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Alkali Metal Addocts of Aromatic Nitro 
Compounds- Reactions and Use in 
Polymerization of Vinyl Monomers 

Y U R  AVNY, AMRAM GOZLAN, and ALBERT ZlwcHA 

Department of Organic Chemistry 
The Hebrew UniversitF of Jerusalem, Israel 

A B S T R A C T  

The reaction of al!sali metals with nitrobenzene and p-nitro- 
toluene in THP at various m o i u  ratios was found to lead to 
the formation of radical ions, &anions, and alkali metal 
adducts of reduction derivatives sf the nitro compounds such 
as azo- and azoxybenzene. The anionic polymerization of 
styrene, methyl methacrylate, methacrylonitrile , and acrylo- 
nitrile by these anions was investigated All the initiators 
did not polymerize styrene wnile the least reactive radical- 
anion w~as found to polymerize acrylonitrile completely, 
methacrylonitrile to  a small extent, but not methyl 
methacrylate. 
The order of reactirity of those adducts toward organic 
halides was similar to that found in polymerization. Metalla- 
tion of polynitrostprene by lithium biphenyl solution led only 
to par t ia l  conversion of the nitro groups to radical-anions 
which were not reactive. 
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1324 GQZLAV, 

I N T R O D  UCT I O X  

The reaction of alkali metals  with equivalent amounts of nitroben- 
zene in aprotic solvents such as tetrahydrofuran (THF) 1,Z-dimethoxy 
ethaue, and ether lead to the formation of the corresponding radical 
anion (11. When an excess of llkali metal is used, the corresponding 
dianion is obtained [ 21. The reactions between s imilar  adducts of 
alkali metals and aromatic polycyclic hydrocarbons with llkyl and 
aryl halides have been extensively studied [ 31. Reactions were 
qrplatitative and were recommended for determination of halogen in 
organic compounds [ 41. On the other hand, less  is known about the 
reaction of allCali metal acducrs of aromatic nitro compounds vith 
0r-c halides. The relative reactivities toward organic halides of 
sodium complexes of some aromatic nitro compounds as *neU aa 
&ls, imines, and hydracarbons were determined [ 51. It ?raa found 
that the aromatic nitro compounds vere the least reactive in this 
S O U P .  

of reaction of both radical anions and dianions of nitro aromatic 
compounds with several  or3anic halides of different types and 
reactivity. 

XLIcalI metal adducts of aromatic hydrocarbons are well known as 
initiators for anionic polymerization of vinyl monomers (61. It  as 
reported that electrochemicaily penerared radical anions of mtro- 
benzene were able to polymerize acrylonitrile in DZlIF viule sucz 
radicals were not reactive toward methyl methacqlate  and styrene 
[ '71. It mu interesting to investigate the use of nitrobenzene radical 
anion and dianion prepared in the conventional way as initiators for 
anionic pobymerization of vinyl monomers. 

It was our interest in the present work to investi,@e the e.xtent 

EX P E R I Y E  NT AL 

M a t e r i a l s  

THF ( Frutarorn) was drred as previously described [ 81 and *xu 
stored on CaH,, Yitrobenene, p-nitratoiuene, bromobenzene, benzyi 
chloride, a-bromonaphthalene, bur71 bromide, oropanol, biphenyl, 
methanol ( B.D.H, ), iodobenzene. fluorobenzene (Eastman Kodakc), 
bramide, aLLyl c.Uortde (Hopkins and Williams), a d  Z,.I-dinitrofluoro- 
benzene ( FTuka) were used. 

