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i l l ,  13C, and 29Si NMR S P E C T R A  OF 1 - M E T H Y L A Z A S I L A T R A N E  

S. N. T a n d u r a ,  V. A. P e s t u n o v i c h ,  
M. G. V o r o n k o v ,  G. I.  Z e l c h a n ,  
I. I. S o l o m e n n i k o v a ,  a n d  l~. Ya .  L u k e v i t s  

UDC 547.898'245 : 543.422.25 

Considerable shielding of the 1H and 29Si nuclei due to transannular n i t rogen-s i l icon coupling, 
which is expressed more clearly than in the case of silatranes, was established on the basis of 
1H, 13C, and 29Si NMR data for the methylsilyl group in 1-methyl-2 ,5 ,8 ,9- te t raaza- l -s i la t r icy-  
clo[3.3.3.01,5]undecane (1-methylazasilatrane) and a comparison of these data with the data for  
the methyl[tris(dimethylamino)]silane model. It is shown that the change in the hybridization 
of the silicon atom associated with the increase in its coordination number is not only reflected 
in the chemical shifts but also leads to an increase in 1JCH and 2Jsi H. 

We have measured the chemical shifts of the 1H, 13C, and 29Si nuclei and the constants of sp in-sp in  coup- 
lingbetweenthem for the methylsilyl group in the molecules of the recently synthesized 1-methyl-2,5,8,9-tetra-  
aza-l-silatricyclo[3.3.3.01,5]undecane [1-methylazasilatrane (I)] [1] and the model compound methyl[tris(di- 
methylamino)]sflane (II) (Table 1). 

I I I  

The existence of transannular n i t rogen-s i l icon coupling in the I molecule ensures appreciably greater ,  
as compared with II, shielding of the hydrogen and silicon-29 nuclei of the CH3-Si fragment. The difference in 
the 29Si chemical shifts in these compounds is also due to the paramagnetic contribution (+16 ppm) [2] of the 
three ,,additional', methyl groups attached to the nitrogen atom in model compound II. Thus the contribution of 
the N ~ Si coordinate bond to shielding of silicon-29 in 1-methylazasilatrane I is ~34 ppm. According to our 

data, the differences in the chemical shifts of silicon-29 between organylsilatranes RSi(OCH2CHD3N and the 
corresponding organyltriethoxysilanes RSi(OCH2CH3) 3 are 20-25 ppm. It may therefore be assumed that the 
transannular n i t rogen-s i l icon coupling in the azasilatranes is expressed more clearly than in silatranes. The 
lat ter  assumption is also in agreement with the results of a study of the dipole moments of these compounds [1]. 

The change in the hybridization of the silicon atom in the I molecule due to the increase in its coordina- 
tion number leads to an appreciable decrease in its electronegativity. This is reflected not only in the 1H and 

TABLE 1. Parameters  of the NMR Spectra of 1-Methylazasila- 
trane and Methyl[tris (dimethylamino) ]silane 

Corn- I Chemical shifts, ppm I. SSCC, Hz 
pound �9 8 ( ' H )  I [ ' ,c.  I =1,,., 

1 I J I I I --0,37 +2,46 --68,5 113,7 5,6 
I I  --0,01 -6,36 --16,3 117,2 6,3 
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29Si chemical  shifts but also in the 1JCH and 2Jsi H constants,  which are  lower in the case  of I than in the case  
of II. The shift  in the resonance  of the 13C atom in the methyl  group of I, as compared  with II. to weak field is 
apparent ly due to the change in the th ree-d imens iona l  s t ruc tu re  of the si l icon atom (the si l icon atom in s i la-  
t r anes  has a t r igonal -b ipyramidal  configuration, whereas  in si lanes it has a t e t rahedra l  configuration). An in- 
d i rec t  conf i rmat ion of this is afforded by the shift to weak field of the signals of the alkyl substi tuent in the 13C 
NMR spec t ra  of a lkyl t r ich loros tannanes  during complexing [3]. 

We noted s imi l a r  changes in 1JcH, 2JSiH, and 5 (13C) during a compar i son  of the NMR spec t ra  of methyl-  
t r ie thoxys  ilane. 

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

The synthesis  of I and II was descr ibed  in [1] The measu remen t s  were  made f rom 10% solutions of the 
compounds in ch loroform (with te t ramethyls i lane  as the internal  standard) with a Tesla  BS 487C NMR spec-  
t r o m e t e r  equipped with an adapter  (developed in the Irkutsk Institute of Organic Chemist ry ,  Siberian Branch of 
the Academy of Sciences of the USSR) for  he te ronuc lear  IH-- (29Si) double resonance  [4] 
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The corresponding 5-subst i tuted compounds a re  fo rmed  in the halogenation, nitration, and 
diazo coupling of 1 ,3 ,3 - t r ime thy l -6 ' -n i t ro indo l ine -2 -  sp i re-2  ' - [2 H]chromene.  

A large  amount of r e s e a r c h  has been devoted to synthetic and photochemical  studies in the se r i e s  of pho- 
tochromic  sp i rochromenes ,  but ve ry  Iittle study has been devoted to the chemical  p roper t i e s  of these com-  
pounds, which a re  of importance in both a theoret ica l  and prac t ica l  respec t .  Continuing our  r e s e a r c h  on the 
reac t iv i t i es  of indol inespi rochromenes  [1], we accomplished the halogenation, nitration,  and diazo coupling of 
sp i rochromene  I. 

Ch. C113 CH a CB 3 

~ ~ N O ~  NO 2 

i Jla-d 

II a R=NO2; b R = B r :  c R=CI; d R =4-NO2CeH+N=N 

The ni t ra t ion of sp i rochromene  I by the action of ni t r ic  acid in acet ic  anhydride or  in concentra ted sul-  
fur ic  acid and by t rea tment  with sodium ni t r i te  in acet ic  acid and subsequent oxidation of the result ing ni t roso 
compound by a i r  oxidation lead smoothly to the corresponding 5-ni t ro-subs t i tu ted  sp i rochromene  (IIa). We 
conf i rmed the s t ruc tu re  of the sp i rochromene  by a l ternat ive  synthesis  f rom 5 - n i t r o - l , 3 , 3 - t r i m e t h y l - 2 - m e t h y l -  
eneindoline (V) and 5-ni t rosal icyla ldehyde:  
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