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Abstract

A simple synthesis of N-[1-(2,3-dioleoyloxy)propyl]-N,N,N-trimethylammonium methyl sulfate (DOTAP) and its
analogs differing in the fatty acids is presented. The synthesis is designed as quasi-one-pot reaction and the
precipitating products are purified by simple recrystallization. © 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

During the last decade, lipofection, the trans-
fection of cells by means of cationic lipids has
become one of the most promising strategies for
safe gene transfer into a variety of cells (Behr,
1994; Cotten and Wagner, 1993). One of the
cationic lipids most frequently used for both stud-
ies on lipofection and applied lipofection is N-[1-
(2,3-dioleoyloxy)propyl]-N,N,N-trimethylammon-
ium methyl sulfate (DOTAP'). Until now, two
strategies for the preparation of DOTAP are de-
scribed using only iodide as counter ion, but not
methyl sulfate (counter ion in the commercially
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available DOTAP) (Leventis and Silvius, 1990;
Bennet et al., 1997). These strategies include at
least two reaction steps, column purifications for
each step and also several extraction steps. Here
we present a simple synthesis of DOTAP and its
analogs (Fig. 1) differing in the fatty acids. The
counter ion of the nicely crystalline products is
methyl sulfate.

2. Material and methods

2.1. N-[1-(2,3-diacyloxy)propyl]-N,N,N-trimethy!-
ammonium methyl sulfate (DAcyITAP) (general
description)

Oleic-, stearic-, palmitic-, myristic-, or lauric
acid (15.8 mmol), was dissolved in 25 ml of THF.
CDI, 2.82 g (17.4 mmol), was added and the
mixture was stirred for 30 min at rt. 3-Dimethyl-
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amino-1,2-propanediol, 750 mg (6.30 mmol) and
n-BuLi (15% in hexane) 200 pl (0.315 mmol) were
added and the reaction was refluxed for two days.
The solvent was removed using a rotatory
evaporator. 100 ml of acetone and dimethyl sul-
fate, 2.0 ml (21.1 mmol) were added and the
solution was stirred for further two days
at 4°C. The precipitated product was isolated by
filtration and recrystallized from acetone. Yield:
30-40%.

All compounds gave satisfactory spectroscopic
and analytical data. Representative data for se-
lected compounds: 'H-NMR-spectra (Bruker
AC250, 250 MHz, CDCI;/CD,OD 3:1/TMS).
DOTAP: ¢ (ppm) =0.89 (t, /= 7.0 Hz, 6H; CH,),
1.23 (m,, 40H; 4-7- und 12-17-CH.), 1.65 (m,, 4H;
3-CH,), 2.02 (m,, 8H; 8 und 11-CH,), 2.36 (m,,
4H; 2-CH,), 3.20 (s, 9H; N*(CH,);), 3.62-3.80
(m, SH; N-CHH, N-CHH, CH;0S), 4.05 (m, 1H;
O-CHH), 4.47 (m,, 1H; O-CHH), 5.34 (m,, 4H, 9
and 10 = CH), 5.60 (m., 1H; CH-O). DMTAP (as
a general example for the very similar IH-NMR-
spectra of the DOTAP-analogs bearing saturated
fatty acid esters): 6 (ppm)=0.88 (t, J=7.0 Hz,
6H; CH,), 1.15-1.35 (m, 40H; 4-13-CH,), 1.57—
1.70 (m, 4H; 3-CH.,), 2.36 (m,, 4H; 2-CH,), 3.20
(s, 9H; N*(CH,);), 3.62-3.83 (m, 5H; N-CHH,
N-CHH, CH;0S), 4.04 (dd, J=5.5 Hz, 1H; O-
CHH), 4.42 (dd, J=5.5 Hz, 1H; O-CHH), 5.60
(m., 1H; CH-O). Maldi ms-spectra (PerSeptive
Biosystems; Voyager DE-RP (20 kV; matrix:
2.5DHB in acetonitrile/water 1:1 (v/v)). DOTAP
(m/z: 662.129 (M™*-CH;0,S); C,3Hg;05NS);
DSTAP (m/z: 665.359 (M *-CH;0,S);
C,;Hs,04NS); DPTAP (m/z: 610.384 (M™-

_ 1.CDI, THF, 30 min OR
fatty acid >
2

CH,0,S); CsH,,04NS); DMTAP (m/z: 553.617
(M*+-CH,0,S); CssH;O4NS); DLTAP (m/z:
498.397 (M*-CH,0,S); C5,H;04NS).

3. Results and discussion

In analogy with the procedures described by
Leventis and Silvius for the synthesis of DOTAP
(Leventis and Silvius, 1990) with iodide as counter
ion and of its ether analog DOTMA (Felgner et
al., 1987), the synthesis is based on the commer-
cially available 3-dimethyl-1,2-propanediol (1). In
contrast to the method published by Leventis,
who acylated 1 using oleic acid chlorides in
pyridine, our reaction sequence applies fatty acid
imidazolides as acylating agents. They are pre-
pared in situ from the respective fatty acids and
N,N’-carbonyldiimidazole (CDI) (Staab and
Mannschreck, 1962). As both the imidazolide for-
mation and the following acylation of 1 (in reflux-
ing THF with a catalytic amount of n-BuLi)
occur without formation of insoluble by-products
like pyridine hydrochlorides, neither extraction
nor filtration is necessary.

The products, the 1,2-diacyl-3-dimethylamino-
propanes (2a—e) need not to be isolated, only the
solvent has to be replaced by acetone. For subse-
quent methylation, dimethyl sulfate is added. Due
to the solvent characteristics of acetone, the
methylated (quaternized) products (3a—e) precipi-
tate and can easily be isolated by filtration (Mass-
ing and Fibl, 1994). This precipitation from
acetone is not possible with iodide as counter ion.
For final purification, one additional crystalliza-

dimethyl sulfate, 3a-e OR CH3;0S03

acetone, 4 °C, 48h @
oH RO\)\/N(CH;;)Z - > RO\/K/N(CH3)3

Ho L _NcHaz (1),

Buli, reflux, 48 h

2a-e

fatty acid (R) name

3a oleic DOTAP
3b stearic DSTAP
3c  palmitic DPTAP
3d myristic DMTAP
3e lauric DLTAP

Fig. 1. Reaction sequence for the preparation of DOTAP and its analogs.
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tion step from acetone is sufficient. The overall
yields range from 30 to 40%, which is only slightly
lower than described for the much more compli-
cated original DOTAP-synthesis (49% for
DOTAP).
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