
ISOMERISM IN ARYLAZO OXIMES J. Org. Chem., VoZ. 36, No. 7, 1970 2231 

Hydrogen Bonding and Isomerism in Arylazo Oximes 
K. C. KALIA AND A. CHAKRAVORTY 

Department of Chemistry, Ind ian  Institute of Technology, Kanpur ,  Ind ia  

Received December 1, 1969 

Several new arylazo oximes are reported. Infrared, electronic, and pmr spectra of arylazo oximes and deu- 
terated arylazo oximes were examined. No evidence for the tautomeric nitrosohydrazone form could be obtained. 
Arylazo oximes show n -., T* and ?r + ?r* transitions characteristic of azo compounds. I n  the solid state they 
exist, in hydrogen-bonded form@) only. However, in the solution phase, equilibria between monomeric and 
associated species are clearly observable. Pmr spectra of some arylazo oximes show the existence of two distinct 
species in solution. It is concluded that the results are best explained in terms of cis-trans isomerism around 
C=N. 

An important class of reactions of arylhydrazones (1) 
is their electrophilic substitution. One such reaction, 
viz., that of aldehyde arylhydrazones with n-amyl 
nitrite, was discovered by Bamberger and Pemsel many 
years ago.2 The initial product of the reaction is 

R-C=N-NHAr R-C=N-NHAr R--CN=NAr 
I ll 

NOH 
1 2 3 

I 
NO H 

probably the C-nitroso compound 2 which readily 
isomerizes to the arylazo oxime 3. 

Arylazo oximes form stable chelates with various 
metal ions. During our investigations of these che- 
latess-5 it was lCound that the ligands themselves have 
not been subjected to any detailed structural investiga- 
tions. Several questions are relevant in this context. 
Is the tautomeric nitrosohydrazone structure 2 com- 
pletely excluded? What is the geometric structure, 
e.g., with respect to N=N or C=N of the ligand sys- 
tem? To what extent does inter- and/or intramolecular 
hydrogen bonding complicate the behavior of the 
arylazo oximes? The present investigation was under- 
taken in order to answer these questions a t  least 
qualitatively. 

The arylazo oximes are stable both in the solid state 
and in solution. Physical evidence, presented below, 
show that the C-nitroso structure 2 makes no contribu- 
tion to the composition of any of these phases. 

Physical Data 

Electronic Spectra.-The characteristic red color of 
simple azo compounds generally arises from an n--A* 
transition located primarily on the azo 
This transition normally centers around 440 mp. In  
the specific case of azobenzene* (chloroform solution), 
the n-n* transition is a t  438 mp (e 1150) for the cis 
isomer and a t  445 mp (e 300) for the trans isomer. In  
the electronic spectra of arylazo oximes, the n-n* azo 
band is clearly seen in the region 400-440 mp. Some 
typical results are shown in Table 1. The band at 
-300 mp is also characteristic of azo compounds. For 
azobenzene it is at  324 mp (e 15,000) for the cis isomer 
(1) J. Buckingham, Quart. Rev. (London), a8, 37 (1969). 
(2) E. Bamberger and W. Pemsel, Ber., 96, 85 (1903). 
(3) A. Chakravorty and K. C. Kalia, Inorg. Nucl. Chem. Lett., 8, 819 

(4) K. C. Kalia and A. Chakravorty, Inorg. Chem., 7, 2016 (1968). 
(5) K. C. Kalia and A. Chakravorty, ibid., 8, 2586 (1969). 
(6) A. Rurawoy, A. G. Salem, and A. R. Thompson, J .  Chem. Soc., 4793 

(7) A. Burawoy, ibid., 1865 (1987). 
(8) A. E. Gillanis and E. 9. Stern, “Electronic Absorption Spectroscopy,” 

Edward Arnold, London, 1960, p 271. 

(1967). 

(1952). 

