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Coupling of Diazonium Salts with Acetone 
By Nabil K. Masoud," t Alfy Badie Sakla, Zaki Sawiris, and Nadia A. Yassa, Chemical Department, Ministry 

Diazonium salts or isodiazoates reacted with acetone in acid media to give the corresponding a-oxopropanal 
arylhydrazone in high yield. The kinetics of formation of a-oxopropanal p-nitrophenylhydrazone from sodium 
p-nitrobenzeneisodiazoate and acetone in presence of acids were studied in acetone solution at 25". For a 
series of six acids of different acid strengths, pseudo-first-order rate constants were obtained, and the reaction 
was found to be of the second order, first order in the diazoate, and first order in acid. The mechanistic scheme 
proposed for hydrazone formation i s  supported by the present investigation. 
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CHATTAWAV et a1.l found that when o-, m-, and$-nitro-, 
benzenediazonium salts reacted with acetoacetic acid, 
coupling occurred and the corresponding a-oxopropanal 
arylhydrazone (IIa  and c) was obtained. We now show 
that the hydrazones (IIa-j) could also be produced by 
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R1 = Br, R2 = R3 = H 
R' = C02H, R2 = R3 = H 
R1= CH,, R2 = R3 = H 

d;  R1 = R3 = NO,, R2 = H 
e ;  R1 = R2 = R3 = H 

i ;  
j ; 
R'= OCH,, R2 = R3 = H 
R'= SO,Na, R2 = K3 = H 

diazo-reaction of the corresponding diazonium salt 
(Ia-j) and acetone, The reaction is exceedingly slow in 
dilute aqueous solution, and more rapid in the presence 
of dilute sulphuric acid. 

The i.r. spectra of the products showed absorption 
bands at  1680 cm-l (C=O str). There is also an absorp- 
tion band a t  1605 cm-l attributable to the conjugated 
C-N linkage.2 Absorption at the N-H bending fre- 
quency appears in the range 1515-1540 cm-l, and the 
absorption at  3280 c1n-l (NH str) also established the 
presence of this linkage.2y3 

The isodiazoates from aniline, p-bromoaniline, and 
p-nitroaniliiie also coupled with acetone under acidic 
conditions to give (IIe, f ,  and c), respectively. Since 
acids convert isodiazoates into diazonium salts,4 they 
can be regarded as sources of diazonium salts. Because 
of the fact that  the isodiazoate from p-nitroaniline was 
the only compound in this series that can be obtained 
entirely free from alkali,5 it was chosen for the kinetic 
studies. 

The reaction of sodium 9-nitrobenzeneisodiazoate 
with acetone was studied by spectrophotometric obser- 
vation of the hydrazone (IIc) at 390 nm. No reaction 
was observed in dry acetone, and the reaction in 80% 
aqueous acetone was exceedingly slow, being more rapid 
in the presence of acids. Accordingly, the effects of 
acetic, formic, salicylic, oxalic, picric, and nitric acids 
on the reaction rate were examined a t  25". Reactions 
were carried out under pseudo-first-order conditions (at 
least a 100-fold excess of acid over the diazoate was 
i Preselzt address: Chemical Department, Ministry of Industry, 
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used throughout, and the reactant acetone which is 
required in large excess was also used as the solvent). 
Before the kinetic investigation, the reaction between the 
diazotate and acetone in the presence of the above men- 
tioned acids was carried out to isolate the product. In  
every case, the product was a-oxopropanal $-nitrophenyl- 
hydrazone (IIc), identified by i.r. and U.V. spectra and by 
mixed m.p. with an authentic samp1e.l The rate of 
formation followed at 390 nm of the hydrazone (IIc) was 
thus assumed to be proportional to the concentration 
of the diazoate reacted. (Xo interference by acids, 
solvent, or diazoate was detected at 390 nm.) 

