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Investigating the Individual Importance of the Pam2Cys
Ester Motifs on TLR2 Activity
Benjamin L. Lu,[a, b, c] Freda F. Li,[a] Inken D. Kelch,[b, c] Geoffrey M. Williams,[a, b, c]

P. Rod Dunbar,[b, c] and Margaret A. Brimble*[a, b, c]

TLR2 agonists are at the forefront of vaccine research for a
plethora of diseases, in particular they offer a promising tool for
the treatment of cancer. A detailed knowledge of their
structure–activity relationship informs the methodical design of
vaccine constructs that include TLR2 agonists. Herein we report
the design, synthesis, and biological evaluation of analogues of

the TLR2 agonist Pam2Cys to further probe structure–activity
relationships. These analogues replace one or other of the two
ester groups with ether functionalities to elucidate the role of
the carbonyls on TLR2 activity. Through this we demonstrate
that the C3 ester carbonyl is dispensable, but the C2 carbonyl is
essential for activity.

Introduction

Toll-like Receptor 2 (TLR2) has been the focus of much scientific
effort in the search for efficient immunotherapeutic methods
for the treatment of cancer.[1,2] Agonists of TLR2 have therefore
been attractive synthetic targets in recent years, and a wealth
of literature has been accumulated and reviewed with regard to
their syntheses and structure–activity relationships (SAR).[3,4]

The traditional ligands for TLR2 are Pam2Cys and Pam3Cys
(Figure 1, A), characterized by the diacyl and triacyl C-16 fatty
acids adjoined to their respective S-(2,3-dihydroxypropyl)-L-
cysteine cores. Recognition of Pam3Cys is provided by the
TLR1/2 heterodimer, while the TLR2/6 heterodimer recognizes
Pam2Cys.

[5] Analogues of Pam2Cys have become particularly
attractive synthetic targets owing to the convenience with
which they can be incorporated into what is known as ‘self-
adjuvanting vaccines’ – constructs able to induce an immune
response without the need for an additional adjuvant
component.[1,6–8] In 2010, David et al. synthesized Pam2Cys
analogue 1 which possessed ether functionalities in the place of
the ester linkage (Figure 1, B).[9] This was found to abolish TLR2

activity completely, suggesting that the carbonyl groups are
required for activity. It was later shown in 2011 by the same
that at least one ester link needed to be present for there to be
appreciable TLR2 activity (Figure 1, C).[10] Both analogues 2 and
3 were found to be equipotent in stimulating TLR2, with a mild
loss in activity when compared to Pam2Cys. This led to the
synthesis of analogues 4 and 5. Analogue 4, possessing an
ethylene bridge between the flanking oxygen and sulfur atoms
was remarkably activity, albeit less than its parent molecule
Pam2Cys. Analogue 5, which possessed the corresponding
propylene bridge, was inactive. This difference in activity is
intriguing, given that both analogue 4 and 5 can be said to
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Figure 1. A. The structures of Pam2Cys and Pam3Cys. B. Pam2Cys ether
analogue 1 synthesized by David et al. (2010). C. Simplified Pam2Cys
analogues 2–5 synthesized by David et al. (2011). D. Model self-adjuvanting
peptide vaccine 6 with novel homologated Pam2Cys analogues synthesized
by Brimble et al. (2019).
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possess the ‘backbone’ of analogues 2 and 3, which seemed to
be required for TLR2 activity. Further work by Brimble et al. in
2019 towards model self-adjuvanting peptides targeting TLR2
produced compounds in the likeness of 6 where the carbon
chain was sequentially homologated to produce a series.[11]

Homologation of the carbon chain displaces the C3 ester,
‘pushing’ it further into the hydrophobic binding pocket of the
TLR2 complex. Remarkably, these homologues were equally as
active as the parent Pam2Cys construct.

These observations, when considered together, strongly
suggested that the C3 ester of Pam2Cys is less important to
TLR2 activity than the C2. However, the activity of analogue 2 is
still somewhat puzzling as it lacks the C2 ester completely and
therefore investigating the relative importance of the carbonyl
groups of the two fatty acid acyl chains to TLR2 activity is
pertinent. In this study, we designed two analogues of Pam2Cys,
7 and 8 (Figure 2), as Fmoc building blocks for conjugation to a
peptide antigen. Analogues 7 and 8 both possess an inversion
of ether and ester functionalities, and it is hoped that biological
evaluation of these structures would help elucidate which

carbonyl is essential for TLR2 activity. Additionally, conjugation
of analogues 7 and 8 to a peptide antigen would serve as an
extension of our previously reported work towards model self-
adjuvanting vaccines targeting TLR2.[11]

Discussion

From the outset, we recognized that the diversely functional-
ized 2,3-dihydroxypropyl motif posed a synthetic challenge.
Therefore, elaboration of this portion of the molecule needed
to be carried out before the C� S bond with the L-cysteine was
to be forged. Accordingly, it was envisioned that the principal
disconnection of Pam2Cys analogues 7 and 8 would be a C� S
bond to give protected cysteine 11 and the corresponding
alcohols 9 (Scheme 1, A) or 10 (Scheme 1, B), respectively.
Alcohol 9 could then be accessed from protected chiral glycidol
12, itself being well established by the venerable hydrolytic
kinetic resolution of terminal epoxides reported by Jacobsen
et al.[12] Alcohol 10 was envisioned to be accessible from (S)-
glyceryl acetonide 13, which was available from D-mannitol in
two steps following reported procedures.[13–15]

Synthesis of Pam2Cys analogue 7 (Scheme 2) commenced
from protected chiral glycerol 12 which was obtained from
racemic glycidol in two steps by a previously reported
procedure on gram scale.[11] Using Bittman’s conditions,[16,17]

stereo-retentive BF3·OEt2-mediated ring opening of chiral epox-
ide 12 by cetyl alcohol (18) furnished alcohol 14, followed by
smooth transformation to give chiral glycerol 15 after DIC-
mediated esterification with palmitic acid. Removal of the TBS
protecting group using tetrabutylammonium fluoride (TBAF)
delivered key alcohol 9. At this juncture, direct C� S bond
formation was attempted using standard Mitsunobu
conditions[18] (DEAD and PPh3) with FmocHN� Cys� OtBu, how-
ever, this returned only starting material. An alternative route
was sought, where alcohol 9 was first converted to its
corresponding mesylate, followed by a Finkelstein-like reaction
to deliver iodide 16.

The intermediate mesylate proved to be surprisingly
recalcitrant in attempts to affect the mesylate-iodide exchange.
While heating of the mesylate with potassium or sodium iodide
in DMF produced no reaction, some success was finally found

Figure 2. Structures of Pam2Cys analogues 7 and 8 prepared herein.

Scheme 1. Retrosynthetic analysis of Pam2Cys analogues 7 and 8.

