
Bis(diphenylbory1) diimine 

By N .  Wiberg and G. Schwenk [*I 

I n  most cases silicon-nitrogen compounds are readily cleaved 
by Lewis acids at the Si--N bondL21. Treatment of bisftri- 
methylsily1)diimine 131 should thus lead to a synthesis of new 
derivatives of diimine. R--N=N-R: 

(3iQ 

(CH3)3Si-N=N-Si(CH3)3 + 2 R-X --f 

2 (CH&Si-X + R-N=N-R 

K+/O 

______ 
Na+/O 

K+/-80 

By using chlorodiphenylborane [R-X = (C6H5)2&cl] in 
this way we obtained the first pure “azoborane”[41, namely, 
the brilliant yellow bis(dipheny1boryl)diimine (I). This com- 
pound completes the series of diimine derivatives R2N2 in 
which the two groups R attached to the diimine residue run 
from the element of the third to that of the seventh Group of 
the first short Period: 

R2N2; R = 

‘B \C ‘N -0 F 
/ 

yellow yellow-red colorless colorless colorless 

Compound ( I )  is not the sole product; about 70% of the 
reactants undergo an obscure reaction leading to nitrogen 
and an oil containing boron-nitrogen compounds of un- 
known composition. 
The diimine ( I )  is polymeric, insoluble in the usual solvents, 
and extremely unreactive; thermal decomposition occurs 
only slowly above 400OC. with loss of all the nitrogen. The 
compound is stable towards acids, but decomposes in the 
basic pyridine, giving up half its nitrogen. Two structural 
formulas ( la)  and (Ib) (Ph = C6H5) require consideration: 

In ( l a )  the valency requirements of all the nitrogen and bo- 
ron atoms are fully met; in (Ib) only half the nitrogen and 
boron atoms are so satisfied, the other half having a free n- 
electron pair or an electron deficiency. The findings that 
organic azo compounds can be only singly protonated and 
that (Z) dissolves in pyridine with decomposition are in 
favor of structure (Zb); this formula appears the more 
probable also because of the color of the compound which, 
as for other azo compounds, may depend on an n+x* electron 
transition [51. 

Experimental: 

Solutions of bis(trimethylsily1)diimine (15.5 mmoles) and 
chlorodiphenylborane (31 mmoles) each in methylene di- 
chloride (20 ml) are mixed at  -40 ‘C ,  the reaction being 
carried out in the absence of oxygen. The mixture becomes 
deep blue for a short time and evolves nitrogen. When evo- 
lution of nitrogen is complete there is a clear yellowish- 
orange solution, from which analytically pure ( I )  separates 
slowly at  -25 “C as a yellow precipitate. 
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ESR Spectra of Radical Anions of Aliphatic Azo 
Compounds : tert-Butyl and Trimethylsilyl 

Derivatives of Diirninerll 

By U. Krynitz, F. Cerson. N .  Wiberg, and M. Veithc*] 

Successive replacement of the tertiary carbon atoms of the 
relatively stable, pale yellow di(tert-buty1)diimine (azoiso- 
butane) ( 1 )  121 by the group-homologous silicon atoms leads 
by way of the less stable, red fert-butyl(trimethylsily1)diimine 
(2) 131 to the extremely unstable, pale blue bis(trimethylsily1)- 
diimine ( 3 )  (41: 

(CH&C-N=N-C(CH3)3 (CH-,)3C-N=N-Si(CH3)3 

(1 )  12) 
= 8  

(CH3)3Si-N=N-Si(CH3)3 
(3)  

In this paper, we report on  the radical anions ( I ) @ ,  (2)8,  
and (3)  @ of these three compounds, which are of theoretical 
interest as simple x-electron radicals. In contrast to the 
situation with the known radical anions of aromatic azo 
compoundscsl, the x-spin population in ( I ) @ ,  (2)Q. and 
(3) 0 should be limited mainly to the azo group. This applies 
particularly to (1) @, whereas in the radical anions (2) @ and 
(3)Q the unpaired electron can be delocalized to some 
extent in unoccupied silicon orbitals of suitable symmetry (61. 

The radical anions were prepared by reduction of ( I ) ,  (2). 
and (3) with sodium or potassium in tetrahydrofuran (THF). 
T H F  was preferred to 1,Zdimethoxyethane as solvent since 
it was found that (2) and (3) are considerably less stable in 
the latter solvent. However, the radical anions (1)e and 
(210 are remarkably stable: after standing for several hours 
at  temperatures below 0 O C  their concentration has de- 
creased only slightly. This is only partially true for ( 3 ) C ;  
although this radical anion is very stable when the counter 
ion is Na’, it decomposes even in a few minutes above-50 “C 
when the counter ion is K’. The ESR coupling constants for 
( I ) @ ,  (2)@, and (3)e are listed in Table 1, where the assign- 
ments for U N ~  and U N ~  in the case of ( 2 j O  are based on 

Table 1 .  Coupling constants (in gauss) of the magnetic nuclei in (l ie. 
( 2 ) 0 ,  and (3)e. Solvent: THF. 

