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Reaction of l-chloro-2,4,6-trinitrobenzene (I) with anions of 2,4-pentanedione (II) and methyl 
3-oxobutanoate (1/1) produces 3-(2,4,6-trinitrophenyl)-2,4-pentanedione (/ V) and methyl 
2-(2,4,6-trinitrophenyl)-3-oxobutanoate (V), respectively, besides 2,4,6-trinitrophenol (VI). 

Amount of 2,4,6-trinitrophenol decreases with increasing amount of dimethyl sulphoxide and 
2,4-pentanedione in methanol. A mechanism of formation of 2,4,6-trinitrophenol is suggested. 
Rate constant of fc rmation of 3-(2,4,6-trinitrophenyl)-2,4-pentanedione in methanol- dimethyl 
wlphoxide mixtures increases with increasing content of dimethyl sulphoxide and decreases 
with increasing Liel concentration. In methanol, l-chloro-2,4,6-trinitrobenzene reacts with 
anion of 2,4-pentanedione about 20 x sl ower than with anion of methyl 3-oxo butanoate. 

The study 1 of structure of the Meisenheimercomplexesformed by reaction of ambident 
anions of ketones and diketones only revealed attack by enolate carbon aton1 in all 
the cases. Only recently it has been found that reaction of I-methoxy-2,4,6-trinitro­
benzene with phenoxide ion in aqueous dimethyl sulphoxide producEs a complex 
in which phenol is bound by oxygen at 1 position of cyclohexadie nide ion 2

. Prcducts 
of attack by enolate carbon atom were also isolated 3

,4 from reaction mixtures after 
reactions of I-halogeno-2,4-dinitrobenzenes or I-halogeno-2,4,6-trinitrobtnzenes 
with ambident anions. Only small extent of attack by enolate oxygen atom is ob­
serveds in substitutions of halogens of aromatic halogenonitro ccmpounds, e.g. 
the reaction of l-chloro-2,4-dinitrobenzene with potassium salt of ethyl acetoacetate 
involves 5% and 3%oftheO-attack in dimethyl sulphoxide and 1,2-dimethoxyethane, 
respectively. Moreover, the O-arylation product was unstable and underwent solvolysis 
during all attempts of isolations. Its formation and structure were proved 5 by 1 H NMR 
spectra of the reaction mixtures only. 

The aim of the present communication is to study kinetics of reaction of anions 
of 2,4-pentanedione and methyl 3-oxobutanoate with l-chloro-2,4,6-trinitroeenztne 
in methanol and its mixtures with dimethyl sulphoxide and to find the extent to which 
the attack by enolate oxygen atom makes itself felt besides the attack by carbon 
atom. 
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EXPERIMENT AL 

The 1H NMR spectra were measured with a Tesla BS 487 B spectrometer at 80 MHz using hexa­
methyldisiloxane as internal standard. 

I-Chloro-2,4,6-trinitrobenzene (I) was purified by repeated crystallization from methano l. 
M.p. 82- 83°C, ref. 6 83°c' Methyl 3-oxobutanoate and 2.4-pentanedione were twice rectified. 

3-(2 ,4,6-Trinitrophenyl)-2 ,4-pentanedione (IV): Solution of I g (4 mmol) l-chloro-2,4,6-tri­
nitrobenzene in 8 ml (78 mmol) 2,4-pentanedione was treated with mixture of 8 ml (78 mmol) 
2,4-penlanedione and 8 ml 1M sodium methoxide (8 mmol). After severa l minutes, the red solu­
tion was acidified with 4 ml 2·5M-HCI a nd extracted with 2 x 100 ml benzene . The benzene ex­
tract was washed with water and dried with sodium su lphate. a nd the solvent was dist illed off. 
T he excess of 2,4-pentanedione was distilled e fT in vaCl/ lIl1l from water bath. The raw product was 
purified by column chromatography (silica ge l; chlorofo rm- et hyl aceta te I : I) . The evapora tion 
residue was recrys ta llized from benzene-tetrachl o rc metha ne mixture. Yie ld 1·13 g, m.p. 126 to 
127°C, 1 H NMR spectrum and elementa l analy~is of the product shows that it is a so lvate con­
ta inin g 1 molecule CCI4 per 3 molecules IV. Fo r 3Cll1-l9N30S. CC14 calculated: 37'39% C, 
2'49% H, 11 ' 51 % N; found: 37 '14% C. 2-41 % 1-1. 11'93% N. Drying of the solvate at 100°C 
at 2 kPa for severa l hours gave 0·99 g (76%) compc und IV, m.p. 133 - 135°C (decompo~iti o n ). 

