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SUMMARl 

A serzes qf bis( 1,2-dzttze~lz~~i-3-rtzdoii=ztzyi)hetaryinzethane dyes has been 

syntheszsed, where the hetaryi substztuenrrs are 2-ben=oxu=oiyi, I-ben=o- 

rhra=oiyi, Z-ttzerhyi-2-ben=ztnrdazoi_~,f, 4- and 2-pyridyi and 4-gurnoiyi. 
Tjze znlerpretaliotzs of rhe ’ H-NMR spectra supporred rhe postzriated 

sztzzcrut-e of tjzese d>*es Tlze dependence of the eiectronzc absorption 

specrra on lhe Larzarzon of zhe herarJ>i subszztuetzts as well as otz rhe 

pH* cotzdzrzotzs of rhe Ic*aler/nzethanoi sohetzt tnzxture (haioc/zrotnistn) 

IS dzsczrssed on the baszs of PPP-C/ and NM0 caicztia~zotzs A’naiogousiy 

zo zrrheraryitnez/zane d_ves described carizer’ a second-order perturba- 

rzonai eflecl couid be shown IO make the main cotztriburion to the 
batizocjzrotzzzc slzzfz on subszzzuzzrzg zhe chronzophorzc di-ztzdoizzitzq~i- 

ttlotzonler/irnec~lanztle fragnrenr az r/ze cenlrai cat-bon atom. Tjzis eflect 

Illas superztnposed on rhe generalfirst-order perturbarzonai s/zzft ztzduced 

by rhe Increased our-of-plane rotariotl of rhe chrotnophore on subs!irutzon 
birth the bulky hefarenes 

Loiter dzssoczatzon constants K* atzd K:- in conzparrson wzth rhe 

dz-zndoiJ i/zeraryitnerlzatre series’ confirmed rhe caicuiated better deiocai- 
zsaizotz of r/ze posiitLe charge on the central carbon ztz tjze present system 

l_ INTRODUCTION 

Triphenylmethane dyes‘ as a subgroup of the cationic dyes have found 
their heteroaromatic counterparts in diarylhetaryl-, aryldihetaryl- and 
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trlhetaryl-methane dyes, examples of whtch are given rn refs. 3-4. In an 
earlier paper’ the synthesis and spectroscopic qualities of trrhetaryl- 
methane systems 1 built with two 1,2-dimethylindole functions as ‘donors’ 
D and vartous ‘acceptor’-heteroaromattc groups A joined to the common 
carbenium centre have been described. 

D D 
-r + 

X- 
A 

1 - 

An interesting correlatron has been found between the electronic 
absorptton shift induced by the substitution of the dr-indolylmethane 
chromophore by the varied acceptor hetarenes and the second-order 
perturbation of the LIMO of the chromophore with the LUMOs of the 
substrtuents. 

The aim of the present paper IS to demonstrate the syntheses of a series 
of trihetarylmethane dyes analogous to those previously described,’ 
replacing the mentioned donor hetarene by 1,2-drmethylindolizine, and 
to investigate the tnfluence of the varrous heteroaromattc substituents on 
the electromc absorption spectrum of the di-mdohzmylmethane system 
as well as the spectral changes as a functton of the pH (halochromtsm) 
It might be intriguing to examme whether the simple LCMO scheme 
applied m the Interpretation of the spectral properties of the di- 
mdolylmethane dye series can be extended to the present dye series 

2 SYNTHESES 

Indoltztne 1s a very \veak base, protonated preferentially at position C-3 
Longuet-Higgins and Coulson” concluded from MO calculations that the 
same position is also fa voured m an electrophilic attack. Hence the long- 
known synthetic principle 3r of fusmg 1 mol of a carbaldehyde wrth 2 mol 
of a nucleophihc (het)arene with subsequent oxidatton of the intermediate 
was successfully apphed 6 

While carbaldehydes 2D-2F are available commercially, 2C was 
generated in excellent yield through addttron of dimethylformamide’ 
to 1 -methyl-2-hthiobenzimidazole’ and aqueous working up. Compound 
2B was readily prepared by the oxidation of 2-hydroxymethylbenzo- 
thiazole with selemum dioxide In dioxane contammg little water,g 
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he t -CHO + 2 

1 EtOH 

A Het = 

6 Het = - 

C Het = - 

D Het = - 
E Het = - 
F Het = - 

*> 

2-benzoxazolyl *> 

2-benzothlazolyl 

l-methyl- 

2-benzumldozol.,l 

4-pyr I dy I 

2-pyr ndyl 

4-qulnolyl 

except for 2 Het 
- 

C104 

7 - 

5 6 

whereas attempts to oxtdtse 2- methylbenzoxazole with the same oxidant, 
whtch should afford benzoxazole-2-carbaldehyde according to ref 10, 
failed totally. 

