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A series of novel cationic lipids was designed and synthesized in an effort to understand the
importance of the various structural features with respect to transfection efficiency. Particular
attention has been paid to the hydrophobic domain and the cationic headgroup. An efficient
method of synthesizing asymmetric diether lipids is described, using alkyl chains ranging from
C12 to C18 and the unsaturated oleyl group. The ternary formulations including the diether
lipid 3â-[N-(N′,N′-dimethylaminoethyl)carbamoyl]cholesterol (DC-Chol) and dioleoyl phosphatid-
ylethanolamine (DOPE) were up to 10-fold more efficacious in in vitro assays than the DC-
Chol/DOPE control. The shorter and most asymmetric diether lipids performed the best. The
chemical nature and basicity of the headgroups have been varied by the coupling of the four
naturally occurring amino acids with cationic side chainssarginine, histidine, lysine, and
tryptophan. Transfection efficiency was highest for arginine/lysine derivatives, with binary
formulations containing the amino acid derivative alone and DOPE proving superior.

Introduction

Gene therapy is an umbrella term covering the
methods of introducing foreign genes into recipient cells
for therapeutic gain.1 A transfer vehicle or “vector” is
usually required to increase the uptake of the DNA into
the target cells. Most of the current vectors can be
divided into two groups, viral and nonviral. Both have
their intrinsic advantages and disadvantages. Viral
vectors are particularly efficient since they have evolved
with the express purpose of infecting mammalian cells
with foreign genetic material. However, immunogenic-
ity, recombination to form replication-competent virions,
the potential for insertional mutagenesis, vector inac-
tivation, and constraints on the size of genetic material
that may be carried in the viral capsid have obstructed
the development of these vectors.2

The main drawback to the development of nonviral
vectors has been that they are not as efficient as viruses
and so need to be presented to the target cells in high
concentration.2 There is also a problem with their rapid
removal from circulation by leucocytes and the reticu-
loendothelial system, while a significant proportion of
the nonviral vector dose is deposited in the large
capillary bed of the lungs.3 However, there are less of
the safety and immunogenicity concerns inherent in
viral systems. Also, nonviral vectors, particularly cat-
ionic lipids and polymers, are easier and cheaper to
produce and can be obtained on a much larger scale. A
greater degree of control can be exercised over the
structure of nonviral vectors on a molecular level, and
the products can be highly purified3 without the risk of
toxic contaminants, which are a cause for concern with
viral vectors.

Cationic liposomes are the largest and most exten-
sively studied group of nonviral vectors. They are large,

spherical structures that form spontaneously when their
constituent lipids are exposed to an aqueous environ-
ment. The structure of cationic lipids generally com-
prises a cationic headgroup attached via a linker to a
large hydrophobic domain. The headgroup often consists
of primary, secondary, or tertiary amines, but quater-
nary ammonium salts, guanidino, and imidazole groups
have also been investigated.4-11 The most common
linkers used are ethers and esters, although amides and
carbamates are also employed.11-14 The hydrophobic
domain is generally either a double chain hydrocarbon
or a cholesterol derivative. The double chain hydrocar-
bons are normally 12-18 carbon units in length and
either are completely saturated or contain one double
bond (oleyl group). Cationic lipids are sometimes for-
mulated into liposomes alone, but more often, they are
mixed with a neutral colipid such as dioleoyl phosphatid-
ylethanolamine (DOPE).6,7,11-13,15-19 Even relatively
small structural changes to these domains are known
to affect transfection efficiency, sometimes drasti-
cally.6,7,10-12,15,17-23

In the work reported here, we have examined these
domains and their influence on transfection efficiency
in detail. The hydrophobic domain was considered first.
There are few extensive reports in the literature focus-
ing on the variation of alkyl chain length and still fewer
with asymmetric lipids. Felgner et al. reported the
synthesis and assay results for several series of homolo-
gous lipids.18 These possess symmetric saturated hy-
drophobic moieties that ranged from 14 to 18 carbon
atoms in length as well as the unsaturated oleyl chain.
The order of efficacy was found to be C14 > Coleyl > C16
> C18. Balasubramaniam et al. synthesized a series that
included some asymmetric lipids.21 The in vitro activi-
ties of asymmetric lipids were usually superior to the
best symmetric analogues, with the degree of improve-
ment depending on the cell line. However, the degree
of asymmetry was usually small (e.g., a C12 and a C14).
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The two compounds that were particularly asymmetric
(C8:C18 and C18:C8) performed poorly. The authors
hypothesized that the C8 chain was too short, and the
compounds could not form bilayer structures. Byk et al.
synthesized a series of four lipids with saturated double
alkyl chain lengths of 12, 13, 14, or 18 carbon atoms.23

When assayed in vitro, they reported that a structure
containing two C18 chains produced the most efficient
lipid and that transfection efficiency was reduced with
decreasing chain length. In another in vitro study, the
transfection efficiency of a series of phosphonolipids
with alkyl chains of different length reported by Floch
et al. was found to be C14 > Coleyl > C18 > C16 > C12.24

As much of this evidence is conflicting, we resolved
to investigate further the effect of lipid chain length on
transfection by synthesizing a series of dialkyl lipids
possessing either C12, C14, C16, C18, or Coleyl chains. In
particular, it was considered desirable to develop a
synthetic route that would allow the synthesis of asym-
metric lipids. All possible combinations of chains were
considered, and 15 target compounds of the possible 25
were synthesized. A primary amine was used as the
cationic headgroup, to allow subsequent derivatization
of the lipids. An ether linkage was utilized between the
two domains since it is known to be particularly effective
and stable in physiological conditions.6,7,18,20

The headgroups of the lipids were also studied, with
respect to variations to the chemical nature of this group
and the effect on transfection. A straightforward and
interesting methodology was developed by coupling the
four cationic amino acids (Arg, His, Lys, and Trp) to the
two diether lipids that had performed best in the first
series of lipids. This produced a further 8 compounds
with guanidine, imidazole, primary amine, and indole
headgroups. The lipids were assayed in vitro for their
ability to transfect cells with the lacZ gene.

Chemical Syntheses. Diether Lipids. The diether
lipids were synthesized via the synthetic route displayed
in Figure 1. The chemistry of Carruthers et al. was
slightly modified, such that allyl bromide was reacted
with potassium phthalimide to give N-(2,3-propenyl)-
phthalimide (1), which was then epoxidized to yield
N-(2,3-epoxypropyl)phthalimide (2).25 The first alkyl
chains were introduced following the method reported

by Guivisdalsky and Bittman.26 The phthalimide 2 was
refluxed with the corresponding alcohol of the alkyl
chain in the presence of a catalytic amount of BF3‚Et2O,
yielding the protected monolipids 3-7. The second alkyl
chains were added by first preparing the relevant
triflates (8-12), according to the protocol of Aoki and
Poulter.27 The triflates were then refluxed with pro-
tected monolipids in the presence of the hindered base
proton sponge, as reported by Thomson et al.,28 to afford
the protected dilipids 13-27. The final step of the
synthesis was the removal of the phthalimide protecting
group. This was achieved using the Ing-Manske pro-
cedure,29 whereby the phthalimide is refluxed in the
presence of a large excess of hydrazine, to afford the
free amine lipids 28-42. The final products synthesized
are tabulated in Table 1.

Alternative Head Group Lipids. The lipids that
performed best in transfection assays, lipids 28 (C12/
C12) and 37 (C12/C18), were then selected for coupling to
the cationic amino acids. The amino acids, with an
activated C-terminus and a protected side chain and
N-terminus, were purchased if available or synthesized
and coupled to the amino groups of 28 and 37. The
protecting groups were then removed to yield the amino
acid derivatives. Figure 2 shows this general synthetic
route, with the compounds synthesized tabulated in
Table 2.

An N-hydroxysuccinimide Lys ester with both amines
protected by the tert-butyloxycarbonyl (Boc) group was
commercially available, and this was used to couple
directly to 28 and 37. This afforded the protected Lys
lipids, 43 and 44, and the Boc groups were then removed
with trifluoroacetic acid (TFA). The products are ini-
tially in the form of TFA salts, but the ammonia content

Figure 1. Scheme showing the general synthesis of the diether lipids. In all cases, R/R′ ) either C12, C14, C16, C18, or Coleyl.
Example product shown is 28 (R ) R′ ) C12).

Table 1. Diether Lipids Synthesizeda

R

R′ C12 C14 C16 C18 cis-oleyl

C12 28 37 40
C14 29 31
C16 30 32 35 41
C18 33 36 38
cis-oleyl 34 39 42
a R/R′ are shown in Figure 1.
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of column chromatography conditions drives the equi-
librium to yield the free bases. This yielded the Lys
lipids 45 and 46.

The pentafluorophenyl (PFP) ester of Trp was com-
mercially available, with the amine protected by the
fluorenylmethoxycarbonyl (Fmoc) group. Protection of
the indole side chain is unnecessary since the nucleo-
philicity of the NH group is significantly reduced by
delocalization around the ring system. The activated
ester was coupled to 28 and 37 by refluxing overnight
in THF, to yield 47 and 48. Fmoc removal was then
carried out in a 20% solution of piperidine in dimeth-
ylformamide (DMF) to afford 49 and 50.

A suitable activated histidine ester was not available,
so the PFP ester 51 was prepared from the trityl/Boc-
protected free acid.30 1-[3-(dimethylamino)-propyl]-3-
ethylcarbodiimde hydrochloride (EDC) was used as the
coupling agent since the urea byproduct is soluble in

aqueous media and easily removed in the workup.31

Two-dimensional thin-layer chromatography (TLC)
showed 51 to be unstable, and it was used immediately
to couple to 28 and 37 to yield 52 and 53. Deprotection
of the trityl and Boc groups with TFA afforded 54 and
55. A percentage of triisopropylsilane (TIS) was included
in the cleavage mixture. Highly stabilized cations such
as those generated by the trityl group are not irrevers-
ibly removed from the solution by water or scavengers
such as thiols, whereas trialkylsilanes are more effec-
tive.32 Again, chromatography conditions give the prod-
ucts as the free bases.

A PFP ester of Arg was commercially available,
although the NH2 and side chain were orthogonally
protected by Fmoc and 4-methoxy-2,3,6-trimethylben-
zene-sulfonyl (Mtr) groups, respectively. Coupling of this
compound to 28 and 37 yielded 56 and 57. The Fmoc
groups were removed first with piperidine/DMF to give

Figure 2. Scheme showing the general synthesis of the amino acid derivatives. AA ) amino acid. R ) C12 or C18. R′ ) C12. PG
) protecting group. Note: PG1 is on the amino acid side chain and PG2 on the N-terminus. Further information is displayed in
Table 2.

Table 2. Cationic Amino Acid Derivatives of 28 and 37

substituents

protecting group alkyl chain

compound type compound no. amino acid (AA) PG1 PG2 R R′

protected lipid conjugates 43 Lys Boc Boc C12 C12
44 Lys Boc Boc C18 C12
47 Trp Fmoc C12 C12
48 Trp Fmoc C18 C12
52 His Trt Boc C12 C12
53 His Trt Boc C18 C12
56 Arg Mtr Fmoc C12 C12
57 Arg Mtr Fmoc C18 C12
58 Arg Mtr C12 C12
59 Arg Mtr C18 C12

Lysine derivatives 45 Lys C12 C12
46 Lys C18 C12

Tryptophan derivatives 49 Trp C12 C12
50 Trp C18 C12

Histidine derivatives 54 His C12 C12
55 His C18 C12

Arginine derivatives 60 Arg C12 C12
61 Arg C18 C12

Effect on the Efficiency of Gene Transfer Journal of Medicinal Chemistry, 2002, Vol. 45, No. 1 101



58 and 59 and, subsequently, the Mtr groups with TFA
to give 60 and 61. DC-Chol for use as a positive control
was prepared following the method described by Gao
and Huang.13

In Vitro Transfection Assay Results. All of the
lipids synthesized were assayed in vitro for their ability
to transfect cells with the pEFlacZ plasmid encoding the
â-galactosidase (â-gal) enzyme. The V79 (Chinese ham-
ster lung) cell line was used since it is robust, prolifer-
ates quickly, and is easy to transfect. The best lipids as
determined from V79 assays were also tested in the
HT29 human colon adenocarcinoma cell line. In addition
to our interest in using a human cell line, we also
wanted to assess the potency of the liposomes on a
slower growing cell line, since it is known that trans-
fection of such cells is more challenging. They were
tested against positive control liposomes composed of
DC-Chol and DOPE, since DC-Chol is a commercially
available, well-established lipid that is easy and cheap
to synthesize.13

Diether Lipids in the V79 Cell Line. The 15
diether lipids were each prepared as ternary liposome
formulations with DC-Chol and DOPE at four ratios,
as shown in Table 3. In each formulation, the DOPE
concentration remained constant at 0.8 mM. Each
formulation substituted an increasing amount of the
diether lipid for DC-Chol, although the total cationic
lipid concentration (diether lipid + DC-Chol) again
remained constant at 1.2 mM. The controls are repre-
sented in Figures 3-6 by the points corresponding to 0
on the abscissa. Maximum transfection was shown to
occur somewhere in this 40-70% interval of DC-Chol
substitution (data not shown). The DC-Chol control
formulation was used at a ( ratio of 5:1 when forming
lipoplexes with plasmids and the other formulations at
a ratio of 3:1, since these proved to be optimal (data not
shown). The â-gal activity levels resulting from trans-
fection with these 15 sets of formulations are shown in
Figures 3-5. The experiments were performed four
times, and the standard error of the mean (SEM) for
each point was less than 10% of the mean value.

Alternative Head Group Lipids in the V79 Cell
Line. The amino acid derivatives were assayed in a
fashion similar to the diether lipids. The ratios of
substitution were slightly different, as shown in Table
4.

Compounds 49 and 50 (Trp derivatives) aggregated
when liposome formulation was attempted and so could
not be assayed. Liposome formulations were found to
demonstrate maximum transfection efficiency when
mixed in a ( ratio of 5:1 with the plasmid DNA (data
not shown). The experiment was performed four times,
and resulting â-gal activity is shown in Figure 6. SEM
values were all less than 10% of the value of the mean.

Transfection Assays in the HT29 Cell Line. Of
the four formulations prepared, the first three contained
either DC-Chol, 45, or 60 in a 3:2 molar ratio with
DOPE. The fourth contained a 50:50 mixture of 28 and
DC-Chol as the cationic component, at an equivalent
ratio with DOPE. The HT29 cells were cultured and
transfected in an identical fashion to the V79 cells. The

Figure 3. Graph showing the transfection efficiency of diether lipids at different formulation ratios with DC-Chol. DOPE
concentration was constant for each formulation. For each point, the SEM was <10% of the mean value.

Table 3. Formulation Ratios of Diether Lipids Used in
Transfection Experiments

molar ratio of cationic lipid(s)

liposome formulation DC-Chol diether lipid

control 1 0
1 0.6 0.4
2 0.5 0.5
3 0.4 0.6
4 0.3 0.7

Table 4. Formulation Ratios of Amino Acid Derivatives Used
in Transfection Experiments

molar ratio of cationic lipid(s)

liposome formulation DC-Chol AA derivative

control 1 0
1 0.8 0.2
2 0.6 0.4
3 0.4 0.6
4 0.2 0.8
5 0 1
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four liposome formulations were mixed at different
ratios with pEFlacZ DNA, and â-gal expression was
determined 18 h after transfection. The experiment was
performed three times, and the results are displayed
in Figure 7. SEM values were all less than 10% of the
value of the mean.

