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ABSTRACT: The synthesis of a series of amphiphilic dihydroxytetrahydrofuran derivatives, prepared from
isomannide and isosorbide, possessing hydrophobic ether chains lengths varying §ranCgg attachedx to the
tetrahydrofuran ring and witR andSchirality at the 0 linkage carbon atom is described. The interfacial properties of
these compounds were studied using a Langmuir film balance; the results showed the expected increase in film
stability with increasing chain length and differences in phase behaviour and film stability related to linkage chirality.
The formation of colloidal dispersions of these compounds was studied both dynamic light scattering and non-contact
mode atomic force microscopy. Copyright2000 John Wiley & Sons, Ltd.
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INTRODUCTION characterized. Extensive atomic force microscopy studies
have been undertaken on such systéms.

Amphiphilic derivatives of many carbohydrate systems  As noted above, it is possible to fine tune the properties

have been widely studied; examples include pyranoseofthese amphiphilic molecules by the appropriate choice

derivatives such as alkylglycosidésjinear polyol of hydrophobic functions or polar head groups, and

derivatives more complex systems such as cyclodex- furthermore the inherent chirality of such molecules can

trin-derived amphiphilesand hydrophobic polysacchar- also be used either from the choice of the carbohydrate

ide derivative$’ Such surfactant molecules represent one functions or by varying the chirality of linkages to these

of the major classes of non-ionic amphiphiles. They are head groups. Such modifications play an extremely

found both as natural lipid systems either as glycolipids important role in the relative orientation of the polar

or membrane glycoproteiffswhere they play a key role  and apolar parts of the molecular and hence both in the

in the processes of biological recognition, or as synthetic structures formed and in their interactions with substrates

derivative$ in which case their physical and molecular at interfaces.

recognition properties may be fine tuned by the choice of Whereas structures based on pyranose derivatives have

suitable head groups or hydrophobic chains. They havereceived much attention, the furanose-derived systems

been widely used commercially and are also widely used have been less widely studied. In this paper, we describe

for protein solubilization. a series of novel amphiphilic molecules based on non-
The self-assembly properties of such systems bothnatural tetrahydrofuran derivatives. The key to the

alone and in the presence of other lipids such as construction of this new class of amphiphilic molecules

phospholipids are the subject of an extremely wide is a direct single ring cleavage of isosorbide and

literature and their properties at the air-water interface, isomannide with MgSil leading to optically active

as micelles, in liposomes® or as more complexes trisubstituted tetrahydrofuratts(Figs 1-3).

colloidal structures have been widely studied. Of

particular interest are the elegant complex structures

formed as dispersions by thi¢-alkylaldoamides, where  RESULTS AND DISCUSSION

coiled threads, tubular vesicles and helical ribbons have

been studied by Frhop's group’ and structurally  Synthesis

*Correspondence toA. W. Coleman, IBCP, CNRS UPR 412, 7 C iall ilable. i bida di id
passage du Vercours, F-69367 Lyon cedex 07, France. ommercially available, isosorbidéd) and isomannide

E-mail: awc@ibcp.fr (1b) were transformed into their corresponding iodo

Copyright0 2000 John Wiley & Sons, Ltd. J. Phys. Org. Chen2001;14: 1-10



2 S.EJJIYARETAL.

M SlCl/NaI/Me CO LlAlH
o (‘H ;CN, 12h THFSh THF4h

i:fL

AcOH/H;0 (20/80)

OH

4a
N
DMSO/toluene (10/90)

CH,-(CH,)n-Br, 5 days

reflux, Sh
O-(CH,)o-CH, B-(CH,)n-CH,
9a,n=9 5a,n=9
10a,n=11 6a,n=11
1ta,n=13 7a,n=13
12a,n=17 8a,n=17

Figure 1. Synthesis of the isosorbide (a) series of amphiphiles
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Figure 2. Synthesis of the isomannide (b) series of amphiphiles
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Figure 3. Synthesis of the bola-amphiphiles

alcohols2a and 2b with MesSiCl-Nal in presenceof
acetoneDuring this reactiononly a singlering opening
reactionoccurred® The iodoalcohols2a and 2b were
treatedwith sodiumhydridein tetrahydrofurarto afford
the epoxides3a and 3b. Reductionof 3a and 3b with
lithium aluminium hydride in tetrahydrofuranprovided
the methylalcohols4a and4b, respectively Thesewere
transformednto etherswith a variety of alkyl bromides

Copyright0 2000JohnWiley & Sons,Ltd.

in the presenceof potassiumhydroxide in DMSO-
toluene(10:90). The deprotectiorof the acetonidegroup
was performedin refluxing 80% aqueousaceticacid for
5h.

Bola-amphiphilic compoundsl4a and 14b (Fig. 3)
were preparedby treatmentof the alcohols4a and 4b
with 1,12-dibromododeamein the presenc®f potassium
hydroxidein DMSO-tolueng10:90),thenthe deprotec-

J. Phys.Org. Chem.2001;14: 1-10



CHIRAL AMPHIPHILIC DIHYDROXYTETRAHYDROFURANS

Table 1. Apparent molecular areas Ay and A. and collapse
surface pressure I,

Compound As®) AL® Me(mN m’)
9a 12.5 N.C2
9b 19 N.C2

10a 50 42 38

10b 41 N.C. >40

1lla 80 44 37

11b 64 40 44

12a 105(80 sh) 52 17 (sh),35

12b 90 60 36

1l4a 18 8 12.5

14b 18 8.3 20.9

&N.C.=No observedollapse.

tion of theacetonideggroupof 13aand13bwasperformed
in refluxing 80% aqueousaceticacid for 5 h.

It is noteworthythatthe a serieg(Figs 1 and3) andthe
b series(Figs 2 and3) differ only in the conformationof
the carbona to the ring: in the a series,derived from
isosorbid, this conformationis S and in the b series,
derivedfrom isomannideijt is R.

NMR spectrashowno additionalpeakscorresponding
to racemizationandwe considerthat limits of observa-
tion herearearound5%, solittle or no racemizatiorhas
occurredin the synthesisThe electrospraymassspectra
showonly the peakfor M + Na.

Langmuir studies

All the newamphiphilicderivativesweretestedfor their
ability to form monomoleculardayers at the air—water
interface, i.e. Langmuir layers. Ay (areaat which the
surfacepressuréncreasesbovezero),A; (collapsearea),
collapsepressuregll c) andfor 12a apparentransition
valuesaregivenin Tablel. Representativesothermdor

=z

Surface Pressure (mN / m)

0 T T T T T T
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Apparent Molecular Area (A?)

140

—_
S

Surface Pressure (mN / m)

3

compoundsllaand 11b are presentedn Fig. 4(a) and
(b). Compounds9 have 10 carbons,compoundsl0 12
carbonscompoundd 114 carbonsandcompound4.218
carbonsn the hydrophobicchain).

