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MONO- AND DIALKYL ETHERS OF FURAN-2,5-DIMETHANOL AND (TETRA-
HYDROFURAN-2,5-DIYL)DIMETHANOL AND AMPHIPHILIC DERIVATIVES THEREOF

BENEFIT OF PRIORITY
The present application claims benefit of priority of U.S. Provisional Application No.:

61/918,239, filed December 19, 2013, the contents of which are incorporated herein by reference.

FIELD OF INVENTION
The present disclosure relates to certain cyclic bi-functional materials that are useful as
monomers in polymer synthesis, as well as intermediate chemical compounds. In particular, the
present invention pertains to ethers of furan-2,5-dimethanol (FDM) and/or (tetrahydrofuran-2,5-
diyl)dimethanol (b HMTHF), methods for their preparation, and derivative chemical compounds
thereof.

BACKGROUND

Research into renewable, bio-based surrogates for petroleum-based platform chemicals is on
the rise in view of growing concerns about the impact of climate change and the gradual depletion of
fossil fuels. Sugars are ubiquitous in agricultural materials, and hence are rational precursors for
empirical innovations in the “green” materials area. Organic compounds that are readily derived from
sugars include furans, robust cyclic ethers that possess structural features which can be useful for
making certain polymers, pharmaceuticals, or solvents, among other industrial constituents.

A related compound that has received considerable attention of late is 5-
(hydroxymethyl)furfural (HMF), (Figure 1), a salient dehydration product of the abundant,
inexpensive monosaccharide, fructose.

Fig. 1. Chemical structure of HMF

HMEF is a versatile chemical antecedent to various furanic ring-based derivatives that are known
intermediates for a multitude of chemical syntheses, and as plausible surrogates for aromatic
hydrocarbons that derive from petroleum resources. Due to HMF’s diverse functionalities, some
have proposed that HMF be used to produce a wide range of commodities such as polymers, solvents,
surfactants, pharmaceuticals, and plant protection agents. As alternates, derivatives of HMF are
comparable to benzene-based aromatic compounds or to other compounds containing a furan or
tetrahydrofuran (THF). HMF and 2,5-disubstituted furans and THF analogs, therefore, have great

potential in the field of intermediate chemicals from renewable agricultural resources.
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HMEF itself, however, is rather unsuitable as a chemical intermediate substrate, given its
propensity to decompose under thermo-oxidative conditions. Thus, one should look to derivatives of
HMF for practical commercial utility. One derivative is furan-2,5-dimethanol (abbreviated as
FDM)(Scheme 1), which is produced from partial hydrogenation (aldehyde reduction) of HMF.

Scheme 1. — FDM B from partial hydrogenation of HMF A

o)
NG/ Cat., Hy o
HO \ / W HO/\@/\OH
A B

Another derivative is 2,5-bis(hydroxymethyl)tetrahydrofuran (abbreviated as bHMTHF), a saturated
analog produced in a 9:1 cis (B):trans (C) diastereometic ratio when both the ring and aldehyde
moieties of HMF are reduce completely (Scheme 2).

Scheme 2. — bHMTHEFs from the exhaustive reduction of HMF

o)
/\6)/ NiSat 3408, H o o_ .
HO™ EtOH HO/\Q/\OH HO/\Q“‘ “oH

A B, 90% C, 10%

These materials can be of value as a molecular antecedent, for example, to polyesters, polyurethane
foams, FDCA, plasticizers, additives, lubricants, and amphiphiles.

To become market competitive with petroleum products, however, the preparation of HMF
derivatives from standard agricultural raw materials, such as sugars, need to become economically
feasible in terms of cost. Heretofore, research for chemical derivatives using FDM and/or bHMTHFs
has received limited attention due in part to the great cost and relative paucity (e.g., ~$200 per gram
commercially) of the compounds. Recently, a need has arisen for a way to unlock the potential of
FDM and bHMTHFs and their derivative compounds, as these chemical entities have gained attention
as valuable glycolic antecedents for the preparation of polymers, solvents, additives, lubricants, and
plasticizers, etc. Furthermore, the inherent, immutable chirality of bHMTHFs makes these
compounds useful as potential species for pharmaceutical applications or candidates in the emerging
chiral auxiliary field of asymmetric organic synthesis. Given the potential uses, a cost efficient and
simple process that can synthesis derivatives from FDM and/or bHMTHFs would be appreciated by
manufacturers of both industrial and specialty chemicals alike as a way to better utilize biomass-

derived carbon resources.

SUMMARY OF THE INVENTION
The present disclosure describes, in part, linear mono- and di-alkyl ethers of furan-2,5-
dimethanol (FDM) and/or 2,5-bis(hydroxymethyl)tetrahydrofuran (t(HMTHF), and a process for their
synthesis. Generally, the process includes contacting either FDM or bHMTHEF in a polar aprotic
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organic solvent having a permittivity (&) >8, at a temperature ranging from about -25°C to about
100°C, with either a) an unhindered Bronsted base having a difference in pKa (ApKa) >15 relative to
the pKa of a hydroxyl group of either FDM or bHMTHEF or b) a hindered Bronsted base and a

nucleophile.
In a particular embodiment, the present disclosure provides a method of preparing a mono-
ether involving: contacting FDM with a Bronsted base and one or less molar equivalents of an alkyl-X

species according to the following:
o) % Base ({\{)J/\O N o

wherein: “X” is the leaving group (nucleofuge), “n” is an integer from 5 to 25, and “CA” is a
conjugate acid. The resultant mono-ether of FDM can be, for example, at least one of the following
compounds:

a. (5-((octadecyloxy)methyl)furan-2-yl)methanol

0

b. (5-((dodecyloxy)methyl)furan-2-yl)methanol

NN TN TN

0 OH
o~

c. (5-((hexyloxy)methyl)furan-2-yl)methanol

0 OH
/\/\/\ O
\ _/
In an embodiment for preparing di-ethers, the method involves: contacting FDM with a

Bronsted base and a minimum of 2 molar equivalents of an alkyl-X species according to the

following:

O
o) Basc

O ;
H«\mﬂmx—>&\’& fooax

wherein: “X” is the nucleofuge, “n” is an integer from 5 to 25, and “CA” is a conjugate acid. The

resultant di-ether of FDM can be, for instance, at least one of the following compounds:
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a. 2,5-bis((hexyloxy)methyl)furan

b. 2,5-bis((dodecyloxy)methyl)furan

NN TN TN

0 O
A

5 c. 2,5-bis((octadecyloxy)methyl)furan

/\/\/\/\/\/\/\/\/\O

0 O
o

In yet a further embodiment, the present disclosure provides a method of preparing a mono-
ether involving: contacting bHMTHFs with a Brensted base and 1 or less molar equivalents of an

alkyl-X species according to the following:

.
HWOH My X ——— | \f% + CA'X

0 Base N0 ]
wh X m + CA+X
o~ o e o

o' + CA'X
.
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wherein: “X” is the nucleofuge, “n” is an integer from 5 to 25, and “CA” is a conjugate acid. The
resultant mono-ether of bHMTHEF can be, for example, at least one of the following compounds:

a. ((2S,5R)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methanol

HO 0O
~

b. ((28,58)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methanol

c. ((28,55)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methanol

b

~

10 d. ((25,5R)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methanol

b

HO O
~y

e. ((25,55)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methanol

b
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f. ((25,55)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methanol

g. ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-ylymethanol

HO O
~

h. ((28,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanol

b

1. ((2S,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanol
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~y

In an embodiment for preparing di-ethers, the method involves: contacting bHMTHFs with a
Bronsted base and a minimum of two molar equivalents of an alkyl-X species according to the

following:

0
9) Base O i
HO/\Q’\OH PN M +  CA'X

O_ o~
0 Base 0 -
HOS ) ™on Aht ¢ m«‘” T

5
wherein: “X” is the nucleofuge, “n” is an integer from 5 to 25, and “CA” is a conjugate acid. The
resultant di-ethers of bHMTHF can be, for instance, at least one of the following compounds:
a. (2R,55)-2,5-bis((hexyloxy)methyl)tetrahydrofuran
0 O
/\/\/\ K&)
10 ;

b. (28,55)-2,5-bis((hexyloxy)methyl)tetrahydrofuran

R4
o

c. (2R,55)-2,5-bis((dodecyloxy)methyl)tetrahydrofuran

b
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b

d. (2S,55)-2,5-bis((dodecyloxy)methyl)tetrahydrofuran

"

e. (2R,55)-2,5-bis((octadecyloxy)methyl)tetrahydrofuran

b

b

f.  (28,55)-2,5-bis((octadecyloxy)methyl)tetrahydrofuran

~

Additionally, in another aspect, the present disclosure pertains to derivative compounds from

the linear mono-cthers of FDM and bHMTHF described above and methods for making the
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derivatives. These derivative compounds are amphiphilic variants of the mono-ethers and are valued
as precursors or plausible bio-based surfactants, dispersants, and/or hydrophiles.

Additional features and advantages of the present process will be disclosed in the following
detailed description. It is understood that both the foregoing summary and the following detailed
description and examples are merely representative of the invention, and are intended to provide an

overview for understanding the invention as claimed.

DETAILED DESCRIPTION OF THE INVENTION
Section 1. — Description

The present synthetic processes opens a pathway for direct preparation of linear alkyl ethers
from the glycols FDM and/or bHMTHF, molecules that arise from the reduction of fructose derived
5-(hydroxymethyl)furfural (HMF) under mild conditions, and their derivative chemical compounds.
(Although not necessary, in certain embodiments, the process may also include either first partially
reducing HMF to FDM or fully reducing HMF to bHMTHFs in hydrogenation steps prior to selective
etherification according to the present reaction process described herein.) The alkyl ethers, in turn,
are valuable precursors with bio-based amphiphilic properties that can be used in surfactants,
dispersants, and plasticizers.

In general, the process for generating alkyl ethers can be implemented in a single reaction
step, in which the FDM or bHMTHEF glycol is reacted with either one or two equivalents of a
halogenated or sulfonated (leaving group) alkane, depending respectively on whether a mono- or di-
ether product is desired. A hindered Bronsted base with a minimum pKa of about 10, preferably
about 16, or an unhindered Bronsted base having a difference in pKa (ApKa) of >15 relative to the
pKa of a hydroxyl group of either the FDM or bHMTHEF is used to deprotonate the -OH moieties of
the glycols, enhancing their nucleophilicities by several orders of magnitude towards nucleofuge
displacement. (It is believed that with a pronounced difference in the pKa between the Bronsted base
and the -OH moieties of the FDM and/or bHMTHEF glycols, the Bronsted base should have a limited
propensity to react with an alkyl halide or sulfonate in a nucleophilic substitution and/or elimination.)
A polar aprotic organic solvent with a dielectric constant of >10, preferably > 30, is employed to
augment the basicity of the Bronsted base via charge separation capacities. Typically, the reaction is
conducted at a temperature in a range from about -20°C to about 100°C, over a period of about 2 or 3
hours. In some other iterations the time may involve about 4 or 8 hours up to about 12 or 24 hours, as

conditions may dictate.

A. Bronsted Bases
As stated, the Bronsted base in the reaction serves to deprotonate the -OH moieties of the
glycols. This helps to enhance the corresponding nucleophilicity of the glycols FDM and bHMTHF

by about at least 6 or more orders of magnitude (e.g., 8-10-12) and drives halide/sulfonate

9
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displacement on the alkyl reagent. The relative strength of a Bronsted base used in the reaction is of
essence in furnishing high conversions of the glycols to, in particular, mono-alkyl ethers.

For some Bronsted bases that have a pKa of at least 10 to about 15, the synthesis reaction
usually requires the addition of heat to proceed; hence, reaction temperatures of about 45°C-50°C or
greater. This, however, can increase the risk of generating side-products (e.g., product of Brensted
base-nucleophilic substitution with the alkyl halide/sulfonate and/or alkenes formed from Brensted
base- mediated elimination of the alkyl halide/sulfonate) and reducing the overall yield of the desired
synthesis. To minimize the generation of side products and counteract this phenomenon, a Brensted
base that has a pKa of at least ~16, typically >20, is favored according to certain embodiments of the
present process. Brensted bases with a greater pKa more easily reacts with the -OH moieties of the
glycols. This is an advantage that helps one operate effectively the reaction at about ambient room
temperatures (e.g., ~18°C -22°C) or lower temperatures. Some suitable Bronsted bases may include,
for example, hydroxides (e.g., methoxide, ethoxide, f-butoxide, and benzyl oxide). Preferably,
Bronsted bases having pKa’s > 30 are used, as the equilibrium for deprotonation favors generation of
the desired products, such as illustrated in the examples in Scheme 3. Certain favored Bronsted bases
of this type may include, for example, metallic hydrides (e.g., lithium, potassium, or sodium
hydrides); metal amides (e.g., potassium or sodium amides); lithium diisopropylamide (LDA);
organometalic compounds (e.g., alkyl lithium (e.g., methyl-lithium, n-butyl-lithium, or phenyl-
lithium), alkyl magnesium, or alkyl cuprate) and Grignard reagents (e.g., ethylmagnesium bromide,
phenylmagnesium bromide). In contrast, certain disfavored Bronsted bases may include, for example,
nitrogen-centered bases (e.g., tertiary amines, aryl amine), because of low-pKa-favoring reactants and
nucleophilic propensities.

Scheme 3. — Equilibrium constants for various Brensted base deprotonations of FDM: a) with

potassium hydroxide; b) with potassium #-butoxide; c) with sodium hydride.

10
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Reaction (a) shows when using a Brensted base having a pKa ~16, the reaction tends to be at
equilibrium between product and reactants. In Reaction (b), when using a Bronsted base having a

5  pKa~20, the reaction tend to favor the product more, whereas in Reaction (c¢) when using a Bronsted
base having pKa >30, the reaction is driven completely towards product formation.

Another factor according to an embodiment of the present invention is to employ a Brensted
base that has molecular bulk. Propitiously, the bulky Brensted base impedes undesired nucleophilic
substitutions of the Bronsted base with the alkyl halide/sulfonate. Hence, a more sterically hindered

10 Bronsted base enhances more effectively the reaction to produce predominantly the ether product.
Scheme 4 illustrates this feature. As an example, reaction (a) using an unhindered Bronsted base
tends to make a mixed product of both straight-chain and FDM ethers. In contrast, reaction (b) with a
more bulky, hindered Bronsted base generates the FDM ethers alone.
Scheme 4. — Examples of Bronsted bases: a) unhindered, nuclephilic base, with sodium methoxide; b)

15 hindered, non-nucleophilic base with potassium ¢-butoxide.

11
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A~~~ Br /\/\/\O/

B. Alkyl Halides and Sulfonates

The etherification reaction of the present description can be characterized as a base-mediated,
second order substitution reaction between a glycol and activated alkane. To achieve satisfactory
yields of the desired ether in a polar aprotic organic solvent most expeditiously, the leaving group
affixed to the alkane should exhibit favorable nucleofugal properties. Some species in this context
can be, for example, halides (¢.g., Cl, Br, I) and sulfonates (¢.g., -OTf, -OTs,-OMs). Typically, one
can conduct the reaction using straight-chain alkyl halides or sulfonates of 5 to 25 carbons in length.
In some reactions, for instance, the alkyl chain lengths may range from about 5 or 8 to about 16 or 18
carbons, or about 6 or 10 to about 20 or 22 carbons (e.g., Cs-Cis; Cs-Cis; Cs-Ci2), or any iteration
therein between.

One can use a variety of sulfonates, including but not limited to, mesylate (methanesulfonate),

Qo CFy

b
N 0=§~-0
CH3S0,0- [H:C” 9] (-OMs); triflate (trifluoromethanesulfonate), CF3SO.0-[ © R](-OTfs);

5

tosylate (p-toluenesulfonate), CH3CsHsSO-0- [ﬂ\':" 5 ®](-OTs); esylate (ethanesulfonate),
0 0
/\S'\O_R 8-0

C,HsS0,0- [ g ] (-OEs); besylate (benzenesulfonate), CsHsSO-0- [ 6 R ] (-OBs), and
other alkyl and aryl sulfonates without limitation.
As halides, such as bromides, and alcohols are more economically accessible commercial

alkane sources, they may be favored for larger scale, industrial uses according to some embodiments.

12
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In a situation in which an alkyl halide is unavailable or prohibitively expensive, but the corresponding
alcohol available, one may substitute the alcohol for the corresponding sulfonate through a simple
sulfonation reaction.

In certain embodiments, the sulfonate is preferably a triflate because it is a powerful leaving
group. This reaction exhibits relatively fast kinetics and generates an activated triflic complex. The
reaction is usually conducted at a low temperature, less than 0°C (e.g., typically about -10°C or -12°C
to about -20°C or -25°C), to control the reaction kinetics more easily. This reaction is essentially
irreversible, as the liberated triflate is entirely non-nucleophilic. The triflic complex then reacts
readily with the FDM or bHMTHEF, forming respectively a FDM or bHMTHF-triflate with
concomitant release and protonation of a nucleophilic base (e.g., pyrimidine, dimethyl-aminopyridine,
imidazole, pyrrolidine, and morpholine).

The tosylate, mesylate, brosylate, benzenesulfonate, ethylsulfonate or other sulfonate species
can be as effective as triflate in imparting leaving groups, and manifesting overall yields that were
commensurate with that achieved with triflate. But, these other sulfonates tend to react more slowly
in comparison to the triflate. To compensate for this, operations at higher temperatures are typically
needed for better yields when using these other species.

Often the conversion can be performed sequentially in a single reaction vessel, prior to
executing a displacement reaction with a glycol, such as demonstrated in Scheme 5.

Scheme 5. — Single-vessel sequential sulfonation, displacement reaction between FDM and

dodecanol.
o Tt,0 0
P N e PN 2 .
P e e e o
Py"> DMSO oTt  * HO™{ )om

Tt
OK

4'_
/\/\/\/\/\/\ O/\@/\OH

C. Organic Solvents

In the present synthesis process, aprotic solvents are used, as they contain no functionality
labile to covalent modifications with the glycol, alkyl halide/sulfonate and Bronsted base of the title
reaction, and thus do not interfere with the Sn2-driven process. Furthermore, polar aprotic solvents
(i.e., solvents with a permanent dipole moment but without the ability to act as hydrogen bond donors)
are favored in the present etherification reactions. Polar aprotic solvents adequately dissolve the
glycols and the alkyl halide/sulfonate, a feature for an efficient reaction to occur. The function is
dissimilar to apolar solvents like hexane or benzene, which lack the ability to effectuate charge

separation of the anionic Brensted base from its cation counterpart, rendering it inactive. Also, polar

13
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aprotic solvents tend not to react with the alkyl halide/sulfonate (cf., Scheme 6, ethanol, a polar protic
solvent, which can generate undesired side products).

Scheme 6. — Solvent etherification potential with ethanol, a polar protic solvent.

(@)
o e Hm/\o
O ano
H + Ethano]
W\OH NN Br + i - +

1 equivajent

NN

In aprotic solvents a greater dielectric constant can help prevent the solvent from reacting

with the primary reagents, hence minimizing formation of side-products. The reactions of the present
synthesis process are conducted in solvents with a relative permittivity > €; 25, typically about 30 or

35. For example, DMSO and DMF exhibit relatively high dielectric constants (e.g., ~30 or 32).
Other solvents with high boiling points and dielectric constants, such as NMP and DMA, are effective
in cyanide for sulfonate displacement reactions. The reaction to derivatize FDM or bHMTHF with a
sulfonate is performed in a solution of solvent having a boiling point > 110°C.

