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Abstract

This thesis deals with the synthesis and characterization of novel polyhydroxyl
surfactants. The first part describes the synthesis of a number of stereoisomers of
a polyhydroxyl surfactant, and the second part concerns surface chemical
characterization.

A stereodivergent route for preparation of the hydrophilic head group was
developed, featuring consecutive stereoselective dihydroxylations of a diene.
This afforded in total four different polyhydroxyl head groups. These surfactant
head groups were natural and unnatural sugar analogues, and were used for the
coupling with two different hydrophobic tail groups.

Three of these surfactants were used to investigate the chiral discrimination in
Langmuir monolayers at an air-water interface. The isotherms showed a
remarkable difference in compressibility between surfactants of diastereomeric
relationship and also a pronounced chiral discrimination between racemic and
enantiomerically pure surfactants favoring heterochiral discrimination.
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1 Introduction

1.1 General Introduction

Surfactants are a class of compounds featuring both a hydrophilic part and a
hydrophobic part within the same molecule. The hydrophilic part is often
referred to as the head group and the hydrophobic part as the tail group (Figure
1).

Figure 1. A schematic representation of a surfactant molecule.

The amphiphilic1 character of surfactants enable the molecules to adsorb to
interfaces between hydrophilic and hydrophobic media, where both parts of the
molecule can be solvated independently. Adsorption is spontaneous and the
driving force is the lowering of the interfacial energy.2

When a surfactant is dissolved in water the monomers spontaneous aggregate
into superstructures (e.g. micelles) at a certain concentration, the critical micelle
concentration (CMC). The head groups are readily solvated by surrounding
water molecules but the tail groups are poorly solvated due to their
hydrophobicity. Therefore the water molecules organize to encapsulate the tail
groups in a cavity-like structure (Figure 2a). This arrangement increases the total
number of hydrogen bonds, which lowers the enthalpy of the system. On the
other hand, this has a large negative effect on the entropy of the system.
Formation of superstructures (e.g. micelles) allow the hydrophilic head groups to
shield the hydrophobic tails from the water molecules; the tail groups leave the
aqueous milieu (Figure 2b). The release of the water molecules thus increases the
entropy drastically, which is the driving force for micelle formation in solution.
This entropically driven process is known as the hydrophobic effect.

Head
group Tail group

__________________________________

(1) "Amphiphilc" comes from Greek meaning "ambivalent of what to like". Compare

with "hydrophilic" that means, "to like water", and "lipophilic" that means, "to like

lipids".

(2) Hunter, R. J. Introduction to Modern Colloid Science; Oxford University Press:
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Figure 2. (a) Encapsulation of a surfactant monomer. (b) Arrangement of surfactants in a micelle.

In the discussion above a spherical micelle is used as an example. However,
surfactant behavior is much more complicated. Depending on surfactant
structure, concentration, temperature and ionic strength aggregation can result in
different structures (Figure 3).3 The four examples shown are just a few out of
several, but serve as an example.

Figure 3. Different aggregation structures.
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__________________________________

(3) Jönsson, B.; Lindman, B.; Holmberg, K.; Kronberg, B. Surfactants and Polymers in

Aqueous Solution; John Wiley & Sons Ltd.: Chichester, 1998.
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1.2 Surfactants in Industry

The characteristics discussed in the previous section give surfactants a
significant value for industry and society. To give a complete account of all uses
of surfactants in industry would be an impossible task, since surfactants are used
in several industrial applications. The following examples serve as an
illustration:

The pharmaceutical industry makes use of surfactants as solubilizers in
formulations for tablets and solutions.4 In food industry surfactants are needed to
give taste and texture to what we eat, and in paper and paint industry surfactants
are added to the pulp/paint to make stable colloid dispersions. And of course, we
cannot forget the use of surfactants as detergents.2,5 All these different
applications have special demands on the surfactants employed. For this reason
there is a need to design new surfactants that are optimal for different purposes.

Surfactants can be tuned for special uses, and the combination and structure of
head and tail groups influence physicochemical properties such as solubility,
CMC, foaming properties and phase behavior.

The need for better, cheaper and more environmentally friendly surfactants
not only requires extensive studies of their properties, but also demands new
derivatives to be produced through organic synthesis.

1.2.1 Use of Sugar Based Surfactants

With the increased awareness of environmental issues the chemical industry and
the society must limit their use of non-renewable materials. In this sense the
study of sugar based surfactants (surfactants having a sugar based head group)
has become a field of growing interest. Sugars are cheap renewable starting
materials and are available in different forms (monomers, oligomers and
polymers). Furthermore, they are readily biodegradable, forming non-toxic
degradation products.6,7 These surfactants have already found wide application in
industry. For example, alkyl polyglucosides are used in personal care products
since they exhibit favourable dermatological properties,8 while other sugar
surfactants are used in technical applications such as in separation of water-
soluble organics from aqueous streams.9

__________________________________

(4) Lawrence, M. J. Chem. Soc. Rev. 1994, 23, 417-424.

(5) Hellsten, M. Tenside Detergents 1986, 23, 337-341.

(6) Bevinakatti, H. S.; Mishra, B. K. Annual Surfactants Review 1999, 2, 1-50.

(7) von Rybinski, W.; Hill, K. Angew. Chem. Int. Ed. 1998, 37, 1328-1345.

(8) Holmberg, K. Curr. Opin. Colloid Interface Sci. 2001, 6, 148-159.

(9) Stubenrauch, C. Curr. Opin. Colloid Interface Sci. 2001, 6, 160-170.



4

1.2.2 Surfactants for Drug Delivery

The active components of many medicines are poorly water-soluble.4

Nevertheless, administration of a drug intravenously to the blood stream of a
patient must be in form of a water solution. To increase the solubility of the
active component in water, the addition of a surfactant is necessary. While
administered to a living organism this requires special qualities of the surfactant
in question. An important property is a high solubilizing capacity, as this will
minimize the amount of surfactant needed in parenteral formulations. On the
other hand, a surfactant with a high solubilizing capacity often has the drawback
of causing haemolysis,10,11 thus leading to cell death and a life-threatening
situation for the organism. In these applications non-ionic surfactants, such as
phospholipids and polyoxyethylene based surfactants are generally used. Yet,
existing surfactants, though not haemolytic, cause a range of responses, among
some of which are severe.12 Consequently there is a need for new surfactants
with low toxicity and haemolytic activity.

Sugar surfactants are interesting candidates for applications within this field
for the reasons accounted for in the previous section (1.2.1). To date all sugar
surfactants investigated cause more severe haemolysis than traditionally used
surfactants,13 giving room for improvements. Still, studies have revealed that
surfactants bearing open chain sugar head groups cause less haemolysis than
those having ring closed sugar head groups. Furthermore, surfactants with a
larger head group (an oligosaccharide) are often less haemolytic than surfactants
with a smaller head group (a monosaccharide).13

1.3 Aim of the Project

As stressed in the previous sections, two areas are primarily in focus. First of all,
there is an interest in sugar-like surfactants, and next, the pharmaceutical
industry is interested in finding new non-haemolytic surfactants. As a result we
wanted to design, prepare and evaluate new polyol surfactants for drug delivery.
Keeping in mind that the sugar head group should be as large as possible, it was
decided that two head groups should be attached to a single tail group, giving the
generic structure shown in Figure 4.

__________________________________

(10) lysis of red blood cells

(11) Kondo, T. Adv. Colloid Interface Sci 1976, 6, 139-172.

(12) Singla, A. K.; Garg, A.; Aggarwal, D. Int. J. Pharm. 2002, 235, 179-192.

(13) Söderlind, E.; Wollbratt, M.; von Corswant, C. Int. J. Pharm. 2003, 252, 61-71.
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Figure 4. Target surfactant. The stereochemistry is not outlined.

Moreover, as sugars are also chiral compounds, we wanted to extend the study
to a third area; we wanted to investigate what influence the stereochemistry of
the synthesized surfactants would have on their physicochemical properties.

In Chapter 2 the synthesis of different stereoisomers of the polyhydroxyl
surfactants is discussed, and in Chapter 3 the results of our investigations on
stereochemical influence on physicochemical properties are discussed. Results
from haemolysis studies are not given for reasons presented in Section 3.1.
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2 Synthesis of Polyhydroxyl Surfactants

2.1 Synthetic Strategy

Figure 5 presents the proposed retrosynthetic pathway for the preparation of the
desired surfactant A. Target molecule A (one possible stereoisomer) consists of
the polar head groups B and the hydrophobic tail group C . Since it is of our
interest to prepare head groups with different stereochemistry one convenient
way to accomplish this is to emphasize consecutive stereoselective
dihydroxylations of a diene. Sharpless asymmetric dihydroxylation is a
commonly employed reaction for preparing diols and sequential application of
this methodology on diene D  would give the opportunity to create several
stereoisomers from the same starting material following a divergent route.14 The
hydrophobic tail group C can be made from commercially available dimethyl
malonate and a suitable alkyl bromide. It is important that the tail group and the
head group are balanced, i.e. have a hydrophilic/lipophilic balance,15 in order to
achieve the desired surface chemical qualities. Thus, the ability of independently
combining head group and tail group is of great utility.

                          Figure 5. Retrosynthetic analysis.
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__________________________________

(14) Kolb, H. C.; VanNieuwenhze, M. S.; Sharpless, K. B. Chem. Rev. 1994, 94, 2483-2547.

(15) See ref. 3, p 351-356.
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Earlier work has revealed that the more electron-rich double bond of diene 1
(Scheme 1) can be selectively dihydroxylated,16 why the pathway for the
preparation of the head groups shown in Scheme 1 was selected. By using AD-
mix α or AD-mix β  in consecutive dihydroxylations,17 diene 1  can be
transformed into four different stereoisomers, 5, ent-5 , 6, and 7 (Compounds 6
and 7 having enantiomeric relationship when the protecting groups P1 and P2 are
removed.).

Scheme 1. Synthetic strategy for the preparation of four stereochemically different head groups.