For CllH9N30s (3 11 '2) calcul ated: 42-45 % C, 2'92% 1-1 , 13'50% N; found: 42'88% C, 3'06% 1-1, 
13'42% N. J H NMR spectrum (CDCl 3 , 40°C): b(O I-l ) = 16·50 (1 1-1 , brcadcned sin glet), b(Ar) = 

= 8·85 (2 H, singlet), b(CH 3 ) = 1·89 (6 H, singlet). 

Methyl 2-(2,4,6-trinitrophenyl)-3-oxoblltanoate (V): So lul ion of 4·95 g (20 mmol) I-ch loro­
-2,4,6-trinitro benzene and 3·5 g (30 mmol) methyl 3-cxo butanoate in 40 ml dimeth yl sulphoxide 
was stirred and treated with 20 ml 2M so dium methoxide (40 mmol) added dro p by drop. After 
15 min , the solution was diluted with 500 ml wa ter. acidified with 6 ml conc. hydrochloric acid, 
and extracted with 3 x 300 ml benzene. The benzene extract was dried with sodium sulpha te , 
and the solvent was distilled ofT. The raw product was crysta llized twice from benzene- tetra­
chlo romethane mixture . Yield 2·95 g (45%), m.p. 137- 139°C, For C ll H 9 N 30 9 (327 '2) calculat­
ed: 40'38% C, 2·77% H , 12·84% N ; found: 40' 17% C. 2·76% H, 12·88% N . J H NMR spectrum 
(CDCl 3 , 25°C); b(O H) = 12·99 (I H, broadened sin glet) , b(Ar) = 8·88 (2 H, si nglet), b(OCH 3 ) = 
= 3'68 (3 H, singlet), b(= CCH3) = 1·8 1 (3 H, singlet ). 

Kinetic measurements: The reac tions were fo ll owed spectro photo metricall y with a Unicam 
SP 800 apparatus. One drop of benzenic so lution (f co mpound 1(0') mc ll - J) was added to 2 ml 
methanolic solution cf 2,4-pentanedione and sodium methoxide in a glass cell , and spectra of the 
mixture were measured in the region 300 - 650 nm. In mcthano lic solutions the compound I 
undergoes slow methanolysis to )-methoxy-2, 4,6-trinitrc benzene. The kinetic experiments were 
carried out with a Zeiss VSU 2P apparatus a t 25°C: One drop of benzenic so lutic n of the com­
pound 1(0' 1 mo)I- 1 ) was added to 2 ml temperated solution containing 2·5 . 10 - 3 to 5· 10- 2 

moll- 1 sodium methoxide an d 0·5 to 1·5 moll- 1 2,4-pentanedione in methano l c r its mixture 
with dimethyl sulphoxide (10, 20 o r 30% v/ v dimethyl su lphoxide). A t defi nite time intervals 
absorbance was measured a t 540 nm (in methano l an d in 10% v/ v dimethyl su lphoxide in metha­
nol) and at 550 nm (in the other solutions). T he rate constants kObS were calculated from the rela­
tion kObS = -2'3 10g (A (J) - At) + const. In the same way the reaction ra te was measured 
in methanol in the presence of LiCI (up to 0·125M-LiCI). The reaction of methyl 3-oxobutanoate 
with the compound I in methanol was followed in the same way at sodium methoxide concentra­
tions from 5 . 10- 3 to 2·5 . 10- 2 moll- 1 at concentrations of ester III frcm 0'5 to ] ,5 moll- 1 

