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CHAPTER 1
GENERAL INTRODUCTION.

1.1. Aim of the study.
This thesis deals with the design and synthesis of potential cariostatic agents, viz. coatings for
dental enamel to prevent (or toreduce)tooth decay.
In our modern society almost all adults have to contend with caries of tooth enamel1. A dental
carious lesion is characterized by loss of the enamel mineral. This mineral is dissolved under the
influence of organic acids produced by bacteria present in plaque. (Plaque is a dense bacterial
matrix that adheres avidly to tooth surfaces). These acids penetrate into the relatively vulnerable
regions of the enamel by diffusion and dissolve the minerals of the deeper layers. These
components are then transported, again by diffusion, into the plaque and from there into the
saliva. Important factors which affect the rate of this process are the enamel permeability2·3 and
the solubility of the minerals 3 · 4 .
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In principle at least.dental canes can be inhibited by influencing either of these processes. One
1

way to accomplish such an inhibition would be to apply a suitable coating at the enamel surface.
In this respect polymeric sealants, e.g.5 the adduci of glycidyl methaciylate and bisphenol A, have
been developed. Fluorides5 convert hydroxyapatite to fluorapatite and the latter is a less
acid-soluble mineral. Nowadays almost 80% of all toothpastes (e.g. Elmex®) contain fluorine
compounds, usually a monofluoro phosphate or sodium fluoride. Bacteria named Streptococcus
mutans convert polysaccharides into lactic acid. Recent5 developments reveal also the theoretical
possibility of the inhibition of this transformation by antidecay vaccines.
It has been demonstrated that phytate, i.e. myo-inositol hexaphosphate, absorbs rapidly by and
persistently to the apatite crystals of dental enamel6. As a consequence, on treatment with phytate,

Figure 1.1. Target Molecules
-ОРОз=

ГОРОз=

о
R-Л-О

-ОРОз=

о
-ОРОз=

R

R-U-O —

R^oJ

-Л-о

в

A

ι—ОРОз=

0

с
о

R-lLon

г-ОРОз=
0
О

irR

-ОРОз=

о

R-U-O

=ОзРО—

R^oJ

-ОРОз=
D

0

0
R-

1 L

E
О

O^^OP03=

R-U-O-v

R - n - O ^ N — ОРОз=

/-OP03=

=ОзРО^\-ОРОз=

О
F

G

2

the dental surface will be covered by phosphate groups and will become negatively charged.
Subsequent application of a fatty amine, e.g. n-hexadecylamine, will result in an adsorption to this
7
phosphate covered surface by an ionic interaction .
Through this indirect binding to the dental enamel surface the long chain aliphatic amine forms
a hydrophobic layer which can serve as a barrier for acid diffusion. Indeed, it was established that
this two step treatment of the dental enamel surface caused a considerable decrease in its
7
permeability . This observation forms the basis of the research described in this thesis. It can be
envisaged that connection of a hydrophobic unit covalently to a phosphate moiety would lead to
an agent which in a single treatment of the enamel surface could result in a decrease of the
permeability or exert an effect on the demineralization process. The aim of this study is to
investigate if such phosphates can be designed and synthesized. It was considered desirable to
develop a series of structurally related compounds as this would enable us to establish a structure
activity relationship, thus providing an insight into the structural features essential for the
cariostatic effect. A series of phosphates fulfilling the requirements mentioned above, can be
derived by phosphorylation of a polyol which is partially esterified with one or more fatty
acid(s). It was furthermore hypothesized that at least two phosphate units would be necessary to
ensure efficient adsorption to apatite.
On the basis of glycerol the target molecules A and В were designed. Compound Ç, this a
phosphatidic acid (with one phosphate), is considered for comparison. Target molecules with a
Q-backbone are D and E. Pentaerytritol was selected as the Cs-backbone polyol, which gives rise
to the target molecules F and G. Stearic acid was selected as the first fatty acid. In a later stage
other fatty acids need to be considered, since the surface properties will also depend on the nature
of the aliphatic chain. The compounds shown in figure 1.1 are amphiphiles because they possess
distinct hydrophobic and hydrophilic regions8. It is therefore expected that these compounds will
assemble spontaneously to stable aggregates such as micelles, bilayers and hexagonal Нц phases9.
Which type of aggregation is adopted, depends on the molecular shape of the polar region in
relation with the form of the hydrophobic part of the molecule10.

1.2. Synthetic analysis.
For the synthesis of the target molecules shown in figure 1.1. phosphorylation can be
envisaged via two principal pathways, viz. through phosphorylation of a free hydroxy group using
a suitable phosphorylating agent, e.g. an activated derivative of a phosphodiester (scheme 1.1, eq.
1), or by a displacement reaction of an alky] halide using a phosphodiester anion (scheme 1.1, eq.
3
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2). The fírst approach requires polyols partially esterified with fatty acids as substrate, whereas
the second method needs a starting material with a halogen atom and a fatty ester unit at the
carbon backbone.
Relevant literature is in fact available only for the preparation of the target molecules having
the Сз-backbone, therefore, the discussion in this section will mainly deal with the synthetic
analysis of these compounds.

1.2.1. Glycerol monoesters.
Because of the economical importance of glycerol esters of fatty acids as emulsifiers in food,
pharmaceuticals and cosmetics11, their synthesis received much attention. A recent achievement
with much promise, is the use of lipase catalysis for the manufacture of glycerol esters12. The
literature about the synthesis of glycerol esters is summarized in some recent comprehensive
reviews13, therefore the discussion here will be brief. There are several routes for the preparation
of optically active mono-0-acyl-sn-glycerols13(The abbreviation sn means "stereospecific
numbering" Chem. Phys. Lipids, 21, 141 (1978)), but the classical one14 using isopropylidene
glycerol (solketal) remains the most popular one 1 5 , 1 6 . Acylation of isopropylidene glycerol is
carried out with an acid chloride in pyridine. The protecting group is conveniently removed by
4
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treatment with bone acid and 2-methoxyethanol followed by hydrolysis with water (scheme
1 2) Optically pure solketal can be obtained by glycol cleavage of the bis-acetomde of
13 14
manmtol · as shown in scheme 1 3 Alternatively, racemic isopropyhdene glycerol butyrate can
18
be hydrolyzed enantioselectively to give optically pure solketal by means of lipase (scheme
13)
Scheme 1 3

OH

^OC(0)R
lipase

The 2-monoglycendes are usually prepared by acylaùon of 1,3-benzyhdene-sn-glycerol19·20 or
1,3-ditntylglycerol20 with an acid chlonde, followed by removal of the protecting groups using
either Martin's bone acid/bone ester procedure21 or hydrogenolysis19 20 (scheme 14)
Deprotection under acidic conditions results in an equilibrium mixture of 1- and
2-monoglycendes in which the former dominates (90%)16 It has been demonstrated by several
investigators that mono-acyl-sn-glycerols undergo this intramolecular transestenfìcation under
acid, basic or thermal conditions1621·22·23 An acyl group tends to migrate24 to the
thermodynamically favored 1-position even in the solid state The rate of the isomenzation is
strongly dependent on the size and nature of the acid group, whereas the equihbnum ratio is only
slightly influenced25 Monoglycendes which contain a fatty acid as acid component rearrange
5

Scheme 1.4.
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very rapidly and easily25. Fischer26 and later workers 23 · 25,27 postulated an orthoester as a possible
intermediate in the migration reaction of the acyl group. They supposed that due to the optimal
steric requirements of the neighboring hydroxyl group, this 5-membered ring is likely to be
formed (scheme 1.5).
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1.2.2. Esters of dihalopropanol.
For the preparation of target molecules the esters of dihalopropanol are potential starting
materials. Since esters of dihalopropanol have proven to be the best substrates (for exceptions: see
Scheme 1.6.
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réf. 28 and 29) for the nucleophilic displacement reaction with a phosphate anion30·31,32,33, their
availability will be reviewed. 1,3-Diiodopropyl esters have been prepared from readily available
l,3-dichloro-2-propanol by treatment with sodium iodide followed by acylation34 (scheme 1.6).
Alternatively, glycerol-1,3-ditosylate30 (or mesylate31) can be used to prepare 1,3-diiodopropanol.

1.2J. Phosphorylation of alcohols.
For the synthesis of phosphate containing biomolecules a wide variety of methods for the
phosphorylation of alcohols has been developed. Some of them are depicted in scheme 1.7.
Diphenyl phosphorochloridate (scheme 1.7,1) has considerable utility in the phosphorylation
of various natural products, e.g. myo-inositol35, sugars36,37,38, nucleosides39·40 and lipid-like
molecules41. Dibenzyl phosphorochloridate (scheme 1.7, Π) was employed to phosphorylate
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nucleosides40. The protective groups can be removed by catalytic hydrogenolysis33·42.
Dianilido phosphorochloridate43 (scheme 1.7, Ш) was used in the synthesis of myo-inositol
7

polyphosphate 44 '''and
nitrosaaon

nucleotides 46

The masked phosphate group can be liberated by

47

The Z-Calkyl/arylsulfonyOethyl48- and the 2-cyanoethyl 4 ' 5 0 group have successfully been used
as a protecting group for phosphate esters (scheme 1 7 IV and V) Removal of these groups is
effectively and rapidly achieved with dilute base 5 1 5 2 The mechanistic basis for this facile
removal is a base-induced ß-ehmination reaction

1.2.4. Phosphorylation by halide displacement.
The displacement of an halogen by phosphate anion has been accomplished by Zwierzak and
Kluba 53 · 54 using tetrabutylammomum di(tert-butyl) phosphate as the nucleophihc reagent The
Scheme 1 8
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phosphotnester obtained was hydrolyzed using tnfluoroacetic acid For this reaction, which is
described in scheme 1 8, chlondes, bromides as well as iodides have been used The use of
tnethylammomum dibenzyl phosphate 3 7 has recenüy been descnbed for a similar conversion
A convenient method to accomplish the displacement of halogen makes use of silver dibenzyl
phosphate This procedure was introduced by Zervas 28 Catalytic hydrogenolysis provided the
phosphomonoester

Hessel, Morton, Todd and Verkade 32 showed that esters of 3 iodo

propane-1,2-diol smoothly react with silver dibenzyl phosphate to give the phosphotnesters
shown in scheme 1 9 This phosphorylation was used in the synthesis of cardiolipin 30 and
mixed-acid phosphatides 32 The complexation of the silver ion with the halogen substantially
facilitate the ultimate displacement reaction

55

Scheme 1 9
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1.2.5. Phosphorylation of vicinal diols.
Vicinal bisphosphates recently received much attention in connection with the discovery of the
role of myoinositol 1,4,5-trisphosphate as a cellular messenger56 and the elucidation of the
structure of a branched RNA-derivative57. Synthesis of both types of compounds require an
efficient phosphorylation procedure for the vicinally positioned hydroxyl groups. Vicinal
bisphosphates also are present in the list of target molecules (figure 1.1).
Phosphorylation of vie. diols is quite difficult, because the possibility of cyclic phosphate
formation58 (path a) which takes place in preference to the desired second phosphorylation (path
Scheme 1.10.

β) (scheme 1.10). Several studies reported the instability of a phosphotriester with an adjacent
hydroxyl function and the unwanted formation of cyclic phosphates5'. Brown et al.60, who
examined the stability of nucleotide triesters adjacent to a hydroxyl function, found that dialkyl
phosphotriesteis cyclized not only in acid or basic medium but also under neutral conditions. Van
der Neut et al. 61 subjected 2-trityloxyethyl diphenyl phosphate to hydrogenolysis. Although the
trityl group was removed, the expected 2-hydroxyethyl diphenyl phosphate was not obtained but,
probably, a cyclic phosphate was formed instead. These problems with the phosphorylation of
vic-diols can be overcome in two ways, as will be shown in the following. The protecting
functions in the phosphorylating agent should be such that they are resistant to displacement by an
adjacent hydroxyl function. This retarding of pathway α allows the introduction of a second
phosphate moiety. The required sequence of events is depicted in scheme 1.11. One hydroxyl
function is suitably protected, the other one is phosphorylated. The alcohol protecting function is
thenremoved,the second phosphate unit is introduced and finally the phosphate protecting groups
62 63
are removed. It was found · that the anilido group is a suitable phosphate protecting function in
62
63
this context. Phosphodiester amidates and phosphomonoester diamidates are less susceptible
to nucleophilic attack by an (adjacent) hydroxy group. For the sequence shown in scheme 1.11

9

Scheme 1.11.
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van Boeckel et al. 62 used the acid labile A^'-dimethoxytrityl (DMT) group as a protecting group
for a primary hydroxy function and 2,2,2-tnbromoethyl anuido phosphorochloridate as the
phosphorylation agent. The DMT-group could be removed without any cyclization to cyclic
phosphate. Subsequent phosphorylation could be accomplished as planned. Sekine and Hata63
showed that a silyl group also could be used for the protection of one of the alcohol functions,
which, after phosphorylation with hexaethylphosphonis triamide (HEPA) and tetrazole followed
by successive treatments with aniline and iodine, could be removed by fluoride ions.
A modification of this two step phosphorylation process involves the removal of one of the
Scheme 1.12.
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protecting functions at phosphorus to produce a phosphodiester which shows almost no tendency
to intramolecular cyclic phosphate formation (scheme 1.12). Then the alcohol can be deprotected
and phosphorylated to produce the vie. bisphosphates. This approach was followed by Kierzek et
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al.64 and Huss et al65. The first mentioned authors demonstrated that, without damaging a silyl
protected hydroxyl group, a ß-cyanoethyl group could be removed from a phosphotriester using a
mild base. Fluoride ion promoted desüylation of the adjacent alcohol group and introduction of
the second phosphate moiety completed this procedure. According to Huss et al.65 an
ortho-chlorophenoxy group can be removed from a phosphotriester using tetrabutylammonium
fluoride. After removal of the acid-labile alcohol protecting group, the second phosphorylation
was accomplished by a two step procedure (phosphitylation and oxidation).
The second approach to achieve vicinal phosphorylation is based on the use of a reagent that
reacts fast with the second hydroxyl group, while the intramolecular reaction is suppressed.
Scheme 1.13.
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Phosphitylating agents such as bis(2-cyanoethyl) phosphorochloridite66 and bis(2-cyanoethyl)
Ν,Ν-diethylphosphoramidite67 can serve this purpose. Vicinal bisphosphites are the initial
products. These bisphosphites are usually oxidized with ^/watei*8,69 or t-butyl hydroperoxide
70 71
· to the corresponding bisphosphates, which after deprotection yield the desired vie.
bisphosphates (scheme 1.13).

11

72

Phosphitylating agents are commonly used in the synthesis of larger oligomers ; several types
72 76
of thesereagentshave been developed " . Some of them are depicted in scheme 1.13. Watanabe
77
et al. employed the highly reactive PCI3 during the synthesis of D-rayo-inositol
2,4,5-trisphosphate. Without isolation, the initially formed trisphosphorodichloridite was
successively treated with benzyl alcohol and t-butyl hydroperoxide to eventually produce the fully
protected myo-inositol trisphosphate. An attractive feature of this method of vicinal
6
67 75 77
phosphorylation is that it can be performed in a one pot procedure *· · " . The final
deprotection step is always programmed in the phosphitylating agent used. Two interesting
66
examples hereof are bis(2-cyanoethyl) phosphorochloridite and dibenzyl N.N-diisopropyl78
phosphoramidite .
An alternative and very attractive reagent for the direct phosphorylation of vie. diols, namely
79 80
tetrabenzyl pyrophosphate · , wasrecentlyreported(scheme 1.14). This novel reagent has to be
Scheme 1.14.
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used in the presence of a base81. Apparently the second phosphorylation (path ß, in scheme 1.11)
is faster than the intramolecular formation of a cyclic phosphate (path a). In the case a polyol
such as myo-inositol is subjected to phosphorylation, part of the hydroxy functions are protected
as acetáis or ethers66·67·75·80,82. Only one report mentions an acetate79 (according to the authors
this function survives the phosphorylating conditions using tetrabenzyl pyrophosphate).
It should be emphasized that the vicinal phosphorylation methods discussed in the schemes
13&14 only became available when the study, described in this thesis, was in itsfinalstage?3.

1.3. Outline of the thesis.
Chapter 1 entails the purpose of the study including a synthetic analysis in which the synthetic

12

The synthesis of pentaerythntol based amphiphiles is the subject of investigation presented in
chapter 3 Several phosphorylating agents are evaluated, moreover, attention is devoted to the
scope of the Zervas phosphorylation procedure
In Chapter 4 the results of two phosphorylation procedures leading to the synthesis of vicinal
phosphates are descnbed A stepwise introduction of the phosphate groups is compared with the
direct phosphorylation of vicinal alcohols
In chapter 5 preliminary results of the development of a new monofuncQonal sulfur containing
phosphite reagent VI are reported Moreover, an interesUng synthesis of 2-aJ]cyl/arylsulfonyl-2propenylarrunes VII is included (figure 1 2)
Figure 1 2 Compounds descnbed in chapter 5
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In the appendix to this thesis the results of the invesüganon of the synthesized amphiphiles on
demineralization of dental enamel are descnbed
A summary concludes this thesis
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CHAPTER 2
SYNTHESIS OF AMPHIPHILIC COMPOUNDS
DERIVED FROM GLYCEROL AND THREITOL.
2.1. Introduction.
As outlined in chapter 1 the target molecules A, D & E (figure 2.1) were selected as model
compounds for potential coatings of the surface of tooth enamel. The target A has a Сз-backbone
and two phosphate groups in the 1,3-position. As the hydrophobic substituent a fatty acid chain,
viz. the stearoyl group, was chosen. The molecule A is achira]. The synthetic strategy should
allow the introduction of other fatty chains as well.
The target molecule D is derived from threitol with two phosphates in the 1,4-position. Again
stearoyl groups were chosen as the hydrophobic moieties in these amphiphiles. A special feature
of target D is that it contains two chiral centers, implying that three stereoisomers can be
envisaged, viz.: a d-, a 1- and a meso compound. In this chapter the attention will be focussed on
the enantiomeric targets D^ and D^, which have the R,R and S,S configuration, respectively. A
positional isomer of the molecules D is target E in which the stéarate ester groups are in the
1,4-position. In this chapter a possible synthesis of this target molecule will be briefly mentioned.
As will be demonstrated, the synthesis of the targets follow, in essence, the same strategy.
Figure 2.1. Model compounds, derived from glycerol and threitol.
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2.2. Synthesis of 2-0-stearoyl glycerol 13-bisphosphate.
For the synthesis of target molecule A two principle strategies can be envisaged (scheme 21),
viz phosphorylation of 2-0 acylglycerol (path a), or a displacement reaction of a halide by a
phosphate group (path b)
Scheme 2 1

OH

path а

/—

RC(0)0—(
\

-*
OH

^ОРОз=

RC(0)0-Y
^—ОРОз=

pathb

^ H a l

*- RC(0)0—(
^—Hal

The 2-0-acylglycerol compounds (2-monoglycendes) have a tendency to equilibrate (rapidly)
1
with 1-monoglycendes by an intramolecular acyl transfer reaction Path a was therefore
considered less appropriate (chapter 1, section 12 1)
The starting material for path b is an acylated l,3-dihalo-2-propanol For the halide
displacement reaction the method of Zervas2, in which silver dibenzyl phosphate is employed,
was adopted
The plan for the synthesis of 2-0-stearoyl glycerol 1,3-bisphosphate is depicted in scheme 2 2
The required 1,3-diiodo-2-propanol 2 can easily be obtained from the corresponding
dichloro-compound 1 by a Finkelstein3 reaction Acylation of 2 using stearoyl chloride and
pyridine produces the desired 1,3-diiodo-2-propyl stéarate З 3
The diiodo compound 3 thus obtained was then treated with silver dibenzyl phosphate to
produce the bisphosphomester 4 in good yield (74%) This reaction was performed in boiling
toluene with the exclusion of light and with a slight excess of the silver reagent The progress of
the reaction was monitored by the 'H-NMR signal for the -CH2-I protons (δ- 3 2ppm) and the
newly appearing signal for the -CH2-OP(0)(OBn)2 methylene protons (δ- 4 Oppm) The structure
of product 4 was established unambiguously on the basis of its spectral features MS (FB+ 879
(M+l)+), IR (v= 1280cm ' (P=0), 31P-NMR (δ= -3 06ppm), see also the expérimental section
It should be noted that a prolonged reaction time causes decomposition of the
bisphosphomester The silver iodide that is probably formed, reacts with the mester resulting in
debenzylation (see the debenzylation using sodium iodide)
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The deprotection of the tetrabenzyl ester 4 can be carried out in two ways, namely by a one
4
step complete catalytic hydrogenolysis using H2/Pd(C) in ethanol to provide the bisphosphoric
acid 5 or by a stepwise process involving debenzylation with sodium iodide in butanone5 to give
the bis-monobenzyl ester 6 (yield: 90%) followed by catalytic hydrogenolysis using H2/Pd(C). In
both cases the hydrogenolysis products were immediately subjected to a treatment with Dowex
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ion exchange resin (Na+-form) to produce the tetra sodium salt 7. Compound S was only soluble
in organic solvents when a trace of acid, for instance tnfluoroacetic acid, was added For its
purification, particularly to remove traces of the hydrogenolysis catalyst, reverse phase column
chromatography using RP-2- and RP-18- columns was found to be most effective In order to
dissolve compound 5 in water, 0 75 equivalent of sodium hydroxide per phosphate group was
added, followed by somficaüon of theresultingmixture, and then passing over a column of cation
exchanger resin using methanol-water as eluent In fact, dunng this operation compound 5 is
converted into the tetra sodium salt 7 It should be emphasized that the amphiphilic product 7 is
sparingly soluble in organic solvents, and therefore, punficanon should be performed in a
preceding stage of the synthetic sequence, preferably as the tetrabenzyl ester 4 The spectroscopic
analysis is also most conviemently earned out with a derivative soluble in organic solvents
The identity and homogeneity of 6 was confirmed by spectroscopic techniques A proton
decoupled 31P-NMR spectrum revealed the presence of only one resonance at approximately -1 5
ppm, which showed a two ppm shift difference in comparison with the Diester Moreover,
13
C-nuclear resonances demonstrated the presence of a benzyl group (A 13NMR-spectrum of a
comparable compound is depicted in figure 2 2) After completion of the synthetic sequence,
Figure 2 2
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compound 7 was obtained as a white, amorphous powder and charactenzed by IR, P-NMR,
mass spectroscopy, TLC and elemental analysis (see expérimental section)
Compound 5 was also convened into the bisphosphotnester 8 by means of diazomethane
(scheme 2 3) Compound 8 was isolated in virtually quantitative yield, indicating the very high
22

purity of phosphomonoester 5. Spectral data confiimed the structure of target molecule 7.
Scheme 2.3.
^OP(0)(OH)2
RC(0)0-/
^ — OP(0)(OH)2
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R= С17Нз5

' H - N M R analysis confinned the presence of the phosphate groups linked to the primary carbons
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of the polyol moiety. A proton decoupled P-NMR spectrum revealed the presence of only one
resonance which is evidence for the identity and purity of compound 8. The purity of the triesters
was also confirmed by TLC, which showed one single spot only.
For the preparation of intermediate product 3 (scheme 2.2) the alternative approach depicted in
6

scheme 2.4 was also considered. This sequence was adopted from Titov et al. with some
Scheme 2.4.
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modifications. Tosylation of solketal, followed by an acid hydrolysis of the acetonide present in
compound7 9, resulted in vicinal diol 10. Selective tosylation and then acylation with stearoyl
23

chloride afforded compound 12 The displacement of the tosyloxy groups by iodides, as descnbed
6
by the Russian workers , failed A successful substitution was achieved however, when the
reaction was performed in boiling toluene in the presence of a crown ether (18-Crown-6) This led
to the desired product 3, albeit in a moderate yield (33%)

2.3. Synthesis of 2,3-di-O-stearoyl threitol 1,4-bisphosphate and 2-O-acetyI 3-O-stearoyl
threitol 1,4-bisphosphate.
The target molecules D and E with а Сд-ЬаскЬопе were synthesized from tartane acid The
synthetic sequence is depicted m scheme 2 5 This approach allows the preparation of both
enantiomenc forms (D and E)
Treatment of optically pure tartane acid (either D(-) or Ц+)) with 2,2-dimethoxypropane and
8
methanol afforded in a smoothreactionthe protected ester 13 Reduction of this bis-ester gave
9
diol 14 Tosylation in the usual way gave the bis-tosylate 15 which underwent a displacement
10
reaction with sodium iodide to produce 16 Remarkably, in this case the tosylate displacement
proceded without problems unlike the reaction shown in scheme 2 4 (section 2 2) Mild hydrolysis
of 16 with tnfluoroacetic acid in aqueous methanol gave l,4-diiodo-butane-2,3-diol 17 This
method, which in essence was adopted from Tatsuta et a l l l , gave satisfactory results, however,
alternative procedures descnbed in the literature, such as hydrolysis catalyzed by dilute
hydrochlonc acid10 or Amberlyst-15-12, were less adequate
Bis-acyladon of 17 was accomplished with two equivalents of stearoyl chloride to give the
bis-ester 18 The two enanüomers 18^ and 18^ were accessible from the respective tartane acids
12" and 12^ in an overall yield of 46 5% The introduction of the phosphate group was performed
again by means of silver dibenzyl phosphate (85%) The thus obtained bisphosphotnester 19 was
debenzylated in the same way as descnbed in section 2 2 The two step procedure afforded the
final product 21 The other enantiomer of tartane acid, the same sequence of reactions, gave the
other enantiomer as the final product The dimethyl phosphotnester 22 was also obtained in high
yield, by a reaction with diazomethane and the corresponding phosphomonoester, again indicating
the punty of the starting matenal
A slight modification of the synthesis of 18, viz mono-acylation with stearoyl chlonde of 17
and subsequent acetylaüon with АС2О, afforded the mixed-diester 24 (scheme 2 6) The
monoester 23 appeared to be extrenely light-sensitive Introduction of the phosphate groups
(75%), and the subsequent two-step debenzylaaon procedure, as descnbed before, led to product
24
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27. These reactions were earned out for both enantiomers of tartaric acid. Methylation of the
phosphomonoester with diazomethane concluded the sequence. The yields of the respective
products are collected in table 2.1.
The purity and identity of the compounds was checked in the same way as described for
2-0-stearoyl glycerol 1,3-bisphosphate 7, section 2.2. The optical rotation of compounds 21'& b
and 27*&b could not be determined accurately because of the poor solubility of the amphiphilic
products. However, the optical purity of the phosphotriesters 22*&b and 28^&* was determined
25
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by means of 'H-NMR spectroscopy using the chiral shift reagent Eu(hfc)3. Addition of the
reagent to the sample resulted in an enantiomeric splitting of the methyl protons for compounds
22*&b . In the case of compounds 28^&^ the absorption of acetate-protons and the methoxy
protons on the phosphorus atom of the two enantiomers shifted differently. It was concluded from
these observations that the optical purity of 22^, 22^, 28^ and 28^ was at least 95% and that the
entire reaction sequence is stereospecific.

