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Abstract-A novel method for generating aryldiazenes quantitatively by the oxidation of arylhydra- 
zines with exactly two equivalents of ferricyanide has been confirmed with o-, m-, and p- 
tolylhydrazine and with o- and p-hydrazinobenzoic acid. The rapidity and stoichiometry of the 
reaction permit accurate measurements of UV and visible absorption spectra in aqueous solution. Al- 
though oxidation of acetylphenylhydrazine by ferricyanide was slower, the product was shown to be 
acetylphenyldiazene. Acetylphenyldiazene is partially hydrogenated during mass spectrometric 
analysis. The source of hydrogen was shown to be HZ0 in the spectrometer. This phenomenon, previ- 
ously reported only in quinones, was also observed in the mass spectrum of methyl phenyldiazenecar- 
boxylate. 

Aryldiazenes (Ar-N=NH) have long been post- 
ulated as unstable intermediates in the course of 
oxidation of arylhydrazines,’ reduction of 
diazonium salts,’ and fragmentation of certain azo 
compounds.’ However, formation of an aryldiazene 
was not confirmed directly until Kosower et al’ 
published visible and UV absorption data of 
phenyldiazene generated by the decarboxylation of 
phenyldiazenecarboxylic acid. Subsequently these 
workers reported spectral properties of several 
substituted phenyldiazenes.’ Although formation 
and identification of phenyldiazene by various 
methods have been observed in recent years,68 the 
only other study directed to its spectral properties 
is that of Itano’ on the product of oxidation of 
phenylhydrazine with ferricyanide. Since arylhyd- 
razines are more readily available from commercial 
sources than aryldiazenecarboxylic acid esters, the 
ferricyanide method may be more generally useful 
for the formation of a variety of aryldiazenes. In 
the present study the stoichiometry of the reaction 
of ferricyanide with arylhydrazine to produce aryl- 
diazene is confirmed, and quantitative determina- 
tions of spectral properties of several substituted 
aryldiazenes are reported. 

RESULTS 
Stoichiometry. The assumption that the oxidation 

of arylhydrazine by ferricyanide takes place ac- 
cording to 

was confirmed by titration of H’ ions formed by 
this reaction. As shown in Fig 1, the amount of H’ 
ion formed during the oxidation of o-tolylhydrazine 
was equivalent to that of K3Fe(06 added to the 
reaction mixture. The reaction was instantaneous. 
After the ratio of K3Fe(CN)6 to o-tolylhydrazine 
reached 2 : 1, the reaction mixture continued to con- 
sume ferricyanide ion. However, the rate of con- 
sumption became quite low, and the yellow color of 
ferricyanide ion remained much longer. The same 
result was obtained for the oxidation of other 
tolylhydrazines (m, p) and of hydrazinobenzoic 
acids (0, p). 

UV and visible absorption spectra of aryl- 
diazenes. Although the oxidation proceeds accord- 
ing to the above equation in the presence of excess 
arylhydrazine, some other reaction or reactions 
occur as the concentration ratio of KsFeOW6 to 
arylhydrazine approaches 2. Therefore the reaction 
was always carried out at a concentration ratio 
lower than 1. In the present experiments the con- 
centration of arylhydrazine in the blank cell was 
half that in the sample cell, and ferrocyanide 
formed by reduction of ferricyanide in the sample 
cell was matched by the addition of an equal con- 
centration of K4Fe(CN)s added to the blank cell. 
The spectrum of aryldiazene was obtained when 
the ratio of concentrations of K3Fe(CN)6 to 
arylhydrazine in the sample cell was 1, and spectra 
of mixtures of arylhydrazine with corresponding 

NHNHl + 2Fe(CN&? - 

CH3 or COOH 
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Fig 1. Stoichiometry of oxidation of o-tolylhydrazine by 
K,Fe(CN)6. hotons formed by the successive addition of 
20 ~1 of 0.2 M K,Fe(CN), to 4 ml of 2.5 x lo-’ M o- 
tolylhydrazine were titrated with O-04 N NaOH. Nitrogen 
was passed through the reaction mixture. Initial pH of the 

medium was 6.8. 

