ASYMMETRIC INDUCTION OF MAGNETIC
NONEQUIVALENCE OF THE PROTONS
OF THE AZIRIDINE RING

R. G. Kostyanovskii, G. K. Kadorkina, UDC 541.63:541.67:547.71
and M. D. Isobaev

The disposition of ring protons (A) and (B) in aziridines with an asymmetric center in the nitrogen sub-
stituent is the same as that of the geminal protons in substituted ethanes (C). Thus under the conditions of slow
nitrogen inversion (on the NMR time scale) vicinal nonequivalence of the ring protons and carbons (A) can be
detected
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Compounds in earlier studies showed marked nonequivalence of the protons cis to the N substituent
(avep >Avyp) and identical geminal coupling constants (Jac = IBD) [1]. We have now found that 1-{a¢~phenyl-
ethyljaziridine [2] is an exception: avpp > Avep and Jac > dgp (Fig. 1), i.e., the difference Avyig cannot act
as an independent criterion for assigning the PMR signals of the cis and trans protons.

Under the conditions of rapid nitrogen inversion (B) the ring carbon atoms are equivalent. Thus we can
determine the activation parameters for nitrogen inversion at the coalescence temperature of the 3C signals
of these carbons [1, 3]. Under conditions (B) the ring protons should be nonequivalent, The PMR specira of
the aziridines described in [1] and of 1-(a-phenylethyl)aziridine above 100°C show a singlet from the ring
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Fig. 1., PMR spectrum of the ring protons
of 1-{a-phenylethyl)aziridine (100 MHz,
CCly, 6, Hz): 92.2 (D), 106.8 (C), 148.9 (B),
169.1 (A), 127.8 (Me), 211 (CH, Jpecy =

6.5, Jg‘f)’ = 7.0, leg = 5.6, Jffgns =3.75 Hz,

gem _ gem
JAC 0.9, JBD < 0.5 Hz.
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Fig. 2, PMR spectra of (I): a) at 60 MHz in CD;0D at —40°C
(ring protons and methyl groups); b) at 100 MHz in C;F, at
100°C (complete spectrum); Jog =16; Jaoc =5; Jgc =7 Hz.
Under the conditions of rapid nitrogen inversion the spectra
show magnetic nonequivalence of the ring protons (av = 12 Hz)
and methyl groups (Av = 2.3 Hz).

protons apparently as a result of the small values of Avpp. However, the expected A,B, spectrum of the ring
protons occurs for 1-(benzenesulfinyl)aziridine at 50°C [4]. The spectrum of dimethyl 8-(2,2-dimethylaziridin-
1-yl)succinate (I) with slow inversion reveals diastereomers differing in the chemical shifts of the ring CH,,.
Me,C, and COOMe groups [5] (Fig. 2). The equilibrium ratio of the diastereomers depends on the solvent. On
warming these gignals of the diastereomers coalesce (epimerization) [5], though under the conditions of rapid
inversion the protons of the CH, and Me,C groups are nonequivalent (Fig. 2) as a result of asymmetric induc-
tion (B). The related compound (II}, which lacks an asymmetric substituent, with rapid nitrogen inversion shows
singlet signals from the ring protons and methyl groups (Fig. 3).

An A,B, spectrum has also been detected for the protons of the azetidine ring with an asymmetric nitro-
gen substituent [6]

In nonaziridine systems the asymmetric induction of vicinal nonequivalent of the protons has been found
on derivatives of scopolamine and teloidine [7]. A rigidly oriented asymmetric center should induce magnetic
nonequivalence of the protons in the following derivatives of acetidine, pyrrolidine, and cyclopropane:

Hy Hg

To confirm this supposition we prepared derivatives of azetidine and pyrrolidine with an asymmetric

center in the o position of the substituent
ROOCCH=CHCOOR
(CHp),NH ————— (CH,),NCH(COOR)CH;COOR

n=3, R=Et (I1I);
n=4 R=Me (IV)

