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S-(HYDROXYMETHYL) FURAN-2-CARBALDEHYDE (HMF) SULFONATES
AND PROCESS FOR SYNTHESIS THEREQOF

BENEFIT OF PRIORITY
The present application claims benefit of priority from 1.8, Provisional Application No.:

61/816,847, filed April 29, 2013, the contents of which are herein incorporated.

FIELD OF INVENTION
The present disclosure relates to furanic sulfonate molecules, to particufar methods by which
such molecules are prepared, to certain derivative compounds or materials made from such molecules,

and methods for making the derivative compounds.

BACKGROUND

Biomass contains carbolydrates or sugars (i.e., hexoses and pentoses) that can be converted
into value added products. Production of biomass-derived products for nos-food uses is a growing
industry. Bio-based fuels are an example of an application with growing interest. Another
application of interest is the use of biomass as feedstock for synthesis of various industrial chemicals
from repewable hydrocasbon sossces,

In recerd yewrs, an increasing effort has been devoted o find ways to utilize biomass as
feedstock for the production of organic chemisals because of its abundance, renewability, and
worldwide distribution. When cousidering possible downstream chemical processing technologies,
the conversion of sugars to value-added chemicals is very tmportant. Revcently, the production of
furan derivatives from sugars has become exciting in chemistry and in catalysis studies, because it
aids major routes for achieving sustainable energy supply and chemicals production.

The compound 5~(hydroxymethyDfurfural (HMF) is an important intermediate substance

readily made from renewable resources, specifically carbohydrates,

HMF

HMF is a soitable starting material for the formation of various furan ring derivatives that are
known intermediates for a variety chemical syntheses, and as potential substitutes For benzene based
compounds ordinarily derived from petroleum resoarces.  Due to #is varions functionalities, i has
been proposed that HMF could be utilized to produce a wide range of products such as polymers,
solvents, surfactants, pharmaceuticals, and plant protection agents. As substitules, pne may compare

derivatives of HMF to chemicals with the corresponding benzene-based rings or to other compounds
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containing a furan or tetrahydrofuran. HMF and 2,5-disubstituted furans and tetrabydrofuran
derivatives, therafore, have great potential in the field of intermediate chemicals from renewable
agricultural resources. In order to compete with petroleum based derivatives, however, preparation of
HME dervatives froom common agricaltural source materials, such as sugars, nwst be economieal.

Untit recently, furanics have not been commercialized because large-scale production of
furanic intermediates has not been cost-effective. The common dehydration route of frustose to HMF
generales many side products, making subsequent parification severely cumbersome et
mdispensable. Various different processes have been advanced for the catalytic conversion of sagar
toy furan chemicals. (See penerally, X. Tong ef af., “Biomass into Chemicals: Conversion of Sugars to
Furan Dertvatives by Catalytic Processes,” APPLIED CATALYSIN A: GENERAL 385 (2010} 1-13))

The relevance or appeal of HMF as a renewable, bio-based feedstock is underscored in
several recent reviews, such as: Robert-Jan van Putten er of., “HydvoxymethyHfurfural, A Versatile
Platform Chemical Made from Renewable Resources”, Chemical Reviews 2013 AS4£; K.S. Arias, &7
al., “From Biomass To Chemicals: Synthesis of Precursors of Bindegradable Sarfactants from $-
Hydroxymethylforfural”, ChemSusChem 2013 6 123-131; Dutta, Saikat; De, Sudipin; Baba, Basudeb
“A Briet Summary of the Syathesis of Polyester Building-Block Chemicals and Biofuels from §-
Hydroxymethytforfucal” ChemPlusChem 2012, 77(4), 259-272; or Amarasckara, Ananda S, “5-
hydroxymethylurfural based polymers”, Renewable Polymers (2012), 381-428; Rosatella, Andreia
Al Simeonov, Svilen P Frade, Raquel F. M.; Afonso, Carlos A, M. “3-Hydroxymethyifurfural
{HMF} as a building bloek platform: Biological properties, synthesis and synthetic applications™,
Green Chenustry (2011}, 13(4), 754-793.) Nonetheless, one of the concerns with HMF, is that HMF
itself is rather unstable and tends to polymerize and/or oxidize with prolomged storage. Furthermore,
HMF is also somewhat difficult to isolate and that it has limited uses as a chemical per se, other than
as a souree for making derivatives.

Currently, one is not able to casily convert HMF directly into many derivative compounds,
Typically, one needs to perform a series of inter-related hydrogenation or hydrogenolysis of HMF to
convert furanic intermediates inlo esters or ethers, which in turn, one can transform more readily into
useful end products. Nounetheless, the conversion routes from esters or ethers tend to be parrow In
scope. In view of the current shoricomings and great potential of HMF as a renewable chemieal
material, a need exists for an alternative means of working with HMF. The present tnvention can
address this need o provide a modified BMF molecule which is both stable and enables one to
perform a variety of chemical reactions divectly from the modified HMF mofecule. The modified
HME molecule can increase the utility of HMF and support the interest to develop better ways of

making building blocks for the emerging market of green materials and renewable energy.

SUMMARY OF THE INVENTION
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The present invention pertains, in part, 1o a method for preparing S-(hydroxymethyl) furan-2-
carbaldebyvde (HMF) sulfonates. The method involves reacting a mixture of a 5-
(hydroxymethyifarfural (HME) with a sulfonate species, and & reagent of either 1) a nucleophilic
base or 2} a combination of a non-nucleophitic base and a nucleophile.  In certain embodiments, the
sulfonate species can be at least one of: a) a tritluoromethanesulfonate anhydride (triflate}, b) a p-
toluene-sulfony! halide (tosylate), ¢} methans-sulfonyl halide {mesylate)}, d} ethanesulfonyi halide
{esylate), and e) benzenesalfony! halide (besvlate).

fn another aspect, the present invention relates to the HMF-salfonates prepared according to
the method described herein, and thelr use as precursor chemicals for subsequent moditication or
derivatization into other chemical compounds. In the particudar, the HMF-salfonates include: a) (5-
fornmyHuran-2-yDmethy! methanesulfonate (HMF-mesylate); by (5-formylfuran-2-yimethyl
trifleoromethanesutfonate (HMF-triflate); o) (5-formylfuran-2-ymethy! ethanesulfonate (HMF-
esviate) 4} (S-formylfuran-2-yipmethyl 4-methyibenzenesulfonate (HME-tosylate); and e) {5-
formyHoran-2-yDimethyl benzenesulfonate (HMF-besylate).

in other aspects, the present invention relates to a process for making certain furanic
dertvative compounds of HMF-sulfonates, and the derivative compounds that are synthesized directly
from HMF-sulfonates by means of ransforming reactions, such as alkyiation, amination,

estertfication, halogenation, olefination, oxidation, redvuction, or thiolation, etc.

