SPECIFICATION

Title of Invention:
Branched multi-hydroxyl-protecting oligomer, linked body bonded therewith, and

branched multi-hydroxyl oligomer obtained by deprotecting said linked body

Technical Field
[0001]

The present invention relates to a branched multi-hydroxyl-protected
oligomer and a linked body bonded therewith, and a branched multi-hydroxyl

oligomer made by deprotecting the linked body.

Background Art
[0002]

Some polyphenols such as pterostilbene and resveratrol are known to
have antioxidant and anti-inflammatory properties, as well as to improve skin
elasticity. They are, however, hardly water-soluble, and thus have problems
such as being not mixed evenly and precipitating over time. Glycosylation, in
which a sugar component is chemically linked to an aglycone, is known as a
method for improving the water solubility of a hardly water-soluble compound.
However, this requires combining multiple monosaccharides to achieve
sufficient water solubility, and the hydroxyl groups of the monosaccharides must
also be protected, sometimes leading to a higher cost.

[0003]

Another known method for improving water solubility is



multihydroxylation, which involves introducing multiple hydroxyl groups.
Examples of multihydroxylation include polyethylene glycolation (PEG),
polyglycerolation (PGL), and branched oligomerization (BGL). In the light of
raw-material availability and cost, these multihydroxylations offer significant
advantages over glycosylation. As shown in the formula below, there is only
one type of PEG, but linear and semi-linear PGLs are known, and there are
multiple types of BGLs depending on the number of branches.

[0004]

[Chemical Formula 1]

OH : f’OH
; / g\/ = G,L'\_,OH
SN O\ on < s
" N ' ,[ Ot
LY ,!'Iﬂ /‘\ W o O o
X 0
PEG : Gt . T

PGL oM

BGL : Qf\gﬂ

wherein X is a general representation of a functional group linked to a
hardly water-soluble target, and n is an integer of 1 or more.
[0005]

PEG, especially monomers and dimers, is highly toxic, and only
oligomers which exceed several dozen in number can contribute to sufficient
water solubility. PGL contains numerous uncontrollable asymmetric carbon
atoms, making it difficult to maintain reproducibility in compound production,
homogeneity, and quality assurance. Furthermore, because both PEG and
PGL are produced by polymerization reactions, molecular weight variation is
also problematic. Furthermore, glycosylation often results in uncontrollable

stereochemistry at the sugar linkage (anomeric position), giving a mixture. In



contrast, BGL does not contain any asymmetric carbon atom, and a production
method that allows molecular weight control has been established.
Furthermore, it is believed that BGL production is highly reproducible, enabling
production of quality-assured derivatives. Drawbacks of BGL, however, has
drawbacks that include a process for selectively producing 1- and 3- protected
glycerol in the first stage of production is laborious (Patent Reference No. 1),
and that multiple steps are required for producing oligomers exceeding

heptamer, result in a low yield (Non-patent Reference No. 1).
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[0006]
Patent Literature No. 1: WO 2020/255741 A1
[0007]
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Non-patent Literature No. 1: Hisao Nemoto et al., Bioorg. Med. Chem.

Lett. 2011, 21, 4724-4727.

Summary of Invention
Technical Problem
[0008]

To solve the above problems, an objective of the present invention is to
provide at low cost a branched multi-hydroxyl-protected oligomer, which can be
synthesized with a good yield via few reaction steps by means of a simple

method, and is extremely effective in improving water solubility of a target



compound.

Solution to Problem
[0009]

The above problems are resolved by providing a branched multi-
hydroxyl-protected oligomer represented by Formula (1):
[0010]
[Chemical Formula 2]

R [ 5= L] = [¥°] &= [¥] = (1)

wherein X is at least one selected from the group consisting of groups
represented by Formula (2); Y@ to Y¢ are at least one selected from the group
consisting of P, T, G, and A represented by Formula (3); mis 1; m'is an integer
of 1to 3; nis an integer of 0 to 9; and n' is an integer of 0 to 27, except when
the compound represented by Formula (1) is X-G1G1, X-G1G2, X-G1A4, or X-
Gi1Az;
[0011]

[Chemical Formula 3]
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[0012]



[Chemical Formula 4]

G= —CH
\—oz

A= ———CH,
—0Z
——oz

wherein Z is at least one selected from the group consisting of a
hydrogen atom, a protecting group and a carbon skeleton, and R? is atleast one
selected from the group consisting of a hydrogen atom and an alkyl group.
[0013]

A preferable embodiment is a branched multi-hydroxyl-protected
oligomer represented by Formula (1a):

[0014]

[Chemical Formula 5]
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wherein X is at least one selected from the group consisting of groups
represented by Formula (2); Y to Y¢ are at least one selected from the group
consisting of P, T, G, and A represented by Formula (3); Z is at least one
selected from the group consisting of a hydrogen atom, a protecting group and
a carbon skeleton; mis 1; m' is an integer of 1 to 3; n is an integer of 0 to 9; n' is
an integer of 0 to 27;
[0015]

[Chemical Formula 6]
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[0016]

[Chemical Formula 7]
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wherein Z is at least one selected from the group consisting of a
hydrogen atom, a protecting group and a carbon skeleton; and R? is at least
one selected from the group consisting of a hydrogen atom and an alkyl group.
[0017]

Another preferable embodiment is a branched multi-hydroxyl-protected
oligomer represented by Formula (1c):

[0018]

[Chemical Formula 8]
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wherein X is at least one selected from the group consisting of groups
represented by Formula (2); Y to Y¢ are at least one selected from the group
consisting of P, T, G, and A represented by Formula (3); Z is at least one
selected from the group consisting of a hydrogen atom, a protecting group and
a carbon skeleton; mis 1; m' is an integer of 1 to 3; n is an integer of 0 to 9,; n'
is an integer of 0 to 27, except when the compound represented by Formula
(1c) is X-G1G1, X-G1G2, X-G1A1 or X-G1Az;
[0019]

[Chemical Formula 9]
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[0020]

[Chemical Formula 10]
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wherein Z is at least one selected from the group consisting of a
hydrogen atom, a protecting group and a carbon skeleton; and R? is at least
one selected from the group consisting of a hydrogen atom and an alkyl group.
[0021]

Here, a preferable embodiment is a linked body made by bonding the
branched multi-hydroxyl-protected oligomer with a target compound. lItis
preferable that the branched multi-hydroxyl-protected oligomer is deprotected,
and that the target compound is a hardly water-soluble compound. A
preferable embodiment is a water-solubility improver made of the branched

multi-hydroxyl-protected oligomer.
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Advantageous Effects of Invention
[0022]

In accordance with the present invention, there can be provided at low
cost a branched multi-hydroxyl-protected oligomer, which can be synthesized
with a good yield via few reaction steps by means of a simple method, and is

extremely effective in improving water solubility of a target compound.

Brief Description of Drawings
[0023]
FIG. 1 shows water-solubility evaluation results of pterostilbene, a
pterostilbene glycoside and a deprotected pterostilbene linked body.
FIG. 2 shows water-solubility evaluation results of a deprotected

pterostilbene linked body.

Description of Embodiments
[0024]

A branched multi-hydroxyl-protected oligomer of the present invention is
represented by Formula (1):
[0025]
[Chemical Formula 11]
X= V"] 5= [¥"] sp = 1¥"] o7 [¥°] & (1)

wherein X is at least one selected from the group consisting of groups
represented by Formula (2); Y@ to Y¢ are at least one selected from the group
consisting of P, T, G, and A represented by Formula (3); mis 1; m'is an integer

of 1to 3; nis an integer of 0 to 9; and n' is an integer of 0 to 27, except when
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the compound represented by Formula (1) is X-G1G1, X-G1G2, X-G1A4, or X-
Gi1Az;

[0026]

[Chemical Formula 12]
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[0027]

[Chemical Formula 13]
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T= —c—/c
Ra QZ (3)
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p
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wherein Z is at least one selected from the group consisting of a
hydrogen atom, a protecting group and a carbon skeleton, and R? is atleast one
selected from the group consisting of a hydrogen atom and an alkyl group.
[0028]

The branched multi-hydroxyl-protected oligomer of the present invention
can synthesized with a good yield via few reaction steps by means of a simple
method, and thus can be provided at a low cost. Furthermore, as is clear from
the water-solubility evaluation results in Examples described below, the
branched multi-hydroxyl-protected oligomer of the present invention has the
excellent advantage of being extremely effective in improving water solubility of

a target compound, which is hardly water-soluble. In contrast, glycosylation
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may be costly because it is necessary to combine multiple monosaccharides to
achieve sufficient water solubility and to protect the hydroxyl groups of these
monosaccharides. Furthermore, for a branched oligomer (BGL), the first step
in production requires a laborious process to selectively produce glycerin
protected at the 1,3-positions, which can be costly. Therefore, it is clear that
employing the present invention is very significant.

[0029]

In Formula (1), X is at least one selected from the group consisting of
groups represented by Formula (2), which is a reactive group used for bonding
to a target compound. A substituent of the target compound suitably reacts
with X, to give a linked body wherein the branched multi-hydroxyl-protected
oligomer represented by Formula (1) is bonded to the target compound.

[0030]

[Chemical Formula 14]

10— HO—— Br

TsO

S=C=N—— N3 HS——

HoN

[0031]
In particular, in the light of good reactivity with the target compound, X is
preferably at least one selected from the group consisting of groups

represented by Formula (2a):
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[0032]

[Chemical Formula 15]

‘\;O— HO Br Cl |

TsO

S=™—C=—7/=N— HaN HG

[0033]

In Formula (1), Y2 to Y are at least one selected from the group
consisting of P, T, G, and A represented by Formula (3); mis 1; m'is an integer
of 1to 3; nis an integer of 0 to 9; n' is an integer of 0 to 27.

[0034]

[Chemical Formula 16]
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T= ——C—¢
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wherein Z is at least one selected from the group consisting of a
hydrogen atom, a protecting group and a carbon skeleton; and R? is at least
one selected from the group consisting of a hydrogen atom and an alkyl group.
[0035]

Y2to Y%in Formula (1) is at least one selected from the group consisting
of P, T, G, and A represented by Formula (3), and Y2to Y¢can be the same or
different. Each of Y2to Y¢is linked to each other via Z in Formula (3), and Z
used for this linkage is a carbon skeleton. Thatis, Zin -OZ is a carbon
skeleton, and each of Y@ to Y¢is each linked to each other via an ether bond (-
O-). The carbon skeleton is preferably a covalent bond, and can be a divalent
hydrocarbon group.

[0036]
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In Formula (1), mis 1 and m'is an integer from 1 to 3. Y® can be
bonded to the same number of Zs as the number of Zsin Y2, which is at least
one selected from the group consisting of P, T, G, and A represented by
Formula (3). For example, Y® can be bonded to all of Zs in Y2, or Y® can be
bonded to one or more Zs in Y2, with the remaining Z of Y2 being at least one
selected from the group consisting of a hydrogen atom and a protecting group.
When Y2 is P, there are three Zs, so the maximum number of m'is 3. In
addition, in Formula (1), n is an integer of 0 to 9, and n' is an integer of 0 to 27.
Y¢ can be bonded to the same number of Zs of Y®, which is at least one
selected from the group consisting of P, T, G, and A represented by Formula
(3), and Y9 can be bonded to the same number of Zs of Y¢, which is at least one
selected from the group consisting of P, T, G, and A represented by Formula
(3). For example, Y¢ can be bonded to all of Zs in Y®, or Y9 can be bonded to
all of Zs in Y. Y°can be bonded to one or more Zs in Y®, with the remaining Z
in Y® being at least one selected from the group consisting of a hydrogen atom
and a protecting group, or Y9 can be bonded to one or more Zs in Y¢, with the
remaining Z in Y°¢being at least one selected from the group consisting of a
hydrogen atom and a protecting group. When m'is 3 and all Y® are P, there
are 9 Zs, so the maximum number of nis 9. Similarly, when nis 9 and all Y°
are P, there are 27 Zs, so the maximum number of n' is 27. Here, when both n
and n' are 0, neither Y° nor Y¢ is present in the resulting structure.

[0037]

In Formula (3), Z is at least one selected from the group consisting of a

hydrogen atom, a protecting group and a carbon skeleton. As described

above, each of Y2 to Y4 is linked with each other via Z. Z not used in the
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linkage is preferably at least one selected from the group consisting of a
hydrogen atom and a protecting group. From the viewpoint of deprotecting the
linked body after obtaining the linked body bound to the target compound, itis a
preferred embodiment that the Z not used in the linkage is a protecting group.
In particular, it is a preferred embodiment that the terminal of the branched
multi-hydroxyl-protected oligomer represented by Formula (1) is a protecting
group. There are no particular restrictions to the protecting group as long as it
is a substituent that protects a hydroxyl group. Examples include an acyl
group, an alkoxymethyl group, an alkoxycarbonyl group, an alkenyl group, an
alkylsilyl group, an arylmethyl group, a tetrahydropyranyl group, and a group in
which multiple Zs form a cyclic structure. Furthermore, in Formula (3), R?is at
least one selected from the group consisting of a hydrogen atom and an alkyl
group. The alkyl group is a linear or branched alkyl group having 1 to 10
carbon atoms; examples include methyl, ethyl, n- propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, tert-pentyl, n-hexyl,
isohexyl, 2-ethylhexyl, n-heptyl, n-octyl, n-nonyl, and n-decyl groups. Among
these, preferred alkyl groups are methyl and ethyl.

[0038]

Examples of the acyl group include a linear or branched alkylcarbonyl
group having 2 to 10 carbon atoms and an arylcarbonyl group. There are no
particular restrictions to the linear or branched alkylcarbonyl group having 2 to
10 carbon atoms as long as it has a structure in which a carbonyl group is
bonded to any carbon atom of an alkyl group. Examples of the alkyl group
include a linear or branched alkyl group having 1 to 10 carbon atoms, such as a

methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl
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group, an isobutyl group, a sec-butyl group, a tert-butyl group, an n-pentyl
group, an isopentyl group, a neopentyl group, a tert-pentyl group, an n-hexyl
group, an isohexyl group, a 2-ethylhexyl group, an n-heptyl group, an n-octyl
group, an n-nonyl group and n-decyl group. Specific examples of acyl groups
include an acetyl group, a propionyl group, a butyryl group, an isobutyryl group,
a benzoyl group, a dodecanoyl group, and a crotonoyl group. Among these, a
preferred acyl group is an acetyl group.

[0039]

There are no particular restrictions to the alkoxymethyl group as long as
it has a structure in which an alkoxy group having 1 to 7 carbon atoms is
bonded to a methyl group; examples include a methoxymethyl group, an
ethoxymethyl group, and a benzyloxymethyl group.

[0040]

Examples of the alkoxycarbonyl group include linear, branched, and
cyclic alkoxycarbonyl groups having 2 to 10 carbon atoms, such as a
methoxycarbonyl group, an ethoxycarbonyl group, a 2,2,2-
trichloroethoxycarbonyl group, an n-propoxycarbonyl group, an
isopropoxycarbonyl group, an allyloxycarbonyl group, an n-butoxycarbonyl
group, an isobutoxycarbonyl group, a sec-butoxycarbonyl group, a tert-
butoxycarbonyl group, a pentyloxycarbonyl group, a hexyloxycarbonyl group, a
heptyloxycarbonyl group, an octyloxycarbonyl group, and a benzyloxycarbonyl
group.

[0041]
The alkenyl group can be a linear or branched alkenyl group having 2 to

6 carbon atoms, such as a vinyl group, an allyl group, a methylvinyl group, a
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propenyl group, a butenyl group, a pentenyl group, or a hexenyl group.
[0042]

Examples of the alkylsilyl group include a trimethylsilyl group, a
triethylsilyl group, a triisopropylsilyl group, a tert-butyldimethylsilyl group, and a
tert-butyldiphenylsilyl group.

[0043]

There are no particular restrictions to the arylmethyl group as long as it
has a structure in which an aryl group is bonded to a methyl group; examples
include a benzyl group and a 4-methoxybenzyl group.

[0044]

When the group in which multiple Zs form a cyclic structure as P, T, G,
and A represented by Formula (3) above, structures represented by the
following formulas (3a) to (3d), respectively, are preferably employed.

