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OXIDATION CHEMISTRY ON FURAN ALDEHYDES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.

62/220,181, filed September 17, 2015, which is incorporated herein by reference in its

entirety.

FIELD

[0002] The present disclosure relates generally to the production of halomethylfuroic and

acyloxymethylfuroic compounds from furfural starting compounds, and more specifically to

the production of 5-chloromethyl-2-furoic acid from 5-chloromethylfurfural, and 5-

(octadecanoyloxy)methyl-2-furoic acid from 5-(octadecanoyloxy)methylfurfural.

BACKGROUND

[0003] Efforts to reduce dependence on fossil fuels as a feedstock for industrial chemicals

have been undertaken for decades, with a particular focus on enabling economic feasibility of

renewable feedstocks. Heightened efforts are being made to more effectively utilize

renewable resources and develop "green" technologies, due to increased environmental

concerns, continued issues of geopolitical stability, and renewed concerns for the ultimate

depletion of fossil fuels.

[0004] For example, surfactants are a diverse group of compounds produced on an

industrial scale with a diversity of applications including use in cleaning products (e.g. soaps,

detergents), paints, adhesives, plastics, and pharmacological compositions. Surfactants are

currently produced from petroleum-derived long chain alcohols by sulfonation.

[0005] Surfactants are often used for household cleaning, laundry and personal care,

as well as in many industrial processes. Industrial uses include oil-field applications and oil

spill clean-up. There is increasing interest in developing biomass-derived surfactants,

including consumer demand for products from renewable resources.

[0006] Cellulose can be used to produce furan-based compounds by way of substituted

(methyl)furfurals, such as 5-(halomethyl)furfural. What is desired in the art, however, are

more direct methods of producing halomethylfuroic and acyloxymethylfuroic compounds,

and other substituted fuoric compounds, from biomass and other renewable sources.



[0007] Thus, there remains a need in the art for new methods to produce substituted

furoic compounds from renewable resources.

BRIEF SUMMARY

[0008] Provided herein are methods to produce substituted furan and tetrahydrofuran

compounds from renewable resources. In one aspect, provided is a method of producing a

halomethylfuroic acid, or a salt thereof, by: combining a halomethylfurfural and an oxidant to

produce a halomethylfuroic acid, or a salt thereof, wherein the oxidant is: a compound of

formula W -0 2X , wherein W is a Group I cation and X is halo; W -0 3X , wherein W is a

Group I cation and X is halo; HX 0 2, wherein X is halo; HX 0 3, wherein X is halo; or

X 0 2, wherein X is halo.

[0009] In some variations, the halomethylfurfural and oxidant are further combined with

water. In one variation, the halomethylfurfural is 5-chloromethylfurfural and the

halomethylfuroic acid is 5-chloromethyl-2-furoic acid. In certain variations, the

halomethylfurfural and the oxidant are combined at a pH between 0 and 5 .

[0010] In some aspects, provided herein are methods of producing compounds of formula

(Π) :

wherein:

is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

R is H or aliphatic.

[0011] In other aspects, provided herein are methods of producing compounds of formula

(IIX):



(IIX),

wherein:

is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

W is a cation.

[0012] In some aspects, the compounds of formula (II) or formula (IIX) are produced by

oxidizing a compound of formula (I):

wherein:

is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl; and

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic.

[0013] In one variation, the compound of formula (I) is 5-chloromethylfurfural and the

compound of formula (II) is 5-chloromethyl-2-furoic acid. In certain variations, the

compound of formula (I) and the oxidant are combined at a pH between 0 and 5 .

[0014] In another variation, the compound of formula (I) is a compound of formula (I-

Bi), the compound of formula (II) is a compound of formula (II-Bi), and the compound of

formula (IIX) is a compound of formula (IIX-Bi), wherein:

the compound of formula (I-Bi) is:



wherein each R is independently H or alkyl; and

Ra is H, aliphatic or aromatic;

the compound of formula II-Bi) is:

wherein R and Ra are as defined for formula (I-Bi); and

R is H; and

the compound of formula IIX-Bi) is:

wherein R and Ra are as defined for formula (I-Bi); and

W is a cation.

[0015] In one variation, the compound of formula (I-Bi) is 5-

(dodecanoyloxy)methylfurfural, and the compound of formula (II-Bi) is 5-

((dodecanoyloxy)methyl)furan-2-carboxylic acid. In another variation, the compound of

formula (IIX-Bi) is sodium 5-((dodecanoyloxy)methyl)furan-2-carboxylate.

[0016] In yet another aspect, provided herein is a method of producing a

halomethylfuroic ester by combining a halomethylfurfural, an alcohol, and an oxidant to

produce a halomethylfuroic ester, wherein the oxidant is a compound of formula W -0 2X ,

wherein W is a Group I cation and Xb is halo; W -0 3X , wherein W is a Group I cation and

X is halo; HXb0 2, wherein Xb is halo; HX 0 3, wherein X is halo; or X 0 2, wherein X is

halo. In certain variations, the halomethylfurfural and the oxidant are combined at a pH

between 0 and 5 .



[0017] In still another aspect, provided herein is a method of producing a compound of

formula (II-Bi) by combining a compound of formula (I-Bi) with an alcohol and an oxidant to

produce the compound of formula (II-Bi), wherein:

the compound of formula I-Bi) is:

wherein each R is independently H or alkyl; and

Ra is H, aliphatic or aromatic;

the compound of formula II-Bi) is:

wherein R and Ra are as defined for formula (I-Bi); and

R is aliphatic; and

the oxidant is a compound of formula W -0 2X , wherein W is a Group I cation and

Xb is halo; W -0 3X , wherein W is a Group I cation and X is halo; HXb0 2, wherein Xb is

halo; HX 0 3, wherein X is halo; or X 0 2, wherein X is halo.

DESCRIPTION OF THE FIGURES

[0018] The present application can be understood by reference to the following

description taken in conjunction with the accompanying figures.

[0019] FIG. 1A depicts an exemplary reaction scheme of conversion of 5-

chloromethylfurfural to 5-chloromethyl-2-furoic acid.

[0020] FIG. IB depicts an exemplary reaction scheme of conversion of 5-

chloromethylfurfural to methyl 5-(chloromethyl)furan-2-carboxylate.

[0021] FIG. 2A depicts an exemplary reaction scheme of the conversion of 5-

(dodecanoyloxy)methylfurfural to 5-((dodecanoyloxy)methyl)furan-2-carboxylic acid.



[0022] FIG. 2B depicts an exemplary reaction scheme of the conversion of 5-

(dodecanoyloxy)methylfurfural to ethyl 5-((dodecanoyloxy)methyl)furan-2-carboxylate.

[0023] FIG. 3A depicts an exemplary reaction scheme of the oxidation of an ether of 5-

hydroxymethylfurf ural .

[0024] FIG. 3B depicts an exemplary reaction scheme of the conversion of an ether of 5-

hydroxymethylfurfural to an ether of ethyl 5-hydroxymethylfuran-2-carboxylate.

DETAILED DESCRIPTION

[0025] The following description sets forth exemplary methods, parameters and the like.

It should be recognized, however, that such description is not intended as a limitation on the

scope of the present disclosure but is instead provided as a description of exemplary

embodiments.

[0026] In some aspects, provided herein are methods of producing compounds of formula

(Π) :

wherein:

is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

R is H or aliphatic.

[0027] In other aspects, provided herein are methods of producing compounds of formula

(IIX):



wherein:

is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

W is a cation.

[0028] In some variations, the compounds of formula (II) are compounds of formula (II-

i):

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb,

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

R is H or aliphatic.

In other variations, the compounds of formula (IIX) are compounds of formula

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb,

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

W is a cation.

[0030] In yet other variations, the compounds of formula (II) are compounds of formula

(Il-ii):



wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb,

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

R is H or aliphatic.

[0031] In still other variations, the compounds of formula (IIX) are compounds of

formula (IIX-ii):

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb,

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

W is a cation.

[0032] Such compounds of formula (II) or formula (IIX) may be produced by oxidizing

compounds of formula (I):

wherein:

is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl; and

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic.



[0033] In some variations, the compounds of formula (I) are compounds of formula (I-i):

wherein:

each R is independently H or alkyl; and

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic.

[0034] In other variations, the compounds of formula (I) are compounds of formula (I-ii):

wherein:

each R is independently H or alkyl; and

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic.

[0035] The compounds of formula (I) used in the methods described herein may be

obtained from any commercially available sources or produced according to any suitable

methods known in the art.

[0036] The compounds of formula (I), including compounds of formulae (I-i) and (I-ii),

may be converted to compounds of formula (II) or formula (IIX), including compounds of

formula (Il-i), (II-ii), (ΙΙΧ -i), and (IIX-ii), in the presence of:

(i) water or alcohol, and

(ii) an oxidant selected from halite compounds, halate compounds, halous acid

compounds, halic acid compounds, or halogen dioxide compounds, or any combinations

thereof.

[0037] In some variations, the compound of formula (I) is a compound of formula (I-Ai):



wherein:

R is as defined above for formula (I); and

X is halo.

[0038] For example, FIGS. 1A and IB depict exemplary reactions involving the

oxidation of a compound of formula (I-Ai) with water and alcohol, respectively.

[0039] In other variations, the compound of formula (I) is a compound of formula (I-Bi):

wherein:

R is as defined above for formula (I); and

Ra is H, aliphatic or aromatic.

[0040] For example FIGS. 2A and 2B depict exemplary reactions involving the oxidation

of a compound of formula (I-Bi) with water and alcohol, respectively.

[0041] In other variations, the compound of formula (I) is a compound of formula (I-Ci):

wherein:

R is as defined above for formula (I); and

R is aliphatic.



[0042] For example FIGS. 3A and 3B depict exemplary reactions involving the oxidation

of a compound of formula (I-Ci) with water and alcohol, respectively.

[0043] In other variations, the compound of formula (I) is a compound of formula (I-Bii):

wherein:

R is as defined above for formula (I); and

Ra is H, aliphatic or aromatic.

[0044] When the compound of formula (I), including a compound of formulae (I-Ai), (I-

Bi), or (I-Ci), is oxidized in the presence of water, a compound of formula (II), including a

compound of formulae (II-Ai), (II-Bi) or (II-Ci), or a salt thereof is produced.

[0045] In some variations, the salt of the compound of formula (II) is a compound of

formula (IlX-i):

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

W is a cation.

[0046] In other variations, the salt of the compound of formula (II) is a compound of

formula (IIX-ii):



wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

W is a cation.

[0047] In some variations, W is a monoatomic cation, while in other variations, W is a

polyatomic cation. In some embodiments, W is a Group I or Group II cation. It should be

understood that the cation W may vary depending on the oxidant used. For example, in

certain embodiments, when NaC102 is used as the oxidant, W is Na+.

[0048] The compounds of formulae (I) and (II), and the oxidants used in the methods

described herein are further provided below.

Compounds of Formula (I)

[0049] The compounds of formula (I) that may be oxidized according to the methods

described herein include:

wherein:

is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl; and

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic.

[0050] In some embodiments, is a double bond and j is 2 . In other embodiments,

is a single bond and j is 6 .



Compounds of Formula (I-i)

a double bond, j is 2, and the compound of formula (I)

wherein:

each R is independently H or alkyl; and

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic.

[0052] In some variations, both R are H. In certain variations, one R is alkyl and the

other R is H. In yet other variations, both R are alkyl.

[0053] As used herein, "alkyl" refers to a linear or branched saturated hydrocarbon chain.

Examples of alkyl groups include methyl, ethyl, n-propyl, z -propyl, n-butyl, sec-butyl, tert-

butyl, ft-pentyl, 2-pentyl, wo-pentyl, neo-pentyl, hexyl, 2-hexyl, 3-hexyl, and 3-methylpentyl.

When an alkyl residue having a specific number of carbons is named, all geometric isomers

having that number of carbons may be encompassed; thus, for example, "butyl" can include

ft-butyl, sec-butyl, z -butyl and tert-butyl; "propyl" can include n-propyl and z -propyl. In

some embodiments, alkyl as used in compounds of formula (I) and other compounds

described herein (as applicable) and the corresponding alcohol used in the methods described

herein has 1 to 40 carbon atoms (i.e., C1-4o), 1 to 30 carbon atoms (i.e., C
1-3

o alkyl), 1 to 20

carbon atoms (i.e., Ci-20 alkyl), 1 to 15 carbon atoms (i.e., C alkyl), 1 to 9 carbon atoms

(i.e., Ci_9 alkyl), 1 to 8 carbon atoms (i.e., Ci_ alkyl), 1 to 7 carbon atoms (i.e., Ci_7 alkyl), 1

to 6 carbon atoms (i.e., Ci_6 alkyl), 1 to 5 carbon atoms (i.e., Ci_5 alkyl), 1 to 4 carbon atoms

(i.e., C - alkyl), 1 to 3 carbon atoms (i.e., C
1-3

alkyl), 1 to 2 carbon atoms (i.e., C1-2 alkyl), or

1 carbon atom (i.e., Ci alkyl).

[0054] In some variations, R is halo, and the compound of formula (I-i) is a compound

of formula (I-Ai):



wherein:

each R is independently H or alkyl; and

X is halo.

[0055] For example, in one embodiment, X is chloro, while in another embodiment X is

bromo.

[0056] In one embodiment, each R is H, X is chloro, and the compound of formula (I-

Ai) is 5-chloromethylfurfural. Thus, in one embodiment, the compound of formula (I-Ai) is:

[0057] In another embodiment, each R is H, X is bromo, and the compound of formula

(I-Ai) is 5-bromomethylfurfural. Thus, in one embodiment, the compound of formula (I-Ai)

is:

[0058] In other variations, R is OC(0)R a, and the compound of formula (I-i) is a

compound of formula (I-Bi):

wherein:

each R is independently H or alkyl; and

Ra is H, aliphatic or aromatic.



[0059] In some embodiments of the compound of formula (I-Bi), Ra is an aliphatic group.

Aliphatic groups include acyclic or cyclic, saturated or unsaturated carbon groups, excluding

aromatic groups. Aside from hydrogen, other elements may be bound to, or incorporated into

portions of, the carbon chain, including, for example, oxygen, nitrogen and sulfur.

[0060] Examples of aliphatic groups include methyl, ethyl, propyl, wo-propyl, n-butyl,

sec-butyl, -butyl, pentyl, 2-pentyl, wo-pentyl, neo-pentyl, hexyl, 2-hexyl, 3-hexyl, 3-

methylpentyl, ethenyl, ethynyl, propenyl, propynyl, 1,2-butandienyl, 1-butynyl, butenyl,

cyclohexyl, cyclohexenyl, and pentanyl. When an aliphatic residue having a specific number

of carbons is named, all geometric isomers having that number of carbons may be

encompassed. Further, it should be understood that when a range of values is listed, it is

intended to encompass each value and sub-range within the range. For example, "Ci_6

aliphatic" (which may also be referred to as 1-6C aliphatic, C1-C6 aliphatic, or C I -6

aliphatic) is intended to encompass, , C2, C3, C4, C5, C6, Ci_6 _5, C^, _3, _2, C2_6,

C2 5 2- , C2_ , C _6, C _5, C , C4_6, C4_5, and C5_6 aliphatic.

[0061] The aliphatic group may be saturated or unsaturated (e.g., monounsaturated or

polyunsaturated). In some variations, Ra is a saturated aliphatic group. Suitable examples of

saturated aliphatic groups include alkyl groups, such as methyl, ethyl, propyl and butyl. In

other variations, Ra is an unsaturated aliphatic group. In certain variations, Ra is Ci-Cig

aliphatic. For example, in some variations, Ra is saturated Cn, saturated Ci3, saturated C15,

saturated C , saturated C19, monounsaturated C17, or polyunsaturated C aliphatic.

