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Summary 

On the basis of their electronic spectra triorganotin (aryIazo)benzoates are 
classified into three types. The derivatives of p-(arylazo)benzoic acids have spec- 
tra almost identical with those of the carboxyhc acids. The spectra do not show 
any marked solvent dependence. On the other hand, triorganotin o-(arylazo)- 
benzoates show a considerable bathochromic shift of the first x--x* transition 
indicating chelation through the azo-N atom. The pentacoordinated compounds 
having only one cheJate ring have few stability towards donor solvents, e.g., 
ether, methanol_ DMSO and the N-&n bond is easily broken, However, the 
presence of a OK or NHll group at the o’-position makes the azobenzoic acids 
terdentate. The resulting hexacoordinated tin compounds with two annelated 
chelate rings have marked stability towards donor solvents as indicated by the 
near absence of solvent effects on the absorption spectra. 

Introduction 

Though much work has been done on the electronic spectra of azobenzene 
and related compounds [l--12], there has been surprisingly little work done on 
their metal complexes [2,13-16]_ According to MO descriptions [1,2,9], the 
upper MO for the longest wave length n-P transition is the perturbed orbital 
originating from the antibonding x-orbital of the azo group, while the lower 
one is the orbital arising from the perturbation of the highest bonding x-orbital 
of the aryl residue. Coordination by the azo-N atom would thus he expected to 
cause a bathochromic shift of the longest wavelength band in metal complexes 
because of the lowering of the x* orbital due to the partial electron withdraw- 
ing from the N atoms to the metal, In view of this, a detailed electronic spectral 
study of the organotin (arylazo)benzoates has been carried out in order to 
determine. the role of the azo group in the tin complexes reported earlier. 
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Results and discussion 

The (arylazo)benzoic acids along with the abbreviations used are listed in Table 
1. 

The absorption maxima and molar extinctions of the (arylazo)carboxylic 
acids and their organotin derivatives in different solvents are given in Table 2. 

TABLE 1 

LIGANDS AND THE ABBREVIATIONS USED FOR THEM 

Name Abbreviation used = 

,3-(2-Methyl-4-hydroxy- 
benzeneazo)benzoic 
acid 

o-<3-Metbyl-ehydroxy- 
henzeneazo)ben+oic 
acid 

o-(2-Hydroxy-~methyl- 
benzeneazo)benzoic 
acid 

o-<4-Dimetb~lamino- 
benzeneazo)beruoic 
acid 

p-(2-Methyl4hydroxy- 
benzeneazo)bea+oic 
acid 

p-<3-Methyl-4-hydroxy- 

acid 

p-(2-Hydroxy-5methyl- 
bcnzeneazo)benroie 
acid 

o-(2-Aminonapbthyl- 

coor O\” 
azo)benzoic acid 

, 

o-(2-HydmxynaphthyI- 
azo)beluoic ecid 

o<4Hydmrynaphthyl- 
azo)benzoic acid 

S-J-2M4HBB 

o-3M4HBB 

o-2HSMBB 

o-4DABB 

p-2hI4HBB 

p-3M4HBB 

P-2HSMBB 

o-2ANB * 

o-2HNB 

0-4HNB 

a o. ortho: P..w~: M. methyl; Ii. hydroxy; A. amino. DA. dimetbylamino: BB. bexuenearobenzoic add: 
NB. naphthybtoberuoic add- The numbers in the abbreviation indicate the position of the ~ZCJUD- 
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TABLE 2 

ABSORPTION MAXIMA IN AZOCARBOXYLIC ACIDS AND THEIR ORGANOTIN DERIVATIVES 

compound Solvent A,, wmog E)) 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

xv 

XVI 

XVII 

XVIII 

XIX 
xx 

o-2MIHBB 

PhjSn(o-2MQHBB) 

Bu+n(o-2M4HBB) 

PqSn(o-2~¶4HBB) 

o-3hI4iIBB 

PhjSn(o-3M4HBB) 

BqSn(o-3M4HBB) 

PrjSn(o-3M4HBB) 

PhjSn(o_2HBh¶BB) 

Cy$Sn(o-2HShIBB) = 

Ph3Sn(o--lHNB) 

Bu$n(o-4HNB) 

CygSn(o-%HNB) 

Ph$n(o-BHNB) 

Ph$n(o-2ANB) 

p-2M4HBEl 

p-3M4HBB 

Ph$nCp3h¶IHBB) 
Ph$n@-2HSMBB) 

