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acid was heated to -60-70 OC and then treated portionwise 
wlth bromine (0.01 mol) for 15 min. The mixture was stirred 
further for 3 h and poured into ice water. The solid separated 
was filtered and crystallized from a proper solvent to glve 8. 
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Electron Spin Resonance and Mass Spectra of Substituted Azo 
Cresol Complexes 

Mamdouh S. Masoud' and Mohyl M. El-Essawl 

Chemistty Department, Faculty of Science, Alexandria University, Alexandria, Egypt 

Trandtlon-metal complexes of substituted azo cresol 
compounds were prepared. The structures and the mode 
of bondlng were Investigated on the baris of mass spectra 
for all systems and electron rpln resonance for the copper 
complexes. The electronic characters of substltuents on 
the data are dlrcussed. The copper complexes glve 
anisotropic ESR spectra wlth axlal symmetry In tetragonal 
geometry for orbltally nondegenerate ground stater. 

Table I. Electron Spin Resonance Data for p-Cresol Azo 
Complexes 

substituent g,, 81 (gl G 
OCHS 2.300 2.058 2.139 5.17 

2.330 2.065 2.153 5.89 
2.260 2.070 2.133 3.71 

CH3 
NO2 
COOH 2.322 2.074 2.156 4.35 
Br 2.135 
c1 2.28 2.076 2.147 3.68 

The interesting azo family compounds continue to find ap- 
plications in analytical chemistry ( 7 ) .  This type of compound 
is of biological importance from antifungal and antibacterial 
activities (2). The azo group is involved in a number of im- 
portant bidogical reactions such as inhibition of DNA, RNA, and 
protein syntheses, carchogenesis, and nitrogen fixation (3). In  
our laboratory (4- 76), we studied the azo llgands with different 
functional groups from the point of view of their ability to be 
complexed wlth many metals. As part of a continuing study of 
the interesting behavior of such compounds, we have under- 
taken the title investigation of this manuscript. 

Experlmental Sectlon 

The ligands (I)  were prepared by the usual method of dla- 

v 
CU3 

,zotlzation of p-cresol ( 77). 

0021-958818411729-0363$01.50/0 

A general method was applied for the synthesis of cobalt, 
nickel, and copper complexes. An ammoniacal alcoholic so- 
lution of the metal salt ( I O  mmol) was mixed with the corre- 
sponding llgand (20 mmol) dissolved in ethanol. The mixture 
was refluxed for about 20 min and then allowed to cool, giving 
a preclpltate of the required complex. The complexes were 
filtered and washed several times wlth ethanol and dried in a 
desiccator over P,05. The elemental analysis typified the 
presence of 1:2 complexes, with cobalt(II), nickel(1 I), and 
copper(I1) salts and 1:3 iron(II1) complexes ( 6 ,  70). 

The ESR spectra of the copper complexes were recorded 
with E12 (X band) and E15 (Q band) instruments from varian 
Associates. 2,2-Dlphenydl-picrylhydrazMe (DPPH, g = 2.003) 
was used as an external standard. The mass-spectral mea- 
surements were measured wlth CH4 and CH7 instruments from 
MAT-Bremen Co., West Germany. The physical measurements 
were done at the Chemistry Department, Marburg University, 
West Germany. 

Results and Dlwurrlon 

Electron Spln Resonance of Copper Complexes. The X- 
band spectra of the polycrystalline copper complexes (Figure 
1) at room temperature are typical of those for axial symmetry 
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Table 11. Major Fragmentation Pattern of (Phenylazo)-p-cresol (HL) and Its Metal Chelates" 
fragment HL FeL, COL, NiL2 CUL, 

HL 55.93 84.04 100.00 87.35 82.16 
23.98 35.38 40.51 40.56 29.45 

L N = N *  / 

CH 
I 100.00 100.00 

1.88 2.71 

97.71 

2.64 

100.00 100.00 

2.56 2.47 

NZ 
OH 

60.03 91.12 87.56 78.12 

2.47 2.11 1.98 2.19 2.08 
9.90 16.9 20.60 37.33 22.69 

"All values in percent. 

Table 111. Major Fragmentation Pattern of [ (p-Nitropheny1)azol-p-cresol (HL) and Its Metal Chelates" 
fragment HL COLZ NiLz CUL, 

60.25 4.93 
26.33 16.13 
73.27 38.78 
44.44 40.76 

11.24 6.58 83.08 

I 
CH? 

0. 
C5H5 
NZ 

(I All values in percent. 

