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ABSTRACT

Cationic lipids containing cholesterol and p-sitosterol as core structures,
carbamate moiety as a linker and ammonium, trimethyl ammonium, guanidinium and
tetramethyl guanidinium as polar headgroups were synthesized. The transfection
efficiency, cytotoxicity, gel retardation, particle size and zeta potential of the synthetic
cationic lipids were evaluated. Cationic lipid L4a showed higher transfection efficiency
to HEK293 cells in the presence of 10-40% serum than Lipofectamine2000. The
cationic lipid L4a showed non-toxic to HEK293 cells. Gel electrophoresis assay
revealed the strong retardation of DNA by lipoplex L4a (DNA/lipid 1:10 and 1:20
w/w). The particle size and zeta potential of lipoplex L4a were approximately 286—770
nm and 34-35 mV, respectively. Moreover, cationic lipids L9-L12 containing spermine
and 1,4-bis(3-aminopropoxy)butane as polar headgroups, carbamate as a linker and
cholesterol as a hydrophobic tail were also prepared. From the result of transfection
screening and gel retardation assay, cationic lipid L10 with helper lipid
(dioleoylphosphatidyl-ethanolamine; DOPE) weight ratios 1:1 showed 30% transfection
in HEK293 cells compared to Lipofectamine2000 as the positive control (100%).
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CHAPTER 1

INTRODUCTION

1.1 Gene Therapy

Gene therapy technology is important for the treatment of genetic disorders.
Gene therapy methods can treat many diseases such as atrial fibrillation (AF) [1], severe
combined immunodeficiency (SCID) [2], chronic granulomatous disorder [3],
Alzheimer [4] hemophilia [5], cancer [6], diabetes [7], cystic fibrosis [8], Parkinson’s
disease [9], cardiovascular [10] and lung cancer [11] etc. This technology is very
helpful for human because several diseases caused from genetic disorder are unable to
be cured by general medicines. Scientists have attempted to find out the most effective
and safety process to transfer genes into cells. However, the process is still in the early
stage and under evaluation.

Vectors are compounds having the ability to carry the specific gene into the
target cells. There are two types of vectors: viral vectors and non-viral vectors [12]. The
use of viral vectors were a popular method because of the effectiveness in gene transfer
but the virus must be attenuated before using. The disadvantages of viral methods are
toxicity to cells and effect to the immune system. The viral vectors such as retrovirus,
lentivirus, adenovirus, adeno-associated virus, and herpes simplex virus have been
extensively used as leaders for gene delivery [13]. The limitations of the viral method in
clinical application are immunogenic response, toxicity, insertional mutagenesis and the
limited amount of DNA transportable [14—17]. Non-viral vectors (synthetic vectors)
were quite remarkable because they are safe and have no side effects. However, this
vector also has a disadvantage in low transfection efficiency. There are two types of
non-viral gene carriers including physical non-viral gene carriers (needle and jet
injection, hydrodynamic gene transfer, electroporation, gene gun and sonoporation) and
chemical-based non-viral vectors (lipid-based, polymeric, dendrimer-based, polypeptide
and nanoparticles vectors). [18—21]. Cationic lipids are important non-viral vectors for
gene delivery because of the capability to incorporate hydrophilic and hydrophobic

drugs, low toxicity, no activation of immune system, and the ability to deliver bioactive
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compounds to the targeted site of action [22]. The challenges of gene delivery are
various, including toxicity, inhibition by serum in body system, uptake by the
reticuloendothelial system (RES) and specificity to lead gene with respect to the cells of
interest [23].

1.2 Cationic Lipids

A cationic lipid is a synthetic vector for non-viral gene delivery consisting of
three parts as followed:

1.2.1 Polar headgroup has a positive charge which makes the compound to
be dissolved in water. The typical polar headgroup is including amine, guanidine or
natural amino acid as lysine and histidine. There are three types of the cationic lipids
containing polar headgroups which are monovalent lipids such as DOEPC, DODAB
(DDAB), DOTAP, DODAP [24], divalent lipids such as CTA14, DMKD, DMKE
[24,25] and multivalent lipids such as DOSPA, DOGS,DOSPER, CCS, CDO14, MVL3,
MVL5 [24-26] (Figure 1).

I
C4Hag—O-C—NH

o)
\_\+/f HaN-
W J/\O P O\/\ - N\| C—NH
r %Jr CPA14 (3) { CO,CHy(CH,)12,CH3
N— +,/ _
M N N CO,CH,(CHp)12CHs
C14Hpe—O-C—NH HAN
2!
DOEPC (1) DODAB (DDAB) (2) '5 DMKD (4)
MO NH2
7 7 H O
— R s
™™o N NZ " NH, HAN
| = (@] 2!
o] H HoNT I
C14H29—O-C—NH

5 CF,4CO, + —\ H
3v2 kJﬁ NH3 N N NH,
MVL5 (5) NH; —

—0-C- 0 o]
Ciatze~O g NH CDO14 (6)

Figure 1  Structure of monovalent lipids (1-2), divalent lipids (3—4) and multivalent
lipids (5-6).
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In addition, the headgroup of cationic lipids are also divided into
symmetric and asymmetric headgroup. For example, BGTC, RPR12058, GRcat,
MM18, CHDTAEA, GR12, EDOPC, pcTG90, CDAND, DS(9-yne)PE, N-
hexadeccyl(1,3,5-triaza-7-phophaadamantane  hexafluorophosphate  [27,28] are
symmetric headgroups and CMVL2-5, lipids 9 and 10, DPPES, GL67, BGSC [29,30]

are asymmetric headgroups (Figure 2)

NH
HZNJJ\NH
L o
+
N\/\HNJ\O/CM HoN._~ A -CHACHa)16CHs
_ +Z |
J/ 2Cl NH; CH2(CH;)16CH;
HN
/g BGTC (7) 9
HN" SNH

o)
HaN o~ /\/H /S\)J\ ~Chol
N WAS o
o]

H3N H;CHZ(CH2)1GCH3

|
NH, CHDTAEA (8) scl NH3 CH(CH)16CH3

10

Figure 2 Symmetric headgroups (7—8) and asymmetric headgroups (9-10).

1.2.2 Linker is a chemical moiety that allows headgroup and tail joining
together. Normally, this part is a chemical bond or functional group such as ether, ester,

amide and carbamate [31—35] (Figure 3).
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Figure 3 Cationic lipids with ether (11), ester (12), amide (13), and carbamate (14)
linker.

1.2.3 Hydrophobic tail may be established from saturated or unsaturated
long chain hydrocarbons or steroids [36].

\/\/\/\/\)J\ O
0© o) N/HCT Kl/ cl
\/\/\/\/\)J\O I | s
SA11 DMA (15) SC11 DMA (16)
O
\/\/\/\/\)J\ i i i
®) M*/ " ©) k/\/\Jf/ |
o) o] NI, Cl | o) o] NI
(0] (0]
UA11 DMA (17) UC11 DMA (18)

Figure 4  Saturated (15—16) and unsaturated (17—18) long chain hydrocarbons used as
hydrophobic tails of cationic lipids.
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1.3 Synthesis of Cationic Lipids

Cationic lipids can be synthesized by solution- and solid-phase synthesis.
The solution-phase synthesis is a fundamental technique to synthesize many organic
compounds. The specific reagents and reactants perform chemical reactions in the
appropriate solvents and condition to provide the desired products.

In the year 2007, Tomé et al. [37] synthesized the neutral and cationic
tripyridylporphyrin-p-galactose conjugates to test antiviral activity against herpes

simplex virus type 1 (HSV-1) (Scheme 1).

1) SOCl,, pyridine
50 °C, 30 min

2) N-hydroxysuccinimide,
50°C,3h

NaH, toluene,
rt, 90 min

TFA, H,0

-

rt, 30 min.

Scheme 1 The synthesis of cationic tripyridylporphyrin-p-galactose conjugates by

solution-phase method.
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Sakashita et al. [38] synthesized a galactose-modified lipid with aromatic ring

using Click chemistry (Scheme 2). The lipoplex exhibited high gene expression to

HepG2 cells, a human hepatocellular carcinoma cell line, but not to A549 cells.

OH
e
10
O«
OH  K,CO3, DMF, 80 °C, 6 h.
23
oM
10 Br/\
HO NaH, DMF, rt, 6 h.
o/ﬁ%\%:o
25
OA OAc O/MO
Sa 2,
Ad N
cO \)\/O o™\
OAc 10

27

NaBH,

_ =

MeOH/THF, tr, 2 h.

O«
o/”*\%:o

24 Al OAc

o
0
AcO N3

OAc

ot
CuS0,5H,0

10
N
\\/OM@
O/Wo Sodium L-ascorbate

26 DMF, 90 °C, 16 h

H
&w 9

o/“$4jo

NaOMe
MeOH rt, 4 h.

ot

28

Scheme 2 The synthesis of the cationic galactose-modified lipid (28) with aromatic

ring by solution-phase method.

Rathore et al.

[39] synthesized hydrocortisone-conjugated cationic lipid

derivatives (34) with long chain hydrocarbons containing between 8—6 carbon atoms to

selectively induce the toxicity in cancer (e.g. melanoma, breast cancer and lung

adenocarcinoma) cells with less toxicity in normal cells, through induction of apoptosis

and cell cycle arrest at G2/M phase (Scheme 3).
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CnH2n+1 Br, KZCO&

cl
Ethyl acetate, 48 hreflux R NHBoc CHsl, KoCOs, 12h R_+ NHBoc
H2N/\/NHBOC ’Tl/\/ _ e /\'Tl/\/
29 R 30 3
R\,L,R
al + TFA/DCM (1:2),
4h,rt
EDCI, HOBT, DIPA, cl
DCM,12 h, rt
. R\r*\'l/\/NHz
<1

Scheme 3 The synthesis of hydrocortisone-conjugated cationic lipid derivatives (34)

by solution-phase method.

In the solid-phase synthesis, polymeric solid-supports are employed for binding
with the target molecule along the synthetic process. Since the solid-supports are not
dissolvable and miscible in the solvent, this strategy allows the separation and
purification steps more easier than those in the solution-phase synthesis. The most
significant part of the solid-support is linker. The liker is a kind of functional groups
coating on the polymer which could be matched to the synthetic compound. After
completion of the synthesis, linker will be cleaved by using specific reagents to release
the product from the solid support. The cleavage agents must be selective to the specific
linker and no harm to any parts of the desired product.

Yingyongnarongkul et al. [40] synthesized aminoglycerol-diamine conjugate-
based transfection agents containing urea linkage, diverse lengths of diamine
headgroups and various lengths of hydrophobic tails by solid-phase synthesis (Scheme
4).
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o)
NO |
j\ /©/ ? diamines, DMF, 12 h @/\O)\”AM;\NHZ
@ oo 36

35

4-nitrophenyl chloroformate,
pyridine, CH,Cl,, 16 h

o} o}
(%)-3-amino-1,2-propanediol,

M L o) o) NO,
@/\o HMH H/VOH CH,Cl,/MeOH (9:1), 12 h )I\NM\NJJ\O/O/

OH @ o°

H n H
38
37
fatty acid, DIC, DMAP,
CH,Cl,, DMF, 12 h
j\ i 20% TFA/CH,Cl,, 2 h. i
HN NN OCOR
@ o HAM?” H/\pOCOR > n N H/\g/\
OCOR OCOR
39 40

Scheme 4 The synthesis of aminoglycerol-diamine conjugate-based transfection agents

by solid-phase method.

Radchatawedchakoon et al. [41] synthesized asymmetric divalent head group
cholesterol-based cationic lipids by parallel solid-phase method (Scheme 5). The
transfection efficiency of the cationic lipids was examined with various type cells. 3p-
[N-(N’-Guanidinyl)-2’-aminoethyl)-N-(2-aminoethyl)carbamoyl]  cholesterol  showed
highest transfection efficiency with minimal toxicity.

diethylenetriamine or o)

o NO;  bis(3-aminopropyl)amine JL
(excess), CH,Cl,, 6 h

41 42 1) Dde-OH (excess), CH,Cly,
DMF, 12 h
2) cholesteryl chloroformate (4 equiv),
pyridine, CH,Cl,, 12 h
O
o O O
HZN/\M;\NJ\OChol ;é?n/;»nNsz DMF, 1 g
( @ o ”/\M;\N OChol
44 n - (
H,N 2) 50% 43 n
TFA in CH20|2 DdeNH

Scheme 5 The synthesis of asymmetric divalent head group cholesterol-based cationic

lipids by parallel solid-phase method.
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Niyomtham et al. [42] synthesized spermine-based cationic lipids by solid-
phase method to test the gene delivery into cells (Scheme 6). The liposomes of the lipid
containing 3-amino-1,2-dioxypropyl group as the central core structure showed highest
transfection activity under serum-free condition and the lipid with 2-amino-1,3-
dioxypropy! group as the core structure exhibited highest transfection under 10% serum

condition.

O
Boc
@AOJ\N/\/\N/\/\/N\/\/NHZ
H Boc

45
2-bromoethanol (20 equiv),
DIPEA, DMF

OH

(6]
Boc
@/\O)J\N/\/\N/\/\/N\/\/N\/\OH
H Boc
46

fatty acids (6 equiv), DIC (6 equiv),
DMAP CH,CI,/DMF (1:1)

(0]

. O

H N/\/\N/\/\/N\/\/N\/\OJJ\/\/\/\M
2 N n

48

Scheme 6 The synthesis of spermine-based cationic lipid by solid-phase method.
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1.4 Helper Lipids

The cationic liposomes have to be in an appropriate form and size in order to
achieve the highest effectiveness in human gene therapy. The high transfection
efficiency is mostly observed when a cationic lipid is mixed with helper lipids. The
liposomes are constructed from helper lipids to improve the stability and transfection
efficiency. Dioleoylphosphatidylethanolamine (DOPE) is one of the helper lipids that
can promote endosomal to release the genetic material. It has the cone-shape geometry
that favors the formation hexagonal Il phase. Moreover, cylindrical-shaped lipid, for
example phosphatidylcholine, can provide greater bilayer stability. Cholesterol is often
used as a helper lipid to improve intercellular delivery as well as lipid nanoparticle
(LNs) which is stable in vivo. Fatty acids and cholesteryl hemisuccinate (CHEMS) are
pH-sensitive anionic helper lipids. They were subjected to trigger low-pH-induced
changes in LNP surface charge and destabilization of endosome that can accommodate
endosomal release of antisense oligonucleotides (ONs) [43].

ONs are emerging therapeutic modality with potential applications in many
human diseases, such as metabolic diseases, infectious diseases, cancer and regenerative
medicine. The structure of cationic lipids have been used in LNPs such as 1,2-
dioctadecenoyl-3-trimethylammonium-propane (chloride salt) (DOTAP), 1,2-Dioleyl-
oxy-3-dimethyamionopopane (DODMA), 1,2-Dillinoleyloxy-3-dimethylaminopropane
(DLinDMA) and 2,2-Dilinoleyl-4-dimethylaminoethyl-(1,3)-dioxolane (DLin-KC2-
DMA) (Figure 5) [43,44].

O
DODMA (50)
DOTAP (49)
— = —_—— /
4 7 4 7
DLinDMA (51) DLin-KC2-DMA (52)

Figure 5 Structures of cationic lipids that have been used in LNPs.
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Ojeda et al. [45] synthesized cationic amino lipid 53 and studied four different
niosome formulations based on the same cationic lipid and non-ionic tensoactive
(Figure 6). The pCMS-EGFP plasmids were mixed with niosome to prepare nioplex for
gene delivery. The results suggested that the helper lipid composition is a crucial step to
be considered in the design of niosome formulation for gene delivery applications since
clearly modulates the cellular uptake, internalization mechanism and consequently, the

final transfection efficiency.

cationic lipid (53)

WW/\( Cholesterol (54)

Squalane (55)

= = = = = =
OH
HO\\\ )/ Squalene (56)
o O O
o\@)\/o\/\o)j\/\/vmvv
Ho/\/

Polysorbate 80 (57)

Figure 6 Chemical structures of niosome components.

In 2005, Hirsch-Lerner et al. [46] reported the effect of helper lipids on
lipoplex electrostatics. They characterized lipoplex based on two commonly used
monocationic lipids (DOTAP and DMRIE) and one polycationic lipids (DOSPA) with
and without helper lipids (cholesterol or DOPE) (Figure 7). Electrical surface potential
and surface pH were examined by several surface pH-sensitive fluorophores attached
either to a one-chain lipid (4-heptadecyl hydroxycoumarin (C17HC)) or to the primary
amino group of the two-chain lipids (1,2-dioleyl-sn-glycero-3-phosphoethanolamine-N
carboxyfluorescein (CFPE) and 1,2-dioleyl-sn-glycero-3-phosphoethanolamine-N-7
hydroxycoumarin) (HC-DOPE). The one-chain C17HC comparing with the two-chain
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HC-DOPE for monitoring lipoplex electrostatics reveals that both are suitable, as long

as there is no serum present in the medium.

o)
-+
O Oy O NH, HO,
o \ ?
Cﬂ H O)LM/:\(V)/
O 7
O N\/\O‘B’O\)\/OM SN, 1
HO ° O NH, o ! ! o
C17HC (60)
CFPE (58)
o)

5 CF3CO, DOSPA (59)
DOPE (61)

NH3

Figure 7  Structures of fluorophores CFPE (58) and C17HC (60), cationic lipid
DOSPA (59) and helper lipid DOPE (61).

Zheng et al. [47] synthesized a novel series of cationic lipids containing trans-
2-aminocyclohexanol (TACH)-based head groups and hydrocarbon tails moiety which
are pH-sensitive conformational switches (“flipids”). The pH-sensitivity can improve
the transfection efficiency. The lipoplexes were unified with 1,2-dioleoyl-3-
trimethylammonio-propane (DOTAP) and plasmid DNA encoding a luciferase gene

(Figure 8).
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10 14 OH OH
62 o 63 10 64
(0)
\(\/)AW [Nj HN OH HN NAOCHs
Doy o e
OOC
/(/\}S)\V/\(\/)S/\/ o /m /(\)1\0/ o
OH 67
65 66
CF

W%%M o \MM/\OO M

Cl
oo P e
“Sooc OH A 1,

70

Figure 8 Structures of pH-sensitive helper lipids containing TACH-headgroup
62—69. Non-switchable TACH analogs 70 and 71 were also prepared to be

the controls.

Barbeau et al. [48] synthesized a novel archaeal tetraether-type lipid containing

a diorthoester group as a helper lipid for gene delivery (Figure 9).

HZN«[ WW j
2 X

72

Figure 9 Structure of diorthoester-based tetraether (72).
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Huang et al. [49] designed asymmetrical alkylacyl phosphatidylcholines (APC)
as helper lipids for non-viral gene delivery. The fusogenicity of APC depends on the
length and degree of saturation of the alkyl chain. The APC mediated high in vitro

transfection efficiency, and had low cytotoxicity (Figure 10).

l+

(e}
—N Il
~"N0-P-0"> or

o) O\ﬂ/i-C17H35 i-Ci7H3s =
(6]

%

APC22 (73) R= 022H45
APC22:1 (74): R = CgyH,s, D, 13-Cis
APC24:1 (75): R = Cy4H,y, D, 15-Cis

Figure 10 Structures of asymmetrical alkylacyl phosphatidylcholines (APC)

derivatives.
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CHAPTER 2

LITERATURE REVIEW

Aberle et al. [50] synthesized the tetraester-containing cationic lipids with
dimyristoyl (76) and dioleoyl (77) hydrophobic tails from diesterification and amine
quaternization (Figure 11). The synthesized lipids exhibited the transfection activity
(luciferase) compared to the well-known lipids, DOTAP and DC-cholesterol, in NIH
3T3 and 16HBE140._ cells. The result from cell proliferation (MTS assay) revealed that
the lipids showed no toxicity to NIH 3T3 cells and a slightly decrease of the toxicity in
16HBE140_ cells relative to DC-cholesterol. This result was also confirmed by using
phase-contrast microscopy involved the expression of green fluorescent protein (GFP)

in both cell lines.

o
N O)J\R
> O\H/R

o

76: [DMTM(Gly)] R = (CH,)42CHj
77: [DOTM(Gly)] R = (Z)-(CH,);C=C(CH,);CHj

Figure 1  Structures of dimyristoyl and dioleoyl analogues.

Ren and Liu [51] reported that DOTMA, a diether-linked cationic lipid,
possess a higher in vivo transfection activity than the lipid containing diester moiety.
Moreover lipid 78a also provided a better transfection activity than its diester
derivatives with different hydrophobic domain and variable length of backbone. Thus,
quaternary ammonium lipids 78b—d containing butane and hexane backbone and diether
linkages were synthesized in order to modified the length of linker between the
headgroup and the hydrophobic (Figure 12).
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N DOTMA: m=1,n=1
ROMNM% 78a: m=1,n=2
OR 78b: m=1,n=4

78c: m=2,n=1

78: R = oleyl 78d: m=4,n=1

Figure 2  Structures of quaternary ammonium lipids.

Frederic et al. [52] modified lipopolyamines by introducing guanidine and
cyclic guanidine moieties into the structures for study the gene delivery properties. The
lipid-containing cyclic guanidine was used as a model compound specific to the active
site of ribonuclease. Thus, lipopolyamine-guanidines (79 and 81) and lipopolyamine-
cyclicguanidines (80 and 82) were synthesized. They also expanded the synthesis by
vary the ring size of cyclic guanidine and the core structure of lipopolyamines by
preparing lipids 83—85 (Figure 13).

NH R

hiy S P
H,N N/\/\”/\/\/ ~ ”W R
79: R= (CH2)13CH3 (6]
81: R= (CH,);7CH3

o R
§ P
N/\/\/ ~ N N/ﬁr \R
H o
N~ NH 80: R= (CH;);3CH3
H 82: R= (CH,)47CH,
NH o (CH2)15CH3
G D
—
M NI N N N N ~
NTON N N S (CH)sCHs
83 o
HNYN
HN

\H o (|CH2)13CH3

N N HQL N
N
=~ NN IS Hﬁ( \(CH2)13CH3

NH o
84

85: R= (CH2)13CH3
86: R= (CH2)17CH3

Figure 3  Structural modifications of lipopolyamines.
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Bianco et al. [53] improved DC-chol (87) for preparation of liposome to be
used in gene therapy (Figure 14). The literature described the synthetic DC-chol on the
treatment of cholesterol with phosgene derivatives that they get the final product overall
yield of 21%. Thus, they proposed Curtius reaction to improve synthesis of DC-Chol.
The yield of improved method of DC-Chol cationic lipid was 92% and the total yield

was about 74%.

