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Sunzmary. The hydroxyazo-quinonehydrazone equilibrium of the cyclic trisazonaphthalene 1 
has been determined from the 113-NMR. spectrum of the l~LV-labelled compound. The size of 
the coupling constant ]IS,, demonstrates that the equilibrium of 1 with respect to the non-cyclic 
reference compound 6 is shifted towards the hydroxyazo form by factors of at least 5.1 and 3.9 
in DMSO and HzO, respectively. 

1. Introduction. - Our continued interest in macrocyclic azo compoundsz) led 
us to consider the trisazonaphthalene 1 which has been synthesized by Allan et al. [2j. 
The niacrocycle 1 may formally be regarded as an annelated derivative of the hypo- 
thetical hexaaza[lS]annulene 2.  Representatives of this class of n-equivalent aza- 
annulenes are of interest principally because, in contrast to n-excessive azaannulenes 
they are virtually unknown3). 

In carbocyclic and n-excessive benzoannulenes and annulenes fused to  naphthalenes and 
higher henzenoid n-elcctron systems the diatropism of the parcnt compound is reduced or even 
quenched completely by annclation4). The closcst known carbocyclic analogue to the trisazo- 
naphthalene 1 is the trisdehydro[l8]annulene 3 which, in contrast to its parent cornpound 4, 
does not sustain a diamagnctic ring currcnt [4]. However, the elcctronic spectrum of 3 is very 
similar to that of diatropic 45). Thus, the macrocyclic perimeter of 1 would be expected to be 
atropic. Rut the electronic spcctrum is consistent with the cyclic chromophore [Z]. 

2. Problem. - We were interested in determining whether or not the hydroxyazo- 
quinonehydrazone equilibrium of 1 is dominated by the hydrazone tautomer as is 
the case for azonaphthols in general and particularly for 2-phenylazo-1-naphthols 5 
[5] [6 and references therein:. If it is assumed that delocalization of n-electrons - to 
whatever degree - in the macrocyclic perimeter of 1 is rendered more difficult in the 
hydrazone tautomer, the tautomeric equilibrium sliotild be shifted towards the 
hydroxyazo form, provided the 1s-membered perimeter significantly contributes to 
the n-electron energy. To  detect such a contribution, a knowledge of the equilibrium 
position of an acyclic reference compound is required. For this purpose the bisazo- 
naphthalene 6, which most probably has the conformation shown below, was chosen. 

1) Part 11: see [l]. 
2) See [l]. 
3) Porphyrines and phthalocyanines arc diatropic hybrids between n-equivalent arid n-ex- 

cessive electron systems in the sense that both their 18- and 16-menibcred perimeters con- 
tribute to their delocalized electronic ground states. For a recent review see [3]. 
See [3] and refercnccs therein. 
This of course is no contradiction, since two different probes for the electronic structure are 
used. 

4) 

5) 



,. 1 o determine the ecpilibrimi positions {If  1 and 6 we used :is a criteriuri the size 
of tlic coupling constant J15N,II 17-1. This is not thc most scnsiti;,e tcchnique, but 
otlier spectroscopic n ~ t l i o d s  (c.g. UV./VIS. spectrc, )py) require derivatives of both 
tautomers wliicli were unavailable6). 

IHW( 1 calculations did not indicate a significant contribution uf tl-rc ma.crocyclic pcrimeter 
t o  thc n-clcctrun encrgy o f  1 7 ) .  Its 11-I-NMR. sprctruin had 1xc.n assigned on the basis of chemical 
s h i f t s  t o  the pure hydrazoiic [ 2 ] .  Howevcr, tlic argurnciits n r ic  n u t  convincing. 

@H" aY 
X 

3. Syntheses. - The riiacrocycle 1 (*A- = 15N) and the reference compound 6 
were syritlicsizecl from 15N-labelled 1,8-aminonaplitlic~l-3,6-disulfonic acid according 
to the method of AZZaiz et al. [ Z . ] S ) .  15W1, ~ -A~i i1 ion~p l i t l~o l -3 ,~ j -~ l i su l~on ic  acid was 
obtained according to known inetliocls [8] using EX-nitric acid. 

