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The addition of alkali metals to electron-accepting unsaturated compounds 
to form reactive metal adducts has been known since 1914’. Schlenk and Bergmann 
report on the addition of sodium to azobenzene in diethyl ether to form an unidenti- 
fied precipitate. Later Wittig had prepared the disodium adduct of l,lO-dimethyl- 
dibenzopyridazine3 and the disodium and dilithium adducts of dibenzopyridaz.ine4 
in diethyl ether. The dili&ium adduct of azobenzene, however, was prepared by a 
metal hydrogen exchange reaction employing hydrazobenzene and methyllithium5. 
In a systematic study of the addition of alkali metals, lithium, sodium and potassium 
to azobenzene, Reesor and Wright6 have shown that nearly quantitative yields of 
the dimetal adducts can be obtained by shaking excess of the alkali metal with azo- 
benzene in 1,Zdimethoxyethane. Subsequent workers’*‘*’ have shown that these 
metal adducts can be conveniently prepared in tetrahydrofuran. 

We have now examined the addition of lithium to several substances contain- 
ing the nitrogen-nitrogen double bond. Thus, 3,3’-dimethylazobenne, 3,3’-dime- 
thoxyazobenzene, 4-methylazobenzene, 4-methoxyazobenzene, 4,4’-dimethylazo- 
benzene, 4,4’-dimethoxyazobenzene, 4,4’-diisopropylazobenzene, 4,4’-di-tert-butyl- 
azobenzene, 4,4’-diphenylazobenzene and dibenzopyridazine were treated with excess 
of lithium in tetrahydrofuran. In each case the monometal adduct (anion radical)++ 
was formed initially which was converted to the dimetal adduct on prolonged shaking 
(within about six to eight hours). In contrast to the deep green or red colours of the 
monometal adducts, the dianions were generally yellow. The dilithium adduct of 
4,4’-diphenylazobenne, however, was blue-violet and that of dibenzopyridazine, 
red brown in tetrahydrofuran. The colour of these dimetal adducts varied consider- 
ably with the alkali metals and of the solvents I3 The dilithium adduct of azobenzene, _ 
for example, has been reported to be practically colourless in diethyl ether5, whereas, 
the same adduct is light yellow in tetrahydrofuran6*8*g. Similarly, the dilithium adduct 
of dibenzopyridazine is red brown in tetrahydrofuran, blue-green in dioxane and 
grey-blue in diethyl ether13. These differences in colour could be attributed to the 
differing degree of solvation of these adducts in various solver&. (For evidence of 
solvation of the alkenedimetal adducts, see refs. 14 and 15.) 

* To whom inquiries should be addressed. 
* For ESR studies of anion radicals derived from azo compounds, see refs. lO_12. 

J. Organometal. Chem, 9 (1967) 413-419 





CHEMISTRY OF DIANIONS. I 415 

TABLE 1 

ULTRAVIOLET SPECTRA OF DISILYLHYDRAZINES IN -IJXRAHYDROFWRAN 

Compound i_(log tz) Compound I,, (log &) 

(111) 254 (4.39), 291 (3.71) (VIII) 253 (4.36), 296 (3.80) 
(IV) 252 (4.36), 292 (3.79) (IX) 253 (4.50), 315 (3.81) 
(Vi 250 (4.37), 292 (3.82) (X) 252 (4.39), 292 (3.86) 
(VI) 250 (4.38), 292 (3.84) (XI) 254 (4.43), 291 (3.70) 
(VII) 247 (4.38), 295 (3.81) (XIII) 254 (4.72), 302 (3&S), 344 (3.52) 

out using a previously reported procedure”. Ultraviolet spectra were determined 
using a Cary 14 spectrometer_ Molecular weights were determined in a Vapour 
Pressure Osmometer (Mechrolab, Inc.) using benzene as solvent. 

Azo compounh 

3,3’-Dimethylazobenne, m.p. 53-54” (yield 62x), was prepared by the 
reduction of m-nitrotoluene to 3,3’-dimethylhydrazohenzene using zinc dust and 
sodium hydroxide, followed by air-oxidation of the hydrazo compound’4. UY 
spectrum (in ethanol): A,.,_ in rnp (log E) : 330 (4.2) and 446 (2.8). 