DC-Cholesterol (87)

Figure 4  Structure of DC-cholesterol cationic lipid.

Mukerherjee et al. [54] improved gene transfer properties to a novel series of
cationic lipid 88a-e by act in synergy of co-lipids DOPE, cholesterol and DOPC (Figure
15). They used a novel series of non-glycerol backbone based cationic lipid with 2-
hydroxyethyl and 2-aminoethyl polar head-group. They found that DOPE, cholesterol
and DOPC which were commonly used as co-lipids can act as synergies providing high

gene delivery efficiency.

CI HgN. OH
\L J/ 88a:R=R'= C13H27
;\rj - 88b: R=R'= CygH34
( §| 88c: R=R'=Cq7H35
R R 88d: R = C13H27, R'= C17H33 (0|ey|)

88e: R = R' = Cy3Ha; (oleyl)

Figure 5  Structures of cationic lipids 88a—e.
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Ilies et al. [55] synthesized cationic lipids to compare the cellular toxicity and
transfection efficiency between pyridinium polar head versus the tetramethylammonium
in several tumor cell lines. The compound 1-(2,3-dioleoyloxypropyl)-2,4,6-
trimethylpyridinium lipid 890c¢ was mixed with different helper lipids in various molar
ratios to test with its ammonium congener DOTAP for the transfection. The formulated
with cholesterol at 1:1 molar ratio, the pyridinium lipid 890c was able to transfect
several cancer cell lines with similar or better efficiency than its tetraalkylammonium
congener DOTAP. In vivo, the lipid 890c and DOTAP-based lipoplexes were tested
with mice by injected intratumoral. Moreover, the red fluorescent protein reporter
showed that the pyridinium cationic lipid provided higher efficiency in the transfecting

the tissue on a higher area (Figure 16).

o} CHs
|
— X
g g O/\/\TJrBr' | b
M(o HaC” N”, “CHq
5 Rcooj)

DOTAP (49) 88
RCOO
CHs
| A R =—(CHy)14CH; (P)
+ —(CH3)16CH3  (S)
HaC™ N~ "CHs ~(CHy)r__(CHp),CH;  (0)
A=ClO, (a)
RCOO  OCOR BF, (b)
89 PFs (c)

Figure 6  Structures of cationic lipids 89—90.

Kim et al. [56] synthesized two different cationic lipids which consist of lysine
polar head, two C-14 hydrocarbon chains, and either aspartatic acid or glutamic acid as
core structures, DMKD (91) and DMKE (92) (Figure 17). Cationic liposomes were
constructed with lipids DMKD and DMKE and DOPE and test for gene-transferring
capabilities on various cell lines. They found that the order of in vitro gene transfection
efficiency was DMKE (92) > DMKD (91) > DOTAP. In addition, lipids DMKE (92)
and DMKD (91) were assayed with in vivo by intravenously administered their

exhibited different biodistribution characteristics. DMKE (92) lipoplexes were able to
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induce more efficient transgene expression in tumor tissues than the DOTAP and
DMKD (91) lipoplexes.

COR CO,R

Q J: 2HCI
: o)
HoN -2HCI

N~ "CO.,R H-N
H 2 N~ CO,R
H
R = CHz(CH2)12CH3

R= CHz(CH2)12CH3

NH,
NH,

DMKD (91) DMKE (92)

Figure 7  Structures of cationic lipids with lysine polar head.

Pual et al. [57] synthesized seven dimeric cationic lipids containing aromatic
anchor between hydrocarbon chains and cationic headgroup. These lipids were

examined the DNA binding properties and complexity by gel electrophoresis (Figure

18).
+/
Br'\ltl/_©—\N Br Br'\N+ +N/ Br
AN 7 N /
C16H330 OC1gH33 CigH330 OCgH33
OCjgH33 OC16Ha3 OC1gH33 OC16Hg3
93a 93b

Nt/ N\t
Br’ N—(CHZ)n—N Br

94a:n=3
94b: n = 4
94c:n=5
C16H330 OCqgHzz ~ 4d:n=6
16" 133 16'133 9de:n=12

OC1gH33 OC1eHas3
94

Figure 8 Structures of dimeric cationic lipids containing aromatic anchor between

hydrocarbon chains and cationic headgroup.
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Spolios et al. [58] investigated the transfection activity and physicochemical
properties of the cationic lipids 95-97 having dimyristoyl tails (Figure 19). Two of the
derivatives were established as isomers with the same headgroup and hydrophobic tails
and the difference in linkages as diaminopropanol moieties. Another lipid was designed
with a hydrophilic region containing only a single ionizable amine group. The physical
studies such as pKa determination, Langmuir monolayer studies, fluorescence
anisotropy, gel electrophoresis mobility shift assay, ethidium bromide displacement
assay, particle size distribution, and zeta potential were tested. Physicochemical

characterization that a symmetric bivalent was shown for high transfection activity.

11
NH

(@)
| (0]

HN

PN

O

(0]
| HNM
/N\/\N)J\O/\‘)
HNW

/N\

1,3Ib2 (95) 1,2Ib2 (96)

1,3Imt2 (97)
Figure 9  Structures of novel series of double-chained tertiary cationic lipids.

Cardiolipin mimicking gemini lipid analogues 98-101 were synthesized by
Bajaj et al. [59] with variation of length and hydrophilicity of the spacer to study the
structure-activity relationship. Gemini lipids 100-101 bearing an oxyethylene spacer
provided the transfection efficiency greater than the lipids containing polymethylene
spacer. Interestingly, the major characteristic of the gemini lipids is the compatibility in

the serum system (Figure 20).
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Br Br Br Br
|+ ] . :
RO™ Y ON—(CHp)=N" Y TOR Ro/\/\IL—CHZ—(CHZ—O—CHZ)E]CHz—rL/\/\OR
OR | nloRr OR | | or
98(a-d): R= n-C14H29 an=3 100(a-c): R= n-C14H29 an=1
99(a-d): R= n'C16H33 b:n=5 101 (a-c): R= n-C16H33 b:n=2
c:n=8 c:n=3
d:n=12

Figure 10 Structures of cardiolipin mimicking gemini lipid analogues.

Bajaj et al. [60] synthesized eight cholesterol based cationic lipids 102—-109
with difference headgroups having ether linkage (Figure 21). The transfection efficiency
were examined in the absence and presence of serum. They found that the transfection
activity depend on the nature of the headgroup. The lipid 108 bearing 4-N,N'-
dimethylaminopyridine (DMAP) as a headgroup showed the highest transfection
efficiency in the presence of serum. The DNA binding abilities were revealed upon the
headgroup of the cholesteryl lipid. The cytotoxicity showed that the positive charge
decreased the cell viability of the cationic lipid formations.

NN Chol | Br ,1,*
~~ho > hol
\_/B_V\o SN Chol S~ Cho
' Br
Chol-DABCO (102) Chol-NMe (103) Chol-NMP (104)
/\/N\/\O,Chol /\/'!‘M\ _Chol Y/ \N+ Chor
P [e]
N/ " ° C— ~"0o
Ve Br Br
Chol-PR (105) Chol-PR+ (106)

/
eV N~ -Chol
N N + (6]
/ Q o Ce! "

B
Br '

Chol-DMAP (108) Chol-MOR (109)

Figure 11 Structures of eight cholesterol based cationic lipids different in the

headgroup.
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Zhu et al. [61] synthesized a series of pyridine lipids containing a heterocyclic
ring and a nitrogen atom and examined the structure-activity relationship for gene
delivery (Figure 22). The liposomes were prepared by mixing a co-lipid such as L-a-
dioleoylphosphatidylethanolamine (DOPE) and cholesterol (Chol). The lipoplexes were
prepared by mixing between liposome and plasmid DNA encoding enhanced green
fluorescent protein ()CMS-EGFP) or luciferase (pcDNA-3-Luc). Pyridinium lipids with
amide linker exhibited significantly higher transfection efficiency compared to ester
counterparts. The liposomes prepared from pyridinium lipids and co-lipids at 1:1 molar
ratio were used to generated the lipoplexes (liposomes/plasmid DNA = 3:1). The
resulting lipoplexes exhibited high transfection activity. The pyridinium liposomes
based on a hydrophobic anchor chain length of 16 showed high transfection efficiency
and low cytotoxicity. The structural trans-configuration of double bond in the fatty acid
revealed higher transfection efficiency than its counterpart with cis-configuration at the
same fatty acid chain length. The lipid C16:0 and Lipofectamine significantly decreased
transfection activity under 30% serum condition while C16:1 trans-isomer still had high

transfection efficiency under this condition.

i a,k; R= —CHy(CH,){1CH; (14:0)
N 5
/ﬁj\ ' b, m; R= —CH,(CH,)13CH3 (16:0)
N™ “n-CqqHzg

PFg ' ¢; R= —CHy(CH,)sCH=CH(CH)sCH3; (16:1 cis-9)
NHCOR ' d;  R= —CHy(CH,)sCH=CH(CH)sCH; (16:1trans-9) |
110(a-j) ' €,N; R= —CH,(CH,);sCH; (18:0)

f, 0, R= —CH,(CH,)sCH=CH(CH);CH; (18:1 cis-9)

g, R= —CHy(CH,)sCH=CH(CH),CH; (18:1 trans-9)

X , .
| . i h;  R= —CHy(CH,)sCH=CH(CH),CH; (20:1 cis-11)
~
_ N n-Cq4H
PFq 1 | i R= —CH,(CHp)sCH=CH(CH);CHs (20:1 trans-11)
OCOR ik R= —CHy(CHy)12CH; (15:0)
CHy(CHap)sCH
111(k- 2(CH2)sCHs
(k-0) i Re —HC (18 branch)

Figure 12 Structures of a series of pyridine lipids.
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Rajesh et al. [62] have designed and synthesized two structurally isomeric
amphiphiles 112 and 113 (Figure 23). The only structural difference between lipid 112
and 113 is the orientation of their linker ester functionality. Lipid 112 showed high
transfection in multiple cultured animal cells, lipid 113 did not show transfection
efficiency. Findings have indicated that a structural variation as linker orientation
reversal in cationic amphiphiles can profoundly influence DNA-binding characteristics,
membrane rigidity, membrane fusibility, cellular uptake, and consequently gene

delivery efficacies of cationic liposomes.

OH OH

H.C +§ - H C\+§ -
el }NZCI

Z o\\cl: Cl://o

o= -0 O o

R R

A-0-0
A-0-0

112: R = n-C13H27 113: R = n-C13H27

Figure 13 Structures of isomeric remarkable similar amphiles.

Randazzo et al. [63] synthesized cholic acid cationic lipids analogs. Four
monosubstituted spermines (114-117) and a bis-substituted spermine (118) were tested
as gene transfer agents, bacteriostatic agents, and bactericidal agents (Figure 24). The
double bond in the sterol moiety increased transfection efficiency significantly. These
compounds showed no effect of increasing bactericidal activity with increasing sterol
hydrophobicity. The bis- substituted compound 118 showed minimum inhibitor
concentrations (MIC) (4 uM against Bacillus subtilis and 16 uM against Escherichia
coli) and therapeutic indexes (minimum hemolytic concentration/minimum inhibitory

concentration) of 61 and 15, respectively.

~ Mahasarakham University



24

HO

Figure 14 Structures of cholic acid analogs cationic lipids.

Obeta et al. [64] synthesized the cationic amino acid-based lipids 119-121 to
examine the influence of the spacer on liposome gene delivery (Figure 25). A
hydrophobic spacer with a hydrocarbon chain composed of 0, 3, 5, 7, or 11 carbons, and
a hydrophilic spacer with an oxyethylene chain (10 carbon and 3 oxygen molecules)
were considered. The zeta potentials and cellular uptake efficiency of the cationic

liposome were almost equivalent.
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(0]
(0] O O—CH CH
HoN o + 2 3
HN O o—QCHZtCH3 E-NH-CH, - C-NH 15
C—-NH n U
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O—CHy—CHs
O—{CH,}—CH; 4 < t
15
HN .
H,N Hydrocarbon-spacer lipids (120)
Non-spacer lipid (119)
120a:n=3
120b:n=5
120c:n=7
120d : n =11
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HN - O H, H 0 O+CH2tCH3
C-NH-C —(CHZCHO)3\/\/N\H/\)LN
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PEG-spacer lipid (121) d O+CH2>;CH3

HoN

Figure 15 Structures of a series of cationic amino acid-based lipids.

Mével et al. [65] synthesized the novel cationic lipids 122-125 including
cholesteryl moieties linked to guanidinium group and also cationic lipids comprising a
dialkylglycylamide moiety conjugated with a polyamine or a guanidinium group
(Figure 26). The liposomes were prepared with the neutral co-lipid dioleoyl-L-a-
phosphatidylethanolamine (DOPE) or with neutral lipophosphoramidate derivative of
histamine (MMZ27). The cationic lipid N’,N’-dioctadecyl-N-4,8-diaza-10-aminodecano-
ylglycine amide (DODAG) formulated with DOPE showed the highest transfection in
vitro in all three different cell lines studied (OVCAR-3, IGROV-1 and HelLa) both in
the presence or absence of serum. DODAG form lipoplex with small interfering RNA
(sSiRNA) which is able to mediate the delivery of anti-hepatitis B virus (HBV) with low

liver toxicity and immune stimulation.
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Figure 16 Structures of novel cationic lipids including of cholesteryl-moieties linked
to guanidinium group and a dialkylglycylamide moiety conjugated with a

polyamine or a guanidinium group.

Gall et al. [66] synthesized and studied a novel lipophosphoramidate derivative
with an arsonium headgroup, a phosphoramidate linker and two diunsaturated linoleic
chains. The specific fluidity and fusogenicity properties of the liposomes were
examined for the physicochemical studies. The complexes showed a remarkably
efficiency to transfect mouse lung. The diunsaturated showed higher transfection level
than a monosaturated analogue. This diunsaturated cationic lipophosphoramidate
established an efficient and versatile non-viral vector for gene transfection (Figure 27).
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KLN47 (127)
Figure 17 Structures of a novel lipophosphoramidate derivative.

Maslov et al. [67] synthesized the cationic lipid 128-131 containing
pyridinium, N-methylimidazolium, N-methylmorpholinium, and N-methylpiper-idinium
headgroup linked via B-glucosyl spacer and cholesterol hydrophobic tails (Figure 28).
The cytotoxicity of the synthesized lipids was examined and has ICs value in the range
of 20—35 puM. Moreover, the liposomal formulations with DOPE (1:1) were found to be
significantly less toxic and provided the accumulation of FITC-labeled nucleotide in
cells. The cationic liposomes can transfer siRNA into the cells and the lipid 130d
formulated with DOPE provided the most EGFP expression both in the presence and

absence of serum.

AcO
%cm AcO m

128a, a-isomer 129(a-d) -
128b, B-isomer 130(a-d)
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Figure 18 Structures of the cationic lipids containing headgroup (pyridinium, N-

methylimidazolium, N-methylmorpholinium, and N-methylpiperidinium).
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Li et al. [68] synthesized linear cyclen (133a—c) and cross-linked cyclen
(136a—d) polymers containing 1,4,7,10-tetraazacyclododecane and ester or disulfide
bonds via ring-opening polymerization from various diol glycidyl ethers (Figure 29).
The molecular weights of the synthesized polymers, retardation assays and the
degradation of the polymers were examined. The polymers can be formed polyplexes
with DNA which provided appropriate sizes around 400 nm and zeta-potential values in
the ranged of 1540 mV. MTT assay revealed that polymers 136 has the cytotoxicity
lower than that of polyethyleneimine (PEI, 25 kDa), a non-viral cationic gene carrier.
136¢/DNA polyplex (weight ratio of 4) exhibited the transfection efficiency to A549
and 293 cells close to that of 25 kDa PEI. Moreover, it has been found that the
transfection efficiency of 136 in the presence of serum could be improved by adding

chloroquine or Ca* to the pretreated cells.
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Figure 19 Structures of 1,4,7,10-tetraazacyclododecane (cyclen)-based linear (133a—c)
and cross-linked (136a—d).
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Huang et al. [69] synthesized two novel protonated cyclen and imidazolium
salt-containing cationic lipids 137-139 that are different in only the hydrophobic region
(cholesterol or deasgenin) for gene delivery (Figure 30). The liposomes were easily
prepared from each of lipid and the mixture of the lipid with dioleoylphosphatidyl
ethanolamine (DOPE). The amphiphilic molecule demonstrated to bind and compact
DNA to form nanometer particles that could be used as non-viral gene delivery. In vitro
transfection showed two cationic lipids with DOPE can induce effective gene
transfection in HEK293 cells. In addition, two cationic lipids were sensibly increased in
the presence of calcium ion (Ca?*). The cytotoxic had different for two cationic lipids
and this study demonstrated that the little cationic lipids have potential to be efficient

non-viral gene vector.

Figure 20 Structures of novel protonated cyclen and inidazolium salt-containing

cationic lipids.
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Lui et al. [70] have designed and synthesized cationic lipids 140-142 that
bearing protonated cyclen and different hydrophobic group (cholesterol, dodecanol or
diosgenin) as non-viral vecters (Figure 31). Their liposomes were easily prepared by
mixing the synthesized lipids with dioleoylphosphatidyl ethanolamine (DOPE) under
suitable mole ratios. The liposome could retard pDNA at N/P ratio of 3 and formed
lipoplexes with sizes around 200-300 nm and zeta-potential values of +20-50 mV at
N/P ratio from 4 to 10. In vitro transfection toward HEK 293T and A549 cell lines
showed that DOPE/DNA lipoplex at an N/P ratio of 6 and lipid/DOPE mole ratio of 1:2
provided the transfection efficiency slightly higher than that of Lipofectamine 2000.
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Figure 21 Structures of cationic lipids that bearing protonated cyclen and different

hydrophobic group.
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@pstad et al. [71] synthesized a new class of cationic phospholipids with a
highly unsaturated conjugated fatty acid (143) as shown in Figure 32. The lipoplexes
were prepared by employing 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE)
as helper lipid with and without the polycationic peptide protamine, together with a
plasmid DNA (pDNA). The novel unsaturated lipid exhibited pDNA binding and
protection from DNase | degradation. The transfection efficiency of the new lipid
showed comparable gene transfer with a commercial reference, 1,2-dimyristoyl-sn-
glycero-3-ethylphophocholine  (EPC), and also performed equally to the
Lipofectamine2000.

C30-2 (143)

Figure 22 Structure of a highly unsaturated conjugated fatty acid.

Sheng et al. [72] have prepared a series of new sterol-based cationic lipids
(144-147) through an efficient 'Click’ chemistry approach (Figure 33). The pDNA
binding ability of these lipids was examined by gel electrophoresis. The average particle
sizes and surface charges of cationic lipid/pDNA lipoplexes were determined by
dynamic laser light scattering instrument (DLS), the morphologies of the lipoplexes
were analyzed by atomic force microscopy (AFM). MTT and LDH assay were verified
the toxic of the cationic lipid and the transfection efficiency which was investigated by
luciferase gene expression in various cells. The structural factors including sterol-
skeletons and headgroup have effected to the pDNA loading capacity, lipoplex particle
size, zeta potential and morphology of the sterol lipids/pDNA lipoplexes. Interestingly,
they found that the cholesterol-bearing lipids 144 and 145 showed higher transfection
capability than lithocholate-bearing lipids 146 and 147 in A549 and HelLa cell lines.
They have developed the low cytotoxic and high efficient lipid by selecting appropriate

sterol hydrophobic and cationic headgroup.
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Figure 23 Structures of a series of new sterol-based cationic lipid.

Kedika et al. [73] synthesized benzothiazol-based lipids (148a—j) containing
different derivatives of benzothiazole headgroup to determine the structure-activity
relationship for gene delivery (Figure 34). The lipoplexes were prepared by mixing
between cationic lipid and plasmid DNA encoding green fluorescent protein (a5GFP) or
B-galactosidase () CMV-SPORT-b-gal) and transfected into B16F10 (Human melanoma
cancer cells), CHO (Chinese hamster ovary), A-549 (Human lung carcinoma cells) and
MCF-7 (Human breast carcinoma cells) cell lines. The results showed that lipids 148i
and 148j exhibited comparable gene delivery to that of Lipofectamine2000. The
benzothiazole headgroup has the potential to be used transfection reagents for in vitro

and in vivo applications.
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Figure 24 Structures of benzothiazole-based lipids.

Shang et al. [74] have prepared a series of cholesterol-based cationic (Cho-cat)
lipid containing cholesterol as a tail, natural amino acid headgroup (lysine/histidine) and
carbonate ester and ether linkgages. The lipids carrying L-lysine headgroup (149 and
151) were demonstrated higher pDNA binding affinity and higher surface charge
lipoplexes than of L-histidine headgroup bearing lipids (150 and 152). The structure-
activity relationship of cholesterol based cationic lipid was enhanced by the simple

modification of suitable headgroups on lipid gene carriers (Figure 35).
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Figure 25 Structures of a series of cholesterol-based cationic (Cho-cat).

Parvizi et al. [75] synthesized cationic pyridinium lipids 153-155 which were
mixed with 1,2-dimyristoyl-sn-glycero-3-ethylphosphocholine (EPC, 1:1 w/w) to form
liposome with the neutral lipids 1,2-dioleoyl-sn-glycero-3-phosphatidylethanolamine
(DOPE) or cholesterol (3:2 w/w) (Figure 36). Gel electrophoresis of all lipoplexes

formulations revealed that plasmid DNA was protected from DNase | degradation. The
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small-angle X-ray scattering experiments were examined to determine the shape
parameter values that correctly correlated with observed hexagonal lipid phase behavior
of lipoplexes. The factor of partition coefficient, shape parameter, lipoplex packing

produced a direct correlation with transfection efficiency.

+

BF, | |

EPC (155)
Figure 26 Structures of cationic pyridinium lipids.

