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Kinetics and Mechanism of the Reaction of 4-Nitrobenzylidene Dichloride 
with Hydroxide Ion 
By Swee Hock Goh and Toh Seok Kam, Department of Chemistry, University of Malaya, Pantai Valley, Kuala 

Lumpur, Malaysia 

The reaction of 4-nitrobenzy idene dichloride with hydroxide ion in aqueous alcoholic solvents under nitrogen gives 
ma i n I y d i m e r i c type prod u c t s , viz. tetra c h I o ro - I ,2 - b i s - ( p - n it r o p h e n y I ) e t h a n e , a a' - d i c h I or o - 4,4' - d i n it r o s t i I be n e s 
and bis- (4-nitrophenyl)acetylene, and also a significant amount of 4-nitrobenzyl chloride. Kinetic evidence 
indicates that the reaction is second order with respect to 4- nitrobenzylidene dichloride. These results support an 
electron transfer or radical mechanism and rule out rate-determining free carbanion or carbene formation pathways. 

THE reaction of nitrobenzyl derivatives in basic medium 
is of mechanistic interest because of the possibility of a 
number of p a t h ~ a y s . l - ~  For example, the reaction of 
4-nitrobenzyl chloride with sodium hydroxide to  give a 
high yield of 4,4'-dinitrostilbene was originally presumed 

1 N. Kornblum, R. C. Kerber, and G. W. Urry, J .  Amer. Chem. 
SOC. (a ) ,  1965, 87, 4520; (b )  1964, 86, 3904. 

S. B. Hanna, Chem. Comm., 1965, 487. 
C. G. Swain and E. R. Thornton, J .  Amer. Chem. Soc., 1961, 

83, 4033. 

to proceed by carbene f~ rma t ion .~  Careful reinvestig- 
ation 6 9 7  of this reaction, however, revealed that the 
reaction was very sensitive to air, in the absence of 
which the kinetic and product data were in agreement 
with an electron-transfer mechanism, as shown in 

* I. Rothberg and E. R. Thornton, J .  Amer. Chem. SOC., 1964, 
86, 3296, 3302. 

Y .  Iskanda and S. B. Hanna, J .  Chem. SOC., 1961, 217. 
G. L. Closs and S. H. Goh, J . C . S .  Perkin I ,  1972, 2103. 
G. L. Closs and S. H. Goh, J.C.S.  Perkin IT,  1972, 1473. 
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Scheme 1. Recent studies 8-11 of the reaction of a 
number of nitrobenzyl derivatives with sodium hydroxide 

ArCH,Cl + OH-- ArCHCl fast 
slow AreHCl + ArCH,Cl+ ArCHC1 + ArCH,Cl-' 

ArCH,Cl-* + ArcH, + Cl- 
OH- 

ArcHC1 + ArcH, --). ArCHCICH,Ar - ArCH=CHAr 
Ar = 4-02NC,H, 

SCHEME 1 

also confirm the view that radicals may be a dominant 
feature of the reaction mechanism. 

We have studied the reaction of 4-nitrobenzylidene 
dichloride with sodium hydroxide in the expectation 
that if carbene formation is feasible it would be more 
likely to occur in this system than from the reaction of 
4-nitrobenzyl chloride, the chlorine group being well 
known to stabilise carbenes.12 The products from this 
reaction had been reported in an earlier communication l3 

and a detailed kinetic study is now reported. 

RESULTS AND DISCUSSION 

The reaction of 4-nitrobenzylidene dichloride with 
sodium hydroxide in aqueous alcoholic or methanolic 
solutions gave a mixture of products. Thus, in aqueous 
methanol dimeric type products, (1)-(3) account for 
ca. 36, 34, and 12% respectively. In addition it was 
also discovered that small amounts of 4-nitrobenzyl 
chloride (4) and methyl 4-nitrobenzyl ether (5) were 
formed with a total yield of ca. 12%. In aqueous 
ethanol 4,4'-dinitrostilbene (6) was also detected, pre- 
sumably arising from the further reaction of 4-nitro- 
benzyl chloride (4).' 