Scheme 2. Reagents and conditions: (i) cetyl alcohol (18), BF3·Et2 (5 mol%), CH2Cl2, 0 °C!r. t., 19 h, 86%; (ii) palmitic acid, DMAP, DIC, THF, r. t., 19 h, 98%;
(iii) TBAF, THF, 0 °C!r. t., 4 h, 96%; (iv) MsCl, Et3N, CH2Cl2, r. t., 19 h, 89%; (v) NaI, acetone, 80 °C, 48 h, yield not determined due to impurity; (vi) 19 (excess),
Et3N, DMF, 80 °C, 19 h, 96% based on returned thiol 19; (vii) (a) TFA, CH2Cl2, r. t., 8 h, (b) FmocOSu, sat. aq. NaHCO3 :1,4-dioxane (1 :1), r. t., 19 h, 86% over two
steps.
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by heating the reaction mixture under reflux in acetone with
sodium iodide, providing iodide 16, albeit as a mixture with a
by-product following column chromatography. High resolution
mass spectroscopy (HRMS) analysis of this mixture revealed the
presence of an exceedingly major molecular ion species
corresponding to the [M+Na]+ of iodide 16 (see Supporting
Info for more details). This is therefore indicative that the by-
product possesses the same mass and molecular formula as
iodide 16, suggesting its structure as constitutional isomer
iodide 22 (Scheme 2), presumably formed by a potential 1,2-
acyloxy migration of intermediate 20 (bearing a C-1 leaving
group) via dioxolanium 21. Attempts to purify iodide 16 from
the mixture using a combination of different solvent systems
and stationary phases by column chromatography proved
difficult. Recrystallization of the mixture using a variety of
solvents and mixtures thereof was also unsuccessful. Direct
access of iodide 16 from alcohol 9 was also investigated using
Appel-type conditions (PPh3, I2, and imidazole), however, this
returned only starting material. Ultimately, it was chosen to
continue the synthetic sequence without further purification of
the mixture as the presence of iodide 16 was confirmed by
HRMS as well as the presence of a key 13C NMR peak
corresponding to the C1, and 1H� 13C edited HSQC and 1H� 1H
COSY spectra (see Supporting Info for more detail).

With iodide 16 in hand, attention next turned to forging of
the C� S bond through S-alkylation that would assemble the
framework of building block 7. Initial attempts to effect this
transformation employed readily available protected cysteines
such as FmocHN� Cys� OH and FmocHN� Cys� OtBu, which
would allow expedient access to the final Fmoc building block
without need for protecting group adjustments. A variety of
conditions encompassing organic and inorganic bases, in both
aprotic polar and non-polar solvents, at room and elevated
temperatures, were trialed. However, these attempts were futile,
resulting in an intractable mixture of products. This was
primarily owed to the unsuitability of the Fmoc protecting
group in basic conditions, especially at elevated temperatures.
Therefore, base-stable protected cysteine 19 was prepared from
L-cystine in three steps using adapted literature conditions (see
Supporting Info for more detail).[19,20] Reaction of iodide 16 with
an excess of protected cysteine 19 proceeded smoothly using
conditions previously reported by David et al.[9] to give
thioether 17 in 96% yield based on the amount of returned
protected thiol 19 as a single diastereomer according to 1H and

13C NMR. It should be noted that the aforementioned impurity
in iodide 16 was inert under these alkylation conditions, and
that 1H NMR analysis of the crude reaction mixture indicated
iodide 16 had been completely consumed after a 19 h reaction
time. The lack of reactivity of the impurity in iodide 16 under
these conditions lends some strength to the hypothesis that
the structure of the impurity is indeed iodide 22, itself being a
secondary iodide and therefore less likely to undergo nucleo-
philic substitution.

With thioether 17 firmly in hand, removal of the Boc and
tert-butyl ester protecting groups on thioether 17 using a
mixture of TFA and CH2Cl2 was carried out, followed by
standard Fmoc protection to deliver Fmoc Pam2Cys analogue 7
in 86% yield over two steps.

Synthesis of Pam2Cys analogue 8 (Scheme 3) commenced
from (S)-glyceryl acetonide (13), which in turn was prepared
from D-mannitol in three steps by literature procedures.[13–15] In
order to furnish the diversely functionalized 2,3-dihydroxyprop-
yl motif, alcohol protecting group orthogonality was required.
Benzyl and tert-butyldimethylsilyl (TBS) protecting groups were
employed for these purposes. Accordingly, following adapted
literature conditions,[21,22] diol 23 was prepared from (S)-glyceryl
acetonide (13) in two steps with excellent yield. TBS protection
of diol 23 proceeded smoothly, producing exclusively alcohol
24 with none of the regioisomer or double silyl protected
species. Subsequent O-alkylation of alcohol 24 by cetyl iodide
(29) using sodium hydride in DMF smoothly delivered chiral
glycerol 25. Removal of the TBS group followed by DIC-
mediated esterification with palmitic acid gave ester 26.
Subsequent unmasking of the opposite alcohol by hydro-
genolysis gave key alcohol 10.

With key alcohol 10 in hand, the same mesylation-
iodination sequence was employed to deliver iodide 27.
Interestingly, no by-product was isolated in this instance,
suggesting that the 2-glyceride motif is important in the
formation of the by-product. Reaction of iodide 27 with
protected cysteine 19 gave thioether 28 smoothly, followed by
Boc and tert-butyl ester removal and Fmoc protection to give
Fmoc Pam2Cys analogue 8.

With Fmoc Pam2Cys analogues 7 and 8 in hand, attention
turned to the elaboration of the final model self-adjuvanting
vaccines. In accordance with our previous study,[11] a modified
immunogenic epitope (157–165, C165 V) of NY-ESO-1, a well-
known tumor-associated protein, with an SKKKK tag was chosen

Scheme 3. Reagents and conditions: (i) 60% NaH in mineral oil, DMF, 0 °C, 30 min, then BnBr, r. t., 17 h, 99%; (ii) 80% aq. AcOH, 60 °C, 1.5 h, 99%; (iii) TBSCl,
imidazole, CH2Cl2, r. t., 19 h, 95%; (iv) 60% NaH in mineral oil, 29, DMF, 0 °C!r. t., 19 h, 75%; (v) TBAF, THF, 0 °C!r. t., 4 h, 88%; (vi) palmitic acid, DMAP, DIC,
THF, r. t., 19 h, 97%; (vii) H2 (balloon), 10% Pd/C, EtOAc, r. t., 19 h, quant.; (viii) MsCl, Et3N, CH2Cl2, r. t., 19 h, 83%; (ix) NaI, acetone, 80 °C, 17 h, 94%; (x) 19, Et3N,
DMF, 80 °C, 24 h, 88%; (xi) (a) TFA, CH2Cl2, r. t., 8 h, (b) FmocOSu, sat. aq. NaHCO3 :1,4-dioxane (1 :1), r. t., 19 h, 79% over two steps.
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for conjugation. Following our previously reported procedure,
peptidyl resin 34 was fashioned by Fmoc solid-phase peptide
synthesis (SPPS) (Scheme 4). Due to the precious nature of the
Pam2Cys analogue building blocks 7 and 8, attachment was
carried out using the smallest amount of building block
possible. Pleasingly, treatment of peptidyl resin 34 with
1.1 equivalents of building block 7 or 8 and (benzotriazol-1-

yloxy)tripyrrolidinophosphonium hexafluorophosphate (PyBOP)
with collidine as the base, accompanied with an extended
reaction time of 19 hours proved sufficient by indication of a
negative Kaiser test. Subsequent Fmoc removal, cleavage and
concomitant deprotection of peptidyl resins 35 and 36, using a
cocktail of 5% 3,6-dioxa-1,8-octane-dithiol (DODT) in trifluoro-
acetic acid (TFA), followed by RP-HPLC on a C18 column
provided model vaccines 37 and 38 in 13% and 11% yield from
the original resin loading (see Supporting Info for more detail),
respectively.