__________________________________

(16) Becker, H.; Soler, M. A.; Sharpless, K. B. Tetrahedron 1995, 51, 1345-76

(17) Sharpless, K. B.; Amberg, W.; Bennani, Y. L.; Crispino, G. A.; Hartung, J.; Jeong,

K.-S.; Kwong, H.-L.; Morikawa, K.; Wang, Z.-M.; Xu, D.; Zhang, X.-L. J. Org.

Chem. 1992, 57, 2768-2771.
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2.2 Evaluation of Amide Couplings.

The stereoselective dihydroxylations of the diene, and the amide coupling
between the head group and the tail group were identified as the key steps of the
synthetic strategy. Amines 9a and 9b were selected as model substrates for
studying the coupling between hydrophilic and hydrophobic entities (Scheme 2).

Previous investigations of surfactant properties have revealed that N-
alkylgluconamides and N-alkyl glucamides featuring a tertiary amide are more
water-soluble than those comprising a secondary amide.18 Therefore we were
mainly interested in using the secondary amine 9a, but also decided to test the
primary derivative 9b. The hydrophobic building block 8a was prepared to
balance these. The reaction scheme is shown below (Scheme 2).19

                   Scheme 2. Amide coupling using different substrates

The amide formation proved to be more problematic than expected. The initial
attempt to heat the carboxylic ester 8a together with amine 9a (140 °C), as
previously described for similar compounds,20 only resulted in recovered starting
material. Similarly, heating in methanol with sodium methoxide was not
successful either.21 It has been reported that Lewis acids such as MgCl2, MgBr2

and AlCl3 can be used to facilitate this kind of amide couplings,22-24 but our
attempts to use these Lewis acids for the coupling of 8a with 9a met with no
success.
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__________________________________

(18) Söderman, O.; Johansson, I. Curr. Opin. Colloid Interface Sci. 2000, 4, 391-401.

(19) Synthetic details for the preparation of 8a, 9a and 9b are given in Appendix B.

(20) Pitt, A. R.; Newington, I. M. In PCT Int. Appl.; (Kodak Ltd., UK; Eastman Kodak Co.). Wo,

1992, p 23 pp.

(21) Connor, D. S.; Scheibel, J. J.; Severson, R. G. In PCT Int. Appl.; (Procter and Gamble

Co., USA). Wo, 1992, p 29 pp.

(22) Gless, R. D. J. Synth. Commun. 1986, 16, 633-638.

(23) Lesimple, P.; Bigg, D. C. H. Synthesis 1991, 4, 306-308.

(24) Yazawa, H.; Tanaka, K.; Kariyone, K. Tetrahedron Lett. 1974, 46, 3995-3996.
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To conclude whether these problems raised due to amino alcohol 9a, or malonate
8a, malonic ester 8a was treated with methyl benzylamine (9c) under reaction
conditions reported by Pitt et al.20 Some product was obtained after heating
overnight, but yields were far from synthetically applicable.

Since harsh conditions are usually needed when employing methyl esters as
electrophiles for amide or ester couplings we decided to investigate more
reactive carboxylic acid derivative. Amine 9a  was treated with malonyl
dichloride (8c), but this made no striking improvement. Similar result was
obtained in the reaction between 8c and 9c. A possible reason for these results
could be the acidity of the α -hydrogens of the malonates (pKa≈13).25

Consequently, we decided to test this hypothesis by employing two other
carboxylic acid derivatives, dimethyl malonyl dichloride (8d) (no α-hydrogens)
and acetyl chloride. Both these compounds were subjected to amino alcohol 9a
and the reactions were monitored by TLC and 1H NMR spectroscopy. Both these
reactions proved to work better than the previous attempts, but still suffered from
low yields and unidentified byproducts. Since secondary amines can be difficult
to use in amide formation,26,27 it was decided to limit the investigation to primary
amines. Benzylamine (9d) was heated with 8 b, which resulted in high
conversion of the starting material. However, upon heating 9b at 140 °C the
starting material decomposed before complete conversion. By lowering the
reaction temperature to 80 °C and prolonging the reaction time, 50% conversion
could be obtained but upon prolonged heating the remaining amino alcohol
decomposed. As a more activated carboxylic acid derivative proved to work
better in the previous attempts, we tried malonic acid (8e) and dimethyl malonic
acid (8f) together with amino alcohol 9b and selected coupling reagents. When
DMT-MM (4-(4,6-dimethoxy-1,3,5-triazin-2-yl)4-methylmorpholinium chloride)
was used together with 8e and 9b the reaction stopped at 50% conversion.28,29-31

Dimethyl malonic acid (8f), on the other hand, gave full conversion under the
same conditions as judged by TLC, but instead big losses were encountered
during workup and purification in attempts to remove traces from the coupling
reagent. The first successful result was obtained when dimethyl malonyl
dichloride (8d) was used together with 9b. The reaction went smoothly and the
amine was almost quantitatively converted into the corresponding amide, as
determined by 1H NMR spectroscopy.

__________________________________

(25) Smith, M. B.; March, J. March's advanced organic chemistry: reactions, mechanisms, and

structure.; 5th ed.; John Wiley & Sons, Inc.: New York, 2001.

(26) Beckwith, A. L. J. In The Chemistry of Amides; Zabicky, J., Ed.; John Wiley & Sons

Interscience: London, 1970, pp 96-109.

(27) Ratchford, W. P.; Fisher, C. H. J. Org. Chem. 1950, 15, 317-325.

(28) Other reagents tried were: DCC, Lawessons reagent, 2-Chloro-1-methylpyridinium iodide

(29) Klausner, Y. S.; Bodansky, M. Synthesis 1972, 453-463.

(30) Kunishima, M.; Kawachi, C.; Hioki, K.; Terao, K.; Tani, S. Tetrahedron 2001, 57, 1551-1558.

(31) Pedersen, U.; Thorsen, M.; El-Khrisy, E.-E. A. M.; Clausen, K.; Lawesson, S.-O.

Tetrahedron 1982, 38, 3267-3269.
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2.2.1 Conclusion

These studies showed that the desired surfactant depicted in Figure 5 was not
easily synthesized. We were forced to use a primary amine instead of a
secondary one, and we needed to incorporate two alkyl chains in the α-position
of the malonate. The synthesis of the actual building blocks was therefore
adapted to these requirements.

2.3 Preparation of the head Groups

When a suitable protocol for the amide coupling had been developed the focus
was turned towards the synthetic route to the four stereoisomers of the head
group (Scheme 3). The synthesis of alcohol 10 was performed as previously
reported.32 Compound 10 was then converted into ester 11, PMBz being selected
as protecting group since it has proven to interact favourably with the chiral
catalysts employed in the Sharpless dihydroxylation, leading to high
diastereoselectivity. Further, it is not prone to undergo migration to adjacent
hydroxyl moieties.33

By treating compound 11 with AD-mix β17 the anti diol 12 could be accessed
with good diastereoselectivity (syn:anti 1:20) that could be further improved by
flash chromatography (syn:anti 1:97). Syn diol 13 was obtained with an equally
good diastereoselectivity (syn:anti 33:1) when ent-11 was used and subjected to
AD-mix β. The enantiomer, ent-13 could in analogy be made from 11 , by
treatment with AD-mix α.

Only the transformations of the anti isomer 12  into 19  and 23  will be
presented in the subsequent discussion; the remaining syn compounds (13 and
ent-13) can be prepared in similar manner.34

Scheme 3. Second consecutive dihydroxylation. Reaction conditions: (a) PMBzCl, Et3N, DMAP,
CH2Cl2, 24h (89%). (b) AD-mix β, K2OsO4•H2O, tBuOH:H2O 1:1, (91%).

__________________________________

(32) Somfai, P.; Marchand, P.; Torssell, S.; Lindström, U. M. Tetrahedron 2003, 59, 1293-1299.

(33) Corey, E. J.; Guzman-Perez, A.; Noe, M. C. J. Am. Chem. Soc. 1995, 117, 10805-10816.

(34) For analytical data on the syn isomers, see Appendix B.
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The PMBz ester 12 was hydrolyzed using NaOH in H2O/MeOH at 70 °C to give
14 (Scheme 4). In a first attempt to transform alcohol 14 into the corresponding
tosylate (15) a protocol similar to that employed for the model substrate 9a was
employed.35

Scheme 4. Tosylation of triol 12. Reaction conditions: (a) NaOH, H2O, 60 °C, 48 h, (95%). (b) p-
TsCl, Bu2SnO, Et3N, CH2Cl2, (<30%).

The yield of 15 was low due to poor selectivity for the primary hydroxyl
group over the secondary ones. Using other methods did not increase the
selectivity. Therefore an alternative solution was investigated (Scheme 5).

Scheme 5. Reaction conditions: (a) 2-methoxypropene, TsOH, DMF (74%). (b) NaOH, MeOH, 1h,
(99%). (c) TsCl, Et3N, DMAP, CH2Cl2, 12h, (85%). (d) NH4OH, THF, 100 °C, 24h (99%)

Diol 12  was protected as acetonide 16 . At this point tosylation was
accomplished smoothly using tosyl choloride and Et3N/DMAP in CH2Cl2. In the
final transformation from tosylate 18 into the desired amine 19  a similar
procedure was employed as previously developed for 9b.36

The stereoisomer 23 was accessed from 16 following a route presented in
Scheme 6.
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(35, 36) See Appendix B.
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Scheme 6. Preparation of the second anti-isomer. Reaction conditions: (a) H2, Pd(C), MeOH, 30
min, (99%). (b) TsCl, Et3N, DMAP, CH2Cl2, 12 h, (68%). (c) i) NH4OH, THF, 100 °C, 24h. ii) NaOH
(2M), THF, 50-60 °C, 24-48 h (81% over two steps).

