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Abstract
Nonpolar ether lipids of 1-O-alkyl-2,3-diacyl-sn-glycerol type are major constituents of
the liver oils of shark, dogfish and various other species of elasmobranch fish. Methoxyl
substituted alkylglycerols of the (2’R)-1-O-(2’-methoxyalkyl)-sn-glycerol type are a very
interesting subgroup of the ether lipids that possess a methoxyl group located at the 2position of the 1-O-alkyl chain. They were discovered and isolated in the late 1970s from
Greenland shark liver oil, where they account for 4% of the total amount of the glyceryl
ethers, and they have been claimed to display various interesting biological activities.
Some years after their discovery a fascinating docosahexaenoic acid (DHA) like
methoxylated
alkylglycerol,
an
all-cis-(2'R)-1-O-(2´-methoxy-4,7,10,13,16,19docosahexaenyl)-sn-glycerol was found in Greenland shark liver oil.
The work described in this thesis reveals our attempts to synthesize this fascinating DHAlike methoxylated ether lipid possessing two stereogenic centres and the omega-3
polyunsaturated methylene interrupted all-cis hexaene framework by a highly convergent
synthesis. Our first attempt was based on attaching a tetrayne tail part building block to a
middle part diyne building block possessing a chlorohydrin moiety by a copper promoted
coupling reaction which was successfully executed. The tetrayne tail part was synthesized
by use of efficient successive copper promoted coupling reactions involving propargyl
bromides. The middle part diyne was also successfully synthesized by use of (R)epichlorohydrin as a chiral precursor. The resulting chlorohydrin hexayne was submitted
to partial hydrogenation by use of a Lindlar catalyst and although there is no question that
the majority of the material was being converted to the desired hexaene there were strong
indications of an overhydrogenation taking place such that a significant part of the material
got hydrogenated beyond the all-cis hexaene level.
Attachment of the second chiral starting material (R)-solketal to the chlorohydrin hexaene
chain was a straight-forward reaction but resulted in low yield as a result of instability of
the polyunsaturated cholorohydrin. Despite these difficulties the total synthesis was
completed in 15 steps and the intended compound accomplished as an impure material.
Despite the impurities we managed to obtain satisfactory elementary analysis of the target
molecule by high-resolution accurate mass spectrometry analysis.
Finally, a new synthetic approach was developed in an attempt to simplify the total
synthesis and solve the above mentioned problems. That is based on a the use of the same
tetrayne tail part with a different diyne head group already methoxylated and possessing
both stereogenic centres on place. The first steps have been successfully executed and this
alternative appears to be very promising.
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Útdráttur
Óskautuð eterlípíð af gerð 1-O-alkyl-2,3-díasyl-sn-glyseróla koma fyrir í umtalsverðu
magni í lýsi hákarla, háfa og annarra tegunda brjóskfiska. Metoxyl setin alkylglyseról af
gerð (2’R)-1-O-(2’-metoxyalkyl)-sn-glyceróla eru afar áhugaverður undirflokkur eterlípíða
þar sem metoxyl hópur er staðsettur í 2-stöðu 1-O-alkyl keðjunnar. Efnin fundust og voru
einangruð úr lýsi grænlandshákarls seint á 7. áratug liðinnar aldar þar sem þau mynda 4 %
af heildarmagni eterlípíðanna. Vísbendingar eru um að þau hafi til að bjóða áhugaverða
eiginleika lífvirkni. Fáeinum árum eftir uppgötvun þessara efna fannst afar heillandi
afbrigði af metoxyl eterlípíðunum með ómega-3 fjölómettaða alkyl keðju sem er nákvæm
eftirmynd þeirrar í hinni þekktu ómega-3 fjölómettuðu fitusýru dókósahexaensýru (DHA).
Þetta efni, cis-(2'R)-1-O-(2´-metoxy-4,7,10,13,16,19-dókósahexaenyl)-sn-glyseról, fannst í
lýsi grænlandshákarlsins.
Rannsóknavinnan sem hér er fjallað um lýsir tilraunum til að smíða þetta heillandi DHAlíka metoxylaða eterlípíð með tvær hendnimiðjur og hina ómega-3 fjölómettuðu skipan
með öll tvítengin sex cis-skipuð með samsettri efnasmíði. Fyrsta atlaga gerði ráð fyrir
tengingu á tetrayn halastykki sem byggingareiningu við díyn klóróhydrín miðstykki í
kopar-miðluðu tengihvarfi og tókst það. Tetrayn halastykkið var smíðað með röð koparmiðlaðra tengihvarfa sívaxandi própargyl brómíða við endastæð asetylíð. Millistykkið var
smíðað úr hendnum forvera, (R)-epiklóróhydríni. Hið samsetta klóróhydrín hexayn var
síðan vetnað hvataðri hlutvetnun með Lindlar hvata og þótt enginn vafi leiki á að þetta
tækist að verulegu leyti var ekki unnt að komast hjá yfirmettun þannig að einhver hluti
þrítengjanna mettaðist að fullu.
Tenging hexaen klóróhydrínsins við síðara hendna upphafsefnið (R)-sólketal, þar sem
glyseról hluti sameindarinnar var innleiddur átti sér stað í lágum heimtum einkum vegna
óstöðugleika hins fjólómettaða klóróhydríns. Þrátt fyrir erfiðleika tókst engu að síður að
ljúka heildarsmíðinni sem spannaði samtals 15 skref og fékkst hið fyrihugaða efni þótt
hreinleikinn væri alls ekki fullnægjandi. Staðfesting á lokamyndefninu fékkst fyrir tilstilli
hágæða nákvæmrar massagreiningar á efninu.
Að lokum var ný nálgun á efnasmíðinni þróuð bæði til einföldunar og til að sneiða framhjá
vandamálunum sem upp komu. Sú leið byggir eftir sem áður á tetrayn halastykkinu úr fyrri
atlögunni, en í þetta sinn með nýtt díyn hausstykki metylað og með báðar hendnimiðjurnar
til staðar. Fyrstu skrefin hafa verið framkvæmd og lofa þau mjög góðu um framhaldið.
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Introduction

In this MS project the main focus is on synthesis of a most remarkable naturally occurring
compound, first discovered in shark liver oil. This natural product belongs to a group of
so-called ether lipids of the 1-O-alkylglycerol type and its structure is shown in Figure 1.
It is unusual in the sense that the alkyl chain is not only methoxylated at the 2-position but
also polyunsaturated and possessing the all cis methylene interrupted (or skipped) hexaene
omega-3 framework that is identical to that in docosahexaenoic acid (DHA). DHA is one
of two of the most important omega-3 polyunsaturated fatty acids that are characteristic of
marine fat (see Figure 6 on page 3).

H 3CO H
all cis-1-O-(2´ -methoxy-4,7,10,13,16,19-docosahexaenyl)-sn-glycerol

O
OH
H
OH

Figure 1. The DHA like 2'-methoxylated alkylglycerol.
This thesis is divided into 5 sections. Section 1 is an introduction where the background of
this work is discussed including general espects of lipids and fats, ether lipids,
methoxylated ether lipids and their chemical synthesis. Section 2 describes the project and
shows how the syntheses were designed by retrosynthetic analysis. Section 3 reveals the
results and provides a discussion of these results. Section 4 is a conclusion of this work by
summarizing the main results. Finally, Section 5 provides all the experimental details.

1.1 Fatty acids
Fatty acids are carboxylic acids possessing an alkyl (alifatic hydrocarbon) chain. In Nature
fatty acids are synthesized via the fatty acid synthase complex by condensation of malonyl
coenzyme A units.1 Fatty acids often have a common name which refers to their historical
source, but they also have systematic names originated in the IUPAC name system.2
Accordingly, the carbon nearest to the carboxyl carbon is denoted alfa (α), the second one
is denoted beta (β) and so forth.2 The carboxyl head group end is called the alfa end and
the terminal methyl end is called the omega (ω) end.3 In Figure 2 the structure of a
saturated fatty acid is illustrated by this systematic approach, where n represents a whole
numer.

ω
H3C

CH2

n

γ



CH 2

CH2


CH 2

COOH

Figure 2. Structure of a saturated fatty acid.
In Nature fatty acids are usually found containing an even number of carbons, mostly
between 14-24 carbons in length.4 Fatty acid that is just a straight hydrocarbon chain is
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called saturated but if a single double bound exists in the fatty acid it is called
monounsaturated. When the fatty acid possesses two or more double bonds the fatty acid
is considered to be polyunsaturated. Double bonds are most commonly found in cis
configuration but the trans configuration also exists in fatty acids. When a fatty acid
contains a double bond a shorthand designation in the form of CX:Y n-x is used, where X
refers to the number of carbons in the chain and Y to the number of double bonds with x
marking the position of the first double bond from the omega end. In polyunsaturated fatty
acids (PUFAs) the double bonds are usually interrupted by a methylene group and thus
from the shorthand designation the position af all the double bonds can be predicted even
though not formally stated. In Figure 3 two common saturated and monounsaturated fatty
acids can be seen along with their shorthand designation for illustration.

HO

HO

O

O
(C18:1 n-9)

(C18:0)

Figure 3. Saturated and monounsaturated fatty acids along with their shorthand
designation.
Two important properties of fatty acids should be pointed out at this stage, that is melting
point and oxidation. Saturated fatty acids have a free rotation about their C-C bonds and
therefore endeavor for the most energy favorable shape which is fully extended. This
allows them to pack closely together in crystals causing the higher saturated fatty acids to
remain solid at room temperature. As their unsaturation increases they can no longer pack
as close together causing decrease in their melting point. Oxidation can be a problem but
as unsaturation increases the fatty acid susceptibility for oxidation increases.1,4

1.2 Polyunsaturated fatty acids
Essential fatty acids (EFA) are those fatty acids that are indispensable for development and
maintenance of the human body, but cannot be synthesized by the organism itself and
therefore must be obtained from diet. These fatty acids are the n-6 and n-3 PUFAs linoleic
acid (C18:2 n-6) and α-linolenic acid (C18:3 n-3) shown in Figure 4. They serve as
precursors to the n-6 and n-3 families of PUFA, respectively.5
HO

HO
O
Linoleic acid (C18:2 n-6)

O
-Linolenic acid (C18:3 n-3)

Figure 4. The two essential n-6 and n-3 fatty acids, octadeca-9,12-dienoic and octadeca9,12,15-trienoic acids.
The location of the double bonds farthest from the carboxylic acid head, explains the
inability of humans to biosynthesize linoleic acid and α-linolenic acid, since mammals
cannot incorporate a double bond further than nine carbons away from the carbonyl group
of fatty acids.6 These essential fatty acids can be found in all kinds of corn- and starch oils.
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In mammals these two essential fatty acids can be further metabolised into four other
essential fatty acids. They are the n-6 PUFAs dihomo-γ-linolenic acid (C20:3 n-6) and
arachidonic acid (C20:4 n-6) derived from linoleic acid (see Figure 5), and the n-3 PUFAs
eicosapentaenoic acid (EPA, C20:5 n-3) and docosahexaenoic acid (DHA, C22:6 n-3)
derived from α-linolenic acid (see Figure 6).7

O
HO

HO

O
(C20:3 n-6)

(C20:4 n-6)

Figure 5. Dihomo-γ-linolenic acid and Arachidonic acid.
All these PUFAs serve as important precursors to the various highly potent eicosanoids,
prostaglandins and leukotrienes, but EPA and DHA to the more recently discovered
resolvins and protectins.8-10 The structure of these immensely important PUFAs is
illustrated in Figures 5 and 6 along with their shorthand designation.

O
HO

HO
O

Eicosapentaenoic acid (C20:5 n-3)

Docosahexaenoic acid (C22:6 n-3)

Figure 6. All cis-eicosa-5,8,11,14,17-pentaenoic acid (EPA) and all cis-docosa4,7,10,13,16,19-hexaenoic acid (DHA).
The two n-3 PUFAs can be obtained directly from the diet, mainly from marine fat and fish
oil where they together usually account for about 20% of the fatty acid content.5,11 Studies
have shown numerous beneficial effects of EPA and DHA, for example against
cardiovascular diseases, autoimmune diseases, such as rheumatoid arthritis, inflammatory
bowel diseases and psoriasis, and other inflammatory disorders such as asthma.12,13
Currently, there is a general interest among scientists in the beneficial effects of EPA and
DHA on various mental disorders such as Alzheimer dementia14 and depression.15,16
Because of rising awareness of beneficial effects of EPA and DHA there is a strong
demand for EPA and DHA concentrates by the health and dietary food industry as dietary
supplements as well as the pharmaceutical industry for drugs.5,17

1.3 Glycerol and acylglycerols
Glycerol is a prochiral compound possessing a stereogenic centre at the central carbon to
which two hydroxymethyl groups are attached. A stereospecific numbering (sn) system
based on the Fischer projection of a natural L-glycerol is used to identify each of the
enantiotopic positions of the glycerol moiety (see Figure 7). The prefix sn is then
included in the compound name; if not, the compound is either racemic or its
3

stereochemistry unknown. When a group such as an acyl group is introduced to the sn-1 or
sn-3 position of the glycerol it becomes chiral possessing S or R configuration,
respectively.1 This means that the sn-1 position of the prochiral glycerol refers to its pro-S
hydroxymethyl group and the sn-3 similarly to its pro-R group.

