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SUMMARY

A series of arylacoindole sulphonic acid dyes has been synihesised and their
spectrophotometric properties have beendeternined Their technical properties. such
as hightfastness, fastness to washing and substantivity, on nylon and on wool, have
been measured.

The values obtained of each of these properties have been analyvsed bv a modified
Free—-Wilson technique Good corielations with substituenr effects have been
detammed, demonstrating the validity of the additive model in the study of quantirative
structure—actwity relarionships for this set of dyes. The quantification of substituent
contributions makes 1t possible to point out the most active substituents as well as the
most critical positions in order to improve the technical properties.

1. INTRODUCTION

One of the main purposes 1n dye research is to find good relationships between
chemical structure and technical properties Many attempts have been made in
order to identify structural features having a general influence on properties.’ ~3 An
interesting paper on the effect of terminal groups in 4-aminoazobenzene disperse
dyes has recently appeared.? But generally the relationships reported in literature
are of a qualitative kind. In the present paper a series of arylazoindole sulphonic acid
dyes are examined.
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The statistical analysis of quantitative structure-activity relationships (QSAR),
used 1n drug design. has been applied to the most important technical properties of
this series of dyes. By quantifying the effect of substituents, the analysis should be
useful 1n indicating the most critical structural features in order to design dyes with
improved technical properties

Part 1 of the present paper i1s concerned with the chemistry and tinctonal
properties of the set of dyes examined. Part 11 deals with the QSAR analysis

2 PART |

Azo compounds containing the indole residue as couphng component have been
known since the early 1900s -8

The existing literature consists almost exclusively of patents

A greatdeal of research has been carried outin recent years particularly in the field
of arylazoindole sulphonic acid dyes. as the tinctorial properties of these dyes on
both natural and syntheuc fibres are generally very good

We have synthesised a series of arylazoindole dernvatives. many of which have not
beecn described before. of general formula 1

xl
o X,. X, =H. Cl. SO,H
X, N=N-— D X, = H. SO,H
— /LN X, =H. Me. Ph
X X:, | Xs=H. Me

For these dyes we have measured the hghtfastness. the fastness to washing and the
substantivity. both on nylon 6 6 and on wool

21 Expernmmental

Dyes were synthesised according to the usual methods.® using a miature of glacial
acetic acid and dimethylformamide as solvent for the coupling agents

The compounds obtained were pure (1 ¢ showing only one distinct spot on TLC).
except for the derivatives of indole itself. for which repeated crystallisations from
ethanol-water were needed The chromatography wascarried out on silica gel, using
a mxture (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
(1073-10"°M) on a Pye Umcam SP 1800 spectrophotometer

Dyeings were carned out on samples of nylon 6 6 and of wool at pH 4 5-5, at such
a concentration (ca ! 1°) as to obtain comparable depths (1/1)

Aftler removal of the dyed fabrics, an undyed pattern was entered 1nto each bath,
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and dyeing was continued until exhaustion was complete. By comparing the depth of
the latter dyed specimen with standard depths.'? substantivity was rated on a 1-5
scale corresponding to depths of 1/3. 1/6, 1/12, 1/25, and undyed specimen

respectively
The evaluations of ightfastness (xenon lamp) and fastness to washing (60 °C) were

made according to the ISO Standard Methods !

2 2 Daes and therr characterisaiion

In Table 1 the synthesised dyes of general formula I, with their characterisation
data. are histed

The effect of substituents on the principal absorption band of this class of dyes
may be explained considering their structure as a donor-acceptor complex
chromogen.!? in which the indole nucleus acts as a donor

Thus electron donor groups (Me) or substituents enlarging conjugation (Ph) on
the indole ring cause a bathochromic shift of the visible absorption band (6-7 nm for
methyl group. 23-25 nm for phenyl ring) Replacement of hydrogen substitution by
a methyl group on indole mitrogen produces a general hypsochromic effect (7-9 nm)
This may be attributed to increased steric hindrance. which reduces the p-orbital

overlap between phenyl ring and indole system

TABLE 2
TECHNICAL PROPERTIES OF DYES OF GENERAL FORMULA 1
Dhe Colour on Lightfastness Fasrtness to washmg ar 60°C* Substantniey
no fibre
Nilon B ool Nilon Wool Niion 1 oo/

