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Abrtract - Visible l baorption l pectrs hevo been recorded for ezo compounds 
derived from 2.5-dichlororulphmilic ecid sro-coupled vith N,N-dlethpl-m- 
phenylenodiamfne, and vlth uine analoguor. The l ffoctr of<Ke ring-am 
rubmtltuents am well so cyaao on the spectra lndlcstc a surprl8lng dlffcr- 
l nce in sensitivity of the tvo ring po#ftlons meta to the azo Sroup. Pl.0. 
calculetione ahw that the Pino group ortho to the azo linke~c introduces 
samtry Into the NOHO, and thle ia responsible for the differing effects 
of substitution. 

The colourr of the comarcially fmportent uinouobenrene dyer (1) have been manipulated by the 

introduction of corbinetions of electron-uithdrawing snd -scceptinS l ubrtituont#. 1, into either 

of the tvo rlngr, C and g (~oupllag snd @zo components. respectively). The usuel effect of pi- 

l lectron-donoro, such ea ad.110. dk=y. or l cplamino. aa aubrtltuenta 4 in ring C of (1) ia to 

induce bethochromic shffto in the visible absorption muhum (shifts to longer wavelenngth; lover 

enera transitiona). la Conversely, electron acceptors in ring C result in hypsochromic shift@. lb 

It io l ometfmea technicelly advantageour to wbstitute the nuclear CH unita of the Uobenz~e 

skeleton by heteroetoma. end on the bssfa of the shove generelisation8 , wbetitutlon of CB In ring 

C by azmitrogen right be enticipeted to result in hypsochromic shifta. Since azs substitution 

decreases the ease of sso coupling. in practice oost derivatives of this type sirmltaneously in- 

clude more than one donor group to activste forution of the szo compound, this in turn‘tendlng to 

countersct the expected hypsochromic shift introduced by the ring aza-nitrogen. The rubject of 

this psper 10 the visible rpectral behsviour of the series of mblecule# vhich is obtained when one 

or more of the ring positions X. Y. snd 2 in (2) is occupied by nuclear N l tou to give azosmino- 

asines. 

Bernidea the homobenzenoid perent, there l re *even powible derivetivem of (2). Soma of thwe 

heve l lrudy been dercribed, l opecielly in the petent litoreture. uhile othera are unknown. 2 Ve 

report experimental data for the parent benzenoid ryatem, tvo of the three pyrldinw (2; Y or 2 = 
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Table. Absorption Rax$a of Dyes (3) - (6). Ar-N-N-k’ (Ar - 2.5-dichloro- 
4-eulphophenyl) 

(3) (4) (5) (6) (7) (S) 

A 
A 7’ 

493 457 410 415 476 485 
493 465 410 415 476 493 

h(PPP) 439 438 404 402 471 438 
h(cNDO/S) 527 524 509 499 502 524 

a Recorded in 50% aqueous methanol solvent. Valuee are in nm. 
b The k-N-N- unit la atteched to the leftmost atom of the diamino eubetituted 

ring in each caee. R - Ro(C*R&~r~~ ;;~(~a”$-. 
c These values correspond to e 2; R - Et), and including CN 

in the EAI)C of (4) and (5). See text for details. 

N) . the pyrimidine (2; Y - 2 - N), and the pyrazine (2; X - Z - N). The other aromatic ring of 

(2) is held constant throughout , and is derived from 2,5-dichloroeulphanilic acid (4-emino-2,5-di- 

chlorobeneeneeulphonic acid, abbreviated as Ar in this paper). Monoacid aeo compounds of this type 

are co=ercially important dyes for basic fibree such as nylon. and the biological activity of an- 

~loguee has also been 

After the visible 

will be compared with 

variations within (2) 

inveetigeted.’ 

spectral properties of these molecules have been discussed. the conclusions 

results of theoretical celculatione with the aim of defining how the colour 

are related to the structural modifications. 