However, we were unable to prepare the desired methiodide, since Mel caused ring opening in (III)

MeX
(I11) = T(CHy);N(Me);GH(COOEt)CH,COOEt (V)
-
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Fig. 3. PMR spectra of (II) at 60 MHz in
CiFg: a) at —16°C under the conditions of
‘slow nitrogen inversion; b) at 110°C under
the conditions of rapid nitrogen inversion.

while the methiodide prepared from (IV) easily underwent Hofmann degradation in acetone

-MeQOCCH=CHCOO0Me

Mel +
(IV) —— (GH3),N(Me)CH(COOMe)CH,COOMe — CDuco - (CH;);NMe-HI (VD)
3)2 .

I~ (V)

The PMR spectrum of the cyclopropane (VIII) shows no distinctly observable nonequivalence of the vicinal ring
protons. In anh attempt to increase the asymmetry of the substituent we acylated (VIII) with bis (trifluoro-
methyl)ketone, but this was accompanied by rearrangement involving ring opening

{(CF3):C=C=0
CH,CH,CHC(OH)MePh ———————— (CF3),CHCOO(CH,),CH=C(Me)Ph
|
(VIII) (IX)

We were unable to prepare suitable compounds to investigate the asymmetric induction of magnetic non-
equivalence of protons and carbons in the nonaziridine systems. However, we do not doubt the generality of this
phenomenon, nor that it can be used for spectral analysis and stereochemical studies of carbocycles and het-
erocycles.

EXPERIMENTAL

The PMR spectra were recorded with Jeol JNM-C60-HL and Varian HA-100 spectrometers; chemical
shifts are referred to hexamethyldislane (internal standard) and CF,COCH (external standard).

Dimethyl 8- (2,2-Dimethylaziridin-1~-yl)succinate (I). A mixture of 2,2-dimethylaziridine (1.8 g) and di-
methyl maleate (3,6 g) was warmed at 50°C. Vacuum-distillation yielded dimethyl fumarate (0.3 g) followed by
() (4.3g,80%), bp 86°C (1 mm), n%’ 1.4467. Found: C 55.97; H 7.88; N 6.4%. CH{;NO,. Calculated: C 55.81;
H 7.90; N 6.51%.

B-(2,2-Dimethylaziridin-1-yl)ethyl Methyl Ketone (II). 2,2-Dimethylaziridine (3.6 g)and methyl vinyl ke~
tone (3.5g) in ether (30 ml) gave (II) (6.1g, 86%), bp 30°C (1.5 mm), n"B 1.4395. Found: C68.21; H 10.54; N 10.10%.
CgHysNO. Calculated: C 68.04; H 10.70; N 9.92%.
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.Diethyl Azetidin-1-ylsuccinate (III). A mixture of azetidine (1,14 g) and diethyl maleate (3. 45 g) was heated
for 2 h at 80°C. Distillation yielded (IfI) (2.3g, 50%), bp 112°C (0.5 mm), n} 1.4492. Found: C 57. 95; H 8.42;
N 6.84%. C;;H;gNO,. Calculated: C 57.63; H 8.30; N 6.11%, NMR Spectrum (100 MHz, CCl,, 6, ppm): 1.22 and
1.27 (MeCH,0); 4.08 and 4.16 (MeCH;0, J; = J, = 7.0 Hz); 2.2-2.68 (CH,); 3,27 (CH—N, JHCCHp = 8 JHCCHp =
6 Hz); 1,97 M (B-CH,); 3.27 M (a-CH,).

In an attempt to prepare the methiodide, (III) (1g) was treated with MelI (1.2 ml). After 24 h the mixture
was dissolved in acetone; ether was added until turbidity persisted and the reaction mixture was leftin a re-
frigerator, We isolated a yellow crystalline product (V) (0.3g, 13.6%), mp 75-76°C. Found: C 30.91; H 5.00;
N 2.95%. Cy3H,sNO,I,. Calculated: C 30.41; H 4.90; N 2.74%. PMR spectrum (100 MHz, acetone-dg, 6, ppm):
1.18 and 1.27 (MeCH,0); 4.1 and 4.3 (MeCH,0, J; = J, = 7 Hz); 2.35-2,75 (CH,l); 3.85-4.05 (CH,N); 3.52 and
3.56 (Me;N); 3.10-3,75 (CHy); 4.81 (CH, JHCCHp = 10, Jgccup = 4.0 Ha).