Neithertheserie9 (theshortesthainlength,10carbon
atoms)or 14 (thebola-amphphiles)showtheformationof
stable monolayers.Indeed,in the caseof 14a and 14b
surfaceactivity could only be detectedafter loading the
film balance with a 10-fold higher concentration of
moleculesFor both caseghe apparenbbservedmolecu-
lar areasareof theorderof 5 A andmayariseeitherfrom
a critical micellar concentratiorinducedsaturationof the
sub-phaseor from the presenceof small quantities of
residualimpurities not otherwisedetected.

Thereis aclearcorrelationbetweerthe chirality of the
ligandandboth Ay andcollapsepressurebutnotwith the
collapseareasfor thelatterthis is expectedasthis value
should provide information on the most tightly packed
form of thelayerandis expectedo bedeterminedy the
relationbetweertheheadmolecularcross-sectioandthe
chain area. The b seriesof molecules,derived from
isomannideéhavingthe conformation3R—4R-1R, showed
highercollapsepressuredut lower A valuesthanthe a
seriesderivedfrom isosorbide;e.g.for 11aA, = 80 A2
andr, = 37mNm~*andfor 11bA, = 64 A2 andrl, = 44
mN m~*. Hencethe films formed are both more stable
and morerigid for this stereoisomerSimple molecular
modelling showsthat a shorterdistance(around3.2 A)
existsbetweenthe OH at ring position 3 andthe chain
junctionO for thea serieghanfor theb seriegaround4.1
A). The shortdistanceis compatiblewith intramolecular
hydrogenbonding, which would reducethe numberof
available water molecules to amphiphile hydrogen
bondingsitesin the caseof the seriesand thus would
be expectedto reduce the monolayer stability. This
hydrogenbondingwill alsoleadto a more compactand
rigid amphiphile structure and so explain the lower
observedA, values.

0 T T T T
0 20 40 60 80
Apparent Molecular Area (A?)

100

Figure 4. Pressure-area isotherms of (a) 11a and (b) 11b

Copyright0 2000JohnWiley & Sons,Ltd.
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4 S.EJJIYARETAL.

Table 2. Visual measure of precipitation for suspensions of
the amphipiles in water

Product Precipitate Product Precipitate
9a Weak 12a Yes
9b Yes 12b No
10a Weak 14a Yes
10b Weak 14b No
1la Yes
11b Weak

Colloidal properties

Suspension and dynamic light scattering studies.
Colloidal suspensionsof the amphiphilic derivatives
werepreparedy the dissolutionsolventremovalmethod
that we and others have used for the preparationof
dispersecdhano-particleof amphiphilicderivatives.

The stability of such dispersionscan, to a first
approximation,be judged by visual observationof the
formationof a birefrigentsystemor by the formation of
precipitates. Whilst such a measure is extremely
empirical it hasprovedof considerablaise.The results
aresummarizedn Table2.

Preliminarystudieson the critical micellar concentra-
tion (cmc) showthat apparentlyonly 14a showsacmc
value,of 0.97 x 10> m; for all othercompoundsnocmc
could be determined-*

Evidently,in orderto obtaina numericalcharacteriza-
tion of the colloidal systemsformed (in fact visual
inspectionallows a rapidtriageof the systems)dynamic
light scattering(DLS) experimentsvereperformed.The
resultsof the observedhydrodynamicsizesintensity at
peakmaximumandpolydispersityaregivenin Table 3.

Atomic force microscopy studies. Although DLS
studiesallow the hydrodyanamicsizesof dispersiondo
be determined,such measurementprovide little infor-
mationontheshapesandnatureof the objectspresentin

Table 3. Hydrodynamic radii and polydispersity values as
determined by DLS and approxiamate average diameters of
objects as measured by AFS

Diameter Diameter

Product DLS (nm) Polydispersity ~ AFM (nm)

9a

9b 325,600 0.25
10a 150
10b 150,300 0.15 200
lla Variable
11b 170
12a 105,360 0.27 80,120
12b 190,460,627 0.29 150,200
l4a 150 0.24 150
14b 200 0.15 110,200

Copyright0 2000JohnWiley & Sons,Ltd.
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Figure 5. AFM non-contact mode image at dried dispersion
of 10a on mica

order to obtain such information, electron microscopy
and atomic force microscopy (AFM) have proved
invaluabletools.In particular,the useof true non-contact
modeAFM, in whichthe cantileverresonatestvery low
amplitude within the surfacecontaminationlayer, can
provideaccuratenformationon boththe heightandsize
of fragile objects.We prefer this modeto the ‘tapping
mode’ often used,as althoughthe tapping mode gives
higher lateral resolutionit does not provide accurate
heightinformation.

In Figs5, 6 and7 aregiventheimagesobtainedor the
objects presentin dispersionsof 10a, 11la and 144
respectivelydepositeddirectly on freshly cleavedmica

1115 nm

2230 nm

Figure 6. AFM non-contact mode image at dried dispersion
of 11b on mica

J. Phys.Org. Chem.2001;14: 1-10



CHIRAL AMPHIPHILIC DIHYDROXYTETRAHYDROFURANS 5
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Figure 7. AFM non-contact mode image at dried dispersion
of 14a on mica

andallowedto dry for 24 h. Theimageswerecollectedin

the non-contactmodé® owing to the fragility of the
samplesbutevensoimagequality is low andtheimages
arepresentedn the internalsensomode®®

For 10a and 10b, the imagesshow flattenedovoid
structuresresemblingthoseexpectedfor collapsedbut
separatediposomes.’ The diametersareof the orderof
150-200nm, which maybe comparedvith thediameters
of around150nm observedor the smallerpopulationof
10b. Interestingly,no objectscorrespondingo thelarger
populationare observed.The height of the structuress
around3 nm, which is in accordwith a collapsedbilayer
system.

In the caseof 11aand11b, the situationis different.
First, the images show the clear presenceof the
contaminatingaqueoudayer coveringthe surfaceof the
dispersionfor theimageof 11b somepoint breakthrough
is observed.For 11a the objects observedare highly
variablebetweenl00and700nm in sizeandheightsup
to 30nm. For 11b, two populationsappearpresentthe
first of around100nm and the secondaround200nm,
with heightsabout4 nm.

For 12a smallobjectsof sizeca 100nm areobserved,
howeverfor 12b there are apparentlysomerope like
structurepresentwhichmaybeanalogouso theribbons
and tubular structuresobservedby Fuhrhop and co-
workerst

For the bola-amphiphilesl4, compoundl4a shows
again collapsedliposomal structures,lower left zone,
along with a small number of round structures;12b
showssmallroundstructuresut alsoelongatedsystems.

The AFM studiessuggestthat generallythe objects
formed as colloidal dispersionsare liposomalin nature.
In only onecase,12b, is thereany evidencefor complex
structuresHowever,from the heights,it would seenthat

Copyright0 2000JohnWiley & Sons,Ltd.

only unilamellarliposomesareformedby the dispersion
of thesesystemsn water.