3,3’-Dimethoxyazobenene, m.p. 78-79” (yield ST/,) was prepared from m- 
nitroanisole, employing a standard procedure 22. UV spectrum (in ethanol) : &_ in 
mp (log E): 320 (4.2) and 430 (3.5). 

4_Methylazobenzene, m.p. 70-71° (yield 72%) was prepared by treatment of 
p-toluidine with nitrosobenzene in glacial acetic acidz3. UV spectrum (in ethanol): 
L--in rnp (log E): 330 (4.2) and 445 (2.9). 

Treatment of p-anisidine with nitrosobenzene in glacial acetic acid gave 
p-methoxyazobenzene, m-p. 64--65O (yield 66 %)‘“. UV spectrum (in ethanol) : II_ in 
m_p (log I): 340 (4.39) and 444 (2.80). 

Reduction of p-nitrotoluene using sodium stannite” gave 4,4’-dimethylazo- 
benzene, m-p. 144-1460 in 85 % yield. UV spectrum (in ethanol) : I,,, in rnp (log E): 
335 (4.3) and 445 (3.1). 

4,4’-Dimethoxyazobenne, m-p. 160-161° was obtained in 54% yield by the 
oxidation of p-anisidine using active manganese dioxideZ6. UV spectrum (in ethanol) : 

LXX in m,u (log E): 355 (4.2) and 430 (3.4). 
4,4’-Diisopropylazobenzene”, m-p. 106-107” (yield 50 o/o), was prepared from 

4-nitrocumene by a standard procedure22. UV spectrum (in ethanol): %,,,, in rnp 
(log E): 336 (4.5) and 435 (2.94). 

Lithium aluminum hydride reduction of 4,4’-di-tert-butylazoxybenzene (kindly 
supplied by Dr. C. Riichardt, Universitgt Miinchen) in tetrahydrofuran gave a 75 “/, 
yield of 4,4’-di-tert-butylazobenzene, m-p. 182-183” (lit_2p m-p. 184“). W spectrum 
(in ethanol): A_ in rnp (log E): 335 (4.53) and 436 (2.94). 

4,4’-Diphenylazobenzene2g, m-p. 254-2560 (yield 70%) was prepared from p- 
nitrobiphenyl by a standard procedure22. The ultraviolet absorption spectrum of this 
material in tetrahydrofuran was characterized by the following absorption maxima 
in rnp (log E): 368 (4.6) and 446 (3.2). 

Dibenzopyridazine3’, m.p. 152-153O was prepared (yield 88 “%) by the reduc- 
tion of 2,2’-dinitrobiphenyl using lithium aluminum hydride in tetrahydrofuran. The 
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UV spectrum of this compound showed the following absorption maxima in rnp 
(Iog E) : 356 (3.0) and 368 (3.0), in agreement with the earlier reported3’ values of 355 
(3.2) and 370 (3.2) in ethanol. 

Preparation of the dianions 
The preferred procedure for preparation of the dianions has been to shake 

the requisite amount of the azo compound with excess of lithium in tetrahydrofuran 
inside a modified Schlenk tube16 filled with nitrogen_ Few clean, broken glass pieces 
were added to ensure effective cleaning of the metal surface during shaking. Formation 
of the dianion was nearly complete within 6-8 h of shaking in each case, as was 
indicated by the change of the initial dark green colour due to anion-radicals to a 
deep yellow or orange yellow colour. In the case of 4,4’-diphenylazobenzene, the 
initial colour was red which changed to blue-violet when the dianion formation was 
completed_ Similarly the dilithium adduct of dibenzopyridazine was red-brown in 
tetrabydrofuran. 