[0045]

[Chemical Formula 17]
—Cc—C o) RP (3a)

In Formula (3a), R is an alkyl group.
[0046]

[Chemical Formula 18]

——Cc—<¢ Gp)

NAY

In Formula (3b), R?, R¢, and R%are at least one selected from the group
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consisting of a hydrogen atom and an alkyl group.
[0047]

[Chemical Formula 19]

—0 RS
—C >< (3c)
\—~o RY

In Formula (3c), R° and R?are at least one selected from the group
consisting of a hydrogen atom and an alkyl group.
[0048]

[Chemical Formula 20]

\ B (3d)

Rd

In Formula (3d), R® and R are at least one selected from the group
consisting of a hydrogen atom and an alkyl group.
[0049]

In Formula (3a), R® is an alkyl group, and the alkyl groups described for
R? in Formula (3) can be used as R°. In Formula (3b), R?, R¢, and R%are at
least one selected from the group consisting of a hydrogen atom and an alkyl
group. R?in Formula (3b) is the same substituent as R? in Formula (3), and
the alkyl groups described for R? in Formula (3) can be used as well. R°and
RYin Formulas (3b), (3c), and (3d) are at least one selected from the group
consisting of a hydrogen atom and an alkyl group. In a preferred embodiment,

both R°® and R are alkyl groups, and it is also preferred that one is a hydrogen
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atom and the other is an alkyl group. The alkyl groups used for R®and R? can
be the alkyl groups described for R?in Formula (3).
[0050]

The above-mentioned protecting groups can further have a substituent,
and such substituents include halogen atoms such as fluorine, chlorine,
bromine, and iodine; alkyl groups such as methyl, ethyl, and n-propyl; alkenyl
groups such as vinyl, allyl, methylvinyl, and propenyl; alkynyl groups such as
ethynyl, propynyl, and propargyl; aryl groups such as phenyl and naphthyl;
alkoxy groups such as methoxy, ethoxy, propoxy, isopropoxy, and butoxy;
alkylthio groups such as methylthio, ethylthio, propylthio, and butylthio; arylthio
groups such as phenylthio and naphthylthio; acyloxy groups such as acetoxy,
propanoyloxy, butanoyloxy, pivaloyloxy, and benzoyloxy; heteroaromatic groups
such as pyridyl, thienyl, furyl, imidazolyl, and oxazolyl; an amino group; a
hydroxyl group; a cyano group; and a nitro group.

[0051]

Since m in Formula (1) is 1, the branched multi-hydroxyl-protected
oligomer of the present invention is any of the compounds represented by
Formulas (1a) to (1d), where Y2is P, T, G, or A. Among these, the branched
multi-hydroxyl-protected oligomer represented by Formula (1a) or (1c) below is
preferred.

[0052]

[Chemical Formula 21]
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Ho
X c—c [ Yb — 1 Y¢ ]—[ Yd] (1a)
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In Formula (1a), X, YP to Y¢, Z, m, m', n and n' are as defined in Formula
(1).
[0053]

[Chemical Formula 22]

In Formula (1b), X, YP to Y9, Z, m, m', n and n' are as defined in Formula
(1), and R? is as defined in Formula (3).
[0054]

[Chemical Formula 23]

/—oz T e T e B
{LOZ e

n

In Formula (1c), X, Y° to Y4, Z, m, m', n, and n' are as defined in Formula
(1), except when the compounds represented by Formula (1c) are X-G1G1, X-
G1G2, X-G1A1, and X-G1A:.
[0055]

[Chemical Formula 24]



23

el ],
), L

In Formula (1d), X, Y®to Y9, Z, m, m', n, and n' are defined as in Formula
(1).

[0056]

In Formula (1a), for example, a compound represented by Formula (1a')
(X-P1P1, X-P1T1, X-P1G4, X-P+1A+) in whichm'is 1, n and n'are 0, and Y is P, T,
G, or A represented by Formula (3) is one of the simplest structures for the
branched multi-hydroxyl-protected oligomer of the present invention. However,
the branched multi-hydroxyl-protected oligomer of the present invention is not
limited to this structure.

[0057]

[Chemical Formula 25]
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/_OZ (1a')

0z

0z —0z

In Formula (1a’), X is as defined in Formula (1), and Z and R® are as
defined in Formula (3).

[0058]

There are no particular restrictions to a method for producing a branched
multi-hydroxyl-protected oligomer of the present invention. For example, as
shown in the following reaction formula (1), it can be produced by an
etherification reaction between a dibromide (when X#=Br) and an alcohol R'-OH
represented by Formula (4). Alternatively, as shown in reaction formula (l1), it
can be produced by an etherification reaction between a tribromide (when X?@

=Br) and an alcohol R'-OH represented by Formula (4). It can also be
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produced by a linkage reaction between epichlorohydrin (when X°=Cl) and an
alcohol R'-OH represented by Formula (4). These reactions are preferably
carried out by well-known methods. The halogen atom in X2 is preferably
bromine, chlorine, or iodine. The substituent X in the resulting branched multi-
hydroxyl-protected oligomer is at least one selected from the group consisting of
groups represented by Formula (2), and can be converted to a desired
substituent X by appropriate procedures such as tosylation or deallylation.
[0059]

[Chemical Formula 26]

X 1 X
O/j< _....5...:_0_5_,.. O/j< (1)
_j\o ) & 7\0 O—R'

In Formula (1), X is as defined Formula (1), X2 is a halogen atom, and R’
is a group obtained by removing -OH from at least one alcohol R'-OH selected
from the group consisting of Formula (4).

[0060]

[Chemical Formula 27]

X X

xa R'—OH O—R!
R — Y ( II )
xa Xa ?1 0\R1
R

In Formula (1), X is as defined in Formula (1), X is a halogen atom, and
R'" is a group obtained by removing -OH from at least one alcohol R'-OH
selected from the group consisting of Formula (4).

[0061]
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[Chemical Formula 28]

OH
RO O-R!

xb
In Formula (111), X is as defined in Formula (1), X® is a halogen atom, and
R'-OH is at least one selected from the group consisting of alcohols
represented by Formula (4).
[0062]

[Chemical Formula 29]
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[0063]

The resulting branched multi-hydroxyl-protected oligomer can be linked
to a target compound. For example, when the substituent X in the branched
multi-hydroxyl-protected oligomer represented by Formula (1) is -Br or -OTs, it
can be reacted with the hydroxyl group of the target compound, pterostilbene,
as shown in reaction formula (1V), to provide a linked body. In other words, a

linked body formed by linking a branched multi-hydroxyl-protected oligomer to a
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target compound is a preferred embodiment. The target compound is
preferably a hardly water-soluble compound, and preferred examples of such
hardly water-soluble compounds include polyphenol compounds having
hydroxyl groups, such as pterostilbene and resveratrol.

[0064]

[Chemical Formula 30]

OMe OMe
S
MeO & O MeO & O
— ya]l— Yb \Lh - Yd
o—| lm[ =1yl Y],

OH =
m

In Formula (1V), Y2, Y®, Y¢, Y4, m, m', n and n' are as defined in Formula
(1).

[0065]

The branched multi-hydroxyl-protected oligomer used to bond to a target
compound can be a deprotected branched multi-hydroxyl-protected oligomer.
However, in the light of efficient reaction, it is preferred to obtain a linked body
formed by bonding to the target compound and then to deprotect the linked
body. Known methods can be used for deprotection. As shown in Examples
described below, the protecting groups in the linked body are deprotected,
resulting in generation of numerous hydroxyl groups. As is clear from a water
solubility evaluation results in Examples described below, the branched multi-
hydroxyl-protected oligomer of the present invention is highly effective in
improving water solubility of a target compound, which is a hardly water-soluble
compound. A water-solubility improver comprising a branched multi-hydroxyl-

protected oligomer is, therefore, a preferred embodiment.
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Examples
[0066]

The present invention will be more specifically explained below by the
use of Examples below. The reagents and solvents used were commercially
available and used as received without any purification process. The amounts
of the organic solvents used in blending were all expressed in volume ratios. 'H
NMR and *C NMR were measured using a JEOL JNN-ECS400 at 400 MHz
and 100 MHz, respectively.

[0067]
[Raw material compound]
[0068]

[Chemical Formula 31]

HO

2

0
0.£LO
Al

[0069]

A1:(1-methyl-2,6,7-trioxabicyclo[2.2.2]octan-4-yl)methanol is a known
compound , for which a production method is described in T. Jeffrey Dunn,
William L. Neumann, Milorad M. Rogic, and Steven R. Woulfe J. Org. Chem.,
1990, 55, 6368-6373.

[0070]

[Chemical Formula 32]
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e
0/'\ A2

[0071]

A2:(2s,5s)-2-methyl-1,3-dioxan-5-ol can be obtained a known method
described in WO 2020/255741 A1.
[0072]

[Chemical Formula 33]

HO

o]\
,A(O
A3
[0073]
A3: (2,2-dimethyl-1,3-dioxolan-4-yl)methanol is available from TCI
(Tokyo Chemical Industry Co., Ltd.).
[0074]

[Chemical Formula 34]

HO

<
O)QOAZI
[0075]
A4: (2,2,5-trimethyl-1,3-dioxan-5-yl)methanol is commercially available
from Merck-Aldrich.
[0076]

[Chemical Formula 35]
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HC){)_/ o{o><

Q A22

[0077]

A22:1,3-bis((2,2-dimethyl-1,3-dioxan-5-yl)oxy)propan-2-ol can be
synthesized by a known method described in Nemoto, Hisao; Kamiya, Masaki;
Nakamoto, Aki; Katagiri, Ayato; Yoshitomi, Kohsuke; Kawamura, Tomoyuki;
Hattori, Hatsuhiko. Chem. Lett. 2010, 39, 856-857.

[0078]
[Chemical Formula 36]

HO O

(8
}o
S A23

[0079]
A23:1,3-bis((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)propan-2-ol is
commercially available from Synnovator Product.
[0080]
[Chemical Formula 37]

Br

oj<
\|\0 Br 4

[0081]
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B1:5,5-bis(bromomethyl)-2,2-dimethyl-1,3-dioxane is commercially
available from FUJIFILM Wako Pure Chemical Corporation.
[0082]
[Chemical Formula 38]
ht
0
Br

Br Br 1
[0083]
C1:3-(3-bromo-2,2-bis(bromomethyl)propoxy)prop-1-ene is commercially
available from HONG KONG CHEMHERE CO LIMITED.

[0084]

[Chemical Formula 39]
(2

(0]
/A[/“Br
Br Br p¢

[0085]

D1:2-(3-bromo-2,2-bis(bromomethyl)propoxy)tetrahydro-2H-pyran can be
produced by a known method described in JP 2022-14977 A.
[0086]

[Chemical Formula 40]
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0o R
H
o o

Br I
Ce Br
Br Br p-TsOH
toluene g, Br
50°C
12 h E1
[0087]

E1:1,3-Dibromo-2-(bromomethyl)-2-((methoxymethoxy)methyl)propane
can be prepared in 80% yield by the equilibrium transacetalation of 3-bromo-
2,2-bis(bromomethyl)propan-1-ol with 20 equivalents of dimethoxymethane for
12 hours under acid catalysis without solvent.

'"H NMR (CDCls, 400 MHz): 5 4.64 (s, 2H), 3.58 (s, 2H), 3.54 (s, 6H), 3.40 (s,
3H)

3C NMR (CDCls, 100 MHz): & 97.0 (CH2), 66.8(CHz), 55.7(CHs3), 43.6, (C), 34.6
(CH2x 3)

[0088]

[Chemical Formula 41]

OMe
O D ‘ OMe
HO F1

[0089]

F1:(E)-4-(3,5-dimethoxystyryl)phenol (pterostilbene) is commercially
available from TCI (Tokyo Chemical Industry Co., Ltd.).
[0090]

Synthesis Example 1
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[Etherification reaction of dibromide B1 with alcohol R" -OH]
[0091]

[Chemical Formula 42]

R, e R

0 Br g1 Base

[0092]

To a solution (2 to 10 mL) of alcohol R'-OH (10 mmol) in 1,3-
dimethylimidazolidin-2-one (DMI) was added sodium hydride (60% in paraffin)
(10 to 20 mmol) at room temperature and the mixture was stirred for 5 min. B1
(30 to 40 mmol) was added to the resulting suspension and stirred at 100 °C for
20 hours. The suspension was then cooled to room temperature, deionized
water (30 to 40 mL) was added, and an extraction with ethyl acetate/toluene
(1/1) (60 to 100 mL) was performed. The resulting organic layer was washed
with deionized water (30 to 40 mL, 2 to 3 times) and concentrated under
reduced pressure. The residue was purified by silica gel column
chromatography (toluene/ethyl acetate = 10/1 to 2/1) to give the target
compound as a colorless liquid or solid (3.7 to 7.0 mmol, 37 to 70% yield).
[0093]

Synthesis Example 2
[Etherification reaction of tribromide C1 with alcohol R>-OH]
[0094]

[Chemical Formula 43]
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\\\l\ 0
0 [,SE'\O*FF
Br
(0]
fﬁf .

Br Br

¢} ————— R

[0095]

Sodium hydride (60% paraffin) (1.0 equivalent to R>-OH = 40 to 60
mmol) was added to a solution (2 to 10 mL) of alcohol R2-OH (40 to 60 mmol) in
1,3-dimethylimidazolidin-2-one (DMI) at room temperature and the mixture was
stirred for 5 min. C1 (30 to 40 mmol) was added to the suspension and stirred
at 100 °C overnight. The suspension was then cooled to room temperature,
deionized water (30 to 40 mL) was added, and an extraction with ethyl
acetate/toluene (1/1) (60 to 100 mL) was performed. The resulting organic
layer was washed with deionized water (30 to 40 mL, 2 to 3 times) and
concentrated under reduced pressure. DMI (<1 mmHg, boiling point : up to 100
°C) and excess starting alcohol R>-OH (<1 mmHg, boiling points of all products
were approximately 140 to 150 °C, 30 to 50 mmol) were distilled from the
residue under reduced pressure to be recovered. The resulting residue was
purified by silica gel column chromatography (toluene/ethyl acetate = 4/1 to 1/1)
to give the target compound as colorless liquid (6.50 to 7.40 mmol, 65 to 74 %
yield based on conversion of R>-OH).

[0096]
Synthesis Example 3
[Deallylation reaction of the compound obtained in Synthesis Example 2]

[0097]
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[Chemical Formula 44]

o

=)

L

Y
p](

@

s )
N

0 O‘RZ CI) R2
R? R?
[0098]

Potassium carbonate (30 to 40 mmol) was added to a solution of allyl
ether (10 mmol) in methanol (40 to 60 ml). The resulting suspension was
stirred under an argon atmosphere in an argon stream, and
tetrakis(triphenylphosphine)palladium (0) (0.1 to 0.2 mmol) was added at room
temperature, and the mixture was stirred at 65 °C for 8 to 20 hours. The
suspension was filtered through Celite, and the filtrate was concentrated under
reduced pressure to give the target compound, which was used in the next
reaction without further purification.

[0099]

Synthesis Example 4

[Linking reaction of epichlorohydrin with alcohol R3-OH]
[0100]

[Chemical Formula 45]

o) R3—OH o

—

Cl R0 OR?

[0101]

Potassium hydroxide (130 mmol) was added to a solution (30 mL) of
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alcohol R3-OH (156 mmol) in 1,3-dimethylimidazolidin-2-one (DMI) and the
mixture was stirred at 80 “C for 30 min. The resulting suspension was then
heated to 55 °C, and a solution (5 mL) of epichlorohydrin (4.6 g, 50 mmol) in
1,3-dimethylimidazolidin-2-one (DMI) was added dropwise. The resulting
suspension was stirred at 55 °C for 45 hours and then at 80 ‘C for 22 hours.
lon-exchanged water (50 to 80 mL) was poured into the suspension at room
temperature, and an extraction with ethyl acetate (200 to 300 mL) was
performed. The resulting organic layer was washed with ion-exchanged water
(50 to 80 mL, 2 to 3 times) and concentrated under reduced pressure. After
recovering DMI (<1 mmHg, up to 100 °C) and the excess starting alcohol R3-OH
(<1 mmHg, 140 to 50 "C, up to 56 mmol), the residue was then distilled under
reduced pressure to give the target compound as colorless solid or liquid by
distillation (<1 mmHg, 200 to 210 "C) (21.2 to 29.1 mmol, 42.5 to 58.4% yield
based on conversion of R3-OH).
[0102]
Synthesis Example 5
[Tosylation reaction of the alcohols obtained in Synthesis Examples 3 and 4]
[0103]
[Chemical Formula 46]
HO—R* —> TsO—R*
[0104]

To a pyridine solution (28.0 mmol) of alcohol R*-OH (1.4 mmol) were
added 4- dimethylaminopyridine (0.28 mmol) and then tosyl chloride (2.8 mmol)
at room temperature, and the mixture was stirred for 8 to 20 hours.  To the

resulting reaction mixture were added saturated aqueous sodium bicarbonate
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(20 mL) and ethyl acetate (40 mL), and the mixture was stirred for 2 hours.