DETAILED DESCRIPTION OF THE INVENTION
Sextion §. — Description

HMF-sulfonates can open new pathways that enable better use of HMF as a starting material
and more convenient chemical synthesis.  HMF-sulfonates are useful as precursor chenvcal materials
for g variety of potential compounds, incloding for instance: polymers, alcohols, organic acids,
amphiphiles, surfactants, or solvents. A significant advantage of using sulfonate analogs of HMF
sver HMF in chemical reactions is that the sulfonate moiety allows for facile tntroduction of new,
useful functionalities to an HMF moleculs that otherwise would be very difficult or impossible to
achisve via direct derivation of HMF. For example, preparation of furanic derivatives having long
chain, unsatarated fatty acids would be an inefficient, low-yielding {e.g., < ~5%8) process if performed
directly from HMF, Using current HMF-processing methods, one would not be able to modify and
directly halogenate, aniinate, thiolate, longer-chain alkylate or olefinate the HMF molecule within two
reaction steps, and obtain yields in significant quantities sufficient for potential commerctal uses.

HMF-sulfonates can provide an advantage 10 supervening conversions. HMF-sulfonate
reactions are Jargely quantitative; hence, they can generate with minimal loss, high yields of a target
derivative product. Additionally, HMF-sulfonates can belp control and enhance selectivity of certain
reactions. As demonstrated in the accompanying examples, the HMF-sulfonates enable one to
sefectively react at either the sulfonate moifety or the aldebyde moiety,  The sulfonate molety can

B
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either preserve the aldehyde functional group on the HMF molecule, or direct the chemical reaction
toward the methylene position. For example, if a target compound is 2 mono-aldehyde preparad by an
oxidation reaction, to derjvatize directly from HMF would be problematic without the sulfonate
moiety, as both the ~OH and aldehyde moieties would oxidize withous any selectivity.

Further in another example, to perform a Fisher esterification divectly with BMF would be
uniikely, because one must use an acid catalyst and bigh temperatures. As mentioned above, HMF is
inherently unstable, it will readily polymerize at elevated temperatures, even in the absence of
air. Conversion of HMF into HMF-sulfonates, however, can significantly stabilize HMF because the
~OH moiety is changed to a sulfonate, obviating the molecule’s capacity to polymerize with the

aldehyde moiety of another HMF molecule.

A, Preparation of HMF-Solfonates
The present disclosure provides, in part, an efficient and facile process for synthssizing 5-
{(hydroxymethyl) furan-2-carbaldehyde (HMF) sulfonate (i.e., HMF sutfonate) under relatively mild
conditions. The process invelves reacting a mixtare of S-(hydroxymethyUfurfural (HMF) with at
teast a sulfonate species, and a reagent of either 1) a nucleophilic base or 23 a combination of 2 non-

nucleophilic base and a nucleophile, as two separate reagents. One can use a variety of sulfonates,
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without limitation,

The present synthesis process can result in copacetic yields of corresponding HME sulfonates,
as demonstrated in the sceompanying examples. The process is able fo produce HMF salfonates in
reasonably high molar yields of at least 50% from the HMF sfaniing materials, fypically about 55%-
70%. With proper control of the reaction conditions and time, one can achieve a vield of about 80%-
90% or better of the HMF sulfonates. HMF can be obtained either commercially or synthesized from
relatively inexpensive, widely-available biologically-derived feedstocks.

Scheme | ilfustrates an example of a first reaction pathnvay esing a nucleophilic base.

According to this fivst embodiment or pathway, the process involves reacting initially a nucleophilic
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base with the sulfonate (i.¢., triflecromethanesulfonate anhydride) to generate 2 reactive intermediate,
then adding HMF to the reaction to generate the HMF triflate.

Scheme 1
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This reaction exhibits relatively fast kinetics and generates an activated triflic complex. This reaction

ts gssentially ireversible, as the hberated triflate is entirely non-nucleophilic. The triflic complex

then reacts readily with the HMF, forming an HMF-triflate with concomitant release and protonation

of the nucleophilic base. The tosylate, mesylate or other sulfonate species can also be used, but they
10 tend to react more slowly in comparison to the triflate.

The single reactive species is both a nucleophile and a base that can deprotonate the hydroxyl-
group of the HMF anhydride. Different reagents can be emploved as a nucleophilic base in the
present synthests process. Some common nucleophilic bases that can be used may include, for
exanmple: pyriding, derivative thereof] or siructurally similar entity, such as dimethyl-aminopyridine

15 (DMAP), imidazole, pyrrofidine, and morpholine. In particular embodiments, pyridine is favored
because of its inherent nuckeopbilic and alkaline atiributes, relative low cost, and ease of removal
{e.g., evaporation, water solubility, filtration (protonated form) from solution.

In certain protocols, the synthesis process involves reacting the trifluoromethanesulfouic

anhydride with the nucleophilic base prior to an addition of the HMF so as 1o activate the ashydride
20 and form a labile, ammontum {e.g., pyridintum) intermediate (Scheme 2}, which it is believed enables
the poorly nucleopbilic hydroxyl group of the HMF to directly substitute, forming the HMF-triflate

compound and to both release and protonate the nucleophilic base.

3
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Scheme 2: Reaction intermediate
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triftuoromethanesolfonate

As a second-order reaction, the reaction is conducted at a relatively low initial temperature,
which perimits one to control the reaction Kineties 1o produce a single desired compound and helps
minimize the generation of a mixtere of different byproducts in significant amounts. In other words,
the cool to cold initial temperatare helps lower the initial energy of the system, which increases
controf of the kinetics of the reaction, so that one can produce selectively more of the HMF-triflate
species than side products.