Zhang et al. [11] have studied the influence of the structure of lipid to gene
transfection efficiency. Thus, the novel 1,4,7,10-tetraazacyclododecane (cyclen)-based
cationic lipids L1-L6 (156-161) containing double oleyl as hydrophobic tails were
designed and synthesized (Figure 37). The liposomes were prepared from the mixture of
lipid and DOPE. The result showed good DNA binding affinity, and full DNA
condensation to succeed at N/P 4 to form lipoplexes with appropriate size and zeta-
potentials for gene delivery. The in vitro gene delivery was investigated by the
structure-activity relationship and found that the lipid L4 (159) containing amide
linking bond gave the best transfection efficiency. In addition, they found that these

lipids showed low cytotoxicity and good biocompatibility.
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Figure 27 Structures of the novel 1,4,7,10-tetraazacyclododecane (cyclen)-based

cationic lipids.

Ju et al. [76] have designed cholesterol derivatives M1-M6 (162—167) and
evaluated the cationic liposome as a non-viral vector (Figure 38). The lipoplexes were
prepared by the cationic lipid mixing with pEGFP-N to transfect into 293T cells and
evaluated GFP expression. All lipids exhibited good transfection activity. Lipids M2
(163) and M4 (165) provided the transfection efficiency at the same level with DC-Chol
derived from the same backbone while lipids M1 (162) and M6 (167) are superior. The
lipid M6 (167) showed comparable transfection efficiency to Lipofectamine2000. The
optimal ratio for the formulation of M1 and M6 were at a mole ratio of 1:0.5 for the
cationic lipid/DOPE, and at N/P charge mole ratio of 3:1 for liposome/DNA. At the
optimal condition, lipids M1 (162) and M6 (167) were better than that of the
commercial liposome DC-chol and Lipofectamine2000 even in the presence of serum.
The lipids M1 (162) and M6 (167) exhibited low cytotoxicity, good serum
compatibility and efficient transfection, having the potential of being excellent non-viral

vectors for gene delivery.
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Figure 28 Structures of cationic lipids having cholesterol hydrophobic tail.




CHAPTER 3

RESEARCH METHODOLOGY

3.1 General Technique

3.1.1 Solvents
All solvents (methanol, ethyl acetate, dichloromethane, hexane) were
distilled before use.
3.1.2 Reagents
Reagents were purchased from commercial suppliers. Starting materials
including  cholesteryl  chloroformate,  4-nitrophenyl  chloroformate,  N,N'-
diisopropylethylamine and  1,3-bis(tert-butoxycarbonyl)-2-methyl-2-thiopseudourea
were purchased from Acros Organics. Methyl iodide and O-(benzotriazol-1-yl)-
N,N,N’,N'-tetramethyluro-niumhexafluorophosphate (HBTU) were purchased from
Sigma-Aldrich.
3.1.3 The Analytical Instrument for Structural Elucidation
IR spectra were recorded on a Perkin-Elmer Spectrum GX60237
spectrophotometer. NMR spectra were recorded on a Bruker AVANCE 400
spectrometer operating at 400 MHz for *H and 100 MHz for *C. All coupling constants
(J values) were measured in Hertz. MS spectra were recorded with a Finnigan LCQ
mass spectrometer and HRMS spectra were obtained from a Bruker microOTOF-II

mass spectrometer.
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3.1.4 Thin Layer Chromatography (TLC)
Adsorbent: MERCK precoated TLC plates (silica gel 60 F-254). The TLC
plates were visualized as follows:
3.1.4.1 Ultraviolet (UV) light at 254 nm. This technique was used to
monitor and evaluate the reactions. Organic compounds which are able to absorb the
UV light will appear as dark blue spots. Compounds containing aromatic rings, o,p-
unsaturated carbonyl groups and n-conjugated systems can also adsorb the UV light.
3.1.4.2 Stains for developing TLC plates. There are two techniques for
this experiment. Ninhydrin reagent was used to detect the compound containing amino
groups. p-Anisaldehyde reagent was employed to visualize phenols, terpenes, sugars,
and steroids which shows the colors as violet, blue, red, grey or green.
3.1.5 Column Chromatography
The column chromatography was carried out to purify the crude products from the
reactions using SiliaFlash® irregular silica gels, F60, 40-63 pum (230-400 mesh) as the
adsorbent. An individual solvent (hexane, dichloromethane and methanol) or the mixture in an
appropriate ratio was used as the eluent.
3.1.6 Cell Lines
Human embryonic kidney cells 293 (HEK293), human cervical
adenocarcinoma (HeLa), human colon adenocarcinoma (HT29) and human breast
adenocarcinoma (MCF7) were used all cells to evaluate transfection efficiency and
HEK?293 for cytotoxicity assay.
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3.2 Overviews of Synthesis
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Scheme 1 Synthesis of lipids L1a—L8a and L1b—-L8b. Reagents and conditions:
(@) 1,2-diaminoethane (ethylenediamine) or 1,3-diaminopropane (1 equiv),
CH.Cly, 24 h; (b) 4-nitrophenyl chloroformate (1.2 equiv), CH,Cl,, Et3N, 1
h; (c) CHsl (4 equiv), DIEA, DMF, 12 h; (d) 1,3-bis(tert-butoxycarbonyl)-2-
methyl-2-thiopseudourea (1.2 equiv), DIEA, DMF, 12 h;
(e) O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (1.2 equiv), DIEA, DMF, 12 h; (f) 20% TFA in
CH,CIy, 2 h.
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Scheme 2 Synthesis of cationic lipids L9-L12. Reagents and conditions: (a) spermine-
Boc or 1,4-bis(3-aminopropoxy)butane (1.0 equiv), CH,Cl,, 24 h; (b) 20%
TFA in CH,Cl;, 2 h; (c) methyl acrylate, MeOH, 5 days; (d) spermine or
1,4-bis(3-aminopropoxy)butane (2 equiv), MeOH, 5 days.
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3.3 Synthesis

3.3.1 Synthesis of Lipids L1a and L5a

@)

H2N/\M;\”J\O

L1a;n=0
L5a;n=1

To a solution of ethylenediamine or 1,3-diaminopropane (0.74 mL, 11.12
mmol and 0.99 mL, 10.75 mmol, respectively) in CH,Cl, was added dropwise the
solution of cholesteryl chloroformate (1.0 g, 2.22 mmol or 0.96 g, 2.15 mmol) in
CH,Cl, (200 mL) at room temperature. The reaction mixture was stirred for 24 h and
then washed with water (3x200 mL). The organic layer was combined, dried over
Na,SO,, filtered, and concentrated to afford a white amorphous solid, which was
purified by silica gel column chromatography (CH,Cl, to 15% MeOH/CH,CI,).

3B-[N-(2-Aminoethyl)carbamoyl]cholesterol (L1a). 800 mg (76%); IR:
vmax 3336, 2939, 2892, 2867, 2851, 1695, 1550, 1468, 1375, 1275, 1248, 1138, 1016
cm™: *H NMR (400 MHz, CDCls): & 0.65 (s, 3H, CH5-18), 0.83 (d, J = 5.8 Hz, 6H,
CH3-26 and CH3-27), 0.88 (d, J = 6.3 Hz, 3H, CH3-21), 0.98 (s, 3H, CH3-19), 1.05-2.34
(m, protons in cholesteryl skeleton), 2.82 (t, J = 5.5 Hz, 2H, NH,CH,CH,NHCO,-
Chol), 3.22 (m, 2H, NH,CH,CH,NHCO,-Chol), 4.46 (m, 1H, H-3-Chol), 5.07 (s, 1H,
~NHCO,-Chol), 5.34 (br s, 1H, H-6-Chol); *C NMR (100 MHz, CDCls): 11.8, 18.7,
19.3, 21.0, 22.5, 22.8, 23.8, 24.3, 27.9, 28.1, 28.2, 31.9, 31.9, 35.8, 36.2, 36.5, 37.0,
39.5, 39.7, 41.6, 42.3, 50.0, 56.1, 56.7, 74.4, 122.5, 139.8 (carbons in cholesteryl
skeleton), 38.6 (NH,CH,CH;NHCO,-Chol), 43.2 (NH,CH,CH,NHCO,-Chol), 156.5
(C=0 carbamoyl); MS (ESI): m/z 473.6 ([M + H]", 100%); HRMS (ESI-TOF) m/z:
[M + H]" calcd for C3oHs3N20,: 473.4102; found 473.4115.
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3B-[N-(3-Aminopropyl)carbamoyl]cholesterol (L5a). 780 mg (75%); IR:
vmax 3355, 2936, 2867, 2898, 1691, 1521, 1466, 1437, 1379, 1256, 1135, 1035, 1014
cm™; 'H NMR (400 MHz, CDCls): & 0.64 (s, 3H, CH3-18), 0.82 (d, J = 5.8 Hz, 6H,
CH3-26 and CH3-27), 0.87 (d, J = 6.3 Hz, 3H, CH3-21), 0.97 (s, 3H, CH3-19), 1.02-2.33
(m, NH,CH,CH,CH,;NHCO,-Chol and protons in cholesteryl skeleton), 2.74 (br s, 2H,
NH,CH,CH,CH,NHCO,-Chol), 3.22 (br t, 2H, J = 5.5 Hz, NH,CH,CH,CH,NHCO,-
Chol), 3.43 (s, 1H, -NHCO,-Chol), 4.44 (m, 1H, H-3-Chol), 5.10 (m, 2H, NH,CH,CH,
CH;NHCO,-Chol), 5.34 (m, 1H, H-6-Chol); *C NMR (100 MHz, CDCls): 11.8, 18.7,
19.3, 21.0, 22.5, 22.8, 23.8, 24.3, 28.0, 28.2, 31.9, 31.9, 32.8, 35.8, 36.2, 36.5, 37.0,
38.8, 39.5, 39.5, 42.3, 50.0, 56.1, 56.7, 74.2, 122.4, 139.8 (carbons in cholesteryl
skeleton), 31.9 (NH,CH,CH,CH,NHCO,-Chol), 38.6 (NH,CH,CH,CH,NHCO,-Chol),
39.7 (NH,CH,CH,CH,NHCO,-Chol), 156.4 (C=0 carbamoyl); MS (ESI*): m/z 488.0
(IM + H]*, 100%); HRMS (ESI-TOF) m/z: [M + H]" calcd for Ca;HssN,Oy: 487.4258;
found 487.4256.

3.3.2 Synthesis of Lipids L2a and L6a

To a solution of lipid L1a (120 mg, 0.26 mmol) or L5a (150 mg, 0.31
mmol) in DMF (10 mL) was added methyl iodide (66 pL, 1.07 mmol and 76 pL, 1.23
mmol) and DIEA (3 drops). The reaction mixture was stirred at room temperature for 12
h and then washed with water (3x100 mL). The organic layer was combined, dried over
Na,SO,, filtered, and concentrated to afford a white amorphous solid. The crude product

was purified by silica gel column chromatography eluted by MeOH.
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3B-[N-(2-(N’,N’,N’-Trimethyl)aminoethyl)carbamoyl]cholesterol (L2a).
35 mg (21%); IR: vmax 3415, 2946, 2930, 2868, 2852, 1708, 1449, 1406, 1250, 1197,
1139, 1072, 1025 cm™; *H NMR (400 MHz, CDCl;): & 0.65 (s, 3H, CH3-18), 0.84 (d, J
= 6.3 Hz, 6H, CH3-26 and CH3-27), 0.89 (d, J = 6.3 Hz, 3H, CH3-21), 0.98 (s, 3H, CH3-
19), 1.02—2.34 (m, protons in cholesteryl skeleton), 3.40 (s, 9H, N*(CHs)3), 3.76 (br s,
2H, N*(CH3)3sCH,CH;NHCO,-Chol), 3.80 (d, J = 3.80, 2H, N*(CH3)3CH,CH,NHCO;-
Chol), 4.44 (m, 1H, H-3-Chol), 5.35 (br s, 1H, H-6-Chol), 6.51 (s, 1H, NH); *C NMR
(100 MHz, CDCls): 10.6, 18.6, 19.2, 20.9, 22.5, 22.7, 23.7, 24.2, 27.9, 28.0, 28.1, 31.7,
31.8, 35.7, 36.0, 36.4, 36.8, 38.4, 39.4, 39.6, 42.2, 49.9, 56.0, 56.6, 74.9, 122.4, 139.6
(carbons in cholesteryl skeleton), 42.3 ((CHs3)sN"CH,CH,NHCO,-Chol), 53.2
(N*(CHa)3), 65.5 ((CHs3)sN'CH,CH,NHCO,-Chol), 156.5 (C=0O carbamoyl); MS
(ESIM): m/z 516.0 ([M]", 100%); HRMS (ESI-TOF) m/z: [M]" calcd for CssHsgN,O»:
515.4571; found 515.4610.

3B-[N-(3-(N’,N’,N'"-Trimethyl)aminopropyl)carbamoyl]cholesterol
(L6a). 51 mg (25%); IR: vmax 3295, 2940, 2867, 2850, 1624, 1543, 1481, 1468, 1380,
1330, 1287, 1251, 1133, 1033 cm™; *H NMR (400 MHz, CDCls): & 0.65 (s, 3H, CHs-
18), 0.83 (d, J = 6.5 Hz, 6H, CH3-26 and CH3-27), 0.88 (d, J = 6.0 Hz, 3H, CHs-21),
0.97 (s, 3H, CH3-19), 1.07-2.26 (m, N*(CH3)3CH,CH,CH,;NHCO,-Chol and protons in
cholesteryl skeleton), 3.22 (s, 9H, N*(CHs)3), 3.51 (m, 4H, N*(CHs)sCH,CH,CH,
NHCO,-Chol), 4.37 (m, 1H, H-3-Chol), 5.31 (br s, 1H, H-6-Chol), 6.69 (s, 1H, NHCO,-
Chol); **C NMR (100 MHz, CDCl3): 11.8, 18.6, 19.2, 20.9, 22.5, 22.8, 23.8, 24.2, 27.9,
28.0, 28.1, 31.7, 31.8, 35.7, 36.1, 36.5, 36.9, 39.4, 39.6, 42.2, 42.2, 49.9, 56.0, 56.6,
74.4, 1223, 139.8 (carbons in cholesteryl skeleton), 27.9 ((CH3)sN*CH,CH,
CH,NHCO,-Chol), 38.4 ((CHs)sN'CH,CH,CH,NHCO,-Chol), 53.4 (N*(CHs)3), 63.0
((CH3)3sN*"CH,CH,CH,NHCO,-Chol), 156.9 (C=0 carbamoyl); MS (ESI*): m/z 530.1
(IM]*, 100%); HRMS (ESI-TOF) m/z: [M]" calcd for Cz4HgiN2O,: 529.4728; found
529.4730.
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3.3.3 Synthesis of Compounds C4a and C5a

NBoc 0]
BocHNJ\N/\M/\NJ\o
H nH
C4a;n=0
Cha;n=1

To a solution of lipid L1a (100 mg, 0.21 mmol) or L5a (150 mg, 0.31
mmol) in DMF (10 mL) was added 1,3-bis(tert-butoxycarbonyl)-2-methyl-2-
thiopseudourea (73.15 mg, 0.25 mmol and 107.57 mg, 0.37 mmol, respectively) and
DIEA (3 drops). The reaction mixture was stirred at room temperature for 12 h and then
washed with water (3x100 mL). The organic layer was combined, dried over Na,SQOy,
filtered, and concentrated to afford a white amorphous solid, which was purified by
silica gel column chromatography (1:1 hexane/CH,Cl, to CH,Cl,).

3B-[(2-((N',N"-Di(tert-butoxycarbonyl)guanidinyl)ethyl)carbamoly]
cholesterol (C4a). 64 mg (43%); IR: vmax 3377, 3323, 3292, 2936, 2867, 1724, 1647,
1618, 1522, 1440, 1361, 1337, 1282, 1237, 1144, 1056, 1017 cm™; *H NMR (400 MHz,
CDCl3): 8 0.65 (s, 3H, CH3-18), 0.83 (d, J = 6.5 Hz, 6H, CH3-26 and CH 3-27), 0.89 (d,
J=6.4 Hz, 3H, CH3-21), 0.98 (s, 3H, CH3-19), 1.01-1.41 and 1.54-2.35 (m, protons in
cholesteryl skeleton), 1.47 (s, 9H, C(CHs)3), 1.48 (s, 9H, C(CHj3)s), 3.34 (d, J = 4.8 Hz,
2H, -NHCH,CH,;NHCO,-Chol), 3.52 (d, J = 5.2, 2H, -NHCH,CH,NHCO,-Chol), 4.46
(m, 1H, H-3-Choal), 5.34 (br s, 1H, H-6-Chol), 5.53 (br s, 1H, -NHCH,CH,;NHCO,-
Chol), 8.50 (s, 1H, -NHCO,-Chol), 11.42 (s, 1H, NHCO,C(CHs)s); *C NMR (100
MHz, CDCl3): 11.8, 18.7, 19.3, 21.1, 22.5, 22.8, 23.8, 24.3, 28.1, 28.2, 28.3, 31.9, 31.9,
35.8, 36.2, 36.6, 37.0, 39.5, 39.8, 40.7, 41.3, 50.1, 56.2, 56.7, 74.3, 122.4, 139.9
(carbons in cholesteryl skeleton), 28.1 and 28.2 ((CH3)3), 38.5 (—NHCH,CH;NHCO,-
Chol), 42.3 (-NHCH,CH;NHCO,-Chol), 79.3 and 83.2 (C(CHs)s), 153.1 and 163.3
(C=0 of Boc group), 156.3 (C=0 carbamoyl), 156.9 (C=NH); MS (ESI*): m/z 715.8
([M + H]*, 100%); HRMS (ESI-TOF) m/z: [M + H]" calcd for C41H71N4O¢: 715.5368;
found 715.5375.
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3B-[(3-((N',N"-Di(tert-butoxycarbonyl))guanidinyl)propyl)carbamoyl]
cholesterol (C5a). 126 mg (56%); IR: vmax 3332, 2939, 2907, 2867, 2852, 1715, 1643,
1619, 1571, 1506, 1415, 1368, 1349, 1331, 1286, 1228, 1156, 1125, 1070, 1026 cm™;
'H NMR (400 MHz, CDCls): & 0.65 (s, 3H, CH3-18), 0.83 (d, J = 5.8 Hz, 6H, CH3-26
and CH 3-27), 0.88 (d, J = 6.3 Hz, 3H, CH3-21), 0.97 (s, 3H, CH3-19), 1.01-1.40 and
1.54-2.43 (m, NHCH,CH,CH;NHCO,-Chol and protons in cholesteryl skeleton), 1.47
(s, 9H, C(CHj3)3), 1.48 (s, 9H, C(CH3)3), 3.16 (d, J = 5.5 Hz, 2H, -NHCH,CH,CH,NH
CO,-Chol), 3.46 (m, 2H, -NHCH,CH,CH,NHCO,-Chol), 4.47 (m, 1H, H-3-Chol), 5.34
(br s, 1H, H-6-Chol), 6.01 (s, 1H, NHCO,-Chol), 8.34 (s, 1H, NHC(=N)NH(CH.)s),
11.35 (s, 1H, (CH3)3sCOCONH); *C NMR (100 MHz, CDCls): 11.8, 18.7, 19.3, 21.0,
22.5, 22.8, 23.8, 24.3, 28.0, 28.1, 28.2, 30.3, 31.9, 35.8, 36.2, 36.6, 37.0, 37.4, 39.5,
39.8, 42.3, 50.0, 56.2, 56.7, 74.0, 122.3, 140.1 (carbons in cholesteryl skeleton), 28.1
and 28.3 ((CHj3)3), 32.0 (-NHCH,CH,CH,;NHCO,-Chol), 38.6 (-NHCH,CH,CH,NH
CO,-Chol), 39.5 (—-NHCH,CH,CH,NHCO,-Chol), 79.3 and 83.3 (C(CHj3)3), 153.2 and
163.2 (C=0 of Boc group), 156.5 (C=0 carbamoyl), 156.8 (C=NH); MS (ESI*): m/z
729.7 (M + H]*, 100%); HRMS (ESI-TOF) m/z: [M + H]" calcd for CsH73N4O6:
729.5525; found 729.5536.
3.3.4 Synthesis of Lipids L3a and L7a

To a solution of C4a (45.3 mg, 0.095 mmol) or C5a (115 mg, 0.24 mmol)
in CH,Cl; (2 mL) was added TFA (0.5 mL). The reaction mixture was stirred at room
temperature for 2 h. The solvent was removed by flowing nitrogen gas. The residue was
purified by silica gel column chromatography (1:1 hexane/CH,Cl, to 95:5
CH,Cl,/MeOH).
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3B-[(2-(Guanidinyl)ethyl)carbamoyl]cholesterol (L3a). 35 mg (72%); IR:
Vmax 3324, 3194, 2941, 2869, 1672, 1520, 1461, 1252, 1200, 1144, 1014 cm™; *H NMR
(400 MHz, CDCls): 6 0.63 (s, 3H, CHs3-18), 0.81 (d, J = 6.3 Hz, 6H, CH3-26 and CH3-
27), 1.01 (d, J = 6.3 Hz, 3H, CH3-21), 1.15 (s, 3H, CH3-19), 1.07-2.92 (m, protons in
cholesteryl skeleton), 3.21 (m, 4H, -NH(CH2),NHCO,-Chol), 4.50 (m, 1H, H-3-Chol),
5.63 (br s, 1H, H-6-Chol); **C NMR (100 MHz, CDCls): 11.8, 18.7, 19.3, 21.0, 22.5,
22.8, 23.8, 24.2, 27.8, 28.0, 29.7, 31.8, 31.8, 35.8, 36.1, 36.5, 36.8, 39.2, 39.4, 42.3,
42.6, 49.9, 56.1, 56.6, 75.9, 122.9, 139.3 (carbons in cholesteryl skeleton), 38.3 (—
NHCH,CH;NHCO,-Chol), 39.6 (-NHCH,CH,NHCO,-Chol), 155.2 (C=0 carbamoyl),
159.7 (C=NH); MS (ESI"): m/z 516.4 (M +H]", 100%); HRMS (ESI-TOF) m/z:
[M + H]" calcd for C31HssN4O,: 515.4319; found 515.4330.