Preparation of the bis(diphenyimethylsilyI)-substituted hydrazines 
N,N’-Di-m-tolyl-N,N’-bis(diphenylmethylsily~)z~~drazine (IV). A solution of 

N,N’-dilithium-3,3’-dimethylhydrazobenzene was prepared by shaking 2.1 g (0.01 
mole) of 3,3’-dimethylazobenzene with 0.63 g (0.04 g-atom) of lithium in 15 ml of 
tetrahydrofuran, for 6 h. The dilithium adduct was added, dropwise, to a solution of 
4.65 g (0.02 mole) of chlorodiphenylmethylsilane in 10 ml of tetrahydrofuran, over a 
period of 30 min, with stirring. Removal of the solvent under vacuum gave a residue 
which was extracted with hot benzene. The benzene-insoluble portion was identified 
as lithium chloride. Removal of the solvent from the benzene extract and treatment 
of the residue with methanol gave 4.9 g (81%) of impure N,N’-di-m-tolyl-N,N’-bis- 
(diphenylmethylsilyl)hydrazine (IV), m-p. 168-172O. Two crystallizations from a 
mixture of benzene and petroleum ether (b-p. 60-70°) gave a product which melted 
at 174-175“. (Found: C, 79.40; H, 6.80; N, 4.51; Si, 9.55; mol.wt., 596. C,,H,,N,Si, 
&cd.: C, 79.47; H, 6.62; N, 464; Si, 9.27%; moI.wt., 604.) 

NJ/‘-IX-m-anisyi-N,N’-bis(diphenylmethylsily1) hydrazine (V). To a solution of 
4.65 g (0.02 mole) of chlorodiphenylmethylsilane in 10 ml of tetrahydrofuran was 
added 0.01 moIe of N,N’-dilithium-3,3’-dimethoxyhydrazobenzene Cprepared from 
2.42 g (0.01 moie) of 3,3’-dimethoxyazobenzene and 0.28 g (0.04 g-atom) of lithium] 
in 15 ml of tetrahydrofuran over 30 min. Removal of the solvent and work-up as in 
the previous case gave 4.6 g (72%) of N,N’-d i-m-anisyl-N,N’-bis (diphenylmethyl- 
silyl)hydrazine (V), m-p. 142-43”. Repeated crystallizations from cyclohexane gave 
a pure product, m-p. 156-57”. (Found: C, 75.48; H, 6.50; N, 4.40; Si, 8.94; mol.wt., 
647. C4,,H4,,N202Si2 calcd.: C, 75.44; H, 6.29; N, 4.40; Si, 8.81%; mol.wt., 636.) 

N-Plzenyl-N’-p-tolyI-N,N’-bis(diphenylmetlzyIsilyI)hydrazine (VI). A solution 
of O.OQ7 mole of N,N’-dilithium-4-methylhydrazonbenzene, prepared from 1.4 g 
(0_007 mole) of 4_methylazobenzene, 0.2 g (0.03 g-atom) of lithium and 15 ml of 
tetrahydrofuran was added to 3.3 g (0.014 mole) ofchlorodiphenylmethylsilane in 5 ml 
of tetrahydrofuran. Removal of the solvent under vacuum, extraction of the residue 
with hot benzene and subsequent work-up gave 2.6 g (60 %) of N-phenyl-N’-p-tolyl- 
N,N’-bis(diphenylmethylsilyl)hydrazine (VI), m.p. 142-145”. Several recrystalliza- 
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tions from cyclohexane gave a pure product, m.p. 15 l-i52“. (Found : C, 79.69 ; H, 6.8 ; 
N, 5.14; Si, 9.22; mol.wt., 584. C39H38N2Si2 calcd.: C, 79.32; H, 6.44; N, 4.75; Si, 
9.49 % ; mol. wt., 590.) 

N-PhenyZ-N’-p-an~syi-N,~-bis(diphenyZmethylsifyl)hydrazine (VII). A solu- 
tion of 0.01 mole of N,N’-dilithium-4-methoxyhydrazobenzene in 15 ml of tetra- 
hydrofuran was added to 4.65 g (0.02 mole) of chlorodiphenyhnethylsilane in 10 ml 
of tetrahydrofuran. Work-up in the usual manner gave 4.5 g (75 %) of N-phenyl-N’- 
p-anisyl-N,N’-bis(diphenyhnethylsilyl)hydrazine (VII), m-p. 120-123°. Several crys- 
tal&rations from a mixture of benzene and petroleum ether (b-p. 60-80°) gave a 
product, m-p. 125-126“. (Found: C, 77.13; H, 6.6; N, 4.9; Si, 9.48; molwt., 613. 
C39H,,N,0Si, calcd. : C, 77.23 ; H, 6.27 ; N, 4.62; Si, 9.24% ; molwt., 606.) 