However, the oxidation of 2-methylbenzoxazole in two steps, firstly 
with todtne in pyrrdme to give an N-(2-benzoxazolylmethyl)pyridinium 
salt and secondly conversion of this salt with p-mtrosodimethylaniline 
In pyrldine m the presence of dilute sodium hydroxide solution, resulted 
in the p-dimethylamrnophenyl nitron 3,’ ’ the disguised form of 
benzoxazole-2-carbaldehyde 

The condensation reaction of the carbaldehydes X3-ZJF with 1,2- 
dtmethyltndoltztmum perchlorate 4 required no further catalysis except 

raised temperature. As the chemical properties of the nttrons resemble 
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those of ordinary carbaldehydes. compound 3 reacted quite analogously 
to 4. 

The rntermedrate compound always precrprtated CLS an orange to red 
slurry which has been rdenttfied earlier6 ” as the 1: 1 condensatron 
products 5 They undergo a slow and probably reversrble6 second 
condensation reaction wrth another mole of the solute 4, provrdmg the 
leuco bcises 6 which then rn an u-reversible oxrdatron step grve green 
dyes 7 

Oxrdatron of the leuco bLrses 6 was best performed wrth an equrvalent 
amount of iron trrchlorrde without prevrous rsolatron of the precrprtdted 
intermediate Compound 6D 1s oxidised without addition of the oxidant. 
perhaps by an excess of the carbaldehyde (compare ref 6) It 1s worth 
mentronrng that contrary to the observed noncatalysed oxidation of 6 
wrth Het = 2-benzrmrdazolyl” the IV-methyldted analogue 6C is stable 
even under atmospheric oxygen” dnd is converted only slowly to dye 7C 
with iron trrchlorrde 

The green reaction soluttons were generally evaporated to dryness 
prior to rsolntron of the product from the residue by column- 
chrorn~tographtc separation on silica gel 

3 ‘H-NMR SPECTRA 

3.1. Method 

The ‘H-NMR spectra have been recorded on a 90 MHz Fourier NMR 
spectrometer for the purpose of structural rdentrficatlon of dyes 7. 
Perdeuterated dimethylsulphoxrde and acetonitrrle served as solvents 
with tetrdmethylsihme as internal standard 

3.2. Results and discussion 

In Table 1 the relevant peaks of the ‘H-NMR spectra of 7A-7F are 
collected. Evidently with one exceptron the C(l)- and C(2)-methyl groups 
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Dyes 7A-7F from 90 MHz ‘H-NMR Measurements m Perdeuterated 
DImethylsulphoxtde and Acetonltrlle 

CH3 

9' 
7D - 

7A x=0, 78 x=s. 7c X=NCH - - - 3 

D D + 
6 N 
G 9’ 

7E - 7F - 

Prororr 

7A 

Cirenrrcol vhhrfr (ppnr) (Mrdrrplrrrr~~) 

In acrronrrrr/‘~ In drmcrh\ Isulpho \rdr 

7B 7c 7D 7E 7F 

H ,C-C( 11 2 34(S) 7 31 (S) 2 36(s) 1 30(s) 2 30(S) ,341 -_ 
2 3O(?s) 

H,C--C(I) 2 IS(s) I 73(S) 1 62(s) I 60(s) I 54(s) I 34, 
I 5O(ls) 

H--C(S) 7 OS/ 7 12: 7 067 19(m) 7 17/ 7 21, 6 90-S 35(m) 
7 IS(d) 7 10(d) 7 ‘5 (d) 7 IS(d) 

H-C(6) 6 S-t! 6 79, 6 SO-7 29(m) 6 9-1, 697’ 6 90-S 35(m) 
6 561 6 81, 7 Ol} 700; 
6 921 6 S6’ 7 08(1) 7 0811) 
69-11 6 SS 