Some common polar aprotic solvents that are amenable to this process are
dimethylformamide (DMF), dimethylsulfoxide (DMSO), dimethylacetamide (DMA), N-
methylpyrrolidone (NMP), hexamethylphosphoramide (HMPA), acetone, acetonitrile (ACN),
nitromethane, sulfolane, tetrahydrofuran (THF), 1,4-dioxane, and ethyl acetate.

A further consideration when using polar aprotic solvent in the etherification process is to
amply charge separate the Bronsted base so that the glycol -OH moieties can be deprotonated. A
reflection of the power to charge separate is the permittivity of dielectric constant, represented by ¢
(no units), with the larger number signifying a greater capacity to sequester the ions. In general, e >
20 is the advantageous for effective charge separation, with exceptions being THF (¢ = 7.58) and 1,4-
dioxane (¢ = 2.21) whose oxygen atoms can coordinate with cations captodatively. The preferred ¢ is
>3(. Examples of polar aprotic solvents with propitious & are DMSO (g = 46.7), sulfolane (¢ = 43.3),
DMA (g = 37.8), acetonitrile (¢ = 37.5), DMF (g = 36.7), nitromethane (¢ = 35.9), NMP (g = 32.0),
HMPA (e = 30.0), acetone (¢ = 20.0).

D. Reaction Temperature

One of the advantages of the present synthesis process is that it can be operated in a relatively
mild temperature range, and under less harsh conditions than some other conventional reaction
processes. Depending on the particular Brensted base, the reaction temperatures can span between
about -25°C or -20°C to about 80°C or 100°C. Typically, the reaction temperature is in a range from
about -12°C or -7°C to about 65°C or 70°C, more typically from about -10°C or -5°C to about 40°C

or 50°C. In certain embodiments, preferred temperatures may range from about -10°C or -8°C to
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about 25°C or 30°C, or about -3°C or 0°C to about 32°C or 35°C, inclusive. Preferably, the reaction
can be performed at or below ambient room temperatures (¢.g., < about 22°C or 25°C). Because of a
potential or tendency to generate olefins from base-mediated elimination of an alkyl halide/sulfonate
at elevated temperatures, and potential slow reaction kinetics when uses certain Bronsted bases
(Scheme 7), temperature control for the present selective etherification is an important factor. (As
aforementioned, a Bronsted base with a pKa lower than 16, which designates that of the -OH moicties
of FDM and bHMTHEF, tends to favor the reactants at equilibrium; hence the reaction is performed at
an elevated temperature (e.g., >25°C, 35°C, or 40°C) to drive the etherification, albeit with a greater
risk of forming side products (olefins).)

Scheme 7. — Reaction temperature profiles with a) potassium #-butoxide, and

b) sodium hydride as Brensted bases.

ot
OK

oC HO/\m
5
o o/\(i?/\o ) / /\/\/\
\ / oH ANSNBE _'_

®) HO™ ™/ H * _~~~"~Br + HNa'

E. Derivatives

In another aspect, various amphiphilic compounds can be synthesized from FDM or
bHMTHEF ethers as a starting or precursor material. Such derivative materials can be useful as
substitutes for existing compounds or new chemical building blocks in surfactant, dispersant,
plasticizer or a component in other applications. The derivative amphiphilic compounds can be

prepared according to various chemical reactions available for organic synthesis. Preparations of
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some representative derivative compounds are further described in the accompanying examples
below.
The methods may include: reacting either a mono-ether of bLHMTHF or FDM with: a)
chlorosulfonic acid to generate a sulfate, or b) trifluoromethanesulfonic anhydride to generate a
5  trifluoromethanesulfonate, respectively, of each glycol species. For the derivatives of bBHMTHF
mono-ethers, a sulfate product can be, for example, at least one of the following compounds:

a. ((25,5R)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methyl hydrogen sulfate

HO,S0 0
0

b

b. ((28,55)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methyl hydrogen sulfate

0 0SO0,H

~y"
10

c. ((28,55)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methyl hydrogen sulfate

b

Alternatively, a trifluoromethanesulfonated mono-ether generated from the bHMTHF mono-ether can
15 be, for example, at least one of the following compounds:

a. ((25,5R)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methyl trifluoromethanesulfonate

16
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TfO O
~

b. ((2S,58)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methyl trifluoromethanesulfonate

b

0 OTf

c. ((28,5S)-5-((dodecyloxy)methyl)tetrahydrofuran-2-ylymethyl trifluoromethanesulfonate

d. ((25,5R)-5-((octadecyloxy)methyltetrahydrofuran-2-yl)methyl trifluoromethanesulfonate

TfO O
~

e. ((25,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methyl trifluoromethanesulfonate

b
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f.  ((25,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methyl trifluoromethanesulfonate

The process may further involve generating an ethoxyethanolamine derivative of the
5  bHMTHF mono-ether sulfonate compound by substitution of a sulfonate group with an ethanolamine.
The resultant ethoxyethanolamine prepared can be, for instance, at least one of the following
compounds:
a.  2-(2-((((25,5R)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methyl)amino)ethoxy)-

ethanol

~
10

b. 2-(2-((((2S,55)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methyl)amino)ethoxy)-

b

ethanol
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OH

c. 2-(2-((((2S,55)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methyl)amino)ethoxy)-

2

o

cthanol
OH
<H
~O
5  Inan alternative embodiment, the process may further include generating a primary amine of a

bHMTHF monoether by substitution of a trifluoromethanesulfonate group to form a benzyl-amine,

such as one of the following:

a) N-benzyl-1-(5-((hexyloxy)methyl)furan-2-yl)methanamine

10 b) N-benzyl-1-((2S,5S)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanamine

19
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¢) N-benzyl-1-((25,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-ylymethanamine

; and

d) N-benzyl-1-((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-ylymethanamine

5 Subsequently, one generates the primary amine by catalytic debenzylation with, for example,
a palladium catalyst on carbon. The resultant primary amine can be, for instance, at least one of the
following compounds:

a. ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanamine

b

10 b. ((2S,558)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanamine
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c. ((28,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanamine

H,N O
In another alternative embodiment, the process may further include preparing a primary
5 ammonium salt of the bHMTHF monoether by substitution of a trifluoromethanesulfonate group
followed by catalytic debenzylation and protonation by a Brensted acid having a pKa <0 (e.g., HCL,
HBr, HI). The resultant primary ammonium group can be, for example, at least one of the following

compounds:

a. ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium chloride

01@% J))jgj
i, \&)o

10 ;
b. ((28,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium chloride

21



WO 2015/094970 PCT/US2014/070021

c. ((2S,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium chloride

o

d. ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium bromide

b

b

f. ((28,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium bromide

22
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g. ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium iodide

The salt version of the primary amine renders the molecule more amphiphilic with a polar head for
cationic surfactants.
For the derivative compounds prepared from a reaction with a mono-ether of FDM, the
10 resultant sulfate product can be for example:

a. (5-((dodecyloxy)methyl)furan-2-yl)methyl hydrogen sulfate
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HO,SO O
o)
\ /

And, the resultant trifluoromethanesulfonate from FDM mono-ether can be, for example, at least one
of the following structures:

a. (5-((hexyloxy)methyl)furan-2-yl)methyl trifluoromethanesulfonate

TfO 0
~r
5 \

b. (5-((octadecyloxy)methyl)furan-2-ylymethyl trifluoromethanesulfonate

b

TfO O
O
v
Similar to the process with bHMTHF mono-ethers, the process for preparing a primary
ammonium group using FDM mono-ethers also involves substitution of a trifluoromethanesulfonate
10 group followed by catalytic debenzylation and protonation by a Brensted acid having a pKa < 0. The

resultant aminoethylethanolamine can be, for example, the following:

a.  2-((2-(((5-((octadecyloxy)methyl)furan-2-yl)methyl)amino)ethyl)amino)-ethanol
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According to another embodiment, a primary amine derivative that is prepared using FDM mono-
cther as the starting material can be, for example, the following: (5-((hexyloxy)methyl)furan-2-

yl)methanamine

Alternatively, one can also prepare a quaternary trimethylammonium salt such as: 1-(5-

((hexyloxy)methyl)furan-2-yl)-N,N,N-trimethylmethanaminium iodide

10 Section 1. — Examples
The present synthesis system is further illustrated in the following examples for making: A)
bHMTHEF di-ethers; B) bHMTHF mono-cthers; C) derivatives of bHMTHF mono-cthers; D) FDM di-
cthers; E) FDM mono-ethers; and F) amphiphilic derivatives of FDM mono-ethers .

15 A. bHMTHF Diethers
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Example 1: Synthesis of (2R,5S)-2,5-bis((hexyloxy)methyl)tetrahydrofuran and (28,5S)-2,5-
bis((hexyloxy)methyl)tetrahydrofuran, B.

HO OH
~r
_KJr
oA~ Br T 0 DMSO /\/\/\ v
—_—_—
H OH orcron
(0]
~
A \\\\\\

B

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE
coated magnetic stir bar was charged with 50 mg of a 9:1 mixture of ((2R,55)-tetrahydrofuran-2,5-
diyl)dimethanol and ((2S,5S)-tetrahydrofuran-2,5-diyl)dimethanol (0.378 mmol) and 5 mL of
anhydrous DMSO. The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring,
106 mg of potassium ¢-butoxide (0.946 mmol) added in portions and the mixture stirred for 30
minutes at this temperature. At this time, the neck was stoppered with a rubber septum and an argon
gas inlet affixed via a 14” needle. While vigorously stirring and under an argon blanket, 117 pL of 1-
bromohexane (0.832 mmol) was added via syringe. The mixture was then warmed to room
temperature and continued to react overnight. After this time, an aliquot was removed and spotted on
a silica gel TLC plate, which exhibited a single band (cerium molybdate stain) after developing in 9:1
hexanes/ethyl acetate. The signature band for A (baseline) was patently absent, suggesting this
reagent had fully converted. Here, the mixture was diluted with 5 mL of water and 5 mL of
methylene chloride and partitioned and the aqueous layer extracted with 3-5 mL volumes of
methylene chloride. The organic phases were combined, dried with anhydrous magnesium sulfate,
filtered and concentrated under vacuum. The oily residue was dissolved in a minimum amount of
methylene chloride and added to 20 g of silica gel, which was then dried under vacuum, furnishing
product adsorbed silica gel. This material was added to a pre-fabricated silica gel column, where flash
chromatography with hexanes to 10% ethyl acetate in hexanes afforded 64 mg of a B as light yellow
oil after inspissation (56% of theoretical). 'H NMR (400 MHz, CDCls, salient peaks corresponding
to the cis (meso) derivative in large excess) 6 (ppm) 4.21 (m, 2H), 3.64 (m, 2H), 3.40-3.36 (m, 4H),
2.11 (m, 2H), 1.61 (m, 2H), 1.47 (t,J= 6.2 Hz, 4H), 1.40 (m, 4H), 1.35-1.30 (m, 10H), 0.94 (t, /= 7.0
Hz, 6H); >C NMR (100 MHz, CDCls salient peaks corresponding fto the cis (meso) derivative in
large excess) 6 (ppm) 87.1, 78.3, 68.9, 33.2, 31.2, 29.8, 25.4, 23.1, 13.3.
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Example 2: Synthesis of (2R,55)-2,5-bis((dodecyloxy)methyl)tetrahydrofuran and (28,55)-2,5-
bis((dodecyloxy)methyl)tetrahydrofuran, B

HO OH

. o O DMSO \Q)

_'_ —_—
HO OH o°ctont
~O
A
0 O
~O
B

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE coated
magnetic stir bar was charged with 50 mg of a 9:1 mixture of ((2R,55)-tetrahydrofuran-2,5-
diyl)dimethanol and ((2S,5S)-tetrahydrofuran-2,5-diyl)dimethanol (0.378 mmol) and 5 mL of
anhydrous DMSO. The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring,
106 mg of potassium ¢-butoxide (0.946 mmol) added in portions and the mixture stirred for 30
minutes at this temperature. At this time, the neck was stoppered with a rubber septum and an argon
gas inlet affixed via a 14” needle. While vigorously stirring and under an argon blanket, 200 pL of 1-
bromododecane (0.832 mmol) was added via syringe. The mixture was then warmed to room
temperature and continued to react overnight. After this time, an aliquot was removed and spotted on
a silica gel TLC plate, which exhibited a single band (cerium molybdate stain) after developing in
10:1 hexanes/ethyl acetate. The signature band for A (bascline) was noticeably absent, suggesting
this reagent had fully converted. Here, the mixture was diluted with 5 mL of water and 5 mL of
methylene chloride and partitioned and the aqueous layer extracted with 3-5 mL volumes of
methylene chloride. The organic phases were combined, dried with anhydrous magnesium sulfate,
filtered and concentrated under vacuum. The oily residue was dissolved in a minimum amount of
methylene chloride and added to 20 g of silica gel, which was then dried under vacuum, furnishing
product adsorbed silica gel. This material was added to a pre-fabricated silica gel column, where flash
chromatography with hexanes to 7% cthyl acetate in hexanes afforded 118 mg of a B as a beige solid
after concentration (65% of theoretical). 'H NMR (400 MHz, CDCls, salient peaks corresponding to
the cis (meso) derivative in large excess) 6 (ppm) 4.20 (m, 2H), 3.63 (m, 2H), 3.41-3.38 (m, 4H), 2.09
(m, 2H), 1.59 (m, 2H), 1.49 (t, J = 6.2 Hz, 4H), 1.42 (m, 4H), 1.38-1.30 (m, 34H), 0.92 (t, J = 6.8 Hz,
6H); *C NMR (100 MHz, CDCls salient peaks corresponding to the cis (meso) derivative in large
excess) O (ppm) 87.4, 78.1, 69.1, 33.0, 31.2, 30.9, 29.8, 28.7, 26.2, 25.4, 24.9, 24.1, 23.3, 22.1, 13.3.
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Example 3: Synthesis of (2R,55)-2,5-bis((octadecyloxy)methyl)tetrahydrofuran and (2S,5S)-2,5-
bis((octadecyloxy)methyl)tetrahydrofuran, B

HO OH

@]
‘Q’ 'S

+ 0 DMSO 0 0

Br + o
Ho oH 0°C to It kQ)

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE coated
magnetic stir bar was charged with 50 mg of a 9:1 mixture of ((2R,55)-tetrahydrofuran-2,5-
diyl)dimethanol and ((2S,5S)-tetrahydrofuran-2,5-diyl)dimethanol (0.378 mmol) and 5 mL of
anhydrous DMSO. The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring,
106 mg of potassium ¢-butoxide (0.946 mmol) added in portions and the mixture stirred for 30
minutes at this temperature. At this time, the neck was stoppered with a rubber septum and an argon
gas inlet affixed via a 14” needle. While vigorously stirring and under an argon blanket, 277 pL of 1-
bromooctadecane (0.832 mmol) was added via syringe. The mixture was then warmed to room
temperature and continued to react overnight. After this time, an aliquot was removed and spotted on
a silica gel TLC plate, which exhibited a single band (cerium molybdate stain) after developing in
11:1 hexanes/ethyl acetate. The signature band for A (bascline) was noticeably absent, suggesting
this reagent had fully converted. Here, the mixture was diluted with 5 mL of water and 5 mL of
methylene chloride and partitioned and the aqueous layer extracted with 3-5 mL volumes of
methylene chloride. The organic phases were combined, dried with anhydrous magnesium sulfate,
filtered and concentrated under vacuum. The oily residue was dissolved in a minimum amount of
methylene chloride and added to 20 g of silica gel, which was then dried under vacuum, furnishing
product adsorbed silica gel. This material was added to a pre-fabricated silica gel column, where flash
chromatography with hexanes to 5% cthyl acetate in hexanes afforded 132 mg of a B as an off-white
solid after concentration (55% of theoretical). 'H NMR (400 MHz, CDCls, salient peaks
corresponding to the cis (meso) derivative in large excess) & (ppm) 4.20 (m, 2H), 3.63 (m, 2H), 3.41-
3.38 (m, 4H), 2.08 (m, 2H), 1.65 (m, 2H), 1.48 (t,J = 6.2 Hz, 4H), 1.41 (m, 4H), 1.40-1.28 (m, 58H),
0.89 (t, J = 6.8 Hz, 6H); *C NMR (100 MHz, CDCl; salient peaks corresponding to the cis (meso)
derivative in large excess) § (ppm) 87.4, 78.1, 69.1, 33.0, 31.2, 30.9, 29.8, 28.7, 26.2, 25.4, 24.9, 24 1,
23.8,23.3,22.9,22.7,22.5,22.1,21.7,21.3, 13.3.
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B. bHMTHF Monoethers
Example 4: Synthesis of ((25,5R)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methanol, ((2S,5S)-5-
((hexyloxy)methyl)tetrahydrofuran-2-yl)methanol, and ((2S,5S)-5-
((hexyloxy)methyl)tetrahydrofuran-2-yl)methanol, B

o J/H \ fH
\&) X+ HO ké)o o, O o 0

N 0 DMSO \é
- .
0°c ot

o_ |

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE
coated magnetic stir bar was charged with 50 mg of a 9:1 mixture of ((2R,55)-tetrahydrofuran-2,5-
diyl)dimethanol and ((2S,5S)-tetrahydrofuran-2,5-diyl)dimethanol (0.378 mmol) and 5 mL of
anhydrous DMSO. The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring, 42
mg of potassium ¢-butoxide (0.378 mmol) added in portions and the mixture stirred for 30 minutes at
this temperature. At this time, the neck was stoppered with a rubber septum and an argon gas inlet
affixed via a 14” needle. While vigorously stirring and under an argon blanket, 53 puL of 1-
bromohexane (0.378 mmol) was added via syringe. The mixture was then warmed to room
temperature and continued to react overnight. After this time, an aliquot was removed and spotted on
a silica gel TLC plate, which exhibited two salient bands (cerium molybdate stain) after developing in
3:1 hexanes/ethyl acetate, Rf; = 0.54 (targets B), Rf> = baseline (unreacted THF-diols A). Analysis by
GC/MS (El, Initial 70°C, ramp 5°C per minute to 350°C, hold for 60 min.) manifested three salient
signals with retention times as follows: a) 12.4 min., m/z 132.1 (M+, unreacted THF-diols), b) 18.7
min., m/z 216.1 (M+, one or more of target monoethers), 19.2 min. m/z 216.1 (M+, one of more of the

target mono-cthers).

Example 5: Synthesis of ((2S,5R)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methanol, ((2S,5S)-
5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methanol, ((2S,5S)-5-
((dodecyloxy)methyl)tetrahydrofuran-2-yl)methanol, B

HO OH

o

0 ©

+ Br + o DMSO HO o 0 OH HO O

o - 0°ctort \C)j) L(E o L& J
L&_.‘J

B

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE coated
magnetic stir bar was charged with 50 mg of a 9:1 mixture of ((2R,55)-tetrahydrofuran-2,5-
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diyl)dimethanol and ((2S,5S)-tetrahydrofuran-2,5-diyl)dimethanol (0.378 mmol) and 5 mL of
anhydrous DMSO. The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring, 42
mg of potassium ¢-butoxide (0.378 mmol) added in portions and the mixture stirred for 30 minutes at
this temperature. At this time, the neck was stoppered with a rubber septum and an argon gas inlet
affixed via a 14” needle. While vigorously stirring and under an argon blanket, 91 puL of 1-
bromododecane (0.378 mmol) was added via syringe. The mixture was then warmed to room
temperature and continued to react overnight. After this time, an aliquot was removed and spotted on
a silica gel TLC plate, which exhibited two salient bands (cerium molybdate stain) after developing in
5:1 hexanes/ethyl acetate, Rf| = 0.57 (targets B), Rf> = baseline (residual THF-diols A). Analysis by
GC/MS (EI, Initial 70°C, ramp 5°C per minute to 350°C, hold for 60 min.) manifested three salient
signals with retention times as follows: a) 12.3 min., m/z 132.1 (M+, unreacted THF-diols A), b) 25.1
min., m/z 300.2 (M+, one or more of target monoethers), 25.9 min. m/z 300.2 (M+, one of more of the

target mono-cthers).