N,N’-Di-p-tolyl-NJl’-bis(diphenylmethylsilyl) hydrazine (VIII)_ To a stirred 
solution of 4.65 g (0.02 mole) of chlorodiphenyhnethylsilane in 10 ml of tetrahydro- 
furan was added 0.01 mole of N,N’-dilithium-4,4’-dimethylhydrazobenzene [prepared 
from 2.1 g (0.01 mole) of 4,4’-dimethylazobenzene, 0.28 g (0.04 g-atom) of lithium 
and 15 ml of tetrahydrohu-an]. Work-up as in the previous cases gave 4.8 g (72%) 
of N,N’-di-p-tolyl-N,N’-bis(diphenylmethylsilyl)hydrazine (VIII), m.p. 156-1.59°. 
Recrystallization from a mixture of benzene and petroleum ether (b.p. 60-80°) raised 
the melting point to 160-162”. (Found: C, 79.58 ; H, 6.94; N, 4.85; Si, 9.48 ; molwt., 
582. C,,,H,,N&. calcd. : C, 79.47 ; H, 6.62; N, 4.65 ; Si, 9.27 % ; mol. wt., 604.) 

N,N’-Di-p-anisyZ-N,N’-bis(diphenyZmethylsiZyZ) hydrazine (IX). A solution of 
0.05 mole of N,N’-dilithium-4,4’-dimethoxyhydrazobenzene was prepared by treat- 
ment of 1.2 g (0.005 mole) of 4,4’-dimethoxyazobenzene and 0.14 g (0.02 g-atom) of 
lithium, in 10 ml of tetrahydrofuran. The dilithium adduct was added slowly to a 
solution of 2.32 g (0.01 mole) of chlorodiphenylmethylsilane in 15 ml of tetrahydro- 
furan. Removal of the solvent under vacuum and work-up in the usual manner gave 
1.9 g (60%) of N,N’-di-j-anisyl-N,N’-bis(diphenylsily1) hydrazine (IX), m-p. 145-150°. 
A pure product, m-p. 157-158O was obtained by recrystallization from benzene/ 
petroleum ether (b-p. 60-80°) mixture. (Found : C, 75.62; H, 6.33 ; N, 4.73 ; Si, 8.63 ; 
molwt., 616. C,,,H,,,N,O,Si, calcd.: C, 75.44; H, 6.29; N, 4.40; Si, 8.81%; molwt., 
636.) 

N,N’-Bis(4_isopropylphenyl)-N,N’-bis(diphenylmethylsilyl) hydrazine (X). A so- 
lution of N,N’-dilithium+‘-diisopropylhydrazobenzene was prepared by shaking 
2.65 g (0.01 mole) of 4,4’-diisopropylazobenzene with 0.28 g (0.04 g-atom) of lithium 
in 15 ml of tetrahydrofuran. This dilithium adduct was added to a tetrahydrofuran 
solution (10 ml) of chlorodiphenyhnethylsilane (0.02 mole). The solvent was removed 
under vacuum and the residue was extracted with hot benzene to remove the lithium 
chloride. Removal of the solvent from the benzene extract gave a viscous mass which 
was treated with methanol to give 4.0 g (60 %) of N,N’-bis @-isopropylphenyl)-N,N’- 
bis (diphenylmethylsilyl) hydrazine (X), m-p. 128-132’. Recrystallization from a 
mixture of benzene and petroleum ether (b.p. 60-80’) raised the melting point to 
135-136’. (Found: C, 80.20; H, 7.60; N, 4.40, Si, 8.76; molwt., 673. CUH,,N,Si,, 
calcd.: C, 80.00; H, 7.27; N, 4.24; Si, 8.49%; mol.wt., 660.) 