[0062] In some variations, the aliphatic group may be selected from alkyl, cycloalkyl,

ether, ester, carboxylic acid, alkene, and alkyne. In some variations, the aliphatic group is

further substituted with one or more substituents independently selected from hydroxyl

amide, acid, cyano, alkoxy, ester, ether, or nitro.

[0063] In certain variations, Ra is Ci-C 4o alkyl, Ci-C 3o alkyl, Cs-C3o alkyl, Cio-C3o alkyl,

or Ci5-C25 alkyl. In some embodiments, Ra is linear. In other embodiments, Ra is branched.

In one embodiment, Ra is linear Cn alkyl. In another embodiment, Ra is linear Cn akyl.

[0064] In one variation, each R is H, Ra is an aliphatic group, wherein the aliphatic

group is linear C alkyl, and the compound of formula (I-Bi) is 5-

(octadecanoyloxy)methylfurfural (or (5-formylfuran-2-yl)methyl octadecanoate). Thus, in

one variation, the compound of formula (I-Bi) is:



[0065] In another variation, each R is H, Ra is an aliphatic group, wherein the aliphatic

group is linear Cn alkyl, and the compound of formula (I-Bi) is 5-

(dodecanoyloxy)methylfurfural (or (5-formylfuran-2-yl)methyl dodecanoate). Thus, in one

variation, the compound of formula (I-Bi) is:

[0066] In other embodiments of the compound of formula (I-Bi), Ra is an aromatic group.

Aromatic groups may include aryl and heteroaryi groups. "Aryl" refers to an aromatic

carbocyclic group having a single ring (e.g., phenyl), multiple rings (e.g., biphenyl), or

multiple fused rings (e.g., naphtliyi, fluorenyi, and anthryl). In certain embodiments, aryl as

used herein has 6 to 20 ring carbon atoms (i.e., C6 -20 aryl), or 6 to 12 carbon ring atoms (i.e.,

CV 12 aryl). Aryl, however does not encompass or overlap in any way with heteroaryi,

separately defined below. In certain enibodinients, if one or more aryl groups are fused with a

heteroaryi ring, the resulting ring system is heteroaryi.

[0067] "Heteroaryi" refers to an aromatic group having a single ring, multiple rings, or

multiple fused rings, with one or more ring heteroatoms independently selected from

nitrogen, oxygen, and sulfur. In some embodiments, heteroaryi is an aromatic, monocyclic or

bicyciic ring containing one or more heteroatoms independently selected from nitrogen

oxygen and sulfur with the remaining ring atoms being carbon. In certain embodiments

heteroaryi as used herein has 3 to 20 ring carbon atoms (i.e., C3-20 heteroaryi), 3 to 12 ring

carbon atoms (i.e., .. 2 heteroaryi), or 3 to 8 carbon ring atoms (i.e., C3..8 heteroaryi); and 1

to 5 heteroatoms, 1 to 4 heteroatoms, 1 to 3 ring heteroatoms, 1 or 2 ring heteroatoms, or 1

ring heteroatom independently selected from nitrogen, oxygen, and sulfur. In one example, a

heteroaryi has 3 to 8 ring carbon atoms, with 1 to 3 ring heteroatoms independently selected

from nitrogen, oxygen and sulfur. Examples of heteroaryi groups include pyridyl,

pyridazinyl, pyrimidinyl, benzothiazolyl, and pyrazolyl. Heteroaryi does not encompass or

overlap with aryl as defined above.



[0068] In some variations, the heteroaryl is pyridyl. In certain variations, Ra is pyridin-

2yl, pyridin-3yl, or pyridin-4yl. Fo example, in one variation, each R is H, Ra is pyridin-

4yl, and the compound of formula (I-Bi) is (5-formylfuran-2-yl)methyl isonicotinate. Thus, in

one variation, the compound of formula (I-Bi) is:

[0069] For example, in one variation, each R is H, Ra is pyridin-2yl, and the compound

of formula (I-Bi) is (5-formylfuran-2-yl)methyl picolinate. Thus, in one variation, the

compound of formula (I-Bi) is:

[0070] In other variations, Ra is H. For example, in one variation, each R is H, Ra is

and the compound of formula (I-Bi) is (5-formylfuran-2-yl)methyl formate. Thus, in one

variation, the compound of formula (I-Bi) is:

[0071] In other variations of formula (I-i), R is OR , and the compound of formula (I-i)

is a compound of formula (I-Ci):

wherein:

each R is independently H or alkyl; and

R is aliphatic.



[0072] For example, in one embodiment, R is a linear alkyl, while in another

embodiment, R is an ether.

[0073] In one variation, each R is H, Rb is a polyethylene glycol methyl ether, and the

compound of formula (I-Ci) is:

wherein m is an integer greater than 1.

[0074] For example, in one variation, m is 5, and the compound of formula (I-Ci) is:

Compounds of Formula (I-ii)

[0075] In some embodiments, — is a double bond, j is 6, and the compound of formula

(I) is a compound of formula (I-ii):

wherein:

each R is independently H or alkyl; and

R is halo, OC(0)R or ORb;

wherein R is H, aliphatic or aromatic, and R is aliphatic.

[0076] In some variations, each R" is H. In certain variations, one R is alkyl and each of

the remaining R is H. In other variations, two R are independently alkyl, and each of the

remaining R is H. In other variations, three R are independently alkyl, and each of the

remaining R is H. In still other variations, four R are independently alkyl, and each of the



remaining R is H. In yet other variations, five R are independently alkyl, and the remaining

R is H. In other variations, each R is independently alkyl.

[0077] In some variations, R is halo, and the compound of formula (I-ii) is a compound

of formula (I-Aii):

wherein:

each R is independently H or alkyl; and

X is halo.

[0078] For example, in one embodiment, X is chloro, while in another embodiment X is

bromo.

[0079] In one embodiment, each R is H, X is chloro, and the compound of formula (I-

Aii) is 5-(chloromethyl)tetrahydrofuran-2-carbaldehyde. Thus, in one embodiment, the

compound of formula (I-Aii) is:

[0080] In another embodiment, each R is H, X is bromo, and the compound of formula

(I-Aii) is 5-(bromomethyl)tetrahydrofuran-2-carbaldehyde. Thus, in one embodiment, the

compound of formula (I-Aii) is:

[0081] In other variations, R is OC(0)R a, and the compound of formula (I-ii) is a

compound of formula (I-Bii):



wherein:

each R is independently H or alkyl; and

Ra is H, aliphatic or aromatic.

[0082] In some embodiments of the compound of formula (I-Bii), Ra is aliphatic.

[0083] In one variation, each R is H, Ra is an aliphatic group, wherein the aliphatic

group is linear Cn alkyl, and the compound of formula (I-Bii) is (5-formyltetrahydrofuran-2-

yl)methyl dodecanoate (or (5-formyltetrahydrofuran-2-yl)methyl dodecanoate). Thus, in one

variation, the compound of formula (I-Bii) is:

[0084] In other variations, Ra is aromatic. In some variations, Ra is a heteroaryl, wherein

the heteroaryl is pyridyl. In certain variations, Ra is pyridin-2yl, pyridin-3yl, or pyridin-4yl.

For example, in one variation, each R is H, Ra is pyridin-4yl, and the compound of formula

(I-Bii) is (5-formyltetrahydrofuran-2-yl)methyl isonicotinate. Thus, in one variation, the

compound of formula (I-Bii) is:

[0085] In other variations of formula (I-ii), R is OR , and the compound of formula (I-ii)

is a compound of formula (I-Cii):



wherein:

each R is independently H or alkyl; and

R is aliphatic.

[0086] For example, in one embodiment, R is a linear alkyl, while in another

embodiment, R is ether.

[0087] In one variation, each R is H, R is a polyethylene glycol methyl ether, and the

compound of formula (I-Cii) is:

wherein m is an integer greater than 1.

Compounds of Formula (II)

[0088] The compounds of formula (I) can be oxidized according to the methods described

herein to produce compounds of formula (II):

(R ) i (Π),

wherein:

is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

R is H or aliphatic.



[0089] In some embodiments, is a double bond and j is 2 . In other embodiments,

is a single bond and j is 6 .

Compounds of Formula (II-i)

[0090] In some variations, is a double bond, j is 2, and the compound of formula (II)

is a compound of formula (II-i):

wherein:

each R is independently H or alkyl;

R is halo, OC(0)Ra or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

R is H or aliphatic.

[0091] In some variations, both R are H. In certain variations, one R is alkyl and the

other R is H. In yet other variations, both R are alkyl.

[0092] In some variations, R is H, and the compound of formula (II-i) is a furoic acid. In

other variations, R is aliphatic, and the compound of formula (II-i) is an aliphatic furoic ester

(or aliphatic furoate). In still other variations, R is alkyl, and the compound of formula (II-i)

is an alkyl furoic ester (or alkyl furoate). For example, in certain embodiments, R is C1-C20

alkyl, - 5 alkyl, C1-C 10 alkyl, C 5-C
10

alkyl, or C1-C5 alkyl. In some embodiments, R is

methyl, ethyl, z -propyl, or butyl. It should be generally understood that when the furfural

starting compound of formula (I-i) is combined with water and an oxidant, a compound of

formula (II-i) may be produced wherein R is H. When the furfural starting compound of

formula (I-i) is combined with an alcohol and an oxidant, a compound of formula (II-i) may

be produced wherein R is alkyl. In some variations, when the furfural starting compound of

formula (I-i) is combined with an alcohol and an oxidant, a compound of formula (II-i) may

be produced wherein R is aliphatic.



[0093] For example, with reference to FIG. 1A, process 100 depicts an exemplary

process to produce compound 110, one example of a compound of formula (II-i) wherein R

is H. Compound 102 (one example of a compound of formula (I-i)) is combined with oxidant

compound 104, water 106, and dimethyl sulfoxide 108 to produce compound 110. Any

suitable oxidant compounds described herein may be used in process 100. In some variations

of process 100, compound 104 is produced in situ.

[0094] With reference to FIG. IB, process 120 depicts an exemplary process to produce

compound 130, one example of a compound of formula (II-i) wherein R is alkyl. Compound

122 (one example of a compound of formula (I-i)) is combined with oxidant compound 124,

alcohol 126, and dimethyl sulfoxide 128 to produce compound 130. Any suitable oxidant

compounds described herein may be used in process 120. In some variations of process 120,

compound 124 is produced in situ.

[0095] It should generally be understood that in converting a compound of formula (I-i)

to a compound of formula (II-i), the R and R of the compound of formula (I-i) are the same

R and R of the compound of formula (II-i).

[0096] Compounds 102 and 122 are both compounds of formula (I-i) wherein R is halo,

and therefore are also examples of compounds of formula (I-Ai). Compounds 110 and 130

are both compounds of formula (II-i) wherein R is halo, and therefore are also examples of

compounds of formula (II-Ai). It should be understood that while processes 100 and 120

depict exemplary processes to produce compounds of formula (II-Ai) from compounds of

formula (I-Ai), in some variations, compounds of formula (I-Bi) (compounds of formula (I-i)

wherein R is OC(0)R a, wherein Ra is H, aliphatic or aromatic) may be used to produce

compounds of formula (II-Bi) (compounds of formula (II-i) wherein R is OC(0)R a, wherein

Ra is H, aliphatic or aromatic).

Compounds of Formula (II-Ai)

[0097] In some variations, R is halo, and the compound of formula (II-i) is a compound

of formula (II-Ai), or a salt thereof:



wherein:

each R is independently H or alkyl;

R is H or aliphatic; and

X is halo.

[0098] For example, in one embodiment, X is chloro, while in another embodiment X is

bromo.

[0099] In one embodiment, each R is H, R is H, X is chloro, and the compound of

formula (II-Ai) is 5-chloromethyl-2-furoic acid. Thus, in one embodiment, the compound of

formula (II-Ai) is:

[0100] In another embodiment, each R is H, R is H, X is bromo, and the compound of

formula (II-Ai) is 5-bromomethyl-2-furoic acid. Thus, in one embodiment, the compound of

formula (II-Ai) is:

[0101] For example, with reference again to FIG. 1A, process 100 depicts an exemplary

process to produce compound 110, 5-chloromethyl-2-furoic acid (one example of a

compound of formula (II-Ai) wherein each R is H, R is H, and X is chloro). Compound

102, 5-chloromethylfurfural (one example of a compound of formula (I-Ai) wherein each R

is H and X is chloro), is combined with oxidant compound 104, water 106, and dimethyl

sulfoxide 108 to produce compound 110.

Compounds of Formula (II-Bi)

[0102] In other variations, R is OC(0)R a, and the compound of formula (Il-i) is a

compound of formula (II-Bi), or a salt thereof:



wherein:

each R is independently H or alkyl;

R is H or aliphatic; and

Ra is H, aliphatic or aromatic.

[0103] In some variations, Ra is Ci-C4oalkyl, C1-C30 alkyl, C5-C30 alkyl, C10-C30 alkyl, or

C15-C25 alkyl. In one embodiment, R is OC(0)R a, wherein Ra is C i7 alkyl.

[0104] In one variation, each R is H, R is H, Ra is linear C
17

alkyl, and the compound of

formula (II-Bi) is 5-(octadecanoyloxy)methyl-2-furoic acid (or 5-

((octadecanoyloxy)methyl)furan-2-carboxylic acid). Thus, in one embodiment, the

compound of formula (II-Bi) is:

[0105] In another variation, each R is H, R is H, Ra is linear C alkyl, and the

compound of formula (II-Bi) is 5-(dodecanoyloxy)methyl-2-furoic acid (or 5-

((dodecanoyloxy)methyl)furan-2-carboxylic acid). Thus, in one embodiment, the compound

of formula (II-Bi) is:

[0106] For example, with reference to FIG. 2A, process 200 depicts an exemplary

process to produce compound 210, 5-(dodecanoyloxy)methyl-2-furoic acid (one example of a

compound of formula (II-Bi) wherein each R is H, Ra is linear C alkyl, and R is H).

Compound 202, 5-(dodecanoyloxy)methylfurfural (one example of a compound of formula

(I-i) wherein each R is H and Ra is linear Cn alkyl) is combined with oxidant compound



204, water 206, and dimethyl sulfoxide 208 to produce compound 210. Any suitable oxidant

compounds described herein may be used in process 200. In some variations of process 200,

oxidant compound 204 is LiC102. In other variations, oxidant compound 204 is KCIO3. It

should be understood that in some variations, process 200 may include additional steps.

Additional steps may include, for example, isolating compound 210 through solvent

extraction, precipitation, filtration, or chromatography.

[0107] In another variation, each R is H, R is H, Ra is pyridin-4yl, and the compound of

formula (I-Bi) is 5-((isonicotinoyloxy)methyl)furan-2-carboxylic acid. Thus, in one variation,

the compound of formula (II-Bi) is:

[0108] In yet another variation, R and R are H, Ra is H, and the compound of formula

(II-Bi) is 5-((formyloxy)methyl)furan-2-carboxylic acid. Thus, in one variation, the

compound of formula (II-Bi) is:

Compounds of Formula (Il-Ci)

[0109] In other variations of formula (Il-i), R is OR , and the compound of formula (Il-i)

is a compound of formula (Il-Ci):

wherein:

each R is independently H or alkyl;

R is H or aliphatic; and

R is aliphatic.



[0110] For example, in one embodiment, R is a linear alkyl, while in another

embodiment, R is an ether.