7 01 (I) 6 96(t) 
H-C(S) 7 47-S M(m) 7 SO-7 911 7 71-S Id(m) 7 90, 7 89i 6 90-S 35 (m) 

S 09-S 19(m) S 00 (d) 7 QS(d) 
H,C-WI31 3 ss (5) 
H-C(9 ) s 7s; 8 so/ 9 101 

S S-l(d) S 83 (d) 9 15(d) 
H-C (WI) 7 47-S 04(m) 75cL791’ 7 71-S 16(m) 7 *7 S?(m) 7 SO-S 20(m) 6 90-S 35(m) 

8 09-8 29(m) 

d hful~~pk~ucs s s~ngler d. doublet I trIplet m. mulrlplcr 

at the hvo lndohzine moleties expenence mutually identical shifts It 1s 
however doubtful whether the molecule takes up a rlgd configuration 
with a symmetry which fulfils the conditions of a homotopic or enantio- 
topic neighbourhood for these methyl protons The magnetic equivalence 
of the two methyl pairs is more probably a result of the practically 
unhindered rotation of the three hetaryl functions about the central 
bonds at room temperature. 

This equivalence is lifted m the case of 7F due to the greater bulk of 
the 4-qumolyl fragment which raises the energy barrier for rotation and 
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consequently forces the methyl groups mto differently strongdiamagnetic 
ring currents of the respective neighbouring hetarenes. 

It must be noted, however. that unhke those in the ‘H-NMR spectrum 
of the analogous di-mdolylmethane system’ the methyl signals of 7C are 
not spht, hence Indicating a smaller rotational activation-energy barrier. 

Another consprcuous feature is the increasing upfield shift of the 
C(2)-methyl protons wrth decreasing acceptor strength of the varied 
hetarene. while the methyl group at C( 1) 1s hardly influenced One mtght 
be tempted to explam this by an increased electron density at C(2) on 
changrng From strong to weak acceptor substituents. Yet quantum- 
theoretrcal calculations on the simple HMO basis-regarding the atom- 
atom polarisabrhty ’ 3 of the adjacent TC centre C(2) by the (variously 
substituted) carbenium centre-lead to the opposing result that this 
methyl group should not be affected by different substttutron 

Ho\\ever. a comparison with the * H-NMR spectra of I- and 2-methyl- 
lndohztne (in carbon tetrachlorrde)‘4 reveals a drastic dramagnetrc shift 
.tctrng on the C(2)-methyl group and hardly any effect on the C( I)-methyl 
protons of the 1.2-dtmethylindohzme components m dyes 7 The protons 
at C(5) suffer a similarly strong upfield shift (from ca 7 7 ppm’l) due to 
the netghbourrng ring currents, over-compensating the deshrelding effect 
emerging from the poslttvely charged carbenlum substrtuent. The latter 
nevertheless evidently operates on the C(6) proton whrch 1s shifted 
paramagnetrc,rlly m relation to the unsubstrtuted mdolizme (cn 6 3 ppm’4). 

Except for the protons at the vrcrnal posrtlon to the pyrrdine and 
qurnohne nitrogen (I e H-C(9’)) whrch suffer the strongest downfield 
shift. the remarmng protons form a complex multrplet rn the typrcal 
aromatic range. 

3 ELECTRONIC ABSORPTION SPECTRA (HALOCHROMISM) 

4.1. Method 

Recordmgs of the electronic absorption spectra have been executed m an 
equrmolar water/methanol mrxture. The fixing of pH* and H,* values is 
described elsewhere.’ Beer-Lambert’s law was vahd in all cases in the 
concentration range l0-4-10-5xr 



4.2. Results and discussion 

The electronic absorption spectra of 7A-7F, deplcted in Figs. l-4, m 
media rangmg from neutral to weakly basic and strongly acidic, show 
great mutual slmilat-ity. The two long-wave absorption bands in the 
visible spectral range resemble those of the di-indolylhetarylmethane 
dyes ’ in shape and extlnction. However, the absorption maxima are 
shifted towards longer wavelengths (Table 3). High acrdity of the solvent 
causes a bathochromic shift of the longest wavelength bands, revealing 
halochromic propertles (compare Fig. 1 with Fig 2, and Fig. 3 with 
Fig. 4). 