When 16 was treated with H2 over palladium the PMB ether was cleaved to
give 20. Tosylation was performed under the same conditions as described above
and yielded 21. Tosylate 21 was then treated with NH4OH, but amino alcohol 23
accompanied the expected compound 22. At this point the most convenient way
to solve the problem was to expose the crude reaction mixture to an aqueous
solution of NaOH to produce 23 as the only product, since the PMBz ester at this
point already had served its use as a protecting group.

2.4 Preparation of the tail Groups

As stated in Chapter 1 the head group and the tail group of a surfactant must be
carefully balanced in order to obtain the desired properties. Furthermore, as
discussed in Section 2.2.1 the α-hydrogen atoms of dimethyl malonate cause
problems in the amide coupling. To balance the double hydrophilic head groups
and to avoid problems in the amide coupling it was decided that two different
hydrophobic tail groups should be prepared, one featuring two C8H17 chains and
one incorporating two C12H25 alkyl chains (Scheme 7, 24a and 24b respectively).
These can then be hydrolyzed to the corresponding malonic acids (25a and 25b),
which can be further transformed to the corresponding acid chlorides prior to the
amide coupling.

            Scheme 7. Preparation of the tail group.

The alkylation of the malonic ester was not straightforward. The reaction was
sluggish and the isolated yields of 24a and 24b did not exceed 50%. In the first
attempts two equiv. of NaH were used together with two equiv. of alkyl bromide
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in refluxing DMF:THF (1:3). This produced a mixture of mono- and dialkylated
products, together with a large amount of polymerized material that was difficult
to separate from the product. A consecutive addition of base and alkyl bromide
turned out to be a better solution to the problem, thus decreasing the amount of
polymerized material, but separation of undesired compounds (unreacted
dimethyl malonate, alkyl bromide, monoalkylated product and polymerization
products) was still difficult.

Reaction conditions often encountered in the literature for transformation of
malonic esters (24a and 24b) into the corresponding carboxylic acids (25a and
25b) comprise heating (reflux) in alcoholic solvents with an excess of KOH or
NaOH.37,38 Milder conditions, such as treatment with LiOH and H2O2 were tried,
but no product was formed. The tough conditions with refluxing methanol
(ethanol gave transesterfication to some extent) and KOH turned out to be
successful, but the reaction time had to be extended to days for all methyl ester
to be completely hydrolyzed. Unfortunately, the amphiphilic character of the
product made extractive workup difficult because acids 25a and 25b formed
emulsions. This problem was however overcome by neutralization of the
reaction mixture by addition of strongly acidic ion exchange resin, allowing for
an easier workup.

__________________________________

(37) Sutton, A. C.; Nantz, M. H.; Hitchcock, S. R. Org. Prep. Proc. Int. 1992, 24, 39-43.

(38) Denmark, S. E.; Nakajima, N.; Nicaise, O. J.-C.; Faucher, A.-M.; Edwards, J. P. J.

Org. Chem. 1995, 60, 4884-4892.
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2.5 Preparation of the Final Surfactants

The transformations to the final surfactants are depicted in Scheme 8. The
carboxylic acids described in the previous section (25a  and 25b) were
transformed into the acid chlorides (26a and 26b) using oxalyl chloride and
DMF.

Scheme 8. Completion of the synthetic sequence. Reaction conditions: (a) (CClO)2, DMF, CH2Cl2 (b)
amine 19, Et3N, DMAP, CH2Cl2 (56-63% over two steps). (c) H2, Pd(C), MeOH, 30 min, (99%). (d)
Dowex-50W, methanol, rfx, 24h (99%).

The fully protected surfactant precursors 27a and 27b were formed almost
instantly when the head group precursor 19 was added to a solution of 26a or
26b together with Et3N and DMAP in CH2Cl2. The highly hydrophobic character
of the products 27a and 27b, especially the C12-comprising compound 27b, made
purification on normal and reversed phase silica gel difficult. Repeated flash
chromatography was needed to obtain a pure product and the yields thereby
dropped significantly. This loss was accepted since it was considered to be more
difficult to purify the deprotected surfactants. (As surfactants are used for the
purpose of solubilizing other compounds.) For the cleavage of the PMB ether in
compounds 27a and 27b to give 28a and 28b respectively, two protocols were
considered, oxidation with DDQ or hydrogenolysis with H2 over palladium. Both
reactions worked equally well, but as the oxidative procedure required flash
chromatography to remove the formed p-anisaldehyde, hydrogenolysis was a
superior method, as no further purification was needed after evaporation of
solvent and p-methyl anisol.

It was of great importance to use a deprotection protocol that left no traces to
be removed by other means than filtration or evaporation in the last steps of the
synthetic sequence. Acetonides are generally cleaved under acidic conditions,
but since aqueous workup of the product has to be avoided, neutralization of the
acid would be problematic. To solve this, ion exchange resin again appeared as a
useful alternative. A strongly acidic cation resin was added to 28a and 28b
dissolved in methanol, but the reaction was slow, requiring heating for several
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days. Nevertheless, the desired products 29a and 29b were obtained as white
powders after filtration and evaporation.

2.6 Conclusions

By employing consecutive stereoselective dihydroxylations of a diene we
developed a protocol for the preparation of up to four different stereoisomers of a
surfactant head group. Through the combination of these with two different tail
groups via an amide linkage we showed how to synthesize eight stereoisomers of
a novel polyol surfactant (Figure 6).

Figure 6. The target surfactants.
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3 Surface Chemical Measurements

3.1 Solubility

The water-solubility of the prepared surfactants (Figure 6) turned out to be low,
and therefore these surfactants were not useful as solubilizers. Consequently
there was no need for haemolysis studies. Nevertheless, we were still interested
in the stereochemical aspects of these surfactants and this will be discussed in the
following sections.

3.2 Stereochemistry

3.2.1 Background

As discussed in the introductive chapter we wanted to study stereochemical
aspects of polyol surfactants. Several studies of monolayers of chiral and
racemic surfactants have been published over the years.39-41 However, only few
have focused on the properties of different stereoisomers of sugar-derived
surfactants.42-44

Possible applications of a chiral surfactant would be as molecules mimicking
biological membranes and the study of chiral surfactants will provide an
opportunity to study molecular recognition under controlled circumstances.39

3.2.2 Project Description

By studying surface pressure isotherms of a monolayer at an air-water interface
using a Langmuir-Blodgett trough, valuable information regarding
intermolecular forces within the same layer can be obtained. These isotherms can
be complemented with Brewster Angle Microscopy (BAM), which is a technique
to visualize monolayers, and Grazing incidence X-ray diffraction (GIXD), which
is an X-ray technique used for surfaces. The surface pressure-area isotherms are
presented and discussed here, but the BAM and the GIXD measurements will be
performed in collaboration with a group in Germany, in the near future.

__________________________________

(39) Arnett, E. M.; Harvey, N. G.; Rose, P. L. Acc. Chem. Res. 1989, 22, 131-138.

(40) Jaeger, D. A.; Subotkowski, W.; Mohebalian, J.; Sayed, Y. M.; Sanyal, B. J.; Heath, J.;

Arnett, E. M. Langmuir 1991, 7, 1935-1943.

(41) Gehlert, U.; Vollhardt, D.; Brezesinski, G.; Möhwald, H. Langmuir 1996, 12, 4892-4896.

(42) Vollhardt, D.; Gutberlet, T.; Emrich, G.; Fuhrhop, J.-H. Langmuir 1995, 11, 2661-2668.

(43) Vollhardt, D.; Emrich, G.; Gutberlet, T.; Fuhrhop, J.-H. Langmuir 1996, 12, 5659-5663.

(44) Tamada, K.; Minamikawa, H.; Hato, M. Langmuir 1996, 12, 1666-1674.
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3.3 Surface pressure measurements

3.3.1 Introduction to surface pressure and Langmuir monolayers

A surface pressure (π)-area (A) isotherm is as the name suggests the surface
pressure of a spread monolayer45 as a function of area per molecule at constant
temperature. Irvin Langmuir first used the technique of measuring π- A
isotherms,46 and despite its relative simplicity it has become a powerful method
for the determination of intermolecular interactions.

Figure 7 shows a simple model of a Langmuir film balance. This consists of a
trough, made out of PTFE, a barrier (of a hydrophilic material to be wetted by
the subphase), and the Wilhelmy plate which is a very rough piece of platinum.
The Wilhelmy plate is the link between the monolayer at the surface and the
microbalance that registers the shift in surface pressure and sends it to a
computer for plotting. The surface pressure (π) is defined as the difference in
surface tension between the pure subphase (γ0) and the surface tension obtained
when a monolayer is present (γ) (eq. 1).

Figure 7. Langmuir film balance

Movement of the barrier

Balance

Wilhelmy plate

Trough

Barrier

Top view

Side view
Water subphase

__________________________________

(45) A layer of one molecule thickness spread at an interface.

(46) Langmuir, I. J. Am. Chem. Soc. 1917, 39, 1848-1906.
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π = γ0-γ   (1)

The surfactant to be investigated is dissolved in a spreading solvent to a
concentration of approximately 1 mM. A small volume (50-200 µL) is carefully
spread onto the aqueous subphase, and after evaporation of the spreading solvent
the monolayer is compressed by the barrier. The surface pressure increases with
decreasing molecular area.

3.3.2 Strategy and experimental methods

To measure surface pressure-area isotherms it is important to have substrates of
very low solubility in the subphase, or otherwise the material will dissolve
during the experiment. In the present case this would make the C12-derived
surfactants 29b and 30b suitable candidates for these measurements while the
C8-comprising surfactants 29a and 30a would probably be too soluble.

Three out of the four possible stereoisomers were chosen, 29b, ent-29b and
30b. These represent one pair of enantiomers, which are expected to behave
identically and therefore will serve as a validation of the method, a 1:1 mixture
of these two gives a racemate (rac-29b) to be compared to the enantiomerically
pure counterparts, and the third isomer chosen, 30b, has a diastereomeric
relationship to 29b and ent-29b (Figure 6).

The purity of the compounds is a central issue because of the high sensitivity
of the method, and to ensure a high purity the prepared surfactants were
recrystallized from mixtures of MeOH and H2O.

