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ABSTRACT
A concise synthesis of a plasmenylethanolamine (PlsEtn-[16:0/18:1 n-9]), known as antioxidative phospholipids
commonly found in cell membranes, has been achieved from an optically active known diol through 8 steps. The key
transformations for the synthesis of PlsEtn-[16:0/18:1 n-9] are (1) regio- and Z-selective vinyl ether formation via the
alkylation of a lithioalkoxy allyl intermediate with an alkyl iodide, and (2) a one-pot phosphite esterification–oxidation
sequence to construct the ethanolamine phosphonate moiety in the presence of the vinyl ether functionality. The
piperidine salt of synthetic PlsEtn-[16:0/18:1 n-9] was desalinated through reversed-phase high-performance liquid
chromatography purification.

Graphical Abstract

Synthesis of a plasmenylethanolamine-[16:0/18:1 n-9].
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Plasmenyl phospholipids (also called plasmalogens) are
a subclass of naturally occurring glycerophospholipids,
which comprise about 20% of the total phospholipids in
human (Horrocks and Sharma 1982; Nagan and Zeoller 2001;
Engelmann 2004). They structurally feature an O-(Z)-alkenyl
ether moiety (usually C16:0, C18:0, or C18:1) at the sn-1 position
and a (poly)unsaturated fatty acyl chain at the sn-2 position,
and are mainly classified into 2 groups, plasmenylethanolamine

(PlsEtn) and plasmenylcholine (PlsCho), based on the
structure of the head group at the sn-3 position (Figure 1)
(Brites, Waterham and Wanders 2004; Braverman and Moser
2012).

These structurally intriguing phospholipids are
predominantly found in cell membrane (Klenk and Debuch
1963; Horrocks and Sharma 1982) of mammalian tissues such
as heart (Gross 1984; Gross 1985), brain (Snipes and Suter 1997),
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Figure 1. Structures of typical plasmenyl phospholipids (plasmalogens) and the
synthetic target in this work, PlsEtn-[16:0/18:1 n-9] (1).

and myelin (Sugiura and Waku 1987). Additionally, plasmalo-
gens are also found in kidney (Braverman and Moser 2012),
muscle (Horrocks and Sharma 1982; Braverman and Moser
2012), as well as blood (Braverman and Moser 2012). Moreover,
these phospholipids are also abundant in marine invertebrates
as well as anaerobic bacteria (Goldfine 2010; Yamashita et al.
2016). As the plasmalogens are thought to play roles in many
important biological processes such as membrane fusion
(Hermetter et al. 1989; Glaser and Gross 1994; Thompson et al.
1996) and signal transduction (Fonteb and Chilton 1992; Snyder,
Lee and Blank 1997) including supply of polyunsaturated fatty
acids (Ford and Gross 1989) leading to production of some
bioactive compounds (Farooqui, Yang and Horrockes 1995;
Portilla and Creer 1995; McHowat, Liu and Creer 1998; Murphy
2001), a number of biologists related to the research on have
been intrigued in clarifying the details of their biochemical
and biophysical properties. In addition, these phospholipids
are known to act as antioxidants (Zoeller, Morand and Raetz
1988; Reiss, Beyer and Engelmann 1997). Furthermore, it is
also revealed that the level of PlsEtn decreases in the brain
with neurodegenerative disorders such as Alzheimer’s dis-
ease (Farooqui and Horrockes 1998; Ginsberg, Xuereb and
Gershfeld 1998; Goodenowe et al. 2007; Wood et al. 2010; Oma
et al. 2012; Yamashita et al. 2015), which has continuously
attracted much interest on PlsEtn not only from biologists but
also from biochemists and medicinal chemists.

The structurally and biologically intriguing profiles of plas-
malogens, especially PlsEtn, as described above have also stim-
ulated synthetic chemists as well as enzyme and biosynthetic
chemists. The enzymatic syntheses of PlsEtn have frequently
been studied from 1970s (Blank,Wykle and Snyder 1971; Snyder,
Blank and Wykle 1971; Paltauf and Holasek 1973), which culmi-
nated in the development of some methods to produce PlsEtn
as a mixture of some plasmalogen molecular species. Semisyn-
thetic approaches were also developed (Hermetter and Paltauf
1982), which allowed to provide some PlsEtn molecular species
in pure state. However, the variety, purity, and/or quantity of
the synthetic PlsEtn molecular species produced by these meth-
ods have still left room for improvement. Moreover, any solid
method for the isolation, separation, and purification of each
discrete PlsEtn molecular species from natural sources (eg sea
squirt, sea urchin, and shellfish, in which PlsEtn are known to
be abundant) has not been well established yet. Thus, the fo-
cus of the method to supply various species of PlsEtn in pure
state has shifted to chemical synthetic approaches.However, de-
spite the huge attention to this type of bioactive glycerophos-
pholipids from a wide range of scientific fields, only 2 synthetic
routes for PlsEtn have been reported (Pfaendler and Weimar
1996; Khan, Wood and Goodenowe 2015), while 5 total synthe-
ses of PlsCho have been disclosed (Rui and Thompson 1996; Qin,

Scheme 1. Our initial attempt of the synthesis of 1 (a) and alternative synthetic
plan for PlsEtn-[16:0/18:1 n-9] (b).