H2C

sn-2 HO

OH

sn-1

OH

sn-3

H
H2C

Figure 7. Stereospecific numbering of glycerol
In fats and oils fatty acids are commonly attached to glycerol via ester linkage. If the
glycerol is esterified at all three positions then it is called triacylglycerol (TAG),
diacylglycerol (DAG) if there are two fatty acids attached and monoacylglycerol (MAG) if
one fatty acid is attached.
Alkyl chains can also be attached to glycerol through ether linkage. The prefix sn is then
used in the compound name like mentioned before, but x-O- is cut in front of the
compounds name where x can be 1,2 or 3, and indicates the location of the ether linkage to
the glycerol and O means that the glycerol and alkyl chain are connected through an ether
bond. This is illustrated in Figure 8 showing MAG and DAG and Figure 9 showing TAG
and diacylglyceryl ether (DAGE) as an example of an ether lipid (EL).

O

O
R

O

OH

R

O
O

O
R

OH

OH

MAG

DAG

R = Hydrocarbon chain

Figure 8. Structure of MAG and DAG.
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R
O

O
O

O
R

R

O

O

O

R

O

R

O
R

O

O

TAG

DAGE

R = Hydrocarbon chain

Figure 9. Structure of TAG and DAGE.

1.4 1-O-Alkyl-sn-glycerols
In 1915 the first 1-O-alkyl-sn-glycerol was isolated from the unsaponifiable fraction of the
starfish Asterias rubens.18 Much later this isolated compound was assigned as batyl
alccohol.19 Two scientists, Tsujimoto and Toyama,20 isolated and recorded the chemical
properties of the 1-O-alkyl-sn-glycerols comprising stearyl (C18:0), palmityl (C16:0) and
oleyl (C18:1) fatty alkyl chains, when working with unsaponifiable fractions from
cartilaginous fish. They gave them the trivial names batyl (C18:0), chimyl (C16:0) and
selachyl (C18:1) alcohols (Figure 10), respectively, the names derived from their sources
in the liver oils of rays, ratfish and sharks of the Batoidei, Chimaeroidei and Selachoidaei
families. In these oils and in Nature these ether lipids commonly occur diacylated as
diacylglyceryl ethers (DAGE).21,22

O
OH
H
OH

Batyl alcohol (C18:0)

O
OH

Chimyl alcohol (C16:0)

H
OH

O
Selachyl alcohol (C18:1)

OH
H
OH

Figure 10. Chemical structure of batyl-, chimyl- and selachyl alcohols.
1-O-alkyl-sn-glycerols, also referred to as ether lipids or alkylglycerols consist of a great
variety of lipid compounds whose common characteristic is carrying an ether linkage.21,22
Glycerol based ether lipids are normally minor constituents of most cell membranes in
mammals, but in contrary, major components in archaeal cell membranes. The most
prevalent glycerol ether backbones found in nature consist of an O-alkyl or O-alk-1'-enyl
group attached to glycerol at position sn-1 like in Figure 10.21,22
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Naturally occurring 1-O-alkyl-sn-glycerols are widely spread among marine and land
animals but appear to be almost absent in plant cells.18,23-26 In humans, they are
ubiquitously found in different tissues, although often as minor lipid components.27
In general, the O-alkyl moiety comprises an even number of saturated or monounsaturated
chains, ranging from 14 to 22 carbon atom in length. The most prevalent 1-O-alkyl-snglycerols found in nature are the previously mentioned batyl-, chimyl- and selachyl
alcohols (Figure 10).
1-O-Alkyl-sn-glycerols are considered to have therapeutic potential and multi biological
activities.28,29 Antineoplastic, immune stimulant and adjuvant properties are all
demonstrated features. 1-O-Alkyl-sn-glycerol diet (concentrate from shark liver oil) has
been shown to prevent leukopenia and thrombocytopenia in patients undergoing cancer
radiation treatment.30 They have been shown to enhance antibody production and stimulate
macrophages in vivo, which may in some way explain high amounts found in human
colostrum and milk, presumably to compensate the immature immune system in
newborns.31-33 Toxicity against goldfish, antibacterial and antifungal properties are known
and reported34-36along with reduction in tumour growth and metastasis rate of tumour cells
in vivo.37

1.5 1-O-(2'-Methoxyalkyl)-sn-glycerols
1-O-(2'-methoxyalkyl)-sn-glycerols are naturally occurring methoxyl substituted
alkylglycerols of the (2'R)-1-O-(2'-methoxyalkyl)-sn-glycerol type.22 These ether lipids
possess a methoxyl group located at the second carbon of the 1-O-alkyl chain. They were
discovered and isolated for the first time by Hallgren and Stallberg in 1967 from the
unsaponifiable matter of Greenland shark (Somniosus microcephalus) liver oil where they
accounted for 4% of the total amount of the alkylglycerols. 38 The principal constituents of
the methoxylated alkylglycerol fraction were found to be a saturated 1-O-(2'-methoxyhexadecyl)-sn-glycerol and two monounsaturated analogues, cis-1-O-(2'-methoxyhexadec-4'enyl)-sn-glycerol and cis-1-O-(2'-methoxyoctadec-4'-enyl)-sn-glycerol, comprising a cisconfigured double bond at the 4-position of the alkyl moiety.22 Figure 11 reveals the
chemical structure of these three 1-O-(2'-methoxyalkyl)-sn-glycerols.

6

H 3CO H

O
OH
H

1-O-(2´ -methoxyhexadecyl)-sn-glycerol

O

H3 CO H

OH
H

cis-1-O-(2´ -methoxyhexadec-4´ -enyl)-sn-glycerol

H 3CO H
cis-1-O-(2 ´-methoxyoctadec-4´ -enyl)-sn-glycerol

OH

OH

O
OH
H
OH

Figure 11. The three major 2'-methoxylated alkylglycerols found in Nature.
Some years later Hallgren et al. discovered a remarkable DHA-like methoxylated alkylglycerol, an all-cis-1-O-(2'-methoxy-4,7,10,13,16,19-docosahexaenyl)-sn-glycerol (Figure
1), also from Greenland shark liver oil.39 The absolute configuration of these alkylglycerol
analogues remained unknown for two decades after their discovery, until 1990, when
Stallberg40 determined the R configuration at the chiral carbon bearing the methoxyl group
in the alkyl chain and confirmed the S configuration of the glycerol moiety like in the
ordinary 1-O-alkyl-sn-glycerols.22
Like for 1-O-alkyl-sn-glycerols the 1-O-(2'-methoxyalkyl) chain length ranges between
C14 and C22 in marine animals and terrestrial mammals. The chain is primarily saturated
and monounsaturated, but polyunsaturated alkyl chains also exist.26,38,41 The most prevalent
1-O-(2'-methoxyalkyl)-sn-glycerols found in Nature comprise hexadec-4'-enyl, hexadecyl
and octadec-4'-enyl alkyl chains (Figure 11).
Both naturally occurring and synthetic stereoisomeric mixture of 1-O-(2'-methoxyhexadecyl)-sn-glycerol have shown numerous health beneficial potentials, for example
antibacterial activity, fungistatic effect, immune stimulating properties and inhibition of the
human colon cancer cell lines Moser, HT29 and HCT116.22

1.6 Chemical syntheses of 1-O-(2'-methoxy-alkyl)-snglycerols
1-O-(2'-methoxyalkyl)-glycerols were first synthesized as a mixture of stereoisomers by
Hallgren and Stallberg in 196738, when they synthesized 1-O-(2'-methoxyhexadecyl)glycerol. Following the same methodology Stallberg synthesized the monounsaturated 2'methoxylated alkylglycerol ((Z)-1-O-(2'-methoxyhexadec-4'-enyl)glycerol) as a mixture of
4 stereoisomers in 197542 and then later in 199040 he synthesized the naturally occurring
(2'-R)-1-O-(2'-methoxyhexadecyl)-sn-glycerol (see Figure 11) enantiomerically pure.
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Magnusson and Haraldsson were the first to report on a full synthesis of a monunsaturated
2'-methoxylated alkylglycerols in 2010 by their six step total synthesis of enantiomerically
pure (Z)-(2'R)-1-O-(2'-methoxyhexadec-4'-enyl)-sn-glycerol using (R)-epichlorohydrin and
(R)-solketal as chiral precursors.43 Their synthetic route is shown in the reaction scheme in
Figure 12.

(R)

BF3 ·Et2O,
n-BuLi
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C11H 23

-78°C, THF

Cl
C11 H23

OH
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C 11 H 23
OH

50%
TBAB, KOH
25°C

HO

O
(R)

96%
Ag2 O, MeI

C 11 H23
H

O
H

25°C, toluene

Amberlyst 15

C 11 H23
H 3CO H

O
H

62%

O

EtOH (96%)
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O

O
O

Cl

H 2, 1 atm, 25°C

93%

O

OH

C 11 H23
H 3CO H

O
H
OH
OH

99%
(Z)-(2´ R)-1-O-(2 ´-methoxyhexadec-4´-enyl)-sn-glycerol

Figure 12. Magnusson and Haraldsson’s synthesis of enantiomerically pure (Z)-(2'R)-1O-(2'-methoxyhexadec-4'-enyl)-sn-glycerol.43
The synthesis started with regioselective opening of (R)-epichlorohydrin followed by
highly stereoselective partial hydrogenation over Lindlar catalyst which afforded
chloroalkenol comprising a cis-configured double bond in its 4-position. The chloroalkenol
was then reacted with (R)-2,3-O-isopropylidene-sn-glycerol in the presence of grounded
potassium hydroxide and tetra-n-butylammonium bromide in a solvent free reaction.
Subsequently the hydroxyl group was methylated and, finally, the (R)-2,3-Oisopropylidene-sn-glycerol part deprotected under mild reaction conditions affording (Z)(2'R)-1-O-(2'-methoxyhexadec-4'-enyl)-sn-glycerol in 27% yields overall as based on (R)epichlorohydrin.

8

2 Project description and synthesis
design
As described above the Haraldsson group had reported on the total synthesis of the
enantiomerically pure (Z)-(2'R)-1-O-(2'-methoxyhexadec-4'-enyl)-sn-glycerol43 which
belongs to the group of methoxylated alkylglycerols (see Figure 12). Also, Hallgren el al.
had discovered the remarkable DHA-like methoxylated alkylglycerol, all cis-1-O-(2'methoxydocosa-4',7',10',13',16',19'-hexaenyl)-sn-glycerol 1.
This unusual natural product had never been synthesised, so with the full synthesis of the
enantiopure monounsaturated methoxylated 1-O-alkylglycerol adduct freshly published
and the group's previous knowledge of polyunsaturated omega-3 fatty acids at hand,
synthetic approach for this natural product was clearly on its way.
In this section of the thesis the design of the total synthesis of target compound 1 is
described, first through retrosynthetic analysis that resulted in the initial synthetic route
that is described in Figure 13. For sake of clarity it was decided to show this rather
extensive synthetic route comprising 15 steps right at the beginning of this section. More
details will be provided in Section 3 of the thesis. This approach bears a strong
resemblance to the synthesis of the enantiopure (Z)-(2'R)-1-O-(2'-methoxyhexadec-4'enyl)-sn-glycerol by Magnusson and Haraldsson43 described in Figure 12 from hexayne
chlorohydrin 12 and onwards. The synthetic route to 12 is based on procedures developed
by Russian chemists reporting on condensation of terminal acetylenes with propargyl
halides in the presence of copper(I) iodide, sodium iodide and potassium carbonate at room
temperature.44-46
Then, an alternative approach aiming at improving the initial approach will be discussed
based on a different retrosynthetic analysis involving a different head group and a different
approach to complete the task, but still utilizing the copper(I) iodide mediated approach to
deal with the polyunsaturated tail part of the molecule.

9

TMS

TMS
Cl

HO

+

O

H

H

HO

+

H

+

Br

Br

TMS
Cl

HO

HO
OH

TMS

8

4

2

H

HO

Cl
9

OH

H

+

Br
3

5

TMS

Br

HO
TMS

Cl

6

OH
10
H

Cl

+

Br

OH
11

7
Cl
OH

12

OH
Cl
13 OH
O
O
O
OH

14

OCH 3

15

OCH 3
OH

1

O
O

O
O
O

O

OH

Figure 13. The initial route to the total synthesis of the methoxylated ether lipid 1.
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2.1 Retrosynthetic approach and synthesis design
The initial synthetic approach towards the all cis-1-O-(2’-methoxy-4,7,10,13,16,19docosahexaenyl)-sn-glycerol target product 1 was based on the retrosynthetic analysis
shown in Figure 14. As can be noticed the result is a highly convergent synthesis.