Given the geometryof the amphiphilic molecules,it
might be expectedthat micellar systemswould be
producedwhen the moleculesare dispersedn aqueous
solution. However,as statedabove,nocmc valueshave
beenobtainedfor the moleculeseportechere.BothDLS
and AFM studies show the presenceof fairly large
objects, and the AFM studies appearconsistentwith
liposomal-typesystemsThis may arisefrom the method
usedto preparethe dispersions;we have previously
shown with amphiphilic cyclodextrin derivatives that
similar structures are formed!® In the case of the
cyclodextrin derivatives, the molecular geometry, in
which the amphiphilictails havea muchlargersizethan
the polar head groups,should favour the formation of
inversemicelles,but no evidenceof suchbehaviourwas
observed Given the very low heightsobservedfor the
vesiclesobserved the structuresmay be stabilized by
interdigitationof the hydrophobicalkyl chainspresent.

EXPERIMENTAL
General

All melting-pointsweremeasuredh opencapillarytubes
on a Bichi apparatusand are uncorrected.IR spectra
were recordedon a Perkin-Elmermodel 1310 infrared
spectrophotometerH NMR (300MHz) and **C NMR

(75MHz) spectrawererecordedon a Brilkker model 300
Fourier transform (FT) NMR spectrometerin CDCls,

with tetramethylsilane (TMS) as internal standard.
Electron ionization massspectrawere measuredon a
Nermag-Rmodel 10-10 H massspectrometerOptical

rotation measurementsvere performed on a Perkin-
Elmer model 241 apparatusElectrospraymassspectro-
metric (ESMS) data were obtainedon a Perkin-Elmer
SCIEX API 165 apparatusn the positive mode.

Langmuir isotherms

Langmuirisothermsveremeasurean a NIMA 601 film
balanceusingaWilhelmy papermlateto measureurface
pressureSolutionsweredepositedrom chloroformof an
appropriateconcentrationand the solvent allowed to
evaporatdor 20 min prior to compressionThecompres-
sion speedwas 20cm min.”* All measurementsvere
repeatedhreetimesanderrorsin both areaandcollapse
pressureverelessthan 3%. The subphasevas water of
Milli-Q grade resistivity 18 MS2.

Dynamic light scattering

DLS wascarriedout on a Malvernmodel4700Cphoton

J. Phys.Org. Chem.2001;14: 1-10



6 S.EJJIYARETAL.

correlationspectrometenisinga He—Nelaser(50 mw),

at 90°. Suspensionsvere preparedby dissolution of

50 mg of theproductin acetonepouringthe solutioninto

water (100ml) andremovingthe acetoneunderreduced
pressurat 25°C. All measurement&ererepeatedhree
times; values are averagesand error estimationsare
given.

Atomic force microscopy

AFM imagingwascarriedout on a TopometrixExplorer
microscopein the non-contactamplitude mode, using
low resonancdrequencySisN,4 cantileverswith a typi-
cal resonancefrequencyof 149 kHz. Scan speedsof
1.5ms ! wereused.All imagesareunfiltered.

Thesamplesverepreparedy depositiorof 20l of an
aqueousdispersion of the compoundson a freshly
cleavedmica surface,the dispersionswere allowed to
dry in the absenceof dustfor 24 h beforeimaging.

Syntheses

2-(1-Hydroxy- 2-iodoethyl)- 3,4- (isopropylidanedioxy)
tetrahydrofurarf2aand2b) werepreparecccordingothe
procedurelescribedy Ejjiyar etal.*®

Synthesis of 2-(epoxyethyl)-3,4-(isopropylidene-
dioxy)tetrahydrofuran (3a and 3b). At 0°C, under
nitrogen, to a stirred suspensionof sodium hydride
(1.83g, 76.24mmol) in anhydrous tetrahydrofuran
(50ml) was addeddropwisea solution of 2-(I-hydroxy-
2-iodoethyl)-3,4(isopropylidenedioxy)tetrahydfuran
(2a or 2h) (19.95, 63.54mmol) in anhydroustetrahy-
drofuran(130ml). At theendof theaddition,themixture
was allowed to warm to room temperature After 5h,
mostof the tetrahydrofura wasremovedundervacuum
and diethyl ether (50ml) was added. The reaction
mixture was then treatedwith cold water (30ml). The
organiclayer waswashedsuccessivelyith a saturated
aqueousammoniumchloridesolutionandwith saturated
aqueoussodium chloride solution. The aqueousphase
wasextractedwice with dichloromethan€100ml). The
combinedorganic layers, after drying with magnesium
sulfate wereconcentratedinderreducedpressureo give
acolourlessil whichwasthenpurifiedon silica gelwith
light petroleum—diethyléter (4:1) aseluent(for isoman-
nide derivative 3b) or recrystallizedfrom hexane(for
isosorbidederivative 3a), to afford the corresponding
epoxide.

3a. Yield:90 %. IR (CH,Cl,):3050, 2960, 2900, 2840,
1600, 1430,1350,1200,1150,1080,1060,1040,1010,
970,910,880,850cm . *H NMR:1.34(s, 3H), 1.53(s,
3H), 2.66(dd, 1H,J = 4.8Hz,J = 2.7Hz),2.91(dd, 1H,J
= 4.8,4.4Hz), 3.03(dd, 1H, J = 6.9 3.7Hz), 3.29(ddd,

Copyright0 2000JohnWiley & Sons,Ltd.

1H,J = 6.94.42.7Hz), 3.52(dd, 1H, J = 10.8,3.6 Hz),
4.10(d, 1H, J = 10.8Hz), 4.70(dd, 1H, J = 6.1 3.7H2z),
4.80(dd, 1H, J = 6.13.6 Hz). *3C NMR:24.8,26.0,43.8,
50.0, 73.2, 81.2, 81.4, 84.6, 112.7. MS, m/z (%):186
(M, 0),171 (M —15,89), 149(5), 111 (33), 69 (55),
68 (12), 59 (29), 57 (44), 55 (48), 43 (100), 41 (52), 39
(22),29(34).Anal. Calcdfor CgH,40,4:C, 58.05;H, 7.58;
0O, 34.37.Found:C,57.83; H, 7.36; O, 34.93%.[«*%:
—80.5(c = 0.502,CH3OH). M.p.: 77°C.

3b. Yield:86%. IR:3000,2940,2860,1610,1460,1380,
1270,1200,1170,1100,1070,1040,1000,960,900,880,
840,810cm *. *H NMR:1.22(s, 3H), 1.37(s, 3H), 2.6—
2.7 (m, 1H), 2.7-2.8(m, 1H), 3.0-3.1(m, 1H), 3.1-3.2
(m, 1H), 3,70(dm, 1H, J = 10.6Hz), 3.91(dm, 1H, J =
10.6), 4.67 (sl, 2H). °C NMR:24.6, 25.9, 46.0, 48.8,
72.8,80.8,80.9,82.4,112.4.MS, Mz (%):186(M ", 0),
171(M—15,21),157(7), 149(5), 139(8), 127(8), 111
(21),99 (13),97 (20), 85 (31), 83 (16), 81 (11), 71 (45),
70(16),69(45),67(7),59(6),57 (88),55(58),43 (100),
41 (70), 39 (67), 29 (59). Anal. Calcd for CgH140,4:C,
58.05; H, 7.58;0, 34.37.Found:C,58.06; H, 7.65; O,
34.27%[«]*%5: —64.8(CHL0OH, ¢ = 0.54) ({lit. 17 [0]*%:
—64(c = 0.53,CH3OH)}.

