Synthesis and Interfacial Properties of Sugar-Based
Surfactants Composed of Homo- and Heterodimers

Mariano J.L. Castro?, Alicia Fernandez Cirelli**, and José Kovensky®*
“Centro de Estucios Transdisciplinarios del Agua (CETA) and Area de Quimica Orgénica, Facultad de Ciencias
Veterinarias, Universidad de Buenos Aires, C1427CWO Bueros Aires, Argentina, ard "Laboratoire des Glucides CNRS
UMR 6219, Faculté des Sciences, Urivarsizé de Picardie Jules Verne {UPJV), 8003%2 Amiens, France

ABSTRACT: Dimeric sugar-based amphiphiles were synthe-
sized starting from D-glucose and a commercial mixture of do-
decyl and tetradecyl alcohols by a simple procedure. Three dif-
ferent spacers (glutaryl, succinyl, and terephthaloyl} were used
to link the sugar moieties through O-2 or O-6. Dimeric com-
pounds are composed by mixtures of homodimers (C-12/C-12)
and heterodimers (C-12/C-14). The interfacial properties of
these nonionic gemini surfactants are described.
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Gemini surfactants churacrerized by the presence of two
polar heads, charged or uncharged, and two hydrophobic
chains linked hy a spacer were introduced in the carly 1990s.

These important strucrural differences give this type of
surfactants unprecedented and better interfacial properties
in comparison with the wraditional surfactants (1,2).

Onc of the latest applications of gemini surfactants is in
maolecular biology as a potential agent in gene therapy, and
their properties as a vehicle for gene delivery into cells (trans-
fection) have heen reported (3,4). Interesting syntheses of
gemini surfactants using carbohydrates as starting material
have been reported in the literature (5-12).

Conversely, alkyl glycosides are monomeric nonionic sur-
factants. Nautural alkyl glvcosides are biosynthesized as glyco-
lipids by microorganisms from rhamnose or sophorose. They
are prepared on an industrial scale from fatty alcohols and
carbohydrares, and they are gradually replacing other non-
ionic surfactants derived from petrochemicals. Due to their
excellent biodegradahility and the absence of toxic effects,
food elaboration, polymer manufacture, and solubilization
of biological membranes are some of the wide spectrum of
applications of alkyl glycosides (15).

*#1'o whom correspondence should be addressed at Laboratoire des
Glucides GNRS UMR 6219, Faculté des Sciences, Université de Picardic
Jules Verne, 33 rue S. Leu, 80039 Amiens, France,

Fanail: jose kovensky@u-picardie.Ir

Abbreviations: CI, chemical ionizaton; CMC, critical micellar concen-
wation; DMF, dimethyl formamide; FAR, fast atom bombardment;
HPTLC, high-pressure thin-layer chromatography: HRMS, high-reso-
nance mass spectrometry; 1R, infrared; NMR, nuclear magnetic reso-
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The interesting properties of gemini surfactants sup-
ported the design and synthesis of a new scrics of amphiphilic
molecules, composed of two long alkyl glucosides linked by
different rigid and flexible spacers. Initially, butyl glucosides
were uscd as starting materials (14-16).

In the present work, the synthesis of four different gemini
derivatives msing a commercial mixture of dodecyl and
tetradeeyl alcohols is reported. Their interfacial properties
are discussed in comparison with those ol previously pre-
pared gemini surfactants from D-glucose and pure long-chain
alcohols.

EXPERIMENTAL PROCEDURES

Geneval methods. '11 nuclear maguetic resonance (NMR) and
B0 NMR spectra were recorded using a Bruker spectrometer
at 200.13 MIHz and 50.14 MHz, respectively, in CDCly or
CD,OD. High-pressure thin-layer chromatography (11PTLC)
was carricd out on precoated glass plates (0.1 mm) of silica
gel Bl F-2b4; detection was performed by exposire to ultravi-
olet (UV) light und by spraying the plate with 5% (vol/vol)
H,80, in ethanol lollowed by heating. Infrared (IR) spectra
were recorded with a Fourier wansform spectrometer. Melt-
ing points arc uncorrected. Chermical ionization {CI) and fast
atom bombardment (FAB) mass spectra were obtained with.
a JMS-700 spectrometer,

Determination of interfacial properties. Aiv-water surface ten-
stots were measured at 25°C in a specially adapted tensiome-
ter based on the bubble pressure method (17.18). Calibra-
tion was performed against a range of standard liquids (19};
excellent agreement with literature values was found (20).
Critical micellar concentration (CMC} was determined by ex-
trapolation of plots of surface tension vs. log concentration.
All compounds exhibited the typical plots, with an abrupt
change in slope at the zone corresponding to the CMC.
Other intertacial propertics were calculated according to
known methods (21).

Dodecyl/ tetradecyl G-n-glucopyranaoside (1), Compound 1 was
prepared from D-ghrcose and a commercial mixture of dode-
cyt/tetradecy]l alcohols (7:3) by a reported procedure
(14-16). Colorless oil (21% yield). HPTLC (SiOy): [{[.: 0.47
(FEtOAc/McOH, b, vol/vol). [Ut]n +77.1° (0.9, MeO1D). IR
(film) v (Cnfl): 3,404.0 (OH), 2916.4 (CH,), 1,055.7

mux
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(CIL,Oj. 'H NMR (200.1 M1z, methanol-d), 8 {ppm): 1.66
(d, ] H. ] =37 Uz, H-1), 3.73-8.14 (m, 8 11, H2, H-3, HA4,
H-5, [[(m ll 1}) CH,O0, 1.52 (m. 2 H, CH,,), £.20 (bs, 19 H,
CH,), .80 (1, 311, /= 7.0 Ha, CH,). B NMR (50,1 MHz,
methanol-d), & (ppm): 100.0 {C- 1), 75.1 (C-%), 73.5 (G2, C-
5Y, 718 (G413, 69.1 (CHLO), 62.65 (C-6), 35.0, 30.7, 30.6, 501,
27.3, 25.6 (CH,), 14.4 {CH,). High-resonance muss spece-
nomc.try (LIRMS) (CT} m/z caled. (G Hy () 349.2590,
found 3492580 [M + H| . TIRMS (CI) #/z caled. (Cy 11,000
F77.290%, lound 377.2010 [M + H]™.