aryldiazene were obtained when the ratio was less 
than 1. In Fig 2, the UV absorption spectrum of 
5.0X low5 M o-tolyldiazene in phosphate buffer, pH 
6% is shown (curve a). Since the spectrum of o- 
tolylhydrazine in aqueous solution has not yet been 
reported, this is also shown (curve c). Curve b 
represents the absorption spectrum of a mixture of 
2.5~ lo-’ M o-tolyldiazene and 2.5~ 10e5 M o- 
tolylhydrazine. UV absorption spectra of o- 

diazenobenzoic acid and o-hydrazinobenzoic acid 
are shown in Fig 3. Three isosbestic points ap- 
peared in the UV spectrum of each mixture of 
arylhydrazine and aryldiazene. Visible absorption 
spectra of o-tolyldiazene and o-diazenobenzoic 
acid are indicated in Fig 4. Similar results were ob- 
tained by the oxidation of m- and p-tolylhydrazine 
and of p-hydrazinobenzoic acid with ferricyanide 
ion. Absorption maxima (A-) and molar extinction 
coefficients at A, (Ed.) of these arvldiazenes and 
arylhydrazines and isosbestic points of mixture of 
corresponding pairs are shown in Table 1. The aryl- 
diazenes were unstable even under nitrogen at- 
mosphere, so that slow spectral changes were ob- 
served. The visible spectrum of p-diazenobenzoic 
acid changed rapidly; therefore the A, in this 
region was determined by taking the absorption 
spectrum of the compound at intervals and ex- 
trapolating the apparent A, to zero time. 

Acetylphenyldiazene. Although the oxidation of 
arylhydrazine by ferricyanide ion was instantane- 
ous, the oxidation of acetylphenylhydrazine pro- 
ceeded very slowly. Occurrence of side reactions 
was indicated by the formation of about 2.5 moles 
of H’ ion per 2 moles of K3Fe(CN& added. In order 
to determine whether acetylphenyldiazene (GHr 
N=N-COCH3 is generated by the oxidation of 
acetylphenylhydrazine by K3Fe(Os, the reaction 
was carried out on a preparative scale. After reac- 
tion in aqueous solution, the product was extracted 
according to the method of Bock et aI,” and purified 
with the use of a short path distillation apparatus 

Table 1. Absorption maxima (Amu) and molar extinction coefficients at A, (emu) or aryl- 
diazenes and arylhydrazines in phosphate buffer, pH 6.7-6.8 

Compound 
Isosbestic 

A,., (nm) G.-a Compound A,., (nm) E- points (nm) 

Tolyldiazene 
ortho 

meta 

Diazenobenzoic 
acid 

ortho 

275.0 

G 
274.0 

399 
221.0 
283.0 

- 
397 

- 
271.0 

Tolylhydrazine 
5,520 ortho 
- 

188 
6,820 meta 
- 

160 
8,150 para 
8,970 

207 
Hydraziuobenzoic 
acid 

4580 ortho 

- - 
405 146 
216.4 9,970 
274.4 10,500 
404.5 210 

para 

231.1 
278.5 

23T6 
281.0 

- 
- 

233.7 
284.0 

210.3 
243.4 
312.0 

- 
- 

268.4 
- 

7,420 
1,490 

7720 
1,350 
- 

9250 
1,390 
- 

25,600 
7,060 
2,600 
- 
- 

14,700 
- 

213 
220 
248 
213 
227 

249-25 1 
211 
226 
251 
- 

256 
297 

370-373 
- 

214 
243 
297 

“Isosbestic points in the absorption spectra of phenylhydrazine and phenyldiazene are 207, 
221, and 246-7 nm. 
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Fig 2. UV absorption spectra of o-tolyldiazene and o- 
tolylhydrazine. Curve a: 5.0 x lo-’ M o-tolyldiazene; 
curve b: 2.5 x lo-’ M o-tolyldiazene and 2.5 x lo-’ M o- 
tolylhydrazine; curve c; 5-O x lo-’ M o-tolylhydrazine. 
Reaction was carried out in phosphate buffer, pH 6.8 (CL = 
0.200). Light path, 1 cm. The spectra were taken within 3 

min after o-tolyldiazene was generated. 