O
OCH3
OH

1

Head group

OH
OH
H

Cl

O

HO

OH

O

11

6

Figure 14. Disconnection of target compound 1 into three key intermediates.
The target compound 1 was disconnected into three key intermediates or building blocks,
which were worked on individually and then at a later stage connected together. These are
the ‘head group’, which is a chiral starting material commercially available as (R)-solketal
and only requires a deprotection of the isopropylidene protective group at a later stage in
the synthesis, the ‘diyne middle part’ 11 and the ‘tetrayne tail part’ 6.
The tetrayne terminal part 6 was further disconnected into two methylene interrupted diyne
propargyl alcohol intermediates 2 and 5 that were eventually disconnected into the three
commercially available starting materials, including propargyl alcohol, TMS-protected
propargyl bromide and propargyl alcohol possessing the terminal ethyl group (intended as
the n-3 end of the final product). This retrosynthetic analysis of tail part building block 6 is
demonstrated in Figure 15.
OH
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Br HO
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Figure 15. Further disconnection of tetrayne tail part 6 into commercially available
starting materials.
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Likewise, the diyne chlorohydrin middle part 11 was further disconnected into a
chlorohydrin monoyne intermediate 9 and subsequently to two commercially available
starting materials, TMS-protected acetylene and enantiopure (R)-epichlorohydrin. This is
illustrated in Figure 16. Thus, the enantiocontrol is based on the use of two commercially
available chiral precursors.

Br

H
11

HO H

Cl

H
TMS

HO H

Cl

H
Cl
O

9

TMS

Figure 16. Further disconnection of diyne middle part 11 into monoyne 9 and
commercially available starting materials.

2.2 Alternative retrosynthetic approach and synthesis
design
A revised synthetic approach for the total synthesis of the polyunsaturated DHA-like
methoxylated ether lipid 1 differs in an alternative disconnection of the target molecule 1
into two subunits instead of three as described before. This is illustrated in Figure 17.
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OCH3
OH

1
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OCH 3

HO
6

21

Figure 17. An alternative disconnection of target molecule 1.
Here the tetrayne alchohol tail part 6 remains the same as in the previous approach, but
there is a new head group 21, where the middle part and the isopropylidene protected
glycerol head group from the previous synthesis have been combined.
This new head group may be disconnected to monoyne 19, further to epoxide 16 and
eventually to commercially available ethynyltrimethylsilane and the chiral precursors (S)epichlorohydrin and (R)-solketal. This is illustrated by the retrosynthetic analysis shown in
Figure 18.
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Figure 18. Retrosynthetic analysis of the new headgroup 21.
The corresponding synthetic route towards the new head group is shown in Figure 19.
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Figure 19. The synthesic route to the new headgroup 21.
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3 Results and discussion
The third section describes the results of the synthetic work towards the total synthesis of 1
described in this thesis and provides discussion of these results. It is divided into four parts.
The first part describes the synthesis of the tetrayne tail part 6 that is a building block
common to both synthetic approaches described in Section 2 and is based on the
retrosynthetic analysis provided in Figure 15. The second part describes the synthesis of
the middle part building block 11 of the initial synthetic route in accordance with the
retrosynthetic analysis provided in Figure 16. In the third part attachment of the building
blocks and later steps towards completing the synthesis according to the initial approach is
described. Finally, the fourth part describes some of the initial steps towards the synthesis
of the new head part building block 21 according to the restrosynthetic analysis provided in
Figure 18.

3.1 Synthesis of the tetrayne tail part.
Figure 20 shows the synthetic route that was followed to synthesize the tetrayne tail part 6
and its bromide adduct 7. The first steps were based on procedures developed by Russian
chemists reporting on condensation of terminal acetylenes with propargyl halides in the
presence of copper(I) iodide, sodium iodide and potassium carbonate at room
temperature.44-46 This first part of the total synthesis of 1 was clearly quite satisfactory and
the sequential copper based coupling approach appears to work quite well with good yields
being obtained in all reactions.
H
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b

HO

78% yield

90% yield
Br

HO

Br

3

2

d
76% yield

H

TMS

TMS

a
HO

+
HO

c
62% yield
overall

H
HO

4

Br

5

b

HO

71% yield
6

Br
7

Figure 20. Synthesis of the tetrayne tail part 6 and its conversion to the bromide 7.
Reaction conditions: (a) CuI, NaI, K2CO3, DMF, r.t., 48h; (b) Ph3P, CBr4, CH2Cl2, 025°C, 3h; (c) AgNO3, H2O/CH2Cl2/MeOH, r.t., 3-4h; (d) CuI, NaI, Cs2CO3, DMF, r.t., 24h.
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The five-step synthetic route to the tetrayne tail part 6 was mostly based on the
beforementioned sequence of copper iodide promoted coupling reactions of propargyl
alcohols and bromides. The reaction sequence was started with a copper mediated crosscoupling of propargyl alcohol with 3-bromo-1-(trimethylsilyl)-1-propyne in one hand, and
1-bromo-2-pentyne on the other hand, by treatment with CuI, NaI and K2CO3 in DMF at
r.t. That resulted in formation of diyne alcohol 2 obtained in 90% yield after purification
on silica gel and a crude TMS-protected hexa-2,5-diyn-1-ol 4.
The TMS-protected hexa-2,5-diyn-1-ol 4 was deblocked by use of silver nitrate as a
catalyst in a mixture of water, dichloromethane and methanol (1:7:4) at r.t, where
formation of HNO3 intermediate took place according to the mechanism shown in Figure
21.47 The reaction was monitored by TLC eluting with petroleum ether/ethyl acetate (7:3).
This resulted in formation of hexa-2,5-diyn-1-ol 5 in 62% yield over two steps after
purification on silica gel.
The formation of the tetrayne tail part 6 required conversion of the alcohol 2 into the
corresponding bromide 3 via the Appel reaction where triphenylphosphine and carbon
tetrabromide in dichloromethane at 0 – 25 °C play the key role. The alcohol 2 was
converted into the bromide 3 in 78% yield after purification on silica gel. Getting rid of
excessive amounts of triphenylphosphine and the co-produced triphenylphosphine oxide
was accomplished by adsorping the reaction product mixture on silica gel and then
flushing it with dichloromethane/petroleum ether (1:9) mixture as an eluent, leaving the
triphenylphosphine and triphenylphosphine oxide firmly adsorbed on the gel.
Bromide 3 and alcohol 5 were then further coupled to form the tetrayne alcohol 6 key
intermediate in 76% yield after purification on silica gel. That coupling reaction required
replacement of the K2CO3 base with the corresponding Cs2CO3 to ensure satisfactory
yield48 in the reaction and a 1.2-fold excess of the bromide 3 was also needed. Finally,
alcohol 6 was converted into the corresponding bromide 7 by the Appel reaction in 71%
yield after silica gel treatment using the same reaction conditions as for preparing 3 above.

Me3Si

R

Ag

Ag

NO3

R

Me3SiNO 3
ROH

H

R

Ag

R

HNO3

Me3SiOH

Figure 21. A scheme illustrating the deprotection of the TMS protective group by aid of
AgNO3 in a mixture of H2O/CH3OH/CH2Cl2.
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3.2 Synthesis of the diyne middle part.
The reaction scheme in Figure 22 shows the synthetic route to the diyne middle part 11
starting from (R)-epichlorohydrin and TMS-protected acetylene. This second part just like
the first part of the total synthesis was also quite satisfactory and reasonable yields were
obtained.
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b
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TMS

70% yield
overall

c
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H
Br

H

Cl
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Figure 22. Synthesis of the diyne middle part 11. Reaction conditions: (a) n-BuLi,
BF3•Et2O, THF, -78°C; (b) AgNO3, H2O/CH2Cl2/MeOH, r.t., 3-4h; (c) CuI, NaI, Cs2CO3,
DMF, r.t., 24h.
(R)-1-chloropent-4-yn-2-ol 9 was obtained in 70% overall yield after chromatography.
This was accomplished by a highly regioselective ring opening of (R)-epichlorohydrin by
the lithio adduct of the TMS-protected acetylene resulting in the TMS-protected
intermediate 8 using n-butyllithium in the presence of boron trifluoride etherate in THF at 78 °C according to a method developed by Yamaguchi and Hirao.49 This was followed by
deprotection of 8 with silver nitrate similar to what was described for the formation of 5 in
3.1 above.
Borin trifluoride is believed to activate the epoxide ring thus directing the nucleophilic
attack of the organolithium adduct exlusively to the less substituted carbon in the oxirane
ring instead of the methylene group possessing the chloride group. Such regioselective
control is thought to be induced by boron trifluoride coordination to the oxirane oxygen
resulting in the formation of an alkoxyboron trifluoride salt following the nucleophilic
attack. In the absence of such coordination, the liberated alkoxide anion could substitute
the chlorine atom, hence forming a new epoxide that in turn may undergo a second attack
of the organolithium nucleophile.43 This is illustrated in Figure 23.
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Figure 23. BF3 activates the epoxide ring and stabilizes the alkoxide anion.43
3-Bromo-1-(trimethylsilyl)-1-propyne and (R)-1-chloropent-4-yn-2-ol 9 were then coupled
together via copper coupling by use of Cs2CO3 as a base (the use of that base was
explained in 3.1 above). This resulted in 69% yield of 10 after purification on silica gel.
In this reaction the commercially available 3-bromo-1-(trimethylsilyl)-1-propyne starting
material had to be used in a two-fold excess to ensure satisfactory yield.
Use of K2CO3 as a base instead of Cs2CO3 resulted in dramatically lower yields.
Furthermore, any attempts to use longer chains than 3-bromo-1-(trimethylsilyl)-1-propyne
failed or resulted in very low yields. To provide an example, all attempts to attach a
pentayne bromide analogous to 7 to the epichlorohydrin monoyne 9 failed or took place in
yields that were unacceptable. This is the main reason for our decision to base the initial
synthetic approach on the diyne middle part 11 instead of the more obvious monoyne 9. In
fact this also accounts for the decision to base the alternative approach described in Figure
18 on the new diyne head group 21 rather than a simpler monoyne head group 19.
TMS-protected 10 was then deprotected with silver nitrate as a catalyst like described for 5
above, resulting in 63% yield of the diyne middle part 11 after purification on silica gel.
Compound 10 may also be deprotected subsequently after the coupling without the silica
gel purification to afford 11, but that resulted in slightly lower yields.