1 Brownish-orange 1-2 1-2 3 3 3-4 -2 2 34 4 2

2 Brownish-vellow 3 3 2 3 3 1-2 3 34 3 2

3 Reddish-yellow 45 4 2-3 3 3 -2 2-3 4 5 4

4 Yellow 6 5 2-3 4 3 -2 2-3 4 4-5 3-4

5 Greemsh-yellow 2-3 2-3 2 4 3 1-2 34 34 3 1-2

6 Greemsh-yellown 5 3-5 1-2 3 3 I 2-3 34 3 2

7 Yellow 6 5 2-3 3 3 1-2 2-3 34 5 4

8 Greenish-vellow 6 s 2-3 3 3 -2 2-3 34 4-5 34

9 Browmsh-yellow 1-2 2 3 3 3 1-2 2-3 3-4 4 2-3
10 Brownish-yellow 5 4-5 2-3 3 4 ] 3 34 3 2-3
11 Reddish-yellow 6 5 3 3 3 1-2 2-3 4 5 4
12 Yellow 6 3 3 3 3 1-2 2 34 4-5 3-4
13 Reddish-yellow 6-7 6 4 3 2-3  2-3 2 2 5 4-5
14 Yeliow 7 6 3 34 3 2-3 2-3 3 5 4-5
15 Reddish-yellow 7 6 4 - 3 3-4 3 2-3 34 5 4-5
16 Reddish-yeliow 7 6-7 4 34 3 34 2 3 5 4-5
17 Greemsh-yellow 5-6 5-6 3-4 3 3 2 2 3 4 4
18 Yellow 6 6 34 3 2-3 2 2 2-3 4-5 4

* Valuesn the first column refer to the change of colour, 1n the second column to the staining of the same
hind of fibre as the specimen. and in the third column to the staining of wool for nylon and of cotton for
wool
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Examimng the acceptor moiety, we may note that:

(a) the mera-isomer is the least bathochromic among the aminobenzene-
sulphonic acids,

(b) a chlorine atom ortho 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 hsted.

3 parT Il

31 Background

The study of quantitative structure—activity relationships (QSAR) has gained a
large and increasing practical importance 1n drug design '3

The development of QSAR in biochemistry and medicinal chemistry has been
recently surveyed by C Hansch !* There are two main kinds of approaches 1n
QSAR In the Hansch approach!® the biological activity of a set of congeners is
correlated with some physicochemical properties (hydrophobic constants, elec-
tronic and steric parameters, etc) The Free—Wilson method of analysis!® 1s a
statistical approach independent of physicochemical properties The basis of the
Free—-Wilson model 1s the additive contribution to activity of each substituent,
independently on other substituents 1n the molecule

Thus for a congeneric series of » compounds, the activity A4 for each member 1 of
the set, under equivalent conditions of assay, can be expressed as

A=Z,ZC, +pu (1=1,2, .n) (1)

where C1s the activity contribution of the substituent s, dependent on the position p;
J represents the activity of a constant portion (parent structure) of the series If the
activities of a number of congeneric molecules have been measured, the values of the
individual group contributions or de novo substituent constants can be calculated by
regression analysis

The interpretation of the parameter u will depend upon arbitrary choices to be
specified In the classical form of the Free—-Wilson model based on symmetry
equations, u1s the overall average of the biological activities and 1s interpreted as the
activity value of a hypothetical ‘naked’ compound (all substituents absent)

Fujita and Ban'® modified the Free—Wilson approach: the activity contribution
of each substituent 1s relative to hydrogen whose contribution is defined as equal to
zero (Cy =0 00). u, obtained by the least-squares method, 1s the theoretically
predicted activity value for an all-hydrogen substituted compound

Cammarata and Yau'!” used a similar, but statistically different, modified Free—
Wilson model, where the observed activity value of the unsubstituted compound 1s
arbitranily taken as the constant term pu.
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Hansch’s hnear muluple regression model and the modified form of the Free-
Wilson additive model have been shown to be theoretically interrelated!® and
numerically equivalent.’® due to the fact that the individual groups® contribution
can be interpreted as a weighted sum of several physicochemical constants of the
substituents