With constructs 37 and 38 in hand, we undertook their
biological evaluation using the well-established HEK-Blue TLR
reporter system. In order to compare these constructs with the
native Pam2Cys ligand, constructs 37 and 38 were tested
alongside construct 39 which bore the (R)-Pam2Cys motif
conjugated to the same peptide antigen, synthesized in
previous work.[11] Constructs 37, 38, and 39 were assayed with
human TLR2, mouse TLR2, and human TLR2/6 and TLR1/2
transfected HEK293 cells (Table 1, Figure 3). Knockout and
replacement of endogenous TLR6 and TLR1 on the HEK293 cells
with either TLR1 or TLR6 only would also enable us to assess
whether the TLR2 activation is occurring through the TLR2/6 or
TLR1/2 heterodimer variants.

Constructs 37 and 39 were shown to activate both human
and mouse TLR2, while compound 38 failed to engage either
(Figure 3, A and B). More specifically, constructs 37 and 39 were
shown to activate the TLR2 machinery via the TLR2/6 hetero-
dimer (Figure 3, D), and not the TLR1/2 heterodimer (Fig-
ure 3, C). This is consistent with literature observations that the
TLR1/2 heterodimer does not recognize diacylated
lipopeptides.[5] It should also be noted that construct 39
displayed similar TLR2 activity (EC50 0.35 nM) to that previously
reported.[11] Strikingly, construct 38 failed to elicit TLR2 activity
at all concentrations of agonist, whilst construct 37 showed
clear stimulation of the TLR2/6 system (Figure 3, A, B, D), albeit
with around ten-fold less potency than (R)-Pam2Cys-possessing
construct 39 (Table 1).

None of the three constructs exhibited activity in the
control cell lines lacking TLR2 (HEK-BlueTM Null) or the TLR1/6
knockout cells HEK-BlueTM hTLR2 KO-TLR1/6 (see Supporting
Info for more detail).

The sharp contrast in activity between construct 37 and 38
is thought to arise due to the absence of the C2 ester on

Scheme 4. Reagents and conditions: (i) PyBOP (1.1 equiv.), collidine
(2.2 equiv.), DMF, r. t., 19 h; (ii) piperidine/DMF (20% v/v), r. t., 10 min.;
(iii) DODT/TFA (5% v/v), r. t., 3 h, 37 13%, 38 11%, yields calculated from
loading of aminomethyl PS resin.

Table 1. Peptide EC50 values.

Compounds EC50 [nM]
Human
TLR2

Mouse
TLR2

Human
TLR1/2

Human
TLR2/6

37 9.72 2.56 Inactive 5.30
38 inactive inactive Inactive Inactive
39 0.33 0.05 Inactive 0.35

Figure 3. A. Human TLR2 agonistic activities. B. Mouse TLR2 agonistic activities. C. Human TLR1/2 agonistic activities. D. Human TLR2/6 agonistic activities.
HEK293 cells transfected with a human or murine-TLR2-NF-kB-SEAP reporter-gene system were used (Invivogen). Data points represent normalized mean�SD
ABS determined on triplicate samples after 16 h.
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construct 38 when compared to construct 37 (Figure 4).
According to its reported crystal structure,[23] there is a hydro-
gen bonding interaction between C2 ester carbonyl of Pam2Cys
and the Phe349 of TLR2. Based on the assay results, we
surmised that this ester carbonyl is vital for TLR2 activity.
Construct 37, while possessing a C3 ether instead of ester,
retained activity due to the presence of the C2 ester, which
could engage TLR2 by hydrogen bonding. Construct 38, while
possessing a C3 ester, lacked the C2 ester, thus disabling this
interaction. This theory is further complemented by work done
by David et al.[9] which showed that replacement of both esters
with ethers abolished activity (Figure 1, B).

Conclusion

In conclusion, we report the successful synthesis of model self-
adjuvanting vaccines containing Pam2Cys analogues designed
to elucidate the importance of each individual ester carbonyl to
TLR2 activity. The model vaccine syntheses featured diversely
functionalized adjuvants implemented as their Fmoc building
blocks. The dense functionality on the building blocks was
installed by employing numerous organic synthesis reactions to
fashion the chiral 2,3-dihydroxypropyl motif, followed by S-
alkylation by an alkyl iodide to forge the C� S bond. Biological
evaluation of these constructs revealed that the C2 ester
carbonyl is vital to TLR2 activity and cannot be replaced, even if
a C3 ester is present.

Experimental Section
General Procedures: All reactions were carried out in flame- or
oven-dried glassware under a dry nitrogen atmosphere unless
otherwise stated. Solvents were obtained from a commercially
sourced solvent purifier system from LC Technology Systems.
Triethylamine was distilled from calcium hydride and stored over
potassium hydroxide. All other reagents were used as received
unless otherwise noted.

Yields refer to chromatographically and spectroscopically (1H NMR)
homogenous materials, unless otherwise stated. Reactions per-
formed at low temperature were cooled with a water/ice bath to
reach 0 °C. Flash chromatography was carried out using
0.0630.1 mm Riedel de Haen silica gel with the noted solvent
system unless stated otherwise.

TLC was carried out using 0.2 mm Kieselgel F254 (Merck) silica gel
plates, and compounds were visualized using UV irradiation at
365 nM and/or staining with: potassium permanganate in aqueous
sodium hydroxide, vanillin in ethanolic sulfuric acid, or ammonium
heptamolybdate and cerium sulfate in aqueous sulfuric acid.
Melting points were measured with a Kofler hot-stage apparatus
and are uncorrected. Infrared (IR) spectra were recorded using a
Perkin Elmer Spectrum One FTIR spectrometer on a film ATR
sampling accessory. Absorption maxima are expressed in wave-
numbers (cm� 1) and recorded using a range of 450–4000 cm� 1.
NMR spectra were recorded as indicated on the Bruker DRX-400
spectrometer operating at 400 MHz for 1H nuclei and 100 MHz for
13C nuclei. All NMR spectra were recorded at 300 K. All chemical
shifts are reported in ppm relative to tetramethylsilane (δ-0 for
1H NMR), and CDCl3 (δ=77.0 for 13C NMR). 1H NMR is reported as
chemical shift, relative integral, multiplicity (br s=broad singlet,
s= singlet, d=doublet, t= triplet, q=quartet, dd=doublet of
doublets, dt=doublet of triplets, dq=doublet of quartets,
m=multiplet, ABq=AB quartet), coupling constant (J in Hz), and
assignment, Assignments were made with the aid of COSY, HSQC,
and DEPT-135 experiments where required. High resolution mass
spectra were recorded using a Bruker micrOTOF-Q II mass
spectrometer.

Synthesis of Pam2Cys analogue 7

(R)-1-((tert-Butyldimethylsilyl)oxy)-3-(hexadecyloxy)propan-2-ol
(14): To a stirred solution of epoxide 12 (7.04 g, 34.84 mmol) and
cetyl alcohol (8.87 g, 36.58 mmol) in CH2Cl2 (100 mL) at 0 °C was
added boron trifluoride diethyl etherate (5 mol%). The resultant
mixture was warmed to r. t. and allowed to stir for 19 h. The mixture
was then quenched with H2O (100 mL) and extracted with Et2O
(200 mL). The organic layer was washed with brine (200 mL), dried
over anhydrous Na2SO4 and concentrated in vacuo. The crude was
purified by flash column chromatography (petroleum ether-EtOAc,
95 :5) to give title compound 14 (12.61 g, 86%) as a pale-yellow oil.

