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A WATER-SOLUBLE CYCLIC TETRAMER FROM REACTING CHROMOTROPIC ACID WITH FORMALDEHYDE 

Bo-Long Poh,* Chooi Seng Lim, and Kong So0 Khoo 

School of Chemical Sciences, Oniversiti Sains Malaysia, Fenang, Malaysia. 

Chromotropic acid, disodium salt, reacts with an excess amount of formaldehyde in water to give 
a dark red plastic-like water-soluble cyclic tetrameric compound. 

Water-soluble synthetic macrocyclic compounds have been the focus of. interest of many chemists 

in recent years. 
l-3 

We report in this paper a water-soluble cyclic tetrameric compound prepared 

by reacting chromotropic acid, discdium salt, with an excess amount of formaldehyde. 

An aqueous solution containing chromotropic acid, disodium salt, and an excess of formaldehyde 

(1:5), left standing in a stoppered flask for a week , gives a dark red solution. After evapora- 

ting the water, a quantitative yield of a dark red plastic-like product (decomposes above 400°C) 
4 

which is soluble in water is obtained. This product is assigned the cyclic tetramericstructure 

I., based on the following data. 

OH OH 

4 

la03 

The mass spectra of> and the corresponding S-benzylthiuronium salt, 2, (mp 180°C (d), obtained 

by reacting_1 with S-benzylthiuroniwn chloride) are shown in Figs. 1 and 2 respectively. The 

spectra indicate sample decomposition. Nevertheless, the presence of peaks at m/e 1327 and 1312 

indicates a tetrameric structure. 

Fig. 1 Nass spectrum of compound 1 (m/e < 200 not shown) 
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Fig. * @uz.s SPectrum of compound2 (m/e <200 not shown) m/e 

The 'E nmr spectrum of Lin CD3OD (Fig. 3) shows a singlet for the aromatic protons (6 8.05) 

and a singlet for the methylene protons (6 4.68), cocsistent with a flexible cyclic tetrameric 
5-7 

structure (analogoues to the case of cyclotetraveratrylene ). 
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Fig. 3 'H nmr spectrum of compound 1 in CD3OD 

(TMS as external reference)- 

The l3 C - spectrum*of Lin D20 shows six aromatic carbons (6 119-153) ar.d one methylene carbon 

(6 28.1) and is also consistent with _l_. 

180 150 120 90 60 30 0 A,ppm 

Fig. 4 13 
C nmr spectrum of co?npoundLin D20 

(TMS as external reference) 

Karl-Fischer titrations for water content andgC,H,N,S analyses on2are in good agreement with 

the formula of (CllH60%S2)4.(C8H11N2S)8.3H20. 
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2 shows an absorption band in the visible region (Amax at 540 nm, E 4,000 cm2 mol-l and a 

shoulder at 570 nm) whereas chromotropic acid, disodium salt, is transparent in this region. 

When the solution is made alkaline, it turns green and there is a bathochromic shift to Amax 

at 640 rm. This change is due to the ionization of the hydroxyl groups since the original 

red colour is restored upon acidification of the green solution. 

(a) 
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Fig. 5 'I! nmr spectrum of triethylamine in D20(TMS as external reference): 

(a) no host, (b) in the presence of chromotropic acid, disodium salt 

( amine: chromotropic acid =1:1);(c) in the presence of 1 (amine:>=1:2). 

The cyclic structure of 1 is further supported by our preliminary finding of its ability to 

include amines and some metal cations into its cavity. Fig. 5 shows the effect of inclusion 

of triethylamine into1 on the 
1 
H nmr spectrum of the former. 
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In the presence of an equal molar or an excess of,l the triethylamine is expected to exist in 

the protonated form since the first pka value of the hydroxyl groups of2 is 5.8 2 0.2 (this 

work) and the pka value of the amine is 11.0. Chromotorpic acid, discdium salt with a similar 

pka value (5.5)l" is shown to fully protonate triethylamine when an equal molar concentration 

is used (Fig. 5b), the methyl and methyfene protons are deshielded. An analogous system has 

been reported for calixarenes. 
11 

That triethylamine is included into the cavity of _1 is 

indicated by (1) its broad nmr spectrum (Fig. 5c) and (2) the shielding of its methyl and 

methylene protons (0.50 and 0.65 ppm respectively, compared to the free protonated triethyl- 

amine). The restricted rotation of the ethyl groups within the cavity of2 can explain the 

broadness of the nmr spectrum. The upfield proton chemical shifts are due to the shielding 

effects of the napthalene rings on the included ethyl groups. We are currently investigating 

the potential of2 as a host molecule for various amines and metal cations in an aqueoussystem. 

The results will be submitted for publication shortly. 

Veratrole reacts with formaldehyde in the presence of sulphuric acid to give cyclotetraveratry- 

lene as well as cyclotriveratrylene. 5 In our case, only the tetramer ,1 (we whall give it the 

trivial name of cyclotetrachrconotropylene) is obtained. Both CPX and Dreiding models show that 

the trimer is sterically unfavourable. 

The authors thank Dr. T.L. Ooi of Palm Oil Research Institute of Malaysia for recording the 

mass spectra. 
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