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SUM/14ARY 

A series of ar_rfazomdoie sulphonrc acrd d1e.s has been s)nrhessrsed and therr 

spectrophotometrrcpropertres habe been deterrnmed Thezr technrcafproperttes. such 

as Itghtfastness, fatness to washtng and substanttvtty, on njvlon and 011 pool, have 

been measured. 

The values obtamed of each of these propertres have been analysed bv a modCfied 

Free- Wilson technlgue Good cot-l elatrons wtth substrtuent eflects have been 

detained, demonstratzng the vaitditp of the addittve model In the study of quantzrattve 

structul e-actIvrt_r reiattonshlps for this set of dJ,es. The quantrficatlon qfsubstltuent 

contrlbutlons makes LI posstble to pornt out the nzost acttve substttuents as 11 eli as the 

UIOSI crttlcai posrttons 111 order to reprove the techntcal properties. 

1. INTRODUCTION 

One of the main purposes m dye research is to find good relationstips between 
chemical structure and technical properues Many attempts have been made m 
order to Identify structural features havmg a general influence on properties.’ -’ An 
mterestmg paper on the effect of terminal groups m 4-aminoazobenzene disperse 
dyes has recently appeared. 4 But generally the relationships reported in literature 
are of a quahtative kind. In the present paper a series of arylazomdole sulphomc acid 
dyes are exammed. 
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The statistxal analysis of quantitative structure-actwlty relationships (QSAR). 
used m drug design. has been apphed to the most important technical properties of 
this series of dyes. By quantlfymg the effect of substituents, the analysis should be 
useful In mdlcatmg the most critical structural features in order to design dyes with 
improved tcchmcal propertles 

Part I of the present paper IS concerned with the chemistry and tmctonal 
propertles of the set of dyes examined. Part II deais with the QSAR analysis 

2 PART 1 

Azo compounds contalmng the Indole residue as coupling component have been 
hno\\n since the early 1900s s-s 

The eulstlng Ilterature consists almost exclusively of patents 
A great deal of research has been cnrned out In recent years particularly ln the field 

of arylazolndole sulphonlc ncld dies. ds the tlnctonal propertles of these dyes on 
both natural and synthetic fibres &Ire generally very good 

We have syntheslsed cl series of aryiazolndole denvatlves. many of-which h‘ive not 
been described before. of general formula I 

For these dies we have measured the Ilghtfastness. the fastness to washing and the 
substantlvlty. both on nylon 6 6 and on wool 

2 1 E \pci ~r,wr~rr~l 

Dies \\ere syntheslsed according to the usual methods.’ using a mixture of glacial 
dcetlc xld ,tnd dlmethylformnmlde as solvent for the couphng agents 

The compounds obt,llned were pure (1 e sho\\mg only one dlstlnct spot on TLC). 
exept for the derlvdtlves of Indole Itself. for which repeated crystallisntlons from 
ethanol-water were needed The chromatography wascarned out on slhca gel. using 
a mixture (4 4 2 1) of toluene. ethyl acetate. acetic acid and water as eluent 

UltravIolet spectra of dyes (sodium salts) were recorded In methanol solution 
(lO-s-lO-h~l) on a Pye Uhlcarn SP 1800 spectrophotometer 

Dyeings were carned out on samples of nylon 6 6 and ofwool dt pH 4 5-5, at such 
a concentration (ca I I”,) as to obtain comparable depths (l/l) 

After removal of the dyed fabrics. an undyed pattern was entered into each bath, 
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and dyeing was continued until exhaustton was complete. By comparing the depth of 
the latter dyed specimen wtth standard depths. lo substanttvtty was rated on a l-5 
scale correspondtng to depths of l/3. l/6. l/ 12, l/25, and undyed specimen 
respectively 

The evaluations of hghtfdstness (xenon lamp) and fastness to washlng(60 “C) were 

made accordtng to the IS0 Standard Methods ” 

in Table 1 the synthesised dyes of general formula 1. with their charactertsatton 
data. are Itsted 

The effect of substttuents on the principal absorption band of thts class of dyes 
m.ly be explaIned constdertng their structure as a donor-acceptor complex 
chromogen_ I2 in which the tndole nucleus acts as J donor 