RESULTS AND DISCUSSION 

Reaction Rates.-The appearance of hydrazone was 
followed spectrophotometrically and satisfactory first- 
order rate constants were obtained for the reaction of the 
diazoate (DT) with acetone in six acids of varying acidity. 
The values did appear to  be sensitive to the concentra- 
tion and strength of the acid used. The concentration 
of acids ranged from 0.002 to  5~ on going from nitric to 
acetic acid, and kinetic studies were carried out a t  four 
or five different concentrations for each acid, the initial 
diazeate concentrations being ca. lOP511.1 throughout (see 
Table 1). The rate constants observed (kobs) also showed 
a direct proportionality to the acid catalyst concentra- 
tion (HA). The kinetic behaviour conformed accurately 
to the rate law (1) ; its integrated form gives equation ( 2 )  

-d[DT]/dt = K;DT][HA] (1) 

(2) (2.3/t) log ([DT],I[DT]t) = k[HA] == kobs 

where subscripts 0 and t refer to zero time and time t 
respectively. Typical linear plots of log ([DT],/[DT],) 
aersus t ,  in accord with equation (2), are depicted in 
Figure 1. 

Table 1 records also the second-order rate constant as 
a function of acid concentration. The acid dependence 
of the reaction rates was studied for a series of runs 
using acetic, formic, salicylic, oxalic, picric, and nitric 
acids a t  fixed concentration of the diazoate (4.6 x 10-5w). 

It can be seen from Table 1,  that  for a variation of 
acid coiicentration over an order of magnitude the same 
rate constant k for each series of acids used was obtained 
within experimental accuracy. Figure 2 illustrates the 
plots of kobs owsm [HA] which are linear within the error 

-4. Weissberger, ' Chemical Applications of Spectroscopy,' 
Interscience, London, 3rd edn., ch. IV. 
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of the data. The zero intercept of these linear plots is 
consistent with the fact that no reaction in the absence of 
acid catalyst could be detected. 

Littleis known of acid-base equilibria in aprotic solvents 
such as acetone so it is difficult to predict the magni- 
tude of the acidity constants and therefore to correlate 
the rates of reaction with the dissociation constants of 
the six acids used in this investigation. 

TABLE 1 

Rate constants for the reaction of sodium p-nitrobenzeneiso- 
diazoate with acetone in the presence of acids a t  25" 

1 O5kOb, Is-' 1 05k/l mol-1 s-1 

1.31 1.31 
3.25 1.30 
4.49 1.30 
6.48 1.30 

5.00 5.00 
7.37 4.91 

12.17 4.90 
14.86 4.95 

3.32 11.60 
4.63 11.60 
6.95 11.60 
8.75 10.94 

13.34 11.04 

4.40 110.00 
6.63 110.60 

10.00 111.00 
20.00 111.00 

7.45 2 128.0 
15.20 2 717.0 
21.15 2 115.0 
32.63 2 173.0 

5.87 2 935.0 
8.70 2 900.0 

11.60 2 900.0 
17.45 2 908.0 
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FIGURE 1 Representative pseudo-first-order rate plots accord- 
ing to  equation (2). Reactions were carried out at constant 
initial concentrations of diazoate (4.5 x 1 O P 6 ~ )  and variable 
concentrations of acids : A, 2.5h1-HOAc: B. O.~M-O-HOC.H.- 
C02H; C, 0.09~-fCO,H),; .  D, 3u-HC0,H; E, 0.01M-2~4~& 

,C6H20H 

Dependence on Water.-The effect of water concentra- 
tion for the reaction of sodium P-nitrobenzeneisodiazo- 
ate with acetone at constant acid concentration was 

6 L. Meites, ' Handbook of Analytical Chemistry,' RlcGraw- 
Hill, New York, 1963. 
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examined. It appears that although the reaction is 
accelerated by the presence of water a t  fixed acid concen- 
tration; the log-log plots of (Kobs )  versus water concen- 
tration shown in Figure 3 are not linear. The approxi- 
mate value of 2 for each slope of the linear portions of 

scale (C) 0.0 0.005 0.01 0.015 
[HAl/M 

FIGURE 2 Effect of acid concentration on the reaction of 
sodium p-nitrobenzeneisodiazoate and acetone 

the curves (Figure 3, plotted from data in Table 2) may 
indicate that the reaction has a second-order dependence 
on water concentration. Another possible explanation 
is that increasing concentration of water increases the 
polarity of the medium and permits further dissocia- 
tion of the acid. It is worth noting from the data shown 
in Table 2, that the plots of log kobs against the dielectric 
constant of the medium (Figure 4) are considerably more 
linear than the log-log plots of K, , , s  ~ersus  water concen- 
tration. 