[0111] In one variation, each R is H, R is H, R is a polyethylene glycol methyl ether,

and the compound of formula (Il-Ci) is:

wherein m is an integer greater than 1.

[0112] In some embodiments R is H. For example, with reference to FIG. 3A, process

300 depicts an exemplary process to produce compound 310, one example of a compound of

formula Il-Ci wherein each R is H, R is H, and R is a polyethylene glycol methyl ether.

Compound 302, one example of a compound of formula (I-Ci) wherein each R is H and R is

a polyethenylene glycol methyl ether, is combined with oxidant compound 304, water 306,

and dimethyl sulfoxide 308 to produce compound 310.

[0113] In other embodiments, R is aliphatic. With reference to FIG. 3B, process 320

depicts an exemplary process to produce compound 330, one example of a compound of

formula (Il-Ci) wherein R is alkyl. Compound 322 is combined with oxidant compound 324,

alcohol 326, and dimethyl sulfoxide 328 to produce compound 330, wherein alcohol 326 is

ethanol and R is ethyl.

[0114] In one variation, m is 5, and the compound of formula (Il-Ci) is:

Compounds of Formula (Il-ii)

[0115] In some embodiments, is a double bond, j is 6, and the compound of formula

(II) is a compound of formula (II-ii):



wherein:

each R is independently H or alkyl;

R is H or aliphatic; and

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic.

[0116] In some variations, each R is H. In certain variations, one R is alkyl and each of

the remaining R is H. In other variations, two R are independently alkyl, and each of the

remaining R is H. In other variations, three R are independently alkyl, and each of the

remaining R is H. In still other variations, four R are independently alkyl, and each of the

remaining R is H. In yet other variations, five R are independently alkyl, and the remaining

R is H. In other variations, each R is independently alkyl.

[0117] In some variations, R is H, and the compound of formula (II-ii) is a

tetrahydrofuroic acid. In other variations, R is aliphatic, and the compound of formula (II-

ii) is an aliphatic tetrahydrofuroic ester (or aliphatic tetrahydrofuroate). In still other

variations, R is alkyl, and the compound of formula (II-ii) is an alkyl tetrahydrofuroic ester

(or alkyl tetrahydrofuroate). For example, in certain embodiments, R is C1-C20 alkyl, C1-C 15

alkyl, C1-C 10 alkyl, C 5-C 10 alkyl, or C1-C5 alkyl. In some embodiments, R is methyl, ethyl,

-propyl, or butyl. It should be generally understood that when the furfural starting

compound of formula (I-ii) is combined with water and an oxidant, a compound of formula

(II-ii) may be produced wherein R is H. When the furfural starting compound of formula (I-

ii) is combined with an alcohol and an oxidant, a compound of formula (II-ii) may be

produced wherein R is alkyl. In some embodiments, when the furfural starting compound of

formula (I-ii) is combined with an alcohol and an oxidant, a compound of formula (II-ii) may

be produces wherein R is aliphatic.

[0118] In some variations, R is halo, and the compound of formula (II-ii) is a compound

of formula (II-A ):



wherein:

each R is independently H or alkyl;

R is H or aliphatic; and

X is halo.

[0119] For example, in one embodiment, X is chloro, while in another embodiment X is

bromo.

[0120] In one embodiment, each R is H, R is H, X is chloro, and the compound of

formula (II-Aii) is 5-(chloromethyl)tetrahydrofuran-2-carboxylic acid. Thus, in one

embodiment, the compound of formula (II-Aii) is:

[0121] In another embodiment, each R is H, R is H, X is bromo, and the compound of

formula (II-Aii) is 5-(bromomethyl)tetrahydrofuran-2-carboxylic acid. Thus, in one

embodiment, the compound of formula (II-Aii) is:

[0122] In other variations, R is OC(0 )Ra, and the compound of formula (Il-ii) is a

compound of formula (I-Bii):

wherein:

each R is independently H or alkyl;



R is H or alkyl; and

Ra is H, aliphatic or aromatic.

[0123] In some embodiments of the compound of formula (II-Bii), Ra is aliphatic.

[0124] In one variation, each R is H, R is H, Ra is an aliphatic group, wherein the

aliphatic group is linear C alkyl, and the compound of formula (II-Bii) is 5-

((dodecanoyloxy)methyl)tetrahydrofuran-2-carboxylic acid. Thus, in one variation, the

compound of formula (II-Bii) is:

[0125] In other variations of formula (II-ii), R is OR , and the compound of formula (II-

ii) is a compound of formula (II-Cii):

wherein:

each R is independently H or alkyl;

R is H or aliphatic; and

R is aliphatic.

[0126] For example, in one embodiment, R is a linear alkyl, while in another

embodiment, R is an ether.

[0127] In one variation, each R is H, R is H, R is a polyethylene glycol methyl ether,

and the compound of formula (II-Cii) is:

wherein m is an integer greater than 1.



Salts of Compounds of Formula (II)

[0128] In some variations, salts of the compounds of formula (II), including, for example,

salts of halomethylfuroic and acyloxymethylfuroic compounds, may also be produced. It

should be understood that salts of the compounds of formula (II) may include compositions

with a charged compound of formula (II) and one or more counterions of opposite charge.

[0129] For example, in some variations, salts of the compounds of formula (II) may

include compositions with a negatively charged compound of formula (II) and one or more

positively charged counterions. Positively charged counterions may include, for example,

Group I metal cations (such as Na+, K+, or Li+), Group II metal cations (such as Mg2+ or

Ca2+), polyatomic cations (such as NH4
+), or other metal cations (such as Cu+, Cu2+ , Fe2+,

Fe + , Ag+, or Al +), or any combinations thereof.

[0130] In other variations, salts of the compounds of formula (II) may include

compositions with a postively charged compound of formula (II) and one or more negatively

charged counterions. Negatively charged counterions may include, for example, negatively

charged halogen anions (such as F , CI , Br , or Γ) or polyatomic anions (such as C0 3
2-,

HCO3 , HO , H2P0 4 , HP0 4
2 , P0 4

3 , N0 3 , N0 2 , CH3OO , or HCOO ), or any combinations

thereof.

[0131] It should further be understood that in some variations, a mixture of salts may be

produced, depending on the oxidants used. For example, when one oxidant contains the

Group I cation Na+ and an additional oxidant contains the Group I cation K+, a mixture of Na+

and K+ salts of the compound of formula (II) may be produced. For example, in one

embodiment, one oxidant is NaC102, the additional oxidant is KC102, and a mixture of Na+

and K+ salts of the compound of formula (II) is produced.

[0132] In some variations, the salt of a compound of formula (II) is a compound of

formula (IIX):

wherein:



is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

W is a cation.

[0133] It should be understood that the cation W may vary depending on the oxidant

used, other cations present during the reaction, and the reaction work-up.

[0134] In certain variations, W varies depending on the oxidant used. For example, in

some embodiments, when NaC102 is used as the oxidant, W is Na+. If a mixture of oxidants

with different W is used, a mixture of compounds of formula (IIX) may be produced. For

example, in one embodiment, one oxidant is NaC102, the additional oxidant is KC102, and a

mixture of compounds of formula (IIX) is produced, wherein W is Na+ in the first compound

of formula (IIX), and W is K+ in the additional compound of formula (IIX).

[0135] In other embodiments, W varies depending on other cations present during the

reaction. It should be understood that other cations may include cations in the reaction

mixture which were not derived from the oxidant. For example, one or more other cations

may be included in the reaction mixture as part of salts, solvents, buffers, acids, bases, or

other additional compounds. For example, in some embodiments, NaC102 is used as the

oxidant, the reaction mixture includes a potassium buffer, and a compound of formula (IIX)

is produced wherein W is K+. In another embodiment, NaC102 is used as the oxidant, the

reaction mixture includes an ammonium salt, and a compound of formula (IIX) is produced

wherein W is NH4
+. With reference again to FIG. 2A, in one variation of process 200, a salt

buffer is included in the reaction mixture, and the compound of formula (II) produced is a

compound of formula (IIX).

[0136] In still other embodiments, W varies depending on the type of reaction work-up

used. The reaction work-up may include the addition of acids, bases, salts, solvents, or other

compounds to the product mixture. For example, in one embodiment, the reaction work-up

includes adding sodium hydroxide to the product mixture to isolate the compound of formula

(IIX), wherein W is Na+. With reference again to FIG. 2A, in some variations, process 200

includes additional steps of isolating the compound of formula (II) produced. In one such

variation, process 200 includes adding one or more acids, bases, salts, solvents, or other



compounds to the product mixture, and the compound of formula (II) is a compound of

formula (IIX), wherein W is derived from the one or more acids, bases, salts, solvents, or

other compounds.

[0137] In one variation, a compound of formula (I) is contacted by an oxidant according

to the method described herein to produce a compound of formula (IIX), wherein:

the compound of formula (I) is:

the oxidant is NaC102, and

the compound of formula (IIX) is:

[0138] Thus, in one embodiment, the salt of the compound of formula (II) produced

according to the methods described herein is the sodium salt of 5-(dodecanoyloxy)methyl-2-

furoic acid (or sodium 5-((dodecanoyloxy)methyl)furanyl-2-carboxylate).

[0139] In one embodiment, the compound of formula (IIX) is the potassium salt of 5-

(dodecanoyloxy)methyl-2-furoic acid, while in yet another embodiment, the salt is the

lithium salt of 5-(dodecanoyloxy)methyl-2-furoic acid. In still another embodiment, a

mixture of salts of 5-(dodecanoyloxy)methyl-2-furoic acid is produced.

[0140] In another variation, the compound of formula (I) is:

the oxidant is NaC102; and

the compound of formula (IIX) is:



[0141] Thus, in one embodiment, the compound of formula (IIX) produced according to

the methods described herein is the sodium salt of 5-chloromethyl-2-furoic acid. In another

embodiment, the salt is the potassium salt of 5-chloromethyl-2-furoic acid, while in yet

another embodiment, the salt is the lithium salt of 5-chloromethyl-2-furoic acid. In still

another embodiment, a mixture of salts of 5-chloromethyl-2-furoic acid is produced.

[0142] It should be understood that while the salt of the compound of formula (II) is

depicted as a monovalent salt above, polyvalent salts of the compound of formula (II) may

also be produced by the methods described herein. For example, in certain embodiments, W

is a cation with a charge of 2+, and the salt of the compound of formula (II) is:

[0143] In other embodiments, W is a cation with a charge of 3+, and the salt of the

compound of formula (II) is:

[0144] In still other embodiments, W is a cation with a charge of 4+, and the salt of the

compound of formula (II) is:

[0145] For example, in one variation, a compound of formula (I) is contacted by an

oxidant according to the method described herein to produce the salt of a compound of

formula (II), wherein:



the compound of formula (I) is:

the oxidant is Ca(C102 )2; and

the salt of the compound of formula (II) is:

[0146] Thus, in one embodiment, the compound of formula (IIX) produced according to

the methods described herein is the calcium salt of 5-chloromethyl-2-furoic acid.

[0147] In another variation, a compound of formula (I) is contacted by an oxidant

according to the method described herein to produce the salt of a compound of formula (II),

wherein:

the compound of formula (I) is:

the oxidant is NaC102;

the compound of formula (I) is contacted by the oxidant in the presence of Mg ; and

the salt of the compound of formula (II) is:

[0148] Thus, in one embodiment, the compound of formula (IIX) produced according to

the methods described herein is the magnesium salt of 5-chloromethyl-2-furoic acid.



Compounds of Formula (IlX-i)

[0149] In some variations, is a double bond and j is 2, and the compound of formula

(IIX) is a compound of formula (IlX-i):

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

W is a cation.

[0150] In some variations of the methods described herein, is a double bond, j is 2, R

is halo, and a compound of formula (I-Ai) is contacted by an oxidant to produce a salt of a

compound of formula (II-Ai), wherein the salt is a compound of formula (IIX-Ai):

wherein:

each R is independently H or alkyl;

X is halo; and

W is a cation.

[0151] For example, in one embodiment, each R is H, X is chloro, W is Na+, and the

compound of formula (IIX-Ai) is the sodium salt of 5-chloromethylfuroic acid (or sodium 5-

(chloromethyl)furan-2-carboxylate).

[0152] In other variations of the methods described herein, is a double bond, j is 2, R

is -OC(0)R a, and a compound of formula (I-Bi) is contacted by an oxidant to produce a salt

of a compound of formula (II-Bi), wherein the salt is a compound of formula (IIX-Bi):



wherein:

each R is independently H or alkyl;

Ra is H, aliphatic or aromatic; and

W is a cation.

[0153] For example, in one embodiment, each R is H, Ra is a linear C
17

alkyl, W is Na+,

and the compound of formula (IIX-Bi) is the sodium salt of 5-(octadecanoyloxy)methyl-2-

furoic acid (or sodium 5-((octadecanoyloxy)methyl)furan-2-carboxylate). In another

embodiment, each R is H, Ra is a linear Cn alkyl, W is Na+, and the compound of formula

(IIX-Bi) is the sodium salt of 5-(dodecanoyloxy)methyl-2-furoic acid (or sodium 5-

((dodecanoyloxy)methyl)furan-2-carboxylate).

[0154] In other variations of the methods described herein, is a double bond, j is 2, R

is OR , and the compound of formula (ΙΙΧ -i) is a compound of formula (IIX-Ci):

wherein:

each R is independently H or alkyl;

R is aliphatic; and

W is a cation.

[0155] For example, in some variations, each R is H, R is a polyethylene glycol methyl

ether, W is Na+, and the compound of formula (IIX-Ci) is:



wherein m is an integer greater than 1.

Compounds of Formula (IIX-U)

[0156] In other variations, is a single bond and j is 6, and the compound of formula

(IIX) is a compound of formula (IIX-ii):

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

W is a cation.

[0157] In some variations, R is halo, and the compound of formula (IIX-ii) is a

compound of formula (IIX-Aii):

wherein:

each R is independently H or alkyl;

X is halo; and

W is a cation.

[0158] In other variations, R is OC(0)R a, and the compound of formula (IIX-ii) is a

compound of formula (IIX-Bii):



wherein:

each R is independently H or alkyl;

Ra is H, aliphatic or aromatic; and

W is a cation.

[0159] In other variations of formula (IIX-ii), R is OR , and the compound of formula

(IIX-ii) is a compound of formula (IIX-Cii):

wherein:

each R is independently H or alkyl;

R is aliphatic; and

W is a cation.

[0160] It should be understood that while the compounds of formula (IIX), including

formulae (IIX-Ai (IIX-Bi), (IIX-Ci), (IIX-Aii), (IIX-Bii), and (IIX-Cii), are depicted with

the moiety in some variations the compounds of formula (IIX) may be produced in

solvated form, wherein the carboxylate anion and the cation are separated in solution.

[0161] Any of the variations of R , R , Ra, R and X described herein with respect to the

compounds of formulae (I), (I-i), (I-ii), (I-Ai), (I-Bi), (I-Ci), (I-Aii), (I-Bii), and (I-Cii) apply

as if each were individually listed for R , R , Ra, R and X of the compounds of formulae (I),

(I-i), (I-ii), (I-Ai), (I-Bi), (I-Ci), (I-Aii), (I-Bii), and (I-Cii) and the compounds of formulae

(II), (Il-i), (Il-ii), (II-Ai), (II-Bi), (Il-Ci), (II-Aii), (II-Bii), (Il-Cii), (ΙΙΧ -i), (IIX-ii), (IIX-Ai),

(II-Bi), (IIX-Ci), (IIX-Aii), (IIX-Bii) and (IIX-Cii), as applicable.