6) 

7) 

8 )  

For i~ clctailed discussion see [6]. 
\l'c thank Prof. F.  Gersoiz (Univcrsit2iit Hasel) for thcse cdculations. 
IYr ii-ish to t h a n k  Ilr. Z.  ,I. .IZZaiz for  his personal advice during h is  s l a y  111 o u r  laborator!.. 
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Table 19). lH-NMR.  data of 1 in  I>hfSO-d6 and H20 

Solvent 1 SNH J % , H  

DMSO-d6 14N 16.43 - 

1 5 N  16.30 95.0 

H 2 0  14N 16.36 - 
E N  16.38 96.5 

Table 2. 1H-NMR.  data of 6 in DMSO-ds and H20 

Solvent 6 SNH J% Fr 

13~so-d~ 1 4 N  16.75, 17.15 - 

l5hT 16.45, 16.75 101.0, 100.1 

HzO 14N 16.86 
15N 16.96 101.0 

4. Results and Discussion. - The relevant 1H-NMR. data of labelled and 
unlabelled trisazonaphthalene 1 are summarized in Table 1. The observed coupling 
constants correspond within the limit of error to the typical value of 96 Hz for a 
15N-H bond of an spz-hybridized nitrogen atom [7]. Furthermore we note that the 
coupling constants in the reference compound 6 (Table 2) exceed this typical value 
by ca. 4-5 Hz. This difference we attribute to well established solvent and snbstituent 
effectslo). If the experimental error of h l . 2  Hz is taken into account, the coupling 
constant in 6 may be as large as 102.2 Hz. If this value corresponds to 100% hydra- 
zone of our model compound 6 and therefore of the macrocycle 1, we can calculate 
using equation (1) [9] and an average coupling constant J I ~ ~ ,  = 100.7 Hz (observed) 
that 6 exists as at least 98.5 (&l.l) yo hydrazone in both solvents. Similarly the 
coupling constants of the macrocycle 1 correspond to a small solvent dependent shift 
of the equilibrium to 93.0 (& 1.0) and 94.4 (& 1.0) % hydrazone in DMSO and HzO, 
respectively. 

Jobs/J15N,H * 100 = yo hydrazone 

The same assumptions and use of equation (2) [lo] lead to KT-DMSO, W,O) < 1.5 . 10-2 
for 6, whereas for 1 KT(DMSO) = 7.6 . 10-2 and KT(II,O) = 5.9 10-2. Thus the tauto- 
meric equilibrium of 1 is shifted towards the hydroxyazo form by factors of ca. 5.1 
and 3.9 with respect to the reference compound 6. It is tempting therefore to con- 
clude that the contribution of the macrocyclic perimeter to  the n-electron energy of 1 
is of the order of 3.5-4.1 kJ mol-1 (ca. 0.9 kcal mol-1). Provided of course that our 
assumptions are correct and the observed shifts are not the result of employing a 
model which is too crude, the above factors represent minimum values. Even so, we 
should point out that in agreement with expectations the contribution of the lS- 
membered perimeter to the n-electron energy is virtually negligible. 

Q )  

10) 

Tables 1 and 2: Chemical shifts in ppm from internal TMS; coupling constants in & 1.0 Hz 
(Table l), f 1.2 Hz  (Table 2 ) ;  HzO solutions contained ca. 10% DMSO-ds for locking. 
See [7] and references therein. 



2918 HELVETIC.& C ~ I I M I C A  ~ C T A  - \Tol. 59, 1;asc. 8 (1976) - Nr. 310 

Experimentzal Part 

General. 1H-NMR. spectra were recorded on Varian XI>-100 (Vavian AG, Zug) and Bvuker 
WH-90 (Technisch-Chemisches Laboratorium, ETHZ) FT-spectrometers using saturated solu- 
tions (cn. 2-4 mg/0.5 ml). For labelling purposes 1 4 . 8 ~  nitric acid of 909; l"N-isotopic purity 
(Stohler Isotope Chemicals, Innerbcrg) was used. Paper chromatography was carried out on 
Wuthnzan No. 1 papcr using isoamylalcohol/pyridine/lO% NH40H 1 : 1 : 1 as cluent. 