at analytical wavelength 570 nm. 
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Estimation of amounts of3-(2.4.6-trinitrophenyl)-2,4-pentanedione (IV) and 2.4.6-trinitrophenol 
(VI): 20 ~I O·IM solution of I was added to 2 ml temperated solution of II and sodium methoxide 
in methanol or methanol-dimethyl sulphoxide. Absorbance of anion of ccmpound IV was 
measured at 500 nm after at least 10 half-lives of the substitution reaction taking place at the given 
conditions. Then the solution was acidified with 0·1 ml acetic acid. and absorbance of anion 
of phenol VI was measured at 400 nm. Absorbances of pure compound IV. its anion. and anic n 
of phenol VI at the mentioned wavelengths were determined with the use of 1O- 2M solution 
of compound IV and 10- 3 M solution of phenol VI. The same procedure was used for determina­
tion of product composition in reactions of methyl 3-cxobutanoate. 

Dissociation constant of the compound IV was determined by measurement of absorbances 
of its anion at 460 nm in a series of II methanolic acetate buffers (25°C. ionic strength 0·1) and 
in 2 . 10 - 2M sodium methoxide; absorbance of the non-dissociated compound IV was measured 
in methanolic 0·25M-HCI. The pH values were calculated from composition of the buffers and 
pK. of acetic acid in methanol (pK. = 9·52. ref. 7

). The pK. value of compound V was deter­
mined in the same way at the wavelength 485 nm. 

RESULTS AND DISCUSSION 

The main product of the substitution reaction of l-chloro-2,4,6-trinitrol:enz'h,(J) 
with anion of 2.4-pentanedione (II) is 3-(2,4,6-trinitrophcnyl)-2,4-pentanc::dione (IV). 
The 1 H NMR spectra showed that the compound IV in dimethyl sulphoxide solu­
tions exists exclusively as enol form. The side product, 2,4,6-trinitrophenol (VI), 

TABLE I 

Rate constants k2 (I mol-I s -~) of reaction of l-chloro-2,4,6-trinitrobenzene with anio"'n of 2.4-
-pentanedione (II) and content of 3-(2.4,6-trinitrophenyl)-2.4-pentanedione (IV) in the reaction 
products after reaction in methanol and methanol-dimethyl sulphoxide mixtures at 25°C 

Mediumo [ll) [CH30Naj. 103 %IV k2 . 102 b 

A 0·5 2·5-50 56 ± 3 6·9 ± 0·1 
1·0 10 -35 65 ± 2 7·1 ± 0·2 
1·5 15 -45 73 ± 2 7·4 ± 0·1 

B 0·5 -40 86 ± 5 14·6 ± 0·6 
1·0 15 -30 82 ± 4 15·3 ± 0·5 
1·5 12·5-30 85 ± 3 18·0 ± 0·5 

C 0·5 7·5-30 95 ± 2 26·4 ± 0·9 
1·5 3·5-23·5 96 ± 3 33·0 ± 1·8 

D 0·5 -27·5 94 ± 2 52·8 ± 2·1 
1·0 5 - 20 95 ± 2 73-1 ± 5·8 

U Methanol (A). 10% v/ v dimethyl sulphoxide in methanol (B). 20% v/ v dimethyl sulphoxide (C). 
30% v/ v dimethyl sulphoxide (D); b k2 = kobs . % IVj [CH 30Naj . 100. 
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was determined spectrophotometrically in washing water from preparation of COI11-

pound IV, and it was found that less than 1% of compound 1 is converted to the 
phenol VI under the conditions of pn:paration. Also the amount of l-methoxy­
-2,4,6-trinitrobenzene (formed by reaction of the substrate 1 with methoxide ion) 
in raw compound IV was less than 1 % (1-methoxy-2,4,6-trinitrobenzene was de­
termined spectrophotometrically after transformation to the respective Meisen­
heimer complex by action of methoxide ion). 