3p-[(3-(Guanidinyl)propyl)carbamoyl]cholesterol (L7a). 95 mg (75%);
IR: vmax 3350, 3196, 2943, 2904, 2868, 2852, 1672, 1533, 1438, 1271, 1197, 1135, 1025
cm™; *H NMR (400 MHz, CDCls; + 10 drops of CDsOD): & 0.58 (s, 3H, CH3-18), 0.76
(d, J =5.8 Hz, 6H, CH3-26 and CH3-27), 0.81 (d, J = 6.3 Hz, 3H, CH3-21), 0.90 (s, 3H,
CHs3-19), 0.93-2.44 (m, -NHCH,CH,CH,;NHCO,-Chol and protons in cholesteryl
skeleton), 3.05 (m, 2H, -NHCH,CH,CH;NHCO,-Chol), 3.05 (m, 2H, -NHCH,CH,
CH,NHCO,-Chol), 4.33 (m, 1H, H-3-Chol), 5.26 (br s, 1H, H-6-Chol); **C NMR (100
MHz, CDCl; + 10 drops of CD;0D): 11.7, 18.5, 19.1, 20.9, 22.4, 22.7, 23.7, 24.1, 27.9,
28.1, 28.9, 31.7, 31.7, 35.7, 36.0, 36.4, 36.8, 39.4, 39.6, 42.1, 42.1, 49.8, 56.0, 56.5,
74.6, 122.4, 139.6 (carbons in cholesteryl skeleton), 27.9 (—-NHCH,CH,CH,;NHCO,-
Chol), 38.3 (-NHCH,CH,CH,;NHCO,-Chol), 38.6 (—NHCH,CH,CH,NHCO,-Chol),
157.1 (C=0 carbamoyl), 157.2 (C=NH); MS (ESI"): m/z 530.1 ([M + H]", 100%);
HRMS (ESI-TOF) m/z: [M + H]" calcd for C3,Hs7N4O,: 529.4476; found 529.4505.
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3.3.5 Synthesis of Lipids L4a and L8a

To a solution of lipid L1a (150 mg, 0.21 mmol) or L5a (150 mg, 0.31
mmol) DMF (10 mL) was added O-(Benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (144.37 mg, 0.25 mmol and 140.23 mg, 0.37 mmol, respectively)
and DIEA (3 drops). The reaction mixture was stirred at room temperature for 12 h and
then washed with water (3x100 mL). The organic layer was combined, dried over
Na,SO,, filtered, and concentrated to afford a white amorphous solid, which was
purified by silica gel column chromatography (CH,Cl, to 90:10 CH,Cl,/MeQOH).

3B-[(2-((N',N’,N",N"-Tetramethyl)guanidinyl)ethyl)carbamoyl]choles-
terol (L4a). 99 mg (66%); IR: vmax 3403, 3360, 2939, 2867, 2848, 1693, 1620, 1582,
1522, 1404, 1237, 1225, 1011, 832, 776 cm™; *H NMR (400 MHz, CDCl; + 10 drops of
CD3;0D): 6 0.57 (s, 3H, CH3-18), 0.76 (d, J = 6.0 Hz, 6H, CH3-26 and CH3-27), 0.82 (d,
J = 6.4 Hz, 3H, CH3-21), 0.90 (s, 3H, CH3-19), 0.88—2.20 (m, protons in cholesteryl
skeleton), 2.88 (s, 10H, (-NHCH,CH;NHC(N(CHs),)), 3.35 (s, 6H, -NHCH,CH,;NHC
(N*(CHs),)), 4.32 (m, 1H, H-3-Chol), 5.26 (br s, 1H, H-6-Chol), 6.82 (s, 1H,
N=CNHCH,CH,NHCO,-Chol), 7.87 (s, 1H, NHCO,-Chol); *C NMR (100 MHz,
CDClI;3 + 10 drops of CD30D): 11.8, 18.6, 19.2, 20.9, 22.5, 22.7, 23.7, 24.2, 27.9, 28.0,
28.1, 31.7, 31.8, 35.7, 36.1, 36.5, 36.9, 39.6, 40.0, 42.2, 42.6, 49.9, 56.0, 56.6, 74.5,
122.4, 139.7 (carbons in cholesteryl skeleton), 38.5 (C=N"(CHs),), 39.7 (N(CHx3),),
39.4 (-NHCH,;CH,;NHCO,-Chol), 40.0 (-NHCH,CH,;NHCO,-Chol), 157.2 (C=0
carbamoyl), 161.9 (C=NH); MS (ESI"): m/z 572.4 ([M]", 100%); HRMS (ESI-TOF)
m/z: [M]" calcd for CasHesN4O,: 571.4945; found 571.4916.
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3B-[(3-((N',N’",N",N"-Tetramethyl)guanidinyl)propyl)carbamoyl]choles-
terol (L8a). 201 mg (89%); IR: vmax 3447, 3287, 2952, 2937, 2908, 2869, 2850, 1697,
1624, 1598, 1459, 1410, 1332, 1042, 843, 834 cm™; 'H NMR (400 MHz, CDCls): &
0.65 (s, 3H, CH3-18), 0.84 (d, J = 5.9 Hz, 6H, CH3-26 and CH3-27), 0.88 (d, J = 6.4 Hz,
3H, CH3-21), 0.98 (s, 3H, CH3-19), 1.02-2.77 (m, -NHCH,CH,CH,;NHCO,-Chol and
protons in cholesteryl skeleton), 2.97 (s, 12H, (NHC(=N"(CHs)2)(N(CHa),)), 3.22 (s,
2H, -NHCH,CH,CH;NHCO,-Chol), 4.23 (s, 2H, -NHCH,CH,CH,NHCO,-Chol), 4.39
(m, 1H, H-3-Chol), 5.05 (s, 1H, -NH(CH3;),NHCO,-Chol), 5.32 (br s, 1H, H-6-Chol),
6.29 (s, 1H, NHCO,-Chol); *C NMR (100 MHz, CDCls): 11.9, 18.7, 19.3, 21.1, 22.5,
22.8, 23.8, 24.3, 28.0, 28.1, 28.2, 31.1, 31.9, 35.8, 36.2, 36.6, 37.0, 37.4, 39.8, 39.9,
42.3 ,50.1, 56.2, 56.8, 74.8, 122.5, 139.8 (carbons in cholesteryl skeleton), 28.1 (—NH
CH,CH,CH,NHCO,-Chol), 38.5 (C=N"(CHs),), 39.5 (N(CHa),), 39.5 (-NHCH,CH
CH;NHCO,-Chol), 39.9 (-NHCH,CH,CH;NHCO,-Chol), 157.3 (C=0 carbamoyl),
161.8 (C=NH); MS (ESI"): m/z 586.4 ([M]*, 100%); HRMS (ESI-TOF) m/z: [M]" calcd
for CasHegsN4O2: 585.5102; found 585.5099.

3.3.6 Synthesis of Lipids L1b and L5b

L1b;n=0
L5b; n =1

To a solution of B-sitosterol (1.5 g, 3.62 mmol) and triethylamine (2 mL) in
CH,Cl, (200 mL) was added dropwise 4-nitrophenyl chloroformate (0.942 g, 4.67
mmol). The reaction mixture was stirred at room temperature for 1 h and then added to
the solution of ethylenediamine (1.20 mL, 18.09 mmol) or 1,3-diaminopropane (1.68
mL, 18.15 mmol) in CH,CI, (250 mL). The resulting mixture was stirred at room
temperature for 24 h and then washed with water (3x200 mL). The organic layer was

combined, dried over Na,SQ,, filtered, and concentrated to afford a white amorphous
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solid, which was purified by silica gel column chromatography (CH,Cl, to 85:15
CH,Cl,/MeQH).

3B-[N-(2-Aminoethyl)carbamoyl]p-sitosterol (L1b). 1.27 g (70%); IR:
vmax 3338, 2937, 2891, 2866, 2852, 1696, 1550, 1464, 1364, 1276, 1247, 1142, 1123,
1928, 1016, 958 cm™; *H NMR (400 MHz, CDCls): & 0.65 (s, 3H, CH3-18), 0.81 (m,
9H, CHs;-26, CH3-27 and CH3-29), 0.90 (d, J = 6.4 Hz, 3H, CH3-21), 0.98 (s, 3H, CHs-
19), 1.02—-2.29 (m, CH,-28 and protons in -sitosteryl skeleton), 3.14 (t, J = 5.5 Hz, 2H,
NH,CH,CH,NHCO,-Chol), 3.46 (m, 2H, NH,CH,CH,NHCO,-Chol), 4.44 (m, 1H, H-
3-Chol), 5.04 (br s, 1H, -NHCO,-Chol), 5.34 (br s, 1H, H-6-Chol); *C NMR (100
MHz, CDCl3): 11.8, 12.0, 18.8, 19.0, 19.3, 19.8, 21.0, 23.1, 24.3, 26.2, 28.2, 28.2, 29.1,
31.9, 31.9, 34.0, 36.2, 36.2, 36.6, 38.6, 39.7, 42.3, 45.9, 50.0, 56.1, 56.7, 74.4, 122.5,
139.8 (carbons in p-sitosteryl skeleton), 41.6 (NH,CH,CH;NHCO,-Chol), 43.2
(NH,CH,CH,NHCO,-Chol), 156.5 (C=0 carbamoyl); MS (ESI*): m/z 501.6 ([M + H]",
100%); HRMS (ESI-TOF) m/z: [M + H]" calcd for CsHs7N,O»: 501.4415; found
501.4417.

3B-[N-(3-Aminopropyl)carbamoyl]p-sitosterol (L5b). 1.19 g (64%); IR:
vmax 3337, 2954, 2936, 2867, 2851, 1690, 1530, 1464, 1439, 1378, 1366, 1331, 1315,
1249, 1135, 1019, 959 cm™; *H NMR (400 MHz, CDCls): & 0.65 (s, 3H, CH;-18), 0.81
(m, 9H, CH;-26, CH3-27 and CH5-29), 0.89 (d, J = 6.2 Hz, 3H, CH3-21), 0.98 (s, 3H,
CH3-19), 1.03-2.30 (m, CH,-28, NH,CH,CH,CH,NHCO,-Chol and protons in B-
sitosteryl skeleton), 2.80 (br t, J = 6.0 Hz, 2H, NH,CH,CH,CH,NHCO,-Chol), 3.22 (br
t, J = 5.5 Hz, 2H, NH,CH,CH,CH,NHCO,-Chol), 4.44 (m, 1H, H-3-Chol), 5.27 (br s,
1H, NH,CH,CH,CH,;NHCO,-Chol), 5.34 (br s, 1H, H-6-Chol); *C NMR (100 MHz,
CDClg): 11.9, 12.0, 18.8, 19.0, 19.3, 19.8, 21.0, 23.1, 24.3, 26.2, 28.2, 28.2, 29.2, 31.9,
32.2, 34.0, 36.2, 36.6, 37.0, 38.6, 39.2, 42.3, 44.7, 45.9, 50.0, 56.1, 56.7, 74.3, 122.5,
139.8 (carbons in B-sitosteryl skeleton), 31.9 (NH,CH,CH,CH;NHCO,-Chol), 38.6
(H2NCH,CH,CH,NHCO,-Chol), 39.7 (H,NCH,CH,CH,;NHCO,-Chol), 156.5 (C=0
carbamoyl); MS (ESI*): m/z 515.7 ([M + H]", 100%); HRMS (ESI-TOF) m/z: [M + H]*
calcd for C33Hs9N»05: 515.4571; found 515.4568.
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3.3.7 Synthesis of Lipids L2b and L6b

To a solution of lipid L1b (150 mg, 0.30 mmol) or L5b (150 mg, 0.29
mmol) in DMF (10 mL) was added Mel (74 pL, 1.20 mmol and 72 pL, 1.16 mmol) and
DIEA (3—4 drops). The reaction mixture was stirred at room temperature for 12 h and
then washed with water (3x100 mL). The organic layer was combined, dried over
Na,SO,, filtered, and concentrated to afford a white amorphous solid, which was
purified by silica gel column chromatography eluted by MeOH.

3B-[N-(2-(N’,N’,N"-Trimethyl)aminoethyl)carbamoyl]-sitosterol (L2b).
100 mg (50%); IR: vmax 3283, 3038, 2945, 2866, 2852, 1539, 1467, 1377, 1331, 1258,
1072, 958, 925 cm™; '"H NMR (400 MHz, CDCls): § 0.65 (s, 3H, CHs-18), 0.81 (m, 9H,
CH3-26, CH3-27 and CH3-29), 0.89 (d, J = 5.4 Hz, 3H, CH;-21), 0.97 (s, 3H, CH;-19),
1.08—2.12 (m, CH-28 and protons in B-sitosteryl skeleton), 3.35 (s, 9H, N*(CHs)s),
3.72 (br's, 2H, N*(CH3);CH,CH,NHCO,-Chol), 3.72 (m, 2H,N"(CH5);CH,CH,NHCO;-
Chol), 4.41 (m, 1H, H-3-Chol), 5.33 (br s, 1H, H-6-Chol), 6.70 (s, 1H, NH); *C NMR
(100 MHz, CDCls): 11.8, 11.9, 18.7, 18.9, 19.2, 19.7, 21.0, 23.0, 24.2, 26.0, 28.0, 28.2,
29.0, 31.8, 31.8, 33.8, 36.1, 36.5, 36.9, 38.4, 39.7, 42.2 , 45.7, 50.4, 56.0, 56.6, 74.9,
122.5, 139.6 (carbons in B-sitosteryl skeleton), 42.2 ((CH3)sN"CH,CH,NHCO,-Chol),
53.7 (N*(CHs)3), 64.9 ((CH3)sN*"CH,CH,NHCO,-Chol), 156.9 (C=0 carbamoyl); MS
(ESIM): m/z 543.9 ([M]", 100%); HRMS (ESI-TOF) m/z: [M]" calcd for CssHgzN,Ox:
543.4884; found 543.4863.
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3B-[N-(3-(N’,N’,N'"-Trimethyl)aminopropyl)carbamoyl|p-sitosterol
(L6b). 91 mg (46%); IR: vmax 3455, 2956, 2939, 2868, 2852, 1698, 1443, 1270, 1115,
965 cm™; 'H NMR (400 MHz, CDCls): & 0.65 (s, 3H, CH5-18), 0.81 (m, 9H, CH3-26,
CH3-27 and CH3-29), 0.89 (d, J = 5.6 Hz, 3H, CH3-21), 0.99 (s, 3H, CH3-19), 1.06-2.30
(m, CH,-28, -NHCH,CH,CH,NHCO,-Chol and protons in p-sitosteryl skeleton), 3.29
(s, 9H, N*(CHs)3), 3.29 (s, 2H, N*(CHz)3CH,CH,CH,NHCO,-Chol), 3.77 (m, 2H,
N*(CHs)sCH,CH,CH,NHCO,-Chol), 4.43 (m, 1H, H-3-Chol), 5.33 (br s, 1H, H-6-
Chol), 6.19 (s, 1H, NHCO,-Chol); *C NMR (100 MHz, CDCls): 11.7, 11.8, 18.6, 18.9,
19.2, 19.7, 21.3, 23.4, 24.2, 25.9, 28.1, 29.0, 29.6, 31.7, 31.8, 33.8, 36.0, 36.4, 36.8,
38.4, 39.6, 42.2, 45.7 , 50.1, 55.9, 56.6, 74.6, 122.4, 139.7 (carbons in B-sitosteryl
skeleton), 28.0 ((CHs)sN"CH,CH,CH,NHCO,-Chol), 39.8 ((CHs)sN'CH,CH,CH,
NHCO,-Chol), 53.3 (N*(CHs)s), 64.7 ((CH3)sN"CH,CH,CH,NHCO,-Chol), 157.1
(C=0 carbamoyl); MS (ESI"): m/z 558.0 ([M]", 100%); HRMS (ESI-TOF) m/z: [M]"
calcd for C3gHgsN2O,: 557.5041; found 557.5020.
3.3.8 Synthesis of Compounds C4b and C5b

NBoc (@]
BocHNJ\N/\(\*\NJ\o
H n H
Cab:n=0
C5b;n =1

To a solution of lipid L1b (100 mg, 0.20 mmol) or L5b (100 mg, 0.19
mmol) in DMF (10 mL) was added 1,3-bis(tert-butoxycarbonyl)-2-methyl-2-
thiopseudourea (69.62 mg, 0.24 mmol and 67.74 mg, 0.23 mmol, respectively) and
DIEA (3 drops). The reaction mixture was stirred at room temperature for 12 h and then
washed with water (3x100 mL). The organic layer was combined, dried over Na,SQOy,
filtered, and concentrated to afford a white amorphous solid, which was purified by

silica gel column chromatography (1:1 hexane/CH,Cl, to CH,Cl,).
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3B-[(2-((N',N"-Di(tert-butoxycarbonyl)guanidinyl)ethyl)carbamoly] -
sitosterol (C4b). 114 mg (77%); IR: vmax 3385, 3327, 2945, 2869, 1648, 1616, 1524,
1451, 1412, 1366, 1335, 1276, 1259, 1141, 1054, 1016 cm™; *H NMR (400 MHz,
CDClj): 8 0.65 (s, 3H, CH3-18), 0.81 (m, 9H, CH3-26, CH3-27 and CH3-29), 0.89 (d, J
= 6.4 Hz, 3H, CH;-21), 0.98 (s, 3H, CH3-19), 1.07-1.37 and 1.63-2.55 (m, CH,-28 and
protons in p-sitosteryl skeleton), 1.46 (s, 9H, C(CHjs)3), 1.47 (s, 9H, C(CHs)s), 3.34 (d, J
= 5.0 Hz, 2H, -NHCH,CH,NHCO,-Chol), 3.51 (d, J = 5.7, 2H, -NHCH,CH,NHCO,-
Chol), 4.46 (m, 1H, H-3-Chol), 5.34 (d, J = 4.6 Hz, 1H, H-6-Chol), 5.53 (brs, IH, -NH
CH,CH,;NHCO,-Chol), 8.48 (s, 1H, -NHCO,-Chol), 11.41 (s, 1H, -NHCO,C(CHj3)3));
3C NMR (100 MHz, CDCls): 11.8, 12.0, 18.8, 19.0, 19.3, 19.8, 21.0, 23.1, 24.3, 26.1,
27.9, 28.0, 29.2, 31.9, 32.0, 33.9, 36.1, 36.5, 37.0, 38.5, 39.7, 42.3, 45.8, 50.0, 56.0,
56.7, 74.3, 122.4, 139.9 (carbons in B-sitosteryl skeleton), 28.3 and 28.1 ((CH3)3), 40.7
(-NHCH,CH,NHCO,-Chol), 41.2 (-NHCH,CH,NHCO,-Chol), 79.3 and 83.3
(C(CHg)3), 153.1 and 163.3 (C=0 of Boc group), 156.3 (C=0O carbamoyl), 156.9
(C=NH); MS (ESI"): m/z 743.6 ([M + H]*, 100%). HRMS (ESI-TOF) m/z: [M + H]"
calcd for C43H75N4Os: 743.5681; found 743.5684.

3B-[(3-((N’,N"-Di(tert-butoxycarbonyl))guanidinyl)propyl)carbamoyl] -
sitosterol (C5b). 113 mg (79%); IR: vmax 3332, 2959, 2937, 2869, 1692, 1644, 1620,
1572, 1514, 1415, 1367, 1329, 1275, 1258, 1231, 1155, 1133, 1072, 1052, 1027 cm™;
'H NMR (400 MHz, CDCl3): 6 0.65 (s, 3H, CH3-18), 0.81 (m, 9H, CH5-26, CH3-27 and
CHs-29), 0.89 (d, J = 6.4 Hz, 3H, CH3-21), 0.97 (s, 3H, CHs-19), 1.03—1.40 and
1.66—2.35 (m, CH,-28, -NHCH,CH,CH;NHCO,-Chol and protons in [-sitosteryl
skeleton), 1.47 (s, 9H, C(CHj3)3), 1.48 (s, 9H, C(CHs)3), 3.16 (d, J = 5.0 Hz, 2H,
—NHCH,CH,CH,NHCO,-Chol), 3.48 (d, J = 5.7, 2H, -NHCH,CH,CH,NHCO,-Chal),
4.47 (m, 1H, H-3-Chol), 5.35 (br s, 1H, H-6-Chol), 6.02 (s, 1H, -NHCO,-Chol), 8.38
(s, 1H, -NHC(=N)NH(CH,)3), 11.36 (s, 1H, (CH3)sCOCONH); *C NMR (100 MHz,
CDClg): 11.8, 11.9, 18.7, 19.0, 19.3, 19.8, 21.0, 23.1, 24.3, 26.1, 28.1, 28.3, 29.2, 31.2,
31.9, 34.0, 36.1, 36.6, 38.3, 38.7, 39.7, 42.3, 45.9, 50.0, 56.1, 56.4, 73.9, 122.1, 139.4
(carbons in B-sitosteryl skeleton), 28.1 and 28.3 ((CHs)3), 30.3 (—-NHCH,CH,CH,NH
CO,-Chol), 37.4 (-NHCH,CH,;CH,;NHCO,-Chol), 39.0 (-NHCH,CH,CH,;NHCO,-
Chol), 79.3 and 83.3 (C(CHj3)3), 153.2 and 163.1 (C=0O of Boc group), 156.6 (C=0
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carbamoyl), 157.6 (C=NH); MS (ESI"): m/z 757.7 ([M + H]*, 100%): HRMS (ESI-
TOF) m/z: [M + H]" calcd for C44H77N4O¢: 757.5838; found 757.5821.
3.3.9 Synthesis of Lipids L3b and L7b

To a solution of C4b or C5b (80.0 mg, 0.11 mmol) in CH,CI, (2 mL) was
added TFA (0.5 mL). The reaction mixture was stirred at room temperature for 2 h. The
solvent was removed by flowing nitrogen gas. The residue was purified by silica gel
column chromatography (1:1 hexane/CH,Cl, to 95:5 CH,Cl,/MeOH).

