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65 ml (~1 .0  mole) of acetic acid was boiled for 2 hr, cooled, made 
alkaline, and extracted with benzene. The benzene extracts were 
dried with magnesium sulfate, the benzene was driven off, and the 
mixture was distilled in vacuum. In the range from 150 to 160 ~ C 
(6 mm) 10.0 g of a distillate crystallizing during distillation was 
collected. 

1 .4  g of the distillate was triturated with 10 ml of petroleum ether. 
The insoluble fraction was filtered off and the filtrate was evaporated, 
giving 1.1 g of a crystalIine mass with mp 69 ~ C (from hexane) form- 
ing a picrate with mp 199-200 ~ C (from ethanol). The substances 
obtained melted without depression in admixture with authentic sam- 
pies of sym-octahydroacridine and its picrate. The fraction insoluble 
in petroleum ether (0.2 g) was washed repeatedly with boiling water 
and the residue was recrystallized from ethanol, mp 191-192 ~ C. It 
gave no depression of the melting point with an authentic sample of 
12-hydroxy-Al~ (IV). The aqueous extracts were 
evaporated to dryness. The residue (about 0.1 g) had 157-158 ~ C 
(from acetone or dioxane) and gave no depression of the mp with an 
authentic sample of 5- azabieyclo[8, 4, 0]tetradecane- 6, 11 -dione (V). 

The reaction in an atmosphere of argon was carried out similarly 
and with the same amounts of substances. After heating for 2 hr, the 
mixture was made alkaline and extracted with benzene, the benzene 
extract was dried with magnesium sulfate, the benzene was driven off, 
and the residue was distilled in vacuum. The operations of drying, 
eliminating the benzene, and vacuum distillation were also carried out 
in an atmosphere of argon. 11.7 g of distillate was collected in the 
range from 120-135 ~ C (0.2 mm).  It consisted of a viscous liquid 
partially crystallizing on standing in a sealed vessel. 

A solution of 1.55 g of the distillate in 10 ml of heptane was oxi- 
dized with molecular oxygen. In 2 hr, 58 ml of O 2 was absorbed, 38 

ml of this having been absorbed in the first 10 rain. The precipitate 
of hydroperoxide that had deposited was filtered off m~d dried at 0 ~ C 
over paraffin wax, giving 0.5 g of the hydroperoxide of Ai~ 
hydroacridine (VII), mp 96 ~ C, showing no depression on fusion with 
an authentic sample. After the removal of the hydtoperoxide, the 
filtrate was evaporated to dryness, giving 0.9 g of sym-octahydro- 

acridine (III), mp 69 ~ C (from hexane). 
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By the PMR method we have established the existence of a high fre- 
quency of the inversion of the nitrogen atom in the molecules of ct- 
aziridin-l-ylalkoxysilanes. This is due to the fact that the high (be- 
cause of p~ - dzr bonding with the silicon atom) eleetronegativity 
of the oxygen atom in the Si--O--C--N system makes possible an 
interaction between the unshared electron pair of the nitrogen atom 
and the antibonding orbital of the C - O  bond. The latter, in its turn, 
increases the degree of P~r -- dTr bonding between the oxygen and 
silicon atoms (in these compounds the order of the Si--O bond is 
greater than in the alkoxysilanes). 

T h e  o ~ - a z i r i d i n - l - y l a l k o x y ( t r i e t h y l ) s i l a n e s  (I a n d  

II) w h i c h  w e  w e r e  t h e  f i r s t  to  s t u d y  b y  t h e  P M R  m e t h -  

od  a r e ,  a t  t h e  p r e s e n t  t i m e ,  t h e  o n l y  s y n t h e t i c a l l y  

a c c e s s i b l e  c l a s s  o f  a m i n o a l k o x y s i l a n e s  c o n t a i n i n g  a 

n i t r o g e n  a t o m  in  t h e  a p o s i t i o n  w i t h  r e s p e c t  t o  t h e  

o x y g e n  a t o m .  