Radical Counter 
anion ion/’C 

( l i e  I Na+/O 

! 

(2)’ Na+/O 
I 

8.24 
15 0.05 

8.25 
5 0.05 

10.85 [bl 

10.40 [bl 
f 0.10 

* 0.10 

6.62 * 0.06 
6.25 

i 0.06 

4.7 - 

8.25 4.8 - 

______ 
4.28 [bl [cl 

4.57 [bl [cl 
*0.05 

10.05 ______ 
6.62 [cl 

6.25 [cl 
10.06 

f0.06 

[a] Tertiary C atoms. [h] Temperature-dependent coupling con- 
stants. Icl N o t  resolved. Id] Not unambiguously identified. 
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comparisons with ( I ) Q  and (3)e and on HMO calculations. 
The characteristic spectra are reproduced in Figures la-Id. 

Not enough information is presently available for a detailed 
discussion of the ESR results (Table 1). In the first place, it is 
questionable whether the parameters that have been proposed 
for the relations between 14N coupling constants and Tc-spin 
populations in other cases [71 may be used here. Secondly, the 
hybridization state of trimethylsilyl-substituted nitrogen 
atoms in (2) and (3) has not been clarified. Even with these 
limitations the following relations are evident: 

1. The sums of the coupling constants C J N ~  i- U N B  decrease 
along the series ( I j Q ,  (2)e. and f3)? 16.5; 15.2 (15.0); 13.2 
(12.5). The decreases correspond to the expectation that tri- 
methylsilyl substituents should have an appreciable share of 
the Tc-spin populationr61. I t  is informative to compare the 14N 

[( H3C)3C-N=N-C(CH3)3]QK@ 

( a l  

'I 

[ ( H 3 C 1 3 C - N = N - S i  ICH3J318  Nao 
a 6  

ll 
a,, 

I 

' 10Gauss L + p % i i J  

Fig. 1. ESR spectra of the radical anions (Z)e (a), (2 je  (b), and (3)e 
(c and d). 

Solvent: THF; temperature: 0 O C  for a, b, and c, -80 "C for d.  

coupling constants ( U N ~  = U N B )  of the two symmetrical radi- 
cal anions (l ie and (3)Q with the corresponding values for 
the radical anion (4)@ of azobenzener5l: ( I ) @  8.25; (3)e 
6.25 (6.62); ( 4 ) O  4.84 gauss. The capacity of trimethylsilyl 
substituents for sharing Tc-spin population is thus inter- 
mediate between the capacities of alkyl and of aryl substi- 
tuents. 
2. In contrast to radical anion (I)e ,  where a coupling con- 
stant a~(c -CH3)  = 0.32 gauss could be measured (cf. Fig. 
la), the corresponding splittings could not be resolved in the 
spectra of (2) (cf. Figs. 1 b, c. d). The reason for 
this probably lies in the small size of a~(Si-cH3),  which for 
(3 ie  is likely to be at  most 0.1 gauss in view of a line width 
of 0.6 gauss. This finding cannot yet be interpreted. 

3. An additional hyperfine splitting was observed for (310 
with NaC as counter ion: U N ~  = 1.05 rt 0.05 gauss (Fig. Id). 
The splitting pattern (seven lines of relative intensities 
1:2:3:4:3:2:1) corresponds to interaction with two equivalent 
23Na nuclei, a phenomenon that has already been found for 
ketyls in THF with Na+ or Li+ as counter ions[*]. Since the 
electronic structures of the azo and the keto group are related, 
similar associations might be involved in the two cases. An 
additional splitting by 39K nuclei of two equivalent K+ 
counter ions was not observed either for (3)e or for the 
ketyls mentioned above, probably because of lack of associa- 
tion (larger volume of the K+ ion) and/or of non-resolution 
(appreciably lower magnetic moment of the 39K isotope). 
The former explanation is favored in the case of (3)@ by the 
almost identical line widths in the spectra concerned (Figs. l c  
and Id) and also by the stabilization, already indicated, of 
the radical anion by Na+ counter ions. 

or (3) 
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0-Acylated Vinylogous Amides 

By H.  G.  Nordmann and F. Krohnke [ *I 

Vinylogous amides (formamides) (2) react extremely smooth- 
ly with methylene-active compounds such as N-(p-bromo- 
phenacy1)pyridinium bromide ( I )  in acetic anhydride in a 
kind of vinylogous formylation to give vinylpyridinium salts 
of the type (3) [31. 

0-Acylated vinylogous amides were assumed to occur as 
active intermediates in order to explain the unusually high 
reactivity of vinylogous amides in the above reaction [2.31. 

We have now succeeded in isolating these compounds for the 
first time [4,51. 
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