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General Introduction 

Sugars play multiple roles in all forms of life. First, they serve as the stocks and sources of 

energy. Starch in plants and glycogen in animals are polysaccharides that can be rapidly mobilized to 

yield glucose, a prime source for energy generation. Secondly, polysaccharides are structural 

elements in the cell walls of bacteria and plants, and in the exoskeletons of arthropods. In fact, 

cellulose, the main constituent of plant cell wails, is the most abundant organic compound in the 

bio ph ere. Thirdly , ribose and deoxyribose form part of the structural framework of DNA and RNA. 

The conformational flexibility of these sugar rings is important in the storage and expression of 

genetic information. 

Recently , it has been revealed that sugars on the ceil surfaces play important roles in 

intercellular recognition and adhesion. Elucidation of the mechanism of these interaction and their 

application to new recognition devices have become active research areas. 

Furthermore, from the industrial point of view, much attention has been paid to sugars-in most 

cases polysaccharides-as highly biodegradable and renewable materials. Indeed, they have been 

widely utilized in food, cosmetic , and drugs. 

Polyols other than sugar , uch as pentaerythritol [tetrakis(hydroxymethyl)methane] and 

trimethylolethane [1 , 1, 1-tris(hydroxymethyl)ethane], are also industrially important compounds as 

ources for lubricating oil and coating material . Recently , orne new functional compounds such as 

dendrimers 1 and tripodal ligands 2 have been developed by using the multifunctionality and three-

dimen ional framework of the polyol . 

Under these background , the objects of the pre ent studies are to prepare new amphiphilic 

compounds derived from the polyols including sugars and to clarify their properties and functions . 

Chapter 1 describes the preparation, surface-active properties, and acid-decomposition 

properties of novel surfactants derived from glucono-1,5- lactone and N-acetyl-D-glucosamine. The 

preparation of novel amphiphilic compounds derived from L-ascorbic acid (Vitamin C) is also 



described. 

In chapter 2, surfactants bearing sugar-amide head groups were prepared. In addition to their 

surface-active properties , enantioselective hydrolysis of an amino acid ester in the presence of their 

micelles was investigated. 

Chapter 3 deals with the facile synthesis of polyglycidyl ethers from polyols and 

epichlorohydrin, and the preparation and the unique interfacial properties of a novel triple-chain 

surfactant bearing three anionic head groups , which was derived from 1, 1, 1-

tris(glycidyloxymethyl)ethane obtained by the above synthetic method. 

In chapter 4, selective transport of saccharides through a bulk liquid membrane u ing reversed 

micelle carriers which were formed by a variety of amphiphilic compound including gluconamide­

type surfactants was investigated. Additionally, the mechani m of elective transport by thi y tern 

was discussed. 

Chapter 5 describes the preparation of novel amphiphilic cycloinulohexaose , their urface­

active properties, and their complexing abilities toward alkali metal or alkaline earth metal cation m 

water. 
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Chapter 1. Preparation and Properties of Novel Amphiphilic 
Compounds Derived from Sugars and Related Compounds 

1-1. New Cleavable Surfactants Derived from Glucono-1,5-lactone 

1-1-1. Introduction 

Sugar-derived amphipathic compounds such as sucrose fatty acid esters 1• 
2 and alkyl glycosides 

3
.
8 have been widely utilized in food, cosmetics , drugs, and the biochemical field. Recently, they have 

attracted attention again because of some of their advantages over other amphiphiles as follows: They 

are prepared from naturally occurring resources and have excellent surface-active properties . 

Furthermore, they are safe for human use and assumed to be ecologically useful. 