Example 6: Synthesis of ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanol, ((2S,5S)-
5-((octadecyloxy)methyl)tetrahydrofuran-2-ylymethanol, ((2S,5S)-
5((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanol, B

o
~r w©
0
+ BI + DMSO HO o o o OH HoO o
HO OH ocrort v ‘\<i7.-n' %,..J

B

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE
coated magnetic stir bar was charged with 50 mg of a 9:1 mixture of ((2R,55)-tetrahydrofuran-2,5-
diyl)dimethanol and ((2S,5S)-tetrahydrofuran-2,5-diyl)dimethanol (0.378 mmol) and 5 mL of
anhydrous DMSO. The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring, 42
mg of potassium ¢-butoxide (0.378 mmol) added in portions and the mixture stirred for 30 minutes at
this temperature. At this time, the neck was stoppered with a rubber septum and an argon gas inlet
affixed via a 14” needle. While vigorously stirring and under an argon blanket, 126 pL of 1-
bromododecane (0.378 mmol) was added via syringe. The mixture was then warmed to room
temperature and continued to react overnight. After this time, an aliquot was removed and spotted on
a silica gel TLC plate, which exhibited a single band (cerium molybdate stain) after developing in 6:1
hexanes/ethyl acetate, Rf| = 0.62 (targets B) and Rf> = baseline (unreacted THF-diols A). The
signature band for A was patently absent, suggesting this reagent had fully converted. Analysis by
LC/MS (APCI-, RP 1.7 um, 2.1 x 50 mm,, mobile phase-gradient 50 to 0% aqueous in CH3CN, flow
rate 0.5 mL/min., M-1) m/z 383 .4.
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C. Derivatives of bHMTHF monoethers
Example 7: Synthesis of potassium ((2S,5R)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methyl

sulfate and diastercomers, B

)/H \\\\\\ OH o J)) CIS0,H J/H \\\\L J))
3 HO,S0 0SO0;H HO,S0 O

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a 0.5” PTFE
coated tapered magnetic stir bar was charged with 50 mg of a 9:1 mixture of ((2S,5R)-5-
((hexyloxy)methyl)tetrahydrofuran-2-yl)methanol and diastereomers A (0.231 mmol) and 5 mL of
anhydrous CHCl;. The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring,
15.4 pL of chlorosulfonic acid (26.9 mg, 0.231 mmol) was added dropwise over 15 minutes. The
mixture was then warmed to room temperature and continued to react for 1 hour. After this time, the
solvent and resultant HC] was removed via rotary evaporation and high vacuum. The light yellow
oily residue dissolved in a minimum amount of isopropanol and placed in a freezer. After about 3
days, suspended crystals were observed, which were filtered and dried, affording 16 mg (24% of
theoretical) of B. Elemental analysis (C, H): Predicted for Ci2H2406S (C, 48.63; H, 8.16); Found (C,
48.66; H, 8.23).

Example 8: Synthesis of 2-(2-((((25,5R)-5-((dodecyloxy)methyl)tetrahydrofuran2yl)methyl)amino)-

ethoxy)ethanol and diastereomers C (plausible non-ionic surfactant)

TfO o oTf )o))j:’
HO [o! o oH H /ol/;j T£,0/Py" o o) TfO
N B

2) 50°C 4h
Experimental: An oven dried, single neck 25 mL round bottomed flask equipped with a 0.5” PTFE
coated octagonal magnetic stir bar was charged with 200 mg of a 9:1 mixture of ((2S,5R)-5-
((dodecyloxy)methyl)tetrahydrofuran-2-yl)methanol and diastereomers A (0.666 mmol), 107 pL of

pyridine (1.33 mmol) and 5 mL of anhydrous methylene chloride. The flask was then immersed in an
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ice-brine bath (~-10°C) and, while stirring, 112 pL of triflic anhydride (0.666 mmol) was added
dropwise over 15 minutes. The mixture was then warmed to room temperature and continued to react
for 2 hour. After this time, an aliquot was removed and spotted on a silica gel TLC plate that was
developed using a 25% ethyl acetate eluent. One spot appeared on the plate (cerium molybdate
visualization) with an Rf = 0.57. The absence of the band corresponding to the starting alcohol, Rf =
0.44, signified complete conversion. Excess solvent was then evaporated, furnishing 261 mg of a light
yellow oil (90%) specifying B. This material was used in the subsequent step without further
purification.

A single neck 50 mL round bottomed flask equipped with a 5/8” octagonal PTFE coated
magnetic stir bar and was charged with 250 mg of B (0.578 mmol), 69 mg of 3-(2-
aminoethoxy)propan-1-ol, 81 pL of triethylamine (0.578 mmol) and 10 mL of absolute ethanol. A
reflux condenser was outfitted to the flask, and while stirring, the solution was heated to 50°C, 4
hours. After this time, an aliquot was extracted and analyzed by TLC (cerium molybdate
visualization), demonstrating that B had entirely disappeared. The mixture was poured directly onto a
short-path, pre-fabricated column comprised of neutral alumina, where flash chromatography with
absolute ethanol afforded 96 mg of C as a viscous, pale yellow oil (43%). 'H NMR (400 MHz,
CDCls, salient peaks corresponding to the cis (meso) species) & (ppm) 4.12 (m, 1H), 4.03 (m, 1H),
3.64-3.62 (m, 4H), 3.53 (t,J=5.4 Hz, 2H), 3.41 (t, J= 6.0 Hz, 2H), 3.30 (t, ] = 5.4 Hz), 2.75-2.72 (m,
3H), 2.59 (m, 1H), 2.01 (m, 2H), 1.71 (m, 2H), 1.47 (t, J = 5.6 Hz, 2H), 1.38 (m, 2H), 1.33-1.27 (m,
16H), 0.93 (t, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCl;, salient peaks (cis, meso)) § (ppm) 84.1,
82.2,77.8, 73.6, 69.0, 68.4, 63.2, 55.9, 50.0, 32.4, 31.9, 31.4, 30.8, 30.6, 30.5, 30.2, 29.9, 29.7, 29.6,
29.3,29.1, 16.0.

Example 9: Synthesis of ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium

chloride and diastereomers D (plausible cationic surfactants)
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Experimental: An oven dried, 25 mL single neck round bottomed flask equipped with a tapered 1
cm PTFE coated magnetic stir bar was charged with 150 mg of A (0.390 mmol), 94 pL of pyridine
(1.17 mmol) and 10 mL of anhydrous methylene chloride. The flask was then immersed in brine/ice
bath (~ -10°C), and while vigorously stirring, 66 pL of triflic anhydride (0.390 mmol) was added
dropwise over 10 minutes. The ice bath was then removed and reaction continued at room
temperature for 2 h. After this time, an aliquot was removed, spotted on a silica gel TLC plate and
developed with 20% ethyl acetate in hexanes, indicating (cerium molybdate visualization) a single
band with an Ry = 0.52. The signature band for A, Rr = 0.39, was patently absent, indicating this
reagent had fully converted. Solids were then filtered and filtrate concentrated in vacuo overnight,
furnishing 173 mg of B as a light brown oil (88%). This product was used in the next step without
further purification.

A single neck, 50 mL round bottomed flask equipped with a 1 cm PTFE coated magnetic stir
bar was charged with 175 mg of B (0.339 mmol), 65 uL. of Hunig’s base (0.373 mmol), 37 uL. of
benzylamine and 10 mL of ethanol. The neck was capped with a reflux condenser, and while
vigorously stirring, the mixture was heated to 50°C for 2hrs. After this time, TLC (UV and cerium
molybdate visualization) indicated a single band and full consumption of both reagents. The mixture
was then diluted with 10 mL of water and 10 mL of methylene chloride and layers partitioned by
liquid-liquid extraction. The aqueous layer was extracted with 5 mL volumes of methylene chloride
(x2), organic layers combined and dried, affording a pale yellow waxy solid. This material was
charged to a 25 mL round bottomed flask equipped with a 0.5” PTFE coated magnetic stir bar, along
with 100 mg of 10% Pd/C and 10 mL of absolute ethanol. The neck was capped with a rubber septum

and a balloon filled with H, was inserted via a 9 inch, 16” needle; the mixture was stirred vigorously
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and monitored by TLC (UV-vis visualization). After 2 h, the reaction was deemed complete; catalyst
filtered through a pad of Celite and filtrate concentrated under vacuum overnight, affording 74 mg of
C (52%) as light yellow, loose oil. This material was used in the supervening step without further
purification.

A single neck, 10 mL round bottomed flask equipped with a 0.5 octagonal PTFE coated
magnetic stir bar was charged with 50 mg of C (0.130 mmol) and 2 mL of a 1N ethanolic HCI
solution. The mixture was stirred for 15 minutes, after which time excess solvent was removed first
with a rotary evaporator (50°C, 30 mmHg) then under high vacuum (< 1 torr) for 1 week. After this
time, a yellow semi-solid corresponding to D was observed, weighing 49 mg (88%). 'H NMR (400
MHz, d®-DMSO/D-0, salient signals corresponding to the cis (meso) derivative) & (ppm) 4.52 (m,
1H), 4.13 (m, 1H), 3.62-3.60 (m, 2H), 3.32-3.28 (m, 4H), 2.03 (m, 2H), 1.75 (m, 2H), 1.59 (m, 2H),
1.48 (m, 2H), 1.30-1.25 (m, 28H), 0.95 (t, J = 6.2 Hz, 3H). 13C NMR (100 MHz, d*-DMSO/D-0
salient signals corresponding to the cis (meso) derivative) o (ppm) 85.1, 81.2, 77.3, 72.2, 49.2, 32.6,
32.2,31.9,31.5,31.2, 30.5, 30.3, 30.0, 29.8, 29.6, 29.3, 29.1, 28.9, 28.8, 28.6, 28.3, 28.0, 27.9, 13.1.

D. FDM diethers
Example 10: Synthesis of 2,5-bis((hexyloxy)methyl)furan, B

HO OH + 0 O
‘K
0 /\/\/\
v + PN T o DMSO \\{)j)
0°Cctort \J
A B

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE
coated magnetic stir bar was charged with 100 mg of FDM A (0.780 mmol) and 5 mL of anhydrous
DMSO. The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring, 219 mg of
potassium ¢-butoxide (1.95 mmol) added in portions and the mixture stirred for 30 minutes at this
temperature. At this time, the neck was stoppered with a rubber septum and an argon gas inlet affixed
via a 14” needle. While vigorously stirring and under an argon blanket, 240 pL of 1-bromohexane
(1.72 mmol) was added via syringe. The mixture was then warmed to room temperature and
continued to react overnight. After this time, an aliquot was removed and spotted on a silica gel TLC
plate, which exhibited a single band (cerium molybdate stain) after developing in 9:1 hexanes/ethyl
acctate. The signature band for FDM A (baseline) was patently absent, suggesting this reagent had
fully converted. Here, the mixture was diluted with 5 mL of water and 5 mL of methylene chloride
and partitioned and the aqueous layer extracted with 3-5 mL volumes of methylene chloride. The
organic phases were combined, dried with anhydrous magnesium sulfate, filtered and concentrated
under vacuum. The oily residue was dissolved in a minimum amount of methylene chloride and

added to 20 g of silica gel, which was then dried under vacuum, furnishing product adsorbed silica
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gel. This material was added to a pre-fabricated silica gel column, where flash chromatography with
hexanes to 13% ethyl acetate in hexanes afforded 124 mg of a B as light yellow oil after concentration
in vacuo (53% of theoretical). 'H NMR (400 MHz, CDCl3) § (ppm) 6.32 (s, 2H), 4.63 (s, 4H), 3.40-
3.36 (m, 4H), 2.10 (m, 2H), 1.59 (m, 2H), 1.48 (t, J = 6.0 Hz, 4H), 1.42 (m, 4H), 1.35-1.30 (m, 10H),
0.91 (t, J = 7.4 Hz, 6H); *C NMR (100 MHz, CDCls) & (ppm) 152.23, 108.3, 71.6, 68.1, 32.6, 31.4,
29.8,25.4,13.3.

Example 11: Synthesis of 2,5-bis((dodecyloxy)methyl)furan, B

HO OH Kt

0 o DMSO PV Ve Ve VO
g°ctort (0]
A i/

B

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE coated
magnetic stir bar was charged with 100 mg of FDM A (0.780 mmol) and 5 mL of anhydrous DMSO.
The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring, 219 mg of potassium ¢-
butoxide (1.95 mmol) added in portions and the mixture stirred for 30 minutes at this temperature. At
this time, the neck was stoppered with a rubber septum and an argon gas inlet affixed via a 14”
needle. While vigorously stirring and under an argon blanket, 412 pL of 1-bromododecane (1.72
mmol) was added via syringe. The mixture was then warmed to room temperature and continued to
react overnight. After this time, an aliquot was removed and spotted on a silica gel TLC plate, which
exhibited a single band (cerium molybdate stain) after developing in 10:1 hexanes/ethyl acetate. The
signature band for FDM A (basecline) was noticeably absent, suggesting this reagent had fully
converted. Here, the mixture was diluted with 5 mL of water and 5 mL of methylene chloride and
partitioned and the aqueous layer extracted with 3-5 mL volumes of methylene chloride. The organic
phases were combined, dried with anhydrous magnesium sulfate, filtered and concentrated under
vacuum. The oily residue was dissolved in a minimum amount of methylene chloride and added to 20
g of silica gel, which was then dried under vacuum, furnishing product adsorbed silica gel. This
material was added to a pre-fabricated silica gel column, where flash chromatography with hexanes to
9% ecthyl acetate in hexanes afforded 139 mg of a B as a beige solid after concentration (39% of
theoretical). 'H NMR (400 MHz, CDCl3) & (ppm) 6.42 (2, 2H), 4.67 (s, 4H), 3.42-3.39 (m, 4H), 2.06
(m, 2H), 1.58 (m, 2H), 1.47 (t, J = 6.4 Hz, 4H), 1.40 (m, 4H), 1.38-1.30 (m, 34H), 0.91 (t, /= 7.0 Hz,
6H); '*C NMR (100 MHz, CDCl3) & (ppm) 152.4, 108.5, 73.4, 69.9, 33.0, 31.2, 30.9, 29.8, 28.7, 26.2,
25.4,24.9,24.1,23.3,22.1, 13.3.

Example 12: Synthesis of 2,5-bis((octadecyloxy)methyl)furan, B
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Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE coated
magnetic stir bar was charged with 100 mg of FDM A (0.780 mmol) and 5 mL of anhydrous DMSO.
The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring, 219 mg of potassium ¢-
butoxide (1.95 mmol) added in portions and the mixture stirred for 30 minutes at this temperature. At
this time, the neck was stoppered with a rubber septum and an argon gas inlet affixed via a 14”
needle. While vigorously stirring and under an argon blanket, 586 puL of 1-bromooctadecane (1.72
mmol) was added via syringe. The mixture was then warmed to room temperature and continued to
react overnight. After this time, an aliquot was removed and spotted on a silica gel TLC plate, which
exhibited a single band (cerium molybdate stain) after developing in 11:1 hexanes/ethyl acetate. The
signature band for FDM A (basecline) was noticeably absent, suggesting this reagent had fully
converted. Here, the mixture was diluted with 5 mL of water and 5 mL of methylene chloride and
partitioned and the aqueous layer extracted with 3-5 mL volumes of methylene chloride. The organic
phases were combined, dried with anhydrous magnesium sulfate, filtered and concentrated under
vacuum. The oily residue was dissolved in a minimum amount of methylene chloride and added to 20
g of silica gel, which was then dried under vacuum, furnishing product adsorbed silica gel. This
material was added to a pre-fabricated silica gel column, where flash chromatography with hexanes to
6% ecthyl acetate in hexanes afforded 171 mg of a B as an off-white solid after concentration (35% of
theoretical). 'H NMR (400 MHz, CDCls), 8 (ppm) 6.40 (s, 2H), 4.52 (s, 4H), 3.41-3.38 (m, 4H), 2.08
(m, 2H), 1.65 (m, 2H), 1.48 (t, J= 6.2 Hz, 4H), 1.41 (m, 4H), 1.40-1.28 (m, 58H), 0.89 (t, J= 6.8 Hz,
6H); *C NMR (100 MHz, CDCls) 8 (ppm) 152.7, 108.6, 73.6, 69.0, 33.0, 31.2, 30.9, 29.8, 28.7, 26.2,
25.4,24.9,24.1,23.8,23.3,22.9,22.5,22.1,21.7,21.3, 13.3.

E. FDM mono-ethers
Example 13: Synthesis of (5-((octadecyloxy)methyl)furan-2-yl)methanol, B

o K
. . o DMSO
\ Br —_ P Ve Ve VOV Ve Vo]
0°C to Tt o OH
Lz

B

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE coated
magnetic stir bar was charged with 100 mg FDM A (0.780 mmol) and 5 mL of anhydrous DMSO.
The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring, 87 mg of potassium ¢-
butoxide (0.780 mmol) added in portions and the mixture stirred for 30 minutes at this temperature.

At this time, the neck was stoppered with a rubber septum and an argon gas inlet affixed via a 14”
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needle. While vigorously stirring and under an argon blanket, 266 pL of 1-bromooctadecane (0.780
mmol) was added via syringe. The mixture was then warmed to room temperature and continued to
react overnight. After this time, an aliquot was removed and spotted on a silica gel TLC plate, which
exhibited three bands (cerium molybdate stain) after developing in 6:1 hexanes/ethyl acetate, Rf| =
0.91 (FDM di-ether) and Rf; = 0.60, and baseline (unreacted FDM A). The signature band for A was
patently absent, suggesting this reagent had fully converted. Analysis by LC/MS (APCI-, RP 1.7 um,
2.1 x 50 mm, mobile phase-gradient 50 to 0% aqueous in CH3CN, flow rate 0.5 mL/min., M-1)
divulged a m/z of 379.3.

Example 14: Synthesis of (5-((dodecyloxy)methyl)furan-2-yl)methanol, B

HO OH K*
O 0 DMSO
() + BT + NN SN0
0°C to Tt o OH
A | /

B

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE coated
magnetic stir bar was charged with 100 mg FDM A (0.780 mmol) and 5 mL of anhydrous DMSO.
The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring, 87 mg of potassium ¢-
butoxide (0.780 mmol) added in portions and the mixture stirred for 30 minutes at this temperature.
At this time, the neck was stoppered with a rubber septum and an argon gas inlet affixed via a 14”
needle. While vigorously stirring and under an argon blanket, 187 uL of 1-bromododecane (0.780
mmol) was added via syringe. The mixture was then warmed to room temperature and continued to
react overnight. After this time, an aliquot was removed and spotted on a silica gel TLC plate, which
exhibited two salient bands (cerium molybdate stain) after developing in 5:1 hexanes/ethyl acetate,
Rfi = 0.91 (FDM-diether) , Rf; = 0.55 (targets B), Rf; = baseline (FDM A). Analysis by GC/MS (EI,
Initial 70°C, ramp 5°C per minute to 350°C, hold for 60 min.) manifested three salient signals with
retention times as follows: a) 11.3 min., m/z 128.1 (M+, FDM A), b) 24.2 min., m/z 296.2 (M,
FDM-monoether B).