The resulting organic layer was washed with ion-exchanged water (30 to 40 mL,
2 to 3 times) and then concentrated under reduced pressure. The resulting
product was used in the next reaction without further purification.

[0105]

Synthesis Example 6

[Etherification reaction of the compound obtained in Synthesis Example 1 or
Synthesis Example 5 with the target compound]

[0106]

[Chemical Formula 47]

OMe
R5-X

O X=Bror0T§
SASde N
FI\O

HO F1

OMe
R ] OMe

[0107]
(1) When X=0Ts

Anhydrous potassium carbonate (17.36 mmol) and tosylate R>-OTs (7.23
mmol) were added to a solution of pterostilbene F1 (8.68 mmol) in N,N-
dimethylformamide (15 mL) at room temperature, and the mixture was stirred at
90 °C for 11 hours. The suspension was then cooled to room temperature,
deionized water (40 mL) was added, and an extraction with ethyl
acetate/toluene (1/1) (100 mL) was performed. The resulting organic layer
was washed with deionized water (40 mL, 2 times) and saturated aqueous
sodium bicarbonate (20 mL) in sequence, and then concentrated under reduced

pressure. The residue was purified by silica gel column chromatography
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(toluene / ethyl acetate = 5/1 to 2/1) to obtain the target linked body as colorless
liquid (6.07 to 6.13 mmol, 70 to 84% yield).
[0108]
(2) When X=Br

Potassium hydroxide (15 to 20 mmol) and bromide R®-Br (10 mmol) were
added to a DMI solution (10 to 20 mL) of pterostilbene F1 (15 to 20 mmol) at
room temperature, and the mixture was stirred at 100 °C for 20 hours. The
suspension was then cooled to room temperature, ion-exchanged water (30 to
40 mL) was poured, and an extraction with ethyl acetate / toluene (1/1) (60 to
100 mL) was performed. The resulting organic layer was washed with ion-
exchanged water (30 to 40 mL, 2 to 3 times) and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography
(toluene/ethyl acetate = 10/1 to 3/1) to give a linked body as the target
compound as colorless liquids or solid (6.1 to 8.0 mmol, 61 to 80% yield).
[0109]
Synthesis Example 7
[Deprotection reaction of the linked body obtained in Synthesis Example 6]
[0110]

[Chemical Formula 48]
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OMe Ole

~ Q OMe x g OMe
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i o —_— ( i OMe
n OMe s O OMe
o

(

e
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HO
HO

HO—F

HO 0 ‘

HO

n

n

[0111]
(1) Reaction conditions when the structure does not contain an orthoester (n=0)
Hydrochloric acid (1 to 3 mol/L, 10 mL) was added to a methanol solution
(10 mL) of the compound (10 mmol) obtained in Synthesis Example 6 at room
temperature with stirring, and the mixture was stirred for 2 hours. The resulting
mixture was then concentrated under reduced pressure. This procedure was
repeated 2 to 3 times.
[0112]
(2) Reaction conditions when the structure contains an orthoester (n# 0)
Hydrochloric acid (1 to 3 mol/L, 10 mL) was added to a methanol solution
(10 mL) of the compound (10 mmol) obtained in Synthesis Example 6 at room
temperature with stirring, and the mixture was then concentrated under reduced
pressure. This procedure was repeated 2 to 3 times. Then, 1.21t0 2.0
equivalents of sodium hydroxide (in terms of the orthoester moiety of the raw
material) were added. After confirming by thin-layer chromatography that the
product had converged to one point, the mixture was concentrated under
reduced pressure.

[0113]
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(3) Purification method when the target substance has sufficiently high water
solubility

The residue was purified using a Diaion resin column (2-propanol / water
= 1/4 to 1/1) to obtain the target deprotected linked body (8.5 to 9.8 mmol, 85 to
98% yield). This purification method was used in Examples 1 to 4, 8, 14, and
18.
[0114]
(4) Purification method when the target compound has insufficient water
solubility

The crude target product was dissolved in 2-propanol to prepare a
solution, and sodium bicarbonate was added until the solution reached a pH of
7 or higher. The resulting suspension was filtered, and the filtrate was
concentrated under reduced pressure to obtain the target deprotected linked
body (8.5 to 9.8 mmol, 85 to 98 % yield). This purification method was used in
Examples 5, 6, 10, 11, 13, and 15 to 17.
[0115]
Example 1
[Synthesis of compound G117:P1 P4]
[0116]

[Chemical Formula 49]

0" Br p; G119
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[0117]

In Synthesis Example 1, A1 was used as R'-OH to obtain the target
compound G117.
Chemical Formula: C15H25BrOs
4-(((5-(bromomethyl)-2,2-dimethyl-1,3-dioxan-5-yl)methoxy)methyl)-1-methyl-
2,6,7-trioxabicyclo[2.2.2]octane
"H NMR (CDCls, 400 MHz): 5 4.00 (s, 6H), 3.73 (d, J = 12.0 Hz, 2H), 3.69 (d, J
=12.0 Hz, 2H),3.47 (s, 2H), 3.42 (s, 2H), 3.23 (s, 2H), 1.46 (s, 3H), 1.41 (s, 3H),
1.40 (s, 3H).
13C NMR (CDCls, 100 MHz): 5 108.6 (C), 98.7 (C), 71.2 (CH), 69.9 (CH), 69.4
(CH2x3), 63.7 (CH2x2), 38.5 (C), 35.4 (CH2) 35.1 (C), 23.8 (CH3), 23.5 (CHa),
23.4 (CHs).
[0118]
[Synthesis of compound G118]
[0119]

[Chemical Formula 50]

OMe

I OMe

ol 3
g TR 5

250 N ‘ OMe 250
\IL G117 + HO O F1 — \f G118

o

o
O

o]
o]

[0120]
In Synthesis Example 6, item (2), G117 was used as R®-X to obtain the

target compound, G118.
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Chemical Formula: C31H4009
(E)-4-(((5-((4-(3,5-dimethoxystyryl)phenoxy)methyl)-2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)methyl)-1-methyl-2,6,7-trioxabicyclo[2.2.2]octane

"H NMR (CDCls, 400 MHz): & 7.44 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 16.0 Hz,
1H), 6.91 (d, J = 16.0 Hz, 1H), 6.88 (d, J = 8.8 Hz, 2H), 6.65 (d, J = 2.4 Hz, 2H),
6.38 (brt, J = 2.4 Hz, 1H), 3.95 (s, 8H), 3.87-3.75 (m, 10H), 3.48 (s, 2H), 3.18 (s,
2H), 1.47-1.40 (m, 9H).

3C NMR (CDCls, 100 MHz): 6 161.1 (Cx2), 158.8 (C), 139.7 (C), 130.4 (C),
128.7 (CH), 128.0 (CHx2), 126.9 (CH), 114.8 (CHx2), 108.6 (C),104.4 (CHx2),
99.8 (CH), 98.6 (C), 71.0 (CHz2), 70.0 (CH2), 69.5 (CH2x3), 67.3 (CH.), 62.6
(CH2x2), 55.5 (CH3%2), 39.0 (C), 35.2 (C), 24.1 (CHs3), 23.6 (CH3x2).

[0121]

[Synthesis of compound G119]

[0122]

[Chemical Formula 51]

OMe
OMe
e
OMe ‘
° O O “‘- OMe
0

s @ik

O\f,O OH
G118— OH OH G119
[0123]
In Synthesis Example 7, item (2), G118 was used as the compound

obtained in Synthesis Example 6 to obtain the target compound, G119.

Chemical Formula: C2sH3609
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(E)-2-((3-(4-(3,5-dimethoxystyryl)phenoxy)-2,2-
bis(hydroxymethyl)propoxy)methyl)-2-(hydroxymethyl)propane-1,3-diol

"H NMR (CD30D, 400 MHz): 5 7.48 (d, J = 8.8 Hz, 2H), 7.09 (d, J = 16.0 Hz,
1H), 6.95 (d, J = 16.0 Hz, 1H), 6.95 (d, J = 8.8 Hz, 2H), 6.68 (d, J = 2.4 Hz, 2H),
6.37 (brt, J = 2.4 Hz, 1H), 3.98 (s, 2H), 3.80 (s, 6H), 3.70 (s, 4H), 3.57 (s, 6H),
3.52 (2H), 3.43 (2H).

13C NMR (CDs0D, 100 MHz): 6 162.4 (Cx2), 160.5 (C), 141.2 (C), 131.5 (C),
129.7 (CH), 128.8 (CHx2), 127.5 (CH), 115.8 (CHx2), 105.3 (CHx2), 100.4
(CH), 71.8 (CH), 71.5 (CH.), 67.9 (CH), 63.1 (CH2x3), 62.4 (CH>%2), 55.7
(CHs3x2), 47.1(C), 47.0 (C).

[0124]

Example 2

[Synthesis of compound G127 : P1G1]

[0125]

[Chemical Formula 52]

Br

Br 0/j<
HO ~q o \|\o 00
\(;)\ A2 + \l\/"ji' B1— \(C:)\ G127

[0126]

In Synthesis Example 1, A2 was used as R'-OH to obtain the target
compound, G127.
Chemical Formula: C13H23BrOs
5-(bromomethyl)-2,2-dimethyl-5-((((2s,5s)-2-methyl-1,3-dioxan-5-yl)oxy)methyl)-

1,3-dioxane
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"H NMR (CDCls, 400 MHz): 5 4.71 (g, J = 5.0 Hz, 1H), 4.18, (brd, J = 13.6 Hz,
2H), 3.86 (d, J = 12.0 Hz, 2H), 3.83 (m, 2H), 3.80 (d, J = 12.0 Hz, 2H), 3.64 (s,
2H), 3.56 (s, 2H), 3.18 (m, 1H), 1.42 (s, 3H), 1.42 (s, 3H), 1.34 (d, J = 5.2 Hz,
3H).

13C NMR (CDCls, 100 MHz): & 99.1 (CH), 98.6 (C), 71.3 (CH), 68.4 (CH»x2),
68.1 (CH2), 63.9 (CH2x2), 38.5 (C), 36.2 (CHz), 23.8 (CHs), 23.7 (CHs), 21.2
(CHg).

[0127]

[Synthesis of compound G128]

[0128]

[Chemical Formula 53]

OMe
O = ‘ OMe
Br 0

0’j< OMe O’j<
Yo § 2 xome Yo o
0 G127 + HO Bl == 0 G128
[0129]
In Synthesis Example 6, item (2), G127 was used as R®-Br to obtain the
target compound G128.
Chemical Formula: C29H330s
5-((4-((E)-3,5-dimethoxystyryl)phenoxy)methyl)-2,2-dimethyl-5-((((2s,5s)-2-
methyl-1,3-dioxan-5-yl)oxy)methyl)-1,3-dioxane
'H NMR (CDCls, 400 MHz): 5 7.41 (d, J = 8.8 Hz, 2H), 7.01 (d, J = 16.0 Hz,
1H), 6.90 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 16.0 Hz, 1H), 6.63 (d, J = 2.4 Hz, 2H),

6.35 (brt, J = 2.4 Hz, 1H), 4.64 (q, J = 4.8 Hz, 1H), 4.10 (d, J = 11.6 Hz 2H),
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4.05 (s, 2H), 3.90 (s, 4H), 3.78 (s, 6H), 3.72 (d, J = 11.6 Hz, 2H), 3.59 (s, 2H),
3.06 (m, 1H), 1.43 (s, 6H), 1.29 (d, J = 4.8 Hz, 3H).

13C NMR (CDCl3, 100 MHz): 6 160.9 (Cx2), 158.8 (C), 139.6 (C), 130.0 (C),
128.6 (CH), 127.7 (CHx2), 126.5 (CH), 114.8 (CHx2), 104.2 (CHx2), 99.6 (CH),
98.9 (CH), 98.2 (C), 71.3 (CH), 68.2 (CH2>%2), 67.6 (CH2), 67.3 (CH2), 62.5
(CH2x2), 55.2 (CH3x2), 38.8 (C), 23.9 (CHs), 23.6 (CHs3), 21.0 (CHs).

[0130]

[Synthesis of compound G129]

[0131]

[Chemical Formula 54]

O\DMe 0

0 HO
[ & G

G128— OH G129

OMe

= OMe

[0132]

In Synthesis Example 7, item(1), G128 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, G129.
Chemical Formula: C24H320s
(E)-2-(((1,3-dihydroxypropan-2-yl)oxy)methyl)-2-((4-(3,5-
dimethoxystyryl)phenoxy)methyl)propane-1,3-diol
"H NMR (CD3s0D, 400 MHz): 5 7.48 (d, J = 8.8 Hz, 2H), 7.09 (d, J = 16.0 Hz,
1H), 6.95 (d, J = 16.0 Hz, 1H), 6.95 (d, J = 8.8 Hz, 2H), 6.68 (d, J = 2.0 Hz, 2H),
6.37 (brt, J = 2.0 Hz, 1H), 4.00 (s, 2H), 3.81 (s, 6H), 3.77-3.68 (m, 7H), 3.68-

3.52 (m, 4H).
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13C NMR (CDs0D, 100 MHz): 6 162.4 (Cx2), 160.4 (C), 141.1 (C), 131.4 (C),
129.7 (CH), 128.8 (CHx2), 127.5 (CH), 115.8 (CHx2), 105.3 (CHx2), 100.4
(CH), 83.1 (CH), 70.1 (CH2), 67.7 (CH2), 62.4 (CH2x4), 55.7 (CH3%2), 47.0 (C).
[0133]

Example 3

[Synthesis of compound G137 : P1A4]

[0134]

[Chemical Formula 55]

B

HO 0 0

SN SN

0
’kOAS + \1\0 Br pi— )(0(}137

[0135]

In Synthesis Example 1, A3 was used as R'-OH to obtain the target
compound G137.
Chemical Formula: C14H25BrOs
5-(bromomethyl)-5-(((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)methyl)-2,2-
dimethyl-1,3-dioxane-methane (1/1)
H NMR (CDCls, 400 MHz): & 4.25 (m, 1H), 4.10-3.30 (m, 12H), 1.50-1.20 (m,
12H).
13C NMR (CDCls, 100 MHz): d 109.5 (C), 98.7 (C), 74.7 (CH), 72.4 (CH2), 71.2
(CHz2), 66.8 (CH2), 63.9 (CH2x2), 38.6 (C), 36.0 (CH2), 26.9 (CHz3), 25.6 (CH3),
24.2 (CHs), 23.2 (CHs).
[0136]
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[Synthesis of compound G138]
[0137]

[Chemical Formula 56]

,j<

o
OMe
o’ o
= ‘ OMe o]\
-0 0
G137 + HO F1— G138

[0138]

In Synthesis Example 6, item (2), G137 was used as R®-X to obtain the
target compound G138.
Chemical Formula: C30H400s
"H NMR (CDCls, 400 MHz): 5 7.43 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 16.0 Hz,
1H), 6.91 (d, J = 8.8 Hz, 1H), 6.90 (d, J = 16.0 Hz, 2H), 6.65 (d, J = 2.4 Hz, 2H),
6.37 (brt, J = 2.4 Hz, 1H), 4.27-4.16 (m, 1H), 4.02 (s, 2H), 4.01-3.96 (m, 1H),
3.86 (s, 4H), 3.82 (s, 6H), 3.75-3.64 (m, 1H), 3.62-3.40 (m, 4H), 1.44 (s, 3H),
1.43 (s, 3H), 1.39 (s, 3H), 1.33 (s, 3H).
3C NMR (CDCls, 100 MHz): 6 161.1 (Cx2), 158.9 (C), 139.8 (C), 130.2 (C),
128.8 (CH), 127.9 (CHx2), 126.7 (CH), 114.9 (CHx2), 109.4 (C),104.4 (CHx2),
99.7 (CH), 98.5 (C), 74.7 (CH), 72.4 (CH.), 71.0 (CH), 67.3 (CH), 66.8 (CHz),
62.7 (CH2), 62.7 (CH2), 55.5 (CH3x2), 39.0 (C), 26.8 (CH3), 25.6 (CH3), 24.6
(CHz), 23.1 (CH&).
[0139]

[Synthesis of compound G139]
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[0140]

[Chemical Formula 57]

OMe OMe
L @
OME OMe
[8)
0
0
\’\/\,I< HO’\/I<
0O 0
j\ HO™ O
(o)
.STO HO
G138— HO G139

[0141]

In Synthesis Example 7, item (1), G138 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, G139.
Chemical Formula: C24H320s
(E)-3-(3-(4-(3,5-dimethoxystyryl)phenoxy)-2,2-
bis(hydroxymethyl)propoxy)propane-1,2-diol
"H NMR (CD30D, 400 MHz): & 7.42 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 16.4 Hz,
1H), 6.91 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 16.4 Hz, 1H), 6.65 (d, J = 2.0 Hz, 2H),
6.35 (brt, J = 2.0 Hz, 1H), 3.96 (s, 2H), 3.80-3.73 (m, 1H), 3.76 (s, 6H), 3.70 (s,
4H), 3.65-3.41 (m, 6H).
3C NMR (CDs0OD, 100 MHz): d 162.4 (Cx2), 160.4 (C), 141.1 (C), 131.4 (C),
129.7 (CH), 128.8 (CHx2), 127.5 (CH), 115.8 (CHx2), 105.3 (CHx2), 100.4
(CH), 72.6 (CH), 70.8 (CH), 70.1 (CH2), 66.5 (CH2), 63.1 (CH2), 61.1 (CH2%2),
54.5 (CH3x2), 46.8 (C).

