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15N CHEMICAL SHIFTS IN AZIRIDINES
E. E. Liepin'sh, P. T. Trapentsier, UDC 547.717+543.422,25
and I. Ya. Kalvin'sh

For a number of l-substituted aziridines and also some 1,2-disubstituted aziri-
dines it has been shown that electron-donating substituents on the nitrogen atom
produce a downfield shift of the '*N resonance. The '°N chemical shifts of
aziridines correlate with the '°N shifts in N,N-dimethylamines and primary amines
as well as with the '70 shifts in oxiranes. A correlation is also observed be-
tween the '°N chemical shifts and the electronegativity of the substituents on
the nitrogen atom.

The >N NMR spectra of l-substituted aziridines have received very little study. The
chemical shifts of l-alkyl-substituted aziridines [1], l-arylaziridines {[2], and certain
aziridinephosphamides [3] have been reported. However, there has been no data up to now on
aziridines that contain alkyl radicals with acceptor substituents on the nitrogen atom. 1In
this connection we have obtained the '°N NMR spectra of a number of l-substituted aziridines
synthesized at the Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR,
as well as those of some previously unstudied 1,2-disubstituted aziridines (Table 1).

The '°N chemical shifts of l-substituted aziridines, as in the case of the 2-substi-
tuted aziridines that we previously studied [4], give a satisfactory correlation with the
Eg steric and o* induction constants of Taft.* Based on the data of [1]:

On=—3789—14.00"~9.4E. (r=0.942: s=3: n=15). (1)
For 2-substituted aziridines (including the data of [4]):
bn=—379.74+1.90" ~5.5E, (r=0.926: s=4.5: n=13). (2)

The larger steric effect on the shielding of nitrogen atoms in l-substituted aziridines in
comparison with 2-substituted derivatives is evidently due to the fact that in the latter
the substituent is remote from the center in question. The difference in sign of the
angular coefficient for the inductive effect in the two correlations is worthy of note.
Substituents that are joined directly to a nitrogen atom shift the '5N resonance signal
upfield as their electron-acceptor properties increase [equation (1)], while substituents
separated by one band, on the other hand, cause deshielding [equation (2)]. This is due
to the alternation in substituent effect on the electron density in the vicinity of the
nitrogen atom in relation to the number of bonds. In order to compare the inductive effects
at both positions of the heterocycle we took a number of l-methyleneaziridines (CHz).NCH:R
in which the substituent acts through the methylene bridge. 1In this case

tx=—3704+42.00*—1.0E; (r=0965. s=61 n=14). (3)

*Here and subsequently the data of [1-4) are also used in the correlatioms. The value of
o* and Eg are taken from [5, 6].
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TABLE 1. '°N Chemical Shifts of Substituted Aziridines I-XX

Com- lICom-
pound 1-R! 2.r: | 850 PP i 55ind IR 2.R- O, pmm
I [H H |-3004 | XI|CH,CiH; H —365.6
11 |CH. H {-3800 xnja H —3309
111 |CH,0H H |-3560 § XI|NH, H —338,1%°
I\ |CH.OCH: H |—-3635 | XIV|Si(CH.. H —3843
\" |CH.COOCH, H |-3749 XV|CH, CH: —3648
\'l |CH,C=CH H |=3730 | NVI|CH.N(CHa), CH. —350.7%8
VIt [CH,CH=CIl, | H |-3688 | NVI|CH;N{CH,CH:)2O {CHs — 3523+
VI |CH,CHLCN H |-367.4 [XVIL|NH. CH: —393.7%°
IX |CHoN(CHy)s H |-365.3 | XIX|CHOH COOCH,| =-3358
X [CH:N(CHy): H |-36574| xX|cCl COOCH,| -3188

*1For pyrrolidine nitrogen &y is -328.7 ppm.
*2por amino group 6N is —282.6 ppm.

*3por pyrrolidine nitrogen Sy is —321.6 ppm.
*“For morpholine nitrogen &y is —328.3 ppm.