Thus electron donor groups (Me) or substttuents enlargrng conJugatton (Ph) on 
the tndole ringcause d bdthochromtc shaft of the vtstble absorptton band (6-7 nm for 
methyl croup. 23-25 nm for phenyl ring) Repldcement of hydrogen substrtutton by 
.I merh$ group on tndole nitrogen produces d general hypsochromtceffect (7-9 nm) 
This rn,ly be dttrtbuted to Increased stertc htndrance. which reduces the p-orbital 
overlap between phenyl ring and rndole system 

TABLE 2 
TECH’bICAL PROPERTIES OF DlFS OF GEXERAL FORMULA 1 

DI c Colnrtr on Fasrness 10 \%aclrrng nr 6O’C’ 

-_ 

I 
7 

j 

J 
5 
6 
7 
s 
9 

10 
II 

I: 
I-1 
15 
I6 
17 
IS 

h’r ion 1% 001 

Browmsh-oranpc 
Brownish-!,ellou 
ReddIsh-)cllow 
Yellou 
Cir‘ynlsh-)ellow 
Grcemsh-yellou 
Yellok\ 
Creenlsh-yellok\ 
BroHnlsh-yellow 
Brow msh->ello\\ 
Reddlsh->ellow 
Yello\\ 
Rcddlsh-yellow 
Yello\r 
Reddlsh-bellou 
Reddlsh-yellow 
Greemsh->ellow 
Yellon 

6-7 
7 
7 
7 

5-6 
6 

l-2 
3 
-I 
5 

‘-3 
4-S 

5 
5 
2 

3-5 
5 

% 
6 
6 

6-7 
5-6 

6 

7 3 
2-3 3 
2-3 

2 :: 
l-2 3 
1-3 3 
‘-3 3 

3 3 
‘-3 3 

3 3 
3 3 
4 3 
4 33 
4 - 3 
4 34 

3-4 3 
34 3 

3-4 
3 
3 
3 
3 
3 
3 
3 
3 
4 

: 
‘-3 

3 
34 

3 
3 

2-3 

l-2 2-3 
l-2 3-4 32 

I z-3 3-I 
I-’ ‘-3 33 
I-’ 1-3 3-4 
I-’ 2-3 34 

I 3 3-4 
I-’ 2-3 4 
I-’ 1 3-l 
2-3 2 2 
‘-3 2-3 3 

3 2-3 34 
3-4 2 3 

2 2 3 
2 2 2-3 

4 2 
i 3 2 

4-5 3-J 
3 1-z 
3 7 

4% 34 4 

4 2-3 

: 2-3 4 
4-5 3-4 

5 4-5 
2 4-5 4-S 

5 4-5 
4 4 

4-5 4 

’ Values m the first column refer to the change of colour. m the second column to the stammg of the same 
Llnd of fibre as the specimen. and In the third column to the stalmng of wool for nylon and of cotton for 
wool 



ARYLAZOINDOLE SULPHONIC ACiD DYES 309 

Examinmg the acceptor moiety, we may note that: 

(a) the nzera-isomer is the least bathochtomtc among the ammobenzene- 
sulphonic actds, 

(b) a chlorme atom orfho to the azo group causes a bathochromic shift 
(14-15nm). 

In Table 2 the technical properties of the dyes on nylon 6 6 and wool are listed. 

3 PART 11 

3 1 Backgromd 
The study of quantrtatrve structure-acttvrty relationshrps (QSAR) has gamed a 

large and rncreastng practical importance in drug design ” 
The development of QSAR in biochemistry and medlcmal chemrstry has been 

recently surveyed by C Hansch I4 There are two main kinds of approaches m 
QSAR In the Hansch approach ‘A the brologrcal actrvlty of a set of congeners is 
correlated wrth some phystcochcmrcal properties (hydrophobtc constants, elec- 
tronic and stertc parameters, etc ) The Free-Wilson method of analysis’s IS a 
stattsttcal approach independent of physrcochemical properties The basis of the 
Free-Wilson model IS the addttive contnbutlon to activity of each substrtuent, 
Independently on other substrtuents in the molecule 

Thus for a congenerrc series of n compounds, the acttvny A for each member I of 
the set. under equivalent cond;t.,.._ x*nq of assay, cdn be expressed as 