Byun and Bittman 1999; Shin et al. 2001; Shin, Gerasimov and
Thompson 2002; Shin and Thompson 2003; Van den Boss-
che, Shin and Thompson 2007). In this article, we describe
a new synthesis of a plasmenylethanolamine via a one-pot
phosphite esterification–oxidation sequence to construct the
ethanolamine phosphonate moiety, which would also be appli-
cable to the synthesis of many other PlsEtn molecular species.
For the establishment of the synthetic route for various kinds
of PlsEtn, we chose PlsEtn-[16:0/18:1 n-9] (1) as a representative
synthetic target (Figure 1).

Results and discussion

Initially, the synthesis of 1 was performed in accordance with
a previous report (Rui and Thompson 1996) on the synthesis
of PlsCho (Scheme 1a). Unfortunately, however, the transfor-
mation of cyclic phosphonate 2, obtained in line with the re-
port, to PlsEtn-[16:0/18:1 n-9] (1) via nucleophilic ring-opening
reaction at the C2’ position utilizing sodium azide followed by
reduction of the corresponding azide group with PPh3 yielded
only a trace amount of desired 1. Faced with this undesired
outcome, we made an alternative synthetic plan for 1 as
depicted in Scheme 1b. First, the key intermediate B bear-
ing (Z)-vinyl ether group would be preparable in a regio-
and stereoselective manner by alkylation of a lithioalkoxy
allyl intermediate derived from A with 1-iodotridecane (Shin
and Thompson 2003). Condensation of the secondary alco-
hol B with oleic acid would afford fatty acid ester C. Depro-
tection of C should give a primary alcohol intermediate, the
phosphorylation of which would deliver phosphate D by us-
ing phosphoramidite chemistry (Swarts and Guo 2010). Finally,
global deprotection ofDwould complete the synthesis of PlsEtn-
[16:0/18:1 n-9] (1).

The synthesis of PlsEtn-[16:0/18:1 n-9] (1) following the new
synthetic plan commenced with the preparation of known
optically active diol 5 (Mikkilineni, Kumar and Abushanab 1988)
(Scheme 2). The sodium alkoxide of commercially available (R)-
glycerol acetonide 3 was prepared by its treatment with sodium
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Scheme 2. Synthesis of PlsEtn-[16:0/18:1 n-9] (1). Reagents and conditions: (a) allyl bromide, NaH, DMF, rt, 2 h, 82%; (b) Amberlite IR-120 hydrogen form, EtOH, 40 °C,
overnight, 93%; (c) TBSCl, imidazole, DMF, 0 °C to rt, overnight, 68% (d) s-BuLi, THF −78 °C, 0.5 h, then 1-iodotridecane, −78 °C to rt, overnight, 39%; (e) TBAF, THF, rt,

12 h, 94%; (f) TBSCl, Et3N, DMAP, CH2Cl2, 0 °C, overnight, 86%; (g) oleic acid, EDC·Cl, DMAP, CH2Cl2, rt, overnight, 97%; (h) TBAF/AcOH (pH = 4.4-4.7), THF, rt, overnight,
61%; (i) 12, 1H-tetrazole, MeCN, then TBHP, rt, 0.5 h, 75%; (j) piperidine, DMF, 0 °C to rt, overnight, 53%.

hydride and alkylated by allyl bromide to afford allyl ether 4.
Exposure of 4 to acidic conditions in ethanol effected deprotec-
tion of the acetonide group to provide diol 5 in excellent yield,
whichwas then protected as bis-TBS ether 6. The Z-configurated
vinyl ether moiety characteristic of plasmalogen was success-
fully constructed in a stereoselective manner by applying the
Thompson’s procedure (Shin, Gerasimov and Thompson 2002).
Exposure of 6 to s-butyllithium to generate a lithioalkoxy allyl
intermediate was followed by treatment with 1-iodotridecane
to effect alkylation at C3′ ′ to give 7, albeit in a moderate yield
of 39% mainly due to the formation of an undesired product 6′