It is evident that here an increase in acceptor properties of the substituent also leads to

a downfield shift and the contribution of the inductive effect is approximately the same as
in the 2-substituted aziridines. The difference in the steric effect is evidently due to the
different spatial position of the substituent relative to the nitrogen atom in the two series
of compounds.

According to equation 1) the signals freom the '*N nuclei in l-substituted aziridines,
just as for '3C nuclei in alkanes and '70 nuclei in alcohols [7), are shifted downfield with
an increase of negative o-charge on the nucleus. 1In the case of the '70 nuclei this fact is
accounted for [8] by the change in average excitation energy AE in the expression for the
paramagnetic component of shielding. In this case there is a parallelism between the
chemical shift and ionization potential, which can be taken as a gage for AE.

For mono-, di-, and tri-alkylamines there is also an antibatic relationship between the
'5N chemical shifts and the ionization potential of the nitrogen atom [9], in other words,
changes in AE in the expression for the paramagnetic shielding correctly account for the
trends in '°N resonance shifts in alkylamines. Unfortunately, at the present time there is
no information on ionization potentials of l-substituted aziridines that can be used to veri-
fy this hypothesis in the case of aziridines.

There are correlations between the '°N chemical shifts in aziridines and the correspond-
ing amines [10] as well as the '’0 chemical shifts in oxiranes [11].

8y 1-alkylaziridine _( 640%™ 41357 (r=0.987: n=6): (4)
salkylaziridine  _ | 735RN(CHY: 9464 (r=0953: n=5): (5)

b priridine - 06265 T —360,0 (r=0982: n=8). (6)
Similar correlations between the '°N chemical shifts in amino compounds and the corresponding
'®C chemical shifts in alkanes were recorded previously [10, 12]. By comparing the angular
coefficients in correlations (4) and (5) it can be observed that the sensitivity of the °N
chemical shift to electronic effects increases in the series: (CHa).N— < (CH,).N— < H,N-—.

Quite a different pattern emerges for aziridines in which there is a variation of sub-
stituent in the first coordination sphere. For such l-substituted aziridines the !°N
chemical shifts correlate with the electronegativity of the substituent [13] on the nitrogen
atom (Ey), the resonance signal being displaced downfield as the electronegativity increases:

DNCHINX =47 3F ¢ —482.2 (r=0.92): 7
X=H. CHs, CsHs. Si(CHg)s. Cl, Nlly, P(0) (OCHj)=.

Similar correlations were previously also observed for chemical shifts of other nuclei
[8, 14] and are accounted for by the change in total charge on the given atom, It is usual
to assume that with an increase in electromegativity of the substituent, compression of the
2p-orbitals of the nitrogen atom occurs, which leads to an increase in the paramagnetic con-
tribution to the shielding of the nitrogen atom.
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It follows from a comparison of the '>N chemical shifts in mono- and di-substituted
aziridines (Table 1) that the effect of substituents at the 2-position on 6N in this case
is similar to that in 2-substituted aziridines [4], while the effects of substituents on
the nitrogen atom in these molecules is approximately equal to the effects for l-substi-
tuted aziridines. This means that the substituents at the 1- and 2-positions affect the
shielding of 13N nuclei virtually independently of each other.

EXPERIMENTAL

*5N chemical shifts were measured at 30°C for 50% solutions in CDCls on a WH90/DS
spectrometer (9.12 MHz) relative to nitromethane-*°N as external standard. The recordings
were made to an accuracy of 0.2 ppm. The identity and purity of the samples were moni-
tored by readings from GLC and 'H NMR spectra.

l-Aminoaziridine (XIII). To a solution of 7.6 g (0.1 mole) of hydrazinoethanol in 100
ml of dry chloroform that contained no ethanol was added 26.1 g (0.1 mole) of triphenyl~
phosphine. Dimethyl azodicarboxylate (14.6 g; 0.1 mole) was added dropwise in an atmosphere
of nitrogen over 40 min at a temperature of 15-20°C. The reaction mixture was agitated for
1 h at room temperature and the reaction product was distilled off together with chloroform.
After repeated distillation on a fractionating column, 4.4 g (75%) of l-aminoaziridine
(XIII) was obtained, with bp 80-82°C (according to the method in [15], yield 35%, bp 82°C).

