
producus were extracted with ether.  The residue af ter  driv ing o f f  the ether from the extract  
w a s  c r y s t a l l i z e d ,  In the ZR spectra of the amines ( in gBr), bands of s t re tch ing  v ibrat ions  
of  the b o u n d  NRa group were o b s e r v e d  s t h e  3 2 0 0 - 3 4 5 0  cm " a  r e g i o n .  
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DETERMINATION AND PROOF OF STRUCTURE OF MONOSUBSTITUTED DIHYDROSILAAZANTHRONES 

ON THE BASIS OF PMR SPECTRA 

N. S. Prostakov, A. A. Fomichev, 
N. I. Golovtsov, A. V. Varlamov, 
Islam Nazrul, and V. M. Polosin 

UDC 543.422.25:547.823'819 

PMR spectra have been used in establishing the structure of ten bromo-, nitro-, 
and amino-substituted 10,10-dimethyl-10-sila-2-azaanthrones. Anomalous effects 
of NO2 and NH2 groups adjacent to the carbonyl carbon have been observed and ex- 
plained; these effects are related to the specific geometry of these molecules. 

One of the areas in studying silaazaanthrones that we have synthesized [i] is the deter- 
mination of relationships in their substitution. The geometry of the planar molecules, 
which is determined by the substantially different lengths of the C--C and C--Si bonds [2] 
(Fig. i), may influence the orientation of substituent entry and the chemical properties of 
the resulting compounds. 

~ ~ " ," �9 ............. 3 R2 "~ CH3"SI "CH~/R~ "\"~ 

R ~ N  

R 4 

I~Xl l  

I, I I I 'V I ,  VIII--XlI R~=I-I; II R~=NOfi VII R1=Br; I, II, IV--VII, IX, XI, XII 
R2=H; Ill  R2=NO~; VIII R2=Br; X R~=NH~; l--II l ,  V--Xll R~=H; IV R3=NO~; 
I--IV, VI--VIII, X, Xll R~=H; V R4=NO2; IX R4=Br; XI R4=NH2; I~V, VII--XI 

RS=H: VI Rs=NO:~; XII RS=NH~ 

Upon nitration of lO,lO-dimethyl-9,10-dihydro-lO-sila-2-azaanthracene and the corres- 
ponding silaazanthrone I in our laboratory, we obtained 10,10-dlmethyl-4- (II), -5- (III), 
-6- (IV), -7- (V), and "8- (VI) -nitro-10-sila-2-azaanthrone. We isolated as the bromine 
derivatives 10,10-dimethyl-4- (VII), -5- (VIII), and -7- (IX) -bromo-10-sila-2-azaanthrone. 
The nitro derivatives III, V, and VI were reduced to the corresponding amino derivatives X, 
XI, and XII. 

The position of the substituents in compounds II-XII was determined from an analysis 
of PMR spectra (Tables 1-3). Any ambiguity in such structural analysis was eliminated by 
performing a comparative investigation of increments in chemical shift and SSCC in relation 

P. Lumumba Peoples' Friendship University, Moscow 117923. Translated from Khimiya Geterotsik- 
licheskikh Soedinenii, No, ii, pp. 1532-1535, November, 1985. Original article submitted 
September 29, 1984. 
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to the unsubstltuted silaazaanthrone X, and also by using the P ~  spectral parameters of 
the 6-nitro derivat ive  ZV that we had ~ound prevs [3].  These compounds were used as 
models in determs the pos i t ion  of the nitro  sroup in the other ns der ivat ives .  The 
increments in  chemical s h i f t  upon subst i tut ion  in the phenylene ring,  as expected, proved 
to be similar to the correspondin8 increments for monosubstituted benzenes [4] in a l l  cases 
other than compounds VX and XXI (Table 2).  Also ident i ca l  with the charac ter i s t i c s  os sub- 
s t i tu ted  benzenes were the changes in SSCC under the inf luence of the subst i tuents  (Table 3).  
For example, we found increases in sJHH of the ortho-protons (J~ , ,  in I l l ,  VIII, X,and XII, 
and JT,s in  IV, Table 3) and ~JHH of protons  separa ted  by a s u b s t i t u t e d  carbon atom ( J s , ,  in 
IV, and Jo,s  in V, IX, and XI). According to the PMI~ s p e c t r a l  da t a ,  in the example of the 
n i t r o  d e r i v a t i v e  I I  and the bromo derivat ive  VII (Tables 1-3) ,  we e s t a b l i s h e d  a case t h a t  i s  
r a re  for  such systems,  in  which the nitro group and the bromine atom are  a t t ached  to the 
py r id ine  r ing  upon e l ec t rophs  s u b s t i t u t i o n .  