[0142]
Example 4

[Synthesis of compound H115 : P4P3]
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[0143]

[Chemical Formula 58]

o™

0

\LO HO 2\ o o\lf'o
« da B
Br Br 1+ \IL Al— H115

[0144]

o

O

In Synthesis Example 2, A1 was used as R?-OH to obtain the target
compound H115.
Chemical Formula: C29H46013
4,4'-(((2-((allyloxy)methyl)-2-(((1-methyl-2,6,7-trioxabicyclo[2.2.2]octan-4-
yl)methoxy)methyl)propane-1,3-diyl)bis(oxy))bis(methylene))bis(1-methyl-2,6,7-
trioxabicyclo[2.2.2]octane)
"H NMR (CDCls, 400 MHz): 5 5.82 (ddt, J = 5.6, 10.4, 17.6 Hz, 1H), 5.28-5.14
(m, 2H), 4.00 (s, 18H) 3.90 (ddd, J = 1.2, 1.2, 5.6 Hz, 2H), 3.30-3.11(m, 14H),
1.46 (s, 9H).
13C NMR (CDCls, 100 MHz): 5 134.6 (CH), 117.0 (CH2) 108.6 (Cx3), 72.3
(CHz2), 70.3 (CH2x3), 69.8 (CH2>x3), 69.4 (CH2x9), 68.5 (CH2), 45.7 (C), 35.2
(Cx3), 23.5 (CH3x3).
[0145]
[Synthesis of compound H116]
[0146]

[Chemical Formula 59]
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H115— H116

A deallylation was carried out in the same manner as in Synthesis
Example 3 to obtain the target compound H116.
Chemical Formula: C26H42013
3-((1-methyl-2,6,7-trioxabicyclo[2.2.2]octan-4-yl)methoxy)-2,2-bis(((1-methyl-
2,6,7-trioxabicyclo[2.2.2]octan-4-yl)methoxy)methyl)propan-1-ol
"H NMR (CDCls, 400 MHz): & 3.97 (s, 18H), 3.56 (d, J = 5.6 Hz, 2H), 3.30 (s,
6H), 3.16 (s, 6H), 1.98 (t, J = 5.6 Hz, 1H), 1.45 (s, 9H).
13C NMR (CDCls, 100 MHz): 5 108.7 (Cx3), 71.2 (CH2x2), 70.1 (CH2x2), 69.5
(CH2x11), 63.7 (CH2), 45.7 (C), 35.2 (Cx3), 23.5 (CH3x3).
[0148]
[Synthesis of compound H117]
[0149]

[Chemical Formula 60]
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[0150]

In Synthesis Example 5, H116 was used as R*-OH to obtain the target
compound, H117. The crude H117 was used as is in the next reaction.
[0151]

[Synthesis of compound H118]
[0152]

[Chemical Formula 61]

OTs 0 O
2\ i :%PO OMe 0[’%(23
\[Eo 0(25'0 O ‘* O OMe

H117+ HO Fl=>

[®)

O

H118

[0153]

In Synthesis Example 6, item (1), H117 was used as R®>-OTs to obtain
the target compound, H118. The crude H118 was used as is in the next
reaction.

[0154]
[Synthesis of compound H119]
[0155]

[Chemical Formula 62]
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[0156]

In Synthesis Example 7, item (2), H118 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, H119.
Chemical Formula: C3sHs6015
(E)-2,2'-(((2-((4-(3,5-dimethoxystyryl)phenoxy)methyl)-2-((3-hydroxy-2,2-
bis(hydroxymethyl)propoxy)methyl)propane-1,3-
diyl)bis(oxy))bis(methylene))bis(2-(hydroxymethyl)propane-1,3-diol)

"H NMR (CD30D, 400 MHz): & 7.47 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 16.0 Hz,
1H), 6.94 (d, J = 16.0 Hz, 1H), 6.94 (d, J = 8.8 Hz, 2H), 6.67 (d, J = 2.0 Hz, 2H),
6.36 (brt, J = 2.0 Hz, 1H), 4.00 (s, 2H), 3.80 (s, 6H), 3.65-3.50 (m, 24H), 3.47-
3.40 (m, 6H).

3C NMR (CDs0OD, 100 MHz): d 162.4 (Cx2), 160.6 (C), 141.1 (C), 131.3 (C),
129.7 (CH), 128.9 (CHx2), 127.5 (CH), 115.9 (CHx%2), 105.3 (CHx2), 100.5
(CH), 72.6 (CH2x2), 72.0 (CH2x2), 68.0 (CH2), 63.5 (CH2x7), 63.3 (CH2%2),
63.0 (CH2x2), 55.8 (CH3x2), 47.1 (C), 46.9 (Cx3).

[0157]

Example 5

[Synthesis of compound H123 : P1Gg]
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[0158]

[Chemical Formula 63]
%
0
£ k"{r

0
/,_gr\sr
Br B

Foc1+

HOL~o o/_S o 0
I/O\’J\AZH )~0 H123

[0159]

In Synthesis Example 2, A2 was used as R?-OH to obtain the target
compound, H123.
Chemical Formula: C23H40010
(2S,2'S,5s,5's)-5,5"-((2-((allyloxy)methyl)-2-((((2S,5s)-2-methyl-1,3-dioxan-5-
yl)oxy)methyl)propane-1,3-diyl)bis(oxy))bis(2-methyl-1,3-dioxane)
'H NMR (CDCls, 400 MHz): 5 5.89 (ddt, J = 5.6, 10.4, 17.2 Hz, 1H), 5.24 (ddd, J
=1.6, 1.6, 17.2 Hz, 1H, one of CH2), 5.11 (ddd, J = 1.6, 1.6, 10.4 Hz, 1H, one of
CH2), 4.68 (q, J = 4.8 Hz, 3H),4.14 (dd, J = 1.6, 12.4 Hz, 6H), 3.97 (ddd, J =
1.6, 1.6, 5.6 Hz, 2H), 3.77 (dd, J = 1.6, 12.4 Hz, 6H), 3.62-3.57 (m, 8H), 3.19
(m, 3H), 1.31 (d, J = 4.8 Hz, 9H).
3C NMR (CDCls, 100 MHz): & 135.5 (CH), 116.1 (CHz), 99.0 (CHx3), 72.3
(CH2), 71.2 (CHx3), 69.3 (CH2), 68.6 (CH2x6), 67.7 (CH2x3), 45.7 (C), 21.2
(CH3x3).
[0160]
[Synthesis of compound H123’]
[0161]

[Chemical Formula 64]
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[0162]

In Synthesis Example 2, D1 was used as tribromide and A2 was used as
R2-OH to obtain the target compound, H123'.
Chemical Formula: C25H44011
"H NMR (CDCls, 400 MHz) d 4.68 (q, J = 4.8 Hz, 3H), 4.62 (t, J = 4.8 Hz, 1H),
4.13 (brd, J = 12.0 Hz, 6H), 3.87 (d, J = 9.2 Hz, 2H), 3.77 (brd, J = 12.0 Hz, 6H),
3.62 (s, 6H), 3.90-3.33 (m, 1H), 3.51 (d, J = 9.2 Hz, 1H), 3.53-3.44 (m, 1H),
3.21-3.19 (m, 3H), 1.75-1.42 (m, 6H), 1.29 (d, J = 4.8 Hz, 9H).
3C NMR (CDCls, 100 MHz) d 98.8 (CH), 98.7 (CH x 3), 70.9 (CH x 3), 68.4
(CH2 x 3), 68.2 (CH2 x 3), 67.5 (CH2 x 3), 66.4 (CH.), 61.6 (CH2), 45.1 (C), 30.4
(CHa), 25.3 (CHa), 20.9 (CHs x 3), 19.2 (CH2)
[0163]
[Synthesis of compound H123”]
[0164]

[Chemical Formula 65]

0
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[0165]

In Synthesis Example 2, E1 was used as tribromide and A2 was used as
R2-OH to obtain the target compound, H123".
Chemical Formula: C22H40011
(28,2'S,5s,5's)-5,5'-((2-((methoxymethoxy)methyl)-2-((((2S,5s)-2-methyl-1,3-
dioxan-5-yl)oxy)methyl)propane-1,3-diyl)bis(oxy))bis(2-methyl-1,3-dioxane)
"H NMR (CDCls, 400 MHz): 5 4.69 (q, J = 5.2 Hz, 3H), 4.62 (s, 2H), 4.14 (brd, J
=12.4 Hz, 6H), 3.78 (brd, J = 12.4 Hz, 6H), 3.68 (s, 2H), 3.60 (s, 6H), 3.35 (s,
3H), 3.23-3.17 (m, 3H), 1.30 (d, J = 5.2 Hz, 9H).
13C NMR (CDCls, 100 MHz): 8 99.0 (CHx3), 97.1 (CH2), 71.3 (CHx3), 68.6
(CH2x6), 67.5 (CH2x3), 67.0 (CH2), 55.2 (CHa3), 45.4 (C), 21.2 (CH3x3).
[0166]
[Synthesis of compound H124]
[0167]

[Chemical Formula 66]

H124
[0168]

A deallylation was carried out in the same manner as in Synthesis
Example 3 to obtain the target compound H124.
Chemical Formula: C20H36010
3-(((2S,5s)-2-methyl-1,3-dioxan-5-yl)oxy)-2,2-bis((((2S,5s)-2-methyl-1,3-dioxan-

5-yl)oxy)methyl)propan-1-ol
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'H NMR (CDCls, 400 MHz): & 4.70 (q, J = 5.2 Hz, 3H), 4.20-4.10 (m, 6H), 3.85-
3.74 (m, 8H), 3.64 (s, 6H), 3.26-3.21 (m, 3H), 3.20 (t, J = 5.2 Hz, 1H), 1.31 (d, J
= 5.2 Hz, 9H).

13C NMR (CDCls, 100 MHz): & 99.0 (CHx3), 71.0 (CHx3), 68.5 (CH2x3) ,68.3
(CH2x6), 65.2 (CH2), 45.4 (C), 21.1 (CH3x3).

[0169]

[Synthesis of compound H127’]

[0170]

[Chemical Formula 67]

)—0 T Hl24 — fo T H127°

[0171]

In Synthesis Example 5, item (1), H124 was used as R*-OH to obtain the
target compound, H127°.  The crude H127’ was used as is in the next reaction.
[0172]

[Synthesis of compound H128’]
[0173]

[Chemical Formula 68]
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[0174]

In Synthesis Example 6, item (1), H127’ was used as R®-OTs to obtain
the target compound, H128’.
Chemical Formula: C3sHs0012
(2S,2'S,5s,5's)-5,5"-((2-((4-((E)-3,5-dimethoxystyryl)phenoxy)methyl)-2-
((((2S,5s)-2-methyl-1,3-dioxan-5-yl)oxy)methyl)propane-1,3-diyl)bis(oxy))bis(2-
methyl-1,3-dioxane)
"H NMR (CDCls, 400 MHz): 5 7.43 (d, J = 8.4 Hz, 2H), 7.03 (d, J = 16.0 Hz,
1H), 6.91 (d, J = 8.4 Hz, 2H), 6.89 (d, J = 16.0 Hz, 1H), 6.65 (d, J = 2.4 Hz, 2H),
6.37 (brt, J = 2.4 Hz, 1H), 4.68 (q, J = 5.2 Hz, 3H), 4.18 (s, 2H), 4.17-4.09 (m,
6H), 3.83 (s, 6H), 3.81-3.70 (m, 12H), 3.21 (m, 3H), 1.30 (d, J = 5.2 Hz, 9H).
3C NMR (CDCls, 100 MHz): 6 161.0 (Cx2), 159.0 (C), 139.9 (C), 129.9 (C),
129.1 (CH), 127.8 (CHx2), 126.5 (CH), 115.1 (CHx2), 104.4 (CHx2), 99.8 (CH),
99.1 (CHx3), 71.4 (CHx3), 68.7 (CH2x6), 67.6 (CH2x3), 67.5 (CH), 55.5
(CH3x2), 45.7 (C), 21.3 (CH3x3).
[0175]
[Synthesis of compound H125]
[0176]
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[Chemical Formula 69]

[0177]

To an aqueous suspension (9.5 mL) of H124 (9.5 mmol) was added
amberlyst-15 (Merck-Aldrich, sulfonic acid content 2 mmol/g) (48 mg), and the
mixture was stirred at 100 °C overnight. The suspension was filtered, and the
filtrate was concentrated under reduced pressure to obtain the target
compound, H125. This was used in the next reaction without further
purification.

[0178]
[Chemical Formula 70]
>
°y o p HO OH
TS §59
H123~ — HO H125
[0179]

[Chemical Formula 71]
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[0180]

H125

The synthesis of H125 from H123' and the synthesis of H125 from H123"
were also carried out according to the above schemes.
[0181]
[Synthesis of compound H126]
[0182]

[Chemical Formula 72]

gl Qe
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HO H125 —>-§? H126

[0183]

To a suspension of H125 (8.12 mmol) in toluene (20 mL) was added 2,2-
dimethoxypropane (73.08 mmol) and amberlyst-15 (Merck-Aldrich, sulfonic acid
content 2 mmol/g) (81.2 mg), and the mixture was stirred at 85 °C for 2 hours
while distilling off methanol. The resulting suspension was filtered at room
temperature, and triethylamine (1 mL) was added to the filtrate, which was then
concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (toluene/ethyl acetate = 1/1 to 1/4) to give the target

compound H126 as colorless liquid (5.28 mmol, 52.8% yield by three steps from
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H122).

Chemical Formula: C23H42010
3-((2,2-dimethyl-1,3-dioxan-5-yl)oxy)-2,2-bis(((2,2-dimethyl-1,3-dioxan-5-
yl)oxy)methyl)propan-1-ol

'H NMR (CDCls, 400 MHz): & 3.95 (dd, J = 4.0, 12.0 Hz, 6H), 3.74 (dd, 6.0, 12.0
Hz, 6H), 3.69 (brd, J = 4.0 Hz, 2H), 3.51 (s, 6H), 3.4-3.30 (m, 3H), 2.99 (brt,
1H), 1.41 (s, 9H), 1.40 (s, 9H).