protonated at C3” (ca. 15%). Another procedure using BaI2 as a
chelating additive (Van den Bossche, Shin and Thompson 2007)
resulted, in our hands, in a much lower yield of 7 (6.0%). The
desired 7 could be purified by standard silica gel chromatogra-
phy and stored in a freezer at low temperature of −20 °C for
months without any degradation. The (Z)-vinyl ether 7was con-
verted to secondary alcohol 9 via a two-step sequence composed
of deprotection of the two TBS groups with TBAF and subse-
quent regioselective TBS-protection of primary hydroxy group
at C3 of the resulting diol 8. The secondary hydroxy group of
9 was then subjected to acylation with oleic acid under stan-
dard conditions utilizing EDC·HCl in the presence of DMAP to
provide oleate ester 10 in an excellent yield of 97%. Treatment
of 10 with TBAF in THF unexpectedly brought about not only
deprotection of TBS group to afford desired product 11 but also
migration of the sn-2 acyl group of 11 to the sn-3 position (64%
yield), causing severe decrease in the yield of 11 (16% yield). Uti-
lizing TASF as an anhydrous source of fluoride anion resulted in
a much lower yield of 11 (6.4%). On the other hand, exposure of
10 to a solution of TBAF weakly acidified with AcOH (pH = 4.4)
suppressed the problematic migration and thereby significantly
improved the yield of 11 to 61%. The phosphorylation of the pri-
mary alcohol 11 was successfully performed by condensation

of 11 with phosphoramidite 12 to generate a phosphite inter-
mediate followed by its in situ oxidation with t-BuOOH to fur-
nish protected ethanolamine phosphonate 13 in a satisfactory
yield of 75% (Swarts and Guo 2010) without causing any oxida-
tive degradation of the potentially oxidant-sensitive vinyl ether
moiety. Finally, deprotection of the Fmoc and cyanoethyl groups
of 13 with an excess amount of piperidine in DMF furnished
PlsEtn-[16:0/18:1 n-9] (1) as a piperidine salt, which was desali-
nated through purification by reversed-phase high-performance
liquid chromatography (HPLC) (COSMOSIL 5C18-MS-II; MeOH) to
complete the synthesis of PlsEtn-[16:0/18:1 n-9] (1). The 1H and
13C NMR data as well as the optical rotation of synthetic 1 were
in good accordance with those reported (Morandat et al. 2003).
The MS/MS analysis of synthetic 1 also showed some character-
istic fragment ions of PlsEtn (see Supporting Information) (Otoki
et al. 2015).

Conclusion

In conclusion, a concise synthesis of PlsEtn-[16:0/18:1 n-9] (1)
was achieved in 8 steps from known optically active diol 5.
The (Z)-configurated vinyl ether moiety of 1 was constructed
via regio- and Z-selective alkylation of a lithioalkoxy allyl inter-
mediate with 1-iodotridecane. The installation of the protected
ethanolamine phosphonate moiety in the presence of a vinyl
ether group was successfully affected by a one-pot phosphite
formation–oxidation sequence. The synthetic piperidine salt of
1 was desalinated through purification by reversed-phase HPLC
to afford salt-free PlsEtn-[16:0/18:1 n-9] (1). The synthetic PlsEtn-
[16:0/18:1 n-9] (1) will be useful as a standard for advanced re-
searches on the clarification of new physiological functions of
plasmalogens. Synthetic efforts toward other members of this
class of natural products are also in progress andwill be reported
in due course.
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Experimental
General procedure

IR spectra were recorded by a Jasco FT/IR-4100 spectrometer us-
ing an ATR (ZnSe) attachment. NMR spectra were recorded with
TMS as an internal standard in CDCl3 by a Varian 400-MRTT
spectrometer (400 MHz for 1H and 100 MHz for 13C), a Varian
600TT spectrometer (600 MHz for 1H and 150 MHz for 13C) or a
JMN-ECA800 (320 MHz for 31P) unless otherwise stated. Chemi-
cal shifts (δ) of 13C NMR and 31 P NMR spectra were reported rel-
ative to CDCl3 (δ 77.00) and H3PO4 (δ 0.00), respectively. Optical
rotation values were measured with a Jasco P-2200 polarimeter.
Mass spectra were obtained with Jeol JMS-700 spectrometer op-
erated in the EI or FAB mode. Kanto Kagaku silica gel 60N (100-
210 μm) was used for column chromatography unless otherwise
stated.Analytical thin-layer chromatographywas performed us-
ing Merck silica gel 60 F254 plates (0.25 mm thick). Solvents for
reactionswere distilled prior to use: THF fromNa and benzophe-
none; CH2Cl2 and DMF from CaH2. All air- or moisture-sensitive
reactions were conducted under a nitrogen atmosphere unless
otherwise stated.