2.4. Mechanistic aspects of the phosphorylation reaction.
Two possibilities can be envisaged for the mechanistic pathway of this displacement of iodide
by a phosphate group, using silver dibenzyl phosphate as the reagent. Firstly, a direct
SNj-displacement reaction (path a, in scheme 2.7) and secondly, the initial formation of a
dioxolenium intermediate by an intramolecular reaction the acyl group, followed by an attack of
the nucleophile (BnO^PCOX)-, in the manner depicted in scheme 2.7, path β.
The mechanism according to path β, involving neighboring group participation, was postulated
by Winstein and Buckles13. It can be considered as an intramolecular reaction of an
ester-carbonyl group with a silver induced polarized carbon-iodide bond (a "push-pull"
mechanism). Later a 1,3-dioxolenium ion intermediate was observed by 'H-NMR spectroscopy14
when 3-acetoxy-2-chlon>-2,3-dimethyIbutane was dissolved in SbFs-SC^ or ЗЬРз-РЗОзН-ЗОз at
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-60 C. Meerwein et al.' were able to prepare stable 1,3-dioxolenium salts byreactionof esters of
l-hydroxy-2-fluoro-ethane with boron trifluoride. The regioselectivity of the phosphorylation
reaction may be explained on the basis of the nucleophile approaching from the least hindered
side of the dioxolenium ion intermediate.
Attempts to synthesize target compound E (scheme 2.8), a positional isomer op target D, by a
reaction of the distearate of 2,3-dibromo-l,4-butane<liol 29 and silver dibenzyl phosphate failed.
Apart from the starting material, the only identifiable product obtained was compound ! £ , albeit
in very poor yield (14%). It should be noted that 19^ thus obtained is racemic. The
dibromo-compound 29 was prepared by addition of bromine to cis-butene-l,4-diol followed by
acylation with stearoyl chloride (addition of iodine to the olefin failed16). The formation of
compound 19^ can be explained by the mechanism involving neighboring group participation as
proposed above (scheme 2.7), path β. Gielkens et al. 17 observed a similar rearrangement of a
stearoyl group from the 1- to the 2- position when they treated l,3-distearoyloxy-2-iodopropane
with silver dibenzyl phosphate (scheme 2.9).
It is questionable whether the position of the stearoyloxy group next to the reaction center is
prerequisite for the occurrence of phosphorylation shown in scheme 2.7. Treatment of
3-iodo-l-propyl stéarate 30 with silver dibenzyl phosphate gave the corresponding
phosphotriester 31 in excellent yield (85%). Moreover, 1-iodooctadecane reacted smoothly with
the silver-salt under standard conditions. The phosphotriester 32 was obtained in 95% yield
(scheme 2.10).
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The above results clearly reveal, that reaction can take place with or without neighboring
group participation. It is not clear which of the two proposed mechanistic pathways (or both) is
followed in the present case of substrates 3,18, 24 and 30. Early studies by Morpain and Perie18
confirmed that these type of reactions may occur through NGP when this possibility arises,
however, it is not an absolute prerequisite since displacement also can take place without a NG.
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2.5. Experimental section.
General procedures
'H-NMR spectra were recorded on a Vanan EM390 (90 MHz, CW) or a Bruker WH90 (90
MHz, FT) spectrometer with TMS as internal standard 13C{ 'HJ-NMR were recorded on a Bniker
WM200 (50 27 MHz, FT) and 3 1 P(Ή) on a Vanan XL100 (40 5 MHz, FT) with TMP as internal
standard IR spectra were recorded on a Perkin-Elmer 298 spectrophotometer For mass
spectroscopy a double focussing VG 7070E was used
Melting points were determined on a Reichert Thermopan microscope and are uncorrected
Elemental analyses were earned out in the microanalytical department of the University of
Nijmegen For the determination of specific rotations, a Perkin-Elmer 241 Polanmeter was used
For preparative chromatography a slightly modified version of the "flash"-chromatography
19
technique was used The stationary phase was Sihcagel 60H (Merck art no 7736) or silica gel 60
silanated (Merck art no 7719) A pressure of 1 5-2 0 bar was used to obtain the necessary flow
rate The column length was approximately 15-20 cm, column diameters varied between 2 and 5
cm The column was linked to an ISCO Type 6 optical unit, an ISCo Model UA-5- absorbance
monitor and an ISCO Model 328 fraction collector The ion exchanger Dowex 50 W χ 2 in
Na+-form was purchased from Fluka AG (Art no 44465)
30

Thin layer chromatograms (TLC) were run on plastic supported silica gel 60 plates
(ОДпіт-layer, F254, Merck art.no.5735), glass supported silica gel 60 plates (0 25-layer, F · ^ ,
20
Merck art.no. 5715) or HPTLC RP-2-(Mcrck an.no. 13726). The molybdate and Knight and
21
Young sprays were used as location reagents.
Solvents were dned , when appropnate using the following methods: Petroleum ether 60-80
was distilled from sodium hydnde. Dichloromethane was distilled from phosphorus pentoxide
Diethyl ether was predried over calcium chloride and then distilled from sodium hydnde. THF
was initially distilled from calcium hydnde and then from lithium aluminum hydnde Pyndine,
tnethylamine and dusopropylamine were distilled from potassium hydroxide Benzene was
distilled from calcium hydnde. Toluene was distilled from sodium. All other solvents used were
of either P.A. or "reinst" quality. nBuLi was used as stock solutions of 1.6 M in hexane.
All reactions involving exclusion of moisture were carried out under nitrogen or argon.
For the 'H-nmr analysis tns[3-(heptafluoropropylhydroxymethylene)-D-camphorato]еигорштСШ): Eu(hfc)3 was used as shift reagent
1 J-Diiodo-2-propyl stéarate 3
Method 1 To a solution of 1,3 diiodo-2-propanol3 3 (3.1 g, 10 mmol) in dry ether (70 ml) and dry
pyndine (10 ml), stearoyl chlonde (3.5 g, 11.5 mmol) in dry ether (10 ml) was added After 16 h
at r t. the reaction mixture was poured into water and extracted with ether. The organic layer was
washed with a 2N solution of HCl and with a saturated solution of NaCl. The organic layer was
separated, dned over0 MgSO,»,
and concentrated. The product 3 (5.3 g, 95%) crystallized from
acetomtnle, m.p 48 C 1(lit.3 49-50oC and ht.6 52-530C). IR (КВт) υ = 2905, 2850 (СН2), 1735
(С=0), 1460, 1155 cm" ; 'H-NMR (DCCI3) δ = 4 66 (IH, t J = 6 Hz, CHOC=0), 3 40 (4H, d J =
6 Hz, гхСН,!), 2 4-0 7 (remaining protons) ppm; MS (СГ) . 577 (M-l)+, 451 (M-I)+, 295
(М-2І-С,Н4Г, Accurate mass: found: 577 102. C^Hj^CV IHrequires577 104
Method 2 1,3-ditosy 1-2-stearoyl glycerollO (660 mg, Immol) was dissolved in acetone (5 ml) and
benzene (40 ml). To this solution potassium iodide (1 66 g, 10 mmol) and 18-Crown-6 (36 mg,
0 1 mmol) was added. The mixture was heated under reflux for 16 h, then concentrated under
reduced pressure Ether en water were added and the two layers were separated The organic layer
was washed with IN solution sodium thiosulphate and with a saturated solution of NaCl The
organic layer was separated, dned over MgS04 and concentrated The product 3 was punfied by
flash chromatography (silica gel, peth ether/ethyl acetate = 19/1)
and obtained as a yellow/white
solid (200 mg, 35%) Μ ρ 48°C from acetomtnle (ht 3 49-50oC and lit.' 52-530C). The
spectroscopic data were in agreement with those obtained for method 1.
2-Stearoyloiy-]J-propane-diyl bisfdtbenzyl phosphate) 4
To a solution of 3 (1 7 g, 3 mmol) in dry toluene (40 ml), silver dibenzyl phosphate4 (2 4 g, 6.1
mmol) was added while snmng under argon The mixture was heated under reflux for 4 h with
exclusion of light. Then the suspension was filtered over High-Flow and thefiltrateconcentrated
under reduced pressure. The product 4 was punfied by flash chromatography (silica gel,
peth.ether/ethyl acetate = 7/3) and obtained as a colorless oil (1.95 g, 74%). IR (ССЦ) ν = 3015
(QHs), 2920, 2840 (CH2), 1735 (C=0), 1280 (P=0) cm ', 'H-NMR (DCCl,) δ = 7 32 (20H, s,
СбН,), 5.10 (8H, dJ=8 Hz, QH.-CHj), 5.10 (IH, m, CHOC=0), 4.15 (4Н, t J=6 Hz, 2xCH20),
2 5-0.8 (remaining protons) ppnO'P-NMR {HKCCI4). δ = -3.06 ppm, MS (FB+) : 879 (M+lf.
2-stearoyloxy-] J-propane-diyl bis(sodium benzyl phosphate) 6
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To a solution of 4 (5.0 g, 5.7 mmol) in acetone (200 ml) sodium iodide (1.8 g, 12 mmol) was
added
while stirring under argon. The mixture was heated under reflux for 3 h. After storage at
-20oC the pale yellow precipitate formed,
was filtered off. The product 6 (3.8 g, 90%) crystallized
from anhydrous acetone, m.p. >200oC. IR (КВт):
ν = 3095, 3060, 3015 (C 6 H 5 ), 2920, 2850
(СН2), 1725 (С=0), 1245 (Р=0), 1120 (СОР) cm 1 ; 13C-NMR (HKCDjOD): δ = 175.2 (C=0),
140.0. 130.0-128.4 (C6H5), 73.9 (CHOCO), 68.5 (ÇH2C6H3), 65.4 (ÇH2OP), 35.4, 33.3,
31.0-29.3.
26.1, 24.0 (C-stearoyl) ppm; 31P-NMR {HKCD3OD): δ = -1.23 ppm; MS (FB-) : 765
(M+Na)+, 743 (M+l)+, 715 (M+l-CjH^.
Sodium 2-stearoyloxy-l J-propane-diyl bisphosphate 7
Method I: The dibenzyl ester 6 (500 mg, 0.67 mmol) dissolved in methanol (40 ml) was subjected
to hydrogenolysis for 2 h with Pd(C) as the catalyst. Then the catalyst was filtered off using a
small RP-2 column and the filtrate was concentrated in vacuo.
The product was dissolved in H 2 0
and lyophilized and subsequently dried over Pfi5 at 90oC for 8 h. Yield 310 mg, 78%. 1Rf 0.19
(BuOH/AcOH/H20 4/1/1). IR (KBr): ν = 2910, 2860 (CH2). 1740 (CO), 1190 (P=0) cm .
Method 2: The tetrabenzyl ester 4 (500 mg, 0.6 mmol) dissolved in ethanol (40 ml) was subjected
to hydrogenolysis for 0.5 h with Pd(C) as the catalyst. Then the catalyst was filtered off using a
small RP-2 column and the filtrate was concentrated in vacuo. The residue was dissolved in
distilled water, with the aid of a 0.05N solution of NaOH (36 ml), treated with Dowex 50WX2
(sodium form) and lyophilized. The product 7 was o purified (RP-18 or RP-2, MeOH/H20),
lyophilized and subsequently dried over ?г05 at 90 C for 8 h. Yield 0.33 g, 86%. Rf 0.17
(BuOH/AcOH/H20 4/1/1). Analysis found: С 39.0, H 6.74, Na 14.0. Calculated for
C 2 iH 40 P 2 O 10 Na 4 .2H 2 O : С 39.2, H 6.84, Na 14.3. IR (KBr): ν =+ 2910, 2860 (CH2), 1740 (C=0),
12Ò0 (P=0) cm"1; 31P-NMR {H}(D20): δ = -2.27 ppm. MS (FB , free acid)): 541 (M+Na)+, 513
(M+Na-CìH^.
2-stearoyloxy-l j-propane-diyl bis(dimethyl phosphate) 8
The tetrabenzyl ester 4 (800 mg, 0.91 mmol) dissolved in ethanol (40 ml) was subjected to
hydrogenolysis for 0.5 h with Pd(C) as the catalyst. Then the catalyst was filtered off over a small
RP-2 column and the filtrate was concentrated in vacuo. To a suspension of the
phosphomonoester 5 in ethanol (50 ml) diazomethane (25 ml, ССН2К2= 0.3M)was added at r.t.
After stirring for H h at r.t. the excess of diazomethane was removed and the solution was
concentrated. The residue was purified by chromatography (silica gel, pet.ether/ethyl acetate =
65/35)8 : 520 mg (95%), as a waxy solid. Rf 0.11 (ethyl acetate).
IR (CCI4): ν = 2910, 2850
(CH2), 1730 (C=0), 1280 (P=0). 1190 (PO-CH3), 1010 (РОС) cm·1; 1H-NMR (DCCU): δ = 5.22
(IH, t, CHOC=0), 4.27 (4H, d:JBH= 7.3 Hz, 2xCH20), 3.78 (12H, d:JpH= 11.2 Hz, 4хСНз),
2.4-0.7 (remaining protons) ppm; 31P-NMR (H)(CC14): δ = -1.07 ppm; MS (СГ) : 575 (M+l)+,
547 (М-СгН^, 449 [M-HOPiOXOCHj)^.
3-Tosyloxy-propane-l 2-diol 10 (1-tosyl glycerol)
The procedure given by Baldwin et al? was followed.o Starting
from solketal (13.5 g, 100 mmol),
10 was obtained in a yield of 75% (18.5 g), m.p. 55-60 C ait.r54-590C).
1
IR (KBr): ν = 3400 (OH), 1595 (CéH4), 1345,1160 (S02) cm ; •H-NMR (DCCI3): δ = 7.3-7.8
(8Η, ABa:J=8.0 Hz, СД,), 3.4-4.1 (7Н, m, СН2ОНСНОНСН2), 2.35 (ЗН, s, СН3) ppm; MS
(СГ): 247 (M+l)+.
1 J-Tosyloxy-2-propanol 11 (1,3-ditosyl glycerol)
To a solution of 1-tosyl glycerol 10 (7.0 g, 28.5 mmol)
in dry THF (40 ml) and pyridine (5 ml)
tosyl chloride (5.3 g, 28 mmol) was added at -50oC. After 4 days the solution was poured into
ice-water and extracted with ether. The organic layer was washed with a 2N solution of HO and
twice with a saturated solution of NaCl. The organic layer was separated, dried over MgS04 and
concentrated. The product 11 was purified by flash chromatography (silica gel, peth.ether /ethyl
acetate = 1/1) and obtained as a colorless oil. Yield: 10.0 g (88%). IR (KBr): ν = 3510 (OH), 1595
32

1

(C 6 H 4 ), 1350,1170 (SO,) c m , •H-NMR (DCCI3) δ = 72,7 7 (8H, AB. J=8 0 Hz, С^НД
3 85-4 15 (5H, m, CH2CHCH2), 3,1 (IH, bs, OH), 2 30 (6H, s, 2хСНз) ppm, MS ( С П 401
+
( M + i r , 383 (M H 2 0 )
l^-Bis(tosyloxy) 2 propyl stéarate 12 (1,3-d¡tosy¡-2-stearoyl glycerol)
To a solution of 1,3-ditosyl glycerol II (3 15 g, 7 9 mmol) in dry ether (70 ml) and dry pyndine
(10 ml), stearoyl chlonde (3 15 g, 10 4 mmol)in dry ether (10 ml) was added. After 16 h at г t, the
reaction mixture was poured into water and extracted with ether The organic layer was washed
with a 2N solution of HCl and with a saturated solution of NaCl The organic layer was separated,
dried over MgS04 and concentrated. The product 12 was punned by flash chromatography (silica
0
gel, peth ether/ethyl acetate = 85/15) and obtained as a white solid (5 3 g, 95%) Μ ρ 47-49 C
from ethanol (ht * 40-4 ГС) Analysis found С 62 91, H 8 29 Calculated for ΰ , , Η ^ Ο ^ С
63 03, Η 8 16 IR (KBr) ν = 2920, 2850 (CH2), 1740 (С=0), 1595 (ОД,), 1170,1365 (S0 2 )cm \
'H-NMR (DCCI3) 6 = 7 2 - 7 7 (8Н, AB. J=8 0 Hz, С 6 Н 4 ), 5 10 (IH, t J= 3 5 Hz,CHOC=0), 4 12
+
(4H, d J=3 5 Hz, гхСНгО), 2 45 (6H, s, 2хСНз), 2 4-0 7 (remaimng protons), MS (FB ) 495
+
(M+l-OTos)
Dimethyl 2RjR-0-isopropyIidene-tartrate 1У
The procedure given by Carmack and Keliëy8 was followed. Starting from L(+) tartane acid (25
0
4
g, 168 mmol) ІЗ^ was obtained in a yield of 94 % (34 1 g) b ρ 85 C, pressure 5 I O
:
[áir^iCHCU, c= 1 0) = +37 4° IR (neat) ν = 1750 (C=0) c m \ Н NMR (DCCI3) δ = 4 7 7
(2Η, s, 0 2 CCÎÎ-C5CC0 2 ). 3 77 (6H, s, 2хСНз), 150 (6H, s, CfOLb) ppm, MS (СГ) 219
+
+
+
(M+l) , 203 (М-СНз) , 159 (М-СООСНэ)
ь

Dimethyl 2SJS-0-isopropylidene-tartraie 13
The same procedure as given for the synthesis of ІУ was followed, starting from D(-) tartane
acid The spectroscopic data were the same as those described for 13^ except the optical rotation,
13" [а] 0 2 0 (СНС1 э , c= 1 0) = -37 0°
2S,3S-0-lsopropylidene-threitol 14^
The procedure given by Seebach and Hungerbuhler9 was followed Starting from 13^ (12 g, 300
mmol), 14! was obtained in a yield of 64 % (14 3 g) fa] D M (CHCl3, c= 1 0) = -2 8° IR (neat) ν =
3400 (OH) cm ', 'H-NMR (DCCK)+ δ = 3 90-3 70+ (6H, m, HXCÍi-CÍÍCH,), 3 30 (2H,
s, 2хОН),
+

1 37 (6Н, s, аСНзЫ ppm, MS (СІ ) 163 (M+l) , 147 (М-СН3Г, 131 (М-СН2ОН)

2S,3S-0-Isopropylidene threuol 14 ь
The same procedure as given for the synthesis of 14^ was followed, starnng from 13^ The
spectroscopic data were the same as those desenbed for 14^ except the optical rotation, 14 b :
[ajp 2 0 (CHCI3, c= 1 0) = +2 7°
],4-Ditosyl-2RJR O-isopropylidene-threuol 1 ^
The procedure given by Rubin et a l 1 0 was followed. Starting from 14· (5 g, 31 mmol) IS! was
obtained in a yield of 83 % (12 1 g) Μ ρ 89 91 0 C ( h t 9 90 9ГС), [ ¿ ^ ( C H C K , c= 1 0) = +9 3°
(ht 9 [alo 2 0 (CHCI3, c= 2 0) = +12 5°) IR (neat) ν = 1595 (C 6 H 4 ), 1360, 1170 (S0 2 ) cm '.
Ή NMR (DCCI3) δ = 7 83-7 27 (8H, AB. J=8Hz, C6H4), 4 07 (6H, m, H2CC!í-CllCH2), 2 43
(6H, s, 2хСНз). 1 30 (6H, s, С(СНз)2) ppm, MS СГ) 471 (M+l)*, 455 (M СНз)+, 413
(М+1-acetone)*
/ .4-Ditosvl-2SJS-0-isopropví¡dene-threito¡ 15 ь
The same procedure as given for the synthesis of 15! was followed, starting from 14^ The
spectroscopic data were the same as those desenbed for 15! except the optical rotanon, 15 b :
[etfo^CHClj, c= 1 0) = -9 8°.
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l,4-Duodo-2J-0-isopropyhdene-2R^R-butanedìol\^_
The procedure as given by Rubin et al 1 0 was followed Starting from20 IS* (18 g, 38 mmol), 16^
was9 obtained
as an orange/yellow oü in a yield of 99 % (14 5 g) [a]D (MeOH,
c= 1 0) = +16 3°
1
(ht [a] D 20 (MeOH, c= 8 5) = +17 5°) IR (neat) ν = 2980, 2930 (CH) cm , 'H-NMR
(DCCI3)
δ = 3 83 (2H, m, 2xCH), 3 37 (4H, m, гхСНз), 1 47 (6Н, s, CíCHjíz) ppm, MS (EI+) 382 (M)+,
367 (M-CHjP
1,4 Diiodo-2J-0-lsopropyhdene 2SJS butanediol 16b
The same procedure as given for the synthesis of HP was followed, starting from 15^ The
spectroscopic
data were the same as those described for 16? except the optical rotation, 16b:
[o]D20(MeOH,c=10) = -17 20
1,4-Diiodo-2R,3R-butanediol IT?
To a solution of tnfluoroacetic acid in water and methanol (4 1 8) 16? (2 75 g, 7 2 mmol) was
added The reaction mixture was stmed for five mm at r t and subsequently poured into ethyl
acetate The organic layer was washed with a 5% solution of sodium carbonate and an saturated
NaCl soluDon, dned over MgS04 and concentrated 17? was punfied by sublimation
(T= 110oC
20
and P= 3mm) and obtained in a yield of 97% (2 39 g) Μ ρ 104-105, [ a b (MeOH, c= 1 0)=
-7 4° IR (KBr) ν = 3230 (ОН), 2950, 2920 (CH) cm ', 'H-NMR (DCCU) δ = 3 93 (2H, m,
+
2хСН). 3 +33 (4Н, m, гхСН^,
2 56 (2Н, s, ОН) ppm, MS (СГ) 343 (M+l)*, 325 (М+1-Н20) ,
+
215 (М-І) , 197 (М-Н20-І)
ь

l,4-Diiodo-2SjS butanediol П
The same procedure as given for the synthesis of 17? was followed, starting from 16^ The
b
spectroscopic data were die same as those described for 17? except the optical rotation, 17 :
[«ІО^МеОН, c= I 0) = +7 6°
I 4-Diiodo-2R,3R-butane-diyl di-stearate 18?
To a solunon of 17? (0 85 g, 2 5 mmol) in dry ether (34 ml) and dry pyndine (4 3 ml), stearoyl
chloride (3 5 g, 115 mmol) in dry ether (10 ml) was added at 0°C After 24 h at r L, the reaction
mixture was poured into ice water and extracted with ether The organic layer was washed with a
2N solunon of H2SO4 and with a solution of saturated sodium thiosulphate The organic layer
was separated, dned over MgS04
and concentrated The product 18? (2 1 g, 97%) crystallized
from acetomtnle Μ ρ 54-560C, [a] D 2 0 (CH7a2, c= 1 0) = +5 3° IR (KBr) ν = 2950, 2910,
2840 (CH2), 1740 (C=0) cm ', 'H-NMR (DCCI3) 13δ = 5 18 (2Η, m, 2xCHOC=0), 3 22 (2H, d J=
5 8 Hz, CH2I), 2 4-0 8 (remaining protons) ppm, C-NMR (Н}(ОСС1з) δ = 172 7 (C=0), 72+ 0
(ÇHOC=0),+ 34 11, 31 8, 29 8, 28 8, 24 8, 22 5, 13 9 (C stearoyl), 0 93 (ÇH2I)ppm, MS +(FB )
875 (M+l) , 847 (Μ+Ι-Ο,Η^, 819 (M+l-2xC2H4)-\ 791 (М+1-ЗхС2Н4Г, 747 (M Ι) , 719
(M-I-C2H4)+, 591 (M-2I-C2H4)+ 563 (М-гі-гхСгН,,)* Determination of ее by 'H-NMR
Eu(hfc)3 (C(0)CH2)
1 4-Diiodo-2SjS-butane-diyl di-stearate 18?
The same procedure as given for the synthesis of 18? was followed, starting from 17? The
spectroscopic data were the same as those described for 18? except the optical rotation, 18b:
[аЬ^СНгСІг, c= 1 0) = -6 8°
2RJR-di(stearoyloxy)-I,4-butane-diyl bis(dibenzyl phosphate) 19?
The procedure given for 4 was followed Starting from 18? (2 38 g, 2 7 mmol) 19? (2 36 g, 85%)
was obtained after flash chromatography (silica gel, pet ether/ethyl acetate = 7/3) Μ ρ20 44-450C,
analysis found С 69 72, H 8 86 Calculated for C 6 8 H 1 ( ) 4 P 2 0 l 2 С 69 48, H 8 92 [a] D (CH 2 Cl 2 ,
c= 1 0) = -1 69° IR (KBr) ν = 3090, 3060, 3030 (СЬЩ\ 2920, 2850 (CH2), 1745 (C=0), 1285
(P=0), 1010 (РОС) cm ', 'H-NMR (DCCI3) δ = 7 37 (20H, s, C ^ ) , 5 28 (2H, m, 2xCHOC=0),
5 07 (8H, dd Jp н =8 4 Hz, J H н =1 0 Hz, QHj CHj), 4 12 (4H, m, 2xCH20), 2 4-0 9 (remaining
34

31

13

6

protons) ррш, P-NMR (H)(CDC13) δ = -3 45 ppm, C-NMR {H)(acetone D ) δ = 173 6
(СО), 138 1, 137 6, 129 9, 129 8, 128 2 ( C ^ ) , 71 2 (CHOCO), 70 5 (ÇH2C6H5), 66 6 (ΟΗ,Ο,
+
Jp C =5 5 Hz), 35 1, 33 2,+ 310, 30 6, 26 0, 23 9, 14 9 (C-stearoyl)
ppm, MS (FB ) 897
+
[M-HOP(0)(OCH2C6Hj)2] , 869 [M-HOP(0)(OCH2C6H5)2-C2H4]
2S,3S-di(stearoyloxy)-l,4-buxane-diyl bis(dibenzyl phosphate) 19^
The same procedure as given for the synthesis of 19? was foUowed, starting from 18^ The
b
spectroscopic
data were the same as those described for 19? except the optical rotanon, 19 :
20
[a] D (CH 2 Cl 2 , c= 1 0) = +1 58°
2RJR-di(stearoyIoxy)-],4 butane-diyl bis(sodwm benzyl phosphate) 20?
The procedure given for 6 was followed Starting
from 19» (2 38 g, 2 7 mmol) 20? (2 36 g, 85%)
0
was obtained after crystallization Μ ρ 125-128 C, [aln^CbbCl,, c= 0 5) = -2 68° IR (CC14) ν
=
3090, 3060, 3030 (CsHj), 2920, 2850 (CH,), 1735 (C=0), 1220 (P=0), 1090 (TOC) cm ',
13
C-NMR {HKCDCU) δ = 173 4 (C=0), 138 0, 137 9. 128 2-127 4 (C6H5), 77 3 (£HOC=0),
67 5 (ÇH2C6H5), 63 2 (ÇH2OP), 34 1,+ 31 9, 29 8-29 2,+ 24 8, 22 7 (C-stearoyl) ppm, 31P-NMR
(HKCDjOD) δ = -123 ppm, MS (FB ) 1062 (M+Na) . 1034 (M+Na-CjH^
b

