solution of O-ester ($)-6 (0.1 g, 0.38 mmol) in concentrated
HCI (5 mL) was boiled for 3 h. The solvent was evaporated
in vacuo, and the residue was crystallized from a PiOH~—Et,0
mixture. (S)-(—)-2-Aminohydroxypropionic acid hydrochlo-
ride was obtaincd in a yield of 38 mg (76.3%), m.p. 126—
127 °C (with decomp.), [a)p!'® —105.4° (¢ 2.5. MeOH). Pub-
lished data:'” m.p. 125—127 °C (with decomp.), [a]p!®
—113.5° (¢ 2.5, MeOH).

(5,5)- and (R,5)-1-(1-Carbameylethoxy)aziridine-2,2-~
dicarboxamides (le). A solution of O-ester (5)-6 (2.0 g,
7.7 mmol) in an excess of an etherea] solution of CH;N, was
kept at —5 °C for one month. Then the reaction mixture was
decomposed with a catalytic amount of Et;O-BF; at this
temperature (until elimination of nitrogen ceased), filtered off,
and evaporated in vacuo. According to the 'H NMR spectrum
(see Table 1), the residue was a 60 : 40 mixture of diastereo-
mers (S,5/R,S)-1b. The residue was dissolved in anhydrous
MeOH (25 mL). Then a solution of NH3 (2.0 g, 11.8 mmol)
in anhydrous MeOH (50 mlL) was added. The mixture was
kept at 25 °C for 25 days and concentrated in vacuo. The
residue was crystallized from absolute PriOH. Triamide (S,5)-1e
was obtained in a yield of 70 mg (4.2%), m.p. 204—206 °C,
[a]p?? +32.1° (¢ 0.5, MeOH). Triamide (R,S)-1e was obtained
in a yield of 0.1 g (6.0%), m.p. 196~—198 °C, [a]p?® —19.31°
(¢ 0.5, MeOH).

(15N)Dimethyl (1-methoxycarbonylethoxyimino)malonate
(4a). Finely dispersed K,CO5 (1.66 g, 12 mmol) was added
with cooling to a solution of ('N)dimethyl hydroxy-
iminomalonate (1.61 g, 10 mmol) in MeCN (25 mL). The
reaction mixture was stirred for 30 min until the solution
turned yellow. Then a solution of methyl 2-chloropropionate
(1.5 g, 12 mmol) in MeCN (10 mL) was added, and the
reaction mixture was stirred for 1S h. The mixture was poured
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into ice water (100 mL) and extracted with Et;0. The extract
was dried with MgSO,4 and concentrated in vacuo. The residue
was distilled. Ester 4a was obtained in a yield of 1.61 g
(65%), b.p. 140 °C (2 Torr), np°® 1.4540. 'H NMR (9 : 1
CCl,—CDCl; mixture), &: 1.43 (d, 3 H, MeCH, 3J = 7.1 Haz);
3.76 (s, 6 H, 2 MeO); 3.79 (s, 3 H, MeO); 4.76 (dq, 1 H,
CHO, 3415y = 2.3 Hz).

(!>N)Dimethyl (methoxycarbonylmethoxyimino)malonate
(4b). O-Ester 4b was prepared as described above in 80% vyield,
'H NMR (9 : t CCly—CDCl3 mixture), 8: 3.80 (s, 3 H, MeO);
3.88 (s, 3 H, MeQ); 3.90 (s, 3 H, Me0);4.78 (d, 2 H, CH,0,
Sqisy = 4.2 Hz).

Dimethyl (ethoxycarbonylmethoxyimino)malonate was pre-
pared as described above, the yield was 80%, b.p. 143 °C
(2 Torr), m.p. 37.5 °C. Found (%): C, 43.67; H, 5.34,
N, 5.53. CgH3NO;. Calculated (%): C, 43.73; H, 5.31;
N, 5.67. 'TH NMR (CCly), 8: 1.22 (1, 3 H, MeCH,); 3.82 (s,
3 H. MeO); 3.84 (s, 3 H, MeO); 4.18 (q, 2 H, MeCH,,0,
37 = 7.0 Hz): 469 (s, 2 H, CH,0).