wavelength Cnm> 
900 800 700 600 500 400 350 

I 1 I 1 1 I 

16 

8 

4 

001 I I I I I 

I 1 15 19 23 27 31 
uaverrumber n IO -3 Cl/cm> 

Fig. I. Electronic absorption spectra of 7A-7C at 298 K III equlmolar methanol/water 
~ 7 74. pH* 8 96. ---, 7B, pH* 8 57, , 7C, pH* 5 2 

The dependence of the spectral variations on the acceptor hetarenes 
and solvent conditions are easl!y exphcable quantum-theoretically.” MO 
calculations on the many-electron basis of Parker, Parr and Pople 
(PPP-CI method)” with an improved set of parameters (Table 2) have 
been camed out in a program version devlsed by Zahradnik,16 the 
two-centre Integrals being computed by means of the Mataga-Nishimoto 
equation.’ 7 
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wavelength Cnm> 
900 800 700 600 500 400 350 

P”’ ’ ’ I I I I I I 

16 0 - 

00 I I I I 
1 1 15 19 23 27 31 

uovenumber * IO -3 C 1 /cm> 

Fig. 2. Elecrron~c absorption spectr.l of the protonated forms of 7A-7C at 29s K 
equlmolnr methdnol:w.lter ___ 7A(H-). H,* -6 0. 

k(H+). Hz 0 0 
---. 7B(H ‘). H,* -3 0. 

wavelength Cnm> 

24 

20 

16 

12 

8 

3 

0 

900 800 700 600 500 400 350 
-i&I, 11 I 1 1 I I 

o- 

o- 

o- ,--. 
I \ 

I’ 
o- ,’ 

I’ 
/-* r/ 

o- 
, 

.___-- 

O- 

0 1 I I I I I 

1 1 15 .- 2 23 27 31 
uover.umber x 10 -3 Cl/cm> 

in 

Fig. 3. Electronic absorption spectra of 7Q-7F dt 298 K m equlmolar meth,mol/water 
-. 7D. pH* 5 4. ---. 7E. pH* I I 05 .7F. pH* 10 9 
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wavelength Cm-n> 
900 800 700 600 500 400 350 

1 1 I I 

16 

8 

Fig. 3. Electromc dbsorptlon spectra of the protonated forms of 7D-7F at 298 K In 
equlmoldr methdnol/wdter ___ 7D(H’). pH* 1 2, ---. 7E(H+). H,* - 1 0. 

+F(H-1. pH* 09 
. 

For this purpose ldeahsed geometry with bond lengths of 140pm, 
regular rings and standard angles has been assumed. The configuratlon 
interactlon (CI) procedure included the 25 lowest singly excited states 
emerging from transitions of an electron from one of the highest five 
occupied into one of the five lowest unoccupied orbltals. In order to 

TABLE 2 
PPP-CI Parameters Used for Calculations of the Electronic Absorption Spectra of 

Dyes 7-l 1 

ProIon -Bc-u 
(CV) 

- VSIP,” 
(ev) 

Trx 
CeG 

Ref 

C 2 39 11 16 11-13 1 19 
N(I) 2 40 14-10 12 30 1 20 
NW 2 40 27 30 18 00 2 20 
O(IU 2 60 32 90 1143 2 19 
St111 1 623 20 40 10 84 2 20 

p Valence state iomsation potential of atom X 
b One-centre electron repulsion integral for atom X. 
c Core charge of atom X 
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TABLE 3 
Experimental and Calculated Vlslble Absorption Mnuma of Dyes 7-1 I 

and Their Protonated Forms 7(H’)-ll(H’) 

Corllpolrrld Calcrtfarcd (nrn) 

-. 
rmrrr, I nlnr2 

fog & 

7A 

7A(H ‘) 

7B 

7B(H+) 

7c 

7C(H ‘) 

7D 

7D(H ‘) 

7E 

7QH+) 

7F 

7F(H+) 

8 18 

96 

1Oh 

IO(H ‘)b 

116 

I l(H +)h 

662 
537 

6SS 
553 

645 
534 

666 
538 

64” 