2S,3S-di(stearoyloxy)-l,4-butane-diyl bis(sodium benzyl phosphate) 20
The same procedure as given for the synthesis of 20? was followed, starting from 19^ The
b
spectroscopic data were the same as those described for 20? except the optical rotation, 20 :
[afo^CHjCl* c= 0 5) = +2 84°
Sodium 2R 3R-di(stearoyloxy) 1,4-butane-diyl bisphosphate 21"
Method 2 given for 7 was followed. Starting from 20? (1 0 g, 0 94 mmol) 21? (530 mg, 61%) was
obtained as a white amorphous powder Rf 0 48 (BuOH/AcOH/H20 4/1/1) Analysis found С
53 2, Η 8 9, Na 5 7, water 4 4 Calculated for C 4 0 H 7 8 P 2 O 1 2 Na 2 2Ш 2 0 С 53 2, Η 9 2, Na 5 4,
water 5 0 IR (KBr) ν = 2950, 2910, 2860 (СН2), 1735 (С=0), 1200 (Р=0) cm ', 31P-NMR
(H)(D 2 0) δ = -2 27 ppm
Sodium 2S3S-di(stearoyloxy)-l,4-butane-d¡yl bisphosphate 21 b
Procedure 2 as given for 7 was followed Spectroscopic data were the same as those of 21?
2RJR-Di(stearoyloxy) 1,4 butane-diyl btsfdimethyI phosphate) 22*
The procedure given for 8 was followed Starting from 19? (500 mg, 0 42 mmol) 22? (330 mg,
89%) was obtained after flash chromatography (silica gel, pet ether/ethyl acetate/MeOH =
8 5/1 25/0 25) Μ ρ 46 5-480C Rf 0 23 (ethyl acetate) [ct]D2d(CH2Cl2, c= 5 2) = +0 45° IR
(KBr) ν = 2920, 2850 (CH2), 1745 (C=0), 1285 (PO), 1010 (РОС) cm \ 'H-NMR (DCClj) δ =
5 34 (2H, m, 2xCHOC=0).3l 4 21 (4H, m, 2хСН20), 3 81 (12Н, d Jp н = 11 2+ Hz, 4хСНз), 2+ 4-0 9
(remaining protons) ppm,
P-NMR (H)(CC14) δ = -1 08 ppm, MS (FB ) 871 (M+l) , 746
[М+1-ОР(0)(ОСНз)2]+, 718 [М+1-ОР(0)(ОСНз)2-С2Н4]+ Determinaüon of e e by 'H-NMR
Eu(hfc)3 (OCH3)
25^îS Di(stearoyloxy)-l,4-butane-diyl bis(dimethyl phosphate) 22^
The same procedure as given for the synthesis of 8 was followed, starting from 1?^ The
spectroscopic data were the same as those described for 22? except the optical rotation, 22b:
[аЬ^СНгСІг. c= 6 2) = -0 48°
ІЛ-Duodo 2R-hydroxy, butane-3R-yl stéarate 23?
To a solution of 17? (2 64 g, 7 7 mmol) in dry ether (30 ml) and dry pyridine (5 ml), stearoyl
chloride (2 2 g, 7 3 mmol)in dry ether (10 ml) was added, in 4 h, at -20oC After 4 h at r t, the
reaction mixture was poured into ice water and extracted with ethyl acetate The organic layer
was washed with a 2N solution of H2S04 and with a saturated solution of sodium thiosulphate
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The organic layer was separated, dried over MgS0 4 and concentrated The product 23^ was
punfied by flash chromatography (silica gel, peth ether/ethyl acetate = 9/1) and obtained
as ax
0
yellow/white solid (3 g, 64%), which was crystallized from acetomtnle Μ ρ 44-49 C, [a]D
ÍCH2C1,, c= 1 0) = +5 9° IR (KBr) ν = 3460 (OH), 2960, 2850 (CH2), 1725 (C=0) cm ',
'H-NMR (DCClj) δ = 5 04 (IH, dt J = 3 5 and 6 3 Hz, CHOCO),
4 04 (IH,
bs, CHOH), 3 29
+
+
+
(4H, m, 2xCH2I), 2 4-0 8 (remaining protons) ppm, MS (FB ) 479 (M-l-I) , 462 (M-I-H20) ,
453 (М-І-СгНдГ
1¿ Duodo-2S-hydroxy, butane-3S-yl stéarate 23 b
Tlie same procedure as given for the synthesis of 23^ was followed, starting from 17^ The
spectroscopic
data were the same as those described for 23^ except the optical rotation, 23 b :
[a\Oiu(CH2C\2, c= 1 4) = -6 0°
1,4 Duodo 2R-acetoxy butane-3R-yl stéarate 24*
To a solution of 23f (0 85 g, 1 4 mmol) in dry pyndme (5 ml), acetic anhydnde (1 0 g, 10 mmol)
was added After 16 h at r t , the reaction mixture was poured into ice water and extracted with
ethyl acetate The organic layer was washed with a 2N solution of HCl, a saturated solution of
NaHC03 and with a saturated solution of NaCl The organic layer was separated, dned over
MgS04 and concentrated The product 24^ was
crystallized
from acetomtnle and obtained as a
o
20
yellow/white solid (860 mg, 95%) Μ ρ 40-42 C, [ajr, (CH2C12, с= 1 1) = +5 9° IR (СС14) =
2930, 2855 (СН2), 1750 (С=0), 1370, 1220 c m \ 'H-NMR (DCCI,) δ = 5 13 (2Н, m,
2хСНОС=0), 3 27 (4Н, d J = 6 3 Hz, 2xCH2I), 2 13+ (3H, s, CHj)+ 2 5-0 8 (remaining protons)
ppm, MS (PB*) 651 (Μ+1Γ, 621 (М-СНзСОО) , 523 (M-I) Determinanon of ее by
Ή-NMR Eu(hfc)3 (С(0)СН2)
1,4 Diiodo-2S-acetoxy butane-3S-yl stéarate 24^
The same procedure as given for the synthesis of 24^ was followed, starting from 23^ The
spectroscopic
data were the same as those described for 24f except the opDcal rotation, 24b:
[a]D20(CH2Cl2, c= 1 1) = -6 64°
2R acetoxy-3R stearoyloxy-1,4 butane-diyl bisfdtbenzyl phosphate) 25*
The procedure given for 4 was followed Starting from 24f (781 mg, 1 2 mmol) 25^ (850 mg,
75%) was obtained
as a colorless oil after flash chromatography (silica gel, pet ether/ethyl acetate
= 6/4) Іа)о'20(СН2аг7 c= 1 1) = -1 98° IR (KBr) ν = 3090, 3070, 3050 (C6H5), 2930, 2860
(CH2), 1750 (C=0), 1280, 1225 (P=0), 1010 (РОС) cm ', 'H-NMR (DCCl·,) δ = 7 17 (20H, s,
C6H5), 5 12 (2H, m, 2хСНОС=0), 4 90 (8Н, d Jp н =8 4 Hz, С^ СН2), 3 94 (4Н, т , 2хСН20),
1 83 (ЗН, s, CHj), 2 4-0 9 (remaining protons) ppm, ^P-NMR (CDCI3) δ = -3 39 ppm
2S-acetoxy 3S-stearoyloxy-1,4-butane divi bis(dibenzyl phosphate) 25 b
The same procedure as given for the synthesis of 4^ was followed, starting from 24^ The
spectroscopic
data were the same as those desenbed for 29^ except the optical rotation, 25 b :
20
[a] D (CH 2 Cl 2 , c= 2 2) = +2 16°
2R-acetoxy-3R-siearoyloxy-l,4-butane diyl bis(sodtum benzyl phosphate) 26*
The procedure as given for 6 was followed Starting from 25^ (608
mg, 0 64 mmol) 26^ (320 mg,
61%) was obtained as a waxy solid after crystallization [a] D 20 (CH 2 Cl 2 , c= 0 7) = -2 87° IR
(KBr) ν = 3060, 3050 (C6H5), 2920,
2850 (CH2), 1740 (C=0), 1235 (P=0), 1115 (РОС) cm ',
"C-NMR {HKCDCVacetone D6) δ = 173 5, 170 5 (C=0), 138 5, 130 128 4 ( C ^ ) , 78 5
(CHOCO), 75 0 (ÇH2C6H5), (αΐ 2 ΟΡ), 33 5 31 0, 30 6- 28 0, 24 7, 22 5 (C-stearoyl and CH3)
ppm, 3'P-NMR (Н)(СОС1з) δ = -1 40 ppm
2S-acetoxy-3S stearoyloxy 1 4 butane-diyl bisfsodium benzyl phosphate) 26^
The same procedure as given for the synthesis of 6 was followed, starting from 25^ The
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spectroscopic
data were the same as those described for 26* except the optical rotanon, 26b:
lá]D'2D(,CH2a2, c= 0.5) = +3 04°
Sodium 2R-acetoxy-3R-stearoyloxy-l,4-butane-diyl bisphosphate 27*
Method 2 given for 7 was followed Starting from 2 £ (200 mg, 0 25 mmol) 27? (120 mg, 65%)
was obtained as a white amorphous powder Rf 0 16 (ВиОН/АсОН/НгО 4/1/1) Analysis found
С 38 33, H 6 51 Calculated for C ^ H ^ O , ^ 4H 2 0 31 С 38 3. H 6 51 IR (KBr) ν = 2920,
2850 (СН2), 1740 (С=0), 1230 (Р=0), 1090 (ЮС) cm ', P-NMR (H)(D 2 0) δ = -2 29 ppm
Sodium 2S-acetoxy-3S-stearoyloxy-l,4-butane-diyl bisphosphate 27^
Method 2 given for 7 was followed Spectroscopic data were the same as those for 27? Rf 0 16
(BuOH/AcOH/H20 4/1/1)
2R-acetoxy-3R stearoyloxy-1,4-buiane-diyl bis(dimethyl phosphate) 28?
The procedure given for 8 was followed. Starting from 25? (100 mg, 0 11 mmol) 28? (62 mg,
91%) was obtained as a colorless oil20after flash chromatography (silica gel, pet ether/ethyl acetate
= 6/4) Rf 0 23 (ethyl acetate) [a] D (CH 2 Cl 2 , c= 3 5) = +0.54° IR (KBr)· ν = 3090, 3070, 3050
(C6H5), 2920, 2860 (CH2), 1745 (C=0), 1280, 1250 (P=0), 1190 (PO-CH3), 1010 (РОС) cm ',
'H-NMR (DCCI3) 5 21 (2H, m, 2xCHOC=0), 4 00 (4H, m, гхСНзО), 3 81 (12H, d Jp H = 11 2
Hz, 4хСНз), 1 89 (3H, s, CH3), 2 4-0 9 (remaining protons) ppnO'P-NMR (Н)(СОС1з) δ =
-141 ppm Determination of e e by'H-NMR Eu(hfc)3 (С(О)СНз)
2S-acetoxy-3S-stearoyloxy-l,4-butane-diyl bis(dimethyl phosphate) 28^
The same procedure as given for the synthesis of 28? was followed, starting from 25^ The
b
spectroscopic data were identical to those described for 28? except the optical rotation, 28 :
[áiDw(Cli2a2, c= 6 2) = -0 58°
2,3-Dibromo 1,4-butane-diyl di-stearate
29
The procedure given by Tomon22 was followed Starting from ci5-2-butene-l,4-diol, racemic
2,3-dibromo-l,4-butanediol
was obtained as a white solid, which was crystallized from toluene
Μ ρ 89-910C (ht 2 2 880C) IR (KBr) ν = 3500-3000 (OH), 2940, 2870 (CH), 1080 cm 1 ,
'H-NMR (ОССІз) δ = 5 10 (2Η, s, 2xOH), 4 45 (2H. t, 2хСНВг), 3 78 (4Н, d, 2хСН20)
То a solution of racemic 2,3-dibromo-l,4-butanediol (2 3 g, 9 3 mmol) in
dry ether (50 ml) and
dry pyridine (3 ml), stearoyl chloride (6 18 g, 20 5 mmol) was added at 0oC After 16 h at r t, the
reaction mixture was poured into ice water and extracted with ethyl acetate The organic layer
was washed with a 2N solution of HCl, a saturated solution of ЫаНСОз and with a saturated
solution of NaCl. The organic layer was separated, dried over MgS04 and concentrated The
product
29 was crystallized from acetomtnle and obtained as a white solid (7 2 g, 100%) Μ ρ
44-470C IR (CC14) ν = 2920, 2850 (CH), 1740 C=0), 1455, 1150 cm ', 'H-NMR (DCCI3) δ =
4 4 [6H, bd, (-CH2-ÇHBr)2], 2 5-0 8 (remaining protons) ppm
Reaction of 29 with silver dibenzyl phosphate 1?^
To a solution of 29 (500 mg, 0 59 mmol) in dry toluene (40 ml), silver dibenzyl phosphate33 (620
mg, 1 61 mmol) was added, while stirring under argon The mixture was heated under reflux for
8 h with exclusion of light Then the suspension was filtered over High-Flow and the filtrate
concentrated under reduced pressure The different products were purified by flash
chromatography (silica gel, peth ether/ethyl acetate = 8/2) and 29 (105 mg, 14%)was obtained as
a mixture of enanuomers The spectroscopic data were in agreement with those obtained from the
synthesis of compound 19 from 18? or * and silver dibenzyl phosphate (except the [o]D20), 400
mg (80%)of starting product 29 was recovered.
3-iodo-J-propyl stéarate 30
To a solution of l-iodo-S-propanol (3 0 g, 16 mmol) in dry ether (70 ml) and dry pyridine (10 ml),
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steaioyl chloride (5 5 g, 18 mmol)m dry ether (10 ml) was added After 16 h at r t, the reacuon
mixture was poured into water and extracted with ether The organic layer was washed with a 2N
soluDon of HCl and with a saturated solution of NaCl The organic layer was separated, dried
over MgS04 and concentrated The ester 30 (6 9 g, 95%) was obtained as colorless oil IR (CC14)
ν = 2920, 2850 (CH2), 1735 (C=0), 1460 cm VH-NMR (DCCI3) δ= 4 12 (IH, t, CH2OC=0),
3 20 (2Н, t, СЬу), 2 4-0 7 (remaining protons) ppm.
3-Stearoyhxy-l-propyl dibenzyl phosphate 31
The procedure given for 4 was followed Starting from 3-iodo-l-propyl stéarate 30 (108 mg, 0 24
mmol) 31 (123 mg, 85%) was obtained as a colorless oil after flash chromatography (silica gel,
pet ether/ethyl acetate = 65/35) Ш (ССЦ) 1ν = 3090, 3070, 3050 (C6H5), 2930, 2860 (СН2), 1750
(С=0), 1280, 1225 (Р=0), 1010 (ЮС) cm , •H-NMR (CCI4) 5 = 731 (ЮН, s, С6Щ), 5 01 (4Н,
d Jp н =6 0 Hz, С 6 Н 5 СЩ), 4 08 (4Н, m, 2х СН 2 0), 2 4-0 9 (remaining protons) ppm
Dibenzyl octadecyl phosphate 32
The procedure given for 4 was followed Starting from octadecyl iodide (91 mg, 0 24 mmol) 32
(123 mg, 95%) was obtained as a colorless oil IR (CC14) ν = 3090, 3070, 3050 (С Щ), 2930,
2860 (CH2), 1750 (C=0), 1280, 1225 (Ρ=0), 1010 (РОС) cm ', 'H-NMR (CC14) δ = 7 31 (ЮН,
s, CeHj), 4 98 (4H, d Jp H =6 0 Hz, C 6 H 5 CH^), 3 91 (2H, q, CH 2 0), 1 8-0 8 (remaining protons)
ppm
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CHAPTER 3
PHOSPHATE CONTAINING AMPHIPHILES
DERIVED FROM PENTAERYTHRITOL.

3.1. Introduction.
In the design of amphiphilic compounds that could, in principle at least, act as coating for tooth
enamel, the carbon framework of pemaerythiitol was also considered (see chapter 1, figure 1.1).
In this manner model compounds will arise that have different relative positions of the
hydrophilic and hydrophobic moieties in comparison with the model compounds described in
chapter 2. Bearing in mind that compounds with at least two phosphate units were desired (see
chapter l)the target molecules F and G are possible (figure 3.1.) on the basis of pentaerythritol.
Figure 3.1. Model compounds derived from pentaerytritol.
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In the synthetic approach two methods can be envisaged for the introduction of the phosphate
units. In the preceding chapter the synthesis of model compounds, using the phosphorylation
procedure developed by Zervas', wherein a halogen atom is substituted by a phosphate unit, was
described(SN, method A, scheme З.1.). An interesting aspect of the synthesis of F and G is that
the neighboring group effect as described in chapter 2, is not possible. The other method involves
the phosphorylation of an alcohol function. The method of introducing a phosphate group has
been reviewed by Khorana2. The reaction of phosphorochloridates or pyrophosphates with an
alcohol proceeds in the presence of an organic base and involves two steps, viz. initial addition of
the alcohólate to give a pentacoordinated intermediate followed by elimination of the leaving
group L ( S ^ , method B, scheme З.1.). It should be noted that the intramolecular acyl migration
as encountered during the synthesis of 2-O-stearoyl glycerol 1,3-bisphosphate and
2,3-O-distearoyl threitol 1,4-bisphosphate is not possible.
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As will be demonstrated the synthesis of the target molecules F and G is most efficiently
performed using method В

3.2.1.

Synthesis of di-O-stearoyl pentaerythritol bisphosphate,
via iodide displacement

For the synthesis of target molecule F with R= C^tLjj first the method involving a hahde
displacement (method A) was considered The sequence of events for this approach is depicted in
the schemes 3 2 and 3 3
Pentaerythritol was suitably protected by a condensation reaction with benzaldehyde and HCl
as a catalyst 3 (scheme 3 2) The remaining alcohol groups in compound 1 were tosylated at 0°C in
pyndine Compound 2 readily crystallized and could therefore be easily prepared in a high state
of punty 4 Its structure was was unambiguously established The displacement reaction of the
ditosylate 2 with sodium iodide was descnbed previously by Poner and LaRocca 4 They reponed
that the conversion of the ditosylate on boiling with sodium iodide in acetone for 70 h resulted
only in the formation of 2(e) phenyl-5(e)-iodomethyl-5-(a)-p-tolylsulfonylmethyl-l,3-dioxane
They attnbuted this susceptibility for nucleophihc displacement of the equatonal tosylate, in
preference to the axial one, to the repulsion of the nng oxygen atoms For this reason rather
vigorous conditions are required to synthesize diiodide 3 Treatment of 2 with sodium iodide in
acetone in an autoclave under pressure gave compound 3 as the main product in a yield of 70%
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The other product, that was isolated after flash chromatography, was the equatonally displaced,
monosubstituted compound. The stereochemical assignment of these compounds was made on the
basis of their 'H-NMR characteristics (the NMR-analysis of these type of molecules will be
discussed in the next section). The diiodide 3 was then hydrolyzed by treatment with dilute
sulfuric acid. Acylation of 4 with stearoyl chloride under the usual conditions gave distearate S
(scheme 3.3). Introduction of the phosphate groups was performed by means of silver dibenzyl
phosphate in boiling toluene (see Chapter 2). The desired product 6 (scheme 3.3) was however
obtained in poor yield (15%) only. Probably, the unfavorable spatial orientation of the C i y group
hampered the displacement reaction of the iodide by the phosphate anion. Furthermore, both
iodides in S have the neopentyl structure which will hinder the Sfj-type subsdtution reaction.
The tetrabenzyl ester 6 was converted into the corresponding phosphomonoester 7 by
palladium-catalyzed hydrogenolysis in methanol. The solubility of the phosphomonoester 7 in
water was improved when 0.75 equivalent of sodium hydroxide per phosphate group was added.
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This solution was sonicated and the product was converted into the tetra sodium salt by passing
the methanol/water solution through a column of cation exchange resin (Na+-fonn). The product
was purified over a RP-18-coluirm and isolated by lyophilization. The amorphous white powder 8
was obtained after drying over P2O5 at 90oC for 8 h. and characterized by IR, TLC and elemental
analysis (see experimental section).
Scheme 3.3.
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The structure of 7 was confirmed by its conversion into the tetramethyl ester 9 following the
method described in chapter 2, viz. by diazomethane addition to 7 in methanol. This provides
extra evidence for the assigned structure and purity of 7. The proton decoupled 31P-NMR
spectrum of 7 revealed the presence of only one resonance.
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3.2.2.

Synthesis of di-O-stearoyl pentaerythritol bisphosphate,
via alcohol phosphorylation.

In the approach to target molecule F with R= С^Нзз involving phosphorylation of an alcohol
(scheme 3.1, method B) two phosphorylating agents were selected, viz. acetoinenediol-pyro
phosphate 105 and diphenyl phosphorochloridate 11.
Reagent 10 was first tried on a simple model compound, viz. 13, which allows a much easier
interpretation of the 'H-NMR spectra. The sequence of reactions to this model compound based
on 13 is depicted in scheme 3.4. The starting material 13 was readily obtained by treatment of 1
with acetic anhydride and dimethylamino pyridine (DMAP) in pyridine to give the diester 12.
followed by hydrogenolysis.
Ramirez et al.6 developed a general procedure for the synthesis of unsymmetrical
phosphodiester using acetoinenediol-pyrophosphate as the phosphorylating agent. Application of
this reagent to the synthesis of di-O-acetyl pentaerythritol bisphosphate 17 is shown in schemes
3.4 and 3.5. The free alcohol functions in 13 react with the crystalline pyrophosphate to furnish a
bis-cyclic triester 14. This triester was not isolated, but was reacted immediately with benzyl
Scheme 3.4.
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alcohol. The phosphotnester 15 was purified by column chromatography using silica gel and was
isolated in a yield of ca. 15%. A reversal of the order of addition of alcohol and cyclic enediol
pyrophosphate led almost exclusively to the formation of dibenzyl 1-methylacetonyl phosphate
[(СьЩСЩО)^(0)СЩСЩ)С{0)СНг}. The main drawback of the synthesis developed by
Ramirez et al. is the number of undesired products.
3I
P-NMR spectroscopy proved to be a very suitable analytical tool for the characterization of
compound 15 (scheme 3.5). In particular, when the conversion of the phosphotnester 15 into the
Scheme 3.5.
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phosphodiester 16 had to be ascertained. Compound 15 contains two asymmetric phosphotnester
centers and a plane of symmetry in the remaining part of the molecule and consists therefore of a
mixture of two diastereomers. Thus, each phosphotnester may appear as two resonances in the
proton decoupled 31P-NMR spectrum. Since the phosphotriesters groups are similar the
resonances coincide, resulting in only two absorptions (5= -3.89 and -3.94ppm). The
1-methylacetonyl protecting group can be easily removed from 15 under mild basic conditions7.
Scheme 3.6.
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The selective removal of the 1-methylacetonyl group was corroborated by 31P-NMR analysis. The
disappearance of the doublet and the appearance of a singlet, was monitored during the formation
of the phosphodiester 16 (δ= -2.51ppm). Finally, the benzyl protecting groups were removed by
hydrogenolysis (palladium/carbon) to afford compound 17. Application of agent 10 eventual led
to compound 17 in an yield of 10%.
Phosphorylation of 13 was also accomplished with the other phosphorylating agent, viz.
diphenyl phosphorochloridate Д in pyridine at 40C for 3 days (scheme 3.6). The
bisphosphotriester 18 was obtained in excellent yield (88%). Removal of the four phenyl groups
by means of hydrogenolysis with H2/Pt02 afforded the bisphosphate 17. The preparation depicted
in scheme 3.6 has practical advantages, it is shorter and it gives higher yields. Reagent Ц was
therefore used to prepare 7, with the stearoyl groups already present (Scheme 3.7).
The phosphorylation of di-O-stearoyl pentaeiythritol 20 proceeded smoothly when diphenyl
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phosphorochlondate И was used (93% yield after purification by flash chromatography) The
31
identity and punty of 21 was unambiguously ascertained by P-NMR-, Ή NMR-analysis and
mass spectroscopy (fast atomic bombardment) (21, found 1133 C^H^O^Pj M w = 1132) Once
again, platinum-catalyzed hydrogenolysis provided the desired bismonoester 7 in an excellent
31
31
yield (95%) This reaction was monitored with P-NMR spectroscopy The P signal changed
from -14 6 to ca -2 0 ppm The sodium salt 8 and tetramethyl ester 9 were obtained in the same
way as described in section 3 2 1
The preparation of 7, depicted in scheme 3 7, has practical advantages, it is shorter, it proceeds
with higher yields, and it avoids the use of silver salts in a heterogeneous reaction

3.3.1.

Synthesis of O-stearoyI pentaerythritol trisphosphate,
via iodide displacement

In order to apply Zervas' method for the preparation of target molecule G with R= C p l · ^ ,
2,2,2-tns(iodomethyl)ethyl stéarate 26 is needed as starting material
The synthesis of 2,2,2-tns(iodomethyl)ethyl alcohol 25 has been reported previously8 The
synthesis of this compound is based on the conversion of pentaerythritol into the tnchloro
derivative' by treating it with thionyl chloride m the presence of pyridine This method gave
mixtures of mono-,di-,tn- and tetra-substituted products, which could be separated by fractional
distillation.
Attempts to replace the chlorine atoms in 2,2,2-tns(chloromethyl)ethyl alcohol 22 and
tns(chloromethyl)ethyl acetate with iodine atoms, by treatment with sodium iodide in boiling
butanone for 72 h, failed These chlorides all have the neopentyl structure and as a consequence
the SN2-displacement reaction will stencally be strongly hindered Campbell10 demonstrated that
the reactivity of the halide substituent was enhanced when the trichloride was converted into
3,3-bis(chloromethyl)oxetane 23 The four membered nng 23 was prepared by
dehydrohalogenanon of 22 using KOH as the base Facile displacement of the chloride atoms
could now be accomplished without disrupting the oxetane nng and compound 24 was obtained in
a good yield (scheme 3 8) Apparently, in 23 the "neopentyl effect' has only slight influence on
the SN2 reaction In a subsequent step the oxetane nng was opened by reaction with hydroiodic
acid When this reaction was performed at low temperature (0oC) the oxetane was converted into
compound 25 within 6 hours, without any accompanying polymenzauon (scheme 3 8) Gas
chromatographic analysis demonstra^d the punty of the compounds 22-25 Acylation with
stearoyl chlonde, in the usual way, gave the desired starting matenal 26

48

Scheme 3.8.
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Table 3.1 Reaction of г.гД-тзСісхІотеиіуІ^ уІ stéarate 26 and silver
dibenzyl phosphate under various conditions.

Reaction conditions

Result

Procedure-1-

benzene (6h reflux)

no reaction

Procedure-2-

toluene (5h reflux)

30%26, 59%27

Procedure-3-

toluene (14h reflux)

8% 26, 25% 27

Procedure -4-

xylene (6h reflux)

unidentified
products
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The reaction of l^-trisiiodomethytyethyl stéarate 26 and silver dibenzyl phosphate was not
successful. The products obtained after purification still showed an CHjI absorption in the
'H-NMR or were not identifiable. Attempts to achieve the desired conversion by changing the
reaction times or using higher temperatures did not have a positive effect (table 3.1, experimental
section: reactions of 26 with silver dibenzyl phosphate). The starting material was partly
recovered and the major product was identified as the monosubstituted compound 27 (scheme
3.8).
These substitution experiments with substrate 26 revealed that the displacement of only one
iodine can be accomplished despite the fact that this halogen is in a neopentyl position. The other
two refuse to undergo the same reaction. Higher temperature or prolonged reaction times only
cause loss of material. In view of the results described in this section attention was focussed on
the method involving the phosphorylation of an alcohol function (see scheme 3.1, method B).

3.3.2.

Synthesis of O-stearoyl pentaerythritol trisphosphate,
via alcohol phosphorylation.

The starting material needed for the phosphorylation reaction with diphenyl
phosphorochloridate 11 (scheme 3.10) is mono-O-stearoyl pentaeiytritol 30. In this section a new
synthesis of this ester is presented. Although this compound has been synthesized several times11,
only a few descriptions have appeared in the open literature11,12. Ester 30 find application11 in
industry, e.g. as a plasticizer, synthetic lubricant, wax, explosive, or insecticide, and as a
Scheme 3.9.
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consequence thereof methods for its preparation are described in a number of patents.
Reaction of the monoacetal 1 with one equivalent of stearoyl chloride in ether/pyridine at 0oC
leads to a mixture of geometrical isomers 28 and 29 in a ratio 2:1 (scheme 3.9). The compounds
28 and 29 could be isolated by means of flash chromatography and easily differentiated in their
Ή-ΝΜΚ spectra (table 3.2). The equatorial position of the phenyl group is energetically strongly
favored. Porter et al.13 claimed that a phenyl substituent at the 2-position acts as a conformational
locker and Eliei et al. 1 4 , 1 5 found that the conformational free energy for an equatorial phenyl
group at C-2 in 1,3 dioxane derivatives is 3.1 kCal mol"1. The position of the signal for the C-2proton (δ= 5.44 ppm) in the 'H-NMR spectrum of 28 and 29 is in full accord with those reported
for C-2 axial protons in 1,3-dioxans in the literature16. For the geminai substituents at the
5-position, it has been shown 13 · 16 · 17 that the axial moiety absorbs at a lower field than its
equatorial counterpart due to deshielding effects by the lone pairs of the ring oxygen atoms14. On
the basis of this information the structure of the isomers could be assigned. It is of interest to note
that compound 28 (m.p.: 61-64CC) has better affinity for the silica than compound 29 (m.p.:
49-50oC).
Table 3.2.

'H-NMR spectra (DCCI3) of the compound 28 and 29.