In the reaction between the triflate and HMF, an interesting phenomenon is observed, During
the addition of THO, a temperature higher than -10°C will generate dark brown solutions with profuse
solid matter (hamins) and result in relatively fow HMF vields (f.e., < 15- 20%). This suggests that
competitive side reactions will tend to ocour at temperatures greater than -10°C. For example, at -
HPC 10 -15°C, an infensely vellow solution without solids was discerned after all of the triflate was
added. Hence, the reaction should be conducted at an injtial teraperature not greater than about ~10°C
or -12°C, In certain embodiments, the initial temperature is typically in a range between about -15°C
or ~17°C and about -78°C or -80°C. In preferred embodiments, the initial temperature can range
between about -20°C or -25°C and about -60°C or -75°C. Particular temperatures can be from about -
22°C or -25°C 1o about -65°C or -70°C {e.g., -27°C, -30°C, -32°C, -36°C, -38°C, -40°C, -45°C, -
S07C, -85°C or -57°C). (As used herein, the term “about” used in reference to a value means the
referenced valtug plus or minus the degree of ervor inherent to an instrument used to measure the
value.} Generally for the other sulfonate species — meslyate, tosylate ete. — the synthesis reaction may
require less rigorously controlled conditions, and can be conducted at a higher initial temperature of
up to about 16°C, typically about 1°C or less.

In the synthesis of HMF sulfonates, one should be conscientious about the stringency of
reaction conditions such as termperature, rate of addition of the reagents, and the ratio of sulfonate to
HMF. For instance, one should maintain & maxinnan of L'l molar equivalent of THO per HMF.
Addition of volomes in excess of Tmolar equivalent (even by an excess of as little a5 ~0.03-0.05) of
THO can induce the reaction solution o decolorize and precipitate solids from solution and result in
imperceptible HMF-triflate yields. Further, rapid addition of THQO can resalt in deeply colored
solutions accompanded by precipitate formation and negligible vields of HMF-tiflates even at fow
temperatures of -78°C. To prevent this from happening, one should add the sulfonate to HMF in a

stow and gradual manner. As the reaction between sulfonates and HMF is stoichiometric, the addition

)
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of the witlate species to HMF should be about 8.03-0.05 or 0.06 equivalents per minute {e.g., about
20-25-30 or 34 microliters of the triflate per minute tna 10 mL vessel {see, Exanple 13 Generally,
the total amount of sulfonate (e.g., 666 pl. in Example 11 to be consermed in the reaction can be
introduced over a period of about 20-30-44 mimstes. The other sulfonate species appear nol {0 be as
5 sensitive to these kinds of reaction parameters. Hence, the other sulfonate species can be added more

rapidly or in some cases all at once,

As the synthesis reaction uses an excess amount of a nucleophilic base, any acid that may be
formed in the reaction {e.g., protonated form of isosorbide) immediately will be deprotonated, hence
the pH will be alkaline {i.e., greater than 7).

10 Scheme 3 presents an example of a second reaction pathway which uses the combination of a
noi-pucieophilic base and a nucleophile.  According to this second embodiment or pathway, either a
tosylate (as shown) or other sulfonates (¢.g.. meaylate, esylate, or besylate) reacts directly with the
HMF in a non-nucieophilic base-faciliated sulfonation of HMEF.

Scheme 3;
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This reaction is reversible and exhibits relatively slow kinetics; hence, heat is added to help promote
formation of the intermediate and drive the reaction forward to products. A non-nucieophilic base,
such as potassium carbonate, ts employed to deprotonate the HMF-toslyate compound. Somse
20 common non-nucleophilic bases that may be employed in the reaction include, for example:
carbonates, bicarbonates, acetates, or anilines. This reaction is usually performed at about ambient
roon: temperatures (e.g., J6°C-25°C) or greater. In some reactions, the temperatore can be as high as
about 36°C or 60°C, but typically is about 18°C-25°C-30°C or 40°C up to about 45°C-535°C. The
specific teraperature depends on the type of salvent used n the reaction, and should be controlled to
25 munimize excess side-product formation. As heating is required, the triflate species is not suitable and
should pot be used with this second pathway.
In the second pathway, a combination of a non-nucieophilic base and a nucleophile is reacted,

The non-nucleophiiic base can be an amine, inclading but not limited to triethylamine, NN~
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diisopropylethylamive (Hinig's base, (DIPEA or DIEA)), Nemethylpyrrolidine, 4-methylmorpholine,

and {.d-diszabicyeloy2.2.2)-octane (DARCO). In some embodiments, a tertiary amine base is

combined with a nucleophilic catalyt, such as strongly nucleophilic 4-dimethylaminopyridine

{DMAF). The nucleophile can be present in catalyvtic amounts, such as -3 mole% (0.61 to 6.05

5 emquvalents) or less of the reactive species.

In anuther embodiment according to the second pathway, when the nucleophile is the aleoho!

mofety of HMF itself, the reaction involves a non-sucleophilic base and heat, as thermal energy is

necessary to trapseend a high activation barrier of the transitory, protonated intermediate, This

dynwmic 15 illustrated in Scheme 4, which shows HMF reacting with a toslyate chloride to produce

10 HMF-tosylate, and an amine.
Scheme 4:

protonated intermediate

non-puecleophilic base

150 o &
O s
N ® i

The introduction of heat, however, can increase the probability of generating side products; thus, this

second nos-nucleophilic base pathway s less favored than the fivst pathway reacting with a

15 nucleophilic base.