It is observed that these three novel formulations are
significantly better than DC-Chol. One notable property
of the formulations is that the optimal DNA mixing ratio
is different from the corresponding experiment when
carried out on the V79 cells, as shown in Table 5.

Cytotoxicity Studies. A representative selection of
formulations was assessed for cytotoxicity. The experi-
ment was performed in quadruplicate, and the IC50
values are displayed in Table 6. Each formulation
contained DOPE in a 2:3 molar ratio with the respective
cationic lipid(s). The results show that the formulations

containing 28, 37, and 38 are significantly less cytotoxic
than the control, while that containing 45 is similarly
cytotoxic and 60 slightly more so.

Discussion

This diether series of lipids focuses on the influence
of the hydrophobic domain, with variation to both the
carbon chain length and the degree of asymmetry. There
are few extensive reports in the literature focusing on
variation of alkyl chain length and still fewer with
asymmetric lipids. Byk et al. synthesized a series of four
lipids with double alkyl chain lengths of 12, 13, 14, and
18 carbon atoms.23 They reported that the lipid with two
C18 chains was the most efficient transfecting agent,
when assayed in vitro on both HeLa and NIH3T3 cell
lines. Balasubramaniam et al. synthesized a series that

Figure 4. Graph showing the transfection efficiency of diether lipids at different formulation ratios with DC-Chol. DOPE
concentration was constant for each formulation. For each point, the SEM was <10% of the mean value.

Figure 5. Graph showing the transfection efficiency of diether lipids at different formulation ratios with DC-Chol. DOPE
concentration was constant for each formulation. For each point, the SEM was <10% of the mean value.
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included some asymmetric lipids.21 The in vitro activi-
ties of asymmetric lipids were usually superior to the
best symmetric analogues, the degree of improvement
depending on the cell line. Other groups have reported
homologous series where the highest in vitro transfec-
tion efficiency was obtained with lipids incorporating
the shorter C14 chain.18,24

The results of the transfection assays indicate that
rather than a formulation containing a single cationic
lipid (either DC-Chol or diether lipid) as the most
efficacious, ternary formulations containing both types
of cationic lipid as well as DOPE are best. These
formulations give transfection up to a 10-fold higher

Figure 6. Graph showing the transfection efficiency of the amino acid derivatives at different formulation ratios with DC-Chol.
DOPE concentration was constant for each formulation. For each point, the SEM was <10% of the mean value.

Figure 7. Graph showing the transfection efficiency of the formulations containing compounds 28, 45, and 60 as compared with
the DC-Chol:DOPE control, at different ( charge ratio (liposome/DNA ratio). For each point, the SEM was <10% of the mean
value.

Table 5. Comparison of ( Charge Ratio Required for
Optimum Transfection for Cell Lines V79 vs HT29

cationic lipid
component

peak ( ratio
in V79 cells

peak ( ratio
in HT29 cells

DC-Chol 5:1 3:1
DC-Chol:33 (1:1) 3:1 5:1
12/12 Lys 5:1 8:1
12/12 Arg 5:1 8:1

Table 6. IC50 Values of Some Representative Lipid
Formulation

cationic lipid component IC50 (µM) ( SEM

DC-Chol (control) 38 ( 10
28 (12/12 diether):DC-Chol (1:1) 75 ( 15
37 (12/18 diether):DC-Chol (1:1) 76 ( 19
38 (18/18 diether):DC-Chol (1:1) 67 ( 14
45 (12/12 Lys) 34 ( 12
60 (12/12 Arg) 20 ( 7
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than the DC-Chol/DOPE control. A possible reason for
this interesting observation is that DC-Chol is based on
cholesterol, a large, rigid tetracyclic molecule. It thus
forms relatively strong intermolecular bonds, due to van
der Waals forces, resulting in low bilayer fluidity.
Research reported by Zabner et al. has demonstrated
that lipoplexes are taken into cells via endocytosis and
become entrapped in an endosome.33 The bilayer of the
lipoplex must break up for fusogenic events with the
endosomal bilayer to take place, subsequently releasing
the DNA into the cytoplasm before it is degraded.
Strong, less fluid lipoplex bilayers may be inhibited from
disintegrating quickly enough when inside the endo-
some, which in turn would result in less plasmid
escaping enzymatic degradation. The diethers 28-42
have a much more flexible structure than DC-Chol, and
including a proportion of them in the formulation would
result in the bilayers also being less rigid. This could
allow them, and thus the lipoplex, to fragment more
easily, resulting in more plasmid escaping. Conversely,
including too much of the flexible diether lipid could
make the bilayer too unstable. This might render it
susceptible to breakdown before it was required to do
so, i.e., before it was inside the endosome. The observa-
tion of an optimal transfection efficiency somewhere
between 100% DC-Chol and 100% diether lipid could,
then, be explained by the required balance between
rigidity and fluidity in the bilayer.

The second observation of note is that the shorter
lipids such as 12/12 (28), 12/14 (29), and 14/14 (31)
perform far better than the longer ones (18/18 (38), 18/
oleyl (39), oleyl/oleyl (39)). Peak transfection levels with
formulations containing the longer lipids represent a 3-
or 4-fold improvement over the DC-Chol, as compared
to up to 10-fold for the shorter lipids. This is in contrast
to the findings of Byk et al.23 Other groups, however,
have found that shorter alkyl chain lengths lead to
better in vitro transfection efficiency and hypothesized
that this was due to the shorter chain facilitating more
efficient intermembrane mixing.18,21 Floch et al. found
that the C14 lipid worked best in a series of symmetric
dialkyl lipids ranging in length from C12 to C18 and
Coleyl.24 Shorter lipids would also be expected to result
in more fluid bilayers, and this may lend further
substance to the hypothesis of the balance between
rigidity and fluidity in the bilayer.

We also observed that the more asymmetric lipids
(e.g., 12/18 (37) and 12/Oleyl (40)) performed relatively
well. Balasubramaniam et al., who included four asym-
metric lipids in their series, reported similar findings
with their lipids.21 They hypothesized that asymmetric
lipids have a more fusogenic character, leading to their
increased transfection efficacy. Another possibility is
that the structure of the more asymmetric lipids allows
a greater overlap of the alkyl chains within the lipid
bilayer. This would give rise to greater van der Waals
forces being created between them, meaning bilayers
containing asymmetric lipids are subtly different in
nature from those containing only symmetric lipids (see
Figure 8). Either way, optimal transfection for 37 and
40 represents a 10- and 7-fold improvement over the
DC-Chol/DOPE control, respectively.

For coupling to the amino acids, two of the most
effective diether lipids were chosensthe short C12/C12

lipid (28) and the particularly asymmetric C12/C18 lipid
(37). This generated eight compounds, although the Trp
derivatives aggregated on formulation and would not
form liposomes. Consequently, they could not be as-
sayed. The transfection efficiencies obtained using these
lipids are displayed in Figure 6. Two trends are ob-
served. The first is that unlike the diethers, none of
these amino acid compounds reach maximum transfec-
tion between 40 and 70% substitution. Instead, they
carry on improving up to 100% substitution. Those
containing 45 and 60 were particularly good and proved
to be as efficient as the better diether lipids at optimal
ratios, exhibiting approximately a 9- or 10-fold improve-
ment over the DC-Chol/DOPE control. The increase
using 54 was not so pronounced but still resulted in a
3-fold improvement over the control. The second obser-
vation is that the three compounds based on the 12/12
diether lipid 28 (compounds 45, 54, and 60) are all more
effective than their 12/18 analogues (compounds 46, 55,
and 61), at all comparative ratios of substitution. It is
of interest that the most effective (45 and 60) of this
series of compounds have headgroups similar in struc-
ture to some of the superior lipids previously re-
ported.6,12 Lipids such as GAP-DLRIE and CTAP have
more flexible, multivalent headgroups with charges
separated by several carbon units. This may be related
to DNA-condensing properties, since spermidine and
spermine (natural DNA-condensing agents) have simi-
lar motifs in their structure.

Transfection results in the HT29 cell line confirmed
the finding in V79 cells, in that the formulations
containing the 12/12 diether, lysine-modified, and argi-
nine-modified C12/12 achieve a maximum transfection
efficiency 5-6-fold higher than the DC-Chol:DOPE
control. The optimal liposome:DNA mixing ratio is
different from the corresponding experiment when
carried out on the V79 cells, demonstrating the need to
carry out optimization experiments on both lipoplex and
lipid formulations when changing cell lines. Another
important observation is the significantly lower level of
transfection in comparison with the V79 experiments,
which can be attributed to the slower growth rate of
HT29 cells.

Conclusions
In summary, two novel homologous series of lipids

have been synthesized. The cationic headgroup and

Figure 8. Schematic diagram showing how symmetric and
asymmetric lipids may align within the bilayer. The structure
of the asymmetric lipids could allow for much more overlap
between molecules on opposite sides of the bilayer (shown by
arrow).
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hydrophobic domain have each been varied, so that the
effect on transfection efficiency could be studied. This
has led to an efficient route for the synthesis of asym-
metric lipids and the production of an extensive range
of candidates as nonviral vectors. The lipids that were
prepared have been extensively tested, and several
formulations have been shown to transfect different cell
lines with up to 10 times the efficacy of the commonly
used DC-Chol/DOPE formulation. The cytotoxicity assay
shows that the IC50 values are at least comparable to
the DC-Chol/DOPE control. The biological activity of the
best diether lipids (28 and 37) and lipids with modified
headgroup (45 and 60) in the optimal formulations
determined in this study will be investigated further.

Experimental Section
Materials and Methods. All starting materials and re-

agents were purchased from Sigma-Aldrich Co. Ltd. unless
otherwise stated. GPR solvents were purchased from BDH,
apart from hexane (high-performance liquid chromatography
grade), which was purchased from Laserchrom. TLC was
carried out on aluminum sheets precoated with Kieselgel 60
F254 (Merck) and developed with either UV light or an
ammonium molybdate dip as appropriate.

All compounds were characterized by 1H NMR, high-
resolution accurate mass spectrometry, and elemental com-
bustion analysis. Where elemental analysis could not confirm
product to an accuracy of within 0.4%, 13C NMR was used to
further substantiate characterization. 1H NMR and 13C NMR
spectra were performed in CDCl3 on a Bruker Avance 250
spectrometer (250 MHz). Melting points were determined on
a Kofler hot-stage (Reichert-Thermovar) and are uncorrected.
Elemental combustion analyses were carried out by C. H. N.
Analysis Ltd., (Leicester, UK). It should be noted that num-
bering on diagrams refers to NMR characterization only.
Accurate mass measurements were performed on a VG instru-
ments ZAB-SE double focusing magnetic sector mass spec-
trometer at a resolution of 10 000.

1. Preparation of N-(2,3-Propenyl)phthalimide (1).
Potassium phthalimide (2.59 g, 15 mmol) was added to a
round-bottomed flask containing anhydrous DMF (100 mL).
After dissolution, the contents were degassed under vacuum.
The solution was then flushed with nitrogen, and allyl bromide
(1.21 g, 0.86 mL, 10 mmol) was added. The reaction was stirred
at 50 °C overnight. The majority of the DMF was then
evaporated in vacuo, and CH2Cl2 (50 mL) was added to the
remaining yellow liquid. The solution was then washed with
water (2 × 50 mL) and brine (50 mL), dried over MgSO4, and
evaporated under reduced pressure. This yielded pale yellow
crystals that were further purified by flash column chroma-
tography (0-50% CH2Cl2-hexane) to give 1 as a white solid
(1.50 g, 80.2%); Rf 0.5 (CH2Cl2); mp 66-67 °C. 1H NMR (δH):
7.88 (dd, 2H, Harom3,6, Jortho ) 5.6 Hz, Jmeta ) 2.9 Hz), 7.74 (dd,
2H, Harom4,5), 5.96-5.85 (m, 1H, NCH2CH), 5.31-5.18 (m, 2H,
CHdCH2), 4.33-4.29 (m, 2H, NCH2). 13C NMR (δC): 167.72
(CONCO), 133.83 (Carom4,5), 131.98 (Carom1,2), 131.44 (CHdCH2),
123.14 (Carom3,6), 117.58 (CHdCH2), 39.89 (NCH2). HRMS: (M
+ H)x calcd for C11H10NO2, 188.0715; found, 188.0712.

2. Preparation of N-(2,3-Epoxypropyl)phthalimide (2).
A solution of 1 (187 mg, 1 mmol) in CH2Cl2 (2 mL) was
prepared under argon. In a separate flask, a solution of
m-chloroperbenzoic acid (57-86%, 602 mg, 2 mmol minimum)
in CH2Cl2 (3 mL) was prepared, also under argon, and then
added to the solution of 1. The solution was stirred for 3 days
and was then evaporated under reduced pressure. The product,
a white solid, was redissolved in THF (10 mL), and a solution
of 4% sodium dithionite (6 mL) was added to reduce excess
peracid to m-chlorobenzoic acid. The solution was stirred for
20 min, and then, EtOAc (50 mL) was added. It was then
washed with water (40 mL), saturated aqueous NaHCO3 (2 ×
40 mL), water again (40 mL), and brine (40 mL) and dried
over MgSO4, and the solvent was evaporated under reduced

pressure. This yielded 2 as a white solid (186 mg, 92%); Rf 0.4
(CH2Cl2); mp 98-100 °C. 1H NMR (δH): 7.85 (dd, 2H, Harom3,6,
Jortho ) 5.6 Hz, Jmeta ) 2.9 Hz), 7.72 (dd, 2H, Harom4,5), 3.86
(ABX, 2H, NCH2(AandB), JAB ) 14.2 Hz, JAX ) 5.1 Hz, JBX ) 5.6
Hz), 3.30-3.20 (m, 1H, NCH2CH), 3.84-2.65 (m, 2H, CH2O).
HRMS: (M + H)x calcd for C11H10NO3, 204.0661; found,
204.0663. Anal. Calcd for C11H9NO3: C, H, N.

3. Preparation of N-(2-Hydroxy-3-lauryloxypropyl)-
phthalimide (3). To a flask under argon containing 2 (20.1
g, 100 mmol) and lauryl alcohol (27.9 g, 150 mmol) was added
CH2Cl2 (50 mL). After complete dissolution, boron trifluoride
diethyl etherate (BF3‚Et2O) (1.42 g, 1.23 mL, 10 mmol) was
added dropwise at room temperature with stirring. Almost
immediately, opalescence was observed and the reaction was
then stirred at 40 °C for 18 h. The mixture was then diluted
with CH2Cl2 to a final volume of 300 mL and washed with
saturated aqueous NaHCO3 (150 mL), water (150 mL), and
brine (150 mL), and the solvent was evaporated under reduced
pressure to give a colorless oil. Flash column chromatography
needed to be carried out twice, once with hexane/EtOAc (1:9)
to remove excess lauryl alcohol and then with CH2Cl2 to
remove unreacted epoxide. This yielded 3 as a white solid
(27.60 g, 72.1%); Rf 0.35 (30% EtOAc-70% hexane); mp 72-
74 °C. 1H NMR (δH): 7.87 (dd, 2H, Harom3,6, Jortho ) 5.4 Hz,
Jmeta ) 3.0 Hz), 7.73 (dd, 2H, Harom4,5), 4.14-3.98 (m, 1H,
CHOH), 3.85 (ABX, 2H, NCH2(AandB), JAB ) 14.0 Hz, JAX ) 7.3
Hz, JBX ) 4.4 Hz), 3.58-3.37 (m, 4H, OCH2), 2.69 (d, 1H, OH,
J ) 6.2 Hz), 1.63-1.45 (m, 4H, OCH2CH2), 1.37-1.17 (m, 18H,
CH2(lauryl)), 0.88 (t, 3H, CH3, J ) 6.6 Hz). HRMS: (M + H)x

calcd for C23H36NO4, 390.2644; found, 390.2620. Anal. Calcd
for C23H35NO4: C, H, N.