[0162] The furfuryl and tetrahydrofuranyl starting compounds may be converted to furoic

and tetrahydrofuroic compounds in the presence of (i) water or alcohol, (ii) one or more of



the following oxidants: halite compounds, halate compounds, halous acid compounds, halic

acid compounds, or halogen dioxide compounds, or any combinations thereof.

Oxidants

[0163] The compounds of formula (I) may be converted to compounds of formula (II), or

a salt thereof, in the presence of water or alcohol and one or more of the following oxidants:

halite compounds, halate compounds, halous acid compounds, halic acid compounds, or halo

dioxide compounds, or any combinations thereof.

[0164] The oxidants suitable for use in the methods herein are described in further detail

below. It should generally be understood that the oxidants used may either be provided as a

reagent that is obtained from any commercially available reagent or generated in situ by any

methods known in the art. In some embodiments, one or more reagents are obtained from a

commercial source. Combinations of the oxidants described herein may be used.

Halite Compounds

[0165] In some embodiments, the halite compound used has a formula of W -0 2X ,

wherein W is a Group I cation and X is halo. In some variations, W is sodium, lithium or

potassium. In one variation, X is chloro. In another variation, X is bromo.

[0166] In other embodiments, the halite compound used has a formula of Z -(0 2X )2,

wherein Z is a Group II cation and X is halo. In some variations, Z is calcium or

magnesium. In one variation, X is chloro. In another variation, X is bromo.

[0167] Suitable halite compounds may include, for example, sodium chlorite, lithium

chlorite, potassium chlorite, magnesium chlorite, calcium chlorite, or sodium bromite.

[0168] The halite compounds used may be obtained from any commercially available

sources or produced according to any suitable methods known in the art.

[0169] It should also generally be understood that when a halite compound having a

Group I or Group II cation is used, the compound of formula (II) produced may be in the

form of a salt. Thus, in some variations of the methods described herein, a compound of

formula (IIX) is produced wherein W is W . In other variations, a compound of formula

(IIX) is produced wherein W is Z .



[0170] For example, when sodium chlorite is used in combination with 5-

chloromethylfurfural and water, the sodium salt of 5-chloromethyl-2-furoic acid may be

produced. In another embodiment, when sodium chlorite is used in combination with 5-

(dodecanoyloxy)methylfurfural, the sodium salt of 5-(dodecanoyloxy)methyl-2-furoic acid

may be produced.

Halate Compounds

[0171] In some embodiments, the halate compound used has a formula of W -0 3X ,

wherein W is a Group I cation and X is halo. In some variations, W is sodium, lithium or

potassium. In one variation, X is chloro. In another variation, X is bromo.

[0172] In other embodiments, the halate compound used has a formula of Z -(0 3X )2,

wherein Z is a Group II cation and X is halo. In some variations, Z is calcium or

magnesium. In one variation, X is chloro. In another variation, X is bromo.

[0173] Suitable halate compounds may include, for example, sodium chlorate, potassium

chlorate, lithium chlorate, calcium chlorate, magnesium chlorate, or sodium bromate.

[0174] The halate compounds used may be obtained from any commercially available

sources or produced according to any suitable methods known in the art.

[0175] It should also generally be understood that when a halate compound having a

Group I or Group II cation is used, the compound of formula (II) produced may be in the

form of a salt. Thus, in some variations of the methods described herein, a compound of

formula (IIX) is produced wherein W is W . In other variations, a compound of formula

(IIX) is produced wherein W is Z .

[0176] For example, when sodium chlorate is used in combination with 5-

chloromethylfurfural and water, the sodium salt of 5-chloromethyl-2-furoic acid may be

produced. In another embodiment, when sodium chlorate is used in combination with 5-

(octadecanoyloxy)methylfurfural, the sodium salt of 5-(octadecanoyloxy)methyl-2-furoic

acid may be produced.



Halous Acid Compounds

[0177] In some embodiments, the halous acid compound used has a formula of HX 0 2,

wherein X is halo. In one variation, X is chloro. In another variation, X is bromo.

[0178] Suitable halous acid compounds may include, for example, chlorous acid or

bromous acid.

[0179] The halous acid compounds used may be obtained from any commercially

available sources or produced according to any suitable methods known in the art.

Halic Acid Compounds

[0180] In some embodiments, the halic acid compound used has a formula of HX 0 3,

wherein X is halo. In one variation, X is chloro. In another variation, X is bromo.

[0181] Suitable halic acid compounds may include, for example, chloric acid or bromic

acid.

[0182] The halous acid compounds used may be obtained from any commercially

available sources or produced according to any suitable methods known in the art.

Halo Dioxide Compounds

[0183] In some embodiments, the halo dioxide compound used has a formula of X 0 2,

wherein X is halo. In one variation, X is chloro. In another variation, X is bromo.

[0184] Suitable halo dioxide compounds may include, for example, chlorine dioxide.

[0185] The halo dioxide compounds used may be obtained from any commercially

available sources or produced according to any suitable methods known in the art. In some

variations, the halo dioxide may be produced in situ by any suitable methods known in the

art. For example, in some embodiments, chlorine dioxide is produced by combining sodium

chlorite and an acid. In one embodiment, chlorine dioxide is produced by combining sodium

chlorite and hydrochloric acid.

[0186] The various oxidants described herein may be used in combination with each

other or with other compounds to convert a compound of formula (I), or a salt thereof, into a

compound of formula (II), or a salt thereof.



[0187] In some variations of the methods described herein, the mole ratio of the one or

more oxidants to the compound of formula (I) is between 0.1 and 4.0, between 0.5 and 3.0,

between 0.5 and 2.5, between 1.0 and 2.0, or between 1.0 and 1.5.

Other compounds

[0188] In other embodiments, an alkene, a peroxide or an organosulfur compound, or any

combinations thereof, may be added to the reaction mixture. Organosulfur compounds

include organic compounds with a carbon-sulfur bond. Without wishing to be bound by any

theory, a hypohalite or a hypohalous acid may be produced in some variations of the methods

described herein, and the addition of the alkene, peroxide or organosulfur compound to the

reaction mixture may act as a hypohalite or hypohalous acid scavenger and increase the yield

of the compound of formula (II) produced. In one embodiment, hydrogen peroxide is added

to the reaction mixture. In another embodiment, the organosulfur compound dimethyl

sulfoxide is added to the reaction mixture. In yet another embodiment, the organosulfur

compound thiodiethanol is added to the reaction mixture.

[0189] In some variations, less than 1%, less than 5%, less than 10%, less than 15%, less

than 20%, less than 25%, or less than 30% of hypohalite or hypohalous acid is present in the

reaction mixture relative to the sum of the furan or tetrahydrofuran starting material and

product compound of formula (II), by mole %.

Water or Alcohol

[0190] The compounds of formula (I), including, for example, halomethylfurfural or

acyloxymethylfurfural starting compounds, may be converted to compounds of formula (II),

including halomethylfuroic or acyloxymethylfuroic compounds, or salts thereof in the

presence of (i) water or alcohol, and (ii) one or more oxidants.

[0191] It should be understood that when the furfural starting compound of formula (I) is

combined with water and an oxidant, a halomethylfuroic acid or acyloxymethylfuroic acid

compound of formula (II) is produced, wherein R is H; or a compound of formula (IIX) is

produced, wherein W is a cation. In some variations, a mixture of compounds of formula

(II), wherein R is H; and compounds of formula (IIX), wherein W is a cation, may be

produced and/or isolated.



[0192] When the furfural starting compound of formula (I) is combined with an alcohol

and an oxidant, a halomethylfuroic ester or acyloxymethylfuroic ester compound of formula

(II) is produced, wherein R is alkyl. Any suitable alkyl alcohol may be used to produce the

compound of formula (II). It should be understood that the alkyl group of R in the

compound of formula (II) is the same alkyl group of the alkyl alcohol. For example, in one

embodiment, 5-chloromethylfurfural is combined with methanol and an oxidant to produce

methyl 5-(chloromethyl)furan-2-carboxylate.

[0193] For example, with reference again to FIG. IB, process 120 depicts an exemplary

process to produce compound 130, one example of a compound of formula (II), wherein R is

alkyl. Compound 122 is combined with oxidant compound 124, alcohol 126, and dimethyl

sulfoxide 128 to produce compound 130, wherein alcohol 126 is methanol and R is methyl.

[0194] With reference to FIG. 2B, process 220 depicts an exemplary process to produce

compound 230, one example of a compound of formula (II) wherein R is alkyl. Compound

222 is combined with oxidant compound 224, alcohol 226, and dimethyl sulfoxide 228 to

produce compound 230, wherein alcohol 226 is ethanol and R is ethyl.

[0195] It should be understood that while process 120 depicts the use of methanol 126,

and process 220 depicts the use of ethanol 226, any suitable alcohol may be used in the

methods described herein to produce a compound of formula (II) wherein R is alkyl. For

example, in one variation of process 220, alcohol 226 is -butanol and compound 230 is

produced wherein R is tert-butyl.

[0196] In some variations, wherein a compound of formula (I-Ai) is combined with one

or more oxidants and water, less than 50 mole , less than 40 mole , less than 30 mole ,

less than 20 mole , less than 15 mole , less than 10 mole , or less than 5 mole % of the

halomethyl group of the compound of formula (I-Ai) is hydrolyzed to a hydroxymethyl

group. For example, in one embodiment, 5-chloromethylfurfural is combined with water and

an oxidant, and less than 10% of the 5-chloromethylfurfural is hydrolyzed to 5-

hydroxymethylfurf ural .

[0197] In some variations, wherein a compound of formula (I-Aii) is combined with one

or more oxidants and water, less than 50 mole %, less than 40 mole %, less than 30 mole %,

less than 20 mole %, less than 15 mole %, less than 10 mole %, or less than 5 mole % of the



halomethyl group of the compound of formula (I-Aii) is hydrolyzed to a hydroxymethyl

group.

[0198] In some variations, wherein a compound of formula (I-Ai) is combined with one

or more oxidants and an alcohol, less than 50 mole %, less than 40 mole %, less than 30 mole

%, less than 20 mole %, less than 15 mole %, less than 10 mole %, or less than 5 mole % of

the halomethyl group of the compound of formula (I-Ai) undergoes alcoholysis to an ether

group. For example, in one embodiment, 5-chloromethylfurfural is combined with methanol

and an oxidant, and less than 10% of the 5-chloromethylfurfural undergoes alcoholysis to the

methyl ether of 5-hydroxymethylfurfural (5-(methoxymethyl)furan-2-carbaldehyde).

[0199] In some variations, wherein a compound of formula (I-Aii) is combined with one

or more oxidants and an alcohol, less than 50 mole %, less than 40 mole %, less than 30 mole

%, less than 20 mole %, less than 15 mole %, less than 10 mole %, or less than 5 mole % of

the halomethyl group of the compound of formula (I-Aii) undergoes alcoholysis to an ether

group.

[0200] In some variations, wherein a compound of formula (I-Ai) is combined with one

or more oxidants and water, less than 50 mole %, less than 40 mole %, less than 30 mole %,

less than 20 mole %, less than 15 mole %, less than 10 mole %, or less than 5 mole % of the

halomethyl group of the compound of formula (II-Ai) is hydrolyzed to a hydroxymethyl

group. For example, in one embodiment, 5-chloromethylfurfural is combined with water and

an oxidant to produce 5-chloromethyl-2-furoic acid, and less than 10% of the 5-

chloromethyl-2-furoic acid is hydrolyzed to 5-hydroxymethyl-2-furoic acid. In some

variations, wherein a compound of formula (I-Ai) is combined with one or more oxidants and

water, less than 50 mole %, less than 40 mole %, less than 30 mole %, less than 20 mole %,

less than 15 mole %, less than 10 mole %, or less than 5 mole % of the halomethyl group of

the compound of formula (I-Ai) is converted to a hydroxymethyl group.

[0201] In some variations, wherein a compound of formula (I-Aii) is combined with one

or more oxidants and water, less than 50 mole %, less than 40 mole %, less than 30 mole %,

less than 20 mole %, less than 15 mole %, less than 10 mole %, or less than 5 mole % of the

halomethyl group of the compound of formula (II-Aii) is hydrolyzed to a hydroxymethyl

group.



[0202] In some variations, wherein a compound of formula (I-Ai) is combined with one

or more oxidants and an alcohol, less than 50 mole %, less than 40 mole %, less than 30 mole

%, less than 20 mole %, less than 15 mole %, less than 10 mole %, or less than 5 mole % of

the halomethyl group of the compound of formula (II-Ai) undergoes alcoholysis to an ether

group. For example, in one embodiment, 5-chloromethylfurfural is combined with methanol

and an oxidant to produce methyl 5-(chloromethyl)furan-2-carboxylate, and less than 10% of

the methyl 5-(chloromethyl)furan-2-carboxylate undergoes alcoholysis to methyl 5-

(methoxymethyl)furan-2-carboxylate. In some variations, wherein a compound of formula (I-

Ai) is combined with one or more oxidants and an alcohol, less than 50 mole %, less than 40

mole %, less than 30 mole %, less than 20 mole %, less than 15 mole %, less than 10 mole %,

or less than 5 mole % of the halomethyl group of the compound of formula (I-Ai) undergoes

alcoholysis to an ether group.

[0203] In some variations, wherein a compound of formula (I-Aii) is combined with one

or more oxidants and an alcohol, less than 50 mole %, less than 40 mole %, less than 30 mole

%, less than 20 mole %, less than 15 mole %, less than 10 mole %, or less than 5 mole % of

the halomethyl group of the compound of formula (II-Aii) undergoes alcoholysis to an ether

group. In some variations, wherein a compound of formula (I-Aii) is combined with one or

more oxidants and an alcohol, less than 50 mole %, less than 40 mole %, less than 30 mole

%, less than 20 mole %, less than 15 mole %, less than 10 mole %, or less than 5 mole % of

the halomethyl group of the compound of formula (I-Aii) undergoes alcoholysis to an ether

group

[0204] In some variations, wherein a compound of formula (I-Ai) is combined with one

or more oxidants and water, less than 50 mole %, less than 40 mole %, less than 30 mole %,

less than 20 mole %, less than 15 mole %, less than 10 mole %, or less than 5 mole % of the

halomethyl group of the compound of formula (IIX-Ai) is hydrolyzed to a hydroxymethyl

group. For example, in one embodiment, 5-chloromethylfurfural is combined with water and

an oxidant to produce the sodium salt of 5-chloromethyl-2-furoic acid, and less than 10% of

the sodium salt of 5-chloromethyl-2-furoic acid is hydrolyzed to the sodium salt of 5-

hydroxymethyl-2-furoic acid.

[0205] In other variations, wherein a compound of formula (I-Aii) is combined with one

or more oxidants and water, less than 50 mole %, less than 40 mole %, less than 30 mole %,

less than 20 mole %, less than 15 mole %, less than 10 mole %, or less than 5 mole % of the



halomethyl group of the compound of formula (IIX-Aii) is hydrolyzed to a hydroxymethyl

group.

[0206] It has been observed that, using the methods described herein, oxidation of the

starting compound of formula (I-Ai) or formula (I-Aii) in the aqueous phase is unexpectedly

faster than solvolytic conversion of the halomethyl group to a hydroxymethyl group or an

ether group in the starting compound of formula (I-Ai) or formula (I-Aii). It has also been

observed that when compounds of formula (II-Ai), (II-A ), (IIX-Ai) or (IIX-Aii) are

produced according to the methods described herein, an unexpectedly low percentage of the

halomethyl group is solvolyzed to a hydroxymethyl group or an ether group.