Alkali -Meta l  A d d u c t s  

. Alkali metal adducts of nitrobenzene, p-nitrotoluene, and biphenyl 
were prepared by reaction at the compounds 'Kith the  alkali metal in 
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ALK4LI METAL ADDUCTS 1325 

dry THF under inert atmosphere. The reactions were carried out in 
a closed flask eqapped with a self-sealing rubber cap for the intro- 
duction of reagents by syringes. The reaction flask was flamed in 
vacuo and flushed with argon 

T i t r a i i o n  of t h e  A l k a l i  M e t a l  - 4 d d u c t s  w i t h  P r o p a n o l  

The adduct solution ( 5  ml) was injected, under vacuo, into a d r y  
closed flask. Propanol ( in  molar excess) was added. followed after 
30 min by 2.4-dinitrofluorobenzene. The unreacted propanol was 
derermined quantitatively by GLC using toluene (0.2 ml) as internal 
reference. 

R e a c t i o n  of S o d i u m  A d d u c t  of N i t r o b e n z e n e  w i t h  
, M e r c u r y  

The adduct solution ( 5  ml)  was injected, under vacuo, into a dry 
dosed  flask containing purified mercury ( 5  ml). After 14 hr ,  THF 
( 5  ml) wvas injected and the solution was analyzed by GLC using 
naphthalene (0.01 8 )  as internal reference. 

R e a c t i o n  of A l k a l i  M e t a l  A d d u c t s  a n d  H a l i d e s  

One equivalent of the halide was introduced, respectively, to two 
and six equivalents of alkali metal adduct. and the reaction mixture 
was left overnight. Methanol ( 2  ml) was added in the caSe of halo- 
benzenes. and methanol-conc HC1 (1:l) in the other cases. The rt- 
action products were determined by GLC after addition of internal 
references. 

P o l  r n i t  r o s  t v r  e n e  

A modified procedure [ 91 w a s  used. Polystyrene (10 g) was 
dissolved in fuming HNO, ( 100 g) and the solution w a s  kepr at - 10' C. 
h nitration mixture composed of fuming HNO, , conc HISO,, and 
water ( 133:31:27) was added dropwise. Xfter 2 h r  at room temper- 
ature the polymer was precipitated by water, washed several  times 
with hot water, triturated with boiling warer for 0.3 hr,  filtered, left 
overnight in water, and then filtered and dried at 120' in vacuo over 
P,O,. The polymer wa5 purified by being extracted for 24 h r  with 
THF in a Soxhlet apparatus: mp 235-239', %N = 9.5. 
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1326 ARTY, Gozmv, .wD Z m a U  

C r o s s - L i n k e d  P o l y n i t r o s t y r e n e  

The above nitration procedure was used in the nitration of cross- 
linked polystyrene (2% divlnyl benzene). The polymer contained 
9.9% 3. 

R e a c t i o n  o l  B e n z y l  C h l o r i d e  P i t h  t h e  L i t h i u m  h d d u c t  
of P o l y n i t r o s t y r e n e  

Biphenyl lithium solution (0.67 N, 30 ml) was added to polynitro- 
styrene (2.32 g) in THF (40 mli. f i e  extent of reaction was followed 
by acid titration oi aliquots of the biphenyl lithium solution. Cnreacted 
biphenyl lithium was removed by extraction :via dqj THF. Benzyi 
chloride (0.38 ml, 3.4 mmoles) '!as added, the reaction m i a c r e  Left 3t 
room temperature for 20 h r ,  a the products were determined by GLC. 