(R)-(−)-2,2-Dimethyl-1,3-dioxolane-4-[(allyloxy)methyl]
(4)

NaH (60% in mineral oil suspension, 0.623 g, 15.6 mmol) was
washed 3 times with hexane under a nitrogen atmosphere and
suspended in dry DMF (75.7 mL). To the suspension, (R)-(−)-2,2-
dimethyl-1,3-dioxolane-4-methanol (3) (1.00 g, 7.60 mmol) was
slowly addedwhile stirring at ambient temperature. After 5min,
allyl bromide (1.28 mL, 15.2 mmol) was slowly added to the pale
yellow suspension below 30 °C (water bath). After stirring for
2 h, the reaction mixture was quenched with water while cool-
ing in an ice bath and extracted 3 times with EtOAc. The extract
was successively washed with water and brine, dried (MgSO4),
filtered and concentrated in vacuo. The residue was purified by
SiO2 column chromatography (hexane/EtOAc = 8:1) to give 4
(1.07 g, 82%) as a pale yellow oil. [α]24D −18.1 (c 0.375, CHCl3);
IR: νmax 3019 (w), 2925 (s), 2854 (m), 1261 (m); 1H NMR (400 MHz,
CDCl3): δ 1.37 (3H, s), 1.43 (3H, s), 3.45 (1H, dd, J = 5.5, 9.8 Hz),
3.53 (1H, dd, J = 5.8, 9.8 Hz), 3.74 (1H, dd, J = 6.4, 8.2 Hz), 4.03-4.09
(3H,m), 4.29 (1H, quin, J= 6.0 Hz), 5.23 (1H, d, J= 10.5 Hz), 5.25 (1H,
d, J = 17.2 Hz), 5.91 (1H, ddt, J = 10.5, 17.2, 5.7 Hz); 13C NMR (100
MHz, CDCl3): δ 25.4, 26.8, 66.8, 71.1, 72.5, 74.7, 109.4, 117.4, 134.5;
HRMS (ESI): m/z calcd for C9H16NaO3, 195.0997; found, 195.0997
([M + Na]+).

(S)-1-(Allyloxy) propane-2,3-diol (5)

To a stirred solution of 4 (24.6 g, 143 mmol) in EtOH (99.5%,
1.40 L) was added Amberlite IR-120 hydrogen form (84.4 g) at am-
bient temperature, and the mixture was warmed to 40 °C. After
stirring overnight at the same temperature, the reaction mix-
ture was filtered and concentrated in vacuo. The residue was
dissolved in CHCl3 and the solution was dried (MgSO4), filtered
and concentrated in vacuo to give 5 (17.2 g, 93%) as a pale yellow
oil. [α]24D + 3.16 (c 0.285, CHCl3); IR: νmax 3380 (br), 3013 (w), 1645
(w), 1422 (m), 1041 (s); 1HNMR (400MHz,CDCl3): δ 2.14 (1H, s), 2.61
(1H, s) 3.52 (1H, dd, J = 6.2, 9.7 Hz), 3.56 (1H, dd, J = 3.9, 9.7 Hz),
3.62-3.77 (2H, m), 3.86-3.92 (1H, m), 4.03 (2H, d, J = 5.7 Hz), 5.20-
5.23 (1H, m), 5.21 (1H, d, J = 10.4 Hz), 5.28 (1H, d, J = 17.2 Hz), 5.90
(1H, ddt, J = 10.4, 17.2, 5.7 Hz); 13C NMR (100 MHz, CDCl3): δ 64.1,

70.6, 71.8, 72.5, 117.6, 134.2; HRMS (FAB):m/z calcd for C6H12NaO3,
155.0679; found, 155.0685 ([M + Na]+).

(R)-5-((Allyloxy)methyl)-octamethyl-4,7-dioxa-3,
8-disiladecane (6)

To a stirred solution of 5 (3.90 g, 29.5 mmol) in dry DMF
(295 mL) was added imidazole (2.88 g, 42.3 mmol) and TBSCl
(12.9 g, 85.3 mmol) at 0 °C and the reaction mixture was warmed
to ambient temperature. After stirring overnight, the mixture
was quenched with sat aq. NaHCO3 while cooling in an ice bath
and extracted 3 times with Et2O. The extract was successively
washed with water and brine, dried (MgSO4), filtered and con-
centrated in vacuo. The residue was purified by SiO2 column
chromatography (hexane/EtOAc = 50:1) to give 6 (7.23 g, 68%) as
a pale yellow oil. [α]27D −0.149 (c 1.00, CHCl3); IR: νmax 3014 (w),
1471 (m), 1255 (m), 1108 (m); 1H NMR (400 MHz, CDCl3): δ .05 (6H,
s), .08 (6H, s), 0.89 (18H, s), 3.37 (1H, dd, J = 5.7, 9.9 Hz), 3.50 (1H,
dd, J = 4.6, 9.9 Hz), 3.54 (1H, dd, J = 5.6, 10.2 Hz), 3.59 (1H, dd,
J = 5.9, 10.2 Hz), 3.79-3.87 (1H,m), 3.99 (2H, dt, J = 1.5, 5.5 Hz), 5.15
(1H, ddd, J = 1.5, 3.3, 10.4 Hz), 5.26 (1H, ddd, J = 1.7, 3.4, 17.3 Hz),
5.90 (1H, ddt, J = 10.4, 17.3, 5.5 Hz); 13C NMR (100 MHz, CDCl3):
δ −5.4 (2C), −4.7, −4.6, 18.2 (3C), 18.3 (3C), 25.6, 25.9, 65.1, 72.2,
72.3, 72.7, 116.5, 135.0; HRMS (FAB): m/z calcd for C18H41O3Si2,
361.2589; found, 361.2596 ([M + H]+).