Rf=0.55 (petroleum ether-EtOAc 9 :1); a½ �23:4D = +14.5 (c 13.0 in
CHCl3) (lit

[24]+0.40 (c 12.97 in CHCl3)); IR νmax (neat)=3469, 2924,
2854, 1464, 1252 cm� 1; 1H NMR (400 MHz, CDCl3): δ 3.84–3.77 (m,
1H), 3.68–3.60 (m, 2H), 3.48–3.41 (m, 4H), 2.45 (d, J=5.0 Hz, 1H),
1.60–1.53 (m, 2H), 1.34–1.22 (m, 26H), 0.90–0.86 (m, 12H), 0.07 (s,
6H); 13C NMR (100 MHz, CDCl3): δ 71.8 (CH2), 71.5 (CH2), 70.8 (CH),
64.2 (CH2), 32.1 (CH2), 29.8–26.3 (11×CH2), 26.3 (CH2), 26.0 (3×CH3),
22.8 (CH2), 18.4 (C), 14.3 (CH3), � 5.3 (2×CH3); HRMS (ESI+):
[M+Na]+ calcd for C25H54NaO3Si: 453.3735; found: 453.3740.
Spectroscopic data were consistent with that reported in
literature.[24]

(R)-1-((tert-Butyldimethylsilyl)oxy)-3-(hexadecyloxy)propan-2-yl
palmitate (15): To a stirred solution of alcohol 14 (4.08 g,
8.49 mmol), palmitic acid (4.33 g, 16.98 mmol) and 4-dimeth-
ylaminopyridine (0.31 g, 2.55 mmol) in THF (25 mL) at r. t. was
added N,N’-diisopropylcarbodiimide (3.95 mL, 25.48 mmol). The
resultant mixture was allowed to stir at r. t. for 19 h. The mixture
was then quenched with 1 M aq. citric acid (150 mL) and extracted
with Et2O (200 mL). The organic layer was washed with brine
(150 mL), dried over anhydrous Na2SO4 and concentrated in vacuo.
The crude was purified by flash column chromatography (petro-
leum ether-EtOAc, 99 :1) to give title compound 15 (5.57 g, 98%) as
a colorless oil.

Rf=0.98 (petroleum ether-EtOAc 9 :1); a½ �23:4D = +4.62 (c 0.26 in
CHCl3); IR νmax (neat)=2981, 2920, 2851, 1740, 1463, 1382 cm� 1;
1H NMR (400 MHz, CDCl3): δ 5.00 (p, J=5.1 Hz, 1H), 3.76–3.68 (m,
2H), 3.59–3.51 (m, 2H), 3.48–3.37 (m, 2H) 2.31 (t, J=7.5 Hz, 2H),
1.65–1.58 (m, 2H), 1.57–1.50 (m, 2H), 1.34–1.18 (m, 50H), 0.89–0.84

Figure 4. Hydrogen bonding interaction between the ester on C2 of the 2,3-
dihydroxypropyl motif and Phe349 of TLR2.
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(m, 15H), 0.05 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 173.3 (C), 73.0
(CH), 71.6 (CH2), 68.9 (CH2), 61.7 (CH2), 34.5 (CH2), 31.9 (2×CH2),
29.7–29.1 (21×CH2), 26.1 (CH2), 25.8 (3×CH3), 25.0 (CH2), 22.7 (2×
CH2), 18.2 (C), 14.1 (2×CH3), � 5.45 (CH3), � 5.48 (CH3); HRMS (ESI+):
[M+Na]+ calcd for C41H84NaO4Si: 691.6006; found: 691.6037.

(S)-1-(Hexadecyloxy)-3-hydroxypropan-2-yl palmitate (9): To a
stirred solution of glycerol 15 (6.05 g, 9.04 mmol) in THF (20 mL) at
0 °C was added tetrabutylammonium fluoride (18.08 mL, 1 M in
THF, 18.08 mmol). The resultant mixture was allowed to stir at r. t.
for 4 h. The mixture was then quenched with H2O (150 mL) and
extracted with Et2O (200 mL). The organic layer was washed with
brine (100 mL), dried over anhydrous Na2SO4 and concentrated in
vacuo. The crude was purified by flash column chromatography
(petroleum ether-EtOAc, 9 : 1) to give title compound 9 (4.82 g, 96%)
as a colorless oil.

Rf=0.31 (petroleum ether-EtOAc 9 :1); a½ �23:4D = � 5.00 (c 0.5 in
CHCl3); IR νmax (neat)=3388, 2981, 2916, 2848, 1729, 1467,
1462 cm� 1; 1H NMR (400 MHz, CDCl3): δ 4.19–4.10 (m, 2H), 4.02–3.96
(m, 1H), 3.51–3.40 (m, 4H), 2.53 (d, J=4.3 Hz, 1H), 2.34 (t, J=7.5 Hz,
2H), 1.66–1.53 (m, 4H), 1.29–1.26 (m, 50H), 0.88 (t, J=6.9 Hz, 6H);
13C NMR (100 MHz, CDCl3): δ 174.0 (C), 71.8 (CH2), 71.4 (CH2), 68.9
(CH), 65.4 (CH2), 34.2 (CH2), 31.9 (2×CH2), 29.7–29.2 (21×CH2), 26.1
(CH2), 25.0 (CH2), 22.7 (2×CH2), 14.1 (2×CH3); HRMS (ESI+):
[M+Na]+ calcd for C35H70NaO4: 577.5181; found: 577.5172.

(R)-1-(Hexadecyloxy)-3-((methylsulfonyl)oxy)propan-2-yl palmi-
tate (S1): To a stirred solution of alcohol 9 (4.84 g, 9.04 mmol) and
triethylamine (1.88 mL, 13.56 mmol) in CH2Cl2 (50 mL) at r. t. was
added methanesulfonyl chloride (1.05 mL, 13.56 mmol). The resul-
tant mixture was allowed to stir at r. t. for 19 h. The mixture was
then quenched with H2O (100 mL) and extracted with Et2O
(100 mL). The organic layer was washed with brine (30 mL), dried
over anhydrous Na2SO4 and concentrated in vacuo. The crude was
purified by flash column chromatography (petroleum ether-EtOAc,
9 :1) to give title compound S1 (5.09 g, 89%) as a colorless oil.

Rf=0.35 (petroleum ether-EtOAc 9 :1); a½ �23:4D = � 8.00 (c 0.30 in
CHCl3); IR νmax (neat)=2915, 1849, 1736, 1721, 1472, 1340,
1170 cm� 1; 1H NMR (400 MHz, CDCl3): δ 4.92–4.86 (m, 1H), 4.33 (dd,
J=12.3, 3.5 Hz, 1H), 4.18 (dd, J=12.3, 6.7 Hz, 1H), 3.64–3.55 (m, 2H),
3.48–3.39 (m, 2H), 3.04 (s, 3H), 2.31 (t, J=7.5 Hz, 2H), 1.62–1.49 (m,
2H), 1.55–1.49 (m, 2H), 1.33–1.19 (m, 50H), 0.85 (t, J=6.8 Hz, 6H);
13C NMR (100 MHz, CDCl3): δ 173.2 (C), 78.7 (CH2), 71.9 (CH2), 69.4
(CH), 62.8 (CH2), 38.5 (CH2), 34.0 (CH2), 31.9 (2×CH2), 29.7–29.1 (21×
CH2), 26.0 (CH2), 24.8 (CH2), 22.7 (2×CH2), 14.1 (2×CH3); HRMS
(ESI+): [M+Na]+ calcd for C36H72NaO6S: 655.4942; found: 655.4947.