B. - HMF-Sulfonates

in another aspect, the present fnvention pertains to an HMF sulfonate prepared according to

the present synthesis method,  Table 1 Hsts some of the different HMF-sulfunate compounds,

20 Table 1.

Commeon Name IUPAC Name Structure
{MMF-mesylate) | S-formylfuran-2-yimethyl methanesulfonate g
G o }“‘\
L/ (}
{HMFE-triflate) {S-formylfuran-2-ylimethyl trifluoromethanesulfonate F_,{*x {)
S0 \\1
l“ // (}

{HMF-gaylate} {5-formyifuran-2-ylimethyl ethanesulfonate e O
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o A
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{HMF-besylate} | {5-formyifuran-2-yiimethyl benzenesulfonate 3
e
~ ;t‘ ~ ./"\\\ ,.-O
g @ S
VoA Y
S G

As distussed below, the versatility of HMF salfonates (e.g., mesolyate, tosylate, triflate, ete. analogs

of HMF} makes them useful as a precursor chemical platform from which various different kinds of

derivative compounds can be prepared.

C. ~ Furanic Derivatives of HMF-Suifonates

in another aspect, the present disclosure pertains to certain furanic derivative compounds and

a method for their preparation. In comparison to HME, HMF-sulfonates ave usefu) as divect

antecedents to a variety of chemical analog compounds. An advantage to the use of HMF-salfonates

is that any desired nucleophilic substitution on HMF is facilely achieved with HMF-sulfonates, whick

otherwise would be very difficult or impossible with HMF jtself. HMF-sulfonates can control the

reactivity of the aldehyde molety depending on the particular reaction. For $32 chemistry, one can

dirgct the reaction to the suffonate moiety without involving the aldehyde. In other reactions, such as

reductive aminations or olefinations, a reagent will be more reactive towards the aldebyde carbonyl

motety.

Particular HMF-sutfonate species can perform more readily than others in subsequent

dertvation chemical reactions.  For lnstance, the triflate motety is one of the best nucleofuges (i.e.,

feaving groups} in the realm of organic synthesis, peonitting both elimination and nucleophilic

substitution evenis to be facilely rendered through tight control of reaction conditions, such as

temperatore, solvent, and stoichiometry. Other sulfonate species — melylates, eaylates, toslyates, efc.

- arg less reactive than triflates. Thus, one may select 3 particular HMF-sualfonate species fo tatlor its

refative degree of reactivity for the desired chemical reaction.

Once HMF sulfonates are synthesized according {o the method as desertbed, they can be

transtormed directly and readily o into other furanic derivative compounds by means of relatively

stiyple reaction processes. For example, one can react the HMF-sulfonate with least one of the

following: 8) an alkyl- or arvl-magnesium halide (Grignard reagents) or organolithium compound

(lithiates), ) an organic ackd, ©) an alky! halogen, d) an oxidizing reagent, ¢) & redacing reagent, ) 1

Schiff-base, g} a thiol and h) a Wiitig reagent to perform, respectively, an alkyiation, esterification,
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halogenation, oxidation, reduction, Schiff-base modification, thiol substinstion, or Wittig olefination,
such as depicted conceptually in Scheme 5.

Scheme 3:

K
o N
R—=$-0" ¢
{H
[H}T QO
Py ReS-0TT( )
Q ~ O O “‘*‘“
A v g \'/
07 R—5-0 \iu/ Alcohols
\i\ﬁm{? « Schiff bases /’f
sduced nroduet /TH] 0 O
Reduced product L ; / R—S- o \\} !/\/,, "ot
(0] .
O . e Carboxylic Acids
i 0, /\“/0? e O
. R i e RS W ~ .
Ry-8" T R;G,S O W ~— /’\{Q ¥y
.N.:.J — X . /'?,
Thiols o A
e 1T o Halogenation
¥ RECHMEBL 4 (x=F, CL Br. )
RoCH,Li \"1’;@ '
Q.0 . s
oY o § b oo
IR‘?’ ) R'}““"/\\(&' /\’ﬁy (?\ P /O\ {'l' ’
Mild Route of A Ry-5-07 ) JFM
Esterification Alkylation O )

. iy YMefinati
{Grignard, Lithiates) Qlefination

wherein [H] is reduction, {0} is oxidation, Ry is a -CH;, -CF;y, -CeH,CHy, -G, or CH and R is s
atkyl, allyl, or aryl species. Table 2 presents examples of particular furanic derivative compounds that

can be made from each type of reaction.

10 Table 2.

Reaction General Structure Example IUPAC Name Example Structure
Alkylation o B S-propyifuran-2-carbaldehyde O §)
N N o \7\/"
R\ J — L7
Esterifica- o .0 69 {5-formylfuran-2-yl}- o /\/O\/g}“
tion R:}»--o"' “\‘m\/’ methylpentanoate /“‘J_)\w() W
Halogena- O 5-{iodomethyl}-furan-2- ¢
" O, ¥ . ~ K h
tion AN carbaldehyde, N
XN 4 i i
W A/

1o




WO 2014/179156 PCT/US2014/035395

Oxidation o a % s-{{trifluoromethyi}sulfonyiioxy) o o @
Re=8-07 ¢ 7 Non | methyl)-furan-2-carboxylic acid 70807 Y },}“’&DH
£} o s e .
Aldehyde o o OH | (5-{hydroxymethylifuran-2-yi}- D o OH
Reduction R;"-{TSw(}/\ \«\% /wj methyl benzenesulfonate, (\" \Fg,g"\\g /\,
Y JLoW/ pleessd Y td
Suffonate S-methylfuran-2-carbaldehyde . )
Reduction QN ’U\-. ,,«’:'[
YZ\. 7
Schiff Base RZN {Z)-{5-{{propyliminoimethylifuran- \
modification Q. /0\ ¥ 2-vii-methyl methanesuifonate ’\\T
Ri=5-07 7§ 7 ) O
} “”“ —5-0" T\ i
O
Thioi Q 'g? 5-{{pentylthioimethyl}furan-2- Q f,}
substitution R-;_«--S/ \v\\:; -t carbaldehyde ‘/.ms/ \@r
...... .//“-“
Wittig Rz(‘f-i {Z}-methy 3-{5- _ 1 N
Olefination G O | {{tosyloxylmethyiifuran-2-yi) ‘\\ﬁ/()\/Lg" Y
Rp=5-00 1y / acrylate P =
O o QO
s /

Section 11, below, presents other examples of furanic derfvative compounds that can be synthesized
from the present HMF sulfonates. The foregoing list of reactions and the examples are not intended
to be an exhaustive catalogue of derivative compounds, but merely a non-limiting tHustration of

representative derivatives.,

Section H - Examples
The following examples are provided as Hlustration of the different aspects of the present
disclosure, with the recognition that altering parameters and conditions, for example by change of
temperature, time and reagent amounts, and particular starting species and catalysts and amounts
thereof, can affect and extend the foll practice of the invention beyond the limits of the examples

presered.
A. HMF-Solfonates
The following examples refer to mesylates, triflates, and tosylates for purposes of illustration;
however, the scope of the invention is not necessarily fimited to those particular embodiments that

fcorporate more common or commercially available sulfonate species.

