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2 -Methy l -N-aminoe thy len imine  was synthes ized by the c lass ic  Wenker method and by amina -  
tion of 2 -methyle thy len imine  with hydroxylamine-O-su l fon ic  acid in alkaline media .  NMR 
spec t roscopy  indicated the fo rmat ion  of exclus ive ly  the t r a n s - i n v e r t e d  i somer ,  the pyramida l  
s tabi l i ty  of the he te roa tom of which, as in N-aminoethylen imine  [3-5], is p r e s e r v e d  over  a 
b road  range of t e m p e r a t u r e s .  The hydrazones  of N-aminoethylenimine  are  c h a r a c t e r i z e d  
by an apprec iab ly  iower  pyramida l  s tabi l i ty  of the ni t rogen than that a s soc ia t ed  with p a r t i -  
cipation of its unshared  e lec t ron  pa i r  in p, 7r conjugation with the ~r e lec t rons  of the C = N 
bond~ The invers ion  b a r r i e r  in the hydrazones  d e c r e a s e s  symbat ica l ly  with an inc rease  in 
the degree  of the indicated in teract ion.  However ,  the dec rease  is insufficient to f r eeze  f ree  
rota t ion about the n i t rogen-n i t rogen  bond up to -80% 

After  the appearance  of R obe r t s '  [2] appl icat ion of NMR spec t roscopy  to de te rmine  the ra te  of i nve r -  
sion of the ni t rogen a tom in ethylenimine der iva t ives  this r ing  became  the subject  of intense invest igat ions 
in this direct ion.  

In 1966 we f i r s t  detected the stable pyramida l  s t ruc tu re  of the ni t rogen a tom in the N-aminoe thy l -  
enimine (I) molecu le .  The NMR spec t rum of I, de te rmined  at 40 MHz for  a 25% solution in CC14, contained 
a complex  mult ip le t  of the AA'BB'  type for  the protons  of the ethylenimine ring, with an average  posit ion 
of the resonance  absorp t ion  of the r ing  protons at 8.56 ppm.  F o r  c la r i ty  we will reproduce  here  the NMR 
spec t rum of I (Fig. 1) which we obtained at that t ime and published in [3]. The constancy of this spec t rum 
over  a b road  range of t e m p e r a t u r e s  a t tes ted  to the significant  pyramida l  s tabi l i ty  of ni t rogen in this m o l e -  
cule [4, 5]. 

After us, in 1967-1968 Kostyanovskii and Brois reported a similar phenomenon for N-chloroethyleni- 
mine [6], 2,2-dimethyl-N-chloroethylenimine [6, 8], 2,2,3,3-tetramethyl-N-chloroethylenimine [7], their 
corresponding bromo derivatives [6-8], and for N-aminoethylenimine and 2,2-dimethyl-N-aminoethylenimine 
[5]. 

Thus, the stable pyramida l  s t r u c t u r e s  for  ni trogen,  f i r s t  es tab l i shed  by us, were  subsequently con- 
f i rmed  in the case  of a number  of other  e thylenimine de r iva t ives .  In the p roce s s ,  Bro i s  and Kostyanovski i  
were  able to isola te  individual cis and t rans  invers ion i s o m e r s  for  2 -a lky l -N-ha loe thy len imines  [6, 8, 9]. 

In 1969 Kostyanovski i  [9, 10] r epo r t ed  the synthes is  and isolat ion of optical ly act ive i s o m e r s  of 2-  
methy l -N-ha loe thy len imine  with an a s y m m e t r i c  pyramida l  ni t rogen and a s y m m e t r i c  Czo 

Continuing our sys t emat i c  invest igat ions of the c h e m i s t r y  of I [1, 3], we synthes ized and isola ted the 
s table  t r ans  invers ion i s o m e r  of l - a m i n o - 2 - m e t h y i e t h y l e n i m i n e .  