Methanol 
BeluC?Ile 
hlethanol 
Beluene 
Methanol 
Benzene 
Methanol 
BelUeIle 
Methanol 
Benzene 
hIethanol 
Benzene 
Methanol 
BelUene 
Methanol 
Benzene 
hfethanol 
Benzene 
hlethanol 
Benzene 
hlethanol 

CC14 
MethJnol 

CC4 
Methanol 
cc& 
hlethanol 
BellZeXle 
DMSO- 
Methanol 
Benzene 
Cyclohexane 
hIethanol 
Benzene 
Methanol 
Benzene 
h%%harml 
Benzene 
hfethanol 
hlethanol 

Benzene 

259C3.93) 

255(4.12) 

251t4.15) 

250(4.16> 

255(4_03) 

252(4.10) 

25U4.15) 

251<4.13) 

250(4.27) 

249(4.12) 

287c4.24) 

288(3.91) 

288 

252(4.17) 

249(3.55) 

276c4.31) 
248c4.03) 

256c4.03) 

255t4.21) 
247<3.99) 

358c4.27) 
385(4.48) 
358<4.24) 

355c4.22) 

355c4.24) 

355c4.22) 
385c4.58) 
355c4.25) 
357<3_94) 
35x4.28) 

355t4.31) 

32q4.231 
330(4.20) 
325<4.28) 
325c4.24) 
326(4.02) 
340 
327c3.67) 
334c3.88) 
325 
323(3.92) 
310(4.06) 
475(4.30) 
485 
344C3.98) 
355<3.90) 
350(3.90) 
33W4.44) 
338(4.39) 
33Oc4.64) 
336c4.44) 
35X4.39) 
361 
360(4.39) 
325c4.34) 
335 

460(3.62) 

460(3.76) 
45OC4.34) 
450(3_75) 
443t4.27) 
458(3.80) 
444C4.40) 
46Oc3.68) 

456(3.72) 
449(4_36) 
46Oc3.68) 
45OC4.35) 
454c3.66) 
447c4.46) 
395(3.88) 
410(3.88) 
390(3.92) 
408(3.89) 
480(4_62) 
458 
49OC4.35) 
460(4.57) 
487 
465t4.53) 
486(4.39) 

45-x4.15) 
472(4.14) 
463c4.01) 

385(4.02) 

395c3.96) 

= Cy = cyclohexy1. 

All the absorption bands have high molar extinctions and are presumably of 
XT* origin. The relatively weak no* transitions which usually occur at 
430-460 nm (q,,,, = 600-1300) [1,7,9] are probably masked by the high 
intensity 7r-7? transitions_ 

In non-polar solvents the first nq* transition of the organotin derivatives 
of o-carboxylic acids occurs at considerably longer wavelength than the corre- 
sponding acids, while the position remains nearly constant in the p-carboxylic 
acids and their tin derivatives (Table 3). The large bathochromic shift accom- 
panying the stannylation of the o-azocarboxylic acids (Fig_ 1) should thus be 
ascribed to coordination of the azo-N atom to tin as shown in I. A similar batho- 
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TABLE 3 

THE FIRST x-n* TRANSITION IN AZOCARBOXYLIC ACIDS AND THEIR ORGANOTIN DERIVATIVES 
IN BENZENE 

Acid & mm Organotin derivative Amax (=o 

o-2M4HBB 385 Ph$n(o-2N4HBB) 460 
Bu$tn(o_2M4HBB) 440 

o-3M4HBB 385 Ph$Sn(o_BM4HBBl 449 
Bu3Snfe3M4HBB) 450 

F-ZMQHBB 338 Ph$n&+2M4HBB) 336 
P-3M4HBB 361 Phsn(p3M4HBB) 362 

chromic shift of the first XT* band has been observed in cyclopentadienyl- 
[o-(phenylazo)phenyl]nickel, where the N + Ni bond is believed to be present 
1181. Such a bathochromic shift of the fust 7t--nf band due to N + Sn coordi- 
nation is to be expected also from MO considerations [1,2,9]. 

N-Ar 

The electronic spectra of the azo compounds do not show any strong solvent 
dependence apart from a small redshift of both the x-x* and n-r’ bands 11,191, 
but the organotin derivatives of the o-carboxyl compounds show strong solvent 
dependence indicating specific solvent-solute interaction. On the basis of the 

Fig. 1. Absorption spectra in benzene of (11 o-3M4HBB (2.8 X lo* as), <2) P~JS~<~F~MQHBB) (1.45 
X 10-s ar)_ 

. 
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. 

solvent effects the organotin derivatives may be classified into three types. 
(i) Type I: orgunotin derivatives of p-(arylazo)carboxylic acids. In this case no 

intramolecular coordination of the azo-N atom to the tin is possible, and conse- 
quently the spectra are characterised by their similarity to those of the free 
ligands and the absence of significant solvent effect. 