Mixtures of MeOH/CHCl3 (5-10 % MeOH) were used as spreading solvents.
The isotherms were recorded at ambient temperature with a compression speed
of 0.5 Å2 molecule-1 min-1.

3.3.3 Results

3.3.3.1 π-A isotherms
There is reason to believe that upon spreading, surfactants 29b and ent-29b were
drawn into the subphase by the methanol used in the spreading solution (10%
MeOH in CHCl3). Surfactant 30b was dissolved in 5% MeOH/CHCl3 which
probably made this problem less pronounced. We decided to set the
area/molecule to 40 Å2 at π=30 mN/m for 29b, ent-29b and rac-29b. For this
reason the molecular areas will not be discussed in terms of absolute values,
instead more focus will be put on the appearance of the isotherms.

In Figure 8 is presented the π-A isotherms recorded for enantiomerically pure
surfactants 29b, ent-29b and 30b, as well as for rac-29b. The two enantiomeric
surfactants 29b and ent-29b give similar isotherms within experimental limits,
which is expected.
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Figure 8. Results of π-A isotherms for 29b, ent-29b, rac-29b and 30b at a compression rate of 0.5 Å2

molecule-1 min-1.

There is a striking difference in compressibility between monolayers of 30b
and 29b, ent-29b and their racemate (rac-29b). While monolayers of compounds
29b and ent-29b feature a distinct liquid expanded-liquid condensed (LE-LC)
phase transition this is completely absent for monolayer of 30b where only the
LE phase occurs.

In the LE-LC phase transition region a small “overshoot” can be seen in the
enantiomeric monolayers of 29b and ent-29b, i.e. the surface pressure decreases
somewhat before it reaches a short plateau region, then it starts to increase again.
For the racemate however, this “overshoot” is considerably larger, with
maximum surface pressure of 23.5 mN/m and a lower of 16.8 mN/m, a variation
of 6.7 units. This has been observed by others and has then been ascribed to a
phenomenon of kinetic origin.44,47 A much slower compression speed of the
monolayer, or a successive addition method should reduce these peaks. This
kinetic phenomenon suggests that the rate-determining step in the phase
transition is the time of nucleation within the monolayer. In Figure 9 the
monolayer of rac-29b was instead compressed to π=18 mN/m where the barrier
was halted and the monolayer allowed to relax at constant surface pressure
overnight, before compressed until collapse.

__________________________________

(47) Berg, J. M.; Eriksson, L. G. T. Langmuir 1994, 10, 1213-1224.
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Figure 9. Phase transition at π=18 mN/m for rac-29b.

The differences in compressibility brought us about to further investigate the
packing and the reversibility of these monolayers, and a series of compression-
expansion measurements were initiated. In Figure 10a a monolayer of ent-29b
has been compressed to π=17 mN/m, then expanded to π=0 mN/m, and finally
compressed again. At surface pressures above 10 mN/m there is a significant
hysteresis between compression and expansion curves, compared to at lower
surface pressures where the expansion curve is in equilibrium with the
compression curve. There is a small but significant difference between the first
and the second compression indicating a loss of monolayer to the subphase. The
racemate was taken through the same procedure and the results of the π- A
isotherms are presented in Figure 10b. There is a considerable hysteresis upon
expansion, as also observed in Figure 10a, but the expansion curve does not
coincide with the compression curve until the surface pressure falls below 2
mN/m. There is also a small loss of the monolayer to the subphase during the
compression-expansion cycle.
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Figure 10. π-A isotherms recorded both for compression and expansion for (a) ent-29b and (b) rac-
29b.

3.3.3.2 Relaxation at Constant Surface Pressure
Subjecting the monolayers to relaxation experiments at constant surface pressure
complemented the presented measurements. Figure 11 shows the relaxation
behaviour at π=10 mN/m for enatiomeric (29b, ent-29b) and racemic (rac-29b)
monolayers. These results confirm what we have just seen in Figure 10. The two
enantiomeric compounds (29b and ent-29b) show a small initial rearrangement
(most easily seen for ent-29b), within 250 min, then a plateau region that
precedes dissolution into the subphase. The racemate however, looses about 25%
of its initial area within 200 min, before a slight dissolution into the subphase
takes place. The relaxation rate increases during the first 60 min, which supports
the observation of slow nucleation growth within the monolayer. These results
are in accordance with the compression-expansion isotherms presented above,
from which it is also evident that there is a hysteresis at surface pressures below
10 mN/m for the racemate, that is not significant for the enantiomerically pure
compounds.
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Figure 11. Relaxation at constant surface pressure (π=10 mN/m) for 29b, ent-29b. and their race-
mate (rac-29b)

Figure 12. Relaxation for monolayers of ent-29b (π=14 mN/m), rac-29b (π=18 mN/m) and 30b
(π=30 mN/m)

A comparison of Figure 11 with Figure 12 illustrates how the surface pressure
influences the relaxation speed and compressibility of the monolayers. The
relaxation curves in Figure 12 were obtained from monolayers of ent-29b, 30b,
and rac-29b, and were compressed to surface pressures just below the phase
transition pressure for each monolayer respectively (π=14 for ent-29b, π=18 for
rac-29b, and π=30 for 30b). The racemate (rac-29b) shows a much higher
relaxation speed and forms a more condensed monolayer at this surface pressure
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compared to at 10 mN/m (Figure 11). The enatiomerically pure surfactant (ent-
29b) also shows a faster initial rearrangement at π=14 mN/m (Figure 12)
compared to at 10 mN/m (Figure 11).

A comparison of the curves from rac-29b and ent-29b in Figure 12 shows that
the racemate (rac-29b) forms a more labile film than ent-29b.

The relaxation curve for 30b is shown in Figure 12. From this curve it is
evident that compound 30b forms a significantly more stable monolayer than the
other compounds (29b, ent-29b, and rac-29b). The higher stability of the
monolayer of 30b is also supported by the absence of phase transition region in
the isotherm of 30b showed in Figure 9. The lower parts of the curves also
suggest a slight loss of monolayer to the subphase. This loss is comparable for all
stereoisomers.

3.3.4 Conclusions and Future Work

With the results from the previous section in hand there are still many questions
unanswered.

The LE-LC phase transition in the monolayer composed of 29b and ent-29b is
absent in the monolayer consisting of 30b. This suggests that intermolecular
forces are more attractive in monolayers composed of 29b and ent-29b than in
monolayers composed of 30b. Such differences have previously been obsereved
by Tamada et al.44

Next, rac-29b  shows a different phase transition region compared to the
enantiomerically pure compounds. This “overshoot” is usually described as an
effect of slow nucleation.44 Other less common explanations occur, such as
interactions through hydrogen bonding.48

Chiral discrimination effects can be divided into homochiral and heterochiral
discrimination. Homochiral discrimination is found where ER-R>ER-S,49 and
heterochiral discrimination corresponds to the reversed state.50 Many groups
have seen chiral discrimination effects in racemic monolayers, but few have been
able to give explanations to the reasons for that. Vollhardt et al. discuss hydrogen
bonding as a likely reason, and compares this to crystallization in three
dimensions.43 Andelman developed a theoretical model for chiral discrimination
for tripodal molecules in two dimensions.50 In this study homochiral
discrimination is predicted when electrostatic interactions predominate in the
layer and heterochiral discrimination when the dominating forces are of van der
Waals origin. The racemate (rac-29b) in our studies forms a more densely
packed monolayer compared to the enantiomerically pure compounds (Figure 11
and 12), which should imply a heterochiral discrimination effect within the
monolayer.

__________________________________

(48) Wang, S.; Ramirez, J.; Chen, Y.; Wang, P. G.; Leblanc, R. M. Langmuir 1999, 15, 5623-5629.

(49) E denotes the interaction energy. R and S denote the respective stereoisomer.

(50) Andelman, D. J. Am. Chem. Soc. 1989, 111, 6536-6544.
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To be able to give satisfying explanations to observed similarities and
differences between the isotherms discussed in the previous sections (3.3.3.1 and
3.3.3.2) the investigations need to be complemented with other measurements.
The molecular packing at the interface is planned to be investigated using GIXD
(Grazing incidence X-ray diffraction) and BAM. However, these measurements
demand special equipment not available to us. Therefore samples have been sent
to collaborators in Germany and results are expected in the near future.
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Appendix B

The experimental details are given for

-Preparation of compounds 8a, 9a and 9b.
-Preparation of compounds 24a, 24b, 25a and 25b.
-Analytical data for compounds ent-28a, ent-28b,

ent-29a and ent-29b.
-Preparation of the syn isomers 30a and 30b.

General. 1H and 13C NMR spectra were recorded in CDCl3, CD3OD or C6D6

using the residual peak of the corresponding solvent or added TMS (δ 0.00), as
internal standard. Chemical shifts are reported in the δ-scale with multiplicity
(br=broad, s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet), integration
and coupling constants (Hz). Optical rotations, [α]D were measured at the
sodium D line at ambient temperature. Only the strongest/structurally most
important peaks (ν, cm-1) are listed for infrared spectra. Analytical thin layer
chromatography plates were visualized with UV light and phosphomolybdic acid
staining reagent (5 w% solution in EtOH) or p-anisaldehyde (solution in EtOH).
Air- and moisture sensitive reactions were carried out in flamed-dried, septum-
capped flasks under an atmospheric pressure of nitrogen. All liquid reagents
were transferred via oven-dried syringes. THF was freshly distilled from sodium-
benzophenone ketyl and dichloromethane from CaH2. DMF was dried over 4Å
molecular sieves.

