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Abstract—Series of lipids 1a—d and 2a,b, with carbamate linkages between hydrocarbon chains and ammonium or tertiary amine
head, which were pH sensitive, were synthesized for liposome-mediated gene delivery. The variable length of carbon chains and qua-
ternary ammonium or neutral tertiary amine heads allowed to find the structure—function relationship of how these factors affect

cationic lipids on gene delivery performance.
© 2005 Elsevier Ltd. All rights reserved.

In 1987, Felgner et al. first reported the utilization of
unnatural diether-linked cationic lipid (DOTMA) as a
synthetic carrier to deliver gene into cells.! Since then,
a number of published reports have described strategies
for synthesis of versatile cationic lipids for gene deliv-
ery.? These studies covered diverse kinds of cationic lip-
ids such as glycerol backbone based, cholesterol based,
cationic peptides based, poly(ethylenimine) (PEI) based,
poly(L-lysine) (PLL) based structures.> Cationic lipids,
with prominent non-immunogenic character and low
cellular toxicity in delivering gene, have engendered con-
siderable interest by the gene therapy community.? It is
generally believed that electrostatic interaction brings
cationic lipids and polyanion DNA together to form
DNA-liposome complexes. These complexes, once ex-
posed to cells, are then taken up by the cells and the in-
serted gene expressed. Most of the spacers in the above
mentioned synthesized lipids are ether, ester or amide
bond, which are either too stable to be biodegraded thus
cause cytotoxicity, such as ether linker, or liable to
decompose in the circulation system such as the ester lin-
ker. Contrary to the above strategies, in this communi-
cation we developed six carbamate-linked lipids la-d
and 2a,b having variable length of carbon chains and
quaternary ammonium or neutral tertiary amine heads
in the purpose to take advantage of the pH-sensitivity
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of the carbamate bond. It is familiar for chemists that
compounds comprising carbamate bond is stable in
the neutral circumstance and is liable to acid-catalyzed
hydrolysis. An example of which is that di-rers-butyl
dicarbonate (O(Boc),) is usually used as an excellent
amino-protecting reagent for the formed carbamate
can keep stable in the foregoing reaction and be acid-
hydrolyzed in the acidic condition.> As well known,
the pH value in cell is 1-2 lower than that of the circu-
lation system, and it is expected that these carbamate-
linked lipids can keep stable in the circulation system
while decompose to release DNA after entering in-cell
because of the pH decreasing from ex-cell to in-cell.
Our idea is some what coincident to that of Boomer
et al.’s, where they adopted a vinyl ether bond as linkage
in the lipids.®” In our work, dodecyl and octadecyl of
carbon chain were selected for they represented two
extremities of short and long. Quaternary ammonium
heads containing ethyl or not were used to find if differ-
ent cationic heads influence its binding with DNA phos-
phates. On the other side, iodide ion rather than chloride
ion was adopted here as the counterion to see the gene
delivery properties of this kind of ion though it may
be expected that they will unlikely have significantly dif-
ferent gene delivery properties since the DNA phos-
phates will exchange for these counterions during the
complexation step preceding transfection.

To acquire the above four cationic lipids, two intermedi-
ates 2a and b were synthesized. Then 2 was converted to
1 through quaternization with suitable halogenated
hydrocarbons. As well known cationic lipids can
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combined well with the anionic DNA through electro-
static attraction to form DNA-liposome complex, yet
cationic liposome may also cause cytotoxicity. Here we
take neutral intermediates 2a and b also as a kind of
lipid vector and found they can form liposome through
the Bangham method.!-

Take 2a, for example, a solution of 2a (20 mg) in chlo-
roform (1 ml) was evaporated to dryness under a stream
of nitrogen, and residual solvent was removed under
vacuum overnight. Liposome were prepared by resus-
pending the lipids in deionized water (2 ml) at above
30 °C and sonicating to clarity in a closed vial. The
TEM photography of liposome formed by it was shown
in Figure 1, and the applications of these neutral lipids
as DNA carriers to deliver gene into cells in vitro and
in vivo is now also in progress. It is expected that these
lipids, if feasible, may reduce the cytotoxicity caused by
their cationic counterparts.