The rate constants for any acid in different media a t  
constant temperature can be accurately represented by 
relation (3) where D is the dielectric constant of the 

logk = wtD + N (3) 
acetone-water mixture and m and w are constants; 112 

remains constant throughout. A constant value of 0.05 
for m was obtained from the slopes of the linear plots of 
log kobs verms D shown in Figure 4. 
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Efiect of water on the reaction rates between sodiuni ~-nitrobenzeneisodiazoate and acetone in various acids at 25" a 

1 .OM-HCO,H 

0. ~M-o-HOC,~H,CO,II 

O.O6M-(CO,H) 2 

0.0035~-2,4,6-(NO,),C6H,OH 

0.002~-HNO, 

2.5w-HOAc 5.6 10 24.0 5.78 
11.2 20 29.6 10.95 0.05 - 0.44 
16.8 3 0 35.7 32.26 

22.4 4 0 41.8 44.91 
3.5wHOAc 6.6 10 24.0 7. 80 

11.2 20 29.6 14.80 0.05 -0.31 
16.8 3 0 35.7 29 . 9  3 
32.4 40 41.8 60.51 
5.6 10 24.0 8.75 

11.2 2 0 29.6 16.70 0.03 - 0.26 
16.8 30 35.7 3 3 3 . 3 )  
_ A .  9 . 7  4 40 '41.8 67.90 
5.8 10 2'4.0 7.98 

11.2 2 0 29.6 15.20 0.05 - 0.30 
16.8 3 0 35.7 30.60 
22.4 4 0 41.8 li 1 . !)O 

5.6 10 24.0 11.80 
11.2 20 29.6 22.58 0.05 - 0 . 1 3  
16.8 3 1 35.7 45.00 
22.4 4 0 41.8 91.58 
5.6 10 24.0 13.2:: 

11.2 20 29.6 25.2:; 0.0,? - 0.08 
16.8 30 36.7 50.6B 
22.4 40 41.8 102. s3 

6.G 1 0  24.0 10.28 
11.2 20 29.6 19.22 0.05 -0.20 
16.8 :3 0 35.7 40.00 
22.4 40 41.8 79.80 

Values of D \vcrc interpolated from ref. 7. 0 Concentration of diazoate 4.5 x 1 0 - 5 ~ ~ .  
d Sec equation (3). 

c Average of a t  lcast two runs, ratcs were 
reproducible to  f 6y0. 

It therefore appears that  the second explanation is the 
correct one and that the reaction of sodiuni p-nitroben- 
zeneisodiazoate with acetone is catalysed by acids and 
the observed first-order rate constants at constant acid 

L n  
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Dependence of log k on D for thc reaction of sodium 
p-nitrobenzeneisodiazoate and acetone in the presence o f  
acids: i\, 0.0035~-2,4,(i-(PU'O,),C,H,OH; B, 0.006w-(C02H),; 

FIGURE 4 

C, 1 .OM-HCO,H ; 13, O.~>I-O-HOC,H,CO,II ; E, 2.5hI-HOrZC 

concentration in the presence of water increase as tfic 
ionising power of the medium is increased. 