Example 15: Synthesis of (5-((hexyloxy)methyl)furan-2-yl)methanol, B

K" 0 OH
\\@) oA~~~ T © —.DMSO /\/\/\ 0
o°ctort \ /
A

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a PTFE
coated magnetic stir bar was charged with 100 mg FDM A (0.780 mmol) and 5 mL of anhydrous
DMSO. The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring, 87 mg of
potassium f-butoxide (0.780 mmol) added in portions and the mixture stirred for 30 minutes at this

temperature. At this time, the neck was stoppered with a rubber septum and an argon gas inlet affixed
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via a 14” needle. While vigorously stirring and under an argon blanket, 109 uL of 1-bromohexane
(0.780 mmol) was added via syringe. The mixture was then warmed to room temperature and
continued to react overnight. After this time, an aliquot was removed and spotted on a silica gel TLC
plate, which exhibited three bands (cerium molybdate stain) after developing in 3:1 hexanes/ethyl
acetate, Rf; = 0.89 (FDM di-ether), Rf; = 0.57 (target B), Rfs = baseline (unreacted FDM A).
Analysis by GC/MS (EIL Initial 70°C, ramp 5°C per minute to 350°C, hold for 60 min.) manifested
three salient signals with retention times as follows: a) 11.3 min., m/z 128.1 (M+, unreacted THF-
diols), b) 17.6 min., m/z 212.1 (M+, FDM mono-cther, B).

F. Amphiphilic derivatives of FDM mono-ethers

Generally, various derivative species can also be made from FDM-monoethers, and the
preparation of the FDM derivatives employ the same or similar reaction protocols, mutatis mutandis,
as that used to synthesize the derivatives from bHMTHF as a starting material, such as described in
the foregoing examples. Hence, as a person of ordinary skill will comprehend, rather than repeat the
entire series of examples for synthesis of derivatives from FDM mono-ethers, the following examples
are of alternative compounds that illustrate certain variance in synthesis. Each of the compounds in
these variant examples is expected to parallel that of a derivative bHMTHF mono-ether (e.g., non-

hydrolyzable amphiphiles with potential applications as surfactants, dispersants, plasticizers, etc).

Example 16: Synthesis of (5-((dodecyloxy)methyl)furan-2-yl)methyl hydrogen sulfate, B.

HO O CISO,H  HO,SO 0
- 0
\\@/, CHCly’ 0°C \\Q)
\_/
A
B

Experimental: An oven dried, single neck 10 mL round bottomed flask equipped with a 0.5” PTFE
coated tapered magnetic stir bar was charged with 100 mg of (5-((dodecyloxy)methyl)furan-2-
yl)methanol A (0.337 mmol) and 5 mL of anhydrous CHCls. The flask was then immersed in an ice-
brine bath (~-10°C) and, while stirring, 22.5 pL of chlorosulfonic acid (39.2 mg, 0.231 mmol) was
added dropwise over 15 minutes. The mixture was then warmed to room temperature and continued to

react for 1 hour. After this time, the solvent and resultant HCI was removed via rotary evaporation
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and high vacuum. The light yellow oily residue dissolved in a minimum amount of isopropanol and
placed in a freezer overnight. An abundance of suspended crystals were manifest that were filtered
and dried, affording 55 mg (43% of theoretical) of B. Elemental analysis (C, H): Predicted for
CisH306S (C, 57.42; H, 8.57); Found (C, 57.51; H, 8.60).

Example 17: Synthesis of 2-((2-(((5-((octadecyloxy)methyl)furan-2-yl)methyl)amino)ethyl)amino)-
ethanol, C

H

TfZO/Pyr 1) THF DIEA \\\NH 0
Tocor

2) Ref[U%: Gh X
]4) \ /)
A B H,
C

Experimental: An oven dried, single neck 25 mL round bottomed flask equipped with a 0.5” PTFE
coated octagonal magnetic stir bar was charged with 100 mg of a (5-((octadecyloxy)methyl)furan-2-
yl)methanol A (0.263 mmol), 42 pL of pyridine (0.526 mmol) and 5 mL of anhydrous methylene
chloride. The flask was then immersed in an ice-brine bath (~-10°C) and, while stirring, 44.2 pL of
triflic anhydride (0.263 mmol) was added dropwise over 15 minutes. The mixture was then warmed to
room temperature and continued to react for 2 hour. After this time, an aliquot was removed and
spotted on a silica gel TLC plate that was developed using a 25% ethyl acetate eluent. One spot
appeared on the plate (cerium molybdate visualization) with an Rf = 0.54. The absence of the band
corresponding to the starting alcohol, Rf = 0.41, signified complete conversion. Excess solvent was
then evaporated, furnishing 110 mg of a light yellow oil (82%) specifying (5-
((octadecyloxy)methyl)furan-2-yl)methyl trifluoromethanesulfonate, B. This material was used in the
subsequent step without further purification. A single neck 50 mL round bottomed flask equipped
with a PTFE coated magnetic stir bar and was charged with 100 mg of (5-
((octadecyloxy)methyl)furan-2-ylymethyl trifluoromethanesulfonate B (0.195 mmol), 20.3 mg of 2-
((2-aminoethyl)amino)ethanol (0.195 mmol), 67.9 pL of diisopropyl-ethylamine (0.390 mmol) and 10
mL of anhydrous THF. A reflux condenser was outfitted to the flask, and while stirring, the solution
was heated to reflux for 6 hours. After this time, an aliquot was extracted and analyzed by TLC
(cerium molybdate visualization), demonstrating that B had entirely disappeared. The mixture was

poured directly onto a short-path, pre-fabricated column comprised of neutral alumina, where flash
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chromatography with absolute ethanol afforded 31 mg of 2-((2-(((5-((octadecyloxy)methyl)-furan-2-
yl)methyl)amino)ethyl)amino)ethanol C as a loose, pale yellow oil (34%). 'H NMR (400 MHz,
CDCl:) & (ppm) 6.38 (d, J=8.2 Hz, 1H), 6.16 (d, /= 8.2 Hz, 1H), 4.51 (s, 2H), 3.62 (m, 3H), 3.45
(m, 2H), 3.32 (t,/= 6.0 Hz, 2H), 2.94 (m, 2H), 2.80 (m, 2H), 2.61 (m, 4H), 1.59 (m, 2H), 1.42 (m,
2H), 1.33-1.29 (m, 28H), 0.91 (t,J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCl5) § (ppm) 149.9, 149.1,
108.2, 107.0, 73.5, 68.2, 62.1, 51.6, 50.9, 47.8, 46.6, 30.3, 30.0, 29.6, 29.5, 29.4, 29.3, 29.2, 29.0,
28.9, 28.8,28.7, 28.6, 28.4, 28.2, 28.0, 21.8, 13.8

Example 18: Synthesis of 1-(5-((hexyloxy)methyl)furan-2-yl)-N,N,N-trimethylmethanaminium
iodide, D

H O
O\\(f)j) Trhopy  TO 97 ©/\NH2 1) DIEA* EOR: 50°C HoN - 0 O
o
w 0°CToTt \\@) 2) 10% Pd/C’ H, \\Q_])
A B

H,N O 2
20 CH,'DIEA N/ 0
. ® o
\ / DMEF> 0°C t0 It \\@)

C D

Experimental: An oven dried, 25 mL single neck round bottomed flask equipped with a tapered 1
cm PTFE coated magnetic stir bar was charged with 125 mg of (5-((hexyloxy)methyl)furan-2-
yl)methanol A (0.589 mmol), 94 pL of pyridine (1.18 mmol) and 10 mL of anhydrous methylene
chloride. The flask was then immersed in brine/ice bath (~ -10°C), and while vigorously stirring, 99.1
uL of triflic anhydride (0.589 mmol) was added dropwise over 10 minutes. The ice bath was then
removed and reaction continued at room temperature for 2 hrs. After this time, an aliquot was
removed, spotted on a silica gel TLC plate and developed with 20% ethyl acetate in hexanes,
indicating (cerium molybdate visualization) a single band with an R¢=0.52. The signature band for
A, Rr=0.39, was patently absent, indicating this reagent had fully converted. Solids were then
filtered and filtrate concentrated in vacuo overnight, furnishing 183 mg of (5-
((hexyloxy)methyl)furan-2-yl)methyl trifluoromethanesulfonate B as a beige oil (90%). This product
was used in the next step without further purification.

A single neck, 25 mL round bottomed flask equipped with a 1 cm PTFE coated magnetic stir
bar was charged with 150 mg of (5-((hexyloxy)methyl)furan-2-yl)methyl trifluoromethanesulfonate B
(0.436 mmol), 152 pL of Hunig’s base (0.871 mmol), 48 pL of benzylamine (0.436 mmol) and 10 mL
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of ethanol. The neck was capped with a reflux condenser, and while vigorously stirring, the mixture
was heated to 50°C for 2h. After this time, TLC (UV and cerium molybdate visualization) indicated a
single band and full consumption of both reagents. The mixture was then diluted with 10 mL of water
and 10 mL of methylene chloride and layers partitioned by liquid-liquid extraction. The aqueous
layer was extracted with 5 mL volumes of methylene chloride (x2), organic layers combined and
dried, affording a pale yellow waxy solid. This residue was charged to a 25 mL round bottomed flask
equipped with a PTFE coated magnetic stir bar, along with 100 mg of 10% Pd/C and 10 mL of
absolute ethanol. The neck was capped with a rubber septum and a balloon filled with H, was
inserted via a 9 inch, 16” needle; the mixture was stirred vigorously and monitored by TLC (UV-vis
visualization). After 1.5 h, the reaction was deemed complete; catalyst filtered through a pad of Celite
and filtrate concentrated under vacuum overnight, affording 71 mg of (5-((hexyloxy)methyl)furan-2-
yl)methanamine C (77%) as colorless, loose oil. This product was used in the next step without
further purification.

A single neck, 25 mL round bottomed flask equipped with a PTFE coated magnetic stir bar
was charged with 50 mg of (5-((hexyloxy)methyl)furan-2-yl)methanamine C (0.237 mmol) and 5 mL
of anhydrous DMF. The flask was capped with a rubber septum affixed to an argon inlet and
immersed in a saturated brine/ice bath mixture (~0°C). While vigorously stirring and under argon, 74
1L of methyl iodide (167 mg, 1.18 mmol) the mixture was added dropwise over 10 minutes. Upon
complete addition, the ice bath was withdrawn and the mixture stirred at room temperature overnight.
After this time, 15 mL of diethyl ether was added, which induced the precipitation of a white solid.
The solid was filtered, washed with 5 mL of diethyl ether (x 3) and dried high vacuum (< 1 torr) for 1
week. After this time, a 55 mg of 1-(5-((hexyloxy)methyl)furan-2-y1)-N,N,N-
trimethylmethanaminium iodide D was obtained as a fine white powder (61% of theoretical). 'H
NMR (400 MHz, d®>-DMSO) & (ppm) 6.29 (d, J=8.2 Hz, 1H), 6.10 (d, J = 8.2 Hz, 1H), 4.42 (s, 2H),
4.30 (s, 2H), 3.51 (s, 9H), 3.40 (t, J = 6.2 Hz, 2H), 1.48-1.46 (m, 4H), 1.33-1.31 (m, 4H), 0.91 (s, 3H);
BC NMR (100 MHz, d5-DMSO) & (ppm) 152.7, 151.4, 109.0, 108.2, 73.6, 70.0, 68.8, 50.6, 30.8, 30.1,
23.4,22.5,15.8.

The present invention has been described in general and in detail by way of examples.
Persons of skill in the art understand that the invention is not limited necessarily to the embodiments
specifically disclosed, but that modifications and variations may be made without departing from the
scope of the invention as defined by the following claims or their equivalents, including other
equivalent components presently known, or to be developed, which may be used within the scope of
the present invention. Therefore, unless changes otherwise depart from the scope of the invention, the

changes should be construed as being included herein.
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CLAIMS

We claim:

1.

10.
11.

12.

13.

14.

15.

A process for preparing linear mono- and di-alkyl ethers of either furan-2,5-dimethanol
(FDM) or 2,5-bis(hydroxymethyl)tetrahydrofuran (b HMTHF) comprising: contacting either
FDM or bHMTHEF in a polar aprotic organic solvent with a permittivity (g) >§, at a
temperature ranging from about -25°C to about 100°C, with either a) an unhindered Breonsted
base having a difference in pKa (ApKa) >15 relative to the pKa of a hydroxyl group of either
said FDM or bHMTHEF, or b) a hindered Brensted base and a nucleophile.

The process according to claim 1, wherein said FDM and bHMTHF are reduction products
derived from 5-(hydroxymethyl)furfural (HMF).

The process according to claim 1, wherein said unhindered Brensted base is a metallic
hydride.

The process according to claim 3, wherein said unhindered Bronsted base is at least one of a
lithium, sodium, or potassium hydride.

The process according to claim 1, wherein said unhindered Brensted base is an
organometallic base.

The process according to claim 5, wherein said unhindered Brensted base is at least one of an
alkyl lithium, alkyl magnesium, or alkyl cuprate compound.

The process according to claim 1, wherein said unhindered Brensted base is a metal amide or
Grignard reagent.

The process according to claim 1, wherein said hindered Brensted base is at least one of
sodium or potassium #-butoxide, or lithium diisopropylamide.

The process according to claim 1, wherein said hindered Brensted base has a pKa of at least
16.

The process according to claim 9, wherein said hindered Brensted base has a pKa > 20.

The process according to claim 1, wherein said polar, aprotic organic solvent has a
permittivity (g) >30.

The process according to claim 1, wherein said polar, aprotic organic solvent is at least one
of: dimethylformamide (DMF), dimethylsulfoxide (DMSO), dimethylacetamide (DMA), N-
methylpyrrolidone (NMP), hexamethylphosphoramide (HMPA), acetone, acetonitrile (ACN),
nitromethane, sulfolane, tetrahydrofuran (THF), 1,4-dioxane, and ethyl acetate.

The process according to claim 1, wherein said nucleophile is at least one of: an alkyl halide
or sulfonate with an alkyl chain length between Cs-Cos.

The process according to claim 13, wherein said alkyl halide or sulfonate has an alkyl chain
length between Cs-Cis.

The process according to claim 13, wherein said halide is at least one of: Cl, Br, or L.
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16.

17.

18.

19.

20.

21.

22.

23.

The process according to claim 13, wherein said sulfonate is at least one of: a -OTf (triflate), -
OMs (mesylate), -OTs (tosylate), -OBs (brosylate), or -OEs (esylate).

The process according to claim 1, wherein said temperature is in a range from about

-10°C to about 70°C.

The process according to claim 1, wherein said temperature is in a range from about

-5°C to about 35°C.

The process according to claim 1, wherein said mono- and diethers of FDM and bHMTHF
have linear hydrocarbon chain lengths of Cs-Cos.

The process according to claim 19, wherein said mono- and diethers of bHMTHF and FDM
have linear hydrocarbon chain lengths of Cs-Cis.

A method of preparing a mono-ether comprising: contacting FDM with a Bronsted base and 1

or less molar equivalents of an alkyl-X species according to the following:

0 Base d\<oj/\0 -
Ho ™~ Jon AhX ——— H \’& oeax
wherein: “X” is the leaving group, “n” is an integer from 5 to 25, and “CA” is a conjugate
acid of the base.
A mono-cther of FDM prepared according to claim 21, wherein said mono-ether of FDM is at
least one of the following compounds:

a. (5-((octadecyloxy)methyl)furan-2-yl)methanol

0

\

b. (5-((dodecyloxy)methyl)furan-2-yl)methanol
NN TN TNT0

KL())’/OH
\ / ;and

b

a. (5-((hexyloxy)methyl)furan-2-yl)methanol

0 OH
/\/\/\ O
\ _/
A method of preparing a di-ether comprising: contacting FDM with a Bronsted base and a

minimum of 2 molar equivalents of an alkyl-X species according to the following:
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o) Bas<c

O0__~o0 _
e TG e

6699

wherein: “X” is the leaving group, “n” is an integer from 5 to 25, and “CA” is a conjugate acid of the
base.
24. A di-ether of FDM prepared according to claim 23, wherein said di-ether of FDM is at least
one of the following compounds:

a. 2,5-bis((hexyloxy)methyl)furan

b. 2,5-bis((dodecyloxy)methyl)furan

NN TN

KLO?JO
\ / ;and

c. 2,5-bis((octadecyloxy)methyl)furan

25. A method of preparing a mono-ether comprising: contacting bHMTHFs with a Brensted base

and 1 or less molar equivalents of an alkyl-X species according to at least one of the
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following:

0 Base 0 0 -
HO™~ Y ™on X —— | \Fg +  CA'X
Q

0 x 2 d-&ﬂ\\\o +CA'X
AN —_— H
HO™S( ) ™Non A {%
0

Base

O LI O +~r
HOS ) ™Non AT HO' & tCAX

wherein: “X” is the leaving group, “n” is an integer from 5 to 25, and “CA” is a conjugate
acid.
26. A mono-ether of bHMTHEF prepared according to claim 25, wherein said mono-ether of
bHMTHEF is at least one of the following compounds:
a. ((2S,5R)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methanol

HO O
~

b. ((28,58)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methanol

c. ((28,55)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methanol

~

d. ((2S5,5R)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methanol

b
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HO O
~y

e. ((25,55)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methanol

b

0

.\\\l

0 OH

f.  ((25,55)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methanol

~y

g ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-ylymethanol

h. ((28,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanol

b

b
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1. ((2S,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanol

27. A method of preparing a di-ether comprising: contacting bHMTHFs with a Brensted base and

a minimum of 2 molar equivalents of an alkyl-X species according to the following:

0
0 Base 0 )
HO/\(J/\OH A A ﬁf +  CA'X

O % Base d_&-“‘\o N -
Hm.n\\oH A —_— \F@\ {8\ CA'X

wherein: “X” is the leaving group, “n” is an integer from 5 to 25, and “CA” is a conjugate

acid.

28. A di-ether of bHMTHEF prepared according to claim 27, wherein said di-ether of bHMTHEF is

at least one of the following compounds:

a. (2R,5S5)-2,5-bis((hexyloxy)methyl)tetrahydrofuran
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b. (2S,55)-2,5-bis((hexyloxy)methyl)tetrahydrofuran

L
-0

c. (2R,55)-2,5-bis((dodecyloxy)methyl)tetrahydrofuran

et

d. (285,58)-2,5-bis((dodecyloxy)methyl)tetrahydrofuran

e. (2R,55)-2,5-bis((octadecyloxy)methyl)tetrahydrofuran

b

9) 0]

~r
; and

f. (25,55)-2,5-bis((octadecyloxy)methyl)tetrahydrofuran
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~y

29. A process for preparing a derivative compound from a mono-ether, the process comprising
contacting a mono-cther of bLHMTHF with a) chlorosulfonic acid to generate a sulfate, or b)
trifluoromethanesulfonic anhydride to generate a trifluoromethanesulfonate.

