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Abstract-A \erict of pora- and mtia~suhrtitutcd phenylazoformaldoximes have been prepared and their acidirk\ 
determined q+ectrophotometrically at 25 0 ? 0. I’C and w of 0 IO m ethanol-water mixtures contaming I, CO and 80 

\ol 5% ethanol. The pK. data ohtaincd ucrc linearly con&ted wtth ~hc Hammctr suhstrtucnt constant. CT, ‘The 
variation with solvcni of the rcacivm conslant. p, WP linear function of the solvent activiiy function. Y The p 
value for the strtcs studied m 99 vol. 9 uater has hecn compared with that reported for the tonitation of 
a-bcn~aldortme~ The rcsdts +ow that the azo bond tnn\msts ekctronic tffectr appr~~x~atei~ I ! timc~ better 
thrn the ethyl&c bond 

Despite rhe many uses of the compounds containing the 
are functional group as are dyes and sources of free 
radicals.’ the electronic nature of such a group has 
received little attention. Recently the Hammctt sub- 

sliluent constants. cr. o and u’. for the p-phenylazo 
group were reported.’ In an altempt to clarify the a20 

bond’s capability as a transmitter of electronic effects. 
WC have prepared a series of twelve ring substituted 
phenylamformaldoximes (la-D) and measured their acid 

dissociation constants, pK,‘s, in ethanol-water mixtures 
at 35.0 2 0.W and at ionic strength of 0. IO. The results 

were compared with those of a-henzaldoximec 2.“ 
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The arylazoformaldoximer Iti have not yet been 
reported except rhe unsuhstituted compound le. All 

compounds were prepared in a rigorously similar man- 
ner, by coupling diazotized anilines IO potassium 

malonate in presence of sodium nitrite. It is assumed that 
the reaction follows the sequence presented in Scheme I 

‘I&e properties of the com~unds thus prepared are listed 
in Table 1. 

Inspection of the spectra (CV. PMR and IR) of these 

compounds rcvealtd that such compounds have the 

azooxime structure (A()): no evidence for the tautomeric 
nitrosohydrazone form (NH) could be obtained. For 

example, the electronic absorption pattern of la-l in 
ethanol was characterized, in each case, by two bands: a 

weak n - n* maximum near 430 nm (loge < 3) and an 
intensive n - n* hand near 300 nm flog e > 4) (Table 2). 

Such a pattern is similar IO that of trans-azobenzenc: 
AELO” nm (loge) 445 (Ml); 3.19 t4.29).‘.’ In addition. the 
azbrption pattern of 1 in the LW region was Marly 

independent of the nature of the solvent, indicating that 

only one tautomer is present in the solution phase. 
The PMR spectra of I*1 in chloroform-d were also 

compatible with the aooximc structure (At)). Thus each 

compound exhibits IWO singlets in the regions X.5-8.8 and 

9.0-I l.Oppm assignable IO the methine CH and oximc 
NOH protons respectively, Table 3. ‘The NOH PMR 
signal disappeared upon shaking the solution with DrO. 

The arooxime structure for h-4 is further supported 

by then vibrational spectra. For example, in the solid 
state and in solution each compound exhibited an intense 

and somewhat broad band (width at half height 
-3Ocm ‘). similar IO that of i,,, for simple oximcs,’ in 
the region IOtM-iO5Ocm ‘. The high frequency position 
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l’ablc I. Arytarofonaldoximcs’ 

(‘ompourxi UP Molecular C.% H.% S.% 
No. (‘0 formula Found Calcd. Found Cakd Found Calcd. 

I%9 C.H.S 0.. 
I?0 C.H,,N.O, 

1354 C.H.N $0 
X&Y C.H.S $0 
W (‘,H,N,O 

140-41 C,H.Clh’,O 
14n C.H.RrS ,O 
I30 (‘,H.CIS,O 
I24 C,H.BrN ,O 
II5 C,,H,,N,O, 
Iho CH.N,O, 

160-61 C.H.S.0, 

53.M S3.62 s.09 506 23.28 23.45 
55 xc 55.9s 5.77 5 74 21.94 ?I 75 
55.84 IR.88 5.72 5.56 2628 25.75 
58.72 55.88 S.65 5 .% 25.62 25.7.c 

45.77 45.79 3.42 3.29 22.98 22.LIx 
36 84 36.86 2.99 2.65 18.16 18.42 
45.66 45.79 3.39 3.29 22.95 22.ufl 
36.92 M.ll6 2.70 2 65 IX.53 IX.42 

54. I8 54.29 4.99 !.Ol 19sm 18.99 
C6S4 56.54 4.79 4.74 22.09 2l.9U 
43 29 43.22 3.14 3.11 2R.14 2u94 

‘All compoundc wcrc crystallurd from ddute methanol cxcep~ lb from bcnztm-Itgroin 
and II from cyclokxanc 