RESULTS AND DISCUSSION 

Syntheeae and Spectra. - The representative dyes (3) - (7) of type (2) are collected together in 

the Table. Their syntheses followed conventional routes , although come of the dyes and their in- 

termediates are novel. In general, if the diaminoaeine precursor was not available, it YAB pre- 

pared by displacement of halogen from an appropriate precursor, itself derived by the action of 

phoephoroue oxychloride on the hydroxy derivative. Aeo coupling with diaronium salt proceeded in 

unexceptional manner in wet caeee. The parent dieminoatobeneene (3) vae met cleanly prepared by 

basic hydrolysis of its acetylemino derivative. 

a b 
5 4 ??8 

I I I I 

350 400 450 500 550 

Figure 1 Visible abeorption spectra of: (a) (3). (6) and (7); (b) (4). (5) end (6). The 
significance of the arrows over the spectrum of (8) is discussed in the text. 
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Vieible rpectral data are recorded in the Table, and Figure 1. The coloure range from yellow 

through to red. Careful examination of all five l pectra for (3) - (7) reveal8 that the abeorption 

envrloper are compoeed of at leaat three peaks, probably deriving from vibrational effects. The 

M.O. reeulte vhich follow l uggeet that there ie only one electronic tranrition in thir energy 

renge. In each caee. the h_ value recorded in the Table correrponds to the central peek. The 

higher and 1-r energy ehouldere are of differing lnteneftiea, leading to the band aeymetrieo 

characterirtic for each compound, l e ir apparent in Figure 1. 

Qualitative difference8 between 2,5- and 3,5-diaza eubotitution (pyrazina (7) and pyrimidine 

(6). rupectively), end the benzenoid parent (31, are Imdlately apparent from Figure l(a). The 

moat notable feature lr the eimilarity between the pyruiae and benzene derivativee. uhereae the 

alternative diaxa configuration of the pyrimidlne ir markedly hypsochromlc. It thue appears that 

ring-nitrogen l ubetitution mete to the azo group in the pyrimidlne (6) (cf. Y in (2)) bar a much 

greater hypoochraic influence then analogoue eubrtitutlon ortho to ezo in pyrezine (7) (cf. X in 

(2)). Figure l(b) demonstrates that the 2,6-diaminopyridlne-derived l zo compound (4) Is consider- 

ably wre bethochroaic than the 2.4-dlamino analogue (5). 

A more quantitative comparieon of (3) - (7) ir complicated by three factors: the methyl group 

in (4). (5). and (6); the additional cyano group in (4) and (5); and the nonequivalence of the em- 

ino group l ubetituente. We have approached thin problem by making the folloving l eecrmptione. 

(a) 

(b) 

Cc) 

No 

The -thy1 group ortho to the azo group ie known from comparative etudiee on other pyrid- 

lne and pyrimidine derivatives to heve very little influence on the absorption ra~imum.~ 

and ite effect vae therefore l eaumed to be zero. 

Axa eubetltution in a given poeltlon In (2) (i.e. X or Y or 2) hae a constant effect on 

the virible qectrum, whatever other rubstituentr are prerent. Thue, it ie l eeumed that Y 

- N, for instance. haa the came effect In the pyrldine (5) ae in the pyrimidine (6). 

Traneferabllity of l xocyclic eubetituent effects is a feature of many l zobenxene *yet_.’ - 
From studies on analogour pyrimidlne derivatlverr4 the effect of replacing N8C2B408 ortho 

to the azo group by NlJ2 ie a hypeochromic ehift of -4nm. By extrapolation from publiehed 

date,’ NRC2114011 para to the azo group ie about -12nm more hypeochromic than NEt2. 

preaumptione vere made regarding the influence of the cyan0 eubstituente in (4) and (5). 

The above allouanceo lead to ertimatee for the abeorption maxime for analoguee of (4), (5) and (6) 

baeed on the general etructure (2; R - Et) (aad including the cyano groupe in the caeer of (4) and 

(5)). These value6 are recorded In the second row of the Table. 

It 10 nov poeeible to conetruct the four equations (1) to (4) (Scheme) between the ahifte in 

abeorption _Ima with reference to the benzenoid parent 6yetem. and the five ara and cyan0 rub- 

etituent affects. To enable solution for these l ffecte, a fifth equation ie needed. This is de- 

rived from the 2,6-diuinopyrldine azo compound (8) which contain. no cyano group (Table and Pig. 

1(b)L6 In fact, the true hmax for this speciee (arroved 5 in Figure l(b)) correeponds to the 

lov energy peak of the three vhich comprise the absorption envelope. In order to maintain coneis- 

tency with the other data, the value recorded in the Table ie the wavelength of the central absor- 

ption (arrowed 1 in Figure l(b)). Equation 5 of the Schem now permitr solution for the five sub- 

etituent effecte. the reeulte for which are recorded in the Scheme. 