*See [1] for  communica t ion  VI. 
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Fig.  1. NMtl spect rum of 1-aminoethylenimine~ 

Fig~ 2~ NMtt spect rum of 2 -methy l - l - aminoe thy len imine .  
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1-Amino-2-methyle thylenimine  (II) was synthesized via both the c lass ic  Wenker method, i~ o, cyc l iza-  
tion of the sulfate e s t e r  of 1-hydraz ino-2-propanol  (III), and by amination of 2-methylethylenimine (IV) with 
hydroxylamine-O-sul fonic  acid in alkaline media:  

6"~SOCH(CHa)CH~ NH2NH2. NaOlt. N ~ N H 2  H2NOSOaHOH" 

I I I  I I  IV 

Pure  II was isolated by prepara t ive  gas-l iquid chromatography.  

The NMR spect rum of II (Fig. 2) contains a single doublet f rom the methyl protons (T=8.94 ppm), a 
singlet f rom the amino group protons (z= 6~ ppm), and a cha rac te r i s t i c  mult iplet  f rom the r ing protons of 
the ethylenimine r ing (centered at 8.6 ppm), and no changes whatsoever  in the cha rac t e r  and position of the 
resonance  signals f rom the methyl protons and the he te ro r ing  protons are  observed f rom 25 to 135~ Con- 
sequently, the substance that we isolated is not a mixture  of the two expected cis and t rans  inversion iso-  
m e r s  but has the s t ruc ture  of only one of them. The most  l ikely s t ruc ture  should of course  be the t rans  

TABLE 1~ NMR Spectral  P a r a m e t e r s  of N-Aminoethylenimine and 
Its Derivat ives 
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and HC= 
tr~ans proton,, CH~--c CH3C= 
of the 
hetero ring 

aromat- ~ 
ic Pr~ I~ ~ 
tons 

~N--NH 2 
tI~C\/CH3 

~ N--NH2* 
H3C\ 

I~N--N =C(CH~) 2 

] /N  --N~CHCIf 3 

~N- -  N~CIt C6H 5 

~.,~ N ~ N =CHC6H~N O~-p 

*Data of [5]. 
tAt  -20~176 

I 8,77; 8,34 

&90; '8,37 

8,6 8,94 

8,,413; 8,1~0 

8,38; 8,1'2 

8,11; 7,95 

7,90; 7,74 '? 

8,94; 8,73 

8,24:8,05 

8,23 I 2~ 

,54 ,:8 
1 , 5 8  

.~,8 

2,48 

�9 1t50 > 2 2  

.ltSO >22 

- >22 

I35 21 

.01 20 

64 18 

30 16, 

42 



form.  The chemical  shifts for the CH~ protons in the spect ra  of the substance isolated by us, which co-  
incide with those for  the protons of the more  shielded methyl group of 2,2-dimethyl-N-aminoethylenirnine 
[5], are in agreement  with this. Moreover,  one should bear  in mind that great  shielding of the CHa protons 
in the t rans i somers  is known for  2-methyl -N-haloethylenimines  [8, 9]. 

As recent ly  shown by quantum-chemical  calculations, the pyramidal  stabili ty of the nitrogen atom in 
I is mainly due to mutual repulsion of the unshared e lec t ron pairs  of the two nitrogen atoms [11]. The in- 
c reased  rate of inversion of ni trogen in the bisazir idine molecule [] 2] can be explained from these positions, 
since the energy of mutual repulsion of the unshared e lectron pairs  of the nitrogen atoms in this case is de- 
p res sed  because of conjugation of the la t ter  with the e lectron sys tem of the heteroring~ 

On the basis of what has been stated, a study of the pyramidal  stability of the nitrogen atom in the 
hydrazones of 5, which contain an exocyclic,  sp2-hybridized nitrogen atom [1, 13, 14], is of considerable 

interest .  

We have found that, in contras t  to 5, its hydrazones a re  charac te r ized  by an appreciably lower pyra -  
midal stability of the heteroatom~ Table 1 shows that, in this respect ,  the hydrazones of a given ser ies  have 
coalescence t empera tu res  f rom 30 to 135 ~ depending on the substituents on the carbon atom. Table 1 also 
contains the free enthalpies of inversion (AG), calculated by us according  to the method in [15], and the NMR 
spectral  pa rame te r s .  

