
CHAPTER V
SYNERGISTIC EFFECTS OF A SPECIFIC METAL TEMPLATE AND 
H-BONDS IN CONTROLLING MACROCYCLIZATION: A SIMPLE, 
SELECTIVE, AND EFFECTIVE CYCLIZATION FROM พ,W-BIS(2- 

HYDROXYBENZYL)ALKYLAMINE DERIVATIVES

Abstract

A macrocyclic compound obtained from a simple, selective, and effective 
reaction between พ, jV-bis(2 -hydroxybenzyl)alkylamine derivatives and 1,3- 
bis(tosyloxy)propane is a good example of a cyclization controlled by synergistic 
effects of a metal template and hydrogen bonds.
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Introduction

As macrocyclization is a random reaction between two. backbone molecules, 
a dilute system is the basic requirement to initiate the reaction between these two 
different molecules [1,2], In general, following reaction, purification such as column 
chromatography, extraction, or recrystallization is needed and this lowers the yield. 
Alignment of the molecules using a metal template is a good approach for selective 
cyclization [1-4], however, in most cases, the yield is limited to about 30-40%. When 
the backbone molecules are in a H-bond network, the non-template macrocyclic 
synthesis via condensation, conjugation, and coupling reactions is also an effective 
pathway [5]. Therefore, it should be ideal if we could design the reaction in which 
both a metal template and H-bonds synergistically function in macrocyclization. 
Herein, we demonstrate a model in which the macrocyclization can be initiated by 
not only the effects of a specific metal template but also a H-bond network. As a 
result, a single step reaction between 7V,V-bis(2-hydroxybenzyl)alkylamine and 1,3- 
bis(tosyloxy)propane to produce a dibenzomonoaza crown ether in high yield
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without multi-step purification suggests the synergistic effects of the metal template 
and the hydrogen bonds in controlling the macrocyclization.

Results and discussion

The simple reaction conditions produce the macrocyclic compounds in high- 
yield without the use of a catalyst and multi-step purifications. jV,/V-Bis(2- 
hydroxybenzyl)alkylamines are good model compounds as they possess both inter- 
and intramolecular hydrogen bonds in a dimeric system as clarified in our previous 
work (Figure 5.1) [6 ]. Considering the reaction between Ar,A^-bis(2-hydroxybenzyl) 
alkylamines and l,3-bis(tosyloxy)propane [7], one may recognize the feasible 
possibilities of linear polymerization and macrocyclization, either [1+ 1 ] and/or [2 +2 ], 
as shown in Scheme 5.1.

-V'

Figure 5.1 Crystal structure of /V,Af-bis(2-hydroxy-5-methylbenzyl)methylamine.



44

4c : R = CH3, R' = CH3 
5c : R = C2H5, R' = CH3 
6c : R = CH3, R1 = C3H7

Scheme 5.1 Feasible products of reaction of (V,iV-bis(2-hydroxybenzyl)alkylamines 
and l,3-bis(tosyloxy)propane.

To answer the question about which compound in Scheme 5.1 was obtained, 
the structural characterizations were carried out as follows [8 ], From FTIR, 
compound 1 gave absorptions at 3240 cm' 1 (intermolecular H-bonds), 3200-2600 
cm' 1 (intramolecular H-bonds), 1612 cm' 1 (trisubstituted benzene), 1350 cm' 1 (C-N-C 
stretching), and 1242 cm' 1 (C-N stretching). After reaction with 1,3- 
bis(tosyloxy)propane, a new peak at 1065 cm' 1 due to Ar-0 -CH2 stretching was 
observed while the broad OH peak disappeared implying successful etherification. 
Peak shifts, especially the 1350 to 1327 cm' 1 and 1242 to 1250 cm' 1 shifts, referring 
to the changes in the vibrational modes of C-N-C and C-N stretching were also 
observed. The results implied that the cyclization of 1 might result in 4a, 4b, or 4c 
as detailed in Scheme 5.1. The 'h  NMR spectrum of 4 exhibits the protons at 
positions 2, 3, 5, 7, 8 , and 9 (as indicated in Scheme 5.1) and those of the propyl
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chain (positions 10 and 11). In addition, !H-I3C HMBC indicated a significant 
interaction between Cl and H10. The 'H-'lHi NOES y  spectrum demonstrated the 
strong interaction of H7 with H10 and H ll [9], Taking these results into 
consideration, the most probable mode of cyclization was [1 + 1]. The matrix-assisted 
laser desorption ionization time-of-flight mass spectrometer (MALDI-TOF MS) 
revealed a single peak at m/z = 312.6 which corresponds to the [1+1] adduct 4b. 
Further analysis was performed by recrystallizing the compound from methanol and 
colorless cubic crystals were obtained. Single crystal analysis using a Rigaku 
RAXIS-RAPID imaging plate with TEXSAN software was carried out. The 
orthorhombic space group Puma with the R1 value of 4.7% clearly indicated that the 
product from the reaction of 1 with l,3-bis(tosyloxy)propane was 4b with a [1+1] 
symmetrical structure [10], Figure 5.2 shows an ORTEP view representing the 12- 
membered macrocycle 4b. As there might be the possibility of mixtures of [1 + 1] and 
[2+2] macrocycles, we, repeated the single crystal X-ray analysis using various 
crystals and found that all of the crystals had the structure of 4b without any by
products (4a and 4c).