Dodecyl/tetradecy! 2,3, 4-4ri-O-henzyl-o-t-glhucopyranaside (2).
Trityl chloride (4.95 g, 17.73 mmol), Et,N (3.6 mL, 25.83
mol). and DMAP {4-dimethylaminopyridine; 90 mg, 0.74
mmol} were added to a sodutdon of 1 (2.02 &, 5.80 mmol) in
dimethyl formamide (DME} (20 mL) at room lemperature.
The mixture was stirred for 48 b at 40°C and then water-ice
{L:1) was added (40 g).
(230l and the organic phase was washed with NH,Cl
(1= B0 mL) and brine (1 x 50 mL}, dried (M, 50,), and con-
centrated under diminished pressure to leave the wityl deriv-

The crude was extracted with (']H2( 112

ative as a pale yellow gum. Benyyl hromide (2.50 ml., 20,838
mmoly and sodium hydride (6560 mg, 15.00 mnol) were
added te a stirring solution of erucde wityl derivative in DMF
(25 L) ar 0°CL The resaling mixure was slowly allowed to
warm 1o room temperature and stirred for 24 h, and then
MeOH (4 ml) was added o quench the reaction. The or-
ganic mixture was diluted with chloroform (40 ml) and
washed with brine (4 x 20 mL). dried {Na,50),}, and concen-
trated under diminished pressure to leave the benuyl-trityl de-
rivative as a yellow gum. Pyridintum chloride (150 mg, 1.30
mmiol) was adeded o a stirring selution of the ribenegy] it
derivative in cthanol (25 mb) at room wmperature. The mix-
ture was refluxed for 2 hand then concenwated in vacue. The
crude product was purilied by flash chromatography column,
eluting with a solvent gradient of EtQAc (16-15%) i cvclo-
hexane 1o afford the mibenzyl glucoside 2 as pale yellow oil
{910 mg, 55% yield). [TPTLG {(510,): H/ = 0.39 {cvclo-
hexane/B1OAc, 75:25, vol/vol). [a],, +35.5° (¢ 1.3, CHCL,).
IR (film) v . (o™ 8.486.7 (OI1), 2,933.7 (CGH,), LO70.7
{(C-O, ether), 741.6, 702.1 (Ph). 'H NMR (200.1 Mllz,
CD{CL,), 8 {ppm): 7.83-7.28 (m, 15 I, H,. 3, 5.02-1.61 (m, 7
I, CLLPL, HA13 400 (L 1T f =92 II/, H-3), 3.72-3.46
{m, 6 H, H-2, H-4, 11-5, CIL,CH, O, H-6a, H-Gb), 3.38 (dL 1
H, J=6.0H, Jiom = 6 [z, CH. ( H,,0}, 1.62 (m, 2 L[, GH.,),
1.26 (hs, 1911, (H o), 088 {t, HIJ 6.7 11z, CH,). l'( NMR
{30.1t MHz, CDC 1,,), & {ppm}: 138.9-1 %H 2(C ), 128 4-127.5
(€0, 06.8 (C-13,81.9 (C-3), 80.3 (C-2), 77.6 (( 1), 73.6, 76,0,
73.1 {CH,Ph), 7007 (C-5), 68.3 (CH, O), (1.9 (C-6), 319
(CH,), 29.6, 294, 26.1 (CH,), 19.2 (CHy), 12.8 (CH,).
HRMS (Cl} m/z caled, (Cy L OpN) 656.4264, [ound
6361267 [M + NH, " TIRMS (C1) o/ z caled. (Cy HgORN)
6644577, found 661608 [M + NH,["

General procedvae for the preparativn of frolecled gemini swrjoe-
tants lnked througl O-6. Succinyl chloride (18 UL, 0.16 mmol)
and E4,N (45 ul., 0.32 mmol) were added w o stirring solu-
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tion of 2 (0.25 mmol) in toluene (0.5 ml.) at 0°C. The result-
ing mixture was slowly allowed to warm w room temperature
and stirred for 24 h, then more suceinyl chloride (18 pl, 0.16
munoel) and Er, N (7 uL, 9.06 mmol) were added, and the mix-
ture was stirred at roomn temperacure for 16 h. The crude
product was purified by preparative TLC {silica gel) using cy-
clohexune /FtOAc (75:25, vol/vol) te allord the protecred
gemini surfactant as a colorless syrup.

Ceneral proceduere for deprotection of gemind surfactanis binked
throwgh O-6. A solution ol the benzylated gemini surfactant
(0.060 mmoly in EtOQAc/ MeOI1 (i:1, vol /val, 12 mL) was hy-
drogenated (4 aum} at room temperature over 109, 1%d/C for
6 1. The mixtare was liltered through a celite pad and con-
centrated under diminished pressure to afford the gemini
surfactant.

L 4-Bis-{ 6-O- dodeeyl/tetradecyl 2, 3, 4-tri-O- F)m:yi-{l -L-plucofyra-
nosid)] suecinate (3). Colorless oil (72 mg, 38% yield). HPTLC
(5i0,): P ={.55 (cyclohexane /FtOAc, 73 25, vol/vol). al,,

+20.9° (f 1 {1, CHCL,). IR (flm} v (em™H: 2,920.7 (CH, ]
1,740.7 (COY, 13‘) () 697.9 (Ph). 'H I\MR (200.1 MHz,
(D], ) 8 (ppm): 7.38-7.25 (m, 30 H, X1 ), 5.11-4.51 (m, 14
H, (II Phi, H-1, H- l 4,26 (m, 4 11, lI (m H-ta, H-6h, 11-
6'h), 3.99 (L2H, 4, = 9.] 1z, -3, H-8), 382 (m, 2 H, Hb,
H-5%), 3.61-3.35 (i, 8 H, H-2, H-2, H-4, [[-4', CH, ,0), 2.57
(s, 411,(;]*]2(?()() 1.59 (m, 4 11, CH,), 1.26 {bs, 3‘%}[ GlL,)
087 (1. 6, J=7.011Ir, ( Hy). B3¢ NMR (‘")0 1 MHz, GDCl,), 6
(ppu): 172.0 (COOY, A8.6-138.2 (G, 128.6-127.7 f(
968 (C-1, C-173, 82.] (( -3, C-37), 803 (( 2, G2y, 778(.i,