The author has tried to develop a new sugar-derived amphiphile which has a new function in 

addition to the above-mentioned propertie and is easily available. Recently the author found that new 

amphipathic carboxylates could be easily prepared by acetalization of glucono-1, 5-lactone, which is 

an oxidation product of glucose, with a long-chain alkyl aldehyde or ketone, followed by hydrolysis 

under alkaline condition . 9 The e compounds are stable and show surface-active properties under 

neutral or alkaline conditions; whereas , under acidic conditions they decompose into non-surface 

active pecies becau e their hydrophobic and hydrophilic groups are linked through an acid-sensitive 

acetal bond. Thu they can be utilized as a new cleavable surfactant. 1 0' 17 

In this ection, the author ynthe ized new arnido nonionic surfactants posses ing acid-

decompo ition propertie by acetalization of glucono-1, 5-lactone with a long-chain carbonyl 

compound, followed by arnidation with an appropriate amine. These surfactants are expected to be 

afer for human use than the corresponding carboxylates and are potentially useful in the biochemical 

field. During recent years, many arnido nonionic amphiphiles derived from sugars have been 

reported, 18
•
24 however, no compounds among them have acid-decomposable properties. Here the 

author reports a synthetic method for the arnido nonionic cleavable surfactants , their urface-active 

properties, and their acid-decomposition properties. The desired compounds 2a-h and sodium 4,6-0-

oetylidenegluconate 3a as a reference compound were synthesized according to Scheme 1-1. 
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At pH 1 there was little difference in decomposition proflles between 2a and 3a. On the other 

hand, at pH 3 (initial proton concentration), the nonionic compound decomposed more rapidly than 

the corresponding carboxylate compound. The pH value in the 3a solution changed from 3 to ca. 4.3 

after 1 h, while that value in 2a solution changed little. When the solution was maintained at pH 3 by 

using Clark-Lubs buffer solution (HCl- potassium hydrogen phthalate), the decompo ition rate of the 

carboxylate compound increased up to the same level as that of the nonionic compound. The e re ult 

indicate that, in the case of hydrolysis of the carboxylate compound, the protonation onto the 

carboxylate anion on the micellar surface occurs before the protonation at the acetal oxygen atoms, 

and the decomposition rate of the carboxylate compound is greatly influenced by the proton 

concentration in the solution. These compounds 2a-h and 3a are stable at ambient temperature in a 

desiccator at least for three months. 
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Table 1-5. Yields and Analytical Data of Compounds 4a-d, 5 c and 6a-c u,b .c 

Yield Melting point 'H-NMR (CDC13) 

Compound (%) (0 C) 8 

4a 79 

4b 88 

4c 89 

4d 83 300d 

5c 100 166-168 

6a 76 106-107 

6b 78 106-108 

6c 82 110-112 

0.87(t, 3H), 1.27-1.39(m, lOH), l.62-1.65(m, 2H), 2.90-3 .75 

(br, llH), 4.08(m, lH), 4.57(t, !H), 4.79(d, lH) 

0.88(t, 3H) , l.26-1.39(m,14H), 1.62-1.68(m, 2H), 3.30-3.92 

(br, 7H), 4.07(m, lH) , 4.10(m, lH), 4.32(br, 2H) , 4.56(t, 1 H), 

4.72(d, lH) 

0.88(t, 3H), 1.26-1.39(m, 18H), 1.6l-1.68(m, 2H) , 2.90-3 .77 

(br, 11H), 4. lO(m, lH) , 4.57(t, lH) , 4.72(d, lH) 

0.88(t, 3H), 1.26-1.39(m, 18H), 1.61-1.68(m, 2H), 3.20-3 .55 

(br, 7H), 3.71(m, 1H), 4.11(m, 1H), 4.29(br. 2H), 4.39(d, 1H) 

4.55(t, lH) 

0.88(t, 3H), 1.26-1 .40(m, 18H) 1.63-1.66(m, 2H), 3.47(s, 3H), 

3.59(dd, 1H), 3.62(dd, 1H), 3.64(s, 9H), 3.68(dd, lH) , 3.80(br, 

OH), 4.ll(dd, lH) , 4.33(dd, lH), 4.43-4.44(m, 1 H), 4.61 (t, lH), 

5.3l(d, lH) 

0.87(t, 3H), 1.20-1.41 (m, 13H), 1.60-1.62(m, 2H), 1.98(s, 3H) , 

3.30(s, 3H), 3.46-3.70(m, 5H), 3.92-4.20(m, 2H), 4.52(t, 1H) 

4.79(d, 1H) 

0.88(t, 3H), 1.20-1.42(m, 17H), 1.63-1.68(m, 2H), 2.05(s, 3H), 

3.30-3.86(m, 8H), 4.08-4.30(m, 2H) , 4.57(t, lH) , 4.66(d, lH) 