D e t e r m i n a t i o n  of R e a c t i o n  P r o d u c t s  

The reaction products were determined by GLC using a Packard 
gas chromatograph Model 7300/7400. Nitro3en was used as ca r r i e r  
gas. Glass columns of L 80 m and 0.25 in. tublng Pith solid support 
oi chmmosorb W/HYDS, 45/60 in the caSe of propanol and chromosorb 
P (60-80 mesh) in the other cases vere used. Benzene, chlorobexene, 
ally1 bromide, and chloride Tere determined using 205 s q d a n e  as 
the liquid phase. Biphenyl, naphthalene, dibenzyl, bromobenzene, 
iodobenzene, a-bromonaphthalene, b e n y l  chloride, but71 bromide, 
nitrobenzene, azobenzene, and azoxybenzene were determined usbg 
20% SE 30 as the liquid phase. Ftwrobenene  was determined using 
10% tr icresyl phosphate as the liquid phase, and propaaol by using 20% 
t r icresyl  phosphate as the liquid phase. Benzene, fluorobenzene, 
chlorobenzene, ally1 bromide, aUyl chloride, propanol and aitrobenzene 
were determined using toluene as the internal reference. Naphthalene, 
dlbenzyl, p-bromonaphthalene 'rere determined using biphenyl as 
the W e d  reference. Biphenyl, bromobenzene, iodobenzene, 
azobenzene, and azoxpbenzene xrere determined using naphthalene % 
the inrernal reference. Benzyl chloride and Sutyl bromide were 
determined using echyi benzene a5 the internal reference. 

X n i o n i c P o 1 17 ?n e r i t a t i o n 

The polymerizations were carr ied out at O'C under anhydrous 
conditions, M described previously [ 81. The polymerization was 
terminated after 0.5 h r  by the addition of conc HCI ( I ml). The polymers 
were precipitated by methanol, €iltered, and dried. 
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ALKALI METAL ADDUCTS 1327 

M o l e c u l a r  W e i g h t  D e t e r  m t n a t  i on 

Intrinsic viscosities were determined from one-point measure- 
ments of polymer solution viscosity. (at c = 0.1 g/dl) using the 
equation q I qo exp[q]c [ lo]. The molecular weights were calculated 
from the Mark-Houwink equation: 

For polymethyl methacrylate, K = 0.70 X lo-' Q = 0.720, in toluene 
111: for polymethacrylonitrile, K = 3.06 x l o f a ,  a = 0.503, in DMF 

1121 ; and for poiyacrylonitrile, K = 2.33 x lo-', P = 0.740, in DMF [ 131. 

R E S U L T S  A N D  DISCUSSION 

Alkali m e w  adducts of nitrobenzene and p-nitrotoluene were pre- 
pared by reaction of lithium and sodium with aromatic ni t ro  compounds 
in THF. The reaction was carried out using both equimolar amounts 
of the reactants and a molar excess of W i  metal. 

Alkali metal adducts of aromatic compounds can be analyzed by 
acid titration after hydrolysis [ 14, 151, the amount of alltali hydroxide 
found being equivalent to the allrali metal in the adduct. When this 
analytical method w wed for the determination of the allcali metal 
in the nitro adducts, high values were obtained. Thus when equimolar 
amounts of nitrobenzene and lithium were reacted, the amount of base 
titrated was mice as much as the original amount of lithium present 
in the reaction mixture. These high values may be understood from 
the report in the literature [ 16, 171 that radical anions o r  dianions 
of aromatic nitro compounds give aryl hydroxpl amine derivatives 
on hydrolysis. The presence of such bves w i l l  lead to high results 
when acid titration analysis is used 

Aryl hydroxylamines [ 181 in basic media are converted to the 
corresponding az8 and azoxy derivatives, which are not titrated by 
acid That is why different results were obtained when the acid titra- 
tion was  carried out at different time intervals after hydrolysis. Thus 
the normality of a hydrolysis mixture of lithium nitrobenzene adduct 
dropped from 0.84 to 0.56 N when the hydrolysis mixture was allowed 
to stand for 5 hr: the espezed  normality based on total consumption 
of the lithium present was 0.46. 

metal adducts of aromatic compounds [ 191, the disappearance of the 
color of the alkali metal adduct indicating the end point In our case 
this end point could not be detected because the reaction mixture re- 
mained intensely colored so that we had to introduce modifications to 