TABLE I 
ABSORPTION MAXIMA (Amax) AND 

EXTINCTION COEFFICIENTS OF ELECTRONIC BANDS FOR 
SOME ARYLAZO OXIMES TAKEN I N  BENZENE 

c- Compound 
R Ar Amax, mp (e ,  1. mol-1 cm-1) 

H (a) ceH5 435 (330), 310 (21,400) 
CH3 (b) CaH6 440 (260), 305 (20,700) 
CeH4CHa-p (c) CeHr 420 sha (660), 300 (15,300) 

a sh is shoulder. 
CBH, (d) C6HdCHa-p 400 sh (1760), 315 (15,400) 

and a t  319 mp (e 19,500) for the trans isomer. The tran- 
sition is undoubtedly of the n-n* type. 

C-Nitroso groupse may be expected to show a weak 
( E  - 20) band around 700 mp due to a u-n* transition.’O 
No such absorption could be located in concentrated 
solutions for the compounds studied by us. Thus elec- 
tronic spectral data exclude the nitrosohydrazone 
structure. Our spectral data are in accord with an 
earlier report.11 

Molecular Weight Data.-The observed molecular 
weight of an arylazo oxime in solution is generally 
higher than that calculated for the monomeric structure. 
Further, the molecular weight increases with increasing 
solute concentration. Some representative data for 
chloroform solutions of two arylazo oximes are shown 
in Table 11. Clearly, associated species are present in 
solution. 

TABLE I1 
CONCENTRATION DEPENPENCE OF MOLECULAR 

WEIGHTS OF Two ARYLAZO OXIMES IN CHLOROFORM 
Molecular weight 
Calcd 

Compound Concn, M (monomer) Found 

Phenylazoacetaldoxime 0,006 163 200 
0.015 237 
0.031 . 294 
0.046 320 

Phenylazo-p-tolualdoxime 0,004 239 261 
0.012 301 
0.028 343 

Infrared Spectra.-Vibration spectra of arylazo 
oximes in the solid state and in solution show an in- 
tense and somewhat broad band (width a t  half-height, 
-50 cm-l) in the region 1000-1050 cm-l. Deutera- 
tion of the oxime group has very slight effect on this 
frequency. We assign this band to YN-0 of the azo 
oxime structure. The similarity of the shape and 

(9) Reference 8, p 64. 
(10) L. E. Orgel, J .  Chem. Soc., 1276 (1953). 
(11) P. Grrtmmaticakir, C. R. Acad. Sci., Paris, a26, 684 (1947). 
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intensity of this band with those of the VN-0 of simple 
oximes12 is very striking indeed. 

In  hydr~xylamine'~ VN-0 is a t  912 cm-I. In  
N-methyl- and N,N-dirnethylhydro~ylamine'~ the fre- 
quency shifts to -950 cm-', whereas in the 0-methyl 
derivatives the frequency is a t  858 cm-l. Palm and 
Werbin12 investigated the infrared spectra of several 
aromatic oximes in both a and @ forms. VN-0 was 
observed as a medium to strong band in the frequency 
range 930-960 cm-l. On the other hand, in quinone 
mono xi me^,'^ vN-0 shifts to 975-1075 cm-l. This is 
attributed to resonance contribution from a structure of 
type 4. The high value of VN-0 of arylazo oximes can 
similarly be due to the contribution from structure 5.  

t ~ -  N' 
R-C + 

'N= 0, 

4 
'H 

5 

The N=N stretchla is expected a t  -1400 cm-'. How- 
ever, arylazo oximes show a complex spectrum in this 
region, and we did not attempt to identify the VN-N 
frequency. 

Infrared data throw considerable light on the ques- 
tion of hydrogen bonding in arylazo oximes. Two 
typical cases, phenylazoacetaldoxime and phenylazo-p- 
tolualdoxime, were examined in detail (Table 111). In  

TABLE 111 

ARYLAZO OXIMES A N D  THE~R DEUTERATED DER~VATIVES 
FREQUENCIES (CM-') O F  INFRARED BANDS5 OF T W O  

Phenylazo- Phenylazo- 
acetaldoximeb'c p-tolualdoxime* 

KBr disk CCla soln KBr disk CClr s o h  Assignment 

1050 1025 1043 1020 YN-o (in NOH) 
1052 1030 1045 1020 YN-0 (in NOD) 

. . .  3160 . . ~ g  3160 YO-H (associated) 
Absent 3578 Absent 3585 YO-E (monomer) 
2155jL 2380h 2260h 2360* YO-D (associated) 