714 

783 

712 

780 

697 
532 

659 710 
522 

63s 
443 

648 
445 

636 

646 
453 

462 
643 

656 

627 
6’4 

630 

645 

612 

659 

52’2 

511 

451 

500 

507 

532 

5’2 

700 

753 

688 

725 

698 

746 

639 
682 

683 

705 

697 

724 

499 

550 

498 

547 

497 

507 

475 

505 

476 

505 

477 

483 

471 

495 

495 

497 

511 

4 31 
3 s4 
4 13 
3 74 
4 28 
3 79 
4 08 
3 69 
4 39 
403 
4 7-3 
3 73 
4 33 
3 67 
3 IS 
3 63 
-I 35 
3 66 
4 20 
3 61 
4 35 
3 60 
4 14 
3 82 
4 61 
4 40 
3 51 
441 
3 97 
4 30 
3 72 
4 39 
4 03 
4 27 
3 82 
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obtain fair agreement with the experimental spectrum of the ‘unsub- 
stituted’ basic system $,I8 measured in ethanol, the central bonds have 
been assumed to be twisted equally by angles o of 45” each, the corre- 
sponding /3 values being altered according to the equation /3 = PO cos w. 

The experimentaily determined absorption maxima are compared with 
the calculated values in Table 3. 

It is obvious that except for the ‘calibrating dye’ 8 the measured 
absorption wavelengths are distinctly higher. A comparison of the 
calculated spectrum of 8 assuming different twist angles about the central 
bonds shows the strong dependence of the long-wave absorption shtft on 
rotation: presuming a twist angle of 30” for each central bond an 
absorption is expected at 580 nm, in contrast to the resultant 627nm 
(Table 3), obtained for corresponding angles of 45 “! 

It cannot therefore quite be rejected to suppose that a good deal of the 
bathochromic shift on substituting the carbenium centre of the chromo- 
phore is caused by increased twist angles due to steric crowding. 

Analogously to those of ordinary tnphenylmethane dyes”’ the SCF 
computations confirm that the first two excited states of dyes 7 descend 
from nearly pure HOMO-LUMO and NHOMO-LUMO transtttons 
respectively which are polarrsed mutually perpendicularly The intense 
long-wave absorptron band is always polarised along the long axis of the 
dl-lndollzinylmethane moiety, defined as the x-band. 

Hence the requirements for a study of the first transittons of these 
trlhetarylmethane dyes on the HMO basis are fulfilled comparably to 
those described for di-mdolylhetarylmethane systems1 Considering 
therefore dyes 7 as being composed of dye fragment 8 and the various 
hetarenes, a similar correlation of the absorption shifts AE, of the 
longest wavelength band with the second-order perturbation AE,,,,,,,, 
defined by eqn (I), ” should be obtained, where C,,,, T(s, is the expansion 
coefficient at the joining position r(s) and E,,,,,,(,, the elgen-value of the 
LUMO of ihe partial rr system R(S). 

AE LUMO,RS = 
G”MO.r- G”M0.5 

E -E -s:s 
LUM0.R LUM0.S 

(1) 
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A Hueckel parameter set whtch was extracted from a comparison with 
PPP calculations23 has been chosen for the HMO computatron of the x 
system fragments The resulting correlation is depicted in Fig. 5. (The 
value for the quinohnium derivative 7F(H ‘) has been omitted because its 
LUMO eigen-value lies too close to the LUMO of the chromophortc 
partial system 8, leadmg to an abnormally high perturbation, 1-e. the 
concept of the perturbation theory is violated.‘2) 

The regression hne is represented by eqn (2), leaving j?, undeter- 
mined. The correlation coefficient is smaller (r = O-894) than for the 
dt-mdolylmethane dye series. However, rt has to be taken mto account 
that the experimental shift range of the present systems is only about 
half that of the mdole parents. Correspondingly the ‘sensitivity’ of the 
chromophorlc system 8 towards substituents at the carbemum centre only 
amounts to half that of the dt-mdolylmethane series which is expressed m 
the smaller slope in eqn (2). 

AE,= -0-119 + 0-323AELUMORS (2) 
Nevertheless the fact that the shifts of the protonated forms fit quite 

well in the same regression indicates that the variable influence of the 
substrtuents IS essentially carried by the LUMO-LUMO mteractlons 

01 02 03 
A.&b’] 

Fig. 5. Correlcttton of the electromc absorptton shafts AE, versus the second-order 

pcrturbnttons of (het)nrene-substituted bls( I ,Zdlmeth: I-3-mdoh+lnyl)methane dyes and 

thetr protonnted forms (I. 9.6 2. 1O,6 3. 7E. 4. 7C. 5. 11 .6 6. 7F. 7. 7D. 8. 10(H+),6 
9. 7C(H’). IO. 7B. Il. 75. 12. ll(H’). 6 13. 7E(H+). 13, 7D(H’). 15. 7B(H’). 16. 