4. Preparation of N-(2-Hydroxy-3-myristyloxypropyl)-
phthalimide (4). Compound 4 was prepared analogously to
3 on a 100 mmol scale to give after 2 step chromatography
(hexane/EtOAc (1:9), CH2Cl2) 4 as a white solid (29.05 g,
70.7%); Rf 0.35 (30% EtOAc-70% hexane); mp 78-79 °C. 1H
NMR (δH): 7.87 (dd, 2H, Harom3,6, Jortho ) 5.4 Hz, Jmeta ) 3.0
Hz), 7.73 (dd, 2H, Harom4,5), 4.15-3.98 (m, 1H, CHOH), 3.86
(ABX, 2H, NCH2(AandB), JAB ) 14.0 Hz, JAX ) 7.3 Hz, JBX ) 4.4
Hz), 3.58-3.36 (m, 4H, OCH2), 2.69 (d, 1H, OH, J ) 6.1 Hz),
1.62-1.44 (m, 4H, OCH2CH2), 1.37-1.13 (m, 22H, CH2(myristyl)),
0.88 (t, 3H, CH3, J ) 6.6 Hz). HRMS: (M + H)x calcd for
C25H40NO4, 418.2957; found, 418.2940. Anal. Calcd for C25H39-
NO4: C, H, N.

5. Preparation of N-(2-Hydroxy-3-palmityloxypropyl)-
phthalimide (5). Compound 5 was prepared analogously to
3 on a 50 mmol scale to give on purification the product 5 as
a white solid (16.26 g, 74.1%); Rf 0.35 (30% EtOAc-70%
hexane); mp 87-88 °C. 1H NMR (δH): 7.87 (dd, 2H, Harom3,6,
Jortho ) 5.5 Hz, Jmeta ) 3.0 Hz), 7.73 (dd, 2H, Harom4,5), 4.14-
3.99 (m, 1H, CHOH), 3.85 (ABX, 2H, NCH2(AandB), JAB ) 14.0
Hz, JAX ) 7.3 Hz, JBX ) 4.4 Hz), 3.59-3.39 (m, 4H, OCH2),
2.70 (d, 1H, OH, J ) 6.2 Hz), 1.62-1.45 (m, 4H, OCH2CH2),
1.37-1.12 (m, 26H, CH2(palmityl)), 0.88 (t, 3H, CH3, J ) 6.6 Hz).
HRMS: (M + H)x calcd for C27H44NO4, 446.3270; found,
446.3255. Anal. Calcd for C27H43NO4: C, H, N.

6. Preparation of N-(2-Hydroxy-3-stearyloxypropyl)-
phthalimide (6). Compound 6 was prepared analogously to
3 on a 50 mmol scale to give after chromatography (hexane/
EtOAc (1:9), CH2Cl2, 6 as a white solid (17.59 g, 75.2%); Rf

0.35 (30% EtOAc-70% hexane); mp 88-89 °C. 1H NMR (δH):
7.86 (dd, 2H, Harom3,6, Jortho ) 5.4 Hz, Jmeta ) 3.0 Hz), 7.73 (dd,
2H, Harom4,5), 4.13-3.99 (m, 1H, CHOH), 3.85 (ABX, 2H,
NCH2(AandB), JAB ) 14.1 Hz, JAX ) 7.3 Hz, JBX ) 4.4 Hz), 3.59-
3.40 (m, 4H, OCH2), 2.74 (d, 1H, OH, J ) 6.0 Hz), 1.62-1.46
(m, 4H, OCH2CH2), 1.37-1.16 (m, 30H, CH2(stearyl)), 0.88 (t, 3H,
CH3, J ) 6.5 Hz). HRMS: (M + Na)x calcd for C29H47NO4Na,
496.3403; found, 496.3420. Anal. Calcd for C29H47NO4: C, H,
N.

7. Preparation of N-(2-Hydroxy-3-oleyloxypropyl)-
phthalimide (7). Compound 7 was prepared analogously to
3 on a 100 mmol scale. Following purification by chromatog-
raphy (hexane/EtOAc (1:9), the compound 7 was yielded as a
colorless low melting point solid (31.20 g, 67%); Rf 0.35 (30%
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EtOAc-70% hexane); mp ∼25 °C. 1H NMR (δH): 7.83 (dd, 2H,
Harom3,6, Jortho ) 5.6 Hz, Jmeta ) 3.1 Hz), 7.73 (dd, 2H, Harom4,5),
5.41-5.24 (m, 2H, CHdCH), 4.13-3.98 (m, 1H, CHOH), 3.82
(ABX, 2H, NCH2(AandB), JAB ) 14.0 Hz, JAX ) 7.3 Hz, JBX ) 4.5
Hz), 3.55-3.35 (m, 4H, OCH2), 2.89 (d, 1H, OH, J ) 6.0 Hz),
2.07-1.91 (m, 4H, CH2CHdCHCH2), 1.60-1.45 (m, 2H,
OCH2CH2), 1.41-1.18 (m, 30H, CH2(oleyl)), 0.86 (t, 3H, CH3, J
) 6.5 Hz). HRMS: (M + H)x calcd for C29H45NO4, 472.3427;
found, 472.3400. Anal. Calcd for C29H47NO4: C, H, N.

8. Preparation of Lauryl Triflate (8). To an ice-cooled
flask containing dried, distilled CH2Cl2 (100 mL) under argon
was added trifluoromethanesulfonic anhydride (18.33 g, 10.94
mL, 65 mmol), followed by anhydrous pyridine (5.14 g, 5.26
mL, 65 mmol). Fuming was observed, and a white precipitate
formed. The cooling bath was removed, and a solution of lauryl
alcohol (9.32 g, 50 mmol) in distilled CH2Cl2 (40 mL) was added
dropwise over a period of 10 min with stirring. The solution
was stirred for 2 h at room temperature, and then water (20
mL) was added to quench the reaction. CH2Cl2 (200 mL) was
added, and the solution was washed twice with water (2 ×
100 mL). The aqueous layers were backwashed with CH2Cl2

(20 mL), and the organic layers were combined, washed with
brine (100 mL), dried over MgSO4, and evaporated under
reduced pressure to yield a pale brown oil. The oil was
dissolved in hexane (20 mL) and loaded onto a 1 in. bed of
silica. The product was eluted with hexane and diethyl ether,
taking care not to coelute the more polar, colored byproducts.
The hexane was removed under reduced pressure to yield 8
as a colorless oil (15.26 g, 96.0%); Rf 0.7 (hexane/ether 1:1).
1H NMR (δH): 4.56 (t, 2H, OCH2, J ) 6.5 Hz), 1.91-1.79 (m,
2H, OCH2CH2), 1.53-1.20 (m, 18H, CH2(lauryl)), 0.91 (t, 3H, CH3,
J ) 6.6 Hz). Instability of the product prevented further
characterization.

9. Preparation of Myristyl Triflate (9). This was pre-
pared analogously to 8 on a 50 mmol scale. Compound 9 was
yielded as a colorless oil (15.53 g, 90%); Rf 0.7 (hexane/ether
1:1). 1H NMR (δH): 4.54 (t, 2H, OCH2, J ) 6.5 Hz), 1.89-1.77
(m, 2H, OCH2CH2), 1.50-1.20 (m, 22H, CH2(myristyl)), 0.89 (t,
3H, CH3, J ) 6.5 Hz).

10. Preparation of Palmityl Triflate (10). This was
prepared analogously to 8 on a 75 mmol scale. Compound 10
was yielded as a white, waxy solid (20.95 g, 81.4%); Rf 0.7
(hexane/ether 1:1). 1H NMR (δH): 4.55 (t, 2H, OCH2, J ) 6.5
Hz), 1.90-1.69 (m, 2H, OCH2CH2), 1.54-1.12 (m, 26H,
CH2(palmityl)), 0.89 (t, 3H, CH3, J ) 6.5 Hz).

11. Preparation of Stearyl Triflate (11). This was
prepared in an almost identical way to 13 on a 100 mmol scale.
Because stearyl alcohol is particularly unreactive, slightly
larger equivalents of trifluoromethanesulfonic anhydride and
pyridine were used (125 mmol). Also, because of its lower
solubility, the stearyl alcohol was added in solid form under
an argon blanket. Compound 11 was yielded as a waxy, white
solid (29.45 g, 73.6%); Rf 0.7 (hexane/ether 1:1). 1H NMR (δH):
4.55 (t, 2H, OCH2, J ) 6.5 Hz), 1.91-1.68 (m, 2H, H2), 1.5-
1.1 (m, 30H, CH2(stearyl)), 0.87 (t, 3H, CH3, J ) 6.5 Hz).

12. Preparation of Oleyl Triflate (12). Compound 12 was
prepared analogously to 8 on a 77 mmol scale. Oleyl alcohol
was first distilled under vacuum (bp 182-184 °C/1.5 mm).
Compound 12 was yielded as a colorless liquid (22.20 g, 72.1%);
Rf 0.7 (hexane/ether 1:1). 1H NMR (δH): 5.42-5.33 (m, 2H,
CHdCH), 4.54 (t, 2H, OCH2, J ) 6.5 Hz), 2.13-1.93 (m, 4H,
CH2CHdCHCH2), 1.90-1.69 (m, 2H, OCH2CH2), 1.54-1.12
(m, 26H, CH2(oleyl)), 0.89 (t, 3H, CH3, J ) 6.5 Hz).

13. Preparation of N-(2,3-Dilauryloxypropyl)phthal-
imide (13). To a mixture of 3 (3.40 g, 8.7 mmol), 8 (5.00 g,
15.7 mmol) and 1,8-bis(dimethylamino)naphthalene (proton
sponge -3.36 g, 15.7 mmol) under argon was added anhydrous
distilled CH2Cl2 (30 mL). The yellow solution was refluxed
under argon for 78 h. TLC (50% ether, 50% hexane) suggested
that some starting materials were still present, but no further
reaction was taking place. During this time, the reaction had
turned dark orange/brown, and a precipitate had formed. CH2-
Cl2 was then removed under reduced pressure to give a dark
orange oil, and hexane was added (100 mL). The mixture was

sonicated to ensure dissolution of product and filtered through
a 1 in. bed of Celite 521, and the filtrate was evaporated under
reduced pressure to yield an orange oil. Flash column chro-
matography (1-5% ether/hexane) gave 13 as a colorless solid
(3.79 g, 77.9%); Rf 0.5 (hexane/ether 1:1); mp 38-39 °C. 1H
NMR (δH): 7.84 (dd, 2H, Harom3,6, Jortho ) 5.5 Hz, Jmeta ) 3.3
Hz), 7.70 (dd, 2H, Harom4,5), 3.90-3.70 (m, 3H, NCH2CH), 3.65-
3.30 (m, 6H, OCH2), 1.60-1.36 (m, 4H, OCH2CH2), 1.35-1.05
(m, 36H, CH2(lauryl)), 0.89 (t, 6H, CH3, J ) 6.3 Hz). HRMS: (M
+ H)x calcd for C35H60NO4, 558.4522; found, 558.4541. Anal.
Calcd for C35H59NO4: C, H, N.

14. Preparation of N-(2-Myristyloxy-3-lauryloxyprop-
yl)phthalimide (14). Compound 14 was prepared analogously
to 13 on a 5 mmol scale to give after chromatography (1-5%
ether/hexane) 14 as colorless solid (2.10 g, 71.7%); Rf (hexane/
ether 1:1); mp 39-40 °C. 1H NMR (δH): 7.85 (dd, 2H, Harom3,6,
Jortho ) 5.4 Hz, Jmeta ) 3.1 Hz), 7.73 (dd, 2H, Harom4,5), 3.90-
3.70 (m, 3H, NCH2CH), 3.65-3.35 (m, 6H, OCH2), 1.55-1.36
(m, 4H, OCH2CH2), 1.35-1.10 (m, 40H, CH2(lauryl/myristyl)), 0.89
(t, 6H, CH3, J ) 6.2 Hz). HRMS: (M + H)x calcd for C37H64-
NO4, 586.4835; found, 586.4811. Anal. Calcd for C37H63NO4:
C, H, N.

15. Preparation of N-(2-Palmityloxy-3-lauryloxyprop-
yl)phthalimide (15). Compound 15 was prepared analogously
to 13 on a 6 mmol scale to give after chromatography (1-5%
ether/hexane) 15 as a colorless solid (2.65 g, 72.0%); Rf 0.5
(hexane/ether 1:1); mp 46-47 °C. 1H NMR (δH): 7.86 (dd, 2H,
Harom3,6, Jortho ) 5.5 Hz, Jmeta ) 3.2 Hz), 7.73 (dd, 2H, Harom4,5),
3.93-3.73 (m, 3H, NCH2CH), 3.67-3.35 (m, 6H, OCH2), 1.60-
1.37 (m, 4H, OCH2CH2), 1.36-1.10 (m, 44H, CH2(lauryl/palmityl)),
0.89 (t, 6H, CH3, J ) 6.5 Hz). HRMS: (M + H)x calcd for
C39H68NO4, 614.5148; found, 614.5192. Anal. Calcd for C39H67-
NO4: C, H, N.

16. Preparation of N-(2,3-Dimyristyloxypropyl)phthal-
imide (16). Compound 16 was prepared analogously to 13 on
a 21 mmol scale to give after chromatography (1-5% ether/
hexane), 16 as a colorless solid (9.87 g, 76.6%); Rf 0.5 (hexane/
ether 1:1); mp 47-48 °C. 1H NMR (δH): 7.85 (dd, 2H, Harom3,6,
Jortho ) 5.5 Hz, Jmeta ) 3.3 Hz), 7.73 (dd, 2H, Harom4,5), 3.95-
3.65 (m, 3H, NCH2CH), 3.65-3.35 (m, 6H, OCH2), 1.60-1.37
(m, 4H OCH2CH2), 1.36-1.05 (m, 44H, CH2(myristyl)), 0.88 (t,
6H, CH3, J ) 6.5 Hz). HRMS: (M + H)x calcd for C39H68NO4,
614.5148; found, 614.5136. Anal. Calcd for C39H67NO4: C, H,
N.

17. Preparation of N-(2-Palmityloxy-3-myristyloxyprop-
yl)phthalimide (17). Compound 17 was prepared analogously
to 13 on a 6 mmol scale to give after chromatography (1-5%
ether/hexane) 17 as a colorless solid (2.97 g, 77.2%); Rf 0.5
(hexane/ether 1:1); mp 50 °C. 1H NMR (δH): 7.85 (dd, 2H,
Harom3,6, Jortho ) 5.6 Hz, Jmeta ) 3.1 Hz), 7.71 (dd, 2H, Harom4,5),
3.95-3.65 (m, 3H, NCH2CH), 3.65-3.35 (m, 6H, OCH2), 1.60-
1.37 (m, 4H, OCH2CH2), 1.36-1.05 (m, 48H, CH2(myristyl/palmityl)),
0.88 (t, 6H, CH3, J ) 6.5 Hz). HRMS: (M + H)x calcd for
C41H72NO4, 642.5461; found, 642.5434. Anal. Calcd for C41H71-
NO4: C, H, N.