Phase Transfer Catalysts

[0207] In some variations of the methods described herein, a phase transfer catalyst is

added to the reaction mixture. It should generally be understood that the phase transfer

catalysts used may either be provided as a reagent that can be obtained from any

commercially available reagent or generated in situ by any methods known in the art. In some

variations, one or more phase transfer catalysts may be a commercially available reagent.

[0208] In some variations, the phase transfer catalyst has a cation and an anion. In

certain variations, the cation is tetraalkyl ammonium or tetraalkyl phosphonium. It should

generally be understood that "tetraalkyl" refers to a moiety with four alkyl groups that may

be the same or different. For example, tetraalkyl ammonium may be

methyltributylammonium, where one of the four alkyl groups is methyl and the remaining

three alkyl groups are butyl. In certain variations, the anion is a halide or a bisulfate.

[0209] Suitable phase transfer catalysts include, for example, methyltributylammonium

chloride.

[0210] In some embodiments of the methods described herein, the compound of formula

(II) is produced in a biphasic reaction mixture, wherein at least a portion of the compound of

formula (I) is present in the organic phase, and at least a portion of the oxidant(s) is present in

the aqueous phase. In some variations of the methods, without wishing to be bound by any

theory, the addition of a phase transfer catalyst may cause at least a portion of the oxidant(s)

to shift into the organic phase, and react with the compound of formula (I) in the organic

phase. In other variations of the methods, without wishing to be bound by any theory, the



addition of a phase transfer catalyst may cause at least a portion of the oxidant(s) and

compound of formula (I) to interact at the interface of the organic and aqueous layers of the

biphasic reaction mixture.

Solvent

[0211] The methods described herein may, in some variations, be performed in the

absence of solvent (i.e., neat). In other variations, a solvent is used. Any combinations of

suitable solvents may also be used.

[0212] In some variations, the solvent is or includes an organic solvent. In some

variations, the solvent is selected to dissolve, or at least partially dissolve, the compound of

formula (I). In some variations, the solvent is selected to dissolve, or at least partially

dissolve, the one or more oxidants. In certain variations, the solvent may also have at least

partial miscibility with the water or alcohol. In other variations, the solvent will be fully

miscible with the water or alcohol.

[0213] In certain variations, the solvent is a polar solvent, and is partially miscible with

the water or alcohol.

[0214] In some embodiments, the solvent is an ether (for example, tetrahydrofuran) or a

carboxylic acid (for example, acetic acid).

[0215] In some embodiments, the solvent is acetic acid, dimethyl sulfoxide,

dimethoxyethane, tetrahydrofuran, or acetonitrile, or any combinations thereof.

[0216] In other variations, the solvent may have limited solubility with the water or

alcohol, and may form a biphasic reaction mixture.

Reaction pH

[0217] In some variations of the methods described herein, the method includes adjusting

and/or maintaining the pH of the reaction mixture. For example, in some variations, the pH

of the reaction mixture is adjusted to and/or maintained at a pH of between 0 and 7, or

between 0 and 5, or between 0 and 4, or between 1 and 3, or between 1.5 and 2.5. In one

embodiment, the pH of the reaction mixture is adjusted to and/or maintained at a pH of

between 1.5 and 2.5. In other embodiments, the compound of formula (II) is produced at a



H of between 0 and 7, or between 0 and 5, or between 0 and 4, or between 1 and 3, or

between 1.5 and 2.5. In one embodiment, the compound of formula (II) is produced at a pH

of between 1.5 and 2.5.

[0218] In some embodiments, a buffer may be used to control the pH of the reaction.

[0219] For example, in some variations, a phosphate buffer may be used.

[0220] Any combinations of suitable buffers may also be used. The buffers may be

obtained from any commercially available sources or produced according to any suitable

methods known in the art.

[0221] In other embodiments, an acid or a base may be added to the reaction mixture to

adjust the pH of the reaction. For example, in some variations, hydrochloric acid may be

used to adjust the pH of the reaction.

Reactors and Vessels

[0222] The methods described herein may be earned out batch-wise or

continuously. The methods described herein may be performed in any suitable reactors,

including open or closed reactors, which can contain the chemical reactions described herein.

Suitable reactors may include, for example, a fed-batch stirred reactor, a batch stirred reactor,

a continuous flow stirred reactor, a continuous plug-flow column reactor, an attrition reactor,

fixed bed reactor and a fluidized bed reactor. The reactor may include a continuous mixer,

such as a screw mixer.

[0223] Additionally, the reactor may allow for addition and removal of certain

components in the reaction mixture. For example, the reactor can have one or more outlets to

add additional solvent or acid, or to remove the organic or aqueous phase from the reaction

mixture. In some embodiments, the reactor may have one or more outlets that connecting the

reactor to an isolation vessel, where the organic phase can be transferred from the reactor to

the isolation vessel.

[0224] The reactors and vessels used herein may be generally made up of materials that

are capable of withstanding the physical and chemical forces exerted during the methods

described herein. In some embodiments, such materials used are capable of tolerating high



concentrations of strong liquid acids. For example, the reactors and vessels may be made up

of glass, metal or Pyrex®.

Isolation and Purification

[0225] The methods described herein may further include isolating and/or purifying the

compounds of formula (II), including, for example, halomethylfuroic or acyloxymethylfuroic

compounds, or salts thereof produced. Any methods known in the art may be employed to

isolate and/or purify the compounds of formula (II), or the salt thereof. For example, the

compound of formula (II), or the salt thereof, may be isolated from the reaction mixture using

a crystallizer, a filter, or a centrifuge.

[0226] In some variations, the compound of formula (II) is isolated as a solid. In certain

variations, the compound of formula (II) is isolated by liquid-liquid extraction. For example,

in one embodiment, the compound of formula (II) is produced in a monophasic reaction

mixture; an extractant solvent that is at least partially immiscible with the reaction mixture is

added, to form a biphasic liquid-liquid extraction system with a reaction phase and an extract

phase; at least a portion of the compound of formula (II) in the reaction phase shifts to the

extractant phase; and at least a portion of the extractant phase is removed to isolate the

compound of formula (II). In certain embodiments, the compound of formula (II) is

produced in a biphasic reaction mixture, and isolated by liquid-liquid extraction.

[0227] Any suitable extractant solvent may be used, including, for example, haloalkyl

solvents. In some embodiments, the extractant solvent is dichloromethane or dichloroethane,

or a combination thereof.

[0228] In certain variations, compound of formula (II) is produced in a biphasic reaction

mixture, the aqueous phase is separated from the organic phase of the biphasic reaction

mixture, and the compound of formula (II) is isolated from the organic phase of the reaction

mixture.

[0229] It should be understood that in certain variations, the compound of formula (II), or

the salt thereof, is not isolated and/or purified, and may be further used in one or more

downstream reactions described herein.



Yield, Conversion and Selectivity

[0230] The yield of a product takes into account the conversion of the starting materials

into the product, and the selectivity for the product over other products that may be formed.

[0231] The difference between yield, conversion and selectivity is explained in the

examples provided herein. For example, with respect to the reaction of producing a

compound of formula (II), or a salt thereof, by combining a compound of formula (I) with an

oxidant and water or alcohol, the reaction can be generalized as follows, where "A"

represents the moles of the compound of formula (I); "B" represents the moles of the oxidant;

"W" represents the moles of the water or alcohol; and "C" represents the moles of the

compound of formula (II), or the salt thereof, produced; and "a", "b", "w", and "c" are

stoichiometric coefficients.

aA + bB + wW — cC

[0232] It should be understood that at the equation above only illustrates the production

of (II), and that the equation may be modified if one or more side products are formed.

Conversion of A is the percentage of reactant A that has been consumed during the reaction

shown above, as expressed by the following equation:

% Conversion = 100%

where A0 is the initial number of moles of reactant A; and Af is the final number of moles of

reactant A.

[0233] Selectivity is the stoichiometrically relative amount of product C produced from

the converted amount of reactant A, as expressed as a percentage by the following equation:

Selectivity (%) = -Af X 100%,

where A0 is the starting moles of reactant A; A is the final number of moles of reactant A;

and Cf is the number of moles of product C. In some embodiments where "a/c" = 1, and the

equation can be simplified to:



Selectivity (%) = X 100%.

[0234] The yield of product C is the percentage of reactant A that is converted into

product C, as expressed by the following equation:

Yield (%) = [Conversion (%)] x [Selectivity (%)]

[0235] In certain embodiments, the methods described herein have a yield for the

compound of formula (II), or a salt thereof, of at least 10%, at least 15%, at least 20%, at least

30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 75%, at least 80%, at least

85%, at least 90%, at least 95%, or at least 99% by weight. In other embodiments, the yield

is between 10% and 100%, between 10% and 90%, between 15% and 100%, between 15%

and 90%, between 20% and 80%, between 30% and 80%, between 40% and 80%, between

50% and 80%, or between 60% and 80% by weight.

[0236] In certain embodiments, the methods described herein have a selectivity for the

compound of formula (II), or a salt thereof, of at least 10%, at least 20%, at least 30%, at least

40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, or at least 99%. In

other embodiments, the selectivity is between 40% and 99%, between 40% and 95%,

between 40% and 90%, between 40% and 80%, between 50% and 99%, between 50% and

95%, between 50% and 90%, between 50% and 80%, between 60% and 99%, between 60%

and 95%, between 60% and 90%, between 60% and 80%, between 70% and 99%, between

70% and 95%, between 70% and 90%, or between 70% and 80%.

Compounds of Formulae (II-l), (II-2), and (II-3)

[0237] Provided herein are also compounds of formula (II- 1), or a salt thereof:

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;



wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

R is H or aliphatic.

[0238] Provided herein are also compounds of formula (II-2), or a salt thereof:

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

R is H or aliphatic.

Provided herein are also compounds of formula (II-3), or a salt thereof:

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

R is H or aliphatic.

[0240] Provided herein are also methods of producing compounds of formula (II- 1), or a

salt thereof, from compounds of formula (I-l), using any of the reactants and conditions

described above, wherein the compound of formula (I-l) is:

wherein:



each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic.

[0241] Provided herein are also methods of producing compounds of formula (II-2), or a

salt thereof, from compounds of formula (1-2), using any of the reactants and conditions

described above, wherein the compound of formula (1-2) is:

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic.

[0242] Provided herein are also methods of producing compounds of formula (II-3), or a

salt thereof, from compounds of formula (1-3), using any of the reactants and conditions

described above, wherein the compound of formula (1-3) is:

wherein:

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

R is H or aliphatic.

[0243] For example, in some embodiments, the compound of formula (II-l), or a salt

thereof, is produced by combining a compound of formula (I-l) with an oxidant as described

herein. In certain embodiments, the compound of formula (II-2), or a salt thereof, is

produced by combining a compound of formula (1-2) with an oxidant as described herein. In



yet other embodiments, the compound of formula (II-3), or a salt thereof, is produced by

combining a compound of formula (1-3) with an oxidant as described herein. In certain

embodiments, the oxidant is a compound of formulae Wb-0 2X
b, Zb-(0 2X

b)2, W -0 3X , Z -

(0 3X )2, HXb0 2, HX 0 3, or X 0 2, or a combination thereof.

[0244] Any of the oxidants described herein may be used to produce the compounds of

formulae (II- 1), (II-2), or (II-3) from compounds of formulae (I-l), (1-2), or (1-3). In some

variations, the oxidant is: a compound of formula W -0 2X , wherein W is a Group I cation

and Xb is halo; W -0 3X , wherein W is a Group I cation and X is halo; HXb0 2, wherein Xb

is halo; HX 0 3, wherein X is halo; or X 0 2, wherein X is halo.

[0245] It should generally be understood that any of the variations for R , Ra, R , R and

R described herein may be combined the same as if each and every combination of the

variables were specifically and individually listed for formulae (I-l), (1-2), (1-3), (II- 1), (II-2),

and (II-3), as applicable. It should further be generally understood that any of the variations

for Wb, W , Xb, X , X , Zb, and Z described herein may be combined the same as if each and

every combination of the variables were specifically and individually listed for the

compounds of formulae Wb-0 2X
b, Zb-(0 2X

b)2, W -0 3X , Z -(0 3X )2, HXb0 2, HX 0 3, or

X 0 2, as applicable.

[0246] In other aspects, provided herein are also compositions that include: a compound

of Formula (II- 1) and an oxidant, wherein the oxidant is a compound of formula: W -0 2X ,

Zb-(0 2X
b)2, W -0 3X , Z -(0 3X )2, HXb0 2, HX 0 3, or X 0 2; a compound of Formula (II-2)

and an oxidant, wherein the oxidant is a compound of formula: Wb-0 2X
b, Zb-(0 2X

b)2, W -

0 3X , Z -(0 3X )2, HXb0 2, HX 0 3, or X 0 2; or a compound of Formula (II-3) and an oxidant,

wherein the oxidant is a compound of formula: Wb-0 2X
b, Zb-(0 2X

b)2, W -0 3X , Z -(0 3X )2,

HXb0 2, HX 0 3, or X 0 2; or any combinations thereof.

Downstream Products

[0247] In some embodiments, the compound of formula (II), or a salt thereof, produced

according to the methods described herein, may be suitable for use as a feedstock to produce

other chemicals.

[0248] In some embodiments, the compound of formula (II), or a salt thereof, produced

according to the methods described herein, may be suitable for use as a surfactant or in the



production of a surfactant. The compound of formula (II), or a salt thereof, produced

according to the methods described herein, may be suitable for use as a surfactant in the

manufacture of or inclusion in fabric softeners, household cleaning products, laundry

detergents, and personal care products. In some embodiments, the compound of formula (II),

or a salt thereof, produced according to the methods described herein may be suitable for use

in the production of a surfactant.

[0249] In some embodiments, the compound of formula (II), or salt thereof, produced

according to the methods described herein may be suitable for use in the production of

compounds other than surfactants.

[0250] It should generally be understood that any of the variations for R , Ra, R , R , R ,

X and W described herein may be combined the same as if each and every combination of the

variables were specifically and individually listed for formulae (I), (I-i), (I-ii), (I-Ai), (I-Aii),

(I-Bi), (I-Bii), (I-Ci), (I-Cii), (II), (Il-i), (Il-ii), (II-Ai), (II-Aii), (II-Bi), (II-Bii), (Il-Ci), (II-

Cii), (IIX), (ΙΙΧ -i), (HX-ii), (IIX-Ai), (IIX-Aii), (IIX-Bi), (IIX-Bii), (IIX-Ci), and (IIX-Cii),

as applicable.

[0251] It should be understood that reference to "between" two values or parameters

herein includes (and describes) embodiments that include those two values or parameters per

se. For example, description referring to "between x and y" includes description of "x" and

"y" per se.

[0252] It should also be understood that some of the chemical compounds described

herein may be described using one or more chemical names. For example, 5-

bromomethylfurfural may also be called 5-(bromomethyl)furan-2-carbaldehyde; 5-

(dodecanoyloxy)methylfurfural may also be called (5-formylfuran-2-yl)methyl dodecanoate;

and 5-chloromethyl-2-furoic acid may also be called 5-(chloromethyl)furan-2-carboxylic

acid.

ENUMERATED EMBODIMENTS

[0253] The following enumerated embodiments are representative of some aspects of the

invention.



1. A method of producing a compound of formula (II), or a salt thereof, comprising

combining a compound of formula (I) with an oxidant to produce the compound of formula

(II), or a salt thereof, wherein:

the compound of formula (I) is:

<R"'J (I).

is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

the compound of formula (II) is:

°
R J (ID,

wherein R , R , j and are as defined for formula (I); and

R is H or aliphatic; and

the oxidant is:

(i) a compound of formula W -0 2X , wherein W is a Group I cation and

X is halo;

(ii) W -0 3X , wherein W is a Group I cation and X is halo;

(iii) HX 0 2, wherein X is halo;

(iv) HX 0 3, wherein X is halo; or

(v) X 0 2, wherein X is halo.