7A(H +)) 
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since their protonation hardly affects their steric shapes. Consequently 
one may conclude that the additional bathochromic shift of the dyes 7-11 
in relation to the PPP calculations is indeed caused by the first-crder 
perturbational effect of an increased distortion of the chromophore due 
to the bulkiness of the substituents. 

5. DETERMINATION OF PROTOLYSIS CONSTANTS 

5.1_ Method 

Protolysis constants have been determined by observing the electronic 
absorption spectra of 7A-7F in an equimolar water/methanol mixture at 
various pH* and Hg values respectively. The pH* values measured by 
means of a glass electrode have been corrected for its surface potential 
difference between water and the applied solvent mixture with an additive 
term of +O- 1 5.24 The calculation of the pK* values was based on a least- 
squares fitting of eqn (3) to the measured electronic absorptron values at 
several fixed wavelengths. 

E(pH*) = Eo -+-Em 1 @PH. - pK*) 

1 + 1 o”‘PH* - PK.) (3) 

5.2. Results and discussion 

The trihetarylmethane dyes 7 exl-nbit marked halochromic properties 
(as mentioned earlier) which are a result of two consecutive protolytic 
equilibria: (1) protonation of the basic acceptor-hetaryl function at high 
acidity of the solvent and (2) hydroxylation of the carbenium centre of 
the dye in highly basic media The former causes a bathochromic shift of 
the two long-wave absorption bands whereas the latter bleaches the dye 
through interruption of the z system 

Under extremely acidic conditions a distinct change of the absorption 
spectra of the protonated species of the most basic systems 7D-7F could 
be observed for which a second protonation must be assumed. 

The pK* values and the hydroxylation constants PK~-‘~ of dyes 7 are 
collected in Table 4, together with the slopes ~0, defined by eqn (3). These 
slopes deviate considerably from 1-O for several reasons: m strongly acidic 
solutions the dye spectra suffered a general shift, superimposed on the 
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TABLE 4 
Dissociation Constants pK* and pKA. and Slopes II“ of 7A-7F m 

Methanol/Water (Equlm~lar. 298 K. Iomc Strength = 0 1 M) 

Compound pk’* 

7A -3 37-fOOP 
7B -202f003h 
7c 151 +o(i2 
7D 2 l2;006 
7E 09950 !3 
7F I 68 + 0 05 

” See cqn (3) 
’ From H,* function ’ 

n 

0 75 
1 22 
1 68 
0 98 
1 01 
I 18 

PK:- n 

1226-t-O 1.5 0 69 
1268fO 19 1 61 

12 5o_coo4 1 52 

protolytlc equrlibrium _ -26 the unknown acid error of the glass electrode tn 
the pH* range O-2 leaves some uncertatnty about the exact pH* rn the 
water/methanol mrxture;” before measuring, strongly basic solutions of 
the dyes had to stand overnight to achieve hydrolytic equilibrium and this 
was accompanied by a degradative side reaction. 

The values 11~ Table 4 are thus only to be taken as estimates. Neverthe- 
less a compartson with the analogous constants of the di-indolylmethane 
systems’ reveals that the present dyes are generally more basic by one 
pK* unit. manifesting the increased delocalisatron of the positive charge 
.tt the carbenmm centre over the donor hetarenes as found m the 
quantum-theoretical calculatrons Consequently hydroxylation at this 
centre only occurs at high base concentrations, the pKY,+ values therefore 
Iymg well above those of Crystal Violet (pK*,. = 10 72 & 0 01, )z = l-30) 
or Malachite Green (pK*,- = 7-50 _+ O-04, PI = 1-14) in the same solvent 
nnxture (The stabihty of dyes 7A, 7B and 7E at high bastcity of the 
solvent was too low to afford reasonable values.) 