3.64 1.95 1.05 

48.88 2.89 53.07 47.70 

100.00 10.38 100.00 100.00 

20.95 5.17 22.60 24.86 

7.57 7.30 9.76 17.49 
3.94 80.6 19.69 34.88 

Table IV. Major Frawentation Pattern of I(r,-Methybhenyl)azol-~ -cresol (HL) Ligand and Its Metal Chelates" 
fragment HL COLZ NiL, CUL2 

HL 74.59 98.17 86.51 88.51 
ML2 

?H 

OH 

I 
C H 3  

N2 
"All values in percent. 

2.43 1.99 2.71 
22.41 38.13 23.57 30.87 

15.10 24.76 16.57 20.84 

67.83 99.49 68.57 97.48 

100.00 100.00 100.00 100.00 

13.94 27.39 16.76 21.17 

38.13 7.16 9.04 27.02 
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Scheme I 
ML> 

4 

2593 3193 G- 3993 

Flgure 1. Electron spin resonance spectra of copper(I1)-substituted 
azo cresol complexes. 

Table V. Major Fragmentation Pattern of 
[(p-Bromophenyl)azo]-p-cresol (HL) and Its Metal 
Chelates" 

fragment HL CoL, NiL, CuLz 
HL 43.70 30.72 37.49 100.00 
MLz 
ML 

8.28 

.eBr 22.94 

. &Br 22.89 
\=/ 

48.73 

CH 3 

100.00 

kN=I+ 
j G* 21.96 

NZ 10.51 
OH 

"All values in percent. 

3.54 

5.36 

17.87 

17.97 

34.76 

83.71 

21.12 

18.21 
100.00 

100.00 3.22 

98.04 
21.11 

25.97 100.00 

28.00 100.00 

45.82 100.00 

87.45 100.00 

21.14 100.00 

31.80 52.19 

( 78). All show anisotropic ESR spectra with two g values, g 
and g I (Table I), where g > g I. This is characteristic of 
tetragonal Cu(1I) complexes with dXz-y2 ground states (79) with 
stronger interaction along the Z axis accompanied by an in- 
crease in the value of gll with an increase in the length of the 
bond in the XY plane to decrease of both in-piane covalency 
and the energy of the dXz-yz transition (20). In  axial symmetry, 
G = gll - 219 I - 2. I f  G is >4, exchange interaction is neg- 
ligible, while if G is <4, considerable exchange interaction in 
the complex occurs (27,22). The (9) value is evaluated as 
follows: (9) = ' I 3  + Zg,). ( g )  ranges from 2.133 to 
2.156, in agreement with an orbitally nondegenerate ground 
state (23). The ESR data of the bromo complex give one broad 
signal with A value from peak to peak of 670.5 G (Figure 1). 
The data are due to dipolar broadening and enhanced spin- 
lattice relaxation of the bromide Ion (24, 25). The electron- 

donating substituents lead to a negligible exchange interaction; 
the reverse is val i  for the electron-attracting substituents. The 
slight increase in G for the copper carboxy compound is 
probably due to its existence in an associated form through 
intramolecular hydrogen bonding. In the past, it was customary 
to consider the covalent bonding between ligand orbitals and 
metal d orbitals while calculating the ligand hyperfine structure 
in transition-metal complexes (26). The ESR of copper( I I) 
complexes suggests the involvement of metal 4s orbitals in the 
contribution to the isotropic part of the metal hyperfine constant 
(27). This suggests a polarization mechanism on the ligand 
involving the 4s bonding orbitals which results In a negative 4s 
spin density on the metal to lead to an increase in the hyperfine 
constant with increased covalent transfer of spin to the ligand 
from the metal d orbitals (28). 

Msss-Spectra1 Studlet?. The data are listed in Tables II- 
VI I .  None of the (phenylazokp-cresol complexes show a 
peak due to the molecular Ions, probably due to the existence 
of a high degree of polymerization or presumably due to thermal 
degradation in the mass spectrometer (28,29). Two pathways 
are followed for fragmentation, one for the free ligand and the 
other for those containing metals (see Scheme I). The data 
indicate weak bonding between C and N atoms with a cleavage 
of the C-N bond to give m l e  77 and 105 due to C8H5 and 
CBH5-N=N radicals, respectively. All the azobenzenes show 
skeletal-rearrangement ions in their mass spectra (29) where 
their genesis occurs by ionization of a double bond in the aro- 
matic ring to furnish electron-deficient centers which are 
available for the attack of the incipient radical (30). 

The Ni(I1) and Cu(I1) complexes of the p-NO, derivative 
show a peak due to the molecular Ion while those of Co(I1) do 
not have a fragment for the molecular ion. The latter is prob- 
ably due to thermal degradation in the spectrometer or a higher 
degree of polymerization. The NI(I1) and Cu(I1) complexes are 
subjected to thermal degradation by losing one ligand molecule 
and picking up 2 W  which are then lost in the next step, followed 
by losing the metal ion. After this step, the fragmentation 
patterns of the p-NO,i systems proceed in a similar fashion, 
depending on breaking the C-N bonds. 