Mechanism of React ion.-The various experimental 
facts are insufficient to specify the reaction mechanism 
with much certainty, but the following scheme is com- 

patible with the results. The isodiazoate is first assumed 

iso-ArK;,O- + HA -- iso-ArN,OH + A-- fast 

iso-ArN,OH + H-4 + 

(CkI,),CO + HA* 

CH,C(OH)=CH, -t ArX;,- + A- 

to be rapidly and stoicheiometrically converted into the 
corresponding diazoliydroxide which then undergoes a 
slow, acid-induced decomposition to the diazoniuni ion. 
This ion is then assumed to react rapidly with the enol 
form of acetone which will be present in a small constant 
concentration. There is no kinetic evidence for the in- 
volvement of the enol but we believe the reaction is most 
likely to proceed this way. The predicted rate equation 
for reactions (4)-(7) is (8), in agreement with experiment. 

drProduct] /dt = 

In  the more aqueous mixtures the value of k will be 
expected to rise, again in agreement with the results. 

(4) 
x 

ArN, -+ H,O -+ A slow (5) 

CH,C(OH)=CH, + HA fast (6) 

ArNHN=CHCOCH, + H A  fast (7)  

kLArN,OH] [HA] = krArN,O-j i HA! (8) 

EXPERIMENTAL 
Materials .-Thc arylamines used in this invcstigation were 

purified by standard techniques. Glacial acetic acid for 
analysis (Feinchemie ; Kallies) was dried with boron tri- 
acetate and distilled.8 Formic acid (B.D.H. ; Analalt; 98% ; 

7 G. Klierlof, J .  Anier. C h e m .  SOC., 1932, 54, 4126. 
8 W. C. Eichelberger and 1.. I<. La Mer, J .  Amer .  CIwin. SOC., 

1933, 55, 3633. 
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d 1.22) was dried with boric anhydride and distilled under 
reduced pressure (12-18 mniHg) and 22-25".@ Salicylic 
acid (Analali), m.p. 159", was used. Oxalic acid was 
recrystallised from water and dehydrated at 100". Picric 
acid (Eastman Kodak) was recrystallised from acetone and 
dried in ;t vacuum oven a t  80" for 2 h. Nitric acid (B.U.H. 
AristaK; YO"&) was distilled with an equal volume of 
sulphuric acid (d 1.84), redistilled over silver and barium 
nitrates, and fractionally distilled in z ~ a c u o . ~ ~  Acetone 
(Merck) was purified by shaking for 10 niin with silver nitrate 
and sodium hydroxide solutions. I t  was filtered, dried 
(MgSO,), and distiIled.l1 Deionised water used in the kine- 
tics was obtained by using an Elgastat deioniser (Elga). 

Isodiazotates from aniline and p-bromoaniline were pre- 
pared by Schraube and Schmidt's metliod,12 and were crys- 
tallised by dissolving in 9Sr:d cthanol at 40 -SO", filtering, 
and precipitating carefully from ether. 

added slowly and with stirring to  a cold solution of acetone 
(60 nil) and sulphuric acid ( I 2  ml; d 1.4). The niisturc 
was kept for 1 h at 0-2" and for 4 h a t  room temperature, 
then diluted with water, and the precipitate was filtered off. 
The compounds isolated were identical with (IIe, f ,  and c) 
respectively . 

Kinet ic  17~eusure~~~e~zts.-Tlie rates oi reaction were deter- 
mined by spectrophotometric analysis for hydrazone using a 
Unicam SP 600 spectrophotometer. Reaction mixtures 
were made up in stoppered measuring flasks (100 nil) 
maintained at 25" in a therniostatted bath. Solutions of 
sodium p-iiitrobcnzeneisodiazoate in dry acetone or in 
acetone-water mixtures were placed in the reaction flask 
and kept for 20 min to come to  temperature. To start the 
reaction, the required acid previously weighed out into a 
short saiiiple tube was dropped into the reaction flask and 
the flask was vigorously shalten until the contents werc 

T A B L E  3 

m-Osopropanal arylhydrazoncs prepared froin diazotisetl arylamines following procedure (a) 