Absent 2648 Absent 2640 YO-D (monomer) 
a Among the frequencies that could be assigned with reasonable 

certainty, only those that are significant for structure elucidation 
are tabulated. They are all medium to strong in intensity. 
*There are at lead two YC-H bands in the 2800-3050-cm-1 
region. They do not disappear on deuteration or complex for- 
mation. oA weak band at  1635 cm-' (KBr disk and CCl, 
solution) shifts to 1605 cm-1 (where it overlaps with the nearby 
aromatic frequency) on deuteration. A probable assignment is 
YC=N (ref 20). The shift on deuteration may be indicative of 
interaction (ref 6) with 6 0 - ~  at -1400 cm-l. Could not be 
definitely located. e &E[ is probably a t  -1400 cm-I. There 
are several overlapping bands of different origin in the region 
1400-1500 cm-1. Deuteration reduces the intensity in this 
region considerably and 60-D appears a t  1120 cm-I. f Overlap 
with YC-H precludes proper identification; using YO-D (asso- 
ciated) = 2158 cm-1 and Y O - H / Y O - D  = 1.35, the frequency is 
calculated as 2910 cm-1. 0 Calculated value is 3050 cm-I. 

Center of a broad band showing some structure. 

1130 1115 . . , d  * . *  60-De 

the solid state and in solution, they show a number of 
broad and overlapping bands in the 2800-3200-cm-' 
region. Similar bands are seen in the solution phase as 

(12) A. Palm and H.  Werbin, Can. J. Chem., 82,  858 (1954). 
(13) R.  E. Nightingale and E. L. Wagner, J. Chem. Phys. .  22 ,  203 (1954). 
(14) M. Davies and N.  A. Spiers, J. Chem. SOL, 3971 (1959). 
(15) D. Had;, ibid. ,  2725 (1956). 
(16) K. Ueno, J. Amer. Chem. Soc., 79, 3066 (1957). 

well. Most probably they arise from overlapping 
0-H (associated) and C-H stretches. The solution 
phase shows an additional sharp feature a t  -3580 cm-' 
which is completely absent in the spectra of solids. 
This can be assigned to v0-H of the monomeric non- 
hydrogen-bonded species. In  order to put this assign- 
ment scheme on a more sound basis the deuterated 
ligands were examined (Table 111). 

In  phenylazoacetaldoxime-d, the relatively broad 
feature a t  2155 cm-l (solid) or 2380 cm-' (solution) is 
unambiguously assignable to VO-D of associated species. 
The band is quite intense and this is indicative of 
intermolecular rather than intramolecular hydrogen 
bonding.l6 The sharp feature a t  2645 cm-l (solution 
only) is assigned to VO-D of monomers existing in 
equilibrium. Note that V O - H / V O - D  = 1.35. Other 
arylazo oximes behave similarly. We therefore propose 
the following general solution equilibrium, where LH is 
an arylazo oxime. The molecular weight data of 

nLH -a (LH)n (1) 

Table I1 is in full accord with this. The present data 
do not give any specific information about the value of 
n nor do they imply that only a single associated species 
is existent. 

The infrared spectra of several aldoximes and ketox- 
imes were studied by Palm and Werbin." In  crystal- 
line a and @ oximes, the 0-H stretches were found to be 
a t  -3250 and -3120 cm-', respectively. The bands 
are broad and are of medium intensity. In  the solu- 
tion (chloroform or benzene) phase, however, both a 
and @ isomers show a broad VO-H a t  -3250 cm-'. 
Some oximes show an additional sharp band at  -3500 
cm-'. Clearly the pattern is parallel to that shown by 
arylazo oximes. A similar equilibrium pattern is also 
shown by some quinone monooximes. l5 

Proton Magnetic Resonance Spectra. -Hunter and 
Roberts18 assumed that arylazo oximes have an in 
ternally hydrogen-bonded structure 6. As already 

