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Synthesis and Structure of "Hexametaxylylenetetramine" 
1,2) 

A Urotropin-like Cage Compound 
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Department of Chemistry, Faculty of Science, Kyushu University 33, 

Hakozaki, Higashi-ku, Fukuoka 812, Japan 

Summary: The title compound was synthesized by the reaction of 1,3-bis- 

(aminomethyl)benzene with 1,3-bis(bromomethyl)benzene. The urotropin-like cage 

structure of this compound was established by X-ray crystallographic structure 

determination. 

Urotropin 3) (or hexamethylenetetramine, (CH2j6N4, employed in medicine as 

a urinary antiseptic), which is the first organic molecule whose structure was 

determined by X-ray diffraction 4) , has a adamantane-like structure. 

In urotropin, four lone pairs on nitrogen atoms at bridgehead are oriented 

outward with respect to the center of the molecule. 

urotropin 1 - 
(hexamethylenetetramine) "hexametaxylylenetetramine" 

(1,3,5,7_tetraazaadamantane) 

Fig. 1. 

In this communication we report a synthesis and a structural elucidation 

of a cage compound 1 which has an urotropin-like structure. This compound also 

resembles somewhat structurally Lehn's sophisticated tricyclic cryptand known 

as "soccer ball molecule" 5) on account of its spherical three-dimensional 

skeleton. In this compound, contrary to urotropin, four lone pairs of electrons 

on the bridgehead nitrogen atoms are oriented toward the center of the molecule. 
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Six aromatic hydrogen atoms placed between two methylene groups are also 

oriented toward the central intramolecular cavity. 

From the molecular model consideration, any cation but proton is too large 

to fit into the intramolecular cavity. Thus, this compound may serve as a 

proton cryptand 6) . 
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Scheme 1. 

Cage compound 1 was prepared by the reaction of 1,3-bis(aminomethyl)benzene - 

with 1,3-bis(bromomethyl)benzene in one step as shown in Scheme 1. 

To a refluxed solution of 1,3-bis(aminomethyl)benzene (16.0 g, 117 mm01) 

in dioxane (400 ml) was added a solution of 1,3-bis(bromomethyl)benzene 

(23.8 g, 90.2 mmol) in dioxane (300 ml) over a period of 4 h. After the 

solution was refluxed for additional 4.5h, the reaction mixture was filtered and 

the organic layer was concentrated in vacuo. The residue thus obtained was 

digested with benzene and purified by passing the benzene solution through an 

alumina short column (WAKO 300, benzene) to furnish white crystalline powder. 

Recrystallization from n-hexane-CHCl mixture gave colorless prisms (1.03 g, 

6.7% based on the dibromide), mp 389°C dec(corr). Found: C, 84.42; H, 7.17; 

N, 8.33%. Calcd for C48H48N4: C, 84.67; H, 7.10; N, 8.23%. PMR7)(CDC13, 6) 

8.36 bs(arom, 6H), 7.08s (arom, 18H), 3.53bs(-CH2-N, 24H3); CMR7)(CDC13, 6) 

140.83s, 127.91, 127.65, 127.58, 127.52, 127.43, 126.89, 126.59, 59.96t(-CH2N-); 

IR(KBr disk, cm -l) 302O(~C_~ arom), 1600, 1585, 1480(~~=~ arom), 1435(6sc_H), 

1365, 895, 860, 800, 780, 765, 750, 695(6 
opC-H 

aroml. MS(m/e) M', 680. 

Recrystallization from benzene gave the benzene adduct (l:benzene=l:l) as 

colorless prisms. Found: C, 85.24; H, 7.26; N, 7.42%. Calcd for C48H48N4.C6H6: 

C, 85.45; H, 7.17; N, 7.38%. 
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1) The trivial name "hexametaxylylenetetramine" is used because of prolixity 

for nomenclature. 

2) 1,9,17,25-tetraazanonacycloC15.15.15.7.7. . . . . 9,2513,7111,15119,23127,31_ 

3) 

4) 

5) 

l~4f38l41~45]dopentacont-3,5,7(47),11,13,15~48~rl9,2l,23~49~~27~29~3~~5O~~~ 

34,36,38(51),41,43,45(52)-octadecaene. 

Urotropin can be prepared merely by allowing a mixture of formalin and 

concentrated ammonia solution to evaporate. 
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The problem of the conformational mobility of 1 

in solution will be discussed elsewhere. 

Cage compound 2 was prepared by the reaction - 

of 2,11-diaza[3.3]metacyclophane with 1,3- 

bis(bromomethyl)benzene. 

To be published elsewhere. 

Crystallographic coordinates have been deposited 

with the Cambridge Crystallographic Data Centre. 
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Benzene molecules located between "hexameta- 

xylylenetetramine" molecules are omitted 

in the stereoscopic drawing in Fig. 2. 
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