Yield 

87 
85 
93 
!I0 
9 0 
85 
90 
83 
80 
85 

(Y") 
b . p .  
( C) 
128 
152 
217 
172 
149 
122 
212 

84 
91-92 
> 300 

Cryst;tllisatiun r- 

solvent C 
1:tOH 
EtOH 
EtOH 
EtOH 42.8 

EtOH 44.9 
EtOH 58.1 
HOAC-EtOH 68.6 
HO-4c-EtOH 62.5 
EtOH-H2O 40.7 

C,H, 
3.2 22.1 

3.65 11.6 
4.9 13.7 
6.8 10.0 
6.2 14.5 
3.4 10.7 

Sodium p-Nifrobenzeneisodiazoate.-A 10% solution of p -  
nitrobenzenediazonium chloride, from fi-nitroaniline (7 g) , 
was poured rapidly into 18% aqueous sodium hydroxide 
solution (250 ml) a t  50-60" with vigorous stirring. Golden 
yellow plates of the sodium salt separated on cooling, were 
rccrystalliscd from 95% ethanol, and dried in vacuo. 

Preparation of a-Oxopropanal A rylhydrazones .-(a) From 
diazotised arylunzines. The method is exemplified by thc 
preparation of a-oxopropanal p-nitrophenylhydrazone. A 
cold solution of diazotised p-nitroaniline [from p-nitroaniline, 
(7  g, 0.05 mol)] was buffered a t  pH 7 using a mixture of 
O.liv-Na,HPO, and 0. IM-KH~PO,. The solution w-as kept 
at 0-2" and divided into two equal parts. The first was 
added to a cold acetone (50 ml) and kept for 48 11 at 0"; 
when diluted with water no product could be isolated. The 
second portion was added slowly to a cold mixture of acetone 
(50 ml) and sulphuric acid (5 inl; d 1.4). The mixture was 
kept for 1 11 at 0-2" and for 4 h a t  room temperature. It 
was diluted with ice-cold water and the precipitate formed 
was filtered off. a-Oxopropanal p-nitrophenylhydrazone 
(4.8 g ) ,  bright yellow needles from 95% ethanol, had 1ii.p. 
217", identical with that of an authentic samp1e.l 

The arylhydrazones listed in Table 3 were prepared simi- 
larly and crystallised from a suitable solvent. 

Hef. 
1 
1 
1 

42.85 3.2 22.2 
13 

44.8 3.76 11.6 
58.25 4.85 13.6 
68.2 6.8 15.9 
62.5 6.25 14.6 
40.9 3.4 10.6 

homogenous. The operation requires < 8  s. Saniples of 
the reaction solution were withdrawn at suitable intervals 
and the optical density was determined a t  the absorption 
maximum for the hydrazone (A,,,. 390 nm). The reaction 
was followed until no further change in the optical density 
was apparent and the concentration of the hydrazone was 
calculated. In  every case, this final optical density agreed 
to within 2% of the value expected for 100% reaction 
computed from the calibration curve of an authentic sample. 
All runs were arranged to be under pseudo-first-order con- 
ditions, and pseudo-first-order rates were obtained from tlic 
plots of log ([UT],/[UT],) against time. The rate constants 
reported are mean values of duplicate runs and are repro- 
ducible to within f 6%. (Independent checks of the liy- 
drazone stability in the presence of acids were made.) 

Coizcedrudion Ranges.-The minimum concentration (ca. 
2.3 x 1 0 P ~ )  of the diazoate was fixed by the need for a 
change of optical density of ca. 0.6 in the 1 cm cell. Acetone 
which was required to be in large excess was used as solvent. 
'l'he maximum concentration of acids was fixed by the maxi- 
mum rate which could conveniently be measured. In  all 
cases at least a 100-fold excess was used. 

1.r. spectra were determined n-itli a Unicam SP 200 spec- 
trophotornetcr (KBr discs). 

(b) Frow; isodiazoates. General pvocedure. The iso- 
diazoates from aniline, p-bromoaniline, and p-nitroaniline 
(0.05 mo]) were dissolved in ice-cold water (40 ml) and 
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