H
1

П-ЫМК δ (ppm)
—
29
—

Х=ОС(0)С 17 Нз 5
Y=OH
X = O H

Н(С-2)

Н„(С-4)

Я^СЛ)

СШОН C H j O a O C n

5.44

4.16

3.78

3.29

4.60

5.44

4.16

3.78

3.90

3.96

=ОС(0)С 17 Нз 5
o

•H-NMR studies of 28 and 2? at varying temperatures (-50 to +30 C) in DCCI3 indicate that
these molecules in this temperature rage exist virtually, if not exclusively, as a single conformer
(see structures 28 and 29 depicted in Table 3.2). The position of the signals of the AB-pattern did
not change, therefore it was assumed that these molecules undergo no conformational
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deformation in this temperature range Only the C-S CHjOH absorption showed a doublet at
-50oC and the CH2OH became a rather broad triplet An explanation could be that the exchange
of the hydroxyl proton at this temperature was slow enough to be coupled with the methylene
protons on the adjacent carbon thereby resulting in the observed doublet
The estenfication reaction of I with stearoyl chloride could be monitored by 'H-HMR
spectroscopy After one hour 34% of compound 28 and 20% of compound 2? was formed The
ratio of 28 and 29 did not change measurably after 5 days, but after 20 days at room temperature
the ratio amounted to 32% of compound 28 and 25% of compound 29 This implies that after
formation of the kinetic product the reaction mixture tends to establish an equilibrium, but at
room temperature the mterconversion of 28 and 2? is extremely slow An attempt to determine
the exact position of the equilibrium, using the procedure described by Eliel14 (equilibrations in
Scheme 3 10
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ether using BF3 ЕігО), failed On the basis of TLC and NMR data it was concluded that an
intermolecular transestenfication reaction had occurred Thus, after equilibration, a mixture of 28
and 29, starting compound I and a product with two stearoyl groups, viz 19 was obtained This
exchange process was avoided when the equilibration expenments were performed in refluxing
DMF under nitrogen, with ethyldiisopropyl amine as the catalyst The equilibrium (at that
temperature) between the two isomers lies exactly at 50% of 28 and 50% of 29 This position was
reached after a reflux-penod of almost 110 hours

Under the same conditions, at room

temperature, no equilibration was observed
Palladium catalyzed hydrogenolysis

of 28 & 29 in THF afforded

mono-O-stearoyl

pentaerythntol 30 in quantitative yield Treatment of this ester 30 in pyndine at 0°C with diphenyl
phosphorochlondate 11 furnished the desired tnsphosphate 31 in 95% yield after punfication
Again

the identity and punty was checked by

31

P-NMR, 'H-NMR-analysis and mass

spectroscopy Removal of the six phenyl groups by means of hydrogenolysis wit t^/PtOj gave
the desired tnsphosphate 32 (75% yield) Conversion into the sodium salt 33 and hexamethyl
ester 34 was accomplished in the same way as descnbed in the preceding sections The overall
sequence of reactions for the preparation of compound 32 is depicted in scheme 3 10

3.4. Experimental section.
For general remarks, see chapter 2, section 2 5
5,5-Bishydroxymethyl 2-phenyl-l J-dioxane 1
The procedure given by Issidondes and Guien 3 was followed Starting from pentaerytntol (50 ε,
0 37 mol), 1 was obtained as a white solid in a yield of 74 % (61 g) Μ ρ 133-134 5°C ( l i t r
134-135°C) IR (КВг) v= 3500-3200 (OH), 2940, 2840 (CH), 1600 ( Q f t ) cm К • H - N M R
(DCCI3/DMSO-D6) δ= 7 33 (5Η, s, С 6 Н 5 ), 5 41 (IH, s, СНОО), 4 2 (4Н, bs, СН 2 ОН„ and 2х
ОН), 3 73-4 14 (4Н, ABQ J=12Hz, OCHjCCHjO), 3 55 (2Н, s, CH 2 OH„) , MS ( С П 225
(M+l) + , 119 (М-С 6 Н5-СН=0) +
2-[2'-Phenyl-!' J'dioxane-5'yl] propane-lJ diylditosylate 2
The procedure given by Porter and LaRocca 4 was followed Starting from 1 (5 g, 22 mmol), 2
was obtained as white solid in a yield of 90 % (10 7 g) Μ ρ 174°C (lit 4 " 176 5-1770C) IR
(KBr) ν = 3300,1600 (phenyl), 1360, 1175 (S0 2 ) c m 1 , Ή NMR (DCCI3) δ= 7 33 (5H, s,
С6Н5), 7 82,737 (8h, abQ J = 8 5 Hz, О Д , ) , 5 3 (IH, s, СНОО), 4 3 (2Н, s, C H 2 O T o s J ,
3 72-4 05 (4Н, AB. J=12Hz, OCH 2 CCH 2 0), 3 8 (2H, s, CH 2 OTos„), 2 5 (3H, s, CH3), 2 4 (3H, s,
CHj) ppm, MS (СГ) 533 (M+l) +
5J-Bis(iodomethyl) 2-phenyl-1 ¿-dioxane 3
The bistosylate 2 (1 0 g, 1 9 mmol) was solved in acetone (40 ml) To this solution sodium iodide
(0 71 g, 4 7 mmol) was added The mixture was heated in an autoclave at 100 0 C for 24 h and
then concentrated under reduced pressure Ether and water were added and the two layers were
separated The organic layer was washed with a IN solution of sodium thiosulphate and with a
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saturated solution of NaCl The organic layer was separated, dned over MgSC^ and concentrated
The product 3 was punfied by flash chromatography (silica gel, opeth ether/ethyl
acetate = 85/15)
and obtained as a yellow/white solid (580 mg, 70%) Μ ρ 68 70 C (ht 4 66 5 67 50C) IR (KBr)
v= 3030 (QHj), 1375, 1225, 1112 cm ', 'H-NMR (DCC13) δ= 7 2 7 6 (5H, m, C 6 H 5 ), 5 3 (IH, s,
CHOO), 3 72,4 15 (4H, AB,.
J=12Hz, OCH,CCH20), 3 72 (2H, s, CH 2 I„), 3 0 (2H, s, CH 2 I„)
ppm, MS (СГ) 445 (M+l) + , 337 (M C6H5-CH=0)+
22-Bis(iodomethyl)-l ,3-propanediol 4
To a solution of 3 (500 mg, 1 13 mmol) in acetone (8 ml) 0 5N fySO,, (8 ml) was added The
mixture was heated under reflux for 22 h and then it was concentrated under reduced pressure
Thereactionmixture was extracted with ethyl acetate and washed with a IN solution of sodium
thiosulfate, a saturated solution of ЫаНСОз and with a saturated solution of NaCl The organic
layer was separated, dned over MgS04 ^ d concentrated The product 4 was punfied by flash
chromatography (silica gel, petho ether/ethyl acetate = 85/15) and obtained as a yellow/white solid
(280 mg, 70%) Μ ρ 129-130 C from chloroform IR (KBr) v= 3000 3500 (OH), 1040 (CH)
cm ', 'H-NMR (DCCI3) δ=
3 70 (4H, s, ZxCHjOH), 3 23 (4H, s, г х О у ) . 1 6 (2Н, bs, 2хОН)
ppm, MS (СГ) 357 (M+l) + , 211 (М-І-Н20)+
2,2 Bis(todomethyl)-1,3-propane-diyl ώ-stéarate 5
To a solution of 4 (5 0 g, 14 mmol) in dry ether (70 ml) and dry pyndine (10 ml), stearoyl
chlonde (10 5 g, 35 mmol)in dry ether (10 ml) was added at 0oC After 24 h at r t, the reaction
mixture was poured into ice water and extracted with ether The organic layer was washed with
2M solution of H-iSO,, and with a saturated solution of sodium thiosulphate The organic layer
was separated, dned over MgS04 and concentrated The product 5 (11 8 g, 95%) crystallized
from acetomtnle Μ ρ 430C IR (KBr) v= 2900, 2840 (CH2), 1730 (C=0) cm ', Ί Η NMR
(DCCK)+ 5= 4 18 (4H, s, 2хСН2ОС=0), 3 32 (4Н, s, 2хСН2І), 2 5-0 8 (remaining protons) ppm,
MS(FB ) 887 (M-ir
2,2-Bis(stearoyloxymethyl) IJ-propane-diyl bis(dibenzyl phosphate) 6
To a solution of 5 (300 mg, 0 34 mmol) in dry toluene (40 ml), silver dibenzyl phosphate18 (303
mg, 0 78 mmol) was added while sumng under argon The mixture was heated under reflux for
16 hours with exclusion of light Then the suspension was filtered through High-Flow and the
filtrate concentrated under reduced pressure The product 6 was punfied by flash chromatography
(silica gel, peth ether/ethyl acetate = 8/2) and obtained as a colorless oil (60 mg, 15%) IR (CCU
v= 3090, 3060, 3030 (CsHj), 2920, 2850 (CH2), 1740 (C=0), 1275 (P=0), 1010 (РОС) cm ',
'H-NMR (DCCI3) 6= 7 31 (20H, s, C6HS). 4 99 (8H, d J=8 5 Hz, C6H5-CH2), 3 96 (8H, m.
4xCH2+0), 2 5 0 8 (remaining protons) ppm, ''P-NMR (H](CC14) δ= -3 17 ppm, MS (FB+) 1189
(M+l) , 1161 ( M + l - C ^ r 150 mg (50%) of starting product S was recovered
Sodium 22-Bis(stearoyloxymethyl) 1,3 propane-dtyl bisphosphate 8
The tetrabenzyl ester 6 (43 mg, 0 36 μπιοί) dissolved in ethanol (20 ml) was subjected to
hydrogenolysis for 0 5 h with Pd(C) as the catalyst Then the catalyst was filtered off using a
small RP-2 column and the filtrate was concentrated in vacuo The residue 7 was dissolved in
distilled water, with the aid of a 0 05N solution of NaOH, treated with Dowex 50WX2 (sodium
form) and lyophihzed The product
was punfied (RP-18 or RP-2, MeOH/H20), lyophihzed and
subsequently dned over P ^ a t 90oC for 8 h 8 (25 mg, 66%) was obtained as a white amorphous
powder Rf 0 08 (EtOAc/py/AcOH/H20 62/21/6/11) Analysis found С 47 0, H 8 1, Na 8 4
Calculated for C, 1 H 7 8 P 2 0 1 2 Na 4 7H2O3 1 С 47 0. H 8 1, Na 8 8 IR (KBr) ν 2920, 2850 (CH2),
1740 (C=0), 1180 (P=0) (ЮС) c m \ P NMR (HKDCCl·,) δ= -2 71 ppm
Sodium 22-Bis(stearoyloxymethyl) 1,3-propane-diyl bisphosphate 8
The bisphosphotnester 21 (2 02 g, 1 77 mmol) dissolved in ethyl acetate (90 ml) was subjected to
hydrogenolysis for 4 h with Pt0 2 as the catalyst Then the catalyst was filtered off over a reverse
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phase column (RP-2-) and the filtrate was concentrated in vacuo The bisphosphomonoester
(1 1
g, 74%) was crystallized from peth ether and obtained as a white solid Mpt 51-540C IR (KBr)
v= 2910, 2850 (CH,), 1730 (C=0), 1220 (P=0), 1045 (РОС) cm ', "H NMR (CDjOD) 8= 4 10
(4H,
d J=5Hz, 2xCH2OP=0), 3 70 (4H, s, 2xCH2OC=0), 2 5 0 7 (remaining protons) ppm ,
3l
P-NMR (HKHCClj) 6=-2 71 ppm
The bisphosphomonoester 7 (144 mg, 170 цтоі) was dissolved in disnlled water, with the aid of a
0 05N solution of NaOH (10 ml), treated with Dowex 50WX2 (sodium form) and lyophilized
The product
8 was punfied (RP-18 , MeOH/HjO), lyophilized and subsequently dned over P2O5
at 900C for 8 h The spectroscopic data were the same as those obtained for the preparation of 8
2,2 Bts(stearoyloxymethyl)-l J propane-diyl bis(dimethylphosphate) 9
The tetrabenzyl ester 6 (500 mg, 0 42 mmol) dissolved in ethanol (40 ml) was subjected to
hydrogenolysis for 0 5 h with Pd(C) as the catalyst Then the catalyst was filtered off using a
small RP-2 column and the filtrate was concentrated in vacuo To a suspension of the
phosphomonoester in ethanol (50 ml) diazomcthane (25 ml, С СН 2\2 = 0 3M)was added at г t After
stunng for H h at r t the excess diazomcthane was removed and the solution was concentrated
The residue was punfied by chromatography (silica gel, pet ether/ethyl acetate/MeOH =
9 3/0 5/0 3) and compound 9 was obtained as a waxy solid (330 mg, 89%) Rf 0 23 (ethyl acetate)
IR (CC14) v= 2920, 2850 (CH2), 1740 (C=0), 1270 (P=0), 1190 (PO-CH,), 1040 (РОС) cm ',
'H-NMR (CC14) 6= 4 1 40 (8H, m, 2xCH
2OC=0 and гхСШЭ), 373 (12H, d Jp„= 11 2 Hz,
4хСНз),
2 5 0 8 (remaining protons) ppm, 3IP-NMR (H)(DCCfj) 6= -1 35 ppm, M?(FB + ). 885
+
(M+l) , 760 [М-НОРдаХОСНзЭгГ
5¿-Bis(acetoxymethyl) 2e phenyl-1 J-dioxane 12
To a solution of 1 (3 g, 13 4 mmol) in dry pyridine (20 ml), 4-(dimethylamino)pynd]ne (160 mg,
1 3 mmol) and acetic anhydride (3 12 g, 30 6 mmol) was added at r t, under nitrogen After 24 h
at r t, the reaction mixture was poured into ice water and extracted with ether The organic layer
was washed with a 0 5N solution of HO solution and twice with a saturated solution of NaCl The
organic layer was separated, dned over MgS04 and concentrated
The protected product 12 (3 6
g, 87 5%) was crystallized from heptane, m ρ 54-560C IR (KBr) v= 3090, 3060, 3035 (C6H,),
1745 (C=0) cm ', 'H-NMR (DCCI3) δ= 7 27-7 58 (6Η, m, QH,), 5 40 (IH, s, PhCH), 4 44 (2H,
s, CH20C=0„), 4 11,3 80 (4H, ABQJ=12 0 Hz, IxOCH^, 3 87 (2H, s, and abOCMD.,.),
ч
2 05(6H, s, 2хСНз) ppm, MS (СГ) 307 (M-l)+, 203 (М-С6І^СН(0))+
2,2 Bis(hydroxymethyl)-l 3 propane-diyt diacetate 13
The protected product (2 8 g, 9 1 mmol) dissolved m THF (70 ml) was subjected to
hydrogenolysis for 1 h with Pd(C) as the catalyst Then the catalyst was filtered off and the filtrate
was concentrated in vacuo The product 13 (2 0 g, 100%) was obtained as a colorless oil IR
(neat) v= 3500 (OH), 2950, (CH,), 1740, 1725 (C=0) cm ', 'H-NMR (DCCI3) 6= 4 12 (4H, s,
2xCH2OC=0), 3 +61 (4H, s, 2xCH2OH), 3 05 (2H, bs, 2xOH),
2 10 (6H, s, 2хСНз) ppm , MS
(СГ) 221 (M+l) , 203 (M+l H 2 0), 161 (М-ОС(0)СНз)+
Phosphorylation procedure according to Ramirez et al6 IS
A dichloromethane solution (5ml) of diol 13 (220 mg, 1 mmol) together with tnethylamine (0 28
ml, 2 mmol) was added to a solution of 10 (0 564 g, 2 mmol) in the same solvent (15 ml) and the
mixture was stirred for H h Benzyl alcohol (216 mg, 2 mmol) containing tnethylamine (0 28 ml,
2 mmol) was introduced, and the mixture is stirred for 16h The dichloromethane solution was
washed with a 5% solution of HCl and a 5% solution of №2СОз to yield a mixture of products
The phosphotnester 15 (100 mg, 14%) was punfied by flash chromatography (silica gel,
peth ether/ethyl acetate = 1/3) and obtained as a colorless oil IR (CC14) v= 3090, 13060, 3030
(C6H,), 2960, (CH2), 1750, 1725 (C=0), 1270,1230 ( P O ) , 1040-1010 (РОС) cm , 'H-NMR
(DCCI3) δ= 7 26 (ЮН, s, 2xC6H5), 5 02 (4Н, dd J=3 8Hz and J=8 8Hz, 2xCH2C6H5), 4 67 (2H,
m, CHOP(O)), 3 97 (8H, bs, í x Q ^ O C O and 2xCH2OP=0)> 2 11 and 2 07 (6H, 2xs,
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M

€ 4 0 = 0 0 0 3 ) , 1 9 4 (бН. s. 2хСНз), 1 49 and 1 33 (6Н, 2xd J=6 6Hz. CHjCHOPtopm . P NMR
+
+
{HJCDCClj) δ =-3 89,-3 94 ppm MS (FB ) 701 (M+l) , 519 (M+l-2xCH 2 C 6 H5)
2,2-Bis(acetoxymethyl)-l,3 propane-diyl bis(hydrogen benzyl phosphate) 16
7
IJeprotection procedure of product 15
To a solution of the punfied tnester 16 (80 mg, 114 μιτιοί) dissolved in a 1 1 v/v mixture of water
and acetomtnle (2ml) methylamine (2 drops, ca 720 ц т о і ^ а в added The mixture was stirred for
o
16 h at 70 C The acetomtnle was concentrated in vacuo and the aqueous residue is diluted with
water (9 ml) After extraction with ether, the aqueous phase was acified with 0 5M aqueous HCl
solution (pH 2), and extracted with dichloromethane The organic layer was separated, dned over
M g S 0 4 and concentrated The diester 16 (45 mg, 70%) was obtained as a (slightly) yellow oil IR
(CCI,,) ν = 3090. 3070, 3020 (С 6 Н 5 ), 2960 (СН 2 ), 1745 (С=0), 1220 (Р=0), 1040 (РОС) cm ',
'H-NMR (DCClj) δ= 7 24 (ЮН, s, 2xC6H5), 4 9 4 (4H, d J=8 OHz, 2xCH,C 6 H5), 4 38 (2H, bs,
2xOH), 3 96 (8H, bs, 2xCH 2 OP(0) and 2xCH 2 OC=0), 1 93 (6H, s, 2хСНзС=0), 1 37 (3H,
31
d J=6 6Hz, CHjCH) ppm, P NMR {H} (DCCI3) δ = -2 51 ppm
2,2-Bis(acetoxymethyl)-l,3 propane-diyl bis(dihydrogen phosphate) 17
The phosphodiester
(35 mg, 62 5 цтоі) dissolved m THF (10 ml) was subjected to
hydrogenolysis for i h with Pd(C) as the catalyst Then the catalyst was filtered off and the filtrate
was concentrated in vacuo The product 17 (24 mg, 100%) was obtained as a colorless oil IR
(neat) ν = 3350 (OH), 2960 (CH,). 1760 (C=0), 1240 (P=0), 1030 (РОС) cm ', 'H-NMR
(CD3OD) δ= 4 20 (4H, s, 2ХСН2ООЮ), 4 07 (4H, d J=5Hz, 2xCH 2 OP=0), 2 11 (6H, s, 2xCH,)
3
ppm, 'P-NMR ( H ) (CD3OD) δ= -1 94 ppm
2J-Bis(acetoxymelhyl)
1J propane diyl bis(dihydrogen phosphate) 17
Deprotection procedure of product 18
The phosphotnester 18 (130 mg, 0 19 mmol) dissolved in THF (10 ml) was subjected to
hydrogenolysis for 4 h with P t 0 2 as the catalyst Then the catalyst was filtered off and the filtrate
was concentrated in vacuo The product 17 (60 mg, 83%) was obtained as a colorless oil The
spectroscopic data were the same as those obtained for the deprotecnon of 16
2J-Bis(acetoxymethyl)-l,3-propane-diyl bis(diphenyl phosphate) 18
To a solution of 13 (0 5 g, 2 3 mmol) in dry pyndine (5 ml) diphenyl phosphorochlondate И (1 3
g, 4 8 mmol) ml) was added at 0°C, under nitrogen After 3 days at 4 0 C, the reaction mixture was
poured into water and extracted with ethyl acetate The organic layer was washed with a 0 5M
soluDon of HCl and twice with a saturated solution of NaCl The organic layer was separated,
dned over MgSO« and concentrated The product 18 was punfied by flash chromatography
(silica gel, peth ether/ethyl acetate = 1/1) and obtained as an oil (1 3 g, 88%) IR (CCU v= 3070,
3040 (CtHj), 2950 (CH 2 ), 1745 (C=0), 1585 (C é H 5 ), 1290 (P=0), 1185 (ЮС Й Н<), 1040
(POCH,) c m 1 , 'H-NMR (DCCI3) 6= 7 18 (20H, m, 4xC 6 H 5 ), 4 26 (4H, dJ=4 7Hz,
2xCH 2 OP=0), 4 02 (4H, s, 2xCH 2 OC=0), 1 94 (6H, s, 2хСНз)
5 J-Bis(stearoyloxymethyl) 2e phenyl IJ dioxane 19
To a solution of 1 (5 g, 22 3 mmol) in dry pyndine (90 ml), stearoyl chlonde (14 5 g, 48 0 mmol)
in dry ether (60 ml) was added at r t , under nitrogen After 24 h at r t , the reaction mixture was
poured into ice water and extracted with ether The organic layer was washed with a 0 5N
solution of HCl and twice with a saturated solution of NaCl The organic layer was separated,
dned over MgSO^ and concentrated The product 19 (16 9 g, 100%) was crystallized from ethyl
alcohol, m ρ 54 56 0 C IR (KBr) v= 3090, 3060, 3035 (C 6 H 5 ), 2920, 2850 (CH 2 ), 1740 (C=0)
c m 1 , Ή NMR (DCCI3) δ= 7 27-7 58 (6Η, m, QH,;), 5 44 (IH, s, PhCH), 4 48 (2H, s,
СНгОС=Оп), 3 77,4 07 (4H, AB J=12 0 Hz, 2xOCH 2 ), 3 92 (2H, s, and 0 Η 2 Ο 0 = Ο Μ ) , 2 5 0 7
ч
(remaining protons) ppm , MS ( C r ) 730 (М+І-СгНд)*, 701 (M+1-2C 2 H 4 )
56

2,2-Bis(hydroxymethyl)-lJ-propane-diyl distearale 20
The diester 19 (5 g, 6 6 mmol) dissolved in THF (70 ml) was subjected to hydrogenolysis for 3 h
with Pd(C) as the catalyst Then the catalyst was filtered off and the filtrate was concentrated in
vacuo The product 20 (4 4 g, 100%) was crystallized from dtisopropyl ether Μ ρ 61-634?
Analysis found С 73 65, Η 12 05 Calculated for C41H80Or £ С 73 60, Η 12 05 IR (KBr) v=
3450, 3350 (OH). 2910, 2840 (CH2), 1740, 1700 (C=0) cm , 'H-NMR (DCCl,) δ= 4 13 (4H, s,
2xCH2OC=0),
3 58 (4H,
s, 2\СНгОН), 2 79 (2Н, bs, 2хОН), 2 5-0 7 (remaining protons) ppm,
+
+
MS (FB ) 669 (M+l) , 651 (M+1-H20)
2,2-Bis(stearoyloxymethyI)-lJ-propane-diyl bis(diphenyl phosphate) 21
To a solution of 20 (3 2 g,o 2 9 mmol) in dry pyridine (50 ml) diphenyl
phosphorochlondate (5 6 g,
0
21 mmol) was added at 0 C, under nitrogen After 3 days at 4 C, the reacDon mixture was poured
into water and extracted with ethyl acetate The organic layer was washed three times with a
saturated solution of NaCl The organic layer was separated, dned over MgS04 and concentrated
The product 21 was punfied by flash chromatography (silica gel, peth ether/ethyl acetate = 7/3)
and obtained 21 as a waxy solid (5 1 g, 93%) IR (CC14) v= 3080, 3040 (C6H5), 2930,2850
(CH2), 1745 (C=0), 1590 (C6H<,), 1290 (P=0), 1190 ( Р О С ^ ) , 1040 (POCH,) cm ', 'H-NMR
(DCCI3) δ= 7 12 (20H, m, 4xC6H5), 4 27 (4H,
d 1=4 8Hz, 2xCH2OP=0), 4 05 (4H, s,
31
2хСН
ОС=0), 2 4-0+ 7 (remaining protons) ppm, P-NMR (HKDCClj) 6= -14 60 ppm , MS
+ 2
(FB ) 1133(M+1) .
2,2-B¡s(chloromethyI)-3-chloro-¡ -propanol 22
To a solution of pentaerytntol (100 og, 735 mmol) in pyridine (180 ml), thionyl chloride (250 ml,
3 43 mol) was gradually added at 0 C To this mixture pentaerytntol (55 g, 404 mmol) together
with pyridine (110 ml) was added in 15 mm The mixture was heated under reflux for 2 h After
cooling to rt the reaction mixture was poured into water and extracted four times with
dichloromethane The organic layers were collected, washed with a 2N solution of HCl and with
a saturated solution of NaCl The organic layer was separated, dned
over MgSO,, and
concentrated
Distillation afforded product 22 (57 g, 26%), bp 129-130oC/27 mm. Μ ρ 680C
9
0
(ht 65 5 C) IR (KBr) v= 3600-3000 (OH) cm >, 'H-NMR (DCCI3) 5= 3 7 (2H, s, Οί,ΟΗ),
3 6 (6H, s, 3xCH2Cl), 1 9 (IH, bs, OH) ppm, MS (СГ) 197 (3%), 195 (26%), 193 (90%), 191
(100%) (М+Г), 173 (M-H 2 0) +
3,3-Bis(chloromethyl) oxerane 23
The procedure given by Farthing" was followed Starting from
22 (4 4 g, 78 4 mmol),
23 was
o
o
obtained after distillation in a yield of 70 % (8 5 g)
Β
ρ
80
C/12mm
(ht
"
80
C/10mm)
IR
(neat) v= 2960,2880 (CH), 1440, 1285, 985 cm ', rH-NMR (DCCI3) δ= 4 47 (4H,
s, Q k O Q y ,
+
3 95 (4h, s, 2xCH2Cl) ppm, MS (СГ) 159 (100%), 157 (48%), 155 (9%) (M+l)
3,3-Bis(iodomethyl) oxetane 24 10
The procedure given by Campbell was followed Starting from 23 0(7 5 e, 048 mmol),
24 was
obtained as a white/yellow solid in a yield of 93 % (15 2 g) Μ ρ 49 C (lit' 50oC) IR (neat)
v= 2960,2880 (CH). 1420, 1200, 980 cm+ >, 'H-NMR (DCCI3) δ= 4 +34 (4H, s, CH2OCH2), 3 70
(4h, s, 2xCH2I) ppm, MS (ЕГ)· 338 (M) , 308 (М-СН20), 211 (М-І) .
2,2-Bis(iodomethyl)-3-wdo-l -propanol 25
To a solution of 23 (4 0 g, 118 mmol)
in dichloromethane (30 ml), hydnodic acid (3 5 ml, 26
mmol) was gradually added at -10oC under vigorous stimng The mixture snrred for 1 h at -10oC
and then allowed to come to r t After snmng for another 4 h thereactionmixture was poured
into ice water and extracted four times with dichloromethane The organic layers were collected,
washed with a IM solution of sodium thiosulphate and with a saturated solution of NaCl The
organic layer was separated, dned over
MgSQj and concentrated The 25 (5 1 g, 91%)
crystallized from cyclohexane M ρ 620C (ht 8 67CC) IR (KBr) v= 3500-3000(OH) cm ',
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Ή NMR (DCCI3) δ= 3+7 (2Η, d J=4 Hz,+ CH,OH), +3 3 (6H, s, 3xCH,I), 1 88 (IH, d J=4 Hz, OH)
ppm, MS (СГ) 466 (M) , 449 (M H 2 0) , 339 (M I)
2,2 Bis(iodomethyl) 3 iodo propyl stéarate 26
To a solution of 25 (2 7 g, 5 8 mmol) in dry ether (70 ml) and dry pyridine (5 ml), stearoyl
chloride (2 1 g, 7 0 mmol) in dry ether (10 ml) was added at CC After 24 h at r t, the reaction
mixture was poured into ice water and extracted with ether The organic layer was washed with a
2N solution of H2SO4 and with a saturated solution of sodium thiosulphate The organic layer was
separated, dned over MgS04
and concentrated The product 26 (3 7 g, 87%) crystallized from
0
acetomtnle Μ ρ 45 49 C IR (KBr) v= 2910, 2840 (CH,), 1720 (C=0) cm ', ^Н NMR (DCCU)
δ= 4 14 (2H,
s, СН2ОС=0),
3 33 (6Н, s. ЗхСН2І), 2 4 07 (remaining protons) ppm, MS (СГ)
+
+
731 (M 1) , 604 (M-I)
Reactions of 26 with silver dibenzyl phosphate
Procedure 1
18
To a solution of 26 (370 mg, 0 50 mmol) in dry benzene (30 ml), silver dibenzyl phosphate (690
mg, 1 8 mmol) was added while stimng under argon The mixture was heated under reflux for 6
hours with exclusion of light Then the suspension was filtered through High-Flow and the filtrate
concentrated under reduced pressure The spectral data were identical to Sie starting product, 26
(100% recovery)
Procedure 2 2¿-(Bisiodomethyl) 3 (stearoyloxy)propyl dibenzyl phosphate 27
To a solution of 26 (370 mg, 0 50 mmol) in dry toluene (30 ml), silver dibenzyl phosphate" (690
mg, 1 8 mmol) was added while stimng under argon The mixture was heated under reflux for 5
hours with exclusion of light Then the suspension was filtered through High-Flow and the filtrate
concentrated under reduced pressure The different products were purified by flash
chromatography (silica gel, peth ether/ethyl acetate = 8/2)and 27 was obtained as a colorless oil
(260 mg, 59%) IR (ССЦ) v= 3090, 3060, (C6H<), 2920, 2850 (CH2), 1735 (С=0), 1270 (PO),
1010 (РОС) cm ', Ή NMR (DCCI3) δ= 7 33 (2ÖH, s, C.Hj), 5 06 (8H, d J=8 5 Hz, CJIj-Qk),
3 98 (4H, m, 2x01,0), 3 12 (4H, s, 2x CHj), 25 0 8 (remaining protons) ppm, "'P-NMR
(HKDCClj) δ= 3 40 ppm 110 mg (30%) of the starting material 26 was recovered.
Procedure 3 2¿-(Bisiodomelhyl) 3-(siearoyloxy)propyl dibenzyl phosphate 27
To a solution of 26 (370 mg, 0 50 mmol) in dry toluene (30 ml), silver dibenzyl phosphate" (690
mg, 1 8 mmol) was added while stimng under argon The mixture was heated under reflux for 14
hours with exclusion of light Then the suspension was filtered through High-Flow and the filtrate
concentrated under reduced pressure The different products were purified by flash
chromatography (silica gel, peth ether/ethyl acetate = 8/2) and 27 (110 mg, 25%)was obtained as
a colorless oil The spectroscopic data were the same as those described for 27 obtained following
procedure 2 30 mg (8%)of starting material 26 was recovered.
Procedure 4
To a solution of 26 (370 mg, 0 50 mmol) in dry xylene (30 ml), silver dibenzyl phosphate18 (690
mg, 1 8 mmol) was added while stimng under argon The mixture was heated under reflux for 6
hours with exclusion of light Then the suspension was filtered through High Flow and the filtrate
concentrated under reduced pressure No product could be isolated nor identified
5-Hydroxymethyl 5-stearoyloxymethyl 2e phenyl-! J dioxane 28 (syn) and 29 (anti)
To a solution of 1 (5 g, 22 3 mmol) m dry pyridine (75 ml)
and dry ether (75ml), stearoyl chloride
(6 75 g, 22 3 mmol) in dry ether (75 ml) was added at 0oC, under nitrogen within 3 h After 24 h at
r t, the reaction mixture was poured into ice water and extracted with ether The organic layer
was washed with a 0 5N solution of HCl and twice with a saturated solution of NaCl The organic
layer was separated, dned over MgS04 and concentrated The products were purified by flash
chromatography (silica gel, peth ether/ethyl acetate = 7/3) and obtained as two white solids
(together 8 9g 79%) The products 28 (syn) and 29 (anti) were crystallized from acetomtnle
5e Hydroxymethyl 5a stearoyloxymethyl 2e phenyl 1,3 dioxane 28 (syn)
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0