(R,Z)-5-((Hexadec-1-en-1-yloxy)methyl)-2,2,3,3,8,8,9,
9-octamethyl-4,7-dioxa-3,8-disiladecane (7)

To a stirred solution of 6 (1.00 g, 2.78 mmol) in dry THF
(27.7 mL), s-BuLi (1.0 m in cyclohexane/hexane, 4.05 mL, 4.05
mmol) was added dropwise at −78 °C under a nitrogen atmo-
sphere. After stirring for 30 min at the same temperature, a so-
lution of 1-iodotridecane (2.25 g, 7.26 mmol) in dry THF (11.0
mL) was added and the reaction mixture was warmed to am-
bient temperature and stirred overnight. The reaction mixture
was quenched with water while cooling in an ice bath and ex-
tracted 3 times with Et2O. The extract was successively washed
with water and brine, dried (Na2SO4), filtered and concentrated
in vacuo. The residue was purified by SiO2 column chromatog-
raphy (hexane/CH2Cl2 = 20:1) to give 7 (0.59 g, 39%) as a pale
yellow oil. [α]25D −6.58 (c 1.00, CHCl3); IR: νmax 3034 (w), 1659 (m),
1460 (m), 1253 (m), 1105 (s); 1H NMR (400 MHz, CDCl3): δ .05 (6H,
s), .08 (6H, s), 0.86-0.89 (21H, m), 1.26 (24H, m), 2.01-2.09 (2H, m),
3.53-3.55 (2H, m), 3.64 (1H, dd, J = 6.1, 10.4 Hz), 3.77-3.85 (2H, m),
4.28 (1H, q, J = 6.9 Hz), 5.92 (1H, d, J = 6.3 Hz); 13C NMR (100 MHz,
CDCl3): δ −5.5,−5.4,−4.8,−4.7, 14.1, 18.1 (3C), 18.3 (3C), 22.7, 24.1,
25.8, 25.9, 29.4 (2C), 29.6, 29.67, 29.68, 29.71 (4C), 29.9, 31.9, 64.7,
72.5, 74.2, 106.3, 145.5; HRMS (FAB): m/z calcd for C31H67O3Si2,
543.4623; found, 543.4627 ([M + H]+).

(S,Z)-3-(Hexadec-1-en-1-yloxy) propane-1,2-diol (8)

To the bis-TBS ether 7 (3.46g, 6.38 mmol) was added TBAF (1.0
m in THF, 25.5 mL, 25.5 mmol) at ambient temperature and the
reaction mixture was stirred for 12 h. The reaction mixture was
quenched with sat aq. NH4Cl and extracted 3 times with Et2O.
The extractwas successivelywashedwithwater and brine, dried
(Na2SO4), filtered and concentrated in vacuo. The residue was
purified by SiO2 column chromatography (hexane/EtOAc = 1:1)
to give 8 (1.88 g, 94%) as a white solid. [α]25D −2.38 (c 1.00, CHCl3);
IR: νmax 3280 (br), 3022 (w), 2848 (s), 1664 (m), 1467 (m), 1364 (s),
1118 (s); 1H NMR (400 MHz, CDCl3): δ .88 (3H, t, J = 6.5 Hz), 1.26
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(24H, s), 1.97 (1H, m), 2.05 (2H, q, J = 7.1 Hz), 2.42-2.48 (1H, m),
3.62-3.70 (1H, m), 3.72-3.84 (3H, m), 3.89-3.98 (1H, m), 4.41 (1H,
q, J = 6.8 Hz), 5.94 (1H, dd, J = 1.3, 6.2 Hz); 13C NMR (100 MHz,
CDCl3): δ 14.1, 22.7, 23.9, 29.3, 29.4, 29.6, 29.65, 29.67, 29.70 (4C),
29.72, 31.9, 63.6, 70.8, 73.0, 108.2, 144.5; HRMS (EI): m/z calcd for
C19H38O3, 314.2821; found, 314.2821 ([M]+).