18. Preparation of N-(2-Stearyloxy-3-myristyloxyprop-
yl)phthalimide (18). Compound 18 was prepared analogously
to 13 on a 4 mmol scale to give after chromatography (1-5%
ether/hexane) 18 as a colorless solid (1.80 g, 67.0%); Rf 0.5
(hexane/ether 1:1); mp 54-55 °C. 1H NMR (δH): 7.85 (dd, 2H,
Harom3,6, Jortho ) 5.6 Hz, Jmeta ) 3.1 Hz), 7.71 (dd, 2H, Harom4,5),
3.95-3.70 (m, 3H, NCH2CH), 3.70-3.35 (m, 6H, OCH2), 1.60-
1.36 (m, 4H, OCH2CH2), 1.35-1.08 (m, 52H, CH2(myristyl/stearyl)),
0.88 (t, 6H, CH3, J ) 6.6 Hz). HRMS: (M + H)x calcd for
C43H76NO4, 670.5774; found, 670.5787. Anal. Calcd for C43H75-
NO4: C, H, N.

19. Preparation of N-(2-Oleyloxy-3-myristyloxyprop-
yl)phthalimide (19). Compound 19 was prepared analogously
to 13 on a 4 mmol scale to give after chromatography (1-5%
ether/hexane) 19 as a colorless waxy solid (2.40 g, 64.8%); Rf

0.5 (hexane/ether 1:1); mp 34-36 °C. 1H NMR (δH): 7.86 (dd,
2H, Harom3,6, Jortho ) 5.4 Hz, Jmeta ) 3.0 Hz), 7.72 (dd, 2H,
Harom4,5), 5.43-5.25 (m, 2H, CHdCH), 3.90-3.70 (m, 3H,
NCH2CH), 3.70-3.35 (m, 6H, OCH2), 2.10-1.90 (m, 4H, CH2-
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CHdCHCH2), 1.60-1.41 (m, 4H, OCH2CH2), 1.40-1.12 (m,
44H, CH2(myristyl/oleyl)), 0.88 (t, 6H, CH3, J ) 6.6 Hz). HRMS:
(M + H)x calcd for C43H74NO4, 668.5618; found, 668.5592. Anal.
Calcd for C43H73NO4: C, H, N.

20. Preparation of N-(2,3-Dipalmityloxypropyl)phthal-
imide (20). Compound 20 was prepared analogously to 13 on
a 5 mmol scale to give after chromatography (1-5% ether/
hexane) 20 as a colorless solid (2.63 g, 78.6%); Rf 0.5 (hexane/
ether 1:1), ether 50%; mp 61 °C. 1H NMR (δH): 7.86 (dd, 2H,
Harom3,6, Jortho ) 5.6 Hz, Jmeta ) 3.1 Hz), 7.71 (dd, 2H, Harom4,5),
3.95-3.73 (m, 3H, NCH2CH), 3.66-3.38 (m, 6H, OCH2), 1.60-
1.40 (m, 4H, OCH2CH2), 1.38-1.10 (m, 52H, CH2(palmityl)), 0.88
(t, 6H, CH3, J ) 6.6 Hz). HRMS: (M + H)x calcd for C43H76-
NO4, 670.5774; found, 670.5787. Anal. Calcd for C43H75NO4:
C, H, N.

21. Preparation of N-(2-Stearyloxy-3-palmityloxy-
propyl)phthalimide (21). Compound 21 was prepared analo-
gously to 13 on a 4 mmol scale to give after chromatography
(1-5% ether/hexane) 21 as a colorless solid (1.77 g, 63.4%); Rf

0.5 (hexane/ether 1:1); mp 62 °C. 1H NMR (δH): 7.86 (dd, 2H,
Harom3,6, Jortho ) 5.6 Hz, Jmeta ) 3.1 Hz), 7.71 (dd, 2H, Harom4,5),
3.95-3.73 (m, 3H, NCH2CH), 3.65-3.38 (m, 6H, OCH2), 1.60-
1.39 (m, 4H, OCH2CH2), 1.38-1.10 (m, 56H, CH2(palmityl/stearyl)),
0.89 (t, 6H, CH3, J ) 6.5 Hz). HRMS: (M + H)x calcd for
C45H80NO4, 698.6087; found, 698.6113. Anal. Calcd for C45H79-
NO4: C, H, N.

22. Preparation of N-(2-Lauryloxy-3-stearyloxyprop-
yl)phthalimide (22). Compound 22 was prepared analogously
to 13 on a 8.7 mmol scale to give after chromatography (1-
5% ether/hexane) 22 as a colorless solid (3.87 g, 79.8%); Rf 0.5
(hexane/ether 1:1); mp 51-53 °C. 1H NMR (δH): 7.86 (dd, 2H,
Harom3,6, Jortho ) 5.5 Hz, Jmeta ) 3.0 Hz), 7.71 (dd, 2H, Harom4,5),
3.94-3.72 (m, 3H, NCH2CH), 3.66-3.36 (m, 6H, OCH2), 1.57-
1.37 (m, 4H, OCH2CH2), 1.35-1.10 (m, 48H, CH2(stearyl/lauryl)),
0.89 (t, 6H, CH3, J ) 6.5 Hz). HRMS: (M + H)x calcd for
C41H72NO4, 642.5461; found, 642.5434. Anal. Calcd for C41H71-
NO4: C, H, N.

23. Preparation of N-(2,3-Distearyloxypropyl)phthal-
imide (23). Compound 23 was prepared analogously to 13 on
a 4 mmol scale to give after chromatography (1-5% ether/
hexane) 23 as a colorless solid (2.29 g, 789.8%); Rf 0.5 (hexane/
ether 1:1); mp 68 °C. 1H NMR (δH): 7.86 (dd, 2H, Harom3,6, Jortho

) 5.3 Hz, Jmeta ) 3.1 Hz), 7.71 (dd, 2H, Harom4,5), 3.94-3.70
(m, 3H, NCH2CH), 3.67-3.35 (m, 6H, OCH2), 1.57-1.37 (m,
4H, OCH2CH2), 1.36-1.10 (m, 60H, CH2(stearyl)), 0.83 (t, 6H,
CH3, J ) 6.5 Hz). HRMS: (M + H)x calcd for C47H84NO4,
726.6400; found, 726.6383. Anal. Calcd for C47H83NO4: C, H,
N.

24. Preparation of N-(2-Oleyloxy-3-stearyloxypropyl)-
phthalimide (24). Compound 24 was prepared analogously
to 13 on a 3 mmol scale to give after chromatography (1-5%
ether/hexane) 24 as a colorless waxy solid (1.47 g, 68.9%); Rf

0.5 (hexane/ether 1:1); mp 39-40 °C. 1H NMR (δH): 7.86 (dd,
2H, Harom3,6, Jortho ) 5.4 Hz, Jmeta ) 3.2 Hz), 7.72 (dd, 2H,
Harom4,5), 5.46-5.26 (m, 2H, CHdCH), 3.93-3.68 (m, 3H,
NCH2CH), 3.66-3.33 (m, 6H, OCH2), 2.10-1.85 (m, 4H, CH2-
CHdCHCH2), 1.57-1.38 (m, 4H, OCH2CH2), 1.38-1.05 (m,
52H, CH2(stearyl/oleyl)), 0.88 (t, 6H, CH3, J ) 6.5 Hz). HRMS: (M
+ H)x calcd for C47H82NO4, 724.6244; found, 724.6270. Anal.
Calcd for C45H77NO4: C, H, N.

25. Preparation of N-(2-Lauryloxy-3-oleyloxypropyl)-
phthalimide (25). Compound 25 was prepared analogously
to 13 on an 8.7 mmol scale to give after chromatography (1-
5% ether/hexane) 25 as a colorless oil (4.25 g, 76.2%); Rf 0.5
(hexane/ether 1:1). 1H NMR (δH): 7.86 (dd, 2H, Harom3,6, Jortho

) 5.6 Hz, Jmeta ) 3.1 Hz), 7.71 (dd, 2H, Harom4,5), 5.43.5.25 (m,
2H, CHdCH), 3.95-3.66 (m, 3H, NCH2CH), 3.66-3.33 (m, 6H,
OCH2), 2.10-1.85 (m, 4H, CH2CHdCHCH2), 1.60-1.38 (m,
4H, OCH2CH2), 1.38-1.00 (m, 40H, CH2(oleyl/lauryl)), 0.88 (t, 6H,
CH3, J ) 6.1 Hz). HRMS: (M + H)x calcd for C41H70NO4,
640.5305; found, 640.5320. Anal. Calcd for C41H69NO4: C, H,
N.

26. Preparation of N-(2-Oleyloxy-3-palmityloxyprop-
yl)phthalimide (26). Compound 26 was prepared analogously

to 13 on a 5 mmol scale to give after chromatography (1-5%
ether/hexane) 26 as a colorless waxy solid (2.44 g, 70.1%); Rf

0.5 (hexane/ether 1:1); mp 37-40 °C. 1H NMR (δH): 7.86 (dd,
2H, Harom3,6, Jortho ) 5.4 Hz, Jmeta ) 3.1 Hz), 7.72 (dd, 2H,
Harom4,5), 5.43-5.27 (m, 2H, CHdCH), 3.95-3.70 (m, 3H,
NCH2CH), 3.68-3.35 (m, 6H, OCH2), 2.10-1.85 (m, 4H, CH2-
CHdCHCH2), 1.56-1.39 (m, 4H, OCH2CH2), 1.39-1.07 (m,
48H, CH2(palmityl/oleyl)), 0.88 (t, 6H, CH3, J ) 6.5 Hz). HRMS:
(M + H)x calcd for C45H78NO4, 696.5931; found, 696.5890. Anal.
Calcd for C45H77NO4: C, H, N.

27. Preparation of N-(2,3-Dioleyloxypropyl)phthal-
imide (27). Compound 27 was prepared analogously to 13 on
an 10 mmol scale to give after chromatography (1-5% ether/
hexane) 27 as a colorless oil (5.95 g, 82.5%); Rf 0.5 (hexane/
ether 1:1). 1H NMR (δH): 7.82 (dd, 2H, Harom3,6, Jortho ) 5.5
Hz, Jmeta ) 3.0 Hz), 7.68 (dd, 2H, Harom4,5), 5.39.5.22 (m, 4H,
CHdCH), 3.91-3.65 (m, 3H, NCH2CH), 3.65-3.31 (m, 6H,
OCH2), 2.09-1.86 (m, 8H, CH2CHdCHCH2), 1.55-1.36 (m,
4H, OCH2CH2), 1.36-1.03 (m, 44H, CH2(oleyl)), 0.85 (t, 6H, CH3,
J ) 6.6 Hz). HRMS: (M + H)x calcd for C47H80NO4, 722.6087;
found, 722.6102. Anal. Calcd for C47H79NO4: C, H, N.

28. Preparation of 2,3-Dilauryloxypropylamine (28).
To a stirred, warmed (∼40 °C) solution of 13 (4.0 g, 7.17 mmol)
in ethanol (75 mL) was added hydrazine monohydrate (8.97
g, 8.70 mL, 179 mmol,). The solution was refluxed for 18 h,
during which time a colorless precipitate developed. The
suspension was filtered, and the filtrate evaporated under
reduced pressure. This gave a yellow oil, which was purified
by flash column chromatography (0.5-5% MeOH/CH2Cl2) to
give 28 as a colorless oil (2.73 g, 89.0%); Rf 0.3 (10% MeOH,
90% CH2Cl2). 1H NMR (δH): 3.65-3.58 (m, 1H, NCH2CH),
3.55-3.35 (m, 6H, OCH2), 2.89 (ABX, 2H, NCH2(AandB), JAB )
13.3 Hz, JAX ) 3.5 Hz, JBX ) 6.4 Hz), 1.85-1.72 (m, 2H, NH2),
1.72-1.55 (m, 4H, OCH2CH2), 1.55-1.20 (m, 36H, CH2(lauryl)),
0.90 (t, 6H, CH3, J ) 6.5 Hz). 13C NMR (δC): 80.20 (NCH2CH),
72.07 (CHCH2O), 71.61 (CHCH2OCH2), 70.73 (CHOCH2), 43.90
(NCH2), 32.30 (CH2CH2CH3), 30.56-29.72 (CH2(lauryl)), 26.54
(OCH2CH2CH2), 23.05 (CH2CH3), 14.46 (CH3). HRMS: (M +
H)x calcd for C27H58NO2, 428.4485; found, 428.4468.

29. Preparation of 2-Myristyloxy-3-lauryloxyprop-
ylamine (29). Compound 29 was prepared analogously to 28
on a 3.2 mmol scale to give after chromatography (0.5-5%
MeOH/CH2Cl2) 29 as a pale yellow oil (1.19 g, 82.6%); Rf 0.3
(10% MeOH, 90% CH2Cl2). 1H NMR (δH): 3.70-3.55 (m, 1H,
NCH2CH), 3.55-3.30 (m, 6H, OCH2), 2.80 (ABX, 2H,
NCH2(AandB), JAB ) 13.2 Hz, JAX ) 3.6 Hz, JBX ) 6.4 Hz), 1.65-
1.45 (m, 6H, OCH2CH2, NH2), 1.45-1.15 (m, 40H,
CH2(lauryl/myristyl)), 0.88 (t, 6H, CH3, J ) 6.6 Hz). 13C NMR (δC):
80.15 (NCH2CH), 72.10 (CHCH2O), 71.61 (CHCH2OCH2), 70.76
(CHOCH2), 43.88 (NCH2), 32.31 (CH2CH2CH3), 30.57-29.75
(CH2(lauryl/myristyl)), 26.55 (OCH2CH2CH2), 23.07 (CH2CH3), 14.48
(CH3). HRMS: (M + H)x calcd for C29H62NO2, 456.4781; found,
456.4766.

30. Preparation of 2-Palmityloxy-3-lauryloxyprop-
ylamine (30). Compound 30 was prepared analogously to 28
on a 3.2 mmol scale to give after chromatography (0.5-5%
MeOH/CH2Cl2) 30 as a pale yellow oil/wax (1.30 g, 84.1%); Rf

0.3 (10% MeOH, 90% CH2Cl2). 1H NMR (δH): 3.67-3.55 (m,
1H, NCH2CH), 3.55-3.30 (m, 6H, OCH2), 2.79 (ABX, 2H,
NCH2(AandB), JAB ) 13.3 Hz, JAX ) 3.6 Hz, JBX ) 6.3 Hz), 1.65-
1.47 (m, 4H, OCH2CH2), 1.47-1.38 (m, 2H, NH2), 1.38-1.15
(m, 44H, CH2(lauryl/palmityl)), 0.88 (t, 6H, CH3, J ) 6.5 Hz). 13C
NMR (δC): 80.05 (NCH2CH), 72.10 (CHCH2O), 71.62 (CHCH2-
OCH2), 70.75 (CHOCH2), 43.83 (NCH2), 32.31 (CH2CH2CH3),
30.57-29.75 (CH2(lauryl/palmityl)), 26.55 (OCH2CH2CH2), 23.07
(CH2CH3), 14.46 (CH3). HRMS: (M + H)x calcd for C31H66NO2,
484.5085; found, 484.5094.