The preparation of the initial intermediate 1-dimethyl-
amino-2,3-propanediol 3 was mainly referenced to
Alquist’s route.® To prepare small amount of 3 in
laboratory, we modified the reaction condition to
atmosphere pressure.!? Through distillation under re-
duced pressure, we got sufficient quantity of 1-dimeth-
ylamino-2,3-propanediol for the foregoing steps
(Scheme 1).

Another intermediates alkyl isocyanates were prepared
as follows: a saturated aqueous solution of Na,CO;
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Figure 1. TEM photography of liposome formed by 2a.
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Scheme 1. Reagents and conditions: 1.3 equiv dimethylamine in
aqueous solution, 1.5 equiv sodium hydroxide, 24 h, 33 °C, 60%.
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4

Scheme 2. Reagents and conditions: 5 equiv BTC in CH,Cl, solution,
saturated NaCO; aqueous solution, 2 h, room temperature, 60%.
R = C|,H,s, CisH37. BTC: Bis-(trichloromethyl)-carbonate.

was added into a alkyl amine CH,Cl, solution, after stir-
ring for 5 min, a solution of BTC (1 N) in CH,Cl, was
added and the mixture was stirred vigorously for 2 h.
The organic phase was separated and the aqueous phase
was extracted with CH,Cl,. The combined organic
phases were dried and concentrated to afford the alkyl
isocyanates, which was used for next step without fur-
ther purification (Scheme 2).!!

The neutral lipids 2 were synthesized by reactions of
alkyl isocyanates with 1-dimethylamino-2,3-propanediol
3. Reactions between 3 and the suitable isocyanates were
carried out in toluene solution at 60-70 °C for 4 h, and
Et;N was used as the catalyst (Scheme 3).'>13

Cationic lipids 1 were acquired by quaternization of 2
with halogenated hydrocarbons.! A suitable haloge-
nated hydrocarbon was condensed into a pressure appa-
ratus containing a suitable 2. The sealed vessel was
heated behind a safety shield at 70 °C for 48 h. After

2a R:C12H25
2b R:C18H37

2

Scheme 3. Reagents and conditions: 4 equiv 4, 1 equiv Et3N in toluene solution, 4 h, 60-70 °C, 43%.
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Scheme 4. Reagents and conditions: 60 equiv CH3I or C,H;I, 48 h, 70 °C, 95%.

cooling to 0 °C, the reaction vessel was opened, and the
excess halogenated hydrocarbons was allowed to evapo-
rate and then evaporated under reduced pressure. The
crude residue was recrystallized from acetonitrile to
afford 1 (Scheme 4).'4

In summary, we have described the synthesis of series of
carbamate-linked lipids 1a-d and 2a,b with the struc-
tural feature of having variable length of carbon chains
and quaternary ammonium or neutral tertiary amine
heads as well as iodide ions combined with them. Appli-
cation of these carbamate-linked lipids as DNA carriers
to deliver gene into cells in vitro and in vivo is now in
progress.
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Compound 2a: 'H NMR (400 M, CDCl5) & [5.82, 5.17,
5.07 (OCH, 2xNH)], [4.29 (d, J=11.2, 1H), 4.22 (d,
J=11.2, 1H), OCH,], [3.24, 3.13, 2.94, (2 x NHCH,,
NCH,)], 2.72 (s, 6H, N(CHj3),), 1.48 (m, 4H, 2x
NHCH,CH,), 1.23 (s, 36H, 2 x (CH,)s), 0.86 (t, J =5.6,
6.8, 6H, 2 x CH;); 3C NMR (400 M, CDCl;) 5 155.98
(C=0), 67.22 (OCH), 63.92 (OCH,), 58.03 (NCH,), 44.23
(NHCH,), 41.44 (N(CHs3),), 32.11-17.70 ((CH»),), 14.32
(CHs); MS m/z 542 [M+H]*. Compound 2b:' H NMR
(400 M, CDCls) ¢ [5.10, 4.87 (OCH, 2 x NH)], 3.83 (d,
J=9.6, 2H, OCH,), [3.15, 2.84, 2.76 (2xNHCH,,
NCH,)], 2.45 (s, 6H, N(CH3),), 1.49 (m, 4H, 2 x NHCH,-
CH,), 1.25 (s, 60H, 2 x (CH,);5), 0.86 (t, J = 4.6, 6.4, 6H,
2x CH3); *C NMR (400 M, CDCl;) 6 155.98 (C=0),
70.73 (OCH), 64.86 (OCH,;), 60.74 (NCH,), 45.96
(NHCH,), 41.34 (N(CHs3),), 32.12-22.89 ((CH,);6), 14.33
(CH3); MS m/z 710 [M+H]".