/Ar 
,N=N,, 

R-Cb ;H 
N-0 
6 

pointed out, our infrared and molecular weight data 
suggest the presence of extensive intermolecular hy- 
drogen bonding although the existence of some intra- 
molecular association cannot be excluded. Concentra- 
tion dependence of the pmr chemical shift of the oxime 
proton of arylazo oximes further substantiates the 
presence of intermolecular association. Even though 
the solution phase contains monomeric and associated 
species in equilibrium, only a single averaged NOH 
pmr signal is observed. In  phenylazoacetaldoxime, 
the chemical shift of this signal drops from 11.19 to  
10.36 ppm as the concentration is lowered from 1.5 to  
0.6 M (in chloroform-d solution). The pmr signal of 
hydrogen-bonded protons appear a t  relatively low 
fields. l9 The disruption of the hydrogen-bonding 

(17) A. Palm and H. Werbin, Can. J. Chem., 81, 1004 (1953). 
(18) L. Hunter and C. B. Roberts, J .  Chem. Soc., 823 (1941). 
(19) J. A. Pople, W. G. Schneider, and H. J.  Bernstein, "High-Resolution 

Nuclear Magnetic Resonance," McGraw-Hill Book Co., Inc., New York, 
N. Y., 1959, p 400. 
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interaction generally shifts the resonance to higher 
fields. If 6 is the sole structure of the associated species, 
dilution should produce little or no change in the pmr 
frequency. However, if process 1 is involved, dilution 
will shift the equilibrium toward the monomeric species, 
resulting in a shift of the frequency to higher fields as is 
actually observed. 

Infrared and pmr evidences taken collectively with 
molecular weight data leave little doubt that equilibrium 
1 correctly represents the behavior of arylazo oximes in 
solution. The internally hydrogen-bonded structure 
6, if present, is not a major contributor to solution 
composition. 

Assuming that the stereochemistry around the azo 
group is trans, intermolecular hydrogen bonding will be 
compatible with a structure such as 7 in which the 
rotameric configuration around the N-0 bond is such 
as to put the proton away from the azo group. In  this 
structure the R andl 0-H groups are trans with respect 
to C=N. However, structure 8, in which R and OH 
groups are cis, can also explain the observed pattern of 

/Ar 
Ar 

/' 
N=N N=N 

R-C(, R-C( 
N-O,, N 

H 
7 8 

H 

hydrogen bonding. It is quite possible that both 7 and 
8 will contribute in practice. This brings us to the 
question of isomerism of arylazo oximes. 

All arylazo oximes show pmr signals for aromatic 
protons in the region 7-8 ppm. The NOH signal 
appears in the range 9-12 ppm (Table IV). The pmr 

TABLE IV 
PROTON RESONANCE 

FREQUENCIE~S~ OF A FEW ARYLAZO OXIMES 
,--- Compound--- Chemical shift,b 

R Ar Group 6 (ppm) 
H CaH6 =NOH 9. 85c 

H 8.68 
CHa CeH5 =NOH 10. 36c 

CH3 2.37 

CHaCHzCHz 1. 15d 
CHaCH2CHz 1. 826 
CHaCHzCHz 3.  Ogd 

cs% (d) CsH6 =NOH 10.98" 
C&CHa-p =NOH 11.75" 

CeH4CHa-p C6H5 =NOH 1O.6lc 

CeH4CHa-p (9) C6HaCHa-p =NOH 11. 14a 
CsH4CHa-p 2.39f 

CioH7 (h) C8HaCHs-p =NOH 10. 5OC 
CaHaCHa-P 2.28 

CsHr CHa-p 2.35 

n-CaH7 (c) C& =NOH 11.19" 

CaHrCH8-p 2.37, 2.42 

CeH4CHa-p 2.33, 2.39 

CMHQ (i) CsHdCHa-p =NOH 9 

a Aromatic protons give signals in the region 6.80-8.80 ppm. 
From tetramethylsilane a t  100 MHz in CDCla; solute concen- 

tration lies in the range 0.3-0.6 M .  c Center of a broad signal. 
Center of a triplet (J - 7.5 Hz). Center of a sextet (J - 7.5 

Hz). f Center of a complex pattern showing at  least three lines 
of unequal intensity. 6' Not located. 

spectrum of phenylazoacetaldoxime in chloroform-d or 
benzene shows a single peak for the methyl protons. 
The protons of the R group of all other arylazo oximes 
with R = H or alkyl behave in a similar fashion (Table 
IV). If these arylazo oximes exist in isomeric forms in 
solution, the isomers either have insignificant chemical 
shift difference or they interconvert too fast by nmr 
criterion. 