Yield 53% Μ ρ 61-64 C Analysis found С 72 92, H 10 29 Calculated for CJOH.QOJ С 73 43,
H 10 27 IR (KBr) v= 3640, 3540 (ОН), 3090, 3060, 3035 (С 6 Н 5 ), 2910, 2860 (СН 2 ), 1720
(С=0), 1650, (С6НЛ cm ', ' H - N M R (DCClj) δ= 7 27-7 58 (6Η, m, С6Щ), 5 44 (IH, s, PhCH),
4 60 (2H, s, CH 2 OC=0), 3 78,4 16 (4H, AB q J=12 0 Hz, ІхОСН^, 3 29 (2H, s, CH 2 OH), 2 5-0 7
+
+
(remaining protons) ppm, MS (CI ) 491 (M+l) , 385 (M+l-CsHjCHíO))
5a Hydroxymethyl Se stearoyloxymethyl 2e-phenyl-l,3-dioxane 29 (anti)
o
Yield 26% Μ ρ 49-50 C Analysis found С 72 92, Η 10 29 Calculated for C30H50O5 С 73 43,
Η 10 27 IR (KBr) v= 3640, 3540 (ОН), 3090, 3060. 3035 (С6П5\ 2910, 2860 (СН 2 ), 1720
(С=0), 1650, (С6Н5) cm *, 'H-NMR (DCCI3) δ= 7 27-7 58 (6Н, m, СЬЩ), 5 44 (IH, s, PhCH),
3 78,4 16 (4H, AB ( .J=12 0 Hz, 2xOCH 2 ), 3 96 (4H, bs, CKflC^O
and σ ^ Ο Η ) , 2 5-0 7
+
(remaining protons) ppm, MS (СГ) 491 (M+l) , 385 ( M + l - C ^ C H i O ) )
2,2-Bis(hydroxymethyl)-3 hydroxy-propyl stéarate 30
A mixture of the esters 28 & 29 (0 49 g, 1 0 mmol) dissolved in THF (70 ml) was subjected to
hydrogenolysis for 0 5 h with Pd(C) as the catalyst Then the catalyst was filtered off and the
filtrate was concentrated in vacuo The product 30 (0 4 g, 100%) was obtained in an analytical
0
pure state Μ ρ 45 5-46 5 C Analysis found С 68 48, H 1140 Calculated for C ^ R j f A
С
r
68 61, H 11 52 IR (KBr) v= 3500-3200 (OH), 2905, 2850 (CH 2 ), 1720 (C=0) c m " H-NMR
(DCCI3) δ= 4 20 (2H, s, CH 2 OC=0), 3 67 (6H, s, ЗхСНгОН), 2 71 (3H. bs. ЗхОН), 2 5-0 7
+
+
(remaining protons) ppm, MS (CI ) 403 (M-t-l)
2-(Stearoyloxymethyl)
2-(diphenoxyphosphory[oxymeihyl)
-IJ-propane-dtyl
bis(diphenyl
phosphate) 31
To a solution of 30 (1 4 g, 3 5 mmol) in dry pyridine (20 ml) diphenyl phosphorochlondate (5 6 g,
o
0
21 mmol) was added at 0 C, under nitrogen After 3 days at 4 C, the reaction mixture was poured
into water and extracted with ethyl acetate The organic layer was washed three times with a
saturated solution of NaCl The organic layer was separated, dned over MgS04 and concentrated
The product 31 was punfied by flash chromatography (silica gel, peth ether/ethyl acetate = 7/3)
and obtained as a white solid (3 6 g, 95%) Μ ρ 35-39 0 C IR (CCI4) v= 3080, 3040 (C 6 H 5 ),
2915,2860 (CH 2 ), 1750 (C=0), 1580 (C 6 H 5 ), 1300 (P=0), 1190 (POQH,), 1050 (POCTty cm ',
•H-NMR (DCCI3) 8= 7 18 (ЗОН, m, óxCéHj), 4 21 (6H, d J=4 8Hz, S x C H p P O ) , 3 98 (2H, s,
CH 2 OC=0), 2 5 0 7 (remaining protons) ppm, 31 P-NMR {HKDCClj) δ = -14 72 ppm, MS
(FB + ) 1099 (M+l) + , 849 (M+l-HOP(0)(OC 6 H5) 2 )
Sodium (2-stearoyloxymethylX2-phosphonooxymethyl)
1,3-propane-diyl bisphosphate 33
The tnsphosphotnester 31 (342 mg, 0 31 mmol) dissolved in THF (20 ml) was subjected to
hydrogenolysis for 2 i h with Ϋ1Ο2 as the catalyst Then the catalyst was filtered off using a
reverse phase column (RP-2-) and the filtrate was concentrated in vacuo The
tnsphosphomonoester 32 (196 mg, 98%) was crystallized (torn methanol and obtained as a white
solid Μ ρ 51-53 0 C IR (KBr) v= 2910, 2850 (CH 2 ), 1735 (C=0), 1280 (P=0), 1045 (РОС)
cm ', ^ - N M R (CD3OD) δ= 4 04 (6Η, d J=5Hz, ЗхСНгОРО), 3 62 (2H, s, CH 2 OC=0), 2 5-0 7
(remaining protons) ppm , 3 1 P-NMR {НКСПзОО) δ= -1 87 ppm
The tnsphosphomonoester 32 (660 mg, 1 0 mmol) was dissolved in distilled water, with the aid of
a 0 05M solution of NaOH (90 ml), treated with Dowex 50WX2 (sodium form) and lyophilized
The product 33 was punfied (RP-18-, MeOH/H 2 0), lyophilized and subsequently dned over P 2 05
at 90 o C for 8 h Rf 0 07 (RP-8, ethyl acetate, pyndine, acetic acid, water 62 21 6 11) Analysis
found С 32 84, H 5 93 Calculated for C ^ H ^ O ^ N a e 6 H 2 0 С 32,84, H 6 07 IR (KBr) v=
2920, 2860 (CH 2 ), 1740 (C=0), 1200 (P=0) cm ·
(2-StearoyloxymethylX2-dimethoxyphosphoryloxymethyl)-l,3-propaneЛуі
bis(dimethyl
phosphate) 34
To a solution of tnsphosphomonoester 32 (100 mg, 0 16 mmol) in THF (10 ml) diazomethane
(10 ml, C C H 2 N 2 = 0 3M) was added at 0°C After snmng for l i h at r t the excess of diazomethane
59

was removed and the solution was concentrated. The residue was purified by chromatography
(silica gel, pet.ether/ethyl acetate = 7/3) to give 34: 520 mg 95%, as a waxy solid. Rf 0.08 (ethyl
acetateì.
IR (CCI4) v= 2920, 2850 (CH2), 1735 (C=0), 1270 (P=0), 1170 (PO-CH3), 1045 (РОС)
1
cm ; 'H-NMR (DCCI3): 6= 4.07 (6H, d:J=6Hz, 3xCH2OC=0), 3.78
(18H, d:JpH= 11.1 Hz,
31
6XCH3), 3.66 (2H, s,
CH2OC=0),+ 2.4-0.7 (remaining protons) ppm
; P-NMR (HKDCCI3): δ=
+
+
-1.35 ppm; MS (FB ): 727 (M+l) , 601 (М-[М-НОР(0)(ОСНз)2]) .
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CHAPTER 4
SYNTHESIS OF 3-O-ACYL GLYCEROL
1,2-BISPHOSPHATES

4.1. Introduction.
In chapter 2 the synthesis of the target molecule A based on glycerol with phosphate groups in
the 1,3-position was described. This chapter deals with the isomeric target molecule B, which has
the phosphate groups on vicinal carbon atoms (figure 4.1). In section 1.2.5 the problems

Figure 4.1. Amphiphilic molecules based on the glycerol backbone.
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associated with the preparation of vicinal phosphates were briefly discussed. The formation of
cyclic phosphates usually obstructs the desired phosphorylation of vicinal diols1. The direct
introduction of vicinal phosphates is only possible with special phosphorylating agents. Such
reagents2·3 only became available (e.g. see scheme 1.14) in the final stages of the research
described in this thesis.
To circumvent the problem of cyclic phosphate formation several strategies involving the use
of protecting functions can be envisaged. If one of the vicinal alcohol groups is temporarily
blocked by a suitable protecting function, the other one can be phosphorylated4. Two
modifications of this strategy are depicted in the schemes 1.11 and 1.12. For the synthesis of
target molecule В the concept underlying scheme 1.11 was selected. The results will be presented
in section 4.2.1. The direct phosphorylation of vicinal alcohols was also investigated and will be
described in section 4.2.2.
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4.2.

Results and discussion.

4.2.1. Synthesis of 3-O-stearoyl glycerol 1,2-bisphosphate
by a stepwise introduction of the phosphate groups.
The essential features of the synthesis ultimately leading to the target molecule В are outlined
in scheme 4 1 The primary alcohol functions of glycerol are successively protected with two
Scheme 4 1 Concept for a stepwise introduction of phosphate groups
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Suitable substituent, e g OCH2CBr3 or NHPh

different types of protecting groups, X and Pg, respectively The secondary hydroxyl group can
then be phosphorylated with an agent containing at least one anilido group It was demonstrated
that phosphoamidates are stable entities in the presence of a vicinal free hydroxyl group4 This
implies that one protecting function of a primary alcohol can be removed without running the nsk
of cyclophosphate formation Subsequent phosphorylation of this free hydroxyl group leads to the
introduction of the second (protected) phosphate unit At this stage two situations can anse The
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protecting function X initially introduced is either already the appropriate acyl group, e g
С]7Нз5С(0), or the function X needs to be removed at the final step of the sequence, to be
replaced by a suitable acyl group The first-mentioned situation has the drawback that the
complete synthetic sequence must be earned out when another fatty acid residue is desired in the
ultimate product The other situation is encountered when X is a suitable alcohol protecting group
different from Pg A benzyl group is appropnate in this respect The acyl unit can now be
introduced at a very late stage of the synthetic sequence and will accordingly would allow the
preparation of the target molecule with various acyl groups a with considerably less effort On the
basis of the above consideration the strategy depicted schemes 4 3 and 4 6 was chosen for the
preparation of the bisphosphate 14^
Dianihdo phosphorochlondate 1, which fulfils the requirement mentioned above, is often
recommended as phosphorylating agent in the synthesis of oligonucleotides5 and was therefore
selected for the phosphorylation of the secondary alcohol function Diphenyl
phosphorochlondate6 2 is an appropiate reagent to phosphorylate the pnmary alcohol is
The usefulness of dianihdo phosphorochlondate 1 was tested in a model expenment Reaction
of the reagent with bomeol at 0oC in dry pyndine as the solvent readily gave
0-boryl-N,N-diphenyl phosphodiamidate7 3 Deprotection by reaction with an excess of isoamyl
mtnte in pyndine/acetic acid8 gave the expected phosphate monoester 4, albeit in poor yield
Scheme 4 2
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(scheme 4.2). Apart from the poor conversion of the P-NHPh into P-OH group, the loss of yield
may also occur during the aqueous work-up procedure and subsequent chromatography of the
highly polar product. This undesired behavior of the nitrogen protecting groups was confirmed
recently by other workers9.
An important reaction is the deprotection of the diphenyl phosphate group at the primary
carbon atom by hydrogenolysis using platinum oxide as the catalyst. It was important to know if
such hydrogenolysis would affect the anilido phosphate group. Treatment of
0-boryl-N,N-diphenyl phosphodiamidate 3 with Н2/РЮ2 gave several products; only
O-boryl-dicyclohexyl phosphodiamidate S could be identified (37%). During hydrogénation the
catalyst was probably also poisoned by the amines also formed10 (scheme 4.2).
Despite the rather discouraging results with the model compound borneol, the sequence
depicted in schemes 4.3 and 4.6 was attempted.
Scheme 4.3.
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The introduction of the 4,4,-dimethoxytrityl group, a labile protecting function particularly
suited for primary alcohols11, was readily accomplished by the reaction of O-benzyl glycerol 6
with 4,4'-dimethoxytrityl chloride (DMTCl) in dry pyridine. Phosphoryladon of 7 with dianilido
phosphorochloridate 1 resulted in compound 8 in a yield of 70%. The purity of the crystalline
product was ascertained by 31P-NMR spectroscopy (5= -1.25ppm). Suitable reaction conditions to
remove the DMT-group were treatment with an 80% aqueous acetic acid solution at r.t. for 30
min12. This reaction was monitored by TLC (A compound with a lower Rf value appeared).
Compound 9 was fully characterized by its •H-NMR and mass spectrum. It is of interest to note
that this α-hydroxy phosphodiamidate 9 can be stored for at least three month without any
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decomposition, provided

moisture is ngidly

excluded.

Hydrolysis

of

the α-hydroxy

phosphodiamidate 9 became apparent by the appearance of a new signal in the :51P-NMR
spectrum at δ= -8 9ppm This signal is not associated with any cychzation product 15 as was
shown by comparison with an authentically prepared sample, obtained by treatment of diol 6 with
anilido phosphorodichlondate13 in dry pyndine The cyclic phosphate 15 showed an absorption in
the 31P-NMR spectrum at 17 63 ppm It is therefore suggested that the hydrolysis of 9 leads to
diamhdo phosphate 16 (scheme 4 4)
Scheme 4 4
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The pnmary alcohol function in 9 could be readily (1 h) acylated with acetyl chlonde in
pyndine in quantitative yield, furnishing ester 17 (scheme 4 5) This observation implies that no
intramolecular cychzanon takes place in pyridine This result was also encouraging for the step in
which the fatty acid residue needed to be incorporated (conversion of 11—»12 in scheme 4 6)
The primary hydroxyl function in 9 was phosphorylated with dianilido phosphorochlondate 1
(scheme 4 5) The resulting product 18 may however not be of much use m view of the
9
difficulties in removing the four anilido protecting groups Phosphorylation of 9 with diphenyl
o
phosphorochlondate 2 in pyndine (3 d, -20 Q gave product 12 in a yield of 91% (scheme 4 6)
After the work-up procedure and flash chromatography the identity and punty of the colorless oil
was checked by TLC and the usual spectroscopic techniques The 31P-NMR spectrum revealed
the expected two resonances at δ= 0 75 and -13 78 ppm Contact with moisture had again to be
avoided because of the hydrolysis to diamhdo phosphate 16 The cleavage of the carbon-oxygen
bond of the benzyl ether 11 was accomplished in ethyl acetate by catalytic hydrogenanon using
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Scheme 4 5
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Pd(C) as the catalyst After one hour TLC analysis revealed complete conversion of the starting
matenal into the desired product, which has a lower Rf-value The final step in the synthesis of
the fully protected bisphosphate 12 was the acylation of the intermediate alcohol И The resulting
compound 12 was obtained in a yield of 90% after chromatography The identity was confirmed
31
by IR, 'H-NMR and P-NMR (δ= -0 48 and -13 47ppm) spectroscopy Moreover, mass
spectroscopy showed the desired M+ peak (using fast atomic bombardment found 821,
C45Hé2O8N2P2 = 820)
Deprotecüon of the fully protected ester 12 to the target compound 14^ involves a two step
procedure The success of the deprotecnon process depends on the order of removing the blocking
groups The results with the model compound 3 suggest that removal of the amhdo groups should
be earned out first, since the hydrogenolysis needed for the deprotecnon of the phosphate group at
the pnmary carbon atom will affect also the anilido group in a undesired manner Treatment of
compound 12 with isoamyl nitnte in pyndine/acetic acid, therecommendedmethod to remove the
anilido groups8, resulted, after extraction with tnethylammomum bicarbonate (1 ON TEAB, pH
7 8) and chromatography, in the tnethylammomum salt 13 (±65%) The deblocking process could
be conveniently monitored by 31P-NMR spectroscopy The resonance of the phosphodiamidate
unit at δ= -0 48 ppm disappeared and the spectrum showed an expanding new signal at 5= -2 71
ppm belonging to the ROP(0)(OH)2 group The partially deprotected compound 13 was finally
converted into the fully deprotected bisphosphate employing hydrogenolysis with platinum oxide
as the catalyst After 2 h the 31P-NMR spectrum indicated that theresonanceat δ= -14 76 ppm,
belonging to 13, had disappeared The free bisphosphate 14^ was converted into its tetrasodmm
salt by passage through a short column of Dowex 50 Wx2 (Na+-form) The product was isolated
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by lyophilization and purified by chromatography on a RP-2-silica gel column. The compound
was thenrelyophilizedand dried over P2O5 at 90oC for 8 h. The overall yield for the deprotection
sequence (12—»14) was 54%. The much better yield obtained for the conversion of 12 into 13,
compared to the deprotection of 3, is probably due to the more lipophilic character of compound
13 which is an advantage during the aqueous work-up procedure. Compound 14^ was obtained as
a white, amorphous powder. It was unequivocally characterized by IR, 31P-NMR (δ= -1.20 and
-2.03 ppm) and mass spectroscopy (FAB: Mwfree acid C2iH44O10P2= 518, found 541= Mw+Na)
and elemental analysis. The purity was confirmed by TLC.
The above results show that the strategy presented in schemes 4.3 and 4.6 indeed leads to the
desired amphiphile with two vicinal phosphate groups. The whole process however involves
several steps and is therefore rather laborious; moreover the yields of the deprotection steps were
only moderate.
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4.2.2. Simultaneous phosphorylation of 1-O-acyl glycerol.
In the foregoing section it was demonstrated that the primary alcohol function in compound 9
can be phosphorylated with dianilido phosphorochloridate 1 to give 18 (scheme 4.5). Hence, with
this phosphoiylaung agent vicinal phosphorylation can apparently be accomplished. In view of
this result, the bisphosphorylation of 1-O-stearoyl glycerol 19^ with this reagent was attempted
(scheme 4.7). Disappointingly however, this reaction (at r.t. or 0oC) did not provide the desired
result. A mixture of products was obtained as judged from TLC and 31P-NMR spectrum. The
product 20 could not be detected at all. The only identifiable compound, apart from the starting
material, was dianilido phosphate 16. This compound was prepared independently from benzyl
dianilido phosphate (obtained by reaction of 1 with benzyl alcohol) upon hydrogenolysis (scheme
4.7).
Scheme 4.7.
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Due to this disappointing result recourse was made to the recently developed reagent for
vicinal phosphorylation, viz. tetrabenzyl pyrophosphate 21 in the presence of a strong base14 (see
chapter 1, scheme 1.14). The observation of Ozaki et al.3, that an acetoxy function is not affected
by these phosphorylation conditions is important in this context.
The required starting materials for this approach in order to prepare the target molecule, viz.
15
monoglycerides, could be readily prepared according to Baer and Fischer's procedure . The
primary alcohol of racemic solketal, the pnmary alcohol was esterified with a fatty acid chloride
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Scheme 4.8.
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in pyridine/ether as reaction medium. The monoglycerides were then obtained by acid hydrolysis
of the isopropylidene function. It is interesting to note that the amount of acid needed for
deprotection depends on the length of the aliphatic chain15. This procedure afforded the
monoglycerides ІУ-* in 94-97% yield (scheme 4.8).
Bisphosphorylation of these glycerides (scheme 4.9) was performed by treatment with 2.4 mol
equivalent of lithium diisopropylamide (LDA) at -78CC followed by reaction of the resulting
dianion with 2.5 mol equivalent of tetrabenzyl pyrophosphate 21 at 0°C. The compounds 22,
which were rather labile, were obtained in acceptable yields (table 4.1). The phosphorylation
reaction required only 15 min for completion. The products were purified by column
chromatography. Thereactionwas monitored with 31P-NMR (δ= -3.6 and -4.2 ppm) and 'H-NMR
spectroscopy.
From practical point of view the preparation of the compounds 22 is very attractive; the
sequence can be performed within one day in strong contrast to the stepwise phosphorylation
depicted in scheme 4.3 and 4.6. The yields were not as high as expected in view of those obtained
16
for the bisphosphorylation of myo-inositol derivatives ; the presence of the long aliphatic chain
in the substrates 19*"* probably causes some steric crowding or a decrease in the stability of the
dianion and accordingly will lower the efficiency of the reaction.
The final removal of the benzyl protecting groups was achieved extremely easily. A single step
hydrogenolysis using Pd(C) as the catalyst gave complete deprotection, subsequent passage
+
through an ion exchange resin (Na -form) gave the tetrasodium salts 14^f. The structure of the
amphiphilic products 14*'' , obtained in this manner was unambiguously established by NMR
('H-NMR: absence of the benzyl signals, 31P-NMR: δ= -1.2 and -2.0 ppm) analysis as well as
elemental analysis. The purity of the white, fluffy, amorphous compounds was checked by TLC.
The compounds H " are surfactants and therefore only moderately soluble in apolar solvents,
which hinders detailed spectroscopic analysis. The compounds 23 were therefore converted into
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Scheme 4.9.
RC(0)0-i
(ВпОгРСОХЖОХОВп^ 21
\—OH
•
^

КС(0)0-д

OBn

OH

H 2 /Pd(C)

У О - Ρ - OBn

1

LDA/THF,-780C.

О

/

0 = ΡI - 0 — '
OBn

•

'
OBn

22

19

RC(0)0—ν

О

λ "

CH2N2

О

RC(0)0—ν

le
У о - Р-ОМе
ОМе
I
I
/
ОМе
0=Р-0—'

он
I
/у О - IΡ - ОН
он
о = Iр - о — '
23
он

ОМе

Dowex (Na+)

24

RC(0)0—ι
WOP03=
=ОзРО-/

R=C n H 2 l l + 1 n=17,15, 13, 11,9

4Na+

14
the corresponding methyl esters 24 by reaction of the diacid, obtained after hydrogenolysis, with
31
diazomethane ( P-NMR spectrum, δ= -1.3 and -1.8 ppm) in almost quantitative yields; this
indicates the high purity of the bisphosphates.
The compounds obtained are chira! and it therefore would be of interest to prepare the
individual enantiomers. Kinetic resolution using enzymes17 would be an interesting possibility.
Preliminary results with lipase (tnacylglycerol lipase; EC 3.1.1.3, from Porcine Pancreas) indicate
that this enzyme can barely differentiate between the two enantiomers.
The potency of the 3-acyl-gIycerol 1,2-bisphosphates 14*·* as canos ta tic compounds are
currently under investigation in the Laboratory of Biomaterials, Dental school. University of
Nijmegen.
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Table 4 1 The yield of 3-0-acyl-glycerol-l,2-bisphosphates
RC(0)C
ONa