3B-[(2-(Guanidinyl)ethyl)carbamoyl]p-sitosterol (L3b). 50 mg (84%); IR:
Vmax 3364, 3213, 2956, 2868, 1664, 1536, 1445, 1380, 1278, 1192, 1134, 1016 cm™; *H
NMR (400 MHz, CDCl3): & 0.61 (s, 3H, CH3-18), 0.75 (m, 9H, CH3-26, CH3-27 and
CH3-29), 0.85 (d, J = 6.3 Hz, 3H, CH3-21), 0.93 (s, 3H, CH3-19), 0.97-2.24 (m, CH,-28
and protons in B-sitosteryl skeleton), 3.16 (m, 4H, —NH(CH,),NHCO,-Chol), 4.36 (m,
1H, H-3-Chol), 5.29 (br s, 1H, H-6-Chol), 6.20 (-NH(CH,),NHCO,-Chol), 6.99 (-NH
C(C=NH)NH,), 7.95 (-NHC(C=NH)NH,); *C NMR (100 MHz, CDCls): 11.7, 11.8,
18.7, 18.9, 19.2, 19.7, 20.9, 23.0, 24.2, 26.0, 27.9, 28.1, 29.0, 31.8, 31.8, 33.8, 36.0,
36.5, 36.8, 38.3, 39.6, 42.2, 45.7, 50.0, 56.0, 56.6, 75.1, 122.5, 139.6 (carbons in B-
sitosteryl skeleton), 39.4 (—NHCH,CH,NHCO,-Chol), 40.8 (—NHCH,CH,;NHCO,-
Chol), 157.5 (C=0 carbamoyl), 157.7 (C=NH); MS (ESI"): m/z 543.9 ([M + H]", 38%);
HRMS (ESI-TOF) m/z: [M + H]" calcd for C33HsgN4O,: 543.4633; found 543.4614.
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3B-[(3-(Guanidinyl)propyl)carbamoyl]p-sitosterol (L7b). 48 mg (78%);
IR: vinax 3402, 1672, 1440, 1189, 1129 cm™; *H NMR (400 MHz, CDCls): & 0.54 (s, 3H,
CH3-18), 0.69 (m, 9H, CH3-26, CH3-27 and CH3-29), 0.78 (d, J = 6.0 Hz, 3H, CH3-21),
0.87 (s, 3H, CHs3-19), 0.99-2.17 (m, CH,-28, -NHCH,CH,CH,;NHCO,-Chol and
protons in B-sitosteryl skeleton), 3.02 (d, J = 5.0 Hz, 2H, -NHCH,CH,CH,NHCO,-
Chol), 3.24 (m, 2H, -NHCH,CH,CH,NHCO,-Chol), 4.29 (m, 1H, H-3-Chol), 5.22 (br
s, 1H, H-6-Chol); *C NMR (100 MHz, CDCls): 11.9, 12.0, 18.2, 18.7, 18.9, 19.0, 19.8,
23.0, 26.1, 26.2, 28.2, 28.5, 29.1, 31.9, 32.4, 33.9, 35.4, 35.9, 36.1, 36.1, 38.8, 42.5,
45.7, 50.6, 56.2, 56.4, 74.5, 121.7, 139.6 (carbons in B-sitosteryl skeleton), 29.1 (—NH
CH,CH,CH,;NHCO,-Chol), 38.4 (—-NHCH,CH,CH,NHCO,-Chol), 40.1 (-NHCH,CH;
CH,NHCO,-Chol), 157.2 (C=0 carbamoyl), 165.4 (C=NH); MS (ESI*): m/z 557.8
([M + H]*, 100%); HRMS (ESI-TOF) m/z: [M + H]" calcd for CasHgiN4O2: 557.4789;
found 557.4773.

3.3.10 Synthesis of Lipids L4b and L8b

To a solution of lipid L1b (100 mg, 0.20 mmol) or L5b (100 mg, 0.19
mmol) in DMF (10 mL) was added O-(benzotriazol-1-yl)-N,N,N',N'"-
tetramethyluronium hexafluorophosphate (90 mg, 0.24 mmol and 88.46 mg, 0.23 mmol,
respectively) and DIEA (3 drops). The reaction mixture was stirred at room temperature
for 12 h and then washed with water (3x100 mL). The organic layer was combined,
dried over Na,SQOy,, filtered, and concentrated to afford a white amorphous solid, which

was purified by silica gel column chromatography (CH,Cl,to 90:10 CH,Cl,/MeOH).
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3B-[(2-((N',N’,N",N"-Tetramethyl)guanidinyl)ethyl)carbamoyl] -sito-
sterol (L4b). 149 mg (quant.); IR: vmax 3418, 3298, 2957, 2933, 2868, 2851, 1689,
1590, 1463, 1421, 1405, 1378, 1332, 1224, 1173, 1097, 1007 cm™; H NMR (400
MHz, CDCl; + 10 drops of CDs0OD): 8 0.65 (s, 3H, CH3-18), 0.83 (m, 9H, CH3-26,
CH3-27 and CH3-29), 0.89 (d, J = 6.4 Hz, 3H, CH3-21), 0.98 (s, 3H, CH3-19), 1.02-2.28
(m, CH,-28 and protons in B-sitosteryl skeleton), 2.98 (s, 10H, (-NHCH,CH,;NHC
(N(CHa)2)), 3.40 (s, 6H, -NHCH,CH,NHC(N*(CHs),)), 4.42 (m, 1H, H-3-Chol), 5.33
(br s, 1H, H-6-Chol), 6.72 (s, 1H, N=CNHCH,CH,NHCO,-Chol); *C NMR (100 MHz,
CDClI3 + 10 drops of CD30D): 11.8, 12.0, 18.8, 19.0, 19.3, 19.8, 21.0, 23.3, 24.3, 26.1,
28.0, 28.2, 29.1, 31.8, 31.9, 33.9, 36.1, 36.6, 36.9, 38.5, 40.0, 42.3 , 45.8, 50.1, 56.1,
56.7, 75.1, 122.6, 139.7 (carbons in B-sitosteryl skeleton), 39.4 (C=N*(CHs),), 40.0
(—~NHCH,CH,NHCO,-Chol), 40.3 (N(CHs),), 40.0 (-NHCH,CH,NHCO,-Chol), 157.8
(C=0 carbamoyl), 161.9 (C=NH); MS (ESI*): m/z 600.0 ([M]*, 100%); HRMS (ESI-
TOF) m/z: [M]" calcd for C3;Hg7N4O,: 599.5259; found 599.5256.
3B-[(3-((N',N’,N”,N"-Tetramethyl)guanidinyl)propyl)carbamoyl] B-sito-

sterol (L8b). 144 mg (quant.); IR: vmax 3451, 3291, 2944, 2908, 2870, 1697, 1665,
1623, 1598, 1459, 1409,1379, 1333,1308, 1208, 1171, 1101, 1042, 835 cm™; ‘H NMR
(400 MHz, CDCl3): 8 0.64 (s, 3H, CH3-18), 0.82 (m, 9H, CH3-26, CH3-27 and CH3-29),
0.88 (d, J = 6.4 Hz, 3H, CH3-21), 0.98 (s, 3H, CHs-19), 1.02-2.27 (m, CH,-28,
—NHCH,CH,CH,;NHCO,-Chol and protons in [B-sitosteryl skeleton), 2.97 (s, 12H,
(-NHC (=N"(CHa)2)(N(CHs)>)), 3.24 (s, 2H, -NHCH,CH,CH,NHCO,-Chol), 3.24 (s,
2H, —NHCH,CH,CH,NHCO,-Chol), 4.39 (m, 1H, H-3-Chol), 5.03 (m, 1H,
—NH(CH3);NHCO,-Chol), 5.32 (br s, 1H, H-6-Chol), 6.43 (s, 1H, -NHCO,-Chol), 7.99
(s, 1H, -NHCO,-Chol); *C NMR (100 MHz, CDCl3): 11.8, 12.0, 18.8, 19.0, 19.3, 19.8,
21.0, 23.1, 24.3, 26.1, 28.1, 28.2, 29.1, 31.8, 31.9, 33.9, 36.1, 36.6, 37.0, 38.5, 39.7,
42.3, 45.8, 50.0, 56.1, 56.7, 74.7, 122.5, 139.8 (carbons in B-sitosteryl skeleton), 30.1
(~NHCH,CH,CH,NHCO,-Chol), 37.4 (~NHCH,CH,CH,NHCO,-Chol), 39.9
(C=N"(CHs)2), 39.9 (N(CHs3),), 39.9 (-NHCH,CH,CH,NHCO,-Chol), 157.3 (C=0
carbamoyl), 161.8 (C=NH); MS (ESI): m/z 614.2 ([M]", 100%); HRMS (ESI-TOF)
m/z: [M] calcd for CagHgoN4O,: 613.5415; found 613.5410.
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3.3.11 Synthesis of Lipid L9

@)
HzN\/\/O\/\/\O/\/\NJ\O
H

L9

To a solution of cholesteryl chloroformate (500 mg, 1.1 mmol) in CH,CI,
(10 mL) was added 1,4-bis(3-aminopropoxy)butane (224.4 mg, 1.1 mmol). The reaction
mixture was stirred at room temperature for 24 h and then washed with water (3x100
mL). The organic layer was combined, dried over Na,SO,, filtered, and concentrated to
afford a yellow oil, which was purified by silica gel column chromatography (1:1
hexane/CH,Cl, to 80:20 CH,Cl,/MeOH) to give lipid L9 (536 mg, 79%). IR: vmax 3356,
3346, 2936, 2866, 1695, 1523, 1466, 1376, 1366, 1249, 1105, 1031, 1011 cm™; *H
NMR (400 MHz, CDCI; + CD30D): 6 0.58 (s, 3H, CH3-18), 0.76 (d, J = 6.4 Hz, 6H,
CH3-26 and CH3-27), 0.83 (d, J = 6.2 Hz, 3H, CH3-21), 0.90 (s, 3H, CH3-19), 0.91-1.40
and 0.94-2.23 (m, protons in cholesteryl skeleton), 1.53 (m, 6H, —OCH,CH,CH,
CH,0-, NH,CH,CH,CH,0-), 1.93 (m 2H, —-OCH,CH,CH,NHCO,-Chol), 2.99 (br s,
2H, —-OCH,CH,CH,CH,0-), 3.12 (m, 2H, —-OCH,CH,CH,NHCO,-Chol), 3.34 (m, 6H
NH,CH,CH,CH,0-, -OCH,CH,-CH,CH,0-), 3.48 (br s, 2H (-OCH,CH,CH,NHCO-
Chol)), 4.35 (m, 1H, H-3-Chol), 5.27 (br s, 1H, H-6-Chol); *C NMR (100 MHz, CDCls
+ CD3;0D): 11.7, 18.5, 19.1, 20.9, 22.3, 22.6, 23.6, 24.1, 27.8, 28.0, 28.1, 31.6, 31.7,
35.6, 36.0, 36.4, 36.8, 38.4, 39.3, 39.5, 42.1, 49.8, 55.9, 56.5, 74.3, 122.4, 139.6
(carbons in cholesteryl skeleton), 26.0, 27.8, 29.5, 31.7, 38.5, 38.6, 68.6, 68.8, 70.5,
71.1 (carbons in 1,4-bis(3-aminopropoxy)butane), 156.5 (CO carbamoyl); HRMS (ESI-
TOF) m/z: [M + H]" calcd for CagHgoN20,4: 617.5252; found 617.5221.
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3.3.12 Synthesis of Compound C6

Boc J\
BocHN _~_N._~_~ N~ "N o
Boc H

Cc6

To a solution of cholesteryl chloroformate (500 mg, 1.1 mmol) in CH,CI,
(10 mL) was added spermine-Boc (442 mg, 1.1 mmol). The reaction mixture was stirred
at room temperature for 24 h and then washed with water (3x100 mL). The organic
layer was combined, dried over Na,SO,, filtered, and concentrated to afford a white
amorphous solid, which was purified by silica gel column chromatography (CH,ClI,) to
afford C6 (705 mg, 70%) as a white solid. IR: vmax 3348, 3006, 2968, 2941, 2868, 1688,
1514, 1470, 1417, 1364, 1273, 1258, 1160, 1082, 1032 cm™; 'H NMR (400 MHz,
CDCl3 + CD30D + D,0): 6 0.65 (s, 3H, CH3-18), 0.83 (d, J = 6.4 Hz, 6H, CH3-26 and
CHs-27), 0.88 (d, J = 6.2 Hz, 3H, CH;-21), 0.98 (s, 3H, CH3-19), 1.43 (s, 27H, 3xBoc
groups), 1.05-1.31 and 2.00—2.33 (m, protons in cholesteryl skeleton), 1.62 (m, 4H,
(BocNCH,CH,CH,CH;NBoc)), 183 (m, 4H, (BocNHCH,CH,CH,NBoc),
(BocNCH,CH,CH,;NHCO,-Chol)), 3.11-3.21 (m, 12H, (BocNHCH,CH,CH,NBoc),
(BocNCH,CH,CH,CH;NBoc), (BocNCH,CH,CH,NHCO,-Chol)), 4.45 (m, 1H, H-3-
Chol), 5.27 (br s, 1H, NHCO,-Chol), 5.34 (br s, 1H, H-6-Chol); *C NMR (100 MHz,
CDClI3 + CDsCD + D,0): 11.8, 18.7, 19.3, 21.0, 22.5, 22.8, 23.8, 24.3, 28.0, 28.2, 28.4,
29.1, 31.9, 35.7, 36.2, 36.6, 37.0, 38.6, 39.5, 39.7, 42.3, 50.0, 55.1, 56.7, 74.2, 122.3,
140.0 (carbons in cholesteryl skeleton), 25.5, 25.9, 28.9, 28.0, 37.5, 37.6, 43.9, 46.3,
46.4, 46.7 (carbons in spermine), 28.4 (3 x (CHgs); of Boc groups), 79.6 (3 x
CO,C(CHj3)3 of Boc groups), 156.2 (CO carbamoyl), 156.0, 155.4, 155.6 (CO of Boc
groups); MS (ES"): m/z 938.3 ([M + Na]*, 100%); HRMS (ESI-TOF) m/z: [M + Na]"
calcd for Cs3HgsN4NaOg: 937.6964; found 937.6966.
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3.3.13 Synthesis of Lipid L10

(0]

H
HZN\/\/N\/\/\N/\/\NJ\O
H H

L10

To a solution of C6 (200 mg, 0.21 mmol) CH.Cl; (2 mL) was added TFA
(0.5 mL). The reaction mixture was stirred at room temperature for 2 h. The solvent was
removed by flowing nitrogen gas. The residue was purified by silica gel column
chromatography (1:1 hexane/CH,Cl, to 80:20 CH,Cl,/MeOH) to afford L10 (119 mg,
92%). IR: vmax 3402, 3027, 2944, 2868, 1666, 1604, 1527, 1485, 1430, 1258, 1197,
1176, 1128, 1043 cm™; *H NMR (400 MHz, CDCl; + CD3;0D): 6 0.51 (s, 3H, CH5-18),
0.69 (d, J = 6.4 Hz, 6H, CH3-26 and CH3-27), 0.75 (d, J = 6.2 Hz, 3H, CH3-21), 0.84 (s,
3H, CH3-19), 0.91-1.40 and 1.68—2.13 (m, protons in cholesteryl skeleton), 1.57 (m,
4H, —-NHCH,CH,CH,CH,;NH-), 1.67 (m, 4H, NH,CH,CH,CH,-NH-, -NHCH,CH,
CH;NHCO,-Chol), 2.81-2.92 (m, 8H, NH,CH,CH,CH,NH-, -NHCH,CH,CH,CH,
NH-), 3.01 (m, 2H —NHCH,CH,CH,NHCO,-Chol), 3.17 (m, 2H —NHCH,CH,CH,
NHCO,-Chol), 4.24 (m, 1H, H-3-Chol), 5.19 (br s, 1H, H-6-Chol); *C NMR (100
MHz, CDCI; + CD3;0D): 11.5, 18.3, 18.9, 20.7, 22.1, 22.4, 23.5, 23.9, 27.7, 27.9, 29.8,
31.6, 32.0, 35.5, 35.9, 36.2, 36.7, 38.1, 39.2, 39.4, 42.0, 49.8, 55.9, 56.4, 74.6, 122.3,
139.5 (carbons in cholesteryl skeleton), 26.1, 26.2, 27.7, 29.4, 37.1, 39.2, 44.2, 45.1,
46.7, 46.7 (carbons in spermine), 157.2 (CO carbamoyl); MS (ES"): m/z 615.0
(M + H]*, 100%); HRMS (ESI-TOF) m/z: [M+H]" calcd for CsgH7oN4NaO,: 637.5391;
found 637.5435.
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3.3.14 Synthesis of Compound C7

o__0O
_0O N~
W ” O

c7

To a solution of lipid L1a (502 mg, 1.06 mmol) in MeOH (10 mL) was
added methyl acrylate (10.0 mL, 0.12 mol). The reaction mixture was stirred at room
temperature for 5 days. The solvent was removed under reduced pressure to afford a
yellow oil, which was purified by silica gel column chromatography (CH,Cl,) to afford
C7 (560 mg, 82%) as a yellow oil. IR: vmax 3390, 2955, 2934, 2867, 2851, 1724, 1515,
1463, 1438, 1377, 1258, 1197, 1047, 1029, 1009, 959 cm™; 'H NMR (400 MHz,
CDCl3): 8 0.65 (s, 3H, CH3-18), 0.84 (d, J = 6.5 Hz, 6H, CH3-26 and CH3-27), 0.89 (d, J
= 6.4 Hz, 3H, CH3-21), 0.98 (s, 3H, CH3-19), 0.93-2.0 (m, protons in cholesteryl
skeleton), 2.26-2.52 (m, 6H, 2xCOCH,CH;N-, -NCH,CH;NHCO,-Chol), 2.74 (br s,
4H, (2xCH,CH,N-), 3.22 (br s, 2H, -NCH,CH,;NHCO,-Chol), 3.67 (s, 6H, 2xOCHy),
4.47 (m, 1H, H-3-Chol), 5.20 (br s, 1H, NHCO,-Chol), 5.35 (br s, 1H, H-6-Chol); *C
NMR (100 MHz, CDCls3): 11.8, 18.7, 19.3, 21.0, 22.5, 22.8, 23.8, 24.3, 28.0, 28.2, 28.2,
31.9, 31.9, 35.8, 36.2, 36.6, 37.0, 38.6, 39.5, 39.7, 42.3, 50.0, 55.2, 56.7, 74.2, 122.4,
139.9 (carbons in cholesteryl skeleton), 32.6, 32.6, 49.3, 51.7, 51.7, 51.8
(2xCOCH,CH;N—-, —NCH,CH,CO,-Chol), 53.2 (2xOCHj3), 156.3 (CO carbamoyl),
172.9 (CO(OCHa),); MS (ES™): m/z 646.6 ([M + H]*, 100%); HRMS (ESI-TOF) m/z:
[M + H]" calcd for CagHgsN2Og: 645.4837; found 645.4832.
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3.3.15 Synthesis of Lipid L11

To a solution of lipid C7 (200 mg, 0.31 mmol) in MeOH (10 mL) was
added spermine (125 mg, 0.62 mol). The reaction mixture was stirred at room
temperature for 5 days. The solvent was removed under reduced pressure to afford a
yellow oil, which was purified by sephadex column chromatography (MeOH) to give
L11 (272 mg, 89%). IR: vmax 3248, 3115, 2927, 2867, 1704, 1621, 1582, 1476, 1396,
1370, 1274, 1262, 1127 cm™; 'H NMR (400 MHz, CDCl; + CD;0D): §0.58 (s, 3H,
CH3-18), 0.77 (d, J = 6.6 Hz, 6H, CH3-26 and CH;-27), 0.82 (d, J = 6.5 Hz, 3H, CHjs-
21), 0.91 (s, 3H, CH3-19), 0.98—1.44 and 1.75-2.35 (m, protons in cholesteryl skeleton),
1.47 (m, 8H, 2xNHCH,CH,CH,CH,NH), 1.61 (m, 8H, 2xNH,CH,CH,CH,NH—, 2x
—NHCH,CH,CH,;NHCO), 2.38 (m, 2H, NCH,CH,NHCO,-Chol), 2.45, 3.28 (m, 4H,
2xCOCH,CH,N), 2.35, 359 (m, 4H, 2xCOCH,CH,N-), 2.55-2.69 (m, 20H
2xNH,CH,CH,CH,NH—, 2x -NHCH,CH,CH,CH,NH—, 2x -NHCH,CH,CH,;NHCO),
3.09-3.17 (m, 6H 2xNHCH,CH,CH,NHCO, -NCH,;CH,;NHCO,-Chol), 4.36 (m, 1H,
H-3-Chol), 5.27 (br s, 1H, H-6-Chol); **C NMR (100 MHz, CDCl; + CD;0D): 11.7,
18.5, 19.1, 20.9, 22.4, 22.6, 23.6, 24.1, 26.8, 28.0, 28.1, 31.7, 31.7, 35.6, 36.0, 36.4,
36.8, 38.4, 39.3, 39.6, 42.1, 51.6, 55.9, 56.5, 74.3, 122.4, 139.6 (carbons in cholesteryl
skeleton), 23.6, 24.1, 27.8, 31.3, 36.4, 39.3, 39.6, 42.1, 47.1, 47.1 (carbons in spermine),
33.6, 44.4, 52.6, 53.3 (2xCOCH,CH,;N—, -NCH,CH,CO,-Chol), 156.5 (CO carbamoyl),
173.0, 173.6 (CO amide); HRMS (ESI-TOF) m/z: [M + H]" calcd for CgoH113N4Os:
985.8654; found 985.8644.
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3.3.16 Synthesis of Lipids L12

H
HoN /\/\O/\/\/OV\/ N \i
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HZN/\/\O/\/\/ ~ N 7.]/\/ \/\N
(0]

L12

To a solution of lipid C7 (200 mg, 0.31 mmol) in MeOH (10 mL) was
added 1,4-bis(3-aminopropoxy)butane (126 mg, 0.62 mol). The reaction mixture was
stirred at room temperature for 5 days. The solvent was removed under reduced
pressure to afford a yellow oil, which was purified by sephadex column
chromatography (MeOH) to give L12 (285 mg, 93%). IR: vmax 3359, 3305, 2936, 2863,
1642, 1553, 1467, 1372, 1275, 1260, 1103, 1032 cm™; 'H NMR (400 MHz, CDCl; +
CD3;0D): 6 0.51 (s, 3H, CH3-18), 0.69 (d, J = 6.6 Hz, 6H, CH3-26 and CH3-27), 0.74 (d,
J = 6.5 Hz, 3H, CH3-21), 0.84 (s, 3H, CH3-19), 0.86—1.86 (m, protons in cholesteryl
skeleton), 1.44 (m, 12H, 2x -OCH,CH,CH,CH,0—, 2x NH,CH,CH,CH,0-), 1.60 (m,
4H, 2x —OCH,CH,CH,-NHCO), 2.14 (t, J = 6.2 Hz, 6H, -NCH,CH,NHCO,-Chol, 2x
COCH,CH,N-), 2.34 (t, J = 6.1 Hz, 2H, —~NCH,CH,NHCO,-Chol), 2.54 (t, J = 6.6 Hz,
4H, 2xNH,CH,CH,CH,0-), 2.65 (t, J = 6.8 Hz, 4H, (2xCOCH,CH,N-)), 3.09 (t, J =
7.0 Hz, 4H, 2x NH,CH,CH,CH,0-), 3.19-3.36 (m, 16H, 2x —OCH,CH,CH,;NHCO,
2x —OCH,CH,CH,CH,0-), 4.25 (m, 1H, H-3-Chol), 5.20 (br s, 1H, H-6-Chol); **C
NMR (100 MHz, CDCl; + CD3;0OD): 11.7, 18.5, 19.2, 20.9, 22.4, 22.6, 23.7, 24.1, 27.9,
28.0, 29.1, 31.8, 31.8, 36.1, 36.4, 36.8, 36.9, 38.3, 38.5, 39.6, 42.2, 49.7, 56.0, 56.6,
74.4, 122.5, 139.7 (carbons in cholesteryl skeleton), 26.2, 26.2, 28.1, 33.7, 39.0, 39.4,
68.4, 68.9, 70.6, 70.8 (2xcarbons in 1,4-bis(3-aminopropoxy)butane), 35.7, 44.9, 49.9,
52.5 (2xCOCH,CH;N-, —NCH,CH,CO,-Chol), 156.9 (CO carbamoyl), 173.2 (CO
amide); HRMS (ESI-TOF) m/z: [M + H]" calcd for CsgH10sNgOs: 989.7988; found
989.8028.
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3.4 Liposome Preparation

A thin film was prepared from the stock solution of cationic lipid and DOPE
(1pug/uL in CH,CI, or EtOH). DOPE (250 pL) and cationic lipid (250 pL) were mixed
together in an eppendrof and the solvent was evaporated to dryness under a stream of
nitrogen. The trace of solvent was completely removed under high vacuum for 4-8 h.
The thin film was dissolved with PBS buffer, vortex for 30 seconds and sonicated for 20

minutes at room temperature.