Preparation of 8a, 9a, and 9b

Experimental procedure for the preparation of dimethyl 2-butyl malonate
(8a). NaH (584 mg, 14.6 mmol, 60 w% dispersion in oil) was washed twice with
pentane, dried under vacuum and resuspended in THF/DMF (3:1, 40 mL) at 0
°C. Dimethyl malonate (4.2 mL, 36.5 mmol) was added dropwise and the clear
solution was stirred for 15 min at rt, at which white crystals were formed. n-
Butyl bromide (0.78 mL, 7.3 mmol) was added and the mixture heated to reflux.
After refluxing overnight the reaction mixture was allowed to cool, the THF was
removed under vacuum and the residue poured into H2O (20 mL) and extracted
three times with pentane (15 mL) and once with Et2O/pentane (1:1, 20 mL). The
organic layers were combined, dried (MgSO4) and the solvents were evaporated
to give a yellow oil. Excess dimethyl malonate and dialkylated product was
removed with repeated fractional distillation (2 torr, 45 °C) to give 75% yield of
8a (1.0 g, 5.4 mmol). 1H NMR (400 MHz, CDCl3) δ 3.74 (s, 6H), 3.36 (t, J=7.6
Hz, 1H), 1.90 (q, J=7.6 Hz, 2H), 1.39-1.25 (m, 4H), 0.90 (t, J=7.0 Hz, 3H); 13C
NMR (100 MHz, CDCl3) δ 170.1, 52.5, 51.7, 29.5, 28.6, 22.3, 13.8.
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            Scheme A1. Preparation of amino alcohol 9a.

(2R)-3-(4-Methoxybenzyloxy)-1,2-propanediol (32). Allyl ether 3151 (1.0 g,
5.6 mmol) was added to a suspension of AD-mix α (9.3 g) and K2OsO4*2H2O
(14.4 mg, 0.039 mmol) in t-BuOH:H2O (1:1, 20 mL). The mixture was stirred at
0 °C for 45 h. Na2SO3 (7.5 g) was added and the reaction mixture stirred for two
more hours at room temperature, then diluted with EtOAc (40 mL) and H2O (20
mL). The phases were separated and the water phase extracted with EtOAc
(2*30 mL). After drying (MgSO4) and evaporation of the solvent 1.1 g of a crude
oil remained. Purification by flash chromatography on silica gel (EtOAc:MeOH
25:1) gave 32 in 68% yield as a white solid (797 mg, 3.8 mmol). ee: 60%
according to NMR using Eu(hfc)3 as chiral shift reagent. 1H NMR (400 MHz,
CDCl3) δ 7.25 (d, J=8.7 Hz, 2H), 6.89 (d, J=8.7 Hz, 2H), 4.48 (s, 2H), 3.90-3.84
(m, 1H), 3.81 (s, 3H), 3.73-3.60 (m, 2H), 3.57-3.49 (m, 2H), 2.57 (d, J=3.9 Hz,
1H), 2.08 (br s, 1H); 13C NMR (100 MHz, CDCl3) δ 159.8, 130.2, 129.9, 114.3,
73.7, 71.9, 71.0, 64.5, 55.7.

General procdure for tosylation of 33 and 35 employing dibutyl tin oxide as
catalyst. (2S)-3-(4-Methoxybenzyloxy)-2-hydroxypro p y l  4 -
methylbenzenesulfonat (33). Diol 32 (420 mg, 2.0 mmol) was stirred together
with Bu2SnO (9.9 mg, 0.04 mmol), p-TsCl (379 mg, 1.42 mmol) and Et3N (279
µL, 1.42 mmol) in dry CH2Cl2 for 4 h. The solvent was evaporated and the
residue was suspended in EtOAc:pentane (1:1). The precipitate (Et3NHCl) was
filtered off, the filtrate was taken care of and the solvent was evaporated.
Purification by flash chromatography on silica gel (EtOAc:pentane 1:1)
furnished 33 in 88% yield as a colorless oil (640 mg, 1.76 mmol). 1H NMR (400
MHz, CDCl3) δ 7.79 (d, J=8.3 Hz , 2H), 7.34 (d, J=8.4 Hz, 2H), 7.19 (d, J=8.4
Hz, 2H), 6.87 (d, J=8.3 Hz, 2H), 4.43 (s, 2H), 4.13-3.96 (m, 3H), 3.81 (s, 3H),
3.52-3.44 (m, 2H), 2.44 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.8, 145.5,
133.0, 130.4, 130.0, 129.9, 128.4, 114.3, 73.6, 71.0, 70.1, 68.8, 55.7, 22.1; IR
(neat): 3478, 2922, 1612, 1513, 1357, 1247, 1175, 1096 cm-1; HRMS (FAB+)
calcd for C18H22O6S (M): 366.1137, found: 366.1143.

PMBO PMBO
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OR PMBO
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NHMe

31

32 R=H
33 R=Ts

9a

__________________________________

(51) Wennerberg, J.; Olofsson, C.; Frejd, T. J. Org. Chem. 1998, 63, 33595-33598.
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(2R)-1-(Methylamine)-3-(4-methoxybenzyloxy)-propan-2-ol (9a). Tosylate 33
(480 mg, 1.31 mmol), methylamine (5 mL, 40 w% in water) and THF (10 mL)
were heated in a sealed tube at 75 °C for 3h. The reaction mixture was allowed to
cool to room temperature, and then THF was evaporated under reduced pressure.
The residue was redissolved in CH2Cl2 (10 mL) and extracted with NaOH (2 M,
2 mL). The water phase was extracted twice with CH2Cl2 (2 mL) and the organic
phases dried (MgSO4). Evaporation of the solvent gave 9 in 97% yield (285 mg,
1.27 mmol). The product was used without further purification. 1H NMR (400
MHz, CDCl3) δ 7.25 (d, J=8.5, 2H), 6.88 (d, J=8.5, 2H), 4.48 (s, 2H), 3.92-3.85
(m, 1H), 3.80 (s, 3H), 3.48 (AB-dd, J=9.7, 4.1 Hz, 1H), 3.43 (AB-d, J=9.7, 6.3
Hz, 1H), 2.69-2.60 (m, 2H), 2.43 (s, 3H), 2.26 (br s, 2H); 13C NMR (100 MHz,
CDCl3) δ 159.7, 130.6, 129.8, 114.2, 73.5, 73.1, 69.0, 55.7, 54.7, 36.7; IR (neat):
3313 (br), 2840 cm-1; HRMS (FAB+) calcd for C12H20NO3 (M+H): 226.1443,
found: 226.1447.

            Scheme A2. Preparation of 9b from (S)-(-)-glycidol.

 (2S)-3-Benzyloxy-1,2-propanol (34). NaH (6.1 g, 152 mmol, 60 w% dispersion
in oil) was washed twice with pentane and dried under vacuum. THF (100 mL)
was added and the suspension cooled in an ice/water bath. Benzyl alcohol (15.7
mL, 152 mmol) dissolved in THF (50 mL) was added dropwise at 0 °C. The
reaction mixture was stirred for 30 min and the (S)-(-)-glycidol (4.5 g, 61 mmol)
dissolved in THF (50 mL) was added carefully. The reaction mixture was stirred
over night and the reaction was quenched with NaHCO3 (sat., 100 mL). The
phases were separated and the organic layer washed with brine and dried over
MgSO4. Evaporation gave 20 g of a yellow oil that was purified by flash
chromatography on silica gel (EtOAc:pentane 5:1) to give pure diol 34 in 65%
yield (7.2 g, 40 mmol). 1H NMR (400 MHz, CDCl3) δ 7.36-7.26 (m, 5H), 4.53
(s, 3H), 3.89-3.84 (m, 1H), 3.65 (AB-dd, J=11.5, 3.7 Hz, 1H), 3.57 (AB-dd,
J=11.5, 4.2 Hz, 1H), 3.53 (AB-dd, J=9.6, 4.2 Hz, 1H), 3.51 (AB-dd, J=9.6, 6.1
Hz, 1H), 2.91 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 138.1, 128.9, 128.3, 128.2,
74.0, 72.2, 71.2, 64.4.

(2R)-3-Benzyloxy-2-hydroxypropyl 4-methylbenzenesulfonat (35) was
prepared from 34 as described for 33 and obtained in 91% yield. 1H NMR (400
MHz, CDCl3) δ 7.79 (d, J=8.3 Hz, 2H), 7.36-7.20 (m, 7H), 4.49 (s, 2H), 4.14-
3.96 (m, 3H), 3.54-3.47 (m, 2H), 2.48 (d, J=5.6, 1H), 2.43 (s, 3H); 13C NMR
(100 MHz, CDCl3) δ 145.5, 137.9, 133.1, 130.4, 130.2, 128.9, 128.2, 128.1,
73.9, 71.0, 70.5, 68.8, 22.1.
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(S)-1-Amino-3-(benzyloxy)propan-2-ol (9b). Tosylate 35 (3.0 g, 8.9 mmol) was
dissolved in THF (12 mL) and ammonium hydroxide (30% in H2O, 23 mL) was
added. The reaction mixture was stirred in a closed vessel for 24 h at 80 °C.
After cooling the THF was evaporated and the residue extracted with NaOH (20
mL, 2 M) and Et2O (60 mL). The water phase was extracted with Et2O (3*60
mL) and CH2Cl2 (1*60 mL). After drying (Na2SO4) and evaporation of the
solvent pure amino alcohol 9b remained in 92% yield (1.5 g, 8.2 mmol). The
product was used without further purification. mp: 58-63 °C. 1H NMR
(400.MHz, CDCl3) δ 7.37-7.26 (m, 5H), 4.55 (s, 2H), 3.78-3.73 (m, 1H), 3.52-
3.42 (m, 2H), 2.83-2.67 (m, 2H), 2.10 (br s, 3H); 13C NMR (100 MHz, CDCl3)
δ 138.5, 128.9, 128.2, 73.9, 73.3, 71.6, 44.8 one signal is not visible; IR (neat):
3363 (br), 1332, 1101 cm-1; [α]D –5 (c 1.00, CH3Cl); HRMS (FAB+) calcd for
C10H16NO2 (M+H): 182.1181, found: 182.1181.