A mixed approach has been developed, which 1s a combination of both models
and takes advantage of each. the de noro constants. which can be regarded as
discrete variables (the ierm indicator variable 1s more appropriately used), can be
combined with the continuous variables of Hansch’s analysis to increase the
potential of QSAR Interest 1n such mined analysis 1s increasing '*

In the present paper the staustical approach of QSAR analysis 1s applied to the
technical properties listed in Table 2 of the series of dyes of general formula I

32 Vethod

The technique used 1s the Fupnta-Ban'® modification of the Free—Wilson
approach (eqn 1)

The 18 congeneric structures examined were encoded 1n the matnx of Table 3,
where the number one 1n any position indicates the presence of the substituent

Regression analyses were performed on lightfastness, fastness to washing and
substantivity, for nylon and wool The stepwise procedure of the SPSS programs?°
was used Calculations werecarried outond IBM 370/158 computer Theresults are

gnen in Tables 4-10

TABLE 3

MATRIN USED FOR CALCULATION OF GROUP CONTRIBUTIONS (EQNS 2-7)
Dhe X, X, \, i, X
no -

SO.H ct SOH SO.H cl AMe Ph e

1 1

2 1 1

3 1 1

4 I 1 I

5 1

6 1 I

7 1 1

8 1 i 1
9 i
10 1 1

11 1 1

12 1 i 1
13 1 ) 1

14 1 1 i 1
15 1 1 1 1

16 1 i 1 1 1
17 i 1 1

1
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3 3 Results and discussion

The results of the statistical analysis of data relating to each property are
discussed separately.

The substitution pattern of the set of congeners under examination impose the
following hhmitations on the analysis:

(1) theeffect of Clat the X ;-position can be assessed only 1n the presence of Cl at
X

(2) the effect of Cl at the X ,-position can be assessed only in the presence of a
substituent (Ph or Me) at X ;

(3) SO;H at X, without any other substituent at X, occurs 1n one compound
only. therefore the net effect of X;—S O, H cannot be assessed with sufficient
accuracy.

Lightfasiness Equations (eqns 2 and 3) with 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 statistical tests:

Egn Fibre n* kK R s? R* Ff

2 Nylon66 18 7 0979 0472 959 339 (4 + +)
3 Wool 18 7 0984 0336 969 450  (++ +)

2 Number of compounds used for the regression analysis

® Number of explanatory vanables entered 1n the regression equation, the explanatory vanables were
allowed to enter the regression if they exceeded a F value of 0 1

¢ Multiple correlation coefficient

4 Standard deviation of the estimate

¢ Percentage of the vanance of the dependent vanable explained by the regression equation

/ F-ratio and significance level (+ + +) P<0001,(+ +) P<001,(+) P<005

Tables 4 and 5 list the calculated contnbutions of the unsubstituted compound (z)
and of the substituents included in the correlation equations. The hghtfastness
values calculated using the contrnibutions in Tables 4 and 5 and the differences
between experimental and calculated values (1.e the residuals) are listed 1n Table 10

A further analysis was run to prove the equivalence of X ,- and X ;-positions for the
SQG,H subsutuent Correlation equations which are almost equally successful to
eans 2and 3 respectively could be formulated (R =0978,5s =0 462, R? =957, P <
0 v0l and R=0984, s =0 325, R? =96-8, P < 0 001). The results of the statistical
analysis indicate that in the set of dyes examined the substituents contribute to the
lightfastness almost independently and additively. From the data in Tables4and 5it
may be noted:

(a) thelowcontrnibution of the parent structure and the important contributions
of the substituents, specially for nylon;
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(b) substituent positions X, and X,, ortho to the azo group, appear to be the
most sigmficant contributors to the regression equation: position X,; alone
accounts for nearly 80 9, of the total vanance (nylon). positions X, and X,
account for nearly 50 ¢ and 44 9/ of the total variance, respectively (wool),

(c) the most positive substituents are in the order Ph, Me at X,. Cl at X, (not
always statistically significant),

(d) X, 1sthe mostnegative position for the SO;H substituent, particularly when
there 1s a substituent at X,, X,- and X;-positions may be regarded as
cquivalent

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

Examination of the pattern of the residuals®! indicates no abnormality.