Dimethyl Pyrrolidin-1-ylsuccinate (IV). Reaction of pyrrolidine (1.4g) and dimethyl maleate (2.9g) fol-
lowed by vacuum-~distillation at 50-70°C (2 mm) yielded (V) (3.6 g, 83.7%), mp. 42-43°C. Found: C 55.68;
H 7.93; N6.57. C,yHy;NO,. Calculated: C 55.81; H 7,.91; N 6.51%. NMR spectrum (100 MHz, ccly, 6, ppm):
1.65 M (8-CH,); 2.68 M (@-CH,); 3.2-3.9 M (CH, CH,); 3.57 and 3.62 (MeO).

Dimethyl Pyrrolidin-1-ylsuccinate Methiodide (VI). A mixture of (IV) (1.8g) and Mel (3.9g, threefold ex-
cess) in ether (15 ml) was allowed to stand for two days at 20°C. The precipitate was removed and recrystal-
lized from acetone—ether. We obtained {VI) (1.5g, 50%, mp 86-88°C. Found: C 36.92; H 5.77; N 3.82%.
Cy{Hy,NO,. Calculated: C 36.97; H 5.60; N 3.92%. On dissolution in acetone-d, (VI} decomposed forming di-
methyl fumarate (5, ppm): 3.71 (MeQ); 6.7 (CH) (acetone-dy), and N-methylpyrrolidine hydroicdide (VI), mp
107°C, (3, ppm): 2.08 and 8-CH,); 3.37 m (¢~CH,); 2.86 (MeN) (acetone-dg).

Methylphenyleyclopropylmethanol (VIII) was prepared from methyl cyclopropyl ketone and phenylmagne-
sium bromide following [8], bp 130°C (22 mm), n% 1.5345, and also from phenyl cyclopropyl ketone and methyl-
magnesium iodide in 54.5% yield, bp 119-120°C (I4 mm), n2° 1,5352 [g].

3-Buten-1-yl Bis-2-(trifluoromethyl)acetate (IX). Reaction of bis (tr1f1uoromethyl)ketene (2.2 g) and (VIID)
29 at —70°C followed by distillation yielded (IX) (0.9 g, 21%), bp 95-97°C (1 mm]}, n 01.4612. PMR spectrum
(100 MHz, acetone-dg, 6, ppm): 2.0 (Me); 2.52 (CH,~CH=, JCH,CH, = JCH,CH = 7- 0 Hz); 3.85 (CH, Jgccp =
7.5 Hz); 4.27 (CH,0); 5.58 (CH=, JyCc=CCH, = ~1-4 Hz); 7.22 (Ph).. "¥F NAR spectrum: 6CF,—0.5 ppm. The
cis orientation of the proton and the CH, group follows from the value of JHC= CCH;,, since JHC— CCH, = -1.5

trans -
Hz and JHC CCH3 —0.8 Hz for o-methylstyrene [9].

We thank A. D. Aliev and E. P. Tyurina for making available 1-(a-phenylethyl)aziridine.

CONCLUSIONS

1. The PMR spectra of 1-{x-phenylethyl)aziridine under conditions of slow nitrogen inversion show vici-
nal nonequivalence of the ring protons, which is greater for the protons trans to the N substituent.

2. The PMR spectra of dimethyl 8- (2,2-dimethylaziridin-1-yl)succinate under the conditions of rapid
nitrogen inversion show magnetic nonequivalence of the ring protons and methyl groups.

3. Acylation of methylphenylcyclopropylmethanol with bis (trifluoromethyl)ketene results in anionotropic
rearrangement involving ring opening.
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