Preparation of dialkyl malonic esters (24a and 24b) and hydrolysis
to dialkyl malonic acids (25a and 25b)

General procedure for the alkylation of dimethyl malonate. Dimethyl 2,2-
didodeylmalonate (24b). A solution of KHMDS in THF (15.1 mL, 22.7 mmol)
was added dropwise to a solution of dimethyl malonate (3.0 g, 22.7 mmol) in
THF (150 mL) at 0 °C. When the addition was complete the turbid mixture was
stirred for 15 min. Dodecyl bromide (5.5 mL, 22.9 mmol) was added and the
reaction mixture refluxed for 10 h. The temperature was lowered to 0 °C, a
second equiv. of KHMDS was added (15.1 mL, 22.7 mmol). The mixture was
left for 15 min and dodecyl bromide (5.5 mL, 22.9 mmol) was added. The
mixture was allowed to reflux for 10 h, then cooled and diluted with Et2O. The
organic phase was washed three times with NaOH (2 M) and two times with
HCl, then with brine. After drying (MgSO4) and evaporation of the solvent, 10.2
g of a crude oil remained. The major part of the remaining dodecyl bromide and
mono-alkylated product was removed by distillation under reduced pressure (0.1
mm Hg) and the rest was purified by flash chromatography (rp C18 silica,
eluent: MeCN). This afforded 23% of pure 24b (2.5 g, 5.2 mmol). 1H NMR (400
MHz, CDCl3) δ 3.70 (s, 6H), 1.88-1.84 (m, 4H), 1.32-1.25 (m, 36H), 1.14-1.08
(m, 4H), 0.88 (t, J=6.9 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 173.0, 58.1,
52.6, 32.9, 30.3, 30.12, 30.09, 30.08, 30.0, 29.8, 24.4, 23.1, 14.5; two signals
coincide at 29.8; IR (neat): 2924, 2855, 1738, 1463, 722 cm-1; HRMS (FAB+)
calcd for C29H57O4 (M+H): 469.4257, found: 469.4251.

Dimethyl 2,2-dioctylmalonate (24a) was prepared from dimethyl malonate and
octyl bromide as described for 24b and obtained in 51% yield. 1H NMR (400
MHz, CDCl3) δ 3.67 (s, 6H), 1.84-1.80 (m, 4H), 1.27-1.22 (m, 20H), 1.12-1.05
(m, 4H), 0.84 (t, J=6.9 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 173.3, 58.1,
52.6, 32.9, 32.3, 30.2, 29.7, 29.6, 24.4, 23.1, 14.5.
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General procedure for the hydrolysis of malonic ester (24) to acid (25). 2,2-
Dioctylmalonic acid (25a). Carboxylic ester 24a  (2.26 g, 6.3 mmol) was
dissolved in EtOH (20 mL) and an aq. solution of KOH (50 mL, 1.2 M) was
added. The solution was refluxed for 100 h, and then cooled using an external ice
bath, and the excess KOH was neutralized by the addition of strongly acidic ion
exchange resin (Amberlyst 15). The product precipitated as a white solid that
was dissolved by the addition of Et2O, and the resin was filtered off. The solvent
was evaporated to give the product as a white powder in 94% yield (1.95 g, 5.9
mmol). 1H NMR (400 MHz, CDCl3) δ 3.70 (s, 6H), 1.88-1.84 (m, 4H), 1.32-1.25
(m, 36H), 1.14-1.08 (m, 4H), 0.88 (t, J=6.9 Hz, 6H); 13C NMR (100 MHz,
CDCl3) δ 177.6, 57.8, 34.7, 31.8, 29.6, 29.20, 29.17, 24.6, 22.6, 14.1.

2,2-Didodecylmalonic acid (25b) was prepared from 24b as described for 25a
and obtained in 73% yield. 1H NMR (400 MHz, CDCl3) δ 1.97-1.93 (m, 4H),
1.32-1.06 (m, 40H), 0.88 (t, J=6.9 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ
178.3, 58.3, 35.2, 32.4, 30.15, 30.10, 30.07, 30.02, 29.8, 25.0, 23.1, 14.4; two
signals coincide at 30.10.

Analytical data for ent-28a, ent-28b, ent-29a, and ent-29b.

N1,N3-Bis-(1-deoxy-2,3:4,5-di-O-isopropylidene-D-galactitol)-2,2-
dioctylmalonamide (ent-28a) was prepared from 25a and 23 as described in
Paper I and obtained as a clear oil in 45% yield. 1H NMR (500 MHz, CDCl3)
δ 7.59 (dd, J=6.6, 4.3 Hz, 2H), 4.09-4.06 (m, 4H), 3.87-3.73 (m, 8H), 3.66 (t,
J=7.8 Hz, 2H), 3.51 (td, J=13.9, 4.3 Hz, 2H), 2.30 (dd, J=8.6, 4.4 Hz, 2H), 1.87-
1.80 (m, 4H), 1.47 (s, 6H), 1.45 (s, 6H), 1.43 (s, 6H), 1.39 (s, 6H), 1.32-1.17 (m,
24H), 0.89 (t, J=6.9 Hz, 6H); 13C NMR (125 MHz, CDCl3): δ  173.2, 110.1,
109.8, 80.9, 79.7, 79.2, 78.6, 62.5, 57.1, 40.8, 37.5, 31.8, 29.9, 29.4, 29.3, 27.1,
27.0, 26.9, 26.8, 24.9, 22.6, 14.1; IR (neat): 3389 (br), 2986, 2927, 2857, 1666,
1530, 1462, 1372, 1063 cm-1; [α]D +7 (c 0.90, CHCl3); HRMS (FAB+) calcd for
C43H79N2O12Na (M+H): 815.5633, found: 815.5641.

N1,N3-Bis-(1-deoxy-2,3:4,5-di-O-isopropylidene-D-galactitol)-2,2-
didocecylmalonamide (ent-28b) was prepared from 25b and 23 as described in
Paper I and obtained as a clear oil in 45% yield. 1H NMR (400 MHz, CDCl3)
δ 7.55 (dd, J=6.52, 4.32 Hz, 2H), 4.07-4.03 (m, 4H), 3.85-3.69 (m, 8H), 3.64 (t,
J=8.0 Hz, 2H), 3.49 (td, J=13.9, 4.4 Hz, 2H), 2.36 (dd, J=7.86, 4.30 Hz, 2H),
1.85-1.77 (m, 4H), 1.44 (s, 6H), 1.43 (s, 6H), 1.40 (s, 6H), 1.37 (s, 6H), 1.23-
.118 (m, 40H), 0.88 (t, J=13.7, 6.9 Hz, 6H); 13C NMR (100 MHz, CDCl3):
δ 173.6, 110.5, 110.2, 81.3, 80.2, 79.6, 79.0, 77.7, 62.9, 57.5, 41.2, 37.9, 32.3,
30.3, 30.1, 29.9, 29.8, 27.5, 27.5, 27.3, 27.2, 25.4, 23.1, 14.5; two signals
coincide at 30.1 ppm, one additional signal is not visible; IR (neat): 3374 (br),
2986, 2925, 2855, 1667, 1530, 1461, 1372, 1064 cm-1; [α]D +6 (c 1.09, CHCl3)
HRMS (FAB+) calcd for C51H94N2O12Na (M+Na): 949.6704, found: 949.6710.
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N1,N3-Bis-(1-deoxy-D-galactitol)-2,2-dioctylmalonamide ent-29a  was
prepared from 28a as described in Paper I and obtained as a white powder in
99% yield. 1H NMR (500 MHz, CD3OD) δ  3.98 (br t, J=6.4 Hz, 2H), 3.91 (br t,
J=5.7 Hz, 2H), 3.66-3.63 (m, 6H), 3.53 (br d, J=9.1 Hz, 2H), 3.45 (dd, J=13.5,
5.7 Hz, 2H), 1.86-1.82 (m, 4H), 1.31-1.28 (m, 20H), 1.20-1.02 (m, 4H), 0.88 (t,
J=6.9 Hz, 6H); 13C NMR (125 MHz, MeOD): δ 176.1, 72.0, 71.9, 71.3, 70.0,
65.0, 58.8, 49.9, 44.2, 35.9, 33.1, 31.0, 30.4, 25.5, 23.8, 14.5; IR (neat): 3339
(br), 2952, 2855, 1627, 1439 cm-1; [α]D –11 (c 1.00, CHCl3); HRMS (FAB+)
calcd for C31H63N2O12 (M+H): 655.4381, found: 655.4380.

N1,N3-Bis-(1-deoxy-D-galactitol)-2,2-didodecylmalonamide ent-29b was
prepared form 28b as described in Paper I and obtained as a white powder in
99% yield. 1H NMR (500 MHz, CD3OD:CDCl3 1:1, 313 K) δ 3.97-3.90 (m, 4H),
3.70-3.62 (m, 6H), 3.52-3.47 (m, 4H), 1.87-1.82 (m, 4H), 1.32-1.12 (m, 40H),
0.88 (t, J=6.82 Hz, 6H); 13C NMR (125 MHz, MeOD:CDCl3 1:1, 313K):
δ 174.6, 71.2, 70.9, 70.8, 69.1, 64.3, 58.1, 51.5, 43.2, 34.0, 32.1, 30.2, 29.89,
29.85, 2.6, 29.5, 24.5, 22.8, 13.9; two signals coincide at 29.85; IR (neat): 3339
(br), 2952, 2855, 1627, 1439 cm-1; HRMS (FAB+) calcd for C39H79N2O12

(M+H): 767.5633, found: 767.5635.