The pyramidal  stabili ty of the nitrogen atom in the hydrazoaes  of I apparently depends on two mutually 
competitive effects .  As a l ready stated, mutual repulsion of the unshared electron pairs  of adjacent atoms 
has a stabil izing effect. The r eve r se  effect should be expected from part icipation of the unshared electron 
pair  of the nitrogen atom in p, ~ conjugation with the ~ e lect rons  of the C = N bond. It is apparently p r ec i s e -  
ly this effect which is p r imar i ly  responsible for the considerable decrease  in the pyramidal  stability of the 
nitrogen of the investigated hydrazones,  as  compared  with 5 and II. In fact, the lowering of the inversion 
b a r r i e r  in hydrazones of I proceeds symbatical ly  with an increase  in the degree of p,~-interact ion.  In addi- 
tion, judging from the NMB spectra,  even the most  powerful p,~r-iateraction among the compounds studied 
(in p-ni trobenzylidene-N-arninoethylenimiae)  is insufficient to f reeze free rotat ion about the n i t rogen-n i t ro-  
gen bond {which, because of the indicated conjugation, has part ial ly double-bond character)  up to -80  ~ 

E X P E R I M E N T A L  

The NMR spect ra  were obtained with a YaMR-5535 TsLA spec t rometer  (40 MHz) equipped with an 
adapter  for thermosta t ing  the samples~ The compounds were investigated as 25-30% solutions in carbon 
te t rachlor ide  containing a small amount of te t ramethyls i lane (TMS) as the internal standard.  The chemical 
shifts were measured  by the side-band method with an accuracy  of +0.02 ppm. 

1-Hydraz ino-2-propanol .  Propylene oxide [70 rnl (1.0 mole)] was added dropwise with s t i r r ing  and 
cooling with an ice bath to 730 ml (15o0 mole) of hydrazine hydrate,  the tempera ture  of the mixture was 
ra ised  to room tempera ture ,  and it was then allowed to stand under these conditions for  1 ho The mixture 
was then heated on awa te rba th  to 70 ~ for 2 h. The excess  hydrazine hydrate was removed by distillation at 20 
turn, the residue was vacuum-disti l led,  and the fract ion boiling at 108-110 (4 rnm) was collected to give 80 
g (85%) of a product with nD z~ 1.4705. 

1-Hydraz ino-2-propanol  Sulfate (III)~ A total of 590 g (3.0 mole) of 50% sulfuric acid was added drop-  
wise with s t i r r ing  and cooling with an ice bath to 360 g of 507o aqueous 1-hydraz ino-2-propanol ,  and the mix-  
ture was held at room tempera tu re  for 2 h. The water was removed by distillation, initially at 20 mm and 
then at 3-5 mm and 110-112~ After cooling, the vi treous mass  was dissolved in 300 ml of water~ The com-  
pound was crys ta l l ized  f rom aqueous methanol (3:1) to give 250 g (70%) of a product with mp 219-220~ 

1-Arnino-2-methylethylenimine (5I). A) An aqueous alkaline solution of 350 g (2~ mole) of III was 
added at the rate of removal  of distillate to 500 rnl of 30% aqueous sodium hydroxide at the boiling point. II 
was concentrated by the addition of solid alkali under an inert  gas at a t empera tu re  no higher than 30~ The 
organic layer  was separated and dried over solid alkali for  10 h and then over calcium hydride. The ca l -  
cium hydroxide and hydride were f i l tered to give 98 g (70%) of 55~ The gas-l iquid chromatography of the 
products formed by Weaker cyclizat ion of III was s imi lar  to that described in [3]. The product had bp 114 ~ 
nD ~~ 1.4422, and dz 2~ 0.8941. 
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B) A solution of 29 g (0.025 mole) of hydroxylamine-O-su l fon ic  acid [17] in 100 ml  of wa te r  was added 
with s t i r r i n g  and cooling to 0 ~ to 53 g (1 mole) of IV [16] d issolved in 400 ml of 10% aqueous alkal i .  After  
the mix tu re  was allowed to stand at room t e m p e r a t u r e  for  1 h, the II was concent ra ted  by addition of solid 
alkal i  at 25-30 ~ under  argon.  The organic l aye r  was sepa ra t ed  and dried over  ca lc ium hydride.  II was 
isola ted acco rd ing  to the method in [3]. 

N-Aminoethylenimine  Hydrazones .  These  were  obtained via the methods in [1, 13, 14]. 
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