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Abstract

Gemini surfactants with two methylene spacers from ethylenediamine tetraacetic acid and alkyl
bromides have been synthesized and characterized from spectral data. The results of conductivity
measurement leads to the proposition of micellar aggregates.
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Introduction

The hydrophile-lipophile balance (HLB) is an important characteristic of a molecule to behave as
a surface active agent or surfactant. To illustrate, neither the teramethylammonium bromide nor
the hexadecylammonium bromide behaves as a surfactant while hexadecyltrimethylamonium
bromide behaves as a good surfactant capable of forming all types of aggregates i.e. micelle,
reversed micelle, microemulsions etc. Substitution of one methyl group by another hexadecyl
group increases the hydrophobicity thus perturbing the HLB and similarly, substituting another
alkyl ammonium unit at the nitrogen function increases the hydrophilicity and thus does not
behave as a god surfactant. However if two hexadecyltrimethyl ammonium ions are linked at the
nitrogen centers by a small spacer, the molecule is called a gemini surfactant, the micellar
properties change significantly. The behaviour of gemini surfactants in which two quaternary
ammonium species (Ci2H2sN*(CH3),) are linked at the head group by a hydrocarbon spacer
((CH2)n: n=2,3,4) in agueous medium have been investigated in details™ and the gemini
surfactants are found to show significant changes in the surface activities from those of
corresponding monomeric units.®’” The critical micelle concentration values of these surfactants
have been found to be 100 times less than the monomeric counterparts.® Different aggregated
structures due to gemini surfactants have also been reported.®

Some functionalized gemini surfactants behave as transfection vectors to introduce nucleic
acid into eukaryotic cells.’® Saily et al. have synthesised the cationic gemini surfactant (2S,3R)-
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2,3-dimethoxy-1,4-bis(N-hexadecyl-N,N-dimethylammonium) butane dibromide and have shown
this to be an efficient transfection vehicle.™*

Recently Rist et al*? have synthesised a series of molecules (1) each with two hydrophobic
chains and oxyethylene groups as spacers as well as a part of hydrophilic groups, the other part
being onium ions. However, they have considered these molecules as gemini surfactants. The
hydrophilic group in these molecules may be considered as a single hydrophilic group and thus
these molecules should be brought under double-tailed surfactants, which contain a single
hydrophilic unit and two hydrophobic groups.
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Synthesis of double tailed bisquaternary salts from pyridinium moieties have been reported
by Pernak and Rogoza wherein the hydrophobic tail contains 8-12 methylene groups.*® However
there is no mention on the solution behaviour of these compounds.

In the present work attempts have been made to synthesize some gemini surfactants with
functionalized hydrophilic group and an ethylene hydrophobic spacer. The surfactants have
zwitterionic head groups and carboxylic groups as the hydrophilic unit.

Results and Discussion

Ethylene diamine tetraacetic acid (EDTA) is known to be an efficient metal ion trapper and is
used as an analytical reagent for estimation of various divalent metal ions. The reagent is highly
water-soluble and thus ineffective to be used in nonpolar or lipid systems. The reagent has been
made amphiphilic by attaching hydrophobic units to the molecule. When an equivalent mixture
of disodium salt of ethylene diamine tetraacetic acid (EDTA-Nay) and alkyl bromide refluxed in
acetonitrile in heterogeneous condition a single quaternised salt, NN2N (n stands for the number
of carbon atom of the alkyl chain), 2, is obtained (Scheme-1).

The elemental analyses, IR and NMR spectral characteristics also support the structure of
the compound to be the quaternised product due to a single EDTA-Na, and a single alkyl
bromide. Further quaternization of monoquaternised products with corresponding alkyl bromides
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resulted in formation of diquaternized products, NN2Nn, 3. The diquaternized products were also
obtained by heating EDTA-Na, in excess of alkyl bromide for 80 hours. The diquaternised
products may be structurally considered as gemini surfactants while the monoquaternized
products may behave as normal surfactants. The solubility of these compounds in water
decreases with increasing hydrophobicity. Compounds 8N2N8 and 16N2N16 are found to be
insoluble in water but soluble in chloroform medium.