The magnitudes of these affects eubrtantiate and extend the qualttatlve conclueione already 

given. Ring-nitrogen subetitution ortho to the ato group (X in (2)) has a hypsochraic influence 

Schemea 

- h’(3) - -28 - CCl’l(Y) + N(Z) (1) N(X) - -171m 
- h’(3) - -75 - N(Y) ; ;;;“I (2) N(Y) - -78ne 
I ;I;; - -78 - N(Y) (3) N(Z) - Ozm 

-17 
- X(3) : 0 

- N(X) + N(Z) (4) CCN(Y) - -28nm 
- NW (5) CCN(Z) - 3nm 

l CCN(Y) impliee poeition Y in (2) ie carbon l ubotituted by cyano; N(Z) bplh that 
po8itloon 2 ie nitrogen; etc. 
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of -17nm compared vith the unaubrtituted (3). Introduction of nitrogen in position 2 of (2) haa no 

effect at all. In contraat, the aza aubstituent in the other poaition mata to axe in (2). Y, haa 

a subetantial hypaochromic shift of -78nm. Substitution of the electronegative N atom in this 

position 10 therefore responsible for the much more hypaochromic shade6 of the pyrimidins and 2.4- 

diaminopyridine compounda. 

The subrtituent effect8 estimated for the tvo dirtinct cyan0 orientations are conrietent with 

the conclusion that the Y poeition of (2) ia much more aeneitive than 2 to aubatitution by elec- 

tronagative groupe. In the latter porition, cyan0 hae a marginal bathochromic influence on the 

absorption maximum (314, while in the former it cauaee a aubetantial -28nm hypaochromic rhift. 

The effect of l za rubetitution in poeition X of (2) ie about the came ae that of cyan0 or 

nitro (-14, and -161~. reepectively) ortho to the aeo group in the no-rubrtituted aao dyea 

(1). 
lb.7 

The averape value for the effect of axa and cyan0 in poaitione Y and 2 of (2) are -39 

and -12nm. reepectivelp, compared with a value of -45nm for NO2 ortho to R2N (R - PI) in (l).lbs7 

The precision of the derived aubetituent increments rhould not be overestimated, perticularly 

in view of both the impoaaibility of accounting for differential solvent l ffecte, and the approx- 

bations inherent in the asaumptione (a) to (cl necereary to permit quantitative comparieon acroaa 

the aeriee. Houevor, the difference betveen eubetituenta in the two “meta” poeitions (2, Y and 21 

for both ring-nitrogen end cyan0 lo eignificant and, to us. aurprieing. We probe this point more 

thoroughly in the light of theoretical calculations. 

Calculation0 of electronic spectra. Holecular orbital calculatione were carried out using three 

methods: the pi-electron-only Parr-Pariaer-Pople (PPP) approximation with a configuration inter- 

action (CI) treatment; 8 the screened complete neglect of differential overlap method of Jaffe and 
9 coworkers (CNDO/S), again including CI; and Devar’o BIND0 method. 10 The firat two calculate elec- 

tronic excitation energies and aseociated electronic rediatributiona. The HNDO method Save comp- 

arisons of calculated ground atate properties using a different theoretical approximation. For 

convenience, R in (2) vaa taken as Pie for the calculation, rather than Et aa in the experimental 

comparieone. Planar Seometriea with standard bond lengtha and angler vere l aaumed for the wle- 

culea, and no Seometry optimieation wae attempted. It vaa alro aeauwd that the NH2 group II-bonda 

to the more remote of the tvo axe group nitrogen atome, holding the diamino-•ubatituted ring in a 

fixed conformation with respect to the remainder of the molecule (i.e. aa ahown for (2)). There 

ie ample precedent for 6-membered ring intrmlecular H-bonding of thir type. 11 

The electronic reorganiration after the lweat l nerSy rr-n * excitation in the benxenoid deriv- 

ative (3) ae calculated by the PPP method is given in (9). Filled circles correspond to build-up 

of electron denrity on excitation, while empty circlee repreeent centrer which donate electron 

deneity. In moat respects the CNDO/S calculation given the name pattern of electron redistribution. 