31. Preparation of 2,3-Dimyristyloxypropylamine (31).
Compound 31 was prepared analogously to 28 on a 7.3 mmol
scale to give after chromatography (0.5-5% MeOH/CH2Cl2) 31
as a pale yellow wax (3.12 g, 88.2%); Rf 0.3 (10% MeOH, 90%
CH2Cl2). 1H NMR (δH): 3.61-3.55 (m, 1H, NCH2CH), 3.55-
3.32 (m, 6H, OCH2), 2.77 (ABX, 2H, NCH2(AandB), JAB ) 13.2
Hz, JAX ) 3.6 Hz, JBX ) 6.4 Hz), 1.62-1.40 (m, 6H, OCH2CH2,
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NH2), 1.40-1.10 (m, 44H, CH2(myristyl)), 0.86 (t, 6H, CH3, J )
6.6 Hz). 13C NMR (δC): 80.33 (NCH2CH), 72.10 (CHCH2O),
71.62 (CHCH2OCH2), 70.77 (CHOCH2), 43.95 (NCH2), 32.33
(CH2CH2CH3), 30.58-29.77 (CH2(myristyl)), 26.57 (OCH2CH2CH2),
23.10 (CH2CH3), 14.52 (CH3). HRMS: (M + H)x calcd for
C31H66NO2, 484.5086; found, 484.5094.

32. Preparation of 2-Palmityloxy-3-myristyloxyprop-
ylamine (32). Compound 32 was prepared analogously to 28
on a 3.84 mmol scale to give after chromatography (0.5-5%
MeOH/CH2Cl2) 32 as a pale yellow wax (1.81 g, 92.1%); Rf 0.3
(10% MeOH, 90% CH2Cl2). 1H NMR (δH): 3.67-3.51 (m, 1H,
NCH2CH),3.51-3.33(m,6H,OCH2),2.80(ABX,2H,NCH2(AandB),
JAB ) 13.2 Hz, JAX ) 3.5 Hz, JBX ) 6.3 Hz), 1.65-1.44 (m, 6H,
OCH2CH2, NH2), 1.44-1.18 (m, 48H, CH2(myristyl/palmityl)), 0.89
(t, 6H, CH3, J ) 6.5 Hz). 13C NMR (δC): 80.17 (NCH2CH), 72.09
(CHCH2O), 71.62 (CHCH2OCH2), 70.75 (CHOCH2), 43.88
(NCH2), 32.32 (CH2CH2CH3), 30.57-29.75 (CH2(myristyl/palmityl)),
26.56 (OCH2CH2CH2), 23.07 (CH2CH3), 14.48 (CH3). HRMS:
(M + H)x calcd for C33H70NO2, 512.5425; found, 512.5407.

33. Preparation of 2-Stearyloxy-3-myristyloxyprop-
ylamine (33). Compound 33 was prepared analogously to 28
on a 2.43 mmol scale to give after chromatography (0.5-5%
MeOH/CH2Cl2) 33 as a pale yellow wax (0.98 g, 74.7%); Rf 0.3
(10% MeOH, 90% CH2Cl2). 1H NMR (δH): 3.60-3.50 (m, 1H,
NCH2CH), 3.50-3.30 (m, 6H, OCH2), 2.79 (ABX, 2H,
NCH2(AandB), JAB ) 12.9 Hz, JAX ) 2.1 Hz, JBX ) 5.6 Hz), 2.40-
2.25 (m, 2H, NH2), 1.60-1.35 (m, 4H, OCH2CH2), 1.35-1.10
(m, 52H, CH2(myristyl/stearyl)), 0.89 (t, 6H, CH3, J ) 6.5 Hz). 13C
NMR (δC): 79.75 (NCH2CH), 72.10 (CHCH2O), 71.52 (CHCH2-
OCH2), 70.74 (CHOCH2), 43.70 (NCH2), 32.33 (CH2CH2CH3),
30.55-29.77 (CH2(myristyl/stearyl)), 26.55 (OCH2CH2CH2), 23.08
(CH2CH3), 14.49 (CH3). HRMS: (M + H)x calcd for C35H74NO2,
540.5720; found, 540.5735.

34. Preparation of 2-Oleyloxy-3-myristyloxypropyl-
amine (34). Compound 34 was prepared analogously to 28
on a 1.5 mmol scale to give after chromatography (0.5-5%
MeOH/CH2Cl2) 34 as a pale yellow oil/wax (0.657 g, 81.4%);
Rf 0.3 (10% MeOH, 90% CH2Cl2). 1H NMR (δH): 5.43-5.28 (m,
2H, CHdCH), 3.70-3.55 (m, 1H, NCH2CH), 3.50-3.33 (m, 6H,
OCH2), 2.80 (ABX, 2H, NCH2(AandB), JAB ) 13.2 Hz, JAX ) 3.6
Hz, JBX ) 6.3 Hz), 2.11-1.89 (m, 4H, CH2CHdCHCH2),
1.66-1.46 (m, 6H, OCH2CH2, NH2), 1.46-1.18 (m, 44H,
CH2(myristyl/oleyl)), 0.88 (t, 6H, CH3, J ) 6.5 Hz). 13C NMR (δC):
130.31, 130.20 (CHdCH), 80.23 (NCH2CH), 72.11 (CHCH2O),
71.62 (CHCH2OCH2), 70.75 (CHOCH2), 43.93 (NCH2), 32.32
(CH2CH2CH3), 30.58-29.67, 27.60 (CH2(myristyl/oleyl)), 26.56 (OCH2-
CH2CH2), 23.08 (CH2CH3), 14.49 (CH3). HRMS: (M + H)x calcd
for C35H72NO2, 538.5563; found, 538.5540.

35. Preparation of 2,3-Dipalmityloxypropylamine (35).
Compound 35 was prepared analogously to 28 on a 3.15 mmol
scale to give after chromatography (0.5-5% MeOH/CH2Cl2) 35
as a pale yellow wax (1.36 g, 79.9%); Rf 0.3 (10% MeOH, 90%
CH2Cl2). 1H NMR (δH): 3.67-3.56 (m, 1H, NCH2CH), 3.56-
3.34 (m, 6H, OCH2), 2.81 (ABX, 2H, NCH2(AandB), JAB ) 13.3
Hz, JAX ) 3.5 Hz, JBX ) 6.4 Hz), 1.67-1.43 (m, 6H, OCH2CH2,
NH2), 1.41-1.15 (m, 52H, CH2(palmityl)), 0.89 (t, 6H, CH3, J )
6.5 Hz). 13C NMR (δC): 80.14 (NCH2CH), 72.10 (CHCH2O),
71.62 (CHCH2OCH2), 70.76 (CHOCH2), 43.90 (NCH2), 32.32
(CH2CH2CH3), 30.58-29.76 (CH2(palmityl)), 26.56 (OCH2CH2CH2),
23.08 (CH2CH3), 14.48 (CH3). HRMS: (M + H)x calcd for
C35H74NO2, 540.5720; found, 540.5730.

36. Preparation of 2-Stearyloxy-3-palmityloxyprop-
ylamine (36). Compound 36 was prepared analogously to 28
on a 2.30 mmol scale to give after chromatography (0.5-5%
MeOH/CH2Cl2) 36 as a pale yellow wax (0.98 g, 76.4%); Rf 0.3
(10% MeOH, 90% CH2Cl2). 1H NMR (δH): 3.66-3.52 (m,
1H, NCH2CH), 3.52-3.32 (m, 6H, OCH2), 2.80 (ABX, 2H,
NCH2(AandB), JAB ) 13.1 Hz, JAX ) 2.9 Hz, JBX ) 5.8 Hz), 2.22-
2.08 (m, 2H, NH2), 1.62-1.41 (m, 4H, OCH2CH2), 1.41-1.10
(m, 56H CH2(palmityl/stearyl)), 0.86 (t, 6H, CH3, J ) 6.5 Hz). 13C
NMR (δC): 79.84 (NCH2CH), 72.13 (CHCH2O), 71.56 (CHCH2-
OCH2), 70.77 (CHOCH2), 43.78 (NCH2), 32.34 (CH2CH2CH3),
30.56-29.78 (CH2(palmityl/stearyl)), 26.56 (OCH2CH2CH2), 23.10

(CH2CH3), 14.52 (CH3). HRMS: (M + H)x calcd for C37H78NO2,
568.6033; found, 568.6055.

37. Preparation of 2-Lauryloxy-3-stearyloxypropyl-
amine (37). Compound 37 was prepared analogously to 28
on a 4.58 mmol scale to give after chromatography (0.5-5%
MeOH/CH2Cl2) 37 as a pale yellow wax (2.15 g, 91.8%); Rf 0.3
(10% MeOH, 90% CH2Cl2). 1H NMR (δH): 3.68-3.56 (m,
1H, NCH2CH), 3.56-3.32 (m, 6H, OCH2), 2.80 (ABX, 2H,
NCH2(AandB), JAB ) 13.2 Hz, JAX ) 3.7 Hz, JBX ) 6.4 Hz),
1.67-1.44 (m, 6H, OCH2CH2, NH2), 1.38-1.15 (m, 48H,
CH2(stearyl/lauryl)), 0.88 (t, 6H, CH3, J ) 6.6 Hz). 13C NMR (δC):
80.11 (NCH2CH), 72.11 (CHCH2O), 71.61 (CHCH2OCH2), 70.76
(CHOCH2), 43.89 (NCH2), 32.32 (CH2CH2CH3), 30.57-29.75
(CH2(stearyl/lauryl)), 26.56 (OCH2CH2CH2), 23.07 (CH2CH3), 14.49
(CH3). HRMS: (M + H)x calcd for C33H70NO2, 512.5422; found,
512.5407.

38. Preparation of 2,3-Distearyloxypropylamine (38).
Compound 38 was prepared analogously to 28 on a 1.37 mmol
scale to give after chromatography (0.5-5% MeOH/CH2Cl2) 38
as a pale yellow wax (0.65 g, 79.6%); Rf 0.3 (10% MeOH, 90%
CH2Cl2). 1H NMR (δH): 3.65-3.52 (m, 1H, NCH2CH), 3.52-
3.32 (m, 6H, OCH2), 2.78 (ABX, 2H, NCH2(AandB), JAB ) 13.2
Hz, JAX ) 3.5 Hz, JBX ) 6.4 Hz), 1.70-1.60 (m, 2H, NH2) 1.60-
1.40 (m, 4H, OCH2CH2), 1.40-1.10 (m, 60H, CH2(stearyl)), 0.86
(t, 6H, CH3, J ) 6.4 Hz). 13C NMR (δC): 80.24 (NCH2CH), 72.10
(CHCH2O), 71.61 (CHCH2OCH2), 70.77 (CHOCH2), 43.92
(NCH2), 32.34 (CH2CH2CH3), 30.58-29.78 (CH2(stearyl)), 26.57
(OCH2CH2CH2), 23.10 (CH2CH3), 14.52 (CH3). HRMS: (M +
H)x calcd for C39H82NO2, 596.6346; found, 596.6330.

39. Preparation of 2-Oleyloxy-3-stearyloxypropylamine
(39). Compound 39 was prepared analogously to 28 on a 0.83
mmol scale to give after chromatography (0.5-5% MeOH/CH2-
Cl2) 39 as a colorless wax (0.454 g, 92.1%); Rf 0.3 (10% MeOH,
90% CH2Cl2). 1H NMR (δH): 5.41-5.28 (m, 2H, CHdCH),
3.68-3.55 (m, 1H, NCH2CH), 3.55-3.33 (m, 6H, OCH2), 2.79
(ABX, 2H, NCH2(AandB), JAB ) 13.2 Hz, JAX ) 3.5 Hz, JBX ) 6.3
Hz), 2.07-1.80 (m, 6H, CH2CHdCHCH2, NH2), 1.63-1.45 (m,
4H, OCH2CH2), 1.40-1.13 (m, 52H, CH2(stearyl/oleyl)), 0.86 (t, 6H,
CH3, J ) 6.5 Hz). 13C NMR (δC): 130.30, 130.20 (CHdCH),
80.11 (NCH2CH), 72.12 (CHCH2O), 71.59 (CHCH2OCH2), 70.78
(CHOCH2), 43.87 (NCH2), 32.34 (CH2CH2CH3), 30.58-29.78,
27.61 (CH2(stearyl/oleyl)), 26.53 (OCH2CH2CH2), 23.10 (CH2CH3),
14.52 (CH3). HRMS: (M + H)x calcd for C39H80NO2, 594.6189;
found, 594.6173.

40. Preparation of 2-Lauryloxy-3-oleyloxypropylamine
(40). Compound 40 was prepared analogously to 28 on a 3.89
mmol scale to give after chromatography (0.5-5% MeOH/CH2-
Cl2) 40 as a pale yellow oil (1.99 g, 90.5%); Rf 0.3 (10% MeOH,
90% CH2Cl2). 1H NMR (δH): 5.37-5.23 (m, 2H, CHdCH),
3.65-3.50 (m, 1H, NCH2CH), 3.50-3.30 (m, 6H, OCH2), 2.76
(ABX, 2H, NCH2(AandB), JAB ) 13.2 Hz, JAX ) 3.4 Hz, JBX ) 6.4
Hz), 2.02-1.87 (m, 6H, CH2CHdCHCH2, NH2), 1.85-1.75 (m,
2H, NH2), 1.60-1.45 (m, 4H, OCH2CH2), 1.35-1.11 (m, 40H,
CH2(oleyl/lauryl)), 0.89 (t, 6H, CH3, J ) 6.5 Hz). 13C NMR (δC):
130.28, 130.18 (CHdCH), 80.14 (NCH2CH), 72.07 (CHCH2O),
71.58 (CHCH2OCH2), 70.74 (CHOCH2), 43.86 (NCH2), 32.32
(CH2CH2CH3), 30.56-29.51, 27.59 (CH2(oleyl/lauryl)), 26.56 (OCH2-
CH2CH2), 23.08 (CH2CH3), 14.49 (CH3). HRMS: (M + H)x calcd
for C33H68NO2, 510.5235; found, 510.5250.

41. Preparation of 2-Palmityloxy-3-oleyloxypropyl-
amine (41). Compound 41 was prepared analogously to 28
on a 3.0 mmol scale to give after chromatography (0.5-5%
MeOH/CH2Cl2) 41 as a pale yellow wax (1.26 g, 74.1%); Rf 0.3
(10% MeOH, 90% CH2Cl2). 1H NMR (δH): 5.41-5.30 (m, 2H,
CHdCH), 3.69-3.56 (m, 1H, NCH2CH), 3.56-3.35 (m, 6H,
OCH2), 2.82 (ABX, 2H, NCH2(AandB), JAB ) 13.2 Hz, JAX ) 3.7
Hz, JBX ) 6.2 Hz), 2.12-1.93 (m, 4H, CH2CHdCHCH2), 1.78-
1.64 (m, 2H, NH2), 1.64-1.49 (m, 4H, OCH2CH2), 1.38-1.17
(m, 48H, CH2(palmityl/oleyl)), 0.89 (t, 6H, CH3, J ) 6.5 Hz). 13C
NMR (δC): 130.31, 130.21 (CHdCH), 79.77 (NCH2CH), 72.13
(CHCH2O), 71.58 (CHCH2OCH2), 70.77 (CHOCH2), 43.76
(NCH2), 32.32 (CH2CH2CH3), 30.56-29.72, 27.61 (CH2(palmityl/oleyl)),
26.56 (OCH2CH2CH2), 23.08 (CH2CH3), 14.49 (CH3). HRMS:
(M + H)x calcd for C37H76NO2, 566.5876; found, 566.5861.
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42. Preparation of 2,3-Dioleyloxypropylamine (42).
Compound 42 was prepared analogously to 28 on a 1.5 mmol
scale to give after chromatography (0.5-5% MeOH/CH2Cl2) 42
as a pale yellow oil (1.92 g, 87.5%); Rf 0.3 (10% MeOH, 90%
CH2Cl2). 1H NMR (δH): 5.44-5.24 (m, 4H, CHdCH), 3.68-
3.54 (m, 1H, NCH2CH), 3.54-3.33 (m, 6H, OCH2), 2.80 (ABX,
2H, NCH2(AandB), JAB ) 13.2 Hz, JAX ) 3.5 Hz, JBX ) 6.4 Hz),
2.12-1.88 (m, 4H, CH2CHdCHCH2), 1.61-1.45 (m, 4H,
OCH2CH2), 1.45-1.38 (m, 2H, NH2), 1.38-1.20 (m, 48H,
CH2(oleyl)), 0.88 (t, 6H, CH3, J ) 6.6 Hz). HRMS: (M + H)x

calcd for C39H78NO2, 592.6033; found, 592.6010. Anal. Calcd
for C47H79NO4: C, H, N.