From A valuesin Table 10, dye no 4 shows the greatest positive deviation and dye
no 2 the greatest negative deviation. both for nylon and for wool Further
investigations are required to ascertain the meaning of these anomahes

Fustness 1o washing The analysis 1s generally unsatisfactory if staining 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
than on wool, 1n both cases the variance of the data is rather small (2 5 units).

Equations 4 and 3. corresponding to the matrix 1n Table 3, give good correlation,
as judged from the statistical tests.

Eqgn Fibre n k R s R? F
4 Nylon 6 6 18 5 0979 0182 96 0 575 (+++)
5 Wool 18 5 0956 0-232 91 4 256 (++4)

Tables 6 and 7 list the contributions of the parent structure and of the most
significant substituents The calculated values of fastness of each congener and the
residuals are histed 1n Table 10

Data in Tables 6 and 7 show some differences in the behaviour of dyeings on nylon
6 6 and on wool. The SO;H groups account for about 8 9/ of the total vanance for
nylon, but only for about 0 5 9 of the total variance for wool If SO;H substituents
are dropped from the analysis. the correlation becomes poorer for nylon (R = 0-920,
s=0319. R? =84 7. P < 0 001) but 1s almost equally successful for wool (R =0 953.
s=0239. R*=909, P<0001)

In this set of dyes the SO;H appears therefore to contnibute to the fastness to
washing on nylon, with a positive effect 1n the order X, > X, > X; The three
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TABLE 4
CALCULATED GROUP CONTRIBUTIONS TO LIGHTFASTNESS ON NYLON, BASED ON Cy =0 00
(EQN 2)
Position Substituent C* st Fr R? change'
X, SO,H —087 033 6 8(+) 10 1
Cl 060 037 26 45
X, SO,H 025 033 056 02
Cl 058 0 51 13 03
X Me 258 0 36 51 6(+ + +) 319
Ph 368 036 1049(+ + +) 48 3
X, Me 0 40 030 18 07
Parent struciure (u) 204

# F-ratio and significance level (+ + +) P<0001.(++) P<001.(+) P<005
£ Calculated group contnbution, based on Cy =0 00

h Standard dewviation for each explanatory vanable

' Percentage of the total variance explained by each explanatory variable

TABLE S
CALCULATED GROUP CONTRIBUTIONS TO LIGHTFASTNESS ON WOCL, BASED ON Cy = 0 00
(EQN 3)
Postion Substtuent Ct st Ff R? changet
X, SO,H —-075 024 99(+) 48
Cl 094 0 26 129(+ +) 47 2
X, SO,H 012 024 027 01
Ci 0 46 0 36 16 04
X Me 212 0 26 68 9(+ + +) 212
Ph 262 026 105 2(+ + +) 226
X Me 030 021 20 06
Parent structure (u) 221
T See Table 4 for definition
TABLE 6

CALCULATED GROUP CONTRIBUTIONS TO FASTNESS TO WASHING ON NYLON BASED ON
Cy; =000 (eQN 4)

Posiion Substituent Ct st F R? changet
X, SO;H 037 3 8 5(+) 28
Cl 176 014 159 2(+ + +) 715
X, SO,H 075 013 339(+ + +) 54
X, Cl ~075 020 14 5(+ +) 30
X, Me ~060 010 39 4(+ + +) 13-2
Parent structure (u) 228

1 See Table 4 for defimtion
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TABLE 7
CALCULATED GROUP CONTRIBUTIONS TO FASTNESS TO WASHING ON WOOL BASED ON
Cy =000 (EQN 5)

Pos:rion Substituent Cct st Ft R? changet
X SO;H 012 014 077 05
Cl 0 99 016 390(+ + +) 719
X, Cl 050 019 69 +) 49
Xs Me —-049 013 13 5(+ +) 135
Xy Me 011 013 065 05
Parent structure (1) 147

t See Table 4 for defimuion

positions of the above substituent may be considered equivalent for wool The most
active substituent. both on nylon and on wool.1s Cl This substituent at X, accounts
forca71°, of the total vaniance. a second Cl at X ; eaplains 3“_,and 5 of the total
varniance for nylon and wool respectively, and makes a negative contribution for
nylon but a positive one for wool

Me at X 1s a negative substituent and accounts for ca 13", of the total vanance
Nerither Ph at X; nor Me at X has any statistical significance