3.5 DNA Binding Affinities

Gel electrophoresis was used to evaluate the formulated between DNA and
cationic lipids. The complexes were prepared by adding liposome into DNA (0.1 pg).
The DNAVIipid ratios of 1:5, 1:10 and 1:20 were examined for the ability to retard DNA
migration through 1.0% agarose gel electrophoresis. Ethidium bromide was contained
in agarose plate. Loading dry reagent was then added to the lipoplexes. The solutions

(10 pL) were loaded into gel and run at 100 V for 30 minutes.

3.6 Transfection Procedure

Human embryonic kidney cells 293 (HEK293), human cervical
adenocarcinoma (HeLa), human colon adenocarcinoma (HT29) and human breast
adenocarcinoma (MCF7) were grown in DMEM medium supplemented with 10% fetal
bovine serum, penicillin (100% units/mL), streptomycin (100 mg/mL) and L-glutamine
(4 mM) at 37 °C under 5% CO,. The cells were seeded up to 1x10* cells/well in a 96-
well plate to give 50-70% confluence and used on the next day. The old medium was
removed and washed with PBS and replaced with 100 pL of fresh serum-free DMEM
medium. Lipoplexes were prepared by added liposome (1 pg/pL) into DNA (0.1 pg/uL)
and diluted with PBS buffer to total volume about 10 pL. The lipoplexes were added
into the cells and incubated at 37 °C under 5% CO, for 48 h. The procedure for
Lipofectamine2000 transfection was followed the manufacturer’s instruction. After 48

h, the old medium was removed and the Z buffer (100 uL) and SDS agent (50 pL) were
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added into the cells, after 15 minutes, ONPG solution (10 mg/mL; 100 uL) was added
and then the cells were incubated for 4 h before measuring the absorbance at 405 nm. In
order to evaluate the transfection efficiency, the pEGFP-C2 plasmid DNA, encoding
green fluorescent protein (GFP) was employed. After incubating at 37 °C under 5%
COs, the cell was measured by fluorescent microscopy.

3.7 Transfection Toxicity

HEK?293 cells were seeded on a 96-well plate. The cells were incubated for 24
h at 37 °C under 5% CO,. The procedure was the same as transfection experiment. After
the incubation, MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
(Invitrogen dissolved in PBS) was added to each well to reach the final concentration of
3 mg/mL. The cells were incubated again for 2 h at 37 °C under 5% CO,. The

absorbance was measured at 520 nm on micro plate reader.

3.8 Serum Stability of ODN

Serum stability assay was examined according to previously reported
procedures [42]. The serum stability was compared between liposomal ODN with free
ODN in the presence and absence of serum. The lipoplexes were incubated with fetal
bovine serum at 37 °C for 1, 2, 4, 6, 12 and 24 h. Serum enzyme was inactivated by
heating the final mixture at 70 °C for 15 minutes. Gel electrophoresis was performed on
1% agarose gel, containing ethidium bromide for visualization. 10 pL of lipoplexes (the
mixture of 0.1 pg of DNA, 2 nug of liposome in PBS and loading dye) were loaded into
gel plate and run at 100 V for 30 minutes.
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3.9 Size and Zeta Potential Measurements

Photon correlation spectroscopy using a Zeta sizer Nano ZS (Malvern
Instrument Ltd. Malvern, UK) was used to analyze particle size and surface charge of
DNA/liposome complexes. The prepared complexes was diluted with distilled water
and then filtered through a 0.22 um membrane before performing the measurements in

five replicates at room temperature.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Synthesis

The synthesis of cationic lipids L1a—b and L5a-b containing cholesterol and
B-sitosterol as the hydrophobic tails, primary amine as the polar head group and
carbamate linker started by using cholesteryl chloroformate (C1) and B-sitosterol (C2)
as the staring materials (Scheme 9). Using ethylenediamine and 1,3-diaminopropane to
react with C1l in CH,Cl, provided cholesterol-containing lipids Lla and Lb5a,
respectively, in one step with different length of the spacers. To synthesize the B-
sitosterol-containing lipids, the hydroxyl group of C2 was activated by treating with p-
nitrophenyl chloroformate to give carbonate C3 which was then converted to lipids L1b
and L5b by the reaction with the diamine compounds.

'z,(\/\( //,'/\):( R

H2N/\<\%;\NH2 j\
HNT AN N0
CH,Cly, rt, 24 h nH
L1a;n=0,R=A (76%)
c1 L1b;n=0,R =B (70%)

L5a;n=1,R=A (75%)
L5b; n =1, R =B (64%)

Scheme 1 Synthetic approach to cationic lipids L1a—b and L5a-b.
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The structural modification of the cationic lipid was considered by converting
the free amino group of L1a—b and L5a—b to various polar headgroups. Lipids L2a—b
and L6a—b containing trimethyl ammonium headgroup were prepared from the reaction
with methyl iodide and DIEA as shown in Scheme 10. The yields were quite low
because these compounds are very high polar and were lost in the separation and

purification step due to the existence of the ionic region in the structure.

R
R
CHjsl, DIEA o]
j?\ . \KILM/\NJ\O
HzN/\M;\H o DMF, rt, 12 h - n oy
L1a:n=0 R=A LZaEniO,RiA(21:/o)
L1b;n=O,R=B ’1,|/\/\( ‘, L2b,n—0,R—B(5OA>)
Lsan=1R=A N ~n L6éa;n=1,R=A (25%)
Lsb:n=1 R=B A B L6b; n =1, R =B (46%)

Scheme 2 Synthesis of cationic lipids L2a—b and L6a—b containing trimethyl

ammonium headgroup.

Guanidine group was also employed to be a polar head group. The reaction
with1,3-bis(tert-butoxycarbonyl)-2-methyl-2-thiopseudourea  provided C4a-b and
Cba—b (Scheme 13). Removing Boc groups by 20% TFA in CH,CI, afforded lipids
L3a—b and L7a-b in moderate yield. Moreover, lipids L4a—b and L8a—b with
tetramethylguanidinium headgroups were synthesized by reaction with HBTU/DIEA as
shown in Scheme 12. These compounds were obtained in modest yields after
purification because the delocalized positive charge at tetramethylguanidinium group
and PFg which is a bulky counterion can generate a weak ionic attraction force in the

structure.
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R R
SCH3
o BocN NHBoc NBoc (o)

HZNM;\HJ\O DIEA, DMF, rt, 12 h BocHN H/\M;\H (6)
L1a;n=0,R=A C4a;n=0,R=A (43%)
L1b;n=0,R=B C4b;n=0,R=B (77%)
LSa;n=1,R=A C5a;n=1,R=A (56%)
LSb;n=1,R=B

(\);/ C5b;n=1,R=B (79%)

A B
20% TFA in CH,Cl,
rt,2h
R
NH o
H,N ﬁ/M?HJLO

L3a;n=0, R = A (72%)
L3b;n=0, R =B (84%)
L7a;n=1,R=A (75%)
L7b;n =1, R = B (78%)

Scheme 3 Synthesis of cationic lipids L3a—b and L7a—b containing guanidinyl

headgroup.

N=N \ﬁ/ }
AN
~ - N PF 0
0 o I A
~N
HoN A Jko NN TN o

N H nH

nH DIEA, DMF, rt, 12 h !
L1a;n=0,R=A L4a;n=0,R = A (43%)
L1b;n=0,R=B L4b;n=0,R=B (77%) |
L5a;n=1,R=A L8a;n=1,R=A (56%) m ~ B
L5b:n=1R=B L8b; n =1, R = B (79%) A

Scheme 4  Synthesis of cationic lipids L4a—b and L8a-b containing tetramethyl

guanidinium headgroup.
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Cholesteryl chloroformate (C1) was also utilized to synthesized lipid L9
containing two oxy groups in the spacer and primary amine as the polar headgroup in
one step (Scheme 13). The possible side reaction leading to generate bis-cholesteryl
product could be avoided by adding one mole equivalent of 1,4-bis(3-
aminopropoxy)butane to react with C1 under highly diluted condition. C1 was also
reacted with Boc-protected spermine, a polyamine compound, to provide C6 in
moderate yield. Deprotection of Boc groups by 20% TFA in CH,CI, gave lipid L10 in

excellent yield.

’
’
’
‘

R4HN R
(NG N 2‘/\/\R2/\/\NH2

CH,Cly, 1t, 24 h

C1

(6]
R1HN\/\/R2\/\/\R2/\/\NkO
H

L9; Ry=H, R,=0 (79%)

C6; Ry =Boc, R, = NBoc (70%) ™™ 209 TFA in CH,Cl,
t, 2 h, 92%

Scheme 5  Synthesis of cationic lipids L9 and L10.
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The structural modification was expanded by the synthesis of two-headgroup
cationic lipids. Lipid L1a was reacted with methyl acrylate in order to introduced two
methyl ester groups to provide diester C7 in good yield. Due to low reactivity of the
methyl ester compared to the chloroformate, C7 can be directly reacted with 2 equiv. of
spermine and 1,4-bis(3-aminopropoxy)butane to provide lipids L11 and L12 in good
yields, respectively (Scheme 14).

‘Y,
2

AN ~
o o \? 0
HZN\/\NJ\O MeOH, rt, 5 days /O\H/\/N\/\NJ\O
H 82% o H
L1a c7

HoN NSRS R~ NH2
MeOH, rt, 5 days

H
HzN/\/\R/\/\/R\/\/N\?O

H
H N/\/\R/\/\/R\/\/N\ﬂ/\/N\/\NJ\O
2
o H
L11; R =NH, 89%
L12;R=0, 93%

Scheme 6  Synthesis of two-head cationic lipids L11 and L12.

57 Mahasarakham University



70

4.2 DNA Binding Affinities

Gel retardation assay was used to measure the DNA binding affinity of the
synthesized cationic lipids. The DNA binding ability of the cationic lipids was
examined with and without DOPE. The liposomes with DOPE were prepared from
individual lipids L1a—L8a and L1b—L8b and DOPE at 1:1 weight ratio. The lipoplexes
were formulated with plasmid DNA at ratios of 1:5, 1:10 and 1:20 (DNA/lipid, w/w).
The gel electrophoresis experiment revealed that lipids L6a, L8a and L8b (DNA:lipid =
1:20, 1:10 and 1:20, respectively) without DOPE showed the strong retardation of DNA
movement (Figure 39a and 39c) while lipids L4a, L6a, L8a, L2b, L4b and L8b
(DNA:lipid = 1:10 and 1:20) with DOPE showed high DNA binding activity (Figure
41b and 41d). These cationic lipids containing tetramethylguanidinuim and trimethyl
guanidinuim as polar head have remarkable ability to form the corresponding liposomes
and lipoplexes which is important for transfection process. As shown in Figure 41a and
41c, lipoplexes Lla—L8a and L1b-L8b without DOPE could not retard the DNA

migration.
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a.
_ Lla L2a L3a L4a L5a L6a L7a L8a
o
'E o o o o o o o O o o o o o o o o
OLOHNLOHNLOHNLO\—!NI:D_HNIDHNLO\—!NLOHN
O 1 d d d d d d d d d A Add A A A A A A A A A A A

C.
_ L1b L2b L3b L4b L5b L6b L7b L8b
o
= o o o o o o o o o o o o o o o o
gmHNmHNmHNmHNI_p_HNmHNmHNmHN
O ™ 4 =+ = =+ =+ = 4 =+ =+ o o 4 = = - A A A A A A A -

Figure 1  Electrophoretic gel retardation assays of lipoplexes at weight ratios of 1:5,
1:10 and 1:20. (a) Lipoplexes L1a—L8a without DOPE (b) Lipoplexes
L1la—L8a with DOPE (c) Lipoplexes L1b—L8b without DOPE (d)
Lipoplexes L1b—L8b with DOPE. The samples were electrophoresed on
1% agarose gel in TBE buffer at 100 V for 30 minutes.
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The lipoplexes prepared from the corresponding liposomes L9-L12 both with
and without DOPE were also studied for DNA binding affinity. As seen on Figure 40,

all formulation completely bound to DNA.

a.
©
e
=
c
)
o

control ©

Figure 2  Electrophoretic gel retardation assays of lipoplexes at weight ratios of 1:5,
1:10 and 1:20. (a) Lipoplexes L9-L12 with DOPE (b) Lipoplexes L9-L12
without DOPE. The samples were electrophoresed on 1% agarose gel in
TBE buffer at 100 V for 30 minutes.

4.3 Particle Size and Zeta-Potential Measurements

Particle size and zeta potential of lipoplexes were analyzed by dynamic light
scattering assay (DLS). The result indicated that the largest particle size was obtained
when decrease the DNA/liposome ratio to 1:10 (Figure 41a). Lipoplex L4a has the
particle size approximately 286—770 nm which has been proved that this range of
average particle size are suitable for gene delivery [68,77]. The zeta potential of
lipoplex is an indirect measurement for the surface charge. It can be used to evaluate the
degree of interaction between the liposomal cationic surface charges and the anionic
charges of DNA [78]. In Figure 41b, when increase the amount of liposome, the zeta
potential tended to be increased from negative (around -12 and -7 mV at ratio of 1:2 and
1:5, respectively) to positive values (around +0.12, +35 and +34 mV at ratio of 1:10,
1:20 and 1:30). The highest zeta potential was observed at the weight ratio 1:20 which
indicate the fully DNA condensation form a lipoplex.
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4.4 Transfection Activity

4.4.1 Transfection Screening
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mean =+ standard deviation of five measurements.

(@) The mean of particle size and (b) zeta potential of the lipoplexes L4a

The transfection activity of synthesized cationic lipids was evaluated against

HEK?293 cells (human embryonic kidney cell lines). ONPG (O-nitrophenyl-p-D-

galactopyranoside) was used as a substrate to determine the gene expression of [-
galactosidase [79,80]. The 0.1 ug of DNA/well and 1:20 DNA/lipids with and without

DOPE were selected as the condition for transfection screening. The ratio of liposome

and DOPE was used at 1:1 w/w. The relative transfection efficiency screening was

shown in Figure 42. Lipids L4a and L6a, bearing cholesterol as hydrophobic tail, with

DOPE showed higher transfection efficiency than other lipids compared with

Lipofectamine2000, transfection = 100%, while the lipids with p-sitosterol as
hydrophobic tail did not exhibit the transfection activity. Lipids L4a, L4b, L6a and L6b

were subjected to optimize the transfection efficiency by varying the lipid/DOPE ratios,
the DNA/lipid ratios, and the amounts of DNA per well.
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Screening of cationic lipids

£ Cationic lipids B Cationic lipids and DOPE (1:1)
45

40

35

30

25

20

15

Ralative Transfection Efficiency (%)

10

Lla L2a L3a L4a L5a L6a L7a L8a L1b L2b L3b L4b L5b L6b L7b L8b

Cationic lipids

Figure 4 Relative transfection efficiency screening of cationic lipids with DOPE ratio
of 1:1 and without DOPE. The corresponding lipoplexes were prepared
from pCH110-encoding B-galactosidase (0.1 ug/well) and the lipids in the
ratio of 1:20 by weight.

The lipids L9-L12 bearing cholesterol as hydrophobic tail were also
examined in the HEK293 cells. The ratio of liposome and DOPE was mixed 1:1 weight
ratio. DNA 0.1 ug and 1:20 DNA/lipids were added in well plate. As shown in Figure
43 the lipid L10 with DOPE showed higher transfection efficiency than other lipids
(~30 % transfection efficiency) compared to Lipofectamine2000, transfection = 100%.
Other lipids L9, L11 and L12 with and without DOPE were showed the transfection
efficiency less than 20% transfection efficiency. Lipid L10 was subjected to optimize

the transfection efficiency by varying the lipid/DOPE ratios, the DNA/lipid ratios, and
the amounts of DNA per well.
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Screening of cationic lipids

O Cationic lipids H Cationic lipids and DOPE (1:1)

Ralative Transfection Efficiency (%)

L10 L11 L12

Cationic lipids

Figure 5 Relative transfection efficiency screening of cationic lipids with DOPE ratio
of 1:1 and without DOPE. The lipoplexes were prepared from DNA 0.1
ug/well and the lipids in the ratio of 1:20 by weight.

4.4.2 Optimization of Cationic Lipid/DOPE Ratios

A neutral lipid dioleylphosphatidylethanolamine (DOPE) is a well-known
helper lipid [81]. DOPE is a fusogenic lipid to destabilize bilayer in liposome inducing
the DNA to be released from lipoplex [82]. In this experiment, the cationic liposomes
are constructed from the synthesized lipids and helper-lipid (DOPE) at lipid/DOPE
ratios of 3:1, 2:1, 1:1, 1:2 and 1:3. The lipoplexes were prepared by mixing the DNA
and liposomes at the DNA concentration about 0.1 pg/well (DNA/lipid ratio 1:20). The
appropriate lipid/DOPE ratios for L4a were 2:1 and 1:1 and for L6a was 1:1 (Figure
44). The result showed that lipids L4a and L6a, bearing the cholesterol domain,
displayed the significant values of the relative transfection efficiency. In contrast, lipids
L4b and L6b, containing B-sitosterol, showed low transfection activity. In addition, the
low transfection efficiency was also found at the ratios of 1:2 and 1:3 for all cationic
lipids. Therefore, the amount of DOPE has the considerable influence on gene delivery.
The optimal ratios for lipid L4a and L6a will be subjected to the next experiment to
vary the amount of DNA.
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Cationic lipid/DOPE ratios
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Figure 6 Relative transfection efficiency of cationic lipid L4a, L4b, L6a and L6b
with the different ratios of lipid:DOPE at 1:1, 1:2, 1:3, 3:1 and 2:1, and 0.1
ug of DNA/well in HEK?293 cells. Commercially available
Lipofectamine2000 was used as the reference (100%) for the transfection

(data not shown).

4.4.3 Optimization of DNA:Cationic Lipids Ratios
The optimal condition to prepare the liposomes from L4a and L6a at 1:1
lipid:DOPE ratio was used for varying the amount of cationic liposome. The ratios of
DNA: cationic liposome at 1:5, 1:10, 1:20, 1:30, 1:40 and 1:50 (w/w) were assayed the
transfection activity (0.1 pg of DNA/well). We found that lipid L4a and L6a at ratios
1:20 and 1:10, respectively showed the highest transfection efficiency (Figure 45). The
result indicated that the low transfection efficiency was observed when increasing the

amount of cationic lipids.
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DNA/Cationic lipid ratios

H15 =1:10 ®E1:20 31:30 £1:40 [O1:50
50

L4a L6a

Relative Transfection Efficiency (%)

Cationic lipids

Figure 7 Relative transfection efficiency of cationic lipid L4a and L6a containing the
appropriate amount of DOPE from Figure 44 with the ratios of
DNA:cationic lipid at 1:5, 1:10, 1:20, 1:30, 1:40 and 1:50, and 0.1 ug of
DNA/well in HEK293 cells. Commercially available Lipofectamine2000

was used as the reference for the transfection (data not shown).

4.4.4 Optimization of the Amount of DNA
In the previous experiment, we had received the optimal ratio of the cationic
lipid/DOPE (Figure 44) and the amount of cationic lipids (Figure 45). The transfection
efficiency was increased along with the amount of DNA. In addition, we also varied the
amount of DNA at various ratios (Figure 46). Here in, the amount of DNA was used at
0.1, 0.2 and 0.4 pg/well. It has been found that lipid L4a exhibited the highest
transfection activity at 0.2 ug of DNA.
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Figure 8 Relative transfection efficiency of DNA amount for gene transfer. The
optimal amount of DOPE (Figure 44) and DNA/cationic lipids ratios
(Figure 45) were selected to use with different amount of DNA as 0.1, 0.2
and 0.4 pg, and 0.1 ug of DNA/well. Commercially available
Lipofectamine2000 was used as the reference (100%) for the transfection

(data not shown).

4.4.5 The Effect of Serum

The environment in body system contains serum nuclease which affects the
transportation of gene [83]. A number of reports revealed that cationic liposomes with
high transfection activity in the absence of serum will lose their efficiency when serum
is present [41,79,84,85]. Therefore, the transfection activity of lipid L4a was examined
in the presence of 0, 10, 20, and 40% serum by using the optimal conditions from the
previous experiments. As shown in Figure 47a, the transfection efficiency of lipid L4a
was tested by using ONPG as the substrate for gene expression. Each percentage of
serum was compared with transfection agent (Lipofectamine2000) as the external
reference (100%).