ArCCKClAr ArCCl,CCl,Ar ArCrCAr 
(1) (2) (3) 

(4) (5) (6) 

(7) (8) (9) 

ArCH,Cl ArCH,OMe ArCH=CHAr 

ArCCl ArcHC1 ArcC1, 

Ar = 4-02NC,H, 

The formation of the stilbene (1) may be suggestive 
of the intermediacy of the carbene (7) but this is rendered 
unlikely because large quantities of tetrachloro-l,2-bis- 
(9-nitropheny1)ethane (2) and the acetylene (3) were also 
formed. Thus these products (1)-(3) can readily be 
produced by the dimerisation and cross coupling of 
radicals (8) and (9) followed by elimination of hydrogen 
chloride in basic medium. The formation of product 
(2) in relatively high yields (34%) as compared with 
(3) (12%) seems at first surprising; however, this 
becomes reasonable when one observes that 4-nitro- 
benzyl chloride (4) or its derivatives (5) and (6) were 
also formed. It is reasonable to rationalise that 4- 

8 R. Tewfik, F. M. Fouad, and P. G. Farrell, J . C . S .  Perkin 11, 
1974, 31. 

9 R. Tewfik, F. M. Fouad, and P. G. Farrell, J . C . S .  Perkin 11, 
1975, 384. 

lo F. M. Fouad and P. G. Farrell, J .  Org. Chem., 1975, 40, 3881. 
l1 S. B. Hanna and P. H. Ruehle, J .  Org. Chem., 1975, 40, 

3882. 

nitrobenzyl chloride (4) arose via hydrogen abstraction 
of the starting 4-nitrobenzylidene dichloride by the 
radical ArCHCl (8) leading to a more stabilised radical 
(9).14 The pathways to the observed products may 
therefore be summarised by Scheme 2. 

Verification of the operation of this mechanism will 
have to come from kinetic studies. However the large 
number of products formed has rendered the kinetic 
study more difficult. Furthermore, considering the 

ArCHC1, + OH-= ArcC1, + H,O 

ArCHClC + ArCHC1 + C1- 
2ArCC1, + ArCCl,CCl,Ar 

fast 
slow ArcC1, + ArCHCI, --w ArCC1, + ArCHCl;* 

OH- 

OH- 
ArCC1, + ArtHCl--+ - ArCCkCClAr 

2ArCHCl--b - ArCECAr 

ArCH,Cl ---+c ArCH,OMe or ArCH=CHAr 
ArcHC1 + ArCHC1, + ArCH,Cl + ArCCI, 

SCHEME 2 

many problems reported by previous workers studying 
other nitrobenzyl s y s t e m ~ , ~ - l ~  the present system 

lOJt /s 
FIGURE 1 Reactions of 4-nitrobenzylidene dichloride with hydr- 

oxide ion under nitrogen : A, 4-nitrobenzylidene dichloride 
( 0 . 1 ~ )  and potassium hydroxide ( 1 . 2 ~ )  in 95% methanol- 
water (v/v) a t  25 OC, 0 4-nitrobenzylidene dichloride, A 4-nitro- 
benzyl chloride, + methyl 4-nitrobenzyl ether; B, 4-nitro- 
benzylidene dichloride ( 0 . 0 2 ~ )  and sodium hydroxide ( 0 . 2 ~ )  in 
9574 ethanol-water (v/v) a t  15 "C, 0 4-nitrobenzylidene di- 
chloride, 0 chloride ion 

appears to be particularly challenging. Initial titri- 
metric work revealed that chloride ion formation and 

1, W. Kirmse, ' Carbene Chemistry,' Academic Press, New 
York, 1971, 2nd. ed., p. 133. 

13 K. C. Chan, S. H. Goh, S. E. Teoh, and W. H. Wong, Austral. 
J .  Chem., 1974,27,421. 

l4 S. H. Goh, R. L. Huang, and S. H. Ong, ' The Chemistry of 
Free Radicals,' Arnold, London, 1973, ch. 9. 
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hydroxide ion consumption bear no simple stoicheio- 
metric relationship to the amount of reactant consumed, 
hydroxide ion consumption being approximately one 

in which the rate-determining step is electron transfer 
from the carbanion to the reactant molecule. Further, 
the deviation from second-order kinetics in the later 

TABLE 1 
Pseudo-second-order rate coefficients (k2') for the reaction of 4-nitrobenzylidene dichloride with excess of potassium 

hydroxide under nitrogen 
[A~CHCI,]/M [KOH]/M T ("C) Solvent 10-2k,'/l m o P  s-l lo-* ' k, '/s-I 

0.100 1.20 15.0 80% Methanol 1.16 & 0.08 (0.995) 3.13 &- 0.40 (0.985) 
0.040 1.20 15.0 80% Methanol 1.16 -j= 0.07 (0.993) 1.27 f 0.10 (0.987) 
0.020 1.20 15.0 80% Methanol 1.23 & 0.03 (0.999) 0.79 f 0.03 (0.998) 
0.100 1.20 25.0 950h Methanol 0.81 f 0.04 (0.997) 1.59 &- 0.15 (0.986) 
0.040 1.20 25.0 95% Methanol 0.78 & 0.06 (0.097) 0.83 & 0.05 (0.998) 

Q Initial concentration. b Aqueous organic mixed solvents. Calculated from rate law k,' [ArCHCl,] ,. Calculated pseudo-first- 
order coefficients ' k ,  ' based on rate law k ,  [ArCHCl,]. e Correlation coefficient in parentheses. 

and a half times chloride ion liberation. The reactant 
and product profiles with reaction time are given in 
Figure 1, where it can be seen that a direct estimation 
of the reactant 4-nitrobenzylidene dichloride by lH n.m.r. 
offers a method of following the kinetics. 