3.3 Later steps and head group attachment.
So far in our synthetic task the synthesis of every individual part had worked out fine and
in reasonable yields but we were aware of that the remaining part was going to become
more of a challenge. We expected the stereoselective partial hydrogenation to be a crucial
step in the total synthesis. But, there were already some indications that the key coupling
reaction of the tetrayne bromide 7 and the diyne middle part 11 (see Figure 24) might
become troublesome since as the chain grew longer the number of equivalents of the
bromide starting material required for each coupling step increased. Also we anticipated
the increased degree of unsaturation as the chain length increased to create some stability
problems.
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The copper promoted coupling of tetrayne bromide tail part 7 and the diyne middle part 11
using Cs2CO3 as a base was successful and resulted in 70% yield of 12 after purification on
silica gel. To obtain that high yield, the bromide 7 was required in a two-fold excess.
Purification of 12 was troublesome because the reaction did not proceed to 100%
conversion wich meant that unreacted 11 had to be separated from 12 by aid of silica gel
column chromatography with diethyl ether/petroleum ether (1:1) as an eluent. The Rf
values of these two compounds did not differ much so that a second column run was
sometimes needed and that resulted in further losses in yield. This reaction is illustrated in
Figure 24 along with the subsequent critical partial hydrogenation.
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Figure 24. Coupling of the tetrayne tail bromide part 7 and the diyne middle part 11 and a
subsequent partial catalytic hydrogenation of the resulting hexayne 12 to obtain
chlorohydrin hexaene 13. Reaction conditions: (a) CuI, NaI, Cs2CO3, DMF, r.t., 24h; (b)
H2, Lindlar, 4-6 °C, 40 min.
The hexayne chlorohydrin 12 was obtained as a white powder after purification on a silica
gel column. It turned out to be extremely sensitive to the presence of air atmosphere and in
just few minutes it turned into yellowish solid and then a brown oil that was no longer
soluble in dry benzene, the solvent used for the next step, even though it was kept under
nitrogen atmosphere at all time and stored at low temperature. That was a strong indication
of polymerization and for the next step a freshly purified material was required. This meant
a tedious purification treatment on silica gel column just before the catalytic hydrogenation
in order to regenerate the white powder which obviously resulted in further losses in yield.
The stereoselective partial catalytic hydrogenation to convert the chlorohydrin hexayne 12
into the corresponding chlorohydrin hexaene 13 was performed no longer than a day after
the highly sensitive 12 was isolated and purified or re-purified after storage. That reaction
was carried out in dry benzene as a solvent with Lindlar catalyst that was poisoned with
quinoline to enhance its selectivity. To begin with, the experiments were conducted on a
Parr hydrogenation apparatus like had been done in our previous synthetic approach for
the enantiopure monounsaturated methoxylated 1-O-alkyl-sn-glycerol adduct. But in order
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to get a better control of the hydrogen uptake the experiments were later on carried out in a
micro glass hydrogenation apparatus after Marhan (50 ml reactor and 50 ml gas burette).
Although there is no doubt that the majority of the material was being converted into the
desired chlorohydrin hexaene 13, there were strong indications from the 1H NMR
spectroscopy of an over-hydrogenation taking place such that a significant part of the
product material was hydrogenated beyond the all-cis hexaene level. That has resulted in
difficulties in purification of the desired product as well as the subsequent products. The
use of silica gel column chromatography with diethyl ether/petroleum ether and ethyl
acetate/petroleum ether in all proportions as an eluent turned out to be inadequate. Silver
nitrate impregnated prep-TLC plates with chloroform/methanol (8:2) as an eluent clearly
showed reduction of the over-hydrogenated material in isolated samples, but no pure
samples of the desired chlorohydrin hexaene 13 material were obtained. Furthermore, no
effort has so far been put into looking at the reaction in details such as to which degree the
wrong trans stereochemistry had been obtained, dislocation of double bonds, conjugation,
etc. However, the 1H NMR data obtained so far do not indicate any substantial degree of
such problems present.
The final part of the total synthesis is illustrated in Figure 25. It was started by attaching
the solketal head group to the chlorohydrin hexaene 13 in a straight-forward reaction that
turned out to proceed in low yields (37%). The reason for the low yield was evidently due
to the fact that the reaction was carried out without a solvent which resulted in some of the
hexaene chain undergoing carbonation in the presence of the KOH base by a highly
exothermic reaction with no solvent present to distribute the heat.
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Figure 25. The final part of the total synthesis of 1: Attachment of the headroup to
hexaene 13 to obtain 14 and the final steps of the synthesis including methylation of 14
and, finally, a deprotection of the resulting 15 to obtain the target compound 1. Reaction
conditions: (a) TBAB, KOH, r.t.; (b) Ag2O, MeI, toluene, r.t.; (c) Amberlyst 15, reflux,
EtOH.
The coupling of the (R)-2,3-O-isopropylidene-sn-glycerol head group to 13 was performed
using freshly grounded potassium hydroxide in the presence of a catalytic amount of tetran-butylammonium bromide under solvent free condition at room temperature, affording the
isopropylidene protected hydroxy adduct 14 in poor 37% yield. This was based on a
procedure of Magnusson and Haraldsson in their enantioselective synthesis of the
monounsaturated metoxylated ether lipid, where TBAB plays a dual function both as a
phase-transfer agent and a catalyst is.43 Like mentioned before chlorohydrin hexaene 14 or
its precursor 13 underwent carbonation in the presence of KOH and absence of a solvent
by a highly exothermic reaction that partially destroyed the labile polyunsaturated
framework. Even though (R)-2,3-O-isopropylidene-sn-glycerol was used in a two-fold
excess to increase the volume to compensate for the absence of a solvent the reaction still
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gave poor yields. This is clearly a problem associated with the high degree of
polyunsaturation of these compounds.
It became clear as a consequence of lability and sensitivity of the chlorohydrin hexayne
adduct 12 to the presence of air, overhydrogenation of the chlorohydrin hexaene 13 and
low yield in the formation of adduct 14 that these important steps had to be reconsidered
and solved most likely by designing a new approach as was described in the previous
section and will be discussed later on, called the alternative approach.
Methylation of the hydroxyl group in 14 by use of silver oxide and methyl iodide in dry
toluene containing molecular sieves at room temperature afforded 15 in 43% yield after
silica gel column chromatography treatment. Any attempts to increase the yields turned
out to be inadequate. That involved extra addition of methyl iodide after the reaction had
been stirred for 24 h and use of additional molecular sieves. The reaction was monitored
by TLC with ethyl ether/petroleum ether (1:1) as an eluent. The conversion never
exceeded the 40-50% level even when work-up and unreacted material was repeatedly
treated under the same conditions. It is believed that by taking advantage of methyl
trifluoromethane sulfonate, that is known to alkylate faster and offer a wider range of
substrates than methyl iodide, that an increase in yield will be successful. That has not
been tried out so far.
Finally, the isopropylidene moiety in 15 was smoothly deprotected under mild reaction
condition by use of Amberlyst® 15, an ion exchanger, in 96% ethanol under a gentle
reflux.50 Isolation of the final product 1 was accomplished by simple filtration of the ion
exchanger, followed by silica gel column chromatography, affording 1 in 80% crude yield.
The synthesis has been completed on impure material of 13. Due to the impurities present
it is difficult to estimate the yields in details but from 1H and 13C NMR spectroscopy data
there is no doubt that both intermediate adducts 14 and 15 have been successfully
accomplished as well as the final product 1 as has been further established by obtaining a
satisfactory high resolution mass spectrometry data for that compound. It should be added
that the purity and identity of compounds 2, 3, 5, 6, 7, 9, 10, 11 and 12 have been
established by high-resolution 1H and 13C NMR spectroscopy and satisfactory HRMS data
for all of these compounds.

3.4 The alternative synthetic approach
The first four steps towards the synthesis of the new alternative head group 21 have been
carried out apparently with good success. These include the preparation of epoxide 16, the
TMS-protected monoene alcohol 17, the methoxylated monoyne adduct 19 and the
methoxylated TMS-protected diyne 20. Figure 26 illustrates the reaction scheme for their
synthesis.
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Figure 26. The synthetic route towards the new head group 21. Reaction conditions: (a)
TBAB, KOH, r.t., 24h; (b) n-BuLi, BF3•Et2O, THF, -78°C; (c) KOH, methyl iodide, DMF,
r.t., 3h; (d) Cs2CO3, CuI, NaI, DMF, r.t., 26h. (e) AgNO3, H2O/CH2Cl2/MeOH, 4°C, 8h.
The first step towards the synthesis of the 'new' head group 21 is a regioselective ring
opening of (S)-epichlorohydrin with the potassium alkoxide of (R)-2,3-O-isopropylidenesn-glycerol, which then leads to an immediate formation of a new epoxide via
intramolecular displacement of the chloride. After purification on a silica gel column the
isopropylidene protected epoxide 16 was obtained as a clear liquid in 54% yield.
Adduct 16 was converted into the TMS-protected 17 in 74% yield after silica gel treatment
using the same reaction conditions as for preparing monoyne epichlorohydrin 8 as
described earlier. So far in the current work the TMS protective group had always been
removed by use of silver nitrate as a catalyst in a mixture of water, dichloromethane and
methanol, but here it was feared that the isopropylidene acetal protective group might be
sensitive towards the acidic conditions. This means that our previous deprotection method
for the TMS group, where formation of HNO3 as an intermediate takes place, was no
longer considered as an option.
Therefore, 17 was deprotected and methylated at the same time under basic conditions
using KOH and methyl iodide in DMF, affording 19 in 92% yield after silica gel treatment.
Compound 18 was not isolated like indicated in Figure 19. It however is of importance for
later preparing Mosher ester derivatives to determine the enantio- and diastereomeric
purity of these compounds by 19F NMR spectroscopy. Therefore adduct 18 was prepared in
this work in 83% yield as is described in the esperimental part. 3-Bromo-1-(trimethylsilyl)1-propyne and 19 were then coupled together via copper coupling like described for the
TMS-protected diyne chlorohydrin adduct 10 above, affording 20 in 86% yield as a light
brown liquid, but has not yet been fully confirmed. Deprotection of 20 to accomplish 21 in
the presence of AgNO3 has not yet been tested, but it is anticipated that by cooling the
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reaction and using less amount of AgNO3 the isopropylidene acetal protective group may
survive the reaction.
It has not yet been tested whether this new approach will solve the instability or
hydrogenation problems associated with the initial synthetic approach, but it is anticipated
that it will make the situation easier through fewer steps, higher overall yields, more stable
compounds and offering more variety of methods to perform the connection of the new
head group and the tetrayne tail part, for example through organometallic type of
chemistry.
It is assumed that the reaction between the solketal and epichlorohydrin has taken place
exclusively by a nucleophilic attack at the epoxide end of the (S)-epichlorohydrin which
leads to an immediate formation of a new epoxide via intramolecular displacement of the
chloride. The commercially available starting materials were not 100% enantiomerically
pure, the (S)-epichlorohydrin possessing 98.0% ee and the (R)-solketal 99.0% ee. This will
obviously lead to the formation of trace amounts of unwanted diastereomers. Figure 27
shows all possible diastereomers that may be expected in ratios assuming full anticipated
diastereoselectivity.
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(S,S)-16 (0,5%)

(R,S)-16 (~0%)

Figure 27. All four possible diastereomers of epoxide adduct 16 and their expected ratio
assuming a full anticipated diastereoselectivity.
Thorough investigation is needed to establish the regioselectivity of this new approach.
This has been started but has not been completed. Thorough investigation of the 1H NMR
spectrum of 16 indeed indicates that the product is not contaminated with detectable
amounts of the undesired diastereomers. Also, prelimanary studies based on the use of
Mosher esters and 19F NMR of 18 and its diastereomer indicate that the reaction has
proceeded exclusively as anticipated. This needs further confirmation. Finally, we intend to
establish this beyond doubt by converting 16 into the monounsaturated methoxylated ether
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lipid already made by Magnusson and Haraldsson43 by detailed comparison and optical
activity measurements.

25

4 Conclusions
The synthesis of the interesting natural product all cis-1-O-(2'-methoxy-4,7,10,13,16,19docosahexaenyl)-sn-glycerol 1 started based on the original retrosynthetic analysis that was
supported by a copper mediated coupling method developed by Russian chemists and our
previous synthetic approach for the far simpler enantiopure monounsaturated methoxylated
1-O-alkylglycerol.
Syntheses of the assigned ‘tetrayne tail’ and ‘diyne middle' parts were successfully
conducted in good to excellent yields (62-90%). Problems associated with instability,
conversion and purification of the desired products started emerging after the tetrayne tail
part and the diyne middle parts had been connected together presumably associated with
the high degree of polyunsaturation.
The chlorohydrin hexayne 12 turned out to be extremely sensitive to the presence of air
atmosphere which most likely underwent polymerization. Not only did the polymerization
destroy the material but it also lead to insolubility in dry benzene the solvent used for the
hydrogenation step.
Chlorohydrin hexayne 12 was hydrogenated into the corresponding chlorohydrin hexaene
13 by the aid of Lindlar catalyst. Although there is no question that the majority of the
material was being converted to the desired chlorohydrin hexaene 13 there were strong
indications of overhydrogenation taking place such that a significant part of the material
got hydrogenated beyond the all-cis hexaene level.
Attachment of the chiral starting material (R)-solketal to the chlorohydrin hexaene 13
chain was a straight-forward reaction but resulted in low yield (37%). The reaction was
performed without a solvent which caused some of the hexaene chain to carbonate in the
presence of KOH base and the exothermic reaction taking place.
The total synthesis has been completed on impure material of 13. Due to the impurities
present it is difficult to estimate the yields in details.
A new synthetic approach was developed in an attempt to solve the above mentioned
problems. It has not yet been tested if this approach solves the instability or problems
associated with the hydrogenation. However it appears to offer several advantages like
that most of the chemistry including the attachment of the glycerol backbone and sorting
out the stereochemistry is completed before the problems related to the polyunsaturation
are introduced and it is significantly shorter than the initial one.
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5 Materials and methods
5.1 General
1

H and 13C nuclear magnetic resonance spectra were recorded on a Bruker Avance 400
spectrometer in deuterated chloroform as solvent, at 400.12 and 100.61 MHz, respectivly.
Chemical shift () are quoted in parts per million (ppm) and the coupling constant (J) in
hertz (Hz). The following abbreviations are used to describe the multiplicity: s, singlet; d,
doublet; t, triplet; dd, doublet of doublet; bs, broad singlet; dt, doublet of tripet; tqr, triplet
of quartet; quin, quintet; td, triplet of doublet; m, multiplet. The number of carbon nuclei
behind each 13C signal is indicated in parentheses after each chemical shift value, when
there is more than one carbon responsible for the peak. All infrared spectra (when
measured) were conducted on a Nicolet Avatar 360 FT-IR (E.S.P.) Spectrophotometer on a
ZnSe plate. The optical activities were measured on an Autopol V automatic Polarimeter
from Rudolph Research Analytical using a 40T-2.5-100-0.7 Temp Trol polarimetric cell
with 2.5 mm inside diameter, 100 mm optical path length and 0.7 mL volume. Melting
points were determined on a Büchi m-560 melting point apparatus and are uncorrected.
Hydrogenation was carried out in a Micro glass hydrogenation apparatus after Marhan (50
ml reactor and 50 ml gas burette). The high-resolution mass spectra (HRMS) were
acquired on a Bruker micrOTOF-Q mass spectrometer equipped with E-spray atmospheric
pressure ionization chamber (ESI). All data analysis was done on Bruker software.
All chemicals and solvents were used without further purification unless otherwise stated.
Tetrahydrofuran was dried over Na wire in presence of benzophenone under dry nitrogen
atmosphere. (R)-2,3-O-isopropylidene-sn-glycerol (98%), R-(-)-epichlorohydrin (99%),
(S)-(+)-epichlorohydrin (98%), 3-bromo-1-(trimethylsilyl)-1-propyne, 1-bromo-2-pentyne
(97%), n-buthyllithium, 2.0M in cyclohexane, n-butyllithium, 1.6M in hexane, EDCI, (R)(+)-(α)-methoxy-(α)-(trifluoro-methyl)phenylacetic acid (99%), sodium iodide ( ≥99.0%),
cesium carbonate (99.9%), tetrabromomethane (99%), triphenylphosphine (99%),
potassium carbonate, anhydrous ( ≥99.0%), quinoline (98%) and all the solvents (HPLC
grade) were purchased from Sigma-Aldrich. Ethynyltrimethylsilane, propargylalcohol
(99%), Lindlar catalyst and Amberlyst 15 were obtained from Fluka. 4-Dimethylaminopyridine (99%), silver nitrate, copper(I) iodide (98%), tetra-n-butylammonium bromide
(99+%), molecular sieves 4 Å and potassium hydroxide were obtained from Acros
Organics. Boron trifluoride etherate (~50%) and methyl iodide (99%) were purchased
from Merck. Silver(I) oxide was obtained from Fischer Scientific UK and sodium
hydroxide from Riedel-de Haёn. Preparative TLC plates (250 µm, F-254) were obtained
from Silicycle.
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5.2 Methods
Br
HO

CuI, NaI, K2CO 3
H

HO
DMF, r.t.