It m i g h t  h a v e  b e e n  e x p e c t e d  t h a t  i n  t h e  m o l e c u l e s  

o f  t h e s e  c o m p o u n d s  t h e  e l e c t r o n i c  i n t e r a c t i o n  b e t w e e n  

t h e  s i l i c o n ,  o x y g e n ,  a n d  n i t r o g e n  a t o m s  w o u l d  h a v e  

a n  e x t r e m e l y  p e c u l i a r  n a t u r e  b e c a u s e  of  t h e  p o s s i b i l i t y  

of  t h e  d e l o e a l i z a t i o n  of  t h e  u n s h a r e d  e l e c t r o n  p a i r  of  

t h e  n i t r o g e n  on  t h e  a n t i b o n d i n g  o r b i t a l  o f  t h e  C - - O  b o n d .  

A s i m i l a r  i n t e r a c t i o n  i n  t h e  N - - C - - X  s y s t e m  h a s  

r e c e n t l y  b e e n  c o n s i d e r e d  w i t h i n  t h e  f r a m e w o r k  of t h e  

M O  L C A O  t h e o r y  [ 1 , 2 ] .  I t  w a s  f o u n d  t h a t  i n  t h i s  s y s -  

t e m  t h e  i n t e r a c t i o n  s h o u l d  b e  e n h a n c e d  to  a c o n s i d e r -  

a b l e  e x t e n t  b y  a n  i n c r e a s e  i n  t h e  e l e c t r o n e g a t i v i t y  of  

t h e  X - a t o m .  F u r t h e r m o r e ,  t h e  d e l o c a l i z a t i o n  of t h e  

u n s h a r e d  p a i r  of  e l e c t r o n s  of  t h e  n i t r o g e n  a t o m  o n  

t h e  a n t i b o n d i n g  o r b i t a l  of  t h e  C - - X  b o n d  i s  f a c i l i t a t e d  

w i t h  a p l a n a r  a r r a n g e m e n t  o f  t h e  v a l e n c e  b o n d s  of t h e  

N -  a t o m .  T h i s  i s  d u e  to t h e  f a c t  t h a t  t h e  o r b i t a l  o f  t h e  

u n s h a r e d  p a i r  of  t h e  n i t r o g e n  i s  c l o s e r  to  t h e  2p t y p e ,  

f a c i l i t a t i n g  i t s  m a x i m u m  o v e r l a p p i n g  w i t h  t h e  c o r r e -  

s p o n d i n g  o r b i t a l  of  t h e  C - - X  b o n d .  
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Chemica l  Shifts in the PMR Spec t ra  of the ~ - A z i r i d i n - l - y l a l k o x y -  
s i lanes  and of Ethoxyt r ie thy ls i lane  in CCI 4 Solution 

Com- 

pound 

II 

Ill 

Formula 

(C,Hs'3SiO?"N<I 

C6Hs 
(C2H5) aSiOCeH~ 

Chemical shifts (r, ppm 

Z CH~--Si 

9.49 

9,49 

9.30 

=CHa(Si) 

9.13 

9,13 

90,4 

I: CH3 z CH~ 

8.86 8.71 

--  i &53 

8.86 6.38 

";CH 

5.92 

5,13 

C6Hs 

2.74 

The r e su l t s  of ca lcula t ion  have been used to explain 
the anomalously  high ra te  of invers ion  of the n i t rogen 
atom in the molecu les  of the a z i r i d i n - l - y l m e t h a n o l s  
[2]. In these mo lecu l e s ,  the above-ment ioned  in t e r -  
act ion p roves  to be suff ic ient ly  g rea t  to d e c r e a s e  the 
energy  of the p lanar  s ta te  of the n i t rogen atom during 
its invers ion .  In addition to this,  r ep lac ing  the hy- 
drogen atom (o ~= 0.49) by m o r e  highly e l ec t ron -dona t -  
ing subs t i tuents - -benzyl  (*=  0.21) or methyl  (o* = 0.00) 
g roups- - lead ing  to a d e c r e a s e  in the e lec t ronega t iv i ty  
of the oxygen atom with r e s p e c t  to the az i r id inyl  
rad ica l ,  marked ly  lowers  the ra te  of invers ion  of the 
n i t rogen atom in compounds of the type of I)N---CH2OR. 