“Ref. 3 m.p. 94°C’ 

Table 2. Specrral characterrstlcs of aqlazoformaldoximcs 

Compound 
A::” nm 6’ fCDCIJ Y (KBr) 

tloget @pm) km”) 

la 

b 

C 

d 

43Ot2 00,. 34OG.41) 

43Of2.03). 34W.37) 

422(!.6!l). 322(4.41 I 

422~l.Cl~.3I?f4 301 

426(2.!3). 3lOf4.38) 

J_W2.59). 311u4.34) 

4?0(2.771. X22(4.49) 

430(2.66). 307f4.33J 

430f2.71). 307(4 48) 

44W.i6). 3lC(4 39) 

454X2.69). 3_%4 43) 

43W.62). 302W35) 

9 70(5):8.67(s). 
4.0(\1: 8.0(d); 7.0(d) 
9.67(s). 8 53fs). 4.0(q) 
1.40~.7.0(dl.8Ofd1 
9.53(s). 9 CW. 2.46(s). 
7.53fdt.R.hdt 
9.6(~),8.4ts).7.04.0 
fm) 
9.67(s).X.s(s~,7.0-8.0 
(m) 
9rUS).R.83(S).7.53 
fd). g.Mtd) 
9.9fsL R..(3f\L 7.!(d) 
8 old) 
Y.&S). 8.6fsl. 7 O-8.0 
fm) 
9 X.((s). 8 53(s). 7.S 
8.0(m) 
9.6(\). 8.3%~). 7 O- 
R O(m). 1.33W.4.27tq) 
9.67(s). 8.33(s). 2.6(s). 
7.0(d). :.7(d) 
I I.53fst. 8.33(s). 
7.0-8 Olmt 

3300-3100.3060, 
1030 
3X0-30050.1020 

340&3100.101! 

3200.3o64r. 1030 

34a3-3000.1010 

3400-3200. IOOS 

340&3300.1010 

.340&3100. .MxO. 
I020 
310&3400.1020 

ww3100.1020. 
I700 
310&3200.1680. 

K33w. 1020 

‘(multlpllcity). \. h&t: d. doubkt: I. ~nple~: q. quartet; m. multiplct. 

of 644, of la-l as compared with that of hydroxylamine 
(fi,,, 912 cm ‘I and its N-alkyl derivatives (Vs (, 950 cm ‘) 

might be considered IO result from the contribution of 
the resonance structure type 3 by analogy IO the case of 
quinonc monoxime 4.’ 

N-R 
,A: _ 

“_/ C- 

‘N = O.,H 
Q+” 

t 
3 4 

Furthermore. the IR spectra of Id in the solid state 
showed the presence of broad band due to the bonded 
OH group in the region 3200-3S00cm ‘. The solution 
phase of 1 revealed an additional band near 35HOcm ’ 
assignable IO a free OH stretch. Clearly this pattern is 
parallel IO that shown by aldoximes and quinone 

monoximes.” The foregoing spectral evidences taken 

collectively leave no doubt that the predominant form of 

the compounds studied is the azo oxime structure (AOh 
The acid dissociation constants for la-t were deter- 

mined by a spectrophotometric titration method at 2.5.0 + 
O.l”C in I. SO and w) vol o/c ethanol-water mixtures. In all 
determinations the ionic strength was kept constant at 
0.10. At pH < 7 in a given solvent. each compound 
exhibited an intensive n - n* band near 310 nm. In alk- 

aline medium the amhidcnt anion of 1. 
KC(NO )N:SAroHC(K:O):Nh;Ar. \howcd an inlen- 
sivc P -. n* band in the region !?S-400 nm. Spectra 
recorded at different pH values showed an isosbestic 
point near 325 nm (Fig. I). The absorbance values of 
freshly prepared solutions measured at A,, of the amon 
plor~ed against pH showed a dependence in the shape of 
a dissociation curve of a monobasic acid. From the 
pH-absorbance data. the pK. values for la-l were cal- 
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Fig. 1. Ahsorplion 5pcc1ra of phcnylazoformakioximc lc al dif- 
ferent ptf values. [It] 3.09x 10 ‘M in 1 vol9E elhanol-waler al 
!$“t’ and p 0.10. (Run no.) pH. [116.20: (2) 7.52: (318.24; (4); (A) 
8.49; (5) R.69; (6) 8 82; (719.04; (8) 9 20; f.0 9.42; (IO) 9.71; (I 1 I 

10.03: (12) 10.72. (13) II 27. 

culated. AI least two independent runs were conducted 

for each compound. The pK, values were reproducihlc 
to ~0.02 pK units in different titrations, and (he average 
values thus obtained are listed in Table 3. 