2

77% yield

Octa-2,5-diyn-1-ol (2). To a stirred suspension of CuI (2.04 g, 10.7 mmol), NaI (3.31 g,
22.1 mmol) and K2CO3 (1.48 g, 10.7 mmol) in dry DMF (19 mL) under nitrogen, 1-bromo2-pentyne (1.57g, 10.68 mmól) was added, followed by propargyl alcohol (0.600 g, 10.7
mmol). The resulting mixture was stirred vigorously for 48 h at room temperature. Then,
the reaction mixture was quenched with sat. aq. NH4Cl and stirred for 15 min. The mixture
was then extracted with Et2O and the organic layer washed 4x with sat. aq. NH4Cl, 2x
with water and once við brine. The organic phase was then dried over MgSO4, filtered and
concentrated. The concentrate was applied to silica gel column chromatography using
ethyl acetate/petroleum ether (3:7) as an eluent affording the product as orange liquid
(1.01g; 77% yield).
IR (ZnSe) 3657 (OH), 2974 and 2872 (CH in CH3), 2933 (CH in CH2) cm-1.
[Notebook reference to 1H and 13C, NMR spectra: cm6ok11_K1N-3B]
1

H NMR (400 MHz, CDCl3)  4.25 (t, J = 2.2 Hz, 2H, CH2OH), 3.18-3.16 (quin, J = 2.2
Hz, 2H, CCH2C), 2.20-2.13 (tqr, J = 2.4, 7.5 Hz, 2H, CCH2CH3), 1.97-1.75 (bs, 1H,
OH), 1.11 (t, J = 7.52 Hz, 3H, CH3) ppm.
13

C NMR (CDCl3)  82.42 (C), 80.76 (C), 78.35 (C), 72.66 (C), 51.21 (CH2OH),
13.77 (CH3), 12.31 (CCH2CH3), 9.77 (CCH2C) ppm.
HRMS (ESI): m/z calcd. for C8H10O + Li: 129.0886; found 129.0890 amu.
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PPh3 , CBr4
HO
2

Þurrt CH2 Cl2
4°C - r.t.

Br
3

63% yield

1-Bromoocta-2,5-diyne (3). To a solution of PPh3 (2.79 g, 10.6 mmol) dissolved in dried
CH2Cl2 (55 mL) under nitrogen, CBr4 (1.76 g, 5.31 mmol) was added at 0-4°C and the
resulting mixture stirred for 10 min. Then, octa-2,5-diyn-1-ol 2 (0.50 g, 4.09 mmol)
dissolved in dried CH2Cl2 (10 mL) was allowed to drop slowly into the solution at 0-4°C
and the resulting mixture stirred for 1 h at 0-4°C. After 1 h the cooling bath was removed
and the mixture allowed to reach room temperature and further stirred for 3 h under
nitrogen. The mixture was then transferred to a single neck round bottom flask. The
reaction was disconnected by addition of silica gel (0.060 – 0.200 mm, 60 A) until
formation of slurry appeared, followed by removal of solvent in vacuo. The resulting
brownish silica gel was washed with a mixture of CH2Cl2/petroleum ether (1:9) for elution,
affording the product as a brownish liquid (0.475 g; 63% yield).

IR (ZnSe) 2976 and 2878 (C-H in CH3), 2937 (CH in CH2), 2234 (CC) cm-1
[Notebook reference to 1H and 13C, NMR spectra: cm10ok11_K1N-3Br]
1

H NMR (400 MHz, CDCl3)  3.92 (t, J = 2.3 Hz, 2H, CH2Br), 3.22-3.20 (quin, J = 2.3
Hz, 2H, CCH2C), 2.21-2.14 (tqr, J = 2.4, 7.5 Hz, 2H, CCH2CH3), 1.12 (t, J = 7.5 Hz,
3H, CH3) ppm.
13

C NMR (CDCl3)  82.66 (C), 82.06 (C), 75.24 (C), 72.15 (C), 14.83 (CH2Br), 13.78
(CH3), 12.33 (CCH2CH3), 10.06 (CCH2C) ppm.
HRMS (ESI): m/z calcd for C8H9Br + Na: 222.9729; found 222.9727 amu.
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Br
HO

AgNO3

CuI, NaI, K2CO3

H

HO
Si

DMF, r.t.

4

Si

MeOH, H2O, CH 2Cl2

HO
5

H

50% yield

6-(Trimethylsilyl)hexa-2,5-diyn-1-ol (4). To a stirred suspension of CuI (2.04 g, 10.7
mmol), NaI (3.21 g, 21.4 mmol) and K2CO3 (1.48 g, 10.7 mmol) in dry DMF (19 mL)
under nitrogen, 3-bromo-1-(trimethylsilyl)-1-propyne (2.05g, 10.7 mmol) was added,
followed by propargyl alcohol (0.600 g, 10.7 mmol). The resulting mixture was stirred
vigorously at room temperature for 48 h. Then, the reaction mixture was quenched with
sat. aq. NH4Cl and stirred for 15 min. The mixture was then extracted with Et2O and the
organic layer washed 4x with sat. aq. NH4Cl, 2x with water and once við brine. The
combined organic phase was then dried over MgSO4, filtered and concentrated. The
brown/red crude residue (1,65 g) was submitted to the next step without further
purification.
Hexa-2,5-diyn-1-ol (5). The crude residue of 6-(trimethylsilyl)hexa-2,5-diyn-1-ol 4 (1.65
g, 9.93 mmol) was dissolved in a stirred mixture of methanol-water-dicloromethane
(4:1:7; 47 mL) to which AgNO3 (0.845 g, 4.97 mmol) ) was added. The resulting solution
was stirred over night at room temperature. The progress of the reaction was monitored by
TLC (pet. ether/ethyl acetate; 7:3). If the reaction did not show signs of completion it was
save to add more AgNO3 into the solution for completing the reaction. The solution was
quenched with sat. aq. NH4Cl and the product extracted 3x with dichloromethane and once
with Et2O. The combined extracts were dried over MgSO4, filtered and concentrated. The
concentrate was applied to silica gel column chromatography using diethyl ether/petroleum
ether (1:1) as an eluent affording the product as a clear yellow liquid (0.494 g; 50% yield
over the two steps).

[Notebook reference to 1H and 13C, NMR spectra: ELII-021012]
1

H NMR (400 MHz, CDCl3)  4.27-4.26 (t, J = 2.1 Hz, 2H, CH2OH), 3.27-3.25 (dt, J =
2.7, 2.2 Hz, 2H, ≡CCH2C≡), 2.14-2.12 (t, J = 2.7 Hz, 1H ≡CH), 1.70 (bs, 1H, CH2OH)
ppm.
13

C NMR (CDCl3)  79.32 (C≡C), 79.08 (C≡C), 77.71 (C≡C), 69.04 (C≡CH), 51.19
(CH2OH), 9.66 (≡CCH2C≡) ppm.
HRMS (ESI): m/z calcd. for C9H14lOSi+Li 173.0968; found 173.0963 amu.
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CuI, NaI, Cs 2CO3
HO

H

Br

5

HO
3

DMF, r.t.
76% yield

6

Tetradeca-2,5,8,11-tetrayn-1-ol (6). To a suspension of finely grounded Cs2CO3 (1.77 g,
5.44 mmol), CuI (777 mg, 4.08 mmol) and NaI (1.22 g, 8.16 mmol) in dry DMF (14 ml),
1-bromo-octa-2,5-diyne 3 (755 mg, 4.08 mmol) and hexa-2,5-diyn-1-ol 5 (320 mg, 3.40
mmol) were respectively added and the resulting mixture stirred for 24 h at room
temperature under nitrogen atmosphere. Then, the reaction mixture was quenched with aq.
NH4Cl(sat), extracted with Et2O and the organic layer washed two times with the aq.
NH4Cl(sat), two times with water and once with a brine solution. After drying over MgSO4
and evaporation of the solvent, the crude residue was applied to flash silica gel
chromatography using Et2O/petroleum ether (50:50) as an eluent, affording the product as
a brownish-yellow solid (510 mg, 76% yield).
Melting point: 54.0-54.4 °C.
IR (ZnSe) 3262 and 3157 (OH), 2969 and 2875 (CH in CH3), 2936 (CH in CH2) cm-1.
[Notebook reference to 1H and 13C, NMR spectra: cm011111_K2_N-3A]
1

H NMR (400 MHz, CDCl3)  4.27-4.25 (td, J = 2.1, 6.1 Hz, 2H, CH2OH),
(quin, J = 2.1 Hz, 2H, OCH2CCCH2), 3.17-3.14 (quin, J = 2.3
CH2CCCH2CCC2H5), 3.14-3.12 (quin, J = 2.3 Hz, 2H, CCH2CCC2H5),
(tqr, J = 2.3, 7.5 Hz, 2H, CCH2CH3), 1.50 (t, J = 6.2 Hz, 1H, OH), 1.12 (t, J
3H, CH3) ppm.

3.21-3.19
Hz, 2H,
2.21-2.14
= 7.5 Hz,

13

C NMR (CDCl3)  82.23 (C), 80.02 (C), 78.73 (C), 75.32 (C), 74.82 (C), 74.00
(C), 73.91 (C), 72.97 (C), 51.24 (CH2OH), 13.82 (CH3), 12.35 (CCH2CH3), 9.86
(CCH2C), 9.79 (CCH2C), 9.71(CCH2C) ppm.
HRMS (ESI): m/z calcd for C14H14O + Na: 221.0937; found 221.0929 amu.
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PPh3 , CBr 4
HO

dry CH2 Cl2
6

Br

4°C - r.t.

7

52% yield

1-Bromotetradeca-2,5,8,11-tetrayne (7). To a solution of PPh3 (0.772 g, 2.75 mmol)
dissolved in dried CH2Cl2 (10 mL) under nitrogen atmosphere, CBr4 (0.457 g, 1.38 mmól)
was added at 0-4°C and the resulting mixture stirred for 10 min. Then, tetradeca-2,5,8,11tetrayn-1-ol 6 (0.210 g, 1.06 mmól) dissolved in dried CH2Cl2 (5 mL) was slowly added
dropwise into the solution at 0-4°C and the resulting mixture stirred for 1 h at 0-4°C. After
1 h the cooling bath was removed and the mixture allowed to reach room temperature and
further stirred for 3 h under nitrogen. The mixture was then transferred to a single neck
round bottom flask. The reaction was disconnected by addition of silica gel (0.060 – 0.200
mm, 60 A) until formation of slurry appeared. This was followed by removal of solvent in
vacuo. The resulting brownish silica gel was washed using CH2Cl2/petrolium ether (3:7)
for elution, the filtrate concentrated and filtered through silica gel using diethyl
ether/petroleum ether (1:1) for elution affording the product as yellowish wax (0.151 g,
52% yield).
Melting point: 52.0-52.6 °C.
IR (ZnSe) 2979 (C-H in CH3), 2229 (CC) cm-1.
[Notebook reference to 1H and 13C, NMR spectra: cm7des11_K2N-3BrA]
1

H NMR (400 MHz, CDCl3)  3.92 (t, J = 2.3 Hz, 2H, CH2Br), 3.25-3.22 (quin, J = 2.3
Hz, 2H, BrCH2CCCH2), 3.18-3.15 (quin, J = 2.3 Hz, 2H, CH2CCCH2CCC2H5), 3.153.13 (quin, J = 2.3 Hz, 2H, CCH2CCC2H5), 2.22-2.15 (tqr, J = 2.3, 7.5 Hz, 2H,
CCH2CH3), 1.13 (t, J = 7.5 Hz, 3H, CH3) ppm.
13

C NMR (CDCl3)  82.24 (C), 81.21 (C), 75.62 (C), 75.36 (C), 75.06 (C), 73.86
(C), 73.53 (C), 72.96 (C), 14.65 (CH2Br), 13.84 (CH3), 12.37 (CCH2CH3), 10.12
(CCH2C), 9.81 (CCH2C), 9.73 (CCH2C) ppm.
HRMS (ESI): m/z calcd for C14H13Br + Na: 283.0093; found 283.0096 amu.
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H
Cl

BF3 etherate, n-BuLi (2.0M)