3C NMR (CDCls, 100 MHz): 6 98.3 (Cx3), 70.9 (CHx3), 68.4 (CH>x3), 64.5
(CHz2), 62.6 (CH2x6), 45.2 (C), 23.9 (CH3x3), 23.5 (CH3x3).

[0184]

[Synthesis of compound H127]

[0185]

[Chemical Formula 73]
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JYO H126 + Ts—Cl — 4?0 H127
[0186]

In Synthesis Example 5, H126 was used as R*-OH to obtain the target
compound, H127. The crude H127 was used as is in the next reaction.
[0187]

[Synthesis of compound H128]
[0188]

[Chemical Formula 74]



62

TsO

O{ZK OMe ° o
{2’?‘3 Y
-0 S

H127 Fl1 H128

+

[0189]

In Synthesis Example 6, item (1), H127 was used as R®>-OTs to obtain
the target compound, H128.
Chemical Formula: C39Hs6012
(E)-5,5"-((2-((4-(3,5-dimethoxystyryl)phenoxy)methyl)-2-(((2,2-dimethyl-1,3-
dioxan-5-yl)oxy)methyl)propane-1,3-diyl)bis(oxy))bis(2,2-dimethyl-1,3-dioxane)
"H NMR (CDCls, 400 MHz): 5 7.42 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 16.4 Hz,
1H), 6.90 (d, J = 16.4 Hz, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.65 (d, J = 2.4 Hz, 2H),
6.38 (brt, J = 2.4 Hz, 1H), 3.98 (s, 2H), 3.93 (dd, J = 4.4, 12.0 Hz, 6H), 3.83 (s,
6H), 3.68 (dd, J = 6.4, 12.0 Hz, 6H), 3.57 (s, 6H), 3.44-3.34 (m, 3H), 1.40 (s,
9H), 1.38 (s, 9H).
3C NMR (CDCls, 100 MHz): 6 161.1 (Cx2), 159.1 (C), 139.8 (C), 130.1 (C),
128.9 (CH), 127.9 (CHx2), 126.6 (CH), 115.0 (CHx2), 104.4 (CHx2), 99.7 (CH),
98.3 (Cx3), 71.0 (CHx3), 67.2 (CH2%3), 66.7 (CH2), 62.7 (CH2x6), 55.5
(CH3x2), 45.4 (C), 24.6 (CH3x3), 22.9 (CH3x3).
[0190]
[Synthesis of compound H129]
[0191]
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[Chemical Formula 75]
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[0192]

In Synthesis Example 7, item (1), H128 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, H129.
Chemical Formula: C30H44012
(E)-2,2'-((2-(((1,3-dihydroxypropan-2-yl)oxy)methyl)-2-((4-(3,5-
dimethoxystyryl)phenoxy)methyl)propane-1,3-diyl)bis(oxy))bis(propane-1,3-diol)
"H NMR (CD30D, 400 MHz): 5 7.46 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 16.0 Hz,
1H), 6.94 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 16.0 Hz, 1H), 6.67 (d, J = 2.0 Hz, 2H),
6.36 (brt, J = 2.0 Hz, 1H), 4.07 (s, 2H), 3.80 (s, 6H), 3.76-3.69 (m, 6H), 3.67-
3.52 (m, 12H), 3.44-3.35 (m, 3H).
13C NMR (CDs0OD, 100 MHz): 6 162.5 (Cx2), 160.5 (C), 141.2 (C), 131.5 (C),
129.7 (CH), 128.8 (CHx2), 127.5 (CH), 115.9 (CHx2), 105.3 (CHx2), 100.4
(CH), 83.0 (CHx3), 69.6 (CH2x3), 68.0 (CH.), 62.4 (CH2x6), 55.7 (CH3x2), 46.9
(C).

[0193]

Example 6

[Synthesis of compound H135 : P1A3]
[0194]
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[Chemical Formula 76]
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[0195]
In Synthesis Example 2, A3 was used as R?-OH to obtain the target
compound, H135.
Chemical Formula: C26H46010
4,4'-(((2-((allyloxy)methyl)-2-(((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)methyl)propane-1,3-diyl)bis(oxy))bis(methylene))bis(2,2-dimethyl-
1,3-dioxolane)--methane (1/1)
"H NMR (CDCls, 400 MHz): & 5.93-5.80 (m, 1H), 5.28-5.10 (m, 2H), 4.26-4.17
(m, 3H), 4.03 (dd, J = 6.4, 8.0 Hz, 3H), 3.95-3.90 (m, 2H), 3.75 (dd, J =6.4, 8.0
Hz, 3H), 3.53-3.37 (m, 14H), 1.41 (s, 9H), 1.36 (s, 9H).
3C NMR (CDCls, 100 MHz): & 135.0 (CH), 116.1 (CHz) 109.1 (Cx3), 74.5
(CHx4), 72.2 (CH2x3), 70.2 (CH2x3), 68.8 (CH2), 66.8 (CH2x3), 45.6 (C), 26.7
(CH3x3), 25.5 (CH3x3).
[0196]
[Synthesis of compound H136]
[0197]

[Chemical Formula 77]
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[0198]

A deallylation reaction was carried out in the same manner as in
Synthesis Example 3 to obtain the target compound H136.
Chemical Formula: C23H42010
3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2,2-bis(((2,2-dimethyl-1,3-dioxolan-
4-yl)methoxy)methyl)propan-1-ol
"H NMR (CDCls, 400 MHz): 6 4.28-4.14 (m, 3H), 4.10-3.98 (m, 4H), 3.78-3.60
(m, 4H), 3.54-3.40 (m, 12H), 3.25-2.84 (m, 1H), 1.40 (s, 6H), 1.40 (s, 3H), 1.34
(s, 9H).
13C NMR (CDCls, 100 MHz): & 109.5 (Cx2), 109.4 (C), 74.7 (CHx3), 72.5
(CH2x2), 71.9 (CH2), 70.2 (CH>), 66.9 (CH.), 66.7 (CH2%x2), 65.4 (CH2), 45.5
(C), 26.9 (CH3x3), 25.5 (CH3x3).
[0199]
[Synthesis of compound H137]
[0200]

[Chemical Formula 78]



66

[0201]

In Synthesis Example 5, H136 was used as R*-OH to obtain the target
compound, H137. The crude H137 was used as is in the next reaction.
[0202]

[Synthesis of compound H138]
[0203]

[Chemical Formula 79]

Fo oz G
o~ K[0>< HI37+ HO L o~

[0204]

In Synthesis Example 6, item (1), H137 was used as R®>-OTs to obtain
the target compound, H138.
Chemical Formula: C3zgHs6012
(E)-4,4"-(((2-((4-(3,5-dimethoxystyryl)phenoxy)methyl)-2-(((2,2-dimethyl-1,3-
dioxolan-4-yl)methoxy)methyl)propane-1,3-diyl)bis(oxy))bis(methylene))bis(2,2-
dimethyl-1,3-dioxolane)
"H NMR (CDCls, 400 MHz): 5 7.42 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 16.0 Hz,
1H), 6.90 (d, J = 16.0 Hz, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.65 (d, J = 2.4 Hz, 2H),
6.38 (brt, J = 2.4 Hz, 1H), 4.27-4.13 (m, 3H), 4.12-3.98 (m, 4H), 3.97 (s, 2H),
3.83 (s, 6H), 3.78-3.65 (m, 4H), 3.57 (s, 6H), 3.54-3.34 (m, 4H), 1.40 (s, 9H),
1.34 (s, 9H).

H138
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13C NMR (CDCls, 100 MHz): & 161.1 (Cx2), 159.1 (C), 139.8 (C), 130.0 (C),
128.9 (CH), 127.9 (CHx2), 126.6 (CH), 114.9 (CHx2), 109.4 (Cx3), 104.4
(CHx%2), 99.7 (CH), 74.7 (CHx3), 72.5 (CH2x3), 70.2 (CH2x3), 67.0 (CH2), 66.9
(CH2x3), 55.5 (CH3x2), 45.7 (C), 26.9 (CH3x3), 25.6 (CH3x3).

[0205]

[Synthesis of compound H139]

[0206]

[Chemical Formula 80]

0
£0\4£/0 ov{f\,o
o 0O oj\
OH O Ho]\n
0 04‘—0 OH OH
0’7‘, OH
H138 — OH H139
[0207]

In Synthesis Example 7, item (1), H138 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, H139.
Chemical Formula: C30H44012
(E)-3,3-((2-((2,3-dihydroxypropoxy)methyl)-2-((4-(3,5-
dimethoxystyryl)phenoxy)methyl)propane-1,3-diyl)bis(oxy))bis(propane-1,2-diol)
'H NMR (CD30D, 400 MHz): 5 7.47 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 16.0 Hz,
1H), 6.93 (d, J = 16.0 Hz, 1H), 6.93 (d, J = 8.8 Hz, 2H), 6.68 (d, J = 2.4 Hz, 2H),
6.36 (brt, J = 2.4 Hz, 1H), 4.02 (s, 2H), 3.80 (s, 6H), 3.79-3.70 (m, 4H), 3.68-
3.98 (m, 17).
13C NMR (CDs0D, 100 MHz): & 162.5 (Cx2), 160.5 (C), 141.2 (C), 131.5 (C),
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129.7 (CH), 128.8 (CHx2), 127.5 (CH), 115.9 (CHx2), 105.2 (CHx2), 100.4
(CH), 74.0 (CH2x2), 73.9 (CHz2), 72.2 (CH2x3), 71.1 (CHx3), 68.2 (CH>),
64.5(CH2x2), 64.4 (CH), 55.7 (CH3x2), 46.7 (C).

[0208]

Example 7

[Synthesis of compound H145 : P4T3]

[0209]

[Chemical Formula 81]
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[0210]
In Synthesis Example 2, A4 was used as R?-OH to obtain the target

compound, H145.
Chemical Formula: C32Hs3010
5,5'-(((2-((allyloxy)methyl)-2-(((2,2,5-trimethyl-1,3-dioxan-5-
yl)methoxy)methyl)propane-1,3-diyl)bis(oxy))bis(methylene))bis(2,2,5-trimethyl-
1,3-dioxane)
'H NMR (CDCls, 400 MHz): 5 5.87 (ddt, J = 5.6, 10.4, 17.6 Hz, 1H), 5.26 (ddd, J
=1.6, 3.2, 17.6 Hz, 1H, one of CH>), 5.14 (ddd, J = 1.6, 3.2, 10.6 Hz, 1H, one of
CH2), 3.93 (ddd, J = 1.6, 1.6, 5.6 Hz, 2H), 3.75-3.59 (m, 6H), 3.55-3.29 (m,
20H), 1.42 (s, 9H), 1.39 (s, 9H), 0.89 (s, 9H).
13C NMR (CDCls, 100 MHz): & 135.3 (CH), 116.4 (CH2) 97.9 (Cx3), 74.4
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(CH2x3), 72.5 (CH2), 70.4 (CH2>x3), 69.6 (CH2), 66.8 (CH2x6), 46.2 (C), 34.7
(Cx3), 25.6 (CH3x3), 22.2 (CH3x3), 18.7 (Cx3).

[0211]

[Synthesis of compound H146]

[0212]

[Chemical Formula 82]

%Q% T

(o] k 07L— OK\K 071,.
0._0 (o] 0
O (0] 0_0
7S Hl45 — o] H146
[0213]

A deallylation was carried out in the same manner as in Synthesis
Example 3 to obtain the target compound H146.
Chemical Formula: C29Hs4010
3-((2,2,5-trimethyl-1,3-dioxan-5-yl)methoxy)-2,2-bis(((2,2,5-trimethyl-1,3-dioxan-
5-yl)methoxy)methyl)propan-1-ol
'H NMR (CDCls, 400 MHz): 5 3.80-3.64 (m, 8H), 3.60-3.45 (m, 10H), 3.41-3.44
(m, 8H), 2.80 (t, J = 6.4 Hz, 1H),1.43 (s, 9H), 1.40 (s, 9H), 0.90 (s, 3H), 0.88 (s,
6H).
3C NMR (CDCls, 100 MHz): & 98.0 (Cx2), 97.9 (C), 74.8 (CH2x2), 74.4
(CH2),72.0 (CH2x2), 70.2 (CH2), 66.8 (CH2x2), 66.7 (CH2x4), 66.3 (CH2), 45.8
(C), 34.7 (Cx3), 26.4 (CH3x2), 25.9 (CHs), 22.0 (CH3), 21.5 (CH3x2) 18.7 (CHa),
18.5 (CH3x2).
[0214]
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Example 8
[Synthesis of compound H216 : G1P2]
[0215]

[Chemical Formula 83]

HO O%AOJ\Q
2

9]
0%0 o\f
Al+ epichlorohydrin —

[0216]

In Synthesis Example 4, A1 was used as R3-OH to obtain the target

compound, H216.

Chemical Formula: C17H250¢

1,3-bis((1-methyl-2,6,7-trioxabicyclo[2.2.2]octan-4-yl)methoxy)propan-2-ol

H NMR (CDCls, 400 MHz): 5 4.00 (s, 12H), 3.93-3.84 (m, 1H), 3.42 (dd, J =

4.4,9.6 Hz, 2H), 3.38 (dd, J = 6.0, 10.0 Hz, 2H), 3.27 (d, J = 10.0 Hz, 2H), 3.24

(d, d =9.6 Hz, 2H), 2.21 (m, 1H), 1.46 (s, 6H).
[0217]

[Synthesis of compound H217]

[0218]

[Chemical Formula 84]

o OH o OTs
& &7
o 2
O OD O\(,O

H216+ Ts-C1 — H217

[0219]
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In Synthesis Example 5, H216 was used as R*-OH to obtain the target
compound, H217. The crude H217 was used as is in the next reaction.
[0220]

[Synthesis of compound H218]
[0221]

[Chemical Formula 85]

OMe
S
O/TOTS /(l)'\- 0 O OMe
@]
o/zé_ o OMe 0 K[

H217 F1 H218

[0222]
In Synthesis Example 6, item (1), H217 was used as R®>-OTs to obtain

the target compound, H218.
Chemical Formula: C33H42011
"H NMR (CDCl3, 400 MHz): 5 7.44 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 16.0 Hz,
1H), 6.92 (d, J =16.4 Hz, 2H), 6.89 (d, J = 8.8 Hz, 1H), 6.65 (d, J = 2.4 Hz, 2H),
6.39 (brt, J = 2.4 Hz, 1H), 4.50-4.42 (m, 1H), 4.05-3.90 (m, 14H), 3.83 (s, 6H),
3.60-3.53 (m, 2H), 3.24 (s, 4H), 1.45 (s, 6H).
3C NMR (CDCls, 100 MHz): 6 161.1 (Cx2), 157.7 (C), 139.7 (C), 131.1 (C),
128.5 (CH), 128.0 (CHx2), 127.4 (CH), 116.4 (CHx2), 108.7 (Cx2), 104.5
(CHx2), 100.0 (CH), 71.0 (CH2%2), 70.4 (CH2x2), 69.5 (CH2x7), 55.5 (CH3x2),
35.2 (Cx2), 23.6 (CH3x2).
[0223]
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[Synthesis of compound H219]
[0224]

[Chemical Formula 86]

HO

OMe
O OMe
O = OMe « ‘
OMe
0/7,0 Ho’i/\o o O
o/ZS HO

e (ga 0

o\f,o "'Oxj<

H218 — HO" OH H219

[0225]

In Synthesis Example 7, item (2), H218 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, H219.
Chemical Formula: C29H42014
(E)-2,2'-(((2-(4-(3,5-dimethoxystyryl)phenoxy)propane-1,3-
diyl)bis(oxy))bis(methylene))bis(2-(hydroxymethyl)propane-1,3-diol)

"H NMR (CD30D, 400 MHz): 8 7.43 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 16.4 Hz,
1H), 6.98 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 16.4 Hz, 1H), 6.65 (d, J = 2.0 Hz, 2H),
6.35 (brt, J = 2.0 Hz, 1H), 4.65-4.57 (m, 1H), 3.77 (s, 6H), 3.72-3.63 (m, 2H),
3.64-3.52 (m, 16H), 3.52-3.43 (m, 2H).