The kinetic experiments were carried out with molar rati os of the substrate I 
to 2,4-pentanedione 1 : 500to 1 : 1 500in 2·5 . jQ - 3M to 5 . lO - 2M sodium methoxide. 
Under these conditions the amount of I-methoxy-2,4,6-trin .itrobenzene formed 
was below 1% again, but the amount of phenol VI produced in methanol was 27 to 
44% (Table I) . Proportion of phenol VI in reaction products decreased with increasing 
content of 2,4-pentanedione in the reaction mixtures. Tn methanol-dimethyl sulpho­
xide mixtures the proportion of phenol VI decreased as low as to 5% (30% v/v di­
methyl sulphoxide). 

The COUlse of the reactions studied in the wavelength region A > 450 nm showed 
exponential absorbance increase, * which COli esponds kinetically to a one-step 
pseudomonomolecular reaction. In the wavelength region 360-420 nm the absor­
bance increase showed a mildly S-shaped course characteristical for consecutive 
reactions. This finding is explained by Scheme J. 

IV 

intermediate VII 

SCHEME I 

o 0 
I ~ (- ~ : I 

H J c/C~C::C'CI-\J 

OlNh N01 

I~ 
N02 

VIII 

VI 

At ). > 450 nm practically the only absorbing species is anion of compound I V, because 
sodium 1,I-dimethoxy-2,4,6-trinitrocyc1chexadienide is present in negligible amount. At the 
lowest used concentration of dione II (0'5 moll-I) a small amount of sodium 1,I-dimethoxy­
-2.4,6-trinitrocyc1ohexadienide is formed. As absorbance coefficient of this Meisenheimer com­
plex (formed in a consecutive reaction) is about 15 times greater than that of compound IV. 
the kinetic measurements were carried out at 540 nm where the Meisenheimer complex does not 
absorb practically. 
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The rate constant kobi measured at 540 nm is a sum of rate constants of formation 
of product I V (klv) and formation of the intermediate V11 (kvII ) (Eq. (l)). The both 
side reactions are of the same order (i .e. first order in substrate I and first order in 
anion of 2,4-pentanedione), and hence also the summary reaction is first order in 
each component and shows pseudomonomolecularcourse under the used experimental 
conditions. 

(1) 

2,4-Pentanedione is a relatively strong acid (pK. = 13·25 in 1 moll- 1 methanolic 
solutionS, hence concentration of its anion in the reaction mixture is practically equal 
to concentration of added sodium methoxide. The dependence kobs us concentration 
of anion of compound J J and proportion of compounds J V and VI in products 
were used for calculation of the rate constants k2 offormation of product IV(Table I). 

Increasing dimethyl sulphoxide contolt in the reaction mixtures results in rapid 
increase of k2 values (Table 1). The 1<2 values also increase with 2,4-pentanedione 
concentration, which is probably connected with decrease of concentration of metha­
nol which is ab le to solvate the anion of compound II . This dfect is the more distinct 
the higher is concentration of dimethyl sulphoxide. Above 30% v/v dimethyl sulpho­
xide concentration, formation of the Meisenheimer complex of compound I with 
enolate anion of dione II begins to make itself felt markedly, so the kinetic measure­
ments were not carrie d out in these media. 

The results are describ(d in Scheme 2. In the first step the substrate I 
reacts with anion of compound II to give the product IV. The lattEr s'plits off the 
proton practically immediately (pK. = 9'74) to give the anion VI11 - the final 
reaction product. At the same time the substrate I reacts with anion of 11 to give 
the intermediate VlJ which, on reaction with methoxide ion or other llucIeophiles, 

"-
" "-

"-

0'6 

A, 

0'3 

01 
10 

A~ _ 15 

05 

min 50 

FIG. 1 

Time dependence of absorbance At 1 or 
log (A cy, - At) 2 measured at the wave­
length 390 nm in the reaction of I-chloro­
-2,4,6-trinitrobenzene (10- 3 moll- J ) with 
anion of 2,4-pentanedione (10- 2 moll-I), 
[II] = 0·5 moll- 1 in methanol at 25°C 
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SCHEME 2 