Example 11 Synthesis of (5~formylfuran-2-yDmethyl 4-methylbenzenesulfonate, HMF #riflate B

it
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o § %
~ O T T80 (1 eq) o O
HO” 7 AL D NNV
4 Teq pyridine 10\ _j
A <T8C ot "

Experimental An oven dried, 23 ml round bottomed flask equipped with an octagonal PTFE coated
magnetic stir bar was charged with 500 mg of HMF A (3.97 mmol), 640 pL of pyridine (7.92 mmab
and 10 mL of anhydrous methylene chloride. The neck of the flask was then capped with a rubber
septum fitted with an argon needle inlet and tmmersed in a saturated dry ice/acetone bath displayed a
temperature of -78°C. While stirring and ender an argon blanket, 666 ul. of triflic anhydride (3.97
mmol} was added drop-wise via syringe over a 30 minute period.  After the volome has been added,
the reaction mixture was removed from the cooling bath and stirred under ambient temperature for 2
more hours. After this time tght yellow solution was ohserved. The solation was poured into a 250
mb separation fummel, and diluted with 20 ml. of methylene chioride and 20 wmb of IN HCL Afier
vigorous agitation, the lower organic layer was discharged, retained agusous phase extracted with 15
mb of methylene chloride, organic lavers combined, dried with anhydrons magnesium sulfate and
concentrated under reduce pressure, affording a 775 mg of orange-hued oil (76% of theoretical). An
aliquot of the oll was withdrawn, diluted with methylene chioride, spotied lightly on a pre-cut silica
gel plate and developed in a TLC chamber with 100% sthy! acetate as the eluent. A single band was
observed, featuring an Rf=0.57. A side-by-side TLC comparison between HMF and product mixture
indicated that all the HMF had converted, adduced by the absence of HMF band (R = (0.48) in the
mixture. Another 500 pl aliquot of the product was withdrawn and analyzed by “C and '"H NMR. ‘H
NMR {CDCL, 400MHz) 8 (ppr) 9.52 (s THY, 705 {(d, /= 6.2 Hz, 1H), 6.50 (d, J= 6.4 Hz), 1H). 4.56
{s, TH); PO NMR(CDCL, 125 MHz) 8 (ppm) 177.91 157.40, 152,94, 12218, 112.08, 110,18, 64.68,
Collectively, the aforementioned data provides cogent proof for the manifestation of HMF triflate B
as the primary product of the reaction.

The target yield is can be actually much greater but some vield may have been lost through a}
decomposition when subject to IN HCY and/or b) partial solubility in the aqueous phase. This loss
can be mitigated by rocans of direct charge of the product mixiure onto a pre-fabricated silica gel

colum, followed by flash chromatography.

Example 2: Synthesis of (S-formyifuran-2-yhimethyl 4-methylbenzenesulfonate, HMF {osylate B.

O j? G ’;( )

e N 4 TsCl ('i i‘.q.} o~

) f Yell sosammans IS AR O S Y £

HO " 2 eq. pyridine Fs0 Q\_.J’?/
A <(Clort B

Experimental: An oven dried, 25 ml round bottomed flask equipped with an octagonal PTFE coated
magnetic stir bar was charged with 500 myg of HMF A (3.97 mmol), 648 ul of pyridine {7.92 nunol},

12
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756 mg of p-toluenesulfonyl chiloride (tosyl chioride, 3.97 mmol) and 10 ml of anhydrous methylens
chloride. The reaction was stirred for 2 hours at room temperature, Afier this time, a light vellow
sohution was distinguished. The solution was poured into a 230 mL separation funnel, and dihsted
with 20 mL of methylene chloride and washed with 20 mL of IN HCL  After vigorous agitation, the
tower organic layer was discharged, restdual aqueous phase extracted with 15 mb of methylene
chioride, organic layers combined, dried with anhydrous magnesium sulfate and concentrated under
reduce pressure, affording a 1.01 g of light vellow, crystalline solid {91% of theoretical). Thin laver,
silica geol chromatography of the product mixture {100% ethyl acetaie) displaved a single spot afier
development, Rf = 0.62. 'H NMR (CDC},, 400MHz) 3 (ppm) 9.64 (s 1H), 7.92(d, J = 7.2 Hz, 2H),
742¢d, =76 He, 2H), 721 (d, J= 5.6 He, 1H), 6.58 (d, /= 6.4 Hz), 1H), 4.62 (s, 2H), 249 {5,
3HY PC NMR (CDCh, 125 MH2) & (ppm) 178.02, 156.35, 153.35, 146.99, 141.92, 130.43, 127.27,
1214, 112,10, 64.85, 22.04. Collectively, the aforementioned data provides good evidence for the

presence of HMF tosylate B as the primary product of the reaction.