Analytical data and preparation of syn isomers 30 and 30b

(E)-3-((4R,5R)-5-((4-Methoxybenzyloxy)methyl)-2,2-dimethyl-1,3-dioxolan-
4-yl)prop-2-en-1-ol (ent-10) was prepared as previously reported,32 using AD-
mix β in place of AD-mix α . This gave a yield of 84% and an ee of >99%
according to HPLC using chiral column. 1H NMR (400 MHz, CDCl3) δ 7.28-
7.24 (m, 2H), 6.88 (d, J=8.6 Hz, 2H), 5.93 (td, J=15.5, 5.1 Hz), 5.72 (tdd,
J=15.5, 7.6, 1.5 Hz, 1H), 4.52 (s, 2H), 4.24 (t, J=7.6 Hz, 1H), 4.17-4.14 (m, 2H),
3.92-3.88 (m, 1H), 3.81 (s, 3H), 3.60-3.52 (m, 2H), 1.60 (br s, 1H), 1.43 (s, 6H);
13C NMR (100 MHz, CDCl3) δ 159.7, 134.5, 130.5, 129.8, 114.1, 109.8, 80.6,
79.0, 77.7, 73.7, 69.5, 63.1, 55.6, 27.5; IR (neat) 3432 (br), 2987, 2866, 1613,
1514, 1460, 1372, 1248, 1088, 1033 cm-1; [α]D +14 (c 1.00, CH2Cl2); HRMS
(FAB+) calcd for C17H24O5 (M): 308.1624, found: 308.1622.

 (E)-3-((4R,5R)-5-((4-Methoxybenzyloxy)methyl)-2,2-dimethyl-1,3-dioxolan-
4-yl) allyl 4-methoxybenzoate (ent-11) was prepared from ent-10 using AD-mix
β, as described in Paper I. 1H NMR (500 MHz, CDCl3) δ 8.02 (d, J=8.8 Hz, 2H),
7.28 (d, J=8.4 Hz, 2H), 6.94 (d, J=8.8 Hz, 2H), 6.89 (d, J=8.4 Hz, 2H), 6.01 (td,
J=15.5, 5.7 Hz, 1H), 5.87 (dd, J=15.5, 7.2 Hz, 1H), 4.81 (d, J=5.7 Hz, 2H), 4.56
(AB-d, J=11.8 Hz, 1H), 4.54 (AB-d, J=11.8 Hz, 1H), 4.31 (t, J=7.2 Hz, 1H),
3.96-3.92 (m, 1H), 3.89 (s, 3H), 3.81 (s, 3H), 3.63-3.57 (m, 2H), 1.47 (s, 6H);
13C NMR (125 MHz, CDCl3) δ 166.3, 163.9, 159.6, 132.1, 131.1, 130.4, 129.7,
129.1, 122.8, 114.2, 114.1, 109.9, 80.4, 78.8, 73.7, 69.5, 64.5, 55.9, 55.7, 27.4;
both signals from the methyl groups in the acetonide protecting group coincide at
27.4; IR (neat) 2986, 2936, 2868, 1713, 1607, 1513, 1460, 1372, 1257, 1169,
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1101, 1031 cm-1; [α]D +16 (c 1.04, CH2Cl2); HRMS (FAB+) calcd for C25H31O7

(M+H): 443.2070, found: 443.2077.

Scheme A3. Preparation of syn isomers.

2,3-O-Isopropylidene-1-(4-methoxybenzyl)-D-iditol-6-(4-methoxybenzoate)
(13) was prepared from ent-11 as describes in Paper I and obtained in 82% yield
and a diastereomeric ratio of 33:1 after flash chromatography (EtOAc:pentane
0:1→1:1). 1H NMR (400 MHz, CDCl3) δ 7.97 (d, J=8.2 Hz, 2H), 7.21 (d, J=8,5
Hz, 2H), 6.90 (d, J=8.2 Hz, 2H), 6.83 (d, J=8.5 Hz, 2H), 4.48 (s, 2H), 4.41 (d,
J=5.7 Hz, 2H), 4.30 (td, J=8.1, 5.2 Hz, 1H), 4.11-4.07 (m, 1H), 4.00 (dd, J=8.1,
2.7 Hz, 2H), 3.85 (s, 3H), 3.77 (s, 3H), 3.68 (td, J=9.0, 2.7 Hz, 1H), 3.64 (dd,
J=10.2, 5.2 Hz, 1H), 3.55 (dd, J=10.2, 5.2 Hz, 1H), 2.97 (d, J=3.4 Hz, 1H), 2.70
(d, J=9.0 Hz, 1H), 1.43 (s, 3H), 1.41 (s, 3H); 13C NMR (125 MHz, CDCl3)
δ 166.3, 163.6, 159.3, 131.8, 129.7, 129.4, 122.2, 113.9, 113.7, 109.9, 80.8, 75.8,
73.3, 71.3, 69.8, 69.1, 65.3, 55.4, 55.2, 27.1, 26.8; IR (neat): 3474 (br), 1607 cm-

1; [ α ]D +8 (c  1.02, CH2Cl2); HRMS (FAB+) calcd for C25H33O9 (M+H):
477.2125, found: 477.2126.

2,3:4,5-Di-O-isopropylidene-1-(4-methoxybenxyl)-D-iditol-6-(4-
methoxybenzoate) (36) was prepared from 13 as described in Paper I and
obtained in 53% yield. 1H NMR (400 MHz, C6D6) δ 7.93 (d, J=8.9 Hz, 2H), 6.94
(d, J=8.5 Hz, 2H), 6.56 (d, J=8.5 Hz), 6.38 (d, J=8.9 Hz, 2H), 4.46-4.41 (m, 1H),
4.37-4.33 (m, 1H), 4.31 (dd, J=11.8, 3.9 Hz, 1H), 4.22 (dd, J=11.8, 5.5 Hz, 1H),
4.09 (s, 2H), 3.88-3.84 (m, 2H), 3.39 (dd, J=10.1, 4.6 Hz, 1H), 3.32 (dd, J=10.1
Hz, 5.3 Hz, 1H), 3.09 (s, 3H), 2.93 (s, 3H), 1.27 (s, 3H), 1.25 (s, 6H), 1.20 (s,
3H); 13C NMR (100 MHz, CDCl3) δ 166.2, 164.1, 160.1, 132.4, 130.9, 129.7,
123.2, 114.4, 114.3, 110.3, 110.0, 78.0, 77.5, 76.8, 76.2, 73.6, 70.7, 64.6, 55.1,
55.0, 27.9, 27.9, 27.2, 27.2; IR (neat): 2987, 1713, 1607, 1513, 1380, 1094 cm-1;
[α]D +16 (c 1.17, CHCl3); HRMS (FAB+) calcd for C28H36O9 (M): 516.2359,
found: 516.2360.

2,3:4,5-Di-O-isopropylidene-1-(4-methoxybenxyl)-D-iditol (37) was prepared
from 36 as described in Paper I and obtained in 90% yield. 1H NMR: (400 MHz,
CDCl3) δ 7.31 (d, J=8.4 Hz, 2H), 6.93 (d, J=8.4 Hz, 2H) 4.58 (AB-d, J=11.7 Hz,
1H), 4.55 (AB-d, J=11.7 Hz, 1H), 4.32-4.28 (m, 1H), 4.22-4.18 (m, 1H), 4.02
(dd, J=8.3, 3.2 Hz, 1H), 3.92 (dd, J=8.3, 3.3 Hz, 1H), 3.86 (s, 3H), 3.84-3.81 (m,
1H), 3.69-60 (m, 3H), 2.04 (dd, J=7.8, 4.8 Hz, 1H), 1.47 (s, 9H), 1.46 (s, 3H);
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13C NMR (125 MHz, CDCl3): δ 159.7, 130.3, 129.8, 114.2, 110.1, 109.9, 77.8,
76.5, 76.6, 76.5, 73.6, 70.7, 62.0, 55.7, 27.6, 27.6, 27.2, 27.1; one signal is not
visible; IR (neat): 3438 (br), 2988, 1613, 1514, 1371, 1077 cm-1; [α]D +19 (c
1.00, CHCl3); HRMS (FAB+) calcd for C20H30O7 (M): 382.1992, found:
382.1990.

2,3:4,5-Di-O-isopropylidene-1-(4-methoxybenxyl)-D-iditol-6-(4-
methylbenzenesulfonate) (38) was prepared form 36 as described in Paper I and
obtained in 99% yield. 1H NMR (500 MHz, CDCl3) δ 7.80 (d, J=8.2 Hz, 2H),
7.34 (d, J=8.2 Hz, 2H), 7.27 (d, J=8.7 Hz, 2H), 6.91 (d, J=8.7 Hz, 2H), 4.54
(AB-d, J=11.7 Hz, 1H) 4.52 (AB-d, J=11.7 Hz, 1H), 4.25-4.15 (m, 3H), 4.10 (dd,
J=10.8, 4.8 Hz, 1H), 3.92 (dd, J=8.1, 3.2 Hz, 1H), 3.86 (dd, J=8.1, 3.2 Hz, 1H),
3.83 (s, 3H), 3.60 (dd, J=10.2, 5.3 Hz, 1H), 3.55 (dd, J=10.2, 4.9 Hz, 1H), 2.46
(s, 3H), 1.42 (s, 3H), 1.40 (s, 3H), 1.37 (s, 3H), 1.35 (s, 3H); 13C NMR (125
MHz, CDCl3) δ 159.2, 144.9, 132.6, 129.8, 129.4, 128.0, 113.8, 110.1, 109.7,
77.1, 76.2, 75.9, 74.5, 73.1, 69.9, 68.7, 55.2, 27.1, 26.8, 26.6, 26.5, 21.6; one
signal is not visible; IR (neat): 2988, 1613, 1514, 1368, 1177, 1096 cm-1; [α]D

+19 (c 1.00, CHCl3); HRMS (FAB+) calcd for C27H36O9S (M): 536.2080, found:
536.2084.