Synthesis of 2-(1-hydroxyethyl)-3,4-(isopropylide-

nedioxy)tetrahydrofuran (4a and 4b). At 0°C, under
a nitrogenatmospherea solutionof 2-(epoxyethyl)-3,4-
(isopropylidenedioxy#trahydrofurar(3a or 3b) (6.10g,

32.79mmol) in anhydrousdiethyl ether (100ml) was
added dropwise to a stirred suspensionof lithium

aluminum hydride (1.25g, 32.79mmol) in anhydrous
diethyl ether(50ml). Thereactionmixture wasstirredat

roomtemperaturdor 4 h. Cold water(20.6ml) wasthen
added dropwise, followed by 15% aqueoussodium
hydroxide (20.6ml) and water (62 ml). After one night

atroomtemperaturethemixturewasfilteredtheaqueous
layer was extractedtwice with dichloromethaneandthe

combined organic layers were dried over anhydrous
sodium sulfate and concentrated.The residue was
purified on silica gel [eluentlight petroleum—diethyl
ether(70:30)] to afford the correspondingalcohol4a or

4b asa colourlessoil.

4a. Yield:89.5%.1R:3350,2960,2900,2820,1460,1380,
1270,1220,1150,1100,1080,1010,970,900, 880,870,
850,800, 740cm *. *H NMR:1.29(d, 3H, J = 6.5Hz),
1.32(s,3H), 1.49(s, 3H), 2.66(sl, 1H), 3.23(dd, 1H, J =
6.63.6Hz),3.50(dd, 1H,J=10.8,3.7Hz),4.07(d, 1H,J
= 10.8Hz),4.15(dq, 1H, J = 6.6,6.5Hz), 4.65(dd, 1H, J
= 6.2, 3.6Hz), 4.80 (dd, 1H, J = 6.2, 3.7Hz). *C
NMR:18.7,24.6.25.9,66.3,72.6,80.5,81.3,87.0,112.0.
MS, m/z (%):188 (M **,0), 173 (M*"—15, 68), 86 (13),
71 (13), 69 (56), 59 (54), 57 (44), 55 (15), 45 (32), 43
(100),41(29),29(11),28(21),18(31).[«]**p: —35.4(C
= 0.920,CH,Cl,).

J. Phys.Org. Chem.2001;14: 1-10
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4b. Yield:80%. IR:3500,2980,2900,2820,1450,1370,
1260,1200,1180,1090,1030,980,900,850,750cm 2.
'H NMR:1.34(d, 3H, J = 6.3Hz), 1.35(s, 3H), 1.50(s,
3H), 2.90(dl, 1H, J = 4.3Hz), 3.26(dm, 1H, J = 6.3Hz),
3.51(dm, 1H, J = 10.8Hz), 4.05(d, 1H, J = 10.8Hz ),
4.0-4.1(m, 1H), 4.7-4.9(m, 2H). 13C NMR:20.5,24.6,
25.9,66.1,80.7,81.0,86.1,72.7,112.3.MS, m/z (%):188
(M*",0),173(M " —15,14),163(41),97 (14),91(6), 86
(10), 81 (11), 71 (14), 69 (14), 59 (13), 57 (20), 43 (34),
29 (23), 28 (17), 18 (100). [¢]**5: —62.5 (c = 1.000,
CHgOH){lit. ** [«*%p: —61 (c = 0.83,CH3OH)}.

Synthesis of the ethers: general procedure. Synthesis
of  2-[(1-oxapentadecyl)ethyl]-3,4-(isopropylidenedi-
oxy)tetrahydrofuran (7a). To potassium hydroxide
(1.80g, 31.9mmol) in solutionin toluene-DMS(Q(9:1)
(82ml) wasaddeda solutionof 2-(1-hydroxyethy}-3,4-
(isopropylideneibxy)-tetrahydrofuran(4a) in toluene—
DMSO (9:1) (32mL) and tetradecylbromide (5.7ml,
19.1mmol) in the samesolvent (32ml). The reaction
mixture was stirred at room temperaturdor 5 daysand
then the toluene was removedunder vacuum. Diethyl
etherwasaddedo theresidueandthewholewaswashed
successivelywith an aqueous saturated solution of
ammonium chloride and with an aqueoussaturated
solutionof sodiumchloride. The organiclayerwasdried
with sodium sulfate and evaporated.The residuewas
purified on silica gel [eluent: light petroleum—diethyl
ether(90:10)]2-[(1-Oxapentadcyl)ethyl]-3,4-(isopropy-
lidenedioxy)tetrahgirofuranwas obtained(3.24 g, 66%
yield).

5a. Yield:64% IR:2920, 2860, 1410, 1380, 1270,1230,
1210, 1160, 1110, 1080, 1040, 1000, 940, 900, 870,
750cm . 'H NMR:0.85(t, 3H, J = 6.3Hz), 1.1-1.2(m,
17H), 1.27 (s, 3H), 1.44 (s, 3H), 1.5-1.6(m, 2H), 3.27
(dd,1H,J = 8.53.3Hz), 3.4-3.6(m, 3H), 3.68(dq, 1H, J
= 8.52.9Hz), 4.00 (dd, 1H, J = 11.02.6Hz), 4.56 (dd,
1H,J=5.9,3.3Hz), 4.70(ddd,1H, J = 5.9,3.7,2.6 Hz).
3C NMR:14.1,16.3,22.7,24.8,26.0, 26.1,29.3, 29.5,
29.6(2C), 30.2,31.9,69.7,73.1,74.4,80.8,80.9, 86.9,
111.9.MS,m/z(%):328(M*",0),313(M*"—15,23),186
(8),185(60),141(8), 126(8), 99 (14),85(69),83(9), 71
(75),69(19),59 (15),57 (100),56 (11), 55 (28),45 (12),
43(78),42(8),41(35),29(15).[0]*%: —1.73(c=0.980,
CH,CL,).