Very little charge ia transferred into the dichloroaulphonic-rubatituted benxene ring (AT). 

The major centrea of charge build-up are the nitrogen atom6 of the ato group. particularly the 

nitrogen atom not formally conjugated with the amino group electron donore. This ie entirely con- - 
aiatent with many other calculations on axobenxene systema. 

lc According to the PPP calculation, 

of the tvo donore the Nil2 group releases moet charge on excitation , rather than the We2 Rroup al- 

though the latter ie expected to be the better donor. In this respect, the CNDC/S reeulte differ, 
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LLJMO 

HOMO - 

Ar 

Figure 2 HOM3.s and LDMOe of (1) and (3). Tha vertical energy scale ia qualitative. 

According to the calculationa on (3) and derivativea , the visible abaorption maxima correspond 

moat closely to a single electron excitation from the HOMO to the LDMO. Figure 2 compares the 

HOM/LlMO atructurea for the ronoaminoazobenzene (1) vith the diamino ayetem (3). The PPP. CNDO/S. 

and MNDO methods all give easentiallp the aame atructuree to the HCMOa and LlJIiO~. Tbe LIMO of the 

arylaro system is dominated by the electronegative uo group, and the addition of one more donor 

group in going from (1) to (3) haa little effect: the LIDfOe of (1) and (3) have almost the mame 

overall composition. In contrast, the HOMO of (1) is typical of a mono-donor aubatituted benzen- 

oid system. being centred largely on the lone pair of the donor group, as expected. When a eecond 

donor group is added, as in (3). the structure of the HOI80 ia radically changed. The er~try 

induced by the NH2 group with respect to the azo group is clearly apparent from Figure 2. To be 

explicit, the atomic orbital coefficient of Y is much higher than that of 2 in the dialno eerier 

(3). vhereaa they are about the same in the monoamino derivetive (1). Since the charge tranafer- 

red on excitation is largely dependent on the structurea of the corresponding HOMO8 and LDf408, the 

difference in HOI40 structure resulting from NH2 -induced l ayrmnetry eppear8 to be the source of the 

different aubatituent effects for Y and 2. 

We can devise no aatiafactory correeponding valence bond rationele. 

Thanks ara due 

for discurriona. 
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W/visible spectra uere recordfd on a Unicam SPBODO instrument in purified aolventa. and vara 
calibrated with a holmium filter. 6 nmr spectra ware recorded at embiant probe remperatara in d - 
pgso (unleaa othewiae atatad) using flls as internal etandard on a Parkin-EImar R-24A inetrumsn t . 

C nmr spectra ware recorded on a Brukar UH-90 apectrometcr. Ir spectra were recorded aa thin 
fiI.ms or nujol mrlla on a Parkin-Elmer 297 instrurzznt. Starting materiala vera either conercial- 
ly available or ware obteined from the I.C.I. specimen collection. Dye (4) wae a purified c-r- 
cial aampla. 

Diazotiaation of 4-amino-2,5-dichlorobenzenoaulphonic acid - 2.5-Dichloroaulphanilic acid (9.38) 
vaa diaaolvad in water (25bl) containing aodium hydroxide solution (l&al 28). cooled to 0-5.C. 
and aodium nitrite l olution (1811 2N) vae added, followed by concentrated EC1 (loll). The off- 
white auepenaion which formed vaa stirred for 1.5h. l xceaa nitroue acid wae removed with eulphamic 
acid eolution (2m.l 10% v/v). and the diazonium aalt coupled as followa. 

sodium 4-~ne2-U,1Miathyl~~~thyl-5-(2’,S’-dichloro-4’-aulph~atoehenyl~o)-eyr~dine 
(6) - 4-Amino-2-N,N-diathylamino-6-mathylpyrimidine (5.48) was diaeolved in acetic acid (25m.l) and 
ice (ca. 300). and Diepereol CG (l(h1 10% aolution) added. To thia emulsion wee added the diazon- 
ium l alt suapenaion praparad above. The pH vaa raisad to 7.0 by the careful addition of l quaoua 
NaOH aolution. and the mixture vae allowed to atir for 0.5h. Tha pH was than further raiaed to 
11.0 to ramova raaidual atabiliaad diazonium salt. vharaupoo complete solution occurred. The pH 
vaa than adjuatad back to 8.0 by addition of acatic acid, and the product precipitatad aa a yellow 
powder which vas filtered. waahed with cold water. and dried (12.28. 92%). The material obtained 
in thia way vaa pure as determined by tic in a variety of syatsma. by aicroanalyaia. and 
Found: C 38.7. H 3.7, N 17.7%. C H N 0 Cl SNa.0.58 0 requires C 38.8, H 3.9, N 18.1%. 