Flgurc 2 demonstrates that the acidities of aryiazo- 
formaldoximes could bc corrclared with the Hammelt 
\uh\Iltucnt constant, CT*. ‘The rcsuils of \tatisllcal analy- 
\i\ bh the lea\t square\ method ;Irc given in ‘l’;tble 4. As 
I\ \houn In rhc latter ‘Tahlc, the p \aluc\ for such 

corrciattom Here ncgalitc indicating that electron 
withdrawing substituents increase the acidity of 1 or 

decrease the basicity of the azooxime anion. 

The variation of pK. with solvent is usually expressed 
J = pK. (mixed solveno-pK. (water).’ In the present 

study, the pK, values determined for 1 in I vol Q 

Table 3. pll. Values for arylaroformaldonunes in elhanol-waler 
mixtures at 25.0 10 IT and fi of 0.10 

IREtOH SO% &OH xoci EfOH 
Compound 01 PK. PK. A PK. A 

- 

la - 0.27 8.70 9.23 0 53 9.95 I!: 
b 0.24 8.67 9.21 0.54 9.88 I.!1 
x -0.17 0.07 8.60 X.56 9 9-a 14 0.54 0.5: 9.85 9.73 1.1: 1.25 

t 0.00 x.48 9.01 O.$! 9.69 I.20 
t 0.23 a.44 RX? 0.38 9% 1.06 

t 0.23 0.37 x41 8.27 8.83 8.70 042 0.43 94Y 9.39 IO8 I.12 

f 0.45 0 39 8.22 8.33 8.67 8.611 0.45 0.3: 9.25 9.33 1 1.03 .O? 
t 0 50 x21 8.60 0.39 9.24 1.03 
I 0.tt X.10 X.45 01s 9.oh 095 

‘Tabk 4. Rcsul~s of staMcal treatmenl using crX constants 

Q EIOH Y * p’ sp’ PK.” 5,’ n’ r’ 

1 000 0.5% 0.029 RX 0031 IZ 0.988 
50 0.&?4 0.806 O.Ol? 9.01 0.013 I2 O.YY8 
UO OWI 0.8995 0.016 9.69 0.018 I? 0.998 

‘Solccn~ activity funcrion defined by (I -. r*l where x is ~hc 
mole IracIion of waler.” ’ rcaclton conslant: ‘slandard de. 
walion m p. ‘standard deviation in PK.“. ‘number of pomrr; 
‘conclalwn coefficient. 

. . 
* 

Fig. 2. (‘or&lion of pK. of arylaroformaldoaimes w-ilh sub. 
sl)tuent conslanl. o,, in dlffercnl elhanoi-waler mixtures al 25°C 
and p 0.10. 3. 80 001% Rf)H: ,3 50 vol.cX EIOH; C, 1 vol.% 

ErOH. 

ethanol-water mixture were considered to bc ap 
proximately equivalent IO their pK, values in water. 

Variations in the differences. A, in each individual 
colvenl composition are relatively small (Tahlc 3). in- 
dicating that ionization of different substituted phcny- 

la~oformaldoximes is almost equally influenced by the 
change in solvent composition. However. the ratio of A 
in RO vol. 5% ethanol 10 that in 50 vol. 5% ethanol is almost 

2.5. This suggcs~s that rhe stabilization of the anion of 1 
decreases with increasing the ethanol content. 

The effect of solvent on pK, of 1 can be discussed in 
terms of effects on tbc susceptibility to substitucnt 

effects. The value of the reaction constant. p, appears to 

depend on the ethanol concentration (Table 4). The 
structural dependence for various water<thanol mix- 

tures is thus represented by a set of nonparallel lines 
(Fig. 2). Provided that the influcncc of Ihe ethanol-water 

composition on the reaction involving the ionization of 
=NOH group of 1 can be characterized by any 
parameter. Y,. application of the relation: p, - p0 - 

C(Y. .-Y,) would Indicate that the vaiuc of C (0.638 for 
benzoic acid’ and 0.573 for aniline’“) is close 10 0.30 for 

arylaroformaldoximcs. 
The acidities of a-hen7Adoximes in waler al 25°C 

were reported’ to be correlated by the equations. pK. = 
10.69 - O.W7n,. The higher acidity of 1 in aqueous solu- 

tion containing 1% by volume ethanol as compared with 
that of 2 can hc raionalized in lerms of the 4-M elec- 
tronic character of (he arylazo group’ and the enhanced 
resonance stabilization of the anion of I. If the tran- 
smission factor, n’. of subslituent effects for ihe azo 
group is calculated according lo the relation n’ = p,/h 
whcrc p, and h arc the reaction constants for the 
ionizalion of pheny~zoformaldoximes and ben- 
rafdoximes respectively. a value of 0.689 is obtained. 
Comparing this value with that reported for the cthylcnic 
bond (n;, z 0.466)’ WC observe that substitucnt effects 
are transmitted by the a%o link approximately I.5 times 
belter than arc hy the (‘=C bond. This diffcrcnce between 
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the azo and ethylenic links may be due to the enhanced 
electronegativity of the nitrogen containing group. 