6a. Yield:60%. IR:2920,2880,1460,1380,1260,1240,
1220, 1120, 1080, 1060, 1000, 940, 900, 870, 830,
700cm™*. *H NMR:0.84(t, 3H, J = 6.4Hz), 1.1-1.2(m,
2IH), 1.27(s,3H), 1.44(s,3H), 1.5-1.6(m, 2H), 3.27(dd,
1H,J = 8.53.3Hz), 3.44(dd, 1H, J = 11.03.7Hz), 3.5—-
3.6(m,2H),3.68(dqg,1H,J=8.56.3Hz),4.00(d, 1H,J =
11.0Hz), 4.56(dd, 1H, J = 6.33.3Hz),4.70(dd, 1H, J =
6.33.7Hz). 1°C NMR:14.1,16.3,22.7,24.8,26.0,26.1,
29.4,29.5,29.6(3C), 29.7,30.2,31.9,69.7,73.1,74.4,
80.8,80.9,86.9,111.9.MS, m/z(%): 358(M ", 0), 341
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(M —15,20), 213 (44), 169 (8), 126 (10), 113(14), 99
(15),85(60),83(13), 71 (78),69 (28),59 (16),57 (100),
56 (11), 55 (32), 45 (12), 43 (85), 42 (11), 41 (45), 29
(30). [«]*%p: —12.2(c = 1.004,CH,Cly).

7a. Yield:66%. IR:2920,2840,1460,1380,1220,1070,
1180, 1110, 1080, 1000, 930, 900, 860, 750cm™*. H
NMR:0.84(t, 3H, J = 6.6Hz), 1.1-1.2(m, 25H), 1.26(s,
3H), 1.44(s, 3H), 1.5-1.6(m, 2H), 3.27(dd, 1H, J = 8.5
3.3Hz),3.42(dd, 1H, J = 10.74.0Hz), 3.4-3.5(m, 2H),
3.68(dg, 1H, J = 8.56.3Hz), 4.00(d, 1H, J = 10.7Hz),
4.55 (dd, 1H, J = 5.9 3.3Hz), 4.69 (dd, 1H, J = 5.9
4.0Hz).'*CNMR:14.1,16.3,22.7,24.8,26.0,26.1,29.4,
29.5,29.6 (3C), 29.7(3C), 30.1,31.9,69.7,73.1,74.4,
80.7,80.8,86.9,111.9.MS, m/z(%):384(M ", 0), 369
(M*"—15,12),241(29), 197 (9), 126 (11), 113(18), 99
(14), 85 (44),83(13), 71 (72), 70 (10), 69 (30), 59 (16),
58 (9), 57 (100), 56 (14), 55 (40), 45 (10), 43 (68), 41
(34), 29 (18). [0])**: —13.3¢ = 0.998,CH,CL,).

8a. Yield:60%. IR (KBr):2920,2860,1560,1380,1270,
1210,1170,1110,1080,1000, 980, 870, 750cm™*. *H
NMR:0.86(t, 3H, J = 6.6Hz), 1.1-1.3(m, 33H), 1.29(s,
3H), 1.46(s, 3H), 1.5-1.6(m, 2H), 3.29(dd, 1H, J = 8.5
3.3Hz), 3.4-3.6(m, 3H), 3.70(dq, 1H, J = 8.56.3Hz),
4.03(d, 1H, J = 11.0Hz), 4.57(dd, 1H, J = 5.9 3.3Hz),
4.72(dd,1H,J=5.9,3.7Hz). *CNMR:14.1,16.4,22.7,
24.9,26.0,26.1,29.4,29.5,29.6 (2C), 29.7 (8C), 30.2,
32.0,69.8,73.1,74.5,80.8,80.9,86.9,111.9.MS, m/z
(%): 440(M**, 0),425(M " —15,26),325(13),297(41),
142(8), 126 (14),113(15),99 (11),97 (10), 86 (31), 85
(51),84(11),83(30),82(11),81(9), 71(77),70(14),69
(48),68(12),67 (10),59(19),57(100),56 (19), 55 (49),
45 (10), 44 (28), 43 (93), 42 (14), 41 (56), 39 (10), 30
(20), 29 (44). [0]*°%: —10.5 (c=1.000,CHCl,) M.p.:
39°C.

5b. Yield:59% IR:2900, 2840, 1450, 1360, 1320, 1300,
1250,1200,1190,1150,1100,1020,980,950,910,880,
850, 840, 800, 730cm *. *H NMR:0.87 (t, 3H, J =
6.6Hz), 1.2-1.3(m,17H),1.31(s, 3H), 1.45(s, 3H), 1.5
1.6(m, 2H.), 3.19(dd, 1H, J = 8.4 2.9Hz), 3.4-3.5(m,
2H), 3.5-3.6(m, 1H), 3.72(dq, 1H, J = 8.46.3Hz), 3.97
(d, 1H, J = 10.7Hz), 4.7-4.8(m, 2H). *°C NMR:14.1,
17.6,22.7,24.9,26.1,26.1,29.4,29.5,29.6,29.7,30.1,
31.9, 69.2, 72.4, 73.0, 80.4, 80.8, 85.8, 111.7. MS,
m/{%): 328 (M™", 0), 313 (M —15,11),185 (28), 141
(7),126(6), 113(13),99(13),85(63),83(7), 71(53),69
(17),59(18),57(100),56(11),55 (33),45(15),43(92),42
(11), 41 (42), 29(21).p]*%>: —54.3€ = 1.004,CH,Cl,).

6b. Yield:60%. IR:2940,2880,1440,1360,1280,1240,
1180, 1140, 1040, 1000, 940, 900, 880, 750cm . H
NMR:0.86(t, 3H, J = 6.5Hz), 1.1-1.2(m, 21H), 1.44(s,
3H), 1.47(s, 3H), 1.5-1.6(m, 2H), 3.17(dd, 1H, J = 8.1
2.6Hz),3.3-3.4(m, 2H), 3.5-3.6(m, 1H), 3.71(dq, 1H, J
=8.16.3Hz),3.96(d, 1H,J = 10.7Hz), 4.6-4.7(m, 2H).
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13C NMR:14.1,17.5,22.7,24.7,26.0,26.1,29.4,29.5,
29.7(4C), 30.1,31.9,69.2,72.4,73.0,80.4,80.8,85.8,
111.7.MS, m/z(%): 356 (M*", 0), 341 (M*"—15, 28),
213(22),126(15),113(27),112(9), 99 (20), 97 (7), 85
(40),83(11),71 (46), 70(7), 69 (23),59 (20),58 (8), 57
(100),56 (13),55 (40), 45 (12),43(85),42 (10), 41 (39),
29 (12).[1]%%: — 49.8(c = 1.000,CH,Cl,).

7b. Yield:59%. IR:2880,2810,1440,1350,1320,1300,
1250,1200,1190,1150,1100,1020,980,910,880,850,
840, 730, 720, 710cm *. *H NMR:0.84 (t, 3H, J =
6.1Hz),1.1-1.2(m, 25H),1.28(s, 3H), 1.41(s,3H), 1.5
1.6 (m, 2H), 3.16(dd, 1H, J = 8.0 1.8Hz), 3.3-3.5(m,
2H) 3.5-3.6(m, 1H), 3.69(dq, 1H, J = 8.06.1Hz), 3.94
(d, 1H, J = 10.7Hz), 4.6-4.7(m, 2H). 1°C NMR:14.1,
17.5,22.7,24.8,26.1,26.1,29.4,29.5,29.6 (3C), 29.7
(3C),30.1,31.9,69.2,72.4,73.0,80.4,80.8,85.7,111.6.
MS, m/z(%): 384(M ™", 0),369(M ™" — 15,28),241(20),
126(12),113(19),99 (13), 85 (30),83 (11), 71 (38),69
(24),59(19),57 (86),56 (14),55 (38),45 (14),43 (100),
42 (11), 41 (44), 29 (12). []*%p: —46.1 (c = 1.004,
CH,CL).