1-Amino-1-deoxy-2,3:4,5-di-O-isopropylidene-D-iditol-6-(4-
methoxybenzoate) (39) was prepared form 38 as described in Paper I and
obtained in 77% yield. 1H NMR (400 MHz, CDCl3) δ 7.20 (d, J=8.7 Hz, 2H),
6.82 (d, J=8.7 Hz, 2H), 4.47 (AB-d, J=11.7 Hz, 1H), 4.45 (AB-d, J=11.7 Hz,
1H), 4.20 (td, J=8.2, 4.9 Hz, 1H), 4.03-3.99 (m, 1H), 3.80 (dd, J=8.2, 3.1 Hz),
3.74 (s, 1H), 3.72 (dd, J=8.3, 3.1 Hz, 1H), 3.54 (AB-dd, J=10.3, 5.2 Hz, 1H),
3.51 (AB-dd. J=10.3, 4.6 Hz, 1H), 2.87 (br d, J=13.2 Hz, 1H), 2.72 (dd, J= 13.2,
6.5 Hz, 1H), 1.98 (br s, 2H), 1.37-1.36 (m, 9H), 1.34 (s, 3H); 13C NMR (100
MHz, CDCl3) δ 159.2, 129.9, 129.4, 113.8, 109.6, 109.2, 78.7, 77.4, 77.1, 76.1,
73.2, 69.9, 55.3, 43.7, 27.3, 27.2, 26.70, 26.69; IR (neat): 2987, 1613, 1514,
1370, 1248, 1086 cm-1; [α]D +23 (c 1.00, CHCl3); HRMS (FAB+) calcd for
C20H32NO6 (M+H): 382.2230, found: 382.2227.

Scheme A4. Preparation of surfactants 30a and 30b.
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39 as described in Paper I and obtained in 59% yield. 1H NMR (500 MHz,
CDCl3) δ 7.44 (t, J=5.7 Hz, 2H), 7.28 (d, J=8.4 Hz, 4H), 6.90 (d, J=8.4 Hz, 4H),
4.54 (AB-d, J=11.7 Hz, 2H), 4.52 (AB-d, J=11.7 Hz, 2H), 4.31-4.27 (m, 2H),
4.17-4.14 (m, 2H), 3.88 (dd, J=8.3, 3.2 Hz, 2H); 3,82 (s, 6H), 3.69 (dd, J=8.3,
3.2 Hz, 2H), 3.61 (dd, J=10.3, 5.5 Hz, 2H), 3.58-3.52 (m, 4H), 3.46 (td, J=14.2,
5.7 Hz, 2H), 1.84-1.81 (m, 4H), 1.44-1.43 (m, 18H), 1.40 (s, 6H), 1.30-1.18 (m,
24H), 0.89 (t, J=6.7 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 173.4, 159.3,
130.0, 129.4, 113.8, 110.7, 109.4, 77.23, 77.18, 76.2, 75.8, 73.2, 70.1, 57.1, 55.3,
40.3, 37.6, 31.8, 30.9, 29.4, 29.3, 27.4, 27.2, 26.68, 26.66, 25.0, 22.6, 14.1; IR
(neat): 2928, 2857, 1666, 1612, 1514, 1451, 1380, 1090 cm-1; [α]D +15 (c 0.70,
CHCl3); HRMS (FAB+) calcd for C59H94N2O14Na (M+Na): 1077.6603, found:
1077.6599.

N1,N3-Bis-(1-deoxy-2,3:4,5-di-O-isopropylidene-D-iditol-6-(4-
methoxybenzoate))-2,2-didodecylmalonamide (40b) was prepared from 25b
and 39 as described in Paper I and obtained in 57% yield. 1H NMR (500 MHz,
CDCl3) δ 7.44 (t, J=5.6 Hz, 2H), 7.28 (d, J=8.5 Hz, 4H), 6.90 (d, J=8.5 Hz, 4H),
4.54 (AB-d, J=11.8 Hz, 2H), 4.52 (AB-d, J=11.8 Hz, 2H), 4.31-4.27 (m, 2H),
4.17-4.14 (m, 2H), 3.88 (dd, J=8.3, 3.2 Hz, 2H), 3.82 (s, 6H), 3.69 (dd, J=8.3,
3.2 Hz, 2H), 3.61 (dd, J=10.3, 5.5 Hz, 2H), 3.58-3.52 (m, 4H), 3.46 td, J=14.2,
5.6 Hz, 2H), 1.84-1.81 (m, 4H), 1.44-1.43 (m, 18H), 1.40 (s, 6H), 1.33-1.17 (m,
40H), 0.90 (t, J=7.0 Hz, 6H); 13C NMR (125 MHz, CDCl3) δ 173.4, 159.3,
130.0, 129.4, 113.8, 109.7, 109.5, 77.23, 77.18, 76.2, 75.8, 73.2, 70.1, 57.1, 55.3,
40.3, 37.5, 32.0, 30.1, 29.68, 29.70, 29.46, 29.37, 27.4, 27.2, 26.69, 26.67, 25.0,
22.7, 14.1; two signals coincide at 29.7, one additional signal is not visible; IR
(neat) 2926, 2855, 1667, 1613, 1514, 1463, 1380, 1091 cm-1; [α]D +13 (c 0.70,
CHCl3); HRMS (FAB+) calcd for C67H110N2O14Na (M+Na): 1089.7855, found:
1089.7855.

N1,N3-Bis-(1-deoxy-2,3:4,5-di-O-isopropylidene-D-iditol)-2,2-
dioctylmalonamide (41a) was prepared from 40a as described in Paper I and
obtained in 98% yield. 1H NMR: (500 MHz, CDCl3) δ 7.42 (t, J=5.4 Hz, 2H),
4.21-4.17 (m, 4H), 4.02 (dd, J=8.3, 2.7 Hz, 2H), 3.80 (dd, J=11.8, 4.6 Hz, 2H),
3.77-3.72 (m, 4H), 3.62-3.52 (m, 4H), 2.59 (br s 2H), 1.84-1.81 (m, 4H), 1.46-
1.44 (m, 18H), 1.42 (s, 6H), 1.32-1.17 (m, 24H), 0.89 (t, J=7.0 Hz, 6H); 13C
NMR (125 MHz, CDCl3) δ 173.7, 109.6, 109.4, 77.2, 76.9, 76.3, 75.9, 62.3,
57.4, 40.0, 37.1, 31.8, 29.9, 29.31, 29.23, 27.31, 27.25, 26.6, 26.5, 24.9, 22.6,
14.1; IR (neat): 2928, 1661, 1530, 1380 cm-1; [α]D -1 (c 0.80, CHCl3); HRMS
(FAB+) calcd for C43H78N2O12Na (M+Na): 837.5452, found: 837.5453.

N1,N3-Bis-(1-deoxy-2,3:4,5-di-O-isopropylidene-D-iditol)-2,2-
didodecylmalonamide (41b) was prepared from 40b as described in Paper I and
obtained in 93% yield. 1H NMR (500 MHz, CDCl3) δ  7.42 (t, J=5.8 Hz, 2H),
4.21-4.17 (m, 4H), 4.01 (dd, J=8.3, 2.3 Hz, 2H), 3.80 (dd, J=11.9, 4.7 Hz, 2H),
3.77-3.71 (m, 4H), 3.62-3.52 (m, 4H), 2.60 (br s, 2H), 1.84-1.81 (m, 4H), 1.45-
1.44 (m, 18H), 1.42 (s, 6H), 1.33-1.17 (m, 40H), 0.90 (t, J=7.1 Hz, 6H); 13C
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NMR (125 MHz, CDCl3) δ 173.8, 109.6, 109.4, 77.2, 76.9, 76.3, 62.3, 57.3,
39.9, 37.1, 32.0, 29.9, 29.64, 29.62, 29.61, 29.40, 29.34, 27.31, 27.25, 26.63,
26.55, 24.9, 24.9, 22.7, 14.1; two signals coincide at 30.1; IR (neat): 2926, 1663,
1531, 1380, 1072 cm-1; [α]D -1 (c 1.00, CHCl3); HRMS (FAB+) calcd for
C51H94N2O12Na (M+Na): 949.6704, found: 949.6714.

N1,N3-Bis-(1-deoxy-D-iditol)-2,2-dioctylmalonamide (30a) was prepared from
41a as described in Paper I and obtained as a white powder in 67% yield. 1H
NMR (500 MHz, MeOH) δ  3.91-3.88 (m, 2H), 3.80-3.77 (m, 4H), 3.71-3.64 (m,
6H), 3.49 (dd, J=13.6, 5.1 Hz, 2H), 3.39-3.35 (m, 2H), 1.92-1.84 (m, 4H), 1.35-
1.28 (m, 4H), 1.21-1.17 (m, 20H), 0.92 (t, J=6.9 Hz, 6H); 13C NMR (100 MHz,
MeOH) δ 175.8, 73.24, 73.19, 72.7, 71.3, 64.4, 58.8, 43.7, 35.9, 33.0, 30.9, 30.3,
25.5, 23.7, 14.4; one signal is not visible; IR (neat): 3350 (br), 2925, 2855, 1642
cm-1; HRMS (FAB+) calcd for C31H63N2O12 (M+H): 655.4381, found: 655.4381.

N1,N3-Bis-(1-deoxy-D-iditol)-2,2-didodecylmalonamide (30b) was prepared
form 41b as described in Paper I and obtained as a white powder in 87% yield.
1H NMR (500 MHz, MeOH:CDCl3  1:1, 313 K) δ 3.79-3.76 (m, 2H), 3.71-3.66
(m, 4H), 3.58 (d, J=5.4Hz, 4H), 3.53 (t, J=3.8 Hz, 2H), 3.40 (dd, J=13.7, 5.1 Hz,
2H), 3.29-3.24 (m, 2H), 1.78-1.72 (m, 4H), 1.94-1.17 (m, 36H), 1.08-1.06 (m,
4H), 0.78 (t, J=6.9 Hz, 6H); 13C NMR (125 MHz, MeOH:CDCl3 1:1) δ 174.7,
72.4, 72.3, 72.0, 63.7, 58.1, 43.0, 34.5, 32.1, 30.2, 29.9, 29.8, 29.6, 29.5, 24.6,
22.8, 13.9; two signals coincide at 29.8; IR (neat): 3326 (br), 2921, 2852, 1644
cm-1; HRMS (FAB+) calcd for C39H79N2O12 (M+H): 767.5633, found: 767.5618.
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