2 . The method of embodiment 1, wherein the compound of formula (II), or a

thereof, is produced at a yield of at least 50%.

3 . The method of embodiment 1 or 2, wherein is a double bond and j is 2

4 . The method of embodiment 1 or 2, wherein is a single bond and j is 6 .



5 . The method of any one of embodiments 1 to 4, wherein R is halo.

6 . The method of any one of embodiments 1 to 4, wherein R is OC(0)R a, wherein Ra is

H, aliphatic or aromatic.

7 . The method of any one of embodiments 1 to 4, wherein R is OR , wherein R is

aliphatic.

8. The method of any one of embodiments 1 to 7, wherein R is H.

9 . The method of any one of embodiments 1 to 7, wherein R is aliphatic.

10. The method of any one of embodiments 1 to 9, wherein the compound of formula (I)

and the oxidant are further combined with solvent.

11. The method of embodiment 10, wherein the solvent comprises an organic solvent.

12. The method of embodiment 11, wherein the solvent comprises acetic acid, dimethyl

sulfoxide, dimethoxyethane, tetrahydrofuran, or acetonitrile, or any combinations thereof.

13. The method of any one of embodiments 1 to 12, wherein the compound of formula (I)

and the oxidant are further combined with an alkene, a peroxide or an organosulfur

compound, or any combinations thereof.

14. The method of embodiment 13, wherein the organosulfur compound is dimethyl

sulfoxide or thiodiethanol.

15. The method of any one of embodiments 1 to 14, wherein the compound of formula (I)

and the oxidant are further combined with a buffer.

16. The method of embodiment 15, wherein the buffer is a phosphate buffer.



17. The method of any one of embodiments 1 to 16, wherein the compound of formula (I)

and the oxidant are further combined with an acid.

18. The method of embodiment 17, wherein the acid is hydrochloric acid.

19. The method of any one of embodiments 1 to 18, wherein the compound of formula (I)

and the oxidant are combined with water to form a reaction mixture, wherein the reaction

mixture has a pH; and

wherein the method comprises adjusting the pH of the reaction mixture to a pH of

between 0 and 5 .

20. The method of any one of embodiments 1 to 19, wherein the mole ratio of the oxidant

to the compound of formula (I) is between 0.1 and 4.0.

21. The method of any one of embodiments 1 to 20, wherein the compound of formula

(II), or a salt thereof, is produced in a one-pot synthesis.

22. The method of any one of the embodiments 1 to 21, wherein the compound of

formula (II), or a salt thereof, is 5-(chloromethyl)furan-2-carboxylic acid, or a salt thereof.

23. The method of any one of the embodiments 1 to 22, wherein the compound of

formula (I) is 5-chloromethylfurfural.

24. The method of any one of embodiments 1 to 23, wherein the compound of formula

(II), or a salt thereof, is produced at a pH between 0 and 5 .

25. The method of any one of embodiments 1 to 24, further comprising isolating the

compound of formula (II), or a salt thereof, produced.

26. The method of embodiment 25, wherein the isolating comprises liquid-liquid

extraction.

27. The method of embodiment 26, wherein the liquid-liquid extraction is performed with

a haloalkyl solvent.



28. The method of embodiment 27, wherein the haloalkyl solvent comprises

dichloromethane, chloroform, or dichloroethane, or any combinations thereof.

29. The method of any one of embodiments 1 to 28, wherein R is halo and the compound

of formula (I) comprises a halomethyl group, wherein less than 50% of the halomethyl group

of the compound of formula (I) is hydrolyzed to a hydroxymethyl group.

30. The method of any of embodiments 1 to 29, wherein the compound of formula (II), or

a salt thereof, is a solid.

31. A method of producing a halomethylfuroic acid, or a salt thereof, comprising

combining a halomethylfurfural and an oxidant to produce a halomethylfuroic acid, or a salt

thereof,

wherein the oxidant is:

(i) a compound of formula W -0 2X , wherein W is a Group I cation and

X is halo;

(ii) W -0 3X , wherein W is a Group I cation and X is halo;

(iii) HX 0 2, wherein X is halo;

(iv) HX 0 3, wherein X is halo; or

(v) X 0 2, wherein X is halo.

32. The method of embodiment 31, wherein the halomethylfurfural and the oxidant are

further combined with water.

33. The method of embodiment 31, wherein the halomethylfuroic acid is produced at a

yield of at least 50%.

34. The method of any one of embodiments 3 1 to 33, wherein the compound of formula

Wb-0 2X
b is NaC102.

The method of embodiment 31, wherein the compound of formula HX 0 2 is HC102

36. The method of embodiment 31, wherein the compound of formula X 0 2 is C102.



37. The method of any one of embodiments 3 1 to 33, wherein W or W is sodium,

potassium, or lithium.

38. The method of any one of embodiments 31 to 37, wherein X , X , or X is chloro.

39. The method of any one of embodiments 3 1 to 38, wherein the halomethylfurfural and

the oxidant are further combined with solvent.

40. The method of embodiment 39, wherein the solvent comprises an organic solvent.

41. The method of embodiment 40, wherein the solvent comprises acetic acid, dimethyl

sulfoxide, dimethoxyethane, tetrahydrofuran, or acetonitrile, or any combinations thereof.

42. The method of any one of embodiments 3 1 to 41, wherein the halomethylfurfural and

the oxidant are further combined with an alkene, a peroxide or an organosulfur compound, or

any combinations thereof.

43. The method of embodiment 42, wherein the organosulfur compound is dimethyl

sulfoxide or thiodiethanol.

44. The method of any one of embodiments 3 1 to 43, wherein the halomethylfurfural and

the oxidant are further combined with a buffer.

45. The method of embodiment 44, wherein the buffer is a phosphate buffer.

46. The method of any one of embodiments 3 1 to 45, wherein the halomethylfurfural and

the oxidant are further combined with an acid.

47. The method of embodiment 46, wherein the acid is hydrochloric acid.

48. The method of any one of embodiments 3 1 to 47, wherein the halomethylfurfural and

the oxidant are combined with water to form a reaction mixture, wherein the reaction mixture

has a pH; and



wherein the method comprises adjusting the pH of the reaction mixture to a pH of

between 0 and 5 .

49. The method of any one of embodiments 31 to 48, wherein the mole ratio of the

oxidant to the halomethylfurfural is between 0.1 and 4.0.

50. The method of any one of embodiments 1 to 31, or 33 to 49, wherein the oxidant is

chlorous acid or chlorine dioxide, further comprising:

producing hypochlorous acid from the chlorous acid or chlorine dioxide and

removing the hypochlorous acid produced.

51. The method of embodiment 50, wherein the removing is performed with an alkene, a

peroxide or an organosulfur compound, or any combinations thereof.

52. The method of embodiment 51, wherein the organosulfur compound is dimethyl

sulfoxide or thiodiethanol, or a combination thereof.

53. The method of embodiment 50 or 51, wherein less than 5 wt % of sodium

hypochlorite is present relative to the oxidant.

54. The method of any one of the preceding embodiments, wherein the oxidant is

produced in situ.

55. The method of embodiment 54, wherein the oxidant is produced in situ from sodium

halite and an acid.

56. The method of any one of embodiments 3 1 to 55, wherein the halomethylfuroic acid,

or a salt thereof, is produced in a one-pot synthesis.

57. The method of any one of the embodiments 3 1 to 56, wherein the halomethylfuroic

acid, or a salt thereof, is 5-(chloromethyl)furan-2-carboxylic acid, or a salt thereof.

58. The method of any one of the embodiments 3 1 to 57, wherein the halomethylfurfural

is 5-chloromethylfurfural.



59. The method of any one of embodiments 3 1 to 58, wherein the halomethylfuroic acid,

or a salt thereof, is produced at a pH between 0 and 5 .

60. The method of any one of embodiments 31 to 59, further comprising isolating the

halomethylfuroic acid, or a salt thereof, produced.

61. The method of embodiment 60, wherein the isolating comprises liquid-liquid

extraction.

62. The method of embodiment 61, wherein the liquid-liquid extraction is performed with

a haloalkyl solvent.

63. The method of embodiment 62, wherein the haloalkyl solvent comprises

dichloromethane, chloroform, or dichloroethane, or any combinations thereof.

64. The method of any one of embodiments 3 1 to 63, wherein less than 50% of the

halomethyl group of the halomethylfurfural is hydrolyzed to a hydroxymethyl group.

65. The method of any of embodiments 3 1 to 64, wherein the halomethylfuroic acid, or a

salt thereof, is a solid.

66. The method of any one of embodiments 1 to 7 or 10 to 30, wherein the salt of the

compound of formula (II) is a compound of formula (IIX-Ai):

wherein:

each R is independently H or alkyl;

X is halo; and

W is a cation.



67. The method of embodiment 66, wherein the compound of formula (IIX) is produced

at a yield of at least 50%.

68. The method of embodiment 1, wherein the compound of formula (I) is a compound of

formula (I-Bi), and the compound of formula (II) is a compound of formula (II-Bi), or a salt

thereof, wherein:

the compound of formula I-Bi) is:

wherein each R is independently H or alkyl; and

Ra is H, aliphatic or aromatic;

the compound of formula II-Bi) is:

wherein R and Ra are as defined for formula (I-Bi); and

R is H.

69. The method of embodiment 68, wherein the salt of the compound of formula (II-Bi) is

a compound of formula (IIX-Bi :

wherein:

R and Ra are as defined for formula (I-Bi); and

W is a cation.

70. The method of any one of embodiments 66, 67 or 69, wherein W is Na+, Li+, or K+.



71. The method of any one of embodiments 66, 67 or 69, wherein the oxidant is a

compound of formula W -0 2X , and W and W are the same Group I cation.

72. The method of any one of embodiments 66 to 71, wherein the compound of formula

(I) and the oxidant are combined in the presence of water.

73. The method of any one of embodiments 66 to 72, wherein each R is H.

74. The method of any one of embodiments 66 to 72, wherein each R is independently

alkyl.

75. The method of any one of embodiments 66 to 72, wherein one R is alkyl and the

other R is H.

76. The method of any one of embodiments 68 to 75, wherein Ra is n-undecyl.

77. The method of any one of embodiments 66 to 76, wherein the combining of the

compound of formula (I) and the oxidant forms a reaction mixture.

78. The method of embodiment 77, wherein the reaction mixture further comprises water.

79. The method of embodiment 78, wherein the reaction mixture is biphasic.

80. The method of any one of embodiments 77 to 79, wherein the reaction mixture further

comprises a phase transfer catalyst.

81. The method of any one of embodiments 68 to 72, or 77 to 80, wherein the compound

of formula (II) is:



82. The method of any one of embodiments 66 to 81, wherein the oxidant is a compound

of formula Wb-0 2X
b.

83. The method of embodiment 82, wherein W is a Na+, and X is chloro.

84. A method of producing a halomethylfuroic ester comprising combining a

halomethylfurfural, an alcohol, and an oxidant to produce a halomethylfuroic ester,

wherein the oxidant is:

(i) a compound of formula W -0 2X , wherein W is a Group I cation and

X is halo;

(ii) W -0 3X , wherein W is a Group I cation and X is halo;

(iii) HX 0 2, wherein X is halo;

(iv) HX 0 3, wherein X is halo; or

(v) X 0 2, wherein X is halo.

85. A method of producing a compound of formula (II-Bi), comprising combining a

compound of formula (I-Bi) with an alcohol and an oxidant to produce the compound of

formula (II-Bi) wherein:

the compound of formula (I-Bi) is:

wherein each R is independently H or alkyl; and

Ra is H, aliphatic or aromatic;

the compound of formula (II-B) is:

wherein R and Ra are as defined for formula (I-Bi); and

R is aliphatic; and



the oxidant is:

(i) a compound of formula Wa-X 0 2,

(ii) a compound of formula HX 0 2, or

(iii) a compound of formula X 0 2,

wherein Wa is a Group I cation and X is independently halo.

86. A compound of formula (II-Bi), or a salt thereof:

wherein:

each R is independently H or alkyl;

Ra is H, aliphatic or aromatic; and

R is H or aliphatic.

87. The compound of embodiment 86, wherein the salt of the compound of formula (II-

Bi) is a compound of formula (IIX-Bi :

wherein:

R and Ra are as defined for formula (I-Bi); and

W is a cation.

88. The compound of embodiment 86, wherein the compound of formula (II-Bi) is:



89. The compound of embodiment 87, wherein compound of formula (IIX-Bi) is:

wherein W is a cation.

EXAMPLES

[0254] The following Examples are merely illustrative and are not meant to limit any

aspects of the present disclosure in any way.

Example 1

Reaction of 5-chloromethylfurfural with NaC10 2 at Varying pH

[0255] This Example demonstrates the difference in reaction progression observed in the

oxidation of 5-chloromethylfurfural (CMF) by NaC10 2 at different pH.

[0256] In 60 mL of acetonitrile was dissolved 1.5 g (0.0104 mol) of 5-

chloromethylfurfural (CMF). In a separate flask, a solution of 4.62 g (0.0414 mol) of sodium

chlorite (81% assay) was prepared in 60 mL of deionized (DI) water. The aqueous solution

was equally divided into six 25 mL Erlenmeyer flasks. To each flask was added 1 mL of pH

6.5 sodium phosphate buffer solution. The pH of the NaC10 2 solution with buffer was greater

than 10. The pH in each flask was then adjusted using either 0.5 M NaOH or 1 M HC1, to

achieve a pH of 1.5, 2.5, 4.0, 5.5, 7.0, or 8.5. The solution in the two lowest pH flasks (1.5

and 2.5) was bright yellow.

[0257] To each flask was then added 10 mL of the CMF dissolved in acetonitrile. The

flasks were swirled for a few seconds to mix the two phases, resulting in homogeneous

solutions in all the flasks. The flasks were left to stand undisturbed for 30 min. Some bubbles

of gas collected on the walls of all the flasks with initial pH < 7 . After 30 min, samples were

taken using thin layer chromatography (TLC) capillaries ( 1 microliter) and spotted on TLC

plates. Development of the plates with 1:1 ether/hexanes (UV visualization) showed that

CMF was the only component in the flasks with starting pH of 4.0 and above. In the flasks

starting at 1.5 and 2.5, a new spot was visible with an R of 0.147. This did not correspond

with the R f of any of the compounds for which standards were available. (CMF = 0.352, 5-



hydroxymethylfurfural (HMF) = 0.099, 5-hydroxymethyl-2-furoic acid (HMFA) = 0.035, 5-

formyl-2-furoic acid (FFA) about 0.035).

[0258] The six flasks were allowed to stand for a total of 16.75 and then rechecked by

TLC. The solution in the flask starting at pH 1.5 was colorless. The other five solutions were

similar shades of yellow. The color developed faster i the more acidic solutions. TLCs of

the solutions showed that all of them still had some CMF remaining and a significant spot

was visible at the origin (likely inorganic salts), with some streaking, suggesting that some

HMFA had been produced. There was no spot corresponding to an Rf of 0 .147, but a dark

spot with an Rf corresponding to HMF was visible for each of the solutions.

[0259] The solutions were allowed to stand a further 24 h at room temperature and

checked again by TLC. No further changes were observed in the TLCs of the reaction

mixtures. The solution that had originally been at pH 2.5 had also become colorless. The pH

of all six solutions was measured. All had become more acidic. The solutions which started at

pH 1.5, 2.5, 4.0, 5.5, 7.0, and 8.5 had measured values of 0.80, 1.76, 2.44, 2.52, 3.36, and

3.17, respectfully.