In the light of this informat ion,  in the Si----O--C--N 
sys tem that we studied the s i l icon atom, the f o r m a l  
e lec t ronega t iv i ty  of which is cons iderab ly  lower  than 
that of the carbon atom (~Si = 1.89 and ~<C = 2.43 [3]) 
should weaken the in te rac t ion  of the unshared pa i r  of 
e lec t rons  of the n i t rogen  atom with the antibonding 
orbi ta l  of the C--O bond. 

We have shown that in the PMR spec t r a  of a - a z -  
i r i nd in - l -y l e thoxy( t r i e thy l ) s i l ane  (I) and [ az i r id in -1 -  
y l (phenyl)methoxy] t r ie thyls i lane  (II), the s ignal  of 
the methylene protons  of the he t e rocyc le  is s inglet ,  
both at room t e m p e r a t u r e  and when the sample  is 
cooled to - 8 0  ~ C. This shows the e x t r e m e l y  high ra te  
of invers ion  of the n i t rogen atom in these  sys t ems ,  
which is observed  in spi te  of the compara t i ve ly  low 
e lec t ronega t iv i ty  of the s i l i con  atom. 

In addition, the spec t r a  of the compounds ment ioned 
dif fer  f r o m  the spec t rum of e thoxyt r ie thyls i lane  (III) 
by the r e l a t i ve ly  high values of the chemica l  shifts of 
the protons of the ethyl groups at tached to the s i l icon 
atom (see table),  which shows the high e l ec t ron  densi ty  
on the l a t t e r .  

Here  we apparent ly  encounter  the mutual s t rengthen-  
ing of the two types of in te rac t ions  with an inc rease  in 
the number  of par t ic ipa t ing  a toms.  In actual  fact ,  as 
shown prev ious ly  [4], the s i l icon atom in the Si---O--C 
sys tem is capable,  to a l a rge  extent,  of r a i s ing  the 
e lec t ronega t iv i ty  of the oxygen atom with r e spec t  to 
the carbon atom because  of Prr - drr in terac t ion .  This 

i nc rease  in e lec t ronega t iv i ty  apparent ly  leads to a 
cons iderab le  de loca l iza t ion  of the unshared pa i r  of the 
n i t rogen atom on the antibonding orb i ta l s  of the C--O 
bond in the molecu le s  of I and II which also explains 
the high f requency  of invers ion  of the he te rocyc le  even 
at low t e m p e r a t u r e s .  

In addition to this,  a pa r t i a l  i nc r ea se  in the e l ec t ron  
densi ty of the C--O bond p e r m i t s  the oxygen atom to 
par t i c ipa te  in Prr - drr in te rac t ion  with the s i l icon atom 
to a g r e a t e r  extent  than in the molecu le s  of the a lkoxy-  
s i lanes .  In the final account,  the o v e r - a l l  effect  of 
the two types of in te rac t ion  leads to a cons iderab le  
t r a n s f e r  of charge  f rom one par t  of the molecu le  (het- 
e rocyc le )  to the other  (s i l icon atom). 

EXPERIMENTAL 

The methods for synthesizing and purifying the compounds I and 
II studied, and their physicochemical constants and analytical data 
have been given previously [5]. 

The PMR spectra were obtained on a YaMR-5535 TsLA spectrometer 
with a working frequency of 40 MHz. The compounds were studied in 
the form of solutions in carbon tetrachloride or, at low temperatures. 
in dichloromethane (10-20 mole-%). Tetramethylsilane was used as 
internal standard. The spectra were calibrated by the side-band meth- 
od. The values of the chemical shifts were averaged from the results 
of not less than five measurements. The deviation did not exceed 
:L 0.02 ppm. 
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