1-Methylaziridine (II1), 1,2-dimethylaziridine (XV), and l-amino-2-methylaziridine
(XVII1) were obtained in a similar manner.

Compounds III and IX were prepared from aziridine according to the method in [16]; X,
XVI, and XVII were synthesized according to [17], V and VIII were prepared according to the
method of Bestian [18], and XI by the method of [19]. Chlorination [20] and silylation
[21]) of aziridine gave compounds XII and XIV respectively. Compounds IV, VI, and VII were
synthesized by reaction of aziridine with alkylating agents [22]. Carbinol XIX was obtained
by us previously [23].

2-Methoxycarbonyl-l-chloroaziridine (XX). A solution of 9.24 g (0.22 mole) of sodium
hydroxide in 38.5 ml of water was cooled to —10°C and saturated with 8.0 g (0.11 mole) of
chlorine (from the increase in weight) at such a rate that the temperature of the mixture
did not exceed 0°C. To the mixture with agitation at —10°C was added dropwise 10.1 g (0.1
mole) of 2-methoxycarbonylaziridine [24]. Agitation was continued for 30 min at 0°C, then
the mixture was extracted with 25 ml of chloroform. The organic layer was separated, washed
with 2 x 50 ml of water, and dried. PMR spectrum (CDCl,): 2.48 (1H, d. d, J = 1.3 and 8.0
Hz, trans-3-H relative to the 2-methoxycarbonyl group); 2.60 (1H, d. d, J = 1.3 and 4.9 Hz,
cis-3-H); 2.94 (1H, d. d, J = 4.9 and 8.0 Hz, 2-H); 3.73 m. d. (3H, s, OCHs).
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SYNTHESIS AND LACTONIZATION OF 1-(2-HYDROXY-1,1-DIMETHYLETHYL)~
AZIRIDINE-2-CARBOXYLIC ACID ESTERS

0. N. Krutius, F, D. Polyak, UDC 547.717'464.3:542,97
and A. V. Eremeev

The reaction of 2,3-dibromopropancates with 2-amino-2-methyl-l-propanol in the
presence of triethylamine gave a number of 1-(2-hydroxy-l1,l-dimethylethyl)aziri-
dine-2-carboxylic acid esters, which, under the influence of basic catalysts, were
converted to a bicyclie lactone — 2,2-dimethyl-4-oxa-l-azabicyclo[4.1.0]heptan=5-
one. The effect of the structure of the substrate and the nature of the lactoniz-
ing agent on the rate of cyclization was studied. Two new catalysts for the cycliza-
tion of hydroxy esters to lactones, viz., CsF/Al,0; and Cs,C03/18-crown-6, are pro-
posed.

One of the most important methods for the synthesis of lactones is the cyclization of
hydroxy esters. In the overwhelming majority of cases it is carried out under the influence
of either strong mineral or organic acids or Lewis acids [1-4]. The lactonization of hydroxy
esters under the influence of bases is rarely used (see {5-7] for the most typical methods),
and the literature contains a limited amount of data on the use of basic reagents with no
comparison of the effect of basic catalysts on the effectiveness of lactonization.

In a previous paper [8] it was reported that a bicyclic lactone — 2,2-dimethyl-4-oxa-1-
azabicyclo{4.1.0]heptan-5-one — was obtained in the reaction of methyl 2,3-dibromopropanoate
with 2Z-amino-2-methyl-l-propanol.

Et,N, MeCN ;
BrCH,CHBrCO_Cl, + NILC(CH,).CH,0H -—— — ——e CH5 .
CH -

3
1

We have now isolated the intermediate in this reaction, viz., methyl 1-(2-hydroxv-1l,1-
dimethylethyl)aziridine-2-carboxylate (X), which gives lactone I under the influence of
bases.
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