(R)-1-(Hexadecyloxy)-3-iodopropan-2-yl palmitate (16): To a
stirred solution of mesylate S1 (4.51 g, 6.78 mmol) in acetone
(10 mL) at r. t. was added sodium iodide (8.13 g, 54.27 mmol). The
resultant mixture was allowed to reflux at 80 °C for 48 h. The
mixture was then diluted with Et2O (150 mL), washed with water
(100 mL) and brine (100 mL), dried over anhydrous Na2SO4 and
concentrated in vacuo. The crude was purified by flash column
chromatography (petroleum ether-EtOAc, 95 :5) to give title com-
pound 16 (2.70 g, yield not determined due to contaminant) as a
yellow oil.

Rf=0.81 (petroleum ether-EtOAc 9 :1); a½ �23:4D = � 5.0 (c 0.5 in CHCl3);
IR νmax (neat)=2910, 1736, 1430, 1469, 1331, 521 cm� 1; 1H NMR
(400 MHz, CDCl3): δ 4.87 (p, J=5.3 Hz, 1H), 3.61 (dd, J=10.5, 5.0 Hz,
1H), 3.51 (dd, J=10.2, 5.2 Hz, 1H), 3.48–3.40 (m, 3H), 3.32 (dd, J=

10.5, 5.5 Hz, 1H), 2.34 (t, J=7.5 Hz, 2H), 1.67–1.60 (m, 2H), 1.58–1.51
(m, 2H), 1.38–1.17 (m, 50H), 0.88 (t, J=6.8 Hz, 6H); 13C NMR
(100 MHz, CDCl3): δ 173.1 (C), 71.7 (CH2), 71.0 (CH2), 70.7 (CH), 34.2
(CH2), 32.0 (2×CH2), 29.7–29.1 (21×CH2), 26.0 (CH2), 24.9 (CH2), 22.7

(2×CH2), 14.1 (2×CH3), 4.4 (CH2); HRMS (ESI+): [M+Na]+ calcd for
C35H69NaIO3: 687.4184; found: 687.4189.

(6R,10R)-6-(tert-Butoxycarbonyl)-2,2-dimethyl-4-oxo-3,12-dioxa-8-
thia-5-azaoctacosan-10-yl palmitate (17): To a stirred solution of
iodide 16 (160 mg as a mixture with a contaminant) and thiol 19
(200 mg, 0.71 mmol) in DMF (1.5 mL) at r. t. was added triethyl-
amine (0.10 mL, 0.71 mmol). The resultant mixture was allowed to
stir at 80 °C for 24 h. The mixture was then diluted with Et2O
(100 mL), washed with H2O (100 mL) and brine (100 mL), dried over
anhydrous Na2SO4 and concentrated in vacuo. The crude was
purified by flash column chromatography (petroleum ether-EtOAc,
99 :1) to give title compound 17 (96 mg, 96% based on returned
thiol 19) as a colorless oil and returned thiol 19 (166 mg, 83%) as a
colorless oil.

Rf=0.61 (petroleum ether-EtOAc 9 :1); a½ �23:4D = +4.00 (c 1.40 in
CHCl3); IR νmax (neat)=3387, 2921, 2851, 1729, 1685, 1500, 1368,
1153 cm� 1; 1H NMR (400 MHz, CDCl3): δ 5.33–5.32 (m, 1H), 5.07–5.01
(m, 1H), 4.43–4.36 (m, 1H), 3.59–3.51 (m, 2H), 3.47–3.36 (m, 2H),
3.03–2.94 (m, 2H), 2.84 (dd, J=13.8, 6.4 Hz, 1H), 2.71 (dd, J=13.8,
6.5 Hz, 1H), 2.31 (t, J=7.6 Hz, 2H), 1.66–1.59 (m, 2H), 1.57–1.51 (m,
2H), 1.47 (s, 9H), 1.44 (s, 9H), 1.33-1.22 (m, 50H), 0.87 (t, J=6.8 Hz,
6H); 13C NMR (100 MHz, CDCl3): δ 173.2 (C), 169.9 (C), 155.1 (C), 82.5
(C), 79.8 (C), 71.7 (CH), 71.6 (CH2), 70.2 (CH2), 54.0 (CH), 35.5 (CH2),
34.4 (CH2), 33.4 (CH2), 31.9 (2×CH2), 29.6–29.1 (21×CH2), 28.3
(3×CH3), 28.0 (3×CH3), 26.0 (CH2), 24.9 (CH2), 22.7 (2×CH2), 14.1
(2×CH3); HRMS (ESI+): [M+Na]+ calcd for C47H91NNaO7S: 836.6415;
found: 836.6414.

N-(((9H-Fluoren-9-yl)methoxy)carbonyl)-S-((R)-3-(hexadecyloxy)-2-
(palmitoyloxy)propyl)-L-cysteine (7): To a stirred solution of
thioether 17 (44 mg, 0.054 mmol) in CH2Cl2 (1 mL) at 0 °C was
added TFA (1 mL). The resultant mixture was allowed to stir at r. t.
for 8 h after which the volatiles were removed with a stream of N2

and concentrated in vacuo. The residue was then redissolved in 1,4-
dioxane and sat. aq. NaHCO3 (1 : 1, 2 mL) and allowed to stir at r. t.
To the resultant mixture was added 9-fluorenylmethyl N-succini-
midyl carbonate (20 mg, 0.059 mmol). The resultant mixture was
allowed to stir at r. t. for 19 h. The mixture was then diluted with
EtOAc (50 mL), washed with 1 M aq. HCl (50 mL) and brine (50 mL),
dried over anhydrous Na2SO4 and concentrated in vacuo. The crude
was purified by flash column chromatography (CH2Cl2-MeOH, 19 :1)
to give title compound 7 (41 mg, 86%) as a colorless oil.

Rf=0.25 (CH2Cl2-MeOH 9 :1); a½ �23:4D = +12.00 (c 0.5 in CHCl3); IR νmax

(neat)=3326, 2959, 2917, 2850, 1732, 1527, 1260, 1048 cm� 1;
1H NMR (400 MHz, CDCl3): δ 7.75 (d, J=7.4 Hz, 2H), 7.60 (d, J=

6.5 Hz, 2H), 7.38 (t, J=7.3 Hz, 2H), 7.30 (t, J=7.3 Hz, 2H), 5.83 (d, J=

4.9 Hz, 1H), 5.11–5.03 (m, 1H), 4.69–4.55 (m, 1H), 4.38 (d, J=6.6 Hz,
2H), 4.23 (t, J=6.6 Hz, 1H), 3.61–3.50 (m, 2H), 3.44–3.36 (m, 2H),
3.21–3.00 (m, 2H), 2.91–2.81 (m, 2H), 2.31 (t, J=7.2 Hz, 2H), 1.62–
1.58 (m, 2H), 1.54–1.51 (m, 2H) 1.37–1.14 (m, 50H), 0.88 (t, J=7.3 Hz,
6H); 13C NMR (100 MHz, CDCl3): δ 173.8 (2×C), 156.1 (C), 143.7 (2×
C), 141.3 (2×C), 127.7 (2×CH), 127.1 (2×CH), 125.2 (2×CH), 120.0
(2×CH), 71.8 (CH2), 71.6 (CH), 70.2 (CH2), 67.4 (CH2), 53.7 (CH), 47.1
(CH), 34.6 (CH2), 34.4 (CH2), 33.2 (CH2), 31.9 (2×CH2), 29.7–29.1 (21×
CH2), 26.0 (CH2), 25.0 (CH2), 22.7 (2×CH2), 14.1 (2×CH3); HRMS
(ESI+): [M+Na]+ calcd for C53H85NNaO7S: 902.5939; found:
902.5923.