Direct titration with propanol was used for the analysis of alkali 
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1328 A v n ,  C O Z L Y ,  A i m  2-k 

permit the ylalysis of al!!ali neral adducrs of aromatic nitro com- 
pounds by this method. Xow, in the reaction of propanol with the W i  
metal adduct of nitrobenzene, the propanol is converted to the cor- 
resoonding Uoxide derivative. The amount of alkaxide formed is 
equivalent to the amount oi Wi metal in the adduct. B y  using a 
known excess of propanol, unreacted alcohol can be determined by 
GLC and from thrs the alkali metal present in the adduct can be 
calculated. In order to prevent hydrolysis of propodde to the alcohol 
during analysis. vhich svould lead to low results, it was etherified 
immediately by reaction with 2,4dinitrotluorobenzene: 

Xdditlon of the 2,4-dinitrefluorobenzene was essential to obtain re- 
ptcducable results. This method of analysis wa9 checked by the 
determination of alkali metal in lithium biphenyl adduct. A 1.20 Y 
solution of lithium biphenyl in THF (the normality determined by-acid 
titration) was analyzed by this method and the normality found was 
118 N. 
T G  determination of the ratio of alkali metal/nitro group by this 

method is repxted in Table I. The results show that the m o u n t  of 
W i  metal found in the adduct is in agreement with that initially 
present in the reaction mixture. 

and p-nitrotoluene, using molar ratios of alkali metal/nitro com- 
pound = 1. o r  2 and higher. The reaction OC equimolar amounts of 
alkali metal and nitrobenzene was repofied to yield anion radicals, I, 
and that  with two equivalents of alkali metal to yield dianions, II, 

We studied the formation of alkali metal adducts of nitrobenzene 

a- @:, 
I 1: 

W e  found that when a molar excess of lithium 
ratio between reacted lithium. zs determined by propanol titration, 
and the nitrobenzene exceeded 3. Since electron transfer to the 
dianion, II, does not seem possible, the results indicate that other re- 
actions h which lithium metal is being consumed are taking place. 
Nitrobenzene via its alkzii meral adduct may be converted by reaction 

used the mola r  
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h U 1  METAL ADDUCTS 1329 

with excess of lithium present to azo and azoxybenzene, which in turn 
can form adducts with lithium [ 201. 

Thus more lithium will be consumed and analyzed In fact, 
azobenzent and azoxybenzene were actualiy found in the reaction 
mixture on treatment with metallic mercury, as exemplified below. 
This treatment in the case of sodium benzopnenone dianion was shown 
to decompose the adduct into i ts  components [ 211. 

was 2 55 was added to mercury and laser znalpzed by GLC, it was 
found that 5% of the nitrobenzene present initially was converted to 
azobenzene and another 20% to azoxybenzene. When an adduct solution 
in which this molar ratio was L4 wvas sublected to the same treatment, 
it was found that 1% of the nitrobenzene present initially was converted 
to  azobenzene and mother 25% to azoxybenzene. This shows that such 
products can be formed even before all the nitrobenzene is  converted 
to its dianion derivarive. 

When a solution in which the ratio of reacted sodium to nitrobenzene 

I o n - r a d i c a l s  of P o l y n i t r o s t y r e n e  

It wvas interesting to investigate the abiliw of the nitrobenzene 
group substituted on a tiny1 polymer backbone to form radical- 
anions. Polynitrostprene was prepared by nitration of both soluble 
polysryrene and insoluble polystyrene ( cross-linked with 2% 
divinylbenene). 

The polymer wvas s t s -  
pended +a THF and the polyion-radical was prepated by electron 
transfer reaction with lithium biphenyL Though excess of lithium 
biphenyl was used, only 3Pk of the nitro groups present reacted 
after 160 hr. Extent of reaction was determined from the decrease 
in lithium biphenyl concentration When the polyradical anion was 
hydrolyzed in water and the filtrate was titrated with acid, it was 
found that 43% of the nitro groups were converted to radical ions. 
With the cross-linked polymer it was found that even after 17 days 
in lithium biphenyl solution only 7% of the nitro groups reacted The 
decrease in the reactivity of the nitrobenzene group on the polymer 
should be attributed to limited accessibility to the polymer. The fact 
that the lower extent of reaction occurred with the cross-linked 
polymer supports this assumption 

It may be noted that the formation of azo- and azoxy-aryl 
derivatives during hydrolysis will lead to  cross-linkmg, and thus a 
change in the solubility and the melting point of the polymer is 
expected. In fact, the polynitrostpene radical ion iost its solubility 
in DMF after hydrolysis of its poly-anion radical and the regener- 
ated polymer did not melt up to 360’. 