43. Preparation of N-r,E-Di-tert-butyloxycarbonyl-L-
lysine(2,3-dilauryloxy)propylamide (43). A flask contain-
ing N-R,ε-di-tert-butyloxycarbonyl-L-lysine N-hydroxysuccin-
imide ester (399 mg, 0.9 mmol) and 28 (257 mg, 0.6 mmol)
was flushed with argon. Anhydrous THF (10 mL) was added,
and the reaction was refluxed at 85 °C overnight. The solvent
was then removed, and CH2Cl2 (30 mL) was added. The
solution was washed with NaHCO3 (1 × 20 mL), water (1 ×
20 mL), and brine (1 × 20 mL), and each of the aqueous layers
was backwashed with CH2Cl2 (10 mL). The organic layers were
combined, dried (MgSO4), and evaporated under reduced
pressure to give a yellow solid. The solid was purified by
column chromatography (10-30% ethyl acetate/hexane) to give
43 as a white solid (420 mg, 92.6%); Rf 0.35 (30% ethyl acetate/
hexane); mp 58.60 °C. 1H NMR (δH): 6.47-6.35 (m, 1H,
NH(amide)), 5.16-5.02 (m, 1H, R-NH(carbamate)), 4.67-4.51 (m, 1H,
ε-NH(carbamate)), 4.10-3.93 (m, 1H, CHNH), 3.62-3.19 (m, 9H,
CH2CH(OCH2)CH2OCH2), 3.15-3.01 (m, 2H, CH2CH2NH),
1.90-1.48 (m, 10H, CH(CH2)3CH2NH, OCH2CH2), 1.43 (s, 18H,
C(CH3)), 1.36-1.16 (m, 36H, CH2(lauryl)), 0.86 (t, 6H, CH2CH3

J ) 6.6 Hz). 13C NMR (δC): 172.30 (CO(amide)), 156.52 (CONH-
(CH)), 156.00 (CONH(CH2)), 80.33 (CHCH2O), 79.59 ((C(CH3)3),
72.26 (CHCH2O), 71.83 (CHCH2OCH2), 70.71 (CHOCH2), 54.98
(CHNH), 41.11 (NCH2CH), 40.53 (CH2CH2NH), 32.76 (CH2-
CH2CH2CH2NH), 32.32 (CH2CH2CH3), 30.45-29.75 (CH2(lauryl)),
28.84, 28.74 (C(CH3)3), 26.51 (OCH2CH2CH2), 23.08 (CH2CH3),
22.99 (CH2(CH2)2NH), 14.50 (CH2CH3). HRMS: (M + H)x calcd
for C43H86NO7, 756.6486; found, 756.6466.

44. Preparation of N-r,E-Di-tert-butyloxycarbonyl-L-
lysine(2-lauryloxy-3-stearyloxy)propylamide (44). Com-
pound 44 was prepared analogously to 43 on a 0.4 mmol scale
to give, after chromatography (10-30% ethyl acetate/hexane),
44 as a white solid (297 mg, 88.5%); Rf 0.35 (30% ethyl acetate/
hexane); mp 62-64 °C. 1H NMR (δH): 6.47-6.36 (m, 1H,
NH(amide)), 5.15-5.03 (m, 1H, R-NH(carbamate)), 4.65-4.51 (m, 1H,
ε-NH(carbamate)), 4.09-3.94 (m, 1H, CHNH), 3.61-3.20 (m, 9H,
CH2CH(OCH2)CH2OCH2), 3.16-3.01 (m, 2H, CH2CH2NH),
1.90-1.49 (m, 10H, CH(CH2)3CH2NH, OCH2CH2), 1.43 (s, 18H,
(C(CH3)), 1.36-1.16 (m, 48H, CH2(lauryl/stearyl)), 0.87 (t, 6H,
CH2CH3, J ) 6.6 Hz). 13C NMR (δC): 172.30 (CO(amide)), 156.51
(CONH(CH)), 156.01 (CONH(CH2)), 80.35 (CHCH2O), 79.58
(C(CH3)3), 72.26 (CHCH2O), 71.84 (CHCH2OCH2), 70.71
(CHOCH2), 54.97 (CHNH), 41.13 (NCH2CH), 40.51 (CH2CH2-
NH), 32.78 (CH2CH2CH2CH2NH), 32.32 (CH2CH2CH3), 30.46-
29.76 (CH2(lauryl/stearyl)), 28.84, 28.74 (C(CH3)3), 26.51 (OCH2-
CH2CH2), 23.06 (CH2CH3), 23.01 (CH2(CH2)2NH), 14.51
(CH2CH3). HRMS: (M + H)x calcd for C49H98NO7, 840.7396;
found, 840.7405.

45. Preparation of L-Lysine(2,3-dilauryloxy)propyl-
amide (45). To a flask containing 95% TFA (20 mL) was added
43 (420 mg, 0.56 mmol), and the solution was stirred for 1.5
h. The solvent was then removed under reduced pressure, and
the resulting white solid was purified by column chromatog-
raphy (CH2Cl2-CH2Cl2:MeOH:NH3 96.5:3:0.5) to give 45 as a
white solid (273 mg, 88.1%); Rf 0.30 (CH2Cl2:MeOH:NH3 92:
7:1); mp 53 °C. 1H NMR (δH): 7.60-7.50 (m, 1H, NH(amide)),
3.69-3.20 (m, 10H, CHNH2, CH2CH(OCH2)CH2OCH2), 2.77-
2.65 (m, 2H, CH2NH2), 1.71-1.39 (m, 14H, CH(CH2)3CH2NH2,
OCH2CH2, 2NH2), 1.39-1.16 (m, 36H, CH2(lauryl)), 0.88 (t, 6H,
CH2CH3, J ) 6.5 Hz). 13C NMR (δC): 175.54 (CO(amide)), 72.23
(CHCH2O), 71.91 (CHCH2OCH2), 70.68 (CHOCH2), 55.38
(CHNH2), 41.33 (NCH2CH), 40.79 (CH2NH2), 35.11 (CH2-

CHNH2), 32.32 (CH2CH2CH3), 31.53 (CH2CH2NH2), 30.48-
29.76 (CH2(lauryl)), 26.52 (OCH2CH2CH2), 23.28 (CH2(CH2)2NH2),
23.08 (CH2CH3), 14.50 (CH2CH3). HRMS: (M + H)x calcd for
C33H70N3O3, 556.5422; found, 556.5417.

46. Preparation of L-Lysine(2-lauryloxy-3-stearyloxy)-
propylamide (46). Compound 46 was prepared analogously
to 45 on a 0.35 mmol scale to give, after chromatography (CH2-
Cl2-CH2Cl2:MeOH:NH3 96.5:3:0.5), 46 as a white solid (170
mg, 75.9%); Rf 0.30 (CH2Cl2:MeOH:NH3 92:7:1); mp 56 °C. 1H
NMR (δH): 7.60 (t, 1H, NH(amide) J ) 5.1 Hz), 3.63-3.17 (m,
10H, CHNH2, CH2CH(OCH2)CH2OCH2), 3.17-3.04 (m, 4H,
2NH2), 2.84-2.72 (m, 2H, CH2NH2), 1.63-1.36 (m, 14H, CH-
(CH2)3CH2NH2, OCH2CH2, 2NH2), 1.36-1.17 (m, 48H,
CH2(lauryl/stearyl)), 0.86 (t, 6H, CH2CH3, J ) 6.6 Hz). 13C NMR
(δC): 175.55 (CO(amide)), 72.24 (CHCH2O), 71.93 (CHCH2OCH2),
70.67 (CHOCH2), 55.48 (CHNH2), 41.56 (NCH2CH), 40.79
(CH2NH2), 35.21 (CH2CHNH2), 32.32 (CH2CH2CH3), 31.99
(CH2CH2NH2), 30.48-29.76 (CH2(lauryl/stearyl)), 26.52 (OCH2-
CH2CH2), 23.31 (CH2(CH2)2NH2), 23.08 (CH2CH3), 14.50
(CH2CH3). HRMS: (M + H)x calcd for C39H82N3O3, 640.6363;
found, 640.6356.

47. Preparation of N-r-Fluorenylmethoxycarbonyl-L-
tryptophan(2,3-dilauryloxy)propylamide (47). A flask
containing N-R-fluorenylmethoxycarbonyl-L-tryptophan pen-
tafluorophenyl ester (889 mg, 1.5 mmol) and 28 (428 mg, 1.0
mmol) was flushed with argon. Anhydrous THF (15 mL) was
added, and the reaction was refluxed at 85 °C for 1 h. The
solvent was then removed, and CH2Cl2 (30 mL) was added.
The solution was washed with NaHCO3 (1 × 20 mL), water (1
× 20 mL), and brine (1 × 20 mL), and each of the aqueous
layers was backwashed with CH2Cl2 (10 mL). The organic
layers were combined, dried (MgSO4), and evaporated under
reduced pressure to give a yellow solid. The solid was purified
by column chromatography (CH2Cl2-0.5% MeOH/CH2Cl2) to
give 47 as a pale yellow oil (598 mg, 71.7%); Rf 0.50 (2% MeOH/
CH2Cl2). 1H NMR (δH): 8.11-8.03 (m, 1H, NH(indole)), 7.76 (d,
2H, H(arom,Fmoc), J ) 7.4 Hz), 7.74-7.63 (m, 1H, H(arom,indole)),
7.59-7.49 (m, 3H, NH(amide), H(arom,Fmoc)), 7.42-7.00 (m, 8H,
H(arom,indole), H(arom,Fmoc)), 5.58-5.45 (m, 1H, NH(carbamate)), 4.56-
4.25 (m, 3H, CH(CO)NH, CHCH2(Fmoc)), 4.19 (t, 1H, CHCH2(Fmoc),
J ) 7.0 Hz), 3.50-3.07 (m, 11H, CH2CHNH, CH2CH(OCH2)CH2-
OCH2), 1.55-1.30 (m, 4H, OCH2CH2), 1.30-1.09 (m, 36H,
CH2(lauryl)), 0.88 (t, 6H, CH2CH3, J ) 6.5 Hz). 13C NMR (δC):
171.59 (CO(amide)), 156.33 (CO(carbamate)), 144.23 (C(arom,Fmoc)),
141.70 (C(arom,Fmoc)), 136.69 (C(arom,indole)), 128.13 (C(arom,Fmoc)),
127.85 (C(arom,indole)), 127.50 (C(arom,Fmoc)), 125.51 (C(arom,Fmoc)),
123.50 (C(arom,indole)), 122.80 (C(arom,indole)), 120.39, 120.350 (C(aro-

m,indole), C(arom,Fmoc)), 119.24 (C(arom,indole)), 111.68 (C(arom,indole)),
111.06 (C(arom,indole)), 72.17 (CHCH2O), 71.57 (CHCH2OCH2),
70.59 (CHOCH2), 67.56 (CHCH2(Fmoc)), 56.37 (CHNH), 47.57
(CHCH2(Fmoc)), 41.25 (NCH2CH), 32.34 (CH2CH2CH3), 30.38-
29.78 (CH2(lauryl)), 29.27 (CH2CHNH), 26.44 (OCH2CH2CH2),
23.10 (CH2CH3), 14.53 (CH2CH3). HRMS: (M + H)x calcd for
C54H81N3O4Na, 858.6122; found, 858.6125.

48. Preparation of N-r-Fluorenylmethoxycarbonyl-L-
tryptophan(2-lauryloxy-3-stearyloxy)propylamide (48).
Compound 48 was prepared analogously to 47 on a 1 mmol
scale to give, after chromatography (CH2Cl2-0.5% MeOH/CH2-
Cl2), 48 as a yellow wax (750 mg, 81.7%); Rf 0.50 (2% MeOH/
CH2Cl2). 1H NMR (δH): 8.11-8.03 (m, 1H, NH(indole)), 7.76 (d,
2H, H(arom,Fmoc), J ) 7.3 Hz), 7.73-7.63 (m, 1H, H(arom,indole)),
7.59-7.49 (m, 2H, H(arom,Fmoc)), 7.43-7.00 (m, 9H, NH(amide),
H(arom,indole), H(arom,Fmoc)), 5.59-5.45 (m, 1H, NH(carbamate)), 4.53-
4.25 (m, 3H, CH(CO)NH, CHCH2(Fmoc)), 4.20 (t, 1H, CHCH2(Fmoc),
J ) 7.1 Hz), 3.52-3.04 (m, 11H, CH2CHNH, CH2CH(OCH2)CH2-
OCH2), 1.53-1.30 (m, 4H, OCH2CH2), 1.30-1.11 (m, 48H,
CH2(lauryl/stearyl)), 0.88 (t, 6H, CH2CH3, J ) 6.6 Hz). 13C NMR
(δC): 171.46 (CO(amide)), 156.30 (CO(carbamate)), 144.23 (C(arom,Fmoc)),
141.70 (C(arom,Fmoc)), 136.66 (C(arom,indole)), 128.12 (C(arom,Fmoc)),
127.85 (C(arom,indole)), 127.45 (C(arom,Fmoc)), 125.51 (C(arom,Fmoc)),
123.50 (C(arom,indole)), 122.83 (C(arom,indole)), 120.38, (C(arom,indole),
C(arom,Fmoc)), 119.28 (C(arom,indole)), 111.62 (C(arom,indole)), 111.10
(C(arom,indole)), 72.17 (CHCH2O), 71.58 (CHCH2OCH2), 70.58
(CHOCH2), 67.53 (CHCH2(Fmoc)), 56.33 (CHNH), 47.58
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(CHCH2(Fmoc)), 41.22 (NCH2CH), 32.33 (CH2CH2CH3), 30.37-
29.77 (CH2(lauryl/stearyl)), 29.30 (CH2CHNH), 26.48 (OCH2-
CH2CH2), 23.10 (CH2CH3), 14.52 (CH2CH3). HRMS: (M + H)x

calcd for C60H94N3O4, 920.7196; found, 920.7244.
49. Preparation of L-Tryptophan(2,3-dilauryloxy)-

propylamide (49). To a solution of 47 (598 mg, 0.97 mmol)
in DMF (8 mL) was added piperidine (2 mL), and the reaction
was stirred for 45 min. The solvent was then removed under
high vacuum, and the resulting yellow oil was purified by
column chromatography (50% EtOAc/hexane-100% EtOAc).
Freeze-thawing under vacuum was used to obtain 49 as a pale
yellow wax (462 mg, 80.8%); Rf 0.20 (EtOAc). 1H NMR (δH):
8.22-8.12 (m, 1H, NH(indole)), 7.67 (d, 1H, H(arom,indole), J ) 7.5
Hz), 7.56-7.44 (m, 1H, NH(amide)), 7.36 (d, 1H, H(arom,indole), J )
7.7 Hz), 7.23-7.06 (m, 3H, H(arom,indole)), 3.79-3.70 (m, 1H,
CHNH2), 3.58-3.18 (m, 9H, CH2CH(OCH2)CH2OCH2), 3.01-
2.88, (m, 2H, CH2CHNH2), 1.97-1.70 (m, 2H, NH2), 1.60-1.41
(m, 4H, OCH2CH2), 1.36-1.12 (m, 36H, CH2(lauryl)), 0.88 (t, 6H,
CH2CH3, J ) 6.5 Hz). HRMS: (M + H)x calcd for C38H68N3O3,
614.5253; found, 614.5261. Anal. Calcd for C38H67 N3O3: C,
H, N.