Synthesis of Pam2Cys analogue 8

(S)-4-((Benzyloxy)methyl)-2,2-dimethyl-1,3-dioxolane (S2): To a
stirred solution of 60% sodium hydride in mineral oil (2.33 g,
58.25 mmol) in DMF (200 mL) at 0 °C was added acetonide 13
(4.39 mL, 35.83 mmol) dropwise over 2 min. The resultant mixture
was allowed to stir at 0 °C for 30 min after which was added benzyl
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bromide (1.44 mL, 43.00 mmol). The reaction mixture was allowed
to stir at r. t. for 17 h. The mixture was quenched with ice cold
water (200 mL) and extracted with Et2O (200 mL). The organic layer
was washed with brine (200 mL), dried over anhydrous Na2SO4, and
concentrated in vacuo. The crude was purified by flash column
chromatography (petroleum ether-EtOAc, 9 :1) to give title com-
pound S2 (7.98 g, 99%) as a colorless oil.

Rf=0.25 (petroleum ether-EtOAc 5 :1); a½ �23:4D = +21.0 (c 0.5 in
CHCl3) (lit[25]+20.3 (c 2.56 in CHCl3));

1H NMR (400 MHz, CDCl3):
δ 7.37–7.27 (m, 5H), 4.58 (ABq, ΔδAB=0.03, JAB=12.4 Hz, 2H), 4.30
(p, J=6.0 Hz, 1H), 4.06 (dd, J=8.4, 6.4 Hz, 1H), 3.75 (dd, J=8.4,
6.4 Hz, 1H), 3.56 (dd, J=9.8, 5.7 Hz, 1H), 3.47 (dd, J=9.8, 5.6 Hz, 1H),
1.42 (s, 3H), 1.37 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 138.1 (C),
128.5 (2×CH), 127.8 (3×CH), 109.5 (C) 74.8 (CH), 73.6 (CH2), 71.2
(CH2), 67.0 (CH2), 26.9 (CH3), 25.5 (CH3). Spectroscopic data were
consistent with that reported in literature.[9]

(R)-3-(Benzyloxy)propane-1,2-diol (23): Acetonide S2 (7.80 g,
35.00 mmol) was dissolved in 80% aqueous acetic acid (70 mL) and
allowed to stir at 65 °C for 1.5 h. The mixture was cooled to r. t. and
toluene was added to form an azeotropic mixture. The mixture was
then concentrated in vacuo. The crude was purified by flash column
chromatography (petroleum ether-EtOAc, 1 :3) to give title com-
pound 23 (5.69 g, 99%) as a colorless oil.

Rf=0.30 (petroleum ether-EtOAc 1 :3); a½ �23:4D = +5.5 (c 0.21 in
CHCl3) (lit

[26]+5.5 (c 1.0 in CHCl3));
1H NMR (400 MHz, CDCl3): δ 7.37–

7.27 (m, 5H), 4.55 (s, 2H), 3.91–3.86 (m, 1H), 3.69 (dd, J=11.4,
3.7 Hz, 1H), 3.61 (dd, J=11.4, 6.0 Hz, 1H), 3.57 (dd, J=9.8, 4.2 Hz,
1H), 3.53 (dd, J=9.6, 6.1 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 137.7
(C), 128.5 (2×CH), 127.9 (CH), 127.8 (2×CH), 73.6 (CH2), 71.8 (CH2),
70.7 (CH), 64.1 (CH2). Spectroscopic data were consistent with that
reported in literature.[26]

(S)-1-(Benzyloxy)-3-((tert-butyldimethylsilyl)oxy)propan-2-ol (24):
To a stirred solution of diol 23 (5.70 g, 31.25 mmol) and imidazole
(4.26 g, 62.51 mmol) in CH2Cl2 (100 mL) at r. t. was added tert-
butyldimethylsilyl chloride (4.71 g, 31.25 mmol). The resultant
mixture was allowed to stir at r. t. for 19 h. The mixture was then
diluted with Et2O (200 mL), washed with H2O (200 mL) and brine
(200 mL), dried over anhydrous Na2SO4, and concentrated in vacuo.
The crude was purified by flash column chromatography (petro-
leum ether-EtOAc, 9 : 1) to give title compound 24 (8.80 g, 95%) as a
colorless oil.

Rf=0.20 (petroleum ether-EtOAc 9 :1); a½ �23:4D = +2.0 (c 0.9 in CHCl3)
(lit[27]+1.5 (c 1.42 in CHCl3));

1H NMR (400 MHz, CDCl3): δ 7.37–7.26
(m, 5H), 4.56 (s, 2H), 3.89–3.82 (m, 1H), 3.70–3.62 (m, 2H), 3.56–3.49
(m, 2H), 0.89 (s, 9H), 0.07 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 138.1
(C), 128.4 (2×CH), 127.7 (3×CH), 73.5 (CH2), 71.0 (CH2), 70.7 (CH),
64.0 (CH2), 25.9 (3×CH3), 18.3 (C), � 5.4 (2×CH3). Spectroscopic data
were consistent with that reported in literature.[27]

(S)-(3-(Benzyloxy)-2-(hexadecyloxy)propoxy)(tert-butyl)
dimethylsilane (25): To a stirred solution of alcohol 24 (2.90 g,
9.78 mmol) and cetyl iodide (29) (3.45 g, 9.68 mmol) in DMF
(25 mL) at 0 °C was added 60% sodium hydride in mineral oil
(0.51 g, 12.71 mmol). The resultant mixture was allowed to stir at
r. t. for 19 h. The mixture was quenched with ice cold water
(100 mL) and extracted with Et2O (100 mL). The organic layer was
washed with brine (100 mL), dried over anhydrous Na2SO4, and
concentrated in vacuo. The crude was purified by flash column
chromatography (petroleum ether-EtOAc, 98 :2) to give title com-
pound 25 (3.78 g, 75%) as a colorless oil.

Rf=0.80 (petroleum ether-EtOAc 9 :1); a½ �23:4D = � 3.0 (c 0.5 in CHCl3);
IR νmax (neat)=2924, 2854, 1463, 1252, 1101 cm� 1; 1H NMR
(400 MHz, CDCl3): δ 7.34–7.26 (m, 5H), 4.56 (ABq, ΔδAB=0.02, JAB=

12.2 Hz, 2H), 3.67 (d, J=5.1 Hz, 2H), 3.62–3.49 (m, 5H), 1.60–1.53 (m,
2H), 1.38–1.19 (m, 26H), 0.90–0.87 (m, 12H), 0.06 (s, 3H), 0.05 (s, 3H);
13C NMR (100 MHz, CDCl3): δ 138.5 (C), 128.3 (2×CH), 127.6 (2×CH),
127.4 (CH), 79.6 (CH), 73.4 (CH2), 70.7 (CH2), 70.1 (CH2), 62.9 (CH2),
31.9 (CH2), 30.2–29.4 (11×CH2), 26.1 (CH2), 25.9 (3×CH3), 22.7 (CH2),
18.3 (C), 14.1 (CH3), � 5.3 (CH3), � 5.4 (CH3); HRMS (ESI+): [M+Na]+

calcd for C32H60NaO3Si: 543.4204; found: 543.4221.