WAVELENGTH (nm) 

Fig 3. UV spectra of o-diazenobenzoic acid and o- 
hydrazinobenzoic acid. Reaction conditions are the same 

as in Fig 2. 

spectra” of acetylphenyldiazene in C&Cl2 showed 
absorption maxima at 290.5 nm (T-W* transition, E 
10,200) and 445.5 nm (n-lr* transition, (E 88). Slow- 
ness of its spectral changes indicated that this com- 
pound is fairly stable even under aerobic condi- 
tions. The mass spectrum of the compound, with 
distinctive peaks at m/e 43 (CH,CO’) (base peak), 
m/e 105 (M-43) (Cd-L-N=N’), and m/e 77 
(CGH~+), was in accord with the structure of acetyl- 
phenyldiazene. During the analysis an interesting 
phenomenon was observed, namely, the M’ peak 
(m/e 148) was small and was exceeded by a peak at 
m/e 150. The cause of the M+2 peak was investi- 
gated by injection of DZO into the mass spectrome- 
ter (Table 2). Diminution of the M + 2 peak with en- 
hancement of M + 3 and M + 4 peaks resulted. After 
DtO was pumped out and Hz0 was injected, a high 
M+ 2 peak reappeared. The mass spectrum of 
methyl phenykliazenecarboxylate (C&-N= 
N-COOCH,), similar structurally to acetylphenyl- 
diazene, also has a higher peak at M + 2 than at M’. 

DISCUSSION 

(0.1 Torr, 20-22“). The yield was low. Acetyl- Stoichiometric study of the reaction showed that 
phenykiiazene was also synthesized by the method the most likely position to be oxidized in arylhyd- 
of Bock et af’” in good yield. Both products showed razines is the -NH-NH- group. Formation of 
the same IR and NMR spectra. The IR spectrum the -N=N- bond is further suggested by the ap- 
showed a strong carbonyl stretching band at pearance of a low intensity band of the n-r* transi- 
175Ocm-‘. NMR spectra in CDCI, showed the tion at around 400 nm and a shift of the absorption 
signals of acetyl protons at 6 2.4 and of two groups band of the V-W* transition to a longer wavelength. 
of phenyl protons at S 7.35-7.65 and 7.80-8.00. The Although formation of tetraphenyltetrazene by the 
peak ratio of acetyl proton vs phenyl proton was oxidation of diphenylhydraxine has been ob- 
shown to be correct. UV and visible absorption served,12 formation of 1,4-diaryltetrazenes by oxi- 

0 350 400 450 500 
WAVELENGTH Inm) 

Fig 4. Visible absorption spectra of o-tolyldiazene 
(-) and o-diazenobenzoic acid (----) in phosphate 
buffer, pH 6.7. 2.5 x 10e3 M Arylhydrazine was reacted 
with 2.5X lo-” M KIFe(CN)6 in the sample cell. 1*25X 
lo-’ M Arylhydrazine and 2.5 x lo-’ M K,Fe(CNls were in 
the blank cell. The spectra were recorded within 4 min 

after reagent solutions were mixed. 
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Table 2. Changes in M + 1, M + 2, M + 3, and M + 4 peaks of acetylphenyldiazene 
during the mass spectral analysis under H,O or D,O vapor 

Relative peak heightb 
Conditions” M+ l(149) M+2(150) M+3(151) M+4(152) 

: 22 9 700 199 336 188 2:: 
3 0 168 367 348 
4 0 646 260 72 

‘Condition 1: Normal condition (- 1 X 1O-6 Torr). 
Condition 2: After equilibration of the apparatus with D,O (- 1 X 10e6 Torr). 
Condition 3: After injection of 10 (~1 of D20 into the analyzer. 
Condition 4: After pumping out of DzO vapor and injection of 10 ~1 of H20. 

bPeak height of M’ ion was taken as 100%. 

dation of arylhydrazines has not. Since the hyd- 
ra&e group is electron donating and the carboxyl 
group is electron withdrawing, the r-r* transition 
band of p-hydrazinobenzoic acid is at an especially 
long wavelength according to the disubstituent 
rule.13 Although the azo group of azobenzene has 
been reported to be electron releasing,14 it is not 
known whether or not the diazeno group of aryl- 
diazene is electron releasing. However, the fact 
that the T-W* transition band of p-tolyldiazene is 
at a longer wavelength than that of the other substi- 
tuted phenyldiazenes (Table 1) might suggest that 
diazeno group is weakly electron attractive. 