Example 3: Syuthesis of (S-formylfuran-2-yDmethy! methanesulfonate, HMF mesylate B.

o 9 0
i AN i AMs(C >, {} i /
e \‘:\ ’;»'*’J MsCl {3 {q} - e Ve N o
O N T Zeq pyndine. MO L J

A <G°C to rt "

Experimesntal An oven dried, 25 mL round bottomed flask equipped with an octagonal PTFE coated
magnetic stir bar was charged with 500 mg of HMF A (3.97 mmol}, 648 ul of pyridine (7.92 mmol},
367 ub. of methaneselfonyl chloride (mesyl chloride, 3.97 mmeol) and 10 mi of anhydrous methylens
chioride. The reaction was stirred for 1.5 hours at room temperature, when the reaction was desmed
complete via TLC (1:1 hexanev/ethyvl acetate, UV-Vis, absence of HMF band). The solution was then
poured into a 250 mb separation funnel, and diluted with 20 ml. of methylene ¢hloride and washed
with 20 mL of IN HCL Afler vigorous agitation, the lower organic layer was discharged, residual
aqueous phase extracted with 15 ml. of methylene chlovide, organic layers combined, dried with
anhydrous magnesiam sulfate and concenirated under reduce pressure, affording 801 mg of a
colorless, erystailine solid (98% of theoretical). Thin layer, silica gel chromatography of the product
mixture { 100% ethyl acetate) displayed a single spot after development, Rf = §.59. H NMR {CDCl,,
400MHzZ} § (ppm) 9.67 (s 1H), 7.16 (d, J = 5.8 Hz, 1H), 6.66 (d, J = 6.0 Hz), 11}, 4.60 (s, 2H), 3.10
(s, 3H: PO NMR (CDCE, 125 MHz) 8 (ppm) 178,06, 156.21, 183,54, 119.33, 112.04, 62.20, 3942,

B. HMF-Sulfonate Dertvatives
Example 1: Amino-acid based amphiphile, Schiff-base modification (plavsible surfactant)

Synthesis of 2-{{{S-((decyloxyymethyDforan-2-yhmethyljanunonicjacetate, 4.

ot
.3
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Experimental: A 25 mL, single-necked round bottomed flask equipped with an sctagonal PTFE
coated magnetic stir bar was charged with 250 mg of HMF-tosylate 1 (0.968 mmoly, 161 mgof {-
decanol (1.01 mmol), 141 mg of potassium rbutoxide (1.25 mmol), and 10 mL of anhydrous DMSO.
The reaction mixture was heated to 60°C overnight. Afier this time, the mixture was alfowed to cool
to room temperature, an aliquot was removed, spotted on a silica gel TLC plate and developed with
.72

adducing full conversion of 1 to the target ether 2. The solids were then filtered and surplus DMSO

1:1 ethyl acetate : henanes as the eluent. One spot was manifest after UV ilfumination, Rf; =

evaporated under vacunm, engendering 250 sy of clear semi-solid (96% of theoreticaf). This
material {0.938 nunol) was charged to a dry 25 ml single necked round bottomed flask, along with 71
mg of glycine {0.940 nunol), and 5 mL of anhydroas DMSQ. The flask was outfitted with a Lichig
condenser capped with a 24/48 inner joint ground glass adapter, affixed to argon line. While stirring
and under argon, the mixture is heated to 60°C overnight. After this time, a 500 ul. aliguot is
removed, ditated with 1 mb of d-DMSO and analyzed by 'H NMR (400 MHz); the spectrum
manifested a salient signal at 8.2 ppms i eu of the signature aldehyvde resonance frequency of 2 at
9.4 ppm, thus signifying that 2 had entirely converted to the targeted imine {Schiff-base) 3. Excess
DMSQ was then removed in vacwo, affording 299 mg (0.924 nunol} of a fight yellow semi-sofid (98%
of theoretical). This material was then transferred to a 10 mb round bottomed flask, charged with 30
myg of 1% PYC and 10 mi. of anhydrous ethanol and stoppered with a rubber septumy. A thick-walled
balloon was filled with H, and introduced via a 147 peedle transfixing the septam to the flask head
space. Three full balloon volumes were charged to the headspace, through use of an outlet needle
transfixing the septom to ensere all air had been evacuated. The mixture was stirred overnight with a
full balloon of H;. The next morning revealed the balloon to be nearly empty and a profusion of solid

14
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material observed at the bottom of the flask. Solids were filtered, dried, furnishing 275 mg (91%). A
5 mg sample was dissolved in ;0 and analyzed by 'H NMR (400 MHz). The clean spectrum
provided cogent evidenee for the 2-({{5-((decyloxy methyHfuran-2-yimethyDammonio)acetate 4
from the following signals (8, ppm): 7.84 (m, ZH), 7.64 (m, 2H), 7.22 (m, ZH), 6.37 (d,.7= 8.2 He,
tH), 6.25(d, 7= 8.0 Hz, 1H), 4.92 (s, 2H), 4.85 (m, 2H), 4.47 (m, 2H), 3.19 (s, 3H), 2.22 (m, 28,
L7165 {m, 16H), 0.82 (m, 3H).

Example 2: Amino-acid based amphiphile, thiol substitution (plausible pre-surfactant).

Synthesis of T-carboxy-2-(({5-formyifuran-2-yDmethyDthio)ethanaminium 2,2 2-triffuornacetate 3.

'i"f({ o (3} Boc O Boc O
\‘g‘j) m\r “on DMSO HN. - Coom
/(?E‘{ .......... ;‘t‘ AAAAA E IZ{“ ~ X.ff\ (

. HS™ Y

Boc-protected
Cysteing

:..‘

TFA | CH,Cly

O
i“\(/l;\ ~
>0

N
Hf’z\\;f’ﬁ‘oz»{
N - i}
H;‘L\S/\@,{)/ ¥
4

Experimental A single-neck, 25 ml. round bottomed flask was charged with 222 mg of HMF-
triflate 1 (0.860 mmol), 190 myg of Boc-cysteine (0.860 mmol}, and 10 mbL of anhydrous DMSQ.
While stirring, the mixture was heated to 50°C ovemnight. After this time, an aliquot was removed,
spotted on a TLC plate that was developed with 100% ethyl acetate as the eluent. Oue band was
observed by UV iHumination, located at the baseline {Ry = 0) addecing foll conversion of 1 to the
Boo~cysteine derivative 2. Excess DMSO was then removed in vacuo, affording a white solid that,
after drving onder ligh vacuom for 3 days, weighed 261 mg (8.792 mmol, 92% of theoretical). This

olid 2 was then charged to a 10 mL round bottomed tlask equipped with a tapered magaetic stir bar
followed by § mb of rifluoroacetic acid and 5 mL of anbydrous methylene chloride. After stirring
for 30 mip, excess trifluoroacetic acid and methylene chloride were removed under vacuum,
bestowing a 265 mg of 3 as a light vellow solid (97% of theoretical). "H NMR analysis (1,0, 400
MHz) revealed a very clean spectrum, exhibiting the following signals: 3 (ppm) 8.68 (s, IH), 7.1 H{d,
J= 82 Hz, TH), 697 (d, J= 9.0 Hz, 1H), £.01 (t, /=74 Hz, 1H), 3.67 (5, 2H}, 2.11 (m, 2H).