)

G4y, 757, 750, 73.2 (CH. ,Ph), 68.7 (G5, C-57), 68.4
(CIL,0), 63.1 (€6, €-6), 32.0 (CI1,), 29.7, 29.6, 29,5, 29.2,
24.0 (C:Hy), 28.9 ((HyCOO0), 26.5 ((:H?;,QQ. ((‘11) 11.9

(CHy). HRMS (CT) m/z caled. (Co,H 0 N 1,556.8259,
[ound 1,556.82423 [M + NH_}'I O HRMS (CH m/z caled.
(Cy H 10O, N) 1,864.8552, found 1,36:1.8464 [M + NII1]+,

T 43is-[6-O-(dudecyl fletradecyl ce-D-glucopyranosicd)] suceinate
4). Colorless gum (28 mg, 44% vield). 11PTLC (510,) R =
0.63 (EtOAc/McOH, 9:1, vni/’\()]) (o], +74.37 (¢ 1 4,
CHCLg). IR (filin) v {om” b2 34080 (01D, 1,787.8 (CO),
1.053.0 (C-Q, ether), 'H NMR (200.1 MHz, mcthanol-d), &
(ppm}: 480 (d, 2 H, J, , =40 Hz, H-1, H-1"), 4.43 (dd, 2 H,
< 1.0 g, ]‘ - 11.7 Hz, H-6a, H-6'a), 4.26 (dd, 2 H,

= 6.0 Hz, H- hf) H’ b), 3.77-5.26 (n, 12 H, H2, H-2", 11
‘3' H-37, H4, H-A4" H-6, 1157, CH,On), 2270 (s, 4 H, CLL,COO0),
1.69 (m, 41, Cil,), 1.34 (bs, 38 H, CHy), 0.94 (L, 6 IL. f= 6.2
Hz, CIL,). "¢ NMR (30.1 MHz, methanol-), 8(ppm}: 175.8
(COO), 100.2 (C-L, C-17), 75.1 (C-3, G387, 78.56 (-2, G273,
7" 0 (G5, G-57). 71.2 (A, C47), 69,4 (CH,0), 65.3 (C-6, C-

673, 341, .»U 8, 30.6, 30.5 (CH,), 30.0 (CH,CO0), 27.4, 23.7
(CH,), 14.5 (CHg). HRMS (FAB) m/z caled. (Cy1,0  Na)
801.4976, found S01.5004 |M + Nal”. [IRMS (FAB) m/z
caleed. (()4_2H78(_)14N‘(L) 829.5239, found 829.5272 [M + Nal’.

1, 3-Bis-{ 6-O-(dodeeyl/ietradecyl 2, 3,4-fri-()- bm?"y]{t -L-ghcadyra-
nosidj | glutarate (5. Colorless oil (42 mg, 6% yield). HPTLG
(510,): { = (.50 {cyclohexane /EtOAc,

-33.6 (¢ I 6, CHCLL) . IR (film) v

Ja,0a

7525, vol/vol)., [al,,
s (t.m Iy 29959 (CLL,),



o= 20 Hz, oo = 117 Lz, Heba, H67), .22 (dd, 2 H. /;
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1,739.6 (CO)Y, 735.6, 696.2 (Phy. '"H NMR (200.1 MHz.
CDCL), & (ppi): 7.85-7.26 (m, 30 11, 11 ), 5.18-4.58 (m, 14
H, CH,Ph, H-1, H-17), 4.27 (mm, 1 H, H-6a, H-6"a, 1[-6h, H-
O'b), 4.08 {1, 2 11, Joq =94 Hz B3, H-37), 585 (m, 2 H, H5,
[1-37), 5.61-3.58 (m 8 H, H-2, T1- 2 -1, H-4°, CH,0), 2.58
{t, 4 H. f= 6.4 Hz, C[,CO00), 1.95 (m, 2H, CH,CH,CO0},
162 (m, 4 11, C11,), 198 {bs, 38 H. CI1,). 0 0.80 (r, 6 H, ]—
6.8Hz, CH,). PG NVR (50.1 M1y, CDCL), & (ppm): 172
(COO-), 138.9-136.0 (G ), 128.6-127.7 ((J;”,) 06.8 (-1, (J
17, 82,1 (C-3, (=57, 80,5 (-2, G20, 77.8 (G4, C-17), 7Th.8,
5.1, 751 (CH,Ph), 68.7 {5, (,.) ), {)‘4:} (CIL0). 63.2 (G,
6%, 381 |(H ,CO0O), 52.0 (CH,), 29,7, 205, 26.5, 22.8
(CH,), 20.1 (([i CHLCOO), 14.2 (CH,]. TTIRMS (CT) /2
caled. (( I1h()”[\) 1,350.8396, found 1,360.8308 (M +
NH, ™. IIRMQ (L) m/z ealed. (G H (N 1,378.8709,
founud 1,378.8562 [M + NH, ] "

1, 5-Bis-[ 0-O~(dodeeyl/ tefradecyt o-D-glucopyranosid)] glularate
(6)- Colorless gum (19 mg, 62% yicld). HPTLC (Si0,): Rj,.=
0.57 (EtOAc/MeOH, 9:1, vol/vol). fol, +68.17 (¢ 0.9,
MeOH). IR (film} v ((tlrl_l): 34153 (OH), 1,730.7 (GO,
1,053.1 (C-O, ether). "H NMR (20001 MHz, methanol-4), &
(ppm): L8 (. 2 H, f, =40 He, H-1, [1-17), 4.1 (dd, 2 H,
X 3,Gh
= 0.0 11z, I-6b, F-6"hy, 3.85-5.20 {m, 12 11, 11-2, [1-2’, H-3, H-
%, H-4, H-4', H-5. H-5", CILO), 246 (t, 4 H, [ = 7.3 Hy,
CH,COO), 1.8 (m, 2 H, CH, CH. (‘OO) 1.67 (m, 1[*[, CH,,),
1.52 (bs. 88 H, GH,,), 0.92 (1, ()Il J=6.911z, CH.). T30 NMR
{50.1 MHv, mclhzmol—d), 5 {ppm}: 1/1 4 (0 ()0) 100.2 (C-1,
C-17), 75,1 (G-8, G-87), 785 (02, C-27), 72.0 (C-3, (-3, 71.2
(G, G47), 69.4 (CHLOn, 65.0 (C-6, C-67), 84.1 (CH, GO0},
83.0, 3.8, 30.6, 30.5, 274, 27.0, 237 (CHl,), 214
(CILGLLCO0), 14.4 (CH.). HRMS (FAB) m/z caled.
((J,Hf"lﬂ.)(slf*Na) 8155133, Jound 8155111 [M + Nu] . HRMS
(FAB) m/z caled. (C411,,0 Na) 843.5446, found 843.5477
[M + Nal™.