The fastness of dyes in the series not reported. may be calculated from the values
in Tables6and 7 Thedyeswith the greatest calculated fastness on nylon are the ones
with X, =Cl. X, =SO;H.X; =H.X, =Hor Ph. X, = Me or H. none of them was
contained within the series The most promising dyves for wool probably are those
withX, =ClL. X, =SO;H. X, =ClL. X, = Hor Ph. X, = Me or H. two of them were
already included in the analysis (nos 16, 15)

Substantizinn The small variance of substantivity data (2-2 5 units) of the series
of dyes under study and the low accuracy of the measurements it the success of
the analvsis

Using the matrinin Table 3.egns 6 and 7 with the variables isted in Tables8 and 9

TABLE 8
CALCULATFD GROUP CONTRIBUTIONS TO SUBSTANTIVITY ON NYLON BASED ON Ciy =0 00
(EQN 6)
Position Substirucnt Ct of Ft R? changet
Ny Cl 062 019 10 5(+ +) 94
X, SO,H -0 22 018 15 19
X2 Me —-040 027 21 26
Ph 110 027 16 3(+ +) 69 4
X, Me —-030 023 17 21
Parent structure (u) 374

T Sec Table 4 for defimtion
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were formulated for nylon and wool respectively. The correlations are fairly good, as
judged from the statistical tests:

Eqgn Fibre n k R s R? F
6 Nylon 18 S 0 924 0-358 855 141 (+++)
7 Wool 18 7 0 958 0 383 91-8 15-9 (++4)

The calculated values of substantivity and the residuals are listed 1n Table 10

Data in Tables 8 and 9 show that SO;H groups account for 1-1 9 and 1 9 94 of the
total variance and are not statistically significant, it may be assumed therefore that
their contributions are not significantly different at positions X,, X, and X; Almost
all dyes of the set show a greater substantivity for nylon than for wool- the difference
may be attributed to the parent structure (u = 3 74 and 1-83 respectively), while the
substituent contributions are greater for wool than for nylon

TABLE 9
CALCULATED GROU® CONTRIBUTIONS TO SUBSTANTIVITY ON WOOL. BASED oN Cy =0 00
(e~ 7)
Position Substituent Ct st F} R? changet
X, SO;H 012 027 021 02
Cl 128 0 30 18 2(+ +) 315
X, SO,H 0 37 0 27 19 09
X, Al —-037 0 41 0 82 05
Xs Me 0 46 029 24 20
Ph 176 029 36 {+ +) 553
Xs Me —-030 024 15 13
Parent structure (u) 183

1 See Table 4 for definition

The most critical substituent with regard to the substantivity is Ph at X, which
makes a strong positive contribution and accounts for 69 94 and 559/ of the total
variance on nylon and wool, respectively. The second active substituent is Cl at X,
which accounts for 9-49, and 31 59 of the total vanance on the two fibres
respectively. The substantivity of dyes in the series, not reported, may be calculated
from the valuesn Tables 8 and 9. The greatest predicted substantivity for both fibres
would correspond to the dye with X, =CI, X, =SO;H, X;=H, X, =Ph, X =H,
not included in the series, 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 statistical analysis of substituent effects on technical properties of
a series of arylazoindole sulphonic acid dyes demonstrate the validity of the
Free—Wilson additive model 1n the study of QSAR for this set of dyes The
quantificairon of substituent effects makes 1t possible to point out the most active
substituents as well as the most critical positions 1n terms of improving the technical
properties The present analysis showed that the following 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 substuituents together
account for ca 85%; and 91 % of the total vanance for the two fibres
respectively).

(2) the presence of Cl at X, for the fastness to washing (ca 71 % of the total
variance explained).

(3) the presence of Ph at X, and of Cl at X, for the substantivity (these
substituents together account for ca 79 %, and 87 % of the total variance on
nylon 6 6 and woo!l respectiveiy)

The extension of this type of statistical analysis to other series of dyes should give
further data for the substituents studied and for others not included 1n the present
paper Only when a sufficient set of data is available. can more general conclusions
be drawn concerning the quantitative structure—property relationships of dyes

The results of the Free-Wilson approach can be further analysed 1n terms of
physicochemical substituent parameters in order to gamn insight into their
mechanism of action
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