Coflectively, these are cogent proof for derivative 3.

15
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Example 3 Fatty-acid esters of HMF-mesylate, pre-aniphiphite.
Synthesis of (5-formylfuran-2-yDmethyi oleate 2.
M-@ 0 O
\Qj” L N T T WU

i oletc acid
K,CO, | DMSO, 50°C

0

\/ \,«., (}
2 Wy
5  Experimental: A single-neek, 50 mL round bottomed flask equipped with a magnetic stir bar was
charged with 300 mg of HMF-mesylate 1(1.47 mmol), 415 mg of oleic acid (1.47 mmol), 610 mg of
potassium carbonate (4.41 mmof) and 25 mL of anhydrous DIMSO. The mixture was heated o 50°C
overmght. After this time, the solids were filtered and surplus DMSC evaporated under vacoum,
producing a 361 myg of a light yellow semi-solid, that was deemed pure 2 by 'H NMR analvsis (400
16 MHz, CDCL): 6 (ppm) 9.47 (s, 1H), 7.30(d. /= 9.4 He, 1H), 6.86 (¢, J= 9.0 Hz, 1H), 5.61 {m, 2H),
SO3 (s, IHY, 245 (1, =72 He, ZH), 2.22 {m, 4H), 1.72 (m, 2H), 1.46-1.41 {m, 20H), 0.91 (m, 3H).
Furthermore, a silica gel TLC plate was spotted with the product mixture, developed with 1:1
hexanes/ethyl acetate, and manifest a single band by UV tllumination, Rf = (.72 the characteristic
bands for both oleic acid (cerium molybdate stain, Rf = (.61} and HMF mesylate (UV, Rf = 0.33)

15 were patently absent.

Example 4. Alkylation of HMF iriflate via a Grignard substitution, synthesis of S-pentyifuran-2-
carbaldehyde 2.

Synthesis of S-pentylfuran-2-carbaldehyde 2.

O
1o O .
. 3 ) i}
O N THF gt o
&L ,’? + TN Mgl e - -~ \\ i
g ~78°C to 1t
i 2

20
Experimental: A dry, single-neck 25 mb round bottomed flask equipped with a fapered PTFE

coated magnetic stir bar was charged with 350 myg of HMFP-triflate (1.36 mmol) and 10 mL of
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anhydrous THE. The flask was then capped with a rubber septum and immersed in a dey ice saturated
acetone bath {~ -78°C). While stirving, 678 ul. of 2 2M buty] magnesium chioride stock solution in
diethyl ether {1.36 mmol} was added drop-wise over § minutes. The dry ice/acetone bath was then
withdrawn and the reaction contineed for 2 additional hours. Afler this time, an aliquot was extracted,
spotted on a silica gel TLC plate and developed with a 111 ethyl acetate/hexanes eluent, disclosing a
single spot with an Rf = 0.70. The band specific to HMFP-triflate, with an Rf = 1.47, was noticeably
absent. The solution was then concentrated under high vacuum for a period of 3 days, furnishing 221
mg of a clear, loose ol (98% of theoretical). 'H NMR {400 MHz, CDCH) analysis revealed the
following signals: 8 (ppmy 832 (s, 1H), 7.27 (4, 7= 88 Hz, 1H), 692 (d. J= 9.0 Hz, 1H), 2.64 (1. J=
7.8 Hz, 2H), L.8T (m, 2H), 131129 (m, 44, 0.82 (5, 3H).

Example S: Synthesis of 5-{{{sthylsulfonylioxy)methylfuran-2-carboxylic acid 2 via a Heyns

oxidation protocol.

O e
//A\’S\O/\\n/(}% ,’é} 5(30 I>t’ {;" airm _//"\\ SI;(} . (’} (}
H Paasnen - B ~ Fal L Y
L NaHCO;, H,0 © \{%\ }‘f“‘"’%@
i 24h. 60°C @
2 Na

Experimental: Experimental: A single neck, 100 ml round bottomed flask equipped with a
magnetic stir bar was charged with 1.00 g of HMF-Ethysalfonate (4.58 mmol) 1, 912 mg of 5% P
{200 g/mol HMF), 2.31 g of NaHCO; (27.48 mmol) and 60 mL of deionized water. The neck of the
flask was then capped with a rubber septum and an air infet affixed via an 15 gauge stainless needle
whose beveled tip was positioned nesr the botiom of the heterogeneous solution. In addition, aix 2
inch, 16 gauge needles pierced the septum, stilized as air vents. While stirring, the flask was
tnmersed in an ol bath and heated at 60°C with vigorous sparging of air for 2 24 hour time period.
After this time, the PYC was removed by filiration and the agueous residue analvzed by silica gel thin
laver chromatography ssing 100% ethyl acerate developing solution and UV light for spot
Humination. A single band, positioned at the bascline, was observed while that for HMF-
ethylsulfonate (0.69 with an authentic sample) was absent, suggesting that 1 had been fully converted
to the mona-sodivm salt of FCA 2. Cogent proof for the conversion of ¥ arose from a) & clean 'H
NMR (400 MHz, D0} spectrum, where the signature aldehyde resovance signal at 933 ppm was
ahsent and b) a clean BCONMR (D0, 125 MH2) spectrum that manifested signals at 16488, 155.33,
15141, 120.18, 113.92, 64.02, 48.57, 13.63 ppm.

The present invention has been desceribed in general and in detail by way of examples.
Persons of skilf in the art understand that the invention is not limited necessarily o the embodiments

specifically disclosed, but that modifications and variations may be made without departing from the

=
~3
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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 fnvention, the

changes should be construed as being included herein.
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CLAIMS

We Claim:

i

3

L

~~d

9,

1.