If we use in the equation ~"(I.4.-C,,H,N=N-)= fr'(I.4- 
C,,H,-). ~"(N=N) the value of ~r'(N=N) determined in this 
work and the value of 0.126 of ~r'(C=N) determined in 
this work and the value of 0.126 ~r'(I.4..C6H,N=N-) re- 
ported earlier ~. a value of 0.183 is obtained for ~.'(I,4- 
C,,H,). This value compares favourahly with the value 
0.177 calculated for the 1.4-phenylene bridge.: 

F2CPlOI.LMENTAL 

M.ps are uncorrected. [R spectra were recorded on a Pye- 
Unicam SPI000 spectrophotmeter. Electronic absorption spectga 
were measured on a Pye-Unicam sPg0(~ spectropbolongter. 
Elemental analyses were performed by Aired Bernhardt, Mik- 
roanalytische chemic [.aboratonum. West Germany Polen. 
[iometric m.casorements were carried out on a Radiometer pH 
meter type 63 fitted with a combined glass electrode type 
GK2301C. The instrument was accurate to "0.01 pH unit It was 
calibrated using two standard Beckman buffers of pH 4.01 and 
7.00,0.01. The pH meter readings (B) recorded in ethanol- 
water solutions were converted to hydrogen ion concentration 
[ 'H' ]  by means of the widely used relation." - I o g [ H ' ] =  
B .~ log U..  where log U .  is the correction factor for the solvent 
composition and ionic strength for which B is read. For this 
purpose, readings were made on a series of solutions containing 
known amounts of HCI and NaCI such that /~ was 0.10. The 
values of IogL'. in 50 and 80 vol. % ethanol-water mixtures at 
25.0 • 0 I ~  were found to be -0 .25  and -0.40 respectively. [he 
value of log U.  in I vol. % ethanol-water was within the ac- 
curacy limits of the pH meter, and thus neglected. 

Preparation of ary. lazo/ormaldoximes 
A recta, or para.sobstituted aniline (0.1 mot) was diazotized in 

the usual way and the diazonium salt solution was added to a 
cold solution of acetic acid (12g) and sodium acetate (8g) in 
water (50 ml). The resulting solutin was added dropwisc during 
I hr. while stirring, to a cold (0-5°C) solution of potassium 
malonate (prepared by dissolving malonic acid (01 mot) and 
potassium hydroxide (15 g) in 2~  ml water) containing sodium 
nitrite (7.,Sg) After the addition was complete, stirring was 
continued for 3 hr at 0~  and the reaction mixture was left 
overnight in an ice box. The crude solid that precipitated was 
collected and dissolved in .sodium carbonate solution, filtered and 
the filtral¢ was extracted with ether. C)n acldificatk)n o{ the 
aqueous layer with dil. H=SO,, the agylazoformaldoxime pre- 
cipitated I! was collected, dried and finally crystallized from dil. 

MeOH The compounds prepared, their m ps and analytical data 
are [isled in Table I. 

pK, Determination 
A 50 ml solution of the appropriate arylazoformaldoxime was 

prepared such that it was - 50x I0 ' M with respect to the 
azooxime. 0.I M I.[CI and contained I. 50 or 80 vol ~ ethanol. 
The test solution was transferred to an water-jacketed thcrmo- 
stated cell. The pH of the solution was then measured and the 
spectrum was recorded using either the ionic medium or the 
corresponding aq. EtOH as a blank. [n both cases identical 
absorbance values in the wavelength range employed were ob- 
tained. The pH of the test solution was then increased by 
addition of small volume of concentrated carbonate free sodium 
hydroxide solution made up from Ihe same solvent. Since the 
total change in volume did not exceed I~, no correction was 
made for dilution. After each spectral measurement, the pH was 
checked and in all cases, the two values before and after the 
spectral measurements were found to b¢ the same within the 
limits of the accuracy of the pH meter. Figure 1 shows the 
collected spectra of le, taken as a typical example of the series. 
at different pH values. In each run 10-15 pH readings were taken 
and the value of pK, was calculated from each reading using the 
relation p K , -  pH, + Iog(A,-A,)/(A, -,.%). where A, is the ab- 
sorbance of the test solution at pH, and A~ and A, ase the 
absorhanc¢ values of the strongly alkaline and acid solutions of ! 
respectively. Each compound was subjected [o three pK, 
determinations, and the average values, given in Table 3. are 
within +0.01-0.03 pK unit. 
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