bl nmr. 
H nmr: 

6 1.17 (tr. 6B. J - 
7.99 (a. lH, CH) a.15 (3 &,j 9.49 (&I iHI- 

7 C CR ) 2 b2 tg 63i ZH C). 3.& (q, 4H, J - 7. 'X2,. 7.64 (a, 111. Cz), 

Other azo To&ounds vaia &pared in ioaiogous fashion. 

Sodium 4-(2'-Anioe4'-N,N-diethyllmioophanyl~o)-2,5-dichloroba~enaaulpho~te (3) - Eeflux of the 
acatylamino prscurror in aquaoua l thanolic NaOE aolutioo for 24h lad to the daacatylatad product. 
Thia vae iaolated by filtratioo l od recrystallisad from aqueous 2-methoxyethaool. The purity vas 
verified by tic (silica; athyl acetate/acetone/water) and hplc (lichroaorb EP8. 200 em x 4.6 =. 

lOlJ* 20% acatooitrila, 80% 0.25% acetic acid in water) 
ecopy. Found: C 41.6, H 4.1. N 12.0%. 

, as wall aa microanalyaia and nmr apectrp 

Ipr: 6 1.15 (tr, 6E, J - 7, 
(d, 1N. J - 

CH C). 3.4 (qi64R! 4 1 7, CH 1. 6.0 (bs, 1H). P33 (d, lg. J - 10). ?.I: 
C H N 0 C12SNa.H20 requires C 42.0, H 4.2, N 12.25%. 

101, 7.75 (a. 11)>3?.9 (a, 2H, exch D 0, NH-?, 8.02 (e, 1H). C omr: b 12.8 (9). 
44.1 (tr). 93.8 (d). 104.6 (d). 117.5 (d), 127.2 (s)T2129.9 (d), 130.4 (a, 2C). 13E.2 (d). 143.2 
(a). 146.6 (a), 149.1 (a). 151.6 (a). 

3-Cyano-2,4-di(2'-hydroxyathylamino)-6mthylpyridioe - 3-Cyano-2,46ichloro-6-methylpyridina 
(2.88, prepared by the method of raf 12) vaa added in portions to L-athaoolamina (6.lg). and the 
mixture stirred and warmed at 13O'C for 0.5h. After cooling. water was added, the resulting aolid 
vaa filtered, vaahad with ice-water and dried to give product (2.58, 71%). A sample was racryat- 
alliaad from water. m.p. 158-159'C. Found: C Ip.1, H 6.8, N 23.5%. C H N 0 requires C 55.9, H 
6.8. N 23.7%. Ir (nujol): 3360. 2200, 1600 cm . 
4.7 (be, 2H). 5.83 (a. lH, C$. 6.03 (t, 2H). 

‘H nmr: 6 2.15 (8, &b.'&)~ 3.43 (m. 811, C2E+) 

4-Amino-2-N,N-diathylamioo-6-mathylpyrimidioe - 4-Chloro-2-N,N-diethylamioo-6-mathylpyrimidioa 
(20.: eraoarad bv the mthod of ref 13) vas heated at 18O'C for 56h with coocantratad aauaoua NH, 
(8&) in b Cariu; tuba. The white solid which formed was collected by filtration, vaahed well 
with water and dried (17.28, 95%). A sample wae recryatalliaed from petroleum ether. m.p. 85.5-C. 
Found: C 59.2,1H 910, N 30.3%; C H N requires C 59.9, H 8.9, N 31.0%. Ir (nujol): 3450. 3330, 
3200, 162Ocm . H nmr (CDCL )? A61!12 (tr. 6H. J - 7. 
7. Ci2). 4.45 (be. 28 exch D,O? Nli21. 5.55 (a, ill. C$. 