[0260] Thus, this experiment demonstrated that the observed reaction of CMF with

NaOCl 2 proceeds differently at different pH.

Example 2

Reaction of CMF with NaC10 2 and Product Mixture Analysis

[0261] This Example demonstrates the reaction of 5-chloromethylfurfural with NaC10 2

and analysis of the product mixture by TCL, gas chromatography (GC), NMR, and yield

calculation.

[0262] A solution of CMF (2.0 g, 0.014 mol) in 50 mL of acetonitrile and 4.8 g (0.0616

mol) of dimethyl sulfoxide was placed in an addition funnel. To a 250 mL round bottom flask

cooled in an ice water bath was added a solution of 3.50 g of 81% sodium chlorite (0.0314

mol) in 50 mL of deionized water. To this was added 3.04 g of 37% hydrochloric acid

(0.0308 mol), maintaining the mixture between 4°C and 8°C. The CMF solution in the

addition funnel was added drop-wise to the acidic sodium chlorite solution in the round

bottom flask over approximately 70 min. The reaction was monitored by TLC (silica gel,

15% CH3OH/85% CHC13/0.1% HC0 2H, UV visualization) during the addition, and showed



little or no CMF in the reaction mixture until the end of the addition. Without wishing to be

bound by any theory, this suggested the reaction occurs very quickly, such as a titration. A

sample of the mixture was taken after the addition was complete and NMR spectra (13C-, 1H-,

1 C-DEPT135) were acquired. The 1 C-NMR acquisition was performed over 12 h . 1H-NMR

peak assignments for 5-chloromethyl-2-furoic acid (CMFA) (CDC13, 300 MHz): δ 10.90

(broad singlet, 1H), 7.22 (doublet (J=3.49 Hz), 1H), 6.53 (doublet (J=3.49 Hz), 1H), 4.615

(singlet, 2H). 1 C-NMR peak assignments for CMFA (CDC13, 75 MHz): δ 161.6, 154.76,

144.6, 119.99, 111.63, 36.66. The reaction appeared to have given a good yield of 5-

chloromethyl-2-furoic acid. Analysis of the reaction mixture by TLC the next morning

showed a spot for 5-chloromethyl-2-furoic acid, and a faint spot for 5-hydroxymethylfuroic

acid. A trace of CMF was visible.

[0263] Isolation of the 5-chloromethyl-2-furoic acid: The reaction mixture was poured

into a 250 mL separatory funnel and extracted 3 times with 30-35 mL of CH2CI2 each

extraction. The combined organic phase extracts were washed once with 20 mL of 49 wt

CaCl2 solution in water. The total volume of aqueous phase remaining was about 75 mL. The

organic phase was dried with 3-5 g of MgS0 4 and filtered to remove insoluble matter using

#2 Whatman® paper in a Buchner funnel. The solids were washed with about 10 mL

of CH2C 12. The aqueous phase and organic phase were analyzed by TLC. The organic phase

contained mostly 5-chloromethyl-2-furoic acid and a trace of 5-hydroxymethyl-2-furoic acid.

The aqueous phase had a noticeable spot corresponding to 5-hydroxymethyl-2-furoic acid but

no other spots that moved from the origin. The acetonitrile and methylene chloride were

removed by evaporation overnight in a hood under a stream of dry nitrogen.

[0264] The residue remaining in the flask after evaporation was a white to pale yellow

solid weighing 3.33 g . 13C- and 1H-NMR spectra were acquired on a 50 mg sample in CDC13.

The 13C-NMR was nearly identical to the spectrum taken of the reaction mixture, except for

the absence of CH3CN and the lower level of dimethyl sulfoxide. The 1H-NMR showed the

carboxylic acid proton at 11 ppm with integrated areas for all the peaks for 5-chloromethyl-2-

furoic acid, along with a significant amount of dimethylsulfone. A portion of the NMR

sample was diluted with CH2C 12 and analyzed by gas chromatography (GC). The acid came

out at about 13.5 min. The NMR sample was analyzed by TLC, which showed that the

materials before and after isolation had the same Rf, further suggesting that the immediate

product of the oxidation of CMF with NaC10 2 under strongly acid conditions is 5-



chloromethyl-2-furoic acid. The relative integrated areas for the dimethylsulfone peak and the

chloromethylene peak give a mole ratio of dimethylsulfone to 5-chloromethyl-2-furoic acid

of -1.275:1. Converting this to wt%, the purity of the acid is about 57%. After correcting for

the residual DMSO in the sample, the isolated yield of 5-chloromethyl-2-furoic acid is

83.6%. The reaction analysis for this Example is shown in Table 1. The product analysis is

shown in Table 2 .

Table 1. Reaction analysis.

Table 2. Product analysis.

Example 3

Reaction of 5-chloromethylfurfural with NaC102 at Low pH

[0265] This Example demonstrates reaction progression observed in the oxidation of 5-

chloromethylfurfural (CMF) by NaC102 at low pH.

[0266] A solution of CMF (2.0 g, 0.014 mol) in 50 mL of acetonitrile and 4.8 g (0.0616

mol) of dimethyl sulfoxide was placed in an addition funnel. To a 250 mL round bottom flask

was added 3.51 g of 81% sodium chlorite (0.0314 mol). Deionized water (50 mL) was added

and the slurry was stirred until the solid dissolved. The solution was cooled in an ice water

bath to <5 °C. To this was added 3.04 g of 37% hydrochloric acid (0.0308 mol), maintaining



the mixture between 4 and 8 °C. The CMF solution was added drop-wise to the acidic

sodium chlorite solution. The addition took about 44 min. The reaction was analyzed by

TLC about 1 h after starting the CMF addition, and showed clean conversion of the CMF to

CMFA (5-chloromethylfuroic acid). The ice bath was removed about 10 minutes later and the

mixture was allowed to warm to room temperature. The reaction was analyzed by TLC again

about 1 h later, and showed nearly complete conversion of the CMF; only a very faint spot

for CMF was observed. The reaction was analyzed a third time by TLC another hour later,

and again the CMF spot was very faint. The reaction mixture was placed in the refrigerator

overnight (<5 °C).

[0267] Analysis of the reaction mixture by TLC the next morning showed a spot for

CMFA, and a faint one for the 5-hydroxymethylfuroic acid. The mixture was stirred and 1.01

g (8 mmol) of Na2S0 3 was added. Stirring continued until the solid dissolved. A small upper

phase (slightly darker color than the bottom phase) was observed in the flask. The reaction

mixture was poured into a separatory funnel along with 25 mL of CH2C 12. The mixture was

shaken, allowed to settle, and then the bottom phase was drained and collected. When a

second 25 mL portion of CH2C 12 was added, phase inversion occurred. Everything was put

back in the separatory funnel and the bottom (organic) phase was drained off. The remaining

aqueous phase was extracted a third time with CH2C 12. The combined organic phase was

dried with 3 to 5 g of MgS0 4 and filtered to remove insoluble matter using #2 Whatman®

paper in a Buchner funnel. The solids were washed with about 10 mL of CH2C 12. The

colorless aqueous phase and yellow organic phase were analyzed by TLC. The organic phase

contained mostly 5-chloromethyl-2-furoic acid and trace 5-hydroxymethylfuroic acid. The

aqueous phase had a noticeable spot corresponding to 5-hydroxymethyl-2-furoic acid, but

nothing else moved from the origin.

[0268] The acetonitrile and methylene chloride were removed by evaporation overnight

in a hood under a stream of dry nitrogen. The residue remaining in the flask after evaporation

was a pale yellow semi-solid weighing 4.26 g . 13C- and 1H-NMR spectra were acquired on a

134.1 mg sample in CDC13. 1H-NMR peak assignments for CMFA (CDCI3, 300 MHz): δ

10.90 (broad singlet, 1H), 7.22 (doublet (J=3.49 hz), 1H), 6.53 (doublet (J=3.49 hz), 1H),

4.615 (singlet, 2H). 1 C-NMR peak assignments for CMFA (CDCI3, 75 MHz): δ 161.6,

154.76, 144.6, 119.99, 111.63, 36.66. The 1 C-NMR showed CH3CN, dimethyl sulfoxide,

and dimethylsulfone in addition to CMFA. The 1H-NMR clearly showed the carboxylic acid



proton at 10 ppm with integrated areas for all the peaks corresponding to 5-chloromethyl-2-

furoic acid.

Table 3. Reaction analysis.

Table 4. Product analysis.

Example 4

Effect of Reactant Mole Ratio on Yield

[0269] This Example demonstrates the effect that the mole ratio of oxidant to reactant has

on the oxidation of CMF to C FA by NaC

[ 27 ] A solution of CMF (5-chloromethylfurfural) (2.00 g, 0.0138 mol) in 50 mL of

acetonitrile and 4.8 g (0.0616 mol) of dimethyl sulfoxide was placed in an addition funnel. To

a 250 mL round bottom flask was added 2.70 g of 81% sodium chlorite (0.0242 mol).

Deionized water (50 mL) was added and the slurry was stirred until the solid dissolved. The

solution was cooled in an ice water bath to <5 °C. To this was added 2.38 g of 37%

hydrochloric acid (0.0242 mol), maintaining the mixture between 4 and 8 °C. The CMF

solution was added drop-wise to the acidic sodium chlorite solution. The addition took about

44 min. A TLC (silica gel, developed in 15% C 3OH/85% CHC1 /0.1% C0 , UV

visualization) of the reaction about 1 h after starting the CMF addition showed very clean



conversion of the CMF to CMFA (5-chloromethyl-2-furoic acid). The ice bath was removed.

The reaction mixture was placed in the refrigerator overnight (<5 °C).

[027 Analysis of the reaction mixture by TLC the next morning showed a spot for the

CMFA, and a faint spot for 5-hydroxymethylfuroic acid. The mixture was stirred and 3.44 g

(27.3 mmol) of Na2S0 3 was added. Stirring continued until the solid dissolved. This amount

of sodium sulfite was sufficient to discharge the yellow color originally visible throughout

the reaction mixture. The reaction mixture was poured into a 250 mL separatory funnel along

with 25 mL of CH2C 12. The mixture was shaken, allowed to settle, and then the bottom

(aqueous) phase was drained off. The CH2CI2/CH 3CN phase was drained to a 250 mL

Erlenmeyer flask. When a second 25 mL portion of CH2C 12 was added to the aqueous phase

which was returned to the separatory funnel, phase inversion occurred. This time the CH2C 12

phase was on the bottom. After shaking, the bottom (organic) phase was drained off into the

250 mL Erlenmeyer flask. The remaining aqueous phase was extracted a third time with

CH2C 12. The combined organic phase was dried with 3 to 5 g of MgS0 4 and filtered to

remove insoluble matter using a coarse sintered glass frit funnel. The solids were washed

with about 10 mL of CH2C 12. The colorless organic phase was analyzed by TLC. The organic

phase contained mostly 5-chloromethyl-2-furoic acid and a trace of 5-hydroxymethylfuroic

acid.

[0272] The organic solution was concentrated on the rotary evaporator, bath temperature

40 °C. The partially solid, pale yellow residue weighed 4.24 g . This was re-dissolved in 25

mL of fresh CH2C 12 and transferred into a 125 mL separatory funnel. The organics were

washed with 20 mL of 1:1 saturated NaCl brine/DI water. The CH2C 12 solution was

concentrated to dryness again on the rotary evaporator (bath temperature 30 °C). Some

bumping occurred, so the solids were rinsed down with a minimal amount of CH2C 12 and

carefully concentrated to give a pale yellow, sticky solid, weight 3.31 g . A 72 mg sample was

dissolved in CDCI 3/TMS and analyzed by 1H- and 1 C-NMR. 1H-NMR peak assignments for

CMFA (CDCI 3, 300 MHz): δ 10.90 (broad singlet, 1H), 7.22 (doublet (J=3.49 Hz), 1H), 6.53

(doublet (J=3.49 Hz), 1H), 4.615 (singlet, 2H). 1 C-NMR peak assignments for CMFA

(CDCI 3, 75 MHz): δ 161.6, 154.76, 144.6, 119.99, 111.63, 36.66. The material was 62.3 wt

CMFA, which is a 92.8% yield, higher than when a larger excess of NaC102 was employed

for the oxidation as described in Example 2 above. The reaction analysis is shown in Table 3 .

The product analysis is shown in Table 4 .



Table 3. Reaction analysis.

Table 4. Product analysis.

Example 5

Effect of Water Concentration on Oxidation of CMF to CMFA

[0273] This Example demonstrates how different amounts of water in the reaction

mixture affect the oxidation of CMF and the level of byproducts obtained.

[0274] Two separate reactions were performed concurrently, one with a higher ratio of

water to organic solvent, and one with a lower ratio of water to organic solvent.

[0275] Reaction set up with higher water concentration (A): A solution of CMF (5-

chloromethylfurfural) (4.0 g, 0.0277 mol) in 50 mL of acetonitrile and 9.6 g (0.123 mol) of

dimethyl sulfoxide was placed in an addition funnel. To a 250 mL round bottom flask was

added 5.40 g of 81% sodium chlorite (0.0484 mol). Deionized water (100 mL) was added and

the slurry was stirred until the solid dissolved. The solution was cooled in an ice water bath to

<5 °C. To this was added 4.76 g of 37% hydrochloric acid (0.0483 mol), pre-chilled in ice

water, maintaining the mixture between 4 and 8 °C. The CMF solution was added drop-wise

to the acidic sodium chlorite solution. The addition took about 1 hour. The temperature was



mostly kept below 8 °C, but did reach about 18 °C for a brief period. A solid precipitate was

observed early on in the addition. The solution became homogeneous after about two-thirds

of the CMF solution had been added.

[0276] Reaction set up with lower water concentration (B): A solution of CMF (5-

chloromethylfurfural) (4.00 g, 0.0277 mol) in 100 mL of acetonitrile and 9.6g (0.123 mol) of

dimethyl sulfoxide was placed in an addition funnel. To a 250 mL round bottom flask was

added 5.40 g of 81% sodium chlorite (0.0484 mol). Deionized water (50 mL) was added and

the slurry was stirred until the solid dissolved. The solution was cooled in an ice water bath to

<5 °C. To this was added 4.76 g of 37% hydrochloric acid (0.0483 mol), pre-chilled in ice

water, maintaining the NaC10 2 solution between 4 and 8 °C. The CMF solution was added

drop-wise to the acidic sodium chlorite solution. The addition took about 1 hour. The reaction

mixture took on a cloudy appearance and two separate liquid phases were observed. The

reaction appeared to be darker yellow than the reaction run with a higher volume of water.

[0277] Observations of both reactions: Both reactions were analyzed by TLC about 30

minutes after finishing the CMF addition (silica gel, developed in 15% CH3 85%

CHC13/0.1% C 2 , UV visualization). Both reactions showed significant conversion of the

CMF to CMFA (5-chloromethyl-2-furoic acid). The ice bath was left in place around the

flasks and the mixtures were allowed to stir and warm to room temperature overnight.

[0278] The reaction mixtures were analyzed by TLC the next morning. The reaction with

a higher water concentration (A) had a spot for CMFA, and a dark spot for 5-

hydroxymethylfuroic acid, while the reaction with a lower water concentration (B) had a spot

for the CMFA, a faint spot for 5-hydroxymethylfuroic acid, and a spot for unreacted CMF.

The reaction mixture with more water was lighter in color than that with less water, which

was a dark yellow.