A, = X,&C, ps + P (1 = I,?. ,n) (1) 

where CIS the activity contribution of the substrtuent s, dependent on the positron p; 
11 represents the activity of a constant portron (parent structure) of the series if the 
actrvrtles of a number ofcongeneric molecules have been measured, the values of the 
rndl\~dual groupcontrlbutions or denooo substttuent constantscan becalculated by 
regression analysis 

The mterpretatron of the parameter ,U will depend upon arbitrary choices to be 
specified In the classrcal form of the Free-Wilson model based on symmetry 
equations, p is the overall average ofthe brologlcal activrttes and IS interpreted as the 
actlvrty value of a hypothetical ‘naked’ compound (all substituents absent) 

FuJlta and Ban16 modified the Free-Wilson approach: the activity contrrbutlon 
of each substttuent IS relative to hydrogen whose contnbution is defined as equal to 
zero (C, = 0 00). /1. obtained by the least-squares method, IS the theoretically 
predicted actlvrty value for an all-hydrogen substrtuted compound 

Cammarata and Yau17 used a slmrlar, but statrstically different, modified Free- 
Wilson model, where the observed activity value of the unsubstrtuted compound IS 
arbttrarlly taken as the constant term p. 
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Hansch’s linear multiple regresston model and the modrfied form of the Free- 
Wilson ddditive model have been shown to be theoretlcally mterrelatedts and 
numerrcaliy equivalent.” due to the fact that the tndrvrdual groups’ contrrbutron 
can be Interpreted as a weighted sum of several phystcochemlcal constants of the 
substrtuents 

A mixed approach has been developed, which IS a combination of both models 
and takes advantage of each. the de ~IOLO constants. which can be regarded as 
discrete variables (the term Indicator varldble IS more appropriately used), can be 
combrned wrth the contrnuous variables of Hansch’s analysis to increase the 
potentrnl of QSAR Interest in such rniled andlysls IS increasing ‘; 

In the present paper the statistical approach of QSAR analysts IS applied to the 
technrcal propertres listed In Table 2 of the series of dyes of general formula I 

32 IIf rrlrod 
The technique used IS the FuJrta-Ban’b modlficatlon of the Free-Wrlson 

approach (eqn 1) 
The 18 congeneric structures ewmlned were encoded In the matrix of Table 3. 

where the number one In any posltlon Indicates the presence of the substltuent 
Regression analyses were performed on lightfastness, fastness to washing and 

substdntivity, for nylon and wo,ol The stepwse procedure ofthe SPSS programs” 
was used Cnlculdtlons were c‘irrled out on d IBM 370/ 158 computer The results dre 
gILen In T,lbles 4 10 

TABLE 3 
XIATR,, tSED FOR CALCL’LATIOX OF GROUP C-ONTRIBUTIOXS (EQhS 1-7) 

12 
13 
13 
15 
16 
17 
18 

1 
1 
I 
I 

1 
I 
I 
I 

; 
1 
I 

1 
I 

I 

: 1 

1 
1 
I 1 

t 1 
1 1 
1 1 I 

1 
I 1 
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3 3 Resuils and d~scusslort 
The results of the statlsttcal analysis of data relatmg to each property are 

discussed separately. 
The substitution pattern of the set of congeners under examination impose the 

following IImItations on the analysis: 

(1) the effect of Cl at the X,-posltion can be assessed only m the presence of Cl at 

Xl7 

(2) the effect of Cl at the X,-posihon can be assessed only m the presence of a 
substltuent (Ph or Me) at X,; 

(3) SO,H dt X, without any other substltuent at X, occurs m one compound 
only. therefore the net effect ofX1--SO,H cannot be assessed with sufficient 
accuracy. 

trghffasrness Equations (eqns 2 and 3) wth good correlation (of the form 1) could 
be formulated relating the hghtfastness. on nylon and wool respectively, to the most 
significant variables, as Judged from the statIstica tests: 