O
THF, -78°C

AgNO3

Cl
OH

Si
8

Si

MeOH,H 2O, CH2 Cl2
70% yield

Cl
OH

H

9

(R)-1-chloro-5-(trimethylsilyl)pent-4-yn-2-ol (8). Into previously dried two necked
round bottom flask containing ethynyltrimethylsilane (4.80 g, 48.6 mmol) in try THF (50
mL) under nitrogen atmosphere was placed a solution of n-butyllithium in hexane (24.3
mL, 2.0M, 48.6 mmol) at -78°C and the resulting solution stirred for 10 min.
Subsequently, a solution of boron trifluoride diethyl etherate (6.1 mL, 48.6 mmol) was
added, and the resulting mixure was further stirred for 10 min at -78°C. Finally, a solution
of R-(-)-epichlorohydrin (3.00 g, 32.4 mmol) in dry THF (10 mL) was added, and the
resulting mixture stirred for additional 3 h at -78°C, and then left to reach room
temperature. The reaction was quenched with sat. aq. NH4Cl and the resulting solution
extracted 3x with Et2O. The combined ethereal extracts were dried over MgSO4, filtered
and concentrated. The crude product was obtained as a colourless liquid (8.25 g) that was
taken to the next step without further purification.
(R)-1-chloropent-4-yn-2-ol (9). Crude (R)-1-chloro-5-(trimethylsilyl)pent-4-yn-2-ol 8
(8.25 g, 43.3 mmol) was dissolved in a methanol-water-dicloromethane mixture (4:1:7;
150 mL) and stirred. Into the stirred solution AgNO3 (3.67 g, 21.6 mmol) was added, after
which the solution was stirred for 4 h at r.t. The reaction was monitored by TLC (pet.
ether/ethyl acetate; 7:3). When the reaction did not show signs of completion it was save
to add additional AgNO3 into the solution for allowing the reaction to proceed to
completion. The solution was quenched with sat. aq. NH4Cl and the product extracted 3x
with dichloromethane and once with Et2O. The combined extracts were dried over
MgSO4, filtered and concentrated. The concentrate was applied to silica gel column
chromatography using diethyl ether/petroleum ether; 1:1) as an eluent affording the
product as a clear liquid (2.60 g; 68% yield). [α] D20 = -18,7 (c 1.20, ethanol)
[Notebook reference to 1H and 13C, NMR spectra: ELII-191012]
1

H NMR (400 MHz, CDCl3)  4.05-3.98 (m, 1H, CHOH), 3.75-3.71 (dd, J = 11.2, 4.5 Hz,
1H, CH2Cl), 3.67-3.63 (dd, J = 11.2, 6.0 Hz, 1H, CH2Cl), 2.61-2.50 (m, 2H, CH2C≡), 2.34
(d, J = 5.8 Hz, 1H, CHOH), 2.09 (t, J = 2.7 Hz, 1H, ≡CH) ppm.
13

C NMR (CDCl3)  79.09 (C≡CH), 71.46, 69.58, 48.20 (ClCH2), 24.31 (CH2C≡) ppm.

HRMS (ESI): m/z calcd. for C8H15ClOSi+Na 213.0471; found 213.0473 amu.
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Si
Cl
OH
9

Br
H

CuI, NaI, Cs 2CO3

OH
Cl

Si

DMF
69% yield

10

(R)-1-chloro-8-(trimethylsilyl)octa-4,7-diyn-2-ol (10). To a stirred suspension of CuI
(1.61 g, 8.44 mmol), NaI (3.16 g, 21.1 mmol) and Cs2CO3 (5.46 g, 16.9 mmol) in dry DMF
(20 mL) under nitrogen atmosphere was added 3-bromo-1-(trimethylsilyl)-1-propyne (1.61
g, 8.44 mmol). Subsequently, (R)-1-chloropent-4-yn-2-ol 9 (0.50 g, 4.22 mmol) was
added and the resulting mixture stirred vigorously over night at room temperature. Then,
the reaction mixture was quenched with sat. aq. NH4Cl (20 mL) and stirred for 10 min.
The mixture was then extracted with Et2O and the organic layer washed 4x with sat. aq.
NH4Cl and once with brine. After drying over MgSO4, filtration and evaporation of the
solvent, the crude residue (1.73 g) was applied to silica gel column chromatography using
diethyl ether/petroleum ether (1:1) as an eluent affording the product as a light brown
liquid (0.67 g; 69% yield). [α] D20 = -13,1 (c 0.51, ethanol)
[Notebook reference to 1H and 13C, NMR spectra ELII-090112-II]
1

H NMR (400 MHz, CDCl3)  3.97(m, 1H, CHOH), 3.71 (dd, J = 11.2, 4.5 Hz, 1H
CH2Cl), 3.62 (dd, J = 11.2, 6.1 Hz, 1H CH2Cl), 3.20 (t, J = 2.4 Hz, 2H, ≡CCH2C≡), 2.602.46 (m, 2H, CHCH2C≡), 2.38-2.30 (bs, 1H, CHOH), 0.31-0.00 (bs, 9H, TMS) ppm.
13

C NMR (CDCl3)  99.22 (≡CSiC3H9), 85.30 (C≡C), 77.02 (C≡C), 75.53 (C≡C), 69.81
(CHOH), 48.35 (ClCH2), 24.65 (CHCH2C≡), 10.92 (≡CCH2C≡), 0.00 (TMS) ppm.

HRMS (ESI): m/z calcd. for C11H17ClOSi+Na 251.0629; found 251.0625 amu.
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AgNO3

Cl
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OH
Cl

MeOH,H2O, CH 2Cl2

11

H

63% yield

(R)-1-chloroocta-4,7-diyn-2-ol (11). (R)-1-chloro-8-(trimethylsilyl)octa-4,7-diyn-2-ol 10
(0.831g, 3.63 mmol) was dissolved in a mixture of methanol-water-dicloromethane (4:1:7;
15 mL) and stirred. AgNO3 (0.308 g, 1.81 mmol) was added to the stirred solution and
after stirring for 4 h at room temperature the solution was quenched with sat. aq. NH4Cl.
The resulting mixture was extracted 3x with dichloromethane and once with Et2O. The
combined extracts were dried over MgSO4, filtered and concentrated. The concentrate
(0.555 g) was applied to silica gel column chromatography using diethyl ether/petroleum
ether (2:1) as an eluent affording the product as a clear yellow liquid (0.356 g; 63% yield).
[α] D20 = -19,4 (c 0.90, ethanol).

[Notebook reference to 1H and 13C, NMR spectra ELII-311012]
1

H NMR (400 MHz, CDCl3)  3.97 (m, 1H, CHOH), 3.72 (dd, J = 11.2, 4.4 Hz, 1H,
ClCH2), 3.63 (dd, J = 11.2, 6.1 Hz, 1H, ClCH2), 3.17 (dt, J = 2.5, 2.7 Hz, 2H, ≡CCH2C≡),
2.61-2.47 (m, 2H, CHCH2C≡), 2.35-2.25 (bs, 1H, CHOH), 2.1 (t, J = 2.7 Hz, 1H, ≡CH)
ppm.
13

C NMR (CDCl3)  78.12 (C≡C), 76.60 (C≡C), 75.77 (C≡C), 69.78, 68.85, 48.41
(ClCH2), 24.58 (CHCH2C≡), 9.62 (≡CCH2C≡) ppm.
HRMS (ESI): m/z calcd. for C8H9ClO+Li 163.0496; found 163.0492 amu.
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OH
Cl
11

H
CuI, NaI, Cs 2CO3
DMF, r.t.

Br

OH
Cl

70% yield
7

12

(R)-1-Chlorodocosa-4,7,10,13,16,19-hexayn-2-ol (12). To a stirred suspension of CuI
(0.389 g, 2.04 mmol), NaI (0.766 g, 5.11 mmol) and Cs2CO3 (0.993 g, 3.07 mmol) in dry
DMF (18 mL) under nitrogen atmosphere 1-bromotetradeca-2,5,8,11-tetrayne 7 (0.533 g,
2.04 mmol) was added, followed by (R)-1-chloroocta-4,7-diyn-2-ol 11 (0.160 g, 1.02
mmol). The resulting mixture was stirred vigorously over night at room temperature.
Then, the reaction mixture was quenched with sat. aq. NH4Cl (18 mL) and stirred for 10
min. The mixture was then extracted with Et2O and the organic layer washed 4x with sat.
aq. NH4Cl and once with brine. After drying over MgSO4, filtration and evaporation of the
solvent, the concentrate was applied to silica gel column chromatography using diethyl
ether/petroleum ether (1:1) as an eluent, affording the product as white solid (0.240g; 70%
yield).
[Notebook reference to 1H, 13C, COSY and HETCOR NMR spectra: ELII-030202]
1

H NMR (400 MHz, CDCl3)  3.99-3.94 (m, 1H, CHOH), 3.73-3.69 (dd, J = 11.2, 4.5 Hz,
1H, CH2Cl), 3.64-3.60 (dd, J = 11.2, 6.1 Hz, 1H, CH2Cl), 3.16-3.10 (m, 10H, ≡CCH2C≡),
2,57-2.47 (m, 2H, CHCH2C≡), 2.35-2.25 (bs, 1H, CHOH), 2.20-2.13 (tqr, J = 7.5, 2.3 Hz,
2H, ≡CCH2CH3), 1.13-1.10 (t, J = 7.5 Hz, 3H, CH2CH3) ppm.
13

C NMR (CDCl3)  82.22 (≡C), 77.28 (≡C), 77.20 (≡C), 75.36 (≡C), 75.77 (≡C), 74.59
(≡C), 74.52 (2C) (≡C), 74.38 (≡C), 74.34 (≡C), 74.01 (≡C), 73.00 (≡C), 69.80 (CHOH),
48.42 CH2Cl), 24.62 (CHCH2C≡), 13.83 (CH2CH3), 12.36 (CH2CH3), 9.82 (2C)
(≡CCH2C≡), 9.78 (2C) (≡CCH2C≡), 9.73 (≡CCH2C≡) ppm.
HRMS (ESI): m/z calcd. for C22H21ClO+Na 359.1173; found 359.1157 amu.
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Lindlar cat.

OH
Cl

Quinoline
12

92% recovery

OH
Cl
13

All cis (R)-1-chlorodocosa-4,7,10,13,16,19-hexaen-2-ol. (13) A suspension of Lindlar´s
catalyst (59.8 mg) in dry benzene (13 mL) was saturated with H2 at r.t. and then cooled to
4°C. (R)-1-Chlorodocosa-4,7,10,13,16,19-hexayn-2-ol 12 (23 mg, 0.068 mmol) in dry
benzene (5 mL) and quinoline (0.06 mL, 0.512 mmol) were then introduced into the
reaction chamber after the stirring had been stopped. The stirring bar was turned on again
after all material had been transported into the reaction chamber and the reaction mixture
was stirred for 40 min at 4°C, monitoring the progress of the reaction by measuring the
hydrogen uptake as the reaction proceeded. After the H2 absorption was completed, the
mixture was filtered over a pad of celite, flushed with dichloromethane, and concentrated.
Further purification was accomplished by silica gel column chromatography with a
gradient elution, Et2O/petroleum ether (10:90), and pure diethyl ether, affording the
product as light brown oil (0.022g; 92% recovery).
[Notebook reference to 1H and 13C, NMR spectra: ELII-260412 and ELII-210212]
1

H NMR (400 MHz, CDCl3)  5.62-5.27 (m, 12H, =CH), 3.90-3.80 (m, 1H, CHOH), 3.663.62 (dd, J = 11.1, 3.7 Hz, 1H, CH2Cl), 3.54-3.49 (dd, J = 11.1, 6.6 Hz, 1H, CH2Cl), 2.902.75 (m, 10H, =CHCH2CH=), 2.40-2.37 (t, J = 6.8 Hz, 2H, CHCH2CH=), 2.18-2.15 (d, J =
4.6 Hz, 1H, CHOH), 2.12-1.98 (m, 2H, CH2CH3), 1.60-1.20 (dirt), 1.00-0.95 (t, J = 7.5
Hz, 3H, CH2CH3), 0.94-0.79 (dirt) ppm.
13

C NMR (CDCl3)  132.06 (=CH), 131.68 (=CH), 128.60 (=CH), 128.53 (=CH), 128.31
(2C) (=CH), 128.04 (=CH), 128.00 (=CH), 127.85 (=CH), 127.65 (=CH), 127.01 (=CH),
124.13 (=CH), 71.08 (COH), 49.59 (CH2Cl), 32.24 (CHCH2CH=), 25.79 (=CHCH2CH=),
25.68 (=CHCH2CH=), 25.66 (=CHCH2CH=), 25.64 (=CHCH2CH=), 25.55
(=CHCH2CH=), 20.56 (CH2CH3), 14.27 (CH3) ppm.
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TBAB, KOH