30. A sulfate prepared according to claim 29, wherein said sulfate is at least one of the following

compounds:

a. ((25,5R)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methyl hydrogen sulfate

HO,S0 0
0

b

b. ((28,55)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methyl hydrogen sulfate

o 0SO,H

~y

c. ((28,55)-5-((hexyloxy)methyl)tetrahydrofuran-2-yl)methyl hydrogen sulfate

31. A trifluoromethanesulfonated monoether generated according to claim 29, wherein said

trifluoromethanesulfonated monocther is at least one of the following compounds:
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a. ((2S,5R)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methyl

trifluoromethanesulfonate

TfO O

b. ((28,55)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methyl

trifluoromethanesulfonate

c. ((28,55)-5-((dodecyloxy)methyl)tetrahydrofuran-2-yl)methyl

trifluoromethanesulfonate

TFfO O

~y

d. ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methyl

trifluoromethanesulfonate

TfO O
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e. ((25,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methyl

trifluoromethanesulfonate

f. ((25,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methyl

trifluoromethanesulfonate

32. The process according to claim 29, further comprising generating an ethoxyethanolamine
derivative of a bLHMTHF mono-ether sulfonate compound by substitutions of a sulfonate
group with an ethnaolamine.

33. A ethoxyethanolamine prepared according to claim 32, wherein said ethoxyethanolamine
is at least one of the following compounds:

a. 2-(2-((((25,5R)-5-((dodecyloxy)methyl)tetrahydrofuran-2-
yl)methyl)amino)ethoxy)-ethanol

b. 2-(2-((((2S,5S)-5-((dodecyloxy)methyl)tetrahydrofuran-2-
yl)methyl)amino)ethoxy)-ethanol
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OH

c. 2-(2-((((2S,55)-5-((dodecyloxy)methyl)tetrahydrofuran-2-
yl)methyl)amino)ethoxy)-ethanol

¥

OH
<H
~r
34. The process according to claim 29, further comprising generating a primary amine of a
bHMTHF monoether by substitution of a trifluoromethanesulfonate group followed by
catalytic debenzylation.
35. A primary amine prepared according to claim 34, wherein said primary amine is at least
one of the following compounds:

a. ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanamine

c. ((28,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanamine
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H,N O
~0
o
36. The process according to claim 29, further comprising preparing a primary ammonium
salt of said bHMTHF monoether by substitution of a trifluoromethanesulfonate group
followed by catalytic debenzylation and protonation by a Brensted acid having a pKa < 0.
37. An primary ammonium salt according to claim 36, wherein said primary ammonium salt

is at least one of the following compounds:

a. ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium chloride

01@% jj?/j
i, K<37)o

b. ((28,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium chloride

b

c. ((2S,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium chloride
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d. ((2S,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium bromide

b

b

f. ((28,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium bromide

B

H, O

g. ((25,5R)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium iodide

7

~0r

b

®

Lr-)m =
z®
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h. ((285,58)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium iodide

1. ((2S,55)-5-((octadecyloxy)methyl)tetrahydrofuran-2-yl)methanaminium iodide

1©
HJ\SB O

~"

38. A process for preparing a derivative compound from a mono-¢ether, the process
comprising contacting a mono-ether of FDM with a) chlorosulfonic acid to generate a
sulfate or b) trifluoromethanesulfonic anhydride to generate a trifluoromethanesulfonate.

39. A sulfate made according to claim 38, wherein said sulfate is the following compound:

(5-((dodecyloxy)methyl)furan-2-yl)methyl hydrogen sulfate

HO,SO 0
O
~0
40. A trifluoromethanesulfonate made according to claim 38, wherein said the

trifluoromethanesulfonate is at least one of the following structures:

a.  (5-((hexyloxy)methyl)furan-2-yl)methyl trifluoromethanesulfonate
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TfO O

O

b. (5-((octadecyloxy)methyl)furan-2-ylymethyl trifluoromethanesulfonate

41. The process according to claim 38, further comprising preparing a primary ammonium
derivative of said FDM monocther by substitution of a trifluoromethanesulfonate group
followed by catalytic debenzylation and protonation by a Brensted acid having a pKa < 0.

42. A aminoethylethanolamine, wherein said the aminoethylethanolamine is the following:

2-((2-(((5-((octadecyloxy)methyl)furan-2-yl)methyl)amino)ethyl)amino)-ethanol
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43. A primary amine, wherein said primary amine is the following:

(5-((hexyloxy)methyl)furan-2-yl)methanamine

44. A quaternary trimethylammonium salt, wherein said quarternary trimethyl-ammonium
salt is the following:

1-(5-((hexyloxy)methyl)furan-2-y1)-N,N ,N-trimethylmethanaminium iodide
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Y ) P e R TR 1) v e A E

[0082]  Xf T HAZ /D105 27150 pKalt)— L&A B BT, 126 Bl S8 75 2208 A
RBEAT 5 R, s Bl B A 24945 °C =50 °C B 5 157 o SR T , 3X ] B 38 in 7= A8 & =4 (9l an » & e
R BT A/ TR T ) AT B S0 AR i AR 7= 4 R/ B8 e A B BT R A 5 1 e 3 e A 4/
Tt PR G 1100 Y 2 s LT J P A5 0 ) 9 LR ARR B A BE 1 6 J ) e = 28 0 IXURS: o A T e /MG L 72
YO A i HLARE X AP G AR 4 AR BH 7 v 1) Sl st 45, B A2 /D216, B AL > 2001
pKa ) A7 B 45045 Bl A R o A 58 K pKafi) A1 B DT Rr B0 BE 25 5 i 55 — B 1K -OHER 73 [N o 1%
R ATELIPA T R (B, 2918°C-22°C ) B AR L N A RUHL IS AT % ) B AR £
— L 3 P A B R Bl mT DAL A5 a0, SR A (g dn, H R L L BT R AR VDA R
Fik ) ARkl , 24 25 BT AP B T A B A BRI PR A A > 301 pKa k) A BA ks
Bk, G0 5 SEAG A AE T Z2 3R BH ) o 3 PSS 2 (%) 5 A ) ) A B S0 e T DL 45 < R A
e (1 an , SACEE A BREALEN) 5 & BBk (1, U R AR e R ) s = R R R O
BLCLDA) s AHLE B S (a0, e S48 (A, FR L8 | T T 258 BRI ) e e L e
FEAR TR R ) FIA% PR (A, YR AL £ 3888 IR R FEER ) o AHEL 2 T, TR AR (1) A BA BT 45
AT LB 5l an, DL HR O AR (B s U 55 2 1) 5 DR DR (i B K pKa ) s 37 49) A 1 A
7] o

[0083] 7753 .— T FDMI) A ) A B A il 25 o 1~ A0 0~ i o 25 - ) AL B s ) AL
THERR s o) HEALEN.

[0084]

HO OH

i HO oK@
e e & R

pKa ~16 pKa ~16

HO OH -y HO 0K® O
(0) 0) | 4

pKa~16 pKa ~20
Q
HQ OH HQ o k°
c - Nat 1019
(c) ‘v + H Nat —>» \\(\J) + H, K 10

[0085]  J ¥ (a) 7wt T 44 I E A 29161 pKalfy A B TRRBRET , 122 B T 16 =) 5 )
L2 8] S o 7R S B (b)) R 2445 FEL AT 292001 pKaf A BA BIrREBRE , 1% % S8t =) T 56 4 F)
TR MAE SR (e ) 5 2445 FL R AT pKa > 30K A BA 0 RE BN, 12 5 S 58 A 441 3 3 1) 74
Tk

(00861 AR e AR e W — AN St 1)) 53— AR 35 SR FH R AT 20 3 A B 10 A B AR sl A7 A
M, 12 P8 K A AT IR B REL LE 2 A0 BT RR Bl 5 122 e ik o A 0 / B R I P AN A5 B ) SR AZ LA
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DL Ik, B 72 1) 52 BEL A6 AT BT 355 Bl B R G 5 17 122 S L DL A 3 B AR Tk ) O SRASE R T
XPPRFAE o /DA — A S, A5 FH AN 52 BEL (14 A B3 S0 Re Bk 14 Js Iz Ca ) 485 1 - i) 35 L6 140 ATF DM
TR MRE I TR AHE 2T A R SE ORI B2 LR A B ITRE BRI SR (b)) 7 AR SR FDM
M .

(00871 Ty g4 . —An WIHTRF BRI SE 451 - a) AN SERHL AR SR AR IR B FHY R 40 5 b ) SZBELIK) AR SR %
Ry, FHART B o

HO OH 0

) e \/
@ NN "

/\N\ e
PaY oW o O
[0088]
©
HO 0 x°
HO OH o

®) S

[0089]  B. el it AR IS

[0090] i BH 45 () kA4 S B AT DA DA AE IR 535 A IR bt e o TR) R - 3 1) — R BUAR
I RRHE o 4 7 AERAEAE BT WL 7 A BVl b S Ay B BE ) & NIl R 1 725, 8 8
Fe e BB LI Nz 2 B R B AZ R M A 0L B Ser, — e Fhn] DL I an T A4
(5120, C1 Br 1) FE R g (5] 40-0Tf . —0Ts «—OMs ) - ML Y3l , AATTR] DA FH B A 52 25
JEE T B 1) e 2 1 A A B R I 3 AT 1% I B o AE — 8 S B R, 9, 12 e R K B AT DAY
MZI5EL8 2 £ 168 181Nk B 2165410 22 £5208K 224N (51 U1, Cs—Ci8 C5—Ci5+Co—Ciz) « BRAE H:
ZHFAEMES .

(00911 A AT W] DA {5 A 2 b fied B2 I, (0 35 (H A PR T 99 s IR s (9 e 1l PR IR )

CF,

O\\ffo — G QT (T s = 2y L, O:é_o
CHB\SOZO_[H:‘C/S“\O@] (-OMS) ;—‘ %\A EF' Eﬁ% @51 @El ( — %\4 EF' }:;aﬁﬁ%i Eﬁl @El ) ’ CF;SOzo_[ 5 ‘R]

(-OTfs) ; FF A BB O PR BRME) » oy 0 1,80,0-[ @ %] (-OTs) ;& B (2

O

e 2 it Y e 2 Tk e 2 ik
Jﬁmﬁ;ﬁ@z@a),cgﬂssmo_[ & Ry (_OES);ZIKEﬁE&@E(beS}’latG)(Zliﬁﬁi@ﬁz@a
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[0}

§-0, \ e o 23 T T L
C1:50.0-1 D E8] (-oBs) IS ER IR RRE T3S

(benzenesulfonate))

AR o

[0092] W3 F i Ak (CAnVEL A0 ) RV 2 B 28 5% b mT 3R A 1 7 M o Je SRR, AR 40— 1 512 it
1, EATTAT LA R T 5 R EURR A L Tl T3 o 7 e v Joe 5 i A W e AN AT R4S B 7y B
51 VAEAR L (0 e T SRAF A A D0 R, AATTRT DA I BT S R A oo S AT 8 FH A LR B R
i

(00931 7 B2 Sz it 451 v , 22 Bk R T DAL i b e = 6 PR R T, DKL A " — P R ) B 25 0k
o3& Bl s 2 BT EE BRI Bl 73 291 HL= A — P A 1) = 3 B IR 2% 5 1) Il 7E /N 10
C(Flhn, HL A Z1-10°C 8 -12°C £ £1-20°C 8-25C ) IR IR R 347 1% 5 5, DUHE 5 25 5 Hh
PR S NE Bl 35 o I B A B ANTT IR, PR D9 TR TR0 = 98 P AR R B 8 R AR
) o SR 5 1% = 980 R 4% 5 ) 5 FDMEl bHMTHE 25 5 b = 17, 5 7 b T FC DMl bHM THE — = 4 FH
BT 1, 1) IR B SR A B (451 2, W e | — Y R R M E R A L S Je L AFHIPED K ) 140 88 TSR
T

(00941 FFORARATR I PR TR 155 L 0 VR DR TR TR I L R TR I8 L £ ok b 1 1 e HL At s R i 70
VLS =5 P R e — PR A A T R R OF LR oR S48 A = 9 R R ISR P S B 2
77 5 e B ) B R , IX e A R I 5 = R R R A L ) T S A S By T
X EHEAT HMEE , 2 IR e FL Ay DA, B A ) 7 R R M 5 A B v R T A R A
[0095] 2%, FEBEAT 15 I IR B S BE 2 1T, 12 A PT DAAE — A B — S B2 2 A DI ik
17, 4077 S5 ORI

[0096] 75 %<5 —FEFDM 5 | )l 2 ] ) B — 25 s PP A A IS B

[0097]

Tf,0 O
P e s | 2 . N N
i Pyr, DMSO ot  + HO' () om

[0098]  C. A HLIA

(00991 FEA W & B A8 AR B9 51, RO EATA & A X T U S Y —
W ek i A/ R R B R AT BT R B 6 A eSO A R 0 B RE T, I ELIA A AN T30 1%Sn2-
B e o WA, ARk AR S5 R (R, B 7k A AR (B 78 24 AU (AR IV RE 7%
T FEAS B R IR S 82 P 2 A R 8 o A Sl 53 5110 78 70 U A X 2 — I M 2k i A6 4/
REBR I , — A R OB R A IR AE 12 BE AR T ARM AR R C b BR , IX S AR AR 1 %
FRIER Z BEAT 112 9 5 1 A BT ST A 5 S e A L A 0 B I E D, U L R AR A
(K10 T340 s B AR B3 AN BER T 512 e 3k s A/ IR 6 S L (23 L, 75 566, 7T g P A A
s LI B P W) L (R T35 ) o

[0100] 75526~ F LM (AR o345 771) ) 1 Y5 P A v e 128
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[0101]

0
- H( )
0 ok 78 ’/U‘\(’\,,\/\
“"/\(]’\011 M e e N | ~ +

1 5% |

AN
[0102]  FEIEJEFIE I, BOK B A F o Ehon] DA S BT 1 570 5 32 B0 I B, PR ik d
MR =T B o A K BRI A O VR B R SLAE R A > e 25 HL 8 H 2930 B8 3511 AH X L 25
FRPIEE I EEAT o 451 4, DMSOFIDME i 7 H AR &3 1) A B o 0 (g, 29308832 o HoAth A =
(1) 3 R R A B R R ¥ 77 AINMPATDMA , 7 A Tt e T A R s B2 A v B 3 o fE—
FREA > 110°C 1 b s B B i 13047 PR e AT A2 AL FDMECbHMTHF ) SR
[0103] & & b 77 v25 () — 8 LA A M AF o1 3 570 2 - = FF O FH R % (DMF )« — TR
(DMSO) = F I Pt Jle (DMA ) \N—H Lt gt J Bl (NMP ) 7S FEY 56 1l 7k Jle CHMPA) AT < £ JiG
(ACN) A 22 I8 B0 T A DU &K RS (THF ) V1, 4= —REEE UL R B2 T
[0104] 7R EE Ak 7 i Hp A FAR I A o -3 SRR, 13— 20 1) 28 R 70 43 M el far 70 25 A7 B
e B, XA A PT DA AR I 8 i -OHE 3 25 51144 o FL A7 73 B A 0 K — ol s Bl 2 A P 4
L3, He (Jo BN ) Row, H BRI E AR S & T KINRE /). ik B, e>20F
TG 2 o 40 B8, e AR THE (e =7.58) BA f2 1, 4- Mk (e =2.21) , H4A JE 7T LA
L BRES T HERLH (captodatively ) FRAL o PLZE T & &> 30 o B A A I B9 AR 4 A Jod -3 771 1 o
B 2DMSO(e=46.7) A T Hl(e=43.3) .DMA(e=37.8) . Z i (e =37.5) .DMF(e =36.7) . iHi
FEH B (e=35.9) NMP(e=32.0) \HMPA(e=30.0) A (¢ =20.0) .
[0105]  D. Jg3iif &
[0106] AR B A AT VLR s — F& 1% & B 5 25 ] DA ARDRH I AT 4 35 58 9 6 PN 9 L
7 b — 8 H A R RSN T VR AN G 5 1) 25 A T B A o MO 5 A 1 A B DR, s 7 it i
AT LAAEZ)-25"C 81—20°C 2 £80°C 8100 °C 2 [8] 1 Ju [l N o 1 BY Hb , 12 s Wi 7 72 M 2] -12
"CHE-7°CE 65 CHLT70°C 5 MLl M Z4)-10°C BL-5°C 2 £940°C 550 °C 1 Y0 [l P o 78 JE L sk
it A5 A 34 P 3R JE R LA YE I A Z)-10°C -8 °C £ £J25°CE30°C B Z4)-3 CE 0’ C E Z132°C
B35°C (L F) ik b, 1% BN AT LAE AL T B T IR = 3 (B dn, < 2922°CEi25°C) T ik
AT o R FH AT 3 1) o 255 o A 4/ A TR 6 i 09 25 s S = A8 M J () il e A B ) A
Je A FH S e A B S e B 98 E B B2 18 1 I N B 57 (T7 287D 5 T AR B IR ade 36 1k Ik AL
(IR FE i — N E R R & (W Bk, — M R AT 168 pKa B AT BT RE IR, IX 5 78 T
FDMANTbHMTHE ) —OH &S 73 f) pKa , 75~ 5 B i [m) - T S S s PRI B 122 s A v il (A3 >
25°C35°C.840°C) T 34T LAHESIIRAL , B FEBE IR BB =4 (i 2 ) 16 B R g UGS & )
(01071 HE7. ¥ Ha) BT B8, UL f&
(01081  b) S ALANAE AT B BBk ) S B3 FE 23 A (profile)
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[0109]

o)
oC HO™ 1\
o ok y /mf\/\’\
@ HO/U\OH + NS Br + _I_

2
.

o
HO' () o
+ s YN

NSNS

0,
V HO/UAO\’\’\

Jp
©

0
®  H () on ¢ S~~B + E N

o)
HO" () o
+ ,\«.«

RGN
o110l  E. {74
(0111 78 % —J51H , 2 R 354k &9 mT DA F FDMER bHMTHE B4 Ay 2 4R B A 424 R 5o Ik
AT AR AT DL AR Ry 2R T T 77 < 23 B L 18 98 70 PR i B AL S i =5 AR BB () Ak 27
SR R T B A S R A ) — R AL A T o R AT AR S AL A T LUK A AT 4R F T A HL
B I 25 Tl Ak 2 s N ) 4% o — AR R B AT AR A A W IR 1) £ 78 LR BT B S 4 A 3k — 25
[0112] X477y ml DAALFS « [ bHMTHE S FDMIP) 51k 7 51 5 < o) SRR S o7 A= A= B b — i
VI Fh ) B R T » Bb ) — A Je 1l R I s . DA 7= A g R — B ) e 1) = SRR e A R T o X T
bHMTHF S BRI AT A2 4 » B B T P~ 0 mT LA, a0, L AL & i &b — i
[0113]  a.BRERA ((2S,5R)-5-(( A IE) &) TU S kI —2- 2 ) H g

[0114]
HO,SO 0

~r

[0115]  b.ERFREA((2S,5S)-5-( (T 5 L) &L ) DU Sk i —2—F% ) F fig

N
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11
[0116] " 0S0.H

k{?.-“l

[0117]  c.BFREA((2S,5S)-5-( (T 5 L) &L ) DU Sk g —2—%L ) F fig

[0118] J/H
7

HO,SO
~%
(01191 ] #FHACH, B 1% bHMTHF Sk B r= 25 = 0 Kl BR AL 1Y B Bk v DL 2, il , L R A&