50. Preparation of L-Tryptophan(2-lauryloxy-3-stear-
yloxy)propylamide (50). Compound 50 was prepared analo-
gously to 49 on a 0.74 mmol scale to give, after chromatogra-
phy (50% EtOAc/hexane-100% EtOAc), 50 as a yellow wax
(310 mg, 77.3%); Rf 0.20 (EtOAc). 1H NMR (δH): 8.28-8.18
(m, 1H, NH(indole)), 7.68 (d, 1H, H(arom,indole), J ) 7.7 Hz), 7.61-
7.49 (m, 1H, NH(amide)), 7.36 (d, 1H, H(arom,indole), J ) 7.5 Hz),
7.23-7.03 (m, 3H, H(arom,indole)), 3.77-3.67 (m, 1H, CHNH2),
3.61-3.20 (m, 9H, CH2CH(OCH2)CH2OCH2), 3.00-2.84, (m,
2H, CH2CHNH2), 1.87-1.62 (m, 2H, NH2), 1.62-1.40 (m, 4H,
OCH2CH2), 1.40-1.12 (m, 48H, CH2(lauryl/stearyl)), 0.88 (t, 6H,
CH2CH3, J ) 6.6 Hz). HRMS: (M + H)x calcd for C44H80N3O3,
698.5422; found, 698.6200. Anal. Calcd for C44H79 N3O3: C,
H, N.

51. Preparation of N-r-t-Butyloxycarbonyl-N-im-trityl-
L-histidine Pentafluorophenyl Ester (51). To a flask
containing pentafluorophenol (5 mmol, 0.92 g) and N-R-tert-
butyloxycarbonyl-N-im-trityl-L-histidine (4 mmol, 1.99 g) under
nitrogen was added CH2Cl2 (20 mL). A solution of EDC (5
mmol, 0.96 g) in CH2Cl2 (20 mL) was added dropwise, and the
solution was stirred for 2 h at room temperature. It was then
washed with NaHCO3 (1 × 20 mL), water (1 × 20 mL), and
brine (1 × 20 mL), dried (MgSO4), and evaporated under
reduced pressure. The product was purified by column chro-
matography (5-20% ethyl acetate/hexane) to give 51 (1.42 g,
53.5%) as a white foam. Rf 0.85 (40% EtOAc/hexane). The
product was found to be unstable by 2D TLC and was used
immediately in the next step.

52. Preparation of N-r-Butyloxycarbonyl-N-im-trityl-
L-histidine(2,3-dilauryloxy)propylamide (52). A flask con-
taining 51 (400 mg, 0.63 mmol) and 28 (193 mg, 0.45 mmol)
was flushed with argon. Anhydrous THF (5 mL) was added,
and the reaction was refluxed at 85 °C overnight. The solvent
was then removed, and CH2Cl2 (20 mL) was added. The
solution was washed with NaHCO3 (1 × 10 mL), water (1 ×
10 mL), and brine (1 × 10 mL), and each of the aqueous layers
was backwashed with CH2Cl2 (5 mL). The organic layers were
combined, dried (MgSO4), and evaporated under reduced
pressure to give a colorless oil. The solid was purified by
column chromatography (10-50% ether/hexane) to give 52 as
a pale yellow oil (309 mg, 75.7%); Rf 0.25 (70% ether/hexane).
1H NMR (δH): 7.41-7.36 (m, 1H, NdCHN), 7.46-7.28 (m, 9H,
H(arom,Trt)), 7.14-7.06 (m, 6H, H(arom,Trt)), 7.06-6.95 (m, 1H,
NH(amide)), 6.63 (s, 1H, CdCHN), 6.44-6.30 (m, 1H, NH(carbam-

ate)), 4.48-4.34 (m, 1H, CHNH), 3.60-2.90 (m, 11H, CH2-
CHNH, CH2CH(OCH2)CH2OCH2), 1.61-1.47 (m, 4H, OCH2-
CH2), 1.42 (s, 9H, C(CH3)), 1.35-1.12 (m, 36H, CH2(lauryl)), 0.88
(t, 6H, CH2CH3, J ) 6.6 Hz). 13C NMR (δC): 171.98 (CO(amide)),
156.02 (C(CH3)3), 142.70 (C(arom,Trt)), 138.74 (NdCHN), 137.32,
137.25 (CdCHN), 130.15 (C(arom,Trt)), 128.48 (C(arom,Trt)), 120.04
(CdCHN), 80.04 (C(CH3)), 72.22 (CHCH2O), 71.69, 71.63
(CHCH2OCH2), 70.93, 70.78 (CHOCH2), 55.37 (CHNH), 41.17,
40.90 (NCH2CH), 32.32 (CH2CH2CH3), 30.72 (CH2CHNH),

30.52-29.76 (CH2(lauryl)), 28.79 (C(CH3)3), 26.51, 26.48 (OCH2-
CH2CH2), 23.08 (CH2CH3), 14.51 (CH2CH3). HRMS: (M + Na)x

calcd for C57H86N4O5Na, 929.6513; found, 929.6496.
53. Preparation of N-r-Butyloxycarbonyl-N-im-trityl-

L-histidine(2-lauryloxy-3-stearyloxy)propylamide (53).
Compound 53 was prepared analogously to 52 on a 0.52 mmol
scale to give, after chromatography (10-50% ether/hexane),
53 as a pale yellow oil (396 mg, 76.9%); Rf 0.25 (70% ether/
hexane). 1H NMR (δH): 7.49-7.39 (m, 1H, NdCHN), 7.39-
7.29 (m, 9H, H(arom,Trt)), 7.17-7.07 (m, 6H, H(arom,Trt)), 7.07-
6.98 (m, 1H, NH(amide)), 6.65 (s, 1H, CdCHN), 6.37-6.26 (m,
1H, NH(carbamate)), 4.48-4.35 (m, 1H, CHNH), 3.58-2.92 (m,
11H, CH2CHNH, CH2CH(OCH2)CH2OCH2), 1.61-1.47 (m, 4H,
OCH2CH2), 1.42 (s, 9H, C(CH3)), 1.37-1.13 (m, 48H,
CH2(lauryl/stearyl)), 0.88 (t, 6H, CH2CH3, J ) 6.6 Hz). 13C NMR
(δC): 171.72 (CO(amide)), 156.13 ((C(CH3)3), 142.14 (C(arom,Trt)),
138.45 (NdCHN), 137.01, 136.88 (CdCHN), 130.10 (C(arom,Trt)),
128.75, 128.64 (C(arom,Trt)), 120.20 (CdCHN), 80.05 (C(CH3)),
72.19 (CHCH2O), 71.70 (CHCH2OCH2), 70.92, 70.80 (CHOCH2),
55.62, 55.41 (CHNH), 41.15, 40.98 (NCH2CH), 32.33 (CH2CH2-
CH3), 30.72, 30.51 (CH2CHNH), 30.51-29.76 (CH2(lauryl/stearyl)),
28.76 (C(CH3)3), 26.51, 26.48 (OCH2CH2CH2), 23.09 (CH2CH3),
14.52 (CH2CH3). HRMS: (M + Na)x calcd for C63H98N4O5Na,
1013.7412; found, 1013.7435.

54. Preparation of L-Histidine(2,3-dilauryloxy)prop-
ylamide (54). To a flask containing TFA:TIS:water
(95:2.5:2.5, 20 mL) was added 52 (300 mg, 0.33 mmol), and
the solution was stirred for 1.5 h. The solvent was then
removed under reduced pressure, and the resulting white solid
was purified by column chromatography (CH2Cl2-CH2Cl2:
MeOH:NH3 92:7:1) to give 54 as a colorless glassy solid (141
mg, 75.8%); Rf 0.50 (CH2Cl2:MeOH:NH3 92:7:1); mp 55-56 °C.
1H NMR (δH): 7.82-7.67 (m, 1H, NH(amide)), 7.56-7.51 (m, 1H,
NdCHNH), 6.85 (s, 1H, CdCHNH), 3.71-2.90 (m, 14H,
CH2CHNH2, CH2CH(OCH2)CH2OCH2, NH2), 1.61-1.45 (m,
4H, OCH2CH2), 1.37-1.14 (m, 36H, CH2(lauryl)), 0.87 (t, 6H, H12′′,
H12′′′, J ) 6.6 Hz). 13C NMR (δC): 175.20, 175.12 (CO(amide)),
135.68, 135.56 (NdCHNH), 132.64, 131.84 (CdCHNH), 121.26,
120.84 (CdCHNH), 77.22 (CHCH2O), 72.25 (CHCH2O), 71.65
(CHCH2OCH2), 70.80, 70.66 (CHOCH2), 55.57, 55.21 (CHNH2),
40.82, 40.56 (NCH2CH), 32.30 (CH2CH2CH3), 32.15 (CH2-
CHNH2), 30.43-29.74 (CH2(lauryl)), 26.49 (OCH2CH2CH2), 23.07
(CH2CH3), 14.49 (CH2CH3). HRMS: (M + H)x calcd for
C33H65N4O3, 565.5042; found, 565.5057.

55. Preparation of L-Histidine(2-lauryloxy-3-stearyl-
oxy)propylamide (55). Compound 55 was prepared analo-
gously to 54 on a 0.36 mmol scale to give, after chromatogra-
phy (CH2Cl2-CH2Cl2:MeOH:NH3 92:7:1), 55 as a white solid
(207 mg, 88.9%); Rf 0.50 (CH2Cl2:MeOH:NH3 92:7:1); mp 56-
58 °C. 1H NMR (δH): 7.82-7.68 (m, 1H, NH(amide)), 7.55-7.50
(m, 1H, NdCHNH), 6.85 (s, 1H, CdCHNH), 3.72-2.90 (m,
14H, CH2CHNH2, CH2CH(OCH2)CH2OCH2, NH2), 1.60-1.45
(m, 4H, OCH2CH2), 1.36-1.13 (m, 48H, CH2(lauryl/stearyl)), 0.87
(t, 6H, CH2CH3, J ) 6.6 Hz). 13C NMR (δC): 175.11, 175.01
(CO(amide)), 135.67, 135.51 (NdCHNH), 131.29, 130.39 (Cd
CHNH), 121.85, 120.81 (CdCHNH), 77.20 (CHCH2O), 72.25
(CHCH2O), 71.65 (CHCH2OCH2), 70.81, 70.67 (CHOCH2),
55.47, 55.07 (CHNH2), 40.85, 40.51 (NCH2CH), 32.32
(CH2CH2CH3), 32.18, 32.00 (CH2CHNH2), 30.44-29.75
(CH2(lauryl/stearyl)), 26.51 (OCH2CH2CH2), 23.08 (CH2CH3), 14.50
(CH2CH3). HRMS: (M + H)x calcd for C39H77N4O3, 649.5983;
found, 649.5996.

56. Preparation of N-r-Fluorenylmethoxycarbonyl-
NG-4-methoxy-2,3,6-trimethylbenzene Sulfonyl-L-argin-
ine(2,3-dilauryloxy)propylamide (56). A flask containing
N-R-fluorenylmethoxycarbonyl-NG-4-methoxy-2,3,6-trimethyl-
benzene sulfonyl-L-arginine pentafluorophenyl ester (1.162 g,
1.5 mmol) and 28 (428 mg, 1.0 mmol) was flushed with argon.
Anhydrous THF (15 mL) was added, and the reaction was
refluxed at 85 °C for 1 h. The solvent was then removed, and
CH2Cl2 (30 mL) was added. The solution was washed with
NaHCO3 (1 × 20 mL), water (1 × 20 mL), and brine (1 × 20
mL), and each of the aqueous layers was backwashed with
CH2Cl2 (10 mL). The organic layers were combined, dried
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(MgSO4), and evaporated under reduced pressure to give a
colorless oil, which was purified by column chromatography
(CH2Cl2-1% MeOH/CH2Cl2). This gave 56 as a pale yellow oil
(750 mg, 74.0%); Rf 0.30 (3% MeOH/CH2Cl2). 1H NMR (δH):
7.74 (d, 2H, H(arom,Fmoc), J ) 7.6 Hz), 7.56 (d, 2H, H(arom,Fmoc), J
) 7.2 Hz), 7.37 (t, 2H, H(arom,Fmoc), J ) 7.5 Hz), 7.27 (d, 2H,
H(arom,Fmoc), J ) 7.4 Hz), 6.94-6.82 (m, 1H, NH(amide)), 6.49 (s,
1H, H(arom,Mtr)), 6.23-5.90 (m, 3H, NH(guanidine)), 5.86 (d, 1H,
NH(carbamate)), 4.35 (t, 2H, CHCH2(Fmoc), J ) 7.0 Hz), 4.25-4.10
(m, 2H, CHNH, CHCH2(Fmoc)), 3.78 (s, 3H, OCH3(Mtr)), 3.54-
3.30 (m, 9H, CH2CH(OCH2)CH2OCH2), 3.30-3.10 (m, 2H,
NHCH2CH2), 2.69, 2.61 (2s, 6H, 2CH3(2,6-Mtr)), 2.10 (s, 3H,
CH3(3-Mtr)), 1.78-1.40 (m, 8H, NHCHCH2CH2, OCH2CH2),
1.30-1.10 (m, 36H, CH2(lauryl)), 0.87 (t, 6H, CH2CH3, J ) 6.6
Hz). 13C NMR (δC): 172.05 (CO(amide)), 158.99 (C(arom,Mtr)), 156.54
(NHC(dNH)NH), 144.16 (C(arom,Fmoc)), 141.69 (C(arom,Fmoc)), 139.04
(C(arom,Mtr)), 137.16 (C(arom,Mtr)), 133.73 (C(arom,Mtr)), 128.15 (C(ar-

om,Fmoc)), 127.50 (C(arom,Fmoc)), 125.46 (C(arom,Fmoc)), 125.19 (C(arom-

,Mtr)), 120.34 (C(arom,Fmoc)), 112.12 (C(arom,Mtr)), 72.23 (CHCH2O),
71.69 (CHCH2OCH2), 70.68 (CHOCH2), 67.54 (CHCH2(Fmoc)),
55.81 (OCH3(Mtr)), 54.64 (CHNH), 47.53 (CHCH2(Fmoc)), 41.00
(NHCH2CH2), 32.33 (CH2CH2CH3), 30.81-29.77 (CH2(lauryl)),
26.50 (OCH2CH2CH2), 25.51 (NH2CHCH2), 25.24 (NHCH2CH2),
24.52 (CH3(6-Mtr)), 23.10 (CH2CH3), 18.74 (CH3(2-Mtr)), 14.52
(CH2CH3), 12.35 (CH3(3-Mtr)). HRMS: (M + H)x calcd for
C59H94N5O7S, 1016.6835; found, 1016.6874.