(ii) Type II: organotin derivatives of o-(arylazo)benzoic acids. As shown earlier 
these compounds are pentacoordinated. The absorption spectra show strong 
solvent dependence_ The results for a typical compound, presented in Table 5, 
show that solvents containing donor atoms decrease the intensity of the longest 
wavelength band near 460 nm while increasing the intensity around 350-360 
nm. Since only donor solvents induce the changes, solvent dependent azohydra- 
zone tautomeric equilibrium 1, observed in some azo compounds [3,6,8,20,21] 
may be ruled out. 

R,SnOCOC,H,N=NC&OH + R$nOCOCsHsNHNCsHa=O (1) 

In order to determine the nature of the equilibria, a quantitative study was 
carried out by use of eq_ 3 which applies to the l/l equilibrium 2 [l7,23]. 

S+A*SA (2) 

D=E,sC,+ Q(D,--D)ICs (3) 

In eq. 2 DA is the optical density of the organotin compound (A) of concen- 
tration CA in an inert solvent (e.g., carbon tetrachloride), D is the optical density 
in presence of donor solvent (S) of concentration C,, and Q is the equilibrium 
quotient. The presence of an l/l equilibrium involving the pentaeoordinated 
organotin derivative and the donor solvent is demonstrated by the excellent 
linearity of the plots of D vs. (DA --D)/Cs shown in Fig. 2 and 3. The deviation 

to.- DI /cs 
F3@L2ePlotolDvrW~ - D,ICs for the e&Sbrium beCweenPhjSnte2M4HBB) a.ad diethyl ether 

<bO-W. f %061. acetone (2. -, f0.051. methanol (3. -. fO.l). swridke (4. -. fO.5). DMSO 

(6. -. I 1). 
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Fig. 3. Plot of D vs. (DA - DW2s for the equilibrium between E%$?m<o-2MQHBB) and diethyl ether 
(I.-o-o-. f 113). PrjSnCo-2MQHBB) and methanol (2. -. f 1). R$~s~<o-~M~HBB) end acetone (3. 
-e-e-, f 113)_ 

TABLE 4 

EQUILIBRIUM QUOTIENTS FOR TRIORGANOTIN<o-ARYLAZO)BENZOATE DONOR SYSTEMS 
fin 1 mot-t ) 

organctbl 

compound 
DOnOr 

Ether A@??tOXZe Methanol Pyxsine DMSO 

Ph3So@-2M4HBB) 2.3 4.2 10.5 37 62 
FrxSnCo-2M4HBB) 0.8 1.1 4.7 - - 

R$SoCo-3M4HBB) 0-S 

T_ABLE 5 

ABSORPTION MAXIMA OF Ph3Sn[o_2M4HBB) IN DIFFERENT SOLVENTS 

Sol%rent &, @Woe l )) 

Dietbyl ether 252C4.15) 357C4.28) - 

Acetone 363f4.27) - 

biethamo~ 25q4.12) 358C4.24) 46q4.76) 
PYzidine 356(4.09) 475(4.30) 
DMSO 357t4.18) 49q4.04) 
carbon tetracbIo&ie 35q3.85) 447C44.36) 
Benzene 45q4.321 
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0.8 

!I~~ i -> 
00 

ZSO 
.__.~_ _____--> 

300 3w coo a5c fG3 r.m 

l?ii. 4. Absorption s~pectra in methanol of 1 c-3M4HBB (4.03 X lo+ _%f), so& line and of 2 PhpSn- 

f+3M4HBB> (285 X 10-S m broken line_ 

from linearity at higher concentrations of the denor in some eases suggests the 
presence of more complicated equilibria at higher donor concentrations. 

The equilibrium quotients, calculated from the plots of D vs. (DA - D)/Cs, 
are given in Table 4. The large effect of the organotin group on the equilibrium 
quotient suggests direct interaction between the tin atom and the donor. Since 
the equilibrium quotient with a given donor is consistently higher for the tri- 
phenyltin compound than for the tripropyltin compound (the former having 
greater Lewis acid strength than the latter), it seems most likely that an S + Sn 
bond is formed at the expense of the rather weak N + Sn bond (eq. 4), presuma- 
bly because of the steric crowding resulting from solvation. 