Y i) 22 /b —
[0120]  a. =5 P Lehid R ((2S, 5R)-5—( (et bk ) F 2k ) DY Sk -2 4 ) P s

[0121]

TfO O
~°

[0122] b, =5 P Lk R ((2S,55)-5-((+ et Ak ) F 2k ) DU Sk -2 4 ) P s

(0)

oy

[0123] o) (I)Tf

[0124] . =5 Lehid R ((2S,55)-5-(( et Ak ) F 2k ) DY Sk -2 4 ) P s

[0125]

TfO O
O _MI

[0126]  d. =5 P Lehid R ((2S, 5R)—-5—( (/) \ e de Ak ) FH 2k ) DY Sk i — 24 ) F s
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[0127]

2

[0128] . =H P Lt R ((2S,55)-5-((+ /) \besa Ak ) F 2k ) DU Sk —2— 4 ) F s

[0129]

[0130]  f. =5 Kk R ((2S,55)-5-((+ /) \beda Ak ) F 2k ) DU Sk i —2— 4 ) F s

[0131]

TfO O
o_ .

oanh

[0132] %75k AT LAaE— 0 #0 K G I Y 2 1 Jhig HRAC A 78 1 42k 4] 22 bHMTHI 51 1k ik % 15 £
BV LR EE S REAT A - Pl 2 B0 A ) Bk G RT LU, B, B AL E P
[0133]  a.2-(2-((((2S,5R)-5-((+ et &) B 5k ) DU S ki —2- 5 ) T 8k ) 2 8 ) 4R
Bl
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[0134] \\\

[0135]  b.2-(2-((((2S,58)-5-((+ ks dk) F 3k ) DU AWk g -2 2 ) H B ) &3t ) 2%
B)-C I
OH

p

O

[0136] /[/

0} HN

y

[0137]  ¢.2-(2-((((2S,58)-5-((+ et Kt ) B 5 ) DU ki —2- 5 ) Bk ) & 8 ) 4R

H)-L 1
SOH

8]
[0138] 2

NH

~>
(01391 fE—ANEASLHER %051 0] LUt — 2D A st LR 77 2077 A2 bHMTHE Bk i 14

2 - AR = 380 TP e R 2 6 ik A LA J— e B i, DL R I e ) — o
[0140]  a)N-"RIE-1-(5-((C AL ) FF 2k ) R -2k ) FH fig

[0141] Q /
HN O
O
~r

2

I

[0142]  b)N-FFIE-1-((2S,5S)-5-((+ )\ B2t ) H 38 ) DU Sk g —2—- 3% ) F i
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[0143]

[0144]

[0145]

[0146]  d)N—"FI-1-((2S,5R)—-5-( (- \ e da Ak ) FF 4k ) DY Sk -2t ) Fi i

[0147]

(=]

[0148] [t » AATTAEE A A5 G — Al B A 750 A Al F R A Jd e B4 7 2R 2 A e o Pl 2B
ARG AT LS S Bl , LA AL S i 2 b F
(01491 a.((2S,5R)-5-( (- /\ e dadk ) FF 2k ) DU Sk -2 ) HH %

[0150]

(01511 b, ((2S,55)-5-((+/\ a3 ) H %) DU S kg —2- 2% ) FA i
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[0152]

[0183]  c.((2S,58)-5-((+ )\ etadk ) i 2k ) DU SRR -2 3k ) F fi

[0154]

H,N O

[0155]  7& S — A&t , 1207 0] DLt — 20 B 4E @i BL R 77 il 2 1% bHMTHE 52 ik
R AR e < O = 3 R e i R 1 2 ] i i e 5 = 54 FH DA Al 3 B pKa < O A7 BA 1
WEIR (15120, HC1 JHBr JHT) B 52 -F A AE F o BT 2B B AR BE A v BL2 , Bl an, BL R AL &40 1
[0156]  a.((2S,5R)-5-( (- )\ ks &) FF 3 ) DUk —2 -2 ) B #% (me thanaminium) &AL
Y|

[0157]

e
H;N O

~r

[0158]  b.((2S,55)-5-((+ )\ besadk ) FF 2k ) DU Sk -2 4k ) R 44 AL

[0159]
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[0160] . ((2S,55)-5-((+ )\ besadk ) FF 2k ) DU Sk g —2— 4k ) R B AL

[0161]
L
H;N (')

[0162]  d.((2S,5R)-5-((+ )\ besa bk ) FF 2k ) DU Sk g —2— 4k ) R A 1AL 4

[0163]
B D
H;N O
~%r

[0164]  e.((2S,55)-5-((+ )\ besadk ) FF 2k ) DU Sk g -2 4k ) R A 1AL 4

[0165]

[0166]  £.((2S,55)-5-((+ )\ besadk ) FF 2k ) DU Sk -2 4k ) FR A2 1AL 4

[0167]
B8,
H;N 0o

k‘O_JJ“I

[0168]  g.((2S,5R)-5-((+ )\ besadk ) FF 2k ) DU Sk g —2— 4k ) FP A AL 4y
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[0169]

[0170]

[0171]

[0172]  1.((2S,58)-5-((+ )\ besa bk ) FF 2k ) DU Sk g -2 4k ) FP 2 AL 4y

[0173] o)

I o
H;N o

g_((j,.“'

[0174) iz AR ERACARAE 731 5 BH &8 1 2RI PR A AR Sk S PR
(01751 Sy S5 FDMIY) 5 IR I S5 B2 il O AT 2R AR 5420 P A S s IR i = 4 T A2 51l -
[0176] . fRFRE (5- (- Jefa 2k ) 2k ) IR -2 ) Y fig

[0177]

HO,SO 0
(9)
~r o
(01781  Jf H., FHFDMELER BT 77 A i) = & B S i R i m] DA , 49 4, A R &5/ b gl 22— Fir
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[0179]  a. =FUHF LeMalR (5-( (D 2IE ) HT ) kg —2—3% ) i i

[0180]
TfO O

~r

[o181] b, =5 Lk R (5-( (Ve A A ) F Ak ) Wk —2— 4k ) F s

[0182]

TfO 0o
)
~r |
(01831  Z&ALhT- AIbHMTHF B 1 77 v25 , FH T4t FH FDM S B i) % 411 i 35k [ 1 7 ¥R 30 98 % HUAR
9 B R R R (4] L B S A A R AR L R a8 B pKa < O A B Bk IR 1) i 14k

YER BT A B B L3k QB AT DA, B DL 33
[0184]  a.2-((2-(((5-( (4 \kesdk ) H L) R —2 -3k ) F k) s 0k ) £ 38 ) B 0k ) -4 1

[0185]

HO

HN
\NH o
O
~r
[0186]  #RHE 73— NSty , {3 FHFDME TR 2 a6 44 ) il 25 18 — AP A RE AT A4 m] LA , 4
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40, BUR I (5- (2480 ) F 2k ) IR IR -2 -3 ) H %

[0187]
H,N O

()
~r .
(01881  m] A , NATTE v LA £ — Fh = H SR R4 3k, - 1-(5- (V2L ) 28 ) K IR -2
F)-N, N, N-= H S H & f b 4

©
[0189] \ I
Ve

HN\E’{?AO
\ /
[0190]  #B4MTT.—5L 4
(01911 K W )2 B o 8 26 FA T 3o DA 4% 390080 LA S 49 e ik — 25 4 B - A) bHMTHE —
Bk 5 B) HMTHE 215 ; C) bHMTHE & B0 77 40 ;D) FDM i ;) FDM2 B LI JF ) FDMFBK 1) 75 35
iR

[0192]  A.bHMTHF — ¥

(01931 82f5l1: (2R,55)-2, 5~ ( (L 4EHE) FI 3 ) DU A Me g 1 (2, 5S) -2, 5- X0 ( (2483 ) F

55 VU SR IR , BIFT A A% o
[0194]

HO OH
e

K O O
0 DMSO prad “(27)

NS ———
0'CEFT R

[s]

HO OH
0

g(?i \\\0 ) (')
Oy

B
(01951 SEEG . A i % A5 PTREVR 78 10 77 458 B R 1) — AN B T8 10 SR 350 LomL 1) [ Jec Joe
e B AN 50mg ) (2R, 5S)-PU A Mg -2, 5- — 3L ) I EE A1 ((2S,5S)-PY A MkiE-2,5- %)
T HEE9: 1R A (0.378mmo ) LA K SmLI) JEKDMS0 o R Ji& # 1Z B iR N UKk /K i (40—
10°C) Hp 3 BLEEBEREA RIS, K 106mg AL T BEAH (0. 946mmo 1) 43 43 M I\ 3 FLKHZ IR &4
TE DGR FE R 93043 % o 7E BRI, K 350 FIRG IR 38 i e A9 HL28 H 147 BB Bl Ak 1 72 Ja
S ER H A E AR E SR T 11 7uL i 1R O %% (0. 832mmo 1 ) 2 FHyF ST 24N . 4R

38



CN 105814030 A ﬁ'ﬁ HH :F; 23/35 I

JE Pz IR I IS IR IR 4k R I B R AR IR B (] B H — AN S R I BRI
FERIE IR TLOM b, 729 LI T bt/ LR £ e e I J5 ik I TLOAR il 7wt B — 2l (CEH TR il
ety ) ARVRHIE 257 (JE28) B B2 ANAFAERT , R T X Rl 7 2 & 58 ik 7Rk, %R
& W) FHSmL IR 7K FA5mL ) — S e AR I H. 43 X IF H H3-5mLAR AR — S e A BUZKZE
B NUHAFE TSR EREE T8 i 8 I HLAE 025 N IR 40 K IR R R e B /N
R e I BN ZI20g B R R SR JE A HAE L TR R SRR T I R R < R
MR I 21— AT ik e A v, Hoh HC e 2 O e 10 %6 1 LR L Bis i) peid £
P PR B LR MR 40 I 5 8 B G IR 0 64mg OB (PR B 156 % ) o 'H NMR(400MHz ,CDC13, X &
TR ET =R (A T ) AT A H) 2 2 0% ) 6 (ppm)4 .21 (m, 2H) ,3.64(m, 2H) , 3.40-
3.36(m,4H),2.11(m,2H),1.61(m,2H),1.47(t,J=6.2Hz,4H),1.40(m,4H),1.35-1.30(m,
10H),0.94(t,J=7.0Hz,6H) ; '°C NMR(100MHz ,CDC1 st T A i &= A i =t (P9 T 5E ) 7T 4=
Vi) 5 ) 8 (ppm)87.1,78.3,68.9,33.2,31.2,29.8,25.4,23.1,13.3,

[0196]  sE52: (2R, 5S)-2,5- X ( (- e 2k ) H 2% ) DY Sk isg A1 (2S,55) -2, 5- X ((+ =
o sE R ) F R ) DU SRR , B & B

[0197]

HO OH
0 J
: , ‘I‘ DMSO L&J
HO OH | 0°C 38
;\\U (JJ)/

A
B

[(0198] S . [m] BiC 25 A PTFE IR 78 1) 1 J 4o #E# 1 — AN U RS 1R 1 | BR300 A L OmL ) 15 JE e
R 2 N 50mg ) (2R, 5S)-PU S Bk —2, 5- 3 ) —HIELAI((2S,5S)-PU S k-2, 5- —3&)
THEER9: IEA ) (0.378mmol ) LA K SmLIY JEKDMSO . 48 J& # i e IR AN UK—Eh 7Kt (Z-
10°C) It BAEBEFE AR, 44 106mg (U T B4 (0. 946mmo 1 ) 2343 Hi In N FF B Z IR A4
FEMEIR FE T FE30 7 Bl o 7E LI 4 300 ARG e B Fr ZEAE 9 HL& bl 147 P 42 U<tk O AR R
FUFERFEIN I AR SE SE T K2000Lr 1-3+ %2 (0.832mmol ) £ VST 28 NN .
SRIGHZIR A IS R0 4k 82 I BT o (EIX B 8] Jim , B8 — AN il i Ho
RFERIERRTLCAR b, 7E10: LI O 5t/ LR £ B R I J5 A I TLCAR i 7 HY B — 2% s (FH R
BRYLth) o ARTRFAE 257 (BE28) B B AMELERT, R 71X FAHI O & e Ak I, F %
VR A F SmL I 7K A 5mL AT — & B e b4 BRI HL 29 X 9 5 3-5mL AR AR 1 — &0 FF e 2 Bz oK
JZ G NG FF O /KBR B 851158 il B I HAE FL2 N IRAR 1 W R AR R WDV A AE ey
B ARG I BRI 20g I EE R A, SR K HAE LA R TG SR AL B T PR R Rk
J o A 3X BRI 21— AN TG & O RE e AT, Forp FHE e B 2 be iR 7% 1 LR BRI R
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R RV IR 4 5 B OK B R ) 1 18mg B (FER{E 165 % )« 'H NMR(400MHz , CDC13, i
I TR e G (P T e ) A7 AR 1) S 2 1108 ) 6 (ppm) 4. 20(m, 2H) ,3.63(m,2H) , 3. 41~
3.38(m,4H),2.09(m,2H),1.59(m,2H),1.49(t,J=6.2Hz,4H),1.42(m,4H),1.38-1.30(m,
34H),0.92(t,J=6.8Hz,6H) ;*C NMR(100MHz ,CDC1s5% i T A 3 g i =X (P9 V8 e ) fiT 4B
YIHY 5. 2 B ) 6 (ppm)87.4,78.1,69.1,33.0,31.2,30.9,29.8,28.7,26.2,25.4,24.9,
24.1,23.3,22.1,13.3.

(01991  SEf53: (2R, 5S)-2, 5= XL ( (4 )\ f A 2k ) H 35 ) DY Mk igg A1 (2S,5S8) -2, 5 ((+/\
o sE R ) F R ) DU SRR , B & B

[0200]

HO OH

\H(?y,J
.K'
: Y IMS
- DMSO
HO OH | 0°C ETE

R MNV?
0 (
av

[0201]  SEEG . v BiC 2% A PTFEIR 78 (1)1 77450 #1 # 1 — AN S T8 1 BR300 1OmL ) [ JES A6
R 2 AN 50mg ¥ (2R, 5S)-PUS BRI -2, 5- 3% ) —HIEEAI((2S,5S)-PU S MKIR -2, 5- 2% )
TR 1RA (0. 378mmol ) A K2 5SmLI T ZKDMSO o 24 J5 4 % e iR N UK —ER 7K i (29—
10°C) H Jf HAEBEFERT [FI I, 4 106mg I AU T B (0. 946mmo ) 7343 H A I H A %I G
FEMEIR FE A FE30 2 Bl o 7E LI 4 300 ARG e B Fr ZE A1 9 H& el 147 S 2 <tk O AR R
FUFEREN I EAERSE HZE T o B277uLi 1-3+ )¢ (0.832mmol ) £l VE ST 28 N .
SRIE P Z IR A W I E == R b 8 I NI AR o 7R IX BEI 1] i, #8 HE — AN S5 iR 5 ELK
MBI TLCAR b, 711 11 bt/ L BR L g v T JE i A R TLCAR S22 7 HY B — 2%y (RHR
B ) o ABRHIE 2571 (G40 ) B B R AAEAERT, R T X Mf O & B i AR, 1%
TR A F SmL I 7K A 5mL I — & FF e b4 BRI H 2 X 9 5 3-5mL AR AR 1 — &0 FF e B3R HLiZ oK
JZ G B NG FF O KRR 851188 il 8 I HAE FL28 N IRAR 1 R AR R WDV R AE /s
= & I B R120g B I, SR 5 AR LS R R SR AR T M Rk
F2 o P X A BN Bl — AN T4 il I RE R A A, o U be 2 e 5 % 1 1R Z TR TR
T R SRR W IS R A B AR A 132mg B (FRARE 55 % ) o 'H NMR (400MHz ,CDC13,
X N K & e 2 i (PN T ) T AE I R 2E 1% ) 8 (ppm ) 4. 20(m, 2H) , 3.63(m, 2H) ,
3.41-3.38(m,4H),2.08(m,2H),1.65(m,2H),1.48(t,J=6.2Hz,4H),1.41(m,4H),1.40-
1.28(m,58H),0.89(t,J=6.8Hz,6H);*C NMR(100MHz ,CDC1 3%} R T~ A 3eh & i i =X, ( P 9
WE) FTAE IR S5 B ) 6 (ppm ) 87.4,78.1,69.1,33.0,31.2,30.9,29.8,28.7,26.2,25.4,
24.9,24.1,23.8,23.3,22.9,22.7,22.5,22.1,21.7,21.3,13.3.
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[0202]  B.bHMTHF H. ik

[0203]  sizffi4 . ((2S,5R)-5-( (4 2E) F 2k ) DY Sk g -2 ) FFBE L (28,58 ) -5- (4%,
FE) B 3L ) DU SRR - 23 ) F I L RT( (28,58 ) -5 ( (V5 ) H 366 ) DU &k I —2-3% ) FR B, B
=y

[0204]

m )) \\ J/H
v 3 i 0 e : ‘

i ) OH HO
; o DMSO \U) o_ | o_ 1
' T ~O ~O
Z 2

HO OH = 5 im
o_
" B

[0205] S . () P £ A PTRE IR 78 10 B 70 4 4 e 1) — AN ML 8 T8 1 B350 10mL ) 5 JiS o8
P 2 N 50mg ¥ ((2R,5S)-PU A Bk —2, 5- 3 ) —FIELAI((2S,5S)-PU S k-2, 5-—3&)
THEER9: TR A (0.378mmol ) LA K SmLIY JE7KDMS0 . 48 J5 ¥ 1% e IR A\ vK—Eh 7K it (Z-
10°C) A 3 HLAESFERI RIS, K 42mg BT B4 (0. 378mmo 1 ) 4347 U In N I Ho Z IR &9 1E
IR B T PR 3073 o AE ML, R 30 AR R 7 ZE A 9F H 28 W 147 BB el Atk 1 o 78 il 2
WP EI I BARSEEE T B53uLi1-1R 242 (0.378mmo 1 ) 8 FHVE S8 N o 4R Ji5 K5
ZIRA I 2R A B8 I BT R o AR IR BB ) 5, 7 H — N4 0 3R 3 HOK L SRE 3
FERRTLCHR I, 723 1R e/ 4. B8 £, g JE I Ja i A IR TLCAR it 7 HE AN 2 25 1 2% iy (BTG
Blidett) ,Rf1=0.54( HFRB) ,Rfo=FE L (R NI THF - Z[BEA ) o 8 GC/MSIH) 734t (BT, W46
70°C, ¥ JE5°C/ 43 8P 2350°C , fREF60min. ) B H B A W R EE IS (R =AM R EME S a)
12.4min. ,m/z 132.1(M+, R M THF-—FF) ,b)18. 7min. ,m/z 216.1(M+, —FEZFH
FREEE),19.2min.m/z 216.1(M+, —FhEi 2 F 5 by 5k ) o

[0206]  sfil5: ((2S,5R)-5—( (- et gk ) B 3 ) DU Sk g —2— 38 ) R B ((2S,58)-5-((+F
AR L) B L) DU SR I —2— 3 ) B EE L ((2S,58)-5-( (e g ) B L) PU A kg —2—3E)

HE , BIY) & B
[0207]
H:/ d NN + o® Sl HO ( J:(/H
- ,\0} .‘:«;H i e . \\?f \DJ \\3_,.I