(R)-3-(Benzyloxy)-2-(hexadecyloxy)propan-1-ol (S3): To a stirred
solution of chiral glycerol 25 (1.32 g, 2.53 mmol) in THF (10 mL) at
0 °C was added tetrabutylammonium fluoride (3.29 mL, 1 M,
3.29 mmol). The resultant mixture was allowed to stir at r. t. for 4 h.
The mixture was then quenched with H2O (100 mL) and extracted
with Et2O (100 mL). The organic layer was washed with brine
(100 mL), dried over anhydrous Na2SO4 and concentrated in vacuo.
The crude was purified by flash column chromatography (petro-
leum ether-EtOAc, 95 :5) to give title compound S3 (0.91 g, 88%) as
a colorless oil.

Rf=0.10 (petroleum ether-EtOAc 9 :1); a½ �23:4D = +5.5 (c 0.11 in
CHCl3); IR νmax (neat)=3455, 2922, 2853, 1455, 1095 cm� 1; 1H NMR
(400 MHz, CDCl3): δ 7.36–7.27 (m, 5H), 4.54 (s, 2H), 3.75–3.72 (m,
1H), 3.65–3.48 (m, 6H), 2.23–2.11 (m, 1H), 1.60–1.54 (m, 2H), 1.37–
1.19 (m, 26H), 0.88 (t, J=6.9 Hz, 3H); 13C NMR (100 MHz, CDCl3):
δ 138.0 (C), 128.4 (2×CH), 127.7 (CH), 127.6 (2×CH), 78.4 (CH), 73.5
(CH2), 70.4 (CH2), 70.0 (CH2), 62.9 (CH2), 31.9 (CH2), 30.1–29.3 (11×
CH2), 26.1 (CH2), 22.7 (CH2), 14.1 (CH3); HRMS (ESI+): [M+Na]+

calcd for C26H46NaO3: 429.3339; found: 429.3334.

(S)-3-(Benzyloxy)-2-(hexadecyloxy)propyl palmitate (26): To a
stirred solution of alcohol S3 (0.813 g, 2.00 mmol), palmitic acid
(1.03 g, 4.00 mmol), and 4-dimethylaminopyridine (0.074 g,
0.60 mmol) in THF (5 mL) at r. t. was added N,N’-diisopropylcarbodii-
mide (0.93 mL, 6.00 mmol). The resultant mixture was allowed to
stir at r. t. for 19 h. The mixture was then quenched with 1 M aq.
citric acid (100 mL) and extracted with Et2O (100 mL). The organic
layer was washed with H2O (100 mL) and brine (100 mL), dried over
anhydrous Na2SO4 and concentrated in vacuo. The crude was
purified by flash column chromatography (petroleum ether-EtOAc,
97 :3) to give title compound 26 (1.25 g, 97%) as a white solid.

Rf=0.80 (petroleum ether-EtOAc 9 :1); a½ �23:4D = � 200.0 (c 0.24 in
CHCl3); IR νmax (neat)=2955, 2918, 2850, 1728, 1465, 1098 cm� 1;
1H NMR (400 MHz, CDCl3): δ 7.36–7.26 (m, 5H), 4.55 (s, 2H), 4.25 (dd,
J=11.6, 4.3 Hz, 1H), 4.13 (dd, J=11.6, 5.7 Hz, 1H) 3.66 (p, J=5.2 Hz,
1H), 3.56–3.53 (m, 4H), 2.29 (t, J=7.5 Hz, 2H), 1.65–1.52 (m, 4H),
1.37–1.21 (m, 50H), 0.88 (t, J=6.9 Hz, 6H); 13C NMR (100 MHz,
CDCl3): δ 173.7 (C), 138.1 (C), 128.4 (2×CH), 127.6 (3×CH), 76.5 (CH),
73.4 (CH2), 70.6 (CH2), 69.6 (CH2), 63.7 (CH2), 34.3 (CH2), 31.9 (2×
CH2), 30.0–29.2 (21×CH2), 26.1 (CH2), 24.9 (CH2), 22.7 (2×CH2), 14.1
(2×CH3); HRMS (ESI+): [M+Na]+ calcd for C42H76NaO4: 667.5623;
found: 667.5636.

(S)-2-(Hexadecyloxy)-3-hydroxypropyl palmitate (10): To a stirred
solution of palmitate 26 (1.23 g, 1.93 mmol) in EtOAc (30 mL) at r. t.
was added 10% Pd/C (0.25 g). The reaction vessel was evacuated
and then connected to a H2-filled balloon (1 atm) and allowed to
stir at r. t. for 19 h. The mixture was then filtered through a pad of
Celite® and concentrated in vacuo. The crude was purified by flash
column chromatography (petroleum ether-EtOAc, 9 : 1) to give title
compound 10 (1.03 g, quant.) as a white solid.

Rf=0.16 (petroleum ether-EtOAc 9 :1); a½ �23:4D = � 8.5 (c 0.2 in CHCl3);
IR νmax (neat)=3536, 2956, 2915, 2849, 1710, 1471 cm� 1; 1H NMR
(400 MHz, CDCl3): δ 4.21–4.13 (m, 2H), 3.70–3.48 (m, 5H), 2.32 (t, J=

7.4 Hz, 2H), 1.65–1.53 (m, 4H), 1.38–1.21 (m, 50H), 0.88 (t, J=6.8 Hz,
6H); 13C NMR (100 MHz, CDCl3): δ 173.8 (C), 77.6 (CH), 70.5 (CH2),
62.7 (CH2), 62.1 (CH2), 34.2 (CH2), 31.9 (2×CH2), 30.0–29.1 (21×CH2),
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26.1 (CH2), 24.9 (CH2), 22.7 (2×CH2), 14.1 (2×CH3); HRMS (ESI+):
[M+Na]+ calcd for C35H70NaO4: 577.5171; found: 577.5166.

(R)-2-(Hexadecyloxy)-3-((methylsulfonyl)oxy)propyl palmitate
(S4): To a stirred solution of alcohol 10 (0.97 g, 1.81 mmol) and
triethylamine (0.36 mL, 2.71 mmol) in CH2Cl2 (5 mL) at r. t. was
added methanesulfonyl chloride (0.21 mL, 2.71 mmol). The resul-
tant mixture was allowed to stir at r. t. for 19 h. The mixture was
then quenched with H2O (50 mL) and extracted with Et2O (50 mL).
The organic layer was washed with brine (50 mL), dried over
anhydrous Na2SO4 and concentrated in vacuo. The crude was
purified by flash column chromatography (petroleum ether-EtOAc,
9 :1) to give title compound S4 (0.95 g, 83%) as a white solid.

Rf=0.16 (petroleum ether-EtOAc 9 :1); a½ �23:4D = � 4.5 (c 0.41 in
CHCl3); IR νmax (neat)=2914, 2851, 1733, 1473, 1341, 1177 cm� 1;
1H NMR (400 MHz, CDCl3): δ 4.33 (dd, J=11.0, 4.3 Hz, 1H), 4.24 (dd,
J=11.0, 5.6 Hz, 1H), 4.20 (dd, J=11.7, 5.4 Hz, 1H), 4.15 (dd, J=11.7,
5.1 Hz, 1H), 3.76–3.71 (m, 1H), 3.58–3.55 (m, 2H), 3.05 (s, 3H), 2.32 (t,
J=7.5 Hz, 2H), 1.65–1.52 (m, 4H), 1.36–1.21 (m, 50H), 0.88 (t, J=

6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 173.4 (C), 75.1 (CH), 70.9
(CH2), 68.5 (CH2), 61.9 (CH2), 37.6 (CH3), 34.1 (CH2), 31.9 (2×CH2),
29.8–29.1 (21×CH2), 26.0 (CH2), 24.9 (CH2), 22.7 (2×CH2), 14.1 (2×
CH3); HRMS (ESI+): [M+Na]+ calcd for C36H72NaO6S: 655.4928;
found: 655.4942.