More interesting is the behavior of arylazo oximes 
with R = aryl. Several individual cases will be de- 
scribed separately. 

Phenylazo-p-tolualdoxime (9) shows two distinct but 
overlapping methyl signals (Table IV). The relative 
areas under the signals are found to be dependent on 
the nature of the solvent. In  a given solvent the 
relative areas also depend on the solute concentration. 
Addition of a small amount of sodium methoxide (i.e., 
to generate a small concentration of the anion of the 
oxime) to the methanolic solution of the oxime leads to a 
single though broad methyl signal. The sodium salt of 
the oxime also gives rise to a single methyl signal in DZO 
solution. These results are summarized in Table V. 

TABLE V 
CONCENTRATION AND SOLVENT DEPENDENCE OF 

THE INTENSITY OF THE METHYL SIGNALS OF 
PHENYLAZO-P-TOLUALDOXIME5tb 

Ratio of 
Solvent Concn, M intensity' 

Chloroform-d 0.6 1:1.8 
0 . 3  1:1.4 
0.2 1:o.g 

Benzene 0 . 3  1:1.8 
Pyridine 0 . 3  1:2.3 
Methanol 0 . 3  1:2.2 

a Sodium salt in D20 gives a single methyl signal a t  283 Hz 
(upfield) from HDO. b Addition of small amount of sodium 
methoxide to the methanolic solution of the ligand leads to single, 
relatively broad methyl signal. Higher field signal: lower 
field signal; measured planimetrically. 

p-Tolylazobenzaldoxime (10) also shows two separate 
methyl signals in chloroform-d (Table IV) and in 
pyridine. As with the previous compound, the relative 
areas under the signals are solvent and concentration 
dependent. In  benzene, however, a single methyl 
signal is observed. On addition of successive amounts 
of benzene to the chloroform-d solution, the relative 
separation between the two methyl peaks decreases and 
finally (benzene >50%) a single signal is all that is 
observed. 

p-Tolyazo-p-tolualdoxime (1 1) was investigated only 
in chloroform-d. The methyl region consists of a t  
least three signals of unequal intensity. The presence 
of a t  least two distinct species is clearly indicated. 

p-Tolylazo-a-naphthaldoxime (12) and p-Tolylazo-9- 
anthraldoxime (13).-In chloroform-d each of these 
systems shows a single sharp methyl signal (Table IV). 

We shall not aim a t  any detailed interpretation of all 
the results described above. However, it is clear that 
in the case of compounds 9, 10, and 11 there are a t  least 
two distinct species existing in equilibrium. Several 
alternatives to explain the observation of single and 
double nmr signals in the various cases were considered. 
All facts taken collectively support the contention that 
isomerism around the C=N group of 3 is involved. 
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TABLE VI 
CHARACTERIZATION OF ARYLAZO OXIMZS 

7-% c-- 
Formula Mp, OC” Calod Found 

CsHi”0 97 58.88 58.82 
CsHoNaO 133 58.88 59.43 
CioHiaNsO 80 62.81 62.39 
CirHirNaO 78 70.30 70.51 
CisHisNaO 136 71.14 70.80 
CisHisNaO 175 74.72 74.37 
CzaHiiNaO 200 77.84 77.90 

a All melting points reported in this table are uncorrected. 

The observation of single resonance lines for the 
compounds 12 and 13 can be rationalized on the basis 
of steric interaction of the rotating naphthyl or anthryl 
group with the 0-H group. This group, therefore, 
prefers to stay exclusively in the trans (e.g., 14) position 

/Ar 

\ $-O 
BClNSN 14 ‘H 

with respect to the bulky aryl group. When R = 
phenyl or p-tolyl, the hindrance will be much less and 
the pmr observation of two isomers can be understood. 
The single resonances observed for the R = alkyl cases 
remain to be explained. Steric factors are certainly 
unimportant here. We strongly suspect that these 
systems also exist as isomeric mixtures, but the rate of 
interconversion is very fast. A temperature-dependent, 
pmr study will be extremely useful for proving this 
point. Such studies are planned to be undertaken. 