B

[0208]  SEEG . [m] e 25 A PTFE IR 78 1) 1 4o #E# 1 — AN U RS 1R 1 | BR300 A L OmL 1) 15 JE e
R 2 N 50mg ) ((2R,5S)-PU S Bk —2, 5- 3 ) —HIELAI((2S,5S)-PU S k-2, 5- —3&)
THEER9: IEA ) (0.378mmol ) LA K SmLIY JE7KDMSO . 48 J& ¥ i e IR AN UK—Eh 7Kt (Z-
10°C) A 3 HLAESFERI RIS, K 42mg AU T B4 (0. 378mmo 1 ) 4341 MU 3 HoBf 1R & 91
BEHR BE T 43093 Bl o 7E LU, K 20 PRS2 v 24 0 H& th 147 £ B2 @l Rk 0 AR IR
PP R I BARSE S E T B91uLi)1-1R+ %8 (0. 378mmol ) 28 I IESF 28 I N AR 5
FZIR A YDA 2 = 0 4k 82 S RIS o PEIX B[R] i, Bt — AN 45 70 U 9 HW 3 R
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BIEERSTLCMR b, 7E5: 1 Cbe/ TR S g R I Ja i e I TLOAR 2. 7~ HA A I 38 1) 2% iy (4
FREf G4 2) ,RE1=0.57(HF5B) ,RE2=FE 4L (FR AR THF- —[FA) o I8 GC/MSH 23 7 (ET, HI4R70
C, I ESC/ 78 2350°C, fRFF60min) s HE A W R B A ) =DM R EME S a)
12.3min. ,m/z 132.1(M+, K MR THF- —E%A) ,b)25. lmin. ,m/z 300.2(M+, —Fhek ZFh H
FREATE),25.9min.m/z 300.2(M+, —FhEk 2 Fh H bRk ) o

02091 SEfl6: ((2S,5R)-5-((~/\pedadk ) B 5 ) PU S ki —2— 38 ) FE I L ((2S,58)-5-((+
GRS L ) 3L ) PU AU eI -2 368 ) B L ((25,58) -5 ( (-1 )\ e 8 3L ) B 4L ) DU & Mk i —2— 2% ) F

I, BHY) & A%
[0210]
HO " OH ?{/ (j;;)

(0211] S5 . ) e £ A PTRE IR 78 10 M 77 4 1 e 1) — AN ML 6 T8 1 B350 10mL ) 5 JiS o8
R 2 N 50mg ¥ ((2R,5S)-PU A Bk —2 , 65— — 3 ) — FIELAI((2S,5S)-PU S k-2, 5- —3&)
THEER9: TR A (0.378mmol ) LA K SmLIY JE7KDMSO . 48 J5 ¥ i e IR A\ UK—Eh 7K it (Z-
10°C) A 3 HLAESFERI RIS, K 42mg BT B4 (0. 378mmo 1 ) 4344 U In N I H Z IR &9 1E
IR B T PR 3073 o AR M, R 30 AR R  ZE A 5F H 2 147 BB el Gk 1 o A8 il 2
PERER E I 3 HAERSEREE T K 126uL1-3+ 6 (0.378mmol ) & RS 28 N . 4R
Je IR IR A IR IR A B I N A AR IR B ]S B8 H — AN S R I BRI AT
FERE R TLOM |, 76 : LI T bt/ 1R £ BaH Je I I ik B TLOAR i 7w H B — 2%y (CEH TR il
Jufty) ,RE1=0.62( HARB) FIRFo= 3 2% (R ) M I THF - FEA) o ARHFAE 25715 B B AN A7 AE
[y, 2] 7 X AR 7 © 4 58 AL B T LC/MS 20 1 (APCI-,RP 1.7um, 2.1 X50mm, i3
FH-T6EES0 % 420 % 1) /K /ECHsCNH , Y0 . 5mL/min. ,M=1)m/z 383.4.

[0212]  C.bHMTHF Bk A7 A4

[0213] =57 ((2S,5R)-5-( (4 Jk ) A3 ) DU Sk R —2— 5k ) R BB I 441 A A 0o Aokt S 44y

&, B A %
[0214]
e L\\@-f’“ Ryl o s fH a5 )

[(0215]  S5% : [ AL A5 0. 57 PTFELR 78 I HE TR 1 1 70 30 8 1) — N L A8 T 452 1)« B 33 1)
10mL ) [ JEE B 285 A\ 50mg 1) (25, 5R)-5-( (24 ) H 3L ) I Sk i —2— 3% ) F 2 Al xef sk
SRR 1R A YIAC0.231mmol ) LA K 5mL I 6 /K CHC L3 88 Jim B5iZ B iR N B vk -2k /K78
(£9-10°C) HH It BAEBE R RIS, 221553 B2 i N 15 . AuL I SRR (26 . 9mg , 0. 231mmol ) .
SR G HAZIR A I S R FF 4 4 I B 1IN o 73 B T S5 5 48 Fh e I 28k Al v 2 e
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CN 105814030 A ﬁ'ﬁ HH :F; 27/35

TV TN AR BPTHCT o K 9% T8 Ca JHPIR TR R W e A B /N 1Y) S N B R 9 L TR AL A
LI3R )G, WS B BTF 1) i A, B ok IR 1058, Rt 16mg (BRI AE 24 % ) B L& 70 AT
(CH) : X F-C12H2406S THIMIfH) (C,48.63:H,8.16) s KIfI(C,48.66:H,8.23).

(02161  SEfl8:2-(2-((((2S,5R)-5-( (st ) H 38 ) DU SRR IR 208 ) F IR ) U 0k ) - %
) CTEANE T A AR C (USRI B 3R T & PE 7)) IR & A

[0217]

| 0
J [ R S | 5
' P T T M TR o e
IT‘L‘?'] L\\\\\\\IL:'JT“ WL:} T' #.lmw e iyl \k‘:j' L_‘:}JI
[0218]  SLEG: [ PC £ A 0. 57 PTREYR 78 1 )\ ST IR 0400 4 e (1) — AN L R T HR 07 L B 3911
25mL 1] [ JE e i 2 A 200mg 1) (28, 5R)-5—( (- Zfe 28 Ak ) H 2 ) DU Sk g —2 -2 ) H R
A xS AR 9 1HTR & 49A(0.666mmol ) < 107uL KA BE (1. 33mmol ) PL K2 5mLIK) 67K — &
FBE o SR 5 K% B E N B UK -2 /KIS (29-10°C ) b 3F BAEBERE I IR INF, 281593 BhiZ i o\
1120l ) =5 AR B (0. 666mmo ) o SR Jo 5 12 Y A W N 48 S R FF 4k 452 S M 27N o 71X BE
B8] 2 J& » # H— A5 0 e 3F EUOK H SUREAE A IR TLCOAR b, i A IS TLCAR FH25 % £ 1R <. B
Ve I o — A R IR IR b CEHIR B T AL ) , ForPRE=0. 57 o AEAEXT BT AT UG FE 1)
2 RE=0.44, R\ TR NG 78 RIS B, 245 2 9B 26 Img I 7% 24 €44 AR
Y1(90% ) o WX FhAF BIE f5 820 B Al FTi A 3t — P4t
(02191  [AIfC&A5/8” )\ AT HIPTFELR 78 HHE /)45 H 5 1 — > B350 (1) 50mL [5] JES e i 2hé
A250mgffIB(0.578mmo1 ) .69mg 13- (2-2 3 £ 58 ) N —1-BE 81l = Z f% (0. 578mmo1 ) Fl
10mLI TC7K 2B o — N [EI A A 2E FE Bz e i L, I HAEBEFE BT R I 2 i om 4 2
50°C , 4/  FEIX BN 8] 2 J , 4 — AN o RS B H SRk 9 HLad i TLC (BHBR A T A4k ) 73
B, R RBU & T8 A IR « BRI IR G P08 21— AN B AR 1 9950 il 1 209 vh 1 A AL
BRI AE b, Herp BTG ZK 2B I R € i 42 A4 SR P 1 3 2 iR ¥ 96mg (K1 C (43 % ) o 'H
NMR (400MHz , CDC 13, X B 5 = (P4 ¥ 0@ ) 420 o 1) . 2 1705 ) 6 (ppm )4 . 12 (m, 1H) , 4. 03 (m,
1H),3.64-3.62(m,4H),3.53(t,J=5.4Hz,2H),3.41(t,J=6.0Hz,2H),3.30(t,J=5.4Hz),
2.75-2.72(m,3H),2.59(m,1H),2.01(m,2H),1.71(m,2H),1.47(t,J=5.6Hz,2H),1.38(m,
2H),1.33-1.27(m,16H),0.93(t,J=6.8Hz,3H) ;"*C NMR(100MHz ,CDC13, & 35 & (=,
T E) )8 (ppm)84.1,82.2,77.8,73.6,69.0,68.4,63.2,55.9,50.0,32.4,31.9,31.4,30.8,
30.6,30.5,30.2,29.9,29.7,29.6,29.3,29.1,16.0.
[0220]  s249: ((2S,5S)-5-( (/) \Jeda gk ) B 5k ) DU Sk g —2— 5 ) B e AL ) A A e S
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FAAAD (UL SR BH 25 53R 11 14 741 FR) 5 B
[0221]

||'
|'J I | I

|
\\ j il
\h_fJ \\ 7 1;:4 WL iﬂ“[ Q}U\W " TF
.\‘-H ‘h..“
) p
B

| J |
[ I I
Lﬁi\ I \nllii\l OH: & \\“[ ”\
) 108, Pd/C H L‘__/) 0
r i J

HN \ \“ Eo"‘"‘\ et ‘ii.l.": H[ \. tr‘\'u. :1_'-' c:r
L-."_)) u\ th_,ﬁ ‘\-..i}, i L.\‘-...‘_’J :
D

[0222] SIS« a) i 2% A3 HE T 19 L emfP PTRE 4R 78 B 7 90 1 e (1) — N HEAR 0% (1) - 25mL .30
[ JEC B3 P 22 N 150mg [IA (0. 390mmo1 ) < 94uL Ik AE (1. 17mmol ) F10mLII Jo K 5 FH i . SR
Ja B ZFRIR N B R 7K /UK (29-10°C ) i FF HLAE B 245 31 10 RIS, 28104303235 N\ 661l
() =5 PR I (0. 390mmo 1) o S8 5 B2 R % UK FF HAT S N AE 23 T 44 L7 45 2h o 753X BT
7] 2 5 B — NS R R B H S REERE IR TLOM 3 AR E ke 20 % 1 2 1R 2 Bk J T
T T HAR=0. 520 5 — 2517 CEHIR Bl nT AR ) o ARTRFIE 25417 (Re=0.39) B B & N1
(1), R T XA O & 58 2 e A R I 1 [ A FLRE AR L h ik 1, SR ik 2 3%
FREGHARYIII 1738 HIB(88% ) o M IX Fh = WAL T R A2 B A A 1t — P alifk..
[(0223] A PC & LemIPTFELR 7 (1)1 745 #F # 1 — A B 3515 0mL 1) [52] JiS o e 2 N 17 5mg
FIB(0.339mmol ) . 65uL K Hunighif (0.373mmol ) 37uLiI <& « LA A2 10mLH) 2, % . 1%35 FH — >
(5] I8 VA 5 o o 5, FF ELTE ) 20458 Bk PR TR ) B0 208 S 0 IR B1 50 °C R 822 /N o 783X B [
Z J& » TLCCUVAIAH PR Sl m] LAY ) 2 BH 5 — 1 2 iy LA R P Ak ) 4 30 Y 6« 28 5 LOmL IR 7K
FI10mL ) — &0 F B B TR & 4 ELd I R A ) |2 o 7K 2 FSmLAR AR — &0 o (x2)
W AHVE S IF BT, FE A% 2 IR [ 4R o 13X FhbA KL 5 100mg 110 % (1) Pd/CA
IOmLEl’J ToIK B —HB 2 N —ANEC A 0. 57 (IPTFER B (1) 4 /145 R A 25mL i) [ JEE e
B — MG IRBE Fhn 5 9F B 78 H ) SERE 99~ 16”’##@3)\ J ZU %R S Y
EuiTLc(Uv visTIAAL) 545 o 2h JiT 5 12 S B A D9 58 8 5 08 ded e 98 1 P Ao 0 i A A 771
I HIEWAE 12 T kg i, 1Rt 2 /xﬁ?’émﬂﬁuﬂaﬁt%m74mgﬁﬁc(5zv) Xt RHERE 5
()25 B A T A 1 — P alif .
[0224]  [AIEC&A0.5” )\ ATERIPTFERR 78 B HE 7135 FF 8 11 — AN B2 10mL ) [5 Ji Jo8 Jfi H
ZEA50mgC(0.130mmol ) LA A 2mL I INI £ BEHC LIS o K 1% IR A 40 #5150 B , 78 BE s ]

IJ!
fII

“"f
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Ja > B e iR 75 K 2% (50°C , 30mmHg ) , 78 J5 7E /= 2% (<1FE) FRES: L AR ol s iml - X B
I IE) 2 5 , W& 35 T DA 5 0 2 [ 44, FR B 49mg (88 % ) o 'H NMR(400MHz , d®~DMS0/D20,
X T M PN 3 ) 107 AE P 2 2 45 5 ) 8 (ppm) 4. 52(m, 1H) ,4.13(m, 1H) ,3.62-3.60(m,
2H),3.32-3.28(m,4H),2.03(m,2H),1.75(m,2H),1.59(m,2H),1.48(m,2H),1.30-1.25(m,
28H),0.95(t,J=6.2Hz,3H) . 13C NMR(100MHz ,d5~DMSO,/D20%F 8% T =X, ( P 14 e ) 447 2E W ()
BERES)8(ppm)85.1,81.2,77.3,72.2,49.2,32.6,32.2,31.9,31.5,31.2,30.5,30.3,
30.0,29.8,29.6,29.3,29.1,28.9,28.8,28.6,28.3,28.0,27.9,13.1.

[0225]  D.FDM_f

[0226]  SEf]10:2,5-XL (2L ) 28 ) R , BIY & A&

[0227]

HO OH g J))
0

K 0 ¢
0 DMSO /\M 0,
N/
SR
L7

\ J ANASNBE _——
0°C £ 3

F E

A B
[0228] SIS . ) i £ A7 PTRE IR 78 10 ik 70 4 4 e 1) — AN ML FE T8 1Y L B 3901 OmL 5] JEC K0
% N 100mgfJFDM A (0. 780mmo1 ) A15mLIK) T 7K DMSO o 4R i B iZ e i iz N UK-Eh /K i (Z41-10°C)
I AR SRR I, K521 9mg () AT B0 (1. 95mmo 1 ) 2043 3 in N 3 HoKiZ% V8 & W0 7E LT
FE TR B 3073 % o 7R RLI , B S50 AR I 3 R ZEAT 9F B | 147 BT B Sk 11 o 78 ) 2408 4
IR AR S E S JE T B 240ul i 1-3 245 (1. 72mmo 1 ) 28 FH S 88 NN o 4R 5 K i iR
B PN A IR IR Ak R e N AR AR IR B[R] 5, B8 NS IR I B L SRR B R
TLCHR b, 7E9: 1R 2 458/ TR L g v B I J5 2 A IS TLOAR S 7 HY B — 457 (RH R AT 4 th) o FDM
AR 25 (BE2%) W B R ANAFAER, R T X FHRA O & e AL AR Bz A
SmL AT /K FN5mLIF) — & H KRR B IF B 2 X JF B 3-5mLAR R — S I A BUZ K ZE KA L
FHA I FHTCK R BRBE T4 1 VI HL7E B2 VR4 A TR R AR W0 v e AE e /N &
Ferp I H AN BN 20g R B A, SR e B AR B 25 R T8 SR UL B T P2 0 A I o 43X b
BRI 21— AT 6 il i A R B o, Herp F OB 28 U J5e P 13 % A 20 R 2 T P R s 2 it v 4
BELE B2 IR 4 o Bk O IR 124mg (B (FRSE 1) 53 % ) « 'H NMR (400MHz ,CDC13) 8
(ppm)6.32(s,2H),4.63(s,4H),3.40-3.36(m,4H),2.10(m,2H),1.59(m,2H),1.48(t,J=
6.0Hz,4H),1.42(m,4H),1.35-1.30(m,10H),0.91(t,J=7.4Hz,6H);'*C NMR(100MHz,
CDC13)6(ppm)152.23,108.3,71.6,68.1,32.6,31.4,29.8,25.4,13.3,
[0229]  Sfi11:2,5-R0((F kesaFk ) B 36 ) Wi , BRI & ik
[0230]

HO OH + [_[J_/

K
LY N 0 DMSO
) t Br _— s
iy o O

0°c :
£ ::‘_ . ,"i 1 4

(02311 SIS - (] FiC 45 A5 PTRE LR 78 I G 77358 ¥ 48 11— A BE RS 488 1 .29 1 OmL [5] Ji5 8
2N 100mg[FJFDM A0 . 780mmol ) F15mL [ 57K DMS0 . 4R J5 K4 1% e i i A vK—2h /K 3% (41-10°C)
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i 3 H RS RE I RIS, 421 9mg (R T B4 (1. 95mmol ) 434 Hb in N 3 ELI %R & W AE IR
FE R 3FE3050 8l o AE ML, 4 350 AR I B ZE 43 5F HL48 ph 147 BB 2 0tk 11 o 78 TR 2 40 4
(I 3 RSB ST 4120009 1-1R T =48 (1. 72mmol ) & FHVEST 28 IIN o SR J5 4%
RAYIININE E IR I8k 52 I NI o 703X BEI 8] J5 , 7% — A 45 20 e 90 BRSO RE 26
JRTLCAR b, 7E10: 1R O e/ LR S Big R T Je i e R TLCAR Y27 He B — 2y (RHPR B 4L )
FDM ARRJRFAE 25717 (B 28) B B R A EAERT , R T XA O & e 2k AR iz &
W) F5mL ) 7K A5mL ) — & b B 9 B 23 X H R 3-5mLARFR 1) — S&UH b 2 BUZOK 2 o 5%
AHUHG FF FTCK IR EE T4 I U8 5F HLAE B8 N B R R WA i A e /N —
A LE R IE B 20 20g e B H , SR Ja 1 AR 028 R 0, SR AP 1 B R o X
FRAT BRI 21— AN T4 il () e AT b, b e 2 2 0e Hh 9% (1) LR 4 s i) PR 4,33
AR AE W 5 oK B A 1 139meg B (B S (B K)39% ) o 'H NMR(400MHz ,CDC13) 8 (ppm)
6.42(2,2H),4.67(s,4H),3.42-3.39(m,4H),2.06(m,2H),1.58(m,2H),1.47(t,J=6.4Hz,
41),1.40(m,4H),1.38-1.30(m,34H),0.91(t,J=7.0Hz,6H);"*C NMR(100MHz,CDC13)8&
(ppm)152.4,108.5,73.4,69.9,33.0,31.2,30.9,29.8,28.7,26.2,25.4,24.9,24.1,23.3,
22.1,13.3.