Dodecyl/tetradecyl 4, 6-O-benzylidene-ci-D-glucopyranoside (7).
oLo-Dimethoxytoluene (1.4 ml, 9.63 mmal} and camphor-
sulfonic acid (220 mg, 0.86 mmol) were added to a stirring
solution ol 1 (2,53 g, 7.11 mmol) in chlorolorm (35 mL) at
room temperature. The mixture was refluxed for 4 h and
then cooled at room (emperature. N, GO, (900 rog) was
added, and the organic mixture was stirring for 30 min at
80°C. The solid was filtered and then concentrated under cli-
The residue was vecrystallized {rom
methanol /water 10 afford the benzylidene derivative 7 as a
white solic (1.96 g, 62% vicld). HPTLC (8i0,): fi=0.46 {cy-
clohexane/FOAc, 111, vol/vol). [a], +73.97 (¢ 1O, CHCL,).
IR (film) v, . {em™: 3.884.0 (OH), 2,922.6 (CEL,), 1,051.1
(C-O3, cther), 768.0, 700.1 (Ph). ' NMR (206.1 MHz,
CDCL), & (ppm): 7.50-7.30 (m, 5 H, H, 3, 5.52 (s, 1 I,
(Hl’h) 1.86 (d 1 H, ] =4.0 Hz, H-1), 426 (dd, 111, j
l(iH/[E 0 ). Hz, llba) 391 (¢, 111, ]))7]%4—L)5H}
H-3), 3.8125. H) (nmi, 6 H, H-2, H4, H-5, H-Gb, (H 20, 1.61
(my, 2 H, CH, ), 1.27 (hs, 19 H, CH,), 0.88 (¢, 311, /= 7.0 Hz,
CH,). MO NMR (50,1 MILs, CDCL), § (ppm) 137.1 (C).

minished pressure,
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128.2-126.2 (C 3, 101.8 f('HPh) 08.7 (C-1), 81.0{C-D, 72.9
(-2, 71.9 ((4—%] 68.9 (C-6), 88.7 (CH,0), 62.5 (C-5), 31.9
(CH,), 29.6, 20.4, 29.3, 26.1 (( [—LJ, 99.6 (CGILy). 14.0 (CI1,).
HRMS (C1) m/zealed. (CogHy Q) 437.2903, lound 437 2899
[M = NH,I". HRMS (CI) m/zc 11( . (Cy 110 4653216,
formd 4653256 [ M + NH ]

Dodecylf letradecyl 4, 6-O-benzylidene-2, 3-O-dibutylstannylidene
o-D-glucopyranoside (8). A mixtare of 7 (170 mg, 0.38 mmol),
toluene (16 mL), and dibuyltin oxide (100
in a conical flask adupred with a small air condenser was
placed in a microwave oven (119 W), The oven was turncd
on for | min, and after 30 s, it was turned on again for | min.

A5
mg, (L40 mmol)

The sequence was repeated 10 times; the TR speetrom indi-
cated the end of the reacion. After solvent evaporation, the
stannviidene derivative was used in the next reacton without
further purification,

Ceneval procedire for the freparation of protected gemini surfac-
tands tinked through O-2. Succiny] chloride (23 ul, 0.20 mmol)
ancl K, N (52 pI,, 0.36 mmol) were added to a stirring solu-
ton ol 8 (234 mg) in toluene (0.7 mL) at 0°CG. The resulting
mixtare was stired for 20 min, The crude product was puri-
fied hy preparative TLC (silica gel) using cyclohexane /KiOAc
(75:25, vol/vol) to afford the protected gemind surfactant as a
colarless syrup.

1, 4-Bis-[ 2-0-(dodecyl/ letradecyl 4,6-O-benzylidene-o-1-ghicopyra-
nostd)] suceinate (9). Colorless oil (107 mg, 653% yield).
HPTLC {(5i0),): R= 020 (cyclohexane /EIOAC, 8 .2 volvol).
(o], +118.07 (¢ 11, CHCL) IR (filmy v (em” ): 3,469.7
(OH}, 2,923.9 (CLL,), 1,7 “;Q 7 (COY, HV)B 1, 6U8.2 (Ph). 'H
NMR (200.1 MHy, E]D(:]S), 8 (ppm): 7.52-7.81 {m, 10 I,
H, ), 554 (s, 2 H, CIIPh). 5.08 (<], 2 H, Jia=2 7 s, H-L, H-
1’ 1 457 (dd. 211, f,, =95 Hz, H2, H-2"), 427 (dd. 2 H, ]ﬁm
=44 11z, ]l o =9.1 Hz, H-6a, H-6a'), £20 (¢, 2 H, [, =
Iz, H-5, H3) , 380 (dd, 2 11, f,. i 4.4 Hz, H-6hb, Ilhb )
3.78-3.61 (m, —11] CH,CH O. H-b, H-5%), 5.54 (1, 2 H, H4,
1147, 5.0 (dr, 2 H, J= 6.6 i, S = 99 Hz, CH,CH, 0), 2.74
(s 4H, CH,CO0), 157 (m, 4 H, CH,), 1.32 (bs, 38 H, CH,).