(R,Z)-1-((tert-Butyldimethylsilyl)oxy)-3-(hexadec-1-
en-1-yloxy) propan-2-ol (9)

To a stirred solution of DMAP (0.140 g, 1.14mmol), TBSCl (0.345 g,
2.29 mmol) and Et3N (318 μL, 2.29 mmol) in CH2Cl2 (5.50 mL) was
added a solution of 8 (0.300 g, 0.954 mmol) in CH2Cl2 (1.66 mL)
at 0 °C. After 5 h, the reaction mixture was quenched with water
while cooling in an ice bath and extracted 3 times with CH2Cl2.
The extractwas successivelywashedwithwater and brine, dried
(Na2SO4), filtered and concentrated in vacuo. The residue was
purified by SiO2 column chromatography (hexane/EtOAc = 10:1)
to give 9 (0.323 g, 86%) as a pale yellow oil. [α]25D −4.74 (c 1.00,
CHCl3); IR: νmax 3454 (br), 3030 (w), 1665 (m), 1465 (m), 1255 (m),
1105 (m); 1H NMR (400 MHz, CDCl3): δ .08 (6H, s), 0.90 (12H, m),
1.26 (24H, m), 2.05 (2H, dq, J = 1.1, 7.2 Hz), 2.41 (1H, d, J = 5.6 Hz),
3.66 (1H, dd, J = 5.4, 10.1 Hz), 3.69 (1H, dd, J = 4.7, 10.1 Hz), 3.73-
3.78 (2H, m), 3.80-3.87 (1H, m), 4.36 (1H, q, J = 6.9 Hz), 5.94 (1H,
dt, J = 1.5, 6.2 Hz); 13C NMR (100 MHz, CDCl3): δ −5.5 (2C), 14.1,
18.3 (3C), 22.7, 23.9, 25.8, 29.3, 29.4, 29.5, 29.65, 29.66, 29.69 (4C),
29.8, 31.9, 63.5, 70.5, 72.3, 107.7, 144.8; HRMS (EI): m/z calcd for
C25H52O3Si, 428.3686; found, 428.3689 ([M]+).

(R)-1-((tert-Butyldimethylsilyl)oxy)-3-(((Z)-
hexadec-1-en-1-yl)oxy)propan-2-yl oleate (10)

To a stirred solution of oleic acid (1.77 m in EtOH, 1.27 mL, 2.25
mmol) and DMAP (0.276 g, 2.26 mmol) in CH2Cl2 (6.0 mL), ED-
C·HCl (0.651 g, 3.40 mmol) was added at ambient temperature.
After 30 min, 9 (0.486 g, 1.13 mmol) in CH2Cl2 (5.0 mL) was added
and resulting mixture was stirring overnight. The mixture was
quenched with water while cooling in an ice bath and extracted
3 times with CH2Cl2. The extract was successively washed with
water and brine, dried (Na2SO4), filtered and concentrated in
vacuo.The residuewas purified by SiO2 column chromatography
(hexane/EtOAc = 20:1) to give 10 (0.765 g, 97%) as a pale yellow
oil. [α]25D + 3.64 (c 1.00, CHCl3); IR: νmax 3004 (w), 2853 (s), 1741 (s),
1665 (m), 1464 (m), 1253 (m), 1108 (s); 1H NMR (400 MHz, CDCl3):
δ .06 (6H, s), 0.86-0.90 (15H, m), 1.26-1.30 (44H, m), 1.58-1.68 (2H,
m), 1.97-2.08 (6H, m), 2.31 (2H, t, J = 7.5 Hz), 3.72 (1H, dd, J = 5.1,
10.8 Hz), 3.75 (1H, dd, J = 5.2, 10.8 Hz), 3.84 (1H, dd, J = 5.6, 11.3
Hz), 3.89 (1H, dd, J = 4.6, 11.3 Hz), 4.34 (1H, q, J = 6.9 Hz), 5.00
(1H, quin, J = 5.1 Hz), 5.29-5.39 (2H, m), 5.90 (1H, dt, J = 1.4, 6.2
Hz); 13C NMR (100 MHz, CDCl3): δ −5.5 (2C), 14.1 (2C), 18.2 (3C),
22.7 (2C), 23.9, 24.9, 25.8, 27.2 (2C), 29.1 (2C), 29.2, 29.3 (2C), 29.4,
29.5, 29.6, 29.67, 29.70, 29.72 (6C), 29.8 (2C), 31.91, 31.93, 34.4, 61.3,
70.0, 72.8, 107.6, 129.7, 130.0, 144.9, 173.2; HRMS (EI):m/z calcd for
C43H84O4Si, 692.6139; found, 692.6135 ([M]+).