CI CH(CO-CH;h 
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1613 

produces 2,4,6-trinitrophenoxide ion and 4-substituted 3-penten-2-one. The reaction 
of intermediate VII with methoxide anion should give 4-methoxy-3-penten-2-one. 
The reaction of the intermediate VII with nucleophiles is faster than formation 
of VII, because time dependence of the absorbance at 390 Dm (Fig. 1) has only slightly 
S-shaped character, and it changes soon to exponential dependence. The rate con­
stant kobs determined from this exponential dependence is the ~ame as kobs found 
for the summary reaction of the substrate! with anioD of compound II by the measure­
ment at 540 nm. However, the suggested mechanism could not be confirmEd by isola­
tion of 4-methoxy-3-penten-2-one (or, at least, its identification by 1 H NMR), 
because this compound is formed in the amount less than 1% under the conditions 
of preparation. 
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The content of phenol VI in products decreases with increasing concentration 
of aprotic solvent (dimethyl sulphoxide, 2,4-pentanedione) in the mixtures with me­
thanol, the effect of dimethyl sulphoxide being larger. This fact is obviously due 
to a combined effect of solvent on proportion of conformers of 2,4-pentanedione 
anion and their solvation and/or on formation of ion pairs. 

We also studied the reaction of 1-chloro-2,4,6-trinitrobenzene with 2,4-pentanc­
dione in the presence of lithium chloride. The cation Li + forms two types of con:­
plexes with anion of ll. At lower Li + concentrations in methanolic solutions the 
predominant complex J X contains one Li + cation per one anion of ll, the respective 
equilibrium constant of formation being KI = 6301 mol-I (ref. 9

), whereas at higher 
Li + concentrations the predominant complex X contains two Li + cations per one 
anion of II (K2 = 1,1.103 12 m01- 2

; ref. ID). 

IX X 

The presence of Li + in the react ion mixture should affect both the reactivity 
of enolate ion of compound II and proportion of reaction products of this ion with 
the substrate T. Table II gives the results obtained . Against expectation (i.e, preference 
of attack by carbon atom of the enolate ion as a consequence of the oxygen atoms 

TABLE II 

Effect of LiCI on the product composition and rate of reaction of l-chloro-2,4,6-trinitrcbenzene 
with anion of 2,4-pentanedione (CSH 7 0 2 Na) in methanol at 25°C, [II] = 0·5, [CH 3 0 -] = 

= 4.10- 2 

[LiCl].102a [CS H 70 1 Na] . 
%IV [IX] . 102 k

obs
• 103 , S-I k

cal
' 103 , S-lc . 102 b 

2·5 17·0 57 2·05 1-30 1·12 
5·0 7·0 51 3·15 0·54 0·55 
7·5 3·2 46 3·30 0·31 0·31 

10·0 1·9 44 3·20 0·23 0·22 
12·5 1·3 46 3·05 0·19 0·18 

" Analytical concentration of LiCl; b effective concentration of free anion of compound II; C the 
calculated rate constant. 

Collection Czechoslovak Chem. Commun. [Vol. 48J [1983] 



Kinetics of Reaction of i-Chloro-2,4,6-trinitrobenzene 1615 

being bonded to Li + ion)l1, the proportion of phenol VI among the reaction products 

increased in the presence of Li+. With increasing Li+ concentration the substitution 

reaction rate decreases. The found dependence kobs us [Li +] can be ex.plained by the 

substrate I reacting with free enolate ion and with complex IX. The best agreement 

between the measured (kOb') and calculated (kcnl) values of the rate constants was 
reached, when we used for the reaction of substrate I with free enolate ion of II the 
ra te constant value k = 6· 5 . 10 - 2 I mol - 1 s - I, and for that with complex I X 
the rate constant value k = 3. 10 - 3 I mol - J s - J and the value K J = 300 I mol - I 

instead of the value KI = 630 I mol- 1 given in ref.9.* Table II gives the measured 

values of rate constants along with the calculated ones. 