0.88(t, 3H), 1.20-1.42(m, 21H), 1.52-1.62(m, 2H) , 1.98( , 3H) , 

3.30-3.77(m, 8H), 3.94-4.13(m, 2H), 4.52(t, 1H), 4.88(d, 1H) 

aiR spectra; 4a-d: 3600-3000,2900, 1600, 1100 em·'. 6a-d: 3300,2900, 1700, 1650, 1540, llOOcm·'. 
1'FAB mass spectra; m/z(rel. intens.): 4a : 384[(M+l)", 30], 329[15], 176[70], 63[40]. 4b: 434[(M+Na)+, 69], 

412[(M+l)+, 13], 154[93] . 4c: 440[(M+1f, 42], 370[24], 329(24], 176[83], 154[93], 136[71]. 4d : 462[(M+Na) ·, 

62], 440[(M+1)·, 42], 176[83], 154[93]. 5c: 402[(M-I)', 100]; 6a: 462((M+Naf, 100], 440[(M+1f, 10]. 149[41]. 

6b: 490[(M+Na}", 100], 468[(M+1f, 10]. 6c: 518[(M+Naf, 100], 496[(M+lf, 18] . 

cAnal.; 5 c: Calcd for C22H44N051: C, 49.90; H, 8.38; N, 2.65; I, 23.97. Found: C, 49.65; H, 8.35; N, 2.61: I, 

23.90. Compounds 4a-d and 6a-c were too hygroscopic to give their satisfactory results for elemental analy is. 

dDecomposition temperature. 

22 

filtrate was concentrated. The crude product was purified by recrystallization from benzene to yield 

the desired compound as a white solid (5.30 g, 100 %). 

Synthesis of sodium methyl 2-acetamide-4,6-0-alkylidene-3-0-[1-(carboxylato) 

ethyl]-2-deoxy-a-D-glucopyranoside (6a-c): Compounds 6a-c were synthesized according to 

a previously reported method. 20 Methyl 2-acetamide-4, 6-0-al.kylidene-2-deoxy-a-D-glucopyranoside 

2a-c (0.01 mol) was added to a suspension of sodium hydride (2.40 g net, 0.1 mol)/dry THF (80 

mL) and the mixture was stirred at 60 CC for 1 h. Next, 2-chloropropionic acid (2. 17 g, 0. 02 mol) was 

dropped into this suspension, and the mixture was stirred at 60 CC for 24 h. After deactivation of the 

unreacted sodium hydride by addition of methanol, the solvent was evaporated in vacuo. The 

resulting solids were dispersed in methylene chloride and the precipitate was filtered off through a 

Celite 545 short column. The filtrate was concentrated and the crude product was purified by silica gel 

column chromatography with a methanol:chloroform (2:98, vol/vol) eluent. 

The yields and analytical data of compounds 4, 5 and 6 are shown in Table 1-5. 

Surface-active properties: The Krafft point (f Kp) was determined by the naked eye with a 1 

wt% (or 0. l wt%) aqueous solution. The surface tension of the surfactant solutions in the presence of 

swamping electrolyte (0.1 M NaCl for 4a-d and 6a-c, or 0.1 M Nal for 5c) was measured at 20 CC 

with a Wilhelmy tensiometer (Shimadzu ST-1; Shimadzu Ltd. , Kyoto, Japan; glass plate). The critical 

micelle concentration (CMC) was determined from the break point of each surface tension vs. 

concentration (on log scale) curve. The ability to lower surface tension (yCMC) is based on the 

surface tension at the CMC. The area per molecule at the liquid-gas interface (A) in nm2 was 

calculated from equations 1 and 221
: 

r = -l/2.303RT (8y/8logC)T [1] 

A= 1021 /Nf [2] 

where R = 8. 3l J mol-1 K '1
, (8y/8logC) is the slope of y versus logC curve below CMC at constant 

temperture, and N =Avogadro's number. The foaming properties were measured by the semi-micro 

TK Method at 20 CC. 22 The surface-active properties of compounds 4a-d and 6a-c were measured at 

23 
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