The 8 - s u b s t i t u t e d  s i l a a z a e n t h r o n e s  VI and XII mer i t  s p e c i a l  a t t en t i on~  in  these  com- 
pounds, anomalous e f f e c t s  of  the s u b s t i t u e n t s  are manifested, both in the chemical s h i f t s  
and in the SSCC (Tables 2 and 3).  The source of  these anomalies i s  the c loseness  of  the 
substitutent in the C(,) p o s i t i o n  to the carbonyl  oxygen, characteristic for  silaazaanthrone 
molecules (Fig. i). ~n the case of the 8-nitro derivative VI, this creates a major sterlc 
hindrance to the usual, most favorable planar orientation of the nitro group bonded to the 
aromatic ring. Another important factor here may be electrostatic repulsion of the oxygen 
atoms of the carbonyl and nitro group. In the nonplanar conformation (Fig. 2), which in 
this case proves to be the preferred conformation, the influence of the nitro group with 
respect to the mesomeric mechanism is eliminated; and as a consequence, there is no down- 
fleld increment of the chemical shift os the S-H proton for compound VI (--0.04 ppm, Table 2). 
The increment of chemical shlft of the ortho-proton 7-H in the nitro derivative VI is also 
very small, 0.22 ppm in contrast to 0.8-9 ppm for the ortho-protons in the 5- and 7-nitro 
derivatives III and V (Table 2) and nitrobenzeues [5], in spite of the fact that the non- 
planar conformatioudoes not eliminate the influenceof the nitro group with respect to the 
inductive mechanism. Such a deshielding effect is apparently compensated to a large degree 
by the influence of the magnetically anisotropic nitro group (Fig. 2), which gives an up- 
field contribution to the chemical shift of the 7-H proton in the nonplanar conformation, 
since this proton falls into the "shielding cone." This effect was examined in detail in 
the example of ortho-methyl-substituted nitrobenzenes [5], where it was noted that the shield- 
ing of the methyl protons increases with increasing angle of rotation of the nitro group 
relative to the plane of the benzene ring, which was determined independently from UV spectra. 
The absence of mesomeric interaction of the nitro group with the phenylene ring in the 8- 
nitro-substituted silaazaanthrone VI is also supported by the unusual change in the SSCC 
~J~,7 of the protons adjacent to the substituent. This constant proves to be smaller in com- 
parisou with its value in the unsubstituted silaazaanthrone I, not larger as is the case in 
the 5-, 6-, and 7-nitro-substituted compounds Ill, IV, and V (Table 3) and nitro-substltuted 
benzenes [5]. The smaller value of J~,7 in compound VI can be explained only by the induc- 
tive effect of the electronegative substitueut. 

The structural features of the 8-aminosilaazaanthrone Xll are reflected in the PMR 
parameters in a completely different manner. Here, in contrast, the intramolecular hydrogen 
bond of the amino proton with the carbonyl oxygen fixes the planar conformation of the amino 
group relative to the aromatic ring, in which mesomeric interaction is facilitated. Hydrogen 
bond formation is indicated by the anomalously large shift of the amino group protons in com- 
pound Xll (more than 7 ppm) in comparison with the values for the 5- and 7-substituted com- 
pounds (~.05 and 3.94 ppm), and also the broadening and splitting of their signal. The ex- 
tremely large increment of chemical shift of the para-proton 5-H (-0.08 ppm, Table 2), along 
with the increment of ~JHH of the ortho-proton 7-H, which is larger than in other amino 
derivatives or aniline (i.07 Hz as shown in Table 3; 0.~8 Hz for aniline [4]), confirms the 
greater +M effect of the amino group, which can be explained by its p~anar conformation. 

Thus, on the basis of P~ spectra, we have established the positions of the nitro group, 
the bromine atom, and the amino group in seven monosubstituted 10,10-dimethyl-10-silaaza- 
anthrones, and the nature of the anomalous effects of nitro and amino substituents in the 
C(s) position has been investigated. 

1266 



EXPERIMENTAL 

The synthesis of compounds II-XII was described in [6]. The PMR spectra of the solu- 
tions of these compounds in deuterochloroform were obtained in a WP-80 spectrometer. Cal- 
culations of the PMR spectra, according to the ABC and ABCD type, were performed by the use 
of the ITRCAL program that is available in the software of the BNC-28Xmlnlcomputer in com- 
bination with a WP-80 Fourier-NMR spectrometer. 
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