N,N’-Bis(4-tert-butylphenyl)-N,N’-bis(diphenyZmethyZsiZyZ)hydrazine (XI). To 
a solution of 1.6 g (0.007 mole) of chlorodiphenyhnethylsilane in 5 ml of tetrahydro- 
furan was added 0.0035 mole of N,N’-dilithium-4,4’-di-tert-butylhydrazobenzene 
[prepared from 1.1 g (0.0035 mole) of 4,4’-di-tert-butylazobenzene and 0.1 g (0.14 
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g-atom) of lithium in 10 ml of tetrahydrofuran]. Work-up of the reaction mixture 
as in the previous cases gave 1.5 g (63 %) of N,N’-bis@-tert-butylphenyl)-N,N’-bis- 
(diphenylmethylsilyl)hydrazine (XI), m-p. 182-190°. Recrystallization from a mixture 
of cyclohexane and petroleum ether (b-p. 6&80°) gave a pure product, m.p. 194-F. 
(Found: C, 80.65; H, 7.9; N, 4.08; Si, 8.61; mol.wt., 682. C46H5ZNtSi2 calcd.: C, 
80.24; H, 7.56; N, 4.07; Si, 8.12%; mol.wt., 688.) 

NY-Di4biphenylyl-N,N’-bis (diphenylmethylsilyl) hydrazine (XII). A solution 
of 0.005 mole of N,N’-dilithium4,4’-diphenylhydrazobenzene in 10 ml of tetrahydro- 
furvl waS prepared by shaking 1.7 g (0.005 mole) of 4,4’-diphenylazobenzene with 0.14 
g (0.02 g-atom) of lithium in 10 ml of tetrahydrofuran for 6 h. Initially the colour of 
the solution changed from orange yellow to red due to the formation of the anion- 
radical. On further shaking, the solution became blue and remained as such. Treat- 
ment of 0.005 mole of this dilithium adduct with 2.32 g (0.01 mole) of chlorodiphenyl- 
methylsilane in 15 ml of tetrahydrofuran and work-up as in the previous cases gave 
l-9 g (52 %) of N,N’-di4biphenylyl-N,N’-bis (diphenylmethylsilyl) hydrazine (XII), 
m.p_ 20S-212°. Crystallization from a mixture of benzene and cyclohexane gave a 
pure product, m-p. 214-2150. (Found: C, 82.58; H, 6.01; N, 3-94; Si, 7.67; mol.wt., 
716. C&H,,N,Si, calcd.: C, 82.42; H, 6.04; N, 3.85; Si, 7.70%; mol.wt., 728.) 

N~-Bis(diphenylmethylsil_v1)dihydrodibenzopyridazine (XIII). A solution of 
the dilithium adduct of dibenzopyridazine was prepared by treating 1.8 g (0.01 mole) 
of dibenzopyridazine with 0.28 g (0.04 g-atom) of lithium in 15 ml of tetrahydrofuran. 
The solution became deep green at first, due to the formation of the anion-free radical 
and later it turned red. Treatment of 0.01 mole of this dilithium adduct with 4.65 g 
(0.02 mole) of chlorodiphenylmethylsilane in 10 ml of tetrahydrofuran and work-up 
of the mixture as in the previous cases gave 4.3 g (76 %) of N,N’-bis(diphenyhnethyl- 
silyl) dihydrodibenzopyridazine (XIII), m-p. 11 l-l 16’. Crystallization from petroleum 
ether (b.p. 60-80’) raised the melting point to 117-118”. (Found: C, 79.20; H, 6.20; 
N, 5.08; Si, 9.62; mol.wt_, 582. C38H34N2Sit calcd.: C, 79.44; H, 5.92; N, 4.88; Si, 
9.76 % ; mol. wt., 574.) 
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suMM.ARY 

Dianidns derived from 3,3’-dimethylazobenne, 3,3’-dimethoxyazobenne, 
4_methylazobenzene, 4_methoxyazqbenzene, 4,4’-dimethylazobenzene, 4,4’-dimetho- 
xyazobenzene, 4,4’-diisopropylazobenzene, 4,4’-di-tert-butylazobenzene, 4,4’-diphen- 
ylazobenzene and dibenzopyridazine were prepared by treatment with excess of 
lithium in tetrahydrofuran. Reaction of these dianions with chlorodiphenylmethyl- 
silane gave disilylsubstituted hydra&es. The ultraviolet spectra of these silylhydra- 
zincs resemble that of hydrazobenzene. 
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