Replacement of the N-proton of phenylhydrazine 
with an acetyl group results in a more slowly oxid- 
ized compound, and side reactions” during the pro- 
longed time of reaction may account for the low 
yield of acetylphenyldiazene after the oxidation of 
acetylphenylhydrazine with ferricyanide. Accord- 
ing to the data of Table 2, HZ0 in the mass spec- 
trometer is the source of H atoms in the M + 2 ion in 
the spectrum of acetylphenyldiazene. Only certain 
quinone derivatives were previously known to 
react in this mamrer.16 The extent of the reaction 
must be minor because the mass spectrum of 
acetylphenylhydrazine differs radically from that of 
acetylphenyldiazene. 

Aryldiazenes are of interest both theoretically 
and experimentally; however, accurate measure- 
ments of physical properties are necessary in order 
to develop valid theories and interpretations. Prep- 
aration of aryldiazenes for absorption measure- 
ments by oxidation of arylhydrazines by fer- 
ricyanide has several advantages. The reaction is 
rapid and quantitative, and it can be carried out in 
the absorption cell; therefore a spectrum can be 
measured immediately after mixing of the reactants 
and before appreciable decomposition of the pro- 
duct takes place. Purity of the starting material is 
the determinant of the accuracy of the spectrum, 
and the starting material, the solid salt of an 
arylhydrazine, is not difficult to obtain and purify. 
As long as the arylhydrazine is pure, accuracy of 
results is not affected by its presence in both refer- 
ence and sample cells. Release of two moles of 

proton per mole of arylhydrazine oxidized and pre- 
sence of isosbestic points in the spectrum of each 
reaction mixture at successive stages of partial oxi- 
dation can be used as criteria for both the 
stoichiometry of the reaction and the presence of 
only one absorbing product in each new prepara- 
tion of an aryldiazene. 

Previous quantitative absorption data on aryl- 
diazenes are those of Kosower et el”’ and of Itano. 
In the latter study the spectra in aqueous solution 
of phenyldiazene generated by oxidation of 
phenylhydrazine by ferricyanide and by decarbox- 
ylation of phenyldiazenecarboxylic acid were com- 
pared. The wavelengths of absorption maxima were 
identical, and the molar extinction coefficients at 
these maxima agreed to within 2-3%. These results 
differed markedly, however, from those reported 
by Huang and Kosower.4b These workers reduced 
phenyldiazene with diazene and cited the appear- 
ance of isosbestic points in the UV spectrum of the 
reaction mixture as evidence for a direct reaction; 
however, byproduct that absorbed strongly at low 
wavelengths also appeared and had to be removed 
before a reasonable absorption spectrum of the 
major product could be obtained. The corrected 
spectrum was taken to be that of phenylhydrazine 
but, in fact, differed from the latter both in 
wavelengths and relative magnitudes of absorption 
maxima and minima. The molar extinction coeffi- 
cient of phenyldiazene was then calculated from 
the known coefficients of phenylhydrazine with the 
assumption of quantitative yield, which was impos- 
sible because of the instability of phenyldiazene 
and the obvious impurity of the product assumed to 
be phenylhydrazine. Published spectra of phenyl- 
diazene generated from phenyldiazenecarboxylic 
acid have higher absorbances at absorption minima 
around 240 and 350nm than phenyldiazene pro- 
duced by oxidation of phenylhydrazine with fer- 
ricyanide.4b*9 Moreover, changes in spectra with 
time are more rapid with the former product.‘“’ 
These observations suggest that the product ob- 
tained from phenyldiazenecarboxylic acid contains 
more contaminants. 

The molar extinction coefficients of several sub- 
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stituted phenyldiazenes in MeCN were determined a LKB Type 9000 analyzer at ionization voltage of 70 eV. 
by Kosower et al’ from weighed amounts of methyl Hydrogenation of the sample during mass analysis was 

aryldiazenecarboxylates. The procedure required confirmed with the use of D,O. The analyzer was equilib- 

saponification of the ester with KOH in MeCN, rated with D,O by repeatedly injecting &d pumping out 

addition of water, evaporation to dryness, decar- 
D20 or by injecting 10 pl of D,O just before the analysis. 