R=

14

22

19

ONa

o=p-oI
ONa

OBn
19

О
II
• Ο - Ρ ONa

22

И

•

stearoyl

52%

66%

*

palmitoyl

50%

81%

£

mynstoyl

56%

75%

*

lauroyl

51%

65%

*

decanoyl

51%

72%

4.3. Experimental section.
For generalremarks,see chapter 2, section 2 5
0 Bornyl N\N-diphenyl phosphodiamidate 3
To a solution of borneol (2 2 g, 14 3 mmol) in dry pyridine
(10 ml) dianilido phosphorochlondate
1 (4 0 g, 15 0 mmol) was added After 2 days at 0oC the reaction mixture was poured into ice
water and extracted with dichloromethane The organic layer was washed twice with water and
twice with a saturated sodium bicarbonate solution The organic layer was separated, dned over
MgS04 and concentrated in vacuo The product 3 (5 2, 95%) was
punfied by flash
chromatography (silica gel, peth ether/ethyl acetate = 1 1 ) Μ ρ 1420C IR (KBr) ν =
3270,3180(NH), 1605 (Ο,^), 1220 (P=0), 1030 (РОС) cm ', 'H-NMR (DCCl·,) δ = 7 29-671
(ЮН, m, 2хС6Н5), 4+ 96 (2Н, bs, 2xNH), 4 76 (IH, m, POCH). 1 04-0 78 (remaining protons) ppm
, MS (ЕГ) 384 (M ), 248 [CjHjNH^PiOXÌHr
Bornyl phosphate 4
Compound 3C (200 mg, 0 52 mmol) was dissolved in a munire of acetic acid (4} ml) and pyridine
(5 ml) At 0 C freshly distilled isoamyl mtnte (2 ml) was added After 16 h at r t was poured into
a 100 ml 1 ON solution of tnethylammomum bicarbonate (TEAB, pH = 7 8) The mixture was
extracted twice with chloroform The organic layer was washed with 50ml 0 5N solution of
TEAB, and twice with a saturated solution of NaCl The organic layer was separated, dned over
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MgS0 4 and concentrated in vacuo The components were separated by flash chromatography
(silica gel, chloroform/methanol = 9/1 —» 3/1) The collected fractions were washed with 2 ON
solution of TEAB The organic layer was separated, dned over MgS0 4 and concentrated in
vacuo Compound 4 was obtained as the methylammonium salt in 35% (55 mg) yield IR (KBr)
1
ν = 3400 (OH), 2920 (CH 2 ), 1250 (P=0), 1040 (РОС) cm , Ή NMR (DCCI3/D3CDO) δ = 4 20
(IH, m, POCH), 3 01 (6H, q, NCH 2 ), 1 18 (9H, bs, CH3), 2 40-0 64 (remaining protons) ppm,
3l
P-NMR {Н}(ОСС1з) δ = -2 47 ppm
O-Bornyl Nfl-dicyclohexyl phosphodiamidate 5
Compound 3 (232 mg, 0 60 mmol) dissolved in methanol(10 ml) was subjected to hydrogenolysis
for 8h with P t 0 2 as the catalyst Then the catalyst was filtered off The product 5 (88 mg,
37%)was punfied by flash chromatography (silica gel, peth ether/ethyl acetate = 11) Μ ρ
o
7
201-204 C ( h t 199-202°C) IR (KBr) ν = 3200(NH), 1210 (P=0), 1030 (РОС) c m ' , ' H - N M R
(DCCI3) δ = 4 5 5 (IH, m, POCH). 3 06 (IH, m, PNHCH). 2 33 (2H, bs, 2xPNH), 104 0 78
5l
+
+
(remaining protons) ppm . P-NMR {HKDCClj) δ = 10 75 ppm, MS (EI ) 396 (M ), 261
+
[C 6 H5NH) 2 P(0)OH]
1-Benzyloxy 3-bis(4-methoxyphenyl)phemlmethoxy 2-propanol 7
To a solution of l-O benzylglycerol
6 (510 mg, 2 80 mmol) in dry pyridine (20 ml)
dimethoxytntyl chloride (1 0 g, 2 95 mmol) was added After 10 mm at r t methanol (2 ml) was
added The reaction mixture was poured into a saturated solution of sodium bicarbonate and
extracted with dichloromethane The organic layer was washed with a saturated solution of
sodium bicarbonate, with water, and with a saturated solution of NaCl The organic layer was
separated, dned over MgS04 and concentrated in vacuo The product 7 was punfied by flash
chromatography (silica gel, peth ether/dnsopropyl ether = l/2 (+few drops (C2H5)3N) and
obtained as a orange oil in a yield of 95% (1 3 g) IR (KBr) ν = 3580, 3500(NH), 3080,
3060,3030, 3000, 1600 (CeiHj) c m 1 , 'H-NMR (DCCI3) δ = 7 48 6 69 (18H, m, 2XQH5,
2xC 6 H 4 ), 4 52 (2H, s, СН 2 С 6 Н5), 3 98 (IH, m, CH). 3 75 (6H, s, 2ХСН3О), 3 58 (2Н, d J=5 2Hz,
CT^OCH^Hj),
3 21 (2H, d J=5 2Hz, ОСНг), 2 50 (IH, d J=5 2Hz, OH) ppm , MS (СГ) 484
(M) + , 303 [(СНзОС 6 Н 4 ) 2 С 6 Н 5 С] +
0-[I-Benzyloxy3 bis(4 methoxyphenyl)phenylmethoxy
2-propyl)]
NÂ-diphenyl phosphodiamidate 8
То a solution of 7 (1 38 g, 2 85 mmol) in dry pyndine (20 ml) diamhdo phosphorochlondate 1
(0 8 g, 3 00 mmol) was added After 2 days at r t the reaction mixture was poured into ice water
and extracted with dichloromethane The organic layer was washed twice with water and twice
with a saturated solution of sodium bicarbonate The organic layer was separated, dned over
MgS04 and concentrated in vacuo The product 8 ( 1 42,70%)was punfied by crystallization from
peth ether/ethyl acetate = 3 2 Μ ρ 95 98 0 C IR (KBr) ν = 3280,3190(ΝΗ), 3080, 3050, 3020,
1600 (C 6 H 5 ), 1250 (Ρ=0), 1010 (РОС) cm ', 'H-NMR (DCCI3) δ = 7 58 6 46 (ЗОН, m, 4хС 6 Н5,
2xC6H4, 2xNH), 4 92 (IH, m, POCH), 4 45 (2H, s, C H ^ H j ) , 3 83-3 62 (8H, m, ^ Ο Ο Ι ^ , , Η . ; ,
2хСНзО), 3 38 (2H, d J=5 2Hz, CH 2 ) ppm , ^P-NMR {HKDCClj) δ = -1 25 ppm , MS (FB )
714 (M + ), 411 [М-(СНзОС 6 Н 4 ) 2 С 6 Н5С] +
О [1 Benzyloxy 3-hydroxy 2 propanyl] Ν,N-diphenyl phosphodiamidate 9
Compound 8 (228 mg, 0 32 mmol) was dissolved in a mixture of acetic acid (4 ml) and water (1
ml) After 30 mm at r t , methanol was added (1 ml) and the reaction mixture was poured into ice
water The mixture was extracted with dichloromethane The organic layer was washed with a 5%
solution of sodium bicarbonate and with ice cold water The organic layer was separated, dned
over MgS04 and concentrated in vacuo The product 9 (95 mg, 75%)was punfied by
crystallization from peth ether/dichloromethane = 10 1 Μ ρ 125 0 C IR (KBr) ν = 3380-3100
(ΝΗ, OH), 3080, 3060, 3020, 1600 (QHj), 1225 (Ρ=0), 1005 (РОС) cm ', Ή NMR (DCCI3) δ
= 7 39-6 69 (15Η, m, S x Q f t ) , 6 29 (2H, 2xd J=8 0Hz, 2xNH), 4 77 (IH, m, POCH), 4 49 (2H, s,
74
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CH2C¿H¡), 4 02-3 56 (3H, m, CH 2 OH). 3 67 2H, d J=5 2Hz, СН 2 ОСН 2 С 6 Н 5 ) ppm , P-NMR
+
[HfCDCClj/DOCDj) δ = 0 65 ppm, MS (СГ) 413 (Μ+Γ), 320 (M-NHC 6 H5)
I Benzyloxy2 [bis(amhdo)phosphoryloxy]-3-propyl diphenyl phosphate 10
To a solution of 10 (10 g, 2 43 mmol) in dry pyndine (10 ml) at 0°C, diphenyl
0
phosphorochlondate 2 (1 27 g, 4 85 mmol) was slowly added After 3 days at -18 C the solvent
was evaporated The residue was diluted with ethyl acetate and washed twice with a saturated
solution of NaCl The organic layer was separated, dned over MgS0 4 and concentrated in vacuo
The product 10 was punfied by flash chromatography (silica gel, peth ether/ethyl acetate = 1/1)
and obtained as a colorless oil in a yield of 9 1 % (1 22 g) IR (ССЦ) ν = 3300-3120(NH),
3100-3030, 1600 (C 6 H 5 ), 1290, 1180 (P=0), 1030, 960 (РОС) cm ', 'H-NMR (DCCI3) δ =
7 42-6 68 (25H, m, SxCfft), 6 59 (IH, d J=8 Hz, NH), 6 00 (IH, d J=8 Hz, NH), 4 92 (IH, m.
POCH). 4 60-4 25 (2H, m, CH 2 OP), 4 39 (2H, s, Ш 2 С 6 Н 5 ) , 3 65 (2H, d J=5 2Hz,
31
+
CH 2 OCH 2 C 6 H5) ppm , P-NMR (HKDCClj) δ = -0 75 (P-N), -13 78 (P O) ppm , MS (FB )
+
+
645 (M+l) , 552 (M HNC 6 H5)
1 hydroxy 2-[bis(amlido)phosphoryloxy]-3-propyl diphenyl phosphate Π
Compound 10 (380 mg, 0 59 mmol) dissolved in ethyl acetate (25 ml) was subjected to
hydrogenolysis for 2 h with Pd(C) as the catalyst The catalyst was filtered off and the filtrate was
concentrated in vacuo The yield of И was 100% (325 mg) IR (CCI4) ν = 3400 3105(NH, OH),
308, 3070,3040, 1600 (C 6 H 5 ), 1290, 1180 (Р=0), 1025, 965 (РОС) cm ', 'H-NMR (DCCI3) δ =
7 42 6 67 (20Н, m, 5xC6H5), 6 44 (IH, d J=8 Hz, NH), 5 96 (IH, d J=8 Hz, NH), 4 75 (IH, m,
POCH). 4 38 (2H, bd J=10 5Hz, CHjOP), 3 73 (2H, d J=4 0Hz, CH 2 OH), 2 62 (IH, bs, OH)
The alcohol-compound was converted without further punfication into compound 12
1 Stearoyloxy 2 [bis(anilido)phosphoryloxyl 3 -propyl diphenyl phosphate 12
To a solution of the alcohol denvative 11 (0 70 g, 1 3 mmol) in dry dichloromethane (20 ml) and
dry pyndine (0 12 g, 15 mmol), stearoyl chlonde (0 42 g, 1 4 mmol)in dry dichloromethane (10
ml) was added at 0°C After 4 h at 0°C, the reaction mixture was poured into ice water and
extracted with ethyl acetate The organic layer was separated, dned over MgS04 and concentrated
in vacuo The product 12 was punfied by flash chromatography (silica gel, peth ether/ethyl
acetate = 1/1) and obtained as a colorless oil (0 94 g, 90%) IR (CC14) ν = 3380-3105(NH), 3080,
3070, 3040, 1600 (QHj), 1740 (C=0), 1290, 1190 (P=0), 960 (РОС) cm ·, 'H-NMR (DCCI3)
δ = 7 36 6 74 (20H, m, 4 x 0 ^ ) , 6 65 (IH, d J=8 Hz, NH), 5 73 (IH, d J=8 Hz, NH), 4 91 (IH, m,
POCH), 4 70-4 00 (4H, m, CH 2 CHCH 2 ), 2 28-0 60 (remaining protons) ppm , 3 1 P-NMR
(HKDCCl·,) 5 = -0 48 (P-N), -13 47 (P-O) ppm , MS (FB + ) 821 (M+l) + , 793 (M+1-C 2 H 4 ), 573
[M OP(0)(HNC 6 H5) 2 ] + , 545 [ Μ - Ο Ρ ^ ί Η Ν ^ ν ^ Η , ]
/ Stearoyloxy 2 lphosphonooxyJ-3-propyl diphenyl phosphate 13
Compound 12 (155 mg, 0 19 mmol) was dissolved in a mixture of acetic acid (4i ml) and
pyndine (5 ml) At 0 o C freshly distilled isoamyl mtnte (0 7 ml) was added After 16 h at r t was
poured into a 100ml 0 5N solution of tnethylammonium bicarbonate (TEAB, pH = 7 8) The
mixture was extracted twice with chloroform The organic layer was washed with 50ml 0 5N
solution of TEAB, and twice with ice cold water The organic layer was separated, dned over
MgS04 and concentrated in vacuo The components were separated by flash chromatography
(silica gel, chloroform/methanol = 9/1 —• 4/1) The collected fractions were washed with 1 ON
soluDon of TEAB The organic layer was separated, dned over MgS04 and concentrated in
vacuo The partially deprotected tnethylammonium salt 13 was obtained as a waxy solid (±65%
yield) 3 1 P-NMR {H)(DCCI3) δ = -2 78 (P-OH), -14 76 (P-O) ppm
Sodium 3 Stearoyloxy
introduction sequence

12-propane-diyl

btsphosphate
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14^, using

the stepwise

phosphate

Compound 13 dissolved in a mixture of ethyl acetate (10 ml) and methanol (5 ml) was subjected
to hydrogenolysis for 8 h with РЮ2 as the catalyst Then the catalyst was filtered off using a
reverse phase column (RP-2-) and the fíltrate was concentrated in vacuo The tnethylammomum
salt was converted into the sodium salt by passing a solution of 17 in methanol/water =1/1
+
through a column of Dowex 50 W χ 2 cation exchanger resin (Na -form) The crude product 14^
was concentrated in vacuo and lyophihzed The product 14^ was obtained pure by flash
chromatography (RP-2-, methanol/water =9/1) After evaporation of the methanol the compound
o
was lyophihzed again and subsequently dned over P2O5 at 90 C for 8 h This furnished
amorphous analytically pure white powder, 14^ in a total yield of 54% (63 mg) R f 0 09
(EtOAc/Py/H20/AcOH 62/21/11/6) Analysis found С 39 4, H 6 89 Calculated for
C 2 1 H 4 O P 2 O 1 0 Na4 2 H 2 0 С 39 2, H 6 85 IR (KBr) ν = 2910, 2850 (CH 2 ), 1730 (С=0), 1220
31
+
(Р=0), 1045 (РОС) cm ·, P-NMR (H)(D 2 0) δ = -1 20 and -2 03 ppm, MS (FB compound
+
23') 541 (M+Na)
-

Sodium З-ъ.суІоху-12-propane diyl bisphosphate Ы* *, using tetrabenzyl pyrophosphate
The tetrabenzyl ester 22*"* (0 26 mmol) dissolved in methanol (20 ml) was subjected to
hydrogenolysis for 0 25 h with Pd(C) as the catalisi The catalyst was filtered off over a small
RP-2 column and the filtrate was concentrated in vacuo The residue was dissolved in distilled
water with the aid of 15ml 0 05N solution of NaOH, treated with Dowex 50WX2 (sodium form)
C
and lyophihzed. The white fluffy compounds were dned over Ρ 2 θ5 at 90 C for 8 h IR (KBr) ν =
2930, 2860 (CH 2 ), 1740 ( С ^ ) , 1170 (Р=0), 1020 (РОС) cm ', •Η NMR (free acid, D3COD)
31
4 4-3 6 (5H, m, 2xCH 2 and CH), 2 3-0 7 (remaining protons)ppm , P-NMR (H}(D 2 0) δ = -1 2
and -2 0 ppm
14! Yield 66%, Rf 0 09 (EtOAc/Py/H20/AcOH 62/21/11/6) Analysis found С 39 5, Η 7 17
Calculated for C 2 1 H 4 0 P 2 O 1 0 N a 4 2 H 2 0 С 39 2, Η 6 85
ь
14 Yield 81%, R f 0 09 (EtOAc/Py/H20/AcOH 62/21/11/6) Analysis found С 31 2, Η 6 74
Calculated for С 1 9 Н з 6 Р 2 0 1 ( ^ а 4 8 H 2 0 С 31 6, Η 7 20
M Yield 75%, R r 0 08 (EtOAc/Py/H20/AcOH 62/21/11/6) Analysis found С 33 3, H 6 56
Calculated for CnFUPAoNa^, 4 H 2 0 С 32 8, H 6 43
14" Yield 65%, R f 0 0 8 (EtOAc/Py/H20/AcOH 62/21/11/6) Analysis found С 33 4, H 6 56
Calculated for C ^ H ^ O j o N a , , H 2 0 С 33 3, H 5 55
14f Yield 72%, R f 0 08 (EtOAc/fy/HjO/AcOH 62/21/11/6) Analysis found С 25 7, H 5 70
Calculated for C ^ H ^ P ^ o N a , , 6 H 2 0 С 25 9, H 5 98
4-(Benzyloxymethyl) 2-analido 2-oxo 1,32 dioxaphospholane 15
To a solution of benzylglycerol 18 6 (500 mg, 2 75 mmol) in dry pyndine (100 ml) andido
phosphorodichlondate1-' (580 mg, 2 76 mmol) in pyndine (10 ml) was slowly added under
nitrogen After 3 days at 4 0 C, the reaction mixture was concentrated in vacuo The residue was
washed twice with dry toluene The product 15 was punned by flash chromatography (RP 2-,
methanol/dnsopropyl ether =1/1) IR (KBr) ν = 3400,3200(NH), 3090,3060,3030 (C 6 H 5 ), 1260
(P=0), 1030 (РОС) c m 1 , 1 H-NMR (DCCI3) δ = 7 46-6 87 (ЮН, m, 2xC 6 H 5 ), 7 00 (IH,
d J=9Hz, NH), 4 57 (IH, m, POCH). 4 38 (2H, s, CH 2 C 6 H5), 4 07 (2H, m, РОСН 2 ), 3 47 (2Н, m,
СН 2 ОСН 2 С 6 Н 5 ) ppm, 3 1 P-NMR {HKDCCI3) δ = 17 63 ppm
Dianihdo phosphate 16
То a solution of benzyl alcohol (400 mg, 3 7 mmol) in dry pyndine (10 ml) dianihdo
phosphorochlondate 1 (1 0 g, 3 7 mmol) was added under argon After 3 days at r t the reaction
mixture was poured into water and extracted with ethyl acetate The organic layer was washed
with diluted hydrogen chloride (0 15M), twice with saturated solution of NaCl, once with a
saturated solution of sodium bicarbonate and again with saturated solution of NaCl The organic
layer was separated, dned over MgS04 The filtrate was concentrated in vacuo to give 0 97 g
(77%) of O-Benzyl Ν,Ν-diphenyl phosphodiamidate • H - N M R (DCCI3) δ = 7 26-6 87 (15H, m,
ЗхС 6 Н 5 ), 6 78 (2H, m, 2xNH), 5 00 (2H, d J=7 8Hz, CH 2 ) ppm
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The diamidate (0.97 g, 2.9 mmol) dissolved in methanol (40 ml) was subjected to hydrogenolysis
for 0.5 h with Pd(C) as the catalyst. The catalyst was filtered off 0and the1 9 filtrate was0 concentrated
in vacuo. Crystallization afforded 16 as white crystals; M.p. 215 C (lit : 214-216 C). 'H-NMR
(D3CCOCD3) : δ = 7.71 (IH, d:J=9Hz, OH), 7.05 (10H, m. 2xC6H5), 6.76 (2H, m, 2xNH) ppm ;
3l
P-NMR (HKDCCtyDOCDj) : δ = -8.59 ppm.
0-[l-Benzyloxy 3-acetoxy 2-propyl] Nfl-diphcnyl phosphodiamidate 17
To a solution of 9 (57 mg, 0.14 mmol) and dry pyridine (0.2 ml) in dichloromethane (5 ml) acetyl
chloride (10.8 μΐ, 0.15 mmol) was added. After 1 h at r.t. the reaction mixture was poured into
water and extracted with ethyl acetate. The organic layer was washed with a 2N solution of HCl
and with a saturated solution of NaCl. The organic layer was separated, dried over MgS04 and
concentrated in
vacuo. The product 17 (52 mg, 83%)was purified by crystallization from ether.
M.p. 126-1270C. IR (KBr) : ν = 3280.3160(NH),
3090, 3030, 2990 (C6H5), 1740 (C=0), 1605
(C6H5), 1240 (P=0), 1010 (РОС) cm 1 ; 'H-NMR (DCCI3) : δ = 7.23-6.57 (15H, m, З х С ^ ) ,
6.37 (IH, d:J=8Hz, NH), 6.22 (IH, d:J=8Hz, NH), 4.80 (IH, m, POCH). 4.40 (2H, s, СН2СбН5),
4.14
(2H, m. СН2ОС(0)СНз), 3.58 (2Н, d:J=5.2Hz, СН2ОСН2С6Н5), 1.80 (ЗН, s, СН3) ppm ;
31
P-NMR {Н}(ОСС1з) : δ = -0.99 ppm; MS (СГ) : 455 (M+l)+, 207 [M-(C6H5NH)2P(0)0]+.
3-Benzyloxyl-l ,2-propane-diyl bis(diamlidophosphate) 18
To a solution of 9 (160 mg, 0.39 mmol) in dry pyridine (5 ml)
dianilido phosphorochloridate 1
(115 mg, 0.43 mmol) was added under argon. After 2 days at 40C thereactionmixture was poured
imo a 0.2N solution of HCl and extracted with ethyl acetate. The organic layer was washed three
times with a saturated solution of NaCl. The organic layer was separated, dried over MgS04 and
concentrated
in vacuo. The product 18 (160 mg, 64%) was crystallized from chloroform. M.p.
195-197<>C. IR (KBr) ; 1ν = 3370, 3220-3120(NH), 3100-3030, 1600 (C6H5), 1290, 1220 (P=0),
1030, 960 (РОС) cm ; 'H-NMR [(CD^SO] : δ = 7.42-6.68 (25H, m, SxQHj), 6.8 (4H, m,
4NH), 5.0
(IH, t, POCH), 4.45 (2H, s, CHjQH,), 3.65 (4H, m, 2xCH2) ppm ; -13.78 (P-O) ppm ;
MS (FB+) : 643 (M+l)+, 249 HOP(0)(NHC6H5)2.
Attempted synthesis of 20
15
To a solution of l-O-stearoylglycerol НИ (500 mg, 1.4 mmol) in dry pyridine (20 ml) dianilido
phosphorochloridate i (770 mg, 2.9 mmol) was added under nitrogen. After 6 days at r.t., the
reaction mixture was poured into water and extracted with ethyl acetate. The organic layer was
dried over MgS04 and concentrated in vacuo. Peth.ether/ethyl acetate = 1/1 was added to the
crude reaction mixture. After stirring for 15 min the solution was filtered. The precipitate was
compound 16. Identification of the different products in the filtrate after separation by flash
chromatography (silica gel, peth.ether/ethyl acetate = 1/1) failed. 300 mg (60%) starting material
19" was recovered.
3-Acyloxy-l2-propane-diyl bisfdibenzylphosphate) 22*'*
To a solution of diisopropylamine (0.38
ml, 2.7 mmol) in super dry THF (5 ml) butyllithium (1.44
ml; 1.6M,
2.3 mmol) was added at 0oC in argon
atmosphere. After 15 min the solution was cooled
0
to -78 C and a solution of a monoglyceride15 19""* (0.93 mmol) in super dry THF was added.
Again after 15 min, the tetrabenzyl pyrophosphate™ 21 (1.5 g, 2.79 mmol) in super dry THF (20
ml) was added. After 15 min the temperature was allowed to raise, and when 20°C was reached
the mixture was concentrated in vacuo. The products 22"·' (yield see table 4.1) was purified by
flash chromatography (peth.ether/ethyl acetate = 1:1). IR (neat) 1: ν = 3090, 3060, 3030 (C6H5),
2920, 2850 (CH2), 1740 (C=0), 1285 (P=0), 1000 (РОС) cm ; 'H-NMR (DCCI3) : δ = 7.25
(20H, s, 4xC6H5), 5.05 (8H, d:J=8.3Hz,
4хСН2), 4.62 (IH, m, POCH), 4.09 (4H, m, 2пСНгО),
2.40-0.64 (remaining
protons)ppm ; 31P-NMR (HKDCClj) : δ = -3.6, -4.2 ppm. The spectral
a e
features of 22 " were very similar.
3-acyloxy-l ,2-propane-diyl bis(dimethyl phosphate) 24*'e
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The tetrabenzylester 22*-* (01 mmol) dissolved in methanol (10 ml) was subjected to
hydrogenolysis for 0 25 h with pd(C) as the catalyst Then the catalisi was Filtered off using a
small RP 2 column and the
filtrate was cooled to 0°C and subsequently treated with diazomethane (10 ml, 0;Η2Ν2= 0 3M) After stinng for 1 h at 0oC the excess diazomethane was
removed and the solution was concentrated in vacuo The residue was purified by
chromatography (silica gel, pet ether/ethyl acetate = 1 1) yield 24'" 85-95% IR (CCI4)
ν=
2940, 2860 (CH2), 1740 (C=0), 1270 (P=0), 1190 (POCH3), 1040 (РОС) cm 1 , Ή NMR
(DCCI3) δ = 4 65 (IH, m, POCH). 4 11 (4H, m, 2хСН20), 3 80 (12Hd Jp н = 11 3Hz, 4хСНз),
2 50-0 7 (remaining protons)ppm , Í1P-NMR {HKDCCI3) δ = -1 3 and -1 8 ppm The spectral
features of 24*"* were very similar
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CHAPTERS
SULFUR-CONTAINING PHOSPHITYLATING AGENTS FOR VICINAL DIOLS.
(A preliminary study)

5.1. Introduction.
Phosphate groups are present in many natural products e g, nucleic acids, sugar derivatives
and lipids A number of synthetic methods has become available for the introduction, direct or
indirect, of phosphate ester units into natural polyols The approach described by Letsinger1,
involving the use of phosphite tnesters, has induced several research groups to further elaborate
and modify the application of various alkyl and aryl phosphorodichlondites or phosphoramidites
for the synthesis of DNA and RNA fragments2·3 One of the attractive features of the use of
phosphorodichlondites and phosphoramidites is that the rate of formation of intemucleotidic
bonds is very fast In consequence, these reagents may be very capable of phosphitylating vicinal
hydroxyl
groups4 β
(see section
12 5)
Brunner and Pieronczyk8 used the
cyclophosphoromonochlondite, 2-chloro-1,3,2-dioxaphospholane 1, for the introduction of two
vicinal phosphite units in the bisacetomde denved from mannitol 2 as depicted in scheme 5 1
Scheme 5 1
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This very rapid formation of phosphite tnesters with reagent J. has the special advantage that no
cyclic phosphites are formed It should be noted that this is in contrast to the phosphorylation of
vicinal diols where formation of cyclophosphates usually cannot be avoided (see section 1 2 5)
The vicinal bisphosphites 3 can, in pnnciple at least, be oxidized910 to the corresponding vicinal
bis-phosphotnesters For 3 this reaction has not been earned out however Selective deprotection
to bis-phosphomonoesters may prove to be very difficult as it would require removal of the glycol
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portion whilst leaving the acetomde intact It is therefore clear that reagent 1 is not the best choice
to achieve the ultimate vicinal phosphorylation
Amongst the phosphorus protecting groups in phosphorylation and phosphyülauon reagents
ß-ehmuianng groups, such as a 2-methylsulfonylethyl-11, 2-cyanoethyl12- and 2-phenylsulfonylethyl13 group, have found wide application Excellent results were obtained with the
methylsulfonylethyl (Mse) group as a phosphate blocking group in the synthesis of DNA
fragments14 and synthesis of spin labeled di- and tn-2'-deoxyadenylates15 Removal of the
Mse-group was accomplished using a cocktail of dioxane/methanol/4N NaOH (14 5 1 v/v)"
A new phosphitylating agent based on ß-ehminaüng groups, suitable for the phosphitylanon of
vicinal alcohols and eventually the synthesis of vicinal bisphosphates, could be compounds with
the general structure 4 , wherein ASG is an anion stabilizing group (figure SI)
Figure 5 1

H
(ASG-|-

OzP-Cl

4
This chapter encompasses a prebminary study on the development of such new reagents

5.2.
5.2.1.

Results and discussion.
Design of monofiinctional phosphitylating agents with ß-eliminating groups.

In designing a reagent of the general structure 4 the choice of an appropnate anion stabilizing
group is of primary importance Because of the favorable properties of the Mse group and the
analogous phenylsulfonylethyl group two potential phosphitylating agents would be compound S
and 6 (figure 5 2) The phenylsulfonylethyl group has some preference since the aromatic nng
Figure 5 2
(CH3S02CH2CH20)2P-a
5

(PhS02CH2CH20)2P-Cl
6

allows monitoring of the progress of the phosphitylanon reaction by means of UV detection It
should be realized however, that vicinal bisphosphitylaaon may be a stencally demanding
process In this context the observation of Brunner and Pieronczyk8 is relevant They were unable
to achieve the introduction of two O-diphenyl phosphine groups into the vicinal diol 2 denved
from mannitol (scheme 5 1) using chloro diphenylphosphine, probably due to stenc hindrance
Inspection of space-filling molecular models of the tentatively designed molecule 6 revealed
that this structure will indeed be highly stencally demanding (figure 5 3) and for this reason may
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Figure 5.3. Space filling models of compound б and 7^.

S^O

not be a successful reagent for vicinal phosphitylation. The steric volume of a ß-sulfonyl group
can be considerably reduced when the sulfonyl group is attached to a secondary ß-carbon atom as
is the case in structure TJ. Molecular models (figure 5.3) indeed reveal that the structure 7^ is
much more compact than 6. It was therefore decided to attempt the synthesis of the cyclic
phosphoromonochloridite 7f as a potential phosphitylating agent.
A modified approach to the design of a phosphitylating agent for vicinal diols, is based on the
idea that the presence of an anion stabilizing group is essential only at the stage of deprotection. It
therefore suffices to incorporate a latent anion stabilizing group in the potential reagent. For
example, when the reagent contains a sulfide sulfur atom at the moment of protection, conversion
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into a sulfoxide or a sulfone at the stage of deblocking then provides the anion stabilizing group
necessary for the deprotectionreaction.Structure 8 was designed as a possible reagent for vicinal
Figure 5.4. Reagent with a latent anion stabilizing group.
R-S-(

FP - X

Ve/

X= CI, NR'2
R= Ar, Alk

g

phosphitylauon on the basis of the above considerations. The X-function at phosphorus can either
be a chlorine or an amine group. The synthetic efforts toward these potential reagents 7^ and 8
will be described in the sections to follow.

5.2.2.

Synthesis of alkyl/arylsulfonyl
(potential phosphitylating agents).

substituted

cyclophosphoromonochloridites

A most attractive starting material for the preparation of reagent 7^ is 2-phenylsulfonyl1,3-propanediol 14'. which can be obtained as depicted in scheme 5.2.
Scheme 5.2.
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a: R'= C6H5
b: R'= С(СНз)з

Η-,Ο
NaOH

Di-O-methyl glycerol 10 was prepared from l,3-dichloro-2-propanol by reaction with sodium
hydroxide17. The phenylsulfonyl group at the 2-position was introduced in two steps. The
secondary alcohol function in 10 was first converted into its mesylate 11 and subjected to
subsequent reaction with the thiophenolate ion in order to replace the mesyloxy group by a
phenylthio function. The yields of 11 and 12^ were 83 and 80%, respectively. The oxidation of
sulfide18 12^ to its corresponding sulfone 13^ was performed in a high yield with
m-chloroperbenzoic acid (mCPBA) in dichloromethane. The purity of compounds 9, 10, 11, 12
and 13 was established using gas chromatography. The removal of the methoxy groups was
accomplished by the method recommended by Tesser and Hoet19, involving a ß-elimination of
Scheme 5.3.
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14
methanol under basic conditions, followed by there-additionof water in a Michael like fashion
(scheme 5.3). The double demethylation process took place in almost quantitative yield. The thus
obtained diol 14^ was then converted into the desired monochloridite 7^ by reaction with
phosphorus trichloride in acetonitrile2 at 0oC in the absence of an amine base. The
dioxaphosphinane 7^ was obtained as a white solid in 95% yield. The conversion of 14^ into 7^
was monitored by the disappearance of the •H-NMR signals of the α-methylene groups adjacent
to the hydroxyl functions of 14*. The 'H-NMR spectrum of product 7^ is rather complex, due to
the presence of stereomers, apparentfromthe two signals in the 31P-NMR spectrum at 6= 146.9
and 143.0 ppm (see also discussion in connection with figure 5.4, vide infra). It is important to
note that the product 7^ is very susceptible to moisture, causing hydrolysis to a phosphite diester,
apparent from a signal in the 'H-NMR spectrum at δ= 9.87 ppm (POH).
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In order to test the above prepared cyclic phosphoromonochlondite 7^ as a phosphitylating
agent a reaction with benzyl alcohol was earned out as a model reaction (scheme S 4) Treatment
Scheme 5 4
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of benzyl alcohol with potential reagent 7^ ш the presence of a ferr-arrane base as
20,21
HCl-scavenger , ι e ethyldiisopropyl amine, proceded rapidly to give impure product 15 in a
rather low yield It had the expected spectroscopic properties, with the mass spectrum showing a
M + ion at m/e= 353, C16H1705PS=352 and the 'H-NMR spectrum exhibiting a signal for benzyl
phosphate protons (δ= 4,83 ppm and Jp H = 12 3Hz Р-ОСНд) Purification of the crude product
was met with no success because of decomposition under the conditions of chromatography
When the reaction with benzyl alcohol was attempted in absence of base polymeric material was
obtained which could not be characterized. The use of isobutene as the HCl-scavenger did not
improve the result
The 1H-NMR spectrum of the crude product of thereactionof 7^ with benzyl alcohol, gave a
possible clue to at least one side reaction The signals at δ= 6 11 and б 33 ppm are probably
attributable to gemmai methylene protons present in compound 16 The formation of compound
16 can be rationalized by assuming a ß-ehminaüve opening of the dioxaphosphinane, in which
the rm-amine serves as the base for the initial abstraction of the ot-sulfonyl proton This reaction
was in fact unexpected because normally methylsulfonyl protected phosphites are stable towards
high concentrations of rerx-amme bases22
A second potential phosphitylating agent of type 4, viz 2-chloro-5-rm-butylsulfonyl
1,3,2-dioxaphosphinane 7^, was also prepared By replacing the phenyl group in 7^ by a rerr-butyl
group the complicating ß-ehmination reaction leading to product of type 16 (scheme 5 4) may be
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less pronounced. The proton α to the sulfonyl group in 7^ will be less acidic than that in 7^;
moreover, the tert-butyl group may exert a favorable steric effect.
The synthesis of the rerr-butylsulfonyl diol 14^ was performed by following the same sequence
as used for the phenyl analogue (see scheme 5.2). Serious problems were however encountered
during the conversion of dimethyl ether 13^ into the diol 14^. Several modifications of the
reaction conditions were tried, however, the yield did not exceed 30%. This difference in behavior
between 1У and 13 b in the demethylationreactionmay tentatively be explained by the influence
of the R' substituent in the deprotonation process. It is well established that the generation of
a-sulfonyl carbanions in prode solvents proceeds preferentially from a sulfone conformation in
which the α-proton is situated in the bisecting plane of the sulfonyl group and that the base is
coordinated with the sulfone oxygen atoms through hydrogen23 bonding. The stereochemical
course of the deprotonation is depicted in figure S.S. In this conformation there could be an
Figure S.S. Stereochemical course of the demethylation reaction.
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unfavorable steric interaction with the methoxymethyl substituents, when R is a rm-butyl with
the consequence that other conformations prevail, and that the deprotonation becomes more
difficult. When R'is phenyl unfavorable interactions of this type can be circumvented by placing
the phenyl substituent perpendicular to the plane of the sulfonyl group.
Attempts were made to prepare 7^ from diol 14^ by treatment with PCI3 (cf. conversion of 14!
into 7!), however the cyclic phosphoromonochloridite 14^ was very unstable and could not be
easily handled.
The preliminary experiments presented above clearly show that phosphoromonochloridite 2!
can be made; but its phosphitylation properties however need further elaboration. The rm-butyl
analogue 7^ offers little promise as an alternative.
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5.2J.