N/—COOH _—COOH
H,& \—COONa H26N¥c00Na
RBr
HZQN _—COONa HiC —co0
N\—COOH R/NLCOOH

RBr (Excess) %Br

\N + 9)

R = CgH13, CgHj7, C1gH33
3

Scheme 1

The water-soluble compounds (6N2N, 6N2N6, 8N2N and 16N2N) were subjected to
conductivity analyses. The plots of conductivity values at 28 °C versus the concentration of the
compounds are found to be bilinear. At low concentration, the conductivity is low and increases
with increasing concentration of the solute. Beyond a certain concentration, the conductivity
increases sharply. The break in the linearity (Table 1) has been ascribed to the formation of
micelle. The amphiphiles in monomer state behave as zwitterions with charge neutralization.
However, in aggregated form, the amphiphiles produce an induced ionic field in the stern layer
and the aggregates behave as multi-ionic species. Thus with increase in surfactants concentration
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the concentration of the aggregate increases and consequently the conductivity goes on
increasing.

Table 1. Reaction condition and analytical characteristics of synthesized mono and di-
quaternized products

Alkylating agent

Hexyl bromide

Octyl bromide

Hexadecyl bromide

Notation for the ~ 6N2N 6N2N6 8N2N 8N2N8 16N2N 16N2N16
compounds
Quaternization Mono Di Mono Di Mono Di
Chemical formula C16H27 C22H4o C13H31 C26H4808N2 C25H47 C42H30
OgN>Na OgN> OgN2Na OgN>Na OsgN>
Reflux time 96 h 96 h 96 h 96 h 96 h 96 h
Melting point  >280°C  228°C >280°C 219°C 270°C 253°C
Crystallizing Water ~ Water+  Water+ Chloroform + Chloroform Chloroform +
solvent ethanol ethanol  Acetone (1:1 + Acetone  Acetone (1:1
(L:1viv) (L:1viv) vIV) (1:1viv) vIV)
C% Expt. 48.13 57.25 50.46 59.93 57.27 67.88
(Calcd) (48.24)  (57.39) (50.70) (60.47) (57.99) (68.11)
H% Expt. 6.54 8.46 7.15 8.94 8.33 10.49
(Calcd) (6.78) (8.70) (7.28) (9.30) (8.74) (10.81)
N% Expt. 7.01 5.97 6.22 5.32 4.97 3.70
(Calcd) (7.04) (6.09) (6.57) (5.43) (5.20) (3.78)
IR incm™ 3018, 3020, 3025, 3011,2981, 3030, 1695, 2991,2853,
1695, 2976, 1700, 2844, 2456, 1428, 1315, 2803, 2435,
1418, 2842, 1428,1320, 1695, 1432, 970, 865 2361, 1685,
1316, 967, 2460, 969, 870 1322, 950,731 1471,955,719
873 1698,
1430, 940,
736
NMR in & 0.89 (10H) 0.92(18H) 0.83 (6H)
1.11 (4H) 1.13 (4H) 1.26 (52H)
1.53(4H) 1.6 (4H) 1.92(4H)
1.92 (4H) 1.90 (4H) 3.46-3.68 (12H)
3.36-3.48 3.41-3.57 4.44 (4H)
(12H) (12H)
4.12 (4H) 4.20 (4H)
Critical aggregate 2.0 x 5.0 x 3.2 x - 2.6 x10° M -
concentration 10*M  10° M  10° M
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On addition of hexyl group to 6N2N, 6N2N6 is formed and the CMC of the compound is
found to decrease significantly. Similarly 8N2N and 16N2N have low CMC values when
compared to 6N2N. Due to less solubility of 8N2N8 and 16N2N16 in water, conductivity of
these compounds could not be measured. These compounds may be capable of forming reversed
micelles in non-aqueous medium.