(15N)Dimethyl 1-(methoxycarbonylethoxy)aziridine-2,2-
dicarboxylate (15N-1a) and (!5N)dimethyl (1-methoxy-
carbonylethoxyimino)succinate (5a). A solution of ester 4a
(1.17 g, 43 mmol) in an excess of an ethereal sofution of
CH,N, was kept at 20 °C for 2 weeks. Then the solution was
filtered and concentrated in vacuzo. A mixture of aziridine
I5N-1a and O-ester 52 was obtained in a ratio of 3 : 1
(according to the integral intensity of the signals of the ester
groups in the 'H NMR spectrum) as an yellowish oil in a yield
of 11 g The mixture was chromatographed on a column
(L 100/160 silica gel, benzene as the eluent). Aziridine °N-1a
was obtained in a vield of 0.68 g (56.4%), np?® 1.4592.
Compound 5a was identified from the 'H NMR spectrum
(9 : 1 CCl4—CDCl; mixture), 8: 1.55 (d, 3 H, MeCH, ¥/ =
7.1 Hz); 3.64 (ddd, 2 H, CHAHB, ABX spectrum, Av =
44 Hz, 2!,\3 = —16.0 Hz, 3Jy,asn = 15y = 1.5 Ha):
371 (s, 3 H. MeO); 3.76 (s, 3 H. MeO); 385 (s, 3 H, MeO),
4.89 (dq. 1 H CHO, 3Jyisy = 2.4 Hz).

(15N)Dimethyl 1-(methoxycarbonylmethoxy)aziridine-2,2-
dicarboxylate (15N-2a) and (15N)dimethy! (methoxycarboayi-
methoxyimino)succinate (5b). Aziridine 1*N-2a and O-ester
5b were obtained from O-ester 4b in a ratio of 3 : | according
to an analogous procedure. The yield of I5N-22 was 068 g
(58%), np® 1.4952. Compound 5b was identified from the
'H NMR spectrum (9 : | CCl;—CDCI; mixture), §: 3.61 (d,
2 H, CCH,, 3Jgisy = 1.1 Hz): 3.71 (s, 3 H, MeO); 3.78 (s,
3 H, MeQ); 3.87 (5, 3 H, MeO); 479 (d, 2 H, CH,0,
SJyisy = 4.1 Haz).

Dimethyl 1-(ethoxycarbonylmethoxy)aziridine-2,2-di-
carboxylate (2b) and dimethyl (ethoxycarbomylmethoxy-
imino)succinate. Aziridine 2b and dimethyl (ethoxycarbonyi-
methoxyimino)succinate were obtained from dimethyl {ethoxy-
carbonylmethoxyimino)malonate in a ratio of 3 : I by a pro-
cedure analogous to that described above. The yield of aziridine
2b was 66.7%. np2® 1.4960. Found (%): C, 45.86; H, 5.91;

, 5.44. C;gH[5NO;. Calculated (%): C, 45.97; H, 5.78;
N 5.36. Succinate was identified from the 'H NMR spectrum
(CCly), 3: 1.23 {t, 3 H, MeCH,, 3/ = 7.0 Hz); 3.55 (s, 2 H,
CCH,); 3.60 (s, 3 H, MeO); 3.76 (s, 3 H, MeO); 4.13 (q,
2 H, MeCH,); 4.66 (s, 2 H, CH,0).

1- (Carbamoylmethoxy)aundme -2,2-dicarboxamide (2e).
Liquid NH3 (0.5 g, 29 mmol) was added to a solution of
aziridine 2a (1 g, 3.8 mmol) in anhydrous MeOH (20 mL)
containing a catalytic amount of MeONa. The reaction mix-
ture was kept at 20 °C for 3 days and concentrated in vacuo.
The residue was crystallized from PriOH. Amide 2e was ob-

tained as colorless crystals in a yield of 0.6 g (78.2%). m.p.
94--96 °C. Found (%): C, 35.64; H, 4.94; N, 27.74.
CeH N4O4. Caleulated (%): C, 35.64; H, 4.95; N, 27.72.

X-ray diffraction study of aziridine (S,S5)-le was carried
out on an automated NONIUS CAD-4 diffractometer (Mo-
Ka radiation, graphite monochromator, 6/28 scanning tech-
nique. 8y, = 26°). A towal of 1125 independent reflections
were measured of which 661 reflections with 1 > 2a(/) were
used in the solution of the structure. Colorless crystals of
(5.5)-1e (C7H 53N4O4, M = 216.1) are monoclinic, at 20 °C,
a= 6230(1) A, b= 5085(1) A, ¢ = 16.2452) A, B =
98.77(1)°, ¥V = 3102 A3, dy. = 1406 g cm™3, Z = 2.
F(000) = 228, space group P2,.

The structure was solved by the direct method using the
MULTAN-80 program and refined isotropically by the full-
matrix least-squares method using the SHELX-76 program.
The positions of the H atoms were calculated geometrically
and refined using the riding model. The refinement converged
to R = 64%, GOF = 1.25. The molecular geometry and
crystal packing were calculated using the PARST program.

This work was financially supported by the INTAS
(Grant 94-2839) and the Russian Foundation for Basic
Research (Project No. 97-03-33021).
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