Cx3,. 2.15 (a, 3H. Cll,,, 3.56 (q. 48, J - 

2-Amino-6-chloropyrazioa. - 2,6-Dichloropyrazine (log ax Aldrich) was heated at 14O'C for 15h in 
concentrated aaueoua -nia in a Cariua tube. After coolinn. the solid material which had formad 
was filtered, iashed with water, and dried (6.538. 76%). m.,; 152'C. Found: C 37.21 

requires C 37.1, H 3.1, N 32.4%. Ir (nujol): 3300. 3180. 1640~~1 . 
H1 3.1. N 

Hnmr: 5 
( 8, 2H. axch D20. NH2). 

2-Acatylamioo-6-chloropyrazine. - 2-Amino-6-chloropyrazina (2.58) vas mixed with acatic acid (511) 
and acetic anhvdride (?a11 and heated at 95*C for 2.5h. after vhich time tic shoved comolate re- 
action. The mixture vaa cooled to 10°C and the product filtered off, vaahad with acetic acid, and 
pumped dry (1.88. 55%). m.p. 171.5'C. Found: C140.p. H 3.6, N 24.1%. C6H N OCl requiraa C 40.6, 
H 3.4, N 23.7%. Ir (nujol): 3200, 3040. 17DDcm . 
9.15 (a, la, Cg), 10.7 (a. 1H axch D20. NE). 

H nmr: 6 2.13 (a, 3H. &l. 8.25 (a, 1H. CE). 

2-Acetylamioo-6-N,N-diethylamioopyrazioa. - 2-Acatylamioo-6-chloropyrazina (1.28) vaa heated io a 
Carius tuba with diethylamina (6ml) for 18h at 2OO'C. The crude product was warmed with acetic 
aohydride to give pure material after cooling, cryatalliaation, ether washing. and drying (0.948. 
68%). m.p. 182'C. Found: C_q?.?l H 7.8, N 26.3%. C H N 0 raquirea C 57.7, 11 7.7, N 26.9%. Ir 
(nuj 01) : 3200, 1690, 159Ocm . 
(q. 48. J - 

H nmr: 6 1.10 (tr. bfl.'$ 4 7. CH CH 1. 2.05 (8, 3H. CE3CO). 3.48 
7. 'X2>. 7.68 (8, 18, Cg). 8.36 (a, 18. G_). 10.5 (a, !E-Jxch D20. c). 
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Z-Amino-6-dI.tblamInopyraxIne. - 2-Amino-bchloropyrazino (2.5~) uaa heated with diethplamino 
(2Oml) In a Cariur tubr at 210.C for 18h, tbon cooled to room temparatura. Attempta to Iaolate 
the product roaultad In progrerrivo and rapid dacompoaition aa judped by tic and nmr. Althoush 
the H mr l poctrum YU conaietont with formation of the dorirad utorial. It vaa beet character- 
Ieed by l cotylation of the crude reaction product, the l cotyl derivative beinp Identical to that 
prepared above. A mubeequent preparation save utarial which wae tidiataly diorolved In EC1 
acid (pll 1.0-1.5) and uo coupled directly. 

2-(3-l4etho~ropylamIno)-6-(2-hydroxyathylamIao)~yrIdIna, 
oil by ruccemrive 

- The product warn prepared aa a brown 
raplacawnt of the fluorine atow of 2.6-dIfluorowrIdIna bv ethanolamine and 

3-mathbxypropylamIna by-routaa analogoua to thofa dawribed-above. T& purity baa confirmed by 
glc and the product was characterfeed via Ite B nmr rpectrum (CDCl3): 6 1.8(m), 3.25(r), 3.5(m), 
5.55 (d, 211, 3(5)_Cll), 7.0 (t, 18, 4-C!). 
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2. 

3. 
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:: 
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9. 
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RRPERHNCES AND moTNoTRs 

(a) P.F.Gordon and P.Cragory, “Organic Chemistry In Colour”. Springer-Verlaa, Berlin, 1983, 
p.129; (b) p.127; (c) p.138; (d) p.102. 
H.R.Schwandar. Dyes and Pimnta, 2, 133, (1982). Several comercIal dyea are baaed on 2,6- 
dIaminopyrIdInaa, and 2,4-dIaminopyrimIdInea. Aa far a8 we are avara, there la no previous 
report of azo darivativer of 2,b- or 3,5-dIamInopyrIdInea, 3,5-dIaInopyrIduInar, or 3,5-d1- 
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