The transfected cells were counted and reported as the number of the cells
per square centimeter as shown in Figure 47b. Lipofectamine2000 showed the
transfection efficiency higher than lipid L4a in serum-free condition (8140 + 98
cells/cm? for Lipofectamine2000 and 6280 + 26 cells/cm? for lipid L4a) but in the
10-40% serum, the lipid L4a showed the higher efficiency than that of the control.
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However, the transfection efficiency was significantly decreased when increase the
amount of serum. In addition, we also employed pEGFP-C2 to confirm the results by
measuring fluorescent emission of GFP protein (Figure 47c). At 10 and 20% serum,

lipid L4a still provided the efficient transfection activity as same as the serum-free

condition.
a b
0
g %serum —_ M Lipofectamine2000 £ L4a
= B0% K10% ®20% H40% € 9000
g 200 > 8000
2 P
@ 180 =2
S 160 | fi 7000
T 140 > 6000
S 120 I € 5000
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£ 100 S S 4000
£ 80 R £ 3000
§ 60 —— S 2000
= 40 — S 1000
@ 20 i — 3
2 o 5 0
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< L4a £
I3 -
Cationic lipids %serum
0% serum 10% serum 20% serum 40% serum

Lipofectamine

2000

L4a

Figure 9 (a) Transfection efficiency of lipid L4a in the presence of different
percentages of serum. (b) Comparison of the transfection efficiency of lipid
L4a and the control reported as number of the transfected cells per square
centimeter (cells/cm?). (c) Expression of gene encoding for GFP transferred
by L4a/DOPE = 1/1 at ratio of 1:20 (DNA/lipid) and Lipofectamine2000.
All experiments were tested in HEK293 cells and evaluated under 0%, 10%,
20% and 40% serum.
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4.4.6 Transfection Efficiency toward Different Cell Lines
Transfection efficiency of the lipid L4a was also carried out in the different
mammalian cell lines including HeLa, MCF7, and HT29. These experiments were
performed under serum-free condition. The optimal ratios from the previous conditions
were subjected to evaluate the gene delivery. The results indicated that lipid L4a can
transfect the DNA into HeLa and MCF7 cells compared to Lipofectamine2000 as

positive control.

HeLa cells MCF7 cells

Lipofectamine
2000

Figure 10 GFP gene expressions in HeLa and MCF7 cells observed after 48 h of

transfection under fluorescence microscopy and normal light as the control.

4.5 Cytotoxicity

The cytotoxicity of lipid L4a was investigated by MTT assay on HEK293
cells. The optimal ratios from the previous experiment of lipid L4a were tested.
DNA/cationic lipid ratios of 1:2, 1.5, 1:10, 1:20, 1:30, 1:40 and 1:50 were examined by
using the DNA concentration at 0.2 ug DNA/well. The result was shown in Figure 49

that this liposome is not toxic to the tested cells.
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Figure 11 The cytotoxic essay in HEK293 cells indicated by the percentage of cells
viability. The ratios of DNA/lipid are at 1:2, 1:5, 1:10, 1:20, 1:30, 1:40 and
1:50. Cell metabolic activity was determined by MTT assay.

4.6 Serum Stability of ODN

The exonucleolytic degradation of deoxyoligonucleotide (ODN) by serum was
tested based on the previous report [42,84,86,87]. Free or encapsulated ODN was
incubated at 30 °C in several times. ODN encapsulation showed that the DNA in 10%
serum was completely degraded. When the lipoplex L4a was treated in the presence of
0.5% SDS, it could not bind DNA. In contrast, the lipoplex L4a in the absence of 0.5%
SDS could retard the migration of DNA. The result indicated that the lipoplex can be
encapsulated ODN in 10% serum. Using Lipofectamine™ 2000 as the positive control
provided the same result (See Figure 50). Moreover, the 40% serum also showed the

approximate ODN encapsulation efficiency (See Figure 51).
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Free DNA in 0% serum Free DNA in 10% serum

DNAserum 1h 2h 4h 6h 12h 24h DNAserum 1h 2h 4h 6h 12h 24h

b. Lipofectamine2000
in 10% serum Lipid L4a in 10% serum

DNA serum 1h 2h 4h 6h 12h 24h DNAserum 1h 2h 4h 6h 12h 24h

Lipofectamine2000 Lipid L4a
+ 0.5% SDS in 10% serum + 0.5% SDS in 10% serum

DNAserum 1h 2h 4h 6h 12h 24h DNAserum 1h 2h 4h 6h 12h 24h

Figure 12 At 10% serum, serum stability of pDNA in different time. (a) Both DNA in
serum and pure DNA, (b) Lipofectamine2000 and lipid L4a in 10% serum
and (c) Lipofectamine2000 and lipid L4a in 10% serum that contained 0.5%
SDS.
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a. )
Free DNA in 0% serum Free DNA in 40% serum

DNAserum 1h 2h 4h 6h 12h 24h DNAserum 1h 2h 4h 6h 12h 24h

b. Lipofectamine 2000
in 40% serum Lipid 4a in L40% serum

DNAserum 1h 2h 4h 6h 12h 24h DNAserum 1h 2h 4h 6h 12h 24h

C. Lipofectamine 2000 Lipid L4a
+0.5% SDS in 40% serum + 0.5% SDS in 40% serum

DNAserum 1h 2h 4h 6h 12h 24h DNAserum 1h 2h 4h 6h 12h 24h

Figure 13 At 40% serum, serum stability of pDNA in different time. (a) Both DNA in
serum and pure DNA, (b) Lipofectamine2000 and lipid L4a in 40% serum
and (c) Lipofectamine2000 and lipid L4a in 40% serum that contained 0.5%
SDS.
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CHAPTER 5

CONCLUSION

The cationic lipids containing cholesterol and B-sitosterol as hydrophobic tails
were successfully synthesized under mild conditions. Polar headgroups including
ammonium, trimethyl ammonium, guanidinium and tetramethyl guanidinium and
carbamate linker were employed. Novel lipid L4a with tetramethyl guanidinium
headgroup showed the highest transfection efficiency in the presence of a helper lipid,
DOPE. However, the cationic lipids with trimethyl ammonium headgroup and
cholesterol tail also showed sufficient transfection efficiency. Some cationic lipids with
[B-sitosterol tail could provide transfection efficiency especially the lipids containing
trimethyl ammonium headgroup. The optimal conditions of the lipid L4a providing the
highest transfection efficiency into HEK293 cells consists of lipid/DOPE at weight ratio
of 1:1, DNA/liposome ratio of 1:20 and the amount of DNA 0.2 ug/well. The gel
electrophoresis experiment indicated that liposomes fully formulated with DNA could
retard the migration of DNA. In addition, we also found that the transfection activity
was related to the DNA binding affinities. Lipoplex L4a has the particle size
approximately in the range of 286—770 nm and the zeta potential of 34—35 mV at ratio
of 1:20 (DNA/lipid).

Cationic  lipids L9-L12 containing spermine and  1,4-bis(3-
aminopropoxy)butane as the polar headgroups, carbamate linker and cholesterol as the
hydrophobic tail were synthesized. These lipids showed strong retardation in gel
electrophoresis assay. The screening transfection showed that the relative transfection
efficiency of lipid L10 was around 30% compared to Lipofectamine2000 as the positive
control.

Lipid L4a also exhibited the transfection efficiency higher than
Lipofectamine2000 in the presence of 10%, 20% and 40% serum and this liposome was
not toxic to the tested cells. This condition could be applied as a non-viral transfection

vector for further in vivo study based on the presence of serum.
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WR-NMR 136 Chopaka CT1-1 (18.0 mg, CDC13)
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Appendix Figure 1 'H NMR Spectrum (400 MHz, CDCls5) of Lipid 3p-[N-(2-
Aminoethyl)carbamoyl]cholesterol (L1a)
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Appendix Figure 2 Expansion of *H NMR Spectrum (400 MHz, CDCls) of
Lipid 3B-[N-(2-Aminoethyl)carbamoyl]cholesterol (L1a)
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Appendix Figure 3 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCls)
of Lipid 3B-[N-(2-Aminoethyl)carbamoyl]cholesterol (L1a)

13C WR-NMR136 Chopaka CT1-1 (18.0 mg, CDC13)
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Appendix Figure 4 **C NMR Spectrum (100 MHz, CDCls) of Lipid 3p-[N-(2-
Aminoethyl)carbamoyl]cholesterol (L1a)
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13C WR-NMR136 Chopaka CT1-1 (18.0 mg, CDC13)
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Appendix Figure 5 Expansion of *C NMR Spectrum (100 MHz, CDCls) of
Lipid 3B-[N-(2-Aminoethyl)carbamoyl]cholesterol (L1a)

WR-NMR 138 Chopaka CT2-1 (36.0 mg, CDC13)

s s S S S ////

| D o

T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 55 5.0 a5 4.0 3.5 3.0 2.5 2.0 15 1.0

j—r er ‘mhwmmm—ﬁ‘rﬂﬁwor

3 ISR EEE

< = I b 1 b b e R ]

T
0.5 ppm

Appendix Figure 6 *H NMR Spectrum (400 MHz, CDCls) of Lipid 3p-[N-(3-
Aminopropyl)carbamoyl]cholesterol (L5a)
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WR-NMR 138 Chopaka CT2-1 (36.0 mg, CDC13)
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Appendix Figure 7 Expansion of '"H NMR Spectrum (400 MHz, CDCl5) of
Lipid 3B-[N-(3-Aminopropyl)carbamoyl]cholesterol (L5a)

WR-NMR 138 Chopaka CT2-1 (36.0 mg, CDC13)
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Appendix Figure 8 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCls)
of Lipid 3B-[N-(3-Aminopropyl)carbamoyl]cholesterol (L5a)
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13C WR-NMR138 Chopaka CT2-1 (36.0 mg, CDC13)
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Appendix Figure 9 **C NMR Spectrum (100 MHz, CDCls) of Lipid 3B-[N-(3-
Aminopropyl)carbamoyl]cholesterol (L5a)

13C WR-NMR138 Chopaka CT2-1 (36.0 mg, CDC13)
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Appendix Figure 10 Expansion of **C NMR Spectrum (100 MHz, CDCls) of
Lipid 3B-[N-(3-Aminopropyl)carbamoyl]cholesterol (L5a)
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WR-NMR 137 Chopaka CT1-2 (5.0 mg, CDC13)
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Appendix Figure 11 *H NMR Spectrum (400 MHz, CDCls) of Lipid 3-[N-(2-(N’,
N’,N'-Trimethyl)aminoethyl)carbamoyl]cholesterol (L2a)

WR-NMR 137 Chopaka CT1-2 (5.0 mg, CDC13)
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Appendix Figure 12 Expansion of *H NMR Spectrum (400 MHz, CDCls) of Lipid
3B-[N-(2-(N’,N',N'-Trimethyl)aminoethyl)carbamoyl]cholesterol
(L2a)
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WR-NMR 137 Chopaka CT1-2 (5.0 mg, CDC13)
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Appendix Figure 13  Expansion (cont.) of "H NMR Spectrum (400 MHz, CDCl5)
of Lipid 3B-[N-(2-(N',N’,N"-Trimethyl)aminoethyl)carbamoyl]
cholesterol (L2a)

13C WR-NMR137 CT1-2 (5.0 mg, CDC13)
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Appendix Figure 14 *C NMR Spectrum (100 MHz, CDCls) of Lipid 3p-[N-(2-
(N’,N’,N’-Trimethyl)aminoethyl)carbamoyl]cholesterol (L2a)
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13C WR-NMR137 CT1-2 (5.0 mg, CDC13)
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Appendix Figure 15  Expansion of **C NMR Spectrum (100 MHz, CDCls) of Lipid
3B-[N-(2-(N’,N'",N'-Trimethyl)aminoethyl)carbamoyl]cholesterol
(L2a)

WR—-NMR151 Chopaka CT2-3 (21.0 mg, CDC1l3 + CD3OD)

. - //////////f

. Nl M

T U T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0 1.0 0.5 ppm

e e et

Appendix Figure 16 *H NMR Spectrum (400 MHz, CDCl; + CD3;0D) of Lipid 3p-
[N-(3-(N’",N",N'-Trimethyl)aminopropyl)carbamoyl]cholesterol
(L6a)

> Mahasarakham University



104

WR—-NMR151 Chopaka CT2-3 (21.0 mg, CDC1l3 + CD30D)
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Appendix Figure 17 Expansion of *H NMR Spectrum (400 MHz, CDCl; + CD30D)
of Lipid 3B-[N-(3-(N",N’,N-Trimethyl)aminopropyl)carbamoyl]
cholesterol (L6a)

WR—-NMR151 Chopaka CT2-3 (21.0 mg, CDC1l3 + CD30OD)
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Appendix Figure 18 Expansion (cont.) of '"H NMR Spectrum (400 MHz, CDCl; +
CD30D) of Lipid 3p-[N-(3-(N’,N’,N'-Trimethyl)aminopropyl)
carbamoyl]cholesterol (L6a)
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13C WR-NMR151 Chopaka CT2-3 (21.0 mg, CDC1l3 + CD30D)
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Appendix Figure 19 *C NMR Spectrum (100 MHz, CDCl; + CD30D) of Lipid 3-

[N-(3-(N’",N",N"-Trimethyl)aminopropyl)carbamoyl]cholesterol
(L6a)

13C WR-NMR151 Chopaka CT2-3 (21.0 mg, CDC13 + CD30OD)
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Appendix Figure 20 Expansion of **C NMR Spectrum (100 MHz, CDCl; + CD;0D)
of Lipid 3B-[N-(3-(N",N’,N’-Trimethyl)aminopropyl)
carbamoyl]cholesterol (L6a)
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WR-NMR140 Chopaka CT1-3 (10.0 mg, CDC13)

Appendix Figure 21 'H NMR Spectrum (400 MHz, CDCl5) of 3p-[(2-((N",N"-
Di(tert-butoxycarbonyl)guanidinyl)ethyl)carbamoly]
cholesterol (C4a)

WR—-NMR140 Chopaka CT1-3 (10.0 mg, CDC13)
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Appendix Figure 22 Expansion of "H NMR Spectrum (400 MHz, CDCls) of 3f-[(2-
((N",N"-Di(tert-butoxycarbonyl)guanidinylethyl)carbamoly]
cholesterol (C4a)
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WR-NMR140 Chopaka CT1-3 (10.0 mg, CDC13)
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Appendix Figure 23  Expansion (cont.) of "H NMR Spectrum (400 MHz, CDCl5)
of 3B-[(2-((N’,N"-Di(tert-butoxycarbonyl)guanidinyl)ethyl)
carbamoly]cholesterol (C4a)

13C WR-NMR140 Chopaka CT1-3 (10.0 mg, CDC13)
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Appendix Figure 24 *C NMR Spectrum (100 MHz, CDCls) of 3p-[(2-((N’,N"-

Di(tert-butoxycarbonyl)guanidinyl)ethyl)carbamoly]
cholesterol (C4a)
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13C WR-NMR140 Chopaka CT1-3 (10.0 mg, CDC13)
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Appendix Figure 25 Expansion of **C NMR Spectrum (100 MHz, CDCl5) of

3B-[(2-((N’,N"-Di(tert-butoxycarbonyl)guanidinyl)ethyl)
carbamoly]cholesterol (C4a)

WR-NMR144 Chopaka CT2-2 (11.0 mg, CDC13)
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Appendix Figure 26 *H NMR Spectrum (400 MHz, CDCl5) of 3p-[(3-((N",N"-
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WR-NMR144 Chopaka CT2-2 (11.0 mg, CDC13)

Appendix Figure 27 Expansion of *H NMR Spectrum (400 MHz, CDCls) of 3p-[(3-

((N",N"-Di(tert-butoxycarbonyl))guanidinyl)propyl)carbamoyl]
cholesterol (C5a)

WR-NMR144 Chopaka CT2-2 (11.0 mg, CDC13)
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Appendix Figure 28 Expansion (cont.) of "H NMR Spectrum (400 MHz, CDCl5)
of 3B-[(3-((N',N"-Di(tert-butoxycarbonyl))guanidinyl)propyl)
carbamoyl]cholesterol (C5a)
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13C WR-NMR144 Chopaka CT2-2 (11.0 mg, CDC13)
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Appendix Figure 29 *C NMR Spectrum (100 MHz, CDCls) of 3p-[(3-((N’,N"-
Di(tert-butoxycarbonyl))guanidinyl)propyl)carbamoyl]
cholesterol (C5a)

13C WR-NMR144 Chopaka CT2-2 (11.0 mg, CDC13)
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Appendix Figure 30 Expansion of *C NMR Spectrum (100 MHz, CDCls) of 3B-[(3-
((N",N"-Di(tert-butoxycarbonyl))guanidinyl)propyl)carbamoyl]
cholesterol (C5a)
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WR-NMR141 Chopaka

CT1-3D (15.0 mg, CDC13)
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Appendix Figure 31 'H NMR Spectrum (400 MHz, CDCl5) of Lipid 3p-[(2-
(Guanidinyl)ethyl)carbamoyl]cholesterol (L3a)

WR-NMR141 Chopaka CT1-3D (15.0 mg, CDC13)
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Appendix Figure 32 Expansion of *H NMR Spectrum (400 MHz, CDCls) of

Lipid 3B-[(2-(Guanidinyl)ethyl)carbamoyl]cholesterol
(L3a)
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WR-NMR141 Chopaka CT1-3D (15.0 mg, CDC13)
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Appendix Figure 33 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl5)
of Lipid 3B-[(2-(Guanidinyl)ethyl)carbamoyl]cholesterol (L3a)

WR-NMR218 Chopaka CT1-3D (15.0 mg, CDC13)
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Appendix Figure 34 **C NMR Spectrum (100 MHz, CDCls) of Lipid 3B-[(2-
(Guanidinyl)ethyl)carbamoyl]cholesterol (L3a)
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WR-NMR218 Chopaka CT1-3D (15.0 mg, CDC13)
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Appendix Figure 35 Expansion of **C NMR Spectrum (100 MHz, CDCl5) of
Lipid 3B-[(2-(Guanidinyl)ethyl)carbamoyl]cholesterol
(L3a)

WR-NMR145 Chopaka CT2-2D (6.0 mg, CDC1l3 + 10 drops of CD30D)
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Appendix Figure 36 *H NMR Spectrum (400 MHz, CDCl; + CD;0D) of Lipid
3B-[(3-(Guanidinyl)propyl)carbamoyl]cholesterol (L7a)
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WR-NMR145 Chopaka CT2-2D (6.0 mg, CDC1l3 + 10 drops of CD30OD)
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Appendix Figure 37 Expansion of *H NMR Spectrum (400 MHz, CDCl; + CD30D)

of Lipid 3B-[(3-(Guanidinyl)propyl)carbamoyl]cholesterol
(L7a)

WR-NMR145 Chopaka CT2-2D (6.0 mg, CDC13 + 10 drops of CD30D)
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Appendix Figure 38  Expansion (cont.) of *H NMR Spectrum (400 MHz,
CDCl; + CD30D) of Lipid 3B-[(3(Guanidinyl)propyl)
carbamoyl]cholesterol (L7a)
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(6.0 mg, CDCl3 + CD30D)
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Appendix Figure 39 *C NMR Spectrum (100 MHz, CDCl; + CD30D) of Lipid

3B-[(3-(Guanidinyl)propyl)carbamoyl]cholesterol (L7a)

WR-NMR145 Chopaka CT2-2D (6.0 mg, CDC1l3 + CD3OD)
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Appendix Figure 40 Expansion of **C NMR Spectrum (100 MHz, CDCl; + CDs0D)

of Lipid 3B-[(3-(Guanidinyl)propyl)carbamoyl]cholesterol (L7a)
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WR-NMR143 Chopaka CT1-4-2 (19.0 mg, CDC13 + 10 drops of CD30D)
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Appendix Figure 41 'H NMR Spectrum (400 MHz, CDCl; + CD3;0D) of Lipid

3B-[(2-((N",N",N",N"-Tetramethyl)guanidinyl)ethyl)carbamoyl]
cholesterol (L4a)

WR—-NMR143 Chopaka CT1-4-2 (19.0 mg, CDC1l3 + 10 drops of CD30D)
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Appendix Figure 42 Expansion of "H NMR Spectrum (400 MHz, CDCl; + CD;0D)

of Lipid 3B-[(2-((N",N’,N"”,N"-Tetramethyl)guanidinyl)ethyl)
carbamoyl]cholesterol (L4a)
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WR-NMR143 Chopaka CT1-4-2 (19.0 mg, CDC13 + 10 drops of CD30D)
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Appendix Figure 43 Expansion (cont.) of '"H NMR Spectrum (400 MHz, CDCl; +
CD30D) of Lipid 3B-[(2-((N",N’,N"”,N"-Tetramethyl)
guanidinyl)ethyl)carbamoyl]cholesterol (L4a)

13C WR-NMR143 Chopaka CT1-2-4 (19.0 mg, CDC1l3 + 10 drops of CD30OD)
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Appendix Figure 44 '*C NMR Spectrum (100 MHz, CDCl; + CD30D) of Lipid
3B-[(2-((N",N",N",N"-Tetramethyl)guanidinyl)ethyl)carbamoyl]
cholesterol (L4a)
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13C WR-NMR143 Chopaka CT1-2-4 (19.0 mg, CDC1l3 + 10 drops of CD30D)
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Appendix Figure 45 Expansion of **C NMR Spectrum (100 MHz, CDCl; + CD3;0D)
of Lipid 3B-[(2-((N",N",N"”,N"-Tetramethyl)guanidinyl)ethyl)

carbamoyl]cholesterol (L4a)

WR-NMR165 Chopaka CT2-4 (17 mg, CDC13)
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Appendix Figure 46 *H NMR Spectrum (400 MHz, CDCls) of Lipid 3p-[(3-((N’,
N’,N"”,N"-Tetramethyl)guanidinyl)propyl)carbamoyl]cholesterol

(L8a)
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WR-NMR165 Chopaka CT2-4 (17 mg, CDC13)
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Appendix Figure 47 Expansion of "H NMR Spectrum (400 MHz, CDCls) of Lipid
3B-[(3-((N',N’,N",N"-Tetramethyl)guanidinyl)propyl)
carbamoyl]cholesterol (L.8a)

