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Graphical Abstract

Abstract
Ar,A-Bis(2-hydroxy-3,5-dimethylbenzyl)methylamine shows a dimeric 

molecular assembly to accept copper ions and neutral molecule guests, i.e., water, 
methanol, and ethanol. The present work declares a representative supramolecular 
structure of which the host-guest interactions are based on the simultaneous 
coordination and hydrogen bonds.
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Supramolecular chemistry has received much attention due to its specific 
properties for various practical materials such as sensors, 1 ultrapurification 
membranes, 2 toxic exclusion resins, 3 etc. It is known that host molecules can either 
be macrocyclic compounds or self assembly-structured molecules.4 There, the host- 
guest interactions are satisfied by non-covalent bonds, for example, ionic 
interaction, 5 polar-polar interaction,6 stacking conformation, 7 and hydrogen bonding. 8 

In general, the specific structure of host and its consequent host-guest interaction 
induce a particular non-covalent bond as seen in the cases of ionic bond in crown 
ether-alkali metal9 and hydrophobic interaction in cyclodextrin-benzenesulfonate. 10 

It is important to note that there are some reports about the interaction of host with 
more than a single species of guest. For example, A(./V'-bis(phosphonomethyl)-l,10- 
diaza-18-crown-6 formed the complex with cadmium and entrap water as a neutral 
guest, 11 however, the water is explained as a stabilizing species. 12 Here, we consider 
that jV,jV-bis(2-hydroxy-3,5-dimethylbenzyl)methylamine, 1, (Scheme 1) is a good 
example to study the simultaneous inclusion of guest species in a host due to its 
unique structure which the interactions of coordination via the lone pair electrons and 
the hydrogen bond based on phenyl group are available in the system.

Scheme 1
OH

R"

1 : R = CH3, R' = CH3, R" = CH3 
1a : R = c ,แไ, R' = CH3, R" = H

A(jV-Bis(2-hydroxy-3,5-dimethylbenzyl)methylamine (1) was prepared as 
reported elsewhere. 13 The green crystal (Type I) was obtained by dropping the 
methanolic solution of copper acetate monohydrate (1 M) into that of A?,Ar-bis(2- 
hydroxy-3,5-dimethylbenzyl)methylamine. The single crystal obtained was cooled 
below 0 °c for a day to obtain Type II. Similar procedures were done in ethanolic
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solution to achieve Type III. The X-ray diffraction system used was Rigaku RAXIS- 
RAPID imaging plate with a software TEXSAN. 14 The results are summarized in 
Table 1.

Table 1 Crystal data of Types I-III
Type I Type II Type III

Empirical formula C20H27CuNO35 C19FE6CuNC>3 5 C4oH54Cu2N 2 c>6
Formula weight 400.98 387.96 785.97
Crystal system monoclinic monoclinic triclinic
Space group C2/c (no. 15) C2/c (no. 15) p \  (no.2 )
a! A 19.495(2) 18.972(1) 11.9528(2)
b/A 14.145(2) 14.075(1) 12.9382(5)
c/A 16.379(3) 15.806(1) 13.8307(8)
a/° 90 90 79.439(1)
p /° 115.483(5) 114.051(2) 75.505(2)
r 90 90 67.517(3)
V/Â3 4077.0(9) 3854.2(5) 1904.2(1)
z, calculated density 8 , 1.306 8 , 1.337 2, 1.371
R\, wR i 0.0540,0.1617 0.0508,0.1289 0.0591,0.1511
GOF 0.841 1.074 1.258
/ j /mm" 1 1.09 1.15 1.371
No. of total, unique 
reflections measured
(R,ท,)

22905,3715 14047, 3478 13638,6803

CCDC 261408 258999 261409
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T h e s in g le  crysta l T y p e  I sh o w s  a b o w l- lik e  structure c o n s is t in g  o f  the tw o  
m o le c u le s  o f  1 w ith  tw o  co p p er  io n s b y d o u b le  o x y g e n  b r id g es  (F ig u re  1). M o reo v er ,  
there are tw o  m e th a n o ls  and a w ater  e x is te d  in  b e tw e e n  the d im er ic  1-C u. 
C o n sid e r in g  the b o n d  a n g le s  and d is ta n c e s , w e  su sp e c t  that h y d ro g en  b o n d s are 

form ed  b e tw e e n  0 1  ■ ••03 and 0 3 - 0 4 .

T y p e I

T y p e II

Figure 1. C rysta l stru ctu res o f  T y p e s  I and II.