A third drssocration constant, pKf. at extremely high acid concen- 
tratton could be evaluated rn the case of dye 7F, lying at H,* = -5-83 
(tt = 0 98) which probably corresponds to a protonatlon of one of the 
indohzme components at C-l or C-3 

6. I. General 

6. EXPERIMENTAL 

Corrected melting points (m p.) were measured on a heating table with a 
monocular from Leitz (Wetzlar). Microelemental analyses were carried 



out by the analytical departments of Cuba-Geigy AG and Sandoz AG. 
The electronic absorption spectra of the dyes were recorded on a 
Beckman Acta M IV spectrophotometer in Merck Uvasol solvents; 
Merck Tittisol buffers and pure sulphuric acid were employed to maintain 
defined pH* and H,* conditions. Silica gel 60 from Merck with grain size 
0-063-O-2 mm was used for column chromatography 

Calculations have been carried out on a Mint 1 I-BD computer from 
Digtal Equipment Corp. with a 4662 Tektronix plotter for least-squares 
optimisation, HMO calculations, drawings of EA spectra and molecular 
formulae The Umvac 1100/S 1 TSO system computer from Sandoz AG 
performed the PPP-CI calculations. 

6.2. Syntheses 

Brs( I .2-dtnretll~~l-3-indo/i;tr~~-I)- 2-benzosazoll icarbeniurn perch/orate 

(7A). In 3 ml ethanol, a mixture of 176 mg (0.71 mmol) 1,2-dlmethyl- 
lndolizinium perchlorate (4) and 100 mg (O-36 mmol) iV-(‘>-benzoxazol- 
yl~dene)-4-dimethylaminophenylanline-N-oxide (3) was stirred at a slightly 
raised temperature. After 15 min, 120 mg (O-44 mmol) n-on trichloride 
(hexahydrate) was added and the solution heated under refiux for 20 min. 
The deep green solution was then evaporated to dryness and the crude 
product separated from the residue by twofold column-chromatographic 
purification on silica gel with methylene chloride containing 25 oA acetone 
and 2-3 drops of 60 o/0 perchlorlc acid per 100 ml solvent. Recrystallisa- 
tlon from acetonitrile/water/(a little) perchloric acid yielded 47 mg (25 %) 
dark green crystals, m-p. 243°C. 

Cz,H,,C1N305 .O 3 H,O (523-4) 
Calc. C 64-26 H 4-74 Cl 6 77 N 8 03 0 16-20 y0 
Found C63-99 H4.78 Cl 6.73 N 8.18 0 15-61 y0 

Bis(I,2-di~net/~yi-S-i~~doli=i~~~~l)-2-be~~=othiazotyicarbe~~i~1m perch/orate 

(7B): A solution of 100 mg (O-61 mmol) benzothlazole-2-carbaldehyde 
(2B) and 300 mg (l-23 mmol) 1,2_dimethylindolizinium perchlorate (4) 
in 5ml ethanol was heated to boiling point, at which, within a few 
minutes, a red intermediate precipitated; 0~73mmol iron trlchloride, 
dissolved m 3ml ethanol, was then added and the solution mamtained 
under reflux for 2 h, while the precipitate redissolved gradually and the 
solution turned green. A black precipitate was filtered off after chilling 
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the solution and repurified by recrystallisation from acetone/water/60 y0 
perchlortc acid. Pure green crystalhne product (89 mg; 27 T/,; m-p. 163 “C) 
was obtained by column-chromatographic purification on silica gel with 
acetone/methylene chloride (1:4) and precipitatton from acetone wrth 
ether. 

C,,H,,ClN,O,S.O-25 Hz0 (538-5) 
Calc. C 62-45 H 4.95 Cl 6-58 N 7-80 0 12.63 S 5-95 “/‘, 
Found C 62 68 H 4.56 Cl 6-66 N 7-94 0 12-67 S 5-89 % 

BH( I._?-dmzethyl-3- d I in o izirt? I )-( i-r71ec/l_l,l-2-betlzlrllida=oiro)cai-benilrl,l 

chperchlorare (7C(H ‘))_ In 10 ml ethanol , 200 mg ( l-25 mmol) 1 -methyl- 
benzlmidazole-2-carbaldehyde (2C) was brought to reaction with 613 mg 
(2-50 mmol) 1,2_drmethylindolrzlnlum perchlorate (4) under refluv con- 
drtlons At ca 60°C fast formatton could be observed of a red precipitate 
whtch slowly dtsdppeared on addttlon of O-25 mmol iron trichloride at 
bollmg pornt After 8 h of stirring the green solutron was evaporated to 
dryness and the crude product separated column-chromatographically 
from the residue on silica gel with methylene chloride contammg an 
mcreaslng amount of acetone (up to 25 %)_ Recrystalhsatton from a little 
ethanol with additton of d few drops 60 “/A perchlorrc acid yielded 358 mg 
(45 ?A) fine green crystals meltmg at 185 “C (contractron) 