The a-hydrogen of 4-nitrobenzylidene dichloride is 
fairly acidic. This was confirmed by experiment in 
which a-deuterio-4-nitrobenzylidene dichloride, when 
subjected to reaction in aqueous methanolic sodium 
hydroxide, was found to have exchanged off 94% 
of deuterium after 60% reaction. Likewise more 
than 90% deuterium incorporation was found when 
reaction of 4-nitrobenzylidene dichloride was carried out 
with sodium de~teri0xide.l~ The carbanion ArcCl, can 
be observed in strong base, e.g. potassium t-butoxide in 
t-butyl alcohol, A,,, 420 cm (E 3 x lo4), but under these 
conditions the carbanion decomposed rapidly over 
10-30 min. 

Kinetic experiments had to be carried out with 
carefully degassed aqueous methanolic solutions, the 
reaction being difficult to reproduce in the presence of 
traces of air. Excess base was maintained in the re- 
action medium so as to obtain pseudo-first- or pseudo- 
second-order kinetic behaviour. Initial experimental 
data for up to 90% reaction showed that the reaction is 
neither first-order nor perfectly second-order in Q-nitro- 
benzylidene dichloride although the reaction was 
definitely much faster a t  higher concentrations of the 
reactant. Further kinetic experiments were devised to 
observe the kinetic behaviour for the initial part of the 
reaction (up to one half-life) and over a range of con- 
centration of the reactant (0.02-0.10M) while keeping 
the base concentration constant ( 1 . 2 ~ ) .  The results 
conclusively revealed that the rate of reaction was 
dependent on the initial reactant concentration, being 
faster at higher concentration. This is indicative of a 
higher order reaction, in fact, when plotted reasonable 
pseudo-second-order plots were obtained, as shown in 
Figure 2. The pseudo-second-order rate coefficients 
obtained are given in Table 1. The observed kinetic 
behaviour rules out a number of mechanistic pathways 
which require pseudo-first-order kinetics, e.g. rate- 
determining formation of carbene or free carbanion 
(Scheme 3). 

Second-order kinetics are consistent with a mechanism 

stage of the reaction is not too surprising for two reasons. 
First, the proposed mechanism involves electron transfer 
from carbanion to a neutral nitro-compound acceptor. 

1 90 

/ 

/' 

U 
Y 

50% reaction indicated by 0 

I I 1 I 
1.2 2.4 3.6 

103fis 
FIGURE 2 Kinetics of the reactions of 4-nitrobenzylidene di- 

chloride (0, 0.1;  n0.04; 0 0 . 0 2 ~ )  with potassium hydroxide 
( 1 . 2 ~ )  in SO% methanol-water (v/v) under nitrogen at 15 "C 

Products are formed increasingly with the progress of the 
reaction and being soluble nitro-compounds they can be 
effective electron acceptors and will accelerate the 

ArCCl + NaCl 

f 
ArCHC1, + NaOH ArCCl,, Nai 

ion pair \ 
ArCCl, + Na+ 

SCHEME 3 

reaction. Secondly, the small but significant amount of 
4-nitrobenzyl chloride formed by radical abstraction 
(Scheme 2) will lead to the consumption of reactant 
ArCHC1, and will inevitably complicate the kinetics. 



1978 651 

Furthermore, under the reaction conditions 4-nitro- 
benzyl chloride also generates carbanions which will in 
all probability participate in the reaction. 

The reaction rate was also examined under various 
conditions and the results are given in Table 2. By 

TABLE 2 

Effect of additives on the rate of reaction of 4-nitro-benzyl- 
idene dichloride (0 .0G~)  and potassium hydroxide 
( 0 . 6 ~ )  in 95% methanol-water a t  25' for 19 h 

Additive and reaction conditions % Reaction * 
No additive 60 
Reaction in the dark 60 
Potassium nitrate ( 0 . 0 1 ~ )  60 
Trace of air 72 
In air 95 
Irradiation by 200 W tungsten lamp 97 
4-Nitrobenzyl chloride ( 0 . 0 3 ~ )  72 
m-Dinitrobenzene ( 0 . 0 6 ~ )  96 
a-Methylstyrene (0.12111) 41 
1,l-Diphenylethylene (0.03111) 23 
2,6-Di-t-butyl-P-cresol ( 0 . 0 0 3 ~ )  45 

* Percentage reaction is based on 4-nitrobenzylidene di- 
All reactions were duplicated and performed under 

comparing the percentage of 4-nitrobenzylidene di- 
chloride under fixed conditions and with additives it 
was found that the reaction is very sensitive to air, 
catalysed by light, accelerated by added nitroaromatic 
compounds, and can be slowed down by some radical 
inhibitors. 