0.88 (1, 611 /= 6.6 Hz, CH,). G \IMI\(G( ).1 MHz, CDCLY, &
(ppm): 1718 (-COO), 157.1 (G ), 129.1-126.3 (G0, 1019
(GHTPh), 96.4 (C-1, C-17), 81.3 (C-4, €47, 74.3 (-2, (227,
8.9 (3, 37, 63.6 (6, G-67), 68.5 (CLLOy, 62.2 (C-H, C-
57, 319 (GHy), 29.6 (Clly), 29.3 (CH,CO0), 26.0, 22.6
(CH,), 14.0 (T lI 5} LIRMS {FAB) m/z caled. (€ 11,0, Na)
977.3602, f()uud 977.5625 [M + Na]*. IIRMS {FAB) w/z
caled. (C Hg O ,Na) 1,005.5914, found 1,005.5948 [M +
Nal",

1, 5-Bis-[ 204 dndveyl/tetradecyl 4, 6-O-berzylidene-or- -1glucofyra-
nosid)] glutarate (10). Colorless oil {102 mg, 62% vicld).
HPTLC (510,): f ‘f_ (.23 (cyclohexane /EWQAc, 8:2. vol fvol).
[ot]), +98.17 (¢ 1O, CHCL,). IR (film) v (cm™ 1y 8,470 4
(OH}, 2,924.8 (CH,), 1,739.5 (), 752.2, 608.4 {Ph). :
NMR {200.1 MHz, CDRCL), & (ppm): 7.43-7.30 {m, 10 H,
H 1,553 (s, 2 H, CHPh), 5.08 (d, 2 H, ]] 3.7 Hz, H-1, 11
1"}, 4.7 (dd, 2 11, ] =05 [z, H-2, H-2%), 427 (dd, 21, ]) 6
=410 HZ’JM(‘) = 0.5 Hz, H-6a, H-6a"), 4.17 (1, 2 I1, Jlﬁ,}
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He, H-3, H-3), 8.83 (_dd, 2 H, fy g, = 4.4 Hz, H-6b, H-6b"),
3.75-3.59 (m, 4 I, [1-5, H-5', CH,GH O}, 3.53 (1, 2 L1, [1-4,
H-4),35.39 (dt, 2 H, f= fJ sz ]mu— 9.9 My, CH,CH, ), 3.07
(bs, 2 H, OH), 2.50 (m, 4 EI CH,C00), 2.03 (m, 2 11,
CH,CH,CO0), 1.37 (m, 4 H. HE) 1.32 (bs, 38 11, CH,),
0.88 (t, 6 11, /= 6.6 Hz, CH,,). "C NMR (50.1 MHz, CDCI,), 3
(ppm): 172.7 (COO), 1587.1 (€ ), 129.1-126.2 (C_ ), 101.8
(CHPh), 96.5 (CG-1, C-17), 81.4 {(CH4, G4, 73.7 (-2, C-27),
68.9 (€3, (G37), 68.5 (G6, G67), 68.4 (CHLO), 2.1 (C-5, C-
57, 325 ((JHQ( Q0), 314 ((112) 29.6, 293, 26.4, 22.6
(CH,), 2001 (CILGHLCOO), 14.0 (CH,). HRMS (FAB) m/z
caled. (Cqy;Hg, O, Na ) 9915759, found 991.5790 [M + Na]™,
HRMS (FABY m/z caled. (GgrH O, Na) 1,019.6072, found
1,019.6088 [M + Nal .

~ B 2-O4(dodecyl/ tetradecsl 4,6-Chbenzylidene-o-D-glucopyranosid)]
terephthalate (11). Colorless oit (74 mg, b8% vield). HPTLC
(510,): £ = 0.42 (cyclohexane /EtOAc, 8:2, vol/vol). [a], +
95.7% (¢ 0.8, CHCL). IR (filn} v {em™): 3,544.0 (OH),
2,924.8 (ClLy), 1,724.3 (CO), 761.6, 750.0, 698.3 (Ph). TH NMR
(200.1 MHz, CDCL). 6 (ppm): 8.16 (s, 4 ILIT ), 7.54-7.33 [m,

10H,. H_, ,:‘;8(5 oh, CIiPh), 5 1/((19H] = 3.7 Hz, H1,
A, 505 ( 211 ], =95 Ha, H 2, He), 438 (L2H,J,,
9.5 1z, 113 H 5, 459 (dd, 9H, [, =44 Hz, ] _~qqnf

H-6a, H-6a’), 3.93 (dd, 2L [ o, = 4 1 H/ H-6h, H tJb ). 378 (4,
21, HA, T, 8.79-8.58 (m, 4 H, H-5, 1157, CHL,CIT 0), 5.59
{elt, 2 H, [= hhH/f_ =9.9 H, CILCH, O) 2.50 (bs, 2H,
O, 1.56 (m, 411, (ll,) 1.28 (bs, ! S8 H, (H[,) 087 (L, 6 H, f=
6.6 11z, CH,). '*C NMR (50.1 MHz, CDCL,), 8 (ppm): 165.3
(COOY, 187.0, 188.7 (G}, 129.8-128.5, I”b 300G, 1020
(CHPh}, 96.5 (-1, (A1), 81 5 (G, G4, 745 (G2, C 27), 68.8
(GB. G, B8.6 (G, (67, CH,0), 62.1 (G5, G587, 31.9, 296,
29.8, 20.2, 26,0, 22.6 (CIL,), 14.0 (CH,). HRMS (FAB) /2
caled. (CogHeyO | ,Na) 1,025.5602, founed 1,025.5590 [M + Na|".
HRMS (FAB) wm/z caled. (Cy,Hg O Na) 1,063.5013, found
10535878 [M - Naj".