Eqtl Flbre 11~ kb R’ Sd R”’ F/ 

2 Nylon66 18 7 0 979 0 472 95.9 33-9 (-t-t+) 
3 Wool 18 7 0 984 0 336 96 9 45 0 (+++) 

a Number of compounds used for the regresslon analysts 
’ Number of explanatory variables entered rn the regresslon equation. the explanatory kanables were 
allowed to enter the regresslon If they exceeded a F value of 0 1 
’ MultIpIe correlation coefficient 
’ Standard devlatlon of the estimate 
c Percentage of rhe banance of the dependent vanable explamed by the regresslon equation 
JF-ratloandslgnlficancelevel (+++)PcO001,(+-t)PcO01.(+)P~OO5 

Tables 4 and 5 list the calculated contnbutlons of the unsubstltuted compound (FL) 
and of the substltuents mcluded m the correlation equations. The hghtfastness 
values calculated using the contnbutlons In Tables 4 and 5 and the differences 
between experlmental and calculated values (1.e the residuals) are listed In Table IO 

A further analyslswas run to prove the equivalence ofX,- and X,-posltlons for the 
SO,H substltuent Correlation equations which are almost equally successful to 
eans 2 and 3 respectlvelycould be formulated (R = 0 978, s = 0 462, R2 = 95-7, P < 
0 301 and R = 0 984, s = 0 325, R2 = 96-8, P < 0 001). The results of the statistical 
analysis mdlcate that in the set of dyes examined the substituents contnbute to the 
hghtfastness almost independently and addltlvely. From the data in Tables 4 and 5 it 
may be noted: 

(a) the low contnbutlon of the parent structure and the important contnbutlons 
of the substituents, specially for nylon; 
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(b) 

(cl 

Cd) 
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substituent posltlons X, and X,, orrho to the azo group, appear to be the 
most significant contributors to the regression equation: position X, alone 
accounts for nearly 80 y0 of the total vanance (nylon)_ positions X, and X, 
account for nearly 50 y0 and 44 oA of the total variance, respectively (wool), 
the most positive substltuents are in the order Ph, Me at X,. Cl at X, (not 
always statlstically sigmficant). 
X 1 IS the most negauke posrtlon for the SO,H substituent, particularly when 
there IS a substituent at X,, X2- and X,-positions may be regarded as 
equxiient 

The llghtfastness of dyes of the senes not tested, composed of the substltuents 
analysed. may be calculated from the group contributions of Tables 4 and 5 The 
dyes with the greatest predicted fastness were included m the analysis (nos 16. 14. 
15) 

Examination of the pattern of the residuals” mdlcates no abnormahty. 
From A values m Table IO, dye no 4 shows the greatest positive de\latlon and dye 

no 2 the greatest negative devlatlon. both for nylon and for wool Further 
lnvestlgatlons are required to ascertain the meaning of these anomahes 

Fusrrw~s IO 11 rrshrr~p The andlysls IS generally unsatisfactory If stammg data are 
used. while colour change data give good correlations These data were therefore 
used in the analysis All dyes of the series give higher fastness values on nylon 6 6 
rhan on wool, in both cases the variance of the data 1s rather small (2 5 units). 

Equations 4 and 5. corresponding to the matnx in Table 3, give good correlation, 
as Judged from the statistical tests. 

ECpl FIbre !I k R s R’ F 

4 Nylon 6 6 18 5 0 979 0 IS2 96 0 57 5 (-+++) 
5 Wool 18 5 0 956 o-232 91 4 25 6 (-t-t+) 

Tables 6 and 7 list the contributions of the parent structure and of the most 
significant substltuents The calculated values of fastness of each congener and the 
residuals are listed m Table 10 

Data in Tables 6 and 7 show some differences m the behavlour of dyeings on nylon 
6 6 and on wool. The SO,H groups account for about 8 y0 of the total vamance for 
nylon. but only for about 0 5 “/‘, of the total variance for wool If SO,H substltuents 
are dropped from the analysts. the P orrelation becomes poorer for nylon (R = O-920, 
q = 0 3 i 9. R’ = 84 7. P < 0 001) but IS almost equally successful for wool (R = 0 953. 
s=o239. R’=909, P<OOOl) 

In this set of dyes the SO,H appears therefore to contnbute to the fastness to 
washing on nylon. with a poslbve effect m the order X, > X, > X, The three 
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TABLE 4 
CALCULATED GROUP CONTRIBUTlOhS TO UGHTFASTNESS Oh NYLOh. BASED ON C,, = 0 00 

(nlh 2) 

Poslrron Subsrrruenr FJ R’ change’ 