(S)-1-(((Z)-Hexadec-1-en-1-yl)oxy)-3-hydroxypropan-
2-yl oleate (11)

To a stirred solution of TBAF (1.0 m in THF, 0.2 mL, 0.2 mmol),
was added AcOH (58.0 μL, 0.966 μmol) to adjust the pH of the
solution to 4.4-4.7. The TBAF solution prepared above (0.8 m,
0.14 mL, 0.11 mmol) was added to a solution of 10 (31.6 mg,
0.0456 mmol) in dry THF (0.456 mL) at ambient temperature. Af-

ter stirring overnight, the reaction mixture was quenched with
sat aq. NaHCO3 and extracted 3 times with Et2O. The extract was
successively washed with water and brine, dried (Na2SO4), fil-
tered and concentrated in vacuo. The residue was purified by
SiO2 column chromatography (hexane/EtOAc = 6:1) to give 11
(16.0 mg, 61%) and acyl-migrated product S1 (2.1 mg, 8%) as a
pale yellow oil. [α]25D −2.66 (c 1.00, CHCl3); IR: νmax 3471 (br),
3005 (w), 2854 (s), 1740 (m), 1668 (m), 1460 (m), 1111 (m); 1H
NMR (400 MHz, CDCl3): δ .88 (6H, t, J = 6.8 Hz), 1.26-1.30 (44H,
m), 1.58-1.69 (2H, m), 1.89 (1H, t, J = 6.2 Hz), 1.98-2.08 (6H, m),
2.35 (2H, t, J = 7.6 Hz), 3.75-3.86 (2H, m), 3.89 (2H, d, J = 5.2
Hz), 4.39 (1H, q, J = 6.6 Hz), 5.04 (1H, quin, J = 5.2 Hz), 5.28-
5.40 (2H, m), 5.91 (1H, d, J = 6.6 Hz); 13C NMR (100 MHz, CDCl3):
δ 14.1 (2C), 22.7 (2C), 23.9, 24.9, 27.2 (2C), 29.07, 29.10, 29.2, 29.3
(3C), 29.4, 29.5, 29.6, 29.66, 29.68 (2C), 29.69 (2C), 29.71 (3C), 29.8,
31.90, 31.92, 34.3, 61.9, 70.1, 73.1, 108.2, 129.7, 130.0, 144.5, 173.6;
HRMS (FAB):m/z calcd for C37H70NaO4, 601.5166; found, 601.5170
([M + Na]+).

S1: [α]25D −2.98 (c 1.04, CHCl3); IR: νmax 3460 (br), 2922 (w),
2852 (m), 1742 (s), 1665 (s), 1465 (s), 1113 (s); 1H NMR (400 MHz,
CDCl3): δ .88 (6H, t, J = 6.9 Hz), 1.25-1.30 (44H, m), 1.63 (2H,
quint, J = 7.0 Hz), 1.99-2.08 (6H, m), 2.35 (2H, t, J = 7.6 Hz), 2.39
(1H, d, J = 4.9 Hz), 3.74 (1H, dd, J = 6.0, 10.5 Hz), 3.79 (1H, dd,
J = 4.6 10.5 Hz), 4.00-4.10 (1H, m), 4.11-4.23 (2H, m), 4.41 (1H, q,
J = 7.0 Hz), 5.30-5.39 (2H, m), 5.94 (1H, d, J = 6.2 Hz); 13C NMR
(100 MHz, CDCl3): δ 14.1 (2C), 22.7 (2C), 23.9, 24.9, 27.2 (2C), 29.1
(2C), 29.2, 29.3 (3C), 29.4, 29.5, 29.6, 29.67 (2C), 29.70 (3C), 29.71
(3C), 29.8, 31.91, 31.93, 34.1, 65.1, 70.0, 72.5, 108.5, 129.7, 130.0,
144.4, 174.0; HRMS (FAB): m/z calcd for C37H70NaO4, 601.5166;
found, 601.5173 ([M + Na]+).

(2R)-1-(((2-((((9H-fluoren-9-yl)methoxy)carbonyl)
amino)ethoxy) (2-cyanoethoxy)phosphoryl)oxy)-
3-(((Z)-hexadec-1-en-1-yl)oxy)propan-2-yl oleate (13)