General procedure for deprotection of gemnd swrfuclants lnked
through O-2. A solution of the protected gemini surfactant
(0.070 mmol) in LtOAc/MeOH/HOAc (2:1:1, by vol, 14
mL] was hydrogenated and worked up as described for gern-
mi surfactanis linked through €46,

1, F-Bis-{ 2-O-(dodecyl/ fr);fmdr)(yl t-ND-glucopyranosid)] succinale
{12). Colorless oil (42 mg, 95% vield). HPTLC (310,): R, =
0.48 [EtOAc/MeOH, 25:1, vol/vol). [o], +79.9° (e 1.9,
MeOH). IR (fifm) v___(cm™): 3.421.4 (OH), 29931 (CH,),
1,783.8 (CO), 1,049.2 (GO, ether). 'H NMR (200.1 MHz,
methanol-d}, & (ppm): 5.00 (d, 2 kI, [ = 3.7 Hz, H-1, H- l’),
162 (dd, 21, /, , =99 Hz, H2, H-Y ), 3 8‘4 (dd,2H, f, ;=8
Hz, H-3, H-3"),8.83-3.69 (m, 6 F, Y4, 11-4°, T1-6a, 11-6°a, l-l-
6ib, H-6b), 3.63 (m, 2 H, H-5, H-B"), 3.44 (dt, 4 H, J= 6.6 Hz,
Joem =99 Hz, GH,O), 2. 75 (s, 4 H, CH,COO), 1.97 (bs, 4 H,
OH), 1.62 (m, '1H CH,), 1.34 (bs, 383 LI, CIL,), 0.94 (t, 6 H, J
=6.6 11 CH, ). BOoNMR (’3() I MHz, me rhdnol d), 6 (ppm):
173.7 (COO), 97.2 (G-, G-1), 75.4 (G2, G-27), 75.5 (G3, G-

8%, 72.4(C-5, C-57, 71.8 ((,-4 4", 69.1 (CHL L), 62.5 (6,
C-6%), 33.0, 30.8, 30.5 (CH,), 29.9 (CH,C 00), 97.3, 987
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{CLL,). 14.4 (CH,). HRMS (FAB) /= caled. (€, H,,O | Na)
B0L.4976, found 801.4991 [M + Nal'. HRMS (FAB) m/z
caled. {Ggpl L0, Na) 829.5289, found 829.5275 [M + Nal ™.
1, 5-Bis-[ 2-0-(dodecil/ lebradecyl-om-r-glucopyranosid )] ghidarale
(13). Celorless oil (55 mg, 99% yield). HPTLC (Si0,): =
.50 (E1OAc/MeQH, 25:1, vol/vol). [e], +83.9° (¢ 0.5,
MeQH). IR (film) v (cm™1): 8,481.2 (OH), 2.924.1 (CH,),
1,733.8 (CO), 1,084.7 (C-O, ether}. 'H NMR (200.1 M1{z,
methanol-d), & (ppm): 5.00 (d, 2 H, S =37 e H-1, B0,
4.62 (dd. 2 H, [, =9.9 Hz, H-2, H-2"), )88 (dd,2H, /, , =88
Hz, H-%, H-3"), 379 3.69 (m, 6 11, H-1, H-4', H-6a, H-6a, H-
6b, H-6'h), 3.61 {m, 2 II, H-5. H-b"), 3.45 (dL, 4H, j=41Hz,
Jem = 91 Hz, CH,0), 252 (1, 4 H, /= 7.0 Hz, CH,CO0),
2.04-1.96 (m, 6 H, CH,CH,CO0, OH}, 1.62 (s, 4 H, CI1,),
1.34 (bs, 38 H, CH,), 0.94 (1, 6 H, J= 6.6 Hz, CIL,). '*C NMR
(0.1 MHz methanol-d), 8 {(ppm): 8 174.5 (CO0), 97.1 (1,
C-17), 750 (G2, G2, 735 (G-8, C-3%), 72.4 (Ch, G5), 71.8

(G4, C-4), 68.9 (CH,O), 62.5 (C6, C-67), 33.9 (CHL00),
35.0, 30.8, 30.3, 30.4, 27.3, 3.7 7 (CHy), 21.3 { CH,CH,COO),
144 (CH,). HRMS (FAB) m/z caled. (G, H,0,,Na)

815.5183, found 815.5002 [M + Nal|'. HRMS (FAB) m/z
caled. (G Hy (007, Na) 845.5446, found 845.5427 [M - Na]*,
Bis-[2-O-(dodecyl/letradecyl-ce-n-glucopyranosid)] tevephibalate
(14}, Colorless oil (52 myg, 90% yield). HPTLC (510,): Hff
0.43 (EtQAc/MeOH, 25:1, vol/vol). [a], +62.7° (r 2.4,
McOH). IR {film) v (em™): 3,420.9 (OH), 1,717.83 (CO},

max
1,080.7 (C-O, ether), 732.9 (Ph). TH NMR (2001 MHz,
methanol-d), 8 (ppm): 8.19 (s, 4 I, 11), 512 (d, 2 H, ]

8.7 Hz, H-1, H-1), 4.83 (dd, 2 H, /,, = 9.9 H7, H2, H"), 12
(dd, 211, J, = 8.8 Hz, H-8, H3' ), 3.83-3.64 (m, 6 E, H-6a,
H6&'a, Héb, Hé'b, CH, ZCH, O), 3.50-3.36 (m. 6 1, H4, H4',

Hb. H-3', CH,CH,0), 1.53 (m, 4 H, CH,), 1.28 (bs, 38 1,
CH,), 0.90 (¢, 6 11, /= 6.6 Hz, CH,). “C NMR (50.1 MHz,
methanol-d), & (ppm): 166.7 {(COO), 155.4, 130.3 (G, 97.1
(G-, C-17), 781 (-2, G-27), 78,6 (G3, C87), 725 (G5, CG),
71.8 (C-4, C-17), 8.9 (CH,0), 62,5 (C-6, G67), 33.0, 30.7,
30.4,27.2,23.7 (CH,), 14.4 (CH,). LHIRMS (FAB) m/z calcd.
((‘“I-L O,,Naj 849.4976, found 849.4986 [M + Na]*. [IRMS
(FADB) m/z_((ﬂcd {CygHo, O Na) 877.5289, found 877.5250
[M + Na]".

RESULTS AND DISCUSSION

Alkyl o-D-glucopyranosides were easily obtained by a well-es-
tablished procedure: Fischer glycosylation, acetylation, chro-
matographic separation, and deacetylation (14-16). Follow-
ing this protocol, dodecyl/ tetradecyl-o-D-glucopyranoside
(1) was obtained using a commercially available alcohol mix-
tare (G,/ Gy 7:3 rato) as starting material,

The sequence tritylation-benzylation-detritdation (Scheme
1) gave the dodeeyt/tewradecy] 2,3,4-tri-O-benzyl-c-p-glucopy-
ranoside {2). These three steps can be performed without in-
termediate purification; only workup procedures were in-
cluded between cach reaction, and the overall preparation
requires a unique final chromatographic purification.
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1) CyHaqe4CH / PTSA CH 1) TrCl, DMAP, EtzN, DMF OH
D-Glucase 2 (Ac0)20, Pyiidine. H% S 0, 2} BnBr, NaH, DMF BnBCr)10 o)
3) chromatography OHOC,,HZ,,H 3) PyH™Ct, EtOH OB”OCnHan
4) MeONaMeOH
1 n: 12114 2 n12114

SCHEME 1. PTSA, p-talueresulfenic acid; DMAP, 4-dimethylaminopyridine; TrCl, trityl chloride; DMF, dimethyl-

formamide; PyHCIm, pyridinium chloride.