X, SO,H -0 87 0 33 68(+) 10 1 

SOC’H 
0 60 0 37 26 45 

y, 
Ci 

0 25 0 33 0 56 02 
0 58 0 51 13 

X, Me 2 58 0 36 516(+++) 31:; 
Ph 3 68 0 36 1049(+++) 483 

X5 Me 0 40 0 30 18 07 

Parent structure (Jo) 2 04 

1 F-ratloandsrgruficancelevel (++ +) P-=0001.(++) PtOOl.(+) PcOOS 
r Calculated group contnbutlon. based on C, = 0 00 
h Standard dewatlon for each explanatory vanable 
’ Percentage of the total vanance explamed by each explanatory vanable 

T4BLE 5 
CALCULATED GROUP CONTRIBUTIONS TO LIGHTFASTNESS Oh WOOL. BASED ON CR = 0 00 

WN 3) 

Posrrrorr Subsrrmenr 0 st Ft R2 change+ 

Xl SO,H -075 0 24 99(+) 48 
Cl 0 94 0 26 129(++) 47 2 

X, SO,H 0 12 0 24 0 27 01 
Cl 0 46 0 36 16 

X, Me 2 12 0 26 689(+++) 2:: 
Ph 2 62 0 26 105 2(f + +) 226 

x5 Me 0 30 0 al 20 06 

Parent structure (p) 2 21 

i See Table 4 for definltlon 

TABLE 6 
CALCULATED GROUP CONTRlBUllONS TO FASTNESS TO WASHING ON NYLON BASE!3 Oh 

C,=O~(EQN 4) 

Posrrron Subslrruenr 

Xl SOaH 0 37 0 13 8 5(+) 28 
Cl 1 76 0 14 159 2(+ + +) 71 5 

x2 SO,H 0 75 0 13 339(+++) Cl -0 75 0 20 14 5(+ +) ;: 
Me -060 0 10 394(+-l-+) 13-2 

Parent structure (Jo) 

t See Table 4 for defimtlon 

2 28 
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TABLE 7 
CALCULATED GROUP CO\lRIBUTlOUS TO FASTNESS TO WASHING ON WOOL BASED OV 

CH = 0 00 (EQN 5) 

Poslrron Subsrrruenr 0 Ft R’ rhongef 

X, SO,H 0 12 0 14 0 77 05 

:i 
0 99 0 16 390(+++) 71 9 

X, 0 50 0 19 69(+) 49 
X, Me -049 0 13 135(-t-+) 13 5 
X5 Me 0 11 0 13 0 65 05 

Parent structure (~1) 

t See Table 4 for defimrlon 

1 47 

posltlons of the above substltuent may be consldered equwalent for wool The most 
active substltuent. both on nylon and on wool. IS Cl This substltuent at X, accounts 
for tn 71 “,, of the total variance. a second Cl at X, expldlns 3 OOdnd 5 ‘In ofthe total 
variance for nylon and wool respectl\ely. and makes a negative contrlbutlon for 
nylon but a posltlve one for wool 

Me at X, IS a negative substltuent and accounts for ca I3 ‘I0 of the totdl variance 
Netther Ph at X, nor Me at X, has any stattstlcal slgnlficance 

The fastness of dyes In the series not reported. may be calculated from the Lpalues 
In Tables 6 and 7 The dyes with the greatest calculated fastness on nylon are the ones 
\xlth X, = Cl. X, = SO,H. X, = H. X4 = H or Ph. X, = Me or H. none ofthem wds 
cont,tlned \\lthln the series The most promlstng dyes for wool prob,ibly dre those 
\xlth X, = Cl. X, = SO,H. X, = Cl. X, = H or Ph. X, = Me or H. two of them were 
already Included In the analysis (nos 16. 15) 

S~thsrrrr~~~l III The small v‘lrlnnce of subswntl\lty ddtrl (2-2 5 units) of the series 
of dyes under srudy .lnd the low .lccur,lcy of the me.lsurements llmlt the success of 
the an,ilysls 

Using the nmtrlx In Table 3. cqns 6 .tnd 7 \v:th the variables llsted m Tables 8 and 9 

TABLE 8 
CALCLLATFD GROllP CONTRIBUTIONS TO SUBST4hll\lT\ OX X\ LO. RASED OX c, = 0 00 

(EC’\ 6) 