OH
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Cl
O
13

O
OH
O

48 h.
37% yield

O

14

All cis (2R')-1-O-(2'-hydroxydocosa-4',7',10',13',16',19'-hexaenyl)-2,3-O-isopropylidene-sn-glycerol (14). To a mixture of all cis-(R)-1-chlorodocosa-4,7,10,13,16,19-hexaen2-ol 13 (0.053 g, 0.152 mmol), (R)-2,3-O-isopropylidene-sn-glycerol (0.040 g, 0.303
mmol) and tetra-n-butylammonium bromide (9.80 mg, 0.030 mmol), freshly pulverized
potassium hydroxide (0.017 g, 0.303 mmol) was added and the resulting slurry mixture
stirred at room temperature for 48 h. Then, the reaction mixture was quenched with water,
extracted with Et2O, and the organic layer washed three times with water and once with a
brine solution. After drying over MgSO4 and evaporation of the solvent, the resulting crude
residue was applied to preparative TLC using Et2O/petroleum ether (50:50) as an eluent
affording the product as a clear oil (0.025g; 37% yield).
[Notebook reference to 1H and 13C, NMR spectra: EL-230312]
1

H NMR (400 MHz, CDCl3)  5.54-5.28 (m, 12H, =CH), 4.28 (quin, J = 5.9 Hz, 1H,
CHOC(CH3)2), 4.06 (dd, J = 8.3, 6.5 Hz, 1H, CH2OC(CH3)2), 3.88-3.80 (m, 1 H, CHOH),
3.74 (dd, J = 8.2, 6.4 Hz, 1H, CH2OC(CH3)2), 3.58 (dd, J = 10.2, 5.5 Hz, 1H,
(CH3)2COCHCH2OCH2), 3.55 (dd, J = 9.6, 3.0 Hz, 1H, OCH2CHOH), 3.54 (dd, J = 10.0,
2.8 Hz, 1H, (CH3)2COCHCH2OCH2), 3.39 (dd, J = 9.8, 7.6 Hz, 1H, OCH2CHOH), 2.882.75 (m, 10H, =CCH2C=), 2.41 (bs, 1H, OH), 2.33-2.21 (m, 2H, CHCH2C=), 2.11-2.03
(m, 2H, =CCH2CH3), 1.43 (s, 3H, (CH3)2), 1.36 (s, 3H, (CH3)2), 0.97 (t, 3H, J = 7.6 Hz,
CH3) ppm.
13

C NMR (CDCl3)  132.04 (=CH), 130.70 (=CH), 128.59 (=CH), 128.33 (=CH), 128.29
(=CH), 128.26 (=CH), 128.08 (=CH), 128.06 (=CH), 127.91 (=CH), 127.86 (=CH),
127.01 (=CH), 125.00 (=CH), 109.50 ((CH3)2C), 75.43 (OCH2CHOH), 74.70
(CHOC(CH3)2), 72.34 ((CH3)2COCHCH2O), 70.11 (CHOH), 66.58 ((CH3)2COCH2),
31.21 (CHCH2C=), 26.73 ((CH3)2), 25.75, 25.66, 25.65, 25.63, 25.55, 25.37 ((CH3)2),
20.56 (CH2CH3), 14.27 (CH3) ppm.
HRMS (ESI): m/z calcd. for C28H44O4+Na 467.3132; found 467.3141 amu.
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O

Ag 2O, CH 3I

OH

O
O

Toluene, r.t.

O
O

O

43% yield
14

O

15

All cis (2R')-1-O-(2'-methoxydocosa-4',7',10',13',16',19'-hexaenyl)-2,3-O-isopropylidene-sn-glycerol (15). To a previously dried round bottom flask, all cis (2R')-1-O-(2'hydroxydocosa-4',7',10',13',16',19'-hexaenyl)-2,3-O-isopropylidene-sn-glycerol 14 (0.018
g, 0.041 mmol), silver oxide (0.028 g, 0.121 mmol), 4 Å molecular sieves (0.031 g) and
freshly distilled toluene ( 1mL) were added and the resulting mixture stirred under nitrogen
atmosphere at r.t. Methyl iodide (25.6 µL, 0.406 mmol) was then added, and the resulting
mixture stirred for 48 h at room temperature. Then, additional methyl iodide (17 µL, 0.273
mmol) was added and the stirring continued for additional 24 h at r.t. Then, the reaction
mixture was filtered over a silica gel cake and flushed with diethyl ether, and concentrated.
Further purification was accomplished by silica gel column chromatography, using
Et2O/petroleum ether (1:1) as an eluent, affording the product as clear oil (0.008 g; 43%
yield).
[Notebook reference to 1H, 13C, COSY and HETCOR NMR spectra: ELII-020412]
1

H NMR (400 MHz, CDCl3)  5.50-5.28 (m, 12H, =CH), 4.26 (quin, J = 5.9 Hz, 1H,
CHOC(CH3)2), 4.05 (dd, J = 8.2, 6.4 Hz, 1H, CH2OC(CH3)2), 3.75 (dd, J = 8.3, 6.3 Hz,
1H, CH2OC(CH3)2), 3.57 (dd, J = 10.0, 5.4 Hz, 1H, (CH3)2COCHCH2OCH2), 3.52-3.50
(m, 2H, OCH2CHOCH3), 3.48 (dd, J = 9.9, 5.6 Hz, 1H, (CH3)2COCHCH2OCH2), 3.41 (s,
3H, OCH3), 3.40-3.36 (m, 1H, CHOCH3), 2.88-2.76 (m, 10H, =CCH2C=), 2.31 (t, J = 6.0
Hz, 2H, CHCH2C=), 2.11-2.03 (m, 2H, =CCH2CH3), 1.42 (s, 3H, (CH3)2), 1.36 (s, 3H,
(CH3)2), 0.97 (t, 3H, J = 7.6 Hz, CH3) ppm.
13

C NMR (CDCl3)  132.04 (=CH), 130.07 (=CH), 128.58 (=CH), 128.29 (=CH), 128.24
(2C) (=CH), 128.12 (=CH), 128.07 (=CH), 128.06 (=CH), 127.86 (=CH), 127.01 (=CH),
125.29 (=CH), 109.33 ((CH3)2C), 79.93 (CHOCH3), 74.66 (CHOC(CH3)2), 73.19
(OCH2CHOCH3), 72.44 ((CH3)2COCHCH2O), 68.88 ((CH3)2COCH2), 57.54 (OCH3),
28.95, 26.77 ((CH3)2), 25.75, 25.64 (2C), 25.63, 25.54, 25.42 ((CH3)2), 20.56 (CH2CH3),
14.27 (CH3) ppm.
HRMS (ESI): m/z calcd. for C29H46O4+Na 481.3288; found 481.3275 amu.
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O

wet Amberlyst 15

O
O
O

96% ethanol, reflux
80% yield
15

O
O
OH
OH

1

All cis (2R')-1-O-(2'-methoxydocosa-4',7',10',13',16',19'-hexaenyl)-sn-glycerol (1). To
a solution of all cis (2R')-1-O-(2'-methoxydocosa-4',7',10',13',16',19'-hexaenyl)-2,3-Oisopropylidene-sn-glycerol 15 (0.011g 0.024 mmol) in 96% ethanol (0.9 mL), wet
Amberlyst 15 (20 mg) was added and the resulting mixture refluxed for 6 h. After filtration
of the Amberlyst and concentration of the filtrate the concentrate was applied to silica gel
column chromatography with a gradient elution, Et2O/petroleum ether (1:1), and pure
methanol, afforded the crude product as a clear oil (0.008g; 80% yield).
No satisfactory 1H and 13C NMR spectra have been obtained at this stage.
HRMS (ESI): m/z calcd. for C26H42O4+Na 441.2975; found 441.2986 amu.
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OH
O
O

O

Cl

TBAB, KOH
r.t., 24 h.
54% yield

O

O
O
O
16

Synthesis of (R)-2,2-dimethyl-4-(((R)-oxiran-2-ylmethoxy)methyl)-1,3-dioxolane (16).
(S)-epichlorohydrin (0.2g, 2.162 mmol) and (R)-2,3-O-isopropylidene-sn-glycerol (0.285g,
2.161 mmol) were placed in 10 mL roundbottom flask. To the stirring mixture, tetra-nbutylammonium bromide (0.139g, 0.431 mmol) were added at r.t. and the slurry mixture
allowed to stirre for 10 min. Subsequently KOH (0.121g, 2.160 mmol) were added and the
slurry mixture further stirred for 24 h at room temperature under nitrogen atmosphere .
The solution was quenched by adding water and ethyl acetate into the mixture. The
solution was extracted 3x with ethyl acetate and the combined extracts were washed once
with H2O. After drying over MgSO4 and evaporation of the solvent, the resulting
concentrate was applied to silica gel column chromatography using ethyl acetate/
petroleum ether (1:1) as eluent affording the product as colorless liquid 0.218g (54%
yield). [α] D20 = -22,7 (c 0.90, ethanol)

[Notebook reference to 1H, 13C, COSY and HETCOR NMR spectra: 081112 13C]
1

H NMR (400 MHz, CDCl3)  4.36-4.30 ( quin, J = 6.0 Hz, 1H, CHOC(CH3)2), 4.12-4.08
(dd, J = 8.3, 6.5 Hz, 1H, CH2OC(CH3)2), 3.87-3.83 (dd, J = 11.7, 2.9 Hz, 1H,
OCH2CHOCH2), 3.80-3.77 (dd, J = 8.3, 6.4 Hz, 1H, CH2OC(CH3)2), 3.70-3.66 (dd, J =
10.0, 5.8 Hz, 1H, (CH3)2COCHCH2OCH2), 3.58-3.54 (dd, J = 10.0, 5.2 Hz, 1H,
(CH3)2COCHCH2OCH2), 3.52-3.47 (dd, J = 11.7, 5.9 Hz, 1H, OCH2CHOCH2), 3.22-3.18
(m, 1H, OCH2CHOCH2), 2.85-2.83 (m, 1H, OCH2CHOCH2), 2.66-2.64 (m, 1H,
OCH2CHOCH2), 1.47 (s, 3H, (CH3)2), 1.41 (s, 3H, (CH3)2) ppm.
13

C NMR (CDCl3)  109.48 ((CH3)2C), 74.66 ( CHOC(CH3)2),
((CH3)2COCHCH2O), 72.18 (OCH2CHOCH2), 66.64 ((CH3)2COCH2),
(OCH2CHOCH2), 44.13 (OCH2CHOCH2), 26.75 ((CH3)2), 25.39 ((CH3)2) ppm.

72.36
50.73

HRMS (ESI): m/z calcd. for C9H16O4+Na 211.0941, found 211.0940 amu.
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Si

BF3 etherate, n-BuLi (1.6M)

OH

Si

O

THF, -78°C
74% yield

16

O

O
17

(R)-1-(((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-5-(trimethylsilyl)pent-4-yn-2-ol
(17).
Into previously dried two necked round bottom flask containing
ethynyltrimethylsilane (0.205g, 2.09 mmol) in dry THF (30 mL) under nitrogen
atmosphere was placed a solution of n-butyllithium in hexane (1.3 mL, 1.6 M, 2.08
mmol) at -78°C and the resulting solution stirred for 10 min. A solution of boron
trifluoride diethyl etherate (260 µL, 2.07 mmol) was added and the resulting mixure stirred
for 10 min at -78°C.
Finally, a solution of (R)-2,2-dimethyl-4-(((R)-oxiran-2ylmethoxy)methyl)-1,3-dioxolane 16 (0.261g, 1.39 mmol) in dry THF (10 mL) was added,
and the resulting mixture stirred for additional 2 h at -78°C, and then left to reach room
temperature over 2 h. The reaction was quenched with sat. aq. NH4Cl and the mixture
extracted 3x with ethyl acetate. The combined extracts were washed with water, dried over
MgSO4, filtered and concentrated. The concentrate was applied to silica gel column
chromatography using ethyl acetate/petroleum ether (1:1) as an eluent affording the
product as a clear/colorless liquid (0.340g; 74% yield). [α] D20 = -24.4 (c 0.90, ethanol).
[Notebook reference to 1H, 13C, COSY and HETCOR NMR spectra: ELII-141112]
1

H NMR (400 MHz, CDCl3)  4.31-4.25(quin, J = 5.7 Hz, 1H, CHOC(CH3)2), 4.08-4.04
(dd, J = 8.3, 6.5 Hz, 1H, CH2OC(CH3)2), 3.97-3.90 (m, 1H, CHOH), 3.76-3.73 (dd, J =
8.3, 6.4 Hz, 1H, CH2OC(CH3)2), 3.66-3.63 (dd, J = 9.9, 3.9 Hz, 1H,
((CH3)2COCHCH2OCH2), 3.59-3.58 (d, J = 2.2 Hz, 1H, OCH2CHOH), 3.57 (d, J = 2.0
Hz, 1H, OCH2CHOH), 3.54-3.50 (dd, J = 9.9, 6.7 Hz, 1H, ((CH3)2COCHCH2OCH2), 2.522.50 (d, J = 5.5 Hz, 1H, CHOH), 2.49-2.46 (t, J = 6.1 Hz, 2H, CHCH2C≡), 1.43 (s, 3H,
((CH3)2), 1.36 (s, 3H, ((CH3)2), 0.15 (s, 9H, TMS) ppm.
13