This simple synthetic strategy allowed us to prepare a
dimeric compound reacting 2 with succinyl dichloride and
criethylamine in toluenc {compound 3). Final smooth cat-
alytic hydrogenation lead to 1,4-bis-[6-0(dodecyl/ tetradecyl
o-n-glucopyranosid) ] succinate {4) (Scheme 2).

The product composition was analyzed by mass spectron-
etry. Itis important o point out that the dimer C,,/C,, was
not detecled. The major component of product 3 was, as ex-
pected, the G,/ Ciy dimer (1m/21,336.8 [M + NH4]+), arising
from the major component of the alcohol mixture. The
minor dimer obtained, as shown by MS, was a non-symmetric
molecule, composcd of a C,, monomer connected to a Gy
monomer (m/z 1,364.8 [M + l\'lfll,l]*). After deprotection of
benzyl groups, signals at m/z 8015 (C,/C )y, [M + Nal?) and
820.5 {Cyy/Cyys [M + Na] M were detected on MS spectra of
compound 4. The dimers C,/C,, and C,,/C,, could not be
separated by chromatographic methods, and the mixwre was
analyzed for interfacial properties as a unique sample.

From compound 2, un additienal dimeric compound was
prepared using glutaryl dichloride leading to protected
dimer 5, and the final gemini surfactant 1,5-bis-[6-C-(dode-
cyl/tetradecyl a-D-glucopyranosid) | glutarate (6) {Scheme
2). This compound was prepared Lo study the effect of the
spacer chain length on interfacial properties.

Previous results (22) on gemini surfactants prepared from
butyl o-n-glucopyranoside suggested that a chunge in the po-
sition of linking from 06 to -2 leads to products with im-
proved intertacial propertics.

The same strategy was applied as was previously developed

{14-16) for butyl crp-glucepyranoside to compound L. Thus,
positions 4 and 6 of starting glucoside 1 were protected as the
benzylidene derivative 7, and the 2-hydroxyl was activated
through the stannylidene 8 (Scheme 3).

When compound 8 was reacted in purallel with suceinyl,
glutaryl, and terephthalovl dichlorides, the dimers 9, 10, and
11 were isolated (Scheme 4). After hyvdrogenation 1,4-bis-[2-
(r{dodecyl/tetradecyl o-D-glucopyranosid) ] succinate (12},
1,6-bis-[2-0-{dodecyl/ tetradecyl o-b-glucopyranosid)] ghu-
tarate {13}, and bis-[2-(:(dodecyl/tetradecyl a-D-glucopyra-
nosid)] terephthalate (14), respectively, were obtained. The
rigid aromatic spacer was used anly for the dimer linked
through (-2, because the corresponding 0-6 dimer previ-
ously prepared from butyl-o-i-glucopyranoside was insoluble
in watcr, whereas the isomeric 02 dimer was soluble
{14-16,22).

Dimeric compounds 6, 12, 13, and 14 showed by MS that
they are composed by mixtures ol homodimers (C,/Co)
and heterodimers (C,/C,,}, as observed for compound 4.

This new {amily of sugar-based surfactants was analyzed for
its interfacial properties, as shown in Table 1. Short-chain
dimers obtained from butyl e-D-glucopyranoside as well as
medinm- and longchain dimers obtained trom octyl, dodecyl,
and tetradecyl crb-glucopyranosides are included for compari-
san (22). Properties of the tercphthaloyl derivative 14 could
not be determined because it was waterinsoluble.

Conversely, a synergistic effect was observed (23} when do-
decyl/tetradecyl glucoside (1) was employed as starting ma-
terial in comparison with pure dodecyl glucoside and tetrade-

a 0
' CICO(CH,)COC )K )\
o (EHdn o CHm o
BnC
Bn OBn Et:N, toluene, r. t. RO Q RO Q
OCHanes RO RO
QCHones OCyHans
2 n: 12114
3 n: 1214, m:2, R: Bn
—— 5 n:12M14, m3,R: Bn
H; (4 atm), 10% PdIC
EtOAc-MeOH
4 n: 12114, m:2, R: H
— & n 1214, m:3, R: H
SCHEME 2
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oH
o a PhGH(OCHs), PTSA ph/ﬁso o Bu,SNO Ph/EO )
HO HO X%
OH o
OCobans1 OC:Ha Ser OCHap
Bu Bu
1 n: 12014 T n:12/14 8 n:12M14

SCHEME 3

CICOPGEUCI, X: (CHo)p, (CHa)g,

TR
G

Q

N, A0

8n OCeHanw
Bu

EtyN, toluene, 0°0

~,

8 n 12114

OH

HO
O

HO
HO

o]

AR
CeHy
ﬁﬁr \7/ OCHz0u9

9 n: 12114, X: {CHy)»
10 n: 12114, X: {CHzly
11 n 1214, X: CgHy

H. (4 atm). Pd/C
ACOEt-MeOH-AcH

QR

0

Q
CCrHzm OCrHant
X
o}

12 n: 12114, X: (CHy)»
13 n: 12114, X: (CHo)3
14 02 12A14, X: Gl

SCHEME 4

cvl glicoside derivatives, as shown in Table 1. Synergistic ef-
fects have been previously reported for anionic surfactants in
surface tension reduction, especially when mixed with non-
ionic surfactants (21).