Experimental Section

General Procedures. All chemicals and solvents applied were of synthesis quality unless
otherwise stated. The alkyl bromides were from Fluka and the EDTA-Na, was obtained from
Qualigens (India), (97-98% purity). Melting points were obtained by open capillary method and
uncorrected. Conductivites were recorded on a Systronics conductivity meter — MK-306 by using
solution with triple distilled water. IR spectra were obtained with a Perkin Elmer FTIR
spectrometer RX-1100 and NMR spectra were run on a Brucker MSL-90 spectrometer in CDCls.
General Procedure for Monoquaternization of EDTA-Na, with Alkyl Bromides. A mixture
of EDTA-Na; (0.002 M, 0.750 g), alkyl bromide (0.002 M) and acetonitrile (20 ml) was refluxed
in heterogeneous condition for 96 hours in an oil bath. The white solid compounds turned gray. It
was filtered and washed with ether. The compound was crystallized from water or rectified spirit.
General Procedure for Diquaternization of EDTA-Na, with Alkyl Bromides. A mixture of
EDTA-Na, (0.002 M, 0.750 g), alkyl bromide (0.01 M) and acetonitrile (20 ml) was refluxed in
heterogeneous condition for 96 hours in an oil bath. A dark solid was obtained. It was washed
with ether and chilled water for several times till the compound becomes gray. The gray
compound was crystallized from ethanol/water or chloroform/acetone mixture. The reaction
conditions and analytical parameters are given in Table 1.

Acknowledgement

The authors thank University Grants Commission and Department of Science and Technology,
New Delhi for financial assistance through Departmental Research Support and FIST
programme respectively.

References

1. Zana, R.; Benrraou, M.; Rueff, R. Langmuir 1991, 7,1072.

2. Zana, R.; Tamlon, Y. Nature 1993, 362, 228.
3. Tiecke, B. Langmuir 1998, 14, 800; 1999, 15, 391.

ISSN 1424-6376 Page 26 ®ARKAT



General Papers ARKIVOC 2006 (xiv) 22-27

© o Nou

11.

12.
13.

Menger, F. M.; Keiper, J. S.; Azov, A. Langmuir 2000,16, 2062; Masugama, A.; Endo, C.;
Takeda, S.; Nijima, M.; Ono, D.; Takeda, I. Langmuir 2000,16, 368.

Zana, R. In Special Surfactants, Robb, I. D., Ed.; 1997; Ch.4, 1997, p 81.

Rosen, M. J.; Mathias, J. H.; Davenport, L. Langmuir 1999, 15,7340.

Li, F.; Rosen, M. J. J Colloid Interface Sci. 2000, 224, 265.

Oda, K.; Huc, I.; Candau, S. Chem Commun. 1997, 2105.

Candau, S. Langmuir 1999, 15, 2384.

Fielden, M. L.; Perrin, C.; Kremer, A.; Bergsma, M.; Stuart, M. C.; Camilleri, P.; Engberts
J. B. F. N. Eur. J. Biochem. 2001, 268, 1269.

Saily, M. J.; Ryhénen, S. J.; Holopainen, J. M.; Borocci, S.; Mancini, G.; Kinnunen, P. K.
J. Biophys J, 2001, 81, 2135; Ryhénen, S. J.; Séily, M. J.; Paukku, T.; Borocci, S.;
Mancini, G.; Holopainen, J. M.; Kinnunen, P. K. J. Biophysical Journal 2003, 84, 578.

Rist, O.; Rike, A.; Ljones, L.; Carlsen, P. H. J. Molecules 2001, 6, 979.

Pernak, J.; Rogoza, J. Arkivoc 2000, 1, 889.

ISSN 1424-6376 Page 27 ®ARKAT




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