8b. Yield:60% IR:2900,2820,1440,1350,1330,1320,
1300,1250,1210,1200,1150,1100,920,880, 850,840,
810, 730, 720cm *. 'HNMR:0.85 (t, 3H, J = 6.4Hz),
1.1-1.2(m, 33H), 1.29(s, 3H), 1.43(s, 3H), 1.4—1.6(m,
2H),3.17(dd, 1H, J = 8.12.3Hz), 3.4-3.5(m, 2H), 3.5—
3.6(m, 1H),3.70(dqg,1H,J=8.16.3Hz),3.74(d, 1H,J =
10.7Hz), 4.6-4.7(m, 2H). *C NMR:14.1,17.5,22.7,
24.9,26.1,26.1,29.4,29.5,29.6 (3C), 29.7 (7C), 30.1,
32.0, 69.1, 72.4, 73.0, 80.4, 80.8, 85.8, 111.6 MS,
m/4%):440 (M, 0), 425 (M —15, 30), 397 (5), 339
(4),298(4), 297 (18),143(5), 141(4), 127(7), 126(15),
113(22),112(8),111(5), 99 (12),97 (10),95(4), 86 (4),
85(41),84(5),83(20),82(5),81(4),71(62),70(11),69
(40),68(8), 67 (6), 59 (18), 58 (8), 57 (100),56 (15), 55
(40), 54 (4), 45 (9), 43 (66), 42 (7), 41 (24), 29 (16), 27
(4). [0]*%: —39.9(c = 1.022,CH,CL,).

Synthesis of 2-[(1"-oxapentadecyl)ethyl]-3,4-dihydroxy-
tetrahydrofuran (11a). 2-[(1-Oxapentaecyl)ethyl]-3,4-
isopropylidenetetrajdrofuran (7a) (3.2g, 8.33mmol)
wasrefluxedin 80% aqueousceticacid (40ml) for 5h.
The mixture wasthen concentratedindervacuum.The
residue was purified on silica gel [eluentdichloro-
methane—ethylacetate (85:15)]. 2-[(1-Oxapentadecyl)
ethyl]-3,4-dihydoxytetrahydrofurar{2.35g, 6.83mmol)
wasobtainedin 82%yield.

9a. Yield:85%. IR (CH,Cl,):3600, 3380, 3080, 2970,
2900, 1430, 1390, 1260, 1130, 1070, 1010, 920,
710cm . *H NMR:0.85 (t, 3H, J = 6.6Hz), 1.1-1.2
(m, 14H),1.27(d, 3H, J = 6.6 Hz), 1.5-1.6(m, 2H), 3.34
(dt,1H,J=9.06.8Hz),3.58(dt, 1H,J=9.07.0Hz), 3.69
(qd, 1H, J = 6.4 2.6Hz), 3.76 (dd, 1H, J = 6.8 2.6 Hz),
3.79(d, 2H,J = 3.6Hz), 4.00(s, 2H), 4.10(dt, 1H,J=5.1
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3.6Hz), 4.27 (dd, 1H, J = 6.8 5.1Hz). 1*C NMR:14.1,
15.5,22.7,26.1,29.3,29.4,29.5(2C), 29.9,31.9,69.0,
71.6,72.6,73.0,73.6,81.6.MS, m/z(%): 289 (M ™" + 1,
1), 288(M ", 0), 213(5), 185(24), 141 (7), 130(7), 99
(11),87(7), 86 (25), 85 (54), 83 (6), 73 (10), 71 (75), 70
(10),69 (16),59 (10),58 (14),57 (100),56 (13),55 (34),
45(24),44(9), 43 (79),42 (12),41 (45),31(9), 29 (28).
[0]%%5: +54.6 (c=1.002, CH,Cl,). M.p.:48°C. ESMS:
311,M + Na' Anal. Found:C 66.4,H 11.5.Calc:C66.6,
H 11.2%.

10a. Yield:88%. IR (CH,Cl,):3540, 3380, 3060, 2940,
2860,1420,1380,1260,1160,1130,1070,1040,1010,
900,700cm . *H NMR:0.87(t, 3H,J = 6.5Hz),1.1-1.2
(m, 18H),1.28(d, 3H, J = 6.6Hz), 1.5-1.6(m, 2H), 3.35
(dt, 1H,J = 8.96.9Hz), 3.5-3.7(m, 3H), 3.72(qd, 1H, J
=6.61.5Hz), 3.81(dd, 1H, J = 6.6 1.5Hz), 3.8-3.9(m,
2H), 4.11(dt, 1H, J = 5.53.2Hz), 4.34(dd, IH, J = 6.6
5.5Hz). '*C NMR:14.2,15.5,22.7,26.1,29.3,29.4,29.5,
29.6,29.7(2C), 29.9,31.9,69.0,71.6,72.6,73.1,73.5,
81.6.MSm/z(%): 317(M*" 1,1),316(M*", 0),213(17),
113(10),99(14),86(19),85(40),83(7), 71 (59),70(8),
69(15),59(8),58(13),57(100),56 (15),55(37),45(19),
43 (71), 42 (10), 41 (37), 29 (16).[0]%%: +46.1 (c =
1.002, CH,Cl,). M.p.: 52.8°C. ESMS:339,M + Na"
Anal. Found:C68.7,H 11.3.Calcd:C68.3,H 11.5%.

71a. Yield:82%. IR (CH,Cl,):3300, 2900, 2840, 1450,
1250,1150,1120,1050,1000,700cm *. *H NMR:0.84
(t, 3H J = 6.5Hz), 1.2-1.3(m, 22H), 1.28(d, 3H, J =
6.3Hz), 1.5-1.6(m, 2H), 3.28(d, 1H), 3.35(dt, 1H, J =
8.87.0Hz),3.62(dt, 1H,J=8.87.0Hz),3.72(td, 1H,J =
6.31.8Hz), 3.8-3.9(m, 3H), 3.93(d, 1H), 4.10(ddd, 1H,
J=5.1,3.7,3.7Hz), 4.32(dd, 1H, J = 7.05.1Hz). °C
NMR:14.1,15.5,22.7,26.1,29.3,29.4,29.5,29.6,29.7
(4C), 29.9,32.0,68.9,71.6,72.6,73.1,73.6,81.6.MS,
m/z(%):316 (M, 1), 269 (5), 241 (20), 197 (10), 130
(11),113(12),99(13),87 (11),83(13),86 (41),85 (58),
83(14),73(12),72(8),71(99),70(15),69(29),59(11),
58 (14), 57 (100),56 (15), 55 (43), 45 (20), 43 (78), 42
(12),41(45),29(26).[]*": +45.7(c = 1.000,CH,Cl,).
M.p.: 61.6°C. ESMS:367,M + Na" Anal. Found: C
70.1,H 11.4Calcd:C 69.7,H 11.7%.