57. Preparation of N-r-Fluorenylmethoxycarbonyl-
NG-4-methoxy-2,3,6-trimethylbenzene Sulfonyl-L-argin-
ine(2-lauryloxy-3-stearyl-oxy)propylamide (57). Com-
pound 57 was prepared analogously to 56 on a 1 mmol scale
to give, after chromatography (CH2Cl2-1% MeOH/CH2Cl2), 57
as a pale yellow oil (809 mg, 73.5%); Rf 0.3 (3% MeOH/CH2-
Cl2). 1H NMR (δH): 7.73 (d, 2H, H(arom,Fmoc), J ) 7.5 Hz), 7.56
(d, 2H, H(arom,Fmoc), J ) 7.2 Hz), 7.37 (t, 2H, H(arom,Fmoc), J ) 7.7
Hz), 7.26 (d, 2H, H(arom,Fmoc), J ) 6.8 Hz), 6.96-6.82 (m, 1H,
NH(amide)), 6.49 (s, 1H, H(arom,Mtr)), 6.25-5.96 (m, 3H, NH(guani-

dine)), 5.90 (d, 1H, NH(carbamate), J ) 6.8 Hz), 4.35 (t, 2H,
CHCH2(Fmoc), J ) 7.0 Hz), 4.25-4.10 (m, 2H, CHNH,
CHCH2(Fmoc)), 3.79 (s, 3H, OCH3(Mtr)), 3.54-3.30 (m, 9H,
CH2CH(OCH2)CH2OCH2), 3.30-3.11 (m, 2H, NHCH2CH2),
2.69, 2.62 (2s, 6H, 2CH3(2,6-Mtr)), 2.10 (s, 3H, CH3(3-Mtr)), 1.79-
1.40 (m, 8H, NHCHCH2CH2, OCH2CH2), 1.30-1.10 (m, 48H,
CH2(lauryl/stearyl)), 0.87 (t, 6H, CH2CH3, J ) 6.6 Hz). 13C NMR
(δC): 172.33 (CO(amide)), 158.96 (C(arom,Mtr)), 156.63 (NHC(dNH)-
NH), 144.17 (C(arom,Fmoc)), 141.65 (C(arom,Fmoc)), 139.01 (C(arom,Mtr)),
137.10 (C(arom,Mtr)), 133.63 (C(arom,Mtr)), 128.13 (C(arom,Fmoc)), 127.50
(C(arom,Fmoc)), 125.50 (C(arom,Fmoc)), 125.24 (C(arom,Mtr)), 120.36
(C(arom,Fmoc)), 112.13 (C(arom,Mtr)), 72.18 (CHCH2O), 71.66 (CHCH2-
OCH2), 70.75 (CHOCH2), 67.56 (CHCH2(Fmoc)), 55.80 (OCH3(Mtr)),
54.79 (CHNH), 47.51 (CHCH2(Fmoc)), 40.98 (NHCH2CH2), 32.33
(CH2CH2CH3), 30.56-29.77 (CH2(lauryl/stearyl)), 26.50 (OCH2-
CH2CH2), 25.70 (NH2CHCH2), 25.44 (NHCH2CH2), 24.54
(CH3(6-Mtr)), 23.10 (CH2CH3), 18.75 (CH3(2-Mtr)), 14.52 (CH2CH3),
12.35 (CH3(3-Mtr)). HRMS: (M + Na)x calcd for C65H105N5O7-
SNa, 1122.7653; found, 1122.7632.

58. Preparation of NG-4-Methoxy-2,3,6-trimethylben-
zenesulfonyl-L-arginine(2,3-dilauryloxy)propylamide (58).
Compound 58 was prepared analogously to 49 on a 0.7 mmol
scale to give, after chromatography (CH2Cl2-CH2Cl2:MeOH:
NH3 92:7:1), 58 as a colorless oil (501 mg, 89.9%); Rf 0.6 (CH2-
Cl2:MeOH:NH3 92:7:1). 1H NMR (δH): 7.71-7.61 (m, 1H,
NH(amide)), 6.52 (s, 1H, H(arom,Mtr)), 6.42-6.22 (m, 3H, NH(guani-

dine)), 3.82 (s, 3H, OCH3(Mtr)), 3.63-3.33 (m, 9H, CH2CH(OCH2)-
CH2OCH2), 3.33-3.10 (m, 3H, CHNH2, NHCH2CH2), 2.69, 2.61
(2s, 6H, 2CH3(2,6-Mtr)), 2.17 (s, 3H, CH3(3-Mtr)), 1.94-1.81 (m,
2H, NH2), 1.69-1.40 (m, 8H, NH2CHCH2CH2, OCH2CH2),
1.40-1.15 (m, 36H, CH2(lauryl)), 0.87 (t, 6H, CH2CH3, J ) 6.6
Hz). HRMS: (M + H)x calcd for C43H82N5O6S, 796.5986; found,
796.6028. Anal. Calcd for C43H81N5O6S: C, H, N.

59. Preparation of NG-4-Methoxy-2,3,6-trimethylben-
zenesulfonyl-L-arginine(2-lauryloxy-3-stearyloxy)prop-
ylamide (59). Compound 59 was prepared analogously to 49
on a 0.7 mmol scale to give, after chromatography (CH2Cl2-
CH2Cl2:MeOH:NH3 92:7:1), 59 as a white solid (559 mg,

90.7%); Rf 0.6 (CH2Cl2:MeOH:NH3 92:7:1); mp 75-77 °C. 1H
NMR (δH): 7.72-7.60 (m, 1H, NH(amide)), 6.52 (s, 1H, H(arom,Mtr)),
6.42-6.19 (m, 3H, NH(guanidine)), 3.82 (s, 3H, OCH3(Mtr)), 3.62-
3.35 (m, 9H, CH2CH(OCH2)CH2OCH2), 3.35-3.11 (m, 3H,
CHNH2, NHCH2CH2), 2.69, 2.62 (2s, 6H, 2CH3(2,6-Mtr)), 2.17
(s, 3H, CH3(3-Mtr)), 2.09-1.89 (m, 2H, NH2), 1.73-1.41 (m, 8H,
NH2CHCH2CH2, OCH2CH2), 1.38-1.11 (m, 48H, CH2(lauryl/stearyl)),
0.88 (t, 6H, CH2CH3, J ) 6.4 Hz). HRMS: (M + H)x calcd for
C49H94N5O6S, 880.6937; found, 880.6925. Anal. Calcd for
C49H93N5O6S: C, H, N.

60. Preparation of L-Arginine(2,3-dilauryloxy)prop-
ylamide (60). To a flask containing a mixture of TFA, phenol,
water, 1,2-ethane-dithiol, thioanisole, and TIS (81:5:5:5:2.5:
1) (20 mL) was added 58 (199 mg, 0.25 mmol), and the solution
was stirred for 8 h. The solvent was then removed under
reduced pressure, and the product was purified by column
chromatography (CH2Cl2-CH2Cl2:MeOH:NH3 92:7:1) to give
60 as a colorless oil (120 mg, 82.2%); Rf 0.1 (CH2Cl2:MeOH:
NH3 92:7:1). 1H NMR (δH): 8.01-7.88 (m, 2H, NH(amide), CH2-
CH2NH), 7.18-6.92 (m, 3H, C(NH2)NH), 3.86-3.63 (m, 3H,
CHNH2), 3.63-3.10 (m, 11H, NHCH2CH2, CH2CH(OCH2)CH2-
OCH2), 1.86-1.40 (m, 8H, NH2CHCH2CH2, OCH2CH2), 1.40-
1.17 (m, 36H, CH2(lauryl)), 0.86 (t, 6H, CH2CH3, J ) 6.6 Hz).
13C NMR (δC): 173.60 (CO(amide)), 157.83 (NH2C(dNH)NH),
72.23 (CHCH2O), 71.38 (CHCH2OCH2), 70.71 (CHOCH2), 54.04
(CHNH2), 41.09 (NCH2CH, NHCH2CH2), 32.33 (CH2CH2CH3),
31.07 (NH2CHCH2), 30.39-29.78 (CH2(lauryl)), 26.47 (OCH2-
CH2CH2), 24.97 (NHCH2CH2), 23.08 (CH2CH3), 14.49 (CH2CH3).
HRMS: (M + H)x calcd for C33H70N5O3, 584.5490; found,
584.5479.

61. Preparation of L-Arginine(2-lauryloxy-3-stearyl-
oxy)propylamide (61). Compound 61 was prepared analo-
gously to 60 on a 0.25 mmol scale to give, after chromatogra-
phy (CH2Cl2-CH2Cl2:MeOH:NH3 92:7:1), 61 as a colorless oil
(140 mg, 83.8%); Rf 0.1 (CH2Cl2:MeOH:NH3 92:7:1). 1H NMR
(δH): 8.08-7.90 (m, 2H, NH(amide), CH2CH2NH), 7.16-6.99 (m,
3H, C(NH2)NH), 3.73-3.62 (m, 1H, CHNH2), 3.62-3.12 (m,
11H, NHCH2CH2, CH2CH(OCH2)CH2OCH2), 2.70-2.58 (m,
2H, NH2), 1.83-1.41 (m, 8H, NH2CHCH2CH2, OCH2CH2),
1.34-1.15 (m, 48H, CH2(lauryl/stearyl)), 0.88 (t, 6H, CH2CH3, J )
6.6 Hz). 13C NMR (δC): 173.63 (CO(amide)), 157.90 (NH2C(dNH)-
NH), 72.22 (CHCH2O), 71.42 (CHCH2OCH2), 70.71 (CHOCH2),
54.03 (CHNH2), 41.07 (NCH2CH, NHCH2CH2), 32.33 CH2CH2-
CH3), 31.07 (NH2CHCH2), 30.41-29.77 (CH2(lauryl/stearyl)), 26.48
(OCH2CH2CH2), 25.03 (NHCH2CH2), 23.09 (CH2CH3), 14.50
(CH2CH3). HRMS: (M + H)x calcd for C39H82N5O3, 668.6426;
found, 668.6418.

Liposome Formulation and Lipoplex Formation. DOPE
(48 µL of a 12.5 mg mL-1 CHCl3 solution, i.e., 0.6 mg, 0.8 µmol)
was added to a solution containing cationic lipid component
(0.6 mg, 1.2 µmol) in CHCl3 (0.5 mL) in a flask under argon.
One milliliter of sterilized HEPES buffer (20 mM, pH 7.8) was
added to the lipid solution, and the mixture was bath-sonicated
for 5 min until it became opalescent. The organic solvent was
removed in vacuo, and the liposome formulation was sonicated
for a further 5 min. Liposomes were then extruded through a
filter with a porosity of 200 nm using a LiposoFast Basic
manual extruder (Avestin Inc., Ottawa, Canada) at 37 °C.

To form the lipoplexes for transfection, plasmid DNA
containing the lacZ gene under the control of the Elongation
Factor promoter (pEFlacZ) was diluted to a concentration of
0.1 mg mL-1 in phosphate buffered saline (PBS). DNA solution
(4 µL) was then dispensed into a 500 µL Eppendorf tube for
each well of cells to be transfected. The corresponding amount
of liposome formulation to be used in the experiment (typically
3-5 µL, at a total lipid concentration of 1.2 mg mL-1) was then
added to the DNA, and the total volume was made up to 32
µL with PBS. Each tube was then vortexed briefly and left to
stand for 15-20 min.

Cell Culture and Transfection. All tissue culture media
and reagents were obtained from Life Technologies, Inc.
(Paisley, U.K.) unless otherwise stated. V79 (chinese hamster
lung) and HT29 (human colon adenocarcinoma) cell lines were
obtained from the European Collection of Cell Cultures (Sal-
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isbury, Wiltshire, U.K.). Cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) supplemented with 10% fetal
bovine serum and 0.5% Ciproxin Infusion (Bayer, Newbury,
U.K.). Cells were incubated at 37 °C in an atmosphere with
60% relative humidity and 5% CO2 in a TC2323 incubator
(BoroLabs, Aldermaston, U.K.). Cells were dissociated and
disaggregated by washing with PBS, followed by incubation
with 0.25% trypsin and 1 mmol ethylenediaminetetraacetic
acid in Hank’s Balanced Salt Solution.

Twenty-four hours before transfection, cells were seeded into
6-well plates (35 mm well diameter). Each well received 1.5 ×
105 cells and 2 mL of DMEM, and cells were then incubated
for 24 h. Before transfection, wells were rinsed twice with
serum free (SF) DMEM (2 × 0.8 mL) before receiving a final
aliquot (0.8 mL) of SF DMEM. The lipoplex formulations were
then taken up in 168 µL of SF DMEM, added to the cells, and
incubated for a period of 6 h. SF DMEM was then replaced
with 2 mL of fully supplemented DMEM, and cells were
incubated for a further 18 h.

â-Galactosidase Assay. For cell harvest, cells were first
washed with cold PBS (2 × 0.5 mL), and then, 200 µL of
extraction buffer (250 mM Tris-HCl, 10% v/v glycerol and 1%
v/v Triton X-100, pH 7.5) was added. The cells were lysed in
situ (5 min at room temperature), and the extracts were
collected and clarified by centrifugation in a microfuge (5 min
at 14 000 rpm). To determine the quantity of â-gal present,
80 µL of the cellular extract was mixed with 520 µL of lacZ
buffer (1 M Na2HPO4 (60 mL), 1 M NaH2PO4 (40 mL), 1 M
KCl (10 mL), 1 M MgSO4 (1 mL), 1 M Tris/HCl pH 7.8 (20
mL), distilled H2O (869 mL), ONPG (905 mg), and â-mercap-
toethanol (2.5 mL)), and the mixture was left for 20-60 min.

The reaction was then stopped by addition of 1 M Na2CO3

(250 µL), and the intensity of the yellow color that developed
was measured at a wavelength of 420 nm using a Uvikon 922
spectrophotometer (Kontron Instruments, Milan, Italy). The
overall protein content of the cellular extract was determined
by the Bio-Rad Protein Assay Reagent (Bio-Rad Laboratories
Ltd., Munich, Germany).

Cytotoxicity Assay. Twenty-four hours before dosing with
liposomes, V79 cells were dissociated and disaggregated and
dispensed into 96-well plates using a Multidrop 8 channel
peristaltic pump (Thermo Labsystems, Helsinki, Finland).
Each of the wells received approximately 500 cells in 100 µL
of medium. Cells were then incubated for 24 h, and then, 150
µL of liposome formulation was dispensed into the first well
of a row. The medium and liposomes were gently agitated
using a pipet, before 150 µL of the resulting mixture was
removed and added to the next well. This was repeated across
the row to give a dilution series. Each well was supplemented
with 100 µL of medium, and the plates were then incubated
for a period of 72 h. After this time, the medium was removed
and the cells were fixed with a 10% solution of trichloroacetic
acid. The plates were then rinsed in water, and 50 µL of dye
solution (0.1% sulforhodamine B in 1% acetic acid) was
dispensed per well. Excess dye agent was then washed off
under a stream of 1% acetic acid, and the plates were left to
dry. A total of 150 µL of 10 mM Tris/HCl (pH 8) was dispensed
per well, plates were shaken for 10 min, and absorption was
measured at 540 nm using a Multiskan plate reader (Thermo
Labsystems, Helsinki, Finland).
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