The reaction of l-chloro-2,4,6-trinitrobenzene with anion of methyl 3-oxobutanoate 

(III) was studied in methanol only. The reactions are too fast in mixtures methanol­

-dimethyl sulphoxide, and formation of the Mei senheimer complexes becomcs 

significant at lower concentrations of dimethyl sulphoxide as compared with the 

reactions of 2,4-pentanedione. The main reacti on product is (nol fo rm of methyl 

2-(2,4,6-trinitrophenyl)-3-oxobutanoate (V) . Besides, .2,4,6-trinitrophcllol is formed, 

its amount being, however, less than that from 2,4-pentanedione reaction. The smaller 

amount of phenol VI in products can be connected with smallcr tendency of methyl 

3-oxobutanoate to form enol. The reaction of substrate I with dimethyl malonate 

(which produces almost no enol form) was found 4 to give no phenol VI. 

The amount of phenol VI formed in reaction of substrate I with anion of 111 
decreases with increasing concentration of III in reaction mix.ture (Table TIl). De­

pendence of rate of formation of product Von [CH 30 -] (and, hence, on concentra­

tion of anion of compound III) is limar in the whole range investigated (Table III). 
The average bimolc.cular rate constant k2 = 1·26Imol - 1 

S - 1 is almost 20 times 

greater than that of analogous reaction of anion of compound 11 (k2 = 6,9.10 - 2 I . 

. mol - 1 S- I), although methyl 3-oxobutanoate is a 10 times stronger acid than 

2,4-pentanedione (Table IV). It would ce more correct to consider only the acidity 

of keto forms in the calculation. The keto form of 2,4-pentanedione is about 40 times 

more acidic than that of methyl3-oxobutanoate (the keto form content of II and III 
in methanol is 26% and 94%, respecti\eli 2

), hence f..log k2 is smaller than f..pK. 
of the keto forms , which agrees with general relation s between basicity and reactivity 

of nucleophiles . 

Table IV gives pKa values of the C-acids whose SNAr reactions were studied 

and pKa values of products of the respective substitution reactions with l-chloro­

-2,4-dinitrobenzene3 and l-chloro-2,4,6-trinitrobenzene4
. The substitution causes the 

greatest and the smallest acidity increases in methyl cyanoacetate and 2,4-pentane-

The value Kl = 630 I mol - 1 given in ref. 9 seems to be too high also for the reason that 
in its calculation the used val ue of pK. of 2,4-pentanedione was 11· 78, whereas the pKa val ue 
found by us8 is 13·25 ± 0·1. 
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dione, respectively. Obviously the decisive factor affecting acidity is steric hindrance 
to resonance which IS most significant in the reaction product from 2,4-pentanedione. 
This explanation is supported by electronic spectra of the substitution products 
of the substrate I with carbanions. The absorption coefficient of long-wave band 
of anion of compound IV is small (a '" 103 I mol- 1 cm -1), which is usual in systems 
suffering from steric hindrance of resonance13. The same bands are 2 and 6 times 
more intensive in spectra of anion of compound Vand anion of dimethyl (2,4,6-tri­
nitrophenyl) malonate, respectively. The ~pKa values of the C-acids and their 
cx-(2,4,6-trinitrophenyl) derivatives increase in the same order. 

TABLE III 

Rate constants k2 (1 mol- 1 s -1) of reaction of l-chloro-2,4,6-trinitrobenzene and anion of methyl 
3-oxobutanoate (III) and content of methyl 2-(2,4,6-trinitrophenyl)-3-oxobutanoate (V) in me­
thanol at 25°C 

TABLE IV 

[III] 

0·5 
1·0 
1·5 

5-25 
5-20 
5-20 

% V 

87 ± 4 

91 ± 5 
94 ± 5 

1·23 ± 0·12 
1·17 ± 0·10 
1'36 ± 0·10 

pKa values of C-acids (A) and of products of their substituticn reactions with 1-chloro-2,4-di­
nitrobenzene (B) and 1-chloro-2,4,6-trinitrobenzene (C) in methanol at 25°C 

C-acid Aa Ba C 

Dimethyl malonate 17-22 11·50 8'50b 

Methyl cyanoacetate 15·19 6·80 

III 14·20 10·95 9·26 

II 13·25 9·74 

a Ref.3; b ref.4. 
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