13C NMR (CDsOD, 100 MHz): 6 162.4 (Cx2), 159.3 (C), 141.0 (C), 131.9 (C),
129.5 (CH), 128.9 (CHx2), 127.8 (CH), 117.5 (CHx2), 105.3 (CHx2), 100.5
(CH), 77.7 (CH), 72.6 (CH2), 71.9 (CH2). 63.2 (CH2x8), 55.8 (CH2x2), 46.9
(Cx2).

[0226]

Example 9
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[Synthesis of compound H246 : G1T,]
[0227]

[Chemical Formula 87]

OH
HO o 0
0._0 o..0 0_0
<O A4 +  epichlorohydrin R SO SN T

[0228]

In Synthesis Example 4, A4 was used as R3-OH to obtain the target
compound, H246.
Chemical Formula: C19H3607
1,3-bis((2,2,5-trimethyl-1,3-dioxan-5-yl)methoxy)propan-2-ol
'H NMR (CDCls, 400 MHz): 8 4.03-3.93 (m, 1H), 3.80-3.30 (m, 16H), 2.57 (d, J
= 4.8 Hz, 1H), 1.43 (s, 6H), 1.40 (s, 6H), 0.86 (s, 6H).
13C NMR (CDCls, 100 MHz): 5 98.1 (Cx2), 74.3 (CH2x2), 72.8 (CH2x2), 69.6
(CH), 66.6 (CH2x4), 34.6 (Cx2), 27.0 (CH3x2), 20.8 (CH3x2), 18.4 (CH3x2).
[0229]
Example 10
[Synthesis of compound J117 : P1P+1P3]
[0230]

[Chemical Formula 88]
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[0231]

In Synthesis Example 1, H116 was used as R'-OH to obtain the target
compound, J117.
Chemical Formula: C34HssBrO1s
4,4'-(((2-(((5-(bromomethyl)-2,2-dimethyl-1,3-dioxan-5-yl)methoxy)methyl)-2-
(((1-methyl-2,6,7-trioxabicyclo[2.2.2]octan-4-yl)methoxy)methyl)propane-1,3-
diyl)bis(oxy))bis(methylene))bis(1-methyl-2,6,7-trioxabicyclo[2.2.2]octane)
"H NMR (CDCls, 400 MHz): & 3.97 (s, 18H), 3.70 (s, 4H), 3.50 (s, 2H), 3.36 (s,
2H), 3.28 (s, 2H), 3.23 (s, 6H), 3.13 (s, 6H), 1.45 (s, 9H), 1.41 (s, 6H).
13C NMR (CDCls, 100 MHz): d 108.7 (Cx3), 98.9 (C), 70.9 (CH), 70.1 (CH2x2),
70.0 (CH2x3), 69.7 (CHz), 69.5 (CH2x10), 64.0 (CH2x2), 46.0 (C), 38.7 (C), 35.7
(CHzs), 35.3 (Cx3), 24.0 (CHs3), 23.6 (CH3x3), 23.5 (CHj).
[0232]
[Synthesis of compound J118]
[0233]

[Chemical Formula 89]



75

o OMe 0
X O\fo S O oM O\fO z\{/o
e
TLO

o]

(o]
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O
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-
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-
+
-
(o]

J118
[0234]
In Synthesis Example 6, item (2), J117 was used as R®-X to obtain the
target compound, J118. The crude J118 was used as is in the next reaction
without purifying by silica gel column chromatography.
[0235]
[Synthesis of compound J119]
[0236]

[Chemical Formula 90]

O\‘OMe \OMe
& 0 e
é@; OO

(0]
s X
O

(0]
0 0O O OH
HO >
0.0 0 \7&
J118 — OHO J119

[0237]
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In Synthesis Example 7, item (2), J118 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, J119.
Chemical Formula: C41HesO1s
(E)-2,2-(((2-((3-(4-(3,5-dimethoxystyryl)phenoxy)-2,2-
bis(hydroxymethyl)propoxy)methyl)-2-((3-hydroxy-2,2-
bis(hydroxymethyl)propoxy)methyl)propane-1,3-
diyl)bis(oxy))bis(methylene))bis(2-(hydroxymethyl)propane-1,3-diol)

'"H NMR (CD30D, 400 MHz): & 7.48 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 16.0 Hz,
1H), 6.95 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 16.0 Hz, 1H), 6.67 (d, J = 2.4 Hz, 2H),
6.36 (brt, J = 2.4 Hz, 1H), 3.98 (s, 2H), 3.80 (s, 6H), 3.71 (s, 4H), 3.60-3.55 (m,
18H), 3.38-3.34 (m, 16H).

13C NMR (CDsOD, 100 MHz): 6 162.4 (Cx2), 160.6 (C), 141.1 (C), 131.3 (C),
129.7 (CH), 128.9 (CHx2), 127.5 (CH), 115.7 (CHx2), 105.2 (CHx2), 100.5
(CH), 72.6 (CH2%x2), 72.1 (CH2x2), 71.6 (CH2), 68.5 (CH2), 63.5 (CH2x10), 63.3
(CH2x2), 63.0 (CH2%2), 55.8 (CH3x2), 47.1 (Cx2), 46.9 (Cx3).

[0238]

Example 11

[Synthesis of compound J127: P1P1G3]

[0239]

[Chemical Formula 91]

HO 0
Z{°><
8] Br 0]
e 0 ol

P
e s H126 + \|\° Br B1— e J127
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[0240]

In Synthesis Example 1, H126 was used as R'-OH to obtain the target
compound, J127.
Chemical Formula: C31HssBrO12
5,5"-((2-(((5-(bromomethyl)-2,2-dimethyl-1,3-dioxan-5-yl)methoxy)methyl)-2-
(((2,2-dimethyl-1,3-dioxan-5-yl)oxy)methyl)propane-1,3-diyl)bis(oxy))bis(2,2-
dimethyl-1,3-dioxane)
H NMR (CDCl3, 400 MHz): d 4.00-3.88 (m, 6H), 3.80-3.64 (m, 10H), 3.56 (s,
2H), 3.46 (m, 13H), 1.42 (s, 9H), 1.40 (s, 6H), 1.39 (s, 9H).
3C NMR (CDCls, 100 MHz): & 98.7 (C), 98.2 (Cx3), 70.9 (CHx3), 69.8 (CH>),
67.4 (CH2x2), 63.9 (CH2x2), 62.6 (CH2x8), 45.6 (C), 38.6 (C), 36.1 (CH2), 24.6
(CHs), 24.5 (CH3%3), 23.0 (CH3x3), 22.8 (CHs3).
[0241]
[Synthesis of compound J128]
[0242]

[Chemical Formula 92]

OMe
O x O OMe
Br (0)

(¢ ¢

o
\|\0 0 0—<:0)< ko{j)(

0 OMe o
o] 0

4+ HO

J127 F1 J128

[0243]
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In Synthesis Example 6, item (2), J127 was used as R®-X to obtain the
target compound, J128.
Chemical Formula: C47H70015
(E)-5,5-((2-(((5-((4-(3,5-dimethoxystyryl)phenoxy)methyl)-2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)methyl)-2-(((2,2-dimethyl-1,3-dioxan-5-
yh)oxy)methyl)propane-1,3-diyl)bis(oxy))bis(2,2-dimethyl-1,3-dioxane)
"H NMR (CDCls, 400 MHz): 5 7.43 (d, J = 8.8 Hz, 2H), 7.02 (d, J = 16.0 Hz,
1H), 6.89 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 16.0 Hz, 1H), 6.63 (brd, J = 2.4 Hz,
2H), 6.38 (brt, J = 2.4 Hz, 1H), 3.99 (s, 2H), 3.88-3.80 (m, 8H), 3.79 (s, 6H),
3.74-3.58 (m, 8H), 3.46-3.30 (m, 10H), 3.25 (m, 3H), 1.43 (s, 3H), 1.41 (s, 3H),
1.38 (s, 9H), 1.35 (s, 9H).
13C NMR (CDCls, 100 MHz): 6 160.9 (Cx2), 158.8 (C), 139.6 (C), 130.0 (C),
128.6 (CH), 127.7 (CHx2), 126.6 (CH), 114.7 (CHx2), 104.2 (CHx2), 99.5 (CH),
98.3 (C), 97.9 (Cx3), 70.7 (CHx3), 69.6 (CH2), 67.8 (CH2), 67.2 (CH2x2), 67.0
(CHz2), 62.6 (CH2), 62.5 (CH2>x2) 62.4 (CH2x6), 55.2 (CH3x2), 45.5 (C), 38.8 (C),
24.2(CHs), 24.0 (CH3%3), 23.1 (CH3x3), 23.0 (CHs).
[0244]
[Synthesis of compound J129]
[0245]

[Chemical Formula 93]
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OMe

J128 — HO J129
[0246]

In Synthesis Example 7, item (1), J128 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, J129.
Chemical Formula: C3sHs4015
(E)-2,2'-((2-(((1,3-dihydroxypropan-2-yl)oxy)methyl)-2-((3-(4-(3,5-
dimethoxystyryl)phenoxy)-2,2-bis(hydroxymethyl)propoxy)methyl)propane-1,3-
diyl)bis(oxy))bis(propane-1,3-diol)

"H NMR (CD30D, 400 MHz): & 7.46 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 16.4 Hz,
1H), 6.94 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 16.4 Hz, 1H), 6.67 (d, J = 2.4 Hz, 2H),
6.36 (brt, J = 2.4 Hz, 1H), 3.97 (s, 2H), 3.78 (s, 6H), 3.70 (s, 4H), 3.78-3.44 (m,
22H), 3.42-3.33 (m, 3H).

3C NMR (CDs0OD, 100 MHz): d 162.4 (Cx2), 160.4 (C), 141.1 (C), 131.4 (C),
129.7 (CH), 128.8 (CHx2), 127.5 (CH), 115.7 (CHx2), 105.2 (CHx2), 100.4
(CH), 82.9 (CHx3), 70.0 (CH2), 69.8 (CH2>x2), 69.7 (CH2), 67.7 (CH2), 62.5
(CH2x2), 62.3 (CH2x7), 55.7 (CH3%2), 47.1 (C), 46.9 (C).

[0247]

Example 12

[Synthesis of compound J127’: P1P1Gs3]
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[0248]

[Chemical Formula 94]

Q
@]

[0249]

In Synthesis Example 1, H124 was used as R'-OH to obtain the target
compound, J127’.
Chemical Formula: C2sH49BrO12
(2S,2'S,5s,5's)-5,5"-((2-(((5-(bromomethyl)-2,2-dimethyl-1,3-dioxan-5-
yl)methoxy)methyl)-2-((((2S,5s)-2-methyl-1,3-dioxan-5-yl)oxy)methyl)propane-
1,3-diyl)bis(oxy))bis(2-methyl-1,3-dioxane)
'H NMR (CDCls, 400 MHz): 5 4.71 (q, J = 5.2 Hz, 3H), 4.18-4.08 (m, 6H), 3.83-
3.68 (m, 10H), 3.60 (s, 2H), 3.59 (s, 8H), 3.39 (s, 2H), 3.20 (m, 3H), 1.40 (s,
3H), 1.40 (s, 3H), 1.34-1.28 (m, 9H).
3C NMR (CDCls, 100 MHz): & 98.8 (CHx3), 98.4 (C), 71.1 (CHx3), 70.8 (CH>),
70.2 (CH2), 68.4 (CH2x7), 67.6 (CH2%x2), 63.8 (CH2x2), 45.7 (C), 38.4 (C), 36.2
(CH2), 25.0 (CHs), 22.2 (CH3), 21.1 (CH3x3).
[0250]
[Synthesis of compound J128’]
[0251]

[Chemical Formula 95]
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J127° F1 J128’

[0252]

In Synthesis Example 6, item (2), J127’ was used as R5-X to obtain the
target compound, J128’.
Chemical Formula: C44He4O15
(2S,2'S,5s,5's)-5,5"-((2-(((5-((4-((E)-3,5-dimethoxystyryl)phenoxy)methyl)-2,2-
dimethyl-1,3-dioxan-5-yl)methoxy)methyl)-2-((((2S,5s)-2-methyl-1,3-dioxan-5-
yl)oxy)methyl)propane-1,3-diyl)bis(oxy))bis(2-methyl-1,3-dioxane)
"H NMR (CDCls, 400 MHz): 5 7.42 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 16.0 Hz,
1H), 6.91 (d, J = 16.0 Hz, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.66 (d, J = 2.4 Hz, 2H),
6.38 (brt, J = 2.4 Hz, 1H), 4.64 (q, J = 5.2 Hz, 3H), 4.12-4.04 (m, 6H), 4.03 (s,
2H), 3.83 (s, 10H), 3.72-3.64 (m, 6H), 3.56 (s, 2H), 3.54 (s, 6H), 3.46 (s, 2H),
3.11-3.04 (m, 3H), 1.44 (s, 3H), 1.42 (s, 3H), 1.29 (d, J = 5.2 Hz, 9H).
3C NMR (CDCls, 100 MHz): 6 161.0 (Cx2), 159.0 (C), 139.8 (C), 130.3 (C),
129.2 (CH), 127.9 (CHx2), 126.6 (CH), 114.8 (CHx2), 104.4 (CHx2), 99.7 (CH),
99.0 (CHx3), 98.5 (C), 71.3 (CHx3), 70.5 (CHz), 70.3 (CH2), 68.6 (CH2x8), 67.8
(CH2x3), 67.1 (CHz2), 62.9 (CH2x2), 55.5 (CH3%2), 25.5 (CH3), 22.2 (CH3), 21.2
(CH3x3).
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[0253]

Example 13

[Synthesis of compound J137: P1P1As]
[0254]

[Chemical Formula 96]

(("%: W";é’ Br £, % Wﬁ
2N e T FOK

J137

[0255]

In Synthesis Example 1, H136 was used as R'-OH to obtain the target
compound, J137.
Chemical Formula: C31HssBrO12
5-(bromomethyl)-5-((3-((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)-2,2-bis(((2,2-
dimethyl-1,3-dioxolan-4-yl)methoxy)methyl)propoxy)methyl)-2,2-dimethyl-1,3-
dioxane--methane (1/1)
"H NMR (CDCls, 400 MHz): & 4.23 (quin, J = 6.0 Hz, 3H), 4.03 (dd, J = 6.4 Hz,
3H), 3.84-3.64 (m, 8H), 3.62-3.30 (m, 17H), 1.41 (s, 16H), 1.36 (s, 8H).
13C NMR (CDCls, 100 MHz): & 109.3 (Cx3), 98.6 (C), 74.7 (CHx3), 72.4
(CH2x2), 70.9 (CH2), 70.4 (CH2%2), 70.2 (CHz2), 66.9 (CH2x4), 63.9 (CH2x2),
63.7 (CH>), 45.9 (C), 38.6 (C), 36.0 (CH2), 26.8 (CH3x3), 25.6 (CH3x3), 24.6
(CHgs), 22.7 (CHz).
[0256]

[Synthesis of compound J138]
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[0257]

[Chemical Formula 97]

O = O OMe

W N

071—/ _3)20 e ({0/71—1 })_.\0
T, WL X

P
+ F1—

J137 Fl J138

[0258]

In Synthesis Example 6, item (2), J137 was used as R°%-X to obtain the
target compound, J138.
Chemical Formula: C47H70015
(E)-5-((4-(3,5-dimethoxystyryl)phenoxy)methyl)-5-((3-((2,2-dimethyl-1,3-
dioxolan-4-yl)methoxy)-2,2-bis(((2,2-dimethyl-1,3-dioxolan-4-
yl)methoxy)methyl)propoxy)methyl)-2,2-dimethyl-1,3-dioxane
"H NMR (CDCls, 400 MHz): 5 7.43 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 16.0 Hz,
1H), 6.91 (d, J = 16.0 Hz, 1H), 6.90 (d, J = 8.8 Hz, 2H), 6.63 (brd, J = 2.4 Hz,
2H), 6.38 (brt, J = 2.4 Hz, 1H), 4.20-4.12 (m, 3H), 4.02 (s, 2H), 4.02-3.95 (m,
3H), 3.88-3.79 (m, 10H), 3.73-3.65 (m, 3H), 3.48-3.30 (m, 16H), 1.45 (s, 3H),
1.42 (s, 3H), 1.39 (s, 9H), 1.34 (s, 9H).
13C NMR (CDCls, 100 MHz): 6 161.1 (Cx2), 159.0 (C), 139.8 (C), 130.2 (C),
128.8 (CH), 127.9 (CHx2), 126.7 (CH), 114.8 (CHx2), 109.4 (Cx3), 104.2
(CHx2), 99.8 (CH), 98.5 (C), 74.7 (CHx3), 72.4 (CH2x3), 70.8 (CH), 70.5
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(CH2x3), 70.2 (CH.), 67.3 (CH.), 66.9 (CH2x4), 62.8 (CH2), 55.5 (CH3x2), 46.0
(C), 39.0 (C), 26.9 (CH3x3), 25.6 (CH3x3), 25.3 (CHj3), 22.5 (CHs3).