[0232]  sffi12:2, 5= (- )\ e da 2k ) F 25 ) kg , B & ik

[0233]

HO OH - ~

K
o, ; ' 0 DMS0 —
; _— ; 4 D e R y

i CETR Lo o

[0234] S5 . ) i £ A PTRE IR 78 10 Bk 70 0 4 e () — AN ML A6 TR 014 L B350 1 OmL 5] JEC K
% N100mgJFDM A(0.780mmol ) AI5mL K] 5 /K DMSO . 4R J& i e iz N vK—2h /K (41-10°C)
o 3 EE SRR RIS 521 9mg (AR T B2 4 (1. 95mmol ) 4343 b i N 3 ELKFZ IR & e b iR
FE R EFE305 %l o AE BES , 5 20 AR I B ZE 43 5F HL28 el 147 BF B B2 <0tk 1 o 72 R 2 40 4
[ Rl H HAE RS 55 )2 T, #586uL 1-3R 1 )\ (1. 72mmo 1 ) 28 FH S 38 I o 2R J5 4 1%
TR PN 22 35 T 4 2L I SR o 7R IR BRI 8] 5 5 B8 H — NS5 2 3 URE  ELW L ASORE 21 ek
JRETLCAR b, 7E 11 1 e/ LR L B R T JE i i R TLCAR S 7 H P — 25y (AR Sl e 1)
FDM ARRJHRFAE 25717 (B 28) B B R A AEAERT , R B T XA O & e b AR Rz &
V) FH5mLIF 7K F5mL I — SR e B 3 H 2 X H A 3-5mLARFR 1) — &0 ke 22 BUiZ K 2  F
A WAHG FH  FHICKBR IR EE T8 ik I HLAE F02S R IRAR W IR R WDV A e /D 2 —
AL I HoMA RN 20g A B A, SR Ja 1 AR |28 R T8, SR AL B T = M IR o X
FRAT BN 21— AN 1056 il () A A b, b U e 22 2 e HH 6 %6 (1) TR & B ) Pk 433
PRI MEAE IR JE 2K A B E AR 17 Img OB (B2 {E 935 % ) o 'H NMR(400MHz ,CDC13) , 8 (ppm)
6.40(s,2H),4.52(s,4H),3.41-3.38(m,4H),2.08(m,2H),1.65(m,2H),1.48(t,J=6.2Hz,
4H),1.41(m,4H),1.40-1.28(m,58H),0.89(t,J=6.8Hz,6H);'*C NMR(100MHz,CDC13)8
(ppm)152.7,108.6,73.6,69.0,33.0,31.2,30.9,29.8,28.7,26.2,25.4,24.9,24.1,23.8,
23.3,22.9,22.5,22.1,21.7,21.3,13.3.

[0235]  E.FDMEAJiF
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[0236]  sEf13: (5-( (/) \ B 2E ) FF 2L ) RRIR —2- 2% ) FR EE , B & ik
[0237]

©
0 DMSO i

) Bt ) ]
0°C £ 39 KL(;/—JO”
A > ¥ oA H

[0238]  SIEG : ) i £ A7 PTRE IR 78 10 i 7 4 4 e 1) — AN L6 T8 1 L B 3901 OmL 5] JEC K
% N 100mgfJFDM A (0. 780mmo1 ) A15mLIK) T /K DMSO o 4R i B iZ e iz N UK-Eh /K i (Z41-10°C)
b 3 ELAE SRR [R5, K 8 Tmg (AU T B8 (0. 780mmo 1 ) 243 i in N 3 B % VR & W 4 16
FE TR 3073 % o 7R BEI , B S50 IR 3 R ZE AT IF B | 147 BT B gk 11 o 78 J B 40
(I AR S E S E T K266uLrg1-7R 1+ /\FE (0. 780mmol ) £ H VEST 2 M - 28 J5 1%
ZIRA NI R b B8 e BT R o AR IR BB ) 5, 7 H — N4 2 iR 3 HDR L SRE 3
TERTLCAR b, 76 : 1 O bt/ LR £ e R I 5 i B TLOAR 7 H =A% iy (EH R i 4
) ,RE1=0.91 (FDM i ) FIRf2=0.60, UL S FE 28 (R e BiFFIFDM A) o AFHRFAE 2575 B T A2 AN
TEAERY , W T IX R 7 & 42 58 2 #4k B I LC/MSHI 23 #r (APCI—,RP 1. 7um,2.150mm, i3
FH-1EE50 % 220 % 1) /K AECHaCNH , YO . 5ml/min. ,M-1) , #5379 . 38 Im/ 2

[0239]  siffi14: (5-( (- hesel k) B 2 ) R —2— 3% ) FR i, B & A%

[0240]

HO OH x*
2 0 DMS0 NN
\J

t Br — .
—|— e r—— OH
0°C £ 4 0
A |

[(0241] S5 . [m) Bc £ A PTFE IR 8 I 4 ) 0 1 e 0] — AN HEFE TR 04 L 5. 391 1 OmL 5] IS AR
% N 100mgfIFDM A(0.780mmol ) AI5mL A JE /K DMSO . 4R Jm 5 iZ e iz A vK—2h 7K (41-10°C)
b 3 ELZE SRR [T, K 8 Tmg (AU T B4 (0. 780mmo 1 ) 43 b in N\ 3 B % VR & W 7 LG
FE R 1eFE305 S AE ML, 4 30 AR I B ZE A3 5F HL&8 bl 147 BB 2 0tk 1 o 72 TR 240 4
R I HAE R B 5 JE T 5 B 18TuL i 1-3 -+ — %t (0. 780mmo1 ) £ FH VA 5 &8 I o R 5 %
AR AN A R IR R S I B AR o AR IX B[R] J5 , B8 H — NS iR I HoK LSRR
TR TLCHR b, 7E5: LI bt/ LR £ B e T Ja 1Ak I TLOAR i 7wt A I 25 1) 2% s (FH IR
Bigets) ,Rf1=0.91(FDM M%) ,Rf2=0.55(H #5B) ,Rf3=2E£E (FDM A) . 383 GC/MSIH) 43 #r
(B, HIUR70°C , 3 E5°C /43 8h 2 350°C , AR FF60min . ) fox 2 AT U0 N 4R B I 1) 1) = A B 2
{55 :a)11.3min. ,m/z 128.1(M+,FDM A),b)24.2min.,m/z 296.2(M+,FDMHLFEEB) .
[0242]  sff15: (5-( (AL ) FE 5L ) W —2—- 28 ) HH I, B & ik
[0243]

HO OH %

-K OH
O _ : O DMSO /\/\/\0 O
\ J AN _i__

0°C £4:2 \_/
A B
[0244] S5 . ) e £ A PTRE IR 78 10 i 70 0 4 e 1) — AN ML A6 T8 14 L B 2911 OmL 5] JEC K
N 100mgftJFDM A (0. 780mmol ) A15mLIK) I 7K DMSO o 2R i B iZ e iz N UK —Eh /K i (Z41-10°C)
b 3 ELAE SRR [R5, K 8 Tmg (AU T B8 (0. 780mmo 1 ) 243 i in N 3 BB % VR & W0 4 16
TR 43073 % o 7R BEET 5 S50 IR 3 R ZEAT IF BE 147 BT B B gk 1 o 78 J) 240 4
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Rl I HAE R B JE T 5 K 109uL i 1-IR e (0. 780mmol ) 22 FHVES 28 IO o SR J5 44 1%
TR AW INIRE R IR 4k 4L S NS IR o 751X BRI 8] 5, B8 Y — AN 25 2 3R o EL L S ke B Rk
JETLCHR b, 723 : 1H e/ LR L s v B T Ja Ak IR TLCAR 27 HE = /N2t (BHIR Bl e 8 )
Rf1=0.89(FDM M) ,Rf2=0.57( H#RB) ,Rf3= L2k (A SifFJFDM A) . 38 3 GC/MSH 43 #7
(BT, HIUR70°C , 3 E5°C /43 8P 2 350°C , AR FF60min . ) Eox H H A U0 N 4R B I ] ) = A B 2
1155 :a)11.3min. ,m/z 128.1(M+, & NI THF - %) ,b)17.6min. ,m/z 212.1(M+,FDM
AT ,B) o

(02451  F.FDMEFRI S5 ATAED)

[0246] Ak b, S FhATAE YW F0 AT DL b FDM Bk 1) %, F HLIX SEFDMAT A= W i) 1) 4 % A
55 H T HH bHMTHE AR AR 4 4 k- AT AR 010 S N 77 58 AH R BABARA IR B B T 28 (b b 22 1)
ARE ), UNE I SE AT A AR 1 o BRI, e RN G BRI, DL S5 B A U B AE Bk
) SR 1) B S A, T AN 2 B 2 S R0 52451 FH T~ FH FDM R K & R AT A2 40 BB
FE X Lo AR A 52451 () 45 Fh Ak S 5 AT AR ) bEMTHE B4 8k () 4 Fh Ak S 25 L (Bl i, B 1E N
TV T ) 2o PSR 398 8 ) 4 1) s A S FH IR AN o] K R T R SR 0 o

[0247]  sf16 - BRERE (5—( (- el k) F 2 ) R —2—J%) FH S, BE) &

[0248]
HO 5 ) CISO;H ~ HO;S0 5 O
< CHCI,, 0°C v
A
B

[0249]  SZEG . [ BC 5 H 0. 57 PTFEIR 78 1 HE T B G 7450 FE 0 09— AN BEFS T8 10 L B 3501
10mL ) 15 JE& 7 H 28 N 100mg [ (5— ( (- e a2k ) HY A6 ) PR i —2— 28 ) R BEA (0. 337mmo1 ) A
Je5mLIF) TG 7K CHC 30 SR8 J5 iz B IR A\ B VK- ER 7K (£9-10°C ) I AR FE M [FI I, 2815
A3 BhiZ R I N22 . SuL i SR (39. 2mg, 0. 231mmol ) o« SR S5 ¥HiZIR-E W N & 2= R IF 4k 4
JVE 17N o FEIX BB [8] f5 28 FHNE e 78 R RN 15 3028 22 B A2 3 A AN AR GRTHC T o 444 9% 2 € SR %
RVVE AL N ER) AR I BB TR R 5 - B RS B 1 A, R IX 2
fn AL Y I HLT R4 55mg (BRI A A943 % ) B . JE 2 43 #T (CH) < X FCisHa206S TR M (C,
57.42;H,8.57) s KILHI(C,57.51;H,8.60)

[0250]  sf5i17:2-((2-(((5-(()\Jrda ) B 28 )W —2— 28 ) HE 2 ) & L ) 2. 38 & ) -4
B, CHI A A%
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[0251]

HO

Ho o« iy ( OH \m

IOy 0 | f 1) THF* DIEA ‘L\'H
— : HN — - 3 0
\_/ 0C 532 \]/ 2 &% 6h \(_])
E R \
A B u,_'(‘/

[0252] S5 . [ AL & H 0. 57 PTFEYR 78 B )\ ST I RE 0400 B () — AN WL FE TR 04 L B 391
25mL I [ JE IR H 22 AN 100mg [ (5—( (4 /bt a2 ) HY 8 ) B —2— 2% ) FRBEA (0. 263mmo ) 142
LLAAEERE (0.526mmo1 ) BA & SmLIY o 7K S H It o S8 5 ¥ i B IR A\ B UK -2 7K (£5-10°C)
i HAE SRR RN, 22 1543 & N 44 . 20l = 58 FR RSB BT (0. 263mmo1 ) « 48 5 1% IR
EYINFAE F R IR S [ N 2/ N o PEIX B 18] 2 5, 7% tH— AN e I F HOR I s A e
JRRTLCHR b, Z A IR TLCAR 25 % R & B e B v T « — A s IR 120k (BH R i T AR
1) s R =054  ANFELEXT BT AR RE 2671, RE=0.41, R B2 HAL AR 5 28 kit &
(R 77, BRI S = F bR (5— ( (/e 2k ) 8 ) R —2— 2% ) FF R, BIY) 1 1 0mg [ ¥R
BEEHPRY (82 %) o 5 IX Mt BHE J5 2128 SR b A FH i i A it — 2P 4liAk, o 1n) i 4 A PTFE IR 78
1) 740 P T — A B 20 1 50mL 5] JEC B H 2 N 100mg [ — 36 FF e i R (65— ( (1 )\ b 48U 2% )
P ) IR I —2— 32 ) RSB (0. 195mmo1 ) .20 . 3mg ) 2—- ((2-& £ &) & 3L ) Z 8% (0. 195mmo1 ) «
67.9uLf) — A FE 2 1% (0.390mmo ) F1110mL ¥ JE 7K THE o 4 — > [B] i ¥4 Uik 2% 355 Fic 21 1% e il
b I HAEBCRER R, B2 O 2 [ R KR B26 4 /N o AR IX BRI 8] 2 J5 5 1 — N5 23k
FESREH SR I Hod i TLC CRHER Ffi mT A4k ) 70 4T, R ZRBEL &8 58 4Vl 2% « ELF K% IR & 1) i 15
B —ANFEEE AR P i ) AL FE R A AR I AT B, o BT K O R s il vk e it
A H R T LR 3 1mg 1) 2 (2 ( (5 ( (- )\ e 528 ) FE 3k ) iR —2 -3 ) R L ) ‘U3 )
23 HE) ZmEC(34% ) o 'H NMR(400MHz ,CDC13)8 (ppm)6.38(d,J=8.2Hz,1H),6.16(d,J=
8.2Hz,1H),4.51(s,2H),3.62(m,3H),3.45(m,2H),3.32(t,J=6.0Hz,2H),2.94(m,2H),
2.80(m,2H),2.61(m,4H),1.59(m,2H),1.42(m,2H),1.33-1.29(m,28H),0.91(t,J=6.8Hz,
3H) ;13C NMR(100MHz,CDC13)8(ppm)149.9,149.1,108.2,107.0,73.5,68.2,62.1,51.6,
50.9,47.8,46.6,30.3,30.0,29.6,29.5,29.4,29.3,29.2,29.0,28.9,28.8,28.7,28.6,
28.4,28.2,28.0,21.8,13.8

[0253]  SEf5i]18:1-(5-( (A 2E ) HH 2 ) W pg —2 % ) N, N, N—— R 5 R e Lk 2, DIFR) 5 ok
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[0254]

HO {)/H) Mo (J)) “Jj

L&) Tf,O/Py" : @/\Nn: 1y DIEA® EtOH" 50°C BN &
\ y/ 0'CEx = v 2) 102 Pd/C: ”: ‘\‘_])

A B ;
I 1
- I
f © .»H/
BN o cmroma ¢
\\(f S o, Moo
\_/ DMF 0°C z 43
= W
C D

[0255] 5256« [n) ic £ A6 HE T B9 LemfRT PTEE LR 78 B 4 7045 FE 8 ) — AN B A T8 1Y L 25mL L 357
[ JE o L A 2 N 125mg i (65— ( (LA 2L ) FR 2 ) W —2— 28 ) FE A (0. 589mmo 1) \ 94nL I L BE
(1.18mmol) F10mLAI TG/K S H 5t « 2R e Bz e IR N B3R 7K /0Kt (£9-10°C ) 3 BLAE R
FUBERE RIS, 22 1073 50230 I N99 . 1uLi¥) = % F RSB BT (0. 589mmo] ) o 4R 5 A I 1% 0K I
BT AR R g SRR 2 /N o PEIX BN 8] 2 )5 B8 Y — AN S5 20 1R o L SRR AR IR
TLCHR F3F FHEC i h20% ) LR S Bs R T, R 7 HARe=0. 521 B —2%7 (FHBR Bl v] AL
10)  ARIRFIE 2671 (Re=0. 39) B R AAFAERT , R T IX PG O & 58 & F Ak AR Ja i JE ]
P ELWE IR VR AE 302 TR R 4 i 1, $R AL Ky R P 183mg ) = 36 FF e B R (5 (24
B ) FRR ) Wk 205 ) FREB (90 %6 ) KX Bl =4 7452 T >R ()20 BR e A i A gk — P 4l
[0256] )Pt £ Lem PTFE LR 78 10 14 70 4 H # 1) — A FRL 351 25mL ) [B] J be Jfi h 2% A\ 150mg
) = 3 PR e R (5 (43 ) R L ) IR IR -2 3% ) FA B (0. 436mmo1 ) « 152uL [ Huni g
(0.871mmol) \48uLF) <% (0.436mmol ) LA 2 10mLA) . W% o 1% FH [nl i 4 e s n = , 31 EL7E
FUBEEEI R W% TR SN 50 °C R S22 /N o 783X BRINFIA] 2 J5 , TLC (UV ATAR % 4l o] 48
1) 22 B B — 1) 2% i DA B A Bk ) 1) 4 350 Y FE o S8 IS FH 1OmL KT 7K FH 1 OmL P — 550 FF J 4 A 1%
RA I HIE R A S 2 7K 2 FSmLAR R & e (x2) HL, HHLZ & BT
fo , PR S5 G R [ 4 K3 Rk 43 5 100mg ) 10 96 P /C A1 OmL A TG 7K 2 B — e 28 A\
— AL A PTRE SR 78 1 7135 414 11 25mL B [ SIS A o 126300 FH — AN R v i - HL 78
2B A ERE 9T~ V167 £ 4N 5 I ZUHEFEZ IR A P 9F HIBE TLC(UV-vis i #i4k ) B 4% .
1.5hJ5 » 2SN A R 56 5 88 I el v 1 1 e B o i A A7) 9 EL D AE B N IR G i, 12
ft 2T AN BORR B T Img I (5 (LA R ) B 28 ) Wi —2— 28 ) H i C (77 % ) B X P =4 7
PRk B Al T A 23— Aliqk .

[0257] ) i 25 A4 PTFE 1% 78 F i 3 4 F e 0] — > B 35 X 25mL ) [ e e e 2 A 50mg ) (5
(D) 5L ) e —2— 35 ) FEB%C (0. 237mmo ) A J% 5mL ) T 7K DMF o 1% B8 FH — B 422 31145,
AEO BRI R B H BIR NLFNER K/ OKIR A (290°C ) H o 78 8 245 P 1) 7] B
HHAEGS T K 74nL ) B 3L (167mg, 1. 18mmol ) 7E 104549 P 3Z M I NAZ IR &) - 75 58 4
IINES S 2z 0K 3 BAE =i N %R A I - R IX B (8] 2 J5 , IIN15mLI — 2,
Fik , 1% 5 B0 — PP L E AR UTUE 0 P8 E A4, FH5mLIY — 20 B% (x3) P Hom B % (<1FE)
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TR 1 AR X BN A) 2 5, 3845 55me (BB 61 % ) i S 40 ok KR 1-(5- (24
HE) PRI ) MR IR 235 ) —N N N—- = Ff 5k FR ¢ Ak D . 'H- NMR (400MHz , d°~DMS0) 8 (ppm )6. 29(d
J=8.2Hz,1H),6.10(d,J=8.2Hz,1H),4.42(s,2H),4.30(s,2H),3.51(s,9H),3.40(t,]=
6.2Hz,2H),1.48-1.46(m,4H),1.33-1.31(m,4H),0.91(s,3H);'*C NMR(100MHz ,d%-DMS0)8
(ppm)152.7,151.4,109.0,108.2,73.6,70.0,68.8,50.6,30.8,30.1,23.4,22.5,15.8.
[0258] O S A H- (& B T SR AR HB R 1 A BH o AR S8 1) 85 d RN 0 S B i, R
R AN SR B T4 e 9% 8 1 St 491 T e 76 AN IO e DA BRI B SR P B L A5 3 (R 4
H /T2 R ECA 5 R W A SR 43, e AT AT DAAE A K B 1 v 45 ) B s S R 2 B
[ Y B R 1R 0 T ] DA HE A ORIAR 4K, o BRI B AR Ak 57 A1 i 28 A i B PR L, 75 T T e s
A A A R R e LR AE B
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