To a stirred solution of 11 (61 mg, 0.11 mmol) in dry MeCN
(5.5 mL), 1H-tetrazole (31 mg, 0.44 mmol) was added at 0 °C. Af-
ter 45 min, a solution of 12 (305 mg, 0.63 mmol) in dry MeCN (6.3
mL) was added at the same temperature and the resulting mix-
ture was warmed to ambient temperature. After checking the
consumption of 11 (ca. 1 h), TBHP (5.5 m in decane, 0.29 mL, 1.6
mmol) was added to the reaction mixture. After stirring for 30
min, themixture was quenchedwith sat aq. NaHCO3 while cool-
ing in an ice bath and extracted 3 times with EtOAc. The extract
was successively washed with water and brine, dried (Na2SO4),
filtered and concentrated in vacuo. The residue was purified by
SiO2 column chromatography (hexane/EtOAc = 1:4) to give 13
(77.7 mg, 75%) as a pale yellow oil. [α]24D −9.33 (c 0.15, CHCl3); IR:
νmax 3013 (w), 2853 (m), 1725 (m), 1523 (m), 1451 (m), 1247 (m); 1H
NMR (600 MHz, CDCl3): δ 0.88 (6H, t, J = 7.1 Hz), 1.25-1.28 (44H,
m), 1.57-1.66 (2H, m), 1.97-2.05 (6H, m), 2.32-2.35 (2H, m), 2.72-
2.75 (2H, m), 3.50-3.53 (2H, m), 3.81-3.86 (2H, m), 4.16-4.31 (7H,
m), 4.38-4.41 (3H, m), 5.19 (1H, quin, J = 5.1 Hz), 5.30-5.37 (2H, m),
5.40-5.50 (1H,m), 5.87 (1H, d, J= 4.1 Hz), 7.32 (2H, t, J= 7.4 Hz), 7.41
(2H, t, J = 7.4 Hz), 7.61 (2H, d, J = 7.4 Hz), 7.77 (2H, d, J = 7.4 Hz); 13C
NMR (150 MHz, CDCl3): δ 14.1 (2C), 19.7, 22.7 (2C), 23.9, 24.8, 27.2
(2C), 29.08, 29.13, 29.2, 29.3 (2C), 29.35, 29.37, 29.54, 29.61, 29.67,
29.69, 29.70, 29.72, 29.73 (2C), 29.74 (2C), 29.8, 31.9 (2C), 34.2, 41.3,
47.1, 62.1 (d, J = 4.9 Hz), 66.0 (d, J = 5.8 Hz), 66.9, 67.5 (d, J = 6.3 Hz),
69.1 (d, J = 2.7 Hz), 70.2 (d, J = 5.8 Hz), 108.7, 116.3, 120.0 (2C), 125.1
(2C), 127.1 (2C), 127.7 (2C), 129.7, 130.0, 141.3 (2C), 143.8 (2C), 144.3,
156.4, 173.0; HRMS (FAB):m/z calcd for C57H89N2NaO9P, 999.6198;
found, 999.6206 ([M + Na]+).
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(2R)-1-(((2-Aminoethoxy) (hydroxy)phosphoryl)oxy)-3-
(((Z)-hexadec-1-en-1-yl)oxy)propan-2-yl oleate:
PlsEtn-[16:0/18:1 n-9] (1)

To a stirred solution of 13 (40mg,0.041mmol) in dryDMF (0.8mL)
was added piperidine (32 μL, 0.33 mmol) at 0 °C and the result-
ing mixture was warmed to ambient temperature. After stirring
overnight, the reaction mixture was quenched with phosphate
buffer (phosphate-buffered saline/saturated NaCl, pH = 7.2-7.4,
20 mL) and extracted 3 times with CH2Cl2. The extract was dried
(Na2SO4), filtered and concentrated in vacuo. The residue was
roughly purified by Cosmosil 75C18 −PREP (CHCl3/MeOH = 1:4) to
give crude 1, which was purified by HPLC (COSMOSIL 5C18-MS-II,
10 mm × 250 mm, 40 °C, UV: 210 nm, flow: 5 mL/min, MeOH) to
give 1 (15.2 mg, 53%) as a pale yellow oil. [α]27D −0.47 (c 0.275,
CHCl3); IR: νmax 3414 (br), 3006 (w), 2853 (m), 1738 (m), 1665 (m),
1466 (m), 1231 (m), 1080 (m); 1H NMR (600 MHz, CDCl3): δ 0.88
(6H, t, J = 7.2 Hz), 1.25-1.30 (44H, m), 1.57-1.63 (2H, m), 1.96-2.01
(6H,m), 2.32 (2H, t, J= 7.5 Hz), 3.13 (2H, brs), 3.84-4.00 (4H,m), 4.07
(2H, brs), 4.34 (1H, q, J = 10.7 Hz), 5.10-5.19 (1H, m), 5.30-5.38 (2H,
m), 5.90 (1H, d, J= 6.2 Hz), 8.47 (2H, br); 13C NMR (150MHz, CDCl3):
δ 14.1 (2C), 22.70, 22.71, 23.9, 25.0, 27.2 (2C), 29.18, 29.24, 29.33 (2C),
29.34 (2C), 29.42 (2C), 29.44, 29.56, 29.71 (2C), 29.72, 29.77, 29.78,
29.80, 29.81, 29.82, 31.9, 32.0, 34.3, 40.4, 62.2, 63.8, 70.1, 71.4 (d,
J = 7.5 Hz), 107.8, 129.7, 130.0, 144.7, 173.2; 31P NMR (320 MHz,
CDCl3): δ 0.382; HRMS (FAB): m/z calcd for C39H77NO7P, 702.5432;
found, 702.5443 ([M + H]+).

Supplementary material

Supplementary material is available at Bioscience, Biotechnology,
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