In the light of the above experimental observations it 
is clear that the radical mechanism is operative. There 
is also sufficient corroboration available in the litera- 
ture 15-20 for the electron transfer pathway and it is in 
fact a dominant feature of many reactions of nitro- 
aromatic systems in basic media. Earlier work by 
Russell l7 has demonstrated that the formation of 
4-nitrotoluene radical anion in potassium t-butoxide can 
be second- order in nitrotoluene. Bethel1 et aZ.15 and 
Guthrie et aZ.16 also discovered that the reactions of some 
other arylalkyl halides also follow a similar kinetic 
behaviour. Kornblum 18-20 further showed that radical- 
chain reactions may also arise in certain nitroaromatic 
systems. In the present system, however, it is not 
necessary to invoke radical-chain reactions as competing 
pathways. Likewise a competing SN2 process need not 
occur and Scheme 2 sufficiently describes the mechanism 
of the reaction. 

chloride. 
nitrogen, unless otherwise stated. 

EXPERIMENTAL 

lH N.m.r. spectra were recorded on a Hitachi-Perkin- 
Elmer R-20B instrument. U.v.-visible spectra were 
recorded on a Pye-Unicam SP 700A u.v.-visible spectro- 
photometer. Mass spectra were recorded on A.E.I .  MS-3074 
instrument. Halide ion and hydroxide ion determination 
were carried out by electrometric titration with a Radio- 
meter TTT2 automatic titrator. 

15 D. Bethell, A. F. Cockerill, and D. B. Frankhum, J .  Chem. 
SOC. ( B ) ,  1967, 1287. 

16 R. D. Guthrie, D. P. Wesley, G. W. Pendygraft, and A. T. 
Young, J .  Amer. Chem. SOC., 1976, 98, 5870. 

'' G. A. Russell and E. G. Janzen, ' Free Radicals in Solution, 
International Symposium on Free Radicals in Solutions, 1966,' 
Butterworths, London, 1967, p. 197. 

Preparation of 4-Nitrobenzylidene Dichloride.-4-Nitro- 
benzaldehyde (45.3 g, 0.3 mol) was heated with an  excess of 
phosphorus pentachloride (73 g, 0.35 mol) on a steani-bath 
for 6 h after which the mixture was poured into an excess of 
crushed ice. The crude product was then filtered and 
recrystallised from absolute ethanol to yield pure 4-nitro- 
benzylidene dichloride (47 g, 76%) as almost colourless 
crystals, m.p. 42 "C (lit.,21 46 "C). 

Reactions with Strong Bases .-Solvents t-bu tyl alcohol, 
dimethyl sulphoxide, and NN-dimethylformamide wercx 
dried by distillation from calcium hydride under nitrogen. 
Yellow solutions were obtained by mixing dilute solutions 
(4 x 1 0 - s ~ )  of 4-nitrobenzylidene dichloride and potassium 
t-butoxide (0. IM) in t-butyl alcohol under nitrogen. When 
observed directly in the spectrometer at 26 "C the absorption 
bands were observed to decay in ca. 30 min. The corres- 
ponding reaction in dimethyl sulphoxide and dimethyI- 
formamide gave reddish solutions, A,,,,,. 507 nm (E 3 x 104). 

Product A naZysis.-The products obtained from the 
reaction of 4-nitrobenzylidene dichloride and potassium 
hydroxide in 95% methanol-water (vlv) under nitrogen 
were chromatographed through Florisil and eluted with 
light petroleum, benzene, chloroform, and methanol 
successively. Tetrachloro- 1,2-bis-(p-nitrophenyl)ethane was 
relatively insoluble and crystallised out readily, and its yield 
was estimated directly by weighing. Other products which 
had been previously characterised were determined by their 
n.m.r. spectra based on their characteristic aromatic proton 
absorptions. 4-Nitrobenzyl chloride and methyl 4-nitro- 
benzyl ether could be isolated by column chromatography 
followed by distillation or sublimation and their identities 
verified by comparison of their m.p./b.p., n.m.r., and niass 
spectra with those of authentic samples. 