WR-NMR165 Chopaka CT2-4 (17 mg, CDC13)
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Appendix Figure 48 Expansion (cont.) of '"H NMR Spectrum (400 MHz, CDCls) of
Lipid 3B-[(3-((N",N’,N”,N"-Tetramethyl)guanidinyl)propyl)
carbamoyl]cholesterol (L8a)
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13C WR-NMR-165 Chopaka CT2-4 (17.0 mg, CDC13)
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Appendix Figure 49 *3C NMR Spectrum (100 MHz, CDCls) of Lipid 3B-[(3-((N’,

N’,N"”,N"-Tetramethyl)guanidinyl)propyl)carbamoyl]cholesterol
(L8a)

13C WR-NMR-165 Chopaka CT2-4 (17.0 mg, CDC13)
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Appendix Figure 50 Expansion of *C NMR Spectrum (100 MHz, CDCls) of Lipid
3B-[(3-((N",N",N",N"-Tetramethyl)guanidinyl)propyl)
carbamoyl]cholesterol (L8a)
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WR-NMR178 Chopaka CT(1)-58 (7.8 mg, CDC13)
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Appendix Figure 51 *H NMR Spectrum (400 MHz, CDCls) of Lipid 3B-[N-(2-
Aminoethyl)carbamoyl]B-sitosterol (L1b)

WR-NMR178 Chopaka CT(1)-58 (7.8 mg, CDC1l3)

Appendix Figure 52 Expansion of *H NMR Spectrum (400 MHz, CDCls) of
Lipid 3B-[N-(2-Aminoethyl)carbamoyl]p-sitosterol (L1b)
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WR-NMR178 Chopaka CT(1)-58 (7.8 mg, CDC13)
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Appendix Figure 53 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl5)
of Lipid 3B-[N-(2-Aminoethyl)carbamoyl]p-sitosterol (L1b)

13C WR-NMR178 Chopaka CT(1)-58 (7.8 mg, CDC13)

= o~ -
= @ =
" o N
) = N

74.388

MM NN N NN NN

|
L ol N
" apl P YT P iy " e o pon I, 1
Y NSS! P T

) s ol
AN PR Y W MRy b

T T T T T T T T T T T T T T u T u T T T u T T T T T u u u U T T T T
160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 ppm

Appendix Figure 54 Expansion of *C NMR Spectrum (100 MHz, CDCls) of
Lipid 3B-[N-(2-Aminoethyl)carbamoyl]p-sitosterol (L1b)
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13C WR-NMR178 Chopaka CT(1)-58 (7.8 mg, CDC13)
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Appendix Figure 55 Expansion of **C NMR Spectrum (100 MHz, CDCl5) of
Lipid 3B-[N-(2-Aminoethyl)carbamoyl]p-sitosterol (L1b)

WR-NMR179 Chopaka CT(1)-59 (8.6 mg, CDC13)

Appendix Figure 56 *H NMR Spectrum (400 MHz, CDCls) of Lipid
3B-[N-(3-Aminopropyl)carbamoyl]p-sitosterol (L5b)
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WR-NMR179 Chopaka CT(1l)-59 (8.6 mg, CDC13)
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Appendix Figure 57 Expansion of *H NMR Spectrum (400 MHz, CDCls) of
Lipid 3B-[N-(3-Aminopropyl)carbamoyl]B-sitosterol (L5b)

WR-NMR179 Chopaka CT(1)-59 (8.6 mg, CDC13)
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Appendix Figure 58 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl5)
of Lipid 3B-[N-(3-Aminopropyl)carbamoyl]p-sitosterol (L5b)
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13C WR-NMR179 Chopaka CT(1)-59 (8.6 mg, CDC13)
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Appendix Figure 59 *C NMR Spectrum (100 MHz, CDCls) of Lipid 3p-[N-(3-
Aminopropyl)carbamoyl]B-sitosterol (L5b)

13C WR-NMR179 Chopaka CT(1)-59 (8.6 mg, CDC13)
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Appendix Figure 60 Expansion of *C NMR Spectrum (100 MHz, CDCls) of
Lipid 3B-[N-(3-Aminopropyl)carbamoyl]B-sitosterol (L5b)
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WR-NMR184 Chopaka CT(1)-64 (8.4 mg, CDCl3 + CD30OD)
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Appendix Figure 61 *H NMR Spectrum (400 MHz, CDCl; + CD3;0D) of Lipid
3B-[N-(2-(N',N',N'-Trimethyl)aminoethyl)carbamoyl]f-sitosterol
(L2b)

WR-NMR184 Chopaka CT(1)-64 (8.4 mg, CDC1l3 + CD30D)
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Appendix Figure 62 Expansion of "H NMR Spectrum (400 MHz, CDCl; + CD;0D)
of Lipid 3B-[N-(2-(N',N',N'-Trimethyl)aminoethyl)carbamoyl]f3-
sitosterol (L2b)
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WR-NMR184 Chopaka CT(1)-64 (8.4 mg, CDCl3 + CD30D)
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Appendix Figure 63 Expansion (cont.) of '"H NMR Spectrum (400 MHz, CDCl; +

CD30D) of Lipid 3B-[N-(2-(N',N',N'-Trimethyl)aminoethyl)
carbamoyl]B-sitosterol (L2b)

13C WR-NMR184 Chopaka CT(1)-64 (8.4 mg, CDC1l3 + CD30OD)
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Appendix Figure 64 **C NMR Spectrum (100 MHz, CDCl; + CD30D) of Lipid
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3B-[N-(2-(N',N', N"-Trimethyl)aminoethyl)carbamoyl]B-sitosterol
(L2b)
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13C WR-NMR184 Chopaka CT(1)-64 (8.4 mg, CDC1l3 + CD30D)
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Appendix Figure 65 Expansion of *C NMR Spectrum (100 MHz, CDCl; + CD3;0D)
of Lipid 3B-[N-(2-(N',N',N'-Trimethyl)aminoethyl)carbamoyl]f3-
sitosterol (L2b)

WR—-NMR185 Chopaka CT(1)-65 (9.2 mg, CDC1l3 + CD30OD)
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Appendix Figure 66 *H NMR Spectrum (400 MHz, CDCls) of Lipid 3B-[N-(3-
(N’,N’,N'-Trimethyl)aminopropyl)carbamoyl]B-sitosterol
(L6b)
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WR-NMR185 Chopaka CT(1)-65 (9.2 mg, CDC1l3 + CD30D)
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Appendix Figure 67 Expansion of "H NMR Spectrum (400 MHz, CDCls) of Lipid
3B-[N-(3-(N’,N',N'-Trimethyl)aminopropyl)carbamoyl]p-
sitosterol (L6b)

WR—-NMR185 Chopaka CT(1)-65 (9.2 mg, CDC1l3 + CD30OD)
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Appendix Figure 68 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCls) of
Lipid 3B-[N-(3-(N’,N’,N’-Trimethyl)aminopropyl)carbamoyl]f3-
sitosterol (L6b)
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122.412

—74.612

e ({

T T T T T T T T T T T T v U u U T T T u T T T T u U T U u T T
155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5

T 1
ppm

Appendix Figure 69 **C NMR Spectrum (100 MHz, CDCls) of Lipid 3p-[N-(3-

WR-NMR185 Chopaka CT(1)-65 (9.2 mg,

(N’,N’,N'’-Trimethyl)aminopropyl)carbamoyl]B-sitosterol
(L6b)

CDC13 + CD30D)
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Appendix Figure 70
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u
25

Expansion of **C NMR Spectrum (100 MHz, CDCls) of
Lipid 3B-[N-(3-(N’,N’,N’-Trimethyl)aminopropyl)carbamoyl]
[-sitosterol (L6b)
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WR-NMR180 Chopaka CT(1)-60 (20 mg, CDC13)
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Appendix Figure 71 *H NMR Spectrum (400 MHz, CDCl5) of 3p-[(2-((N",N"-

Di(tert-butoxycarbonyl)guanidinyl)ethyl)carbamoly]f-sitosterol
(C4b)

WR-NMR180 Chopaka CT(1)-60 (20 mg, CDC13)
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Appendix Figure 72 Expansion of "H NMR Spectrum (400 MHz, CDCls) of 3f-[(2-
((N",N"-Di(tert-butoxycarbonyl)guanidinyl)ethyl)carbamoly]
B-sitosterol (C4b)
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WR-NMR180 Chopaka CT(1)-60 (20 mg, CDC13)
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Appendix Figure 73  Expansion (cont.) of "H NMR Spectrum (400 MHz, CDCls) of
3B-[(2-((N’,N"-Di(tert-butoxycarbonyl)guanidinyl)ethyl)
carbamoly]B-sitosterol (C4b)

13C WR-NMR180 Chopaka CT(1)-60 (20.0 mg, CDC13)
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Appendix Figure 74 *C NMR Spectrum (100 MHz, CDCl5) of 3p-[(2-((N’,N"-

Di(tert-butoxycarbonyl)guanidinyl)ethyl)carbamoly]B-sitosterol
(C4b)
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13C WR-NMR180 Chopaka CT(1l)-60 (20.0 mg, CDC13)
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Appendix Figure 75 Expansion of *C NMR Spectrum (100 MHz, CDCls) of 3B-[(2-
((N",N"-Di(tert-butoxycarbonyl)guanidinyl)ethyl)carbamoly]
B-sitosterol (C4b)

WR—-NMR181 Chopaka CT (1)-61 (12.5 mg, CDC13)
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Appendix Figure 76 *H NMR Spectrum (400 MHz, CDCl5) of 3p-[(3-((N",N"-
Di(tert-butoxycarbonyl))guanidinyl)propyl)carbamoyl]
B-sitosterol (C5b)
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WR-NMR181 Chopaka CT(1)-61 (12.5 mg, CDC13)
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Appendix Figure 77

Expansion of *H NMR Spectrum (400 MHz, CDCl3) of 3p-[(3-

((N",N"-Di(tert-butoxycarbonyl))guanidinyl)propyl)carbamoyl]

B-sitosterol (C5b)

WR-NMR181 Chopaka CT(1)-61 (12.5 mg, CDC13)
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Appendix Figure 78 Expansion (cont.) of '"H NMR Spectrum (400 MHz, CDCls) of
3B-[(3-((N’,N"-Di(tert-butoxycarbonyl))guanidinyl)propyl)
carbamoyl]B-sitosterol (C5b)
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13C WR-NMR181 Chopaka CT(1)-61 (12.5 mg, CDC13)
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Appendix Figure 79 *C NMR Spectrum (100 MHz, CDCl5) of 3p-[(3-((N’,N"-

Di(tert-butoxycarbonyl))guanidinyl)propyl)carbamoyl]
B-sitosterol (C5b)

13C WR-NMR181 Chopaka CT(1)-61 (12.5 mg, CDC13)
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Appendix Figure 80 Expansion of *C NMR Spectrum (100 MHz, CDCls) of 3B-[(3-
((N",N"-Di(tert-butoxycarbonyl))guanidinyl)propyl)carbamoyl]
B-sitosterol (C5b)
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WR-NMR186 Chopaka CT(1)-66 (9.1 mg, CDCl3 + CD30D 3 drops)
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Appendix Figure 81 *H NMR Spectrum (400 MHz, CDCl; + CD30D) of Lipid 3f-
[(2-(Guanidinyl)ethyl)carbamoyl]p-sitosterol (L3b)

WR-NMR186 Chopaka CT(1)-66 (9.1 mg

, CDC1l3 + CD30OD 3 drops)
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Appendix Figure 82 Expansion of *H NMR Spectrum (400 MHz, CDCl; + CD;0D)
of Lipid 3B-[(2-(Guanidinyl)ethyl)carbamoyl]B-sitosterol (L3b)
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WR-NMR186 Chopaka

CT(1)-66 (9.1 mg,

CDC13

137

+ CD30D 3 drops)
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Appendix Figure 83

13C WR-NMR186 Chopaka CT(1)-66 (9.1 mg, CDCl3 + 3 drops of
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Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl; +

CD30D) of Lipid 3B-[(2-(Guanidinyl)ethyl)carbamoyl]f-

sitosterol (L3b)
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Appendix Figure 84 C NMR Spectrum (100 MHz, CDCl; + CD30D) of Lipid
3B-[(2-(Guanidinyl)ethyl)carbamoyl]B-sitosterol (L3b)

7 Mahasarakham University



138

13C WR-NMR186 Chopaka CT(1)-66 (9.1 mg, CDC13 + 3 drops of CD30D)
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Appendix Figure 85 Expansion of *C NMR Spectrum (100 MHz, CDCl; + CD3;0D)
of Lipid 3B-[(2-(Guanidinyl)ethyl)carbamoyl]B-sitosterol (L3b)

WR-NMR218 Chopaka CT(1)-67 (20.6 mg, CDC13 + 10 drops of CD30D)
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Appendix Figure 86 *H NMR Spectrum (400 MHz, CDCl; + CD30D) of Lipid
3B-[(3-(Guanidinyl)propyl)carbamoyl]B-sitosterol (L7b)
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WR-NMR218 Chopaka CT(1)-67 (20.6 mg, CDC13 + 10 drops of CD30D)
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Appendix Figure 87

WR-NMR218 Chopaka CT (1) -6

2746.38

Expansion of *H NMR Spectrum (400 MHz, CDCl; + CD;0D)
of Lipid 3B-[(3-(Guanidinyl)propyl)carbamoyl]p-sitosterol (L7b)

7 (20.6 mg, CDC1l3 + 10 drops of CD30D)
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Appendix Figure 88
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Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl; +
CD30D) of Lipid 3B-[(3-(Guanidinyl)propyl)carbamoyl]
B-sitosterol (L7b)
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13C WR-NMR128 Chopaka CT(1)-67 (20.6 mg, CDC1l3 + 10 drops of CD30D)
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Appendix Figure 89 *C NMR Spectrum (100 MHz, CDCl; + CD30D) of Lipid
3B-[(3-(Guanidinyl)propyl)carbamoyl]B-sitosterol (L7b)

13C WR-NMR128 Chopaka CT(1)-67 (20.6 mg, CDC1l3 + 10 drops of CD30D)
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Appendix Figure 90 Expansion of **C NMR Spectrum (100 MHz, CDCl; + CD;0D)
of Lipid 3B-[(3-(Guanidinyl)propyl)carbamoyl]B-sitosterol
(L7b)

> Mahasarakham University



141

WR-NMR182 Chopaka CT(1)-62 (10 mg, CDC13)
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Appendix Figure 91 *H NMR Spectrum (400 MHz, CDCls) of Lipid 38-[(2-
((N",N",N",N"-Tetramethyl)guanidinyl)ethyl)carbamoyl]
B-sitosterol (L4b)

WR-NMR182 Chopaka CT(1)-62 (10 mg, CDC13)

Appendix Figure 92 Expansion of "H NMR Spectrum (400 MHz, CDCls) of Lipid
3B-[(2-((N’,N’,N",N"-Tetramethyl)guanidinyl)ethyl)
carbamoyl]B-sitosterol (L4b)
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WR-NMR182 Chopaka CT(1)-62 (10 mg, CDC13)

- - . o -
e 2 sae € 2z o
g 388 g gz g
= < 060 < o ~
|
! |
ML
7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 Ppm
- ~ . - o
2 2 oo < 2z o
N g 238 g gz g
= i 503 z o 3
I
M
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm

Appendix Figure 93 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCls) of
Lipid 3B-[(2-((N",N",N",N"-Tetramethyl)guanidinyl)ethyl)
carbamoyl]B-sitosterol (L4b)

13C WR-NMR182 Chopaka CT(1l)-62 (10 mg, CDC13)
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Appendix Figure 94 3C NMR Spectrum (100 MHz, CDCls) of Lipid 3p-[(2-
((N",N’,N”,N"-Tetramethyl)guanidinyl)ethyl)carbamoyl]
B-sitosterol (L4b)
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13C WR-NMR182 Chopaka CT(1)-62 (10 mg, CDC13)
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Appendix Figure 95 Expansion of **C NMR Spectrum (100 MHz, CDCl5) of
Lipid 3B-[(2-((N’,N",N"”,N"-Tetramethyl)guanidinyl)ethyl)
carbamoyl]B-sitosterol (L4b)

WR—-NMR183 Chopaka CT(1)-63 (9.8 mg, CDC13)
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Appendix Figure 96 *H NMR Spectrum (400 MHz, CDCls) of Lipid 38-[(3-
((N",N’",N”,N"-Tetramethyl)guanidinyl)propyl)carbamoyl]
B-sitosterol (L8b)

&% Mahasarakham University



144

WR-NMR183 Chopaka CT(1l)-63 (9.8 mg, CDC13)
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Appendix Figure 97 Expansion of 'H NMR Spectrum (400 MHz, CDCls) of Lipid
3B-[(3-((N',N’,N",N"-Tetramethyl)guanidinyl)propyl)
carbamoyl]B-sitosterol (L8b)
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Appendix Figure 98 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl5)
of Lipid 3B-[(3-((N’,N’,N",N"-Tetramethyl)guanidinyl)propyl)
carbamoyl]B-sitosterol (L8b)
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13C WR-NMR183 Chopaka CT(1)-63 (9.8 mg, CDC13)
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Appendix Figure 99 *3C NMR Spectrum (100 MHz, CDCls) of Lipid 3p-[(3-
((N",N’,N”,N"-Tetramethyl)guanidinyl)propyl)carbamoyl]
B-sitosterol (L8b)

13C WR-NMR183 Chopaka CT(1)-63 (9.8 mg, CDC13)
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Appendix Figure 100 Expansion of **C NMR Spectrum (100 MHz, CDCls) of Lipid
3B-[(3-((N’,N’,N",N"-Tetramethyl)guanidinyl)propyl)
carbamoyl]B-sitosterol (L8b)
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WR-NMR221 Chopaka CT(1)-94 (26.5 mg, CDC1l3 + CD30OD 0.4 ml + D20 2 drs)
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Appendix Figure 101

WR-NMR221 Chopaka CT(1)-94

'H NMR Spectrum (400 MHz, CDCl5) of C6.

(26.5 mg,

CDC13 + CD30OD 0.4 ml + D20 2 drs)
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Appendix Figure 102 Expansion of *H NMR Spectrum (400 MHz, CDCls) of C6.
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WR-NMR221 Chopaka CT(1)-94 (26.5 mg, CDC13 + CD30OD 0.4 ml + D20 2 drs)
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Appendix Figure 103 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl3)
of C6.

WR-NMR221 Chopaka CT(1)-94 (26.5 mg, CDC1l3 + CD30OD 0.4 mL + D20 2 drs)
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Appendix Figure 104 *C NMR Spectrum (100 MHz, CDCls) of C6.
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WR-NMR221 Chopaka CT(1)-94 (26.5 mg, CDC13 + CD30OD 0.4 mL + D20 2 drs)
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Appendix Figure 105 Expansion of *C NMR Spectrum (100 MHz, CDCls) of C6.

WR-NMR227 Chopaka CT(1)-95 (10.6 mg, CDC1l3)
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Appendix Figure 106 *H NMR Spectrum (400 MHz, CDCls) of C7.
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CDC13)

WR-NMR227 Chopaka CT(1)-95 (10.6 mg,
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Appendix Figure 107 Expansion of *H NMR Spectrum (400 MHz, CDCls) of C7.
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WR-NMR227 Chopaka CT(1)-95 (10.6 mg,
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Appendix Figure 108 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl5) of

Cr.

>7 Mahasarakham University




150

WR-NMR227 Chopaka CT(1)-95 (10.6 mg, CDC13)
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Appendix Figure 109 *C NMR Spectrum (100 MHz, CDCls) of C7.

WR-NMR227 Chopaka CT(1)-95 (10.6 mg, CDC13)
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Appendix Figure 110 Expansion of **C NMR Spectrum (100 MHz, CDCls) of C7.
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(15.9 mg, CDC1l3 + CD3OD)

WR—-NMR252 Chopaka CT (1)-99
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WR-NMR252 Chopaka CT(1)-99 (15.9 mg, CDC1l3 + CD30D)
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Appendix Figure 113 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl3) of

Lipid L9.

CDC13 + CD30D)

(15.9 mg,

WR-NMR252 Chopaka CT(1)-99
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Appendix Figure 114 *C NMR Spectrum (100 MHz, CDCls) of Lipid L9.
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WR-NMR252 Chopaka CT(1)-99
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Appendix Figure 115 Expansion of **C NMR Spectrum (100 MHz, CDCls) of Lipid
L9.
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Appendix Figure 116 *H NMR Spectrum (400 MHz, CDCl5) of Lipid L10.
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WR-NMR217 Chopaka CT(1)-94-2 (15.7 mg, CDC13)
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Appendix Figure 117 Expansion of *H NMR Spectrum (400 MHz, CDCls) of Lipid
L10.

WR-NMR217 Chopaka CT(1)-94-2 (15.7 mg, CDC13)
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Appendix Figure 118 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCls) of
Lipid L10.
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Appendix Figure 119 *C NMR Spectrum (100 MHz, CDCls) of Lipid L10.
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Appendix Figure 120 Expansion of **C NMR Spectrum (100 MHz, CDCls) of Lipid
L10.
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CDC13 + 3 drops of CD30D)

Chopaka CT(1)-108 (10.8 mg,
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WR—-NMR284 Chopaka CT(1)-108 (10.8 mg, CDC13+CD30OD )
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Appendix Figure 123 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl3) of
Lipid L11.
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Appendix Figure 124 *C NMR Spectrum (100 MHz, CDCls) of Lipid L11.
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WR—-NMR284 Chopaka CT(1)-108 (10.8 mg, CDC1l3+CD30D
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Appendix Figure 125 Expansion of **C NMR Spectrum (100 MHz, CDCls) of Lipid
L11.

WR-NMR278 Chopaka CT(1)-106/3 (9 mg, CDCl3 + 5 drops of CD30D )
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Appendix Figure 126 *H NMR Spectrum (400 MHz, CDCl5) of Lipid L12.
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)

CDC13 + 5 drops of CD30D

CT(1)-106/3 (9 mg,
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Appendix Figure 127 Expansion of *H NMR Spectrum (400 MHz, CDCls) of Lipi

L12.
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Appendix Figure 128 Expansion (cont.) of *H NMR Spectrum (400 MHz, CDCl3) of

ipid L12.
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13C WR-NMR278 Chopaka CT(1)-106/3 (9 mg, CDC1l3 + 5 drops
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Appendix Figure 129 *C NMR Spectrum (100 MHz, CDCls) of Lipid L12.
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Appendix Figure 130 Expansion of **C NMR Spectrum (100 MHz, CDCls) of Lipid

L12.
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