[0279] The mixtures were stirred and cooled to <5 °C in an ice water bath. Solid

Na2S0 3, 2.0 g (0.0159 mol) was added in small portions, with continued stirring until the

solid dissolved. This amount of sulfite was sufficient to discharge the yellow color observed

throughout the reaction mixtures. Each reaction mixture was poured into a separatory funnel

along with 35 mL of CH2C 12.

[0280] For each reaction, the mixture was shaken, allowed to settle, and the organic phase

removed. The remaining aqueous phase was extracted twice more with CH2C 12. For each



separate reaction, the combined organic phase and the aqueous phase were analyzed by TLC.

The organic phase of reaction (A) contained mostly 5-chloromethyl-2-furoic acid and a trace

of 5-hydroxymethylfuroic acid. The aqueous phase had a noticeable spot corresponding to 5-

hydroxymethyl-2-furoic acid and an unknown spot that moved slightly from the origin. The

organic phase of reaction (B) mostly 5-chloromethyl-2-furoic acid, CMF, and a trace of 5-

hydroxymethylfuroic acid. The aqueous phase had a noticeable spot corresponding to 5-

hydroxymethyl-2-furoic acid and an unknown spot that moved slightly from the origin.

[0281] For both reactions, the acetonitrile and methylene chloride were removed by

evaporation on the rotary evaporator with a bath temperature of 30 to 35 °C. The pale yellow

semi-solid residue (reaction (A): 7.09 g; reaction (B): 12.94 g) was re-dissolved in 25 mL of

CH 2CI2 and poured into a 125 mL separatory funnel. A 1:1 mixture of 10 mL of saturated

NaCl brine and 10 mL of DI water was used to wash the CMFA solution in CH2C 1 2 to

remove some of the residual DMSO. The CH2C 12 solution was then re-concentrated to

dryness on the rotary evaporator and then stored under a nitrogen purge for at least 48 hours.

[0282] Analysis of reaction (A): The residue remaining in the flask after evaporation was

a pale yellow semi-solid weighing 4.22 g . 13C- and 1H-NMR spectra were acquired on a 65

mg sample in CDCI3. 1H-NMR peak assignments for CMFA (CDC13, 300 MHz): δ 10.90

(broad singlet, 1H), 7.22 (doublet (J=3.49 Hz), 1H), 6.53 (doublet (J=3.49 Hz), 1H), 4.615

(singlet, 2H). 1 C-NMR peak assignments for CMFA (CDCI3, 75 MHz): δ 161.6, 154.76,

144.6, 119.99, 111.63, 36.66. The 1 C-NMR showed dimethyl sulfoxide, dimethylsulfone,

and CMFA. The 1H-NMR showed the broad carboxylic acid proton resonance at 9.5 ppm

with integrated areas for all the peaks consistent with 5-chloromethyl-2-furoic acid. The

intense spot for 5-hydroxymethylfuroic acid in the crude reaction mixture and aqueous phase

suggests that a major reason for the relatively modest yield of CMFA was due to hydrolysis

in the aqueous environment before workup. Little or no CMF was visible in this reaction

either by TLC or NMR analysis. The analysis of reaction (A) is shown in Table 5 . The

analysis of product from reaction (A) is shown in Table 6 .

[0283] Analysis of reaction (B): The residue remaining in the flask after evaporation was

a pale yellow semi-solid weighing 6.58 g . 13C- and 1H-NMR spectra were acquired on a 65

mg sample in CDCI3. 1H-NMR peak assignments for CMFA (CDCI3, 300 MHz): δ 10.90

(broad singlet, 1H), 7.22 (doublet (J=3.49 Hz), 1H), 6.53 (doublet (J=3.49 Hz), 1H), 4.615

(singlet, 2H). 1 C-NMR peak assignments for CMFA (CDCI3, 75 MHz): δ 161.6, 154.76,



144.6, 119.99, 111.63, 36.66. The C-NMR showed dimethyl sulfoxide, dimethylsulfone,

and unreacted CMF in addition to CMFA. The 1H-NMR showed the broad carboxylic acid

proton resonance at 10.3 ppm and a resonance for the aldehyde proton of CMF at 9.6 ppm.

The peak areas in the 1H-NMR analysis were used to calculate that about 19% of the original

CMF was present in the crude product. The integrated areas for all the peaks corresponded to

5-chloromethyl-2-furoic acid, after taking into account the areas of the overlapping

resonances for CMF. The analysis of reaction (B) is shown in Table 7 . The analysis of

product from reaction (B) is shown in Table 8 .

[0284] For both reactions, the approximate yield of CMFA was about the same. The

oxidation was more efficient in the system containing the most water, based on the amount of

5-hydroxymethylfuroic acid present, which is the product of CMFA hydrolysis.

Table 5. Analysis of reaction (A).



Table 6. Analysis of product from reaction (A).

Table 7. Analysis of reaction (B).

Table 8. Analysis of reaction (B).



Example 6

Oxidation of a Hydroxymethylfurfural Ester

[0285] This Example demonstrates the oxidation of an ester of hydroxymethyl furfural to

produce the corresponding acid.

[0286] A sample of the dodecanoate ester of 5-hydroxymethylfurfural ((5-formylfuran-2-

yl)methyl dodecanoate) (1.00 g, 3.24 mmol) was slurried in 50 mL of acetonitrile and 1.01 g

(0.0130 mol) of dimethylsulfoxide (4 equiv.). The mixture was stirred until most of the solid

dissolved. Meanwhile, to a 250 mL round bottom flask was added 0.63 g of 81% sodium

chlorite (5.67 mmol) (1.75 equiv.). Deionized water (50 mL) was added and the slurry was

stirred until the solid dissolved. The solution was cooled in an ice water bath to <5 °C. To

this was added 0.56 g of chilled 37% hydrochloric acid (5.67 mmol) in one portion, using a

pipet. The acetonitrile containing the ester was cooled in an ice water bath and then poured

in one portion into the acidic sodium chlorite solution. Momentarily, the mixture stirred, and

then a white solid precipitated out of solution and all stirring stopped. The reaction was not

observed to be exothermic (mixture stayed at about 5 °C). The reaction was analyzed by

TLC (silica gel, 50/50 Et20/hexanes, UV visualization) about 1 h after mixing the reagents,

and showed only a slower moving spot on the plate. It is likely that a representative sample

was not obtained for TLC analysis due to the heterogeneous nature of the reaction mixture.

About 2 h after mixing the reagents, 25 mL of 1,2-dimethoxyethane was added, thinning the

slurry, and the mixture resumed slow stirring. The mixture warmed to the range of 15-20 °C.

The ice bath was allowed to melt while stirring continued overnight.

[0287] Analysis of the reaction mixture by TLC the next morning showed only one spot,

attributed to the dodecanoate ester of 5-hydroxymethylfuroic acid (5-

((dodecanoyloxy)methyl)furan-2-carboxylic acid). The mixture was stirred and 1.42 g (11.3

mmol) of Na2S0 3 was added. Stirring continued until the solid dissolved. This amount of

sodium sulfite was sufficient to discharge the yellow color originally visible throughout the

reaction mixture. The reaction mixture was poured into a 250 mL separatory funnel along

with 25 mL of chloroform. The mixture was shaken and allowed to settle. Two liquid phases

were present, along with a suspended white solid. The entire mixture was filtered through a

thin layer of Celite® 521 filter aid. The filter cake was washed with two 5 mL portions of

additional chloroform. The filtrate was returned to a clean 250 mL separatory funnel and the



bottom (chloroform/acetonitrile/l,2-dimethoxyethane) phase was drained into a 250 mL

round bottom flask. The aqueous phase was shaken a second time with 25 mL of chloroform

and the chloroform extract was added to the previous collected organic phase. The combined

organic phases were concentrated to a solid using the rotary evaporator. The weight of

material isolated was 1.1 1 g . About 30 mg was dissolved in 0.7 mL of CDC13 giving a clear,

nearly colorless solution, and 1H- and 13 C-NMR spectra were obtained. 1H-NMR peak

assignments for the acid product (CDCI3, 300 MHz): δ 8.90 (broad singlet, 1H), 7.21 (doublet

(J=3.395 hz), 1H), 6.52 (doublet (J=3.395 hz), 1H), 5.106 (singlet, 2H), 2.34 (triplet (J=7.66

hz), 2H), 1.62 (broad triplet (J=7.16 hz), 2H), 1.25 (broad singlet, 16H), 0.88 (triplet (J=6.68

hz), 3H). 1 C-NMR peak assignments for the acid product (CDCI3, 75 MHz): δ 173.28,

161.77, 154.25, 144.59, 119.74, 112.20, 57.68, 33.99, 31.86, 29.54, 29.39. 29.28, 29.17,

29.04, 24.78, 22.63, 14.06. These confirmed that the material was mostly the corresponding

furoic acid. Some DMSO was observed, along with a byproduct, dimethyl sulfone. An

approximate analysis by NMR was performed, and is shown in Table 10. A TLC (silica gel,

50/50 Et20/hexanes, UV visualization) of the product, using the CDCI3 solution was

obtained, alongside a sample of the starting HMF ester. The approximate yield of acid was

41 . An analysis of the reaction is shown in Table 9 .

[0288] An insoluble white solid was also isolated from the oxidation, which was not

readily identifiable. This material remained on top of the filter aid used to filter the crude

reaction mixture after adding chloroform. The solid was not soluble in chloroform nor in

aqueous potassium hydroxide. An 1H-NMR spectrum was obtained on the filtered aqueous

base extract, but no signals were observed above the background noise.

[0289] A melting point was determined on the crude product: softening at 68 °C;

completely melted at 96 °C. Considering that the material was a roughly 50:50 mixture with

dimethylsulfone, the broad melting range was not unexpected. No decomposition was

observed.

Table 9. Analysis of HMF ester oxidation reaction.



Table 10. Analysis of product from HMF ester oxidation reaction.



CLAIMS

What is claimed is:

1. A method of producing a compound of formula (II), or a salt thereof, comprising

combining a compound of formula (I) with an oxidant to produce the compound of formula

(II), or a salt thereof, wherein:

the compound of formula (I) is:

<R"'J (I).

is a double bond or a single bond;

j is 2 when is a double bond, or j is 6 when is a single bond;

each R is independently H or alkyl;

R is halo, OC(0)R a or ORb;

wherein Ra is H, aliphatic or aromatic, and R is aliphatic; and

the compound of formula (I

wherein R , R , j and are as defined for formula (I); and

R is H or aliphatic; and

the oxidant is:

(i) a compound of formula W -0 2X , wherein W is a Group I cation and

X is halo;

(ii) W -0 3X , wherein W is a Group I cation and X is halo;

(iii) HX 0 2, wherein X is halo;

(iv) HX 0 3, wherein X is halo; or

(v) X 0 2, wherein X is halo.

2 . The method of claim 1, wherein the compound of formula (II), or a salt thereof, is

produced at a yield of at least 50%.



3 . The method of claim 1 or 2, wherein the compound of formula (I) and the oxidant are

further combined with solventt.

4 . The method of any one of claims 1 to 3, wherein the compound of formula (I) and the

oxidant are further combined with an organosulfur compound.

5 . The method of any one of claims 1 to 4, wherein the compound of formula (I) and the

oxidant are further combined with an acid.

6 . The method of claim 5, wherein the acid is hydrochloric acid.

7 . The method of any one of claims 1 to 6, wherein the compound of formula (I) and the

oxidant are combined with water to form a reaction mixture, wherein the reaction mixture has

a pH, and

wherein the method comprises adjusting the pH of the reaction mixture to a pH of

between 0 and 5 .

8. The method of any one of the claims 1 to 7, wherein the compound of formula (II), or

a salt thereof, is 5-(chloromethyl)furan-2-carboxylic acid, or a salt thereof.

9 . The method of any one of the claims 1 to 8, wherein the compound of formula (I) is

5-chloromethylfurfural .

10. The method of any one of claims 1 to 9, wherein the compound of formula (II), or a

salt thereof, is produced at a pH between 0 and 5 .

11. The method of any one of claims 1 to 10, further comprising isolating the compound

of formula (II), or a salt thereof, produced.

12. The method of claim 11, wherein the isolating comprises liquid-liquid extraction.

13. A method of producing a halomethylfuroic acid, or a salt thereof, comprising

combining a halomethylfurfural and an oxidant to produce a halomethylfuroic acid, or a salt

thereof,



wherein the oxidant is:

(i) a compound of formula W -0 2X , wherein W is a Group I cation and

X is halo;

( ) W -0 3X , wherein W is a Group I cation and X is halo;

(iii) HX 0 2, wherein X is halo;

(iv) HX 0 3, wherein X is halo; or

(v) X 0 2, wherein X is halo.

14. The method of claim 13, wherein the oxidant is HC102 or C102.

15. The method of claim 13 or 14, wherein the halomethylfurfural and the oxidant are

further combined with an organosulfur compound.

16. The method of claim 15, wherein the organosulfur compound is dimethyl sulfoxide or

thiodiethanol.

17. The method of any one of claims 13 to 16, wherein the halomethylfurfural and the

oxidant are further combined with an acid.

18. The method of claim 17, wherein the acid is hydrochloric acid.

19. The method of any one of claims 13 to 18, wherein the halomethylfurfural and the

oxidant are combined with water to form a reaction mixture, wherein the reaction mixture has

a pH, and

wherein the method comprises adjusting the pH of the reaction mixture to a pH of

between 0 and 5 .

20. The method of any one of claims 1 to 7, 10 to 12, wherein the compound of formula

(I) is a compound of formula (I-Bi), and the compound of formula (II) is a compound of

formula (II-Bi), or a salt thereof, wherein:

the compound of formula (I-Bi) is:



wherein each R is independently H or alkyl; and

Ra is H, aliphatic or aromatic;

the compound of formula (II-Bi) is:

wherein R and Ra are as defined for formula (I-Bi); and

R is H.

A compound of formula (II-Bi), or a salt thereof:

wherein:

each R is independently H or alkyl;

Ra is H, aliphatic or aromatic; and

R is H or aliphatic.









INTERNATIONAL SEARCH REPORT International application No.

PCT/US 16/52315

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. □ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claims Nos.: 4-12, 17-20
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. I I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2 . □ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. □ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 16/52315

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - C07D 307/48 (2016.01)
CPC - C07D 307/68

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: C07D 307/48 (2016.01)
CPC: C07D 307/68

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PatBase; Keyword limited: chlorite; hydroxymethylfurfural; hydroxymethyl furfural; halomethylfurfural; halomethyl furfural;
chloromethylfurfural; chloromethyl furfural

C. DOCUMENTS CONSIDERED T O BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2015/056270 A 1 (NATCO PHARMA LIMITED) 23 April 2015 (23.04.2015), entire 1-3,21
document, especially: pg 10, In 1-9, Example-1, part ii, Preparation of 5-
acetoxmethylfurancarboxylic acid (5); pg 10, In 19 to pg 11, In 6 , Example-2, Preparation of 5- 13-16
acetoxmethylfurancarboxylic acid (5)

US 4,424,390 A (HAMADA t al.) 03 January 1984 (03.01.1984), entire document, especially: 13-16
abstract

US 2015/0051413 A 1 (KIM et al.) 19 February 2015 (19.02.2015), entire document. 1-3,13-16,21

US 4,549,025 A (DALCANALE et al.) 22 October 1985 (22.10.1985), entire document. 1-3,13-16,21

I I Further documents are listed in the continuation of Box C. | |

Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than & documenl m mber of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

04 November 2016 0 7 DEC 2016
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450

PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)


	abstract
	description
	claims
	drawings
	wo-search-report