Attempted synthesis of 5-alkyl/arylsulfonyl substituted cyclophoshoramidite.
Simple preparation of N,N-dialkyl-(2-phenylsulfonyl)-2-propenylamines.

Phosphoramidites6,7,24,25 have a good reputation in phosphitylation reactions. The amidite
derived from alkyl/aiylsulfonyl substituted cyclophosphites were therefore also considered as
potential phosphitylating reagents for vicinal diols. For their synthesis the reaction of diol 14*
with hexamethyl phosphorous triamide21·26 [(MejN^P] was first attempted (scheme 5.5). The
Scheme 5.5.
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desired product 17? was not obtained however, but the sulfonyl propenylamine 18? was isolated
instead in 72% yield. A similarreactionwas observed for the rm-butyl analogue 14^ (79% yield).
The unexpected course of the reaction shown in scheme 5.5 can be explained by invoking a
ß-elimination of the initially formed cyclophosphoramidite 17 as illustrated in scheme 5.6. In a
Scheme 5.6.
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subsequent reaction dimethylamine adds to the vinylsulfone in a Michael type fashion. A second
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ß-elimination then leads to the isolated product 18. The conversion of intermediate 1? into
product 18 may also proceed, even more likely so, by an SN2' mechanism involving a
simultaneous Michael addition of the amine and departure of the phosphoramidite residue. The
dimethylamine, required in this reaction, is produced from the exchange reaction of the diol 14
and [(СНз)2ІЧ]зР.
27
This mechanistic explanation resembles that given by Doomes et al. for the SN2' substitution
of bromide by amines in a-bromomethyl vinylsulfones of the type 20 (scheme 5.7). In this
Scheme 5.7.
NR'R
r--Ph

O
11

f
R'- S
11 — (
О V^-Br
/

О

R'RNH

//
R'- S -Ч'

о

20

,-Ph

11

H
O

XN

SNî'-product

\

N

— NR'R

SN2-product

27

literature example the ratio of SN2' and SN2 products depend strongly upon the nature of the
amine as well as on thereactionconditions. Compound 17 is suggested as an intermediate for the
conversion of diol 14 into product 18, although there is norigidproof.
Although the preparation of the cyclophosphoramidites could not be accomplished, an
interesting synthesis of 2-alkyl/arylsulfonyl-2-propenylamines 18 from diol 14 has been found
(scheme 5.9). These 2-sulfonyl-substituted allylamines have received scant attention in the
literature. Only two synthetic methods have sofar been reported. The halogen displacement as
depicted in scheme 5.7 is synthetically not attractive. The Mannich condensation of
alkyl/arylsulfonyl acetic acid with formaldehyde and a variety of secondary amines is the general
method for the synthesis of alkyl/arylsulfonyl allylamines of type 18 28 (scheme 5.8). It is of
Scheme 5.8.

R'S02CH2COOH + 2H2C=0 + (Л / NH
NH
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R
interest to note that these compounds prepared according to scheme 5.8, are reported to have a
89

broad spectrum of bioactivity, e.g. anti-microbial, anti-inflammatory, analgesic and anti-pyretic
28

29

activity . Moreover, these compounds are used in the preservation of aqueous paints .
The synthesis of alkyl/arylsulfonyl allylamines 18 also can be extended to secondary amines
other than dimethylamine. Successive treatment of diol 14 with phosphorus trichloride and with a
secondary amine leads to compounds 18 in good yields (scheme 5.9, table 5.1). The progress of
Scheme 5.9.
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Table 5.1.
compound

reaction
time

yield

18c NRR'=

N(C 2 H 4 ) 2 0

35 min

75%

18d@

N(C2H4)CH2

30 min

80%

18e

N(C 2 H 3 ) 2

35 min

70%

18f

ІЧСЩСНз)^

30 min

65%

18R

N(CH3)(C6H5)

75 min

67%

18h

N

75 min

54%

P

CH2OBn
® synthesized previously as the picrate salt30.
the reaction was monitored by the 'H-NMR signal of the CI^OH proton in 14. The products were
purified by rapid chromatography on silica gel. The purity was established by GLC analysis and
all products, except 18*. were obtained as oils. Their structures are deduced from the
•H-NMR-spectra (table 5.2). The formation of the products 18 clearly proceeds via the
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Typical 'H-NMR') data for 2-phenylsulfonyl
substituted propenylammes 18

О
II
Ph-S-

II

0

H.

V-NRR·
н н
С

Ha

Hb

18a

6 47

6 02

3 08

18c

6 54

6 02

3 20

18d

6 37
6 43

18f

6 33

590
610
613

3 03

18e
!8g
18h

631

5 74

411

6 43

6 03

He

3 20
3 15
3 91

* Chemical shifts are given in ppm
relative to TMS, solvent CDCI3
intermediacy of 5-phenylsulfonyl-2-chloro-l,3,2-dioxaphosphinane 7^ The amine then probably
displaces the chlorine atom to give the cyclophosphoramidites which successively undergoes the
sequence of events shown m scheme 5 6
It is noteworthy that the reaction times (table 5 1) are hardly influenced by the stenc volume of
the secondary amine, unlike the reaction shown in scheme 5 7 which is strongly dependent on the
stenc bulk of the amine used It also should be noted that this method does not produce
by-products ansing from a Michael addition of the amine to 18 [1 e (RR'N-CHj^CHSC^Ph],
unlike the method depicted in scheme 5 8

5.2.4.

Synthesis of a fer/-butylthio substituted cyclophosphoromonochloridite and
cyclophosphoramidite (potential phosphitylating agents).

The designed potential phosphitylating agent of type 8 (see figure 5 4) was prepared with R=
rm-butyl The synthesis of the required 2-rm-butylthio-l,3-propanediol is depicted in scheme
5 10 An essential difference between this and the sequence shown in scheme 5 2 is that the
methyl group is replaced by the benzyl group, because demethylation according to Tesser and
Hoet 19 , is no longer possible due to the much lower acidity of the proton α to the ten butylthio
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group compared with the corresponding sulfone 13 (scheme 5.3). The benzyl group in 24 can
however readily be removed reductively using sodium in liquid ammonia31 and careful addition
of NH4CI, to give diol 25. An alternative synthesis of diol 25 was reported by Juaristi32, during
the course of these investigations.
The diol 25 was converted to the cyclic phosphoromonochloridite 8^ by treatment with PCI3
and to the corresponding phosphormonoamidite 8j| by reaction with ( N ^ N ^ P , respectively. In
both cases high yields were obtained; both compounds were unstable materials, very susceptible
to moisture and decompose during attempted chromatographic purification. The amidite 8^ is

BnOH
*
NaOH

•

HO-/
\
>—OBn

21

y — OBn
СНэ8020-/
\—OBn

22

Na

t-BuS—I
OBn

K-Ot-Bu

23

OH

OBn

t-BuSH

CH3SO2CI

»— OBn

t-BuS
OH

NH3O)

24

25
О

PCI,

Ρ Cl

t-BuS

о

[(СНз)2И]зР

О
\
PN
/
О

t-BuS

СНз
/
\
CHj

8Ь
3,

easier to handle than the chloridite 8^. The P-NMR spectrum indicated that both products 8^ and
8^ comprise two diastereomers, syn and anti, as depicted in figure 5.6., but was insufficient to
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Figure S 6 Two possible geometries of the phosphitylating agents
X

assign the syn or ann structure to one particular isomer
The use of aimdite 8^ was tested m a phosphitylauon experiment with benzyl alcohol as the
model substrate (scheme 5 11) The general phosphorylation strategy descnbed by Pench and
Johns24 was used The phosphitylating agent was in fact made m situ from diol 25 by treatment
with hexamethylphosphorous tnamide Subsequent selective activation of the dimethylamino
nitrogen by IH tetrazole, followed by a nucleophihc substitution with benzyl alcohol, gave 26 as
the desired (labile) phosphite mester intermediate Oxidation to the corresponding phosphate
considerably enhanced the stability of the compound. In the literature several reagents have been
recommended for the oxidation of similar reactive intermediates, for example I2 Щ0ЗЪ,
mCPBA 7 2 4 · 3 3 , N ^

3 4

, O3 1 0 and terr-BuOOH5·21 Opinions about the usefulness of these

oxidants are conflicting Oxidation of phosphite tnesters using rm-BuOOH5 or I2-H2O33 for
example, sometimes occurred
vanous side reactions7 и

quantitatively but sometimes the reaction was accompanied by

A slight modification10 of the procedure using ozone proved to be the

method of choice for the present case The

modification involves a change in reaction

temperature from -78 0 C to -44 0 C Exposure of the cyclic phosphite to these reaction conditions
gave the 1,3,2-dioxaphosphinane 2-oxide 27, in a 45% overall yield Despite claims in literature33
no oxidation of sulfur was observed during this treatment with ozone
The 31P-NMR spectrum of 27 revealed only one resonance (δ= -11 1 ppm), although two
signals were expected as diastereomenc phosphites were reported to undergo stereospecific
oxidation reactions10 The two signals probably coincided. The structure of 27 was also supported
by

'H-NMR and mass spectroscopy

Oxidation36 of the sulfide

27 with mCPBA in

C

dichloromethane for 16 h at 0 C afforded the corresponding sulfoxide 28 (70% yield) The
identity of 28 was ascertained by mass and IR spectroscopy The partial oxidation of 27 to the
sulfoxide was preferred since the punfication of the product was much easier Attempts to oxidize
the phosphorus and sulfur moiety m a single operation, were unsuccessful Prolonged oxidation
with excess of mCPBA resulted only in partially oxidized compound 27
The removal of the deblocking groups from the protected phosphate 28 was readily
accomplished using the procedure descnbed by Beld et al 1 6 , involving treatment with a mixture
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Scheine 5.11.
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of dioxane/methanol/4M NaOH 14/5/1. The deprotection was complete within one minute,
furnishing the disodium salt of benzyl monophosphate 29 in virtually quantitative yield. It was
found convenient to isolate this phosphate as its cyclohexylammonium salt 30 (scheme 5.11).
The mechanistic explanation of the deprotection reaction is depicted in scheme 5.12. The
[J-elimination of a phosphate moiety is initiated by a deprotonation α to the sulfoxide function.
Subsequent conjugate addition of methanol in a Michael fashion gives intermediate 31, which in
tum undergoes further ß-elimination to produce the benzyl phosphate 29 together with
rerf-butyl-sulfinyl-1,3-dimethoxypropane.
The results presented above indicate that the phosphitylating agents of the type 8 containing a
latent anion stabilizing group show interesting prospects. The stability of the basic reagent 8^
could probably be enhanced by choosing other types of amine substituents. On the basis of
literature reports, amines, such as diisopropylamino and morpholino22·37, are possible candidates.
The single step oxidation of sulfur and phosphorus also deserves further attention.
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Scheme 5.12.
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5.3 Expérimental section.
For general remarks, see chapter 2, section 2.5.
2-Chloro-5-phenylsulfonyl-l J^-dioxaphosphinane 7^
To a solution of 14^ (216 mg, 1.0 mmol) in freshly distilled acetonitrile (10 ml), a solution of
o
freshly distilled phosphorus trichloride (130 μ], 1.5 mmol) in acetonitrile (5 ml) was added, at 0 C
under argon. After 10 min the solvent wasremovedin vacuo. A very hygroscopic white powder
was obtained, (265 mg, 95%). M.p. >118°C. IR (KBr) : ν = 1580 (C6H5), 1330, 1160 (SO,) cm 1 ;
'H-NMR (DCCU: δ = 8.02-7.503lÍ5H, m, QHj), 4.65 (4H, dd:J=6Hz and J=12.6Hz, 2xCH2),
3.75 (IH, bt:J=5.6
Hz, HCO)ppm; P-NMR (HKDCClj) : δ = 146.9 and 143.0 ppm; MS (СГ) :
281 (M+l)+, 283 (M+3)+, 245 (M-C1)+.
2-Chloro-S-\zn-biuylthio-13,2-dioxaphosphinane№_
The same procedure as described for the synthesis of 7^ was followed. Compound 25 (50 mg,
0.30 mmol) afforded product f£ (60 mg, 88%). ^P-NMR (HKDCClj) : δ = 133.1 and 140.7 ppm;
2-(N,N-Dimethylamino)-5-tcn-butylthio-I J' Л-dioxaphosphinane 8^
This reaction was performed oin a clean, argon-flushed flask that had been rinsed with ammonia
and then dried overnight at 90 C.
Compound 25 (300 mg, 1.83 mmol) in ethyl acetate (5 ml) and tris(dimethylamino)phosphine
(360 μΐ, 1.93 mmol) in toluene (5 ml) were simultaneously added to boiling toluene (25 ml). After
li h the solution was concentrated. Compound 8j| was obtained as a yellow, malodorous oil. IR
(neat) : ν = 2980, 2880 (CH), 2810 (N-C), 1030 (РОС) cm 1 ; 'H-NMR (DCCM: δ = 4.60-3.60
(4H, m, IxOty, 3.27-2.42 (Ш, m, HCO), 2.66 (6Н, 2xd:J=8.7Hz, 2хСНз), 1.40 (9Н, s, ЗхСН,)
ppm; 31P-NMR +(HKDCClj) : δ = 141.6 and 157.9 ppm; MS (СГ) : 238 (M+l)+, 182
(М-Н2СС(СНз)2) .
1 J-Dimelhoxy-2 -propanol 10
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The procedure desenbed by Henze and Rogers'7 was followed. Starting from
l,3-dichloro-2-propanol 9 (39 2 g, 304 mmol) product 10 (27 4 g) was obtained in a yield of
75% b ρ 60oC, 12 ton· IR (ССІд) ν = 3680, 3485 (OH), 2920, 2900 (CH) cm ', 'H-NMR
(CCI4) δ = 3 80 (IH, m, HOCH), 3 67 (IH. s, OH), 3 32 (ЮН, bs, 2хСНз, 2xCH2) ppm, MS
(СГ) 121 (M+l)+, 103 (М+1 Н 2 0), (М+1-СНзОН)+
1J Dimethoxy-2 -propyl methanesulfonate Д
A solution of 10 (22 9 g, 190 mmol) and tnethylamine (22 g, 220 mmol) was cooled too 0oC
Methanesulfonyl chlonde (23 0 g, 200 mmol) was added during 15 mm After 1 h at 0 C the
reaction mixture was filtered and the residue washed with ether and the filtrate concentrated
Distillation of the residue afforded compound 11 (31 2 g, b ρ 96°C, 0 4 ton) in 83% yield IR
(neat) ν = 2920 (CH), 1180, 1365 (SOj) cm ^^H-NMR (DCCI3) δ = 4 73 (IH,+ m, OCH). 3 54
(4H, d J=5 4Hz, 2xCH
199 (M+l)+,
2), 3 33 (6H, s, 2хОСНз), 3 05 (3H,s, CH3) ppm, MS (CI )
103 (М-СНз80з)+
2-Phenylthio-l ,3-dimethoxypropane 12^
Thiophenol (15 ml, 145 mmol) was added to a solution of sodium methanolate (3 1Q g Na, 130
mmol) in boiling methanol, under nitrogen The solution was then cooled at 0 C, treated
gradually, with vigorous stirring, with compound И (24 g, 120 mmol) After heating under reflux
for 6i h the suspension was filtered
The crude product 12^ was punfied by distillation under
reduced pressure, b ρ 132-1350C, 22 ton Yield 20 6 g (80%) IR CCCI4) ν = 3060 (С6Н5), 2940
(CH) cm ', 'H-NMR (DCCI3) δ = 7 89-740 (5H, m, С6Н5), 3 60
(4Н, d J=6Hz, 2хСН2), 3 27
(6Н, s, 2хСНз. CH), 3 00 (IH, m, CH) ppm, MS (СГ) 245 (M+l)+, 213 (М-СНзОН)+
2-tcn-Butylthu>-] J-dimethoxypropane 12ь
The same procedure as described for the synthesis of IV was followed Compound И (65 0 g,
330 mmol), was added to a boiling solution containing rm-butylthiolate, prepared from
rm-butylmercaptane
(36 g, 400 mmol) and sodium (8 3 g, 360 mmol)0 in methanol The crude
product 12?! w as punfied by distillation under reduced pressure,
b ρ 94 C, 22 torr Yield 51 3 g
(81%) IR (neat) ν = 2960 (CH), 2810 (OCH3) cm 1 , 'H-NMR (DCCI3) δ = 3 53 (4H,
d J=5 4Hz, 2xCH2), 3 33 (6H. s, 2хОСНз), 2 83 (IH, m, CH), 1 32 (9H, s, ЭхСН,) ppm
2-PhenyIsulfonyl-l J-dimethoxypropane 13*
mCPBA (40 3 g, 230 mmol) was added to a solution of 12^ (20 0 g, 94 mmol) in HCCI3 at 0oC
After two days the mixture was filtered The filtrate was washed successively with a 2N solution
of sodium bisulfite, a saturated solution of NaCl and a saturated solution of sodium carbonate
The organic layer was separated, dned over MgS04 and concentrated The product 13^ (17 9 g,
78%) was punfied by flash chromatography (silica gel, peth ether/ethyl acetate = 7 3), and
obtained as a colorless oil IR (CCI4) ν = 3060 (C6H5), 2920 (CH), 1320, 1150 (S0 2 ) cm ',
'H-NMR (CCI4) δ = 7 89-740 (5H, m, C6H5), 3 65 (4H, d J=6Hz, 2xCH2), 3 20 (7H, m, 2хСНз,
CH) ppm, MS (СГ) 245 (Μ+1)+, 213 (М-СНзОН)+
2-ten Buiylsulfonyl-l J-dimeihoxy-propane 13b
Product 12Í (11 5 g, 60 mmol) and mCPBA (25 5 g, 150 mmol) in H2CCI2 resulted, after the
usual work-up procedure, in product 13^ (13 0 g, 97%) The product was obtained as a colorless
oil IR (neat) ν = 2980, 2920 (CH), 1300, 1115 (S0 2 ) cm ', ι H-NMR (DCCI3) δ = 3 80 (4H, t,
2xCH2), 3 4-3 7 (IH, m, HCO), 1 4 (9H, s, ЭхСВ,) ppm
2-Phenylsulfonyl-l J-propanediol 14^
A suspension of 13^ in 0 IN sodium hydroxide solution was heated at 80oC under vigorous
stunng After 3 h the pH was adjusted to 7 0 The aqueous solution was extracted five times with
ethyl acetate, the organic layer was separated, dned over MgS04 and concentrated The product
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14* (0.89 g, 100%) was purified by crystallization from benzene. M.p. 95-98 C. Analysis found:
С 50.03, H 5.60. Calculated for d H 1 2 0 4 S : С 49.99, H 5.59. IR (KBr) : ν = 3450, 3320 (OH),
1
6
3060 (C 6 H 5 ), 2940 (CH), 1580 ( с Д ) , 1390, 1140 (SO,) c m ; 'H-NMR (Acetone D ): δ =
+
8.17-7.58 (5H, m, Q H , ) , 3.92 (4H, d:J=5.6Hz, 2xCH 2 ), 3.33 (IH, m, HCO)ppm ; MS (CI ) : 217
+
+
(M+l) , 199 (M+1-H 2 0) , Accurate mass: found: 217.0526, CgH^C^S requires 217.0535.
2-ten-ButylsuIfonyl-1 ¿-propanediol 14 b
The same procedure as described for the synthesis of 14^ was followed.
Compound 13^ (22,4 g, 100 mmol) afforded product 14^ (5.9 g, 30%). The product was purified
by crystallization from chloroform-peth.ether. M.p. 100-103oC. Analysis found: С 42.56, H 8.25.
Calculated for C 7 H 1 6 0 4 S : С 42.84, H 8.22. IR (KBr) : ν = 3500 (OH), 2990, 2940 (CH), 1295,
1
1110 (S0 2 ) c m ; •H-NMR (DCCl·,): δ = 4.32 (2H, bs, 2xOH), 4.05 (4H, d:J=5hz, 2xCH 2 ), 3.52
(Ш, m, HCO), 1.45 (9H, s, ЗхСНз)ррт.
2-Benzyloxy-5-phenylsulfonyl-l,3Л-dioxaphosphinane ÍS
Benzylalcohol (71μ1, 0.69 mmol) was added to a solution of 7^ (193 mg, 0.69 mmol) and
o
diisopropylamine (120 μΐ) in dichloromethane (5 ml) at 0 C under argon. After 20 rain the
reaction was stopped. A mixture of products was obtained, these were not stable under
chromatographic conditions. 'H-NMR (DCCU): δ = 8.27-7.20 (ЮН, m, 2xC 6 H 5 ), 4.83 (2Н,
d:J=12.3Hz, СН 2 С 6 Н5), 4.33-4.80 (4Н, т , 2хСН 2 ), 3.10 (IH, m, НСО)ррт; MS (СГ) : 353
+
+
+
(М+1) , 261 (М-СН 2 С 6 Н 5 ) , 245 (М-ОСН 2 С 6 Н5) .
Attempted synthesis of 17*. preparation of
N.N-dimethyl-(2-phenvlsulfonvl)-2-propenylamine 18*
Compound 14^ (100 mg, 0.46 mmol) in ethyl acetate (5 ml) and hexamethyl phosphorous
triamide (90 μΐ, 0.49 mmol) in toluene (5 ml) were added simultaneously to a boiling toluene (15
ml). After 2 h, the solution was concentrated. The product 1ÍP (75 mg, 72%) was purified by flash
chromatography (aluminia, peth.ether/ethyl acetate = 1:1), and obtained as a yellow oil. IR (CCI4)
: ν = 3070 (C 6 H 5 ), 2970, 2860 (CH 2 ), 1325, 1150 (S0 2 ) c m 1 ; 'H-NMR (DCCI3) : δ = 7.95-7.37
(5H, m, C6H5), 6.47 (IH, s, C=CH C1S ), 6.03 (IH, s, C=CH m m s ), 3.08 (4H, s, CHj), 2.27 (6H, s,
2хСНз)ррт.
Attempted synthesis of 17^, preparation of
NW-Dimethyl-fi-itn-butvlsulfonvD^-propenylamine
18 b
Compound 14f (180 mg, 0.92 mmol) in ethyl acetate (5 ml) and hexamethyl phosphorous
triamide (180 μΐ, 0.97 mmol) in toluene (5 ml) were simultaneously added to a boiling toluene (25
ml). After 2 h, the solution was concentrated. The product 18^ (150 mg, 79%) was purified by
flash chromatography (aluminia, peth.ether/ethyl acetate = 1:1), and obtained as a colorless oil. IR
(CC14) : ν = 2970, 2860 (CH,), 1320, 1145 (S0 2 ) c m ' ; •H-NMR (DCCI3) : δ = 6.38 (IH, s,
C ^ í L i s ) . 6.27 (IH, s, C=CH trnl5 ), 3.21 (4H, s, 2xCH 2 ), 2.27 (6H, s, ZxCHj), 2.17 (9H, s,
ЗхСНз)ррт.
N-(2-Phenylsulfonyl-2-propenyl) morpholine 1JF
Freshly distilled phosphorus trichloride (41 μΐ, 0.46 mmol) was added to a solution of diol 14^
(100 mg, 0.46 mmol) in super-dry THF (10 ml), at ^ C , under argon. After 15 min at 0 o C, the
reaction mixture was allowed to reach r.t. and freshly distilled morpholine (400 μΐ, 4.6 mmol) was
added under argon. The mixture was concentrated after 20 min. Compound 2 (95 mg, 75%) was
purified by flash chromatography (silica gel, ethyl acetate) and obtained as a colorless oil.
Capillary GC (H 2 CC1 2 ): 9.36 min (100%). IR (ССЦ) : ν = 3060 (Ceft), 2960, 2860 (CH 2 ), 1320,
1145 (SOi) c m 1 ; •H-NMR (DCCI3) : δ = 7.97-7.35 (5H, m, С ^ ) , 6.54 (IH, s, C=CH C1S ), 6.02
(IH, s, C=CH l i a n s ), 3.37 (4H, m, 2xCH 2 0), 3.20 (2H, s, СН 2 ), 2.17 (4Н, m, CH 2 N) р р т ; MS
(СІ + ) : 268 (M+l) + , Accurate mass: found: 268.1002. C ^ H ^ O j N S + l H requires 268.1007.
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ìi-(2-Phenyisutfonyl-2-propenyl) pipendine 18^
The same procedure as given for the synthesis for 18f was followed Starting from to a solution of
diol 14^ (100 mg, 0.46 mmol), freshly distilled phopsphorus trichloride (41 μΐ, 0 46 mmol) and
freshly distilled pipendine (450 μΙ, 4 6 mmol) compound 18* was obtained (reaction time 30
mm) Punfication by flash chromatography (silica gel, peth ether/ethyl acetate = 7/3) gave 18^
(100 mg, 80%) as a colorless oil. Capillary GC (Н,ССІ2). 9.29 mm (100%) IR (CCI4) . ν = 3060
(CftHj), 2940 (CH2), 1320, 1140 (S0 2 ) cm ', 'H-NMR (ОСС\3) : δ = 7 95-7.37 (5H, m, CeHj),
6.37 (IH, s, C^CHçJ, 5 90 (IH, s, 0 = 0 ^ ), 3 03 (2H,
s, CH2), 2 17 (4H, bs, 2xCH2N), 1 30
+
(6H, bs, ЗхСНг) ppm; MS (СГ)
266 (M+l) , Accurate mass, found. 2661215
C u H ^ N S + l H requires 266.1215.
e

Ν,Ν-Diei/ry/ 2-phenylsulfonyl-2-propenylamine 18
The same procedure as given for the synthesis for 18f was followed Starting from to a solution of
diol 14^ (100 mg, 0.46 mmol), freshly distilled phopsphorus tnchlonde (41 μΐ, 0 46 mmol) and
freshly distilled diethylamine (475 μΐ, 4 6 mmol) compound 18f was obtained (reaction time 30
mm). Purification by flash chromatography (silica gel, peth.ether/ethyl acetate = 6/4) gave 1У (82
mg, 70%) as a colorless oil. Capillary GC (HjCClj7 81 mm (92%) IR (CCI4) : ν = 3060
1
(CjHj), 2965, 2930 (CH2), 1340, 1140 (SO,) cm , Ή-NMR (DCCK) · δ = 7.95-7 45 (5H, m,
CeHs), 6 43 (IH. s, C ^ Ü J , 6 10 (IH, s, C=CH ), 3.20
(2H, s, СН+ 2), 2 27 (4Н, q J=7 2Hz,
+
2xCH2N), 0 78 (6H, t J=7 2Hz, 2хСНз) ppm, MS (CI ) : 254 (M+l) , Accurate mass, found.
254 1215. CuH^OjNS+l Hrequires254.1217.
f