A method of preparing a S-(hydroxymethyl} furan-2-carbaldehyde (HMF) sulfonate, comprising:
reacting a mixture of a S-{hydroxymethyhifurfaral (HMF) with a sulfonate species, and a reagent
of either 1} a nucleophilic base or 2} & combination of a non-nucleopbilic base and a nucleophile.
The method according to claim 1, wherein said solfonate species is at least one of: a)
triflecromethanesulfonate anhydride (triflate), b) p-toluene~-sulfonyl halide (tosylate), ¢ methane-
sutfony! hahide {mesylate), d) ethanesulfony! halide (esylate), and ¢) benzenesulfony! halide
{besylate).

The method according to claim 1, wherein wherein said nucleophilic base is at least one of)
pyridine, dimethyl-aminopyridine, imidazole, pyrrolidine, and morpholine.

The process according to claim 1, wherein said non-nucleophitic base is an amine selected from
the group consisting of! iriethylamine, Hlinig's base (N N-diisopropylethylamine), N-
methyipyrrolidine, 4-methylmorpholine, and 1 4-digzabicyelo-(2.2.2)-octane (DABRCO).

The process according to claim 1, wherein said nucleophile is an alcohol (R-OH) modety or 4-
dimnethyviaminopyridine (DMAP)

The process according to claim 1, wherein when said reagent is a nucleophilic base, said reaction
is conduocted at an initial temperature of about 1°C or less.

The process according to claim 6, wherein said initial temperature is in a range between about ~
15°C and sbout -B0°C.

The process according to clabm 6, wherein when said sulfonate species is a
trifluoromethanesulfonate anhydride, said initial temperature is at -10°C or below prior t an
addition of said HMF,

The process according to claim 1, wherein when said reagent is a combination of a non-
nucieophilic base and a nucleophile, said reaction is conducted at about ambient room

femperature or greater,

. The process according to claim |, wherein said process produces primarily S-(hvdroxymethyt)

turan-2-carbaldehyde (HMY) suffonate in molar yields of at least 50% from said HMF starting
material.
A chemical compound comprising a 5-(hydroxymethyl} foran-2-carbaldehyde (HMF}-

sulfonate having at least one of the following structures:

O
O B0 O PN
N ; kA W P S 0O
S NGRE § S O PN
(,;/ () \“‘ ‘>---\\\ O {_) \g}i }_W“\\\\ ( } G i& !51\4-'“"\'\
a} LY o ,b) /A o) . J
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. A method of preparing a furanic derivative compound of a HMF-sulfonate comprising: reacting a

mixture of a S-(hydroxymethy Dfurfural (HMF) with a suifonate species and a reagent of either 1)
a nucleophilic base or 2} a combination of a non-necleophilic base and a nucleophile with heat to
synthesize a S-(hydroxymethyl) furan-2-carbaldehyde (HMF)-sulfonate; and transforming
said S-(hydroxymethyl) furan-2-carbaldehyde (HMF)-sulfonate into a furanic derivative

compound.

. The method according to claim 12, wherein said sulfonate species is at least one of a)

triffuoromethanesulfonate (triflate), b) p-toluene-sulfonate (tosylate), ¢} methane-sulfonate
{mesylate}, d) ethanesalfonate {esylate) and ¢) benzenesulfonate (besylate).

The method according to claim 12, wherein said transforming to said furanic derivative
compound comprises: reacting said HMF-selfonate with least one of the following: a) an alkyl- or
arylmaguesium balide (Grignard reagents) or organolithium compound (fithiates), b} an organie
acid, of an alkyl halogen, d) an oxidizing reagent, ¢} a reducing reagent, f) a Schiff-base, g) a thiol
and It} a Witlig reagent to perform, respectively, at least one of the following: an alkylation,
esterification, halogenation, oxidation, reduction, Schiff-base madification, thiolation, and Wit g

oslefination.

. & furanic derivative compound, transformed by alkylation according to claim 14, having a

0
T 0 »i’"

general formula: , where R; is an atkyl, allvl or aryl species,

A fuvanic dertvative compound, transformed by esterification according to claim 14, having a

O
QO
7O
general formula; Ry . where R; is an alkvl, aliyvl or aryl specigs.

. A furanic derivative compound, transformed by halogination according to claim 14, having a

o 7
X/\ N
general formula: \}M//’ . where X is a halogen,

A furanic derivative compound, transformed by oxidation asccording to claim 14, having a general

O
Q\ e /"0 J'I-l}
formuda; O ’ , where R is a -CHj, -CF,, ~CHCHa, ~CoHs, o ~CgHs.

20
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19. A furanic dertvative compound, transformed by reduction according to claim 14, having a general

OH 1§
(?\ \V/(:) ,.:'I ~ !l /
R-8-07 ¢ ) ~
g0 w L CE
formuia: J or e . where Ry is a -CHy, ~CFy, -CeHCH,, -

(QH@, QF ~(.‘?,H<

20. A furanic derivative eomapound, transformed by Schiff-base modification according to clatm 14,

N
Q ~ A
Ry=$-0" 7§ )~
baving a general formula; O = . where Ry is a ~-CH;, -CF,, ~THLCH;, -Coly,

or -CgHs, and R, 18 an alkyl, ally! or arvl species.

[
ot

. A furanic derivative compound, transformed by thiolation according to claim 14, having a general

O
_,./\\__/0\,\_ _'_,,.{*I
Ry=8" 4

formla: » where R, is an alkyl, aliyl or aryi species.

22, A furasic dertvative compound, transformed by Wittig olefination according to claim 14, having a

Q\ N /Q., i
R—5-07 Y

; A/
general formuyla: O - . where B, is a -CH, ~CF;, -CaHLCH,, -Gl or <Cely,

and R, is an atkyl, allyl or arvl species.

23. A furanic derivative compound, made according to the method of claim 12, is at feast one of the
following:
{3 O 3
(i B A
A~ o e
a} \ ! . &\) ~— / N I/ i C} WWWWW ' /.r
O 0 O
0 / (“\\ e 0 { “ ( }\ :
A~ peeo™ O J
i \ /l? - Zy \\‘ / O}{ \ /
d} - s e) f} '““"/
1
O pH O O P
4N § SN W T /ﬁ’
=59 =$-0" " 7
N \ o £ LRe— h} O =
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