12a. Yield:80%. IR (CH,Cl,):3500, 3300, 300, 2960,
2880, 2800, 2640, 1400, 1230, 1100, 1040, 980, 880,
700cm™t. *H NMR:0.84(t, 3H, J = 6.5Hz), 1.2-1.3(m,
32H),1.24(d, 3H, J = 6.3Hz), 1.5-1.7(m, 2H), 3.34(dt,
1H,J=8.87.0Hz), 3.4-3.5(m, 1H), 3.58(dt, 1H,J = 8.8
7.4Hz), 3.69(td, 1H, J = 6.3 2.2Hz), 3.76 (dd, 1H, J =
6.92.2Hz), 3.8-3.9(m, 1H), 4.10(ddd, 1H, J = 4.9,3.7,
3.7Hz), 4.28(dd, 1H, J = 6.9 4.9Hz). 1°C NMR:14.1,
15.6,22.7,26.1,29.3,29.4,29.5,29.6 29.7 (8C), 29.9,
31.9,69.0,71.6,72.5,72.9,73.7,82.0.MS, m/{%): 401
(M™" 41, 1), 400 (M, 0), 325 (4), 297 (11), 253 (5),
141(4), 131(8), 130(14),125(5), 113(15),111(5), 99
(11),97(12),89(8), 87 (11),86 (40),84 (10), 83 (24),82
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(9), 73 (11), 72 (7), 71 (94), 70 (17), 69 (42), 68 (7), 67
(10),59(10),58(12),57(100),56 (18),55(51),45 (16),
43(74), 41 (37), 29 (22). [«]*%: +41.4 (c = 1.000,
CH,Cl,). M.p.: 68°C ESMS:423M + Na' Anal. Found:
C 71.6H 12.4.CalcdC 72.0H 12.1%.

9b. Yield:85%. IR (CH,Cl,):3360, 3040, 2960, 2900,
2820, 2300, 1410, 1370, 1250, 1100, 1070, 1050, 890,
750,700cm™*. *H NMR:0.86(t, 3H,J = 6.3Hz),1.1-1.3
(m, 14H),1.29(d, 3H, J = 6.6Hz), 1.5-1.6(m, 2H), 3.35
(s1,1H), 3.48(dt, 1H, J = 9.26.6Hz), 3.61 (dt, 1H, J =
9.26.6Hz), 3.7-3.9(m, 4H), 4.18(ddd,1H, J=5.1,5.1,
5.1Hz),4.34(dd, 1H,J = 5.1,5.1Hz), 4.34(s1,1H). **C
NMR:14.1,16.4,22.7,26.1,29.3,29.4,29.6 (2C), 30.0,
31.9,70.3,72.2,72.3,72.4,76.9,81.6.MS, m/4%):289
(M +1.4),288(M*", 0), 213(3), 203(6), 186 (4), 185
(31),141(9), 131(3),130(11),128(3), 113(3), 99 (13),
97 (3), 87 (8), 86 (36), 85 (90), 84 (5), 83 (9), 73(8), 72
(6), 71(100),70(9), 69 (23),68(4), 67 (5), 61 (4),59(8),
58(16),57(98),56 (15),55(34),53(3), 45(21), 44 (10),
43(96), 42 (13), 41 (50), 39 (7), 31 (9), 29 (30), 27 (9).
[0]%%>: —35.0 (¢ = 1.010, CH,Cl,). M.p.: 50°C.
ESMS:311M + Na'.

10b. Yield:88%. IR (CH,Cl,):3500, 3360, 2910, 2840,
1450,1380,1230,1100,1070,1050cm . *H NMR:0.86
(t, 3H, J = 6.6Hz), 1.1-1.2(m, 18H), 1.28(d, 3H, J =

6.6Hz), 1.5-1.6(m, 2H), 3.35(sl, 1H), 3.47(dt, 1H,J =

9.0Hz,J = 6.6Hz),3.60(dt, 1H, J = 9.06.6Hz), 3.7-3.9
(m, 4H), 4.18(ddd, 1H, J = 5.2, 5.2, 5.2Hz), 4.34(dd,

1H,J =5.2,5.2Hz), 4.36(sl, 1H). **C NMR:14.1,16.4,
22.7,26.1,29.3,29.4,29.5,29.6,29.7 (2C), 30.0, 32.0,
70.3, 72.2, 72.3, 72.4, 76.9, 81.9. MS, m/z (%):317
M+ +1,1),316(M*", 0), 231(3), (214 (3), 213 (15),

169 (6), 131 (3), 130(9), 127 (3), 113 (10), 99 (14), 97
(5), 87 (5), 86 (20), 85 (38), 84 (3), 83(7), 82(3), 73 (4),

72 (5), 71 (59), 70 (9), 69 (19), 68 (4), 67 (4), 61 (3), 59
(8),58(12),57 (100),56 (15),55(39),53(3), 45(18),44
(7),43(79),42(10),41(34),39(4),29(5), 27 (5). [0]*%>:

—29.5 (c = 1.006, CH,Cl,). M.p.: 58°C. ESMS:339,
M + Na"

11b. Yield:90%. IR (CH,Cl,):3660, 3040, 2990, 2900,
2820, 1410, 1250, 1100, 1070, 1050, 990, 890, 750,
700cm™*. 'H NMR:0.87 (t, 3H, J = 6.3Hz), 1.1-1.3
(m,22H),1.29(d, 3H, J = 6.6Hz), 1.4-1.6(m, 2H), 3.29
(sl, 1H), 3.48(dt, 1H,J=9.26.6Hz), 3.60(dt, 1H,J=9.2
6.6Hz), 3.7-3.9(m,4H), 4.19 (ddd, 1H, J = 5.1, 5.1,
5.1Hz), 4.35(dd, 1H, J = 5.1,5.1Hz), 4.36(sl, 1H). *°C
NMR:14.1,16.4,22.7,26.1,29.4,29.5,29.6 (2C), 29.7
(4C), 30.0,32.0,70.3,72.2,72.3,72.5,76.9,81.9.MS,
m/z(%): 345 (M*" + 1, 1), 344 (M*", 0), 243 (3), 241
(17),197(8), 141(5), 131(5), 130(13),128(5), 127(7),
115(3),113(12),99(5),97(7),87(10),86 (37),85(74),
84(7),83(16),82(5),81(3), 73(7), 72(5), 71 (100),70
(14), 69 (32), 68 (8), 67 (6), 61 (3), 59 (9), 58 (15), 57
(95),56 (17), 55 (42), 54 (4), 53 (3), 45 (19), 44 (7), 43
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(89), 42 (11), 41 (47), 39 (5), 29 (24), 27 (6).[0]*%>:
—27.5 (c = 1.006, CH,Cl,). M.p.: 65°C. ESMS:367,
M + Na'.