[0259]

[Synthesis of compound J139]

[0260]

[Chemical Formula 98]

Q
o

A, %y
([0/%0_/ _3)20 0/_%_/ ;{}_\OH
q ”fq’ K[o >< OHOH H:gn

Ji38 — H 7139

[0261]

In Synthesis Example 7, item (1), J138 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, J139.
Chemical Formula: CzsHs54015
(E)-3,3'-((2-((2,3-dihydroxypropoxy)methyl)-2-((3-(4-(3,5-
dimethoxystyryl)phenoxy)-2,2-bis(hydroxymethyl)propoxy)methyl)propane-1,3-
diyl)bis(oxy))bis(propane-1,2-diol)

'H NMR (CD30D, 400 MHz): 5 7.47 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 16.0 Hz,
1H), 6.94 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 16.0 Hz, 1H), 6.67 (d, J = 2.4 Hz, 2H),
6.36 (brt, J = 2.4 Hz, 1H), 3.97 (s, 2H), 3.79 (s, 6H), 3.76-3.65 (m, 6H), 3.64-
3.33 (m, 23H).

3C NMR (CDs0D, 100 MHz): d 162.4 (Cx2), 160.5 (C), 141.1 (C), 131.4 (C),
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129.7 (CH), 128.9 (CHx2), 127.5 (CH), 115.7 (CHx2), 105.2 (CHx2), 100.4
(CH), 73.9 (CH2x4), 72.0 (CHx3), 71.7 (CH2%2), 71.5 (CHz2), 67.8 (CH2), 64.5
(CH2x4), 62.6 (CH2x2), 55.8 (CH3%2), 46.8 (C), 46.8 (C).

[0262]

Example 14

[Synthesis of compound J147: P1P1T3]

[0263]

[Chemical Formula 99]

[0264]

In Synthesis Example 1, H146 was used as R'-OH to obtain the target
compound, J147.
Chemical Formula: C37He7BrO12
5,5"-(((2-(((5-(bromomethyl)-2,2-dimethyl-1,3-dioxan-5-yl)methoxy)methyl)-2-
(((2,2,5-trimethyl-1,3-dioxan-5-yl)methoxy)methyl)propane-1,3-
diyl)bis(oxy))bis(methylene))bis(2,2,5-trimethyl-1,3-dioxane)
'"H NMR (CDCls, 400 MHz): d 3.73-3.63 (m, 12H), 3.57-3.49 (m, 10H),3.47 (s,
6H), 3.39 (s, 6H), 1.42 (s, 12H), 1.39 (s, 12H), 0.87 (s, 9H).
3C NMR (CDCl3, 100 MHz): & 98.0 (Cx4), 74.6 (CH2x4), 71.8 (CH2x4), 66.6
(CH2x8), 65.9 (CH.), 63.3 (CH.), 45.7 (C), 35.1 (CH2), 34.6 (Cx3), 26.4
(CH3x4), 21.3 (CH3x4), 18.5 (CH3x3).
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[0265]
[Synthesis of compound J148]
[0266]

[Chemical Formula 100]

g
O OMe
No) ACK

S5 A ?“*

0)( + HO ‘ Fl— 0

J147 F1 J148

[0267]

In Synthesis Example 6, item (2), J147 was used as R®-X to obtain the
target compound, J148.
Chemical Formula: Cs3Hg2015
(E)-5,5-(((2-(((5-((4-(3,5-dimethoxystyryl)phenoxy)methyl)-2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)methyl)-2-(((2,2,5-trimethyl-1,3-dioxan-5-
yl)methoxy)methyl)propane-1,3-diyl)bis(oxy))bis(methylene))bis(2,2,5-trimethyl-
1,3-dioxane)
"H NMR (CDCls, 400 MHz): 5 7.43 (d, J = 8.4 Hz, 2H), 7.03 (d, J = 16.0 Hz,
1H), 6.91 (d, J = 8.4 Hz, 2H), 6.90 (d, J = 16.0 Hz, 1H), 6.63 (d, J = 2.4 Hz, 2H),
6.38 (brt, J = 2.4 Hz, 1H), 4.05 (s, 2H), 3.91-3.78 (m, 4H), 3.83 (s, 6H), 3.66 (d,
J =11.6 Hz, 6H), 3.48 (d, J = 11.6 Hz, 6H), 3.42 (s, 2H), 3.39 (s, 2H), 3.35 (s,
6H), 3.27 (s, 6H), 1.45 (s, 3H), 1.42 (s, 3H), 1.41 (s, 9H), 1.38 (s, 9H), 0.85 (s,
9H).
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13C NMR (CDCls, 100 MHz): & 161.1 (Cx2), 159.1 (C), 139.8 (C), 130.1 (C),
128.9 (CH), 127.9 (CHx2), 126.7 (CH), 114.9 (CHx2), 104.2 (CHx2), 99.8 (CH),
98.5 (C), 97.9 (Cx3), 74.4 (CH,x3), 71.0 (CHz), 70.7 (CH2), 70.5 (CH2x3), 67.4
(CHa), 66.7 (CH2x6), 62.8 (CH2x2), 55.5 (CHsx2), 46.5 (C), 39.0 (C), 34.7
(Cx3), 25.9 (CH3x3), 25.7 (CHs), 22.2 (CHs), 22.0 (CH3x3), 18.6 (CH3x3).
[0268]

[Synthesis of compound J149]

[0269]

[Chemical Formula 101]

OMe
0 W ‘
18]

OMe OME
X
0'\(/\ of” ?I
of" s — OH J149
[0270]

In Synthesis Example 7, item (1), J148 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, J149.
Chemical Formula: C41HeesO15
(E)-2,2-(((2-((3-(4-(3,5-dimethoxystyryl)phenoxy)-2,2-
bis(hydroxymethyl)propoxy)methyl)-2-((3-hydroxy-2-(hydroxymethyl)-2-
methylpropoxy)methyl)propane-1,3-diyl)bis(oxy))bis(methylene))bis(2-
methylpropane-1,3-diol)

"H NMR (CD30D, 400 MHz): 5 7.48 (d, J = 8.8 Hz, 2H), 7.08 (d, J = 16.0 Hz,
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1H), 6.94 (d, J = 16.0 Hz, 1H), 6.94 (d, J = 8.8 Hz, 2H), 6.67 (d, J = 2.0 Hz, 2H),
6.36 (brt, J = 2.0 Hz, 1H), 3.98 (s, 2H), 3.79 (s, 6H), 3.70 (s, 4H), 3.51-3.33 (m,
22H), 3.21 (s, 6H), 0.84 (s, 9H).

13C NMR (CDsOD, 100 MHz): 6 162.4 (Cx2), 160.5 (C), 141.1 (C), 131.4 (C),
129.7 (CH), 128.9 (CHx2), 127.6 (CH), 115.8 (CHx2), 105.3 (CHx2), 100.4
(CH), 75.5 (CH2x3), 71.9 (CHz2), 71.8 (CH2x2), 71.4 (CH2), 67.8 (CH2), 66.5
(CH2x7), 62.5 (CH2x2), 55.7 (CH3%2), 47.1 (C), 47.0 (C), 42.6 (Cx3), 17.2
(CH3x3).

[0271]

Example 15

[Synthesis of compound J217: P1G1P2]

[0272]

[Chemical Formula 102]

HO O \?\’j‘< o)
o b .

0 0 0
OX H216 + \|\o Br p1— 0)\ J217

[0273]

In Synthesis Example1, H216 was used as R'-OH to obtain the target
compound, J217.
Chemical Formula: C25H41BrO11
1,3-bis((1-methyl-2,6,7-trioxabicyclo[2.2.2]octan-4-yl)methoxy)propan-2-ol
"H NMR (CDCls, 400 MHz): 3 3.99 (s, 12H), 3.71 (dd, J = 12.0, 18.8 Hz, 4H),
3.56 (s, 2H), 3.53 (quin, J = 4.8 Hz, 1H), 3.50 (s, 2H), 3.40 (s, 2H), 3.39 (s, 2H),
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3.21 (s, 4H), 1.46 (s, 6H), 1.41 (s, 3H), 1.40 (s, 3H).

3C NMR (CDCls, 100 MHz): & 108.7 (Cx2), 98.8 (C), 78.3 (CH), 71.3 (CH2x2),
70.1 (CH2x2), 69.5 (CH2x6), 69.4 (CH2), 63.9 (CH2x2), 38.5 (C), 35.7 (CHz),
35.1 (Cx2), 24.2 (CHa), 23.6 (CH3x2), 23.3 (CHj).

[0274]

[Synthesis of compound J218]

[0275]

[Chemical Formula 103]

5 SO
ke 5 C ke
[ S S MR

J218

[0276]

In Synthesis Example 6, item (2), J217 was used as R®-X to obtain the
target compound, J218.
Chemical Formula: C41Hs6014
"H NMR (CDCls, 400 MHz): 5 7.43 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 16.0 Hz,
1H), 6.91 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 16.0 Hz, 1H), 6.65 (d, J = 2.4 Hz, 2H),
6.37 (brt, J = 2.4 Hz, 1H), 4.05 (s, 2H), 3.92-3.78 (m, 10H), 3.70-3.63 (m, 6H),
3.60 (quin, J = 5.2 Hz, 1H), 3.54-3.43 (m, 8H), 3.43-3.34 (m, 4H),
1.44 (s, 3H), 1.42 (s, 3H), 1.41 (s, 6H), 1.38 (s, 6H), 0.83 (s, 6H).
13C NMR (CDCls, 100 MHz): & 161.0 (Cx2), 159.0 (C), 139.8 (C), 130.0 (C),
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128.9 (CH), 127.8 (CHx2), 126.6 (CH), 114.9 (CHx2), 104.4 (CHx2), 99.7 (CH),
98.4 (C), 97.9 (Cx2), 78.7 (CH), 74.4 (CH2%2), 71.3 (CH2x2), 69.8 (CH.), 67.3
(CHz2), 66.6 (CH2x2), 66.6 (CH2%2), 62.7 (CH2x2), 55.5 (CH3x2), 38.9 (C), 34.5
(Cx2), 26.5 (CH3%2), 25.2 (CH3), 22.6 (CH3), 21.3 (CH3x2), 18.4 (CH3x2).
[0277]

[Synthesis of compound J219]

[0278]

[Chemical Formula 104]

OMe

o

7/

“OMe 0
\foo o i HO 020_/0%

0
o\ 7218 — OH 7219

o C
L X

o
o
/\<
T
Q
¥
I

[0279]

In Synthesis Example 7, item (2), J218 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, J219.
Chemical Formula: CzsHs52014
(E)-2,2'-(((2-(3-(4-(3,5-dimethoxystyryl)phenoxy)-2,2-
bis(hydroxymethyl)propoxy)propane-1,3-diyl)bis(oxy))bis(methylene))bis(2-
(hydroxymethyl)propane-1,3-diol)

'"H NMR (CD30D, 400 MHz): 5 7.48 (d, J = 8.8 Hz, 2H), 7.09 (d, J = 16.4 Hz,
1H), 6.95 (d, J = 8.8 Hz, 2H), 6.94 (d, J = 16.4 Hz, 1H), 6.67 (d, J = 2.0 Hz, 2H),

6.36 (brt, J = 2.0 Hz, 1H), 3.99 (s, 2H), 3.80 (s, 6H), 3.76-3.72 (m, 2H), 3.72-
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3.69 (m, 4H), 3.62-3.54 (m, 13H), 3.54-3.48 (m, 4H),3.47-3.42 (m, 4H).

3C NMR (CDs0OD, 100 MHz): d 162.4 (Cx2), 160.4 (C), 141.1 (C), 131.4 (C),
129.7 (CH), 128.8 (CHx2), 127.5 (CH), 115.8 (CHx2), 105.3 (CHx2), 100.4
(CH), 79.6 (CH), 72.3 (CH2x2), 72.1 (CH2x2), 63.1 (CH2x8), 62.7 (CH2x2), 55.8
(CH3x2), 46.8 (Cx2), 46.8 (C).

[0280]

Example 16

[Synthesis of compound J227: P1G1G2]

[0281]

[Chemical Formula 105]

AYO A22+ \i:oji’ Bl— JYO J227

[0282]

In Synthesis Example 1, A22 was used as R'-OH to obtain the target
compound, J227.
Chemical Formula: C23H41BrOg
5,5"-((2-((5-(bromomethyl)-2,2-dimethyl-1,3-dioxan-5-yl)methoxy)propane-1,3-
diyl)bis(oxy))bis(2,2-dimethyl-1,3-dioxane)
"H NMR (CDCls, 400 MHz): & 3.96 (dd, J = 4.0, 12.0 Hz, 4H), 3.82-3.68 (m, 8H),
3.63-3.50 (m, 9H), 3.44 (m, 2H), 1.44-1.39 (m, 18H).
13C NMR (CDCls, 100 MHz): 5 98.5 (C), 98.2 (Cx2), 78.8 (CH), 71.0 (CHx2),
69.9 (CH), 68.7 (CH2%2), 63.8 (CH2x2), 62.6 (CH2x2), 62.5 (CH2x2), 38.5 (C),
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36.0 (CH>), 24.2 (CH3x2), 24.2 (CH3), 23.1 (CHs3), 23.1 (CH3x2).
[0283]

[Synthesis of compound J228]

[0284]

[Chemical Formula 106]

J227 F1 J228

[0285]

In Synthesis Example 6, item (2), J227 was used as R°-X to obtain the
target compound, J228.
Chemical Formula: C3gHs6012
(E)-5,5'-((2-((5-((4-(3,5-dimethoxystyryl)phenoxy)methyl)-2,2-dimethyl-1,3-
dioxan-5-yl)methoxy)propane-1,3-diyl)bis(oxy))bis(2,2-dimethyl-1,3-dioxane)
'H NMR (CDCls, 400 MHz): 6 7.43 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 16.4 Hz,
1H), 6.91 (d, J = 8.8 Hz, 1H), 6.90 (d, J = 16.4 Hz, 2H), 6.64 (d, J = 2.4 Hz, 2H),
6.37 (brt, J = 2.4 Hz, 1H), 4.02 (s, 2H), 3.92-3.76 (m, 14H), 3.72-3.60 (m, 6H),
3.58-3.44 (m, 5H), 3.40-3.31 (m, 2H), 1.44 (s, 3H), 1.42 (s, 3H), 1.39 (s, 6H),
1.36 (s, 6H).
3C NMR (CDCls, 100 MHz): 6 161.0 (Cx2), 158.9 (C), 139.8 (C), 130.2 (C),
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128.8 (CH), 127.9 (CHx2), 126.7 (CH), 114.8 (CHx2), 104.4 (CHx2), 99.7 (CH),
98.5 (C), 98.3 (Cx2), 79.1 (CH), 71.1 (CHx2), 69.6 (CH.), 68.6 (CH2x2), 67.1
(CH2), 62.7 (CH2%2), 62.7 (CH2x2), 62.6 (CH2>%2), 55.4 (CH3x2), 39.0 (C), 24.7
(CHzs), 24.2 (CH3x2), 23.2 (CH3%2), 23.1 (CHz).

[0286]

[Synthesis of compound J229]

[0287]

[Chemical Formula 107]

SON <X R on

HO” O O

g ol
< o

J228 — J229

[0288]

In Synthesis Example 7, item (1), J228 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, J229.
Chemical Formula: C3oH44012
(E)-2,2'-((2-(3-(4-(3,5-dimethoxystyryl)phenoxy)-2,2-
bis(hydroxymethyl)propoxy)propane-1,3-diyl)bis(oxy))bis(propane-1,3-diol)

"H NMR (CD3s0D, 400 MHz): 5 7.42 (d, J = 8.4 Hz, 2H), 7.08 (d, J = 16.0 Hz,
1H), 6.95 (d, J = 16.0 Hz, 1H), 6.94 (d, J = 8.4 Hz, 2H), 6.67 (d, J = 2.0 Hz, 2H),
6.36 (brt, J = 2.0 Hz, 1H), 3.98 (s, 2H), 3.79 (s, 6H), 3.78-3.37 (m, 21H).