Compound 1a: '"H NMR (400 M, CDCl;) [5.98, 5.47,
5.39 (OCH, 2 x NH)], 4.30-4.17 (OCH,, NCH,), 3.50 (s,
9H, N(CHs)3), 3.15(d, J = 6.8, 4H, 2 x NHCH,), 1.51 (d,
J=6.4, 4H, 2 x NHCH,CH,), 1.26 (s, 36H, 2 x (CH,)o),
0.88 (t, J=6.4, 6.4, 6H, 2x CH;); 3C NMR (400 M,
CDCl;) 6 155.78 (C=0), 66.76 (OCH), [63.27, 61.28
(OCH,, NCH,)], 55.08 (N(CHs);), [41.58, 41.38
(2x NHCH,)], 32.09-22.86 ((CH,);0), 14.30 (CH3); MS
mlz 556 [M—IJ", 127 [I]”. Compound 1b: 'H NMR
(400 M, CDCls) 6 [5.86, 5.48, 5.32 (OCH, 2 x NH)], [4.24,
3.79 (OCH,, NCH,)], 3.46 (s, 9H, N(CHs)3), 3.15 (d,
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J=48, 4H, 2xNHCH,), 151 (d, J=64, 4H,
2x NHCH,CH,), 1.26 (s, 60H, 2x(CH,);s), 0.88 (t,
J=64, 6.8, 6H, 2 x CH;); '3C NMR (400 M, DMSO-d)
5 154.99 (C=0), 68.50 (OCH), [65.84, 61.38 (OCH,,
NCH,)], 53.22 (N(CHjs)3), 40.33 (NHCH,), 31.33-22.14
((CHy)16), 14.00 (CHs); MS miz 724 [M-I]", 127 [I]".
Compound 1c: '"H NMR (400 M, CD;CN) 6 [5.86, 5.63,
5.34 (OCH, 2 x NH)], 4.21-4.06 (OCH,, NCH,), 3.33 (m,
2H, NCH,CHj;), 3.13 (m, 4H, 2NHCH,), 3.00 (s, 6H,
N(CH3),), 1.43-085 (2xNHCH,CH,, 2(CH,)s,
NCH,CHj, hidden behind 2 x (CH,)o, 2 x CH3); MS m/z

570 [M—I]*, 127 [I]". Compound 1d: "H NMR (400 M,
DMSO-dy) 6 [5.23, 5.14, 4.89 (OCH, 2 x NH)], 3.55-3.15
(OCH,, NCH,, NCH,CH3;, one peak hidden behind that
of H,O, 3.37), 3.02 (s, 6H, N(CHz),), 2.76 (m, 4H,
2x NHCH,), 1.38-0.85 (2x NHCH,CH,, 2 X (CH2P15,
NCHch';, hidden behind 2 X(CH2)15, 2 XCH';), ’;C
NMR (400 M, DMSO-dg) o 15497 (C=0), 68.18
(OCH), [63.02, 61.32, 59.75 (OCH,, NCH,, NCH,CH3)],
50.61 (NCH3), 40.33 (NHCH,), 31.33-22.13 ((CH))1¢),
13.99 (CHs3), 7.95 (NCH,CH;); MS m/z 738 [M—I]*, 127
.
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