All the bls p-methyl complexes derived from Co( I I), Ni( I I), 
and Cu(I1) gave a molecular ion. (1) The Ni(I1) and Cu(I1) 
p-NO, complexes have fragments with m /e 302 and 306, re- 
spectively, due to the possible existence of hydrazo species. 
(2) The p-Br system gave two fragments with m l e  181 and 
182, probably due to an isotopic effect. (3) The pGI compound 
gave two fragments with mle 414 and 416. These fragments 
are due to the formation of another complex compound and 
also a new fragment by losing phydroxytoluene, respectively. 
The mle 417 is given to the CuL, after losing the p-chloroazo 
fragment of a species composed of 1 mol of the free ligand 
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Table VI. Major Fragmentation Pattern of [(p-Carboxyphenyl)azo]-p-cresol (H2L) and Its Metal Chelates" 
fragment HL Co(HL), Ni(HL), Cu(HL)p 

HZL 46.82 
HzL-(COOH) 

1.00 3.14 
61.51 

Q - N = N e c o o H  33.22 3.52 

36.07 4.07 2.87 30.49 bNHNH 
I 
CH 3 

f i C C Q H  

OH 
I 

20.27 

100.00 

1.26 

20.04 

17.87 

6.64 

11.67 

18.21 

15.56 

99.16 

10.67 5.45 

15.82 94.14 

10.38 2.32 

15.16 10.45 

8.39 96.56 

23.25 
100.00 43.04 

" All values in percent. 

Table VIL Major Fragmentation Pattern of [ (p-Methosyphenyl)azo]-p-cresol (HL) and Its Copper(I1) Chelate and of 
[(P -chloro~henyl)axo]-~-crerol (HL') and Its Copper(I1) Chelatea 

fragment HL HL' CUL,' 
ML2 7.47 

CuL2 fragment (HL') system 

OCHS 
N2 

"All values in percent. 

12.32 mle  416 

60.09 100.00 mle 414 
36.05 96.34 HL 19.65 95.24 

100.00 44.37 17.61 100.00 

11.15 

26.53 

2.91 
25.78 

51.89 
32.21 18.43 

100.00 64.90 

7.05 23.30 /-% 
3.51 w 

17.75 N2 7.29 15.31 

COmplexed with Cu(I1) in the presence of 1 mol of p -  105). This is a good criterion for the existence of two com- 
hydroxytoluene r a d b l  (mle 107). The total fragments illus- plexes with stoichiometry 1:l and 1:2. (4) The p-carboxy 
trated the exbtence of 1 mol of the free llgand coordinated to compound gave a fragment due to benzoquinone, assuming 
Cu(II), that attached to a species of the form C&I&l=N+ (m/e that the phenolic part of the molecule is subjected to oxidation. 
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Derivatives of p -CumenyIphosphorodichloridate ,and 
-dichloridot hioa tet 

Richard J. Cremlyn" and Luke Wu 

Division of Chemistry, HatfieM Polytechnic, HatfleM, Hertfordshire, England AL 109AB 

The tltle compounds were converted Into 17 derlvatlves 
and the physlcal and spectral properties of there new 
compounds are reported. 

P-PhenyCp -cumenylphosphorobls(hydrazide) and the bis(hy- 
drazin0)thioate ( 1 ) were characterized by reaction with ethyl 
chloroformate and carbonyl compounds to give the ethyl car- 
bazate ( I )  and the hydrazones (IIa-e), respectively. The di- 
chlorldates were converted to the morpholinochloridates 
(IIIa,b), hydrazides (IVa,b), and hydrazones (Va-g). The 
structures of these compounds were confirmed by the analytical 
data, which were submitted for review, and by the spectral data 
(Table I).  

I n  the I R  spectra, the NH and P=O stretching absorptlons 
generally appeared within the accepted ranges (2); however, 
in the ethyl carbazate (I), the value of the P=O absorption 
frequency was unexpectedly high. The frequency of the P-0-C 
stretching vibration is considerably lower than normally reported 
(2%). The P=S absorption Is reported (3) to give two bands 

'Part of the M. Phil. Dissertation of L.W., HatfleM Polytechnic, Hertfordshke, 
England, 1983. 
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R = C,H,C(CH,), 0 

I1 
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0 H p-CH,OC,H, 
S H C,H, 
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0 €3 C,Hs 
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A O I N / a  
IW 
6 

111 
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a 0  
b S  
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V 
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0 CH, 
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S CH, 
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S H  
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