C NMR (CDCl3)  109.50 ((CH3)2C), 102.35 (C≡), 87.39 (C≡), 74.70 (CHOC(CH3)2),
74.39 (CH2OCH2CHOH), 72.41 (CH2OCH2CHOH), 68.74 (CH2CHOH), 66.54
((CH3)2COCH2), 26.74 ((CH3)2), 25.36 ((CH3)2), 24.90 (CHCH2C≡), 0.04 (3) (TMS) ppm.
HRMS (ESI): m/z calcd. for C14H26O4Si+Na 309.1493, found 309.1496 amu.
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83% yield
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(R)-1-(((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)pent-4-yn-2-ol (18). Into a stirred
solution of (R)-1-(((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-5-(trimethylsilyl)pent-4yn-2-ol 17 (0.330g, 1.15 mmol) in methanol (10 mL) ground K2CO3 (0.318g, 2.30 mmol)
was added and the resulting mixture stirred for 4 h at r.t. The reaction was quenched with
sat. aq. NH4Cl and the mixture extracted 3x with ethyl acetate. The combined extracts
were washed once with water and the water wash extracted 2x with ethyl acetate. The
combined extracts were dried over MgSO4, filtered and concentrated. The concentrate was
applied to silica gel column chromatography using ethyl acetate/petroleum ether (1:1) as an
eluent affording the product as a clear/colorless liquid ( 0.204g; 83% yield). [α] D20 = -21.0
(c 0.90, ethanol).
[Notebook reference to 1H and 13C, COSY and HETCOR NMR spectra: ELII-191112-II]
1

H NMR (400 MHz, CDCl3)  4.31-4.25(quin, J = 5.3 Hz, 1H, CHOC(CH3)2), 4.07-4.03
(dd, J = 8.2, 6.5 Hz, 1H, CH2OC(CH3)2), 3.99-3.93 (m, 1H, CHOH), 3.78-3.72 (dd, J =
8.2, 6.4 Hz, 1H, CH2OC(CH3)2), 3.67-3.63 (dd, J = 9.8, 3.9 Hz, 1H,
(CH3)2COCHCH2OCH2), 3.59-3.57 (m, 2H, OCH2CHOH), 3.55-3.51 (dd, J = 9.8, 6.7 Hz,
1H, (CH3)2COCHCH2OCH2), 2.46-2.41 (m, 2H, CHOHCH2C≡), 2.17-2.16 (d, J = 1.3 Hz,
1H, CHOH), 2.04-2.02 (t, J = 2.7 Hz, 1H, C≡CH), 1.43 (s, 3H, (CH3)2), 1.37 (s, 3H,
(CH3)2) ppm.
13

C NMR (CDCl3)  109.53 ((CH3)2C), 80.10 (C≡CH), 74.68 (CHOC(CH3)2), 74.33
(CH2CHOH), 72.41 (CH2OCH2CHOH), 70.63 (C≡CH), 68.65 (CH2CHOH), 66.47
(CH2OC(CH3)2), 26.71 ((CH3)2), 25.34 ((CH3)2), 23.37 (CH2C≡CH) ppm.
HRMS (ESI): m/z calcd. for C11H18O4+Na 237.1097, found 237.1100 amu.
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(R)-4-(((R)-2-methoxypent-4-ynyloxy)methyl)-2,2-dimethyl-1,3-dioxolane (18). Into
previously dried 50 mL round bottom flask 17 (0.155 g, 0.542 mmol) was placed disolved
in 7 mL af dry DMF and stirred. Into the stirring mixture was added KOH ( 0.091g, 1.622
mmol) and allowed to stirre for 15 min. Subsequently methyl Iodide ( 0.769 g, 5.418
mmol) was added and the resulting mixure further stirred for 3h under nitrogen atmosphere
at r.t. The reaction mixture was quenched with aq. NH4Cl(sat) and extracted 3x with Et2O.
The combined extracts were washed once with H2O and dried over MgSO4 then filtered
and consentrated. The resulting concentrate was applied to silica gel column
chromatography using ethyl acetate/ petroleum ether (1:1) as eluent affording the product
as clear/colorless liquid 0.114 g (92% yield.).
[Notebook reference to 1H,
ELII-210213-2]

13

C, COSY and HETCOR NMR spectra: ELII-210213 and

1

H NMR (400 MHz, CDCl3)  4.30-4.24(quin, J = 5.7 Hz, 1H, CHOC(CH3)2), 4.084.04(dd, J = 8.2, 6.4 Hz, 1H, CH2OC(CH3)2), 3.77-3.74( dd, J = 8.2, 6.2 Hz, 1H,
CH2OC(CH3)2), 3.64-3.63( d, J = 5.1 Hz, 2H, OCH2CHOCH3), 3.61-3.57( dd, J = 10.0,
5,5 Hz, 1H, (CH3)2COCHCH2OCH2), 3.54-3.50(dd, J = 10.0, 5,6 Hz, 1H,
(CH3)2COCHCH2OCH2), 3.54-3.50( m, 1H, OCH2CHOCH3), 3.44( s, 3H,
OCH2CHOCH3), 2.48-2.45(m, 2H, CH2C≡), 2.00-1.98(t, J = 2.7 Hz, 1H, CH2C≡CH),
1.42( s, 3H, (CH3)2), 1.36( s, 3H, (CH3)2) ppm.
13

C NMR (CDCl3)  109.43, 80.55, 78.30, 74.67, 72.59, 72.21, 70.02, 66.86, 57.75, 26.82,
25.46, 20.84 ppm.
HRMS (ESI): m/z calcd. for C12H20O4+Na 251.1254, found 251.1249 amu.

46

References
1. Christie, W. W. Lipid Analysis, 3rd edition; The oily Press: Bridgwater, England,
2003.
2. Wade Jr, L. G. Organic Chemistry, 7th edition; Pearson Education Inc.: Upper
Saddle River, NJ, 2010.
3. Voet, D. and Voet, J. G. Biochemistry, 3rd edition; Wiley: USA, 2004.
4. Garrett and Grisham. Biochemistry, 2nd edition; Saunders Collage Publishing:
Orlando, Florida, 1999.
5. Haraldsson, G. G.; Hjaltason, B. In Structured and Modified Lipids; Gunstone, F.
D. Ed.; Marcel Decker, Inc.: New York, 2001, pp. 313-350.
6. Mathews, C. K.; van Holde, K. E.; Ahern, K. G. In Biochemistry; Mathews, C. K.;
van Holde, K. E.; Ahern, K. G. Ed.; Addison Wesley Longmann: San Francisco,
2000, pp. 627-666.
7. Morrow, J. D.; Jackson Roberts, I. L. In Goodman & Gilman´s The
Pharmacological Basis of Therapeutics; Hardman, J. G.; Limbird, L. E.; Gilman,
A. G. Ed.; McGraw-Hill: New York, 2001, pp. 669-685.
8. Calder P.C. Proc. Nutr. Soc. 2012, 28, 1-6.
9. Serhan, C.N.; Petasis, N.A. Chem. Rev. 2011, 111, 5922-5943.
10. Weylandt, K.H.; Chiu, C.-Y.; Gomolka, B.,; Waechter, S.F.; Wiedenmann, B.
Prostaglandins Other Lipid Mediators 2012, 97, 73-82.
11. Hjaltason, B.; Haraldsson, G. G. In Modifying Lipids for Use in Food; Gunstone, F.
D. Ed.; Woodhead Publishing Ltd.: Cambridge UK, 2006, Chapter 4, 56-79.
12. Peat, J. K.; Mihrshahi, S.; Kemp, A. S.; Marks, G. B.; Tovey, E. R.; Webb, K.;
Mellis, C. M.; Leeder, S. R. J. Allergy Clin. Immun. 2004, 114, 807-813.
13. Holub, D. J.; Holub, B. J. Mol. Cell. Biochem. 2004, 263, 217-225.
14. Lukiw, W. J.; Cui, J.-G.; Marcheselli, V. L.; Bodker, M.; Botkjaer, A.; Gotlinger,
K.; Serhan, C. N.; Bazan, N. G. J. Clin. Investig. 2005, 115, 2774-2783.
15. Hibbeln, J. R. Lancet 1998, 351, 1213.
16. Frasure-Smith, N.; Lespérance, F.; Julien, P. Biol. Psychiatry 2004, 55, 891-896.
17. Haraldsson, G. G. Enzymes in Lipid Modification; Bornscheurer, U. T. Ed.; WileyVCF: Weinheim, 2000, pp. 170-189.

47

18. Kossel, A.; Edlbacher, S. Z. Physiol. Chem. 1915, 94, 264-283.
19. Bergmann, W.; Stansbury-Jr, H. J. Org. Chem. 1943, 8, 283-284.
20. Heilbron, I. M.; Owen, W. M. J. Chem. Soc. London 1928, 942-947.
21. Mangold, H.; Paltauf, F. Ether Lipids: Biochemical and Biomedical Aspect, 1st ed.;
Academic Press: New York, 1983, p. 439.
22. Magnusson, C.D. and Haraldsson G. G. Chem. and Phys. of Lipids 2011, 164, 315340
23. Andrikopoulos, N. K.; Siafaka-Kapadai, A.; Demopoulos, C. A.; Kapoulas, V. M.
Phytochemistry 1985, 24, 2953-2957.
24. Karnovsky, M. L.; Rapson, W. S.; Black, M. J. Soc. Chem. Ind. 1946, 65, 425-428.
25. Clarke, A. Br. Antarct. Surv. Bull. 1984, 37-53.
26. Hallgren, B.; Niklasson, A.; Stallberg, G.; Thorin, H. Acta Chem. Scand. B. 1974,
28, 1035-1040.
27. Snyder, F.; Wood, R. Cancer Res. 1969, 29, 251-257.
28. Deniau, A. L.; Mosset, P.; Pedrono, F.; Mitre, R.; Le Bot, D.; Legrand A. B. Mar.
Drugs 2010, 8, 2175-2184.
29. Iannitti, T.; Palmieri, B. Mar. Drugs 2010, 8, 2267-2300.
30. Hallgren, B. In Ether Lipids: Biochemical and Biomedical Aspects; Mangold, H.
K.; Paltauf, F. Eds.; Academic Press: New York, 1983, pp. 261-275.
31. Ngwenya, B. Z.; Foster, D. M. Proc. Soc. Exp. Biol. Med. 1991, 196, 69-75.
32. Yamamoto, N.; Ngwenya, B. Z. Cancer Res. 1987, 47, 2008-2013.
33. Acevedo, R.; Gil, D.; del Campo, J.; Bracho, G.; Valdes, Y.; Perez, O. Vaccine
2006, 24 Suppl 2, 32-33.
34. Ved, H. S.; Gustow, E.; Mahadevan, V.; Pieringer, R. A. J. Biol. Chem. 1984, 259,
8115-8121.
35. Myers, B. L.; Crews, P. J. Org. Chem. 1983, 48, 3583-3585.
36. Haynes, M. P.; Buckley, H. R.; Higgins, M. L.; Pieringer, R. A. Antimicrob. Agents
Chemother 1994, 38, 1523-1529.
37. Pedrono, F.; Martin, B.; Leduc, C.; Le Lan, J.; Saiag, B.; Legrand, P.; Moulinoux,
J. P.; Legrand A. B. Nutr. Cancer 2004, 48, 64-69.
38. Hallgren, B.; Stallberg, G. Acta Chem. Scand. 1967, 21, 1519-1529.
39. Hallgren, B.; Stallberg, G.; Thorin, H. Acta Chem. Scand. 1971, 25, 3781-3784.
48

40. Stallberg, G. A. M. Acta Chem. Scand. 1990, 44, 368-376.
41. Hallgren, B.; Niklasson, A.; Stallberg, G.; Thorin, H. Acta Chem. Scand. B 1974,
28, 1029-1034.
42. Stallberg, G.A.M. Chem. Sripta. 1975, 7, 31-41.
43. Magnusson, C.D. and Haraldsson, G.G. Tetrahedron: Asymmetry 2010, 21, 28412847.
44. Lapitskaya, M.A.; Vasiljeva, L.L.; Pivnitsky, K.K. A Synthesis 1993, 65-66.
45. Romanov, S.G.; Ivanov, I.V.; Shevchenko, V.P.; Nagaev, I.Y.; Pushkov, A.A.;
Myasoedov, N.F.; Myagkova, G.I.; Kuhn, H. Chem. Phys. Lipids 2004, 130, 117126.
46. Groza, N.V.; Ivanov, I.V.; Romanov, S.G.; Myagkova, G.I.; Nigam, S.
Tetrahedron, 2002, 58, 9856-9863.
47. Orsini, A.; Vitérisi, A.; Bodlenner, A.; Weibel, J-M.; Pale, P. Tetrahedron Lett.
2005, 46, 2259-2262.
48. Oger, C.; Bultel-Poncé, V.; Guy, A.; Balas, L.; Rossi, J.-C.; Durand, T. And
Galano, J.-M. Chem. Eur. J. 2010, 16, 13976-13980.
49. Yamaguchi, M.; Hirao, I. Tetrahedron Lett. 1983, 24, 391-394.
50. Yu, C. C.; Lee, Y. S.; Cheon, B. S.; Lee, S. H. Bull. Korean Chem. Soc. 2003, 24,
1229-1231.

49