Porrrrclrr Suhsrrrrcc nr ct \t Ft RZ chongct 

Xl So”, 0 62 0 19 105(++) 94 
kir 
\a M‘, 

-0 22 0 I8 I 5 19 
-o-lo 0 27 ‘I 26 

Ph I10 027 16 3( + +) 69 3 
15 MC -0 30 0 23 I 7 2 1 

Parent structure (jr) 3 74 

t Set Table -1 for dcfinltlon 
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were formulated for nylon and wool respectiveiy..The correlations are fatrly good, as 
Judged from the statisttcal tests: 

Eqn Flbre II k R s R’ F 

6 Nylon 18 5 0 924 O-358 85 5 14 1 (+++) 
7 Wool 18 7 0 958 0 383 91-8 15-9 (+++) 

The calculated values of substanttvtty and the restduals are listed m Table 10 
Data In Tables 8 and 9 show that SO,H groups account for I- 1 “/Land 1 9 “/‘, of the 

total variance and are not stattsttcally stgntficant, it may be assumed therefore that 
their contrtbuttons are not stgntficantly different at positions X,. X, and X, Almost 
all dyes of the set show a greater substanttvtty for nylon than for wool- the difference 
may be attrtbuted to the parent structure (p = 3 74 and l-83 respectively), while the 
substttuent contrtbuttons are greater for wool than for nylon 

TABLE 9 
CALCbLATED GKOU=’ COXTRIBUTIOVS TO SUBSTAXTlVITt OX WOOL. BASED OV c, = 0 00 

(EQh r) 

x. S0.H 0 12 0 27 0 21 02 
Ci I 28 0 30 ia3++) 31 5 

SO,H 0 37 0 27 Cl -037 041 E2 E 
Me 0 46 0 29 24 20 
Ph 1 76 0 29 364(+ +) 55 3 

X5 Me -0 30 0 24 15 I 3 

Parenl s1ructure (p) 1 83 

t See Table 4 for delinltlon 

The most crtttcal substttuent wrth regard to the substanttvtty is Ph at X,, whtch 
makes a strong postttve contrtbutton and accounts for 69 o/0 and 55 o/0 of the total 
vartance on nylon and wool, respectively. The second active substituent is Cl at X, 
which accounts for 9.4% and 31 5 o/0 of the total vanance on the two fibres 
respectrvely. The substanttvtty of dyes in the series, not reported, may be calculated 
from the values m Tables 8 and 9. The greatest predicted substantivtty for both fibres 
would correspond to the dye with X, = Cl, X2 = SO,H, X, = H, X, = Ph, X, = H, 
not included in the serves, or, for nylon, to the dye with the same structure except for 
X, = Cl, already analysed (no. 15) 
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4 CONCLUSIONS 

The results of the statlstical analysis of substituent effects on technical properties of 
a senes of arylazoin,dole sulphonic acid dyes demonstrate the validity of rtie 
Frec+Wllson additive model m the study of QSAR for this set of dyes The 
quantlficatlon of substltuent effects makes It possible to point out the most active 
substituents as well as the most cmtical posItions m terms of improving the technical 
propertles The present analysrs showed that the followmg features are most 
important 

(1) the presence of Ph or Me at the X,-position and of Cl at X, for the 
hghtfastness both on nylon 6 6 and on wool (these substltuents together 
account for cn 8.5 o/0 and 91 o/0 of the total vanance for the two fibres 
respectively). 

(2) the presence of Cl at Xl for the fastness to washmg (ca 71 y0 of the total 
variance explained). 

(3) the presence of Ph at X, and of Cl at X, for the substantlvity (these 
substltuents together account for ca 79 “/A and 87 “! of the total variance on 
nylon 6 6 and ~301 respectiveiy) 

The extension of this type of statIstica analysis to other series of dyes should gve 
further data for the substltuents studled and for others not included m the present 
paper Only when a sufficient set of data IS avallable. can more general conclusions 
be drawn concernmg the quantltatlve structure-property relationships of dyes 

The results of the Free-Wilson approach can be further analysed m terms of 
physrcochemlcal substltuent parameters in order to gam insight into their 
mechanism of actlon 
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