12b. Yield:85%. IR (CH,Cl,):3520, 3420, 3060, 2920,
2560,1420,1380,1260,1120,1090,910,710cm *. *H

NMR:0.87(t, 3H, J = 6.3Hz), 1.1-1.2(m, 30H), 1.30(d,

3H,J = 7.0Hz), 1.5-1.7(m, 2H), 3.22(s1,1H), 3.49(dt,

1H,J=8.8,6.6Hz),3.62(dt, 1H,J=8.86.6Hz),3.7-3.9
(m, 4H), 4.20(ddd, 1H, J = 5.1,5.1, 5.1Hz), 4.35 (dd,
1H,J = 5.1,5.1Hz), 4.36(sl, 1H). **C NMR:14.1,16.4,
22.7,26.1,29.4,29.5,29.6,29.7 (3C), 29.8 (6C), 30.0,
32.0,70.3,72.2,72.3,72.4,76.9,81.9.MS, m/z(%): 400
(M**,0),366(1), 297 (3), 254 (1), 206 (1), 169 (1), 155
(2), 131 (5), 130(9), 113(8), 111 (4), 99 (8), 97 (9), 96
(4),95(4),87(21),85(29),84(4),83(13),82(9), 73(5),

72(4),71(55),70(14),69(32),68(9),67(10),61(4),59
(10),58(14),57(100),56 (21),55 (55),54 (7), 53(4), 45
(19),44(11),43(81),42(13),41(41),39 (5), 31 (6), 29
(28). [0]*%5: —20.8 (c = 1.012, CH,Cl,). M.p.: 69°C.

ESMS:423M + Na*

13a. Yield:50%. IR (CH,Cl,):2960, 2900, 2830, 1450,
1370, 1260, 1220, 1200, 1160, 1100, 1070, 1030, 990,
930, 890, 860, 810, 740, 720, 650cm . *H NMR:1.1-
1.4(m. 28H), 1.45(s, 6H), 1.4-1.6(m, 2H), 1.7-1.8(m,
2H), 3.28(dd, 2H, J = 8.53.3Hz), 3.37(dd, 2H, J = 7.0
6.6Hz),3.45(dd,2H,J = 11.03.7Hz), 3.51(ddd,2H, J =
7.06.6,6.6Hz), 3.70(dq, 2H, J = 8.56.1Hz), 4.01(d,
2H,J = 11.0Hz), 4.56(dd, 2H, J = 5.93.3Hz), 4.71(dd,
2H, J = 5.9, 3.7Hz). *C NMR:16.3,24.9, 26.0, 26.1,
28.2,28.8,29.4,29.5(4C), 29.6,30.2,32.7,34.0,69.7,
73.1,74.4,80.8,80.9, 86.8,111.9.[0]*°: —12.5(c =
0.994,CH,CL,).

13b. Yield:48%.IR:2980,2920,2860,1460,1380,1270,
1220, 1180, 1120, 1040, 1000, 930, 900, 870, 850,
750cm™*. *H NMR:1.2—-1.4(m, 28H), 1.45(s 6H), 1.5—
1.6 (m, 2H), 1.8-1.9(m, 2H), 3.19(dd, 2H, J = 8.1 2.9
Hz), 3.3-3.6(m, 6H), 3.72(dq, 2H, J = 8.16.3Hz), 3.97
(d, 2H, J = 10.7Hz), 4.6-4.7(m, 4H). 1°C NMR:17.6,
24.9,26.1,26.1,28.2,28.8,29.4,29.5,29.6,29.7,30,1,
32,9, 34.0, 69.2, 73,0, 72.4, 80.4, 80.8, 85.7, 114.1.
[0]%%0: —43.5€ = 1.014,CH,Cl,).

14a. Yield:75%.IR:3400,2920,2860,1420,1380,1250,
1080,1010, 890, 790, 740cm . *H NMR:1.1-1.5(m,
26H),1.5-1.6(m, 2H), 1.7-1.8(m, 2H), 3.2-3.4(m, 4H),
3.5-3.6(m, 2H), 3.65(qd, 2H, J = 6.2 2.2Hz), 3.7-3.8
(m, 4H), 4.0-4.1 (m, 2H), 4.2-4.3 (m, 2H). *C
NMR:15.6,26.0,28.2,28.7,29.4 (2C), 29.5 (4C), 29.9,
32.8,34.0,69.0,72.5,71.6,72.8,73.7,82.0. MS, m/z
(%):462(M ", 0),460(1), 421 (1),395(1), 293(15),291
(16),130(14),113(6), 111(14),99(7), 97 (29), 89 (6),
87(10),86 (34), 85 (39),84(7), 83(36),81(6), 73 (14),
71(65),70(13),69(63),68(7),67(10),59 (12),58(14),
57 (69),56 (18), 55 (79),54 (6), 53 (6), 45 (37), 44 (13),
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43 (100),42 (21), 41 (80), 39 (11), 31 (10), 29 (28), 27
(9). [«]*°5: +39.3(c = 0.992,CH,Cl,).

14b. Yield:74%. IR (CH,Cl,):3520, 3300, 2940, 2890,
1460,1380,1240,1100,980, 940, 910,890, 710cm .
1HNMR:1.1-1.4(m, 26H), 1.4-1.6(m, 2H), 1.7-1.8(m,
2H), 3.3-3.6(m, 6H), 3.7-3.9(m, 6H), 4.19(dd, 2H, J =
5.2,4.8Hz), 4.32(dd, 2H, J = 5.5, 5.2Hz). *C NMR:
16.4,26.1,28.2,28.8,28.9,29.4,29.5,29.9,32.8,34.0,
72.2,72.2,72.4,76.2,82.0.MS m/z (%): 462 (M*", 0),
448 (1), 435(1), 418 (1), 395 (4), 385 (2), 291 (9), 271
(1),265(1),130(16),128(7), 113(27),111(27),109(5),
99 (6), 97 (44),95 (6), 87 (7), 85(36),84(8), 83(51),81
(9),73(10),72(5), 71 (68), 70 (14), 69 (88), 68 (14), 67
(17),59 (12), 58 (16), 57 (85), 56 (17), 55 (100),54 (9),
53(6), 45 (24), 44 (10), 43 (81),42 (15), 41 (52),39(9),
31(10),29(29),28(19),27(9). [0]*%: —21.8(c = 1.004,
CH,Cl,).

Conclusion

We havedemonstratedhe synthesiof a novel seriesof
amphiphilic compoundsderived from isomannideand
isosorbidehaving varying chain lengthsand including
bola-amphiphilicderivatives. The Langmuir behaviour
of thesecompoundss dependenbn the chainlengthand
the chirality of the molecules.With regardto colloidal
dispersionsthe systemswere studiedby both DLS and
AFS and systems correspondingto liposomes were
observed.

Copyright[d 2000JohnWiley & Sons,Ltd.
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