C,,H,,Cl,N,O, .O 65 H,O (643 2) 
Calc C54-16 H4-59 Cl I l-02 N8 71 021 527~ 
Found C54-20 H4 59 Cl 11-l 1 N8 85 021 597” 

BIS( 1.2-drr,rerllj /-3-~f1tloi1s1r1_~ I)-$-p~~r~~~~lcarbenr~tril perchlorare (7D)- 
Pyrrdine-4sarbaldehyde (ZD, 300 mg. 2 80 mmol) reacted readrly with 
690mg (3 SOmmol) I .2-dlmethylmdoilzlnium perchlorate (4) in 5 ml 
ethanol at room temperature to give a dark green oily precrpltate After 
4 h of stlrrlng the green emulsron was evaporated and the crude product 
purified column-chromatographrcally with methylene chlortde/acetone 
(3: 1). Subsequent threefold recrystalllsation from ethanol/ether gave 
300 mg (45 y’,) pure green crystals, m.p 188-190°C. 

C,,H &IN 3O-F (478 0) 
Calc C 65-34 H 5 06 Cl 7-42 N 8 79 0 13-39 O0 
Found C65-24 H 5- 18 Cl 7-32 N 8 84 0 13 54“); 



Bis(l.2-dimettz) 1-3-rttnolirtrt~,i)-‘-~~.rid~,lcurbentur?z perchlorate (7E): 
A solution of 200mg (1.87 mmol) pyndlne-2-carbaldehyde (2E) and 
917 mg (3-73 mmol) 1 ,2-dimethylindohzimum perchlorate (4) m 10 ml 
ethanol was kept at 5O”C, at which temperature an oily orange suspension 
formed Addition of 1.9 mmol iron trlchloride and 10 ml acetonitrile and 
heating to reflux for 3 h provided a dark green crude product after 
dlstllhng off the solvent Isolation and purlficatlon was achieved by 
twofold column-chromatographic separation on silica gel, firstly with 
methylene chloride with an increaslng quantity of acetone, secondly with 
acetone contalmng a few drops 60 7; p erchloric acid per 250ml solvent. 
Recrystalhsatlon from diluted perchloric acid yielded 157 mg (18 ‘?L) pure 
green dye salt melting at 218-220°C (contraction) 

C,,HZ3C1N301_0 95 HClO,.O 6 H,O (584-2) 
Calc C53-46 H4-51 Cl 11-83 N7-19 032-01 “!A 
Found C 53-29 H 4-30 Cl 1 l-66 N 7 23 0 32-33 y/, 

Bis( I,.?dttuethj /-3-ittdoltzitt> 1)-4-qrrmol_r.icarbel7izlt77 perchlorate (70. 

In 10 ml ethanol, 200 mg (l-27 mmol) qulnohne-4-carbaldehyde (2??) 
and 625 mg (2-54 mmol) 1,2-dlmethyhndohzintum perchlorate (4) were 
condensed at 50°C, forming an orange suspension within minutes. 
Addition of 0 25 mmol iron trlchloride after 15 mm rapidly changed the 
colour of the solution to green. After bolhng the solution for 2 h under 
reflux and subsequent evaporation to dryness the crude product was 
extracted column-chromatographically from the residue on silica gel 
with an mcreasmg concentration of acetone in methylene chloride, and 
finally with acetone containmg l-2 drops 60 % perchloric acid per 100 ml 
eludnt Recrystalllsatlon from acetonltnle/water, adding a little sodium 
perchlorate, gave 362 mg (54 %) pure green crystals melting at 250°C 
(contraction). 

C,,H,,ClN,O, 0 05 H,O (528-9) 
Calc. C68-13 H4-97 C16-70 N7-94 0 12.25”/, 
FoundC6827 H505C16-74N805 012.51% 
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