-I- s 

i 

(41 

The close similarity between the absorption spectra of the organotin derivative 
and the free l&and in donor solvents (Fig. 4) also supports the breaking of the 
N + Sn coordination on salvation. Further evidence supporting the formation 
of a S * Sn bond, rather tL the hydrogen bond formation between the donor 
solvent and the phenolic OI-I group present in the l&and, comes from a comparison 

- of the equilibrium quotients of &Sn(o-2M4IIBB) (II) and PrsSn(o-3M4HBB) 
(III) with a given donor. For hydrogen bond formation, the equilibrium quotient 
for II would he expected to be considerably greater than that for III because of 
the presence of a methyl group orfho to the hydroxyl group_ The situation is 
comparable to that in phenol and o-cresol, where the latter shows much less 
intermolecular hydrogen bonding than the former 1241. On the other hand, equi- 
librium quotients would be nearly equal if S + Sn coordinate bon3 formation 
were responsible, because both involve the tripropyltin group. In fact, the 
equilibrium quotients for u[ and III with the same donor are nearly equal (l-1 
and 0.9 respectively with acetone in carbon tetrachforide). 
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/ 
Me 

(III) 

OH 

tm, 
Me 

Since the equilibrium quotients between a given organotin compound and 
different solvents would be directly related to the S + Sn bond strength, which 
in turn is proportional to the donor strength or nucleophilicity of the solvent 
towards the tin atom, the sensitivity of the per&coordinated azocarboxylates 
towards donor solvents may be used to determine the relative donor strengths_ 
On the basis of the present results the donor strength towards the organotin 
group increases in the sequence: diethyl ether < acetone < methanol < pyridine 
< DMSO. 

In o-4HNB derivatives the first XT* transition is shifted to longer wave- 
length in the order: carbon tetrachloride = benzene < MeOH < DMSO (Table 
6). Though this trend is consistent with the formation of a hydrogen bond, the 
absence of any isobestic point in the absorption curves in different solvents imdi- 
cates a more complex equilibrium_ This is not surprising since azohydrozone 
tautomerism is well known in the naphthyl series [3,6,8,20]. Thus o-4HNB deri- 
vatives are likely to exist as tautomersr 

(Azo form) (Hydrazone form) 

(iii) Type III.- organotin derivatives of o-(aryLazo)benzoic acids with a donor 
group at o’-position. These are characterized by the near absence of solvent 
effect on the absorption spectra (Table 7). This is consistent with the hexacoor- 
dinated structure IV proposed on the basis of spectrophotometric titration and 
IR data. 

TABLE 6 

ABSORPTION bX.\XlMx OF PhsSn@x4HNB) IN DIFFERENT SOLVENTS C& t-J) 

MeoH DblSO ccti c6a6 

261.326.460 504 ‘340.456 335.460 
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TABLE 7 

ABSORPTION MAXIMA OF Ph3Sn(o_2H5MBB) IN DIFFERENT SOLVENTS <&ax(nm)(log l )) 
-_.- 

Et20 MeOH DMSO CC4 CSH6 
- 

252c4.13) 25Oc4.27) 
325c4.26) 325c4.23) 325 326 327c4.21) 
400<3.86) 390<3.88) 389 409 4OM3.87) 

The increased stability expected for compIexes of terdentate ligands compared 
to those of bidentate ligands (I) 13,221 greatly reduces the possibility of cleavage 

qNTp 
0//‘-o R3 

XZ - .OH , NH2 

of N + Sn and X -+ Sn bonds by solvation. As a result, this ciass of compounds 
does not show any significant solvent effect. The small hypsochromic shift in 
ether, methanol, DMSO etc., may be due to solvation at the tin atom, which 
would raise the z* orbital by decreasing the N + Sn bond polarity_ 

Experimental 

All solvents were of Uvasol (E. Merck) grade. The optical densities were 
measured with a Beckman DU-2 spectrophotometer. 

For equilibrium quotients a stock solution of the organotin compound (-lo-’ 
M) was prepared in carbon tetrachloride. To a given amount of the stock solution 
varying amounts of the donor were added keeping the total volume constant. 
Optical densities were measured at 445 nm. Concentration ranges of the donors 
used were: diethyl ether, O-3.8 M; acetone, O-4 LW; methanol, O-l.3 M; pyridine, 
O-O.07 M; and DMSO, O-O.2 M_ 
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