Preparation of u-Deuterio-4-nitrobenzylidene Dichloride. - 
4-Nitrobenzylidene dichloride (3.09 g), deuterium oxide 
(2 ml), and triethylamine (3.03 g) in dry tetrahydrofuran 
(8 ml) were stirred together for 23 h, after which the solvent 
was pumped off under reduced pressure. The mixture was 
extracted with light petroleum (b.p. 60-80") and concen- 
tration of the extract followed by cooling gave the product 
as almost colourless needles. The n.m.r. spectrum of the 
product showed i t  to be only ca. 90% deuteriated. This 
product (1.85 g) was deuteriated for a further 25 h with 
triethylamine (2  g)  and deuterium oxide (1 ml) in dry 
tetrahydrofuran ( 5  ml). The final product after crystal- 
lisation was shown by n.m.r. to be 96.6% deuteriated. 

Isotopic Exchange Experiment.-The deuteriated 4-nitro- 
benzylidene dichloride (0.50 g) was dissolved in 95% (v/v) 
methanol-water (30.4 ml) under nitrogen, after which 
potassium hydroxide ( 2 . 5 ~ ,  9.6 ml) was syringed in. The 
reaction was maintained a t  25 "C under nitrogen for 19 11 
(or ca. 60% completion) after which the mixture was 
acidified by concentrated hydrochloric acid. Excess of 
methanol was removed by rotary evaporation after which 
unchanged 4-nitrobenzylidene chloride was extracted with 
light petroleum followed by chromatography through silica 

l6 (a) Y. Kornblum, R. E. Michel, and R. C. Kerber, J .  A m w .  
Chem. SOC., 1966, 88, 5600, 5662; ( b )  N. Kornblum, T .  M. Davies, 
G. W. Earl, N. L. Holy, R. C. Kerber, M. T. Musser, and D. H. 
Snow, i b id . ,  1967, 89, 725; (c) N. Kornblum, R. T. Swiger, G. W. 
Earl, H. W. Pinnick, and F. W. Stuchal, i b id . ,  1970,92, 1804,55lR. 

19 N. Kornblum, Angew. Chem. Internat. Edn. ,  1975, 14, 734. 
20 N. Kornblum, ' XXIIIr? International Congress of Pure 

and Applied Chemistry, 1971 , Butterworths, London, 1971, vol. 

21 Handbook of Chemistry and Physics,' CRC Press, Clevc- 
land, 1973, 53rd. edn. 

4, p. ,sl. 
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gel (25 g) to yield crystals. The n.m.r. spectrum showed 
that the product now contained 94% hydrogen a t  the 
a-posit ion. 

Deuteriation of unlabelled 4-nitrobenzylidene dichloride 
in sodium deuterioxide was similarly found to  occur 
r a ~ i d 1 y . l ~  

Kinetic Methods.-Solvents were deoxygenated by boiling 
under nitrogen for at least an hour. Solutions of 4-nitro- 
benzylidene dichloride and potassium or sodium hydroxide 
were kept under nitrogen and thermostatted to  f0.05 O C .  
Reactions were initiated by mixing the solutions, introduced 
by syringes, and the mixture carefully kept under nitrogen. 
For initial experiments the reaction was monitored by 
titration of chloride ion liberation and hydroxide ion 
consumption. The array of products formed, however, 
ruled out the feasibility of this method for kinetic study. 
An alternative method was developed in which the con- 
centration of the 4-nitrobenzylidene dichloride was deter- 
mined directly by n.m.r., using 2,4-dinitrotoluene as 
standard. Control experiments indicated that 4-nitro- 
benzylidene dichloride and 2,4-dinitrotoluene could be 
extracted almost quantitatively from reaction mixtures by 

light petroleum. Synthetic mixtures using the two com- 
pounds in various ratios indicated that 4-nitrobenzylidene 
dichloride (0.2-1 mmol) can be determined with reasonable 
precision. In  a typical analysis, the reaction was quenched 
by an excess of hydrochloric acid (with cooling) and a 
known amount of 2,4-dinitrotoluene was added. Excess of 
methanol was removed by rotary evaporation after which 
the mixture was thoroughly extracted three times with 
light petroleum (20 ml). The solvents were then distilled 
off and the residue in carbon tetrachloride was used for 
n.1n.r. determination. 

Experiments in aqueous ethanol were found to  be in- 
conveniently fast. I n  aqueous methanol many kinetic 
runs were obtained and some results are shown in Figure 2 
and Table 1.  The rate of reaction was also investigated in 
various other conditions and results are given in Table 2. 

Results are shown in Figure 1. 
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