The solvent and concentration dependence of the 
relative amounts of two pmr-observable species of 9 and 
10 is not surprising in view of the complexity of the 
solutions. Such solutions probably contain monomeric 
and several polymeric species in isomeric forms. We 
propose that all species with the cis configuration are 
pmr averaged. The same separately happens for all 
trans species. 

In  conclusion, we shall summarize some of the earlier 
pmr studies, In  the solution phase aliphatic aldoximes 
exist in two isomeric forms 15 which give rise to charac- 
teristic C-H signals.20 As the bulk of the R group 

R H  R H  

\C’ \C’ w R 
/ 

HO ‘OH 
15a 15b 

increases, the population of the isomer 15a decreases. 
The arylazo oximes (compare 9 with 12) show a parallel 

(20) W. D. Phillips, Ann. N .  Y. Acad. Sei., 70, 817 (1858). 

,---yo H--- 7--% N-- 
Calod Found Calod Found 

5 .56  5.50 25.74 25.52 
5.56 5.58 25.74 25.90 
6 .85  6.90 21.96 21.88 
5.40 5.94 17.56 17.47 
5.97 5.66 16.60 16.52 
5 . 2 3  5.85 14.55 14.37 
5 .04  4.80 12.40 12.02 

behavior. The isomeric stability of aromatic aldoximes 
is much better than that of aliphatic aldo~imes.2~-23 
Similarly the rate of cis-trans interconversion appears 
to be faster in arylazo oximes having R = H or alkyl 
than in those having R = phenyl or p-tolyl. Unsym- 
metrical ketoximes also exhibit solution equilibria of 
isomers which can be identified by their pmr spectra.24 
Here again, steric factors can heavily tilt the equilibrium 
toward one of the isomers. Isomeric equilibria of 
aliphatic ketoximes are known to be more facile than 
those of their aromatic counterparts.21 

Experimental Section 
The arylazo oximes were prepared by following the procedure 

of Bamberger,2 with slight modifications. We found n-butyl 
nitrite to be as effective as n-amyl nitrite (which was used in the 
original procedure of Bamberger). Of the arylazo oximes studied 
by us, benzeneazobenzaldoxime and benzeneaxoacetaldoxime 
were already reported by Bamberger and Pemsel,2 benzeneazo-p- 
tolualdoxime and p-tolueneazobenzaldoxime by Hunter and 
Roberts,18 and benzeneazoformaldoxime by Grammaticakis.11 
The characterization data of compounds not reported in literature 
before are shown in Table VI. The compounds usually form 
yellow to orange crystalline solids which readily dissolve in a 
variety of organic solvents. They also dissolve in aqueoufi 
alkali giving dark reddish brown solutions. 

Deuteration of arylazo oximes was carried out by precipitating 
their solutions in dry dioxane with deuterium oxide. 

Proton resonance measurements were done on a Varian HR- 
100 spectrometer. Tetramethylsilane was used BS the internal 
standard and frequencies were measured by the side-band 
technique. Areas were measured planimeterically . Visible 
and ultraviolet spectra were measured on a Cary-14 recording 
spectrophotometer. Infrared spectra were taken on a Perkin- 
Elmer 521 recording spectrophotometer. 

Molecular weights were determined on a Mechrolab vapor 
pressure osmometer, Model 301A, in chloroform at  37”. 

Registry No. -Table I-a, 4471-49-2; b, 4413-26-7; 
c, 24621-45-2; d, 24621-46-3; Table IV-c, 24621-47-4; 
d, 4430-12-0; g, 24621-49-6; h, 24621-50-9; i, 24621- 
51-0; Table VI-a, 24605-72-9; b, 24621-52-1 ; d, 24621- 
53-2. 

(21) 1. T. Millar and H. D. Springall, “Sidgwick’s Organic Chemistry of 

(22) I .  PejkoviA-Tadii, M. Hranisavljevic, S. Nesio, C. Pasoual, and W. 

(23) W. Buehler, J .  OW. Chem., 88, 261 (1967). 
(24) E. Lustig, J .  Phya. Chem., 66, 491 (1961). 

Nitrogen,” Clarendon Press, Oxford, 1966, p 310. 

Simon, Helv. Chim Acta, 48, 1157 (1965). 