13C NMR (CDs0D, 100 MHz): & 162.3 (Cx2), 160.3 (C), 140.9 (C), 131.3 (C),
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129.6 (CH), 128.8 (CHx2), 127.4 (CH), 115.7 (CHx2), 105.3 (CHx2), 100.4
(CH), 82.9 (CHx2), 80.4 (CH), 70.5 (CH2%2), 70.3 (CHz2), 67.6 (CH2), 63.1
(CH2x3), 62.4 (CH2x3), 55.7 (CH3%2), 47.8 (C).

[0289]

Example 17

[Synthesis of compound J237: P1G1Az]

[0290]

[Chemical Formula 108]

o ry Moy
o) Pl i o) <
}0 0 }0
o1~ A23+ “bor er B1— of” 7237

[0291]

In Synthesis Example 1, A23 was used as R'-OH to obtain the target
compound, J237.
Chemical Formula: C23H41BrOg
5-(((1,3-bis((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)propan-2-yl)oxy)methyl)-5-
(bromomethyl)-2,2-dimethyl-1,3-dioxane
"H NMR (CDCls, 400 MHz): & 4.30-4.20 (s, 2H), 4.09-4.01 (m, 2H), 3.83-3.43
(m, 19H), 1.42 (s, 6H), 1.41 (s, 6H), 1.36 (s, 6H).
13C NMR (CDCls, 100 MHz): d 109.5 (Cx2), 98.7 (C), 78.8 (CH), 74.8 (CH2x2),
72.6 (CH2x2), 71.7 (CH2), 71.5 (CHz2), 70.0 (CHz2), 66.9 (CH2x2), 63.9 (CH2x2),
38.7 (C), 36.2 (CH2), 26.9 (CH3x2), 25.6 (CH3x2), 24.4 (CH3), 23.1 (CH3).
[0292]
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[Synthesis of compound J238]
[0293]

[Chemical Formula 109]

Br o]
0]

<.’:0j<0 O*\_\ \‘\loji 0—\_\
8_/ o_0 OMe 8_/ 0_0
0. 5 O o X

%

é;o + HO O ome—) %;?}/
J237 F1 J238

[0294]

In Synthesis Example 6, item (2), J237 was used as R®-X to obtain the
target compound, J238.
Chemical Formula: C39Hs6012
(E)-5-(((1,3-bis((2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)propan-2-
yhoxy)methyl)-5-((4-(3,5-dimethoxystyryl)phenoxy)methyl)-2,2-dimethyl-1,3-
dioxane
"H NMR (CDCls, 400 MHz): 5 7.43 (d, J = 8.8 Hz, 2H), 7.03 (d, J = 16.8 Hz,
1H), 6.91 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 16.8 Hz, 1H), 6.64 (d, J = 2.4 Hz, 2H),
6.37 (brt, J = 2.4 Hz, 1H), 4.24-4.13 (m, 2H), 4.03 (s, 2H), 4.01-3.94 (m, 2H),
3.88-3.77 (m, 12H), 3.72-3.62 (m, 3H), 3.62-3.36 (m, 8H), 1.44 (s, 3H), 1.43 (s,
3H), 1.40 (s, 6H), 1.34 (s,6H).
13C NMR (CDCls, 100 MHz): & 161.0 (Cx2), 159.0 (C), 139.7 (C), 130.1 (C),
128.8 (CH), 127.8 (CHx2), 126.7 (CH), 114.8 (CHx2), 109.4 (Cx2), 104.4
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(CHx2), 99.7 (CH), 98.4 (C), 78.8 (CH), 74.7 (CHx2), 72.6 (CH2x2), 71.6 (CHa),
71.4 (CHz), 69.6 (CHz), 67.1 (CHy), 66.7 (CH2x4), 62.7 (CH2x2), 55.5 (CH3x2),
39.0 (C), 26.9 (CHsx2), 25.5 (CH3x2), 24.9 (CHs), 22.9 (CHs).

[0295]

[Synthesis of compound J239]

[0296]

[Chemical Formula 110]

OMe

L &
‘ OMe O o OMe
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}0 }OH
of” 7238 — OH 7239

[0297]

In Synthesis Example 7, item (1), J238 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, J239.
Chemical Formula: C30H44012
(E)-3,3'-((2-(3-(4-(3,5-dimethoxystyryl)phenoxy)-2,2-
bis(hydroxymethyl)propoxy)propane-1,3-diyl)bis(oxy))bis(propane-1,2-diol)
'"H NMR (CD30D, 400 MHz): 5 7.46 (d, J = 8.8 Hz, 2H), 7.07 (d, J = 16.0 Hz,
1H), 6.94 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 16.0 Hz, 1H), 6.67 (d, J = 2.0 Hz, 2H),
6.36 (brt, J = 2.0 Hz, 1H), 3.98 (s, 2H), 3.79 (s, 6H), 3.77-3.66 (m, 6H), 3.65-
3.40 (m, 15H).
3C NMR (CDs0D, 100 MHz): d 162.4 (Cx2), 160.4 (C), 141.1 (C), 131.4 (C),
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129.7 (CH), 128.8 (CHx2), 127.5 (CH), 115.8 (CHx2), 105.3 (CHx2), 100.5
(CH), 79.9 (CHx2), 73.8 (CH2x2), 72.1 (CH2%2), 70.6 (CH), 67.7 (CH.), 64.4
(CH2x3), 62.6 (CH2%2), 55.8 (CH3x2), 46.8 (C).

[0298]

Example 18

[Synthesis of compound J247: P1G+T2]

[0299]

[Chemical Formula 111]

OH Br 0
OH\E) By wo\;ji{ol{ox
SUE: X

B %HZ% + o~ b Bl 0" Jou7

[0300]

In Synthesis Example 1, H246 was used as R'-OH to obtain the target
compound, J247.
Chemical Formula: C27H49BrOg
5,5"-(((2-((5-(bromomethyl)-2,2-dimethyl-1,3-dioxan-5-yl)methoxy)propane-1,3-
diyl)bis(oxy))bis(methylene))bis(2,2,5-trimethyl-1,3-dioxane)
'"H NMR (CDCls, 400 MHz): 5 3.81 (d, J = 12.4 Hz, 2H), 3.72 (d, J = 12.4 Hz,
2H), 3.73-3.39 (m, 21H), 1.43 (s, 6H), 1.40 (s, 6H), 1.39 (s, 6H), 0.87 (s, 6H).
3C NMR (CDCl3, 100 MHz): & 98.3 (C), 97.7 (Cx2), 78.5 (CH), 74.2 (CH2x2),
71.5 (CH2x2), 69.8 (CH), 66.4 (CH2x4), 63.7 (CH2x2), 38.4 (C), 36.1 (CH>),
34.3 (Cx2), 26.4 (CH3x2), 24.6 (CHs), 22.6 (CHs), 21.1 (CHsx2), 18.2 (CH3x2).
[0301]

[Synthesis of compound J248]
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[0302]

[Chemical Formula 112]

O X O OMe
o~ K ove Y AK
\l\cﬁo{o ° . OME \i\oji{o :
\7<:0)< + HO O \7<:0)<

J247 F1 J248

[0303]

In Synthesis Example 6, item (2), J247 was used as R®-X to obtain the
target compound, J248.
Chemical Formula: C43He4O12
"H NMR (CDCls, 400 MHz): 5 7.43 (d, J = 8.8 Hz, 2H), 7.04 (d, J = 16.0 Hz,
1H), 6.91 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 16.0 Hz, 1H), 6.65 (d, J = 2.4 Hz, 2H),
6.37 (brt, J = 2.4 Hz, 1H), 4.05 (s, 2H), 3.92-3.78 (m, 10H), 3.70-3.63 (m, 6H),
3.60 (quin, J = 5.2 Hz, 1H), 3.54-3.43 (m, 8H), 3.43-3.34 (m, 4H), 1.44 (s, 3H),
1.42 (s, 3H), 1.41 (s, 6H), 1.38 (s, 6H), 0.83 (s, 6H).
3C NMR (CDCls, 100 MHz): 6 161.0 (Cx2), 159.0 (C), 139.8 (C), 130.0 (C),
128.9 (CH), 127.8 (CHx2), 126.6 (CH), 114.9 (CHx2), 104.4 (CHx2), 99.7 (CH),
98.4 (C), 97.9 (Cx2), 78.7 (CH), 74.4 (CH2%2), 71.3 (CH2x2), 69.8 (CH.), 67.3
(CHz2), 66.6 (CH2x2), 66.6 (CH2%2), 62.7 (CH2x2), 55.5 (CH3x2), 38.9 (C), 34.5
(Cx2), 26.5 (CH3%2), 25.2 (CH3), 22.6 (CH3), 21.3 (CH3x2), 18.4 (CH3x2).
[0304]

[Synthesis of compound J249]
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[0305]

[Chemical Formula 113]

OMe

O ‘ O OMe e O OMe
e
ALK

J248 — J249

[0306]

In Synthesis Example 7, item (1), J248 was used as the compound
obtained in Synthesis Example 6 to obtain the target compound, J249.
Chemical Formula: C34Hs2012
(E)-2,2'-(((2-(3-(4-(3,5-dimethoxystyryl)phenoxy)-2,2-
bis(hydroxymethyl)propoxy)propane-1,3-diyl)bis(oxy))bis(methylene))bis(2-
methylpropane-1,3-diol)

"H NMR (CD30D, 400 MHz): 5 7.46 (d, J = 8.8 Hz, 2H), 7.07 (d, J = 16.4 Hz,
1H), 6.94 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 16.4 Hz, 1H), 6.67 (d, J = 2.0 Hz, 2H),
6.36 (brt, J = 2.0 Hz, 1H), 3.99 (s, 2H), 3.79 (s, 6H), 3.76-3.69 (m, 6H), , 3.66-
3.54 (m, 1H), 3.51-3.46 (m, 4H), 3.46-3.41 (m, 8H), 3.33-3.30 (m, 4H), 0.85 (s,
6H).

3C NMR (CDsOD, 100 MHz): d 162.4 (Cx2), 160.5 (C), 141.1 (C), 131.4 (C),
129.7 (CH), 128.8 (CHx2), 127.5 (CH), 115.8 (CHx2), 105.3 (CHx2), 100.4
(CH), 79.8 (CH), 75.4 (CH2x2), 72.3 (CH2x2), 70.7 (CH2), 67.7 (CH2), 66.4
(CH2x3), 66.3 (CH2x3), 55.7 (CH3%2), 46.8 (C), 42.5 (Cx2), 17.1 (CH3x2).
[0307]
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Example 19
[Evaluation of water solubility]

The deprotected pterostilbene linked body obtained in Examples were
evaluated for water solubility using the following method. The results are
summarized in FIGs 1 and 2. In FIGs 1 and 2, the numbers in the ellipses for
each compound represent a level of water solubility as a molar ratio, with the
water solubility of F1 (pterostilbene) (21 mg (0.0819 mmol) dissolved in 1 liter)
being set at 1.0. The water solubility of F1 (pterostilbene) was determined
using the value described in Sarah J. Bethune et al., Cryst. Growth Des. 2011,
11, 2817-2823. The water solubility of F1 glycoside (pterostilbene
monoglycoside) was determined using the value described in Jose L. Gonzalez-
Alfonso et al., Molecules 2018, 23, 1271.

[0308]
[Compounds G119, G129, G139, H119 and H219]

Into a round-bottom flask was weighed 1.0 g of the compound and 100
mL of ion-exchanged water in sequence and the mixture was heated with a heat
gun for about 1 minute, taking care not to boil the mixture, and then cooled to
room temperature and allowed to stand. After 24 hours, the residue was
removed by filtration, and the filtrate was concentrated under reduced pressure.
A water solubility of each compound was calculated from the weight of the
compound recovered from the filtrate.

[0309]
[Compounds H129, H139, J119, J129, J139, J219, J229 and J239]
In a round-bottom flask, a solution was prepared the amounts of the compound

and ion-exchanged water shown in Figure 1, and a water solubility of the
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compound was calculated. Because the compound was extremely water-
soluble, a water solubility threshold could not be measured. However,
compared to the hardly water-soluble F1, its water solubility was 2x10%4 times

or more, that is, extremely higher.
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CLAIMS

[Claim 1]

A branched multi-hydroxyl-protected oligomer represented by Formula
(1):
[Chemical Formula 1]

X I am= T 5o o DY g 1Y) & (1)

wherein X is at least one selected from the group consisting of groups
represented by Formula (2); Y@ to Y9 are at least one selected from the group
consisting of P, T, G, and A represented by Formula (3); mis 1; m'is an integer
of 1to 3; nis an integer of 0 to 9; and n' is an integer of 0 to 27, except when
the compound represented by Formula (1) is X-G1G1, X-G1G2, X-G1A4, or X-
Gi1Az;

[Chemical Formula 2]

10— N —— (2)

TsO

S=—C=—N=——= N3 HoN HS

[Chemical Formula 3]
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= —c—/c
R \—oz (3)
/—oz

G= ——CH
\—oz

A= ——CH,
\—oz

s QZ

wherein Z is at least one selected from the group consisting of a
hydrogen atom, a protecting group and a carbon skeleton, and R? is atleast one
selected from the group consisting of a hydrogen atom and an alkyl group.
[Claim 2]

A branched multi-hydroxyl-protected oligomer represented by Formula
(1a):

[Chemical Formula 4]

oz
H
X——Cc—c~ 0z [ yb ]—[ ye —[ Yd] (1a)
m’ n n’
oz

wherein X is at least one selected from the group consisting of groups
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represented by Formula (2); Y° to Y9 are at least one selected from the group
consisting of P, T, G, and A represented by Formula (3); Z is at least one
selected from the group consisting of a hydrogen atom, a protecting group and
a carbon skeleton; mis 1; m'is an integer of 1 to 3; nis an integer of 0 to 9; n' is
an integer of 0 to 27;

[Chemical Formula 5]

10— HO—— Br

TsO

HS——

S—C—N— N3 HoN

[Chemical Formula 6]
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———0Z

wherein Z is at least one selected from the group consisting of a

hydrogen atom, a protecting group and a carbon skeleton; and R? is at least

one selected from the group consisting of a hydrogen atom and an alkyl group.

[Claim 3]

(1c):

A branched multi-hydroxyl-protected oligomer represented by Formula

[Chemical Formula 7]

e
\—OZ

m

e Rl e

(1c)

wherein X is at least one selected from the group consisting of groups
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represented by Formula (2); Y° to Y9 are at least one selected from the group
consisting of P, T, G, and A represented by Formula (3); Z is at least one
selected from the group consisting of a hydrogen atom, a protecting group and
a carbon skeleton; mis 1; m'is an integer of 1 to 3; nis an integer of 0 to 9; n' is
an integer of 0 to 27, except when the compound represented by Formula (1c)
is X-G1G4, X-G1G2, X-G1A1 or X-G1Az;

[Chemical Formula 8]

TsO

S=—C=—=N—— N; HoN HS——

[Chemical Formula 9]



107

= —c—/c
R \—oz (3)
/—oz

G= ——CH
\—oz

A= ——CH,
\—oz

s QZ

wherein Z is at least one selected from the group consisting of a
hydrogen atom, a protecting group and a carbon skeleton; and R? is at least
one selected from the group consisting of a hydrogen atom and an alkyl group.
[Claim 4]

A linked body made by bonding the branched multi-hydroxyl-protected
oligomer according to any one of Claims 1 to 3 with a target compound.
[Claim 5]

A linked body made by deprotecting the branched multi-hydroxyl-
protected oligomer according to Claim 4.

[Claim 6]
A linked body wherein the target compound according to Claim 4 is a

hardly water-soluble compound.
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[Claim 7]
A water-solubility improver made of the branched multi-hydroxyl-

protected oligomer according to any one of Claims 1 to 3.