boxylation with a proton source in MeCN, and re- 
Acetylphenyldiazene. Three grams of acetylphenylhyd- 

moval of insoluble salts by filtration. Calculation of 
razine (20 mmole) were suspended in a mixture of 156 ml 

aryldiazene yield was based upon determination of 
of Hz0 and 4 ml of pyridine. The suspension was cooled 

amount of unreacted aryldiazenecarboxylic acid. 
to 2” and N2 was passed through it. Then 40 ml of aqueous 
1 M K,Fe(ClQ (40 mmole) were added to the soln at one 

No mention was made of reaction stoichiometry, time. The soln was stirred vigorously for 15 min at 2” and 
loss during transfers, and correction for decompos- then for 20 min at 20”. Acetylphenyldiazene, which sepa- 

ition of aryldiazene. rated as a red oil, was extracted with CH,Cl,, and the 

EXPERIMENTAL. 
solution was washed successively with dil. Na&O,, 2 N 
HCl, dil KHCO,, and H,O according to the method of 

om, and p-Tolylhydrazine-HCl (K&K Laboratories) 
were recrystallized from EtOH [m.p. ortho-, 194” (lit. 

Bock et al.” After the solvent was distilled off, acetyl- 
phenyldiazene was purified by molecular distillation-at 

193.5-1955”); meta-, 173-174” (lit. 168-1704; par&, 20-22” (0.1 Torr). SGM Scientific Model JM 7335 was 
217-219” (lit. 222-23441. o- and p-Hydrazinobenzoic 
acid-HCl (Eastman Or&ic Chemi&ls)- were recrystal- 

used for this purpose. Acetylphenyldiazene was also pre- 
pared according to the method of Bock et al” IR spec- 

lized from water Im.u. o&o-. 186188’ (lit. 189-1904: 
para-, 237’ (lit. 2j5->36’)]. l:Acetyl-2-pGenylhydrazind 

&urn (film) cm-‘: 3050, 1750, 1579, 1496, 1448, 1416, 1352, 
1309. 1207. 1177. 1146,769. 689. Mass snectrum m/e (in- 

(Eastman Organic Chemicals) was recrystallized from ten&y); ljO(MG2) (2); 148.(M’) (0.2), 168 (4), 107 (2), iO6 
water [m.p. 128-129” (lit. 128+5’), mol wt from mass spec- (3), 105 (42), 94 (3), 93 (4), 78 (8), 77 (41), 76 (2), 66 (2), 65 
trum: 150 (theory 150)]. Potassium ferricyanide (Mallinck- (2), 64 (3), 63 (2), 52 (3), 51 (16), 50 (6), 44 (3), 43 (lOO), 42 
rodt AR) and methyl phenyldiazenecarboxylate (Cal- (2), 41 (6), 40 (3), 39 (5), 38 (3), 32 (2), 28 (15), 27 (3), 18 (7), 
b&hem, B Grade) were used as obtained. Potassium fer- 17 (2), 15 (15), 14 (2). 
rocyanide (K,Fe(CN),.3H,O, Mallinckrodt, AR) was Mass spectrum of acetylphenylhydrazine. Mass number 
dried to constant weight. m/e (intensity): 151 (M+ 1) (5), 150 (M’) (49), 149 (6), 109 

Generation of aryldiazenes. The method previously re- (8), 108 (lOO), 107 (32), 93 (6), 92 (21),91 (lo), 80 (5), 79 (6), 
ported by Itano9 was used for the generation and the spec- 78 (9), 77 (29), 66 (2), 65 (1 l), 64 (3), 63 (3), 53 (2), 52 (4), 51 
troscopic measurement of aryldiazenes. O2 was excluded (12), 50 (4), 43 (23), 41 (2), 39 (7), 38 (2), 29 (4), 28 (3), 27 
by passing 99.998% N, through a soln of vanadous sul- 0, 18 (2), 15 (4). 
fate.” All of the reagent solns and solns in the reaction 
vessels were bubbled with O,-free N2 through long Acknowledgements-We thank Dr. John Wright for the 
needles. Concentration or dilution of the solns was not mass spectral analysis and his useful suggestions. Mass 
observed during the passage of N,. More detailed descrip- spectra were taken in the LKB-Type 9000 instrument 
tions of the reaction vessel and experimental procedures purchased by University of California on NSF Grant 
have been published.’ 18245. This study was supported by Grants AM 14982 and 
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