(R)-2-(Hexadecyloxy)-3-iodopropyl palmitate (27): To a stirred
solution of mesylate S4 (0.37 g, 0.58 mmol) in acetone (4 mL) at r. t.
was added sodium iodide (0.70 g, 4.66 mmol). The resultant mixture
was allowed to reflux at 80 °C for 17 h. The mixture was then
diluted with Et2O (50 mL), washed with water (50 mL) and brine
(50 mL), dried over anhydrous Na2SO4 and concentrated in vacuo.
The crude was purified by flash column chromatography (petro-
leum ether-EtOAc, 95 :5) to give title compound 27 (0.36 g, 94%) as
a yellow oil.

Rf=0.78 (petroleum ether-EtOAc 9 :1); a½ �23:4D = � 3.4 (c 0.3 in CHCl3);
IR νmax (neat)=2957, 2916, 2850, 1721, 1472, 1095 cm� 1; 1H NMR
(400 MHz, CDCl3): δ 4.17 (d, J=5.2 Hz, 2H), 3.57–3.43 (m, 3H), 3.27–
3.19 (m, 2H) 2.31 (t, J=7.5 Hz, 2H), 1.64–1.53 (m, 4H), 1.38–1.16 (m,
50H), 0.86 (t, J=6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 173.3 (C),
76.6 (CH), 70.4 (CH2), 64.7 (CH2), 34.1 (CH2), 31.9 (2×CH2), 29.8–29.1
(21×CH2), 26.0 (CH2), 24.9 (CH2), 22.6 (2×CH2), 14.1 (2×CH3), 4.9
(CH2); HRMS (ESI+): [M+H]+ calcd for C35H70IO3: 665.4362; found:
665.4364, [M+Na]+ calcd for C35H69NaIO3: 687.4167; found:
687.4184.

(R)-3-(((R)-3-(tert-Butoxy)-2-((tert-butoxycarbonyl)amino)-3-oxo-
propyl)thio)-2-(hexadecyloxy)propyl palmitate (28): To a stirred
solution of iodide 27 (0.36 g, 0.54 mmol) and thiol 19 (0.30 g,
1.07 mmol) in DMF (4 mL) at r. t. was added and triethylamine
(0.15 mL, 1.07 mmol). The resultant mixture was allowed to stir at
80 °C for 24 h. The mixture was then diluted with Et2O (50 mL),
washed with H2O (50 mL) and brine (50 mL), dried over anhydrous
Na2SO4 and concentrated in vacuo. The crude was purified by flash
column chromatography (petroleum ether-EtOAc, 99 :1) to give title
compound 28 (0.38 g, 88%) as a colorless oil.

Rf=0.49 (petroleum ether-EtOAc 9 :1); a½ �23:4D = +5.0 (c 0.45 in
CHCl3); IR νmax (neat)=3386, 2920, 2852, 1735, 1685, 1354,
1154 cm� 1; 1H NMR (400 MHz, CDCl3): δ 5.40 (d, J=5.4 Hz, 1H),
4.40–4.36 (m, 1H), 4.19 (dd, J=11.5, 4.6 Hz, 1H), 4.11 (dd, J=11.5,
5.4 Hz, 1H), 3.57 (p, J=5.5 Hz, 1H), 3.50 (t, J=6.6 Hz, 2H), 3.03–2.94
(m, 2H), 2.69 (d, J=6.0 Hz, 2H), 2.28 (t, J=7.5 Hz, 2H), 1.61–1.50 (m,
4H), 1.46 (s, 9H), 1.43 (s, 9H) 1.34–1.15 (m, 50H), 0.86 (t, J=6.9 Hz,
6H); 13C NMR (100 MHz, CDCl3): δ 173.5 (C), 169.9 (C), 155.1 (C), 82.3
(C), 79.7 (C), 77.3 (CH), 70.5 (CH2), 64.2 (CH2), 54.1 (CH), 35.7 (CH2),
34.4 (CH2), 34.2 (CH2), 31.9 (2×CH2), 29.9–29.1 (21×CH2), 28.3 (3×
CH3), 27.9 (3×CH3), 26.0 (CH2), 24.9 (CH2), 22.6 (2×CH2), 14.0 (2×

CH3); HRMS (ESI+): [M+Na]+ calcd for C47H91NNaO7S: 836.6391;
found 836.6414.

N-(((9H-Fluoren-9-yl)methoxy)carbonyl)-S-((R)-2-(hexadecyloxy)-3-
(palmitoyloxy)propyl)-L-cysteine (8): To a stirred solution of
thioether 28 (0.251 g, 0.325 mmol) in CH2Cl2 (2 mL) at 0 °C was
added TFA (2 mL). The resultant mixture was allowed to stir at r. t.
for 8 h after which the volatiles were removed with a stream of N2

and concentrated in vacuo. The residue was then redissolved in 1,4-
dioxane and sat. aq. NaHCO3 (1 : 1, 4 mL) and allowed to stir at r. t.
To the resultant mixture was added 9-fluorenylmethyl N-succini-
midyl carbonate (0.120 g, 0.355 mmol). The resultant mixture was
allowed to stir at r. t. for 19 h. The mixture was then diluted with
EtOAc (50 mL), washed with 1 M aq. HCl (50 mL) and brine (50 mL),
dried over anhydrous Na2SO4 and concentrated in vacuo. The crude
was purified by flash column chromatography (CH2Cl2-MeOH, 19 :1)
to give title compound 8 (0.226 g, 79%) as a colorless oil.

Rf=0.22 (CH2Cl2-MeOH 9 :1); a½ �23:4D = +10.00 (c 0.5 in CHCl3); IR νmax

(neat)=3310, 2956, 2910, 2860, 1730, 1520, 1261, 1048 cm� 1;
1H NMR (400 MHz, CDCl3): δ 7.75 (d, J=7.5 Hz, 2H), 7.62–7.59 (m,
2H), 7.38 (t, J=7.4 Hz, 2H), 7.30 (t, J=7.7 Hz, 2H), 6.04 (d, J=7.7 Hz,
1H), 4.63–4.50 (m, 1H), 4.40 (d, J=6.8 Hz, 2H), 4.24–4.14 (m, 3H),
3.62–3.60 (m, 1H), 3.52 (t, J=6.6 Hz, 2H), 3.20–3.02 (m, 2H), 2.81–
2.67 (m, 2H), 2.29 (t, J=7.6 Hz, 2H), 1.61–1.54 (m, 4H), 1.34–1.13 (m,
50H), 0.88 (t, J=6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 174.4 (C),
173.8 (C), 156.1 (C), 143.7 (2×C), 141.3 (2×C), 127.8 (2×CH), 127.1
(2×CH), 125.1 (2×CH), 120.0 (2×CH), 77.5 (CH), 70.9 (CH2), 67.4
(CH2), 64.4 (CH2), 54.1 (CH) 47.1 (CH), 35.3 (CH2), 34.6 (CH2), 34.2
(CH2), 31.9 (2×CH2), 29.9–29.2 (21×CH2), 26.0 (CH2), 24.9 (CH2), 22.7
(2×CH2), 14.1 (2×CH3); HRMS (ESI+): [M+Na]+ calcd for
C53H85NNaO7S: 902.5930; found: 902.5923.
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