A synergistic effect is displayed when the GCMC in aqueous
mediun of uny mixture of two surfactants is sinaller than that

of cither individual surfactant. It is apparent that synergism
in surface tension reduction effectiveness can occur only
when the attractive interaction between the two surfactants
in the mixed monolayer at the aqueous solution—air interface
is stronger than that in the mixed micelle in the solution
phase. The relation between synergism in the fundamental

TABLE 1

Interfacial Properties of Alkyl Glucoside-based Gemini Surfactants?

Alkyl Spacer CMC Yepe AG® e AG®, .

chain {inkaged) Cempound (i) [ N/m) kJ/mol) (lkJ/mol) PCoo CMC/Cs, HLB
4 Succiryl {O-2) 20 44.4 -25.3 -35.5 29 1.6 16.8
4 Glutaryl {3-2) 3. 517 —24.3 —34.2 24 1.5 16.2
4 Terephtha!, (O-2) 2.7 47.1 —21.4 -33.2 2.2 1.5 15.3
4 Succinyl (O-6) 87 467 -22.2 =347 2.5 2.2 16.8
4 Glutaryl (O-6) 8.6 40.5 -20.7 -32.3 2.3 29 16.2
8 Succinyl (O-6) 1.8 21 -25.7 -35.8 30 1.9 135
12 Succinyl (0-6) 3.4 46.7 -24.0 -34.9 26 1.3 HE)
14 Succinyl (O-6} 2.6 54.4 —24.7 -333 2.5 0.8 0.8
12/14 Suceiny’ (O-6) 4 1.3 41.7 -26.4 ~40.0 3.3 2.5 11.4
12714 Glutaryl {O-8) 6 1.6 Vi ~-25.9 ~38.7 3.3 2.5 104
12/14 Succinyi (O-2} 12 1.8 £55 —25.4 —37.8 29 1.5 1.4
12/14 Glutaryl (O-2) 13 24 425 -24.9 -36.5 29 17 114

FCMC, Critical micelle concentration; Yq, -, surface tension at CMC; AG® ., |

Gibbs energy of micellizetion; AG°_, Gibbs energy of adsorption; pC,p,

-log €, where C,, = corcentration of sirfactant to reduce 20 dym’cm the surface tensicn of the solution; HLE, h\’CTfODhI ic lipophilic balance.
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propertics of mixed meonolayer formation at an interface or
mixed micelle formation in solution and synergism in vari-
ous practical applications of surfactants is still a relatively un-
explored area. Some studies have explored this area, but
much remains to he known (24),

Compound 4 js not exactly a mixture of 1,4-bis-[6-C-{do-
decyl o-b-glucopyranosid) ] succinate and  1,4-bis-[6-C+
(tetradecyl o-D-glucopyranosid) | succinate, but a mixture of
the former and a heterodimer (,712-5; uccinyl—C] 4 MNevertheless,
the supposition of synergistic effect still applies, because com-
pound 4 is in fact composed by two different dimeric com-
pounds.

Compounds 4 and 6 with succinyl and glataryl as spacer,
respectively, und linked through 06 have shown almost the
same CMC value (1.3 mM and 1.6 mM), and these valuces are
7-fold lower than those of compounds prepared from butyl
o-n-glucopyranoside (22) (7.2 and 13.1 mM, respectively; see
Table 1). The change in the linkage position of the carbohy-
drate moiety from (46 to (32 produces a relatively small ef-
fect in the CMC values in contrast with ehe resulis obtained
for the butyl series. In these short-chain dimers, a decrease in

MO values has been observed for the 2-CHinked derivatives
that was cxplained on the basis of a more ordered conforma-
tion (22).

The Gibbs energy of micellization {AGP b and the Gibbs
energy of adsorption (AG? ) were almost identical in hoth
series. Similur behavior was observed in p(,, values and
CMU/ Gy values,

The fact that no significant differences were observed in
the interfacial propertics of €6 and -2 linked dimers sug-
gests that it is not necessary to perform selective protection
of hydroxyl groups of the sugar moiety, and the synthesis can
be simplified.

The highest CMC value was observed for the butyl deviva-
tive and the lowest for the dodecyl /tetradecy] derivative (4,
Table 1). Disappeintingly, the CMC of this compound was
only slightly lower than the CMC of the octyl derivative. Thus,
for long-chain dimers the CMC values obscrved are relatively
high. In monomeric surfactants, the CMC values decrease
continuously with the addition of 4 methylene group to the
alkyl chain, but when the humber of carbon atoms ap-
proaches 16, this effect is no longer observed. For long
chains, there is 4 transition to a coiled state over certain chain
lentgths, as a result of hydrophobic bonding between parts of
the chain 1tsell {self-coiling) (2b). For dimeric surfactants,
the number of carbon atoms at which the colled state is
reached could be lower, because of the presence of two alkyl
chains. An alternative explanation might be the formation ot
submicellar uggregates such as dimaors or teiramers (26,27).

Another possible explanation of the experimental results
may be hased on the modification observed in the interfacial
propertics ol conventional anionic surfactants when the
polar head is moved from the normal position (at the end of
the molecule) to the center {28). The shift of the polar head
from the end w the middle of the surfactant molecule is the
reason for the loss of effcctiveness. Gemini surfactants with

INTERFACIAL PROPERTIES OF SUGAR-BASED SURFACTANTS

long alkyl chains (4, 6, 12, 13, and 14} have their polar heads
relarively close and centered compared with the sugar-based
gemind surfactants with butyl chain as hydrephobic moiety.
These sugar-based dimers can be considered us surfacrants
with 24-26 carbon atoms in their hydrophobic tails and one
big polar head in the middle of the structure, Therefore, the
water network distortion produced by the gemini surfactants
will be a cansequence of the alkyl moieties and will be inde-
pendent of the hydrophilie moieties present in the molecule.
Under the conditions described in this study, the occurrence
of premicellar aggregates and self-coiling is highly probable.
Morcover gemini surfactants with long ulkyl chaing are less
soluble than their butyl counterparts because the great polar
head present in the center of this kind of molecnle produces
a smalier effect on the solubility of the surfactant. In the butyl
series {14-16,22}, the reladive position of the two palar heads
is adequate for a gemini surfactanc. Conversely, for longer
alkyl chains, the two sugar moieties arc too close with the
short spacers used, and the whole molecule can be seen
macroscopically as a monomeric surfactant carrving only one
polar head and two alkyl chains.
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