In th e  c a se  o f  T y p e  II, the structure o f  the d im e r ic  1-C u  c o m p le x  is fou n d  to  
b e s im ila r  to  that o f  T y p e  I, h o w e v e r , tw o  m eth a n o l m o le c u le s  are su b stitu ted  by  
w ater as sh o w n  in F ig u re  1. A lth o u g h  the sp a ce  gro u p s o f  T y p e s  I and II are the  
sa m e, it is  im p o rtan t to n o te  that a ll d im e n s io n s  o f  T y p e  II (a, b, c) are lo w er  than  
th o se  o f  T y p e  I. T h is  r e f le c ts  the sh rin k ag e  o f  crysta l structure w h e n  the w ater  
m o le c u le s  rep la ced  m eth a n o l after c o o lin g . It is  a su rp rise  to s e e  the s im p le  c o o lin g
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in itia ted  th e d iffe r e n t g u e s t  in c lu s io n , h o w e v e r , the p roced u re  w a s  rep eated  to find  
the s im ila r  cry sta l in fo rm a tio n  w ith  the R 1 as lo w  as 0 .0 5 0 8  (T a b le  1) su g g e s tin g  the  
h ig h  re lia b ility  data. In o th er w o rd s , 1 req u ires so m e  neutral m o le c u le s , e ith er  w ater  
or m eth a n o l m o le c u le s , v ia  the h y d ro g en  b on d  n etw o rk  to  s ta b iliz e  the h o st-m eta l  
m o lecu la r  a s s e m b ly  sy stem .

A n  a ttem p t to  fo c u s  o n  the e f fe c t  o f  so lv e n t  m o le c u le s  w a s  carried  out. T h e  
so lv e n t  u sed  in r e cry sta lliza tio n  w a s  ch a n g ed  from  m eth a n o l to  e th a n o l to ob ta in  
T y p e  III. T h e  crysta l sy stem  w a s  c la r ified  to b e  tr ic lin ic  p \  w ith  a d o u b le  o x y g e n -  
b rid ged  structure. It is  im p ortan t to n o te  that T y p e  III in c lu d e s  an e th a n o l and a w ater  
in the sy s te m  w h erea s  th e  w ater  is h yd ro gen  b on d ed  w ith  tw o  o f  th e  d im er ic  1 -C u  as 
sh o w n  in  F ig u re  2 . H ere , the w ater  m o le c u le  fu n c tio n s  as a lin k a g e  b e tw e e n  tw o  1- 
C u c o m p le x e s  r e su ltin g  in  the h o s t-g u e s t  sy stem  o f  fou r m o le c u le s  o f  1 co o rd in a ted  
by fou r co p p e r s  and  b ou n d  w ith  a w ater  m o le c u le  and  tw o  e th a n o l m o le c u le s .

T a k in g  all T y p e s  o f  I-III in to  our c o n s id e r a tio n , w e  w o u ld  lik e  to p rop o se  
that 1 is a g o o d  e x a m p le  for the c a se  that the h o st m o le c u le  o ffe r s  th e  h y d ro gen -b o n d  
n etw ork . In o th er  w o r d s , th is  h o s t-g u e s t  sy s te m  is c o n tr o lle d  b y  the h yd ro gen  
b o n d in g  w ith  sm a ll m o le c u le s  to  resu lt v a r io u s  ty p e s  o f  h ig h ly  s ta b iliz e d  p a ck in g  
crysta l stru ctu res.

In p r e v io u s  w o rk , M a la th y  S o n y  et al. rep orted  the s im ila r  d er iv a tiv e  
(b is [(3 ,5 -d im e th y l,2 -h y d r o x y )-2 '-h y d r o x y -5 '-m e th y l]b e n z y l e th y la m in e , la) form ed  a 
co p p er  c o m p le x  w ith  w a ter  and m e th a n o l .15 A lth o u g h  th e e x is te n c e  o f  th o se  sm all 
m o le c u le s  w a s  su sp e c te d  to be b ased  o n  C H —o  and C H -■ ■ ท in tera c tio n s , the resu lt 
su p p orted  the u n iq u e s im u lta n e o u s  in teraction s in  the su p ra m o lecu la r  structure o f  1 . 
It is im p ortan t to n o te  that the d iffe r e n c e  in the structure o f  1 and la is  that 1 sh o w s  a 
sy m m etr ica l stru ctu re o f  tw o  p h e n o lic  grou p s b in d in g  w ith  m e th y le n e -a z a -m e th y le n e  
unit to  p r o v id e  the sp a c e  for the neutral m o le c u le s . T h is  sy m m etr ica l structure and  
the a v a ila b ility  o f  h y d ro g en  b on d  in c lu d in g  the lo n e  pair e le c tr o n  sy ste m  m ig h t be  
k ey  factors to  a l lo w  s im u lta n e o u s  co o rd in a ted  and h y d ro g en  b o n d ed  m o lecu la r  
a ssem b ly .
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Figure 2 . C rysta l structure o f  T yp e III. (H y d ro g en  a to m s are o m itted  for c larity .)

T h is  w o rk  w a s  f in a n c ia lly  su p p orted  b y the R o y a l G o ld e n  Ju b ilee  P h .D . 
P rogram  (P h .D . G rant N o . P H D /0 1 8 9 /2 5 4 4 )  from  T h e  T h a ila n d  R esea rch  F und. T he  
authors than k  P rof. K oh ji T ash iro  (T o y o ta  T e c h n o lo g ic a l In stitu te , Japan) for the  
d isc u ss io n  in  s in g le  crysta l a n a ly s is .
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