15AT-I, 8-Aminonapht?zol-3,6-diszdJononic acid (H-acid). H-Acid was synthesized according to 
[8] with certain modifications. In the nitration of naphthalcnc-3,6,8-trisulfonic acid the recom- 
mended 62% nitric acid was substituted by the equivalent amount of 1 4 . 8 ~  15N-nitric acid. 
For the alkali melt 9.64 g (8.4 . 10-3 mol) 15N-l-naphthylamine-3,6,X-trisulfonic acid, 2.7 g 
XaOH and 2.7 ml HzO were heated in an autoclave for 3 h a t  180'. Dilution of the cold melt 
with 20 nil H2O and work-up [8] yielded 2.27 g H-acid (76%, nitrite titration, 25% yield with 
rcspect to  naphthalene) (Rf = 0.1). 

15N-Bisazonaphthalene 6. Modifications of procedure [2]: To 0.870 g (1.93 . 10-3 mol) 15N-H- 
acid, 0.020 g Na2S03 and 1.5 in1 HzO, cooled in an ice bath, were added with stirring 0.20 ml 
1 0 ~  NaOH, 0.212 g NazCO3 and 1.00 g freshly purified tosylchloricle. Aftcr addition of 0.26 ml 
10x  NaOH the mixture was stirred for 2 h a t  RT., filtered and the filtrate acidified with cone. 
hydrochloric acid (Congo rcd). Scratching the sidcs of the reaction vcssel with a glass rod led to 
precipitation of 0.720 g (40% yield, nitrite titration) ljN-(O-tosyl)-H-acid. l'aper chromatography 
(Rf = 0.5) showed no impurities. 

0.720 g (0.77 . 10-3 mol) la~~-(O-tos)il)-H-acid were clissolvcd in 5 ml H.0 and 0.20 ml 0 . 1 ~  
Na2C03, acidified with 0.62 ml conc. hydrochloric acid and diazotizcd with 7.7 ml 0.1 M NaNO2 
in an icc bath. The diazonium salt was coupled by addition of 0.346 g (0.77 . lO--3 mol) 15N-H-acid 
in a solution o€ 0.90 g Na2C03 in 5 ml HzO. After acidification with 1 in1 conc. hydrochloric acid and 
addition of 2.0 g NaCl i t  was again diazotized with 7.7 ml 0 . 1 ~  NaN02. Fur  coupling this solu- 
tion was mixed with a further 0.346 g 15N-H-acid in 5 ml HzO, 0.31 ml pyridinc and 0.90 g NaSCO3. 
It was then acidified with 1 in1 conc. hydrocliloric acid and the volume was reduced to 20% of 
t h e  original. 0-Tosylated 6 (0.85 g) was precipitated by addition of 100 ml EtOH (Rf = 0.12). 

Detosylation was accomplished by heating with 20 in1 HzO and 0.20 g Na2CO3 for 3 h. The 
solution was concentrated and acidified with 1 ml c o x .  hydrochloric acid. Prccipitatinn with 
3 times thc volume of EtOH yielded 0.44 g 6 (Rf = 0.04). 

15N-Trisazonaphthalene 1. 0.36 g 6 were diazotized in 30 ml H p O  with 3.3 ml 0 . 1 ~  NaNOz 
and 1.8 ml 2~ HCl a t  RT. Excess €IN02 was destroyed after 3 niin with a small amount of sulfamic 
acid, the solution diluted with 300 ml HzO and 8 nil 1h.1 N&03 added immediately. After 1 h 
the solution was concentrated t o  15 ml and 15~~~-trisazonaplithalcne 1 precipitated with 25 ml 
EtOH. ilfter dialysis of the inorganic material the yield was 0.117 g (14:h with rcspect to 15N- 
(0-tosy1)-H-acid; Rf = 0.07). 
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