Polynitrostptene of 9.7q N was used. 
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R e a c t i o n s  of L i t h i u m  X d d u c t s  w i t h  X r y l  a n d  .Al!<yl 
H a1 i d e  s 

The reaction oi lirhium adducts of nitrobenzene and p-nitrotoluene 
with -1 and aryl halides wms investiqued using radical anions, 
dianions, and adduct salution in which the racio of lithium to the nitro 
compound tvag higher than 2. It ‘ m 3  shown  at no reaction bemeen 
nitrobenzene n d i c a l  anion (molar  ratio of lithium to nitrobenzene in 
solution = 0.8) and alkyl or aryl halides took place. The following 
halides were used: iodo-, bromo-, chloro-, and fluorobenzene; 
benzyl chloride: a-bromonaphthalene: allyl chloride: and butyi 
bromide, The dianion of nitrobenzene reacted only with the more re- 
active halides, benzyl chloride. allyl bromide. and butyl bromide: an 
escess  of lithium adduct led to an increase in the extent of reaction 
(Table 2). 

In this reaction several  products are expected to be formed [ 221 
such as the corz-esponding orgnometal l ic  derivarive of the zlkyl 
halide, alkylation products of the allCali metal adduct and dimers,  and 
disproportionation producrs derived from the akyl halides. The 
relative proportions of these reactions were found to depend on the 
alkyl or  halide (Table 2). 

When a solution of lithium adducts of nitrobenzene and p-nitro- 
toluene in vhich the rario of lithium in the adduct to the nitro compound 
wvas higher than 2 were reacted w i t h  the halides, it wvas found (Tible 3 )  
that all halides except chloro- and iluorobe.nzene reacted. The e-sent 
of reaction varied with the halide reactivity. When yl excess oi  
lithium adduct solution was used, an increase in reaction yield .a- 
observed It is obvious that the higher reactivity of these adduct 
solutions as compared to those in which the molar ratio of L i  to nitro 
compound = 2 (or less)  should be attributed to the presence of other 
lithium compounds present in the reaction mixture such as lithium 
azo- and azo-xybenzene derivatives, as mentioned before. 

A a  i o n  i c ? o 1 y rn e r i z z t i o n I n i  t i a t e  d b v L i t  h i  urn h d d ?  c t s 
o l  N i t r o b e n z e n e  - 

It waa interesting to investigate the three types of lithium aiducts 
of nitrobenzene in solution to find their effecriveness ds initiators for 
anionic polymerization. Styrene, methyl methacqiare, rnethocryto- 
nitrile. and acrjlonitzile. *xhich v a r y  considerably in their reactivity 

monomers, *xere used. The order  of reactivity oi the initiators 
(Table 4) was: adducts in which the ratio of Lithium to nitrobenzene 
was higher than 2 > dianion o i  nitrobenzene > Pdical-anion All three 
initiators did not polymerize styrene qhile the least reactive radical- 
anion w a s  f o u d  to polymerize acrytonitrile completely, methacrylo- 
nitrile to z small  extent, but not methyl merhacrylate. 
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-1 METAL ADDUCTS 1337 

The higher reactivity of adducts in wMch the ratio of Li to  nitro- 
benzene was more than 2 may be attributed to the presence, in 
relatively high concentrations, of such active anionic species a5 Li- 
azobeazene and ti-azoxybenzene, which were shown to  be present in 
the adduct solutions. 

benzophenone, as initiators of anionic polymerization of vinyl 
monomers, were previously reported [ 231. 

Differences in reactivity between monosodium and disodium 
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