N,N-£)iwoprop3>/ 2-phenylsulfonyl-2-propenylamme 18
The same procedure as given for the synthesis for 18f was followed Starting from to a solution of
diol 14? (100 mg, 046 mmol), freshly distilled phopsphorus tnchlonde (41 μΐ, 0 46 mmol) and
freshly distilled diisopropylamine (650 μΐ, 4.6 mmol), compound 18[ was obtained (reaction urne
30 min) Punfication by flash chromatography (silica gel, peth ether/ethyl acetate = 6/4) gave 18[
(85 mg, 65%) as a colorless oil. Capillary GC (H2CC1
2): 9 21 mm (100%) IR (CCI4) : ν = 3060
(CjHj), 2965, 2930 (CH2), 1320, 1130 (SO,) cm 1 ; 'H-NMR (DCCU) : δ = 7 95-7.43 (5H, m,
CéHj), 6.33 (IH, s, C ^ Í L , ) , 6 13 (IH, s, ^ С Н , , ^ ) . 3.15 (2H, s, СН
2), 2.85 (2Н, q J=6 3Hz,
2xCHN), 0 90 (12H, d J=6.3Hz, 4хСНз) ppm, MS (СГ) : 282 (M+l)+, 266 (М-СН3Г, Accurate
mass: found" 282.1533. CjsH^OjNS+lHrequires282.1533.
N-Methyl-ii-phenyl 2-phenylsulfonyl-2-propenylamine 18*
The same procedure as given for the synthesis for 18f was followed Startingfromto a solution of
diol 14? (100 mg, 0.46 mmol), freshly distilled phopsphorus tnchlonde (41 μΐ, 0 46 mmol) and
freshly distilled N-methyl aniline (500 μΐ, 4 6 mmol), compound ІДО was obtained (reaction time
75 mm). Punfication by flash chromatography0 (silica gel, peth.ether/ethyl acetate = 8/2) gave 185
(88 mg, 67%) as white crystals (M p.: 77-79 C). IR (CC14) . ν = 3090, 3070, 3030 (C6H5), 2920
(CH2), 1600 (CeHj), 1325, 1140 (S0 2 ) cm '; •H-NMR (DCCI3) : δ = 7.90-6 30 (ЮН, m. 2xC6H5).
6 31+ (IH, s, С ^+Н ^ ) , 5 74 (IH, s, C=CH
mm5 ), 4.11 (2H, s, CH2), 2 83 (3H, s, СН3) ppm; MS
(EI ) · 287 (M) , 106 (С 6 Н 5 ШСНз) + , Accurate mass· found 287 0978. С ^ Н ^ К З requires
287.0980.
S-(-)-2-Ben2yloxymethyl-ìi-(2-phenylsulfonyl-2-propenyl)pyrrolidine\SP
The same procedure as given for the synthesis for 18f was followed Starting from to a solution of
diol 14? (100 mg, 0 46 mmol), freshly distilled phopsphorus tnchlonde (41 μΐ, 046 mmol)
and
freshly distilled S(-)-(benzyloxymethyl) pyrrolidine (0 88 g, 4 6 mmol), compound 18h was
obtained (reaction time 75 mm). Punfication by flash chromatography
(silica gel, peth ether/ethyl
acetate = 6/4) gave 18!! (89 mg, 54%) as a colorless oil [a] D 2o (CH 2 Cl 2 , c= 1 24) =1 -52 4° IR
(CCI4) . ν = 3080, 3060, 3030 (C6H5), 2960, 2880, 2800 (CH2), 1320, 1140 (S0 2 ) cm , ^-NMR
(DCCI3) : δ = 7 89-7 25 (ЮН, m, 2xC6H5), 6.43 (IH, s, C=CHC1S), 6 03 (IH, s, C=CH llans ), 4 45
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(2H, s, CHj), 3.91, 3.11 (2H, ABa:J=15.2 Hz, CCH2N), 3.32 (2H, dq, CHCH 2 0), 2.63 (2H, m,
NCHj) 1.93-1.41 (5H, m, NCH, CH2-CH2) ppm; "C-NMR (H) (DCCI3) : δ = 149.1 (H2C=C),
140.0, 138.3 (2xCa), 133-127 (lOx ÇH), 125.5 (H^C^C), 73.7 and 73.2 (2x OÇH2), 63.1 (NÇH),
+
54.2 and 53.7 (2x N Œ 2 ) , 22.8 and 28.4 (ÇH2-ÇH2) ppm; (СГ) : 372 (M+l) , 250
+
(M-CH2OCH2C6H5) , Accurate mass: found: 372.1630, C^H^OjNS requires 372.1633.
1,3-(Dibenzyloxy)-2 -propanol 22
To a solution of epichlorohydrin 21 (64.5 g, 500 mmol) in a mixture of water (20 ml) and
benzylalcohol (25 ml), sodium (24.2 g, 1.05 mol) dissolved in benzyl alcohol (450 ml) was added.
0
The mixture was heated for two days at 140 C. The pH was adjusted to 7.0, using a 2N solution
of HCl subsequently the solution was saturated with sodium chloride and extracted with ethyl
acetate. The organic layer was separated, dried over MgSC^ and concentrated. The product 22
0
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o
(115 g, 85%) was purified by distillation 165 C, 0.3 torr. (lit : 206 C, 3 torr). IR (neat) : ν =
1
3440 (OH), 3090, 3060, 3030 (QHO, 2910 (CH) c m ; 'H-NMR (DCCI3): δ = 7.27 (ЮН, s,
2xC6H5), 4.44 (4Н, s, СН2С6Н5), 3.87 (IH, m, НСО), 3.47 (4Н, d:J=5Hz, 2хСН2), 3.30 (IH, s,
+
+
+
ОН) ppm; MS (EI ) : 272 (M) , 103 (M-CH2C6H5) .
1,3-Dibenzyloxy-2-propyl methanesulfonate 23
The same procedure as described for the synthesis of Ц was followed. Compound 22 (111 g, 410
mmol) afforded compound 23 (124 g, 87%) as an oil with sufficient purity for further use. IR
(neat) : ν = 3030, 3060, 3030 (C¿ti5), 2920, 2870 (CH), 1360, 1180 (SOJ cm 1 ; 1H-NMR
(DCCI3): δ = 7.25 (ЮН, s, 2xC6H5), 4.87 (Ш, m, НСО), 4.48 (4H, s, гхСНАН,), 365 (4Н,
+
+
d:J=5.4Hz, 2хСН2), 2.95 (9Н, s, ЗхСНз) ppm; MS (ЕГ) : 350 (М) , 271 (М-СНз80 2 ) .
2-len-Butylthio-l,3-(dibenzyloxy)propane 24
»m-Butylmercaptan (1.6 g, 18 mmol) was added to a solution of potassium fm-butoxide (1.7 g,
15mmol) in »m-butyl alcohol (30 ml) under nitrogen. After 10 min. the solution was treated
gradually, with vigorous stirring, with compound 23 (5.0 g, 14.3 mmol) and then heated for 5 h.
The resulting suspension was diluted with a saturated solution of NaCl and extracted with
dichloromethane. The organic layers were separated, dried over MgS04 and concentrated to give
product 24 (4.2 g, 86%) which was purified by flash chromatography (silica gel gel,
peth.ether/ethyl acetate = 8:2), and obtained as a colorless oil. IR (neat) : ν = 3080, 3060, 3030
(QH,), 2960, 2860 (CH) c m 1 ; ^-NMR (DCCI3).· δ = 7.25 (ЮН, s, 2xC6H5), 4.52 (4Н, s,
СН2С6Н5), 3.67 (4Н, d:J=5.4Hz, 2хСН2), 2.93 (IH, m, НСО), 1.29 (9Н, s, ЗхСНз) ppm; MS
(ЕГ) : 344 (M) + , 213 (М-(СНз)эС)+
2 -ten-Butylthio-1,3-propanediol 25
Diol 24 (2.5 g, 7.26 mmol) in dry THF (10 ml) was gradually added to sodium (1.5 g, 65.3 mmol)
in liquid ammonia (50 ml). After i h ammonium chloride was added, till the color turned white.
The ammonia was evaporated and the residue was diluted with dichloromethane. The mixture was
washed with a solution of 2N HCl. The organic layer was separated, dried over MgS04 and
concentrated. The product 25 (0.85 g, 71%) was purified by washing it with benzene. M.p.
78-80 o C. Analysis found: С 51.08, H 9.85. Calculated for C 7 H 1 6 0 2 S: С 51.18, H 9.82. IR (КВг) :
ν = 3300 (ОН), 2970, 2880 (CH) cm 1 ; •H-NMR (DCCI3): δ = 3.73 (4H, d:J=6Hz, 2xCH2), 3.08
(2H, s, 2xOH), 2.93 (IH, m, HCO), 1.39 (9H, s, ЗхСНз)ррт.
2-Benzyloxy-5-ten-butylthio-lJ,2-dioxaphosphinane 2-oxide 27
This reaction was performed in a clean, argon-flushed flask that had been rinsed with ammonia
and then dried overnight at 90 o C.
Compound 25 (300 mg, 1.83 mmol) in ethyl acetate (5 ml) and hexamethyl phosphorous triamide
(360 μΐ, 1.93 mmol) in toluene (5 ml) were simultaneously added to boiling toluene (25 ml). After
H h the solution was concentrated in vacuo. To a mixture of the reeking oil 8^ and benzyl alcohol
(216 mg, 2.0 mmol) in THF (10ml) IH-tetrazole (385 mg, 5.5 mmol) was added. The mixture was
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stirred for i h at room temperature. The solvent was evaporated and dichloromethane (25 ml) was
added to the crude mixture. The IH-tetrazole was filtered off under argon. The dichloromethane
0
solution was treated with ozone at -44 C. After 1 h the solvent was removed in vacuo. The
product 27 (260 mg, 45%) was purified by flash chromatography (silica gel, peth.ether/ethyl
0
acetate = 1:1), and obtained as white crystals. M.p. 89-91 C, IR (KBr) : ν = 3090, 3060, 3030
1
(CfjHj) 2960 (CH), 1280, 1290 (P=0), 1010 (РОС) c m ; 'H-NMR (DCCI3): δ = 7.37 (5H, s,
Csïty.'S.lO (2H. d:J=9Hz, СН 2 С 6 Н5), 4.5-3.8 (4Н, m, 2хСН 2 ), 3.20 (IH, m, НСО), 1.33 (9Н, s,
+
ЗхСНз) ppm; ^P-NMR (HKDCCl·,) : δ = -11.1 ppm; MS (СГ) : 317 (M+l) , 261
+
[М+1-Н 2 СС(СНз)2] .
2-Benzyloxy-2-t£,n-butylsidfìnyl-l,32.-dioxaphosphinane-2-oxide7&
o
То a solution of 27 (165 mg, 0.52 mmol) in dichloromethane at 0 C, mCPBA (130 mg, 0.64
mmol) was added. After one night the mixture was concentrated. The product 28 (120 mg, 70%)
was purified by flash chromatography (silica gel, peth.ether/ethyl acetate = 2:1), and obtained as
0
white crystals. M.p. 146-147 C, IR (KBr) : ν = 3060 (С6Щ) 2920 (CH), 1300, 1290, (P=0), of
1
1050 (S=0), 1030 (РОС) cm" ; 'H-NMR (DCCI3): δ = 7.3'8 (5H, s, C ^ ) , 5.18 (2H, d:J=9Hz,
31
CH 2 C 6 H 5 ), 4.75^.4 (4H, m, 2xCH 2 ), 4.0 (IH, m, HCO), 1.42 (9H, s, SxCHj) ppm; P-NMR
+
(Н}(ОСС1з) : δ = -11.0 ppm; MS (CP) : 333 (M+l), 277 (М+1-Н 2 СС(СНз) 2 ) .
Cyclohexylammonium benzyl phosphate 30
The triester 28 (80 mg, 0.24 mmol) was dissolved in 2.5 ml of a mixture dioxane/methanol (14/5)
and, while stirring vigorously, 4N sodium hydroxide (450 μΐ) diluted with 1.5 ml of the same
dioxane/methanol mixture, was added rapidly. After 1 min total reaction time, the excess base
was quenced by injection of 50 μΐ of glacial acetic acid. The sodium salt 29 was filtered.
The salt was convened into the cyclohexylammonium salt by addition of two molar equivalents
of cyclohexylammonium chloride in aqueous solution. The cyclohexylammonium benzyl
phosphate 30 was dried for 16 h over P 2 0 5 . The M.p.: 221 0 C (lit 4 0 M.p.: 233-235), Analysis
found: С 53.8, H 7.9, Ν 5.0. Calculated for C ^ H ^ N P : С 54.3, Η 7.7, Ν 4.9%. IR (KBr) : ν =
3400, (OH), 3030 (C 6 H 5 ), 2920, 2850 (CH), 1249 (Р=0), 1030 (РОС) c m 1 .
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APPENDIX
BINDING OF AMPHIPHILES TO DENTAL ENAMEL.

Organic phosphates bind strongly to apatites1'^3,4. There are indications that some of them
may act cariostatic when added to the diet5. Amphipolar long chain amines have a caries
inhibiting effect in vitro and in vivo6·7, indicating the beneficial effect on caries of compounds
with a low surface tension.
In order to combine the advantages of both kinds of substances within one molecule,
organophosphorus compounds were synthesized bearing one or more phosphate group(s) for good
affinity to hydroxyapatite, and one or more long fatty acid chain(s) for achieving a low surface
tension (see also chapter 1, section 1.1).
The purpose of this appendix is to give concise information about the experiments which were
performed to investigate the inhibiting effect of the synthesized compounds on demineralization
of dental enamel, and to indicate which of the compounds were successful in this respect. More
detailed information can be found elsewhere8·'
The labial or buccal surfaces of sound human third molars were used for experiments. The
surface of the tooth was covered with nail varnish, leaving a window of about 10 mm2 uncovered.
Half of the window was covered with nail vamish, the other half was treated with 15 mmol/L of
the test compound in 15 mmol/L cacodylate buffer pH 7.5, or 15 mmol/L and the enamel (whole
window) was demineralized to obtain a caries lesion.
The caries lesions were analyzed by means of a quantitative microradiographic method. Thin
Fi EUre 1

Lesion parameters MSL= Mineral content of the surfase layer of the lesion (vol%); DBL= Depth of the body
of the lesion (цлі), MBL= mineral content of the body of the lesion (vol%), DTL= depth of the total lesion (μιη);
A= shaded area above the curve a measure for the total amount of mineral removed by demmerahzation (μπιχνο1%)

Mineral content (vol "/.1-

SOUND
ENAMEL
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sections were sawn perpendicular to the enamel surface and perpendicular to the borderline
between the treated and the non-treated enamel areas From these sections X-ray contact
imcroradiographs were made By a quantitative microscopic scanning technique the optical
density of each lesion was determined as a function of depth (figure 1) This was used for
obtaining the results listed in table 1
Table 1 Effect of treatment on some canes lesion parameters in intact human enamel
Treatment

Lesion parameter
MSL
DBL

MBL

DTL

A

N

Glydip
NT
Τ

60±13
82±8,a

47±7
48 ±15 л

4«±18
в0±11.а

107 ± 1 3
63 ±24.s

3.237±1201
1,72« ± 642 ^

8
8

NT
Τ

67±5
S«±3 щ

38±2
40±6;n

58±7
37±5;n

75±4
79 ±7,η

1,934 ±296
1,970 ±61,η

4
4

NT
Τ

63±9
69±5зі

38±3
41 ±14,π

55 ± 9
64±7;n

80±11
80 ±21.η

2,169 ±702
2,128 ±1,343.η

4
4

59±7
60±10,n

36±7
39 ±10,η

50±8
53±12·η

70 ± 1 0
70±14л

2342 ±677
2J44±841 л

И
11

PhytAm

PA

Control
NT
Τ

N= Nomer of teeth in vesbgaied NT= Nontreaied enamel, T= Treated ouunel, Controle« Treaimoit with water For other notations
see figurée 1 and 2.

Some of the compounds inhibited the demineralization during canes lesion formation
significantly (figure 2 and table 1) It has to be assumed that the mechanism of this effect differs
pnncipally from that of fluonde, as fluoride may be incorporated in the apatite lattice, and
obviously the phosphates listed in table 1 do not Having this property, fluonde is able to inhibit
canes lesion formation in enamel by a stimulation of mineral transformations These
transformations take place dunng dissoluaon-precipitation reactions, which are quite normal
under in vivo conditions This fundamental difference in the mode of action between fluonde and
the compounds investigated m this study, justify the expectation that the active phosphates of
Table 1 may add an extra canes-inhibiting effect to that of fluonde when applied together with
106

Figure 2. Compounds tested.
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fluoride.
In the previous study* it was found that 2-O-stearoyl glycerol 1,3-bisphosphate (Glydip) with
two phosphate groups inhibited caries lesion formation, and 2-0,3-0-distearoyl glycerol
1-phosphate (PA) with one phosphate group, did not. This led to the hypothesis that especially
compounds with more than one phosphate group per molecule are promising inhibitors of caries
lesion formation. The idea was based on the assumption that polyphosphate compounds bind
relatively strong to apatites.
At least one fatty chain per molecule seems to be neccesary for making a compound effective.
This was concluded from a comparative experiment of 2-O-stearoyl glycerol 1,3-bisphosphate
(Glydip) and glycerol bisphosphate (G13P). G13P did not show any cariostadc activity. The
optimal length of this chain is under current investigation.
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SUMMARY
This thesis encompasses the design and the synthesis of phosphorus containing amphiphiles.
These are compounds with (a) hydrophilic phosphate group(s) and (a) hydrophobic group(s) such
as fatty acid chain(s). These types of compounds could possibly serve as a coating for teeth to
reduce the occurrence of dental diseases like carious lesions. Through the direct binding of the
amphiphiles to the enamel surface a hydrophobic layer is formed causing a decrease of the
permeability of the dental enamel surface. This is accompanied by a reduction of the diffusion of
acids out of the plaque into the vulnerable regions of the enamel. This reduction will ultimately
lead to a decrease of the demineralization process of the enamel minerals resulting in a decrease
of tooth decay.
After a brief outline of the factors which influence the formation of carious lesions, a concise
review of the syntheses of the different fragments (SI and SB, figure 1), ultimately leading to the
desired amphiphiles, is given.
Figure 1. The target compounds, synthesized from the fragements Я and 53.

For the synthesis of the target molecules (figure 3) phosphorylation can be envisaged via two
principal pathways (figure 2), viz. through phosphorylation of a 2-O-acyl polyol with a suitable
monofunctional phosphoiylating agent, or by a displacement reaction of a halide using a
phosphodiester anion. Since a 2-O-acyl-glycerol derivative equilibrates under almost any
Figure 2. Two methods for introduction of the phosphate units.
оРОз=

1—ОН
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= S >
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condition with the corresponding 1-O-acyl-glycerol, the phosphorylation method introduced by
Zervas (figure 3) was adopted. In a heterogeneous reaction a halide was displaced by a dibenzyl
Figure 3. The phosphorylation method introduced by Zervas
OP(0)(OBn)2

(BnObPiOJOAg
RC(O:

RC(0

OP(0)(OBn)2

<
OPCOXOH^

H2/Pd(C)

RC(0)(
OP(0)(OH)2

phosphate unit to give the phosphotnester, and then catalytic hydrogenolysis provided the desired
phosphomonoester. Using this synthetic strategy, staning from solketal and optically pure tartane
acid, ñve new target compounds were prepared (figure 4). The optical purity of the synthesized
Figure 4. Five target compounds, derived from glycerol and threitol.
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threitol derivatives was checked by means of 'H-NMR spectroscopy in the presence of a "chiral
shift reagent" The mechanism of the Zervas phosphorylation procedure, leading to the formation
of the phosphotnester, is discussed in this chapter
In chapter 3 attention is devoted to the synthesis of amphiphiles based on mono and di-stearoyl
ester(s) of pentaerythntol The introduction of the phosphomonoester groups, via phosphotnester
intermediates, is desenbed in detail Different phosphorylation methods and phosphorylating
agents were tested for their efficiency It proved to be that the substitution reaction, using silver
dibenzyl phosphate according to Zervas, was hampered in the case of the neopentyl backbone,
resulting

in

a

poor

yield

of

the

di-O-stearoyl

pentaerythntol

bisphosphotnester

Phosphorochlondates proved to be an appropnate alternative for the preparation of the desired
amphiphiles (figure 5)
Figure 5 Amphiphiles based on the pentaerythntol backbone
О

О

(НО
щ
>2Ьr Р- -uО- ^y

^/ -OW
- 1 L C 1 7 пHз:

О

ο-"-ο 1 7 Η3 5

(fphomoìci
PhO^P^Cl

^

^

^

O-n-CnUs
О

НО-д у-

о
О -И- CpHjs

н о Х

ОН

О
(HO)2-P О - '

Wh

Ρ ·о -^

о

5

^0-n-C, 7 F
О

О

(PhO)2P(0)Cl

Ч 7

X

o
V
у- о -«- С Нз
17

5

о

II
(НО^-Рil О ^ / \ ^ОРСОЩг

Two approaches towards the synthesis of 3-O-stearoyl-glycerol ІД-bisphosphate are desenbed
in chapter 4 The first approach deals with the stepwise introduction of the phosphotnester units
Special attention was focussed on the blocking groups of the phosphorylating agents, because
phosphorylation of vicinal diols mostly leads to the formation of cyclic phosphates Using
dianilido phosphorochlondate as phosphorylating agent, the synthesis of the target molecule
could be accomplished (figure 6)
The second approach, using a recently developed reagent tetrabenzyl pyrophosphate, was
applied successfully for the preparation of vicinal phosphate groups (figure 7) This method was
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Figure 6. A stepwise introduction of two vicinal phosphate units.
ВпО-л
inO-v

,™.— „,^™
(PhNH)2P(0)Cl
•

OH

Вт
InCK

О

Vo-p

I
NHPh

DMTCH

/ITO-/

О
II
О - Ρ - NHPh
I
NHPh

HOAc
NHPh
Η,Ο

O
II
О - Ρ - NHPh
I
NHPh

(PhO) 2 P(0)a
•

OPh
С 1 7 Нз 5 С(0)0
1) H2/Pd
2)С 17 Нз 5 С(0)С1

ν

'h
OPh
0

с 1 7 Нз 5 с(о:

Vo- Ρ-NHPh
l_0_/

=

О

ΟΡΟ,

I
NHPh

4Na+

OPh
Figure 7. 3-O-acyl-glyceroI bisphosphates with different alkyl chains.
urrnw,
RC(0)0-.
\—OH
¿
OH

R C ( 0 ) 0

(BnO^PCOpP^COBn^
•
ЬОА/ТНР,-780С.

0

||
OBn
Vo-P-OBn
o =P-0—'
OBn
OBn

112

V
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less time-consuming and, moreover, a higher overall yield was obtained.
The preliminary results concerning the development of a new phosphitylating agent for vicinal
diols are described in chapter 5. The potential reagent В could be made. However its
phosphitylating properties, demonstrated by using benzyl alcohol as model compound, needs
further elaboration. An attempt to synthesize the sulfonyl containing cyclophosphoramidite С
starting from A resulted in the simple synthesis of compounds of type D. The formation of
phenylsulfonyl-2-propenylamines is due to the acidity of the neighbor proton of the sulfonyl
group in the phosphoramidite С (figure 8). These compounds are very prone to a ß-elimination
Figure 8. The intermediates described in chapter 5.
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reaction leading to the concurrent ring opening of compound C.
The phosphitylating reagent E contains a thioether group which was oxidized to the
corresponding sulfoxide at the stage of deprotection. The usefulness of the cyclophosphite E was
demonstrated in a model reaction with benzyl alcohol. A two fold oxidation and a base-induced
deprotection resulted in the desired benzyl phosphate.
The influence of some of the synthesized compounds on the demineralization of dental enamel
is described in the appendix. Some of the amphiphiles are promising as coating for dental enamel.
A summary concludes this thesis.
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SAMENVATTING
Dit proefschnft handelt over het ontwerpen en de synthese van fosfaat-bevattende amfifielen
Dit zijn verbindingen met (een) sterk polaire fosfaat groep(en) en (een) apolaire groep(en), zoals
(een) vetzuurketen(s) Dergelijke verbindingen zouden mogelijk kunnen dienen als een coating
voor tanden en aldus landziekten, zoals canes, aanzienlijk kunnen verminderen
Coating-vormende stoffen maken het landoppervlak hydrofoob waarbij de permeabihteit van het
harde tandweefsel verlaagd wordt Hierdoor zal diffusie van zuren van de bactenele plaque naar
het tandglazuur verminderd worden Deze reducne zal uiteindelijk tot een verminderde
demineralisatie van het tandglazuur leiden, hetgeen een vertraging van het canes proces betekent
Na een korte globale beschouwing over de factoren die het canesproces beïnvloeden, wordt in
hoofdstuk 1 een beknopt overzicht gegeven van de in de literatuur beschreven syntheses van de
verschillende fragmenten (SI en SB, figuur 1), die uiteindelijk de beoogde amfifielen vormen

Figuur 1 De fragmenten die samen het doelmolecule vormen
In principe kunnen twee fosforylenngsmethodieken (figuur 2) voor de synthese van een
modelverbinding (figuur 3) gebruikt worden, namelijk de fosforylenng van een 2-O-acyl poly-ol
verbinding m b ν een monofunktioneel fosforylerend reagens of de substitutiereaktie van een
halide door een fosfaateenheid Aangezien een 2-O-acyl-gIycerol denvaat onder vnjwel elke
/
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R

Figuur 2 Twee fosforylenngs methodieken
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reaktie-omstandigheid in evenwicht is met de corresponderende 1-O-acyl-glycerol verbinding,
werd gekozen voor de fosfoiylerings methode geïntroduceerd door Zervas (figuur 3), waarin een
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Figuur 3. De fosforylerings methode geïntroduceerd door Zervas.
halide in een heterogene reactie wordt gesubstitueerd door een dibenzylfosfaatgroep. De gewenste
fosformono-estereenheid wordt dan verkregen d.m.v. hydrogenolyse. Volgens deze
synthesestiategie werden, uitgaande van solketal en optisch zuiver wijnsteenzuur, vijf nieuwe
modelverbindingen bereid (zie figuur 4). De optische zuiverheid van de gesynthetiseerde threïtol
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derivaten werd vastgesteld met behulp van 'H-NMR spectroscopie in aanwezigheid van een
"chiraal shift reagens". Verder wordt in dit hoofdstuk ingegaan op het mogelijk mechanisme van
de Zervas-reaktie die leidt tot de vorming van de fosfortri-ester.
In hoofdstuk 3 wordt aandacht geschonken aan de synthese van op pentaerythritol mono-en
di-vetzure esters gebaseerde amfifielen. Uitgebreid wordt ingegaan op de introductie van de
fosformono-esterbanden
via fosfortri-esterintermediairen.
Verschillende
fosforylerings
methodieken en fosforylerende reagentia werden op hun efficiëntie getest. Het bleek dat een
subsdtutiereaktie met zilverdibenzylfosfaat volgens Zervas in het geval van het neopentyl skelet
zeer moeizaam verloopt, hetgeen resulteerde in een magere opbrengst van de
di-O-stearoylpentaerythritol bisfosfotri-ester. Fosforylering met fosforochloridaten bleek echter
een uitermate geschikt alternatief voor de bereiding van de beoogde amfifielen te zijn (figuur 5).
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Figuur 5. De synthese van op pentaeiythritol gebaseerd amfifielen.
Twee methodes voorde synthese van 3-O-stearoyl-glycerol 1,2-bisfosfaat worden in hoofdstuk
4 beschreven. De eerste methode behandelt een stapgewijze invoering van de fosfortri-ester
eenheden. Hierbij werd speciaal aandacht besteed aan de beschermfunkties in het fosforylerend
reagens, omdat fosforylering van een vicinaal diol veelal aanleiding geeft tot
cyclofosfaatvorming. Door gebruik te maken van dianilidophosphorochloridaat als fosforylerend
reagens kon dit doelmolecuul gesynthetiseerd worden (figuur 6).
De tweede methode, waarbij gebruik werd gemaakt van het recent ontwikkelde reagens
tetrabenzylpyrofosfaat, werd met succes toegepast voor de bereiding van een serie amfifielen met
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vicinale fosfaatgroepen (figuur 7) Deze methode bleek minder tijdrovend te zijn en resulteerde
bovendien in een betere overall opbrengst
In hoofdstuk 5 worden de eerste resultaten vermeld m b t een nieuw fosfitylenngsreagens ten
behoeve van vicinale alcoholen Het potentiële reagens В kon inderdaad worden gemaakt, echter
de fosfitylenngs resultaten met benzyl alcohol als modelverbinding waren slechts matig Bij een
poging om een sulfonyl gesubstitueerd cyclofosforamidiet С te maken uit diol A werd bij toeval
een simpele synthese van verbindingen van het type D ontdekt De vorming van deze
phenylsulfonyl-2-propenylammes vindt zijn oorsprong in het zure karakter van het proton naast
de sulfonylgroep in het cyclofosforamidiet С (figuur 8), waardoor een ß-ehminatieve nngopenmg
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Figuur 8 De intermediaren beschreven in hoofdstuk 5

E

in С kan plaatsvinden
Het fosfytilenngs reagens E bevat een thioetherfunctie die pas op het moment van
ontschemung geoxideerd wordt tot het sulfoxide De bruikbaarheid van het cyclofosfiet E werd
gedemonstreerd in een model reactie met benzyl alcohol Een tweevoudige oxidatie en een
base-behandelingresulteertin het beoogde benzylfosfaat
In de appendix wordt de invloed van enkele van de gesynthetiseerde verbindingen op de
demineralisatie van het harde tandweefsel besproken Enkele amfifielen zijn veelbelovend als
coaüng voor tandglazuur
Een samenvatting beluit dit proefschrift
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