Figure 5.2 ORTEP view of 4b.

Acetonitrile was the solvent of choice leading to the formation of 4b in good 
yield compared to other solvents such as methanol, dioxane, toluene, etc. This 
implies that acetonitrile might maintain the H-bonded dimeric system as in the 
crystal state to favor selective macrocyclization. It is possible that 1 forms a Id- 
bonded monomeric system in acetonitrile and this also favors the same 
macrocyclization. Apart from the role of the H-bond, the use of KOH as base was 
also important. We found that the reaction with other bases such as NaOH, and 
triethylamine hardly gave any of product 4 (either 4a, 4b, or 4c). This suggested that 
only K+ functions as a specific metal template.
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From the above, the mechanism for the macrocyclization can be explained 
as follows; (i) weakening of the intermolecular hydrogen bond of the dimeric system 
of 1 by K+ resulting in a phenoxide ion at a single phenol group (the other phenol 
group maintains its intramolecular hydrogen bond with the aza-methylene unit in 
acetonitrile), (ii) nucleophilic substitution of a single tosyl group from the ditosylated 
compound at the phenoxide position, and (iii) nucleophilic addition between the 
terminal tosylated group and the other phenol group resulting in controlled 
macrocyclization. In the case of 2,2’-dihydroxydiphenylamine with no H-bond 
network, the nucleophilic addition of the ditosylated compound might occur 
randomly on the two phenoxide groups and lead to various by-products and a low 
yield.

A series of A,jV-bis(2-hydroxybenzyl)alkylamine derivatives, i.ç., N,N- 
bis(2-hydroxy-5-ethylbenzyl)methylamine, 2, and A,A-bis(2-hydroxy-5- 
methylbenzyl)propylamine, 3, were reacted under similar conditions to give 
compounds 5b [11] and 6 b [12] in yields above 75% without any complicated 
purification. It should be noted that the remaining 25% might be the remaining 
dimeric species. For example, in the case of 1, the crude product showed two spots 
on the TLC with Rf = 0.24 and 0.08 (5% CH3OH in CHCI3), referring to 1 and 4b.

By comparing our results to those reported by Agai et al. [13] and Owston 
and coworkers [14], we were able to confirm that our mechanism proceeds under 
synergistic effects involving a metal template and H-bond. network. Agai et al. 
reported that the cyclization between 2 ,2 ’-dihydroxydipheny lamine and
dichlorooxaalkane derivatives was achieved via a multi-step reaction using an 
alkylating agent, K2CO3 and KI to yield 7-40% of the desired products after column 
chromatography. They proposed a coordinate intermediate between K+ and the 
bisphenol backbone molecules in forming the monoaza-12-crown-4. Owston et al. 
showed that the ‘N4’ macrocyclic imine compounds were obtained from 
condensation involving the favorable intramolecular hydrogen bond between a 
dialdehyde and diamine derivatives. Taking all the above into consideration, the fact 
that, (i) 1-3 possess dimeric H-bond network structures and, (ii) the cyclization 
between 1-3 and a bistosyloxyalkane derivative selectively gives a [1+1] macrocycle 
with >75% yield without by-product formation only when we used KOH, leads us to
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conclude that the reaction proceeds under the synergistic effects of H-bonds and a 
metal template. The question might arise whether 1-3 in solution are in hydrogen- 
bond networks. The fact that the ESI-MS of, for example, 2 showed a spectrum with 
peaks (M+H) at m/z ~ 300, 600, and 899 referring to an assembly structure of two 
and three molecules, leads U S  to suspect that 1-3 are not only in monomeric form but 
also in an assembly network of hydrogen bonds in solution [15]. This supports our 
speculation as mentioned in (i) above. To confirm the potassium-specific effects, 
reactions using other hydroxide bases are in progress.

We conclude that we can obtain a single type of macrocycle in high yield 
when only the backbone macromolecule is favored by a H-bond network whereas the 
metal ion is involved specifically in coordination or initiates charge formation on the 
molecules to induce the macrocyclization. These synergistic effects allow U S  to 
prepare simple macrocyclic compounds. The proposed mechanism, either from 
monomers or dimers of 1-3 to obtain [1 + 1] macrocycle is shown in Figure 5.3.

Figure 5.3 Proposed mechanism of the formation of 4b.
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